30 Novenber 2006 | mrunogeni c conpositions The preseBd Noveaitier 2006e| ates to
fusion partners which act as i mmnol ogi cal fusion partners, as expression
enhancers, and preferably to fusion partners having both 5 functions. The
invention also relates to fusion proteins containing them to their

manuf acture, to their use in vaccines and to their use in nedicines. In
particular fusion partners are provided that contain a so-called choline
bi ndi ng domai n, for exanple fusions conprising LytA from Streptococcus
pneunoni ae, or the pneunpcoccal phage CP1 sozynme (CPL1) wherein the

chol i ne binding domain is rrodﬂ!"f"éﬂ"ﬂeﬂ“"lcﬁmpﬂﬂé%? het er ol ogous 10 T- hel per

epi tope. Such fusion partners are shown to inprove the expression |evel of

AL efOHﬂQg}v&emf.me%hJﬁ ?e‘iaRe%CJaefdsM?we& @ﬂﬁh 358 IhAthoRBch! GHbRr ULility

when fused to nmunogeni ¢ proteins or "E"' are ot herw se
useful as v&8¥Iefe ANPIPERSHEN N)Eﬂ"@ers it peefarabiv o fusieg hW‘ﬂ%’Po’Pﬁ"iﬁ&r?%r s are
useful i3 camsidhtlCTse Gvaftibh Salst] rasbd t@nlisicpe pwieing geontainingu thespdai theic or

tissue Spec'nTah&ﬂ&u%'tgmﬁ usdh V32 ﬁ@&@ra% ihbiP uld R naagmaél hancligPaGPCouS.

pneunoni ae synthesi'ses an ani ne am A, an autolysin
t hat speci fP%’HleWr%l@’@Y'%ﬂﬂéﬁa‘P‘PfEa T)%&'?QH%?WUEH’ EC IE'B‘Bﬁ%'f e"?'ﬂ@e WEPNs wal |
event ual | y bemglising Lyo\ frdd Steblocdoysi sneuinbisiae) air ytpe phewhaocodral phagasCR V0

domai ns. E%é\i?ﬁng Eﬁﬁﬂﬁﬁkr&m& @hd ine %}m%eﬁlhsms%gdﬁﬁd mﬁcufd@ta%b&dlc%o@sct Pvity,

wher eas the i S responsible |n|ty to

chol i ne 8nd TAREFGPIRRE Sych W@O’b%ﬁ"l”er\ﬁ/éfq show, fasimproye, i exepssipg Haehofi®e known to
bind to chbétemiegan grotdrobitaskedanatto gnd siso Bmichavticlilhr atiitg ovhbn ded © moert | ar y

am nes such lg&ﬂ% drilbid BY, O,&epu@eglum a%téie/ér&,.sggm@!s SGaéé%@%nlldéthmngt ogr aphy.

25 LytAlsa am no_acl tein nd the C-termnal parf conprises a
t andem of sPtCUiaf PR {siop &3 a’&f‘”?@ Brcﬁﬁm&ﬁﬁﬁpﬁ%?%%ﬁaﬁqﬁpeas-s rt
COOH- t er m ntimotiraspkcific Dhitssuepeaficantigeds. | ocated at the foll ow ng positions:
Rl: 177-191 30 R2: 192-212 R3: 213-234 R4: 235-254 RG5: 255-275 R6:
276-298 35 These repeats are predicted to be in a beta-turn conformation.
The C_termﬁig(grqyndtothe invention .

Streptococcus pneumoniae synthesises an N acetyl-L-alanine amidase, LytA, an autolysin
that specifically degrades the peptidoglycan backbone of the cell wall eventually leading to
20 cell lysis. Its polypeptide chain has two domains. The N-terminal domain is responsible for
the catalytic activity, whereas the C-terminal domain of LytA is responsible for the affinity
to choline and anchorage to the cell wall. This C-terminal domain is known to bind to
choline and choline analogues, and will also bind to tertiary amines such as DEAE (diethyl
amino ethyl) commonly used in chromatography.
25
LytA is a 318 amino acid protein, and the C-terminal part comprises a tandem of six
imperfect repeats of 20 or 21 amino acids and a short COOH-terminal tail. The repeats are
located at the following positions:
R1: 177-191
30 R2: 192-212
R3: 213-234
R4: 235-254
RS5: 255-275
R6: 276-208
35
These repeats are predicted to be in a beta-turn conformation. The C-terminus is
responsible for binding choline. Likewise the C-terminus of CPL1 is responsible for binding




responsi bl e for binding choline. Likew se the C-ternBaNoweinteER 20065
responsible for binding 1 30 Novenber 2006 affinity and the aromatic
residues in the repeat contribute to such binding. These proteins have
been used as affinity tags to allow for rapid purification (Sanchez

Puel les, Eur J Biochem 1992, 203, 153-9). 5 Oher proteins with a

chol i ne-bi ndi ng domai n have al so been studied in Streptococcus pneunoni ae.
One of them PspA (or Pneunobcoccal Surface Protein A), |Is a virulence factor
(Yother J and Briles (1992) J Bacteriol 174(2) p 601). This protein is
anti geni ¢ aruffinityranttbe eninetic residuss O theisepept Contribule: th aYCh PEIEIINTIEEMRPEIF ng of 10

repeats of 20, apLdi0,sa6 e SintyoBEY RUMLE Mgl purit@eet SSerichby PhslieiERAl (Or
Chol i ne-Bi n wfg Proteln e\é?_l s 1nvolved in tilzle adherence of the pneunbcoccus

to human cet9ePRFELEH 1283k (1997) Mbt Mcrobiol 25 (5) p 819). It shows
10 repeats of 20 15 amino acids in the C-term nal domain which are al nost

i denti cal s t Qyihd}93&eiRd wits BAholkh¥-biRdiAd dorhait havdaaid tReflistuliRt em Strémstutaas

organi sation fromthe above-nentioned proteins as their choline-binding
donmi n, madd"B8P"Y¥*15 repeats and 11 repeats respectively, is situated at
the NNtermnal end, not at the CGtermnal end (Garcia P Mot M crobi ol

g 1999) 31 2Qydet) tr[éﬂrﬁéAQ%rﬁ%géo@céPs&tacablrc(téw&)e)s_ AMahuidhbe raalot Odoth%EG tl)c p%28).
equence co i.S0 WS 0 have gl ucos ; shows
T vitro o MR BosnHsv) AEReE VA B SRuane pRERT AR AR ithdobu g B0N
PepB andiPep@s weG-termihal ewain reonstity ofAlQ teprptshol 20asmine peidfe MPHplogays Wik nown,
these genes glea@ofigye a variabl e nunber of repeats honol ogous to those of
LytA. 25 In their infection cycle, phages synthesise nurein hydrol ases
facilitating their passage into the bacterium These hydrol ases have a
chol i ne- bi ndlbpég (w Eivaline-Binging PraleimAl id iiselvediin the gdherange pfihe)BnegHoaoCeigdo heen wel |
studi ed. |t pgRaNseIs (RBERMes alqh 952 PMoldiErEtiol 88 [5)5 88d). IthBows: toatpEatsus 26 nvol ved

2573 800 ( P0UP PRt s ang ot v et Bt b s 03" X ornar! son

of the LytA and CPL1 repeats enables an initial consensus of those repeats
to be mide-L?/tEréﬂd DHE Abve JVHEF G RS Tar OfgaidigeifonDpe dbdvésaiebiichedpreleinabs ( 1983) J

Bi ophys. Res Tl phdpdefiade et b 3 (Rabeed ety Apghf HMAREEN )
(9) p 5064- 50urGH abihe NegrminaDengz nqt 20tbe §-teymipalend (Gaggia B Mol Micpbip! (319998 3%5)  al so
show t heyChahgAbey it G&8&a Pfet @GN AlbHY) avd MEdbRY 3BLONRIZBY . Sequence comparison

shows LytB to have glucosamidase activity. LytC shows in vitro a lysozyme-type activity.

Additionally, three genes called PepA, PepB and PepC were cloned in 1995. Although

their function is unknown, these genes also have a variable number of repeats

homologous to those of LytA.

25
In their infection cycle, phages synthesise murein hydrolases facilitating their passage into
the bacterium. These hydrolases have a choline-binding domain.
The muramidase CPL1 of the phage Cp-1 has been well studied. It shows 6 repeats of 20
amino acids at the C-terminus involved in the specific recognition of choline (Garica J. L. J.
30  Virol 61 (8) p2573-80; (1987) and Garcia E Prol Natl Acad Sci (1988) pS14). A
comparison of the LytA and CPL1 repeats enables an initial consensus of those repeats to

be made.

The murein hydrolases of phages Dp-1 (Garcia P et al (1983) J Gen Microbiol 129 (2}

35 p489, Cpl-9 (Garcia P et al (19889) Biochem Biophys Res Commun 158(1) p 251, HB-3
Romero et al 1990 J Bacteriol 172 (8) p 5064-5070) and EJ-1 Diaz (1992) J Bacteriol 174
(17) p 55186), also show the characteristics of choline-binding domains.



2 30 Novenber 2006 This property is also shared by BedNéwsobemR0@mcoded by
CP-1 a pneunococal phage. WO 99/ 10375 describes inter alia, human papillonma
virus proteins E6, or E7 linked to a Hs tag and the Cterm nal portion of
Lyt A (herein (CLytA) and the purification of the proteins by differential
affinity chromatography. 5 WO 99/40188 describes inter alia fusion proteins
conprising MAGE antigens with a Hs tails and a CLytA portion at the
N-term nus of the nolecule. It has now been surprisingly found that fusion
partners according to the present invention, when fused to a heterol ogous
protei n wer eThisssens teis@fso shdredRyitiedysoruene ansadas e AP-d iatrpeysrococahphage

het er ol OQOUSuM@rsa@Im?@S:e@dnb@sQM&Cbh& hemat gapilbrha 1i@s palene Ebas 67 fikenth 4 Hat t he

expr essi on llgg\;/eld tﬂ%ﬁ ternunﬁ{})o?t%rqg &9\0 greﬁl(etl— pgnﬂalhé g‘ﬁﬁl&(ﬂoﬁ Qﬁﬁ;{’ e}?\é‘n be

enhanced. Th Ion ac y provi In a pre erre
enbodi ment ah!diﬁﬁrfﬁﬂhﬂmﬁﬂmiymm@tp@fg@ﬂ!al fusi on partner which can also act as

an expressi qno@@hamedescn’bés intFBRd sil prbteias kaveiBing MAGECatigehs vath s tiie present

i nvention c ri§8s. f% ,Dgnttﬁeamerpr%u Im%qwle% gonprising a choline binding
dormain or a ra nent W of 'or an 'ana gue Ther eof , and a heterol ogous

prom scuous T heI per epi tope, pr ef er abl y a prom scuous MHC C ass |1
T- epi t ope. Jeriad ndw bbatsduRnisingy folvel tha Mews partreeabbrling 1o thd prastint ingentk, bot h an

| TUO1 091 C Bk URLI PRLLAR e Uil a8 LY SN PR GHog@chyy o1 o7 2Dl y

as both an i Awunor g €ssl on rom scuous
T- hel per 1°ep|“1’%b%e"9|§9ca’ﬁ Péﬁ?“!so?i@‘?ﬂeﬁé’ﬂerﬁi’ rili8as Ysarbes feundrnas e mss'@ ass ||
allele, prefiaenbl shemmeaolbdtasn plotditiCattdchsss trie}etoalcérelbeaanhén’d:etpaﬂtel pratamt such

epi t opes ar?ve&%ﬂaa%&ﬁd@s g&‘é& ih@gaﬁbg@ %At ahqmpr%poe%euﬂraan{ﬂag.&? nunber s

of individual's ex ypes tionally, the fusion
protein may fwsan&?ﬂnqrwar%@?aalﬁpraﬂtaya@ BXPHISHEN ?’@a”‘@hol ine. In a preferred
enbodi rrent the choline binding noiety is derived fromthe C term nus of

Lyt A Pr or derivatives conprises at |east four repeats
of any o t%m%&%rﬁgg&gﬁ% to R6 set forth in figure 1 (SEQID NG 1 to

6). In a nost preferred enbodi nent, the C LytA extends fromam no acid
177- 298 whi @Bcaediighathesprassapnténtion edmiirees hifusdn pameamoleariel comprisbgrgpl ete five

others. In gpdfiHt Llngégr %paﬁ%rfg;a]gﬁlgrﬁ tﬂepe\ﬁ%'tidn%alp%&%&ﬁdf Sand ra%'te‘f'ﬁ%o@s fusion

part ner as here er co risi a et ero O%OUS I‘Ot ein.
The heterol amuwsdi belper alpre PrfpRblE @ Pf@ww'&x HE Cai'Lgpre079d used to
t he fusizan paiohpaitner Bk arcafbilitytdn actihg hebah ogibunsunplogitat fusioh partner, or as

tumour - assog), 3k ek BR bhiiBbr Ghd hraTTHBRYE Bo ah iHHRBbichiRGRRPhnd ekpression
enhancer. A promiscuous T-heiper epitope is an epitope that binds to more than one MHC
Class |l allele, preferably more than 3 MHC Class il afleles. In particular such epitopes are
capable of eliciting helper T cell response in large numbers of individuals expressing
25 diverse MHC haplotypes. Optionally, the fusion protein may retain its capability to bind to
choline.

In a preferred embodiment the choline binding moiety is derived from the C terminus of
LytA. Preferably the C-LytA or derivatives comprises at least four repeats of any of the

30 repeats R1 1o R6 set forth in figure 1 (SEQ ID NO:1 to 6). In a most preferred embodiment,
the C-LytA extends from amino acid 177-298 which contains a portion of the first repeat
and the complete five others.

in a further aspect of the invention, there is provided a fusion partner as herein defined

35 further comprising a heterologous protein. The heterologous protein may be either
chemically conjugated or fused to the fusion partner. Preferably the heterologous protein is
a tumour-associated antigen or immunogenic fragment thereof.



30 Novenber 2006 1In a further aspect of the inventi GO Ndembérs2@R®vi ded a
nucl ei ¢ acid sequence encoding the proteins as herein defined. There is
al so provided an expression vector conprising said nucleic acid, and a
host transfornmed with said nucleic acid or vector. 5 In a further aspect of
the invention there is provided an i nmunogeni c conposition conprising a
protein or a nucleic acid sequence as herein described, and a
pharmaceutically acceptabl e excipient, diluent or carrier. Preferably the

| mmunogeni ¢ conposition further conprises a Th-1 inducing adjuvant. 10 In
yet a further enbodi nent, the invention provides the |Immunogenic
conposition or rotein and nucleic acid or j LLCl :

particul ar, '?AbyiRenaspast ?)f\?}i'ed%"(?mé{f"g?eé '5ipﬁwi§5?dc e nu%?fgirlgé%g{;egéng% "'E&htge

i nvention, iprteiseantieneii defined: Jhert imalpaprovidadean exprgpsias) YeeiPt Famerising Foidrune
response in @cflahéi®ahd a Rest frEft%E with stillRudeicerid@eviictoar pr ophyl axi s of

i nfectioys diseases or 15 cancer diseases. The invention further provides
for methods of treating a patient suffering froman infectious I.di sease or
a cancer di deashithessaspect af dhe {Pvenipe ithiasris BRVIPadearh raRWIossti, SAMRBEPR i cul ar 1y
non - snall ce@pdsingUBgpRRInCionammlcleic Cholt aequehce @vahdreim, dgsciped.ateed Fastric
and other G r Qi i J by L he W]l 1 dhmanceatie and
effective aﬁgé%taé%?&gy %(%%%%@% tﬁ!}zghé%,r Mll_uhﬂcfrrg%?:a egcﬁgégghﬁgti ein dogscri bed. In
yet a furt hepmeasitigniureascommiges hlehPeinggeBA Hes a met hod of produci ng an

I munogeni ¢ conposition as herein described by adm xing a nucleic acid or
S-r Ft el ? Of  §1Get! QYW%'e %’cﬂbdlblrﬂc‘fhta th@in?en?&lﬁbﬂm]g&;%b GRinbidbgahi€ eprhpdltion explb pld ent,

i luent or carrier, tal.l ed description of. the ent i i be
therein, inPERNYEPRAHTS fruse Wé“eﬁﬁ:@geﬁ}paﬂwgrh%h%\r{ls '?%éf%?n? |?fgggrc{':hol i ne
30 bindi ng docks acif bfites ipvenpier tnrtbe nambartuse efaomesiicament freligling aagmakine n
expressi on B&ﬁ@%a&ﬁt‘em, oft fBiCusk 65 thk trde AttheAtUs? ipRPhyRIKR lof infectidus Idisbaseg xpr essed  at
a higher yield 1n a host cell as conpared to the unfused protein,
pref er ablSy 588" Y§88FF great er than about 100% (2-fol d hi gher) or 150% or
nore, as neasured by SDS-PACE foll owed by Coonmassie blue staining or silver
stai ni ng, ophé AGSHIbY R bRVIBsE fymdaiids stiRatrgrgpatidhn sufiedrd ffareah infladioine bi ndi ng
dormai n 35 agcording to the in j j, i ting as
an i mmunol o§*tar °r§r°? '}lcg?d'se\?vjf % égﬁﬁdleagp3%%?;%%%%@%5&m?_gitﬁedilélﬁ\r}mp%oﬁ
het er ol ogousmplt cﬁegi ling\i garcingmalpeaioredialy RURJERI Er9siRten QEEE'Et ang ‘iﬁ'lﬁ‘rpgfed to the
unf used et @faetrdrgodinalyaheadminisiraidh dlawsafelal e@0& amount of a composition or

nucleic acid as herein described.

In yet a further embodiment the invention provides a method of producing an immunogenic
composition as herein described by admixing a nucleic acid or protein of the invention with

25  a pharmaceutically acceptable excipient, diluent or carrier.
Detalled description of the invention

As described therein, in one embodiment of the present invention the modified choline

30  binding domain (fusion partner) has a capability of acting as an expression enhancer with
the resulting fusion protein wili be expressed at a higher yield in a host cell as compared to
the unfused protein, preferably at a yield greater than about 100% (2-fold higher) or 150%
or more, as measured by SDS-PAGE followed by Coomassie blue staining or silver
staining, optionally followed by gel scanning. The modified choline binding domain

35  according to the invention has also the capability of acting as an immunological partner
with the resulting fusion protein with a heterclogous protein will be more immunogenic in a
host as compared to the unfused heterologous protein.



I n anot her enbodi nent of the present invention, the @odiéverbex2006e

bi ndi ng domain has the capability to act as an inmunol ogi cal fusion
partner, allow ng an enhanced i nmune response to be obtained with the
fusion protein as conpared to the heterol ogous protein alone. 51n a
preferred enbodi nent, the nodified choline binding domain has a dual
function, having the capability to act as both an i munol ogi cal fusion
partner and as an expression enhancer. 10 In a preferred enbodi nent the
choline binding noiety is derived fromthe C term nus of LytA Preferably
the G LytA (M arbfel ¥bddnamt STARFreeAtinahtidnelme imotinas cheredirging pombiehabl y at

of & Ly oA adEhEty loet B 0 FlrBthiea Sl DAL AR 47 SnRE@lmhng var i ant

of CLytA ac'l: 7 I nven say variants

whi ch have F@Pwsﬁé@b%@?‘ﬁ”ftdh@hd%ﬁa%!ﬂm pretgingys m'aeefPCh@ ‘a%h%i?f"'PQﬂﬁ‘ﬁﬁm%u cal

part ner and agRe.expr essi on enhancer. Preferred variants is include, for
exanpl e, spepti des conprising an am no aci d sequence having at |east 85%
identity,” preferably at | east 90%identity, nore preferably at |east 95%
identity, nise preferesdcanaioinent; tﬂee@@ddfegﬁhgg%bi"ﬂ@ﬁt@f“?'" ha® 2afiff! §iRe repeat s
Rl to R6 sethalinythdcdpabikty @lbcCaslbott dpEmuididyalfudiah f@jtner@nd as pe@pieddorconpri si ng
an am no amglﬁgequence havi ng at |east 15, 20, 30, 40, 50 or 100
contiguous amno acids fromthe am no acid sequence set forth in 20 figure
1 (SEQID NO 1 to 8). Accordingly, in one aspect of the invention there is
provi dedica s b.@fenﬁabhaﬁmm oleahiline GOIENG indietyys denved irbieie Cheminog obi ndi ng

domain and RRCHRIGLAIAT RALH SEYMS Dbl ioafiRhd MdEats WGESHP of N
choline bin omsun I'S ecte rom roup nprisin a) the
C-terninal &éﬁ‘g‘iuﬁ repeats.Jp W'Sﬁ"‘&’étc‘f—ﬂ’ﬁf'ﬁ'vﬁwegﬁ%’l‘@ Ki@a“i‘ o %W*%ﬁ%?f Wuence of
SEQ | D NO 8o thy praséne piéntien, S isad 8 vaoanr wisdchigva retained bothatbs chpsliifyieince havi ng
at | east 853;81: %qngnédt Wmung{o@%a? i %H#é( a%% elne@?]:esgaw/ %h%ﬁ&% F’Béfe r\Ené?l'fsef erably

at | east 95 ent era | east nt| t to any of
SEQ | D N&, 1inglydeg for@@aree'e &ee}@sﬁ P?J%P"§'@Q1a%ﬁ6‘@° @sfﬁﬁﬁﬂ@r'?f—'ghaawg éz'Heﬁ%J
sequence hawueriy, prefératds bt kast R, ideddy, mibe plelerably 4t08ast @A%I ideroitys et no aci ds

fromthe agh%@(f@ﬁ‘saq !e%gﬂ%eéb%eﬁgrttgsext Icl?ttNQeZea%r R‘ﬂtzaq'ié %}h@h&n fgl'ﬂ’ea\ m)St

preferred &nds from am no
contains a P& IPHP:blo e "=‘I‘F?°P PEpsing a&r?ﬂ"'tc’tfﬁ'dcgﬁﬁﬁ‘@’c kaving pblegitar s, as set
forth in fi gmlse 40, 56 6r Tvecostiynouschntimpis doty thd ahine afidi sequangeaset foah in t he

het er ol ggou - i is preferably selected fromthe group of
epi topeggt h UEWF(I%Fbt;'?W%%) nunber of i ndividuals expressing

Accordingly, in one aspect of the invention there is provided a fusion partner protein
comprising a modified choline binding domain and a heterclogous promiscuous T helper
epitope, wherein the choline binding domain is selected from the group comprising:
25 a) the C-terminal domain of LytA as set forth in SEQ 1D NO.7;
b) the sequence of SEQ ID NO:8;
c) a peplide sequence comprising an amino acid sequence having at least 85%
identity, preferably at least 90% identity, more preferably at feast 95% identity,
most preferably at least 97-99% identity, to any of SEQ ID NO:1 to 6;
30 d) a peptide sequence comprising an amino acid sequence having at least 15, 20,
30, 40, 50 or 100 contiguous amino acids from the amino acid sequence of SEQ
ID NO:7 or SEQ ID NO:8.
In a most preferred embodiment, the C-LytA extends from amino acid 177-298 which
contains a portion of the first repeat and the complete five others, as set forth in figure 1.
35
The second component of the fusion partner, the heterologous T-cell epitope is preferably
selected from the group of epitopes that will bind to a number of individuals expressing




5 30 Novenber 2006 nore than one MHC Il nol ecul es i 80 Navensher 206 xanpl e.
epitopes that are specifically contenplated are P2 and P30 epitopes from
tetanus toxoid, Panina - Bordignon Eur. J. [Inmmnol 19 (12), 2237 (1989).
In a preferred enbodi ment the heterol ogous T-cell epitope is P2 or P30
from Tetanus toxin. 5 The P2 epitope has the sequence QYI KANSKFI G TE and
corresponds to am no acids 830-843 of the Tetanus toxin. The P30 epitope
(residues 947-967 of Tetanus Toxin) has the sequence
FNNFTVSFWLRVPKVSASHLE. The FNNFTV sequence may optionally be del eted.

Ot her uni verggb thn @©Ré MPESIS moRBuIdsan tenans eftbr exasmple, lepitopps BahEP8PSFERW e protein

from 10 Pl asnodi um fal cj T Bk itGiaHua toxb EP4rR@I OBordig®nIAB. .havi ng t he
sequence DI ‘Ewﬁi“ﬂ'ﬁ‘ﬁ&ﬁ?fs"’m & h‘fbeg oxbi

Al'exander  J. 94 i oSy, P
751-761) . Arwivee! 19 612). 283 1989). 4B 3 ‘t‘i"’gFS‘Pr?%é{‘iﬁ’sz‘Lt\‘?u}"r g f%"%R“%r otein at
resi due 288-;3p2frBvifaa Tel@us 8@gquence LSEI KGVI VHRLEGY (Partidos CD, 1990, J.
Gen. Virol 71(9) 2099-2105). Yet another epitope is derived fromhepatitis

B virus surface anti gen, in particul ar ] aci,ds, 15 hayi t seqguence
FFLLTRI LTI PQBeR2 niepebgs @étsewn@p@Y‘Bﬁ@‘rﬁ'@?Eeﬂ"F &8@*9’6"%%3&8’&%@% t oxi n.
Four of thes@opepbi e Fetamzi than. abé EHSD EMNPOBIdueDIA7THHY of BganugIexin)dng . 370)

map wi thin the T domp\Reafediia@BROSASHIE! ThEENKON Squérel mapeptiosatribai ng 2 map
PERIR Ll ek e
QGESGHDI k¢ TANRRkiEmAfaldPdhinP H RCIGaDIIC ST Hegiop S376FIFP uhaeng ey Aam D. ,

ita D., D&%@@%@%é@%m%ﬁ&faﬂw&. Ross) Garmdriity Fi(me p B51-R81).( ASASY Eur. J.

| munol . 25: he heterol ogous T-epito ' > L sed to
C Lyt A cont sapiieRegs atsrregaem Meagr i oy gt af 565}@952%?5@5 Rt e,
One’ or nore shRMHEE USEIKGVIVPIRAEGY (RaytidopCPo R0  Gre. Yigsl HO) 2991200 hEet '
Cterm nus .C’Jno&gee@gé%ﬁé 5RE rrdl hephii BIWE drfadeltident i patiago asind agigs, t ope i s

preferably insert etween _two CcO utjve repe . C. LChpha ning a
total of Yat hawagtthe sequepReaf E':LTB\LT'iPﬁgg[S't eéf"’lﬁﬁfg toslfteg%‘?gﬁshgl_%,etgpeats of CLytA

cont ai ni ng adightdrialtoxdf Falr of esstpegtides Epinatasids RB200p3rHPabi PSO.LFRESE Lyt A
gcontains 6 rrﬁébe\?ﬁh’ﬁhﬁ’@q' dRin G HREReP BO ShebtBkid, GPE theSremiaing 2treab imitiehRn and at
t he begi nni ndg of the sixth repeat of C-LytA
omain (411-430, 431-450):
PVFAGANYAAWAVNVAQVI
20 VHHNTEEIVAQSIALSSLMV
QSIALSSLMVAQAIPLVGEL
VDIGFAAYNFVESH NLFQV
QGESGHDIKITAENTPLPIA
GVLLPTIPGKLDVNKSKTHI
25 (Raju R., Navaneetham D., Okita D., Diethelm-Okita B., McCommick D., Conti-Fine B. M.

(1995) Eur. J. Immunol. 25: 3207-14.)

The heterologous T-epitope is preferably fused to C-LytA containing at least 4 repeats,
preferably repeat 2 -5 inclusive. One or more subsequent repeats may optionally be fused

30 to the C-terminus of the T-epitope. Alternatively, the heterclogous T-epitope is preferably
inserted between two consecutive repeats of C-LytA containing a total of at least 4
repeats, or inserted into one of the repeats of C-LytA containing a total of at least 4
repeats. More preferably, the C-LytA contains 6 repeats and the heterologous epitope is
inserted within and at the beginning of the sixth repeat of C-LytA.

35
The present invention further provides, in other aspecits, fusion proteins that comprise at

least one polypeptide as described above, as well as polynucleotides enceding such fusion




35 The present invention further provides, in other aBpNovémbkr2006
proteins that conprise at |east one pol ypeptide as descri bed above, as
wel | as pol ynucl eoti des encodi ng such fusion 6 30 Novenber 2006 proteins,
typically in the form of pharmaceutical conpositions, e.g., vaccine
conpositions, conprising a physiologically acceptable carrier and/or an

I mmunostinul ant. Thus a self-protein or other poorly inmunogenic protein
may be fused to either the Nor C termnal end of the resulting fusion
partner. Alternatively the self protein or poorly 5 inmunogenic protein
may be i nserpretdns. tipoallyliethk feine pisemacestical dompesitioop eigovascinerrbopIsiedt a

hi stidine t%mgﬁsn?gt dhgaéégléa%cceﬁb%fcﬁfr@bénwomI%ﬂuh@éﬂm@aml stidine residues,
may be fused_to

ativ oor | tein.
Thi s woul d am"%\?\/s? fo‘f“’tf"ﬁé?r ?)‘El%tpg‘?rﬁ ’T’B“'l?@e"'%ﬂ?tfalg bé f”sgn]flj) qu C%E{)Qrat ogr aphy
steps, as a tamital dnchef thai lesulting gusia partneio mptérsativejy alne B@hgnoleinf erupeorlyr ef er abl y
Six or noye |ﬁ1§f§ﬁd§9ﬁ§pr9iel?lqﬁaytb@ MEEthéa' int %%sﬁ:ﬂ%aﬁrﬁb@ﬁ@ﬁ%ﬁrohéﬁf erﬁbﬂd’hﬂa‘ﬂl g for

nmetal 10 inmm nmat o C p| cal
Conat ructs IBUREE b6 g2 B doue shmAeore v <PER SRSt bt °2 Ly A
repeat sl1- 4 -ahengjye ewhef tifd prody imenlinpgenigrprateip| Bhis wepldaliomferahg plelatiabe C- Lyt A
repeaﬁ ;) - ‘,Tgwteé\ bl QRRRL Shromat %h@&bﬁﬁﬂ?a@ﬁsﬂ&@é Iaﬁdyﬂnd&ll@&onﬂ;ﬁﬂhgiﬁtl 184t C- LYt A
repea en
i nmunogeni ¢ ﬂ@?rﬂﬁys"f‘,‘”ﬂﬂrﬁrﬁs 8}5&@5’3’}? L"m%a?(%ﬁ af'gthgre?mn'g 8‘?'{&“"8?(1?‘7{ 0 CLytA
repeats 10 amrngmlmed Betalfon afffsity chemateampby {(MAC) nt o C- Lyt A repeats)- Poorly
| mmnogenl C Tpi&H &jngtmctstOQ@rtﬂé(efd,rW@nl c protein CLytA repeats,.5-P2
ep| t ope- inse In C at s - P pe-
hser ted | - CopUAPUBERNE PolkEhT S rReg SRR ErBhh EP°
I munogeni ¢ pLM@pmk}mLy@pppme inserted into G LytA repeat,-C- LytA
repeats2s - _Pg. @l ré;ﬁB&J -P§ﬁﬁtbﬁimhéﬂe@ irCer keplating ER9R repdats|-y CAytheRRaGS 2- 5-
Poorly i [Imunogeni ¢ i Poor |y i mmunogeni c protein- P2 epitope
i nserted”into & YyY qu?p&ﬂroe% LytA repeats2.6 - P2 epitope inserted into
C Lyt A repeat Poddly iyroynogesisquate R - 8-LyPoerdats ifvepiteng Erfedediplo Civif repeabor | y
I mmnogeg I C- pCQS(ﬂkﬁPS&ph&Mg&é?@@ﬂﬁo c-BRA apkitP sodi @il gerid Prateik: LytdA
r epeat - t A repeats repeat . - | ted into
C-LytA r epeat Y IR ‘C’é"cé’é?t%%Cé‘aAﬁgoA‘ A zeﬁﬁr@ﬁdgseeﬁ&é: "%pLg’{'Ae%ﬁ%["V\her e
"inserted i nt@‘LYtﬁié%?stSath&n@pp-l inpeded 'h@d-ytNTepﬁﬁép'@@r'V munee@awwrcéeﬂbet ween

residue zb  anpbody infMunb@dnigRileir FGBltode inSdrted inf0C-LytA repeat,-C-LytA repeats; s

- P2 epitope inserted into C-LytA repeat,-C-LytA repeats,.s- Poorly immunogenic protein

- Poorly immunogenic protein- P, epitope inserted into C-LytA repeat,-C-LytA repeats;

- P, epitope inserted into C-LytA repeat;-C-LytA repeats,.q- Poorly immunogenic protein

- Poorly immunogenic protein-C-LytA repeat;-P, epitope inserted into C-LytA repeat,-C-

25 LytA repeatss
- C-LytA repeat,-P; epitope inserted into C-LytA repeat,-C-LytA repeals;s- Poorly
immunogenic protein;
where "inserted into” means at any place into the repeat for example between residue 1
and 2, or betwean 2 and 3, etc.

30
The promiscuous T helper epitope may be inserted within a repeat region for example C-
LytA repeats 5 _ - C-LytA repeat 6a-P; epitope - C-LytA repeat 6b, where the P2 epitope
is inserted within the sixth repeat {see figure 2),

35  In other preferred embodiments the C-terminal end of CPL1 (C-CPL1) may be used as an
alternative to C-LytA.



The prom scuous T hel per epitope may be inserted w tBONevempea200€&gi on for
exanple G LytA repeats 25 - C LytA repeat 6a-P2 epitope - C LytA repeat
6b, where the P2 epitope is inserted within the sixth repeat (see figure
2). 35 1In other preferred enbodinments the Ctermnal end of CPL1 (C CPL1)
may be used as an alternative to GLytA 7 30 Novenber 2006

Alternatively, the P2 epitope in the above constructs may be replaced by

ot her prom scuous T epitopes, for exanple P30. In an enbodi nent of the

i nvention, two or nobre prom scuous epitopes are part of the fusion
construct. |Altermatieynwene P2pepibpe riedhd @bkveeponstusts May | ken repicehdyY @Be’snal | as

possi bl e, thﬁl’ﬁmik%ﬂﬁ' BkobdreroPelaRBie P3D. 1R@H BMbddRhdny ofitiY iVeh@in| thg obBe 5 and B
epi topes. Thus t

e fusion partner is preferab no, hi r - 140
ami no aci ds, POPRRPET SpIPRFS A ?ﬂ“g%&ﬁ f‘fsf?ﬁr?(”f%&'awsn@wggﬁr g%?e"t" @%ﬁ%g% 391 about
100 am no addsiorljeenarat supelhas possite, dihus fihing the puwbepafiroieatially itefelfg ¢ 0%y be from
bacterialy Vit enitteOl PRAM fusidrtfABAL isQreférBBNIRY Bigder thh edouTD AGIND WbES),
sources. 10 The fusi on pgét Hgi of theﬁg{i]eﬁe%t tl{&ésnitbggdare preferably
fused to a SEPPFrAYKE] BEYE ¥ER AGAMILe aqdy RIPILDSY R FEE° 67t i ssue specific
antigens such as those for prostrate, breast, colorectal, |ung,

pancreatic, fhahiigah o WRBRtheQlsidhEaRRQ TR uSSHVRSS 5 frdni BAHNERBY Sira)fpraidodn,sel f or
tunour anti gens are ex%essl contenpl ated to be fused to the fusion

partner of tHEaH% MARAEn BRUDRLINMAN PYG%e fragment will contain at |east

20, preferably 50, nore preferably 100 contiguous am no acids of the

full -1 engt h HRAURAGSrner ¥ithe st ikthtonl regrarRAbE fuskd lo D!l actigwosthat aone or
nore transmenbr ane dortral ns 4or n%% .Elav%i I;l—tg&q? E'saltho% & F@Et@téﬂ'aﬂr as?el etions
of about 3, §MOUrgassqgited) I tisye spgailic gitigens, Sudk a5, ERS 19 PER " Such f r agnent s
will, when ®lrecablupg,papceatic.ayariapaeatpamelanoga farcatser PImRNtee said pAitfes t hat
r;ac;)ﬁni se t h@rp«ﬁdﬂ'ahtig%ﬁg lafN BpResBly RbMbmplAtad td 641KaEd Yo iel fusidrr ﬁéngveMpm!aypept i des
o e present [nvention c rise.a sequence,.0 uous

i no- bt is mgpsie R o6 Fontoerd Skep @R A RIS brgBtanh G gt ALY 80T
100, 110, 120 carBigyous 4BinoBEWs oftBOull-ength sa@Enag THeical BYrd fraements wWikbe

associ at ed Qevdid 864R SRRGE ftfafsnitinibidde tohdmedr indy hbe Rtdmian @ac-temainal 25 The

pol ypeptides, of the inyv [ r.e.,l ni . ot tectably
Nt an s aCe Tt Tadanad 2By SR8 Samby foss SUBY rianls wiELTOLED ¥
anti sera andhen stitable presented, dwn adlea taprarte iraune CpspRRsgs digh Fasedissdne M cer .

Screeni ngy f QenginproRAFARICAafCllbsyhive foRPeglifes fTethé Qrasedl inehtivg doaplise gues wel |

known to the skilled artisan, For exa e r f or ned
SaTng et hodedines s auien o e rHRGHRE BB 28 He et B0l BFL 0T Id
Laborat ory M@nt&l80, €b1180.SH0; 1P, HER. 0P, 158b#fi0ad & 180 oMg acidp ohALUTIY ust rat i ve

exanpl €, a agsociated or tissue specific protein fused to the fusion partner.

25 The polypeptides of the invention are immunogenic, i.e., they react detectably within an
immunoassay (such as an ELISA or T-cell stimulation assay) with antisera and/or T-cells
from a patient with cripto expressing cancer. Screening for immunogenic activity can be
performed using techniques well known to the skilled artisan. For example, such screens
can be performed using methods such as those described in Harlow and Lane, Antibodies:

30 A Laboratory Manual, Cold Spring Harbor Laboratory, 1988. In one illustrative example, a
polypeptide may be immobilised on a solid support and contacted with patient sera to allow
binding of antibodies within the sera to the immobilised polypeptide. Unbound sera may
then be removed and bound antibodies detected using, for example, '“I-labeled Protein A.
As would be recognised by the skilled artisan, immunogenic portions of tumour associated

35 or tumour specific antigen are also encompassed by the present invention. An
“immunogenic portion” as used herein, is a fragment that itself is immunologically reactive
(i.e., specifically binds) with the B-cells andfor T-cell surface antigen receptors that




pol ypeptide may be inmobilised on a solid support and3gOvanibed 2006h
patient sera to allow binding of antibodies within the sera to the

i mmobi | i sed pol ypeptide. Unbound sera nmay then be renoved and bound

anti bodi es detected using, for exanple, '2'1-|labeled Protein AL As would
be recognised by the skilled artisan, imunogenic portions of tunour
associ ated 35 or tunour specific antigen are al so enconpassed by the
present invention. An "immunogenic portion" as used herein, is a fragment
that itself is imunologically reactive (i.e., specifically binds) with
the B-cel | s ratmhiee thE-polpbdptidaur raseogenicipgdionsr aayegenensly thiel@"tiﬁ@y SHIN enber

2006  recognigg, Ie@ﬁrlicfﬂ%)é@&%'tt%e SUrFHRRADIR PaQ, AAGAHORS OGN 8idaddl.y be
identified us%Tr%g we known éech |ﬂ%ees S &g as trgosetsr Anﬁsﬁ';&ﬁﬁel n Paul ,
Fundanent al $4#ahERYEY PrespqlEd) and & -“ﬁéﬁc'té URAN-prEL OCToYsT o
references cicteeding paymbiiles Buche ebiithtd paetswithrantigatespedilisr antibeding. pUBSBept i des
for the abi le}ntd)ér el HRURL orWidnBs. ANlsT SRA +RRAAC ahtisGradiHal RABURS, aranbritiger-a 5
and/or T-cell lines or clones. As used er el n, %pt.h_'s‘gr a %lnd|n arpEILIQRdI es are
"anti gen- sp@eeHq {they spaceally E'B‘ét"ﬁ“iaé‘gqef‘g"%i'??d 955 AR SRPPEEN {1 Te) they
react wth tdvethprimtenoassay, and dEnbtSFact datectabliaith infelatad aroteing). SwaklandiseAot r eact
det ect abl'y wiphRndtBEiEd Rhyad pripaked ab 8dscribed hbreUnd SEF@weRMOwA REhrRREs. €S may be
prepared as described herein, and usi n%P,WeI l-I%?ovvraI te%glenls%ugimlt%tone
preferred erfB8BT REired SROUIMATH GG ARTENOGEYS PSP SY 2L MBI Peptt e I's & portion
that 1010 eaedcts wilhtantiserstandler Brcelia @f dlevel thetls hes substantialigless thep He reastiviipt
substanti al |y tHeQéﬁngh@%lyb&%dé (%f.%_{?,tirh ¥ EMSA Bhd/driTecell Habtviteaghy). pakerampt i de
(e.qg., in an ELISA and/or T-cel %hﬁﬁ'(:t'l Vi tc}é e}ssg[)(igﬁ jsPgtelf E{taat%-%{’so%t he | evel
of i mmunogerfi B VITYnagpnE R 8 JEMHEREF PPOR 15T af 1 east about 50%
preferably gteférelsytat ddastuabop0FO%nahdnmest puefertlly gialer ghasaataut RANfaFBUL 90% Of
thef I m“a'npgﬁmhﬁdgtaﬁﬁgilg%{Iﬂeh@l-l%r_\ﬂtﬂ pd:@e;?F@.bm%b%ﬁQEfqahéea prér&rfﬂmuhdmsﬁiancels, f
preferred i munogepj . 15 i.ons be identifi evel o

i munogeti ¢ PREPY ‘?"F be 8?'@'5%2‘;’3%"@&%3 YAAH%Pf e 3%?’ fye%%%%d?%gwfﬁﬁrél engt h
pol ypept i de,coresgondingdvi-angtiypeypeptdet ¢an having uareatey doan coodtst§93er 1598 08

e

I mrunogeni ¢ Afrd imMun¥genleActvfy.t ai N ot her enbodi ments, illustrative
i mrunogeni ¢ portions may include peptides in 20 which an N-term nal | eader
sequence and/or transnenbrane domai n have been deleted. Qher illustrative

i Munogeni ¢ Ipoertainosterwimbbdiments, dlustratives immunogenic padipes may. inelkdr pRRFJEED et i on

(e. ]9 , glibouﬁuhﬂehﬁggﬁt@hﬁig%l REdH Sequeh@f &B@b‘lréhtsﬁbrﬂbtbnellsoﬁbiram;[va(De@ccdeﬂaffeq. nmor (295
preferably ghout 5- 15 am ng acids), relatjy | t ein.
Exenpl ary a%ﬁ'?etjé'l‘i%trame 'f"F’éfﬁ?Pé’H'f@"%%‘%si ‘Q’)‘Lﬁm het QT%IQNm %}'ﬁlg F%c}e @&P ,18.1, Mage 3
and MAGE 4 (eg., @ohic-50MnDER asids| ryeferably akont 120 amiacadsis JHoP Rrefarabiynbay P8, " PRAVE

(WO 96/ 1057 %) aminBAGE:). (BARE 1o hé@Btule frdl6h 98/ 32855) , LAGE 2 (al so known as
NY-ESO-1, WO 98/ 14484), XAGE (Liu et al, Cancer Res, 2000, 60:4752-4755;

WO 02/ 18584) SAGE, and
25  Exemplary antigens or fragments derived therefrom include MAGE 1, Mage 3 and MAGE 4

or other MAGE antigens such as disclosed in WO 99/40188, PRAME (WO 96/10577),
BAGE, RAGE, LAGE 1 (WO 98/32855), LAGE 2 (also known as NY-ESO-1, WO
98/14464), XAGE (Liu et al, Cancer Res, 2000, 60:4752-4755; WO 02/18584) SAGE, and
HAGE (WO 99/53061) or GAGE (Robbins and Kawakami, 1996, Current Opinions in

30  Immunology 8, pps 628-636; Van den Eynde et al., International Jounal of Clinical &
Laboratory Research (submitted 1997); Correale et al. (1997}, Journal of the National
Cancer Institute 89, p293. Indeed these antigens are expressed in a wide range of tumour
types such as melanoma, lung carcinoma, sarcoma and bladder carcinoma.

35  In a preferred embodiment prostate antigens are utilised, such as Prostate specific antigen
(PSA), PAP, PSCA (PNAS 95(4) 1735 -1740 1998), PSMA or the antigen known as
prostase.



HAGE (WD 99/53061) or GAGE (Robbi ns and Kawakam , 19%® Néxembed 2096 ni ons in
30 I munol ogy 8, pps 628-636; Van den Eynde at at.. International Journal

of Cinical & Laboratory Research (submitted 1997); Correale at al.

(1997), Journal of the National Cancer Institute 89. p293. Indeed these
antigens are expressed in a wi de range of tumour types such as nel anons,

| ung carci nona, sarcona and bl adder carcinoma. 35 In a preferred enbodi nent
prostate antigens are utilised, such as Prostate specific antigen (PSA),
PAP, PSCA (PNAS 95(4) 1735 -1740 1998), PSMA or the antigen known as
prostase. 9 30 Novenber 2006 1In a particularly preferred enbodi nent, the

prostate anthgaeﬂarfla;uaﬁgfabk?érﬁéa e%b%&.%ﬁfema prodies Qafgen ROPEGIS al 5 drapaerad

prostein (Xu e

563- 15 S SEQ I D
NESEIUNE NG e e T e
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and 3 (see f‘fvé[h%’éﬂ%“ %ﬁ?ﬁ(ﬁg%g'ﬂ ?? agre a(g r%gg% %Hé-’%%?r w?‘%t‘{éd and

can be expr eihsfatﬂlength?@@@tpr@g"sﬁlemculﬁomr‘é&whw?@ndI§Kﬁﬁe§§'¢{88r§% DR%odi ng such

B?Lg pept | gg?m?gre?éﬁ%ry%ﬁ@ﬂpmga ¥hasin E«ayéi(bl%ﬁﬁedfrﬁ RigkesyRains, (@ exampl o wi i

a 15 conser egger’ic?Fee"ﬁ?‘@l g’géé’f’ﬁﬁa" B? ?’fpég ?—?—@% dtQ,Q ami no-t er ni nal

pre-propepti de sequence, i nd| cating a potential secretory function (P.
NeI son, Lu %tas@ is & Sfo%lt%%ﬁec:fﬁ senﬂ\ﬁ}ﬁr&easg(trylpbiﬁ-ﬂ&) 154 abaRGicR-Idhg, Wi,

Mol ecul ar cl oni ract r| s [0S regul at ed
serine pfot é’ggsémﬂﬁﬂtsﬁ"'ﬁ?r gsteat c'fp % ap‘? eséﬁ%ﬁ‘ew P@Qg&ﬁ%ﬂ? Acad.
Sci. USA (138@)engs indg:ating- aBﬂ_Gl@)!al SACFptgwét"lCU@ @jl yel@@yﬂ-aﬁaanc SefaiseaE- been
described. 2ghsdhe iiRsLti HécRAk ﬁtwmat EMcﬂéchlSr dding S Ehiradterstionton prostiseown  ser i ne

proteases, ShOWI eni-rgg%%r' %em'ne %ro eas ;Xc%?ﬂ?et }egt?‘ gt&&) L)ﬂﬁesigﬁ % aro%' gl € domai n.

The mature ope shown to
be natural | y%m @@ey§éd1999’}%{5h1§e31 h@lc‘l\ é@ﬁ?ﬁ“ﬁ@'ymﬁw ﬁﬁﬂbeeﬂé'&ﬁ’&%’

E)Igl ypept ﬁgelﬁsikéaﬁfée sﬁurudjr@@.Ameﬂycwmlgg KaBtottRr RiowalsefimtprbtBases rsyoidanthatethe al . |
roc. t ca I ona
Pat ent Appl e B %peﬁé'le foﬁ‘g WL 989 353%2" ?ﬂf&ﬁatﬁ%ij 9&?"&‘%93%?@%@%&;5”3&# grant ed
pat ent US 5wiBBnsHBppitopstagn dphel maturallyprpeassed Arpstase Sueleatif srILeNge §fant ed
patents US Jeffbd E&ﬂpeéﬁ&é selehce/ £, HoABbgdus raRsigdiR®ed maRdusbrt ekall (Prder ei n) and
WO 00/04149 N(aF 7Pc\)ca )SCI USA 1999, 96, 3114-3119) and in International Patent Applications No.

25 WO 98/12302 (and also the corresponding granted patent US 5,955,306), WO 98/20117

(and also the corresponding granted patents US 5,840,871 and US 5,786,148) (prostate-

specific kallikrein) and WO 00/04149 (P703P).

Other prostate specific antigens are known from W098/37418, and WO/004149. Another
30 is STEAP (PNAS 96 14523 14528 7 —12 1999).

Other tumour associated antigens useful in the context of the present invention include:
Plu —1 J Biol. Chem 274 (22) 15633 -15645, 1999, HASH -1, HASH-2 {Alders,M. et al,,
Hum. Mol. Genet. 1997, 6, 859-867), Cripto (Salomon et at Bioessays 199, 21 61 —70,US
35 patent 5654140), CASB616 (WO 00/53216), Criptin (US 5,981,215). Additionally, antigens
particularly relevant for vaccines in the therapy of cancer also comprise tyrosinase,
telomerase, P53, NY-Br1.1 (WO 01/47959) and fragments thereof such as disclosed in

10




O her prostate specific antigens are known from W98/ 83 Nc¥enitied 2006004149.
Another 30 is STEAP (PNAS 96 14523 14528 7 -12 1999). O her tunour

associ ated antigens useful in the context of the present invention include:
Plu -1 J Biol. Chem 274 (22) 15633 -15645, 1999, HASH -1, HASH 2 (Al ders, M
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Criptin (US 5,981, 215). Additionally, antigens particularly relevant for
vaccines in the therapy of cancer also conprise tyrosinase, telonerase,
P53, NY- Br 1.v§0 0iMia420/ 8726 B9 0a/6aD76.rEghiBmps 46%and 46% WRGH79286. $EGIPAS®Rd in 10
30 Novenber R fes DWQs 897 £R33EH, anSERilikd nos 469 and 463;
WO 01/79286%%8%?%952? 474 gﬁgz?%%), P510 (V\O@01l 34802 SEQ I D nos 537 and
538) and survivin. The present invention is also useful in conbination with
br east canc@amhe priskgeiventon tshalssusefs! iRgspmbination withbiieas ghrssl Antigens sysk éht

>, 668, 267), B3 LB 783 pE@sl685 0615, 5385b wS0dis17805cand nad 899, or t hose
di scl osed(')i r@\/\%ﬁ'gﬂ)%{%@ V\(S 95/ 3386 Her - 2/ neu
anti gens ar &0 398 P hipese dispipsed i YO 5§q%/eﬁ?)%é%§6%6§ﬂér§§%§0abl y the
Her - 2/ neu c@BpE6b2e $iot-Heeucamtigens ame disciasad|interalia. inddFraatent fSBHPAS Srefgradly

appr oxi mat elgy. ALfiMRu fpreslnbémite Sliratdiagmibm (EdrpHaaf appfstinatell #aisd an

i mmunogeni ¢ portion of or the entire 10 intracell . Xi mat el y
Lhe G Por i A 588 hireshentsi HroH st B ept A P nqontt Bon B tn BRI S TR O
shoul d conpriftsesitiae dptrrs phrosxnatel e G derminal 0 amiegyatids: s I prREYQIBF e Sych
conSt T ct s fiodlusC bR U0 5 BRsplbop ot wagnasicnoed const et
is known as . a secon n .
The Her- 2/ r¥h 8%"55%%a'ﬁe‘(ﬁi?i%ﬁedc@flwﬁe&%P%eg?%rﬂ%rgﬁa'ﬁég{agﬁéiggn%&ta%rran. 1s
Certain t umbuowreast EGReRED, arsecanthisl Hnowe pt EGR deliePhig é5¢8 WQ BU/#4889)- ThaHerabout 50

ani no aci dshyey THERE hehicaehsuehaa il rath@bise af humadonj ugated to the nodified
choline binding protein of the present invention. 20 Exenplary peptides

i ncl uded™Muci n derived peptides such as MJC-1 (see for exanple US
5, 744, 144; \08nSn MPUC@BigeM@raghdIIEEtite antpens §e fess diap abagh 88 aming Acids).

cont enpl at ednadeantidédilbesh vd@hinvly BRRbleE® thd vaddined aMinetindiig prateis bf thme r epeat
preferably at |east two such repeats and which

unit of the MJC 1 %g.gti de,
i s recogni s@FBY VREOENE antibody (US 6,054, 438). Ot her nucin derived
peptides include peptide fromMIC5. 25 Alternatively, said antigen is an
i nterl eufi N ggakablard BedtibdsInduatd Mhditderibtl sdptices Sudhrae MIC-B(dee O exasmiedU®ant i gen
maybe a sel i AR U8 D55 RE WS aRsdkn, % b /s8R e liRARARRBIIA dher TONC
MUC-1 derived peptides that comprise at least one repeat unit of the MUC-1 peptide,
preferably at least two such repeats and which is recognised by the SM3 antibody (US

6,054,438). Other mucin derived peptides include peptide from MUC-5.

25
Alternatively, said antigen is an interleukin such as IL13 and IL14, which are preferred, Or

said antigen maybe a self peptide hormone such as whole length Gonadotrophin hormone
releasing hormene (GnRH, WO 95/20600). a short 10 amino acid long peptide, useful in
the treatment of many cancers, or in immunocastration.

30
Other tumour-specific antigens are suitable to be coupled with the modified Choline

binding protein of the present invention include, but are not restricted to tumour-specific
gangliosides such as GM2, and GM3.

35  The covalent coupling of the peptide to modified choline binding protein can be carried out
in @ manner we!l known in the art. Thus, for example, for direct covalent coupling it is
possible to utiise a carbodimide, glutaraldehyde or (N-[y-maleimidobutyryloxy]
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rel easi ng hornone (GnRH, WD 95/20600), a short 10 anizwnNeeésibéo200EEpPti de,
useful in the treatnment of many cancers, or in inmunocastration. 30 O her
tumour -specific antigens are suitable to be coupled with the nodified
Choline binding protein of the present invention include, but are not
restricted to tunour-specific gangliosides such as Gw, and GvB. 35 The
coval ent coupling of the peptide to nodified choline binding protein can be
carried out in a manner well known in the art. Thus, for exanple, for
direct covalent coupling it is possible to utilise a carbodiim de,

gl ut ar al dehysleciimide Mstely utiaing borrdainetrmerdaixguailableheBeobiionctioriablinkerd 9@

succi ni m de %S&I?A p altf 5Pt (U8 mrﬁgrﬂmﬁ&brﬁ | b(ftéi\(lﬂe' ¢ARINg reaction, the

het er obi functional 11 nkers suc ( fact rers

i nst ruct i onsiNMuApges cap Wés"é‘&ﬁﬁ?qh"ﬁifa?’@’a%‘{”ﬁ%py f"ﬁ%"s ‘?ﬂﬁwﬁﬁ'&%% egél ly be

| sol at ed andfiation feteod, bjractibeation obthed @l¢-al ysi s met hod, a gel f| ltration

met hod, a.fractionation nethod etc 5 The antigen may al so be derived from
sour ces \M51| ch are pat h%'gqgnl c to humans

| munodef i ci HIRAMIENTRY aebe fer(“’%gﬂme?g”r?eétwtg‘%ﬁé‘fe pa\"’é’?@'p%éﬁluwgﬁsséﬁhpatsase
gag, gpl20 amlh gp Hatpn Ihuoadefisiengyedrus Hivpl ésucly s et ensf, revarde sanseiptage.

derivatives {Jaesaoh an&i?1émmaﬂm&péa§wemmeelgacm:gn 85qenatiods thérsen HSVI or

HSV2, t [ t f
ot avi s (1 RATETRG Bty BOn S S PILHay! 9%%@ SRS BT SUCh s

gp350 or iderkiuan)wes aslgBroedédvativea thiesmh] Rotaues éncluding lise-ftiepetiedadrusegpl , || and
| E63), or frameh saPabi %shéb M dpdSo thaaseshﬁd?@énl VarelR ?!HsfeHSfinﬂsf(Qtﬁch%& anpl e

Hepatltls B Srfa Lve r.eo Vi rus,
hepatitis C &b :‘ll &%H’ ﬂ'efﬁ’gl"‘ln'felpgm'ﬁ”'rﬁlsl”ﬂ'sas *1'8'1""3"1i t"ﬁr ?xa%B tz!fiegé rg? ﬁogens
such as par eSuyfrcaantigenes a deb@fiver tharefly NPptiisyA ib, hﬁpﬁ*ln%crﬁuf(@ﬂdﬁpfﬁlﬁs F and G-

Pr ot eins or \GE oy férh Yker JrlkSaBlchs, B & RO Geod] Rospira TP SHcHI WU,
mm‘ps Vi rus,

use HPVG L),
TS B s B BRI e o ek visshe AU Tplle W peggh itd”
encephal i ti snuripsudrys, JalpameamllomErmwh#bﬂ QXIBB'IDW HEYS. dr 16.16) e ARYiIng§oP s (whol e

live or inaqg EPV%MJ \F'e(/éi‘s\/lnﬁplDéngﬁenf\ﬂlrb'@nﬁ&-ﬁ&ﬁeu%noepﬁllﬂy\ﬂnrhﬁ fgaseser MDCK
cells, or who NS, 20 1992,

10, 915-920)E"6PP"BY BT Bk “r“éétS'H’B ""EPo‘PE%{' valeq Y?’“ Bt 'X@%%ﬁ REHA, NP,
NA, or M prgxveiinsggscr w@@meusapnmwtumsempg (as gescrad; bydt GlyckiVasges. er i al

pat hoge?ﬁds U@b% 39, @iglg%@)e&r bar.reéaneodnmbmwwmmmwrmm BeraawrEg NX, or M o .
TP e ATl Dok i PRSP G s ¢ ner e
adhesi ns); Spp.pydginged goharherandnpl @reRngiicist ir rexanaple F@l&g%ﬁ@'@aﬁqﬁé‘?d@ﬁf C5A
protease,  and conjugates thereof, transferrin-binding proteins, lactoferrin binding proteins, PilC,
adhesins); S. pyogenes (for example M proteins or fragments thereof, C5A protease,
25 lipoteichoic acids), S. agalactiae, S. mutans; H. ducreyi; Moraxella spp, including M
catarmhalis, also known as Branhamefla catarrhalis (for example high and low molecular
weight adhesins and invasins); Bordetefla spp, including B. pertussis (for example
pertactin, pertussis toxin or derivatives thereof, filamenteous hemagglutinin, adenylate
cyclase, fimbriae), B. parapertussis and B. bronchiseptica;, Mycobacterium spp., including
30 M. tuberculosis (for example ESATS, Antigen 85A, -B or ~C), M. bovis, M. leprae, M.
avium, M. paratubercuiosis, M. smegmalis; Legionella spp, including L. pneumophila;
Escherichia spp, including enterotoxic E. coli (for example colonization factors, heat-labile
toxin or derivatives thereof, heat-stable toxin or derivatives thereof), enterohemorragic E.
coli, enteropathogenic E. coli (for example shiga toxin-like toxin or derivatives thereof};
35 Vibrio spp, including V. cholera (for example cholera toxin or derivatives thereof), Shigella
spp, including S. sonnei, S. dysenteriae, S. flexnerii; Yersinia spp, inciuding Y.
enterocoliica (for example a Yop protein) , Y. pestis, Y. pseudotuberculosis,
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25 lipoteichoic acids), S. agalactiae, S. nutans; H #80«cc¢mbeRBOD6! | a
spp, including M catarrhalis, also known as Branhanella catarrhalis (for
exanpl e high and | ow nol ecul ar wei ght adhesins and invasins); Bordetella
spp, including B. pertussis (for exanple pertactin, pertussis toxin or
derivatives thereof, filanenteous hemaggl utinin, adenylate cyclase,
finbriae), B. parapertussis and B. bronchi septica; Mcobacterium spp.,
including 30 M tuberculosis (for exanple ESAT6, Antigen 85A, -Bor -C, M
bovis, M leprae, M avium M paratuberculosis, M snmegnmatis, Legionella
spp, i ncl udi agniyiobpetersam iviudiag C. jeiolfier $xampla taxss, a‘#‘ﬂ%ﬂSLﬂﬂF Hﬁaﬁyﬁf #%toxi c E.
Cﬁl I (;or hexgdyyp&‘ﬁ,g e Zuﬁéldo%@ g %ﬁfcﬁ’ ?ara@ﬁ‘ﬂts bl&ﬂ:cr&eeu!s LD xitevitidls; deeriavat i ves
t hereo eat - st e toxm or e r n ic E.

col ! ent er ops¥PhdYEHINE & m?ﬂ?f”f"’g(ef'ﬁr Wﬂ&?g}{ac SE iﬁgu%rlé:; & Bﬁ&ﬁg&%ﬁﬁgor
derivatives trhaeeahiplasg5vagutiating topp); meq'qmn#gsw @ﬁ'aqi'@&af’(?%’?g"&?%rrp| e
chol era tgxi &a&ryfogﬁacwéypl ¥RGEdih§Sr RRjud,; S. ShiigridispEntspoccisnpb.LitiagngSE. sonnei

S. d t lit
(for yZignglr Ieagca%lf %?rg,le }fsthdcg? ESI %c"fhdlng& tétém fgrdz%)&glglx tet?rglgfi@noﬁflaz' 3'008'

November 20o&rlvmwwreoﬁ.a@t@tuﬂwp(forlme‘hﬂ@lpﬁg"‘@“ tj”%l*] #idt deriralive Eeeehfhi & ¢ oxi ns,
adhesi ns anddfFfB?éa(ﬁn'r %%E:)m;ﬂ@‘élo&riduurﬁ%ﬁns £Sal godial deAvatings, thereof; UBkcigs Skp.t yphi S.

paratyphi . Sl LT Do, il hlafim b Tha ; Boves | Bfabli N0 L

nonocyt ogene lori (for exanF ur ease,
cat al ase,10 vaGepiehsdtaniymt em.n}ncluw'%ﬁom%a%df?r qxﬁ'@P'Ed loRgrega 98 Anosa; 5

St aphy: chcg&%va‘ilp@s theteBf;| B&%Weﬂ s@ iANidHASB. ﬁfg&emfdﬁﬁfmﬂW% @wﬂeﬂanﬁ)ccusc

spp., Inclu ecal i u r i ng

tetani (for @RP%‘NEP%B)'( étgfﬁﬂ%@r SEP Ie‘;ﬁ%ﬂ.& ?‘E' P va %v%ﬁyewﬁ %B%’ (fo‘l %Bgﬁgul i num

(for exanpl eOipdt GG RAMPAORDIB).aM cendersan Aol PamplecPeds PP Dbrli PRRBLi Be (£ or

exalrmlje cl Osﬁernhﬂa* WRHERX IsPS., fhcmﬂnn@Ea@dmddhlﬁlmatagm&ftthen-mm‘éb GrBa;l)nchus spp.

i ncludin or _ex i

t her eof ) ; 35 1@%!‘#"3%%%&2‘?‘@3!“"] sﬁﬂw‘“c“n}?‘??‘. nc{m’L &%&Bﬁbﬁ]h Fnlgg!elzci'?:ﬁn];tgianpl e

di pht heri a t{xiexampiel MQMP,| b@?ﬂW‘@BﬂlﬁQh@P@tﬂﬁb < BG?‘F@"I""& @;Bﬁxam‘? ng B

Egr%\dorcé eE i Kebn- r&m@pé\fpsmli)@‘epto@b@éhp , DlejaBpg LBntzgwans&Erepg}:m:\ eggm;l)e
p p j p

B. ander sonlﬁpp(F’B'PP'gﬁg f’g D 4'4&“@%'{)% X%B‘gran&rg msﬁ ;ﬁsl |l;O Ehrlichia

spp., i ncl uohyadysenterisguior amdveﬁh@"ag@f@ﬁ'“ﬁf syc easHﬁ’ﬁ'ﬁW@"énsﬂPo uding 15

Ehr: [ g hi gg IC sfa,f,ﬂ,g,lﬁetrb,? ﬁs]ﬁ@[%ppl n@hmﬁt} ngg&dxlrﬁmmﬁelrﬁlsam}dﬂgzpp e

i ncl udi ng rachomat I.s i i ns :

e - e RERE, A noPE D& Ml b

pneunoni ae ( elns aci ;
Lept ospi ra sp. includicy tIdeHg Giardiangpar inglydings G. ’F ﬁ@ﬁ’ﬁ'&"’g p‘ﬁp '“F'ﬁ%"gh ing T.
pal li dum (f%a;&xﬁmn@c}sm ;ﬁrlﬂ:hﬂmbe? cHRNTOTrRAGNMES e, Nsdlyding. 7. dregindisol a, T.
hyodysenter i §‘C‘§60$%ﬂ,%§%,%\r/e o§n,9 s&ﬁ'c}red%rn%ucfg aEt ﬁﬁmg'dé%ﬁé)lﬁ‘pp.

i ncluding P. oxo Jo including T. gondii (for
exanpl e SAGANCEANGS: albggms) Cryptococcus Spp mclu ing C. neofonnans

Other preferred specific antigens for M. tuberculosis are for example Tb Ra12, Tb H9, Tb
Ra35, Tb38-1, Erd 14, DPV, MTI, MSL, mTTC2 and hTCC1 (WO 99/51748). Proteins for
M. tuberculosis also include fusion proteins and variants thereof where at least two,
30  preferably three polypeptides of M. tuberculosis are fused into a larger protein. Preferred
fusions include Ra12-TbH9-Ra35, Erd14-DPV-MTI, DPV-MTI-MSL, Erd14-DPV-MTI-MSL-
mTCC2, Erd14-DPV-MTI-MSL, DPV-MTI-MSL-mTCC2, ToH9-DPV-MTI (WO 99/51748).
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Ent anbeba spp., including E. histolytica; Babesia spB0 Novahbeh 2QOG.
mcroti; Trypanosonma spp., including T. cruzi; Gardia spp., including G

| anbl i a; Leshmania spp., including L. major Pneunobcystis spp., including
P. carinif; Trichononas spp., including T. vaginalls; Schisostom spp.,
including S. mansoni, or derived fromyeast such as Candi da spp., 25
including C albicans; Cryptococcus spp., including C neoformans. Qher
preferred specific antigens for M tuberculosis are for exanple Tb Ral2, Tb
H9, Tb Ra35, Th38-1, Erd 14, DPV, MIl, MSL, niITC2 and hTCCl (WD 99/51748).
Pr ot ei ns f or Modl préferteer antijens ifs Glapydia iadude dorf exeinpa ther diok iMplecllardWelahy ant s

thereof wher g qf, W WPag 394 BT GRIET @ 3661 B BndRlARE RiehBRAe Plotdids
tubercul osis are use(} intg a Iargei;lr\mprot.el L Prteferrgd IL '%?'?JIH ncl ude
Ra 12 ThHo- RaEaPSIEIes STy PriopIsys! e Yabeibe Fendiplen Bet B peioqli POt irars

Er dl 4- DPV- MIgredfBlescrDEN/inWH SH/BR47HITCC2, TbHI- DPV- MII (WO 99/51748). 13 30
Novenber 2006 Most preferred antigens for Chlanydia include for exanple

t he H gh Ml ecul ar Weight .. Protein WD 99/ 17741). F > 366 412).
and putat | vePERB) SEHAateeh e oL LY Skpepec pa fidng, S dutdriasy OO 12
vacci ne f or nifdrakaropie capsuliyepolyedcoarides dndsanivdates toprentsab ftapApE@PRsINO
99/ 28,475|- g FlofleHiddRg ;P@e&ﬁﬁrainéhr}eamthﬁ e&rﬁedmﬁ;wecbi&cham@phﬁpga@pccug
spp, includi : ni a 0 e _caps r des an
coni ugat st Wapdr TOORUTRI: s b BB BT Hr S P ENTAGH BABLAE BT,
and the pe otderivatiges thereof (WRRIAGESIS WP $90358HeRihe ipfAed bastegal antiagDares7 1007,
i{;bid ns et t aldeﬂvétm ﬁanb;;a@rho gg%.?gﬁﬁbfﬁg klzgmgyé)r%%e gﬁap, (forreslariplé @RP ahet oxi f i ed
erivatives. thereo . e

bact orf a1 arETEAE TBleoh i YeatoR, b inteas B praete, SVRSE, MECHBER
i nfl uenzae twgight Bdlfesins, R fiFp protelpRP> andh dpopetei) by abdk §mbrinegndofimbrin (sfvedy peabl e
H. i nt| uenzagptide@ (LS 848H6R) SPMTRIBle chllySarien ¢ GudloA protemiitiphdof.adhesi ns, PS5, PG,
protein D and |ipoprotein D, and finbrin and finbrin derived peptides (US
5, 843, 46&5) or multiple copy variants or fusion proteins thereof. 15
Deri vat i ves Rsfrivatepntf§iHepalitiBB Surfica @ptiggn eregeai kagven indhe|artiang islupe tei@liar ¢ and
iEnC| ude, ip”%tﬁ’dsgaa’lrés"m Prebb_@%ﬂtid%ﬁ@&fonﬁrdes“eat%% iﬂE%rb%ﬁ?a{jﬁlta;bﬁwﬁ&msﬁestrl iggegf?idfn

ur opean Pa S - A , - A . - :
1 one. pret dipci MY S mHLer v, o MR I 8V imdi BT 0,
1996, BBRC 228mege {pHaon Jeery 943D, 1986, BARC 223, %/ﬁ"e?é'wr‘r@ﬁ et 4l e fiotechngl.
aIZ\l/ 81326) 20 | NLe@N{Y, fs?f-am).em%étﬁalpi?amtasbéwmmmmny:wnttm fusiohés & Wv-on } s ah

- antige , €S i e i . a further
enbodi mont | SPUSHEY BET0: SrRRPRs e eaea RS 3, o R S e,
antigen comprises gD2t as hereinabove defined.

In a preferred embodiment of the present invention fusions comprise an antigen derived

25  from the Human Papilloma Virus (HPV 6a, 6b, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, &6,
58, 59 and 68), in particular those HPV serotypes considered to be responsible for genital
warts (HPV 6 or HPV 11 and cothers), and the HPV viruses responsible for cervical cancer
{(HPV1E, HPFV18 and others).

30  Suitable HPV antigens are E1, E2, E4, E5, E6, E7, L1 and L2. Particularly preferred forms
of genital wart prophylactic, or therapeutic, fusions comprise L1 particles or capsomers,
and fusion proteins comprising one or more antigens sefected from the HPV 6 and HPV 11
proteins E6, E7, L1, and L2.

35 The most preferred forms of fusion protein are: L2E7 as disclosed in WO 96/26277, and
proteinD(1/3)-E7 disclosed in GB 9717953.5 (PCT/EP98/05285}.
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In a preferred enbodi nent of the present invention fu¥ NosembapRD06 an
antigen derived 25 fromthe Human Papilloma Virus (HPV 6a, 6b, 11, 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68), in particular those HPV
serotypes considered to be responsible for genital warts (HPV 6 or HPV 11
and others), and the HPV viruses responsible for cervical cancer (HPV16,
HPV18 and others). 30 Suitable HPV antigens are El, E2, E4, E5, E6, E7, L1
and L2. Particularly preferred forns of genital wart prophylactic, or

t herapeutic, fusions conprise L1 particles or capsoners, and fusion
proteins COMar pefeltgd HPY @&rvicall igfedtivhi g pancere |pasphgakis porthdraeutidPyvad@inand HPV 11
proteins ES, c%%plg?:ilionlgna‘/ggrﬁpn%g 131518- 1r§Da°th Eef:&r%%gpfeolmrq_fz rid non

protein are: ose Brote %1/3
di scl osed | nrre@mwa?rtﬂewwmnmmswemia vigys kg, @Tﬁ‘i%
preferred HPmomeensrutemaakeseméceﬂbneaﬂ aOlLPaARapesyersroplry) Sucrsartigensheuspieut i c

vaceine, = sCONRAI L IBNCAIRS Rpfr < oxdia WigoUROF2, WOBVRIRTP! €. L1

or L2 antlge nononer's ant'i gens presented together as a virus
li ke particl @’WIQF*)”O%"UWC"@PB‘%I one protein presented alone in a VLP or
caposner structure. Such antigens, virus like 5 particles and capsoner are

X i 1 d
per se Ko e, SGHPYey WERANISdve HE94KER Y Elone NOAYL B57E2c a1

rot er ns | f usi on
orotei ns. sucAEREbIED fop emmpYep Parigyia, erated: Spbogpets: & p TP L
pr ef er r edo e mbmaprisiant =7dbsidnhprateing (NO G868 127 2)/ IPRrticl @ty cueferreddiiiig 19 a®gedsusi on
proteins ( oo?r%lgél'iaz ggﬂ_}l p%}éu?é bt iX fLEfoﬁmﬁ E%Q)té'ilﬁy c&rﬁeﬂatfdrﬂmelﬁ onprise the

early proteins E6 or usi on Protein

D - E6 or E7F$ ofdr/ohions fiom HEM /161 8" C%P'”émﬁﬁﬁ???@n‘?"lb °é‘81°¥E off %’0 i nati ons
of E6 or E7 ud MO 9d/ZB2{AD 96/ 26277). Alternatively the HPV 16 or 18 early

proteins E6 Eﬁf;ég.?ﬁ{ ytﬂwpbe\slﬁy’r%%aﬁﬁambms @s%h@@bemaylée Eé?ﬁ'd':@a sp@@ferabl y a

Protein usi on, fusi ons . opti on? é i n I_ga g‘f’ bot h
E6 and E75 pr'@?'%‘f”?’f"spﬁePWW% D- 6 dysigsy (Pthep Tusigs ¢ 'P'Fﬁ HFRHFPe?™n D - E6
or Protein ith EEahdETragingiroot WP\ 1& preRrablysi the BREGLEProtairsP o A6 pr ypteinn.

Fusi ons may £ 0PI pifHid §Htein'ls BAEPAEH pldfRYs SusBhdVhay BIpHES @ens! rom
strains HPV 31 or 33. sLons .accord ngy]é{) 3§e present invention
Bpacvens APy ater

conpri se ant F%‘?s‘?fgerd‘@Ms%EF P'refﬁ’r‘ﬁb Rl ause Mal aria. For exanpl e,
preferred antigens from Plasnodia fal ci paruminclude RTS, S and TRAP. RTS

I's a hybpj d BLRhELRER ﬂhébagerﬁmaﬁ.anurﬁdnke/a@bénstdamegfw,mrms thgtr ti on of

el ds of -t neRbtIa R PR aT e BRI T YELE FRSSsort ace
(S) antigen ad TRAPRTK S 8 hrivt protesn contpgsiig fubstantially all the C-terminal portion of the
circumsporozoite {CS) protein of P.falciparum linked via four amino acids of the preS2
portion of Hepatitis B surface antigen to the surface (S) antigen of hepatitis B virus. Its full
25  structure is disclosed in the International Patent Application No. PCT/EP92/02591,
published under Number WO 93/10152 claiming priority from UK patent application
No.9124390.7. When expressed in yeast RTS is produced as a lipoprotein particle, and
when it is co-expressed with the S antigen from HBV it produces a mixed particle known
as RTS,S. TRAP antigens are described in the Intemational Pateni Application No.
30 PCY/GB89/00895, published under WO 90/01496. A preferred embodiment of the present
invention is a fusion wherein the antigenic preparation comptises a combination of the
RTS,S and TRAP antigens. Other plasmodia antigens that are likely. candidates to be
components of the fusion are P. faciparum MSP1, AMA1, MSP3, EBA, GLURP, RAP1,
RAP2, Sequestrin, PFEMP1, P332, LSA1, LSA3, STARP, SALSA, PIEXP1, Pfs25, Pfs28,
35  PFS27/25, Pis16, Pfs48/45, Pfs230 and their analogues in Plasmodium spp.
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25 structure is disclosed in the International Patent 38dvenstidra0060.
PCT/ EP92/ 02591, published under Nunmber WO 93/10152 claimng priority from
UK patent application No.9124390.7. Wen expressed in yeast RIS is
produced as a |ipoprotein particle, and when it is co-expressed with the S
antigen fromHBV it produces a m xed particle known as RTS, S. TRAP
antigens are described in the International Patent Application No. 30
PCT/ GB89100895, published under WO 90/01496. A preferred enbodi nent of the
present invention is a fusion wherein the antigenic preparation conprises
a conbi nat i ofihefresend inRTENSalge ProvilaP z Relyyeskastide Ceneading [tes SN PR gens
]Ehat are Iikﬁécwmmm@meqﬂé@ﬁt incenbsh. TIRNMP@RRIH Gried réibes Busiypiticatde tRat
aci parum NVSPI .. Al P3 A G URP, .RAPT, .. y| EMPL,
Pt 330 LSAL, Mottt © e B Hogl seainel pudd b Es | REBNGRD 5 SV | o
Pf s48/ 45, Pf k28§ regatd. ttheeinverdinm lesrpgiely felates) ta Pabyerclsaiidep shat fybrigise NG ber 2006
The presept § _mtéoﬂmti@hs@tr@rﬂwhmtm @ebivet eben! | ALh@a6 asid) thettbrensf us: on
partner accQrding tq.the present. invention. . nv LiAel, relates
a pol ynucl eot® 'H%E"Pﬁoé'ﬁ't'mﬁyﬁfﬁ aﬁ%g%eﬂ'B’B'?cﬁsghoﬁ'oﬁmdr{%é@%e&d?ﬁ"gﬂﬁésd%gtti?fglrél’ge provi ded
herein in fieuritthare [sSEBastE>K@ENYPretorabiy pt least B7% ifpatity keggeq thespauenstet i on
es pgpit al ly :@detaﬁceécaﬁq lel%@ktl)iﬁbéﬁ_ ﬁ@ﬁd&ﬂﬂ&a éoh&ﬂonb%\!edﬁg‘heinwﬁaﬁ:rn_a’542’brih agfﬂt
conditions to the polynucleaotide desc r : erein, e
terms "stri ¥y CCE'??Héi‘q:%8%5“"75“'5’9"@&#4#@@%%#%%&1arlnse{'iiﬁog'ﬁmc%gr%%%o ons" mean
hybri di saei omMosdiumr phogphaten{pii7i6], SxtRanbarfls splutipe ke dedmm stifaly enérelbl y at
IhegS_t d_97°/<; ! dﬁﬁ?obr’ébérgl?ﬁw\%%ﬁat&rbﬁ SHESHUE REREn S DRA gduﬁwac@x_amlaaﬁr@f et { i ngent
ybridi zati on conditions jis overni i.pcu i.on.a n_a.. solution
Conpr LSt ng: IBEUPTAAPGTE Bik oo Ao FRT A oproRu e So B R ¥ o) 50
10 nmM sodi unwgihesphartdexémppiifiedin, Sabkrobe shalr; Holesulardllaningof LaticPery Manyahn
sulfate, andsegfhg éﬂitﬁ@.ﬁgﬁ@%@@%aﬂ&, NS plobs)EhrticRBBAE Rited M HBBinS B&KtiEh DNA,

foll owed by washin di sation s Bg?rg&' i'n 0.1x SSC.at abput 65C
Hybri di sdt i JWPHHRIIMaTRY ARaPe usrTs Wi} &e AP ceglety TeaHiERo0, RSP Ao 1

Sanbr ook, etimantonVol ecul ar Cl oni ng: A Laboratory Manual, Second Edition,
Cold Spring Harbor, N Y., (1989), particularly Chapter 11 therein. Solution

15 hybridisation may al so pe used w Eifh h ol ypucl eot.i de. sequences
o ov! ded by VRGP TVRRRIPBASS PRESH EURYTOHALRERU Bf SUPEPHS e oo
pol ynucl eot i toefusio pettinesgrctdrding ol thepmpeenUevepiimniused forytumplreastesisled aniasn t ner
accordi ngy t QyrtgmBAteHERbe. |1 \pRAkLS tﬁeuEreglent GhventloH "MHNided SBP pbiguBiBotaBt | gen 20
or fragnment thereof. I pa{;ft_l cul [ t,£ IS] gr esent . nl\ller])t 1,on %9:%”39:?? for
pol ynucl eot i%@”%@‘ﬁfé‘ﬁ@@@ L IyEiRR PAePretEa (B RP T 08 (B-Pling ol @Prﬁ’ Conpri Sing a
chol i ne bi ndietegplcjousapromianeius’ héret egitobeo grefesabiyvdwieinchoeholing indjse doepin t ope,
pref er abl Yf V@_@Jﬂiéﬂlrme @h&lninﬂ?ofh.'yﬂdln'&gndﬂ@ﬁgfeﬂed érﬁbdafﬁ’fehté ﬂ‘ﬁ duymsite C
termnus o of Yhte pblynurg:!e%tidrgs) ragoo?drir% tg rti{eeinveﬁt%tr)loooh%gta’t Ie%gefour _rep%;[ats opgr!yeotfy
25  SEQ ID NO.9-14, more preferably comprise the sequence of SEQ ID NO.15, still more
preferably the sequence of SEQ ID NO.16. In other related embodiments, the present
invention provides for polynucleotide variants having substantial identity to the sequences
disclosed herein in SEQ ID NOs:9-16, for example those comprising at least 70%
sequence identity, preferably at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
30 or higher, sequence identity compared to a polynucleotide sequence of this invention using
conventional methods, e.g., BLAST analysis using standard parameters. In a still further
embodiment the polynucleotide as claimed further comprises a heterologous protein,

Such polynuclectide sequences can be inserted into a suitable expression vector and
35  expressed in a sultable host. Vectors may be provided which encode the modified choline
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of the polynucl eotides according to the invention coBorNewemmberd 2086 f our
repeats of any of 25 SEQ ID NO 9-14, nore preferably conprise the sequence
of SEQ ID NO. 15, still nore preferably the sequence of SEQ ID NO 16. In
ot her rel ated enbodi ments, the present invention provides for

pol ynucl eoti de variants having substantial identity to the sequences

di scl osed herein in SEQ I D NGs: 9-16, for exanple those conprising at |east
70% sequence identity, preferably at |east 75% 80% 85% 90% 95% 96%
97% 98% or 99% 30 or higher, sequence identity conpared to a

pol ynucl eot i sheiirgesetein @etheflinvediios ahdwiint captairus suigble cestictimt site frie wiveh Aods,

.g., BLAST ] ! o
o tﬁ'@mc?b g 440 ABGAT AroRAH SBb B Soadbriush b hlsioh proleer

B‘% er conpri 19 a, het erol ogous
protein. Such %F)?H‘B‘?ﬁ'é% eféh%éﬁ%'ﬁ'&é‘é?ye%ﬁ" PEILEFERl A8 E 7Y abl e
expr essi on wesdhogncadedpolyPbptie fusiess efdthe inventowi tredy|be used in revadhiransDNAy be

provi ded %A’h rﬁeec%ﬁgqggwécp%x dibd 'o?lgl pGQPép'uaEein Jp@ro%ﬁ%té\l%’ﬁr&%r Q&O@ thbi ndi ng

protein o |nven|ona ntain swta%irest iflsmelnto
which a DNA e?ae@eracvaﬁ|99"%“Frm?ﬁoﬂa?{.°é“ﬁo%e8&‘f‘é'ﬁf Frgge sHRstAnIRYY ¢ o
produce a f useé esmgsrad hdliondiy equivaent aniboabidreagtignce fmaly he prasueadtdnd these

pol ynucl ot | 6 SEEDGES B0 LbAURBIFLYaRLoypish cncode pol ypent | de

fusi ons of I nventi on be used inreconbinant DNA 5 nolecules to
di rect expression of a polypeptide in appropriate host cells. Due to the
i nher ent mjegﬂenema:eyurm&rsmhe bgelmee iof sigib thethe carth dir m@Nbe Sepotageqys in isame encode

substanti al liyaanbde 15 bepidddrRhild YuSstiie abQithcadMpoRestmp dnsiequence
may be produced ané t se

uences A ne and, express a
gi ven pol ypé’ﬁf’-‘f’ﬂé"mﬂf@'“&ﬁ"qﬂﬁ'&l i qeo ﬁ‘ﬁ’@?’g%/%gﬁerﬁgf* S. h%?%gér andysey th?sﬁ The art,
It may be adpehthegdeites ‘dodorsbwiich repmsent tresanvioo peidsdihe erabaiisygrepres deaencodi ng

nucl eot i de 0 G tRE BNA o @@C{ggﬂg dhe DNA
Code’ nas. 4 RRUIRREBRO Bl GodlOe of ddddhobt rsg ul thraq.téel e DV

G
" codons" Hwhih ”}eé'ﬁ?%s%ﬁ{e“%‘é aam%%”a&u@e tpr?ie' P o%?"tﬁg bé?!‘ré)’a%ia%"e
organi sm s gedeis. highlyedehéneesta, witlke G0l eodoas @tﬁd"mddmhs 20Inetpt piniao RS mﬂ %cul eis

transl ated lg4dndtrdsBRlink! -GGG RAL RS, néf arifh BEldErS ddek Rorlbh encks ®bei N( S)
encoded by those %;enes with 61 codons

t
coding for tABCSE thf%Ff%qve’a'rﬁ"ﬁﬁ’dﬁ%{"agngﬁd’réoreggﬁrc?ﬁé%?‘gﬁﬁr esenting "stop"

signals. Thus, nost am no acids are coded for by nore than one codon - in

fact sevgy akyRkemeRORSh b cddn fsOMkiidBle (BRES fF of PeAmIRNSRN R hadbether e mor e
t han one codon is avajla

m NQ_aci been
observed t hQPsefed %d‘?ﬁnc‘l?g'éﬁﬁagﬁé’?geé’?%%f oéqan%pégltﬁ @ gy gererap I&rﬁeﬁ%ﬁ random
Different spaisseshos rodifferenti Hidseingheir bidas selactioh eind, @mno@elﬁéléﬁt'%ﬁf and,

further mor e codthk hiay 84 }nsmedw‘ dﬁ&&{dﬁ%&:ﬂﬁ%p&%s%ﬁkem shedlivhibiess Bkpréssed i Ngl e
speci es between genie I|a E are e <f esri ; I] rﬁs b2 d I o Ia%/rgajllgn Thi s
bias is difPElEhEn] Igwgvplss WS bigp L fiitere Ly 8? - Lo ?r%ﬁl?a? a{n
25 cells, and some species show a stronger bias away from a random codon selection than
others. For example, humans and other mammals are less strongly biased than certain
bacteria or viruses. For these reasons, there is a significant probability that a mammatian
gene expressed in E.colf or a viral gene expressed in mammalian cells will have an
inappropriate distribution of codons for efficient expression. It is befieved that the
30 presence in a heterologous DNA sequence of clusters of codons which are rarely
observed in the host in which expression is to occur, is predictive of low heterologous

expression leveis in that host.

In consequence, codons preferred by a particular prokaryotic {for example E. colf or yeast)
35 or eukaryotic host can be optimised, that is selected to increase the rate of protein
expression, to produce a recombinant RNA transcript having desirable properties, such as
for example a half-ife which is longer than that of a transcript generated from the naturally
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25 cells, and sone species show a stronger bias away30/Novembexr26 codon
sel ection than others. For exanple, humans and ot her mammal s are | ess
strongly biased than certain bacteria or viruses. For these reasons, there
is a significant probability that a mammalian gene expressed in E.coli or
a viral gene expressed in mammalian cells will have an inappropriate
distribution of codons for efficient expression. It is believed that the 30
presence in a heterol ogous DNA sequence of clusters of codons which are
rarely observed in the host in which expression is to occur, is predictive
of | ow het er cicorogisequencer ersii aptimise sl immiune (rerRENSHJE thumpns. JbnSBGERSHfe, codons

pr Ef err ?d b%ccﬂor?@ﬁtﬁﬂ:s@hﬂn@ﬁaynﬁ&}é@%Npétéqﬁtirﬁ:@ QYengatadpitrer dmanuami dr bpconigest ) : 35 ](c)r
eukaryotic can a 0 rate o
protein ex p? aeofiners ?J""%r?f ng Cf’%og?)r?t)‘%ﬁ tvggkﬁg{' 53 mb c%)ld f %S%ﬂ

desirabl e prmmml hase bespqiublissed Nakareyt ridl.e Necigig Apidy RP‘@BWM . 24 2F‘bnger t han
that of ast rmsww@me@@n@ﬁ@ére«anédmahwwmhmam yvendidn @ey.mmn@ma %ﬁOG
occurring sequen or to o e
process of 6‘8‘8&1“"'5 qfﬁ?lg%ﬁ" mﬁé@‘ tsngf,,emg&lgﬁmsrﬁgg%ﬂgé&eln%xgu ner ate ei t her
manual |y or Fbylfwnp‘mléﬁppgﬁﬁ 18R 8 wher e sone or aII of the codons of the
nati ve sequence are nodified. Several nethods have been published

(OqNgkgrmeJ][ 2r ?te%caclwgi{lﬁlgﬁ-ncgg 8 mﬁ?cﬁ ??hr CBNA‘%gcﬁxenc?e of 4 v%te%lﬁﬁs avﬁﬁélé!3464o)

nodi fi catt od%htl%w@necmwge rc@lsosknoww%%ﬁ?a "Ge’rﬁ‘a s?éf?aftﬁrﬁéta@i‘ n

Expressi on affe loE44harl 458AkéEY 4Bk corfedpdmBing Wikbtyded8ginl 998) ) . Accordingly in a
preferred enbodi nent the DNA sequence of the protein has a RSCU 10

(Rel ati ve synonons Codon useage (al so known as Codon Index Cl)) of at |east
0.65 and hakhs fressss of seden@Btmisatiomand the fegullingcorskicte 2 AHANIAgeNs 128 ey pe

rggi on. Thi smgf ﬁk@ﬁ%&m@for emdomecmfbwm, $>aﬁdf&n1)a:cadmbh>ee Bgsession of theogepe r uct s) are
advant ageous_as they pmay have:s ts: 1) to
i mpr ove ésxp pPrdix otH éﬁylac%nﬂ éare or |nfreo%§ﬁg cfﬁ%cjtdm% wuihhﬁ?ré @\Igr%ju%mryg.?%@%a@ﬁé

i nfrequent | ﬁ)@@@momm@dquwdmeezmeédﬁetﬁﬁ wlﬁ‘%&“ﬁ‘@é@ﬁ?“’"&?“‘i%"? emove or

i nclude restrpiget ltﬁbnpd?éhﬁéi & HombR§ous Gedofbinkilidn dieBved o Wiksihsettesenaaneginnige and 3) to
reduce the ent or. honpol ogous t grt
Cequence | n eveeltard e F T Bl FLBTMAR O feilt *%?&%”f%"?%ve the

i mune r espdwdaisinga efifiahand/apgn pat §¢WQSF&"%%(P'IE£W3A’FY boturesRonsas) agAshBey

r esponse;( pPraher aagen. Wed Bedueisdes b6 @) pré@ai msdntlcbrhedvﬂﬁag@ngfha\&nbd@em The
sequences of & h ng{cin p&{%ﬂah%&%%(n‘e&%@ﬂ a%pﬁ'l gVBY a{:fgé' Glll ﬂa“géﬁgences

reconbi nati dR-Po ress | evel as the wild
type sequends.to thegatuesf b elgwalrrm useg by ihﬂ §Y'?ﬁ‘i'j'6 Pf°9ﬁ“ﬁ1§"9d§ 8%""[5"599 ? F99%y nGene

programre t @paiesd @éqﬁen%e Ci0 @Ogbssiblptth Grtdle 26 Guieantedy, lafgs rumbprosfsdiffdrent t 0
generate an eégnrc%l;m s&d ée%ﬂ&ces ST Bérfo% fafs%ilgmnction. In brief, the codons are
25  assigned using a stafistical method to give synthetic gene having a codon frequency closer
to that found naturally in highly expressed E.coli and human genes. in brief, the codons
are assigned using a statistical method to give synthetic gene having a codon frequency
closer to that found naturally in highly expressed human genes such as B-Actin.
fHustrative, although non limiting, examples of suitable codon-optimised sequences are
30 given in SEQ ID NOs:19-22 and SEQ ID NOs:24-26.

In the polynucleotides of the present invention, the codon usage pattern is altered from
that typical of the target antigen to more closely represent the codon bias of a highly
expressed gene in a target organism, for example human B-actin. The “codon usage
35  coefficient” is a measure of how closely the codon pattern of a given polynucleotide
sequence resembles that of a target species. Codon frequencies can be derived from
literature sources for the highly expressed genes of many species (see e.g. Nakamura
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codon optim sed sequences which will performa sim | a30 Noremben20D6 bri ef,
the codons are 25 assigned using a statistical nethod to give synthetic
gene having a codon frequency closer to that found naturally in highly
expressed E.cofi and human genes. In brief, the codons are assigned using
a statistical nmethod to give synthetic gene having a codon frequency
closer to that found naturally in highly expressed human genes such as
p-Actin. Illustrative, although non Iimting, exanples of suitable
codon-opti m sed sequences are 30 given in SEQ ID NGs: 19-22 and SEQ I D
NCs: 24- 26. | etdlhecpiolApids Besatchdess, o4:2 14k 5prissendoni fregeancied for eadiedl #8don usage
pattern is aks%‘éugﬁs e‘egﬁsesea Q@Jnew &@b&&netnag doBirdfle ;féfﬂtm@ﬁdbdb:@ ogreiee cl osel'y
0

represent the ¢ | as e s in a targel, argani sm
for exanpl e RESRAY clss %‘@FF%’ ar‘?’ﬁ%‘"’ éf?ﬁ ‘EFSQE‘B g"ﬁ’ g fﬁ' %T'gﬁ?gés th"%msasure
of how cl oselny vale feaok mogteitetiaantly oéeda:ogonvfenemlaﬁwwcﬁmﬂbtsmﬁéio Eéﬁfh&ﬁce

resembl es st Nl ghodd bl SRRGH Biond REQRIERHERGeR 2o AR heTHleBacred T rom
Ilterature SO‘1CGS for t gaé¥uexpresse eC|g§|(See e. g.

Nakarmr & 1693t RbgroAbE ssiges sabuss 1 RUIeE L TATTaIY et SR
24: 214- 215) . taigeespecieon drdet tpeaivolpie s chann usagetvoefficianhior a %C'@@)md‘é@ﬁ‘pr essed as

the number OFeraﬂmurufemﬁsexa@géa Ghie B ﬂaarsp&mothse@um&ama fdragoh @edrestt ed cl ass
of genes) are nornma

u S
that the valhg&PealiF PPIHWclRYIde aferré’ﬁfﬂéﬂ? ?'S? 98¢ "c% t’laﬁ)?'e‘e’eea%@g}%q%ﬁ@qam dis
set to 1 1and(byHeidhg tresguenthe estufabiogstdf thebeaives bintie totel GUOPES oheadorsciifed to lie

bet ween Zerotaﬁtﬂﬂe;ntll Uﬁe%&fﬁuer@ﬁvmfh% Hhie BERRE 2evo ARST ARk Mghsathwe of 1 or
| ower for the

r.ge eci e der to
cal cul ate a tBHGRM éﬁ Q"Fd?z ?'Wdﬁgﬁﬁe 1;'%% eB%P“%et?c?Ugth'sl olpg
relative to pdieutiéajte §eqaam=e d8s @ dodge meagesheffiidingt ofsh @tk pklge cpdeas giedmedt val ue

for each codf?éauerfrcoa&%f&m@ﬁ%mes@éugeneg:dmtta.—gasﬁc@snot ed and the geonetric
mean of all these values is'taken to (by dividing the sum of the natural

| ogs of t'fese val ues by the total number of codons and take the anti-Iog).
The coef fi ciAwording|td theanreseat invgntien. Wt eadom usage patigrdl of tharrenkreokideglir t he

Cogf fici ent Ergﬁralﬂi?'éﬁdl?a@%?&b%s 'rébrés&ﬂm@mm%l& krRQbidhe uBsdefof & eﬁtﬂtﬁjlf Hrbwnutsedf 5
codons. ol.ynucl eoti de _sequence 0

all of t he c%cﬁgné rgplve- sYRYYmoys E%Hfagegﬁagw Vq?ue 's qﬁeaﬁﬁseﬁlggﬁlyggésre genes of
the target Stprecnseimdecl_ﬁy e ouniztir pxpetted i albcodensderthat W@ﬁ??‘%ﬂe"et"f"@ @Qd¥n usage
pazjt ern gf thguaalyRYye ﬁ&telo/ G df e d?esXﬁtuWeﬁﬁbhlvdeere}ablyremni(ﬁroab&n; vaticl ude N
codons represe 6 0 ns.u r o aci

A relative s%'g%‘i‘;ﬁlrgﬂ%e g 'G%Sntf"'t‘f% Egé" 8’@(@ gS%?d ég'{es %{ &% tyggtg&rr ﬁ{lnuﬁber of
codons di vi deetynisgfectidreofiterbresent npratierewillgeneslly havsds fadon @Faaerpaﬁﬁa?ﬁ 5 acid

were used eggy é/xp?erJdrtﬂ!aﬁﬁ%Ehé/s of Ard2@r YHaH @63 Qrdféigblyd frettBe than @S6Ninodtnvent i on

will prefera refgratei\I;( (g:reater thgnolsj P &aon usgge tables for human can also be found in Genbank.

25
In comparison, a highly expressed beta actin gene has a RSCU of 0.747.

The codon usage table (Table 1) for a homo sapiens is set out below:

30 Table 1, Codon usage for human (highly expressed) genes 1/24/91 (human_high.cod)

AmAcid Codon Number /1000 Fraction
Gly GGG 905.00 18.76 0.24
35 Gly GGA 525.00 10.88 .14
Gly GGT 441.00 9.14 0.12
Gly GGC 1867.0Q 38.70 0.50
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an RSCU val ue of less than 0.2 in highly expressed geoaéoveimbdre20d6 get
organism A polynucl eotide of the present invention will generally have a
codon usage coefficient for highly expressed human genes of greater than
0.6, preferably greater than 0.65, nost preferably greater than 0.7. Codon
usage tables for human can also be found in Genbank. 25 In conparison, a
hi ghl y expressed beta actin gene has a RSCU of 0.747. The codon usage
table (Table 1) for a honp sapiens is set out below 30 Table 1. Codon
usage for human (highly expressed) genes 1/24/91 (human_hi gh.cod) AmAcid
Codon Nunber /1000 Fraction Ay GGG 905.00 18.76 0.24 35 Ay GGA 525.00
10.88 0.14 @Gy GGEyQAl 0Q2% .34 O. 12506Ly GCC 1866. 00 38.70 0.50 19 30

Novenber 200%1 {g@p 242990 50. 16 5 Au 792.00 16.42 0.25 Asp
GAT 592.00 1227 C 1821 37.75 0.75 Val GIG 1866. 00 38.68

0.64 Val ASRS4 OBRT2. 78 @92050 Val G‘FT27198.00 9.260 0.07 10 Val GIC 728.00
15.09 0.25 Ak GCGAH2. 0sd3061 0. 1%37. A a GCA ¢88.00 10.12 0.13 Ala GCT

654. 00 13.56 0.17 15 Ala GCC 2057.00 42.64 0.53 Arg AGG 512.00 10.61 0.18
Arg AGA 298.00 6.18 0.10 Ser AGT 354.00 7.34 0.10 20 Ser AGC 1171.00 24.27
0.34 Lys AABRR117.9RF 43. 88650982 Ly38/48A 471.09°%. 76 0.18 Asn AAT 314.00

6.51 0.22 25vAsn AAEEa1120. 0 .28. 22 0. Z87s 0.0S
Val GTT 198.00 4.10 0.07

10 Val GTC 728.00 15.09 0.25
Ala GCG 652.00 13.51 0.17

Ala GCA 488.00 10.12 0.13

Ala Ger 654.00 13.56 £ 0.17

15 Ala Gee 2057.00 42 .64 0.53
ATy AGG 512.00 10.61 0.18

Arg BGA 298.00 6.18 0.10

Ser AGT 354,00 7.34 0.10

20 Ser AGC 1171.00 24.27 0.34
Lys ARG 2117.00 43.88 0.82

Lys AAR 471.00 9.76 0.18

Asn AAT 314.00 6.51 0.22

25 Asn AAC 1120.00 23.22 0.78
Met ATG 1077.00 22.32 1.00

Ile ATA 88.00 1.82 0.05

Ile ATT 315.00 6.53 0.18

36 Ile ATC 1369.00 28.38 0.77
Thr ACG 405.00 8.40 0.15

Thr ACA 373.00 7.73 0.14

Thr ACT 358.00 7.42 0.14

35 Thr ACC 1502.00 31.13 0.57
Trp TGG 652.00 13.51 1.00
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Met ATG 1077.00 22.32 1.00 Ile ATA 88.00 1.82 0.05 30 @NoAEMIRIROVG 6. 53
0.18 30 Ile ATC 1369.00 28.38 0.77 Thr ACG 405.00 8.40 0.15 Thr ACA
373.00 7.73 0.14 Thr ACT 358.00 7.42 0.14 35 Thr ACC 1502.00 31.13 0.57
Trp TGG 652.00 13.51 1.00 20 30 Novenber 2006 End TGA 109.00 2.26 0.55
Cys TGT 325.00 6.74 0.32 Cys TGC 706.00 14.63 0.68 5 End TAG 42.00 0. 87
0.21 End TAA 46.00 0.95 0.23 Tyr TAT 360.00 7.46 0.26 Tyr TAC 1042.00
21.60 0.74 10 Leu TTG 313.00 6.49 0.06 Leu TTA 76.00 1.58 0.02 Phe TTT
336.00 6.96 0.20 Phe TTC 1377.00 28.54 0.80 15 Ser TCG 325.00 6.74 0.09
Ser TCA 165. ®®d3. 42T@ 05 S%-0FCT 45020% 9.33 0945 Ser TCC 958.00 19. 86
0.28 20 Arg GGG 611y@0 12. 6753021 Arg.fiGA 183.0(023.79 0.06 Arg CGT 210.00

4.35 0.07 A&%?CgFl%g§gi206§§B§é40.3%_zégCln CAG 2020.00 41.87 0.88 dn

CAA 283.00 5 . 00 4. 0.21 H's CAC 870.00 18.03 0.79
30 Leu CTG 2884.00 59.78 0.58

5 End TAG 42.00 0.87 0.21
End TAR 46.00 0.95 0.23

Tyr TAT 360.00 7.46 0.26

Tyr TAC 1042.00 21.60 0.74

10 Leu TTG 313.00 6.49 0.06
Leu TTA 76.00 1.58 0.02

Phe TTT 336.00 6.96 0.20

Phe TTC 1377.00 28.54 0.80

15 Ser TCG 325.00 6.74 0.09
Ser TCA 165.00 3.42 0.05

Ser TCT 450.00 9.33 0.13

Ser TCC 958.00 19.86 0.28

20 Arg CGG 611.00 12.67 0.21
Arg CGA 183.00 3.79 0.06

Arg CGT 210.00 4.35 0.07

Arg cGC 1086.00 22.51 0.37

25 Gln CAG 2020.00 41.87 0.88
Gln CAA 283.00 5.87 0.12

His CAT 234.00 4.85 0.21

His CAC 870.00 18.03 0.79

30 Leu CTG 2884.00 55.78 0.58
Leu CTA 166.00 3.44 0.03

Leu CTT 238.00 4.93 0.05

Leu cTC 1276.00 26.45 0.26

35  Pro alele 482.00 9.99 0.17
Pro Cca 456,00 9.45 0.16

Pro ccr 568.00 11.77 0.19

21



Leu CTA 166.00 3.44 0.03 Leu CIT 238.00 4.93 0.05 L3 NédcethBEh200626. 45
0.26 35 Pro CCG 482.00 9.99 0.17 Pro CCA 456.00 9.45 0.16 Pro CCT 568.00
11.77 0.19 21 30 Novenber 2006 Pro CCC 1410.00 29.23 0.48 A DNA sequence
encodi ng the fusion proteins or nodified choline binding protein of the 5
present invention can be synthesised using standard DNA synt hesis

techni ques, such as by enzymatic ligation as described by DDM Roberts at
at in Biochem stry 1985, 24, 5090- 5098, by chenmical synthesis, by in vitro
enzymati c pol ynerisation, or by PCR technology wutilising for exanple a
heat stable pol ynercgSe, ot4¥y°®m conbih@fi on of %Rkse techniques. 10
Enzymatic pol ynerisation of DNA may be carried out in vitro using a DNA

pol ymerise such as DNA polynerase | (Kl enow fragnment) or Taq pol ynerase in
an appropriate buffer containing the nucleoside triphosphates dATP, dCTP,
dGTP and dTT/° DA seaupnrs eeFoging te quemweatsmfénoaﬁfedmoenﬁd""dg'@rfé%er‘ e ten’ a

vol ume of 5 50gdseRf inteRfish cahibé kidseed us@@tslamﬂard)bN@N@nthésisagctmlqms seh doe carri ed

t i DNA_| h buf fer,
Such as 0. oul thryrtetE fgauah S uelBogln R RAARS: Al BB,RRRS "ﬂf’%‘?“fgf iR
sperm di ne, 5@&MYM¢’“I&@1@Y@ SBi§TPn? wsewa@awmea%aﬂmn%bv Ripchiqiogdr at ure of

4C to anbi endtiisingdBIEREMpIE ¥ hbdl stably pdlynigeasef or bPa ﬁd:mlﬁrratlbreﬁmesé' feehrdiduesni cal
synthesis of the DNA polyner or fragnments may be carried out by
conventi onal phosphotriester, phosphate or phosphoram dite chem stry,
usi ng sol? d ErvetictRelymafisgtiensol MM be FRSERY QUL K uting A DO PAYTEFASE al ~ and
Enzymatic Systhesbra plykeae |KKigwwaabSent) i Taqbayradrase)in Maappedpriate bdifer H. G,

Gassen and Aéontlaﬁﬂg)the nile Qtﬂa’\%%gﬂaatef \Qﬁwoﬁgﬁn ﬁgﬁﬁﬁk dﬁ*P ésnre&;n]aﬁ’ fat §g' entific

publ i cati ons;
Sproat, and fR“E?"attFPtOﬁﬁé 371Gy generaly in AvplHEe REROLLET lg5s- ?L%?a“cli@at“’g ?ﬁ@»NA B. S.
Sproat, and fAgmBas mapbéd d‘f&l’l‘l&ﬁ&hﬁlﬁh@d Do, ligssetsachsas T4 TDB3igasedn arbapplopriate D.

Mat t GUC05 arg glﬂ%{ chh %ro‘b% Qlelrr§ ’(pHTf“IE): 5‘8?&' rh@&lz L@é‘!tl\ﬁllf’?uotrﬂ'g@p flmgijspeMme 25 MD.

Mat t eucci Areri can Chem cal CI ety,
1981, 103, 13@8§~TP90P 0. wmsb%t!’e &prum %J'Ei{!i'?'maﬂ* AoiEmPH IR 1 Edn am caI
Soci ety, 198@nerdif5n a66limeNf BD pi &ilgdsa, The chdhieaainthedis oltheEhAIpolyneerchr H.

Koester, Nug aS'Tg@éc'l"gf %8 &ﬁi%h%lg 4mn%loéf3&ﬁsphgpgst§ Wilasprivht tgpes at ag,

EVMBO Jour nal rocess o e | nven i on rrg}yx/3
per formed byhesphoamidiie, saemisterc B3ing sRIF (PhasecRRINRYES Sud Ashthase Rsct FH%d in
Mani at i sa2et ‘@hemiddDhreiCEHz@maticiSpmhedy of Géne Rrbgmantsor A/ Laviarateay Mar@al' (bd. H.G.

Gassen and A. Lang), Veriag Chemie, Weinheim (1982), or in other scientific publications,
for example M.J. Gait, HW.D. Matthes, M. Singh, B.S. Sproat, and R.C. Titmas, Nucleic
Acids Research, 1982, 10, 6243; B.S. Sproat, and W. Bannwarth, Tetrahedron Letters,
1983, 24, 5771; M.D. Matteucci and M.H. Caruthers, Tetrahedron Letters, 1980, 21, 719,

25  M.D. Matteucci and M.H. Caruthers, Journai of the American Chemical Society, 1881, 103,
3185; S.P. Adams et al,, Journal of the American Chemical Society, 1983, 105, 661; N.D.
Sinha, J. Biernat, J. McMannus, and H. Koester, Nucleic Acids Research, 1984, 12, 4539,
and H.W.D. Matthes et al., EMBO Journal, 1984, 3, 801.

- 30 The process of the invention may be performed by conventional recombinant techniques
such as described in Maniatis ef al, Molecular Cloning - A Laboratory Manual;, Cold
Spring Harbor, 1982-1989.

In particular, the process may comprise the steps of :

35 i) preparing a replicable or integrating expression vector capable, in a host
cell, of expressing a DNA polymer comprising & nucleotide sequence that encodes the
protein or an immunogenic derivative thereof
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Spring Harbor, 1982-1989. In particular, the process g9Nowbeérs200de Steps
of : 35 1) preparing a replicable or integrating expression vector capable,
in a host cell, of expressing a DNA pol ynmer conprising a nucl eotide
sequence that encodes the protein or an i mMmunogeni c derivative thereof 22
30 Novenber 2006 i) transformng a host cell with said vector iii)
culturing said transforned host cell under conditions permtting expression
of said DNA polyner to produce said protein; and iv) recovering said
protein 5 The term'transformng’ is used herein to nean the introduction
of foreign DNA ifjo atrdngfetmingzaidst celThitissatlamactre achi eved for exanpl e by
transfor mation, tansg sk Bd HanddHnEE hdsOB:NWhidh cantitiond BérAiigkgregtloas m d or
viral vector usi %% e%gn.“ convagt [ O.Hal t_eckani gques as described in Cenetic
Engi neer i ng; °Ead4 P4 PRV™MRG 1R BRI SARAR ™ % ngsman; Bl ackwel | Scientific 10
Publ i cati ons; Oxfur d,re@vefirased pp®88. The term 'transforned or
"transforgant’ will hereafter apply to the resulting host cell containing

and expressi t he foreign.gene of. .interest. X | rs are
novel and al §& '8} fﬁ'rﬁé’ 'g%fsq{sﬁ‘gh?rﬂ(}éor{f'?af}ﬁhe mtﬁ?g:wﬁ%gﬁg%ﬁﬁ?éﬁprgxg)%%%}essi on
vectors nay ¢2d. Phiepartedichieved dar eratericky tensformetinn. iransteptidngy infastion Wih@gvi ng a
vect or conmpajphlpRat¥Viplabmiti® Wi Slectelidingt £g.Rdoftehtialtebinities abNésciiggn@nt havi ng

an intact regplican, and c i Qi said |inea t nore DNA
nol ecul es V\h'%‘?&": %P@ﬁﬁ’?%ré)‘{%ﬁbt %-@g‘f"&PSF‘F"}]é"‘E‘F e‘a“s‘régﬁrgq%ﬁgﬁ'ngo e P%ﬁatg%i r ed
product , 1&ucPublicatientse OB, Jolgiandr 1980. eifieso timgtranséorpedit @i fasforpad’ Mivent i on,
or derivati VirdaRer SRk to WHadesulting 984t d8l) cor@iiriigt Aranspreddtidsthe tidraigbheps| yner may
be perforned or formed during the construction of the vector, as desired.
25 The choi cB®8f vector will be determined in part by the host cell, which
may be prokaryotic or eukaryotic but are preferably E. colt, yeast or CHO
cell's. Suit afHe@xpresilon vectdre e WeR! arfdll a5 fandl part Hakd ieveniphages, cosmi ds and
reconbi nant viruses. Expression and cloning vectors preferably contain a
sel ectabl® nmarker such that only the host cells expressing the mnarker wll
survi ve undékhegeniieable srpressipmdveciotmaay teairenateddm agardance; wWith the avesntien & e not
lim t?fll 30 tdpaliRga Oéblaqrwﬁ;sh(diia(l@g;iupmemeét Belltth piovig# firtar DNA @égradnanviagtad
ampicillin, .tetracyclin or kanar : . r tain
cont ol seqURRREE 4 AP RL AR e R Bk SRR ot wfi)

together with said linear segment encode the desired product, such as the DNA polymer

20 encoding the protein of the invention, or derivative thereof, under ligating conditions.

Thus, the DNA polymer may be performed or formed during the construction of the vectar,

as desired.

25 The choice of vector will be determined in part by the host cell, which may be prokaryotic
or eukaryotic but are preferably E. cofi, yeast or CHO cells. Suitable vectors include
plasmids, bacteriophages, cosmids and recombinant viruses. Expression and cloning
vectors preferably contain a selectable marker such that only the host cells expressing the
marker will survive under selective conditions. Selection genes include but are not limited

30 to the one encoding protein that confer a resistance to ampicillin, tetracyclin or kanamycin,
Expression vectors also contain control sequences which are compatible with the
designated host. For example, expression control sequences for E. cofi, and more
generally for prokaryotes, Include promoters and ribosome binding sites. Promoter
sequences may be naturally occurring, such as the p-lactamase (penicillinase) (Welssman

35 1881, In Interferon 3 (ed. L. Gresser), lactose (lac) (Chang et al. Nature, 1977, 198: 1056)
and tryptophan (irp) (Goeddel et al. Nucl. Acids Res. 1980, 8, 4057) and lambda-derived
P, promoter system. In addition, synthetic promoters which do not oceur in nature also
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desi gnated host. For exanple, expression control seqsemNu@eniber 2006coil, and
nore generally for prokaryotes, Include pronoters and ribosone bindi ng
sites. Pronoter sequences nay be naturally occurring, such as the

p-l actanase (penicillinase) (Wissmn 35 1981, In Interferon 3 (ed. L.

G easer), lactose (lac) (Chang at al. Nature, 1977, 198: 1056) and
tryptophan (trp) (CGoeddel at al. Nucl. Acids Res. 1980, 8, 4057) and

| anbda- derived PL pronoter system |In addition, synthetic pronoters which
do not occur in nature also 23 30 Novenber 2006 function as bacteri al
pronot ers. Thingich s bhderahwremftens. Eimimtieccatafor exppieder iy tacriyntheticiyidi d

Er onot fr }Nﬂi ﬁ#ag'béf S8 Mﬁﬂriéeamgme&aﬁ é%;"ptm lad pro@ikers| (Be Bperaamat er s ( De
oer et al., roc. , : - . tems are
particul arl yp?ﬁ'i '{)aélb’f’gja \%ﬁ"t %%&?h‘i%&%@?ﬁ?s%%r%%% ?rﬁ‘i@e“”b;er@? %?vsvﬁg 'so carry
markers thatcal | ow t he sel ecti on of successful transformants by conferring
prototrophy to auxotrophic nutants or resistance to heavy netals on

wi | d-type strains. Expressjon control se c f e i ncl ude
br oot 61 5 1 o¥e% SRR CeBi, Atk CPoTaRap (i sy B AR AERERUl o 00,
149), PHO5 1fangfermeanininodinfayingairetotisinbis [shavxetsphic mutantsyerniesisiaiiedo Jene, GAL
gen]tcasl pronot ﬁnét?lsad?mdwiloﬁﬁmé RedihsC %@meéo{nﬁ&%ame& foﬂylhm vatitiis I indiudel en"en'EI_ ﬁ
useful in yeast expression are rm r r GHeces. e
5 codi ng seE{B‘@ﬁtﬁréQ?rsgfyﬁgﬂcie{:‘fﬂmﬁfk@esﬁgeq'm?‘ Asd‘s"‘iaér]fc | Jgiﬁg; ]@Eencodes a

si gnal pept i gmecoeslingsasid ribsthetdse SHEHiseraARES 428¢. (ALNEH PEBPESAN: he

secr gt EOQSOLsﬁImgtiooﬁr@?'lStieﬂ séd'u@tﬁBe&g@th&'e&ohtrol Sniead| el Bn@asisegresigesrecan be
encode enes r reted yeast L el i nvert ase
Gene. and t hetemialgs gpd mpRRJEEEfoq SRR TR LGN sRulphes™ phalak B

al pha- mat i ngsificadt taicae macoderia sigeab Rentige cenapriserbeldvaioprAsis SMinAAGs YEENs| gnal
sequence der ginednd $rmioNIIR BRER reth télchl BEiIORLIIAS seqURhoes @anise encieidt abl e

vectors have, been devel d _for expr ' | .N.RLchi '

Sacchar ofyce® ¥8F% fg?céqgue%ﬂﬁ?"\’/tg?_l se%yﬁ/%(%)% deg%é@tgés?sg%@%%@giagﬂ&ﬁect ors
are avai | abl @enbased pbesphatageo kileri lWnicinp| alpharmatiog, factor 1a3r¢ Pad PSR RS
(Ce(rjegh! no &]Eui’er%@ggiiqdﬁ%dd)dnﬁlr SlaLetce doaved FRPOINRKK ¢éneta) Kluﬁemmyztdsed .
production of cytosqlic and secre : . ed P.
Pastori s varvOPs: ST YARE Tres bt bl o diBedioh AR RN 4FC0,
oxi dase (AO@iccharamoeeserevBBeThe vectors al so contain the P. pastoris

hi stidi ngy dehydrogenase (H S4) gene for selection in his4 hosts.

the S cer evh el R Hedb AplsSH| [y Se BUARGE EE ordnombychsTne AT
and constitutive promoters { Cereghino and Cregg, FEMS Microbiol. Rev. 2 00,24.45-66). For
the production of cytosolic and secreted proteins,the most commonly used P. pastoris
vectors contain the very strong and tightly regulated alcohol oxidase (AOX1) promoter.
25 The vectors also contain the P. pastoris histidinol dehydrogenase (HIS4) gene for selection
in his4 hosts. Secretion of foreign protein require the presence of a signal sequence and
the S. cerevisiae prepro alpha mating factor signal sequence has been widly and
successfully used in Pichia expression system. Expression vectors are integrated into the
P. pastoris genome to maximize the stability of expression strains. As in S.cerevisiae,
30 cleavage of a P.pastoris expression vector within a sequence shared by the host genome
(AOX1 or HiS4) stimulates homologous recombination events that efficiently target
integration of the vector to that genomic locus. In general, a recombinant strain that
contains multiple integrated copies of an expression cassette can yield more heterologous
protein than single-copy strain. The most effective way to obtain high copy number
35 transformants requires the transformation of Pichia recipient strain by the sphaeroplast
technigque (Cregg et all 1985, Mol.Cell.Biol. 5: 3376-3385) .
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successfully used in Pichia expression system Expres30®Noveatied 2006 e
integrated into the P. pastoris genone to maxim ze the stability of
expression strains. As in S.cerevisiae, 30 cleavage of a P.pastoris
expression vector within a sequence shared by the host genone (AOX1 or

H S4) stinul at es honol ogous reconbi nati on events that efficiently target

I ntegration of the vector to that genomc |ocus. in general, a reconbi nant
strain that contains multiple integrated copies of an expression cassette
can yield nore heterol ogous protein than single-copy strain. The nost

ef fecti ve wayhe¢ prepdoatimniof the (enlicablp pxanestioe rect may bt sdéndraghecsvendenaly Wi t he

transformati gp,Ofiafl dnBinfls & FdsRicRIAL pohimeRtdliobandliBation BNAEDAR) §roced@eNNi que
(Cregg et all 1 Bi 'cit§(§g6- 3385) 24 30 Novenber 2006 The

I )85, | . Cell Biol.. 5
preparation §fs W'?‘Z&Ff%'@a %\Sr%%’m 8he8%%t or may be carried out
conventionally with appropriate enzynes for restriction, polynerisation

and i gat i;on1af rebbiilNhosPGI RIRGBAU if SccorBRde With 4 ihventioh Oy tRxsoming,a Mani ati s
et at. cited ab [ .cell is, pr gcordance
3

ove. 5 The reconbi nant, host . e | e
W he i B PO Ao IR g B8 e o fRERIY ool
expr essi on v&ditable wdnsomeing nenditierisoare Laetlentianalazngf e rAefRgibech i iferi @¥APle. Sui t abl e
transf or m ngnaRAEE dt LOARd Bbdve WP DIAEIbMERVoIAN .M IGveess IRIDPEss Ind, 1688, exanpl e,
Mani atis et al cited above, or "DNA Cloning” Vol. Il, DM dover ed., IRL
Press Ltd, 1985. 10 The choice of transform ng conditions depends upon the
choi ce of10t h&hdofxticecws|tansferming conditipns fleperds upopdhe ehcigtf dhe hest gell/ig be
”finSfolr”at!ﬁ&s\?b?r#\éth%} ie¥mpid, il vivee@drieformadion fusing tar Resial veaigr agetet for the
pol ynucl eoti des_of the ipvention is.descri v a :
transf or mat i gﬂ’#ﬂm'ﬂg REY °§§Eel‘f’° uc???"%&iof {hﬁgﬁgggp%oﬁeéc@gg%lgévlgb%actﬁe&? ake of
the pol ynuclrensfamiation (aiha dtestnaiehbes Ex el Ravobe wees & sdieeintRiphs AG thene
desi red sequgaitiedfibefwhith ral 8e BRdssibR Sedife tontaln@gttieciesirdd sequenod) ufteron  of
CaCl2 (Caohen at Proc

t t... Acad . Sci , , it h a
sol uti on o ih§?ln'basé’e?ﬂ gf?atlg%ew'tgfé ?%‘B'F’E%L?na%h(ﬂ’g'ﬁcf’e’gzﬁ)’%}ﬁ%}'. %‘b\@é&"
pot assi um acé¥73: 69.a21A0kgbrywitiy |solutien CFOMAESNGR fidure of rubidium chiloride (RbCT),
3- [ N- nor phol Ao, -fefef@h Bcetat aiqihicerol, amd tHen ANGLNanwptglingt: sropdnestiptignic

OO YRS U e e e St

yeast cells 1 ) e carried out for éxanple 20
by using t heolgenistosisush ag-rensteaslissin calfurg by direct ubeke maybe.gpried put ipgexamples .
1929- 1933). pMashg ktieamett@l biSHihmenCatl 41 YPc.nMad. Bead rseNIHTA, IMSCE 1820183 he

cal ci um phosphat e. co-_pr.ecj pi |0 r t @bl s
v et 1 o Mo s
i nt roduct i onprg¢ipijgdery ofeRA PR el R i1C ‘an
medi i’it ed tr apsh eothbOmethps fbf)irﬁﬁdilcﬁﬂhdd)fqio@durﬂd’oﬂdbsfimotmmmalipm coeusphaicte f usi on,
25 el ectroporation. enc 1on e Lde LAt Risloh pPOSONES,
and direct rr?%‘%%'l T?ﬁ"eaéecdsﬁr%ﬁﬁ%%&nt hpeo(P%[)e}‘g nﬂc?%%{ﬁ%hﬁ&i%ﬂ?o&%bﬁpc'?ei . S

25  electroporation, encapsulation of the polynucleotide(s) into fiposomes, and direct micro-

injection of the polynucleotides into nuclei.

The invention also extends to a host cell transfdrmed with a nucleic acid encoding the
protein of the invention or a replicable expression vector of the invention.
30
Culturing the transformed host cell under conditions permitting expression of the DNA
polymer is carried out conventionally, as described in, for example, Maniatis ef al. and
“DNA Cloning" cited above. Thus, preferably the cell is supplied with nutrient and cultured
at a temperature below 50°C, preferably between 25°C and 42°C, more preferably
35  between 25°C and 35°C, most preferably at 30°C. The incubation time may vary from a
few minutes to a few hours, according to the proportion of the polypeptide in the bacterial
cell, as assessed by SDS-PAGE or Western bilot.
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The invention also extends to a host cell transfornmed3oiNdvemburciOfiGc aci d
encoding the protein of the invention or a replicable expression vector of
the invention. 30 Culturing the transformed host cell under conditions
permtting expression of the DNA polyner is carried out conventionally, as
described in, for exanple, Maniatis at at and "DNA Cl oning" cited above.
Thus, preferably the cell is supplied with nutrient and cultured at a

t enperature bel ow 50C, preferably between 25C and 42C, nore preferably 35
bet ween 25C and 35C, nost preferably at 30C. The incubation tine may vary
froma fewmnutes to a few hours, according to the proportion of the
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as 5 E. coli or

enzynat i cal I%Pdé{ﬁds%ﬁgf F efeg}ﬂ '"ﬁr%sa@cw ““'%qr"oﬁ%‘%"f”q’! Jné’mmglt}ﬁ ?'Job%t | ysat e.
Wher e t he hasay geedrallyibg lsmmtorrathe nytrient pedian of fromgs)! fg@@rﬁémtﬂ hﬁ@ ol at ed
from the nutgiieat asm;dasugncarasmm:emydesf:érmmw Pibh pastdiisethe pothet mapst cel |
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may gener al¥*{FHe MY om romthe cul fure

medi um  &nd putfise USigg ponupntipes! }Sﬁ.@h"‘weédT’GssP?@%’o?f\)%?’iPEﬁ?ﬁP" PE&?HH‘“@UE% The
speci fi city festdatry@epemfiit ONbSHISS R TintPan dndbodp aiseze agaitst theeBlypeptiddl ot or by
ELI SA usi ng e anti body directed against the pol ypeptide of interest.
Convent i onal® P& Bet ein isolation techniques include selective precipitation,
adsorption 15 chromat ography, and affinity chromatography including a
monocl onal  afphidatshdl dfoldimiidolatiorC Addnniues Vihelidet beleqtive tpedcipiiatioh, hdserptioresent

| nvent i or} a Eromatg{ﬁrgﬁsytegmymﬁk B ?Ig&rﬁét%gé Hcﬁjhlt'n%(awnﬁnocfoﬁg)antilg& Yot easi |y

be purlf n 1on n

chr omat ogr aGh'&'m% dﬂ"ﬂﬁﬁﬁhe(ﬂf%@) ofden Hﬁﬁ?“*ﬁﬂ‘@“ﬁ'{’étaéq expeased ) agist ?fi/tag(ﬁ%/ abl e ion
for exanpl gaglithéy cdni 6468 be burified byragmgyschtimatwgrapinp psng, arbish rmetal mffefher abl y
zinc or nickel oma%graF‘e/ %3 n%bgm?pgolbnﬁm bH%%@E)nCRIQ)tr 3k Nsh d&ﬁtﬁfl&ﬁiﬂtfor

preferably anoan suc nore erab a qon ionic
det er gent s @&l Zngweaipkel rono magnesiym Pk CPRRAN CUbdt &Fe Efé‘?ﬂy Z'Eil n&elenpi gen
BB, as thi s praitabie sl IMAC bulfe woritaine detbrgerdf prefardiny @m ianionic detegertisueti apr oduct .

Furth h t I t hat
may. bo 25 opbref ol iRl ERIIE WEh of (U9, @ ""Q“i‘%ﬁmpr & eei"iﬁf’y the

pH is in theushasGapigen BBssiiys mayyesiidh '8W$5H%fﬁ‘éP’b%'F9t°’f"F g theing! progug
optimal |y between 8 and 9.
Further chromatographic steps include for example a Q-Sepharose step that may be
25  operated either before of after the IMAC column. Preferably the pH is in the range of 7.5 o

10, more preferably from 7.5 to 9.5, optimally between 8 and 9.

The proteins of the invention can thus be purified according to the following protocol. After
cell disruption, cell extracts containing the protein can be solubitised in & pH 8.5 Tris buffer
30 containing urea (8.0 M for example), and SDS (from 0.5% to 1% for example). After
centrifugation, the resulting supernatant may then be loaded onto on to an IMAC (Nickel)
Sepharose FF column equilibrated with a pH 8.5 Tris buffer. The column may then be
washed with a high salt containing buffer (eg 0.75 — 1.5m NaC1, 15 mM pH 8.5 Tris
buffer). The column may optionally then be washed again with phosphate buffer without
35 salt. The proteins of the invention may be eluated from the column with an imidazole-
containing buffered solution. The proteins can then be submitted to an additional

26




The proteins of the invention can thus be purified aQuUoNévérabén200&

follow ng protocol. After cell disruption, cell extracts containing the
protein can be solubilised in a pH 8.5 Tris buffer 30 containing urea (8.0
M for exanple), and SIDS (fromO0.5%to 1% for exanple). After
centrifugation, the resulting supernatant may then be | oaded onto on to an
| MAC (Nickel) Sepharose FF colum equilibrated with a pH 8.5 Tris buffer.
The columm may then be washed with a high salt containing buffer (eg 0.75
- 1.5m NaCl, 15 mMpH 8.5 Tris buffer). The colum nay optionally then be
washed agai n dworratoptzokip Bige.csupiy g torandnion Guehanss chEgmalogTR Y genbpiege Bf t he

i nvention mayxhenel uated fromthe colum with an im dazol e- containing

buf fered sol utlon The proteins can then be submtted to an additional 26
30 Novenber 2006 chromatographic step, such as to an ani on exchange
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fusion polypeptides as described above, such that the fusion polypeptide is generated in
25  situ. As noted above, the polynucleotide may be administered within any of a variety of
delivery systems known to those of ordinary skill in the art. Indeed, numerous gene
delivery techniques are well known in the art, such as those described by Rolland, Crit.
Rev. Therap. Drug Carrier Systems 15:143-198, 1998, and references cited therein.
Appropriate polynucleotide expression systems will, of course, contain the necessary
30 regulatory DNA regulatory sequences for expression in a patient (such as a suitable
promoter and terminaling signal). Alternatively, bacterial delivery sysiems may involve the
administration of a bacterium (such as Bacillus-Calmetie-Guerrin) that expresses an
immunogenic portion of the polypeptide on its cell surface or secretes such an epitope.

35 Therefore, in certain embodiments, polynucleotides encoding immunogenic polypeptides
described herein are infroduced into suitable mammalian host cells for expression using
any of a number of known viral-based systems. In one illustrative embodiment,
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an alternative adenoviral system without the disadvantage of a pre-existing neutralising

antibody response,

25
Various adeno-associated virus (AAV) vector systems have also been developed for
polynucleotide delivery. AAV vectors can be readily constructed using techniques well
known in the art. See, e.g., U.S. Pat. Nos. 5,173,414 and 5,139,941, International
Publication Nos. WO 92/01070 and WO 93/03769; Lebkowski et al. (1988) Molec. Cell,

30 Biol. 8:3988-3996; Vincent et al. (1990) Vaccines 90 (Cold Spring Harbor Laboratory
Press); Carter, B. J. (1992) Current Opinion in Biotechnology 3:533-539; Muzyczka, N.
(1992) Current Topics in Microbiol. and immunol. 158:97-129; Kotin, R. M. (1994) Human
Gene Therapy 5:793-801; Shelling and Smith (1994) Gene Therapy 1:165-169; and Zhou
et al. (1994} J. Exp. Med. 179:1867-1875.

35
Additional viral vectors useful for delivering the nucleic acid molecules encoding
polypeptides of the present invention by gene transfer include those derived from the pox
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87:6743-6747; Fuerst et al. Proc. Natl. Acad. Sci. USA (1986) 83: 8122 8126

Alternatively, avipoxviruses, such as the fowlpox and canarypox viruses, can also be used

25 to deliver the coding sequences of interesl. Recombinant avipox viruses, expressing
immunogens from mammalian pathogens, are known to confer protective immunity when
administered to non-avian species. The use of an Avipox vector Is particularly desirable in
human and other mammalian species since members of the Avipox genus can only
productively replicate in susceptible avian species and therefore are not infective in

306 mammalian cells. Methods for producing recombinant Avipoxviruses are known in the art
and employ genetic recombination, as described above with respect fo the production of
vaccinia viruses. See, e.g., WO 91/12882; WO 89/03429; and WO 82/03545.

Any of a number of alphavirus vectors can also be used for delivery of polynucleotide

35  compositions of the present invention, such as those vectors described in U.S. Patent Nos.
5,843,723; 6,015,686, 6,008,035 and 6,015,694. Certain vectors based on Venezuetan
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then encased in a cartridge or cassette for placing into the “gene gun’.

In a related embodiment, other devices and methods that may be useful for gas-driven

needle-less injection of compositions of the present invention include those provided by
30 Bioject, Inc. {Portland, OR), some examples of which are described in U.S. Patent Nos.

4,790,824; 5,064,413; 5,312,335; 5,383,851; 5,399,163; 5,520,639 and 5,993,412.

It is possible for the immunogen component comprising the nuclectide sequence encoding
the antigenic peptide, to be administered on a once off basis or to be administered
35 repeatedly, for example, between 1 and 7 times, preferably between 1 and 4 times, at
intervals between about 1 day and about 18 months. However, this treatment regime will
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dependi ng ofs ght of the patient being i munised and the route of
adnlnlstratlon. Sui t abl e techni ques for introducing the naked

pol ynucl eot sg@nmltechRigles for infoBudthglfd hakBd pélyntBeotide or vector into a patient also

include topical application with an appropriate vehicle. The nucleic acid may be

25  administered iopically to the skin, or to mucosal surfaces for example by intranasal, oral,

intravaginal or intrarectal administration. The naked polynucleotide or vector may be

present together with a pharmaceutically acceptable excipient, such as phosphate buffered

saline (PBS). DNA uptake may be further facilitated by use of facilitating agents such as

bupivacaine, either separately or included in the DNA formulation. Other methods of

30 administering the nucleic acid directly to a recipient include ultrasound, electrical
stimulation, electroporation and microseeding which is described in US 5,697,901.

Uptake of nucleic acid constructs may be enhanced by several known transfection
technigues, for example those including the use of transfection agents. Examples of these

35 agents includes cationic agents, for example, calcium phosphate and DEAE-Dextran and
lipofectants, for example, lipofectam and transfectam. The dosage of the nucleic acid to
be administered can be altered.
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present invention and encodlng pol ynucl eoti des are preferably 20
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an nmpl et e van ahor at or r Qi phdj uvan
(Merck and @Yﬁﬂ%as If?fce"am?iﬁh%‘ﬂ}‘ sl\ﬂ‘iomp;e%SAdéwf'@rﬁ"fj %"Mne @%}ﬁg
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AS-2 (SmithKline Beecham, Philadelphia, PA); aluminum salts such as aluminum

hydroxide gel (alum) or aluminum phosphate; salts of calcium, iron or zinc; an insoluble

25 suspension of acylated tyrosine; acylated sugars; cationically or anionically derivatised
polysaccharides; polyphosphazenes; biodegradable microspheres; monophosphoryl lipid A
and quil A. Cytokines, such as GM-CSF, interleukin-2, -7, -12, and other like growth
factors, may also be used as adjuvants.

ese

30 Within certain embodiments of the invention, the adjuvant composition is preferably one
that induces an immune response predominantly of the Th1 type. High levels of Thi-type
cytokines (e.g., IFN-y, TNFa, IL-2 and IL-12) tend to favor the induction of cell mediated
immune responses to an administered antigen. [In contrast, high levels of Th2-type
cytokines (e.g., IL-4, IL-5, IL-6 and [L-10) tend to favor the induction of humoral immune

35 responses. Following application of a vaccine as provided herein, a patient will support an
immune response that includes Th1- and Th2-fype responses. Within a preferred
embodiment, in which a response is predominantly Thi-type, the level of Thi-type
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for exanple, US Patent Nos. 4,436, 727; %8%7 6t11; xa4m€|)’6qj 0%3 %p%l

4,912, 097) . nyostiyiaiony PNASeaYGHn e &t HREE PRn WY HE P itrucl eot i de
i s unnet hy| S¢ied) 23352, 1996ubeotizer pefesrddadivvanticoprisies asanppidngish asQEihA,

ol i gonucl eotd desa@es HEbdr, HRRWAG 2B 1ALRI UESC (AQMS, Bidpharmasuditas anc.i n WO

96/ 02555, 99/ 33488 and U. S. Pate Nos. 6,008, 200 a , - 462. 15
| nmrunost i mu ré?’@?g‘ﬂ"blﬁip‘)'sEﬁ?férpwgni%r%n@rog%ﬁﬁe%rcrfl'eﬂgpcf g oélg%’ga‘%g%én,% ‘by Sato et

al ., Sci enQte¥er@SormBUEs intvde More tharednerseeanindd fhe\adivvant gaprinales o
saponi Ny, SUGhnsrefdt Invedivtion, ®r R/ &dribirRfions R At tondt lthediom@irggdupand Q57
(Aqui | a Bi opharmaceutica ham M); Escin; Digitonin; or

s Inc,, . Fram’,frllrg
Gypsophi | a EMPERHSPHRE MU ANSELYSAWI . Orher preferred fornul ations
I nclude nore than one saponin in the adjuvant conbinations 20 of the

present i NVARLI ARy thQEafoliR hmQatoRiTRaPBé béttined with biadcRa SEnididOcoRipoddae:
fol I owing gc{fogh%osa?woo ro{hg; r;glyc%tsign]i'd pgigmérs%lnlblac'%ﬂe péngsgéiﬁéctigg-ooqgll%ﬁd%m n.
25  particles, poly-N-acetyl glucosamine-based polymer matrix, particles composed of
polysaccharides or chemically modified polysaccharides, liposomes and lipid-based
particles, particles composed of glycerol monoesters, etc. The saponins may also be
formulated in the presence of cholesterol to form particulate structures such as liposomes
or ISCOMs. Furthermore, the saponins may be formulated together with a polyoxyethylene
30 ether or ester, in either a non-particulate solution or suspension, or in a particulate
structure such as a paucilamelar liposome or ISCOM. The saponins may also be
formulated with excipients such as Carbopol® to increase viscosity, or may be formulated

in a dry powder form with a powder excipient such as lactose.

35 In one preferred embodiment, the adjuvant system includes the combination of a
monophosphoryl lipid A and a saponin derivative, such as the combination of QS21 and
3D-MPL® adjuvant, as described in WO 94/00153, or a less reactogenic composition
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Al ternatively the saponin fornul ati ons nmay be conbi ned 30 Nbvarbéi BO06
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in the presence of cholesterol to formparticulate structures such as
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adj uvant amd tocopherol in an oil-in-water enulsion is described in WO
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wat er emul si %t%%qmquBﬁ()phem' 10 In a yet further enbodi nent the present
i nvention provides an imunogeni ¢ conposition conprising a fusion protein
accordinglto the invention, and further conprising D3-MPL, a saponin
preferably Osmﬂltrmminrtt&trﬂpeadgwaymﬁoraisemttihed!hampeducmatbrhgositlmrsmﬁthaﬁrwelnlbm an oi l

in water ewkc‘ﬁldenwonﬂa‘ﬁ.déqg,a %gr@%{) le! Héﬁée %Awa:rﬁsh wamma flﬂlftedjgﬁ}e% t7 28

phar maceut i cal conDos! tio | on 1 nclude l\/bnt ani
(Seppi ¢, FrareeYMSLG§) ('@ff?? rhiromgihe 188?‘% F‘?i'es OrAduntste g e NS-2 g (CSL),
MF- 59 (Ch| r orgvailable efroBBAGItIHne Eeeadibma Bjxensamt Beidian)g DetoSREGaRzyof) CBAS: 4,

avai | abl e, I qifith! 9, IReS528986HA HalMsE MiTahd o6 SBAiy BRb@EmhEBRaNZYN(r))
(Corixa, phosphates (AGPs), such as those described in pending U.S. Patent Application Serial

Nos. 08/853,826 and 09/074,720, the disclosures of which are incorporated herein by

reference in their entireties, and polyoxyethylene ether adjuvants such as those described

in WO 99/52549A1.

25
Other preferred adjuvants include adjuvant molecules of the general formula (I):
HO(CH;CH,0):-A-R, wherein, n is 1-50, A is a bond or —=C(O)-, R is Cyg alkyl or Phenyl
Ci.50 alkyl. One embodiment of the present invention consists of a vaccine formulation
comprising a polyoxyethylene ether of general formula (1), wherein n is between 1 and 50,

30 preferably 4-24, most preferably 9; the R component is Ci.s0, preferably C,-Cx alkyl and
most preferably C,; alkyl, and A is a bond. The concentration of the polyoxyethylene
ethers should be in the range 0.1-20%, preferably from 0.1-10%, and most preferably in
the range 0.1-1%. Preferred polyoxyethylene ethers are selected from the following group:
polyoxyethylene-S-lauryl ether, polyoxyethylene-9-steoryl ether, polyoxyethylene-8-steoryl

35 ether, polyoxyethylene-4-lauryl  ether, polyoxyethylene-35-lauryl ether, and
polyoxyethylene-23-laury! ether. Polyoxyethylene ethers such as polyoxyethylene lauryl
ether are described in the Merck index (12" edition: entry 7717). These adjuvant
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ant i ge”ts ! l”:‘é%zh{ﬁrh&g[sﬂébt%@gﬁa@? Nlasn\éﬁ&st of al,, Qﬁ‘eumatmmmuﬁb}r@t;ltznmmm pgol;i sed with
i munost i mul at or en ref er i mmuno at or s

adni ni st & ed>Hf %/?fégs“ér@mf’w?ea ‘2 f'%@s g\?ﬂ‘ e fe"e gﬁ“{"ﬂff exPﬁe\?er?t &g%ﬂ{i i

preferred embswedingeel sndif-eelf surfaneh.cugtast MWSIQE(R“OCIGF. ¢t @lnb&aﬁ@ﬁ-’énﬁbdl rrent of
the Inventiop y4i3) c}tbﬁnelghé?ﬁ&h%ﬁh é;th@mhlafewnﬂ%cuﬁybamwpragiem pdptite, Vi ce

o o SO b Y . 06 A i
I mrunost i mullbtidesa, ﬁ@%—rﬂlmamd TGHe Hetat Thirindugers spghrastigteriarest gagyis K illes
I\/m dazoq%&g noj4 fzz‘.g% %g‘g*&nd 8_821' TR sdcPag R )85, -8 3iFho ar(dHB-ﬂ:B8 a:amher:alt az;l)s
G?Cg: n1e Cel |95'P'39ktqerﬁ?ﬂﬁmswa‘i’ét%ge"eéiu Lf'gwg dléiéﬁég%m? 5 %%sé’é +%Scar bonyl s
and am nes tT@E4-3, a@@ocmﬁlatndtGDA@L.yoteerpm@g@@&n@jﬁtorariﬁrggféﬁ ligands such as

CTLA-4 and L-selectin, apoptosis stimulating proteins and peptides such as Fas, (49),

synthetic lipid based adjuvants, such as vaxfectin, (Reyes et al,, Vaccine 19 3778-3786,

25 2001) squalene, alpha- tocopherol, polysorbate 80, DOPC and cholesterol, endotoxin,

[LPS], (Beutler, B., Current Opinion in Microbiology 3: 23-30, 2000); CpG oligo- and di-

nucleotides (Sato, Y. et al., Science 273 (5273): 352-354, 1896, Hemmi, H. et al., Nature

408: 740-745, 2000) and other potential ligands that trigger Toll receptors to produce Th1-

inducing cytokines, such as synthetic Mycobacterial lipoproteins, Mycobacterial protein

30 p19, peptidoglycan, teichoic acid and lipid A.

Other suitable adjuvant include CT {cholera toxin, subunites A and B} and LT (heat iabile
enteroloxin from E. coli, subunites A and B), heat shock protein family (HSPs), and LLO
(listeriolysin O; WO 01/72329).

35
Where the immunostimutatory agent is a protein, the agent may be administered either as

a protein or as a polynucleotide encoding the protein.
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presenting cell and T-cell surfaces, such as tucaresoBoNdvedamr 2boet al .,
Nature 377: 71- 75, 1995), cytokine, chenokine and co-stinulatory nol ecul es
as either protein or peptide, including for exanple pro-inflamatory

cyt oki nes such as Interferon, GMWCSF, IL-1 alpha, 1L-1 beta, TG al pha
and TGF - beta, Thi inducers such as interferon gamm, IL-2, IL 20 12,

| L-15, I1L-18 and IL-21, Th2 inducers such as IL-4, IL-5 IL-6, IL-10 and

| L-13 and ot her chenokine and co-stinulatory genes such as MCP-1, MP-1

al pha, M P-1 beta, RANTES, TCA-3, CD80, CD86 and CD40L, ot her

i munostinul atory targeting ligands such as CTLA-4 and L-selectin,

apopt osi s Sty iul abily @d@ub&%ﬁys@nsalnglf r?ﬁ:n’o re§ %Qrefﬁslhé: Qﬁlgeﬂ é%aienalsx)é nthetic

i pid based a uva Reyes et cc‘h%eth
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al ., Sci ence’
740- 745, 2008ychagre sybsttialy spharicsl and | oy, A Flameies in ff}eu ’6@9& 1“rBﬁ“l L%E‘é’bt ors to
produce Thl- M|bfﬂ§bﬂ|§te§g136¢ytr@klame$ widsuariye @6 nByraltane syrtheNd/ patimeecs eavie &und

| i poprot ei ns s&l\%cgb%ﬁeﬁvr' bloﬂ{gﬂﬁzﬁl Qpplt@h@or&lgThlso%Qi‘vh Og,lsxgaans ésﬁé&aﬁ?' c acid

and lipid A er sul ta uvant | ncl éu tox ubun| tes A
and B) and Lafvqriaggeus fgpprpteins B‘T‘ﬂ'@r%?’&??'ﬁ""f’? 6'rﬁ"’|% reggyg m i"ﬁﬁdrr?a ’and B),
heat shook mreidei efiidagyriar eigdriSRable dnbiobgi@! figiHs ot aeti fgllyyahsnrb@d fm lbi/ 72329).

35 Were th aEtFHFE&Q]ﬁ'}l Y lb@éa%eyofm%lativély Righ rn%e%ulé} welidR@. BEVRRHI pHIFH er@e

adm ni stere er as rotein or eoti de.enco
protein. 35 Mk Rﬁﬁ?eq?ﬁ‘éqbe‘éﬁgﬁ Mgy p’@'ﬁ‘i“t a'B"FSE é‘ﬂﬁafg'?/@wm%r%qc@ﬁr%%e] Q] ude
m cr ospher eoldgen, cilginatds e dextrari. dReefercedndztieni siisteing indude dlogearadabld rolyl- or

conj ugated 1.1 a0pqea0PLIARE LGN CHRERNBLRRCSEI AR (PBR), @it geni ©

mat eri al Can har maceu ar rl!t’lgg ag) used as a
5 vacci n& Taokbepif) " {ELY FOP HOpRYmers PO %F‘?&'Fﬁ/‘gé cf 59’811( "de S8 be
col | oi dal pafréferfada@stemhlnelhdmemeragebeduamydregdsysustphepolﬂaheraasur)hm}@loak di anet er

in the ra”g%oéoﬁe{"ﬁye% b iepesl i ORPRREE ma%h.ﬁcr;sam(ahw&{ewwg@mnge of

natural and s I C ave g é iy bi.onedi cal
appl i cati on®nd TWV%“’R!@P'Fv@P'i}(bwgﬁeenﬁeith‘é'éﬁbcfpng? y o afiY ﬁ?"jﬁ Bus¥*d proteins
havi ng shor tterbyﬂ'ltaflatélpdlﬂ&uﬂyhne/tevephlalatg)lI(FEGi'leBf[)I(Bofpéreittai gar.reritheme @nd 0 provi de

h d bed f
1(:a heI CS?SI% " oI ﬁér ngqss%f%?z%dg %{éégg}ecahfeuwm ‘%V'd@cbt sustdnkf refaser bed from

eir relatively high nol ecul ar
wei ght s. Se\f‘é”ﬂdP:’m?P‘!?WEasﬁ'eﬁ’/é%@é?f’%%%ﬂ??%ed as a matrix for protein

rel ease. Suitable polyners include gelatin, collagen, alginates, dextran.
Preferred defii H&E%Ie?&f%qmuﬁdagﬁi&'%a&!ir%%ﬂlb&ﬂﬁp{oeoe%hh‘:fsgred on a once off
basis or, preferably, to be administered repeatedly, as many times as necessary, for
25  example, between 1 and 7 times, preferably between 1 and 4 times, at intervals between
about 1 day and about 18 months, preferably one month, This may be optionally followed
by dosing at regular intervals of between 1 and 12 months for a period up to the remainder
of the patient's life. In a preferred embodiment the patient receives the antigen in different
forms in a “prime boost" regime. Thus for example the antigen, the fusion protein, is first
30 administered as a protein adjuvant base formulation and then subsequently administered
as a DNA based vaccine. This administration mode is preferred. The preferred adjuvant is
a combination of a CpG-containing oligonucleotide and a saponin derivative, particularly
the combination of CpG and QS21 as disclosed in WO 00/09159 and in WO 00/62800.
The uptake of naked DNA may be increased by coating the DNA onto biodegradable
35  beads, which are efficiently transported into the cells. Altematively the DNA can be
delivered via a particle bombardment approach, for example, gas-driven particle
acceleration with devices such as those manufactured by Powderject Pharmaceuticals
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lactic acid) (PLA), poly(lactide-co-glycolide) (PLG ,3@pbloyenibee @006 aci d)
(P&d), poly(e 15 caprol actone) (PCL), and copol yners

pol y(DL-lactic-co-glycolic acid) (PLGA). O her preferred systens include
het er ogeneous hydrogel s such as poly(ether ester) multiblock copolyners,
contai ni ng repeating bl ocks based on hydrophilic poly-(ethylene glycol)
(PEG and hydrophobi c pol y(butyl ene terephtal ate) (PBT), or poly(ehtykene
gl ycol)- terephtal ate/ pol y(-butyl ene terephtal ate) (PEGT/PBT) (Sohier et
al. Eur. J. Pharmand 20 Bi opharm 2003, 55, 221-228). Systens are
preferred WhLCHOgIo@Y Uidearsl RunserEchéatcined bas®aditay W) aptaBghtdarels Bikch as
PLGA, PLA a'&? rE’%ﬁTJffE b néédle—fr%e %%hp$@rJa9{ whé}anlarmfv%%éu ﬁm&ﬂat.araem ne

COI’TpOSI tion dm ni st ere to be

admi ni st er eNITSHRRG RAIeS. syeh %H@Y@F‘%@e g% pquge%i?%g?@cfesr 8?6 5 er%mmoy
bet ween 1 anigh Apeedmeithin priefiuer ghd jet lgetermehby addd deld demise. prepeiling éfieval S

bet ween gboytded@y t A0St imt&edtont hs, preferably one month. This nay be
optionally PL Kﬁe vvedaﬂtg% dosi nglg a? regul ar intervals of between 1 and 12

months for a period up to the remainder of the patient's life. In a
preferred ehbeuithve ptefdriad epibiiment, thecNA desadhaccing wifebe pemigtefedrfsst f or ns

in ? "pri ”efo]?%ﬁtby the BHbiER- adﬂ]Féﬁ b%jé&rforﬁ'?&f%ﬁim %mteh@ﬂﬁn&m%ranegt We cBwémoln t

pro eln IS I r sterea as a uvan as mul ati on
and t hen sug‘gé’a'l.)’éﬂ’ﬁ Veg)g’]‘ﬁ ‘f‘?i”%tf"gtr%'d"ea%" g d igﬂ C& Rl ef%b?’;

adni ni stieat thermeapslef Viral systefne mpsicbrefaraledy py @benaeeﬁotaéﬂeuwnltbais@ syste@dnbi nat i on
of a CpG copi} a!male ereu-g%ugg Q6thd Gemm%msambrreﬂﬁrraivmwa, aapticul arly

t he conbi nati on Oph H‘} (fh seﬁ Brrlr‘V\iD 00/ 09159 and in WO
00/ 62800. 8"’?}5 ViRl NETpeS YR 8 Bﬁﬁ"'ﬁﬁ&a & ﬁyc? eased by coating the DNA onto

bi odegradabl e 35 beads, which.are efficiently transported into the cells.

Al t er nat i velnyanbiigr %r@%b@@imeﬂelhb\bfﬁie@rdad]dv@nt&:aQ@fo?mtﬁétﬁn RAdTDRA dagat
approach, for exa

driven part accel t | ces such
as t hosd® ma¥fifFae i 88 %3 \7\}3eefj aé@? !a?rn%gre'alﬁp 'q'gasl”""'S r@%ﬂt,@e er 2006
PLC ( Oxf or dpatugpof sredDhowaksing é@mumlclme@nlwcach(emub:smfng\/khs DAY adught

herein. Thi ﬁnte%@fu%@lanmafneﬁsspr@r BeeminRritos or Balimyarsouap paMAstivhear ei n a dry
powder for articles, such as polynucl eotide or

pol ypept i dglﬁﬁg&f\lag? %rgte'"éit"’%vaé'itgé’?"éa%g'ﬁjed to high speed within a helium gas

jet generated by a hand held device, propelling the 5 particles into a

target tzb$|81|ur% tibatment RIS twill ﬂd’hf@iﬂ@éﬁi@&arﬁﬂﬂfzﬁnﬂﬁg upsrRel sige Bid spbb&&NA based
vacCl ne W

adm ni,stered f 0 th e vant base
f or mul at i onpat'gfilﬁ"fmg}?g‘th' r3"E¥Bo 8‘3%"!‘%{" ac"i g%ﬁ%?%?r{ o 'ﬁ&%@ .]1,09‘ ver yHof the DNA
construct badminisigrsd, othe gpele | of| adseinistation. v‘b‘?;PO(PE@ﬁ nd dOﬁ? f AR UvBY to t he

neans of Vldoﬁlpouﬁmtﬁea ah® TtheP &S Mot Wuid be dppaat ©f a ae@Dwietiadl- based
syst ens. 02{13 suitabl e viral -based systens of DNA delivery include

retrovi raI "Giral, adeno-

Within further aspects, the present invention provides methods for stimulating an immune
response in a patient, preferably a T cell response in a human patient, comprising
administering a pharmaceutical composition described herein. The patient may be
afflicted with lung or colon cancer or colorectal cancer or breast cancer, in which case the

30  methods provide treatment for the disease, or patient considered at risk for such a disease
may be treated prophylactically.

Within further aspects, the present invention provides methods for inhibiting the
development of a cancer in a patient, comprising administering to a patient a
35 pharmaceutical composition as recited above. The patient may be afflicted with, for
example, sarcoma, prostate, ovarian, bladder, lung, colon, colorectal or breast cancer, in
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associated viral, herpes viral and vaccinia-viral basgg Noyehhes 2006 anot her

preferred enbodi nent, the protein adjuvant base formul ati on and DNA based

15 vaccine nay be co-adm nistered at adjacent or overl apping sites.

Dependent upon the nature of the DNA vaccine fornulation, this can be

achieved by m xing the DNA and protein adjuvant fornulations prior to

adm ni stration or by sinultaneously adm nistration of the DNA and protein

adj uvant fornulation. 20 The treatnent regine will be significantly varied

dependi ng upon the size and species of patient concerned, the anmount of

nucl ei ¢ add vanich c=e toednethods providd ieatmenbioplbs dibease, or palientriosdidereddt rigkier r out e

of adm nistratiqn,. f any adjuvant conpounds used and

ot her fact orsL%ﬁPgﬁgﬁlﬁ%gggﬁ%ﬁg%ggt%%&a skilled nedical practitioner.

25 Wthin further aspects, the present invention provides nethods for

stinul ati ng amhd greasntanvenisfotheeprovides, withiniothet asppets nethals fpr empviegiuinoyresponse

I n a human spatd,epbm 2 GRIBCELRRe, &%ﬁéﬁdg%oﬁ:%btm? aBidipREIMGAFBIELI & cefORROS| ti ON

descri bed ﬁerel n. The $at,|ent nmay be "affl %,c eﬁ W Eh IHE% or co{?on cancer

or col or ect al SRegfically reat with  galypeptils oEthe PrefpliYaCFion, Wagreln (e Sty oheMREHY br ovi de

treat ment f or istdedordied eadar, conditigpatane fitr actimes suffnient] tcapermit dihe feoroval wElkells di sease

may be treat ed REQR M BioleinGrdid tHe safiplehi N further aspects, the present

i nvention provides nmethods for inhibiting the developnent of a cancer In a

patient, conprising admnistering to a patient a 35 pharnmaceuti cal

conposi ti an awithie clatesichspdntsy methddscargprovidadtiorinbibitivg thefdeldlenmedt afatchncef or

exanpl e, sar CopRienPERRa Sofi 8 bioldgiAGampie|t@Bted 6O bigkcRssal or

br east cancer?BiﬁﬁnP?ﬂ 3%{‘1 a(\j/@)r@gilr%g%s aﬁé’mﬁi ch CJgase tEe nmet hods provi de

treatment for®PKe di sease, or patient considered at risk for such a

di sease may be treated prophylactically. The present invention further

Er 0}/' des, | W tlhétﬁoﬁtal‘qur%_? PeGbey, wiff?idﬂf(%?'ﬁspﬁa&!&, gér%ltmmmmg Fﬁd)é’ﬂéuglﬁandiﬁgtﬁéll:’tli_s f lrf)m a
i ol ogi cal__sanpl.e, conprisin ontacting .a biological, samle W. cells

Chat speds 1 BRFIG/oT SEOPeRICE R B8 RERopbEiae Breen SredBRY Bnihingn

wher ei n the swremrebf: @ patypeptige as desgarel bavgl (il @ dolynusisatiet engedindzayeh for a

tinme suffici eRiypbidg®edrdiol (i) Eh ARIGENY preséilinC il that XsRERSSSuBY atddGpddtias;ei n from

the sanple. 10 6\“ hin rel Fed aspegcts, . met h &-S ?rq Pr oyl geéj ;os{onloplfn biting

t he devel oprre“f?f’e’ocp“%{t'c’éﬁﬁﬂg °rlﬁ‘ﬁ'meé‘”'ﬁ%?'\t é"n‘fe,""‘g fPTdpieg 209R5 HPEPRP NG to a
patient a bi oletiyileddtedsheghlpepulations eahpasingdeeslis priseated anrpswrivedeiomd s aliP e

further pepVviggQthedW thin other aspects, for stimulating and/or expanding T
cells

Within further aspects, the present invention provides methods for inhibiting the
development of a cancer in a patient, comprising administering to a patient an effective
amount of a T cell population as described above.

25 The present invention further provides methods for inhibiting the development of a cancer
in a patient, comprising the steps of. (a) incubating CD4+ andfor CD8+ T cells isolated
from a patient with one or more of. (i} a polypeptide disclosed herein; (i) a polynucleofide
encoding such a polypeptide; and (i) an antigen-presenting cell that expressed such a
polypeptide; and (b) administering to the patient an effective amount of the proliferated T

30 cells, and thereby inhibiting the development of a cancer in the patient. Proliferated cells
may, but need not, be cloned prior to administration to the patient.

According to another embodiment of this invention, an immunogenic composition
described herein is delivered to a host via antigen presenting celis (APCs), such as
35 dendritic cells, macrophages, B ceils, monocytes and other cells that may be engineered
to be efficient APCs. Such cells may, but need not, be genetically modified to increase the
capacity for presenting the antigen, to improve activation and/or maintenance of the T cell
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15 specific for a pol ypeptide of the present inventi 30 Nogesmbes 2006
contacting T cells with one or nore of: (i) a polypeptide as descri bed

above; (ii) a polynudeotide encodi ng such a polypeptide; and/or (iii) an
antigen presenting cell that expresses such a polypeptide; under
conditions and for a tine sufficient to permit the stinulation and/or
expansion of T cells. Isolated T cell populations conprising T cells
prepared as descri bed above are also 20 provided. Wthin further aspects,
the present invention provides nethods for inhibiting the devel opnent of a
cancer in a aonentty have Api-usbreifectsl memiesindioi tadetimmangrgicalyrromegtibleffiGct i ve
amount of a (o GELLeRAP YhAhbPALASpRERS) ABES maP M RralBe IhSledfi@S 8ijtorbnvent i on
further provides nethods for (Jnhl bi’ |nﬁ] ihe devel.@%gpptt of and(@%gr In a
patient, confff¥pPHyciegiafiids gad grgans,inguding lymor aad periuiaral Ussiiss 3 T cells
i sol ated f rauoleagopsakilagateionkinpeneiner mnogeneiece. (1) a pol ypepti de di scl osed
herein; (ki) a polynucleotide encoding such a polypeptide; and (iii) an
antigen-presenting cell that ex ssed such_.a po tide: and.(b)
S o ot b § G R RRetn b Beter, BRI Gr R B pRRGRL | 1 5
cell's, and tthereftns antigenipreseniigy tile Bendstiopeieate ighapalenh ABES (Beneeeeagat i ent .
f[]O' ! fff at fdangeétéiﬁn&ad!%{ur@yéz:ﬂ%%.W@ba)d&e rﬁb@ﬂf&l‘t ﬁl!bluﬁ)!'to b eﬂamt sbevenbskr ation to
e patient. According to another e iment o is.inve
i nmunogeni ¢ ‘3’5?’&5%‘?4 Pgﬁva”'dg’% Eﬁcﬁ'ﬁ%d’rqr'}gﬁ%ﬁ“ﬁ o iheﬁa@faﬁm\?ea 8‘8“‘?5“‘5" ur%@’sfséé\gn a
anti gen pr esemmamgneed Levy(AWRGEYY, Medi :58%5293 5999k it gpneral, deedrtie cellymay ophages,
i D‘éi' ! g 1 En%f?dérﬁﬁecﬁ@gseat&ﬁfheig%icﬁl EHgaé EBhted B lailagwnleersdaédtcgtobﬁgrﬁiéf i ci ent i
. Such cells . phut need not, be genetica . rease the
Capaci Ly f orPrsFaea GEPHER HBBE Ak ineP by fepistR. kbedtosid irbibat Biadis
mai nt enance with higheffifieney|and theiatdity tavtivats apive Doel resnsasesn Bendriticcefisipay.
anti-tunor efbarie bﬁ@ﬁ irﬁ@rﬁarfdié fesd Shebific wmzu’APCsmb@@eﬂa:bloyngmﬂaga&t!akd fotvm' Ej hf the
receiver (to., t che apl ot.ype). ol at e rom
iy of - a13 vaPIY SRR LIS arioHY Hrere e g qud Tl o GRoad 20 T
peritunoral contsmpleted kyrtte meeyent énvendign.olAsgaiu 8ltermstiveo edraridtic @i gasated or
xenogengi c %&iézési ?rﬁiggeibbﬁ'd NieRdriBé 8415 %gﬁ@@édf \rE iy 66 ubdEwiines edticiné nv?alnt i on
use dendritic S, Qr. progenit gl as antigen-presenting cells.
Dendritic céfﬁfe?té?gg' iabma\g‘g"p’g?‘%%t[—’é‘k %(gggncher eau and Steinman, Nature
392: 245- 251, 1998) and have been shown to be effective as a physiol ogical
igj $}/ant 2d oroeabrgeiaehsngndob@@émraertaymewbtaid&erfaﬁeuégripaeragﬁgdaulmnfe mmn: ty (see
i nrer man and e nn. Revy. , - : n :
dendritic CEVT%F"'P@S?WQO?%'&‘?{'F'(‘P%% %553@”%%;%%' riyr@pf}pl?gg?. %!?gge&z@t ellate
in situ, w tumbiigal kkerd bippd opany sthrosuitabledisaunse uid o EpfcpxarhiRle \dendrlig Al Meh vitr o),
their abilitog dif@renfididd sMvivolbly Q6@SSa admbirRliGSe RYtoliisi sgeas GM-CSF, IL4, IL-
13 andfor TNFa to cultures of monocytes harvested from peripheral blocd. Alternatively,
25  CD34 positive cells harvested from peripheral blood, umbilical cord biood or bone marrow
may be differentiated into dendritic cells by adding to the culture medium combinations of
GM-CSF, IL-3, TNFa, CD40 ligand, LPS, fit3 ligand and/or other compound(s} that induce

differentiation, maturation and proliferation of dendritic cells.

30 Dendriic cells are conveniently categorized as "immature™ and "mature” cells, which
allows a simple way to discriminate between two well characterized phenotypes.
However, this nomenciature should not be construed to exclude all possible intermediate
stages of differentiation. Immature dendritic cells are characterized as APC with a high
capacity for antigen uptake and processing, which correlates with the high expression of

35  Fcy receptor and mannose receptor. The mature phenotype is typically characterized by a
lower expression of these markers, but a high expression of cell surface molecules
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with high efficiency and their ability to activate nai \30 Noeéhber 2006nses.
Dendritic cells may, of course, be engineered to express specific
cell-surface receptors or ligands that are not 15 commonly found on
dendritic cells in vivo or ex vivo, and such nodified dendritic cells are
contenpl ated by the present invention. As an alternative to dendritic
cells, secreted vesicles antigen-|loaded dendritic cells (called exosones)
may be used within a vaccine (see Zitvogel et al., Nature Med. 4:594-600,
1998). 20 Dendritic cells and progenitors may be obtai ned fron1PeripheraI
bl ood, bone nagspemwible foru el 2¢iFatipe pephi asplasel pad cipssr l| Ml pdiiesion molecules
tissues-infil tgqt cogs el €511) laydpbstimERS, magduRe le.g.5 KDAY, CRBUDICDBE ahd ¢or d

bl ood or any qQLEEr suitable tissue or fluid. For exanple, dendritic cells
may be differen*iated ex vivo by adding a combi nation of cytokines such as
GWCSF, IL-4, IL- 13 and/or TNFa to cultures of nonocytes harvested from
peri pheral sbl apds mAl bekaraly bk @rhisfeca WilR3papacdidotideofans inserian Y@ pbaicn br om

i ph | bl gpd, umjili i i
per et LG, U bl 520 S BARER  cl, oer

differentiated ( | _ medl um
conbi nat i ons &ereoggiegmessed pn the cothgugfaceciSueh trangfasign meptke pigee 95 Wond98nd/ or
ot hfar f conpoun@fdihadetiiakl tdmsbasifon etj:ripfiﬁmemdga&ain@memﬁéiur.aay @ien aedused for
proliferation [ 1] . AR re. |.e y
categori zed a?gIaF%% B}fééega%sghésr%r%%eﬁ&ggﬁgef‘“és"]'a%ﬁcah&englfﬁg\\g/\\e/sapg&ﬁs&?err%%tle way to
di scrimindfe el erdite Nepthercanigenchrasentingcell e ohey prcainistereg, i deRatienty s
nonmencl at ur e rBaIHgON EradsidetonCtist Tcture th vivo. gix eivaiakel el vivopisisfettion of térdritivedi at e
stages of dif tiafl I j b r i, 4ed as
APCwi th a hi 5-‘?%;5‘%‘35%'3}%%9"%%'? ?§g%mn R (oo s meod ol IR )k
correl at es wi thihesesleprriger B YYR 8E4494h opthe gsnerqup aperpashdseriberiby st &l-
recept or. Theinminoogy JHdeaiDByipgy 1545610, 097, \Antdeanasding of dendritteycells mdydeer

expr essi on, of A | 4 ' f I :

ol cout ea 1 3o* 8 RELyTRUbn gyihlc Gucbidbogiidh G5 WA UG e bR R |
class | and cinaked 9r wilhinca RiRsAics vesterhel BEOY &5 wity @nligen-exrgsging TRCamBINgft and
cost i nmul at or ybawterias Wt eifusée (.., vatiiM4) , foldiB) adeobfiGs anintvirusl $4kB9). FrioreCs nay

general | y be LSRGl tkatid RafoPBbARHE SRS Bfan NEuRGNFRY! hafied s POT LI On

or other varrant t such that the e ) Eo@yﬁep | or an

i munogeni ¢ pPYiIFes T cel hlp @k a GauiepRpiprules Ajtepitivelyea Eerfdriticgaf may Be Pulsedh,

transf ect izon wity atrakeonligatzd iexnunolvgical aarthen seplratelyagreint the gireseosepoSihiei on
conpri si ng su&@ g&,ﬁ isfected cells may then be used for therapeutic

pur poses, B "Bed herein. Alternativel y, a gene delivery vehicle that
10 targets a dendritic or other antigen presenting cell may be adm nistered
to a patient,Definteusting in transfection that occurs in vivo. In vivo and
ex vivo transfection of dendritic cells, for exanple, may generally be

performed using any net hods known in the art, such
25  Also provided by the invention are methods for the analysis of character sequences or

strings, particularly genefic sequences or encoded protein sequences. Preferred methods of
sequence analysis include, for example, methods of sequence homology analysis, such as
identity and similarity analysis, DNA, RNA and protein structure analysis, sequence
assembly, cladistic analysis, sequence motif analysis, open reading frame determination,
30 nucleic acid base calling, codon usage analysis, nucleic acid base trimming, and sequencing

chromatogram peak analysis.

A computer based method is provided for performing homology identification. This method
comprises the steps of: providing a first polynucleotide sequence comprising the sequence
35  of a polynuclectide of the invention in a computer readable medium; and comparing said first
polynuclectide sequence to at least one second polynucleotide or polypeptide sequence to
identify homology. A computer based method is also provided for performing homology
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as those described in WO 97/ 24447, or the gene gun agpMNmemigesilthed by
Mahvi et al., Immnology and cell Biology 75:456-460, 1997. Antigen

| oadi ng of dendritic cells may be 15 achi eved by incubating dendritic cells
or progenitor cells with the tunor polypeptide, DNA (naked or within a
plasm d vector) or RNA, or with antigen-expressing reconbi nant bacterium
or viruses (e.g., vaccinia, fow pox, adenovirus or lentivirus vectors).
Prior to loading, the polypeptide nay be covalently conjugated to an

i mmunol ogi cal partner that provides T cell help (e.g., a carrier

nol ecul e) . Aldegtificaipn.\seidymetizpdcomdrisingi the steps ofniergvidieg p (itst pelyPRplidgisearence

non- conj ugat %Qmﬁngnymls@ajeﬁ&l ofl%é}:rotyﬂ%ﬁde &%aﬁ@hwnyneu;omasutérheadatm@&@m of the
pol ypepti de. finiti ti

| NV ods for
t he anal ysi s? CWPé'F'%faédr ”§§Wé’ﬁ@'€§ 58?”""‘?“? |9{nées? e Bart %Ehdl &%%&t’m&w
sequences or peyrepiiedequentedp idertibofioatioass. Preferred nmet hods of sequence
anal ysi s isncl ude, for exanpl e, methods of sequence honol ogy anal ysis, such

dentit |
analysi s, sooiteeat ookt nine A8 pidkedoeng baliett o BB plebile SMERELE, | o
open readi ngmrcanpred@bretrcfephWtsemncesas thecees reayakfdaa)%%mbaq' by sogpaEg dtn usage

ana: ysis, nUQéqﬁédé?@CIh GhePa6 Qdéngngfmamﬂaan@nﬂ dBGRE AN §qdBncerbIbL TN Bstasanpe ak
anal ysi s. er od is rovi
ot {1 cat GRS or AP Sedtas Siiptcss, BE Pt Eind o RELLERILDGy DAMRA0Y |

pol ynucl g6t i brtwesecgtieaeef se@mum"'@m@fs@q@eﬁ@éﬂy @GUBP"&W}B@H“SM%'FOG& i de of
the i nvent i ORcidihgPout RETRkikeRI o ﬂﬁ@éjc&b&rﬁed"ﬁﬁ@@dmﬂutawﬁl ROERAr B Absk, AM. St

pol ynucl eot i d nce to at n e

pol ypept i de %agqueﬁfg%rf'vers'w (fa e ﬁgﬁtggﬁbﬁga% %%g\g’"c’ﬂﬁp%r}%}"%%ge%%ngéwmg is al so
provi ded f or Pigigets.o Bmitth P Woned- oggademe %@SSN&%%@F %36 Comadr APANSEt Plon, sai d
et hod conpr s&jubkitetdegs, Hak P.SGiMin, A.NLJ &ndi GHIMY HG. { édss Hupahy priss,INb Jeesgyence

Compr i si qg t %4 S Hgn%g %\nglf s;sa in ﬁf%p’e\é&gr? c#nl&:?s\?)fn l-}e é n%@%}el'n%réé ?989%%“ er

readabl e ‘fredi'im sal eﬁ uence to at | east
one second p@?qymfélﬁé'é’d’w%l@”fd?ﬁ Gp@!‘?"péﬁo?i“ﬂ@‘@éﬁﬁ'ﬁ cedsy M 58’ N Preshdieyl ogy. 5
"ldentity, " Wk kisonWnardnCArle, K brd Lipméh, B SIRMON SAppledo®hibe 618: 10¥3 (0888HDI €

Pol ypept! de BSRUENGCSidiine! W) oIO4SIGRAY WDUEL SL st SAURT S8eeret e C208

may be, erm ne ntity"
al so rreans t%uwtéﬂe%f“ﬁ%@!{%ﬁ'@@*@ %&t@mwewnm%mfedm%wﬁvw fkleor
pol ynucl et i énpaledpRgeas. Edmpher Fragem Waythdae, toadetehdineridentiydbddyeehhiomat ch 10

petween S 1| 1gger@e MG BRANCAR Rfited 1d HEEAS Yroofsflin B EE8 Hdgkonf Blckageat ed by

known net ho escCri
( Conput at i on@P"emb‘P‘eéuleéra -BiNgtIeg Acids diggeargh [(£(1): 387 (1984)), BLASTP, BLASTN
(Altschul, S.F. et al., J. Molec. Biol. 215: 403410 (1990), and FASTA( Pearson and Lipman

Proc. Natl. Acad. Sci. USA B5; 2444-2448 (1988). The BLAST family of programs is publicly

25 available from NCBI and other sources (BLAST Manual, Altschul, S., ef al., NCBI NLM NiH
Bethesda, MD 20894; Altschul, S., et al., J. Mol. Biol. 215: 403-410 (1990). The well known
Smith Waterman algorithm may also be used to determine identity.

Parameters for polypeptide sequence comparison include the following:
30  Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970)
Comparison matrix: BLOSSUM62 from Henikoff and Henikoff,
Proc. Natl. Acad. Sci. USA. 89:10915-10919 (1992)
Gap Penalty: 8
Gap Length Penalty: 2
35 A program useful with these parameters is publicly available as the “gap” program from
Genetics Computer Group, Madison Wi. The aforementioned parameters are the default
parameters for peptide comparisons (along with no penalty for end gaps).
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ed., Oxford University Press, New York, 1988; Bi ocorNomgmbenf2006nti cs and
Genone Projects, Smith, D.W, ed., Academ c Press, New York, 1993;
Comput er Anal ysis of Sequence Data, Part I, Giffin, AM, and Giffin,

H G, eds., Humana Press, New Jersey, 15 1994; Sequence Analysis in

Mol ecul ar Bi ol ogy, von Heine, G, Academ c Press, 1987; and Sequence

Anal ysis Prinmer, Gibskov, M and Devereux, J., eds., M Stockton Press, New
York, 1991; and Carillo, H, and Lipnman, D., SIAMJ. Applied Math., 48:

1073 (1988). Methods to determne identity are designed to give the

| argest match between the sequences tested. Mreover, nethods to determ ne

dentity arepgadified i Bl el AVA | ADL fe RoRgPUt er programs, Comput er

pr ogram met hB sequences i ncl ude, but
are not | i ni fAlaefithny Neptiemanamnd WupsihedrMorBiel A8 #4353 19dPlam package (Dever eux.
J., et al. blblﬁdaﬁk(fh rmixdmaaas@amhm&aéw) 0387 (1984)), BLASTP, BLASTN

(Al tschul L: Pé%taltya{g) . Molec. Biol. 215: 403-410 (1990), and FASTA(
Pear son ahd Ep Natl. Aced. Sci. USA 85; 2444-2448 (1988). The
BLAST fanmi | yG@ﬁLeﬂEfb@’F%ﬁ% 3s publicly 25 available from NCBI and ot her

sour ces ( BLAWAildRasalThe AjdbSerBarhm from Geaétlcabompmrow, Mablséh wBeTHees g2, MD

20894; Altsc : | s 215: 403-410 (1990). The wel |
known Smit htn ?’%@r‘%&’ﬁﬂ‘t&fegsé?ﬁ'}”ﬁ'%%@”a e used to determne identity.

Paraneters for pol ypepti de sequence corrparl son include the followi ng: 30
Al gorit hmg I\leadteerawf\emr@ dfidsreity” fod polyvatiedBitesl and pBypeptdds Afs3he G35 Mpy be,

Conpari son B‘Jﬁ%‘e"%ﬁg“%kﬁwm Heni kof f and Heni koff, Proc. Natl Aced.

Sci. USA. 89: Gap Penalty: 8 Gap Length Penalt 2 35 A

progr am usef® wPelnucRetide eﬁ‘&?"d’ﬂﬂt‘*’eﬁ“éhef inclydain 'eq'*g}e%mquslg?tee SRMATEE @ g5

program fr omolyﬁaﬂmtnquma@mmg aOesst p 50,NA0T0 60, 88! 90, The7atf d0askridantitytned

paranet &r S o 4&&2&4&& s PRI Yeb TN RS 1HR 40 RRAd, SRl 36@NG W LN
er

no penalty fo en aps Par anet er s
pol ynucl &bt |R9l¥"'¢<‘éﬂ9t¥g?ﬁe§'éﬁ'?°? Fay briidentipal tg wt'zﬁ/ﬁeﬁ@e"c?\f@a?n%ﬁ?ﬁsﬁ%%h‘%ﬂan and
Winsch, J. NoBESIIDNO: %&r mégd Breldd8un th 2 Z8ntain iDleger anmbarof nedeotide altemtioses = +10,

n1 snat ¢ h % ﬁ@ Pe#etré(nce g%%pme gh & 9@?&1 Blys ar§ sENAdd R e z@ﬁ:rup The

"gap" program rom oup, W. These are
defaul t par SREYEPG qfo?‘ 'ﬁﬁﬁ!l @!ec"'éﬁ’,‘i“&’ecgﬂf)‘!ﬁ’fﬁ §6th"§‘“"‘t"o inelugings {gansitipp r?@%nl ng for
"identity" ftanrsvealownsrdhsedion,ded whedinpmidygeptiordasay asurt dighecdop Shriwymiad

20 positions of the reference nucleotide sequence or anywhere between those terminal
positions, interspersed either individually among the nucleofides in the reference sequence
or in one or more contiguous groups within the reference sequence, and wherein said
number of nucleotide alterations is determined by muitiplying the total number of nucleotides
in any of SEQ ID NO:9 to SEQ ID NO:186 by the integer defining the percent identity divided

25 by 100 and then subtracting that product from said total number of nucleotides in any of
SEQ ID NO:9 to SEQ ID NO:16, or:

Np<Xp=(Xpey),
wherein ng, is the number of nuclectide alterations, xp, is the total nhumber of nuclectides in
any of SEQ ID NO:9 to SEQ ID NQO:16, y is 0.50 for 50%, 0.60 for 60%, 0.70 for 70%, 0.80

30 for 80%, 0.85 for 85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1.00 for 100%, and ¢ is

the symbol for the multiplication operator, and wherein any non-integer product of x, and y

is rounded down to the nearest integer prior to subtracting it from x,. Alterations of

polynucleotide sequences encoding the polypeptides of any of SEQ ID NO:1 to SEQ ID
NO:8 may create nonsense, missense or frameshift mutations in this coding sequence and
35 thereby alter the polypeptide encoded by the polynucleotide following such alterations.
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are provided in (1) and (2) below. (1) Polynucleotide 8oOiNutiembrer 2006 t her
I ncl ude an isol ated pol ynucl eotide conprising a polynucleotide sequence
having at |east a 50, 60, 70, 80, 85, 90, 95, 97 or 100% ldentity to any
of the reference sequences of SEQID NO9 to SEQ ID NO 16, wherein said 15
pol ynucl eoti de sequence may be identical to any the reference sequences of
SEQIDNO9 to SEQID NO 16 or may include up to a certain integer nunber
of nucleotide alterations as conpared to the reference sequence, wherein
said alterations are selected fromthe group consisting of at |east one
nucl eot i de de{;ﬁ.,b ﬁ,exmfalﬁolyﬁddéﬂhdel daGlerel ¢ thel présesl ifiieationand betidedlksV®r Si on,

or i nserti on. 31 WELELR 381 led LN RO LYW et I Ty o

termnal 20 p%ngl% I ons O erence nuc sequence or
bet ween t hoseidetiedti erail ma!p&ﬁwq Bhio aicptain HisesrsRENdEN ?leéﬁc'eicrﬂﬂd\ﬁ"&ﬁ‘éi‘{”lsyasarrong
the nucl eot i dasnpaiedibehy Riedren GeqUERCHISIRE Ghat Qtie petcenn éleotity NeDlees danti0guoUS

groups wi t fi nlfitgnt?@t rs%ghegltgﬁﬁ%s%?e%?e@fég frgﬁﬂ%lﬂ\ﬂ{b? rcﬁl"\y %tllgﬁkf%i |EQ% Bgﬁe hucllc acid

nucl eoti de” al nunber of
nucl eoti des {alptigmysubstitutiFrgyinciadingDtransitign SEUWBVWMF iertione apch wBefalP sals i ni ng
the percent igertibdsymsl vicdesa B8 Dyr 30@maindl pbéins Dbl ler @tsrénog pblhra.tclepﬁdaduct

from said totgl, i %m?alﬁ%%é%%&ﬁ%'ﬂ%gg rfind g/c}.;.méns. infe defdedGliby i

NG 16, or N nn € nunb nucl eot |
al terations, @(W‘P”Béhet misleicacids mipiseipreeme W%?r inoge th%wnfeﬂw@a?qp@ NO: 9

to SEQ I D1(NO vifhin tie referéhch Qeduaniced R nibnbeDoff rutieic @l alerd®né tor a7din porc8® 30

for 80% O0.85 %"ﬁé( 158d59rt{%m? [f% rf'nﬂtg?ey%ﬁuq.e t&al%mf)&rof ARic é&mé’?n dnor %df/ 0:4- 00 for

100% and is I'1'cation_operator ere| n any
non-i nt eger ptPo'iﬁﬁH OP: 18 rPyalhe) injeger gefm@aﬁ%aermeﬂfsv FH@G‘?@W@%?"‘? fe8ger
prior to subtsubedctimpthattprddiuctfiomsaidtbibmaibeos wudébic agidd oy bESEQ dENOEtaences
encodi ng t he %wqégps of any of SEQID NO1 to SEQID NO8 may create
nonsense, mn ssense or 'frameshift nutations in this coding sequence and 35
t her eby al% er™ntshen ritﬂ'ylﬂ-ept i de encoded by the pol ynucl eoti de foll owi ng such

al terations. vhh%?e .M%meérozﬂ&fﬁe.cémaf@rxsn&g ﬁ%@fﬁ@'tcﬁal nBmbk oY Rtk cBRids de

sequence of t dsent I nvention may be identical any of the reference
sequences of ISHQ qfﬁEﬂl@ HOto SEQ I NONG: W s, fort ipriance 8.79 fOf el B0 ferf§sk, 0.85

i dentical, orgpd és%rf@oé L%U@ﬁnmf&%e%@ﬁﬂléaabmowﬂét&g% ﬂﬁ%ﬁﬁnﬁﬁonﬂﬂﬁé&l c acid
al teratlons as to t4ﬁggre er.ence sergﬁruenc t he percent

identity is Ipé%dé'dt"ﬁ “fGO’%%" o 1P e negres] INSRIeLRrgr § °3Ht2m§‘|‘"8 'téré’fné‘et ed from

t he groupyconsisting of at | east one nucleic add deletion, substi tut i on,

:atlntc Llrjglt Pgntsr ;I E)C%ﬂ’?p af t r d "%'\éﬁ%f‘lu%er t"?acrlurci|1Ie gése'rsglgggtp o@ﬁgpt%? ﬁgﬁ& éf erence
pol ynucl eot i @elw%@ﬂjm @trle@ﬁﬁw\ﬁ%ﬁ% e Bledh @h@@egf F iRl 'd%% o B8RS,
i nterspersed pgiybdpade ieffknté dbtilehds of any of SEQ ID NO:1 to SEQ ID NO:8, wherein said
polypeptide sequence may be identical to any of the reference sequence of SEQ ID NO:1 to
25  SEQ iD NO:8 or may include up to a certain integer number of amino acid alterations as
compared to the reference sequence, wherein said alterations are selected from the group
consisting of at least one amino acid deletion, substitution, including conservative and non-
conservative substitution, or insertion, and wherein said alterations may occur at the amino-
or carboxy-terminal positions of the reference polypeptide sequence or anywhere between
30 those terminal positions, interspersed either individually among the amino acids in the
reference sequence or in one or more contiguous groups within the reference sequence,
and wherein said number of aminc acid aiterations is determined by multiplying the total
number of amino acids in any of SEQ ID NO:1 to SEQ ID NO:8 by the integer defining the
percent identity divided by 100 and then subtracting that product from said total number of
35 amino acids in any of SEQ ID NO:1 to SEQ ID NO:8, or:

na S Xa - (Xa . y).
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anong the nucleic adds in the reference sequence or i n30N»vembwr2006
contiguous groups 10 within the reference sequence. The nunber of nucleic
acid alterations for a given percent identity is determ ned by nultiplying
the total nunber of nucleic acids in any of SEQID NO9 to SEQ ID NG 16 by
the integer defining the percent identity divided by 100 and then
subtracting that product fromsaid total nunber of nucleic acids in any of
SEQ ID NO9-to SEQ ID NO 16, or., 15 nn5xn-(xnY). wherein nn is the nunber
of nucleic acid alterations, xn is the total nunber of nucleic acids in

any of SEQ | Quh\gelg %% tl%igrﬂba' c?ﬂ@nlnla@ud)éltdrﬁlonsf Q}; isltﬁhslbﬁnﬁﬁlb@r Ff@mirracid®fy 0. 80
for 80% for 85% etc. licat]

oper at or, andsﬁ\ﬁ%éﬁ’ SO, 2risy0-Bibier ?% éb@rfor @/@SJE{‘”JPA’X?IB%WHS % &8% 'i?ﬁﬁ?f’éd down

to the nearesb.od Rir &g/ ops IdBfQS%OO 82 ik 92%, tor ng:oufdsr foo@aMande is28e E@boPR Yheept | de
enbodi nent s fur

an isol at ed o r
pol ypepti de hrg\l}il'g]'cat'é)f' o'f'eragrt ana V?Bregf ny?ﬂ” ’§ B@Q&h g@‘ agxg?: %é’b ?8‘6%0
identity te theneqne)sltyumga‘tpndeosLmirecmegmeorseEquence of any of SEQ IDNO 1 to
SEQ I D NO 8, wherein said polypeptide sequence may be identical to any of
the reference sequence of SEQID NO 1 to 25 SEQ ID NG 8 or may include up
to a certain Bywagdexampiehe polyfepiideisnqueneicd! Hletpeasantiinypigion gay be iggaiicelde the t he
reference sequRRHEe s¥fIeh@i & aaﬁlodsgbt:grm h e SEQr® Kekether if magok eowr oup

consi sting of, eas E%% E&@@éat'? 1§% SCGB@? l?tgPro EumbseUb Ir'niFu%I atcigr.!-:iltenjapocf\g%g' ng

conservative écqu
sai d al t enét |@rmar|¢éyo decigferenpe ﬁmem sugh that lf@a@%@?}ayﬂ?@tmsnlﬁ‘f‘s B@@ﬂf’%ns of

the refer enchmiyy BaEH an@@t.&@&mtee Erommévm&rpecom.w@mt Hastidhe amireeidi nal
posi tions, CE?EH% 5 QSﬁtuthon el ec%r}gl crég%e\é\’ag\%ﬁa{n é oonsé:’vattwe su%n}t@%na&'irﬁgmbrp the

reference seq réf erence
sequence, arahdwiheres ssidsatietiong miryrocedr ah e moingc p@wa:tossewermn@i wesitioys gether mi ned

by nul ti pl yl Nefefe&: doRbaitide Etld]i]&%é opényﬂﬁar@@em%se ferrAiRyl poditiohk @térkpeddl to
SEQ 1D NO é(th%'tifdwlcﬁ?ﬁg?mﬁlge%%grlnﬁ acﬁg in ﬁ%g %fgrfaaﬁe s%ﬁ r%wé %rg‘l' 4 dS’rdeX 100

and t hen subtra rom sal 5 am no adds
in any of SEQ@oMDUMSaroups wilEIhe refeiendg seqtencen Bramumbgiof pminezcg@irglienfltr 2006
vv]per ein na i s §iie NudEREy isCdetsiilinBd b Mulipighd e Adthl MMmberXdl ah’?‘totd&ﬂs tiroaral ofnu][rber
of am no aci 0 for

70% 0. 80 fo?ssféo' N(gngéérao'wﬁé%)’%h “539’%%?'1'@6’3% 9‘*5895@"‘?@'9‘? ‘@@67? 9@03% dor oo
or 1.00 for I’GRD%UbWQ th@;prqﬁecté'ym@lﬁ tgte) numbgs of srine F?ﬂ%‘&&f‘!?fr?ﬁ?p'@r'ﬁ? br, and

wher ei n any n@gEQmﬁg@[orproduct of xa and y is rounded down to 5 the
near est |nteg1er ’PI‘IOI‘ 50 subtracting it from xa.

wherein ng is the number of amino acid alterations, X is the total number of amino acids in

any of SEQ ID NO:1 to SEQ ID NO:8, y is, for instance 0.70 for 70%, 0.80 for 80%, 0.85 for
85% efc., and e is the symbol for the multiplication operator, and wherein any non-integer
25  product of x5 and y is rounded down to the nearest integer prior to subtracting it from xj.
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By way of exanple, a polypeptide sequence of the prgpdidvenivan20®n nmay be
identical to the reference sequence of any of SEQID NO 1 to SEQ I D NQO 8,
that is it my be 100% identical, or it may include up to a certain
i nteger nunber of amno acid alterations as 10 conpared to the reference
sequence such that the percent identity is less than 100% identity. Such
alterations are selected fromthe group consisting of at |east one am no
acid deletion, substitution, including conservative and non-conservative
substitution, or insertion, and wherein said alterations may occur at the
am no- or caghRXkgdfm nal positions of the reference pol ypeptide sequence
or anywhere betweéen those term nal positions, interspersed 15 either
i ndi vidual |y anong the am no acids in the reference sequence or in one or
nore conti climres!: Gequepse inforviafion fertfelyt/s Eeehaarast kps anednedrdaigiBel of ami no
aci dl al tﬁ{;atﬂo&?ﬁultfpférseqtﬂengi Mighmekt SrQﬁ@%cjnBéfy stfuclifl pédittioedkidaythefaitctving | yibng Lhe
total nunber of am no aci inapy o EQ, I L& HEg8 by the
i nteger def iqlli"}?be"{‘?{%g%?égﬁ?th%(%m/eipie?uﬁg\?}%dég)g %Pgﬁﬁ%%%eh subtracting
t hat producte)f2) Sstalli (Therartsah Jhetreb £1994fNugificiddren 82-4873t89): Fh§lodMaseino | D NO 1
20 to SEQ I HMRofts bl (1998 PEete(188g017-260herein na is the nunber of am no acid
alterations,_xa | he tatal n I NP .acids in any of SEQID NO 1
to SEQ ID Nd—'}'%—,’e—{rafé?“?'baﬁ}"ﬁ s 35'6‘.9%%??‘? % 0.80 for 80% 0.85 for
85% et c., arfihure 3 SeHematinairbeiire PUEPG-pR1 rid fusiqn reieiR PHFPSERSHR St GFEVS@Rd wher ei n
any non- it @gffe 42Prifdrp stHefure®i CRE-PEOTHIY fusn prateMASEQ (toMO.41 D E) Bg ng_ar est
integer priqgr tq subtracting it , 65 4 i gure
| egends Fi gﬁ%@q&.‘ ﬁge(?l;l‘gens ue?'ﬁ gr%@%‘ﬁﬁ%”r%—%@’%mh répeat has been
defined on tHodrefiaGloning$trategy fongenarationsf elagag pBAJ82H| i gnnent and secondary
structure prepgiect PREMIdTapef dRmeist@l | owi ng 5 al i gnnent prograns: 1) Mat chBox
(Depi ereux E et al. é1992 Conmput l.hC BLOSCI 8, ‘8 %%r 5C ustal W
( Thonpson J Bi%dre & Comparaiys PR “%&ﬁge’&@s@?@é?&%{g A?taf? "B '62k- Maker
(Heni kof f -SFigtread: RIdROE) BAIRS-ABHIS ¢t TY176G) tisgul scale. FpEAdrereseals he
Const r uctss (afelen pRaliity 8 EsitRdted byOSIEPAGE RENORE stdinid; FigCHBIFepresdntsGRC- p501
His fusion protein ex_eresse_d }g . ﬁarsvlaae to Figure 4. Primary
structure of"fgeEPgerivitgas eftiimateg by WesledPl: (seQ 1 D NO. 41) Figure 5:
Nucl eot i de Fegeagodirifidati@REd®E0N CACREHRHFDBRAOEY by SIS D NO. 42)  Figure 6:
doning str %g&mf@Jneﬂued?%bétﬁsﬁﬂﬁﬁfpumk%med:_ (AR NOROu-PagepoRachylail@sm d map
of pRIT1520 |$ureI . Conparative expression of CPC P501 and P501 in
S. cerevi si a8 SR 9F° Figure 9: Production of CPC P501S H'S (Y1796) at
smal | scal e Figkied2: Mative lebleagiie A50Y Stshquence (SEQ ID NO:17)

Figure_13: Sequence of the CPC-P501S expression cassette of JNW735 (SEQ ID NO:18)

Figure 14: Two codon optimised P501S sequences (SEQ 1D NO:19-20)

Figure 15: Re-engineered codon optimised sequence 19 (SEQ 1D NO:21)

Figure 16: Re-engineered codon optimised sequence 20 (SEQ ID NO:22}

25  Figure 17: The starting sequence for the optimisation of CPC (SEQ ID NO:23)

Figure 18: Representative codon optimised CPC sequences (SEQ ID NO:24-25)

Figure 19: Engineered CPC codon optimised sequence (SEQ 1D NO:26)

Figure 20: P501S CPC fusion candidate constructs and sequences (SEQ ID NOs. 37-40 &

45-48)

Figure 21: Western biot analysis of CHO cells following transient transfection with P501S

(JNWEB0), CPC-P501S (JNW735) and empty vector control.

30  Figure 22: Anti-P501S antibody responses following immunisation at day0, 21 & 42 with

pVAC-P501S (JNW680, mice B1-9) or Empty vector (pVAC, mice A1-6). A pre-bleed was

taken at day —1. Subsequently bleeds were taken at day 28 and day 49 (mice A1-3, B1-3)

and day 56 (mice A4-8, B4-9). All sera was tested at 1/100 dilution, The results for the pVAC

immunised mice were averaged. The resuits for the individual pVAC-P501S immunised mice
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15 antigen productivity as estimated by SDS-PAGE with g N§¥enibdl #od: Fi O

9B represents the antigen productivity as estimted by western

Figure 10: Purification scheme of CPC- P501-H s produced by Y1796. Figure
11: Pattern of CPC P501 His purified protein (4-12% Novex Nu-Page

pol yacryl am de precasted gels). 20 Figural :Native full-length P501 S
sequence (SEQ ID NGO 17) Figure 13: Sequence of the CPC-P501S expression
cassette of JNW35 (SEQ ID NGO 18) Figure 14: Two codon optim sed P501S
sequences (SEQ I D NG 19-20) Figure 15: Re-engi neered codon optim sed
sequence 19 (SBEQhvD. REafdsitive-taptitiesekf irorRAuSRIPIOES irftfurfiad MiceORbinE 656
sequence 20 (&byhHodR idddded> Figure 17: The starting sequence for the

opti m sati ondgf C %SEQ I D NO 23) Figure 18: Representative codon
optinised CP —%g%rcg'é' R ERIdE litay scisemesinE/CEI/6 mipa YS! at@ay Pritev2cin@RC codon

opt | [n sesl seq&&rm&‘\%mﬁ I(INVNBOR G pE;ian% ?erﬁgszfﬁtgaéﬁnﬁ&s EEM]%{[(Q]nozf(i%H ' g?t e
constructss a ug : - 40, - I gure : stern
bl ot anal y'r’si s 8%%—1%%%% g) §%§?4"§M%°T%ﬁgﬁa@ﬁ? f?Waﬁ%%"éctp FefidesuSI OB 1S
(INV680) , ~ CPErgsistefis-Smaciiy 303 Dieriforanpnd were otdened fromt MimbtopSQUR). Gamgles2Pr-
A{\/tA Ic - Eggig ?mziamayn ars (DB Gonfréld h;g/uort@pdamwm}o&%&\}.%%va;__ g@xﬁ? sgwkgz with
pVAC- Bl- ctor (p , mce Al-6). A
pr e- bl eed mimg%g%%ﬁ@'%e%ﬁ%ﬂlﬁﬁ%& Irﬁsf’rﬁ’l‘éeédgeﬂ%?sesefeﬁl?érﬁmdﬁedfay 28
and day 49 (fPRseaygntimmunaessayy areshewndmbladks (nice A4-6, B4-9). Al sera was
tested at 11F@Oredi] Cdiiliaivespbhesby SUISPOT2PBayt P50 ST G5 Ver e
averaged. Thg §1e§.yla;]%75 [} t\}}\%sﬁb?gémq%gb C%,tVAC(-}IP%‘@%gmll mTunlngglgmnrg’lt ggy 45 30
Novermber 2006 ° aré shown. As a gpb V&Y EBD AR PYAGmP (A415): Rertiss-1P501S
i muni sed ni & (8uieresetarieug/mt CPOPERN SInrdteio Was eseid BE0udiel. Glapig B sBovd3:
Peptide |i br aeyrssek s Nl jsed at day 0, 21, 42, and
70 with pvii%ﬁgﬁmso ﬁ@:&%ﬁ%gsﬁ%@e&sed at a final
concentrati on GMRerson 8f HSOLS prelPCrPERy Sq Celluiay egspenses weje 1&aBaveys
obt ai ned fr o¥2E3I$BAT. usPgptptide 22 Bbpg/Al) a'day PE. MikkeGheRTimBn R8RS by'FMB 36y
epi topes andg XA @l [1- 72 and 73-78 are
DVBO contr ol 8 and ‘ﬁ%ggégt%‘é?%h%"r 0 A?@é%f@«@%‘gcgéfﬁﬂ1%@w3@~ t he
IFN-y redbo &8 (ImuRs ApSROMSe s fiFumbonreliéeration 2o splpemsells) fdleping dpstemel ect ed
for use in immsieaioewith CROBEDIESSays are shown in black. Figure 24: Cellul ar
responses byridgkd SPET &b 7 ] PM D i | sation at day 0, 21,
42, and 70 vmlth VAC?%E%Q%Y?J‘M@J&%BQ%? d!glﬁrantp%ggﬁr%ﬂps% é:fl.llxalbept i de
18 responses were measured by IL-2 ELISPOT at day 28. Mice were immunised by PMID at

day 0 and 21 with p7313-ie emply {controf), JNW735 and CPC-P501S constructs

(JNWT70, 771 and 773)

Figure 28: MUC-1 CPC sequences {SEQ ID NOs. 49 & 50)

Figure 29: ss-CPC-MUC-1 sequences (SEQ ID NOs. 51 & 52)

The invention will be further described by reference to the following examples:

EXAMPLE I: Preparation of the recombinant Yeast straln Y1796 expressing P501
Fusion Protein containing a C-LytA-P2-C-LytA {CPC) as fusion partner

1. — Protein design

15

20

The structure of the fusion protein C-P2-C-p501 (alternatively named CPC-P501) to
be expressed in S. cerevisiae is depicted in figure 3. This fusion contains the C-terminal
region of gene LytA (residues 187 to 306), in which the P2 fragment of tetanus toxin
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22 & 48 were used at 50g/m . CPC-P501S protein was usad Naivefdher 2006G aph A
shows the IFN-y responses whilst G aph B shows the IL-2 responses. Figure
25: Conparison of P501S and CPC-P501S. Cellul ar responses were neasured by
| L-2 ELI SPOT using peptide 22 (10pg/m) at day 28. Mce were imuni sed by
PMD at day O and 21 with pVAC enpty (control), pVAC-P501 S (JNW80) and
CPC-P501 S (JNW35). to Figure 26: |Imune response (lynphoproliferation on
spleen cells) followi ng protein inmunisation with CPC P501S. Figure 27:
Eval uati on of the i mune response to different CPC- P501S constructs.

Cel lular r Q%BMOmé%a%@é‘rMﬁﬁéﬁe@th lp2%ra g&qé@m—acﬁﬁ bdﬂ?ﬁen?&e rddidi@s wer e

db h
and. GPO. PO BRE(H LT TR oo Feper FePTR g R veoc -

sequences ( FEQ [r&sids .amir@ agid 50 558) apd b th Btis tals - CPC- MUC- 1 sequences (SEQ I D

:°\|O|S| 51 & 52) Thﬁ1e' d?l\/rﬁg'tétrgﬁur%ﬂ the R@ulfnrlérfﬁmrprd&ﬁﬁésltb@ﬁqbéhcé ﬁé@ﬁlﬁﬁt’dGﬁYt o} the
ol | owi ng exa ; eparat reco eas
strain Y27969 ggﬁﬂé%‘?ﬁ&“‘%%ﬂ“”%?f%?@ﬁf 'Z?c‘&“ﬁ "‘g%"ﬁ Q’Fer'ﬂ 958 'SEP t@f‘&é P2-C- LVt A
(CPC) as fusion partner 1. - Protein design 20 The structure of the fusion
protei n G P2 C-diafldg cBatb§) fb@fthé/@én\éraﬁnam a(febstdkhid eRprefneEpCeseed in S.

cerevisiae i ur . This fusion contains the Ctermnal

regi on of gé%'eg%@h&ffg'é'&?'(?&gg 187 to 306), in which the P2 fragnment of
tetanus toxin 46 30 Novenber 2006 (residues 830-843) has been inserted.
The P2 f{agyenipel séﬂﬂb%@ﬁa!@ﬁé’%ﬁﬁv&&@rpﬁﬁﬁ%?& &Zriaéﬁl!éau&?ﬁoﬂmg@)wt A The

ClytA fragnment contain % i nsertion f | owed b¥ I50% q()re3| dues
am no aci d 31 Y5 5585 coiap HQP ¥°ﬁ§t (FJ||P§ Pragqter, “T‘ﬁéeaﬁ ?Pﬁfr RIeRIP PHRT FPR™0f t he
resul ting fusisequepcotu the ltading $rguaree wemespording de reb@deSlW to5558i 581 and t he
codi ng sequenggoeed hAHEPRMdI Ng to the above protein designis in figure 5.

2. - Coning strate for the eration of east plasmd expressing
CPC- P501 (81- Tﬁ‘S?’f’“'gﬁ sirajegy Pl P" 'é'Fﬁ"l"E‘d ‘Fﬁg’"é "?;ﬂstt?q%g material is the

yeast vewtor pRIT15068 (UK patent application 0015619.0). This vector

contains th ) YeoRle gezphte priO"Rd %semsheofy@ﬁ%éql@h&h?eo%ﬁdmuséd goaleds0di Ng
sequence an the co sequence correspond |r‘;1eg,l,rhe C-I)?tﬁ' géies 55 to. 553 of

P501S fol | gﬂgﬁ;sm}) lp“frgmg dpqlde the C-lytA codmg sequen ng sequence is
harbored by plasmid pRIT 14662 (PCT/EP99/00660). The insertion is done using an

adaptor formed by two complementary oligonucieotides named P21 and P22 into the

20 plasmid pRIT 14662 previously cpen by Neol
The segquence of P21 and P22 is:
P21 5 catgcaatacatcaaggctaacictaagitcatiggtatcactgaaggegt 3'
P22 3 gtiatgtagttccgatigagaticaagtaaccatagtgacticcgeagtac &
After ligation and transformation of E. cofi and transformant characterization, the
25  plasmid named pRIT15199 is obtained.
b) The second step is the preparation of C-lytA-P2-C-lytA DNA fragment by PCR
amplification. The amplification is performed using pRIT15189 as template and the
oligonucleotides named C-LYtANOTATG and C-tytA-aa55. The sequence of both
oligonucleotides being:
30 C-LytANOTATG
=5'aaaaccatggcggecgcttacgtacattcegacggcetettatccaaaagacaag 3'
‘C-LytA-aa55 =5'aaacatgtacatgaacititctggectgictgccagtgtic 3’
The amplified fragment is treated with the restriction enzymes Ncol and Afl Ill to
generate the respective cohesive ends.
35
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The cloning strategy outlined in figure 6 include t30 Novémweng086eps: 15
a) The first step is the insertion of P2 sequence (codon-optim sed for
yeast expression) in frame, inside the C1lytA coding sequence. The CIytA
codi ng sequence is harbored by plasmd pRI T 14662 (PCT/ EP99/00660). The
insertion is done using an adaptor fornmed by two conpl enentary

ol i gonucl eoti des nanmed P21 and P22 into the 20 plasmd pRIT 14662

previ ously open by Ncol The sequence of P21 and P22 is: P21 5

cat gcaat acat caaggct aact ct aagt t cat t ggt at cact gaaggcgt 3' P22 3

grtat gtagt t ccgal Lgagat L caaglaReeal QOLORRLAEACAIA ed st Bbosl oL 00 and

transformati nof Sﬁe'i” haracteri z
pl asni d nanetiagmRnTasaed 4dfter Nenl deatmeant) l9)gensiate descenmeplale &ysiop é’“‘t‘%"‘ﬁf"@par ation

of G|yt A P2adgubntt AatdAightion Gmant. day trE’:GFénnamplthé paahidommed ERIENSRO0 fsi cat i on

is perfornmed_uys ng RI T151 nanmed
C Lyt ANOTATG’bgﬂ " 'as”’“g@ %.-H;ﬁg’g nce o?"tebottﬂlﬂé h\gl gonucﬁéeggl es bei ng:

30 C Lyt ANOT#H@OdﬂiS' aaaaccat ggcggccgct tacgt acatt ccgacggct ctt at ccaaaagacaag
3" G LytA-agds hﬁhéﬁé&&b&hm@lm@ﬁ&& eantaﬁﬁr@gmmmraaaagéngtatpem& of the

anplified frggne is treate d Aft 111
to generat qu%é]?e@g?ﬂ?ﬁ*P@éepﬁ'gﬁmggm\'i’%s'g'ﬂgsﬁl% J;'Pa%]% aﬁm? o&'&%ﬁgﬁ c) The
next step is2t umlvétivgaontmmng)metm@miwmrwtagnﬂwlWtahmv'@dtﬁd'ﬁ §$AYENES068
(largest fragmn (9 tal ned after Ncol treatnent) to generate the conplete

fusion protein cQ sequence, After { ransf or mation
the plasid Hamed? ‘bﬁ?"f’fﬁ?‘%ﬁ“ jisplated) ffomy %JB %h '% %93? glsqﬂﬁgiotoh‘ge‘?%rrgl ni ng

uni que Ncol et eitic Bextl zin the righ erieAte@re Dciushgp Wayrthe peUP Bpromelet is gl f sidg) I n t he
next step a mlwalﬁ@%ﬁéﬁoecﬂﬂtr@éum iR thelgBRerSiolPbf PhrRNEpREsIG Wlasthidd@iniedon of 2p

plasm d sequen]cj {’ ggg fromplasmd PRIT 15202. Plasmd pRIT 15202
is a yeast 2P fseeing ntai ning the CUP1 pronbter with an Ncol site at

ATG ( ATG sequence: AAACC ATG ) 10 e) The Ncol fragnent isolated frompRT

15202 is M%L%,}a&um%bm&?&%mbmaﬁv Q8tShréin P08 (RikddaoNcol , in the righ
orientation, in such a way the pCUPl1 pronoter is at the 5' si de

The plasmid pRIT 15201 is used to transform the S. cerevisiae strain DC3 {ATCC

20820). After selection and characterisation of the yeast transformants containing the

plasmid pRIT 15201 a recombinant yeast strain named Y1796 expressing CPC-P501-His

20 fusion protein is obtained. The protein after reduction and carboxyamidation, is isolated

and purified by affinity chromatography (IMAC) foliowed by anion exchange
chromatography (Q Sepharose FF).

Example ||
25
in analogous fashion proteins constructs as depicted in figure 2 may be expressed utilising

the coresponding DNA sequences shown therein. In particular, yeast strain SC333
(construct 2) corresponds to Y1796 strain but expressing P501s.6s3 devoid of the CPC
fusion partner. Yeast strain Y1800 (construct 3) comesponds to Y1796 strain but

30 additionally comprises the native sequence signal for P501S (aa1-aa34), while yeast strain
Y1802 (construct 4} comprises the alpha pre signal sequence upstream CPC-P501S
sequence. Yeast strain Y1790 (construct 5) is expressing a P501S construct devoid of
CPC and having the alpha prepro signal sequence.

35 Example lli. Preparation of purified CPC-P501
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of the coding sequence. This results in the generati on30fNevdmbed 2006
expression plasmd naned pRIT1 5201 (see figure 7). 15 3. - Preparation of
t he reconbi nant yeast strain Y1796 (RI X4440) The plasmd pRIT 15201 is used
to transformthe S. cerevisiae strain DC5 (ATCC 20820). After selection
and characterisation of the yeast transformants containing the pla.smd
pRI T 15201 a reconbi nant yeast strain naned Y1796 expressing CPC P501-Hi s
20 fusion protein is obtained. The protein after reduction and

car boxyam dation, is isolated and purified by affinity chromatography
(I'MAC) foll owed by ani on_exchan chr omat ogr a (Q Sepharose FF). Exanple
11 25 In anaf-oddtdvctianaf oif- B'?Ddgéﬁ'shgiwhgttsf‘%g g‘ngs depicted in figure 2 may
be expressed utilising the correspondi ng DNA sequences shown therein. In

particul ar, yﬁ&ggsg%t [on%nméﬁﬁe’@mm Q&g@&kﬁtm{n@iste% ree.raemﬁsnfﬁuam@ﬁ,gst rain

but expressin devoi d

strain
Y1800 (const rRiete &)adgifen L GYaRHENeiEe I HRe 1 ?qoaﬂ'% aBi?J‘E”"gU’ '%ﬁ'ﬂ'f"f"ﬁ"?)%%%y |
conpri ses i heCelatareviaresigd aftaed si Zthainddcton, PEAEEIs(addkd paBlkdfore whe brd paast

strain Y1802, 4&lRfilhddtin idhavaRapri ses the al pha pre signal sequence
upstream CPC- P501S sequence. Yeast strain Y1790 (construct 5) is
expressing a P501S construct devoid of CPC and having the al pha prepro
si gnal sequenkoe SD85ABEanalysis, Yebst delisepdaciivn isrpedbrmed in Firetd pOREh#FS baffer 48 30

\'}i\; S gbelf n2210§;;Hr¢;9+ Tr?é’%ﬁghgé'h ERActdh .s?ﬁorl%@@mhﬁé béae%g&@)nam&eu%mn{y g a: ﬁdﬁg; .
inlog phhse” f’%{HPijeP%f?r ‘EE%%E&‘“?@HQ?W h?W'BMU@‘ %3(5"%'5‘%5 g%ﬂc?scul ture
i s mai nt ai nedPARE BBlysedSREGaltd of campardtise sretysiedn 8PS @AGE obthe prrentrvauﬁimﬁen
g%gpgrAGIEs ad?&@aépse&rd |pﬁ%1.9é @aﬁl‘ﬁ&mﬁ{&%s@f’h Tam-éeaow th médl umin advanﬁe Eo[
ana S s, extraction. er for me osphat e
buf f or iy TR Brow it i e ion SUPT B e e el e8deF or
smal | ceI I quﬁmtt ia yorapackd td Deeixprission davel lof parerd strafipBCIA3gh straircexplessingthet i t y,
and t hetn V] XQerél!HpBrtH @6;513@}1@ HauGd el @Qﬁ(\)s%ngf@e@t@@' & %?eself&?sdl Fi §ig|<il=.f(lj Ced
conparative ana e erent. construc are depicte
in figure 8 a"ﬁﬂf’%%%@ﬁ"i‘ B'§E€°‘3F H‘%ﬁgﬁ?‘@ei&sﬂgﬁ Grguss ag?lv(? & fexelp ZB’fpresi'o'E)el ow,
the | evel of oftterefwedmmoth bigher darlY180%stiain arucimpategHe thef pregsigoBvel Hf rai n as

conpared to tfHee &mfn@ss%b.ﬁmbwelsu% cRAEBRY 11t dorbdpoiB5018-Hid dedbil of
expressi ng ”E%P correspondl ng P501S-H s devoid of CPC partner. Likew se,

t he presence Fgnal

Table 2

Recombinant | Plasmid Promotor | Signal Fusion | P501 aa | Expressio
Strain sequence | Pariner | sequences | n level
SC333 Ma333 CUP1 _ _ 558-553-His | ©ND
Y1796 pRIT 15201 | CUP 1 _ CPC 51-563- His | +++
Y1802 pRIT 15219 | CUP 1 o pre CPC 51-553- His | ++++
Y1790 pRIT 15068 | CUP 1 o prepro | - 55-553-His | +

CPC = clyta P2 clyta

ND= not detectable, even in western blot

+ = detectable in western blot

+++ / ++++ = detectable in western blot and visible in silver stained gels

2. - Fermentation of Y1796 (RIX4440) at larger scale

100p! of the working seed are spread on solid medium and grown for approximately 24h at
30°C. This solid pre-culture is then used to inoculate a liquid pre-culture in shake flasks.
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sequence (al pha pre) does not affect the results di saodedntize\R2006i he | evel
of expression of the culture is nuch higher for Y1802 strain as conpared
to the expression |level of corresponding strain Y1790, a strain expressing
t he correspondi ng P501S-Hi s devoid of CPC partner. 20 Table 2 Reconbi nant
Plasm d Pronotor Signal Fusion P501 as Expressio Strain sequence Partner
sequences n level SC333 Ma333 CUP1l 55-553-Hi s AND Y1796 pRI T 15201 CUP |
CPC 51-553- His +++ Y1802 pRIT 15219 CUP 1 a pre CPC 51-553- His ++++
Y1790 pRIT 15068 CUP 1 a prepro 55- 553 Hs + CPC = clyta P2 clyta ND= not
detectable, e en. | ern t +++ /
= det ect B 6P A EATE A OBLL ot AP e ddere B 5L Rkl B ?*@ |
Fer nent ati on f@tﬂ—M‘@?@Bﬂﬁ(ﬂRhMW@;esét grwh gbase ik apaut 44pNd ¥ infiystion i3 seed
are spread onge@ded nmedi um and grown for approximtely 24h at 30 BOC. Thi s
solid pre-culture is then used to inoculate a liquid pre-culture in shake
flasks. 49 30 Novenber 2006 This liquid pre-culture is grown for 20h at
30C and t rainsfheroaghgn ispires @lupese) vas ﬁ@ﬁ?@?"te‘gﬁém Pty renbyt @ RoFiBY YR fRediPon

i ncl udes a grynet lesiBlSgRicede adndsttratibhhway chamisined degt loan(Hbragt) f ordetbtout  22h.
5> The carbon Sourcemé%n a%8r5§r)ogf%§n E?RE’%%H@&BG%E%W‘%%NW fmiflg e

cont i nuous fe'B'BF'hS ere ucose concentration was naintained very
| ow (550ng/ L)deWﬁORﬂieﬂbqf‘ﬂeG"'ﬂﬁPfﬂPﬂf'@ y irpited gluepsp (989 ' duct i on by fernentati on.
Thi s was rea'At&l@erh)bf kHeGrdvith ghdsb eCUrieptarh@@entuced by heding CuSH40n geder ©M by
limted gI uco &e&gﬁﬁg At the end of the growth phase, CUPl1 pronoter is
I nduced by adt I'n order to 10 produce the antigen. The absence of
cont am nat i ons was checked by inoculating 108 cells into standard TSB and
TH vials sumb@mbedf stintairalichs Mak thedkext by incaulatinge H0°reelispiptot standang TSBr 14
qays at 20- 2R iAPfagt d%%n?ég&d W fRRHE End' AS.0RBS RIsEhAProPIPERk 201 5 3. -

Antigen characteri sa uctivi X
25°C and at 30-35°C. No growth was observed as expected.

15
3. - Antigen characterisation and productivity

Celt homogenates were prepared by French pressing of fermentation samples harvested at
different times during the induction phase and analysed by SDS-PAGE and Western Blot. It
20  was shown that the major part of the protein of interest was located in the insoluble fraction
obtained from the cell homogenate after centrifugation. The SDS-PAGE and Western Blot
analyses shown in the Figures below were realised on the pellels obtained after

centrifugation of these cell homogenates.

25  Figures 8 A and B show a kinetics of the antigen production during the induction phase for
culture PRO127. it appears that no antigen expression occurred during the growth phase.
The specific antigen productivity seems to increase from the beginning of the induction
phase up to 6h and then remained quite stable up to the end. But the volumetric
productivity increased by a factor 1.5 to 2 due to biomass accumulation observed during
30  the same period of time. The antigen productivity was estimated at about 500 mg per litre
of fermentation broth by comparing purified reference of the antigen and crude extracts on
SDS-PAGE with silver staining (ﬁgure' 9A) and WB analyses using an anti-P501S antibody
{a murine ascite directed against P5018 aa439-aa459 used at a dilution of 1/1000) (figure

9B).

Example IV. Purlfication of CPC-P501 (51-553)-His fusion protein produced by Y1796

35
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Cell| honogenates were prepared by French pressing of f3 Nevwdmbéopoeepl es
harvested at different tinmes during the induction phase and anal ysed by
SDS- PAGE and Western Blot. It 20 was shown that the nmjor part of the
protein of interest was |ocated in the insoluble fraction obtained fromthe
cell honpbgenate after centrifugation. The SDS- PACE and Western Bl ot

anal yses shown in the Figures below were realised on the pellets obtained
after centrifugation of these cell honpbgenates. 25 Figures 8 A and B show
a kinetics of the antigen production during the induction phase for

culture PROL27. |t appears that no antigen expression occurred during the
growt h phase Afterfifg @B@eﬁ"@% theprotgiens grsodiated M the rRellel fraction. A farbemide: from t he
begi nni ng of ntethglaiionctfl tHei nesleculp has Beerninttodudall inathel plobeei i @vtexi to esheuithttie st abl e
up to the en@mdeﬁ% a&d?t?ga}fé?'nl {:’!mﬁé 'Hoﬁa PWﬁj f! YIMIIM Hog‘tctfeﬁraﬁcﬁ anntQ'n I!é?'l?ﬂt or 1.5

to 2 due to DI OMRSS AccUmUlat] on. observe urlng sanme period of
time. The anf’]’?j@h cﬁ‘faéf’dh%’ldﬁk?ﬂ t"‘S}‘h\ﬁ&g'p@é‘i PoRge-ethetse £h Seier9sD hﬁi;alﬁ‘élbe‘f'i tre of

f er ment at ison rdgpietdho inginage thedwydroghobid tharacesd ofrthi$ proeind & tednsvisenbains bgwainsand cr ude
extracts on p,§5}§( GE with SI I ver staining (figure 9A) and VB anal yses
using an anti-P501S anti bod muri ne ascite directed against P5018
aa439- aa459 used '8¢ p&"fﬁi’tl°ﬂtﬂ’?§?f’°bfde‘i§'°£8‘@)6¥ ther $Gler f 1 bsy cultee PR (RpIcE |

Puri fi cat i onda®ityCP@e,Ps0deséribid 55 Jyurki 9. f A ithen operatioed arepp@ﬁmemdatb;oohﬁl?% 50
30 Novenber gQf0rn,Af h?f the ceII br eakage the protein is associated with
the pellet fraction. hyl ati on of the nol ecul e has been

i ntroducél i ﬁccng’gﬁ? BQQSTSC"\ '?iC’bP‘ET@f" ‘iSBaYCB‘ﬁ@'f\R;F'tW"?Cﬁ@” gl §2Pi-v8 mer egat i on
of the nol ecpriiedwrtiten/tLeof cdltuerOMIZM The yielddelinkedoto diiedbvel afcaxprassionadfite t hr ough
coval ent bri g% RigskrSid! i al so
been 5 requir d ‘iﬁﬁ‘{%gﬁ eSét"l %h‘ﬁ%‘r’ 2"5*@%3‘1"3%@3% g‘ip%?&t%ﬁ?g%%‘?g%g’?n (12
trans- menbr a ‘predicted). The purification protocol, devel oped
for the scal Beoprottinlasedy is iletformed @B félowed: qadteinsdana Sirdt yprecliR&ied iusmgjécsri bed in

figure 1Qs A(‘trlchlbr‘%@ce@@ﬁég\tlﬁ %Spréﬁﬁcegﬁ'btﬁr(%&tﬂafe?@l@ﬁ dlsSIRE Ak YUcRing RT) - 10
According to t he %gctbal urlflcatlon reld is 30

- 70 ng of 'Bef4™ f"cﬁeaﬁ??"giﬁﬁg RdpiEs e e, Gh&I51cRVPiG 359} nked to
t he | evel of(P@Wp)béqmmombletph@le wublbxlpresmnmi;aEQMacghbancaw seenpambddht o t he

br o €1 - aSSa s B o e Sl R B g™ ot pr el b tat ed
usi ng TCA a%oé(@nr‘(?gﬁ"%’rsﬁé’gé’tﬂ”ﬂ 'egcqugfm?qgﬂretﬂgsrlﬂwés"@ resee %H‘a@B%hm at e)

t hen di sgbl ved reduciag gbralitiohs &f. lanes 2, 3 and 4 versus lanes 5, 6 and 7). The pattern
consists of a major band at 70 kDa, a smear of higher MW and faint degradation bands. All

the bands are detected by a specific anti P501S monoclonal antibody.

Example V. Vaccine preparation using CPC- P501S His protein
25 The protein of Example 3 or 4 can be formulated into a vaccine containing QS21

and 3D-MPL in an oil in water emulsion.

1. - Vaccine preparation:

30 The antigen produced as shown in Example 1 to 3 a C-LytA - P2 - P501S His. As
an adjuvant, the formulation comprises a mixture of 3 de -O-acylated monophosphory! lipid
A (3D-MPL) and Q821 in an oil/water emulsion. The adjuvant system SBASZ has been
previously described WO 95/17210.

35 3D-MPL: is an immunostimulant derived from the lipopolysaccharide (LPS) of the
Gram-negative bacterium Salmonella minnesota. MPL has been deacylated and is lacking

a phosphate group on the lipid A molety. This chemical treatment dramatically reduces
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medi umin the presence of SDS. The proteins then reagt Nuiveihb3C2006
(bicinchoninic add) (Pierce) to forma soluble purple conplex presenting a
hi gh adsorbance at 562 nm which is proportional to the anmount of proteins
present in the sanple. SDS-PACE analysis of 3 purified bulks (figure 11)
shows no difference in reducing and 20 non reducing conditions (cf. |anes
2, 3 and 4 versus lanes 5, 6 and 7). The pattern consists of a nmjor band
at 70 kDa, a snear of higher MWand faint degradation bands. Al the bands
are detected by a specific anti P501 S nonoclonal antibody. Exanple V.

Vacci ne preparation using CPC- P501S Hi s Protein 25 The. protei.n qf. Exanpl e
3 or 4 can b&™¥ rrﬂ’f“get eﬁ'%fei’i‘f”@ atﬁ?/aé"ﬂ'?"'r’@St@Mﬁn i Ri°A e@sz@'bean@g@[} &BL in an
oi | in water 'emutcshemmistry produceyandsuppliep MEp &r 3R-Bolgic®) The anti gen produced as
shown i n ExamRb&imbnts edordedatlsihttKine Bdechal BblogRalkhive shswn 18& adj uvant, the

formul ati on ises. a ture of. 3 de -0-acyl ated nmonophosphoryl. lipid A
(3D WPy and “ERUY Sfbinds B4 vette. st soraly <Piahe L TRAPRISCRIN Ytaso hes
been previ otk pf eplhdarimenity WO 95/ 17210. 35 3D-MPL: is an i munosti nul ant
derived fromthe |ipopol ysaccharide (LPS) of the G amnegative bacterium

Sal nonel I a m nnes .. MPL has been deacylated and is lackin hosphat e
group on the I|i pi#zi' ﬁﬁi"giu{f’?sai’ﬂ'?'%mglﬁcﬁaﬁ %g?ctt%dﬁrggﬂﬁ%%a[rk %I?&errkéﬁq[u?’c%ﬁﬂﬂ% "r educes
51 30 Novenbtee 2Zndigia sapsians tMoligghi |Ae pyrification \teahpiaten develenerh &% senarats the
properties (RdRidual 588hns RinPine cUdBLERELRCH hé biirk PpEAIEE ThediBslatHPltiees MPL t O
O ogCaL Szt B TEAL S, RRO RLTRERAL: SILIQ KNS RRESTHAT BigkAc! ool s

have shown tnat T various - veni cl'es nhances
bot h t he hunetisity and dpwer tpygity ag cqmpgeed with dhelPaigngompaTent iQS21 hasgeen shawng nat ur al
séiplolni n nol etbtdcafawmlnle@raea régtmied_td],jsns Mekerﬂfsuﬁdﬁﬁﬁgﬂl& veMa® tol simblatetAge e
illaja saponati iha. rificati t echpi e . epar at e
the individis '%g‘b“?l\il’??f’ﬁ’é": f”F%A"r%Paﬁ%f'e "i‘:er"ﬁ'he@g%?‘ 5‘%'[2‘39%%"'&}3%%@% AT ed the
i sol ati on of Cemeratiqn) praguceeandsrpriegfesaine S@BpIpgicelhi ch is a triterpene
gl ycosi gas dermn?] Ep@driniRits PeHEHREE bt @dﬂlﬂrﬁrﬂeﬁcmﬁ Biviohivalafale | demBistbi@d iaCi ty as
conpared with t ar.en n . S, ; jvate MHC
class | rest‘p?aéts nﬁpﬁﬁgﬁicg&sr%@tg&ag%nssoﬁéia giagfﬁghse 'ﬁ%%nfgg?tgﬁé t%@ml ate Ag
speci fi c | ynpdeiittyre cpliudsr imreung raspensgskensi |, 1992). Aquila (formally
Canbri dge Bi otech Corporation) produces and supplies Q521 to

SB- Bi ol ogi cal s. ﬁ%gﬁ’g‘?{a"g?ﬁ&gﬁ" %%Hn?&s’é’?g? (?ré%@’%‘%%%%fgezeéﬁgam Bi ol ogi cal s

have denonstrate synergrstic e i nations of MPL and
QS21 in £he (Arieeopbereirandfsapeiens). RDeEn Aaueous phase of PBS containing Tween 80 as
emuisifier. The ermnulsion comprised 5% squalene 5% tocopherol 0.4% Tween 80 and had

an average particle size of 180 nm and is known as SB62 (see WO 95/17210).
Experiments performed at SmithKiine Beecham Biologicals have proven that the
adjunction of this OW emulsion to 3D-MPL/QS21 (SBAS2) further increases the
25  immunostimulant properties of the latter against various subunit antigens.

2. — Preparation of emulsion SB62 (2 fold concentrate):

30 Tween 80 is dissolved in phosphate buffered saline (PBS) to give a 2% solution in
the PBS. To provide 100 mi two fold concentrate emulsion §g of DL alpha tocopherol and
5ml of squalene are vortexed to-mix thoroughly. 90ml of PBS/Tween solution is added and
mixed thoroughly. The resulting emulsion is then passed through a syringe and finally
microfluidised by using an M110S microfluidics machine. The resulting oil droplets have a

35  size of approximately 180 nm.

3. - Formulations:
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and TH1 type cellul ar i mmune responses. The oil/wat er 3enbwdiRer 30@®NpPosed
an organi c phase nmade of of 2 oils 20 (a tocopherol and squal ene), and an
aqueous phase of PBS containing Tween 80 as enulsifier. The emul sion
conpri sed 5% squal ene 5% t ocopherol 0.4% Tween 80 and had an average
particle size of 180 nmand is known as SB62 (see WO 95/17210). Experinents
performed at Sm thKline Beecham Bi ol ogi cal s have proven that the

adj unction of this OWenulsion to 3D MPUQS21 (SBAS2) further increases the
25 imunosti mul ant properties of the latter against various subunit
antigens. 2. - Preparation of enulsion SB62 (2 fold concentrate): 30 Tween
80 is dissolved in phosphate buffered saline (PBS) to give a 2% solution in
the PBS. To pr ovi&leypik80fombulatiovo cértdindhgc TP tana @S 24 rimlas | citwvateg eodilsibh. ial pha

t ocopher ol I t.0 of
PBS/ Tween sopﬁﬁrég}?g{’%g’guﬁﬁ 25%%% Lé’gc(%%gstgg ?&mé‘ﬁ\@%@@%ﬁéﬂi&%l si on

i s then passedPB$pYHfthand HPrbefesreconpriutveradtitign °frﬁ5é'2 i IO M?ls@ﬁuq}ygﬁ%'ﬁ ng an ML
10S mi cr okl u'(z@ osmam nﬁmanh@ cf;ﬁﬁulgbhmoﬁuel (1@8 E%Ia%sl Mﬁmﬁmeéa & ze of
appr oxi mat el § fr | at i ons: ﬁ‘{] "S zepl cal
formul ation r(‘)”ﬁ?”éﬁ“ﬁ? nge il ARy SRt H‘aéﬁa%F? '/’%ﬁ?sglfy ahnpoptaes

per formed ascdmgd ahelroigmper®Brejwith agitatigt A P2- P501 S are diluted in 10 fold
concentrated of PBS pH 6.8 and H2O before consecutive addition of SB62

(50gl), MPL EZO . telonall y conprising CpG oligonucleotide

EE8Ei ve. The ampunt of each

(100 pg) and

conmponentl!®nay vary as necessary AII | ncubations are <carried out at room
t enper at ur e yitdendetioabi B8 colticdfaebMbiMhnt gldids: opt i m sed P501S sequences 10
1. - Ceneration of the control reconbinant plasmds: Full-length P501S

sequence was cloned into pVAC (Thonsen, | mmunol ogy, 1998; 95:510P105),
gener ating eRyirlensdi GROYS aequpnve JwawsglonedSiRG PWWllO?hsmpm!enlD@. Hgadin 15

E501S e>£pr eisa @IWDF@G@%El@ﬁdg@xﬁr@&dﬁ'p@&éﬂldmwfﬁioﬁlﬂmé :$7 ieb.ley&ﬁmwal : nt t
Format. The SRIPURRE B S8R SoBaPHMERD a7 I IRBETE M e esequence
i s denoted Dyolenceneste nygﬁﬂ)f%!'lo'ﬂﬁes siowion singla dptter focfest, the seia@nthslern P501S
sequence ( SEQubis Bdgkhdwr & bBld.SAR, Koask saliéiide Al RAoteddy thb BashyHFBHE THEOJr aNeE.
20 codon usage index of the human P501S sequence (SEQ ID NO:17) is 0.618, as calculated
by the Syn(Gene programme.
20

SynGene programme
Basically, the codons are assigned using a statistical method to give synthetic gene

having a codon frequency closer to that found naturally in highly expressed E.coli and
human genes.
25
SynGene is an updated version of the Visual Basic program called Calcgene,
written by R. 8. Hale and G Thompson (Protein Expression and Purification Vol. 12
pp.185-188 (1998). For each amino acid residue in the original sequence, a codon was
assigned based on the prababllity of it appearing in highly expressed E.coli genes. Details
30  of the Caicgene program, which works under Microsoft Windows 3.1, can be obtained from
the authors. Because the program applies a stafistical method to assign codons to the
synthetic gene, not ail resulling codons are the most frequently used in the target
organism. Rather, the proportion of frequently and infrequently used codons of the target
organism is reflected in the synthetic sequence by assigning codons in the correct
35  proportions. However, as there is no hard-and-fast rule assigning a particular codon to a
particular position in the sequence, each time it is run the program will produce a different
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SynGene programme Basically, the codons are assi gned 3% Negembet 2006t i cal

nmet hod to give synthetic gene having a codon frequency closer to that
found naturally in highly expressed E.coli and hunman genes. 25 SynGene is
an updated version of the Visual Basic programcalled Cal cgene, witten by
R S. Hale and G Thonpson (Protein Expression and Purification Vol. 12

pp. 185-188 (1998). For each amno acid residue in the original sequence, a
codon was assigned based on the probability of it appearing in highly
expressed E.coli genes. Details 30 of the Cal cgene program which works
under Mcrosoft Wndows 3.1, can be obtained from fhe cause the
progr am appl | ¥8theticsgeng i- Hthqugh eﬁ%‘t‘?‘fﬁaa"teotﬁ%é‘%meg 7P d(c)%dlgé g Ffag% %gg %ggﬁjﬁlﬁet iC
gene, not al | encedsutht iserge emilo Rsid aepiendee f tesprodrare dukn skyeral §oes fop atdyent ar get
organi sm Rat fgn, adid\&qRéPatd 4 ?anq;rgétB%H%ﬂ,tdeyeramfe}eﬁﬂc fLeEstae kédientsed codons
of the target _organismis ref ‘f&t ed in (tnge S¥nt ﬂf“éﬁior%%ﬂ%?ﬂ&% 5ASSi gni ng
codons in t he"it8F PEpcesswigh Jpd 115 % the |9k PP 859 PREFR 9§56 har d- and- f ast
rul e assi gni nigtra gpéieet signals tc..cotle Ivf waictamay be videsirable. Hessskilpd artisan wil ke

sequence, eachyd iRkt anl ShpFopiaté b&;\ua{c@%%\m biprdaEiogl iChe @oighiepfiderenthe 53 30
Novenber 2006 syn heki%rgene - although each will have the sane codon

usage patter P8R4 BEEH°W TS  encode the sane amino acid sequence. If the
programis run sefeteimare,rsinge thercogongiaveerandamiy Awicaed en 3 SlldIFR &a%hd 1 gi ven
target or gani sfius bigh plihbbeirRl) BELiirie ounearesars ikthaip ey oduced
ich may differ i e nunber . . e . a osition. oy jtes, 5

i ntron splf ceVsey !j‘rfﬁ? ‘t?'ggf 8’9?"'%%‘% %{éﬁﬁqq?régléebper&ﬁrﬁ égﬁﬁ}gﬁvgé {h%{;%e.l‘%}léki |l ed
artisan wil| distersivheusset e machineanoftapsiadioniand eesylbipranisdarydpw ergEessign
expr eSSihOH OLrafeE',%oml a&@%ﬁtghif&%h&iaing B cod¥ds insheddptiinkegent eatudéseay cbdons her nor e,
since the codaps ando ssigned.on i i s
possi bl e (al t"f‘l@'t?@%%cé": YRl somtlf%? ?}1?&0%) or'(}ﬁ%\ y %ﬁ%’g%% ?%%érsgﬁ%rg @?}gﬁv\ﬁttgﬁy are
rel ativel y r antelcpdonaustessdping fortufieusly s¢lepiad. Thadistiauiionqf fisiremaining epdensitd in
c:c ose pr |0>f§ M théfn allb&atécﬁac{@&ﬁih@\(ﬂﬁe tr@ﬁbrluﬁddfdﬂ Mighly Sixpriess et Eycolll fosgble wrmem&cther y
of translatiop.and result i art| r RSt = t he
al gorithm ford?%rﬂ’(yg% vﬂ‘gmtt??esygtgggﬁgneﬁﬁat&@%L@:éhn?ézﬁggd geﬁ%ﬁéxg'lg%)?gg agﬂy codons
Wi th an RSCU fordiighty expressed bumanegenes (coeffigientisi iRy expressed genes in order to
g_r eve_nL any r ?r eﬁ%@ﬁm(@keysh@n@umhm drQupkiatid Qatsibry ofthd egrcgede pibgEm, )

I stribution the remalnln 0 I S.. t to the
frequenci es fag?w%%%s&?neo)zﬁ%gzgé%’g%%gloﬁjﬁhgl’ gﬁmggs g‘r&]"& g’\g/%tr g’l ?Iﬁ&?ﬁgﬂoﬁ%ut I on
wi t hi n t heo syastdrding to theeqedon frequenicy Pattormiof BighsPesHRIAETAN $858%-f | ci ent = 0. 85)
and also for highly expressed human genes (coefficient = 0.50).

The sequence of the CPC-P501S cassette cloned from the vector pRIT15201 (see
Figure 7) into pVAC, thereby generating plasmid JNW735, is set forth in SEQ ID NO:18
and is illustrated in Figure 13. This sequence is identical to the pRIT15201 sequence with
25 the exception of the removal of the His tag and the addition of a Kozak sequence
(GCCACC) and appropriate restriction enzyme sites. The amino acid sequence of SEQ ID
NO:18 is shown in single letter format, the start and stop codons are shown in bold. The
boxed residues are the P2 helper epitope of tetanus toxoid. The underlined residues are

the Clyta purification tag. The Kozak sequence is denoted by the hash symbols.

30
2. - Generation of the recombinant plasmids with P501S codon optimised

- sequences:

Although the codon coefficient index (Cl) of P501S native sequence is already high

35 (0.618), it is possible increase the Cl value further. This will have two potential benefits — to
improve the antigen expression and/or immunogenicity and to reduce the possibility for
recombination between the P501S vector and genomic sequences.
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Syngene (Peter Ertl, unpublished), an updated versi ozodfoddiRbéraGoRNEe
program allows exclusion of rare codons to be optional, and is al so used
to all ocate codons 20 according to the codon frequency pattern of highly
expressed human genes. The sequence of the CPC-P501 S cassette cloned from
the vector pRIT15201 (see Figure 7) into pVAC, thereby generating plasmd
JNW35, is set forth in SEQID NO 18 and is illustrated in Figure 13. This
sequence is identical to the pRI T15201 sequence with 25 the exception of
the renoval of the Hs tag and the addition of a Kozak sequence (GCCACC)
and appropriate restriction enzyne sites. The am no acid sequence of SEQ I D
NGO 18 is shown in single letter fornmat, the start and stop codons are
shown in bol dsind B syhgenedragemintaselacten ($EQ PENOED eBER P NOA) offcodent anus

t oxoi d. The underl.i ned ' : ; Lif ol @t dsaof thdhe Kozak
sequence is agt%?egée%ufn{%yagg@%‘"?ﬁ?g{e??)' %M;Z?b?bwéﬁoﬁ gtcib'gﬂa f tge

reconbi nant pbdes peficiont ?W“Mﬁﬁ@‘@%’@d’ﬁoéﬁ)quﬂ?%ﬁm @%Bﬁe'ﬁ%rgiemagﬁet% Ugh t he
codon coefsf i gpteméedisBslRnces Felected oPho biSisd bisvitabls explictroeniymesite praigatd gh 35
(0.618), it is &féﬁrimgle increase the G value further. This will have two
potenti al beR& “*to | nprove the antigen expression and/or

I mmunogeni city and to reduce the possibility for reconbination between the
P501 S vect ofra@éd -geoaperiSorsaihe Bades .codicied indiveseofiwe ca2dooptiviseth 5@t Syngene
programme, a _selection (SEQ ID NO 19 to SEQ ID NO 20) of codon optim sed

sequences V\ﬂger(')est ained (Figure 14) Tahle 3 hwwl son of the

codon coef f i[Geawence ndex for the starting Pj&edeonensiichutindedtfSPhe] t wo

repr esent at ifgggfgodon 5 optim sed sequences|osed ected on the bas|fs of a

suitable regtriction enzyne site profile a good C index. Jable 3 -
Epib Ny g“g?sat

Conpari son on coefficient indice wo codon optim $ed P501S
genes SequenSEQMBYOR0coef ficient | ndex (C)O%7#501S 0.618 SEQ I p NO: 19 -
0. 725 SEQ,! ; . TO— 3 Farther eval uation of the codon-optim sed
sequences Sequence SEQ I D NO 19 15 Although SEQ ID NO 19 has a good C

i ndex (0.725), it contains a doublet of rare codons
3. Further evaluation of the codon-optimised sequences

Sequence SEQ 1D NO:19

15 Although SEQ ID NO: 19 has a good Cl index {0.725), it caontains a doublet of rare codons
at amino acids position 202 and 203. These codons were manually substituted with more
frequent codons by changing the DNA sequence from TTGTTG to CTGCTG. To facilitate
cloning and expression, restriction enzyme sites and a Kozak sequence were added. The
final engineered sequence (SEQ ID NO:21) is shown in Figure 15. The Syngene

20 programme was used to fragment this sequence into oligonucleotides with a minimum
overlap of 19-20 bases. Therefore, Figure 15 shows the re-engineered P501S cedon
optimised SEQ ID NO. 19. Restriction enzyme sites are underlined, Kozak sequence is
bolded, re-enginesred DNA sequence to remove a rare codon doublet is boxed.

25 Using a two-step PCR protocol, the overlapping primers generated by the Syngene
programme were first assembled using a PCR Assembly protocol (detailed beiow). The
assembly reaction generates a diverse population of fragments. The correct full-length
fragment was recovered/ampiified using the PCR recovery protocol and the terminal
primers. The resulting PCR fragment was excised from an agarose gel, purified, restricted

30 with Nhel and Xhol and cloned into pVAC. Positive clones were identified by restriction
enzyme analysis and confirmed by double-stranded sequencing. This generates plasmid
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at am no acids position 202 and 203. These codons wer80 Mawveéaidey 2006St i t ut ed
with nore frequent codons by changi ng the DNA sequence from TTGITG to
CTGCTG. To facilitate cloning and expression, restriction enzynme sites and
a Kozak sequence were added. The final engineered sequence (SEQ I D NG 21)
is showmn In Figure 15. The Syngene 20 progranmme was used to fragnent this
sequence into oligonucleotides with a mninmum overlap of 19-20 bases.
Therefore, Figure 15 shows the re-engi neered P501S codon optimsed SEQ ID
NO 19. Restriction enzyme sites are underlined, Kozak sequence l's boI ded,

re- engi neere seguence to renpve a rare. co doubl et 98&\/

Usi ng a two- g?’%@&%&%o‘%'?e oG RropY 7tHg "}‘?dg %{9 mﬁgt e%" t he
Syngene pr ogieahmetative (@tof T at posities S6htfISEQ 1D HONGT)a PCR Assenbl y protocol
(detail ed below). The assenbly reaction generates a diverse popul ati on of

fragments. The, corret ,fuI I as recovered/anplified using
t he PCR r ecovetyProtat8r—ara PRetufAfAeRaP Ol nprs. The resul ting PCR

f ragnent MSRMDrsmd(tﬁtabamumn —afgaw ose geI purified, restricted 30 with Nhel

and Xhol and .cl gnedcioR b@eP¥hlor F%},g,atﬁ?ve clones were identified by
restriction enzynme analysis and contirnmed by doubl e-stranded sequenci ng.

This generat es 1 QUripgo! (egyal saix fiGl eYpHEAPiNgGiRSs) JNW66, which, due to the
error-prone natasmMmoefiTkshe PCR process, contained a single silent nutation

(Cto Tat posng,p0 'a%&P%E‘Q'Jg&é}Q 22%) ) 1. Assenbly reactl on - PCR
eac

condi ti ons, generlc r ot tion"mx (total volume = 501): - 1x
Reacti on Buffer’(1PM< %‘?‘O‘Proofstart) - 1f digo pool (equal mx of all

over | appi ng el i+goxenhanced sGutivh R EanceDiiRretstartrenfersly ( Pf x or Proofstart,
2.5-5U) 10 1mM MgSHA4 +/ - 1x enhancer solution (Pfx enhancer or Proofstart

buffer Q 1, 94C for 120s &éoofstart only) 2. 94C for 30s 15 3. 40C for
120s 4. 7201t 84°C/forgos (Broo 15s 6. 40C for'30s 7. 72C for 20s +

3s/cycle 202.894°Cyml3esto step 5, 25 tines
15 3. 40°Cfor 120s

72°C for 10s

94°C for 15s

40°C for 30s

72°C for 20s + 3s/cycle

Cycle fo step 5, 25 times

Hold at4°C

20

L NSO N

2. Recovery reaction — PCR conditions (generic protocol)

25  Reaction mix (total volume = 50p!):
- 1x Reaction buffer (Pfx or Proofstart)
- 5-10ul assembly reaction mix
- 0.3-0.75mM dNTPs
- 50pmol primer (&' terminal primer, sense orientation)
30 - 50pmol primer (3' terminal primer, anti-sense orientation)
- DNA polymerase {Pfx or Proofstart, 2.5-5U)
- +/-1mM MgSO,
- #/-1x enhancer solution (Pfx enhancer or Proofstart buffer Q)

35 1. 94°C 120s (Proofstart only)
2. 94°C 455
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9. Hold at 4C 2. Recovery reaction - PCR conditions (ReNevémabér 200601 ) 25
Reaction mx (total volune = 501): - 1x Reaction buffer (Pfx or Proofstart)
- 5-10l1 assenbly reaction mx - 0.3-0.75nmM dNTPs - 50pnol prinmer (5
termnal primer, sense orientation) 30 - 50prol prinmer (3 termnal prinmer,
anti-sense orientation) - DNA polynerase (Pfx or Proofstart, 2.5-5U) -

+/-1 MM MBSO4 - +1- 1x enhancer solution (Pfx enhancer or Proofstart buffer
0) 35 1. 94C 120s (Proofstart only) 2. 94C 45s 56 30 Novenber 2006 3. 60C
30s 4. 72C 120s 5. Cycle to step 2, 25 tinmes 6. 72C 240s 5 7. Hold at 4C
Sequence SEQ.ID NO: 20 Alt hough SEQ ID NO 20 has a very good O index
(0.755), It wadOotdced that it contained a doublet of rare codons at

am no adds peasi7gtoreed31 and 132. These codons were to nanually substituted

with nore freq changi ng the DNA sequence from TTGITG to
CTGCTG. To fg'ci %gtcsge%g]g%wegs an internal BanH site was renoved by

mutating G t 8 @27 s8st he doubl e-underlined nucl eotide in Figure 16). To
facilitate chombRGt4e@nd expression, restriction enzyne sites and a Kozak
sequence were added. The final engineered sequence (SEQ ID NO 22) is shown
in Figure 16. The Syngene programme 15 was used to fragnent this sequence

i nt o ol i gonuBtavenéedik IR N2 i ni num overl ap of 19-20 bases. Figure 16

therefore shamwsudHsEd ©re.oneSs fdly B EPinaOA059P il At Eifned0 ( SEQ
| D NO 22). ReSt&b'egto' on eﬁ%é\‘yma sites c?%e u_nder£ | ne(g, Kazak seguence IS
bol ded, re- 2RSS LHC RIS ) FOINC2F% RoahiRfy &3 a0 132 JBERScBRMHIEE i s boxed
and a silleént mfﬁb’iai‘?t SUbﬁ@tBﬂJm more freguent rrodoes &y Bhardingsthe ®Ndssequence from
goubl _eb u gdelr)ﬁc;m]; toulsm@r@ ﬁj fébigt?l% didPigS b htd?hdR Binfil QRO wak Qerhdied @pe
escribed a nQnYtgting d’j Jo o] }s%g glte douﬁe—underﬁned nucleotide in Figure 16). To facilitate cloning
and expression, restriction enzyme sites and a Kozak sequence were added. The final
engineered sequence (SEQ ID NO:22} is shown in Figure 16. The Syngene programme
15 was used to fragment this sequence into oligonucieotides with a minimum overlap of 19-20

bases.

Figure 16 therefore shows the re-engineered P501S codon optimised sequence 20 (SEQ

ID NO:22). Restriction enzyme sites are underiined, Kozak sequence is bolded, re-

engineered DNA sequence to remove a rare codon doublet is boxed and a silent point
20 mutation to remove a BamHl site is double-underlined.

Using a similar two-step PCR protocol to the one described above, full-length P501S
fragment was amplified and cloned into pVAC. Positive clones were identified by restriction
enzyme analysis and confirmed by double-stranded sequencing. This generates plasmid

25 JNW764. The sequence of the P501S coding cassette is shown in Figure 16 (SEQ ID NO:
22},

DNA Sequence similarity

Pair distances following alignment by the ClustalV (weighted)} method are shown in Table 3
30 below. Table 4 below shows percent similarity between the starting human P501S

sequence and the two codon optimised sequences SEQ ID NO:21 and 22 selected for

further investigation. The data confirms that the codon optimised DNA sequences are

approximately 80% simitar to the original P501S sequence.

35 Tabled
SEQID NO: % similarity with starting P501S sequence
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fragment was anplified and cloned into pVAC. PositivaodNaeashex2(GD6
identified by restriction enzyne analysis and confirnmed by doubl e-stranded
sequenci ng. This generates plasm d 25 JNW64. The sequence of the P501S
codi ng cassette is shown in Figure 16 (SEQ ID NO 22). DNA Sequence
simlarity Pair distances follow ng alignment by the Custal V (wei ghted)

nmet hod are shown in Table 3 30 below. Table 4 bel ow shows percent
simlarity between the starting human P501S sequence and the two col on
opti m sed sequences SEQ I D NO 21 and 22 selected for further

i nvesti gati on. The data confirmgs that the.colon nlnfi m.sed DNA sequences are
appr oxi mat el j2180% si mi |dP6to the original P501 S sequerjce. 35 Table 4 SEQ
IDNO%sim|grity withhzgsgarti ng P501S sequence 57 30|Novenber 2006 21
79.6 22 79. 4 Aphe—il—~GCodon—epttm-sed—chPe-segaenees 5 1. Approach
Since the origi naI CPC sequence was originally designed for optinal
expression in yeast, this section describes the process of codon

opti m si ng fg{‘a:ﬁﬂgam COUBA-SSEhiOsY cﬂ@s:&u@ncﬁgquence design The starting
sequence for e optimsatron o Is shown in Figure 17 (SEQ ID NO 23).
This is derived entirely fromthe pRI T15201 and contains the entire coding
sequence 6f 1.CRgprodehs four ami no acids of P501S to facilitate downstream
cloning. Using the Syngene 15 progranme, a sel ection of codon optim sed

seuences velp oR el LOn] bl SERPLELL Kbt USIES GBS o

Figure 18 ( a conpari so

codon coef f i thissattion desssies the prdeessf eaden prRjMisNg ferdymane®ressieN-t he two
representative codon optl m sed sequences. 20 Table 5. Codon coefficient

i ndi ces for %V\Q CPC o) m sed sequences Sequence Codon coefficient |ndex
(an) O’I IDN0230506SEQIDN0240809 SEQ I D NO 25
0.800 In addl tion to t he codon optim sation, all sequences were al so
screened forTHeQa‘Sérfrlg(éEd;déﬁoe f&ﬁﬁefdﬂamebmlongpmstsam ipFigllee1 7iiasd © 86: 23ne hi ghest

d value andTh?s {saaéﬁx}éﬁ llrgly rfrgl%ttﬁe'l Eﬁl‘r?é}m and contains the entire coding sequence of
CPC plus four amino acids of P5018 to facilitate downstream cloning. Using the Syngene

15 programme, a selection of codon optimised sequences were obtained, from which
representative sequences are shown in Figure 18 (SEQ ID NO: 24-25). Table 5 below

shows a comparison of the codon coefficient index for the starting CPC sequence and the

two representative codon optimised sequences.

20  Table 5. Codon coefficient indices for two CPC optimised sequences

Sequence Codon coefficient index (Ci)
Original CPFC = SEQID NO:23 0.506
SEQ ID NO:24 0.809
SEQ ID NO:25 0.800

In addition to the codon optimisation, all sequences were also screened for restriction
enzyme cloning sites. On the basis of the highest Cl value and a favourable restriction
enzyme site profile, SEQ ID NO: 24 was selected for construction. To facilitate cloning

25  and expression, 5' and 3’ cloning sites were added and a Kozak sequence (GCCACC) was
inserted 5’ of the initiating ATG start codon. This engineered sequence is shown in Figure
19 (SEQ ID NO:26). This sequence includes four amino aicds of P501S (boxed), restriction
enzyme cloning sites (Nhel and Xhol, underlined), a Kozak sequence (Bold), a stop codon
(italicised) and 4bp of flanking irrelevant DNA to facilitate cloning.
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enzyne site profile, SEQ ID NO 24 was selected for cg0NoumibearR20080
facilitate cloning 25 and expression, 5 and 3' cloning sites were added
and a Kozak sequence (GCCACC) was inserted 5 of the initiating ATG start
codon. This engi neered sequence is shown in Figure 19 (SEQ ID NG 26). This
sequence includes four amno aicds of P501 S (boxed), restriction enzyne
cloning sites (Nhel and Xhol, underlined), a Kozak sequence (Bold), a stop
codon (italicised) and 4bp of flanking irrelevant DNA to facilitate
cloning. 58 30 Novenber 2006 The Syngene programme was used to fragnent
this sequence_jnto 50-60-ner oligonugleofides with a m ninu of
18- 20 bases. U Y"gPNE;| Hﬁ(’?'a’r“mtevxﬂggt”éf) ﬁ&l%‘??%?to%ﬁ ¥R i'(’)t‘r)lgk %f\éds?%%rﬁged
above, the covligeadclebiideg witina minivasn evedapaéi@ el kaspd i fi ed and cl oned i nto pVAC

Posi tive cl onggndgsmikGbkieh PER dPdtocoPtol the bifd ddstrBd BAY,Re adtidclFdgieand

sequence verified generating vector 5 4 - DNA simlarity. ai r

Di st ances fol Wﬁw'?fg"eé‘fﬂp ¢ 3% ﬁ'g?eéilj WV@%‘@hF%ﬁye R Tt '(l}e}rﬁm%gb Ye 6

bel ow. Thes t eeirietios lkozyme peaiysisrand séquphcanverified genariiog Bigtr FEYWEPS. bet ween t he
starting sequence of CPC and the codon optim sed sequence and confirns
that the codon optim sed sequences are approximately 80% simlar to the
original CPC sequence. 15 Table 6 Sequence SEQ ID NO %simlarity with
starting CPC $c@N&nblarity4 80.2 25 81.6 Exanple VIII. Construction of the
P501 S fusion candidate Al the candidates shown in the schematic bel ow are

From bl asib de INPERSE RO Eert Crishly BieBlth 2ERE RbIB BTl 73
26 respect i vellly shansaerckn sigdarithatdhe PRA loygh betwedndie SrtngreduesrsalLRGaNdThe f our
candi dat es sh@MosdhNspimisbeE 8ddukndeedraVonfirfs et @ik tHaom ofiiiGisddSGencésoden 25
opti m sed CPC- P501S, i saogons{:ruu%t B %@S%Ial}egge B, C D also include the
sequence encBAKTHNIO% YUPHIPHIR BRI SITE M s of P501S, positi oned
either at the Nterm nus of CPC P501S (construct D), the C term nus of

CPC- P501S £ cotiplergict C), or between CPC and P501S (construct B). A

schemati c repuasam-an-ga—eift—hereeﬁf-t—puﬁi—sq—s—g-l—ven in Figure 20. 30 The
nucl eoti de arfFepYEYLESRARYGence AP Y™ ot the fbur constructs is shown in
SEQ ID starting CPC sequence
24 80.2
.125 81.6

Example Vlil. Construction of the P501S fuslon candidate

All the candidates shown in the schematic below are codon optimised and constructed
20 using overlapping PCR methodologies from plasmids JNW764 and JNW7359 as templates

{SEQ 1D NO: 22 and SEQ ID NO: 26 respectively), and cloned into the expression vector

p7313ie.

The four candidates shown schematically below are based upon CPC-P5018. Codon

25 optimised CPC-P501S is construct A. Candidates B, C, D also include the sequence
encoding the N terminal 50 amino acids of P501S, positioned either at the N terminus of
CPC-P5018 (construct D), the C terminus of CPC-P501S (construct C), or between CPC
and P501S (construct B). A schematic representation of the constructs is given in Figure
20.

30 The nucleotide and protein sequence for each of the four constructs is shown in SEQ 1D
NQ: 37-40 for the nucleotide sequences, and SEQ ID NO. 45-48 for the corresponding
polypeptide sequences. In constructs A, C and D, the underlined codon preferentially
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NO. 37-40 for the nucl eotide sequences, and SEQ | D NGO Novd@bepnR20Dhe
correspondi ng pol ypeptide sequences. In constructs A, C and D, the
underlined codon preferentially 59 30 Novenber 2006 encodes tyrosine
(either TAC or TAT) but the nucl eotide sequence may be altered to encode
threoni ne (either ACA, ACC, ACG or ACT). In construct B, the underlined
codon preferentially encodes threonine (either ACA, ACC, ACG or ACT), but
the nucl eotide sequence may be altered to encode tyrosine (either TAC or
TAT). In all constructs, the 5 coding sequence is flanked by appropriate
restriction enzyne clonln sites (’(irin this caq?ﬁe, Not | and Bbam-!%}m an nd a
Kozak sequenc@"cP‘?ﬁ?éﬂP%'ﬂeefegh%ﬂé’Fr% T b put the nycofide, peaiiencariay bery ? bel ow
shows the pl agwbdk thdemitd feitenRCANACRIACChe ARTHdN censtrect Bethaiundadingtheren Tabl e 7
Qonst ruct AT paeagidly SheodedlifRfe Hinsston Masdlo ch}lrbdefnbldwdotﬁ@don A
Tyrosi ne TAC QI(‘> hr eoni ne ﬁ E$ c@t ? | t%?@g

Tyrosi ne TAC SPREGP?S map bepftered ??ee”‘?%’@tm{ﬂ%@ heg JAGiRL TREN M7 a?onf esponses

fol | ow ng § nMmasking aéquencevis ﬂ#nkwma:proanz(terqstnyhomemzmre)clowwmom'ssase(JNV\FSS) :
INWF70, INWF 7, r edibbipRETreh@l df @ Miating ANG. Mar y

| muni sati on 'F% M%My%ng% %ﬁ§€qﬁ§§g "ﬁbcf)‘o% P E&E %¥ i]d 42 a?\d 70. Assays
were carried Gt Trelgupbo ?P'%'a%'f’e"“%?ﬂg‘ °°§'F‘|t8\ﬁ§ BIEa88%8H 1 L-2 ELI SPOT
responses 15 were detected in mce inmunised with JNW70, JNW71 and

INW73. Exanpjgels<- | mmunogeni clty experinents using part i cl e-nedi ated
i ntra-dernmal delivery (PMD) studies 20 _Full-length W i ver ed

by particle [f8bd | nt r 4-A08%al 49| | ¥4 5594ERRY %}ﬂd R@?'Q'P ¥ good anti body
& cel lul ar rlesponses. Thesemdatm:dd@hunsﬂrate t hat the PMDis a vely

effective dgtyvery Toute: f‘l‘]l'o‘sH'e'” moT e, ¢FRpari son of “Pylg7a and CPG PS01 S
confirms that _CPC-P501S. ilnduces a stromng :ﬁnn;;s as—detet ni ned

by peptide |B5 ELISPOT. 1.[-Th98PB%ials &|RMEfhods 60

B Tyrosine TAC JNW770
c Tyrosine TAC JNWTTT
D Tyrosine TAC JNWT769

10
The cellular responses following immunisation with p7313-ie (empty vector), pVAC-P501S

(JNW735), JNW770, JNW771 and JNW773 were assessed by ELISPOT following a

primary immunisation by PMID at day 0 and three boosts at day 21, 42 and 70. Assays

were carried out 7 days post boost. Figure 27 shows that good IL-2 ELISPOT responses
15 were detected in mice immunised with JNW770, JINW771 and JNW773.

Example IX. Immunogeniclty experiments using particle-mediated intra-dermal

delivery (PMID} studles

20
Fuli-length P501S, when delivered by particle mediated intra-dermal delivery (PMID),
generates good antibody & cellular responses. These data demonstrate that the PMID is a
very effective delivery route. Furthermore, comparison of P501S and CPC-P5018 confirms
that CPC-P501S induces a sfronger immune response as determined by peptide
25  ELISPOT.

1.- Materials & Methods




30 Novenber 2006 1.1. Cutaneous gene gun i nmuni sat i 3m Ndvafibed 2006 was
precipitated onto 2m di aneter gold beads using cal cium chl ori de and

sperm di ne. Loaded beads were coated onto Tefzel tubing as described

(Ei senbraumet al, 5 1993; Pertner et al, 1996). Particle bonmbardnment was
performed using the Accell gene delivery system (PCT WO 95/19799). For each
plasm d, female C57BV6 mce were immunised on days 0, 21, 42 and 70. Each
adm ni stration consisted of two bonbardments w th DNA/gold, providing a
total dose of approximately 4-5 g of plasmd. 10 1.2. ELISPOT assays for T
cell responses to the P501 ene, product a) Preparation of splenocytes
Spl eens mre1db95?ﬁ%'sﬂﬁﬁ?ﬁTWf%mW§gW%nl mal s at 7-14 days post boost.

Spl eens were processed by grinding between glass slides to produce a cell

suspensi on. Bed .l o %Fg?pltaéé ot ?Em l4REEr Bl BEHER Uéaﬁﬁ@a‘ﬁ“n%ﬂldﬂl@e Bﬁae at m3 nt

and debris was rermve t eave a flne susgenm on of sple test
wer e r esus pe feRsiding. Loadesiheads wess oaied gnto dg'ze) fpingian deseiiiep (%6‘%?5 une ‘H‘edl a for
use in ELIsSP@Ugaaesmyér et 20 1896). Fartele hombararherp @@t ipeforihednsingythd\Apeefdigenke | i brary
covering a ”ﬁélﬂ ngn ED?? ﬁ%%ﬁ REWE Ut \eﬁémﬂbk%whrfewm@we&a Cor p.

The library con eptides over| appi.n am no
acids pepti H@%"“'S?ﬁén pAE 0 é‘eé 2 gdd0 n%ﬂ?géi"éﬂisﬁat@@m’\sﬁte de}”g b@ﬁbar%[“eﬁrtsedl ction
programre ( Hwith DNRaEBRGRg addtaldbse of hpraxinagynes ug s plak®@9, 50: 213-219)

(http://svfpeithi.bm 25 heidel berg.conl) was used to predict putative Kb
and Db epitopes fromthe P501S sequence. The ten best epitopes for Kb and
Db were oPdel @ISR atsapt OpE sel(rerpongerto tha,R3AT3am RIOtHRE | i brary (pepti des
51-70). For screening of the peptide library, peptides were used at a

final conceniy (appr ox. 25 5M in IFNy and IL-2 ELI SPOTS
usi ng t he ro’mcé?g—ﬂgsc;ﬁ-g‘%g‘kﬁg b cPltioflr Bifedlon L S0PT OX. Ny, ELLSPOTS, 1L-2 vas added to

t he assay's aﬁp'%'s I‘GFﬂgPWme"é{?ﬂbﬁwy‘F@sa'UB%ﬂ 14 ¢ays pest boesti SRPSRR MBS aken at
day 84 f rom ﬁiEc?eBk@ byl grifding RataeRh glask sitlesda produce2ilgell dikspemsibn.7Red bidudeellspept i des

i d
\(NEHE:eRQ:AYg %@&)wyu%%&sﬁ%%ﬁ% d%l_mps\'l: Srel]ngveéi to leave a fine
( VCLAAG TYVP@EEEL (it Meresresispended, B a FaRasraon Sb B 1PHMt e ELSPOT

assays 35 61rREI dﬁwetmﬁd;azaaﬁeln@).tm%ﬁfsassay Plates were coated with
15pg/m (in PBS) rat anti nouse IFNy or rat anti nouse |L-2

20 b) Screening of peptide libra
A peplide library covering a majority of the P501S sequence was obtained from Corixa
Corp. The library contained fifty 15-20mer peptides overlapping by 4-11 amino acids
peptides. The peptides are numbered 1-50. In addition, a prediction programme (H-G.
Rammensee, et al: Immunogenstics, 1999, 50: 213-219) (htip://syfpeithi.bmi-

25 heidelberg.comv) was used to predict putative Kb and Db epitopes from the P501S
sequence. The ten best epitopes for Kb and Db were ordered from Mimotopes (UK) and
included in the library (peptides 51-70). For screening of the peptide library, peptides were
used at a final concentration of 50pg/ml (approx. 25-50uM) in IFNy and IL-2 ELISPOTS
using the protocol described below. For IFNy ELISPOTS, {L-2 was added to the assays at

30  10ng/ml. Splenocytes used for the screening were taken at day 84 from C57BL/6 mice
immunised at day 0, 21, 42 and 70. Three peptides were identified from the library screen
- Peptides 18 (HCRQAYSVYAFMISLGGCLG), 22 (GLSAPSLSPHCCPCRARLAF) and 48
(VCLAAGITYVPPLLLEVGEV). These pepfides were subsequently used in the ELISPOT

assays

35
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(Pharm ngen). Plates were coated overnight at +4 C. BofNgwemiser 2006 pl at es
were washed three tines with PBS. Spl enocytes were added to the plates at
4x105 cells/well. Peptides 5 identified in the library screen were
re-ordered from Genened Synthesis and used at a final concentration of
509/ m . CPC-P501S protein (GSKBi o) was used in the assay at 20g/m.

ELI SPOT assays were carried out In the presence of either IL-2 (10ng/ ),
IL-7 (10ng/m) or no cytokine. Total volume in each well was 200pl. Pl ates
contai ning peptide stinulated cells were incubated for 16 hours in a

hum di fied 37 *C incubator. to e) Devel opnment of ELISPOT assay pl ates.
Cells were r&hBU8BOTasaY t he pl ates by washing once with water (with 10

m nut e soak tRiatesowrellcBatbd/ witts 18)fg/nd €inl FBS) astchnti lokse tANYRS rati dnh niB& (LBR Ot i N,
conjugated r eyl qu,g - Pham Lpg/ M in
PBS. Pl ates 32’?%?’&%88 :bat%dk e\?m%%ﬁgérbuﬂﬁaég?@é@d}%@ﬂ%eu%f@? Iaat?e g(ra%%m@étsg%r%er ature.
Pl ates were tMehtimgssHbd Bﬁhﬁ@%”%?ﬁe‘gewgq‘?d%@e Btes Fb 4 Qdrals/wefl- Peptides

St rept avi di n idehfifiadi imbe fibrayso@ta vere(r&atde@ fromt GehbhBd Gyrdidsistane msed=atld owi ng

(B orady for "TR.eAESRrABPLARHE, R € Sty |Gl blhEsdeiy a7 P2 2" ©
wer e al | owed 2Bka/idr GLISRPD assayiowese camiedmk intthel prassnpgyofeaithértd d10aarally 8i% system
](cjeVi se;:l_ EydB(iOﬁ@mhl%K%cgéogT%h ﬂ‘&al%iuhe?i %cﬁ%ll wa208]1 rlate@&ﬁtairﬁnégﬁepﬁd cSiAf assay
or anti bodi uct _Ser .yl apl es_were obtained from
the ani mal s g@"@ag%atecﬁﬁsnﬁr%%”bg%gﬁoégéﬁ-uf'"3 ',’m'ﬁ'g]ec’;%g@'"?%ag%, and assayed for
t he presefice of anti-P501S antibodi es. ELISA was performed using Nunc
l(\/aGéksBQrg) _pI abmgvele@ﬁ@mommrgia;ay tated C \'/A\v}th 0. Spﬁ{ n of CP_CI_ZI-BPS_(I)_ls protein
io) in ium bicarhonate butfer. After shi.n TBS- n
(Tris. buf 7 or S50 4 %@%dg&"%apsﬁaﬁﬁmﬁ%"a Foa W PPl 0 b FREED, ¢ o
wer e bl ockederguieryss & eRlishandglyee dmes withoRESSRiotimcorpmatedueat anthwpdselfNG e  2hrs at
rR_(I)_o imnt E Irrperk ?u.uzr gh?’?h%enﬁﬁéﬁaddﬁcﬂ at ipigmw _b.ﬁtmj P&tesﬁi.?r&?a%&lﬁd :bvitlhléﬂﬁggg #dg (r-;:n jlug; t 2&
rabbi t agf i -Erf%ﬂsatee |?%ﬁ€%%%%ﬁﬂ¥%§w bﬁggﬁﬁgﬁg‘%@? E"aeg i g%%ge’%ﬁ" PELT8n i n
Bl ocki ng buf $féitreptpyidip alkalippphospiiataee (Caliag ph1/H198 dihtiom Following diyeq washes ict ed
usi ng Fast QP ssoid Qb rbRaBe By Snc(iitienRith BSICP sUbSirate @idrad) forasasshiapped by

the additio I ' ' nd, t OPD_product quantitated by
measuring t hnsel%é%az%ﬂr“%g_nv%ghj% Sﬁggﬁén%ggaiq R_g?efr“éerﬁes iagon tht? auﬂ%%;’é’lsi S assays 62
30 Novenber WOeratedivfighaPspIsAnalyps iEnuievisedm Biar Haxes. Atbmaceat Pidlagyt s was

anal ysedzby dnitaGsK.ent

1.3. ELISA assay for antibodies to the P501S gene product

Serum samples were obtained from the animals by venepuncture on days -1, 28, 49 and
25 56, and assayed for the presence of anti-P501S antibodies. ELISA was performed using
Nunc Maxisorp plates coated overnight at 4°C with 0.5pg/ml of CPC-P501S protein
(GSKBio) in sodium bicarbonate buffer, After washing with TBS-Tween (Tris-buffered
saline, pH 7.4 containing 0.05 % of Tween 20) the plates were blocked with Blocking buffer
(3% BSA in TBS-Tween buffer) for 2hrs at room temperature. All sera were incubated at
30 1:100 dilution for 1hr at RT in Blocking buffer. Antibody binding was detected using HRP-
conjugated rabbit anti-mouse immunogiobulins (#P0260, Dako) at 1:2000 dilution in
Blocking buffer. Plates were washed again and bound conjugate detected using Fast OPD
colour reagents (Sigma, UK). The reaction was stopped by the addition of 3M sulphuric
acid, and the OPD product quantitated by measuring the absorbance at 490nm,
35
1.4. Transient transfection assays
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transfection of the plasm ds into CHO (Chi nese hanst 80 Noweinber QOO6S

foll owed by Western blotting on total cell protein. Transient
transfections were performed with the Transfectam 5 reagent (Pronega)
according to the manufacturer's guidelines. In brief, 24-well tissue
culture plates were seeded with 5x10 CHO cells per well in | m DVEM
conplete nedium (DMEM 10% FCS, 2nM L-glutam ne, penicillin 1001U m
streptomycin 100pg/ M) and incubated for 16 hours at 37C. 0.5pg DNA was
added to 25pl1l of 0.3M NaCl (sufficient for one well) and 21 of Transfectam
was added to 25p1 of MIIli-Q The DNA and Transfectamto solutions were

m xed gently and i ncubated at roomtenperature for 15 mnutes. During this
i ncubati on SH@'ﬁan P SC elpkassive Memwasibed DACcenstrucEB&isaathiysed dy elchngienth 1501 of

o mttreg r Tt GRE et ol G Aiellams P Brabeaikidlanbes) dgkiod) bl | oF

was added drop ate gent]| é alaﬁ’gdandf ancubat ed at
37C for 4-6 H@tmgson tgalys! PW'”DWENE'E’EHWF’@@%SWE ﬂﬁ‘ﬁ?mﬁ wil ARG e cells

i ncubat eds f ofeagent wr&rh@ra) 48comihghto Lhe nahuf@TiGer's diidalineV\elst teish) 24iwetl tissval ysi s of
CHO cel I's ”@']% ?Qfeﬁ}éve ol RO h%&owchh cE:é%Jaﬁvaﬂa@w @Iﬁemwﬁméts aRsiLant |y

transfected wer e was r‘\([“‘jl L @ ﬁ[@ 3, \g ene
(1: 5000) / 0. OPMEM 19BsFGS. MM, Lighitanting. Penipily é ot 8'?‘?’5Y°f“n HEPL FERsi on.
Fol | owi ng 20inéubytes fon it & Bduirsod 37 1CH ©.5@HINA @hd addes toeSpisif Iﬂéﬂe‘éhf&mlfflﬁle@uypended in

50pl1 of PBS. I f eedctand th
celol SOI ncuba‘fﬁ%ﬁ"re g;gdﬂ.?g 9 ?aHggmérﬁ F\vﬁgt(%dy%g ZIBM% Funpe ) D Cté“rgDS sgrrpl e

buf fer (Mhvi$oGeErereBhedgenivapdansHIA! WWéemp&@&gﬁéélgm{%Htgs )sbéjf"ﬂﬁ 1'8n heat ed
to 95C for Snmbﬁtmhe&p, the 20t were waaigdl cbcein £B5 aatiextered with $50uYcf 2eUMTRRES- A yci ne

Gel 1. 5 (1 fuff BARA) &ﬁwm‘aﬁhgwh@mw;n@écté;@m.amasvmdb@e@p aRe(125V)

for 90 mnutes h cine buffer (ln ed broad
range nar kel thengelfs. Eﬁg’ﬂ%@f‘-”ﬂﬁ Fakensand insybaigi’ \‘%v; ggbo% 5§§“§8ﬁ%ﬂéﬁsarrpl es.
Fol | owi ng  edoafplsteapdtiuiresdssaddéd und srerplisdscubmeddon a farthef 43-7 2lpursat Biifobi | on- P
PVDF nenhrane (M Ilipore), pre-wetted in nethanol, using an Xcell [11 Bl ot

Modul e (I'nvitrogen), 1x Transfer uffe roge ni 20%
net hanol and?® ﬂ"ﬁ?@ﬁé@'&h‘!“%ﬁtﬁ&@oﬁf" ?Ws\{e('}ﬁy 8 s&ﬁcg%[%@gé a3'1"{r'!’139'nbrane was
bl ocked overnight at 4C in TBS-Tween (Tris-buffered saline, pH 7.4

contai ning Opflg, ,{%Q@ %oc&né R0 WBshed Ktk PBS dndb BN \Iféfse(nMir vel ).

The primary anti was dilute and incubat e
menbr ane f or{1FOPRYEL25y tfy(%'fh 5‘?‘5‘%&%%@ ]z&%lqe@fwrﬂ BRRLRE vg"'mﬂ"téﬁ ng in
TBS- Tweeng tthesisietion dar gHANellkwely pekdRi- arvdﬁguamﬂéﬁmr@blmftpaénﬁr'-eﬁ%se
| munog! Obu'\}/ﬂﬁle(o?gpﬁﬁ Iy@!ﬁ?ﬂa) wy@acddgd bidttescehis %Qﬁﬁteﬂrbn&ﬁ 1355 Min@es)
rie

cont ai ni ng 39 k and mcu?ated Eﬁe%?fﬁe for one
hour at roomdmieatRiF @'YCP%I%D&\?%‘& & Rf%En F‘('}E’gﬁ\ﬂs%f"ﬂ'ﬁmgt g M"She was
i ncubat ed viddéd Spdpiey siufraheatddizd 9P Cda SChisutes. 1HAD obwaple wastieadediordo g Pi er ce)

for 5 mnut eézoﬁﬁ%?élycil%?’eel 1.5mm (Invitrogen) and electrophoresed at constant voltage
25 (125V) for 90 minutes in 1x TRIS-Glycine buffer (Invitrogen). A pre-stained broad range
marker (New England Biolabs, #P7708S) was used to size the samples. Following
electrophoresis, the samples were transferred to Immobilon-P PVDF membrane
(Millipore), pre-wetted in methanol, using an Xcell {If Blot Module {invitrogen), 1x Transfer
buffer (invitrogen) containing 20% methanol and a constant voltage of 25V for 80 minutes.

30  The membrane was blocked overnight at 4°C in TBS-Tween (Tris-buffered saline, pH 7.4
containing 0.05 % of Tween 20) containing 3% dried skimmed milk (Marvel). The primary
antibody (10E3) was diluted 1:1000 and incubated with the membrane for 1 hour at room
temperature. Following extensive washing in TBS-Tween, the secondary antibody (HRP-
conjugated rabbit anti-mouse immunoglobulins (#P0260, Dako)) was diluted 1:2000 in

35 TBS-Tween containing 3% dried skimmed milk and incubated with the membrane for one
hour at room temperature, Foliowing extensive washing, the membrane was incubated

with Supersignal West Pico Chemiluminescent substrate (Pierce) for 5 minutes. Excess
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30 Novenber 2006 I|iquid was renoved and the nenbraneGNareibbe086n two
sheets of cling film and exposed to HyperfilmECL film

(Arer sham Phar naci aBi ot ech) for 1-30 minutes. 3. Generation of the

Ful | -1 ength hurman P501S expression cassette 5 The starting point for the
construction of a P501S expression cassette was the plasmd pcDNA3. 1
-P501 S (Corixa Corp), which has a pcDNA3. 1 backbone (Invitrogen)
containing a full-length human P501S cDNA cassette cl oned between the
EcoRI and Notl sites. This vector is also termed JNW673. The presence of
P501S was confirnmed by fluorescent 10 sequencing. The sequence of the cDNA
cassette is giiwuhwhy ramipsed\@Bl fhesrayhmeesedad Rewes tocdesis 3 cfiignfiay and
AY033593) . HugrHds&R0 Hyserii ECPER (AfBshn-LRhrisdaBiolddiBds -semipltat.e  DNA,
restricted with Xbal and Sall and cloned into the Nhel/Xhol sites of pVAC
generating vector JNW80. The correct orientation of the fragnment relative
to the CW pr 8rf@rnsratian of the Gulf-lepgibhuman PEYIS axprepsiomRpgse’q uenci ng. The
sequence ofs the expression cassette is 15 shown in Figure 12 (SEQ I D NO

17). To constcruc CPC-, P . 1.0 PCR
anmpl i fied fro?nH‘? %‘%'%“%?%%‘6‘?3%%%?@%%§sae'gm&|§%?ﬁ§s$’",@%{?ﬁ%?ﬁ h xbal
and Sall and etHSd-7501S (Gaiga Rpre). Wh'ﬁ%HES)GwEﬂDNg?-ﬂ dackhpna{jKitroagps Rrfalfing

pl asmi d JINW 35 fuifigthGRmae £5018r dDBIAt caéded clovied bevenf the IBeoRIand RARsigR.dThis

sequenci ng. Th q - Lan t S
shown in Fi gu‘r’%to?lgs_ %‘%E%%T%i ﬂ@%@)@%gé%}% gﬁg?@ﬁs\l&éf& ﬁﬁ.ﬁrﬁ%@%ﬁflf%rg%ﬁgtm

pl asni ds JRWGBEugiing Tapssenseo! sEPNA sa55pLes Py WI"&%W%E; SEIERSi ent 1 y
transfected i piceesSibiCumdlt SY0305b3a HumbaP50185vas LR amplifietl Gropripéi 2 emalte
described in S . : | ' il ed

si ngl e bands g@“&%%‘?“&“ﬁ’r‘r‘ﬁ?@%‘? n@g%@é&%@ﬁ&%&%@%ﬁSlkel\%%\?}da#\ggf&gétged wth
INVBBO and JHeRes SNWEAH Boe sopert prenAlgn Phe f3ament{plaiedo s fLEaRRIEL S ¢ he
predi cted nol emidnie by WERGINY 8y ONATSqukdiley. e sEdie Sdeld teompieSdthIassetie BPC- P501S
respecti vqu. s%grgfa%ﬂjr%‘tf@EBE%th% CPC tag does not adversely affect the

expressi on” of sults 5.1. Antibod resggnses_t% hurﬁan‘ P501S
fol | owi ng PM @Wﬁ'ﬂm%8??850@?%?'%?%8ﬂfprcé?ﬁiﬁ?@% BRMB\es gom the
i muni sati on vécioh pRIVAS20( ¢s8p tFigukeeD)] @etictehdlittpXbaCandPSdllarE dahb\B8Oe Whele

db : | | ' | \ ri i 0 d
assessed by EulShbod H0na. BEIMRRY o GHHINNLOMY koRd rdlatofies) an

t hree boosts . Fiaure sho t he .anti bod
64 30 Novenbefonimmgg by PCR and sequencing. The sequence of the C%C-PSO%& expres\é\llgn cassette y

20 . is shown in Figure 13 {(SEQ ID NO:18).
4. Expression of human P501S from plasmids JNW680 and JNW735

The P501S expression plasmids were transiently transfected into CHO cells and a total
25 cell lysate prepared as described in methods. A Western biot of a total cell lysate identified
single bands of approximately 55kDa and 62kDa for samples transfected with JNWESBD
and JNW735 respectively (Figure 21). This is consistent with the predicted molecular
weights of 59.3kDa and 63.3kDa for P501S and CPC-P5018S respectively. The addition of
the CPC tag does not adversely affect the expression of P5018.
k1)
5. Resuits

5.1. Antibody responses to human P501S following PMID immunisation
35  The antibody responses following immunisation with pVAC (empty vector) and pVAC-
P501S (JNW680) were assessed by ELISA following a primary immunisation by PMID at

day O and three boosts at day 21 and day 42 and day 70. Figure 22 shows the antibody
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responses fromsera taken at day -1, day 28 and day 49 Nétedgbédl206 Bl- 3)
and day 56 (mce A4-6, B4-9). Wiilst there were sone non-specific
responses to the pVAC enpty vector, specific responses to the P501 S
construct were seen In 5 of 9 mce. 5 5.2. Identification of novel T cell
epi topes from human P501S In C57BU6 mice by screening of a P501S peptide
| ibrary Followi ng i mmunisation with JNW80 (pVAC P501S) by PM D at day O
and three boosts at day 21 and day 42 and day 70, ELISPOT assays were
carried out at day 84. Peptides fromthe P501S library were tested at
50pg/ M final concentration. Fromthis initial scree 10 three tides
vere found t despeises frem serpiagn ghegvor!. fay-28 and dppfd @W‘?e &Eﬁt?hé?"?g?ygg and 48
(Fi gure 23). (hike9a-spepbj. datistibdre weresbmiennodspedticuesponseetd tHeepVAGseants. 5. 3.
Cel Tul ar r esponses. L. BYAG LA nkcl MBAc Bllsal 8 oPIMRo! mmuni sat i on The
ol T'Ow ng h pVAC (

cel lul ar response | mmuni sation wt enpty vector) and
PVAC-P501 S 15 were assessed by ELISPOT following a primry i mrunisation
by PM D ats dap. f4eatiiatibi 6EnoveDDIES efitopdf Yrofilhunddh RG0AS 70 C578Ig6 yicaney e
carried out T A 3 ifferent assay conditions were used:
1) Peptides fgg%gggﬁﬁﬁ%ggﬁgéwf;ﬁpﬁgg in the eptise Iibralgﬁlh s%re n used at
509/ m final Felowingrimmunisagon u-ﬂwryysaepe@%w&v&w 7 daey g theeg pP final
concentrat i oat ddyi uing dayl4r Sldalap 70, ELISPOIT dssdys Warercarried pet ah dayFHI0 Peptidgreci f i c
responses 20 ¢LQ yl 18508 SRy W%Fegé’éted(aé\%n@ml ﬁhaﬁom’ﬁﬁug’é@ﬂmﬁh&mt §ddéeh, | nduced
Yo" Pept| des 18 27

specific I FN-y responses an In all mc 6-553 whi | st
one nouse'Y( Biteespapides meiadernd e simylale IFNwandin d? f%’%b%ﬁ@f@eﬂ&'(zgf %ae 24B
shows that akfiguid 23 Theoyweptidep @elcfused ih kutiBequestpelhdaeasseys. Pepti des 18, 22 and
48. Furthernore, pVAC P501S i muni sed mce (B6-9) also showed noderate

| L-2 responses to CPC-P501S, whereas the e ec | mmuni sed m ce (A4-
25 6) shgwed 53cCelkdas seppauses £o a‘!“‘tﬁf’ﬂfiéﬁf%ﬂ’m‘me@f‘ﬁhﬁh J"?’%%%‘E‘%%s to P(501S

and CPC- P501 $hé ediibianrespgndebiolowitgimmunisatibn with pVAGdempty vedtiarr and @¥AGIRERLS
fol I ow ng,,i | Sall | Bowing Tlitary Fhrh@Hishtionty/AMibaldey 0 238 tHreb\NV680)
and CPC %%o?@%ﬁ%ﬁ%“%&%"ggsessggw’ﬁ%""ﬁu SPbT I‘o%olvl omtg\fgpﬁxgri W\e
i muni sat i onPeRFIsPANdEY 1. A4Apdd Oa?ﬁiaﬁo"@é% garmigd o4y 95YS BY ; gg{%rs% re
carried out dssagaysiitooswerbassat: 1) Pagideli 16, @2ant 48 ddeaijfied dn thetrieplids lene used:
1) Peptides i L E ' ' sibuaddyat PBLe@N used at
509/ final 3%%%%3?%@’?@@“ i Q%'ﬁ'ée@%g‘-"j' %%%?%C%?‘S?de‘?ﬁ‘”ﬁseé %Ea 20%%%/ M final
concent r at i ofinal mngentiationsFigue AA slipus that whjigl therg werere PORTS-BRSFEC SSRRI&BY good
| L- 2 r esp@nseshd émptP gtk (2als),penivadepsd?s cotdirics indidee spcifie iFdl-ymesponses to
P501S- speci f|.Cc respons to eithe e ty vect t \Y/ CrFﬁ!_3101 S.
These result Eept'g%s gg aﬂgéérﬁ)é‘f %O@G'tgp Wnfil8hd’ mefée ) Uso e et

response to Peptide 48. Figure 24B shows that all mice showed specific IL-2 responses to

Peptides 18, 22 and 48. Furthermore, pVAC-P501S immunised mice (B6-9) also showed
moderate IL-2 responses to CPC-P5018S, whereas the empty vector immunised mice (A4-

25  6)showed no responses.

5.4. Comparison of celfular responses to P501S and CPC-P501S following PMID
immunisation.
The cellular responses following immunisation with pVAC (empty vector), pVAC-P5018
30 (IJNW680) and CPC-P501S (JNW735) were assessed by ELISPOT following a primary
immunisation by PMID at day 0 and boosts at day 21 and 42, Assays were carried out 7
days post boost. Two different assay conditions were used: 1) Peptides 18, 22 and 48
identified in the peptide library screen used at 50pg/ml final concentration and 2) CPC-
P501S protein used at 20pg/mi final concentration. Figure 25 shows that at day 28, CPC-
35  P501S induced good IL-2 responses to 10pg/ml of peptide 22, whilst there were no
P501S-specific responses to either the empty vector or the pVAC-P501S. These results
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were al so seen using CPC- P501S protein to re-stinul agedvéhenbgd 2ogsyt es, At
day 49 (post 2nd boost), the responses induced by P501S and CPC- P501S were
equi val ent. These data suggest that the addition of the CPC tag i nproves
the kinetics and/or magnitude of the response to P501S. 5 Exanple I X

| munogeni city experinments In mce using P501S Protein + adluvant studies
1. Design and adjuvant formulation 10 The imune response induced by

vacci nation using the reconbinant purified CPC-P501 S protein formul ated
in adjuvants is characterized in experinments performed in rrice G oups of 5
to 10, .eight weeks old femal e C57BL6 m ce are vacci nat ed, ‘L" mes intra-
muscul ar |y atwese dleasesn HSRSERITE015piokimty ge-gimulaied theselepesyies %F@f (ost

formul ated i rn"" bbbsty itk frespamses adljcad BRS04 § 2hdARC-PTITE wend equivalacinThess tata ed

cor r esponds 8 g ftﬂ t 1R adtidh FFfle (PR fmifloh dne ki RRY ﬂgynu(,a@sﬁhel g
response) an g CBl response (T ce ynphoproliferation and cytokine
product i on) APRORRA Wéﬁ- on spleen cells, 6-14 days after the |ast

vacci nation using standard protocols as described in Gerard, c. et al,
2001, Vacci ngydiiple 4R SninimGgenic ek @mna&@npmc@%; GRIPS PRYah & Saifvaner | ment
I's shown. It Tnclu gr oups o enalr e m ce ICh received
4 mtrarruscul—%ﬂieﬁnj ections of CPC P501 (10pg) + adjuvant (A, B. C) at days
0, 14, 28, 42. Exanple V provides an experinental protocol of howto carry
out the formyl %’s@ﬂ%ﬂdﬁ&haﬂ%rﬂitﬁgﬁﬁm uvant fornul ations are as follows
(quantities given iS one dose of 100pl)): - Adjuvant A QS21 (10pg),
MPL (10pgY and CpG7909 (100 irg) nmade according to the mnethod disclosed in
WD 00/ 62800; The ikohpune sasporBe intlauernby sdccioatioo fusibheé re(cﬁmwga)n,t ptMﬂEd CROMGP1S CpGr909

(C'logorNgrerI gtnld %%g?funnuﬁ%@zfn éﬂjdvaﬁtgls‘éﬁér&&erﬁéﬂ%hﬁk Amé eFoimied i Bike. 30 E) Qldj U\éggtz
oi | -i n-wat er Q?'r'ﬂ? gf%tr‘? 1@@%%3@%%? aly. &%{:E'r% %?reg@g%&dt'\g%é'r"ew‘ Pesponse
i nduced by veosdulsy ia02 weeks eareal edh bppdlof 8@ OBC-RG01S proein folmsulat&P® P501 or

Rl gl Og?ﬁérg(igid)jum Cbtdns. Fnd ToMHPAL&ANLOEICHeshdhas BP9A0PERS fian 66 30
o5e R

The serology (total Ig response) and cellular response (T cell lymphoproliferation and
cytokine production} are analyzed on spleen celis, 6-14 days after the last vaccination
using standard protocols as described in Gérard, c. et al, 2001, Vaccine 19, 2583-2689.

20
The data of one representative experiment is shown. It included 5 groups of eight C57BI/6
female mice which received 4 intramuscular injections of CPC P501 (1Q:g) + adjuvant (A,
B, C) at days 0, 14, 28, 42. Example V provides an experimental protocol of how fo carmry
out the formulations. Briefly the adjuvant formulations are as follows (quantities given for
25  one dose of 100uh)}):
- Adjuvant A: QS21 (10pg), MPL (10ug) and CpG7309 (100 pg) made according to the
method disclosed in WO 00/62800;
- Adjuvant B: formulation of QS21 (20ug), MPL (20pg), CpG7909 (100 Lg) and 50 pf
SB62 oii-in-water emulsion (WO 95/17210);
30 - Adjuvant C: formulation of QS21 (10ug), MPL (10ug), CpG7809 (100 pg) and 10 pl
SB62 oikin-water emulsion (WO 99/12565).

2, Serology

35 The total Ig response induced by vaccination was measured by ELISA using either the
CPC-P501 or RA12 -P501 (C term, which is a truncated form of the P501 protein
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corresponding to the C term nus of the protein fused 3% Notanbeit 2006 nus, to
a TB derived protein RA12 - Ral2 is derived from MIB32A anti gen descri bed
in Skelky et at., Infection and Imun. (1999) 67:3998-4007). The

adj uvanted CPC-P501 S proteins give a good anti body response after
vaccination. 5 3. Cellular response 3.1. Lynphoproliferation 7 days after
the | atest vaccine, |ynphoproliferation was perforned on spleen cells 10
i ndividual ly. 2.10e5 spleen cells were plated in quadruplicate, in 96 well
mcroplate, in RPM nediumcontaining 1% norrmal mce serum After 72 hours
of re-stimulation with either the inmmunogen ( CPC-P501) or the truncated
protei n ( RA1Zomspandingtto #ief &amaipys ofdbme'@mnrfa%eﬂaﬁ its N| tyygginusforan {3 gV ﬁ‘g

( Amer sham SCigtdidin RWFE— R&hdEasIderidéd fagm ﬂafBBmMnsgen(detdnsed inSRedkyha al, drfeatidn ont o
filter plat es;d lu(‘u?u%ﬂ@f?@ﬁ%%%ﬁ&%b@ac“v' ty was counted in a p counter. 15

Results are &X XPress s stinulation indexes’ georrean CPMin

cul tures wit e afievagied CPCHER RpleioPYg Hood pEthpddesarrssalie” ERtnayeh) .
Re-stimulation with ConA (2pg/m) as positive control was included as
positive contsr&%“ulaA:;eg QAN in Figure 26, a P501 specific

| ynphoproliferation 'S seen in the spleen of all 20 groups of mice

recei ving the adjuvanted protein after in vitro re-stinulation with either

t he i nmunogen. or Lynglidpeslifdratith prot ei n made in anot her expression system (E

coil), indi 9%459%@% ihte tebécé.ngar@p%% 3%&,”&95 pgrfaunx@ onysaaéas cells

vacci nati on. asure I ntracel @ p?l ni. ng

spl een celd s indigidpgiie cﬁR}e%Fﬂi'F inerecrlzied 1"§”E‘Bﬂﬁﬂ?fjt° d’btgglwﬁ gicge/als, Irl:ul tur e
of nouse PBLRPMN m‘éddaymntahingt1|7enq1me|sreane:eeruh AMCIE hourg of| agyslimafatier witthe | at est
vaccine, spl ﬁ'@r tHe |ﬁm’un§j off ((GPd- 5561 ﬂ’%dﬂiﬁc&ﬁﬁ brof%HS '??'F‘BUU f'opferned. 10e6

cells (1 poo per gro werelncu /-18h d&?ﬁlﬁ Ised
over ni ght wi €9nceBHEP Lt?f3'é|ﬂf)’ﬁ@?net(ﬁ\g\9@bt§5§61m’b%ﬁ ¥ 18 s30 Aft er
a treatnment wedelhahiasle? orto Gitet plitdsi hostporate radlivactisiyl wa avented staﬁmemtw th

Carescent Al a%mx?ra&%gﬁ%ﬁm S Bor{ 8- KA CARh QlfurBliin

CD8Per CP) . at'i on st ep, wer e st ai ned
with a fl uoré@@é’h’tgea'ﬁ??" GRMg CF’F”T@‘HH?‘F‘BE‘M?") In mce vaccinated with CPC

P501 in diff geefthuiaidh witaOsna (Bl 8 ¥bsttivcconlinl wis indilides aapesitivdBongblown t 0
produce IFNg in response to DC pulsed with either the Inmnogen and the C

term p501 made in E coil as_shown b}/ I ntracel | ul ar strai nl%g L spl een
and PBLs). Thepkown;ig Fighrej 35¢ p £ L srecifig lymphorrgiferatien of 6‘?‘*“d‘élu'l‘assp Rehd this
cyt oki ne 20N glaepsast alieTedeRingithd afuvaied protéin JBerNiovitortsestimBRAGEH with either the

immunogen or another P501 protein made in another expression system (E cofi),
indicating that T cells have been primed in vivo by the vaccination.

3.2. IFNg production measured by intracellular staining of spleen cells

25  Bone Marrow Dendritic Cells (BMDC) obtained after culture of mouse PBL for 7 days in
the presence of GMCSF..
7 days after the latest vaccine, spleen or PBL are collected and a cell suspension
prepared. 10e6 cells (1 pbol per group) were incubated +/-18hrs with 10e5 BMDC pulsed
overnight with 10ug/m! of either the CPCp501 protein or the RA12.

30  After a treatment with the 2.4.G.2 antibody, spleen cells were stained with fluorescent anti
CD4 and CD8 antibodies.(anti CD4-APC and an anti CD8PerCP). After & permeabilization
and fixation step, cells were stained with a flucrescent anti IFNg-FITC antibody.

In mice vaccinated with CPC P501 in different adjuvant, both CD4 and CD8 T cells are
35 shown to produce IFNg in response to DC pulsed with either the immunogen and the C-
term p501 made in E coli ( as shown by intracellular straining of spleen and PBLs). There
is an increase of 4-10X in the % of cells making this cytokine in the groups receiving the
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adj uvanted CPC-P501 S conpared to the protein al one, 3@Novabexe20® 1 to 10%

of CD4 or CDB T cells are shown to produce IFNg. In conclusion, these data

allow to conclude that the adjuvanted CPC-P501 protein is 5 inmunogenic in

m ce. Both a P501 specific hunoral and cellular responses including | FNg

production by CD4 and CD8 T cells can be detected after several

I ntramuscul ar vaccination with CPC P501 In adjuvants. 10 Exanple X

CPC- MUC-1 constructs and sequences CPC sequence is taken from nucl eoti de

SEQ I D NO. 28. MJCLl sequence is avail able from Genbank dat abase (accession

nunber NM 002456). 1. MJCL- CPC construct 15 Due to the {ér §§e?[€ﬁ of a

si gnal sequendievanted PCP5PKRcompgred tathe eratecioneand fetrasn Hhi9 P13 o FRES opc

noti f was pl 2eed s hBehdwrite puuesiNgIhe resul ting MJC1- CPC DNA sequence is

depicted in SEQ ID NO xx (fi gure 28A) and the correspondi ng MJCLl- CPC

protein sequence in SEQ I D NO (figure 28B),

construct Duédn canciisien. fhass catacaligy ta %?‘@H&I‘h% é’éﬁJ@‘i’l\%“'@“‘Pﬁ %Colsgpr?é‘%ygnc °

post -transl atmrﬂn@béfﬁbmm&e MJC1 signal sequence was replaced by a

het er ol ogous chai n)
r%ﬁ IgéO‘l s%géﬂ‘%r]w% e% %r?{@ IJJ& ?ﬂﬂﬁ%s .dcth&%i Uc’ldctfbnkﬁ%w

and the CPC Inser et erol ous osgauence
and the MJUCL aacb@pfeﬁe@,s cqjebpdeiacie gt sg@m@mf@"wwﬁ@ f?gmuﬂ'& BT oo
depicted in hijgane. 29. 68 30 Novenber 2006 Clains 1. A fusion partner
protein conprising a choline binding domain and a heterol ogous prom scuous
T hel per epi tope 2. A fusr on part ner pr ot ein according to claim1l wherein
t he chol ifle ExampleX. GREH : Bfnthe C termnus of LytA 3. A
fusion part nePC@éqlfeﬁtteﬂsﬁmﬁfod‘lm.gleditldeSEalllDrNQ ¥herein the CLytA or

derivatives M%@WE#U%? ell?‘crivahfb Rtond GdtbarlkeRGEBis (ﬁces@ﬂ))f nhberRM 6d2456) 1 to 6. 4.

A fusion par n according to any of clainms 1 to 3, wherein the
chol i ne bi ndi ng dOfTB.I nis selected fromthe group conprising: to a) the
C-term nal desmien-OPC byrisruess set forth in SEQID NO 7; or b) the sequence

of SEQ | s N tog@%g%seﬁce%atsrgﬂs SERHENG AUB TR s SleBibdBstABhIMIoRAY, thes eqUeNCe
havi ng at ?

CPC motif was placed at the C-terminus. The resulting MUC1-CPC DNA sequence is

depicted in SEQ ID NO. xx (figure 28A) and the corresponding MUC1-CPC protein

sequence in SEQ ID NO. yy (figure 28B}.

cl eaved

20 2. ss3-CPC-MUC1 construct
Due to the presence of a signal sequence in MUC1 that is cleaved post-translationally, the
MUC1 signal sequence was replaced by a heterologous leader sequence {from the human
immunoglobulin heavy chain) and the CPC motif was inserted between the heterologous
leader sequence and the MUC1 sequence, generating a sequence termed ss-CPC-MUC1
25  as depicted in figure 29.
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identity, preferably at |east 90% identity, nore pref3xNbvembér 2806t 95%
Identity, nost preferably at |east 97-99% identity, to any of SEQ ID NO 1
to 6; or 15 d) a peptide sequence conprising an am no acid sequence havi ng
at |east 15, 20, 30, 40, 50 or 100 contiguous am no acids fromthe am no
acid sequence of SEQ IDNO 7 or SEQID NGO 8. 5. A fusion partner protein
as clainmed in any of clains .1 to 4 further conprising a heterol ogous
protein. 20 6. A fusion protein as clainmed in claimb5 wherein the

het er ol ogous protein is chemcally conjugated the fusion partner. 7. A
fusion protein as clained in claim5 or 6 wherein the heterol ogous protein
I s derived faasan organi sm selected fromthe foll ow ng group: Human

| mrunodef i ci gNGY s ¥iok L;!:%rtné‘"pydtém cBHpRRg ReEHRR Sihdii) 8dmal ah @ sheterologous
cyt onegal ovi rus, Rot aV| 'EFi‘:ﬁ" stein %arr virus, 25 Varicella Zost er Virus,

froma hepatit iPECTYSGURNS fepatitis B virus, hepatitis A virus,
hepatitis C i rAufssiamdarinepatolein ascediog m@a'mﬂrﬂiﬂ@{éﬁhﬂlqh@ﬂ"ﬁr“ﬂ""ﬂ?ﬁ&&"?'l‘éﬁ Vi rus,

parai nfl ugnza d\éweg%mmeea@ieﬁﬁnwcﬁm munps virus, human papill oma viruses,

flaviviruses or |nflue v rom e xgl
Bordetel l a sPp:® W@BH&@F%?@WS%‘M"Q lOnQel § %ﬁﬁwﬁ?bl\é/?' I%s%‘é;}wéi%scherl chia

spp, including cemblmesafde@SthErengeiSIofar@afmg'1‘ y18%P-spp, ; Listeria spp;

Hel i cobact er 45 RPfusisi pePia ﬁ?@t&ﬁ %b‘érdﬁﬁﬂo anyldﬁelhltﬁdlmg 3 Swhebdit e sholis: binding
epidermdis;; Bonelia including C. trachomatis, C

pneunoni ae; Idﬁ@ﬁ'ﬁéﬁsﬁf‘ﬁg‘g S he uﬂﬁ°m 'Qilsq fal ci parum Toxopl asma spp.,
Candi da spp. 8. a)Athb@stemnnqbﬁmaé'iquﬂéatﬁf%*ﬁa‘ $ER NP or 6 wherein the
het er ol ogous prgt &b@ed&n@ofBEQWNOQS&OCI ated protein or tissue specific

protein or immnogenic fra msnt h 5 | HA0ind 5P le8itNgsas ¢l ai med
in claim8 wher %pteﬁtg heef' c°"t1 it '“%%Btaé""“:" %cgd ér%}j't&#r??i\nt Ther eof 1.5 sel ect ed

from MACE 1, MADE-dsntmm@_erqbly MW‘BA@W LA Piefe"E*?i:CE‘ legst 9§ﬁc‘;ﬁe A
XAGE, PSA, PAP, Pgg4, ,e@érgﬂﬁmdast g?@@nl&enﬁ%%y oCSEQIDNOBZ26,o0r 69 30 Novenber

2006 NY- BRl 1, P510 I‘OS t mase,
survivin, P case818 pe‘B‘gﬁ se%”reh??e?o"? 's @ e %’%&%‘* t%ésﬁpg%h q‘rggfge?tr!gdasg?%lza med in

any of clains 6 ta0.90f5erHep conyaysus §m'ﬁga‘a‘i’ﬁ 5 Fhﬁlaﬂy“’taﬁg sgfuencg of) t 4
hi stidi ne resi dueﬁ; N¢571,a_35@\;muoiae| c acid sequence encodi ng a protein of

claimi to 19 ?“ﬁfo"ﬁ 835)(4{3 rp?o%é+ 20 c}éﬁ%tdqg aﬁg lolaffdsn® t@4wme?'c&n&f§lng sequence

of claim 11. ransf or me nucl ei ¢ acid sequence of claim
11 or with an @R‘pf@gglﬁﬁﬁote'!)ector of claim 12.
20 6. A fusion protein as claimed in ciaim 5 wherein the heterologous protein is chemically

conjugated the fusion partner.
7. A fusion protein as claimed in claim 5 or 6 wherein the heterologous protein is derived
from an organism selected from the foliowing group: Human immunodeficiency virus
HIV-1, human herpes simplex viruses, cylomegalovirus, Rotavirus, Epstein Barr virus,
25 Varicella Zoster Virus, from a hepatitis virus such as hepatitis B virus, hepatitis A virus,
hepatitis C virus and hepatitis E virus, from Respiratory Syncytial virus, parainfluenza
virus, measles virus, mumps virus, human papilloma viruses, flaviviruses or Influenza
virus, from Neisseria spp, Moraxella spp, Bordetella spp; Mycobacterium spp.,
including M. tuberculosis; Escherichia spp, including enterotoxic E. cofi: Salmonelia
30 spp,; Listeria spp; Helicobacter spp; Staphylococcus spp., including S. aureus, S.
epidermidis;; Borrelia spp; Chiamydia spp., including C. trachomatis, C. preumoniae;
Plasmodium spp., incuding P. falciparum; Toxoplasma spp., Candida spp.
8. A fusion protein as claimed in claim 5 or 6 wherein the heterologous protein is a
tumour associated protein or tissue specific protein or immunogenic fragment thereof.
35 9. A fusion protein as claimed in claim 8 wherein the heterologous protein or fragment
thereof is selected from MAGE 1, MAGE 3, MAGE 4, PRAME, BAGE, LAGE 1, LAGE
2, SAGE, HAGE, XAGE, PSA, PAP, PSCA, prostein, P501S, HASH2, Cripto, B726,
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14. An i mmunogeni ¢ conposition conprising a protein 0 NbetwBer 2006ny of
claiml1l to 10 10 or a DNA sequence as clainmed In claim1ll and a
pharmaceutically acceptable excipient. 15. An i mmunogeni ¢ conposition as
clainmed in claim214 which additionally conprises a TH 1 inducing adjuvant.
16. An i mmunogeni ¢ conposition as clainmed in claim15 in which the TH 1

I nducing 15 adjuvant is selected fromthe group of adjuvants conpri sing:
3D-WPL, @21, a mxture of Q21 and chol esterol, a CpG oligonucl eotide or
a mxture of two or nore said adjuvants. 17. A process for the preparation
of a imrunogeni ¢_conposition clainmed in y.of . claj 14 to 1

conpri si ng admi k‘i"f?gmt‘he]’?msiw}?ﬁﬁr gf%‘faﬁe'ofsnéfgw Bfospss: nrﬁg‘é’ertaﬁe'lﬁunc’)“?h'a 20

t he encodi ng poCypaB&l6eRAsl aidenZnegl ai m 11 with a suitabl e adjuvant, diluent

or other  phajqrRGeni frdih Ys 8RR AR 6 Gihd 6 &9 AR chnPisRE 88 Bk agdsroduci ng
a fusion protein of a laims 1'to 10 conprising culturing a host cell

ny of c
of claim 13 undé‘i"e*I?bﬁH%/tidi”Bf?é'dg?ﬁf icient for the production of said fusion
protein and tedoveeit iy seheentaigicodings woteinof flaiwrhte h& cul ture nmedium . 25

19. A protei niphn @gn\‘esﬁf)n Sedoidh EBnphisihPa dfdieRiach shiiBnaRfgRCA. of claim 11 for
use i n nedicine, 0. l%scﬁ_ﬁgf £ Protein as cl al{?}ecg.l q1an¥wof cl ai 0% to 10
or a DNA sequbh@dogtiapsiamed yih auclels acidsaaHenss oy B 1 o0 WHAD SEY R
conposi tion forvestareidamR.an i mune response in a patient. 21. Use
according to {4 ah MrdfogeibmbdbitdR kSmprBiY B rdidh® BOPASRed A dnP ob@aidl 1 i1bed by

30 sequential adm tration of |, e said,pratein foll d sai d
DNA sequefte; of" airt} PHECXS F Bﬂlkeézﬁd%mg”%‘ |%\R£zarm89euﬁ%ﬁy ggrl}éagh%rgot ei n.
22. Use accor di engiptent. cl ai m 21 wherein sai d DNA sequence is coated onto

bi odegr adabl &5 {¢ fghunBgenttedomp&HitRH a¥icRinfedR bibinf | EwhgTRRktdAER cormpaePach. 23.
Use according tp ﬁlg@l m 21 or tcI aim 22 wherein said protein is adjuvanted.
35 24. Use of a''prSP4F9 34" 8% i ned in any of claiml to 10 or a DNA

sequence of clGafmimmuriopenic tnpasitianf asc claimed af claim i1¥nirwhige thec Tid-dipdising i on f or
I mmunot hegapeut dgabhtys deleBdl rétd thd grddp b Sfbvarisibdn@kibing 3bIMPD Q25 HSG@REi bl e to
cancer. 70 30 V, %er 2(%06 215. e acco edl ng Lo @é‘%’! D t%% o\‘,\/nrgorreeisg}dsai d
cancer |Is prost t‘g a‘wge ?Iesg%n:oﬁ o nglgpr,lu S‘H‘S FaMEET , breast cancer or
mel anoma. 5 71 adjuvants.
17. A process for the preparation of a immunogenic composition as claimed in any of
claims 14 to 16, comprising admixing the fusion protein of any of claims 6 to 10 or a
20 the encoding polynucleotide of claim 11 with a suitable adjuvant, diluent or other
pharmaceutically acceptable carrier.
18. A process for producing a fusion protein of any of claims 1 to 10 comprising cuituring a
host cell of claim 13 under conditions sufficient for the production of said fusion protein
and recovering the fusion protein from the culture medium.
25 19, A protein of any of claims 1 to 10 or a DNA sequence of claim 11 for use in medicine.
20. Use of a protein as claimed in any of claim 1 to 10 or a DNA sequence of claim 11 in
the manufacture of an immuncgenic composition for eliciting an immune response in a

patient.
21. Use according to claim 20, wherein said immune response is to be elicited by
30 sequential administration of i) the said protein followed by the said DNA sequence; or

ii) the sald DNA sequence followed by the said protein.
22. Use according to claim 21 wherein said DNA sequence is coated onto bicdegradable
beads or detivered via a particle bormbardment approach.
23. Use according to claim 21 or claim 22 wherein sald protein is adjuvanted.
35  24. Use of a protein as claimed in any of claim 1 to 10 or a DNA sequence of claim 11 in
the manufacture of an immunogenic composition for immunotherapeutically treating a
patient suffering from or susceptible to cancer.
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25. Use according to claim 24 wherein said cancer is prostate cancer, colon cancef, lung

cancer, breast cancer or melanoma.

71



