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WO 2006/003426 PCT/(" 82005/002607 -7 ~Treatment of Bacterial
W}pg((e’(i(ti/gps 7The present invention is concerned with compounds," ‘ )

hetitam&its and treatments for 5 Clostridium diffcile infecti®h, HoJRtHEM 12607

with novel isolated antibodies and their use in same. The present

invention is also concerned with the prophylaxis and treatment of Is

faecium and E.faecalis infection and provides medicaments and

treatments for same. C. di fcile is a gram-positive anaerobic bacterium,

and is deemed a significant human 10 pathogen causing a spectrum of

diseases ranging fr ld d 02 to. fulminan,. pseudomembranous
colitis (PMC) - coIIeC’t"l\”/éer’inyiili I& St "-'.-’“ fc- associated

diarrhoea (CDAD). CDAD is a common, iatrogenic, nosocomial disease
associated with substantial morbidity and mortality, especially in the
The plgeemt TWeITHEtDAS FrIvesbash wisbigedneraidyoles dicthe pethogénasisments for

of CDAD, ~the suppression of the 15 resident intestingl flora by the A
o R R o AT B L i vse in
samdlighenplesetarineiahicloxingl exeimdBricand #XAIXIB By TNG DaCIGHUM Bment of

endemic in hospitals, and studies have shown that approximately one
E fasgiwerornphiidres rdiscivisgionibivtioesideoncii contercaredrisgicabwars same.

were colonised 20 by C. docile while in hospital (Kyrie, L., et at, 2002,

Chn. Infect. Dis. 34(3), pp346-53, PMID: 11774082). Of these patients,

C. digier/baf wentraniesdpxelamGOAD waler e, Taai0deEWEr, significant human
~ symptomless carriers. CDAD is a major factor in extension of patient

Path¢gsahieausiag tinBREGAETe stimateen sery gerg ithat fivercasildf thisdisease ifulminant

s. 311 billion-per year (Kyne, L. et al, Supra), Patients .

o R PSESES S OOt HSP  ool, SUBL) PRUBTE

assodlisedntivralioraof (eAmsjting BNbiGHCABg et art-Wilkh RItheset heial disease
antibiotics metronidazole and vancomycin. The response rate to initial

assoipfadistichsebsipaahpethighty s donosde)itbues wllpds dhpatidats.ciwo factors

haver%@é}?%ﬂfémsd main roles in the pathogenesis of CDAD - the suppression of the

resident intestinal flora by the administration of antibiotics, and the production by the

bacterium of two high molecular weight toxins, exotoxin A and exotoxin B.

The bacterium is endemic in hospitals, and studies have shown that approximately one
third of patients receiving antibiotic treatment in acute-care medical wards were colonised
by C. difficile while in hospital (Kyne, L., er al., 2002, Clin. Infect. Dis. 34(3), pp346-53,
PMID: 11774082). Of these patients, over half went on to develop CDAD while the
remainder were symptomless carriers. CDAD is a major factor in extension of patient
hospital stay times, aﬁd estimates suggest thaf the cost of this disease in the US exceeds
$1.1 billion per year (Kyne, L., ef al., Supra). Patients suffering from CDAD respond well
to a treatment which includes a discontinuation of the inciting antibiotic and treatment with
either of the antibiotics metronidazole and vancomycin. The response rate to initial
antibiotic therapy can be high (up to 95%), but up to 20% of patients can relapse within

one or two weeks of a first treatment, with the risk of relapse compounding with each
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one or two weeks of a first treatment, with the risk of relapse compounding

with each WO 2006MU03426 r'{ rIC 11200S/0 1261)7 n relapse episode.
WORSlapeeéiean typically be treated with antibiotics, indicating that itdszele deqo7

infection with different C.difficile strains. Additionally, there is evidence

that C. diffieile is becoming resistant fo-metronidazole and partially

resistant to vancomycin, demonstrating the need for new alternatives in

the treatment of CDAD_ 5 Exotoxins A and B which are produced by

relapspathogenidstains efthefactsribentargeayiataxie: BARIGIONCI AR ng that it is due
. proinflammatory, and are considered to be the main virulence factors of

to InfeRHORKITAAERIS HhierdBryAln SHaipowWeldiions bl thrsetiony withcotigehicdifficile

s blkAngsesultin disease ing the search for additional virulence .

. factors.é’Batht‘érl{iL%%lgt%su#?%g%gg?ggg%d AntigBAS Fepredshtiaaidateyancomycin,

demouitrtence tactorsd andre alsersansideietdnmparaphi SIReersyeh proteins
likely mediate the essential functions such as adhesion to the epithelial
layer of the gut in the first step of colonization or interaction with mediators

TixotalOSR) IR0 .COMMARI 0w AL AR, G e ppggerium are

expresses a crystalline or paracrys surrac

cytotoouteeneit stostacenSyebislayars campice 4 okeins et A eRRIAeINS virulence
forming a regularly arranged lattice on the external surface of the

fadmﬁa‘&éﬁﬁn‘??&ﬁé‘%@%ﬁ@l&@é@ﬁsIlimel‘(ﬁb,eﬂ@é@éhﬁafef@id)lne with toxigenic

trainYiFElence, of 0 8 s Aeromanas salrnonicida and .

° ramCarnpyloba&%%é%‘?sS%ﬂ%jé%tf&algt Sarrﬁ’rg:{n raegg%o i‘éﬁlﬁgﬁlﬁﬁi@é@’ié‘ Bacterial

surfacB-tayeeseddiffigitenisrkprwsiocortise WyQIsHRE RIS nd are also considered
paracrystalline S-layers, each composed of a glycoprotein subunit whic

ImporAR I GHIR ATty Bs drelt ikl drvesisntahiongtiifierert Qs difficibéon to the
ot RS MO SATLE 10 RSSO D SR, oo
local ifnighsty S1B)mhenowitMia5l:B (RPBattHaDE INamRRoL eminaREaRtiS stalline
or paracrystalline surface layer (S-layer) on the outer cell surface. Such S-layers comprise
proteins or glycoproteins forming a regularly arranged lattice on the external surface of the
bacterium, and have previously been shown to be essential for the virulence of pathogens
such as deromanas salmonicida and Campylobacter Jetus. In contrast to most bacteria
which comprise one S-layer, C. difficile is known to comprise two superimposed
paracrystalline S-layers, each composed of a glycoprotein subunit which varies slightly in
apparent molecular weight among different C. difficile strains. Most strains of C. difficile
express two major S-layer proteins (SLPs), one of 32-38 kDa (low-MW SLP) and a second
of 42-48 kDa (high-MW SLP). The low-MW SLP appears to be immunodominant and is
the antigen most commonly recognised by patients suffering from CDAD, and is the only
antigen recognised in EDTA extracts of bacteria by antisera raised in rabbits against whole
C. difficile cells (Calabi, E. er al., 2001, Mol. Microbiol., 40(5) p1187-99, PMID:
11401722). |
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the antigen most commonly recognised by patients suffering from CDAD,
and is the only antigen recognised in EDTA extracts of bacteria by
VO A& Y Hised in rabbits against whole 25 C. difficile cells (CHldHBRIE{0102607

al., 2001, Mol. Microbial., 40(5) p1187-99, PMID: 11401722). WO

2006/003426 N 'TIC H2005i 02607 DérTng the Course of microbial

infection various adaptive strategies are employed by the immune

. system.. One such strategy, and arguably the most important, is the

During Hifi edioisop famisrnbiody vesponsaigtivediey ivapabiobindingiployed by the
- ntigens, displayed by the infectious agent are produced and bind to and . .
TG B e A0 i BN & EoM BTOMBAY ettt Production of
an antodytreepbodenacrophage apdihyoughdirast ém@g@ﬁﬁ%g'ﬂ&@réb%y the infectious

microbe itself. The therapeutic efficacy of antibodies capable of binding a

agenigiién @f_ﬂ%@ﬁdvméis bing! ths rebfrdteed ﬂﬁilhagaafmhe amtibodyganism through
comp?&%%%%ﬂ?ﬁx%( .tohne e Tl’ele%(s()tie r?ﬁ%%%%?%% %%gpﬁgéﬁoﬂggéﬁﬁwﬁm with the

nfection and becomes Tocusse
micrdighting foff e infestion: d 0TlkeAnbesliesRaNssisrlicitad Ry ihe Bicel antigen
. repertoire where individual B cells each produce structurally diverse

varieg agodysmbledifesed e Bedassihatormhik Bleawadtibooy epketomensne system

nknown, Qut it is estimated that.the random clong! frequency of rgactiv'y .
a0y S0 ke o g o1 4 patent

succe@NredRAingtodt aff infedod Immunol. 1998 Apr;28(4):1204-15; PMID:
9565360). During the course of infection, antibodies capable of binding
the pathogen are selected for by changes in the B cell population

The Jﬁ&gﬁg}nggségfﬁngb&%ﬁ%g %|n%1%r$d§gﬁ dén el?{ %e,: #é%bﬁgr}zig{&f ual B cells each

mechanisms for these changes include clonal ex

prodiswitchiogirally stimatie autaiivn.abisomencoipbulinypiiableregions81/antibody
cells responsible for generating antibodies which are 20 able to bind a

reperioNinh SYEHRRNHIP G Scbiming dribas belragenvieal dishuaenptireactivity for
a given antigen may be as high as 1 in 100,000 in cultured B cells (Nobrega, A., et al., Eur
J Immunol. 1998 Apr;28(4);1204—15; PMID: 9565360). During the course of infection,
antibodies capable of binding the pathogen are selected for by changes in the B cell
population resulting in key antibodies being produced in large numbers. The mechanisms
for these changes include clonal expansion, isotype switching, and somatic mutation of
immunoglobulin variable regions. B cells responsible for generating antibodies which are
able to bind a pathogen multiply, thus skewing the B cell repertoire and changing the
proportions of B cells.

Antibody specific against the cell-binding domain of the C.difficile exotoxin A is found
to be protective in a2 mouse model, and patients colonized with C.difficile but asymptotic
for it are found to have an elevated anti-exotoxin A IgG titer. Infected patients developing
such elevated serum anti-exotoxin A IgG titers in response to colonization are 48 times
less likely to suffer from CDAD than patients who did not develop such an elevated titer.

Therefore vaccination with C.difficile exotoxin A is suggested as a therapeutic strategy,
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proportions of B cells. Antibody specific against the cell-binding domain of
the C.dfcile exotoxin A is found to be protective in a mouse model, and

WO patientsizolonized with C.diffiCile but asymptotic 25 for it aredeunghias/oo2607
have, an elevated anti-exotoxin A Igo titer. Infected patients developing
such elevated serum anti-exotoxin A 4gO titers in response to colonization
are 48 times less likely to suffer from CDAD than patients who did not
develop such an elevated titer. Therefore vaccination with C.difficzle

as is XOIXINOA i SUJUEFIRG asacheiapeutic stsatagy, (VRZRN%0084268d Warny M.,
Pt"Fre[12005/002607 as is the use of anti-C.diiffrcile exotoxin A antibodies

Vaceipgighidseabrs ad(Wabdy D% P Mdédine P804 Eeb 17;22(7): 848-56;
PMID: 15040937). Non-antibiotic based therapeutic regimes for the
treatment'prevention of C. dif/kite 5 infection are based upon vaccination
Non-aanit paksivadaimurizpianc ViacenationtreatmestuemRieeention of C. difficile
. administering to a patient either a nucleic acid sequence encoding an
n fectifhiin &j’éﬁi% fRRjmeca tHerCaificife IS Grfavaay e iproteMascinvsiganteatment
or homelogue, thereof, or an equivalgnt polypeptide fragment (as .
Compldsl’ggloaée%l]%1%185/882§78?.mlgq§t{ss?\1/§m|1mrahUIE% Celgaf)lﬁllgs t%%%ﬁ?e encoding an
immuRshiayed-byragmioistesing dgracpetiaracepRes gRal-antibody, Qi 8P8Fifismologue
to an immunogen produced by a pathogen. In general, passive
thereofmprghotHBFAP\EEHsAYIemads ERettv (R3rdmesiAnuRoeRRe/mISs). Passive
. ients who ar able to respond to vaccination, and tqQ patients who .
e S R S Bl R P Sty ooy

specifitacaseioitu@odiicheiecd vy pgesivskamunizaion rlies 68 Menunotherapy
. administration to a patient of toxin-neutralizing polyclonal immune

1s pargiigdanly ebesdivmsdpdeingyonoorresompsratisbarttcrisedhayaiisstnable to

the whole.bacterium and the toxins (as disclosed,in WO 96/07430). .
respor e e R R e R S o For
vaccimgifbtheopi@e afféeachestibajahedhegel faimuch hgeanyshoadsi Be immunization
. vaccination or passive imrirunotherapy

relies on the administration to a patient of toxin-neutralizing polyclonal immune globulin,
(as disclosed in WO 99/20304), or antibodies raised against the whole bacterium and the

toxins (as disclosed in WO 96/07430).

Therefore the effective treatment of C.difficile infection is highly important, and the prior
art teaches that the target for such therapy should be vaccination or passive immunotherapy
targeted against the C.difficile exotoxin A, against the surface layer protein, or as a

polyclonal serum specific against unidentified bacterial toxins.

However, the present inventor has identified a specific target for therapy. The experiments
below show that patients infected with C.difficile produce an elevated titre of antibodies
specific against acetyl-CoA acetyltransferase (thiolase), and that anti-acetyl-CoA
acetyltransferase (thiolase) antibody per se is useful and effective in treating C.difficile
mfection. Furthermore, anti-acetyl-CoA acetyltransferase antibody, particularly a synthetic

antibody constructed from the most dominant CDR sequences from C.difficile infected
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20 targeted against the C.difficile exotoxin A, against the surface layer
“protein, or as a polyclonal serum specific against unidentified bacterial
WK i Rever, the present inventor has identified a specifi¢targdatfor/002007
therapy. The experiments below show that patients infected with
C.difficile produce an elevated titre of antibodies 25 specific against
acetyl-CoA acetyltransferase (thiolase), and that anti-acetyl-CoA
. acetyltransferase (thiolase) antibody per se is useful and effective in
paticpainbee Bifdile ciptherion R ulthemitre ligataretyhBoA. or gentamicin, resulis in

neBRelyltransferase antibod rticularly a synthetic antibody constructed
Sy ncx?é“lg{% {ﬁ‘&%‘fs\/t £ @a;@tcg%%a(ec%on

om the m omin sequences from C.difjrcile infected W(1
2006/1)03426 P( Tk 82005/002607 patients, when used together with the
antibiotics vanconlycin or gentarnicin, results in synergistic therapy of

Thusaegdiagnie ctigns trains cebibingiesenfinaraspert tiheipresented the use of an

mhinyention.there s provided the Lise of an,, 5 inhibitar of acetyl-CoA . ’

o acetgft[rangggéli?n?%ggﬁarﬂa 158 Ot InEaRe o the wedirsemt for the

treatipraphiylgxis bl lafactiariby: &lostugium diffigile, Agmsgd herein, the teen
“treatment" is intended to have a broad meaning unless explicitly stated
otherwise. Thus by "treatment” or "therapy" is meant any treatment which

' igne cyre, alleviate,.remave or lessen the symptoms of, or .
A o e N N AR s B il oliity

statedf diehumantnanimgal hedyn THsdy "ﬂi@réﬁw 1reAIRANENS MEAMAR R hich is
. treatment of disease conditions, as well as their prophylaxis: 15 In
designedi eienal kaaaiR O avEtkriessar dse srayp efsonh, Oloptddimaireduce the

possi_ﬁii bn 19%\/(%&816%%6 SERAT Ixc%%%gs Ig.)f %%ﬁ)i}%@%tg&déeég%? %(?c{y. Thus by

inhibitors may be tsed which are specific’again

the tewetyltransierasesimparicblath theaseiv-COMBEEIHIIRRNERISRE MMM s their
a specific 20 binding pair (sbp) with the inhibitor, the acetyl-CoA

prop Rransferase being the first

In particular, the acetyl-CoA acetyltransferase may be from Clostridium difficile, and it
may have the sequence of SEQ ID NO: 43.

A wide range of inhibitors may be used which are specific against the acetyl-CoA
acetyltransferase. In particular, the acetyl-CoA acetyltransferase may form a specific
binding pair (sbp) with the inhibitor, the acetyl-CoA acetyltransferase being the first

member of the pair, and the inhibitor being the second member.

Herein, a "Member of a Specific Binding Pair" is one of two different molecules, having
an area on the surface or in a cavity which specifically binds to and is thereby defined as
complementary with a particular spatial and polar organization of the other molecule. The

members of the specific binding pair are referred to as ligand and receptor (antiligand), sbp

immunological pair such as antigen-antibody, although the term does have a broader
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member of the pair, and the inhibitor being the second member. Herein, a
"Member of a Specific Binding Pair" is one of two different molecules,
WOhaning3&xe area on the surface or in a cavity which specificallyind= 40s/002607
and is thereby defined as 25 complementary with a particular spatial and
polar organization of the other molecufe: The members of the specific
binding pair are referred to as ligand and receptor (antiligand), sbp
member and sbp partner, sbp members or the like. These are usually
meanmgbersophasininutiuncipgicht pairdughpag gntigénaamitedy eitheUDIN A -protein,
| ¥helt rm does have a broader WO 21N06/003426 PC .'T/C B20 }5/402607
and e & aning encompassing other specific binding pairs, such as
RNA-protein, )NA-protein, and the like. Thus the inhibitor may be an
antibody or an antigen binding fragment thereof, and it may 5 be specific
Thusdbaimstancepitepdelisplayscblly theapeptitieobSR NG df Asdelailgdd it may
below in the Experiments section, the epitope displayed by the peptide
be Sﬂf‘r&{%ﬁdﬂ&ﬁ‘@%‘eﬂbéﬁlﬁm 8N 6y Wy RaRtEeAficsHaridy MSbding
conserved between various antigens and is therefore identified as being
the peptide displaying the conserved epitope 10 shared by those
As detntigeheldinertehm Paptboaytinsits vewiatis gramaticpldpemsssedptide having
herein tcgage%‘%r tQ immunOﬁlobuIin molecules and immunologically active
fL

the seBieRfs e dhobibbdtih atohsetadenalipshisdoserciransentadhbaween various

antigéﬁ‘§iQQ@YSQ‘R@?QP&%Q&%ﬂ%@@%@%&%ﬁﬁﬁ%ﬁige 150 sefered epitope

to as "antigen binding fragments"” of ecules.
shareilustrditise antigedy. molecules are intact immunoglobulin molecules,

substantially intact immunoglobulin molecules and those portions of an

immunoglobulin molecule that 20 contain the paratope, including those

The RO KIOMAYIN fhe;art a5 fal BalinfARIE BSEYs is used herein to refer to
immunoglobulin molecules and immunologically active portions of immunoglobulin
molecules, i.e. molecules that contain an antibody combining site or paratope. Such
molecules are also referred to as "antigen binding fragments" of immunoglobulin

molecules.

IHustrative antibody molecules are intact immunoglobulin molecules, substantially intact
immunoglobulin molecules and those portions of an immunoglobulin molecule that
contain the paratope, including those portions known in the art as Fab, Fab/, F(ab"2, scFv
and F(v). Antibodies, their production and use are well known in the art (e.g. Harlow, E.
and Lane, D., "Using Antibodies: A Laboratory Manual”, Cold Spring Harbor Laboratory
Press, New York, 1998).

As detailed in the experiments below, the variable heavy (VH) and variable light (VL)
chains of antibodies produced by patients infected with C.difficile have been cloned and
sequenced and their complementarity determining regions (CDRs) identified. This has

LA Solke B

shown that there are highly immunodominant VH chain CDRs 1-3 (CDR-H1, CDR-H2
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and F(v). Antibodies, their production and use are well known in the art
,(g:‘. . Harlow, E. and Lane, D., "Using Antibodies: A Laboratory Manual",
W& ’é?i&?fﬁ?; Harbor Laboratory Press, New York, 1998). 25 Rsidetgileigrot?
the experiments below, the variable heavy (VH) and variable light (VL)
chains of antibodies produced by patients infected with C.d ciie have been
cloned and sequences, and their co(arpiementarity determining regions
and @ﬁﬁﬁg entified. 'Ir is has shown that there are highly immunodominant
M VH thain CERYALY (BRI EHREH2 WO 9006/00846 PCREL |, CDR-L2 and
CDRlE_gQQS/OOZ(W? -7- and CDR-F13), and highly immunodominant VI_ chain
CDRs 1.3 (CD,R-L1, CDR-L2 and CDR-1,3). Thus, the antibody or
antigen binding fragment thereof may have Vii chain 5 complementanty
Tl Qdeﬁ}r_miningﬁ;egions (’CD“R.S) 1-3 having the sequences of SEQ ID NOs: .
1S AHespBERASY. 1o particerar, tednabdeiesrartgeameindingfragment VH  chain
combng 1 ) I ' i €S nce of SEQ IDNO: 1. ‘
e oot 5 o g esbeaiE (81 iy WAV 1D NOs:
2-4 resrgativel edmplemeritaritideteimining regiges (ERARS) Fa3heringdRS f may have
a Vlier%ljen{:es. of SEQ ID NOs: 17-19.ér_}\i)ﬂarticular, the antibody or antigen
I ﬂ% ﬁ%@ﬂﬁé ?ﬁf&%@??ﬁéﬁfﬁg\@ A @hain having the sequence of
SEQ ID NO: 16. A synthetic antibody having the above sequences has
~been created and used, and thus the 15 antibody may have the sequence
SimigrBEQhD Ntibady The antilgedy ietdited hejlawdnavingrSEQHIR NRVALVL chain
Iso comprises an N-terminal S-Tag and a C-terminal His-Tag. The tags

com Yo L BRI SF B S oL ot rECHssaglfoRene of ST0 1D NOs:
17-1 S‘}h%%@H@Qﬁnmgﬂtib@mp&gﬁhttwl(ﬁ&amr%ﬁg e%ﬁ%et%%c%o rpx%g %E(\efgla VL chain

_useful. Thus the antibody'may e.g. additionally tomprise a His-
havingHapleqa@aerhiRBIHIB T¥Q: 16.

A synthetic antibody having the above sequences has been created and used, and thus the
antibody may have the sequence of SEQ ID NO: 41. The antibody detailed below having
SEQ ID NO: 41 also comprises an N-terminal S-Tag and a C-terminal His-Tag. The tags
are useful for experimental purposes but are unnecessary for the therapeutic antibody,
although they (or other tags) may be considered useful. Thus the antibody may e.g.

additionally comprise a His-Tag, for example a C-terminal His-Tag.

The experiments below have shown that not only is an inhibitor of acetyl-CoA
acetyltransferase effective on its own in effecting treatment of Clostridium difficile
infection, but it is also useful when used in conjunction with existing antibiotics,
particularly gentamicin and vancomyecin, and that such use can provide synergistic results.

Preliminary experimental results also show that synergy is achieved with metronidazole.,

Thus, the medicament may additionally comprise at least one of the group of antibiotics

consisting: gentamicin, vancomycin and metronidazole.
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20 The experiments below have shown that not only is an inhibitor of
acetyl-CoA acetyltransferase effective on its own in effecting treatment of
wOClostridiain difcile infection, but it is also useful when used inccoqjsRGEAN 2607
with existing antibiotics, particularly gentamicin and vancomycin, and that

such use can provide synergistic res@lts, 25 preliminary experimental
results also show that synergy is achieved with metronidazole. Thus, the
medicament may additionally comprise at least one of the group of

Natur@finietits L ansistingicae HiamiGfsvanaanliciorapt MmesrepidazolhaMeceutical ly
2006/003426 1'C"N16B2005/002607 Naturally, medical formulations of »
accepipel preysirinBREBh Py eonspisE enpratrae dliivanycacteptdblences and US

carrier, diluept, or excipicpt (Remington's Pharmaceutical Sciepces and U
P T AL B ooy i, PR wsped Sates
PharnidBBgdepiates Rhagpacepoeia, ISBN: 1889788031). S As detailed above,

an inhibitor of acetyl-CoA acetyltransferase effective on its own in

effecting treatment of C'Zostridiuna difjicile infection. Thus also provided

o ceording to the present inyention is isolated and/or. purified antibody . .
s R T R R B SR s S o6 i owm i

effectR@MRementasty e RN IFRRns(edda) Tidhawbg e ROMRNSESn, to the
of SEQ ID NOs: 2-4 respectively; and (ii' VI, chain complementarity

presenjataienfiniig saspdris {epRer pLifadingtibrd sequepides phSEGIDINGS the group

Consi%i?-l‘g 15 As above, the VII chain may have the sequence of SEQ ID NO:
e VL chain may have the sequence of SEQ ID NO: 16. The antibody

may hayg the sequence e5RFIRMBNAHAdeidlaa MiQYidesdssa 0Bt 13 having
acid molecule coding for such an antibody. The nucleic acid
the sequences of SEQ ID NOs: 2-4 respectively; and
(i) VL chain complementarity determining regions (CDRs) 1-3 having

the sequences of SEQ ID NOs: 17-19.

As above, the VH chain may have the sequence of SEQ ID NO: 1. The VL chain may have
the sequence of SEQ ID NO: 16. The antibody may have the sequence of SEQ ID NO: 41.

Also provided is a nucleic acid molecule coding for such an antibody. The nucleic acid
molecule may be isolated and/or purified. In particular, the nucleic acid molecule may

have the sequence of SEQ ID NO: 46.

Also provided according to the present invention is the use of an inhibitor of acetyl-CoA
acetyltransferase and vancomycin in the manufacture of a medicament for the prophylaxis
or treatment of infection by Enterococcus faecium, or Enterococcus faecalis, particularly

vancomycin resistant Enterococcus faecium.

The experiments below show that not only does the use of an inhibitor of acetyl-CoA

acetyltransferase and vancomycin result in synergistic therapy of C.difficile infection, but
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molecule may be isolated and/or purified. in particular, the nucleic acid
WOm(()nl’t-:-cule may 20 have the sequence of SEQ ID NQ: 46 Also provideq
a%cSF%ﬂﬁbz‘to the present invention is the use of an inhibitor oPGE&RAZBHAIN2607
acetyltransferase and vancomycin in the manufacture of a medicament for
the prophylaxis or treatment of infectibn by Enterococears faecium, or
Enterococcus faecalis, particularly 25 vaneomycin resistant Enterococcus
faeciurn.. The experiments below show that net only does the use of an

it alshfisidls dracsRAESAC dbetpimandidrdsecans Vafedmycipagsullinly vancomycin

esistayNergist py:ofCed f idle infection,. but W(Y 2006/003420 .
i A R T el RS R e A gy g symeney s o
obserizfdeahan infaction: patigularyyanramysin resistant E.,| eciun?.

infection. Preliminary experiments have also shown that synergy is also
observed in the treatment of E. faecalis infection. s "Vhc acetyl-CoA

, sfer ay-be from Clostric/1uy df/ll.cile. The.inhibitor may be

The d?%%%ﬁ?&é%?ﬁngﬁ %é‘r‘rs i%%ﬁ%(} ?rarg%lel%??ﬁtérlg%zﬁ’ 'éﬁhé(]e?tc 9y be specific
against an epit:ope displayed by the peptide having the sequence of SEQ
.ID NO: 47. 10 As with other aspects of the present invention, the antibody

The iphibwigyeR®diRfiiy fagheht ahercortigey hindivHsrireob tholemEntadity may be

lning regi | -3 having the sequences of SEQ ID SR
e S R B R S SR SRR R o
47. chain may have the sequence of SEQ ID NO: 1. 15 The antibody or

antigen binding fragment thereof may have VL chain complementarity
determining regions (CDRs) 1-3 having the sequences of SEQ ID NOs:

As wi}g’c}t%e;-ggpects of the present invention, the antibody or antigen binding fragment
thereof may have VH chain complementarity determining regions (CDRs) 1-3 having the
sequences of SEQ ID NOs: 2-4 respectively. The antibody or antigen binding fragment
thereof VH chain may have the sequence of SEQ ID NO: 1.

The antibody or antigen binding fragment thereof may have VL chain complementarity
determining regions (CDRs) 1-3 having the sequences of SEQ ID NOs: 17-19. The
antibody or antigen binding fragment thereof VL chain may have the sequence of SEQ ID
NO: 16.

The antibody or antigen binding fragment thereof may have the sequence of SEQ ID NO:
41.

Where the present invention is concerned with the provision of medicaments containing
two or more active ingredients (for example antibody and an antibiotic), the present
invention also provides combined preparations comprising such active ingredients. For

example, two-pack preparations may be provided.



16

15

20

antibody or antigen binding fragment thereof VL chain may have the
sequence of SEQ ID NO: 16. 20 The antibody or antigen binding
WO frgmenehereof may have the sequence of SEQ ID NO: 4P (Wihigrstheo 2607

present invention is concerned with the provision of medicaments
containing 25 two or more active ingi€dients (for example antibody and
an antibiotic), the present invention also provides combined preparations
comprising such active ingredients. For example, two-pack preparations

Thus may bepidvidec NI 2G06I0BA2GREINE IHRA0R/Q02606indd hussalson for the
provided according to the present invention is a combined preparation for

treatmpal gbHfReneBRRMauHIB) I SEliigiln X ammisngs mprising: (i) an
inhibitoy gf acely (aRiAENIRTIRESR: ANYARALIRAsLoNS, gf the group
of antibiatics consisting: gentamicin, 5 vancomycin, and metronidazole.
Also preiiided is deembinedopreparaiionfos thenreatmentafiisiastion Byntamicin,
Enterococcus fiecium or Enterococcusfaecalis, comprising: (i) an
inhibitor of acetjleBAYssBHARARREETaBEIaREE- 10 (i) vancomycin. | he
Enter ococcus faecium or Enterococcus faecalis may be vancomycin
resistant. The present invention also extends to methods of treatment of

Also patiadts] Ews@iseipcd\ideshhbiacdording tedhaqrese n fByepl B g derococcus
method of treatment of infection by Clostridium difficile, comprising

J aecméfaﬁﬁl@%@l’fﬁ@%(fﬁé@ﬁé@ﬁéaﬂ?@ﬁﬁébﬂ%3quantity of an inhibitor of

B oV RNAIRASP deRPRUGR DRFRARL RRE; TG method

may ad
(i1)  vancomycin.

The Enterococcus faecium or Enterococcus faecalis may be vancomycin resistant.

The present invention also extends to methods of treatment of patients. Thus also provided
according to the present invention is a method of treatment of infection by Clostridium
difficile, comprising administering a therapeutically effective quantity of an inhibitor of
acetyl-CoA acetyltransferase to a patient in need of same. The method may additionally
comprise administering a therapeutically effective quantity of at least one of the group of

antibiotics consisting: gentamicin, vancomycin and metronidazole.

Also provided accc;rding to the present invention is a method of treatment of infection by
Enterococcus  faecium or Enterococcus faecalis, comprising administering a
therapeutically effective quantity of:

(i) an inhibitor of acetyl-CoA acetyltransferase; and

(it)  vancomycin

to a patient in need of same.

The Enterococcus faecium may be vancomyecin resistant.



comprise administering a therapeutically effective quantity of at least one
W(m; tr)le %roup of antibiotics consisting: gentamicin, vancomycin and

ntdhidH oie. 20 Also provided according to the present invBAiGFBXIEE/ 002607

method of treatment of infection by Enterococcus faecium or

Enterococcu.r faecalis, comprising administering a therapeutically

effective quantity of: (i) an inhibitor of acetyl-CoA acetyltransferase; and

.25 (ii) vancomycin to a patient in need of same. The Enterococcusfaecium

The igyelian wH S ss arRamD WO P0bE osave Picsainon.1ebionbaw, by way
i atiop.will. he further rent fzortr the following descr-iption,

O By i e A Rt o CEHTG and €
faeciurr infection. WO 2006/003426 Pt'1/C;B2005/002607 1-,
_E_xpenmerlts In the experiments below, a synthetic antibody has been
constructed using the most predotninantV1-1 and VI_ antibody
sequences from patients infected with C.difUsing S this synthetic
antibody, an antigen was isolated and purified and electrospray mass
spectrometry used to determine a putative partial sequence for the
isolated protein. Searching of C.di(icilc I'cnoraic sequences for matches
identified a possible candidate matching sequence. A comparison of the
candidate C.dffcile sequence identified a number of homologous proteins
which are classified as acetyl-CoA acetyltransferasc 10 (thiolase)
enzymes and confirms it as a member of that family- The closest match is
NP 349376 from Clostridium acetobutylieum, which showed a 68%
homology over 391
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amino acids. Cloning, expression and purification of the candidate protein
gave a protein which bound strongly with the synthetic antibody. Further
woexpeviments have shown that the antibody specific against the /C ehivictvecor
acetyl-CoA acetyltransferase (thiolase) shows 25 synergy with
vancomycin and gentamicin in treatini2C.diciie infections. Preliminary
experiments also show that synergy can also be achieved with
metronidazole. Experiments also show synergy between the synthetic
antibody and vancomycin in the Hixgatimenttof vancomycin resistant
Efiaeciunc. Preliminary experiments (not shown) also 20 indicate synergy
between the synthetic antibody and vancomycin in the treatment of E

In th@""@_ﬁ@léﬁliﬂg%%iqwH\QI,eﬁssiﬁﬂ%ietgﬁfmgﬁg alhpracedures WereRelformet e mos
using standard protocols Il here

nd following manufacturer's instructions w

- predoapiplicablé] Standardipriotdsaisdiorvardusnamteshnigiesdaokiding PBRile. Using

. molecular cloning, manipulation and sequencing, the manufacture of
this. St a HbORe ATaSBHESAnt Mol BRI EBlcLIRing egospray mass
. i ra descri i such. ; M.J. et al "
e B e A SR v povn
SearcBambrock ¥ etlal. (1989 dViolgeeiarY\or 2006024 RORYSo & AR candidate
05100 2 6417 13_ cloning: a laboratory manual, Cold Spring Harbour .

matChiRgoREBISH New Y STRYPRIVIH it tiravieiidaiss CokfAcetonnaysns identified a
_ IPEaBEiq‘ Q( - (DX 1d... AVA Ve anger,.F.

T o7 ENAS DA T3 A7) b B A L Anee  ransfras

(thiolgessirmAntibedied: Ahaboratorys MamsalhdCald SpiingiidybarHeabrratarmatch is
NP Pé Sf New 5 York, 1998), Jung, G. and Heck Siekinger, A.G. (1992,

A e Re o e R o B e AR WA S Y ez over 391
amind @eRere] FEAIniAYes of Selh GUHEEL AR, RMAY] WBISIW &8585 protei

" ISBN 0521 b73645) "Phage Diléplayl o Pepqt)idesg;ér)]dr Q%Sr%%”@fg{i%’gave & protein
which dboratotyovahyualltiMise KayhBtiK anWintéy, FusthdMepaffierytshave shown that

Academic . ‘

the anﬁ%%d%/rgg)cemﬁc against the C.difficile acetyl-CoA acetyltransferase (thiolase) shows
synergy with vancomycin and gentamicin in treating C.difficile infections. Preliminary

experiments also show that synergy can also be achieved with metronidazole.

Experiments also show synergy between the synthetic antibody and vancomyein in the
treatment of vancomycin resistant E.faecium. Preliminary experiments (not shown) also
indicate synergy between the synthetic antibody and vancomycin in the treatment of

E.faecalis infection.

Unless stated otherwise, all procedures were performed using standard protocols and
following manufacturer's instructions where applicable. Standard protocols for various
techniques including PCR, molecular cloning, manipulation and sequencing, the
manufacture of antibodies, epitope mapping and mimotope design, cell culturing and
phage display, are described in texts such as McPherson, M.J. ef al. (1991, PCR: A

practical approach, Oxford University Press, Oxford), Sambrook, J. et al. (1989, Molecular
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Press Inc., 1996, ISBN 0-12-402380-0). 10 Reagents and equipment

useful in, amongst others, the methods detailed herein are available from
WARLKEE St Amersham (www.amersham.co.uk), Boehringer Kfahfis/002607

(www.boehringer-ingeltheim.com), Cl.ontech (www.clontech.com),

Genosys (www.genosys.eom), Millib(]Jr%e'(www.miIIipore.com), Novagen

(www.novagen.eom), 15 Perkin Elmer (www.perkineimer.com),

Pharmacia (www.phannacia.eom), Promega %/‘vww.promega.com),

C}On]@%é‘e}ﬁ‘ i éﬁ@ﬁ%n%ogﬁémgqmg% angriatpconieand ork), Huynh and
i : The. ts of the refer: :
D g ot e S e Bl e herie. . DM

Gloviedoiporatedibyrefererte/inPiReis antirety4Where /EMIRE mefgrense, . and Lane,
D ,,E,umbers ﬂﬁ%égiven foragublircations, these are the PubMed identification
- ChiiB &8 Wredistsd vo Mok oythéroe NeishhPomnar lotvelidingtfonb ress, New
7 ariWhigh: full bibliegraphis ipfo ' nd ab for each publication i - .
o able A28 e b S TS Lo A e el csEne:, 31
367-48 eledtrmmis, cpiés efith& xornplete puhlicatianshpadiicylagydnithe ¢asg > 1997,
f.e.g. PNAS, IBC and MBC publications. WO 2 006/00 34 2 6 P r/f;
Cam B335 603867104 Sethuch e holology 1943 etBhsioditsiy thé Pepides and
- 1] Y/ o Migrobial . 1999 May i
P ey Bb: TN B0 i N G ap T hcadermic
PressBintechtfodyiifodridtidn2 REBAOjwww.nebi.ninr.nin.gov) with default
parameters. 5 ldentifyine domi narnl VIT and_ JL antibody se quences
from natits infected with C.di ache

Reagents and equipment useful in, amongst others, the methods detailed herein are
available from the likes of Amersham (www.amersham.co.uk), Boehringer Mannheim
(www boehringer-ingeltheim.com),  Clontech (www.clontech.com), Genosys
(www.genosys.com), Millipore (www.millipore.com), Novagen (www.novagen.com),
Perkin Elmer (www.perkinelmer.com), Pharmacia (www.pharmacia.com), Promega
(www.promega.com), Qiagen (www.qiagen.com), Sigma (www.sigma-aldrich.com) and

Stratagene (Www.stratagene.com).

The contents of each of the references discussed herein, including the references cited

therein, are herein incorporated by reference in their entirety.

Where "PMID:" reference numbers are given for publications, these are the PubMed
identification numbers allocated to them by the US National Library of Medicine, from
which full bibliographic information and abstract for each publication is available at
www.ncbi.nlm.nih.gov. This can also provide direct access to elecironic copies of the

complete publications, particularly in the case of e.g. PNAS, JBC and MBC publications.
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In order to identify antibody sequences from patients with C.diffacile
infections and determine the dominant antibody sequences, particularly
WOCDRseguences, the methods 10 detailed in WO 03/0524 16 auedasussdho 2607
B cells producing antibodies were identified, sequenced of and analysed,
using the following basic steps (see YO 03/052416): (1) Isolation of VII
and/or VL coding regions from circulatory B cells of human patients. (2)
Determining the Nucleotide sequence of VIA and/or VL repertoires. 15 (3)
Sequeeteliminakion af WiHdne/endd primaryhenBno\acid seqperees: {Asova TA et al.,
Extraction of CDR regions in silico - incorporation into the database (5)
FEMSDMscnbieofidomiHiit SBR koraedlon feiod MIVH BRQASIVL at the National
_repertqire. (6) Cqonstruction and Pro jon of therapeutic recombinant _
et o L oA R A e C ) ith defau
paran@diiodies were sequenced from four infected patients (DO1, D02, D03
and DO04). 25 avv Chain CDHU CDHI was the most commonly occurring
VH chain from the Cdifficile infected patients. it was identified from
SIS C 1 L v Anibod gga}fol\l/ﬁ »lec' ainfected with
C.diffhwagk the same WO 2606/003,126 PC' F/C 12005/002607 -15- CDR3
sequence (CDR-M., below). 'CIA 41 was found to be present in three

In ordfakferdattifutiEritsoty cpRessguERBR Appearedith €488 (57 @krtbns and

clones from pati o dn it appeared i 1(13.7%) of the
deter R S B R gl methoas
detaile@mmencul /i setuenes ¢siBEQ B MNDis Iproducing antibodies were identified,
sequenced of and analysed, using the following basic steps (see WO 03/052416):

(1)  Isolation of VH and/or VL coding regions from circulatory B cells of
human patients.

(2)  Determining the Nucleotide sequence of VH and/or VL repertoires.

(3)  Determination of VH and/or VL primary amino acid sequences.

(4)  Extraction of CDR regions in silico - incorporation into the databaée

(5)  Detection of dominant CDR & framework regions in VH and/or VL
repertoire.

(6)  Construction and Production of therapeutic recombinant antibodies

from dominant antibody sequences.

Fragments of antibodies were sequenced from four infected patients (D01, D02, D03 and
D04).

Heavy Chain (CDHD

CDH1 was the most commonly occurring VH chain from the C.difficile infected patients.
It was identified from analysis of the CDR3 sequences from patient antibody VH chains.

226/1011 (22.4%) of cloned antibodies from C.difficile infected patients had the same
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5 Within this VH chain sequence, the CDR (cotnplementarity determining
region) sequences are as follows: CDR-H1 SEQ II? NO: 2 CDR-H2 SEQ

Wi Nt1'34%0 CDR-H3 SEQ ID NO: 4 Homology searches hawé idéhtifisdinzon
several other CDR3 sequences with greater than 70% homology to the
CDR-H3 sequence (SLQ ID NO: 4), al Mrom C.diffciCe patients. The
CDR3 sequences are SEQ ID NOs: 5-15. is !Aght C_haeat (CIIID The light
chain for HIL1 was derived from a clone with the most common CDR3

CDRspgeidveer siom 8- difficiiel ifecfed petisrs fomd waws present im phtienguarters of

: 1; yency of 94/251 (33.59 ommon VL sequence.
Pt e S B S TN PL o patent DO
in D@haingeguente;the) CDR . (Comnplenentality Q&H&E{@M%@%@Bkd in 2/252 (0.8%)

_ . sequences are as follows: CDR-i.,] SEQ ID NO: 17 25 CDR-L2 SEQ ID
of thygjongs dprMessEm DN Y Wes 0061004420 MUY, 1.
H>2005/1102G07 16- Homology searches have identified several other
CDR3 sequences with greater than 70% homology to the CDR-11-3

Witkﬁﬁggeggigﬁﬂxﬁﬁ@ﬁq@ﬁﬂf&@k% PR S nhPRGEHRR BP AURREER ALt Keduences
are as follows:

CDR-H1 SEQ ID NO: 2

CDR-H2 SEQ ID NO: 3

CDR-H3 SEQ ID NO: 4
Homology searches have identified several other CDR3 sequences with greater than 70%
homology to the CDR-H3 sequence (SEQ ID NO: 4), all from C.difficile patients. The

CDR3 sequences are SEQ ID NQOs: 5-15.

Light Chain (CDL1)

The light chain for HIL1 was derived from a clone with the most common CDR3 sequence
from C.difficile infected patients. CDL1 was present in patient DO1 at a frequency of
84/251 (33.5%). The most common VL sequence containing this CDR3 sequence was
SEQ ID NO: 16.

Within this VL chain sequence, the CDR (complementarity determining region) sequences
are as follows:

CDR-L1 SEQ ID NO: 17

CDR-L2 SEQ ID NO: 18

CDR-L3 SEQ ID NO: 19



16

15

20

25

5 Construction and Th.nin ofAntibod M1L1 The synthetic antibody HiL1

was constructed as follows: CDH1 and CDLI were separately PCR
wOampliiecérom the sequencing vector and cloned into cloning&egt@boos/onz607

pGEMM-T easy (Prornega Corporation) to facilitate DNA sequencing. For

this 3 pg PCR product was prepared dor restriction using QIAquick PCR

purification spin columns 10 (Qiagen, UK) according to the manufacturers

instructions. DNA was eluted from the spin column in 40 L buffer EB.

HomoRigifiech REER preduckidibravas arixed it TRE ReMidecashh v@etE: 8han 70%

EiL water and 1 tL DNA ligase and the mixture ligated for 1 h at room
homolegigerwkeDBgaticuguears tABimvansictitvsd srps etattrdderhgeltiehs@uences are
. Glcells, (Stratagene) by electroporation, and plated out onto agar
SEQ p al%ggscggf%%n)fng Ampicillin 100 15 g ml-" IPTG (400 M) and X-gal (0,006

% wi/v). Colonies were allowed to grow overnight at 37 C and then stored

at 4 C. Recombinant colonies are identified as white colonies on this

Constmetiz Tis(gavsranantinolipdatiag the general structure: 20 S Tag
CDHI - Linker - CDL, = - His Tag with the amin id se of .
e AN G bl Gt A A 0 il M T 56 70 LD were

separd@igntoration i theitarest i AstinatdiddlvEctoeatvlCRiacaced ¥Rhing vector
sferase 4'b'hioiase) Materials and methods WO 2006/003426

pGEMp 4o 280srocze O rrpartisampléapilttapala™Nbrediesidumiodifiicié ng PCR
produgg ll)%a N%r@%a%%& Of@l grréos\@’r?cggrp I8801%§ Qﬁ‘fﬁﬁ?&%%ﬁﬁ%@%ﬁ%'rilnspin columns
(Qiagen, UK) according to the manufacturers instructions. DNA was eluted from the spin
column in 40 pL buffer EB. Purified PCR product (2 pL) was mixed with 1 pL. pGEM-T
easy vector, 0 pL. water and 1 pl. DNA ligase and the mixture ligated for 1 h at room
temperature. Ligations were then transformed into electrocompetent E. coli TG1 cells
(Stratagene) by electroporation, and plated out onto agar plates containing Ampicillin 100
pg ml” IPTG (100 pM) and X-gal (0.006 % w/v). Colonies were allowed to grow
overnight at 37 °C and then stored at 4 °C. Recombinant colonies are identified as white

colonies on this media.

This gave an antibody having the general structure:

S Tag - CDHI1 - Linker -~ CDL1 - His Tag

with the amino acid sequence of SEQ ID NO: 41 with an N-terminal S-Tag and a C-

terminal His-Tag.

Identification of the target for Antibodv HI1L1 - Acetvi-CoA acetvitransferase

(Thiolase)

Materials and methods
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10 mini of PBS (phosphate buffered saline) and sonicated for 5 x 1 minute
on ice. The cell lysate was centrifuged at 13000 rpm for 5 minutes and
WG Bt te supernatant was 5 precipitated in 20 rnL 10 % triehlbfadaetiwo2607

acid and 20 niM DTT (dithiothreitol) in..cold acetone for 45 minutes. The

proteins were recovered by centrifugation and the pellet was washed

three times with cold acetone containing 20 mM DTT. 2D-del
Samns éectéq)g(r)r sis; 10 The protein pellet was dissolved in sample rehydration
M“LSUM Yirea, 2 M thiourea, 3% (w/v) CHAPS, 0.002% bromophenol
Closthlgin Weterandi dituted with the 5308, 30MtIoR 9 Eég%ﬂ ?ﬁ%&c\é%ﬁa?ﬁ%ended in

u

Isoelectric focusing was performed using a Zoom IP ner (

10 migyetdth §l ipitespbaie bl iCard ban ©And Sévicveddnaninear it @nge of he cell

L.3-10 (7 cm).for a total of 1700 Vh, lgading approximately 15 g of protein
lysate & aaéﬁgﬁsfa&ﬁowﬁo &ReB c%dWH%BH%ﬁ‘%é&Q%ﬂ&n@thél]@tﬁb@wwt was
breciSiEMtbRrated fon 1homingiesii jlibray f AW EristE Fol) in o
Prelg s, 6 I\I?t u re%o%@%ﬁ%%o%/g%&‘?v?g%%}?&o%o’{% ’Prm%ﬁ%%ﬁé’ Hhin cold
acetonyaferyiommining SbapvpidiD Weentttoeriodhe sams fogiaoicantaifingellet was
wasl1e::Ld’ZtE‘h%Mt%Odgace- rnide for another 15 minytes. 20 The second dimension
separatiorrlnwsagv fid %F%ﬁ&ﬂﬂ%@ﬂ%/léﬂﬁiﬂoom gels and
MOPS buffer (Invitrogen Ltd, Carlsbad, CA, USA). The proteins were
transblotted onto Invitrolon PVDF membrane (Invitrogen Ltd, Carlsbad,
¢ glagEaphergdiocked in 5% skimmed milk in O. 1% Tween20 in 10 mM

Th S forklour. 25 Jill mhmo To identify the target of antibody HIL1, the
© PISSHbFANE WasS i TBAEd P PR G St At ARSE AR Ak tModys 5ol thiourea,

3% (vekimored PIlOI0(2 49 SESAGLINLAR: N BBS - AR WaS N @D same solution
. anti-His antibody conjugated with horse radish peroxidase (Santa Cruz
for isppteoteA0e88Re. Isoclectric focusing was performed using a Zoom IPGRunner
(RTM) System (Invitrogen Ltd, Carlsbad, CA, USA) over a non-linear pH range of 3-10
(7 cm) for a total of 1700 Vh, loading approximately 15 pg of protein on each strip. Prior
to the second dimension separation the strips were equilibrated for 15 minutes in
equilibration buffer (50 mM Tris-HCI pH 8.8, 6 M urea, 30% glycerol, 2 % (w/v) SDS,
0.002% bromophenol blue in water) containing 65 mM DTT and then in the same buffer

containing 125 mM iodoacetamide for another 15 minutes.

The second dimension separation was carried out using NuPage 4-12 % Bis-TrisZoom gels
and MOPS buffer (Invitrogen Ltd, Carlsbad, CA, USA). The proteins were transblotted
onto Invitrolon PYDF membrane (Invitrogen Lid, Carlsbad, CA, USA) and blocked in 5%
skimmed milk in 0.1% Tween20 in 10 mM PBS for 1 hour.

Immunoblotting:

To identify the target of antibody HIL1, the membrane was incubated for 1 hour with
purified HIL1 antibody in 5% skimmed milk in 0.1% Tween20 in 10 mM PBS. Afier

washing, an anti-His antibody conjugated with horse radish peroxidase (Santa Cruz
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PD"r/~12005/00264 7 Biotechnologies) was used, diluted at a ratio of
1:500 with 0.1%"1'ween20 in 10 mNI PBS, to detect bound FI1L1. After
wWOweashing with 0.1% Tween20 in 10 mM PBS the blot was dexelopeehusingeo?
F,CL (Amersharn biosciences, Little Chalfont, UK). 5 To visualise targets
for 1IgG antibodies in patients infectediWith Clostridium dici/"<e,
membranes were incubated for 1 hour with serum diluted 1:20. 1:50 with
0.1% Tween20 in 10 mM PISS. Anti Igor-antibody conjugated with horse
Bioterddigh peroxidase (fhrdtGiddorn atkalinefihosphaitase] (Sigmanvodiethen PBS,
A membrane was developed using SigmaFast (RTM) o
to Aol BT o & Ao EHBEPHABILS IS b BS the blot was
develcHEMANERUsCOs HEEIRGH RrRIBNASS SRFEFGNIALY: Riptoin hands or
spots cut out from the gel were washed in 25 m1\1 ammboniu
bicarbonate for 10 minutes and dehydrated using 25 anll ammonium
, bicarbonate: acetonitrile 1:2 for 15 minutes. After repeating the wash with
o Vit Bl totee : u%@%ﬁywﬁﬁasr@f@@dh@@%@Je@@gmemedz‘mcife,
mem S0 & BREATYAE ﬁ%@%tﬁ&@h‘ﬁ%ﬂ%ﬁ qt.4ypPSiInsLO. /gﬂ}lzo Rveen20
mM ammonium bicarbonate) were added until gel pieces returned to their
n 10 onigiridb Siz&anieaisanaibadyorntjof 2 dnivitahoreniwaidtigasaonaiewasr ECL) or
added to keep the gekpieces wet during digestion. The samples were

d
alll i RASHITF%S HstFe ¥ Bore B AR e SN heted Yormpshamatesst (RTM)
5-broPYREding A0 AL areIAN &k%sgﬂaéﬁa@&m@@m %9}5'&%% %ng%t% @%gmeda‘g%s used.
ple was [tedusing

)i
until all the acetonitrile had evaporated. The sam esa
C- 18 Zip-Tips (Millipore) and analysed using nano-spray time-of-flight
mass spectrometry (Q-TOF, Micromass, Manchester, UK) Results- 25 ao
Electpaspiavanass y 1-11 h.I using 2D cis and immunobiottina. 2I)

Prote?fét%zf?gwgl: B5SVIR IMMARARIRIING WereWarL P RPAIRE NS A0HAER BN arbonate
for 10 minutes and dehydrated using 25 mM ammonium bicarbonate:acetonitrile 1:2 for
15 minutes. After repeating the wash with ammonium bicarbonate and the dehydration
step, the gel pieces were dried down in a SpeedVac (RTM). Small volumes of trypsin (10
pg/ml m 25 mM ammonium bicarbonate) were added until gel pieces returned to their
original size and a small amount of 25 mM ammonium bicarbonate was added to keep the
gel pieces wet during digestion. The samples were digested for 4.5 hours at 37 °C and the
peptides extracted for 15 minutes by adding 80 pl acetonitrile. The supernatant was dried
in a SpeedVac until all the acetonitrile had evaporated. The sample was desalted using C-

18 Zip-Tips (Millipore) and analysed using nano-spray time-of-flight mass spectrometry
(Q-TOF, Micromass, Manchester, UK)

Results:

Isolation of target for antibody HIL 1 using 2D gels and immunoblotting.

2D gels combined with immunoblotting were used to pinpoint the antigen on the 2D gel.
Two blots where compared, one using the serum from the patient whose most abundant

antibody was the template for H1L1 and one using the expressed and purified H1L1. Both
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Two blots where compared, one using the serum from the patient whose
most abundant antibody was the template for H | LI and one using the
WRxPeeeEdAnd purified F-1i L1 . Both Or10 21106/0113126 PCT/&ER205/002607
2005/1)12607 -19 react:e d to the same protein spot. The same protein
was antigenic in four patients who had “ecovered from diarrhoea due to
C. di)icile. Is cation oft, r>et Protein using a column method 5 A clinical
._Isolate of C-difficilee (referred to herein as strain CD 14000287, isolated
redc{‘?grﬁ)a{h%?zﬂpﬁdﬂ@)fﬁ’@é&é‘%quélﬁ% ARG QWM ahaeti@bivaly ifpbrainthedstwho had
recoURSIORRHOHL, SHRRIERENISE v fipalyeolie acid and L--cysteineIC] for
48 hours at 37 C. The cell suspension was centrifuged in a Sorval RC-3B
centrifuge at 5000 rpm for 20 minutes to pellet the cells and the cell pellet

IqOlaas washed once with PBS and re-centrifuged as above, 10 The washed

; iguek ofc : C S ion.was thawe d centrifuged at
o G e e MG Dol e Cangfge from
C.diffieifelietedtcdlipavene) resuspeoded imdrobed A1 Buanigine:EAR B E:Qn broth

he guanidine extracted protein was clarified by centrifugation at 45000
SUPP BFH% e§ Btk ?%E%??bﬁ@ﬁl@&éé%hiﬁb@é@p@mﬁ/}@ufoxsl&bm@.aTaé °C. The cell
] p ature.against e times 2 litres
D o bt DOl T o R GO B et minutes to
pellepitbteielintand hemphtiticbuffarior e Aminakink(sy RRAlSL REREMIOI as above.
Th column. 21 | of an HiL1 antil_Jody solution (-2 rng/ml) in ?0 rOnM.sopIium
¢ ¥ A8 bRPYE WaS TSVaRSIFddugiEd e dheonpdinoLitk Yesimtil further use. A
il [ ' : t 5.in a prepacked 2 I
o v et e e B AR E B rom fo
5 migntigerprcentainiviy @xtract (fifgenfowps] e thapglied BNt QIROVRIRBIDG cells were

coupled H.1L1 co and .
resuspempc]:tjec(lj n rrjfl ofl %HR/? guanidine-HCl pH 8.0. The guanidine extracted protein was

= A At

clarified by centrifugation at 45000 tpm on a Beckman L8-70M ultracentrifuge for 1 hour
at 20 °C. The supernatant was dialysed at room teniperature against three times 2 litres of
20 mM sodium carbonate buffer pH 9.5 to exchange the extracted protein into a
compatible buffer for the AminoLink (supplied by Perbio) column. 2 ml of an H1LI
antibody solution (~2 mg/ml) in 20 mM sodium carbonate pH 9.5 was covalently coupled
to the AminoLink resin equilibrated with 20 mM sodium carbonate pH 9.5 in a prepacked
2 ml column following the manufacturer’s instructions (Perbio). The C.difficile antigen
containing extract (1.5 ml) was then applied to the covalently coupled H1L1 column and
incubated with the resin for 1 hour at room temperature. Unbound material was washed
through the column with 12 ml of 20 mM sodium carbonate buffer pH 9.5 and the bound
antigen eluted by applying 8 ml of 0.1 M glycine buffer PH 2.5-3.0. The eluted protein was
neutralised with 1 M Tris pH 9.0 prior to concentration on an Amicon 15 m] concentrator
adaptor to ~200 pl. This concentrated protein material was then analysed by 10 % (w/v)
SDS-PAGE and visualised by Coomassie Blue staining. The H1L1 interacting protein

band was then identified by mass spectrometry.
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incubated with the resin for 1 hour at room temperature. Unbound material
was washed through the column with 12 in] of 20 mM sodium carbonate
wChuifenpith®.5 and the bound antigen eluted by applying 8 mlpgefQcksMos 002607

glycine buffer pH 2.5-3.0. The eluted protein was 25 neutralised with | M

Tris pH 9.0 prior to concentration on-azAmicon 15 ml concentrator

adaptor to -200 I. This concentrated protein material was then analysed by

10 % (w/v) SID-PAGE and visualised by Coomassie Blue staining. The
1den tilchititeradtingl peateir thandsivas then igentifiad fy,mass spectrometry.

WO 20061003420 P(" rK: 820051002607 70- Iderriifcation or isolated4 rot
The proten bandes apectramthyoThe Hibteirband drsporivasidut Guyththepsin. The
- digeste 7 C with trypsin, The samples were analysed using _
s Tt P B R o g ehomely, which
gaveshquenoemfeSEQHL) NOM3: 47 he same peptide was found in the

samples from the 21) gel experiments as from the protein isolated using

the column based method. Searching the Clostridium difficile genome

The Ysing arch at the Sanger Institute 1 L 4
© (wwwgé%%é%g%%E%r%%égtg}?_d}%%?fée%%%s%é%a?[gﬂ(??‘%lg%‘%‘m as from the
proteimaiabiafdicosaiicalpbdutdMplesulareright: 43430.30 Da which

correlates well with the location of the protein on the 2D gel where the

molecular weight was approximately 44 kD and pl 5.5-6. fly Using the

in segue f SEQ.ID NC: 43 in a protein-protein NCBI BLAST i
S BT R USiRY et R EBs S Institte
(wwwighrsjenilarikipracelyCarfaceD iiansiemsg (ihialese) AGEesSIaN L.

number NP349376 with 68% identity

Theoretical pl: 5.74 Molecular weight: 43430.30 Da which correlates well with the

location of the protein on the 2D gel where the molecular weight was approximately 44

kD and pl 5.5-6.

Using the protein sequence of SEQ ID NO: 43 in a protein-protein NCBI BLAST search
at www.ncbi.nlm.nih.gov/BLAST/ using default settings reveals high similarity to

acetyl-CoA-acetyltransferase (thiolase) accession number NP_349376 with 68% identity

over 391 amino acids.

Cloning of the acetyl-CoA acetvitransferase

For cloning and expression in E.coli the sequence encoding the acetyl-CoA
acetyltransferase was PCR amplified directly from C. difficile genomic DNA,, and prepared

using DNeasy spin columns (Qiagen) according to the manufacturer’s instructions.

PCR primers used were identified and designed by direct comparison with the C.difficile
genomic  DNA  sequence encoding the candidate match for the acetyl-Coh

acetyltransferase, and are SEQ ID NOs: 44 and 45, synthesized by SIGMA Genosys.
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over 391 amino acids. 20 i(r)r~l the scat 1Y CoA aeetyitransferase For

cloning and expression in E,eoli the sequence encoding the acetyl-CoA
W%ég‘fw??éﬁg‘ferase was PCR amplified dlrectly from C. 1l fticile R§SHGBARIS/002607

DNA, and prepared using DNeasy spin columns (Qiagen) according to

the manufacturer's instructions, is PCR’primers used were identified and

designed by direct comparison with the C.difficile genomic DNA

A zguence encoding the candidate match for the acetyl-CoA acetyllran
MPALE NG A RSES MBINOE LS, Bphtesized By Sires) allowing direct

1gai@ﬁﬂ9§¥§e%@x§%@% ﬁ%o[A pézgv/?ﬁ%gljc&oé 09555(%&\5#%@%{55&;8&) adding a

was carried out using merase ((Ni

C- ten@m@hylrfdep@rfd&mtm@nmgmt@;tb&@%ﬂfeﬁﬁé@y\ A@gwrz&%ﬁrfﬁ-rﬁsferasc under the

Vi ), adding a C- termlnally fused HisCLag to the expressed
‘Om‘g)éé{{j ?%dg FBR RS e RN i 6HD). of techrabiposi-indudilalesformed

in toPIeMatsfaRAD, N a rmed in to the expressian
strain TEOPlo (Invllt%ogen and%ecoﬁ&né?w?ﬁvd\?ere ﬁgnltﬂ‘?éﬁsu@?f& identified using
SDSSDSPAGE iamcimotlonhipting ki singoasonneslonal anti- 1538 xidase-conjugate
- %Hﬁwju ate antlbody (SIGMA). The resulting plasmld is referred
an hidlP Kpre!tis Phaswidis rehreind 66 thereivets|bCoilace
lteaslsfe nse 10 For over-expression of the 6-His-tag thiolase fusion

proteln E.coii strain TOP t O (pThioll) was grown to late exponential

n(@i6p0ri ficatien Gfulib sbeking ait200eiRm) aRdepiQlein
ression was induced_ by the addition of Arabinose to a final

For o358 eéi%%ﬁ%%?%ﬁ% -l Ritivse 540 9niRGRiS B éwan] bacterEOWe e (p Thioll)
was Eﬁﬂ‘@}s@qaﬁé‘ @ﬁ?gﬁk’ﬂﬁgpﬁﬂg&o( ?H‘%&eﬁsﬁ Eandhep eél%% 485 rpm) and

resuspended in lysis buffer (6 M Guah
protein expression was induced by the addition of Arabinose to a final concentration of

0.2%. After a further 240 minutes growth, bacteria were harvested by centrifugation (500
g, 10 minutes 4 "'C) and the pellet was resuspended in lysis buffer (6 M Guanidine
Hydrochloride, 50 mM Tris-HCI pH 8) at 1/20 the starting volume and solubilized by
mixing for 1 hour at room temperature. Insoluble material was removed by a further
centrifugation step (10000 g, 10 minutes at room temperature) and the supernatant applied
to a Qiagen spin-prep Ni-NTA column following the manufacturer’s instructions. The
column was washed three times with 600 wl of lysis buffer followed by three washes with
600 pl of wash buffer 1 (8 M Urea, 50 mM Tris/HCl pH 8) and three times with 600 p] of
wash buffer 2 (8§ M Urea, 50 mM TrisHC] pH &, 25 mM Imidazole). The His-Tag protein
was eluted from the column with 100 i of elution buffer (8 M Urea, 50 mM Tris/HCI pH
8, 250 mM Imidazole), the elution step was repeated and both fractions pooled. Samples

were analysed by SDS-PAGE.

Testing Antibody H1L1 against cloned acetyl-CoA acetyl transferase
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15 Hydrochloride, 50 mM Tris-FICI pH 8) at 1/20 the starting volume and
solubilized by mixing for 1 hour at room temperature. Insoluble material
WOws/fepadved by a further centrifugation step (10000 g, 10 mnutes2abs/062607
room temperature) and the supernatant applied to a Qiagen spin-prep
Ni-NTA column following the manufaéturer's instructions. The column was
washed three times with 600 tl of lysis buffer followed by three washes
with 20 600 p1 of wash buffer 1 (8 M Urea, 50 mM Tris/I-ICI pH 8) and
Clonagrel timesievithoe0d glah washi bufiefc24& MWasraaxb0 mMyItisidedptd 8uffer and
DTT 22MM Imhdazole). TheyHi_s-T%ggrp;ein, was eluted from the column with
THOR Bl RSB W Urda [0 ANPFHSHHCE pi &/assensmted for 35 minutes
a oo ' | t ' led. . .
e e ey S ReA ) Wl pyitoen).
Iffuraeca acetvi- aA seat | transferase WO 2006/003426

PCT/12005/002607 -22 Cloned and purified acetyl-CoA acetyl transfcrasg
The PROTURREACI4 ke issthA BRFEPLT DI s piinsd eaingemder dt arlsbad,

CA, B9/G 1 BIES, SIS BibWasSaparatad for 33, TUpses ANadoy

‘ Bis?ris gel (Invitrogen) ussihg NuPAE)lG?'IE%E\/IFS/égg;r%{r?g|6n§1bfl)(;)l1 er BS for 1 hour.

The n{imviregen)a SiThepredeinghiiie tanishivtieshostorbtittiolop BMBdtely 400 pg/ml)
brane (Invjtrogen Ltd, Carlsbad. CA, USA) and blocked in 5%

in 0.1 i RRR TR i b 5o Fvelah M O HAVIPB 6 FfarioT Aeminuies with 0.1%
Tweeﬂmﬁ’r?@ﬁlW??’E‘S%qﬂcﬂvm&l%élteldaﬁ&:696‘%%%“3%0\}@ gﬁﬁ@@t%gnjugate
r ashed three

40Ct ghnl) in 0.1% Tween20 in 10 mM P;13S for 1 hour.
(Novaimes do 5l fifufEBanlilivOvis dEvetep2d inihQ BIRBBaanD R Mtain and shows a
incubated for one_hour with S-protein IHRP canjugate 10 (Novagen) at 1:

strong; FSBORRE 1P HE aBoEIBRRY g il Basiatkenows a

strong response to the thiolase band located just under the 50 kD marker.
Therefore, antibody from patients with C.difj icile infection is focussed
Therefepsirmi®adiffifiten patients with C.difficile infection is focussed against C.difficile

acetyl-CoA acetyl transferase and synthetic antibody constructed from the dominant light
and heavy chain CDRs of those patients is specific against the C.difficile acetyl-CoA
acetyl transferase. Therefore, C.difficile acetyl-CoA acetyl transferase is a strong antigen

and antibody H1L1 is useful in binding it.

Conserved epitope

There are three consecutive enzymes in the butanol/butyrate-producing pathway of
Clostridium acetobutylicum which are also present on the Clostridium difficile
chromosome. These have been found to react with a rabbit anti-serum raised against
supernatant proteins from Clostridium difficile (Mullany P et al., FEMS Microbiol Lett.,
1994 Nov 15;124(1): 61-7, PMID: 8001771).
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acetyl-C;0A acetyl transferase and synthetic antibody constructed from
the dominant light 15 and heavy chain CDRs of those patients is specific
W%é‘éﬁﬂgﬁﬁ%‘ C.difficile acetyl-CoA acetyl t,ansferase. Therefor Tlditfiei@ozo07

acetyl-CoA acetyl transferaseis a strong antigen and antibody H 1L | is
useful in binding it. 20 Conserved epl% )“There are three consecutive
enzymes in the butanol/butyrate-producing pathway of Clostridium
acetobutylicum which are also present. on the Clostridium dif~cile

ASSUERHAPN SBB PR TTHEs 6 IHEve Sean FoRibion st thitval yabbib alnisesungion can be

: T aipst ysupernatant proteins from Clostridium difficile (Mullany.P et
foun e O LT A To8i b 167 c’zﬁ%gﬁw{ﬁﬁ IDPEHB7iP1grotonase
(accotD2006/003426/P (G 82005/00260 ThiPASSHBING IR SOZWNES SR O: 47,

a conserved epitope, the only homologous region can he found at residue
9-12 in thiolase (accession number P45362) which is present in crotonase
(accession nuber P453(1) residues 5-8, and this conserved sequence is
SFQ ID NO: 47. Lntertmoeeus a J ecirar(r)a_w (‘fostndiryn di iciie coulbi

Entenation-grig Zae }CaThe OrgangmsWera SHitssshanta @ £alumhia@lood
Agar plate (CBA) to achieve single 10 colonies and incubated at 37 C for
24 hours (E.faeciuan) or anaerobically for 48 hours (C.difftcile).

Pr&@g&[&g‘;‘?&@ra}%@ms were prepared according to NCCLS methodology
T (NI7-6A),"giving a total of 14 concentrations for vancomycin and
The g@eatasnicinvandcul eopdent@bansiienbibritell Abermiligl dtuiiRNgo achieve single
ofvancomycin and gentagnicin were made in df-120, i'll" Was initially
colonjggiapdarestmiditn Bulfelgmiomms 8248w e amininent@o0tmil)y 30068 hours
(cd@é}[ a_(0.5 M), pH 9.5)_. Subsequent dilutions were made in the
ppropriate growth medium

Antimicrobial agents were prepared according to NCCLS methodology (M7-6A), giving
a total of 14 concentrations for vancomycin and gentamicin and 11 concentrations for
HIL1. The initial dilutions of vancomycin and gentamicin were made in dH,O, HIL1 was
initially diluted in Formulation Buffer (In 100 ml: 3.484 g Arginine (200 mM), 3.006 g
Urea (0.5 M), pH 9.5). Subsequent dilutions were made in the appropriate growth medium
for the organism being used. The agents were stored in aliquots at -20 °C and thawed on

the day of use.

Concentrations were twice the final concentration required.

1. Medium Preparation
E faecium Medium - Cation-adjusted Mueller Hinton Broth (NCCLS M7-
0A): To I litre Mueller Hinton Broth (OXOID, MHB), 2 ml of 10 mg/ml

CaCl, and 500 pl of 10 mg/ml MgCl, were added

C.difficile Medium -
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for the organism being used. The agents were stored in aliquots at -20 C
and thawed on the day of use. 20 Concentrations were twice the final

woceneentration required. 1. Medium Preparation E,faeciwn MediuaB2005/002607

Cation-adjusted Mueller Hinton Broth (NCCLS M7- 6A): To | litre Mueller

Hinton Broth (OXOID, MHB), 2 ml of 286 mg/ml CaD, and 500 | of 10

mg/ml MgCl, were added CC.dUjlcile Medium WO 2006/003426 rC"T/C
9t2UU.5/U02667? -2cr_ (1) Supplemented Brucella Broth (NCCLS Ml

1-A5): To 900 ml) BruselipBretapawderBIGMAL (NTIgimnUG rmeammTo 900 mi

and 1 ml Vitamin K 0 rng/ml) were added. Post autoclaving 100 ml Lysed

horse blood (5%) wastatdeldz Brolirumtdrsds Kiodidial mé&ﬂ@mmémﬂ/mb and
was prepared aCCOI’dIrP%tPVﬂIL]ng’{]{?%IL Icl%Jé%r% nstructlg(ri)s 3%}%}; %‘;tnaluttrelavmé 100

dH,O. 2. MIC Plate Preparatl a Y vancomve

eentamicin (final conqemt[gﬁg@ﬂ rmg@&@@cz@mky& 2dd&gp/ml) Ina
U-shaped 96 well microtre plate: twice the required concentration of
vancomycin orgéntarRieinf¢see) ¢soattbal Iéﬂ@ﬁlﬁgﬁi@thVﬂs@mgawg&fordmg to
15 the microftre plate égavm e LflllnalS V}/ey b{I; {y}s wai/ ; Eﬁe for
the other rows using (ﬁdr1 ec?easallhg1 }:Sorhucentnatloné 8k valh n.D?2

- Il ILt antibody (final concentration range 0.25 g/ml to 256 Itg/ml)
MIC Plate Preparation — Table 1

Drug | - vancomycin or gentamicin (final concentration range 0.0625 pg/ml

to 512 pug/ml)

In-a U-shaped 96 well microtitre plate: twice the required concentration of
vancomycin or gentamicin (50 pl) is added left to right along the first row of
the microtitre plate leaving the final well blank. This was repeated for the

other rows using 2-fold decreasing concentrations of vancomyecin.

Drug 2 - HIL1 antibody (final concentration range 0.25 pg/ml to 256 pg/ml)

HILT (50 ml) is added down the columns. Twice the required concentration
is added down the first column. This was repeated for the other columns
moving along the plate (left to right) 2-fold decreasing concentrations of

HI1L1. The last column is left blank

The final column contains 100 pl of growth medium only
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20 HiL1 (50 nil) is added down the columns. Twice the required
concentration is added down the first column. This was repeated for the
WEtHErEbtdthns moving along the plate (left to right) 2-fold de@€RSiRgH03/002607
concentrations of HIL1. The last column is left blank 25 The final column
contains 100 | of growth medium only WO 2006/003426 PC '
I'’CB2U1In/IHF2607 25 Continuing concentrations of vancornyciu and
.__gentarnicin were performed in the same manner as above but on a
C OHgé%ﬂg hittotiieagians . ol Varcomesntiatish s sdreexacthe theoesémeas in the same
. the Media anly: control in colur 2. 5 InocuJuw Y"et
I R L L e prappesecty the
saminmevliate)y priertaluseietithebpcteir o N FiEset £RI0My suspension was
made by resuspending colonies from an 18 to 24 hour (Efaeciwn) or 48
hour (Cd fficile) agarplate into the appropriate growth medium or sterile

ine. ' adjuster .5 MacFarlands standard then diluted
m%ﬁ%@@%%&%%&? £ ﬂ%%a@é%l%ng guspeg%g’,g fu/ml) according to
NCCLS M7-6ATEfaraiuinmnrd NeépaeMdmeisiall Bas naswationdSacieria

- 5| of the 1:10 inoculum suspension prepared as above was used to
inoculate each Wel{FHAHIBURRPSIE DD HYle- Mheeplatendisg colonies from

inoculated from W Ilo> well 1,. lncubation 2Q - The gla es were .
incubated at 37%?0&%2 %é\:ﬁﬁf{g %E'.‘%?a%fd%ﬁo?r %'a% LSHBi a‘f{ﬁ&jﬁ%&ﬁﬁhﬁ‘m into the
(Cdifficile). appropriate growth medium or sterile saline.
- This was adjusted to 0.5 MacFarlands standard then diluted 1:10 in
growth medium (approximately 1 x 107 cfu/ml) according to NCCLS

M7-6A (E. faecium) and NCCLS M11-A5 (C.difficile).

Plate Inoculation

- 5 pl of the 1:10 inoculum suspension prepared as above was used to
inoculate each well (final inoculum 5 x 10* cfu/ml).

- The plate was inoculated from well 12 to well 1.

Incubation
- The plates were incubated at 37 °C for 24 hours (E.faecium) or
anaerobically for 48 hours (C.difficile).
- To check the inoculum 10 pl from the growth control was diluted in
10 ml sterile saline (1:1000), and 100 pl was plated onto a CBA plate
and incubated at 37 °C for 24 hours (E.faecium) or anaerobically for

48 hours (C.difficile). Fifty colonies were equivalent to 5 x 10° ¢fu/ml.

Reading Results
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- To check the inoculum 10 sl from the growth control was diluted in 10 ml
sterile saline (1:1000), and 100 1.1 was plated onto a CPA plate and
woinashatadeat 37 'C for 24 hours (E faeciuna) or anaerobicallypfor2m48:/002607
hours (Cdi cite). Fifty colonies were equivalent to 5 x 10" efir/ml.
Read"ar_t; laeslL W0 2006/003426-N/&/t:B2005/002607 -2G The MIC was
taken as the lowest concentration of drug that substantially inhibited the
growth of the organism. The FIC (fractional inhibitory concentration) was
The palculated foeeashidrugwysdiviginehibaionMId dhe presenes @ th&nhibited the
second drug by the MIC in its absence. For each combination this -
gI'OWﬁthfLIbéd)t‘mlfﬁamions, which were summated to produce the F1CI
(fractional inhibitory concentration index): synergy was defined by a value
of <=0.5, indifference was defined by a value of>0.5 to <4 and
The FAIFGARIST WA ASHiDRI XaM ) 3af1dARes s %ﬁ%ﬁﬁgwtﬁividing the
demonstrate synergy between HIL.I and vancomycin and gentan,ici
MIC gothelpsisas Thdsdiresshtad dmgristrited/Byn engyshevaeer both ()dHitbmbination
.and,vancomycin, and (ii) Flil,l and 15 gentamicin versus C. druficile :
this QR R T N TS5 T SHBAREG e bttt C1 (Fractional
inhibA0ePraysIRARSI tnbink Y aBeREYSINERISIRAL EBILIOCARGUS FA8GIN i, i fference
Growth of C%ostridiuna rli~fcilc in the~resenee off variatrie short chain
was dgftpadidyschjuand Hil.bdntibbdytontemitiony 200404 bresatidncToe>= 4.0
three SCFAs used were acetate, propionate and butyrate.

Results

These results demonstrate synergy between H1L1 and vancomycin and gentamicin

Conclusions
These results demonstrated synergy between both (i) HIL1 and vancomyecin, and (ii) H1L1 and
gentamicin versus C. difficile 14000287 and C.difficile NCTC 11204. It showed synergy between

Vancomycin and H1L! in Vancomyecin resistant Enterococcus faecium.

Growth of Clostridium difficile in the presence of variable short chain fatty acids (SCFA)

and HI1L1 antibody concentrations

SCFA Preparation

The three SCFAs used were acetate, propionate and butyrate.

Each was prepared to a concentration of 1 M as follows:
Sodium acetate FW 82.03 - 82.03 g in 1 litre dH,O
Sodium butyrate FW 110.09 - 110.09 g in 1 litre dH,0
Sodium propionate FW 96.06 - 96.06 g in 1 litre dH,0
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Each was prepared to a concentration of | M as follows: Sodium acetate
FW 82.03 - 82.03 g in | litre dH20 25 Sodium butyrate FW 110.09 -
WQ 084 | litre dH20 Sodium propionate FW 96.06 -- 96.06 g il Aitr&002607
dH20 WO 2006/003426 PCT'/( . 132UQ5In026U7 The three solutions
were combined in a ratio of 70:20:10r gp*ectively. Therefore, in the final
solution the concentrations were sodium acetate 0.7 NI, sodium butyrate
- 0.2 IVl and sodium propionate 0.1 M. The final concentration of total
1° SEEAWHLOIMY S FFOROERTY Stotkassitiofd ebhentrtonsadf STHO R0 30, the final
soluftOrain@ 201vinttatahs - [ ;. using reinforced ciostridjal , -
medium (RA‘}/}%%E%O%%%S?{%%?é%f?ﬁ%ﬁﬁ%#ﬁ%ﬂ C&‘égéﬁf?.a?% jifpgt sodium
PrOPERE N Pl Y preiafivd acesraine ito thetanarfvficiurasslingtructions: 10 38
gin I litre dH20 Growth Curve Da T before assay Cultures were only
removed from anaerobic conditions immediately prior to use. Exposure to
From Bigetotlicsconiditionscditraiotexdéed BRMITYLES A0 SYRMIGHLSUSIENSIOR prepared
- of Cdifficile was made by.ino [ il of RCM medium with colonies
ve r%r%@]a%%ﬁ%%%zggfﬁ% ﬁ%%?é/grkégﬁéﬁte of the organism. The
suspension was incubated for 24 hours at 37 C under anaerobic
Medﬁx?r%dit}%n%' 20 Day of a ‘assay Control lap In a. flat-bottomed 96 well

A9l ntrol solutions (200 I) were placed in the wells as

Reinfutiedoseiaialimdabie kEash goptephtsed SWRIIS1o the manufacturers instructions:
38 gmn 1 litre dH,O

Growth Curve

Day before assay

Cultures were only removed from anaerobic conditions immediately prior to use. Exposure to

aerobic conditions did not exceed 30 minutes

An overnight suspension of C.difficile was made by inoculation 10 ml of RCM medium with
colonies from a 48 hour old Columbia Blood Agar plate of the organism. The suspension was

incubated for 24 hours at 37 °C under anaerobic conditions.

Day of assay
Control plate
In a flat-bottomed 96 well microtitre plate control solutions (200 ply were placed in the wells as

outlined below in Table 4. Each control used 3 wells.

Test plate
In a flat-bottomed 96 well microtitre plate (rows labelled A-H, columns labelled 1-12) test

solutions (100 pl) were placed in the wells as detailed below. The two test solutions,

SCFA plus HIL1, give a combined volume of 200 ul. Each test used 2 wells. Wells in row
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25 'Vest plate In a flat-bottomed 96 well microtitre plate (rows labelled

A-H, columns labelled 1-12) test solutions (100 al) were placed in the
wovslls/as. getailed below. The two test solutions, 30 SCFA p'L&%‘i‘/h‘ﬁiuwouzmr/

give a combined volume of 200 I. Each test used 2 wells. Wells in row WO

2006/1W3426 PCT/" 82009/002607 - 28 A contained 50, tmM SC FA; in

row Li, 40 mM SOFA; in row C, 30 mM SCFA; in row D, 20 mM SCFA; in

row E, 10 mM. SCFA; in row F, 0.5 mM SCFA. Wells in columns 1 and 2

A cooniRined L6t 1; i gomos3ant 4 8-gimbHi {:‘, 0 W}“@xﬁ d’n row D,

and 6, 4 ug/tnl 1] 1L1; in columns 7 and 8, 2 g/ml HIL1; in columns 9 a
20 mid SEOFgmnHOWE il GrodlufinsA limmd e ¥, Q 5 ISAIER . WelsGrwasumns 1 and

t 0l \ laced into_all t ells in row H as a growth ,
2 o184 &5 n@ﬁiﬁﬁ“ﬁiﬁ 1 ?BPg’ﬁa%a%fbfﬁ%\%tﬁﬁé@%@dmw@ﬁwm 5 and 6, 4
pg/miremianaerebig:AARditinasimmediately m%ﬁ%ﬁﬁnﬁ%@%ﬁ% 01013% el HILL; in

aerobic conditions did not exceed 30 minutes. The overnight susperision,

colurgprireardatd, 109 plyase tas!uSeohtd inocutate thedotoiduenplatespRR 4 into all
rox 10% inoculum) was added to all the wells, except for the
the W%E%?&/ﬁ%ﬁ’aﬁv%qéb%?ﬂ &Cﬁ%“if%r%&tbf‘a?@iﬁ Plates were incubated at

37 C under anaerobic conditions for 24 hours. Optical density readings
(OD600 nm) were made at time points zero and 24 hours. Average

Inocubpmhguaparatiatings were determined. 20 Results

Cultures were only removed from anaerobic conditions immediately prior to use. Exposure

to aerobic conditions did not exceed 30 minutes.

The overnight suspension, culture at late log phase, was used to inoculate the microtitre
plates. 20 ul (approx 10% inoculum) was added to all the wells, except for the

media/negative control on the control plate.
Plates were incubated at 37 °C under anaerobic conditions for 24 hours.

Optical density readings (ODg, nm) were made at time points zero and 24 hours. Average

ODygo nm readings were determined.

Results
Controls - see Table 5.
Conclusions -
1. No effect of 10, 20, 30, and 40 mM of SCFA on its own, but some
decrease with 50 mM of SCFA.
2. No effect with 0.5, 1, 2 4, and 8 pg/ml of H1L1 but inhibition with
16 pg/ml of HILT.



Controls - see Table 5. Conclusions _. I. No effect of 10, 20, 30, and 40
mM of SCFA on its own, but some 25 decrease with 50 mM of SOFA. 2.
WONBO8f8Et A Rith 0.5, 1, 2 4, and 8 g/ml of H | L | but inhibition wWii#/G630/g/mizen7
of HI3 1. WO 2006/003426 PC1JG112 05/002607 29 ., Tests - see Table
6. Conclusions Indifference with 1, 2-and 4 g/ml of 1-f 1L1 and 5 niM of
SCFA (data not shown). Synergy with 8 pig/ml of liL1 and SCFA from
Te t19-§Q Jfll% with 5 optical density at 24 hours falling to a range of 0296 --
o851y 346, ée ct was most obvious with 16 g/ml of 111L1 and 50 mM of
ConcdsfAs%%0 20061003426 PC %/GB2UU51002607 - 30 . "Fable | Drug
concentrations at this stage will be half the concentration that was put into
the welldn(@0(cren50 piith2 dilutian) A, @L0G1E VARGOMUAIN & SCFA (data not
gentarnicin 1,2,3 etc.=-;1311,1113i456789101112-AAlA2AT
A4 A5 AB'RY NS REN Y Afthdakesnlyof o Bl BRBSEABE @6 BU-BS mM with
89 B10 %ﬂtMﬁfj('ﬁnsity at 24 hours falling to a range of 0.296 - 0.330. The effect was

most obvious with 16 pg/ml of HIL1 and 50 mM of SCFA.
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~only CC1C23C4CSC6C7CSC9CIO CIll Media only U DI D3 D4 D4

D5 D6 D7 D8 D9 -5-1 -0 D11 Media only E 171 E2 E3 E4 E5 E6 E7 ES
wo Bi6aib@utrll Media only F Fi~FL F3F4 FS F'6 F7 F8 P9 FRO-FH iMeeisoze07

only 15 C GI G2 G3 G4 G5 G6 G7 G8 U9 010 G11 Media only fit HI H2
113 H4~ HS H6 H7 H88 H9 H10 HI!l Media only W(3 2006/003426 PCT/G
82005/002607 -31 Table 2 Species Agent MIC (tag/ml) of each agent
FTC 1 I?ICT Outcome Alone Combination Oglimi ) Clos(ridizond cite
Vancomycin 1 0.12.5 0-125 0.125 Synergy $ NCR 1104 (Brucella broth)

~ HIL1 512 0.25 0.0004 EnterOCOCCUS Vancomycin 128 16 0.12 0-37

Tablegynergy fireciune HIl.1 51?. 128 0 25 10 Table 3 Species Agent MIC

ml) of h F]C FICT ! .
Drug Q{ncgrﬁra%ﬁ)%s a{ n1s gtag%l{xtgﬂrgg half the concentration that was put into the wells
(50 pl + 50 pl = 1:2 dilution).
A, B, etc. = Vancomycin or gentamicin

1,2, 3 etc. =+ HILI

1 2 3 4 5 ¢ 7 8 9 16 11 12
A Al A2 A3 A4 AS Ab AT A8 AY | A10 | A1l | Media

only
B BI1 B2 B3 B4 B5 B6 B7 B8 BY9 | BI10 | BiIl | Media

only

C Cl C2 C3 C4 C5 Co C7 C8 C9 | C10 | C11 | Media

only
D D1 D3 D4 D4 D5 Do | D7 Dg D9 | D10 | DIl | Media

only
E El E2 E3 E4 ES E6 E7 E8 E9 | EI0 | EIl | Media

only
F F1 F2 E3 F4 F5 F6 F7 F8 Fo F10 | F11 | Media

only
G Gl G2 G3 G4 G5 G6 G7 G8 G9 | G10 | GI1 | Media

only
H HI1 H2 | H3 H4 | H5 | H6 | H7 H8 | H9 | HI0 | HIl | Media

only
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agent (g/ml) Alone Combinatio n C.di .ficile 14000287 Gent 8 2 0.25

0.266 Synergy (Brucella broth) HILL 512 8 0.0156 C.difjicile NCTC Gent

WG

9.375 Synergy 1511204 (RCM) =IL 512 64 0,125 MO GB2005/002607

2006/003426 PC 1/GR2005/002667 32 Table 4F1-2- _.4S~67 g9 10
11 12 A RCM no moculum RCM + inééulum S B RCM -+ 50 mM RCM +

40 MM RCM + 30 mM RCM -1 20 mNf SCFA ' SCFA SCFA SCFA C

RCM + 10 mM RCM -E 5 mM SCFA scrA D RCM + 16 fig/ml RCM + 8
g/ml RCM + 4 ug/m1 RCM + 2g/ml HILL HILT HILL HIL1 13 RCM +
Tabldg/ml RCM 4 0.5 g/ml HILL HIL1 10 G H W( 21 WG/003420
B2005/0412(w", -33-

Species Agent MIC (pg/ml) of each agent FIC FICI | Outcome
Alone Combination | (ng/ml)
Clostridium difficile| Vancomycin 1 0.125 0.125 | 0.125 | Synergy
NCR 1104
(Brucella broth) H1L1 512 0.25 0.0004
Enterococcus Vancomycin 128 16 0.12 0.37 Synergy
Jaecium HILI 512 128 0.25
Table 3
Species Agent | MIC (pg/ml) of each FIC FICI |Outcome
agent (png/ml)
Along Combinatio
n
C.difficile 14000287 | Gent 8 2 0.25 0.266 | Synergy
(Brucella broth) HIL1 512 & 0.0156
C.difficile NCTC Gent 16 4 0.25 0.375 | Synergy
11204 (RCM) HIL1 512 64 0.125




3 able 5 Experiment No 141L1 SCFA. !/lean Optical (ggirnl) (m 41)

Density at 24 Hours 0.452 5'0.4603100.429 4-- .----__ 12004 5-
wO300/48026- - 40 0.4407--00.3701 108 0.5-0.450 9 1 - @-440s%R2002607

0.440 114 0.440 1280.420 15 13 16 0.334- Table 6 Experiment No

HIL1 SCFA Mean Optical (gg/ml) (mM} Density at 24 Hours 8 10 0.310

20 16 10 0.308 38200296 416 _ 20 0.228 58 30 0.305

Table 4

) 2 3 4 5 6 7 8 9 10 11 12

A RCM no inoculum RCM + inoculum

5 B RCM + 50 mM RCM -+ 40 mM RCM + 30 mM RCM + 20 mM

SCFA SCFA SCFA SCFA

C RCM+10mM | RCM + 5 mM SCFA
SCFA

D RCM + 16 pg/ml RCM + 8 ug/mi RCM + 4 pg/mi RCM + 2 pg/ml
HIL1 HIL1 HILI HIL1

E RCM + 1 pg/ml RCM + 0.5 pe/ml
H1L1 HIL1

10
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6 16 30 0.308 25 7 8 40 0.310 8 16 40 0,303 9 1-50 0.330 10 ~~~- 16
S00.281 110 1,11.) VV! Sr. -34 CLAIMS L The use of an inhibitor of
waeetylhCeA acetyltransferase in the manufacture of a medicamantionth@o2607
treatment or prophylaxis of infection by Clostridium difficile, wherein the
inhibitor is an antibody or an antigen-bidding fragment thereof. 2, The use
according to claim 1, said acetyl-CoA acetyltransferase being from
Clostridiun-a diffacile. 3. The use according to claim 1, said antibody or
Tablarnitigen binding fragment thereof being specific against an epitope

r‘llCth\lQ!‘l h\/ fhp

nn'rlrlp ha\nna the seguence of SEQ 11\ NO:47. 4. The

Fi8EARBraNg to

fragment thereof

——(CDRs)-1-3-having

either obdihimns 1 or
having VH ci? in co

a.the s mn es.of

, said aftigodly or ant

plemen I’IM determinij

genl\/bmﬂlﬁgmw

EQID % 4 resp

[% 05513;5 24 Hours

U

The use accordin

gto clalm"4 said anti

body or antigen bindi

ng fragmetit?

thereaf VH chain

having the sequence

of SEQ IDPNO: 1. 6.

The use(.460

according to any

of claims 4-5, said antibody or aptigen bin

jing Tragimerny

thereqf having VI

_chain complemenia

ity determyping Tegior

1.72..2.0

s (CORpES

hraving the sequ

£ QEO-1R-AO
NMcesS Ul O TU NUS,

L7=13J.

30 0.480
6 - 40 0.440
7 - 50 0.370
8 0.5 - 0.450
9 1 - 0.440
10 2 - 0.440
11 4 - 0.440
12 8 - 0.420
13 16 - 0.334
Table 6
Experiment No HILI SCFA Mean Optical
(pg/ml) (mM) Density at 24 Hours
1 8 10 0.310
2 16 10 0.308
3 8 20 0.296
4 16 20 0.228
5 8 30 0.305
6 16 30 0.308
7 8 40 0.310
8 16 40 0.303
9 8 50 0.330
10 16 50 0.281




7. The use according to claim 6, said antibody or antigen binding

fragment thereof V L chain having the sequence of SEQ ID NO: 16. 8. The

use according to claim 1, said antibody or antigen binding fragment

thereof having the sequence of SEQ 1D NO: 41. LLOYD IMSE - 35 9.

The use according to any of the preceding claims, the medicament-OYD WISE

additionally comprising at least one of 3he group of antibiotics consisting:

gentarrucin, vancomycin and metronidazole. 10. A combined preparation

for the treatment. of infection by Clostsittgn difficile, comprising: (i) an

inhibitor of acetyl-CoA acetyltransferase wherein the inhibitor is an

antibody or an antigen binding fragment thereof; and (ii) at least one of

thie group of afitilsioties obnsistingibigentaimiciny v@oconyein @mndferase in the

mnelttrlg)&}if(ljc%zlpeleo'fl 31' 'nT n 10”1%%38{ 'c';] ‘i%?eibg'(e){t%ceagegy I-CIQO% aIC)eutXItrgns erage b
vancomycin in the manufacture of & medicam8ntioy 1t p FERg by

otreatiiemt ofinféctiohdogiiE titerodobtos dagcianmtany Bntenoaatges binding

fkecalis, wherein the inhibitor of* acetyl-CoA acetyltransferase is an

akrﬁlggsc}lc@%gtrhalrlg%?htigen binding fragment thereof. 12. The use according to

claim 11, said Enterococcus faeciurn or Enterococclls faecalls being

vancomycin resjst 13. se a ding to. either of clajms 11 or 1

e acetyl-CC?E}?%ﬁ%/lﬁ%acr%-s%?gsgobg%%lfr%mg%ﬁ)éﬁ?&% G fi%‘;?f’]et.yl(‘)l"“”“‘%IE’T"‘Se

being from Clostridium difficile.

3. The use according to claim 1, said antibody or antigen binding
fragment thereof being specific against an epitope displayed by the peptide having
the sequence of SEQ ID NO: 47,

4. The use according to either of claims 1 or 3, said antibody or antigen
binding fragment thereof having VH chain complementarity determining regions

(CDRs) 1-3 having the sequences of SEQ ID NOs: 2-4 respectively.

5. The use according to claim 4, said antibody or antigen binding

fragment thereof VH chain having the sequence of SEQ ID NO: 1.

6. The use according to any of claims 4-5, said antibody or antigen
binding fragment thereof having VL chain complementarity determining regions

(CDRs) 1-3 having the sequences of SEQ ID NOs: 17-19.

7. The use according to claim 6, said antibody or antigen binding

fragment thereof VL chain having the sequence of SEQ ID NO: 16.

8. The use according to claim 1, said antibody or antigen binding

fragment thereof having the sequence of SEQ ID NO: 41.



14. The use according to claim 11, said antibody or antigen binding
fragment thereof being specific against an epitope displayed by the
peptide having the sequence of SEQ ID NO: 47. 15. The use according to
either of claims 11 or 14, said antibody or antigen binding fragmﬁg?\m\ SE
thereof having \H chain complementarity determining regions (CDRS) 1'/-\% -
having the sequences of SEQ TD NOg52-4 respectively. LLOYD VVIS(_.
-36 16. The use according to claim 15, said antibody or antigen binding

fragment therepf,d/ Us@h@jébhﬁM@%tEﬁ}SgﬂWﬁ?ﬁ@é@lﬁ&i%ﬁ&@ﬁ% hédithGient

use according, to any of claims 11 or 14 to 16, said antibody or antigen
bitfiHY FAGMEMRHEY8ST RaviTs 'L Ehalh ESmBleRertarityietéming sting:
regions(GRRYEbaving the sequeneeeLSEQ ID NO: 19. 14. The use
according to claim 17, said antibody or antigen binding fragment thereof
V1, chain having the sequence of SEQ 1D NO: 16. 19. The use according
tololaim 11, said antihbiydr ardjgenibindisg fragmentihereafthavirgibe by
sequence of \?i(;)p NO: 41. 20. A combined preparation for the _
treatment of lcfléhcgi}l%ﬁ%g%coccus fkeciurn or Enterococcus faecalis,
comprising: (i)@n inhibitanbiacetylfCaAtgcEtyAtransfdrase fatheseinifiein the
inhibitor is an antibody, of, 30, aniggn binging fRoment, 1R AN Ragment
vancornycin.
thereof; and
(11) at least one of the group of antibiotics consisting:

gentamicin, vancomycin and metronidazole.

11. The use of an inhibitor of acetyl-CoA acetyltransferase and
vancomycin in the manufacture of a medicament for the prophylaxis or treatment
of infection by Enterococcus faecium and Enterococcus faecalis, wherein the
mhibitor of acetyl-CoA acetyltransferase is an antibody or an antigen binding

fragment thereof.

12. The use according to claim 11, said Enterococcus faecium or

Enterococcus faecalis being vancomycin resistant.

13. The use according to either of claims 11 or 12, said acetyl-CoA

acetyltransferase being from Clostridium difficile.

14. The use according to claim 11, said antibody or antigen binding
fragment thereof being specific against an epitope displayed by the peptide having

the sequence of SEQ ID NO: 47.

15. The use according to either of claims 11 or 14, said antibody or
antigen binding fragment thereof having VH chain complementarity determining

regions (CDRs) 1-3 having the sequences of SEQ ID NOs: 2-4 respectively.



LLOYD WISE
=36 -

16. The use according to claim 15, said antibody or antigen binding

fragment thereof VH chain having the sequence of SEQ ID NO: 1.

17. The use according to any of claims 11 or 14 to 16, said antibody or
antigen binding fragment thereof having VL chain complementarity determining

regions (CDR) 3 having the sequence of SEQ 1D NO: 19.

18. The use according to claim 17, said antibody or antigen binding

fragment thereof VL chain having the sequence of SEQ ID NO: 16.

19. The use according to claim 11, said antibody or antigen binding

fragment thereof having the sequence of SEQ ID NO: 41.

20. A combined preparation for the treatment of infection by
Enterococcus faecium or Enterococcus faecalis, comprising:
(1) an inhibitor of acetyl-CoA acetyltransferase wherein the
inhibitor i1s an antibody or an antigen binding fragment
thereof; and

(11) vancomycin.





