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Current therapies for the treatnent of C. difficile infection rely on the
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In contrast, the present invention provides a C. difficile antigen based on
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di fficil ewdDarizn4fe61l n anot her enbodi nent, the first am mOTAB2011gSGUeNce | S
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2) the second am no acid sequence is provided by an am no acid sequence
that has at | east 80% sequence identity with an am no aci d sequence
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fusion rote n.is not | ypeptide. ca i sing am no acid_ residues 543-2366
of o G 3 SR e el AT BB BiroT e oo re B et P iroBe e
means td@)ﬁstali’ﬂt n@seclsdlegeqmeme: tefmisaln@pedtiab| yhits @F Clokini Agdésigndiddf TxAd)einToxi n
B (al so ref to ag,a |ff|c | e TOdI Brefergnes@gﬁence Exanpl es
of sucH“%rgcffFéﬂ'cé‘Ee'é?ré ?é‘?&h’?”\h‘ﬁt‘fé <t BIY b;}‘eatos'l%rlel“ g" une, [R§PA%Ite of

t he VD p6viidé DB B6rist G @BAELIreB&rl Fh@nidm &as amvold hrg&tetdtr@lnltyamcwded pgthkoxi n B
sequencFM%gare |dinti fied in the present specification (see, for exanple,
SEQ I D CopsRIGh) as wel | as throughout the literature. In one enmbodi nent,
the first amno acid sequence is based on (ie. has at | east 80% sequence

identlt_ﬁ/ wi t.h)., am no aci dues  544- 1851 of cile
anot her &b dringnare FH@”F'P? g?r 3 PumbeRef 693§8a%ePrf8é'°P§ SM?éd“adﬁ rkf‘%tr m nal
t r uncattogin figmentshcordstitg o shed Oe 8iffichd -ToXMLROE fald@ordictiy, ireadilg chgstaliseBio such

as am no cidr ue 51,, am si duyes am no acid
r esi dueelSoan 1%@ ega r urgm)g ts@éug@ogi4ﬂ\lé§’5f% rﬁ8§2§§égzg)r Ak
634- 18%brbahytiate moicties €8t ciek tﬁéaﬂaaﬂ.ﬁ@lc ATEifROT cxiri daceetsrsic@ec&é’ﬂa/l@ﬁma) am no

acidr due 4-1 acid.r 4-1851, a cid resj due
S 1At Sretie & MaeiR 8088y ek BR0 T | Thik: B e MeiGgie 1683l o o
aci d r esipgogsandig-cb85idtenawitin theastiod artesk delgs WY 80/68762) oama@meﬁtclodnsuemgdues

794- 185 d 814- d 834- 1
Lot B e T RUS I Rl roraunfisn o e B KRVt AR BT duen

894- 18&1udyams1@)rﬂ|ﬂheb tremdmﬁﬁjuékl@sba&bamnbmmmm diféciedwaite B3égdiSing.a am no
aci d I’§SI due 954- 85# am no id. rgaj s, 974-1851 rn no a(;[l d resi dues
8 q_ne e

994- 18 ﬁ?‘g”}% Aonsisting 9 the 8”&5% ‘4 AlleAdo dRranised o sRasisig: |
am no affiad's¢afildiuegiod 0askdl@biesidass D0O1-ATEWof tas iG] ukfficik GéMeliBhid (Ganthreo aAci d

152a- 13800 Eischdmim RE<FBdaO T 18R an driclo iR el Chend B MR

am no asd;aiforoESIrdsle@esll@@l‘r 18501, centiitge aciod digsiichues adiidddly-biiing astruvturaci d
resi due

1204 d 1 ci.d i
S e Tty oRg et Ve o e piaa hori, e ok hacerniud egatige

am no anriudtureesetweeﬁ ‘43811 &xin d@naing aaclth:b C&éﬂndh@&eﬂe’bzz}egudﬁﬁélsjdl@m—n@eaci d

aou- 1390 gnphotbepEPNAS: B0ASRTHh Sifta bIRIGERGT 2 RERRaAE o FRHNES,

am no EBBdtrdrrfe®S$Ldﬂ|€§Snng-tH685ﬂ:lUS@m ofaa ECIddﬁa’/eS‘schﬂfij lé@éﬁ 1:8thib, regomaimanio aci d
resi dues 1684-1851 of a C. Tax B hou

b ovi s DSOS Pk Rat T e phaenHeerBy FRleadie PPy aci o
r esi duesubrdi®itBiatnofe rasgonsdi fficile Toxin B. By way of exanple only, the
above am no acid position nunbering may refer to the C. difficile Toxin B
sequences identified as SEQ ID NGs: 2 and/ or 4. In one enbodi nent, the
second Afiishaspeet of tBeqmenthvehtubaseﬂndm a(fueon Ipaﬂelal cdngBtihg 80SHcHaTieing e

i denti tf%stWi t.h% a{}\é one or gore of eat ﬁ{? amno acid sequences
froma '€ 3P PP PEAYELP A" asssa%%%@'”oa? ' only, said one or
nor e LR)SB@&%@?ﬂnmyd%qb@&%dstgoﬁd‘ad by aSEfj@uh@ablG&eqﬁénce?ﬁat k&8 antbastor 80.
| n anot enbo e _second am no acid sequen an entire
Vo o ELah SEMERCHraRe Vil 7F FETtced SPol ok SORTRES VAP aHFS TR0 o Rk

ani no aC.idiffisiedloxincR sphuenceyendor nore of its (flanking) short repeat (SR)

sequen . B y of ex | e on econd .am nqQ acid s n be WO
20121 0P335t Per BT 78 1O RALLATOYHSBRE S B ih 08 PoGEor BHEES 5488y 7 7g
and/ 0rg808d seduenag aitchéty vethardamigotactdeeqaesacbnasting obie iathgirepdra sial lozatea
sequence, consi stin of orﬂ?ﬁn#; Si n%tsclg i reAIVbduI e 1 amno acid
sequenc"g hfr}%'m”g aé' Flfjf’?% @ff@ncoé(n( SEAYIEE: 1852- 2007) - see,
fﬁr exampl e grivsdvivduthe flisias prdtqamm:f5 haitﬁdolyneﬁfﬂlblc@nﬁmshg aamod el ree;"rb)f osb ment ,
t he se o nce is based on a sequence consisting of or
conpri gq%ﬁgZﬁWé’?gn@df’ﬂaF@be@)ﬁﬂnfl pl us Modul e 2 amino acid sequence froma C.
difficile Toxin B sequence (eg. residues 1852-2139 as illustrated in Table
2). I n another enbodinment, the second am no acid sequence is based on a
sequence consisting of or conprising the entire Mddule 1 plus Mdule 2 plus
Modul e 3 am no acid sequence froma C._difficile Toxin B sequence (eg.

resi dues 1851-2273 as illustrated in Table 2). In another enbodi nent, the
second am no acid sequence is based on a sequence consisting of or

conprising the entire Mdule 1 plus Mdule 2 plus Mdule 3 plus Mdule 4
am no acid sequence fron1a C d|ff|C|Ie TOX|n B sequence (eg re5|dues

A N A NN PSP o . T 1 o ~\ o o o o S



I n one enbodi nent, when the first and second am no acid sequences are both
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| east 881 or at |east 886 or at |east 891 or at |least 896 or at |east 901
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residues 974-1850, amino acid residues 994-1850, amino acid residues 1014-1850, amino
acid residues 1034-1850, amino acid residues 1054-1850, amino acid residues 1074-1850,
amino acid residues 1094-1850, amino acid residues 1104-1850, amino acid residues 1124-
1850, amino acid residues, amino acid residues 1131-1850, amino acid residues 1144-1850,
amino acid residues 1164-1850, amino acid residues 1184-1850, amino acid residues 1204-
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residues 1684-1850 of a C. difficile Toxin A; though always with the proviso that the fusion
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and with the proviso that the fusion protein is not a pol ypeptide
conprising am no acid residues 543-2366 of a C. difficile Toxin B.

Enbodi nerwe 20f2/ib@s1f i r st and second am no aci d sequence®CarGB2asl/mded1ai | ed
above. For exanple, in one embodinent a fusion protein is provided, which
conpri ses, or

sists of a sequence based on am d 52 2366
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Cor "o DBrP o Eartpay e T30 50 G PRHECER 1 DP9 0ot oo st B0
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anm no ac enc n any one _or nore of 9@ 5 or 17,
i | e ] APRR PRt e e PaEoSa By e BmEEPLE e SPRRIEHITIER by des
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aci d se ﬂ@ﬁ secqnd .am no, aci d seq%g wher ei () tﬁg first
i no_ FE PGB 50T ong, U A by A S G5! G SoSiREEe BT ASOE | cast
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1500- 18(r5e13|d%fesal8g’l-28b;)f—I (s:éelz or-l-é)>z<eqlrr?plelz3 tﬁg o%rl]JFee1 azsirﬂfljjstrated in Table 1. In another

embodiment, the second amino acid sequence is based on a sequence consisting of or

comprising the entire Module 1 plus Module 2 amino acid sequence from a C. difficile Toxin

A sequence (eg. residues 1851-2141 as illustrated in Table 1). In another embodiment, the

second amino acid sequence is based on a sequence consisting of or comprising the entire

Module 1 plus Module 2 plus Module 3 amino acid sequence from a C. difficile Toxin A

sequence (eg. residues 1851-2253 as illustrated in Table 1). In another embodiment, the

second amino acid sequence is based on a sequence consisting of or comprising the entire

Module 1 plus Module 2 plus Module 3 plus Module 4 amino acid sequence from a C.

difficile Toxin A sequence (eg. residues 1851-2389 as illustrated in Table 1). In another

embodiment, the second amino acid sequence is based on a sequence consisting of or

comprising the entire Module 1 plus Module 2 plus Module 3 plus Module 4 plus Module 5

amino acid sequence from a C. difficile Toxin A sequence (eg. residues 1851-2502 as

illustrated in Table 1). In another embodiment, the second amino acid sequence is based on

a sequence consisting of or comprising the entire Module 1 plus Module 2 plus Module 3

plus Module 4 plus Module 5 plus Module 6 amino acid sequence from a C. difficile Toxin A

sequence (eg. residues 1851-2594 as illustrated in Table 1). In another embodiment, the

second amino acid sequence is based on a sequence consisting of or comprising the entire

Module 1 plus Module 2 plus Module 3 plus Module 4 plus Module 5 plus Module 6 plus

Module 7 amino acid sequence from a C. difficile Toxin A sequence (eg. residues 1851-2710

as illustrated in Table 1). By way of example only, the above amino acid position numbering

may refer to the C. difficile Toxin A sequences identified as SEQ ID NOs: 1 and/ or 3.



2) the second am no acid sequence is provided by an am no acid sequence
that has at | east 80% sequence identity with an am no aci d sequence
consi sti nyoab12204b@mg repeat unit |ocated wi thin am no aecs/Geeeiidieso
1851-2710 of a C. difficile Toxin A sequence; with the proviso that the

fusion protein is not ol ypepti de conprising am no acid resjdues 543-2710
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not a [né vpLplind@tcayspribed fogtharmirstanasd deid esgubmes. 543- 2366 of a C. difficile
Toxin B. Enbodi nents of the first and second am no acid sequences are as
det ai |l ed above. In one enbodinment a fusion protein is provided, which
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1850- 27207 BPUGN KGN A pol ypeptide (or a portion thereof) and an N-terninal
pol ypepti de based on am no acid residues 1145-1851 of a Toxin B pol ypepti de

(or a portign there fé. 2012/ 046061PCT/ GB2011/ 051910 I n anot her
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In another embodiment a fusion protein is provided, which comprises or consists of a

sequence based on amino acid residues 770-2710 or 1131-2710 of a Toxin A polypeptide

(e.g. SEQID NOs 5, 6, 7, 8, 18, 19, 20, 21, 22, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,

40, 41, 42, 43, or 58).

In another embodiment a fusion protein is provided, which comprises or consists of a
sequence based on amino acid residues 770-2007, 770-2141, 770-2253, 770-2389 or 1131-
2007, 1131-2141, 1131-2253 or 1131-2389 of a Toxin A polypeptide (e.g. SEQ ID NO 59).

A related first aspect of the present invention provides a fusion protein, consisting of or
comprising a first amino acid sequence and a second amino acid sequence, wherein:

1) the first amino acid sequence is provided by an amino acid sequence that has at least
80% sequence identity with an amino acid sequence consisting of residues 1500-1851 of a
C. difficile Toxin B sequence; and

2) the second amino acid sequence is provided by an amino acid sequence that has at least
80% sequence identity with an amino acid sequence consisting of a long repeat unit located
within amino acid residues 1852-2366 of a C. difficile Toxin B sequence;

with the proviso that the fusion protein is not a polypeptide comprising amino acid residues
543-2366 of a C. difficile Toxin B.

Reference to a C. difficile Toxin B sequence means the amino acid sequence of a naturally-
occurring C. difficile Toxin B (also referred to as a C. difficile Toxin B reference sequence).

Examples of such sequences are readily understood by a skilled person, and some of the
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uni que protease site e d be i r n artner and

e o< RER RS asTn® FaP Tatle SRFHI ot e M) 4 rBT LSt Fel b

t hr onb:the fabaﬁé Gmlr?éaaCI&I‘lioeitloklnluﬁﬁ)erlngfm@me&?;ltonﬁ'?]/lC SEwgalEMow Bfagerwbnws:c Y,

renoval.  of . _t he o i rtner my e acnlieved via I nclusion or an

intein g%ﬁd%%éﬁgggi@%ﬁﬁ ‘Pﬁggon protein partner and the fusion protein

per se. Inteins are self cIeaV|ng proteins and in response to a stimul us

(e.g. lowered are ca abI of. self s licin e j.u t|o n the

i 9 o 18 e aEbain PG A SakerR ATnprne SFIUsiRass Rgsdchen leohes &F 1L 8% ¢ on

of sgemebuenqendémaﬁw&h) @yacml @snab of nBeelbm@ répeat (LR r?mkw?\ sd@mn\cgdfrbmom

Mycobact ercul osi s cA n ocqccus, hori kashi i A

ot Car - % o alfPrk AR Balchngy eyt Prambleos Y oaie 5F of Pie LR rhets on

f usi onbr}aa}obelbased)bn tahe of ISEENtD Nmsrmy V&c‘l&mb&jloﬁl@oorn amtleerpembcidlmemtl, tm;f t ags
to enable s I omat o |on c atfinity

thr ot BEP AP b AR AeaorhoR AE SR Seshepb Lt oaicl i B

puri fi caiuence, aghnmoluddsar LR xatiid acid seqlande plusemeair niirs tof s (flankiag) shoets

(e.g. 6-10 |dine resj dues ndi n rotein | ut at hi on

5%+ P andraraidst SiRGeRE ShOVRaH o TR E Ty oly8 SelhEamke: o Bteod hea o
C-termnus of the antigen fusion proteins of the invention. To facilitate
renmoval of such tags during purificatf%n, protease sites and/ or inteins
(exanpl es above) may be inserted between the fusion protein and the
purification tag(s). Thus, a typical fusion protein construct of the
invention (starting fromthe N-term nus) may conprise: a first



a fusion protein partner (to facilitate expression) a first (preferably
specific) protease sequence or intein sequence the Toxin A and/ or B
ant i gen swqQuermdeosan opti onal second (preferably specifiPCY/GB2011dE$E0
sequence or intein sequence an optional second purification tag WO

2012/ 046061PCT/ GB2011/ 05 fi apd secon urifjcation tags, may be
Che sanoat of drecs dnpe Sk pINPL T 771 P en g LR E Ao BB
seq?encbglcm%a??otmd &&f%e@ronldi sfe‘qalbﬂm c_;onﬂming lof 8t cc&ﬁ;ﬁiéﬁr@l@@@nﬂfﬁ MO@[/$|e are
pr ef er abl. ifferent tp ena ) ctive and controll a vage
el £1 avilia Aolicsatrree. Pl ant el ok padiesis piesturs Tes bl %4 show
i R SEQ dxf@mpﬂ@jtl%? Moblnle]gnas mnﬂmih ?cﬂ’r&ﬂTatﬁ@aC&f Sndtet eﬁ@bddﬂhémﬁml@&écbm gdinficance
the puril cation t romthe fusion proteLn - thjs to .1 ncrease
bi nd ndot THAeRFR G Ta5ed PRia Oyt SMsistins Ghorssmptis ngens nirerdods A ey be
pl aced Modurediagtitd ¥9id 8éduincé rempalCi Hiflcié Toxin Bagqaéndzeeyeesiduée 183252189
protein partner, .a fusi gn protein se. Typi.cal spacer sequences may
P ons: stesiitarainia T onb K oh ol BpiSintkel dhe SSop iRy 6 ariREr B T BETE
al pha- hel 4 §fdue$ibé yehsistiag oﬁocwrd;bmig/tpeimtimomoﬁlmmdula 2fdisd ModPedt ei n
construct. of the invention y rise (startin romthe r us): a
Firat BUPDGi2ck FOHAFEE h b (BIEP ToTRE Spssredehunos TasT 2278 )
illustrated in Table 2). In another embodiment, the second amino acid sequence is based on
a sequence consisting of or comprising the entire Module 1 plus Module 2 plus Module 3
plus Module 4 amino acid sequence from a C. difficile Toxin B sequence (eg. residues 1851-
2366 as illustrated in Table 2). By way of example only, the above amino acid position
numbering may refer to the C. difficile Toxin B sequences identified as SEQ ID NOs: 2 and/

or 4.

Any of the embodiments for the second amino acid sequence may be combined with any of

the embodiments described for the first amino acid sequence.

In one embodiment, when the first and second amino acid sequences are both based on
Toxin B sequences, the fusion protein may consist of or comprise an amino acid sequence
that is based on at least 871 or at least 876 or at least 881 or at least 886 or at least 891 or
at least 896 or at least 901 contiguous amino acid residues (e.g. starting from the C-terminal

amino acid residue) of a C. difficile Toxin B sequence, such as SEQ ID NOs: 2 and/ or 4).

In one embodiment a fusion protein is provided, which comprises or consists of a sequence
based on amino acid residues 1852-2366 of a Toxin B polypeptide (or a portion thereof) and
an N-terminal polypeptide based on amino acid residues 767-1851 of a Toxin B polypeptide

(or a portion thereof).

In another embodiment a fusion protein is provided, which comprises or consists of a
sequence based on amino acid residues 1852-2366 of a Toxin B polypeptide (or a portion
thereof) and an N-terminal polypeptide based on amino acid residues 1145-1851 of a Toxin

B polypeptide (or a portion thereof).

In another embodiment a fusion protein is provided, which comprises or consists of a
sequence based on amino acid residues 767-2366 or 957-2366 or 1138-2366 of a Toxin B

10



a fusion protein partner (to facilitate expression) an optional second
spacer sequence a (preferably specific) protease sequence or intein
sequence woOhle12liggiom A and/ or B derived anti gen sequenc@CT&B20ptG5018l
second (preferably specific) protease sequence or intein sequence an

Speci 1 rovetalih B8 SEQITNE ST 1 B8 L ord iR b e @oypos

28-57 @®™es, &N6U53)1%4! b& sewrsry.ucts of the invention may be generat ed by
PCR fromC. difficile genom c DNA and sequenced by standard nethods to
ensure integrity. Alternatively and preferably genes nmay be synthesi sed
provi dimg pdeeemnhi/mbnmdoprdvms flisibn tdn@teiamh@tsmomdne&ts dfeTexin B asdlB

BaC|II eriu t he present ., iny p des corres ndlng

ol i ORI £oh eI PHHor BAEIRES Fahk B Gty Mot B

the pr Ereﬁeﬁt UnnV@rrtirieQmoré\GCglr ]Eilbdglby) based @nEToas Bq&ilypebtldehmagm%&@nibmed

inventio r.ov a _.net ho or ssi.ng.one or nore e .

af or er‘ré’H na%ﬁfgﬁ@ r89f°’bPEtaeT%” As ?Pz'f’ﬂ- M8y A mor‘i/\bng repeat unit

2012/ 046ptchBHI incRAMYldn@skMére short repeat unit; or one, more or all Modules) based on a
Toxin A polypeptide may be combined with a “scaffold” region of a Toxin B polypeptide.

Thus, a further related aspect of the present invention provides a hybrid/ chimera fusion
protein, consisting of or comprising a first amino acid sequence and a second amino acid
sequence, wherein:

1) the first amino acid sequence is provided by an amino acid sequence that has at least
80% sequence identity with an amino acid sequence consisting of residues 1500-1850 of a
C. difficile Toxin A sequence; and

2) the second amino acid sequence is provided by an amino acid sequence that has at least
80% sequence identity with an amino acid sequence consisting of a long repeat unit located
within amino acid residues 1852-2366 of a C. difficile Toxin B sequence;

with the proviso that the fusion protein is not a polypeptide comprising amino acid residues
543-2710 of a C. difficile Toxin A;

and with the proviso that the fusion protein is not a polypeptide comprising amino acid
residues 543-2366 of a C. difficile Toxin B.

Embodiments of the first and second amino acid sequences are as detailed above.

For example, in one embodiment a fusion protein is provided, which comprises or consists of
a sequence based on amino acid residues 1852-2366 of a Toxin B polypeptide (or a portion
thereof) and an N-terminal polypeptide based on amino acid residues 770-1849 of a Toxin A

polypeptide (or a portion thereof).

In another embodiment a fusion protein is provided, which comprises or consists of a
sequence based on amino acid residues 1852-2366 of a Toxin B polypeptide (or a portion
thereof) and an N-terminal polypeptide based on amino acid residues 1131-1849 of a Toxin

A polypeptide (or a portion thereof).
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1) providing a nucleic acid sequence that encodes one or nore of said
fusion proteins in a host cell, wherein said nucleic acid sequence is
oper abl y wonked4s@i1a pronoter; and 2) expressing sai d RatiGHE201125190
sequence in the host cell Fusion proteins of the invention nay be
fornmul gt ed vacgci pes for human or ani mal use in a number o

exanpl " %QS’ ) &R Rl & frslongrrolsine s REISg: AT Cé‘nc%[agﬁ‘ﬁest%" P‘H”tsr‘%%n&’éé‘
intra- r@@be@mﬂeausagédoﬁrsaminbmad fA3Riuex aspt-2364 OSHCIh)xWB POBPEptide (bpan®rdehyde,

ot TR eR and e simina BowEngR babeLpharmvorg Teesits: Aol E & irtme

of, fora qmymb&de Upr te0 pdrtiof, tHeredd). oin bhe d@ysodmymbesaﬁdrmrd&yeok pBQ/Ipbﬁwmg
t reat ment wt

ent ant i gen fusi.ans, of the |nv
conb! neMRCT RS S0P BB P i SoRROE T He ShiTardPST AR 8 S P e
t he antTgenA bolgpedtider otein is intended for human or animal use. A human or
ani mal vaccine fornulation may contain Toxin A and/ or Toxin B and/ or
correspondi ng hybrid/ chinera antigen fusions of the present invention.

Thus, iSpestiie @fquﬂémiﬁludeafusﬁmciplﬂﬁeih@rmﬂs%tlhg)rbfpdiroceldpﬁﬁng)fant Aeify esirint
I nvention co

[ [ the follown viding a reconbinant Toxin A
and/ orse‘f‘B?ri'q‘? ﬁ&n agyY °H§ BF "gre %r#éé?@Nt 1% Jé'i on protein in suitable
buffer system optionally (preferably) treating said m xture with a

t oxoi di npo ch,as formal dehyde optionall transferr

f ust on DRUEDE RoRrBonaic Bt FaPy fat P aseRbmP G HeVFER AR DU ORURE wi ¢
one or fuR6e pRéihadun8isanly oivanéammidthgoptiisoamirnoyacd Bejuedrse bpd ardesols amind ngl vy,
athird aqsger%t of he. resent invention provides one or nore of the

af or engtft 8”?h¥i FF'broteins of the invention, for use in the generation

of ant ifané st taaiho bthCbeEJOerﬁe idigrdviged By dAntind\agidEeqaenckoianh&s at Rasne
enbodi ngpt, said ant |B :es bind to and neutra I

. diffici|e Xi.n A
and/ or07pRPfHGace Aot SaHaRgr SonmEaeT e Tl nant
fusion<QRMMekﬂRﬁnthe@3Hmé arfie i nvention may be used as innunogens
separ at conbi nation, either. concurrentl r se ti i n order
or bt octidhe Shond GanBLa gD st S I ToVAER By dnameS Yeif pefEce e frnat et
conbi E&I()%DQ%qudﬁOé icatylith, arl MmQraCIHKGi]uéﬁ@mdiﬂHsrsaﬁg oa'ﬁlldngeéﬁeaglﬁlﬁt lmaltadxed
t oget her. . and us e tive a C difficile toxin
fu5|on‘%p31@PW°éWFF§§'u?%P%§l%%ﬁﬂ# dﬂ¢965ﬁ3 ?eﬂérﬁged separately as a
first ivituthegeeovisonthat fherfatuoarp;dtah |QBGlLl@polgﬂébt@lBQiohﬁTrlsﬁg ahifd ac:ulrgsudlmg n
antige ive may be used separately on a second WD
2012/02%%%?%8f%@g;6W?’%§%§T ani mal group. The anti bodi es produced by
separ atandi mnmmm@@tow‘ym tmy thee fustumib piroesin tio nyt el gbigsepddd icoagyising raptisd tackin
directed t oxins. Non-limting exanples of suitable
adj uvarﬁe§I g@n%#&‘% %éﬁ*fﬁ’&rtp @ i nclude Freund's (conplete and
i nconplete forns), aIun1(a|un1n|un1phpsphate or al um ni um hydr oxi de),
saponi rlE abodlrlnter?ts %#’[ ffrset%n%%ng ar%ing'élc!d s%'quences are as detailed above.

In one embodiment a fusion protein is provided, which comprises or consists of a sequence
based on amino acid residues 1850-2710 of a Toxin A polypeptide (or a portion thereof) and
an N-terminal polypeptide based on amino acid residues 767-1851 of a Toxin B polypeptide

(or a portion thereof).

In another embodiment a fusion protein is provided, which comprises or consists of a
sequence based on amino acid residues 1850-2710 of a Toxin A polypeptide (or a portion
thereof) and an N-terminal polypeptide based on amino acid residues 1145-1851 of a Toxin

B polypeptide (or a portion thereof).
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A fourth (vaccine) aspect of the present invention provides one or nore of
the af orenenti oned fusion proteins of the invention, for use in the
prevent i oNQ 2br28|b606@Nt or suppression of CD (eg. in a meewEdB28UAI1IAES Man) .
Put another way, the present invention provides a nethod for the

revent on, treatment or s ress on, of n a nmanma
D a b g D e s Rl e Broviedh, Sett, B p e Slef Bt 08 St
of one smu@mfeebasfedtdmearafnora&imfysldoeed85@270@1opéqustlnrw p@fypta;istejel (avardortion to a

subj ect n ased

o) ortind @8 oo B P af polGRepies bassy ot Tarel il T i B oP VPP BT e s on

\ém L h ade'F?wdr’mBﬁtbm%Gﬂ)_xfrUIIp@l}'pgﬂitﬂiee&dmp%oaﬁm i8 ptefféwglbq/tba:sleai .on(Sja seldu@hbe'tha_aisToxi n
- base rotei e e oyed alone or in

conbi naSPP[LBIﬁrR/\P'E‘ Eesé‘}u?ﬁ%‘lgg%ﬂ)éfg% OF'U% %‘ﬁyéﬁpﬁ%l n (am/) Ayt oxi notype). Said

fusion proteins may be admnistered in a sequenti al or simultaneous manner.

Vacci ne. applicati ns of th e t |nvent further include the

conbi newactls erpes indide SiRib RTINS oo SLB ot CHERSTS P aero B one
or nNor &scgbén@Lse8 valSEGICANG: 18i fficile antigen (e.g. a non-Toxin antigen;

or a C difficile bacteriumsuch as one that has been inactivated or
attenuated), and optionally one or nore nosocom al infection antigens (e.qg.

an ant i e Rereiriedddé el csosd alctee pagdeng &rivenfidro relateb aot fasion Mrofedls adesesn a

| f ti t h t com al .
o oot seereldl e Glonais £ NElorbacoRBR Clenti teat R TRy Sl AR B es of
bact er Ia’ildll bas G alifSeie MeDCR.ITh #his rétfoed, tthe totalpokticthes )an aidrfuston @rdﬁéms that ol i,

Kl eb h II
PseudorfEaL o Pl HodiiEiBa ot 7o Shtlf o8 cBlio B Hiren Srm Pt SR 19t er
spp, Strﬁmrhumphfommsm@hbwbmlmoaacumeﬂeméﬁ)(i@rt e)lfanSFN@ asmalsamwn Ati1ged obact er

baumannj olderia c C|a erog cus

vanconyEi. 70 anf4ene e FEDC R A OreVe” ph P SR ARG ART o 180 V280 ne
appl|CaﬂHQQQWﬁMZbecaﬂnmoyﬁdmpmanhmbamUe@alIy, for exanple to treat a
patient before said patient enters a hospital (or simlar treatnent
facility) to help prevent hospital-acquired infection. Alternatively, said

vacci nénagnel emabdiarentee fasiadnproietit uledanitially lddker @fsteined pidteaies activitp mat t er

ant | bodiB0 ool s FAGEDr SEBRUTERT rige WIS 1RIC R B R o ko IR ) 2
f I’angEﬁta‘h)sfeTré&t adlwrmﬂ§dr®xbh1©|eorpeﬂwr aiosfeth\@nifl 2610469646 Td) @Banding Gai9 10

Er oar netvir G el BREER Sent ed Pt iarmate LBlon BiGelnd o e BicSHRDt hor

way, thevegnties.erfiese @miey‘ma’ammqmmm; d%pralséﬂitlﬂnﬁdtl\ifeOToxﬁmA apd@glem)dtlrﬁBdalﬁd eat ment

or su essi o \ eg., In a .Su m , Sal nme (0] CO rRsin

ot o esEateh v Rl o R Torat e BBl of cald anti bady (or

antibodies) to a subject (eg. a mammal such as man). By way of exanple, an
ti-T t . t tib d b

ol oy dd A1 S RBodMRBR N EHEH BR PRI s HPR 1R alBRSY JBSE eot ei n

(any B do@)@um(ﬁnyipe)acuante$|b)@ety1 -5&p MokiarA; mmlmw(ameﬁdrmm%& b@&reﬂ) s hative

1 t 1 ti bod d | i i ti
e e PR BE of el e e erk e R AT s Bt s st
3nt i bodheswreme lpa)te@hfe dunsdie (&tinbrackl rselqu&lsﬂfalﬁ@l’l'o?h wﬁuanewmxmmrtﬁra.

aCC|ne o) e rese t Inventlon nma urt her—1 nc t.
oo NG fRS R oot Gl AT ke i RS e A A PR NEB one
or nor eodndtypa doresxatipis am)i orib dramavetof gﬁawmf@el@daa BsxireA Gnddorf Toxti B ammty@en

(e.q. T n_antige or a C d| cil r|u and o |on IIy one
or " ror SEAPo RS adh i Bie, rashnt AeSicaHEh Ko eR e S B 45h o ane
(e.g. atunderingetay refar &bhny s&peﬁ:lﬂbﬂ'@glﬁ Foaid/ @eMoxih M@ed&ﬁ@mnmmo Fegite¢ mMUSES
Nnosoco 'aI | nf gctl Bn'é‘.ansollI 8r a bacteri (lui{;n t hat causezh gf nLgé/

i nfecti At PEHEEPian IRRC A RHIUSBSH TS aY'H@é‘ §35hSY fcPude
one or Iﬂm%%f at IEast(QtD)P/a,,at laebx3 %) dtdezns¥Dadeast ST by hideaxt ©0% thuredals such
as MRSA, Legionella, Pseudonpbnas aerugi nosa, Serratia marcescens,

Ent er obacter spp, G trobacter spp, Stenotrophononas mal tophili a,

Aci net dhaineprosgp consthucss ofAthien elvebtidt ETayHmJﬂ"Eln\de frorBLwdghmbxjerA andepad a,
and Enterococcrs @ﬁCh astvancoq%0|n res sta ero Fﬁ% I n one
enbodi &S Cal'y 2hE 19PPPYRAS,ENeTE %Jé? %féd' ?&Eerﬂ/ BWAE BEEY for
exanpl e once a patient has entered hosgl tal (or simlar treatnent
facility). Alternatively, said vacci né application may be adm nistered to
patients in conbination with one or nore antibiotics. In one enbodi nent,
sai d anti bodi es have been generated by inmunisation of an animal (eg. a
marrmal such as man, or a non- human an| mal such as goat or sheep) W|th one

o Y M _.:_,__,;__,_‘.:_ o e T Y b1 T




i munogeni ¢ i ngredients (whether these be antigenic fusion protein/s of the
present WO 2012/ 046061PCT/ GB2011/ 051910 i nvention and/ or correspondi ng
ant i bodi esoab1daeosiinventi on that bind thereto) nay be nPKEaBEIINSCEDT i ers
or excipients, which are pharmaceutically acceptable and conpatible with

examl SPORERUBN. SEBT FiamAfelf PBS T OGRYREL J7ol Bhargeon e auaRtps

conbi nairé mvéd"lﬂ*bﬁhofoxnhsnAaéMj/ tor @ of tdxindeper @USEQNBsvRand r:ze rmcmxyrgt)alnn

m nor anoynt s aUXI|I§ﬁ¥ ?ubstanﬁes such as mettlgg a IS|H%|

agent s,2"9 %Sf’"’f SAIMENLGRRNS OLRFOSF AN UFEASEINHICER &L srh Xin

ef f ect ianenesB obfoxinbEype 3QSEQEDs Brehavaeedpretivany). f urt her conprise one or nore
adj uvants. One non-limting exanple of an adjuvant with the scope of the
invention is alum nium hydroxide. OQther non-limting exanples of adjuvants
i ncl uderusitin ;ab%lrl’wa the mheddod @nayl\fuahat ydmr.liﬁ.ﬁ’eadfﬁl]ﬁdn prote® pitndd HgEilitaim ne

(thr- esaRL{b l\l—@g&%ﬁ{ r‘\/DB)JSIQ}IJI[;)IaOr%n partr?er%%ay be at?ac%e}}l a?{ne% r%—ﬁr%%ﬁé%‘f the

referr
N- acet ydntigemoanstiucithanyd addallp paled amhﬁy\l-t-dnm&iaammeEZamb[bs-o?fusion partners

di | t - 3- hydr h th CGP. 19835A,

e or r Sy 3uS fipbi: maRSPBHRO e SRl L P BamBER e LSHEO 0y act ed
f rk olm t)am \%blll%ie ramah osPBdtsibn brcm.d pértnélf(ﬁh?b_?_ﬁlﬁﬂchhgpm@luahaequhﬁiegli_ﬁ sitewal |
sKel et on ua ne en | | Ca

She v o, e senldh Rskesrh v Risigholrolit Beihg et enwon il 8P Les oty
suspenqdr@tgsSe @te@?ﬁﬁysmcllﬁj?! thdsé CfbrrTH;rSrubInab:h(ﬁoﬁ X, gate%mmm mregcltsusmébensi on
I N | Tr r 0 n| ecti al SO ar e r ar.atl Qn

Lo bl ARt el ey D B PE fisTe oot PR oS e s R i8h GF

m cr oc asiblefrsseqencs betwadnihy fstsubatpr@amlpmrtgenwmbyudm pr@tenepé:i smahteﬁnwt es

. 0. |ntrav?n|ous subcut aneous |ntrtaﬁe£:.li F sal %I
adm ni &'¢ 5 6R7HEY PIRE°'BY 2 RAINSRERANSPE 19 ASIRYIUS e9f '8?”6 xe Cap iﬁ neous
or int rsglnmglalt aie junicee! betveemtBe idteidi zm&:str@r @nt@@m donstredtablug elnamaamgwefe
conpat i

e for ation S as Wi
or ophy I8 .feafheya%ﬁta%no? oPeleates | Xt of TSR AL et pgigee
adm ni stoan edlicovdiitentrn Sulgﬁa(ﬁ'bﬁ.k l(RetA), tage FPyadSthhc@ef hg(llmsbr (nga%‘mB(Ftoogﬁgal
m crogr ant epends on the subject to be treated,
capaciﬁ?gﬁpq%ﬂgﬂg%gﬁ @%ﬁéﬁgﬁéﬁﬁgﬂsysten1to synt hesi ze anti bodi es, and the
degree of protection desired. Precise amunts of active ingredient requi red
to be end on t nt of. th ractitioner. may
b par thORPIRE B gRRoh, SRRt b BreTo Ry Sab e B Sl Rl 0
scﬂegu:tegs ofo mb@n\?}]deyufucncaromdtdgramw (03075 fs(@lrgeduieeal Aorrruécrtdla:tigg dafgsity
schedu i s .one ic ri rse of vac t e WO
015, 0ARET e PERRdS b et Siel R ool pu et ol B ) T e
dose;s ngmmlheatmdutimeqmmthusmume residess &d.§. 6-EIQU1|$tEidwet msmﬁﬂ)t ?'nantoe@cburfdo’rgd
reinforce the i ne re e r .ex -4 nonths .fo
oso: ity SuARBEE SFafitat an SRR ety Y TRt be il a0 e Mos age
regi merandf bl Calespinugiiof kreashtigen fpsiot ,prchlemdeif ememmeﬁltldmy Tbl‘fecn’te%dre(hfovbhef
individuaLt nd6pe dﬁpeﬁﬁﬁnt uRﬁn thek{ ment 2 Ctl% Ig]
addi ti ot t'ASS HERY FTEGHERI RINPEChE"SS ‘Ho%reﬁ‘i ‘%!”Sa PIUENTS FORK ’B@y ©
adm ni smsyred betwesdrthel Asionatrotsirt dndothb @urificatiomeigégul at ory agents, for
exanpl e, i mmunogl obulins, antibiotics, interleukins (e.g., IL-2, IL-12),

and/ or cytokines (e.g., |IFN gamm)
Thus, a typical fusion protein construct of the invention (starting from the N-terminus) may

comprise:

- a first purification tag

- a fusion protein partner (to facilitate expression)

- a first (preferably specific) protease sequence or intein sequence

- the Toxin A and/ or B antigen sequence

- an optional second (preferably specific) protease sequence or intein sequence

- an optional second purification tag
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Addi tional formul ations suitable for use with the present invention include
m crocapsul es, suppositories and, in sone cases, oral fornulations or

f or mul at iwoosui4bminl e for distribution as aerosol s. For PShgReitos191es,

tradi tional binders and carriers may include, for exanple, polyal kylene
glycols or triglycerides; such suppositories may be formed from m xtures
containing the active ingredient in the range of about 0.5 %to 10 %

i ncl udimg firerr and1sécAE eurifidligh tégso/may%e the shor crrrcmh‘@iams Sarhildripethierfitetndricon may

al so have uses ,as |i ands for use in finity ch ogr ap, cedures.
Such preallPesSER SraBieh v be e FverT GISHRY HhouBLnpiheRgnd
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Genes encoding the constructs of the invention may be generated by PCR from C. difficile
genomic DNA and sequenced by standard methods to ensure integrity. Alternatively and
preferably genes may be synthesised providing the optimal codon bias for the expression
host (e.g. E. coli, Bacillus megaterium). Thus, the present invention provides corresponding
nucleic acid sequences that encode the aforementioned fusion proteins of the present

invention.

Accordingly, a second aspect of the present invention provides a method for expressing one

or more of the aforementioned fusion proteins, said method comprising:
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providing a recombinant Toxin A and/ or Toxin B and/ or hybrid/ chimera toxin fusion

protein in suitable buffer system

- optionally (preferably) treating said mixture with a toxoiding component such as
formaldehyde

- optionally transferring the fusion proteins to a new buffer system

- combining the fusion proteins with one or more suitable adjuvants and optionally other

excipients

Accordingly, a third aspect of the present invention provides one or more of the
aforementioned fusion proteins of the invention, for use in the generation of antibodies that
bind to C. difficile Toxin A and/ or Toxin B. In one embodiment, said antibodies bind to and

neutralise C. difficile Toxin A and/ or Toxin B.

For immunisation of animals, the C. difficile recombinant fusion protein antigens of the
invention may be used as immunogens separately or in combination, either concurrently or
sequentially, in order to produce antibodies specific for individual C. difficile toxins or
combinations. For example, two or more recombinant antigens may be mixed together and
used as a single immunogen. Alternatively a C. difficile toxin fusion protein antigen (e.g.
Toxin A-derived) may be used separately as a first immunogen on a first animal group, and

another C. difficile toxin antigen (e.g. Toxin B-derived) may be used separately on a second
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animal group. The antibodies produced by separate immunisation may be combined to yield
an antibody composition directed against C. difficile toxins. Non-limiting examples of suitable
adjuvants for animal/veterinary use include Freund’s (complete and incomplete forms), alum

(aluminium phosphate or aluminium hydroxide), saponin and its purified component Quil A.

A fourth (vaccine) aspect of the present invention provides one or more of the
aforementioned fusion proteins of the invention, for use in the prevention, treatment or
suppression of CDI (eg. in a mammal such as man). Put another way, the present invention
provides a method for the prevention, treatment or suppression of CDI (eg. in a mammal
such as man), said method comprising administration of a therapeutically effective amount of
one or more of the aforementioned fusion proteins of the invention to a subject (eg. a

mammal such as man).

By way of example, a Toxin A-based fusion protein (any A toxinotype) may be employed
alone or in combination with a Toxin B-based fusion protein (any B toxinotype). Similarly, a
Toxin B-based fusion protein (any B toxinotype) may be employed alone or in combination
with a Toxin A-based fusion protein (any A toxinotype). Said fusion proteins may be
administered in a sequential or simultaneous manner. Vaccine applications of the present
invention may further include the combined use (e.g. prior, sequential or subsequent
administration) of one or more antigens such as a C. difficile antigen (e.g. a non-Toxin
antigen; or a C. difficile bacterium such as one that has been inactivated or attenuated), and
optionally one or more nosocomial infection antigens (e.g. an antigen, notably a surface
antigen, from a bacterium that causes nosocomial infection; and/ or a bacterium that causes
a nosocomial infection such as one that has been inactivated or attenuated). Examples of
bacteria that cause nosocomial infection include one or more of: E. coli, Klebsiella
pneumonae, Staphylococcus aureus such as MRSA, Legionella, Pseudomonas aeruginosa,
Serratia marcescens, Enterobacter spp, Citrobacter spp, Stenotrophomonas maltophilia,
Acinetobacter spp such as Acinetobacter baumannii, Burkholderia cepacia, and

Enterococcus such as vancomycin-resistant Enterococcus (VRE).

In one embodiment, said vaccine application may be employed prophylactically, for example
to treat a patient before said patient enters a hospital (or similar treatment facility) to help
prevent hospital-acquired infection. Alternatively, said vaccine application may be

administered to vulnerable patients as a matter of routine.

A related vaccine aspect of the invention provides one or more antibodies (comprising or

consisting whole IgG and/or Fab and/or F(ab')2 fragments) that binds to the one or more
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aforementioned fusion proteins of the invention, for use in the prevention, treatment or
suppression of CDI (eg. in a mammal such as man). Put another way, the present invention
provides a method for the prevention, treatment or suppression of CDI (eg. in a mammal
such as man), said method comprising administration of a therapeutically effective amount of

said antibody (or antibodies) to a subject (eg. a mammal such as man).

By way of example, an anti-Toxin A-based fusion protein (any A toxinotype) antibody may be
employed alone or in combination with an anti-Toxin B-based fusion protein (any B
toxinotype).antibody. Similarly, an anti-Toxin B-based fusion protein (any B toxinotype)
antibody may be employed alone or in combination with an anti-Toxin A-based fusion protein
(any A toxinotype) antibody. Said antibodies may be administered in a sequential or
simultaneous manner. Vaccine applications of the present invention may further include the
combined use (e.g. prior, sequential or subsequent administration) of one or more antibodies
that bind to antigens such as a C. difficile antigen (e.g. a non-Toxin antigen; or a C. difficile
bacterium), and optionally one or more antibodies that bind to one or more nosocomial
infection antigens (e.g. an antigen, notably a surface antigen, from a bacterium that causes
nosocomial infection; and/ or a bacterium that causes a nosocomial infection). Examples of
bacteria that cause nosocomial infection include one or more of: E. coli, Klebsiella
pneumonae, Staphylococcus aureus such as MRSA, Legionella, Pseudomonas aeruginosa,
Serratia marcescens, Enterobacter spp, Citrobacter spp, Stenotrophomonas maltophilia,
Acinetobacter spp such as Acinetobacter baumannii, Burkholderia cepacia, and

Enterococcus such as vancomycin-resistant Enterococcus (VRE).

In one embodiment, said vaccine application may be employed prophylactically, for example
once a patient has entered hospital (or similar treatment facility). Alternatively, said vaccine

application may be administered to patients in combination with one or more antibiotics.

In one embodiment, said antibodies have been generated by immunisation of an animal (eg.
a mammal such as man, or a non-human animal such as goat or sheep) with one or more of

the aforementioned fusion proteins of the present invention.

In one embodiment, the antibodies of the present invention do not (substantially) bind to the
effector domain and/ or to the cysteine protease domain of a C. difficile Toxin A and/ or

Toxin B.

For the preparation of vaccines for human (or non-human animal) use, the active

immunogenic ingredients (whether these be antigenic fusion protein/s of the present
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invention and/ or corresponding antibodies of the invention that bind thereto) may be mixed
with carriers or excipients, which are pharmaceutically acceptable and compatible with the
active ingredient. Suitable carriers and excipients include, for example, water, saline,
dextrose, glycerol, ethanol, or the like and combinations thereof. In addition, if desired, the
vaccine may contain minor amounts of auxiliary substances such as wetting or emulsifying
agents, pH buffering agents, and/or adjuvants which enhance the effectiveness of the

vaccine.

The vaccine may further comprise one or more adjuvants. One non-limiting example of an
adjuvant with the scope of the invention is aluminium hydroxide. Other non-limiting
examples of adjuvants include but are not limited to: N-acetyl-muramyl-L-threonyl-D-
isoglutamine  (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine (CGP 11637,
referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2- (1'-2'-
dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (CGP 19835A, referred to as
MTP-PE), and RIBI, which contains three components extracted from bacteria,
monophosphoryl lipid A, trehalose dimycolate and cell wall skeleton (MPL+TDM+CWS) in a

2 % squalene/ Tween 80 emulsion.

Typically, the vaccines are prepared as injectables, either as liquid solutions or suspensions.
Of course, solid forms suitable for solution in, or suspension in, liquid prior to injection may
also be prepared. The preparation may also be emulsified, or the peptide encapsulated in

liposomes or microcapsules.

Vaccine administration is generally by conventional routes e.g. intravenous, subcutaneous,
intraperitoneal, or mucosal routes. The administration may be by parenteral injection, for

example, a subcutaneous or intramuscular injection.

The vaccines are administered in a manner compatible with the dosage formulation, and in
such amount as will be prophylactically and/or therapeutically effective. The quantity to be
administered, which is generally in the range of 5 micrograms to 250 micrograms of antigen
per dose, depends on the subject to be treated, capacity of the subject's immune system to
synthesize antibodies, and the degree of protection desired. Precise amounts of active
ingredient required to be administered may depend on the judgment of the practitioner and

may be particular to each subject.

The vaccine may be given in a single dose schedule, or optionally in a multiple dose

schedule. A multiple dose schedule is one in which a primary course of vaccination may be
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with 1-6 separate doses, followed by other doses given at subsequent time intervals required
to maintain and /or reinforce the immune response, for example, at 1-4 months for a second
dose, and if needed, a subsequent dose(s) after several months. The dosage regimen will
also, at least in part, be determined by the need of the individual and be dependent upon the

judgment of the practitioner.

In addition, the vaccine containing the immunogenic antigen(s) may be administered in
conjunction with other immunoregulatory agents, for example, immunoglobulins, antibiotics,

interleukins (e.g., IL-2, IL-12), and/or cytokines (e.g., IFN gamma)

Additional formulations suitable for use with the present invention include microcapsules,
suppositories and, in some cases, oral formulations or formulations suitable for distribution
as aerosols. For suppositories, traditional binders and carriers may include, for example,
polyalkylene glycols or triglycerides; such suppositories may be formed from mixtures
containing the active ingredient in the range of about 0.5 % to 10 %, including for instance,
about 1 %-2 %.

Fusion proteins of the invention may also have uses as ligands for use in affinity
chromatography procedures.  In such procedures, fusion proteins of the invention may be
covalently immobilised onto a matrix, such as Sepharose, e.g. using cyanogen bromide-
activated Sepharose. Such affinity columns may then be used to purify antibody from
antisera or partially purified solutions of immunoglobulins by passing them through the
column and then eluting the bound IgG fraction (e.g. by low pH). Almost all of the antibody
in the eluted fraction will be directed against the fusion proteins of the invention, with non-
specific antibodies and other proteins having been removed. These affinity purified 19G
fractions have applications both as immunotherapeutics and as reagents in diagnostics.
For immunotherapeutics, affinity purified antibodies enable a lower dose to be administered
making adverse side effects less likely. For diagnostics, affinity purified agents often give

improved specificity and fewer false positive results.

Definitions Section

Clostridium difficile is a species of Gram-positive bacterium of the genus Clostridium.

Clostridium difficile infection (CDI) means a bacterial infection which affects humans and
animals and which results in a range of symptoms from mild self-limiting diarrhoea to life-
threatening conditions such as pseudomembranous colitis and cytotoxic megacolon. In this

disease, C. difficile replaces some of the normal gut flora and starts to produce cytotoxins
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which attack and damage the gut epithelium. Primary risk factors for human CDI include:

receiving broad-spectrum antibiotics, being over 65 years old and being hospitalised.

Clostridium difficile Toxin A is a family of protein cytotoxins/ enterotoxins of approximately
300 kDa in size. Toxin A has an enzyme activity within the N-terminal region which acts to
disrupt the cytoskeleton of the mammalian cell causing cell death. There a number of
naturally occurring variants of Toxin A within the strains of Clostridium difficile which are
called ‘toxinotypes’. The various toxinotypes of Toxin A have variations within their primary
sequence of usually <10% overall. Examples of suitable Toxin A sequences include SEQ ID
NOs: 1 and 3.

Clostridium difficile Toxin B is a family of protein cytotoxins of approximately 270 kDa in size
which are similar to Toxin A but significantly more cytotoxic. Like Toxin A, Toxin B has an
enzyme activity within the N-terminal region which acts to disrupt the cytoskeleton of the
mammalian cell causing cell death.  There are a number of naturally occurring variants of
Toxin B within the strains of C. difficile which are called ‘toxinotypes’.  The various
toxinotypes of Toxin B have variations within their primary sequence of up to 15% overall.

Examples of suitable Toxin B sequences include SEQ ID NOs: 2 and 4.

C. difficile repeat units are regions within the C-terminus of Toxin A and B that contain
repeating motifs which were first identified by von Eichel-Streiber and Sauerborn (1990;
Gene 30: 107-113).  In the case of Toxin A there are 31 short repeats and 7 long repeats
with each repeat consisting of a B-hairpin followed by a loop. Toxin B consists of a similar
structure but with fewer repeats. The repeat units of Toxin A are contained within residues
1850 -2710 and those for Toxin B within residues 1852 -2366. The repeat regions play a role
in receptor binding. The receptor binding regions (i.e. that define the toxin’s structural
binding pockets) appear to be clustered around the long repeat regions to form ‘binding

modules’ (see Tables 1 and 2).

Central domains of Toxin A and B are believed to play a role in translocation of the toxins
into mammalian cells. The central domains of Toxin A are based on residues 543-1849 and
those for Toxin B are based on residues 543-1851. Of the central domain regions of Toxins
A and B, the first domain is a cysteine protease, which plays a role in the internalisation of

the toxin’s effector domain (which contains the glucosyl transferase activity).

Toxinotypes are often used to classify strains of C. difficile. Toxinotyping is based on a

method which characterises the restriction patterns obtained with the toxin genes.
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Toxinotypes of Toxins A and B represent variants, by primary amino acid sequence, of these
protein toxins. In one embodiment, the C. difficile toxin is selected from one of toxinotypes 0
to XV. Preferred Toxinotypes (plus example Ribotypes and Strains) are listed in the Table
immediately below. The listed Toxinotypes are purely illustrative and are not intended to be

limiting to the present invention

Toxinotype Example Ribotypes Example Strains Reference

0 001, 106 VPI10463

1 003, 012, 102 EX623

2 103 AC008

3 027, 034, 075, 080 R20291, QCD-32g58

4 023, 034, 075, 080 55767 Rupnik et al

5 066, 078 SE881 (1998)

6 045, 063, 066 51377

7 063 57267 J. Clinical

8 017, 047 1470 Microbiol.

9 019 51680

10 036 3864 36: 2240-2247

11 033 1S58, R11402

12 056 1S25 Rupnik et al

13 070 R9367 (2001)

14 111 R10870

15 122 R9385 Microbiology
147: 439-447

An "antibody" is used in the broadest sense and specifically covers polyclonal antibodies
and antibody fragments so long as they exhibit the desired biological activity. For example,
an antibody is a protein including at least one or two, heavy (H) chain variable regions
(abbreviated herein as VHC), and at least one or two light (L) chain variable regions
(abbreviated herein as VLC). The VHC and VLC regions can be further subdivided into
regions of hypervariability, termed "complementarity determining regions” ("CDR"),
interspersed with regions that are more conserved, termed "framework regions" (FR). The
extent of the framework region and CDRs has been precisely defined (see, Kabat, E.A., et
al. Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health
and Human Services, NIH Publication No. 91-3242, 1991, and Chothia, C. et al, J. Mol. Biol.
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196:901-917, 1987, which are incorporated herein by reference). Preferably, each VHC and
VLC is composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-
terminus in the following order: FRI, CDRI, FR2, CDR2, FR3, CDR3, FR4.

The VHC or VLC chain of the antibody can further include all or part of a heavy or light chain
constant region. In one embodiment, the antibody is a tetramer of two heavy immunoglobulin
chains and two light immunoglobulin chains, wherein the heavy and light immunoglobulin
chains are inter-connected by, e.g., disulfide bonds. The heavy chain constant region
includes three domains, CHI, CH2 and CHS3. The light chain constant region is comprised of
one domain, CL. The variable region of the heavy and light chains contains a binding domain
that interacts with an antigen. The constant regions of the antibodies typically mediate the
binding of the antibody to host tissues or factors, including various cells of the immune
system (e.g., effector cells) and the first component (Clq) of the classical complement
system. The term "antibody" includes intact immunoglobulins of types IgA, IgG, IgE, IgD, IgM
(as well as subtypes thereof), wherein the light chains of the immunoglobulin may be of
types kappa or lambda.

The term antibody, as used herein, also refers to a portion of an antibody that binds to a
toxin of C. difficile (e.g. Toxin A or B), e.g., a molecule in which one or more immunoglobulin
chains is not full length, but which binds to a toxin. Examples of binding portions
encompassed within the term antibody include (i) a Fab fragment, a monovalent fragment
consisting of the VLC, VHC, CL and CHI domains; (ii) a F(ab'), fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region; (iii) a
Fc fragment consisting of the VHC and CHI domains; (iv) a Fv fragment consisting of the
VLC and VHC domains of a single arm of an antibody, (v) a dAb fragment (Ward et al,
Nature 341:544-546, 1989), which consists of a VHC domain; and (vi) an isolated
complementarity determining region (CDR) having sufficient framework to bind, e.g. an
antigen binding portion of a variable region. An antigen binding portion of a light chain
variable region and an antigen binding portion of a heavy chain variable region, e.g., the two
domains of the Fv fragment, VLC and VHC, can be joined, using recombinant methods, by a
synthetic linker that enables them to be made as a single protein chain in which the VLC and
VHC regions pair to form monovalent molecules (known as single chain Fv (scFv); see e.g.,
Bird et al. (1988) Science IAI-ATi-AlB; and Huston et al. (1988) Proc. Natl. Acad. ScL USA
85:5879-5883). Such single-chain antibodies (as well as camelids) are also encompassed
within the term antibody. These are obtained using conventional techniques known to those
with skill in the art, and the portions are screened for utility in the same manner as are intact

antibodies.
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The term “fragment” means a peptide typically having at least seventy, preferably at least
eighty, more preferably at least ninety percent of the consecutive amino acid sequence of

the reference sequence.

The term “variant” means a peptide or peptide fragment having at least eighty, preferably at
least eighty five, more preferably at least ninety percent amino acid sequence homology with
a C. difficile toxin polypeptide. For sequence comparison, typically one sequence acts as a
reference sequence, to which test sequences may be compared. When using a sequence
comparison algorithm, test and reference sequences are input into a computer, subsequent
coordinates are designated, if necessary, and sequence algorithm program parameters are
designated. The sequence comparison algorithm then calculates the percentage sequence
identity for the test sequence(s) relative to the reference sequence, based on the designated

program parameters.

Any of a variety of sequence alignment methods can be used to determine percent identity,
including, without limitation, global methods, local methods and hybrid methods, such as,
e.g., segment approach methods. Protocols to determine percent identity are routine
procedures within the scope of one skilled in the art. Global methods align sequences from
the beginning to the end of the molecule and determine the best alignment by adding up
scores of individual residue pairs and by imposing gap penalties. Non-limiting methods
include, e.g., CLUSTAL W, see, e.g., Julie D. Thompson et al., CLUSTAL W: Improving the
Sensitivity of Progressive Multiple Sequence Alignment Through Sequence Weighting,
Position- Specific Gap Penalties and Weight Matrix Choice, 22(22) Nucleic Acids Research
4673-4680 (1994); and iterative refinement, see, e.g., Osamu Gotoh, Significant
Improvement in Accuracy of Multiple Protein. Sequence Alignments by lterative Refinement
as Assessed by Reference to Structural Alignments, 264(4) J. Mol. Biol. 823-838 (1996).
Local methods align sequences by identifying one or more conserved motifs shared by all of
the input sequences. Non-limiting methods include, e.g., Match-box, see, e.g., Eric
Depiereux and Ernest Feytmans, Match-Box: A Fundamentally New Algorithm for the
Simultaneous Alignment of Several Protein Sequences, 8(5) CABIOS 501 -509 (1992);
Gibbs sampling, see, e.g., C. E. Lawrence et al., Detecting Subtle Sequence Signals: A
Gibbs Sampling Strategy for Multiple Alignment, 262(5131 ) Science 208-214 (1993); Align-
M, see, e.g., Ivo Van Walle et al., Align-M - A New Algorithm for Multiple Alignment of Highly
Divergent Sequences, 20(9) Bioinformatics:1428-1435 (2004).
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Alignment scores for determining sequence identity

ARNDCQEGHILKMFPSTWYYV
A4
R-15
N-2 06
D-2-216
C0-3-3-39
Q-1100-35
E-1002425
G0-20-1-3-2-26
H-201-1-300-2 8
[-1-3-3-3-1-3-3-4-3 4
L-12-34-1-2-3-4-32 4
K1201-311-2-1-3-25
M-1-1-2-3-10-2-3-212-15
F2-3-3-3-2-3-3-3-100-306
P12-2-1-3-1-1-2-2-3-3-1-2-47
S11101000-1-2-20-1-2-1 4
T01011-11-2-21-1-1-1-2-115
W-3-3-4-4-2-2-3-2-2-3-2-3-11-4-3-211
Y-2-2-2-3-2-1-2-32-1-1-2-13-3-2-227
vV0-3-3-3-1-22-3-331-21-1-2-20-3-14

The percent identity is then calculated as:

Total number of identical matches
x 100

[length of the longer sequence plus the

number of gaps introduced into the longer
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196: 901-917, 1987, which are incorporated herein by reference). Preferably,
each VHC and VLC is conposed of three CDRs and four FRs, arranged from

am no-t erwDroR/mae06¢ ar boxyterm nus in the foll owi ng ordePCTHEM2011GBRI1Y FR2,
CDR2, FR3, CDR3, FR4. The VHC or VLC chain of the antibody can further
include all or, part of a re%é% or %%g t chain constant region. In one
enbodi nEFRUENEHIE AAeT BRI e WOSEIVHIES! of two heavy i mmunogl obul i n chai ns
and two |ight immunogl obulin chains, wherein the heavy and |i ght

i Mmuno bul i.n chains are inter-connected b e.g., disulfide bonds.. The
nonyy  SHESEUBHSISs 5insly PRI SRS Shrpeietiinas fainGhRe ormgreAaersd The
l'i ght @m?hmlﬁmﬁsaaamoﬁsgg:a_daiﬂbﬁs.ﬁnmeioaedgeﬁare@eefd@bg@ di.a rglhor fl'dﬂerexafait&bl e
region of the heavy and i . ains contains a pinding. donai t

| hoer ac0eseivaATe PSR TaE S By S OBl BT Reb B 9t cat 1y
nedi at Esigrhfﬁzabim?iﬂfeuﬁtr@ffokjh@ @ rictiogay tﬁ@dlﬁﬁp;i?é;%%eﬁti?ﬁ?@ym%eﬁly rc])'f ﬁl?:é_ tedi ng
vari ous ce of the i ne system (e.q. ector,  cells) and the first
conondhbul ¢ afingraidse 208 306l SAITE S P RATery R Exienonas wfhes ity

i ncl udasrnindladbthiomngnegldabubignsaliolinkey peptideg i, up 365abbatE20-2e Pesitigdd, (crsanwel |
as subgﬁpes t hereof), wherein the light chains of the inmunogl obulin may be
of typddYI3% or | anbda. The term antibody, as used herein, also refers to
a portion of an antibody that binds to a toxin of C. difficile (e.g. Toxin
A or B) .G 2 nDIec%Le ig vi ch one or nore i munogl obulin chains is not
ful'l | SHYBRTValYR aWCAFASURSLUESa t oxi n. Exanpl es of binding portions
enconpassed within the termantibody include (i) a Fab fragnent, a

nonoval ent fragment., consisting of the VLC, VHC, CL and CH donmins; (ii) a
F(abl) Z2%t%gnent ,2"4"Hfval ent fragment conprising two Fab fragnents |inked
by a disulfide briysige at the hinge region; (iii) a Fc fragnent consisting
of the VHC and CHI domains; (iv) a Fv fragnment consisting of the VLC and
VHC domai ns of a Y§4°e arm of an antibody, (v) a dAb fragment (Vard et al
Nat ur e Aeidic:544- 54futah@®3)d whi ch consists of a VHC domain; and (vi) an

i sol at ed conplenentarjt%.deternining region (CDR) having sufficient
framework to bi ndSP8M§8%n antigen binding portion of a variable region. An
anti gerPdamdi ng pyteimtie of a |ight chain variable region and an antigen

bi ndi ng portion of a heavy chain variable region, e.g., the two domai ns of
the Fv fragment, 37P8°8NE VHC, can be joi ned, using reconbi nant nethods, by
a synt hejdrepHobltk deudideat enabl es themto be nmade as a single protein chain
in which the VLC.aqd VHC regions pair to form nonoval ent nol ecul es (known
as single chain FP¢EYI); see e.g., Bird et al. (1988) Science

| Al - ATi - A16; and Jydusé on et al. (1988) Proc. Natl. Acad. ScL USA
85:5879-588§§A Such sipﬂle-chain antibodies (as well as canelids) are also
enconpd¥8%3UGi t hiRePHEFm anti body. These are obtai ned using conventi onal
t echni ques known ttyptdphese with skill in the art, and the portions are
screened for utility in the same manner as are intact antibodies. WO
2012/046061PCT/Géf@%f?OSlQlO The term "fragnent" means a peptide typically
havi ng Shall:east sgwoiridy, preferably at | east eighty, nore preferably at

| east ninety percent of the consecutive amno acid sequence of the
reference sequenc®®fhe term "variant"” neans a peptide or peptide fragnent
havi ng at | east ajeghéy, preferably at |east eighty five, nore preferably at
| east ninety perqEnt am no acid sequence honmology with a C. difficile toxin
pol ypepti de. For '8€§08fice conparison, typically one sequence acts as a

ref erence sequenassthioainehi ch test sequences may be conpared. Wen using a
sequence conparison algorithm test and reference sequences are input into
a conputer, subsequent coordinates are designated, if necessary, and
sequendes additon tdrth@r20) rstandpad aimmhe racids; endestagizad ethmind hacideqseohc as 4-

conpari,sgn algorit t hen cal cul ates.t he percentage.sequence identity for
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met hods. ¢ e used to deternine percent identity,. including, oyt
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met hods al i gn sequences fromthe beginning to the end of the nol ecul e and
determ ne the best alignnment by addingﬁup scores of individual residue
pairs and by inposing gap penalties. n-limting nmethods include, e.g.,
CLUSTAL W see, e.g., Julie D. Thonpson et al., CLUSTAL W Inproving the
Sensitivity of Progressive Miultiple Sequence Alignnent Through Sequence
Wei ghting, Position- Specific Gap Penalties and Wi ght Mtrix Choi ce,
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acid residues. The polypeptides of the present invention can also comprise non-naturally

occurring amino acid residues.

Non-naturally occurring amino acids include, without limitation, trans-3-methylproline, 2,4-
methano-proline, cis-4-hydroxyproline, trans-4-hydroxy-proline, N-methylglycine, allo-
threonine, methyl-threonine, hydroxy-ethylcysteine, hydroxyethylhomo-cysteine, nitro-
glutamine, homoglutamine, pipecolic acid, tert-leucine, norvaline, 2-azaphenylalanine, 3-
azaphenyl-alanine, 4-azaphenyl-alanine, and 4-fluorophenylalanine. Several methods are
known in the art for incorporating non-naturally occurring amino acid residues into proteins.
For example, an in vitro system can be employed wherein nonsense mutations are
suppressed using chemically aminoacylated suppressor tRNAs. Methods for synthesizing
amino acids and aminoacylating tRNA are known in the art. Transcription and translation of
plasmids containing nonsense mutations is carried out in a cell free system comprising an E.
coli S30 extract and commercially available enzymes and other reagents. Proteins are
purified by chromatography. See, for example, Robertson et al., J. Am. Chem. Soc.
113:2722, 1991; Ellman et al., Methods Enzymol. 202:301, 1991; Chung et al., Science
259:806-9, 1993; and Chung et al., Proc. Natl. Acad. Sci. USA 90:10145-9, 1993). In a

second method, translation is carried out in Xenopus oocytes by microinjection of mutated

mRNA and chemically aminoacylated suppressor tRNAs (Turcatti et al., J. Biol. Chem.
271:19991-8, 1996). Within a third method, E. coli cells are cultured in the absence of a
natural amino acid that is to be replaced (e.g., phenylalanine) and in the presence of the
desired non-naturally occurring amino acid(s) (e.g., 2-azaphenylalanine, 3-azaphenylalanine,
4-azaphenylalanine, or 4-fluorophenylalanine). The non-naturally occurring amino acid is
incorporated into the polypeptdie in place of its natural counterpart. See, Koide et al.,
Biochem. 33:7470-6, 1994. Naturally occurring amino acid residues can be converted to
non-naturally occurring species by in vitro chemical modification. Chemical modification can
be combined with site-directed mutagenesis to further expand the range of substitutions
(Wynn and Richards, Protein Sci. 2:395-403, 1993).

A limited number of non-conservative amino acids, amino acids that are not encoded by the
genetic code, non-naturally occurring amino acids, and unnatural amino acids may be

substituted for amino acid residues of polypeptides of the present invention.

Essential amino acids in the polypeptides of the present invention can be identified
according to procedures known in the art, such as site-directed mutagenesis or alanine-
scanning mutagenesis (Cunningham and Wells, Science 244: 1081-5, 1989). Sites of

biological interaction can also be determined by physical analysis of structure, as determined
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by such techniques as nuclear magnetic resonance, crystallography, electron diffraction or
photoaffinity labeling, in conjunction with mutation of putative contact site amino acids. See,
for example, de Vos et al., Science 255:306-12, 1992; Smith et al., J. Mol. Biol. 224:899-904,
1992; Wlodaver et al., FEBS Lett. 309:59-64, 1992. The identities of essential amino acids

can also be inferred from analysis of homologies with related components (e.g. the

translocation or protease components) of the polypeptides of the present invention.

Multiple amino acid substitutions can be made and tested using known methods of
mutagenesis and screening, such as those disclosed by Reidhaar-Olson and Sauer
(Science 241:53-7, 1988) or Bowie and Sauer (Proc. Natl. Acad. Sci. USA 86:2152-6, 1989).

Briefly, these authors disclose methods for simultaneously randomizing two or more

positions in a polypeptide, selecting for functional polypeptide, and then sequencing the
mutagenised polypeptides to determine the spectrum of allowable substitutions at each
position. Other methods that can be used include phage display (e.g., Lowman et al.,
Biochem. 30:10832-7, 1991; Ladner et al., U.S. Patent No. 5,223,409; Huse, WIPO
Publication WO 92/06204) and region-directed mutagenesis (Derbyshire et al., Gene 46:145,
1986; Ner et al., DNA 7:127, 1988).

Toxin-neutralising means the capacity of a substance to prevent the cytotoxic action of either
Toxin A or B on a mammalian cell. In assays for toxin-neutralising activity, a fixed amount
of toxin is mixed with various concentrations of a neutralising substance (e.g. an antibody)
and the mixture applied to and incubated with a mammalian cell line (e.g. Vero cells) for a
fixed time. The dilution of the substance (antibody) that completely protects the cells from
the cytotoxic effects of either Toxin A or B (evident by cell rounding) may be defined as the

neutralising titre.

FIGURES
Figure 1 illustrates to structures of C. difficile Toxins A and B showing amino acid

residues at the various domain boundaries.

Figure 2 illustrates TxB3 purification. The left-hand Figure shows a 4-12 % SDS-
PAGE analysis of TxB3. M1 = SeeBlue® Plus2 Pre-Stained Standard, M2 =
MagicMark™ XP Standard. The right-hand Figure shows a Western blot analysis of
TxB3 with ovine anti-TcdB polyclonal antibodies. M1 and M2 are as described for the

left-hand Figure.
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Figure 3 illustrates TxB4 purification. The left-hand Figure shows a 4-12 % SDS-
PAGE analysis of TxB4. M = SeeBlue® Plus2 Pre-Stained Standard. The right-hand
Figure shows a Western blot analysis of TxB4 with ovine anti-TcdB polyclonal
antibodies, M = MagicMark™ XP Standard.

Figure 4 illustrates TxB5 purification. The left-hand Figure shows a 4-12 % SDS-
PAGE analysis of TxB5. M = SeeBlue® Plus2 Pre-Stained Standard. The right-hand
Figure shows a Western blot analysis of TxBS5 with ovine anti-TcdB polyclonal
antibodies, M = MagicMark™ XP Standard.

Figure 5 illustrates TxA4 purification and SDS-PAGE analysis of the nickel affinity
purification of HRV3C protease treated TxA4. M= Molecular weight markers, L = column

load, A8 = column flow-through. Fractions A14 — B14 showed the purified TxA4.

EXAMPLES

Example 1 — Cloning and expression of antigens derived from Toxins A and B

Genes encoding these peptides may be made commercially with codon bias for any
desired expression host (e.g. E. coli, Pichia pastoris). Peptides are expressed from
these genes using standard molecular biology methods (e.g. Sambrook et al. 1989,
Molecular Cloning a Laboratory Manual, Second Edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York). One convenient method of
cloning is the Gateway ® system (Invitrogen) which allow genetic constructs to be

assembled in a modular fashion.

Protocol 1: The Gateway LR recombination reaction — a general protocol

Materials: Antigen gene (Toxin A or B)) entry clones were synthesised by Entelechon.
Gateway ® LR Clonase ™ Il Enzyme Mix was purchased from Invitrogen. Gateway © Nova
pET Destination vectors were purchased from Calbiochem Nova, part of Merck Chemicals
Ltd.

Toxin A or B entry clone (1 pl), destination vector (1 ul) and TE buffer (6 ul) were mixed at
room temperature in a 1.5 ml microcentrifuge tube. LR Clonase ™ Il was placed on ice for
two minutes and mixed briefly with vortexing (2 x 2 s). The clonase enzyme (2 ul) was added
to the microcentrifuge tube and the components mixed with gentle pipetting. Recombinations

were incubated at 25 °C for 1 hour. Proteinase K solution (1 ul, 2 ug / yl) was added and the
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reactions incubated at 37 °C for 10 minutes. The resultant solution (1 ul) was used to

transform chemically competent E. coli.

Protocol 2: Transformation of chemically competent cells — a general protocol

Materials: OneShot® BL21 Star™ (DE3) and One Shot® TOP10 chemically competent E.
coli and SOC media were purchased from Invitrogen. Ampicillin was purchased from Sigma
Aldrich.

LR recombination reaction or plasmid DNA (1 ul) was pipetted into an aliquot (50 ul) of BL21
Star™ or TOP10 chemically competent E. coli. The mixture was incubated on ice for 30
minutes and subsequently heat shocked in a water bath at 42 °C for 30 seconds. The cell
aliquot was returned to the ice and SOC media (250 ul) added. Transformations were
maintained in SOC media at 37 °C for 1 hour with orbital shaking (180 rpm). Transformation
culture (100 — 200 ul) was plated out onto LB agar supplemented with ampicillin (100 ug /
ml). The plates were incubated at 37 °C for 15 minutes, inverted and maintained at the same

temperature overnight.

Example 2 — Purification of antigens of the invention - expression and purification of
C. difficile Toxin B fragment TxB3
Toxin B-derived antigen TxB3(-h) (eg. Seq ID 9) was expressed as a thioredoxin

fusion protein (Seq ID 27).

An N-hisg-thioredoxin fusion of TxB3 was expressed in BL21 Star™ (DE3) E. coli
harbouring plasmid pDest59TxB3. LB media (3 x 20 ml) supplemented with 100 ug /
ml ampicillin and 0.5 % glucose was inoculated from a glycerol cell stock (cell culture
< ODego 1 [500 pl] + glycerol [125 pl]). Cultures were maintained at 37 °C for 6-7
hours with orbital shaking (180 rpm). Each culture was used to inoculate LB media
(100 ml) supplemented with 100 ug / ml ampicillin and 0.5 % glucose. Cultures were
maintained at 37 °C for 1 hour with orbital shaking (180 rpm). Terrific Broth (3 x 1 L)
supplemented with 100 pg / ml ampicillin and 0.1 % glucose was inoculated with the
LB culture (100 ml per litre) and maintained at 37 °C as before to an absorbance at
600 nm of 0.5. Expression was induced with the addition of IPTG to a final
concentration of 1 mM and the cultures maintained at 16 °C overnight with orbital
shaking (180 rpm). Cells were harvested by centrifugation for 30 minutes (3000 rpm,
Sorvall RC3BP centrifuge, rotor # H6000A), resuspended in low imidazole buffer
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(100 ml, pH 7.4, 50 mM HEPES, 500 mM sodium chloride, 20 mM imidazole) and
frozen at -80 °C.

(i) Nickel affinity purification of the thioredoxin TxB3 fusion protein

Cell paste was thawed at room temperature and then on ice until liquefied. Cells
were disrupted with sonication (10 cycles of 30 s ON and 30 s OFF) and the
resultant lysate cleared by centrifugation for 30 minutes (14,000 rpm, Sorvall RC5C
centrifuge, rotor #SS-34). Cleared lysate was applied to fast flow chelating
sepharose charged with nickel ions (40 ml bed volume) at a flow rate of 1 ml / min.
The column was washed with low imidazole buffer (pH 7.4, 50 mM HEPES, 500 mM
sodium chloride, 20 mM imidazole) until the absorbance of the flow through at 280
nM returned to near baseline levels. Bound material was eluted with sequential steps
to 15, 25 and 70 % high imidazole buffer (pH 7.4, 50 mM HEPES, 500 mM sodium
chloride, 500 mM imidazole). Material eluted at 70 % high imidazole buffer was
pooled and dialysed into thrombin cleavage buffer (20 mM Tris-HCI pH 8.4, 150 mM

sodium chloride, 2.5 mM calcium chloride) overnight.

(i) Thrombin digestion of the thioredoxin TxB3 fusion protein

Human thrombin (Novagen, 1U per mg of total protein) was added to the pooled
nickel column fractions which had been dialysed into thrombin cleavage buffer. The
digest was incubated at 25 °C for 4 hours and frozen at -80 °C to prevent continued

cleavage.

(iif) Nickel affinity purification of TxB3

The thrombin digest was thawed on ice and p-Aminobenzamidine resin added (0.1
ml drained resin per 6U of thrombin). The mixture was gently rocked over ice for 30
minutes and the resin filtered off. The cleared filtrate was passed over fast flow
chelating sepharose charge with nickel ions (6 ml bed volume) at a flow rate of 1 ml/
min and the flow through pooled and dialysed into storage buffer (pH 7.4, 50 mM
HEPES, 150 mM sodium chloride). The solution was sterile filtered into 1 ml aliquots.
The total protein obtained was 10.5 mg, which was estimated to be 55 % TxB3.
Protein was also analysed by Western blotting with ovine anti-TcdB polyclonal
antibodies (Figure 2).

31



The percent identity is then calculated as: Total nunber of identical
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and incubated at 37 °C overnight. A single colony was used to inoculate 2YT media
(100 ml) supplemented with 100 pg / ml ampicillin and 0.5 % glucose. The culture
was maintained at 37 °C with orbital shaking (180 rpm) to an absorbance of 0.6 at
600 nm and used as a 5 % inoculum for Terrific Broth (2 x 1L) supplemented with
100 ug / ml ampicillin and 0.5 % glucose. Cultures were maintained as before to an
absorbance of 0.6 at 600 nm and the temperature lowered to 16 °C. Protein
expression was induced by the addition of IPTG to a final concentration of 1 mM
following thermal equilibration and the culture maintained overnight. Cells were
harvested by centrifugation for 30 minutes (3000 rpm, Sorvall RC3BP centrifuge,
rotor # H6000A), resuspended in low imidazole buffer (1:4 cell paste to buffer w/ v,
50 mM HEPES pH 7.4, 500 mM sodium chloride, 20 mM imidazole) and frozen at
-80 °C.

Nickel affinity purification of the Nus TxB4 fusion protein

Cell paste was thawed at room temperature and then on ice until liquefied. Cells
were disrupted with sonication (15 cycles of 30 s ON and 30 s OFF) and the
resultant lysate cleared by centrifugation for 30 minutes at 4 °C (16,000 rpm, Sorvall
RC5C centrifuge, rotor # SS-34). Cleared lysate was applied to fast flow chelating
sepharose charged with nickel ions (40 ml bed volume) at a flow rate of 2 ml / min.
The column was washed with low imidazole buffer (pH 7.4, 50 mM HEPES, 500 mM
sodium chloride, 20 mM imidazole) until the absorbance of the flow through at 280
nm returned to near baseline levels. Bound material was eluted with a step to 50 %
high imidazole buffer (pH 7.4, 50 mM HEPES, 500 mM sodium chloride, 500 mM
imidazole). Material eluted from the column was analysed by SDS-PAGE and
selected fractions pooled. Protein concentration was determined from the
absorbance at 280 nm.

Thrombin digestion of the Nus TxB4 fusion protein

32

and



hi stidine Acidic:glutam c acid aspartic acid Pol ar: gl utam ne aspar agi ne
Hydr ophobi c: | euci ne isol eucine valine Aronmati c: phenyl al ani ne tryptophan
t yr osi ne soabi2gbosei ne al ani ne seri ne PCT/GB2011/051910

To each 10 ug of protein, 5 ul of thrombin digest buffer (200 mM Tris-HCI pH 8.4, 1.5
M NaCl, 25 mM CaCly), 1 yl of Human thrombin (Novagen) diluted 200 fold in
thrombin dilution buffer (50 mM sodium citrate, pH 6.5, 200 mM NaCl, 0.1% PEG-
8000, 50% glycerol) and water to a volume of 50 ul were added. The protein was
digested overnight at room temperature and dialysed into low imidazole buffer at
4°C.

Nickel affinity purification of TxB4

TxB4 in low imidazole buffer was applied to fast flow chelating sepharose charged
with nickel ions (40 ml bed volume) at a flow rate of 3 ml / min. The column was
washed with low imidazole buffer until the absorbance of the flow through at 280 nm
returned to near baseline levels. The column was washed with 80 mM imidazole,
protein eluting after the resultant initial peak in UV absorbance (280 nm) was
collected and dialysed into storage buffer (50 mM HEPES pH 7.4, 150 mM sodium
chloride). Protein was analysed by SDS-PAGE and Western blotting with ovine anti-
TcdB polyclonal antibodies (Figure 3).

Example 4 - Expression and purification of C. difficile Toxin B fragment TxB5
(residues 544-2366 of Toxin B)

Large scale expression of the Nus TxB5 fusion protein

An N-hisg-Nus fusion of TxB5 was expressed in BL21 Star™ (DE3) E. coli

harbouring plasmid pDest57TxB5. An overnight culture in LB media supplemented

with 100 ug / ml ampicillin was used as a 3 % inoculum for Terrific Broth (3L)
supplemented with 100 pg / ml ampicillin. Cultures were maintained at 37 °C to an
absorbance at 600 nm of 0.6 with orbital shaking (180 rpm). Expression was induced
with the addition of IPTG to a final concentration of 1 mM and the cultures
maintained at 16 °C overnight with orbital shaking (180 rpm). Cells (25 g) were
harvested by centrifugation for 30 minutes (3000 rpm, Sorvall RC3BP centrifuge,
rotor # H6000A) and resuspended in low imidazole buffer (250 ml, pH 7.4, 50 mM
HEPES, 500 mM sodium chloride, 20 mM imidazole).

Nickel affinity purification of the Nus TxB5 fusion protein
Lysozyme (10 mg) was added to the resuspended cells and the mixture stirred for 15
minutes. Cells were disrupted with sonication (10 cycles of 30 s ON and 30 s OFF)
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encoded By TEHES QAR T LB GUEr SRy GATALERLG Ik b TRuEs (e OBEPGiServalt e
for o] exeatlialBebrRoal s 1) 1001 YOO LA AT SPABHLPRLRAD oy <

residues. The pol ypeptides of the present invention can also conprise

non- natahnedting serhareseé ghargedowdie indcked insu@d. mNbed vatume) atya diowurate 10§ 2ami no
acids incjude,~wthout |limtatiqn,.trans-3-nethylproli.ne, 4-

et hand i BHT-AETE GG wo T WaRDBRGr I oW Foidaedis Byt SRyl oty fbsorbance

N- et hydfahy fbehraildroatzsoamneturiiel iy hebhbasslinedevalg dPratime intyliding hRisne,
hydr oxyet hyl hono- cyst ei ne, nitrogl utam ne, honogl utam ne, pipecolic acid,

tert-| elEnavamelied wis a steptgptte iy (200 MM énidazoteldygre Hpidagpigrbufeer (pH

4- azapheny ko 3 BBEABb 4 YBGORTERYHAL 3500 Su SAET R e T HRR R hA 0N
in the drt Tor incorporating hon-naturally occurring am’ho aciad residues

i nto praft ienysafeowagxprgkssediin ithevédrme rdgshemandntheepesipt oylatbdvbesteinn
nonsense nutations are suppressed using chem cally am noacyl ated suppressor
LRNAs. VB RRRISOVeSRIgBy it Re BIgkY Ag!t G PUTF @ hrid aPnEAby EPESy (AT o
known ifintRGidh sulpHagdscri ption and transl ation of plasmds containing
nonsense nutat | ong I's'carried out in a cell free system conprising an E.
coli S30 extract and commercially avail abl e enzynes and ot her reagents.
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Proc. Natl. Acad. Sci. USA 90:10145- . n a second net hod,
t r ans| exangaining luetyl-$-eepbatosenc Xestonye resiny(Oexl bedniaturehj B icohinyt wast at ed

5ol . CHRHECo I TSl HIGY e BH RS o THEP RS, 785 bl Bneriuy;
cul t ur efipHaté henabsenow absctbants! btlthé@Monottreiigh A0 At et cder) ac&d
(e.g., phenylalanine) and in the presence of the desired non-naturally

occur r ilaselne nevelei Qialgin wag elutedaFpHbAEAYAAI WEh a3StgPaiohERY 17allawi s/
4- ine, _ f | ' - . i
o no” JECbENES 7 £ od i HERESE The il Al of RSB BRI iéy BRRHET ' "0

count erquiurhn f@e, pldfield iat ttad .sanf® anhaner. 3Bh&48dtdd ghdin Was upedley in
occurring am no acid residues can be converted to non-naturally occurring
speci esorgQa'iqii'OOierr@'géﬁ@ﬁ WHD theMBiNcat i on. Cheni cal nodification can be
conbined with site-directed nutagenesis to further expand the range of
substitutions (Wnn and Richards, Protein Sci. 2:395-403, 1993). Alimted
nunber Tdfrombir dgestow af iheeNasiTx85dusids,prateimo aci ds that are not encoded by

t he genetic code,. non-naturall ccuring am o _acids, d, unnat ural am no
et e P Sahe  Famoms SfCaboREThAPY ek 8T Hs b s dostiftionne

pr esentedniaifitgl 90x tRReEIA dba@Pe Bulist 65 i, DO PR VIPRPHCH®H 84,1116 Rr esent
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asI isi t esadliune celdaridest 2genkk calcam athienideds cleomised watay ¢S ingl) (ahgh humginam Fmd
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resonance, crystallography, electron diffraction or photoaffinity |abeling,
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i n conjineledingrthei e nwes diadypesk infubighispd lBEnbyiéer site anino acids. See, for
exanple, de Vos et al., Science 255:306-12, 1992; Smith et al., J. Ml.
Bi ol . 224:899-904, 1992; Wodaver et al., FEBS Lett. 309:59-64, 1992. The
i dent i tBetgl-9hyeopbobicihterattion erodmtogmaphly porifieationf ef T>Bb f r om anal ysi s of

honol ogies_wW th rel ated conponents (e.g. the trans|l ocation or praotease
componcHETXBP 9 (6t JEamTEEast Ware DHFLSR R WRVRACHSh ERGD LM M no
acid SL’ag)?I" Ut @ it n@,giﬁ?,a tegt Usi q;“:_lq?%/n \ SP A i
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Sauer (sbipleaiep t@4d .deB47n dW88Ning bBOMsesepidrSsads 8 tow mesin (O AvhdedSci .
USA 86:2152-6, ,1989). Briefl t hese_aut hors di scl ose net.hods for

i mul ¢ ARUITE) Pt AalbreelR 5 U /oMo SRCTT S WasBedayifp Bl St Hic
selecting for functional polypeptide, _and then sequencing the nutagenised
pol ypeptides to determ ne the spectruraﬁl of allowable substitutions at each
position. O her nethods that can be used include phage display (e.g.,

Lowran et al., Biochem 30:10832-7, 1991; Ladner et al., U S. Patent No.
5,223, 409; Huse, WPO Publication WO 92/06204) and region-directed
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Toxi n-neutralising neans the capacity of a substance to prevent the
cytotoxic action of either Toxin A or B on a manmalian cell. In assays for
t oxi n- neuwoabieidoplact i vity, a fixed anmount of toxin isPrirGROWASIIVAri ous
concentrations of a neutralising substance (e.g. an antibody) and the

cer | 9) il b BUnabSatants of i v THRLGh ot Zaik o ARUIDERVP 6L

conpl ett?és\éllﬁé%\%}éSPFJISmC\%é%Iut@@”?rér’ﬂechéyéd?&r%'\ﬁltﬁ‘faf §tebStai 0Fioh eWw skmxi n A
or B (evident by cell rounding) may be defined as the neutralising titre.

FI GUREHIG Quifer (DH ¥ 4s S0anbEHES ES)r libe @letedanhateriativbesidialysedregainst butierd B
showi n L, no.aci g resikdues at the various domain boundaries. Figure

2i 11 usgpgtn}efg’ %@@ﬁdﬁf‘??%%?m@htwe I eft-hand Figure shows a 4-12% SDS-
PACE anal ysis of TxB3. ML = SeeBl ueO Plus2 Pre-Stained Standard, M2 =

Magi cMar kTm XP St andard. The ri ght-hand Fi %ure shows a Western bI ot
anal ysi@ sgpharsese mmepfclaa/ngﬂacfy@matcr@mhww ratien obkhxBdodi es ML and M2 are

as desc 4

Fi gure -Q{l%)?g%%r hﬁgﬁ'@% ragqjl ca : %)g ﬁg@%%aggéég tre éc%lt; 9@}%1
(:)/0 ﬁéﬁhawﬁfaynalby\sr@wf(ﬂm%ed IVbFunﬁE@)eai geflow rateus21 I?nlef iirai Tiesl flow

Standard The right-hand Figure shows a Western bl ot analysis of TxB4 with

ovi ne éHEQUQhCWBSM%q @Hgld@'l%{ﬁ?%d'&itpe%tor%e-b%@’ M?k“fn@g(lml\étﬂﬁagﬁd 196 gure
4i | | T /0
sps. ' AR S fEenRpe) AR RMaticad ThY o PRl I BB TR 80 ¥ e
ri ght - heasl TkBg inased lnovBDS- %@Eeamalmlsxﬂamarqtemswm frﬂSxBSwvﬂ trhl aiguoes at -

anti - Tcéﬂ)B 80H8tle?nn%}as Qﬁé@é’edd %?/ SBE_PA/&% ar'Yg ern b%t?ng wﬂ1 ovine anti-

TcdB polyclonal antibodies (Figure 4).

Example 5 - Expression and purification of C. difficile Toxin A fragment TxA4
(residues 770-2710 of Toxin A)

Expression

L-broth (100 ml) supplemented with 50 ug/ml kanamycin and 0.2 % glucose was inoculated
with a scrape from a glycerol freeze (BL21 (DE3) E. coli harbouring plasmid
pET28aHiss TrxHRV3CaNaturalTxA4) and maintained overnight at 30°C and 180 rpm. The
overnight culture was used as a 2 % inoculum for Terrific Broth (4 x 0.5 L in 2L unbaffled
flasks) supplemented with 50 pg/ml kanamycin and 0.2 % glucose. Cultures were
maintained at 37°C with orbital shaking (180 rpm) to an absorbance at 600 nm of 0.6. The
temperature of the cultures was reduced to 16°C and protein expression induced with the
addition of 1 mM IPTG. The culture was maintained overnight at 16°C with orbital shaking as
before. Cell paste (23 g) was harvested by centrifugation (Sorvall RC3BP centrifuge,
HB000A rotor, 4000 g, 20 minutes). The paste was recovered from the centrifuge pots by
resuspension in low imidazole buffer (pH 7.5, 50 mM Hepes, 0.5 M sodium chloride, 20 mM

Imidazole) and stored at -80°C.

Immobilised nickel affinity purification of the TxA4 precursor
Cells (23g) resuspended with 85 ml of low imidazole buffer (pH7.5, 50 mM Hepes, 0.5 M

NaCl 20 mM imidazole) was subjected to lysis using sonication. The lysate was cleared by

centrifugation (Sorvall RC5C centrifuge, SS-34 rotor, 20,000 g, 20 minutes) and applied to a

20 ml nickel column (& 26 mm) at a flow rate of 1.5 ml/min. The column was washed with
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Figure 5illustrates TxA4 purification and SDS- PAGE anal ysis of the nickel
affinity purification of HRV3C protease treated TxA4. M= Mol ecul ar wei ght
mar ker s, wo=z0ral4e0em | oad, A8 = col umm fl owt hrough. Fra®CraB0A104$1910B14
showed the purified TxA4. EXAMPLES Exanpl e 1 - doni ng and expressi on of
anti gens de |ved from |ns A an COdI ng | des be
e QBRI QU R EOLBHCETR By arPiag ol e HPE LGBt RS CoLET, e
coli, . mguhm@gmsetnomobso? "/Palghnﬁhﬁﬁczialbﬁ)lﬁ%p(pﬂﬁsBCBd mmmk bhes ®. @wnﬁaculsnmgll

st andar iolo t S ok_et a 89 I\/bec: ar

3 oni ngEELAE TR HIP RTAnSDSEL O - N T G PPNACHES SEEI0 Tt or y
Press, doohsSptaiingdar bor, New Yor k). One conveni ent nmethod of cloning is
the Gateway (r) system (| nvitrogen) whi ch all ow genetic constructs to be
assenbl(gga\;ggle%fm%%lgﬁ Iggﬁé}l%%”@ rgrocol 1: The Gateway LR reconbination

r eact al s: Antigen gene (Toxin A or B)) entry
cl ones Werpurestritaetiensswereppolat ardediblysed @gairsiddR\(I0 cledvadedndiee (ZEMPHI7 . Bnzy e
M x was, far ectors
ner e pU EALETARACL, O N A BUANRR: o FCOMRNSL frollak8 (RED b id i RAgHEC 2
or B erianiggt pfatgie) vas pHged wetirelsmttlporandeo@lmate(dlatp?() CdndfiveEhburs ffellowed gyl )

wer e méfeéq}\,?;m% omtenperature in a 1.5 m mcrocentrifuge tube. LR C onase
TM 11 was pla on ice for two mnutes and m xed briefly with vortexing (2
X 2 s). The clonase enzyme (2 pl) was added to the microcentrifuge tube and
t he conpQNer . 0 onbi nati ons were incubated
at 25 ' al Um%ﬁop Q‘, 2 pg / pl) was added and

t he V@MQYGM&DJMMD)‘@Q@DWUBE@%CP @eﬁ:M Nas!) was isasediovar 870 @l finkel10

m nut escoluﬂﬂ?(%%ﬁ%%?@faﬁBw%\f (_I;f1(.§'nmn}|n.v§t§néjf>ﬁc9elﬁ(3vatsré%%ﬁft8 mté;ma{ﬁ'ecf%w y

conpet ent
through as judged by the UV absorbance. The column was given a short wash with the

HRV3C cleavage buffer and the TxA4 eluted with 5 % high imidazole buffer (pH7.5, 50 mM

Hepes, 0.5 M NaCl, 0.5 M imidazole) at an imidazole concentration of 25 mM. The remaining

proteins were eluted from the column with a four column volume gradient to 100 % high
imidazole buffer. The purest fractions were pooled and dialysed into storage buffer (pH 7.5
50 mM Hepes, 0.5 M NaCl). Fractions from the final purification colum are shown in Figure
5.

Example 6 - Expression and purification of C. difficile Toxin A fragment TxA4
truncated (residues 770-2389 of Toxin A)

Expression
L-Broth (100 ml) supplemented with 100 pg/ml ampicillin and 0.5% glucose was

inoculated with a colony (harbouring pET59His6 TRXtcsanaturalTxA4dtruncate) from
an overnight growth on a L-agar plate supplemented with 100 ug/ml ampicillin and
maintained overnight at 37°C and 180 rpm. This was used as an inoculum for Terrific
Broth (6 x 1000 mls in 2000ml| unbaffled flasks) supplemented with 100 ug/ml
ampicillin and 0.5% glucose. Cultures were maintained at 37°C with orbital shaking
(180 rpm) to an absorbance at 600 nm of 0.6. The temperature of the cultures was
reduced to 16°C and protein expression induced with the addition of IPTG to a final
concentration of 1 mM. The culture was maintained overnight at 16°C with orbital
shaking as before. Cell paste was harvested by centrifugation (Sorvall RC3BP
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Protocol 2: Transformation of chem cally conpetent cells - a general
protocol Materials: OneShot(r) BL21 StarTM (DE3) and One Shot(r) TOP10
cheni cal Iwocompesesnt E. coli and SOC medi a were purchasedTiGB211/05¥410r ogen.
Anpicillin was purchased from Sigma Al drich. LR reconbi nati on reaction or

| d d i ) | i 50 f S
B0, benuitugp PlebglBSiding 49085030 Mimded) i pasBo s Ketar B dsromate o | 30
mi nut esceemugebé&gwt@suasaﬁs.émﬁ kAot b%ffé?t(% 8 IHtfesBHCr 1070 300

seconds. The“cel uot was returned to the ice and SOC nedia (250 pl)
added. snda:mmiomia)@n siened ataP0tGi ned in SOC nmedia at 37 C for 1 hour with
orbital shakl ng (180 rprr) Transformation culture (100 - 200 pl) was plated

out  ont)@, héhiRGA niSkE R Lﬁ’ﬁlc‘é‘hérﬁ‘o@mﬂAMrUnéé{% BBursof ) - The pl ates

50 and no ai ned at the sane
t enper a@eﬂse(@vg) re-ghspericeanyltie 1230 mPof Hepeatchﬁerc(BOanM epss pH 7He 500

f f T B
TEs oA NEClar Vo SUREchdR Welts IS fagloatin” eoyale Saprdedi 48 o
t hi or ed@riifugHE6P Bt ROOO FHA 16590 rhiRuEs SHe‘?‘QeDb M EBruGB) UI"rféjé’Q‘fbéTfnfat%ﬁn'tW%lso‘c

TxB3 was expressed in BL21 St arTMé coli har bour| ng plasmd
pDest 59%ied3ed BB @ppiiad (G ax5Lml Anc sSepparese mobimni(XK26001 %)gat/a fiowgaisiefi [ 1in

cut tur o 1R, T8 EBD: A8 isPediiuitl PR BoBpraReR o ot nea
at 37 Goftple BadelimeuTherobln@rdroteih \ﬁaﬁ@I@med(ds? rao ad.&aicbfwl-t%@mms used
to i noculate LB nedia (100 m) suppl enented wt anpicillin and

. 5% glitidpzele au13umid Wepes pat Kidai U MY spdieng @JF'Olld%oThevﬂr&qfﬁIOBﬁbN@@l

SESFL?F%F‘H#%% AP S e oo BB EREER R P 00 i

per litre) and mal ntai ned at 37 C as before to an absorbance at 600 nm of
0. 5. Béﬂgay.@.gemfmfusm.wtnemanﬂ hlise—t8Mi tion of IPTGto a final

or bi ol hBAResD TrabidRS Hire bABIdEkad HENEY AathaRosthaee ba i P @Y 5o

m nut esm{BARR/HEMPHPE akl 1BG3BRI aacr i+ L., Mt 04 @lzﬁﬁcﬁmﬁbht re&suaﬂended
inlowim dazol e buffer WD 2012/ 046061PCT/ (3B2011/ 051910 {100 m, pH 7
50 v HEgstectiograge thsambim (Navgeeakwas @dggdiatit d%&QQ‘é’) %M'WF%@tB}thSBO C.

(1) Ni ﬁ%@f ion protein
Cel | géfdgt fr(gtb%awewg(;turlreg@éné ?‘g#gétretgﬁrrgean elﬁﬂjtg%)é?%ﬁl ntil |iquefied.
Cells were disrupted with sonication (10 cycles of 30 s ON and 30 s OFF)
and t hdmeabilisechzinc\adfinity purifisation BY pestleavaagat XAvhtruneateo ni nut es (14, 000

[ SOl RIL SO0 RS ol 00 SR R P R ©

at a flowraa24 nifzidc mlur‘nnrmxme;rhezq@t arflowveste e et/ midte. The coldndaneise
buf f er %gH 7.4, 50 mM HEPES, 500 nM sodiumchloride. 20 mM im dazol e %)euntl I
the ab %%w'tafeq%brﬁt'@muﬁf%&a@ M Hggesmtt drdir P MY sRivMperderid

i g+ ARy 2B Pehte pLES T E b Ll RURIRATIIPLTR LRt o W, 0 )

i m dazcﬂlebed M@ 18I giﬂadcﬂnjltcﬂd) at2500m¥d miglazole idaz® eV ddépesr pHaE4p600erdMand
di al ys nto L) nbin cl eavage buffer (20 mM Tris-HC pH 8.4, 150 mM
sodi um Whicher 5 nmvl cal cium chl oride) overnight. (ii) Thronbin

di gesti on of the thioredoxin TxB3 fusion protein

Example 7 — Formulation of antigens of the invention for immunisation of
animals

Purified C. difficile antigens at a concentration of between 0.5 — 2 mg/ml (nominally 1
mg/ml) were dialysed against a suitable buffer (e.g. 10mM Hepes buffer pH 7.4
containing 150mM NaCl) and then formaldehyde added to a final concentration of
0.2% and incubated for up to 7 days at 35°C. After incubation, the formaldehyde
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Human t hronmbi n (Novagen, 1U per ng of total protein) was added to the
pool ed ni ckel colum fractions which had been dialysed into thronbin

cl eavage Wof2bervo4e0blhe di gest was incubated at 25 C for 4rhow@Roandidinozen at
-80 Cto prevent continued cleavage. (iii) N ckel affinity purification of
TxB3 The t hr onbi i gest was th d.on ice and p-Am nobenzanmi dine resin
Rded (02 GRUOAALY rhedl SBoVaS sbi BDRS AGATERteR L eRlRe DR (8. BOSRBAR v
rocked KMred e8lid@r 30 minutes and the resin filtered off. The cleared

filtrate was passed over fast flow chel ati ng sepharose charge wi th nickel
ions (6 mM bed volune) at a flowrate of 1 mM / mn and the flow through

pool ed @and  di al ysed J.ntpo storage buffer H7. 4 50 HEP 150 sodi um
Dot or 1 darsrged. EarCan i aoRbRRredn b o atiebrto, Ao DI aTine SbovRL s of &
pr ot ei nyigieli@aABgeMRSMNEdOwE 2 6\l 6h FYémdes hdjiehettot forr anddmUsiorBMixfigot ei n
was al so anal ysed by Western blotting with ovine anti-TcdB pol ycl onal

ant i bodVids theragjuvantis camgo outifer saverel MiTutes 10 eNsuE @ statis gAlIgios. The
anti podh™ : o . PATE WPus: o eap f
o i 1 B ol OLARN B ot SRl o8¢ P AL BRI AR Tk s

f usi on Freghéismadjuesador dlbsasseqdentosdstsk of BL21 Star (DE3) E. co/i
har bouring plasm d pDest57TxB4H s was streaked onto L-agar suppl enented
with 100 pg / m anpicillin and i ncubated at 37 C overnight. A single

col ony %P%ﬁ—tésﬁ@%?ﬁr%%ﬁfﬂom @hér@g?ﬁg bf MW HVAIYFd W th 100 pg /

m anpi n and ucose. e ture was mal ntained at 37 C
wi t h ordinuaibes lmdkongeriti@al faotprst aredaker §do lwansigeodtidh duratg B@Opnepasatnused

5 ()10 i ul f Terrific Broth (2 1 | ted with 100
P ol R GRIOGIes . 55Ty UEeiegl R o BRI RORPRR aLSE! or b

to an 3he0aBaBRRAOf Infndll chEiBe BN A)GvArte nLIRIFRE MU foR atiGNRY GshriLthiddtion:

Protein expression was induced by the addition of IPTGto a final
concentsites] ewastityl ofinhalnogenih gnchaumier erfuind bntervanbeaimeenhdoses.t Wit

mai nt ai ped _qQverni ght .. | | re harve d. b ntrif tion.for 30 mnutes
(3000 1 QveRISA dPhipisglion, 3r P g2 e Br s, ouEB8 Ry OB B uicCattred] ow
I m dazaégel brsedslord §aitre d?aekgnto buffer w/ v, 50 mM HEPES pH 7.4, 500
nmM sodi um chl oride, 20 mM i m dazole) and frozen at -80 C. Nickel affinity

purification of the Nus TxB4 fusion protein Cell paste was thawed at room

t enper r . 1-C [ e i I g4 LSr i t.h
soni cata'iié d(;rn?rﬁ%ﬁj,cé@f‘é;g&g%o n3§f gw%é né'ﬁgﬂ?tﬁft@q%ﬂﬁagnadméﬁtr g’saﬁl p%ﬁ?t% q‘?e{/msa;?t e

cl ear edidzyribedtas fruddangplefor Bie momglete firmdoCtid @dpdant is ussar ¥arl theRCS5C
centrifuge, rotor # $S-34). Ceared |ysate was ied to fast fl ow

. . , 1S appl
chel at iF?Ytj“%@p'ﬁﬁ%@'éa%%ra@éd”ﬁ?mﬁ'eﬁ?cﬁ(@Pn‘F'ér%dl%'\éﬁjﬁﬁpr BEPURSEOHBNT BPOST | ow
) ¢ . . L H
r7fi4fa E&W@Ig@ &Stgghﬁsfggg I lrJn C |ﬁ3{?‘§§§f‘”¥ob?&$ i%r;li"g;mzoi eg bﬁ%}?:ébgtgﬁedyp
absor bdmeeinggctivhearfd spretar acrghs & sigk0inchudirey menedck @ndeall tHeasppemiembevel s.
o g U A R s e TSR

el ut ed jfiruRitdorcol um was anal ysed by SDS- PAGE and sel ected fractions
pool ed. Protein concentration was determ ned fromthe absorbance at 280 nm
Thronbi n digestion of the Nus TxB4 fusion protein

For comparison of the toxin-neutralising immune response to the different antigens,
3 sheep were used per antigen. They were immunised as above using an identical

protocol and the same protein dose per immunisation.

Example 9 — Assessment of the neutralising efficacy of antisera to toxins
using the in vitro cell assay

The toxin neutralizing activity of the antisera against C. difficile Toxins was measured
by cytotoxicity assays using Vero cells. A fixed amount of either purified C. difficile
Toxin A or Toxin B was mixed with various dilutions of the antibodies, incubated for
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WO 2012/ 046061PCT/ GB2011/ 051910 To each 10 pg of protein, 5 pl of thronbin
di gest buffer (200 MM Tris-HCl pH 8.4, 1.5 MNaCl, 25 mM Cad 2), 1 pl of
Human t hrwotzore/qgbisragen) diluted 200 fold in thronbin diPcutGeiimsifier (50
mM sodiumcitrate, pH 6.5, 200 mM NaCl, 0.1% PEG 8000, 50% gl ycerol) and

ter t f dded. Th t di gest ed ht
B 1 oorrRpEY A i cAnshan®h AR on51q SHT% (AT BNodR sl HeSdecou i

af fini tyaedr i i gatH oroxi A’X%dTB%osQeéso Kt&bﬁ.engﬁv.yfv&rﬁéh VRsuREPIN ed to
fast flow chel ati ng sepharose charged w th ni ckel bed vol une)

at a flcheractedste r@inging ohthe, Vaieecells avar avasrioghohed -wWa h | lo\thé reireisensiee

DU TSP RERRACR Chch I i A B ABBLSHB o

el uti ngartbogy preparRrl hiyt benhddedbe@aRK the &Mt.@@&@g@ﬁ@@%(ﬂ&ﬁréﬁb s
coll ected and di al ysed into storage buffer (50 mM HEPES pH 7.4, 150 nmM

sodi umeffachef asesigmatedauanidy Oéﬁﬁhgrswlﬁf\@[ﬁ PAGE and Western blotting
wi th ovine anti TcdB pol ycl onal anti bodies (Figure 3). Exanple 4 -
Expression and purification of C. difficile Toxin B fragnent TxB5 (residues

544- 23aBatafdehanstratinglthe grutaisiagectiviey st ovinefantibedNts vanbiss facontsingrtot ei n
An N-hi s6-Nus fusion of TxB5 was expressed in BL21 StarTM (DE3) E. co/i
har bourén@fffigyladein Brastiosns,ass. ShRM’%W‘eT@P'%@ &uln thess W&%‘W@Hﬁaw”ous

suppl e n t I sad Wl fror
Torri {10eHoRs S oy 8nBady, WerBTRAEN M TORE B°8Ta Tl Bt Y0 er e
mai nt ainggohl and3cudated dor Armor HBEIEE and GOEN 1 nppbéd @ E/em chlloabiabale snaki ng
180 r Nely) vva5|ndu ed with t | PTG t final

ConcentPeiagRE Gt 37 RNV et oo ot it Tae “Hos @1 Goeh BIMHOT ¢

or bi ta'wﬁlbﬁl@oﬂ%léégppfd?&t th@%éll% é% )théﬁfﬁotﬁﬁfcv@ﬁéd?@ oPYhe §Bkin Bugéde on
for 30 m nutes rpm Sorval BP centrifuge, rotor # H6000A) and

r esus pedatieadated. |<ﬁlrnllm‘ da@dbéTbmmeeflzmamlgemm ghoven imidbEPESO 500 nivi

sodium chloride, 20 nMimdazole). N ckel affinity purification of the Nus
TxB5 fusion protein Lysozyne (10 ng) was added to the resuspended cells and

the m >@<§Ire%t|$élgrﬂféddét@rln Tabest €9 shérl the sueefodtsd et fubibh pretRirtAdi on
(10 cycles of 30 s ON and 30 s OFF) WO 20 12/ 046061PCT/ GB2011/ 051910
the invention to elicit a toxin-neutralising immune response compared to fragments

containing just the repeat domains of either Toxin A or B.

Example 10 - Assessment of the in vivo efficacy of antiserum generated using
recombinant antigens of the invention for treating CDI

To demonstrate the efficacy of the antisera generated, using recombinant antigens,
to treat CDI in vivo, Syrian hamsters are passively immunised with antibodies which
have neutralising activity against one or more of the toxins of C. difficile. For
assessing the efficacy of a treatment formulation, hamsters will be given antibody
either intravenously or by the intraperitoneal route at various times from 6 hours

post-challenge to 240 hours post challenge with C. difficile

Prior to passively immunisation hamsters are administered a broad spectrum
antibiotic (e.g. clindamycin) and 12-72 h later challenged with C. difficile spores by
mouth. Animals are then monitored for up to 15 days for symptoms of C. difficile-
associated disease. Control, non-immunised animals develop signs of the disease
(e.g. diarrhoea, swollen abdomen, lethargy, ruffled fur) while those treated with ovine
antibody appear normal.
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and the resultant lysate cleared by centrifugation for 30 m nutes (14,000
rpm Sorvall RC5C centrifuge, rotor #SS-34). Half of the cleared | ysate was
appl i ed twof2ato4bdeow chel ati ng sepharose charged w th nipCraB20s14140 i
bed volune) at a flowrate of 2 mM / mn. The colum was washed with | ow

i mdazole buffer until the UV absorbance of the flow through at 280 nm
returned to near baseline levels. Protein, including Nus TxB5, was el uted
with a @iﬁﬁpl@ﬁ-’ﬁl%dlﬁﬁﬂoﬁm ﬁéﬁﬁd@l‘ ﬁépt”tﬂ@ﬂa‘g’i‘i’ldﬂé%ﬁh@%%htl(ﬁH 7.4, 50 mM
HEPES, 500 nM sodi um chl ori 500 nM'i m dazdl e). The second half of the

| ysat e /m@cpmecm‘eaentadtmeasmﬁéldﬁénaehd@rfr@gmwtmﬁdhedmanjloedsmrepeﬁed
dialysdovernl to i hsat H C buffer ( . HEP /50 v
armon dtk PR epd Befy et Phatlss:  Ushid it inbacigeo RREGIS Jokpiice
purifi gaigragntef o\t | mﬁtubﬁlmaffbé BeuR®abesh rar \&iInB gF0AlUiIom Rydrogiitiesal t

H C buffer was applied to a colum containin | -s- sepharose 6 fast flow
resi n (Whigh ipeprymeimaly. avilbie(emsn /Wéwjr@ﬂ@hed V\T%/*h veicgieswptldHnameribys er
(pH 7. ce of
the flébvent%ougﬁﬁgﬁ%&gé 0 BT RE L bR Bkt oy £0E N SBCRORTEN S

el ut ed Jut@outdelsoatantainvéither Toxire A ¢roB Haligens oles@Ivtactih@ rhay fego Cdnthin/. 4,

50 MM HEPES). The other half of the protein fromthe first nickel colum
was purTq)‘i”é&‘ and Brantiggns 'rhﬁ?m@rnat'@HéN'Eh athen aptigers af breepdradral arigin.
preparation for digestion with thronbin. Thronbin digestion of the Nus TxB5
fusion protein Pooled protein fromthe H C colum (69 ng, 30 mM) was added
t o a sdPurifiednCc ofifficienT axin 18xandioro idxin Iilaaﬁgag@fhhéﬁmer(tm miay 50 0reatdd

T e TR RS B L LB g L >

mcubategcg@@ (gg@@ggmr@g%rﬁ fe07). 4 hours and PMBF added to a final
concentration of The resul tant protein including the TxB5 was

di al ysed into hi gh salt H C buffer. Butyl-s hydrophobic interaction

h t f f .TxB5.The TxB5 f th t h di t

our 11 o8 AR Bhe BN EAE fie ¥ et SHERI LAME RPROSEPR At Rt or ¢ pr
7 4, S WbdEEES. g7$fép@§4tﬁrﬂ@fb'ewéérﬂbmm i@ aAdGH BERWEEMT 8l dHdB.5;

butyl -s- sepharose 6 fast flowresin (9 m bed volune) at a flow rate of 1

m 7 nmiB) ASed canperenide naknBe veeainepgysieigicaiy dsotamic (e.g. between 100
2012/ 0%@.&6@@ /051910 buffer until the UV absorbance of the flow
t hrough™ a nmret’'urned to near baseline levels. Protein was eluted from

t he col@nAnvwatjuvansie.t alubtlfiuth Inydroadié atil & fimal fanm(ridin 7 cdn cerratiyh HEPES) .
The eluted material was dial ysed agai nst buffer (pH 7.4, 50 mM HEPES)
over ni gittween JOPIAIbEQOHDREYRIGHIREOS) BRGL ogr aphy purification of TxB5 The

TXES | N BB (g, THHSETE N0 ARiYAD o ofgfougm contai i ng @

sephar ose ed volunme) at a flowrate 1m / mn.
The fl ow t hrough was pool ed and di alysed into storage buffer (pH 7.4, 50 nM

HEPES, 150 nmM sodi um ch r OXi teI 20 ng of rot ei
b odue SO opNe onRsiEteTEks AR8RRIAE Bhurant i, Yrde S e et 1 was
frozen mﬁlnljmgg,t,(ﬁ{ ,lé@lﬂﬁéﬁs Auch &0 C. Protei n was anal ysed by SDS-PAGE and
Western blotting with ovine anti TcdB pol ycl onal antibodies (Figure 4).
1. A single dose (e.g., 20 ug adsorbed fragment of the invention) in 0.5 ml
administered sub-cutaneously.
2. Two doses (e.g., of 10 pg adsorbed fragment of the invention) in 0.5 mls
administered at 0 and 4 weeks.
3. Three doses (e.g., of 10 ug adsorbed fragment of the invention) in 0.5 mls

administered at 0, 2 and 12 weeks.

These vaccination regimens confer levels of protection against exposure to the homologous

serotypes of C. difficile toxins
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Exanple 5 - Expression and purification of C. difficile Toxin A fragnent
TxA4 (residues 770-2710 of Toxin A) Expression L-broth (100 m)

suppl emrerwedoasboed0 pg/ m kanamycin and 0.2 % gl ucose was/gBrotwisatied with
a scrape froma glycerol freeze (BL21 (DE3) E. co/i harbouring plasm d

pET28a S6Tr xH TxA4). and nt ai neqd _over. and 180
Pom THER Fnﬁ%/hfa‘@’ﬁw&rw 198667 4905 Ui ImMBITHIRAY GOPPEELS O Weorh (4
X 0.5 Llinveéntidn. unbaffl ed flasks) suppl emented with 50 pg/m kananycin and
0.2 % gl ucose . at 37C with orbital shaking (180
rpm  t SRR, LN YANIIUMhe tenperature of the cultures was

r educedTHeQ;ohﬁlﬁJcﬁI@dthlénmie@tlm Xty mrﬁcbbmseu Mdlel@gedl\agehnstt hssuastsie toaningfouffer™

TS T AN BTSSR DA, B Sl 15 Al RS 2

centri faug1@3 nh@ﬁh@%dﬂd&dober ¥h0 00 CHIBr-20tivatat Bepharodd eBpasider.waFhe egigves &d from

the cent ots pension in |low imdazol e buffer 7.5, 50 mM
epes. THESALERIE AaPoT Rl oD SpeTIUEE 06 PEMARCRISk of <oifer SHlstiting
| mobi |r1'1§tadd§lh13yetbe afrfpldyedy PEKEdssCRfah@Ns dert Rasi ey pxecsy aah dbaddss & 23g)

d d buf f
o Bt tbb Ly aPats oLboudine b A% (hanDg RV GhrBSe e e s ot o
vvas cl eareerde&wmqenbnsfénu@ﬁtd mmMS@gHtﬂl buffSepEH endir 1 Mugkanckimidd, sto8orand20, 000

» ét goom’u?_%@?q#% ﬁ{)‘d aa?ﬁ@'n& mLmaﬁa 20 Cir%n %%Jr‘tecﬁov!/ql“%ned |th2a§ Iergg? th?etze gycﬁelsow

2012/ 043 Qfidmetid (302 Qdt 1648 5MHilrR voreadron eden bnnf%) of adh@yclershdald@oasibiudffaer and

o oz ot B biAerts o epsete. Gt B sl g s Bl naPhidved By ¥
Fract i angshwatre (nma/i VseHCOpHIS &&%auhMB/&(ENBN@ClTrAf&r paklyiag thy @ensiteargeérﬁedwi th

Fract: one Sipue shs ERATS . PybiTehs ol RRon@ Rl slfofi fdiaifaf o1

7.5, 206°rdMirimuse HCI, 0.5 M NaCl) overni ght at 4C. HRV3C protease (10 U per
nmg of full length target protein) was added to the solution and incubated
at 20C for five hours followed by 4C overnight. I muobilised nickel affinity
puri fi cRrifiostionfof pgSt cl eavage TxA4 The prot ein solution (pH 7. 5 20 nmM
Tris- ssed over a 20 at a
flowr %‘@”'g/f coiurgnwﬁn@rﬁpargﬁ St &rinY 'ggréseﬂp% '%‘f%”f%” Hﬁ”‘ﬁgﬁ’ frgm &%F%rhr ough
as j udgestinoA ot Be #J];Vo@hsmgﬁ@mﬁanﬂm?abmgnm\mﬁ @ngmmﬁtalﬁah@sgx%?ésuwdfsp t he
HRV3C er a teTxA4eute . % hi I mdazol e buffer
(pHy 5. T3P e 68" s 2a” 1 R mypt sneliadite B Thatindn 4 frsdoe) Sich s
concent'lrxaw (mmbs ZBOJZIWH O)walorl@afrmeml ng FrUr@ffmitynﬁum&orebwrmdodlé@mﬂche)moI um

i a faur, colum v 100_% hj zol e ff The
bur et PRAE FEHET HaE oBgBrE b es o yadue is. s LT Sueble 1l €8 50 mu
Hepes, 2. &MMHWS pHFT dciiuflen sohtaing DSM Nagl) gnd tHel eadturenappiiédi e abRrshown
in Fi gu

ontalnlng immobilised TxB4 packed in a suitable column (2-6 ml mixture per ml of gel).
After the unbound fraction (which contains serum albumin and non-specific IgG) is washed
off with at least 10 column volumes of 20 mM HEPES pH 7.4 buffer containing 0.5M NaCl
buffer, the bound fraction is eluted from the column with 5 column volumes of elution buffer
(e.g. 100mM glycine buffer, pH 2.5). The eluted fractions containing the 1gG are then
immediately neutralised to approximately pH 7.0 with of 1M Tris-HCI pH 8.0. These
fractions, which contain the 1gG which binds Toxin B, are then dialysed against 50mM

HEPES pH 7.4 containing 0.15m NaCl and stored frozen until required
Affinity purified IgG fractions which bind and neutralises either Toxin A or B may be used as

therapeutic agents to either treatment of prevent CDI. They may also be used in assay

systems such as enzyme-linked immunosorbant assay (ELISA) for the detection of Toxins A
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Exanple 6 - Expression and purification of C. difficile Toxin A fragnent
TxA4 truncated (residues 770-2389 of Toxin A) Expression L-Broth (100 nl)
suppl emrerwedowabo6100 pg/ M anpicillin and 0.5% gl ucosePaasGB2n003iHDed W t h
a col ony (harbouring pET59H s6TRXt csanat ural TxAd4truncate) from an over ni ght

growm h on a L-agar .plate suppl emented wt 0 pg/m ampicillin and

i nt ai<hes obaRHbo T CaS e SN Py CouBE iy eoReS arAsE e ¢ or
Ter ri f isenBtiatyhard6with £Q0IBkydurd Msrererideal f | ed fl asks) suppl enented with
100 pg/m anpicillin and 0.5% gl ucose. Cultures were nmaintained at 37C with
orbital shaking (180 rpn) to an absorbance at 600 nmof 0.6. The
tenperature of the cultures was reduced to 16C and protein expression

i nduced with the addition of IPTGto a final concentration of 1 mM The
cul ture was nai ntained overnight at 16C with orbital shaking as before.
Cell paste was harvested by centrifugation (Sorvall RC3BP WO

2012/ 046061PCT/ GB2011/ 051910 centrifuge, H6000A rotor, 4000g, 30 m nutes).
The paste was recovered fromthe centrifuge pots by re-suspension in Hepes
buffer (50 nmM Hepes pH 7.4, 0.5 M sodiumchloride) and stored at -20C.

| mobi | sed nickel affinity purification of the TxA4 truncate precursor
Cells (44 g) re-suspended with 180 m of Hepes buffer (50 nM Hepes pH 7.4,
500 MM NaCl) were subject to lysis using sonication. The |ysate was
clarified by centrifugation at 4000 rpmfor 20 m nutes (Heraeus Miltifuge).
The supernatant was retained and applied to a 64 m Zinc Sepharose colum
(XK26 x 12) at a flowrate of 5 M/ mnute. The colum was washed until the
absorbance at 280 nmwas reduced to the baseline. The bound protein was
eluted using a gradient of 0 - 250 mMim dazole in 50 mM Hepes pH 7.4, 500
mM sodi um chl oride. The fractions were anal ysed on 4-12% NuPAGE Bis-Tris
pol yacryl am de gels with coonmassie staining. Ceava e of the fusion artner
and Hi s6-ta The purest fractions were pool ed and di al ysed agai nst thronbin
cl eavage buffer (20 MM Tris/HCI pH 8.4 + 150 nM NaCl + 2.5 mM Ca Cl12)
overnight at +4C. Restriction grade thronbin (Novagen) was added at 1:2000
W: W with respect to the target protein. The m xture was i ncubated at
roomtenperature overnight. Inmobilised zinc affinity purification of post
cl eavage TxA4 truncate
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The protein solution (in 50 nM Hepes pH 7.4, 500 mM sodi um chl ori de) was
passed over a 24 m zinc colum (XK16 x 12) at a flowrate of 2 ml/mnute.
The col umnniovar/omemhed with equilibration buffer (50 nM FepaB2pt/081944p 500 mM
sodi um chloride) yntigd the absorpange af 280 nm wgs redU@d tp the
basel i ne. The bound & ot el n&as el wed Usifg a grglient @& 0+ 230 m
i mi dazol e in |50 mVl HEpes pH. 4, 508 nmM|sofj um|chimri de. &xanpl €5’ -
Formul ation of antii géns of tfe inveation far i muid satj orRof ani &al s
Purified C. diffidil&antigens at aZcong¢enfratilon®f betveen 0.55- 2|ng/n
(noninally 1 |ng/m|) @grz [di abysed :ﬁai nst g suijtaf@ e buffgr (e. g2 10MM
Hepes buffer |pH 7.|4 n%ali ni%g 150yl NaCl ) gand thg for deh,/defgadded to a
final concentratiagn 8. 2%3and | nc@bat ed Bor up 7 days at|35%. After
i ncubation, the fqrmg|dehydd WO 2082/ 0460&1PCT/ G&2011/ 053910
optional ly be remgve&| b9 (di aéysi 5 a@ai nst & suiltalf e buf f&r,
p, m | of L

=

D

. g2 phosphat e

buffered saline. For Zhee buf er§soILti(§n cont g2 ni ng tween 10
and 500 pg of| the |ab eg:)C. c&ffi:il% anti g&n is mexed Wi th 2.6 ¥ of
Freund' s adj uvant t o gladm an¢ enul si gn. XEng wit%the ac%uvaﬁt s carried
out for severjal mjnu to Ssure st a Ie'jerrulsiclln. The Eonp| et€ fonm of
the adjuvant |is used$ thespripary i n&sationljand i noonpl et egFreund’ s
adj uvant for |all subﬂ*oient Eﬁ)oosts.ﬁExarrpléqj—J- G@erajticn_‘u of | angli bodi es to
antigens of the invedign A&upber gf convegnts gnalzif act or ar e t§t<en into
consi deration duriingailH8 pr agEJati of |ang ierumgn ordeg to| ac@) eve the
opti mal hunorlal anti Bd¥ |r esflogse. ese i §tl@ide: Shreed df an maE choi ce
of adjuvant; |nurmber &)dP!|ocadi Bn ofé mmuni gatd an |t es|; ant tyéf
i munogen; and nurbetd of jandgli Btervgl bet wders dosay. Wt Hdiconyend) onal
opti m sati on |of tkesgp@ram&eg:s I S outingg obtZin speglific agtibody
| evel s in excess of %Iitré gf | segum |Fo eep<g|an emgsi oh oZ| the
antigen with Freund 8 juvemt(igwas Pr epar e 68 destiri bed s in Eganple 7.
The conpl ete [form|of & Mg |adjgjvant i3] used Eprdthe Fpri maryz|i muniZption and
i nconpl ete Frleund'|s é;gljgvant&fgr al &| subselp Q%t b@gsts. Afout 4.3 of the
ant i gen/ adj uvant ndnf(lg_urce \Mflq}-l-ugettﬁ (e re: ezFlg: shelgy Hy i X ection
= > K | .
and spread acrossggt s|g mlﬁ’d&lg._uthe ng I|_t mppe>.lmﬂgi_?s. Thi s
was repeat ed every—z_d§y§ & So(shpl o3| pere gh rml% Vs %tgr gach
i mruni sation.| For ém‘epa%iéprﬁoﬁt ezt oxid- Bp & rial i i Hold ne|gegponse o
. — o w H
the different| argilg ri's,n.38;lm.eg rg| Gself Berz ot Qep. (Srnay wid|ed) @ini sed
as above using an |[Eféntfca Y gt = ok| @]t [ SIZE Yriot|& ng|dos | pEr &
i muni sati on. Ex%n@é%- \Blegs @ng| & Fhe neufr &iEi i eyl &
antisera to tloxipseh§ g uz'éin BltooRef| Xassa@l € S B B 5 =
gzl z Z e = EEPsaE 2 ¥ E S z o >
= P ¥ = w = X = o)
g oz 8o o |IgzE 8 6 |g0 4 5 K
cgﬂ.u_ﬁn_woﬂ.oxmzaﬂ.kzﬂ.o ﬂ.z_
g 5|« > < Qe o€z =< < |« F < i
S 2w S 22 Ew =z 2 W5 w £ = ju - L X o
e 2oL ZHERPHE QL > 5
g |@ S |W ¥ E g W E W w > o= |wf = wf > O
2 | =S|k @“-u.(_)“-u_}“- SR w L o
3 RiRZsPsclgisgsi9zc8ezg¢<s
o § salEs5oIRSsIRESRCZRSOHZ
= o ZIOS ZH2LWYZIOuW=zQZSOn =92 =
% |2 o3 ZnE <|¥{E =X S < ¥=<|¥EZ
o |= S|l O Q| X bWk <L E Z (W F - |WEF EF WX -
a E QP EFECRPxzR2xZz2xc2xzR2xz2xo
g K2 >>plorFpPozolo>porFpondoa
? g’ 1 1 1 1 1 1 1
h-] £ N~ -— ™ ) N <t =)
£ £ = i ~ 9 —~ K ~ ~ 3 ~ =
B B By @Fg @q Bg Rqg  Rg
g g g (68 ¥ & ©g& g ¢
o o z @ Zz zZ z g z z g z g
3] b a) a) a) o) o) a) a)
o | o o o o o o o o o o o o o o
3 < s |5 o3 |ms35 |03 I35 (i3
S £ scngaln 88r 85(h 88" 8T 88
58 < kS SkkiilkeilklrSok S3
AN - - ) - R I R
8T |c2lecojeeoloe0ic20(220|2 20220
5% §33ig33giigEigiigiigiag
i RE=E==vwl==vn==n==n==a==nl==0




The toxin neutralizing activity of the antisera against C. difficile Toxins

was neasured by cytotoxicity assays using Vero cells.

A fixed anpunt of

ei t her puwDfRoed4@e1di fficile Toxin A or Toxin B was m x@dTWiR2h1veEn410us

dilutions of the anti bodies,

30mn at 37C and
culture plates.
in a characteri st

In the presence ¢

t he neutralising

di lution required

ei ther Toxin A or
anti body to vari g
Tables 3-6. In th
m xed with Toxin
30mn at 37C and
and noni tored ove
conpl etely proteg
wer e cal cul at ed.
tables 7-10 Col | ¢
capacity of fusig
i mmune response (
ei ther Toxin A or
anti serum gener aft
treating CO To ¢
reconbi nant anti g
i muni sed with ar
nore of the toxin
treatment fornmul a
or by the intrape
post -chal | enge t¢
passi vely i nmmuni g
antibiotic (e.g.
difficile spores
synptons of C. di
devel op signs of
ruffled fur) whil

B

Table 2 - Toxin B Receptor-Binding Repeat Modules

i ncubated for WD 2012/ 046061PCT/ GB2011/ 051910
then applied to Vero celfs grpw ng on 9G-well tissye
Bot h Toxi n A%hqg B posses$® cyt ot oxi coacti|vity ichiresults
i ¢ roundi ng=ofAat he |Vero |1 s|over @ perliod of€24 4 72 h.
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strength of antilbody By eparation—may be as%%ssed by the
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WD 2012/ 046061PCT/ GB2011/ 051910 Exanpl e 11- Vaccination by peptide/ peptide
fragnments of the invention A vaccine, represented by a peptide/ peptide
fragnent wb 20ted4s08eenti on i s prepared by current Good MROWIGER2DUYGSHYYO
Practice. Using such practices, peptides/ peptide fragnents of the

i nvention may be bound to an adjuvant of al um ni um hydroxi de which is
comercially avail able (e.g. Al hydrogel). The vaccine would normally contain
a conbi nation of antigens of the invention derived fromToxin A and Toxin B
but co al,soycontain either Toxin B antigen The vacci ne may a

cont ai h"la?% - Neuteafisgtion, e, ob aﬁ“%ﬁ% AR YYRaY ?éf‘ﬁ‘éﬁ’ | r“gcé’ﬁ'éb'ﬂ%/ nt
bacterrlaixumB d/drrv@eH amtigehs (6 Weeks tier gointli2fddses lof 100G Badh)and/ or Toxin B
antigen of the invention nay be treated with formal dehyde at a fi nal
concentrati on of O. 2% and i ncubated for up to 24 hours at 35C (as descri bed
i n Exarmg -t o e antigensr o hp- i nvent i 9. gt ypi cal
vaco ne e Be et Al Glu8 aRRF s ar ] Heyl g BaRs Bhape iy feen s
and 20 n1\/| and pH bet Ween 7 0 and 7.5; B) A saltTomnan)ﬂhﬁrnglhd) make t he

v

vacci pll ol y—Sotonte between—1060 auu 150—mvi-Natci ); C) An
adj uvarﬁec@é‘bﬂj‘a”t i%'ﬂrﬁr("lf?ﬁ -B¥%fH oxi de at a final _al uni ni UM concentration of
bet ween—106—and Opg—per—vaceine dGSG); and A Pt ervative €. 9.,

Thi oner%%ﬂonﬁ’!”%t59"’}6‘§r(11“ﬂ)’?‘ﬁ%@@ehyde at 0. 010 Such V?@gl ne conpositions

are agh er-ed—to—hunan . v i +6f I egi nens,
such asQeCOWb'WnéT%'PLB(d@E@?’@. ., 20 pg adsor bed fra of the ilnvention)

i n 0. |||
Recombinant Toxin B (543-2366) 1,280

Table 4 - Neutralisation titres obtained by immunisation of sheep with recombinant

Toxin B-derived antigens (18 weeks time point; 5 doses of 100ug each)

Toxin B- derived Antigen (amino acid sequence) Neutralisation titre against
Toxin B (0.5ng/ml)
Recombinant Toxin B (1756-2366) 80
Recombinant Toxin B (1145-2366) 5,120
Recombinant Toxin B (767-2366) 10,250
Recombinant Toxin B (543-2366) 5,120
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adm ni stered sub-cutaneously. 2. Two doses (e.g., of 10 pg adsorbed
fragnment of the invention) in 0.5 ms admnistered at 0 and 4 weeks. 3.
Three doswe 20e/gsge10f 10 pg adsorbed fragnent of the ineemdB)/asm0. 5 s
adm nistered at 0, 2 and 12 weeks. These vaccination regi nens confer |evels
of protection against exposure to the honol ogous serotypes of C. difficile
toxins WD 2012/ 046061PCT/ GB2011/ 051910 Exanple 12 - Affinity purification
of 1gG using inmobilised constructs of the invention. Preparation of the

ffinit h t aph d' t t . of t b
oL e TN SEn T 38 RERLASRE o Fed P4 o
NaHCCO3 Toxis Baderivedaintiges (OxB4;Veblites 76p12368) ofethelinvemtioh of protein sol ution

at 1-3 ng/m is added per m of CNBr-activated Sepharose 4B powder. The
m xture is rotated end-over end for 1 h at roomtenperature or overnight at

4 C. xher gentle stirg |ng met hods [may be enpl oyedNéutesisatibh@igred |i S t hen
wash gwey e)An |%2nw th No o %oses Immunisation against Toxin B
period (weeks) (0.5ng/ml)
Recombinant Toxin B 2 6 2,560
(residues 767-2366) 3 10 2,560
at 100ug/dose 4 14 10,250
5 18 10,250
6 22 20,480

Table 6 - Neutralisation titres obtained by immunisation of sheep with a recombinant

Toxin B-derived antigen (TxB2, 1756-2366) representing the repeat regions

Neutralisation titre

Antigen No of Doses Immunisation against Toxin B
period (weeks) (0.5ng/ml)
Recombinant Toxin B 2 6 <10
(residues 767-2366) 3 10 10
at 100ug/dose 4 14 10
5 18 80
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medi um (gel ) volumes of coupling buffer.Any remaining active groups and

t hen bl ocked. The nediumis transferred to 0.1 M Tri s-HC
1 M et harmbamizgeospH 8. 0 and i ncubated 2 hours at
is then washed with at

medi um vol unmes of each buffer).

0.1 Macetic acid/sodi um acet at e,
a wash with. 0.1 M Tris-HC ,
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e gel
5

Each cycl e should consist of a wash with
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is transferred to a suitable storage buffer (e.g. 50mM HEPES pH 7.4
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| gG
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Toxin B, are then dialysed

Pt 1ol AR o

uired ABfinity
n A or

agai nst 50nmM

B nmay be¢

AEPES pH 7.4 cont ai ni ng
purified 1@&td racti ons
> used as

Table 8 - Neutralisation titres obtained by immunisation of sheep with recombinant

Toxin A-derived antigens (18 weeks time point)

Toxin A- derived Antigen (amino No of Doses Neutralisation titre against
acid sequence) (100ug) Toxin A (50ng/ml)
Recombinant Toxin A (1850-2710) 5 1,280
Recombinant Toxin A (770-2710) 4 15,360
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t herapeutic agents to either treatnent of prevent CD. They may al so be used
I n assay systens such as enzyne-|inked i mmunosorbant assay (ELISA) for the
det ect i orwof20iPasees A WO 2012/ 046061PCT/ GB2011/ 051910 orCB/dB2n11805¢410

di agnostic systens, affinity purified antibodies nmay provi de assays of

hi gher sensitivity and with reduced background interference. WO

2012/ 046061PCT/ GB2011/ 051910 Table 3 - Neutralisation titres obtai ned by

i mruni sati on of sheep with reconbi nant Toxin B-derived antigens (6 weeks
time point; 2 doses of 100pg each)

Table 9 - Neutralisation titres obtained by immunisation of sheep with a recombinant
Toxin A-derived antigen (TxA4; residues 770-2710) of the invention

Neutralisation titre

Antigen No of Doses Immunisation against Toxin A
period (weeks) (50ng/ml)
Recombinant Toxin A o 10 7.680
(residues 770-2710)
at 100ug/dose 3 14 10,240
4 18 15, 360

Table 10 - Neutralisation titres obtained by immunisation of sheep with a recombinant

Toxin A-derived antigen (TxAZ2; residues 1850-2710) representing the repeat region

only
Neutralisation titre
Antigen No of Doses Immunisation against Toxin A
period (weeks) (50ng/ml)
Recombinant Toxin A o 6 320
(residues 1850-2710)
at 100ug/dose 3 10 630
4 14 1,280
5 18 1,280
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Toxin B- derived Antigen (am no acid sequence) Neutralisation titre agai nst
Toxin B (0.5ng/ nml) Reconbi nant Toxin B (1756-2366) <10 Reconbi nant Toxin B
(1145- 2368 208048¢onbi nant Toxin B (767-2366) 2,560 ReeomiiBrantosTaxki n B
(543-2366) 1,280

SED ID NOs

SEQID NO: 1 - Clostridium difficile Toxin A (Toxinotype 0)
MSLISKEELIKLAYSIRPRENEYKTILTNLDEYNKLTTNNNENKYLQLKKLNESIDVFMNKYKTSSRNRA
LSNLKKDILKEVILIKNSNTSPVEKNLHFVWIGGEVSDIALEYIKQWADINAEYNIKLWYDSEAFLVNTLK
KAIVESSTTEALQLLEEEIQNPQFDNMKFYKKRMEFIYDRQKRFINYYKSQINKPTVPTIDDIIKSHLVSE
YNRDETVLESYRTNSLRKINSNHGIDIRANSLFTEQELLNIYSQELLNRGNLAAASDIVRLLALKNFGGV
YLDVDMLPGIHSDLFKTISRPSSIGLDRWEMIKLEAIMKYKKYINNYTSENFDKLDQQLKDNFKLIIESKS
EKSEIFSKLENLNVSDLEIKIAFALGSVINQALISKQGSYLTNLVIEQVKNRYQFLNQHLNPAIESDNNFT
DTTKIFHDSLFNSATAENSMFLTKIAPYLQVGFMPEARSTISLSGPGAYASAYYDFINLQENTIEKTLKA
SDLIEFKFPENNLSQLTEQEINSLWSFDQASAKYQFEKYVRDYTGGSLSEDNGVDFNKNTALDKNYLL
NNKIPSNNVEEAGSKNYVHYIIQLQGDDISYEATCNLFSKNPKNSIIQRNMNESAKSYFLSDDGESILE
LNKYRIPERLKNKEKVKVTFIGHGKDEFNTSEFARLSVDSLSNEISSFLDTIKLDISPKNVEVNLLGCNM
FSYDFNVEETYPGKLLLSIMDKITSTLPDVNKNSITIGANQYEVRINSEGRKELLAHSGKWINKEEAIMS
DLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSPDTKFILNNLKLNIESSIGDYIYYEKLEP
VKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETE
KEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVK
VQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLKKEL
EAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLYNNELILHDKATSVVNYFNHLSESKK
YGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSIYS
AIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDY
AITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDLWI
FNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRY IFLTCELDDKISLIIEINLV
AKSYSLLLSGDKNYLISNLSNTIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNILE
FYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSS
YLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIYFG
EWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNY
YSNEYYPEINVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFN
KMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDPIE
FNLVTGWQTINGKKYYFDINTGAALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNNI
EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAIIS
KGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQ
AIVYQSKFLTLNGKKYYFDNNSKAVTGLQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAAT
GWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAIL
YQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIE
RNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVT
GWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSI
NGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGL
RTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGF
EYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTI
DNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGW
QTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQID NO: 2 - C. difficile Toxin B (Toxinotype 0)
MSLVNRKQLEKMANVRFRTQEDEYVAILDALEEYHNMSENTVVEKYLKLKDINSLTDIYIDTYKKSGRN
KALKKFKEYLVTEVLELKNNNLTPVEKNLHFVWIGGQINDTAINYINQWKDVNSDYNVNVFYDSNAFLI
NTLKKTVVESAINDTLESFRENLNDPRFDYNKFFRKRMEIYDKQKNFINYYKAQREENPELIIDDIVKTY
LSNEYSKEIDELNTYIEESLNKITQNSGNDVRNFEEFKNGESFNLYEQELVERWNLAAASDILRISALKE
IGGMYLDVDMLPGIQPDLFESIEKPSSVTVDFWEMTKLEAIMKYKEYIPEYTSEHFDMLDEEVQSSFE
SVLASKSDKSEIFSSLGDMEASPLEVKIAFNSKGIINQGLISVKDSYCSNLIVKQIENRYKILNNSLNPAIS
EDNDFNTTTNTFIDSIMAEANADNGRFMMELGKYLRVGFFPDVKTTINLSGPEAYAAAYQDLLMFKEG
SMNIHLIEADLRNFEISKTNISQSTEQEMASLWSFDDARAKAQFEEYKRNYFEGSLGEDDNLDFSQNI
VVDKEYLLEKISSLARSSERGYIHYIVQLQGDKISYEAACNLFAKTPYDSVLFQKNIEDSEIAYYYNPGD
GEIQEIDKYKIPSIISDRPKIKLTFIGHGKDEFNTDIFAGFDVDSLSTEIEAAIDLAKEDISPKSIEINLLGCN
MFSYSINVEETYPGKLLLKVKDKISELMPSISQDSIIVSANQYEVRINSEGRRELLDHSGEWINKEESIIK
DISSKEYISFNPKENKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEERIEE
AKNLTSDSINYIKDEFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEK
TIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKV
QVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPIIATIIDGVSLGAAIKELSETSDPLLRQEI
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Table 4 - Neutralisation titres obtained by inmmnisation of sheep with
reconbi nant Toxin B-derived antigens (18 weeks tinme point; 5 doses of 100pg
each) Toxwo 2Bt2/dersilved Antigen (am no acid sequence) NeRCTaiB28HtGSONOtitre
agai nst Toxin B (0.5ng/nl) Reconbi nant Toxin B (1756-2366) 80 Reconbi nant

Toxin %M%ﬁ;ﬁ%&(ﬁgga%LIW.FAGT@K&IBSIR/MEQ@L&SQ@K%Y%EQV&Wi nant

Toxin ISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLS!
YDVLEVQKEELDLSKDLMVLPNAPNRVFAWE TGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFA
FIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIELSES
DVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAI
IEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVS
ELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHL
DESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDEN
DNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYT
DEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNV
FKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYIND
SLYYFKPPVNNLITGFVTVGD
DKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLII
DENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKH
YFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNN
KIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFS
DSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYF
GETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGE
MQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTD
EYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQID NO:3 - C. difficile Toxin A (Toxinotype 3)
MSLISKEELIKLAYSIRPRENEYKTILTNLDEYNKLTTNNNENKYLQLKKLNESIDVFMNKYKNSSRNRA
LSNLKKDILKEVILIKNSNTSPVEKNLHFVWIGGEVSDIALEYIKQWADINAEYNIKLWYDSEAFLVNTLK
KAIVESSTTEALQLLEEEIQNPQFDNMKFYKKRMEFIYDRQKRFINYYKSQINKPTVPTIDDIIKSHLVSE
YNRDETLLESYRTNSLRKINSNHGIDIRANSLFTEQELLNIYSQELLNRGNLAAASDIVRLLALKNFGGV
YLDVDMLPGIHSDLFKTIPRPSSIGLDRWEMIKLEAIMKYKKYINNYTSENFDKLDQQLKDNFKLIIESKS
EKSEIFSKLENLNVSDLEIKIAFALGSVINQALISKQGSYLTNLVIEQVKNRYQFLNQHLNPAIESDNNFT
DTTKIFHDSLFNSATAENSMFLTKIAPYLQVGFMPEARSTISLSGPGAYASAYYDFINLQENTIEKTLKA
SDLIEFKFPENNLSQLTEQEINSLWSFDQASAKYQFEKYVRDYTGGSLSEDNGVDFNKNTALDKNYLL
NNKIPSNNVEEAGSKNYVHYIIQLQGDDISYEATCNLFSKNPKNSIIQRNMNESAKSYFLSDDGESILE
LNKYRIPERLKNKEKVKVTFIGHGKDEFNTSEFARLSVDSLSNEISSFLDTIKLDISPKNVEVNLLGCNM
FSYDFNVEETYPGKLLLSIMDKITSTLPDVNKDSITIGANQYEVRINSEGRKELLAHSGKWINKEEAIMS
DLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSPDTKFILNNLKLNIESSIGDYIYYEKLEP
VKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETE
KEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVK
VQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLKKEL
EAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSESKE
YGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPYISSHIPSLSVYS
AIGIKTENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENNGTKLLDSIRDLYPGKFYWRFYAFFDY
AITTLKPVYEDTNTKIKLDKDTRNFIMPTITTDEIRNKLSYSFDGAGGTYSLLLSSYPISMNINLSKDDLWI
FNIDNEVREISIENGTIKKGNLIEDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIEINLV
AKSYSLLLSGDKNYLISNLSNTIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNILE
FYNGSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSS
YLDFVKNSDGHHNTSNFMNLFLNNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIYFG
EWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNY
YSNEYYPEIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFN
KMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDPIE
SNLVTGWQTINGKKYYFDINTGAASTSYKIINGKHFYFNNNGVMQLGVFKGPDGFEYFAPANTQNNNI
EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAIIS
KGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSGSNGFEYFAPANTYNNNIEGQ
AIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAAT
GWQTIDGKKYYFNTNTSIASTGYTIINGKYFYFNTDGIMQIGVFKVPNGFEYFAPANTHNNNIEGQAILY
QNKFLTLNGKKYYFGSDSKAITGWQTIDGKKYYFNPNNAIAATHLCTINNDKYYFSYDGILQNGYITIER
NNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTG
WQTIDSKKYYFNLNTAVAVTGWQTIDGEKYYFNLNTAEAATGWQTIDGKRYYFNTNTYIASTGYTIING
KHFYFNTDGIMQIGVFKGPDGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTI
DGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTYIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYF
APANTDANNIEGQAIRYQNRFLYLHDNIYYFGNDSKAATGWATIDGNRYYFEPNTAMGANGYKTIDNK
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WO 2012/ 046061PCT/ GB2011/ 051910 Table 5 - Neutralisation titres obtai ned by
I mmuni sati on of sheep with a reconbi nant Toxin B-derived antigen (TxB4,;

resi dues we202386)610f the invention Antigen No of DosesPCEmaBHaAGION peri od
(weeks) Neutralisation titre against Toxin B (0.5ng/ m) Reconbinant Toxin B

(resi dyes rRRG1L ARRR)FKGPNGFEYFAPANTDANNIDGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTIN
SKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQID NO: 4 - C. difficile Toxin B (Toxinotype 3)
MSLVNRKQLEKMANVRFRVQEDEYVAILDALEEYHNMSENTVVEKYLKLKDINSLTDIYIDTYKKSGR
NKALKKFKEYLVTEVLELKNNNLTPVEKNLHFVWIGGQINDTAINYINQWKDVNSDYNVNVFYDSNAF
LINTLKKTIVESATNDTLESFRENLNDPRFDYNKFYRKRMEIYDKQKNFINYYKTQREENPDLIIDDIVKI
YLSNEYSKDIDELNSYIEESLNKVTENSGNDVRNFEEFKGGESFKLYEQELVERWNLAAASDILRISAL
KEVGGVYLDVDMLPGIQPDLFESIEKPSSVTVDFWEMVKLEAIMKYKEYIPGYTSEHFDMLDEEVQSS
FESVLASKSDKSEIFSSLGDMEASPLEVKIAFNSKGIINQGLISVKDSYCSNLIVKQIENRYKILNNSLNP
AISEDNDFNTTTNAFIDSIMAEANADNGRFMMELGKYLRVGFFPDVKTTINLSGPEAYAAAYQDLLMF
KEGSMNIHLIEADLRNFEISKTNISQSTEQEMASLWSFDDARAKAQFEEYKKNYFEGSLGEDDNLDFS
QNTVVDKEYLLEKISSLARSSERGYIHYIVQLQGDKISYEAACNLFAKTPYDSVLFQKNIEDSEIAYYYN
PGDGEIQEIDKYKIPSIISDRPKIKLTFIGHGKDEFNTDIFAGLDVDSLSTEIETAIDLAKEDISPKSIEINLL
GCNMFSYSVNVEETYPGKLLLRVKDKVSELMPSISQDSIIVSANQYEVRINSEGRRELLDHSGEWINK
EESIIKDISSKEYISFNPKENKIIVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLAECEINVISNIDTQVV
EGRIEEAKSLTSDSINYIKNEFKLIESISDALYDLKQQNELEESHFISFEDILETDEGFSIRFIDKETGESIF
VETEKAIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDATHEVNTLNAAFFIQSLIEYNSSKESLSNLS
VAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPVIATIIDGVSLGAAIKELSETSD
PLLRQEIEAKIGIMAVNLTAATTAITSSLGIASGFSILLVPLAGISAGIPSLYNNELILRDKATKVVDYFSHI
SLAESEGAFTSLDDKIMMPQDDLVISEIDFNNNSITLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYR
EPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFY
WRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPVITTEYIREKLSYSFYGSGGTYALSLSQYNMNI
NIELNENDTWVIDVDNVVRDVTIESDKIKKGDLIENILSKLSIEDNKIILDNHEINFSGTLNGGNGFVSLTF
SILEGINAVIEVDLLSKSYKVLISGELKTLMANSNSVQQKIDYIGLNSELQKNIPYSFMDDKGKENGFINC
STKEGLFVSELSDVVLISKVYMDNSKPLFGYCSNDLKDVKVITKDDVIILTGYYLKDDIKISLSFTIQDEN
TIKLNGVYLDENGVAEILKFMNKKGSTNTSDSLMSFLESMNIKSIFINSLQSNTKLILDTNFISGTTSIGQ
FEFICDKDNNIQPYFIKFNTLETKYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNK
VIISPNIYTDEINITPIYEANNTYPEVIVLDTNYISEKINININDLSIRYVWSNDGSDFILMSTDEENKVSQV
KIRFTNVFKGNTISDKISFNFSDKQDVSINKVISTFTPSYYVEGLLNYDLGLISLYNEKFYINNFGMMVS
GLVYINDSLYYFKPPIKNLITGFTTIGDDKYYFNPDNGGAASVGETIIDGKNYYFSQNGVLQTGVFSTE
DGFKYFAPADTLDENLEGEAIDFTGKLTIDENVYYFGDNYRAAIEWQTLDDEVYYFSTDTGRAFKGLN
QIGDDKFYFNSDGIMQKGFVNINDKTFYFDDSGVMKSGYTEIDGKYFYFAENGEMQIGVFNTADGFK
YFAHHDEDLGNEEGEALSYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGISIIND
GKYYFNDSGIMQIGFVTINNEVFYFSDSGIVESGMQNIDDNYFYIDENGLVQIGVFDTSDGYKYFAPAN
TVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFDPETKKAYKGINVIDDIKYY
FDENGIMRTGLITFEDNHYYFNEDGIMQYGYLNIEDKTFYFSEDGIMQIGVFNTPDGFKYFAHQNTLDE
NFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQID 5 - Toxin A fragment - TxA3 (Toxinotype 0) (Residues 1131-2710)
ESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSL
SIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYA
FFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKD
DLWIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIGNQTIDFSGDIDNKDRYIFLTCELDDKISLII
EINLVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDS
KNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNES
VYSSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNI
DIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLINI
NTNYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNT
QSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYF
DPIEFNLVTGWQTINGKKYYFDINTGAALISYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQN
NNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDT
AlISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIE
GQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAE
AATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQ
AILYQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYI
TIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSK
AVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTG
YTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKA
VTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKG
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PDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGAN
GYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKA
VTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQ D 6 - Toxin A fragment - TxA3 (Toxinotype 3) (Residues 1131-2710)
ESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSL
SIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYA
FFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKD
DLWIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIGNQTIDFSGDIDNKDRYIFLTCELDDKISLII
EINLVAKSYSLLLSGDKNYLISNLSNTIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDS
KNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNES
VYSSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNI
DIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLINI
NTNYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNT
QSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYF
DPIEFNLVTGWQTINGKKYYFDINTGAALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ
NNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPD
TAIISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNI
EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGLQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAE
AATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQ
AILYQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYI
TIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSK
AVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTG
YTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGSDSKA
VTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKG
PDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGAN
GYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKA
VTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQID 7 - Toxin A fragment - TxA4 (Toxinotype 0) (Residues 770-2710)
IMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASYSPDTKFILNNLKLNIESSIGDYIYYEKL
EPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVE
TEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTS
VKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLK
KELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLYNNELILHDKATSVVNYFNHLSES
KKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSI
YSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFF
DYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDL
WIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIEIN
LVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNI
LEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVY
SSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIY
FGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININT
NYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQS
FNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDP
IEFNLVTGWQTINGKKYYFDINTGAALISYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNN
NIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTA
ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEG
QAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEA
ATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQA
ILYQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITI
ERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAV
TGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTS
INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTG
LRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDG
FEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYK
TIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTG
WQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQID 8 - Toxin A fragment - TxA4 (Toxinotype 3) (Residues 770-2710)
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IMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASYSPDTKFILNNLKLNIESSIGDYIYYEKL
EPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVE
TEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTS
VKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLK
KELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLYNNELILHDKATSVVNYFNHLSES
KEYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPYISSHIPSLSV
YSAIGIKTENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENNGTKLLDSIRDLYPGKFYWRFYAFF
DYAITTLKPVYEDTNTKIKLDKDTRNFIMPTITTDEIRNKLSYSFDGAGGTYSLLLSSYPISMNINLSKDD
LWIFNIDNEVREISIENGTIKKGNLIEDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIEI
NLVAKSYSLLLSGDKNYLISNLSNTIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSK
NILEFYNGSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLYSKNQVKVNGLYLNESY
YSSYLDFVKNSDGHHNTSNFMNLFLNNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDI
YFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININ
TNYYSNEYYPEIVLNPNTFHKKVYNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQ
SFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFD
PIESNLVTGWQTINGKKYYFDINTGAASTSYKIINGKHFYFNNNGVMQLGVFKGPDGFEYFAPANTQN
NNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDT
AlISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSGSNGFEYFAPANTYNNNIE
GQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAE
AATGWQTIDGKKYYFNTNTSIASTGYTIINGKYFYFNTDGIMQIGVFKVPNGFEYFAPANTHNNNIEGQ
AILYQNKFLTLNGKKYYFGSDSKAITGWQTIDGKKYYFNPNNAIAATHLCTINNDKYYFSYDGILQNGYI
TIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSK
AVTGWQTIDSKKYYFNLNTAVAVTGWQTIDGEKYYFNLNTAEAATGWQTIDGKRYYFNTNTYIASTG
YTINGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAV
TGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTYIASTGYTIISGKHFYFNTDGIMQIGVFKGP
DGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNDSKAATGWATIDGNRYYFEPNTAMGANG
YKTIDNKNFYFRNGLPQIGVFKGPNGFEYFAPANTDANNIDGQAIRYQNRFLHLLGKIYYFGNNSKAVT
GWQTINSKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQID 9 - Toxin B fragment - TxB3(-h) (Toxinotype 0) (Residues 1145-2366)
MPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEEL
DLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPR
YEDTNIRINLDSNTRSFIVPIITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIELSESDVWIIDVDNVVR
DVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKL
LISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVY
MDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKF
MNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNT
LETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETN
NTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLS
FNFSDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNN
LITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEG
EAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKG
FVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEIS
YSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVR
VGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNN
YYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLD
EKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID 10 - Toxin B fragment - TxB3(-h) (Toxinotype 3) (Residues 1145-2366)
MPQDDLVISEIDFNNNSITLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEEL
DLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPR
YEDTNIRINLDSNTRSFIVPVITTEYIREKLSYSFYGSGGTYALSLSQYNMNINIELNENDTWVIDVDNVV
RDVTIESDKIKKGDLIENILSKLSIEDNKIILDNHEINFSGTLNGGNGFVSLTFSILEGINAVIEVDLLSKSY
KVLISGELKTLMANSNSVQQKIDYIGLNSELQKNIPYSFMDDKGKENGFINCSTKEGLFVSELSDVVLIS
KVYMDNSKPLFGYCSNDLKDVKVITKDDVIILTGYYLKDDIKISLSFTIQDENTIKLNGVYLDENGVAEIL
KFMNKKGSTNTSDSLMSFLESMNIKSIFINSLQSNTKLILDTNFIISGTTSIGQFEFICDKDNNIQPYFIKF
NTLETKYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVIISPNIYTDEINITPIYEA
NNTYPEVIVLDTNYISEKINININDLSIRYVWSNDGSDFILMSTDEENKVSQVKIRFTNVFKGNTISDKISF
NFSDKQDVSINKVISTFTPSYYVEGLLNYDLGLISLYNEKFYINNFGMMVSGLVYINDSLYYFKPPIKNLI
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TGFTTIGDDKYYFNPDNGGAASVGETIIDGKNYYFSQNGVLQTGVFSTEDGFKYFAPADTLDENLEGE
AIDFTGKLTIDENVYYFGDNYRAAIEWQTLDDEVYYFSTDTGRAFKGLNQIGDDKFYFNSDGIMQKGF
VNINDKTFYFDDSGVMKSGYTEIDGKYFYFAENGEMQIGVFNTADGFKYFAHHDEDLGNEEGEALSY
SGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGISIINDGKYYFNDSGIMQIGFVTINN
EVFYFSDSGIVESGMQNIDDNYFYIDENGLVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRY
GEDVYYFGETYTIETGWIYDMENESDKYYFDPETKKAYKGINVIDDIKYYFDENGIMRTGLITFEDNHY
YFNEDGIMQYGYLNIEDKTFYFSEDGIMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEK
RYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQID 11 - Toxin B fragment - TxB3 (Toxinotype 0) (Residues 957-2366)
NTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSE
GLPIATIIDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTTATTAIITSSLGIASGFSILLVPLAGISAGI
PSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRM
EGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGL
RSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKL
SYSFYGSGGTYALSLSQYNMGINIELSESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIIL
NSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSEL
QKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNV
NILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFV
NFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDS
GDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIR
YVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGL
IGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGE
TIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVE
WKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEID
GKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWK
DLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGIIESGVQNIDDNYF
YIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMEN
ESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFG
EDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYY
FDPDTAQLVISE

SEQ D 12 - Toxin B fragment - TxB3 (Toxinotype 3) (Residues 957-2366)
NTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSE
GLPVIATIIDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTAATTAITSSLGIASGFSILLVPLAGISA
GIPSLVNNELILRDKATKVVDYFSHISLAESEGAFTSLDDKIMMPQDDLVISEIDFNNNSITLGKCEIWR
MEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTP
GLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPVITTEYIR
EKLSYSFYGSGGTYALSLSQYNMNINIELNENDTWVIDVDNVVRDVTIESDKIKKGDLIENILSKLSIEDN
KIILDNHEINFSGTLNGGNGFVSLTFSILEGINAVIEVDLLSKSYKVLISGELKTLMANSNSVQQKIDYIGL
NSELQKNIPYSFMDDKGKENGFINCSTKEGLFVSELSDVVLISKVYMDNSKPLFGYCSNDLKDVKVITK
DDVIILTGYYLKDDIKISLSFTIQDENTIKLNGVYLDENGVAEILKFMNKKGSTNTSDSLMSFLESMNIKSI
FINSLQSNTKLILDTNFISGTTSIGQFEFICDKDNNIQPYFIKFNTLETKYTLYVGNRQNMIVEPNYDLDD
SGDISSTVINFSQKYLYGIDSCVNKVIISPNIYTDEINITPIYEANNTYPEVIVLDTNYISEKINININDLSIRY
VWSNDGSDFILMSTDEENKVSQVKIRFTNVFKGNTISDKISFNFSDKQDVSINKVISTFTPSYYVEGLL
NYDLGLISLYNEKFYINNFGMMVSGLVYINDSLYYFKPPIKNLITGFTTIGDDKYYFNPDNGGAASVGET
IIDGKNYYFSQNGVLQTGVFSTEDGFKYFAPADTLDENLEGEAIDFTGKLTIDENVYYFGDNYRAAIEW
QTLDDEVYYFSTDTGRAFKGLNQIGDDKFYFNSDGIMQKGFVNINDKTFYFDDSGVMKSGYTEIDGK
YFYFAENGEMQIGVFNTADGFKYFAHHDEDLGNEEGEALSYSGILNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEAYIGISIINDGKYYFNDSGIMQIGFVTINNEVFYFSDSGIVESGMQNIDDNYFYID
ENGLVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENES
DKYYFDPETKKAYKGINVIDDIKYYFDENGIMRTGLITFEDNHYYFNEDGIMQYGYLNIEDKTFYFSED
GIMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDP
DTAQLVISE

SEQ D 13 - Toxin B fragment - TxB 4 (Toxinotype 0) (Residues 767-2366)
SIIKDISSKEYISFNPKENKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEE
RIEEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETGESIFVE
TEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVA
MKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPIIATIIDGVSLGAAIKELSETSDPLL
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RQEIEAKIGIMAVNLTTATTAIITSSLGIASGFSILLVPLAGISAGIPSLYNNELVLRDKATKVVDYFKHVSL
VETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREP
HLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWR
YFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIEL
SESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEG
INAIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGL
FVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNS
VHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICD
ENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPN
[YTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFV
NVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYI
NDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKY
FAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDY
KYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAH
HNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQY
YFNDDGIMQVGFVTINDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVN
DNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDE
KGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDEN
FEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQID 14 - Toxin B fragment - TxB 4 (Toxinotype 3) (Residues 767-2366)
SIIKDISSKEYISFNPKENKIIVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLAECEINVISNIDTQVVEG
RIEEAKSLTSDSINYIKNEFKLIESISDALYDLKQQNELEESHFISFEDILETDEGFSIRFIDKETGESIFVE
TEKAIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDATHEVNTLNAAFFIQSLIEYNSSKESLSNLSVA
MKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPVIATIIDGVSLGAAIKELSETSDPLL
RQEIEAKIGIMAVNLTAATTAIITSSLGIASGFSILLVPLAGISAGIPSLVNNELILRDKATKVVDYFSHISLA
ESEGAFTSLDDKIMMPQDDLVISEIDFNNNSITLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPH
LSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRY
FAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPVITTEYIREKLSYSFYGSGGTYALSLSQYNMNINIEL
NENDTWVIDVDNVVRDVTIESDKIKKGDLIENILSKLSIEDNKIILDNHEINFSGTLNGGNGFVSLTFSILE
GINAVIEVDLLSKSYKVLISGELKTLMANSNSVQQKIDYIGLNSELQKNIPYSFMDDKGKENGFINCSTK
EGLFVSELSDVVLISKVYMDNSKPLFGYCSNDLKDVKVITKDDVIILTGYYLKDDIKISLSFTIQDENTIKL
NGVYLDENGVAEILKFMNKKGSTNTSDSLMSFLESMNIKSIFINSLQSNTKLILDTNFIISGTTSIGQFEFI
CDKDNNIQPYFIKFNTLETKYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVIIS
PNIYTDEINITPIYEANNTYPEVIVLDTNYISEKINININDLSIRYVWSNDGSDFILMSTDEENKVSQVKIRF
TNVFKGNTISDKISFNFSDKQDVSINKVISTFTPSYYVEGLLNYDLGLISLYNEKFYINNFGMMVSGLVYI
NDSLYYFKPPIKNLITGFTTIGDDKYYFNPDNGGAASVGETIIDGKNYYFSQNGVLQTGVFSTEDGFKY
FAPADTLDENLEGEAIDFTGKLTIDENVYYFGDNYRAAIEWQTLDDEVYYFSTDTGRAFKGLNQIGDD
KFYFNSDGIMQKGFVNINDKTFYFDDSGVMKSGYTEIDGKYFYFAENGEMQIGVFNTADGFKYFAHH
DEDLGNEEGEALSYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGISIINDGKYYF
NDSGIMQIGFVTINNEVFYFSDSGIVESGMQNIDDNYFYIDENGLVQIGVFDTSDGYKYFAPANTVNDN
IYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFDPETKKAYKGINVIDDIKYYFDENG
IMRTGLITFEDNHYYFNEDGIMQYGYLNIEDKTFYFSEDGIMQIGVFNTPDGFKYFAHQNTLDENFEGE
SINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ D 15 - Toxin B fragment - Toxin B-A hybrid (toxinotype 0)
NTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSE
GLPIIATIIDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTTATTAIITSSLGIASGFSILLVPLAGISAGI
PSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRM
EGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGL
RSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKL
SYSFYGSGGTYALSLSQYNMGINIELSESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIIL
NSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSEL
QKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNV
NILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFV
NFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDS
GDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIR
YVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEILSFTPSYYEDGL
IGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLVTGWQTINGKKYYFDINTGAALISYK
[INGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVT
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WO 2012/ 046061PCT/ GB2011/ 051910 Table 7 - Neutralisation titres obtai ned by
| mmuni sati on of sheep with reconbi nant Toxin A-derived antigens (10 weeks
time poi v 20i4p06A- derived Antigen (am no aci d sequene€)/GkronfosBoses
(100pg) Neutralisation titre against Toxin A (50ng/nl) Reconbi nant Toxin A

(1850- 2C:7\117Q?INIéEl@ZW:NPNNAIAAVGLC)VIDNNKYYFNPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTID
GKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGW
QTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTIINGK
HFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRIIN
NKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYF
APANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDG
KKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFA
PANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKK
YYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHD
NIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAP
ANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVI
YFFGVDGVKAPGIYG

SEQ D 16 - Toxin B fragment - Toxin A-B hybrid (toxinotype 0)
IMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSPDTKFILNNLKLNIESSIGDYIYYEKL
EPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVE
TEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTS
VKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLK
KELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSES
KKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSI
YSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFF
DYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDL
WIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIEIN
LVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNI
LEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVY
SSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIY
FGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININT
NYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQS
FNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDP
IEFNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDEN
LEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVM
QKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEG
EEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVG
FVTINDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSG
LVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFEN
NNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLD
LDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQID 17 - Toxin B fragment - Toxin A-B hybrid (toxinotype 0 and 3)
IMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASYSPDTKFILNNLKLNIESSIGDYIYYEKL
EPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVE
TEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTS
VKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLK
KELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSES
KKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSI
YSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFF
DYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDL
WIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIEIN
LVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNI
LEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVY
SSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIY
FGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININT
NYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQS
FNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDP
IEFNLITGFTTIGDDKYYFNPDNGGAASVGETIIDGKNYYFSQNGVLQTGVFSTEDGFKYFAPADTLDE
NLEGEAIDFTGKLTIDENVYYFGDNYRAAIEWQTLDDEVYYFSTDTGRAFKGLNQIGDDKFYFNSDGI
MQKGFVNINDKTFYFDDSGVMKSGYTEIDGKYFYFAENGEMQIGVFNTADGFKYFAHHDEDLGNEE
GEALSYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGISIINDGKYYFNDSGIMQIG
FVTINNEVFYFSDSGIVESGMQNIDDNYFYIDENGLVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYS
GLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFDPETKKAYKGINVIDDIKYYFDENGIMRTGLITF
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Reconbi nant Toxin A (770-2710) 2 7,680 Reconbinant Toxin A(770-2389) 3
10, 240 Table 8 - Neutralisation titres obtained by immunisation of sheep
wi t h recowbiznerii460boxi N A-derived antigens (18 weeks ti mPCpaB20)1/0FeMDN A-
derived Antigen (am no acid sequence)

EDNHYYFNEDGIMQYGYLNIEDKTFYFSEDGIMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWL
DLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID 18 - Toxin A-derived recombinant antigen His-NusA-[thrombin site]-TxA4-His
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAAPFTMIMSDLSSKEYIFFDSIDN
KLKAKSKNIPGLASISEDIKTLLLDASVSPDTKFILNNLKLNIESSIGDYIYYEKLEPVKNIIHNSIDDLIDEF
NLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEIS
TIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTI
YDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLKKELEAKVGVLAINMSLSI
AATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSESKKYGPLKTEDDKILVPID
DLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIM
MLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKI
KLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDLWIFNIDNEVREISIENGT
IKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIEINLVAKSYSLLLSGDKNYL
ISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNILEFYNDSTLEFNSKDFIA
EDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTS
NFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTIFSGN
GRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNYYSNEYYPEIIVLNPNT
FHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYI
MSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDPIEFNLVTGWQTINGKKYY
FDINTGAALISYKINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGK
KYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAISKGWQTVNGSRYYFDT
DTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYY
FDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNT
AIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGS
DSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTG
VFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTA
EAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGV
FKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVA
VTGWQTINGKKYYFENTNTSIASTGYTISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQA
IRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVF
KGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMA
AAGGLFEIDGVIYFFGVDGVKAPGIYGGGSGGSLVPRGSGGSHHHHHH

SEQ ID 19 - Toxin A-derived recombinant antigen His-NusA-[thrombin site]-TxA4
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAAPFTMIMSDLSSKEYIFFDSIDN
KLKAKSKNIPGLASISEDIKTLLLDASVSPDTKFILNNLKLNIESSIGDYIYYEKLEPVKNIIHNSIDDLIDEF
NLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEIS
TIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTI
YDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLKKELEAKVGVLAINMSLSI
AATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSESKKYGPLKTEDDKILVPID
DLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIM
MLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKI
KLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDLWIFNIDNEVREISIENGT
IKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIEINLVAKSYSLLLSGDKNYL
ISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNILEFYNDSTLEFNSKDFIA
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No of Doses (100pg) Neutralisation titre against Toxin A (50ng/ m)
Reconbi nant Toxin A (1850-2710) 5 1,280 Reconbinant Toxin A (770-2710) 4
15,360 WO 2012/046061 PCT/GB2011/051910

EDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTS
NFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTIFSGN
GRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNYYSNEYYPEIIVLNPNT
FHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYI
MSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDPIEFNLVTGWQTINGKKYY
FDINTGAALISYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGK
KYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVNGSRYYFDT
DTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYY
FDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNT
AIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGS
DSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTG
VFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTA
EAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGV
FKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVA
VTGWQTINGKKYYFNTNTSIASTGYTISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQA
IRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVF
KGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMA
AAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQ ID 20 - Toxin A-derived recombinant antigen - His-Thioredoxin-[thrombin site]-TxA4
HHHHHHSHMASDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALVYPRGSVTSLYKKAGSA
AAPFTMIMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSPDTKFILNNLKLNIESSIGD
YIYYEKLEPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNG
ESVYVETEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVL
NDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDE
HDPLLKKELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVYNNELILHDKATSVVNYF
NHLSESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISS
HIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYW
RFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNIN
LSKDDLWIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDD
KISLIEINLVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHY
KKDSKNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGL
YLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICD
NNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLY
TSLININTNYYSNEYYPEIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGI
LSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININN
SLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAP
ANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYY
FNPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTY
NNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNT
NTAEAATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANN
IEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQ
NGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDN
DSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIA
STGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSD
SKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTISGKHFYFNTDGIMQIGVF
KGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMG
ANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNS
KAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQ ID 21 - Toxin A-derived recombinant antigen - His-Thioredoxin-[thrombin site]-TxA3
HHHHHHSHMASDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEY QGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALVYPRGSVTSLYKKAGSA
AAPFTMESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSI
SSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKF
YWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPIST
NINLSKDDLWIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCEL
DDKISLIEINLVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSII
HYKKDSKNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVN
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WO 2012/ 046061PCT/ GB2011/ 051910 Table 9 - Neutralisation titres obtai ned by
I mmuni sati on of sheep with a reconbi nant Toxin A-derived antigen (TxA4,;

resi dues woQe2e)e1of the invention Antigen No of DosesPCRmaBHaAGION peri od
(weeks) Neutralisation titre against Toxin A (50ng/nl) Reconbi nant Toxin A

(resi dygs, (£9¢<NbrvKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEF!
CDNNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAP
DLYTSLININTNYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIR
IKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLINI
NNSLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKIINGKHFYFNNDGVMQLGVFKGPDGFEYF
APANTQNNNIEGQANVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNK
YYENPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPAN
TYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYENTNTAEAATGWQTIDGKKYYF
NTNTAEAATGWQTIDGKKYYFNTNTAIASTGY TIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDA
NNIEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGI
LQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYF
DNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTF
IASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYENTNTSIASTGYTIISGKHFYFNTDGIMQIG
VFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTA
MGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGN
NSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQ ID 22 - Toxin A-derived recombinant antigen - His-NusA-[thrombin site]-TxA3
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAAPFTMESKKYGPLKTEDDKILY
PIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKK
IMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNI
KIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDLWIFNIDNEVREISIEN
GTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIEINLVAKSYSLLLSGDK
NYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNILEFYNDSTLEFNSK
DFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGH
HNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTI
FSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNYYSNEYYPEIIVL
NPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKL
SLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDPIEFNLVTGWQTIN
GKKYYFDINTGAALISYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFL
TLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVNGSR
YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLN
GKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKY
YENTNTAIASTGYTINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGK
KYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNE
SKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVY QNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYY
FNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGI
MQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNT
NTAVAVTGWQTINGKKYYFENTNTSIASTGYTISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANN
IEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLP
QIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPD
TAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG

SEQ ID 23 - Toxin B-derived recombinant antigen - His-NusA-[thrombin site]-TxB4-His
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAAPFTMSIIKDISSKEYISFNPKE
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at 100pg/dose 2 10 7,680 3 14 10,240 4 18 15, 360

WO 2012/046061 PCT/GB2011/051910

NKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEERIEEAKNLTSDSINYIKD
EFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEIS
KIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNT
ITDAAKVVELVSTALDETIDLLPTLSEGLPIIATIIDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTTA
TTAINTSSLGIASGFSILLVPLAGISAGIPSLYNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMP
QDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLS
KDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYED
TNIRINLDSNTRSFIVPITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIELSESDVWIIDVDNVVRDVT
IESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISG
ELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDD
SKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRK
GNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETN
YTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTY
PEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNF
SDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITG
FVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAID
FTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSI
NDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGI
LNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDK
VFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVYNDNIYGQAVEYSGLVRVGE
DVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYF
NENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINY TGWLDLDEKR
YYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISEGHHHHHH

SEQ ID 24 - Toxin B-derived recombinant antigen - His-NusA-[thrombin site]-TxB4
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAAPFTMSIIKDISSKEYISFNPKE
NKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEERIEEAKNLTSDSINYIKD
EFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEIS
KIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNT
ITDAAKVVELVSTALDETIDLLPTLSEGLPIIATIIDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTTA
TTAINTSSLGIASGFSILLVPLAGISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMP
QDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLS
KDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYED
TNIRINLDSNTRSFIVPITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIELSESDVWIIDVDNVVRDVT
IESDKIKKGDLIEGILSTLSIEENKILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISG
ELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDD
SKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRK
GNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETN
YTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTY
PEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNF
SDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITG
FVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAID
FTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSI
NDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGI
LNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDK
VFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGE
DVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYF
NENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKR
YYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID 25 - Toxin B-derived recombinant antigen - His-Thioredoxin-[thrombin site]-TxB4

HHHHHHSHMASDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEY QGKLTVAKL
NIDONPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSA
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Table 10 - Neutralisation titres obtained by immnisation of sheep with a
reconbi nant Toxin A-derived antigen (TxA2; residues 1850-2710) representing
t he repeavonregi@mednl y Anti gen No of Doses | mruni sati onPp@B2di1{oseBks)
Neutralisation titre against Toxin A (50ng/ m) Reconbi nant Toxin A

(resi dyer iRk BIE5REY REnARORI RS PELSTLLOEIRNNSNSSDIELEEKVMLTECEINVISNID

TQIVEERIEEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETG
ESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVYNLDTTHEVNTLNAAFFIQSLIEYNSSKESL
SNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPIATIIDGVSLGAAIKELSE
TSDPLLRQEIEAKIGIMAVNLTTATTAITSSLGIASGFSILLVPLAGISAGIPSLVNNELVLRDKATKVVDY
FKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPS
ITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEG
EFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPITTEYIREKLSYSFYGSGGTYALSLSQYNM
GINIELSESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLT
FSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGS
TKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEK
TIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQ
FEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNK
VVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQ
VKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVY
SGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTE
DGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLN
QIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGF
KYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLIN
DGQYYFNDDGIMQVGFVTINDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPA
NTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKY
YFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNT
LDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID 26 - Toxin B-derived recombinant antigen - His-NusA-[thrombin site]-TxB3
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAGGSMPQDDLVISEIDFNNNSIV
LGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFA
WETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIV
PIITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIELSESDVWIIDVDNVVRDVTIESDKIKKGDLIEGIL
STLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQK
IDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKD
VKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLE
SMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVE
PNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKIN
VNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFT
PSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPIN
GGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDD
NYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVM
KVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSF
TAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGIIESGV
QNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETG
WIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIE
DKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVI
IDGEEYYFDPDTAQLVISE

SEQ ID 27 - Toxin B-derived recombinant antigen - His-Thioredoxin-[thrombin site]-TxB3 (-hyd)
HHHHHHSHMASDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKL

NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSA
AGGSMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQ
KEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITT
LKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIELSESDVWIIDVD
NVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSK
SYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLI
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SKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLODEKTIKLNSVHLDESGVAE
ILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIK
FNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVY
ETNNTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVYSQVKIRFVNVFKDKTLAN
KLSFNFSDKQDVPVSEILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVYSGLIYINDSLYYFKPP
VNNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDEN
LEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVM
QKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEG
EEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVG
FVTINDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSG
LVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFEN
NNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLD
LDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID 28 - Toxin A-derived recombinant antigen - His-[linear spacer]-NusA-[thrombin site]-
TxA4
HHHHHHHHHGGSGGSGGSGGSGGSGGSGGSGGSGGSGGSHMASNKEILAVVEAVSNEKALPRE
KIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTFRRWLVVDEVTQPTKEITLEAARYEDESLNLG
DYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVVDQFREHEGEITGVVKKVNRDNISLDLGNNAE
AVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARD
PGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTELGGERIDIVLWDDNPAQFVINAMAPADVASIV
VDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSGWELNVMTVDDLQAKHQAEAHAAIDTFTKYLD
IDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPTVEALRERAKNALATIAQAQEESLGDNKPADD
LLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADIEGLTDEKAGALIMAARNICWFGDEASGALVP
RGSVTSLYKKAGSAAAPFTMIMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSPDTK
FILNNLKLNIESSIGDYIYYEKLEPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKN
NSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFF
IQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILD
GINLGAAIKELLDEHDPLLKKELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNE
LILHDKATSVVNYFNHLSESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVT
GNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLL
DSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTY
SLLLSSYPISTNINLSKDDLWIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDN
KDRYIFLTCELDDKISLIEINLVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYF
GAISKTSQKSIIHYKKDSKNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSIS
LVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLV
GKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGI
DRYINKVLIAPDLYTSLININTNYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLE
ESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYD
EDSKLVKGLININNSLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKIINGKHFYFNNDGVMQLG
VFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAI
AAVGLQVIDNNKYYFNPDTAISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFS
TSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAAT
GWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPN
GFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTI
NNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQN
KFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTI
DGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILY QNKF
LTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTISGKH
FYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTID
GNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRF
LHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG.

SEQ ID 29 - Toxin A-derived recombinant antigen - His-[helical spacer]-NusA-[thrombin site]-
TxA4
HHHHHHHHHHGGSLAEAAAKEAAAKEAAAKEAAAKEAAAKAAAGGSHMASNKEILAVVEAVSNEKA
LPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTFRRWLVVDEVTQPTKEITLEAARYEDES
LNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVVDQFREHEGEITGVVKKVNRDNISLDLG
NNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKA
AARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTELGGERIDIVLWDDNPAQFVINAMAPAD
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Clostridiumdifficile Toxin A (Toxi notype 0)
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SEQID 7 - Toxin A fragnent - TxA4 (Toxinotype 0) (Residues 770-2710)
| MSDLSSKEYI FFDSI DN KLKAKSKN | PGLASI SEDI KTLLLDASVSPDTKFI  LNNLKLN |
ESSI GDYI WBKLh12RRWIEN | PCT/GB2011/051910
| HNSI DDLI DEFNLLENVSDEL YEL KKLNNLDEKYLI SFEDI SKNNSTYSVRFI NKSNGESVYVE
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SEQ ID 12 - Toxin B fragment - TxB3 (Toxi notype 3) (Residues 957-2366)
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SEQ ID 26 - Toxin B-derived reconbi nant antigen - H s-NusA-[thronbin

site]-TxB3
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SEQ ID 30 - Toxin A-derived reconbinant antigen - H s-NusA-[linear spacer]-
[thrombin site] - TxA4
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SEQ ID 46 - Toxin B-derived reconbinant antigen - His-[helical spacer]-

[thrombin site]-NusAB4
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SEQ ID 57 - Toxin B-derived reconbi nant antigen - Hi s-NusAglntein BT
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WO 2012/ 046061PCT/ GB2011/ 051910 CLAIMS 1. A fusion protein, consisting of or
conprising a first amno acid sequence and a second am no acid sequence,
wher ei n: wepotdmedsiir st am no acid sequence is provided PpgTaB2aNISWIACI d
sequence that has at | east 80% sequence identity with an am no aC| d

sequenq 8RAN 1eROELR b %%{
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of a | angsaiepeiNbnFtsdrarsEHeos ey $HAIG I EENDOFSKKIIMLERAOSRFFVIRETIcAVAGLRE a C.

di ffi ci/EAIDBIRLDIDARBERIEKEENVRIFY ARFDIVAIT TAKPVIE CAIN I KIKL BISD TRNFESMR 85 PN2IBREIBLSY a C.

di ffi ciSFOGPGGTY SBLISISYRESTONLSKDDLWIFMDNEVRBISIEN@NKISOKLLIKRY L SKIRINKNELIENQr ot ei n

IS nOt TéD NEPRUEL €O LA |M4W§Y§U+L§G%§YH§NQSBUE3{|EMWN$\@YT
Fﬁ;AJaSKTSQKSIIHY INRST, Em&pwlﬁg{\lvwgwwﬁﬁ

nota % $% I_I%Fflmle

Toxi n Y I KV am no

aci d seiufe g‘ﬁ |? ¥N sr—%\ﬂl | KE M% |= H é@t% 80%

sequenctﬂ\”{ EB¥K M nﬁ‘lﬂlN%Uhﬂbeﬁ‘@# P IS T GA‘A&. Klﬁ\%ﬁé

78 BWiQUA\EKBEHE Fer FAPANAGRINIR G QA QTMGMF@&B@KWT@W@QNQ@W or

1120- 1&5@1PNNAWASQ;L@&‘MNKYY]FN@DTAMWOTQNLGQR%&&&DJWA‘FMW@@@- 1850
of a C.VVKIGYFSTISNSFEYRAPAMTSNNNIEGQALY YRSKRETLINGKKYN FPRRSIEAVTGWQUIDSKRYYEND Cl ai m
1, wherNTAEAAEGWIQTHIGHKKY YIFOITHTAEASTEHMETIOSKKY'Y BN TV AdGSIT (YT | INGKEIRY FWT REIMd
sequenc@GVﬁlé@PNQEEH’tAHAéH@ﬁNB@% TENGREY XRG SISKA VAR VEINNE KA PN
sequenc¥AIBNHEC ENNR Y&FSY%'L@N@EGT NRYEPAYNESHHY T GHKGRNGE FASANTIHINNNI

760 _usglA &ﬁ%ﬁ % QGBI QY QHR S YNNG AEM BEWERIDCKIEY YT kNTA 851 or
1135-1 ) 5-1851 or 1165-1851 of a C. difficile Toxin B
sequence.
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4. The fusion protein according to any preceding claim wherein the second
am no acid sequence is provided by an am no acid sequence that has at | east
80% sequewoeoidanicity with an am no aci d sequence sel ecet/dB20m@BnEOIOr NOr e
of the am no acid sequences 1851-2389 or 1851-2007 or 2008-2141 or

2142- 2253 or 2254-2389 or 2390- 2502 ﬁr 03-2594 or 2595-2710 of a C.
difficile Toxin A sequence. WO 2015H0¥®61PCT/ GB2011/051910 5. The fusi on
protein according to Claim4, wherein the second am no acid sequence is
provi de1d byr@? am no aci d sequence that has atf.least 80% sequence iéienti ty
with an'-ani fo 49 PEAGle AR%'LE0t YaCIPHIRThE U/ AT PHI sEGHERNG8Nd @

1851- 2007 orset8fdlamidbdtiddeql8hde, dbbkiar 1851- 2389 or 1851-2502 or 1851-2594
or 1851-2710 of C. difficile Toxin A sequence. 6..The. fusion ofein
SCcordimg t Pany BF e AR dpdiserhhtk i T S ig R S Eh RS i s
pr OKi ded by anesti80% @ezjuénéeemamyavitgr?t afa® &did b@ﬁﬁnc@@%ﬁﬁmaﬂﬁgsidlﬁh%gg :)t7 y
with an amin cid sequence. select rom ani no. aci ces -

or | 2008- 2139 9PN 3559 RIS 50 Fanes Bed revidler HePFAUEDE R & Llgiconce.
7. The fusi Oroxpy Btequendecanddi ng to Cl aim 6, wherein the second am no acid
sequence i s Qrovi g\%d bg n_am no, aci d se.guenc t.hat has at. | east 80,[%
sequence i défit ity \GiSeROHhABRORSLREM SR G RISyt HHNP A SEFReebry
sequences 18f2-22 8t 80% 585ZenttI@eraity Wiltban 3D avid d&thidnds6énsiting o€a long

difficile Toxin B sequence.. 8. The fusion, profei cardi 1.0 . of

Qi 103, TRREHITT RO Wl amiMRo ol rep B i 0 Bt Uicls, T Ani no

aci d sequenceqtéade dradgthid arhieasitidG0%d se01852c2366aE atd. toyffisilet ToxB asquenceci d

sequence consi stin %f resi dlﬁe 7§7- 1850 .of . a Cf difficile Toxi.n A sequence
g Al e

or residues 767-1¥ proyige t USIPR PHRIRT /5 BRI ARRIVRAPLYe SATPUHES B8NS he
second am naociriedidaes|84Mher10 Sf PCOViffidkeTyin An ami no aci d sequence that has
at | east 80% sequence. identity with an am no aci.d sequence cpnsi sting of
Yesi dues 1851 27 F5oonth T8 Pravife Mt nS Rk PG ik sRCE Fob prelRRE el 2366
of a C diffdnihd aciioasituds RSRBBBEa Q.diffitile Taxsi BN protein according to any
preceding claim wherein other than the above-defined Toxin A and/ or Toxin
B am no acid sequences, said fusion protein does not include any additional

Toxi n &.and/Ther fudioxi protBinaatdoedivg itdl Ciamutneitsreih Gthe Airdtushing agidosejuanés @or di ng
e as an hod of ting an

bt (b ¢ natouTedr 8 b adi? SadtenPE Bl besSteat R e Lol e o
To?: Bog; or amino @utghsmgmg%gistia?icﬁ r%idljéso?o-ﬁ?mpori B‘gmalag)tr)d)rem??(swﬁﬂ Fab
thi bodiyes t%@ffﬁnﬁ)%@'@é%?ﬁ‘ ﬁ 1(9-"]8950%&%!&0/3\1 éa*?d?rnﬁgqug% Ord%'fﬁi'iééloegr'roxi n

B, said net hodoci@spror 314831850 or 1150-1850 of a C. difficile Toxin A sequence.

3. The fusion protein according to Claim 1, wherein the first amino acid sequence is
provided by an amino acid sequence that has at least 80% sequence identity with an
amino acid sequence consisting of residues 780-1851 or 770-1851 or 767-1851 or
760-1851 or 750-1851 or 1125-1851 or 1130-1851 or 1131-1851 or 1140-1851 or
1135-1851 or 1145-1851 or 1155-1851 or 1165-1851 of a C. difficile Toxin B

sequence.

4. The fusion protein according to any preceding claim, wherein the second amino acid
sequence is provided by an amino acid sequence that has at least 80% sequence
identity with an amino acid sequence selected from one or more of the amino acid
sequences 1851-2389 or 1851-2007 or 2008-2141 or 2142-2253 or 2254-2389 or
2390-2502 or 2503-2594 or 2595-2710 of a C. difficile Toxin A sequence.
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WO 2012/ 046061PCT/ GB2011/ 051910 a) immobilising on a surface (for exanple
on a matrix within a colum) one or nore C. difficile fusion protein(s)
accordi ngvoaomyewsii Cl ai ns 1-9; b) contacting the i mobiPCIraEofwusian
protein(s) with a solution containing anti bodies that bind to C. difficile

Toxi n and/_or, Toxin antlbodles to.bind to said. fusion
prot el e HRARIEY PR o ANt P A NE b AR RE B B T SRS s
protein(s); phviveshy ﬁ@aﬁv‘i@)’a@dlyethoelﬂ@t aad hideakt 80P, guRicatdidentitd with &l uti ng
t he bound antlbodles fron1th Bace thereb prOV|d|n 8$fflﬂ5ﬁ¥ ﬁgrlfled
anti bodi es. %0 Afd a%ﬁqPB%%?yset Pﬁ‘dt?eta&“%o ld feppeere 0 dfia)- or to
a C diffi C|21G1'Eﬁ>dl8515258\mr18511-28% dr ags1 D&‘(Iﬂyorl sembz@mamamtwm ofet dod
according to C{/g?-ﬂg 10, or Caim1l and wherein said anti body does not
subst ant i al 1§ §EnPIA SR Pect or domain and/ or to the cysteine protease
domain of a C d|ff|C|Ie Toxin A or Toxin B; such as wherein said antibody

corrprlses Fab ay t| n F 2 antibody. 13.. An .

O b e oDl B Bl 20 B P 814 e
pr esent ed byseneémdéulesmd\ﬁ@é& &iBEB a&hﬁln@ acd ﬁqﬁéh@d that Tﬁasxlaﬂleésﬁa(m% udyce

resi dues 1509- % d ficile Tox %E 14. A fusion roteHg
according td %myy Bt ?'Hﬁ"ola‘é aRUfeNsP %‘Fr‘xecé MO R UPRYP LG 18P% 12 or
Claim 13, f@OOG&EZO@B-QiT@ o EMOMA7GIbr 2T 28666 a OF diFlepTeds BaseqaéndeDl ;
preferably for use in the prevention, treatnment or suppression of CD in a
human. 15. A nethod for preventing, treating or suppressing CDI in a human,
sai d met. hod THensibs brdein dtardmigas IOgmta) whardn Hedstoad bhﬁfoamﬁwséthbyus

ef fective anoun f a fusion. protein accordi ny of C and/ or
o ant body BRRdedbE pET i iduepe BekRrs 3Hdas Bo% Yedtience Refty vith o

amino acid sequence selected from amino acid sequences 1852-2007 or 1852-2139

or 1852-2273 or 1852-2366 of a C. difficile Toxin B sequence.

8. The fusion protein according to any of Claims 1-3, wherein the first amino acid
sequence is provided by an amino acid sequence that has at least 80% sequence
identity with an amino acid sequence consisting of residues 767-1850 of a C. difficile
Toxin A sequence or residues 767-1851 of a C. difficile Toxin B sequence; and
wherein the second amino acid sequence is provided by an amino acid sequence
that has at least 80% sequence identity with an amino acid sequence consisting of
residues 1851-2710 of a C. difficile Toxin A sequence or residues 1852-2366 of a C.

difficile Toxin B sequence.

9. The fusion protein according to any preceding claim, wherein other than the above-
defined Toxin A and/ or Toxin B amino acid sequences, said fusion protein does not

include any additional Toxin A and/ or Toxin B amino acid sequence.

10. A fusion protein according to any preceding claim, for use as an antigen in a method
of generating an antibody that binds to a C. difficile Toxin A and/ or to a C. difficile
Toxin B;
such as wherein said antibody comprises whole 1gG, an Fab antibody or an
F(ab")2 antibody.

11. An in vitro method for isolating antibodies that bind to C. difficile Toxin A and/ or to C.

difficile Toxin B, said method comprising
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16. A nethod according to Caim15, wherein said fusion protein is

adm ni stered as part of a conbination therapy with one or nore additional
anti gen swbeeot2adedsnom a C. difficile non-Toxin antigen, pam/dBracisvaved or
attenuated whole cell C difficile bacterium and a C. difficile cell
extract; and WD 2012/ 046061PCT/ GB2011/051910 a. optionally one or nore
antigen selected from1l) an antigen froma bacteriumthat causes nosocomni al
i nfection, a@idPMoRiising et sHiteed (foF exaPRIA QA BCHAK A BINcRFOIUHALPRE PlURPehat

causes nosocom@lgifikeeGdibrProtaid) Recofitd @Nlylof CPi@saLg;nore antibiotic, such
as an antibiotic effective agai nst a bacteriumthat causes nosocom al

infection. 7. AoR@ctrsuthgd@atodilisgd fusion RipieiN®), Withhne Pl fPnseandpining iPBkAFigss

adm ni st ered ashfdidd ©fc. aimaBIRA A 9RdthToRs:W t h one or nore additional
anti bodi es selected froman antibody that binds to a C._difficile non-Toxin

anti gen, and)alawinobTly anfiaedies {RIPind t saolusiop eprpten (S)kiitherery IfeMbRg Ber i um

and a. opti onalgolin®Bsmplex BPARILRAY aRd fRRMpreRingot ed from 1) an antibody that
binds to antigen froma bacteriumthat causes nosocom al infection, and 2)

an ant i body ®haraspingdyvayany urhenns Fdibpdperrreleinidne hat causes nosocomi al

infection; and dutingRhd BOR antiBE@efromR & s@ficebinaFdny prélidifg ain@Rp@iiiedbi ot i C
ef fective against a bacteriumthat causes nosocom al infection. 18. Use of
an antibody ac@tBPHREto Caim12 or Aaim13 in an in vitro i nmunoassay
met hod for confirmng the presence or absence of a C. difficile infection

in a patient sanple, wherein the presence of a C difficile infection is
confi r ned by“rbléf‘ iyntQatt RiBdsite A aifficileaf ki ?B@dﬂ}r {002 L£-cdiffigile Tiogin1 B Toxi n

A and/ or To¥{dieiR sBlEHRMBbdY & SAhiAaSEHH LmetiRd 6N @hintITE of eIdiatHct the
bi nding of said antibody to a C. difficile Toxin A an or Toxin B present

: . ! , , d/ .
in said sanpind Wi sad afibodnderteotsubglactiallyibing oithe effagtacdesain a0d/ Mse of
a fusion pr Qb A cyREGHY SrioRGist Aol &fa & Affibfe foxdPAIORTaXNIBA Vitro i Mmunoassay
such as wherein said antibody comprises whole 1gG, an Fab antibody or an

F(ab")2 antibody.

13. An antibody according to Claim 12, wherein said antibody binds to an epitope
presented by residues 1500-1850 of a C. difficile Toxin A and/ or by residues 1500-
1851 of a C. difficile Toxin B.

14. A fusion protein according to any of Claims 1-9 and/ or an antibody according to
Claim 12 or Claim 13, for use in the prevention, treatment or suppression of CDI;

preferably for use in the prevention, treatment or suppression of CDI in a human.

15. A method for preventing, treating or suppressing CDI in a human, said method
comprising administering to said human a therapeutically effective amount of a fusion
protein according to any of Claims 1-9 and/ or an antibody according to Claim 12 or
Claim 13.

16. A method according to Claim 15, wherein said fusion protein is administered as part
of a combination therapy with one or more additional antigen selected from a C.
difficile non-Toxin antigen, an inactivated or attenuated whole cell C. difficile

bacterium, and a C. difficile cell extract; and
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met hod for confirmng the presence or absence of a C. difficile infection
In a patient sanple, wherein the presence of a C. difficile infection is
confir medwbyotauewti ng t he bindi ng of said fusion protePAoTiGB2an/@&Nd10body
present in said sanple, and wherein failure to detect the binding of said
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that causes nosocomial infection, and 2) an inactivated or attenuated whole
cell bacterium that causes nosocomial infection; and
b. optionally one or more antibiotic, such as an antibiotic effective against a

bacterium that causes nosocomial infection.

17. A method according to Claim 15, wherein said antibody is administered as part of a
combination therapy with one or more additional antibodies selected from an
antibody that binds to a C. difficile non-Toxin antigen, and an antibody that binds to a
whole cell C. difficile bacterium; and

a. optionally one or more an antibody selected from 1) an antibody that binds to
antigen from a bacterium that causes nosocomial infection, and 2) an
antibody that binds to a whole cell bacterium that causes nosocomial
infection; and

b. optionally one or more antibiotic, such as an antibiotic effective against a

bacterium that causes nosocomial infection.

18. Use of an antibody according to Claim 12 or Claim 13 in an in vitro immunoassay
method for confirming the presence or absence of a C. difficile infection in a patient
sample, wherein the presence of a C. difficile infection is confirmed by detecting the
binding of said antibody to a C. difficile Toxin A and/ or Toxin B present in said
sample, and wherein failure to detect the binding of said antibody to a C. difficile
Toxin A and/ or Toxin B present in said sample confirms the absence of a C. difficile

infection.

19. Use of a fusion protein according to any of Claims 1-10 in an in vitro immunoassay
method for confirming the presence or absence of a C. difficile infection in a patient
sample, wherein the presence of a C. difficile infection is confirmed by detecting the
binding of said fusion protein to an antibody present in said sample, and wherein
failure to detect the binding of said fusion protein to an antibody present in said

sample confirms the absence of a C. difficile infection.
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