WO 2006/032674 PCT/EP2005/054721 VIRUS-LIKE PARTICLES
COMPRISING A FUSION PROTEIN OF THE COAT PROTEIN OF AP205
AND AN ANTIGENIC POLYPEPTIDE BACKGROUND OF THE
INVENTION Field of the Invention [0001] The present invention is in the
fields of medicine, immunology, virology and molecular biology. [00021
The present invention provides a composition comprising a modified

wirsdikes6YLP) particle derived from RNA bacteriophage AF20pp8€054721
invention also provides a process for producing the aforementioned VLP.

vroENEROAEA MLE disalosed n theuRaeRkINaRlion iSnbiSefil B8y or apzos
anp REQGeetemelbcampasitions for inducing immune responses for the
“prevention or treatment of diseases, disorders including infectious
diseases, allergies, é@&% 'ﬁ'ﬁ;hMTé ver, the modified
VLP disclosed in thec%géegﬁ’eht mventi@rj] ?g,lg;jn particu aﬁpuseful to efficiently
induce self-specific immune responses, in particular antibody responses.
Fifelated Arkee931 At least two conditions have to be met in order to
induce an immune response towards foreign epitope, which is fused to
the coat protein of a virus. First of all the fusion of a foreign sequence
198BHuld ndwirrresrBtcRyRpite 18 d8eibciEteE Bwdichrotépnproleayiryggirgy and
mbREtiskesisrReendly the foreign epitope should be displayed on the surface
e virys-like particle. The fusjion of aming.acid sequences to | P
L S s SR ST R
(VihBepaoiviefdeprsiaenidy theagiesiipapee 0 Eo rqiryraifon fis Sro e process

ol a% AR dRE0RAM MO 308 niViastic e alschdetn. i iabstAPRntion is
- 548%. The N: and C-termjnal féjsion of e&i}to es hav nql}{l bee

74.54151; it : % reg ton o
s L S PR S P A QR i R RS B A8 F PR Ao R ke
tritromg hofndisetiens, idisotiersABdodpo filigtoup alirpesotideieraiay reforsethd drug
adiigéhconirunation whishdifers apibeiinalive-Qes. I0R84dsInserign@futar,
amino acid sequences between position 2 and 3, between pagsition 50
g8 5T GRS A 5 TR IRFRF TR P o RO B iR e
acid 128 and 129 of the coat protein of RNA phage fr has also been
régRQried (Pushko P. et al. Protein Eng (1993) 8. 883-891)). Pushko et al.
also reported that alterations of the N-terminus of the Fr CP may affect
the assembly at quasi-3-fold axes since several N-terminal insertion
[8f8aiants Aleimonsiratendissesmislyetcodmers dmlyr¢Rushiodp: 89@miaste response
m%@&f&%%% %;g@fm_? 6k Q‘ﬁl@@ étﬁ@%ﬁ%l%u:‘/é(@f%@%ﬁéoﬁé%% all the fusion of a

PCT/EP 21 2 Insertion of threé amino acid sequence before the
forg e CMTRTR PP RRE BTG En S ATIRCHIGHEE toRh PGBty virus-like
pantheressaiddthee Honger epitapeshseldebtedisplyysitl @sgenbifuce of the virus-like

particle. The fusion of amino acid sequences to coat protemns of RNA phages has been

described in the past. For example, insertion of epitopes mto the AB loop of the coat protein of
MS2 phage has been described (WO 92/13081; Mastico ef al. J. Gen. Virol (1993) 74:541-
548). The N- and C-terminal fusion of epitopes have not been described for MS2 phage. A
significant limitation of this technology is that through insertion into the AB loop of MS2,
polypeptides may be forced into a conformation which differs from their native one,

f0004] Insertion of amino acid sequences between position 2 and 3, between position 50
and 52 {exposed on the inner surface of the fr capsid) or between amino acid 128 and 129 of the
coat protein of RNA phage fr bas also been reported (Pushko P. et al. Protein Eng (1993) &:
883-891)). Pushko ¢t al. also reported that alterations of the N-terminus of the Fr CP may affect
the assembly at quasi-3-fold axes since several N-terminal insertion mutants demonstrate

assembly to dimers only (Pushko, p. 890, last paragraph, Protein Eng, (1993) 8: 883-891).



Accessibility of the three amino acid epitope insertion was not assessed.
Thus only internal insertions of amino acids into the coat protein ft have
been described to date. 10005] In a number of instances, however, the
WEr KSRt a free N- or a free C-terminus of the epitope st EiBeARE721
element for epitope recognition. For example, Seubert P. et al.
(Neurobiol. (2004), Aging 25: 5588) described that while mapping the A[3
epitopc recognized by the antibodiés elicited by respective vaccines, they
Insefitn dfthhadd Ardiboidlaasnappetesamplerst acpreco midnrt @ntibadysat protein
epitope was to the free amino-terminus of AD, Likewise, antibodies
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inscffoap iopeméadiir o SN SO RGN haheRRd apRHBEl i tae truncated form
the s Al extension of RNA phage Q(3, which subsequentl sembles
o0 B e B e PR s
of tst GFEWPAISSHbIPRES s 5l e Wiecniinsgecapp gl d oy reacerle.protRifs’- ot al
(NedevRid @btk Negpartisles ygharscabiaingd vmne imaphin A eXPgN&atpe recognized

displaying the epitope was.expressed in E. coli (Vasiliava et al. (1998
by R S R R RS e T S P et B,
the profterpindnt atBbedy @pitesieywesHic Fhenfitgh abdnprobiawraticABr itk ergecagntibodies
spec?ﬂf?é’f‘_@% @&%Qf%&gemgamﬁﬁqimﬁ&wm i%@iliaeuigamb Qfgtayc My al.
ILto Induc plei=1g une response, In particular to brea
(1935%&‘_ gfg’r‘gﬁ’fe?ﬁbté%%éﬁ%gn is a self antigen (Bachmann & Zinkernagel,
[00d46hmu riﬁisiirfod@il@m 186 @-@99’@};. h{g QQY]bmmw@ﬁéw@em{acweé éhim of
the 461 IGHQIISPREY CORREEE RO MiISERAIR WhichRs agaMatehsale vip.

antigens may be fused, and wherein the resulting fusion proteins retain
TheyparcngsidntgstrrmBlad figrvaissrireraridiating fHBuSHTiGisRe Bredte eritee and
wilc’smﬁaeﬁmfﬁh&}dkstoHmehgrm@ﬁ@:ﬂﬁ@tﬁﬂ&eﬁ_&ﬂ%ﬁiﬁ@dﬁﬂlﬂeﬁaﬁﬂpmmm&ﬁﬁon
dispvég;ﬂgege&e%gr@nMW@?egyédqﬂ £ [reignsFRIoRSS seoligaiiee e 95;. 7.

the epitopes may be accessible If that free’end accounts for a strong
1) iersrivefai dRyHSONINSEe: GFPiry ) RPURIN HIONOUBOETSiE [Haie might be
protétiarisifug litsfasingd thatiaclage vwatielyoblely peptitdrs cRAshe fiaekta thelay
oy NS00 B O TGO ARAOR AN ISPUURA R i o
proteins form virus-ike particles ' when expressed in arhost,t ically and
ot Bl AFHEETCOIEE P AT HEHECh AU TG L2 AP e
[60009lypeplide icavRAseSs atdeastipiRiant ganiineROtgRiRakIAREL, BREich a

antigenic site.of the anti is, displayed .on.the outer surface of the . .
e e R 01 s A e Sersa fp at HRAHE potan e
capabibtifielofoimiagiRE-Pa e aliylepyectim prideats A dheouie fugisa pfobsin/l-Fs-
Furthhekel) ©aid iahleast o dusiopREisiaincarnpEsesidalirimst pelypoptisieisn

..and (b) a second pol tide, wherein said first polypeptide is a coat = ..
ep G A R R e e R RSP HES RO or o
stropg: omnoetppeptide is fused either to

SUMMARY OF THE INVENTION
[06008] We have surprisingly found that a large variety of polypeptides can be fused to the
N- or C- terminus of the coat proiein of AP205 and the resuiting fusion proteins form virus-like
particles when oxpressed in & host, typically and preferably in £. coli. Furthermore we have
surprisingly found that, if the polypeptide comprises at least one antigen, the antigen or at least
one antigenic site of the antigen is displayed on the outer surface of the assembled VLPs.



the N- or to the C- terminus of said first polypeptide. [0009a] Disclosed is

a modified virus-like particle (VLP) comprising at least one fusion protein,

wherein said at least one fusion protein comprises: (a) a first polypeptide;

and (b) a second polypeptide; and wherein the first polypeptide is a coat

protein, or a mutein thereof, of AP2Q5 bacteriophage, and wherein said

second polypeptide is_fused to said first polypeptide either at the N- or at
[00%Rk - terrﬂy slaftrﬁéﬁrrrsrsra%ﬂyrs%ﬁé@epr@rjg@w RodiSed o dipena it fd P
conigrphayidécha plvairaceutical edipositidatdemipeisirigsiofa)themuodifices: (a) a
ﬁrst\{abﬁ’r ﬁtgﬁf'zﬁl@p(k%taos\é@@ré%l%E;%T&@%%Péﬁ@ﬁ@hé{ WEIQ@E&QEH& protein, or

ect, there is rovrded a yacci itio
o SRR S I ROSTAly SHCIGE AnBL AL S FURAEG e g o
the Yefinedhaovernjone9tiaid ﬁfmﬂmfﬁ]ﬂect there is provided the use of the

[60MBRGCINE CanRASHIOR @ﬁlﬂ&iﬁ@@dlr@@@l\/@ﬁ@f@l’h@(mﬂlﬁ@ﬁﬁ#@l@faﬁ least one fusion

medl ament fgr ?d% pam thod of immunization omp
rotet erem 3aid al least ohe Tnsion rotem COmprises. cg int b} a
P C)a or a hurman. Tﬁow j )

mlnlsterln sald vaccine com OSItlon to an ani
Sec‘?ﬂdapﬂlf-‘fﬁeﬁ%"e&“‘%rr’@r% q@ rSlPE\ﬂE?éBOé}’PGB’i’élﬁ Hrét%?ﬁt é’é???ﬂhéih@ gutem thereof, of
APIIGIypeptidehagyhare inlsaith pely pegtideptssiugeiddosefthal thedNt tisCeolypeptide

eithi S HTHRYS. &faEQrQ@hréﬁEm{Hl&?ﬂ%ffﬁs?B B/éi%‘a{%'” or a mutein thereof, of
P205 bacterioph Wﬂe and wherein s é 8{@?% eptide consists of 3- 10

109%Rino acidl anEPIhERsH Sa5EF AN Pro® AT ER 6rremmiling soppising:
(a} @O0 fler & Sikth defpedtibinererid (hovidadréablaclevtidecsequienter
[00@Rr¢0ding said fsign.spERLeReAS raeﬂrmr@bqvea@%%}dﬁbﬁtﬁ%vemns]ng an

iSRSl S IES vﬁeoé’r}%%gt% thgtlhorgffe ‘?;d ”1%1‘ e nodified VLP as
definéd ahove Comprlsmg steps of. (a) op Iona y TR¥Frame ligating a

Oﬂrﬂﬁéreoudelgéq“aeﬂbepeﬁdé&amg Bepakinoies eftther the frseniridotigedefined
aboseauencenandading the tistipohypeptideomtiensacond nueleotiden comprising

adarﬁﬁgt‘éﬁgg%ﬁ%%%%ﬁl%o%%%g &%(B%?HQ? h:(rmfﬂ{" -frame ligating said

econd™ nucleotide sequence with said first nucleotide sequence, resultlng

10068k third nitlctelibieBatuLER SeMesdrg s SR SRS Br BRETRAYEE SpiidagRyde.
wharirogiCindy pestdp sdded whideallews suppression.at thédd ofrthiewfirst a coat

pmt@hrcL@qtr:i@reeqré%eomrm&%%gh%gédam r@r@%%@t%@@aﬂea%%ﬂﬁs@s of 3-
hast, refer under condltlon thatt uItrr;% ressed proteins

10 ammo a 6’%%%5615&& s il \Cffﬂg %’iﬁ?l Ag %gid modified
OGQ?EJPS obtaﬁﬁ@oﬁﬁtﬁrﬁseﬁép (@9.6[@0@%}1% a@@ﬂgmﬁfwge@wqr@p@d@g said fusion
proferioxidetidherodified VLP as defined above or the pharmaceutical

[00 gmpOSIth ggegen RGS C??C{HQEO{S%H- vg Ine %QO@QOSIUO ucu ‘%EJ'Q{% ified VLP

ve for use as a m iIcament n one preferre embo iment,

5 dr{nxbiyne poypeBade chrphses artr@aeborreﬁ%rﬁraéﬁmﬁ fgnucleotide sequence
encativantageoud bfdiemptesont wiseloskreawatdRecpdiar artstkapagkargele or the

sec&@rﬁf&e%trd%qyrﬂﬁﬁ’&d%%@ %@Q@X{ﬁ@t&%pwﬂw (‘ﬂ ff‘ﬁrﬁgr%emg said second

hydrophobicity and smreture can be
nuclegude Fs)equenceyw?th sasld first nucleotide sequence, resulting in a third nucleotide sequence

encoding said fusion protein; (¢} optionally infroducing a stop codon which allows suppression at
the 3° of the first nucleotide sequence; (d) expressing said third nucleotide sequence in a host,
preferably under the condition that the resulting expressed proteins are capable of forming said
modified VLPs; (2) purifying said modified VLPs obtained from step (d).

[6009%] In an eighth aspect, there is provided the modified VLP as defined above or the
pharmaceutical composition as defined above or the vaccine composition as defined above for

use as a medicament.



fused at either terminus of the coat protein of AP205 and the resulting
fusion proteins still retain the capability of forming virus-like particles. For
example, we have found that a fusion protein comprising the coat protein
of AP205 and a highly hydrophobic ".!-acell epitope, the p33 epitope, forms
virus-like particles; in contrast, a fusion protein comprising the same T-cell
epitope and the coat-protein of fr fails to form VLPs. Furthermore, the
antigens that are fused to the coat protein acquire the proper folding and
are displayed on the outer surface of the virus- like particles, and the
{0610] modifiegeVpPistred ucabsidoneya i cuyorsis polypestisig amsttiteaatijess. one
anigen SR IRAERC I GRRRARcloE N Iher Adkan aasp s AR g ree
accessibility of at least one e_nc? of the at least one antigen, which is of
POIYPETHty PAFIEEEA BN TRER  H CLRS KB RRSREABIBY S GRS e e
fused atesthonsenivored\bs thetpassiiliy AF2ise ik hameguitidg sidisploeihe satl
rensin #8%bARE-AO AER. AL cthene0d.ldie sorLpralein glous. syalualian ahihe
. immunogenicity of the N- or the C-terminal fused to at least one antigen,
protwin fmEnSREdR eAAL A of édR0T 004 2 isbnBYErerbptiel Brrbigamiennt tines3
epitope/TfodifiedriiRSusbReN QO MDESRMa) &ﬁﬁigﬁﬂ@ﬁdﬁm&'ﬁé’iﬁg Iﬁiéf) @én;e Tcell
. | nestimulato ic,acid, even more preferably a
eplmpeiﬁgﬁlxgggﬁ i O %%%Lg %%leeuﬁhemiufﬁ t% ant cﬁzg ‘rgfﬁ af:gtg%eg o

immunostimulatory nucleic acid comprising at leas e cnme y
the coa( e ik BEFUTHECHIDG dPlEPEand e Siivleyatory thelmtsn surfionnd thy, virus-
like perPERES BARIPRGEFRANINSIdeninaRag HinfoW - RsBHARNSES AHSHMMIIRES,

: response induced by the modified VLP. This is of particular advantage if
WOHI 1he at ISHEPEHE SRtites Rty Eer e o BT S K O REY & such
one endafhg el leapitigemnantibetetisthaistifomportenra itigeithatadiducesantor the
inductidiBILNSBSPRRS R GRIREhEANGSRcells 1R ARaINELAR AL 4aN J0019T b 1

isoia Dlsclto§ed IS a vaccine composr%l\%géorgpnsmg the modified VLP,
display g il HPs r 20 AR A TR S B I8 PR BEP Bl omis fvRRgHeR, of the
immunoggoisiteof tharNamintiz Gritorsnalined 100 kil Alsoatdizein Sed-is-aimetiea-far
effects, Producing the disclosed modified VLP, comprising the steps of: (a)

_... (optional) in-frame ligating a nucleotide sequence W(c) 2006/032674
00121 p B2 BTIBY FRIPA IR dffg RSt el Wit et CORPTIRSE it drestioRs

immuneegubare ersading thadinsiqoeliiapiidemilie BRLAENHHRONGRbly an
. SEAUERES encading the 0 ide; (bg in-fgam igating_said

mun secqngﬁﬁuc[eotide&s% _ﬁi%%%g\%%h%gigé)%rg?%uc eotl éagaé&qt?gréice%m?te%u%eg
meinsion, of HHFIRSERYAHE S eprscPBRE Jai M SRR kR pPo teividy clbtomrsifer
VLP critdroguingracsing repavhialrall owsisURRERSSIONT 2 theid iofdhg fishiar

Qtj ence: (d) expressing said third nucleotide sequence in a

e R o S TR ey b e = v
antigen, 3 BRI AR 88T 15 SRR TG BdRganBUIRERmA ot sEinsu sty csiid
or agameoadifiecbdil Ps obtained from step (d). [00151 Further disclosed is a

fusion protein comprising a polypeptide, wherein said :
[0013] isclosed is a vaccine composition comprising the modified VLP. Furthermore, °

the disclosure provides a method of administering the vaccine to an animal or to a human.
0014] Also disclosed is a method for producing the disclosed modified VLP,

comprising the steps of: (a) (optional) in-frameé ligating a nucleotide sequence



polypeptide is fused to either the N or C-terminus or to both terminus of
the coat protein, or a mutein thereof, of AP205. Also disclosed is a

wor%éﬁg%%gﬁ sequence encoding said fusion protein. [0016%8%?1%%390%34%1
Y a _

armaceutical composition comprising the modified VLP an
pharmaceutical acceptable carrier. [0017] Also disclosed is a method of
treating or preventing a disease, a disorder or physiologic conditions in an
individual, wherein said method comprises administering to an animal or

encodif @ FPatrardls cldse theigamugleprce ssaveece rsing thh Srrhpesneeide or the
SGCOHQOF TH EHI.DRA Pﬁeﬁg%%iﬁl@]. ﬁﬁgﬁ?ﬁ)ﬁ@%ﬂ@@wﬂ i . ht&;%l:@hM

) \ [ shows the electronmicrqQgraphs of the
wucioqfe SedIETAE S R RECIGRIGN ST S SLA TR OGP e ssgicnce
encodirgrb ) fpsprtivitetDR injalmitices) tothéucnprrmirusodstvehido allproteippuission
2t theSPASEROHS (RORSHUCIALEI RN R 3 sRass STABE GREIEANSIHC A2

D2 was fused to the N-terminus of the coat protein via a spacer GSGG

host, FRERANICEISST PR S PG RS RO RENERE 25 P tiifo !
- formify @i shdifisltNERmitienEtf A chithehiGei ety oPsicehipmsing fd@ion
roteins ,0f.the ¢oat protein of AP205 a peptide. 4 construct 418: o .
LT Wiy Lo e S S R R e R
polypeiaidh Etsiaitior i 1Y U2t ity 38 Ao R e RIS I i CR3E PApIRIDOr 2
muteithiteraatliffed>MsPACandpukisg fusionlcpridteafithecodiproieifuodtAR26Mh.

jo16fNd Nef B Nelhaowasised iR iNg, 'B?ﬁ‘iﬂﬂﬂ':b?gﬂ‘?i& S REARIVYIR Ad o
spacer GTAGGGSG. WO 2006/032674 PCT/EP2005/054721 5

pharmageqtichl BISPRIRNSSETISTION OF THE INVENTION Definitions: [0021] The
[6017term ,AP2B5 Biadteridhagestemtdhecwim YR NAYpHagee ABR206, ardisorder or
physidiBEChanaerbly.used herein, (A2 ARIDERINS USRE-REQntNedeRIN0 an
imalBUGENEl6re 19,8 molcelle epable af being. specifically bound by an
M Atibo §}88r )I/S(éolsece Orel(:lgptor (’r‘& ?I preserﬁe(ﬁ%y?\l}lﬁ ‘malecuiés,
discloyievpesive whtgeiivnas used herein, also encompasses T-cell epitopes. An
- antigen is additionally capable of being recognized by the immune system
and/or being capable of inducing a humoral immune response and/or
cellular immune response leading to the activation of B- and/or
T-lymphocytes. This may, however, require that, at least in certain cases,

the antigen co %Eﬁ]o is(él}i{r%gﬁﬁ tﬁs T e%e itope.and is given in

adjuvant or req% gtlfﬁ% 8 g 'glf‘e%s ﬁt%ﬁ%%%%cordance with the

present invention. An antigen can have one or more epitopes or antigenic
[60185118S %Ry 8NGlobr:CRTONER e BrSBE GliCRINMRONNE: P AS HRRIE BBon
proteins of the coat proten of AP205 and D2 peptide. D2 was fused to the C-ternunus of the
coat proiein via a spacer GSG {construct 418) or via & spacer GTAGGGSG (construct 4203, D2
was fused to the N-terminus of the coat protein via a spacer GSGG {construct 421) or via 2
spacer GSGTAGGGSGS (construct 422), _
[0019] FIG 2 shows the inhibition ELISA of the modified VLPs comprising fusion proisins
of the coat protein of AP205 and D2 peptide. 4 construct 418; o construct 42(; aconstruct 421;
o. construct 422. These constructs have been described m FIG 1.
[0026) FIG 3 shows the eclectronmicrograph of the modified VLP comprising fusion
protein of the coat protein of AP205 and Nef 55. Nef 55was fused to the C-terminus of the coat
protein via a spacer GTAGGGSG.



IS meant to indicate that the antigen will preferably react, typically in a
highly selective manner, with its corresponding antibody or TCR and not
with the multitude of other antibodies or TCRs which may be evoked b
WP ARRidEns. Antigens as used herein may also be mixtu%‘%%?%‘@\?@é?n
individual antigens. However, the term "antigen”, as used within the
context of this application, refers to an antigen. not being the coat protein,
or a mutein thereof, of AP205 and Aot being the VLP of AP205
bacteriophageDEthariD Attt the@O AR ff&BNGI@MNUtein thereof,
of AP205 and in addition to the VLP of AP205 bacteriophage. [0023]
Antigenic site: The term "antigenic site" and the term "antigenic epitope,”
DefifiiRds are used herein interchangeably, refer to continuous or
jooadiscontinQeispQRIENS ObatpodypartidendWihichiaan JRNdoupithge AP205“ are

._._immunespecifically by an antibody or by a T-cell receptor within the
mterégﬁ %(at%?}?‘ésr%%\ﬁﬁ%kmolecule. At least in some instances the binding of the

10628htigetisRe iRmsehBpedy hedaire SaMsem aolftide Airelsue sravinidsine
spediGEMRIBBER1VWIh dheprassNbinve ianceiMmpRsNEUie HndisehexcydasIc
non-specific binding hut does .not.necessarily exclude gross- tvi .
o ST D 5 Bk 1 SAAOSERY ot ok A gl
addigendbynsaphic whieding tasikmizes thie BatgemBssiEsto02a) Bobsiae A¥valiedf
indda;ﬁ]fgﬁth&heréerﬁnﬁiMLfeﬁbﬁ@é%ﬁI&T béndiﬁgrtmt;mypbﬁs@@aaiaﬁm &%}cﬂﬁé@ﬂon
chemically coypling, or,non-covalent, e.g., ionic interactions rophobic,,
of %ﬁ%@g}fi&lﬁlgfﬂ ﬁg&ﬁ%’én‘boﬁng}?’e e aleA o %%%% Sg,l ocré/ reg?%rﬁ?)ﬁ%&f the
antiggtepngtine orphdsptbtssteT barelicwitgrepiidds igivae T afbHEus G ipddn deat the
antis@ RORRRRSPRQKsBaRESvignd dBedie il BRi R MRAlsa Q20063261 thore
PCT/EP20051054721 6 ir?cludest eﬁnclose‘ment oEéB%gial ”

epiERRS A RAREREC 5P SR ST IS arm e bt P S Ay AR P T 2 g herein,
is mnoludesitermbal toheatgoudl e fhbodact dymitobsdy ' piablotytagtienganner,

with aLiaghedondR02RiRackpged: s dewin BRGkagedc38 ssedhaigind efersrs

to the state of an immunostimulator substancfig%r%eferably of

, n .
whilh i BRI GTy PUCTGIRUEET APASROR (e thd RBLTEH VA TR Eassn !
scvépholdigjdul! astigsed Heveingaher st thrat@acTose mert withipatttarontext of this
appﬁ&%@ﬁ%%pto %E%WE‘Q&HQ‘%&'@HAEY sehkalance nRiisie el idher05 and

immunostimulatory nucleic acid substance. The term "packaged"” as used.
ot feing; .tPﬁqufJa8%%8%5%{0&%%@%03@%“8@? By éﬁ%"rﬁfgm or a mutetn
therealipfing e axdrizcaidaientoeng . Vidhid Aitédadtorsppiydrophobic
jeedaferachions. -y diogen. hands, Qic.Hlowevenqthe iRmuRRRIMUIBINtse,” which
substance such as the unmethylated CpG-containing oligonucleotide can
are pRed HERR BUCERPARE AR TS (E VRIS € SRR B B QB R A AR AR O
whibinglin Ge | Boprefésecnespbatimisnts, thesnimiynostinaldtoell reogleic witichishe
nRRACKPACHnS! VLP and; ' HRlRRON DL ARGES SR Gt
e
antibpstaPRIREGE! PRETERATICHS: IS RIfSRTIGH Rriopprdanee 1gfthe prosent invention.

Immunospecific binding excludes non-specific binding but does not necessarily exclude cross-

reactivity. An antigenic site typically comprises 5-10 amino acids in a spatial conformation
which is unigque to the anfigenic site.

[6024] Bound: As used herein, the term "bound"” refers to binding that may be covalent,
e.g., by chemically coupling, or non-covalent, e.g., ionic interactions, hydrophobic interactions,
hydrogen bonds, ctc. Covalent bonds can be, for example, ester, ether, phosphoester, amide,

peptide, imide, carbon-sulfur bonds, carbon-phosphorus bonds, and the like. The term aiso



herein, refers to the coat protein encoded by the genome of AP205
bacteriophage or by the genome of a variant of AP205 bacteriophage.
Typically and preferably, the term "coat protein of AP205", as used
WRSWIHIFErs to the coat protein encoded by the genome off ApFEE005/054721
bacteriophage. More preferably the term "coat protein of AP205" refers to
SEQ ID NO:1 or the amino acid sequence, wherein the first methionine is -
cleaved from SEQ ID NO:1 (SEQ I NO:67). Typically and preferably a
inclehe iy eteitsahal 20 pasislapahbieatassenblingnas Ore stth Ubwuod ais/ituader
capsid.or a VLP of RNA phage.A 0027 ; ed herei &
thantae??nmc(%g&'t?e ers. 6Ba§n (ﬁﬁﬁc)gr‘?bclg%%ie \}%%%F‘I]sgép rﬁ’a{ﬁéﬁé %an t%??m é%r%lllétﬁéd
10025y tosiRackngainEndi e ofiadagsgletica e g hete PG TERA 1o BN Atate of an
imnRApaRingos Saskoe folpwer by glianosiogiantkiiikeddycadhospkatbn to
the BRASLEYA BIMIHEIAGAIE £ 0 dARAMIRIRNE SR ANLOLNEH S8R
Or Incfeases cytokine expression by, a vertebrate cell. For example,
enclgyymensapf by deforiasHeildang BREmseNR TP Enal abGgBRTBRCSERE Py
nuclef)|geidUaibs@scEIaneoyies prneiiic eellsanBerpaciaphagasnding Hnetsy be
oo o B S DB L, TR oL
intemsivtighes.shiednelzsy. @odreretily FoulRe- shaimeyneBisinesyasebprs strblasiie
m\%%%%“% i@p@%liﬁiﬁﬂé%ﬂ@@hﬂ%@&%&%ﬁd“@é/%ﬂa%eéﬁ?gﬂmgﬂ evastiviBout the
X itope: As used herein, the teym "epitope.” refers, to continuous.or
xR GR b TR P o Bty BB P T, T
nuclaistivdéyl fin pavicagin ahsisrefer 20l andhdwsntaicaliyl o srretelbably Reessible to
DNAWBANAD ERHARG; s recognized by an antibody or a T cell through its T
cell receptor in the context of an MUC molecule, An "immun(%gﬁg%s,, a5 used

10026}t & 93 T 5608 PR RERED JBD ST 4951 PR TR A HE B, 1
herafiefinfetk as thpoviiopratia patypehblidhh atelicito ARG Dedirneppanse by the
pendBAUGES V2 1:C6H A88PP BaG AR A iﬂi@knﬁﬁr%ﬁ%f@?&%ﬁﬁm%ﬂ%ﬁ%m@n

known in the art. (See, for example, Geysen et al., Proc. Natl. Acad.fSc%i). 05
of AF3R 5128 JEBLARTY 1 BEHF) T P T FREE -téisettlea%eﬁ‘gsa Rlerein;
bactsridfie dviksappretibiy ohatgrotemtorobic hfadafibetysca$ECQ ID NO:1 or the

mildRNeshecificall hinddtspatigenas.delevings Ry e abwelss m
known in the art. Immunospecific binding excludes non-specific hinding

NOWI- doricplt ARtaLdemRlek et RIS Lt R UMer AifiarRe & one
subditigfenitepiepé srneddPnd e ebsarifhFResimmunogenic. Antigenic

06 itop%%émﬁ(lzﬁgd%%ﬁ?efﬂee{aﬁg%%dm-ee@a%g%cgﬁalwc@@memmms

immunoSpecifically by a T-cell receptor within the context of an M1IC
an [RBREBINEd O09YPA SraRRTEHRAI SR WA pT aRER {oF ABEO B Phe TP hiy» gontaining
a cyR@NRMoata soalapsete and fidiie2 65 4 Hinysed hetdiandefensitetactivates, e.g.
has ROMBERHCEANALIS GARAIRIE Of [RLIDIN BuXit UG RALHEP Oaehn 38 ror
as af least one truncation, at least on€ internal deletion”or a combination
exappre P BfaTchmESBtdmPETAIROB otie, horetbyand i sareErseTig, cclls. such
as rRsedevall\idonithelieagdmacrophages, and T cells. The CpGs can include nucleotide

analogs such as analogs containing phosphorothioester bonds and can be double~-stranded or
single-stranded. Generally, double-stranded molecules arc more stable in vive, while single-
stranded moiecules have increased immune activity.

[0028] Epitope: As used herein, the term "epitope” refers to continuous or discomiinuocus
portions of a polypeptide having antigenic or immunogenic activity in an animal, preferably a
mammal, and most preferably in 2 human. An epitope is recognized by an antibody or a T cell

through its T cell receptor in the context of an MHC molecule. An "immunogenic epitope,” as



of a coat protein of AP205: The term "a fragment of a coat protein of

AP205," as used herein, further encompasses a polypeptide that is

capable of forming a virus-like particle of AP205 and has more than 80%,

Wi aresprafdtably more than 90% and even more preferably rRoFEHAR G541

amino acid sequence identity to "a fragment of a coat protein of AP205"

as defined above. [0030] Fusion (or its verb fuse): As used herein, the

term "fusion" (or the verb form, "fusé") refers to the combination of amino
usc@bigbBE GURMaedok difatent Frgiciippiecpily peplide fbbdbidpofiaraeinduces
- ST Rinaton of their coding puclectide sequences, Mars thanane, . (see for
nucléotide seguence niay encode one%glv n amino amgréequence'd[ue to

cxappiedegene rh el Srend\ginderd. std/FO0E INEMLIToda8Ml al bR i9iticiangigenic
epit@sdd: ASUSEBBEKSIN HEHer s M UARSLNTUlalREkIN Uit acithlaiflisnly @an

.___hucleic acid c le of inducing, and/or enhancin immyne response.
e B e et WA Gl SRE % o
Imnpyenfpectiica tr@ingirsaeiedss deomspasiél thiedis brintietsy predcRaidG exclude
cros@ifﬂdgﬂﬁﬁﬁjdﬂt%%%eaﬁﬁg&@f aﬁ@?ﬂfeﬁwp&eﬁa@ REErRERRA R ilmmunogenic.
encompassed within a non-palindromic sequence.. Immunostimulator
AntEGHe STISRSE | S8R SO g St SO 15 e Sl aB0 U oriEBm b o
imoiwpagparifitekab el &;collrsksiperoiiib itk nopRpGidinm BiKotdésules well as
foosyycleic agids,cRntailingd=Grnetifemitvas. methyaled £GndinugleQlidesrotein
Thelgq,rm "imm _nostim%{la_tory nucleic acid’ as used h reg fc,hould also ke
of M58 to HUMET St TRETSCBhaRr HRSARE P S SRARP ¥ formumg a Virus-like
partitib 820y tasimes {0B82]okm tnuestmel tor\pse bstant deld®u sed ferbiration
ther_E'B? WMWQ%? MPBBLOLY SHBSIRRE 8o 6f @éa?sé‘?@/é?&be‘i@lzﬂﬁ? fapab! @cﬁé,‘th_

inducing and/or enhancing an immune response. Pre erab¥;a

of & At IREALIARSN U5 SRR FAeTETh Tof-FA88 PRy A
furtserizstangesscd hedyieiRide 61832 Caph o e RA00 b (b4 ARE WBrteiapf AP205 and
has OO HAR SIMUAR Y- SHRHIRNGS - Assed Withinthecoptextaf iiSre than 95%

application, refers fo an_immunostimulatory substance not being the
amifQ Gl SEAVARE A pRe SERTBIIGH FAMBTIR °4ddition 1 LaieFtbdifed
[0GABLP. [@Qﬁﬁix/ﬁomimaarbff@@)oaﬂtqm@ééimm&%@%mmmphagemﬁhgmm,
"ﬁlsnea%%lflé% %%&8&%&%@&%@&%&&9@&9&%&%@%@*&ﬁ%@éﬁ@&riﬁ&eﬂ B gmypeptide

refers to a polypeptide, the amino ac:ldﬂise%uence of which differs by at

chayp Beipaman b aairi rh e sedire ™y Seqbrasaqiardarone gRrspride
seq@oat praveifcoiA\RR(Obveacieinpiag ecanahib ehaminthadiseedendertef genetic
which has at least 90%, more preferably 92%, even more preferably 95%,

co%till more preferably 97% identity to the amino acid sequence of a given

1003 at prswamusftiamitsh Bbtkio SRy &\ TYHE TR d S réTERa BRI By
nucRi€@akiptaini b afiA0achheipmaphtigeupiginsihacapabilib: ohformirgmanse.
LP. of RNA phage AP205..The term "a mutejn,of SEQ | O:1.0or SE
Proffiabis, i BAT A BeBOCH LaALN S o e Gl b B co

dinyglesidelifraraidyin feasrarddato e § Giimucicotide can bo part of a palindromic

sequence or can be encompassed within a non-palindromic sequence. Immunostimulatory

,t,i ﬁ"bused herein,

nucleic acids not containing CpG motifs as described above encompass, by way of example,
nucleic acids lacking CpG dinucleotides, as well as nucleic acids containing CG motifs with a
methylated CG dinucieotide. The term “immunostimulatory nucleic acid” as used herein should
also refer to nucleic acids that contain modified bases such as 4-bromo-cytosine,

FO032] Immunostimulatory substance: As used herein, the term “immuncstimulatory
substance™ refers to a substance capable of inducing and/or enhancing an immune response.

Preferably immunostimulatory substance refers to toli-like receptor activating substances. The



respect to an amino acid sequence of SEQ ID NO:1 or SEQ ID NO:67and

the amino acid sequence of which has at least 90%, more preferably

92%, even more preferably 95%, still more preferably 97% identity to the
warteeédsequence of a SEQ ID NO:1 or SEQ 11) NO:67 POYBIEaRS/ !

preferably the sequence difference between the coat protein of AP205

and the mutein of said coat protein is introduced by at least one genetic

engineering, wherein said genetic éngineering is selected from the group

termCaABISHBg Rk IBaKNAbadsitigns nseihn teleliatk: tonadipndieder sefers to an
.__deletion.from the end of the.prqtein bstitution.and a_combination .
T STy QLR A ) o AR B st i
additipnirosaitraedificditielf-or both end of the coat protein of AP205
[auégﬁcterm RRAGS %ﬁ’ ﬂ&ew&é&f@fﬁmg@s H&E@Hﬁh@k&ﬁ;@s%@ﬁeﬁﬂﬁﬁﬂﬁmﬁﬁa coat
is/are n arded as payt of the sequence. of the mutein of.the,_ coat .
PO P RO TS OB rEre bty e gy aino acid
sequoneferbiivhyicatdifiest T0g6lcavions prafieradify vath sesprgUYRISHSHBRI6 RetBfrpreof
2 giftll mt%?&éﬁté?m%w&%&%@%@aﬁm%ﬁéﬂﬁmﬁw% at least
,,amino acid substitutions, as undeyst y.a skilled person. i art, .
o0 TR AR ey A VST GTSIST Briai O LB L AR ety o
the golistitetio rsavtrere ofhe gverged: polteinaebhBRES dliptsatiphozhybypipkibbiend
prefBabNS RIIBE AMINQALId-S BrARRINEL i XRER! LORSERAlNEIUDIHIANS a
are substitutions between amino acids w%hln one p}f thg fo %&%QQUES: g
VLR RRra POae 18 2Pt REFTC RN BintSeP T, &3PS R and®™ U
hereRhesfem doTypo[a8BdOitaraithanddep etitivedafitigbn arizyt As avad herbnth
respaf U AEHS R Ak SREIHINRRRIORD AT ERYSEIS TS RYY A RIRISHR &nino acid
repeating pattern of antl%%n, characterized bzﬂa typically and preferably .
SeqUsRAG SR BArBIGHS T? SpaReIP tlfgBin et orte R EREaRE #>7 st
mortasplectbly fesviusidike partiche ioidsememibadini O He:inwesRQADING:67.
TyplGRSAHRIPAUGER, BRY MO AHAREE fefotced 'HE 20RTHIRA G IA P08 fhd the

geometric pattern. The modified VLP of RNA phage AP205 possesses
mutg O FHIOEAVEC S AT AP EOSTRE SP0ET BT TGRSR RAERSEIp Suitiperein said
gen@RaepEaink-30 W%m,mee@mbly@mﬁﬂg nanoeneicrsideiren mwerdon,
deleeg)%]:e&%g!%t%)go #é%?[?sa Eg VHSE%[)% B g NGF %1&%%’%@:953,/ guggtﬁution and a

nanometers, and further more preferably 1.6 to 7 nanometers, most )
compiaraPABres (Hhy cREmseadAsd [l ssiiihaptid aecamipo acid or amino
acidipgyiseptideoassused the el pafris 16 Annmdauieiopmposethe afutein of 2 coat

protﬁ?x?QPdQl%és & 5@1%1?%%#%3%)Apceggé¥ linked by. %@5‘%%9%%%@%? &Q%W{Liﬁ%f the
peptl' € bonas .1|'[ na cates a molecular chain of amino acids and does

coal s eRet(td RSP esheiRafenk: SPTRETFTSERTRELY Thisastpditidedcnnla stidras. 70%,
morl PRRYESS, 0ligapeptidesraspiniainsmarancludrd withisnibeasefisitian afid
subs%%l%ieg .t!fjo%isgr%ffk;[g %Qn%:%tla?cﬂ? lmr %ﬂg{foarltslf? stu%%te@s%ogg Igf %Qsﬂgi%i’?;gfr&son in the

example,” glycosylations, acetylations, phosphorylations, and the like are

art, Hlekydsn eodippisaiby and preferably consist of isosteric substitutions, substitutions where
the charged, polar, aromatic, aliphatic or hydrophobic nature of the amino acid is maintained.
Typical conservative substitutions are substitutions between amino acids within one of the
following groups: Gly, Ala; Val, Ile, Leu; Asp, Glu; Asn, Gin; Ser, Thr, Cys; Lys, Arg; and Phe
and Tyr.

[0G34] Ordered and repetitive antigen array: As used herein, the term "ordered and
repetitive antigen array” generally refers to a repeating pattern of antigen, characterized by a
typically and preferably high order of uniformity in spatial arrangement of the antigens with

respect to the virus-like particle. In one embodiment of the invention, the repeating pattern may



[0036] Self antigen: The term "self antigen," as used herein, refers to
polypeptides encoded by the host's DNA and products derived from
polypeptides or PNA encoded by the host's DNA defined as self.
WOIHHARAEF he term "self antigen,” as used herein, also preféfatiiPetRFS46!
polypeptides that comprise, or alternatively consists of, a fraction of a self
antigen and, preferably, having a length of at least four, preferably at
least five, more preferably at least six, at least seven or at least eight
be agfiRRIACIHSdM Aiditioniiflee 18NSR anligen AR Ipeddareiricdysapetitive
referably refers.to pol j ' I '
B ol ot ol
15 onoFBRIvRsr, SHeE TBPM PEdFaitiden, | BanreticRe PR A%l prete pipirditvaide 8
nan@REARINASES Rrthalagsrofdlbengslf antigenTasdefired ahwee pasfekibly 0.5 to 7
nanor'g‘::rtl’aorlsogs are capable of generating immune responses specific against
e Self antigen. The term "ortholog" denotes a polypeptide obtained from
[0035he spdymentirie: EhehierranBaoRItEs AT BIFAPCETRIBIETY fe it ardmcgmposed
of ndiliareRt GRadesideanencaititie Bnasrianaog (erhelags: &edhrisesulispfii
._..speciatign. Furthermore,. the term "self anti " as_used herein .
G L BB LT e i S e ez e prouce
Thusepentidese fineniifisn. (0PI bigiaspidachad \IEEyinssats derlydpdiiviife the
defib@iBnS U SHINBHRRIB MG A¥iteRa P iR afoWl US-like RAVHEHID, for example,
WS ordance W{tl:tl the igve tiorf 1i;ls non-Eﬁgﬂ %ti\é%arpsg) ggginfegé@ius since it
B R S B Pt B A GE R aThe SR picaly and preferabhy lacking all or
{0636t ofStéasinkoative teond efEetitass. Compohaeinoralies trpeigpengigse encoded
by #R0R3YiIeAlikeiPaUiiaCiRNA RYRATSAFRHa: S Uael BRriBd the R Mbst’s

"virys-like particle of a RNA phage AP20%," refers to a virus-li rtic
DN AR MTrerat e B SE S A o L PR B T B o
polyprptisiess frmuteins be.frayatentsitibTeoRs Bl NAphiageoAR28E, htigen and,

premgiy%;ﬂwg&@m@%&f@ﬁ%@mﬁ%&@&%g,ea@fy?@m%{r%w %,
of a RNA phage AP205 and is non-r%aﬂvc and n%g-ln ‘ectigus, an

at IBt RRVER RERSHTRRY YRR BIMART SoTb 198415 ST P50 B8R 731 UG Pereins
alsogeneseiycetingdordiyeersiotic aliio hamachingnhohthee R NAghagedRe0sincd
abo DAV, L%%M@%Q&%% geqars ancading the RrotelliPhnticen,” as

roteins responsible for viral attachment to or entry into the host, This
QRO HOEIETePB SRS, PROERRESHTRASES AR (FRHICRBSTRIGA 2bove
and piagehARRQD tapabichf thewaione mmenticneshgere speginesewe thtillgifeser.
The%ﬁﬁna&%yﬁaﬁngeﬁ%@rgfgg @ﬁﬁel%%%'ﬁgdtwrﬁﬁg %@i@!%bﬁpg the functional
noninfectious virus-like particles of RNA phage APZ205. Preferred VLPs
couplgrRgE P PP RFALAR J58%s nBFeTRRE RAFGiESe OSSR S LeriTRS iR gRR orthologs
are GRNRISNObA §Rcuhunim-dihindhis: prescntidisclgsnfeathestérheriduy moittably

retf 18 pIRAGIEL BN SIGH L ARG RRN AN RAVRIBATNH GBRININ this
_ conr%xgp[%)‘ ﬁ_WIt In this application, antibodies are defined to be .
100%Recificaljimtis Q’Wﬁé&vﬁ%?d%é eGP & BNOMG BFmRITE @y
part@ficl 08 Mirkorigy entaiciprafesadolishdd Mith Obe invention is non-replicative and

noninfectious since it facks all or part of the viral genome, typically and preferably lacking all

or part of the replicative and infectious components of the viral genome.

[06G38] Virus-like particie of RNA phage AP205: As used herein, the term "virus-like
particle of a RNA phage AP205," refers to a virus-like particle comprising, or preforably
consisting essentially of or consisting of coat proteins, muteins or fragments thereof, of a RNA
phage AP205. In addition, virus-like particie of a RNA phage AP205 resembles the structure of

a RNA phage AP205 and is non-replicative and non-infectious, and lacks at least the gene or



greater, more preferably 108 M"1 or greater, and most preferably 104 M-1
or greater. The affinity of an antibody can be readily determined by one of
ordinary skill in the art (for example, by Scatchard analysis.) [00401 The
WERHE 4idsequence identity of polypeptides can be deternti&dF2005/054721
conventionally using known computer programs such as the Bestfit
program. When using Bestfit or any other sequence alignment program,
preferably using Bestfit, to determiri€ whether a particular sequence is,
gendOkiinsianceyr Abd/régdbnical imdhitetgrofde /Ninopbaid 3@G0RNnae, thecally also

e J per 0f | Ity | | r
U U8, S L SO LGOS R

entr gidhsdipor Upstde5otior theulgtaPHEIRD 8150 FRTATAR Sl elkprsEdis RERNA
phageferenseiseqienee aferalauattdikis atopeneationttyrethoblinnactive, and,

werSIETMIDGANE DELSENIAGOf BN helueen RONRERIGs s ARRiR Al
fo al protems,%ol peptides or a fragment thereor disc sed in this
APION eSO a%ﬂ@daﬁw A AvARIEThé Fefim e icegahgiiva, gymmetry and
condiged IBChischaclopure: theprisandisableastenemorsidneiOramDTecRSS are
meQIRMsg indicated. 004ALAS Usediiersin, the terms "about” or
rpappro%qmévlrte]ily' When re errlngv%o any numerical value are intended to
[663%ean HVithindhst enrdivgtsmhashaties velslimet exhmpecifistbubisbe: othey
bmd'ﬁpcﬁf@éﬂﬁig%t@'l %ﬁggﬁm@l aiaaﬁgs@gaaofanﬁe\pf &W@Hﬁ?fmf&%% ABGtbor
55C, inclusive. Sjmilarly, "about 100 mM" (ar " jmately 1 M").. .
o R RO o B AR T OO et o Do SRy o atanc
of ainehtbivly. A0S TeTHY Prissovitah b s Pheoliies Sith gl e dvirigs sreaple, by
ScalRRMtiCi8a(Y4d3) comprising at least one fusion protein, wherein said at least

ne fusjon protein comprises, consists . essentially of, or consists of, a
00 o L P B o S EoRIE S ABRETHoEh Copp bty
using diypeapticerisia poato il orteeRatdinmesranf, BhonR205 Berttt vophiagiéer
sequck AR 2AR6/QR26 4P GHE PR085/Q5 Attt midk theS85ONharticutar

polypeptide is fused to.the first polypeptide eijther to the N- or to the C-
seanfihtn TGP BB G P B D Ao RS g e
set dvele thaetenthycrientfidddgdivyinsitylardnver Geml\ienttiBst the 2Fe8@ce amino

acid( 002N Tha %@%BH%&Q&G&%E@@ NEMBY, b #r4b84kisSINg!8mino acid
stranded, positive-strand RNA virus. The AP205 genome is 4267

rosiGEE TR ESTARF I TERGHT YRS A B o AgB fetaining the
perceaitgra bh dstnofsthewBR20bopivangits Acinpiiolidctar alppro(diioy msydspétiet,or 2
ﬂaggeg%r%y@sﬁégggﬁig%@g%). The genome of the AP205 phage

comprises three large open reading frames (QRFs), which code for the
[004haruratioii e ¥t Zha" the FEpficaRe proteind? rEspeetifelys falfditionne
meaiwataedittarabsmad] OREs ars presientat thai&iteterminus, preceding the

[ﬂﬁiﬂatu ratiogsqggg hy}:%! l“rﬂgt{%g f"%@uﬁ%?@ﬁp?@ﬂﬁﬁt@fr'm% %%ﬁ'ﬁlﬁs {0 any

numerical value are intended to mean a value of £10% of the stated value. For exampie, "about

50°C" {or "approximately 50°C") encompasses a range of temperatures from 43°C o 35°C,
inclusive. Similarly, "about 100 mM" (or "approximately 100 mM™) encompasses a range of

congcenirations from 90 mM o 110 mb, inchusive,

{0043] The present invention provides a modified virus-like particle (VLP) comprising
at least one fusion protein, whercin said at least one fusion profein comprises, consists
essentially of, or consists of: (a) a first polypeptide; and (b) a second polypeptide; and wherein
the first polypeptide is a coat protein, or a muiein thereof, of AP205 bacteriophage, and wherein



unknown. It has been postulated that one of these ORFs might code for a
lysis protein (Klovins,J., et at, J. Gen. Virot 83: 1523-33 (2002)).
Assembly of AP205 coat protein expressed in E.coli into a VLP has also
WESEps(EReHtly disclosed in WO 2004/007538 the disclosurePSHRRIASE34721
herein incorporated by way of reference. The cloning and expression the
coat protein of AP205 have been disclosed from the second paragraph of
page 24 to the second paragraph éf page 25 of WO 04/007538 and in
the fecoAMBlsipepiidn ds Zuatdhe whame: appiiepihneand hasesperifitedisctasimiaso?
the £ %Ilso hgcrigin incorporated by way of reference. [00451 In one preferred
em ogﬁ%nt,'the first polypeptide consists of 118-144 amino acids,
[004d}eferablfiPA- bacterinphacpréfatblips bepn sweatlie ddansified (bfovamsy)- e ol /.
Genl 2135 sslifughesopneiahy2d2 8 34ipinTRcEsnHTIONESLURthas a single-

erred embodiment, the first ptide consjsts,of 131142 aminq_

s e 80" eng
(accpaserabip 31113 PO UCH Potwd host Gidhsr&R4PE phash Bditriasivbacier
spp.tbtmmqua az.bgt@laet. mtd%@ias:orsamgte(mti)gre@é, gfzh&ﬁ’@@ﬁthc AP205 phage

acteriophage is selec rom consisting.of..(a) SEQ.ID NO: 1:
com e S K 5P 15 L R 3 NI RS e and
the D088 (PGS EQ HOPROYEY .- rrddiivn mutaddisr 8RO ARDs arcorammtis tad’
tern?l’iﬁ‘{,}eﬁf@é&ﬁﬁQEQ %@N%afagmfgeag;@éhs h@ﬂg@ AMNBACILIRAHERE MR sﬁuﬁg is

orth in . , , , r , eln . ost s amino acid.
ol s AP B B S Sy B B a0 i i st

m
ight
mi a8
(Kiqyiefdrablya/at mésrtwiGramify aéi3-F8sid0ed) andsewbly mbréi3fsfeeblyrotein

exprable AR iRQ-AEith# 3 der0f a2 B0 Bed Qockniy 4scRiéed0n/0P 18048lRd, the

. Internally added, or, substituted, wherein Qr ferabl)#at least on , more. s
discigrure ipHrgh S SSTHR P PREFSF BT 28 R0 B A FhiotB° 7RG ARY SeBTeeigny the
coatqubsituli R & boorisenvdthiessliistit ttionsej0 @R hplomippre fdrte the second

para %5&;3&%@%%@%@%@%@%&%%@%% $&he/RHidRion and
b

Q 1, 2,42, 67, 68 or 69, wherein at least one cysteine residue,

thesp sRFEaHRFEPSNES SO BTE PRI B BY BN 75T S most two
[6048)steine [esices:ftsctbletbaionsubstitlitedpaishvepeiie preferably Sdid 4t amino
acidk?s%f&@a%ga?r& Preferably.abieast e, and guanmaredpraterably aih of rier

sald substitutions are conservative substitutions. J00481°In ong preferred
prefgrgibodifient, B aR RRSRSERh STatTacdTERMERRS &% FBTHRGRPePHde
consHiQ 1 D3NO2 19rdind -7, (G8faniG), Whese) matd eastably [Y3inES fasid weél] more

presz[a%@r?ﬂM JMestthree lysine residues, more prefera_bly at most two
ysirie residues, and even more preferably one lysine is deleted or

[0048) hstitutd, Smarelrrsre fareasimeai Phthe dBY e nitF OB SFafEiB Ph  SREFin
therbo) AT ARPEE vancreyRipiokelipieleiably glof saidisidySHitUEPBE@MIE NO:1; (b)

SEFBSENANEHDRIINIORS () SEQ 1D NO67; (e) SEQ ID NO:68; () SEQ ID NO:69
and (g) a mutein of SEQ 1D NC:1, or 67. In one preferred embodiment, the mutein has the
amino acid sequence as set forth in SEQ ID NO:1, 2, 42, 67, 68 or 69, whercin at most six
amino acid residues, preferabiy at most five, four or three amino acid residues, more preferably
at most two amingo acid residues, and even more preferably one amino acid residue of SEQ ID
NO:1, 2, 42, 67, 68 or 69 is, deleted, internally added, or substituted, wherein preferably at least
one, more preferably at least two, three or four, and even more preferably all of sad
substitutions arc conservative substitutions.

[6647] in one preferred embodiment, the mutein has the amino acid sequence as set

forth in SEQ ID NQG:1, 2, 42, 67, 68 or 69, wherein at least one cysteine residue, preferably at



[00491 This invention is based on the surprising finding that a large variety
of polypeptides with various sequences and various lengths can be fused
to the coat protein, or a mutein thereof, of AP205 bacteriophage and the
WRAMIRFISion proteins retain the capability of forming VL (o858 7+
one preferred embodiment, the second polypeptide has less than 100,
more preferably less than 80, less than 60, more preferably less than 40,
still more preferably less than 30 alino acids. Preferably the second
mosPelypeptitke faidse)to duleind epandéntedpwiamioprididibly saii avkish deemore

not inter ith e RIPtei. Qha ' rvilive
pres b0 5k WAL 108 8RACHAY AR 0 ), b MR WD il

subsgBiment, the second polypeptide consists of 1-60 amino acids,
[os43ieferably tOpitorepeafesaiiynh-8Q, siilbmore metaniil\adio-2owmines sct

aci P ably.the, pres f s i ferabl
oS S B0 PSS PN fas s
mosp {ergsrdTaite dEHSOAMREH U e S ot 98ty iFep tRine ciifises 3 even more
prefeliery ativabsigonsisisied, at lopsimee, amincagiciwiliakitnat Gnet reactivere
prefrega{})(ftlogall QLOHD; IQIO%{IU r%;lf rc\peglefe%@%d %Pet%aonqlmﬁptoft hi%lg e&l%ggtuti_ons are
poR/peptide comprises or a ernatwelfil CoRsists of, at least one cysteine,
congsrefivalsipsindiensteine residue. The at least one amino acid with at least
jood¥)e reaglivedunsiinnalaronhisupabnasmatiachane sl okarAssociaigdes
.. with other functional groups comprised by.the.same or by other molecular
o R O ST A ons M Eh e O DO s bt
of AW frindifitepMEPand the proteng Brssaopargiorstrip sy deemngaydr-
[0e4biU9 isipaskager-esideidhrmasified MR bsuidelass tesstypigaliyoamebre
referably chemical compounds, toxins, bialogically.active substanc .
b
tharePAodimenidstiy e fedin dp otypep tidbowhitlsrfobds antargeindrokadane dornein or

foldiiﬁ_gauﬁg lReRtide: Riaigibased diisksdalivesy By Stamsdaay Peefiein thereof,

disclosed in %’gg r arts, such as Brown WL. et al. (2002) Intervirology 45:
of AP2Y36 98 RE P 2(Y995) Bioconjugate Chem. 6: 587-595 and in WO

[00522006/03 26 7ehé> BT HEPRORSH54TRAIhEnE (no pecund pobmeige RPugiseUgl 1-60
amifid %clm%f‘gfe%% Oﬁﬁé?ﬁné{@ﬂfy%&%@%@@, hereinRyfetergncednstheiine acids.

entireties. [00541 In one preferred embadiment of the in\z%rg%%on, thebi ¢ ih
Prefertbn o BISFEioE B FARHSERS YRRETHE ORI CoR M e BL R aTRgr of e
firsganydispsidfiatole d8tFone antigen, wherein the at least one antigen is a

foo&R'YPeRlige, FQ%@FeQMQ&%@%Wc%%@H&%i@ hepntigen shouldvety

e compatible with the assembly of the fusion protein into a VLP in

congisis Syl AhteasARs HRISHESEHT I FelsashP e HRRTHYVR A HIRA Fip BSRg Tarber
prefdifed errisingdin din gethat adametidrietypisanigdrswithiyarosisgs of, at least

one S%%%g? %?e%r%%iy%ﬁ%u®4%t ri'ésﬁﬁg %@f Ys chiép JH@ £03h %@&%moﬁtaieast ong
reactive functional group is useful as attachment site for associating with other functional
groups comprised by the same or by other molecular moieties.

[0853] In one further aspect, the invention provides the usc of the modified VLP as a
protein-based drug delivery system, wherein said drug is packaged inside of the modified VLP.
Drug refers to, typically and preferably chemical compounds, toxins, biologically active
substances, nucleic acids for gene therapy purpose. In one further preferred embodiment, the
second polypeptide comprises a target molccuic which is a polypeptide. Protein-based drug
delivery systems have been disclosed in prior arts, such as Brown WL. et al. (2002)
Imtervirology 45: 371.380, Wu M. et al. (1995) Bioconjugate Chem. 6: 587-595 and in



mutein thereof, of AP205 bacteriophage and the resulting fusion proteins
retain the capability of forming VLP. Furthermore, it is surprisingly found
that the antigen or at least one antigenic site of the antigen is displayed
WERAMHEOSHEr surface of the formed VLP. [00551 Assembly of $HE78fof>472!
protein into a VLP may be tested, as one skilled in the art would
appreciate by expressing the fused coat protein in E.coli, optionally
purifying the capsids by gel filtratio¥ from cell lysate, and analysing the
BEurdiRpsPhiarmali®P in 6i3 dnen Thedifdisionrassa)if@narieddnryciedy) ofdmnce in
theirEIe{%trorg Microscopy (EM) (Kozlovska, T. M.. et al., Gene 137:133-37
bR . Immunodiffusion assays and EM may be directly performed on
[005d3)) |ydatane [proberedrerabaipre of the EYRRYER chetaenst P eRifgeTTERTtes
alierabdbgAetigee endhaisydnce cofdloe siatifad ok Rommy, behassessed st one
.immunizing an animal, such as,a maus ith th odjfi a
aniff i SO e S BRI OME M R CEES TS i e
compstible |ithtthh eseomie Al B PRI dRiA AR A RFER RACHiBI iR Present
invelkdDATHRA ﬁ}b&r@ﬁgfprmﬁﬁrh X Ha&farﬁﬂg%e %@iﬁeﬁ%ymfdiﬂglimﬂy m?team of
.an ELISA plate. The inhibition of t indin an antigep-specific serum,
o S T A LRI st o B e U, e O o
muteinswiedosf ofillidshe wrionhestired the resultiopSriommeleiesieiithe sepeRbity
of fHIBASYOPE-AMIGRLNS R BrRlpkitEARtheneMROMMen bibecak lnash®Renic

.._aptigen is a fragment of a protein. The term *a fra t of a protein”, or
site ﬁg'ﬁﬁ%i‘gpﬁﬁ%ﬁg%%ﬁeés%ﬁ}%%&af rag?nge?ﬁ[lg o?%c‘g%tide" or"a
[0055hgmeksohbin affigdhsioaprpiad itfereMl-B oy deiveshpagacafiflied i the art
woulPARERIde cOmprisinguRallaraRtiNRiRPreterablyiens sting wof tdl capsids
Ieag 6,7,89, 10, 11,12, 17, 18, 19, 20, 25,.(’{;(% contjgnuonus O nodiffusion
by gRsBURRIN oTR afith B 5808 b Ao Br6tEh WS pepide or aftigen. ae
assaglefihebivreraingss wely dsamppdfjpeptide TAVInerlorskthah 8560¢! al., Gene
137318k MOIRANANBANALs RRIEEAR AP oL IRAR, §OEARd SYEM tysate.
more preferably more than 95% amino acid sequence jdentit ther%to. A,
100558 g HE G BYATH? SHBET RGPS A PRIEET B A SR (PR A Sirace
of titagmigftdoVaproteits wieneiresentechintaceobamee swithathre mpresentith the
mod[RENORs SRosId-he-6anaD '&9@&@9%@%Q;pﬁy@pepe&ﬂ@téaoﬁya%gm or

stimulation of T cell, in vivo, which specificall%_ binds to the protein or to a

for it e PG T ARSI YB0BT0BS 6 PASSE THEBBHOS sy SRty ™ be
perfpreseéried damitle is@iintgxtyo:frﬂmdimg: avmmd:qcml en E@M@e&a Mipodmants fthe
bimﬁn%ac%'%%%f &.%585815‘ g fruncation grdnternal delefiondauns fldhecan be
protein. [0058] Methods to determine antigenic site(s) of a protein are
d@’»‘%@%ﬁ%%%ﬂgla|fé’aab%?ééhﬂ<?ﬁstﬁ%ﬂﬁr'f?‘¥f‘cgﬂ’éﬂé’(§o5/oo4980, has

[6e&ipboratedsanedahthe sie: methadedronpthesfirstoparagraphhofophgdiR6atothe

s fourth paraqranh, of,pags 27 ere NnANd IheseSRACHIC HISCOSUISS o i
_at I%akse OI%%SI%P ?gted%hgrgﬁ @y re%e?encle.' Itis to bg noted that ?hegé me”th'o(t)firs1 y
intepghangeaRly PSP AHTRa et PRSI @ a g b anisshe arased
berdiQtHRSIHGIRAIP -2 ptBapwlisclasphifg, or alternatively or preferably consisting
of atleast6,7,8,9, 10, 11, 12, 17, 18, 19, 20, 25, 30 contiguous or discontinuous amino acids

of the protein, polypeptide or antigen, as defined herein, as well as any polypeptide having
more than 65%, preferably more than 80%, more preferably more than 90% and even more
preferably more than 95% amino acid sequence identity thereto. A fragment of a proiein should
comprise at least one antigenic site. A fragment of a protein, when presented in accordance
with the present invention, should be capable of inducing the production of antibody, or

stimulation of T cell, in vivo, which specifically binds to the protein or to a fragment of the



PCT/EP2005/004980. [0059] In still another embodiment of the invention,
the at least one antigen is a variant of a protein. The term "a variant of a
protein” or its interchangeably used term "a variant of a polypeptide" or "a
WERMHADEISEh antigen," as used herein, should encompass al§ PBRABEEE!
comprising, or alternatively or preferably consisting of, any natural or
genetically engineered polypeptide having more than 70%, preferably
more than 80%, even more preferabdy more than 90%, again more
protRiEfesaRlYI RO BakQ%2Vehaniin asligietcradiyHasosatbam@ e fantisinent of
ap rgt%ig Seguence 'deﬁ%%ﬁg% %{gen §gﬁﬂuse0r];c%§eof tpetlanproteln, antigen or

polypepti é:?tlf;)rne?érre “methods of generatPﬁ% a variant of a protein is by
10058 netiMethgiivde dagrpes enaBipib pitpise f Groraleis st nde g i pdiperson
in 1ROMbRAERGIRIeogd, VRE 3RbEekRPEELRID MBI RIBSE RS ihe first paragraph

accordance with the present inventiqn, should be, capable of inducing the
of SRS S B aP bth Plon oF L T Ve RS e o
incappatitetbhemeiby refrencto Jaisfragpnatdobehtgsconaihqsicare gragrid xispplicable to

othetOPUEFERdh aMAG: Mplechl.AROGR] kyonahrefertediembeuimantidifed in

sgcond Po{l%;gﬁptide comprises or alternatively consists of at least one
PC%F&Pé)ﬁygg curring antigen, or a portion thereof, wherein the portion of the
[005%turally-regtii emgphentigbodonsnipeiSbs oraitom dtiveljcet nsistotfcatijaastriant
of 2OREARTBENIG SIS NANIAY 06RO RNHGRAFSISNS QR ARIIENANS: of 2
amino acid sequence of which exists in nature preferabgﬁlsts in ﬁﬁ e
POIERBHARSIAT StEA LS DR n Ah AP PRTRTS GTORHI LR S B R SRt
compriaing’rups .aﬁ@mh]vhly pnefm'fedbgm:bodimemg @_ﬁ&h@ﬁwbmigmﬁmlm mg'mbered
pois eGP HERRISSRIBEH fod PR RAERHR GO RRIT HDS, Al dArBR BUOSS SHIER ihan

to Induce an immune response a ainst cancer _cells; (b) an ant|7qen suited
90% o 3Rt P P TRAFFRRE PESp B B afid Bt eSO REFO BiaR pathBgag;acid
seqi@)candandigenithiiie detpencucttianprmiratigsponsa agaiidst Btcieast ongods

of gél%% (A An-angagn syiled;lodpduce. an JMMURR FesRonsE A03INstalion,
east one self antigen; (€) an antigén_suited to induce an immune _

sub@uH s EetRARRNPF gh PFARTBEYT PSR () %Tattiten BINtEE tyPMabeTaed in

accdRRPONSEtAgAIN Stadao irpepilte thxitdba pabpeptidadwimgone. MiQuction of

anti%%%‘?/%zr%éf Té%%ZQe%/QIS%Z&lwﬁ%IO gathIWGIM?ESrEﬁg protein or 0 & |

e oglrlr%ento the invention, the at least one antigen Is suited 'to induce
fraggie iR BPEdp BIFSRnisd Anrfle camfesr s MiTerariffithe at least one
[ossttigen iS@oltmefcanl geBsdinationt eemdiaginesiifiereabriftonesficriagvely

referred embodiment of the _invention, the tumor antigen | peptide
conl S IeE S et LSS B, I8 et AU R AR o
the BYBIYSTRS EERE BRERSISCONPORD eptitfarer Sincearte otalised s RpFEsHgsite:
Nat@hDiadoceangeseals, ofc Robpemiide, ahlewa@emial Gelisedn favsiih cxists in
furthercgg?ferre embodiment, the. tumor ﬁ%t,i%g%§ nic,a(ilected from the

natugr?b rﬁfbon 55{8 firllsg 5 olf} ?g)olggrr?ﬁbsmh as & p & THICTOOTganist, such a
bacteria or a virus.

[G063] In preferred embodiments of the invention, the at least one antigen is selected
from a group consisting of: (a) an antigen suited to induce an imroune response against cancer
cells; (b) an antigen suited to mduce an immune response against at least onme microbial
~ pathogen; (c) an antigen suited fo induce an imrunc response against at least one allergen; (d)
an antigen suited to induce an immune response against at least one self antigen; (¢} an antigen
suited to induce an imnmune response in farm animals or pets; and (f) an antigen suited to

induce a response against a polypeptide toxin or a polypeptide hormone.



GD2; (c) EGF-R; (d) CEA; (e) CD52; (f) human melanoma protein gplOO;
(g) human melanoma protein melan-A/MART-1; (h) tyrosinase; (i)

NAL17-A nt protein; (j) MAGE-3 protein; (k) p53 protein; (1) CD21; (m)
WERWGUEZE Hrotein; (n) fragments of any of the tumor antige®§ rER (@) 0w 721
(m); and (o) variants of any of the tumor antigens from (a) to (m). [0063] In
another preferred embodiment of the invention, the at least one antigen is

suited to induce an immune responsg against an infectious diseases or

[oo@gainst afeastas enisibiaheathoafnpaisrably theat I9RSIHRBE: is suited
.antigen is an antigen derived from a miﬁ;r‘obi a}th% en, or a variant or a
to inlbed o s cinphis earmi cantes Cale peclerhbly R abicas ond aghieen % o
tumthznd geivedviroent the anfregoisid] attdgénsiivaletbramediselbsedddity®t of the
invdﬁﬁ%ﬁ?&h@%ﬁﬂf@%%ﬁ?ﬁ%ﬁéﬁwth S BedR Qﬁf{&%@tﬁa&st%@épglgpgcﬁﬁsph -$EEOBEkidney
aragrapn ot page 0 tne t1ourtn paragra a ese
candge el 4 DORCHAdE, Al GBS SBECD Py o P LTSS 3 SR, P
polypeptaieed érabotimentetlse @t depulymmedentil Grwidentie delio niomiey ottt | further

prefBALAQERNG ISR BRIYRENINR QL Vo a-ReWBERIC S 0f NfIHERER ViEUS) Berz; (b)
olypeptide of Hepatitis B virus, Hepatitis C virus, a pol%peptlde of
G0 oROpREiTG, bt herate B bidbmBii PAERFArE oS e oo

melRiasmodinm vivax, AdelRpeptite ofSRiasmodjuliidVale na polyive@ideiafiE-3
protgl%'%@)ﬁ@?p&@fa!ygﬁéﬂ%?- %ﬂ@ﬁﬁ%@g@:ﬁ%&@&ﬁ AR IERFAME tumor

protein, variants of the afore-mentioned polypeptides, and fragments of
antigaes TSI FBIVHEBHRISTY REFRTCIET “BHRPRBIE A48 ifention
[00¢Rovides themskcobthierrad difiesinick: of the invention s a lescin: tantigen is

suitkd §Y SRARR UL HEALLIVEGHRUS diSEases i&%&%&(ﬁ%&%&é%ﬁ%ﬁﬂ@d&ﬁ%@ e

~to an animal or a_human, Preferred animal is a farm animal or a house
miciabiakgpiasaHitEHabHobnmitetens prEee Borsanteeddrrysheep, arisghial
patidRal, @ rabithane a dhigken: {0664 hontp efetied ambotiingathdbergtand
Jeast one anti comprises oL consjsts essentially of, ar consists of.the .
o el SRS RN b SRS AP O Mo
applatidi e 0t Xk de inap At Pt HBe NI R g Pl s PRg e to the
fourtd-fRFRaHS Ipihe oThroiaitlofuteiRsRfdragbeRia daare Wiy of Werence. Tn
onc AEGOP0gGeHophage, In gne,plefered %%%0%@%5‘ é&eﬁ?&'&%ﬁg%%%%m is

antlge comprises, or consists essentia y Of, or aternatlvey consists a

2 perzpsmtEst O HHE cxpelvenise abisiereihaun i epzamiEip AtEienaliffefeirins,

Heps8it VQid006/340 A48 G ek 3009054 f3ipdfifagient-has.at |eRgidum,a
referabl leasy. 7, more preferably.at least,10 consecutive aming acids
PO B PR By 3 e i, SaPlgpBe or
Chlgirpeaina ppkieride ofpfekeredivre mbdies on ersifuimmgriyErprotcthevariants of the
afore¥iaceiandomainobihapimznM Rreieilcamise s e ddk ISHHINS in

half of said extracellulay domain. |n. one pref embodiment, the .
O et ey e Ay Lt AR

prevasiohgeQnBt NGaRus fisrecfuthe vpeefarcad beistsefiriseedtivean animal or a
hun@XtBeeiaLsemain ef-thenthiluenzadie RioteiRxampic, but not limited to a pig, a
horse, a cow, a sheep, a dog, a cat, a rabbit and a chicken.

i0064] In one preferred embodiment, the at least one antigen comprises or consists
essentially of, or consists of the extracellular domain of the Influenza M2 protein. In one
preferred embodiment, the extraceliniar domain of the M2 protein is fused to the N-terminus of
the coat protein, muteins or fragments there of, of the AP205 bacteriophage. In one preferred
embodiment, the at least one antigen comprises, or consists essentially of, or alternatively

consists of a fragment of the extracellular domain of the Influenza M2 protein, wherein said



consists of the sequence as of SEQ ID NO:43, wherein at most three

amino acid residues of SEQ 11) NO:43 are deleted, internally added, or

substituted. [0065] In one preferred embodiment, the at least one antigen

WeoHIsSe&7dr consists essentially of, or consists of M2 prot&fliFtatdent 21

preferably M2 dinners in tandem, or alternatively M2 trimers in tandem.

This embodiment may enhance the immune responses elicited against

the M2 peptide. In one further prefeifed embodiment, the at least one
fragiBHgRR fUBErorepiaes atkeast onerspaciefabisher eiiscaidcepaceris amino
acidlQalined petweentie Me, RRRidGs; Pi%eé?ﬂﬁ@%ﬁ&% %F%Y’?rr%%% 24, MORk ther

amino acias, prefera fy At most 1 , more preferably at ost%, at most
prefgron srabprénsrabiyid et ofntha e srerliiendsprivorclisrdileg M2 protein
comBARBOgMeRBlE HAV PSR SRRl easiaRema NI gas HemRIISaEb&iment, the
xS 55%?%%47 'ﬁéf’er'?}[!a‘i';?c%%“’%%{ Mg Rres s nPibSs.
epatitis Brls arge Jrtace protein

In ofpLiGEEPDHeeD PRARRIANTANP DWRRNR dEmirpoR theepflugqra M2 protein
con§etons @hinan BBYEcomalts 4 easate iniNalL KRS RS esignaiates of

S S), middle (M), and large (L) syrface protein. The S protein is the
Sﬁ%ﬁzyégéﬁﬁa%%% Cghlé?t reﬂ 3%% 600%53% Sstmonfeg”% amino acids. The M
[0865lotein comprisprsiited qrbndimeavugilernteeasidann arliitiotairBEsEndneonsists
esscRGIHS kthe Dsteuminps I hgRmaminaraid searancas dasignatedReder

PreS?2 sequence. The L, profgin co %ﬂi%‘es the S and Pr§§23e uences
sl AGCHBORET 16708 Tos ™t EBEAARG b e I S ity By A Porss
elicigedi dgansthbeNvi2 pentids, lwbichiistite sigpfated cubtidindite B¢ gidgenoe atttigen
furtR2SHRERsSh AR ibatibeHRY-Rinding site fpadheiysliabaidendfied me M2

hepatocyte receptor is located within the PreS], region, between amino
PPt BT SHETVAT 5., D603l JUPAYI S 5eBSTRNy 30780 LrBpre
preff0f6y tepalitis Bas 6 majopbiealtiyprctdem amith pvate than 350 million
feodiFoPle chrgnicallvinfeciad woddwide. Chranic lﬂée&@%t‘@ﬂ@aﬂ%%ﬁ%&ﬁms
an

virus leads to a number of diseases, including liver cirrhosis cancer..
o CROBBRPRT BT FreieHid BRBRARRI TP RIS oS ALEH gy B vinus
(HBMpleis; fuagonantscbr FEIGITBIREIEDE AN TBINPAWDENS | i ed NO:62).

The %\Zéfég%%f Redal v RRERE Bre DEOIS ARG 'SYRESE H@sﬁéﬁﬁ%&@&%}(@) middle
Integrase, Vif, Vpr, Vpu, Tat, Rev, gp-41-Env, %3-120- nv and Nef (Addo,

(M)naeh lasgead L) sugfies Prowip ORIE 509252 00 8Y) MPREe PRI RG R Ip o descensists
of 26QuRE0640132 6TKe RCH7&H2 054y 2ib 1 HranthNejirave heem faddidbtal 55
-have.the highest.epitope densi o0, M.M, L., éél ng: the PreS2
a““‘%"oﬁ‘i“tizsoﬁg%‘ﬁggé? Ir%%'re gﬁ?(%/ éﬁ%od?ﬁéé%g%%%he%nvegn i_g_n, tha(se ar?tigeen
seqUEERSpRiBe & PIEFEFOFRIPDYEING- enf) Pard/sraRanretent aiharlsitepatel® (or 108,
dep@iaiipes IRl epigpesaaradalioved e Waptiibike whibieindisgtiarans the
aintenance of CT1 responses. HIV.CTL epito d HIV. consensus..
pre R T R e SRR G O L 00 B e i
hepatocyie receptor is located within the PreS! region, between amino acids 21 amnd 47

{Shouval, D, 2003, Journal of Hepatology 39. 570-876).
[6067] Hepatitis B is 2 major health problem, with more than 350 million people

chronically infected worldwide. Chronic mfection with Hepatitis B virus leads to & number of
diseases, inchuding liver cirrhosis and cancer.

J0068) In one preferred embodiment, the at least one antigen is a HIV protein,
fragments or variants thereof. Useful HIV antigens includes pl7-GAG, p24-GAG, p15-GAG,
Protease, reverse transcriptase (RT), Integrase, Vif, Vpr, Vpu, Tat, Rev, gp-41-Env, gp-120-
Env and Nef (Addo, MM. et al., J. Virol. 77: 2081-2092 (2003)). The HIV antigens p24-GAG



web.lanl.gov/scq-db.htmJ ) and from the reference "The Identification of
Optimal HIV-Derived CTL Epitopes in Diverse Populations Using HIV
Clade-Specific Consensus” (, pp. 1-1-20 in HIV Molecular Immunology
woge/Bafted by: Kerber BTK, Brander C, Haynes BF, KoupHE TREMREHIE!721

Moore JP, Walker BD, and Watkins D.) The T-cell response induced upon
vaccination is assessed in proliferation assays (for Th cell response,
Belshe R.B. et al., J. Inf. Dis. 183: 11343-1352 (2001)), in ELISPOT

and ARSAYS(CRL Fiusd Ao BIBLLPEQGN affitdpeatinSei. (M&A PN 374 I T2 77:

i totoxicity assays (Belshe R.B. et IlnfD|5183
208 0 BT e e e, B vl gl coreore
p24-4rifgei eornias b rconsidsoilh 58I\eebnpe BF 19l cPHePgsrate believed to
cont}mty&@ita@@z&idﬂb‘eé 288 h;&ﬁﬂeﬁ@liﬁilafsbaﬂ, refpbieea coMbimBtighopisaideasty

two HIV epitopes, derive same or rent EIIV ti s
oK Sél?elﬁe 8%t Ieast{fwof’-{ eatpl%pes gnre fgaé%%alntol(zoﬁeppgﬁ ik %%Q‘i%ﬂ

lanhgpepasrdbdrial] aafiserdifrrerricthep ohis JlemEifetion of Grtimel PﬂV@mved
CTLCEW% Divi2 Papanabiy Qisiks Are m&a@lﬂpéﬁﬁfze@fmb@n@lﬁbe prpﬁeﬁ@cto in

odiment, the at le Rito rived fr
I B e B 20 o Mo s Bl ARE con ottt R
Kuilgef 65 ¥oE© Jh N@28)BIp il Mighdnsr Erbf@h@d‘@ﬁﬂbmmmm ipheced upon
vacé%@&@ﬁ%%@&@@ nnl\{;eéﬁéﬂ&;&sggagg (iBe G- teminpsmef, ABRRSCaatP4018iNAr.

in.ano the at |east on ant|
Dis PO o B P LT o oot o A S St S
USAHY: poiépitipe @etRpcofront e Bay isgay @Sh¢SED tbaNG: Ifdiinid3:
1349ne5@@b§f preferred embodlment the polyepitope derived from HIV Gag
s gag GSO with addltlo sine residue at the C terminus to increase the
E“““-‘s?é)lubmty Br R e TR eI NS té%ﬁ“*‘ftﬁ'ﬁ?ﬁ?ﬁﬁ"&?&*ﬁ?&‘f&ﬂfe‘iﬁ?“s‘s’fs ofa
polyepibpdiMBY, (e Sﬁrﬂeagﬂmmt@éﬁ‘ébaspmséh@m&sc&ssemaﬂ;bm&tm

of a%gmtﬁﬁ? aRcplidederyeriom e LY SRURIARerOIKCRMBIRIE, whercin
pl160, Wherelngpreferably said peptide is highly conserved ‘among all HIV

Sﬂldsﬁfaﬂﬁgszn%?e%ﬂ PHRC SNtV o I R R B Feribly U Bept
embiniiess the wishlpingantihedias drevhersirupreferBlily said pepiideisanutein
ther?cl?%'%9&&@%&%&'&%&%@%&5@?@&?% p%%&!‘l?%t %%Edn%mcd from

derived from the HIV envelope glycoprotein g or 1'is selected
HIViRSeh IRQEHB I EBHS ERBCo M) Hit/Pehratost é@mﬁ%ﬁ?mﬂﬁm&%k (SEQ
D XSO B: b QI ) MO 200640 3260d ] thP2 08504 Afiged VD HiViBAY t0

the % %rm%% %‘N%-&NM gzpyrgtgésggn&hg%r%%ﬂegpeﬁl;ydﬁ%@s the at i(cgsé éme

NNMTWMQWDR (S 0: 100 HIV env 4: WASLW
antlgsm wmajele&qnql@mémﬁ Wﬁl%ﬁ\ﬂ’{%ﬁ@bﬂ}’) Né@fmﬁfﬂb”m@w the

polyepitope derived from HIV Gag is gag G350 (SEQ ID N(O:119). In one further preferred
embodiment, the polyepitope derived from HIV Gag is gag G50 with addition lysine residuc at
the C terminus to increase the solubility of the peptide (SEQ ID NO:120).

10670} In ong preferred embodiment, the at least one anfigen comprises, cOnsists
essentially of, or consists of a peptide derived from the HIV envelope glycoprotein gpl60,
wherein preferably said peptide is highly conserved among all HIV strains (more than 70%
conservative) or wherein preferably said peptide induces neutralizing antibodies or wherein
preferably said peptide is a blocking peptide. In one further preferred embodiment, the peptide
derived from the HIV envelope glvcoprotein gpl20 or gp4l is selected from the group
consisting of; |

(a) HIV env 1: SLEQIWNNMTWMQWDK (SEQ ID NO:98);



(f) Ely env 6: LLELDKWASLWNWFNL (SEQ ID NO: 103); (g) HIV env 7: .
ELDKWA, (SEQ ID NO:104); (h) HN env 8:
WMEWDREINNYTSLIHSLIEESQNQQEKNEQELL (SEQ ID NO:105); (1)
WRARIGF2674CSKLIC (SEQ ID NO: 106); U) HN env 10: PCT/EP2005/054721
GFLGAAGSTMGAASITLVQ (SEQ ID NO:107); (Is) HIV env 11:
QONNLLRAIEAQQHLLQLTVWGIKQL (SEQ ID NO:108); (1) HIV env 12:
GIVQQQ (SEQ ID NO:109); (m) HI8env 13:
QLLGIWGL SGKLIGT EAVP FUNG RS ISRAIWORCEELOD (W)Y env

14: NAKTHVQLN E (SE : " N 1O0Y
GGNSNKYESHFF%%@%%(%E' }Q} E|DHN§I; %‘i@{i%g ;‘%ﬁ(}é}%’v 16:
VAPTKARRRVVQRERRAY @&L‘W@#ﬁw ¢5EQ ID NO:113).
[0071] Ingene preferredersbesmmasholiiwe (SRemioNothexat least one
antigen is.suited induce an | gainst,at-least.one self
antigen, ?) eferablﬁeﬁiﬁ%?&@%ﬁén is a selé%%é%r@%%%ént ora
fragment@hereof. BXYeipidsBridficdase3E BaRiblaH): autoimmune

diseasesgghronic mianmaterwiliseapesIRISest by SheBYenOQEUCHBQELL
malfunctii%%tﬁflﬁ f@géi_gen have been disclosed in the last paragraph in
page 53 e patent dpplication WO 02/056905. [0072] In one further
preferredizmbodinkBHtasi thCHvERtCHR TR 38 Hittigen is selected from a

group coggisting ofifalvmphatoxing (erefetabiyyrophetagima:T02);

ruciar fbhor B AN AR (o} S e e S A ey 2
(VEGF); t&y~88cular endothelial growth factor receptor (VEGF-R); (f)

Interleukftrli(;-S; (9) Interlepkin-1dvbhintereiing3) do); IL-23 p19; ()
CCL21; (1) CXCL12;

Endoghih e B e
Endoghif™g) GnRH! (rntVRlila,'(st)} AR ﬁgﬁfg\rfé OBLE ((EQ P
Tumor N&€rds@Factor a; (w) amyloid beta peptide (A[3142); (x) A(31.6 ;

(y) Angi gsin; (2RCR? exiageiian demain §ae) IBXeR4 sxtracellular
domain; (bb) Gastrin; (cc) CETP: (dd) C5a, cg’)g radéginin' wo - ND
2006/0336%4 PCT fab%?ogf?i‘}%ﬂigs BESHRY BRI B
fragment@pf (a) -(HEVhh) variants of (a) -(ff). Betailed description of the 1&:
afore-megligngds sal RARRIEMERIS BN HIRreeEh RYBeen).
disclosed in WO 02/056905 from the last paragraph of page 56 to the first
[Oﬁmrag rapﬁ’ Wﬁg@:ﬁerred embodiment of the invention, the at lcast one antigen 1s suited
to induce an immune response against at least one self antigen, preferably the at least one
antigen is a self antigen, a variant or a fragment thereof. Examples of diseases, particutarly,
autoimmune discases, chronic inflammatory diseases, caused by the overproduction or
malfunction of a self antigen have been disclosed in the last paragraph in page 33 of the patent
application WO 02/056903.
{6072} in one further preferred embodiment of the invention, the self antigen is seiected
from a group consisting of (&) lymphotoxins (preferably Lymphotoxina (LT aj,
Lymphetoxin § (LT B)); (b) lymphotoxin receptors; (¢} receptor activator of nuclear factor kB
ligand (RANKL); (d) vascular endothelial growth factor (VEGF); (e) vascular endothehial
growth factor receptor (VEGF-R}); (f) Interleukin-3; {g) Interleukin-17; (h) Interleukin-13; (i)
TL-23 p19; {§) Ghrelin; (k) CCL2L; (1) CXCL12; {(m} SDF-1; (n) M-CSF; (o) MCP-1; (p)
Endoglin; (q) GnRH; (r) TRH; (s) Eotaxin; (t) Bradykinin; (u) BLC; (v) Tumor Necrosis Factor
«; (w) amyloid beta peptide (ABi142): (X) APis ; (v) Angiotensin; (z) CCRS extraceliular
domain; (aa) CXCR4 extracellular domain; (bb) Gastrin; (cc) CETP; (dd) C5a; (ee) Bradykinin;



86. These disclosures are incorporated herein by way of reference.

[00731 In one preferred embodiment, the at least one antigen is an IL-23

pl19 protein, or more preferably an IL-23 p19 fragment, as described in
WPRIEPZ(T95/004980, which is incorporated herein by refe RCE HIS4T21

entirety. Particular preferred fragments useful for the present invention

are SEQ ID NO:4-15, SEQ ID NO:52 and 53 disclosed in

PCT/EP2005/004980. [0074; In oné%referred embodiment, the at least

(ff))OD@::@I(iﬁgﬁﬁdﬁéhdﬁN@gl) @;agﬁeagmr{h) thﬁ%glcn@hﬁ{jL%ﬂRquemmﬂtasmxed
useful in.the production of vaccines are disclosed in__ . _

s R BT DS E REOACIL PR Ry SEEE R olM [grisns thercof, have becn
disclomiféryWia 8201efe0fetion iisdaihmeras@hRAHPEER \WSY Gk e @asEmh pf page

86. THLAL M RENS MR d BGh i NPot idpteizdused at the C-terminus
106 3the co?t roteil} of APZé)S . This modi{ied VLP comprigi

n one preferred embodiment, the at lgast one antigen nrt%-%‘l%g acs}tégfor
least one antigen AR B RA ISt e d to B ha al, suc aspplgpfo
morprpieémeithe o dk-Gink iR thegmesat. 2F ndssendadfienl VEPIEGHVAMBSEGnREch is
inco?ﬁkﬂ?ﬁa%l &&@E@%ﬁ&t@eaﬁ @ﬁwmﬁbﬁu%ﬁ%ﬂ%@@&mh aPnGRtIRdRI f?r the
contro ir repro ive behaviour a r to_reduce their, reproductivity. .

pres‘f‘ﬁis‘ﬁ%ffi]eﬁ@d @EP%Q%%S{%in %%’-I 2‘3%18@&3;%%%@(9@%‘] to%]u%%%“r{f’se 1
PCTAER2GGS¢OM&R(al steroid hormone dependent cancers. [0075] In one
jeorRieferrediegpadinent, JAsAlleAskoNs RAUIRE ﬁ%ﬁ% Q@Y AR ANt hdnt

fragment thereof VLP-ghrelin conju%%tes useful in the production

f .
therenfe s ORI AR BETEN 5D bBS T aﬁﬁ"g{ﬁé‘fndi%%é’éécg’ﬁoﬁﬁ‘étéoéf?}\ﬂfﬁd n
PCTARBASEE T80 -whicike drcmprease Hoood pyveighthdaduath estradis dlosed:farred

-embﬁg&ﬁeggt%ﬁiﬁpW@ﬂwtm@%ﬂvww%lwgﬁwE@mﬁ D

which is incorporated_herein by reference in its entir Particularly.
NO &feroch i ohin B BTN oo A RBIETOY 1S FreSORE  TRSAGh VLP
comptRiCh D AOha3d-BRg14BeDmtint Gandnchdrihilid@dab WEr B0 9LR 4s ég to

preoiE AT S A ARl 3. ¥eRANE QA e Bl NRre 0 b ARG BN AR A to

variant or a fragment thereof. In one further preferred embodiment, the at
an Rl ofistaAtiGen i€h JYRFRIIFPHSVIR GUENIh P ErBESHEHG MshHirHRAnd/or
redugBrekin aspafdbiiddD NO: Mbaifids strrespamtling Onttivlegs fwadathetered to

AR5, UG 590,01, SR S8 i preferred embodiment, the at

st onie_antigen is a ghrelin fragment comprising amino acid 3-7 of SEQ
10075 NO:54vprRemiBIF G UTSTh Haghirest MmMeatsmd i DBl aferippaer @
fragfRaB RPN OTERRERiaiabbtRLMe 320! amiRerédidsondbiatciieofie fiurtharment
referred embadiment, the ghrelin fragment.comprising amino acid 3-7 of
of B (S B A s ot i SRACE SOIRIR S A BB (s
baveparciiseliersd i5rBfdr apigna eopkyaiign avRliqevener SFE A0 0PA2 o isglitstsure of
whiginacagislsed S ) N@iodbelih 0RenWe) 200600828 Ateferred phrelin peptides

o ﬁggcl:r%: é%lszllgﬁ%gb?r/fgar?te%r% éfl‘v’\}%elofyné%%%ér{’se %ﬁg%%gmino ?élh ‘é%%%lgég%naﬁ%zgé?w
of WO SréWEiereesdhibadingintiithe yhilinTeapaearidbemsisiitpppreblin, and 2
variant or a fragment thercof. In one further preferred embodiment, the at least one antigen is a
ghrelin having amino acid sequence of human ghrelin as of SEQ ID NO:54 or its corresponding
orthologs from other marmmals, such as dog or cat. In one further preferred embodiment, the at
least one antigen is a ghrelin fragment comprising amino acid 3-7 of SEQ ID NO:54. Preforably
said ghrelin fragment has at most 28, preferably at most 25, more preferably at most 20 amino
acids in total. In one further preferred embodiment, the ghrelin fragment comprising amino acid
3.7 of SEQ ID NO:54 and comprising or preferably consisting of 18§ contiguous amino acids,
preferably 16 contiguous, more preferably 14 contiguous amino acids of SEQ ID NO:54. In one



alternatively consisting of amino acid sequence as of SEQ ID NO:56. In
one preferred embodiment, the ghrelin fragment comprising or
alternatively consisting of amino acid sequence as of SEQ ID NO:57. In
WergQereRaed embodiment, the ghrelin fragment comprising?©F/EF2005/054721
alternatively consisting of amino acid sequence as of SEQ ID NO:58 for
dog and SEQ ID NO:59 for cat. [0076] In one specific preferred
embodiment, the at least one antigéfi comprises or consists of an
prefaR@iQipBsiimeny anaphelia fragheentdheratly b BHangitienithaemiyga#tesino
a::iduasse(];iLJ IS]lz{a}tﬂf ﬁ%)gy 1Ot of %?Ct(r;fl:lae-s@gﬁ?ordgheenttretggm Q:iigf]‘lr%%% tr)xloe%gn riging or
pressure*have been iScfosed i P pg%ent appfication ication no.
altepcy 013/ 0SINGBE vihi eRiBOi rRsdf prkaIedchaedh BYQrdardledtin Tes estiratprred
cmbB@HhisH|agly RiebaH efhpriei nonagrp e salisebHhiaY thenprasgnés iRMiaRid

are Angio - DRV.YJII SEQ ID.NO:15), Angie XVIII: DRVYIFIP (SEQ LD
IR ) S0 R S St BRI (B TN TEeT o SoPmome
or affeafetively epnbiodimefamdidiacithiraneing, 36 0§ DRQSRUSEH D MTedee raxhRRUSID
NOo@bAR2ZAS coat protein. [0077] In one specific preferred embodiment, the at

least one_antigen comprises or consists of an amyloid beta peptide .
009 menti e BE GRS e fETPRR i WA SRR R (FLEE SRERISE,
- conSER1 B N@ictetiFn, whisheis oi scfosoin R Yeheap plivatiormpubiieatieniil
in tﬁpprwg:% Q2 628Zuhichils incaiRer atad.Rareits RY.teferepee dbei Stisclosed in
entirety. [0078] In on%gp,ecific pﬁ%fe{gﬁg) £m odi_rgegnt,, the at least oEe ok
PCT B EBNEHLBPER OGSt of & TNEH 8 aRBRe of dTFEGERE (HERsbY
refeRrefeinetk fragrgnReaofciNgy: acbefsl forttheqrésemeiry entioh feavbeberesent

invéliaglose din RGT RR20RMR0a33P AndiBG Iy ERZQ05/00R936:vTervRels m
contents of these twao applications are incorporated herein by way of _
NO{ B AT S B BTt e bR tHe AP P BT aereent

of thhevemiins, acighdf 23 akinoviseCHiimigns eQjuBRCec(BE@HNNO:41). In one
jpodwrther preferred embodimentstheantigen igfusedio e GHguminis9fhs or

the coat protein of AP205. In one preferred embodiment of the invention,
congiss PhGBIRENIVEPTHPAMITCH FRAMERSt GHe RISISH PRI TeriA Sagren 1
Ap fusio: BFREE(SBQMPrises | HEID NQidlsis ised hpatcyaggiiaimpubiication

Q}&g@ 9l.In.ane preferred. embadiment. the said at least one antigen
Tt Zb&%%ér‘él%%bﬁ;/n%n&% E %ﬁlﬁ} erﬁﬁ ch 01%15?&:1 ﬁ%‘%%é preferably a
[00TBhgment lof ST seRir axeiseed iaberdirin, T Hé (98nMORIFENESBepRBPrIses or
con$iGRATaIBR KNOWRRSLESER S s helenesitediRROuYrefr- o useful for

e R e e e e
TheSBE\ (Relvhofi Mattovsirglicatiofs 289nbameerie]. IRt bESTEBNCXERE. In

one %;r}ﬁe%&g@gﬁiﬂs&m&%&9-5%@&%%&3&{ D gRh WO R006/Q32644 TNE-
PCT/EP2005/054721 21 al (1996) Science 272;872). Accordingly, 141V

o seqyahee (PER ﬁgég@sﬁﬁ)@x@ﬁ TePﬁﬁg;ﬂg?é embodiment, the antigen 1§ fused to the

C-terminus of the coat protein of AP205. In one preferred embodiment of the invention, the
modified VLP comprising at least one fusion protein, wherein said fusion protein comprises
SEQ ID NO:41, is used as & vaccine in a human.

0079} In one preferred embodiment, the said at least one antigen is CXCR4, preferably
a CXCR4 exwacellular domain, more preferably a fragment of a CXCR4 extraceliular domain.
The chemokine receptor CXCR4, also known as LESTR or fusin, belongs to the family of
seven-transmembrane domain G-protein coupled receptors (Federsppiel et. al. (1993),
-Genomics 16:707). The only known ligand for CXCR4 is SDF-1 (Pelchen-Mattews, et. al.
(1999} Immunol. Rev. 168:33). CXCR4 was later identified as a co-receptor for HIV (Feng et



categorized as X4 strain. SDF-1 has been shown to block HIV-1 entry
(Oberlin et al (1996), Nature 382:833; Bleul, et al (1996) Nature 382:829.
[0080] In one preferred embodiment of the invention, the at least one
wanigensaothprises or consists of a fragment of a CXCR4 eX¢d ey 54721
domain. A fragment of a CXCR4 extracellular domain has at least 6, 7,
preferably at least 8, 9, 10 amino acids and a fragment of CCRS
extracellular domain has less than 30, preferably 20, more preferably 15,

al (SN RsRePreiarallyAbo-anifg, Aeivs s{A08 Ithhn snespitefexer4 for entry are

embogdiment, the one antigen compri r.consists,of .th
o R AT (B ro RO S0 T et e o 1996
Nangembiditic Micwhenl EfiINdresariddettfiar domain of CXCR4 comprises or
roogagnsists af §kQIRNO:ABckhrRc NiRfaadisnbedinantotbanibleashgmiBes

antigen comprises or ¢onsi a fra nt of CXCR4 extracellular ,
or BN E L BB kbl AT oG N APTEAG, & (rOASRIbl R
extrasididal domdnrtiae ridrefbfrdd rerfitaklinit ivestife hitlie aminsrrsignfigien fragment of
CCEOBRHSaRRF aonalataRfliBdragment pbitatizRb exsacsiitantio main B hdre
fhavir; amino acid sequence as SEQ ID NO:49. [0082] In one preferred
pre 8‘?‘?%%%%‘#&0&{% invention, the at least one antigen is CCR5, preferably
[0081ICCR5 dxtoacetkitared embidimantchsrefdraiigng fraigmernnufrise€ GRSosists of
the REACRIVAE-AOMAINdHUNMR? 85aiIRg UseibaralSHIRtRMAlssuIEsC Bd N-

and CCRS5 for attachment and entry into macrophages and CD4+ T cells.
femeeh%mimﬁ%ﬁ%%‘bégwm%a?n%mfeﬁaﬁ%#%&Fﬁ’aﬁs T e

prefiirtdrenibaliseny érce kast thregrigopsexposeditoothstextradeliment shaEE R4
exﬁ%%ﬁ@&ﬁﬂ%ﬁﬁ%@Wll(aﬁ%g%ﬁfﬂas%g%& ﬁa?@@%ﬁ amino acids. In

respectively. [0083] In one preferred embodiment of the invention, the at

a fupthee PEHErER FERALDMH RS’ 5P GRS ILESP SITARGIRSF GP2 ErHhg ragment of
CXERtracetisdhrigdainaiihm B ragavery ofiaGOREpxttacalHE) IDGHadd . has at

[euég st 6 ory{ (preferably atieast 8, 30hd haming aids and adragment elrs,

R5 extracellular domain has less than 35, preferably less than 30,
profiabier a5y FesEtrariolr At pree BT RLS et el hiterwacellular
donpigfenablys lessdhan b2 afneaciani{0084714 ene(iTRfeisestechinodiandrtiory
. . the fragment of S-exracel damain_comprises or consists,of
mtoE%?_cé?ﬁ\g ?__Zag;(?a%ggnéﬁ(a{lg %n ers%ood in the art, starts ref%ly from
extrgepliian APRIRBSA SR DieHBIRE EETacstBp e foRDs | ROMRTeBniffe cHifiRgiular
spad8, igitnefeisice yshelgeaciin ECL2EILanedurthenpBefertedseebiodiment,
iﬂﬂé L2A C?nmoo Qsee: %eglée rﬂlg%%%%l}{ o% ncsilr%gnggz? %1(8 E!,HSIQISQ(:)]%%:H!ZP &nceﬂm rises

preferred embaaiment, the antigen of the invention comprises of consists
or copERbaTREmRSH Glot doRamrrlyiraite i e FpFeryretrdrhBo dirfasriiuier
donthie RALORRSHEOMPEERSIORPIGI A ConsiatscaicRE hdD) N4 oY QTR 5
referred embodiment, the, antigen of the invention camprises or consists
xS LR SRR D IV SO8 oM T B ROty 7. D
preferably less than 15, even more preferably less than 12 amino acids.
10084} In one preferred embodiment, the fragment of a CCRS extracellular domain

comprises or consists of ECL2A. ECL2A, as generally understood in the art, starts preferably

from the first amino acid of the ECL2 and stops preferably at threonine, which is right before
cysteing in ECL2, In one further preferred embodiment, ECL2A comprises or alternatively
consists of SEQ ID NO: 46. In one preferred embodiment, the antigen of the invention
comprises or consists of CCRS extracellular domain PNt. In one further preferred embodiment,
the PNt domain comprises or preferably consists of SEQ ID NO:u45, In one preferred

embodiment, the antigen of the invention comprises or consists of CCRS extracellular domain



ECL2. In one further preferred embodiment, the ECL2 domain comprises

or preferably consists of SEQ ID NO:91. Preferably or alternatively the

naturally-occurring cysteine in the PNt or ECL2 sequence has been

WELIEHRAMI4yY Serine. [00851 In one preferred embodiment ¥ tH@2005/054721

invention, the at least one antigen is gastrin and/or progastrin. Gastrin (G

17) is a group of classical gut peptide hormonese with much lower

amount in the colon and pancreas @oh , Regulatory Peptides. 93, 37-44
ECL(2G80n ﬁﬂﬁfiﬁé&rw@@emﬁxém rmétﬁcmnecamﬁﬁ REAGREH raz(ﬁ&abalﬂspbbnsms

of Eﬁﬂ‘ﬁB%Prﬂ% ex'S‘ﬂQa e '”a '%%c%e”de‘%eiﬁ’éné‘n A Por
-terminal pheny ine Amiclate form RS well kiown for I1ts

E%mweﬁm@w@&eﬁ@%ﬁg@muon (Pharmacol Ther, 98, 109-127

[0682003)). ResantrdatacHaaRshiRaboastinmight ramels: e davelopagitn
f cancers o the t lntestlnal 08 n eferre

L R T R

amognt] i (@E@lnp Nﬂ@mﬁrwdﬁekfurm\gteteﬁwmwd@ﬁéﬁ,@é% leagyin is
proc@BRERUESR HOMREISHD RALERNSISS. @“o@ Jg%s‘eiiﬁlaﬁ&i Giﬁ@é&ﬁh@i&iﬁﬁ@&fbﬂcmnal

C-terminus._In one ref rred emho nt, the a e toneantl
g}ycé%efﬁﬁﬁggggg CO%%ISE)PS o% rggjgg }% Q“fﬁ{aﬁ %81651 Rone fi % o
for m@mmdoenmamsmqhe@wemmﬁ%hwm@eh%m%s?éﬁo%&%@t B&cent

damei%%@sit{ﬁat GagvithrdiiianabalvelReahthe.EsRRRINndRRARERES B e c:.
odiment, the at least one antl%%m com rlses or.consists of G17 1- §9§ably

[msf%gmentlf’s‘@@ﬁﬁ T EET * RREPART RS TE SRS
cons@HarOn T $SFADTR Etéf@'ﬁabiy»wthr&wmefcseq gehodiSSRER R sbew: tuiigen

comR& RTINS 10087 Hils iRals ERLROSIHAROPELEIRAUENCRe cfcrred
GPWLEEEE as part of gastrin sequence, could be E, pyro E or qE hen

cmbgeiEmtTB f1caAirS! SBRFINEHREAPIBTHRS N TERR 0L B e EEER TR NP0
In msmmh@rmaﬁéxﬁ&hmboﬁrﬁﬁp\ﬂh%ﬂiﬁscm baigeoroprgfesedlyr Qonsists of

prodQ88LAD 0n RisieHad.embodiment afthe.inveptio e?@ﬁe@té&%&%ﬁt, the at

antigen is Cba. Cba, a 74- amlno acid, 4-helix bundle ghyco rotein
least ops LGRS AARRF SRIGROIPSISHS P CHE TS S Em a8 S BESH yPrgferably with 2
linkee sponsdb iBdal gencratingnas, murheciefadiverse efﬁm&mmwsPPPPc fused
o gtge%mgspeually neutrophils, endothelial cells and macrophages to
induce local inflammations to combat mfectmg microorganisms (Ward P.,
10053kt Rev. ¥nifntorienteaBL S3PYHERD Mo W Sesuepyt s ‘Xﬁr%ﬁf%%% T of gasirin
seqx&-zﬁee&sme geREsation mf@%ms&ﬁsﬁﬂeladmﬁo Sﬁﬁ@MﬁlﬁH@MIﬁwadﬁfﬁﬁiﬁs of
|Is C rmak r=l
J Immun([)ifI 5§n€ . Feva%qeﬁgé‘cgt?van%nu%i%gag%%%e%oggﬁ%I
l‘w#ﬁipllcateéﬂl AR ﬁ[ﬁ%ﬁ‘é‘f* Wb??ﬁ%ﬁ‘ Sh A6 ioxEibPTic BANTRARY %@%@s@sa-
CSaSHCh-afmhesatoidiarttiitie @osaBreANFRRRU aBIFI40: 74 Bicl 99n. 253,
akemats Arch. Dermatol.,129:74, 199 dult r |rato
O S e S A L TH e Ry S St g S
espagirlby aqwéﬁe@ndot&ﬁwé %mmﬁmgw&m&ﬂuﬁiwi 19@%131“}6% to
confhePRFis RNeibuligusipemphigoid WR 0064326 1B 1(6H 2005484 2 Ihe

same token, the excessive generation of CSa in sopsis leads to serious functional defects in
neutrophils (Czermak et al., Nat. Med. 5:788, 1999; Huber-Lang ¢t al., J. Immunol, 166:1193,
2001). Elevated activation of C5a has been also implicated in a number of primary and/or

chronic inflammatory diseases, such as rheumatoid arthritis {Jose P. Ann Rheum. Dis. 49:747,
1990), psoriasis (Takematsu F., Arch. Dermatol. 129:74, 1993), adult respiratory distress
syndrome {Langlois P., Heart Lung 18:71, 1989), reperfusion injury (Homeister, J. Annu. Rev.
Pharmacol. Toxicol. 34:17, 1994), lupus nephritis and bullous pemphigoid.



23 [0089] In one preferred embodiment, the at least one antigen

comprises or consists of a C5a. In one preferred embodiment, the at least

one antigen comprises or consists of a C5a fragment. In one further

WErettEd5&mbodiment, the C5a fragment having amino acidségteftd 4§

SEQ ID NO:50. [00901 In one preferred embodiment of the invention, the

at least one antigen is CETP. Cholesteryl-ester transfer protein (CETP) is

a plasma glycoprotein which media#és the exchange of cholesterol ester
[00SITE) andiirigly perices ehb)bisiwe ein: Hijgdad ensityt gpo pravpisefdDdopsists of a

CSapﬁ{ts%gi,@%gP&%J&M@r&%'% RYsh.as xga%@%glsﬂw&pmmgem a CSa

VLDL) “particles or low-densit Ilpoproteln LDL) particles. Inhibition of
ﬁag@@rﬁﬁaaﬁﬁw%rraﬁ% (&R b fedd A RAPABIBAEg AtNiga s sequence

as SE@mmdemtides or active immunization has consistently shown an

[009?15;' athegg %Q';% 1%&{ 4/()% HeL B e o A dG00R) ALEIRSEISL. L HQé'H*i?s CETP.

se. Blo’fl 00911 In one preferred embodiment, t

Choléﬁg%ybﬁ%earﬁwﬁrc@mﬁ&éél%%ﬁ%@@ e CRYEPPIPiEjin ST ghegiates the
exctﬁay@@fa&hdlmwem& of SRRl i PR bides[ (0P Ldﬁmemgefaersdy hpoprotem

c&gnt %f thel}g e tlon trlgsatl astone an ) Comp r‘ljse}%t(grr]
21 MSISts of gnrao?yklnln % |n|n % %R E’G?—' EFSC% 5?&)
partvalmaqaﬁova@mmémp@?fﬂwe(éﬁ&bw%ﬂﬁ itApGitAt ?6|€Frﬁ1%w%| in mbblts
usmgegﬂllﬁti%mcbi@qd}w@@@ur@mbém ﬂ@g&sx@m&mu&r permaabilifyization has

rgolius HS, et at. erte %%S) I\flor | .ot

P Thromb.

co S|o |cIHacV¥I%/|?%S ofaél}a ?(lnln eari descrl ch %%eélgsbcnetrractlgnm
VasgAtdlel@xafion 60F smooth muscles, induction of nociception and

[oodiyperalgesicapekrradistiepahinflamematasy o SRARSESRIRRY IGNBeNats a
s effects via.the B2- Jece ptorm[]gggg&g&é ﬁp%grﬁferred embodiment of the

le% f%aﬁfrgﬂt%ﬁmﬁ?eas Bhe ShtigehComprises o consists of
100%é s-Arg ObBradlpkifrmediosbodyB KIIRPREGIRS AR §key DNOLRS) brrgprises

or &Qgﬂt@\??r@t@@@t y &%%gtgtgﬁhf @I%ﬁﬁmsﬁ?gym%wﬁw@%@pm ; major
ESS a S-Alg IS ra g rate I Uus an
s BER e 558 B RSB B B L A o e iood
flowrold dmgxmmmgn(m&sefbﬂvdsduIé@mfmsabﬂﬁ%ﬂiﬁﬂéém@ver soveral
ome?m%/ a&%&e&kwﬁy% Hadirbancibypeia geRia{EAIRIR: foB afd Rlaxation

Pain Des-Arg9- BK exerts its effects via the B1-receptor. The

of Sm‘fa@rfavfe S B R BRI RARA AR S RG0S Htiomer tory
respem{n Bsidgkihy thetobs effcatione thaBB-fRspiomice showed a strongly

[OOJ%duced l':ﬁlg QLY Eﬁ&%ﬂ%ﬁ@%&ﬁ@%@%@é%@l& Hﬁ)ﬂseq
esquero J. B et at., PNAS, 2000 00941 BK and Des-Ar

e e 0 AL 1§ G 4 S g LS o
ovedighiay way difianamatiominticocBralyethbrgEndacpantigeatéandigengd-BX is

rapiaﬂfcge%gr&iéhlsaﬁer tissue mjury and modulates most of the evenis observed during
inflammatory processes including vasodilatation, increase of vascular permeability, plasma
extravasation, cell migration, pain and hyperalgesia (Calixto J.B. et al., Pain 2000). Des-Arg9-
BK exerts its effects via the Bl-receptor. The importance of des-Arg9-BK in inflammatory
processes is further emphasized by the observation that B1R~/- mice showed a strongly reduced
inflammatory response in & model of acute pleural inflammation (Pesquero J.B. et al., PNAS,
2000).

[80%4] BK and Des-Arg9-BK play roles in primary and chronic inflammatory diseases,
in particular, arthritis and airway inflamration induced by allergens or particulate antigens,

such as virus.



WO 2006/032674 PCT/EP2005/054721 24 [0095] In one preferred
embodiment of the invention, the at least one antigen is suited to induce
an immune response against allergy, preferably the at least one antigen is
WERWIOEH, a variant or a fragment thereof. In one further Bfef&rls/034721
embodiment, the at least one antigen is selected from a group consisting
of: (a) a polypeptide involved in bee sting allergy, (b) a polypeptide
involved in nut allergy, (c) a polypeptide involved in food allergies, (d) a
10099ply peptidevirvabredch asibdiaete badnolypapidetievoiwas tndauiedissnited

. mite allergy: (f) a_polypeptide.inyolved | ‘ ies; (e =10t 0]
R b
a vagbeiriescHdhgterdalit oK g iTee wERedirETh Qlfg%@ﬁsté&ﬁ@&rfﬁ@ is
sclc@bd (b Rhaspp Jipasend 2PraleinpébpBeidy bitiekhipalier attiganide) (b) a

Dot.mV. (white-faced hornet venom aller ; (d) Mellitin; er.p |
pory e S el P@Vg G ey é%a%%z%% @
* polyhrepsidreinveived) ito F)NTO 096 NPLGBIGECTRIPBR G A St ERt: T kgt (D 2
poly@&lﬁi@é"ﬂﬂ@ﬂrd-ﬁ &H&ﬂ:{%@ﬂéﬁﬁi@i @Na WBMALNEr (RS ROMYC28Y YNSHdgment of (a) to
. polypeptide toxin, prefera e at least pne antigen is a pol tide
@ B L e e P e S A L AR o
consisftirgeafiviehtiohoshieohipdede ondcimti§eRes shittichaoioncatigainihiuie mV
(whiBSRQA ssoaﬁaivéﬂo@ll Q%M%@QEQ@)WBE}QH?(@r@fﬁ&bgbylft@pﬁﬁrl]ﬁﬁﬁﬁl@@f [(?838?“
antigep is a.po tide hormone, a fragment or a variant thereof.
aneri%eéh &5?8;%3{ 1%%5) 0 Qhaenr%}%p?fﬁrea%vegﬁﬁ'o% ?ﬂé% 4t least one antigen is
[009h antigén auitettfioriddeceodmiminiba dirésponse INtadaimsaith 4 dirdyce an
imnfRGL k@sﬁoﬂi@r@aﬁfﬁfﬁrﬁﬁﬁyﬁﬂ!ﬁ@dﬁﬁﬂtﬁ@ﬁﬁﬁ@g% igiselectedframgdhe is a
grouﬁ) consisting of: (a) an anti%%r%s?ited to induce an immune response
PolyREPHAR I G FRBIE o 2 ARRPARTTAT or a pet; (b) an antigen suited to
[e04fiduce amimmpndrasponiseiagaindsttbe lensttonetmisr damlopatindgenis suited
to #HRAREUR0AAND 2D AEARES @Qﬁ@ﬁﬁg%ﬁ?ﬂ%ﬂ&??ﬂ&@%@& icast one
Jimmune respanse against at least one self antigen of a farm animal or a
antigRnyis A RPR@PETAS ARG GiTFTS ThE A KeHAPh ATIRY response against a
[60980lypeptittedaxipraferecpciypeptice: o Biamle stobehtigerstibeat &ren
anti e!%é&%hﬁd@@%@%ﬁﬁﬁ%?@&% disclaseddndhis-apRlicationcap-he.afRd

uman or of an animal origin, the latter are therefore preferred | )
emba AR EHinTin EECth s iFRIETTRIO AT ARF LR TR GRIREL B oftn® ARSI GHiRRS to
indugsad @sranvaesioesnagnmaninebs Thie tﬁrmfdian@dﬂlisrmpanfubammkdge; foited
to Ili?t(lﬁ mﬂal ?mIEM{y %E 05@%%&1@4 lé% ié;&egné%@dﬁﬁgj}ﬂy&@ﬁg}&ng tSEPm animal

u g cattle, pigs, goats, dogs, cats, chickens, ducks, rats, and mjce.

or SiDFE{H B AHAFR IR SMBET A LTSRS SRORSFRH R A Afashpge self antigen of
a faedtheransrangdeevan morenpietetreshanimalsére: mammals r{O800d dpainst a
olsPRsRrefsed epgg%m%gg fhg.invent Bkeﬁhgffﬂﬂfﬁ@ "RG0 for the

PO RVention further co prises a spacer and wherein said spacer is o

presﬁ@ﬂm@lﬁétwm%iﬂ tﬁ&ﬁw%@ﬁtﬁﬁé be of a human or of an animal origin, the

latter are therefore preferred embodiments of the invention when the modified VLP of the

invention is used as & vaccine in an animal. The term "animal” is meant to include, for exampie,
humans, sheep, elks, deer, mule minks, monkeys, horses, bulls, cattle, pigs, goats, dogs, cats,
chickens, ducks, rats, and mice. Preferred animals are vertebrates, more preferred animals are
¢utherians, and even more preferred animals are mammals.

[0099] in one preferred embodiment of the invention, the fusion protein of the invention
further comprises a spacer and wherein said spacer is positioned between said first polypeptide

and said second polypeptide. The sclection of a spacer will be dependent on the nature of the



and said second polypeptide. The selection of a spacer will be dependent
on the nature of the WO 2006/032674 PC /EP2005/054721 25 antigen of
the invention, on its biochemical properties, such as pl, charge distribution
WERGOghieTylation. In general, flexible spacers are favoured? Al4p8%Y (& 721
preferably not longer than 30, more preferably not longer than 15 amino
acids. Glycine and serine residues are particularly favored amino acids to
be used in the spacer, and preferaBfy a spacer comprises at least one
anti @y Ginenoaidens encisciahdesisugofities, annasapgidshiefdiabbution and
alanine, threonine,.and, charged aming agids, may. be i
sy T A R IO IR AR B I B8, Mo
30, spraceripsshiyirgiyongerdbem ihvrisseciiie Ghumscabirinssrrigistggparticularly
favoRF@tRinefAB2 Abtanddh axabdapst @namaptigenbliyuthesfaiengrispagceamaghe
elycigor o A Ane LIS SO DALty TN T IOR BRI B BRMIA G
effect of Tusing the at'least one antigen sequence into’the sequence of a
chargerhepibecinidt AR2(5 sPRINEPAISHR SORETTERCI9EE (ORI EMDRIBY P
comﬁ?@d&@?%@ﬁfzéﬂ%ﬁgdﬁaﬁﬁﬁﬁﬁ@gﬁﬁ&ﬂ d%ﬁé:@@eﬁ%@ (ast'gﬂae@fégga@ﬁ the coat
spac, een the first polypeptide the second polypeptide can be
PO o TSy O APy PO et TG Sonct aggtonl
flexivibithodtishonar chigonite tenetrsréd tidistautivion cdfeq cdfniomaeshdesst one
anti$RIOEEREIMAL SRS uaReacLIsed dclpneiihe alfeastantignnigf heinterforence
.. Invention, A%zr{gatlv%%the rrégcl‘te{)tlc{e seguence encoding the spacer may
with e ASEUY e BF SIS P EATI GRS A HERY to clone the coat protein
- [0016BA P205k crragivesyire sHi sheveratsr, wivickrr duu fissinraphasndil @dpes shaend
poiyReERataPiteInef ARZO0RWDAsPrase! (isrdiskineRithentie de ebthdient
- ermmus&OOlOl In one_%[eferred embqdiment, the si?acer has at most
metad o AR Pt PSS et SRR T S PSR B RE S &P BT B S0 BP B SP Yo
usedtitl more hreferibly attiposbS thminoeaeids Afgrthsrsiyotes prefexaldly sguence
cncdBBE hSHLIREE More RIEiRIRRIA! ROSHZAMINRALINS:J0Q Q2N #8&cat

specific embodiments of the invention, the amino acid sequence of th
proteig e ML G RSP GPotRF ConEih G BT & SEE bﬁxefé%?%é% coat
prot@&d ARGIES @i d)sEHEE ianta(e) CBETAGGC GBS -{80103] In one

jpof¥igferrediemhadiment he Atigastane atigenisfRpked Y Aldeashertny

preferably one cysteine, at each end of the antigen. The fIanking cysteines
at 708 bl AEFIFENTF BECERRNG AT tHe SHHEGURCorsitHRRy J8ded Bhe 201
furtiantigea pehissijonadhe priséniatiomef pthierasifigemos: & aitaulacifiorm by

[ae%ndiSU'fiﬁ%Qeo Hmedbanuean fe.twodlanking: cysteines; g%m@%e

imic the naturally existing configuration of the antigen. To av
spaqeh Hestre S dTeTE BB FIT &SN SRt FaN 8 Ce gAY SiERTE (&) SAC
andfiBGTa.@GigETEiS preferably to be substituted, preferably by

o L B SR Ok W0 e
pref@;gg}ﬁﬂ@, fHaiqiney 8t each end of the antigen. The flanking cysteines can be naturally
occurring within the antigen or artificially added to the antigen, This allows the presentation of
the antigen in a circular form by the disulfide bond formed between the two flanking cysteines,
which may mimic the naturally existing configuration of the antigen. To avoid undesired
disulfide bond formation, the naturally-occurring cysteine(s) within the antigen is preferably to
be substituted, preferably by conservative substitution, more preferably by serine, provided that
such a substitution does not alter the immunogenecity of the antigen. For example, the ECL2

domain of CCRS exists in nature as the second extracellular domain of the 7-ransmemebranc

receptor. Thus in one preferred embodiment, the second polypeptide comprises or consists of a



domain of CCRS exists in nature as the second extracellular domain of

the 7-transmemebrane receptor. Thus in one preferred embodiment, the

second polypeptide comprises or consists of a WO 2006/032674

WPEHWHPHIH5/054721 26 cyclic ECL2 or cyclic ECL2a. In oREF(FRyI/054721

preferred embodiment, the second polypeptide comprises or consists of

SEQ ID NO: 73, SEQ ID NO: 116 or SEQ ID NO:74. [001041 The

formation of disulfide bond betweeRéhe two cysteines flanking the antigen
cyciﬁﬁBCHQ REOEpEHE oY Jau ki Bgctlﬂ&tm@@iﬁﬁﬁlrMLBdbbﬂﬁqueSﬁ%ecﬁﬁ ixpbdtide

lyzi | Xi Which has a
°°‘“811F Sv?/?r]%lsgs s%?#de{g%%nﬁ %ﬁn%@o%ﬁ?gg §§ Bpre erably 6.8 to0 8.5,
1001 exam%‘l@ SETRNPT ASdis TG da ke ndevisrn 8he) vemer eeieifiankingi e raten

can %Wdﬁﬁ%wﬂﬁglmthimﬁé@dumhﬂfﬂ@ BERer G9e0tsM DTT' and
subse u sglfldealli)}gnd for Q}nbs aﬁl%rggsog uf e of q%
S el e e redsy fhal%floe may con ain‘1or examplg ?L ?wgl% uce

omgl!maﬂpﬁrﬁ érﬁ@lﬂ)mf%hlm DsadiZedrarammeot! 'P?‘éf@?ﬁbl??t%‘%%l@%s 0}

and QUIBHOG: H&a&& @tw@éﬁﬁq&%ﬁ&@e&egu@qﬂﬁl YtadbiomarR)fkrexBs RlRnts
5, 511 5/2,1/1,2/2, 1 D 2/02 2/0.5, 2/
cam&l%‘en&’\g% %g&td(c)f cys e‘f%eag are(?rea{clfJ Wt oé}(]irl c@ﬁtf"al%ﬁléﬂrl%e({e o

shuffixanapleoftsn 30 eAviypiy Sddiummdfratiiordhrietiyos fmql/l@ lofell§yzel texidized

gludmﬁvgré’é&%hﬁg fﬁ@gﬁ@ﬁ?qp gxﬁt%%gr?slaaprﬁwmdﬁme&i t@r@tﬁé@fi gﬁl‘iﬁt!:uon
Sultige excnange reaction ca yZ e u

B e b o AR R A APl g B

alterptivy steing, (O e Qemd prSusedwishtiyidhed etititson VioP eyl tio Al snM)

or sHiRMZed-fuihieragainst nm}”%@ﬂﬁ ARV NaCls RERQ, Ok Be Qﬁrg@oop
mM Hepes, 150 m NaC% gH 7.2, and may be inje % into mice to test

dm“?ﬁﬂﬁﬁﬂ%‘bé*n?&‘?f%f%‘ed i HAnaR SEASHRE (R REL P L PHREP S Kot
ghutathidbotliess [GOL05ittHitbrojptingalledhahidn h@ramrﬁwpmthanobf(ﬂlsumdﬂ\ff) or

cystl%@feo'% RSt ennicalyiy ] %&Mz@@%@dﬁéﬁ%ﬁﬁ%f&ElBt}%df’i%HﬂQPagélﬁsz

conformation. In‘one experimental set-up, the modified V

50 l%ﬁé %’t‘j’rln@otﬁ%ﬁhEngi?é’bﬁﬁﬁz‘g&%%c%ﬁecomgFHMW}SF%&%&WY

be igactEd iSAnlate; the intheaiedrithe platbswithcyanous bufférepaditiins ke

thgz%sa%rﬁlagae@bove and finally assayed by ELISA with an antibody specific
for the p

_&ﬂde in its loop conformation. [001061 In one preferred
[00Fibodim Ffaiﬁg‘%l%é‘&%%}?fbﬁ%maﬂ%ﬁ&%ﬁd@ ieseerrmaifirally,
by @fn@ﬁrﬁ%ﬁi&élﬁ}g@ﬁmmljﬁp%d&mﬁ neeleetectedifrona éhpegmml set-up,

the FRRREHRY Ol i E?a'”fL% g%atl Lé%'@@o‘%%ﬁ%%%%%@

Hepatitis B viru SEQ ID NO:62); C§)H|V Ne (R%mat?{io%nsan
EH@@E@E@W@%}@%@W%E Y@N@%ﬁ%«)@&gﬂﬁﬁs éﬁl_ss’r{@gegw and
ﬁnams@edeymmmmﬁs&@d@ sz&:ﬁsrofgad%egﬁmeﬂmm&@nmqm&)
ol SRR SRR LI OB GRS R
essef@lig 19f, or con51stmg of an amino acid sequence selected from the group sonmstmg of:
(a) Influenza virus M2 peptide {SEQ I3 NO:43); (b) Hepatitis B virus Pre S1 peptide (SEQ ID
NO:62); (¢} HIV Nef Polyepitops (SEQ ID NO:23); (dy GuRH (SEQ ID NG:203; (o) Gastrin
G17 (SEQ ID NO:47); (f) Cat Ghrelin (SEQ 1D NG:59); (g) Dog Ghrelin (SEQ ID NO:58); ()
HIV Env peptide 1 (SEQ ID NC:98); (i) HIV Env peptide 2 (SEQ 1D NO:99); (j) CCR5 PNt
(SEQ ID NO:45}; and (k) CCR5 ECL2 {(SEQ ID NO:91).

[60167] In one preferred embodiment, the modified VLP of the invention is a mosaic
VLP. In one further preferred embodiment, the mosaic VLP, in addition to the fusion protein of

the invention, further comprises at least one protein, wherein the amino acid sequence of said



[001071 In one preferred embodiment, the modified VLP of the invention

is a mosaic VLP. In one further preferred embodiment, the mosaic VLP,

in addition to the fusion protein of the invention, further comprises at least
WERSYSIERBITY, wherein the amino acid sequence of said WO 2806/83P6/p44721

PCT/EP2005/054721 27 protein is different from the fusion protein of the

invention. In a further preferred embodiment of the invention, said protein

is a coat protein of AP205. In a still¥urther preferred embodiment, said
rotemmmﬂeaelﬂsﬁedaérﬁmdﬁlezgfm prARO SisHNG el 1(a) fhit: t[aefdﬁl:a ptkhoSimcht

ID.NO:2. (c ID.NO:4 d (d |
Eédﬁb %l‘gpége Ang ?g“)oagiJr ﬁ‘i‘é’.ni)d%jé%(g% %ﬂ?{m&% e pro%ﬁ%ﬁem
saldaﬁrr@@mlpm@w%ﬁmﬁe&revmwm&féré@fSE&&M&@&&@%’%%%%? ()
SE¢h® fusian; rmtqa) eﬁt@emmiprrép@mdiﬂm %Lias 8nd stabilizes aﬁae(g) a

mutff%r(r)] QE% VLPg rlouswrg%glg S eg%/e%l% gf e rloggarts to
express roteins ’vvmih dif repnf)sequencem one hos prel?era%Fy In

faciliassctio a®mebprefébedtisine mhodiisoitha ifyeriendnig néerfe@%ﬁéfp?@@aeﬁtabihzcs
the WHIED ARWSSUDPEETSIQNs THARCAS A9 ARAKIE ANASHPRE a&en@@&gfesseﬁmm

the nucleotide seq ence enc d| first
i) DR AE B GO S SN GAETST ot RO, BiTR o ™
ﬁamﬁﬁ%emﬂem@m@mﬂ BbigesbratsuprFheososich @steirppil APROBH diep codon,

teenergteg whenhe tansiation.rachi Q@JWE@@@Q@B«%%&QG\@&P grdanR ke
stops the translation. The fusion of the in ii\illlentlo ill b vﬁ%when

Se‘*‘tﬁ%ﬂ%ﬁ%ﬁﬁ%ﬁd&’ﬁn&%ﬁ?ﬁ‘&&"&b BEYEESE I E"S %l‘bt p generated.
Thetramsiatesrtioé ATRNAYD0E0Bhmenevbrefth dommbodimentcyesnudifiedthe
stop Vi BoRfiReRacteH phage APAR el other IRYERYOR: SHIHNATHOMRKISES @len the

least one immunostimulatory substance. Preferably the

trang AR RO PR SRPRSGESEART 8798 SPI95 MR SUrees s s b BR¥érably
[ooHiected fromethefgred prioasistin gho fmfel)findriviRostihnubatanyopbigeis P205 of

the FERID)RARIdaglycans a{q&épg&omﬁﬂﬁ%ﬁd)sﬁm&h QRIE-AGIdSine

(e) imidazoquinoilne compounds; (f) flagellines; ( poprotelns (h)

SRR BRSPS dathi o BRS T RSEIoT  gfih g growp
con@iig_@wueiemldgs anddpaiyuiaixyire sweisubsiaidee odfb()a) ](lqjmﬁegly,(ﬁ)qs(e) {c)
llpoéc}%&ggc}gm f&B) B&?cﬂe% QSAQI&SOf é"}t Lﬁﬁ%ﬂﬁ%ﬂﬂ@ %&%%%%Latefﬁlageﬂmes

tance efera Iy at least one Toll-like rece&tor ligand in t resent

(&) #Wemwesc PR I BIR RCHGS iy OwG Fﬁ*@ﬁyc Tpgtaining

ohgﬁﬂlﬁlﬁﬂﬁﬂamﬁi@%ﬁhaﬁﬁﬁﬁe&ﬁmdﬁmﬂ sesporses). Tigrefore, the (h) and ().

The' TYRAEYE SOMNRQ &'“%” Jarher comprising akle: §¥é%”r% HNIH NOSUMURIERY,
Bstance may vaccine com osmonsf r prop ) lactic or

recemerrézlseeﬁue fRSaPRRRSHE HYSTHEE DnEppresiop drutis e hoarsist triaIBrSeaeity

oftl£9Q&Qﬁémﬁbﬂ@ﬁ&hﬁﬁ@ﬁ%@l’aﬁhGmmdiﬁp@ﬁhstmdfﬂmumsﬂﬁﬂbﬁat@ryeﬂm&ﬂ@ns
ﬁlrﬂgiCId IS referagﬁy selected from the 9{8 up consis ga) Ju !%'c ggglne

ot bactenal gngln ?%3 aucleic acid ot vira ongln lzc andcleic aci
compopHiISifY arpiatagisted CP@IEIRIPEH sgBnststisrEiRse tumors and chronic

viral diseases.

[60109]  in another preferred embodiment, the immumostimulatory nucleic acid is preferably

selected from the group consisting of: {a) a nucleic acid of bacterial origin; (b) 2 nucleic acid of
viral origin; {¢) a nucleic acid comprising unmethylated CpG motif; (d) a doubie-stranded
RNA; {e) a single stranded RNA; and (g) a nucleic acid free of unmethylated CpG motif.
Immunostimulatery nucicic acids that do not contain unmethylated CpG motif have been
disclosed in the art, for example in WO 01/22972 which is incorporated herein by reference in

its entirety. The term “nucleic acid,” as used herein, refers to a molecule composed of linearly



RNA,; (e) a single stranded RNA; and (g) a nucleic acid free of
unmethylated CpG motif. Immunostimulatory nucleic acids that do not
contain unmethylated CpG motif have been disclosed in the art, for
WEMINEMRAWO 01/22972 which is incorporated herein by rételéHEE 10321
entirety. The term "nucleic acid,” as used herein, refers to a molecule
composed of linearly WO 2006/032674 PCT/EP2005/054721. 28
covalently linked monomers (nucle@tides). It indicates a molecular chain of
covdlélgatitles ansbalaesmoletis oI ispiesificd engtttitihbapr eduatiddidss and
aoeSigGRRCICOdes A Ingluded within e, defiaiion of i

g Lae}icil%cfi ch _‘h&%hin the
etween the nucleotides’is typically ‘and prefera fy phosphodiester

defipigae . o eidnicaetifs Ao brath §asan i grastEeh ds tYBicalka sl epreferably
phofhasRherotbigatehand, asmalserentap Pasaattijotie Jgrassnt,infeentitmple,

noldOA0L 10 B0c breferied embodiment e Immunostmulatory nucteic acid
Phos |8re era%ly Seig&edfom the grou}f) co S|sf|1ng ot {a}jl’bacterial DNA that

(00 d@htaif ATIHOSEMEROFEq RenEERUIR e BHRELRIAEPEREIY
selegtwg&@tiﬁ@%wﬁ%ﬁﬁﬁ@wqﬁ%émﬂxm %tQ%ﬁg{ﬁptﬁ&)ﬁ@é@ﬁ@ﬁlatow
ouble-stran synt | . various types VIruses. In e
s PRI SRS T AR P R oo o S a0 o
Cpeomsifis awd b iatibiofiendaft iVt verbeuresidty strgbimeastieindag®RNA one
ﬁrﬂ%?%&&t&%%&f}'&@ﬁ%l E&Eﬁﬁ%ﬂ&ﬂ&éﬁ%ﬁﬁ@kﬁﬂﬁﬁﬂ%@ &%@tsktyléd@%aliy of, or
G-containing_aligonucleaoti ompri > S the sequence: '

alte%%ﬁ@%%ﬁ%é?ﬁh%ﬁfﬁ%&%ﬁ&%ﬂ nf 4 are any nucleotide.

{00 R ferdblynd rectiigdnemtedident shecomptisdatidotip Prefoipabhe abigungdenside
conap%ttﬁp&q%ﬁﬂ&%ﬁigﬁxﬂ@@@s@i@%&m&bﬁdmpkmmﬁgﬁ%@ﬁﬁmm@.

ucleotide contains one or more phosphorothioate modjfications of

oligon i
P 2P S o HESBLRRSHe T oS SRET AL PEPLSTERY fhB ol Fh 300
mucle@i8econtaipinfraligontieidotide 4s: danibichukiphgspliprottimate contains one or
mod'gEifiGRtioN5,.0f thephasphate RagkhoRG: B ARGRLC IR A RIARAUIMAR red

the unmethylated CpG-conIainin% oligonucleatide comprises or congjsts.

embodimspin cEETEARNEIPEES f5YRIDBPPosPHEPIR Bprifications
of therihespeedarddemliodinentithedienvetiylate the pretimiain rigpG-containing

oligBHEAAN AL OIS COMPLIRE RN AHRFNFNVENRTSE £RFNRIN 85 B NO04).

alternatively consists of a_palindromic sex%uence. In a further preferred .
180 Htioodinetits sSfeisaimer e seBhefesns fi ke B yiafind-pU-containing
oligonaietidesopiierahiyiny-atieBstehotbestilitalore e touabiy kiyabteast & a

-p -0&5%0-% QAH%.’}%%'%%E’@? rdF éQQQBeB{;?J&@&!x SRheddmnet Wametbylated .4

5-Con |n_|_ng oligonue cotide comprises or co sists of
by EmGTCadts PIRIARE 68 Gest (S EEH SNty ofotsdiyaay At digat 8 or 10
guapiRfcrablyotitrbodimesic Saidpalndremivisamee M BemMMiSes (PIG-containing
. alternatively consists essentially of &qr j i @b :
i - MY 268 é‘ﬁlﬁi?ﬁ%f%ﬂﬁ%@ GG (SEQ D
oliggn ok PR | SR 7). SRV st aeclorekiast B
NO@imethylated CpG-containing oligonucleotide
[00113] In one preferably embodiment, said palindromic sequence comiprises, oF
alternatively consists essentially of, or alternatively consists of GACGATCGTC {(8EQ Th NO:
70). In a very preferred embodiment, the unmethylated CpG-containing oligonucieotide
comprises, or alternatively consists essentially of, or alternatively consists of the sequence
GGGGGGGGGGGACGATCGTCGGGGGGGGEE (S8EQ ID NOTL).
[60114]  Other useful immunostimulatory nucleic acid sequences have been disclosed in the
published W(02004/085635 and the disclosure is incorporated herein by way of reference.

Detailed descriptions of Immunostimulatory substance, particularly immunostimulatory nucleic



comprises, or alternatively consists essentially of, or alternatively consists

of the sequence GGGGGGGGGGGACGATCGTCGGGGGGGGGG

(SEQ ID NO:71). [001141 Other useful immunostimulatory nucleic acid
wEetenEw3have been disclosed in the published W02004/F8563Wa{54721

the disclosure is incorporated herein by way of reference. Detailed

descriptions of Immunostimulatory substance, particularly

immunostimulatory nucleic WO 2008/032674 PCT/FP2005/054721. 29

aoid@ﬁi&e@&ﬁ@@@iﬁ@n@&&\ﬁmymﬁj@% anéaggilaggﬁggtl}am?m. Giposed in
W{)&%Y@@@%‘}? é%@%%&%] ]él)r?/gﬁﬁe%/rgg?elﬁ%d embodimer?tr,]the

[003HFmuosthh BFaforydembedinenisthyi REEORMIMETE RHRSETHS FIBpOIFEY the
mo&ﬁ%mi?ﬁmﬂgk mﬁaﬁnﬁg%iﬁam&&;imwm@{m&ﬁbﬁﬂa?@mm d@ound to,
preferably packa inside, the ifi LP. Methods of mixing the .
R R e G R R
subgiana¢e 0810 - 480P -t devsfhsar Kisglagydtne WA 4BPn iMatienye of packaging
the SHRSIARESSIMSIF R thenbRlruarRepnrdiselosed inNROI/029 4852443 . The

entire applications of WO 03/024 03/024 P 4/00316
e, SRLTRIGHS. Tt Hod AL R To B Sy PYbrer AR CE S e, BT
incqpemiagduminciziwackisdeCp Gurthaspestive ackpaadrotelsie ddidnand CpGs,
respdQHAGaloR iR IR MAkE Blable dMPreovREe RS ReGHis ACtMAlIRRIfic

_of cells from the innate immune system is dramatically reduced [00116] In

actiyation of cells G0 G SSHBPaNAG éés’ﬁ‘%%%ﬁ%“ %ﬂﬂﬁ&%ﬁ comprising the

[001hGidified WirvselikepaartisteifvinByohbioeidayentioningreferadsijithevaptieg the

mocﬁﬁéﬂnﬁﬂy.ﬁfa{ygma@ GAPPHSES Atuilish: HeansaRodinant JABNAREIRG ther
u

composition further comprises an adjuvant. The administration of the at
compEEses 3R AR AP TR HERShy 5 CaGr PH B8O Eh S ST AREBTSS b PHRE:
Thet MMmisﬁaﬁm .a:f Mtim&njugaﬂonmdsitﬁhy. o&d}uyaf_msoe mmmlssy
or a@r@t%m&&m%gﬂ%%sllﬁv&ﬂ@@ée 9&‘.%35&0%&1&%@%&@@@@%&% of

or induce the formation of a local antigen depot. Examples of the at least
dengyies Sefoy AT 217 ReRSEXBIY OB STE ORiputs B trTReEEmietdocs!
antifgedaehs afﬂmpmtgmninwm bmdﬁdym:lﬁ; aiclmm hnmpsﬁﬁ&band)misdfhﬁ @dmplete
and I(AIAPERIAS: PG 2 UUMARLS G AMAGER! A1 SHE A% W Wi

hydroxide, surface active substances such as lysolecithin, pluronic
MuTBEIAGIBCRSI AR, PREBTNS 2 TREHISFS, Uty HoNTTYEY REdESrariice
actithnéiiaphenokusin dspgtortaby. Usefohiwsianig djvlvanis:s uehiaks BEGmuisions,

bacilie Calmette-Guerin).and Coryne erl [ chad
ke e e 0y S BEIEAT R B U AR s
BCGifhegile (oHmssiiors o il Grrsmtisieneue vt ArenitiraRE pip also well
knoM9Re RROsRherVHipighjReuN amotulatopiAdilaE 10anQ&RIo@d 8F the
. CRL1005, Aluminum salts (Al ME-59, OM-174, OM-197, OM-294., .. .
v R L P B b bt Al v
100gffahbSUtnLiafdty el eidumisirn srere iR IRERI UNE S fitn (DR ridbletés:
andACHhEANPIAR QR LEHmMAseydilicaliensdavhe mclude immunostimulatory nucleic

acid, preferably the immunostimulatory nucleic acid contains one or more modifications in the

backbone, preferably phosphérothioate modifications. The modification is to stabilize the
nucleic acid against degradation.

The adjuvants can also comprise a mixture of these substances. However, .the term
“adjuvant”, as used within the context of this application, refers to an adjuvant not being the
modified VLP of the present invention, and not being, if applicabie, the immunostimulatory

substance, preferably immunostimulatory nucleic acid, packaged inside the modified VLP,



backbone, preferably phosphorothioate modifications. The modification is
to stabilize the nucleic acid against degradation. The adjuvants can also
comprise a mixture of these substances. However, the term "adjuvant”,
WESHMEBHiTthin the context of this application, refers to an adjGVAARAST054721
being the modified VLP of the present invention, and not being, if
applicable, the immunostimulatory substance, preferably
immunostimulatory nucleic acid, patkaged inside the modified VLP, WO
rath&QQ GHRARA 14 216 HEIRRA0H/024d ZlaRBicathe if appHeibiontte saicwoatifiedory

P and.in ddltlon to Jf Ilcabl the immuno |mua
subsfnce BRI S BB R NS DO IR B0 SHRRIROCE.
[00NTP. [00kM. PRY WW@%@E@‘?@@@WE@W@% PrEnRaTiR dscvpe sifi ediygant.
ThuSleNO Al AR ﬂmcm@gmmm@rm VAR MRRCIRCAMPISIHGE Dy

the inyentio atient WI referably.. occ ithput administering at
Occqreagttg‘ne aé;jkﬂr\‘/an totne samet pg eenfy rior ?o chﬁfemporaﬁe%us[:y e

contgftgerivecaisin imistrertibn efmfrsaieind. ixnvadantdgaduanfagnene fofitne of the

presBRESRRLIBERtIGR '&éﬁ%xﬁiﬂ&w&?@%@Qﬂatﬁdﬁiﬁbﬁtﬁﬁm@ﬁlﬁ@%@@&ﬁ& of
od the absence of adj uvants The @ﬁ sence of an ad %nt furthermoyfelm ed
Juﬁﬁ%%saﬁ?gﬂ(g%@ FRACLG an‘fméormffmr?fﬁ%?ory nf%nscﬁo?]seswm
inflsprtseritig lasafotpsoopreemtiing theslpgic omationn |tinqommnﬁap¢nmmémcular in
the VREGIRAHONARRIGH spifaptigens. (001181 The invention further discloses

a method of immunjzation c administering the vaccine of the .
005 lsent VB I in S SR Grr PTHR A T EBPactpie
adminatoning| tisuekeeisccal, (sh eapsmigiviestise, thewirmeja gyrrathmeosémndimal is
pmfpaﬁw Ay BUmaR, Thevagcine.pay-he, adgRisisred o 2Ninal iR lary

human by various methods known in the art, but will normally be

b e YRR EBE Y RS AR M FLRS G Th PRl SR 20T aRdh .Yﬁgf% BROgHsIRy™
in SuitahlephysitalmetbideT hénconjogdtdy meycalier nativéby, béthalation, oral
 adnREOHRISIETEY IRHANAUSE AR @M%@&%ass'yrﬁéa@aag}ge%@%y alternatively be

transdermally, intranasally, intraperitoneallly or subcu taneously
ARG PHETB BRI atB AP eiini SNl &8l pTB el e Btenasally,
intr{@efitopaligialogitalsatine)yortwmpaguacus soljlgans dnd skhspensionsinclude
ster%xg‘;@%kxss(a()f% %%%‘?u '1‘E@ﬁﬁé}’%{i'B%Q%%&B%Q%%%QM&B'SIES&QM'ef&%m les

col, vegeta ch as olive oil, and injectable organic esters suc

of na%mﬁgﬂ%%Y@@%@@ﬂ%ﬁﬁ@w@%@%ﬁ@%&%ﬁ%@%@& R P live
oil, akmz@ﬁémﬁamigynm:mmameswﬁgamabs@mﬂeﬁ ¢00dd Hivkhéraasiigrecaf be

uscéhelh@r@se &Irgs Iby%P aggée %\é&g sDafure of the antigen, route
of introduction |ntot e bo ose an osage eglmen repetitive nature

[0058he antﬁﬁm%stfﬁlaw@r@awsa?%?@|hﬁ¢%&i@%§b¥hm%arﬁﬁﬁﬂfﬁ}ée antigen,

mutsyﬁtamedﬁmrﬁwm%ﬂ@mﬁdﬁa& heajaieseschyribaiapphieatonrahbathigen,
biostaéaknown éheor a’?f' ro ?3 rlmentatlon Vac&ges of the inventi rgay be

are said 1o be ! p%narmgcgfocélc 53%?3%@ |?Uhe|ra ministranon can

tailgsed by the application of both art known theory and routine experimentation. Vaccines of

the invention are said to be "pharmacologically acceptable” if their administration can be
tolerated by a recipient individual. Further, the vaccines of the invention will be administered in
a "therapeutically effective amount” (i.e., an amount that produces a desired physiological
effect). The nature or type of immune response is not a limiting factor of this disclosure.

F00126; In another aspect, the invention provides a pharmaceutical composition
comprising: (a) the modified VLP of the invention; and (b) an acceptable pharmaceutical
carrier. When vaccine of the invention is administered to an individual, it may be in a form

which contains salts, buffers, adjuvants, or other substances which are desirable for improving



tolerated by a recipient individual. Further, the vaccines of the invention

will be administered in a "therapeutically effective amount” (i.e., an

amount that produces a desired physiological effect). The nature or type

WEFIedRE +esponse is not a limiting factor of this disclosure {OEF28)5/PH4721

another aspect, the invention provides a pharmaceutical composition

comprising: (a) the modified VLP of the invention; and (b) an acceptable

pharmaceutical carrier. When vacdhe of the invention is administered to
the dMRGVisuale ibmashe inade ywhichepniaintasrltsobuters, pdiavams, of

or other Eﬁ;ubstancg%f W%%htﬁa{)%% |1rlzlabrlle f(c):g O|mprovm Wq 3006{8332621“ -

icaCy Of the conjugate. Exampies o

Pmm@ﬂ@@bﬁéﬁl@ﬁﬁr(%@ ity g ek Brbbirbpieemad8Bical compositions
[om@t@ provigeghinpdmerpes %Q&f%ﬁ@ﬁ'%ﬂ%BﬁMﬂH@B%g or prevcntmg a

di g&) CEU C LSCIE gﬂIIElSS1 OsoIdAS ﬁ‘crk1§u 1é!shl Shrisin
lse'ﬁ% A aspec evllnvehtloﬁ ‘f)ro?/% esa me%ﬁ g ore

admiragieimyg op pme\ﬁermaigca fdubea@e i sordéfiedr BhYsidf dbrcizomditionddnvageine
comiRiMidHaH MBI SisH @@WE&BE@'@%@QM&S&?%@&Q&B@” N ahSher
a human the, modified VLP of ttﬁ? ﬁventl ggﬁ |ne com uf%smon of of
25Dhie R APYHDY BREfrdce § {Re ThG ARG of 2
medimaotive foatpachithenioyprivoriprofid és@use ®$Qtwbrmumﬁ@dl(\gi_®¢gﬁltms in
an aaRUagiUERg.0f a medicament for the treatment or prevention of a
disease, a disorder or physiologic conditions jn, an animal or in hum
Eﬁﬂﬁ[%ihzi?mﬂsﬁ@a%p@&“?ﬁétfﬂ%m%%wm@é%aﬁ%la%ﬁlcﬁﬁ § g g of
the imaiified MpPridnthédnwemtion(Q dopsitithéeste higaoig a) eptividalyequence
encdBEAELGANRY QM%%%Q%&%’&!%@% GREOHIRG SRRACELIR SIRRE Hitne

first nucleotide sequence encoding the irst polypgé)tlde or the second
t

SeCOf TRDERHS S SR HRETE fﬁ%ogéeaﬁa%fiﬁp 1B HHEFEmgd second
nuclkgadingeaicts edhndidiire] eotidaide spipnoe withisadifipshird cleddidde sequence

enc ?a”&%usﬁgé RGNS B DRSS RE JURACEIER %ﬂéﬂ DRRI HHOsi0n
S ot

protein; (c) (optional) introducing a stop codon which allows suppression,

at the: 3he 3tb6ffiiﬁ=é FrsleAtltes R Se (et xitabih gukidr tpquence in a

hosmmlefml;emamﬂ Eanifitidn OB thp meﬁelt@dgymmﬂmdbmﬁmdmmm tiidorming
resultin [Q d fied VLP

sald(rr?glg ‘ﬁ)ﬁp as(f %r#ngé VLP%%B%% 1}9{59 ine S,

purifying s S obtalne om step (d 23] In one
[00%23hect, the MoSHRIch Brotrates ﬂf%%ﬁd”f@iﬁncﬁrﬁfﬁﬁsq?@%lwwp%ﬁwﬂ e,
whordResginssaig-padyne plide isdure thtopithel- ﬂamﬁhuaroetdeﬁmlmm t6f a coat

pro bx‘i-’ltho}eémm 3 V]:ﬁ?ecl:’gln pﬁ]%%nb Qe em t e;%gf%gfc%)% g%lypeptide

ai:tenop age erabh y sal peptl onsist }
congFirgd At anpreferilslyredprsiEts WFS%?%@ m@réram%bé}o?s%m Higraore
prefBf@figrablysl S-2& aaming @gmo&tikbmwprefesammknb& %Eiéféﬁmﬁ 3-15, more

prafgr%:lgraqu %ég n(;re 1%% A %" ?rq r%%{:g bl%fﬁ H‘ 0.acids;

bly amlno aCI erein sa usion

and pﬁeﬂ@m wé@mmmmw@% forming a VLP
[00124]  In another preferred embodiment, the polypeptide to be fused to the terminus of the

coat protein, or rouieins thereof, of AP205 bacteriophage, has less than 30 amino acids,
preferably less than 20 amino acids, more preferably less than 15 amino acids, even more
preforably less than 10 amino acids.

[00125] In one further preferred embodiment, the polypeptide is fused to the N- or C- or to
both terminus of the coat protein, or a mutein thereof, of AP205 selected from the group
comsisting oft (a) SEQ ID NQ:1; (b) SEQ ID NO:2; {c) SEQ ID NO:42; (d) SEQ ID NO:67, (¢)
SEQ ID NO:689; (f) SEQ ID NO:69 and (g) a mutein of SEQ ID NO:1 or SEQ ID NO:67.



[00124] In another preferred embodiment, the polypeptide to be fused to
the terminus of the coat protein, or muteins thereof, of AP205 -
bacteriophage, has less than 30 amino acids, preferably less than 20
WERIAYY424A5, more preferably less than 15 amino acids, everf-rHEFa05/054721
preferably less than 10 amino acids. [00125] In one further preferred
embodiment, the polypeptide is fused to the N- or C- or to both terminus -
of the coat protein, or a mutein the@of, of AP205 selected from the group
[801eeNSishingne fiuf@)ed kspeth) N Omednpd QuiBENOR¢i¢e)i EEulBNCER i) the
.SEQ 1D 6.7, (e) SEQ 1D NO:689: : '
L S R A A A
thanpeoy/pERgHdr0m4PEes 30 02 26T | AR RIEher fspeercicpifentiy all the
nuclB6GNidRGuEnILCIBAtIsie e quenes: antasg thaubdsiast pratedh afdhecompassed
b invention. One amino acid sequence of a mutein maybe encoded by more
Y Tesent mveniion,, :
n one nucleotide sequences due to the degeneracy of the genetic
code. Thus all the nucleotide sequences that encode the same amino
acid sequence of a mutein are encompassed by the present invention.
EXAMPLES EXAMPLE | Con t] plasmids for fusing antigens to
the N- and C-terminus of AP205 coat protein [001271 When referring to
the N-terminus of AP205 coat protein in the cloning work described
below, the term "N-terminus” rgfesa.prthe first Alanine, not to the initial
Methionine. ,[00 onstruct 378-2; addition_ of a short spacer .
SR R e e ot e S
for the spacer at the N-terminus of the AP205 coat protein. [00129] This

[Gﬂl?epsﬁrucmgv?&ﬁ?ﬁg%pﬁf CRsing BA%&%@&S}E&%@%%@@?@ work
empjlate, and using .an ups r’ a roimer . [ _ £ nin

oS B N R b B (S AR 510 B N G B
[o0@dIIl- retrintion 3fe? TddiRERE §rsgméritGtaspaigesie dVyvtlrddaleiidloning

sited WG @Od clened;inihe.samsdesthce @gaﬁasamﬁe R-BRRLBDF RS UHAG coat
inplasmid pAP378-2. [001301 Construct 382-2: addition of a long

PSS GTAGGGSGS spacer and Ncol and Kpn2l cloning sites within the
[b0iz8Cleic aChdsseguena@todingriatesayd paceimat i PIiN(ALE D ARROL as

tem%gg,[ TN A %&J&Q 13 S 60RSEY GHORWAS RLRRY PGRISINGd &
late E

78-2 as atem and using an upstream primer p2.589 Q ID
doWRBBYT EiHE g RICOFIntPa Sdwh R B r e P A 2658 e ™ B R I ) PCR
fragaentainndjdeline| wigsiviofiandsiféadThenP Cbhikh gniien banvesdigested et into a

pr'TE%?'r%ﬂﬂi_nEiiﬂ Iﬂ@tﬁg Igmgg_g_‘u the same restriction sites into pQbl85,
resulting in"plasmid pAP382-2.

j60130] Consiruct 382-2: addition of a long GSGTAGGGSGS spacer and Neo! and

Kpn2I cloning sites within the nucleic acid sequence coding for said spacer at the N-terminus of

AP2(5 coat protein by PCR.

[060131] This construction was made by PCR using 378-2 as a template and using an

upstream primer p2.589 (SEQ ID NO:6) containing Neol and a downstream primer pl.46 (SEQ

1D NQ:5) containing Hind!II! restriction sites. The PCR fragment was digested with Neol and

Hindlll and cloned in the same restriction sites into pQbl85, resulting in plasmid pAP382-2.

[60132} Construct: 409-44: Addition of a short GSG spacer and Kpn2/ and Mphl1031

cloning sites within the nucleic acid sequence coding for said spacer at the C-terminus of

AP205 coat protein.



[00132] Construct: 409-44: Addition of a short GSG spacer and Kpn2l and
Mphl1031 cloning sites within the nucleic acid sequence coding for said
spacer at the C-terminus of AP205 coat protein. WO 2006/032674
WRCHIPEREN05/054721 33 [001331 This construction was mEHE/ BY2RISEE4721
with plasmid pAP283-58 (SEQ ID NO:3) as template using an upstream
primer p 1.45 (SEQ ID NO:7) containing Xbal and a downstream primer
p2.587 (SEQ ID NO:8) containing Mph 11031 restriction sites. The PCR

[eefgapmentmassdigrstad wilhnéaabard i phh INdhanskclogreesinghe Fame:3)

restriction sites into a poQblo, .r ing.i id pAP409-44. [001341
o o B e e P n  desam
prinkpp2f S ERIN 263 8 clomhg sk htiin teatuniioR iteteidhedtinigiresmient was
digdhier Gril@rints-af ARZ0%080ahdERiin 1004 384d NsHEaNSIIMEHORMWASHQb10,
ade %PC %4%44 as template using an upstream primer p 1.45
resu%@(ﬂl :?}ngn%alning Xbal and a downstream primer p2.588 (SEQ ID
[0639€): 9) containing Mph1103I restriction sites. The PCR fragment was

[eo¥gested withoihakand: MRRLLA 3 andAlonsd s SamgSe sHiCliRp31Gad

into.a pQb10, resulting in plasmid pAP405- 61, [001371 Constructs 378-2,
Mo R R A PUREIF SO 2Bk Ao P PR G 20
prote®.378, (pPAP378), 382 (pAP382), 409 (pAP409) and 405 (pAP405)
rooisgreafternior tRG-3ake AfSIRILCHY phRtBaHONMING SXBMBIE 85 HRHR UBstroam

._antigens have been cloned into the above described _vectors.g[?p%é%m In__
P b (e 0 S GR AR5 i e BB e 1P MO
9) wotstvctMal B W raaxprassetkasTihe BB efimg oA MBRL Bl saddiite Xbal and
MpRER8R 8 aME Buvas 0 eanansiAlrg: B EY¥oyd, mmuBotiifaion: paraos.

(Ouchterlony) assays. EXAMPLE 2 Expression of AP205 fusion proteins
61. [001391 E.coli IM109 cells were transformed with the corresponding
[001%%_205{1@&@9:@61{@'@, pmmi%NSewiltmmmammd@giwmdw
refefBd RSlAYA &;‘%1,99’/82% 9m¥§ NpAGH £RNAAG L% MK L APRISIMLINIRL B

medium containing g/t Ampicillin and growing the culture overnight
the spg P HRHEHE: SRAAGHELEEPE G5HERE AN b SBYRIGR CETarEN FRRetiltte &Pe
aboad debitedMmedium supplemented with casaminoacids (Difco) and

oo £taIRING 20 Mgl &@9&%&'&%@@%&@%@%&9 gultue carried qut at 37.Cc .

with vigorous aeration for 14-20 hours. Cells were collected at 6000 rpm
378 mprpEpgsssd Asgiescribe in EXAMPLE 2, and the assembly to a VLP was demonstrated

by EM and immunodiffusion (Quchterlony) assays.

EXAMPLE 2
Expression of AP2035 fusion proteins

[00139]  Elcoli IM109 cells were transformed with the corresponding AP2(5 fusion protein
piasmid. A seed culture was prepared by inoculated an individual colony grown on agar
containing 100 mg/l Ampicillin into LB medium contaming 20 mg/l Ampiciliin and growing
the culture overnight at 37 °C without shaking. For expression, the overnight culture was
diluted at 1:50 in M9 medium supplemented with casaminoacids (Difce) and containing 20
mg/l Ampicillin and growth of the culture carried out at 37 °C with vigorous aeration for 14-20
hours. Cells were collected at 6000 rpm for 15°-20° at 4-8 °C.



WO 2006/032674 PCT/EP2005/054721 34 EXAMPLE 3 Cloning,
expression and purification of the modified VLP comprising fusion proteins
of the coat protein fused with the D2 peptide Cloning of the D2 peptide at
W aieiBeATihus of the AP205 coat protein [00140] The DNA ¥FfalgEteps/054721
coding for the D2 peptide (TSNGSNPSTSYGFAN, SEQ ID NO:10) was
created by annealing two oligonucleotides - 0ligo2.196 (SEQ ID NO: 11)
and oligo 2.197 (SEQ ID NO:12). THe obtained fragment was digested
with Kpn2l and Mph] 1031 andgglared Bithe same restriction sites into

AP409-44 and pAP405-61 under the.co of E.coli_tryptophan opergn
S el s e B R s
coat protein - GSG -90%t prepstiel &agZovith fisd3eaepide05-61): AP205 coat

protein cieniGEERIB pdprdpapiide-SxanineohtherDd Rentidaat the
N-terminus of AP205 coat protein [001411 The fragment coding for the D2
peptide (TSNGSNPSTSYGFAN, SEQ ID NO:10 ) was created by
[0074fhealind B fidormuiootiing folie DB oa e GINNEPEIP XA AdfigeEQ ID
Nogcﬁd%:gs(&%@d@yl\id Q:I 'éaﬁga_gﬁ?ﬁ oRiain %Jﬁ@&‘{l@ﬁg&aﬁgé i@%&!@ﬁ w?hl NGak oligo
an n2l and_clgned.in. ame restrictjon sites. in vec
2 S Ao, SRR A ORI C b 50 & o a0
clorgd 8: e MBe-rBRipeptities @S G 408R2 05dqnabHibiginnds thrssuttabbitReol

trypR R S RFGE SRUERAMIRC - ACIf A Al sehid 4R.NO:l was changed to
aspartate. 422-2 (based on 382-2): MG - D2§ezptlde - GSGTAGGGSGS -

4184 poaied Bt bidtein, ConsrRe R 7 To17 BF ¥and 422-2 are
220 S1RHEEA 19, 855208, 4206 A8 ]cd%@gréé% thereafierder thy sakesof simplicity

Purification [001421 Standard buffer for all the steps of purification was
the NET buffer: 20 mM Tris- HCI, pH 7.8 with 5mM EDTA and 150 mM
NaCl. [0@igrdzGethybatesyiere futifiethover o Er2dBcenpmnirand the
pooled eluted fractions were further purified by CsCI gradient
ultracentrifugation. Concentrations of the purified proteins were

[00%fdierminddpiranamt£adns £t Ry 200876326 PAPETII P 05954789
NO35 [00id4tRisplaymtiliasaniigehgaasitestes iNaigdnIlEItIORE SN 13) and

W ti as conjugated ase vi .aming acid

I Eé"iﬁ @S:Pﬁ. HA %%)A g% %&%?}Jé's &%sk%éﬁz%rﬂ} 7 88 v}\?ﬁ%%a
° 1g?09§§)¥§n the cros -Ilﬁéce_? 1_[33 and coated on an ELISAC(E)Iate, ife
clongfen b P aRTSRTIHHGTINECDRP dsticrs ove e Td A atad RadH -
The resulting construct are:
421-8 (based on378-2}: MG — D2 peptide — GSGG — AP205 coat protein. As a result of
the cloning procedure amino acid 14 of SEQ ID NQO:1 was changed to aspartate.
422-2 {based on 382-2): MG - D2 peptide — GSGTAGGGSGS — AP205 coatl protein.
Constructs 418-7, 420-21, 421-8and 422-2 are referred to as 418, 420, 421 and 422 thereafier
for the sake of simplicity

Purification
001423 Standard buffer for all the steps of purification was the NET buffer: 20 mM Tris-
HCI, pH 7.8 with 5uM EDTA and 150 mM NaClL
[60143] Cell lysates were purified over a CL~4B column, and the pooled eiuted fractions
were further purified by CsCl gradient uitracentrifugation. Concentrations of the purified

proteins were determined by the Bradford test.



anti D2 rabbit antiserum raised against a D2-Fr fusion protein assembled
into a VLP. Detection was performed with a donkey anti-rabbit HRP
conjugate. 100145] All four modified VLPs (D2 peptide at either the N- or
WiD@0@/t&4fitnus with either the short or the long spacers) inAfHi(EBRE054721
binding of the anti-D2 antiserum to the D2 peptide conjugated to RNase
and coated on the plate as shown by ELISA, indicating the display of the
D2 peptide on the modified VLPs a3$embled from the four fusion proteins

001G 2). G464 e thapmoes elastranmicnasrarhs of All dowemedifiatic D2
VLP purified el filtration.confirmed capsid.assembly (FIG,1).
was QB N Voni S Rl S e TS SRR lokubker spP and

cozigdthnthe BhdBifipl diohaYAds diislsiaynigaie Doppépriges [0oubprt Mitean

antiDZ HPGE HAWEIRARNHRIZe5h SHIEHERNRSWSI MR HMA Cha Vi WilRRBon
m cg{(]%rucls 418-7, 420-21, 421-8 and 422-2, which are

J);otei s fr
Wast%g’%‘gffgr% SPRRE AL PSS S9Y 8 422. The proteins were diluted
[00%5h final 48| dene 6diGell Yi-PBE 2apritio0it wihes ihjebtedr itheHe tsfmanep with
cithHORE IR Al WAR Qleae iANIRA A IRaIsWERDIed.0n dakdtnatdidine
and the antibo@g&r}eﬁquonse was eapzéjr_ed in an %L%&grieﬁg, a v%[iaigt L
PePYTSoTEBIRG AR RRETRIE PAATE SHRER &2 -APERERHRATR®
of thwd¥ gopiie dritdhRiNaBE Bod NG thescnrdeb vk énSPD RusiDherasaitirdgs 2).
j00 £RAIUOAGWAS A VRN, 8hals- Binding.0TRG Fe A RS URIEE B gol
with a Horseradish-peroxidase goat anti-mouse 1gG conjugate. 1001481
filtraiprsaPises e BRbIEThigh titer antibody responses against the
D2 peptide, while no binding of sera was detected with pre-immune
serum, showing the specificity of the binding. The titers were measured
as the dilution giving half-maximal bindin%, and the average titer of the
three animals was 10700 t 86 uct 418, 1.10200 3000 for
Imeonstie! #2604 5490056500 faredonstng et spaiscarich 1h2 Qi RS0 of AP203
construct 422. EXAMPLE & L%Q%e%@ﬁ%ﬁﬁ&n and purification of the
modified VLP of AP205 displaying the Angio | peptide WO 2006/032674
PCT/EP2005/054721 36 Cloning of the Angio | peptide at the C-terminus

100 DF7A\P205MRat o ieinda0i ot hediagmeniheodingdoy tieddngimd peptites

DRVYIHPE, S | : ap, CHE I Zafter referred to as
e e e o R e et et o 0

. : / (SEQ 1D

41820, 17}, api & BhiBInar g ek dHiueddrye W}WK%%?%M(}TBH@E@&QOW
wer@itfeGlanRANB MicaRRB: e glicli o pitas ia thendecarmpdw4e Stdtloantly 14
and %,F:)agg %ig ]a'n%gggyr Jeré%o%gé' \g}gsl roﬂce%i?rgg ir‘i-%P %ﬂ}e%n I?t?e?{qr}i 9591%9%?32 peptide

containing the amino acid sequence CGG at its N-terminus was coupled to RNase using the

cross-linker SPDP. The resulting conjugate was coated overnight at 4°C. Binding of the sera
was detected with a Horseradish-peroxidase goat anti-mouse IgG conjugate.

j00148] All four modified VLPs elicited high titer antibody responses against the D2
peptide, while no binding of sera was detected with pre-immune serum, showing the specificity
of the binding. The titers were measured as the dilution giving half-maximal binding, and the
average titer of the three animals was 10700 = 8600 for construct 418, 1:10200 = 3000 for
construct 420, 1:7900 £5500 for construet 421, and 1:2G18 = 2500 for construct 422.

EXAMPLE 5
Cloning, expression and purification of the medified VLP of AP205 displaying the
Angio 1 peptide



The new constructs are: 441-9 (based on 409-44): AP205 coat protein -
GSG - DRVYIIPF 442-7 (based on 405-61): AP205 coat protein -
GTAGGGSG - DRVYIHPF. Cloning of the Angio | peptide at the
WR-2eeiFRg340f AP205 coat protein [001501 A peptide with affifoE&eS/ 054721
sequence DRVYIHPF (SEQ ID NO: 15) is referred herein as Angio |
peptide. The fragment coding for the Angio | peptide was created by
annealing two oligonucleotides - olig®3.218 (SEQ ID NO:18) and oligo
3.219 (GBI NOALE) IHapiabiainet agmenbvasdigesigdbwith Ncol
and Kpn2l and cloned in the same restriction sites into the vectors
pAP378-2 and pAP382-2. The new constructs are: 446-6 (based on
[0601398-2: ThGTapRYHIIR- G $6 G ngRP 2o B titsaf P OTEINER ABQURSNY A was
crea%%%‘y?)ihﬁé@iﬂ%%YJHBEUG%Q:EAG@@S@&S&@W%M%&@Q15@EQ

nstructs 441-9, 442-7, 446-6,and 447-9 are referred t 441,442, .
I S P 0 TR e LB L P R PR Lk, T i e
samCedigrigtare yseutb hh reettimps I8 A tvd\w £408sSih wderighp (skferet A Sigoli
trypRiHES opeRiaiRiRGdMa/ml lysozyme and 0.1 % Tween 20 followed by
ultrasonication. The lysate was clarified by centrifugation yielding lysate
The pog (aMEAAS: reextracted with lysis buffer yielding lysate 2. The
a4 SHRGINAaNSeRe thepsaiterpyrifisd futhier rayoamwaination of gel

filtration steps, and the resulting pure fractions were combined. The
4420 ABRARB ALY filtheEn SR FtBReach tSHER ST BB Ge5bed in the

following: Construct 441: lysate 1 was loaded first on a Sepharose CL-2B,

then o4, 3EPbAIRSE, 08 1 ol Hiseesanddusaenaspadad frst on a

L-4B, then on a CL-2B column. Construct 442: lysatel was first loaded
1001591a. Cf-PERtido it iEh HEop- A8 maRy B & SEph 4765k TR BYEG Himis, referred
herdily SRi@2eWab fugidoatieg Rrpadl dBirthen ahca/eenhdnseHtB eadusrated by

am%%% 3 0%%?%%%@%%@%90%@%4@&% RO Gha Wiy 0o 838

ollowed by a arose 6B column.Lysate 2 was
NO e tetbteseisireroesnt 76 yNeese s paakise oVerdl e A g Byme
resticEORBROBR OB calltapaPgsate adiwas parified twice over a CL-4B

column. &1019%%%1 All four constructs formed modified VLPs as confirmed

Theﬁf/:% ectron microscopy. Display of the Angio | peptide on the VLPs was

446ttiriivercdonfirtirdd by MASARVhEIEDNthE G PATREFcBRTER L a
44760681l siiarrof)abou ¢ Orgpinriramd tashinding st twarmmtsemiaised in
iasig?éi&i%%@%ﬁ%eﬁ@@@,'%ﬂ, ADQI0 XYNIPSRlde TeSPECIVENY: WAS 446 and 447
thereafter for the sake of simplicity. '

Purification
[00152]  Cells were lysed by three times freeze thaw cycies in a Tris-buffered lysis buffer
containing 1 mg/mi Iysozyme and 0.1 % Tween 20 foliowed by ulirasonication. The lysate was
clarified by centrifugation yielding lysate 1, and the peliet reextracted with lysis buffer yielding
lysate 2. The supernatants were thereafter purified further by a combination of gel filtration
steps, and the resulting pure fractions were combined.
The combination of gel filtration steps for each construct are described in the following:
Construct 441: lysate 1 was loaded first on a Sepbarose CL-2B, then on a Sepharose 6B
colummn. The second lysate was loaded first on 2 CL-4B, then on 4 CL-2B column.
Construct 442: Iysatel was first loaded on a CL-2B, then on a CL-4B and finally on a sepharose
6B column, Lysate 2 was first loaded on a CL-4B, then on a sepharose 6B column.



modified VLPs were positive in the ELISA, confirming the display of the
Angio | peptide on the modified VLPs. EXAMPLE 6 Cloning, expression
and purification of the modified VLP of AP205 displaying GnRH and
WEreherfi32tibn of mice Cloning of GnRIl at the C-terminus of KB S3BWa4H4721
protein [001541 The DNA fragment coding for the GnRH peptide
(EHWSYGLRPG, SEQ ID NO:20) was created by annealing two
oligonueleotides - oligo 4.56 (SEQ H? NO:21) and oligo 4.57 (SEQ ID
Conbs2 26 Thaehtainesfragneat Was-tiprsiesewih KepRiandBViohinOBisate

arbd cl néad in the same restriction sites into the vector pAP405-61 under
2 Watlsfl car%e

& control of E.coli tryptophan operon promoter. The resulting construct
Consimet 4450 Iy¢fa devpp ratbb ayerrFod R sdlopietdnasepiesestbgglumn. Lysate
2 wis PN B GLBRRerthisL apnetrust is referred as construct 489 for the sake of

implicjty. Purification [001551 Cells.were lysed as described.in .
00 R SRS LR i o B S airoscor:

Disganefitingreie rentidecrn 05 VEPravapHarheokearfimssrhnBhlsAvaraereby the
wﬁ@%ﬁ?&c&&@éﬁﬁ&md t@kﬁﬁmwmggﬁmiiahm%c iﬂdhégl;fbwﬁ‘%flxt@ﬁd raised
. rechromatographed on a se B column. Capsid assembly w
o TR ARBE B3 ENTAh A E S B bR SF TR Tho TR OTe A1 fou
modifien prisha grins it FoNR 20556 8t p rotdirminiiG vidplen 08 tha Alygie pepiede on
the tRBAEREFESPONSe WO 2006/032674 PCT/EP2005/054721 38 [00156]

Mice (n=5 per group) were immunized subcutaneously on day 0 with 50
.tg of protein expressed from construct 489. The protein was diluted to a
final volume of 200 | with 20 niX4depeE pH7.2, and 1001 were injected in

cigileftand Lghtinguinaliegion Al aRAANMALANRSIGWEE:DIeA-Nand
day 21, and the antibody response was measured in an ELISA. Briefly, a
variant GnRH peptide contdMHHERAITE%Ccid sequence CGG at its
N-terminus @EiasispupledbaRiwASacusing tfoAdSstlest8PDP. The
resulting conjugate was coated overnight at 4C. Binding of the sera was

detected with a Horseradish-peroxidase goat anti- mouse 19G conéugate.
(00 5815709112 i oBHPRBinf iR e oS R P AT ABORk o0
NO mmmggamﬁﬂmﬂ@ﬁﬂlﬂ'@epﬂdeombﬂ le witgdnmﬁﬁr{gﬁﬁ E@M@@B a_nd oligo
4.5FIREEIH WYLl C T BAR ACHIT SN NING RGP RERTIGIRS LB CAINTNGG! g

ers were ' measured as the dilution glvmg half-maximal binding, and

clongth iAVBFatENGItEFBICHM e R AIS Va1 ABEEY-Ritineea it Fetr Paro R
trypR3d4 dperon promoter.

The resulting construct was:

489-7 (based on405-61): AP205 coat protem — GTAGGGSG — EHWSYGLRPG, this

construct is referred as construct 489 for the sake of simplicity.

Purification
[60155]  Celis were lysed as described in EXAMPLE 4. The pellet was extracted with four
portions of a buffer containing 7 M urea and 0.05 M Tris. The pooled supematants were loaded
on a Sepharose CL-2B column equilibrated in NET buffer, and rechromatographed on a
sepharose 6B column. Capsid éssembiy was confirmed by EM analysis.

Immunization of mice with modified VLP comprising fusion of AP205 coat protein and GnRH

and analysis of the immune response



EXAMPLE 7 Cloning, expression and purification of AP205 VLP

displaying the Nef55 epitope Cloning [001581 Nef55 (SEQ ID NO:23) is

a polyepitope derived from an lliV Nef consensus sequence, and selected
W W06taRe the highest possible number of T-cell epitopes arff-FgEP2005/654721

solubility. Nef55 was amplified by PCR from the DNA encoding another

polyepitope of FRV Nef, the Nef74 polyepitope. The DNA coding for

Nef55 was assembled from two fragénents generated by PCR encoding

[00138)iN0wcid MW@%@%@F&M@&%&&XM&% day 0 with 50 pg of
DLSHFLKEKGGLE an RYPLTFGWCF PVEP. For the ]
Dot AT O T Lt BT ot (it o o Tt vk 5 200 1) wit

20 SEBcHRs WE724 jaus idininger pnizrres tr dlio fefsitadariehs nenipm tregipn of cach
aninRfiAHRA A d SEELINO 2 2 dvdte-higsstyeiphit.ampliicatinn of sherdda.

_amino acids fragment an upstream_ primer p3.223 (SE 0:26).and a
By Lt R AT 15 RS 0 ARG Moty s
wasrestrstiom S Ave resingethe Tdesrhnjrere AP sibhevwesienl zeviugsiagwas coated
ovedfsif Mo GRMIINIh e SameHRiEeRmIaRthd0WHSHE AR PEINESs8 S 0at anti-

above. The obtained fragment was digested with Kpn2l and Mph 11031
mouse et 5AEHEHhe same restriction sites into the vectors pAP409-44 and
[00 1P 40Bk6 brateite fithve qontal ofSE dolitedyipabpltan aogbedyn prometergTinet the
GnRESHHRS CORRLIG MRS QRS HE! ARkidd WRASRE AR A0 BAMARE g the

coat protein - GSG - Nef55 Construct 459-35 (based on 405-_61)E5}P205 g
speiicipp RSt PRt GRESESTNETEs TR St aT055eition &iving hali-maxima
bindg THRRODEABEATR] 0 3BcGion stiveds #571 I B dvib 9:8Earaice fetiatotd245.

hereinafter as 457 and 459, respectively, for the sake of simplicity.

Purification [001591 Cells were lysed as described in Example 4. For

construct 457, pooled lysates \ﬁ#é]v%’ ied by sucrose gradient

ultrEiesihy) kigaticind allo wetlibyion S pfate SE& P Higkyinp (NG bpicgosids

“were visible in the EM analysis ofthe partially purified protein, they were

of poor quality with a lot of half capsids being visible. [00160] For

construct 459, lysate 2 was loaded on a Sepharose 2B column (size
[00BXA5NuTES edmoamtRovizh, iconpetiies akrAmichoncantifiigalel consensus

s B N oy s
solubilips Wefh Tasmrrbfstehy Rel SorTiRR ) erdpaarsbennmbrrrsned-TY
NeflepIREly Nigalypshpperhe apsid sl 8. HREE6A s HiskhugerexpresSiagments
gengrlgitg&e ré%r n?’%ggcpn%i)%i%!gasgnliggmgc%l I%é’c\llti}pm%sh %@\%{PQVPLRPMT{KAAV-
DLSHFLKEKGGLE and GPGIRYPLTFGWCFELVPVEP. For the amplification of the 34
amino acid fragment an upstream primer p3.242 (SEQ ID NO:24) containing Kpn2/ restriction

gite and a downstream primer p3.222 (SEQ ID N(O:25) were used. For the amplification of the
‘21 amino acids fragment an upstream primer p3.223 (SEQ ID NO:26) and a downstream
primer p3.225 (SEQ ID NO:27) containing Mphl 1031 resiriction site were used. The fragment
fusion was realized using assembly PCR with the same upstream and downstream primers as
above. The obtained fragment was digeéted with Kpn2l and Mphl103] and cloned in the same
resiriction sites into the vectors pAP409-44 and pAP405-61 under the control of E.coli
fryptophan operon promaoter.

The resulting constructs were:

Construct 457-17  (based on 409-44).  AP205 coat protein — GS8G — Nef55

Construct 459-35 (based on 405-61):  AP205 coat protein — GTAGGGSG — Nef35



microglobulin covalently linked to the N-terminus of A2 al and a2 domains
fused with Db 0 domain (Firat, H. et at 1999, Eur.J.Immunol., 29:3112).
The HLA-A2 transgenc expression in these mice allows investigating the
WeEbpAer§26T4AP205-Nef55 VLPs to prime CTL in vivo. Furthé@@igra20i§és4721
effect of adjuvants, as ISS can be studied in vivo. [001621 HHD mice are
either left untreated or immunized by injecting subcutaneously 100 g
AP205-Nef55. Eight days later sple¥hoeytes are isolated and T-cell
ConlddbiStion-isy analyzedsnranitaace aimeykekine Staiiing nseayd@rely, for the
rfergn\-t?amma in proliferation assays (for Tb cell response, Belshe

in
Sf’keF?.‘L%?né’% al”'3. Inf. Dis. 183: 1343-1352 (2001)), in ELISPOT assays
(Oxenius, A. etal., Proc. Natl. Acad. Sci. USA 99: 13747-13752 (2002)), .

or in Cytotoxicity assays (Belshe&:8iigt al., J. Inf. Dis. 183: 1343-1352

01)).ysing appropriate HLA-A2 restricted_T- cell epitgpes fo
0GR P TOT Bt (O e S
purifed B Wuepito pradianiditonsuntigsttadobered by a Sepharose 2B column. Although
capmw&w%@%%%%m%?&my EnBi6d0HRELEXRESSHN aNbor
purification of the modified VLP _of AP205 where the opal codon
quakity S fel Ot PRI AR IS RS & rminus of AP205 coat protein and

[00%€HultiRgriconsosaid 38R s4@lGning WG RE06/B3R6T4 P8 THRARIEE05A72 om)
clutdPal OQHE3 L L BGCARS UHGINR AR RRrNas HRt AR dR eS8 Wes O AR 80Radex

coat protein and Nef55 coding sequences. The new construction 512 was
2 Byerligiied By RROSSeoe CRIR SrISiEto MRFo B (St S EPL JUGH BtEaT™
AssthéigegueNCP coditig fdsithezoatyprote kvainthtdebp NE adingrifomilien showed

rea N RHUSPREELRIARESSG. 1001641 The opal codon introduction

was realized using inverse PCR. The inverse primers were designed in
1063 filie rcdHB riceaiafiese tfo AR RPN ECRIA RS HiBI 68 g Bt igman. £2-

m&ﬁx&ﬁﬁm(&ﬁ@?h@yhi@&é’@kaﬂar@%ﬂzﬁadﬁﬁ@d @1@% d&&ﬁﬂ&i{@%mﬁﬂz Db «3
rimer pl,44 D :30) containing. Nicol restriction siteanda . .
con e i RS b2 [SEEMD NOHSE) SO AR B e gpon
thesg gulitigalsgio N2 Bshgrtloptite sagemiiin sif el (5 eéS € -Yedrniruprofe NG 6n. vivo.
FurBERUGE R DELONSIHALAR, 4932 Waresed [ Q1051 The PCR frgament

was digested with Nco | and Hind 1] and cloned. ip the same restrictio
10016 f5E PO BN T SV d SEHERales Y BRI AT S e s Reesty 190
HE Wﬁ WXEI’MMWI{}Q‘G quﬂmshﬁnﬁmﬁlﬁiﬂﬁoﬁl?manaiyzed in
aniﬁﬁﬁéﬂﬂﬁkgr%%%%%ﬁﬂib% ags‘ag?f&%{ _@é&&ﬁ&%&%&%%ﬁ&éﬁ?& r Th cell
cod AGGGSG - Nefb5 5

on--G , Which is thereafter referred to as 512 for

respgpacs Brlshsr i ﬁﬁéhy? . %F@%ﬁgh 1343-1352 (2001)), in ELISPOT assays (Oxenius,
A. et al., Proc. Natl, Acad. Sci. USA 99: 13747-13752 (2002)), or in Cytotoxicity assays

(Belshe R.B. et al, J. Inf. Dis. 183: 1343-1352 (2001)) using appropriate HLA-AZ restricted T-
cell epitopes for stimulation which can be identified for example using the online database on

HIV epitopes and consensus sequence, hitp://hiv-web.lanl.gov/seg-db.html.

EXAMPLE §

Cloning, expression and purification of the modified VLP of AP205 where the opal codon
separates the Nef55 from the C-terminus of AP2035 coat protein and resulting in mosaic VLP
Cloning



[001661 E.coli IM109 cells containing helper plasmid pISM3001 were

transformed with plasmid pAP512-24 and plated on LB agar containing

100 mg/1 Ampicillin and 1.0 mg/L Chloramphenicol. Subsequent steps
w@epessefdrmed as described above, except that 10 mg/L  PCI/EP2005/054721

Chloramphenicol was added to all culture media. Purification [00167]

Cells were lysed as described in Example 4. Lysate 1 was purified over a

Sepharose 4B column (1.2 X 25 cmi) eluted at | mi/h with a Tris, NaCl,

(06168 TA IfteniNefiduffer)s Flutegddractions.wwaremosled c6ansentlad s s

a Amicon cengrifugal concentrators, and Igaded .an a Sephar. 6
codif, SHANTCED: o 03B CTRIPR: S R ETUFRRLEN BIBAM theahaler ©
inregtvet theamincadeh therfogicheprateies\cadioe dfir the ddsy mmssitepndoliest one coding

for AP AYsIS Lfdaspuidfieddddiand capsid assemble was confirmed by EM
analysis. EXAMPLE 9 Cloning, expressign and purification of the modified

1003400 o7 R BTG P L Bl 45 P e e e

werdR2@bed ontiprateindily®-20 G826 P &t E FRU0 5188 sk piemig . 101

68D The-lagment epdingiaidhe extenged RR3M8RtIFE44 (SEQ ID NO:30
(S8 AKSLKA@?(NF%TMA, SEQ ID NO:}32) Wags cre_a?éd b Iﬁainneétling twaQ )

contgiish UEbHTREEIC IRy F R 08¢ St S IBRIG?T3) M oRy6 3. 426 ¢S EY 1571
comi€rBdirT he tbtaire dofimg nmeiinnits wigjestdek vithvitodmmd Kpn2itemdnus of
Neg@gggqu@e%mwmiggg_@% inte the vectors 378-2 and 382-2 under

thée control of E.coli tryptophan é)%er_on romoter, The resulting construct
[00365lc o ridip et B At BBt Higs sy i ARSL RISV RIFATithcloned in the same
restfizhén FACS GESEEMARANG coatspratetrntoT hedextendedpBY e ptitleryptophan

opq%g%?;gg@ggeg&nggtggmwﬁw. Purification [00169] Cells were
ys

as described in'Example 4. The pellet isolated from lysate 2 was

The ZerifiBR SATSERELAREN with a buffered 7M Urea, pH 7.5 Tris buffer. The

modifi Ps displaying the p33 tide werg-purifi ver pharase..
o 1 0 i DB g T Bt ae a2

therepipsiafersaeiniys vderdbn s efssyrliftelution volume from the column
which has been calibrated with VLP. EXAMPLE 10 Cloning, expression
and purification of fr coat protei%)f{useeg Jo the p33 peptide. [00170] The
sequence of the extended p33 peB{l e (IkSLKAVYNFATMA, SEQ ID

[004E): 32F- eh i 8% vells 3R ing piaiprs PReAY MFSAMOR! were  transformed with

plasmid pAP512-24 and plated on LB agar containing 100 mg/l Ampiciliin and 10 mg/L
Chloramphenicol. Subsequent sieps were performed as described above, except that 10 mg/L

Chloramphenicol was added to all culture media.

Purification
[60167}  Celis were lysed as described in Exampile 4. Lysate 1 was purtfied over a Sepharose
4B columm {1.2 X 25 cm) eluted at | ml/h with a Tris, NaCl, EDTA buffer (NET buffer).
Eluted fractions were pooled, concentrated on a Amicon centrifugal concentrators, and loaded
on a Sepharose 6 Beolumn (1.2 x 35 cm), eluted at 2 ml/k, Expression of both the AP205 coat
protein and the fusion protein was confirmed by western blot analysis of the purtfied VLP and

capsid assembie was confirmed by EM analysis.

EXAMPLE ¢
Cloning, expression and purification of the modified VLP of AP205 displaying the extended
p33 peptide at the N-terminus of AP205 coat protein



The following oligonucleotides were synthesized: 5' CG AAATCT CTT
AAA GCG GTT TAC AAC TTC GCT ACC ATG GCT T (SEQ ID NO:39.)
5'CGA AGC CAT GGT AGC GAA GTT GTA AAC CGC TTT AAG AGA
WERINA4E674D NO:40) [00171] Oligonucleotides 1 contains & GHREFFEOREH 121
site to facilitate the selection of clones. The oligonucleotides were treated
with T4 Polynucleotide kinase for 30 min at 37C, the mix 1,2 was
subsequently heated to 100C for 3lin and slowly cooled to room
temperature. WO 2006/032674 Ruhilz?2005/054721 42 Vector
preparation [00172] The plasmid pFRd8 was cleaved at the Asull site for
3h at 37C. The vector fragment was purified, and ligated to the annealed
(00160 1Thn ARG ASER G 6 TSGR AR ARELSBNREARAVYNFATMA, SEQ

ID MREHAMY DAl WP aliiperiqdope irpen.arinacidigersl3 GEy malo:33) and
. protein. (initial Alanine.after. clea Ntemlna aI Sitio

otg o B ST e P ST U AR SR RRTRE

clongd fsr dhe e Fstiation, sitrs| G aNecisFs fadatisvlaie-3 anteatisceptrol of £.coli
%ﬁ@r@hﬁ@ﬁdﬁﬁﬁéﬁs were performed with buffer A. Buffer A: 250mM

[, 50mM Tris HCI pHI 7.2, 5% Glycerol, 2mM EDTA and Lysozyme

ﬁ(ﬁl‘(fo%ﬁuﬁtml [00174] Ig cell was resuspended in three volume of

conQH.IB%‘ﬁ&s andethe: ssisnepsiogwrsyinsviated AUAC os@PABIBGHIEN the20s

ension was_sonicated, at 200watt-seconds for rsts. The
°°ar§?5 Aicad deTiReion RAELH 885%&%% o'ip%mln aaiéw}?\ ‘time an

equal volume of the same buffer was added along with PMSF 1mM. The
mlxture was sonicated as befoig,gpgkthen centrifuged at | 0,000xg for
Omin. The pellet was extracted with 3ml of 4M urea. [0017e‘f]ZﬁP0| imin .
lﬂmféaO%ms SIPE Btk AREERS TR s (B At B T il 52t 2 was
addﬁ@ﬂﬂe,,ntcfﬂim@fvﬁﬁ%mﬂ%ramdlhéﬁmabn&kﬂﬁt@nmiaﬁfmerﬁhéugedlmd VLPs
dispugit g%{@r A3 é'éh%cﬁé”i’;ﬁﬂ’f‘i%@%waé RESRIPUAth WILRAMONIUMS o),

sulp te to 35% saturation, the solution stirred for additional 3h, and then
equikbiioH HStEAL BBOHES RS FhiTo A& PR PRERDIR SURSSERBRRFThPY thpplution
voluaduros (HntphibLikficriBhds béfer Bl a@k YOMM Tris HCI pH 7,2,5%
Glycerol, 1ImM EDTA. [00176] The supernatant was subsequently
precipitated with ammonium sulphate to 50%saturation. The aliquots from
each step of protein preparation were applied to SDS PAGE
Electrophoresis and subjecteddnANEsiENTD Blot analysis. The sample was

use%i%%rn]:g,tlélxgressum and purification of fr coat protein fused to the p33 peptide.

The r%s

[60176] The sequence of the extended p33 peptide (KSLKAVYNFATMA, SEQ ID NG:32)
contains the p33 CTL epitope (KAVYNFATM).

The following oligonucieotides were synthesized:

5 CG AAA TCT CTT AAA GCG GTT TAC AACTTC GCT ACCATG GCT T (BEQID
NO:39.)

5° CGA AGC CAT GGT AGC GAA GTT GTA AAC CGC TTT AAG AGA TTT (SEQID
NO:40)

[00171]  Oligonucleotides 1 contains a unique Nco I site to facilitate the selection of clones.
The oligonucleotides were treated with T4 Polynucleotide kinase for 30 min at 37°C, the mix

1,2 was subsequently heated to 100°C for 3min and slowly cooled fo room temperature.



purification in Column chromatography and sucrose gradient
centrifugation. [00177] The protein preparation obtained by ammonium
sulphate precipitation at 35% saturation in buffer B was analysed by EM,
WLAlAE 8P dids could be detected. Nevertheless, an analyti€STTAFRSA{L6F721
the proteins was purified on Sephacryl S-200 or Sephacryl S-400 gel
filtration column for comparison. The protein was eluted with a buffer
containing Tris-HCI pH7.2, 0,5M N&CI, 1ImM EDTA. The collected 12
fractions Were analysed by S\Q&Qﬁﬂ(@ﬁgﬂ&ﬁ]e fractions that correspond to

[0(}]( peak ?Sml% X 400r o”gqﬁpmndfo%r&%ly% eé)y Mve tor

ctron FEsE0p analy5|s s ef‘ec ron microscopy anaelsyss
ﬁagd@t?éét%ﬂ)jﬂ'ﬂﬁ@ 2006/56264RETREI0IB0b470 2. Mhpratidias mﬁf@ct had

the RAYiER f%%@m%mmtmami%g&mm RERNLSHD fiLeFRLRIOMRHin
revente id a AMPL 11 Fusing various antigens to the
(it %ﬁilﬁ%feﬁﬁ of ﬁgﬁ%%?ﬁﬁ%?@% u‘?cpifa:% e ﬁr fusing antigens either to
the N- (Construct 378-2 and 382-2) or the C-terminus (construct 409-44

and 405-61) of theaalRatei fAR205Wihsitheriang spacer or short
[m]r,;)jcer are obtained from EXAMPLE 1. Th our vectors contain, uni

Blrictl8R B SHE ﬁffﬁ&?{?ﬁé"éé%ﬁé‘ﬂ%’e“f‘é PR LS PP EBSHLR OB, %amm of
bactimisé ol | Brieflyy dweedormeiemigritafipraligonucleotides which contain the

BuAESHICLGR GRS Arespnlinioetasne ety ey RplAN b aneaderihe.desi@dyme

amino acid sequence (see below) to be fused'in frame with the AP205
addedy9iAlH8E¥uence are synthesized. A stop codon is also included at the
[00Ead of thegDaing reasatet iwherdusitmis ﬁffemed At ihé Betenspimgoiwas

inctbkePa éEEeféwﬁ)o"&o%*C'%’é'%%%e%é? zilthe“ %&%t%%@é&%%&%gd%"} 08
appropriate restriction enzymes cloned |nto the “respective AP

30s SR Bhgoredad FEEREiID0Er IRNBRREGH 8 Sethn dPminetictiifigime marqual
voh@gramﬁtﬁaﬁaammﬁ&ﬁgme@bﬁ@@&(ﬁﬁ@«‘ 1 Orﬁénﬁks@% kddMdi}dSas

SRS A Sl RN gy o

Uﬂfeaplasmlds [001811 Nucleotide sequence encoding human Cbha fragment

[00551 74 (QEIDMNOUENS I rame lgatedintesalbiaw plasmids: (A0 482]knal

Nucleotid e encoding.qgastrin G17
conte P BT o L P AN fLapns s et e bl soe 15 i, The
SUp§OBESB TN mwedsmmmdmgaeem%mw%mwmmm

for &&@éﬁ%&ligﬂ%&%ﬂ&g ligatadbintarallotams phasmids. 10013 NaceRls®dcd in 1
(?mlegfgdlgpc9§radykmm (SEQ ID NO:52) is in-frame ligated into

cell ve
Buffer B: 1M NaCl, 10mM Tris HCIpH 7,2, 5% Glycerol, imM EDTA.

[00i176] The supemnatant was subscquently precipitated with ammonium sulphate to
50%saturation. The aliquots from each step of protein preparation were applied to SDS PAGE
Elecirophoresis and subjected to Western Blot analysis. The sample was used for future
purification in Column chromatography and sucrose gradient centrifugation.

[00177] The protein preparation obtained by ammoenium sulphate precipitation at 33%
saturation in buffer B was analysed by EM, but no capsids could be detected. Nevertheless, an
analytical amount of the proteins was purified on Sephacryl S-200 or Sephacryl 5-400 gel
filtration column for comparison. The protein was cluted with a buffer containing Tris-HCI
pH7.2, 0,5M Nall, ImM EDTA. The collected 12 fractions were analysed by SDS- PAGE.
The fractions that correspond to the peak of the sephacryl 400 nin were coliected and anatysed
by EM (Electron Microscopy) anaiysis. The electron microscopy analysis did not detect any



all four plasmids. [00185] Nucleotide sequence encoding des-Arg-
Bradykinin (SEQ ID NO:53) is in-frame ligated into all four plasmids.
[00186] The expression and purification of the above fusion proteins are
WahbEriay the same as described in EXAMPLE 2 and 3. TEIdHBERINEI 721
formation of VLPs with the AP205 fusion proteins the samples are
analysed by electron microscopy. WO 2006/032674 PCT/EP2005/054721
44 EXAMPLE 12 Immunization of ndice with VLPs of AP205 coat protein
partfB8e chwith HarRUSHARMIGRN shdRAL3HhA: MiGied 3T 34 e pskia R I YN ERtin
subcutaneous%oln day 0 and 14 with 25 g proteins of VLPs of AP205
PO e BN ained from EXAMPLE 11. The proteins are diluted to a
final volume of 200 | in PBS, and 100l are injected in the left and right
inguinal region of each animal. Animals are bled on day 14 and 21, and
the antibody response is meais%re?gi%%nlELISA. 1001881 Briefly, the
antigen to-be-tested is conjug Hse via an amino acid spacer
(CGG) and theFosogsvhinker BRpR sniicopatedommnari £2IGA plate overnight
at 4C. Binding of the sera is detected with a Horseradish-peroxidase goat
100 B13{i- M PUSL e R T Gaito T dMIE lekhSuhnenb izaBefr e B MiHa YEPS) or
tne RE205,003% PIOLein fysed Wi GNRLLI00160L Plda (o bergraup) were,
immunized su cu?aneously on day 0 wi A58 cj}ott protein ‘expresse and
spagsarifiethdro apasen stru cb B89 &rom SERBSIFIREE X AP [F616 . e renairinviaiiue

restHHR dites anfinnreumesefubdanl vith £ B hasphale/I00mMNaGl buffetyo
H6.8, containin éi%%l cancentration of 15% DEAE Dextran ag an

af .
comRUTGHAT FREVAZERTETH S SRRl SR RHRE S BaMREPIng B gppecive
vecoaghdaamiendd . i@ okviot el s (id-s2opercg ieepbsimve tarherfusid aal fvthe Wvith_the

APRE3.Mt2 ég%émw m&y%%a%%%&bﬁ%% bhfeleB kAR Blof the coding
containing 15% DEAE Dextran. Animals wgﬁe’%%@gs Z‘d on day 28 wﬂh_(}crglseﬁm

SequET R TCEr S LEE RofibbsTHBHE hE: usdfl 8P REEAFo
therinamuiization. dAgeinadlsvivierbeb kpgropridiy rBSrianiveh 497pnds thadacitibetiynto the

resﬂ&%gm@y%g}p%%&%mLISA. Briefly, a variant GnRH peptide

contalnlng‘;he amino acid sequence CGG at its N-terminus was cou led
100153k N ASEIEI HEBre<oas SPBP TS Rl TR to s A (SEQ
ID NoateREQMBHHT AT4E ilBindin § efdhmsedafovasidetdeted with a

oo 38y SerRAiENRErQXIdass rahBiANESRe 196 GaNUEYSIOREY AS in frame

_ shown in TABLE 1, pigs immunized with AP205 coat protein fused to
ligagsihiviq 2fiEHE @RTGHiter antibody responses against the GnRH peptide,
[oo1ghjle nouwbiaditgefisate svaglidetinctad Githfpreminitrd SSFQNIDNOD withis in-

fracd G S O LR dMMRLRized control pigs,

[60182] |Nucleotide sequence encoding gastin G17  (SEQ 1D NOM4T,
EGPWLEEEEEAYGWMDF) is in-frame ligated into all four plasmuds.

[08183] Nucleotide sequence encoding CETF fragment 461-476 (SEQ ID NO:51) is ip-
frame ligated into all four plasmids.

[06184] WNucleotide sequence encoding Bradykinin (SEQ 1D N(:52) is in-frame ligated into
all four plasmids.

[00185] Nucleotide sequence encoding des-Arg- Bradykinin (SE( 1D NO:53) is in-frame
ligated into all four plasmids,

[00186] The expression and purification of the abdva fusion proteins are substanizaily the

. same as described in EXAMPLE 2 and 3. To check the formation of VLPs with the AP205

fusion proteins the samples arc analysed by electron microscopy.



WO 2006/032674 PCT/EP2005/054721 45 showing the specificity of the
binding. The titers were measured as the dilution giving half- maximal
binding. TABLE 1 anti-GnRH IgG titer d28 d49 AP205-GnRH #3 1:857
WO IERAINPP05-GNRFI #2 1:140 1:603 Qb#1 1:20 1:25 Qb ¥#JI/ER2005/4p121
EXAMPLE 14 Cloning, expression and purification of the modified VLP
comprising fusion protein of the coat protein and the preS | (aa21-47)
peptide Cloning of the preS 1 peptidé at the C-terminus of the AP205 coat
protein [001911 The DNA fragment coding for the preSi peptide
(PLGFFPDHQLDPAFRANTANPDWDFENP, SEQ ID NO:62) is created by
annealing two oligonucleotides - oligo preSI-1 (SEQ ID NO:63) and oligo
preSlI-2 (SEQ ID NO:64). The bt ftagment is digested with Kpn2|

and:Mahidf3ds and ¢aned g tha sameskestieho fissd eaHia-RARARSA4
and pAP405-61 under the control of E.coli tryptophan operon promoter.

- The resulting constructs are: preS 1-A (based on 409-44): AP205 coat
[0038Dtein - BRG(npre® Igpupiidee proSivE (b sseatored0hy G1) dyFRB! ddarith 25
e %Bﬁgﬁmpﬁiﬁffp%ﬁgi%ﬁh %?&HQ% 8@&@%&% ﬁ&m@t E Pe ptﬁif‘:%ﬁ{t\&hﬁ are

_._N-termjnus o coat.protein e.fragment coding, for.the .
G RN by e g OB BT b R Ty e
regitD H:85)amndablijoipesSid BEQHRINO66):THe ubidivedhthadymessndese is
me-sigesied witiishlicol and Kpn2l and cloned in the same restriction sites into

the vectors pAP378-2 and pAP382-2. The resulting construct are: preSI-C
10018fsed of 37 H-° RRESAIIS SRt S CBREAPY St‘“ﬁ'r?)‘i’eﬁ‘??.‘n%%‘gﬁﬁf‘w
(COpsetiianc882-idkdv/IEF PP a8 cpaplide aGEGPAGBESBEh/AP2TU5 Bodling of
tne REQEINO} 300V ORREA4 RGTIERAM0RI0OATZA0A 10155 Rpression

and purification of the above mentioned fusion proteins are carried out
substantially the same as described for the AP205-D2 fusions.

EXAMPLE 13
Immunization of pigs with VLPs AP205 coat protein fused with GnRH

[66189] Pigs (=2 per group) were immunized subcutancously on day 0 with 400 ug of
protein expressed and purified from construct 489 as described in EXAMPLE6. The protein
was diluted to a final volume of 1 mL with 5mM Phosphate/100mM NaCl buffer, pHo6.8,
confaining a final concentration of 15% DEAE Dexiran as an adjuvant. The vaccine was
injected subcutanouesly behind the ear of each animal. Control animals (n=2 per group) were
mmmunized with 1 mL Qf VLP (0.4mg/mL), prepared in 20mM Hepes buffer pH7.2 and
containing 15% DEAE Dextran. Animals were boosted on day 28 with the same amount of
vaccine compositions that were used for the initial immunization. Animals were bled on day 28
and 49, and the antibody response was measured in an ELISA. Briefly, a variant GnRH peptide
containing the amino acid sequence CGG at its N-terminus was coupled to RNAse using the
cross-linker SPDP. The resulting conjugate was coated overnight at 4°C. Binding of the sera
was detected with a Horseradish-peroxidase rabbit anti-swine IgG conjugate.

{66190} As shown in TABLE 1, pigs immunized with AP205 coat protein fused 1o
GnRH elicited high titer aniibody responses against the GnRH peptide, while ne binding of sera

was detected with pre-immune serum, nor with the serum of Q8 immunized control pigs,



EXAMPLE 15 Generation ofPreSl(aa21-47)-specific antibodies and
determination of neutralizing activity [00194] Adult male, C57BL/6 mice (5
per group) are vaccinated with the AP205-prcS | (aa21-47) VLPs or, as a
weongel3wth AP205 VLP. For each mouse, 100 sg of dialyz@§ VaAE2i4s/0fd721
diluted in PBS to a. volume of 200 gl and injected subcutaneously (100 gl
on two ventral sides) on days O and 14. The vaccine is administered
without adjuvant. As a. control, a giiup of mice is injected with PBS. Mice
sho@¥g; lale gpeémbwm;& PiAAGTL rene oA Ywdre 2RESRILMR df RULERO: SR Baffom
the 5 mjce in each group are pooled and centrifuged for five minutes at
maxih 5 The supernatant is loaded on a column of 3 ml prewashed
TAiﬁrEtéln G sepharose (Amersham Biosciences). The column is then
_ TLWHEL0 calgmn volumgg of PBS and eluted with 100 mM glycine
. 0112 8°1 nil fractions nre_couectedJulubes containing 2001 1M Tris
:AP @%Mﬁé protel 1cfi)sﬂtalnlnglf éé‘f’ons:are pooled and concentrated
: APﬂErﬁgammthpore Ultrafree ceplr!ﬁﬂ@al filter with a molecular weight cut-off
® of Skba(Mittipore)-FHhesan ation filter is used to perform a
buffer exchange to PBS. The ourifie’d IgG fraction is sterile filtered using a
Qb #illipore Millex filter @illipore). :&hd either snap frozen in liquid N2 and
~“Kept at -80C Tor Tong term storage, or stored at 4C for a limited time.
[00195] Neutralizing activity o%&gg ific polyelonal IgG is done
essentially as described (Glebéeta 3, J. Virol. 77, 9511-9521).
CloBrigflrppassifie dridapafiistiBrvifike gedibighEly éromraing foriim pagiar (f see coat
108 genomes per wglhyds, RiRiBeURate dawathupisifigd.e polyclonal 19G (0.1 to
100 .tg/ml) for 1 hour at 20C. Primary tupaia belangeri hepatocytes (5 x
105 per well) are them incubated with the viral inoculum for 10 hours at
37C, dftenwmdrctihacpis apeptidashidin: Extensivelydnd/iFdthetionraieB7C is
. continued. Medium is changed every 3 days and the amount of hepatitis
B e antigen produced is determined from 9 to 12 days after infection by a
10018 I merctfy avalfibile enARHEinke dIMHRunoBrbentEssayP RS Y MPePide
(PLABHUIH Rabdrekdra sy ARRBMPERFP] G Elo Aith @y (expr es stoniggubicaticr iapn dwo
ousfRAEARIAG O AE20R.P ispIRYNG D GidRREBSpUdes WA PRORIBIAGHhe

PCT/EP2005/O 21 47 Cloning and xpressmn [001961 Peptides
obtaipit LRI themitrs SeontPaztraneitiat it thEii9)ana g Tescction
sited @M PABA IO M GER Snfindtiaccyst O fd Set mptapiom iepavoipromoter.

The%é%ﬂ%%%%@é‘%@ were fused to AP205 in order to generate vaccines
which é€licit antibodies against human CCRS5. The vaccines are

Preupsequdbrid s étedt mlégz%ﬁf’ﬂﬁgra‘i‘fﬁbog’%@ APECTERERF S HIV
egtrallz?}t)lon ASHYI s YYe tegied, In.addiion tafhe;Nrerminakpeptide, two

oop peptides, one

Cloning of the preS1 peptide at the N-terminus of AP205 coat protemn
[60192] The fragment coding for the preS1 peptide is crested by anncaling two
oligonucleotides — preS1-3 (SEQ ID N(:65) and oligo pre31-4 (SEQ ID N$:66). The obtained
fragment is digested with Neol and Kpn2J and cloned in the same restriction sites into the
vectors pAP378-2 and pAP382-2.

The resulting construct are:
preS1-C (based on 378-2): MG — preS1 peptide — GSGG - AP205 coat protein.
preS1-D (based on 382-2): MG — preS! peptide — GSGTAGGGSGS ~ AP205 coat

protein.



corresponding to the full-length of ECL2 with engineered N-terminal and

C-terminal cysteines and containing a Cys to Ser mutation in position 11

to avoid interfering with loop formation, and the other one being ECL2a
w@ithogiseeidineered cysteine at the N-terminus. Both loops PREFERIAEEA 721

be closed by disulfide bond linkage between N- and C-terminal cysteines

within the loops. [00197} The DNA fragment coding for the CCR5

peptides ECL2 with Cysteine at 114&€hanged to Scrine

[00 1%‘3(1)? 57(3 K%@Hééﬁ&séﬁé %gﬂxaa@;vc@ B/ AN eRER £hiGH BRatdhis Qrilarried
. with a s20.to . Set .
out WWE%% EWW&‘E@&?@%&%@@% ID NO: 90) or ECL2a

(CRSQKEGLI-TYTC, cECL2a, SEQ ID NO: 74) were created by
annealing either two phosphorylated complementary

oligodeoxynucleotides with ovexevgsE ndigo 2-1 (5'
oG SR TR AT CARACAA GRS R TAGNITAARATSSTATR]
TATTCTCAATATCAATTCTGGAAGAATTTCCAAACTCTGAAGATCTGTT
100184 T GCAsdui SRR | DMEY,/88)iang oliggren) (e vaccinated with the AP205-preS1

AT T T RGAGT KPS H LR CRAGAT LA TR e
is dJRGT GABATCABEAT CTHT ALNTE TAGECORIEEPEYTGUGA e R Al

sided o EPsParl QB THI Qnclle kliniRli@iPed without adjuvant. As a control, a group of
o A A TTAT AN TCTCGAGCCCTAT CTATCACATTARCTATTACAS.

SeraGRTOBOAGRAGATTINC BT THA SRAATTGEABCAC 6T EQ4 BN om.

The%%é&ﬁ’gagg%oioaded on a column of 3 ml prewashed protein & sepharose {Amersham
C

ol oA LGOI G AT TG T TTAACCTTARTCTICICCOAAGGTIC,

mMATRaT THAET G HCALAGATAGISET G GAG AGTaEH PAAT CYISEQIES.C. The

prot et Ma Qo NR JlaRdeRYIMElentidas ¢ Qg St & Utirafiee contrifugal
GTTCCGGATGTCGATCGCAGAAGGAAGGCCTACATTACACATGCTA

filte w3ig A-F@]c_@r}:asgag% qq@f%gls %@%ﬁw@ﬂr?yj‘hc same concentration filter is
usedNC PdrfofoPd BulerGAChanEEth AT GThA G G T E GdcTitnl s (il TR AdGAIRg a

LG C AC:3, SEQ | : 006/03 .
Mt MG S A P e et AR SRR e o a0 o
longterm) YeragaPuUelitoRially digdatEeiWims: Kpn2l and Mph 11031. The three

[poBHA fragmesismer estsesusBiy-igaiad fgdoeaprevieusndigesieelly as
SO O o2 gL R A I PR o i
geneispsiLEPWerehBnR: ased on Wﬁ@)‘%ﬂw&ﬁ’éﬂb%wwﬁ@#@@é ggified
polyelBRQBE @LHY TS IHP¥SQUR VNIRRT GuradlsdbassdepaARoks (5
X 1('}55\ Fl)jglp 33?8%55 ‘E}?ég Iirz]:tc;u%a-lt-e%%?thca S V_ir% l?z%gllfu%G mH %)Ti%urs at 37°C, after which
cells are washed extensively and incubation at 37°C is continued. Medium is changed every 3
days and the amount of hepatitis B ¢ antigen produced is determined from 9 to 12 days after
infection by a commercially available enzyme-linked immunosorbent assay (AxSYM, Abbott

Laboratories).

EXAMPLE 16
Cloning, expression, purification and packaging of AP205 VLP displaying the CCRS5 peptides



541: (based on 378): MDYQVSSPIYDINYYTSEPSQKINVKQIAAR - SGG

- AP205 coat protein [001991 The resulting plasmids pAP542, pAP530

and pAP541 were transformed into E.eoli .1M109 and expressed as
WaesesibEdth EXAMPLE 2. Capsids were identified in the lySHf@SEBHfi/054721

three constructs, demonstrating self-assembly of the VLP upon

expression in E. colt of the respective AP205 coat protein fusion.

Purification Construct 542 [0020014Zells were lysed by ultrasonication in

lysis buffer (50 mM Tris, 5 mM EDTA 0.1 % Tween 20, pFl 8.0)

supplemented with 5 sg/mg,él?)MSF. E e I}/cssg.%enwas clarified by

centrifugation, and the pel washed three times with lysis buffer. The

[66186bled sHpritfrtanEssHEfEnp i fletisovand e mspiiras doam (E6ILM ud 1pie N-
termiifqivdr bitaddractions eantainingth e \WeP skt ROAREY RIBAR pieklems)

using.an Amicon centrifugal filter unit, and purified.aver epharose 2B
o e TS B o RS R SR P et (R (er
CCR{aShelemainstratesibipampiysici estgsliifinibey Emb thy SHRIRAGE WaabierdlV
neu%%%%ﬁ@%ﬁe%@é%g%&ﬁ%[ooZ-f-ljfilfﬁ)é ﬁﬁ%ﬁ@a %ﬂ%ﬁﬁ&%@vﬁi W Meptides, one

urification of Canstruct ells were lyse trasqnication
com B R (S0 TP 5 il BT -FBGR 26 Serore Bipes
and POVSEIE M€ yysatBewastelanifiediyticeritifogatihingmtiting wishdeowstadon,
and TAEESHINES VLR by sisT b ieRcantaiping. 10 BMRT T dhenperlgsls. Both ioops

supernatants of the washes were purified over a Sepharose 4B cqlumn_jcﬂ_
thergipre Bhre RO HELHER S ThiRiRT IE P ek BBBRaLCysiines within
the Isupplemented with 10 mM DTT, concentrated using an Amicon

o987 TuIaH SR U ARAHE M AIogARAY st Sephateee drealimn
in NET buffer. Particle assemb and&r\gﬁggg( of the ECL2a peptide was

changefh th Sgars b VENEBAEE: Riediérn Bitt

NOWith, aimaituse aniieesaapebiiicyiovEseIFONTaPEFHRROMN VEIIANR, SEQ ID

NO 3&)9 ?é?@@%@ﬁsﬂﬁﬁéﬁﬁ%’?éﬁ%ﬁ?éﬁ@%& %L*@J&Q SO anncating
isulfide bo t d

) ond linkage of the two c(;%lli?@elnes of the ECL2a peptide and
cith{HEeP BRSSP HRA CEimEnsEp R PPRY BrepRfidtion Bty mbtreivo fise 21
(5’-dialyzed against 50 mM Tris, 150 mM Nacl, pH 8.0, containing 0.1 to 1

cc%ﬂf&%%ﬁ%&g%g%&%ﬁg&?ﬂ@ﬂﬁ@ﬁe@ﬁé@?@f‘cTCACI?TCCCA

bsequently, the ze reparation is dialyzed further against 50
TATRVIE A BB NG ER PP 80 b PBS ot 26 ThlCH4d1 e TERE R N&EK: -3
SEQH 7.2,1and is injected in gyre to tegidmmuneggaicity obtie displayed (5°-

TTAeéE’#rRE%Pﬁifégﬁ‘&%gﬁfrﬁg 8%?&%"% %ﬁﬂ@&gﬁ%ﬁ%ﬁ&%&%@@?@é&
ells are lysedad as descripea above In a 1ySIS ufter containing 1 mM _
AGTSHCGATIGAGGATGTGTAATGTAGGCCTTCCTTCTGCGATCGACAT-3", SEQ 1D
NO:87) for ¢BCiZ¢, , oligo
(CATGGATTATCAAGTCTCGAGCCCTATCTATGACATTAACTATTACACTTCGGAAL
CTTCGCAGAAGATTAACGTTAAACAAATTGCAGCACGTT, SEQ ID NQ: 92) and oligo
(CCGGAACGTGCTGCAATTTGTTTAACGTTAATCTTCTGCGAAGGTTCCGAAGTGTA
ATAGTTAATGTCATAGATAGGGCTCGAGACTTGATAATC, SEQ ID NO93) for Nt, or

two oligodeoxynucleotides - aligo 31 {5’-
GTTCCGGATGTCGATCGCAGAAGGAAGGCCTACATTACACATGCTAAT
GCATGT-3°, SEQ D NOG: 88) and oligo 3-11 5-

ACATGCATTAGCATGTGTAATGTAGGCCTTCCTTCTGCGATCGACATC
CGGAAC-3’, SEQ ID NO:89) for ECL2a.



subsequent steps are performed in buffers containing 0.1 mM DTT. Final
oxidation of the internal cysteines of the ECL2a loop can optionally be
performed as described above, if unsufficient disulfide bond formation is
weLsettee<EXAMPLE 17 Cloning, expression, purification did F&ereidie2!
of AP205 VLP displaying the CXCR4 N- terminal peptide Cloning and
Expression [00204] A Peptide corresponding to the N-terminus of human
CXCR4 (with a Cys28 to Ser mutati®n to avoid oxidation problems) was

[eofmed to %ﬁ’@@&éﬁ:@&dﬁgﬁ%e@@a&@ @N@Edn@awmgm@immt;ba@@@ed with

R4 The cipe is subse ue .in.mice, an
Kp” tlg%%@sb asted for f*‘fl\ﬁneu %ﬁm Sh6n Bty Xﬁuje@ ?é%meﬁﬁ e
Pfemdimgifwswé @W%Wpe@ﬁd@@ﬁ@%ﬂ\mﬁ?ﬁg (Nt}, respectively
undéMbeGbabdilor RN iR GhYIA PGS STREEMNAM Ml HaID NO:

75), was created by annealing two 5' phosphorylated oligon
5420“ go Oli 8@5&51 é{? AGQZ(SS c?) pro¥el g?&&%{} -

CRIOKECGAAGCGAATY FTOATAIMHFACFTCGGACAACTACACCGAGGAAA

5300 CGGTAG ed on 405  AP205 coat protein — GTAGGGSG — CRSQKEGLHYTC
GGCGACTACGACAGCATGAAAGAACCATCCTICCGCGAGGAGAATG

SALCAAATTEREI REARKATTTVE YOS Y V&) SR g0 GG 2 (500 ~
APDCGEMAETTTATTAAAATTTGCATTCTCCTCGCGGAAGGATGGTTCY

[0@1'55 ATRG I itine plasmids pAP542, pAP530 and pAP54]1 wers transformed into E.coli
GTAGTCGCERCTACCCATTTCCTCGGTGTAGTTGTCCGAAGTATA

JM}PM@@W@W&@@SW@@H EEMB-R S FmsienEanidmibenr fyhehrsrsef all
threligaiachicrdhéeveatonipdP8 18 prebip wsvhdiFeStegavithxidasicand Kpnaf. of the

resp'gagr(gm@&)g%@g&chggg WO 2006/032674 PCT/PP2005/054721 50
543: (based on

MEGISIYTSDNYTEEMGSGDYDSMKEPSFREENANFNKI - SGG - AP205
coat protein [00205] The tesiftngptasads pAP543, was transformed into

[oﬁﬁugo“ 920 qe&‘%re ?éas%n%éu‘é%?ﬂ %%H@&%@é%‘ﬂ%@ 3 AREIYS 0.1 %

sentin the monstrated self-assembly of the VLP upon

TW@%p?@ss!%h ﬁaOE wEn et ¥hictive e GB/hat Protdiieiasis, clarified by

centaﬂrgﬁaaﬂl,oxhd[wgﬁicc@%hw@éy%&bwﬁrmnmnmIpsmehtﬂﬁ@ér(ﬁams

weord Nk '$EET0%{P B bl G B%'erséfgtéa‘%&%%%%e Wi %c VLPs
Fta}l e RySate was claritie y centrifugation and e pellet

wergypshisd: mmwg%wgo?ﬁam@o& rwru?%aar Bodkl dharmdiehiever 2
SephéRsS: RW figehav ey RESeRITRFOBerddR: ceduiiyi adxaﬁﬂ:agﬁef ikl@enfretionsas

contaln the VLPSs, were co a icon
demcoglg]t{nﬁ g\%r Taﬁallyﬁlgl %u gwa c,pdo Qjﬁgs gﬁ%rgﬁé%d HJ r{gm glALm a mouse anti-
sera specific for the ECL2 peptide and EM,

Purification of Construct 530

[006201]  Celis were lysed by ultrasonication in lysis buffer (50 mM Trs, 5 mM EDTA 0.1 %
Tween 20, pH 8.0, 5 ug/ml PMSF). The lysate was clarified by centrifugation, and the peliet
washed three times with tysis buffer containing 16 mM DTT. The pooled supernatants of the
washes were purified over a Sepharose 4B column in NET buffer. Eluted fractions contaiming
the VLPs were pooled, supplemented with 10 mM DTT, concentrated using an Amicon
centrifugal filier unit and rechromatographed over a Sepharose 4B column in NET bufier.
Particle assembly and display of the ECL2a peptide was demonstrated by analysis of purified
VLPs by SDS-PAGE, Western Blot with a mouse anti-sera specific for the ECL.2a peptide and
EM.



purified over a Sepharose 6B column in NET buffer. Particle assembly

and display of the CXCR4-Nt peptide was demonstrated by analysis of

purified VLPs by SDS-PAGE, Western Blot with a mouse anti-sera
WERHBHiIE26T4he CXCR4-Nt peptide and EM. EXAMPLE 19 |B{rh{F¥ZREGH 721

and HIV-Neutralisation assay 1002071 C57BL/6 mice were primed with 50

g Nt-AP205, AP205-cECL2c, AP205- cECL2A, CXCR4-Nt-AP205 VLPs

obtained from EXAMPLE 17 and 18%n day O, (subcutaneously, in 0.2 mi

[06788S) andempagrinincBadhfdamicadrinmest Wwiik0gcenatided 37 theaRAL2a
405 VL Ps, respectively. bposti ith the same vaccines, on day.14
Pepifl BB TR LTS SO T AR B hSare ha iy
agaipt 9AnM Friy 190anM eyl BGritiaioinof Aoy ¢ IBMArsHetsdeigahion and 0.2
to 511Q9129§aiz%@rglﬂ@a{méaumﬁﬁst;ﬁaiﬁ@,i%&ﬁaﬁ&&e@;ﬂprpibf%raﬁayﬁemty%éécmher
rpm. T upernatant is loa n g column of 3.3 ml prewa otei
b Rt SR R R NG R
and colinaedsathaer WeistidthwitivRBS i ndteddiepiavith ciB®MM glycine pT12.8.
1 nil fractions are collected in tubes previously provided with 120 .d 1 M

Tris pH8. Peak fractions absorbing at 280 nm_ are pooled. WO
2006/03267 Hﬁ%ﬁﬁ@ﬁ%&%ﬂ%@irﬁ%@%‘?&gﬁ% ®llular CCR5
[00203h pdlytiomallysslisedegSi802089 OEMNK RuEE Reuisiing 0.1 mM DTT. All

béeduBr-GERY eRSINQARRANEObIRECEMAMER a8l HRe rarhuman HRghat of th
* né%urally%g(pregg%fg CD4 Trk0|§ et al,.,lJ. Virol., 1999, page 89 o

} 66). :

i\ RIRE GRS SKICA St TN TBABFERTRG RetmRidhowe

unsiffitteR @Syiglistbonihramibrantitiptits). Cells are pelleted and
resuspended in phosphate-buffered saline (PBS) containing 1% fetal calf
serum (FCS) in order to get 2.3x106 cells/ml. 2 mg/I
rat-a-mouse-CD16/CD32 (Few ih-éen, Basel, Switzerland) are
Godes apasblackingiagent addinghaled ATP D Virintitpsyhbehc €T N-
washed once in 1% FCS/PB%&HQ}Q.&E j| £2.-3x105 cells/well) are plated
and then pelleted in a V-bottom 96-well plate. The cells are then
resuspended with 0.1 ml a- CCRS polyclonal antibodies (350 mg/l, 35
mg/t, 3.5 mg/l or 0.35 mg/I_sluiet:fdBx@eeirit G column; dilutions with

4. C - QREL30MINES RLAille GIRAIPMRIIPL ARG
(m,z"g ggsc%)e §dm WIGS RLAGwIE GENS AP R I ser
L éS/P egﬁ .sct%rlrns ?oirngo minutes at 4C with 15 mg/i gﬂ % ]

mutptrCRyAideridstise Nt At kas At ATARR B REde A REGRES yaepine which
click Gritid B AfREhosashERIn The FCHiP B Suisafientd Gifit:cininikd, ealishe
antigg%e%qgs%%eﬁr ﬁﬁUoVé’u%floyr%%g%cﬁfﬁg.gﬁ% %ﬁtﬂ m%(raﬁa?n tcgogl%g}o%t%@ EQ( |ﬁ4 N-

.e ermlr]ed using t e ce quest W cytometry Software.

ternpnyl-peelignISXEBA-28 QY ECHATH R DA YOG BB FIRpMKERF BIRABNANFNKL,
SEQ ID NO: 75), was created by annealing two 5° phosphorylated oligonucleotides — oligo
Oligo 4-3 (5°-
CATGGAAGGAATTTCCATATATACTTICGGACAACTACACCGAGGAAATGGGTAGC

GGCGACTACGACAGCATGAAAGAACCATCCTTCCGCGAGGAGAATGCAAATTTTA

ATAAAATTT-3, SEQ T NO: 76 and oligo Olige 4O (5
CCGGAAATTTTATTAAAATTTGCATTCTCCTCGOGGAAGGATGGTTCTTTCATGCTG
TCGTAGTCGCCGCTACCCATTTCCTCGGTGTAGTTGTCCGAAGTATATATGGAAATT
CCTTC-3", SEQ ID NQO:77). The obtained fragment was ligated in the vector pAP378

previously digested with Ncol and Kpn2l. The resulting construct was:



[002101 Briefly, huffy coats obtained from 3 healthy blood donors are
depleted of CD8+ T cells using Rosette Sep cocktail (StemCell
Technologies Inc., BIOCOBA AG) and PBMC isolated by Ficoll-Hypaque
WeeHITgE6n (Amersham-Pharmacia Biotech). Cells are adf¢stdid2485/654721
4x106/ml in culture medium (RPMI 1640, 10% FCS, 100 U/ml IL-2,
glutamine and antibiotics), divided into three parts and stimulated with
either 5 gg/ml phytohemagglutinin §8HA), 0.5 gg/ml PHA or Img/I
543anti-CD3 dvhdy OKT3. After 72h, cells frompall three stimulations are  378):

s UV R bt N R 4SS s

coagepformed essentially as described previously (Trkola et at., | Virol., 1999,
jooRge 8805k HRRPRMIIERSR SRR RAAREERIRE SRE QTG SURING) adfRekprossed

and. SF162, have been described previously (O!Brien et al., Nature 1990,
25 oL B o RO & Ho A GO SO e yassomoty of
VLNmmetpriesiothe X4 @irefitis MireSiand 204 4daapeadhsidescribed
previously (Trkola et al (1998), J. Virol. 72:396; Trkoly et al (1998), J. Virol
72- 1876). Briefly, cells are incubated with serial dilutions of purified
polyclonal mouse IgG or WO 2006/8%%8%4 PCT/EP2005/054721 52
[00 20 troKaiitibedy R P pimhicZBmn iy inkiRiudikm{fityen) Fries wall EUTdre.1 %
Twdat98, fn ) 3GoI0R2EA) Tag HINLIIOSMNEISAte RdNSIERI0ComEINsy
approximately 1,000 to 4,000 TCIDsO/ml in assay medium (TCID50: 50%
ceniugntion it MTCRTNR doskedriitial Wi buigs \99‘3%‘}‘%9@, af&iBga8) pooled
supdfiisntn oeett M(ifio0 $@IDSGeposissBecouitorcinnfecTivenffoseugdaftaetns
confififbpiales/eulied (ot L aRkaA0p el INAGHRN el 400 Adnic an

Preferably, on day 6 post infection, the supernatant medium’is assaye
Purifigdyucr A/ SEPBRR S R SAPTBACRBH By SEinGHA SRR s digley of the
CXOrsafibegiie vaLsiniivkaaial diainakB0iSuiehat Vol pageI-BA)GE, Western
nofiAY LRI Elenng. sXPissson.eyificalan andeagkaging of AP20S

3lspﬁay|ng the P33 epitope at the C-terminus of its coat protein

Cloning and Expression [00213] The DNA fragment coding for the P33

peptide modified with a Leucine added at the N-terminal for improved

processing in antigen presenti%%ﬁﬁyﬁ‘%l@AVYNFATM, SEQ ID NO: 78)

was created by annealing two oligonucicotides - oligo 2.198 (5'-

CCTCCGGACTGAnmunisation and HIV-Neutralisation assay

GCTGTGTATAACTTCGCGACTATGTAATGCATCG-3', SEQ ID NO: 79)

oli 9 (5'- . .
too Pty ERR R ik e s T PR QIR AP ROR ST Gt RS
cEQE23:, SESRD-NORG). THE obrhivieerfrigm eREwE Blgesteandithikpn2gay O,
(suREMRRYL 834 aRdeeianad it H®red to BalbC mice primed with 50 pg construct 378

and 405 VLPs, respectively. After boosting with the same vaccines on day 14, the a-AP205
and the a-CCRS, o~-CXCR4 antibody titers are checked by ELISA at day 14 and day 21.

Purification of polycional mouse 1gGG
[60208] Serum irmumunised mice is centrifuged for five minutes at 14’000 rpm. The
supernatant is loaded on a column of 3.3 mi prewashed protein G sepharose (Amersham
Biosciences, Otelfingen, Switzerland), The column is then washed with PBS and eluted with
100 mM givcine pH2.8. 1 ml fractions are coliected in tubes previously provided with 120 pl 1
M Tris pHS. Peak fractions absorbing at 280 nm are pooled.



same restriction sites into the vector pAP409 under the control of E. coli
tryptophan operon promoter. The resulting construct was: 425: (based on
409): AP205 coat protein - GSG - LKAW~."NFATM [00214] The resulting
Wisl28MieP0as named pAP425 and was transformed into E.cAliCINFPI0HpRE 721
expressed as described under Example 2. Purification [00215] Cells were
lysed by ultrasonication in lysis buffer (50 mM Tris, 5 mM EDTA 0.1 %
Triton X100, pH 8.0) supplementedswith 5 sg{ml PMSF. The lysate was

clarified by mr&wWCMM|MW?%ME&MMSiS buffer

ffer ining 1.M urea. The po S
[062&%&3 uru%%%lera epha((;:gfsi%agl %@scgldr%nr??ﬁ ﬁﬁm aéﬁr]}m ¢
hmﬁaémem@cmﬁm}tmsw%’&@m Bd] coeent?dleneasitPanCAividdsR-
CCMQQQOQLO%M B%ﬁ?%@@ﬁﬁ@h&&ﬁew{mﬁieﬁItﬁcgnignaﬂﬁm and

ifi -6B ET buffer. P
s, o R S e ey et b e
1% tfigte® DS RAGETF WetenddB ot guith. aamsu@@sam|%mispemmp~malﬁwsz
(Fmg B%g%%ggfﬁ@sé{ heyisld QhPtRleiR AR 4 f1RS: %@éﬁt LQ? IE&%E&%OHQ%

oré successfully be fused to the C-terminus of 5 coat

minpiestdiheleelltiaty tessdrashipEriEeSBHEN 20610 }rwé@r%g@nf?&/&ﬁ%wmd
and Whah meﬁzpﬂfaea%a&g%ﬂv% ﬁﬁ@aaM&k%y&ﬁeﬁ f@éﬁiﬁ:@nﬁﬁ@ﬂt@fﬂ | mi o

cof e R LR DA oAb S et pin O
colwiptadiiatioabevb (zomsgm» Wﬁgamm@wa?%t@@cwﬂm@mcml%

FCHPRIgRStet WiH: BNASRA @%@%@J %LBQ@?%&J&&-%J%{%SEHWS%
treated VLP was subsequent% dialyzed overnight at 4C (Molecular wei

Milgn (5lya0bBtce iy bad élﬁﬁ&?&?ﬁkﬁ?&ééﬁ? /FBS, 57000 - 10°000
smiﬁ*ﬂ&*&@*&fﬁt@i&ﬁwmﬁﬁg* ajaittata*Twhareremeansn of each staining is

de rargigate cg.{%gc APl OH%%%NKPI

g g* g *a*a*c *t*t*g*a*g*g*g*g*g*g, SEQ ID NO:95) were packaged
in AP205-p33 as follows. 0.12 ml of a 1. mM oligo stocklml treated VLP
and MgClI2 (final 2 mM) waIe addesientdngsdsated for 3 hours at 37C.
Free oligo was removed by tangential flow filtration using a 20 mM
Hepes, pH 7.4 buffer. Packaging of oligo was confirmed by analysis of

Stinghlated pssYHiats VEEEeBy BY4rose gel electrophoresis in ethidium
menrqmidgnﬁggidml foee oligmia ﬁtﬁnpaﬁka@@d:thPdpmm@gﬁmOf CD8§+ T

I S e isagla e e o
rsolmé@agﬁmv@m@pmﬂﬁﬁgm ﬁf@t@rﬁ%&%ﬁﬁ@c@r&%@bﬁﬁh@e Hhusted
to HOW/HBE Weagetsedibe gﬁm/ver@stainad wit) SOBB/gold.-angiigialine and
antipl JI 0 gl te:? ! Of ea eg%ggtsqg g‘t]?edi Itot a?tgy nrggpgyg %rlga%%ig{xmn
(PHA) G 5 ug/mi PHA or lmg/l anti-CD3 MADb OKT3. Afier 72k, cells from all threc

stimulations are combined and used as source of stimulated CD4+ T cells for infection and
virus neutralisation experiments,

[00211] HIV neutralisation assay is performed essentially as described previously (Trkola et
al., J. Virol.,, 1999, page 8966). The RS viruses (CCRS5 co-receptor specific strains), JR-FL and
SF162, have been described previousty (O'Brien et al., Nature 1990, 348, page 69, and Shioda
et al., Naﬁzrc 1991, 349, page 167). Alternativiey, the X4 strains NL4-3 and 2044 have been
described previously (Trkola et al (1998), J. Virol. 72:396; Trkoly et al (1998), 1. Virol 72-
1876). Briefly, cells are incubated with serial dilutions of purified polyclonal mouse IgG or



standard. Residual oligo content was subtracted from the total oligo
content to yield the packaged oligo content, which was of 4.36 nmol/100
sg VLP of NKpt oligo and 2.98 nmol/100 pg VLP of 1668pt oligo.
WERMRBLE L0 Induction of a CD8+ T cell response by AP20B- 333 #1721
protein reassembled in the presence of oligodeoxynucleotides [002171
C57BL/6 mice are immunized by injecting subcutaneously 150 ug of
AP205-p33 (construct 425) with oligjb 1668pt or oligo NKpt packaged
contdS iRiRsFeseriped. Pk XANREEIMR.2006 6P 26 4 R THRMAORAY 24 at
.24 19, or AP205-p33 VLPs reassembled in the presence of different
37 CGmount of poly-L-glutamic acid, which is not a ligand to Toll-like receptor
[00208P 205he331Pd1Y LiGtulwith Gt nagingitd0.® mepitainorapraopinpaiehof paRR|, to
4,008'#EamIGACH LI HARYS (RIS MR TURMRIZREL AMAAIS T9kola et al,, J.
- .. analysed for the expansjon of gp33-specific CD8+ T cells. Blood is N
Virelo [ SR RRESS BB PBHE, DI PR Sy EBT BIS. Fae dose) i
addstaiepides T0uvid &r37CH Wity PEhdabeladftdBeb yobatraim & 0ogld Ed:fmithifhen
R , vy i
oy el Rion
by u§iRE IR PR A SEer R EM I R G s b ofrises 250, page 139).
Biosciences, San Jose, USA) for 10 min at room temperature. Finally, the
cells are analysed on a FACS Calibur using CellQuest software. First of
all, the cells are acquired in the forward scatter and side scatter and the
lymphocytes are gated. From fi<\BAihdeyte population, the gp33- PE
ciéabeledhandde Derkbiciabeindicelis are rroasure divyildyike i 2 assltbiéat
detector, respectively. h%_ r£ %%Qg 8} %p{?SE 1351% (I:Iilfic T cells are calculated
as percent CD8 positive, gp33 positive celfs’on fotal CD8 positive
lymphocytes. [00218] After the measurement of the gp33-specific T cell
~ response the mice are chatipggdiwithpkea:%:106 pfu of a recombinant
0021 C'”%X'Eg&é it Nt coding iﬁe &Qﬁfeg%é. S-ndaa pler, the viralt

I a Leucime zﬁ;] eﬁ at
IS Measured In ovaries ese mice. e

single cell suspension of

the Bvgrivisakfanudraved rosessiEdiuieasaNcBRBRICel (- HHE X BVEraGhERQ 1D

Nog‘ggﬁ?atir?@sa: Féfeealt A0 Q.Q?ea%ﬁgs MR stai@%ﬂﬂaubﬁaexsltal vigigh (SgQ%me
Y. Ethanol, 5g Cr ' ' = ,

OIS HOTL RS s T 1 A BT R 20

NOfrom virusT®duced celbbdsis. The naligber of residual virus #l#e ovaries i§5-

cckGelaiad as pasHecRENNGUNIBAPRD ABXAMRI G2 &loning:.3, SEQ D
oGEEES D, s pucaten of 20 VL dipleying iy pepice o,

same restriction sites into the vector pAP409 under the control of E. coli wyptophan operon
promoter. The resulting construct was:

425: (based on 409): AP205 coat proiein — G8G - LKAVYNFATM

[60214] The resulting plasmid was named pAP425 and was transformed into E.coli IM108

and expressed as described under Exampie 2.

Purification
[006215]  Cells were lysed by ultrasonication in lysis buffer (50 mM Tris, 5 mM EDTA 0.1 %
Triten X10C, pH 8.0) suppiamenbcd with 5 pg/ml PMSF. The lysate was clarified by
centrifugation, and the pellet washed twice with lysis buffer and once with lysis buffer
containing 1 M urea. The pooled supernatants were purified over a Sepharose CL-4B column in

NET buffer. Eluted fractions containing the VLPs were pooled, concentrated using an Amicon



[00219] A peptide corresponding to human Ghrelin(1-8) was fused to the
C-terminus of AP205 in order to generate a vaccine which elicit

antibodies against Ghrelin. The vaccine is subsequently injected in mice,

VR HTdbodies tested for binding to Ghrelin. The DNA fFAJHEA{05/054721
coding for the Ghrelin peptide (GSSFLSPE, SEQ ID NO: 55), was created
by annealing two oligonucleotides - Oligo 4.173 (5'-GT TCC GGA GGG
AGC TCC TTC CTG TCT CCG GARA TAA TGCATGT-3', SEQ ID NO: 81)

centﬁﬁ(é@ﬁgﬁr%ﬁhi 4rbpAEAT 636 A TLARMGIRA0M 0320 er. Particle assembly and

s T B R L TSRS AACAC CABREAOCT CER TG

ragmentwas Fg§ ed with
Wem@i%nﬂ%mo&m%ﬁaﬁa%@.@fﬁ%@?&%é@%@ﬁ.ﬁfoﬁ% Hittipigprotein
wasmh@g@&aﬁoswmaﬁeecmdﬁdma @m@fmﬁﬁmmmammamf

romoter. The,re ultl cts er sed n 405 t
A bR SRR RSB Gl RO 08 B dglr 608 e
modpﬁe@eﬁ%’ﬂéé@’s@fssFLDS@mm@mmﬁ*@%eﬁﬁgt?ﬂa%fﬁfé%mﬁsm@%a’hm

fuseRAPRbhoyiere thansfompedonio & sV Va2 iand-atpyessed as described
under Example 2. Capsids present in the lysate demonstrated self-

assembly of the VLP upon expression in E. coli of the respective AP205
coat protein fusion. Purification &#8ke@fgom construct 513 [00221] Cells

mez&/@jre lmmmltsaé%@aﬂm i@ Ws@@uﬁfava(é&m%ér aga;&mm 5D TR pH

% Tween ith S sate w
7 R R R o D L s P The et v
wasblﬂtﬁéﬁe@heﬂpomgc}bemmﬁ vaéredr%pﬁMni@wﬂe@ withehia Gluto & {HI00).

Ohg%%@&,s}mae&m&f Ribdd) enstprecinitated with-eng halk velume, af A0, cans

000 solutjon_in H2Q, Th preC| fate was isolated by centrlfugatlon

Ph"?ﬁ%%‘i‘?g’d"ﬁ'f‘fd By <HEndBa T HBd GVRr & SEpRATbE Gl S &'
SEQOluD: a5 Nt maﬁegezﬁkut@ﬂzﬂépﬁb s fdloreining tee oflaPismldreligo gledk/m!

trea@BV LSRR, gf@f{fgﬁﬂw@&ﬁm}@%&e&wmwﬁwﬁo&%w%ﬁ oligo

construct 513 was further,_purified over a sucrose gradient pr pared with

WaSHEPRSTERINGTERE5 0 THITTGHED SRE $650 TVt R06PY it F8YST srirrasms o

oligh wils 16861Benbe @%biand & thé S%Sa'lhbiédL%ﬁa@mmr@p@bl@@phoresm in
eth@%?%@ﬁ%%d RVREa GeaiTiiugal, fillerpnit andgial @%@9@&”%}%&{%&& By

Hopes, pH 7.5. Concentrated fractlons contalnln from the CL-2B

compAAAL IR wlamﬁd}%ﬁfw?f%ﬁmm%ﬂl%@@wﬁ@? BEHifile B pyount
of dhgphesospmBied|bnmeand fiacteris:gah @i ngdsiiRsowerehcporoemsat8dand
anakg\ysrxggﬁg@}ﬁfg%bﬁ'tﬁéﬁ&{}}&alg&@ﬁ;@%a@'%efsme@ hralinpgpti & Qﬂd total

particles was demonstratedby analysis of the purified VLP
oliges pomipsA efeachy dendr AUBRSERARYadTRstiBe e m SRR Toibe Fﬁ*é‘ﬁr?hg“ as
 sanbddbiResidubl SAgnhikiting the bibdingofitbe nheuseselign spreaiticdoyield the

packagerc? ,g;[g ctgn c%hvs%xc was of 4.36 nmol/100 pg VLP of NKpt oligo and 2.98 nmol/100
pg VLP of 1668pt oliga.

EXAMPLE 20
Induction of a CD&+ T celi response by AP205 p33 fusion protein reassembled in the presence
of oligodeoxynucleotides

[06217] (CS57BL/6 mice are immunized by injecting subcutaneously 150 ug of AP205-p33
(construct 425) with oligo 1668pt or oligo NKpt packaged inside as described in EXAMPLE



peptide conjugated to RNAse and coated on an ELISA plate with

AP205-Ghrelin VLPs, and EM. [00223] Adult female, C57BL/6 mice (5

per group) are vaccinated with purified VLP from construct 513, purified
W@LPoREE ebnstruct 405 is used as negative control. Alternati¢/@Ragefes4721

female, C57BL/6 mice (5 per group) are vaccinated purified VLP from

construct 514, purified WO 2006/032674 PCT/EP2005/054721 56 VLP

from construct 409 is used as negative control. 100 g of dialyzed vaccine
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witEXAMPE B Rdidoningnexprgssionsamilicatomss dRackaging affdP 3hing,
VLP dlsplag‘é%% the M2 ;iep_tlde at its N-terminus Clonln%jlfnd Expression .
I
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at rooms fespatdorthefNaligrmiinusiiof A48 208yised ekt b etatba vaiogirelQuest

sopicrRlcEantipdienagainshintlyenza. RiRGa Mend By RENESr and the
subsequently injected in mice, and tg%i%rotectlve effect of the
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oligodeoxynucleotides - oligo M2- 1 (5'- GGC C G ATC TCT GCT
POSiEREBRBACEST TGA AAC CCC GAT TCG TAA TGA ATG GGG TTG
1002616 TAKrGA AT Rehd:C of THe i3 AsiéolBe T £31GGEoAGHe 13 5eS@niNonged
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EXAMPLE 21
Cloning, expression, and purification of AP205 VLP displaying the Ghrelin peptide

Cloning and Expression
[60219] A peptide corresponding to human Ghrelin(1-8) was fused to the C-terminus of
AP205 in order to generate a vaccine which elicit antibodies against Ghrelin. The vaccine is
subsequently injected in mice, and the antibodies tested for binding to Ghrelin. The DNA
fragment coding for the Ghrelin peptide (GSSFLSPE, SEQ ID NO: 55}, was created by
annealing two oligonucleotides — Oligo 4.173 (5°-GT TCC GGA GGG AGC TCC TTC TG
TCT CCG GAA TAA TGCATGT-37, SEQ ID NO: 81) and Oligo 4.174 (§’-ACATGCA TTA



VLP upon expression in E. coli of the AP205 coat protein fusion.

Purification WO 2006/032674 PCT/EP2005/054721 57 [00227] Cells

were lysed by ultrasonication in lysis buffer (50 mM Tris, 5 mM EDTA 0.1
Wb 2000/e8R720, pH 8.0) supplemented with 5 gg/ml PMSF. THRE TyEBe04iEd 721

clarified by centrifugation, and the pellet washed with lysis buffer

containing 1 M urea. The pooled supernatants were purified over a

Sepharose CL-4B column in NET hifffer. Eluted fractions containing the

TTd/ba@\Mg]gg g@ﬁ)@%&gﬂ@gﬁ@@q‘ @@ﬂﬁ@%@%@?triﬁﬁ?l@t@ﬁwﬁ). The
an urified ovel.a sepna e C | er..1ne fractuons . .
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prorfibaRlayRtiaa M2 BeRkde was.demonstrated by analysis of purified VLPs
by SDS-PAGE and EM. EXAMPLE 23 CIonig'? ex?ression, purification

(bas VPP didHiA G IHE R p SPHE SR fius Cloning and

(basek preki§iori {002R8) Y cqre ptiderco £8§pondiig-£8an M2 peptide from
Influenza virus is fused to the C- terminus of AP205 coat protein. Briefly,
two complementary oligonucleatides encaoding the M2 sequence (S%(%qu?og
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and 28prassddMplicidriiBd vedtriEiomsitds (aptivningearénsntiyesiz échndhstapd self-

asscfRRPEr B ARPINglded-atithe.ond £f the PRRINE COMESIUANES: {H8:.

complementary oligonucleotides are annealed, digested with Kpn 21 and
Mph 11031 and cloned into pAP409, pAP405 to generate C-terminal
fusions. The resultingpdéinsisucts drd fasR408:0425 BP205-GSG-

{ﬂﬂzé&TEééﬁ;r Rl g@%%%%%g%gn Sb 60RaMs6 AbPRR @ TP TR o

TEVETPIR : he corresponding fusion proteins
Twegpe HkpPesset) aftPRIEREES UBHERa i AN Hs TRSErinERe iy R ANRP L E2Dbed. DY
centEXNAMEP End4C lprlisgwaspre asteniand Ritfifigat uti:APROPoMER Supernatants
displaying, multi the-M2 peptide..fus ither to the.C-or., .
e S Bt wieh on e
volume PiEpBfoBRSE 4994 st 200 iR Ees BRAfe R isdsite B eaffumtion,
washe@Pali@ted wihish ol t Bunest SeUueNces Afepharbaue-isesddadhe P20 er.

Elutsd %@?&%né(}%@&gt\%‘% mle%%n%%%e%[iggnﬁu%%%gn Sited using an Aspicon
centrifugal filter unit. Protein from consiruct 513 was further purified over a sucrose gradient
prepared with the following sucrose solutions: 9 mi 36%, 3 ml 30%, 6 mi 25%, 8ml 20%, 6 m!
15%, 6 mt 10% and 3 m! 5%. The VLP fractions were pooled, concentrated over a centrifugal
filter unit and dialvzed against 10 mM Hepes, pH 7.5. Concentrated fractions containing VLPs
from the CL-2B purification run of protein from construct 514 were finther purified over a
Sepharose 6B column, and fractions coptaining VLPs were concentrated over a centrifugal
filter unit.

[00222]  Display of the Ghrelin peptides on AP205 pariicles was demonstratedby analysis of
the purified VLPs by SDS-PAGE, Western blot with 2 mouse antiserum specific for Ghrelin,
inhibition ELISA inhibiting the binding of the mouse serum specific for Ghrelin to the Ghrelin
peptide conjugated to RNAse and coated on an ELISA plate with AP205-Ghrelin VLPs, and
EM.

[60223]  Adult female, C57BL/6 mice {5 per group) are vaccinated with purified VLF from
construct 513, purified VLP from construct 405 is used as negative control. Alternatively adult
female, C57BL/6 mice (5 per group) are vacecinated purificd VLP from construct 514, purified



encoding the desired sequence (see below) to be fused in frame with the
AP205 coat protein, flanked by appropriate restriction sites for cloning are
synthesized. A stop codon is also included at the end of the peptide

WebHiP&¥atience for fusions to the C-terminus of AP205 (cRSFIFgPRi66/054721
pAP409, pAP405). The complementary oligonucleotides are annealed,
digested with the appropriate restriction enzymes and cloned into the
respective AP205 fusion vector. M26dimer (SLLTE

VLIVEXR RBMNEMGOR Nid® aDiessiSeSontrol. 100 ug of dialyzed vaccine from each

s ST R\ B ORI SO A-E S SEE FOVETHRN AN A on e
vent@GRIBNGSIBDG 16,38 GrSL NIEYET it REYWEH

and MQr%@a%QlﬁQ&‘ﬁQEﬁ@ PAP378 and pAP382 to generate N-terminal
fusions and’into pAP409 and pAP40Q5 to generate C-terminal fusions, The

100228 sHBRfRTG RHLRSTYSPoRRIRsRY dhprs &%ﬁ’@‘b@ﬂﬂ%@uﬁ@f&rﬁﬁ%‘iﬁ%ﬂy
declitestripe dhin cEphaRL EIDDide Xl RIcE @EaFigictiodal Estih Go5 PSS, 60%
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In order to test the different AP205-M2 fusion vaccines mice are
a‘”iﬁ‘ﬁ% 08y “RIAREHE PIOB LM Al Y HORFERAMPLES 22-24 and
subsequently subjected to Influenza A virus challenge essentially as
previously described (Jegerlehner et al., J. Immunol., 2004, page
5598-5605). Briefly, adult C57Bi /8 migex%b per group) are vaccinated with
the VLPs obtained from EXAMPLES 22-24 respectively and with AP205
Clogjpg FETSPERPELAND ROPAERH RIS 1 00-G SFR/atEn BT hIRERY fet its
PBS to a volume of 200 | and injestedrsubcutaneously into the right and
the left inguinal region of each animal on days 0 and 14. Animals are bled
on day 14 and 21, and the M2 specific antibody response is measured in
an ELISA. Briefly, M2 pepttf8ing eBhEREIEPH RNase via an amino acid
[0025a cerA @4phd): andcipendins s lankdp SIPDR fnah ledateekomanyel iSAdpiade N-

rernfYE HORESH e &&g'wg%&b‘?es?%d?&e%@%% Yith 205G 3 ﬁﬂt infiuenza
pcroxidase goat anti-mouse 1gG conjugate [002314 On day 33 all mice

Proteféltéﬁan“élﬁgeacw&rf84€}é’eeﬁvelrm Any RS S tF%‘?nP“ﬁ?F‘E}’érfﬁfPﬁcﬁf the
lmnﬁﬁaﬁaddﬁmseaswmé/mnuseag‘ﬂmhmdmmmbam vogitaligitnMachided at the

SIVQ 2006/03267
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Cloning, expression’a
aﬂﬂ?i’éfﬂﬁd’&’l‘i’oh OPAsRlmdog .o sed R TIsIFg SN si«!@t)ei‘ﬁé df the BP0 ESHC
ATOrREIGEThIAY eaw peptides Cloningend;EXpressioa 00232k Peptides TTG

cc&PhE NSRS Prdefugditem i eavRione 9 oy HPIRAR A0 e
M2- 11 (5°- CCT CCG GAA CCA TCA GAA GAA TCA TTG CAA CGG CAA CCC CAT
TCA TTA CGA ATC GGG GTT TCA ACT TCG GTC AGC AGA GAT CCC ATG GCC -3,
SEQ ID N(:85). The obtained fragment was cloned in the the vector pAP378 previously
digested with Neo! and Kpn2l. The resulting construct was:

551: {(based on 378): MGSLLTEVETPIRNEWGCRCNDSSDG -~ SGG -
AP205 coat protein

[66226] The resulting plasmids pAP551, was transformed into E.coli IM109 and expressed
as described in EXAMPLE 2. Capsids present in the lysate demonstrated self-assembly of the

VLP upon expression in E. coli of the AP205 coat protein fusion.

Purification



in-frame fused to the AP205 coat protein. Briefly, two complementary
oligonucleotides encoding the desired sequence to be fused in frame with
the AP205 coat protein, flanked by appropriate restriction sites for cloning
WEY208¢/ptPEdized. A stop codon is also included at the end of¢HEEBAIEHE 721
coding sequence for fusions to the C-terminus of AP205 (cloning into
pAP409, pAP405). A initial Methione codon is added at the beginning of
the Oligos for fusing at the N- termifiis of AP205. The complementary
[oe2fgonuEiROlisle syase Bnnealea caligesieghwitheihia s a pINODiIREHREHITTAN. 1 %
enzyme cloned into the respective AR fusion vector. The HI!
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roteins are_substantially carried out, as,descriped in EXAMP and 3.
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by $he-antbodydrBsponse is measured in an ELISA. Briefly, the antigen
to-be-tested is conjugated to RNase via an amino acid spacer (CGG) and
the cross-linker SPDP and coated on an ELISA plate overnight at 4C.
Binding of the serais detecteg’wgﬁseradish-peroxidase goat
Gintinpcusedge, qunitigate JCURIGTMibephenthtwn Bledopuddst erterminus
puncture on day 21 and serum of each vaccine is purified as follows: sera
from the 5 mice of the respective group are pooled and centrifuged for
five minutes at 14'000 rpm “FPEAPLFRREERPT loaded on a column of 3 nil
jsogwasheshpioiginefposdiplgasose NA menshahe:R ibstienees)usTiadisedumthesC-
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glycine pH2 . fractions are collected in fubes containing 2001 1|
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ter 0 agl ' [002371 The obtained
pﬁgép%%é%ﬁéggiéa‘g%dé ﬁmm%%%%% essentially described
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are tested for their ability to neutralise primary HIV isolates as described
Thepggxyrleosgg’tllgizgg %&Qg %Sr?tgmg talaf!' ’ekrﬂ“g%gergt&%oglfrﬁgg %lelbgt]égﬁ%}? )zis described in

EXAMPLE 22,

EXAMPLE 24
Cloning, expression and purification of AP205 VLPs displaying multimers of the M2 peptide
fused etther to the C-or N-terminus

Cloning of expression vectors



61 CLAIMS I . A modified virus-like particle (VLP) comprising at least one:
fusion protein, wherein said at least one fusion protein comprises: (a) a
first polypeptide; and (b) a second polypeptide, wherein said first
Wisol)frdiHee is a coat protein, or a mutein thereof, of AP205 PCT/EP2065/054721
bacteriophage, and wherein said second polypeptide is fused either to the
N- or to the C- terminus of said first polypeptide. 2. The modified VLP of
claim I, wherein said second polypéf8tide comprises at least one antigen.

je033eT hennadifiedoy kR efrsypaneotiiepreseding elainsorvperaingaisdisire

. polypeptide consi 124-138 amino acids. 4. The modified V.LP of an)
o S50 OV B bRchag s BBt Al okt oA L e
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) 0:67: (e) SEQ ID NO:68:; (f. SEQ ID NQ:69; and utein.of S
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(clofirsg padypaPiithe i B466ht Tho rmimpsamaes hemterio)iidag ercama e digested
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claims 1 to 3, wherein said first po e

M2 ot AP205 bacteﬁgﬁ’iage, Where?n gg@%ﬁ%ﬁ%ﬁ@%&%ﬁ%ﬁﬁéﬁ%&%‘
SLISGNETRIREE SSCRSINDIBSBEQ IBINO: For 6% el wivereismat Mast thiee  (
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or substituted. 7. The modified VLP of ang one of the precedin?I claims
|

S Rt RN i ISR COVBRSR ot TRONhr e % Lpped i RANHE i RATFS2
to pepacerisipositd fiedbixe tné éncpidAitSt ol pp@piiti eoapdesaid sevomel fusions.
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at most 15 amino acids. 9. The modified VLP of any one of the preceding
EXAMIHE Jherein said second polypeptide comprises at least one antigen
selected from a group consisting of

EXAMPLE 25
Functional testing of AP205 VLPs digplaying the M2 peptide or multimers therof on the surface

[60230} In order to test the different AP205-M2 fusion vaccines mice are immunised
with the VLPs obtained from EXAMPLES 22-24 and subsequently subjected to Influenza A
virus challenge essentially as previously described (Jegerichner et al., J. Immunol., 2004, page
5598-5605). Briefly, adult C57BL/6 mice {5 per group) are vaccinated with the VLPs obtained
 from EXAMPLES 22-24 respectively and with AP205 VLP as negative control. For each
mouse, 100 ng of vaccine is diluted in PBS to a volume of 200 ul and injected subcutancously
into the right and the left inguinal region of each animal on days 0 and 14. Animals are bled on
day 14 and 21, and the M2 specific antibody responsc is measured in an ELISA. Briefly, M2
pepiide is conjugaied to RNase via an amino acid spacer {CGG) and the cross-linker SPDP and
coated on an ELISA plate overnight at 4°C. Binding of the sera is detected with a Horseradish-
peroxidase goat anti-mouse 1gG conjugate.

{60231 On day 33 all mice are chalienged with 4000 live Influenza A viruses (strain:
AJPuerto Rico 8/34, HINT subtype)mouse. The body weight and mortality in each vaccinated
group is then monitored over 14 days.



(a) an antigen suited to induce an immune response against cancer cells;
(b) an antigen suited to induce an immune response against at least one
microbial pathogen; (c) an antigen suited to induce an immune response
WaLHIt A6 Téast one allergen; (d) an antigen suited to induc&@HFaA A 721

response against at least one self antigen; (e) an antigen suited to induce
an immune response in farm animals or pets; and (f) an antigen suited to
induce a response against a polypéfdtide toxin or a polypeptide hormone.
10. The modified VLP of any anespfithe peeceding claims, wherein said at
least one anti cted fro cansistin

is.sel f t f. ().
e e S e e SR

polypeptide of Influengeatirain(wita HbiypepeaEdss Hepatitis C virus; (e) a
polypeptide of Toxoplasma; (f) a polypeptide of Plasmodium falciparuiu;
(9) a polypeptide of Plasmgpium ViV " Q) aogolypeptide of Plasmodium

ovate; (i) a polypeptide of aehoditn aﬁ%rlae; 0) a polypeptide of

[0023Blamyelitidek|SERIR PR 10 bfersed ArnaTREHRYCIEr £ OMEpdR 0 arc
in-fHiB EHLRNEL kKL U@Zéﬂq)o@ap raRtidgiehp r%@%&@ﬂ‘ﬁ@{nﬁa@y Seligdhacleotides
ene BB R BT e SRS B A b S il o
apppEolgse plitetinueits domcvemstirg nilbesyed(4) siopolyfseptidisdimadided dhterrnd
of t@élﬁé?eme(t_a&agﬁg hpentideinyRivediindeediaiagiess AW@ RAMREPLAS paAP4os,
pAPlQ(\)(SO) .VAe Ciinliga?i}igt@igﬁﬁg\é%gg% ;acgg)d %;t[t)hzeé beginning of the Oligos for fusing at the N-
terminus of AP205. The complemantary oligonucieotides are annealed, digested with the
appropriate restriction enzymes and cloned into the respective AP205 fusion vector. The HIV
env peptides are cloned into pAP378 and pAP382 to generate N-terminal fusions and into
pAP409 and pAP405 to generate C-terminal fusions.

[00233] The expression and purification of the corresponding fusion vproteins are
substantially carried out as described in EXAMPLE 2 and 3.

[00234] Adult C57BL/6 mice (5 per group) are vaccinated with the AP205-HIV env
peptides, respectively, as a control, with AP205 VLP. For each mouse, 100 ug of vaccine is
diluted in PBS to a volume of 200 pl and injected subcutaneously into the right and the left
inguinal region of each animal on days 0 and 14.

[0G235] Animals are bled on day 14 and 21, and the antibody response is measured in an
ELISA. Briefly, the antigen to-be-tested is conjugated to RNase via an amino acid spacer
(CGG) and the cross-linker SPDP and coated on an ELISA plate overnight at 4°C. Binding of
the sera 1s detected with a Horseradish-peroxidase goat anti-mouse 1gG conjugate.

[06236] Mice are then bled out by heart puncture on day 21 and serum of each vaceine is
purified as follows: sera from the 5 mice of the respective group are pooled and centrifuged for
five minutes at 14”000 rpm. The supernatant is loaded op a column of 3 ml prewashed protein
G sepharose (Amersharn Biosciences). The column is then washed with 10 column volumes of
PRS and chuted with 100 mM glycine pH2.8. 1 ml fractions are collccted in tubes containing
200ul 1M Tris pH8.0. The protein containing fractions are pooled and concentrated using a
'Miliipore Ultrafree centrifugal filter with a molecular weight cut-off of 5 kDa (Millipore). The
same concentration filter is used to perform a buffer exchange to PBS. The purified IgG



(x) EGF-R; (y) CEA; (z) CD52; (aa) Human melanoma gp100; (bb)
Human melanoma melanA (cc) Tyrosinase; (dd) NAI7-A at; (cc) MAGES;
(ff) P53; (9g) CD21; (hh) HPV 16E7; (ii) a phospholipase A, protein; (jj) a
woeplsPéptide; (kk) an Influenza M2 protein; (11) a fragmeMCOT S EES4721
least one antigen of (a) to (z) and of (aa) to (kk); and (mm) a variant of
said at least one antigen of (a) to (z) and of (aa) to (kk). 11. The modified
VLP of any one of claims 2 to 8, whigrein said at least one antigen
fracﬁ&mprs&ei&thﬁe@mﬁaﬁgImﬂlq@aaammmadm@mnﬁ@d)d et shay Tbeen in
VLP one of clai S, 2 to 8, wher tlea
hqu{y tfgen ¢ tsaltst {Ilr Re 8 RtrAcell AT cdgrn%taln(? ﬁﬁgﬁﬁﬁgﬁgﬁ}ﬁ%rotem
{002_531 The rﬁ*@qm@amémﬂ arry theie eftefaim SEM eputrplistiy eifsaygigs essentially

des@déaceliiandpnrain cfithexh/ &@m rkﬂﬁﬁ.és%ﬁio@o%e Notigeings pictaid are
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et allebmmounty 28tganeeohsigtd)of SEQ ID NO:43 15 The modified VLP of
claim 14, wherein at most three amino acid residues of SEQ ID NO:43 are
deleted, internally added, or substituted. 16. The modified VLP of any one
of claims 7 or 8 and | Ito 15, wherein said spacer is GSGG. 17. The
modified VLP of any one of claims | to 8, wherein said at least one antigen
is a self antigen. 18. The modified VLP of claim 17, wherein said self
antigen is a polypeptide selected from the group consisting of: (a)
lymphotoxins (preferably Lymphotoxin a (LT a), Lymphotoxin Q (LT a));
(b) lymphotoxin receptors;



(c) receptor activator of nuclear factor kB ligand (RANKL); (d) vascular
endothelial growth factor (VEGF); 64 (e) vascular endothelial growth
factor receptor (VEGF-R); (f) Interleukin-5; (g) Interleukin-1 7; (h) Interl
eukin- 13; (i) IL-23 p19; (j) Ghrelin; gk) CCL21; (1) CXCL12; (m) SDF-I;

CLAIN?[%) M-CSF; (0) MCP-1; (p) Endoglin; (q) GnRH; (r) TRH; (s) Eotaxin;

—t

Bradykinin; (u) BLC; (v) Tumor Necrosis Factor a; (w) amyloid beta
peptide (A(31-4,); (x) A(3I-6; (y) Angiotensin; (z) CCRS extracellular

AN (3R g%%%%c@é(ﬁgm gy q@mp}ec@? Q)]@ﬁ%’f&l{‘ps(ﬁg)n%ﬁém (sqgi) at least
Cba; (cc) Bradykinin; (ff) Des-Arg radykmln (gg) a fragment of (a) -(ff);

0&&5”(%?5’??5}%’9%5@) -(ff). 19. The modified VLP of any one of the
preceding(@laims{imhereirgaied second polypeptide consists of 5-30
amino ac'?é} a second polypeptide,

wherein said first polypeptide is a coat protein, or a mutein thereof, of AP205
bacteriophage, and wherein said second polypeptide is fused either to the N- or to the C-

terminus of said first polypeptide.

The modified VILP of claim 1, wherein said second polypeptide comprises at jeast one

antigen.

The modified VLP of any one of the preceding claims, wherein said first polypeptide consists of

124-138 amino acids.

The modified VLP of any one of the preceding claims, wherein said coat protein, or a mutein
thereof, of AP205 bacteriophage is selected from a group consisting of;

(a)  SEQIDNO:I;

(b} SEQIDNOQ:2;

(¢} SEQIDNO:42;

() SEQIDNO:67,

(e} SEQIDNO:6S;

(fi, SEQIDNO:69; and

() amutein of SEQ ID NO:1 or 67.

The modified VLP of any one of claims 1 to 3, wherein said first polypeptide is a coat protein

of AP20S bacteriophage, and wherein said coat protein is SEQ ID NO:67.

The modified VLP of any one of claims i to 3, wherein said first polypeptide is a mutein of a
coat protein of AP205 bacteriophage, wherein said mutein has the amino acid sequence as set
forth in SEQ ID NO:1 or 67; and wherein at most three amino acid residues of SEQ ID NO:1 or

67 are deleted, internally added, or substituted.

The modified VLP of any one of the preceding claims, wherein said fusion protein further
comprises a spacer, and wherein satd spacer is positioned between said first polypeptide and

said second polypeptide.



10.

65 20. The modified VLP of any one of claims | to 8, wherein said second
polypeptide comprises an amino acid sequence selected from the group
consisting of: (a) Influenza virus M2 peptide (SEQ ID NO:43); (b)
Hepatitis B virus Pre S | peptide (SEQ ID NO:62); (c) HIV Nef Polyepitops
(SEQ ID NO:23); (d) GnRH (SEQ ID NO:20); (e) Gastrin G17 (SEQ ID
NO:47); (f) Cat Ghrelin (SEQ ID NO:59); (g) Dog Ghrelin (SEQ ID
TNOBE)i¢h MEROEFvipSptidert(BEQ IR NGB, m@ytHBaime paptide 2
(SEQ ID NO:99); 0) CCRS PNt (SEQ ID NO:45); and (k) CCRS ECL2
11(:‘-Sﬁ'EQ ID NO:91). 21. The modified VLP of any one of the preceding claims
rtRET EBprisivigiat PasY G RefititinoStiulXBST hiitieiccaeic vhereils
ceaighiveauirestimdatioe atleteid aeitldepackagsaeidpsitie said modified
VLP. 22. The ified VLP aof clai herei idi nostimulatqry
nucleic acgg)lsn;a%dalﬁﬁ%gt ;}I%%té%ﬁéggéj%\ér\{%%r{%%% |§%§r€1%%8ﬂ e 23, @L%/e
modified VP oftIalesp sittshein guiereimhetfiyidted Cpastontaiffhgt least one
oligonucleotidencoamiispmtaensequence GGGGGGGGGG

GACGATEETC GEEECEGE00 SEQIDNGTL) 24, The modlied. e
VLP of clai Zf wheréin 'Said un'mect%y at%g”@péf’- on aﬁ%ﬁﬁs at least one alleTgen;

oligonucledtideacomsists ofilvd tedubneaIGBGOBGEBGEGazainst at least one self
GACGATCGTGHGHEGGGGGGE (SEQ ID NO: 71) 25. The modified
VLP of any one of claims 21 to 24, wherein said immunqstimulatory

nucleic adidl is HbPRESASEIIE T IRES R HYERBIGSFEPRES DETFHBIRBHHEg': ad
VLP of anyfpnexofelagmns 2it¢d 2binttheraincpeentd betvegnitheptide toxin or a
nucleotides of said immynostimulatory nucleic acid is a phosphodiester

bond. 27. A ph%?rﬁg%ﬁafzca%%?nnﬁmition comprising: (a) the modified VLP

of any one of the preceding claims; and (b) an acceptable pharmaceutical

SRS B L e gl SR
ivadenedcdompdsitipnigf aharist2& fufther comprising an adjuvant.
{a}  apolypeptide of HIV;

(b)  apolvpeptide of Hepatitis B virus;

(c) apolypeptide of Influenza virus;

(Y -apolyvpeptide of Hepatitis C virus,

(e) apolypeptide of Toxoplasma;

(f)y  apolypeptide of Plasmodium falciparum,
(g) apolypeptide of Flasmodium vivax;

(h)  apolypeptide of Plasmodium ovale;

{1y apolypeptide of Plasmodium medariae;
(i apolypeptide of Chlamydia;

(k) apolvpeptide of breast cancer cells,

(1)  apolypeptide of kidney cancer cells,
(m) apolypeptide of prostate cancer ceils,
(n)  apolypeptide of skin cancer cells,

(0)  apolypeptide of brain cancer cells,
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13.

30. Use of the vaccine composition of any one of the claims 28-29 for the
manufacture of a medicament for use in a method of immunization
comprising administering said vaccine composition to an animal or a
human. 66 31. A fusion protein compriging a polypeptide, wherein said
polypeptide is fused to either the N- or C- terminus, or to both terminus, of
a coat protein, or a mutein thereof, of AP205 bacteriophage; and wherein

(Baid ppipeptidecd dndistsaofeds10 amino acids; and wherein said fusion

(proteincis naapakleafifegming a VLP. 32. A nucleotide sequence encoding
said fusion pratein of claim 31. 33. A method for producing the modified

(QLP DU B SRS 1958 Uirising the steps of: (a) optionally
(sn-framelligatide iaveliclé otice séguence encoding a spacer with either the

({jrst DG g{j@gﬁﬁgﬁg&pﬁ %2;9%‘?{@@15?,9 first polypeptide or the second

nucleotide sequence encoding the second polypeptide; (b) in-frame
(KyatihBOSAEPLECBNE HEtiB StB%equence with said first nucleotide
(8pqueaee, resulting in a third nucleotide sequence encoding said fusion
(%ot% ,»(C) optionally introducing a stop codon which allows suppression

at the 3"of the first nucleotide sequence; (d) expressing said third
(rucl&éifdBisequence in a host, preferably under the condition that the
(yesulting.expressed proteins are capable of forming said modified VLPs;

( e) pr#' ing said modified VLPs obtained from step (d). 34. The modified
/LP of ariy one of the claims 1-26 or the pharmaceutical composition of
{glaimi2Raorthnvaceigie Eomposition of any one of the claims 28-29 for use
(85 apnedicANSB LH04ZRCO0/YF | SEQUENCE LISTING <110> Cytos

Biotechnology, AG Bachmann, Martin F. Tissot, Alain Jennings, Gary

(®enHefas Begina Pumpens, Paul Cielens, Indulis <120> Molecular
(AntigeniAmays <130> P1042PCOO

(ee) MAGE3;

(ffi P33

(ge) CD2I;

(hh) HPVI6E7;

(ii}  a phospholipase A, protein,

(ii} aDerpl peptide;

(kk) an Influenza M2 protein;

(11} afragment of said at least one antigen of (a) to (z) and of {aa) to (kk); and

{mm) a variant of said at least one antigen of (a) to (z) and of (aa) to (kk).

The modified VLP of any one of claims 2 to 8, wherein said at least one antigen comprises the

extracellular domain of the Influenza M2 protein.

The modified VLP of any one of claims 2 to §, wherein said at least one antigen consists of the

extracellular domain of the Influenza M2 protein.

The modified VLP of any one of claims 11 or 12, wherein said extracellular domain of the M2
protein is fused to the N-terminus of said coat protein, or mutein thereof, of AP2035

bacteriophage.
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<160> 120 <170> Patentln version 3.3 <210> 1 <211> 131 <212> PRT

<213> Bacteriophage AP205 <400> 1 Met Ala Asn Lys Pro Met Gin Pro

lle Thr Ser Thr Ala Asn Lys lle 510 15 Val Tro Ser Asp Pro Thr Arg Leu

Ser Thr Thr Phe Ser Ala Ser Lou 2G2b 30 Leu Arg Gin Arg Val Lys Val

Gly lle Ala Glu Leu Asn Asn Val Ser 35 40 45 Gly GIn Tyr Val Ser Val Tyr

Lys Arg Pro Ala Pro Lys Pro Glu Gly 50 55 60 Cys Ala Asp Ala Cys Val
lite MediPed Ash GlenAsneGincBand|e 1rg) ag 170t75 BOvIEhiValifl@t SersSlye antigen
o ABGIABNeYAla Thr Leu Lys Ala Glu 85 90 95 Trp Glu Thr His

Lys Arg Asn Val Asp Thr-Leu Phe Ala Ser Gly Asn 100 105 110 Ala Gly

Lou Sly Phe Lou Asp Pro Thr Ala Ala lle Val Ser Ser Asp 115 120 125
ThamTdifARVI300 240> 2, wizddin 4310R 1042 RO00/ Y 2 @12 »FRT [D NO:43 are

d%%?e?fiff‘tre‘iiﬁ&i@'ax?&‘&“&ns‘{%stﬁa%g? <223> Pro to Thr at position 5 of
bacteriophage AP205 <400> 2 Met Ala Asn Lys Thr Met Gin Pro lle Thr

Ser Thr Ala Asn Lys lle 1510 15
The modified VL.P of any one of claims 7 or 8 and 11 to 135, wherein said spacer is GSGG.

The modified VLP of any one of claims 1 to 8, wherein said at least one antigen is a self

antigen.

The modified VLP of claim 17, wherein said self antigen is a polypeptide selected from the
group consisting of:

(a)  lymphotoxins (preferably Lvmphotoxin o (LT o), Lymphotoxin 8 (LT 3));

(by  lymphotoxin receptors;

(c)  receptor activator of nuclear factor kB ligand (RANKL);

{d)  vascular endothehial growth factor (VEGFY),
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Val Trp Ser Aso Pro Thr Arg Lou Ser Thr Thr Phe Ser Ala Ser Len 20 25
30 Lou Arg Gin Arg Val Lys Val Gly lle Ala Glu Leu Asa Asn Val Set 35
40 45 Gly Gin Tyr Val Ser Val Tyr Lys Arg Pro Ala Pro Lys Pro Gin Gly 50
55 60 Cys Ala Asp Ala Cys Val lle Met#£ro Asn Glu Asn Gin Ser lle Arg
65 70 7580 Thr Val lle Ser Gly Ser Ala Giu Aso Leu Ala Thr Leu Lys Ala
Glu 8590 95 Trp Giu Thr His Lys Arg Asn Val Asp Thr Lou She Ala Ser
(Qly AseuiroontiohdnbeNa G pteucipiPrE Eeb-Rip Pro Thr Ala Ala lle
(Mal SgeRekAsp 115120 125 Thr Thr Ala 130 <210> 3 <211> 3635
<212> DNA <213> artificial sequence <220> <223> expressing AP205
(®bat BIRYEI h00> 3 cgagetegee cotggettat cgaaattaat acgactcact
(Btagyaadgadiegdgaattcga 60 gctcgcccgg gga.cctcta gaattttctg cgcacccatc
£c99gt9gcg sccaaagtga 120 ggaaaatcac atggcaaata agccaatgca
( ;
accgatcaca tctacagcaa ataaaattgt 180 gtggtcggat ccaactcgtt tatcaactac
(Btttedabedmgtetgttac geccaacgtgt 240 taaagttggt atagccgaac tgaataatgt
(kcaggytuad tatgtatctg tttataagcg 300 P1042P000/YF 3 tcctgcacct
(Qaac&%qg_ gttgtgcaga tgcctgtgtc attatgccga atgaaaacca 360 atccattcgc
cagtgattt cagggtcagc cgaaaacttg gctaccttaa aagcagaatg 420 ggaaactcac
(BaacyPiatg ttgacacact cttcgcgage ggcaacgecy gtttgggttt 480 ccttgaccct
(Actgeggota. tcgtatcgtc tgatactact gcttaagcet- gtattctata 540 gtgtcaccta
% atc gtatgataca taaggttatg tattaattgt agccgcegttc 600 taacgacaat

gtacaagc ctaattgtgt agcatctggc ttactgaagc agaccctatc 660
(p)  Endoglin;

(qy GnRH;

(ry  TRH;

() Eotaxin;

()  Bradykinin;
(v} BLC;

{(vy  Tumor Necrosis Factor o

(w) amyloid beta peptide (Af142);

(x) AP

(y)  Angiotensin;

(z) CCRS extracellular domain;
(aa) CXCR4 extraceliular domain;
{bb) Gastrin;

{c¢) CETP;

(ddy C3a;

(ee) Bradykinin;

(ffy  Des-Arg Bradykinin

{gg) a fragment of (a) —{fT); and
(hh) a variant of (&) —(ff).

The modified VLP of any one of the preceding claims, wherein said second

polypeptide consists of 5-30 amino acids.



20.

21.

22,

23.

24.

atctctctcg taaactgccg tcagagtcgg tttggttgga cgaaccttct gagtttctgg 720
taacgccgtt ccgcaccecg gaaatggtca ccgaaccaat cagcagggtc atcgcetagcec
780 agatccttta. cgccggacgc atcgtggecg gcatcaccgg cgecacaggt
gcggttgctg 840 gcgcctatat cgccgacaic accgatgggg aagatcgggc tcgecacttc
gggctcatga 900 gcgcttgttt cggegtgggt atggtggcag gececgtgge cgggggactg
ttgggcgceca 960 tctccttgca tgcaccattc cttgcggegg cggtgcetcaa cggcecttaac
Tdraatadidy 20200ty onectf adtgeny dad toestasgl getgad oglepeatadiggtyesses an
aﬁz%%tgi@;%éliﬁ%e ?@%@i&ﬁ?@nﬁ]ﬁwgﬁﬂ cAlAGHaA0eEa act:tccgctat cgc;tacgtga
ctgggtca ctgcgeeee gacacccgee aacacccgcet gacgegecc

(@acg? Wits ?&5&?3&8@’?’?@6(%%%gt]é%é\lc(gf%éégacaagc tgtgaccgtc tccgggagcet
(gratdgigieangdggttitdac1260:podgicatCad dgaadegcge gaggceagctt
gﬁ@ﬁp@@@@&g&(ﬁ%ﬁgt@g@gﬁ%& 320 ttttataggt taatgtcatg ataataatgg

tttcttagac gtcaggtagc acttttcggg 1386 gaaatgttcg cggaacccct atttgtttat
(?t}tctég’&&fbgﬁgg%ﬁ%@ﬁtacgc 1440 tcatgagaca ataaccctga taaatgcttc

(eataataiighaagaaggemonagtatgagta 1500 ttcaacattt ccgtgtcgcece cttattcect

(gtttg%%g&%_tet{ﬁggﬁg@%&t%};%o ctcacccaga aacgctggtg aaagtaaaag
tgctgaaga tcagttgggt gcacgagtgg 1620 gttacatcga actggatctc

(ahcaleegbtardiydidettgh Yahttiege cccgaagaac 1680 gttttccaat gatgageact

(Hfaaagitaigoiaigieg cgegaai@tegpgtattg 1740 acgccgggcea agagcaactc
gtcggegea tacactalt 1C ttggttgagt 1800 actcaccagt cacagaaaag
(gatc%%%%t%%’é‘a?g‘éi%é%ﬁ%%%% ‘ttatgcagtg 1860 ctgccataac
(Datgagtgattancaktybagiocaactatt tctgacaacy atcggaggac 1920
(FPasgargsiaacegeititfigeasgaca tgggggatca tgtaactcte ctigatcgtt 1980
gggaaccgga gctgaatgaa gccataccaa acgacgagcg tgacaccacg atgcctgtag
2040 caatggcaac aacgttgcgc aaactattaa ctggcgaact acttactcta gcttcccggce
2t0foddedatiadt agaciggatgdaggcggatdiaagtigeagf:abaactiifising at least one
S9GI9098aa 2 OnJ&F&Q%¥8gv%'igx%ma%&cﬁ%ﬁ%%%t&%% 9%9%5%6‘989@99&1@@(1
‘tctcgeggta 2220 P1042PCO0/YF 4 tcattgcagce actggggcca gatggtaage -
ipgteceitatetiPagtvdtt tacacgacgg 2280 ggagtcagge aactatggat
gaacgaaata gacagatcgc tgagataggt gcctcactga 2340 ttaagcattg
taactgtc agttt actcatatat actttagatt gatttaaaac.2400 ttcattttta. . . .
s ot Dot A LTS kit & o
uyekitttietydtcobctopig e caipnee legfidgaaaag atcaaaggat 2520 cttcttgaga

tccttttttt ctgcgegtaa tctgctgcett gcaaacaaaa aaaccaccgce 2580 taccagcggt

S AR e e sequen D 40 geuce

comprises the sequence GGGGGGGGGG GACGATCGTC GGGGGGGGGG (SEQ ID NO:71)

The modified VLP of claim 22, wherein said unmethviated CpG-containing oligonucleotide
consists of the sequence GGGGGGGGGG GACGATCGTC GGGGGGGGGG (SEQ ID
NC:71)

The modified VLP of any one of claims 21 to 24, wherein satd immunostimulatory nucleic acid

is not accessible to DNase hydrolysis.



26.

27.

acttcaagaa ctctgtagca ccgcctacat acctcgcetct gctaatcctg ttaccagtgg 2760
ctgctgccag tggcgataag tcgtgtctta ccgggttgga ctcaagacqa tagttaccgg 2820
ataaggcgca gcggtcgggce tgaacggggg gttcgtgcac acagcccage ttggagcgaa
2880 cgacctacac cgaactgaga tacctetagc gcgagcattg agaaagcgcc
acgcttcccg 2940 aagggagaaa ggcggacagg tatccggtaa gcggcagggt
cggaacagga gagcgcacga 3000 gggagcttcc agggggaaac gcctggtatc
Tirearaggtcedgie ot gusatictti 8080 tyastiyheyet tbgdrnigriaegetdgtucleotides of
s6RJIGAG096HIRNELIAINNRAIRABSUGHR Phell AEARRACITC Clttitacgg
ttcctggcct tttgctggcec tittgctcac atgttetttc 3180 ctgegttatc ccctgattct
gtggataacc gtattaccgc ctttgagtga gctgataccg 3240 ctcgccgcag
cplrmargadcgagegoageg agicagigag cgaggaagcg gaagagcgec 3300

(SPABROGARASFILRICIC ACCACOFAN gREcaAlicAfiaalggagc tgtggtgtca 3360
tggtcggtga tcgccagggt gccgacgcegce atctcgactg catggtgcac caatgcttct 3420

(Bycqteaggragte HEetety Gt Ygccgtgca ggtcgtaaat cactgcataa

3480 ttcgtgtcgce tcaaggcgca ctececgttct ggataatgtt ttttgcgecg acatcataac

3540 ggttctggca aatattctga aatgagctgt tgacaattaa tcatcgaact agttaactag
AR HE g CARGRLHRY M 5§t 5 gaaR 888 e ogdsch @ ppsony of the
niriBzdDNA 5243y attiticial-sagrenee 220> <223> to clone GSGG at

the N-of AP205 coat protein <400> 4 tgccatggga tccggagggg caaataagcc
aatgcaacc 39 <210>5 P1042P000/YF 5 <211> 31 <212> DNA <213>
Tarificial seqmepositisd20z 142238 fordiened St ioathedNitanminus of

AP205 coat protein <220> <221> mist feature <222> (1) . (2) <223>n s

a, c,g,ort
Use of the vaccine composition of any one of the claims 28-29 for the manufacture of a

medicament for use in a method of immunization comprising administering said vaccine

composition to an animal or a human.



31.

34,

<400> 5 nnaagcttaa gcagtagtat cagacgatac g 31 <210> 6 <211> 60

<212> DNA <213> artificial sequence <220> <223> to clone
GSGTAGGGSGS to the N- of AP205 coat protein using p376-2 as

template <400> 6 tgccatgggt tccggaaccyg cgggeggggg atceggttcg

gcaaataagc caatgcaacc 60 <210> 7 <211> 30 <212> DNA <213>

artificial sequence <220> <223> to clone GSGG to the C- of AP205 coat
Apfoteinpuging pRE3isezasdbnplite whaem saRioyneisedfesafienss! ta2es the N- or

(Ukrkdh 5528531 Polf BrGirhs Otla SARBRENNCIAgRRITHCIRCYCH RPOAORLET ophage;
30 <210> 8 <211> 40 <212> DNA <213> artificial sequence . <220>

WHYRH SR BOGREL TS WA E bt ADITE L85t rBtEiN Ty g 5288 Bgtein is
ctpmbplateocdD>a8/fgatgcatcc tcnggatcca gecagtagtat cagacgatac 40 <210>
9 P1042P000/YF 6

A nucleotide sequence encoding said fusion protein of claim 31.

A method for producing the modified VLP of any one of the claims 1-26 comprising the steps

of:

(a) optionally in-frame ligating a nucleotide sequence encoding a spacer with either the first
nucieotide sequence encoding the first polypeptide or the second nucleotide sequence
encoding the second polypeptide;

(b) in-frame ligating said second nucleotide sequence with said first nucleotide sequence,
resulting in a third nucleotide sequence encoding said fusion protein;

(¢) optionally introducing a stop codon which allows suppression at the 3’ of the first
nucleotide sequence;

(d)  expressing said third nucleotide sequence in a host, preferably under the condition that the
resulting expressed proteins are capable of forming said modified VLPs;

(e) purifving said modified VLPs obtained from step (d).

The modified VLP of any one of the claims 1-26 or the pharmaceutical composition of
claim 27 or the vaccine composition of any one of the claims 28-29 for use as a

medicament.



P1042PC<£§8

<110>»

<120>
<130>
<160G>
<170>
<210>
<211=>
<212>

<213>

<400>

<211> 46 <212> DNA <213> artificial sequence <220> <223> to clone
GTAGGGSG to the C- of AP205 coat protein using p409-44 as template
> 9 tgatgcataa tccggaaccg cctc?tgcgg ttccagcagt agtatc 46 <210>

1> 15 <212> PRT <213> artificial sequence <220> <223> D2
peptide <400> 10 Thr Ser Asn Gly Ser Asn Pro Ser Thr Ser Tvr Gly Phe
Ala Asn 151015 <ZFDOsNTE €29163 <212> DNA <213> artificial
sequence t<220>l<223>Aéo anneal with 0ligo2:197 to create D2 peptide
%ﬁ%aﬁ%%ﬁ& ttCCaacgga agcaatccga gcacttcgta cggtttcgeg
aattaatgca 6O ntog 63 <210> 12 <211> 63 <212> DNA <213> artificial
séyuenee <220> <223> to anneal with 0ligo2.196 to create D2 peptide
H03 T2 ﬁ%ﬁg’@atta attcgcgaaa ccgtacgaag tgctcggatt gettcegttg

Pumpens,

g8agtecgq: kb, 2gg 63 |
Molecular Antigen Arrays
P1G42PCO0

120

PatentIn version 3.3

1

131

PRT

Bactericphage APZ05

1

Met Ala Asn Lys Pro Met Gin Pro Ile Thr Ser Thr Ala Asn Lys Ile

o

Val Trp Ser Asp Pro Thr Arg Leu Ser Thr Thr Phe Ser Als Ser Leu

20 25 30

Leu Arg Gln Arg Val Lys Val Gly Ile &lae Glu Leu Asn aAsn Val Ser

Gly Gin Tyr Val Ser Val
50

35 40 45

Lys ARrg Pro Ala Pro Lys Pro Giu Gly
60

U1 3
(1
H

Cys Ala Asp Ala Cys Val Ile Mebt Pro Asn Glu Asn Gln Ser [ls Arg

&5

70 75 80

Thr Val Ile Ser Gly Ser Ala Glu Asn Leu Ales Thr Leu Lys Ala Glu
g

85 90

Trp Glu Thr His Lys Arg Asn Val Asp Thr -Leu Phe Ala Ser Gly Asn

100 105 110

Ala Gly Leu Gly Phe Leu Asp Pro Thr Als Als Ile Val Ser Ser Asp

115 120 125

Thr Thr Ala
130

<219
<211l

2
131



<210> 13 <211> 66 <212> DNA <213> artificial sequence <220> <223>
to anneal with 0ligo590 to create De peptide at the N- of AP205 coat

P10 42P8E)%W P1042P0001YF 7 <400> 1320tccatggga acttccaacg gaagcaatcc

<212>
<213>

<220
<223

gagcacttcg tacggtttcg cgaatggatc 60 cggatc 66 <210> 14 <211> 66
<212> DNA <213> artificial sequence <220> <223> to anneal with oligo
590 to create D2 peptide at the N- of AP205 coat protein <400> 14
Jeictygatt cattéiidgia accgtacgaa gtgcteggat tgctteegtt ggaagtteee 60
atggag 66 <210> 15 <211.> 8 <212> PRT <213> artificial sequence
<2202:<223=Anrgiotensinsl fragaeent <408 15 Asp Arg Val Tyr Its His
Pro Phe 15 <210> 16 <211> 42 <212> DNA <213> artificial sequence

<400>

<220>

Met Ala Asn Lys Thr Met Gln Pro Ile Thr Ser Thr Ala Asn Lys Ile

1 5 10 15

Val Trp Ser Asp Pro Thr Arg Leu Ser Thr Thr Phe Ser Ala Ser Leu

20 25 30
Leu Arg Gln Arg Val Lys Val Gly Ile Ala Glu Leu Asn Asn Val Ser
35 40 45
Gly Glon Tyr Val Ser Val Tyr Lys Arg Pro Ala Pro Lys Pro Glu Gly
50 55 69

Cys Ala Asp Ala Cys Val Ile Met Pro Asn Glu Asn Gln 8er Ile Arg

65 T0 75 B0

Thr Val Ile Ser Gly Ser Ala Glu Asn Leu ARla Thr Leu Lys Ala Giu

: 85 St 25

Trp Glu Thr His Lys Arg Asn Val Asp Thr ILeu Phe Ala Ser Gly Asn

109 105 110
Ala Gly Leu Gly Phe Leu Asp Pro Thr Ala Ala Ile Val Ser 35Ser Asp
115 120 125
Thr Thr Ala
130

<210> 3

<2E1>. 3635

<212> DNA

<213>» artificial seguence

<220>

<223> expressing AP205 cocat protein

<400> 3

cgageregee cctggettat cgaaattaat acgactcact atagggagac cggaattcga 60
gotogeooocgy goatoctota gaattttcetyg cgcacccate ccgggtggcy cccaaagiga 120
ggaaaatcac atggcaaata agccaatgca accgatcaca totacagcaa ataaaattgt 1840
gtggtcggat ccaactcgtt tatcaactac attttcageca agtctgttac gecaacgtgt 240
taaagttggt atagocgaac tgaataatgt ttcaggtcaa tatgtatctg tttataageg 300



<223> to anneal with 0ligo3.217 to create angio | fragment at the C- of
AP205 coat protein <400> 16 gatccggaga tcgtgtatac atccatccat tctaatgcat
8942 <210> 17 <211> 42 <212> DNA <213> artificial sequence <220>

P1042PC993 5 anneal with oligo 3.216 to Create angio | fragment at the C- of
AP205 coat protein <400> 17 caatgca.tta gaatggatgg atgtatacac

cectgcgatcteeggante AR <240 48 <2Et>AFR1 042REORY B8ac24@> DNA60

atccatifczjé?’zc%rtj:ﬁ%ial tsee
crgate aﬁg?oﬁtfra

uence <220> <223> to anneal with oligo 3.219 to

g"jar%gﬂ%%ﬁqt‘ﬁeCKﬁaé?%tﬁﬁo%ﬁééﬁftptr%‘?e?ﬁ%c 6518

420

ggaaactcacatggga gategtgtai-acatecatoc-atieggates: ggane 4512407 49 <21k»
45 <212> DNA <213> artificial sequence <220> <223> to anneal with

cettaagfio FHAH CretB ANGIET TAGMEAT SR e NEBT AP 08 oAt oteir '

gtatcas400z:19.9tceggate.cdaatggald gatatataca cgatclecca tagoa 45 <216z
20 <211> 10 <212> PRT

taacgacaat atgtacaagce ctaattgtgt agcatctgge ttactgaage agaccctatce 660
atctotetecg taaactgoog tcagagtegg tttgghtgga cgaaccttet gagtttctgg 720
taacgccgtt ccgcacccceyg gaaatggtca ccgaaccasat cagcagggtc atogctageo 780
agatcotota cgecggacge atcgtggcococg geatcaccgg cgccacaggt geggtigetg 840
gegoctatat cgecgacalto accgatgggye aagatcggge togecactte gggeotcatga 908G
gugettgttt cggegtggogt atggtyggcag geccocgtgge cgggggactg ttgogogoca 260
tctcecttgea tgcaccattc cttgeggegyg cggtgetcas cggectcecaac ctactactgg 1020
goctgoetteoot aatgcaggag togeataagg gagagegbcg atatggtgea ctetcagtac 1080
aatctgotet gatgocgeat agtiaagcca actccgetat cgectacgtga ctgggtcatg 1140
gobgogeoooe gagcacoogoe aacacceget gacgogecct gacgggettg teotgcteceg 1240

catceogett acagacaage tgtgaccgte tcocgggaget gecatgtgtea gagghbittcea 1260
ccgtcatcac cgaaacgcge gaggcagett gsmagacgaaa gggectegty atacgectat 1320
ttttataggt taatgtcatg ataataatgg tttcttagac gtcaggtgge acttttcegag 1380
gaaatotory cggaacceoot attbghbttat ttttctaaat acattcaaat atgtatcege 1440
tcatgagaca ataacccetga taaatgetic aataatatto aaasaggaag agtatgagta 1500
itcaacattt cogtategos cttattcoot tttttgegoe attttgectt cotgttittg 156G
ctracccaga aacgctggtg aaagtaaaag atgcectgaaga tcagtigyggt geacygagtgy 1620
gttacatcga actggatcte aacageggta agatcctiga gagttttege cccgaagaac 1680
gttttocaat gatgagcact tTitaaagttc tgctatgtoag cgeggtatta tcecccegtattg 1740
acgeoogggea agagoaactoe ggtegocgea tacactattc tcagaatgac ttggttgagt 180¢C
actcaccagt cacagaaaag catcttacgg atggcatgac agtaagagaa ttatgcagte 1860
ctgocataac catgagigat aacactgegg ccaacttact tetgacaacyg atcggaggac 19240
cgaaggaget aaccgotttt ttgeacaaca tgggggatca tgtaactcgo cttgatcogtt 1980
gggaaccgga gotgaatgaa gocataccaa acgacgageg tgacaccacg atgoctgtag 2040
caatggcaac aacgttgege aaactattaas ctggogaact acttactcta gcettccoocgge 2100
aacaattaat agactggatg gaggeggata aagttgeagg accacttoctg cgotoggooce 2160
ctoeoggetgyg ctggtitatt goctgatasat ctggagecocgyg tgagegtggg tetcogeggta 2220



<213> Homo sapiens <400> 20 Glu His Trp Her Tyr Gly Lou Arg Pro Gly
510 <210> 21 <211> 48 <212> DNA <213> artificial sequence <220>
<223> to anneal with oligo 4.57 to create GnRH at the C- of AP205 coat
P 1042PS%¥¥H <400> 21 gttccggaga acactgétcc tatggactca ggcctggtta atgcattg 48
<210> 22 <211> 48 <212> DNA <213> artificial sequence <220> <223>
to anneal with oligo 4.56 to create GnRH at the C- of AP205 coat protein
toat Lo s-2 29G4 aTGCaREPaER AT YCAEragtceatagieactagfyfie wetipasc 4628¢
0z > 104, INEQ, 52122 PRI <2132 Human
ggagtc?r#nun%gg?élaéncg%ﬁi <%fg()) >QZ aGt%? i/igl%ly Pk%-e Pzrg]oC%VaJIé AIr% Pro éfr?
ctaageiakProdeotuArg Rro et T aSﬁic@lilaSaTyﬁct_w;ﬂdaAlaaWAspanu Ftere

ttcattﬂ:ta %. %/s Glu Lys fg)é |%/20 25.3 Lgeaube%luCGly Pro GIQ(/IIe Arg Xr
Pro Leu e fiy” Tré Re 35 40 45 Lys Leu Var Pro Val Glu
tceccttaacg tgagttttceg ttccactgag cgtcagacce cgtagaasag atcaaaggat 2520
ctitcttgaga tocttttttt ctgcgogtaa tcoctgoctgett gcaaacaaaa aaaccaccge 2580
taccageggt ggtttgttty ccggatcaag agctaccaac tcectttttceccg aaggtaactg 2640
gcttcagcag agegecagata ccaaatactg tccttetagt gtagecgtag ttaggecacce 27006
acttcaagaa ctctgtagea ccgoctacat acctcocgoctct getaatccectg ttaccagtgy 2760
ctgctgeoccag tggcogataag toghgtcectta ccgggttgga ctcaagacga tagttaccogg 2820
ataaggcgeca gecggtocggge tgaacggggg gttcgtgecac acagceccage thggagogaa 2880
cgacctacac cgaactgaga tacctacagce gcgagceattg agaaagogcec acgehttceccog 2940
aagggagaaa ggoggacagg tatcocggtaa goggeaggot cyggaacaggs gagogcacys 3600
gggagcettoe agggggaaac gectggtatce tttatagtcc tgtogggitt cgecacctos 3060
gacttgageg tegatttttyg tgatgeotegt caggggygges gagccﬁatgg aaaaacgcca 3120
geaacgoegge cttbttacgg ttochtggeoot tttgectggeo ttttgotcac atghtetttce 3180
ctgegttate cectgattet gtggataace gtattaccge ctittgagtga getgataceg 3240
ctogoogeayg cogaacgacs gagoegceageg agtcactgag cgaggaagey gaagagegoo 3366
caatacgcaa accgeoctcte coogegegtt ggocgatitca titaatgecago tgtggtgtcea 3360
tggtoggtga togocaggat gococgacgege atctcgacto catggtgeac caatgeitcot 3420
ggcgteagge agccategga agetgbtggta tggeccgtgeca ggtcgtaaat cactgeataa 3480
ttecgtgtege teaaggogea cteccgttet ggataatgtt ttttgegcee acatcatasac 3540
ggttoctggeca aatatictga aatgagetgt tgacaattaa tcatcgaact agttaactag 3600
tacgcaagit cacgtaaaaa gggtatcgog gaat: 3635
<210> 4

<211>» 38

<21z> DN&

<Z13> artificial seguence

<220>

<223> to clone ESGG at the N-of APZ{0% coat protein

<400> 4

tgecatggga tcoggagggy caaataagcc aatgcaacc 39

<210> 5



50 55 <210> 24 <211> 28 <212> DNA <213> artificial sequence <220>
<223> to anneal with 3.222 to create the 34 as of Net 54 at the C-of
Pt 04213?15& coat protein <400> 24 gatccggagg tgtgggtttc ccggttcg 28 <210>
<211> 38 <212> DNA <213> artificial sequence <220> <223> to
anneal with 3.242 to create the 34 as of Nef 56 at the C- of AP205 coat
<2ii> protein <400> 25 gaaaagggtg gcctggaagg tccaggtatc cgttatcc 38 <210>
:ggi 26'%211> 38 <212> DNA <213> artificial sequence <220> <223> to
anneal with o?ﬁ;%l??% to crest the 21aa of Nef 56 to the C- of AP205
<220> coat protein <400> 26 ggataacgga tacctggacc ttccaggcca cccttttc 38
<2237 X3P LPEFS 5 R YO PNAP 104 2PCEOGPEF POCPE3> artificial
sequence <220> <223> to anneal with 3.223to create 21 as of Net 56 to
<220> the C- of AP205

<221> misc_feature
222> (1) .. (2}
<223»> n is &, ¢, g, or t

<400> b

nnaagcttaa gcagtagtat cagacgatac g 31
<210> 6

<211> %0

<212> DNa

<213> artificial sequence

<220>
<Z223> to clone GSGTAGGGSGS to the N- of AP205 coat protein using p378-2
as template

<400> 6
tgocatgget Locggaacey cgggegsggy atecgghtey geaaataage caatgeaace

(s}
<y

<210> 7
<211> 30
<Z21i2> DNA

<213>» artificial sequence

<220>

<223> to clone GSGG to the C- of APZOL coat protein using p2832-38 as

) tempiate

<220>

<221> misc_feature

<222 (1) .. (2}

<223> n is a, ¢, g, or t

<400> 7

nntctagaat tttctgegca cccatcoogy 30

<210> 8

<211= 40

<212> DNA

<213> artificial seguence

<220

<223» to clone G3GGE to the O~ of APZ20S coat protein using p283-58 as
template

<400> 8

tgatgeatce tceggatcca gcagtagtat cagacgatac 40

<210> 9



coat protein <400> 27 caatgcatta cggttcaacc ggcac 25 <210> 28 <211>
44 <212> DNA <213> artificial sequence <220> <223> TGA creation for
ic V LP <400> 28 gtatcgtctg atactactgc ttgaggaacc gcaggaggcg gttc
P102PUITE 30 S911% 44 <2125 DNA <2135 artiiors sequence <220>
<223> to create TGA for mosaic VLP <400> 29 gaaccgcctc ctgcggttcc
<211>-té@agcagta gtatcagacg atac 44 <210> 30 <211> 28 <212> DNA <213>

212> dHificial sequence <220> <223> Nco 1 site <220> <221> mist feature
il Losequence

<213> “ar 153 alf ) .
<222> 13) .(2)<223>nis a, c, g, ort <400> 30 nnccatgaca aataagccaa

<220> tgcaaccg 28 <210> 31 <211> 19 <212> DNA <213> artificial sequence
<223> to clone GTAGGGESG to the C~ of AP20S coat protein using p409-44
as template

<400=> 9
tgatgrataa tccggaaccyg cctectgcgyg ttecagoaglt agtatc 46
<210> 10

<2ii» 15
<212> PRT
<213> artificial sequence

<220>
<Z223> D2 peptide

<400> 1C

Thr Ser Asn Gly Ser Asn Pro Ser Thr Ser Tyr Gly Phe Ala Asn

1 5 10 15
<210> 11

<211> 63

<212» DNA

<213>» artificial seguence

<220>
<223%> to anneal with oligo2:197 to create D2 peptide

<400> 11

ccteooggaac ttocaacgga agcaatccga gecacttcogta coggtttcgeg aattastaca 60
tog 63
<210> 12

<211> 63

<2172> DNA

<213> artificial segquence

<220>
<223> to anneal with 0ligo2.196 to create D2 peptide

<400> 12
cgatgceatta attcgcgaaa ccgtacgaag tgctcggatt gottceceogttg gaagttcogg 60
agyg 63
<210> 13
<211> &6

<212> DNA
<213> artificial sequence

<220
<223> to anneal with ¢ligo5%0 to create De peptide at the W- of AP205
coat protein



<220> <223> complementary to the non coding region 23 nucleotides

downstream of the C-terminus of Nef56 <400> 31 gatttaggtg acactatag

19 P1042P000/YF 11 <210> 32 <211> 14 <212> PRT <213> artificial
P1042PC000hce <220> <223> p33 peptidd <400> 32 Ala Lys Ser Len Lys Ala

Val Tyr.Asn Phe Ala Thr Met Ala 510 <210> 33 <211> 57 <212> DNA
<100> <213> artificial sequence <220> <223> to anneal with 3.310 to create
ctocat ¢ RStGE RCthE NI BT AP205 EH 5t ProteiT €4 0sBIGgeeatgget  °Y
aagtccctga aggctgtata taacttcgcg actatagcat ccggagg 57 <210> 34 <211>
57 <212> DNA <213> artificial sequence <220> <223> to anneal with

3.309 to create p33 peptide at the N-of AP205 coat protein <400> 34
2137 ctfceggatg ceatagtcge gaagttatat acagccttca gggacttage catggee 57
<212> ‘ 0>35<211>14 '

<213> artificial seguence

cggatc

<220>
<223>» to anneal with olige 580 to create DZ peptide at the N- of APZES
coalt protein

<400> 14

gatccggatce cattcgogas accglacgas gtgcteggat btgettcogtt ggaagticcece 60
atggag 6E
<210> 15

<211> 8§

<212> PRT

<213» artificial seguence

<220
<223» Anglotensin I fragment

<40Q0> 15

Asp Arg Val Tyr Ile His Pro Phe

~

i 5
<Z210> 16

<21l> 42

<212> DNA

<213> artificial seguence

<220
<223> to anneal with olige3.217 to create angio I fragment at the C- of
APZ205 coat protein

<400> 16
gatccggagea tcogtgtatac atccatoegat tetaatgeat tg 42
<210= 17
<211> 42

<212>» DNA
<213> artificial sequence

<220

<223> to anneal with oligo 3.21¢ to create angio I fragment at the C-
of AP205 coat protein

<400> 17

caatgcatta gaatggatgyg atgtatacac gatctccocgga tco 42

<210> 18

<21l> 45



P1042

<212>
<213>

<220>
<223>

<400>

<212> PRT <213> artificial sequence <220> <223> N- short spacer
<400> 35Gly Ter Gly Gly 1 <210>36 <211> 11 <212> PRT <213>
artificial sequence <220> <223> N- long spacer P1042P000/YF 12
036 Gly per Gly Thr Ala Gly GI?/ Glv Ser Giy Ser 1510 <210> 37
<211> 3 <212> PRT <213> artificial sequence <220> <223> C-short
spacer <400> 37 Gly Ser Gly 1 <210> 38 <211>8 <212> PRT <213>
attificfarsequericese220> <223> C- long spacer <400> 38 Gly Thr Ala

Gly Gly Gly SerGly 15

to anneal with oligo 3.219 to create
of AP205 coat protein

18

tcececatggga gatcgtgtat acatccatcc attoggatco

<210>
<21ix
<212
<213>

<220>
<223>

<400>

19

45

DNA

artificial sequencs

to anneal with oligo 3.218 to create
APZ205 coat protein

19

gttceggate cgaatggatg gatgtataca cgatctcoeca

<Z210>
<Z2ilx
<212>
<213>

<400

20
10
PRT

Homo sapisns

20

Glu His Trp Ser Tyr Gly Leu Arg Pro Gly

4

<210>
<211>
<212>
<213>

<220>
<223

<400>

gttccggaga acactggteco tatggactca

<210
<zZ11>
<212
<213>

<220>
<Z23>

<400>

caatgcatta accaggoenyg agtcocatagy

<210>
<211>

5 140

21

48

DNA

artificial sequence

angio I fragment at the N-

ggaac 45

angio I fragment at the N-of

togga 45

to anneal with oligo 4.57 to create GnRH at the C- of APZU5 coat

protein

21

2z

48

DNA

artcificial sequernce

ggcctggtta atgoattg 48

to anneal with oligo 4.56 to create GnRH at the C- of AP205 coat

protein

22

23
55

accagtgttc tccggaac 48



<210>39 <211> 42 <212> DNA <213> artificial sequence <220> <223>
primer for cloning p33 Into fr <400> 39 cgaaatctct taaagcggtt tacaacttcg
tggc tt 42 <210> 40 <211> 42 <212> DNA <213> artificial

P]Odnge?g%l%e%nce <220> <223> primer to cl%(’)ne p33 to fr <400> 40 cgaagccatg

gtagcgaagt tgtaaaccgc tttaagagat tt 42 <210> 41 <211> 20 <212> PRT
<zl2> JZE3> Mus musculus P1042PCOOfYF 13 <400> 41 Per Her Gin Asn Per
<2137 pErRsp TR BYoVat Al His'Val Val Ala Asn 15 10 15 His Gin Val Glu
<a00> 20 <210> 42 <211> 131 <212> PRO <213> artificial sequence <220>

<223> a mutein of the coat protein of AP205 <400> 42 Met Ala Asn Lys
fiy VaP@MéFE@FPrﬁaﬂekf‘ﬁr Ser THr %(fé ASP Ly Ifea ‘%fidﬁf%‘s Thr

Tyr Lys Ala Ala Val Asp Leu Ser His Phe Leu Lys Glu Lys Gly Gly
20 25 . 30

Leu Gilu Gly Preo Gly Ile Arg Tyr Pro Leu Thr Phe Gly Trp
35 40 45

O
L
73]
o
by
0]

Lys Leu Val Pro Val Glu Pro

50 55
<210> 24
<211> 2§
<Z212> DNA

<213» artificial sequence

<220>
<223> to anneal with 3.222 to create the 34 aa of Nef 34 at the C-of
APZ205 coat proteln

<400> 24
gatccggagyg tgtgggtttc ccggttoeg 28

<210> 2%

<211> 3§

<212> DNA

<213> artificial seguence

220>
<223> to anneal with 3.242 to create the 34 aa of Nef 56 at the (-~ of

BP205 coat protein

<400> 25

gaaaagggtyg gcctggaagg tccaggtatce cgttatce 38
<210> 26

<211> 38

<212> DNA

<213> artificial sequence

<220>
<223> to anneal with olige 3.225 to creat the Zlaa of Nef 5¢ to the C-
of AP205 coat proteiln

<400> 26
ggataacggs tacctggace ttcecaggeca cectttte 38
<210>

2
<21l> 25
<21z D



Val Trp Ser Asp Pro Thr Arg Len Per Thr Thr Phe Per Ala Per Leu 20 25
30 Leu Arg Gin Arg Val Lys Val Gly lle Ala Glu Leu Asn Asn Val Per 35
40 45 GIy Gin Tyr Val Per Val Tyr Lys Arg Pro Ala Pro Lys Pro Glu Gly 50
P1042PERHET, Cys Ala Asp Ala Lys Val lle I\ﬁgt Pro Asn Glu Asn Gin Ser lle Arg
65 70 7580 Thr Val lle Ser Gly Ser Ala Glu Asn Lou Ala Thr Lea Lys Ala
<213> Ghre85i90:95sdmpetin Thr His Lys Arg Ran Val Asp Thr Lea Phe Ala Ser
2205 Gly Asn. 100 105 110 Ala Gly Lou Gly Phe Leu Asp Pro Thr Ala Ala lle
<253> Vt%l Hx%[e,%ervﬁis,g 31'%31%% l&éa-trg'rz-gh[éo‘lgfl§9f <5%1Qo %?’e %21%? %ﬂﬂm
<L2>RPRE<213> artificial sequence <220> P1042P000/YF 14 <223>
M2 sequence of Influnza <400> 43 Ser Lou Leu Thr Glu Val Glu Thr Pro
<209 lie/Arg Asn Glu Trp Gly Cys 1510 If Arg Cys Asn Asp Ser Ser Asp Gly

Caatgc% ﬂ ttﬁf&lgl D4 <212> PRT <213> artificial sequence <220>
<223> M2 pr8 for mouse <400> 44

<21G> 28

<211l> 44

<212> DNA

<213> artificial seguence

<220>
<223» TGA creation for mosaic V LP

<4Q0> 28
gtatcgtetyg atactactgce ttgaggaaco gcaggaggeyg gtte 44

<210> 29

<211> 44

<212> DNA

<213» artificial seguence

<220>
<223> to create TGA for mesaic VLP

<400> 29

gaaccgoote ctgoggttcocs tcoaageagta gtatcagacyg atac L
<210> 30

<211> 28

<212> DNA

<213» artificizl seguence

<220>

<Z223> Nco I site
<2Z0>

<221» misc_feature
222> {1y .. (2}

<ZZ3» =n is &, ¢, g, or t

<400> 30
nnccatggea aataagoocaa tgcoaacog 28

<210> 31

<211» 19

<212> DNWA

<213» artificial segquence

<220>
<223> complementary to the non coding region 23 nuclectides downstream
of the C-terminus of Nefhd

<400> 31
gatttaggty acactatag 19



Ser Lou Lou Thr Glu Val Gin _Thr Pro lle Arg Asn Glu Trp Gly Lys 15 10

15 Arg Cys Asn Gly Ser Ser Asp Gly 20 <210> 45 <211> 31 <212> PHI

<213> artificial sequence <220> <223> CCRS PNt domain <400> 45
PlMZPMp Tyr Gin Val Ser Ser Pro Ilel'%yr Asp lle Asn Tyr Tyr Thr 510 15

Ser Glu Pro Cys Gin Lys lle Asn Val Lys Gin lle Ala Ala Arg 20 25 30

<210> 46 <211> 10 <212> PRT <213> artificial sequence <220> <223>
<2105 CCRS ECL2A <400> 46 Arg Ser Gin Lys Glu fly Lou His Tyr Thr 15 10
<211e %‘210> 47 P1042P000/YF 15 <211> 17 <212> PHe <213> Homo sapiens
<212> <400> 47 Gin Gly Pro Trp Leu Glu Glu Glu Glu Glu Ala Tyr Giy Trp Met
<213> Aspibit@al5sPhe=?210> 48 <211> 39

<220>
<223» p33 peptide

<400> 32

Ala Lys Ser Leu Lys Ala Val Tyr Asn Phe Ala Thr Met Als

i 5 10
<210> 33

211> 57

<212> DNA

<213> artificial segquence
<220 .
<223> to anneal with 3.310 to create ©33 peptide at the N- of APZ03

-coat protein

<400> 33

ggccatgget aagtccctga aggetgtate taacticgeg actacggcaf cCeggagy - b7
<210»> 34

<211» 57

<Z212> DNA

<213> artificial seguesnce

<Z220>

<223> to anneal with 3.309 to create p33 peptide at the N-of AP205 coat
protein

<400> 34

cctooggatg ccatagtcge gaagttatat acageccttca gggacttage catggeco 57

<210> 35

<21i» 4

<212» PRT

<213> artificial seguence

<220>
<Z23» N- short spacer

<4Q00> 35

Gly Ser Gly Gly
1

<210> 3¢
<Z11> 11
<212> BRT

<213> artificial seguence

<220>
<223> N- long spacer



<212> PHI <213> artificial sequence <220> <223> CXCR4 1-39 <400>
48 Met.Glu Gly lle Ser lle Tyr Thr Ser Asp Asn Tyr ThrGluGiu Met 10 15
Gly Ser Gly Asp Tyr Asp Ser Met Lys_Glu Pro Cys Phe Arg Glu Glu 20 25
P1042P6§0REN Ala Asn Phe Asn Lys lle 351€210> 49 <211> 16 <212> PRI
<213> artificial sequence <220> <223> CXCR4 176-185 <400> 49 Ser
Glu GIn lle Asp Glu Asn Val See Glu Ala Asp Asp Arg Tyr lle 1 5. 10 15
<400> <P 0> 50 <211> 20 <212> PAT <213> artificial sequence <220> <223>

Giy Se@rgfli&iailﬁegygqﬁ% 5400 50 Cys Vakyal Ala Ser GIn Lou Ara Ala Asn lle

1 Ser His Lys Asp Met 5 10 15 P1042P000/YF 16 Gin Len Gly Arg 20
<210>51<211>].6 <212> PRT

<210> 37

<211» 3

<212>» PRT
<213> artificial seguence

<220>
<223> (-short spacer

<400> 37

Gly Ser Gly
1

<210> 38
<211> 8
<212> PRT

<2313> artificial seguence

<220>
<223> C- long spacer
<400> 38

Gly Thr Ala Gly Gly Gly 3er Gly

1 5
<2106> 38

<211> 42

<21Z> DNA

<213> artificial sequence

<Z2Z20>
<223> primer for clioning p33 into fr

<400> 36
cgaaatctct taaagoggit tacsacttcg ctaccatgge tt 42
<210> 40
<211> 42

<212> DNA
<213>» artificial seguence

<220>
<223> primer tco clone p33 to fr

<440> 40

cgaagoraty gtagogaagt tgtaaacoege tttaagagat tt 4z
<210> 41

<211> 24

<212» PRT

<213> Mus musculus



<213> artificial sequence <220> <223> CETP 461-479 <400> 51 Phe
Gly Phe Pro Glu His Leu Leu Val Asp Phe Lou Gin Ser Lau Ser 15 10 15
<210>52 <211> 10 <212> PRT <213> homo sapiens <400> 52 Lys Ara
P1042PEPY/BIS Gly Phe Ser Pro Pile Arg 15 10 <210> 53 <211> 9 <212> PRT
<213> homo sapiens <400> 53 Lys Arg Pro Pro Gly Phe Ser Pro Phe 1
5<210> 54 <211> 28 <212> PRT <213> Homo sapiens <400> 54 Gly
<400> gdr Ser Phe Leu Ser Pro Gin His Gin Arg Val Gin Gin Arg Lys 1510 15

ser s=OWlhDerLYsLys Pro Pra AladysLauGin.ProAra.20 25 .<210> 55 <211>
1 8 <212> PRT <213> artificial sequence <220> <223>ighrelin 1-8

His Gln Val Gla
20

<210> 42

<211> 131

<212>»> PRT

<23i3>» artificilal sequence
<220>

<223> a mutein of the coat protein of APZGD

<400> 42
Met Ala Asn Lys Pro Mst Gln Pro Ile Thr Ser Thr Ales Asp Lys Ile
1 5 10 15

Val Tr

e}
ur
o
(a1

Asp Pro Thr Arg Leu Ser Thr Thr Phe Ser Ala Ser Leu
20 25 30

Leu Arg Gln Arg Val Lys Val Gly Tie Ala Glu Leu Asn Asn Val Ser

Gly Gln Tyr Val Ser Val
50

]

[
<]

5]

Arg Pro Ala Pro Lys Pro Glu Gly

o3
1 b
o
s

Cys Ala Asp Ala Cys Val Ile Meft Pro Asn Glu Asn Gln Ser Ile Arg
65 70 75 B8O

Thr Val Ile Ser Gly Ser Ala Glu Asn Leu Ala Thr Leu Lys Ala Glu
85 5C 95

Trp Glu Thr His Llys Arg Asn Val Asp Thr Leu Phe Ala 3 Gly Asn
1

140 105

o1

3

Ala Gly Leu Gly Phe Leu Asp Pro Thr Ala Ala Tle Val 3Ser Ser
115 120 125

Thr Thr Ala

130
<210> 43
<211» 24
<212> PRT

<213> artificial sequence



P1042P000/YF 17 <400> 55 Gly Ser Her Phe Leu Her Pro Glu 15
<210> 56 <211> 10 <212> PRT <213> artificial sequence <220> <223>
hrelin 1-10 <400> 56 Gly Ser Ser Phe Leu Her Pro Glu His Gin 5 10

Pm“ng%%Tw <211> 12 <212> PRT <24%> artificial sequence <220> <223>

ghrelin 1-12 <400> 57 Gly Her Her Phe Leu Ser Pro Glu His Gin Arg Val
<223> M5 30qw@>B8 21143 <212> PRT <213> artificial sequence <220>
<ﬂ2323> dog ghrelin 1-13 <400> 58 Gly Ser Ser Phe Leu Her Pro Gin His
Gin Lys Lou Gin 1510 <210>59 <211> 13 <212> PRT <213> artificial

Ser LeSGQUENEe ¢lu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 16 13

<400

Arg Cys Asn Asp Sex Ser Asp Gly

20
<Z10> 44
<211> 24
<212> PRT

<213> artificial sequence

<220
<223>» MZ pr8 for mouse

<400> 44

Ser Leu Leu Thr Glu Val @Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 ERY 15

Arg Cys Asn Gly Ser Ser Asp Gly
20

<210> 45
<21l1l> 33
<21Z> PRT

<213> artificial seguence

<220>
<223>» {CRE PNt domain

<400> 4%
Met Asp Tyr Gln Val Ser Ser Pro Ile Tyr Asp Ile Asn Tyr Tyr Thr

I 5 10 i5

Ser Glu Pro Cys Gln Lyes Ile Asn Val Lys Gln Ile Ala Ala Arg
20 25 30

<210> 46
<Z2ii> 1D
<212> PRT

<213> artificial seguence

<220
<223> CCRL> ECLZA

<400> 46
Arg Ser Gln Lys Glu Gly Leu His Tyr Thr

1 5 10

<210> 47



<220> <223> cat ghrelin 1-13 <400> 59 Gly Her Her Phe Leu Her Pro
Glu His Gin Lys Val Gin 5 10 P1042P000/YF 18 <210> 60 <211> 34
<212> PRT <213> homo sapiens <400> 60 Glu Lou Gly Pro GIn Gly Pro
P1042P§Q8fﬁfs Lou Val Ala Asp Pro Ser Ly% 151015 Lys Gin Gly Pro Trp Leu
Gin Glu Glu Glu Glu Ala Tyr Gly Trp Met 20 25 30 Asp Phe <210> 61
<21l» <211>9 <212> PRT <213> artificial sequence <220> <223> gastrin 1-9
ig“—Zi <400> 61 Glu Gly Pro Trp Lou Glu Gin Glu Glu 15 <210> 62 <211> 27
=7 9195 BIRTE213> artificial sequence <220> <223> fragment 21-47 of
<400> RreSl <400> 62 Pro Len Gly Phe Phe Pro Asp His Gin Leu Asp Pro Ala
Phe Arg Ala 110 15 Asn Thr Ala Asn Pro As cE E Asp The Asn Pro

Glu Gly Pro Trp Leu Glu Giu Glu Glu Glu Als Tyr rp Me* Asp
1 5 10

Phe

<210> 48

<21i» 39

<212» PRT

<213>» artificial seguence

<220
<223» (CXCR4 1-39

<400> 48

Met Glu Gly Ile Ser Ile Tyr Thr Ser Asp Asn Tyr Thr Glu Glu Met

1 5 16 15

Gly Ser Gly Asp Tyr Asp Ser Met Lys Glu Pro Cys Phe Arg Glu Glu
20 25 30

Asn Ala Asn Phe Asn Lys Ile

33
<210> 49
<Z211l>» 16

<212» PRT
«<213>» artificial seguence

<220>
<223> CHCR4 176-185

<400> 49

Ser Glu Gln Ile Asp Glu Asn Val Ser Glu Ala Asp Asp Arg Tyr Ile
1 5 10 15

<210> 50

<z11l> 20

<212> PRT

<Z13>» artificial seguence

<220
223> artificial seguence

<400> 50

Cys Val Val Ala Szr Gln Leu RArg Ala Asn Ile Ser His Lys Rsp Met
i 5 i0 i5



P1 MEPgétﬁ

<210>
<Z211l>
<21Z>
<213

<220>
<223>

<400>

20 25 <210> 63 <211> 99 <212> DNA <213> artificial sequence <220>
<223> primer for clone PreSi at the C-terminus <400> 63 cctccggacc

cttc ttcccggatc accagctgga tccggcecttc cgecgecaaca 60 ccgcgaaccce
ggat ttcaacccgt aatgcatcg 99 P1042P000IYF 19 <210> 64 <211>

99 <212> DNA <213> artificial sequence <220> <223> primer for clone

PreSl at the C-terminus <400> 64 cgatgcatta cgggttgaaa tcccaatccg

Gln L@‘gg%%(‘-:’ggg@t gttggcgegg aaggecggat 60 ccagctggtg atccgggaag

aagccCagcg gtccggagg 99 <210> 65 <211> 102 <212> DNA <213>

artificial sequence <220> <223> primer for clone PreS1 at the N-terminus

<#00> 65 ctccatggga ccgcetgggct tettcccgga tcaccagcta gatccggcect

té gcgccaa 60 caccgcgaac ccggattggg atttcaaccc gggatccgga to 102
02:66.52113.102. <212> DNA <213> artificial sequence <220>

<223> primer for clone PreSl at the N-terminus

CETP 461-27%

51

Phe Gly Phe Pro Glu

1

<210>
<Z21i>
<212>
<213>

<400>

1

<210>
<21%1>
<212>
<213>

<400

2

52

10

PRT

homo sapiens

52

Lys Arg Pro Pro Gly

2

53

]

PRT

homo sapiens

33

Lys Arg Prc Pro Gly

1

<210>
<211>
<212
<213>

<400>

54

28

PRT

Homo sapiens

54

Gly Ser Ser Phe Leu

1

5

Glu SBer Lys Lvs Pro

<210>
<z21l>
<212
<213>

<220>
<223>

20

55
3
PRT

His

Phe

Phe

Ser

Pro

Leu

Ser

Ser

Pro

Ala

artificial seguence

ghreiin 1-8

Leu

Pro

Pro

Glu

iys

Val Asp Phe Leu Gln Ser Leu Ser
10 15

Phe Arg
190

Phe

His Gin Arg Val Gln Gln Arg Lys
10 i%

Leu Gln Pro Arg



<400> 66 gatccggatc ccgggttgaa atcccaatcc gggttcgegg tgttggegceg
gaaggccgga 60 tccagctggt gatccgggaa gaagcccagc ggtcccatgg ag 102
<§§0> 67 <211> 130 <212> PRT <213> bacteriophage AP205 <400> 67
P1042PL DN, Lys Pro Met Gin Pro lle ThriSer Thr Ala Asn Lyslleval 151015
Imp Ser Asp Pro The Arg Lou Ser Thr Thr Phe Ser Ala Ser Lou Leu 20 25
30 Arg Gin Arg Val Lys Val Gly lle Ala Glu Lea Asn Asn Val Ser Gly 35
<400~ 445 P1042PCOOIYF 20 Gin Tyr Val.Ser Val Tyr Lys Arg Pro Ala Pro
a1y s=LY8.Pre.GinGly Cys 50 55,60 Ala Asp Aia Cys Val lie Met Pro Asr. Gin
1 Asn Gin Ser lie Arg Thr 65 70. 75 80 Val lle Ser Glv Ser Ala Gin Asn Lou
Ala Thr Lou Lys Ala Glu Trp 85 90 95 Glu Thr His Lys Arg Asn Val Asp
<210» W Lou Phe Ala Ser Gly Asn Ala 100 105 ].10 Gly Leu Gly Phe Lou Asp
<211> P Thr Ala Ala lle Val Ser Ser Asp Thr 1'15 120 125 Thr Ala 130 <210>
<212> G&<211> 130 <212> PRT <213> artificial sequence <220> <223> de
213> Met of SEQ I Ner2%f bacteriophage AP205 <400> 68 Ala Asn Lys Thr
<220s Met Gin Pro lle Thr Ser Thr Ala Asn Lys lle Val

<Z223» ghrelin 1-10
<400> 56
Gily Ser Ser Phe Leu Ser Pro Glu His Gln

i 5 10

<210> 57

<211l> 12

<212> PRT

<213> artificial segquence

<220>
<223>» ghrelin 1-12

<400> 57

Gly Ser Ser Phe Leu Ser Pro Giu His &ln Arg Val

1 o} 10
<210> 58

<211> 13

<212> PRT

<213> artificial sequence

<223> dog ghrelin 1-13

<400> 58

-
o

10

<210> 59
<211> 13
<212> PRT

<213> artificial sequence

<223> cat ghrelin 1-13
<d400> 59

Leu Ser Pro Giu His Gln Lys Val Gin
5 10



151015 Trp Ser Asp Pro Thr Arg Len Ser Thr Thr Ph.e Ser Ala Ser Len
Len 20 25 30 Arg Gin Arg Val Lys Val Gly lle Ala Gin Leu Asn Asn Val
Ser Gly 3540 45 Gin Tyr Val Ser Val Tyr Lys Arg Pro Ala Pro Lys Pro Glu
PEOMP@P)Q%S% 50 55 60 Ala Asp Ala Cys Val lle Met Pro Asn Gin Asn Gin Ser
lle Arg Thr 65 70 75 80 Val lle Ser Gly Ser Ala Gin Asn Lou Ala Thr Lou
<2i0> L§s Ala'In Trp 8590 95 Glu Thr His Lys Arg Asn Val Asp Thr Lou Phe
iﬁ; A’1§\1¢Ser Gly Asr. Ala 100 105 110 Gly Lou Sly Phe Lou Asp Pro Thr Ala
ni3s @g;ges\ggkégr Ser Asp Thr P1042P000/YF 21 115120125 Thr Ala 130
<210> 69 <211> 130 <212> PRT <213> artificial sequence <220>
<400> <@P3> de Met of SEQ ID N0:42 of nacteriophage AP205 <400> 69 Ala
... - Asn Lys Pro Met Gin Pro lle Thr Ser Thr Ala As slieVal 151015
\fl“ Leﬁ'r%p{] éérrﬂs(glrﬁr%%h%]r&rgg T_Oo& *S“c)eésﬁfﬁ1r%arghrﬂP!LFﬁle%X 5%1-%\:% %i@rralj:ﬁé% Leu 20 25
30 Arg GIn Arg Val Lys Val Gly lie Ala Gin Len Asn. Asn Val Ser Gly 35
40 45 Gin Tyr Val. Ser Val Tyr Lys Arg Pro Ala Pro Lys Pro Glu Gly Cys
Ve SIBGES B Ald ASH ﬁéuc%gu\é"ilé;ﬁe? ro Ksn Gl Asn Gin'Ser lle Arg Thr
65 70 75 80

Asp Phe

<210> 6l

<211> 9

<212> PRT

«213> artificial sequence

<220>
<223> gastrin 1-%

<400> &1

Glu Gily Pro Trp Leu Glu Glu Glu Glu

i 5
<210> &2
<211> 27

<212> PRT
<Z13>» artificial seguence

<220>
<223> fragment 21-47 of PreSl

<400> &2

he Pro Asp His Gin Leu Asp Pro Ala Phe Arg Alsa

Pro Leu Gly Phe
i 10 15

A

o

Asn Thr Ala Asn Pro &sp Trp Asp Phe hsn Pro
20 25

<210> 63
<211> 99
<212> DNA

<213» artificial sequence

<220>
<223> primer for clone PreSl at the C-terminus

<400> €3 .
cototggacs gotgggettc ttcocococggatc accagetggs toeggectic cgcgocaaca et

Wy

ccgeogaacce gugattgggat ttcaaccocgt aatgcatceg 9



Val lle Ser Gly Ser Ala Gin Asn Leu Ala Thr Len Lys Ala Gin Trp 85 90 95

Gin Thr His Lys Arg Asn Val Asp Thr Len Phe Ala Ser Gly Asn Ala 100

%%é 110 Gly Lou Gly Phe Lou Asp Pro Thr Ala Ala lle Val Ser Ser Asp Thr
PI042PEPE'Y50 125 Thr Ala 130 <210> 70°<211> 10 <212> DNA <213>

artificial sequence <220> <223> unmethylated CpG palindromic

sequence <400> 70 gacgatcgtc 10 P1042P000/YF 22 <210> 71 <211>
210s 36041 <212> DNA <213> artificial sequence <220> <223> Gi0 <400> 71
211> 9800099999 gacgatcgtc gggggggggg 30 <210> 72 <211> 31 <212> PRT
<212> <2&3> artificial sequence <220> <223> artificial sequence <400> 72 Arg
<213> SerGinckys GimGiyteu His Tyr Thr Ser Her Her His She Pro 1510 15
<ong- TYF Ser Gin Tyr Gin She Trp Lys Asn She Gin Thr Lou Lys lle

<223> primer for clone PreSl at the C-terminus

<400> 64

cgatgcatta cgggttgaaa tceecaateocg gyttegeggt gttggegcgg aaggccggat 60
ccagcetgygtg atccgggaag aageccagoeyg gteccggagg 9%
<210> &5

<211> 102

<212> DNA

<Z213>» artificial seguence

<220>
<223> praimer for clone PreSl at the N-terminus

<400> &5

ctccatggga ccogeotggget tottoccocgga tcaccagetyg gatccggecot tocgogocaa 60
caccgegaac coggattggg atitcaaccce gggatocogga to 0z
<210> 6%

<211> 142

<212> DNA

<213» artificial seguence

<220>

<223> primer for clicne Prell at Che N-terminus

<400> 66

gatcoggatc ccocgggttgaa atcccaatcec gggtitcgege tgttggogog gaaggoeogga 60
tccagetggt gatccecgggaa gaagococage ggtcccatge ag 102
<210> &7

<211> 130

<212> PRT

<23i3» bacteriophagse AP205
<400> &7
Ala Asn Lys Pro Met Gln Pro Ile Thr Ber Thr Ala Asn Lys Ile Val

1 5 10 15

ro Thr Arg Leu Ser Thr Thr Phe Ser Alas Ser Leu Leu
0 25 30

Arg Gln Arg Val Lys Val Gly Ile Ala Glu Leu Asn Asn Val Ser Gly
35 40 45 :



lengPl YflO 15 Pro Tyr Ser Gin Tyr

20 25 30 <210> 73 <211> 33 <212> PRT <213> artificial sequence
<220> <223> CCR5 ECL2A cylic sequence with C to S at position 20
400> 73 Cys Arg Ser Gin Lys GIuG?y Lou His Tyr Tier Ser Ser Ser His
She Trp Lys Asn She Gin Thr Lou
Lys lle 20 25 30 Cys <210> 74 <211> 12 <212> PRT <213> artificial

Gin Tyseguence %220»r<R233.CCRS BECL2Accyclic P<400> T PIE42PCO0/YF
5023 Cys Arg Ser Ginlys Glu Gly Lou His Tr Thr Cys 1510 <210> 75
<211> 39 <212> PRT <213> artificial sequence <220> <223> CXCR4 Nt
ala asgyclic Cys 28:1ta Sem<400> ¥5H:Met.GluGly lleSer:tle Tyg Th-Ser Asp
63 Asn Tyr Thr GinGin Met 1510 15 Gily Ser Gly Asp Tyr A§p Ser Met Lys
Gin Pro Ser The Arg Gin Gin 20 25 30 Asn Ala Asn. Phe Asn Lys lle
Val Tle Ser Gly Ser Ala Glu Asn Lew Ala Thr Leu Lys Ala Glu Trp
85 90 95
Giu Thr His Lys Arg Asn Val Asp Thr Leu Phe Ala Ser Gly Asn Als
100 185 110
Gly L.eu Gly Phe Leu Asp Pro Thr Ala Ala Ile Val Ser Ser Asp Thr
115 120 125
Thr Als
130
<210> 68
<211> 130
<212> PRT

<213> artificial seguence

<220>
<223» de Mat of SEQ ID N0:2 of bacteriophage APZ03

<400> 68

la

65

Val

1=
[
©

Asn Lys Thr Met Gln Pro Thr Ser Thr Ala Asn Lys Ile Val
5 10 13

1
o
Et

Asp Pro Thr Arg Leu Ser Thr Thr Phe Ser Ala Jer Leu Leu
20 25 30

Gln Arg Val Lys Val Gly Ile Ala Glu Leu Asn Asn Val Ser Gly

Tyr Val Ser Val Tyr
50

Aryg Pro Ala Pro Lys Pro Glu Gly Cys

o
[
0

Asp Ala Cys Val Ile Met Pro Asn Glu Asn Gln Ser Ile Arg Thr
70 75 8e

Iie Ser Gly Ser Ala Glu Asn Leu Ala Thr Leu Lys Ala
85 S0

[falNoy]

[
[w
3
o
T

Thr His Lvs Arg Asn Val Asp Thr Leu Phe Ala Ser Gly Asn Ala
100 105 110

Leu Gly Phe Leu Asp Pro Thr Ala Ala Ile Val Ser Ser Asp Thr



35 <210> 76 <211> 119 <212> DNA <213> artificial sequence <220>
<223> primer 1 for annealling CXCR4 Nt cyclic <400> 76 catggaagga
atttccatat atacttcgga caactacacc ga %aaatgg gtagcggcga 60 ctacgacagc
gaac catccttccg cgaggagaat% aaatttta ataaaattt 119 <210> 77
<211> 119 <212> DNA <213> artificial sequence <220> <223> primer 2
fotanealling CXCR4 Ntgyclic <400> 77 ccggeasattt tattaaaatt tgcattctce
tcgcggaagg atggttcttt catgcttccg 60 tagtcgccgc tacccatttc ctcggtgtag
e a1ltgtccgaag tatatatgga aattccttc 119 <210> 78 <211> 10 <212> PRT
135213> artificial sequnce <220> <223> P33 fragment 2 P1042P000/YF 24
<400> 78 Lou Lys Ala Val Tyr Asn Phe Ala Thr Met 15 10 <210> 79
10> Bl11>48 <212> DNA <213> artificial sequence <220> <223> primer 1
<z11> TOR@nnealing P33 fragment 2

<212> PRT
<213> artificial sequence

P1042P

<220>
<223> de Met of S5EQ ID NO:4Z of bacteriophage APZ03

<400> 69
Ala Asn Lys Pro Met Gln Pro Ile Thr Ser Thr Als Asp Lys Ile Val
1 5 10 15

Trp Ser Asp Proe Thr Arg Leu Ser Thr Thr Phe Ser Ala Ser Leu Leu
20 25 30

Arg Gln Arg Val Lys Val Gly Ile Ala Glu Leu Asn Asn Val Ser Gly
35 40 4

Gln Tyr Vali Ser Val Tyr Lys Arg Pro Ala Pro Lys Pro Glu Gly Cys
50 55 60

Ala Asp Ala Cys Val Ile Met Pro Asn Glu Asn Gin Ser Ile Arg Thr
65 70 75 8e

Val Ile Ser Gly Ser REla Glu Asn Leu Ria Thr Leu Lys Ala Glu Trp
85 ot 9

Glu Thr His Lys Arg Asn Val Asp Thr Leu Phe Ala Ser @ly hksn Ala
100 105 110

[

Gly Leu Gly Phe Leu Asp Pro Thr Ale Ala Ile Val Ser Ser Asp Thr
115 120 125

Thr Ala
130

<210> 70

<Z21t> 10

<212> DNA

<213> artificial seguence

<220
<223>» unmethylated CpG palindromic seguence

<400> 70
gacgatcgtc 10



<400> 79 cctccggact gaaagctgtg tataacttcg cgactatgta atgcatcg 48 <210>
80 <211> 48 <212> DNA <213> artificial sequence <220> <223> primer
2 for p33 fragment 2 <400> 80 cgatgcatta catagtcgcg aagttataca

P1042PE 80ticag teccggagg 48 <210> 81 <F11> 42 <212> DNA <213> artificial

sequence <220> <223> primer 1 for ghrelin <400> 81 gttccggagg
gagctccttc ctgtctccgg aataatgcat at 42 <210> 82 <211> 42 <212> DNA
<213> artificial sequence <220> <223> primer 2 for Ghrelin <400> 82

:;122 ag%atgcatta ttccggagac aggaaggagc tccctccgga ac 42 <210> 83 <211> 26
<212> <2b2> PRT <213> artificial sequence <220> <223> M2 with MG added at
<213> thetNffermingseed06> 83 P1042PCO0/YF 25 Met Gly Ser Lou Leu Thr
<22p- OluVal Gin Thr Pro lle Arg Asn flu Trp

<223> G610

<400> 71

999999g99y gacgatcgtc 9999999999 30
<210> T2

<211» 31

<212> PRT

<213> artaificial ssaguence

<220>

<223» artificial sequence

<400> 72

1

Arg Ser Gin Lys Glu Gly Leu His Tyr Thr Ser Ser Ser Hig Phe Pro
5

5 14 1

Tyr S8er Gln Tyr Gln Phe Trp Lys Asn Phe Gln Thr Leu Lys Ile

<Z210>
<Z11>
<2i2>
<Z213>

<220

<223>

<400

1

Cyvs Arg Ser Gln Lys Glu Gly Leu His Tyr Thr Ser Ser Ser His

20 25 30

3
3
RT
Fael

[N ey BT R

ificial seguence

431
2
[

CCRS ECLZA cvlic sequence with € to position 20

73

w
=
&1}

8 10 15

Pro Tyr Ser Gln Tyr Gln Phe Trp Lys Asn Phe Gln Thr Leu Lvs Ile

Cys

<210>
<21i>
<212>

<213>

<220
CZ23>

<400>

26 25 30

74

i2

PRT

artificial seguence

CCR% BCLZ2A cyclic

74



151015 Gly Cys Arg Cys Asn Asp Ser Ser Asp fly 20 25 <210> 84
<211> 90 <212> DNA <213> artificial sequence <220> <223> primer 1
for M2 with MG added at the N-terminus <400> 84 ggccatggga tctctgctga
P1042PL 0085 ttga aaccecgatt cgtaatgaat ggygttgecg 60 ttgcaatgat tettctgatg
gttccggagg 90 <210> 85 <211> 91 <212> DNA <213> artificial sequence
<220> <223> primer 2 for M2 with MG added at the N-terminus <400> 85
?YS Af‘éc‘iéég@%fa&%’at%&gé%galéftéﬁf@c%fcﬁaﬁa‘é@ccc attcattacg aatcggggtt 60
tcaacttcgg :icagcagaga tcccatggcc a 91 <210> 86 <211> 11" <212> DNA
<213> artificial sequence <220> <223> primer 1 for cECL2c <400> 86
<210> cCggatgtcg atcgcagaag gaaggcctac attacacatc ctcatctcac ttcccatatt 60
<2117 clcaatatca attctggaag aatttccaaa ctctgaagat cigttaatge a 111 <210> 87

:;ﬁ; <2112,103, <2122,DNA <213> artificial sequence <220>

<220>
<223> CXCR4 Nt cyclic Cys 28 to Ser

<400> 75
Met Glu Gly Ile Ser Ile Tyr Thr Ser Asp Asn Tyr Thr Glu Glu Met

1 _ 5 _ 10 15

Gly Ser Gly Asp Tyr Asp Ser Met Lys Glu Pro Ser Phe Arg Glu Giu
20 25 30

Asn Ala Asn Phe Asn Lys Ile

35
<210> 76
<Z21i1» 119

<212> DNA
<213>» artificial seguence

<220>
<223» primer 1 for annealling CXCR4 Nt cvclic

<4GG> U6

catggaagga atttccatat atacticgga caactacacc gaggaaatgg gtagoeggoga (3
ctacgacage atgaaagasac catccttocy cgaggagaat graaatttta ataaaattt 118
<210> 77

<211> 11%

<212> DNA

<21i3>» artificial sesquance

<220>
<223» primer 2 for anealling CXCR4 Nt cyclic

<400> 77
ccggaaattt tattaaaatt tgcattctce teogoggaagg atgghtetit catgetgtog 64

[
[
pte]

tagtcegecge tacccattte cteggtgtag ttgtccgaag tatatatggea aattccttc

<210> 78
<211>» 10
<212» PRT

<213» artificial segunce

<220>
<223> P33 fragment 2



<223> primer 2 for cECL2c <400> 87 ttaacagatc ttcagagttt ggaaattctt
ccagaattga tattgagaat atgggaagtg 60 agatgaggat gtgtaatgta ggccttcctt
P1042P§§?i?§§ cga cat 103 P1042POOO/YFZ%6 <210> 88 <211> 54 <212> DNA
artificial sequence <220> <223> primer 2. for cECL2ac <400> 88
gttccggatg tcgatcgcag aaggaaggcc tacattacac atgctaatgc atgt 54 <210>
<400> 83 <211> 54 <212> DNA <213> artificial sequence <220> <223> primer
C ac ,<400> 89 a catta gcatgtgtaa tgtaggcctt ccttctgcga
I{eu Ly?cé‘é%a‘%c%lgf hac 4EQ<21 S gg g 1> 31 <212> PRT <213> atrtificial
sequence <220> <223> CCR5 Nt with Cysteine 20 changed to S <400>
90 Met Asp Tyr Gin Val Ser Ser Pro lle Tyr Asp lle Asn Tyr Tyr Thr 5 10
zgii 12% Ser. Gin Pro Ser Gin Lys lle Asn Val Lys Gin lle Ala Ala Arg 20 25 30
<212> <Bh0>91<211> 31 <212> PRT

<213> artificial sequence

<220>
<223> primer 1 for annealing P33 fragment 2

<400> 78

cetooggact gaaagetgtg tataacttceg cgactatgta atgcatcg 48
<210> 8¢

<211> 48

<212> DNA

<2313> artificial seguence

<220>
<223» oprimer 2 for p33 fragment 2

<400> 8¢

cgatgcatta catagtcgcecg aagttataca cagelttcag Locggagg 48
<210> 81

<21il1> 42

<212> DNA

<213> artificial seguence

<Z220>

<223> primer 1 for ghrelin

<400> 81

gttooggagg gagetooctto ctgtetecgg aataatgeat gt 1z
<210> g2

<211> 42

<212> DNA

<213> arxtificial sequence

<220>

<223> primer 2 fcor Ghrelin

<400> 82

acatgcatta ttocggagac aggaaggagce tccocctceogga ac 42

<210> 83
<211> 26
<212> PRT
<213> artificial sequence

<220>
223> M2 with MG added at the N-terminus

<400> 83



<213> artificial sequence <220> <223> CCR5 ECL2 <400> 91 Arg Ser
Gin Lys Gin Gly her His Tyr Thr Lys Ser Ser His Phe Pro 1510 15 Tyr
in Tyr Gin She Trp Lys Asn Phe Gin Thr Lou Lys lle 20 25 30

P1042?§§§@992 P1042PCOO0/YF 27 <2112 5 <212> DNA <213> artificial
sequence <220> <223> primer 1 for CCR5 PNt <400> 92 catggattat
caagtctcga gccctatcta tgacattaac tattacactt cggaaccttc 60 gcagaagatt

Mot G aatgttadiac adatigcage degttos 22185°08'€211% 987 <¥25PNA <213>
artificial sequence <220> <223> primer 2 for CCR5 Pﬁt <400> 93
ccggaacgtg ctgcaatttg tttaacgtta atcttctgcg aaggttccga agtgtaatag 60

Gly Cyitdatgteat dgatdaggetedagaéagataatc 95 <21.0> 94 <217.> 21 <212>
DNA <213> artificial sequenté <220> <223> 1668Pt <400> 94
tccatgacgt tcctgaataa t 21

<210> 84
<21i» 9C
<212> DNA

<213> artificial sequence

<223>  primer 1 for M2 with MG added at the N-terminus

<400> 84

ggccatggga tctctgctga cecgaagttgs aaccceogati cgtaatgaat ggggtigeocg 60
ttgecaatgat tcocttetgatg gttcocecgygagg g0
<210> 85

<211> 91

<212> DNA

<213> artificial sequence

<220>
<223> primer Z for MZ with MG added at the N-terminus

<400> 85

cctocggaac catcagaags atcattgcaa cyggeaacccee attcattacyg aatcggggtt 60
tcaacttcygyg tcagcagaga tcccatggee a g1
<210> 86

<211> 11:Z

<212> DNA

<213> artificial segusence

<220
<223> primar 1 for cECLZc

<400> 8¢

coggatgtog atcgcagaag gaaggoctac attacacatce ctceatctcac ttoocatatt 60
cteaatatca attctggaag aatttccaas ctctgaagat ctgttsatge a 111
<210> 87

<211> 103

<212> DHNA

<213» artificial sequence

<220>

<223> primer 2 for cECL2Zc

<400> 87

thaacagate ttcagagttt ggaaattctt ccagasattga tattgagaat atgggaagtg 60

[an]
M)

agatgaggat gtgtaatgta ggecttcoott ctocgatega cat 1



<210> 95 <211> 20 <212> DNA <213> artificial sequence <220> <223>

NK o- <400> 95 ggggtcaacg ttgagggggg 20 <210> 96 <211> 52 <212>
P1042p éé;lb artificial sequence <229> <223> M2 peptide diners with.

linker <400> 96 Ser Lou Lou q’hr Gin Val Glu Thr Pro lle Ara Asn

Glu Tip Gly Cys 5 10 15 P1042P0001YF 28 Arg Cys Asn Asp Ser Ser

Asp Gly Gly Ser Ser Gly Ser Leu Leu Thr 20 25 30 Glu Val Glu Thr. Pro
<2105 IigBArg Asn Glu Trp Gly Cys Arg Cys Aso Asp 354045 Ser Ser Asp Gly
211> D) <210> 97 <211> 85 <212> PRT <213> artificial sequence <220>
<212> <223> M2 peptide trimers with GSSG linker <400> 97 Ala Pro Gly Ser
<213> GW-Serliel Eew THIeSIt Val Sit Thr Pro lie Arg 1510 15 Asn Glu Trp Gly
<220- CYS Arg Cys Asn Aso Ser Ser Asp Gly Gly Ser Ser. 20 25 30

<223>» vprimer 1 for cECL2ac

<400> 88
gttocgyatg tcgatcgeag aaggaaggee tacattacac atgctaatge atgt 54
<210> 89
<211i> 54

<212> DNA
<213> artificial sequence

<220>
<223> primer 2 for cBCLZac

<400> 89

acatgeatta geatgtgtaa tgtaggcctt ccoctictgcga tecgacatecg gaac 54
<210> 90

<Z11> 31

<212>» PRT

<213> artificial seguence

<220>
<223> CCRS Nt with Cysteine 20 changed tc 2

<400> 90

—
£
P

Met Asp Tyr Gln Val Ser Ser Pro Tvr Asp Ile Asn Tyr Tyr Thr
1 5 10 15

Ser Glu Pro Ser Gin Lys Ile Bsn Val Lys Gln Ile Ala Rla Arg
20 25 3G

<Z10> g1

<Z1l> 31

<212» PRT

<213> artificial sequence

<220>
<223» (CCR5 ECLZ

<400> 91
Arg Ser (ln Lys Glu Gly Leu His Tyr Thr Cys Ser Ser His Phe Pro

1 5 10 15

Tyr Ser Gln Tyr Gln Phe Trp Lys Asn Phe Gln Thr Leu Lys Tle
20 25 35

<210> 52



Gly Ser Leu Leu Thr Gin Val Gin Thr Pro lle Arg Asn Giu Trp Gly 35 40

45 Cys Arg Cys Asn Asp Ser Ser Asp Gly Giy Ser Ser Gly Ser Len Leu
lezpi@??%?() Thr Glu Val Giu Thr Pro Ilg rg Aso Sit Trp Gly Cys Arg Cys

' 5707580 Asp Ser Ser Asp Sly 85 <210> 98 <211> 16 <212>

PRT <213> artificial sequence <220><223> HIV env 1 <400> 98 Ser
<211> L¥€n Gin Gin |_e Trp Asn Aso Met Thr Trp Met Gin Trp Asp Lys 15 10 15
212 210> 99 P1042P000/YF 29 <211> 16 <212> PRT <213> artificial

saérqﬁeﬁcc:éa <2205°<323> HIV env 2 <400> 99 Ser Leu Glu Gln lie Trp Asn
<220> Asn Met Thr Trp Met Gin Trp Asp Arg 1510 15 <210> 100 <211> 12
<223> <pipsrPRT Q2 £35%afficial sequence <220> <223> HIV env 3 <400>
100 lle Tip Asn Asn Met Thr Trp Met GIn Tip Asp P.rg

<400>

catggattat caasgtotoga gocctatcecta tgacattazac tattacactt cggaaccitc 60
gcagaagatt aacgttaaac aaattgcagce acgtt 95
<210> 93

<211> 95

<212> DNA

<213> artificial sequence

220>
<223> primer 2 for CCRH PNt

<400> 93
ccoggaacgtg ctgcaatttg tttaacgtta atcttctgcg aaggttcecgsas agtgtaatag 60

j¥e)
N

ttaatgtcat agataggget cgagacttga taatc

<210>» 94
<211> 21
<212> DNA

<213> artificial seguence

<220>
<223> 1668Pt

<400> 94

tccatgacgt teotgaataa © 21
<210> 85

<211l> 20

<212> DNA

<213>» artificial seguence

<220>
<223> NK pt

<400> 95
ggggtcaacyg ttgagygggygyg 20
<210> 96
<211>» 52

<212> PBRT
<213» artificial sequence

<220>
<223> MZ peptide dimers with GS8G linker

<400> 86

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 i0 15



1510 <210> 101 <211> 7 <212> PR <21-3> artificial sequence <220>

<223> HIV env 4 <400> 101 Trp Ala Ser Leu Trp Asn Trp <210> 102
P1042P<§ >F10 <212> PRT <213> artifici% sequence <220><223>HIV env5

& 102 Asn Tic She Asp lle SerAsn Trp Leu Tip 1510 <210> 103
<211> 16 <212> PRT <213> artificial sequence <220> <223> HIV env 6
P1042P000/YF 30 <400> 103 Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu

Trg Asn Trp Phe Asn Ley 151015 <210> 104 <211>6 <212>PRT
20 1T Al SeqURheE <340~ <24 HIV eiv 7.i2abb 104

Giu Val Glu Thr Pre Ile Arg Asn Giu Trp Gly Cys Arg Cys Asn Asp
' 35 40 45

Ser Ser Asp Gly

50
<210> 97
<211> 85
<212> PRT

<213>» artificial seguence

<220>
<223> M2 peptide trimers with GS8G linker

<406> 97

Ala Pro Gly Ser
1

; Ser Leu Leu Thr Giu Val Glu Thr Pro Ils Arg

LR G
(=]
et

Asn Glu Trp Gly Cys Arg Cys Asn Asp Ser Ser Asp Gly Gly Ser Ser
20 25 30

Gly Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
35 40 45 '

Cys Arg Cys Asn Asp Ser Ser Asp Giy Gly Ser Ser Gly Ser Leu Leu

G
ot
b

Thr Val Giu Thr Pro Tle Arg Rsn Glu Trp Gly Cys Arg Bsn
&5 70 5 80

@]
3
in

ksp Ser Ser Asp Gly

<210> 98
“<211x 16
<212> PRT

<213> artificial sequence

<Z220>
<223> HIV env 1

<400> 88
Ser Leu Glu Gln Ile Trp Asn Asn Met Thr Trp Met Gln Trp Asp Lys

1 5 10 b

<210> 8%



Gin Leu Asp Lys Trp Ala 15 <210> 105 <211> 34 <212> PRT <213>

artificial sequence <220> <223> HIV env 8 <400> 105 Trp Met Glu Trp
P1042Pé?§/é£a Glu lle Asn. Asn Tyr. Thr Ser Len !-I-- His 1510 15 Ser Leu lle

iu Ser Gin Asn Gin Gin Glu Lys Asn Gin Gin -Gin 20 25 30 Leu Leu

<210> 106 <211>6 <212> PHI <213> artificial sequence <220> <223>
<211> HB/ env 9 <400> 106 Cys Ser Lys Leu lle Cys 15 <210> 107 <211> 19
Ziéi <212> PRT <213> artificial sequence <220> <223> HIV env 10

P102250001YE 31" €400> 107 Gly Phe Leu Gly Ala Ala Gly Ser Thr Met
<220> Gly Ala Ala Her lie Thr 1510 15 Leu Val Gin <210> 108

<223> HIV env 2

<400> 99

Ser Leu Glu Gln Ile Trp Asn Asn Met Thr Trp Met Gln Trp Asp Arg
1 5 10 5
<210> 160

<211> 12

<212> PBRT

<213» artificial seqguence

<220
<223> HIV env 3

<400> 100

Ile Trp Asn Asm Met Thr Trp Met Gln Trp Asp Arg
1 5 10

<210> 1
<2ii» 7
<212> P
<213> &

01

RT
rrificial seguence

C<220>
<223> HIV env 4

<400> 101

Trp Ala Ser Leu Trp Asn Trp
K 5

<210> 102
<21ii» 10
<212> PRT

<213> artificial segquence

<223> HIV env 5
<400> 102

Asn Trp Phe Asp Ile Ser Asn Trp Leu Trp

1 5 10
<210 163

<211> 16

<212> PRT

<213> artificial seguernce

<220>
<Z23>» HIV env &



<211> 26 <212> PRT <213> artificial sequence <220> <223> HIV env
11 <400> 108 Gin Gin Asn Asn Leu Leu Arg Ala lle Glu Ala Gin Gin His
lezpégqﬁu 151015 GinLeu Thr V;ﬂ p Gly lle Lys Gin. Lein 20 25
109 <211> 6 <212> PRT <213> artificial sequence <220> <223>
HiV env 12 <400> 109 Gly lle Val Gin Gin Gin 15 <210> 110 <211> 25
<400> 282> PRT <213> artificial sequence <220> <223> HIV env 13 <400>
In Leu G / lle rpGI Cys erGly Lys Leu lle Cys Thr Thr 15
et Leﬁtj)cqi% L/iFa 5 B b A%n e h%r 1£|rp Lieps %é’izéi»%ll <211> 14
P1042PCO00/YF 32 <212> PRT <213> artificial sequence

<210> 104
<211 €
<212> PRT

<213» artificial sequence

<220>
<223>» HIV env 7

<400> 104

Giu Leu Asp Lys Trp Ala
1 5

<210> 105
Co<23i1> 34
<212» PRT

<213>» artificial seguence

<220>
<223> HIV anv 8

<400> 103
Trp Met Giu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Leu Ile His

1 5 10 15

Ser Leu Ile Glu Gilu Ser Gln Asn Gln Gin Glu Lys Asan Glu Gin Glu
20 25 30

Leu Leu
<2i0> 106
<2il>»> 6
<212» PRT

<213> artificial seguence

<Z2a0>
<223» HIV env ¢

<400> 106

Cys Ser Lys Leu Ile Cys

1 _ 5
<210> 107

<Z21i» 1%

<21Z> PRT

<213> artificial seguence

<220>
<223> HIV env 10



<220> <223> HIV any 14 <400> 111 Asn Ala Lys Thr lle Tie Val Gin Leu
Asn Gin Set Val. Glu 5i0 <210> 112 <211> 17 <212> PRT <213>
artificial sequence <220> <223> HIV env 15 <400> 11-2 Gly Gly Asn Set
P1042PA O kéh Gin Ser Glu lle Phe Arg Pra Gly Gly Gly 1510 15 Asp <210>
113 <211> 35 <212> PRT <213> artificial sequence <220> <223> HIV
env 16 <400> 113 Val Ala Pro Thr Lys Ala Lys Ara Arg Val Val Gin Arg
<400> Gih'/Lys Ara 15 10 Ala Val Gly lle Gly Ala Len Phe Lew Gly Phe Len Gly
1y ndlaAIR Gy 120,25 30, Sel Gly, Cys3%,5240> 114 ;521> 10, <212> PRT
1 <213> Homo sapiens <400> 1'41Gin His Trp Set Tyr Gly Leu Arg Pro Gly
1510

Leu Val Gln

<210> 108
<211> 26
<212> PRT

<213>»> artificial sequence

<220
<223> HIV env 11

<400> 108
Gin Gln Asn Asn Leu Leu Arg Als Ile Glu Ala Gin Gin His Leu Leu

i 8 16 13

Gln Leu Thr Val Trp Gly Ile Lys Gln Leu
20 25

<210> 108
<21ll> &
<21Z> PRT

<213> artificial sesguence

<220
<223> HiV env 12

<400> 109

=G

1y Tle Val Gin Gin Gln
5

<210> 110
<211> 25
<z212>» PRT
<213> artificial sequence

<z220>
<Z223>» HIV env 13

<400> 110
Gln Leu Leu Gly Ile Trp Gly Cys Ser Gly Lys Leu Ile Cys Thr Thr

1 5 14 15

kla Val Pro Trp Asn Ser S5er Trp Ser
20 25

<210> 111
<z1ll= 14



P1042P000/YF 33 <210> 115 <211>7 <212> PRI <213> Homo sapiens

<400> 115 Asp Arg Val Tyr lle His Pro 15 <210> 116 <211> 10 <212>

PRT <213> Homo sapiens <400> 116 Asp Arg Val Tyr lle His Pro The
PLOA2PGRONGY 1 510 <210> 117 <211> 6°€212> PRT <213> artificial sequence

<220> <223> At 1-6 <400> 117 Asp Ala Gin Phe Arg His 15 <210> 118
<zlz» <211> 33 <212> PRT <213> artificial sequence <220> <223> CCRS
<213> ECL2feyehé LHOUS°FL8 Cys Arg Ser Gin Lys Gin Gly Leu His Tyr. Thr
<220- Cys Ser Ser His Phe 1510 15 Pro Tyr Ser Gin Tyr Gin Phe Trp Lys Asn
<z23> Tiner Gy Thr Lou Lys lle 20 25 30

<400> 111

Asn Ala Lys Thr Ile Ile Val Gin Leu Asn Gln Ser Val Glu
z 5 10

<210> 112
<211> 17
<212> PRT

<213> artificial sequence

<220>
<Z223» HIV env 15

<400> 112
. Gly Glv Asn Ser Asn Asn Glu Ser Glu Ile Phe Arg Pro Gly Gly Gly

1 5 10 15

Asp

<210> 113
<21i> 35
<Zl2> PRT
<213> artificial sequence

<220
<223> HIV env 16

<400> 113

Val Ala Pro Thr Lys Ala Lys Arg Arg Val Val Gln Arg Gilu L
1 5 10

Joed
(%18
n

=
[
(e}

Ala Val Gly Ile Gly Ala Leu Phe Leu Gly Phe Leu Gly Als Ala Gly
20 25 3G

Ser Gly Cys

35
<210> 114
<21i1> 10
<212> PRT

<213> hecmo sapilens
<40G> 114

Gln Has Trp Ser Tyr Gly Lev Arg Pro Gly
1 5 10



Cys <210> 119 <211> 48 <212> PRT <213> artificial sequence
P1042P000/YF 34 <220> <223> HIV gag <400> 119 Gin Gly Gin Met
Val His Gin Ala lie Ser Pro Ara, Thr Leu Aso Ala 151015 Trp Val Lys
P1042Pafl0BHe Ser Pro Gin Val lie Pro MetPhe Ser Ala Leu 20 25 30 Set Glu
Gly Ala Thr Pro Gin Asp Leu Asn Thr Met Lou Asn T hr Val 35 40 45
<210> <2U0> 120 <211> 49 <212> PRT <213> artificial sequence <220> <223>
;S?—L;i H;I}{/Tgag with lys at the C terminus <400> 120 GIn Gly Gin Met Val His
213> GitAlalle Ser Pro Arg Thr Leu Aso Ala 15 10 15 Try Val Lys Ala Phe
Ser Pro Glu Val lle Pro Met Phe Ser Ala Leu 20 25 30 Ser Giu Gly Ala

<400> Th¥5Pro Gin Asp Leu Asn Thr Met Leu Asn. Thr Val 35 40 45 Lys

Asp Arg Val Tyr Ile His Pro

1 5
<210> 116

<Z211> 10

<212> PRT

<213> Homo sapiens
<400> 116

Asp Arg Val Tyr Ile His Pro Phe His Leu

1 5 10
<210> 117

<211l> 6

<212> PRT

<213> artificlal sequence

<220
<223> Ab 1-6

<400> 117

Asp Ala Giu Phe Arg His

1 5
<210> 118

<211> 33

<212> PRT

<Z213> artificial sequence

<220>
<223> CCR3 ECLZ cyclic

<400> 118

Cys Arg Ser Gln Lys Glu Gly Leu His Tyr Thr Cvs Ser Ser His Phe
i 5 10 ib

Pro Tyr Ser Gin Tyr Gln Phe Trp Lys Asn Phe Gln Thr Leu Lys Ile
20 25 30

Cys
<210> 119
<213i> 48

<212> PRT
<213> artificial seguence



P1042PCOO/YF 34

<220>
<223>

<400>

HIV gag

119

Gln Gly Gln Met Val His Gln Ala Ile Ber Pro

1

Trp Vel Lys Ala Phe Ser Pro Glu Val Ile Pro

20 25

Ser Glu Gly Ala Thr Pro Gln Asp Leu Asn Thr

<21 0>
<211>
<212
<213

<220>
<223

<400

35 40

120

449

PRT

artificial segquence

HIV gag with lys at the C terminus

120

Gln Gly &ln Met Val His Gln &la Ile Ser Pro

Trp Val Lys Ala Phe Ser Pro Glu Val Ile Pro

Ser Glu Gly Ala Thr Pro &ln Asp Leu Asn Thr

Liys

35 40

Arg

Met

Met

Arg

Met

Phe

Thr

Phe

Leu
45

Leu

Ser

30

Asn

Leu

Asn Ala
1%

Ala Leu

Thr Val

Asn Ala

=

Ala Leu



