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of i munogeni city includethe |Iinking of the pepti

design vaccines comprising a short peptide rather than a large protein. Peptides which may be

used as immunogens may be the full length native protein, for example human peptidic
hormones, or may be fragments of a larger antigen derived from a given pathogen, or from a
large self-protein. For example, short peptides of IgE may be used for prophylaxis of allergy,

25  whereas the use of IgE itself as the immunogen may induce anaphylactic shock.

It has previously been thought that amongst the problems associated with the peptide

approach to vaccination, is the fact that peptides per se are poor immunogens. Generally the

sequences of the peptides chosen are such that they include a B-cell epitope to provide a target
30 for the generation of anti-peptide antibody responses, but because of their limited size rarely

encompass sufficient T-cell epitopes in order to provide the necessary cytokine help in the



5 large highly inmmunogenic protein carriers. The carrier proteins contain a
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conf or dedvatinabf Tvkeecidim (BPBBI em it is known to design peptides in a 25
constrai ned manner, by chem cal interactions between two distant am no acid
resi dues, such that the peptide is held in a curved structure which
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the context of the flanking regions of the full length native protein.

In order to overcome this conformational freedom problem, it is known to design peptides in a
25  constrained manner, by chemical interactions between two distant amino acid residues, such
that the peptide is held in a curved structure which closely resembles the curve in which the
peptide would be held by the flanking sequences in the full length native protein (US
5,939,383; Hruby et al., 1990, Biochem J., 268, 249-262). To do this it is most common to
incorporate two cysteine residues into the peptide sequence between which the desired
30 intramolecular disulphide bridge forms after gentle oxidation of a dilute solution of the

peptide.



har sh oxi dati ve reaction conditions, poor controllability at industri al
| evel s, formation of polyners, or not being suitable for peptides that
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overcones the problens of formng, a I 0- et I nkage bet'ween
two adjacent peptides. In some cases the presence of a third cysteine causes unwanted

interference with the disulphide bond, and a thiol-disulfide exchange can occur such that the
resultant intermediate cyclised peptide product is a mixture of three possible disulphide bridge
25 cyclised peptides (reassortant intermediates, see FIG 2), or may additionally comprise peptide

dimers or polymers.

In the case of conjugation of these peptide intermediates to a‘maleimide activated carrier
protein, each of the reassortant intermediates is equally reactive with the reactive carrier

30 protein, and as such they will all conjugate to the carrier. As a result, the purity of the desired
product is decreased, and use of this mixture of immunogens may result in immune responses
that may not, or only weakly, cross react with the epitope on the full native protein that the

peptid¢ was intended to mimic. In order to overcome these problems several authors have



di sul phide cyclised peptide and a carrier by providing a chem stry that
does not use a termnal thiol containing group on the cyclised peptide,
but i nst ea0lous®sy anot her reactive group on the peptide, mii/Ebhow@y7ét hen be
reacted with a thiolated carrier protein to forma thio-ether bond. 15
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Bi oconjugate Chem stry; 10, 687-692. Use of bronpacetyl groups to link
peptides to carriers is described in Ivanov et al., 1995, Bioconjugate
Cheéhi st hgrefoge, ipg ppespniindentong theris ptyideddraenss furthomapyieewianfa o 5
thiola .sqlid phase supports.for. diagnostic assays.i s described in EP O
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preferred process for conjugating a disul phide bridge  cyclised peptide to
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10 conpri.sin | el mi de gro and (b) .reacti.ng the_.activated cyclised
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Pr 96 €S $minfinSRRRicudats. suitable for use in a vaccine) forns an aspect of the
present invention, and has the fornmula (I): wherein, Carrier is a carrier
nol ecule, X is either a linker or a bond, Yis either a linker or a 15
bond, d Pis di sul phj de bridge cyclised Pepti de. Wien X is a bond, it
shoul d 1@ Pprocess of the present invention overcomes the problems of internal and external

disulphide rearrangement, and in addition provides conjugated products wherein the

disulphide cyclised peptides are in the desired conformation. In a preferred process of the

25  present invention, a peptide is synthesised containing two cysteine residues which are allowed
to form a disulphide bridge, followed by the addition of the reactive group. The activated

peptide, thus obtained, is then reacted with the thiol bearing carrier.

The reactive groups that are suitable for use in the present invention include any group which
30 is capable forming thio-ether linkages with thiolated carriers. As which will be apparent to the
man skilled in the art, preferred reactive groups may be selected from active imides, especially

maleimides, haloalky! groups such as iodoalkyl or bromoalkyl groups. Preferably the



understood that the carrier is directly linked to the sul phur atom S.
SSmlarly, when Yis a Ilinker it should be understood that the disul phide
bri dge cwedobyedopeptide is |inked directly to the nitrogral/aPramobic A
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(1983); Owutaefii da, et al., 0 Appl. Biochem 6, 56 (1984); S. Inoue, et
al., Anal. Lett. 17, 229 (1984}; E. Winsch, et al., Biol. Chem
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linker it should be understood that the disulphide bridge cyclised peptide is linked directly to
the nitrogen atom N. A “linker” refers to a suitable linker group. When X is a linker group an
example is the group -NHCO(CH,),-. When Y is a linker group, an example is -(CH,),- |
20 CONH-. It will also be clear to the man skilled in the art, that Formula (I) covers conjugates
where the sulphur atom (S) is joined onto the imide ring to either of the two adjacent non-

carbonyl carbon atoms, such that the conjugate may comprise the following structures:
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The process, internediates and products of the present invention are
preferably used in the manufacture of inmunogens for use in vaccines. The
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consists, of a squashed barr f sev anti - r.al .Strands of extended
((3-) Peiropspis @1§%ﬁ%r@i4§$a&ﬁehe?@are’§0w5¢ ,ngﬁzﬁéﬁwaa&t etz Yohoet s.
Four (s K h i e ag st the
secondﬁgﬁ%%(?'qg?m(’% r?f 2%5 g??&%éi’?:: % &EQI;?' ’ ?ggéj'g?%ﬂ%%? Eﬁ)ﬁgké%’a%ga%]f@seach

( 3- she@®81)s Hn@anitrairiy etlalyy. Inahend) Mptholds 62y 123 (09839nVND. Reetis] et alsiJdBmt.

si de-chai ns_from nei %dhbourl ng anti-parallel strands w.thin each sheet (and

is furthap 226p(19538d-Byoreden sitaBicnyureged- BOndPRY; Beklomdide. etrdsd
Sto@ndahel BRRAINOS, 56 ggﬁygsm O AN AMP L 738001 680N (Wibs FORIA mat 1 011>,

connect "t he anti-para 3-stran e efween the
opposi Bipl.sCtest. HophbsSeonB66,133qMmog 3 pMwiidhadad ba putchasddaidn fhe $igmladpel | ed as

the A-B | oop, and so on. The A-B and d-e | oops belong topologically to the
four Pierce companies. It will be recognised that many maleimide-derivitisation reagents exist and
can be used, and the addition of the maleimide group to the cyclised peptide can be performed
during peptide synthesis using reagents compatible with organic synthesis, or after peptide
25  synthesis using reagents commonly used for derivitising peptides and proteins with maleimide

groups.

The process, intermediates and products of the present invention are preferably used in the
manufacture of immunogens for use in vaccines. The peptides for conjugation may be
30  selected from any antigen against which is desired to create an immune response. The peptide

may be derived from a pathogen, such as a virus, bacterium, parasite such as a worm etc.



30 stranded sheet, and loop f-g to the three-stranded sheet. The interface
between the pair of opposing sheets provides the hydrophobic interior of

t he gl obwan2/danmi n. This water 7 WD 02/ 16409 PCT/ EPO1/ 09BCHEPOIMASTESSI bl €,
mai nl y hydrophobic core results fromthe close packing of residue

si de- cirpiallg thet freptidé sy beaclacted frem # sebfprofsire Soraxapplesindle vaccing thﬁémb‘éfst , a
nunber of passgive or active imunot herapeutic approaches designed to

i nt er fEPEETWRE ENCTBYE- nedi at ed hi st ami ne rel ease nmechani sm have been ~

i nvestigated. These 5 approaches include interfering with IgE or

al l ergen/ 1 gE conpl exes binding to the FcsRI or FcERII (the low affinity

| gE r doentatiedgic msppisesrthe sywhpthme icomeronjjaassociated wittirallaigytase brought abovtibes, or
wi th passive adninistration of |gE derived peptides 1q coppetitively bind
o5 ndb Eledse of Sloreie maRIo; S a5 BRETTR ErS TREVES crllsgriodBh e of

speci f.i epti I f Yol =3 L Is i I I ate
ot ark SRR ST R, R B B ) (e T Y O BT EABP RS IR P e
ef f ectyudR tinleR tReRIdaseis\MAEEaEy Meeaction With al¥rgen pedifivilgE. BRreaolddfdgBi t es of
| gE very efficiently. The preferred i m*runo%ens of the present invention,

t her efiprtes madiatipa gballesgic prsponsgasuetend asdund. foed llpEsigh atapis dermatitis.daprabl e of

triggering an. . respons.e .whi inhikhits histam ne r.el ease from
basoprPPEReRTEr B EC BRERS A PefdaoBh Opstrufe PRMEREENT B%ha ) e
antg bogirs o%hﬁhni@@am%&ls, E—@el&od&uﬁ&{b@fth&%}%khe@ifsfo?ﬁﬂérgég§’pe@ﬁic IkBETR®di at ed
allergic reaction (W 90/15878, WD 89/04834, WD 93/05810). Attenpts have
al so bakpgeimpecifio IgKitheh ibinds epiHe HRERI feeestonithekigh wifidigdgE ws@ptor) omnt i bodi es,
to create peptide m notopes of such epitopes and to use those as i mrunogens

to prhasopiilsandimasyecllisntny selisequentgnoopnien wikh ajergen 9sds todhe &5gaepPe obf thi s
t f. wor k d t ' | 0 id th d CE4
o nusER RS R BE R SRAL b EonEls. PO pRSRhGE oL AR TR oses.

These mggeeglgr&eg@m@ﬁah@e@u él[‘N‘!u%? !?ﬂﬁj%:@i#@i&%ﬁé‘dﬁﬁﬁﬁﬁ j.d to be

capabl e ner ng anti bodi es [ subsequent’ly 1 nhibit histam ne
relgase in MRy ke all ininlhégl¥ilis, @mpﬁ@@ﬁ&@h@hy_&ﬂdh@@ﬂ%ht(oﬁ@ﬁ&.@hé@ﬁeavy
descri bed which was said to be capable of binding to TgE peptides

cont ai ¢chath sdnsistsoftiive dosidimoom variablectonaie (Vidpdnd folincomataht demaias (Celatbi on
purposes. 25 EP 0 477 231 B 1 describes inmmunogens derived fromthe CE4
domai nCef). Thgemolaculer waight abizESe ahouall 90,000 Bantha sieavyechgindlaing arprobdvmtedyt i de) ,
conjugated to hol e Linpet Hae nin (KL sed in act.i yvacci nation
i oG BB 250 1 5 s TS s e OBtetos Ahehiat i P eReDRR gbeact i bed 11
EP O Aifdmerdl., B3] 1063121 99DRLA RSt &I §2R5REdQ R irh&terel dBBlitipalo® i
peptides deri'ved from C63 or C64, 30 whiich thenselves conpete for |gE

bi adi NBDBdPtdtein AdagghBaunk, Reseaadtf Collabgrataydpt Srectanl Badafphmaties; http:\pdb-

browsers.ebi.ac.uk)). Each of the IgE domains consists of a squashed barrel of seven anti-

parallel strands of extended (B-) polypeptide segments, labelled a to f, grouped into two -
sheets. Four B-strands (@,b,d & ¢) form one sheet that is stacked against the second sheet of
three strands (c,f & g) (see FIG 8). The shape of each B-sheet is maintained by lateral packing
25  of amino acid residue side-chains from neighbouring anti-parallel strands within each sheet
(and 1s further stabilised by main-chain hydrogen-bonding between these strands). Loops of
residues, forming non-extended (non-f-) conformations, connect the anti-parallel B-strands,
either within a sheet or between the opposing sheets. The connection from strand a to strand b
is labelled as the 4-B loop, and so on. The 4-B and d-e loops belong topologically to the four-
30  stranded sheet, and loop f-g to the three-stranded sheet. The interface between the pair of

opposing sheets provides the hydrophobic interior of the globular domain. This water-



or mast cells (WD 93/04173, WO 98/24808, EP 0 303 625 Bl1, EP 0 341 290). 8
WO 02/ 16409 PCT/ EPO1/ 09576 Accordingly in a preferred aspect of the
present iw@enid4on t he process, peptide internedi ates, i nmPODEREINISTS

vacci nes, conprise a peptide selected fromhuman |gE. Preferably the

di sul phiadeesiiblegmeinty bydrepbbjpeqie thssltufen thaclbbepsskmgeaftesidnesside-cisr e
designed fromthe group of peptides |isted in table 1. The peptides in

t abl e that fage pechtother pppasingf=ghegts- 5 t he | gE nol ecul e against which it is

desired to geperat.e ' response. . T ' heref.or.e
constitute g‘@’t% ?%ti %%E}B%WB%SB’%O\%%F@%I c%ﬁﬁ%%ﬂfqggﬁ fé%&ﬁgf}e%%ﬂe&etgi gned,
and  aiféfdé RathigEheadiftd istanfi@ RRasEMBERnRnehA% Vel RivestRBtdUThese! CONt ai N
a single cysteine, or contain tw cysteines which may not forma

di syl phppteadhes thghde SatetfaiigewitiedH clellefgun/TgE @oinplexbebindingeas shedFceRIngrinogens
of the present invention may be designed by the addition of at least 10
one cyEeaRIhéhe &y alffimity dgk reseptot)iresiptags.preipt ¢ithes pasthielyeadininisteedbapibodies,

Pept | b Wi BLE S5 o [ELeaMPHEe-0 FORERHE) BORIESIRIRTS.
o WEBCHRINDC T8 SRR 11 R RV 5 PRy M [ e 10
CSQKHWLSDRTmhEmish¥ QT Ftniiat KSARGHPREA s tnhikiGh REmlie rdSpMARRETQVMTPSSEMF 18
CC\lléA DPETQW’T‘I%&%EfI\c/)Ee,]ig order to be effective, the peptide vaccines need to be able to mimic
specific sites of IgE very efficiently. The preferred immunogens of the present invention,
therefore, are based on peptides derived from IgE and which are capable of triggering an
immune response which inhibits histamine release from basophils.
Much work has been carried out to identify specific anti-IgE antibodies which do have
15 some beneficial effects against IgE-mediated allergic reaction (WO 90/15878, WO 89/04834,
WO 93/05810). Attempts have also been made to identify epitopes recognised by these useful
antibodies, to create peptide mimotopes of such epitopes and to use those as immunogens to
produce anti-IgE antibodies.
WO 97/31948 describes an example of this type of work, and further describes IgE
20  peptides from the Ce3 and Ce4 domains conjugated to carrier molecules for active vaccination
purposes. These immunogens may be used in vaccination studies and are said to be capable of
generating antibodies which subsequently inhibit histamine release iz vivo . In this work, a
monoclonal antibody (BSW17) was described which was said to be capable of binding to IgE
peptides contained within the Ce3 domain which are useful for active vaccination purposes.
25 EP 0477 231 B1 describes immunogens derived from the Ce4 domain of IgE
(residues 497-506, also known as the Stanworth decapeptide), conjugated to Keyhole Limpet
Haemocyanin (KLLH) used in active vaccination immunoprof)hylaxis. WO 96/14333 is a
continuation of the work described in EP 0 477 231 B1.
Other approaches are based on the identification of peptides derived from Ce3 or Ce4,
30 which themselves compete for IgE binding to the high or low affinity receptors on basophils
or mast cells (WO 93/04173, WO 98/24808, EP 0 303 625 B1, EP 0 341 290).



CCVTDVQTTNVDVPAGQ 20 TCCVTDI PPPDYEQSLG 21  CCESDI PLNELHALADP 22

CCKSDI PSPVTQFNTMWK 23 CCQSDVPHQPA NDLHV 24 CCMSDTPDI SRLPVPDS 25
CCVSDSPADROIRIEARIIN 26  CCLSDDAPTLPVRR 27  CCl TDVPQGVMYKGSPECR/8P01/09576
ECKVDGQLSDSPLLRNN 29 9 WO 02/ 16409 PCT/ EPO1/ 09576 CCMIDDPNVDPNSTWAI R 30

CCMTDDPMYTN&I 3 MiRef$ in a%fﬁwcf’mgﬁmm@éﬁfe%t ifOSIEGORE pridesd\peRidR3
SCNLNHQSCDI PPVKQ 35 CCVMDLELASGF 36 CCVMDI EVRGSA
37 cogmmedmssn@a}mogmdmm&s somnpae\arphdcyeertedirondundekEL R 41

GAI\/H'A(%% R 2 %@%%v LSt ee@@&g%ﬁg %%%llﬁeélgned

SNEGWBQ&Q{&: gfdup bEhEHoldes ;A4 mltable 1. The peptides in table 1, reflect a specific area of

5  the IgE molecule against which it is desired to generate an immune response. The peptides,
therefore, constitute a starting point from which a cyclised peptide may be designed, and
accordingly they either do not contain a cysteine residue, or contain a single cysteine, or
contain two cysteines which may not form a disulphide bridge. Suitable peptides for use in the
process or immunogens of the present invention may be designed by the addition of at least

10  one cysteine residue to the following peptides:

Table 1, IgE peptides suitable to be cyclised and used in the process of the present invention

Peptide sequence SEQ ID NO.
EDGQVMDVD 1
STTQEGEL 2
SQKHWLSDRT 3
GHTFEDSTKK 4
GGGHFPPT 5
PGTINI 6
FTPPT 7
CLEDGQVMDVDLL 8
LLDVDMVQGDELC 9
WLEDGQVMDVDLC 10
QVMDVDL 11
LEDGQVMDVD 12
CSTTQEGELA 13
TTQEGE 14
CSQKHWLSDRT 15
TYQGHTFEDSTKKCADSNPRGV 16
GGHFPP 17
CCVADPETQMTPSSEMF 18
CCVADPETQMTPSSEMF 19
CCVTDVQTTNMDVPAGQ 20
TCCVTDIPPPDYEQSLG 21
CCESDIPLNELHALADP 22
CCKSDIPSPVTQFNTMK 23
CCQSDVPHQPGINDLHV 24
CCMSDTPDISRLPVPDS 25
CCMSDSPADPNRGLPIW 26
CCLSDDAPTLPVRR 27
CCITDVPQGVMYKGSPD 28
ECKVDGQLSDSPLLRNN 29




SMEKVDRELV 52 SMGQEVDRELV 53 AENDQWDVEI 54 GOWRESDI PGR 55 GGWEKDKELR
56 HCCRI DREVSGA 57 DCDW NPPDPPHFWKDT 58 DALDERAVWRARA 59
RASCKPVNMET REERBORNGTL 60 GIRDW ECGE 61  PHLPRALNMRST TKTSGRERIXEB®I/09576

PEWPGSRDKRT 63 EQKDE 64 LSRPSPFDLFI RKSPTI TC 65 W HNEVQ PDARHSTTQPRKT 66
CRASGKECNFED BREENORIWAIR?  GKPVNHSTGGC 68 GKPVNHSTRBEEKORNGC 69
CGKPVNEERKEBEORNGIE TR IRRASGKPVNHSTGGC 71 CGTRDW E(BL 72 CG;ED\% E%T\I;D 73
GTRDW 7 RALM.LL 75 CGTHPHLPRALM 76 THBHLPRALMR
02/ 16 EWT%SGM GPHLPRALMRSSSC 78 APEWPGSR A c79
pr%%g@%ﬁgﬁ, TPEWPGSRDKRTL 81 CTRKDRSGPYEPA 82 CGAEWEQKDEL
83 | CCMADQELDLGHNAANA 35
CCVMDLELASGF 36
CCVMDIEVRGSA 37
CCQRDVELVFGS 38
CCRADFEVGNGG 39
CCVSDEPAGVRD : 40
GAGWQEKDKELR 41
GAMTAGQLSDLP 42
VAGGQVVDRELK 43
KAGEQAMDMELR 44
RGRNQIMDLEI 45
QIDRQITDTLL |46
REQQISDVPRV 47
CQAMDAEILNQV 48
GQMMDTELLNR 49
SMEGQVRDIQV 50
YQQRDLELLAE 51
SMGQKVDRELV 52
SMGQEVDRELV 53
AENDQMVDWEI 54
GGWQESDIPGR 55
GGWQEKDKELR 56
HCCRIDREVSGA 57
DCDWINPPDPPHFWKDT 58
DALDERAWRARA 59
RASGKPVNHSTRKEEKQRNGTL 60
GTRDWIEGE 61
PHLPRALMRSTTKTSGPRA 62
PEWPGSRDKRT 63
EQKDE 64
LSRPSPFDLFIRKSPTITC 65
WLHNEVQLPDARHSTTQPRKT 66
CRASGKPVNHSTRKEEKQRNGLL 67
GKPVNHSTGGC 68
GKPVNHSTRKEEKQRNGC - 69
CGKPVNHSTRKEEKQRNGLL 70
RASGKPVNHSTGGC 71
CGTRDWIEGLL 72
CGTRDWIEGETL 73
GTRDWIEGETGC 74
CHPHLPRALMLL 75
CGTHPHLPRALM 76
THPHLPRALMRSC | 77

10



AEVEKDEFI C 84 GEQKDEFI C 85 CAECGEQKDEL 86 LFIRKS. 87

PSKGTVN

88

LHNEVQLPDARHSTTQPRKTKGS 89  SVNPGK 90  CPEWPGCRDKRTG 91  TPEWPGCRDKRCG 92
DPEWPGSRDKXEG3G408 DWPGSRDKRKGSC 94 DATPEWPGSRDKRTLKGSC PET/ER@IOOST ngl y

exanples of peptides listed in table 1, which have been nodified to be
speci f GPHIARAIMRISA8Cbr i dge cyclised peptides suitabl@for the present
I nvent APEWAPGSRDERAIW i n table 2. 5 Table 2, nodified|@9clic gggltzi ggs.
Pept i (A pFevRe, KREQ . CLEDGQVMDVDLC 96"  CFI NK DLEL
CFE/NK oD A MDVDLCPREAAEGDK 99 CLED gz‘:)/jls\/DVDLCGGSSGGP 100
CLEDGM 1 KCREWALGESETI MDCE 102 ACRE GESETI MPCD 103
SCREVINLS NCQDLM_REDAGCWSKM 105 DCEEP VLLQQLKL 106
CFl NKQWV CFMNKQLADLELC 108 KCREVWLGESETI M- 109
HCQQVFABVRWEHREC110 SCREVW.GGSEM MDCE 111 ECNQNLS&SLRHVDLNC 112
DCEEPMOSRQHIDERICKP 113 85
CAEGEQKDEL 86
LFIRKS. 87
PSKGTVN 88
LHNEVQLPDARHSTTQPRKTKGS 89
SVNPGK 90
CPEWPGCRDKRTG 91
TPEWPGCRDKRCG 92
DPEWPGSRDKKGSC 93
DWPGSRDKRKGSC 94
DATPEWPGSRDKRTLKGSC 95

Accordingly examples of peptides listed in table 1, which have been modified to be specific

disulphide bridge cyclised peptides suitable for the present invention are listed in table 2.

Table 2, modified cyclic peptides.

Peptide sequence SEQ ID NO.
CLEDGQVMDVDLC 96
CFINKQMADLELCPRE 97
CFMNKQLADLELCPRE 98
CLEDGQVMDVDLCPREAAEGDK 99
CLEDGQVMDVDLCGGSSGGP 100
CLEDGQVMDVDCPREAAEGDK 101
KCREVWLGESETIMDCE 102
ACREVWLGESETIMDCD 103
SCREVWLGESETVMDCG 104
NCQDLMLREDAGCWSKM 105
DCEEPMCSPVLLQQLKL 106
CFINKQMADLELC 107
CFMNKQLADLELC 108
KCREVWLGESETIMDC 109
HCQQVFFPQDYLWCQRG 110
SCREVWLGGSEMIMDCE 111
ECNQNLSGSLRHVDLNC 112
DCEEPMCSPVLLQKLKP 113
SCREVWLGGSEMIMDCE 114
RCDQQLPRDSYTFCMMS 115
SCPAFPREGDLCAPPTV 116

11




SCREVW.GGSEM MDCE 114 RCDQQLPRDSYTFCMMS 115 SCPAFPREGDLCAPPTV 116 11 WO
02/ 16409 PCT/ EPO1/ 09576 FCPEPI CSPPLSRMILS 117 VCDECVSRELAL 118
WCLEPECARGD 02/16899 VCDECVSRELAL 120 DCLSKGOQVADLC 121 SCQBREVRREGSV6122

WCREVW.GESETI MDCE_123  ACREVW.GESETI MDCD 124  GCAEPKCOWQALHQKLKP 125
ECRGPNFOPEPHISPPIISRMELS QCNAVL EGLQWDHCOWN 127  HCKNEFKKGOWIYSCSD 128
QCRQFVMETBHIESAOCAL29 NCFMNKQLADLELCPRE 130  SCAYTAQRGESDVPNPG 131
GCFMV(WMM 132 ACFMNKQWADLELCPRVAA 133  GCEi NKQLADLELCPRVAA 134
CCFMNKQATME:GRRAM 135 ECFMNKQLADSELCPRVAA 136 GCEWAIKQLADPEL CRREAE 137
GCFMNKQ RGYA-138  GOFMNKQLADLELCPREAA 139 GCFYAKQQADLELCPRGAA 140
GCFI N o4 FREAR 141 CLEDGQVMDVDCPREAAEGD 142 CLEX MDVDL CPREAAEGD
143 SRVEMOWN 144  ECLKI EQQCADI VEI PR 145
WCREVWLGESETIMDCE 123
ACREVWLGESETIMDCD 124
GCAEPKCWQALHQKLKP 125
ECRGPNMQMQDHCPTTD 126
QCNAVLEGLQMVDHCWN : 127
HCKNEFKKGQWTYSCSD 128
QCRQFVMNQSEKEFGQC 129
NCFMNKQLADLELCPRE 130
SCAYTAQRQCSDVPNPG 131
GCFMNKQMADLELCPRTAA 132
ACFMNKQMADLELCPRVAA o133
GCFINKQLADLELCPRVAA 134
GCFMNKQLADWELCPRAAA 135
ECFMNKQLADSELCPRVAA 136
GCFMNKQLADPELCPREAE 137
GCFMNKQLVDLELCPRGAA 138
GCFMNKQLADLELCPREAA 139
GCFMNKQQADLELCPRGAA 140
GCFINKQMADLELCPREAA 141
CLEDGQVMDVDCPREAAEGD 142
CLEDGQVMDVDLCPREAAEGD 143
QCNAVLEGLQMVDHCWN 144
ECLKIEQQCADIVEIPR 145
SCAYTAQRQCSDVPNPG 146
ECRGPNMQMQDHCPTTD 147
ECLVYGQMADCAAGGWP 148
QCRQFVMNQSEKEFGQC 149
HCKNEFKKGQWTYSCSD 150
CAPGMGCWESVK 151
SCREVWLGGSEMIMDCE 152
SCPAFPREGDLCAPPTV 153
FCPEPICSPPLSRMTLS 154
ECNQNLSGSLRHVDLNC 155
RCDQQLPRDSYTFCMMS ‘ 156
HCQQVFFPQDYLWCQRG 157
DCEEPMCSPVLLQKLKP 158
NCQDQMLREDAGCWSKI 159
HCEEPEYSPATRVFCGR 160
ACFSRNGQVTDVPHSCY 161
KCPTYPKPNDRCLWPVP 162
YCPKYPLEGDCLLDNDY 163
RCEEWLCIPPAPAFAPP 164

12



SCAYTAQRQCSDVPNPG 146
QCRQFVMNQSEKEFGQC 149
SCREV\W\. GSBEM/MBGE 152
ECNONLSGSLRHVDLNC 155

ECRGPNMOMQDHCPTTD 147
HCKNEFKKGQWM'YSCSD 150
SCPAFPRECDLCAPPTV 153
RCDQOLPRDSYTFCVMS 156

ECLVYGQVADCAAGGWP 148
CAPGMECWESVK 151

FCPEPI CSPPLBRMVERS /bS57
HCQQVFEPQDYLWCORG 157

DCEEPMDSBGSEQROMS IBBHIHNCODOVL REDAGOWEKI

159

ACF SRI\W&FM‘@@Y)M@AW $CPTYPKPNDRCLWPVP 162

%4 12 WD 02/ 16409 PCT/ EPO1/ 09576
SCQGREVRRECW 167 VCDECVSRELAL
CDECVSRELAL 171 GCPTWPRVGDHC 172

VCDECVSRELAL

GCPTWPRVGDHC

RCQSARVVPECW

SCAPSGDCGYKG

GCPMWPQPDDEC

ECPRWPLMGDGC

GCQVGELVWCRE

QCVRDGTRKVCM

TCLVDRQESDVC

DCVVDGDRLVCL

RCEQGALRCVGE

VCPPGWKNLGCN

MCQGWEIVSECW
ADGAGCFMNKQMADLELCPREAAEA
ADGAGCFMNKQMADLELCPRTAAEA
ADGAACFMNKQMADLELCPRVAAEA
ADGAGCFINKQLADLELCPRVAAEA
ADGAGCFINKQLADLELCPREAAEA
ADGAGCFMNKQLADLEMCPRDDAEA
ADGAGCFMNKQLADPELCPREAEEA
ADGAGCFMNKQLVDLELCPRGAAEA
ADGAGCFMNNQLADWELCPRAAAEA

ADGAGCFMNKQMADWEMCPRAAAEA

ADGAGCFMNKQQADLELCPRGAAEA
ADGAECFMNKQLADSELCPRVAAEA
ADGAGCFMNKQLADLELCPREAAEA
ADGAGCFINMQMADQELCPRAAAEA
ADGAGCFINKQMSDFELCPREAGEA
ADGAGCFINKQMADLELCTREAAEA
ADGAGCFINKQMADLELCPRQAAEA
ADGAGCFINNQMADLELCPRGGAEA
ADGAGCFINKQMADWELCPREGAEA
ADGAGCFINKQMADLELCPSQAAEA
ADGAGCFINKQMADLELCPREGAEA
ADGAGCFINKQMADSELCPREPAEA
ADGAGCFIKKQMADLELCPREAWEA
ADGAECFINKQMADRELCAREVAEA
ADGAGCFIDKQMADLELCPRAAAEA
ADGAGCFINKQMADLELCRREAGEA
ADGAGCFKNKQMVDSELCARQAAEA
ADGAGCFQNKQMADLELCPREAAEA
ADGAECFINKQRADLELCPGEAAEA

MAPQPDDEC 175 ECPRWPLMGEDGC 176

HCEEPEYBPATRVFCCR 160

YCPKYPLEECLLDNDY 163

T1655QSELRCASILETHHV 165
WCLEPECAPGLL 169
ARVVPECW 173

1 GELW\CRE 177
170

171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

13



QCVRDGIRKVCM 178 TCLVDRQESDVC 179 DCVWDGDRLVCL 180 RCEQGALRCVCGE 181
VCPPGWKNLGCN 182 MCQGWEI VSECW 183  ADGAGCFMNKQVADL ELCPREAAEA 184
ADGAGCFMWOMDI4E) CPRTAAEA 185 ADGAACFMNKQVADLELCPRVAAEA REBHEP01/09576
ADGAGCFI NKQ_ADLELCPRVAAEA 187 ADGAGCFI NKQLADLEL CPREAAEA 188

ODRELCRA S A ASDGAGCFVNKQLADPEL CPREAEBA 190
ADGAG BRE A AMMAGAGCFMNNQLADWEL CPRAMAEA 192 i
ADGAG k93 AARGAGCFMNKQQADL EL CPRGAMRA 194
ADGAA = GCFMNKQLADL EL CPRE 196
ADGAG ADOED JGAGCFI NKQVBDFEL CPRE 198
ADGAG L DGAGCFI NKQVADL ELCPRGRAAEA 200
ADGAGCEDP QUARMEL CRRETABASAGCOFI NKQUADWEL CPRE 202
ADGACCEPRGAGAFNE QPEIANEL. CRREAABGAGCFI NKQVADLEL CPREGAEA 204
ADGAG(KDM@@EEE{QNBEQAEACPREAA@GAGCH KKQVADL EL CPREAYEA 206
ADGAECE DI MAERRKCARBYARA, COREA APBAGCF DKQVADL EL CPRARAISA 208
ADGAG N RBEACEACPAR A ADGAGCFKNKQWDSEL CARQAAEA 210
ADGACCE RRICAH E0CSREAAEA - 223
ADGAECFINRQMADLELCGREAAEA 224
ADGAGCFISPQLADWKRCMREAAEA _ 225
ADGAGCSIHTQMADWERCLREGAEA 226
ADGAGCSIHRQMADWERCLREGAEA 227
CSSCDGGGHKPPTIQC 228
CLQSSCDGGGHFPPTIQLLC . 229
APCWPGSRDCRTLAG 230
ACPEWPGSRDRCTLAG 231
CATPEWPGSRDKRTLCG 232
CATPEWPGSRDKRTCG 233
TPCWPGSRDKRCG ' 234
CSRPSPFDLFIRKSPTITC 235
CSRPSPFDLFIRKSPTIC 236
CSRPSPFDLFIRKSPTC 237
CSRPSPFDLFIRKSPC 238
CRPSPFDLFIRKSPC 239
CRPSPFDLFIRKSPTC 240
CRPSPFDLFIRKSPTIC 241
CRPSPFDLFIRKSPTITC 242
CPSPFDLFIRKSPTITC 243
CPSPFDLFIRKSPTIC 244
CPSPFDLFIRKSPTC 245
CPSPFDLFIRKSPC 246
CYAFATPEWPGSRDKRTLAC 247
CYAFATPEWPGSRDKRTLC 248
CYAFATPEWPGSRDKRTC 249
CYAFATPEWPGSRDKRC 250
CAFATPEWPGSRDKRC 1251
CAFATPEWPGSRDKRTC . 252
CAFATPEWPGSRDKRTLC 253
CAFATPEWPGSRDKRTLAC 254
CFATPEWPGSRDKRTLAC 255
CFATPEWPGSRDKRTLC 256
CFATPEWPGSRDKRTC 257
CFATPEWPGSRDKRC 258
CTWSRASGKPVNHSTRC 259
CTWSRASGKPVNHSTC 260
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ADGAECFI NKQRADLELCPGEA. AEA 212
ADGAGCFI NKQVADSEL CPAAAAEA 213

ADGAGCCF| BrompDivE) CQARAAEA 215
ADGAGCFI NNQVADL ELCPREAAEA 217

13 WD 02/ 16409 PCT/ EPO1/ 09576
ADGAGCFI NRQVADPELCPREAAEA 214

ADGAGCFI NKQVADVEL CPREAAEA PA'BEP01/09576

ADGAGCFI EKOVADMVELCORETAEA 218

ADGAQ 219 ADGAGCFI NKQVADLELCPREPR2EA 220
ADGAG 221 ADGAGCFI NKQVADLELCPARAAEA 222
ADGAG EA 223 ADGAECFI NRQVADLELCGREPAEA 224 -
ADGAG 225  ADGAGCS| HTQVADWERCLRECAEA 226
ADGAG 227 CSSCDGGGHKPPTI QC 228 SCDGGGHFPPTI QLLC
229 ACPEWPGSRDRCTLAG 231 CATP RDKRTLCG 232
CATPEV@@@"F?BRR%@%&STR@Q/\P%RDKRCG 234 CSRPSPFDLFI R&SPTI TC 235
CSRPSPEBRAISRKEINESIRE CSRPSPFDLFI RKSPTC 237 CSRPSPEGI_FI RKSPC 238
CRPSPFOSRARKEERY RES TOCRPSPFDLFI RKSPTC 240 CRPSPFDLF| R¥SPTI C 241
CRPSPFOERIAR(SEINNGS2Y2 CPSPFDLFI RKSPTI TC 243 769
CSRASGKPVNHC 270
CQWLHNEVQLPDARHSC 271
CQWLHNEVQLPDARHC 272
CQWLHNEVQLPDARC 273
CQWLHNEVQLPDAC 274
CWLHNEVQLPDAC 275
CWLHNEVQLPDARC 276
CWLHNEVQLPDARHC 277
CWLHNEVQLPDARHSC 278
CLHNEVQLPDARHSC 279
CLHNEVQLPDARHC 280
CLHNEVQLPDARC 281
CLHNEVQLPDAC 282
CPSPFDLFIRKSPCGSK 283
CPSPFDLFIRKSPTCGSK 284
FAGCSRASGKPVNHCGAAEG 285
FAGCSRASGKPVNHSCGAAEG 286
FAGCSRASGKPVNHSTCGAAEG 287
FAGCSRASGKPVNHSTRCGAAEG 288
CSRASGKPVNHCGSK 289
CSRASGKPVNHSCGSK 290
CSRASGKPVNHSTCGSK 291
FAGCFATPEWPGSRDKRCGAAEG 292
FAGCFATPEWPGSRDKRTCGAAEG 293
FAGCFATPEWPGSRDKRTLCGAAEG 294
FAGCFATPEWPGSRDKRTLACGAAEG 295
CPEWPGSRDKRCGSK 296
CWPGSRDKRCGSK 297
CPEWPGSRDKRCGAAEG 298
FAGCLHNEVQLPDACGAAEG 299
FAGCLHNEVQLPDARCGAAEG 300
FAGCLHNEVQLPDARHCGAAEG 301
FAGCLHNEVQLPDARHSCGAAEG » 302
FAGCLHNEVQLPDASGAAEG 303
CPEWPGSRDRCGSK 304
CWPGSRDRRCGSK 305
CDSNPRGVSAADSNPRGVSC 306
CLVVDLAPSKGTVNC 307

CKQRNGTLC

308

15



CPSPFDLFI RKSPTI C 244 CPSPFDLFI RKSPTC 245 CPSPFDLFI RKSPC 246
CYAFATPEWPGSRDKRTLAC 247 CYAFATPEWPGSRDKRTLC 248 CYAFATPEWPGSRDKRTC 249
CYAFATPEWRGBRIMRC 250 CAFATPEWPGSRDKRC 251 CAFATPEWGSRBKREG)1AB276
CAFATPEWPGSRDKRTLC 253 CAFATPEWPGSRDKRTLAC 254 CFATPEWPGSRDKRTLAC 255

CFATPEVPERRIEVITLTY65 CFATPEWPGSROKRTC 257 CFATP RC 258
CTVSRAGGKRYMRSTRC 259 CTWSRASGKPVNHSTC 260 14 WO 02f 4f#09 PCT/ EP01/ 09576
CTWERASEKBMNPRG,261  CTWSRASGKPYNHC 262  CWBRASGKPVNHE 1263  OWSRASGKPVNHSC
264 RYWNHSFC 265 CWBRASGKPVNHSTRC 266  CSRASGKPVNHSTRC 267
CSRAS RASGKPVNHSC 269 CSRASGKPVNHC P Q_CS& CH:NE\F/?_ PDARHSC
271 ; 272 HNEVQLPDARC 273  CQAL
CWHN BRPBUBRALMEC . OO 314
CQXRVTHPHLPRALMRSC 315
CYQXRVTHPHLPRALMRSTC 316
CPEWPGSRDKRC 317
CRQRNGTLC 318
CEERQRNGTLTVC : 319
CMRVTHPHLPRALMRC 320
CQMRVTHPHLPRALMRSC 321
CYQMRVTHPHLPRALMRSTC 322
ACPEWPGSRDRCTLAG 323
GGCLEDGQVMDVDC 324
CLEDGQVMDCGSK o325
CLEDGQVMDVDLCGSK 326
CLEDGQVMDVDLCPREAAEGDK 327
CLEDGQVMDVDLCGGSSGGK 328

Immunogens produced by the process of the present invention which may incorporate the
modified peptides of table 1, or the cyclic peptides of table 2, form a preferred aspect of the
present invention. Mimotopes which have the same characteristics as these peptides, and
5  immunogens comprising such mimotopes which generate an immune response which cross-

react with the IgE epitope in the context of the IgE molecule, also form part of the present
invention. The meaning of mimotope is defined as an entity which is sufficiently similar to
the native IgE peptides listed in tables 1 or 2, so as to be capable of being recognised by
antibodies which recognise the native IgE peptide; (Gheysen, H.M., et al., 1986, Synthetic

10 peptides as antigens. Wiley, Chichester, Ciba foundation symposium 119, p130-149;
Gheysen, H.M., 1986, Molecular Immunology, 23,7, 709-715); or are capable of raising
antibodies, when coupled to a suitable carrier, which antibodies cross-react with the native
IgE epitope.

The preferred peptides to be used in the process or immunogens of the present

15 invention mimic the surface exposed regions of the IgE structure, however, within those
regions the dominant aspect is thought by the present inventors to be those regions within the
surface exposed area which correlate to a loop structure. The structure of the domains of IgE

are described in “Introduction to protein Structure” (page 304, 2™ Edition, Branden and

Tooze, Garland Publishing, New York, ISBN 0 8153 2305-0) and take the form a B-barrel

16



CW.HNEVQLPDARC 276 CW.HNEVQLPDARHC 277 CW.HNEVQLPDARHSC 278
CLHNEVQLPDARHSC 279 CLHNEVQLPDARHC 280 CLHNEVQLPDARC 281 CLHNEVQLPDAC
282 CPSMOLRFIEBGPCCSK 283 CPSPFDLFI RKSPTCGSK 284  FAGCSPABERHUMSIGGAAEG
285 FAGCSRASCGKPVNHSCGAAEG 286 FAGCSRASGKPVNHSTCGAAEG 287

FAGCSRASGERVDHSTEREPIAESa 2B Bara S RASEER\MHITEK 82 9 IOBRASEHR\MIHSEET IR0
CSRASGKPVNHSTCGSK 291 FAGCFATPEWPGSRDKRCGAAEG 292 ]
FAGCFAriisyipadrbrATecychised peptide whishrazseeasriwived dompeloopgs the IgE

CPEVP PRI SOR oA AEER BT DBV G99 her RBIOPREVEF PRARBCRAEG 300
FACCLHREY T FERSAREO T Cahe AP RT PR oA ChPea AP eR 305
CDSNPRGVSAARSGINAR A Rfetoe6 of b MivEdeASHiTHINGERPopdstihdyNielddeioded fdr

particular purpose by addition, deletion or substitution of elected amino acids. Thus, the

peptides of the present invention may be mpdiﬁed for the purposes of ease of conjugation to a

protein carrier. For example, it may be desirable for some chemical conjugation methods to

include a terminal cysteine to the IgE epitope. In addition it may be desirable for peptides

10 conjugated to a protein carrier to include a hydrophobic terminus distal from the conjugated
terminus of the peptide, such that the free unconjugated end of the peptide remains associated
with the surface of the carrier protein. This reduces the conformational degrees of freedom of
the peptide, and thus increases the probability that the peptide is presented in a conformation
which most closely resembles that of the IgE peptide as found in the context of the whole IgE

15 molecule. For example, the peptides may be altered to have an N-terminal cysteine and a C-
terminal hydrophobic amidated tail. Alternatively, the addition or substitution of a D-
stereoisomer form of one or more of the amino acids may be performed to create a beneficial
derivative, for example to enhance stability of the peptide. Those skilled in the art will realise
that such modified peptides, or mimotopes, could be a wholly or partly non-peptide mimotope

20  wherein the constituent residues are not necessarily confined to the 20 naturally occurring
amino acids. In addition, these may be cyclised by techniques known in the art to constrain
the peptide into a conformation that closely resembles its shape when the peptide sequence is
in the context of the whole IgE molecule. A preferred method of cyclising a peptide comprises
the addition of a pair of cysteine residues to allow the formation of a disulphide bridge.

25 Further, those skilled in the art will realise that mimotopes or immunogens of the
present invention may be larger than the above-identified epitopes, and as such may comprise
the sequences disclosed herein. Accordingly, the mimotopes of the present invention may
consist of addition of N and/or C terminal extensions of a number of other natural residues at
one or both ends. The peptide mimotopes may also be retro sequences of the natural IgE

30  sequences, in that the sequence orientation is reversed; or alternatively the sequences may be
entirely or at least in part comprised of D-stereo isomer amino acids (inverso sequences).

Also, the peptide sequences may be retro-inverso in character, in that the sequence orientation

17



WD 02/ 16409 PCT/ EP01/ 09576 CEEKQRNGTILTVC 309 CHPHLPRC 310 _ CTHPHLPRAC
311 CVTHPHLPRALC 312 CRVTHPHLPRALMC 313 CXRVTHPHLPRALMRC 314
CXRVTHPM@PBRALAMYREC 315 CYQXRVTHPHLPRALMRSTC 316 CPEWPGSRDRR®) 131376
CRQORNGTLC 318 CEERQRNGILTVC 319 CMRVTHPHLPRALMRC 320 CQVRVTHPHLPRALMRSC
321 CygwRYSEHREL HRAINRS TGds 22 of AeHPWHRESERERCT I Iam. SReh rebmopEREoNNEC 324
CLE K 325 EDGQVMDVDLCGSK . 326, CL VDVDL CP EGDK .3
CLE%YM%Q? Oql\{?%%%‘ﬁﬁ%gﬁ?%%%’@ TRE PR mSPftS‘ﬁé present
i nvent Is r]?xn GoLPRN Bl @xihBle PYRg). fi ed peptides of table 1, or the
cycli cﬂogg?)%@}a,élggleo tda{ﬁlg 2, (for}r{n aﬁlgr ef gjrred aspect of the present _

i nvention. Mtembtiveds, pebiiddmbmatepéshmay berlentifiedadiey arsibodies adidhhese pepti des,

and 5 i mmunogens_ conprisi ng such_m pot opes whi ch generate_ an i mune
r eshon@@ablgithamselvss ot bindugito e IgErepgopesot gy pregsat yentin wsing teghnigest he | gE

nol ec f t ﬁfsgq/t i [ T i of m not ope
S deﬁtﬁ%g@h@@ggﬁ%}?@éﬁnﬁﬁ% h(ﬁ?soogs utti c]%le}hﬂﬁsqél m uzei’ré}'- F’l 5 Pt%%elg%gt ive IgE
pept i desmbdrof @eptide stqitin€ss whioh mdmicSHe 3GuétOred thamait pepliddaahddrd, ecogni sed
by antibodi es which recognise the native |gE peptide; (CGieysen, HM, et
al ., 1lheeforgyqapakie o€ bindingdpantitostivespeptide getihodiosy buynayaint chesssaaily G ba
foundation .s 0Si um.119 130-149: . CGheysen,. H.-M,, 1986, Ml ecul ar
| mu nogl;n8’a§e,lvé¥,?‘ e S?%Eé“?afgf%“ﬁce;}og‘oé%@'a@!t © Bf_fltwre&%% ipﬁ%ncgea}]l"p}s%mogg}} Mfen
coup! CelnieQighifidint ARlafiagal By Alowikbi"hoARbABPG! REnyAS fBRAL withldinLliggnat i ve
| gE epitope. The preferred peptides to be ‘used 1 n"the ‘process or I mmunogens
of t heimpnesegetic properties (such as higher affinity binding characteristics to the IgE receptors or
anti-IgE antibodies, or being capable of inducing polyclonal immune response which binds to
IgE with higher affinity), or may overcome any potential self-antigen tolerance problems
which may be associated with the use of the native peptide sequence. Additionally this
15 technique allows the identification of a recognition pattern for each native-peptide in terms of
its shared chemical properties amongst recognised mimotope sequences.
Alternatively, peptide mimotopes may be generated with the objective of increasing the
immunogenicity of the peptide by increasing its affinity to the anti-IgE peptide polyclonal
antibody, the effect of which may be measured by techniques known in the art such as
20 (Biocore experiments) . In order to achieve this the peptide sequence may be electively

changed following the general rules:
* 'To maintain the structural constraints, prolines and glycines should not be replaced

* Other positions can be substituted by an amino acid that has similar physicochemical
properties.
25 As such, each amino acid residue can be replaced by the amino acid that most closely

resembles that amino acid. For example, A may be substituted by V, L or I, as described in the

following table 3.
Original residue | Exemplary Preferred
substitutions substitution

A V,L,I v
R K,Q,N K
N QHKR Q
D E E

| C S S
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i nvention nmay

The most preferred peptides for use in the processes and conjugates of the present

invention are SEQ ID NO.s 99, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315,

15

316,317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, and 328.

The types of immunogenic carriers used in the immunogens of the present invention

will be readily known to the man skilled in the art. The preferred function of the carrier is to

provide cytokine help in order to help induce an immune response against the IgE peptide. A

non-exhaustive list of carriers which may be used in the present invention include: Keyhole

20

limpet Haemocyanin (KLH), serum albumins such as bovine serum albumin (BSA),

inactivated bacterial toxins such as tetanus or diptheria toxins (TT and DT), or recombinant

fragments thereof (for example, Domain 1 of Fragment C of TT, or the translocation domain

19
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hysi h
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following ta
expressing nucleic acid molecules encoding the mimotopes in a bacterial or mammalian cell

line, followed by purification of the expressed mimotope. Techniques for recombinant

expression of peptides and proteins are known in the art, and are described in Maniatis, T.,

Fritsch, E.F. and Sambrook et al., Molecular cloning, a laboratory manual, 2nd Ed.; Cold
25  Spring Harbor Laboratory Press, Cold Spring Harbor, New York (1989).

The amount of protein in each vaccine dose is selected as an amount which induces an
immunoprotective response without significant adverse side effects in typical vaccinees. Such
amount will vary depending upon which specific immunogen is employed and how it is
presented. Generally, it is expected that each dose will comprise 1-1000 ng of protein,

30 preferably 1-500 pg, more preferably 1-100 pg, of which 1 to 50pg is the most preferable

range. An optimal amount for a particular vaccine can be ascertained by standard studies

20



I gi nal residue Exenplary Preferred substitutions substitution A V,L, 1 V
,QNK NQHKRQ DEE CSS 18 W 02/16409 PCT/EP01/09576 QN N E
I

u
K /

D Gwomiea) Q K RN I LLVVMAFL LI, V, M APEIEPIKIRG Q N R
L

L

,F,1 L FLVI,AYWW PAA STT TSS WYy, FY YWFTSF V
I, L, M nvdl¥ing biesepracior of apprugiidte anmubdiesgdmsesin spbjevisd&sllawingendasiaf or t he
manuf acture of a vaccine and novel inmunogens conprising disul phide bridge
cycl i s@acHRasiopdebieesAmaygaeeie BYe erevaalhassies imppnispiionsadaguately mased-i on, and
t he use of t wﬂ [ I

conposi tions %1#1 the %ﬁ%%%dﬁ%a‘%ggodr hazd&é%%&c?? glﬁiag%gégﬁgggﬁe@ﬁgﬁty t he

pr oces Suitatle adjifantd T RGNS Flthd REseRt Riveition doviMse eHbsa b@juvefsitHabakacci nes
for the i mmunoprophylaxis or therapy of allergies. It i's envisaged that

t he pesepablsofiepbancing thi entibasiyessponsesageissiribe immumgeonAdjuvhntbereofeln 10
engt h <R RBEL RIS VALHRT DEREh rare FSOLR H ALRURE ARy KB abl y | ess. € han
ggi Sg‘ :P%ﬁgiﬁcg&icaﬁﬁﬁté&ﬁélogke@&ﬁﬁ@@ﬁEdWPtoWeﬂ, e, LRDREwREn M L, Fan@in no
Press, New York and London, ISBN 0-306-44867-X). Preferred adjuvants for use with
immunogens of the present invention include aluminium or calcium salts (for example
10 hydroxide or phosphate salts). Preferred adjuvants for use with immunogens of the present
invention include: aluminium or calcium salts (hydroxide or phosphate), oil in water
emulsions (WO 95/17210, EP 0 399 843), or particulate carriers such as liposomes (WO
96/33739). Immunologically active saponin fractions (e.g. Quil A) having adjuvant activity
derived from the bark of the South American tree Quillaja Saponaria Molina are particularly
15 preferred. Derivatives of Quil A, for example QS21 (an HPLC purified fraction derivative of
| Quil A), and the method of its production is disclosed in US Patent No.5,057,540. Amongst
QS21 (known as QA21) other fractions such as QA17 are also disclosed. 3 De-O-acylated
monophosphoryl lipid A is a well known adjuvant manufactured by Ribi Immunochem,
Montana. It can be prepared by the methods taught in GB 2122204B. A preferred form of 3
20 De-O-acylated monophosphoryl lipid A is in the form of an emulsion having a small particle
size less than 0.2pum in diameter (EP 0 689 454 B1).
Adjuvants also include, but are not limited to, muramyl dipeptide and saponins such as
Quil A, bacterial lipopolysaccharides such as 3D-MPL (3-O-deacylated monophosphoryl lipid
A), or TDM. As a further exemplary alternative, the protein can be encapsulated within
25  microparticles such as liposomes, or in non-particulate suspensions of polyoxyethylene ether
(UK Patent Application No. 9807805.8). Particularly preferred adjuvants are combinations of
3D-MPL and QS21 (EP 0 671 948 B1), oil in water emulsions comprising 3D-MPL and QS21
(WO 95/17210, PCT/EP98/05714), 3D-MPL formulated with other carriers (EP 0 689 454
BI), or QS21 formulated in cholesterol containing liposomes (WO 96/33739), or
30 immunostimulatory oligonucleotides (WO 96/02555). Alternative adjuvants include those
described in WO 99/52549.
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The nost preferred peptides for use in the processes and conjugates of the
present invention are SEQ ID NO s 99, 304, 305, 306, 307, 308, 309, 310,
311, 312w@a3164844, 315, 15 316, 317, 318, 319, 320, 321pPCBRRY1/BZB, 324,
325, 326, 327, and 328. The types of inmunogenic carriers used in the

i Munogens The Vawines 68 tltprésentEinvdmtion willlbe gbgerakp adihinistsredviortboti prémingn
skilled in the art. The preferred function of the carrier is to provide

cyt oki Aed bpaspng dosss-deis axpedied that the heestiag dosasundl hecaslsaptely sppsph<t t he | gE

Bregts Lg‘ﬁfefer{ 12 t%nveﬁ@? Il'je\llécesulﬂl(xa ﬁ]%l #) whgrg(rsﬁe: &les \t(%q %]ul rﬂaf%am 1}%6](?}&%}_0%10;“2? um

al bum ﬁ%l&ﬂ%eﬁ%o@@tﬂg"@oséﬁfrﬂﬁb&hsﬁwﬁfﬂle( elmtnasﬁseﬂ@éadh@aﬁglﬁau QtridroXi ns
such as tetanus or diptheria toxins (TT and DT), or reconbinant fragnments

t hef eotn0@<fcule Sweingloster Donstiuats mwfcompagmalt@n@ivememormbbmﬂml ocation
domai n 02/ 16409 PCT/ EPO1/ 09576 of DT), or the purified protein
deri va?‘i’%?@ceo‘? WSE G in (PPD). Alternatively, the process may be used to
conj ugate t rL j TRy
addi ti onal | g/}?a g%fr}r%fr?s ga?grt%@ figngggg%t?/ ?lje g‘%ﬁéﬁ -ce g%n‘ﬁl’pﬁ@cﬂ@

Pr ef er abhgreinhilesaried dorafse peptedidas. to carri er |s in the order of 1:1 to

20: 1, and preferabl each carrier should carry between 3-15 peptides. 5 In
an embodi meRiefRIRblY HBe VAGARR Prsaaratlcm rthe progent apventipn may be gsed tﬁ o S

e S0P Bt imarh | HSAARHIC G o in® A0 HheraiEl B SldAaDot Rl BReALAT 19

protein i Rf i uenzae orsgren (WO
91/ 1892&cugrxam>%cbnﬁe 00 nid4sab 2dhtd3 Thise ddmlni%ﬁﬁ%rﬁlrﬁ@hﬁﬁlﬁlﬂélﬁﬁ@c‘uoﬁ@fa @ganmple in
reconbi nant i munogen expression systens it may be desirable to use
fr agrremtwctparouénanemonm;m@a@ma Tsbewaneoms deOI(u@nptcpsal ng the N 10
termn 10 0, am no rotenD GB. 9717953.5 tlde can be
readi | ngB% %ﬁgat%gﬁe%al?%@engﬁ%é pHF‘@@é&ﬁ OurALy F%‘%\QA efqug OIHSIO ani de or
pol yet hyheneatiys o vid Hlesinkaanal £olaEerd°%}<m%gl%w§1§n bdtctes! Mbdoyainsit ofRtad
apparatus, through techniques well "known 1 n tthe art (techni ques ancf
prdéed providedarmetbod for thhtremeytif] iaHsngs, mrdmg:ﬂm lhénlidistratiSo Iof al pBhtidee Pept i de
Synthesis: A Practic proach; by E 15 Atherton and. R C. Sheppard,
publ i sHBEBYETRE! éﬁang)?fﬁfe IefTRL By eitiop tpapatient Paws PultGingdien or By aci d
medi at gghce) tﬁ@é/@,ggle{, | eave the linear, deprotected, nodified peptide. This
pepti de can readi |y oxidised and purlfled to yleld t he
di sul phi de- b’racdg@pnepahafwmd geaptllgdesctibedip Newe Thadielao@ Deoelbpmaadid n - Met hods
in Ml ecul.ar Bi.ol (Iiﬂg Vol . 35: Peptide Synthesis Protocols (ed. MW
Penni ng/@6%inen eisdy Yelss et alo HipiveasityPark Fogss. BaltimprpMaplanddi S 1478. 20

rn By 0 t
|nc?ud?’tﬁh%%étioﬁlr%#}g?t%gg%%ﬁr I'C a%&? Sh ?gcu es&é%%gg %’S?ﬁge%W?%ésanf‘n a

bact er balArmor el bl $. Puteek|474)76me, fol | owed by purification of the
expressed m not ope. Techni ques for reconbi nant

The present invention is illustrated by but not limited to the following examples.

25
Example 1, Conjugation of disulphide cyclised peptide to a carrier, by conjugating a

maleimide activated peptide to thiolated Protein D or BSA as a carrier.

In the present example, a maleimide derivatised cyclic peptide is reacted with a thiol bearing

30 carrier. The thiol group being generated on either Protein D (PD) or BSA as the carrier by

reduction of the SPDP derivative of the carrier.
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expressi on of peptides and proteins are known in the art, and are descri bed
in Maniatis, T., Fritsch, E.F. and Sanbrook et al., Ml ecular cloning, a

| abor at owwOonmmd4ed , 2nd Ed.; Cold 25 Spring Harbor Laborat P€WEPSI&®S76 Col d
Spring Harbor, New York (1989). The anmount of protein in each vacci ne dose
i s sel NeSvedinasidgh3-€2rpyridyldithio)propionateSPP) is aratecghi fuhetidrial erosekdng e

w thout signjficant adverse side effects_in typical ,vacci nees. Such anount

wi |1 vagept Waisk nadergniig sendipensreagie by £ts S HSrRtiRoHewP Methapne gwypepthiow it is

prese : foko | 4 . Ad_ I -1000 g
bt *or o Sftin (55N ieinadshr G ¥AGGH Gl T@AnRRED 1H98F NS EWRGlSRa 1D
509 i srebdidnsatt mpstebanadileperfaamgé in pilosphdte, Harbortyitarbaratetarddiobate ul ar

vacci ne can be ascertained by standard studies 20 WD 02/16409

PCT EPpfenoStber Hubleed canrhg usedpriovided g1y slo nob pewspini nuineary amines. Fisatpeans of i n
o o ARy A b .
sover of SR et kot Whh T ASERERY € BueBir 4 53h3r RitelsE SRS ot ccent
| nvent jeRAsesTRY pRSHAND ABRAY RaVinglopdhp /el s A HiIHNAR] c{j]j?ig\&;.’}éir?t ¢l e adj uvants

for vaccines of the present invention conprise those "a ts that are 5
capabl wagiongm gemeralhgperfeemad with@dymVER PG as pH Afti aid theereduetionad el

Adj uvants.ar | | nown {n the art (Vaccine sign - The Subunit and

Adj uvaPFPteRb5saﬁﬁwdsig‘ys?rofpﬁhﬁmﬁe@awrtgafﬁgéaoga%é%@ffg gluotign @Ay by, Eds.

POYE! | perMifed .40 7N WIRY L i | SBN
0- 306-%%867?X)at.315%r ef erre%acgfbd#mtgﬁtlggwﬂelﬁg%s DItl &zﬁle?rf%lﬁ%gg%sthggg?ﬂg pr esent
i nvent subfhydryt broties presertobube cirriegirodusss helitdmmbeén efkdeptesertOniintdopxi de or
phosph&te salts). Preferred adjuvants for use wth i munogens of the

pr esentt'18:i3%) e s Baleimpidewgtvated prpiide was ebtaingd chmeretion betwegpdho remisle¢P)

par 1 ool bbb bl o SRtk ARl S S momie o RV B i 1

acti veNsgsdeddybudci@lideaiter( €. 9. Qi l A) having adjuvant activity derived
fromthe bark of the South Anerican tree Quillaja Saponaria Mlina are
patticularly 15 preferred. Derivatives of Quil A for exanple Q821 (an HPLC
pur i fi@thfoﬁami on derivative of Qil A), and the nethod of its production
is dis in US Patent No.5, 057,540. Anongst @21 (known as QA21) ot her
fracti opSP sdbdificSporRiy are al so disclosed. 3 De-O acylated nonophosphoryl
lipid ATS a welT _kKnown adj uvant manufactured by Ri bi | munochem Montana.
It canBba (Breegsaisatissdojvetitat a wendentistidneafdBtmg/mi GB5Q HM20diBm phogplefi€ried form
lipid Ais in the formof an enulsion

v ng H EnmP L A FIL Be5 QR 688 CoMER B oDt o2 o VS slBe 2054 B ).

Adpyv I u 3 : L | di,pepti d
e R T )
(3- 0- derateyn @t tednodified (fos BSAY, w115 feldintblar excess of SPDP over protein, and for PD, a

25 fold molar excess). After one hour at room temperature, the modified protein was purified

from reaction by products by dialysis against 50 mM sodium phosphate, 10 mM EDTA pH
6.8 or by gel filtration. The sample is applied on a desalting column (Sephadex G25)

25 equilibrated with phosphate buffer pH 6.8 (or 100 mM sodium acetate, 0.15 M NaCl, 1 mM
EDTA pH 4.5 if 8-S containing proteins are to be reduced in the next step). Fractions of 1 ml
are collected and monitored by adsorbance at 280 nm. Fractions containing SPDP modified
protein are pooled.

The number of thiopyridyl groups introduced in BSA is estimated spectrophotometrically:

30 transfer 200 pl of modified BSA in a spectrophotometer cuvette and add 200 wl of 50 mM

mercaptoethanol in 100 mM phosphate buffer, pH 7. Measure absorbance at 343 nm before
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A), or TDM As a further exenplary alternative, the protein can be
encapsul ated within 25 mcroparticles such as |iposones, or in

non- par t ivvabat@osuspensi ons of pol yoxyet hyl ene et her ( UKPEHEROI09576
Application No. 9807805.8). Particularly preferred adjuvants are

conbi naid «ftes additions b Metcaptoethéded IE (At tife ijiale§ dBiliopyaidont Nibvvatedrusiigul si ons
conprising 3D-MPL and QS21 (WD 95/17210, PCT/ EP98/05714), 3D MPL

f or mul Atead=8008 Mitawr- carriers (EP 0 689 454 Bl), or QS21 formulated in
chol esterol containing |iposonmes (WD 96/33739), or 30 i munosti nul atory

ol i gonucl eoti des (WD 96/02555). Alternative adjuvants include those

descr | tadof DTY® 9R6R254N A2 doinOR/ EA0RIBETAEERAL/ 09576  The vacci nes of
the preésent invention w € generaly admnistered for both primng and
boost i Rd Tdwasasided to 4 nal xpeeettratianhefi1-1 hexM oosubateyfod e rodrh terperameguat el y
spaced, or - preferabl jve early or at such_ tinmes where the | evels of
ot r cul ERR RGO qlSERs PEPH Thetl Slirationtsiie Srphpderdp-2Ses atrhd opuiateinily

consi s : ' ' J 0] ' l,ecul e.
Sonn sl SpeRkdesifybe el TR AL FLARL SO Bp

t he abbefifire100 mMyodiamrphesphaterpHa6 B THegireRage6t oxdizdd O TPIAE B IndnisRIdt | ON
there i s _praovided an i nmunogen or vaccine as herein described for use in
medi ci AEingeluen kypmeasuring thebsprhangsrat 80 aM on of the present invention may
be ysed to protect or 10 treat a manmal susceptible to, or suffering from
al fler gi es, by nmeans of adm nistering said vaccine via system c or nucosal
r out e. MEhgmedeadodifics bemideons may include injection via the intranuscular,
intraperitoneal, 1Tntradernmal or subcutaneous routes; or via nucosal

adni ni Bentideivens dissokvad iroFQ) iy saskiym ahosphateqd! 68t GMBS (Rierice)owias them gddedacts. A
preferred route of - admpi.stration is via the transdermal rqute, fo

exanpl fgtggpgﬁfﬁ sg@p@hg?aﬁ@é&qi?rﬁp?s Off il QTOFSSIINKST R heReptide Was HSet-f or t he
treat MRfer Phr & h&MIYmpGATRY, kSHcASh B?%r@dﬁ@s%e% ke dRa bgf e?ﬁﬂﬁ%h USing a :
i mmunogen, or ligand of the present “invention to a p tglent 0 Is-suffering
f r &m osephadexsGd O pd0 M sediuralphespivite PHA6S). Tragtionpaf dil overe solpetdrall v

descri bed..in gew Trﬁar}_gs a % Devel opnents jn ., Vacci nes, edited b)é Vol | er et
al ., URCPErEH Oy apsgriansp ak<80 3y Fresrpiee of malejmids group, waslemoapsigated by

Conj ugatiiaR stadBbRt €i ns to nacronol ecul es is disclosed by Likhite, U S
Patent 4,372,945 and by Arnor et al., U S. Patent 4,474,757. The present
invention is illustrated by but not limted to the foll owi ng exanples. 25

Exanpl 1,. nj ugati on of di sul phide cyclisedpeptide to a carrier, b
m gpac,q@r?% chegen SPDP modified pro?ein and m%tleimide ae:ti\eated peptide Y

conj ug
20
An excess of maleimide activated peptide (about 22 fold molar excess of maleimide activated
peptide over the protein) was added to the SPDP modified protein and was agitated during 1
hr at room temperature followed by three dialysis against 100 mM Na phosphate pH 6.8. After
filtration through 0.2 pm pore size (millipore filter), protein content was estimated by Lowry.
25

Results

1. Obtention of the SPDP modified protein

Several assays were conducted with different concentrations of SPDP using BSA or PD as

30  carrier.

l.a Assays on PD
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mal ei m de activated peptide to thiolated Protein D or BSA as a carrier. In
the present exanple, a naleimde derivatised cyclic peptide is reacted with
a thiol eant/ngo9 30 carrier. The thiol group being gener ap€UEBN/@516her
Protein D (PD) or BSA as the carrier by reduction of the SPDP derivative
of t heTh@h#inBér of HoMyRidI2 O thtfddhéddr Ay difimated shectkiphbidhitially b
3-(2-pyridyldit hi_o)%%dgi gﬁg?e (SPDP) is a het er%%i functi onal (}:,r (}),ss-l i nki ng
agent ewalegtionod driopsiridene bhetated afist a of mgreantecthinel.Ssvenal ggsaysweret h ani no
groups_of. the, tein (Fig;.3) r on .G T. .Bi oconj ugat e, Techni gues,
Y006 refiiesing P13 Ea rlchidiis of BLLRERRCT A0 g oL TRt gt S FRGPYRATT
Phosphaluans Bhid o ARABELAIDRN REiG. &), b RS o4 6 s can be
used pgltgvP%edHt I[”)ley 0 not cont?glgn@)g?lloﬁg?g& gtn'c?cnes. Trlegtonen'?ﬂgé?i%gp%PDP

mods f i ealypi-Dtieopyridyt grobfsTcduld bdintolineddtaml PD (Figafioiddeed, pripifatida-of PDuci ng

agent) re]eases the pyridine-2-thione | eaving group and fornms a free
sul f hyWa§ Poseryed vahen assaya to pliaiameys thiepyyidyd gequpy Weks Sasefetwioevss, thid DTT at

pH 4.5_t.q: id. . i ot.ej n' For. prqatei n not
Cont ai a5 A s ety Pt Qe ol o e F B R s i e
reacti esuldet v@eweabﬂabm'g heatgf-edlible @AFELL CNSPDR (PaRisueeniaidylt - sul f hydryl
groups present on the carrier produces the inmmnogen of the present

i nvent Pyidyldithig)-prepionamide hexkedaté)de- act i vat ed pepti de was obtai ned by
rez&ti on between the peptide (P) and a heterobifunctionnal cross-Iinking
reagent |ike GVBS (gamma- nal ei m dobutyric acid N hydroxysuccinim de

ester) 1. blhsshRd fypdsa SPDP nodified protein BSA (Pierce) is dissolved at a
concentration of 10 ng/m in 50 nM sodi um phosphate, 0.15 M Nad, pH 7.2.
SPDP wasmakigsiol ofetitoat0 thiopyridglrgrowsi can bofadéedPomigf Al AihigHavBaoiyridyéaumb@0 20

mM st ock sol.yt.i on). fficient qu ity of the stock solution of SPDP was
then afffelf ?Qﬁal{lﬁg%fﬁrﬁtérqfn?]@l B’éceﬁ%ﬁé% qur(;}gAngg@ used(Eig 8)-HOHWIVEF dexcess

of SPDg; j : I f one hour
at roon g basulirg s heWRel el dithe fhe sratioR ARl aRAGE I o SPER P00 DY

pr ofluctwdifjedB®Aysi s agai nst 50 nM sodi um phosphate, 10 nM EDTA pH 6.8 or

by gel filtration. The sanple is applied on a desalting colum (Sephadex
&5) 25 equilibrated with phosphate buffer pH 6.8 (or 100 nM sodi um

t at . . : if S-S. tainiyp tei t
o ccleet B SRR G U R g
noni t oftedvb radizeoh anaivatdistBshiaborddspet in QRssphartvaR! (5r SPDP mdhiéd ed

protein_are pool ed.
PD). Efficacy of DTT was determined by release of pyridine-2-thione.

20

2. Conjugation of constrained p15 peptides

Five constrained peptides were conjugated to the BSA using the chemistry described
hereabove:
Original sequence: EDGQVMDVD (SEQ ID NO. 1)
25 pl5a: GGCLEDGQVMDVDC (SEQ ID NO. 324)
p15b: Ac-CLEDGQVMDCGSK-NH, (SEQ ID NO. 325)
pl5¢: Ac-CLEDGQVMDVDLCGSK-NH, (SEQ ID NO. 326)
p15d: Ac-CLEDGQVMDVDLCPREAAEGDK-NH, (SEQ ID NO. 327)
pl5e: Ac-CLEDGQVMDVDLCGGSSGGK-NH, (SEQ ID NO. 328)
30

The resulting conjugates were soluble and were characterized by SDS-PAGE (Coomassie

blue-staining) (Fig. 7).
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The nunber of thiopyridyl groups introduced in BSA is estimated
spectrophotonetrically: 30 transfer 200 | of nodified BSA in a

spect ropivod omet4ey cuvette and add 200 | of 50 mM ner capt PET/EBROOI95ToN 100 v
phosphate buffer, pH 7. Measure absorbance at 343 nm before 23 WD 02/ 16409
PCT/ EPO1/ 09576 and after addition of nercaptoethanol. Evaluate the

quantlé of. H'l opy.ri done Iilf rateégusi ng A343 .= 8000 M'cm . Use of DIT
to cl edvEOHLER wﬁé—%ﬂ%ﬁm s-1inking agents 5 DIT was added to a
final hgt@agﬂegg)feﬁ%de%v;&e% ég&ybate for 2 h at roomtenperature. For

rermval of excess rati on using Sephadex G 25 was used. To

mai nt aiOniglined sequiendz PEW@SRDKRE(GEQQD N@JeBhydryl groups, 10 nM EDTA was
included in the chronato rap buffer (100 mM sodi um phosphate pH 6. 8).
TheS pr @%‘éeﬁceAG?EmctﬁPﬂ%% ALOSEDH N6X-EB) during el uti on by neasuring

t he ab C ed eptide Peptide was
di ssol @2@?‘%‘%@%@2‘%@%@@?@&%%@4 GNBE FPI erce) IOwas t hen added
t o t he ppaiphiccEWPERRIRREGRKONER(SEQEIDAOSWsess of the cross-1inker over t'he

pepti de was used. After 1 hr at rqomtenperature, reaction by-products
were renoved by gel filtration using a 15 sephadex G 10 (100 nmM sodi um

phosph Fracti ons 1 m vve col,| itored by
P dor pahe sRHh bR F S aRLE! eoandrm?rs. hadoirauny SRS FAGR iemaesel by
El l;gran'pfiel t t f protein and mnal ei m de
actll va;bgde Sg%%%?ggdwgga%nmg%ﬂg V%?ana d%lda%?@?iat ed peptide (about 22

fold nolar excess of mal eim de activat ed pepti de over the protein) was
added to];é hF SP% m)gifi ed protein and was agitated during 1 hr at room
terrperét hree di al ysi S agai nst 100 mM Na phosphate pH 6. 8.
After cbidooliAds @Rtk r r rotein
cont ent vvzfg) estcﬁﬁatrg{lié)ggﬁﬁ f% elg'é;l?P S CJf tdgsﬁifédgn& ?‘m{gﬁe SPDP
nodi f i eghctiomt witnarBehee ltlabl The aisalﬁmre&cm@e BESCOsh il d1hescHtfatR bﬁﬂl% th1ol at the
concentratjons of SPDP usi né; BSA or PD as 30 carrier. | .a Assays on PD 24
15 disulfide, breaking the S-S bond, with subsequent formation of a new mixed dlsulﬁde
constituting a portion of the original disulfide compound. If the thiol is present in excess, the
mixed disulfide can go on to form a symmetrical disulfide consisting entirely of the thiol

reducing agent. If the thiol is not present in large excess, the mixed disulfide product is the

end result.

20
In order to test if a disulfide interchange could be observed during the reaction between BSA-
SH and the maleimide activated disulfide bridge cyclised peptide, a reaction between BSA-SH
and the unmodified p14i peptide was realized in the same coupling conditions (buffer, pH,
ratio peptide/ carrier and temperature). After 1 hour, the sample was dialyzed or applied on a

25 desalting column (sephadex G25) equilibrated with phosphate buffer pH 6.8. The resulting
product was analyzed on SDS-PAGE (coomassie blue staining) (Fig. 10). A positive control
was included resulting from the reaction between SPDP-modified BSA and plda peptide
(AcAPEWPGSRDKRTLAGGC) in which disulfide interchange occurs (Fig. 3A). The
resulting conjugate was purified by dialysis or by gel filtration.

30
No increase of the molecular size was seen for the product resulting of the reaction between

BSA-SH and p14i (Fig. 10A: Lane 9). Moreover, no protein was detected with the mAb 31
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WO 02/ 16409 PCT/ EP01/ 09576 The nunber of thiopyridyl groups introduced was
estimated spectrophotonetrically by evaluation of thiopyridone Iiberated
after adavooom40d mner capt oet hanol. Several assays were rPeal/Epad9ssi ng PD
at a concentration of 6.6 nmg/m or 10 ng/mM . results At |east 14

t hi opy (Fidy1B: lgtico®)3aggsstihg tHeeabserice of diselfide intBich{dgegluridp thdHwaetionrat laakt ia
concentration of 10 ng/m of PD 5 only 4-5 thiopyridyl groups could be

i nt r odtheswngiiiopgysegifer thepounlingeed, precipitation of PD was observed when
assays to obtain nore thiopyridyl groups were carried out. However, this
precipitation is partially induced by DMSO used to di ssol ve SPDP (6.2

ng/ M ) CohbliuSioRd obl em coul d be resol ved by using the water-sol uble

sul f o- CCG-SPDP ( Sul f osucci ni mi dyl 6-[2 ] _ .

pyr § dy [T combinateroef twieahienidsttiescsarosed jo conjugbidronsisziped peptidsntom ¢aai¢rrum of 8
to 10 t.hj ridyl. group n be added on. BSA: A higher.thiopyridyl nunber
can be SBEH fealieeied 5T oo Rernie S e catier seiehih gl g wels b bed (o,
6) . HOwoWeyS-PAGEShitORioURYdbAgstWAs, Tﬁl@x‘ésﬁﬁﬁfé&g ALY WEY pHB@i RBACt1 ONn
resulting in a lower yield of SPDP 15 nodified . Assays mp reducti on of
pyr i dylobairsd|byitlterendtion HoTWeansthe GMIB S inetilvatadt peptids andi BfAaSdad eotthy 4.5 (to

avoid red i,on of native_disul phi de bonds) or in phosphate buffer (for
SPDP i Ci@dnteﬁquge@ﬁfc%%wdow eatlotdteseteRll by rel case of
pPYrhdi nes2x= Lk A i J i . i i ve
ontt Sl ORR el oA A SRRTHRR AR hoB R R Tast
descri hethe dbeveatamptes th mgidialdesegudiettio tEOENNOVR fe8Edn & MNReindidle-N25 pl 5a:
GGCLEDGQUMDVDC (SEQ I D NO. 324)  pil5b: Ac- CLEDGQUMDOGSK- NH2 (SEQ | D NO.
325)  pBySrexymeciginEpeeRDVEEESKitady Sismiile-chaigor withs p Not@apinal amino group.
Ac- CLE V| EGDK-NH2 (S I D NO., .32 | Se: . .
Ao CLE e e
ver e sabtablyefoRpehtidey Corgdiamaat19¢ihd RathyihSbSitdptFhe ntRQIRESEM beldded &l N9)
(Fig. 7). 25 WD 02/ 16409 PCT/EP01/09576

15 peptide synthesis prior to final deprotection of the side-chains and cleavage of the peptide.

Example 2, Immune response induced by different disulphide bridged p?ptide-BSA

conjugates.

20 To evaluate the immunogenicity of the conjugates produced in Example 1, 10 mice per group
were immunised intramuscularly (IM) on days 0, 14 and 28 with 25 pg of conjugate mixed
with AS2 adjuvant (oil/water emulsion, 3D-MPL, QS21). The serologic response for the P14
peptides was analysed by ELISA on days 28 and 42 (14 post III). The results are shown below
in Table 4.

25

Table 4. IgG response against P14 peptides, day 14 post 111,

IgG anti-peptide responses (midpoint titre)

conjugate
Average
st.deviation.
geomean

Peptide
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3. Conjugation of constrained pl4 peptides Three constrai ned peptides were
conjugated: Oiginal sequence: PEWGSRDKRT (SEQ I D NO. 63) 5 pl4e:
ACPEVWPGSRIRGYLA® NH2 (SEQ | D NO. 323) pl 4f: Ac- CPEWPGSRDREICBEPNHRST6SEQ | D
NO. 304) pl4i: Ac- CWPGSRDRRCGSK- NH2 (SEQ I D NO 305) The resulting

conj ugt4es \were| sol ubl el and|were charact|leri zZed by SDS- PAGE (¢oongssie 10
bl ue- st ai ni nd western blot) |(Fig. 7B, lane 7, Fig. 8{and|Fig.[9). 4.

ng a

Thi ol 1 di sulif (el gxchgnge Comounds ¢agt ai j Ng=p dimu| i de groyn are able to
partici pateg pn dgsul R de exclggngel redctli gng gthgano el £higk. |The

di sul tste—exehange—proecess—involvestattgek—at—thet+ht-ol—at—t+he—15

di sul1ngf, breaki ng| t he| S-S|{bond, wiith subsgquent (\gormat on of a|new m xed
di sul fide cogst] tut| ng (o] 1 of

31 I t3ton tdee |ox di mal spl#i dencompound. If the
thiol [is priegent@n Qg(ceé, t%e %1 cigulf?g?e %n @) pnet ¢ phorm a

N8I st'ong @ntli Peljy—of e i pl~ reducitig |agent. |f

[

symetrical| &8 suFti dé-c
the thPo4l i|s not present I njlarge eXxcesg, the mxed gisulfirdé¢ product is
& sul fj de [ ntefchange qoul d be

the end resylt. 20 1n orden to|test if ja di fide | nterch
obseryed durgng the| rpacton petiwgern §SA-\%ISI— d ehe| ral eidi denagti vat ed
di sul fide bridgedeycldsedspepRi deg a ggeecgi onget\@eﬂ @SA—%H @and the

unnodi-ed-pté-pepti-delwas'realized—+nlt he 'sanel coupling-conditilons

(buffer, pH, ratio peptide/ carrier and tenperature). After 1 hour, the
sanpl e was di alyzed or applied on a 25 desalting colum (sephadex &5)
equilibrated wth phosphate buffer pH 6.8. The resulting product was

anal yz deinome Sk3po G ced byakfirent I 10eBSH enfuigages. (Fig. 10). A positive
control was_jngcluded resulting fromthe reaction between SPDP-nodified BSA
and p 1l4a pepbs BE PepidappypesrErRIvEEOTExpmpleH weredisouised teimmumisecHange

-Ei P | AN ' t . i fi by dj al ysi b
gol "1 P gifibiptifusch B NG, 6RO REMEL A7 Sl e GhomlusdledoliBer " ™
pr oduc tvitheesd 4djmgmofoilNeter @fﬁﬁlﬁsioﬁmMP@,@SHE)SAnﬁgﬁtm Dd4inti(FE gmﬂ;&gr Lane
9). Moreover, no protein was detected with the 31 26 WD 02/16409

PCT/ EPERP@Tsy®Ee shewyin Tatde S|(dhdays)postfyebery hgmogenais sesponsesfwert shthihkde
interch dur | t he. reacti at.. least in the conditions used for the
coupl | Wéﬂ%ﬁ@@%&@%ﬂes.%ﬁ-&% antlbocfy responses were assayed by comparfson with a
monoclonal antibody, mAb11, which is known to recognise the P15 target site (c-d loop of
10 Ce2) and inhibit histamine release in the Human Basophil Assay, the levels of anti-IgE were

subsequently expressed as pg/ml mAbl1 equivalents.

15

Table 5, Immune response by cyclic P15 —BSA conjugates.

BSA anti-peptide (midpoint titre) anti-IgE (ug/ml  or mAbll
equivalent)

conjugate | average St Dev. geomean | average St Dev. geomean

P15b 11169 10766 8385 70 104 35

P15c 66452 10917 65685 200 64 189
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5 The conbination of two chem stries was used to conjugate constrai ned
peptides to a carrier. Soluble conjugates with 6 to 8 peptides on the
carrier weoe2oddai ned and were characterized by SDS- PAGEP@REROIZSTbOdI es
agai nst _pl4. The resulting conjugates were principally obtained by the

react | Bbdet wvesilide BHct i 42801 pept1de and |BSB- SH antlinot by

di sul ti i i n-hliot Theske resultg 10
demongtf it e t Hat'48hese| 030 st °830%an pE2Used t&gconj ugaﬂs3 constjr ai ned
pepti des—to = carrier——tnthe aboveexamptes—the rmalerntde- wa?—édded to
the peptide via reaction of nal ei m de-N hydroxysuccini m de ester reagents
wth a lysine side-chain or wwth a NNterm nal amno group. It is clear

that alternative nethods of adding the nal eimde group can be readily
concei Hatan Basardidl Asseosr pepti des containing a |ysine within the epitope,

t he mal.ei mi de can be added during .15 tige thesis prior.to final

depr ot e8PTHTS St A1he VETuRY meﬂ@@wggyﬁ@szm&%%#@@me%mI e 2,

| TN CalBRPRGSEeri A OMe Diccelih IR inflhouds BiifiRyibl 'oﬁgfﬂn%?ﬁﬁtahﬁﬁacﬁé% o
conjugates. 20 To eval uate the I mmynogenicity o he conj ugates pr oduced in
Exanpl solbted RBMiCe enpe seapnd tpmeavarecthe inhibitior of Lok P (st atlbiseh) tpgarddays

0, 14 and 28 wth 25 ., g of conjpugate m xed wth AS2 adjuvant (oil/water
emul si g’ﬁtan%@ ase incyption gF BE 54 Wiksthe yagsineinduged aptibodiefept | des was
anal ysed by ELI SA on days 28 and 42 (14 post Il1l). The results are shown
below in Table 4. 25 Table 4. 1gG response agai nst P14 peptides, day 14
post | Blood wgcalltdtepent velepuespensas 4 lpgde Ndonbid i) t@bes? cdhtiininy 0.1 27 WO
02/ 16409 PCT/EP01/09576 Pl4e 1" kn vl N'n Nd\o NNd OM -+ NOOO \O
d AP 00VHEmes 25/% DA pH 7.0. 1t i then filwed 1/2wwith andgqual volumeof-HBH helidmvi 00

d M g&n’taﬁlﬁng‘ 0.1% $dh Ml OalQlei\no(I%ﬁH{é-X). Nrfe resulting cell suspension was

layered over 50% volume Ficoll-Paque and centrifuged at 400g for 30 minutes at room

temperature. The peripheral blood mononuclear cell (PBMC) layer at the interface is collected
and the pellet is discarded. The cells are washed once in HBH/HSA, counted, and re-

15 suspended in HBH/HSA at a cell density of 2.0 x 10° per ml. 100pl cell suspension are added
to wells of a V-bottom 96-well pléte containing 100p1 diluted test sample or vaccine induced
antibody. Each test sample is tested at a range of dilutions with 6 wells for each dilution. Well
contents are mixed briefly using a plate shaker, before incubation at 37°C for 30 minutes with
shaking at 120 rpm.

20
For each serum dilution 3 wells are triggered by addition of 10ul Lol p I extract (final dilution
1/10000) and 3 wells have 10ul HBH/HSA added for assessment of anaphylactogenicity.
Well contents are again mixed briefly using a plate shaker, before incubation at 37°C for a
further 30 minutes with shaking at 120 rpm. Incubations are terminated by centrifugation at

25 500g for 5 min. Supernatants are removed for histamine assay using a commercially available
histamine EIA measuring kit (Immunotech). Control wells containing cells without test
sample are routinely included to determine spontaneous and triggered release. Wells

containing cells + 0.05% Igepal detergent are also included to determine total cell histamine.

30 The results are expressed as following:
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,-=- =41 inLln \DMN11-4 NO1\ ON1 .- 00 ON NN
d -- Nal\ \O\O\O 00\O\0 NM\o \ON OO0 d
N M 00 Wa@'o2/n400 \p ' \ONO1l - al M kn 01 01 N O d NeCDEP@/®87600 N kn
00 MMkn In kn \O MNNd --~d Imune response induced by different

P15- BSixapaplaatpgeresis dFswy P15 pepti de conjugates produced in Exanple 1 were
al so used t.o i pmuni,se, 10 5 ce per group,intranuscularly (IM on days O,
14 an @W‘?Wlefﬁegu%ﬁojtﬁ%ﬁﬂgﬁfe m xed wth AS2 adjuvant (oil/water

emul si %%s@%ﬂgplﬂeam testAhdplPERAGIRND,3 g&ﬁtaﬂ&)gs AflanfiAdeledsESPONSES are
shown in Table 5 (14 days pog I'11). Very honbgenous responses were
obtained wth all cyclic P 15 pept| des. Anti-IgE anti body responses were
assayggl % conparison with a nonoclonal antibody, mAbl 1, which is known

t 0  ecH§ATERHE P15 target site (c-d | oop of 10 Cs2) and inhibit histanne
rel easf, & il were
subsequen‘ﬁ E&exf||c;¥|ﬂlieI§irsﬁe %Zgﬂg r}?é&n%)éii eqeu‘}'a{ij\q?%%%&;mq@%@ | nmune

r espon&eaniipitionc! i ¢ P15 - BSA conjugates. BSA anti-peptide (m dp0| nt titre)
anti-1gE (g/m or rrAb 1 eqw vaI ent) con ugate average St Dev. geonean
aver age ! Sthigbary elopfs 23545 BEp e 80 70 104 35 P15c 66452 10917

65685 6 ) WO Q2/ 16409 P / 09576 P15d 35118 11601 32801 J174
168 11@%%865 93:55%?&3 1E8R SHrpu ]fggrcgg %13 Human Basophi|l Assays Two types
of 102S STNMuMEERrRRUOF sPRHtaNeI R rflegeN basophils (HBA), one to deternmine the 5
anaphyl act ogenicity of the vaccine induced anti bodies, consisting of adding

the antibodies to 1isolated PBMC, and a second to neasure the inhibition of
Lol P }iesg.{?tsSt rong allergen) triggered

C 00d OO0 00 MO0 O
\

0 M
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The results of the histamine release activity of the P15 disulphide bridge cyclised peptides
conjugated to the BSA carriers using the chemistry of the present invention are shown in FIGs

15 11 to 14.

FIG 11, A and B, show the histamine release blocking activity of antiserum induced by P15c,
P15d and P15e; in comparison with the positive controls: 1079 BSA, PT11 and mAb00S, and
the negative controls BSA-BAL (activated carrier alone), anti-BSA, non-specific isotype
20 controls (IgG1 and IgG2b); also shown are the data produced for spontanteous release of
histamine, and histamine release after triggering with allergen, and total histamine content of

the cells (released by detergent).

FIG 12, A and B, show the histamine release blocking activity of antiserum induced by P15¢
25 compared to the same controls as in FIG 11, with the addition of a further positive control

1079 HBC, and one additional negative control HBC wt.

FIG 13 shows the anaphylactogenicity of the same test samples (antiserum added to HBA in
the absence of allergen) as described for FIG 11 (P15c, P15d and P15¢). FIG 14 shows the
30  anaphylactogenicity of the same test samples as described for FIG 12.
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hi stam ne rel ease by pre-incubation of the HBA with the vaccine induced
anti bodi es. Bl ood was col |l ected by venepuncture from4 allergic donors into
tubes com@oridage 0.1 10 volunmes 2. 7% EDTA, pH 7.0. It isPChERo1di9bI6t ed 1/ 2
wi th an equal volunme of HBH nedi um containiqgi . 1% human serum al bum n

0
( HBH Hevgumurary, P kswu Pl bd gnd Bl Je indugsdrantisera thas inhibited hisiaraine relsespofiosn une
Fi col | - Paque and.centrifuged 00g for, 30 .m nutes at.room, tenperature.
The. peP BT PaPPBIGURT RS P B, VNS ST b o Rb A BEET o
col | ecipghseddd the pellet is discarded. The cells are washed once in
HBH HSA, counted, and re 15 suspended in HBH HSA at a cell density of 2.0 x
106 per m. 100.1 cell suspension are added to wells of a V-bottom 96-wel |
pl ate containing 100l diluted test sanple or vaccine induced antibody.
Each test sanple is tested at a range of dilutions with 6 wells for each
dilution. Well contents are m xed briefly using a plate shaker, before
i ncubation at 37C for 30 mnutes with shaking at 120 rpm 20 For each
serumdilution 3 wells are triggered by addition of 10l Lol p I extract
(final dilution 1/10000) and 3 wells have |01 HBH HSA added for assessment
of anaphyl actogenicity. Well contents are again m xed briefly using a plate
shaker, before incubation at 37C for a further 30 mnutes with shaking at
120 rpm Incubations are termnated by centrifugation at 25 500g for 5
m n. Supernatants are renoved for histam ne assay using a commrercially
avai | abl e histam ne ElIA neasuring kit (I munotech). Control wells
containing cells without test sanple are routinely included to determ ne
spont aneous and triggered release. Wlls containing cells + 0.05% I gepal
detergent are also included to determne total cell histamne. 30 The
results are expressed as follow ng: 29 WO 02/16409 PCT/ EPO1/ 09576
Anaphyl act ogenesi s assay Hi stam ne release due to test sanples = %
hi stami ne rel ease fromtest sanple treated cells - % spontaneous hi stam ne
rel ease. 5 Blocking assay The degree of inhibition of histam ne rel ease
can be calculated using the formula: % inhibition = 1 -(histam ne rel ease
fromtest sanple treated cells*) x 100 (histam ne release from antigen
stinmulated cells*) 10 Values corrected for spontaneous release. Results
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The results of the histam ne release activity of the P15 disul phide bridge
cyclised peptides conjugated to the BSA carriers using the chemstry of

t he presavo ot/maenti on are shown in FIG 15 11 to 14. Fl GAVEPH/@A B, show
t he hi stam ne rel ease bl ocking activity of antiseruminduced by Pl15c, Pl15d
and PlB#imsn conpari son with the positive controls: 1079 BSA, PT1 1 and
mAb005, and the negative controls BSA-BAL (activated carrier alone),

anti - BSA, nérpragsse forithe mawifpeiarexy aceing BmMUNQRSR comPprisemoniugating? shown are

' oF caodRuBhRIF AR LRsSE OO ARG RY FobBhORRRE i TR SRR ke BRI Tor © ¢ e
cel I's @iselphakedcliiid peptaietembiety Edngpr ' Aeame%rogﬂgmchhgc@aﬁrve&%ﬁﬁgl ease

bl ocking activity of antiserumin ucedg by P15c conpared to the sane
conf r ofgo-gther hinl@iges with thipk bearing camigrss ph(by feaatifgithelaetivased pydlived paptite ol

1079 Hﬁ}% and onﬁ7t a&)giltbileonal . neg]?ti ve control HBC wt. FIG 13 shows the
anaphy FRE G T AR HRURSSMCLAH i es (anti serum added to HBA in

the abgence agfro@dsh &S &ﬁiﬂ%edaﬁﬁ c%ﬁqr\;vﬂéarginftﬂf %egét@e%oéﬂg 3 %Elaeﬁo%'?&nﬁﬂgﬁg&ﬁe) . FIG

14 shows the = 30 anaphyl actogenicity of e sa es as descri bed
f or Fl @ht2linla@esAGt tidlebea8nPCatiERAd 4 dfelmidel grosunmmary, P15 ¢, P15d and Pl5e
i nduceg antisera that jnhibited histam ne rel ease from human basophils
after PriggérPpgEsins Hamaddpgtasm Livherginithe disulphide beidgerrydisedypeptide is
an%)hyh@@‘;e chﬂx‘lﬁumaﬁ‘ el ves. 31 WD 02/ 16409 PCT/EP01/09576 Cainms 1. A
process for e manufacture of a vaccine i nmunogen conpri sing conjugating a

di sul pHi de lrproges ayelhingddn RRAKhI ) /bt RirBhe AR 05 Beistideds Ed18dteCRBMIAnGI NY,
(a) adding to a _disul phide cyclised peptide a noiety conprising a reactive
group A% ehSEQ IR AnIldodR8f orming 5 thio-ether |inkages with thiol bearing

i , d (b L t t i vat lised tid t hus, . d wth
2Ll oF bear RETHA B o cliprl et s Btk BEEIGER o HampRnisiny m 1
wher ei mfl2azdeg86{kinvB, ES_R}JKeﬁﬁQjé‘th%eﬂfIaefrﬁc%ﬁH :S)Kﬂm,‘ seRit lbubdi fEsW th

thiol bearing carriers is a maleimde group. A"process as clained in

cl & m bovihe serium althenidi(B8ApHnadivieted dgetexislabxineshchep tétatausios diptBeribatvkived from
human . 4 rocess as.clained in ¢glaim3, wherein the hunan | gE
pept 1 dbrT end BT P EFOREOHL Rye oS ereoSe: PERilE, Damiiy 1ooig tagment C of IT,

or the translocation domain of DT), or the purified protein derivative of tuberculin (PPD).

6. A disulphide bridge cyclised IgE peptide maleimide derivative.

7. Use of a peptide derivative as claimed in claim 6, in the manufacture of a medicament

20  for the treatment of allergy.

8. A conjugate suitable for use in a vaccine, of formula (I):

%
Yo Ny P
O/ '

wherein, Carrier is an immunogenic carrier molecule, X is either a linker or a bond, Y is either
a linker or a bond, and P is a disulphide bridge cyclised peptide:

25 9. A conjugate as claimed in claim 8 wherein P is selected from the following group SEQ
IDNO.s 99, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319,
320, 321, 322, 323, 324, 325, 326, 327, and 328.
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5. A process as clained in claim1, wherein the carrier is selected from
Haenophilus Influenzae Protein D, BSA, Keyhole |inpet Haenocyanin (KLH)
serum al iwennss4sich as 15 bovi ne serum al bum n (BSA), i nRCT/ERP@I®E76
bacterial toxins such as tetanus or diptheria toxins (TT and DT), or

r econblhant Afvaegnecrnspasitemesinprising thx prodiet, of Bumpriopess claiméed iggmyronefof TT,
or the translocatéon ﬂ?ﬂ?%ﬁ of [ﬂz,.or the purified protein derivative of
t uber cEIpIR | fopppnd g suiR VY €1 ¥Tdge cyclised | gE peptide mal ei i de

derivagq ve. . : 0. j i i i i in the
manut astur o Gpedioedin iR FishRd el ARt FRelanfg oL s |

conj ugadigbkukdjwbhteorfcarriense in a vaccine, of formula (1): wherein, Carrier
is an inmmunogenic carrjer. molecule, X is either a linker _or a bond, Y is

ei ther 12.a | Arikesingas gaimeddn claig 1P ard 1 awhereigithavassingris ayalleagy vasine. pept i de.
25 9. conjugat ' W0 chalm 8 wher ei IS selected fromthe

fol l ovmf?ig g‘rkocgﬁlugﬁ%s“sﬂﬂﬁjﬁgg‘ ‘gg‘m %g’i%%%%at‘%ﬁ‘%@qagﬁéﬁ 308, 309, 310, 311,
312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326,
327, and 328. 32 WO 02/16409 PCT/EP01/09576 10. A vacci ne conposition
conprising the product of the process clainmed in any one of <clains 1 to 5,
and a suitable adjuvant or carrier. 11. A vaccine conposition conprising a
conjugate as clainmed in claim8 or 9, and a suitable adjuvant or carrier.
5 12. A vaccine as clained in claim10 or 11, wherein the vaccine is an

all ergy vaccine. 13. A conjugate as clained in claim8 for the treatnent
of allergy. 33
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