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There is a clear desire and need to identify agents that can control Clostridium infection
25 and this is assisted by the identification of genes that encode proteins that are essential
for the survival of the microbe and/or spore. This can either be via identification of small
molecule inhibitors that antagonize the activity of essential proteins, the development of
vaccines that target and inactivate the essential protein; or the development of
therapeutic monoclonal antibodies that bind and inactivate the essential protein.
30
Vaccines protect against a wide variety of infectious diseases. Many modern vaccines
are therefore made from protective antigens of the pathogen, which are isolated by
molecular cloning and purified. These vaccines are known as ‘subunit vaccines’. The
development of subunit vaccines has been the focus of considerable research in recent
35 years. The emergence of new pathogens and the growth of antibiotic resistance have
created a need to develop new vaccines and to identify further candidate molecules
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This disclosure relates to the characterization of a C. difficile Sortase B gene, CD2718 in
25  strain 630, and the discovery that it is an essential gene for the viability of the C. difficile

cell.

According to an aspect of the invention there is provided the use of a polypeptide
encoded by a nucleic acid molecule comprising a nucleotide sequence as represented in

30 Figure 1a, or a nucleic acid molecule that hybridizes under stringent hybridization
conditions to a nucleotide sequence comprising Figure 1a, and which encodes a
polypeptide with protease activity, for the identification of agents that modulate the
activity of said polypeptide.

35 Hybridization of a nucleic acid molecule occurs when two complementary nucleic acid
molecules undergo an amount of hydrogen bonding to each other. The stringency of
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Hybridization: 5x SSC at 65°C for 16 hours
Wash twice: 2x SSC at room temperature (RT) for 15 minutes each
15 Wash twice: 0.5x SSC at 65°C for 20 minutes each

High Stringency (allows sequences that share at least 80% identity to hybridize)

Hybridization: 5x-6x SSC at 65°C-70°C for 16-20 hours
Wash twice: 2x SSC at RT for 5-20 minutes each
20 Wash twice: 1x SSC at 55°C-70°C for 30 minutes each

Low Stringency (allows sequences that share at least 50% identity to hybridize)
Hybridization: 6x SSC at RT to 55°C for 16-20 hours
Wash at least twice: 2x-3x SSC at RT to 55°C for 20-30 minutes each.

25

According to an aspect of the invention there is provided a screening method for the
identification of an agent that has protease inhibitory activity comprising the steps of:
i) providing a polypeptide encoded by a nucleic acid molecule selected from
30 the group consisting of:
a) a nucleic acid molecule comprising a nucleotide sequence as
represented in Figure 1a;
b) a nucleic acid molecule comprising nucleotide sequences that
hybridise to the sequence identified in (a) above under stringent
35 hybridization conditions and which encodes a polypeptide that has

protease activity;



35hybridi zati on conditi ons and whi ch encodes a pol ypeptide that has
protease activity; WD 2011/104531PCT/ GB2011/050337 4 ii) providing at
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determine the association of an agent with a protease polypeptide comprising the steps
10  of:

i) providing computational means to perform a fitting operation between an
agent and a polypeptide comprising or consisting of the amino acid sequence in Figure
1b; and

ii) analysing the results of said fitting operation to quantify the association

15 between the agent and the polypeptide.

The rational design of binding entities for proteins is known in the art and there are a
large number of computer programs that can be utilised in the modelling of 3-
dimensional protein structures to determine the binding of chemical entities to functional
20  regions of proteins and also to determine the effects of mutation on protein structure.
This may be applied to binding entities and also to the binding sites for such entities. The
computational design of proteins and/or protein ligands demands various computational
analyses which are necessary to determine whether a molecule is sufficiently similar to
the target protein or polypeptide. Such analyses may be carried out in current software
25  applications, such as the Molecular Similarity application of QUANTA (Molecular
Simulations Inc., Waltham, Mass.) version 3.3, and as described in the accompanying
User's Guide, Volume 3 pages. 134-135. The Molecular Similarity application permits
comparisons between different structures, different conformations of the same structure,
and different parts of the same structure. Each structure is identified by a name. One
30 structure is identified as the target (i.e., the fixed structure); all remaining structures are
working structures (i.e. moving structures). When a rigid fitting method is used, the
working structure is translated and rotated to obtain an optimum fit with the target

structure.

35 The person skilled in the art may use one of several methods to screen chemical entities

or fragments for their ability to associate with a target. The screening process may
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According to an aspect of the invention there is provided a pol ypeptide
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in Figure 1a, or an antigenic fragment thereof;

ii) a polypeptide encoded by a nucleotide sequence wherein said
sequence is degenerate as a result of the genetic code to the
nucleotide sequence defined in (i) and which has protease activity;

30 iii) a polypeptide comprising an amino acid sequence wherein said
sequence is modified by addition deletion or substitution of at least
one amino acid residue as represented in Figures 1b, wherein said
polypeptide is for use as a vaccine.

35 A modified polypeptide or variant polypeptide may differ in amino acid sequence by one
or more substitutions, additions, deletions, truncations that may be present in any
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nucl ei ¢ acidddmsaEeNfes UsEaed\e6dRs a pol ypeptide according to the invention
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20  According to a further aspect of the invention there is provided a nucleic acid molecule
that encodes a polypeptide according to the invention for use as a vaccine.

According to a further aspect of the invention there is provided a vaccine composition for
use in the vaccination against a microbial infection, comprising a polypeptide selected
from the group consisting of:

25 i) a polypeptide encoded by a nucleotide sequence as represented
in Figure 1a, or an antigenic fragment thereof;

ii) a polypeptide encoded by a nucleotide sequence wherein said
sequence is degenerate as a result of the genetic code to the
nucleotide sequence defined in (i);

30 iii) a polypeptide comprising an amino acid sequence wherein said
sequence is modified by addition deletion or substitution of at least
one amino acid residue as represented in Figures 1b and which
retains protease activity; wherein said composition optionally
includes an adjuvant and/or carrier.

35
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20 is an immunogenic molecule which, when bound to a second molecule augments
immune responses to the latter. The term carrier is construed in the following manner. A
carrier is an immunogenic molecule which, when bound to a second molecule augments
immune responses to the latter. Some antigens are not intrinsically immunogenic yet
may be capable of generating antibody responses when associated with a foreign
25  protein molecule such as keyhole-limpet haemocyanin or tetanus toxoid. Such antigens
contain B-cell epitopes, but no T cell epitopes. The protein moiety of such a conjugate
(the “carrier” protein) provides T-cell epitopes which stimulate helper T-cells that in turn
stimulate antigen-specific B-cells to differentiate into plasma cells and produce antibody
against the antigen.

30

In a preferred embodiment of the invention said microbial infection is caused by a
bacterial species of the genus Clostridium spp.

In a preferred embodiment of the invention said bacterial species is selected from the
35  group consisting of: C. difficile, C. botulinum, C. perfringens or C. tetani.



8 In a further preferred enbodi nent of the invention said Costriduim
species is C. difficile. The vacci ne conpositions of the invention can be
adm ni st ewedotiy10a33¢ conventional 5 route, including injpPettdRINII/G5MI37anasal
spray by inhalation of for exanple an8aerosol or nasal drops. The

adm ni stration may be, for exanple, intravenous, intraperitoneal,

i ntranmuscul ar, intracavity, subcutaneous, or intradermally. The vaccine
conpositions of the invention are adnm nistered in effective anmounts. An
"ef f ect i ve lmadurther prafer¢chembodionent gffthainvartisinreaicClepiduim specidsds Cabbivde.or
together with further doses, produces the 10desired response. In the case
of treating a particular bacterial disease the desired response is

provi di ng phetectinerconmsitions lof dingévebtjoranan ieeadministerge ipy. anpheorveotionas of
vacci negWwi | e - t [AVH! i

el udi 39 AgaC REREnghieE M frartilal el 1 Hhaliiin BPIq SRGnPR! BRI or
treat nent, nahd dmss naher adnoihistretmrumaynbet her exgmgle f irarmygnowhmt@wctomeal

route of a?‘i‘h lfstcﬂlﬁF'ué?tPac%Oﬂ/ | B&uhAHAT Sr Wr%&%e{l?%ﬁ@%oﬁ%%@%it@??%ftiSe

of the hea practi’'tioner. THeSe factors are
ordi nary shié linventierha@rearadmamstersgninb effeclicte esahtsii tAn rieffentive anh@amt’r suthiahe

exper i ment %Ho%ﬂt of 4 vA&; r%e&%r{%nsh%p R ?c{ & téélﬁﬂer% [Sﬁafgitg%\ﬁogglé,}r{?&%éegqhe

i ndi vi dual nponent s ions ereot be u 0 provoke
i muni €49Q; tdlearred sespbhw 20 thé gaes tof dedabngl @s particdar dactgridl alissmsadhersigisted

judgrent. LLgtblL e LR a0 i 108 Fer R drBeusBigghy T the art,

however, erabl e dose for
medi cal reasons psychologlcal reasons or for V|rtuaIIy any other reasons.

25The dosesrhgf%r}{% 3¢ vagm@'vvcﬂ 8 Ee%dt Qs %oa}égj gﬁtt 8% \ngaqg) eﬂ‘ame ehs t he

accordance w't er ent par arre ers, in parti cu I'n-ac ce W
node of admauding ave, oph)tss:atjcmdﬂtldnhesmt a1ldavv&1fght Hbesdunzptemt of the WéHmemenme t hat

hi ahor Tos8aly8 oPEMEEbt BeleBh it b’ BLesbih PGkt PPl R pBE NS Bloss g
delivery r ouithi) thedwolm&dgmﬁrmyemelrttset tfethextteaith prévaitiomet i 'éhr&set fabtersaareewell

it t d
B e bR TR . BRRBR ShufRGF: AR AP DRI SR A L e,
Q her pr ot ocuing e‘xperlmdanﬁamim i is gead¢rathynpreferiddethatze siarienuno dpssoftthe insliwddal  be
k t Skill int i.p .whi.ch the d t
chedul o ofoTAPagls shEMaRelar shEieh Ge Brds alrolaB roaBa IR AL Pilissdene
the |iRke vaighebr safe thee horcediog hy sowkdihmadisalrjadgnoentofit wih@ewmdeistund by those
COTRoSt it % iR T B Bl DB o0 R0 S0l ol EEBIY BUEPESES o

tolerable dose for medical reasons, psychological reasons or for virtually any other

reasons.

25 The doses of vaccine administered to a subject can be chosen in accordance with
different parameters, in particular in accordance with the mode of administration used
and the state of the subject. In the event that a response in a subject is insufficient at
the initial doses applied, higher doses (or effectively higher doses by a different, more
localized delivery route) may be employed to the extent that patient tolerance permits.

30
In general, doses of vaccine are formulated and administered in effective immunizing
doses according to any standard procedure in the art. Other protocols for the
administration of the vaccine compositions will be known to one of ordinary skill in the
art, in which the dose amount, schedule of injections, sites of injections, mode of

35 administration and the like vary from the foregoing. Administration of the vaccine

compositions to mammals other than humans, (e.g. for testing purposes or veterinary



t herapeutic purposes), is carried out under substantially the sane

condi tions as described above. A subject, as used herein, is a manmal,

pr ef er ablwoaotwmessy and i ncl udi ng a non-hunman primate, ®OWGH0IIHNS033pi g,
sheep or goat. 5In a preferred enbodi frent of the invention there is

provi ded a vacci ne conposition according to the invention that includes at

| east one fiﬁ’é#gﬁéd?@ g%@e%és)b?é’tc%h’ie%' gﬁﬁier subétﬁnf?all?rﬁmfee%érjﬁg SRRt of

t he i nvention 'sal 'S a secon er_ent vaccrne an |m’runogen| C
agent (for deselipsdeatovbach eubjatt, gsluspdptearele, &malmammal pseie@hlra dgman, and

10anti gen) i AG QhB‘rSlhBﬁ’naﬁﬁéWaEé‘%gvggricfr?%epoé’fsh%&ﬁor‘ gygntion there is

provi ded a polypeptide as rein 0 se’1n the treatnent of
m cr obi al |nfect|ons or conditions that result fromm crobial infections.

15 1n ag prﬁ’rﬁﬁa;éctlr?é@QQ‘oU?menPfo }ﬁléélﬂv@ﬁﬁmng%?e ?sahfovﬁcyfeﬁ[%%é‘émé A ?ﬁ)kl%‘n's a

Clostidrumi rre odi ne Irnvention said
condi ti on taheardingdathesinyendion &halnlrt;:tudbsat le26i avfesadidiitionali antisesicteriakbapeint.om t he
group consisting of: colitis, pseudonenbranous colitis, diarrhoea,
gangrene, botulism or tetanus. According to a further aspect of the
invention timer prefeirer ombogitheat mtl’fwmvémudnm@iagentaussmjee@id dmfafwrit Sab@ne

i ti d bj ect t ff t of t
P5nucl of ¢ SBA" BT LBLRE AV LB BB IOR BRSRIFRGnBG" PRBSHHBHES on
I n a pnef ermhggenet hod of the invention said subject is a human. Throughout

the description and clains of this specification, the words "conprise" and
30 "contain" and variations of the words, for exanple "conprising" and

"conpri ses'Accomistod mtlhudiaﬂgecbut theahvdnitioh tiedle toproviaied d Solyptitlebemdash t o
(and does nm@%[{)ﬁéc' ude other noieties, c%d)alt ves, co ents i nt eﬁ rs or

st eps. 095 43P BrineERH TP ST T8iPToRR! jinfeliong, °r E%ré%fhtaf UM s to

be under st (m&og@ petienp! ating plurali ty as wel | as si ngul arity, unless the
context _requires otherw se. Features, integers, characteristics, conpounds,
chemi caP noieties or groups descri bed

In a preferred embodiment of the invention said microbial infection is a Clostidium

infection.

In a preferred embodiment of the invention said condition that results from a microbial
20 infection is selected from the group consisting of: colitis, pseudomembranous colitis,
diarrhoea, gangrene, botulism or tetanus.

According to a further aspect of the invention there is provided a method to immunize a
subject comprising vaccinating said subject with an effective amount of the polypeptide,

25  nucleic acid molecule or vaccine composition according to the invention.
In a preferred method of the invention said subject is a human.

Throughout the description and claims of this specification, the words “comprise” and
30 “contain” and variations of the words, for example “comprising” and “comprises”, means
“‘including but not limited to”, and is not intended to (and does not) exclude other

moieties, additives, components, integers or steps.

Throughout the description and claims of this specification, the singular encompasses
35 the plural unless the context otherwise requires. In particular, where the indefinite article



5 in conjunction with a particular aspect, enbodi nent or exanple of the
invention are to be understood to be applicable to any other aspect,
enbodi nerwoan11¢énasspl e descri bed herein unl ess inconpati [pCe/GHrer1ens33N.

An enbodi nent of the invention will ndw be descri bed by exanple only and
with 10reference to the following figures: Figure la is the nucl eotide

sequence of: e F f
atur o ooz FuE B e REThEHERSR ot B bridRraiged 3€ ARSNGB RRNE R 25
resi stant @ingulzatyi veless thetponteatyiegnicesiotsemdgen C. difficile strain 630

(Mul'l any | aboratory). 20CA434: an E. coli donor strain The C ostron nethod

of gene inactivation in C difficile relies on retargeting of a group ||
i ntron nodiFeatuded, injagéracchrraderisics.actmpounts, ehemica ndidtiesgrrarpupd déseribech

insertsgin & t I t d
naort; on TESBEBIb ARG REREN3bES: ibod Refi PhtiBle ST AR Aen PR EHET |
|| intron iunterstoogetnebafapplivableetot amn otleosispéati ampbliageneor axampRodascribdthe
target for g an algorithm provided by Sigma on the
TargeTron vve %ﬁe%ﬁf%?étw@e@aqﬂdri ch.cornilife-scienceifunctional -

enoni cs- and- 30 rnailtargetron. htm. The output fromthis program provides

3. modi ed b%'&)a rAeﬁF of Etﬁ@%m%ﬂaﬁﬁ@ﬁ vaecgeé%rrl Sq%d?kﬂ?@ego% P wﬁﬂ ong

with the E dni'ver sa argeTron hi's" soE
PCR i ndor pmefateelsemmegelk)v(mmﬂgwemced inthe 3 m)dl fied priners) into the
group Il intron, which enables the intron to be targeted into the gene of
choice. The SCE PCR was perfornmed in accordance with the TargeTron

35gui del i négurSit grimthe nudBoRdd 4¢L@NES bPIDLEB2A LADZEB3Bigure 1b is the amino acid

sequence of mature CD2718.
15  Materials and Methods

Strains
AB630erm: an erythromycin resistant derivative of the sequenced strain C. difficile strain
630 (Mullany laboratory).

20 CA434:an E. colidonor strain

The Clostron method of gene inactivation in C. difficile relies on retargeting of a group |
intron modified from Lactococcus lactis. In nature this group Il intron inserts into /trB in
Lactococcus lactis. This natural system of targeted insertion has been modified by the

25  Minton laboratory to target the group Il intron into a gene of interest in Clostridia (Heap
et al., 2007).

The target for CD2718 was designed using an algorithm provided by Sigma on the

TargeTron website (hitp://www.sigmaaldrich.comy/life-science/funclional-genomics-and-

30 rnai/targeiron.htmi). The output from this program provides 3 modified primers IBS,
EBS2 and EBS18, which are used in a SOE PCR, along with the EBS universal primer
and the TargeTron template (Sigma). This SOE PCR incorporates changes (introduced

in the 3 modified primers) into the group Il intron, which enables the intron to be targeted
into the gene of choice. The SOE PCR was performed in accordance with the TargeTron
35 guidelines (Sigma).



11 The PCR product was then gel extracted using the MnElute Gel extraction
kit (Q agen), and cloned into pGEM T-Easy (Pronega) in accordance with the
manuf act uwenreit/pussttiocol . The insert was then sequenced, pafiGa201Wiiseis;y

restriction digests using Hindl11/Bsri® (NEB) were performed in accordance
wi th the manufacturers' protocol. The 5 insert (group Il intron) was then

et "2 o7 (2085 ORRRucturs bhidd Bl P Bghd e MRBR, Bef SRS EpAeT or
(Fi sher), taeﬂoelenﬁbnmtg BGEM MolparyalRydmegab irDrascgitanca QA0 the evanubaturpest ent
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over ni ght . competebb cettml(lngltrbg@n mhetiosert wees nheetmqeantadj |b|efoIe rthe détaRmechnd

Pl at ed ont q Bt Bioira Halhil LA 8L BoCARS) Ak A fpoth! ERl! fro

suppl enent or  gr owt SOt
col | . @I ométargetivg avasheerfdrmad Sfyecorgahation ovithethe oguidedingd aresdedBhyl the Minton

thi amphent ool 5h 8! B, £15) BEETERANEAPMILARLCORIS ol 390 b  The

retargeting o int’ron i n Was t en i nduced
with | PTG nédweh s2fiosal phbseC. difficild h%qgrmsleyumuqdenuh@ T et ofrgptited Areolip | |

intron in the chro : j l.in in I .I nce ivated, the
oroup 11 (E3TBIG U IO0ES A B g ST 8,8 ol FaRftb oy sl Bl
was test ed cuhditiéhst rrhé.mfn&mglvml alld@8gaitd byduron r@ncafeeei:twéﬂgm war@ dViePHIGHTY Thé

resi sta t and thianpheni col sensi tl‘%/ff vvepﬁ ?%hgened é g%gg?out ern

bl ot . EXSHHPRIOPHAXGES W33 TERPPENdef W' P Yyt pigled 91 rajfjglseart
successf ul ham@toh h@ale@'dohﬁmlﬁg?'@@‘ifﬂ&ﬁ@ dupplebrieat Hi@e)] © MRS f@u@mﬁfowlme/c

achi eved usij, B heni_co \(Flé)? sel ect %Or t he P gsence of ?

pMILO07- Hgle d'?e EHG% onigs, were HER (FBRHETER 08K ?%‘?Pt%rpat%% (BHI +
integrati Omhlamphé}ﬁcdlﬁtbféé'rbdt firahé bﬁes@hé@awmdMngﬁhﬂnﬁjefrﬁ@TrétQ tiggd

| oss of the plasm d were unsucce was repeated on %néﬁ% I fferent

occasi ons, o[)dl@e 9P W0l oA iMdhiee p@ﬁﬂ-@@? &P%I7|1|8 @S thencipryeschwid gfore

i ndi cabpng skhafiord R thelrdaaté g tf rdthrgeicdt groto MadB®tin BREEhEMESAHSS uémg WO
2011/ 104531PCT/ &B2011/ 050337 12 target ed and mut ants were identifi ed.,

Ther ef or e, BERBYGNLEF! B'ﬁteéf ORGEREtVAREL hG PN RFOR RRIESHESAN AP peng)e The
strains 46%aron gnLRZ0ZB2s {2 pRishd Wab tested NRing! MkPndviRARBY séAsRivitpSOlohad

out break in 2006 wer e successful. This indicates that the sortase is
essential i Wﬁrawnwﬂxﬁ%fe%%@toﬁn@'éhﬁmﬂ swa%s'r?@ﬁ@vw@r%@rsﬁn% by &S Fhard
possi bl e. SoR8feef Blagces 1Sebaihia, M et al. The nultidrug-resistant human
pat hog%g Clostridiumdifficile

Example
The design and cloning for the sortase knockout was successful and the initial selection
for the plasmid was successfully achieved using thiamphenicol (to select for the
presence of the pMTL007-CD2718 plasmid). However, the subsequent selection for
30 integration of the intron into the chromosome (Lincomycin selection) and loss of the
plasmid were unsuccessful. This was repeated on three different occasions, but no
colonies were detected in the lincomycin selection, indicating that the retargeting of the
intron had not been successful.

35 Other targets were successfully mutated alongside targeting the sortase CD2718. For

example, two targets in genes involved in the p-cresol production were successfully
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activity conprising the steps of: i)providing a polypeptide encoded by a
nucl ei ¢ acid nol ecul e sel ected fromthe group consisting of:

a) a nuclwpcouciogs3mol ecul e conpri sing a nucl eoti de sequeNTAR2811/050337
15represented in Figure 1 a; b) a nucl3eic acid nol ecul e conpri sing

nucl eoti de sequences that hybridise to the sequence identified in (a) above
under stri r&g&ms hybri di zati on condi ti ons and whi ch encodes a pol ypepti de
that has p e activity; 20ii)providing at |east one candi date agent to
be tested; iii) formng a preparation that is a conbination of (i) and (ii)
above; and iv) testing the effect of said agent on the activity of said

pol ypepti dd. 25Th8.usk strepolypeptidetdnoddedt bgralinogletcoaddl anote@uletoenmgirining aa d

b set 1 ve pFBORIL3E3toe G2 Roabita v Hidlhof ' BTEHATAER, MBS ELlRL on
of an agenthyliditesaurpieo smgent3tbatiypiept cahelitiooso b siunigotideesejuepse odmprising

i) providi o u i I st farma fitti .ope o) ot an
agent and TEFyBop bEREsnERAEa bR yPaHSRLML risliash 0ol M Reffediflence
i n Fi gure bf bgerasthat modulate thg aathalyysdisaig polypeptieul ts of said fitting
operation to quantify the associ ati on 35between the agent and the
pol ypeptide. WD 2011/104531PCT/ GB2011/ 050337

10 2. A screening method for the identification of an agent that has protease inhibitory

activity comprising the steps of:

i) providing a polypeptide encoded by a nucleic acid molecule

selected from the group consisting of:

a) a nucleic acid molecule comprising a nucleotide sequence as

15 represented in Figure 1a;

b) a nucleic acid molecule comprising nucleotide sequences that
hybridise to the sequence identified in (a) above under stringent
hybridization conditions and which encodes a polypeptide that has
protease activity;

20 ii) providing at least one candidate agent to be tested;

iii) forming a preparation that is a combination of (i) and (ii) above;

and

iv) testing the effect of said agent on the activity of said polypeptide.

25
3. A screening method according to claim 2 wherein said polypeptide comprises or
consists of the amino acid sequence in Figure 1b, or active part thereof.

4, A modelling method to determine the association of an agent with a protease
30  polypeptide comprising the steps of:

i) providing computational means to perform a fitting operation between an
agent and a polypeptide comprising or consisting of the amino acid sequence in Figure
1b; and

ii) analysing the results of said fitting operation to quantify the association

35 between the agent and the polypeptide.



14 5. A pol ypeptide selected fromthe group consisting of: i)a pol ypeptide
encoded by a nucl eoti de sequence as represented in Figure la, or an

ant i geni cwbragrmenidit hereof ; 5ii)a pol ypepti de encoded byCa/GRrol1d5033de
sequence wherein said sequence is degenerate as a result of the genetic
code to the nucleotide sequence defined in (i) and which has protease

activity; idi)a i I Si ; i.d sequence 10 wherein
said sequer‘?(':e iﬁ%@?ﬁ%%gﬁg&ggﬁpwgg%gg{bec?iﬁ(g)ﬁﬁnoc‘f&éubsti tution of at |east
one ami no acid residue as représent @pdlypepiidperoded by awleleetide serugnce as

pol ypeptide is for use as a vaccine. I tyi d hi aim5
wherein said pol ypeptide i s encoded r%@régedr%cgﬁe%@?rgg a’sgrq%g%@@gg@grra %reggent ed
in Figure 1 a. 7. A pol ypepti detlareot ding to claim5 wherein said

pol ypepkti de conprises or consists of &mf, i ! i 1 b,
or anti tgleni c part thereof. 20 sng Aanh(gﬁoel c g%ng&rir%i Egﬁ*gngﬁ% d%e%:cg%ége a
pol ypepti de conprising or consisti ngvhefein baidaeqnenceds degenpiaiecss a resBitghir e

| b for use as a vaccine. 9. A vaccit %mgsi:s&eo%f He L%é'olﬂdé hg:e uence
vacci nati on against a mcrobial infection, conprising a pol| ypepti as

sel ected fromthe group consisting ackfin®bin)(a apdwnpbdtasgeoteassoatdidithy a

nucl eoti de sequence as represented in_ Fi - - "l i nt
thereof; ii) a polypeptide encmb)ded abelﬁ%{%%g? él'8'tq’i°8§ﬁ%%ﬁuﬁ'@te’% e%ee L{?ﬂg‘g?d
sequend@ is degenerate as a result otfhetdie gpchetsquenadas troodified rycladditione
sequence defined in (i);

deletion or substitution of at least one amino acid
residue as represented in Figures 1b, wherein said
polypeptide is for use as a vaccine.

15 6. A polypeptide according to claim 5 wherein said polypeptide is encoded by a
nucleotide sequence as represented in Figure 1a.

7. A polypeptide according to claim 5 wherein said polypeptide comprises or
consists of the amino acid sequence in Figure 1b, or antigenic part thereof.

20
8. A nucleic acid molecule that encodes a polypeptide comprising or consisting of
the amino acid sequence in Figure 1b for use as a vaccine.
9. A vaccine composition for use in the vaccination against a microbial infection,
comprising a polypeptide selected from the group consisting of:
25 i) a polypeptide encoded by a nucleotide sequence as
represented in Figure 1a, or an antigenic fragment thereof;
ii) a polypeptide encoded by a nucleotide sequence wherein
said sequence is degenerate as a result of the genetic
code to the nucleotide sequence defined in (i);
30 iii) a polypeptide comprising an amino acid sequence wherein

said sequence is modified by addition deletion or

substitution of at least one amino acid residue as

represented in Figures 1b and which retains protease

activity; wherein said composition optionally includes an
35 adjuvant and/or carrier.



30ii1i)a polypeptide conprising an am no acid sequence wherein said sequence
is nodified by addition deletion or substitution of at |east one am no acid
resi due asorneprwssmted in Figures | b and which retains pPCoOIGERSH/&CITVItY,;
wherein said conposition optionally i¥cludes an 35adjuvant and/or carrier.
WO 2011/ 104531PCT/ GB2011/ 050337 15 10. A vacci ne conposition according to
claim9 wherein said conposition includes an adjuvant and/or carrier. 511. A
vacci ne conposition according to claim9 or 10 wherein said adjuvant is

sel ect ed frl@m t Hevagciwagoowasitign aeaprding tacglaiok? mbereyesaid cenphsiton nbledes aup
consi stin NGRG feron ganma, interferon al pha, interferon beta,
|nterleuk?n8&¥ |nté¥F§ﬁE%n 23, ?nterleukln 17, intePIeukin 2, interleukin
1, TGF, TNFa, and TNF6. 1012. A vacci ne conposition according to claim9 or

10 wh d j - ‘ ‘ Yol [
Flagel | on, ‘Monoghaariar sppedidl7oastnl . FES #5r nfoelfBul BahlAeS;
vacci ne comspesiedi foom am:grcnlipr@ntsbtirmg af:roy®kmes k@legtest sdm tbaigdbupdfansisting ios a

15bact er | al?l\ﬁ@é’: M@ér*erﬁ?@é%%ﬁer’?&ﬁ aﬂ:ﬁa”}h‘i@rf%n Qbi%eﬂﬁérfé%kwv@o)untéﬂgénlgﬁ .

trehal ose dicorynony vaccine conposition accor
any of cl ai2@sin®rieBkinH&t intemlelkid@s inderleukiast, Toifre TRIEd] ancoReFB.ant i - bact eri al
agent. 20 15. A vaccine conposition according to claim 14 wherein said
agent is a second different vacci ne and/ or im€munogeni c agent.

10 12 A vaccine composition according to claim 9 or 10 wherein said adjuvant is a TLR

agonist such as CpG oligonucleotides, flagellin, monophosphoryl lipid A, poly I:C and
derivatives thereof.

13. A vaccine composition according to claim 9 or 10 wherein said adjuvant is a
15  bacterial cell wall derivative such as muramyl dipeptide (MDP) and/or trehalose
dicorynomycolate (TDM).

14. A vaccine composition according to any of claims 9-13 that includes at least one
additional anti-bacterial agent.
20

15. A vaccine composition according to claim 14 wherein said agent is a second

different vaccine and/or immunogenic agent.

16. A vaccine composition according to any of claims 9-15 for use in the treatment of
25  a microbial infection or condition.

17. Use according to claim 16 wherein microbial infection is caused by bacterial
species of the genus Clostridium spp.

30 18. Use according to claim 17 wherein said bacterial species is selected from the
group consisting of: C. difficile, C. botulinum, C. perfringens or C. tetani.

19. Use according to claim 18 wherein said Clostridium species is C. difficile.
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