1 CAT ALLERGEN CONJUGATES AND USES THEREOF BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] The present invention is in the fields of
medi ci n¥O 2881973 %heal th, i munol ogy, ol ecul ar bi ol ogyF GHEINYEPESy. The
i nvention provides conpositions conprising a virus-like particle (VLP) or
a virus particle and at | east one antigen, particularly at |east one
feline antigen, and nore particularly at | east one feline antigen that is
a human allergen. In certain enbodinents, the antigen is a Fel dl antigen

or a fragment X i (e} . .nvention al so
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I nvention induce efficient immune responses, in particular antibody
responses, in mammals, particularly humans. The conpositions and mnet hods
of t hgA(REROUND oF TIISBIVENTION he producti on of vaccines, in particular
for the treatnment and/or prevention of allergies to cat dander and ot her
cat antigens and allergens. Related Art [0002] The donestic cat (Felis
domesticus) is an inportant source of indoor allergens (Lau, S., et al.

( 2000 )ik pHcBE m¥efionl 392- 1397) . Indeed, cats are found in about 25% of
househol ds in Western countries and allergy to cats is found in a | arge
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dander and other cat antigens and allergens.

Related Art

[0002] The domestic cat (Felis domesticus) is an important source of indoor allergens
(Lau, S., et al. (2000) Lancet 356, 1392-1397). Indeed, cats are found in about 25% of
households in Western countries and allergy to cats is found in a large part of the population.
The severity.of symptoms range from relatively mild rhinitis and conjunctivitis to potentially
life-threatening asthmatic exacerbation.

[0003] Although patients are occasionally sensitised to several different molecules in
cat dander and pelts, the major allergen is Fel d 1 (i.e. Felis domesticus allergen 1; formerly Cat
1, i.e. Cat allergen 1). The importance of this allergen has been emphasised in numerous
studies. In fact more than 80% of cat allergic patients exhibit IgE antibodies to this potent
allergen (van Ree, R., et al. (1999) J. Allergy Clin Immunol 104, 1223-1230).

[0004] Fel di is a 35-39 kDa acidic glycoprotein containing 10-20% N-linked
carbohydrates and is found in the pelt, saliva and lachrymal glands of cats. It is formed by two
non-covalently linked heterodimers. Each heterodimer consists of one 70 residue peptide
(known as “chain 1) and one 78, 85, 90 or 92 residue peptide (known as “chain 2”) which are



(known as "chain 1") and one 78, 85, 90 or 92 residue peptide (known as
"chain 2") which are 2 encoded by separate genes (see Duffort, 0. A, et
al. (1991) Ml I nmmunol 28, 301-309; Mrgenstern, J. P., et al; (1991) Proc
Nal | Acad Sci USA 88, 9690-9694 and Giffith, |I. L, etal. (1992) Gene 113,
263-268). [0005] Treatnment of cat allergic patients is currently effected
by desensitization therapy involving2repeated injections with increasing
dosages eoéoded yesepaatergities (88 DIAALO. k! EASL (o1 FMAGUIERL 485 sflesdoved
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SUMMARY

[0007] We have, now, surprisingly found that the inventive compositions and vaccines,
respectively, comprising at léast one Fel d1 antigen or fragment thereof of the disc‘iosure, are not
only capable of inducing immune responses against Fel d1, and hereby in particular antibody
responses, but are, furthermore, capable of desensitizing a patient suffering from cat allergy,
and hqeby in particular, within a short period of time, indicating the high efficacy of the
inventive compositions and vaccines, fcspecﬁvely. In addition, we have surprisingly found that
Fel d1 of the disclosure, when covalently linked to the VLP in accordance with the disclosure, has
dramatically reduced aﬁaphylactic activity as compared to Fel d1 of the disclosure not



covalently linked to VLP while maintaining a high degree of antigenecity

and i MUNQYeeGdebYsy This is of great advantage over prigr _art cat allergy
treatments because the inventive conpositions and vacci NeZ/EPRUSKENES vel v,
dramatically reduce the risk of causing anaphylactic shock in animls and
hnmans to be i mmuni zed. Furthernore, the inventive conpositions and

vacci nes, respectively, allow the antggen to be given in nmuch higher dose
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one preferred embodiment, the vaccine further comprises at least one adjuvant. The inventive
vacceine is, however, capable of inducing strong immune
response, in particular antibody response, without the presence of at least onc adjuvant, Thus, in
one preferred embodiment, the vaccine is devoid of an adjuvant. The avoidance of using
adjuvant may reduce a possible occurrence of side effects relating to the using of adjuvants.

[0010]  h one preferred embodiment, the VLP comprised by the composition and the
vaccine, respectively, is recombinantly produced in a host and the VLP is 7
esstially free of bost RNA, preferably free of host nucleic acids. It is advantageous to reduce,
or preferably to eliminate, the amount of host, preferably free of host nucleic acids, to avoid

unwanted T cell responses as well as other unwanted side effects, such as fever.

[0011] In one preferred embodinien‘;, the comi)osition of the disclosure further [



conprises at |east one i munostinul atory substance, preferably at |east
one i mmunostinulatory nucleic acicL In one further preferred enbodi nent
the i munostimul atory nucleic acid is packaged inside the VLP of the

di scl osure. The inclusion of inmmunostinulatory substances, preferably

i mmunostinmul atory nucleic acids, into ghe conposition of the disclosure
may drive the inmune responses towards *ni responses and thereby
suppressing the Th2 responses and hence suppressing the production of |gE
4 [0012]Disclosed is a nmethod of treating cat allergy by adm nistering the
i nventj CAMPAsilon [T~ e Gl - cat ergkc

obj ect‘%o}i%flg%er%bli%sﬁur?g%. 0013]I'n agﬁgt ﬁgﬂgs\%ls:%e tr,a;e%ﬁlgr e&i slapSIrt o\(/)?%jed a
phar mevswepstaiulatoypodeiciacid. Ionefinghen grefdmed cobpbment e imaunkstimniatbrabove and
an acceptabl e pharnmaceutical carrier. 10014]1n again a further aspect,

t her e nugleigragid il @arkagaddnsidedthe fVLE Fdbe disgostre The MsBsion; o Ammencsirra® above
conpr 'sﬁf)%cés?%yre@%a%};}) S RehoSirkQAt6ryPREfelcClofiis Wintd i@ teoln@@dionodTand tfs@bsure
attachnment site, erein said core particle is a virus-hie particle (VLP)
or a vigyuddysathei gineme (1BYPOPTER P HIRY TQ% RS ghe theehgewririle de TWast one
seconq.ali BB e ShipfessiM 8E BtddudhdrBRt i gen is a Fel dl protein or a Fel
dl fragnent; and (c) 'linking said core particle and said at | east one
antigen to produce said conposition, wherein said at | east one antigen and
said core particle are linked through said at |east one first and said at

| east one second attachnent sites. [0014a]ln another aspect, there is
provi ded the use of the conposition as defined above for the nmanufacture
of a nedicanment for the treatnment of cat allergy.

AR



[ 0014b] I n anot her aspect, there is provided the conposition as defined
above for use in a nethod of treating cat allergy, said nethod conprising
admi ni stering said conposition to a hunman. [0015] Al so disclosed is a Fel

dl fusion protein conprising chain 1 of Fel dl and chain 2 of Fel dl fused
via an am no acid spacer, whichlinks the N-term nus of one chain wth the
C-term nus of another chain, wherein said am no acid spacer consists of an
am no aci d sequence having 10-30 am no acid residues, and wherein said
fusion protein is produced in E. colig or wherein said fusion protein is
not glyﬁgﬁ%late . BRI EF DESCRI PT| ON OF THE FI GURES [0016] FIG 1 shows the
Coonmasd t ai medCBiHi Fedt dr g Hetina cakellegy vy adeiaisisring ehadnvepive

SDS- PAGGmpesitidned vscig, ragbcﬁvag,rrﬁtbe%atianerg@%je&, prefbll nhm@s T educi ng agent.
Sanpl es éﬂglane 2 hﬁ% no DW&. LOOlﬂbﬁi % shom§ Hhe degr anul at.i.on_.of
basophi 813y i Iathenasped) thiie iy rEYd pPBYRPTETICH! SHEPSTRyFOTRES PRyl =
fusion 6ili DS aCRMAREEEbOL @ akdlah acdep@bicpha@icearal Gridie concentration of the
corresponding Fel dl protein. Y-axis represents the percentage. of
basophi IPBEHwhi ch nawie daphefe girsriultiireds Prgdsdon spathad st slﬁ%‘ﬁ&mtgh@eski n

prick t;g o Jﬁ%ﬁést(ﬁeglﬁéd %o@@&oxﬁﬁﬁsﬁﬂﬁfqr&ﬁhﬂ@%%&% g‘éﬁﬁléxﬁ%ﬁét‘l&gt dR-FELDL on

day O, and the tests were ‘also carried out on day of 0, 14 and

21. [ 0cHtaghment sits, whavis seideoreapaticlais sevimsdike partica (VEBY 6 wvihs phioRt (yver al |
S_C ore (JdRiiftEht least one antigen with at least one second attachment site, whercin said antigen is a

Fel dI protein or a Fel d1 fragment; and (c¢) linking said core prarticle and said ka-t least one

antigen to produce said composition, wherein said at least one antigen and said core particle are

tnked through said at least one first and said at least one second attachment sites,

[0014a] In anofher aspect, there is providegl the use of the compénsition as defined above for
the manufacture of a ﬁledicament for the tréatment of cat allergy. _

[0014b] In another aspect, there is provided the composition as déﬁned above for use in a
method of treating cat allergy, said method comprising administering said composition to a
human.

[0015] Also disclosed is a Fel d1 fusion protein comprising chain 1

of Fel dI and chain 2 of Fel d1 fused via an amino acid spacer, which links the N-terminus of
one chain with the C-terminus of another chain, wherein said amino acid spacer consists of an
‘amino acid sequence having 10-30 amino acid residues, and wherein said fusion protein is

produced in E. coli or wherein said fusion protein is not glycosylated.

BRIEF DESCRIPTION OF THE FIGURES

- [0016] = FIG 1 shows the Coomassie stained purifed and renatured Fel d fusion proteins

on SDS-PAGE non-reducing gel. Samples in lane 1 had DTT as reducing agent. Samples in
lane 2 had no DTT.
[0017] FIG 2 shows the degranulation of basophils by either the Fel d1 fusion proteins
alone or by the Fel d1 fusion proteins coupled to.QB. X-axis represents the concentration of the
corresponding Fel d1 protein. Y-axis represents the percentage of basc)phﬂes which have been
degranulated.



of a cat allergic volunteer who received B-FELD 1 on day 0,7 and 14 and
the tests were carried out on day of 0, 14 and 21. 5 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON [ 0020] Unl ess defined otherw se, all technical and
scientific terns used herein have the sane neani ngs as commonly under st ood
by one of ordinary skill in the art to which this invention bel ongs.
[0021] Adj uvant: The term "adj uvant" as g4sed herein refers to non-specific
stinulators of the imune response or substances that allow generation of
a depot in the host which when conbined with the vacci ne and

phar maceutical conposition, respectively, of the present invention may
provide for an even nore enhanced i mmune response. A variety of adjuvants
can bgoosyid. Ex&IGBeabowstht skie prickipdsttesultsrof ajcatallepgie velumeeruwihap meadiduvant |

al um nu roxi de d difle ramyl di peptide. . Fur juvants are

ni ner ﬁ%&i&?ﬂ@ﬂygﬁ]ﬂgﬂ%hﬂiﬁ%ﬁ%& u&f0 g%n%agt?é/ogﬂsﬁ%?tlances such as
| ysol qepid)i n, PFIE AR sBoPihY ahsal deseleycanition Scord il nagisisovenll|scaren(fIGi 4B)s,
keyhol'e |inpet henocyanins, dinitrophenol, and pote é%all usef ul human
adj uvaftascat alersigsvoBoer Whe irmeéfeéélﬁrgﬁ@ 1@%8?Yh§’= "aﬂ’efP PP S EHLVEGr n

parvu adk uvant al so well known in the art. Further adjuvants

t hat g%ﬁéggﬁggﬁ%ﬁfﬁpbﬁz 33}1h the conpositions of the invention include,
but are not limted to, Monophosphoryl 1ipid imunonodul ator, Adj uVax
100a, @S-21, S-18, CRL1005, Aluminumsalts (Alum, M--59, OM 174, OM 197,
OM 294, and Virosonmal adjuvant technology. The adjuvants can al so conprise
a mxture of these substances. VLP has been generally described as an

adj uvant. However, the term "adjuvant”, as used within the context of this
application, refers to an adjuvant not being the VLP used for the
“inventive conpositions, rather in addition to said VLP. (0022) Antigen.
As used herein, the term"antigen" refers to a nol ecule capable of being-
bound by an antibody or a T cell receptor (TCR) if presented by MHC

nol ecul es. The term "antigen”, as used herein, also enconpasses T-cel
epitopes. An antigen is additionally capable of being recognized by the

i mmuune system and/ or being capabl e of inducing a htunoral immne response
and/ or cellular immune response |leading to the activation of B- and/or

T-1 ynphocytes. This may, however, require that, at least in certain cases,
t he antigen contains or is linked to a Th cell epitope and is given in

adj uvant. An antigen can have one or nore epitopes (B- and Tepitopes). The
specific reaction referred to above is nmeant to indicate that the antigen
will preferably react, typically in a highly selective manner, with its
correspondi ng anti body or TCR and not with the nultitude of other

anti bodies or TCRs which nmay be evoked by other antigens. Antigens as used
herein may al so be m xtures of several individual antigens.

[ 0023] Antigenic site: The term"antigenic site"” and the term"antigenic
epi tope", which are used herein interchangeably, refer to continuous or

di sconti nuous portions of a polypeptide, 6 which can be bound

i mmunospecifically by an anti body or by a T-cell receptor within the
context of an MIIC nol ecul e. I nmmunospeeific binding excludes non-specific
bi ndi ng but does not necessarily exclude cross-reactivity. Antigenic site
typically conpise 5-10 amno acids in a spatial conformation which is
unique to the antigenic site. 100241Associ ated: The term "associ ated" (or
its noun association) as used herein refers




to all possible ways, preferably chem cal interactions, by which two
nol ecul es_are }*}é)_i ned together. Chem cal interactions include coval ent and
non- coval'éhto%

78¥%ct i ons. Typi cal exanpl es for non- covat BRE20PPEBEct i ons
are ionic interactions, hydrophobic interactions or hydrogen bonds,
whereas coval ent interactions are based, by way of exanple, on coval ent
bonds such as ester, ether, phosphoester, am de, peptide,

car bon- phosphorus bond - joether, or imde
bonds. EOOZElAttachmni@@i‘%ﬁ%ﬁ@%%%ﬂ% phrase "first
attachnent site" refers to an elenent which is naturally occurring with
the VLP which is artificiall ed.to the.V and tq.which the second
at t achit®¥%si t e %S%‘&tﬁﬁ#\ﬂt@w*h@%ﬁ&g?ﬁﬁ?‘?ﬁﬁ?ﬁ%fm?‘f Fséagll?ﬁvmgtéavgla’ﬁr otein,
a pol ypeptitenings ag Gbfmodlsi chdeBtopd [yl 6, oftordingd skilh i teyitied ediidhddis a

nat ur al, or__sl}/lir;t hetic polymer, a secondary netabolite or compound (biotin,
f I uor edBwHOR belongso| | di goxi genin, nmetal i ons,

phenyl neyny! sul f aapkddiUnd ©an "adpivad” Gb @8Rt rdR@A RS honSspBdife! Rirbuledrsas an

am no group, a carboxyl group, a sulfhydryl group, a_hydroxyl _c%roup, a
guani diokyhe iemg resppuse jof ybptaness Sigb allew sencztiol oh a dereh in te hag whidk whear o r e

enbodi ngfbiRl Wit MRV ERtneY adde Bledrind GulER WonipBlifch, ibGebiveBl oRlth@ t site
is the amno group of an amno acid such as |ysine. The first attachnent
site | dnyepten swy propidectar By eym mAre enhprogd dnmypgirespanse iy Manety AT adiuvagtst er

surfac f1 V xamgtk td f : : |ﬁr§1§] r £y %P\Emﬁ t he
surfac:c?]?p]?e:apgerdéb y _ngtﬁghgeutcg@fseae? a‘ge 0 vﬁﬁus- fiﬁegdﬂ)lg{atﬁ?c e, ??/in cally
in a rdpydtoxidevandc owidifigdr muiapyldipeptide. pFather radiiventh g meinerak Igelsf suchtas

attach . Ssite is..assqckated..wt \Y/ r . I .0 val ent
bond, [)5?‘% %’é‘?‘gb defﬁ’ﬁg%u%#‘"’g‘% ﬁ%telggstsggér%%%sep ?hdtélp b%%g&ltﬁﬁ’ a}ﬂ @é%ltc hg@ygg’ef erred
enbodi melyaniohs, pEptidss, ofl etmatshme, keylsile Bmpet hambeyapin, \dirdicepbendlrapd potehtisllye  VLP.
Al ternati in.a preferr ogli it Lt f.iy st attachnent  sj is

art 11 abslir b el BB o R00s et 8, BB e

her ei n,Such adjphanasdte lse wel inati icthaant Fgihbeddjuvahte timt tan Wenadadisisert withi ch | s
nat ur al occurring wth or which is artificiall dded to Fel . of the

i nvent %% GQWBOSN?I’Wﬂf%e tPEFReR é‘f"l‘?ﬂet b, ﬁ@n?"tsli“f“é“ydn&y %g‘énopﬁ?‘i‘?g?fyp 5I’H'rtgi second
at It ac hrpad &Jnﬁinbdil-]ﬁf)r, _Egjuwd.k 100a, (g8=2 i,_fQSé‘rﬂ, ICRL 108, Avemin u?rs@ttsealmlm B évIF-59,-

pol ypeptide, a_peptide, an agino acid, .a sugaj, .a Lynucl eotide, a

nat ur aI'OM!’”éyﬁ)tl\E‘ég’(’ OW%?Wé‘Pd W@E‘B‘nﬂ‘gﬂfmﬁg‘“{%ﬁg‘?gyﬁ g[hSraLéB’(Yﬁ’ﬁ“BlﬁH A% ot i n,
f1 uor e&%&lﬁﬂse b ShikRA of fe@ONbIBRICE, VIIBIhEY bbéSencrally described as an adjuvant.

phenyl met hyl gul fonyl fl uoride), or a_chem cal reactive group. such as an
ani no grOUYen dhe ErBoRIIvETo A8, usad SUifbin Pher pmtegt oligris apMiseidx jFe 8B, 7 a
guani diQydvatn8tiing the VL8 8 Fofhe Rrent®e BmpOFiRIn Ahinein b ESPh saibd vaTFEf €r r ed
embodi nent_of a chem cal ly reactive group being the second attachment site
i s t he [8Q32 hy dApligegr daps e the Fymo'Antigen araierd toak Mglesyls capahle of hisgt er s

"Fel dI i 09 M . bt Gof €f er's,
Fel  dlyogha biGn hiiRy 0P Wmm%p%mgﬁﬁgfeﬁgﬁ%gfﬁ%lgﬁ?lﬁégéa §ht Gorm! €T €S

therefore, t0 a construct conprisi ) _the invention and at
| east damtigsa onudsed thewgh plsm encompessed-bwell epitopésn Aorantipenis addifienally capsblsnd

attach . Sj _-Whi NG Wi thi | . of the
nvent | avind cBeni S R el sD bRkl SHBIR hle A 6ral hetle 0
"1 i nkerréspohse andiot ¢vdlnlapinefarerregponseticadingen thetabgvasion ofidh antifondHympkocyics.e | s

associ at.ed wth the Fel. di_.of .the.invention thr h .| east .. val ent
bond. . ot Ry 1St i e bl QG L thO U Bk PH5H 1R 6%
enbodi rindell dphepesmd dngivat incadjuvantt As iahtigen SambBivdoat byymoeapitopes Bvardif-n t he
Fel dl of the.nvention. Ln another further ferred di ment, the
Second SHPRESh A Per 6 Magtdh Spred th b i quetl & FissiEdFatdne gpogepml

i nvent i;@éfexltcablyee@ﬂ tipidallf iepd hifgulj}%élleéﬁireﬁﬁnderl itk &S cRREJUNIRE antibodglok [lfcgat i ¥e| y
consists of a cysteine, Preferably. t | nker. is fuse o0 the Fe o]
the i nBAPPLFtHThe Tubpds etist "%/16%?%' ‘tlﬁhlﬁ} 99 P ol b ant

prot ei NAntdesk dshied Hetedi HBPEEBOMxtESOSE sb@rANindvimsl fntipe. €i n” within this
application, refers to a viral protein, preferably a subunit of a_ natural
capsi d 18923 vi r uAntigsoisseaicorgt “aptipgue sitghand thejerd fagtigens pritope™ Sthidlei ng

| ncor pPof&h@d hbfiinRrokhigdshlf,a0RE B @htithold &t ﬁ&&%&bﬁ?ﬁmﬁﬁm%ﬁa?ﬁ@péﬂﬁﬁ@,m ion:
The term "Fel dl of the invention", as used herein, refers to at |east one
Fel dl protein or at |east one Fel di fragnent. [0029] Chain 1 of Fel dl:
The term"chain 1 of Fel dl", as used herein, refers to a pol ypeptide
conprising or alternatively consisting of an am no aci d- sequence as of SEQ
| D NO 22 or a honol ogous sequence thereof. The term "honol ogous sequence

of SEQ NG 22", as used herein, refers to a pol ypeptide that has an
identity to SEQ ID NO 22 which is greater than 70% preferably greater




[0030] Chain -2 of Fel di: The term"chain 2 of Fel dl", as used herein,
refers to a polypeptide conprising or alternatively consisting of an am no
aci d seqUBAtE®"3E%: SEQ ID NO 23, SEQ 1) NO 25 or SESTHAREGISES o o
honol ogous sequence thereof. The term "honol ogous sequence of SEQ I D NO
23, SEQID NGO 25 or SEQID NO 26, as used herein, refers to a

pol ypeptide that has an identity to §EQ ID NO 23, SEQ ID NO 25 or SEQ
NO 8 26, which.is greater than.7Q% preferabl reater than 80% .nore
br et or S0 b B ol R Slsob ARNY L ie0s P b KRS GoelBE NG 10506
The t econtéxe bhamMH®moleelle. dintmunaspedifiechilidiie éxtludsdoan-sheéific bindiizt deesa

pol ypepti de enco sing at |east one, post-translational. nodification,
! LN PR RS AT ABSEERICGHS DRI SYREH o0 ACHEARIS of Fel
dl, asspd6il deRrhfioaiwhidl e htigabiothd Htigeliakike. 2 of Fel dl, as defined herein,
consis@@)f at npst (150, even nore preferably at npost 130, still nore
prefer 0P at  nu\spociaist: Ihr omaarasiated” (qpits poun weeriation) asgisedhessinpefers The

term "gehn %bssﬂﬂ@%&é,‘"pre@ﬁb?’sm %t@nact'idﬂsﬁgf wHchetR) RloRliles QAP oin?%ing or

alternatively consisting of chain 1 of Eel and chain 2 of Ee

Pr ef er WBFthere Hehiepricpl gptepastions inglpglec prialend apd mosrcoyplenfy interpotionyl Eymigalent | y.
I n one r O S erack el =hal . el

dl are ?%ie% 1!\‘(/)igfalmg-'?p east o?gﬁi J’(]lﬁsiQJ[an?flo %g%%@h%ﬂﬁpﬁog)?&%%?é@éf
enbodi htaegenthonds tvetiereay cayrlent Haferpcongrase foasedd b imaieof etamplet by covaleita a
Spacer podgd S%H @eﬁe@?&h&?‘?ﬂosjﬁﬁ&s@, &ﬁig%,gqegilj&é {c%ﬂ?%—gﬁ%gﬁ&hf B3nd3! carbo

alternative consists of a spacer.

n-
protern, as
def i neshlhiebeids such@n ticather,ofr atdeponds. 300, even nore preferably at nost 200
am no hgs in t | . L Ggal .\ .and. pref er abl el _dl. praotei, accordi ng
to the@?\ enti orfl%lghsm%ngéa ICPEISJ% iuﬁ(aiul%lrn |?1pq’\f¥g\90§fsk3&5]?%ﬁﬁgﬁ? orﬁfe'c??w

ant i boshyelepeat iwhichad hatuiallyn deanerirtgowith thi ATLR drewhiclt is naiticiallp addedns tg Ve, dl or
the rec i nant -Eel dI roduced accordi ng..t 0 .EXAMPLE 5 of the, present
vent i VR serspstd AR RRGATE SO fkeloThe o datipng e i bhg

her Iei Nprotedd, @ pelypeptide,palayiepic "(?GEpélﬁliﬂﬁl lra} w;%ﬁg;a@bllylﬁhdl@iﬁgﬁtaiﬂafﬁﬁ'al oglﬁﬁﬁlieﬁﬁ ing of,
at |least one antigenic site of Ee . Typjcally and preferably, the term
el © POty s Al of epmpow Giabhy Biciesstinyiinl GeStsmt sy or

al t er niabs, phbayheeBEingfonPluefide) orl £d®ida r@aﬁw}eg?fiﬁlﬁs@h b€ 8n BhincSrod), a

Pr ef er ab) fhe_a_ntl enic sites areﬂgova ently linked, further preferably

t he antafEyl grow. psultydeylisronpetihysiiont sTwnst BAWInL grorRdishigingl eopp-Rhfch case
a SpacesmbIeiion FRerddTEA FREAEN bfibsdibns Wcﬁé%ﬁélﬂ?%&ﬁv??ﬁfu?r gVind gt at

| east two antlge_nlc sites derive both fromthe chain I of Eel" dl_and from
t he chaiiaghmenspites|thepminpgequprofgp gmingeaciksuch s fysing et firstpttaghamqup il iBer ei n,
consi Sfogatéd, é%:;ican%h H3QrfaY G PREEabY 64 ﬁfe%pf.ev sfacHBP the K80, m@gﬂa firger €

pr ef er abl anino acids in total. Typically and preferably, the Eel dI

frag rreﬁﬁacg@e@-aWtﬂ@reseﬂt rdthe surfpce.rprefprablytandhgypuses surfacs of girusalke tadible.

speci f§ -"P%bﬁkﬂ"rt g,gljgg tthe n el | .. t:he
rgcont)":yﬁiglrl]]?y‘Iéxgél1 I ase %rng uce(gl'éﬁgoﬂr}?ﬁe #é@%%gﬁ%ﬁ}g&é g& (t) t ee%t(r)%tgelgt
i nvent #sseciatgaBB the WkBothropigh at beash onei cokalehit bood, preferahlyuthrough akizgstJonas used

herei n, - 0 i e I hen cal . inpieractions, by
whi ch ?Wégéﬁéq%ég’s '%gpﬁ?% g‘?ﬁ%ﬁ%ﬁ%ﬁﬁe Isjll%E %Pa%‘a&lt%% %tmr%ag%tocg?\rgr% econd

at t achwihthesVER Alteengtiselyeih 24 pglied cobaliswnict first hgachokniosnie is adifiotity

coval ende%g)qhn%i,coval ent interactions. Typical exanples for non-coval ent
i nt er ¢t are ionic interactions, hydrophobic interactions or hydrogen

bonds, [00P&lr eas camelimetic Sitat Sucand: | Antsed herdirg thaplatse Bscond yttadhnexpasr e, on
coval ent.. bonds, such ester,. ether, phosphoester, am de ept.i.de,

o bor R O I shh S el oot PR el sel BRI W ot 1 e
bondsathb ﬁht@ﬁilri]drﬁdnﬂ' t@!ﬁ&icﬂtﬁ@ﬂfsﬁﬁﬂgﬁgﬁﬁﬁ%ﬁﬁ niha?Q)efliinkéd. m&k@@hmsmicl 'hﬂbﬁt%itagd t he
secon . Nt site are I nked tnr ugn, t east one .coval ent onda,

pr ef er%fﬁt{%ﬁf ﬂf@ﬁgfhvea‘eoq oy be %H%’t%ﬁ-%%ﬁl"?‘b% P BFRYIACARFOHBR ALy ey 21 er abl y
t hr ougholiteledtdey @l i or RO RhériCpdIpRcK _§)seco]iaiﬁyt,~_§ét£ediité Sk&rhpoiid Ksigih, her ei n,

however, shall not aonly enconpass a direct |inkage of the at |east one

first Byarescrperstind; digozigepinnmetat imsapicnymethybationylnorided ok at chsmicellput

al s0, RhdRERANub%EINasAN dmtictirEiR A lcib kg £ SftfydryD BlydfoR east
one first afrit?éélghnen%s site and Ii?he a?%{le%s " one gg‘go%gﬁigtat ch n%“éai’te

t hrough internedi ate nol ecul e(s), and hereby typically and preferably by
using at |east one, preferably one, heterobifunctional cross-Ilinker.




[ 0034] Li nker: A "linker", as used herein, either associates the second

attachnent site with Fel dl of the invention or already conprises

essent | aMA U s of, or consists of the second attaﬁﬁfgﬁ%@‘]@?@%‘.s

Preferably, a "linker", as used herein, already conprises the second

attachnment site, typically and preferably - but not necessarily - as one

am no acid residue, preferably as a c¢ysteine residue. A "linker" as used
a

herein is al,so,terned . 'amno acid linker), in rticul en a_li.nker
hocor daRgnhESHR ST 2o o heordterisn bt ARl e dud e Thus,
L he t erchanibhﬂyﬁeecrﬁ'vﬁ %ﬂﬂlg“lﬁﬁigrthe 82bel h&dﬁ]ﬁ@éﬂt shé ﬁ thé lﬁlﬁﬂl@ﬂh@ﬂ geap)| prefuably

erein. .However, this does_not i such a linker consists
excl usioigé‘lnyawoe?ﬁidnﬁ’sé?&edsrpﬁm ,e¥é{}eﬁ§ftth igvenfign syith, g lepst (qng FeeAndani no
aci d r eRidhREt ¢ite” femrsoherkrrd 16 aReskiie donPhistl P A RF tHe HRMALND Bad dhe
amno acid residuyes of the |inker are, preferably, conposed_of naturally
occur r /157t i sfePnd Aerbmspt sisntewrwr, BprmisUiatong sriepdAta itgrighichyis| - 1 or
al | - D Qbt Bhatdally QRcirBRE QRfhin WY PlI&d1 BF fleehi&fiof "RERA B Su® fyfcduyiear i n
accordance with this Tnvention are nol ecul es conprising a sulihydryl group
or a cysapbly further enmaprispep Jinker” gl aeetheragefamred embodinadng the seagnd aftas assed
within fSyed i I |.i ' tion
e ol Loh St HRE L Bhe Pl 4 iMABHE eHORh . ek bnd A BATRE pr BE

cycl opdroygh @ leasy cing lperyde, bepde Y la oz therrgrhbodimept, the séropé mtiachyienivsiteetsy .

Mo ' Y et -Cl- - lkvl - (CS,
oy ety B Rblon) K19 o b AR ok B profelieniBalbienr, (5
used aghd sepdusl statloment kite is raaeidlyiaddaihioi tbeaFelnd oftilsd inviénéion throughaskukar,wi t hi n

t he scqpe of t. Il nventi.on. soclation of the |jnke, i he. Fel . dl of
the © et ld Bt SRR o SR80 Aly SRl o Kol oty ke ior o

pr ef er iy tdhe Reiyd1aff thrtinveption bpspepidpbordle bond. [ 0035] Ordered and

repetitive antigen array: used hereip, e.term"ordered angd repetitive
bt oen0dr Ay S Pk THsets Sy HEOtFh nd B PG e PR CE T qeteBr

char QCF)ﬁﬁd':iﬂ’eﬁi-tﬁm s bp%lﬂcﬂ:ﬁinl wfad et pﬂbﬁdﬁi Yrdférghly @ selahit of a Fz_nil;(xfapéajfhiay : n
spaci al _arr.angengnt . of t antigens. wth respect.to virus-like particle,

r especf ¢S, II’IEF"F?&@' %%ﬁfﬁ?ﬁg o?"gl" ds F?R?glﬁt-‘?fch?}“gtlﬁ‘é"rl’%ﬁ@‘éﬁtﬂ@ ifSpat t er n
may be capsgb@ieyrp.c pattern. Certain enbodi ments of the invention, such as
antigens coupled to the 'VLP of RNA phages, are typical and preferred
exanpl 9028} sui tEhId frthe iagntiong The Jem { s} allapft the asventionsy as wied digrein,

DT €0€ Y&kns 1PRISREGheTel HCHrbikid GRElchd bNEFAAT FagMedeal | i ne orders of antigens,
preferl?&zé]wth spacings of 1 to 30 nanometers, preferably 2 to 15

nanome everChain & qirkel di abhg tepmi“shaiy 1nefnkalstl 6ras, used, bereiagrifers fppe
f .. - : .
prefer Qlllyge-,;ﬁ:dé(& ﬁfﬂﬁﬁgﬂpﬁlﬁ‘é&&m@ig’%ﬁéﬁtﬁ%‘%{f PL&hs :ﬁ o cﬁ’éﬂrg;%r < to

nanonet e [00%6 Packaged: The term "packaged” as us erein

t he st AQ2dfora peinglgeousnsequenge rtharedfe dbe dewr “homotogros tseqenert of WEQBRt ances
in rel .04 : P " " 1@ 0y 1 e

bi i g it et Bervly tercHifh 4 BOheoRAE 6A0R an Mapif 30 SHEN B ol 7 Ul

non- cogesaten thanel08p, préfombly greaterthat 8WAsmotyypiefomhlybgreatemthar 9%;) ambsgvehy dr ogen

bonds, _etc. The.term al,so J.ncludes t.he .encl.g t. or,,partial

onc! oo BICE prefs, Bt e osP e B i 1 WRE AT o ke B8 afipig o

macr omudferctol acpabypeptide moahpaykihg@ bioleyst sndposa-fraestationdl divdlifatidn $ethdng bthe VLP
wi t hout the. existence of an tual, pi.ndi ng,, i.n riicular of a_coyal ent
b1 nas ngot R Ak RS o iy R o Lot Pplabts P Bloed b oy e

macr onehate Wlof Ferd1, adufiosd hértibadonkiyts S Shesd ¢8R, eién paclpagadbly acmds 10be VLP,
nost preteratgjlg%bi n_a non-coval ent manner. [0037] Spacer: The term "spacer",
as wel PIPO S L0ty o) ent |y used term "amino acid spacer”, as used herein,
refers[dzop Str et ofofad A0: T Gnf CARER OCf PUNIATY) ds asétPhertl! RfdH&Na30
am no acj ds,_ and which |inks the N-term nus of one_chain with the

C-t er nPAYERERYde SABPRENS ehalismatively congting of sosming pdd spmprcecasel SER P er m

" Vi rus NGAA3l B8 ITANCI 98y _(%‘inﬂ NG B, Br bhohldfoBRY RYAEREER o Pl Reth @
virus. In some virus tyges It conprises a genone surrounded by a protein

capsi d: hgrelegeys seayencs @ PEQJIRINO 33 SERUPNO(H. ¢ SEQHR NPo P 95 usediberem, et ¢ ) .
refers to a polypeptide that has an identity to SEQ ID NO: 23, SEQ ID NO: 25 or SEQ ID NO:




[0039] Virus-like particle (VLP), as used herein, refers to a
non-replicative or non- infectious, preferably a non-replicative and

non- i nf S¥P2BWDTEHP s particle, or refers to a nonrepli &?(ﬂ%“?ﬁmms“s
non-infectious, preferably a non-replicative and non-infectious structure
resenbling a vi rus particle, preferably a capsid of a virus. The term
“non-replicative”, as used herein, rgfers to being incapable of

replic t.he gengne ised.by the VLP.  The ter on-infectjous", as
Used hab aPiEh s 99?%7@?3@%'%&%%&5%&6? S0y Dre e EraL et i S0%

Pref er aid ¥voa Mbﬂ’etiﬁefeiakﬁr B3tk he 95%. T66 WrfATEeinVE bhFEhe”| as/aswltefmﬂ,s
non-replicative and/or non-infectious since it lacks all or part .of the

viral SmhEse FefgeRchRolYRERELS SREOMPASSERCAt d¢ASt ome RSt ranslational duqdilfcations 1 ¢| e

IS a VidehRhEdgayk b6t mmwdrto% faby éﬂé%l%b tiofl ENHRInAST PR, Meﬁhs@hérmnor
chem cal ly i'nactivated |ca nore preferably a virus-lik

part i cr’@fqrelékstheaph%ﬂ %Fﬁ 8t %%ézﬁneérhemrww%&fﬁﬁf%@f |1é%seveemﬁents of

the V' S5 A ost 130/ kil Riokd prereRBlytd: flogt 100 aftfSPUER AT B th the invention
ar n nucl eic acid distinct fromtheir genome. A typical and

pr ef erf@éil 11 erfisbdi mevteinofThe tarior sl ] peotgint.tasaised hereiacebimel ne eratfinh t he
present,, n@%’%&%}nﬁuﬁe@/%&kwﬁ B?hﬁlué‘i' ?era f&&qqﬁgﬁxﬁ% o‘f%&s d pRdferh}

correspo virus, bacteriophage, pre phage. e ter "viral
capsi dthapr 1'6€Bglsil @nd chasi 2 of Fel & mmhu@dnb‘@mﬂmrhmsmv&lﬂgpd@mbpbmw viral

o el S4B LR s 01 68y 58 gl o 0l By ol

i nter aptefm embodlhiemetlmmhmnrltand klendl2 e foded eftier diredtlyror ofa awpact, iwwpshd or

| th h t t
Whor o FR 3] Fel ¢ ol Rether pottsmbes it ARAREEDY AR 014 el MRREBRLLET |
the Capsn &Sp@felﬂ?ué\daﬂmeﬁrm cbifadgs athave 300,5pe hicka prefdbly of mbaasahedr al

I e Sy RS W SRREORCIALS) eSS e e el Lo 0

capsi dcarﬂablrar@ Ra¥cihg) id BhBoaiheiRodiRfibd Of B6RS i ﬁhmﬁg th e@ifert b
typical symmetrical_assenbly while naint ar ning a sufficient degree of

or der arraraﬂsawaféhekertbf@we]beaet Rebdhanprodiced pesopting o FFAMERE P@fe and

Vi 1 us- WekfResBitlidveni¢h.i S its highly ordered and repetitive arrangerrent of

its subunits. [0041] Virus-like particle of a RNA phage: As used herein,
t he t efB2Lj r us-Hict 1dd Bagmpgn) Ehefteroy Wlpﬁageenfr@ﬁerssdtber%\rrﬁeﬁstq Bke

partic i S c@nsi sting
k)@lyﬁ%{ﬁgf SiPiing br Qﬁ&flﬂ i;' %n&%}ﬁg‘ L IaD GeafSSHe Yrltibdie/ si@éf oP Fel @1”

of coa ns, nutants or

ment s t éreof, of 1t RNA p
addi ti Evrplcaﬂyrml prﬁﬂz@bbathqm“m ! ﬁmmepﬁaajelsp@benm Fakers the pgtgypﬂznder e of a
RNA ph sﬂfg a1 Sy l:b&i’sgh% Gf ?ﬂgés‘? F}vg{‘ %ﬁﬁeﬁﬁt Qftbd 4%l o ”ﬂe{feﬁa%gc fig at

| east t e or genes’ enco I cat i on nmachinery the RNA
phage, ammnm)%mScmér bq;vah:béy) hhbadkﬁm@enmefegblyeh@mtgemeslt@mhhh&g by latlepstot ei n

_ [ t
o1 2" Chit ABGAERRATR, Mlith £8C 2 bl bR BMTR Ak Ol BPbE skl SrdiBoc!
RNA phéges 1eastrtwwhnngenicrmteaﬂmx&rt@m fromalb @:rmel of F@}eﬁwda'mm tht ichdin profsent
but i t I I d/
o P Bos B0 o RGPl R R SRS B SRR e
fr orr? %@meho%;rshu:mspmw 6Gmmta’c§€saﬂd)tzﬁdmmﬁﬂy aitd ﬂz@&r&wgum ts.
Wthin_t ent di scl osure ter unit". and ' omer
1 o olteniel LR SpEPS IR AP O SRRRRY TPreBE
appl i caindg, tot dithet @idThatiRfy PRageing aRl di her her @todMikanb el ani apﬂaaﬁ:edar e

mterchanceabl used. Preferred net hods to render a virus-like particle of
a RNA pfrQgkn TE §tof the PEFSantdRveRBM- i nf ectious is by physical, chenical
i nact | Y@BB‘P“ S UGk ThY tdrid Adhiked! QR its Hotieligka d@ dséd?ﬁ&r@ﬁ”l*eﬁ—:r&)l’xli)'al?tal Iy
and pref erably by enetr c mani pul ation. [0042] a, or an: when _the

terms possible waysy prefgrably phemigal inferaciions, by yrhichythi af lse%roee figsh atjachimgnt sitgt | east

one" Obnd MGt Rast'BAk %eco&iﬂ' aB8hnfb GleVrd ﬁnﬂeﬁ% &8 dehdrH04 HedhGicATiRgaC d
sequence identity of polypeptides can’ be determnm ned conventionally using
known eev#fsut end ppmgevatnnt smremctagmﬁﬁngé%amplps fropmegevalowcintorstiony Best fi t
or any st Nerr S GOME R Eoftldbl BRtiBOH 1 oaBS 558k 20hdtedi Vet hldonst O

det er m ne



12 whether a particul ar sequence is, for instance, 95% identical to a
reference am no acid sequence, the paraneters are set such that the

per cent Y8 2886/t ity is cal cul ated over the full | engRGT/ER2006/00%48f or ence
am no aci d sequence and that gaps in honology of up to 5% of the total
nunber of am no acid residues in the reference sequence are allowed. This
af orementioned nmethod in determ ninggt he percentage of identity between

pol ypeptides, is appl,jcable to all proteins ol ypepti des or a fragment
 her eoPreciaSeh 5% S, 9 SATEIS, AD SATAIEH OTdSosah oF EHHR SRR PRABIPTSIcR ST,

ant i bogi e, adaeboighogMerus bohds, $R6h-kilfid HoddDiueH b ShibdthdrNeYinkdd Borids) Tahe
antigen with a binding affinity (I a%m?f 106 W or greater, preferably 107
| ' 44 ofert Brefgrred faphodimeatso the 3t ntotite fnd the second Pitpdarent ity @ abl v

109 MAyicdQhe@aditt lcaditfic 85¥d18H: b¥ind brefRati el ¥t RAR oREndERPlil/bA HAM ned
by one of ordinary skill in the art (for exanple, by Scatchard anal ysis.)

[ 0045] Fransmpievesaferably pronghderslustyriyoaintcpiide bond(tle Theerm (Taledomprsedi ng:
Loy o R, R sttt BnfSt ercbihss et ke b 6 BTRAL ol By oliRBRED 7

core particle 1s'a virus- rticle EVL or a virus particle, and (b)
at | easite anddheatidagfame wpoohd attachmanitsito hret dtegoagivelzs ehdrpueferablyt, an indregtei n t he

at |lea | i e ' L LT -wherein
(2 anihidP e WOl e Bestuatindlf MLl o @ 1G5 oBl oicoB TERbnB R 1°) 7
at | eagtrouphangaosine atolcauletsninddieraby tPpiedliyr aid| prefemblyeby wiingatoesst ongr a Fel
di fra nt..is linked.to.the corg.particle, so as to forman ordered and
repeti ?ﬁ%geéabgﬁ??eg %‘-‘IG/%B“QF?%";"“’F%E‘&‘?% erred enbodi nents of the invention,
at | eag32p, pr diiskenbA yliaker?,essiseBRereinpeithepissbastediby sedondl aashment, sitegai n
nore prefer y.at Jeast 120 and further nore preferably at lLeast 180 a
For © of i cHeb A1 o6 i b on;of -t RIS, FTRRIEU GIETS OF S FopH PLIE

[ 0046] fsdynd httdeBmkROe. Prafdrity,ad tlidkey] Bgustd RESEr Aetadyn corinRey iheisecnd
structure may bhe se|lected as a VLP or a virus particle of the invention.
|11 ust PEAChPEDtINGE, BPICRIGAYY PERERIEDLY - QG POGsPSaE s PY OB BPEIPHFOBE ™iPeh can
be usegrcfi@sbly A8 RiRRRTr@idueNA CinkdePss J38 Berbif B ulsh (8hedSBRhirohcIBnRE8 46009124
on page 25, 1line 10-21, on_page 26, line 11-28, and on page 28, line 4 to
page 3partipylarewhen arlikes aghasdipg 4o fesnynlon ReBRipbALlcaY oRe PBITR I TEUGF
referensg HO@Add Minkt® 28 YifiddSadid kifkdPB ikl ifleRhmeall§ wREORYGRIGR RUr i Ti ed

fromvirus-infected cell culture. The resulting virus or virus-Ilike

par t i cthés degs nphiaply dhas srghos dinkercignsistp exgnsitaly ab ppingaasidersbiducs: Py 16p

non-i nf; igﬁﬂsﬁsp‘m e -repligati tious. UV

i rradi fé]l]?%gr?_, C _eg?) ?:ia tr ;ecgé ?n%ildfﬁ@%&c%&%sﬁgm%ﬁ?}@&% %?ﬂ%ﬁ%ﬁ%?ﬁ%ﬁ%’of orm
ar e t h&hgammoaicidmesitusd of [drnoliwker ares wiicfarably, empossd joff natuelly occurdng sraiwei vat e
virus. [.00 e ﬁpﬁo LENLy t he .Car [l Che |8 |.I us
parti cf“gen?s 2n \Aﬁgérigdf'ﬁﬂop%g eglgﬂ) y s%#gﬁv%]?"&s&p%lf i(%llg&ﬁsrésg‘!hgrieéfzgﬁr%grrt icle
of a bpeferidemphadjmentantia lidder & avcodrdandaevith this invention are molecules comprising a

sulthydryl group or a cysteine residue and such molecules are, therefore, also encompassed

within this invention. Further linkers useful for the present invention are molecules comprising
a C1-C6 alkyl-, a cycloalkyl such as a cyclopentyl or cyclohexyl, a cycloalkenyl, aryl or
heteroaryl moiety. Moreover, linkers comprising preferably a C1-Cé alkyl-, cycloalkyl- (C5,
C6), aryl- or heteroaryl- moiety and additional amino acid(s) can also be used as linkers for the
present invention and shall be encompassed within the scope of the invention. Association of
the linker with the Fel d1 of the invention is preferably by way of at least one covalent bond,
more preferably by way of at least one peptide bond.

[0035] Ordered and repetitive antigen array: As used herein, the term "ordered and
repetitive antigen amray™ generally refers to a repeating pattern of antigen or, characterized by a
typically and preferably high order of uniformity in spacial arrangement of the antigens with
respect to virus-like particle, respectively. In one embodiment of the invention, the repeating



13 preferably said bacteriophage is a RNA phage, and wherein even further
preferably said RNAphage is a RNA phage selected fromdQ|1, fr, GA or
AP205. [Wéé?@?q“??ﬁ?ﬂe preferred embodi ment, the core par tHGYRP2PU/040834G P | n
a further preferred enbodinent, the VLP is a reconbinant VLP. Al nost all
commonl y known viruses have been sequenced and are readily available to
the public. The gene encoding the cogf protein can be easily identified by
a skilled artisan. The preparatjon, of VLPs by conbi nantly expr.essing the
Cont pPOLcSH M Podt SRIBEtT P S RS RSSO BHGRICBY Sugha TGS

arti sagouplddloMd VLPBERNAGhesds Sote SpRALAMIRTIEforréd ek attiplel Of hulitsBle PAJetddGing

conprises, .or alternatively consists of, reconbi nant proteins, nutants or

f r agre FPSHEYRATEEEM arys Hhiphy BercReYBrOsHsT BTeHY 15RCtve Bpraeyralins pidgsef a) RNA
phages andhlend) Prdr&inIP RRBIBSoings)of 8B A0 HahSmdpery ré{%mbhgrzetfoeirsaxﬁhé(mbt%r%, &GRpsi d
protein hich, et"al., Virus Res. 50:141-182 (1998)) or its surface

pr ot ei Hogseimbiy) 2100 naggmeterss¢ven again mere pgierbly Zeto Snanometerscanddprtiiy3- 178
(1995) ). | ' ' : rotavirus (US 5,071, 651 and US 5, 374, 426) ;

g foo%n-og dr?%dggﬁf-%fo:feﬁ:ggmsﬁshs (Twoney, et al., Vaccine 13:1603 1610,
(1995) JGO3R) NdFamkdgkd:viheuern| JHagkeaged Xas, used berein, refersi te tecestats Of 4 PolyaioEs

(1990) , .Mat sy . | D s o Y430 ThS By » i)
Al phavi rus?rﬁ%culs &t ?46‘%}?‘?"3%‘?“1%%" %l}ba {}sl %Yagi{gt%%gt el nT%?N 6‘}%‘% ; K)
r et r ot pmnsddenin heludpy bihdingbhat redyeboeakiznt ey, byldbeminatiy cPaglink) omeonvi r us

(WO 98/.15631); m _.Polyonma virus:. n} Tobacco posaic,vikus: d o) Fl ock
House GRS gty ek retipndble ERBRGER. AREih pobfsmtie T Bl it 0,
consi siighdes thewnelotehrnt, onpaminl eelaaneht Seftpoigmioniy ahavableyult.vThwnthao aci d
sequences, .of. the reconbi nant proteins, mutants or fragnments th f. VLP
conpr | BUTATITHiE GHETOEIERhE Farkr RS URE ARG i B8 GIERes P et BFr oa. i n
this apphiwahé efistedts madoﬁlavlbﬁxdidgg%maﬂaﬂﬁrmaﬁamgmﬂﬁlgpfn prefe@@@nbi nant
protein” é)‘{_ the term"fragnment of a coat protein", asui;e herein,. is

def i ne &R ﬂ&%%ﬂég%%@c agienicgmagromglequiearimangpstigiultery SEPs|AGEs i e ast
80% nNpickagdehlediRd VLR mbse pleter@lYin £XRoVRER ntinféer ably at | east 95%the

| ength of the wild-type reconbinant protein, or coat protein, respectively

and whi®R7br efippes) Yhe &@ 1i9a¢Re asapelbes il cauivalepinuprd torp. “apin agidpl v t he
fragmegdacts, Allsed Reen Dead tol LaREch TSNt &id &qusk Shhitis Rt rloBafhn 86€

truncation or at |east one combination thereof. The term "fragmeni of a
r ec omb RmEtacids.cng whichdinks the Myteepinug of epechaip withdheCHerming|of anqiher jgbain
enconpgﬁ 1Pl ypeptide, which has at |east 80% preferably 90% even nore
preferably 95% am no aci d sequence identity with the "fragnent of a
reconbl(988k pr ot\&ius" paticles Thgmiemn G¥ires podiclepr &t abed’ hereds pelots velthe as

defi ne . mgf -] ﬂrﬁ;‘ Y ' ' el

Vi rus-ﬁ]loﬁjleﬁg%glrc?lln% e. F’%J‘g@] ﬁ@ﬂ%wﬁ%ﬁg%ﬁﬁéﬁ)ﬁ%@ﬁ%‘% k'ip}ri;b(')"%]el n )a%r t he
t er m " piotcamtapei; atherebowiadditional prtees (¢.ga snvelrpes, thiangenbl y used in this

I nvent t(ﬁ%@] or t hFlrutsﬁlrkg] pa%ieaNLI;)P%g ugerdoltle%ilrx], refirs thg &ogfmrgﬁcgt'ilvtea&t 1_10115!'4

infectious, preferably a non-replicative and non-infectious virus particle, or refers to a non-

replicative or non-infectious, preferably a non-replicative and non-infectious structure
resembling a virus particle, preferably a capsid of a virus. The tenm “non-replicative”, as used
herein, refers to being incapable of replicating the genome comprised by the VLP. The term
“non-infectious™, as used herein, refers to being incapable of entering the host cell. Preferably a
virus-like particle in accordance with the invention is non-replicative and/or non-infectious
since it lacks all or part of the viral genome or genome function. In one embodiment, a viris-
like particle is a virus particle, in which the viral genome has been physically or chemically
mactivated. Typically and more preferably a virus-like particle lacks all or part of the
replicative and infectious components of the viral genome. A virus-like particle in accordance
with the invention may contain nucleic acid distinct from their genome. A typical and preferred



of a coat protein", as interchangeably used in this invention, refers to a
pol ypeptide having an am no acid sequence derived fromthe wild type
recombi nARZRYEYR®n, or coat protein, respectively, wheRGH/BPINEIABSH0 acid
sequence is at least 80% preferably at |east 85% 90% 95% 97% or 99%
identical to the wild type sequence and preferably retains the ability to
assenble into a VLP. [0054]In one preferred enbodi ment, the virus-Ilike

article,of. the invention is of Hepatitis. B virus. The_ preparation of
Fepat | EPLSEmbT ol YIRS Fpitle b Sorianch Sa i B yonid 8 p el Pty o
00/ 3222uch AdhevitaBofll dliik dofre¥¥onBidt VRES Pacterdphadd) pREr5HIF RERNpIRE Bre
explicitly incorporated herein by way of reference. Qther variants of
11130A§e”§%i W?EPﬁg?don L@B&& m Taferdo graacrqrpelecyiar psremblycompesed of aieli ravtcinay e
been dissuhies exypicallyaBre 3 86 196, 024,0569880, AB0RA]hdte i 36 LA rBERS o r ed

embodi ments of the invention, a |ysine residue is introduced into the
14Bc Ag Sy ppically andoprristrbly dhey eractinng eftfhese speynitgileadfto theeformationtdfon t o
the VLGl icapdid6e Niral odbeRf IMoRIEHARAPH By eddiiSe BREEAMROThILG T the
invention are prepared using a IfficAg conprising, Or altetrnatively

consi sEFUEI® S, WRcHly, sphetical] on Aubulagy For egargple,1the Speids SEGNDphRe2Gr whi ch

i s nodifai.® t . | HPicaGhH a%;’“ﬁa) ! 9 0 are replaced
W th aﬂgggg? géehgﬁhﬁ%%ﬁ%ma%ﬂno a%Iﬁ%[ eque bgﬂg?mé ﬁgpg%yﬁﬁy%ugm ey y. This
nmodi f i Bwd| barcinhasfgrsstot hemBEQubRCNG: 2§etblySE@npdsed NG Rital protein rsibiits

prefer ' S _ teine residues at.positi.ons 48 and .110 of
SEQ | Dfeﬁ%@{ﬁgqgéf Hiicno p‘g‘s’ p i fhie ga‘g?‘Fea‘éerfig‘ﬁ&é‘?“S% Pl ‘Z"r"&‘&f‘% my thy tgpical 149
ar e nusyamedricad assemblyevhilt neintaining hisofficicnt ddpede df oaletgRiTepAaPaRES, | ONS

conpri gi Hepatitis B ¢ rotein nutants.hayj ng ahove noted

corr es@gjril‘%i ng a,Q“ &"%‘6‘%"891%%%'5?@%%@ aéldthW@'X?k"r ‘aﬁfstlﬁg‘\’glﬁlheqdﬁ‘&%s

c onposandi repsitianahrangeaén @8its subagect i vel y, conpri sing HE cAg pol ypepti des

whi ch ri sg,. or_alternat.i onsi st of, amno acid seqguences which

are at ﬁ)ﬁgﬁst d%*%%@g‘“@‘ﬁ%%aé&fgp 5 OF vepgdicreis the temn pps-dkepaticle o 21

[ 0056] 4 RN@NshaRe"erlefid ©BCh VR Faricle MordphiSink, O Yrirbably chikstivh oskSrtiank &

particle of the_invention conprises, consistsS essentially of, or

al t er nCOTRTPE OF At BRoteins; I,““?agg&ﬁﬁ"ﬁ‘%%?ﬂts tgeeef, of o RNAbagenin addtitiongyingsr agnent s

t her edlike fkticle GNARBRS, RiSBHBERDILY strhdireR: leS by 90 the

group cc?nps?i&;t |qr;1f‘% of a ggct_eri op agg Qo; °WB‘§?@§?§&R§§%E%§°§%“W

bact erP9{5% Aga-infectiqys, Hulclagling ghaesst the; geay daenesy puspfing dosthe feplication

bact ermapiRecoVRERNG) j D)y | . i)

bact eri ophagjgo NL95; k%hg é%ﬁ%b?%%%g%%mg%e ac%(grr eg‘%@g%m%egn nﬁ)

bact erdrdppiaEs raponsible farodm] piachmentyioedreatry dntertho HosteThis définitien shoukint i on,

the CcoRRSet | ' c@aal . or LN or_.f.ra ts thereof, of

RNA phagesé,:r'E \)av%{e;regi ni{ i@%%sg@&p?ag{uglésﬁbﬂas a ﬂr%ss’augiw éheglggar%%rgm 5%03 ed from

t he grasuporgmmed are silhprefent Put inSi@, pbl, MErdfore; diclcadingtotron@Eplichive(dnd/on

m Xt ur.g ¢ o fRucL A - 2nfref et 1.0 3 rotein); (c)

SEQ | S%ﬁqoﬁff% ?ﬁ)" 1@39“5%5@‘%?% %%BPQ%%EE??‘B%@%%TW%WB&?@ a

mi xt ureghidit i8BERddR NPty dnGE@sisDORIBY sutfunjis. SEThih BhilNra3ent (discloSh@ thd NO. 9;

(9 SEQD AN, sl 1 TR N rolchdng S 21 "G us ik D% 137 N
context. In this application, the term “RNA-phage™ and the term “RNA-bacteriophage” are

interchangeably used. Preferred methods to render a virus-like particle of a RNA phage non

-

replicative and/or non-infectious is by physical, chemical inactivation, such as UV irradiation,
formaldehyde treatment, typically and preferably by genetic manipulation.

[0042] One, 2, or an: when the terms “one”, “a”, or “an” are used in this disclosure, they
mean “at least one™ or “one or more™ unless otherwise indicated.

[0043] The amino acid sequence identity of polypeptides can be determined
conventionally using known computer programs such as the Bestfit program. When using

Bestfit or any other sequence alignment program, preferably using Bestfit, to determine



[0058] I n one preferred enbodi nent of the invention, the VLP is a nosaic
"VLP COI"%I’I Si n@ or alternatively consisting of nore than one am no acid
sequence My two amino acid sequences, of coat BfTFROPR060%45t ant s
or fragrrents t hereof, of a RNA phage. [0059]1n one very preferred

enbodi ment, the VLP conprises or alternatively consists of two different
coat protei ns of a RNA phage, said tyw coat proteins have an amno acid

£ 00507 PIPefiFe AcPPRcHas SAEHRE 10 G ooy P IR, B BTCER AR a8 | ke

part i Clsapﬁﬁcetﬂeﬁa&‘ﬂﬁfﬁrs &0 seoEh thaethe pabelﬂﬁge&ifmhwabyal&ﬂm Gies tlesfmBntial | y
al at i CO[]SI StS of reco | nant. oat protelns n%Eant S Or
fragrre ee’&“‘iﬂ""?ﬂé“’m‘ilﬂsﬁ&‘@f“é‘f Fapsip pomplogy g @58’1'0 et one

pr ef er hectb& SO kid feliBucdLil the rdkfreR Bagleallonbianss alfedicafigy of an
RNA- bact er i oph%?e 3, fr, AP205 qr GA. [0061]In one_ preferred enbodl ment ,

t he VLPegiodiiged g the pescentagy pf ddentiyabetwergepolypeptide ds applisalie &
virus-l fdﬁ&n@?&l&ﬁ%ﬂe@&a@z%m’éﬂ%@oﬂ‘sclo%&ﬁﬁ@ﬁ@ﬁﬁénﬂ%ﬁage like capsi d

structure w di aneter of 25 run and T=3 quasi symetry. The capsid

cont ai K¥4480 copWabinghistapplication, aptikadies gre Jgtined todreesppeificaly biltrdll‘!gdﬁ ﬁleﬁ nt

S 4%4%??‘1%%@%%@5?59?%%%%%. M e s

capsi d gregkep shats prsferatiipd0id @rgmtm ped wosipreferablg e’ Mo r gratot. dihe affarty

gﬁghﬁ: tgsm\?m%lﬁ% ﬁﬂ%gﬂ%&%ﬁ?}g or 1 n{:‘g'e&? e%%r@h%y s&ﬂlﬁﬁ t%]mgfa{)g*a%pbef VLP of

Q showeatchaubamalysisgsi st ance to organi ¢ sol vents and denaturi ng agents.
Surprisingly, we have observed that DMSO and acetonitrile concentrations
as high as 30% and guanidiniurn concentrations as high as 1 M do not

af f ect [0048] st abi Thi$ ynvefitidohgrocidgs tatpofitiend) bfj theShedatibn tympisidgh€a)capaed or

VLP of _ i s,an.advantage feature, in rticular,.for. use i n
rrunt PREE T 1G5 R e P R LR 4 s A O RRERE R ¢ he
pr esen{VLPN@E Vil pafieRO 2 d-@) hileist BhAciig® dith iat 1¢8stlohK Sechiftf Atiabhiiéht Gike,

RNA- pha esg]ethn particul ar of 39"3 and f cordance of this _inyvention

are d| wherondhe ptieagpreangeEHy Wepra'iegﬂcqr@sF&f 1 frpemant end yhergie (g ()

| NCOr pafeaioRsledily kb8 HADEH théaf lbSst R TifsChod thPaf fehst Uhd becOiPaRbfndk® sitf. VO
02/ 056905 ave det ailed descr]éﬁtlon of prepar ation of VLP particles from

Brebesphly, abrb dh @Fotsin of a Fe ed tortle sprepasticle.fa 25 IBAREBN i s a
VLP Of ofdRd R 9&pe AR P atigB2 V8 PRIk KCH‘ %ﬁ@&mﬁy&&ﬂ&né 6f 1% iRfontiiP2 80134 PS .

i ncl udi ng AP205 "coat protein wth the substitution of gr oline at am no
aci d 520.crefroblyrat deast Hhynae pesfigebly gelgast §0; #gain more preferably at least 120 and

further more preferably at least 180 a Fel d1 protein or a Fel d1 fragment are linked to the core
particle.

[0046] Any virus known in the art having an ordered and repetitive structure may be
selected as a VLP or a virus particle of the invention. Illustrative DNA or RNA viruses, the coat
or capsid protein of which can be used for the preparation of VLPs have been disclosed in WO
2004/009124 on page 25, line 10-21, on page 26, line 11-28, and on page 28, line 4 to page 31,
line 4. These disclosures are incorporated herein by way of reference.

[0047] Virus or virus-like particle can be produced and purified from virus-infected cell
culture. The resulting virus or virus-like particle for vaccine purpose should be preferably non-
replicative or non-infectious, more preferably non-replicative and non-infectious. UV
irradiation, cheinical treatment, such as with formaldehyde or chloroform, are the general
methods known to skilled person in the art to inactivate virus.

[0048] In one preferred embodiment, the core particle is a virus particle, and wherein
preferably said virus particle is a virus particle of a bacteriophage, and wherein further



16 practice of the invention and leads to other preferred enbodi ments of
the invention, WD 2004/007538 describes, in particular in Exanple 1 and
Exanpl e PO #8%P45%bt ai n VLP conpl i si ng AP205 coat prot%ﬁ‘%mgg?f?f”%reby in
particul ar the expression and the purification thereto. W 2004/007538 is
I ncorporated herein by way of reference. AP205 VLPs are highly

I mmunogeni ¢, and can be linked with kgl dl of the I nvention to typi cally

and pref rate vacci ns cts d| e FeI f t he
vent PEeay Snf Facrheges T SRR sty Sl R gty s RS § 1t e
agai nstphhfeis 8 RNA sabaydsddetons! QpOfr, @hgrgpgg\t | ons show ng that | i nked Fel
dl of the inventions are accessible for interacting with anti body

mol ecull@¥%4nd ar B eorpge{ergeheeb Od[%@%é‘?fé ppitisteds potl-Fe o diathsr prefarred VLP of

the i nyugbbiigfn %WMS%% AR TP, Alim S[}% | Tus
preferably a hage, %E’I%I’EI ntf‘ﬁ“e mut gsrftmf:ogg%mp ot 8%\1 glggnﬁer%dlfled

by remsodienesd agd ateeragctﬂymveﬂt@le fonie paklicd Jke gynogagodifg mwgan nrmemmanémd/ or by
way of el ShididRed bia 80 ms&r@t@@ggﬂa ﬁ%@@tﬂr_@ggmcmsm}{ﬁ@%ee%er venti on

conpi ses r consists a nut ant protein a virus y a RNA
phage, mﬁ@r@t:mmhbosmtvaﬂmn@e&omppmkmwiedms&fbeleﬂedmdsam ed by addi ti on of at

| east yS| neg.r | nd/o
[ nsert?g@ The del Zl%%l su St %ﬂt’ﬁpgltrrﬁsé | on " Of A Ses?/e\e@}/er%ane lP’ysi ne
r esi dueomsistouf; racembinang pruemsi,egnmets@ir ficgmphts ﬂgreof of.a tihg ﬁl@ﬁwﬂltforﬁf theel dl
of the nvent| n of e VLP of refer of a
R pr A R b A o cRanortese 6 Herlh dffisc prdig s he
v?cmh neapsjd phfdid rttnmﬁ pr af. elVlr&_d I&gbﬂdlmm (_I@B&)]?Qﬁniﬁoﬁirfab@@ﬁotgﬁctwaTh ccines
of the e an i gen nsi t ej rom0QO.5.to 4 e term
"ant i gé’hﬂﬁiﬂét @y‘“"aaﬁ VH&%Z‘Q}H@%&% af é‘f“g %"b“f’wg’ﬁé (i%g)aﬁe Sidhs gt D el dl
of t he rétdais t(US13,0mj65 hahd UISI SykAGI2ER mmmwrﬂwem(mm@petalprotel n,
nyo the VLP of a RNA p hus, this

of the VLP i\g?ggereby pre)&_ ?g
val ue ivaceing 185 (1315 Neyavalk, girusy{fjang, %, §h%‘urﬁ°ﬁe§°‘b HHIROnB3 of the
VLP, piresony; Attt of Mt e alViP coh. kab&e A48 2461 (19911)3 hﬁAg P rQRwvRls,

vacci nes of the i nvent i on. [ 0066] VLPs or capsid coat prot el n

di spl apreserally ithEd-Grraisty (WP 2638570 D aetrataasposmn Tsh eroferahly ﬂ:@cr@otexwptl ma
def | t
e Ineﬂuﬁepptgﬂmtn%hﬂ %/zsm) )@8@5&&%@0&3%5&0%%%5%&% digt eri or

of the cag and interacting w't RNA, and four ot Si ne residues
exposediock Hopge Vruser i or of the capsid. Preferably, the at Ieast one first

att aChT@B site s @p}&eﬁeﬂ%n{bﬁﬁi*&\t;}ﬁmepﬂﬁ%d@%&fo%o&%%@ :gé}gs 5 o%Xt erior

of the VL [ 0067] mut ant s I ch expo ysine resi
repl ac e@nbyacad geqvenass poderaliy  woeaifio raCIdweeqpctwssemf he wecwibimant “p'i'utmns | n

anot he f ﬁE‘E RA% 9 t t.he v rus-|i
particle B’%%r?grnﬁ'fdgﬂ cglir%lsyl st’s eé]gh&[% %QOfytb¥%tlrﬂ%[kerna |ve1icl Fofs 1IN gts of
mut ant m@&ﬁnetbamthmapplenansn,a@m‘smmwy these mut ant coat proteins conprise

or alt %%]t vel %%%r%nl Sitrag?r]:enfa Of a %ez:ombinant protein” or the term “fragment of a coat
protein”, as used herein, is defined as a polypeptide, which is of at least 70%, preferably at least
80%, more preferably at least 90%, even more preferably at least 95% the length of the wild-
type recombinant protein, or coat protein, respectively and which preferably retains the
capability of forming VLP. Preferably the fragment is obtained by at least one internal deletion,
at least one truncation or at least one combination thereof. The term “fragment of a recombinant
protein” or “fragment of a coat protein” shall further encompass polypeptide, which has at least
80%, preferably 90%, even more preferably 95% amino acid sequence identity with the
“fragment of a recombinant protein” or “fragment of a coat protein”, respectively, as defined
above and which is preferably capable of assembling into a virus-like particle.
[0053] The term “mutant recombinant protein™ or the term “mutant of a recombinant protein™
as interchangeably used in this invention, or the term “mutant coat protein™ or the term “mutant



am no aci d sequence selected fromthe group of a) QP-240 (SEQ I D NO 15,
Lys13-Arg of SEOID NO 1) b) Q-243 (SEQ ID NO 16, Asnl0-lLys of SEQ ID
NO: 1) ;- ‘8’ %’(%%SEQ | D NO. 17, Lys2-Arg of SEQ ID NO 15%*}%@@%@ ( SEQ
I D NO 18, Lysl6-Arg of SEQ ID 140:1); and e) QP-259" (SEQ ID 140: 19,
Lys2-Arg, Lys16-Arg of SEQ ID NO 1). The construction, expression and
purification of t he above i ndicated QD mut ant coat proteins, nmutant i

coat pr ter Ps,,and capsi d |ve , descri bed
557 056688 Sofl piesRy A e ey b B Br P aiop et bovspide hastpn
nent i oamthod pEl | Rekdnod .defiRRI6 Sohd ik aiilaetypd rre&ﬁi}i‘nﬁﬂt qmwidl B NoatO broldie,

present invention the virus-Jike particle conprises, or alternati veI y
consi sTEPERLYely Whyreip) thy amigp agid soavenes (et %ﬁﬁr%feﬁblyrﬁitl%ﬁﬁ‘t 8¥®at0%r ot ei n

of (Al 95% 9m4} 8hH9% QlierkicAXDBRAS %Hh%@@équexﬁ:@%& heefGably SeRRR dhd1sbifidy @F Ot ei n.
In a flufrier preferred enbodi ment,” the virus-like particle conpfises, or

al ter narswbIeyﬂteaﬁQf sts essentially of, or alternatively consists of nutant

coat Prausgin WU &Y ferhch LuRBERAL OheNaubtike MR of fhe thentibfl s 19 and
the correspondi ng Al protein. [H?SGQ Further R Fha ge coat protelns have

al so bé’enatﬁlq&mnﬁom@rﬁmmmf s B wingrldegadivles have hrgo disclosad, ntert
Kast I | .
boki - R ™ R po/giaals wo SHRGR duc rwbbrdsk e (% B A e Glicly °
170: 238wopttqd1saeih byPwasanb refgenest Qther, vatianiplof THiailg s124blz X6 uL0A (112995) ).
I I GA (N, . t
" P phbf e gatfesdhids A8ty Blar gl I en SLRP O RS gl o) °
271 75800838 ( 19971)1)omnﬂmhér prefepfed sdridmdaenest ofalthe, mI?emionEraglyﬁné;&&uﬂﬁlls( 1993),
Liljas, . L .et .al Bi oL 279:.29 \Y; een di scl gsed. The
1 yst alntBepisg Ship e e oo fen ey s ki o el TR Retion o B8
(G;)I rmhramraﬁHBcA]‘g [+ p&lt‘euedsfjmwlmﬁm 4&71511%3&?560%19&%?5) ofc‘llt&r ﬂ@eﬁiﬂﬁt i hare
i nformati on, sur osed. resi dques .can he_identifie us,
RPN AP S B 0P B ien Gt TR v CONHIE Obrnith sk b Hed¥ive
am no a49,d-136 S SBEIDNN0;:20ewhidE & h@ffilysowBit iRf ankiRs akilld a@oﬁﬁoﬁsum%atsut I on.
Anot her advanta e of the VLPs derived from RNA phages is their high

expr esgﬁedﬁPWI ‘Hlﬂf A ReBiidechaving Rgianing agid Sﬁﬁl‘E’H%Fc?f G-ly-LarGy-G¥adbist i es of
mat er i glodfcat@inl BhgRPIR SHEPID NPRYRISED ARRO € e lik®e SRR SR dimiNE

conposition of the invention con*f)rr ses at | east one antigen, wherein said

at | eate cysenarsidgemt pesipnsdp apd 1 [ ftSEQID Nod1 p its coFresnonding fpgments,
enbodi ?erﬁmm,t g 4krel 191149 pir@hﬁft:ﬁ!erf:ﬁ@ﬁﬁeg G iffen it ﬁﬁﬂ%tlh%lﬁke)é bR églé%rsng of a

natural ly occurring Fel . The primry structur ailn 1 T1s
sequene@nmmséémaeﬁw@ tzvze PRE@DrmWWéFM@EOVGfHO@MWGSP@d@gLaym@gaﬂdg or

Asn, V =€ "Phe YR LREs ﬂ-@ﬂh i

sequen?e o) Slg(hﬁel D NO 2 %r-lioru . %S(I)tlrgtné %/ggrc?lgg{’g E?én%li ﬁ?har

Cys7- PHBCcARIpelybepfides whish tomBrise, oGiliepaitively consist 66 -avino ackd giericys whivh 158- Phe
18 of 20 o Bae 1@ n 2 are Glu69-Vval,
Tyr70-%%fe%ét§%'i%/ﬁr%?/%bﬁ%ﬁzf uég’ﬁé“%@%g’%&% NO 25: Met 74-Thr .
GLln79- [MOG6land Adn8fe lpyefeméd Sﬁb})dlﬁ@ﬁﬂ(bﬂﬂze 1(1@111161[ i thén vﬁrusi-hkepamib},e d¥cthe

113: 263- 268 (1992).: Mrgenstern.J. C Sci. U S A
88: 969t ' f%% 5 CORYFO PRy ot pf ﬁr“"%tf"efﬂ ﬁ?ﬂﬁ%%l of, 5 .§gi“a§*o§°"(1991)
Lei t er p@teinskmytadts offragndentsthbre o) yf iCRNIA.— Hagi?ﬂlﬂﬂ@fbrabl}%&ﬁi%lﬁl&gé 168 tkxted

occur TG ot copSt ok BreppIASRIOR PhEperailest B T biprenbagh )  va,

cat dabatedsriop }Iugumdagsbadwnogh&gatsm MRERrigphags MSY g5 baereﬁaphlia@é)iiw m)one
preferyed enbodinent. . the. Fel aof . the invention Is a reconbi nant Fel dl
pr ot ei {‘F‘C M?ﬁblI}IW"“PEI’@BIW%&W@W@&B%M%‘?@F@%E PPheed 89 n or

recorrbb@m%pﬁgg/\qbbgjragrrent as used herein, refers to a Fel dl protein or
a Fel dl fragnment that is obtained by a _process which conprises at |east
one stéf38F recdmornBrsferifiembegingest elge invyeations thescomnesisam Forapriseregatdl  d|
Pr ot ei BroRin, LRI TABeS theflof, JFRNE Bhage@ Wherelihe Sbat Iotaﬁﬂl,ﬁsnﬁn id
recorrbfrﬁgantly proéucg%l]eor Fe0 fragﬁr?gnt rgrcorrbfnaangly pr o uce%lamare

i nt er cieArRpsaseisctedsBomthe giopp MI@ne@ ‘dahali@ IO 1 eeferriog to RBAR:(Y) a

A S T A S

eukaryoti c expression systens, such as bacul ovirus (W 00/20032). Seppal a
et al disclosed the expression of chain 1 and chain 2 of Fel dl

si mul taneously by dicistronic pronoter in baculovirus (J. Biol. Chem Nov,
2004). Reconbi nantly produced Fel dl protein or fragment can be

gl ycosyl ated or non-gl ycosyl at ed, depending on the host cell used to
produce the reconbi nant protein.



[0073] I n one enbodi ment, the reconbinant Fel dl protein conprises or
alternatlvela/ consists of chain 1 of Fel dl and chain 2 of Fel dl, wherein
sai d chaVR 2406417338 dl is associated with chain 2 of FACHEPEYI6HES el y by
non- coval ent bond, such as hydrophobic interactions. [0074]1n one
preferred enbodi nent, the reconbi nant Fel dI protein conprises or
alternatively consi sts of chain 1 of j§el and chain 2 of Fel- wher ei n

one. coVaRIRNG: Ee%'aa?iahﬁ%?i%%ﬁéﬁﬂﬁa g HE h%gtﬁ’%wﬂéeéiifém

bond Iﬁmxmwhpsmmembg SEO D QISFH SE@ﬂmNpEm (ESEQEI]:&NQFISIUM §8@ bond
or wherein %eeferabl n pSe tide is a disulfide bond. For exanple,

Chai n ID80: I(mﬂSEQHéWéﬁfﬁﬂg@f [OHO:Han be expressed separately and
then copggped Uﬁﬂ%n&ﬁ@féh*e&%ﬁ@ﬁln&éﬁt%f'tﬁ&‘@n&eﬂﬁo&%éw ¢l §%¢§s‘aﬂeVﬂP”d

formation, such as reshuffling method. Alternatively chain 1 of Fel dl and
chain Qorepnsm oroﬁltc@athi:é censistiag 96 nos fhan oay awing| agid sequamec tseferably dWoex anpl e

by cl Obhix3 gl‘r&ging %itﬁhéoﬂi’agﬁfcgtg (rf#‘gelrt%@q)f %Iﬁé{jﬁg&ﬁgf Fel dI,

respectlvely, onoters I n one otic
expr esHI06I syst elmone Nenyrprtifeued ﬁebOtﬂllnelandiedﬂdﬂ epniprigés Ealternatveli capsistsbe

et 1y o RES gl OO IR, 3P RRARGEL A GROH! Bl bl oiqilhp WP O

conpri mpeme O BEQIPNOViednyl SEChED BTQQ ofF oBESEQ & HO: @amtﬁ(hﬂ)wtﬁe'f ein said

Dot or IO oo o R TRt el o tbe bieger? ipvBllion BRruEkd perBte Prmg) " 0"

are fuﬁﬁdntﬂmr eahprisey/i ar ale@npiplyi dmsi:smdsseﬂmﬂlgheﬁ |dﬂkﬂte1~daﬁvdliy teonsiitnug of one

chain with the Cterm.nus of anot, her chain referr
oo OIS, Got ARfaires ppackarr HPS st BSoat ot i EDIACPacREEpiAee I8 s oo

via a apageés GANICohelprétied é’t&)&hth&ft,%@ W3.PGh oDRERNADAGtekibpHAgd, eefézabler M nus
bly said spacer has from 1-30, preferably 1-25,

of anot her ch in. Preferg
pr ef er SHARY kyetm?yh@g%Q P02 9T Gl of erably 1-9, preferably 1-5,

prefer gky; 1-3 Woﬁ@pﬁ%ﬁ&eﬂﬁb&ﬁfcﬂ?‘ﬂe\’@yoﬂﬁé thveRames a V&P of RNA-pRig30,
preferabl ilTth 25, nore preferabl 20, nore preferab]IJ%/e 13-20, nore

pr ef er QBI yhesansid orpiue- ﬁeﬁeﬁlémfﬁﬁlémw anrsogahedral phaggslike cepsid stragtins o

aci ds. kth & @R Yor 98 inth a%iaaﬁéf lﬁmghﬁ{ ety OTheAQp @A LERiIRS | 6 IPRYEIRE Vi NY
10, 11, 12, 13, 14, 15, q] or 28 amno acid residues. I n one

pr ef erpf@épﬂenﬂbmhrrem hnkeﬁ dﬂ senyelent rmsta@SrSan@mdleaenm by rdisyifides bridgesr
pref ergeéimsn Lot af ObfucRa%edasl ﬁsﬁ?@?@) gQJQL%ﬁthd%?e R&rﬁﬁ rgeed
es an amn

enbodi S|on proteln conprls aci sequence el ected
fromtte @Bwpmdoﬁspssim org VaPs rhade BEQ NGpmbinant (Qf cmmmasmn(au), SEQ | D

erooi hefven bl il o V. sfblyie o o g A T I BURIE

N- t er niocosplefelyclikicd The@&psﬁbd:r ALP of QP ehowdivnewinl rgsigance rttamgampaﬂmnts andd one

further eferre nbod: sal Fel es_or

't or iR Eig Sk, STRBSERE o 104 SodRled et FIVISG SRR RSP niraigs o) v

2004/ omageamm,lana gaknidiniecawheonaatiodsak Higt af-&M db notiaffbctmind M)ﬂitﬁbf thad
capsid. The high stability of the capsid or VLP of QP is an advantageous feature, in particular,

[

for its use in immunization and vaccination of mammals and humans in accordance of the
present invention.

[0062] Further preferred virus-like particles of RNA-phages, in particular of Qf and fr
in accordance of this invention are disclosed in WO 02/056905, the disclosure of which is
herewith incorporated by reference in its entirety. Particular example 18 of WO 02/056905
gave detailed description of preparation of VLP particles from QB:

[0063] In another preferred embodiment, the VLP of the invention is a VLP of RNA
phage AP203. Assembly-competent mutant forms of AP205 VLPs, including AP205 coat
protein with the substitution of proline at amino acid 5 to threonine, may also be used in the



bi ol ogi cal properties simlar to the natural counterpart and specifically
a synthetic gene coding for a direct fusion of Fel dl chain 2 Ntermnally
to chaiﬁ”?@ﬁ%m%ﬁﬁm expression resulted in a non-coval f/EP2484060343t ed
honodi mer with an apparent nol ecul ar wei ght of 30kDa defined by size

excl usi on chromat ography, each 19177 Da subunit displayed a disulfide
pattern identical to that found in t{ge natural Fel dl, and having
identical .fold of. natural .and recanbi nant Fel .dl.. The .reconbi nan el dI

F eact et phynTaiph and Agids o8 e oraired, g 2 1 A oot MOt ur al
Fe! dl 2004007538 ldescribed, ifl| pattithiad fin PRkl 1Ml ESarhfle 22 Howd & GBthiny VOP

nat ur al FeL_dIé?£OO79 I n oneﬁﬁ£gferred enbodi rent the chain 1 of Fel dl is
fused GPEPTYRE FEQy sAehpOERs. pRbbagehyeinparticiiasthe erprofsion gpd the| pugficatiopher

di r ect kierdis. WOR004/8075081is inbOBSRIHMRAELPHEY BF flserREDOBlIRRNIS ddgmbai N 1
of Fe! .d 1 conprises or alter natlveldﬁ consi sts of sequence of SEQONO 22 or

a honolEguRezsRiguand eant e ligked with dfebidh afthg investien to tspisglly sad) pesferablijas an
| denti binelfle SELideRodifitruct’ dila@h® R Fell §P0F B dnvEHiidh SirRBled il CRb&TivENAN

90% or even nore preferably greater than 95% [0081]1n one preferred
enbodi mapner. High @ntghody titep isgilicited aggingt thospplisplaved Hel dl| of drerinvaniiensyshowivgsi st s
of S CAUENAcreBE ot o Mcprih aRF RobByltor 2Rl S5Sasl Biddy A8pefls e

honol ogue sequence t ereor, Wherein sai onol ojue sequeﬁ"ce R4S an

i dent i esg mmowgEEENicD NO 23, SEQ ID NO 25 or SEQ ID NO 26 of greater than
80% pr ably @gr 9 n 1 r ef er abl reat er .t han
oot | BEE[ 7o Y 1 RE R ferkl Hhpaicnt I APRE oI SBRLeY o biRiflor] Do
Fel dl apmudntcoat pritean of a vas, pedatblp BN phade) eherbiankt mstadk coatgrbieth has

preferably b tation r.e preferabl v.by conservat.jve supstitutiqn, such
be oy s e ity O o e Conk W PR ET e Ui RS s

pept i ?esleﬁ(m hedriother preferdd Embadimetiethe \;Id’ediﬁthé in@ehtioh cBmpEes 3f d&:-siajs |$)?|3( 2),
Cys44(1)-48Cys(2) .an s70 - Qys7 , ,suggesting an anti-paralle

oF ot BFh SO PRUIR 3 1 T ArIEEDN (R A RS e fhe TER coat Tt A g o
Chem 3Béen RBAGHLS)addikion BNE 1QEIRITY Db ety Fiiof seifinGibe Badiirbyhidy@e bond
of Eel .d 1 protein.is disrupted. |n one further preferred enbodi nent, two
such d iméﬁrrlﬂl-égw 5*6128%“, Sebsaution pr ajdgiog; of ableast gpelysige Bgidue allaspievasting thet yr t her
pr ef er gdeccHbQMpIRY Y c. Aklanidihesr B b idvidRniRP dshalts e T PEPLEI N are
di srupted. In one@gref erred enbodi nent, Cys70 of chain 1 is either deleted
or nut ¥ proferabln of RBNAyphagesr B PaEieslani thebatch agstaiiy the regpisgmentssofibe et ed or
mut at e¢acclpd. one preferred enbodi nent, said Fel dl protein is a fusion
protein conprising chain 1 of Fel dl and chain 2 of Eel dl fused either

di rect 8968k vi a Ia onp seaferred grebaditpens| the comapesitians land ivecsiries @€ theonventign e

di srup B I : ARG ARG d» Eel gl ol el
conpri }Sliﬁ%gzm S?u%?? g’?%?’?@g y%ﬁg ﬁ?lrﬁlg am no %egidgﬂgg’q’ﬁgh%eghg%{n 6¥§J§EQ
NO 24, t6the gverage, numbepiof Edl dit of e snveotion which fislinksd \pen subusig girefetablyeper even

more p g-1el} W92 Sha £ ' r-En ; _ LTutiaon or by
del et %ﬁaftﬁ{ Sgl]f?}r? onégltp))dr ié%rééb?rlgxdfé }gmg?lﬁew Bfﬁgﬁg\ﬂ}h?%eéﬁﬂgﬁfbﬂ%‘é&t}eﬁ\s/enti on
conpr i sdgilged s dncavamie vedr pll dlonsibeiits aimanofsets af lthef VER meeftrablytofite WBwWn t hat
possessj on.,of, i.omunogeneci ty.does not usually require the full length of a
pr ot ej ﬂhgﬁg&g&é%gf”ym eﬁf’%‘?‘é%ﬁﬁoncogﬁ'?%ﬂ?go én‘%ﬁ%%' one antigenic epitope,
i.e. afuosgENi C SVILE. or RapsiBITEIP coaf proteil\displayde Péfindé niMmberf hiitlelibkdrpt to
~contain at |east one arht’;e‘genl c site that can pbe bound i mmunospecifically
by an aﬁﬁelsab@ac&rmﬁya defiped tpplogy matp e PR Fosidpergoating dayyardsy the miarror C

MOl eCUb theARb4i8 B GntsrabtfhgOWith iheSRNA2 Andd Foll SR Ty AR rdditiuds S4pORA toOthe
techni ques generally known to the skilled person in the art. It can be

done b§xteiRgdibe capsidy Preferablyn thestrlerst @pe fint aiipehmeph sitis plypingfresidipapl e,

one caﬂoﬁm%}%gﬁggﬁ&@f%e@@'tur ns, inter- and infra- chain
di sul f1de bonds, etc. using a program such as Rasnol. One can further

pr edi ctO0§Equenc P mutantsapfowlyoh pagsed Tysipe rasidecsyst eeplidced by argioimesseebe t hat
are eXpagt Blpllie RYLARACTRY, HBolB! fibith AL 8P 1 YRAGRE thvefkid®
surface of the nol ecul'e are nbre

the virus-like particle comprises, consists essentially of or alternatively consists of mutant Qp

coat proteins. Preferably these mutant coat proteins comprise or alternatively consist of an



21 likely to conprise natural antigenic site(s), and thus are useful in

I nduci ng_t herapeutic anti bodies. After a surface peptide_seguence has been
detern1q§8 20p6h %ﬂtlgenlc site within this sequence caﬂ"ﬁ@Eq@WWW@%ﬁdefined
by, for exanple, exhaustive nutagenesis nethod (such as al ani ne scanning
mut agenesi s, Cunni ngham BC, Wells JA. Science 1989 Jun 2;
244(4908):1081-5). Briefly amno acigs within this sequence are nutated to

cepoc PR eaec el o b6 Smie 2k Sy Cre BOAga A AR e MR ¢y pe

sequendB)NO7 1) Bs@p-L43 FSEQ IDIFOHIGN Aistil)-Byscofl SE@ TR KOIMPpo)eQp-260 (SHE ID

qener b bl PAAR L NELD DR D SERUE RE: @Eiyﬁ?&{gpﬁééﬁéﬁa?éixof Fel

dl (Geyses) QPNA® MO B NGB PGy A2, 1k I8Are aNSEQIIDAYOLT).aThelconMucBbm -
(1996) Mol.. Divers. 1,87-96 0084 I'n one preferred enbodi nent, the
ant i geBFssionand pyefieation of ?lroyéén irated QB ANt weat,pretging, reptantyRP geat| east

one, pbﬁi‘t@iﬁﬁ@ﬁa@écabﬁ%&esb%vﬁ?'arﬁ'hes%ﬁbé&ﬁ% 01056008 mapticalar b Bercbly | east

one epitope derives fromchain 1 of Fel dl and at |east one epitoep

der i ve&fFresip Exgmple 38 of abpge mgntiqnod eBRlivationT- cel | reactive epitopes of Fel
dl haveyegen MenRGHathd RHERAHmldindf lof fHe ppésa&t rﬂWﬁsﬁgsgmqaécl osed
par agr ap

in prior arts, such as’in US 6120769, the fourt ol um 14,
in col aemprisss erralterBlively cosBee Bseatialydof; Ive slemitivelyosensists of auiant eogsor at ed

herein pe of
ol i PROHE QR oy FAERE RaarhuAnBER Bl 6 SRABGERINI plsnfif h SFBHAG0C
pr es enprefiamed embodimento the vires-libe particte comprisss, opelictoativaly dohssts esspuilly bhn of

the in 0 | LoV a VLP with at t
attachélg?\ maﬁvgl rgg S%Sp(?fg"1£ ¢ oata‘fmtf%é“a th%‘ﬁgl aaﬁ{d Sﬁg'ﬁ C‘f/\ﬁgéé])oﬁgall%ﬁ{%ntlgen
Is a Fat, lalorpiﬁmhérheooﬁe@oﬁﬁhgﬂﬂ ptotégnent, with at |east one second

attach site; onbi ni ng .sai nd said at ] east_ one antigen
P oF R Skt o TR R SRR bt PR R g o Mot w0 iR et ol o

Sl Pf ar expréssion dn talbactdgal lihdsﬁ(defeﬁn , A, éthﬁh e;eﬁ@mldzzaﬂ_mnmem Kolzlo®skayd,n a
refer (W] t.e one_an en., l.e. a
Fei ai TR st okl AbadkafaufsSpR 25T R4S5, 0K %gma{ s halost {aaps-

att achméwsso); Bridns, QYetWRYJ. Mol S8 Qasssnsym hbbam&tﬂarw&/m@lfog&ﬁ%eSSI on
in a bacteri.al system ref er abl E. Usua tag, such as_Hi s
tag. VPRSI BrORERIETIR GA (b 7 (chele ProfEin ﬁf%%@mﬁaf?@%mmw ahot her
appr OaMblBﬁﬂt:!?@%ﬁf?b%l% ARl of ¥ ( Mm@@‘e&tz& Wo{ thQS é@mraédagm@g gm no
aci ds can be chem call nt hesi zed [ 0087 ]l n_oné preferred enbodi nent of |

the T neleatt ] Mol Hink 244:279:290: (1994 chase begmedisdlqsed. Thercasteibctarorad sl nked

to the Qb h Eash nﬂnﬁ:ﬁﬁ’ site
via at Rﬁgagfuwgﬁielhégleﬁ h%;é(}‘ﬁé‘é%{)ﬁd Geér(lle (Z‘%]h(llllédl nga(iffgfli ik e ?%\t?exg??gn

pr ef er €5P§))- ﬁé#mgjmchm@mnon, sstage prnofet rebidyeszoat rbagdne:hﬁedn ond, [tosgBNA: han 50
am no ﬁlﬂgg Toat %YM%@%&EEME&'&& one or more reactive amino acid residues can be

inserted by way of insertion or substitution. Another advantage of the VLPs derived from RNA

phages is their high expression yield in bacteria that allows production of large quantities of
material at affordable cost.

[0070} In one preferred embodiment, the composition of the invention comprises at
Ieast one antigen, wherein said at least one antigen is a Fel d1 protein.

[0071] In one preferred embodiment, the Fel d1 protein comprising or alternatively
consisting of a naturally occurring Fel d1. The primary structure of chain 1 is the sequence of
SEQ ID NO 22. Reported variants of chain 1 are Lys29-Arg or Asn, Val33-Ser, Val60-Len.
The primary structure of chain 2 is the sequence of SEQ ID NO 23, 25 or 26. Reported variants
of chain 2 are Cys7-Phe, Phel5-Thr, Asnl9-Ser, Gly20-Leu, lle55-Val, Arg57-Lys, Val58-Phe



22 less than 30 amno acids, is in-frane ligated, either internally or
preferably to the NN or the Ctermnus to the gene encodin 8 t he coat

protei n $PONAB  Enbodi ments of using antigen of thé$G P840 coat

protein, nutants or fragenents thereof, to a coat protein of a virus have
been di scl osed in WD 2004/ 009124 page 62 line 20 to page 68 line 17 and
herein are incorporated by way of refgrence. 100881l n one preferred

enbodi i s. fus o,eit er m nus
o o ¢ BheERIBNGie. 45 o 2R P B e e SR> B IO Aregdeze s I

one f uGHRET-G eideAsm3d IgzﬁbﬁSEQHIﬁfNOtﬂgﬁMewaﬁﬂﬂ (plmm—aumaﬁdmgnb]g-ﬂ,y@ efrquses a
spacer rein, sal pacer i s to the coat protein ragnents or

mut ant £P ﬁ{lé?go@}ﬂﬁﬁldkﬁfbgl, &ged Iﬁg 498 {%%Mrgeﬂf@%éh ¢ AnBrog, Mathy 1 ed
enbodi AeAd. sef ULHA. 8’8%@694'@1’5@'1? Immorttdm %@Qﬂl@&l‘ Imlﬁﬁhdromym%@ (@91);
alternatjvely consists essentially of Vi rus- article with at |east

one fi ~eitermagn K gt 3l JsiAleray; Gl Jripgmgh 7Féé'§1153)ﬁ@8¢bleéﬁFen§?ns Phdiehaknt i on
Wi th ap19oepsiol ORGn 39€ ®90Loak) mﬁmtocéarhﬁ Femlq;oﬂrﬁaééb g%ﬂlfmbond

preferably the coval ent bond is non-peptlde bond In a pre erred
enbodi Wl%Fa&SN@ap%émﬁalhﬁwmma howse Wherest calivescdttent site conpri ses,
or prefgapl y m%ﬁ %f%%& éﬁél%fwtue E;k}snﬁ%mmr%&ma&‘lw&diys' ne
residue. I'n anothef preferre yodi ment  of e present 1nvention, the

s econdpztaim ohareaspmbinget %bdblﬁramsnt Bcwp:rbmaet Eﬁﬂldy prefgin gr sws:bfnlbmyntrlipll dyr oup,
prefer ﬁg%i{enifa%qﬁéci]ﬂgél}ﬂl refrd HJD% ﬁél & rrlleFel Ll?%%g{n elyta L' ed

enbodi e I nvehtion eas one g is an
am no prooesp, wincle fcomphiseg atnleasti one g‘nmwﬁ ro¢ongbinapis DA rteaimdhgy a'lﬁhb tdnm at

cur 1 hydrrgh oDl 28R Rt etibisi focalt s iR et (e

i nvent reoombmmlyliﬁbdlﬁéd of Pl ki ﬂagmemttre@mblmnﬂy pdo&abeﬂ’t)arb htervhadgbabipayd of

chem cal cro n ref.era usi ng

het er oﬁ?r? ‘?FM%F%@%M#% ‘}ﬁuﬁg &f’g‘?@ﬁ'@& E 1rﬁ§?ff”§ "r%ﬁ‘ément can

het er obdyprotifet i Giftler pFoR&Folid éblfﬁéssﬁﬁ) BYsBdnis suth fabl BC &dlDﬂWd) 2000091680 ¢ihin can

r eact wththeﬁg@%ferredflr%% chnment sites, preferably with the am no
gr oup, SHkBPEURF QB IFYSIEARS A E\ ?Wu@mw/%piﬂ)y%?ﬂ%laﬁééﬁdﬁ‘}@é%@ ®f the
VLP, aﬂﬂ;r@;sfbhl rdsheiainf T I1 nﬁfd‘ &:Bﬁﬂ 206098 WhisshulGAdbuI§ars dwistonicNBoRbRE ¢4 M ed
second attachnent sit . a sul fhydryl group, preferably of cysteine(s)

r esi dukrcrloniredt Bt %‘?eﬂhrl‘{qvf 2a04) R?coﬁﬂ’b}@ﬂﬂif Brogyged gl diproggin Phﬁ‘agmﬁﬁént i on,
and optinohdlelyiosilatd BREEn- gwéymlde dbndin@ s {HRMdRY c&IP A4t doORodme iRE

het er obi functlonal cross-Tinkérs are known to the art. These I ncl ude t he
pr ef er fee@mbipgy prat¢ilker s SMIH (Pi erce), Sul fo- MBS, Sul fo- EMCS, Sul f o- GVBS,

Sul £o- B8, S e SRRk ! e SRt 3 Arcdle BhAkes G0 da‘iﬁgl\ﬂaﬂé}‘? S

avail abl e for exanple fromthe Pierce emc npany,
f unct i esmaists gf chatn t efE¢elid} and obwir dof Heli diowgugmpsldazhdndwé}?ﬁm@s resocisted)r oup

[ aaa i MR BEnatty LRy B RSl op a6 JRIboBRS: FlARRE. i no g1 oup

and a E%ert hédn duenima@aedn ttthbddhaer_s,u ﬂfehyadoxgnbmgltoEqudl @umexhecorﬁiraes oof .
byt ne RSy Bl e i TP P S Eeh S By R *©

i nve nt is cassoanaﬂd it clﬂuﬁ’ 2wl did:tmit least. on?bafa&iht BshdCIha@®e pieifdited fefabbdilmeimgi Ng t o

this cI ude r e an ul foLC. SPDP (.Pierc 0092] I'n
L br ortF Aol apiR bofo & R asnEEgr BAND iR T4 BHCPSHOF o 4 AEHAD D | ses
a bond or wherein preferably said non—pepude is a disulfide bond. For example, Chain 1 of Fel d1

and chain 2 of Fel dl can be expressed separately and then combined under condition which
allows the correct disulfide bond formation, such as reshuffling method. Alternatively chain 1
of Fel d1 and chain 2 of Fel d1 can be expressed simultancously in one host, for example by
cloning the genes encoding chain 1 of Fel d1 and chain 2 of Fel dl, respectively, under two
promoters in one plasmid. In eukaryotic expression system, chain 1 of Fel d1 and chain 2 of Fel



l'inker. Engineering of a second attachment site onto the Eel dl of the
invention is achi eved by the association of a |inker, preferabl

cont ai mW&’QP %58t one anino acid suitable as second &t Wﬂ%"%“ﬁte
according to the disclosures of this invention. Therefore, in a preferred
enbodi nent of the present invention, a linker is associated to the Eel dl
of the invention by way of at |east pne coval ent bond preferably, by at

| east i caI one ond.  Pref e i nker co r| ses
or 51 ¢ & S b Bttt 8 Pub BRNA B Gt AR b itk oo criy
prefer r(mjasgnbodl rrent the Ii nker corrprl ses a sul f hydr yI group, pref er ably

of ac Lne re due ef erred enbadi nent,, the am no acid
||nker¥$‘i7%¥ cyst é?’&@ 1%% leabmteﬁ CORPESS; SR alerngiyely e
dependeaﬁmmﬂafmm&aﬁmeﬁa %eﬁeﬂﬁsa@hslgﬂl ﬂ,telﬁ Bfinpridin@RhiiR N of 8A ditahdRhaghem cal

properties, such charge distribution and glycosylation. |In general,
f1 exi bROLER %I‘—”a%l?ec?“ bo%ﬁﬁﬁﬂﬁaﬁ?@r‘-‘éﬂﬂ 1 of Fgl ¢l godisaid chpis 2t FebidlearBodi nent

of the fREeIBBLily PYRAL] detﬂilﬁn | GRleR kO M6 NlBroBhusdSt SR alrlSith WAECET N
further preferabl the Tinker conS|sts of at nost 25, preferably at nost

20, noitEmEusfof & cheinpsanother prefowsd sabedimepty said chajail rofdieb ik and gaid

nbodi th
70 am oith 28K BB, &P ¥4 Lk okl GHRCA g N-fbifhs SOUME IR oD ABICE L TER
group dtaomyius of anpthef chaim \Pref@ably (shi shracehasi fromh 1-G8nprafemblyi Ry preferably 1-

%&LZ@%@%wﬁ%ﬁ%@’@%‘f&?’% F]Fgﬁlﬁﬁ nge r“ég’f“l%)ﬂﬁ‘g lé‘%{]se%ﬁ PEYRY nal

gl yci nealﬂ |spdcetr kas (feony 10-GCGBIEabBED-2 1) nide peferat(ly )0-2G) bl Grefemblyhl 3k, 12 and

Kort o Hord b BRI 3-28) e BRERINRE 17 1P Bl ory ey e Hhehste

enbodi ssd spackrasonsifs BEk) dmibd hcid @dﬁ@((ﬁ)lﬁ%@)lﬁ,(l@gm)imw}ﬁ 87,3819, 2r (f or

153l et %] e, e aetRpot Sk o A QeI PR CBe g

DKTHI ' mﬁﬁ@éﬁ)&dﬁﬁe@&amspédals@emqﬂ)gal gama 3-1inker (e.g.
PKPSTPP GGAPGGCG SE I D, 140: 63) C-termnal glycine |i nkers
Q | D I8 epegprpter m%eﬂwepe)tke SiPR BIotein cORRESes. AL gmuino,seid

C ter ”kéiﬂknc@'sh‘l@ét@&frﬁﬁrm@ REYisting GBEREQ I No32MBIsED IDING 5BER)
cystei for ex ar’rgEQ D NO, 65, whi chcorrespondstoanenbodl ment
wher ei ﬁ@@lﬁ)ﬂ? OF§5dd) SEQ I3 ﬁ@%"égﬁmlﬁﬂ 5¢orresponds to an enbodi nent

wher ei o7l K=Ip ohe f&m&eamgmﬁaéﬁasm&eh@ﬂmﬁaae& PRbEaSE Eibafiy,sent the

i nker |s added to the N-term nus of di of the invention. In another

pr ef er Kete Mrisgainpeat chein hféFfrlrﬁl}eqfﬁl?fdhrecﬂShef Yip glepacer. I guel Buthemprefeered
C t er N fAhsiRbneFgla fh o9 $ER bP5Y %%Qa?]cgﬂs fme&ffaﬁﬁnd 1ok EhReREGOr di ng

to this invention are C|ne ers urther contalning a cysteine
resi duef 3EQ e dénz. attachrrent site, such as N-terminal glycine |inker

o 1007809 = RO dloa30 s I ElonttidiRiRled FalidyNolin BGllaBla S8
and N- bielogicabpropprijesi siraildrys thwelaturailcenntml mpk e&ﬁ@lt m?hfﬁﬂéetgtfm@er cedJQBC ?[1 .
Cl GC- NH2 N112". a

ept ot yicfigo of TR, s BLERNRARL 0 T 3 Shi ki pion LA £ e

i nser t ach- mammaM1ﬁw Edmaﬂl}nmﬁSamﬁI@)aiehEmﬁlﬁ&ﬂﬁmgﬁtﬁan&Sbﬁ econd

attachnent site, voi d po steri f the ul Ki er am no
St a1 rshisiof iR RE BB R T 65 De itk G oy el A et % he
| i nker thasfolutid G0tht dafufi® FAF 41§ ahd Bassngidehitdal fHld Efﬁﬁtﬁ'hlrhnﬂrre&ﬁibnﬂaht Faaﬂrrent In

one fuﬁ%her refe&ﬁlk(g enbod n , the linker jis I.n anot her preferred
enbodi rreqcte YttB Tgly row serqfeph pllengie pafientyps. e oprH ein or
Fel dlFélrdagrm@tmismepdleﬁﬁluﬁbﬁw‘mm‘c@ﬂleeén@ﬂmlommFénelIInker is G&C. In
the case of Fel di protein or Fel di fragnent consisting of two

pol ypel¥7de chailhgne E‘E@ﬁeqfé!“b‘éﬁmﬁ?télﬁ%?hﬁ%lr offigl d}yis fusod yireits Cgminugdo

I\Hermheqtﬁwaﬂﬂugam&;ntzeffmmselm%em 5@5&6 fused to both of the two
N-term nus or to both of the CGtermnus. Preferably the linker is fused to

only ol¥®8¢k t he Ingpe Mefesiedicmbedimenty teychainel of Fal el eamprises arralterngtvely
[ 0096] J:db %unct %ééeg oF MEF DAoL BE dr"Y Rbthd18Eue! Sqhdite Vidred?Y wHStetIsdd

het ero




cross-linker according to the preferred nmethods descri bed above, all ows
coupling of the Fel dl of the invention to the VLP in an oriented fashion.
Q her REAW/TSP| nki ng the Fel di of the invention t&CIAP2QA6/960548| ude
nmet hods wherein the Fel di of the invention is cross-linked to the VLP,
using the carbodiimde EDC, and NHS. The Fel di of the invention may also
be first thiol ated through reaction,ygf or exanple with SATA, SAW or

i m not hi ol ane The Fel of, the invention, after degorot ection if

requir ‘amorrﬂgfsrwﬁ%'@seaa?ﬂnea tp SEQHD NPpZ2ef greaterdhan S0%s.pasferably greater on of

the exgfs90%NorQvad MR préB@BRoredidd trah®bodi of the invention is reacted with
the VLP gjrew ously activat ec?rvmth a hetero-bifunctional cross-Iinker

conpri K08 a cydnepparcfusd eppeadimsnie sajd chai2 of Eeled beemprissppraterngtivaly | east
one Or ¢GRI lsedu Hﬁ&tdf@@@i IYN@ RS, SIRRED NCB AsUMREAPITF N B 85 N2 arlﬁﬁio e

which the thiolated Fel di of the invention can react, such a SCri bed
above. saggence ihgreof, Wlmvmawélhcnr@lqgﬂe aequ@y;aémgl Higotiy 0 SEQ I@:N@dé@t §HQt he

t 0, f a,
Lt achiy ™D 27 HESEouP N et Bl B0 BEEERly St kR BUE B et
gl utaraﬂeﬂ‘eﬂfb}ddgeam@ﬂﬂ%PEO]4 B53, (Pierce) or other known homo-. 25
D1 11 TologSR! G988 RLAKEI Smbbdilel S PRl SURARARLY Y% LA BEA, 2T e

gr oups or carboxy groups Rer-e s of the
pr esentwhérninert tlcasinonet disuldabasi ik |chnmm@l,rprafa-abiy dny raltating atora/piegerablmby sts

essential | us- | i |nke f .invention via
cheni c&STYRTEF g@ﬁﬁg@n WY raéiQ?YS gc'é 561"5.‘3 ﬁgg%df??p gl sfs not a
coval enio faprides ﬁm@%ﬂmgemvb g&lﬂ 1ﬂ@tﬁbd,tzlmecyﬁ?l)t-@svfs(e)d I@kml )-4BCyk @Eh I
|nvent| ecte iotin n e nd ex ssing the Fe
i“?‘ilgCYs%@n&’%{? 2REgestp @’E)P%PEB%F E'?%H‘P“p‘?fg{rgflﬁ PP 8 sever al
antl geA KRR kea1U{1987) BiolEChee} 78] B9R608) N8 ohd pefried RmbBdithe RS o Judks Bigelsl® one
subunit of the VLP, prefer Ht@gﬂl}j&%ﬁ'sNA phage coat_ proteins, preferably

t hr ougPPndrRf Fek @ d uteinis idjsar fugher; preferesh pmbadimentirosuchrijsiffage VLP,

if st esdn@abfyeradﬂp@&aalaee dibrupRACIndné sfi® Alrkelprefere emWbdimed! alfifocihigge and
in particul ar of coat Brotel n VLP is thus the possibility to

coupl edigd{ids %ﬂndaﬁf F%éh@rqs@ra ted. IrppespraferredhambesimeniCypdf ef aﬂrbh of a
dense @nkhgeddd Ymuthid Rl Adath\éP f&resfeﬁrbr)aqmﬁgﬁgg'mtcﬁmﬁ s i8Ged By et i on,

the Fel dl of the invention is nked via a c ne residue, having been

added @J@w@ﬁlt Incape pregerrgdreatbattiment, @and Frledl@preteings mﬁssmrproﬂq@ domipriging olfain he

t
nvent | aPeal A Alr AL SR A U 030, Sl bl in,
and i ndlﬁldﬁ@ﬂ bmckrarbailsrhpted;oht op ditrdien p@ﬁfe@d emb@iihed] Asid d&d oili pettimbove,

f our I Ir t R oat
pr ot ei n%#ﬁm%%? y an pr§%& geamélﬁé@ge T’ ug)ggg Sbe@{rlz\t}agr %re(j n?
reacti whnch\nat least me,qssfetabbk&trlemlttma,rleeen tnoret preferabiyt arlesst e cesteinds aaé I of
t he exposed b!:yy resrg ggl can be coupled to an antigen, the |ysine
resi du gjvrf'ﬂ I‘Fu MY AFU Y h the cross-linker are left with a

cr oss-[6DsKer mhemnhepmfemarmboﬂﬁndnheths aftigsy ofT thePingédtion dogprises or

derivatj za n ste ads arance .of one or sever
oSt | Y BT et it FEegh it f KRLIEAt BRI PP HACER abi | ¢y
of t henoYhhallByreduip! the FllD1eBMARFQf proféRr dndSistflly” £ piotie Sotthihd)mdfOthih BRS, as in
t he di scl osed | .coat_protein putants, we prevent the excessive

di sappRHEsmt epitdpe.j§stisic site Ayiagment ora %h?apsp'gdermw@er%‘ﬁ%%@ @B 1 eact

W th t f1cdsf SHeQintiEhicdiRIBat!chA k8 boundVRinRAYSecifitAR! R BRAboR  orlby S Tiell €Si dues
by arginine residues may |ead to nore de ned ant'i gen arrays as fewer

si t es HEe@ofthinthe gortext of apMHGmolegule. h‘tnt'aﬁmp giéor sfteverg by té@wmdqlgr g,

expos egibis of %ecaaauatgeaaa% %ob®h 13 PRI e PP ﬁeae'a& il QY %9
QI coat protein mitan 240 (Lys13-Arg;, SEQ I D NO 15), Q13-250 (Lys
2- My, sequence alignment and structure prediction. By way of examp e one can predlct possible a-

helices, turns, inter- and intra~ chain disulfide bonds, etc. using a program such as Rasmol. One

can further predict sequences that are buried within the molecule or sequences that are exposed

on the surface of the molecule. Sequences exposed on the surface of the molecule are more



Lys13-Arg; SEQ ID NO 17), Q13-259 (Lys 2-My, Lys16-Arg; SEQ 1D 1(0:19) and
d3-251; (Lysl6-Arg, SEQ ID NO:18). In a further enbodi ment, we disclose a
Q| nut AN 200640758 otein 26 with one additional |ysine PCESHFAUL/06934S 243
(Asn 10-Lys; SEQ ID NG 16), suitable for obtaining even higher density
arrays of antigens. [00102]In one preferred enbodi ment of the invention,
the VLP of the invention is reconbingntly produced by a host and wherein

said VLP,is essenti al | free of host R refer host. nugl ei c .aci ds.
I n onellﬂf‘%?r tf?ré:romBPE"f &t qnﬁlAthﬁg %?loﬁ‘ f‘lﬁ‘PF‘ﬁ%rtﬁ BHS ses at
| east anibodied. waRk @&uﬁcagsﬂmmﬁé@abemet@mne&eﬁeéﬁghﬁﬁc m&mm nsi de

or enclosed in, the VLP. In a still further preferred enbodi nent, the

pol yanfegpsnge ﬁ&%bﬁ%ﬂ%rﬂ@%%o@y SRRy exbaystive arrwgeresrﬁotp%@dperlﬁh & aci d.

[ 00103 1arfis ethtuithd YmnbitaB&ieSiS, RS B! YANOSdiedeChodc g1 ds: The
term"essentially free of host prefeérably host nucleic acids” as used

her ei n2444908x: kogtltﬁ){%fb(mm agidls Wikin tHapRquesce fremaatod Wecplaning ke BY enaci ds,

COP" SRl St ool e A MR SRS 37,
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bi g ped? e DRSO BRiafod B0 elehiy denCRRkeP LPloChAldale SRBRoRET

refer spepbddsrtbathmsm ithe ﬁﬂi—lehgth Isequi¢hé® ofSFal eﬁo(ﬁeymnPNyrSpVaﬂoﬂjc 6698-4002,

Conve t of RNA, preferably nucleic
aci dsn(tlb %ng?ﬁE%%% ﬁ’;‘*s‘ﬁ ﬁs’%ﬁ&gpgfm "' the’art. The typical and
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t he detf fr%l(r;atr on of the amount of RNA, preferably nucleic acids, for
i nvent?v& Conposi tions conprising VLPs other than Q1. The nodi fications

of theogegmdi ti omse evRNrstRliVY cRRPEESE 1BE 81 Waveltebn Hapddtmoh gt me et e
skilled persgon in the art. The nuneric value of t anpunt s det erm ned
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| ndi cat ed nurrerr c val ue. 04] Pol yani oni ¢ _macronol ecul e: The term

"pol y i W ef refeensaolnet on Ferreda?@lhqdwnhél‘r eqlihepitops ef Eeltd ig splpttec fipm f hi gh

rel ati S’I%ﬂ&bﬁ .Gk sgonprises repetitive groups of negative
char gegf he st r&q{ure 0 “@%r l(?hs%essentr ally conprises the multiple
repet i[PP& of uihe prestst inyentiongreviddsifyr agnetbathafeoeduging yhe dompositiol efdhd es of

ol oot oo O S @] pPERins £EP Wl ARk Conl HiS AR, e B MRS, %2000

Dal t orst dgast cme emlgmr rehqxezafseudalutlgenoﬁ adel dleproteins@@FeDd! ﬁagmenﬂmﬂi :Etﬂrrast

"poly Q E}%: | e I use . ere d era

r ef erg&f:osgg%ﬁn ttsﬁ%ft i rparb S’r"LPta%[iH ‘i % eafn‘ ?’10 ﬂE

r eceptpodice Idlds:omptbmdnewhefepoéayhau 1em;t ondratipaimdeeid &TLPtayephmﬂltlyro@lﬂ pr ef ei
ably ol | -1ike receptors deven re ptef

Fur T ndb RS 55 2R pepcoe SabOSRRe 1t o dpnsl alinaBicit iR bRl ¢ i e

receptle):{ss ohd amiyds, id. TBEIOSL pfﬂﬁuﬁ'foﬁIaYFdIlldQHﬁigﬁleﬁt}l»ﬂﬂm the id:arsap&&pée)t&m:chrl des

her of 1 HsRal St b el oL CTTE R LPOREb O WA Ereaton ok AR YR ne

Pr 0du Giréferably By BNcd D USuAly AL sadl 2% Hiblgig! Mfirm:agﬂ@édda@ tooBEiGfReS AHHCRGIH "
excl udes i mpunosti nul at ory subst ances, i munostinmul atory

subst d¥esess. Inyanqthes appropchy particularly, the Fel 4l fragraents with padonegr e 4P eingr

I nducizos aibthe@RABP HREsizBaUNe response specifically against the antigen
conprised in the present invention. [00105] Host RNA, preferably host

nucl ei [00%{di ds: Ihene preferred gmbodgirgent @t[rtér@:rvamoga HssYLR téeaawnreﬁrsfor the
term "osHmeiNve iRt &6 lord A8 bt mé%enﬁo@gmﬂﬁrb edde bl %ne%r fure”

as used herein, ers tot NA, or pre era y nuclelc acl at are
ori gi rvag by IWmWeB@Zldd bbpd tﬁ@mmmg@em ofpthe fimyeatiory m&fembiYchallds may,
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typically and pref erably by way of the inventive nethods, for exanpl e, the
size of the RNA, preferably nucleic acids, may be shortened or the
secondary structure thereof nmay be altered. However, even such resulting
RNA or nucleic acids is still considered as host RNA, or host nucleic
acids. [00106] Met hods to determ ne the amobunt of RNA and to reduce the
anount of RNA

ek )




conprised by the VLP have disclosed in PCT/EP2005/ 055009 filed by the sane
assi gnee_on October 5, 2005 and thus the entire application is

i ncor por HEWHE &% by way of reference. Reducing or elBGHERROPGRSO$45e
amount of host RNA, preferably host nucleic, mnimzes or reduces unwanted
T cell responses, such as inflamatory T cell response and cytotoxic T
cell response, and other unwanted sigle effects, such as fever, while

mai nt ai. nj rong antibady, response.specifically against Fel dl1

007 07 1% e R s R Gt ABAES. S Ranioro L o e e Ra obbe s of
pr epar itgrghiddd@o tHevERé end@ding RO &dat psidin 3 the WHIP. BmbaBinRhil-d¥aeing aheghage - Fel
dl of the invention, wherein said VLP is reconbinantly produced by a host

and whéh%iTHedian do ¢9ab PraleiR.JEWARIS gT [eqmeas Bretiolora PIRRPLofFR PER XBPS YSst

nucl ei Gedf dislosc@OMPW 2004/6002 28 tRBES 691 1ine®0 tE GOFPEHARE! V7 REP HtEinNGred
virus-like particle (VLP) with at | east one first attachnent site by a
host , MF@H@FW%WWM@%WW% coat proteins, variants or fragments
thereogms@i a RNy (i@ GrFaRiNAR R dinkht, 3 1R 85 $dbhédl % ﬁeédﬂto\@nﬁ&%ﬁ%m‘ar@,@r“cle

to said coat proteins, variants or fragnents thereof, of sal

RNA- baéterpisph afj e coal) prpigi, foytitsangs o fragroens thereof, aif FINA \phegaaAMPE0D rInfanggnent s

t her eofg i) [ | i fi GO ins i .0l -
fragnents tﬁereo% , E%*d sal ?i aéftl gf‘?%‘ﬁhageer%’ S%/Aigr%s-i I L Zv%eger is%lfle,

wher ei spaai & fusedi- the keatppnoteirg | feagimenis s anutantt itherdof,cef AP20fosnd RY¥R] dl

prefer %g%%m;}ost nucl eic acids; and e) linking at | east one antigen of the

inventioff With at 28 | east one second attachnent site to said VLP
obt ai n¢@D8BT om stlap o Jprefemeda ehibodibent pif ether preddne nivadiiornthe tdigposition

reassenbling of said.purified coal .proteins,.variants .or fragmen
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invention further conprises at as{ one inmunostj mul atory substance
capabl él%wai%ﬁf@éﬁw%ﬁ%}% Oeﬁrﬂﬁfgfaﬁéy & WWB%@Wﬁﬁ% 9 the
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aci ds; PIBYERIE it dodPe £7p Pesferpbly dho ppeecemuR of astysipg yestdusolie ratissii

aci ds; pfeforrddérlfansiint P! the Hr&ORPRVERRN, (R dcbatichldcRGsnt $8) cdnlPRRY Qi ns;
(h) i mmunost i nmul at oré_yor gani ¢ nol ecul es; (i) unnethyl ated CpG contai ni ng

ol | gonGEIERly ied suldimdryt grown proferablyip syl gosp aheeysine( a) . (b), (c), (d),
(&), (Ro0obp). (1 oARE febibrred AOBRRAR ofsk Uivkiih, e S RAd: B FRPAALNEGH, the

i nununostinul atory ndcleic acid is preferab Sel ecte romthe group
consi ssitthiy af amipg)grenpy grsifeitly aoiaind shaptodra grsinwtsgiun;an(lbye at leastlosec aci d
of vir oI W o ' b A SRR -S4 | .CoG notif, (d
a doub gp@é%@g@gﬁﬁ&ﬁ&?a?w@h@ﬁng* ’gp‘st raﬁ&?&%%ﬁwﬁ) “a ntcl ei c aci ((j )
free of009hhet hyllated pBfGredoembadihennofidbe inventmnothy Felidl aif chagivagionhiat do
not co ' t T bee L.sclosed.in.the prior art,
for exgilrr%dgmiu{ri}gm)’gz Zap%]eé%%r%%ﬁlggg’i%Pig%:llfyda?d'sgrsefeﬁé%%%erél} % refers
t o a mnbéteobifignctonmb omesdlinker. | In pecfedrgd arohodiraeitd, yhel Heteke b furerionsd cooss-linker

(nucl egt i des It indicates. a nol ecul chai n.af nucl eotides and .Joes not
ot or BARe Goponal Py e Pl Fad e feferfid B BEh SRt ED P, o

[ nc: udesith\whd 4thiko tghgp,dlef)ﬂeriiréfhﬁﬁy@]fiwg lhﬁi'mhgmipﬁ of isie I@mb e@%bﬂﬁe rVII fthe g
nucl eoti des i s i C and preferabl. osphodi est er nd. Nucl ei ¢ acids
conpri §’i“ﬂ‘bﬁ’r‘i’5‘8‘i é’%@ﬁ“&(ﬁﬁé‘%‘?’gﬁg fifsreagt 5yt %IFFSE"E eree ﬁ‘i'ﬂc'g’ﬂlﬁ'i‘tég?’é'ebﬁnd, are
al so eRaMyRRS ERp, Prefertifly BF SERMe(d) RosRTE iheren{ A0 fidTal s IR ©iies Fepdl

enbodi ngnt,. the I munostirnuylatory substance I.s mxed wth the reconbi nant

VLP. | At tF dpvsations apq ppiongliveslsg made axatlehle g eaction by TadHenons Beveral betergr v
subst apgghctionab SreRiidkers 488 Biownab kibe #2Tka8 Sek1ide HedRefetrbiEoriisHinkErsiSVePH
invention. [00111]Detailed descriptions of |mmunostinul atory substance,
part i ctiietFely Wrb}ﬁﬁfst FuMorBYiE Sy SulfeCMBS,a24lfe- Sy SulfarSMRI,| Julfa,SMCC,

of i gon o&jad S i i ,n WO
031 0249507 G4l B3 AR LR M) SARAY KR oS Bmie FoNE PRASTHAL C5ffay’

i munognd having ong fmgtienehgran adtite ttoreardy Poipet grgens dndvenediugetionslegroip WO

03/ 024 : | 94 é]p ' t %: . t s | pside
the VLF g&ﬁé}g&éiﬁgﬁ@% n 8&%% -ie]ﬁeegs'[%ﬂr%%p Ica flggs of WO
03/ 024480, 03/024481 and PCT/ EP/ 04/ 003165 are therefore incorporated

herein by way of reference. VLP can generally induce and/or enhance the
i mune system However, the term"i mrunostinul atory substance”,




29 as used within the context of this application, reis to an

I mmunosti nmul atory substance not being the 'VLP used for the inventive
conposiﬂwgﬁgﬁﬂpa%ﬂ in addition to said VLP. [00112] TRETEFEPSLOHUS of
innunostinulatory,substances, preferably i mmunostinul atory nucleic acids
into the conposition of the invention may drives the i mune responses
towards Thl responses and thereby sugpressing the Th2 responses. [00113]1In

one as ect, he.ipventi.on vi des a vaccine .conprjsing th i tion of
Ohe B Riridg hond s Ficiet b B e BrbRAnOA CHYGURR HoEsed LBe SOTBERT | of ng
t he cogmps tAndtheP Eladsh ctdayEildrPSuitad iR te\Hrdchbd 6f 4B irdfvehtion! i cRisctd-Rd er r ed
enbodi nent,  the vaccine conposition further conprises at |east one

adj uvahyt the-fpfepdyetian af a disyifids ¢ ppvest thed’skdl ofake gpgnionmd thayLEaweny occur
Prior buplif® HrSoRal GBRQMREY bAbndhd & thisResffBlad, 36 RhhB, SPDI Bty dulvent i ve
conp05|t|on The term "adj uvant" as used herein refers to non-specific

st i mul BEoPPFPIaesd | mune response or substances t hat aIIOM/generatlon of

a depofoobm t he RESLrdbbHtnMd8RnehO Wil & gﬂi(}% oit m\(réﬁﬁh Qomprises 2

pharnaceutlcal conposi tion, respectlv resent I nventi on nmay

provi dbnlfeorEImmeemwpfmeeonérﬂﬁamt siterantrpthe &S e {ngenkibn Jis achigved her
f t Al
o et et BBl BP Yk o0 UG GATT EI S Seieuilned iy 2,

of thembuhpgalﬁwonmm@ugnuuﬁmt&&ﬂahssnc%ﬂnénadmmnaﬁﬂsmﬁihenauqmd&neé of

usi ng | uvant reduce a _poss e occurr ffect | ati ng
Vo t heRhitiBOl oFRG OG- EuRRCT hed SARIHET P BeC ot ot e kelon B of ' (e
i nvent way of et keagiadricesotvaledt! Bonfly pricferabiy, }byoaldtﬁst mé hﬁhibal]gdﬂ‘ierpe?ﬁﬁ bagl. at

| east gne a 0 the sane rior t con raneqQus

uftor DI Bikeh oot & RUBTAE, srol G oL O AURRERE PR her

dlh scl Oﬁﬁﬁe@rﬂﬁﬁéwdnﬁlfmmmhﬁﬂiek edsmpﬁyapd ﬁbtﬂﬂi?&yﬁgﬂ%ﬁlllﬁéf&:ablﬁg)fhﬁ?stﬁﬁ@dm ne of
t he pres; nventi o a hyman and to n human mammal , . such as dog or
cat . ﬁ% w@#ﬂwnggswb?%mﬁt%ﬁhﬁwaﬁ RIS P AYSARG RN t he t heory,

i nj ectjoposjof t herheeleitdn FUMRASE WilPBe dbpdntiéht ol (BNALRD JtAF&aS] dfBke
neutralizing Fel dl and therefore redUC|ng@the anount of Fel dl in cat

sal i valyeiplequrite bipghaical Prapgrtise siethphPh chareg distibyden yusslywsrainn. Bhown i n
the ar %eneﬁl’tﬂéﬁiﬂlé aR@foRld Yink®s A TRbRUEHES fhet ryraaté@anbddtwﬁ'&%e

i nhal ation, oral adm nistration, or other suitable physical nethods. The
conj ugpreweat iaygntigns dhenbinkey epRsisticof amingj apidsy setein: fusthersprgfemblyy the linker

i ntraveReuslofa Ho?tnfj”gfeg erstily b mogtrﬁ)nﬁ%er ng@ kerdbty hﬂ?&s@’ié‘%ﬂ]ﬂ&’ acids, In an

|ntraper|tonea I cutaneousl nents o conj ugates for
admi ni mamatrﬁf@rred nmb@tﬂ@mgtoa ithel levgxqrae,dhs afnenocpeid lttﬂwlsmt@@ m?amosathamlaq or

10 S5 SRS XLl PPN LT

oi |, 26QAG; ﬂ})el‘é-ttabﬂilml gagan ilelinkst Grgs CKHDKTHTSPP SEQ ID NO: 58) (c) N-terminal
gamma 3-linker {¢.g. CGGPKPSTPPGSSGGAP, SEQ ID NO:69); (d) Ig hinge regions; (e) N-
terminal glycine linkers (e.g. GCGGGG, SEQ ID NO:59); (f) (GkC(G)n with n=0-12 and k=0-
5; (g) N-terminal glycine-serine linkers ((GGGGS)n, n=1-3 with one further cysteine, (for
example SEQ 1D NO:60, Which‘ corresponds to an embodiment wherein n=1); (h)
(GkC(GM(SHGGGGS)n with n=0-3, k=0-5, m=0-10, =0-2 (for example SEQ ID NO:61,
which comresponds to an embodiment wherein n=1, k=1, I=1 and m=1); (i) GGC; (k) GGC-
NH2; (I) C-terminal gamma l-linker (e.g. DKTHTSPPCG, SEQ ID NO:62 ); (m) C-terminal
gamma 3-linker (e.g. PKPSTPPGSSGGAPGGCG, SEQ ID NO:63); (n) C-terminal glycine
linkers (GGGGCG, SEQ ID NO:64); (o) (G)nC(G)k with n=0-12 and k=0-5; {p) C-terminal
glycine-serine linkers ((SGGGG)n n=1-3 with one further cysteine, (for example SEQ ID
NO:65, which  corresponds to an  embodiment wherein  ©p=1)); (q)
(GM(SIGGGG8)N(GYoC(G)k with n=0-3, k=0-5, m=0-10, 1=0-2, and 0=0-8 (for example

V




30 as ethyl oleate. Carriers or occlusive dressings can be used to
increase skin permeability and enhance antigen absorpti on_%HL 00117] Vacci nes
of the iNPSALY! (E’ﬁs #re said to be "pharnacol ogi cal |y accefftdbr06/46084Sne; ¢
adm ni stration can be tolerated by a recipient individual. Further, the
vacci nes of the i nvent ion will be adm nistered in a "therapeutical I y
effective anount" (i.e., an anount tHat produces a desired physi oI ogi cal

ef f ect u r type .of i ne. r nse | mtin ctor of
thi o aFEQIBAPES vﬁfﬁaﬂﬁéﬁ R = e
t he L oblfmmmgremaaﬂ;bsdmﬁnﬁwhﬂwislaaaedmﬁohﬁe Nﬂb‘xﬁﬂﬁd ﬂs\beim&QCdflﬂﬁ:dlﬁir?ﬁbni nduce
anti bo presu .gG supt ypes I.C I ny Fe and thus

pr even?‘? “’%"f""@&“ﬁ’@d@@@ho F{Y@tﬁﬁ‘umq’(ﬂg é"f“?eééPI‘]?%me)ﬁ?ll s.

Al t er ngt byﬁgﬁlvgﬁuoi mul t aneousl y, the conposition of the present invention

drives the innune res onses towards Thl responses, suppr 55|ng t he
devel of¥iSAt of TiHofored bikere scoprding &n dus invenieroargSlyaes BakergfSBfTdsdi es, a

maj or E&zﬁilﬁﬂ%’!at sEbnﬁ:' 1e8iaAd Gs 5664 | RAGmend el 8L aQ'BﬁteﬁﬁiBﬁC clhcj:"‘ﬁnké?vent I on
provides a pharnaceutical conposition co&rl sing th 03| t I on as taught

in the(@@@ﬁ@ﬁfr) anﬂn(o‘etﬁmai mealmkat@éﬁ‘rﬁ@ lim&mfén@d embodiments &e C-When
vacci ”:enQI 0 S eyt hg”& ein a
f or m whi cnaf g’ﬁfiglg_gs salts, S(b(}?‘qwedr?ds: EEQJ ﬁ?/alﬁ?‘sw) glﬁﬁjolb{/ er su%?t a%gég}gmhl ch
are debikeafTGKKGG, |SEQEX/NG¢SD,KE}@$fa|Q@@9rGGQ-NH2é6‘Hjmgiwés foExmidsti@s of

mat er i i I L n.. ti f_.0oh uthcal .co | tions
are prg%/]?ecrf% In n%ﬁmé@{guog%@eote&}ggégnf)nc uaé%é\g I “““ﬁ%%@@ﬁ%d&%ﬁﬁL

SCl ENCE! bimsbrtedA;emn buwakmﬁbu btiiks imdihe Costeing ﬂ(QIQﬂ)s)ed af Qdddjtiobmentvent i on
t eaches, a ess f.ar ositi o t he.i nventi on

compr ;. Srn AR TRl aspleRiEispEol F ROREF R 58T e RlrE RO st one
first ma]chrrentlnambq;;efwmranlﬁbm:d, meﬂﬁkaafstﬂ@kl&oltﬁe N—t&ﬂnﬂb&ﬁs dfife dparticl e
or a virus pa oVi t on ant| en.wt ast one
o econapisttin B Feh it Soetsohe, .20 Mol Frefbraees qmbodimpny b ek i 6Pg Sr ot o n
or a Fadotlshr pfdfaesdRAibodinibat, () lirkeNi Hilied %o ﬂa@l(ﬁteﬁﬁih&s@ﬁﬂdlupbﬁm@drmndd at

| east gne antigen _ to produce a conposition, wherein said at |east one

ant i gefreEmRIt-dnoge fisther prstered pmbodiment; thg inkerjis GGGhIn the case pEFel 4l prat¥ia second
at t achperyl ds h@8ent cBIsARg bt folfdepide dRbME SLEEFL1 MBRALIABAt df RBgatfRP Of

providing core particle with at 1 east one first atfachment site corrprlses

f ur t hehasspwopN-teminusyand, &g fpRBUss dibg tnket Mgy rbe; e togbath Hf the Bre N

mut ant &rfifnd 6AGBH &&Q@%ﬂﬂ@h&&bﬂ%%lﬁk@ﬁfstﬂl&h% oﬁl9)onpuf ihwws: sai d
coat proteins, nmutants or fragnents thereof reassempling said

purlflm?r@ﬂm@lﬁ@emﬁw fragrrents thereof of said core

parti c V\/nerel q‘“ﬁ‘?% g @}IA ,
prefera(%?y host Lnuc ?{:tﬁgga&ﬁa({ftﬂ%&angﬁl rW’hersjl[yjsr ag%rtée}%jbe odi nent ,

t he r ecrosseliriker apgondingdaitit prefeiréd eldtboéﬁdGSQnW@bm alovesf dogplingcbLithe Kdhdl

presen

i mmnogfthgﬁlnﬁa({ngtrg;ﬁenuc é‘?%‘L é%‘im &ﬁ@%%%ﬁn%ﬁgﬁ%g%ecﬁ%?%e I'Rvent i on

provi dissemiomts theVIdT incledagethhds whnmo shet Febd$ obthe tilventiomie ntostinkicd to the
preven g._and/ or at t gl erein pref bly
sai d n,g%ﬁ,a?sn?%(h Cﬁﬂ)ﬁgﬁmsin q—%lf@ % Isllﬁé g¥he fleladlneflma MVenvﬁ]on may algo ?Je %ﬁ's%
" thiolated through reaction, for example with SATA, SATP or iminothiolane. The Fel d1 of the
invention, after deprotection if required, may then be coupled to the VLP as follows. After

separation of the excess thiolation reagent, the Fel d1 of the invention is reacted with the VLP,
previously activated with a hetero-bifunctional cross-linker comprising a cysteine reactive
moiety, and therefore displaying at least one or several functional groups reactive towards
cysteine residues, to which the thiolated Fel dl of the invéntion can react, such as described
above. Optionally, low amounts of a reducing agent are included in the reaction mixture. In
further methods, the Fel d1 of the invention is attached to the VLP, using a homo-bifunctional
cross-linker such as glutaraldehyde, DSG, BM[PEO]4, BS3, (Pierce) or other known homo-



[00122] I n one aspect, the invention teaches the use of the inventive
conposition as a nedi canent. In another aspect, the invention provides for
t he use WP 20¥%Bfposition of the invention for the maf&TAERHON6H}HS 5

medi canent for treatnment of cat allergy in a manmal, wherein preferably
said mammal is a human or a dog. [00123]1n one aspect, this invention
provides a Fel dl fusion protein comgyising chain 1 of Eel dl and chain 2
of Fel .dl fused vi n am,no acid spacer, which Links the N-term nus of
ohe. cnkitimciPRa] crofs el Mo e toma B S i gt RSP & S aci
spacer prapsshevopP. an anm no acid sequence having 10-30, preferably 10-25,
preferably 10-20, preferably 13-20, preferably 15-20, preferably 13-17,
prefer éﬂﬂ?il 15- 1 Angthei smberigenBoffthe presem dnveREeTeithe SHTRPSYIGR COMPRITBOBI n i s
not a Me]?r&hﬁét@ SRRy I FOviaRAKE phrtiefe 1RGN YPrHIQ128r dhét aRdndda AKIh
(GEEGES)3 to the NNtermnus of chain 2 of SEQ I D NO 23, 25 or 26 and

wher ei ghamital ipfereetionswhereigsat depshenn off fresesintsrastienssis ot # cpabent bopd- Jor
expressj SRR of Hsich 0s5e5 Rl L Oy ei n by
Iinkingic g%% 1 ghg&%ﬁéﬁﬁk%méﬁgﬁﬁg)l|nﬁer g%[qcte_ f?gkygﬂgg 0 -ﬁ%trogen
bond aNd-Pand xnressingphed Kpddl pf e ifyantiongs o seeptavidin-figionpretéiar ably 1 to 5,
partic pref 3 ] 1:0S 1.1 4t ngg- . %Qa& :

surpri Mg y a g?)%b %@é@%@fﬂﬁ&e}%@e el%dg%lsdlr?fgtmei n uggﬁ’g%lgt?ﬁ [ cfrclltto

const r anesiburit ofitho VHP ygefetdblyeof RNAPIZAZO 4G9 46890, prefdrabipthdiugh Khwsmpdsedk er

| onger , than 9.am acids. .[.001 0/ 20032 .dj scl.os t he hacul.gvirus
expr o DEHE Feig o S Soal progfing 5f ANA pltge PE it SeBRaf Aot REpHBY LG T,
ser i esfatiie bf this SH HsOFERMAphaye anddin)pititflas oF tHeeQf tok SfotdilSSBESE Ihus\Vibk

00/ 20032 al so reported that the i munareactivity of rFel dl for 1gG and
| gE anPPsSbEiy e coupls srvedl antigeat Perajubynity This qllows for the aqaeraiiqnefn denss
baculo&h@yﬁmmgpnpared with the allergen expressed in E. coil. [00126] The
Eel dl fusion protein of the invention can be produced either in a

pr okar {8PYk  exprid yevorretoyed embedineps af therymiionitee EdpgHedfdhoivestiondtn  such
as a baaliayd 4 BReySeGlte, hﬂﬁﬁgﬁeeﬂraaﬁ&%%ﬂh&fm@mmus ot MelCF& il of UST ON

protein of the lnvention’is produced fromE. coll. [00127][h one preferred
enbodi therdiel 41 plthe prangations orrp npwesd cypjeinewesithed within heskah d1 9f Sreahyention, it e

i nvent j ' _ - ANt 3G | NG 14,

15, 16 ARG Gof priis R ViF« SERRASRRE aREBickr e cprcfehy 2
enbodi o&@p., the spacer conprised by the Fel dl fusion protein consisting
of an ﬂﬁ‘l% act q&sstfegéjn%rf]:ﬁ %va%Y {‘orllzg lyzsine %esroc{uesd'arte Iegl?osseé) I)n %cré%?%%tm

of QP coat protein. Typically and preferably these residues are derivatized upon reaction with a

cross-linker molecule. In the instance where not all of the exposed lysine residues can be
coupled to an antigen, the lysine residues which have reacted with the cross-linker are left with
a cross-linker molecule attached to the e-amino group after the derivatization step. This leads to
disappearance of one or several positive charges, which may be detrimental to the solubility
and stability of the VLP. By replacing some of the lysine residues with arginines, as in the
disclosed Qp coat protein mutants, we prevent the excessive disappearance of posttive charges
since the arginine residues do not react with the preferred cross-linkers. Moreover, replacement
of lysine residues by arginine residues may lead to more defined antigen arrays, as fower sites
are available for reaction to the antigen.

[00101] Accordingly, exposed lysine residucs were replaced by arginines in the
following Qpcoat protein mutants: QB-240 (Lys13-Arg; SEQ ID NO:15}, QB-250 (Lys 2-Arg,
Lys13-Arg; SEQ ID NO:17), QB-259 (Lys 2-Arg, Lysl6-Arg; SEQ ID NO:19) and Qp-251;
(Lys16-Arg, SEQ ID NO:18). In a further embodiment, we disclose a Qf mutant coat protein



32 [00129] I n one preferred enbodi ment, the chain 2 of Fel dl is at the
N-term nus of the fusion protein of the invention. [00130]1n another
pref er r eWOSHUHUWTFNt , the chain 1 of Fel dl is at the NGISERDWISOME t he
fusion protein of the invention. In one further prefeued enbodi nent,
fusion protein is produced fromE. coli. [00131]In one very preferre
enbodi ment, the Fel dl fusion proteig of the invention conprises an am no
aci d sequence sel ected fron1the4group consi sting of: (a) SEQ NO 54; (b)

SEQ | Dy ons additiepal yyinsrsidnoQRe3

TASTHELYS: $ERQL 116) switablefprohizining

nucleo%$éh

In one

encodi fP1E2] usi dn gregireferred fembhdimienty e theonvengbm cthe VER ofnthichmvegrtoops

consi s
I n one

o ooty gty s M e e TP dPopeiefl s lr i fen

d

t he

. jﬂ@ e Fel dl fusion protein of the invention.
prg?égggﬁﬁgﬁggﬁgggnt,e%%e I nvention provides nucl eoti de sequence

NO 57.

e

I nvent peferatdy ogducies dcidsEln ood ifurthen pefieref] wndblodimept, elice comsbsitioh daitieent , t he

Fel
of a

provide

dl
n

S0 S o R 0B el bR it 80T
t he i nemidsedih, te VIIPOThig ekl furthér prefoiréd erhiddindl, it polenitaiRaticrohdleculaiyent i on

a use of the Fel. fusion protein of the invention for

for dl .
diagno?&@gﬁﬁﬂnﬁ?:'?W%ﬁPO pspedic agidt o gy EXAMPLES EXAMPLE 1 Preparation of

Qp VLPso0b31t heBskanvigm 6 o Most RIS SREBbIY HRRSREIRRY! AtidsNThd R rf FEkeRRAY Of
dlffer%gé P§I¥an|on|c macronol ecul es_resulting_.in reassenbl ed C?h stF’s
CC O 5 Or Ao

ost RNA, preferably host nucleic acids™ as used herein, refers to the amount

RNA, preferably host nucleic acids, comprised by the VLP, which amount typically and
preferably is less than 30 pg, preferably less than 20 pg, more preferably less than 10 pg, even
more preferably less than 8 pg, even more preferably less than 6 g, even more preferably less
than 4 g, most preferably less than 2 ug, per mg of the VLP. Host, as used within the afore-
mentioned context, refers to the host in which the VLP is recombinantly produced.
Conventional methods of determining the amount of RNA, preferably nucleic acids, are known
to the skilled person in the art. The typical and preferred method to determine the amount of
RNA, preferably nucleic acids, in accordance with the present invention is described in
Example 17 of the PCT/EP2005/055009 filed on Oct 5, 2005 by the same assignee. Identical,
similar or analogous conditions are, typically and preferably, used for the determination of the
amount of RNA, preferably nucleic acids, for inventive compositions comprising VLPs other
than Qp. The modifications of the conditions eventually needed are within the knowledge of
the skilled person in the art. The numeric value of the amounts determined should typically and
preferably be understood as comprising values having a deviation of + 10%, preferably having
a deviation of + 5%, of the indicated numeric value,

[00104] Polyanionic macromolecule: The term “polyanionic macromolecule”, as used
herein, refers to a molecule of high relative molecular mass which comprises repetitive groups
of negative charge, the structure of which essentially comprises the multiple repetition of units
derived, actually or conceptually, from molecules of low relative molecular mass. A
polyanionic macromolecule should have a molecular weight of at least 2000 Dalton, more
preferably of at least 3000 Dalton and even more preferably of at least 5000 Dalton. The term
“polyanionic macromolecule™ as used herein, typically and preferably refers to a molecule that
is not capable of activating toll-like receptors. Thus, the term “polyanionic macromolecule”
typically and preferably excludes Toll-like receptors ligands, and even more preferably



(A) Disassenbly of prior art QP VLP [00133] 45 ng prior art Q VLP (2.5
nmg/ M, as determ ned by Bradford analysis) in PBS (20 nM Phosphate, 150 niV
NaCl, pHVv®2896/03%13ffied fromE. coli |ysate was reduced RUTEP29¢/06MH4DTT f or
15 min at roomtenperature under stirring conditions. Magnesium chl oride
was then added to 0.7 Mfinal concentration and the incubation was
continued for 15 mn at room tenperajure under stirring conditions, which
led to_the precipjtation of the encagsul ated host_cell RNA. The sol ution

was ceffrth FXplydes, gogmpstip Fanges sech es pkallader resepiors Rigands. 1 i xed
angl e [ihostimftafey “o&6icidida) bnd ﬁbtmsa@hﬁa@pﬁ)f'sy nM@fedﬁx’efehﬁl)f &Eo¥ant he

precipitated 33 fromthe sol ution. The super nat an containin the

r el eas eRPLyagionis qunplee@at ap sech hereing geforysioa meleculeetheh fsoneit eagatie _
puri fi gabdipd ¢ duction. Fven Slcfr@gre?&%ﬁﬂr Il bekR M pBiyadibfic Wdcr uﬁ{’Ot ern

by cation exc ange ghronatogra nd by size excldsion c ronatography
[ 001 34¢xclugles gnww&m@thtormfsubsﬁ@ceﬁ ﬂgmrm@@eﬁm@mrmmw 2§ vsed

di meri | Roledd®s I Eg?} ,
di | ut egﬂ%g%f%%v\gtlg?l to ghgfﬁs%apg%% uct I VI gd'mggfo%hm cm g#gpwas I oaded
ont o asfefifisdhtrgrnsidhd-dmtigen mmpr(smmltbttﬂmenemmmtmﬂ.rmr sham Bi osci ence). The

col Uy oty eCids RRGX SflatnERRAtIL LikaROrMag Shim RS RIRLS DL e P

7. The lon O coa t 811 was acconp
gr adi emicldioa@ds™ mﬂdﬂs&detw‘fhopdiﬁﬁhm&rdblﬁmﬁt nidldoaliidsnwith Ismnndhy and:utrdsib
protein

| t ed f t |
ohr ona?souGF‘ilﬁca SRR AT RRA H B el i, SRR bty Saataby of s
m / m nthamdsttmm,&g)pie&lmy nadeidadidy, i th@tevad Undbigo aiethicdBeHaror phP6daB5] | n

t he second ste, the Xt cat roteln u fracthnfrom
the cotiPBHPs@REfd ttm‘%fe afaa? Ilﬂﬁ?}ﬁ‘{a% PEEE v |

5- 100 mscgbwmym tRdbly By Qval ofméﬂtamxt&mdag ﬂoﬁﬁiﬁgﬂeﬁlw&lﬁd drdged with
20 m VI um phosgﬁgt e y gSOWmVI sodi um chl ori de The

chr oneXdér b g S‘FW@&W & shortsard P Hiseresanday wweathﬁll%wnﬂat)% of 2.5

m /m natﬁm HORe AR SAER ARA GediBihe TN LPHhEdei8 heiddR sl GRfed Qs Hod RN @Ft | ONS
of 5 were collected. (Q) ﬁeassenbl y of the QD VLP by dialysis [00136]

Purlflwnyclel‘t%ﬁs protein (2.2 my/mL in 20 mM sodi um phosphate pH 6.5),
one PoloRiONi C MBLSR TR eeHhiBe tife ABAIRE of RNBLA] fo relliceahd dméudyIdeRNIRL €r)

and DIT (0.5 Min water) were mxed to the final concentrations of 1.4
my/ M eswarised by dienYLD have disgloned i PERER208HBTI009 élqsldnyﬁm isamé essignee on

I T} 3
G ol yooufad, & 208 Sh R RfEte JbIRE b inpc iy iy by B 1588Re, 0" ©
menbr aﬂ@hwmgtdr dinsnitidg theatansfuft of thestpBNwa mirefaiably neost @n@tle,cmﬁmmmaeme

I 0 F : | .f C 00 and
0000, ek awie® ot ASRohRek st B i o SRS Qlfpag o> "
pol y- Lregpousea rmd other dm(JMth’cBﬂﬂ@ effdc3 GOcha ad feB dif; Sihjle Shajptsiping rectobgRbiskibotty om
bake_rs east ar}gﬁ\@g at. g%.rﬁmlp(C_Z)_ Reassenmbly of the Qft VLP by

dlafIIrte urified QL3 coat protein (1.5 ng/m in 20 rnM

sodi u n{l)phﬂs phat @n aJInI: lﬁeﬁueasﬁbédimhﬁtﬂ\m&h)wmm proviids Wintebhod@lf prepadidg theé ea (7. 2

Min ter NaCl ter
Vﬁvenu (3 composmons and of an )RNaA-ga(Ren%hage Fel d1 of the invention, wherein

said VLP is recombinantly produced by a host and wherein said VLP is essentially free of host

o

RNA, preferably host nucleic acids, comprising the steps of: a} recombinantly producing a
virus-like particle (VLP) with at least one first attachment site by a host, wherein said VLP
comprises coat profeins, variants or fragments thercof, of a RNA-bacteriophage; b)
disassembling said virus-like particle to said coat proteins, variants or fragments thereof, of said
RNA-bacteriophage; ¢) purifying said coat protéins, variants or fragments thercof, d)
reassembling said purified coat proteins, variants or fragments thereof, of said RNA-
bacteriophage to a virus-like particle, wherein said virus-like particle is essentially free of host
RNA, preferably host nucleic acids; and e) linking at least one antigen of the invention with at



34 L-glinamc acid (2 nmg/m in water, MAN 84600). The vol une of the

m xture was 50 ml and the final concentrations of the conponents were 1
mg/ M co¥® WPEREFH, 300 MM NaCl, 1.0 Murea and 0.2 ny/BRET/ERIOY/60ESut ani e
acid. The m xture was then diafiltrated at roomtenperature, agai nst 500
m of 20 mM TrislIClpH 8, 50 nM NaCl, applying a cross flow rate of 10
m/nini and a perneate flowrate of 25 m/nmn, in a tangential flow
filtrati on apparatus using.a Pellic,on XL menbr ane cartridge (Bi_.omax 5K,

M | | i pdFash oncseagpst gitashment ite to, said VI phtaiged fpmptep fddsIn prefeeeed on of

AP205  Gambdifichl e veh0MRRL JPigiaSearld Yoat Ridths, ¥ oMefils ign (1.6
ng/ mlL |n PBSeﬁ&urlfled fromlg C(?%Iﬁ extraac%t) V\SB.S niﬁ%e%q?\nat ?iﬁgrén%f %f 0.5 M

DIT and eRresepee @t lopsh ong PUHHANICIRpEPBRlere. 5 m of 5 M NaCl was
added %tﬁ ogfe m il Yhe w%uogﬁx&éﬁ 8t §d E&ﬁ?o%émm 6P YgH
C ns. The tur

precipitation of the TT-reclnce oat pro m xture was
cent r i fcopgewdses ableast ofp paiosi@glatoryl gbg@ney, capdlerphindmde) al@:‘m enhpacinggar nat ant

Gt at SR, BRcRty B ARsARRIST Subdinfl ] 1lliute Mhoiialgalr™ 1o

di sper $mf¢rahim§eladpd|§ioedtheogrp¢p 6orBisbing aﬁoﬁa) nrumumfsumuﬁtdw Meadkic atideA®and t hen

centrif 34. 10 n 0 bt al.n
superngf%gﬁﬁglééﬁ)t (nfoh HLIXEHE}%: (t:i%sat h %tflﬁ ° 0%5%1%%1 t PO Y Oalr?ae
chr omacogpaymts;: () flegatlines (A tlipoprofciese (hbmﬁnmﬂauldtobub@nmn mhie&ﬂbs;rl(l) wat er

| oaded Bl BRGiHG-ieaing uBRRaRNcRy B0 T e ASKLR A e BRERORE ) Bhi Oh v

previ os) ¢).gep(f),i(gx ahesd @.t h 20 mM sodi um phosphate pH 6. 5 buffer. After

| oadi n e col ed with 48 m of 20 mM sodi um phosphate pH 6.5
bur f er TR b y 1Bl fefieher g HoRRE BtRd TR B IBEpes | e gddfent to
1 M Nagergms sagctaprruma nsist@ Jff @F ki lRBRicOicid HEbaTRIR R8S% (BFhe

pool ed and aj;lal yzed by SDS- g& anngV 6';ﬂ'/;ectroscop Accor di ng t(g@

SDS- PABECleip gid; Aoyl qWigin {e) pryeleicracith soraprising: angtiylyed £of wat t(ﬁ)ea
pr ot ei Go@aEMISARNAR §e) %ﬁ%w iafGed IQNAh%l%iﬁ REQLIE Q&ﬁ%\é of hﬂ.ﬁetﬂj;

concentration was t aki ng t hat A280 unit

t ot al t ,
refl ecCHOmEL WWOWMNPMC%?%@QE got @Bﬁﬂ@ﬁ@m?ﬁ?ybtﬂdt%} watilievef A280
(0. 5998)r0¥&loskd m@lrpﬁa af f ng .%(Fmiézfﬁz m%&.gtm&lé Qad, gggﬁm
f ree nuc

preparation 1s essentially el ¢ aci ds 5 (B) Assé
AP205 Y, refage tvpmolksele n@;lrl}}OSPtihOf Yeady sexatantly finkadymenomesirpasieatides). It

TBCT OMBlRGH, gﬁng{k‘ﬁla‘F l:l':!ﬁ:%’f HERbER ahd a6tk B kefel R0 B@ﬁ%eﬁﬁ@lo? Ihi%fﬂi@u nﬁﬂt ed and

concentrate protein concentration o sodi um
phosphdthus, phgtﬁuaeotﬁia@pt lmﬁudeﬂ atithinathe; tiéfontionad nnélzie deidi THe teod pttwaén the M NaC1l

sol ut| ur, The f mat i.an _of
reasseng‘i gﬁgﬁy%&ﬁﬁe ﬁé}%‘?%b@agﬁ(%ﬁﬂgdge%%gegno%n red 1umécl rﬁm DS™MBAEE® and by
si ze exmiifEatms HPLHEnds) ﬂﬁ&gmplﬁmeﬁahmﬁom bond) agel els® hn&nqmeseé gethe

equi libr %iSEd wi.th 20 inM sodi um phosphate, 150 nM NaCl pH 7.2, was used
for th& sis. [00141] Assenbly in the presence of polyglutamc

aﬁi d: hamlqm of mldmefpreﬁnédeé’xﬁﬁxﬁzﬁaﬁ, théﬁmmuﬁbf stinulabry EiibstaﬂceZl 19 niifddS@ith um
phosphate pH 6.5 xed. w of, NaCl st ock sol ution Min
vat er ) 9&%{6&??‘&#%%1 be"“ﬁ%‘ﬂ?‘yé’r‘ﬁ‘ﬁ%rﬂ“‘é‘“&“& grbedimgnts dhe, {MBHNQSYIHAIRY |
wat er , sd¥danéGd BindTh, q;a@éramp%a&a odll infilic, WRUELP of iReindintolr € was i ncubated for
48 h at roomte erature e formation of reassenbled VLP in the mixture

was shBiilby noskilstici Ageramionpac affgopyosimpleiosy c| BbfteRreHPPEticr)Y coat

prot ei Anhindsh@uldiory HideiasidanBR PartiAERY &ligbiticleB s Rempiahy LithQhyiea VLPS,
show ngﬂa hi gher assent;I g’ffl c?%anc kangt hg APZS i(i:ngat r ot e|§rr1 assenbl ed

in the @Hﬁée%‘fd‘me‘b& Wé?mp%fﬁ%“ﬂa@/%ﬁbeuﬁ BRCTERAMMI0B165. Methdagf of Fel
di fUShERANP R EnASinostimulatory substances with the VLP-antigen have disclosed in WO

03/024480. Methods of packaging the immunostimulatory substances inside the VLP have been
disclosed in WO 03/024481. The entire applications of WO 03/024480, 03/024481 and
PCT/EP/04/003165 are therefore incorporated herein by way of reference. VLP can generally

induce and/or enhance the immune system. However, the term “immunostimulatory substance™,



[00142] Genes encoding Fel dI chain | and chain 2, respectively, were nmade
by PCR- anplification using overlapping DNA-prinmers as shown bel ow.

For war d VYO)204¥7538verse (R) prinmers are indicated. FradifdERo%Wa6e345i gat ed
into pCRII-TOPO vector (lnvitrogen) and transformed into XL1-Blue. Inserts
of Fel dl chain 1 and chain 2 were sequence verified. Priner Sequence |F:
SEQ NO 34; Pri mer Sequence 2R SEQ |43 NO 35 Pri mer Sequence 3F. SEQ I D
NG 36 Pri ner ence 4R r 37 Prl nmer uence 5F. SEQ.I D NO 38

Pri mer 258deH CoBERY qﬁgu eationsToRTs f pRspirgulntery sibsiangs 1gh; 40
Pri mer psig %W&B&fo’iﬁ@ﬁ%ﬂﬁ%é&nﬂ%& Bﬁd’ra%%h&ﬁiﬂa&loa%saﬁﬁﬁj’[) NG 42 Pri mer
Sequence OR SEQ ID NO 43 Fel dl fusion constructs: [00143]FELD1 refers
to thel¥Hdkin HglpseoDingrunopEptoR HPRERses, praeferakly ABERPQELEUAOE hai n 1.
Nucl eohﬁ&iﬁc%ﬁ%ﬁiﬂ?ﬁﬁ B0 Ao fThL-RydntiRA sy GREE thehnibl LGpaHEeONGalaaP

ext ensi on ( SCE) usinhg prinmer 11 |inker (SEQ ID NGO 44). [00144] FD12

r ef ersmbrmspﬁm&mhmsummgﬂ:@ﬁtmm@mter mnus fused directly with

et enst A NS oe, b SSRE HeAnCORAH pideR a3 (i t?%%ﬂ%‘*é@&% 5'NG 46
and 12ﬂ13~1nve@$§gln @neNGpety, he inftion plovides DiactDa aompribitpRbedomipaition of the to
( aaoas bt 33 fads Blerk ' die pROrit pod i, theuitohd outtelioh uf

C— ter rrmmmsephahaat ene edjueim. Tig admhlemuwmfsmwelnm o8¢ ad;dvang nﬁEIhBi:byvas used

tenplate.t th the 15 d b
R R e S A R e A

1- 10aaterﬁEQ13N€in4‘8asﬁﬁBéd eteire fefts B fon-SeCifit RHN@atRY ofvti dmus@el resporse tohe 1- 10

spacer I _mer rimer 5aa, SE The
oD R Y Ak Benciien 87 gL e BoB it s G it B FeEian o
Dpn | ghdysitdattuticAhédithoSitiby, réspeazalyZ 65ths PRSANRMOeN ndly Hrd\do B diydveh ed

adenine, while the plasm d tenplate was digested by Dprt 1.
[00146@&%%@%‘1@5% refer to proteins with chain 1 at the

N-t er mga$41f US €dn Yhdth@ phlllerd EABalizncRt, tHevat&hdLampdsiati RUcASA B :
respeglvel]y wth thepﬁégal n 2 at the C-term nus, sjlFu5| oﬁ FD12- 1Qaa and

FD12- 18&aadyaniageousyi feattney of ithey eesenta §vgation: isode Alghy Bnmypgeenieily 06 H#ri no
aci d Seﬁgﬁfsﬁaﬁ,' &Rk i e ahAce &SiRvARs NBcabbisand &%}HEE difbkt ﬁmg%&l&EQ NG 52)

wer e use For 10 am no aci d sPaacer primer FDL-5aa an |4)2-5 an (SEQ I D
NO: 53) pessible apswgenceEsf\nse gfiepts relating to the using of adjuvants. Thus, the administration

of the vaccine of the invention to a patient will preferably occur without administering at least

one adjuvant to the same patient prior to, contemporaneously or after the administration of the
vaccine.

[00115] The invention further discloses a method of immunization comprising
administering the vaccine of the present invention to a human and to non-human mammal, such
as dog or cat. Without the intention to limit the present invention by the theory, injection of the
vaccine composition of the invention to a cat may neutrolizing Fel d1 and therefore reducing
the amount of Fel d1 in cat saliva.

[00116] The vaccine may be administered by various methods known in the art, but will
normzlly be administered by injection, infusion, inhalation, oral administration, or other
suitable physical methods. The conjugates may alternatively be administered intramuscularly,
intravenously, fransmucosally, transdermally, intranasally, intraperitoneaily or subcutaneously.
Components of conjugates for administration include sterile aqueous (e.g., physiological saline)
or non-aqueous solutions and suspensions. Examples of non-aqueous solvents are propylene

glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such



Bacterial expression and purification of H s-tagged Fel dl fusion proteins
37 plasm d pET-42a(+) (Novagen). The C-term nus of the fusion constructs
were fu¥a200873Ps-tag sequence fol l owed by GGC, an aRCAERIM6QI8shker
cont ai ning cysteine as the second attachnent site. The resulting
constructs are naned accordingly by adding "-HC' at the end.

[00148] LD1-1-1C, EELDL-10aa-11C and {ELD1- 15aa- FI C and FD12-15aa-TIC were
expressed and purified as the followng. The plasmd was transformed into

BL21( DES3ythyhofentes iarrissss proprelisye idrrasipesicaBybeduer Fginereass skinTsrmgabiles apd)| ¢ ur e
at  0D6RMafdc MBPen absorptidh. CUl ture was grown for an additional 20 hours at
20C, harvested and |ysed by sonication in native lysis buffer (50 mV

Nal | 2PO#117300 mwamems ofthe mventien @ widtodig "ah@;nacqlqmqallg]avmtabl i theigd

bact er i glinis ﬁtﬁ&' Tl
ni ckel -nitri tracet | Cc acl §§€H&1 Qﬂ,&l)ﬁ‘gwgé%sm%‘g %?é%?fgﬁfﬁgyngﬁ%d t he
| ysat ewilabe pdronisteresdinbg "therepautically dffertivermmdwnt! (.at aﬂ@nowntgb@mr@mw a2y bound

or ot o A REB e ROt MACAE of ok B B ol 1 XA PURithE HaorBP L o

buf f erth(s‘:')ﬂlsnlbmmaHmut 860 imbdtiia Cb, hﬂﬁﬂthmmtasmtdmxmitmnpbj tBe OpllovENAVPLE 5
Oxi datjv %!ldl}rg dltlsul i de b%[gds in urlfle FeI dlfusmn E}P eg(g

[ 00150 RF24-4% AR Bul 't FEE FELBE 8s ogpee Y &%r?’&%"ﬁ’g Y

m xed- sﬁb@tplw‘ inthéchibindhg &dl dSlpiﬁﬂlm pfrdsv@mnlgﬂ?elkﬂl todae%@e:kﬁ?l invktofngdstiellg of
EbLD1- H ch| eved intr reshuf f | the disul.fide bonds
wth S eS Aol of MsaRea R eoua PLRE et Rt S ( cor,
Appl i cihe mﬂnnahe ﬁespmis@rtowams ThOresporses, Eligpréssiag e devaldEmpg! JfOThG spbaies 24
hour s i mredi ately after elution_of FELD in the elution buffer by adding

2. 5 mvinddsecethepioductionoEsh aatibedivh 1 BRIOE FAPRANEDE IRICEEIR FFCRIED1 - HC showed a

si ngl epbary] at an gRd %Hét,%e\fﬁ}eﬁﬁﬁn }S}Bwaé:s zk%hdﬂﬁ%ﬁu&%orﬁﬁdiﬁﬁin%n@ﬁﬁﬂgt ion
(FIG 1, the first panel, lane 2 The potential free sul fhydryl groups of

FEL D1- the commpesitiqnias aughy lmﬁher@eseetdeae@loa ﬁpé@n(aev@wa)e PhaFrgasutcab paTier eat d
W th SwigM LRLARCH Bdufentdh 2AdMiasiaR ﬁéﬁdi’oi@%a% 1 inPHERBmOwhiof

m nutes at room terrperature [ 00151] Refol ded FELDI-HC was furt her purlfled
t 0 honesgtains salis, hpffersz adievants. of ether pithsizntes griughhgre (dSEigbly Bupepweirgthe pg,

ATer SNaRRYGM6L Lokfu@RE] $AGETks CHY ntatdtaRt Slltabl B#Suse in preparation of
pharmaceutical compositions are provided in numerous sources including REMINGTON’S
PHARMACEUTICAL SCIENCES (Osol, A, ed., Mack Publishing Co., (1990)).

[00119} The invention teaches a process for producing the composition of the invention
comprising the steps of: {a) providing a core particle with at Icast one first attachment site,
wherein said core particle is a virus-like particle or a virus particle; (b) providing at least one
antigen with at least one second attachment site, wherein said at least antigen is a Fel d1 ijrotein
or a Fel dl fragment, and {c) combining said core patticle and said at least one antigen to
produce a composition, wherein said at least one antigen and said core particle are linked
through the first and the second attachment sites.

[00120] In a further preferred embodiment, the step of providing core particle with at
least one first attachment site comprises further steps: (a) disassembling said core particle to
coat proteins, mutants or fragments thereof, of said core particle; (b) purifying said coat
proteins, mutants or fragments thereof; {c) reassembling said purified coat proteins, mutants or
fragments thereof, of said core particle, wherein said core particle is essentially free of host |
RNA, preferably host nucleic acids. In a still further preferred embodiment, the reassembling of
said purified coat proteins is effected in the presence of at least one polyanionic macremolecule

or at least one immunostimuolatory nucleic acids.



[ 00152] FELD1- 10aa- HC and FELD1- 15aa-TIC were renatured by substantially
the sanme net hod as descri bed above (FIG 1, the two m ddl e panel s).
38 [00159IONEP¢¥E5300| di ng of FD12- 15aa- HC was achi eved STGR/ERAOPRAOEIAS
reshuffling the disulfide bonds with oxidized glutathion and and reduced
glutathion at a nolar ratio of 10:1. After elution FD12-15aa was twenty
fold diluted in FD12-15aa refolding Ruffer (50 m Y1l Tris- G pH 8.5, 240

mv NaCl mv 1, 1 roM EDQTA, 0.05%PEG 3,550, 1 niMGSH, .0.1 GSSH)
and iné?ﬂ)ég}ed aﬁ%@ef@%ﬁl%ﬁ‘?"?.‘m c3 8 greghed oF wa%ﬂ’gwa%aﬂ%mwﬂgee band

at a nMnRatdd forVib@hting nd6r &&tﬁ@%ﬁ%ﬂ&g{{%%hﬁﬂbﬁdﬂ%&@ﬁ@f&kﬁmis&ﬂ at 23
kD (FIG 1, l|ast panel). EXAMPLE 6 Fel fusion proteins are recogni zed
by epi tesana perhyman gr3deg| onal anti bodi es [00154] The bi nding of Fel dl

fusi on (gF@LEI NS nNorde 1RO MhvkRtidiAlkathad thESlse OF tHeMfdntid orhfosition as a

epi t ope-speci fi c nonocl onal antibodi es (mMB) was neasured by a sandw ch

ELI SA madirgmenfe I-anotirr agpers shecinventippgrapdes by i uwsnabdie dompotdemef tgi es
(Car di fifyentid) f r[tﬁg TenhBbhR b a chddfaftithd foE%eaﬂcha@Fa%ex%‘ﬁgﬂld ﬁﬂmﬁﬁl,a 2

ng/ M stock sol ution was
wherein preferably said mammal is a human or a dog.

[00123] In one aspect, this invention provides a Fel d1 fusion protein comprising chain 1
of Fel d1 and chain 2 of Fel d1 fused via an amino acid spacer, which links the N-terminus of
one chain with the C-terminus of another chain, wherein said amino acid spacer consists of an
amino acid sequence having 10-30, preferably 10-25, preferably 10-20, preferably 13-20,
preferably 15-20, preferably 13-17, preferably 15-17 amino acid residucs, and wherein said
fusion protein is not a fusion protein comprising chain 1 of SEQ ID NO:22 fused through
(GGGGS); to the N-terminus of chain 2 of SEQ ID NO:23, 25 or 26 and wherein said
disclaimed fusion protein 1s expressed in baculovirus expression system.

[00124] W02004094639 discloses Fel dl fusion protein by linking chain 1 and chain 2
with a linker selected from a carbon-nitrogen bond and a short peptide, i.e. having from 1 to 9,
preferably 1 to 5, particular preferably 1 to 3 amino acids. It firther states that surprisingly a
bond or a short peptide does not induce significant constrains or unfolding. However
W02004094639 faisl to disclose linker longer than 9 amino acids.

- [00125] WO 00/20032 discloses the baculovirus expressed recombinant Fel dl
comprising chain 1 and chain 2 expressed in series and linked together by a glycine/serine
linker (GGGGS);. WO 00/20032 also reported that the immunoreactivity of rFel d1 for IgG and
IgE antibody is improved dramatically by expressing the allergen in baculovirus, compared
with the allergen expressed in E. coli.

[00126] The Fel dl fusion protein of the invention can be produced either in a
prokaryotic expression system or in an eukaryotic expression system, such as a baculovirus
system. In one preferred embodiment, said Fel d1 fusion protein of the invention is produced
from E. coli.

[00127] In one preferred embodiment, the spacer comprised by the Fel d1 fusion protein
of the inventibn consists of an amino acid sequence having 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20 amino acid residues.

[00128] In one preferred embodiment, the spacer comprised by the Fel d1 fusion protein
consisting of an amino acid sequence having 2, 3 or 4 times of GGGGS repeat.



diluted 1:1000 in 50 nM carbonat e-bi carbonite buffer pH 9.6. Mcrotiter
wells were coated with 100 pi of the diluted mAB 6F9 per well at 4C
over ni ghWO 106#¥E30er e washed three times with PBS-0. 0FKFRENFGIISBS- T)
and then bl ocked with 100 pl bl ocking buffer (1% BSA (Sigma) in PBS-T).
Then the mcrotiter wells were incubated for one hour with 100 gl of Fel
dl fusion proteins or nFel dl standaggl (Indoors technol ogi es; UK) using
doublin i lutiops fror’rt1 80-0. .16 ng/l’i The nEel ref erence. was

ﬁ@%’ t

sub-sta Hi 2 e ol 95 AelFRECgRplrodiagnt. 1, ghatn 2 of Kpks ’éaEFheé‘IWﬁ"EHWt ai ns
13. 47 Ydidn fibleindf thelinvbdkibn.= 4 Ny protein). [00156] Pl at es were then washed
and 1009&@1 diluted (1:1000 in 1% BSAIJPBS-T) biotin at ed anti - Fel mAB
3E4 antl 8 wasitgier prsfered embedimgnk e chall Ioef Febdini rTJH’eNéFIE‘PE“Squ at es
ver e [}t r6in tof WRSinWntibn. TBSnd filtileP frefdld etnbddlhlutt,eéle(faslé@ﬁ%wml %
BSA/ PBS—T ept avi di n- Peroxi dase (Sigha S5512, 0.25 ng reconstituted in

1 nm dese umfbﬁom/ﬁt el . After 30 minutes incubati on at momt errper ature
wel | s /1as heﬂl My E“%?‘E t(ﬁcﬁggﬂ Q,?rﬂg oWt h OPD
substr \a/tﬁse s}(,)\?ut i on an ﬁ&e@g&&%s st sol uti o_nl. 'Fﬁ absoregance was
measur edmgsses gn Birnii®lacidseguence Btl@mljﬁromtthﬂmum pormisting of () AEEUTANQH;of
arith [?ﬁ? I LI pﬁgﬁ §§M . e (M5
Ofice; )Il\fE R]?)tfgjgn&;& g.fg'ﬁﬁ(ésfe%h(é ‘;s"nﬁ?e S %r\(ﬁn [ ﬁsmdﬁgé‘ﬁr‘ﬁ% t he
I ecogniehcmlimgathe Feildl dbsidnusomein qtiltlmtmvensomﬂnl ond-prefedtd eybainém the Bentiohi ¢ MABS
refl ects the hi imlarit enlc bot h roteln
006, PRt shocdine Bt Rlety of sy iRl SHECR Frops e
FELD1- Tkamp- co%stﬁﬁhﬁl(a}SEQ—ﬂ)TNO.ﬂ@(h)rE(Eeﬂ) Nb:5Fednddt) $E(g/l])ﬂb)‘0517. k% 8. 4
further preferred embodiment, the Fel d1 fusion protein of the invention is produced in E. coli.
In one further preferred embodiment, the Fel d1 fusion protein of the invention comprises or
alternatively consists of an amino acid sequence of SEQ ID NO:57, wherein said fusion protein
of the invention is produced in E. coli. '
[00132] In one aspect, the invention provides for a usé of the Fel d1 fusion protein of the
invention for diagnosis and treatment of cat allergy.

EXAMPLES

EXAMPLE 1
Preparation of QB VLPs of the invention by disassembly/reassembly in the presence of

different polyanionic macromelecules resulting in reassembled QP VLPs

(A) Disassembly of prior art Qf VLP
[00133] 45 mg prior art QB VLP (2.5 mg/ml, as determined by Bradford analysis) in PBS
(20 mM PhosPhate, 150 mM NaCl, pH 7.5) purified from E. coli lysate was reduced with
10mM DTT for 15 min at room temperature under stirring conditions. Magnesium chloride
was then added to 0.7 M final concentration and the incubation was continued for 15 min at
room temperature under stirring conditions, which led to the precipitation of the. encapsulated
host cell RNA. The solution was centrifuged for 10 min at 4000 rpm at 4 °C (Eppendorf 5810
R, in fixed angle rotor A-4-62 used in all following steps) in order to remove the precipitated



6.7 7.9 7.2 EXAWPLE 7 Coupling of Fel dl fusion proteins to VLPs derived
fromQP [00157] A solution of 143 Risn QO VII' in HUES buffer 0(?20 v BEPES,
150 nM NA@2O0SHRTS302) was reacted with a 5-fold mol ar ePEEEL2P0PPE08E5 \)  of
SMPII (Pierce) for 30 mnutes at 25C with shaking. SMPH was taken from a
50 nmM st ock dissolved in dinethyl sulfoxide. Reaction products were

di al yzed agai nst two changes of PBSqising a dialysis unit with a 10,000 Da

nmol ecul ar ight cutoff (Slide-A-Lyzer, Pierce), D alysis was perfornmed at
4C at R %MMP@&%%W@J&E Sleasrh digppric QB qogt pralzin Wah

M Xt Ur geed F QoS E8L0E SO G @dpsdl fusion proteins to SMPH-derivatized
Q3 VLP, FELD1, |iELDI-10aa, FELDl-15aa, and FD12-15aa, respectively, as

obtai ned from EXAMPLE 5 was incubated with TCEP (Pierce, Perbio Science)

i n equiinolar ampyphsadas g@u&o Aei Jea M-Tanaloy %ﬁyma%%%;ﬁ LEg! dI
fusi on protei nsj@lgs ad%edn?%ha -fgils% rrllﬁrl?r) excessﬁl?ég a 143 I\/?so ution
of SMPbY sigegxcipaion ghrgmeafographPs. Reaction vol ume was 650 ul and nultiple
reacti r [ Q) ' [ - ere i 4 hours
a1 ool T C I RRALAER o hORERC gy (RS RELIENR, LR bt

cent r i hostedl proteind a6d Gesidugt Host ccll RNALWwesdihitedd 1§ m watkd totadjusiscndiitivity

mat erial,. e Ssupernat ant re ed in esh t The,cpupling of Fel
a1y 9TEHR ST BuEtided B8 BBl § Db (T Rp0 cERL AR

[ 00160Bicetigiceyy Thefcofutin whs équsliteated beforehas] with 2h enM eadinmnihogrhate) et P

(obtai Igﬁdi fIJ-iJg 'éiuﬁﬁ'gf%h% b]i)zmé Zoat lj')llj'gtgi% Qﬁtralsaalclx}/mlghggeds f;lyrraE staqs) ggﬁe% %:obS(? mﬂ) ove.

sodium phosphate / 500 mM sodium chloride and the protein was collected in a fraction volume

of approx. 25 ml. The chromatography was carried out at room temperature with a flow rate of

5 ml/min and the absorbance was monitored at 260 nm and 280°nm.

[00135]  In the second step, the isolated QP coat protein (the eluted fraction from the cation
exchange column) was loaded {in two runs) onto a Sephacryl S-100 HR column (xk26/60,

320 ml, Amersham Bioscience), equilibrated with 20 mM sodium phosphate / 250 mM sodium
chloride; pH 6.5. The chromatography was carried out at room temperature with a flow rate of

2.5 ml/min and the absorbance was monitored at 260 nim and 280 nm. Fractions of 5 ml were
collected.

(C1) Reassembly of the Qf VLP by dialysis

(00136} Purified Qp coat protein (2.2 mg/ml in 20 mM sodium phosphate pH 6.5), one
polyanionic macromolecule (2 mg/m!l in water), urea (7.2 M in water) and DTT (0.5M in
water) were mixed to the final concentrations of 1.4 mg/ml coat protein, 0.14 mg/mt of the
respective polyanionic macromolecule, 1 M nrea and 2.5 mM DTT. The mixtures {1 ml each)
were dialyzed for 2 days at 5 °C in 20 mM TrisHC!, 150 mM NaCl pH 8, using membranes
with 3.5kDa cut off. The polyanionic macromolecules were: polygalacturonic acid (25000-
50000, Fluka), dextran sulfate (MW 5000 and 10000, Sigma), poly-L-aspartic acid (MW 11000
and 33400, Sigma), poly-L-glutamic acid (MW 3000, 13600 and 84600, Sigma) and tRNAs
from balkers yeast and wheat germ.

(C2) Reassembly of the QB VLP by diafiltration
[00137] 33 ml purified QP coat protein (1.5 mg/ml in 20 mM sodium phosphate pH 6.5,
250 mM NaCl) was mixed with water and urea (7.2 M in water), NaCl (5 M in water} and poly-



EXAMPLE 8 Coupling FELD1, FELD1-15aa and FD12-15aa to |IfficAgl-185-Lys 40
[ 00161] Construction of 1fficAgl-185-Lys, its expression and purification
have beeWOSIMEYPAR0i al |y described in EXAMPT F 2-5 of WEBEEERIAPIEA345A
solution of 120 plV HBcAgl 185-Lys VLP in 20 mM Hepes, 150 nM NaCl pH 7.2
Is reacted for 30 mnutes with a 25 fold nol ar excess of SIVIPH (Pierce),
diluted froma stock solution in DMX3 at 25 C on a rocking shaker. The

reaction _sol ution.is subseque iLalyzed twice for 2 hour ainst 1L of
o PR actl ol a vl DY adot). JES Saute s Sri e ot St S BSLy o
react i @nalndorbdhirBtions of BRNcohRAd R wetNng/he cbf Gestiih BubimbeNacl] 1.0 aicaed i n

EXAMPLE 5. In the coupling reaction_ the FELDl, FELDl-15aa and FD12-15aa,
r especBPd 8iZyme/nd poly-Tr-glytaniic) asig) Hhe wistue vag then dipfilirated b, sopy gperature,

11BcAg3gale 560/Sil M-I mU"Brit RUPH S‘EBOVﬁﬁth(ﬂfprf Bss/Rfw faRMF 109 fuinal  25C
on a rocki ng shaker. EXAMPLE 9 Coupling of LD1, FELD1-15aa and FD12-15aa

to VLP&ndigpryeee flogriarbds mifomsaletangepiab faw diltrasion gppanpomssing aPaliieon

descri kgd, L EAMBL ékgﬁﬂké%ﬁf}i 04/ 007538. The derivatization of
AP205 VLP Is substaE%ial y the sarme as described in EXAMPLE 7 for Q3 VLP.
di

Bef ore coupling Fel fusion proteins to SMPH-derivatized AP205 VLP,
FELD1, FELD1-15aa and FD12- 15aa obtai ned from EXAMPI E 5, respectively, is
i ncubated with TCEP (Pierce, Perbio Science) in equinolar anmounts for 30
mnutes at roomtenperature. [OOEXAMBLERAI fusion proteins is added in a
5-fold nolar excess to th 24 1i Mﬁﬁl PM\?E.PSSNPH derivatized AP205

. . 488 [6) g .
VLPs. Reactions are incuba or oursT™at Toomtenperature with

shaki ng. [00164] Coupling of Fel dl fusion proteins to the reassenbl ed
AP205 WAP (PlimRbigtbriAmes BRI 2) is substantially the same as described

above.

[00138]  Disassembly: 20 ml of AP205 VLP solution (1.6 mg/ml in PBS, purified from
E.colt extract) was mixed with 0.2 ml of 0.5M DTT and incubated for 30 miz at room
temperature. 5 mi of 5 M NaCl was added and the mixture was then incubated for 15 min at
60 °C, causing precipitation of the DTT-reduced coat proteins. The turbid mixture was
centrifuged {rotor Sorvall 834, 10000 g, 10 min, 20 °C) and the supernatant was discarded and
the pellet was dispersed in 20 m! of 1 M Urea/20mM Na Citrate pIl 3.2. After stirring for
30 min at room temperature, the dispersion was adjusted to pH 6.5 by addition of 1.5M
Na;HPQO; and then centrifuged (rotor Sorvall 8S34, 10000 g, 10 min, 20 °C) to obtain
supernatant containing dimeric coat protein.

[00139]  Cation exchange chromatography: The supematant (see above) was diluted with
20 ml water to adjust a conductivity of approx. 5 mS/cm. The resulting solution was loaded on
a column of 6 ml SP Sepharose FF (Amersham Bioscience) which was previously equilibrated
with 20 mM sodium phosphate pH 6.5 buffer. After loading, the column was washed with
48 ml of 20 mM sodium phosphate pH 6.5 buffer followed by elution of the bound coat protein
by a linear gradient to 1 M NaCl over 20 column volumes. The fractions of the main peak were
pooled and analyzed by SDS-PAGE and UV spectroscopy. According to SDS-PAGE, the
isdlated coat protein was essentially pure from other protein contaminations. According to the
UV spectroscopy, the protein concentration was 0.6 mg/ml (total amount 12 mg), taking that 1
A280 unit reflects 1.01 mg/ml of AP205 coat protein. Furthermore, the value of A280 (0.5999)
over the value of A260 (0.291) is 2, indicating that the preparation is essentially free of nucleic
acids.



EXAMPLE 10 Production of bacteriophage Q3 based inventive conposition

[ 00165] A 601 culture of E. coli AB259 (5x107 cells/m) was grown for 2-3
hours atWOZBOINE3P i ntensive aeration (1 volume of air FPL06RR4S
culturemrtute) to obtain a culture of about 2-4x109 cells/m. darified
@ phage |ysate was inoculated at a nultiplicity of infection 41 of 5,
and CaCl2 was added to a final conceptration of 22 nM After an adsorption
phase of 5 mnutes, aeration was intensified (1.5 volunmes of air / vol une
of culture-mnute) The cells were further grown for 3 hours, until 01)650
DM reached a stabl e value, yielding 4-6x1012 phage particles in the

cul tur Th ¢ {A as follows. E.coli was |ysed by adding 10 mi
CHCI 3 ﬁi) cu‘lggsgrrne, ogé?i%{’t‘ggozyne /1 culture and EDTA to a final
concentration of 20 M The lysate was clarified by centrifugation in a
cool ed t K QU G j , &J‘ﬁﬂ%mﬁ%? dn%;e - - t he

| ysat e[dé);}@%}l-m"rg%i um gg‘?%ﬁ;%%u%se%ﬁ pi tatll on (50 &‘g‘}“ﬁ?a}f}‘?a i‘%\l{gﬁt‘é&ai p‘%t%?. 66%
sat ur afra¢iop, froph @bevgswemdipiilfraigd anflj coneentieted by 8FF tarad prokein ponsentpition tof

i sol at t 1A ion f ] S i.n Janet zKki 6, Ntrifuge
W th V\?%’gp ﬁrﬁo’?'girb %ﬁ%ﬁ%‘ lgios%b%%(ﬁ? 8?% g%éﬁll Orﬁga ¢ %lc %%a%%f‘eﬁwé%nﬁorcﬁ fottgge

usi ng &M NaCDsdlwtionrand Tivabgpel foe 8 \has réods tdnpltahire Gtheiformidfioh of feassefbled5 M
Nad , % T t.on) and.clatified by. c ri atjion.. The su anpt was
¥ et pVEBE i Hiniate S5 v by B oS S St ais B s Frpiie e e A

sat ur arskgdl. GEeD FWELPLéahe (Essoh SBbadi@de) YeqaRibtdidd el i20MMI esdakmibi | i zed
in NT buffer and clarified_ agai ne‘g centriftigation. The phage particles
wer e iEIEﬂS-_BlEaé‘H 130 o Nee! REL 43y Vasty ﬁ%&eﬁﬁ%fn YSul tracentrifugation for
3.5 h, (083419 NBGRKTER the/ PRscec 'PlfiyeRlitamie 4000 37PM of ?ﬁnﬁ&ﬁh@@ﬁ gshphages
were resuspended in NT burfer and purified by ultracentrifugation over a
conv enpioteim {1 weimliim 20 usM Gedinmgphodpleite pH GeNtwasfroiged with 308 qf ¥KBrstosl usi ng

a Beck . Ti2.70.(8x38. 5) .rotar t 55 000 r far 20.hours., The phage
ar v cLdionls &7 it e sahip Bt bl e 5o aiined el RrRRa Ly, o
7. 4 bupver sémopsé%ﬁ@daﬂdnzsbﬁr&%w&msmﬂuﬂkim mb@Rkdafor UEIE fat RES I N
EXAMPLE 7.. EXAMPLE 11 Preparation of GA phage based inventive conposition
[ 00166KmPeRte rlhe fproyapion pf reagsombiyd) ¥LPin thenpsige was showiy b npprredhciRgdi um
cont ai §H8P GAS Wy siBY LALNSAEPLO. P ¥eAShroftt kP he nBxitld WablGRRGs VWaS
grown to an OD340. "of 0.6-0.7, which corresponds to approx. to 2x108

cel | s/ eampletply ingorpegatediingg thy VEQspshwwangas highenassembhy efficigneyf thaimthe AN28H of

10- 20. gggz: : W £, f 2.5 - rs at 37C yiel ding
appr ox-? &%%géﬁéﬁiﬂg%%c%%#ﬁ&tam%u tcfjorn%I Lé'e cells were |ysed by
adding 1-2%v/v of CHC13 and incubating the culture for 15 mnutes. The

| ysate was clarified by centrifugation for 30 mnutes at 5000 rpmon a
Janetzi 1(26 rotor. The phage particles were precipitated with amoni um
sul phate (60% saturation) from t BEAMRILEG e nedi a during several days at
4C. The suspension was first decanted,. and the precipitate isolated by
centrifugation for 30 ni nuélggmgtc’?gﬁgigf?sﬁ?ﬂ?rﬂwgs\]anetzki K26 rotor. The
pell et was resuspended in NET (20nmM Tris pl117.8, 150mM NaCl, 5nM EDTA)
buf et pgoff] 1 RAL! Lieb S Bl SRGLET Bl SRNSH A URlRS W 5501 £ hugat i on

amplification using overlapping DNA-primers as shown below. Forward (F) and reverse (R)
primers are indicated. Fragments were ligated into pCRII-TOPO vector (Invitrogen) and
transformed into X11-Blue. Inserts of Fel d1 chain 1 and chain 2 were sequence verified.
Primer Sequence 1F: SEQ ID NO:34;

Primer Sequence 2R: SEQ 1D NO:35

Primer Sequence 3F: SEQ ID NQO:36

Primer Sequence 4R; SEQ 1D NO:37

Primer Sequence 5F: SEQ 1D NO:38

Primer Sequence 6R: SEQ ID NO:39



resuspension in small portions of NET buffer. The portions containing

capsids were pool ed, and precipitated with 60% amoni um sul phate. The

parti cl e@orzﬁ%&ﬁ@\%ed in NET buffer were purified thre@QEHRE06460845 5

Sepharose 4B col um, and subsequently over two sucrose gradients. Briefly,

a gradient was prepared with 7 m of 50% 7 m of 43% 7 m of 36% 7 m

of 29%and 7 m of 22%w w sucrose i4 NET buffer in centrifugal tubes. The
on (in NET buffer) was |ayered on the gradient, and

phage sal ut
centri ?’Bﬁ’éﬂé‘%‘f’ g 7K SER IV B an SW.28 rotor at 25 000rpm The fractions

cont ai Prifgr SRpeESRVSEQ IDORh4d, and separated from sucrose by gel
fi Itratl on over a Sggé]arose 4B colum. The phage particles were

subseqfEme MNE&#2 wat er and | yophilized for further use.

[00167%@@@%@1@1@ gﬁQgngjg—sng of Eel dl fusion proteins to the
bacteri ophage @ or GA Is substantially the same as the coupling condition

to the VLP of QP as disclosed in EXAMPLE 7. EXAMPLE 12 Qp-Fel dlI fusion
pr ot ei ﬁaggrfﬁsigﬂ L kJmunogeni ¢ in mce [00168] BALB/c mice were i muni zed
SC Wt ELD1 obtai ned from EXAMPLE 7 or 50 ug of Qo m xed
wi th r Eboadi nantFEé}l wfery wbtha iprodein farithnohEX A\ tEe BytemminubafpsedGiiredily witll 21 and

reasur Sy SERElcOiEaks GhofRl rERDTFlat cySR Ry il i ool L |

F96 thaowmmédhakeﬂ(ﬂi@\mmg@: with 10 p.g/ml FELDL in 0.1 M

ﬁ?ﬁk@?ﬂ@uﬁd 12 3 cg’déhg&’%? ﬁ}% f r?é{bﬁ ré@g@g#@ﬁ%@’%@ﬂ Fgggl ng

buf f er cKa292. Bﬁi&leoﬁ& sHfgnct Bndoidtg VBB WAY)crealddcbypliting waslapl cktristah (SOEFer um

diluti buffer. (2% wof | uti on steps
wer e done YSHE PP OSe@EF%[ﬁ 85“5;3290@@&@%@%&2%‘1 &Pé%%ﬁ?ﬁpa%ﬁ shaker .
Pl at esjooess Was g D1l MRs bhdBELBRA 544 280 @0 Gididbbsewlitl] BRAAE D a0 heNLidriaRey
(anti - nouse IgG 11RF 0 cou led (Sigma)) was incubated for 1 h at room

t enper waa ) gino; agidspager. fespretivakve Wty the chatad @b ct i on

was  pefhber-RRginkds 'P[lﬁmi?@n&kﬂlﬁé ﬁ@&uaeé%%eﬂe@ endddBB FEMONGAEIR R a5 Genfbiate M
citric acid 1)115.0 cont ai ni gg Fl ub) "and 8 pl of 30% 11202
i

(Fl ukale géste 8ol amige seidsposdhe il me aagis §p@fﬁr &y| igyeresh PCRhmutagenssipance
was MeapuR®e. He (g1t E?Ssgéc%ﬁhﬁcﬁﬁﬂ:%rs%mﬂé‘ol R0 fIBﬁ\I(S@k%HAE&fn% \%‘F .

arithnetic means and andard error of the nean (SEM EXCE
(M cr oSBRIP N@:49) merd used4Bor| the 1-4 9 spaesr Mma&@mzbdwﬁ@@ DYl and

hal f f
respochyl 2t s llepcke i Mok SRyl B) gn A0SR BB L, o re o
1 m xt digestioncwhich oﬂytmmm@f seff@e xnutaid@igOnethyldead adehinga whit@ therpdaspadt i vel y.

Léﬁé?‘g% gf mce wth Alumas adjuvant [00170] 7-8 week ol d
ferral e cm it VaCCI nated three tinmes (day 0, 14 and 28)
[00146] FDlZ—lOaa and FD12-15aa refer to proteins with chain 1 at the N-terminus fused

via a 10 (GGGGS); or 15 (GGGGS); amino acid spacer, respectively, with the chain 2 at the C-
terminus. Fusion FD12-10aa and FD12-15aa were similarly produced as described above. For
the 15 amino acid spacer primer FD2-10aa (SEQ ID NO:51) and primer FD1-5 2a (SEQ ID
NO:52) were used. For 10 amino acid spacer primer FID1-5aa and FD2-5 aa (SEQ ID NO:53)

were used.
EXAMPLE 4
Bacterial expression and purification of His-tagged Fel d1 fusion proteins

[00147] The nucleotide sequences encoding various Fel d1 fusion constructs as described
in EXAMPLE 3 were subcloned into a T7 based expression system pET-42T{+), modified from



with 50 jig the prior art { 3VLP-FELDl1-11C. The vacci nes were diluted in
200 ul of sterile PBS or 100 gl PBS and 100 gl Al uCel - Serva

respect i VOI2)9/BAeP0 nj ect ed subcutaneously into the | ef tP AEP2P04I0845 ngui nal
region. [00171] Sera were col lected at day 14, 21, 28, 42, 56, 84 and 112.
Ant i bodi es specific against the natural Fel dl , FELD-TI C and Q3 VLP were
determ ned by ELISA. [00172[Mcrotitgr plates were coated overnight with 1

gg/ ML nat ur nFe | ndoor s_ bi technolo es), 1 ni |

22 D - PR T Pee). oo ettt et Ry Biph caruars ki ifed €8 HB598 Tveen
20/ PBSkecqupfteEbstdd g GGC anihifRSheid HnldBSontSifiha cydsife AkEe skcahd alisbhmaemnt
dilutions in 2% BSAl 1% FCS/ PBS. [00173] Thereafter the NASA was carried out

by staﬁ’é"affaef?é‘ﬂlﬁ%mwwmq@“g dyiaddne |y c@dbesndong- | asting hi gh

Fel dl gmagi fic ﬁllDIbH@YP‘EﬁﬁmﬁéaeH@éﬁﬁrFﬁmﬁi%fﬁc and FoiEb 9340 THOS@Rt | body
titer was higher in the presence of Alumthan w thout Al um (TABLE 2).

TABLE gxpregsechans prifirs @p din follpwiveed BheBlasmd| wag| trapsfomedrgto BL21(DE3). The
expression was induced by adding 1 mM IPTG to the culture at QD600 of app. 1. The culture

was grown for an additional 20 hours at 20°C, harvested and lysed by sonication in native Iysis
buffer (50 mM NaH,POy4, 300 mM NaCl, 10 mM imidazole pH 8.0).

[60149] The clarified bacterial lysate was brought to 50 ml with native lysis buffer. 5 ml
nickel-nitrilotracetic acid (Ni-NTA) agarose (Qiagen) was added and the lysate was incubated
by inverting for one hour at 4°C. Unspecifically bound proteins were removed by washing 4
times in native lysis buffer. Bound protein was eluted by resupension of the Ni-NTA agarose in
2 ml of elution buffer (50 mM NaH,PQ,, 300 mM NaCl, 250 mwM imidazole pH 8.0).

EXAMPLE 5
Oxidative folding disulfide bonds in purified Fel d1 fusion proteins

[00150] Ni**-affinity purified FELD1-HC consists of a variety of mixed-disulfide
bridged species from 15 kDb to 20 kD. Native folding of FELD1-HC was achieved by
intramolecular reshuffling the disulfide bonds with oxidized glutathion (GSSG, Applichem)
and reduced glutathion (GSH, Applichem) at a molar ratio of 1:1. The reaction was performed
for 24 hours immediately after elution of FELD1 in the elution buffer by adding 2.5 mM GSSG
and 2.5 mM GSH at room temperature. Refolded FELD1-HC showed a single band at a
molecular weight of 15 kD under non-reducing condition (FIG. 1, the first panel, lane 2). The
potential free sulfhydryl groups of FELD1-HC were alkylated using iodoacetamide (Sigma).
Probes were treatd with 5 mM iodoacetamide in 20 mM ammonium bicarbonate at pH 8.0 for
15 minutes at room temperature.

[O0151] Refolded FELDI1-HC was further purified to homogenecity by size-exclusion
chromatography (SEC) (Superdex 75 pg, Amersham Pharmacia Biosciences) equilibrated in
PBS.

[00152] FELD1-10aa-HC and FELD1-15aa-HC were renatured by substantiaily the same
method as described above (FIG. 1, the two middle panels).
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[00153] Native folding of FD12-15aa-HC was achieved similarly by reshuffling the

disulfide bonds with oxidized glutathion and and reduced glutathion at a molar ratio of 10:1.
After elution FD12-15aa was twenty fold diluted in FD12-15aa refolding buffer (50 mM Tris-
Cl pH 8.5, 240 mM Na(l, 10 mM KCl, 1 mM EDTA, 0.05% PEG 3,550, 1 mM GSH, 0.1 mM
GSSH) and incubated at 4°C for 24 hours. Refolded FD12-15aa showed a single band at a
molecular weight of 20 kD compared to the reduced form rumning at 23 kD (FIG. 1, last panel).

EXAMPLE 6
Fel d1 fusion proteins are recognized by epitope-specific monoclonal antibodies

[00154] The binding of Fel d1 fusion proteins in comparison to natural Fel d1 (nFel d1)
to epitope-specific monoclonal antibodies (mAB) was measured by a sandwich ELISA using
the Fel d1 ELISA kit (6F9/3E4) from Indoor biotechnologies (Cardiff, UK).

[00155] Briefly, the anti-Fe! dl mAB 6F9 supplied as a 2 mg/m! stock solution was
diluted 1:1000 m 50 mM carbonate-bicarbonite buffer pH 9.6. Microtiter wells were coated
with 100 pl of the diluted mAB 6F9 per well at 4°C overnight. Plates were washed three times
with PBS-0.05% Tween20 (PBS-T) and then blocked with 100 pl blocking buffer (1% BSA
(Sigma) in PBS-T). Then the microtiter wells were incubated for one hour with 100 pl of Fel di
fusion proteins or nFel d1 standard (Indoors technologies; UK) using doubling dilutions from
80-0.16 ng/ml. The nFel dl reference was sub-standardized from the CBER cat dander
reference E10, which contains 13.47 U/mi Fel d1 (1 unit =4 mg protein).

[00156] Plates were then washed and 100 pl diluted (1:1000 in 1% BSA/PBS-T)
biotinylated anti-Fel d1 mAB 3E4 antibody was added and incubated for 1 h at room
temperature. Plates were washed three times with PBS-T using 100 pi diluted (1:1000 in 1%
BSA/PBS-T) Streptavidin-Peroxidase (Sigma 55512, 0.25 mg reconstituted in 1 ml destilled
water). After 30 minutes incubation at room temperature wells were washed three times with
PBS-T. Detection was performed with OPD substrate solution and 5% H,SO; as stop solution.
The absorbance was measured using ELISA reader (BioRad) at 450 nm and for calculation of
arithmetic means and standard error of the mean (SEM) EXCEL sofiware (MS Office;
Microsoft) was nsed. The results are shown in TABLE 1. Thus the recognition of Fel d1 fusion
proteins and nFel d1 by epitope-specific mABs reflects the high similarity of antigenicity of
both proteins.
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TABLE 1
tested proteins | FELD1-HC FELD1-10za- FELD1-15aa- Nature Fel d1
BHC HC
Fel d1 {ng/ml) at 84 6.7 7.9 7.2
0D350% '
EXAMPLE 7

Coupling of Fel d1 fusion proteins to VLPs derived from Qf

[001571 A solution of 143 uM Qp VLP in HEPES buffer (20 mM HEPES, 150 mM
NaCl, pH 7.2) was reacted with a 5-fold molar excess (715 pM). of SMPH (Pierce) for 30
minutes at 25°C with shaking. SMPH was taken from a 50 mM stock dissolved in dimethy!
sulfoxide. Reaction products were dialyzed against two changes of PBS using a dialysis unit
with a 10,000 Da molecular weight cutoff (Slide-A-Lyzer, Pierce). Dialysis was performed at
4°C at room temperature in a >1000-fold excess of buffer to reaction mixture.

[00158] Before coupling Fel dl fusion proteins to SMPH-derivatized Qp VLP, FELDI1,
FELD1-10aa, FELD1-15aa, and FD12-15aa, respectively, as obtained from EXAMPLE 5 was
incubated with TCEP (Pierce, Perbio Science) in equimolar amounts for 30 minutes at room
temperature,

[00159] Fel d1 fusion proteins was added in a 5-fold melar excess to a 143 uM solution
of SMPH-derivatized Qff VLPs. Reaction volume was 650 pl and multiple reactions were
performed in parallel. Reactions were incubated for 4 hours at room temperature with shaking.
After coupling, aliquots were centrifuged at 16,000 x g for 3 minutes at 4°C to pellet insoluble
material. The supernatants were pooled in fresh tubes. The coupling of Fel d1 fusion proteins to
QP VLP was assessed' by reducing SDS-PAGE.

[00160] Coupling of Fel di fusion proteins to the reassembled Qf VLP (obtained from
EXAMPLE 1) is substantially the same as described above.

EXAMPLE 8
Coupling FELD1, FELD1-15a3 and FD12-15aa to HBcAgl-185-Lys
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FELDI1, FELDI1-15aa and FDI12-15aa, respectively, is in twofold molar excess over the
derivatized HBcAgl-185-Lys VLP. The coupling reaction proceeds for four hours at 25 °C on a
rocking shaker.

EXAMPLE 9

Coupling of FELD1, FELD1-152aa and FD12-15aa to VL.Ps derived from AP205
[00162] The preparation of AP205 VLP was. described in EXAMPLE 1 and 2 in WO
2004/007538. The derivatization of AP205 VLP is substantially the same as described in
EXAMPLE 7 for QB VLP. Before coupling Fel d1 fusion proteins to SMPH-derivatized AP205
VLP, FELDI1, FELDI-15aa and FD12-15aa obtained from EXAMPLE 5, respectively, is
incubated with TCEP (Pierce, Perbio Science). in equimolar amounts for 30 minutes at room
temperature.
[00163] Fel d1 fusien proteins is added in a 5-fold molar excess to the 143 pM solation
of SMPH-derivatized AP205 VLPs. Reactions are incubated for 4 hours at room temperature
with shaking.
[00164] Coupling of Fel d1 fusion proteins to the reassembled AP205 VILP (obtained
from EXAMPLE 2) is substantially the same as described above.

EXAMPLE 10
Production of bacteriophage Qpf based inventive composition

[00165] A 601 culture of E. coli AB259 (5x107 cells/ml) was grown for 2-3 hours at 37°C
under intensive acration {1 volume of air / volume of culture'minute) to obtain a culture of

about 2-4x10° cells/ml. Clarified QP phage lysate was inoculated at a mmltiplicity of infection



EXAMPLE 15 FELD1 coupled to Q is unable to trigger a skin-prick reaction
in an allergic individual [00176]1f allergens are introduced by pricking

i nto t heWSk386/B¥75¥h al l ergic individual, a |local edenma BGE/ER26e6/M0#F Wi t hi n
about 20 m nutes due to activation of nmast cells resident in the skin.
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particles in the culture. These were purified as follows. E.coli was lysed by adding 10 ml
CHCl3/ 1 culture, 0.1 mg Lysozyme / 1 culture and EDTA to a final concentration of 20 mM.
The lysate was clarified by centrifugation in a cooled flow-through centrifuge, the phage
particles sedimented from the lysate by ammonium sulphate precipitation (500 g/l, yielding
apprex. 66% saturation). The suspension was first decanted, and the precipitate isolated by
centrifugation for 30 minutes using a Janetzki K26 centrifuge with W.R. rotor 6x500ml at 6000
rpm, or in a Beckman J21 C centrifuge using a JA-10 rotor. The pellet was resolubilized in NT
buffer (0.15 M NaCl, 0.1% Trypton) and clarified by centrifugation. The supernatant was
precipitated with ammonium sulphate (500 g/l added, approx. 66% saturation). The precipitate
was isolated by centrifugation, resolubilized in NT buffer and clarified again by centrifugation.
The phage particles were isolated from the resulting supernatant by ultracentrifugation for 3.5
h, using a Beckman type 35 rotor at 32 000 rpm. The sedimented phages were resuspended in
NT buffer and purified by ultracentrifugation over a conventional continuous CsCl gradient.
Centrifugation was performed using a Beckman Ti-70 (8x38.5) rotor, at 55 000 rpm for 20
hours. The phage particles were subsequently dialyzed against 20 mM Hepes, 150 mM NaCl,
pH 7.4 buffer to be used in chemical cross-linking steps as deseribed in EXAMPLE 7..

EXAMPLE 11
Preparation of GA phage based inventive composition

[00166} A culture of 121 E. coli Q 13 Hir RNASse I culture in M9 mediuin containing
2% casein hydrolysate, 0.5% Yeast extract, 0.2% glucose was grown to an ODsso pm of 0.6-0.7,
which corresponds to approx. to 2x10® cells/ml, and infected with GA phage at a multiplicity of
infection of 10-20. The culture was grown for further 2.5 — 3 hours at 37°C yielding approx.
10" phage particles in the total culture. The cells were lysed by adding 1-2% v/v of CHCl; and
incubating the culture for 15 minutes. The lysate was clarified by centrifugation for 30 minutes
at 5000 rpm on a Janetzi K26 rotor. The phage particles were precipitated with ammonium
sulphate (60% saturation) from the culture media during several days at 4°C. The suspension
was first decanted, and the precipitate isolated by centrifugation for 30 minutes at 6000 rpm in
a Janetzki K26 rotor. The pellet was resuspended in NET (20mM Tris pH7.8, 150mM NaCl,
SmM EDTA) buffer, and the particles extracted by several cycles of centrifugation and
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resuspension in small portions of NET buffer. The portions containing capsids were pooled,

and precipitated with 60% ammonium sulphate. The particles resuspended in NET buffer were
purified three times over a Sepharose 4B column, and subsequently over two sucrose gradients.
Bricfly, a gradient was prepared with 7 ml of 50%, 7 ml of 43%, 7 ml of 36%, 7 ml of 29% and
7 ml of 22% w/w sucrose in NET buffer in centrifiigal tubes. The phage solution (in NET
buffer) was layered on the gradient, and centrifuged for 17h in a Beckman SW 28 rotor at 25
000rpm. The fractions containing capsids were pooled, and separated from sucrose by gel
filiration over a Sepharose 4B column. The phage particles were subsequently dialyzed against
water and lyophilized for further use.

[00167} The condition of coupling of Fel d1 fusion proteins to the bacteriopbage Qp or
GA is substantially the same as the coupling condition to the VLP of QP as disclosed in

EXAMPLE 7.
EXAMPLE 12
QpB-Fel dlfusion proteins are highly immunogenic in mice
[00168] BALB/c mice were imminized sc with 50 ug of QB-FELD1 obtained from

EXAMPLE 7 or 50 ug of Qp mixed with recombinant Fel d1 (obtained from EXAMPLE 5) on
days 0, 14 and 21 aﬁd blood was taken on days 0, 21 and 28. Fel d1 specific antibodies were
measured by ELISA using FEL.D1 for coating (10 ug/ml). In brief, 96-well F96 that were pre-
coated at 4°C overnight with 10 pg/ml FELD1 in 0.1 M NaHCO3 pH 9.6 were used. Plates
were washed four times with PBS-Tween20 and background was reduced by incubating the
plates 2 h at 37°C in blocking buffer (2% BSA, (Sigma) in PBS-Tween20). The serum was
diluted in serum dilution buffer (2% BSA, 1% FCS in PBS-Tween20). Twofold dilution steps
were done and incubated for 2 h at room temperature on ELISA plate shaker. Plates were
washed five times and 1:1000 diluted detection antibody (anti-mouse IgG HRPQO coupled
(Sigma)) was incubated for 1 h at room temperature. Plates were washed five times with PBS-
Tween20 and detection was performed using OPD substrate solution (0.066 M NayHPO,, 0.035
M citric acid pH5.0 containing 10 mg OPD (Fluka) and 8 pi of 30% H,0, (Fluka) per 25ml)
and 5% H,S04 in H>O as stop solution. The absorbance was measured using ELISA reader at
450 nm and for calculation of arithmetic means and standard error of the mean (SEM) EXCEL
software (Microsoft) was used.
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washing (%).05’% Tween 20/PBS) and blocking with 2% BSA in PBS, sera were added at

different dilutions in 2% BSA/1% FCS/PBS.

[00173] Thereafter the ELISA was carried out by standard method. Qf VLP-FELDI1-HC

vaccines induced a long-lasting high Feldl-specific antibody response towards natural and

FELDI1. The antibody titer was higher in the presence of Alum than without Alum (TABLE 2).

TABLE 2
. with Alum without Alum
datos nFel dl FELDI-HC | nFel di FELDI-HC
Day 13 15984 53939 3394 7871
Day20 | 100311 203636 38980 77323
Day 27 173190 368716 38177 56836
Day 42 [240173 419072 88953 170377
Day 56 228500 292520 65370 163003
Day 84 157009 219834 59603 115049




EXAMPLE 19 Fel dl specific seruminhibited the Fel dl fusion proteins

I nduced basophi|l degranulation in vitro [00181] To test the ability of

anti - FelWEI204¥25%i ¢ 1gG to inhibit degranul ation, basd’&ﬁ”?%z"?ﬁ’“ﬁ%s
allergic individual were stimnmulated with a defined amount of FELDL-1-1C or
FELD1- 15aaHC pre-incubated with a serial of dilutions of decreasing
amounts of 19gGs isolated from QYFELDi4 HC i nmuni zed rabbits. Upregul ation

of CDe3—was-assessed-by flow eviometiry—Aii-Fel—dl—tgGhlocked the Fel

|
3 b y gret-f-yer—ARt—~Fel—dl | gG-hi
dl -i nguced degf‘&ﬁlﬁ ati 6n a!tne?l"‘ﬁstesteaogéﬂcentréﬁ hs whi [l '8t r ol | gG
di d not show any effect (TABLE 4). TABLE 4 sanpl eS FELDI- HC Percent age of
degranul ati on FELD1- 15aa- HC Per cent age of degranul ation No IgG 33 33

EXAMPLE 14
FELDI coupled to QP has drastically reduced allergic potential in vitro

[00174] To test the ability of QB-FELD1-HC to trigger an allergic reaction in vitro,
basophils were isolated from the blood of three cat allergic donors. In a cat allergic individual,
these basophils are coated with Fel d1 specific IgE and respond with the upregulation of CD63
to allergenic stimulation, Thus, basophils of the allergic individual were stimulated with graded
amounts of QB-FELD1-HC or FELD1-HC alone and upregulation of CD63 was assessed by
flow cytometry. While FELD1-HC (obtained from EXAMPLE 5) triggered strong upregulation
of CD63 at the lowest dilution tested (about 0.2ng/ml), QB-FELDI1-HC (obtained from
EXAMPLE 7) exhibited a drastically reduced. allergic potential and required 100-1000 fold
higher amounts (about 70ng/ml) of FELD1-HC for the basophiles to respond..

[00175] Similarly this test was repeated for the fusion proteins FELD-15aa-HC, and
FD12-15aa-HC either alone or coupled to QB. The results are shown in FIG 2. These Fel dl
fusion proteins, when coupled to Q, all exhibited a drastically reduced allergic potential.

EXAMPLE 15
FELD1 coupled to QB is unable to trigger a skin-prick reaction in an allergic individual

[00176] If allergens are introduced by pricking into the skin of an allergic individual, a
local edema is generated within about 20 minutes due to activation of mast cells resident in the
skin. Here, the skin test was employed to determine the allergic potential of QB-FELD1-HC
(obtained from EXAMPLE 7). Graded amounts of QB-FELD1-HC or corresponding amounts
of FELD1-HC (obtained from EXAMPLE 5) were introduced into the skin of a cat allergic
individual and the skin reaction was assessed 20 minutes later. QB-FELD1-HC was unable to
trigger a skin reaction while FELD1-HC was active at more than 100 fold lower concentrations
(TABLE 3)

TABLE 3: Corresponding amounts of FELD1-HC were present in both preparations.
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EXAMPLE 16

Immunization of an allergic individual with QB-FELD1-HC reduces skin prick test reactivity

[00177] In order to test the ability of QB-FELD-HC to ameliorate clinical symptoms, a
patient suffering from cat allergy was vaccinated with 17ug QB-FELD1-HC (obtained from
EXAMPLE 7) on day 0 (3 injections of 2, 5 and 10 ug), 40 ug on day 7 (3 injections of 16, 10
and 20 ug) and 50 ug on day 14 (2 injections of 10 and 40 ug). Skin prick testes were
performed with a 'stahdardized cat extract on days 0, 14 and 21 and the diameters of the central
swelling reaction was quantified (FIG 3). Within 3 wecks, 1000-fold higher allergen
concentrations were required to induce clinical symptoms in the skin prick test than the initial
amount sufficient to induce symptom in the prick test.

EXAMPLE 17
Immunization of an allergic individual with QB -FELD1-HC reduces allergic symptoms in

nasal provocation test

[00178] In order to test the ability of QB-FELD1-HC to ameliorate clinical symptoms, a
patient suffering from cat allergy was vaccinated with 17ug QB-FEL.D1-HC (obtained from
EXAMPLE 7) on day 0 (3 injections of 2, 5 and 10 ug), 40 ug on day 7 (3 injections of 10, 16
and 20 ug) and 50 ug on day 14 (2 injections of 10 and 40 ug). Nasal provocation tests were
performed with a standardized cat extract on days 0, 14 and 21 and the clinical symptoms were
assessed at each dosc escalation level (FIG 4A) and an overall allergic rating was made
according to (FIG 4B). Within 3 weeks, 100-1000-fold higher allergen concentrations were
required to induce clinical symptoms and the overall allergic rating was strongly reduced.
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EXAMPLE 18

Packaging immunosimulatory nucleic acids into Qf VLP

[00179] Disassembled and purified coat protein of QB was obtained as described in
EXAMPLE 1 (A) and (B). Reassembly: B-mercaptocthanol was added to the 10 ml dimer
fraction to a final concentration of 10%, and 300 pl of a solution of (CpG)OpA
oligodeoxynucleotide, containing 12.3 nmol of oligonucleotide, were added. The reassembly
mixture was first dialyzed against 30 ml NET buffer (20 mM Tris-HCI, pH 7.8 with 5mM
EDTA and 150 mM NaCl) containing 10% beta-mercaptocthanol for 2 hours at 4°C, and then
dialyzed in a continuous mode, with 2 flow of NET buffer of 8 ml/h over 4 days at 4°C. The
reassembly mixturc was then desalted against water by dialysis, with 6 buffer exchanges (4 X
100 mi, 2 X 1 liter).

[00180] Coupling Fel dl fusion proteins to the Qf VLP with packaged CpG inside is
carried out substantially the same as described in EXAMPLE 7.

- EXAMPLE 19
Fel d1 specific serum mhibited the Fel d1 fusion proteins induced basophil
degranulation in vitro

[00181] To test the ability of anti-Fel d1 specific IgG to inbibit degranulation, basophils
of an allergic individual were stimulated with a defined amount of FELD1-HC or FELD1-15aa-
HC pre-incubated with a serial of dilutions of decreasing amounts of IgGs isolated from Q-
FELD1-HIC immunized rabbits. Upregulation of CD63 was assessed by flow cytometry. Anti-
Fel d1 IgG blocked the Fel d1-induced degranulation at all tested concentrations while control
IgG did not show any effect (TABLE 4).

TABLE 4
samples FELDI1-HC FELD1-15aa-HC
Percentage of degranulation | Percentage of degranulation
No IgG 33 33 '
Fel d1 specific IgG 1.9 1.6
(200ng/mi)
Fel d1 specific IgG 52 2.1
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Immunization of Fel d1 allergic mice with QB-FELD1-HC

[00182]
used to assess the effects of vaccination against the natural allergen Fel d1 on the IgE antibody

An experimental asthma model of allergic airway inflammation in mice was

response in serum and BAL (Bronchoalveolar lavage) of BALB/c mice. 5 mice per group were
peritoneally sensitized with lug natural Fel d1 in AlumGel-S at day 0. Mice were
subcutancously vaccinated on day 35 and 49 with either 50ug Qf alone or with 50ug Qp-
FELD1-HC before two subssequent intranasal challenges on day 63 and day 70. 5 days after the
last intranasal challenge, mice were sacrificed to collect serum and BALF (Bronchoaleveolar
Lavage Fluid) for analysis of the humoral immune response ( IgE subclass titers) by ELISA.

[00183] ELISA plates were coated with a rat anti-IgE mAb (2ug/ml) dituted in Carbonat
buffer over night at 4°C. After blocking of plated with PBS/5% BSA for 2 hours, plates were
incubated for further two hours with either serum (first well 1:100 pre-diluted, then 1:3 dilution
over 8 steps) or BAL (first well pure BAL then 1:3 dilution over 8 steps) of sensitized,
vaccinated and antigen-challenged mice. After 2 hours of sample incubation, serum and BAL-
IgE was detected with a rat anti-mouse IgE-HRP labelled antibody prior detection with the

substrate OPD.
TABLE 5
_Group Serum (d75) BAL (d75)
Titer at % reduction Titer at % reduction
OD50 OD50
QB -vaccinated 1036 - 15 -
QP -Fel d1 vaccinated 49 95 0 100




- 15 - Q3 -Fel dl vaccinated 49 95 0 100 48 CLAIMS: 1. A conposition
conprising: (a) a core particle with at least one first attachnent site,
wherein said core particle is a virus4Bike particle (VLP), (b) at |east

one ant(jlggmg\_/i th at | east one second attachnent site,

1. A composition comprising:
(a) | a core particle with at least one first attachment site, wherein said core particle isa
virus-like particle (VLP),
(b) atleast one antigen with at least one second attachment site,
wherein said at least one antigen is a.Fel dI protein or a Fel d1 fragment, and wherein
(a) and (b) are covalently linked through said at least one first and said at least one

second attachment site.

2 The composition of claim 1, wherein said at Ieést one antigen is a Fel d1 protein, and
wherein said Fel d1 protein comprises chain 1 of Fel d1 and chain 2 of Fel d1, wherein

said chain 1 of Fel d1 is associated with chain 2 of Fel d1 by at least one covalent bond.

3. The composition of cIa1m 1, wherein said at least one antigen is a Fel d1 protein, and
wherein said Fel d1 protein is a fusion protein comprising chain 1 of Fel d1 and chain 2
of Fel d1, wherein chain 1 of Fel d1 and chain 2 of Fel d1 are fused cither directly via
one peptide bond or via a spacer, wherein said spacer links the N-terminus of one chain

with the C-terminus of another chain.

4. The composition of claim 3, wherein said chain 2 of Fel d1 is fused via its C-terminus to

the N-terminus of said chain 1 of Fel d1 either directly or via a spacer.

5. The composition of claim 3, wherein said chain 1 of Fel d1 is-fused via its C-terminus to

the N-terminus of said chain 2 of Fel d1 either directly or via a spacer.

6. The composition of claim3, wherein chain 1 of Fel d1 and chain 2 of Fel d1 are fused
via a spacer, wherein said spacer links the N-terminus of one chain with the C-terminus
of another chain, and wherein said spacer consists of an amino acid sequence of 1-20

amino acid residues.
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of another chain, and wherein said spa r co sts Bf an amino acid

sequence of ‘1-20 am no acid re5| dues. 48a 7. The conposition of claim1,
wherellr¢ %n 1oft ?ﬁllan in 2 éiﬁ are fused via a, spacer,
wher ei SPIROEHAN; Pk &3 N‘fv CFI it ?IO%rPéOtE’Fi‘aP‘?’FnPﬁlf’teﬁ goheminot agidi nus
of anot hersegftatdselans frheRE: dgkoﬁﬁ'cgnss’rﬁfﬁ%%ff consists of an amno acid
sequence of 10-30 am no acid residues. The conposition of claim?7, wherein

sai d spacé®) cHHEHIN6X24in ani no aci d sequence of 15 anino acid residues.
(b)  SEQ ID NO:54;
(¢) SEQID NQ:55; and



9. The conposition of claim8, wherein said spacer is (G33GS)3. 10. The
conposi tion of claim3, wherein said fusion protein conprises an am np
acirrg sequence selected fromthe group céfisisting of: (a) SEQ ID NO 24; (b)
SEQ | D NG (ﬁ; gﬁpaI%EQ P] NO 55; and 49 (d) SEQ ID NO 57. 11. The
corrpositioﬁ of “clai ,"Wherein said at |east one antigen is a Fel dl
protein, and wherein said Fel dl protein is selected fromthe group
consisting of: (a) SEQ.ID NO 24; (b) SEQ I D NO 54; (c). SEQ I D NQ‘55; and
(d) SE&H DTgb.CBmPO%Qn vhelags nip sdictdin saidfat ddasli onelantigheieh Febdl gradin] ﬁiSﬂSE'b -
[ ' | ' I d . roteinis
Klnoe Sgnt : ge{ifhél%inasaﬁfﬁelqil p%%nefs @elec?tgg ﬁ\girqne&g Igpou%aclogsisl,:t%llg cgjtj: P
(@ SEQIDNO:24;
(b) SEQ IDNO:54;
(c) SEQID NO:55; and

(d) SEQ IDNO:57.

12, The composition of claim 1, wherein said at least one antigen is a Fel d! protein, and

wherein said Fel d1 protein is SEQ ID NO:55.

13. The composition of claim 3, wherein said chain 1 of Fel d 1 comprises the sequence of
SEQ ID NO: 22 or a homologue sequence thereof, wherein said homologue sequénce
has an identity to SEQ ID NO: 22 of greater than 80 %, preferably greater than 90 %, or

- even more preferably greater than 95 %.

14.  The composition of claim 3, wherein said chain 1 of Fel di consists of the amino acid
sequence of SEQ ID NO: 22.

15. The composition of claim3, wherein said chain 2 of Fel d 1 comprises a sequence of
SEQ ID NO: 23, SEQ ID NO: 25 or SEQ ID NO: 26, or a homologue sequence thereof,
wherein said homologue sequence has an identity to SEQ ID NO: 23, SEQ ID NO: 25
or SEQ ID NO: 26 of greater than 80 %, preferably greater than 90 %, and even more
preferably greater than 95 %.

16.  The composition of ¢laim 3, wherein said chain 2 of Fel d1 consists of the amino acid

sequence of SEQ ID NO: 23.



13. The conposition of claim3, wherein said chain 1 of Fel d 1 conprises
the sequence of SEQ ID NGO 22 or a honol ogue sequence thereof, wherein
sai d honol ogue sequence has an identi4% to SEQ ID NO 22 of greater than
80 % preferably greater than 90 % or even nore preferably greater than
95 % 14. The conposition of claim3, wherein said chain 1 of Fel dl
consists of the am no acid sequence of SEQ ID NO 22. 15. The conposition
of clainB, wherein said chain 2 of Fel d 1 conprises a sequence of SEQ ID
NO 23, SEQID NGO 25 or SEQ ID NGO 26, or a honol ogue sequence thereof,

wher ei py sai e ce has an ikdentity to SEQ.ID NO 23, SEQID
NO 25[%} g%q%?‘h%%fﬁ%&%ﬂé@?&?‘“ Pﬂar’ﬂ%‘é‘lﬁ% Pé?’&feelﬁ Abfispsdike Rewicla ofzan o0
% and eveRNdpbatpiophgteabl y greater than 95 % 16. The conposition of

claim 3, wherein said chain 2 of Fel dl consists of the am no acid
sequence of SEQ ID NO 23. 49a 17. The conposition of claim11, wherein
said vigu i N j: j - | rt.icle of an - bact eri ophage.
18, T comoapRaltobrt Pr el RS R beEe A sifeve Wbilbdea
from @B, fand ABR0And AP205. 19. The conposition of claim 17, wherein said
RNA- bact eri ophage i s bacteri ophage Q. 20. The conposition of claim 10,
wherein said virus-like particle is a virus-like particle of an

RNA- baet ery s Lt | aim 20, wherein said

RNA bact or | RRRaReeiigh ol 128 15T PR3LY B Rt e et Bictutortisen
conposition of claim20, wherein said RNA-bacteriophage is bacteriophage
ot 2%1.0 T conposi ti o? of claimll, wherein said virus-like particle is a
vi rus-" ke FEPEPeREoR Pt gIRImNAL mdtsredn paip vaye-like partitheisconipesiikd ptidé ofl ai m
23, wher ein @@k BB sact eri ophage is selected from@QP, if, GA and AP205.

21.  The composition of claim 20, wherein said RNA-bacferiophage is selected from QpB, fr,
GA and AP205. '

22.  The composition of claim 20, wherein said RNA-bacteriophage is bacteriophage Q.

23.  The composition of claim 11, wherein said virus-like particle is a virus-like particle of

an RNA-bacteriophage.

24.  The composition of claim 23, wherein said RNA-bacteriophage is selected from QB, ft,
GA and AP205. |

25.  The composition of claim 23, wherein said RNA-bacteriophage is bacteriophage Qp.

26. The composition of claim 12, wherein said virus-like particle is a virus-like particle of

an RNA-bacteriophage.

27.  The composition of claim 26, wherein said RNA-bacteriophage is selected from QB, fr,
GA and AP205.



" 25. The conposition of claim23, wherein said RNA- bact eri ophage is

tz)gctlr ?ophgge 26. The conposition of claim12, wherein said virus-Iike
particle is a virus-like particle of 4 RNA- bact eri ophage. 27. The f
conposi tion of claim 26, wherein said RNA-bacteriophage is selected rgm
(a if, GA and AP205. 49b 28. The conposition of claim26, wherein sg%
RNA- baé8.er Tbpbagpositorbefatm 26 hagritdRid BNA PR PTROS S 1100 ha%le mt 26,
wherein said virus-like particle of an RNA-bacteriophage conprfs t he -
coat protein of SEQID NO 1. 30. The conposition of claim1, wherein sai

. : . S ;
first t aghED, i an.ami.no.group. 31 The conmposition o
- claim %% wher ei%&ggﬁj‘ am %lo%gri%hl%ﬂl §al.§rwlg]ﬁ1?#g PR 5 @%N%CW@QP@::OT%
conposi t i orwmyfrise$ thiermodt, profear ¢f SE@ADNGI r.st attachment site is an ‘ani

oy . . . o s an
roup. 33. The conposition of claim32, wherein said anino group is
gm’ ng group of a lysine. 34. The conposition of claim1, wherein said

’ﬂﬁ:hg@ﬂlg § IRy, | 4 . ' . .35. The conposition
secondiat t i u) f ryl r ou 35
of cl gBiU?n 34, \Aheroes?t%&nggfd su|?’ﬁ‘3 rf'/‘I?l égar‘%ﬁ%“l _agl?‘gﬁﬁf%S?d?%}?Pf&P%@ﬁ %qﬂﬁa
cyst ei ne. 8&P-The conposition of claimi1, wherei n said second attachnent

site is a sulfhydryl group.
31. The composition of claim 30, wherein said amino group is an amino group of a lysine.
32.  The composition of claim 1, wherein said first attachment site is an amino group.

33. The composition of claim 32, wherein said amino groﬁp is an amino group of a lysine.

34.  The composition of claim 1, wherein said second attachment site comprises a sulthydryl

group.

35.  The composition of claim 34, wherein said sulfhydryl group is a sulfhydryl group of a

cysteine.
36. The composition of claim 1, wherein said second attachment site is a sulfhydry! group.

37.  The composition of claim 36, wherein said sulthydryl group is a sulthydryl group of a

cysteine.

38.  The composition of claim 1, wherein said first attachment site comprises an amino

group, and wherein said second attachment site comprises a sulthydryl group.

39.  The composition of claim 38, wherein said amino group is an amino group of a lysine,

~and wherein said sulthydryl group is a sulfhydryl group of a cysteine.



37. The conposition of claim 36, wherein said sulfhydryl group is a

sul fhydryl group of a cysteine. 38. The conposition of claiml1l, wherein
said first attachnent site conprises 4% ami no.group, and wherein said
second attarhnment site conprises a sulfhydryl group. 39. The conposition
of claim 38, wherein said anmino group is an am no group of a lysine, and
wher ei A0sailtie samphsitoy bf glatmd, ivgheseis whitl 516 MtacBfemsi@fis @“%ﬁﬁ@igﬂﬁg 2A9c
40. The conposition of claim1, wherein said first attachment Site Is an
ani no gr oug],%ergr‘ﬂjs%ﬂ i P‘ia a2 sekiavdirlgiousi te is a sul f hydryl
group. 41. The conposition of claim40, wherein said amno group i s an
anm no grou;}hof a lysine, and wherein said sulfhydryl group is a sulfhydryl

group o6 albysempersionof clzime 4@ onipusintsatharafno Glréigms binfasihd @Fo s P00 jySinRY 2
| i nker, V‘hgr{dexi;v{} said. | inker 'Ls fused tﬁyt he C-term nus of 'said Fel dr
 protein or o VPHENEAIS IRy Iyl groygp 153 sy thydryl grouprof@reysteine. 50 43. A vacci ne
conprising the conposition of any one of the clains 1-42. 44. The vaccine
of claim43 further cor}pri sing at |east one adjuvant. 45. A pharnaceuti cal

conpostt-i ohb<cenmpasitiongef dlain t hetheo opmpiisingm lofkennyhepdin thig inlkel tSfudedl; and
the C-terminus of said Fel d1 protein or to the C-terminus of said Fel dl fragment.



(b) an acceptabl e pharmaceutical carrier. 46. A nethod of producing the
conposi tion of any one of the clainms 1-42 conprising: (a) providing a core
particle with at |east one first at t ac¥ment site, wherein said core
particle is a virus-like particle (VLP) or a virus particle; (b) providing
at least one antigen with at |east one second attachment site, wherein
said antigen is a Fel dl protein or a Fel dl fragnent; and (c) |inking
said core particle and said at |east one antigen to produce said |
conposition, wherein-said at | east one antigen and said core particle are

|| nked 48hr ouglechRicduiblisl@abt ool ddittr AP 8 fhedlaikiReh one second

attachnent sites. 47. Use of the conposition o y e of the clains 1-42
for the manufacture of a medicanment for the treatnment of cat allergy. 48.

The conposkt.i f .0n f the clains 1-42 for _use ip a ne;hod of
treati %g c;{i& glg(fcel?eg@f?d%% %3 ﬁ'@?‘ﬁ%‘é?%??ﬁ’rﬁ Ailoast erfadirentkr i ng sai d
conposition to a human.
45. A pharmaceutical composition comprising:
(a) the composition of any of the claims 1-42; and

(b) anacceptable pharmaceutical carrier.

46. A method of producing the composition of any one of the claims 1-42 comprising:
(a) providing a core particle with at least one first attachment site, wherein said cere
particle is a virus-like pﬁrticlé (VLP) or a virus particle; '
(b) providing at least one antigen with at Ieast one second attachmentr site, wherein
said antigen is a Fel d1 protein or a Fel dl fragment; and
(¢) linking said core particle and said at least one é.ntigen to produce said
_composition, wherein said at least one antigen and said core particle are linked

through said at Ieast one first and said at lcast one second attachment sites,

 47. Use of the composition of any one of the claims 1-42 for the manufacture of a

medicament for the treatment of cat allergy.

48.  The composition of any one of the claims 1-42 for use in a method of treating cat

allergy, said method comprising administering said composition to a human.



