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bioconjunctions. These virus simulators are formed by self-assembly of envelope and or
20  capsid proteins of many viruses. The size varies between 22-150 nm dependent on the

morphology of the particular virus. The virus simulators are non-infectious because they

assemble without incorporating genetic material. Dependent on the application foreign

genetic material could be included in the herein described virus simulator.

25 A promising application of these virus simulators is the production of vaccines against
various diseases because their repetitive, high density display of epitopes elicit often a
strong immune response. The small size of particles is an advantage for uptake by
dendritic cells. Chimeric virus simulators offer an enormous potential in selective, multi-
epitope, multi-protein, multi-serotype, multi-strain, or multi-species presentation.

30
There exist many expression systems for the production of virus simulators which include
the baculovirus/insect cell system, various mammalian cell lines, either stably or
transiently transfected or transduced with viral expression vectors, furthermore various
species of yeast including Saccharomyces cerevisiae and Pichia pastoris, and

35 Escherichia coli and other bacteria.



2 Vaccination is dependent on the generation of a suffient immnity to
protect frominfectious di seases. The nostly used attenuated virus vaccines
rely on Iwoizomdi2sm®pl i cati on of the virus in the host folPCOEPAE0/055943

i mmuni zation. But this kind of vaccinatign may cause 5severe reactions in
some patients. Therefore the devel opment of virus-like particles (VLP) as
subunit vaccines is an advantage because the particles lack in general DNA
or RNA genone but have the authentic conformation of the natural virus.
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the genome of these viruses because of the lack of appropriate non-infectious virus

models.

Presently commercial human influenza vaccines contain hemagglutinin as their only or

25 main viral antigen. Their production starts from viruses grown on embryonated chicken
eggs or, more recently, in mammalian cells in tissue culture. The production in eggs
requires selection of high yield, reassorted virus strains, is limited in capacity, time-
consuming (6-8 months), and expensive. Beyond that it can cause problems in vaccinated
persons allergic to egg protein. The production is only possible with non-lethal bird strains.

30  One of the most important disadvantages of the egg-based production is the limited
capacity. In case of a pandemic the production of the seasonal influenza vaccine has to
be stopped in favour of a pandemic influenza vaccine production which could result in

even more lethal events in the long run.

35 Vaccines against viral diseases rely traditionally on attenuated virus strains or inactivation

of infectious virus. An appropriate environment is necessary for highly pathogenic or
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Furthermore the invention relates to a vector comprising two or more polynucleotides
20  coding for different epitopes or for different proteins comprising epitopes which are

selected either (a) from different viral strains of the same virus and/or (b) from different

serotypes of the same virus and/or (¢) from different viral strains specific for different

hosts, and to host cells comprising these vectors.
25  Brief description of the Figure

Figure 1: Schematic representations of vector constructs expressing multiple-epitope
virus-like particles.
(A) (SEQ ID NO:1) Multivalent influenza A virus simulator containing different epitopes
30 (M1, M2) from H1N1 viral strains as well as H3N2 (HA, NA) viral strains
(B) (SEQ ID NO:2) Chimeric human papilloma virus-like particle containing an epitope
(L1) from serotypes HPV16 and HPV18
(C) (SEQ ID NO:3) Expression vector construct with embedded epitopes (HA, NA, M1,
M2) from influenza B/Florida isolates
35 (D) (SEQ ID NO:4) Vector construct for expression of an epitope (L1) of HPV16 and

HPV18 serotypes where both genes are under the control of different promoters
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20  representing epitope HA are visible. The size of the particle is in the range of 50-80 nm.

Figure 3: Chromatographic purification and analysis of secreted multi-epitope influenza
virus-like particles prepared from SEQ ID NO:1.
(A) Chromatogram of gel filtration purification. The first peak (1) contains the virus-like

25  particle (VLP). The other peaks (2-6) represent contaminant proteins.
(B) Coomassie-stained SDS-PAGE. The multiple epitopes of the virus-like particles are
verified by analyzing different fractions from the 1* peak (1) representing the start (lane 1),
middle (lane 2) and end (lane 3) part of the VLP containing peak. The ladder [kDa] is
represented left of the first lane. Detection of epitopes is indicated by arrows.

30 (C)Western blot analysis according to Coomassie-stained gel using an anti-HA antibody.

Figure 4: Functionality of nature-like influenza virus-like particles (VLP).

Twofold serial dilution series (1:2 to 1:2048) of the purified VLPs (prepared from SEQ ID

NO:3) are analyzed by standard hemagglutination assay. 50 uL purified particle solution
35  was coated onto 96-well plate incubated with red blood cells (erythrocytes). The influenza

VLP (1, upper part) are able to agglutinate red blood cells in a dose dependent manner.
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mouse (C). presence of specific anti-HA antibodies. Multi-epitope virus-like particles prepared from
SEQ ID NO:3 were coated onto a 96-well plate, mixed with the sera and incubated for 30
20  min. The sera were tested in a series of twofold dilutions (1:2 to 1:1024). After incubation
erythrocytes were added and incubated for further 30 min. Specific anti-Influenza-HA
antibodies from different mice binding to multi-epitope virus-like particles result in
inhibition of erythrocyte agglutination up to a dilution 1:128 (1) and dilution 1:256 (2),
visible as erythrocyte precipitation (“dot”) in the middle of the well. No hemagglutination

25 inhibition is observed with sera sample of the control mouse (C).

Figure 7: Screening of best expression conditions using 50 mL bioreactors.
The initial cell amount in the range of 1-2 x 10° cells/mL (TOI, 1 or 2), virus inoculum (MOI,
0.01-2) and time of harvest (days post infection, d2-d6) were determined by dot blot

30 analysis.
(A) Determination of best expression parameters of an expression construct carrying only
one epitope L1 which is used as control. Detection by a specific anti-HPV18 antibody
(Abcam).
(B) Determination of best expression parameters of a multi-epitope expression construct

35  carrying two epitopes from different serotypes (SEQ ID NO:2). Detection by specific anti-
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Detailed description of the invention

20  The invention aims at producing novel virus-like particles for use as vaccines, diagnostic
tools and R&D tools based on recombinant DNA and cell cultivation techniques for
production. Particles of the invention meet the demand for vaccines suitable to combat a
potential pandemic influenza outbreak. The recombinant virus-like particles of the
invention are assembled by polypeptide chains that incorporate several, in particular two

25  or more, such as two, three, four or five, or also multiples of three, such as six, nine or
twelve, different epitopes or different proteins comprising epitopes which are selected
either (a) from different viral strains of the same virus and/or (b) from different serotypes of
the same virus and/or (c) from different viral strains specific for different hosts. These
epitopes are then displayed on the particle surface. Selection of epitopes from different

30  strains, serotypes and/or viruses specific for different hosts results in a multifunctional
virus-like particle mimicking natural changes of viruses as they occur in nature, e.g. as
observed in April 2009 during the outbreak of swine influenza. State of the art virus-like
particles are either composed of a single protein or comprise up to three different epitopes
derived from the same viral strain. The particle of the invention is encoded by a single

35  DNA vector, either viral or plasmid based, which is used for the production in a host cell
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neutral zZi ito es as,. understood hergin be repetitive, and
Tay be Bar oM VF i S e o 5 o1 AT i e Bt aRS shimn g Wbt of
a viral surféraes@n@mhmnemz@wpamstrefnsm11\0|vHr5NI1 HeNDr N, 222 HSN2D1W GHON2, or
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| TPor ant e 2 St PR APk e SO et BBt SRR S'n“g :
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el venze S be i, T 8% 48 el ans Bt Nk omoch S B R 8T 74, ©
i nvention ane47fefrogxsapilotha disvhstrigids 19V et ypes, 26, 28yeRrand8papi | | oma vi rus
(HPV), for exanple serotypes 6, 11, 16, 18, 31, 33, 35, 39, 45, 48, 52, 58
Virus strains specific for different hosts means particularly adapted to the corresponding
25 host, and are, for example, human influenza virus strains, swine influenza virus strains
and avian influenza virus strains. In this context, specific for a host means that the virus is
easily transmitted from one host to another host of the same type, but not to a different
type of host. For example, an avian virus strain is easily transmitted from birds to other
birds, but not to other animals or to humans.
30
In a preferred embodiment the particle comprising epitopes from different strains,
serotypes and/or viruses specific for different hosts are combined with B- and/or T-cell

epitopes in order to induce a broader immune response.

35 In another preferred embodiment the virus-like particle consists of proteins forming a

complete virus-like surface, optionally further comprising capsid and nucleopore proteins.
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potent 1 o | Jesitsanete qrrdois i Rutiie Rt oufSemnen boe nied e Sar oo,
adm ni 361 atfioaminfastddifdividks!. pmststaerbe&r RBjbr YaitRisNRSclfdsidanegd-basatrhéthods=or
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several di @ Ir% Hfo (grgﬁiarp sSgrggpﬁé meé an severaq d[}feren? types of vaccines, e.g.

25 seasonal |anuenza vaccines and pandemic influenza vaccines, can easily be produced in
parallel. Difficult decisions by health authorities for the one or the other vaccine due to

capacity limits of egg-based vaccine manufacturing plants will not be required.

The invention relates to a recombinant virus-like particle comprising two or more, such as
30  two, three, four or five, or also multiples of three, such as six, nine or twelve, different
epitopes or different proteins comprising epitopes which are selected either (a) from
different viral strains of the same virus and/or (b) from different serotypes of the same
virus and/or (c) from different viral strains specific for different hosts. Preferred are
recombinant virus-like particle comprising three or more, preferably four or more different
35 epitopes or different proteins comprising epitopes. Likewise preferred are recombinant

virus-like particle comprising multiples of three, such as six, nine or twelve different
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2010/ 125201PCT/ EP2010/ 055943 9 epitopes or different proteins conprising

epi topes. The epitopes are selected fromtwo different strains, serotypes
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same vilPus CAABFBIEAEIP MG femenioned diferept VIRl ROUESE N RREICHIGF B89 Ut ent
host's. " PolopatledRig fetehics @fcodmgairbrduetabe PRYeiR SO @emenbrateairotedls. bet ween 12
and 3' 000 nucl eoti des, includes oligonucleotides as commonly desi gnated,
and may be a viral gene 15or open reading frane fromthe nentioned

di fferent \Arefatresary vstors codip@fdriptafé@éd GRREIKe PartieReMdriadéd derbindoRse.
encoding viral surface proteins or viral nmenbrane proteins.
20  Most preferred is a vector comprising a polynucleotide sequence selected from SEQ ID
NO: 110 5.

In preferred embodiments a virus-like particle of the invention comprises
(1) the same type of a surface protein from two or three different strains or serotypes of
25 the same virus;
(2) a mixture of more than two different surface proteins from different viral strains, e.g.
from influenza virus strains H5N1 and H1N1;
(3) a mixture of different surface proteins combined from viruses specific for different
hosts, e.g. from influenza virus specific for swine, human and/or avian hosts.
30
Viruses considered as source for epitopes to be comprised in virus-like particles of the
invention are, for example, influenza virus, HPV, HIV, CMV, Dengue, HCV and Newcastle
Disease Virus. Epitopes may be derived from other viruses and from bacteria. Particularly
preferred is influenza virus. Equally preferred is human papilloma virus (HPV).
35



Preferred are vectors coding for preferred virus-like particles nentioned
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and in |. Berger et al., Nature Biotechnol ogy 22, 1583, 2004, or Pol ybac
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the expres 6‘?@% BeifgnA5HE; o cxRigsHan é{hﬁle%ﬂ FIRPE (e. g.
E.coli) or neitani dells arddsrefsiedNinGiticular ﬁ@maE@éllsﬁéﬂj ers;aa onuty, HEK2o8f erred

baculo raI t cell |ine referred es of insect
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expression in yeast S cerevisiae, S. ponmbe, C. al bicans, or P. pastoris

ells may he used. . : : : ,
y l%IuItH/aﬁon and propagation of host cells according to the invention can be done in any
20  vessel, bioreactor or disposable unit providing the appropriate conditions for the particular

host cell.

The virus-like particles of the invention can be used as vaccines. Furthermore they may
be used as antigens in diagnostic tools, antigens for antibody generation, and as virus
25  simulators for research and development tools, e.g. viral entry studies and virus-host

interaction studies.

Vaccines according to the invention contain the recombinant virus-like particle in agueous
solution optionally further containing viscosity-regulating compounds, stabilizing

30 compounds and/or adjuvants increasing the immunogenicity, as is known in the state of
the art.

In a particular embodiment H3N2 Influenza virus-like particles are constructed using the
methods of Berger et al., Nature Biotechnology, 2004, W02005/085456 and
35 WO 2007/054250 and CAP™ technology. At least one M1 and M2 gene of the H1N1

Influenza strain A/Puerto Rico/834 is cloned by PCR ampilification into the transfer vector



Cul tivation and propagati on of host cells according to the invention can be
done in any 20vessel, bioreactor or disposable unit providing the
appropri awe 20mvidsrions for the particular host cell. TheCTiRPa&L0I0539¢3
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as virus 25si r research and deye] o nt tools, e.g. viral entry
St udi co_and PN 2R BpcFaes: Gt RGeS MBS Dy o the

i nvention @oBiisYaRel(I2007e8 0 BE NEOGend dfiFueh kLA Bk bared 10/2007 aTheeesrstreligit i on
optionally fu{ther jﬁ@%ainin%.viscosity-regulating conmpounds, stabilizing
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particles are constructed using the nethods of Berger et al.,. Nature

B ot echol S nOBBO RS GOERR A AT IGONES 567ABEH 260 B EiBYAC

tA;ag hnolt Ogllzlzi-lea%}t ghﬁ@?beﬁﬁﬂ@f Bdth MgNBs gi@lweﬁ%du-lm/ﬂsldﬂltmhﬁr ls@@{%@s $omathe t
uerto Rico i.s, clgn Y, ifi 0 ransfer vector
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W th the Hintgeietrastdrietideprla(Rglpei1sbanel0/ 2007 and the NA gene of

i nfl uenza A/ Bri sbanel0/2007. The construct is confirnmed by DNA sequenci ng.

5 n anot her particul ar enbodi ment the same cloning techniques are used to

i ntroduoe @ExpefarhtalParl-1 gene of both serotypes HPV16 and HPV18 or further

serotypes fromthe group 2, 4, 6, 11, 31, 33-35, 39, 40-45, 51-53, 55-59,

62, 66, 68, 70, 73, and 77, cloned into the transfer vector pFL (Figure 1).

10Exper i menhalbababviral hectbaasinted MatiByeet YrBMueBae (v Ldd0sBa6456), Whithalidw Bac

e A LT N s A R N e

cal i f orni cachrslsgAutogrRIpyibedrifomic ricleds polghdtr6sis Ovily, dHacuBVing) Bsing a

igcﬁgvggt " %gﬁ%?igﬁafles?st R A4S ST Nhire Mathode sME1°9506)%10 29 Stthe 200 -
gene vector is transformed in DH10MultiBac and/or DH10YFPMultiBac competent cells.
Positive clones are selected by blue/white screening and PCR. The corresponding
MultiBac bacmid DNA is isolated using the Birnboim & Doly method. Recombinant
AcNPVs are generated by transfection of 1 pg of multi-gene MultiBac bacmid in 0.9x10°

20  Sf21 (Invitrogen) cells using transfection reagent Fugene (Roche) according to the

manufacturers protocol. Virus amplification is done as described previously (Fitzgerald et
al., Nature Methods, 3, 1021, 2006). The titer of all recombinant AcCNPVs is determined by
plaque assay described in the Bac-to-Bac-Manual (Invitrogen). Protein production
parameters like multiplicity of infection (MOI), cell number (TOI) and time of harvest (TOH)

25  are analyzed with small scale expression studies.

Example 1: Generation of expression vector construct

To manufacture various constructs the multiplication module M present in the transfer
vector pFL (WO 2005/085456 and CAP™technology) is used according to the described

30 method in WO 2005/085456. DNA of epitopes are either obtained by isolation of viral RNA
from original virus followed by reverse transcription combined with PCR (for the influenza
virus epitopes) or by gene synthesis (provided by the company Geneart). The reverse
transcription is performed using the RevertAid™ H Minus First strand cDNA Synthesis kit
(Fermentas) according to the manufactures protocol. The cDNA (2 L) is used as

35 template for PCR reaction. The following conditions are used based on the manufacturer's
protocol. For a 50 yL total volume reaction 0.2 mM dNTP (NEB), 1.2% DMSO, 0.5 uM
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suspension is plated on LB agar plates containing the appropriate
ant i bi oti cdOM Wetoﬁf‘%ercfﬁ'@éarﬁﬁér%\@’eéﬁ? i andriRG R ambarﬁgmg@mraﬁ%vworme

whol e pr ocednstfuct. BotieBSiRpeE akédntrofiéd beiblelfBRABIM SrohidtdrpdUCEh. Rt SERND
transfer vector. Influenza epitopes are sel ected fromthe genes HA and NA

both choseNP:RbhodmMPEMENDS BAressiaieigf Ao Gspreaolerhes!elsd 'réﬁlfl{’gﬁégo"fsttréﬁli ML
and M2 ar e (EgosEBEE AINO:5). In another construct HPV16 epitope is controlled by p10 promoter

25  whereas the polyhedrin promoter polh is chosen for the HPV18 epitope (Fig. 1D, SEQ ID
NO:4).

Example 2: Generation of recombinant baculovirus

This virus contains multiple epitopes to generate virus-like particles or virus simulators
30  which present these epitopes on their surface. The virus-like particles can be used for
different applications, e.g. as vaccines in the influenza field. The AcNPV-derived
baculovirus contains multiple different epitopes from the viral strains recommended by
WHO for the 2008/2009-VLP vaccination campaign. All genes of the transfer vector are
transposed by site specific homologous recombination into MultiBac cells according to the
35  protocol of WO 2005/085456.



HIN1/ Puerto Rico/ 834 strain. The ML epitope is controlled by the pronoter
pl0, all other epitopes are controlled by the pol yhedrin pronoter polh. All
epi t opes woeopres®mt on the same vector construct (Fig. PCAEPSHQOFO4NO 1) .
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20 Example 3: Production and purification of multi-epitope influenza virus-like particles in

insect cells

After determination of the best expression construct the biotechnological production
parameters like cell line, cell amount (TOI), amount of recombinant virus inoculum
(multiplicity of infection, MOI) and time of harvest (TOH) are determined in 50 mL

25  bioreactors. A matrix of different TOIl, MOl and TOH are designed according to Eibl,
Riesen and John (Bioforum 03/2009) and Friesen J. (Bachelor thesis, University of
Applied Science, Esslingen, Germany). The expression of secreted or intracellular multi-
epitope virus-like particles is observed for six to eight days with daily sample taking. For
intracellular particles (e.g. HPV) the cell pellets are lysed with 50 mM TrisCl, pH 7.6,

30 100 mM NacCl, 0.1%TritonX100 and centrifuged for 10 min, at 4°C and 8000 x g. The
epitopes of the virus-like particles present in the supernatant are further verified using a
Dot-blot apparatus (Biometra) followed by Western blotting with specific antibodies.
Conditions resulting in the highest yield are defined as expression parameters preferring a
harvest time between three and four days. According to these defined parameters the

35  virus-like particles are produced either in shaker flasks or wave cultibags in fall armyworm

Spodoptera frugiperda cells Sf9 and Sf21. For multi-epitope influenza virus-like particles



10(I nvitrogen) cells using transfection reagent Fugene (Roche) according to
the manufacturer's protocol. Virus anplification is done as descri bed

previ ouslwo@pivzgmnal d et al., Nature Methods, 3, 1021, PROM®R2010/055943
Bac-to- Bac- Manual, |nvitrogen). The virug,is anpllfled to expand the vol unme
and increase the |nfect|ous titer which is determ ned by plaque assay
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(Bachel or t esis, University of Applied Science, Esslingen, Germany). The
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super nat ant__ar uyt si n aratus (Bio
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harvest ti et ween three and four,. S. cordln to th i ne
o westiay & Tagtonsye pacioh are At Piifnes el ff eietidarBatpny v T RBREQ 2 ks
or wave cullbiNGrgs Fig 3f.ahk parifisation i Raapd er 50 ifnlwg«\dsghgt@, o5 v 19601, prd

Sf21. For |to I nfluenza ik art i WO

5010/ 12520 TRCHIoBDERE Y B LR Bl o GrBT Al STatPd e SRS @t n ¢ he
fol |l owi ng ceagiéd oNSDSIPAGE Esioaket BY tbombdie Staliingpdrdl ikmiur@dlottingre at  day
four post infection. Cells are propagated at 27C w t hout carbon di oxi de and
fetal calf serum supplenentation. According to defined tinme of harvest the
sefcret ed vigxdmpld 4eAndlydis of meifiad tfloehdesiuedkdypaicldsri f ugati on at 500- 1000 x
g for

20 mT% C%quirm the presence of the different epitopes purified material is analyzed by SDS-
PAGE followed by coomassie staining or Western blot. 150 pul of different chromatography
fractions are loaded on a 4-12% Bis-Tris NUPAGE gel (Invitrogen), run for 15 min at 150 V
and for 45 min at 175 V and coomassie stained using SimplyBlueSafestain (Invitrogen).

25  For immunoblotting the proteins are transferred onto a nitrocellulose membrane (BioRAD)
at 19 V for 40 min using a semi-dry apparatus (BioRAD). After blocking unspecific binding
sites for 30 min with 5% non-fat-dry-milk-TrisCl-Tween20 (0.1%) solution, the membrane
is incubated over night at 4°C with antibodies against HA, NA and matrix proteins. The
membrane is washed several times with TrisCl-Tween20 (0.1%) buffer. Dependent on the

30  source of primary antibody the second antibody is either an anti-mouse or anti-rabbit
connected with alkaline phosphatase or horse-radish-peroxidase for detection. A co-
localization of these proteins show the assembly and the production derived from one
expression vector and one baculovirus (Fig. 3B, from SEQ ID NO:1). This co-localization
can also be shown for the expression constructs containing the genes HA, NA and both

35  matrix proteins M1 and M2 including their membrane anchors.



54C. The supernatant volune containing the particles is reduced for
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25  To reconfirm the specificity of the immune response, a hemagglutination inhibition test is

performed at week 6 to analyze the presence of specific anti-HA antibodies. The results
show that specific anti-Influenza-HA antibodies are able to inhibit erythrocyte agglutination
up to a dilution 128 (mouse 6) and a dilution 256 (mouse 8). No hemagglutination
inhibition is observed with sera sample of the naive mouse. Newly generated multi-

30 epitope influenza-VLPs are able to stimulate the immune system in a dose dependent
manner. When the immune system is re-stimulated with a boost, the immune response
increases at least 15 times. The specificity of the elicited immune response is analyzed by

ELISA and a hemagglutination test.

35



solution) is added and incubated for 1 h at 4C. The appearance of RBC
aggregates on the bottomof the well indicates | ack of hemaggl utination.
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aggl ut i nat FAMRE ; zIest arpying human

| munogeni Q)beoﬁghrmﬁpﬁbbéﬁlmG}'bnd)u’miwﬂem@yst err) of VLPs (prepared from SEQ I D

15NC: 3) is_tested in viv rou ce subcut aneousl y

oo o The B emBlogELp od iR PR onar 20! Mt Sl mpSun 2ESpeens iRl

| muni zat i @ébfin%&rpfﬁnmmmd?mmmuﬁglt@w O?Qﬁ]dﬂél_ﬁ,aﬂogran&@i%eﬂﬁ)haﬁfefsf\/@@-l)l\ﬁﬁ_%

suspenS| on 0 et er ua | er onse Q S

L oo e iedpiier 1 B ioreRpe Glel 7Epeterind Huekl ot oL AR OBvamp o] Yo

fziggl yzs? tG\Ct:@l@iﬁgg@ﬂ?]e%@t({eﬁﬁ)&ﬂ\)/{rgﬁl@w%&\%f\ﬂ@@illl?ébarﬂlblés brmpral dded ok Bsin  bod
esu S O al ned SNoOw a S e e ecC e a I Mu aloy

e os P et Tt o & 1Al SrBtoanaRr AR TS SRS o0

per f or med }sfzh |v’hQﬁbl@bputdg@oba@mb\rr/ﬁgnrasm@%@arda@eafbempb remug@n?mwugm 2/ Cl ear

i ncrease o e anpun (] | DOAI eSs S (0] atfter ost

expect od, 15 Tag ol sl Wil e diagishimestiay Bikspasf Ramen. Cels®

spe]gi f hoijt )ér@brobbgatemmclr\ﬁIMHﬁﬁboradlbﬁlﬂaglgh ;ﬂétalrtﬁtflsf@mm le[ﬂ&rﬁérﬂﬁtldneﬁ\t di S

pertorne we to a Z t he nce o PeCI.TI antl - ant 1 bodi es.

B e t et raret DmpARed fexa st PO B AR Y TS Berizles aih) o Lo

id_nlhi bi t er2 wtéhﬁmmﬁcmghg@tion@n 500-1000 k@ fér 2 dnunt atmﬁclﬁﬁe éem@las@lyﬁéd agiAg a

11 utl on i on 1 on | erv L

Cora sl BVBIOREEhRs it TBEs TRGNFY by lasthcom Aer 2 opRiss e ctep ot 4-C

i nfl uenzsw] ‘éha’szoamagahé supestbhmMust@lettae. Tﬁémnmcétmtcﬂmm@m@ M&ﬁe@ependent

manner en stem | re-sti 0St the | nmune

feaponda | perediesh il Sy S Eel g orEMeRb 619 PUADSF BROBARIEFT of t oq

i Mune res [@@ﬁmﬂjgaﬁorﬂﬂ?hbm&ﬁnélwl’éblh|8:ﬁuﬁﬁitﬁht|6n Renmoildwép paiticatort &g catidl®

2010/ 12520%5(%%52%%8/1 g)?C 'geqﬁg?)e ']eirt?d gel filtration chromatography. The supernatant is loaded

onto a CaptoDEAE column connected to an FPLC-system (AEKTA purifier, GE
Healthcare) in 50 mM phosphate buffer, pH 7.4. The particles are eluted with increasing
20  salt concentrations in a linear gradient using 50 mM phosphate, 1 M NaCl, pH 7.4
(Fig. 8A). The particle containing fractions are pooled and further purified using a
hydroxyapatite column. Binding is performed in 20 mM phosphate buffer, pH 7.0 followed
by linear gradient elution with 500 mM phosphate, 150 mM NaCl, pH 7.0. To polish the
multi-epitope particles a gel filtration chromatography is done. The purification is
25  performed in 50 mM phosphate, 150 mM NacCl, pH 7.4 buffer using a HighLoad Superdex
200 pg column. All chromatography steps are analyzed by SDS-PAGE followed by

coomassie staining and immunoblotting.

Example 8: Analysis of purified chimeric human papilloma virus-like particles

30  To confirm the presence of the different epitopes in purified material, the VLP prepared
from SEQ ID NO:2 is analyzed by SDS-PAGE followed by coomassie staining (Fig. 8B)
and Western blot (Fig. 8C). For immunoblotting antibodies against L1 protein of different
serotypes are used. 150 pl of different chromatography fractions are loaded on a 4-12%
Bis-Tris NUPAGE gel (Invitrogen), run for 15 min at 150 V and a for 45 min at 175 V and

35 coomassie stained using SimplyBlueSafestain (Invitrogen). For immunoblotting the

proteins are transferred onto a nitrocellulose membrane (BioRAD) at 19 V for 40 min



Exanmple 7: Production and purification of nulti-epitope virus-1like

particles carrying human papillomavirus epitopes in various cell |ines
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SDS- PAGE fol |l owed by coomassie staining (Fig. 8B) and Western blot (Fig.
8C). For immunoblotting anti bodi es against L1 protein of different
serotypes are used. 150 pl of different chromatography fractions are | oaded
on a 4-12%Bis-Tris NuPACGE gel (Invitrogen), run for 15 mn at 150 V and a
for 45 mn at 175 V and 35coonassi e stained using SinplyBlueSafestain
(I'nvitrogen). For inmmunoblotting the proteins are transferred onto a
nitrocel l ul ose nenbrane (BioRAD) at 19 V for 40 min WO
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17 using a sem -dry apparatus (Bi oRAD). After bl ocking unspecific binding
sites for 30 mn wth 5% non-fat-dry-m |l k-TrisCl-Tween20 (0.1% solution,

t he menbrwipeoigi2seeubat ed over night at 4C wi th anti bodiP€3/ERgaionsio4d 1

epi topes. Canvir antibody (SantaCruz) isqgsed for HPV16 and anti-HPV18ab
(Abcam) for HPV18 detection. The nenbrane is washed 5 several tines with
TrisCl-Tween20 (0.1% buffer. The nmenbrane is incubated for 1 h wth an
anti - nouse “4#{Mody connected with al kal i ne phosphatase for detection. The
epi topes are detected by BCI P/ NPT solution. A co-localization of these

proteins show the assenbly and production derived from gne _expressjon
Dect or " and loAdCHREIN U MU KRG PP BT ) P peae K el
papi | I oma \srdteins lcbiprigiag Epiedpes whidhRre sdiecian althigrga) frorh RigfeeHTaMalRAAIns| b iR
virus-| ke particles /prg)g?red ,&rom SE‘I%KI D NO 2 corr,ectI%/ i Rtﬁe rate the L1
pr ot ei n°i n SERE; U8 GPY/RE ) MRMAitsaal preiy PasgOr R SIME UIrysea " H?O”T i
serial dil wirblast@ingfspbbific i differerd hyétEs are carried out with PBS (1x) in
V-formed 96 well plates. An equal anmount of a serotype specific antibody

(concentration 1:1000) is 15added and incubated for 1 h at 37C. Appropriate
bi ndi ng of 2t TRe adtohdatdyit Vieustiike pattichy §dcBiding © ditemelcétbrisfignbred oFetned
antibody with a horse-radiﬁégergeroxi dase and a chenol um nescent detection

system Th&MeE EPLORAS 24 d REAFBF RAMRESYE eRlIPFHodi es to the reconbi nant

expresged epitopes in a dose dependent manner. The negative control (PBS)

showed no hindi ng. 20 2010/ 125201PCT{ EP2010/ 055943 18 Clains 1. A
r econbi nan%&ﬁ‘? 9m%1¥?”g\§i)FL{S|‘I@<Pé’a§t9 Geraing D! SRIPRYISHIG TP A AROE pi t opes

or di ff er enfiffepsrlepitd|sescn Wfer &t Pebteins toppssivdesitopas.e sel ected either (a)
fromdifferent viral strains of the 5sane virus and/or (b) fromdifferent
serotypes of the sane virus and/or (c) fromdifferent viral strains

speci fic far THé tdrditanbdifissike particl@ccormaai oamt1 stnipHSirlg 06 nhar drit@élee
accordi Hg to.claim coqpri Si ng three or _nore different epitopes or
differdnt FPELRSESHL A PEIIRGS ERTPUHRLePIOReS-3. The reconbi nant virus-1ike
particle according to claim1 conprising four or nore different epitopes or
different %r ﬁl%glrenc%m ?nrg%{ \I/iﬁdsr:\%e%%lrt;[c?epe?cscbrding to any of the preceding claims wherein

the epitopes are from three or more different virus strains or serotypes.

20 6. The recombinant virus-like particle according to any of the preceding claims further

comprising B- and/or T-cell epitopes.

7. The recombinant virus-like particle according to any of the preceding claims further
comprising proteins forming a complete virus-like surface and optionally capsid and/or

25  nucleopore proteins.

8. The recombinant virus-like particle according to any of the preceding claims further
comprising fluorescent proteins, proteins useful for purification purposes of the particles or
for attaching a label, and/or proteinaceous structures required for transport processes.

30
9. The recombinant virus-like particle according to any of the preceding claims wherein

the virus is influenza virus.

10. The recombinant virus-like particle according to any of the preceding claims wherein

35 the virus is human papilloma virus.



4. The reconbinant virus-like particle according to claim1 conprising six,
nine or twelve 1l5epitopes or different proteins conprising epitopes. 5.
The recomuDnamvi12sionus-1i ke particle according to any of PCHEPRICOEIII]Y
claims wherein the epitopes are fromthreg or nore different virus strains
or serotypes. 206. The reconbi nant virus-like particle according to any of

the preceding,.clains further conprisi - and/or. T-cel| epitopes.

The T econbiTaAvegpr Cupisng (e e pabEurestigs alig o et epraresr iy

cl gi me fur td:ifftarrerﬁ@f’méi'g§bﬁlg/p@§i|ﬁ)g§ Qﬂ)iﬂﬁ)lefs Whithnge Seleotap lerher (d) f_rrr%rﬁdlfiem@ualf ace
and optionally capsid and/or nycgl eopore protejns. : e reconbi nant
Ut uscl | ko ShaSEBITE et Rg0Rs P TbaTeieat SrawBts Hghe AR AT €
conpri si ng flohtigiffeeaenial B lheEpiseificAsdiféraat nosef ul for purification purposes
of the garticles or for attaching a | abel, and/or proteinaceous structures
required for transport processes. 30 9. The reconbi nant virus-1like
particl e aceoTkk Aectdraacabidingf to lchem AN emedding a ¢écuniBin aMi @ined-ikel 2eticlé Actdrdisg

i nfluenza virus. . 10.. The reconbinant virus-like particle according to
any of the DPREEHIHGSAQis wherein 35the virus is human papil | oma vir us.
WO 2010/ 125201PCT/ EP2010/ 055943 19 11. A vector conprising two or nore

pol ynucl eot,ides coding for different epjt s or for different proteins
oot oi g o] o HELoNaCer g @ Nt iSRG § RpCaPuil R ier ent. vi ral
straingpof the same virus and/or (b) fromdifferent serotypes of the sanme
virus and/ qr fﬁ% fron]differen%{viral st.rains Bpecifl for diff r?q{ host s.
12. The vedfiof NGB ACHE NG 18ICE 11 LORREFRY APONHERBYAS SRIHENSA FAREITY Tkam
particle agEDm b RY:ttapoany of clains 1 to 10. 13. The vector according to
clainms 11 or 12 which is a baculoviral vector. 14. The vector according to
claim 11l conprising a polynucl eotide sequence selected fromSEQID NO 1 to
5. 15. A hesh hoel deliconprisify BYedtoy 86dopding ercatyddfethirne 1amy149f claims 11 to
14. 1? A vaccine conprising a reconbinant virus-like particle according
any of élains 1 to 10.

16. A vaccine comprising a recombinant virus-like particle according any of claims 1 to 10.



