; e3ePNVB6TNO3 Apri| 2003 PEPTI DE FRAGVENTS OF CHOLERA TOXI NyBaGiR 2003
ENTEROTOXI N B @EﬂVACCI NE ADJUVANTS FI ELD OF THE | NVENTI ON *1631G3* The

present inven’ﬂ ﬂ”mﬂmmm to a substance. In particular, the present
i nvention rel bstance that is capable of displaying one or nore

properties that ae®cwseful in nedicine. to By way of exanple, the substance
is useful for use as an inmunonodul at or and/or an adjuvant and/or an

i nhi bitor of toxin-induced diarrhoea. More in particular, the present

i nvention r el BPEDE FRAGMENTH OF CHPLERA TOXIUAORENIERATOFY B4H¥tERBAPIWVANEUI at i ng
an i nmune response - such as that associated wth an 15 autoi mmune di sease.
More in particular, the present invention relates to the use of the

subst ance as F%QLB%I“’IL twtei@ngm/en in conbination with a related or an
unrel ated anti gen. 20 More 1n particular, the present MIMMNMU“““M& es to
t he use of the substance for inhibiting toxin-induced | e

present invention also relates to an assay for screening fewusgents capabl e
of i nteradti ndewresptineentonselaecle asubstanee.pr esent i nvention. 25 BACKGROUND
OF THE | NVENTI ON Escherichia coli (E coli) heat |abile enterotoxm (Etx)
and its closely related honol ogue, cholera toxin (Cx) fromPibrio
chol erae, ar dnp¥ABWag Sheprefind irRleMtidnOpélafes (3@ sibbitite thads tapableysralisptaying
receptors on host cell surfaces. Each toxin consists of six noncovalently
| i nked pol yp@Be peEoreuppastiesi thet| agiussfl in medigihe A subunit (27 kDa) and five
identical B subunits (11.6 kDa) which bind to GW1 ganglioside receptors
f ound

10 By way of example, the substance is useful for use as an immunomodulator and/or an

adjuvant and/or an inhibitor of toxin-induced diarrhoea.

More in particular, the present invention relates to the use of an immunomodulatory
substance in modulating an immune response - such as that associated with an

15  autoimmune disease.

More in particular, the present invention relates to the use of the substance as an

adjuvant when given in combination with a related or an unrelated antigen.

20 More in particular, the present invention relates to the use of the substance for

inhibiting toxin-induced diarrhoea.

The present invention also relates to an assay for screening for agents capable of
interacting with the substance of the present invention.

25
BACKGROUND OF THE INVENTION

Escherichia coli (E. coli) heat labile enterotoxin (Etx) and its closely related
homologue, cholera toxin (Ctx) from Vibrio cholerae, are examples of protein toxins
30  which bind to glycolipid receptors on host cell surfaces. Each toxin consists of six
noncovalently linked polypeptide chains, including a single A subunit (27 kDa) and
five identical B subunits (11.6 kDa) which bind to GM-1 ganglioside receptors found



03 April 2003 on the surfaces of nmammalian cells (Nashar et @3 ApA2PR0Br oC
Natl Acad Sci 93: 22b230). The A subunit is responsible for toxicity
possessi ng adenosi ne di phosphate (ADP) ADP-ri bosyltransferase activity,
whereas the B subunits (EtxB and CtxB) are non-toxic oligomers which bind
and cross-link a ubiquitous cell surface glycolipid 5 ganglioside, called
GW1, thus facilitating A subunit entry into the cell. In contrast to the
poor imunogenicity of the A subunit al @he, both EtxB and CtxB are

except i onal lop thosuefaces offmangesien zads Nwshar a7ed 1806 iPrec hiatloAaxi Sts P3ER36-and

Ctx (which rise the A.and B suburuts) are known to be potent adjuvants
when gi ven %ngiﬁ‘fy‘\ F'?P‘E‘btrrﬁi Wéﬂqnéﬁv‘i/\,kj"[r Oﬁ‘ﬁF%l%ée&S‘Bﬁﬁdﬁ%?@“e( &Hé?ﬂ?ﬂét? al
1996 Vacci ngabyy Afﬁ’zﬁg&?itrd}@%E aeﬁv@, WhRas YRCBI iBudils (B3B8 anhRSPBY 2@Nd
Hirst 1995 Vaccine 13: 803; Elson and Eal ding 1984 3 I munol 133: 2892;
Lycke and Habmgrxanolig@ters mhinip lbogly arfsOcro80link aBduquismsofellt sueface glycolipid

i mmunogeni cit%/g,%. bqt h E%{ggﬁgd Ct)éB. have been used as carriers for other
epi t opes *an&HICrgefe rAr thup fagilitatigA subupit ety igta e gelly ysed as 15
conponent s of vaccines against cholera and E.coli nediated diarrhoea)

di seases (Jetborn et al 1992 Vaccine 10: 130). Several studies have been
carried out Importiast torthe podoimmandgerigity of ¢hoA subeniCridieaboth HixB and§itrBt s

with a view to devel opi ng a vacci ne against. the chol era toxin, and heat
'abi | o E. coff® PRRPnaly RREA SMripassst end BEir rEmesl n GoBeiFo it 68 Kr esent
sone of the Witk cdhipisetfie APHFBGRbiEfaRWnolA th mejao@énf?%djulvm_s E\)ﬁttsﬁ‘g‘ven

Application No. 2 415 419A discloses a synthetic vaccl ne agai nst chol era
and agailast ordlxtin tabbinetisrowith unfeldfed amigens (apadl 84 avgl 996 A\baricing dte79%-798;

carrier with 25 synt het.ic .polypeptide corr ondi to.pa f e
sequence of Neshag el 9&3‘%‘2’/ 8%?‘8‘11%1? B &é@%ﬁ&ﬁ %9381’?&?@& [%@2’3 IEPS"“
correspondi pgg4 Eﬂd&@ﬁb‘s@H'Iﬁﬁnmqgﬁlcf%@zpiy&fe?%ﬁd‘@mlﬁ{%é{ @W&&'&ﬁf 4. as
conjugates or as an active ingredient to raise antibodi es agalnst the B

suburut and390bx PBewuex of rtgein inosnhogamicity] bataEndR andfExBi baveblyeeBused as

ent erot oxi ns. . 3 ril . 2003 3 WO 89110967 di scl.gses, an, am no aci
sequence \/\hicﬁ‘ﬂe‘isg?fr SRPUOPESANY pEUg %65‘541%88’ Heang E@’e\r}dﬁF‘bHs a be

used i n 1gonRhiaddend ¢ Wﬂc&tﬂbse%zii&?ec'ﬁoﬁa anbek ehR! ABRURACAigAMRMAisHSD as
Fl agel | r~m and/ or Sal nonella, Tn vaccine fornulations with a viewto
provi di ng pllstteot ¢:awh 199aVasting H3:d30).on by the heterol o~aus organi smor ~5
to providing protection against conditions or disorders caused by an
antigen of the orgatusm WD 90103437 relates to a hybrid protein which

fuses the CioRrashididst havetdteh RErRAtduY BnIRE YRRRR0RbmAaRE bFEPQIAHE CRRBI gen
which is deened useful for vaccination purposes, |0 particularly to help

the stabil i gad EoB sbunits witblaogowdo davdloping ajvaceine aggingtdhe pholeredoxinandent .
WO 94/ 06465, 1 tes. to. amnq acid fi_agments ich are linked, either with
or wit ot B RUEE P yBTn" BpFah ol B HE M Bie BhehrRt i a5k
fragment |i gked wosk tHaEhakbeeRthdiR®l oGEAGKIeLARSE. @an opsoni c or protective inmune
response to the epitopes of the
. UK Patent Application No. 2 415 419A discloses a synthetic vaccine against cholera
and against heat labile toxin of E. coli comprising a conjugate of a carrier with a

25  synthetic polypeptide corresponding to part of the sequence of CtxB.

WO 85/02611 discloses synthetic polypeptides corresponding to particular sequences
of EtxB which are deemed useful as conjugates or as an active ingredient to raise
antibodies against the B subunit and for protecting a host animal against infection by

30  enterotoxins.



frégnent. W95/ 29701 di scl oses a vacci ne agai nst Yibrio chol @ aprif2008
conprises a conjugate of cholera toxin B subunit (CTB) or a synthetic
fi-agment peptide which consists of a 20 portion thereof, such as peptide
CTP 3 conprising the 50-64 am no acid sequence of the B chain |inked to an
inert carrier. W96/26282 di scl oses an expression systens for expressing
gene products fromreconbi nant Bordetella strains wherein the gene product
may be a cholera toxin 25 nol ecul e. W96§ 34893 di scl oses hybrid nol ecul es

bet ween Et xBy@ng/ (do6? diktisss TRYanfifo Uil dthudite AviAE FdpR@e s Gedi@uP hEHERE
[ dual . 30 03 April

andl or treat enterotoxin-induced i ness in an i nqli vid
2003 4 WO 98084342 ths (tkBswehichncdrt bB ssedui tcomhingtioni svittodnf egitbpes dfne!| ude

an inserted antigeni c peptide. The chjneri¢ aptigen-Et xB nol ecul e js used
f il t - el BOagr PR yrRdlain ot Sk e Re ToHtons

ani mal's. 5 Th@esevish Y8 besvidifk PrAcction a8hinbEhfdchbn Uy theHetdrdlbeSusRididR or
conprising part of the sequence of CixB/EtxB or (ii) a peptide conprising
part of ®he (& pmyahng poftecionBigatnsBecamligdmsdor. disaders sewsod dyent atjgepsafahe as an
antigen) to induce andl or maxi m se the imunol ogi cal response to that
peptide. Ac@bPBPMYyly, these documents relate to the use of an

i mmunodom nant epitope of CtxBIEtxB or parts thereof as an itnnmunogen in

i nducing 10 an imununol ogi cal response agai nst these subunits with a view
to devel opi MOIIMAIABT yelatgnionshytridgiretein whith duseEthedTtkB sublinat with dhcoastivoes

di seases. WD 911 07979, di scl oses a chineric, protei ich includes a portion
of "0 xB. and SEHERE, Sgp R RIAEGHS 911" QUSR b ioRren Gl EFeeiREio SUTpR 1 or
use as goVapahidflaily @ heip! " staBlihGod STPRAESIdBuA aBHEMRCIn ttRe GnfiSial €d
antigen. Inthis regard, the portion of CtxB isS being used as 15 an

adj uvant butenviinneest.an i mmunonodul at or. Accordi nJly, none of the above
cited

WO 94/06465 relates to amino acid fragments which are linked, either with or without
a linker, to an appropriate carrier such that the amino acid fragment linked to the
15 camier generates an opsonic or protective immune response to the epitopes of the

fragment.

WQ095/29701 discloses a vaccine against Vibrio cholera which comprises a conjugate
of cholera toxin B subunit (CTB) or a synthetic fragment peptide which consists of a
20  portion thereof, such as peptide CTP 3 comprising the 50-64 amino acid sequence of

the B chain linked to an inert cartier.

W096/26282 discloses an expression systems for expressing gene products from
recombinant Bordetella strains wherein the gene product may be a cholera toxin

25  molecule.

WO096/34893 discloses hybrid molecules between EtxB and CtxB which may be
- useful as a vaccine and to prevent and/or treat enterotoxin-induced illness in an
individual.

30



docunents relates to the use of a CtxBl EtxB peptide or part phapei@foods an
J mmunot her apeuti ¢ capabl e of nodul ating the i mmune response. W have shown
that the EtxB subunit is capable of acting as an inmunonodul ator in 20

i mmune di sorders. By way of exanple, we have disclosed in WD 97! 0204S t hat
Et xB binds to GW 1 gangli oside receptors which are found on the surfaces of
mammal i an cells and that this binding induces differential effects on

| ynphocyt e popul ations including a speci4c depletion of CD8+ T cells and an
associ at ed ¥0i %21 difclibes ahl BxBTdubaxit eftidc issmadiBeda bbs @rfudehan irsenad ant
EtxB protein (G33D) (Jacking, GW 1 binding 25 actjvit i s_enpl oyed.
Consequent | )?f‘t%ﬁﬁ‘é"séeé%‘ﬁeﬂhﬁﬁm’%mr@é‘ﬁﬂ‘? mogecelsdy tPI"FgF“éF‘I%BPC"%e
functional i td k@At Bhdi B : re attributable to the
capacity of rr%sﬁgn%t}(s‘%%ﬁlgnd Cglg%&lgﬁﬁﬁfr%@tllzﬂ%é%%ﬁgato the G\ 1 receptor since
mut ants | acking the capacity to bind G#1 (such as EtxB (G33D)) fail to act

as adjuvantg, or i nonodul at ors, Thus, the prior art to da has suggested
Chat | o TG KR EeUGeLi EBEAF Uk 9L} RPephIErImBINREGEE: o Ge fetieAtioq
through Gliofchig Bt Irsi L pyeslch 9RTEANEIRYGRGEN
carried out oon XE;EE?EQQ‘Q?U?%%%HE\&#& ret%ichrll g%e capacity to b‘?u to the
GVt | receptoma stnondwhiith(shehcds amnantigen)ro imdlick ahdoymefimésetthe imGiBndlogichl 2003 s
We have suprisinely found that not all of the effects of Etx and t are
medi at ed thrﬁaaweaé thah eRidt. ASORERSIy- AlbptecHesiments laiayrs e&r@gw

accor dance yhirfinbdifinRERYERbyd SHERBIAE Vi@ierdOihs R tRFhuhBEn fhduci
i mmunonodul ati on and so o? her e fect\se{?B?@sEtfﬁiﬂaand Ctx ar egér?olt I’h’?melgima ed

t hr ough 1GV an bimdiimgogitdl Aspest sagainst Hheser abanits iwithent vizw do edgvetopéng ed i n

t he acconpanying. clains and in the follow.ng. description and di ion. In
one aspect H%/‘mﬂ"ﬁléyﬁlgé‘é‘é%‘fah % &R Pbl@_"l"llfe‘PE‘_hP d g Weé‘seaas%bqg’pah@@%

conpri sing a1oeke: HimPRE Frofdin MRIAThALIRG FrR B akLAPLi BB Sedidtfof
sequence presented as SEQ ID 15 No. 2, or "a variant thereof, or a honol ogue
t her eof , or aaefirsigmiigen wheheof Jesipned faterst #ai vaceint heeliegfan iommumerresponsec

t hereof; which substance is, capabl f acti,ng in a .that is fhe sane
as or is siHuftsyoIed tEF)%s'é’ﬁjd?"tS'l%e‘ét ﬁB&“%{?ﬁaﬁﬂhg‘F@Pﬁl"f‘ﬁg%éi Eﬂ&%“ﬁ Hot

capabl e 1of gxhifakhddile @Yt s B RindBoRE&INbE Y AcdfhdihBly 2ndHeCd tht B0 RS Bkt  Of
the present invention there is provided a substancé conprising any one or

more of an dodumenttirdiateqtee tive uwsongdr asChP/ERB pepfidence parte slareafd ansanSEQ | D
No. 2, or a.variant thereof, . or.a clm)lo ue thereof, or a fragnment thereof,
or a deri vaPP’\‘?&“?‘HS‘PB%‘F‘F capable of T ‘f?:tmtgﬁg? BOPUNSiRTPOR* s ubst ance is capabl e
of acting in a manner that is the sane as or is simlar to |oop of EtxB
andl or Gt xB; but wherein the 25 substance does not exhibit GW1 binding
activity. | Wehdveghpbynphastiey B subpaitis capahle ef goting enan immmuneednlstaeine | s

rovi deqd.a substance co i Si.ng.an ne qr re of .a ] i uence
E onpr i sig%g Fﬂ‘é‘“&%ﬁﬁ%ﬁ‘&&s' ye‘g%yngfeedmé‘g?esﬁ@%f’ﬁ%&osf? mo{rx,(g%@??gﬂh%t%er eof , or
a honol oguebinde & M- 10§andlibdi@d0FBREPtors which are found on the surfaces of mammalian

cells and that this binding induces differential effects on lymphocyte populations

including a specific depletion of CD8+ T cells and an associated activation of B cells.
These effects are absent when a mutant EtxB protein (G33D) (lacking GM-1 binding
25 activity) is employed. Consequently, these experimental results would suggest that all
of the functionalities associated with EtxB and CtxB are attributable to the capacity of
the EtxB and CtxB subunits to bind to the GM-1 receptor since mutants lacking the
capacity to bind GM-1 (such as EtxB (G33D)) fail to act as adjuvants or
immunomodulators. Thus, the prior art to date has suggested that immunomodulation
30  and other effects of Etx and Ctx are mediated through GM-1 binding. However, until
now, no investigations have been carried out on CtxB/EtxB mutants which retain the

capacity to bind to the GM-1 receptor but which lack an immunomodulatory effect.



30 thereof, or a derivative thereof) or a mnetic thereof; v48 Abril2003t ance
.I's capable of acting in a manner that is the sane as or is simlar to the
34-a2 |l oop of EtxB and/or CxB; but wherein the substance does not exhibit
GW 1 binding activity. 03 April 2003 6 The substance of the present

i nvention can be an am no acid sequence or a chem cal derivative thereof.
The substance nay be a synthetic peptide or a synthetic peptide variation -
such as a retroinverso D peptide. The sybstance may even be an organic
conpound or Whave GRS R fouﬂaeth!naﬁétea'il SHBOREESs AF Erenadnte £E nﬁEd‘iH%éd cs of
SEQ 1D 5 No. 2. The susbstance of the present invention is capable

acting in athmongeGMHdtndisg.t he sane as or is simlar to EtxB andl or Cth.
10 The term"sane as or is simlar to" is a qualitative termrather than a
quantitative term In this respect, it may be desirable to have an
I'ncreased bigisiiea RYTASHEOTS OR 1@ESBYVERTIGIet er m ni ng whet her a substance is
capable of acting in a manner that is the sane as or is simlar to EtxB
and/ or CbxB would be readily determ nable to those 15 skilled in the art.
For exanpl e, the a‘zsa asure and/ or . det ernhne an ef?ect on cell

popul at i ons, ™sd&§Pr c%/y??‘b od{f PN PBUBRHOR: i Whsi2¥eh Q¥ efouBd dhatafhe el ude

but are not ilmlinbRAdEIBIG akd $Hied bABr SfecBRATERR bRd T SeBiot In&fRhibS throddhe
enhanced activation of CD4+ T cells and the polyclonal activation o

cells. In adéMtibindingr in the alternative, the assay coul d be based on
determ ning and/ or neasuring particular cell 20 surface markers) indicative
of activation of certain intracellular events (e.g. meauring an increase in

CD25 expies UspBits of (1R présehShadfion af tackdhy; ih bl e of
exhi biting %? tslondl ng aCtSilhw tyIl Ze r,%ﬁng{si?ggﬁfagr J%g%hnllﬁgr@ﬁelﬁ?%gk of

GV 1 bi ndi ndodewingideseripoen shdodisquesio.l y det erninable to those skilled in the
art. For exanple, the assay may utilise GW1 bound to a solid support and
wherein the substance is then passed across the bound Gw 1. Elution of the

substance i 9nioRgiaggHct ¥Lthk Paéseht indORPonNAre N pvided @\ubstahdd &m'iBHs%
preferred aspect, the assay is that described in WO 97/0204. %I’I I

2003 It is toae e mooe efi an hmna #ned $rqneticn goraprising; the segfiench @resghied asnSEQ not

angtn &b MRGZe e ban el SanoRate e Y e @R heeRiletr A i

bi ndi ng act ltNdrédf b5 fohdhetlc 1ErBOT: REhi@CIubstarcy is dapablé of adtR@ah G mhiiRr $ab R ance
may exhibit a S|ngle bi ndi ng event. However, for some cases) the 5

subst ance mée 3OS 95 istsimpilarap 6T amdforFtxBiguit wépereisy the sehstanse s wsit sapahly
activity.  of exhibiting GM-1 binding activity.

20  In a preferred aspect of the present invention there is provided a substance comprising
any one or more of: an amino acid sequence comprising the sequence presented as SEQ
ID No. 2, or a variant thereof, or a homologue thereof, or a fragment thereof, or a
derivative thereof, or a mimetic thereof, which substance i1s capable of acting in a
manner that is the same as or is similar to loop of EtxB and/or CtxB; but wherein the

25  substance does not exhibit GM-1 binding activity.

In a highly preferred aspect of the present invention there is provided a substance
comprising any one or more of: an amino acid sequence comprising the sequence
presented as SEQ ID No. 2, or a variant thereof, or a homologue thereof, or a fragment
30 thereof, or a derivative thereof, or a mimetic thereof; which substance is capable of
acting in a manner that is the same as or is similar to the f4-a2 loop of EtxB and/or

CtxB; but wherein the substance does not exhibit GM-1 binding activity.



Preferably) the substance is substantially isolated and/or s@yBsmindodd |y
pure. As used herein, the terns "isolated" and "purified" refer to

nol ecul es, either nucleic 10 or am no acid sequences, that are renoved from
their natural environnent and/or isolated or separated tom at |east one

ot her conponent with which they are naturally associated. A protein may be
mxed with carriers or diluents which will not interfere with the intended
pur pose of the substance and still be regarded as substantially isol ated.
15 The present invention is based on thé suprising finding that there are
mut ant s whi dhe arbstapegefbthe pofseiiindintign cen bhen @Mido rad spawncbot awhemizal ack an
i mmunonodul ggory e{fectf. Tghese nmut ant s, facil | ttate the el uci dl?tati on, of the
mechani sm bYW Eh hefrot s ToA SHRItance Gravchs @ SHURGHC BSRYdE a2 HAFhqtc peghde,

Vi S-a-Vis aRaridfeHNQIRs Afionvefsbas peptild. FHLIULSERRCEBy Aveh BE aRToBSAR
invention are as follows. A substance according to the present invention
for use in pempwinder othestissicahcThakteraiamgles are ¢xemplestmimetinsof SEQIDf or use
as an irmungﬁogul ator. 25 A substance according to the present invention
for use s “adjuvant. A substance according to the present invention far
use as an inhibitor of toxin-induced diarrhoea. 30 A substance according to
the present invention wherein, the substance additionally conprises an
antigen or ahe susbstageepthd presentiimantion is c@Bablef dctieD® mpangitizat metbesartiec al
conposition,c i Si syb ce according to the present invention,
optionally ?ﬁ%@%ﬁﬁ%q?ﬁ%@ﬁ@dz%we pharmaceutically acceptable carrier(s),
diluent(s) or excipient(s). Use of a substance according to the present
invention for use in the manufacture of a nedicanment that is capable of
treat i nd0 an@hoterp eamemas ards simdlanto” el gialititivg termoiaten Swnangiiaptita ongine on
associated with an i ne, di sorder and/or a taxin.nmediated disorder. to An
assay net hog{ ‘%‘8;’“8%?’%%56 ‘hﬁﬁg”tﬂ? toal{j’é'ﬁ?%mtcﬁ’é‘fe%m%% of interacting
with and/or affecting the substance according to the present invention;
wherein the assay conprises contacting the substance with an agent to be

t est ed, andAntassaydert dateriniring whisthiche substanoois ¢apeble g€ acting incamgnneh ¢hat is
substance. 15 An agent identifl| by the ass met hqd cor.di to the
present invélﬁ’ts?xgﬁ. X %lﬂ%ﬁa%hb‘ﬁj@ﬁ%% VY:%‘%P? §€faﬂaya%ﬁqwge?ﬁ°nt8°§eo a
subj ect 13 n §leRst iafthd sreaFoeskanple, ARdsedy MELHRAII® Bndbr adterRine AR@HEAnON of a
di sease and/or condition associated with an immune disorder and/or a toxin
nedi at ed di 3k pRprlators, Buchaasdempheaytaltabiopapylatiens. 2Bheseceffasts ¢aminelndeobut

are not limited to an induction of apotosis in CD8+ T cells , the enhanced activation of
CD4+ T cells and the polyclonal activation of B cells. In addition, or in the
alternative, the assay could be based on determining and/or measuring particular cell
20  surface marker(s) indicative of activation of certain intracellular events (e.g. meauring

an increase in CD25 expression).

The susbstance of the present invention is not capable of exhibiting GM-1 binding
activity.

25
An assay for determining the lack of GM-1 binding activity would be readily
determinable to those skilled in the art. For example, the assay may utilise GM-1
bound to a solid support and wherein the substance is then passed across the bound
GM-1. Elution of the substance is indicative that it does not bind to GM-1. In a more

30 preferred aspect, the assay is that described in WO 97/02045.



These aspects are presented under separate section headi ngs.odRpm\weos it is
.to be understood that the teachings under each section heading are not
necessarily limted to that particular section heading. 03 April 2003

| 1VI MUNOMODULATOFt 9 As used herein, the term "i munonodui ator” neans a
substance that is capable of nodul ating the i mune response by inducing,
for exanple, a differential effect on 5 cells, such as |ynphocyte cells -
preferably | eading to induction of apoptosis in CD8+ T cells and/or
enhanced aciLvation of CD4+ cells and/or the polyclonal activation fo B

celI's. The fldtibedpted dabHicbindiag ativity ghtbe SURSE & NOLNFSSanAePARIEHAR but i s
not |imted, Ay Ebduk Gs BBl bR @1%+cﬁ%h%r§é RRuah fex fganpl e

apotosis)) t hanced activation o + T cell's and/or an associ at ed
activation khgtB Crelahd EtEB ethe rpainayy bindirignaaivayos GMii drindisg eeypatyl elnothis

downr egul ati ng .t he pat hol ogi cal. response of Th 1 and/or Th2-associ at ed
i mune res pfﬁgg"ést.he fUpsiBnes @?’éﬁwb{t Hé“ﬁg}ﬁﬁm‘g‘ﬁﬁ QUfkt gPWFEercfab%?%caéFsv the

upregul at i ngpkhieeeRh 9&&9&#&?@{1&; gﬁgﬂ@n@grem%ﬁﬁlbhﬂ}l{gfﬁﬁﬁ . ADJ WANT 20

As used herern, an "adj uvant non-specitically

enhances the i nmune response to an antigen. It also includes any substance
which is capahle of affectin he extent of the imune 25 response to an
entity suc hB ‘ES?“’“’EW thersp ?f‘cﬁhg? Fta%qi’“é(r‘lftqt‘ﬁ% Jsrstantialppureny o) tering

As used herein, the terms “isolated” and “purified" refer to molecules, either nucleic
10  or amino acid sequences, that are removed from their natural environment and/or
isolated or separated from at least one other component with which they are naturally
associated. A protein may be mixed with carriers or diluents which will not interfere
with the intended purpose of the substance and still be regarded as substantially
isolated.
15
The present invention is based on the suprising finding that there are mutants which
are capable of binding to the GM-1 receptor but which lack an immunomodulatory
effect. These mutants facilitate the elucidatation of the mechanism by which the B
subunits of Ctx and/or Etx act, particularly vis-a-vis an immunomoduiatory effect.

20 Other aspects of the present invention are as follows.
A substance according to the present invention for use in medicine.

A substance according to the present invention for use as an immunomodulator.
25

A substance according to the present invention for use as an adjuvant.

A substance according to the present invention for use as an inhibitor of toxin-induced
diarrhoea.

30
A substance according to the present invention wherein, the substance additionally

comprises an antigen or an antigenic determinant.



the antigenicity of the antigen or by altering the specifcc 03®Aamili2008y or
.the nonspecific effector associated nmechani sns of the host such that an

i mmune response is induced in a host cell and/or is guided in a particul ar
direction. In one prefezred aspect, the adjuvant is capable of acting as a
mucosal adjuvant. 30 Preferably the adjuvant is capable of prolonging
antigen presentation and providing a sustained i mmunoi ogi c menory in a
manmal i an subj ect . 03 April 2003 ANTIGEN to As used herein, an "antigen"
means an entity which, when introduced Bnto an i munoconpetent host,

stimul at es ﬁhehqmmecmmpalommwosalcmpmmsmgamcl sbtbdganm a@qrdlmg)do etbe preshat can

conbine with the entit The, anti ge be a ubstan ure of
subst ance of™&4 I %ptb‘%aBﬁr?qIB‘EfF%g‘énl?m?%r Al m(sF acﬁu% a%?%ﬁ
~agneat s) . bﬂn&,l(g)sdlmg(g)orteag {eRt(Sn i ncl udes any suitable antl genic

determ nant, auto-antigen, Ff antigen, cross reacting antigen,

ai |l oanti gen, xenoanti gen) tolerogen aIIergen hapten and i nmunogen,
parts there as an i natian and .t hese terns are to
Caed”i nt or c RahGERBIAF Segrne 1 e Prsst Inghiod tpupgan s FErypElrry

anti gen t hajpedichiibhiahfSis %Bp@hé @f" t.géa?mtr Epdd &@vedtllﬂg WAH/BH mddiMARe b dlsease
hypersensitivity reaction.. t5 nmpl es of common al | ergen sources i ncl ude
but are not akd/er remtlition r@gwwdi w151eanaoumme disprilep zand/or | artokip, nRdiatadda)
Kent ucky bl nugmortalder birch) hazel, beech, Cupressae) oak, olive,
Aspergillus ?88 Cl adosporium spp., Alternaria spp., Basidospores,
Asconycet eswheat, rye, oatcat, dog, horse, rabbit, guinea pig,
hamst er budgeri gar, parrot, pigeon, duck, chicken, Dermatophagoi des

pt er ony$&i ndg, asgay mefhmdi fmaeieteﬁumgbrymmemyheq are copthlo af hntefacting Modust .

m dge seafoo I anut s ts real s, dairy product

frurts, ¢ ondibrsaian the RSB beoiti e e Phyey. MR PaEvaesaL Besbes
peni ci | | I nscorﬁwd@beaﬁawf‘gsm@@db&&ia@mm%l dYet ioCBe teStdll PHASHER AbRANINIn
carbanmazepi ne) bee and wasp stings, ant and nosquito bi t esbl ood product s,

sera) vacci whstheraymiot Et@tagmtchf&ctsmwbst@cncl udi ng anti-asthma drugs and 25
anti biotics). ANTI GEMC DETERM T1ANT The term "antigenic determ nant" as
used herein refers to a site on an antigen which is 30 recogni sed by an
ant i bodys or Ah-agéltliddnigiRBb9 the BEBS REBE] decbidingStoahSpresdnt pRphtiste derived from
or as part of a protein antigen. However the termis also intended to

i ncl ude gl ycopepti des and car bohydrate epitopes. The term al so i ncl udes

modi - ed SCAURURSS of treatment, comprising administering to a subject in need of treatment of

and/or prevention of and/or modulation of a disease and/or condition associated with
an immune disorder and/or a toxin mediated disorder a substance according to the

20  present invention.

These aspects are presented under separate section headings. However, it is to be
understood that the teachings under each section heading are not necessarily limited to

that particular section heading.



03 April 2003 t1 of amino acids or carbohydrates which stinupangrira@ponses
MWwhi ch recogni se the whole organism It is advantageous if the antigenic
determ nant is an antigenic derermnant of the 5 infectious agent (such as
a bacteriumor virus) which causes the infectious disease. By way of
exanple, if the infectious agent is EBV, the antigenic determ nant may be
an antigenic deterrrrinant of gp340 or gp350 or of a latent protein (for
exanple EBNAs 1,2 3A, 3B, 3C and -LP, LMP-1, -2A and 2B or an EBER). If the
infectious 10 agent is an influenza virds, the antigenic determ nant may be
an antigenidM@é&N@ﬁﬁQD@Lbfog-viraI coat protein (for exanple

haemaggl utini n and neuram ni dase) or of an internal protein (for exanple,
nucl eoprotein). If the infectious agent is selected fromthe group

consi sting oAs asddehapial eaehh CimBiicidduMdry eidals a @AbsRAnRE NNASHK \t@pable of
enterohaennrrhaqig and enteroaggregative E.coli, then the antigenic

det er m nant Hedulatmgyhe AmnRe refepnse Dyeinduaing fat example. yadiffarential €fkétnoror

adhesi on fac : ' n st the. Ji j ter.m t is an
ant i geni c5 de e@%’rﬁ“ﬁ%ﬁ ﬁ’f@&%%%%ﬁféﬁ%?%@%&%“@“ﬁ@? K%ﬁg aj’é)gﬁ PEAERDE an

am no aci d sSPe¢lBMmE/o?enBancébattioftiondF D4 deUe atdig tROPolydibRalSidliedtRINGE BTRY
even be an organi c conpound or other chem cal. The agent may be a

nucl eoti de s€ffences - which may be sense or anti-sense sequences. The
agent may 25 be an anti body. In one preferred aspect, the agent is a cel
receptor that is engageab | e by the substance. 03 April 2003 12 INH BI TOR
OF TOXI N- | NOX¥eEerI“ARRTSrkdtAl difet ba Netkotyid collst Gfiayoinclude bt isnibs dsited @rd hoea”

i ncl udes any substance which is cagabl e of affecting the activity of

Et xI Ct x Wol oPesifinsdeplptiont ofa COB8ecqllst Hnongh dan exanerle sapqiasisee theo enlipngedoy x|
such as diar FypAe j E% : » S OF THE | NVENTI ON
The present a{cﬁgge‘tnnl on d%rr’tl;%élgragtg%g gélﬁhgtﬁ y surp‘ﬁ%%& finding that: to
(i) the substance of the present invention is capable of acting as an

i mmunonodul at or andl or an adj uvant and/or an inhibitor, of toxin-induced
di arrhoea  Preferably the immunomodulator is capable of downregulating the pathological

response of Thl and/or Th2-associated immune responses.

15
Preferably the immunomodulator is capable of upregulating the production of antibodies
at mucosal surfaces.
ADJUVANT

20

As used herein, an “adjuvant” is a substance which non-specifically enhances the

immune response to an antigen.

It also includes any substance which is capable of affecting the extent of the immune
25  response to an entity such as an antigen and/or an antigenic determinant, by altering
the antigenicity of the antigen or by altering the specific reactivity or the nonspecific
effector associated mechanisms of the host such that an immune response is induced
in a host cell and/or is guided in a particular direction. In one preferred aspect, the
adjuvant is capable of acting as a mucosal adjuvant.
30
Preferably the adjuvant is capable of prolonging antigen presentation and providing a

sustained immunologic memory in a mammalian subject.



which is capable of affecting enterotoxin nediated diarrhoeajs shre88%s. 15
.(i1) the substance of the present invention is capable of acting in a
manner that is the same as or is simlar to EtxB andlor CtxB. "The activity
of the substance of the present invention may be nedi ated by the

"so-call ed" B4-a2 Loop of EtxB and CtxB, which is a flexible |oop included
within am no acid residues 45-65. 20 (iii) EtxB nolecules with point

mut ations at three separate sites within the B4-a.2 | oop (positions 51, 56
and 57) retain GW1 binding activity, by |ack other activities, such as
toxicity angdzhegggracity to upregul ate CD25 and trigger apoptosis of
CD8positive T-cells. In addition, Ctx hol otoxins conprising B subunits with
mut ; ~t ~ans al so show a defect in an ability to trigger el ectrogenic
chloride secretion, the primary 25 secretory event responsible for

medi ating df‘dr 1958 rReseinT AR s @ngeRd; mepngran Ga'i*%;'l ey |whesy igFeduiced) ingj gt e
flexible |ot 0, . 0L D 5. of
secondary strnaqnomtERt oty s dEpRARGIANck bPuEEL bR, & SRROLE

t hemsel vés. that v3n donshihe with g agity. viie/amigeh Meayshids pascabstand)h migaessar i |y
dependent on . a primary 30 binding event as is found with full |ength Ctx
and Et xB. WYbstapes or 3oBbls of rapticuiagmptenialyinglyding, celisgricelli fragmantcin this y i s
GV bindin b VbV i e TOXI L3 ed. herein,
the term™ Ctgc;@& ?lke%‘/dg% wcéuc{éﬁgn%ﬁ{}%{a%@%ﬁ 6%8;6%@%{% 2{t}%? %ﬁ“%[?t g&\? ?‘gtl‘%r 5to

t he B subuntmsoteacting ahtgay allbantigen, kéhoahtigen, tteketazen) hHegeiphapoehndres be
5 identified as CT or & or CIB or (B respectively. As used herein, the
term"Etx" HEPRRgeReRf Rt fisteof, asgyqll ascamy qoﬁthnll"é‘oéﬁgf'é??ﬁ 894 thesp Frmsare er m
"Et xB" g t J er texts, these may sonetinmes be

i denti fiuzd %?dﬁ%?&i@c&ba{ g"ﬁ%mgértﬂf_%éhr espectively. to 134-a2 LOOP In one
aspect, the present invention relates to an substance conprising the
seqguence EVPGg%—( (SEQ I D No 2) which is capable of acting in a manner that
i s the sameBr aergen” dndndes ppyantiggn thay stirgpigies an eflgrgicgractiops Mdyaingdher eof , or
a honvol ogue r « At nt thereof or a derivative thereof or a

m metic the?%ﬁ(}? lﬁrggl’sﬁ?t}:‘ﬁwitg&%g? capabl e of exhibiting Gw 1 binding
activity. Wthout wishing to be bound by theory, we believe that the

bi ndi ng of Ef&ﬂnﬂl!:svgf common allergen sources include but are not limited to ragweed, rye,

couch, wild oat, timothy, Bermuda, Kentucky blue, mugwortalder, birch, hazel, beech,
Cupressae, oak, olive, Aspergillus spp., Cladosporium spp., Alternaria spp.,
Basidospores, Ascomyceteswheat, rye, oatcat, dog, horse, rabbit, guinea pig,
hamsterbudgerigar, parrot, pigeon, duck, chicken, Dermatophagoides pteronyssinus,
20 D.farnae, Euroglyphus maynei, cockroach, fly, locust. midge, seafood, legumes,
peanuts, nuts, cereals, dairy products, eggs, fruits, tomatoes, mushrooms, alcohotlic
beverages, coffee, chocolate, penicillins, sulphonamides and other antibiotics,
sulphasalazine, carbamazepine, bee and wasp stings, ant and mosquito bitesblood
products, sera, vaccines, contrast media, drugs (including anti-asthma drugs and

25 antibiotics).
ANTIGENIC DETERMINANT

The term "“antigenic determinant" as used herein refers to a site on an antigen which is
30 recognised by an antibody or T-cell receptor. Preferably it is a short peptide derived
from or as part of a protein antigen. However the term is also intended to include

glycopeptides and carbohydrate epitopes. The term also includes modified sequences



20 Etx/Cx B subunits to G 1 is a high affinity interactionp3wsticiooal | ows
arelatively low affinity secondary binding activity of EtxB/CxB to occur.
This binding is nmediated by the the 134-cc2 | oop of EtxB/ CtxB. The

structure of the Q4-oc2 | oop of EtxB/ CtxB can be understood by reference to

t he nol ecul ar structure of Etx as described in detail in Sixma et al. J.
Mol . Biol. (1993) 230; 890-918) cad as illustrated 25 in Figure |I. In
sumary, each B subunit of Etx or Ctx consists of a small N-tecm aaL helix
(al)) two three-stranded anti-parallel $heets (sheet |, conposed of strands

@, (33, (3ofanmogpideer ¢arbohydrrsyetictostimylatg reppopes wiash enqacmissthe whalt a
Iong~a-he|i>3%81 2). The two Q 30 sheets forma 13 barrel. The Loops joi ning
these el enente o “secondary structure in the B subunit can be divided into
trvo classes, referring to the two ends of the sheets. On one end of the
subunit, the "narrow' (or_ "A") end, the |oops are generally short, 03
April 2003 It issadvensegepunif thecantigenie defesminani3is. argantigeme dgiermipgat aPthe3s as
wel |l as the; ] . ' i : ith much
onger 1 bop e s} 34Dl of NSy bilRePBTAR A el 137
(34-a2. The |l ongest | oop connects (34 and a2 (hereinafter the "I 34-a2

| oop"), includes the residues Gu 51 to Asp 59, and extends 5 below the

pl ane of thBYMRysHesuspleTifithe infrshopssaggnl @@pﬁ\(,ethq: BRiggenis deteinang imay beo Si xma

et al (Natu g | - bec I Skin bile after

| act ose bi ngﬁ?r?é&&%f?ed%?@g%? 9 ngpé%ttoi grng‘g%?r)og}st%?a %&%‘%ﬁﬁ%@ifﬁ%ﬁfel oop of
Et xB/ Ct xB | EBNeSPIQNSAPIE, I®ind 1P, SATRNIAY arkti IBlioRgn BEER)L t]Y tidfeefodshe use
of this loop in isolation fromthe rest of the EtxB/ CtxB nolecule (for
exanpl e 19s aseRepitandeffuenzpyingsetheiantigenic detergrant yayPepAnantiggnia deteyningntt o
occur in th o, Lr e I AUt At g g“gg]- . - | oop,
or a pepti dgf 32‘? ﬁgggatf érg%eqﬁfﬁtfog e?%)lgBljé ﬂﬁ%ﬁ/ltagélﬁte%l %lgdtg W %rhﬁ%e%?;gvcﬁfag

i ncreasi ng iMmendfprétaint(forkarhple, artevpeacin). DiMbké ifedidus apént.is Bledt@C fré@si Ng
the afEnity of the secondary binding activity, the interaction with Gt 1
may be furtHsr BB acerpisting” of (emieropathegenic, t ISBteFQRKISCRIS - SUteToHygsivy,

Et xB/ Ct xB" | i i i ] C . i.ndi ng
activity of “FRETE Gl AHF sfibrdsBelkBARRIRA Siphe R R RAAR LAY O

| abi | e E5 cobe ad mitigenic Wéternihiet of 3 Hacteridl aeyin bsadhesidn ifactersol ati on fiomthe
rest of the EtxB and/or CtxB nol ecule (for exanple as a peptide), the
secondary binding activity may occur in the absence of the first and is
herein aftey;; L : AREVIRAYE i ndj oMk erably
t he substan?:telg gi;sgta ﬂ‘gﬂgﬁgg?s%ﬁ{ a?n%@ﬁ?‘? gr?g%g}r?ﬁl%tslgsaﬂgg#@%?glegee ?ﬂpggl{ll oop of
Et xBl Ct xB. @&badtpantigerabl y t he substance conprises a mnetic of the isolated
f34-a2 | oop of

20 AGENT

The agent can be an amino acid sequence or a chemical derivative thereof. The
substance may even be an organic compound or other chemical. The agent may be a
nucleotide sequences - which may be sense or anti-sense sequences. The agent inay
25  be an antibody. In one preferred aspect, the agent is a cell receptor that is engageable

by the substance.



Et xB/ Gt xB. Preferably the substance conprises a mnetic of tdweapfiobesed
134-a2 loop of EtxB/CtxB with a high affinity binding activity. 30
Preferably the substance conprise a peptide of fromabout 5 to about 40

am no acids. 03 April 2003 is Preferably the peptide has | ess than 25
amno acids. If the peptide is a fusion protein, preferably the peptide has
greater than 25 amno acids. s Preferably the substance conprises the
sequence VEVPGSQH DSQ (SEQ ID No 3). Praherably the substance conprises the
sequence GATREVEMRGSOH TSRMKANDIESD BRANRHOEALO Preferably the substance
conprises the sequence GETFQVEVPGSQH DSQKKAI (SEQ ID No s) derivable from
resi dues 45-b5 of porcine E.coli. Preferably the substance conprises

resi dues 45+6s derivab t om, Et. xB of e humgn. i s ,variant, of E.cal.i .

Gor | vabl e saReerch LRtbRer bramindded dRmhe nefer a Piestanes i Eehence
The present chgapRNbi atre&h%vtﬂé_e&tﬁiz? WISERTGR HolGtBking iséh e (B pARoREicH
sequences of 20 the present invention which is capable of acting as an

i mmunonoélul serpequandesor! EivCGiyj el ns dianbdeaymanbeavaided. bi t or of t oxi n-i nduced
di arrhoea which is capable of affecting enterotoxin nediated di arrhoeal

di seases. The substance may al so be used in assays for the identification
of one or MDETAYLEN DESERAPTONDF THEMIVENTION th and/or affecting the
substance activity. 25 As used herein, the term"amino acid sequence”
refers to peptide, polypeptide sequences, protein sequences or portions

thereof . The present invention demonstrates the highly surprising finding that:

10
(i) the substance of the present invention is capable of acting as an
immunomodulator and/or an adjuvant and/or an inhibitor of toxin-induced diarrhoea
which is capable of affecting enterotoxin mediated diarrhoeal diseases.

15 (i) the substance of the present invention is capable of acting in a manner that is

the same as or is similar to EtxB and/or CtxB. * The activity of the substance of the
present invention may be mediated by the “so-called” 84-a.2 loop of EtxB and CtxB,

which is a flexible loop included within amino acid residues 45-65.

20 (i) EtxB molecules with point mutations at three separate sites within the 84-a2
loop (positions 51, 56 and 57) retain GM-1 binding activity, but lack other activities,
such as toxicity and the capacity to upregulate CD25 and trigger apoptosis of CD8-
positive T-cells. In addition, Ctx holotoxins comprising B subunits with mutiatons
also show a defect in an ability to trigger electrogenic chioride secretion, the primary

25  secretory event responsible for mediating diarthorea. These finding are particularly
surprising, since flexible loops are usually thought to serve only to join two elements

of secondary structure together, and rarely have an important function themselves.

(iv) the binding activity of the substance is not necessarily dependent on a primary
30  binding event as is found with full length Ctx and EtxB. With full length Ctx and Etx3,
the primary binding activity is GM-1 binding activity.



03 April 2003 AFFECT 16 The term"affect” includes modul ati ayg April@D0BS
treatment, prevention, suppression, alleviation, restoration, elevation,
nodi fication of the substance activity. The term "nodification" includes
but is not limted to disabling, silencing, nutating, renoving, enhancing,

i ncreasi ng, agonising, antagonising, decreasing or blocking the substance
activity. 1o VAR ANTS/ HOMOLOGUESI DER. NATI VES Preferred am no aci d sequences
of the invention are SEQO ID No 2 or SEQ mNo 3 or SEQ mMNo 4 or SEQID No 5
or sequences SEVERNEBKENS om t he substance of the present invention but

al so include honol ogous sequences obtained fromany source, 15 for exanple
rel ated viraUbacterial proteins) cellular honol ogues and synthetic

peptides, ‘as WelusedBeré¢i, ki lesm O tklerekatalo e ShbIBRY BRIn andhHS tertnCRBE $6MREs
invention covers variants, honol ogues or derivatives of the am no acid
sequences preteficeB puhugithof ke wholeragtoxinar ilmmther featsolthnga avay sodetiingatlieves

of the 20 pucl gol.Lde sequence in or those am no acid sequences. In the
cont ext of thé‘ﬁﬂég%(g?ﬁéﬂr%gﬁtofgﬁfﬁ(E‘C{F‘fbﬁﬁﬁpgﬁtb‘@zy‘sequence is taken to include
an am no acid sequence which may be at |east 75, 85 or 90% i denti cal,
preferably at |east 95 or 98%identical at the amno acid | evel over at

| east the 7 aksnsedbemtmn, ahe 8FQ TEx" Dsreldomeanst the K xafitieat kbils lvotarotoxint dud
sequence listing herein. Ln particular,  _homl ogy should typically be
consi dered wi i B8 pEGBY & f*wo@esuﬁegf aﬁé%ﬁwgh%aﬂén q SR¥ Fostinies ths
aci ds at posi tdeRfifedds ec?ifv sential for an activity
which is the sgne or Hgﬁgfg$g?gg%Pgﬂgﬁggkgn /8 "CtxB rat her than
non- essenti® al nei ghbouri ng sequences. Although hono | ogy can al so be
considered in terms o f simlarity (i.e. 30 am no acid residues having
simlar cheni 8420/ Q@Brties/functions), in the context of the present
invention it is preferred to express honology in terns of sequence
identity.

In one aspect, the present invention relates to an substance comprising the sequence

EVPGSQH (SEQ ID No 2) which is capable of acting in a manner that is the same or
15 is similiar to EtxB and/or CtxB or a variant thereof, or a homologue thereof, or a
fragment thereof or a derivative thereof or a mimetic thereof but which is not capable

of exhibiting GM-1 binding activity.

Without wishing to be bound by theory, we believe that the binding of the five
20 Et/Ctx B subunits to GM-1 is a high affinity interaction, which allows a relatively
low affinity secondary binding activity of EtxB/CtxB to occur. This binding is
mediated by the the B4-a2 loop of E&xB/CtxB. The structure of the B84-a2 loop of
EtxB/CtxB can be understood by reference to the molecular structure of Etx as
described in detail in Sixma et al. J. Mol. Biol. (1993) 230; 890-918) and as illustrated

25 wnFigure 1.

In summary, each B subunit of Etx or Ctx consists of a small N-terminal helix (al),
two three-stranded anti-parallel sheets (sheet I, composed of strands 82, 83, 34 and
sheet I, composed of strands 81, 85 and 86), and a long-a-helix («2). The two B
30 sheets form a B barrel. The loops joining these elements of secondary structure in the
B subunit can be divided into two classes, referring to the two ends of the sheets. On

one end of the subunit, the “narow" (or “A") end, the loops are generally short,



03 April 2003 t~ Honol ogy conparisons. can be conducted by @geprib2008or e
usually, with the aid of readily avail abl e sequence conpari son prograns.

" These commercial ly avail abl e conputer prograns can cal cul ate % honol ogy

bet ween two or nore sequences. 5 % honol ogy nmay be cal cul ated over

conti guous sequences) i.e. one sequence is aligned with the other sequence
and each amno acid in one sequence is directly conpared with the
correspondi ng amino acid in the other sequence, one residue at a tine. This
is called an "ungapped” alignnent. Typi C?J | y) such ungapped alignnents are

performed only over a relatively sh nunbe f resjdues. to Al thoygh this
is a very si‘ﬁ%?lé"ﬁr&}c EBRETE IP%%M/—HZ{ 'ﬁ%é“ 3"5b<¥%133_§5t‘651 ﬁig‘q HEGTRBRS; gﬂ}“ati on
that, for examhie widbns23r hd Sk SHd] Qlff?&\t h Rakér Rops SHiRBGRS sC¥hdary
insertion or deletion will cause the followng am no acid residues to be

put out of adtiugume rtemdnitsslphit, 283 84ya?.eSThe iloggdsn laop aogectefdchndmm2 n %
honol ogy when a. gl obal alignment i s perforned 15 Consequent

] ( ly, npst
sequence coriggieiadar st HYq¥2 laop" )y daglysisa the resiugs (e S8 JoiAsn 5%4 aghaegrds t hat
take intaq c ' ] [ [ tio et | [« -
penal i si (r?g 8%3%‘?9{% léy%?/ig@gl%lél%oﬁoﬁg;m égggﬁg%?@%’ g)hg%l%f)}éﬂv&ég?(g;kll%asgrti ng
"gaps" in thd (Nemre(1992p3353 3ER564) Hechhys distintidyi 183sSRoliRCHler NidEetdiding O
However, these nore conplex nmethods assign "gap penalties” to each ga&ot hat

occurs in t hEhepiespatinyenton demensthiss thah hesbdre2nionp of EsrB/iCeR ti5 cespoasib

aci ds, a sequepce alignnent. Wi th.as few gaps ssible - .reflectin

hi gher rel a?%’& ﬂ'gg?%'ggﬁlﬂdwﬁ@c?“@ %%ﬁ%&esgsﬂ%ﬂg%mls%arlpnmi%%g

hi gher scor eft tAaTERBACHB! MolBiY (BRRSampl 44 26 cpaille)C ARdyS perBli€ the/ Ré&odhy used
that charge a relatively high cost for the existence of a gap and 25 a

smal | er Pendiinding activcto eachs mcthe absenesofithe fimt. t Seleayive. mdtatien iof thd8440m2st
commonl y used gap scor.i.ng system High gap penalties will of course produce
opt i ni sed aﬁpgﬁr?gﬁtvfmﬂ? eREcFor fys oogpmay Ci“@‘ﬁ!?é‘r’?a %F%gwmt%rq%wﬁ& gap
penal ties toype AN SEONRYE hinkine! 6046 ERYE i

val ues when usi rqgﬁg’ufgﬁqg%ftwar g&f%lrnhfsngq%ggf:tg cgk*pg‘ﬁeg‘gggethlgga?ﬁg%% Eeha\/\,hen
usi ng t he GGecMidanobiadingBetivity, thedntepmtidmagith(Glel haly ba)fuithe obeiaed.t gap
penalty for am no acid sequences is -12 for a gap and -4 for each
extension. 03 April 2003 1s Cal cul ation of maxi num % honology therefore
firstly [ quAgL &sedtt@?eir?rtﬁg% "ﬁﬁ-a% g;g £ekh ik ﬂ{}”é‘ﬁ&? ks RsponkiBle
consi deration gap pendltres. Sui tanle conputer programtor carrying out
such an al i gobtertcdndatytfinGapaM g uTshd B BauriistofReikageh(@the elicletaytoRin
Wsconsin) U S. A ; Devereux et al., 1984, Nucleic Acids Research 5 12:387).
Exanpl es of andthent labile fgol toxinn VWhen theoh4-g? decreigused i iselapian ifvwn thq resl efde,

but are not |imted t heg BLAST package {see Aus | et _al. Q. dhid -
chapter 18), PERSRpaBeGiaP Bpiegiie TR S3ERol 55 BBRG, o ndad Bibd [
GENEWORKS ' s Uicti@it imdyO0600ar iig A hixehde o5k NiBL ART i9Rerelr \Sftér adferréy @b laahine f or
of fline and online searching (see Ausubel et al., 1999 ibid, pages 7-58 to
7-60) . HSweastivity of indiigmetyibr.red to use the GCG Bestfit program Although
the final % honol ogy can be neasured in terns of identity, the alignnent
process itself is typically not based on an all-or-nothing pair conparison.
| nstead, a My ' Xk -al Ly - g I &S
Scor oo o bt tsuBihd Y GrelRl vk ARRRAL of ARG A2 o) &7
evol uti onar VEwdBATtRBce. An exanpl e of such a matrix commonly used is the
BLOSI 1M62 matrix - the default matrix for the BLAST suite of prograns. GCG
W sconsin progranms generally use either the public default values or a

cust om synb onpar,ison,table if supplied ee er .manual % or, furth
Gotar 1syB T ebeeGRBRE IS "B Bt chmpRERDe L FitptGE O T JETREE p5a R
package, 20 @iBidixfzthe case of other software, the default matrix) such as

BLOSUVG2. Once the software has produced an optimal alignnent. it is
possi bl e to cal cul ate honol ogy) preferably % sequence identity. The

software typically does this as part of the sequence .c ri,so nd

gener at es apPrfG%E’rb'X:aﬁ‘cr%%WP‘?e FOMpRges a pametye r ofy tho: ‘ﬁgggeb?\fj&i ial\981’ oh .
relation to i | ﬁ"ﬁ'ﬁﬁ e, present invention presented as
SEQ I D No 2’5‘%&’%%8*9%&‘%@2%@# ~ HQL%%JSS,SEQ ID No 5 includes any
substitufo on of, variation o~ nodification of, replacenent of, deletion of
or addition of one é‘%r nore) amno acids fromor to the se%enc,e provi di ng

t he resul t arRreZmbinthetsybstanceicampese apeptide pf fropy atroaf & pbu HOrgrige ackdist t he
sane and/or simliar activity as G xB and/or EtxB.



03 April 2003 19 SEQID No 2 or SEQ B? No 3 or SEQ ID No 4 q3 Aff200dNo 5
.may be nodified for use in the present invention. Typically, nodifications
are made that naintain the activity of the sequence. Am no acid
substitutions nmay be nade, for exanple from1, 2 or 3 to 10 or 20
substitutions provided that the nodified sequence retains the activity. The
subst ance of the present invention nmay al so have del etions, insertions or
substitutions of ami no acid residues whicts produce a silent change and
result in a ferRGEHRPale papeditia¥ Bsihan 95 Bl 1s&ds. Del i berate am no acid
substitutions may be nade 10 on the basis of simlarity in polarity,

charge, solubility, hydrophobicity, hydrophilicity, andlor the anphipathic

t f th id th i ndi tivit f th
Subst ance i o PEPRRRRGE Bar MR aneh RelSrnyan berdicha iR i 25 mie! uae
aspartic acidaglagl glutam c acid; positively charged am no aci ds include

| ysi ne and argi nine; and am no acids wi th uncharged pol ar head groups
having sindlar 15 hydrophilicity values include |eucine, isoleucine,

pheny a1 an! ne i YEoRnae b ARAE me el atk VB TR RSB e o

exanpl e according to the Table below. Am no acids in the sane block in the
second colum_and preferably in the same Iine 20 _in_the third colum nmay be

substituted fBrefesady th sehstangg comprisesNba -ssarance AT QY RESQHIPERKKHddC S
T MNQPol ar - 85 KRAROVATICH F WY 03 April 2003 NUCLEOTI DE
SEQUENCE 20 I n ohe aspect, the present invention provides nucl eotide
sequencesiencodi ng the substance of the present invention capable of acting
as a tenplate_or as targets in assays %§uch as a_yeast two hybrid assay)

for the ident Prafeehly dhe subsiaspe compriensethageanencarfdl bF Q&Y R QUERSQREAL of
capabl e of af L@@ﬁﬁﬁgﬁgoﬁg LANS &eci dhSs y 'ggP?é&gf“@iE-wE term "nucl eoti de

sequence" ref e sequence onucléotide sequences)
pol ynucl eoti de sequences and variants, honol ogues, fragnments and
derivatives thereof (such as portions thereof). The nucl eoti de sequence to

may be DNA or Prfgratly thssubsianee sempgisss mrsfdues 4p-65cleaiahla from &t phthgliugan nay
be doubl eqstr i - qﬂgﬂ %gﬁ; : i ng: the sense or
ant i senselitran g?%%n{)%g??lg%%t &reof . ;%?épé?%ﬁ@???tbhée&gt erm nucl eot i de
sequence i s prepared by use

AMINO ACID SEQUENCE

The present invention provides a substance comprising the amino acid sequences of
20  the present invention which is capable of acting as an immunomodulator and/or an
adjuvant and/or an an inhibitor of toxin-induced diarthoea which is capable of
affecting enterotoxin mediated diarrhoeal diseases. The substance may also be used in
assays for the identification of one or more agents capable of interacting with and/or
affecting the substance activity.
25
As used herein, the term "amino acid sequence" refers to peptide, polypeptide

sequences, protein sequences or portions thereof.



of recombi nant DNA techniques (e.g. reconbinant DNA). 15 Prepgpghlioost he
term "nucl eoti de sequence" neans DNA. The substance encodi ng nucl eoti de
sequence may be the sanme as the naturally occuring formfor tlus aspect.
Preferably the nucl eoti de sequence encodi ng the substance is a non-native
nucl eoti de sequence - or is a variant, honol ogue, fragnent or 20 derivative
thereof. Thus, in a preferred enbodi nent, the present invention does not
cover the native nucl eotide coding sequenge according to the present

i nvention in AFEE@Rt ural environnent when it is under the control of its
native pronoter which is also in its natural environment. For ease of
reference, we have called this preferred enbodi nent the "non-native

nucl eoti de s " »AS ed her.ein "natur c ing" refers to an
subst ance Wi ?ﬁ}é g{%ﬁgrﬁaﬁ%&aé?ﬁﬁ%éqnde RIanqn, S ?Sng%% ﬁx?té%v%hﬁg%asr YREFE -

" bi ol ogi cal | alleeibtineg rest@bidrs eleatdsh, MydsiANSCoMNAY bubgtahegadtBhigry or 30

bi ochem cal functions of the naturally occurring substance. 03 April 2003
21 VARI ANTS/ HOMOLOGUESI DERI VATI VES The terns "variant", "honol ogue" or

"derivative" -4 [ o t.he .nucl.eot.i de ,se nce. SFO 1 D No of the
resent | nvertiedh Mioffhchdons S 6 b5 PRATE HraPliR, Trhlag Bt at s on
of ) repl acemzemodihy, cthedih® indttashie, adenitih® inbizomibig( dcréming)orisdkiightheci d
fromor to the sequence providing the resultant nucl eotide sequence codes
for an subst #HRHACARFHYDAn activity, preferably having at |east the sane
activity as the SEQ SEQ 1D No 2, SEQ B7 No 3, SEQ mNo 4 and SEQ ID No 5
presented in the sequence listings. to As indicated above, with respect to
sequence loonof ARIANTPSA{EMEBIOGURS/IERY AtTViESast 75% nore preferably at

| east 85% nore preferably at | east 90% honol ogy to the sequences shown in
t he sequence listing herein. More preferably there is at |east 95% nore
preferably at % l. i.de h } be t
5 conduct ed ell)gé tgggi?l?lgxgcf cgﬁ%glelagﬁs Bﬂeﬁfg érr%r%ég&saéraﬁen gg%qg%ggr)?és%ﬁﬂﬁoogr%gm is
the GCG W sc@ES) ID Bds uf éort SPQ qpr Nen 5188 cédubhts abaiitableThemdbhk aubstarie ofi the)
mani ac has a match val ue of 10 for each identical nucleotide and -9 for
each ni smat c Rresmdnyention hut glsp in¢lude hemoloseps| sequenges. eltpingd) fioppaniesortger gap

ext ensi onspe (ARSI eqt | entiaon al so
ncompasase. nocikahpls, Tial ARURPKE iR, BB RRABERY, R SihinGR:
sel ectivel y tpeptides, ssaegicasoasiafts o8 @i etivestheresf, or any variant, fragnment or
derivative thereof, or to the conplenent of any of the above. Nucleotide
sequences are preferably at least | S nucleotides in |length, nore
preferably a o) ' ' :
herein a " defrgP ?gtﬁé p?%e%i@r%negma‘{sovggc%%tg’q}dg%gﬁuhgro} gg’?‘l‘%gfalzg{a&%r am no
aci d sequencecidrsequeincds wesened hereie aswedlleast vadags, dionmibogues ac defivageéschfebs
respectively, alre. bsent. 3q.As used herein an "insertion” or "addition" is
t hat char?ge itHe 8“?5@5?&?9%@‘15‘8 forihAge ARG 2L BRIUFACES - whi ch has resulted in
the addition of one or nore nucl eotides or amno acid residues,
respectively, as conpared to the naturally occurring substance.

In the context of the present invention, a homologous sequence is taken to include an

amino acid sequence which may be at least 75, 85 or 90% identical, preferably at least
95 or 98% identical at the amino acid level over at least the 7 amino acids of SEQ ID
25 No 2, for example as shown in the sequence listing herein. In particular, homology
should typically be considered with respect to those regions of the sequence (such as
amino acids at positions 51, 56 and 57) known to be essential for an activity which is
the same or is similiar to EtxB and/or CtxB rather than non-essential neighbouring
sequences. Although homology can also be considered in terms of similanty (i.e.
30 amino acid residues having similar chemical properties/functions), in the context of

the present invention it is preferred to express homology in terms of sequence identity.



03 April 2003 22 As used herein "substitution" results f r omoB agyril 2R CEMENt
, of one or nore nucleotides or am no acids by different nucl eotides or am no
" acids) respectively. HYBRI DI SATION 5 The term "hybridi zati on" as used
herein shall include "the process by which a strand of nucleic acid joins
with a conplenentary strand through base pairing” as well as the process of
anplification as carried out in polynerase chain reaction (PCR)
technol ogi es. 10 Nucl eoti de sequences of {she invention capabl e of

selectively h LS| I { NGESoRN . LR, .cor to
their conpl errgﬁ{n,bgﬁ ICIB éﬁsgctgg%ragl%fgy&g{mc?%agfqgé% p?%fgsr%gﬁ’?qgl?%egggtng or
90% and nor e padiyraghlaplatsedeast @nffiansond programml dheses comntehdallyo avakaplendi ng
nucl eoti de sequences presented herein over region 15 of at |east 20)
preferably at CQRPar pogragps eggcalcylate; ﬁg?‘gﬂ\?@' FIMCER, BY0 OFINOTE§ePIEn¢S80 or nor e
contiguous nucl eotides. Preferred nucl eoti de sequences of the invention

w Il conprise regions honol ogous to nucl eotides conprising SEQ ID No |

pr ef er abl ys5 at % lvastiogyGnayr bedcéudatetl over eonpigedwsrseiphences, 1.¢.ams tse@iiefehio atifnegous
to SEQ ff~ No 1. 20 The term "sel ectively hybridi zabl e" neans that the

nucl eot i de selifR fe@thse seAugaceang eg 1go G‘)s/‘gdx AR EFAueRs ot @‘F?’}ﬂg comered ¥ithar get

nucl eoti de segug, @H‘dirglﬁmhaxagﬁﬂ Qg og,ar greﬁgaﬁe,t&en&b&dedita%e@.mﬁﬁs RhiRRe at

a level significant above background. background hybri di zat1 on may
occur becausearofungspped” aligimat. dyprely encle sngappsd atignhents ercapgpfoemed nnlyhe
cDNA or genonmi c DNA | i@r ry bejng _screened. In this event, background
inplies a 25 PEGaFeRive isgﬁ’ép l% STy i nteracti on between the probe and
a non-spegsfic DNA menber of the library which is I ess than 10 fol d,
preferably | ess than 100 fold as intense as the specific interaction
observed wi t hAlthogh shigeta BIAsinifie andtopsistentymethod,rit filace taka inta goimideratmaur ed,
for exanpl e, r.adi ol abel 1'i ng, the probhe, e.g.. with 3zP. 30 Hybridization
condi ti ons ar'g‘thgg GBI RETENFTRG “ieéﬂf)aé P&Fg’}fée‘(“?ﬁ‘ieso‘lmet IHRery ‘Pre‘?e&c“z%i d

bi ndi ng conpl Gith calt th@BBlvirglanBRb 966 r@liledicBBut CEOSH aligftbrle Lo pdiRh@mYy! ar
03 April 2003 23 d oning Techni ques, Methods in Enzynology, Vol 152)
Acadeni ¢ Pr esssult8gninDi bgge ©4Aictioarid % dwufmology wkdn aglbbakalignmeah isyperfogmed.

expl ai ned_bel gqw. . Maxi mum stringency typicall ccurs .at out Tm5 Ei(‘ C

bel ow ¢ he ST OTFSEAHERGY, TPosd ey Forup Py Sl BeiBhed & PlotiRomiEtn T

i ntermedi at e gighinBae Xt @dke into consideration possible insertions and deletions without
penalising unduly the overall homology score. This is achieved by inserting “gaps” in

the sequence alignment to try to maximise local homology.

20  However, these more complex methods assign “‘gap penalties’™ to each gap that occurs in
the alignment so that, for the same number of identical amino acids, a sequence
alignment with as few gaps as possible - reflecting higher relatedness between the two
compared sequences - will achieve a higher score than one with many gaps. “Affine gap
costs” are typically used that charge a relatively high cost for the existence of a gap and

25  a smaller penalty for each subsequent residue in the gap. This is the most commonly
used gap scoring system. High gap penalties will of course produce optimised
alignments with fewer gaps. Most alignment programs allow the gap penalties to be
modified. However, it is preferred to use the default values when using such software
for sequence comparisons. For example when using the GCG Wisconsin Bestfit

30  package (see below) the default gap penalty for amino acid sequences is -12 for a gap

and -4 for each extension.



about 10C to 20C bel ow Tm and | ow stri ngency at about 20C tgs Rﬁmzlgeiaow Tm
.As will be understood by those of skill in the art, a maxi num stringency
hybri di zati on can be used to identify or detect i dentical nucl eoti de
sequences while an internediate (or |l ow) stringency hybridization can be
used to identify or detect simlar or related 10 nucl eoti de sequences. In a
preferred aspect, the present invention covers nucl eotide sequences that
can hybridise to the nucl eoti de sequence gf the present invention under
stringent co Co/ 015
M Na3 Citrat erlgl L&Hlageﬁ)&%&é?gﬁl 15/° ﬁkﬂ.ré %%c%légﬁréeﬁ}gﬁgﬁ?esqgé ptﬁ) ﬁ%{b t?%\%fn%r?on IS
doubl e- st r anaetimab alignree¢nt apeking fintd hengdeodtion, g&p u)hnaitlesndlévlsumaﬂld yomputen

combi nation) are enconpassed by the present. VWher e nycl eoti de
sequence is STHETR-1Qt FYRGRY OUf tughsan ‘gﬂ@eﬂfn’de ‘ggééao\?rffﬁ?nsf’hgegg tary

sequence of I(Uﬁifver@w'o?ow&%nﬁﬁqﬂ@&l Be%e:%h%%t'af‘dwﬂ@dNM\ﬂEnB'Rclhé“?{e%&a?&# of
the present invention. 20 EXPRESSI VECTORS The nucl eoti de sequences of
t he present (l3B8M) i Bxamples béoﬂlacxoﬁpaneahmcbanrmrfoan sepiends; qoanpharisoap inchels) e

vector. The yector be us pl i cat expres ié#%rféS n Ieoti de
sequence in ;’f‘iﬁli‘rﬁr‘w\t ed @oﬁﬁaé#‘ﬁ#ﬁpmy @8‘? %Fégg’i apte’
control | ed uaep@@m&r AleschGALERL SfooBh, %h?(am&udﬁ)san@m@&ﬁé @ﬁmekksand

ot her expression regul at|on si gnal’s. ryot’i ¢ promoters and pronoters
functional i rsummécgmpmsocetbbts nidgth BLASeand FidSIide aspaailible for oflinenand

speci fic pronoi.ers sed i Merj [ oNDt er I sed. .
cgrrplrl IS| ng s@ 'é%%eép%i/ USAWSPB%LI{&E %92{’ nB?%escsf'g? \éor Z'r@s) ?‘gﬁ%f’%rrlé 15
descri beqoabgyéfmedtg:ﬁs@\g{éd;cwétfgﬂm;@p‘ﬁnsubstance produced ~ by a host

reconmbi nant cell may be secreted or rmay be contained intracellularly
dependi ng on the sequence and/or the vector used. The substance coding

i i.th signal whi ch d t ti f
RS anc B 0650 o SRR T Br L eSS ©
eukaryotic cgkdcem@erfqga%,pw@lwwml NS ThenSHBS ANCOnarbie Indiéedtd on

may al so be produced as sion proteins, for exanple 10 to aid in
extraction araehhpmsmﬁlaum saore nigtaxp grmenafly fused that PSSIgIS| saonea te nmhspamc$mde

gl ut at hi Qqne- S-t ransf GAL4 b| ndj andl or

Dt anecri 8 of APREEP RS Ah AL PR rannas] et AR Smgle qf e
conveni ent t gudh£irde SomhdhBOhsH i€ ihe BIDANAE6S Irﬁ@nbewwaﬁlh&a&u@foeme
protein partner and the protein sequence of interest to allow renoval of

f usi on prot emﬁﬁh%ﬁ:&fwma’d@eﬁé}ﬁ Wlach@suf pEigmmpeeneedlly uss ejther| the, pub lI‘ﬁ nder

h h b h
or esent 1 oAbk VSR 874 SRGRCRARR! Sorehll PR IR AR GRUER Gl 00

protein conprirgRs dedildntlk §eprefirediio as?:tthgﬁﬁlbm: Shl valinanfor tHesGUOGtpackadge,
substance of the present invention. In this 20 enbodi nent) the fusion
protein i28 aOHWﬁa@GrOéIOFHFfé@%W%VFHQGﬂﬁ%‘ﬂ@ﬁ%ﬁ@hﬁs@éﬁﬁ #g a substance
whi ch may act as an adjuvant in the sense of providing a generalised

stinul ation of the imune system The antigen or antigenic determnant may
be attached Omceitich@ifiwdie hagiphsdued sabpimal dlighient$t Bfpostiblesblealcanee’ 25 I n
anot her enbodi ment of the invention, the substance of the invention nmay be
ligated to a ﬁ'@?@gbﬂ mg&g%blz&/qmwe@emn@mm saftpges picpihodass this FfoPafE%farrpl e,
for screeni ngﬂ lpmgélgrg lm rles fa Agent s aﬁ%?tﬂ |l e of affecting the
subst ance acti V|9 it nﬁ ef 5§ 'Bhcode 5 Chi meri ¢ subst ance
expressing a heter oI ogous epi tope that is recognized by a comrercially

avai | abl e anti body. 30 L . . )
The terms “variant" or "derivative" in relation to the amino acid sequences of the present

invention presented as SEQ ID No 2, SEQ ID No 3, SEQ ID No 4 and SEQ ID No 5

includes any substitution of, variation of, modification of, replacement of, deletion of or
addition of one (or more) amino acids from or to the sequence providing the resultant
30  entity retains an activity, preferably having at least the same and/or similiar activity as

CtxB and/or EtxB.



03 April 2003 25 In yet another enbodi nent, an assay for i deptAptkiv2003 an
_agent) such as a target receptor, or for an agent capable of regulating
CD25 transcriptional activity may be conducted using a bound fusion
protein. 5 ANTIBODIES I n one enbodi nent of the present invention, the
substance of the present invention nmay be an anti body. This anti body may be
capabl e of acting as a mnetic of the present invention. to Antibodi es may
be produced by standard techni ques, such as by i munisation with the
substance of the invention or by using alphage display library. For the

pur poses of SHERSID Neehern $EQ IPMNe 3 er SEQIDtNG 6y SEQURI s § meyydwi hodidied dort he
contrary, 15 includes but .is not limted to, | ycl onal nocl.onal
chinmeric, sififl & aP'F‘Ffeq’deV‘?"f‘a'an'E_}‘H‘ H'Xn(?“?dr‘%%ﬁ@ %tep'%‘{fug\%ﬂ pAjntgine
expressi on | k&ihvdyof tRUSubdc@IMAGAS Scili RebsulRiohE AEYBE hadeffoVBainG 18 Rbhipdi es
which retain their binding activity for a target substance, Fv, F(ab') and
F(ab')z fragdeomt$, toak) wel20 wubstyitigyiseprovided that Hhe owididted( spqrence fetadnsothe
proteins and_qther synthetic proteins which conprise the antigen-binding
site 20 of tAB"A¥tibody. Furthermore, the antibodies and fi-agments ther eof
may be humani sed anti bodi es, for exanple as described in

subst ance- A- 239400. Neutralizing anti bodies, i.e., those which inhibit

bi ol ogi cal adh¢ \substande ©hdhe (sesentn dnveplidny pegyt Alde shaverdelesiopac insettionpraef er r ed

for diagnostigs.and therapeuti.cs. .25 I n.gne enbodiment, the invention al so
provi des rmnﬁ‘&sg_ﬁ‘&f’“ﬁ)l”?ﬁgﬁ@%?cd§5?51§ﬁf |“%5%1 B?ﬁf' S & UK Shanee "cﬁd 'Eeﬁ'@E "h¥ent i on
such as pol ypeRtibsilsy &fuivaleA fiaficd. NBEIRREate At actdQibBIEESRY mhji b8 Fhdden
further provides a process for the production of nonocl onal or Eolyclonal

anti bodi é& t enstiestbastsesyf sillary ol pplamtyi dekargs  s9lubijify e fyflepphobicity,
hydrophilicity, and/or the amphipathic nature of the residues as long as the secondary

binding activity of the substance is retained. For example, negatively charged amino
acids include aspartic acid and glutamic acid; positively charged amino acids include
lysine and arginine; and amino acids with uncharged polar head groups having similar
15 hydrophilicity values include leucine, isoleucine, valine, glycine, alanine, asparagine,

glutamine, serine, threonine, phenylalanine, and tyrosine.

Conservative substitutions may be made, for example according to the Table below.
Amino acids in the same block in the second column and preferably in the same line

20  inthe third column may be substituted for each other:

ALIPHATIC Non-polar GAP

ILV

Polar - uncharged CSTM

NQ

Polar - charged DE

KR

AROMATIC HFWY .




03 April 2003 POLYCLONAL ANTIBCDIES 26 If polycional antibodi®ap@2603
_desired) a selected manmmal (e.g., nouse, rabbit, goat, horse, etc.) is

i mmuni sed with an i mmunogeni ¢ pol ypepti de bearing a epitope(s) 5 obtainable
froman identified agent and/or substance of the present invention.

Dependi ng on the host species, various adjuvants may be used to increase

i mmunol ogi cal response. Such adjuvants include, but are not limted to,
Freund's, mneral gels such as al um nium hydroxi de, and surface active
substances such as |ysol ecithin, plur oni%® pol yol s, pol yani ons, peptides,

oi | enul si onU $EQYENCEo henpcyanin, and dinitrophenol . BCG
(Bacilli Calnmette-Guerin) and Corynehacteriurn parvumare potentially
usef ul humany.agi i Jhe: i i f.i &Qﬁ; e

pol ypepti de Ps%%%%gttgggg&fga?ﬁ?ﬁ%ﬁﬁg%?ﬁgg idyfclggtrir%ér S%‘?%é%&leﬁgl Vi cégfes for

t he purpose sibstandcenod eiei preseay fivenioa cedtde of.actibg 3eraurnfplaendriwes tangetsninsed
aninmal is collected and treated according to ,gno rocedures. |If serum
cont ai ni ng p't‘)’ﬁﬁyél(é‘ff’&lase?rﬁﬁaﬁdﬂPé‘é’b‘i‘Q)”&W)e‘gf thegae ﬁl‘:&ﬁ?be 8¢ PHCAHagAENt i f ed

agent - andf ot ANy eR Inetddf cBhfls BRALANE Mid QsGRAL Al s antibodies 1o
ot her antigens, the polyc onal Tant i bodi es-can be purified by imunoaffinity
chromat ogr aphy. Techni ques for produci ng and processing polyclonal antisera

are 20 known,in the art. In order thaf such aqntihodies be made, the
i nvention al €d YSFdAeER Psi SFB%pt“i“Ef&%"‘}Gf SRAMENGNVERTT IR B#T‘R%/?‘é‘j’né?ﬂ%“ﬁeﬁer eof

hapt eni sed tg; &HFD EHREGL ' ngg@n;;w nj

humans. I\/D\IO%I‘.%E\{I%_IEA I(I:gﬁé ‘%E'2§8%§‘2% (ﬁ)lﬁal dr?'gnisebéodi es |a?ésgt%(gﬁég8§%’st
epi t opes obt fagnadntd adfdecimatives theeof (sudhed pagints thedDr Thaebsickotde séquete
present invention n al be readily produced by pone skilled .in the art.
The genet&l wﬁsﬁ%@ﬂmﬁm‘mcﬁbm?&m@ % ‘Pﬁ’&ﬁ?‘e%“%? WoEh mayREs i s
vel | “known. 4gRR. b1 BRgY hBtflerCiblesktESthE 3hsBOr GhBERE stihd30
cell fusion, an %ﬁg@cgy %ﬁhe?tp{nggﬁ%?lqugﬁﬁtugh as di recst trr ansforrsfg%{‘ldon of
B | ynphocyt esr conttiinatioao therdo€  Pdferabdy, the enafracteotde sdqubndeps tpeepardhbynusei r us
Panel s of 03 April 2 27 . nonocl onal anti baqdi produced agai nst orbit
epi t opes can°§8°‘§'&l?1§%$8\?$fﬁ°h’\’}8‘l“isg%§‘ rﬁ?%%@'l“ﬂtgg?'ﬁi e., for isotype and
epitope affinity. Monoclonal antibodies to the substance andlar identified

agent of the present
15 Preferably, the term "nucleotide sequence" means DNA.

The substance encoding nucleotide sequence may be the same as the naturally
occuring form for this aspect. Preferably the nucleotide sequence encoding the
substance is a non-native nucleotide sequence - or is a variant, homologue, fragment or
20  derivative thereof. Thus, in a preferred embodiment, the present invention does not
cover the native nucleotide coding sequence according to the present invention in its
natural environment when it is under the control of its native promoter which is also in
its natural environment. For ease of reference, we have called this preferred
embodiment the “non-native nucleotide sequence™.
25
As used herein “naturally occurring” refers to an substance with an amino acid

sequence found in nature.

As used herein “biologically active" refers to an substance having regulatory or

30  biochemical functions of the naturally occurring substance.



5 invention may be prepared using any technique which provi geapficzoashe

_ production of antibody nolecules by continuous cell lines in culture. These
i nclude, but are not limted to, the hybridoma technique originally

descri bed by Koehler and MIstein ( 1975 Nature 256:495-497), the human
B-cell hybridoma techni que (Kosbor et al (1983) Immunol Today 4:72; Cote et
al (1983) Proc Natl Acad Sci 80:2026-2030) and 1 o the EB V-hybridoma
technique (Cole et al ( 1985) l\/bnoclonal2 nti bodi es and Cancer Ther apy,
Alan R Liss i 7= Yl chni ques devel oped for the
producti on ohﬂﬁgﬁﬁﬁgyﬁgﬁﬁﬁ¥pbgﬁgggb§b$&£ i cing of nouse anti body genes
to human anti body genes to obtain a nolecule with appropriate antigen

specificity and biological activity can be used (Mrrison et al (1984) Proc
Nat | Acad SciThg tend85variaft” cS6mplopaeier denvagve"dh r¢latigpw)thilaneleasidg sequedx- 608;

Taked t al t 314:452-454) .. tivel t echni
desor bed §oPERAD Nt it PaRert HyfmBoh RIS ARY isybtiian 56 PR ofi.
4,946, 7793 CapdiRaASPOt epldcbmb: QFUdeletlon i 284iABE 8 f HRE Corl in@\r;\sz Ind&kie aclai n
anti bodi es. 20 Anti bodi es, both nonocl onal and poiycl onal, ich are

di rect ed agaifiost oe tthep esjueise girodting the mesaltantdeysidotide sggeance aadésofor an
substance of th resent invention.a articularly useful.in di is,
and t hose whPURIERFGIHEE 1L FoU T PraTEEb i BViRE fteph L8 S RiTiB RdRaRta
Monocl onal  aREQIPANES, SE® mD NotJ, SELAD NSBYAnl SEOSEONS & grédehd #iheistuehcspe
anti bodi es. Anti-idiotyge antibodies are inmunogl obulins which carry an 25
"internal inligangsof the substance andl or agent against which protection is
desi red. é’echni gques for raising anti-idiotype anti bodies are known in the
art. Thed® anti idi otype anti bodies may al so be useful in therapy.

Anti bodi es may idigRediBoid, QIMGEHedYo sdyHbtze RBmbRgY, préfeRbBOMER O 1643t 1996,

| ynphocyte 30 popul ati on or by screening reconbl nant i nmunogl obulin
libraries or npanpicterably filegst §5%, puorefpirefersblydit trgstr W4 bamelogy talithecsequrneesi n

Olandi et al, (1989, Proc Nat.l.Acad .Sci, 86: 3833-3837). and W r G and
Mlstein C (_i’é‘él‘i“, “Nﬁi";ﬁ""@“%‘ﬁ%?‘%@ %‘é@‘)‘ Mg{?_:apfﬁ\%ﬁ%l‘y Bt 18 kel Shymor
fragments whipgdfer@ft i Rast PRI, hémblbgdi NHuSkdtRiE hdtholbfiye riiatisdieemapibeal o
be generated. For exanple, such fragnents include, but are not limted to,

the F(ab'lyz tendyatedes degariedd abaye. ba poefonerd sequinge seppamisogi njegrings thsfGEHe

o Sl RO R o, SRR Pyl 7

expressi on | vituabt &6 freeach edetas hudledtald dnd -9lfbosich apistharhd Hasdefault gap
identification of nonocl oaal Fab fragments with the desired specificity

(Hose V~D et Creptiqmuraaljy isciland thexishuitzap extpmsion penplygiay fqrgach nucleotide.
| | vI MUNOVODULATORY SUBSTANCES t 0

Q)

20  The present invention also encompasses nucleotide sequences that are capable of
hybridising selectively to the sequences presented herein, or any variant, fragment or
derivative thereof, or to the complement of any of the above. Nucleotide sequences are
preferably at least 15 nucleotides in length, more preferably at least 20, 30, 40 or 50
nucleotides in length.

25
As used herein a "deletion” is defined as a change in either nucleotide or amino acid
sequence in which one or more nucleotides or amino acid residues, respectively, are

absent.

30 As used herein an “insertion" or "addition" is that change in a nucleotide or amino
acid sequence which has resulted in the addition of one or more nucleotides or amino

acid residues, respectively, as compared to the naturally occurring substance.



The i munonodul ation of the inmmune response may be measured gayaprii 2003
.transcriptional profiling, for exanple, by assaying for activation of
transcription of CD25 cell surface marker by nmeasuring the signal fi-oma

| i nked reporter gene. 15 REPORTERS Preferably a wide variety of reporters
may be used in the assay nethods of the present invention with preferred
reporters providing conveniently detectable signals (eg. by spectroscopy).
By way of exanple) a reporter gene nay edzode an enzyne which 20 catal yses
a reacti on whs oeddicran Ssubisghttioab sesujd from tir eplrémes of Braopimes: miklengqeer t er
nol ecul es include but Er S.fga?_t' lim te&st 0 ~3-gaj act osi daie, i nvertase, green
fl uorescent PragpBe gcids by differentaucieniidss orpRERIACHSS, TeSREEHVAY r ansf er ase, (3

gl ucur oni dase, exo-gl ucanase and gl ucoanyl ase. Alternatively) radiol abel ed
or 25 fluorescent tag-1labeled nucleotides can be incorporated into nascent
transcri pts HNBRIDISATIONN i dentified when bound to ol i gonucl eoti de probes.
In one preferred enbodi nent, the production of the reporter nolecule is
measur ed sby the enzymatic activity of the reporter gene product, such as
(3- gal act osi . . b : kM . NDUCED
DI ARRHOEA. T el SR agfion &3 e Her SR el M oot by e et

honol ogue t hefrmoleicaald jminsawitk klcohipitendntaay stemdtirosgsbash paginigh tawelk anthet he
present invention or a derivative or, 5 hompl ogye thereof. may he used to
screen for RJEHASE ?émq%a%?ﬂiﬁomfi Pp iR c%gé'm?}?ﬁarﬁ?‘émorrgqcﬁw g@%&

mol ecul es) capaRi&i&f affecting the activity of the substance. By way of
exanpl e, any agent” capable of inhibiting the activity of the substance may
be screeted for inhibitors of toxin-induced diarrhoea thereby identifying

agents capahl.e. of affecting the cholera and] or enterotoxin nediated
di arr hoea) 3?‘%%'@%. Seﬂﬁeqcﬁsgd’rfeﬁ@nﬁli’&i“f?@nfﬁpak’ﬁei (§F@‘§W§Pyofhy? SIpg o9 cthe

i nvention i 1 i . o
i nventi on) ”?iélg lﬁgggg %Jﬁ%{?l%g%jﬁgg%ytépfe%rl ec;sr tE{gtrhlsiéI Egﬁipﬁglrggtgh% Bﬁﬁﬁﬁ? gglcﬁ% ich

are capabl e ©%,aptefargblpsati leltb83 awrs9@h dndxinnrel pobfirady ditaleadt ¥ ia FEIBAYS
FOR AGENTS Pha di spl may be enmployed.in the identif,ication of agents,
such as a cdiopialegens o Hfesomsemandiaiuclegtis aumas Bt Eren L ATEBOR ¢ he
present jsnvegftak @lase 2d) rangablv qugaslﬁﬁm B, 5Bt inSAn@f at &&gm@,_ GPSEII0Yr nhdrY

faciliate the use of Conbinatorial libraries to 20 identify mnmetics
capabl e of xonfigupus mutlbetideanPreferrad micirotideasequencaeef the inveatisnuydt commisof t he

111 Ses T oaBHBRIT AT dp FEBRHGES FrBhtag RO By sl BERCADAR: ng

bact er i ophagoyhddmsre§RérerabRat least 95% homologous to SEQ ID No 1.

20  The term "selectively hybridizable" means that the nucleotide sequence used as a probe
is used under conditions where a target nucleotide sequence of the invention is found to
hybridize to the probe at a level significantly above background. The background
hybridization may occur because of other nucleotide sequences present, for example, in
the cDNA or genomic DNA library being screened. In this event, background implies a

25  level of signal generated by interaction between the probe and a non-specific DNA
member of the library which is less than 10 fold, preferably less than 100 fold as intense
as the specific interaction observed with the target DNA. The intensity of interaction

may be measured, for example, by radiolabelling the probe, e.g. with 2p,

30 Hybridization conditions are based on the melting temperature (Tm) of the nucleic

acid binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular



25 encodes an appropriate ligand (in this case a candidate B9 APt 200@pabl e
_of reacting with a target substance (or a derivative or honol ogue thereof)
or the nucl eotide sequence (or a derivative or honol ogue thereof) encoding
sanme. The transfornmed bacteriophage (which preferably is tethered to a
Solid support) expresses the appropriate ligand (such as the candi date
agent) and displays it on their pliage coat. 30 The entity or entities
(such as cells) bearing the target substz‘é\nce nol ecul es whi ch recogni ses the
candi dat e agent. are jsolated and anplifi’ed. _Th uccessful candi date agents
are then char@upgTecumaugsy Mythods é’bﬁé@“ﬂ?é%gyay%ﬁéig‘g%adﬁ%ly EEamdalde finity
03 April 20QSa30hd LG AGnes ™ eh@ﬂ!a@@k;ﬂ%n@&bel}ﬂ%? phage surface displays
the candi date agent 1n a three dinensional con.figuratioa, nore closely
resenbling its naturally occuring conformation. This allows for nore

specific and, hi.gher affinity binding for scregenj rpqses ASSAYS FOR
M METI CS | n%éﬂ%gé%%%’é}%’)&?‘ﬁ%‘pys%g@n@ appug ﬁ&‘%’?ggg#t gﬁ%\'%éh??f 0
identifysm je$-Shi 5 t I VSRR,

ant i bodi e)s, rﬁ(;éﬂeo’ts}ﬁg' Sc e:’%ﬁ%g?[t%g?rg%ﬁlﬁ)sh%% mﬁ?ﬁ??’a@e&gﬁﬁ&ig%%%?tat ory
and/ or adj uhout 18P€ ac 20°GbelownT metnddewsaingescyaatrabonts208€Cad 28O belowr Trhn

conbi nation with other therapeutics for the treatnent of di seases of the
present i nvéht¥ilpe “I’ge"é@QéENéhqﬁﬁ@%élﬂhé‘E theagh ﬁfnaf‘H%“rBrsE'é’é’FﬂcyﬁwsE&tz?t&ﬁ‘ to be

used for idesj bé ¥idado!iGEUIF) BPHLQ B nfical HALIYAIY SequéHcBPIhES m?ﬂgérﬂfediate _

i nhibitors of toxin-induced diarrhoea in any of a variety of drug screening
t echni ques. (Fhiewy shitgancye hgbmplizayien cambe usdd ta itedify onyetoet fimidar omreRfed
solution, affixed, to a solid support, borne on a cell surface, or |ocated

i ntracel'Pul &PF‘?‘?“‘*PW@‘I%‘&F?-U on of substance activity or the formation of

bi ndi ng conpl exes between the substance and the agent being tested may be
measur ed. Anot her technique for screening provides for high throughput
screeni ng (HTS) pufer@d aspect; shapuwisery isventiab| covirs naliclegtidd fseduienaes tthatt tan

bst .1.S b d th thad d b i tail i .84/ 03S64.
TE TS oxpecuirdife tirpuclEdll SrHiene et U preRa! YaLen i BIREE PoRHp e
sui tabl e fore pogscsBl0l1:@RE: {1RESE=SER B RACILO01 S8 Rh, tRdte FOTRRURARAS Vel |

as in quantitative assays.
15 the nucleotide sequence of the invention is double-stranded, both strands of the duplex,

either individually or in combination, are encompassed by the present invention. Where
the nucleotide sequence is single-stranded, it is to be understood that the complementary
sequence of that nucleotide sequence is also included within the scope of the present
invention.

20
EXPRESSION VECTORS

The nucleotide sequences of the present invention can be incorporated into a
recombinant replicable vector. The vector may be used to replicate and express the
25  nucleotide sequence in and/or from a compatible host cell. Expression may be
controlled using control sequences which inciude promoters/enhancers and other
expression regulation signals. Prokaryotic promoters and promoters functional in
eukaryotic cells may be used. Tissue specific or stimuli specific promoters may be
used. Chimeric promoters may also be used comprising sequence elements from two

30  ormore different promoters described above.



03 April 2003 31 PHARVACEUTI CAL COVPCSI TI ONS The present i nggRb}iciboal so

. provides a pharmaceutical conposition conprising adm nistering a
therapeutically effective amount of the substance of the present 5
invention and a pharnmaceutically acceptable carrier, diluent or excipients
(i ncludi ng conmbi nati ons thereof). The pharnmaceutical conpositions nmay be
for human or animal usage in human and veterinary nedicine and wl|
typically conprise any one or nore of a 10 pharmaceutically acceptable

di l uent, carrjer) or excipient. Acceptabffe carriers or diluents for

t her apeuti c G Sestange | nroquseduly| : hoH areqombinat gl WAy ber gecrefpd) of may be

descri bed, f ¢! \ 1L.ngt.on' s I i

pub i shing canR Bakel il ISR of L URAZY EhEB (B WERGF Teed iThe
carrier, excsybstande oédiflg |seQidhcasadhnbbe &gt ewlithvisighal agquehcé vitich dirfe@nded
route of adm nistration and 15 standard pharnmaceutical  practice. The

phar maceut i cieredigimisthe; ibstapes, coding, sequencgs thraygh 3, paEfularoprokaryotie s
carrier, £Xcjpi . j any suitable binders}, . lubricant(s),
suspendiﬁb aggﬁﬁ?éﬁ?&ég% |ﬁ££agent(s), sol ubi l'i sing agent(s).
Preservatives, stabilizers, dyes and even flavoring agents nmay be provided
in the 20 phg,trjn‘r%)ceuti cal_conposition. Exanples of preservatives include
sodi um benzoBVelONERATERNGS d and esters of p- hydr oxybenzoi ¢ aci d.

Ant i oxi dants and suspendi ng agents may be al so used. There nmay be different
conpositionJfornul ati on requirements dependent on the 25 different delivery
systens. By Waysubbtateeonihe inviehtorpinay flfe belpiodatedcaansign tprewingf for RRamplesent
invention may be fornmulated to be delivered using a a mni-punp or by a
nucosal Fbut®, aifdn exashnnendapurificaern| Exppales of faden pevtemopartnera ngludsn or

i ngestable s J: i I ] I,C . A LS. & | at ed
by an | nj ect S iesHapBhEN AR, b lGRESONABIRARP 33bbk Mgk Bhil”

i nt ranmuscul asctivatichubenhmer ants praalic@sidae. AltttiyalsoVied yonvehient as riutlade an may
be designed to be delivered by both routes. 03 April, 2003 32 Were the
agent is to Peteqbtr visaxaestitedistiyeep thafusion prateia Ragues Hid the JEols) sequenssa, it
shoul d be ab, 1 i : i erH&e 0l tinal
tract; for eéfénﬁ%fég{t%{%ﬁogv h%u ghg)éﬂ#{edsnlrbg?&gr;}% Q@%J“Brsg?jélg yti ct @?gggt%tﬁgn,

st abl e ats acwill mitihaddr thesicsvignif theosubiignce ebmpsing thefantiad acidfsefmdnee obthéher e
appropriate, the pharpaceutical conpositions can be adm ni stered by

i nhal ati on, PHRSCh@VERHAR-of a suppository or pessary, topically in the form
of a lotion, solution, cream ointnent or dusting powder, by use of a skin
patch, orally in the formof tablets containing excipients such as starch
or | actose, lronerntadinémsfdhc pvichemveaitivhethe fusiore pmtein rwoaghmisest am entigen h
excipients, or in the formof elixjrs, solutiong or suspensions c¢ontaining
fl avouring off %%'@F?lﬁdﬁmf k’é?‘l forfhg sybgtange H}cee’ieé‘aﬁ)dﬁ'fcéﬁf’& gf‘l 5 for
exanpl e 1t r GuETIAHEY the! f14ibA PRSGH LA hoh-BIurSPE4EuANE Pk prdtéih cBRHpEEg' al
adm ni stration, the conpositions nmay be best” used Tn the formof a sterile
aqueous sol ua sdistanbe ethiclaynag it ad an edjhent s ltlst sense of providimgamgereraliggdgh
salts or

stimulation of the immune system. The antigen or antigenic determinant may be

attached to either the amino or carboxy terminus of the substance.

25  In another embodiment of the invention, the substance of the invention may be ligated
to a heterologous sequence to encode a fusion protein. For example, for screening of
peptide libraries for agents capable of affecting the substance activity, it may be useful
to encode a chimeric substance expressing a heterologous epitope that is recognized
by a commercially available antibody.

30



t5 nonosaccharides to make the solution isotonic wth bl ood.oFgpril2acgai or
sublingual adm nistration the conpositions may be admi nistered in the form
of tablets or | ozenges which can be fornmulated in a conventional nanner.
VACCI NES 20 In one enbodi ment of the present invention, the substance is an
adj uvant which is incorporated into a vacci ne conposition used to treat or
prevent autoi nmune di sease, human T cell |eukaem a, transplant rejection or
graft-versus-host disease (GvVHD), allergic or infectious disease. 25 In
anot her enbodi ment of the invention, the %accine conposition may
addi tional | y Bodgh pepshesnembadimentsin essaunfor ddentidyiast ar agemnsueh as Qularghl e
such antigens or_antj i c determ . ] I 99/ 34817.
30 Preferabl yre?' %ce%r\’/gfz ?rndélg%g%co ?e[{l? 81;1“&%%%‘?% S:re@'sgkgn%ﬁ tg%}]aﬁ %ﬁt\é% rmg%;ﬁ? genic
det er mi nant. conddctdPuiihg 200hdIBsidy wbeimbl y the antigen is a self antigen or
a honol ogue thereof. Preferably, the one or nore substances of the present
invention is used in the preparation of a therapeutic or prophylactic
vacci ne. 5 A {BHI%“ c vaccine" is a v accine which is admnistered to
nai ve i ndividual's$ to prevent disease devel opnent. A "therapeutic, vaccine"
is a vaccine which is admnistered to individuals with an 1U existing
infection to reduce or mninse the infection or to abrogate the )
i mmunopat hol ol eng erabnsimenteafthes prssent Inveptiors 4Be substaace, of the arasent invenfiorci nes
whi ch cont ai Q I hye j dient . own
o one ski 11 ey e bfar i3 BARBEy Hy ¥ Baieblerot BAUEUL dhiberc'oF off

present invention.

10
Antibodies may be produced by standard techniques, such as by immunisation with

the substance of the invention or by using a phage display library.

For the purposes of this invention, the term "antibody", unless specified to the contrary,
15  includes but is not limited to, polyclonal, monoclonal, chimeric, single chain, Fab
fragments and fragments produced by a Fab expression library. Such ﬁaé,ments
include fragments of whole antibodies which retain their binding activity for a target
substance, Fv, F(ab") and F(ab'"), fragments, as well as single chain antibodies (scFv),
fusion proteins and other synthetic proteins which comprise the antigen-binding site
20 of the antibody. Furthermore, the antibodies and fragments thereof may be humanised
antibodies, for example as described in substance-A-239400. Neutralizing antibodies,
i.e.,, those which inhibit biological activity of the substance polypeptides, are

especially preferred for diagnostics and therapeutics.

25 In one embodiment, the invention also provides monoclonal or polyclonal antibodies to
substances of the invention such as polypeptides or fragments thereof. Thus, the present
invention further provides a process for the production of monoclonal or polyclonal

antibodies to substances, such as polypeptides of the invention.



is as injectables, either as liquid solutions or suspensiong3 Apfil 26D3f or s
.suitable for solution in, or suspension in, liquid prior to injection may
al so be prepared. The preparation nay al so be enulsified, or the protein
encapsul ated in liposonmes. The active ingredients are often mxed with

exci pients which are pharnmaceutically acceptable and conpatible with the
active ingredient. Suitable excipients are, for 20 exanple) water, saline,
dextrose, glycerol, ethanol, or the Ii ke,€nd conbi nations thereo f. In
addition, if J i may coitain mnor anmounts of auxiliary
subst ances s’ij‘g‘ﬁ‘@@m}(}ﬁg\f@f’ﬁéﬁﬁ sifying agents and pH buffering agents.
25 The vaccine conposition may al so conprise a conbi nati on of adjuvants

whi ch enhance the effectiveness of the vaccine. Exanples of additional

adj uvant s whif plycldnal eoibsdiest dromdesingdy abselesfedemamyal (18l uaeusy rabhitegeant
limted to: ,al um num. hydr oxi d‘f’ gll um.num hosghab,%ze a cug{i num got assi Lim

sul fate (al IS §64 09 PORURIEPY XA ag; immunogeric POIYPFRHde. Redfie 2, eRitpe(§),_ o |
enul si ons;  Odyaindbideféth SMUHSIHIES agBRt aRWbr AuBRck dSE thaGIr8ddnt in®dh@oh OXi N, «
lipid X, Corynebacterium parvum (Propi onobacterium acnes), Bordetella
pertussis, p%Wndibachl thet hdsss spesindi warighyyi adjuvents| mayi ba, useds ¢ eisicrehsen,

03 April 2003 34 vitam n A saponin, liposones,, |evam sal e, DEAE-dextran,

bl ocked copolfr%wgo%?al JesRapsesy 't‘%'e?cfjﬂveﬁ‘gﬁ H’\(/‘giﬁf's‘.’mﬁ% r‘%‘°§§f‘ﬂ¥?§‘n&°s %5?‘821"5’

avai | abl e cogiiefafigals Yuch QMA@ Shyiehi8& Sandf Rirfae A6V subldpdnieks Agthtasant 65
(Merck and Conpany, Inc., Rahway, N.°J.) or Freund' s Inconplete Adjuvant and
Conpl et e Adj lyscderithiri flerenicapelyels.opolyanioss, Pephdsst oil Mrawlsigas) keybpls tmpéty,

dj t h as_Anphi .0 | -j n-wat | hydr agel (Al uni dr gxi de),
o & <k deDCH et artioenbtilge HGS L EEE GAEHR GHIFR P de
| s approved Eg¥mdbatRepiunS Barvih MN&%&QTMﬂwhﬁalah vaiks PRKRCIna) bai | |

determ ne the actual dosage which will be nost suitable for an individual
subj ect and ¢mpleyed if\purifiediither subistanagy polyneptigiatis adaunistered rioclmyhundiegiqaily

particul ar patient. The.dos s bel ow are ex | ary of. the average case.
There can, 0?0“?5‘5??8{{“@«5“&%3‘796’?' Wﬁ@%gtogﬁt&[g@%?esr%mﬁf“é ﬁ%@“ﬁ?‘ | oner dosage
ranges are nerited. The conpositions of the present invention may be

adm ni stered by direct injection. The conposition may be fornul ated for
parenterHl , Samwnsfem thet immunisad) amimap ds jcatledierde ped, dreatedhragording e | known

intraocul ar or transdermal admnistration. Typi. I C [ | y be
adni ni st er ed® rngedgrca.og ) it 8{%15'.1‘6206' 8f°§%‘ af%g&*%?%o%-{ycﬁv&p g ﬁ][%t %&é?ggrgbl y
fromO0.1 to akOidemifl@ agbMr fdr SuBstakteyoff thePrétedt inQerkidiDédmtain® aeliibotidsadt . The
term"adm ni stered” includes delivery by viral or non-viral techniques. J

iral 25 del iafeary apfigeananitherepolyrdonadl carbibodigs ecanotbe| puilie o iguBwRARTHMYY
vectors) adepo- ~ ~t A i g

reirovi aal v@‘g‘%“gﬁrﬁé?’ ﬁP%tfeg#gP@VE%f@?%uc‘{%éﬂ%ggﬁ%é@ﬁg?ﬁy'\'?gcléxta }(;%{si&& lralr-evi ral
del i ver y2omecti@wnsinsthengit. ude dridri dansethairgiodiennaf et made, the nasan®es ,also

i mrunol i posones, lipofectin, cationic¢ facial anphiphi]es gCFAs) and
provides polypeptides of the invention or fragments thereof haptenised to another

C

polypeptide for use as immunogens in anirnals or humans.

MONOCLONAL ANTIBODIES
25
Monoclonal antibodies directed against epitopes obtainable from an identifed agent
and/or substance of the present invention can also be readily produced by one skilled
in the art. The general methodology for making monoclonal antibodies by
hybridomas is well known. Immortal antibody-producing cell lines can be created by
30 cell fusion, and also by other techniques such as direct transformation of B

lymphocytes with oncogenic DNA, or transfection with Epstein-Barr virus. Panels of



combi nati ons thereof. The routes for such delivery nechani sp®abAicigede but
are sit 30 limted to nucosal, nasal, oral, parenteral, gastrointestinal
topi cal, or sublinyjal routes. 03 April 2003 35 The term "adm ni stered"”
includes but is not imted to delivery by a nucosal route, for exanple, as
a nasal spray or aerosol for inhalation or as an ingestable solution; a
parenteral route where delivery is by an injectable form such as, for
exanpl e, an intravenous, intranuscular or subcutaneous route. 5 The term
"co-adnmini stered” nmeans that the site arfd tinme of adninistration of each of
t he subst ané@ongeloppleansibedies Produged pEBRSt DFRt Spitopgelican beaicresned foy vadeys as an

antigen and/ ?theﬁ%l geenéoglsg%gragh Q@potﬁ a?ffn‘?thUCh that the necessary
o

nodul ati on e 1 nmune system | hi'eved. Thus, whilst the substance and
t he antigen may be adm nistered 1 o at the same nonent in tinme and at the
sane site, there_, be advantages in adm nistering the substance at a
di fferent tM%m&mak @n'abqﬁwsr &9 cthe suipstance; apd/em idegtified cagentTieé theressiice and

antigen gy ;e %pgng%e ¥ gg;n%g@ AR AR oGl 6l fhe pr@fidd 6r

subst ance and may ncou I'ed"a

genetically aﬁmyadoaa@lé@bywaﬁﬁnwusdcu tifed e cdlfiire. gemese fhetude Nburainé nednd
pepti de or honol ogue or mnetic thereof may be adnm nistered separately or

co- adni ni st &ymtsdt @, ﬂk%hm%ﬁcé@ﬂ“%gﬂémé m&w&%&ém‘ﬁwﬂhwﬁ Milstsingoses.
20 The vaccifgys Cﬁ%?esbg 495 % ecef ?\%ﬁﬁ?%?églhﬁ@ﬁdp&ggg c%g?xb)!t & number

of different routes suc as i era
subcut aneoug19839 Irmﬁm@lrf[tﬁiay |4a72 iQoject tal (1983) Proe Nlaﬂsmzlad SﬂSUS(DSIE6 2030pand
i nfra- va i nah?eEuret hral or | ar _admi ni stratio 25 The vacci nes

conpri sitfig ¢ %Uﬂ%&ﬁe’@a&‘:hﬂh@%%@éﬁ?’ Glﬁ§@MPw1%A@6h9@¢ﬁ 39 fadncsr

adm ni stere n t T neously
or int ranus?gP&P?’thRdg' %fris?)lr%f %?9“%6& |I(I)lné32irdlt ch arlguggu?ift%g?pw?gw%t her
nodes of adpradustiérnbf Wwhimerdd attibodies alsd §pﬁch@5‘ofaﬁﬁhselahtlB®i§Eg@la§&Shunﬂmal
formul ati ons. _For suppositories, traditional binders and carrjiers my

i ncl ude, forniibedypeenesplyl whiain |3 dpel eatle gyt APRropRaier Pgrgﬁeeﬁnee@lwswh
t t di t
T The t ang Bl AGyEy GBELE Ol MNathuyPer A3P0EH TR0 NaARK Sof B1 BT 2T O

such nonsral 6§5%nNeatyeegtr eorcihb( K984y Mesyre f 312:6042608; Sakeda er al (1985) Nature
314:452-454). Altematively, techniques described for the production of single chain

antibodies (US Patent No. 4,946,779) can be adapted to produce the substance specific

single chain antibodies.

20  Antibodies, both monoclonal and polyclonal, which are directed against epitopes
obtainable from an identifed agent and/or substance of the present invention are
particularly useful in diagnosis, and those which are neutralising are useful in passive
immunotherapy. Monoclonal antibodies, in particular, may be used to raise anti-
idiotype antibodies. Anti-idiotype antibodies are immunoglobulins which carry an

25  “internal image” of the substance and/or agent against which protection is desired.
Techniques for raising anti-idiotype antibodies are known in the art. These anti-

idiotype antibodies may also be useful in therapy.

Antibodies may also be produced by inducing in vivo production in the lymphocyte

30  population or by screening recombinant immunoglobulin libraries or panels of highly
specific binding reagents as disclosed in Orlandi et al (1989, Proc Natl Acad Sci 86:
3833-3837), and Winter G and Milstein C (1991; Nature 349:293-299).



03 April 2003 36 pharmaceutical grades of mannitol, |actosed3 Apdradi3
magnesi um st ear ate, sodi um saccharine, cellul ose, nmagnesi um carbonate, and
" the like. These conpositions take the formo f so iutions, suspensions,
tablets, pills, capsules, sustained release fornulations or powders and
contain 10%to 95% of active ingredient, preferably 25% S to 70% Where the
vacci ne conposition is |yophilised, the Iyophilised material may be
reconstituted prior to adm nistration, E as a suspension. Reconstitution

g.
i s preferabl ff.ected in buffer DI SEA %.tooT.e st an f the present
i nvention ig%ﬁgggy 8§F933P%$?“§w5W%ﬁ?m t BFHhﬁﬁgsﬁﬁggéggggﬂg %y?EQéFI
| eukaem a, tdeasraRbartorleRh@plel Sfibh PdgnREABNALIGdE)bUX QROFENRINRed 116 NES IFad

graft-versus-host disease (GvVHD), 51Iergjc_or_infectiou$ di seases. thin
the group "ifementsoshiclyicam he @soduced by pepsimadigestion ofithe Antibagdyi melepyle @nd i on,

he i nf [ 15_hj | oni [ h
the T nfecti Qe rafHbmbls UAER chOue SOLPLERT oRlucll A3 AGHRSE WABLAST b

mucosa are par 0] are seas

i munopatshol K{gh'y, #HagiRfl 2N G&RTatiREl, Kb praksyor libtatissatlay bx aomdi@stedtto hldweCt i ous
di seases of the present invention include but are not Iimted to HSV-1,

HSV- 2, EBV, TopAY andrasy idemificationnt monealgnsligh dragmeptstwith thedesiped specificity and
E, hbisseriq$ﬂ§ GAOL L] ol I enzae type B and Streptococcus
pneunoni ae, eQQg@ngﬁgﬁﬁ?&ﬁgﬁ ?ﬁ%kggzjkgéggacteriun1tubercu|osis,

Nei sseri a gonnorheae, H V-1, H V-2 and Chlanydia trachomatism E.coli)
rotavirus, Salnonella enteritidis, Salnonella typhi, Helicobacter pylori,
Baci | | us c: A$SAYS FOBMMIBNAMQIPULATORY Msmﬁ&b@ chol er ae,
Staphqu%occus aureus, Streptocc~ccws 25 pyogenes and Streptococcus mutans,
mal ari a, Trypanasoma spp., Taxoplasnma goncl ~i, Lei shmarua donovani and

Oncocerca s[Fhe immaiphedulatiod bf BHedintnudé SBPEIBE Ina¥ be Meagpf &b By trahdtyiptidriadn
include but are not limted to diseases I nclude asthma, allergic cough,

al | ergi c rhippiling, fxexampleuby assaying Br achivaperobEanseoriian of{dDde Fethsurface)
ticoria b . ko A oo Tnar
§{|L?3{L§. Qh%gaﬁﬁkﬁﬁgﬁﬁBgﬁﬁ$“§§Q§%?éE“g aﬁ{é?g%%hge;igggsgsrinclude but

are not limted to diseases such as rheunmatoid arthritis, nultiple
sclerosis and_diabetes. KITS 5 The present invention further provides
di agnost¥c TBRY kits conprising the

Preferably a wide variety of reporters may be used in the assay methods of the present
invention with preferred reporters providing conveniently detectable signals (eg. by
spectroscopy). By way of example, a reporter gene may encode an enzyme which

20  catalyses a reaction which alters light absorption properties.

Examples of reporter molecules include but are not limited to [-galactosidase,
invertase, green fluorescent protein, luciferase, chloramphenicol, acetyltransferase, -
glucuronidase, exo-glucanase and glucoamylase. Alternatively, radiolabeled or
25 fluorescent tag-labeled nucleotides can be incorporated into nascent transcripts which

are then identified when bound to eligonucleotide probes.

In one preferred embodiment, the production of the reporter molecule is measured by

the enzymatic activity of the reporter gene product, such as §-galactosidase.



substance of the present invention. Such kits may be used t g3ppaVEI3 and/ or
: treat and/or nodul ate the di seases of the present invention. | I n one
enbodi ment of the present invention, the kit nay al so conprise an antigen
and/ or antigenic determ nant and/or a separate adjuvant for

coadm nistration with said therapeutic or prophylactic conposition.
Alternatively, a kit may be provided conprising mnetics of the present
invention in 15 the formof antibodies @b the invention bound to a solid
support and/ g5s Reskase INHMITJRS OF TOXINSNDGOED ISIAHIOeA al ong with

sui tabl e reagents, controls, instructions and the like. SAY 20 In summary,
the present invention relates to a substance conprisinJ any one or nore of

' i ising th nce. t ed SEQ | D No. 2,
or avari ant b aPEGRSe of B8 st o ey HGTvatsF of PomasRue s 280} Sor a
derivative thgr 8 tha@'expradidiBihé GulpRALLQF gm%wyrééams HRSLEGE Or | 5 deANRRRL rOf

acting in a manner that is the sane as 2 is simlar to EtxB and/ or
Ct xB; but3 whkamdleguetbersah stay hseusekb eos saneen fox lagbits (Sivhlasbantibiodigs.apepitides,y. The

t o ti | | at t t hod for. det '
ents t hat SHERSC abnBf et mp e efbag ShAL msdRb P Ry o Fh G BRoE BE! ance
of the presewhy b dQfpI& &nﬁﬁﬁéﬁﬁeiﬁbﬁ dfmﬁxiﬁﬁﬁ%mecmmrr'y PEhCABsAREd Ady bRe

substance with an agent to be tested) and then determ ning whether” or not
t he agent affceasned fandnkibliers @f ¢axin-indo@d Aiarihioe2 glazelngidentiiyingagrats capallet he

present inventi.Qn.are pyesent bel ow by f.. nunber.ed paragraphs which
i ncl ude: 1. &taﬁégqr}gd@e\xhc?lgﬂaggfj%ﬂ?g%t X %éﬁg%taﬁgﬁgﬁoﬁ/g > or a honol ogue
or 5 mmggic thereof. 2. A peptide according to paragraph |, which

conprises the sequence VEVPGSQH DSQ 10 3. A peptide according to paragraph
2 whi ch conpin enesmbedimeniu&a sere@ATE GAVRRBOHIVBIHOMay nderidy sapgenists of

CETFQVEVPGSQHL DSOKKAI . 4. A prophyl actic, or therapeutic,conposition .which
compr 1 ses a e gERCk of Jiefteint BUEHPE 6h 25 hiBAEREpe s I e o
m metic ther@efeeulddwhich are capable of acting as inhibitors of toxin-induced diarrhoea

15 ASSAYS FOR AGENTS

Phage display may be employed in the identification of agents, such as a cell surface
receptor that is engageable by the substance of the present invention. The positive
identification of such a receptor may faciliate the use of combinatorial librartes to
20 identify mimetics capable of acting in the same or a similiar manner as the substance

of the present invention.

Phage display is a protocol of molecular screening which utilises recombinant
bacteriophage. The technology involves transforming bacteriophage with a gene that
25 encodes an appropriate ligand (in this case a candidate agent) capable of reacting with
a target substance (or a derivative or homologue thereof) or the nucleotide sequence
(or a derivative or homologue thereof) encoding same. The transformed
bacteriophage (which preferably is tethered to a solid support) expresses the
appropriate ligand (such as the candidate agent) and displays it on their phage coat.
30 The entity or entities (such as celis) bearing the target substance molecules which
recognises the candidate agent are isolated and amplified. The successful candidate

agents are then characterised. Phage display has advantages over standard affinity



5. A prophylactic or therapeutic conposition according to pQﬁ&Qﬁ@ﬂkB4
.which al so conprises an antigen or an antigenic determ nant. 6.

prophyl actic or therapeutic conposition according to paragraph 4 or 5, 20
wherein the therapeutic or prophylactic agent is used as an adj uvant or

i mmunonodul ator. 7. A prophylactic or therapeutic conposition according to
paragraph 4 or 5, wherein the therapeutic or prophylactic agent is used to
upregul ate the production of 25 anti bodies at mucosal surfaces. 8. A
prophylactic or therapeutic conposition mccording to paragraph 4 or 5,

wher ei n t he ligagd apeshideE te@hndlo€IB1Y ITAE phecrg 8 fice idbspliye dhd Gaddididd Bgkn@ft hgen
presentatlon and gi ve sustai ned i munol ogi cal menory in a manmmal i an

subj ect. 30 threg3limgpsionad oepmfigaragon, Amere slgackic resemgling s apumaliyc oeaywingsi t i on
according t ap h mhereln t r -prophyl actic
agent is usgzggﬁ%g%l@\f\ln :]reh;}ﬁgl ?V% fof, &05 21 ogl cgﬁ g%g%%dﬁ@n@ndlg ?‘ﬁ)‘h%‘eﬁwag

Th2- associ atpagposdgnune responses. 5 10. A prophylactic or therapeutic
conposition according to any of paragraph 4 to 9, which is used to treat or

pr event éut0|nnune di sease, human T cell |eukaem a, transplant rejection,
graft-versusgdios P e@ﬁ§@?y gnfectlous di seases. 11. A prophylactic or
t herapeutic conp05| I on |cg conpri ses an agent which tO binds

specifically to the L14-a2 | oop of EtxB or CtxB. 12. A prophylactic or
t herapeutic conposition according to paragraph 11) wherein the agent is an

anti body. 130 9nec embqdiment thecscreenpef thp Prespaivinyentio maysidentiy w&mpﬁ@et 0
par agr aph 1 Manté of W ﬁésén? §od. Qudy gsaztmtﬂxoﬁ{e'é h&eoqher]?#wg{:ta\' %&%

conposi ti on use agal nst I sease, nmpri si o) acco ng to

any of par agvmh&vaaﬁﬁn&mbmadmmﬂ@maajummft&u c ther eof. 201 S A
vacci ne conposition according to paragraph 14 which al so conprises an
antigeni c determ nant. 16 A vat:cine conposition according to paragraph 14

or | S whi C@ubl?x#ﬁﬁgﬁs @Q&m&f‘st&éd Qfoﬁ%! S tin | BB ali N il &ﬁ&s@gmgaufc?' mmine

di sease, human aenla transplant rejection or rsus- host
di sease (G\/Ifﬁi)ﬂ\dumaﬁ&fcﬂs%asoéolﬁme ;ﬁéﬁéﬁtrms'erﬁgma t herapeutic or prophylactic
conposition according to any of paragraphs 4 to 13. 30 The present
invention will now be described only by way of exanple in which reference

is made k0 teERENld oW ng Fi gures:

The substance of the present invention to be used for identifying immunomodulators,
adjuvants, mimetics and/or inhibitors of toxin-induced diarrhoea in any of a variety of
drug screening techniques. The substance employed in such a test may be free in
20  solution, affixed to a solid support, borne on a cell surface, or located intracellularly.
The abolition of substance activity or the formation of binding complexes between the

substance and the agent being tested may be measured.

Another technique for screening provides for high throughput screening (HTS) of
25  agents having suitable binding affinity to the substances and is based upon the
method described in detail in WO 84/03564.

It is expected that the assay methods of the present invention will be suitable for both

small and large-scale screening of test compounds as well as in quantitative assays.



03 April 2003 40 Figure 1 which shows a stereo ribbon draw pgapheygong a B
. subunit of Etx/Cx (fromSixma et al. J. Md. Biol. (1993) 230:890-918,

| abel s added); Figure 2 which shows the identification of |oop residues in
CtxB involved in CD8+ T5 cells apoptosis; Figure 3 which shows nutant B
subunits defective in CD8+ T-cell apoptosis retain ability to bind to cell
surface receptors; to Figure 4 which shows total immunoglobulin |evels
agai nst EtxB and EtxB (HS7S) in sera fror‘sllm' ce immuni sed intranasally with

| Oug of each B i1 Fi uE) ' § hows that Hi s-57 in CtxB and EtxB
defines a resaﬁﬂﬁmg b&#\&b{; h@i city; 15 Figure 6 which shows
E51-158 B subunit peptide exhibits an ability to induce i nmunonodul ati on of
CD8+ T-cells. EXAMPLES 20 Exanple 1 Identification of residues in the

A u-51 to || &h&8piesamp iwiver@onBalksh aprovides) cre rphiarmagadivall Ldompesifioaf teuprisinga

| eukocytes 25.1VL.H male mce were sacriftced and senteric l.ynph node

i ssue s s IURBRUEIME ¢ PerBoiteliv ceriyn anputan B Shskngs i PP Bss
wi t hout Gal Cl#@hﬁ&ﬁm%?%ﬁﬂn%hﬁﬂgll?% QFR ¢ BgerHilien? OF Wk EBRAK) (including
“Lynphocytes were then dispersed into the solution and away from fi brous
ti ssue by gepembingtiensghergof)he ti ssue through a wire 30 nesh. Fol |l owi ng 3

washes in HBSS, the |ynph node cells were resuspended in nodified Eagle's
medi um (G bco) (a-MEM containing 20 nM Hepes, 4nM L d utamine, 100 U m

penicillin, TROpHAMacERtiRPEAAYSHitibns 3E B id?-hanidR or aBimARisate ADMEnH and

mer capt oet hanol, at a concentration 2 x 106 cells/m and then mi xed without
(PBS cont r ol Yeterinagyt meglicisa Mud4 owidlg/ typically  dnhptisey pay COR® 6F wiored-afy ge

G o vazhy ™ eEAeRRiRRty doCBRe, luerty artisdh) SoISHE, AGP ol SBHEE %) | or
Ct xB(1 58A) affudns Y& kiRfapeutic use are well known in the pharmaceutical art, and are
described, for example, in Remington's Pharmaceutical Sciences, Mack Publishing
Co. (A. R. Gennaro edit. 1985). The choice of pharmaceutical carrier, excipient or
diluent can be selected with regard to the intended route of administration and
15  standard pharmaceutical practice. The pharmaceutical compositions may comprise as
- or in addition to - the carrier, excipient or diluent any suitable binder(s),

lubricant(s), suspending agent(s), coating agent(s), solubilising agent(s).

Preservatives, stabilizers, dyes and even flavoring agents may be provided in the
20  pharmaceutical composition. Examples of preservatives include sodium benzoate,
sorbic acid and esters of p-hydroxybenzoic acid. Antioxidants and suspending agents

may be also used.

There may be different composition/formulation requirements dependent on the
25  different delivery systems. By way of example, the pharmaceutical composition of
the present invention may be formulated to be delivered using a a mini-pump or by a
mucosal route, for example, as a nasal spray or aerosol for inhalation or ingestable
solution, or parenterally in which the composition is formulated by an injectable form,
for delivery, by, for example, an intravenous, intramuscular or subcutaneous route.

30  Altematively, the formulation may be designed to be delivered by both routes.



5 at 370C for 96h. Thereafter, the cells were washed and regggpgnsed i n

. 0.4nl HBSS/ 20mM Hepes/ 0. 1% sodi um azi de/ 10% rat serum Phycoerythrin (PE)
conj ugated anti-CD8 (PharM ngen) and FI TC-conjugated anti-CD4 (PharM ngen)
were added at a dilution of 11400 and the cells incubated on ice for a
period of 30 min. Follow ng anti body incubations, the cell suspensions were
washed once in | SOTON to (Becton-D ckinson) and resuspended in 0.4nl

| SOTON. FACS anal ysis was carried out, with 10,000 events collected for
each sanple_and then plotted using WnM3 software. The cells with

FI TC- bound Where-tiipagent ds thebd delivared rmuchsallyghrougli thengasdoigtrstinalrmuesfsa,dtich

figure; the,cell i.th PE-bound.anti.- re depicted i.n the . hotto

ri ght - hand S&ﬁ‘g@r lgen\?l\g,’le trﬁm?‘ﬂem%)éer ‘érllﬂgg%“ﬁﬁutﬁ%'ﬁ?' %‘F gea\slté?ff’%es{‘]?lalte)téac?h 8[|adr ant
shown. 15 Re&hiples if sHARd 'RSkebik@nd B plotonRic2ddberanst, " Aiifle dthalid iphcdat i on of
MN cells with wild-type CtxB or w [d-type EtxB causes depletion of CD8+
T-cel | s; wiesibtanide shedntergers gffedts oftils. 20 cells are incubated in the presence
of PBS (Scontrol) or a mutant form of EtxB, EtxB(&G3D) which | acks an
ability™to bind to cell surface GW1 ganglioside. An analysis of the CtxB
mut ants convaksRi ﬁﬁprﬁ%ﬁat%,ubﬁé | pHdbrhRRSidal doBfpositiess Ead be hdBiniwyeal g t hat
G xB(E51 A). and G xB(H57A) also failed to trigger CD8+ T-cell depletion. In
addi ti on, Cniaatmn K thenforaot B(supBiitom dringssant tepigadlytin she fumeef a lotions
triggering + T-cell .depletion,. These findings,.ndicate that residues,
£51 and Ho OBy SRABcmRenter qiing povder: Yy PRE kiR auEl p0Y I He b o

| ynphocyt eofWabltsacdn@dthinib Riiplevts! SAkie af Qfardhesd Hb8Se, \bo dn addgsidied or 30ules 03

April 2003 Exanple 2 42 Mutant B-subunits defective in CD8+ T-cell

apopt ogPs redthear aloagior jin pdmixtire ritht excipaerits, N rin 4 forac eb elixiss, Solytiongraf e ni ce

were sacrifj ecd and rreFenrlJt erj ¢ %ﬁx’?h node .ti ssulﬁtg/ars ubsequ%gtl.égr noved

i nto Hanks é’ﬁ‘@gﬂ CORPAIRG 1P (P’Bi% ORPPE St Pki %gﬁ?j é‘H fUm and
suppl ement qfirepitdrhily, OftY HlARBR) intlayEMRRAGY itamieiarfyn 8P sdb&Rgnexaslyl NtFer t he
solution and away fromfibrous tissue by gently pressing the tissue through

a wire lo rpasmterfloidnynisnglia), Westompopiionsasay be hest ugeroin the fprn wé peterile

r esuspendedaqhgouéos%lu%no&hich may contain other substances, for example enough salts or

15  monosaccharides to make the solution isotonic with blood. For buccal or sublingual
administration the compositions may be administered in the form of tablets or

lozenges which can be formulated in a conventional manner.

VACCINES

20
In one embodiment of the present invention, the substance is an adjuvant which is
incorporated into a vaccine composition used to treat or prevent autoimmune disease,
human T cell leukaemia, transplant rejection or graft-versus-host disease (GVHD),
allergic or infectious disease.

25

In another embodiment of the invention, the vaccine composition may additionally
comprise an antigen(s) or antigenic determinant(s). Suitable such antigens and/or

antigenic determinants are disclosed in WO 99/34817.

30  Preferably the wvaccine composition comprises an antigen and/or antigenic ..

determinant.



pre-cool ed and de-gassed MACS buffer (PBS, SnM EDTA, 0.5% B33)AmitZo@ . 5S0ni
.each of anti CD4 and anti-B220 MACS anti bodi es were added to the cells and
the CD8 T-cell population purified by negative selection in a magnetic MACS
colum. The CD8+ T-cells containing popul ati on were washed and resuspended
int5 nodified Eagle' s nmedium (G bco) (a-MEM containing 20 nM Hepes, 4nM L
Gutamne, 100 ILJ/ mM penicillin) 100ug/mM streptonycin) and 5x10-5

M2ner capt oet hanol, at a concentration 2 x3306 cells/m and then m xed

wi t hout (PBS pﬁy?érmwh@{ndgbma?seﬂé%é 08 UphiBideRimditsd-t ype QX xB or

w | d-type EtxB, or Vvariou$S nutant B-Subunits, nanely EtxB(G33D), C xB(E51
A), CxB(V52 A), CtxB(P53A), 20 CtxB(Gb4A), CtxB(SSSA), C xB(QB6A),

Ct xB( H57A) , Ekxl?%Fi 57%%16,e or CtxB iSﬁQ and 'g%ubat ed on ice for 20 mn.
Ther eaf ter, tRETEaMYs WiePBE RIsHAL SHRIpes o HisaBESTT PXEMop iy tedpp the
HBSS/ 20mM Hepggh&atidh §ppmgf§¥3@gﬁg&/p1.%[a@ﬁc S£EHM Anti - Et xB nonocl onal

anti body 1 18-8 was added at a dilution of 11500 to cells incubated EtxB,
Et xB(G33D)5or EtxB(H57S) and anti-Ct xB nonocl onal anti body LT-39 was added
at 25 a dilutiop of 1/800 ta gells incubated with CxB and. Ctx tants.
After 30 min, % PEORNY ﬁcgcm?"én?/va'éﬁ’eﬁﬂcalﬁﬂ PERRef tPlng’FZ‘Bi%M I5de/ 0. 1
% sodi um azi dgjelv&%d'is%ﬁscsd%i}blﬁ fehd owed by addition of a FITC | abel |l ed
anti-nouse 1gG anti body. Fol Fovvi ng incubation with the secondary anti body
for 30 mn, the cell suspensions were washed once in | SOTON

(Bect on-Di cki nsg and resuspended in 0.4nl .30 .1 SOTON., Level s, of FITC

f1 uor escence gs tggrf‘%%‘%és‘@ﬁflﬁgi \‘lsead’ﬁc‘i'%weg%e‘ﬁtadw&cwgi tﬁg‘“@’f”‘d‘éﬁ{ﬂ?’,‘”ﬂbﬂB and
the varioys netigieS ihRcfidP ol eildeS oVeRiAMRES #RI RikchA DR Ybrbgate The
results of 10,000 events from each sanple are plotted show ng the

f 1 uor escence mggnopatholog2GdgorsBquancestdithiedisgaseCD8+ T-cel |s i ncubated in the
absence of B-subunits |ie PBS contvi; red line) versus the fluorescence
attributable to bound B-subunits {black Iine) (Figure 3). Results 2 5 The
results in Fi gné @repatiiol dfhddcchles WAt BoithihSonce¥E aitire tshiBstaRBs Ak NEll AGvaUL ant
Et xB(G33D) bound to CD8+ T-cells to a simlar extent. The fluorescence
intensity det tgredieng(s), é kasiwrdiornpe Gkitls] isghiayrt afypicalbBerenSycinessare prepavhdit

hi gher th that .exhi.bited b il d-tvype B-subunits indicating that, the two
mutants hibe & e et oitiay’s igiBlons GLRPutorst soiEr e, LG BE
consi stent W $ddidieir, iof GusenbidatinPRgld GrivB ioANeayhis &i.ndhei th a
slightly higher avi_tji ty to &\h 1-lgoa?ed$?11‘i cﬁd;?lgﬁne pl zzzt)tEes gﬁ?@?ﬁi bit a
slightly hi ghpiepxatismpmazalso e epwlsiffedi petheipfotginaeneapsudaied wckipgsemenadbe

(data not showp),. 1 anple 3 sid Hi.s-57. 1.0 Et S ire j nduce
a potent anti %QB’“ es%;‘c()e ﬁéﬁ’e%ﬁggs ’ﬁ‘%gl\)ﬁ’tﬁe%ﬁ}pée%s c&gﬁf}h a;é %q'gﬁ“earcgmlgcg%ni sed
intranasal |y wdckptableupdRonpatible? @ithtthdBadtbé Sheletiett. v Suitifile @kcipfeuts 08 Br
occasions at one week intervals. The mce were sacrificed and bl god. renoved
by cardi ag® puRemie watey Splingf dextros eglygerald ethanginios 4b¢ dike apdecabigatipns e
anal ysed for fevelks of anti-EtxB IgG antibodies by a Gw!-ELISA using
mcrotitre plates coated with lug/m EtxB. End point titres were determ ned
(equivalent to a dilution giving an absorbance of 0.1 above background). 25
Results 3 The results. in Figure 4 show that fallow ng intranpasal

i nuni sati on additign tfﬂf:wsi? EReE3CHNg) Ay FoUtHn SHPOMIARHILS ¢haurtliapisubsanass dy

rvet sy | R A Rl S L0
1205+/ - 222y .
The vaccine composition may also comprise a combination of adjuvants which
enhance the efféctiveness of the vaccine. Examples of additional adjuvants which , in
combination, may be effective include but are not limited to: aluminum hydroxide,
aluminum phosphate, aluminum potassium sulfate (alum), beryllium sulfate, silica,
30 kaolin, carbon, water-in-oil emulsions, oil-in-water emulsions, muramyl dipeptide,
bacterial endotoxin, lipid X, Corynebacterium parvum (Propionobacterium acnes),

Bordetella pertussis, polyribonucleotides, sodium alginate, lanolin, lysolecithin,



03 April 2003 44 Exanple 4 Residue His-57 in EtxB and CtxB ig3 Apfregssnry for
.the B-subunits to act as mucosal ad,juvants G oups of hlIH fenmale mce (n =
8) were imunised intranasally with | Oug oval bumin (Ova) alone or with | Oug
Ova mxed with either |10ug EtxB, CtxB, EtxB(H57S) or CxB(H57A) and

adm nistered in a volune of 20ul on 3 occasions at to one week intervals.
In addition, two groups of mce were intranasally inmmunised with | Qug EtxB
or CtxB as negative controls. Al mce were sacrificed 14 days after the
third i muni eigdiR ™, aagohiRelipdsomnds, eV e, IYE ABdékf&n, PBIBEREdr Eopolifers &y Wer e
then anal ysed for |evels of anti-Ova |1gG antibodies by an ELI SA using
mcrotitre pPtheresynthgtic adiuxpath Sieh/adiuvas apnavayieblst cammersiallye fremdearéusi ned

(equi val ent a diluti i VN or,.ban of 0.1 abgve ba round) .
Reaul 1o ThictiB Pt S et ATERR s REROD B Eafpati Jol- BARRRRaN S0t X
act as mucasgd FRandsl] M¥ampte JdpFbANd!dompAste Bafuvast (Defcant bbdMBribEsponse
conpared with mce immunised with Ova alone (conpare |lanes 4 and 5 with

| ane 1). By Pemit Mehigaen Ova was admi xed with Et xB(H57S) (|l ane 6) or
CxB(H~7A) (lane 7) the anti-Ova response induced was substantially |ess
than that triggered by inclusion of the wildtype B-subunits. The data
denonst r at e Typadallf! >adfudadd) shchCks Aslbrigant (ofGhlivtitdry, AlR&rodsl qambliswm t he

i mportance ofﬁ?éﬁegB- S{Jbun_it E51- | Sﬁogp, (and in erti czl ar Hg7 in

nedi ati ng t heydrasidehonnduniduse i phopligen and ddhydresehsre tged. Ogly alugdnyspr | |
2003 Exanpl 5. A_synt hetd c, peptide EVPGSQ il corresponding to the E51 to
| ~8 | oop of qﬁt%g((%ﬁgr{ %S‘(’ %gg‘gxg%e"ge'i nmunonodul atory properties 5 To assess
whet her g synthetic peptide corresponding to the E51 to |1S8 | oop of EtxB
(and CtxB) causes depletion of CD8+ T-cells from M.N cultures, nesenteric

| ynph node cAPMINREFRATEINat ed as described in Exanple 1, and incubated
with various concentrations (O |luM- 20ulvl) of the EVPGSQH peptide or a
randomy sel ected 1o control peptide, LRNETTTTKGDYC. After 96h i ncubati on
at 370C t he Tgiidafly e pRysicia /4l deemiifs thePRAEP odaBe WACH wilBDe/ MOt uldesies/ 0. 1
% sodi um azi de/ 10% rat serum and then assessed For the relative proportion
of CD4+ and fepea- indiyifual pbieriGmdain atill siasy, with the agelavriBklaand eeshonss afdhe hat

reported.n I T t of . CIB+ T-cel Ml i

cul tur eglstredg%tea \M(Sf‘%entt'hgﬁggg{%gjfeﬁgg%ﬁeie%%&%po%%tggraggmggg%l’lefc e§é gaﬁld i ne)
or the cont reflcofef) be dedi¢idhalSethrRethers Righdres I dobdie)rad@s afeinetitddned and
was plotted graphically agai nst concentration of peptide used (Figure 6).

The compositions of the present invention may be administered by direct injection.
The composition may be formulated for parenteral, mucosal, intramuscular,
20  intravenous, subcutaneous, intraocular or transdermal administration. Typically, each
protein may be administered at a dose of from 0.01 to 30 mgkg body wecight,
preferably from 0.1 to 10 mg/kg, more preferably from 0.1 to 1 mg/kg body weight.

The term “administered” includes delivery by viral or non-viral techniques. Viral
25  delivery mechanisms include but are not limited to adenoviral vectors, adeno-assoctied
viral (AAV) vectos, herpes viral vectors, retroviral vectors, lentiviral vectors, and
baculoviral vectors. Non-viral delivery mechanisms include lipid mediated transfection,
liposomes, immunoliposomes, lipofectin, cationic facial amphiphiles (CFAs) and
combinations thereof. The routes for such delivery mechanisms include but are aot
30 limited to mucosal, nasal, oral, parenteral, gastrointesunal, topical, or sublingual

routes.



Results 5 20 The results in Figure 6 show that incubation oD3MpN 2003 ur es
.in the presence of the EVPGSQH peptide causes a reduction in CD8+ T-cell
"nunbers) in contrast to treatnent with a control peptide. This shows that a
synt hetic peptide corresponding to the ES1 to 1S8 |oop of EtxB and CtxB is
active in exerting direct nodul atory effects on Lynphocytes. 03 April
2003 46 Al publications nentioned in the above specification are herein

i ncorporated by reference. Various nodifications and variations of the
descri bed net hods and system of the invenision will be apparent to those
skilled in th¥hétetmWadmiibtere€iacihded Buf ik @B lifiRed OdivarythysPinucdsad fould) for

i nvention. Although the invention has been described in_ 5 connection with
speci fic pref & » A BRSRE SP1AY oF reropr) UPH inflaliencrsiody rgsstablenwlutinne vt i on
as clainmed sh u ty d [

| ndeed, vari ogwe&c%i)%llggt%gesh%%we e%%?ﬂ%a%n %ges {dgrﬁ %g?%%#\%pgut t he
i nvention whi irtragé¢rusiNtranssciler drivobaitankodsirodel N nol ecul ar bi ol ogy or
related fields are intended to be within the scope of the follow ng clains.
03 April 2903 CLAIMS 47 1. A substance conprising any one or nore of an

i d 't
Variant ¢ her oof CoR ESTBRLTLPNS HER R BE SsPiaiRE S adRinfedlh B cadhr o ©
derivative t h&feembstamfe &€ thik IfRése@ mhﬁﬂxeﬂﬁnumﬁhdcﬁul&rﬁﬂ RAAY suchCAPaD laftigdh

acting in a manner that is the same as or is simlar to EtxB and/or CxB;

but wherein t #id/enaséeenic deigaasaninaresueh Bt thowperessarydmadilatien of the inpnung
bst 1
dof ned 1 n- o Seiem Bhohbyld il while eSS Fnigth v BMIRRENES, 7

in claimbofosat theesaake monkd; Gy difde. ankdSatbtheAsainbd sitgnthereasmayebe nalttantages! @i m 1
for use as an jnhjibitor for toxin-induced diarrhoea, 6. A substance

accordi ng to miniskEingthe substance 2k adisrent Emesangie plifferentesite fram dheantigen.
addi tional Iy fﬂé‘%&éﬁéc&l&&ﬁ%&%&y endd dANLLIE T ?hcds%rfércmhg@ﬁ; velfict: /- anfd
pharmaceuti cal conposition ¢C I'sing the substance accor g to any one of
clains | to 6t;heapbstmaldnyl thel mm@d muytllsb covplal andioe updoap e caidlorcgsnkically
acceptabl e carri di luent (s) or excipient(s). 25 8. Use of a substance
as defined inC%‘ﬁdeéﬁé/%fm‘iﬂ“aleﬁs | to 7 for use in the manufacture of a
medi camengsthat is capable of treating and/or preventing and/or nodul ating
a di sease and/or condition associated with an i nmune di sorder and/or a
t oxi n i nducedTht amtigeogadetermeasit.and pBftidkpor ho@OBFue or mimetic thereof may be

administered separately or co-administered to the host subject as a single dose or in

multiple doses.

20 The vaccine composition of the invention may be administered by a number of
different routes such as injection (which includes parenteral, subcutaneous and
intramuscular injection) intranasal, mucosal, oral, intra-vaginal, urethral or ocular

administration.

25  The vaccines comprising the substance of the present invention are conventionally
administered parenterally, by injection, for example, either subcutaneously or
intramuscularly. Additional formulations which are suitable for other modes of
administration include suppositories and, in some cases, oral formulations. For
suppositories, traditional binders and carriers may include, for example, polyalkylene

30 glycols or trigiycerides; such suppositories may be formed from mixtures containing
the active ingredient in the range of 0.5% to 10%, may be 1% to 2%. Oral

formulations include such normaily employed excipients as, for example,
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.treating andlor preventing and/or nodul ati ng a di sease acld/or condition
associated with an i~nune disorder andlor a toxin induced diarrhoea

di sease. _ 10. An assay nethod fox detez~m ning one or nore agents that are
capable of interaetung with and/or agecting the substance according to any
one of clains 1 to 7, Wieeein the assay conprises contacting the substance
with an agent to be tested, and den determ ni ng whether or not the agent

af 6ects the substance. 11. An agent idemrsified by the assay nethod

accor di ng t phamacentitl giides Aofsmaniianc Bcasedetardte dnigiresiuan tedre:, ofodtidnati N5 1
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

*A), VOA} L+u| wr mhc”YV] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a]J ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca!' svunpBi l

AT $#\ $3% xsni d_ZV] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal caL;:a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calra] ca! WERQREEA((()))$)")Vv))))-**+
P,,-.b//0A111122 I cal cal cal cal caj cal.cal cal cal. cal.cal cal ca]lca] ca
ca] ca] ca] cal ¢ ’jagiﬂ\i%a?gg']‘c? 3’}‘%2}58 ﬁé'}cg‘é Cc %%%Uféglpé%g%%%%%”é@]é%] :; ]
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]cal gH HHHHII1J
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OOOPCCFFFF- nid_ZV]]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]c]calca]ca]c
aJ ca] ca] ca] caJca) cal ca]ca]ca] ca]ca]ca]calcalcalcaZzg A 10%& ()-! vy

10%44H& () 53 y 109%/V& () - 3&310%& () - 109 ()-9y#l 109%&' () - 6f } dEY109%& () - -
109%& ()-- 109%& ()-9gl0%& ()- "10%&k ()- 10%&k ()-}q!dE 109%& ()-f, @

1098 () -) 10%The) peesent lipv@ition- Rgtheo@rqvides digmpsyo) assgy@-amd kits comprising the

109& ()-7F" 109& -L6, ,109&' -4, 109 -Y1109&' -/ 1Q9& -

}~ =1 & 10%4H8§“%‘g“)‘°°"1fo‘?&' Ft’j’s-e& inve %%‘-Il-lgg%}ﬁ !‘&J‘/%E‘fé “S(’%% st et fyor treat

109&' () -} and/or modulate the diseases of the present invention.

20zX6~ = (@ " 10% H( H&' () - 3! $" 10%1H& (p) -1$"109HHE () - ! &' 109HHE () - & &' 10%HH&
() -&&"109%H& () -gmuS4T " 109 () - @, 109%H& () - f#310%4& () - 10HH 10HH

10HH (2" 11(3%-1 '

- @, 109& () 3mw udEuS4” " 10, . . .
10948 () -'°10 %ﬁ’-"jﬁ{%ﬁﬁ f(tig 1p§gse%%yﬁnﬂn,_ %e kit may also comprise an antigen
1094 () - @L0%H&/r antk ermifant hd/BPEiSeparate JVEALFIE cobIdmib@doNwih fdid @
10%4&' () - &FF" 10944& () -, @ 10%4&' () - LYdEuS4™ " 10, 4@ 10%4& () -, 2@
10948 () -/ 109@rapguticQr prorhglachic canm@sitowie’ ()-,) 10%44& ()-ebC"1,- 10%
U& ()-, - 10% U& ()-#F10% U& ()- 10H
Alternatively, a kit may be provided comprising mimetics of the present invention in
15 the form of antibodies of the invention bound to a solid support and/or packaged into
kits in a suitable container along with suitable reagents, controls, instructions and the

like.

SUMMARY
20
In summary, the present invention relates to a substance comprising any one or more
of: an amino acid sequence comprising the sequence presented as SEQ ID No. 2, or a
variant thereof, or a homologue thereof, or a fragment thereof, or a derivative thereof, or
a mimetic thereof; which substance is capable of acting in 2 manner that is the same as
25  or is similar to EtxB and/or CtxB; but wherein the substance does not exhibit GM-1

binding activity.

The present invention also relates to an assay method for determing one or agents that
are capable of interacting with and/or affecting the substance of the present invention
30  wherein the assay comprises contacting the substance with an agent to be tested, and

then determining whether or not the agent affects the substance.
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)-, F 10% U& ()-"!10% U& ()-, S10% U& ()-: gdEbC "1% 10% U&' () - Y" 10%

)- - 10% U& ()- F"10% U8 ()- @ 10% U&' ()-3"10% U& ()-g P dEbC "1 9@ 10%
)-7Z"10% U& ()- 1S 10% U&' ()-y/Z"10% U8 ()- (@ 10% U&' ()-9' G' 10% U&' ()-P
1>l @~ @ 10%4& ()-SY 10%4& ()-! Sl 10%4H& () -f#Y10%4& ()- 10 U 10 U 10

38
Other aspects of the present invention are presented below by way of numbered

paragraphs which include:

1. A peptide which comprises the sequence EVPGSQH, or a homologue or

5  mimetic thereof.

2. A peptide according to paragraph 1, which comprises the sequence
VEVPGSQHIDSQ.
10 3. A peptide according to paragraph 2 which comprises the sequence

GATFQVEVPGSQHIDSQKKAI or the sequence GETFQVEVPGSQHIDSQKKAL

4. A prophylactic or therapeutic composition which comprises a peptide
according to any preceding paragraph or a homologue or mimetic thereof.

15
5. A prophylactic or therapeutic composition according to paragraph 4, which

also comprises an antigen or an antigenic determinant.

6. A prophylactic or therapeutic composition according to paragraph 4 or 5,
20  wherein the therapeutic or prophylactic agent is used as an adjuvant or

immunomodulator.

7. A prophylactic or therapeutic composition according to paragraph 4 or 5,
wherein the therapeutic or prophylactic agent is used to upregulate the production of

25  antibodies at mucosal surfaces.

8. A prophylactic or therapeutic composition according to paragraph 4 or 5,
wherein the therapeutic or prophylactic agent is used to prolong antigen presentation
and give sustained immunological memory in a mammalian subject.

30
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10944& ()- ((i)r)))PraBM?1 1011 1G'10% & ()-f 10% & ()-

10% & ()-L10% & ()-!- 10% & ()-#l10% & ()-P***G++, M dEMP1 1011 1
(Z"10% & ()-!S 10% & ()-G'10% & ()- - 10% & ()--

10% & ()-110% & ()-Mn----/T/UV/dE:/ 10_ 10 810% & ()-2@

10% & ()-s010% & ()-.10% & ()-- @ 10% & (5’9-_)_10% & ()-VIWe/01d123uS1/
13"10% O- 0&' (9) - 1 2rpophyege c(r)therapeutlc composition according to paragraph 4 or 5,

8 W Ay S8R

& ()-!L! G' 10%Bmporents of3HIOHIA O )assob el Fanha6REpEsex MHC | 3" 10f #310% 0& () -

5 10. A prophylactic or therapeutic composition according to any of paragraph 4 to
9, which is used to treat or prevent autoimmune disease, buman T cell leukaemia,

transplant rejection, graft-versus-host disease or infectious diseases.

11. A prophylactic or therapeutic composition which comprises an agent which

10 binds specifically to the 84-o2 loop of EtxB or CtxB.

12. A prophylactic or therapeutic composition according to paragraph 11, wherein

the agent is an antibody.

15 13. A prophylactic or therapeutic composition according to paragraph 11 or 12,

which is used to treat diarrhoea.

14. A vaccine composition for use against a disease, comprising a peptide
according to any of paragraphs 1 to 3 or a homologue or a mimetic thereof.

20
15. A vaccine composition according to paragraph 14 which also comprises an

antigenic determinant.

16. A vatcine composition according to paragraph 14 or 15 which is used to treat
25  orprevent infections diseases, autoimmune disease, human T cell leukaemia,

transplant rejection or graft-versus-host disease (GVHD) diseases.

17. A kit comprising a therapeutic or prophylactic composition according to any
of paragraphs 4 to 13.

30
The present invention will now be described only by way of example in which

reference is made to the following Figures:
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ability to bind to cell surface receptors;

10  Figure 4 which shows total immunoglobulin levels against EtxB and EtxB (H57S) in

sera from mice immunised intranasally with 10ug of each B-subunit;

Figure 5 which shows that His-57 in CtxB and EtxB defines a region necessary for
adjuvanticity;

15
Figure 6 which shows E51-158 B subunit peptide exhibits an ability to induce

immunomodulation of CD8+ T-cells.

EXAMPLES
20

Example 1

Identification of residues in the Glu-51 to Ile-58 loop of CtxB that trigger
immunomodulatory effects on leukocytes
25
NIH male mice were sacrificed and mesenteric lymph node tissue was subsequently
removed into Hanks balanced salt solution (HBSS without Calcium and Magnesium
and supplemented with 20mM Hepes). Lymphocytes were then dispersed into the
solution and away from fibrous tissue by gently pressing the tissue through a wire
30 mesh. Following 3 washes in HBSS, the lymph node cells were resuspended in
modified Eagle's medium (Gibco) (@-MEM) containing 20 mM Hepes, 4mM L-

Glutamine, 100 IU/ml penicillin, 100ug/ml streptomycin, and 5x10-5 M2-
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5 at 379C for 96h. Thereafier, the cells were washed and resuspended in 0.4mi
HBSS/20mM Hepes/0.1% sodium azide/10% rat serum. Phycoerythrin (PE)
conjugated anti-CD8 (PharMingen) and FITC-conjugated anti-CD4 (PharMingen)
were added at a dilution of 1/400 and the cells incubated on ice for a period of 30 min.
Following antibody incubations, the cell suspensions were washed once in ISOTON
10 (Becton-Dickinson) and resuspended in 0.4ml ISOTON. FACS analysis was carried
out, with 10,000 events collected for each sample and then plotted using WinMDI
software. The cells with FITC-bound anti-CD4 are depicted in the top-left hand
quadrant of each figure; the cells with PE-bound anti-CD8 are depicted in the bottom
right-hand quadrant, with the percentage number of events in each quadrant shown.

15
Results 1

The results in Figure 2 demonstrate, that incubation of MLN cells with wild-type
CtxB or wild-type EtxB causes depletion of CD8+ T-cells; which does not occur if the
20 cells are incubated in the presence of PBS (control) or a mutant form of EtxB,
EtxB(G33D) which lacks an ability to bind to cell surface GM-1 ganglioside. An
analysis of the CtxB mutants containing Ala substitutions in residues ES1 to I58
revealed that CtxB(E51A) and CtxB(H57A) also failed to trigger CD8+ T-cell
depletion. In addition, CtxB(V52A) and CtxB(I58A) exhibited a partial defect in
25 triggering CD8+ T-cell depletion. These findings indicate that residues, E51 and HS57
play an essential role in triggering modulatory effects on lymphocytes with a

contributory role for residues V52 and I58.

30
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10%b& () - - . QYHGRE e were sacrificed and mesenteric lymph node tissue was subsequently
removed into Hanks balanced salt solution (HBSS without Calcium and Magnesium
and supplemented with 20mM Hepes). Lymphocytes were then dispersed into the
solution and away from fibrous tissue by gently pressing the tissue through a wire
10 mesh. Following 3 washes in HBSS, the lymph cells were resuspended in 300 ml of
pre-cooled and de-gassed MACS buffer (PBS, SmM EDTA, 0.5% BSA, pH7.2).
50ml each of anti CD4 and anti-B220 MACS antibodies were added to the cells and
the CD8 T-cell population purified by negative selection in a magnetic MACS
column. The CD8+ T-cells containing population were washed and resuspended in

15 modified Eagle's medium (Gibco) (a-MEM) containing 20 mM Hepes, 4mM L-
Glutamine, 100 IU/ml penicillin, 100ug/ml streptomycin, and 5x10-5 M2-

mercaptoethanol, at a concentration 2 x 106 cells/ml and then mixed without (PBS
coatrol) ar with 3.45uM (40 ug/ml) of wild-type CtxB or wild-type EtxB, or various
mutant B-subunits, namely EtxB(G33D), CtxB(ES1A), CtxB(V524A), CxB(P53A),
20 CtxB(GS54A), CtxB(S55A), CtxB(Q564), CtxB(H57A), ExxB(HS7S), or CtxB(I58A)
and incubated on ice for 20 min. Thereafter, the cells were washed and resuspended in
ice-cold 0.4ml HBSS/20mM Hepes/0.1% sodium azide/10% rat serum. Anti-EtxB
monoclonal antibody 118-8 was added at a dilution of 1/500 to cells incubated EtxB,
EtxB(G33D) or EtxB(H57S) and anti-CtxB monoclonal antibody LT-39 was added at
25  adilution of 1/800 to cells incubated with CtxB and CtxB mutants. After 30 min, the
cells were washed and resuspended in HBSS/20mM Hepes/0.1% sodium azide/10%
rat serum followed by addition of a FITC-labelled anti-mouse IgG antibody.
Following incubation with the secondary antibody for 30 min, the cell suspensions
were washed once in ISOTON (Becton-Dickinson) and resuspended in 0.4ml
30 ISOTON. Levels of FITC fluorescence as a representative of the extent of binding of
EtxB, CtxB and the various mutants to CD8+ T-cells was assessed by FACS analysis.

The results of 10,000 events from each sample are plotted showing the fluorescence
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Results 2

The results in Figure 3 show that all B-subunits, except the non-binding mutant
EtxB(G33D) bound to CD8+ T-cells to a similar extent. The fluorescence intensity
detected after binding CtxB(HS57A) and Eth(H57S) was somewhat higher than that
exhibited by wild-type B-subunits indicating that the two mutants have a greater
10 avidity for the cell surface. This result is consistent with the finding that both
CtxB(H57A) and EtxB(HS57S) bind with a slightly higher avidity to GM-1-coated
microtitre plates and exhibit a slightly higher Kd for GM-1 as determined by plasmon

surface resonance (data not shown).
15 Example 3
Residue His-57 in EtxB is required to induce a potent anti-EtxB response

Groups of NIH female mice (n = 8) were immunised intranasally with 10ug EtxB or
20 EtxB(HS7S) in a volumne of 20ul on 3 occasions at one week intervals. The mice were

sacrificed and blood removed by cardiac puncture 14 days after the third

immunisation. The sera were analysed for levels of anti-EtxB IgG antibodies by a

GM-1-ELISA using microtitre plates coated with 1ug/ml EtxB. End point titres were

determined (equivalent to a dilution giving an absorbance of 0.1 above background).
25

Results 3

The results in Figure 4 show that following intranasal immunisation with wild-type
EtxB high titre serum anti-EtxB IgG antibody levels are induced (titre = 5757+/-785)
30  whereas immunisation with EtxB(H57S) induces a significantly (p=0.001) lower

response (titre 1205+/-222).
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Example 4

Residue His-57 in EtxB and CtxB is necessary for the B-subunits to act as

mucosal adjuvants

Groups of NIH female mice (n = 8) were immunised intranasally with 10ug
ovalbumin (Ova) alone or with 10ug Ova mixed with either 10ug EtxB, CtxB,
EtxB(H57S) or CtxB(HS57A) and administered in a volume of 20ul on 3 occasions at
one week intervals. In addition, two groups of mice were intranasally immunised
with 10ug EtxB or CtxB as negative controls. All mice were sacrificed 14 days after
the third immunisation and the blood removed by cardiac puncture. The sera were
then analysed for levels of anti-Ova IgG antibodies by an ELISA using microtitre
plates coated with Sug/ml Ova. End point titres were determined (equivalent to a

dilution giving an absorbance of 0.1 above background).

Results 4

The results in Figure 5 show that both wild-type EtxB and CtxB act as mucosal
adjuvants, substantially augmenting the anti-Ova response compared with mice
immunised with Ova alone (compare lanes 4 and 5 with lane 1). By contrast, when
Ova was admixed with EtxB(HS57S) (lane 6) or CtxB(H57A) (lane 7) the anti-Ova
response induced was substantially less than that triggered by inclusion of the wild-
type B-subunits. The data demonstrate that CtxB(HS7A) lacks adjuvant activity. This
confirms the importance of the B-subunit ES51-I58 loop, and in particular H57 in

mediating the immunomodulatory properties of the molecule.
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10% & ()-2\| [nolﬂe cells were isolated as described in Example 1, and incubated with various

concentrations (0.1uM - 20uM) of the EVPGSQHI peptide or a randomly selected

10 control peptide, LRNETTTTKGDYC. After 96h incubation at 379C the cells were
washed and resuspended in 0.4ml HBSS/20mM Hepes/0.1% sodium azide/10% rat
serum and then assessed for the relative proportion of CD4+ and CD8+ cells by FACS
analysis, in an identical fashion to that reported in Example 1. The percentages of
CD8+ T-cells remaining in cultures treated with the EVPGSQHI peptide (closed red

15 circles and line) or the control peptide (closed black squares and line) was determined

and was plotted graphically against concentration of peptide used (Figure 6).
Results 5

20 The results in Figure 6 show that incubation of MLN cultures in the presence of the
EVPGSQHI peptide causes a reduction in CD8+ T-cell numbers, in contrast to
treatment with a control peptide. This shows that a synthetic peptide corresponding to
the ES1 to 158 loop of EtxB and CtxB is active in exerting direct modulatory effects

on lymphocytes.
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7. A pharmaceutical composition comprising the substance according to any one
of claims 1 to 6, optionally admixed with one or more pharmaceutically acceptable

carrier(s), diluent(s) or excipient(s).

25 8. Use of a substance as defined in any one of claims 1 to 7 for use in the
manufacture of a medicament that is capable of treating and/or preventing and/or
modulating a disease and/or condition associated with an immune disorder and/or a

toxin induced diarrhoea disease.
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with and/or affecting the substance according to any oue of claims 1 to 7, wherein the assay
comprises contacting the substance with an agent to be tested, and then determining whether
or not the agent affects the substance.

11.  Anagent identified by the assay method according to claim 10.

12. A substance as defined in any one of claims 1 to 7 when used for the treatment or
and/or prevention of and/or modulation of a disecase and/or condition associated with an
immune disorder and/or 4 toxin mediated disorder.

13.  Use of a substance as defined in any one of claims 1 to 7 for the manufacture of &
medicament for the treatment of end/or prevention of and/or modulation of a disease and/or
condition associated with en immune disorder and/or a toxin mediated disorder.



