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hemagglpdichting (fiddnandrud@Meaionni dase (NA). [004] |Influenza A viruses are
classified into different subtypes on the basis of genetic and antigenic
differences in their main surface glycoproteins, hemagglutinin (HA) and
neur am ni dase (NA) (Wight et al. 1%9199@ Xritel ds Virology 4th edn.; Eds Knipe
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the human population are significant threat to public health because of the potential for
pandemic spread of these viruses (Subbarao et al. 2007, Nature reviews 7:267-278).

[003] There are three types of influenza viruses, influenza A, B and C. Influenza B virus
almost exclusively infects humans and contains only one type of main surface glycoproteins,
hemagglutinin (HA) and neuraminidase (NA).

[004] Influenza A viruses are classified into different subtypes on the basis of genetic and
antigenic differences in their main surface glycoproteins, hemagglutinin (HA) and
neuraminidase (NA) (Wright et al. 2001, Fields Virology 4th edn.; Eds Knipe D.M. &
Howley, P.M. 1533-1579). There are at least 16 different HA antigens known. These subtypes
are named from H1 through H16.

[005] The HA protein mediates the attachment of the virus to the host cell and viral-cell
membrane fusion during penetration of the virus into the cytosol of the cell. The influenza
virus genome consists of eight single-stranded negative-sense RNA segments of which the
fourth largest segment encodes the HA protein.

[006] Influenza HA is a homotrimeric integral membrane glycoprotein which is present on the

surface of the virion and on infected cells. The HA protein is anchored in the membrane
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and r eﬁl 1nernarl]nn Stoneham, Mass. 1992). Antigenic variation within the HA molecule is
responsible for frequent outbreaks of influenza and for limited control of infection by
vaccination. The HA part of influenza virus is the target of the protective immune response
and can vary as a result of antigenic drift and antigenic shift.
[008] Antigenic drift refers to small, gradual changes that occur through point mutations in
the two genes that contain the genetic material to produce the main surface proteins,
hemagglutinin, and neuraminidase. These point mutations occur unpredictably and result in
minor changes to these surface proteins. Antigenic drift produces new virus strains that may
not be recognized by antibodies to earlier influenza strains. This is one of the main reasons
why people can become infected with influenza viruses more than once and why global
surveillance is critical in order to monitor the evolution of human influenza virus stains for
selection of those strains which should be included in the annual production of influenza
vaccine. In most years, one or two of the three virus strains in the influenza vaccine are
updated to keep up with the changes in the circulating influenza viruses. For this reason,

people who want to be immunized against influenza need to be vaccinated every year (Center
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reconbi nant subunit vacci nes for infl uenza is.an attractive option because
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express proteins with the native conformation in prokaryotic cells. For example, HA, the
primary component for influenza vaccines, has proven to be difficult to express
recombinantly. Expression in Pichia of a membrane anchorless HA molecule has been
reported (Saelens et al., 1999 Eur. J. Biochem. 260:166-175). In another study, Mc Ewen et
al. (1992 Vaccine; 10:405-411) have shown that a synthetic peptide containing an 18 amino
acid residue epitope of the HA molecule of the H3 subtype of influenza, cloned into the
flagellin gene of Salmonella, is able to induce local IgA in the lungs, and to provide partial
protection against influenza challenge in a mouse model. Similarly, Jeon et al. (2002 Viral
Immunology 15:165-176) reported that mice which were immunized with the protein
fragment HA91-261 induced significant protection against viral challenge based on
hemagglutination assay in lung homogenates. Song et al. (2008 PLoS one 3:¢2257) have
generated vaccines, wherein the globular head domain of HA antigen is fused with the potent

TLRS ligand flagellin.



reconbi nant |y. Expression in Pichia of a nenbrane anchorl ess HA nol ecul e
has been reported (Saelens et al., 1999 Eur. J . Biochem 260:166-175). In
anot her swodyio/ms0BEwen et al. (1992 Vaccine; 10:405-41 PyrThkee@osbisn that a
synt hetic peptide containing an 18 aﬁiﬁb acid residue epitope of the HA

nol ecul e of the H3 subtype of_influen cIo ed into the flagellin gene of
Sal monel la, is able to mducésqnﬂ)'?:‘ﬁfy? eIH ‘E ¥% ungs, and to provide

par ti aljo®rQueat hath A9aitBs pichint URRAG0ICHAEED GBmpBsiBoMesriiREe|2) aSiifk] arl y,
Jeon eJ alq (2002 Vﬁ?al In%unolo 15: 165- 176) ?e orted that n$ge whi ch

wer e i rikgmiartede (¥ ER) wib aplagstang f rﬁh@tﬁéhmemgt& mﬁreium tisdeablyi g Yinesahke
tect i nst wiral..chall i |
Pomoge Al Rl AR i B RS BN E Ml S ETRARL L B R o R Pl

wher ei nedshen@kaloul artabieachtdgpivite@iin KHAd antdagesnd eﬁltfgeﬁed atviet todbin@inpet ant
TLR5 ligand flagellin.- - Summary of the Invention 001@% Inits main
aspect NG BEenBeMseHinibATqtEn of adraggcabbnid e5tedaman shen difhpnzq ¥yus

virusligk 1‘?1 @gﬁ%ﬁ otefh P‘)/ﬂé’i‘e &l ArBAREn COEsaid e 5{ IdE)Ha%? RFBRAL inFlukfiza %e' n

prefera VI rus- article’is a virus article of an
bact er |hemlagge1;1n1ar]niotem) coatpriseasttlea;sm 80 aotigyens winirto aa:hdsl asid whelosadooithn

at t achnent S|te wherejn. said at ast one .anti S ect odomai n of an
i nf | uen2ISHF} LU Lﬁanfwrﬁt%ra &ng e Qé%eaﬁ? 'hak thrQp el et Mt

an i nflo4enza ahHR d?%ﬁ%ﬂ&lé%e'c@ﬁd“at%c%ﬁhﬂsnem% BiVe, A& IsufrpRaRBD o Rd @l d
ectodonmai n of an influenza virus hemagglutinin proteih conprises at |east

80 contthgueeagivardonpositiods arsfcapalild o€ ododiogainmuot responseh] menrtecwdrangbody

henmaggl uti ni n tein; .and a b) are |linked through.said at
emos shwop s Radire @iy e el B r ShicBaBa et sl RN Do
sur pri shffgnya (@i ahhatmdl heodeNRe Miflueaz£onposi tions are capabl e of inducing
i nune responses, in particular antibody responses, |eading to high

antibody titers which protect against a |l ethal challenge with an influenza
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| nvention [0012] Adj uvant as used herein refers to
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generation of a depot in the host_ which, en conbined with the vaccine
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provide for a more enhanced immune response than said vaccine composition or
pharmaceutical composition alone. Adjuvant includes (a) mineral gels, preferably aluminum
hydroxide; (b) surface active substances, including lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanins, or dinitrophenol; and (c) human
adjuvants, preferably BCG (bacille Calmette Guerin) and Corynebacterium parvum. Adjuvant
further includes complete and incomplete Freund’s adjuvant, modified muramyldipeptide,
monophosphoryl lipid immunomodulator, AdjuVax 100a, QS-21, QS-18, CRL1005, MF-59,
OM-174, OM-197, OM-294, and virosomal adjuvant technology. Preferred adjuvant is
aluminum containing adjuvant, preferably aluminum salt, most preferably aluminum
hydroxide (Alum). The term adjuvant also encompasses mixtures of these substances. VLP
have been generally described as an adjuvant. However, the term “adjuvant”, as used within
the context of this application, refers to an adjuvant not being the VLP comprised by the
inventive compositions, vaccine compositions and/or pharmaceutical compositions. Rather,
the term adjuvant relates to an additional, distinct component of said compositions, vaccine
compositions and/or pharmaceutical compositions.

[0013] Antigen: As used herein, the term “antigen” refers to a molecule capable of being
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subunit of human influenza A virus H3 1968 (SEQ ID NO:75), and amino acid positions of
hemagglutinin HA2 subunits are mapped to the HA2 subunit of human influenza A virus H3
1968 (SEQ ID NO:76), preferably by structural alignment. The resulting numbering system of
the amino acid positions is therefore often referred to as “H3 numbering”. Typically and
preferably the structural alignment is performed based on crystal structure data. Crystal
structure data are available for subtypes H1 (Gamblin et al. 2004 Science 303:1838-1842, and
references cited therein), H3 (Wilson et al. 1981, Nature 289:366-373), H5 (Stevens et al.
2006, Science 312:404-410). Structural information for HA subtypes for which no crystal
structure is available can be obtained by structure model building based on the amino acid
sequence. For the purpose of the invention structure model building is preferably performed
by the software SWISS-MODEL. Tools and algorithms to generate alignments which are
based on structural data are readily available to the artisan (e.g. Weis WI et al. 1990,
Refinement of the influenza virus hemagglutinin by simulated annealing. J Mol Biol. 1990

Apr 20;212(4):737-61.). Typically and preferably, the mapping of the amino acid positions of
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Tung et _al . 2004 (J Gen Virol. 85:3249-59). A given ami no acid sequence is
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[0015] Ectodomain of an influenza virus hemagglutinin protein (HA ectodomain): As
used herein, the term “ectodomain of an influenza virus hemagglutinin protein” (HA
ectodomain) refers to (i) a protein, wherein said protein is composed of (a) the HA1 subunit
comprising or preferably consisting of amino acid position 11 to amino acid position 328 of
SEQ ID NO:75 and (b) the HA2 subunit consisting of position 1 to 176 of SEQ ID NO:76,
and (ii) to any protein having an amino acid sequence identity of at least 70 %, preferably of
at least 80 %, more preferably of at least 80 %, still more preferably of at least 85 %, still
more preferably of at least 90 %, still more preferably of at least 95 %, still more preferably of
at least 96 %, still more preferably of at least 97 %, still more preferably of at least 98 %, and
most preferably of at least 99 % therewith, wherein further preferably said HA ectodomain is
a naturally occurring HA ectodomain. The term “ectodomain of an influenza virus
hemagglutinin protein” preferably refers to a protein selected from the group consisting of: (i)

a protein composed of (a) the HA1 subunit consisting of amino acid position 11 to amino acid

position 329 of SEQ ID NO:75 and (b) the HA2 subunit consisting of position 1 to 176 of



am no acid sequence which is corresponding to certain amno acid positions
on a reference am no acid sequence does not conprise any flanking sequences
whi ch carwoabiobeswapped to the refere&ce amno aci d seqBemEP2010/06:944 t he
terms "an am no acid sequence correspondi ng to amno acid p05|t| on 11 to

i ' htion.328 of SEO | D NO
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to 176 of SEQID NO 76", or the like such as "an am no aci d sequence
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[ 0015] Ectodonmin of ~an influenza virus hemagglutinin

tei HA
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ect odomai n. The term "ectodonai n an influenza virus hemaggl utinin
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subuni naturaﬁ(g y occurring n za virus hehagg In prot eln,
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proteins defined in (i), (i), (ii1), or (iv), wherein further preferably said HA ectodomain is a
naturally occurring HA ectodomain. In a HA ectodomain according to the invention said HA1
subunit (a) is typically and preferably bound to said HA2 subunit (b) by way of at least one,
preferably by one or two, covalent bond(s), wherein preferably said covalent bond(s) are
selected from the group consisting of peptide bond and disulfide bond. Very preferably, said
HAT subunit (a) is bound to said HA2 subunit (b) by way of at least one, preferably by one or
two, covalent bond(s), wherein at least one of said covalent bonds is a disulfide bond. Very
preferably, said HA1 subunit (a) is genetically fused to the N-terminus of said HA2 subunit
(b), wherein said HA1 subunit (a) is further bound to said HA2 subunit (b) by at least one,
preferably one, disulfide bond. It is to be understood that in certain embodiments of the
invention the peptide bond between said HA1 and said HA2 subunit may be cleaved during
the maturation of the fusion product, wherein said disulfide bond remains intact. Thus, said
HAT subunit (a) is preferably bound to said HA2 subunit (b) by way of exactly one covalent

bond, wherein said covalent bond is a disulfide bond. However, HA ectodomains being fusion



a HA2 subunit of a naturally occurring influenza virus hemaggl utinin
protein, wherein said HA2 subunit of said naturally occurring influenza
vi rus hermsggburizsion protein consists an am no aci d sSequaArCE®0/055944
corresponding to amno acid position to 176 of SEQ ID NO 76; (iv) a
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sequence corresponding to amno acid position 11 to am no acid position 328
of SEQerDdmmripsicapilifhio theHazensiobumid Ha¥l subnalt dplais genetdeallyr fusegl tontheénza
virus DEmmadl il DitAPLoh flifle) WIEEEh L. dl g HARAYRHRILb. L SalEAItIRald Y.
occurring I nfluenza virus gat Ut TN protel n ‘consi sts of an am no acid

sequengp) bpRagsiroordi fgt t@vatumt dondand bpasilédsoond grefebf; ofic, SEEIndRoMaYek6; and
(v) a protein having an am no, acid sequence identity of at |east 70 %
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pr ef er MeRfoodll id £88k1 %qstill nmore preferably of at |east 90 % still
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still o] fnefwalploycwtingl’: ThasdrnOThatgrally btdurmmng’e withefegpeabloy awinfhientaeast
98 % and nost preferably of at |east 99 % with any one.of the proteins
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according to the invention said" su unit Ta) is typically and preferably
bound tand paifcrabli?2 a satvwallyt oochiringyinflagnzefviras ot edbicnmnaruspitiefreisagsilgtedroone or

t wo, | hond i - ef | i d |l ent b -
el ect &l PRot ARV iEALe! Hh e BRI oV B ste e LB iR forinebEin very
pref er gabt¥in SwdhHAEpest il HA( 8dtolSmARUE tePmSaiathriif? ossRHAt rdfly tBYanray of

at | east one, preferably by one or two, coval ent bond(s), erein at | east
one of kfHczeyyay kevpagsbritien potein gf s HiAdecterdsmepin Ybe yatyrad oeewbhg infhighep HA|
subuni t_. j netil | Q . term nus of said HA2 subunit (b),
wher ej tﬁllélgg’ﬁbiﬁﬁaqgﬁgﬁ%?@‘%ﬁé% Hl?@g?%arvtlﬁ‘gr%“%um to said HA2 subunit (b) by at
| east qoe&lL7] Pragareabby ssideectéd @iihin ¢feadnfluerda visud helaggladain peedin: ad i n
certain epbodinents of the invention the peptide bond between said HAl and
sai d HASCE bpisH: ttherdgmb e fragaaricf srid icqtpdemeinnat ar dbflesnzervifus ehompgeliginin
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coval ent ablad, 1 00heriqstsHldocavedse h80, bordlchs 180 dorst | dastdz00rad leabidtidyer , HA
ect odormins pei ng. fusi an;o -, produet s of LA, and A2, wher ein t hg, pept | de
least 320 consecutive amino acids of the ectodomain of an influenza virus hemagglutinin
protein of influenza A or B virus, preferably of the HA1 subunit of the ectodomain of an
influenza virus hemagglutinin protein. The term fragment of said ectodomain of an influenza
virus hemagglutinin protein also includes portions of influenza virus hemagglutinin protein,
wherein said fragment is derived by deletion of one or more amino acids at the N and / or C
terminus of said ectodomain of an influenza virus hemagglutinin protein. The fragment of
said ectodomain of an influenza virus hemagglutinin protein preferably comprises certain
elements of its secondary structure. Such structural elements can readily be identified by the
artisan based on the structural data which are available from the prior art. In a very preferred
embodiment, said fragment of said ectodomain of an influenza virus hemagglutinin protein
comprises at least one eight-stranded Jelly roll barrel and at least one a-helix of the influenza
virus hemagglutinin protein. In a preferred embodiment said fragment of said ectodomain of
an influenza virus hemagglutinin protein comprises, or preferably consists of, a receptor

binding domain. In a further preferred embodiment said fragment of said ectodomain of an



remai ns intact are al so enconpassed by the invention. Thus, in a further
preferred HA ectodonmain according to the invention said HAl subunit (a) is
geneti calwg 2bugieskoko the Nterm nus of said HA2 subunit @or/EPas1ensiond sai d
HAl subunit (a) is bound to said HA2 subunit (b) by way of one first

coval ent ,bond and by at | east K on referably one, .second .coval ent. nd,
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occurring”: The'term"naturally occurring”", with respect to an influenza
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occur r iofigniinflhdied Zauy ihetsg@lutinin fprot@ zeonprises t8d pair of Sydtsint adsedhict manahan
i nfected individual of said population. Wth respect to an influenza virus
hemagglai farebleof &raipg Biiragiolgsulas dpsaidetbgnds. (ke degayahef said ¢ordopginet an
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to a ect odomain o occurring in Virus or a naturally
occur r ienkaryofid oleprp&arydticisxptysainsys{e0B.1 Flefdraldg e atprafargdiccexpotsadospitempf  an

i nfl uenza virus, he gl utinin protein; used. herein, the term'fragnent
of sai @%&P&éﬁﬁhﬁyr}w Caﬁ- Tieelbnand %efiaéﬁﬁé e TH oA S%H@f@dﬂmawe?ﬁeﬁg to a
porti O%MenkaJiHﬁ“E@fnyg%wﬁn@%&ﬁL Ulvh&d ToRhIRh®) ModRd 107t @ths jat é)laﬁﬁ%t 80,

or at least 100, or at 1east 150, or at |east "180, or at |least 190, or at
| east 20@rdmgato theamveid, iprcapablé @dsind@iag homagglutiedmn @Bocd dloodt cdlleast

250, or_.at .l east , ;or at |as O0,or at. |least 31 r at | east 320
consecdrien S et BRpd Sot ire pEStrBBcasRived fops BRchsi Py Boveraaurin. A
hemagglfiilgiithio Part &itdddhain BF v @iTRRNA GiFusEhevidgtfuitinBY Boeialhichal bbixel Al
subunit of the ectodomain of an influenza virus hemaggl utinin protein. The

t erm f vagidile Rertideageardingdmtion inyentigm, j ip fhouedyyz eonsideresl hebabgl erpiahienof
i o e .- ! ' g¢! n
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hemaggl utinin protein. The fragnent of said ectodomain_of an _influenza

Vi rus  HEFEERIEI R S5 ot BRrRCPfet ds Py fodmsh > describen thErBpleRents of its
SECOTITVEA SSRGS baael BN IGRFAES >
art. | rhemagghutinim pf eteine d he mbmdillyertcyrrsgiathiho agdsedueoée sfaindinfotrodomas A of an
Fnfl ue%%% r\1/1|a3r1 He?veha%%gegtlig&io ail ﬂetgrro otg%iug] amino acid residue. For example, position “54a”

refers to the insertion as described in Figure 1 of Russell et al. 2004 (Virology 325:287-296).

Thus, for the influenza A subtype H1, the amino acid at position 54a is Lysine.

[0019] Associated: The terms “associated” or “association” as used herein refer to chemical

and/or physical interactions, by which two molecules are joined together. Chemical

interactions include covalent and non-covalent interactions. Preferred non-covalent

interactions are ionic interactions, hydrophobic interactions or hydrogen bonds. Preferred

covalent interactions are covalent bonds, most preferably ester, ether, phosphoester, amide,

peptide, carbon-phosphorus bonds, carbon-sulfur bonds such as thioether, or imide bonds.

[0020] Attachment Site, First: As used herein, “first attachment site” refers to an element

which is naturally occurring with the VLP or which is artificially added to the VLP, and to

which the second attachment site can be linked. The first attachment site preferably comprises

or is a chemically reactive group, preferably an amino group, a carboxyl group, a sulthydryl

group, a hydroxyl group, a guanidinyl group, histidinyl group, or a combination thereof. Very

preferably, the first attachment site comprises or is an amino group. The term first attachment



conprises at |east one eight-stranded Jelly roll barrel and at |east one
a-helix of the influenza virus hemagglutinin protein. In a preferred
enbodi nerwogaiodi2froagnent of sai d ecto?gnain of an i nfl ueCTEPLINWOS5944
hemaggl utinin protein conprises, or preferably consists of, a receptor
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refers to the insertion as described in Figure 1 of Russell et al. 2004

(Vi r ol Ggchmsant sisezis aggyminergipdtp of gp apige 3Gid ryichis 91 A cepfgtrgisen ggmprisie b iso

acid atyosihLon Rffed Eg!fﬁ%lg?saic[ 9?&9Jtta'°ﬁr§c iﬁtteeﬁ: anTgn‘/%i&oe %%g?@ﬁ? it ed”

or assoclation®™ as us erein refer to chem cal and/or ySi ca

i nt er actdiduesconipyisehby h coaprowireefithe ¥ & dljeoianeelyt mgepieénrred Cnebwidoadnt the

intera&lions i ncl ude. cov Lért(ﬁgg nqp- val ent interactions. Preferred

non- co EWéﬂPdFW?%§5%PF%Pé;1 e?496hie Ment'eract i ons, hydr ophobi ¢ i nteractions

or hydrnogan AReimentrSiecde86nd: As used herein, “second attachment site” refers to an
element which is naturally occurring with or which is artificially added to the antigen and to
which the first attachment site can be linked. The second attachment site of the antigen
preferably is a protein, a polypeptide, a peptide, an amino acid, a sugar, or a chemically
reactive group such as an amino group, a carboxyl group, or a sulthydryl group. In a preferred
embodiment the second attachment site is a chemically reactive group, preferably a
chemically reactive group of an amino acid. In a very preferred embodiment the second
attachment site is a sulfthydryl group, preferably a sulthydryl group of an amino acid, most
preferably a sulfthydryl group of a cysteine residue. In a further preferred embodiment the
second attachment site is an amino group or a carboxy group, preferably an amino group or a
carboxy group of an amino acid residue. The term “antigen with at least one second
attachment site” refers, therefore, to a construct comprising the antigen and at least one
second attachment site. In one embodiment, the second attachment site is naturally occurring

within the antigen. In another embodiment, the second attachment site is artificially added to



covalent interactions are coval ent bonds, nost preferably ester, ether,
phosphoester, am de, peptide, carbon-phosphorus bonds, carbon-sul fur bonds
such as twpaetonesz02or i m de bonds. [02?0] At tachnent Si PET/HPR01910559A6 used
herein, "first attachnent site" refers to an elenent which is naturally
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further includes other reactive chem cal residues including sugars, hiotin,
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[0021] Attachnent Site, Second: As used hereifn, "second t%sﬁclgﬂent Site"
r ef er s "ERFUENC ANURRIPTRRITERTY O AJERAAENE PAUTRR ATHE i Ak OBCTh R gpstitive

artifi ghabdyadddldkHaictdec®BY 1968PicANY ah® preferably high order of uniformity in the

spatial arrangement of the antigen with respect to virus-like particle. In one embodiment of

the invention, the repeating pattern is a geometric pattern. A preferred ordered and repetitive
antigen array is formed by antigen which is coupled to a VLP of an RNA bacteriophage. An
ordered and repetitive antigen array formed by antigen which is coupled to a VLP of an RNA
bacteriophage, typically and preferably possess strictly repetitive paracrystalline orders of
antigen, preferably with spacing of 1 to 30 nanometers, preferably 2 to 15 nanometers, even
more preferably 2 to 10 nanometers, even again more preferably 2 to 8 nanometers, and
further more preferably 1.6 to 7 nanometers.

[0024] Polypeptide: The term “polypeptide” as used herein refers to a molecule composed of
monomers (amino acids) linearly linked by amide bonds (also known as peptide bonds). It
indicates a molecular chain of amino acids and does not refer to a specific length of the
product. Thus, peptides, dipeptides, tripeptides, oligopeptides and proteins are included within
the definition of polypeptide. Post-translational modifications of the polypeptide, for example,



which the first attachnent site can be |inked. The second attachnent site
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since it lacks all or part of the viral genome or genome function. In one embodiment, a virus-
like particle is a virus particle, in which the viral genome has been physically or chemically
inactivated. Typically and more preferably a virus-like particle lacks all or part of the
replicative and infectious components of the viral genome. A virus-like particle in accordance
with the invention may contain nucleic acid distinct from their genome. A typical and
preferred embodiment of a virus-like particle in accordance with the present invention is a
viral capsid such as the viral capsid of the corresponding virus, bacteriophage, preferably
RNA bacteriophage. The terms “viral capsid” or “capsid”, refer to a macromolecular
assembly composed of viral protein subunits, wherein preferably said viral protein subunits
are coat proteins of said virus. Typically, there are 60, 120, 180, 240, 300, 360 and more than
360 viral protein subunits, preferably coat protein subunits. Typically and preferably, the
interactions of these subunits lead to the formation of viral capsid with an inherent repetitive

organization, wherein said structure is, typically, spherical or tubular. For example, the

capsids of RNA bacteriophages have a spherical form of icosahedral symmetry. One feature
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[0030] Immunostimulatory nucleic acid: As used herein, the term immunostimulatory
nucleic acid refers to a nucleic acid capable of inducing and/or enhancing an immune
response. Immunostimulatory nucleic acids comprise ribonucleic acids and in particular
desoxyribonucleic acids, wherein both, ribonucleic acids and desoxyribonucleic acids may be
either double stranded or single stranded. Preferred ISS-NA are desoxyribonucleic acids,
wherein further preferably said desoxyribonucleic acids are single stranded. Preferably,
immunostimulatory nucleic acids contain at least one CpG motif comprising an unmethylated
C. Very preferred immunostimulatory nucleic acids comprise at least one CpG motif, wherein
said at least one CpG motif comprises or preferably consist of at least one, preferably one, CG
dinucleotide, wherein the C is unmethylated. Preferably, but not necessarily, said CG
dinucleotide is part of a palindromic sequence. The term immunostimulatory nucleic acid also
refers to nucleic acids that contain modified bases, preferably 4-bromo-cytosine. Specifically
preferred in the context of the invention are ISS-NA which are capable of stimulating IFN-

alpha production in dendritic cells. Immunostimulatory nucleic acids useful for the purpose of



infectious, preferably a non-replicative and non-infectious virus particle,
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the invention. Most preferred are ohgonucleotldes consisting exclusively of phosphodiester
bound deoxinucleotides, wherein further preferably said oligonucleotides are single stranded.
Further preferred are oligonucleotides capable of stimulating IFN-alpha production in cells,
preferably in dendritic cells. Very preferred oligonucleotides capable of stimulating IFN-
alpha production in cells are selected from A-type CpGs and C-type CpGs.

[0032] CpG motif: As used herein, the term “CpG motif” refers to a pattern of nucleotides
that includes an unmethylated central CpG, i.e. the unmethylated CpG dinucleotide, in which
the C is unmethylated, surrounded by at least one base, preferably one or two nucleotides,
flanking (on the 3’ and the 5’ side of) the central CpG. Typically and preferably, the CpG
motif as used herein, comprises or alternatively consists of the unmethylated CpG
dinucleotide and two nucleotides on its 5’ and 3’ ends. Without being bound by theory, the
bases flanking the CpG confer a significant part of the activity to the CpG oligonucleotide.
[0033] unmethylated CpG-containing oligonucleotide: As used herein, the term
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nucl eotoif desthyhmade apd/ef emalzitlyylatd gowricotidet i wissein said at least one CpG motif
comprises at least one CG dinucleotide wherein the C is unmethylated. The CpG may also
comprise methylated and unmethylated sequence stretches, wherein said at least one CpG
motif comprises at least one CG dinucleotide wherein the C is unmethylated. Very preferably,
CpG relates to a single stranded oligodesoxynucleotide containing an unmethylated cytosine
followed 3’ by a guanosine, wherein said unmethylated cytosine and said guanosine are
linked by a phosphodiester bound. The CpGs can include nucleotide analogs such as analogs
containing phosphorothioester bonds and can be double-stranded or single-stranded.
Generally, phosphodiester CpGs are A-type CpGs as indicated below, while phosphothioester
stabilized CpGs are B-type CpGs. Preferred CpG oligonucleotides in the context of the
invention are A-type CpGs.
[0034] A-type CpG: As used herein, the term “A-type CpG” or “D-type CpG” refers to an
oligodesoxynucleotide (ODN) comprising at least one CpG motif. A-type CpGs preferentially
stimulate activation of T cells and the maturation of dendritic cells and are capable of
stimulating IFN-alpha production. In A-type CpGs, the nucleotides of the at least one CpG
motif are linked by at least one phosphodiester bond. A-type CpGs comprise at least one
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covalent manner. In case said immunostimulatory nucleic acid is a DNA, preferably an
unmethylated CpG-containing oligonucleotide, the term packaged implies that said
immunostimulatory nucleic acid, preferably said unmethylated CpG-containing
oligonucleotide, is not accessible to nucleases hydrolysis, preferably not accessible to DNAse
hydrolysis (e.g. DNasel or Benzonase), wherein preferably said accessibility is assayed as
described in Examples 11-17 of W0O2003/024481A2.

[0037] One, a, or an: when the terms “one”, “a”, or “an” are used in this disclosure, they mean
“at least one” or “one or more” unless otherwise indicated.

[0038] In one aspect, the invention relates to a composition comprising: (a) a virus-like
particle (VLP) with at least one first attachment site, wherein preferably said virus-like
particle is a virus-like particle of an RNA bacteriophage; and (b) at least one antigen with at
least one second attachment site, wherein said at least one antigen is an ectodomain of an

influenza virus hemagglutinin protein (HA ectodomain) or a fragment of said ectodomain of

an influenza virus hemagglutinin protein, wherein said fragment of said ectodomain of an
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No: ACN86714.1); (n) A/HK/2108/2003 (HIN2) (Genbank Accession No: ABB58945.1); (o)
A/Korea/KBNP-0028/2000(H9N2) (Genbank Accession No: ABQ57378.1); (p)
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Accession No:ACN86498.1); (t) A/herring gull/Norway/10 2336/2006(H13N6) (Genbank
Accession No: CAQ77191.1); (u) A/mallard duck/Astrakhan/263/1982(H14N5) (Genbank
Accession No: ABI84453.1); (V) A/Australian shelduck/Western
Australia/1756/1983(H15N2) (Genbank Accession No: ABB90704.1); (w) A/herring
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prefer efhﬂtlg&rsmefdrrad:@eﬁmdhndmt tsyidi H Aass@doachim $s the ectodomain of influenza A virus
hemagglutinin protein subtype H3. In a further preferred embodiment said HA ectodomain is
the ectodomain of influenza A virus hemagglutinin protein subtype H3. In a further preferred
embodiment said HA ectodomain is the ectodomain of influenza A virus hemagglutinin
protein subtype HS.
[0042] In a further preferred embodiment the amino acid sequence of said ectodomain of said
influenza A virus hemagglutinin protein is selected from the group consisting of: (i) the amino
acid sequence as set forth in SEQ ID NO:39; and (ii) an amino acid sequence of at least 70 %,
preferably of at least 80 %, more preferably of at least 80 %, still more preferably of at least
85 %, still more preferably of at least 90 %, still more preferably of at least 95 %, still more
preferably of at least 96 %, still more preferably of at least 97 %, still more preferably of at
least 98 %, and most preferably of at least 99 % amino acid sequence identity with SEQ ID
NO:39, wherein further preferably said ectodomain of said influenza A virus hemagglutinin
protein is a naturally occurring ectodomain of influenza A virus hemagglutinin protein.
[0043] In a further preferred embodiment the amino acid sequence of said ectodomain of said

influenza A virus hemagglutinin protein is selected from the group consisting of: (i) the amino
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shovel ecidGatudnoe as sot RAWFRERZQ 0D N QM6 Nind (11) an amino acid sequence of at least 70 %,
preferably of at least 80 %, more preferably of at least 80 %, still more preferably of at least
85 %, still more preferably of at least 90 %, still more preferably of at least 95 %, still more
preferably of at least 96 %, still more preferably of at least 97 %, still more preferably of at
least 98 %, and most preferably of at least 99 % amino acid sequence identity with SEQ ID
NO:42, wherein further preferably said ectodomain of said influenza A virus hemagglutinin
protein is a naturally occurring ectodomain of influenza A virus hemagglutinin protein.
[0046] In a further preferred embodiment the amino acid sequence of said ectodomain of said
influenza A virus hemagglutinin protein is selected from the group consisting of: (i) the amino
acid sequence as set forth in SEQ ID NO:43; and (ii) an amino acid sequence of at least 70 %,
preferably of at least 80 %, more preferably of at least 80 %, still more preferably of at least
85 %, still more preferably of at least 90 %, still more preferably of at least 95 %, still more
preferably of at least 96 %, still more preferably of at least 97 %, still more preferably of at
least 98 %, and most preferably of at least 99 % amino acid sequence identity with SEQ ID
NO:43, wherein further preferably said ectodomain of said influenza A virus hemagglutinin

protein is a naturally occurring ectodomain of influenza A virus hemagglutinin protein.
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[0049] In a further preferred embodiment said HA ectodomain is a HA ectodomain of
influenza B virus, wherein preferably said influenza B virus belongs to a naturally occurring
influenza B virus strain. In a preferred embodiment, said naturally occurring influenza B virus
strain is selected from the group consisting of (a) B/Brisbane/33/2008 (Genbank Accession
No: ACN29387.1); (b) B/Guangzhou/01/2007 (Genbank Accession No: ABX71684.1); and
(c) B/Brisbane/60/2008 (Genbank Accession No: ACN29383.1).

[0050] In a further preferred embodiment said antigen is an ectodomain of an influenza virus
hemagglutinin protein, wherein preferably said ectodomain of an influenza virus
hemagglutinin protein is in a trimeric form. In a further preferred embodiment said trimeric
form of said ectodomain of an influenza virus hemagglutinin protein is obtainable by a
process comprising the steps of (i) recombinantly forming a construct by fusing a
trimerization domain of bacteriophage T4 protein fibritin, or a functional fragment thereof, to
said ectodomain of an influenza virus hemagglutinin protein, preferably the C-terminus of
said ectodomain of an influenza virus hemagglutinin protein, (i1) expressing said construct in
a eukaryotic or prokaryotic cell-based system, preferably in a baculovirus/insect cell system

(ii1) purifying said trimeric form. In a preferred embodiment said trimerization domain of
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fragment of said HA ectodomain comprises the amino acid residues tyrosine corresponding to

the positions 98 and 195 of SEQ ID NO:75, tryptophan corresponding to the position 153 of
SEQ ID NO:75, and histidine corresponding to the position 183 of SEQ ID NO:75.

[0053] In a further preferred embodiment, said fragment of said HA ectodomain comprises at
least one disulphide bond, preferably at least 2 disulphide bonds, more preferably at least 3,
and still more preferably at least 4 disulphide bonds. Thus, in a further preferred embodiment
said fragment of said HA ectodomain comprises a cysteine residue corresponding to positions
97 and 139 of SEQ ID NO:75, preferably said fragment of said HA ectodomain comprises a
cysteine residue corresponding to positions 64, 76, 97, 139 of SEQ ID NO:75, more
preferably said fragment of said HA ectodomain comprises a cysteine residue corresponding
to positions 52, 64, 76, 97, 139, 277, 281, 305 of SEQ ID NO:75.

[0054] In a further preferred embodiment said fragment of said HA ectodomain is a fragment

of the HA1 subunit of said HA ectodomain. In a further preferred embodiment said fragment
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sai d ectodomain of said influenza A vifus hemagglutinin proteinis a

tural | i t odomai n_of infl A Vi h | utini tein.
[ 0045 Of fpel FIfb {SeATOTRY SPPBE Bt PIREEOY e SN GT ol A Eay dH S BN o
ect odonBirBspohdmai @ péitice 7 ao d/siit[dlhs27(93'&g@(ytﬁmiND:PS.OlrﬁianﬁJirt%els?k&@ﬁr&ﬂ from

t he group consi st néqﬁof: (i) the am no acid sequence as set forth in SEQ ID
NO 42; capwadimdny said fggntant ¢ seidSdrshdomsin gempiasest or7proferaly epayigbloy, &f  at

| east .0 re ef er f .at |. 0 9%..std] | ecrably of at
| east %%“@; a@??qug{ﬁ%rcgon%?é%g?n%Sf O(g)lf1 8§§7?%%% tloébﬁ(%oﬁ(ﬁlﬂ@'zg'pr ef erably
of at |[e@sH] 195 fithes prdftrretDembqtiaterall ftaghembof k#astA 8Godomah icbpriBdsgor

prefer ablfy of at least 97 % still nore preferably of at |east 98 % and
nost pPEstefally gengists of. anearino 99 dsegien ppCUEgSBORSIRE BRASIIONEHOL P PYsitiph Al I D
NO 42, igafwr tther o lp i kg ipnf | Vi rus
nemmoal T Gy 5t A RRE RicRat BRbAERCRTHanRly SELAd A RIE R

Vi rus hkempggtsibi picfierplslgtconsists pOChGImiha aadfsuqidnes coprefpendiag tepixidomamto t he

amno acid s enc j.d _ectodonai. sai.d i nfluenza A virus

he_nagg|pafﬁtlﬁpﬁq§rogt§%<2t'k>§3@§45e EFR ?%&%@C@%@ﬁ%hﬁs%wwg 41d SqquFneshe

am no agd it SANCRES 7@5%;5g1tefér%l R fiap 1360 %,'}{lfl&é?p&e%%@y(bf dt 184t /01oR0stAC d
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sequence of” at least 70 % preferably of at |east ~nore preferably of
at | easworg8@reé¥grablyidfiat lvast8SPn eftidlatieypreftrabty d fed dtasts®) % stdt inbie profeeably of

refera t lLeast 90.9%.  stjl| opreferably .of at |east %,..still
o e prbiia 5 st apts uaertesBo b 1efP P hsfl PEpldun osrCBE ol de g o
still nwyre ppsfefdalifyatabadtod easindok pRiistaBBShbf RE €Lk bl ¥, Qfitiathd BASt 99
% am no acid seqf:ence identity with SEQ I D NO 43, wherein further

pr ef er gbtogomaingoleiaflgdered ryims sgaindA{Gliteraimyd/2000i (HLISN hd rgaehankiAficassgatot ei n

or ot ei 1o e L of (7P ARRRPAEh (LB AR AR RS, BETRI ML e o

sai d ecilraanpidicrablySaiddiArtlodemnaia ida vatuuslyneowggk HA attodghahei n is sel ected
fromthe ’glroup consisting of: (i e am no aci d sequence as set forth in

SEQ I DI 30 a fyher profergg %mbwér'n)s%tit Sgids%%ﬁ%?ﬂ’f ot gid A peaeamain compEpest @ abl y
o 2t RSk i T PR ESB Bheorkoli0 g o Sheol
pref er AHYIDNGTS5] wastindbi @Al Astciddonrmor baspmefneinalbtyl sofuaate ideasty dtat Yassti | |
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more preferably of at least 96 %, still more preferably of at least 97 %, still more preferably of
at least 98 %, and most preferably of at least 99 % with the HA ectodomain of influenza B
virus  strain  B/Brisbane/33/2008 (Genbank  Accession No: ACN29387.1),
B/Guangzhou/01/2007 (Genbank Accession No: ABX71684.1), or B/Brisbane/60/2008
(Genbank Accession No: ACN29383.1), and wherein preferably said HA ectodomain is a
naturally occurring HA ectodomain.
[0057] In a further preferred embodiment said fragment of said HA ectodomain comprises, or
preferably consists of, an amino acid sequence corresponding to position 42 to position 310 of
SEQ ID NO:75. In a further preferred embodiment said fragment of said HA ectodomain
comprises, or preferably consists of, an amino acid sequence corresponding to position 42 to
position 310 of SEQ ID NO:75, wherein said HA ectodomain has an amino acid sequence

identity of at least 70 %, preferably of at least 80 %, more preferably of at least 80 %, still
more preferably of at least 85 %, still more preferably of at least 90 %, still more preferably of



protein is a naturally occurring ectodomain of influenza A virus

hemaggl utinin protein. [0048] In a further preferred enbodi nent the am no
aci d sequeocelnfs®ai d ect odomai n of sz'gd i nfluenza A vi PCI/HPeOm@OGI9L | Ni N
protein is selected fromthe group cofisisting of: (i) the amno acid

sequence, as set forth in SEQ I D.NO 74, and .(ii) an_.amno acjid seque of
ot ongf 185 Bt P R o #gbt 0680 Guilt e Prha @b e I T RAE ko
% sti lphorBOrefePdL® &Fahl KaRfo@b, | 8RB IBP plefedablyl bf mPN&asPoof € abihy tHef Hat

| east 90 % still nore preferably of at least 95 % still nore preferably

of at Icetlpdomam of influgnza Aprimis prrameftdhilijorafa/By200031 1N (Geneghank |Agegsséon
f . l,east 9 | - at L %.anj
et s o FBE iR, PR FORh AR A it b PRSI RBR R, |

ect odon#icrein bref@hblyishid Hi& RZ@ démiinrisls nh@rAgd colifritgH R ectb@dmains a natural |y
occurring_ectodomain of influenza A virus hemagglutinin protein. [0049] In

a furt He9S8} e p dwrithey pesiersed erabrdimgntpaidalresrned ofbilt HA codpmup coMBHEESNOhbf

i nfl ue i : j i.d.. 1N . hr 0 a
it ur sttt folfSses Wk AnB LG SEARYe SRt Spd M R1A% B T RoREbORHof
sai d na&tHQ HD INO:@6cuhereingaidifl AwettlamBinv/hasus @Shinaiatidissquemke cdeadtyf sfamldake

i St | f B/ Br i sbane/ 33/ 2008 b A i on _No:
AN 53595y Beletfb e st A0 Grat 057D G B R A i S L FoRD O RBSEH 68 1)
and (c)ed3l B bshaneh&Q/ w008 b(yENRABI 80 06581100 re AFNAP3B8: 1Ldst 060RPQ I n a

further preferred enbodi nent” said antigen is an ‘ectodonmain of an influenza
vi rus meragudferablyiod apleastdiorto, sileneicrpreficrbbyr allsit yeastl % oesttl batoreaprafeatblyaof

i nfluenza vigus, he | utinin pr in iS,in. rijreric . form Jn.a further
or ef or Phirasn D o AR CUEh PP PR A e oF o W the Sl bubraii e Baftnat BLenza
vir us %@99|s%inni nBDBﬁtthﬂe/BS/MEai(Ga{Haﬁk by LcRERCESN @DWFA@NMWM@, steps
of (i) reconbinantl %gform ng a construct by fusi ngda trimerization donain

of bactBEtuapsrhge 072097 ot(eanhark prqoessign dro:a ABRELGBAAA of r BEprinband/ 2@ . to

sai d eqrogomail 0 QlsiaN N A E§HFR Ylgr W54 DGTRIS LI AL %&P‘PFA %cttoﬁéﬁéﬁrl%b' y the
C-term'nus of ‘said ect odomar i of an“influenza vitos emagglutirnin pr ot ei n,
(i) expresbiagustigdAeoodomeain. i n a eukaryotic or prokaryotic cell-based
system (?referabl y in a bacul ovirus/insect cell -s#‘sﬁt‘em iii) purifying said
tri mer i[@0F% M furiics ppered srabpdimprigiarietiienact @f said ik paqBn gomaTipes. of

of bact er.i . j Bt Ll f

Fr agnet CROBAE TR inod AbEhehSe SRESHANE Do flon BAWBELUENZI0 of i
of bactS#iQ dPhEQe75T4n pr futrthien pfdberrddi embadiBER $adl NEgtont dheaiéXph essidomaof t he
constructs is pref ?ralgll y erfo%rred i.n Hi.g or sf2l1 insect. cells. regfrabl y
sf21 iﬁQ@é’flS%SeBT BICTOFRRIY SARTIRf& AT AP AHESCIYREET pUTaPRNH S PRUCHe the

C-t er Mpakigion 270 of SEQ ID NO:75. In a further preferred embodiment said fragment of said HA

ectodomain comprises, or preferably consists of, an amino acid sequence corresponding to
54a to position 276 of SEQ ID NO:75. In a further preferred embodiment said fragment of
said HA ectodomain comprises, or preferably consists of, an amino acid sequence
corresponding to 54a to position 270 of SEQ ID NO:75.
[0060] In a further preferred embodiment the amino acid sequence of said fragment of said
HA ectodomain is an amino acid sequence having at least 90 %, preferably at least 95 %,
more preferably at least 98 %, and most preferably at least 99 % amino acid sequence identity
with an amino acid sequence selected from the group consisting of: (a) position 2 to 277 of
SEQ ID NO:67; (b) position 2 to 273 of SEQ ID NO:68; (¢) position 2 to 230 of SEQ ID
NO:69; (d) position 2 to 230 of SEQ ID NO:70; (e) position 2 to 224 of SEQ ID NO:71; (f)
position 2 to 221 of SEQ ID NO:72; (g) SEQ ID NO:84; (h) SEQ ID NO:85; (i) SEQ ID
NO:86; (j) SEQ ID NO:88; (k) SEQ ID NO:89; and (1) SEQ ID NO:90.

[0061] In a further preferred embodiment the amino acid sequence of said fragment of said



of the said ectodomain of the influenza virus hemagglutinin protein to
enable purification. The said His-tag preferably conprises 3 to 6 histidine
resi dues,wpnrefoenrstky 6 histidine residques fused to the EcraPamoOss9ef said
ect odomai n of the influenza virus hemigglutinin protein containing the

trimerizin equence referably to the Gterm nus of said ectodonain of
the i hERo RS RUS T aRi il FRvR Y S e ot D aippmer N e 87 BHPIDH S et
said amntiowen dijL@HiAm agBNt (19 posiibal 2 Hh 298 Le BRI NOBEI (8] PostidH Biabiyosai d
fragment of said ectodomain is the HAl subunit of said HA ectodomain or
a fragidiQd IBINGHOd (Diposgiopuhia 2¢) o§ SEQ HANCQ: 7B dmiopitiof 02324 of SEQUD her
pref er neq. ' t..Sai f jd N [ QE.

br of or J577 T CAR LERL b 32 P B O e S R DR B30 o 14
to posi(h)isB A2BIMR6;IPGHEINMOSS; (ki SEQ D NOet9; prd{lpSEQADENDOI). nent  sai d
fragnent of said HA ectodomain consists of an am no aci d. sequence )

cor r es ORI Ay 2 durths drefierpd embpdinged ith yrimrgidseqgeesq ¢f $a0 fragmewt of spigh t her
pref ern i t,.sald.f.r f i ongl i r

D of or bt a0 AR arph o LE AR ol Bl e R PR BRI AT o o
115 t o npwsiptdfanbRGi labt BEQR, il NOxt ficfetablyaatfleast 2o pneberidsdqemooddament sai d

fragnent. o id HA ect od in conprises, or preferably consists aof,. an
ani no a@f%ggﬁ%h@@ﬁomgﬁwﬁ “_SdﬁHéﬁofi}fB tsf@@@&ﬂ%@?ltdi%ﬂ}%f Qdrsaidq |
NO 75. da8nRnf 8 GREHARCRIEHa RN §FPE) Reng7 sai d fragment of said HA

ect odomain conprises the amno acid residues tyrosine corresponding to the

posi t i d0@6398n ararti@rofrrsE@MbDINGNT Saidt atJersophaantegenresip ohidrstpnesetdral
positio 53 of . SEQ I D NO 75, and histidine.corresponding to th sifion
55 of it e rather sogafises el SharF i B ERREB st ficid
fragmentcddl asatihndid seeindrEtched OMPodisRet Qfid ligR&tis 836cidicdud PhIH dﬁti%&hr@
preferably at |east 2 disul phide bonds, nore preferably at |east 3, and

still roweofpneeptadsl Bongds whesgi prafegabdy baith Liskseryp aelscted frasy thy graupfognsibiére

Cyst of 0 (HELTUGTERNAIE, th GBI (ROqT ful gy RENIMIBNRG B Ry oy

pr ef er abtonhds@titat hinfedg RRBIM S fusthied i rpotads o fHkNag anplid Ee®riinQy ifeahagaidesi due
correspondi ng. t o, positions 64, 76, 97, 139 of SEQID NO 75, nore
pr ef er ablogomainptthepmiiusnzayirus hemagglulyiin GERSEEI n conpri ses a cystei ne resi due

o SRR SR RSS2 B hen Ly 1 Al 8000150 D,
ect odome¢amdiastachrheragite ndmprises or preferably consists of any one of SEQ ID NOs 67 to 72.
It is hereby understood by the artisan, that the N-terminal methionine residue of the
recombinantly produced polypeptide may be cleaved of. Thus, in a further preferred
embodiment said at least one antigen comprises any one of SEQ ID NOs 84 to 90.
[0065] In a preferred embodiment the composition of the invention is capable of inducing
hemagglutination of red blood cells at a concentration of less than 0.50 pg of said
composition in 1 ul of 1 % red blood cells. The hemagglutination assay is hereby preferably
performed under conditions as described in Example 35.
[0066] The present invention preferably relates to virus-like particles of viruses which are
disclosed on p. 46-52 of W0O2007/068747A1, which is incorporated herewith by way of
reference. In a preferred embodiment, the VLP is a recombinant VLP. A recombinant VLP is
obtained by expressing the coat protein in a host cell, preferably in a bacterial cell, most
preferably in E. coli.
[0067] In a further preferred embodiment the VLP is a VLP of an RNA bacteriophage. The
present invention preferably relates to virus-like particles of RNA bacteriophages disclosed

on pages 49-50 of W0O2007/068747A1, which is incorporated herewith by way of reference.



of the HAI subunit of said HA ectodomain. In a further preferred enbodi nent
said fragnentof said HA ectodomain conprises, or preferably consists of, an
am no aciwoeguesde correspondi ng tonzgm tion 57 to posipCraP2@p0539f4 SEQ | D
NO 75. In a further preferred enbodi t said fragment of said HA

ect odo nprise |y consi an_.amni i d se

or ook SOREER pables of 60T alo BB B BB B b HGRaR
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NO: 75, therneromm@abte\rlephacg@@@rﬁd ﬂheraaSt BBty dioclagddchsSSEQEDCeOk detatd Y yf of at
| east 70 9 7greferabl of at least 80 % nore preferably of at |east 80 %

still r%?é W RGSIAZ /I rpéﬁferrecéembselm/sntstﬁlp Virusgike psrterleﬁ%plgrse@f coipisteast
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of at Ireashbi@8nt¥%oanpcbtoms tarqareebmbatﬂny coft @btdieast aldBNA hractthrlbpleagdA In a

ect odo n of jnflue A virus str C%I i fornial/ 07/.2009
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ACCGSS'aﬁ@m%ﬁvelﬁ@%ﬁéi%%fl)reco%ﬂﬁ'nmeéoﬁi I‘CRélﬁ§ raPNK Eédtéh ?“C CHFBRNN S a
naturally occurring HA ectodomain. [0056] In a further preferréd embodi nent

sai d f hageeophagt APADH, didf RN A bacraiiophagenpCbseb), a turthpr piefaradd] eynbodimséns tlse of |

an am no acid se jence corres ondi ng .t sition 46 to posit 310 of SEQ
D N PHUSYHEPETHSEATEPT IR SOP oS recRt MOl AT AT vabY %Pnéeaipéjnr,eéornéeﬁfl fty of
at |ea%5at7ﬂ}otéinsQ6 ek A oYpféffer@lgl | 8RSk fo M ARRE 2Bl SERLAB] 1Rt Bhorh 8RSt 80

I
% still nore preferab? east 85 % still nore preferably of at
| east @Pown cagwisting nbi(e) %E@ﬂ@rlﬁﬁt (Qff cat pr@aiw); (Bba Mixtwtrd O SHQAD WOef ardabl y

or ot or S Bt (RBabt Pliof (il IR o ePany SOBpratfinf UaEbEQYIRGRA, ¢ e

HA ect f al
hecess o n e QSRR IBTP VYL ara%)ﬁbf}?gbﬁE%@Wg%ﬁﬁggﬁﬁE@% No

ABX71_682y.s)L) or B/ Brisbane/ 60/2008 (Genbank Accession No: ACN29383.1), and
T R RE BRI b5 PSR AL SR B B 1 o
HA ect qoARE pie OR8N dnSifsdimeht e eﬁ@@a&bxpa@@ae ic8inrigés, consigiR®mallg oFesuence
cort es%(l)tgrcrillatr:gel;[l %orrl)s?sstls tolf Orgcodfnzlblilgntpc%i‘lc i);ro?erlnsg 0? RNA bacteriophage Q. In a further
preferred embodiment the virus-like particle comprises, consists essentially of, or
alternatively consists of, recombinant coat proteins comprising or preferably consisting of
SEQ ID NO:1. Further preferred virus-like particles of RNA bacteriophages, in particular of
bacteriophage QP and bacteriophage fr, are disclosed in WO 02/056905, the disclosure of
which is herewith incorporated by reference in its entirety. In particular Example 18 of WO
02/056905 contains a detailed description of the preparation of VLP particles of
bacteriophage QP.
[0070] In a further preferred embodiment, the VLP is a VLP of bacteriophage AP205. Thus,
in a further preferred embodiment the virus-like particle comprises, consists essentially of, or
alternatively consists of, recombinant coat proteins of RNA bacteriophage AP205. In a further
preferred embodiment the virus-like particle comprises, consists essentially of, or
alternatively consists of, recombinant coat proteins comprising or preferably consisting of

SEQ ID NO:19. Further preferred VLPs of bacteriophage AP205 are those described in
W02004/007538, in particular in Example 1 and Example 2 therein.



SEQ ID NO 75. In a further preferred enbodi nent said fragment of said HA
ect odomai n conprises, or preferably consists of, an am no acid sequence
corr esporwiongloias®esi ti on 42 to posi thgn 310 of SEQ | D ROT/ER20MM083984 N sai d
HA ectodonmai n has an ami no acid sequefice identity of at |least 70 %
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HA ect adamaiavi¢oopsiigdestodsmpined La@binfluemasisiss hofaggatidm moteci <hd eéguence
corresponding tqQ,position 54 to posjtion 276 of SEQ ID NGO 75. In a further
pr ef er C8H bt At LsF darticlehdniai bt It @npANEgINA died U C SEidsoMesitiop,
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to position 270 o n a further preferred enbodi nent said
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conpri m,o%&p@sﬁé@fn@&a&t&ﬁngsm ’{)I%éfera@@ iAM. geli.aci d sequence correspondi ng

to 54a to position 270 of SEQ I D NO 75.
[0073] In one preferred embodiment, the said virus-like particle with at least one first
attachment site and said at least one antigen with said at least one second attachment site are
linked via at least one peptide covalent bond. A gene encoding said antigen is in-frame
ligated, either internally or preferably to the N- or the C-terminus to the gene encoding a coat
protein, wherein the fusion protein preferably retains the ability of forming a virus-like
particle. Further embodiments encompass fusion of the antigen to coat protein sequences as
described in Kozlovska, T. M., et al., Intervirology 39:9-15 (1996), Pushko P. et al., Prot.
Eng. 6:883-891 (1993), WO 92/13081), or in US 5,698,424.
[0074] In a further preferred embodiment said virus-like particle with at least one first
attachment site and said at least one antigen with said at least one second attachment site are
linked via at least one non-peptide covalent bond. In a further preferred embodiment said first
attachment site and said second attachment site are linked via at least one non-peptide
covalent bond.

[0075] Attachment between capsids and antigenic proteins by way of disulfide bonds are

labile, in particular, to sulthydryl-moiety containing molecules, and are, furthermore,



[0060] In a further preferred enbodi nent the am no aci d sequence of said
fragnment of said HA ectodonain is an am no acid sequence having at |east 90
% pref eraiblzyleansioeast 95 % nore pr_eéxér_ably at | east O9BCWEPaNG/ONIEL
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sequeneeind gmmdprferf@cgbﬂmthe afimegrduplaf eéymﬁamxdne,l wh@EQ frefeNOIBFaid [3OE3] | n

a further. preferred enbodi nent said a ast one anti a east one
2 econd EUPBCR SIS B0 G TRErec e L TR of AT EE Brflelhpd mhREH

conpri Fegh&r r@fk@@dl?tsﬁldQBrsﬁ@lr@kl&@@thdly@hb&6&16@@&orﬁpﬁl%d tya @edbhﬁﬁﬁziﬂt%@at
enbodi nent said |inker is associated to said antigen by way of onoﬁgleptl de

bond, whetea af 9neRJEAab¢oyermh@lgq,|rnWérprp%r8§>éy @t RIYAf b@ﬂwruqvéa@ & doRBiAst i ng
of (a) st.ei n aj d.at st,.one antigen
o thon e R ALEY TR R n R S0l BhveRtbratio SRR ERR ! Pog
at the lﬁlﬁ@ﬂeﬁi'dﬁélﬁs @I&mh@?esﬁﬁie%f@@@ﬂpm n of 01'5 Sanytnk WESE® N NUS 92 to 93.

hemaggl utinin protein. [0064] Thus, in a furt her preferred enbodi ment said

at | eadn a@w@eameifejé@d inbaimeny, shestccond akechomat aite sompers, ef prsfaablyris.ges or
et S0 3Vl GO, Oy LB DR, L0,/ 2, 1L 1M
r econbi[0@rT] Iy afuatuced faeddy papboditdenigyidng 1cdseave diraf attathn®nt cdmprifasrdoher
prefer ra?rgno group and said second attachment comprises a sulthydryl group. In a further preferred
embodiment, said first attachment is an amino group and said second attachment site is a
sulthydryl group. In a still further preferred embodiment, said first attachment is an amino
group of a lysine residue, wherein preferably said lysine residue is a lysine residue comprised
by a coat protein of said virus-like particle, and said second attachment site is a sulfhydryl
group of a cysteine residue.
[0078] In a further preferred embodiment said virus-like particle with at least one first
attachment site comprises, consists essentially of, or alternatively consists of a recombinant
coat protein of an RNA bacteriophage, wherein said recombinant coat proteins comprise or
preferably consist of the amino acid sequence of SEQ ID NO:1, 19, or any one of SEQ ID
NOs 92 to 94, and wherein said first attachment site comprises, or preferably is, an amino
group of a lysine residue of said amino acid sequence. In a further preferred embodiment said
recombinant coat proteins comprise or preferably consist of the amino acid sequence of SEQ

ID NO:1 and said first attachment site comprises, or preferably is, an amino group of a lysine

residue of SEQ ID NO:1.



enbodi nent said at | east one antigen conprises any one of SEQID NGs 84 to
90. [0065] In a preferred enbodi nent the conposition of the invention is
capabl e ovOi2otvies29g hermaggl uti nati on ?% red bl ood cel | sprat/ER2@i0n068®aLr ati on
of less than 0.50 ng of said compositifon in 1 m of 1%red blood cells. The

hema tiQn_ assa s, here ef.er abl rfor nde ond t ons as
oacr 7T kT 37etSg OB heRL ST oBERY SRR S Gt PERL SEBTGAIAAES o™
Vi rus- lehﬁsaﬁamtceltﬁahﬁfentvglfeumgmt@éhsabﬁre dbs ?E}Q@&dcdiﬁleﬁﬁt bofi®1Rif to a
WO2007/ 068747A1, which is incorporated herew way of reference. In a
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bacterla urt er pre

enbodi n@sp, Tah@\x)ﬁlei%m Said aﬂhgénoéndasald?muéamed edrticleha@eact thiacugdhr @skadsodiamv@nt i on
preferably relates to virus-like particles of RNA bacteriophages disclosed
on pagde foro ayporderehepderpeioerantigsn iy -ch i s |ncorporated herewi th by way of

refer eﬁgi‘;ﬁ%ﬁ?@%&ﬁhﬁ b ti]eS arfti g2 H €& hld ‘QL? E@e? h&fercﬁg ﬁﬁledr&% lﬁke%ws

bact er ges that they Tcan readi ressed acterla expressi on
syst enEpulblmgmfrthe entigan to theE\/LEcui an offdsmed, falslmonriﬁum eﬁcmemeefeﬁrad)embmﬁntenbf t he

|nvent|o VI rus |Ik rtic r|ses S essent|all

al t er née@w E(GrPéft?tlesWHF al @éﬁ&ﬁﬁ. lﬁ%{ﬁf @B%?nt ﬁ%e %5 gffleagho tigeh w1 Wit

bact er 'sgﬂah@ga%st d?feesésaﬂdea@taagﬁ&ntmteta@ lﬁﬁce@fby% L RIdPRRAIRSKIRS GypibALC0at
proteins disclosed as SEQ | 007/ 068747A1. Ih a preferred

enbodi redprefchably byusing kéemcp-fmfohetlmhpnoss-bskerchnpre§¢rsecie@mbm1n@lntsy thef , or

b N R R T SRR E RN T

bact er ipp@age firkthattchmehhate, Pf&%@b[}ﬁdltﬁn@pdinmiﬁﬂgroh Embkd ph%féﬂakgr pahticl e
corrpr| Ses, consi sts essenti a q:ﬁymh@ or alternative y consi sts of ,

r ecombiamire Zewatofpr bysier mesidie, Na®: end @méﬁth@o fungtiomlgreimcwbich spisaye

AP205, f 5 fupt d t he
o rus: 11eeRs aPerE LS BRABARN S pref iy Wil i) B P BRRRELEREL |
consi stvitlod sulfledoiraandf Loatein etidicsvidoirinkdrag off orpiréfiekpbydaianshest i ng
of an am no acid sequence se] ected fromthe rou conS|st|ng of: (a) SEQID

NO: 1 (@tlé%ﬁnbelbtﬂ%]iaHya sewyads afpiihle @rdﬁa@rz 191 o hlpssprofgrrsdNiet o Qb Al
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Cys) . one functional group reactive towards sulfhydryl groups. Very preferred hetero-bifunctional
cross-linkers are selected from the group consisting of SMPH (Pierce), Sulfo-MBS, Sulfo-
EMCS, Sulfo-GMBS, Sulfo-SIAB, Sulfo-SMPB, Sulfo-SMCC, Sulfo-KMUS, SVSB, and
SIA, wherein most preferably said hetero-bifunctional cross-linker is SMPH. The above
mentioned cross-linkers all lead to formation of an amide bond after reaction with the amino
group and a thioether linkage with the sulthydryl groups.
[0081] In a preferred embodiment said at least one antigen with at least one second
attachment site further comprises a linker, wherein preferably said linker comprises or
consists of said second attachment site. In a preferred embodiment, said linker associates said
at least one first and said at least one second attachment site. In a further preferred
embodiment of the present invention, a linker is associated to the antigen by way of at least
one covalent bond, preferably, by at least one, preferably one peptide bond. In a further
preferred embodiment said at least one antigen with said at least one second attachment site
comprises a linker, wherein said linker comprises said second attachment site, and wherein
preferably said linker is associated to said antigen by way of one peptide bond, and wherein

further preferably said linker comprises or alternatively consists of a cysteine residue.



[0069] In one preferred enbodiment, the VLP is a VLP of RNA bacteri ophage
Q. Thus, in a further preferred enbodi nent the virus-like particle
conpri seswoconsi2s1g essentially of, Oé alternatively comeirgire010/055944
reconmbi nant coat proteins of RNA bact ?Fophage Q. In a further preferred

nbodi i rys-1ike .parti ' i st tially of
ot or ndrnyb b HSE conPrifBubl MsFar RER LR O B et R prghHg F. e ©
prefer &@hh{er?ﬁa@ﬁéd bRGo@neREGhd BhilNPcdmphivést DR k68 pYdfébyld &Rteine

particles of RNA bacteriophages, in particul ar of bacteriophage and
bact er ireyitiggdn fanothgy prefiiraed eskeilinaniwtho inlgsaRoBriseher groduhblyup @ estamd ch i s

o of o3 B RSHEAT Ber € EORDRESal RGPt b RE B B PSR or ©

VLP parfi ¢d)eSGot (bPastermidphaieinQolinkcey) ¢ fetadblya GAGGO6E: (py €iGT;r &d (d) C-
enbodi nent, the VLP is a VLP of bacteriophage AP205. Thus, in a further

pr ef er e R Hokerpepigioraldy (GRAGHSH thusther bpkgss useyl frghgjigyegtion are
essenti f I b el i o] i t ins of
ra badrerebro Sl 8 WOLRMOTFOR! B 3pbara GRERTIRE 1120 H o BRAVELYS, 2
parti cleenbodimpmit,.3bs linlcoisadkicd tegdsditdramiduyg obthe antigad.t er nati vel y consi sts of,

nbi t tej f er.abl i sti SEQ | D NGO
1o FulDRRN A dkeR e bR B U RAEEORPROE AR O LIS ERR | n
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In a further preferfed enbodinment, the VLP is a VLP of RNA bacteriophage
f Cb5. TEeogally knavif urthhert apd efealiscdabedibisdinhem WOZ003/124481Ake particle

conpri onsists essentially of, or.alternativel onsi sts of .
Feconbi TEa5p T oFERTet RbedmeputliTa i B s s PR o vl e r e
enbodi Rimk-likbPanticld)Inlal fhehPEpreFdt@ GBTIMERSsai CRAGLASSSFnAHBOR} hitdstancols or
alternatively consists of, reconbi nant coat proteins conprising or

pr ef er abi¥e & oHsh swiiAgyighsdiky anetid¢. SBQ # D fintkerorrelsod, quetedimens| ys28EQ | D
NG 92. 11L191Q1[¥1§ltmluﬂaf% f .urs{lgs%ncgs plt%Ct Seléc?e% L gpant len irgFolu t e?orgs?sti% ”?%ﬁ‘oga)"f
pr oduci ng e conpositrons of the invention conpriFsing (a) providing a
Vi r us- limkeinpairhiledoy wadléic atidt @ageptde:lfdans{c) dipbpelhsaoharidet &) lipoesicionicsai d
virus-like particle is . a virus-1like particle of an RNA bacteriophage; (b)
provi dithy: &) Imediepaynelingeqrermings th flagellisade) WppprefetbAnd iy HrBHICS Pt e,
wher ei n; fal atubEant Oppﬁ t@@i gen is an ectodomain of an influenza virus
hemaggl utinin protein or “a fragment of said ectodomain of an influenza
Vi rus heetEgdgh ut furthrerprrofeired ewtberdemensaiid mmagnestimaiateay dubstance is an
immunostimulatory nucleic acid, wherein preferably said immunostimulatory nucleic acid is
selected from the group consisting of: (a) ribonucleic acids; (b) deoxyribonucleic acids; (c)
chimeric nucleic acids; and (d) any mixture of (a), (b) and/or (¢).
[0085] In a further preferred embodiment said immunostimulatory nucleic is a ribonucleic
acid, and wherein said ribonucleic acid is host cell derived RNA. In a further preferred
embodiment said immunostimulatory nucleic is poly-(I:C) or a derivative thereof.
[0086] In a further preferred embodiment said immunostimulatory nucleic is a
deoxyribonucleic acid, wherein preferably said deoxyribonucleic acid is an unmethylated
CpG-containing oligonucleotide. In a further preferred embodiment said unmethylated CpG-
containing oligonucleotide is an A-type CpG.
[0087] In a further preferred embodiment, said immunostimulatory nucleic acid, and hereby
preferably said deoxyribonucleic acid, and hereby still further preferably said unmethylated
CpG-containing oligonucleotid, is packaged into said virus-like particle.
[0088] In a further preferred embodiment said unmethylated CpG-containing oligonucleotide

comprises a palindromic sequence. In a further preferred embodiment the CpG motif of said



ect odomai n of an influenza virus hemaggl utinin protein conprises at |east
80 contiguous am no acids of said ectodonain of an influenza virus

hemaggl utwoizniopreioei n; and (c) conbi nié@g sai d virus-|ikecpareelolossdand sai d
at | east one antigen to produce said conposition, wherein said at |east one

antigen an idvirus-like particle are |jnked through the first d the
cecond HPELSTIRAEPGT Bk ofEiicRofsgh Tk Ot R RoBBer g BR he a
| east Qn&edéd bBsUiMlchikaldiulidtirdngia $équeR& 8 eNdATHGIh ErY IBIN@:96 by way of
expression, preferably by way of expression in a bacterial system

pr ef er 400891 ilm apfurder iprefeoal smbedimsne spid diadindeanie rodetingen fla glaitel 5’
vVirus-Lj ticle w .at_ | east Ik stya t-. Si id.at
| east 6%@%‘%%“8&% lt\(;gvi 3t ﬁ&%gﬁl(lf ]%?f lllaélggl? gg ntétleé'e%:no}hhﬁg{é@g%%@éré gnsll elm%?tesqfa?nked
via at paBedbminecquenid deflamvdlaeits Doachindy BEAE I@KCD AN it adstl 18ntuaféedind S
in-frane ligated, either internally or preferably to the N- or the

C-t er nicAtides and hecigEmwiEAYBMaTgicacaeaee pr Bkra at iihdrsFRinuRgY Rl isdn #icbt ei n
pref er ably, %a%ﬂﬁosti&e?ﬁﬁiek.' Y %ﬁﬂé};ﬁ%ﬁ&eé hdodfndd KGidP A thdthl Geed FES G NET
enbodi nent's enconpass fusion of the antigen to coat protein sequences as
descr i kedtainngkoligcmuskatideTcorpriseebr alternativelye consistd ofythe 38qBnES s€1dQ86 fronPushko

[ 0074] U GPPHER oS T bt AR ACH ee G (SE D SO b ot
[ east qpe 4G7.9t dQGBIRIEASTLAT@OECERGLAL] SRTQ ONs ABHEEN (i tssai d at

| east one second attachnent site are linked via at | east one non-peptide
coval efiGEOANLGGOALCGATCRIIC(PreCeiGe@d endi? mnenD sailNOPPr st @t ackidedit site

coval et OBBRR R A O R PR R et ten TR B I o PSP RS by
vy of (6EIGGEGOTRISGAITE G ROGLGGEOGRIEG (SBHAD, NO 03ylih Bysithd prattelay

contai ning nol ecules, and are, furthernore,|less stable in serumthan, for
exanpl emboRingt veid wametbhiatedt SpPEvRRAtIMnG dligemi lopHpa fampBpsuUP o sltdat(ved82) |

I rreversj i fl ?#6’('3 F Eﬁﬁ r I s. J
. Biol .Cgléﬁéetrgn chg%l %3%81%8?_5 4I %%rbe org,&Alénégﬁturt %@G@gﬁ/@%ﬁﬁ?e(gﬁgjdclbe
enbodi mMED 01}, hén asisofuttdéd Opre@iredi Ndealglihetitweanl sairtetitylated- | Ce-cpatatningd e
with at | east one first attachnment site and said at | east one antigen with

sai d_atoligeRc{cofie CORESh KA th rePROSER g Y URD PuEleRtsics shageiy preferably
sul phurséi%llﬂn%'tﬁél QQJ‘@pGL&nf’aiﬁiH%%??&nu\f%Bﬁdé)fsgazaa%{%@&i iftgoadnt, said at |east

one first atta rlment site1s or does n nprise a sulfhydryl group.

I n agai[60W] flueptfhehervereferpdeherodéd cetrdactlinmanbostsaildtoay nhdeaistacah) erdferabty

attac hrggi tun%ilettheylailtgd E"O&-c%rntacljgirelg oﬂggnucc co iEiie,Sise ngt accessible to DNAse hydrolysis. In
a further preferred embodiment said immunostimulatory nucleic acid is an unmethylated
CpG-containing oligonucleotide, wherein said unmethylated CpG-containing oligonucleotide
is not accessibly to Benzonase hydrolysis. In a further preferred embodiment said
immunostimulatory nucleic acid is an unmethylated CpG containing oligonucleotide
consisting of the sequence GGGGGGGGGGGACGATCGTCGGGGGGGGGG (SEQ ID
NO:101), wherein said unmethylated CpG-containing oligonucleotide consists exclusively of
phosphodiester bound nucleotides, and wherein preferably said unmethylated CpG containing
oligonucleotide is packaged into said VLP.
[0091] A further aspect of the invention is a vaccine composition comprising or preferably
consisting of a composition of the invention, wherein preferably said vaccine composition
comprises an effective amount of the composition of the invention, and wherein further
preferably said vaccine composition comprises a therapeutically effective amount of the

composition of the invention. An “effective amount” hereby refers to an amount that produces

the desired physiological, preferably immunological effect. A “therapeutically effective



sul f hydryl group of a cysteine. [0076] In a preferred enbodi nent, the first
attachnment site conprises, or preferably is, an am no group, preferably the
am no gr owp 20fo/12530¢si ne resi due, wher in pref erabl y sai @CiryEpRe1e/06384 due i s

a lysine residue conprised by a coat protein of said virus-1like particle,

and wherein further preferably said |ysine residue.is a |ysing residue
compr | SBRU; BT BEarHERnan s BTG dITRBE 3 R HaleBprdBhaget Thdte

pr ef er abhx0df thbhvRAGS L1 QRBidGEth&Rpeic SRt Rakd BrveRRAAT tHPZRSliordfiobf RNA
bact eri ophage fCb5. In a very preferred enbodi nent said |ysine residue is a
| ysi ne apdefiludnea virusgEQCtion NQmanimal, pepferablyamg homenof SEQ ID NOs 92 to 93. In
anot her, fer odi en . ac . . co i ses r

oot e R LR GIRAL e o5 PSPy AU GO TRE i Ry RRRAI RS 3y o

cyst ei rREmpoPRIOA] c¥dh ia thtibbdvace pr efjerigd. EidiofbraEnta Fafcdredicnh Rabincofehd | r st
attachnment, conprises an am no %roup and said second attachnent conprises a
sul f hydR§eingCoapositiehiy deoné of gaapant cbhe AbvaichonEn akinenti futhgmodehment
IS an %Wpﬂﬁizﬁsr &%%c@*ﬁqe&%' q‘uﬁ%gf%q dd @}?&@@ r:itfllu§,' he ahﬁﬁrﬂﬁc?é{iofnwrlé( Lfacg:lilﬁ)eb'p' In
a still turther pre erred enpo Iment, said first attachment 1s an am no
group abmpositien ne ampesecueill pieéirebly queef withbltyadnaindtérys) ajuvasitatie sama

| ysine residue conprised by a coat protein of idvirus-like.particle, and
sai d s@EBIH PROE o prREneq ety qrsa%ﬁréﬂa!aﬁwyaﬁtw{oa@ﬂﬁ BFCIRC EPRPRIHRD- 1 e due.
[0078] [b#v3g 1h Wb p%f@lfr@d Eﬁgoﬁmﬁg'tﬁ@%ccﬁﬁ'c@m‘ﬂoﬁﬂt{%ﬁ |fﬁﬂfl?er%€ﬁ1ﬁ3}ri§ésg?t‘{\éa‘g? at

| east one 3?[ rst attachment site conprises, consists essentia ,
al t er naniadjyvanon@hst sneidjwang coatrnmasterabdhe pdwimisiraén ah RN 1cast one

bact eri gph ' i d_recombinant ' ise.
et or SAREE el ORGSR el RE L RO B S BR EAMRIARRG ofheany
one of iNERKiVEcHBosAont & oF4he @REinvBEMPbdIIGRI d first attachment site

conprises, or preferably is, an amno group of a lysine residue of said
am no 480 Lefuthse aspechohthpuntdngionps e papmessceiend ¢pmpasitionicampaisiogb( hant

coat pr i [ 0 r ef . i st o h 1 { ce of
S 1 DR RABER i heriopeFloghh HENHoR o) dBnAMMELRELT SERUBRE® 2
am no gafigr @fexadipistel MhRe rcefipdsieiodfanSQ thdvNOinel compositigr00T He nvertidbniid her
preferred enbodj nent onlly one of said second attachnent sites assocjates
with sadiinisiesed tor 3mimdidfyal sinieephapmaeginicatly peesptatds dommy il isaptergacudisal ent

bond | j . i . i £ bi ndi f. i i -
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can be tolerated by a recipient individual, preferably by a human. A pharmaceutically

acceptable carrier or excipient may contains salts, buffers, adjuvants, or other substances
which are desirable for improving the efficacy of the conjugate. Examples of materials
suitable for use in preparation of vaccine compositions or pharmaceutical compositions are
provided, for example, in Remington’s Pharmaceutical Sciences (Osol, A, ed., Mack
Publishing Co., (1990)). This includes sterile aqueous (e.g., physiological saline) or non-
aqueous solutions and suspensions. Examples of non-aqueous solvents are propylene glycol,
polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such as
cthyl oleate. Carriers or occlusive dressings can be used to increase skin permeability and
enhance antigen absorption.

[0095] In a further aspect the invention relates to a method of immunization, preferably to a
method of immunization against influenza, most preferably against flu, said method
comprising administering the composition, the vaccine composition, or the pharmaceutical
composition of the invention to an animal, preferably to a human.

[0096] In a further aspect the invention relates to a method of treating, ameliorating and/or

preventing influenza virus infection, preferably influenza A virus infection, in an animal,



only one second attachnent site that associates with said first attachnent
site is a sulfhydryl group, and wherein said antigen and said virus-1like
parti cl e wotereaes2oehr ough sai d associ S\%I on to form an oPdEmPd01aN065944
repetitive antigen array. [0080] Linkifg of the antigen to the VLP by using
a hetero- iHmcti nal cro s-ek‘ki’?aker al | ows c.ougl i nglhof t he . ntitgen to the
VLP i n PEHCIGPIetlt £ 3UPELHash MeedsCOmmisBige i PR pET e d e SO TEPHERR Bg;vaccine
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| east one antigen with said at | east one second attachnent site are |inked
by way saifl @i cal cross-1inking, typically and preferably by using a
het er o-p4 i-onal - | i referr ogli . the ..

net or o BOARER FERRY «BHEETe AR e o AEEGEO B ETBE s M Guisiamnen
react s thé purfbeupicdfcermpesitibn bbtheadteatibmesituss b £mepicaientabl y with an am no
group, nore preferably with an am no group of a_|ysine residue, of the VLP,
and ( b)0898 I & fwther asieet B Avegtiguislaips torhg eoxerasitigng hepvRecing emapqsEiPns e ond
attach j : N W : |- qQr re ith a
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artifi andbol preacideg infludnze vans ingetion girdfeoqilly ofiafluynzal /s oirmeidéecaval | abl e f or
reacti reduction. Thus, preferred heterohifunctional cross-1inkers
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het ero-bi functional cross-linKers are selected fromthe group consisting of
SMPH ( Roewposijipn.Suy fcoBEmBuitibo-or B8 mBielufioal GuBHos Biwinfad 18t mBentBul focrnSVPB,
Sul f o- SMCC,. Sul.f g9- Kl SVSB,, and SLA,, wWherein most preferably said.

et e o FBIPUHIEIGITL ot BB heBRS pEraRp S RoMalyhn R FERBE P ARLN nker s
al | 1 eaddfo® sdi@piBinRBual 36mpediGen BRNAINGhistred RAGId MMM, toleNeRALIP QN OUP
and a thioether Iinkage with the sulfhydryl groups. [0081] In a preferred
enmbodi reidthusedng ipen pidegitvegrmouahtbireferably tnrnammenpdegiorly eféecsivg agorat Hyrent
site f r.c [l . ' h, rein. pref |y .satd | inker conprises
or congliglg{]ugl%ofg?s a?f?%g%%n%gﬁqggheﬁﬁ? ggslnttoea.n alrﬁ&g{%p‘)’)rﬁl e e?srceag a@%bogéi&?r@%t% said
|'i nker dassabdiaindausaidpaise] pasdrabifantibodt radpenssdh daidtindiefial, paeferdO fid
attachment site. In a further preferred enbodi nent of the present

i nvent S84, hugani nker is associated to the anti gen by way of at |east one
coval e P, j d. In
2 Far ¢ Ny RRRE oft SRBAM: 1RV edthod T, PRENCPLELRLARHY A8 PRRILEGURANT 1ot
one secomgositivaciroedimigsttred cosqid hsieml,referabbrto satidrnean tgaingtctiomkefusion,
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ation, oral administration, or other sulta%le p%@gic\e{\(nnelétﬁiocliq& In a preferred embodiment,
the compositions, vaccine compositions and/or pharmaceutical compositions are administered
to said animal, preferably to said human, intramuscularly, intravenously, transmucosally,
transdermally, intranasally, intraperitoneally, subcutaneously, or directly into the lymph node.
[00101] In a further aspect the invention relates to the use of the compositions, of the vaccine
compositions and/or of the pharmaceutical compositions of the invention for the treatment,
amelioration and/or prevention of influenza, preferably of influenza A.
[00102] A further aspect of the invention is the use of the compositions, of the vaccine
compositions and/or of the pharmaceutical compositions of the invention for the manufacture
of a medicament for the treatment, amelioration and/or prevention of influenza, preferably of
influenza A.
[00103] In a further aspect the invention relates to an antigen, wherein said antigen is a HA
ectodomain or a fragment of a HA ectodomain as defined herein. In a preferred embodiment
said antigen is a fragment of a HA ectodomain as defined herein. In a further preferred

embodiment said antigen is a fragment of a HA ectodomain comprising, or preferably



preferably said |linker is associated to said antigen by way of one peptide
bond, and wherein further preferably said |inker conprises or alternatively
consi st s W 2a10¢p28202i ne resi due. Pref erggl y, the linker cecpmPE9/053914
alternatively consists of, the second attachnment site. In a further

f d .enbodi t, the link i L f hydryl g bl
Cyot of ES IR eth e A0 E RGP BN G SUPRin 1 Rpor PR a0 eBSERTEES o
preferathysi ; 8 GXEreirBRe8 ThihdBimd? sdidf dhibelis RPrivkaichedfr e MipRdichRBh®isail d
linker is selected fromthe group consisting of: (a) CGG (b) N-termi nal

gl yci n€omprkiagsor [eistrablaenpisGnseitaEn aneno aad:seayrcd 6)rraperding i pepitiadi 4e
l'i nk : | Aurther L. | for the | '
e S gBSALFS P B BUORs WLBAEE S HaSheh 100 LD NGRS,

I n a priégdneity eflatelet diomenprefdrhisly ldfrak érast 80 &) daste tppefehadlyCofl &risasn8e %f stilhe
antigen. [0082] In urther preferred enbodi nent said conposition further

af (
conpri dec afefwléhlgto fghieast P rhostl mencrfeipbbifst dssted0 Yonttilhwet nrafeeabhy 9f
subst a af ul,: [ ' 0 r ' o are
i sol oag s Bt Rbrd e EEREY B AAT BT Bl rof AR A |8 Bk A0
enbodi ment mafechblynufino skasnf&atar ynd ulst pocferably bbHundedso 99av«d wathr tie- HiAke
particle, In a further preferred. e i_nment 1 d i nostimul atory .
subst afE@IPRAR 9@&%}4& {%a‘il%rs @f@@ﬁ@ﬂ@%@@o@. IR0 RgpiliveR Aickrian eq
enbodi RENIAGEIA 80 TBP A B QOY(IHBIRS (@RS hE R8EQTIENo f ACRY [41e G AP
consisting of: (a) imunostinmulatory nucleic acid; (b) peptidoglycan; (c)

| i popowhsswe heaférdely sgid)HA icpotenainagn i eataicilly;octeying i Alagtodernmol i ne conpound;
f)y fl i ne; | i rotei.n;.. an ny m xtures of .at . | east. one
Subst anEto) Tyt hor RPRRER PO shidlarhi@im B £tbeFBal bh A b remeoBdy
| Munosbpukiak Ar)prefeRBlRasRIstifig 8 a&lmﬁ_@%m@_@%@l@é &’orﬂé&@bﬁhﬁ% arpdhitiodher ei n
preferably sard i munostinul atory nucleic acid is selected fromthe group
consi stt¢ pgsieen 3{&pf BEQIRNOe] T vdisras said BIA detosginiibdas eh eminaedid sequeage
chimeri.e_nucl gj i-ds; ' s f LOr ohG) - 085
ot g OB R T oMt P W e e PR sbBY o AL s oot

ri bonueh@t prefieiablly ciadlcwh e85 ek NstislanékerpirdfonuBl & at laaci W Ysstbsbreogticrabdy bived
RNA. In a further preferred enbodinment said i ipulatory nucleic is

. d ti nul (
pol y- ( 1BE)ead9Saogeil| wpats Risferahdy abit [e3shd %ﬁ,ISPH 'nggﬁg Bl?etsf@r'éblymf@f Basted “entsBli nent

sai d i gL AL OF Yt (WG 685G 1 48 h S QXMALPADUR £11€ %S, WRES BN
prefera y%;falféjgd oxyrtl onuc?ef”ca ac?hc? i ? an unget hyl a%ed% CpOG cont ai niAng
ol i gonuclodotade of | mflactfzar Bhetrupr efagr riRdresthodB A0S $@ &b anknist dtpsk @nedo:
CpGecont %19&&3% .
A 7.1), B/Guangzhou/01/2007 (Genbank Accession No: ABX71684.1), or
B/Brisbane/60/2008 (Genbank Accession No: ACN29383.1), and wherein preferably said HA
ectodomain is a naturally occurring HA ectodomain.
[00105] It is to be understood that all technical features and embodiments described herein, in
particular those described for the compositions of the invention and its components, may be
applied to all aspects of the invention, especially to the vaccine compositions, to the

pharmaceutical compositions, to the methods and uses, alone or in any possible combination.



ol igonucl eotide is an A-type CpG [0087] In a further preferred enbodi nent,
sai d i munostinul atory nucleic acid, and hereby preferably said

deoxyri bowmochwviesmei d, and her eby stré further preferalbCy/EPa010/055944
unmet hyl at ed CpG cont ai ni ng ol i gonucl otid, is packaged into said

Vi rus C [0088] In a further preferred enbodi nent said
unnethQ#gggﬁﬂd%E-contarnrng ol i gonucl eoti de conprises a palindromc
sequen@aniple : tuﬁﬁgf rexpr&dieh afd priRdtioR B el APR/S4 i(H1RY)

sai dunnet hyl at ed contai ni ng oligonucleotide is part of a palindromc
sequendV.Generation pt pEastBaek &H6dd enbodi nent sai d palrndronlc sequence i s

GACGAT:[E?;II%C %Egvegtow%liga@ %‘c%lgqug Srft(g ];d”ﬁ{j fsefaeaér vat Vrgo(?fgéﬁ%ﬂ%acslai d

pal i ndro sequence 1's nus an erm nus

by guanbsiitiezeantintwigsh tlhms@nailtpetplmee oﬁ(ﬁf@rws@uﬁmmadedrenfroﬁmfdthpahmmgr@m c
sequence is flanked at its 5 -termnus by at |east 3 and at nost
guanos icHinghtiterfopsecreiion ofperteing givgcionmiap apustruetcd by igateg ths afm%'f‘rlﬁé’eléﬁl%t its

or of or P o R CERL IS N OT e TR SO S Ot MG Runep Rl "

conpr i afgooPHAFT SEQIDWDY22g and PHiS8 (FEQHD SO(filgnaé tisedmmetled phir @fivtipes gr oup

cons! 543,00 ) 0L ERGECARGATCRTORED (SEQ 1D NS0 il &7~ 7

%@TWW@IIB Ne: %) t’ogét‘ﬂ)er S t(ﬁe )Bané{IéECORI digested
m&mm3@&@m7 Nﬁle ﬂ.@ﬂ!)tlngl Masmiduiras idam I3k, dfcoRd e d

a1t or ndehShgh SallE Rerehfbei o S S dAiiiie drbisiaPooias (seo

ID NO 101). In a further preferred enbodi nent said unnethyl ated
CpG cont ai ni ng ol i gonucl eoti de consists exclusively of phosphodi ester bound

nucl eotﬁ)ﬁgnlw@equwmeow obmpussadapied atihwn@eﬂéﬁii/ﬁér(ﬂulh@)
ol i go_n n ial cbﬁﬂf?%?lf-fﬁﬁgif Q?Eér% Eﬁ?gd%tr\ﬁ'tf wai ?%%%Led %%avgf’l{e tg%i dr%t%negfr ed

enbodr I mmunosti cleic ac pre

unmret hylRa &d(- m&acwdtfmm rthbgsu@bﬂngtanueﬂ @duena, A PR8ofectad 0EBDEKdeHs uoinPNAs e
hydrolysis. 1n a rt egﬂgreferred enbodi ment said j mrunostinul atory

nucl ej @r%rrdirné%(ﬁE&M%t 1280 del loyes! Byt ning (9P ingbmie IR thlde, (SHerit n
sai d U'N@tzg%/’%ﬁ) ?fé/r ﬁ@%ﬁ)‘?{”gs@f(ghﬂ%@hgge H‘Ha‘ﬁ%&ﬂeﬁ‘ée n n&fﬁ‘é%gﬁ%d 2o PRX

Benzonase ysi s rther erred enbodi ne sai

i munoss SEQIIXNOBMuc] ei ¢ acid is an unnethyl ated CpG contai ni ng

ol i gonucl eot i de
C) Generation of pFastBacl_GP67_HA_PRS
[00108] A DNA encoding amino acids 11-329 (HA1) followed by amino acid 1-176 (HA2)
[HA amino acid positions are based on H3 numbering] from mouse adapted PR (see under
B) followed by a trimerizing sequence (foldon) from the bacteriophage T4 fibritin, a 6xHis-
tag and a cysteine containing linker was optimized for expression in mammalian cells and
produced by gene synthesis (Geneart, Regensburg, Germany). The optimized nucleotide
sequence was amplified with oligonucleotides PH163 (SEQ ID NO:31) and PH164 (SEQ ID
NO:32). The resulting DNA fragment was digested with BamHI and Xhol and cloned into the
BamHI-Xhol digested expression vector pFastBacl GP67 resulting in plasmid
pFastBacl GP67 HA PR8 (SEQ ID NO:34). This plasmid encodes for a fusion protein
consisting of an N-terminus containing HAO from mouse adapted PR8 (composed of aa 11-
329 from HAI1 fused to the N-terminus of aa 1-176 from HA2, aa postions of HA1 and HA2
are based on H3 numbering) (SEQ ID NO:39) fused to the N-terminus of SEQ ID NO:44. The



consi sting of the sequence GGGCGCEEEEEGACGATCGTICEEEEEEEEEG (SEQ D NO 101),
wherein said unnet hyl ated CpG contai ning ol i gonucl eoti de consi sts

excl usi vew9 20fo/pphmwgphodi est er bound ngil eoti des, and wheceirP2@oafnabl y

sai d unmet hyl at ed CpG cont ai ni ng ol i gonucl eotide is packaged into said VLP.

[ 0091] further tof 1 i nyention.isS a vacci )Sition

Conpr 1 IR BiotEn < ToStadi S Schef shi P e ISl WRG O SRER B e
wher ei pcgneprg abl y sai d vacci ne conposition conprises an effective anount
of the composition of the invention, and wherein further preferably said
vacci ne conposition conprises a therapeutically effective anpount of the
conposid.i of .. i tion, An "effective.a eb rs to an
anount @h@?ﬂeﬁ%%%ggrs&%‘%@ "%?enz ibra & OB r?é’ipgﬁ)gﬁﬁéoﬁn?nlﬂgiﬁé?ﬁgé q%oqeﬁnuh%nol ogi cal

ef f ect .[00Y0Y] hefcap@binagebdcyildfifue ek présan® e HA-HRS ehy geddreted usihgathe Bmust t hat
produces the desired therapeutic effect. In the context of the invention

t he dedtacdtpculpyitapExpressien Pasten dnyifesepevidnplagmibpl asHiacdnEPParAei BRSof an
i nflue i [ nfreet | i n i Yol ] An
advant Sobo s ¢ Egh RS (pOGk: SR 2BMRRLY o] Breh ot O 8 T el M 1 of
t he conmpasitinoin baaNevirisrt théV@bsé b aad aficubdijcd\fan?3 h. The sigfearaggnt icontaining
preferred enb

di nent, the, vaccine_co sition is oi d of. adjuvant. The
a_bsencéh%’FeC%l%%P SHRTESSFY m_@lﬁf‘aﬁéﬂﬁg Y %?St@ﬂgﬁécmﬂ }%?Félenﬁp-l-ﬂ-n%t ed
si de efsf&Ghant WM ScontBRrRAAM M tisdel 3L AT Qind RGY A6 AN TP TRASA PP 50CcA
patient wll preferably occur wthout adm nistering adjuvant 1o the sane

pat i en35p5iaH0 NYWEI. fdncenteters bypcoratat tvers appdicdderanNit ™NEA egawise thlemracci ne

conposi ti on, 93]~ 1n a . fuyrther preferred embodi pent, .the vacci
conmost Qi TR Secduior SEF SRt FabRte SEPSTRREM uibiulifgiibure o
adm ni sheresH,Pd1e3 @EHM NGO 220 B Bhidahel, pH 9. @AhE peiteinatdslalaiRl wilyelhgseby
occur prior to, sinultaneously or after the admnistration of the inventive

conposibuffen (¥ myf NaePQaciOnaMedepbsi00iraM Imidagad] pIA & Ok {lhe pusdigd drotsin t he
i nventi i h-rm' C ifi ,.&LNg:. (1) a composition or
a vaccivﬁag dcl:% 5%E)igig i'on o Hflﬁ]? ?nr%i\esgcﬁg ?8%;89‘;%%&?!2@1 hgérg%%r maceutical ly
acceptabl e carrier or excipient. The conposition and/or the vaccine
conposition of the invention is adm nistered to an indivi

Bhar madeXA VHEHE 3 S30RBEcNRECTsY Nk A o b el AlF VBN S BERYA G0 he
i nvent o4 s§Rhfl to be pharnaceutically acceptable if their admnistration
can be 't o?e?%t e%‘pby a recipient individual, preferably by a human. A
phar madeaixl1io¢ &l DN Aacioedirdeinoactdsdrl -39 @kl piodntvediby acund acidsl-$2 (F$A2)
buf fer THAag&anvoae?c;[ig ’pogil‘;iogg Qregbasslél so%%—%cggmbering] from A/Uruguay/716/2007 X-175
(H3N2) (NCBI accession number ACD47234.1) flanked at the 3’ end by a BamHI restriction
site and at the 5° end by a Ascl restriction site was optimized for expression in insect cells and
produced by gene synthesis (Geneart, Regensburg, Germany). The resulting DNA fragment
was digested with BamHI and Ascl (SEQ ID NO:35) and cloned into the BamHI-Ascl
digested expression vector pFastBacl GP67 HA PRS (described in EXAMPLE 1) resulting
in plasmid pFastBacl GP67 HA A/Uruguay/716/2007 NYMC X-175C shortly termed
pFastBacl GP67 HA A Uruguay. This plasmid encodes for fusion protein consisting of an
N-terminus containing HAO from influenza A/Uruguay/716/2007 X-175 (composed of aa 11-
329 from HAI fused to the N-terminus of aa 1-176 from HA2, aa positions of HA1 and HA2
are based on H3 numbering) (SEQ ID NO:40) fused to the N-terminus of the aa linker
described in EXAMPLE 1C (SEQ ID NO:44). The fusion protein of SEQ ID NO 40 fused to
the N-terminus of SEQ ID NO:44 was termed ecHA-Uruguay. ecHA-Uruguay was produced

and purified as described in EXAMPLE 1D.



whi ch are desirable for inproving the efficacy of the conjugate. Exanples
of materials suitable for use in preparation of vaccine conpositions or
phar macewDcalo/e6vposi t i ons are provi ggd for exanpl e, POTRPRONHSIIN S
Phar maceuti cal Sciences (Gsol, A ed.; Mack Publishing Co., (1990)). This

i ncl ud [ . .., physi ol.ogi cal sal. .

sol ut drS M s FeEsn s it et u e E A B e Bt Een7E P ene
gl ycol stfaglsy £y R/ 12052004, A{ﬂﬂ@&@bia%/@odssalﬁy&mcggm@kimmkum_7
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phar e SEURFIES (CEBfio SR ETSHUIS CeHaa i it F??Hﬁ{ngpﬁgﬁd Ee ,Wlﬁﬁ??f Uesitd to
sai d_ hypen Bah@A971d WAcR (SEO IPINGSBESY, BBE ahd VGO HAIRSALQ diDGsted

al
conposi tion, the vaccine conposition, or the pharnaceutical conposition of
t he i neapicsoon f or wes®ras aphimsdachrfei’ HAOPRS] | nresuftingt her ims pe@liasnhés

invention rela tg .t C 0Si44 t he vacci ne .conpaositi or, t.he
phar oL PES EaT04 ATYRESRRT Kbl BaHuES R ahehste Ve
treati nhm,gFakiBAE RGP BRd/A0TndBh&NEHL00DtekEd PRIERBaci GRE7 i FMAEAt indBnesia
preferably of influenza A virus infection. [O 99(3 In a further aspect the

i nvent iaeé r el atfestBagl ORet kY AESYREILhEAL 20®r at i oshagHy / ortermed

preventeneol) igruanza, eBLS! SANN.Rl L LURZ Ryin SALGTEINAM, £ QFREL S1 N
adni ni St er ng-a conposi , a vaccCl ne conposition of a pharnmaceutica
conposiN-t@mimis dohgininy et0 Gont theadsprbiiveliralpt@fmer(@diiy AoVt NumnSEQHEr ei n
preferably said conposition, said vaccine conposition and/or sai

d
Dhar nacutH ceHA chrlBds et S ADNH AL b b LEPHSERIRNO #drcomsostcer abl y

to sai 7ol f Y} wﬁ' ITal: 1 rehl p i i i I
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antibogy [ eRRGNSE (SRR N AT Al e RAETEGER Yodelhs with SEQ ID 44 will be
termed ecHA-Vietnam. ecHA-Indonesia and ecHA-Egypt respectively. These proteins will be
produced and purified as described in EXAMPLE 1D.

EXAMPLE 4: Cloning, expression and purification of ecHA from influenza A HIN1
strains A/Brisbane/59/2007 and A/California/04/09

[00112] DNASs encoding amino acids 11-329 (HA1) folowed by amino acid 1-176 (HA2)
[HA amino acid positions are based on H3 numbering] from A/Brisbane/59/2007 (NCBI
accession number ACA28844.1) and A/California/04/09 (NCBI accession number
ACP41105.1) flanked at the 3 end by a BamHI restriction site and at the 5° end by a Ascl
restriction site will be optimized for expression in insect cells and produced by gene synthesis
(Geneart, Regensburg, Germany). The resulting DNA fragment will be digested with BamHI
and Ascl and cloned into BamHI-Ascl digested expression vector pFastBacl GP67 HA PRS
resulting in plasmids pFastBacl GP67 A/Brisbane/59/2007 shortly termed
pFastBacl GP67 HA A Brisbane and



sai d human. [00100] In one enbodi nent, the conpositions, vaccine

conposi tions and/ or pharmaceutical conpositions are adm nistered to said
ani mal , pwefereatabip2t o sai d human by ig'ection, i nf usi onpcCirmradiatsdng or al
adm ni stration, or other suitable physical nmethods. In a preferred

Compos M FuRet LEWRIR: RripBR 4 B b CRrRer v pBRe e v LA b,
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aspect ahdrecHAv@adtfonma rapatieslyt These paotcingen]l behyeoéuaced sad guahicd gedresrcﬂbeai HA
ect odonmali r fragnent of a HA ectodomain as defined herein. In a
preferﬁ%gmgﬂﬁﬁéﬁt said antigen is a fragment of a HA ectodomain as
defined herein. In a further preferred enbodi nent said antigen is a
fragnent of a HA ectodomai n conprising, or preferablyconsisting of, an

am no EXAVRIguénCeupling eﬁqﬂhﬁ-il’rkﬁ (tH)lN)I)Sthﬁ)mcﬂAPIZﬂS possdikepaBidenf SEQ I D

NG 75. f h f. f f
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HA ect odonmai n has an am no acid sequence identity of at |east
prefer amwatwﬂ foit 5 em gt ro8 0 gnpamature pithfad & yﬂqbdr eart:esseégicEB’Ofowe@mldm ofor e

f’r;refee.ror ¢ Letmbhg g Badrd of Soptif PF A RESe BRI LV Pe piaciniBagrndg vp
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98 % an t prefera east 70 W HA ect odonmal n o

i nf | uerZ@mM v DDESGYJ. ﬂa]enea!&/a@ﬂlsolimommaé aibly2e0 at QPICNIg)un(smmeébhcﬂangmcﬁsm on
No: ACP44189.1) or A/ Perth/ 16/2009 (H3N2) (Genebank Accession :
ACS7164MINEPES, gHhé pstrl mnéfZelr%ﬂr SFSEf‘éPHelHAl %pé%rriﬂlﬁatr@dan%étaéwzamﬁ
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antigenrs
incubated for 4h at room temperature for chermcal cross linking resulting in the vaccine

batches QP-ecHA(PRE)-1, QB-ecHA(PRS)-2 or QB-ecHA(PRS)-3 respectively. Uncoupled

protein was removed by size exclusion chromatography using a Sepharose CL4B column.
Coupled products were analyzed on a 4-12 % Bis-Tris-polyacrylamide gel under reducing
conditions. Coomassie staining of the gels reveled several bands of increased molecular
weight with respect to the QP monomer and the ecHA-PR8 monomer, clearly demonstrating
the successful cross-linking of the ecHA-PR8 protein to QP VLPs. Densitometric
quantification of the coupling bands revealed the following coupling densities for the different
vaccine batches: QB-ecHA(PRS)-1: 40 ecHA/VLP, QB-ecHA(PRS)-2: 29 ecHA/VLP and Q-
ecHA(PRS)-3:17 ecHA/VLP. For the coupling to AP205 VLPs a solution of 5 ml of 1 mg/ml
AP205 VLPs in 20 mM HEPES pH 7.2 was reacted for 90 min at room temperature with
106.5 ul of a SMPH solution (50 mM in DMSO). The reaction solution was dialyzed at 4 °C
against three 5 | changes of 20 mM HEPES pH 7.2 over 12, 2 and 2 hours respectively. 2 ml
of the derivatized and dialyzed AP205 solution was mixed with 5500 ul of the TCEP treated



conprising, or preferably consisting of, an am no acid sequence
corresponding to position 42 to position 310 of SEQ ID NO 75, wherein said
HA ect odoweai2oionas20an ami no aci d sequegge identity of at PCEaPRO1POSHH4
preferably of at |least 80 % nore preferably of at least 80 % still nore

ferah t 85 % stil ferably_.of at least 90 % still
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[00105] It is to be understood that all technical features and enbodi nents
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invention, especially to the vaccine conpositions, to ar maceut i cal
conposicoiuging, deheityt dife3 nextHodd.Pand uses, al one or in any possible

conbi nation.- - EXAMPLES Exanple 1: Coning, expression and purification of
ecHA AAPR/8/34 (HN) A) Generation of pFastBacl GP67 [00106] The vector

pFast BaoX a9k 6SERISP NO. 33) is a derivative of pFastBacl (Invitrogen), in
whi ch the signal peptide of GP67 was introduced in front of the nultiple

cl oni ng0&k 1 Foothe deterreinaton of HArsptafingntititly titerst BlISAaplatco meta epatadcbithyr

o 21) it ra e BB P PR S PA Ve Rare ke SN PRLSE (SO
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(SEQ I D NO 25) and the anneal ed pair of oligos PHL61 (? | D NO 26) and

P:-1162 (Bt Mbrvoe?)9/2 et herHAnAGY ichanBhAd208do Rl il ggf adonsFadoBL0P,
i in. GR : ' ' EcpRI ,
BLEE Gyt SRR RRShRCk SR BN DLURRAARE et e

mul tiplbe cdandd Rgthsithiee ecBA Broacinn @badiakds &6 UENAMPLDf3 aatHAEXAMRIUS el adapt ed
i nfluenza A/PR8/34 (HHNI) [00107] The cDNA of HAO of (HAO PR8) strain was
pr oduc E8nesptiatigRepEé ng'mhat kP2 G VIRnaka conceatation pB 40 26k the plates

Super n%e%]%lo%ﬂed QIH Hef %&u@at@%ilh@e‘fzﬁf &(iiut%%f &(%lulsé selfg.i lg'cgmtdha%tibodies were

detected with enzymatically labeled anti-mouse IgG, anti-mouse IgG1 or anti-mouse IgG2a
antibodies. Total IgG antibody titers were determined as the reciprocals of the dilutions
required to reach 50 % of the optical density (OD450nm) measured at saturation. For IgG1

and IgG2a endpoint titers were calculated. Mean antibody titers are shown.

EXAMPLE 7: Determination of Hemagglutination Inhibition titers of influenza virus
PRS

[00115] Sera of mice were tested for their ability to inhibit the agglutination of chicken red
blood cells by influenza virus PR8. To inactivate non-specific inhibitors, sera were first
treated with receptor destroying enzyme (RDE, Seiken, Japan). Briefly, three parts RDE was
added to one part sera and incubated overnight at 37 °C. RDE was inactivated by incubation
at 56 °C for 30 min. Depending on the dilution of the sera, 0 to 6 parts of PBS were added for
a final 1:4 to 1:10 dilution of the sera. RDE-treated sera were serially diluted two-fold in v-
bottom microtiter plates. An equal volume of influenza PR8 virus, adjusted to 8 HAU/50 ul,
was added to each well. The plates were covered and incubated at room temperature for 30

min followed by the addition of 1% chicken erythrocytes in PBS. The plates were mixed by



primer Unil2 (SEQ ID NO 28) followed by PCR using the prinmers BMHA-1 (SEQ
| D NO 29) and BM NS-890R (SEQ I D NO 30). The transl ated sequence of the
ecHA fromwvBR81/2sBEQ | D NO 39. O Gengéati on of pFast Ba®CTEPEN 0I0859PR3

[ 00108] A DNA encoding am no acids 11-329 (HAlI) followed by am no acid

1-176 HA ani i iti d H3 nunberi
e I R A R N A
the bagharwapdasenitd hd Bl febiprocdl 6K HieSdiaGioans tBe G365 k&l REni6IPBé@hibdGohl Nker

was optimn zed for ex%rges& on in mammal ian cells and produced by gene
synt hegigluticepé d¥BC. Re géaterbung theaGEkAdatigys agiiest gph¢rninfleenzauvireostirdas sequence

was a £ i | 1.00 | i H163 1) R QID
o 32) Tk R oy B RE R Rt ROy (e el R B Fia

cl oned thdst othidnenBanidl stdiod RBCY R difforpitapsiion(evealitkey pFastsBpahy GROS to
resulting in plasm d pFastBacl GP67 HA PR8 (SEQ ID NO 34). This plasmd
encodedcfused Br pgglpdpatioRot ei n consi sting of an N-term nus contai ni ng HAO
from nmouse adapted PR8 (conposed of aa 11- 329 from HAl fused to the
N-term nus of aa 1-176 from HA2, aa postions of HAl and HA2 are based on H3
nunber iIEKAMPHOS! MudinSmflubnseMotlel t he N-term nus of SEQ | D NO 44.

Thef usi [ f. SEQ.I D NO, 34 f dtoth t ' f S 1 44
was t Z'rlﬁ@u%i@_h&f@#&?mn@)lgﬂ%ﬂ@ﬁaft\ivwslé%s %Féec&?&i b dﬁ@%ﬁfgﬁv%g, E&d&g i on
and puerlmg}Jawqf/w HANT QO 08 0/f68 GXST) RADIN DA RYNSHE ISXR199F). NG

ecHA- PR8 was generated using the Bac-to- Bac Bacul ovirus Expression System
(1 nvi t detgem)nevthe ketill dond of gich siBa.chicGPETe kibmpPR8creRoeridxiuaess ofyirdd B ¥ nsect

|l l.nvi t. t 27C i nf d with i t
pacul ovP ik AEESRER G Hiva e J0i Berore Bogy hreteihind B RaPaRLre o
cont ai nhfgel Hfics RERTRLMBRELA Yor2X S SEMaRI PP lidTe @RIFAVERS Wiieh Rad MeBheek 72h

post infection (p.i.)- The supernatant 'was concentr at ed 10 tinmes by TFF
usi ng ahaBEB3hbl dfaheif iriteal body tmeigher WiPa Bod3 teBHerabird O loGen dent30a1Ced

t ant i Lt Ni 2+- NTA I ) . Hi |
i SN T B L,
NaH2POReed @d Midda @Reel D) BVl MOBRZGH, J. IH'%B 20) 498971" 06 AeRrimms thd difREcyM th
elution buffer (50 nM NaH2PO4, 300 mM NaCl, 200 mM I m dazol, pH 8.0)." The

puri fi edtherdifeicat vieesings, anipe agraiganwyzcdPBth giq indipatgd dompensld aad chdbogdunt i |
furt herwiﬂ?? lethal dose of homologous or heterologous influenza virus (4LD50 or 10LD50) as
indicated in the respective examples and monitored as described above. Mice that had lost
more than 30 % of their initial body weight or had a body temperature equal to or lower than
30°C were cuthanized. The % surviving animals 20 days post infection (p.i.) for each

treatment group is indicated in the respective examples.

EXAMPLE 9: QB-ecHA(PRS8) and AP205-ecHA(PRS) vaccines protection from A lethal
homologous influenza challenge

[00117] Three female balb/c mice per group were immunized s.c. on day 0 with 50, 5 or 0.5
ug of QB-ecHA(PRS)-1, QB-ccHA(PRS)-2 or QB-ecHA(PR&)-3 (obtained in EXAMPLE 5)
or 45 or 4.5 ug of ecHA(PRS) (obtained in EXAMPLE 1) or 50 ug of Qf VLPs formulated in
200 ul PBS. Sera were collected by retro- orbital bleeding on day 20 and analyzed using
ecHA (PRS8)-specific ELISA or hemagglutination inhibition (HAI) assay as described in
EXAMPLEs 6 and 7. On day 21 all mice were challenged with 4LD50 of mouse adapted
influenza virus A/PR/8/34 and monitored for 20 days for survival as described in EXAMPLE

8. The results of this experiment are shown in Table 1. As shown in Table 1 all animals that



EXAMPLE 2 : Coning, expression and purification of ecHA from

Al Uruguay/ 716/ 2007 X-175 (H3N2) [00110] A DNA encoding am no acids 11-329
(HAI) f olWwowet)/tag20am no acid 1-176 ( ) [HA am no aci dPpo4ireé1onssoas e based
on H3 nunbering] from A Uruguay/7 1673907 x- 175 (H3N2) (NCBI accession

nunber (ACDA7234. 1). fl anked at.fhe 3' end anHl restriction site and at
the & Hademy TamAbze Pt 1yt tbn e QR UBRERESUBEF DA EXeE SeBephetor
i nsect (el SR RIORIES Shiler e A AR Ciha b GRACH becRAERAAMEG HGREITRNY)

The resulting DNA fragnment was digested wth BanmH and Ascl (SEQ I D NO 35)
and cl eaedriafine (e BadrdrlApettiadipgestted expossicdninveadhals that had received

pFast Bac] 67 HA PR8 (described in MPLE .1) resulting in plasmd
pFast B§8HA$%;):WA¢L§}Q&Q GRRFETLAONS BRyteanReWIEEL ?@éigﬁ%ﬁ %neylf@etﬁtﬁrédmd HAI

pFast B HA Thi . i fusi r i

Consi st TS ore Snee i Rissed il A1 RS Ho Ry 0 PR B s

16/ 20070 Mrclahdmé s ongd baé Oe@f indAurlied BRAB e AR aldries Tle imelutdEHM tiesreiwets of
aa 1-176 from HA2, aa positions of HAl and HA2 are based on H3 nunberjng)
( SEQ | DaReruil iasthy B-eiEARRS r 3itivady dilIShe titess |suagSsHNg ég%tr thse ghdupe
EXANPL%nt]I&cﬁ%EIch iMOnge HM 8N ftHS s PTREE Bl RRfnbih MO cBgﬁl\ﬁ% Lp the
N-term nus of SEQ I D NO 44 was ternmed ecHA- Uruguay. ecHA- Urugua S

pr oducedHanPR putoi 1QfedVidzs, desar ivithdlaw doXAMBE Edenkity is $EOANBL EnBancing o ng,
expression and purification of ecHA frominfluenza A HoN1 strains A/ Viet

Nam 120%n2oogenigity afeddi P& rooweasthe impegydesresse okitvRRB/ Boby IS §orel  DNAs

encodi ! i - fal . am. I.; : HA
i no A G AR HRR e B R ey LENBRA RS (RSN &7 M8t HoB%b004
(H5NL) cpM6HE s@sres®noMoretiREra MRS ithitkizddion Adthrodpne oif @/E5RDAPRENMh)a ( NCBI
accessi on nunber ABW6108. 1) and (A/ Egypt/2321- NAMRU3/ 2007 (HS5N1)) strain
(NCBI deweauplow denstell 7 Ovap)able tadkldaprgtect meceafrora gdetbyl chalpgewith
restri qﬁé Q&&Bé&sﬁﬂﬂue%a%ﬂ&s ?MIP@% by an Ascl restriction site were

optim zed Tor expression Ih 1nsect cells and produced by gene synthesis
(CGeneart, Regensburg, Germany). The resulting DNA fragnents will be
digested with BanH and Ascl (SEQ ID NG 36, 37, 38) and cloned into

BanH - Asbile ki gest ed expression vector pFastBacl GP67 HA PR8 resulting in

pl asm ds—prastBact TGP67 _HAT AL iT.Bia PRET 1230395 SHRT &y [ ST It Hval in %
pFast Bacl _&hfeén HA Andust[ug]
IgG d20 d20 d20 20d p.i.
50 10’165 2’218 52 100
Qp-ecHA(PRS)-1 5 4’549 505 17 100
0.5 1’569 85 8 100
50 16’607 4’447 75 100
Qp-ecHA(PR8)-2 5 8’589 662 43 100
0.5 3°293 117 11 100
50 23’487 6’073 192 100
Qp-ecHA(PRS)-3 5 4’905 1’241 8 100
0.5 4’390 696 11 100
45 186 40 0 66
ecHA(PRS)
4.5 430 182 0 33
Qp 50 1 73°483 0 0

EXAMPLE 10: Dose Titration of QB-ecHA(PRS) in lethal challenge studies

[00118] To further determine the protective potential of the vaccine, five female balb/c mice
per group were immunized with 5, 1, 0.2, 0.04, 0.008 ug of QB-eccHA(PRS)-1 (obtained in
EXAMPLE 5) or 15 pg of total protein of ecHA(PRS8) (obtained in EXAMPLE 1) or as a



Nam pFastBacl _GP67_HA A/ | ndonesi a/ 5/ 2005 terned
pFast Bacl GP67 HA A | ndonesi a and
pFast Bac|WOR6M/128208/ Egypt / 2321- NAMRU3/, 2007 shortly ter mPdT/EP2010/055944

pFast Bacl _GP67_HA_A Egypt. This pl asm'd wi |1 encode fusion pr ot ei ns

Coo SR RleohSh Dt Rhe R PBER OB AP RuLTEP B0 S B anc
ecHA A;Ea%ed s@&@tén@o% 6§)da§ YPRENLE bRA rlios 31%1%%3611%51 Husdse-Owiehe

N-t erm nus of from HA2 (aa positions of are based on
H3 nunbealyrey) ubmgedcH A(PRE-spedife riEId&% of HA® @maay.i OkedaydéScril bmdei weEXAMPLE

ter roa BUIGREGH SthtkDSt RHRRGo LG el BB Ak B b ad ool e
prot ei rayyvdrlsuRevaAd{AAUSaheaNE IUKMPLER)aFheRIGH] 8E@id dxpEAMRLde kkdwiAMPLE

4 : Cloning, expression and purification of ecHA fromi an uenza A H N
strai ns aNe@ i Ahshoeyn59/ D72 .aneingle Qaicttior of @00% 1o [AHEA2ARRNAS wdeeding

am no aci.ds 11- I b acid 1- HA am n aci d
posi t i GHEher ant ﬁé@%&éﬁ ?-‘13 %ﬁ@gf-tﬁé] Bha, ﬁ?w%ﬂf %Cﬁ(é@’%gfz %;femésﬁlm
accessga wm‘oag 1M§aﬂ%haﬂéng@%tﬂngﬁké S nhwd%ﬁ&é&% &F@é/ﬁ%@%ﬁb&%dﬁunﬁer
ACP411 fl anked at the 3 by a Ba restriction site and at the 5
end by vathé@mOS rugsderB{ecHA(BRS)el whalnl whh 16ptgd of zc&diA(fRRS)ers elegionstrites thasect

cells and produced bﬁ %ene S\ént hesis (CGeneart, %ensburg, Ger rrang The
resul t.cragpmmmc 8 tiQf VBEs allguspapt withorsmachald dase wapne ahect d’rBe‘?d |nto

R %eﬁas?'é%@eq%gﬁu%%fe QP ABREPL FERRL BT (5 el BT pfotedtioh'dih
pFast Bagl &m@gm@an@t@@aﬁa@t &%@'o.f@ﬁ@?enﬁa_ﬁ@i iﬁcﬁfd@a antB4odhhebiart !y

t ermed pFast Bacl HA_A California. These plasmds will encode fusion
pr ot ei AdVdofledrge vageieh. t he N-t ermi nus cont ai ni ng HAO f rom t he respective
viral strains (ecHA A/ Brisbane/ 59/ 2007 _ACA28844.1, SEQ I D NGO 73 and ecHA

A Californial/04/2009 ACP41 105.1, SEQ I D NO 74) conposed of aa 11-329 from
HAl fusggid® the Nterminus of aa 1-176 from HA2 (aa positions of HAl and
HA2 are _based on H3 nunbering) fused to the Ntermnus of the aa |inker

descri bed i4MtESRAVPLE AnpupSED | D At-otHA-PREIEG, egpelal titer f §si Swrvippldtadi ns wi t h

SEQ ID{44 will be termed ecHA-Bri sbangiand ecHA- Cald2ior nija renaeati vely.
These | i H—be—preduced—andpyriitedas—described+nEXAMREEAC

-¢cHA(PRS)-1 5 %260 27 =100

1 2223 16 100

0.2 1’121 6 100

0.04 184 2 100

0.008 266 6 100

ecHA(PRS 15 41 3 100

QB 50 0 4 0

EXAMPLE 11: Dose Titration of QB-ecHA(PR8) and AP205-ecHA(PRS8) in lethal
challenge studies

[00119] Next the protective potential of a HA vaccine based on another bacteriophage carrier
was assessed. To this end, four female balb/c mice per group were immunized with 15, 3, 0.6,
0.12, 0.024, 0.0046 ng of AP205-ecHA(PR®8) obtained in EXAMPLE 5 or 15 ug of Q-
ecHA(PRS)-1 obtained in EXAMPLE 5 or 15 pg of ecHA(PRS) obtained in EXAMPLE 1 or
50 ug QP VLPs. All compounds were formulated in 200 ul PBS and injected s.c. on day 0.
Mice were bled retro-orbitally on day 21 and sera were analyzed using ecHA(PRS)-specific

ELISA or HAI assay as described in EXAMPLES 6 and 7. On day 27 all mice were



EXAMPLE 5: Coupling of ecHA-PR8 (HHNI) to Qb and AP205 virus-Ilike particles
[00113] A solution containing 1 ng/m of the purified ecHA-PR8 protein from

EXAMPLE IWOSEQ/I2E20BI0: 39 genetically f

43

ed to the N-termPANEPRI10B8ENS D

NO 44) in PBS pH 7.2 was incubated for*5 mn at roomtenperature with a 3
fold mo or d cli of t.he nal S resi due.
n sol uehaiengrs 5 A6 oh giofibe i bRbis e Ginel A ESES My e EdTisRed fos FEs
react eda pfor%qrma a8 lde§ @MY tu@ PEAMPUEES. vnrlfeheﬁﬁts?ofrfhls %&%@mﬁéﬂ?ldr@ Ghdiir ﬁﬂ (50
mv in . The reaction solution was dialyze agai nst two

1c hangé@bl@ﬁ 20 swRBEPHESbISH. Toplgeef ecrhl AxRB8 20 Maﬂé V@pﬁ@@pﬁkvan;lan@mth%f t he
deri vat. I m  of
the T %chg @éﬁ%ﬁﬁ?laﬁ&’ ﬁrﬂS\]vg ﬁ%éq%?e %%%?O?Iiﬁg s%%?%gngfenngr ature

for cheprngcain 6, Q%feel 0.00d g of BPOOS-LEGAI (BRBhﬁlduaéacslﬁﬂalbattpHeqp@) BCHA(CRRS) - |,

Q- ecHA( PR8) - 2 or

Cb-ecHA(PR8) 3 respectively. Uncoupl ed protein was
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EXAMPLE 12: Induction of cross-protection with Qp-ecHA(PR8) and AP205-

ecHA(PRS) in lethal influenza challenge experiments

[00120] To further determine the protective potential of the HA vaccines, six female balb/c

mice per experimental group were immunized with 15 pg of QB-ecHA(PRS8)-1 obtained in

EXAMPLE 5 or 15 pg AP205-ecHA(PRS) obtained in EXAMPLE 5 or 15 ug of ecHA(PRS)

obtained in EXAMPLE 1 or 15 pg of QB or AP205. All proteins were formulated in 200 ul

PBS and injected subcutaneously either two times (on day 0 and day 21) or only once on day

21 (see also Table 4 for more details). Mice were bled retro-orbitally on day 35 and sera were
analyzed by ELISA or HAI assay as described in EXAMPLE 6 and 7. On day 39 the
respective groups were challenged with 10LD50 of A/PR/8/34 (HIN1), 10LD50 A/WSN/33
(HIN1), 10LD50 A/FM/1/47 (HIN1) or 10LD50 A/Aichi/2/68 (X31) (H3N2) as outlined in



protein to AP205 VLPs. Densitonetric quantification of the coupling bands
reveal ed a coupling density of 30 ecHA/ VLP. EXAMPLE 6: ELI SA [00114] For

t he det erwDnatoviasoof HA specific antibody titers, ELI SAPpiratPesioxneives coat ed
either with ecHA-PR8 obtained in EXAMPLE 1, ecHA- Uruguay obtained in

e A T R T FrtaB) B EEEaaBt el Lo Bt i
r HA_A kpid QapsriaéiR54rd Q88wn ih HALN Falaist PbRinaih0f4R9A9 imkddfiB(ibh F irfiaé Qé{r2006)

or alternatlvely the ELI SA plates will be coated wWith the ecHA pr ot ei ns
obt ai n@dHlAﬁPlESQAWIpEdSthQ@ EXARRLE 1s4naitucmngmtﬁemrr agdion mfectlorrrgwm a dughh or

ncubat@iabn dIPTF0oF 1o hSmak enlitaBuapa ~BUBHET MY fug BESGEAN O

det ect @dwsm/es 8y ABE & alnkle 1 ?@561@Qn%hiraﬁﬁl§r%lé %uﬁﬂﬁﬂlﬁMﬁ%CH%@R@f
anti-nmouse | gQ&a anti bodi es. Tot al EG antib é}tl ters were determ ned as

t he rediinddedirgteet agamnst aﬁllem(bl@g@wr@q ¢ngedvitho AY §M3$@n®/@@lty naidy opstected
density neas d at_ sa n F nd | Qi nt
T or o e R o R B e R AR a8 e 0 i el SR R R AR b

Det er mhagtdélogoudf chieltoagel wﬁthnaI/WSN/BBlhabsédoﬁ@ irhin@hisat@in iwdd ueqaadviwitls PR8
[00115] Sera of mce were tested for their ability to inhibit the

aggl ut |eﬁHﬁ(%8bLﬂ@W1@k@HA(EBSbFQWéPdd@IQ%OWQW shosied & alearlysmpre/ed Fepss-

i nactivate non-specifi |nh bi t sera wer.e ated ith receptor
oot r oy G BDHHE Srcsed B o nd 5 jous PR PlPLET SEE Meple FERE g e
t 0 one cpaldngs® vatha it Avwmmumwenmlg hirait si@dc OGithdRDE 6B if@gtiohy atigd by

i ncubation at 56 0C for 30 m n. Depending on the dilution of the sera, 0 to
6 part SCHABEY ypicewadehie ia Blypretesidhe mice fFome: lgthabighaliengsn Igmupirationeh

RDE-t r eal er, al 0,

pl at es. ggqxélqua@xﬁjl' ﬁs# ob ?V’Pl?}&el%](gtéo %\A&Ar%gg i ﬁlcuegtsloﬁi‘é)er%lgﬂ &{—&Ef&f&

was adgestettdneagdinsted |leth5ﬂhﬁ‘1f¢1‘1tlahe(510m56) @Bviaice dwandhé ME3NAtiefudiza rHam

tenperature for 30 min foll owedﬂiy the addition of 1% chicken er throcyt es
g RBCEABR

i n PBS.A/h/g(68 @ Ihwires. i heelgvel Qsétﬂr@)tﬁmo@odﬁérn@él corzplatettp g

al | oned, &0 e r.ogm !g[pﬁ{t r ter m ned
as the r ée}c F%?[%)Otgg tnfe ﬁ]dﬁgﬂﬁg%ttlﬁgn eEI? & S§%§ﬁ whi (t:IRI)d(l:l%%tnélldwﬁgd% ¢ ]%
nonaggIreﬁpbﬂﬁbledfoRBﬁ)sstﬁoidethcﬁf in res tche: H@gettﬂﬁgeasdlﬁgt&nnmecbdthﬁn fonfckasenza

virus strains the respective virus strain i ed (ins i nf] uenza
A PR/ 8 /pgqu:ctfocl}r eé% |11E|t1)5q¢;gt1p JACSSt exmg@gl_en@lngroups aken toget er t ese experiments

further emphasize that the coupling of the ecHA to the surface of bacteriophage (AP205 or

QP) VLPs clearly enhances its immunogenicity and improves the protective response induced
against HA. This is particularly highlighted by the fact the bacteriophage-ecHA vaccines are

able to fully protect against the challenge with a heterologous virus whilst the ecHA alone is

not.
Table 4:
Antigen No of Anti-ecHA- |Anti-Qp-(Anti-AP205-| Challenge | Survival [%]
immunizations | PR8-IgG d35 | IgG d35| IgG d3S |virus strain 20d p.i.
QB-ecHA(PRS)-1 17°300 942 n.d. A/PR8/34 100
AP205-ecHA(PRS) 157561 n.d. 457 100
ecHA(PRS) 2 27°345 n.d. n.d. 100
QB n.d. 156’796 n.d. 0
AP205 n.d. n.d. 23’770 0
QB-ecHA(PRS)-1 1 835 135 n.d. 100
AP205-ecHA(PRS) 815 n.d. 236 100




t hese other influenza strains RBCs fromdifferent species (e.g.
horse) may have to be used for agglutination.

turkey or

EXAMPLE 8: Murine influenza

Model [OOw@@p1omize202ol | owi ng i nfl uenza, A viruses were us@edTiEr2at0es39is f er ent
studies: A/PR/8/34 (HN), AFM 1/4T(‘/hr|\u) Al A chi/2/68 (X3 1) (H3N2) and
A WBN 33 (E_" N Fordetermnre—thetetha é]lGSc of—each V||uo, e were¢
adm ni stere%]w(serl di lutions| of Virus (I? 50 nq) Vi a the |nose under |l i ght
anest hesia wRh isofuran. Body W@idght dﬁ@”%ody te&nparat ure |of inPected mce
were nonitoness at | east 20—dgys afiterinfegtitem M ce, whichyhad ost
more than 30 %of their initial body weight lor "had g body tlenperature|equal
to or | oWercHHBR)30|0C were eut HaRPzed. 12864 titers [were cdl cul dPed f or
each vi r@@ogsgcﬁgtﬁg)a cordi ng tp Ggsyetihogof Regg and Munch(Reggy 3 et al .
1938. 27, 493-49)  _To determde the efificacy [of the different
vacci nes, eﬁ{{‘é@R&)ere i muni zed| Wit hel i hdi dat et conpounds |and ¢A%l | enged
with ajTethapgdose of honol ogous nar heftiey odsdgousd.i nf|l uenza |vi ruso(4LDp0 or
10LD50}—-as—ipndicated in the rlespective exangles—apndinonitorled—as—descti bed
above. | M ce™fHat had |ost nore tRsh 3d OBGf [t i8I T i Nixwwalstody wéi ght | or
had a bodp-cttevipRmat yre equal o D875 ower23phgn 30cDC wer e eutlhani z&d. The %
sur vi Vigsaataabsed days post—trtgetten—+{pit—)5korjeach treatwepgt—eroup is
i ndi caf éc Zlﬁsnecﬁﬁgﬁ{rg)gs pective exam%er:s. EXAVPLE 912800- ecHA( PR8) alr:%g0
AP205- <acHA€(CHR8’}<8)\/acc| neslprotiecti®¥n frlomA et ved- hqnol ogods i nfPuenza
chal | enge TOBEI7] Three fenal g DI T [MhEEoOET 14 oup were [T ged - Sc. on
day O th 5 5 ar |0.5 ng of|_Ch-ecHA(IPR]) - 1| (h- ecHA( PR8) -|2_ar
Qb- ecHA( PR8ICHS (obt ai ned i n BEXAMPLE 5)| otd 45 oF' 3495 [ng of acHA( PRS)
(obt ai hedplk CHE I) or 500 ngsabs QO YRRs [T orql atjed i n 200 mio#’BS. | Sera
wer e C.Maﬁﬂg)gwtro- or bi tal bl eeding on day 20 jand anglyzed using ecHA
( PR8) - s geCP T HABRPSA or hemaggl dt i#Rat i jon™{ nHi bi 2P on (HAI) dssay '8%
descri )ed chAE)(@)IVPLES 6 and 7| Qwsday |2 dd.alll md:e were chdl | enged WI th
4L.D50 of—+od auapt ed i nfl uepza—vi+us I\I’I')I')I 8/34—ang noni t ored—For—206 dayS
for sufvival Qgs desgri bed in EXAIW‘LE 8. 1"1]_2(%’ resuc}ts of thig experinmen{ are
shown in TabP@51 A shown in| Tahlde 1 |altdani ngl3g1t hatM/4Thad beeén
i mmuni ze \é‘ﬁHA of —the—three fhectA \563“) cojugdt engl every g,
concen 6F| on te ed survived . the lethal chall enge whereas |all an(l) mal $ t hat
had been“ﬁz%wﬁﬁ@’é‘@) with the 712 nd 203 100
ecHA(PRS) 1 27 n.d. n.d. 33
Qp n.d. 170°457 n.d. 0
AP205 n.d. n.d. 21°695 0
Qp-ecHA(PRS)-1 40’141 2°613 n.d. 17
AP205-ecHA(PRS) 10°467 n.d. 612 50
ecHA(PRS) 2 20 n.d. n.d. 17
Qp n.d. 170°457 n.d. 0
AP205 n.d. n.d. 65’849 | A/Aichi/2/6 0
QB-ecHA(PRS)-1 5°018 405 n.d. 8 (X31) 50
AP205-ecHA(PRS) 998 n.d. 209 17
ecHA(PRS) 1 14’732 n.d. n.d. 17
Qp n.d. 141°008 n.d. 0
AP205 n.d. n.d. 27°520 0




carrier alone () died. Only partial protection was observed in aninmals
that had received ecHA(PR8) al one at both concentrations tested. Likew se,
ecHA- PR8 wpeoifizs2oei t ers and HAl ti ter wer e signi fi canPCy/EPRE0®s®ed i n al |
animal s that had received Qb- ecHA( PFEBf1 conmpared to the animals that had

b PRS Th duced
or opor AT o Peolfpe o R ABeRRE ar Pt sierisn et iy 1 na
the i nqpged) @mm@@rﬁgla&%@egﬁe@@orﬁqémmﬂé DPRal Bsupldd 80p Ve §s a&,%ﬂbéds
denonstrates that coupling of ecHA-PR8 to Q@ VLPs, even with | ow coupling

densi t yn EX/SVIPbRJI. Fhe ihanmoogaidityeofi thlmyaugmwes 1te§fted)fm ecidABERSY, fahefcemés t he

i nmune _r onse of the Q@ VLPs is n e nt 1 gens

coupl o FEP TS vep P o Frmbeed brigr Thed §% @&r“&;&“ d‘ﬁﬁé‘gdu%pa @%. c
suppres R SR8)
wh & EHARNBEPOUES 18 oF SPIARURTHE) SThined i X AP R PoC30 1Y OF MR om
a | et halll ehapbaidgavert tdinfut@cd (MO® @O BB SI difdl Mﬁmz@@ V¢ .romSd 24 PR31c34verd didde 1:

EXAMPLE 10: Dose Titration of Qo-ecHA(PR8) in |ethal challenge studies
[ 00118]retiey arbitalheen dst 2 archiere werqrnel et uvagssHéntirguapppenic FhdenBle five

femal e r h 08 ny
of b SeTURrRe U BBt TR ER e et e B G S B

ec HA( PRR#) VLGbHﬁinMﬂal?nmEﬁéQMahfs ifm@iogasicidy sinc@gedd N oﬂ@l@tvh@dmev\lnﬁhcéil(h ng of
Qo VLPs. Al conpounds were fornulated in 200 M PBS and injected

subcut dighsus¢iyAspeaiay EDISMitee thoarlé 1 efdhe eeHalonbizyaklopcon day 2 1 and sera
were anal yzed using ecHA(PR8) -specific ELISA or HAl assay. On day 63 all

m ce were challenged with 4LD50 of nobuse adapted influenza virus A/ PR/ 8/ 34
and nomigpg ©d for 20 days for survival (as described in EXAMPLE 8). The
results of this experinent are sho in Table 2 As shown in Table 2, a

si ngl el i nj e¥ttigeh of |0. 008mpnt 2l Qb- ec HA( PR | nduced a hi gher

anti - HR(PR8)-1TgG and HAI tT{&r than [I5 g gd9oecHA(HR8). Moreover sinm | ar
protection agai nst 4 1 apted influenza

A PR/ 8/ 34 was obseryed with?30.008 ng of QI®EHA(PRE)-1 than with 15 ng of
ecl—|A(PQ8C%B Thi s denonstrategsthat couplingisd ecHA-|PR8 to @ VLPs all ows

about a PreTREHEPLIe—dose Sparthg—of—eetHAT PRé—antgen, since 0.008 ny of
Q-ecHA(PR8) -1 induged a simlar response and protection than 15 ng of
ecHA(PR8), which is|the sté&fdard dose of iriPtuenza |HA included into
comer ¢i al 0.0046 1832
ecHA(Uruguay) 15 478
QB 0 20

EXAMPLE 14: Production and Testing of vaccines against influenza HSN1 and HI1N1

strains
[00122] ecHA-Vietnam, ecHA-Indonesia, ecHA-Egypt, ecHA-Brisbane and ecHA-California

obtained from EXAMPLE 3 and 4 will be coupled to QB and AP205 VLPs as described in
EXAMPLE 5. The efficacy of these vaccines will be tested in a mouse model for influenza
infection as described in EXAMPLE 8. ELISA antibody titers and HAI titers in sera from
immunized mice will be determined as described in EXAMLES 6 and 7 with the appropriate
coating reagent and virus strain used for the hemgglutination test. In addition dose titration
experiments, where the immunized animals will be challenged with a homologous virus
similar to the experiment described in EXAMPLE 10 will be performed. Morover to evaluate
the protective potential further, cross protection experiments in which the animals will be
either challenged with the homologous influenza virus or a heterologous influenza virus strain

will be performed similar to the experiment described in EXAMPLE 12.



TIV influenza vaccines. Table 2 : EXAMPLE 11: Dose Titration of

- ecHA(PR8) and AP205-ecHA(PR8) in lethal challenge studies [00119] Next
the prot ewoizo®/psrential of a HA vaccipe based on anot hecThzetensvphage
carrier was assessed. To this end, foﬁ{gl fermal e balb/c mce per group were

i mruni 1 .o, . 0.6, 0.1 . . 0046 AP205-

obt i ndacAMREEWES: e v metigTise o) ot inMugany T oy SFARATO FHERed 5 o
15 ny qhifakA( PR8) obtained in EXAIVPLE 1 or 50 ng Qo VLPs. All conpounds
were fornmulated in 200 mM PBS and injected s.c. on day 0. Mce were bled

ret r o- dP®V234|9eya ehingamynized nyae OE@r@deerFé%h@HFz%&lésmd@@%mkbmw §pl—:‘7c| fic
ELI SA |
o o Sy BB TS B Ao VR St S VB S

and norndubaed Viflﬂf sezidl diay®ns of thsuésplewade R adelstﬁé alblﬁq: ﬂorinlﬁKAl‘tlﬂféLHHCK'EBlﬂ’s
results of this experinment are shown in Table As shown in Table

coupl i rigthothe sespactpreinflgengpoams Wibdegickesmieg. & ﬁéiﬁé%ﬂe‘%t ZiligRusEeniltht y of
hoth fl ipdbegde ogl. h el ”c‘?
ant 1 gorenanta Sl BGHRD ARRE SR Sl BAROPL haBRAS SRR MhibSHLY

anti - HA(GI%}) df gl taspertise anfluddxh virus érom tﬂfm‘tm%ﬂ\dﬁ@?l@hdﬁé(al?%)m awhicedtiteis t he
st andar i nf.l yenza HA i ncl nt o c mer.ci al | uenza

vacci né&t %‘EﬂPé‘rWﬂLH% m?gﬁ%fed&yeafﬁgfg%z&iﬂ% GerppepLra %f i deed y

pr ot ectvgqlﬂpg)@otgﬁlom a lethal influenza challenge. Interestingly the

response i nduced by ecHA coupled to AP205 VLPs induced hi gher Ig&a than
g3 titers whereas ecHA(PR8) al one induced higher Ig@ than IgQa titer,

suggeswmléoupl ing to VLPs induces a shift froma TH2 to a TH i nmune
respon EXAMPLE 12: Induction of cross-protection with

Q- ecHAAIR fy%eeﬁ&QSpuﬁﬁmOBF&d irBfoldih QI diffbrene TERAAS loERBE gloth@dd ment s

[00120] To det er mi ne t he protective potential of the HA vaccines,

si X ferﬁé)n@lbafH/Ac(gﬁfb‘é) fanowsepdaptedintne R84 (HAMIhvirasl with 15 ny of
ec XAMPLE 5 or 15 AP205- ecHA( PR8) obtained in
SYRVREE T T e ined in & oot S o

R8) obtained in EXAMPLE 1 or 15 ng of Qo or
AP205 [M124ﬂ)pETe42ﬂ$+)ABra&16fri®'ﬁmzé &f ST 40a@QQNBVagen), where a 6xHis-tag and the aa

linker (GGC) followed by a stop codon was introduced after the multiple cloning site for
expression of fusion-proteins with a C-terminus encoding the aa sequence of SEQ ID NO:91.
In a first step the intermediate vector pET-42S(+) was constructed by ligating the annealed
pair of oligo 42-1 (SEQ ID NO:45) and oligo 42-2 (SEQ ID NO:46) into the Ndel-Avrll
digested pET-42a(+) plasmid to obtain pET-42S(+). In a second step the annealed pair of
oligo 42T-1 (SEQ ID NO:47) and oligo 42T-2 (SEQ ID NO:48) was ligated into the Xhol-
Avrll digested pET-42S (+) plasmid to obtain the vector pET-42T (+) (SEQ ID NO:60). The
resulting plasmid has Ndel, EcoRV, EcoRI, HindIII, Pstl, Pvull, Xhol, Xcml, Avrll

restriction sites in its multiple cloning site.

B) Generation of constructs gdHA PR8 42 310, gdHA PRS8 46 310,
gdHA PR8 57 276, gdHA PR8 54a 276, gdHA PRS8 54a 270, gdHA PR8 57 270

[00125] Fragments of the ectodomain of HA (gdHA) of mouse adapted influenza A
A/PR/8/34 (HINTI) virus (prototype H1 HA fragments) were designed based on the protein
structure (PDB 1RVX) of prototype human (1934-human) H1 influenza virus A/Puerto
Rico/8/34 HA described in Gamblin SJ ef al., Science, 2004 303:1838-42. Based on aa
sequence alignment of mouse adapted A/PR/8/34 (SEQ ID NO:39, obtained in EXAMPLE
1B) with the prototype human (1934-human) H1 influenza virus A/Puerto Rico/8/34 HA



PBS and i njected subcutaneous ly either two tinmes (on day O and day 21) or
only once on day 2 1 (see also Table 4 for nore details). Mce were bled
retro-orbvoabiyi2emwzday 35 and sera werg anal yzed by ELI B&T@P2HASHE$ay as
described in EXAI\/PLE 6 and 7. On day ég “the respective groups were

cho| B 0, 3550, S5 ST s A A 22 M 0

Tabl e 4cid¥3%e3 MBﬁ? Iﬁé‘d}ré’s@@ﬂd@g sl abn@ifo- §diﬂs\/k12'-%|10 quclf;scfagédosﬂ H nERHdRE 8
IS

The results of t experinment are shown in Table 4. As shown in Table 4

i muni 28tcvers JoBcianese2 0Kt 303 e b8 FIRO) fladind) ok Ndelgestoetigpsipst ithke Nﬁd@@n

prot ecti S t h et 0

honol ogggs% y%ﬁ?bﬁle}r?géﬂkﬁﬁ%gghmgrﬁt '?‘rlf ﬂl%evgéesroé)lt%h(z)%gf%if %‘é%%%n i ru%ozé Yer a
si ngl e prédueed i 9N gedd sgithtsiAFGereast, rfgégensbm;nGzﬁha@m Wh& fb;ﬁ@rhlﬁ( RARBlkofidd | ed
to protect against a heterol ogous chall enge with and onIL?/szertly

pr ot ectswea@eawl% diggstag rfﬁﬂblaéﬂsa@h%mlew&eﬂwqdwnw Bﬁ@lsxml Slt% ef philt

rot ec li[}%@
I[s)econdtrlés(ralﬁli*]ﬁlj ?%1}]18 ST Ierogﬁizgﬁg\r%% gﬁ?%g?)ﬁ\] Li )eg\nﬂgge}é\ﬂgﬁﬁ coupl ed
to Qb @lena%az(lﬁffsﬂenmmbrm cfﬂagmehty bynpCR w8 dbutlired sipriGibécé.i Bricfhy, tR(ER oceetiamd t wo
|mrun|zat|on are 0 .ecHA( PR8 .th th
A EM 172 BT ?rrqv Vylﬂgﬁ}eamﬂwgﬁeﬂ LIS %QE%MAEEW%\? 2 f ﬂﬂ Cﬁﬁ%ﬁe R pste

al one vasqRR! Werk AiddddhdviPt RUBCind ReoMukeclbi@Mnd NathRhochRt bepse.421(+)
| muni zat1on of mce with ecHA(PR8) al one or coupled to Q or AP205 i nduced

sone degsru@mgom t@c@@sﬂnwmumlo@tedalgahﬂéast aoluptrhaf Thbif éctThese pm&nﬁﬁ(@ncodle m ce
with t H3N1|nfluenas n Al Aichi/2/6 Vi rus

O oss- HUPBERLR Storas SLOF NrapEbs (P mfed of Akl iofes ST BASERTPur o

i ndi catNO@73§,hat 46CHO(RRR) 1BDPBE):68)¢ ahgﬁza@t(sﬁqduBSNm @h! aifa-1% (SEPamsi bl e
for cross-protection in this case su@gestl n different mechanismfor

cr ossphR &l |3@ﬁ49b 2ThSEQ 11 M7 1) nandheasd-280y, EQWE?I'[N;@ 78} efiths . ccsoanin efet her
th _ ; ' g°
(nese GBS AHIADE"SIDAARLER L g LhenNH LBl HeFSul ot e

I Mmrunogemiiist yf SPQ IIDYNIO)QE SAltnhQ) m@tpe@tmﬂﬁarre%p@[ﬂ&% fonHB amehbagiag astivddA.

This is, particularl Lﬁg i ght ed b the fact the bacterlg\%hage ecHA
vacci ndOmPEVERs & £k CF%?C?)@Q%&”P aé%é%m)h@h%ﬁ%ﬂuﬁéwg@ iishware named

het er ol QgoUPRY i3S 19hi I3k A PRseG6¥818! ONRIHA PR 57 TR © hHA PRS 34a 276,
gdHA PRE 54a 270, gdHA PRS8 57 270, respectively.

Table 6:
Oligo 1 Oligo 2 Construct Name (Ndel/Xhol fragment)
JA35 (SEQ ID NO:51) JA40 (SEQ ID NO:52) pET42T HA1 PR8 46 310 (SEQ ID NO:62 )
JA37 (SEQ ID NO:53) JA39 (SEQ ID NO:54) pET42T HA1 PR8 57 276 (SEQ ID NO:63)
JA36(SEQ ID NO:55) JA39 (SEQ ID NO:56) pET42T HA1 PRS8 54a 276 (SEQ ID NO:64)
JA36 (SEQ ID NO:55) JA38 (SEQ ID NO:58) pET42T HA1 PRS8 54a 270 (SEQ ID NO:65)
JA37 (SEQ ID NO:53) JA38 (SEQ ID NO:58) pET42T HA1 PR8 57 270 (SEQ ID NO:66)

C) Expression, purification and refolding of gdHA constructs

[00126] For expression, Escherichia coli BL21 cells harboring either plasmid were grown at
37°C to an OD at 600 nm of 1.0 and then induced by addition of isopropyl-B-D-
thiogalactopyranoside at a concentration of 1 mM. Bacteria were grown for 4 more hours at

37°C, harvested by centrifugation and resuspended in 5 ml lysis buffer (50 mM Na,HPOy,



EXAMPLE 13: Production and Testing of a vaccine against an influenza H3N2
strain [00121] ecHA- A-Uruguay obtained from EXAMPLE 2 was coupled to @
VLPs as dwecpidesoen EXAMPLE 5. The Iggunogeni city of tRCI/EPaCIOIOSINAS
tested in mce. Briefly, four fenale balb/c mce per group were inmunized

ith 15,3 6 1 ..Q24, 0 f - f
o Ha( Uy NEbk 4Pl fio&kigt B9 oFP smei Sbbend i Webidbe by Her e
for nul ahigdndubaBOOwikh 1PRS/MINGsdAAhRCeHs fefe them dRApt& bMidifcAtBh &nflcedylget r o-
orbitally on day 2 1 and sera were anal yzed usi ng ecHA- Uruguay-specific

ELI SA. DiNé wassligastedahyel Ssmimmacibegignion idabyith S5ug/mé DiNveserl. ineluséain oddesddBpl i ng
of ecHA- Uruqua VL Ps, .dr (cally_ j.ncreased i.Ls,inmu icity since
0. 0046 e BAVERted BuctrriBienrit, SRS Riegt ot "GO RRRS Butiiey b THe PRI Fitebefin 15
g of YhrrRf R §1EIUA) inaBARRLITRARLR befferr¥ANRES, 34 mArnect pRR @Y nfest i ng

of vaccines against influenza HS5N1 and H N strains [00122] ecHA-Vi et nam
ecHA- | Ridnethicaol) eloHAcPagaptratien: HAOBY indimheRefndlieg WA PCRIEINS ovan perémeidnad from
EXAMPLE.3. and 4 wi | e COoupl ang, AR cribed in,
exanpy @M adtalt ool GRRREE S Saclefiod AN LR B ARG o e

for i nfGlyenale (VRf,eciVdGhashidasedicoed.5 mNEXAMRIHLBoxifizt GAHR ), Boltyvdd Byer s
and HAI titers_ in sera fromimmnized mice will be determ ned as descri bed
i n ExAdiEGipagninst refghding hukter 3650 s NaHeP@o S NoAraaigent0 afdywareledviarraai n
used f t : I E t : | L i j 3 i nents,
where fid ORIEERILMICRR b M Fplaibl By B PR Folldvdrty REIRERIE

si m | arefoddingebugkpet (20emiM Gedormtradsphat EXAMRLG R rate |(V/ W epldet. 2 oR efedded

Morover to. eval uate the protectiye potential further, cross protection
exper | MENELS Mrsupied o d éh‘f“ﬂ&@(lﬁi ¥ be either challenged with the

honol ogous i nfluenza virus or a heterologous influenza virus strain will be
performed simlar to the experinent described in EXAMPLE 12.- - EXAMPLE 15:
I n vit XAMRIEEILT z $xesign aofd nwinbaeingaf firagmerty of ¢haedtpdomabrel hdlvedza mal s

used i PRIt Fito MR R 5P 4% s, A BLOTR. uPhog )T Wig Hi o EE iy v

het er olop@@tifrall bbUAPHER iHIGMBASA WMrubesRihd iNAHORLSS vivub&y serial dilutions of

the respective sera and the ability to inhibit the MDCK cells
[00127] Based on the structure of the H1 HA of the human 1934-HIN1 influenza A strain
(pdb 1RVX) (Gamblin SJ et al, Science, 2004 303, 1838-1842) influenza A H1 HA prototype
fragments were designed as described in EXAMPLE 16B. The influenza A H1 HA prototype
fragments was structurally aligned to the structure of a influenza HA of the H3 subtype
(human 1968-H3N2 influenza A strain (pdb 1E08), Wilson IA et al, Nature (1981) 289, 366-
373), to the structure of an influenza HA of H5 subtype namely human 2004-H5N1 influenza
A strain (pdb 2 FKO) (Stevens J et al, Science (2006) 312, 404-410) and human influenza B
virus B/Hong Kong/8/73 (pdb 3BT6) (Wang Q et al, J. Virol (2008) 3011-3020) to design
influenza A H3 prototype, influenza A H5 prototype HA fragments and influenza B prototype
HA fragments with similar structures as the influenza A H1 HA prototype fragments.
Numbering of the fragments was based on the human 1968-H3N2 influenza A strain (pdb
1EO08) (Wilson IA et al, Nature (1981) 289, 366-373). Influenza A H1, H3 and H5 fragments
of naturally occurring influenza viruses were designed by aa alignment with the prototype HA
fragments of the corresponding subtypes of influenza A virus strains. Influenza A H6, H13,
HI11, H16 HA fragments of naturally occurring influenza A viruses will be designed by aa
alignment or structural modeling and structural alignment with the prototype H1 HA

fragments , influenza A H4, H7, H10, H14, H15 HA fragments of naturally occurring

influenza viruses will be designed by aa alignment or structural modeling and structural



with the respective influenza virus will be determ ned. The virus
neutralization titers will be defined as the reciprocal of the highest
serum di Iwoi20r/eamabl e of conpl etely ipnhibiting 200 TCl Pe0/ERR010I0&5944
respective influenza virus frominf e‘cf‘?ﬁg MDCK nmonol ayers in a mcrotiter

plate. l.nfection wll b red b n.ELI SA whi rm

it r acetpumsi g s aieairt T Fal e aleiianinie HE TFaR IR tematsi on,
purifi eatienamndeb@tabdinfgeh dirdsternent bé rRg $yofa bhignfd b rud@ari n of
HA (gdHA) of npuse adapted influenza A PR/ 8/ 34 H?IN virus. A) Generation
of pET1ap(ing gndostpwurplEaligiemynt)witks the geetpiyae i Ne A HeEmaps @ayl quadhesgen)
wher e | S- n s A1 nker £ O S

i nt rod%g(ggémél tté?ﬂ?f ﬁ%&ﬁ%ﬁn% gyl?leliocnllg%metngl’cﬁ%uérg ?l)drgqggg?’te)%/6sé?%’%)b o(dgld@u'}ld‘ﬁ?g

f usi on-~fl ok ehiftdwiut bsigg Getpes FramSWESEMODBLE he aa sequence of SEQ I D NO 91.
In a first step the internedi ate vector pET-42S(+) was constructed by

| igating the anneal ed pair of oligo 42-1 (SEQ ID NO 45) and oligo 42-2 (SEQ

| D NO i I 5 Mol L T H)s i .

pET- 42%%)‘@]% g@,gg igig'ﬁ'j'og’?%%#s?ﬂié’ @ininigg‘\tgﬁ ag,gdg,fe@gpmg ‘@omﬁ Ef&fq%égaﬂ 5]

NO 47) Iafldemdai Ay€ MiRoirn2a/QB8EWPI D NO 48) was |ligated into the Xhol - Avrll

di t -42S (+ 1 d.t.o_.obtai he, vect T- +) (.SE

oo SOl 82 e AP A o RaShanh LR MG BBl ARR bR By 1
Xhol',  XepdssioWidrhbdreSd P Cig50n) éﬂcbgﬁg' a!?nihB%cfHéWﬂ-ﬁ(ﬁ&%@@dﬂbﬂ%?hﬁﬁbe&%
Generation o f constructs gdHA PRS 2310, gdHA PR8 4 6 3 10 , gd
PR8_57 flaniked gdhin3 PRE! IH4aNATbrestigidtin FiRgasly t7 enddiie BRIl BRrizdion §iG0125]

F ts of ft t odonai . HA HA) . of dapt ed i nf A
I PR 8 PRITEANPS TR OTCR o Bl yBE PErISR Y ageniey habeCtnsally RGP RBuBY on
the pr Q}&hlanﬁtTthb%Erﬁizé&’lﬁBcle@ scleiicok & WRRestbdNEh NEOB4ndxmen) Sk 1D

i nfluenza virus AlPuerto Rico/ 8/ 34 HA described in Ganblin SJ et al,
Sci enc &0 2@b4amgloFlonpd 3gntq 2 thepdded->diol asitese glieple B-4a3T(Pnieswltingt iAppkemidapt ed

(1054 R4y W AFPAER VI TR, o tntey 4o L O FebRhRg ST

al ., Séhfhrdes val04A/8a81olB38442) (SHE IDUNIOe®Y) fiked &6 e deteen sl i ofgS @ 1o

acids 36-31 1 (HAI) correspondi n(% to am no-acids 42-310 (HAI) based on H3
nunber iN{az91 and was termed gdHA AC0409 42 310 and was produced, purified and refolded as

described in EXAMPLE 16C. Alternatively, pET-42T(+) expression constructs containing
shorter fragments (aa 46-310 , aa57-276, aa54a-276, aa54a-270 and aa57-270 based on H3
Numbering) of the globular domain of A/California/04/2009, flanked by Ndel and Xhol sites,
will be amplified with appropriate oligonucleotides and cloned into pET-42T(+) in analogy to
EXAMPLE 16B. These proteins will be purified and refolded as described in EXAMPLE
16C.

EXAMPLE 19: Cloning, expression, purification and refolding gdHA fragments from
influenza A/Brisbane/59/2007 IVR148 (H1N1)

[00129] The cDNA of HAO of influenza A (A/Brisbane/59/2007) (HIN1)) strain (NCBI
accession number ACA28844.1) encoding, based on H3 numbering, amino acids 42-310
flanked at the 3’ end by a Ndel restriction site and at the 5’ end by a Xhol restriction site was
optimized for expression in E. coli and produced by gene synthesis by Geneart, Regensburg,
Germany. The optimized nucleotide sequence was digested with Ndel and Xhol (SEQ ID
NO:78) and cloned into the Ndel-Xhol sites of pET-42T(+) resulting in plasmid
pET42T HA1 AB5907 42 310. This plasmid encodes aa42-310 of the ectodomain of
influenza virus A/Brisbane/59/2007 (HIN1) (SEQ ID NO:85) fused to the N-terminus of SEQ



(Stevens J, Science 2004 303, 1866-1870) flanked by a Ndel restriction site
at the Ntermnus and by a Xhol restriction site at the Cterm nus was

opti m zedwbapioerepoession in E. coli a produced by gene@CIErRLIIOHFII4
(CGeneart, Regensburg, Gernmany). The 68 imze nucl eoti de sequence was
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0.5 M Aﬁrgnmlsnef SEQ M NO: 91 and was terrned gdHA AU71607 42 310 and was produced,
purified and refolded as described in EXAMPLE 16C. Alternatively, pET-42T(+) expression
constructs containing shorter fragments (aa 46-310 , aa57-276, aa54a-276, aa54a-270 and
aa57-270  based on H3  Numbering) of the globular domain  of
A/Uruguay/716/2007/NYMC/X/175C flanked by Ndel and Xhol sites, will be amplified with
appropriate oligonucleotides and cloned into pET-42T(+) in analogy to EXAMPLE 16B.
These proteins will be purified and refolded as described in EXAMPLE 16C.

EXAMPLE 21: Cloning, expression, purification and refolding gdHA fragments from
influenza A/Viet Nam/1203/2004 (H5N1)

[00131] The cDNA of HAO of influenza A (A/Viet Nam/1203/2004 (H5N1)) strain (NCBI
accession number ABP51977.1) encoding, amino acids 42-310 (based on H3 numbering)
flanked at the 3’ end by a Ndel restriction site and at the 5’ end by a Xhol restriction site was
optimized for expression in E. coli and produced by gene synthesis by Geneart, Regensburg,
Germany. The optimized nucleotide sequence was digested with Ndel and Xhol (SEQ ID
NO:81) and cloned into the Ndel-Xhol sites of pET-42T(+) resulting in plasmid
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Model ?1? .lllegliZE? %irus A/Indonesia/5/2005 (H5N1) fused to the N-terminus of SEQ ID NO:91 and
was termed gdHA AIS505 42 310 (SEQ ID NO:89) and was produced, purified and refolded
as described in EXAMPLE 16C. Alternatively, pET-42T(+) expression constructs containing
shorter fragments (aa 46-310 , aa57-276, aa54a-276, aa54a-270 and aa57-270 based on H3
Numbering) of the globular domain of A/Indonesia/5/2005 flanked by Ndel and Xhol sites,
will be amplified with appropriate oligonucleotides and cloned into pET-42T(+) in analogy to
EXAMPLE 16B. These proteins will be purified and refolded as described in EXAMPLE

16C.

EXAMPLE 23: Cloning, expression, purification and refolding gdHA fragments from
influenza influenza B/Brisbane/3/07

[00133] The cDNA of HAO of influenza B (B/Brisbane/3/2007) strain (accession number
ISDN263782) encoding amino acids 42-310 (based on H3 numbering) flanked at the 3’ end
by a Ndel restriction site and at the 5° end by a Xhol restriction site was optimized for

expression in E. coli and produced by gene synthesis by Geneart, Regensburg, Germany. The



will be carried out using the program SWSS-MODEL. EXAMPLE 18: C oni ng,
expression, purification and refolding of gdHA fragnents from I nfl uenza
Al Cal i f orwiD200422009 [ 00128] The cDNA f HAO of i nfl uenPaTAP2010/055944

(A Californial04/09) (HI NI )) st rain ( accessi on nunber ACP4 1105.1)
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and was terned gdHA AC0409 42 310 and was produced urified and refol ded
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constr tajn 0 La , Haa a-276,
aab4a- %% an aﬁt:i?he{%gof@arsb%%rd %ﬁ%ﬂfﬁﬁﬁ Eg%)tigslgbhfethgl ggogﬁl?aaﬁ domalﬁnm(z)f
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w th app. ate ol i gonuc] eoti des clon I 2 in anal ogy to
EXAVPLEYE 1 ‘}5?6‘9%‘? glt%’gf 433? i éyéﬂé"g@%ﬁﬁ 106(% RS RIOERY i n
EXANPL'%wﬁ@)@ uﬁﬁ%ﬁﬁreﬁde&msa%edqm@ﬁmﬂ jgpurification and refol ding
gdHA fragrrent s frominfluenza A/ Brisbane/59/2007 |IVR148 (H NI') [00129] The

cDNA of HAO of influenza A (A/ Brisbane/59/2007) (HN)) strain (NCBI

a2- 310 1P ANHIGE 2 Eemse "exreBgiis netBtesPBR e Rrghiont BN RepflRai ong

by a Xh@ﬂué,gatx/cghfd}ﬂlagm/mmmt)l m zed for expression in E. coli and
producedwéy &ene synthesis by Geneart, Re ensbumgﬂﬂ GermarI]\}/ The opti m zed
4% / D)

nucl eotl o ehth Aves Hfi Q& tiaflustize hA NeeCalifini 0D<ED MangNGRY

SETaoT e aBEbeRs TR ichCRuPLaRnh ERTUAL R B PolieBiliflated
of inflavemz® vid us aAK By &bt&lﬂﬁétf)@l’t@@&? a{ HieNb") erl{dSEQal I 8&kridtionedtet wad he

N-t er mi nus ,of SEQ D NO 91 and was termed, gdHA AB5907 42 310 and was
pr oduc ORMRd; for eprestpnriatiolcaddna Prefises Pheans wnEheaNPYECamert: REgs e vel y,

pET- 42-66@&1&1&%%&@ %bﬁﬂllz%ﬁnﬁ&cﬁéﬂ)?lhé s%&ﬁ@n%b r\’veﬁgdlgested with Xbal-HindIII (SEQ ID
NO:83) and cloned into the Xbal-HindIII sites of vector pET-42T(+) resulting in plasmid
pET HAI1 AC0709 42 310. This plasmid encodes aa42-310 of the ectodomain of influenza
virus A/California/07/09 (HIN1) (SEQ ID NO:90) fused to the N-terminus of aa linker
GGCG and was termed gdHA AC0709 42 310 and was produced, purified and refolded as
described in EXAMPLE 16C. Alternatively, pET-42T(+) expression constructs containing
shorter fragments ( aa 46-310 , aa57-276, aa54a-276, aa54a-270 and aa57-270 based on H3
Numbering) of the globular domain of A/California/07/2009 flanked by Xbal and Hind III

sites, will be amplified with appropriate oligonucleotides and cloned into pET-42T(+) in
analogy to EXAMPLE 16B. These proteins will be purified and refolded as described in
EXAMPLE 16C.

EXAMPLE 25: Coupling of globular domains of A/PR/A/34 HA to QB and AP205 VLPs
[00135] A solution of 6 ml of 1 mg/ml QB VLPs protein in 20 mM HEPES pH 7.2 was
reacted for 30 min at room temperature with 128 ul of a SMPH solution (50 mM in DMSO).
The reaction solution was dialyzed at 4 °C against two 6 1 changes of 20 mM HEPES pH 7.2



shorter fragnents (aa 46-310 , aa57-276, aab4a-276, aab4a-270 and aa57-270
based on H3 Nunbering) of the gl obular domain of A/ Brisbane/5 9/2007

| VR148, fwerkmd202Ndel and Xhol si tei will be anplifi edT@EPRéL0OAPIHOPTi at e
ol i gonucl eoti des and cI oned into pET- %T( +) in anal ogy to EXAVPLE 16B.

ExavoL Bvaor? B hhars PpRetivelt Sanitlind G Riafies A AR B8 Sl aB A PR vont o

froml of
Hag or i Faes A e Ry Uéég‘fyl%% SR S0 P IR RO b OpCafb:
acceSSI20®9mumgeHAA€E)87i4ﬁ4276.IO @ﬂ&ﬁghﬂp HOOOQul %@Hdis PRB- 810276b[@$<5dmgnn1113
nunberln fl anked at the 3' end a Ndel restriction site and at the 5'

end by 2a ol gd*ééﬂ?ﬁ%ﬁﬂ@ﬂ”@l [0 Wgénld)@tld A 2O gt it $4 B obiaiged o and

el oot HaVEE T entl VSTl exitba (P HH AT aat bl (i R ufly”

cl oned h I u ngy .| st
PET42T_ %%ggﬁgﬁgi%ég?&ﬁ ﬂ%ﬁAgj %182“% ﬁ% @d@gﬁgaggs ‘35]1@40a —g (pt he e@% éeéio mai n

of i nf Ipuenng weire tsnoVedrtyoguizy ¢ I sG2 AT matégraph$ usiig N2S st DIMB 8dymhused
to the e nus of SE 1 a .termed gdHA A 42 310.and was
producégfupﬁy{ﬂ?rpﬁgatsa*fﬁie@eﬁwﬁ%anasf g%yﬁil%iﬂs‘ipﬂly%%&mg f—),ummrff Y548 vel v,
pET- 42 - ABs 10 ,
Py 5 RiEREes P ERITIHEL RaTAOC AU B0l Teud TR Bohde Bl
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sites, wl|l be anplifjed with %proprl ate oli gonucl eotides and cloned into
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fold
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Nani 1203/ 2004 (H5N1)) strai Er;]MNCBI accessi on nunber ABP51977.1) encodi ng,
ani no &&pigst typ-Gl qlgingesaeficly) F@Pﬁﬁﬂﬂérﬂ%weﬁ il edhoes. 1l éerl\@ﬁaedoynda Ndel
restrlctlons t he 5' b h r m zed
for exp%irlae1 35 oj%lgjl%)r? i:{ltcolwasnf1 edw ?M‘c%éﬂﬁf( geArreﬁgéyﬁ?h%lsaf@ %m%%lel ﬁpul

Regensurg, Pﬁ%rﬂr@rmo [‘t‘)hﬁnegaﬁﬂ]mzz@@b fMlCéd@m P _S££26607. Ma&gqhgeat(ﬁ)@ W th
Ndel and Xhol (SEQ I
gdHA PRE 57 276 [O 45 mg/ml], 2°950 ul gdHA PR8 54a 270 [0.6 mg/ml] and 3°529 ul
gdHA PR8 57 270 resulting in AP205 gdHA PR8 42 310, AP205 gdHA PRS8 46 310,
AP205 gdHA PR8 54a 276, AP205 gdHA PR8 57 276, AP205 gdHA PR8& 54a 270,
AP205 gdHA PR8 57 270. Uncoupled protein was removed by size exclusion
chromatography using a Sepharose CL4B column. Coupled products were analyzed on a 4-
12 % Bis-Tris-polyacrylamide gel under reducing conditions. Several bands of increased
molecular weight with respect to the AP205 capsid monomer and gdHA-PR8 monomers were

visible, clearly demonstrating the successful cross-linking of all the globular domain

fragments of PR8 to AP205 VLPs.

EXAMPLE 26: Efficacy testing of different gdHA derived from ma A/PR/8/34

[00136] In order to test whether the different globular domain constructs generated from
A/PR/8/34 in EXAMPLE 16 where able to induce a protective immune response, the vaccines
generated with these globular domains obtained in EXAMPLE 25 were tested in an influenza
mouse model. As a positive control a vaccine containing the whole extracellular domain
(obtained from EXAMPLE 5, QB-ecHA(PR&) was used). Briefly, four female balb/c mice per

group were immunized s.c. on day 0 with 15 pg of the antigens indicated in the first column



NO 81) and cloned into the Ndel -Xhol sites of pET-42T(+) resulting in
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EXAMPLE, 86 sideXAMPLE 23: O oning, expression, purification and refolding

gdHA fragnments frominfluenza influenza B/ Brisbane/3/07 [00133] The cDNA of
HAO of influenza B (B/Brisbane/ 3/2007) strain (accession nunber

Table 7:
Antigen Anti-ecHA-PRS- Anti-Qp-IgG HALI titer Survival [%]
IgG d21 dz1 dz21 20d p.i.
QO _gdHA PR8 42 310 17°053 157760 53 100
QO _gdHA PR8 46 310 15°242 19°088 40 100
QO _gdHA PR8 54a 276 3°688 12°881 5 100
QO _gdHA PR8 57 276 1’989 17°338 8 100
QO _gdHA PR8 54a 270 1’103 20’814 0 100
gdHA PR8 42 310 119 11 0 25
gdHA PR8 46 310 336 11 0 100
gdHA PR8 54a 276 11 11 0 0
gdHA PR8 57 276 11 11 0 0
gdHA PR8 54a 270 11 11 0 0
QpB-ecHA(PRS) 3770 393 16 100
ecHA(PRS) 52 11 0 75
QB 11 1657327 0 0




| SDN263782) encodi ng am no acids 42-310 (based on H3 nunbering) flanked at
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of hao SRUAR h SR AMPAFEER) AR hORBIH AR (i shey %%é%‘c‘é@%%ﬁg??#“
nunber EQQRY/E’J;&S) Tenestahagroadttine paentsl A2hSldtchesaltimice wWare mhmﬂJafgiedil gvithl:anked
restri t|on site and at the 5 end l(}ba H ndl ||

st 1 dsthardose { LIRS0 G bt s nbieBsO ARG A ALY S LMD by
gene Slﬁ% Q@%hgltlpé’m nﬁé}%;np] H?ﬁgﬁf‘ﬁ%?ﬁ li)e%elh@@(MP-ﬂEES gﬁ{e'aa{r?]?gﬁgfij% ﬂ’ré?é gpiy de

sequence’ was gested w (SEQ I'D NO 8 ned’into the
Xbal - Hitriets lab weiltas shaofurvieel after pEAlloh2T fre) sumesarizeid ng Thble. @snshdwn in Table 8

ET HAl L ACO709, 42 0. | asm d enco aa42-3 f t.he ectodonni n of
Pnf TueriFatwA glgBular g%ﬂ“‘i“%P é'/o ePRsgtedip r@ﬁd %@E@fueefﬁn%ggéwlgwef&e@&gﬁ%t
N-term QI-@i
pr oducegﬁ%ggiréfal%é eg%&?e %g&ag@%escplgggé& %ﬁqégg%ﬁ%gg%gﬁvel Y,
pET- 42‘[‘1@&1)01@0;15 esey Wﬂreannhssbd Ubtese emrttody mhd glAghoers everd slaglmamt Isetter than4iée 310
aab7-276, a §76 aab4a- 27 %Ef@g TgaS? Q&70 bas d on Number i ng oﬁ t he
gl obul &Y ﬁ ¥ VAFCHF CPOPRY /DO AT Sk Bﬁﬁr mal%ﬁﬂmﬁ%ta P A% t es,

wi || baseppl i Ilﬁgowaﬁtho HRR! @RI béth&aetihg WML I8RE I FgSmand fﬁl'l)ﬁﬁ?cﬁedtéﬁ fhice
pPET-42T(+) in anal ogy to EXAMPLE 16B. These proteins wl urified and

r ef ol ddibnag hdteselogbwdchahlemxawRh Ewoglifferent HIN1 strains (A/FM/47 and A/WSN/33)
whilst immunization with the complete native extracellular domain failed to provide full
protection. This result further underscores the potential of the fragments of the extracellular

domain chosen for the production of influenza vaccines.

Table 8:
Antigen Challenge Anti-ecHA-PRS- | Anti-QB-IgG | HAI titer | Survival [%]

Strain IgG d16 d1e d16 20d p.i.
QB _gdHA PR8 42 310 7°135 14°234 36 100
QB _gdHA PR8 46 310 4’563 16’957 15 100
QpB-ecHA(PRS) A/WSN/33 1°207 204 16 100

ecHA(PRS) 20 20 9 0

Qp 20 205773 4 0
QB _gdHA PR8 42 310 10°446 12°438 45 100
QB _gdHA PR8 46 310 6’425 21°119 31 100
QpB-ecHA(PRS) A/FM/1/47 1’637 280 12 100
ecHA(PRS) 20 20 7 33.3

QB 20 202°316 7 0




EXAMPLE 25: Coupling of globular domains of A/PR A/34 HA to Qb and AP205
VLPs [00135] A solution of 6 mM of 1 ng/mM Q VLPs protein in 20 nM HEPES
pH 7.2 wasonewcem2for 30 mn at roo (t)errperature wi t h Peg/meRolofs4ENMPH
solution (50 mMMin DMSO) . The reaction solution was dialyzed at 4 0C

agai ns es_ of 20 PES pH., 7. 2over 1 a 2 hours

r espect %ﬁ}&é%aﬁgsq%am ow’pﬁﬁé ﬁaﬁl‘?‘ le uti on was i xed
g 1 SRS SR R e O Wﬁ‘wl% B R
[ 0. 45 rbglbid ﬂruceaieggﬂauMWQdHAmBE&e&éa d?tmay[ Owothnig/, 87 0.6 ant2,3).B2APDrrfl.0046 ng
gdHA PR8 57 270 obtained from E 16 resul ti n%R@ 621gdHA PR3 42 310,

Qb gdHRTBREALERE 162 3 Og@ﬂﬁAPﬁﬁ85ﬂ@L3é?econxggaf@emq %omTXAMlP
chr omHﬁgg;Rg%T%%%ﬁogfl nHm% Eﬁgﬁ%ggd ixd% )c{)%%b(fgl ﬁis’% (Qé' o

anal yzegsoofirsd téo Jraw%/OOEITSaJoTé 9}5-M£Ueyxa@1reydladnr9@o@edltamd@ﬁ dﬁﬁqg(ﬁhﬂg;eﬁ‘d)%té i ons.
Several bands of increased nol ecul ar weight with respect to nononer and

gdHA- PR8alypetbreng o AEPRS)sinscdic BRLESHY pyherapgsistinatonyghibiféons (R4 Bsaspay as

col ut1 SO I XAMBERE a2 Blec BT 1 ShHERRNu b gblpiboal Wikl
be reacllate hite #0radhallahggdowith beamher ddser(4LDG OjﬁoﬂﬁﬁlueﬂzaoA/PaU&\zﬂlﬂnsdﬂylﬂll on

(50 rr1\/||n DMSO). The reactlon sol ution was dialyzed 4 0C a}gal nst two 6
1chang&8d 8 rztyemrmﬁe@orﬁma? descgihed ImBXAMPIE Rolfesant Oﬁiar THeisi Vad fikey2sand

?T{)al yz%lﬁf’%gé rﬁﬁ@ \}gf L en cﬂ@ﬁeﬂ@e)é?éjs[u‘?ﬁﬁl%z%;iﬁ?qame 9%&"‘%%?% $223109 V[agcff_ies

46 ~310 HA PR8 54a 276
[ O. 45 rvgﬂrﬂ)(}th g2(5‘tﬁﬂ)@ ddrnegnﬂ-bﬁvm&g&ﬂ iAdGeeld higtb amngfortly JtiterR' agﬁﬁlsmdhe native HA

dHA P 27 529 57 2 7 It
AP505, TR S TPIOE v atsbe A b oy o TR R Eh B pO e S b n.
AP205 010088, SR icchBRUAUON B 154002 1 oHR20TLO0HRBBBEL AI8. o

Uncoupl ed protein was renoved by size exclusion chromat ography using a
Sephar detbalCrllBcogd with tl@oh@ﬂnebgpusnd’uus sltwsr enfomtany 2@ chotm tlaat415 12 656 the

Bis-Tris cr n uc condl tions. Several,K ban

ey en SRSl BE IR R Prog RSt S O SRR hisb OB e e B e il g
gdHA- @otganﬁl@@mny\@reﬁlav u%uiahge f&rltl?e@hi@hhgﬁfﬁg‘ﬁl% hatdnBPof e vasse@Taldd on
cross-lI'inking of all the globular domain fragnents of PR8 to AP205 VLPs.

EXAVPL Eh@globiiaf d@la@yl afdsAi higceobsetived abasiet ¢ gadériiygahstte thn brstejopRASY 34

VLP strongly reduces the carrier specific immune response.
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Q T or s RAVALLIE 92805 itrion of&166ular domains conjugated to AP205

[00139] In order to get more insights into the protective potential of the vaccine four female

Qb_gdHA_PRB8_46_310 (obtai ned in EXAMPLE
15 ng of total
protein of

balb/c mice per group were immunized s.c. on day 0 with 15, 3, 0.6, 0.12, 0.024 or 0.0046 nug
of gdHA PR8 42 310 or gdHA PR8 46 310 conjugated to AP205 (obtained from
EXAMPLE 16) or 15 ug of ecHA(PRS) (obtained in EXAMPLE 1) or 15 ug of AP205 in 200

ul PBS (see also first two rows of Table 10). Mice were bled retro-orbitally on day 21 and

sera were analyzed using ecHA(PR8)-specific ELISA or hemagglutination inhibition (HAI)

assay as described in EXAMPLES 6 and 7 respectively. To test the protective potential of the

vaccine, all the mice were challenged with a lethal dose (4LD50) of influenza A/PR/8/34 on
day 34 and the mice were monitored as described in EXAMPLE 8. The antibody Titers, HAI

titers as well as the survival after challenge are summarized in Table 10. As shown in Table

10 vaccines with both globular domains investigated induced high antibody titers against the

native HA from the homologous virus and good HAI titers determined with the homologous

virus strain. Moreover, a single injection with 24 ng or 120 ng vaccine (depending on the

globular domain used) was able to fully protect mice from a lethal challenge with the

homologous virus, further highlighting the potency of the vaccines based on the globular
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EXAMPLE 30:

conjuageted to bacteriophage VLPs +/- Alum, +/- boost

Immunisation with gdHA PR8 42 310 and gdHA_PRS8 46 310

In order to further explore the immunogenicity of the vaccine in conjunction with an adjuvant,

four female balb/c mice per group were immunized s.c. on days 0 and 24 with 15, 3, 0.6 or
0.12 ug of QB_gdHA PRE 42 310, QB_gdHA PR8 46 310, AP205 gdHA PR8 42 310
or AP205 gdHA PR8 46 310 (obtained in EXAMPLE 16) with or without Alum (8.3 nl

Alhydrogel 2% (Brenntag, Biosector) per mouse per injection) per mouse per injection)

formulated in 200 pl PBS. Mice were bled retro- orbitally on day 24 and day 48 and sera were

analyzed using ecHA(PR&)-specific ELISA or hemagglutination inhibition (HAI) assay. The

average anti-ecHA-PRS antibody titers at day 24 and day 48 are shown in Table 11. The

results in Table 11 demonstrate that all vaccine induced good antibody responses against the

native extracellular domain of the homologous virus at each concentration tested. The same is

true for HAI titers. The initial titers (ELISA and HAI) could be significantly boosted by a

second injection with the same dose of vaccine. Moreover the data show that the addition of
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EXAMPLE 31: Efficacy of a vaccine consisting of the globular domain of
A/California/04/09 coupled to bacteriophage VLPs
In order to test the globular domain from influenza A/California/04/2009 (HIN1) a vaccine

was produced and tested in a mouse efficacy study with a heterologous virus challenge.

Brifly, the globular domain from influenza A A/California/04/2009 (obtained in EXAMPLE

18) was coupled to QB and AP205 and uncoupled proteins removed, essentially as described
in EXAMPLE 25. The resulting vaccines were named QB gdHA AC0409 42 310 and
AP205 gdHA AC0409 42 310. Four female balb/c mice per group were immunized s.c. ond
day 0 and day 28 with 75, 15, 3, 0.6 or 0.12 nug of QB gdHA AC0409 42 310 or
AP205 gdHA ACO0409 42 310 with or without Alum (8.3 ul Alhydrogel 2% (Brenntag,

Biosector) per mouse per injection) formulated in 200 pl PBS. Mice were bled retro-orbitally
on day 21 and day 49 and sera were analyzed using rHA(A/California/04/09)-specific ELISA
as described in EXAMPLE 6. At day 65 Mice were challenged with a lethal dose of 4LD50 of



four female balb/c mce per group were i mmuni zed s.c. on days 0 and 24 with
15, 3, 0.6 or 0.12 ng of Qb_gdHA PR8 42 310, Qb_gdHA PR8 46 310,
AP205_gdHmORRB/1¥%203 10 or AP205 gdHA P‘528 ~46_310 (obtai nedTiEP2EXAMIULE 16)
with or wthout Alum (8.3 m Al hydrogg 2%(Brennt ag, Biosector) per nouse
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Anti- Anti-
Antigen Amount [ug]| rHA_AC0409- rHA_AC0409- Survival _[%]
IgG, d21 IgG, d49 20d p.
75 11°135 228’833 100
15 6’659 81°367 100
QB _gdHA AC0409 42 310 3 1’609 43’685 100
0.6 1’261 16°279 100
0.12 2’156 42°705 100
75 32°795 1°512085 100
QB _gdHA AC0409 42 310 15 15°275 301°255 100
+ 3 14°359 273°799 100
Alum 0.6 5672 1127484 100
0.12 4’610 74’160 75
AP205 gdHA AC0409 42 310 75 5’344 319°694 100
15 880 48°092 100
3 603 157382 100
0.6 1’872 187658 100
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EXAMPLE 23) were coupled to Qb and/ or AP205 and uncoupl ed proteins renoved,
essentially as described in EXAMPLE 25. The resulting vacci nes were naned
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the coating indicated in the second colum
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in mice. Briefly, the globular domain from influenza A HIN1 (obtained in EXAMPLE 19 and
EXAMPLE 24), the globular domain of influenza A H3N2 (obtained in EXAMPLE 20), the
globular domains from influenza A H5NI strains (obtained in EXAMPLE 21 and 22) and the

globular domain of influenza B (obtained in EXAMPLE 23) were coupled to Qf and/or

AP205 and uncoupled proteins removed, essentially as described in EXAMPLE 25. The

resulting vaccines were named according to the VLP (Q or AP205) and the globular domain

linked (e.g. QB_gdHA AB5907 42 310). Three to five female balb/c mice per group were

immunized once s.c. on day 0 with 15 pg of the antigen indicated in the first column of Table

13 formulated in 200 ul PBS. Mice were bled retro-orbitally on day 21 and sera were

analyzed using HA specific ELISAs as described in EXAMPLE 6 using the coating indicated

in the second column of Table 13. As shown in Table 13, the globular domains of all different

influenza A subtypes (H1, H5 and H3) and the influenza B strain tested were able to elicit an

antibody response which recognizes native HA from the respective influenza subtype. In each

case coupling of gdHA domains to VLPs clearly increased their Immunogenicity compared to

immunization with the gdHA alone. Importantly, the fact that the approach worked for all
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EXAMPLE 34 CBS

A) Coupling of gdHA PRS8 42 310 (H1N1) to CbS virus-like particles
[00140] A solution of 2 ml of 1 mg/ml Cb5 VLPs protein (SEQ ID NO:92) in PBS/10 %

glycerol pH 7.2 was reacted for 60 min at room temperature with 42.6 ul of a SMPH solution

(50 mM in DMSO). The reaction solution was dialyzed at 4 °C against two 2 | changes of 20
mM HEPES/10 % glycerol pH 7.2 over 12 and 4 hours. 1.4 ml of the derivatized and dialyzed

Cb5 solution was mixed with 2 ml of a solution containing 1 mg/ml of the purified

gdHA PRE 42 310 protein obtained in EXAMPLE 16 in PBS pH 7.2 and incubated 4h at

room temperature for chemical cross linking, resulting in Cb5-gdHA PR8 42 310.

Uncoupled protein was removed by size exclusion chromatography using a Sepharose CL4B

column. The coupled product was analyzed on a 12 % Bis-Tris-polyacrylamide gel under

reducing conditions. A band of increased molecular weight with respect to the Cb5 capsid

monomer was visible, clearly demonstrating the successful cross-linking of the influenza

gdHA PRE 42 310 protein to the Cb5 VLP.



influenza A/PR/8/34. The result of this experinment is shown in Table 14.
The result shown in Table 14 denonstrates that coupling of gdHA(PR8) to Cb5
VLPs al | ome 20te2528duct i on of a high an i -ecHA(PR8) anti IpOUEPRESOOIISE.
Morover a single immnization of mce"with Cb5- gdHA( PR8) vacci ne induces

of a tective antibody re t. hal I e wth
adapt od b dony pRvds Wi R SBREUT RS Chrafeiegaupled so §3Rcapsias (CRST o
i nf | uengdr Al nes based on the globular domain of HA. Table 14: EXAMPLE

35: Herraggl utination Assay [00142] In order to test if the gdHA fragnents
pr oduce{t!ﬂlalsl] dbs effiitreg erClESegchI}iAéPE&) mmduumapbadvatscte@bdm a AP0t meddesfcri bed

trugct | |
hommogoiicaL IER iR RSt Ao M § B A BB S Opnict per eroup
gdHA_ P%é@mﬁﬁl@hfc@%fﬂﬂ@?%’g bP (W3- QIHARZRS . 42N@t10\(7§cd%e bf 95 Eﬂgn§f PHESENps ON

i nfluenza viruses are abl'e to agglutinate red bl ood cells as a consequence
of t heifornhiladd ng 200 hhBBS errelcmgxtcm’d mbcumdechist;odn allyl & VRBCepre Bld setro-

aggl utinati on of chicken RBCs by enza virus is inhibited jn the
hemaggoGe'faat Pdslay nii BNY st y§gea9nag qaem%ﬁplzlﬁn Rarspreitieawd QES -SESHS bed

i n ExamhigA7midOwkRSthen Ehglﬁﬁ%%ﬂmaprﬂmm EQLH%' g4xtLq)§a§ o%dﬁpg%apta@cﬂ a

simlar structure as native protein on th esur e of ‘i nfluenza viruses
and t henfbfeore AVRR/E/HbTee tesubion this expichgmenesehoon inilablBA4. Ahdraslt shmeegquence

o 6 oA BREIE 63880 b GuRlin £ SRR Dl Ty BB R i oy o

sol ut | Qish M¥RI- @cmgpl@é)lam%dwﬁegpoﬂs@ ﬁ%@ng skt i diBatRR SHmRE whtWebs-

chicken RBCs in 9 | ates. The plates were m xed by agitation,
cover ecgdHa’r(BRBh@anB@sndmee ofid provgatiive entleqdyl respfonse dgainsae lethdmhaldenge meithur e.

The m nj nal R8423 HA PR3
JRS Al A kPR AET I Gt B dpr infugpre,
aggl ut |V@edlﬁestﬁa§e(p(knmkg[bblaﬁ€aomﬁl(ﬁmgrm ned and was 80 ng / well for

Q- gdHA PR8 42 310, 80 ng /well for Qb-gdHA PR8 42 310, 40 ng / well for
AP205- gdHA PR8 42 310 and 10 ng /well for AP205-gdHA PR8 46 310. The result

of thisp eOEAI ment shows that fragnments of gdHA can bind to the receptor of
t he natlv protein and therefore nust be structurally simlar to native
HA pr ot ei n. AntigenCLAI NBAmount [pg] Anti-ecHA(PR8) d34 Anti-Cb5 Survival [%] 20d p.I
Cb5-gdHA(PRS) 15 3’560 13°044 100
Cb5 15 n.d. 10°510 0

EXAMPLE 35: Hemagglutination Assay

[00142] In order to test if the gdHA fragments produced as described in Example 24 and
coupled to QP or AP205 as described in Example 25 are structurally similar to native HA
protein, a hemagglutination assay was performed with gdHA PR8 42 310 or
gdHA PRE 46 310 conjugated to QB or AP205. Native HA proteins present on influenza
viruses are able to agglutinate red blood cells as a consequence of their binding to their
receptor on red blood cells (RBCs). This agglutination of chicken RBCs by influenza virus is
inhibited in the hemagglutination inhibition assay by neutralizing antibodies as described in
Example 7. To test if the gdHA fragments coupled to QB or AP205 had a similar structure as
native HA protein on the surface of influenza viruses and therefore were able to bind to the
receptor on RBCs and as consequence were inducing agglutination of chicken RBCs, Q-
gdHA PR8 42 310, Qp-gdHA PR8 46 310, AP205-gdHA PR8 42 310 and AP205-
gdHA PR8 46 310 solutions were serially diluted in PBS and mixed with 50 ul of 1 %



1. A conposition conprising: (a) a virus-like particle (VLP) with at |east
one first attachnent site, wherein said virus-like particle is a virus-1like
particl e wb 2ar/R82bact eri ophage; and_(b) at | east one &oTiEPeN0nsiohs at

| east one second attachnent site, whePdin said at |east one antigen is an

ect odo f henmaggl ut. rotein or fr

cai o eCPBHBMEER dP G SIng Pt URENS e iel Dt P Shriovered, " EFHHCLa: o
fragmerfer®falpdied @St LRARNMEM 10h an rbbil U@RFRat\idl % NRITRGEA L it RIfahgi n
conprises at |east 80 contiguous am no acids of said ectodomain of an

i nf | uedBA/IPR§s4hetlggRiite ALP}?YSQﬂ@iﬁO W@ﬁ-ﬁdﬁéxpgﬁd‘ulﬁ)m arad | APREE
thr OUQ%dls—]%hg’R%t 46 SAD IR0 wfckd ?ﬁu %&% 1§l glu%ate‘%ﬁ‘é éhl%ﬁ ”v‘vjasa@et&%ﬂH?d“
Site Sltlon Ofe V\ﬁrensal Ornilno

i nf | uenaa wak 180 hamlgi@k QlBLgdHArBRﬂ aen3its SBnQF/QEEIcht,QB\AgeH@J PRSaiN 3@004;09| nis
conposed of unit conprising or gre erably consisti

ami no a&i/ dwﬁést%lt .Aé’ﬁoigdﬂé\jﬁﬁn‘dﬂéépoﬁngo@ g gwyel for éﬂ%fz@@@ﬁ&&@%ﬁ@ (b)
the HAZrh%‘%QHﬂif 6ftﬁ%r|§(:q§1tl ﬁiow%%httﬁ élrlt% 8f %il@A%faﬁ'%%d B MO dBptot of T
conmposi tion o e preced g clai whereln sard egto onmal n of
an inf InlaawzHAvprmsem heinbhggiart mustbegytaiceirally Sméar eataodoHA prowfin.an i nfl uenza A
virus hemagglutinin protein. 4. The conposition of any one of the preceding
cl aims, wherein said ectodonain of said influenza A virus henmaggl utinin
protein is an ectodomain of an influenza A virus hemagglutinin protein
subtype selected fromthe group consisting of influenza A virus

hemaggl utinin protein subtype H, H2, H3, H4, H5, H6, H7, H3, HO, H O H

, H12, H13, H 4, H15, and H16, and wherein preferably said ectodomain of
said influenza A virus hemagglutinin protein is an ectodomain of an

i nfluenza A virus hemagglutinin protein subtype selected fromthe group
consisting of influenza A virus hemagglutinin protein subtype H, H2, and
H3.- DD - 5. The conposition of any one of the preceding clains, wherein
sai d ectodomain of an influenza virus henmagglutinin protein is a naturally
occurring ectodomain of an



i nfluenza virus hemagglutinin protein. 6. The conposition of any one of the
precedi ng clainms, wherein the am no acid sequence of said ectodonai n of

sai d i nflwerar/a522r us henaggl uti nin Béot ei n i s sel ect edCrEP2010/065994 oup
consisting of: (i) the ami no acid sequence as set forth in SEQ I D NO 39;
and (i i‘?}&ﬁ\”ﬁm no acid sequence of at |least 70 % am no aci d sequence
identit SEQ ID NG 39. 7. The conposition of any one of clains 1 to 5,
wherein the am no acid sequence of said ectodonmain of said influenza A
virus hemagglutinin protein is selected fromthe group consisting of: (i)

t he anilno decfampastisarcoapaisinget forth in SEQ ID NO 40; and (ii) an anino
aci d sequence at | 709 ! agh d i.d I .t h | D
NG 40 8. The CompssiiRaerrdoTUlD By IRL e Bl LMY ISR

aci d sequence of saiid virat-Oideopaitiolcdf a saludlikaprticlo o8 aA RN A bsctbéophggd; whd ni n
protein is selected fromthe group consisting of: (i) the am no_ acid
sequence as sefb) opt lsasteneeayigon with atrleass gge pgoond attacimenbsite PlcKaytiahale of
at least 70 % amn i nege, | Ly W . .
conposition of any?eggtgbg? %c |rr£S iﬂ ggﬂagl,)ﬂl\%{\ﬁg{r)%?%§Fﬁééngﬁi%§§gn§lg§§gﬁlennce of
sai d ect odonmai n of psaeid onf hudngmet wfr ysidhexwgghatn nifn apr abfhienza svised ect ed
fromthe group conili sti am no ngi d segren.ce as set. faorth in

.af : éi ) the
SEQ I D NO 42; and _Frinﬁgﬁ {8 He i ISRt dragimeBt Of 4t corapahitioiaci d
sequence identity WHRn2EQLD HRafSrutid: proddn COMRRES 1PN RE @NYorR8o &

claims 1 to 5, wherein the am no acid sequence of said ectodonain of said
influenza A virus homgasidstafishid qotodpmiam ofsingeflenzedirhy namaggbitgroprotein;

i sti f: (i)t i i d forth.in,SEQ I D NO 43;
TR O S s R et
identity watthchpiet kiR. NO 43. 11. The conposition of any one of clains 1 to

5, wherein the am no acid sequence of said ectodonmain of said influenza A
virus henmagglutinin protein is selected fromthe group consisting of: (i)

t he am,no i.d nce or L Q) | 3 and (..} i No
he - seauents sHTBTRGE i sB%h, Antifbrill SR8, belabimdi; ofh Thide R0 B
NO 73. - - h2maddletigiamposid ison paftcianwhot ofid pr@tinsis kothPoled st ehd HAle
am no aci d sequence of said ectodonmain of said influenza A virus, .
hemaggl ut i AHPRGH eRTBRTHIRES Ok T elly qopgisinghel amwpaddmerition dg tofamipp)acidye

am no acid poSiftbf As€ of’lgEthD I(I@r’ﬁﬁaﬂdn(b§‘ﬁg i 0 N fifhe co%@gtiﬁé bt p&¥ition 1 to 176
of SEQ ID NO:76.

3. The composition of any one of the preceding claims, wherein said ectodomain of an
influenza virus hemagglutinin protein is an ectodomain of an influenza A virus

hemagglutinin protein.

4. The composition of any one of the preceding claims, wherein said ectodomain of said
influenza A virus hemagglutinin protein is an ectodomain of an influenza A virus
hemagglutinin protein subtype selected from the group consisting of influenza A virus
hemagglutinin protein subtype H1, H2, H3, H4, H5, H6, H7, HS, H9, H10, H11, H12,
H13, H14, H15, and H16, and wherein preferably said ectodomain of said influenza A
virus hemagglutinin protein is an ectodomain of an influenza A virus hemagglutinin
protein subtype selected from the group consisting of influenza A virus hemagglutinin

protein subtype H1, H2, and H3.



am no aci d sequence of at least 70 % am no acid sequence identity with SEQ
I D NO 74. 13. The conposition of claiml1l, wherein said ectodomain of an

i nfl uenzawoizougi2bmaaggl utinin protein_js an ectodormai n eCTaR20m00Fi9enza B
Vi rus henagglutinin protein. 14. The 8 nposi tion of any one of the

precedlng wherei.n said igen i.s an .ectodonain. |an nza
D1 rus. RoraddE dPTIROACER S AR TS b ar g Ly Grabig ean e SELOUBRE A 81 an
i nfl uenza Vﬂﬂd&zi‘%@gh&ﬁdg‘gﬂlﬂmﬁl{ Yr6ieth S o Rat@drdllyl BBGurfind UcBdodRin b€an
conposition of any one of clainms 1 to 13, wherein said antigen is a
fragment ofinfymnge sigesdiormgehition piatsimf | uenza virus hemaggl utini n prot ei n,
wherein preferably said fragnment of said ectodomain of an influenza virus

hemaggl utinin protein is the HAl subunit of said ectodomain of an influenza

virus enagdkubimpositipn of @hyod oBthe pagreing ofims aivbertil the ubiiy icidkefhct
ect odomai n of an influenza virus hemagglutinin protein. 16. The conposition
of clai m 15 syiferiednmaigiaf spiddpfhesnza df ViEus berersebimimpiotan 1Sa?ﬁ1qCFﬂdlﬁ€f§H£%F Vi rus

hemaggl uti %&&poéo%ﬁﬂug%gf?gﬂrtl'lﬁsﬁﬁmétactaﬁeﬁﬁe P%s S4Bk SROAGINEEL. %n&

barrel and | east of I'nflTuenza virus hemagglut’i ni
protein. 1%n afiso aowpeygudiconfat lesy 706 aniine |aalHrERqﬁ.5106rldé|[ﬁlly mhﬁr&]EQ I@al d

f ragnment oggfg'd ectodomai n of an influenza virus hemagglutinin protein
conpri ses, %referably consists of, a receptor binding donain. 18. The
conposition of any one of clainms 15 to 17, wherein said fragnent of said
ectodomai n of an influenza virus hemagglutinin protein further conprises a
vesti gi’al 8dtepapesitomaf any a8k offtleinsolposi vhaeinghe amynoorred efquehe of mids 15
to 18, mherel sai d gnent of said ecto onaln an nza,virus
hermoal ut | ARABTREA R REP < TS ARmHaT Y Prdgndn st Bfnwe erdth
corres pondlcﬂﬁlslitﬁlgt(ﬁe(lp(@ﬁé hin@foSacd® séidndOhs Wt 1SRRI BEOID 5»1@ 4B0and tiNy#f ophan
corresponding to the position 153 SEQ I D NO 75, and hi sti di ne

cor r espondiafEnq #ridpeasSEmel b aNBasts/0 %@mlﬂch@clé oeyeBee e ity WithrEQ Ha N§p:4Dhe

claims 15 to 19, wherein said fragnent of said ectodomain of an influenza

virus hemagglutinin protein conprises a cysteine residue corresponding to

of SEQS8. D NGe tomppsicibebabhy osaoficlhinadgmens, whersiai tie emimedatidbduohceadt said

i nfl uenza V|rus hemaggl utinin protein conprises a cysteine residue

Corr espondleﬁ’@ giain of said influenza A virus hemagglutinin protein’is selected from the group
consisting of: (i) the amino acid sequence as set forth in SEQ ID NO:41; and (ii) an

amino acid sequence of at least 70 % amino acid sequence identity with SEQ ID NO:41.

9. The composition of any one of claims 1 to 5, wherein the amino acid sequence of said
ectodomain of said influenza A virus hemagglutinin protein is selected from the group
consisting of: (i) the amino acid sequence as set forth in SEQ ID NO:42; and (ii) an

amino acid sequence of at least 70 % amino acid sequence identity with SEQ ID NO:42.

10. The composition of any one of claims 1 to 5, wherein the amino acid sequence of said
ectodomain of said influenza A virus hemagglutinin protein is selected from the group
consisting of: (i) the amino acid sequence as set forth in SEQ ID NO:43; and (ii) an

amino acid sequence of at least 70 % amino acid sequence identity with SEQ ID NO:43.

11. The composition of any one of claims 1 to 5, wherein the amino acid sequence of said
ectodomain of said influenza A virus hemagglutinin protein is selected from the group
consisting of: (i) the amino acid sequence as set forth in SEQ ID NO:73; and (ii) an

amino acid sequence of at least 70 % amino acid sequence identity with SEQ ID NO:73.



positions 64, 76, 97, 139 of SEQ ID NGO 75, nore preferably said fragnment of
sai d ectodomain of an influenza virus hemagglutinin protein conprises a
cyst ei ne wobtviesmer r espondi ng to posizi ons 52, 64, 76, PET/EP2@9/,0521¥, 281,
305 of SEQ ID NO 75. 21. The corrposifp n of any one of the clains 15 to 20,
wherein said fragnent of said ectodomain of an influenza virus

hemaggl uti nin protein conprises, or preferably consists of, an amno acid

sequenge. camkesRPBtBH of AnPesd bf ABInR’] tP5 PRBrtInARe AfihoOdciBEQubR NP saRt  22.
The conposition of any one of the clains 15 to 21, wherein said fragnent of

sai d ect odef@idemain ofrsaidninfluenzaa) virpy SemegedefginDroten ipsdedph leanibeigges, or
preferably | Sts. QQ a 1 I e n K I t ition 46
o posi t1 oS0 BroTsRR b e A SRR BB I SEREM 4L HEPB b
clainms 15 tmidlacidvbgjuendt cfak tatr@grentin®icis stqhepat ideaipiwithSEQIDING 7uenza
virus hemaggl utinin protein conprises, or preferably consists of, an am no
aci d sequence corresponding to position 42 to position 310 of SEQ I D NO 75.

24. Thei390':f@195b%ﬁ1g&it% )24 c&ﬂf of M@F 6! A4S cdBddiBaiftS of WL iSR! Girus
fragment of sal ¢t odomai nof ah | nflUeRza Virus %emagg utirnin protein
conpri ses, homagglefienpbdtyinaoas ecddondin ofan arfiunnzads votu s kanepbeintoproespondi ng
to position 54 to position 276 of SEQ ID NGO 75. 25. The conposition of any
one of the clainms 15 to 24, wherein said fragnent of said ectodomain of an

influenza vipgug, 2l 9t LAY BBl Of BlcNpLLamRhE $8Sms O hBfH §hRAP Migen KONSI St'S
of, an amno acid sequence corresponding to position 54 to position 270 of
SEQ | D NO #stodedainTdfearc ovfjuosiat viows bdémaggjutome pofteinhend: Wacresn pEferablgSsaid
wherein said Er agmer}t of ,sai d ect.odomaj n. of an.infl ugnza.v' rus
hemaggl ut i SPRIPTBRATAN SMTPFE WL Remaseuriopampirin 5 Ad f {A0SF ™ ami no aci d
sequence corresponding to position 54a to position 276 of SEQ I D NO 75. 27.
The conposition of any one of the clains 15 to 26, wherein said fragnent of
sai d edPoddmgicampsiten phenyes2d clainyd th demwpreinistid anpgan siardtagsept ¢lsesl  or
preferably ectodomain of an influenza virus hemagglutinin protein, wherein preferably said
P y
fragment of said ectodomain of an influenza virus hemagglutinin protein is the HA1
subunit of said ectodomain of an influenza virus hemagglutinin protein or a fragment of

said HA1 subunit of said ectodomain of an influenza virus hemagglutinin protein.

16. The composition of claim 15, wherein said fragment of said ectodomain of an influenza
virus hemagglutinin protein comprises at least one eight-stranded Jelly roll barrel and at

least one a-helix of the influenza virus hemagglutinin protein.

17. The composition of any one of claims 15 or 16, wherein said fragment of said
ectodomain of an influenza virus hemagglutinin protein comprises, or preferably

consists of, a receptor binding domain.

18. The composition of any one of claims 15 to 17, wherein said fragment of said
ectodomain of an influenza virus hemagglutinin protein further comprises a vestigial

esterase domain.

19. The composition of any one of the claims 15 to 18, wherein said fragment of said
ectodomain of an influenza virus hemagglutinin protein comprises the amino acid

residues tyrosine corresponding to the positions 98 and 195 of SEQ ID NO:75,



consists of, an am no acid sequence corresponding to position 54a to
position 270 of SEQ ID NO 75. 28. The conposition of any one of clains 15
to 27, wwoenr/gaiod ect odomai n of an iglfl uenza Vi rus hemagdPatiioos3v4pr ot ei n
has an am no acid sequence identity oPSat least 70 %with the HA ect odongin

R I AN

ACS71642. 1korradpdnitighebnspnabeNablsy said ectodonain of an influenza virus
hemaggl utinin protern is a naturally occurring said ectodomain of an

i nfluenza virus hemagglutinin protein. 29. The conposition of any one of
cl ai ns 415 27 rein said e ol i nfl Y .
hemgglzéti l;11?1% %’}m g}ggﬁoﬁhogsan ngléemgﬁlgl%ag?f sgglﬁgrr}(?é Whggeﬁﬂt?izs?lg %%gq%%mloefasg%d 70 %
with the Hicwedbmdanet i oifluichifd viewnzBerggiutihsn prdtéinrcoBipbises banetdd/ r2Od%
(Genbank Accession No: ACN29387. 1% B/ Guangzhou/ 0 1/ 2007 (Genbank Accession
No: ABX71682treyponging gy gf PEQARLNEL/ 2 oueferrblintith kagwert «fisaid aupdomenpez8s. 1)
and wherein i : j . j VAN inin
oot el i s eE A ol B ih WOR Rohridl 4 Pl FRidlt othrenalRAR 1)
hemaggl ut i postipnodei 76, BO.13The SOQEDs NO: 05 wbreapry fovaidy chidt frggmers agdianiy
clainms, wherei,n said. virys-I|ike ticle conprises, consists essentially
of, or alt &FREPTHR) Q7 ¥oHdiushe Bris hem (R PTUERCOIOIE ALYHFING forile

bact er i Oph_%gﬁeﬁﬂandi-ﬁ??o FOTRARIsLI N 78l 9ANYIOREr 081 1308 oPKECEE Y-, ai NS,
wherein said virus-Tike particie ’conprises, consists essentially of, or
alternatively consists of, reconbi nant coat proteins of RNA bacteriophage
@, of JRNA bacteriopha AP205, or, of RNA bacteri gphage fCb5. 32. The
Cormos it orl By B A A0 p B Bl S0, VIR R Lo Ui L Ve
particle cepRtbmen, of QRS irFluenS 9808 | RblageRlinin0hrobiheédiaprises! ¥r GRORIaDHE Of ,
reconbi nant coat proteins conprising or preferably consisting of an am no
aci d sequeseesigeodcaregminootfid hequgnets poreesnending e pesition gy t8E®sitOaNE610f (b) a
m xt ure of Sgg@#g%l and SEQID NGO 2; (c) SEQID NO 19; (d) SEQ ID

NG 92; (e) Q 1'93; and (f) SEQ ID NO 94. 33. The conposition of any
one of the preceding clains, wherein said VLP is a VLP of RNA bacteriophage

Qo.

22. The composition of any one of the claims 15 to 21, wherein said fragment of said
ectodomain of an influenza virus hemagglutinin protein comprises, or preferably
consists of, an amino acid sequence corresponding to position 46 to position 310 of

SEQ ID NO:75.

23. The composition of any one of the claims 15 to 22, wherein said fragment of said
ectodomain of an influenza virus hemagglutinin protein comprises, or preferably
consists of, an amino acid sequence corresponding to position 42 to position 310 of

SEQ ID NO:75.

24. The composition of any one of the claims 15 to 23, wherein said fragment of said
ectodomain of an influenza virus hemagglutinin protein comprises, or preferably
consists of, an amino acid sequence corresponding to position 54 to position 276 of

SEQ ID NO:75.

25. The composition of any one of the claims 15 to 24, wherein said fragment of said

ectodomain of an influenza virus hemagglutinin protein comprises, or preferably



34. The conposition of any one of the preceding clains, wherein said

virus-like particle conprises, consists essentially of, or alternatively
consi st s wD,20roeie620Ri nant coat proteina of RNA bact eri oplr@GE£PEIN0/03844 The
conposition of any one of the precedi %_clains, wherein said virus-Iike

ticl g , i st tiall f . | t. tively. j St f,
A e bt W P A e e
NO 1. 36. Rre) gonepsstion of any of the preceding clains, wherein said

first attachment site and said second attachnent site are |inked via at
| east one non-peptide coval ent bond. 37. The conposition of any of the

preceding glhail iy, WSH & Ak bt 'Elfet cﬁ*nﬁsa%"%@% %ﬁe?ei&%%r#rg% nt Yf said
preferably is, anoam no gré’up, pr e efab y an am no group o %?ym ne
residue. 38ctodb@amospesi tnfenef vaay ehagplitipinepedeingcarhmiss, owhprefetablysai d
second attachnent site conprises, or preferably is, a sulfhydryl roup,

pr ef er abl y CANysis PhyHr §NIng rasith SCRECCEPEFeEpFEinge mﬁ@.1®954aAtW@fz:setiqme§76 0
conpositiO@EQ?ﬁ?§k§y§g an effective anount of the conposition of any one of
the preceding clains, wherein preferably said vacci ne conposition further
conprises an adjuvant. 40. A pharnmaceutical conposition conprising: (a) the

conposi tion of any one of the clains 1 to 38 qr the vaccinge conposition of
claim 39, and f@m_ﬁéaltlﬁﬂa% et € _rl}eyclale&ebg’ é%fb@; agwerql%rsaldﬁag%%% of
i mruni zat i QBod§AhH GELROFhReMRY Wald heafghmtiaine btdibint &GP OSH tﬂtrﬁfgra%fy any

one of clains 1 to 38, the vaccine conposition of claim39, or
phar maceut icondists ofpmsaminorecaf sajuanan ddresporaimgatei pasitjonpd4ef wr paslityont 270aohuman.

42. The Cogﬁﬂgbsbﬁﬁ7 f any one of clains 1 to 38, the vaccine conposition
of cl aim 39, e %harnaceutical conposition of claim40 for use as a

medi canent. 43. The conposition of any one of clains 1 to 38, or the
vacci ne conposition of claim39, or the pharnmaceutical conposition of claim
40 for 28seTiha conmosition of apnenerefaciint 16ftoj A7 vdaed said. cohodpmain @ fofn

treatnent, ir?fﬁl%lnizé) QI@& Bgm%qut/mu? rpr(p[reﬁvl%gtainoﬂnﬁfo aicﬂfc Le%%gr%c% iagﬁtgy Ig%talg%llst
70 % with the HA ectodomain of influenza A virus strain A/California/07/2009 (HIN1)
(Genebank Accession No: ACP44189.1) or A/Perth/16/2009 (H3N2) (Genebank
Accession No: ACS71642.1), and wherein preferably said ectodomain of an influenza
virus hemagglutinin protein is a naturally occurring said ectodomain of an influenza

virus hemagglutinin protein.

29. The composition of any one of claims 15 to 27, wherein said ectodomain of an
influenza virus hemagglutinin protein has an amino acid sequence identity of at least
70 % with the HA ectodomain of influenza B virus strain B/Brisbane/33/2008 (Genbank
Accession No: ACN29387.1), B/Guangzhou/01/2007 (Genbank Accession No:
ABX71684.1), or B/Brisbane/60/2008 (Genbank Accession No: ACN29383.1) and
wherein preferably said ectodomain of an influenza virus hemagglutinin protein is a

naturally occurring said ectodomain of an influenza virus hemagglutinin protein.

30. The composition of any one of the preceding claims, wherein said virus-like particle
comprises, consists essentially of, or alternatively consists of, recombinant coat proteins

of an RNA bacteriophage.



conprising adm nistering an imunol ogically effective anmount of the
conposition of any one of clains 1 to 38, of the vaccine conposition of
cl ai m 39, wandivi1262020f t he pharnmaceuti %ﬂ conposi ti on of PCra&iPA014053984 an
animal, preferably to a human. e

31. The composition of any one of the preceding claims, wherein said virus-like particle
comprises, consists essentially of, or alternatively consists of, recombinant coat proteins
of RNA bacteriophage Qp, of RNA bacteriophage AP205, or of RNA bacteriophage
@Cbs.

32. The composition of any one of the preceding claims, wherein said virus-like particle
comprises, consists essentially of, or alternatively consists of, recombinant coat proteins
comprising or preferably consisting of an amino acid sequence selected from the group
consisting of: (a) SEQ ID NO:1; (b) a mixture of SEQ ID NO:1 and SEQ ID NO:2; (¢)
SEQ ID NO:19; (d) SEQ ID NO:92; (¢) SEQ ID NO:93; and (f) SEQ ID NO:94.

33. The composition of any one of the preceding claims, wherein said VLP is a VLP of

RNA bacteriophage Qp.

34. The composition of any one of the preceding claims, wherein said virus-like particle

comprises, consists essentially of, or alternatively consists of, recombinant coat proteins

of RNA bacteriophage Qp.

35. The composition of any one of the preceding claims, wherein said virus-like particle
comprises, consists essentially of, or alternatively consists of, recombinant coat proteins

comprising or preferably consisting of SEQ ID NO:1.

36. The composition of any of the preceding claims, wherein said first attachment site and

said second attachment site are linked via at least one non-peptide covalent bond.

37. The composition of any of the preceding claims, wherein said first attachment site
comprises, or preferably is, an amino group, preferably an amino group of a lysine

residue.

38. The composition of any of the preceding claims, wherein said second attachment site
comprises, or preferably is, a sulthydryl group, preferably a sulthydryl group of a

cysteine residue.
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39. A vaccine composition comprising an effective amount of the composition of any one
of the preceding claims, wherein preferably said vaccine composition further comprises

an adjuvant.

40. A pharmaceutical composition comprising:
(a) the composition of any one of the claims 1 to 38 or the vaccine composition of
claim 39; and

(b) apharmaceutically acceptable carrier.

41. A method of immunization, said method comprising administering the composition of
any one of claims 1 to 38, the vaccine composition of claim 39, or the pharmaceutical

composition of claim 40 to an animal, preferably to a human.

42. The composition of any one of claims 1 to 38, the vaccine composition of claim 39, or

the pharmaceutical composition of claim 40 for use as a medicament.

43. The composition of any one of claims 1 to 38, or the vaccine composition of claim 39,
or the pharmaceutical composition of claim 40 for use in a method of the treatment of

influenza.

44. A method of treatment, amelioration and / or prevention of influenza said method
comprising administering an immunologically effective amount of the composition of
any one of claims 1 to 38, of the vaccine composition of claim 39, and / or of the

pharmaceutical composition of claim 40 to an animal, preferably to a human.



