WO 2008/ 028535 PCT/ EP2007/ 006190 -1 Split-core particles for the
presentation of foreign nolecules, especially for vaccine applications, and
met hod for their production 5 The present invention relates to novel
carriers for vaccines but also for other nolecules, based on the hepatitis
B virus cor @AY 28H} % gn anino acid sequence?CWHF@ROﬁﬂyoﬁélﬁﬁom

pat hogens are incorporated into the hépatitis virus core antigen. The
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be presented on the particle surface (also inside, if required), Sur f ace
exposi tion iSLBRIGRZeBOLPY i BRPFGCeHhe WéFElgﬁﬁﬁﬂﬁﬁﬁﬂ%ab?bnﬁsgﬂ§§Pdues in

the center ofo theoBsciopabiedeenehtAeidbng0BLRPHBEEES . ( &aer @Rire@d caksappr ox.
73-94) whi ch Inglude the, I munodopi nant B cel | “epitopg, qlel”, and which
have
response (T cells). The hepatitis B c¢ore protein has
15 the property of multiple copies being able to form
capsid-like particles. These capsid-like particles
(CLPs) are particularly suited to the production of
vaccines because they stimulate the immune system and
thereby increase antibody production. The expression
20 “vaccine” preferably means in the present application a
carrier system which may elicit both humoral and

cellular immune responses.

Capsids of hepatitis B viruses are nanoparticles of

25 icosahedral symmetry (diameter: approx. 30 nm) which
consist of 180 or 240 copies of the viral core protein.
The core protein is called HBcAg. They may serve as
particulate carriers for foreign molecules and are
preferably applied as immuno enhancing antigen carriers

30 for vaccines. Suitable modification of the core protein
enables the foreign molecules to be presented on the
particle surface (also inside, if required). Surface
exposition is optimized by linking the foreign molecule
to aa residues in the center of the aa seguence of the

35 core protein {(aa region of approx. 73-94) which include
the immunodominant B-cell epitope “c¢/el” and which have
the highest exposition on the particle surface in the
3D structure (aa means amino acid).



t he hi ghest exposition on the particle surface in the 3D structure (aa
means am no acid). WD 2008/ 028535 PCT/ EP2007/ 006190 2 WO 01/77158
describes hepatitis B core antigen fusion proteins, where heterol ogous
epitopes are inserted preferably in the region between positions 61 and 90.
5 US 2003/ 01W862008£8285B8Bs hepatitis B virus core PGRYERRIODAIAGXI®ES in

whi ch the i mmunogens are connected vi_a2I igand structures to the hepatitis B
virus (HBV) core protein. Kratz et al. “[PNAS (1999), 1915-1920] describe
GFP (green fluorescent protein) presentation 10 on the surface of the HBV
core protein. Here, amno acids 79 and 80 of the core protein were repl aced
with the 2380a0lind7ab8d deER idmpsentepatasal Betcate pEGiged fusnovol .

(2005), pp. @55\9?% 1vr}hg§§(:“#é%e§of1%§‘09@ Pl @ﬂ:&&? & the entile Hojrelia
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and OGspA. Skanel al. (Journal of Biological Chemstry, 2006. pages
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burgdorferi wish tikgnd dsetubepabbt ity Boiér uepedtid- ®i ke rart {des.
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terminus andyya,bhs, G her LAYSGES L0gGREE Protein.

Nassal et al. [Eur. J. Immunocl. (2005), pp. 655-665]
15 describe a fusion product of the entire Borrelia
burgdorferi OspA protein and the hepatitis B wvirus
capsid protein. Here too, amino acids 79 and 80 were
replaced, with aminc acids 18 to 273 of OspA, but with
linker sequences being incorporated between core
20 protein and OspA. Skamel et al. (Journal of Biological
Chemistry, 2006. pages 17474-17481) describe
presentation of the complete OspC protein of Borrelia
burgdorferi with the aid of hepatitis B wvirus capsid-
like particles. However, the modified core proteins of
25 the solutions disclosed in the prior art have Dbeen
found having no longer a tendency toward forming
capsid-like particles (CLPs) in the desired manner and
therefore no longer stimulate the immune response
satisfactorily.
30
This means that, when genetically inserting foreign
molecules based on peptides or proteins into the core
protein, the foreign sequence is connected both via its
N terminus and via its C terminus to the core protein.
'35 The linkage on both sides has now been found to
drastically eliminate the type and selection of
suitable foreign seguences.



35 The linkage on both sides has now been found to drastically elimnate
the type and selection of suitable foreign sequences. WO 2008/ 028535
PCT/ EP2007/ 006190 3 The split-core system described herein renoves these

limtations b enerating the core protein in tw separate _Farts whi ch
sur pri si ngl y"@oAB0848e8R&P spont aneously and for m%’ﬁéﬁ‘%ﬁ% £908%20 i

manner S simlar to the continuous praotein chain. Foreign nolecules nay be
fused either to the Ntermnal fragnment ("coreN') or to the C-termnal

fragnent ("epreGpi And-H& therehor §osipkedat qidha farkhglesPrOi&id only
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presentation of additional foreign nolecules via_the additiona
surf ace- expoBEatRiNamEly t&kdn Arewsneh dre pr &€6HL LI n e sprueturdke system

but not i then¢en¥eBhsoB&l the linkage on both sides with regard to
the insertion of foreign seguences into the continuous
peptide chain of the core protein are essentially

removed.

15 The split-core system of the invention therefore

permits:

(i} the presentation of foreign molecules which,
due to their size and/or structure, can be
20 presented in the conventional continuous core

protein context only very poorly or not at all;

(i1) the presentation of  heterodimeric foreign
proteins;
25
(iii) the presentation of interactive foreign
molecules in a flexible, well accessible form
which substantially facilitates interaction
with the desired partner molecules;
30
{(iv) the presentation of additional foreign
molecules wvia the additional surface-exposed N
and C termini which are present in the split-
core system but not in the conventional
35 continuous core system.

Hepatitis B viruses (HBVs) are enveloped viruses. The
inner nucleocapsid is also referred to as core particle



35 continuous core system Hepatitis B viruses (HBVs) are envel oped viruses.
The inner nucleocapsid is also referred to as core particle WO 2008/ 028535
PCT/ EP2007/ 006190 4 ("core") and is defined serologically as hepatitis B
core antigen (HBcAg). Cores consist of 180 or 240 copies of the 183-185 as
core protei nWPdEPORAPRE53A the HBV subtype). The cBFE/BPIPRYA008399e
expressed 5 heterologously (in bacteria,, yeast, eukaryotic cells), wth
"capsid-like particles" (=CLPs) being fornmed spontaneously. The latter are
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pat hogeni c hepatitis B virus (HBV_30 in the narrow sense) there are a
nunber of reP&PERAS FAwEIrSheciEficc PlepRrsti $08 viRas&9re oflakample t he

North Anericaaiweadchuek ahZ 0ma Calfdiams: MMyt a qumnax; haesdchugka
hepatitis B g% %%s?. It 1s possible according to the invention to
employ in principle any HBV seqguences but preference is

15 being given to the sequences of HBVs capable of

infecting humans.

The amino acid sequence and nucleotide sequence of the
HBV core protein have been disclosed [Galibert et al.,

20 Nature (1979), pp. 646-650; Nassal, Gene (1988), pages
278-2%4 or WO 01/77158], and reference is made to these
publications. Preference is given to employing the core
protein sequence of the ayw subtype but it is also
possible to use likewise variants, modifications of the

25 HBV sequence such as the sequence of other mammalian
HBVs or avian HBVs. The sequences are stored in the
publicly accessible gene libraries.

Apart from the human pathogenic hepatitis B virus (HBV
30 in the narrow sense) there are a number of related,
animal-specific hepatitis B wviruses, for example the

North American woodchuck (zoological name Marmota
monax; woodchuck hepatitis B wvirus =  WHV) HBV
(woodchuck hepatitis B virus = WHV}, the Californian
35 ground squirrel (zoological name: Spermophilus

beecheyi) HBV (ground squirrel hepatitis B virus =
GSHV), and others.



(woodchuck hepatitis B virus = WHV), the Californian 35 ground squirrel
(zool ogi cal nane: Spernophilus beecheyi) HBV (ground squirrel hepatitis B
virus = GSHV), and others. WD 2008/ 028535 PCT/ EP2007/ 006190 5 These
viruses possess a genetic structure simlar to that of human HBV but have
di stinct difW@r@ﬁ@g§°?§53§heir nucl eoti de sequence BRE/ERZQ0ZAPRBLEAR d
sequence of their proteins. 5 The use of human HBV core as vaccine carrier
is subject to two possible limtations: 1. Subjects suffering froma

chroni ¢ HBV iRlee! i PN &s R ah | ydrtalans e Lo EBYe andiingans (this | ack

of immune response is jOln%)IQ’S responsible for the infection's ]

per si st ence) thesr eohl Fyat s aPrtcdpaveesbiffdmct aftifderentegel iepi t opes
in the core phelie MmEaEENCR Eudhes ehnfe thikolaifithd Nadéi\E SbHO8Hce

i mmunogenicity of 15 vaccines based on HBV core CLPs. This woul d possibly
have no ef feCf CRELRAIPFOFEAPS -chronical ly infected with HBY, due to their
T-cell toterance to HBV core. However, there is no such tolerance to core
of VWHV and &%%@r an%g?l HBVs . Billaud JN..et al. Advantﬁgeg.to 20 the
use of rodent FePSin&H ML HrEtast it al* Vs ne® L bt &t f bF n PVAECE ne.
2007 Feb 19; 25( 9o P5e3-160€) . ibkitrgiocams :ani mal HBV core protein as carrier

m ght therefore be advantageous to this special circle of potential
subjects to be vaccinated. 25 2. Onng to its extraordi nary strong

i mrunogeni ci fly, Swoeets | eufSeringy r bngnant ichoord cB-HRY | intepohsre dudti -
HBeAg) 11 al bastblaqls ARl Ao GPILASdond NTaetechadh ! Be Bl ed |
infections are additionally 30 characterized by the aﬁgearance of anti bodi es

to the HBV &RPEOHSE pibt el ALNEANt iTeERpiblardont t

persistence). Core also acts as a T-cell-dependent

infection’s

antigen. T-cell epitopes in the core protein seguence
are therefore involved in the strong immunogenicity of
15 wvaccines based on HBV core CLPs. This would possibly
have no effect in individuals chronically infected with
HBV, due to their T-cell tolerance to HBV core.
However, there is no such tolerance to core of WHV and
other animal HBVs (cf. Billaud JN. et al. Advantages to

20 the use of rodent hepadnavirus core proteins as vaccine
platforms. Vaccine. 2007 Feb 19;25(9): 1593-606). Using
an animal HBV core protein as carrier might therefore
be advantageous to this special circle of potential
subjects to be vaccinated.

25
2. Owing to 1its extraordinary strong immunogenicity,
core elicits a strong anti-core B-cell response (anti-
HBcAg) in all subjects acutely or chronically infected
with HBV; cured infections are additionally

30 characterized by the appearance of antibodies to the
HBV envelope proteins {anti-HBsAg) . Current
prophylactic wvaccines to HBV infection are based
exclusively on the HBV envelope protein (HBsAg). A
successful vaccination therefore causes the appearance

35 of anti-HBsAg, Jjust 1like an infection that has been
overcome. Whether a subject has acquired anti-HBsAg via
infection or wvia HBsAg vaccination, is of diagnostic
interest in some cases and can be decided by the



prophyl actic vaccines to HBV infection are based exclusively on the HBV
envel ope protein (HBsAg). A successful vaccination therefore causes the
appearance 35 of anti-HBsAg, just |like an infection that has been overcone.
Whet her a subject has acquired anti-HBsAg via infection or via HBsAg
vacci nati on, W0s 200&| ic interest in some casBSTAK82087/686488i ded by
the WD 2008/ 028535 PCT/ EP2007/ 006190 6 -detection of anti-HBcAg which
occurs only after infection. A vaccine based on hunman HBV core would al so
elicit a 5 RIMAIN AN o80T @riBNHEJIABCAhI £8P0 IR adghiy ONakF@ert he
desired response to the inserted foreign protein. Wth anti-HBsAg bei ng
present at tH&LEGHE M me, this woul d nmake the distinction between HBV
i nfection and HBcAg vaccination nore difficult. 10 Production of anti-HBCAg
has been m nim zed jn the plit-core s e si nce .the | Or . epltope,
nanely c/el P hRCHEN BﬁﬁgachiJngﬁﬁhrﬁﬁidgéﬁa 85ﬂﬂf£é?g$%rgllﬁbglgnger be
recogni zel bydrtmimjattiycofeanbht HBHBgAGDY awmisipbodicesin Aadésttoal to
anti-HBcAg r on 0 _Qther._ sequence gi.ons. . of 1h rep in_is
present, hoﬁ%@%rag%%¥§8ré%fgﬁ?%%bgﬁjbgﬁgré%%ﬁﬁi?éng?%#%ﬁ%yEg%&&ﬁEéd by
usi ng a non- Wirkdn &BYiecBBeAgr dicsing ppesértabity the WHWecorengr otbiim, as
carrier base. The S i aly: con eRhS ¥t sphist - E¥§§i hg system
of the inventvfc(%%dar eag?"r g}féy Fﬁ%egg?g Br‘ot%l;n %Fh a Hep%ﬁ%s v?rus and
secondl y t he HEsg? gradminedulan nay evilidif igilitrmune response is to be
elicitedyp25 The core protein in its broadest enbodinent is derived from
any hepatitis B virus. various hepatitis B viruses are known. Preference is
gi ven to enplpdﬂﬂqﬁ’dftdéﬁ'brd’ifngantl’ BcAg has been minimized 1in the

split-core system, since the major epitope, namely

c/el, has been physically separated and can therefore

no longer be recognized by the majority of anti-HBcAg

15 antibodies. A residual anti-HBcAg response to other

sequence regions of the c¢ore protein 1s present,

however. This response can be prevented or further

reduced by using a non-human HBV <core protein,

preferably the WHV core protein, as carrier base.

20
The essential components of the split-core carrier
system of the invention are firstly the core protein of
a hepatitis B wvirus and secondly the foreign molecule
to which an immune response is to be elicited.

25

The core protein in its broadest embodiment is derived
from any hepatitis B wvirus. Various hepatitis B viruses
are known. Preference is given to employing according
to the invention those sequences which are derived from

30 hepatitis B viruses that have been isolated from
mammals and are specific to these. Particular
preference is given to employing human HBV. In addition
to this, however, it is also possible for those
hepatitis B viruses providing the sequence of the core

35 protein to originate from other animals, for example
birds such as ducks or herons.



to the invention those sequences which are derived from 30 hepatitis B
viruses that have been isolated from nmamuals and are specific to these.
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A comparison of the woodchuck hepatitis B virus (WHV)
sequences available in databases with the amino acid of
the core protein of HBV (ayw subtype) finds an identity
of about 60%. Differences in the sequences are
particularly prominent in the region between amino acid
positions 66 and 94, and this segquence includes the
c/el epitope and, in the HBV split-core system of the
invention, the dividing site between the N-terminal
region and the C-terminal region of the core protein.
In a particularly preferred embodiment, this dividing
site is between amino acids 79 and 81.

WHV split-core carrier systems of the invention were
prepared by separating the WHV core protein seguence at
the nucleic acid level between position 79 {(codes for
the amino acid Glu) and position 80 (codes for the
amino acid glutamine). At the nucleotide level, a
sequence encoding BamHl cleavage site was added to the
carboxy terminus of the N-terminal core protein segment
of WHV (abbreviated as WcoreN). Downstream thereof
followed a second ribosomal binding site and an Ndel
restriction endonuclease cleavage site which in turn
overlaps with the start codon of the WHV coreC (WcoreC)
segment. This arrangement is identical with the
preferred arrangement in the corresponding HBV split-



the nucleic acid | evel between position 79 (codes for the amno acid 4du)
and position 80 (codes for the 30 amno acid glutamne). At the nucl eotide
| evel, a sequence encodi ng BanHl cl eavage site was added to the carboxy
termnus of the N-ternminal core protein segnent abbrevi ated as

WoreN). Dowi&t ROABAA2B5F  foll owed a second ri go?SHFgBPHai/RQ%PPe and an

Ndel 35 restriction endonucl ease cleavagg site which in turn overlaps with
the start codon of the WHV coreC (WoreC) segnment. This arrangenent is

i dentical withlde cpretented. ar rangenerihdyldshe eRseespendi nadBVpepl it WO
2008/ 028535 PCT/ EP2007/ 006190 8 <core constructs. This enabl es i nsertions

to be transf&ansd ikt AT eFbhy oA& OBy G $BSERR 6PhdSnetGF t R%fhe ai d
of a BanH - NdgltHli gret izonl b therpaase-ndescrdipss diasre, Weoredk ceakai ns a
conservative suh t%utl on namak%/ E79D, and additi onal Ié a P a%.C-

term nal am & ue 15 %he MR SAUce§OBEAAES ¢l Bavaf8 SFEdatHiRs has no
adver se ere@mhmtﬂdutlaﬂnlnamelp Eﬁ@m[xnmdcaééitﬂoualhp G- treras nal-

proline, \{Q:Iﬁ% tiezﬂhgi?e ?{C?SI sgghce OI n SaS?EtEgﬁuégdSt ?inh'lty of

the split pro [ core, oreC contains an additional start
met hi oni ne, iqlaavage cﬁé:mpsﬂ&éaﬁn éTaSQB®10( SgtvierseBVeLferii sonHVEEpl it-core

construct foreIB?@.'LlRﬁftt&' Eérﬁqﬁ&%l 'tBic%%sWe'alné?Stﬂé‘ec EQH&ﬁQ?”Q‘rB&;H@V

split-core construct. enbodi ment of the present invention,
the C-term Main%gi b aﬁdist hePRPERRHE nalrelséélt@ﬁm@fr t hEneer@sepr of-BEn may

origi nat@ofr%ébﬂﬂletr npehenal | 5p$iB prJeses. iﬂkéhmvcas‘;‘ll@htih%oméb“d
split-core carrier syst em of th@{gnven ion has essentia t hr

conponent's, tHELEES eﬁQﬁ N Poteis g?BﬂrFrBﬁFgloﬁéﬁﬁtlﬁpst l@lrus
for exanpl e aduamipdiepsdmtos Baovi(sey, irherdwr ei i golETULS1LG-wbireh an

| mune reSpononstruct formed particles egually as well as the
corresponding HBV split-core construct.

15
In a further embodiment of the present invention, the
C-terminal region and the N-terminal region of the core
protein may originate from different hepatitis B
viruses. In this case, the hybrid split-core carrier

20 system of the 1invention Thas essentially three
components, the N-terminal core protein region from a
hepatitis B wvirus, for example a human hepatitis B
virus, the foreign molecule to which an immune response
may be elicited and the C-terminal region of the core

25 protein which originates from another hepatitis B
virus, for example from WHV. Such a hybrid split-core
construct also formed particles without any problems.
Since the amino acid seqguences of the core proteins
from different hepatitis B wviruses are different, the

30 B- and T-cell epitopes also differ. The hybrid split-
core system can therefore specifically influence the
immune response to the particulate carrier.

Preferred hybrid split-core carrier systems of the
35 invention were prepared by separating the WHV core
protein sequence at the nucleic acid level Dbetween
position 79 (codes for the amino acid Glu) and position
80 (codes for the amino acld glutamine). At the



may be elicited and the C-term nal region of the core 25 protein which
originates from another hepatitis B virus, for exanple fromWV. Such a
hybrid split-core construct also forned particles w thout any problens.
Since the am no aci d sequences of the core proteins fromdifferent
hepatitis B WO 2988 /H2853% ferent, the 30 B- and T- BEFVERBPPIS896AP%0
differ. The hybrid split- core systen1§ therefore specifically influence
the inmune response to the particulate carrier. Preferred hybrid split-core

carrier systepgodile §évb'ﬂver5'%@q%h%epréﬂ@ééﬂn$yma@l@9vbaé VHV
core protein sequence at the nucleic acid |evel ween p05|t|on 79 (codes

for the am n&iEE dwasu) 29A8% 0Pt | BAe soRYRYBes THMiHE afitho t&& dN-
gl utani ne). AeritieaO 2008/ QA&IH PCELERA07/O6WED tatbrairicdead i de | evel ,

a sequence encodi ng BanHl cl eavag Sit added to _the _car rm nus
ot “the N -t eMACHAN o P IR SCUFTRE fS WMV abBr B5FSRad ABOS BB L en)
Downst r eafn t henedfng oldmd éndéecamd mdi@bsorra!;tﬁlbtmdnngeﬂdbauamdaaa Ndel

restriction e nucl ease avage . S|te iC rn_oy. rI th. the
Qfé TP e@ c@@ i m?verrlﬁ?% WOYE AR aQE

start codon eC) seg nt I's "a rangerre
identical w td@ddme poéf ertied aWH‘ange:rmmc i fWcheeCor r esometitng HBYWis

split-core c e o t directly
from one sy SR LE Y diher e f et e ara Brebonlly BRAapaehRc [ o0

In the case déscEhbeddrarespwedied é@?ﬂa$m%ltac@bﬁsmﬁwtsﬂ}bsﬂ"hwt| on,
nanely E78D, &pghadditdondd dys atB’ %% Qrta‘%fs“f‘éi%'edaraﬂfié@ﬂﬁ £848 bRethe 15

i ntroduced BanHl cl eavage site. This has no adverse effect on the ability

to form partiSVIS¢S™ anRl the cthesr rrP-'ﬂﬁI Wit ite 8hingtt i BamPlolNdgde

resistance, didsdees the shabichsky Qs dM®esPlidrr ofiebfenlkarbBYs split
core, WoreC contains an addltlon | start. 20 net hi on ne |99 this caae

upstream of &80 STV B3 stitution, — name
additionally a P as C-terminal amino ac1d, due to the

15 introduced BamHl cleavage site. This has no adverse
effect on the ability to form particles, and the C-
terminal proline, owing to its protease resistance,
increases the stability of the split protein. Like HBV
split core, WcoreC <contains an additional start

20 methionine, in this case upstream of Q80 (S81 in HBV).
This construct was able to form particles without
problems.

Natural HBcAg as well as recombinant HBV CLPs are
25 highly immunogenic (T cell-independent and T cell-
dependent antigen) . The symmetric, multimeric
particulate structure of the core particle is essential
here. Said structure can be depicted by conventional
negative stain electromicroscopy and also be cryo
30 electron microscopy. The particulate mnature can be
detected biochemically by sedimentation 1n sucrose
gradients {sedimentation coefficient of 60-80 g,
depending on the wvariant; for comparison: soluble
monomeric proteins: approx. 1-5 8; eukaryotic ribosomal
35 subunits: 408 + 608). In addition, the particles have a
distinct migration behavior in native gel
electrophoresis in agarose gels, which is different
from that of nonparticulate forms. This makes 1t



This construct was able to formparticles wthout problens. Natural HBcAg
as well as reconbi nant HBV CLPS are 25 highly immunogenic (T

cell -independent and T cell- dependent antigen). The symetric, nultineric
particul ate structure of the core particle is essential here. Said
structure caWORUBIBRERPDY conventional negati vePSTAER200d/006%%@r oscopy
and al so be cryo 30 electron mcroscopy.,grhe particulate nature can be
detect ed biochem cally by sedinmentation | n sucrose gradients (sedinmentation
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mononeric proteins: approx. 1-5'S; eukaryotic ribosomal 35 subunits: 40S +

608). In addithomratriparaieIREeIRIe "éltlkﬂ%’?th{e}% THIGH@ATH O™ behavi or in

native gel el ectrophore3| s in agarose gels, which is different fromthat

of nonparticylate forns. This makes, it 2008/ 535 PCT/ EP2 07/006190 -
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acids (the 5 V\Hvrgrotg n has 1%7 am no amﬂﬁi and consi st s .of éwo domai ns:
f

the first apptdet Car 81 F&Gui R %hd P8 Tt iR P SE s8R y
(assenbly domifificidriet CGdrer Mhial assgmdiyv s (eisckenilybasiomads: )gnd thiends

nuclei ¢ aci ds. A fter Ol Ly {gupealef,cgie; pr gLeLaVanAN! L0y (aal - 149)

was expresse e origi expression systens substantially
better than tdmidsl | A |engehmpral by n. trOmRR A copeeproreiein - Vagiante,

wi t hout Rycl ei£;Aac) 44 bi ngizag cgggsgallébsé@r e;fhergfor egr Ytihized & or.gredi UM and

hi gh resol uti on EM struct ur al tudies. Thus It was possible to det erm ne
the crystal SMIRIIH oFYERETEL FIRRIRISTI ANy pPBEERR. tARThatheedill

predi ct ed b'@@%@ﬂﬂmﬂﬁﬁbtéﬂ@ cCorEpPr obei NchoeNMBpyEE¥insSt abhay, symmetrica
di rers which assenble to _give CLPs

without nucleic ac1d binding domain, were therefore
utilized for medium and high resolution EM structural

15 studies. Thus it was possible to determine the crystal
structure of the CLPs and of the protein. As has been
predicted biochemically, the core protein forms very
stable, symmetrical dimers which assemble to give CLPs
comprising 90 or 120 dimers.

20
The core particles have conspicuous spikes; each dimer
forms a spike whose structure consists of a bundle of 4
helices, with each monomer contributing two long
a-helices in the center of the aa sequence. The spike

25 tips comprise the amino acids (aa}) in the aa 74-85
region. This region also carries the immunodominant
B-cell epitope of HBcAg (c/el epitope), and its
particularly high immunogenicity can be explained by
the surface exposition of these residues.

30
Figure 1 depicts diagrammatically the core protein
structure. The primary sequence of the HBV core protein
is depicted on the left-hand side of figure 1. The
entire protein consists of 183 aa (185 aa in some HBV

35 subtypes); only the N-terminal approx. 140 aa are
required for CLP formation (assembly domain); a
preferred C-terminal aa position is 149; a His tag may
be fused to this position and to any downstream aa, up
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he core as sequence nust include at |east position 140,
18uBfareast position 149, but may al so extend further up

For a successful particle formation, the core aa
sequence must include at least position 140, preferably
at least position 149, but may also extend further up
to the C-terminal aal83 or 185, depending on the HBV
subtype. The aa sequence downstream of position 140,
better 149, may be replaced with foreign segquences
which are then usually 1located inside the C(CLPs.
Antibodies are not primarily produced against such
foreign amino acids they may fulfill other functions,
however.

Owing to the extraordinarily high immunogenicity of
HBcAg, recombinant HBV CLPs are attractive for use as

immunogenicity-enhancing carrier for foreign antigens.

An alternative solution is chemical coupling of foreign
molecules to preformed CLPs. The present invention
provides a genetic fusion of foreign aa sequences to
the core protein. The region of the c¢/el epitope proved
here to be best suited to inducing potent B-cell
responses, on the basis of empirical trials and even
before the X-ray crystallography structure had been
resolved. It has now become clear, on the basis of said
structure, that such fusions represent insertions into
the loop between the center helices. Since this loop

does not have per se any structural function, the 3D

hand

C representation o ore protein

e



to the CGtermnal aal83 or 185, depending on the HBV subtype. The as
sequence downstream of position 140, better 149, may be replaced with
forei gn sequences which are then usually located inside the CLPS. 20

Anti bodies are not primarily produced agai nst such foreign am no acids they
may fulfill oWAeR0PBAGRBBAE, however. Owing to the REER/ERARTERIG12 gh

i mmunogenicity of 25 HBcAg, reconbinant,kBY CLPs are attractive for use as
i mrunogeni ci ty-enhancing carrier for forergn antigens. An alternative

solution is cf gghgggrgougklngﬁg foseld rHPéfﬁU|ﬁ§gto pref oraed CLRS. The

present i nvention rovi des a genetl C usi on of rergn as sequences to
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trials and even™ before the X-ray crystall ography structure had been 35
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such fusions f@@ﬁ@aentcmmeratll&mgmt ehikheid oeptherMrapst hpuLediwesedel i ces.
Since this |lo does not pave, g se any structural function, the 3D WO

2008/ 028535 PRYFRBSB0HS0EAGES1IR #31ng; Afchdr 8°BRCRAE &Gve FTHRETT Yy, at

least in priacEpte, Dermbtiqi ndd dhen fwsisd i @roafeifor etgnctﬁequenme@

Dependi ng on the, for n sequence i nserted sone_of. those n proteins
st Pegtia Rbyeo

may conti nue PngéF ?eg%?'?c%ﬁf% CF%oﬁBﬁ f%ﬁ%t|§snoFS§F fant eed

because the fhighghmamhngeadtcdtgequence nmay adversely affect fornlng of the
fusion protein structure. The particulate structure for its part is
essential " tTor high imunogenicity. 10 A nultiplicity of foreign sequences
has previousl  beéhipilasétvedfi Moraign camanasseiias ankviowoie kedres

increased i mupegepLgi tynPas @S0 Lsad 98iReied and in some cases
increased immunogenicity  has also been detected
experimentally [Ulrich et al., Adv. Virus Res. (1998},
15 pp. 141-182]. However, since many attempts of inserting
relatively 1long foreign sequences, with more than
approx. 40 aa, failed (particles no longer being
formed), it was assumed that there 1is a naturally
limited capacity for receiving foreign sequences of up

20 to 40 aa or, in a special case, up to 120 aa.

Foreign amino acid sequences fused at the C terminus

and the N terminus to the core protein were found to

form particles only, if at least two essential criteria
25  are met:

(i) the 3D structure of the foreign protein must Dbe
such that its N terminus and C terminus fit in
with the spatial position of the linkage points in

30 the core protein (C terminus of the N-terminal
core moiety, 1i.e. core aa from approx. 1 to
approx. 78 [coreN]; N terminus of the C-terminal
core moiety, i.e. core aa from approx. 80 to 149
or 183 [coreCl);

35 {(1ii) if the foreign protein itself makes homomeric
interactions (dimers, trimers, etc.), the
structure of these homo-oligomers must likewlse



experinmentally [Urich et al., Adv. Virus Res. (1998), 15 pp. 141-182].
However, since nmany attenpts of inserting relatively |long foreign
sequences, with nore than approx. 40 aa, failed (particles no | onger being
formed), it was assumed that there is a naturally |limted capacity for
receiving for8PgA098402R283% of up 20 to 40 as or, IRFH/EPRRIHO ) up to
120 aa. Foreign am no acid sequences fuseg at the Ctermnus and the N
termnus to the core protein were found to formparticles only, if at |east

two essential criteffain2idfie ¢l sftdctiee 30 SthuClWre frd herdiasel gn
protein nust be such that its Ntermnus and Cterminus fit in wth the

spatial position ofO+RE1fFnkage points in 30 the core protein (C terninus of
the NNtermnal core nolety, i.e. core as fromapprox. 1 to approx. 78

[coreN; N te m nus_of e Cter nal cor core_as_from
boprox. 80 t oFTHBLSR; PHEFGI otPpUCad (RPR & EREMABIei e pet STIPST sel 1
makes hondirer proximieyadhi che (ditiwes 3Dt sitrercturet Gre theredraictelle of

t hese hono- ol ' .20 8 PCL/. EP 100, O
e in wi th tRe SRSt er or TR S e a8 P o 2L il 6 68 CoFor e (o
prot ei ns whosprftandsC GEPningietar boiti @IfoweS@ prasyiimemernigs thee mn}ve 3D

structure areqtfigrehphectrbl aostioked ke REEHIAYO i Riudousl Yol scl osed

f usi on prot el ns. Of' t ese reqU| rements but mia%;
proteins do n@uteénesw%éﬁﬁemfotmél | &t t €PSPR) t IR Sheer L¥uef Jesq;%:a el n A

(CspA) ofi¢ h%&iﬂ@géhseéﬁﬁr@ﬁtbﬁﬁé&@r:@@fi el waokdr adogheric whasgmiN and C
termni are on opp 03|te sides.of the |ong.3D structure. Insertion of GspA

or ot her prot@FﬁsoﬂnPﬂpaséFﬁlPé@?? 05nF§90F859e39tFEEPGFEr?esuIts in

tensions in the fusion

Insertion of OspA or other proteins with a similarly
unfavorable structure results in tensions in the fusion

15 protein. Either, the foreign protein remains correctly
folded and prevents the two core protein moieties from
approaching each other, thus preventing their folding
and subsequent dimerization and particle formation; or,
folding of the core protein moiety impairs folding of

20 the foreign protein which either is no longer native
{> altered antigenicity) or - if massively misfolded -
leads to aggregation.

In the case of 0OspA, this problem was circumvented only

25 partially by utilizing very 1long linker sequences.
These linker sequences represent a potential problem,
especially for vaccine applications, in that they could
have undesired antigenicity of their own, possibly
resulting in harmful cross reactions, for example with

30 endogenous antigens. Moreover, corresponding protein
preparations had only very limited capability of
forming regular CLPs.

In addition, general steric hindrance could be a
35 problem with very large foreign proteins or foreign
proteins which greatly deviate from a globular
structure, owing to the dimeric structure of the core

protein carrier and the geometrically limited surface



15 protein. Either, the foreign protein remains correctly folded and
prevents the two core protein noieties from approaching each other, thus
preventing their folding and subsequent dinerization and particle

formation; or, folding of the core protein nnlety | airs folding of 20 the
foreign proteW@ dRPBAOEBBREr is no | onger native (SPGF{ERPRROELMY city)
or - if massively msfolded - |leads to_a rggatlon In the case of GspA,

this problemwas circunvented only 25 partially by utilizing very |ong

linker sequenges. theThééfriiePk‘ifaxsc%q}i"é%ce%tﬁéprg:%%%t év&’?i&ﬂiéa' nProbl em

especially for vaccine a ications, In coul have_undesi red
antigenicity oﬁphﬁéiﬁaémnsu5§§§ﬁﬁlyOfre§MQ||ﬁ}3%1tﬁﬁrﬁ%ﬂm%ﬁ%%h reg® i ons,
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forei gn prot eknsceededr eiygnprpseneing whi cbrerfeat Iyr@lteadxat e ff rappeox) obul ar

structure, m%?ﬁ to t s glneric structure of the core protein carrier and
carfy 3

the geometri Flﬁl surface WD 2008/ 028535 PCT/ EP2007/ 006190 - 14
of the carrier particles (the space available on the "spherical surface" of

the CLPs is |irfht gd)echbe s JUmNI-TUN e o,the Jiarel 0 Protel 1 depends. on

several factors. i nvent1 on has r eady ucceeded in
presenting a Vereige phdwcdi mast appreraraBeopadypesp)deshe theeszane iMvention

therefore g el ghggiho a%dSdeé EOLE VKNG WH Chhdag e $RAVALE of a

pol ypepti des, the core 10 domain and the core C donain of the core
protein of a HEPaFitis @\N?iﬁﬁaﬁﬁda@q(%ﬁﬁSQH@ﬁ$oﬁ@?@ﬁg§mQW}Q%n%Fl@equence

to which a hugehaknasd.coM@h EcRPAN MRINA, @nd Celvhelkar dgphdpeilasponse is to
be elicited, sai .
cellular immune response 1is to be elicited, said
foreign amino acid sequence being fused to the
15 terminus of the core N domain or to the N terminus of
the core C domain and the core protein being able to
bind capsid-like particles. Preference is given to the

carrier system eliciting neutralizing antibodies.

20 It is essential for the core protein in the split-core
vaccine of the invention to be interrupted, that is
separated, at the <c¢/el epitope, 1i.e. approximately
between amino acids 73 and 24. The foreign amino acid
sequence may then be fused to the C-terminal end of the

25 core N region. In this case, the N-terminal end of the
core C part starts with the amino acid at which the
core N protein was separated. It is also possible that
part of the c/el epitope is deleted, i.e. that one or
more amino acids have been removed from the region

30 between aminc acids 73 and 94. Alternatively, it is
possible for the foreign amino acid sequence to which
antibodies are to be produced to be fused to the
N-terminal end of the core C region., In this case, the
C-terminal region of core N terminates at the amino

35 acid at which the core protein has been interrupted. A
substantial effect which must be retained by the split-
core vaccine is that of the split-core vaccine

particles carrying foreign amino acid sequences fused



foreign am no acid sequence being fused to the C 15 term nus of the core N
domain or to the Ntermnus of the core C domain and the core protein being
able to bind capsid-like particles. Preference is given to the carrier

systemeliciting neutralizing antibodies. 20 It is essenti f %{1 core
protein in t h¥OsAPPB/8BE35vacci ne of the invention ]?%T‘B%PE#?@?{’?J i%l, t hat

is separated, at the c/el epitope, i.e.jgpproximately between am no acids
73 and 94. The foreign amno acid sequence nmay then be fused to the

C-termnal endneketBe s235100r8ehgedboB. do) thie ease.cdhe dhpeidi Nokeend of
the core Cpart starts w.th the am no.acid at which the core N protein was

separated. |tPRILEFLGSpoddiF &% haes Epdr 81 HRET he e PelSWH ¥Tpedr &t et ed
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forei gn am notggi algeaﬁeﬁgeeﬁgc Pghmlgﬁpls%HFe%Sa?%Sgoiéggﬁr%cl)&med to be
fused to the Ntermnal end of the core Cregion. In this case, the

C-term nal regi.Qn e _N:term e i i all t he
core protein pa8"£8elhr aline! BNY Sedfedal i cly SRR Bl
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particles cargyhpg o eEgRe am N0 g drSequercesyt usedr¥eh29R8/ 028530
PCT/ EP2007/ 006190 - 15, thereto still being able to farmthe core

capsi d-1i ke PAFEPEFEanisAEs H8URLLY eI PediiSPasafucidsehyranfentifor in

native agpg os@efiekatlieehbophatepbdicA test whébe tBerabeupbsancghechson
m croscope i s alagcg ssigle.énghe forei gn am.no acid s%gu nce to which

anti bodi es ar B¥° 'p Liss TS B S JUBHE e TP from

surface structbies tef mamsworganysrapidlgh inviadieer gaind rsosr gesitisdnsy. cause
di seases in hymang, ;| 190Ul habh?! DY B0hLPOGLES L8nbESe ST UpLUL Gy can be
quite advanced 1s Borrelia burgdorferi, the Lyme
15 disease pathogen. Foreign amino acid segquences which
are preferably employed within the scope of the
invention are the Borrelia burgdorferi surface proteins
OspA and OspC. However, the foreign amino acid
sequences may also be other sequences originating from
20 pathogenic organisms. An example of these 1s the
malaria pathogen, Plasmodium falciparum.

Other foreign aminoc acid sequences to which antibodies
can be produced are sequences originating from viruses.

25 Preference is given to employing those amino acid
sequences which originate from proteins of viruses
coming into contact with the immune system of the host
organism. Said proteins are primarily surface proteins,
since these are usually the first ones contacting the

30 immune system of the host organism. Alternatively,
however, there may also be proteins which are released
in the course of the viral lifecycle. Depending on the
type of virus, they may be viral core proteins or
nucleocapsid proteins, for example.

35
However, the present split-core vaccine may be used for
generating not only antibodies to exogenous amino acid
sequences but also antibodies to undesired endogenous



produced, then this results in the i mune defense being able to renove very
rapi dly invading m croorganisns. A bacteriumfor which vacci ne devel opnent
is already quite advanced is Borrelia burgdorferi, the Lyne 15 di sease

pat hogen. Forei gn am no acid sequences which are preferab | oyed within
the scope of WRe20PAYBABPBR are the Borrelia burgdor?@?lEgﬁab%éﬁbigéﬂe|ns
GspA and GspC. However, the foreign amnpsacid sequences may al so be other
sequences originating from 20 pat hogeni ¢ organi sns. An exanple of these is
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pr ot ei ns, forTh&aepbmtxﬁbdimevemableethﬁeSEMMHBpIdefense vac cremdiy be
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- 16 struct uHeweygeh 431¢t UPA¥T her kéygtemorofexdmf)l envEghben @y sa¥gequent |y
express oltdwer jadLtaceHmr ket suihan ;i rhedlet Weéi%ﬂsse JAYSh Infays Uk, ERAOgEenous
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response i s ePfEiLE@BRC¥ausing the body to increasingly produce antibodies
to said tunor cells. These antibodies enable the i Mmune defense to readily

The present application also relates to a method of
preparing a vaccine against a heterologous protein
15 sequence. The split-core vaccine consists of two parts
of the core antigen of a hepatitis B virus, with either
the heterologous protein sequence being fused to the
core N region or the core C protein being fused to the
C-terminal end of the heterologous protein seguence.
20 The position in the amino acid chain, at which the two
domains are separated from another, is located between
position 73 and position 94. Individual amino acids of
this amino acid region which represent the c¢/el epitope
may be deleted.
25
The method of the invention may be carried out in
principle in two different ways. If the two parts of
the split-core antigen are expressed as only a single
polypeptide chain, a recognition sequence for a
30 protease 1is inserted according to the invention at the
desired position. This enables the expressed
polypeptide to be cleaved into two defined parts by the
protease. It is also possible in this embodiment for
the protease which cleaves at the desired cleavage site
35 to be coexpressed. The gene sequence coding therefor
may be 1located either on the same vector or on a

separate vector.



recogni ze and ultimately elimnate the tunor cells. However, the carrier
system of the invention may al so 10 i nduce the cellular inmune response
which may inprove efficiency. The present application also relates to a
met hod of pre arlngﬁa vacci ne agai nst a heterologous protein 15 sequence.

The split-cor¥OvaRREAB288A8i sts of two parts of the EEREROHENO GG

hepatitis B virus, with either the hete{#logous protein sequence being
fused to the core Nregion or the core C protein being fused to the

C termi nal enﬁnotanfom%el}et E‘ﬂﬂi%@d pé%@&ﬂméﬁﬂue’ﬂﬁ% = The1poshtigsin the
am no acid chain whi'ch the two donains are separated from another, is

| ocat ed betme@ﬁntbegﬁgl&@Oﬂ?eﬁﬁep8§PFﬁ§ﬁe@4Uﬁ%ﬂﬂv?dﬁQeQ%ﬁ%uﬁ%&ﬁﬂ%fof

this am no achéweegkon V\ﬁPh:@Eeﬁ:%ﬂl’césentlst he gghein epidope engopenglel eded. 25
The met hod of ghe ipventign g;{ q?érled out in r|nC|§Ie |n

different waysP FiSER8™tGo He CpPPE- 53V§4aﬁﬁ?g i Eré’ ®ssed as
only a sirgl esppbkypepti dzmcmdnma 1& rexpgassedn eqpeigepebod da 3<ﬁhanmt ease
is inserted a rdi tg the. in jon Aty esire osit This
enabl es the e§%§e3§§§: §oﬁ§bé% Xgag?o]ﬁ% %€§5%§ %ﬁtog?g %! #%ﬁ% ]%%rts by
the proteaseShbrtily dilsrqpoSsithil ehowevhrs disodr Hensohes dﬂma@ﬂtﬂ@mse

whi ch cl eaves é heré@p é%e gggeé' ? &B %%l@%expﬁ§§§eghsdygégene

sequence codi n ocate t he same vector on a
separate vect® at\/\bomowao:m%f P@TﬁEP@@@‘Z/‘GQ6@9G’aCClIl? gue apordeged

pref err ed erbodi aBBLe g dROLREPLhdeene PN boned oy e & ecaiprgssed

using a special vector, ~—however. Preference |s iven to enpl oying
"bi ci st roni c” CRE8t SRALTRNS Mosks ansan isHe dogst t#ﬁﬁ@i@&ﬂ@@rc%#et@%00|ne

i's expressed gscpek¥pepinieh chadund result in only one part of the
split-core vaccine still being provided.

15 The expression “fusion protein” or “fused to” means
that two different proteins or polypeptides are
connected with one another via a peptide bond. Such
fusion proteins are produced by expressing the nucleic
acid seguences coding therefor, which are connected in

20 series.

Linking the inserted foreign protein on both sides, via
its N and C termini, was found in the present invention
to be the main protein-chemical problem with regard to

25 a broader wusability of the HBV-CLP carrier system
(specifically as vaccine carrier, generally for
pregsentation of foreign molecules). The number and type
of insertable foreign proteins increases drastically,
if either of the two covalent bonds (on the N- or C-

30 terminal side of the insert) can be dissolved and
particles form nevertheless because the separated core
protein moieties (split core) find each other and fold
correctly. This is an essential aspect of the present
invention.

35
Figure 2 depicts diagrammatically that insertion of a
foreign protein with an unfavorable 3D structure (e.qg.
OgspA) may prevent formation of the particle formation-



and that a stop codon is located at the Ctermnus. Shortly thereafter,
however, the ribosonmes can attach again and express the second pol ypepti de.
This ensures that both parts of the split-core vaccine are produced 10 in
about equal anounts _and there is no need for taking _care that the host

or gani sm doesWRo#O0PB4R2858Rer of the vectors, whi cPYRAFRRORE(§96130 onI y

one part of the spllt core vacci ne stLIigbeing provi ded. 15 The expression
"fusion protein" or "fused to" nmeans that two different proteins or

pol ypepti des apfpetBABCGIt@dcMiR e ROt BefeVibRok ch@Ptdde-hand(useh

fusion proteins ﬁ&; rgduced b% ixpre55|n t.he ng&lel acid squeggf

codi ng t her ef BRED WA cRLEPENEEANELYed THRTMIG108 | &F i fP e t ed
foreign prot ebﬂroﬁtbe‘ég SEdeﬁheVl ﬁoretspf‘b'ﬁ@ﬂnc éiﬁfﬂi@r a3 f;mwbnmdt he ,
present invention 0_be rotel m.c Wi ard to 25
a broader usa%PFW?§18F fﬁ% E %%?rfﬁg §§?8E¥r% q% ghgal @r%_ acci ne
carrier, gienepabtgzlﬁor bop:rt@serpamh)on ohid oweugd milvecnsleésf) .a e urtosr and
e o s ebhABL ol Qe L POLEEOS LAGEBAReSST! Bslicaldic | fr a1 die!

the two coval én Ads (on erm nal 51 dé o I nser can
be dissol ved aadeljaimiatiess fbf meashert lodl ethe béwausv@waﬁee@epbmk@as:or e

protein mi etpeeubsh! idoLAch) Siodescngbber Al dokdiororpactine dhis is

an essential aspect of the present 1nvention. 35 Figure 2 depicts |,
di agr anmmat i caFEYM{RaL | A5ertPon Wrtermitsrlej §i g5 of’él ntiet higdetht avist abl e 3D

structurede. 8iss6BPag m&rowent drﬁi rr&xzapn et thenpartingl e diorgmation WO
2008/ 028535 PCT/ EP2007/ 006 etent structgre of the core protein

carrier (uppePYPsfHFRtal ¢ ?ﬁ%??@el@f Fbrﬁﬁp SHUBHESt heUEbPPed®T P &t ruct ur e
of the core pwhiehnreafviirels mMaycps®ved site for a specific protease

to be introduced additionally. Preference is therefore
given to expressing the two fragments as separate
15 entities from the outset.

The solution according to the invention has still

further consequences:

20 (i) since the c/el epitope i1s located on the particle
surface, the new N and C termini form on this
surface, which can be derivatized further. For
example, a foreign molecule X can be fused to the
coreN fragment and a foreign molecule Y can be

25 fused to the coreC fragment. A possible
application is the presentation of heterodimeric
foreign molecules. It must be taken into account
here, however, that there must not be any steric
hindrance of the two parts attached by fusion.

30 {ii) specific subregions of an inserted foreign
sequence, for example a particularly important
epitope, may be oriented toward the particle
surface or away from it, depending on the linkage
via N terminus or C terminus. One example is the

35 “LAZ2 epitope” of B. burgdorferi OspA, which has
been found to be located in the C-terminal region.
Antibodies which recognize this epitope have

neutralizing action.



formation of the native 3D structure of the foreign 5 protein (bottom path).
This woul d adversely affect the binding of the desired antibodies. This
steric problem is elimnated, if either of the two coval ent |inkages

bet ween foreign protein insert and carrier (on the C termnal or the
N-termi nal siWe 8Pp08KB2BR8Ert) is 10 dissolved (arr RET/EROYWBL0HE 1Y hi evi ng
this is subsequent cleavage of a COﬂthf€U§ fusion protein, which requires
a cleavage site for a specific protease 0 be introduced additionally.
Preference is therefore given to expressing the two fragnents as separate
15 entities fromthe outset. The solution according to the invention has
still furtheThédndequdicesimportant sfate ingercian doinassm i sequende’! on t he

particle surfacen tQﬁlnewhéhﬁndpﬁx%ﬁrUbﬁésé@i”‘Q%r%ﬂb% sy f @cLoc iy ch can
be derivatized further. For exanple, foreign nolecule X can be fused to

the coreN frag#EAESANd! %eﬁor%ﬁiwp%%ﬁedﬁﬂé Vh@anaSEaEBm?H§edofo tiherdor eC

fragment. sA pﬁéié@h@es&DD"@ﬁﬁé@n Hﬁmihelﬁtéﬁsatabhoaaﬁﬁbméterﬂ&&é&ﬁﬂc
foreign nolecules. It nus :Hﬁﬁaﬁgken into account . here, haowever,, hﬁi there

must not be aR§I8EBFPc 15hi eOBLYt RE (SRE pat 8’ afPadidd Ty ifds

(ii) specificssubregiend soffancédsapbad iftgr etgtheseqdependihgr cexatipt e a
partlcularly ortan% egitgﬁe . % be orlenteg égmarg the particl

surface or Fromtit,?* ep 8#%5? n Phe Ffhkap®Mvi AN t &P RUS o

term nus. CnesExanpheeis‘&ﬂuhdﬁt"Lﬁﬁtepfengﬂéeof Bhilsur geldrd eamn t sy mhich

has beeri({ @QcFL?%g%te:legci‘h%grhEtEB stE‘Eﬁmc@%' ihﬁg\tg%égﬁgg%ggghﬁs. whi ch

recogni ze 1 hi s épi ave  neutralizing actiron.
PCT/ EP2007/ 006190 - 19 This is also inportant for inserting foreign

sequences The present invention alsc relates to medicaments, in

particular vaccines, which comprise capsid-like
particles based on the split-core system.
15
The medicaments of the invention include the capsid-
like particles of the invention, and they preferably
influence the immune system positively. Usually, the
split-core carrier system of the invention presents to
20 the immune system a foreign amino acid sequence to
which the immune system produces antibodies, preferably
neutralizing antibodies. These antibodies are then
decisively involved in controlling the microorganism
that has invaded the body or the virus, or they assist
25 the specific destruction of undesired tumor cells.

In a further embodiment, the split-core carrier system
of the invention may be employed as a diagnostic and/or
analytical means. Examples 12 and 13 illustrate such
30 applications in more detail. With such means it is
possible, for example, to make accessible self-
fluorescent, antibody-binding particles which for their
part bind antigen and make it visible by way of
fluorescence. In a further embodiment, the split-core
35 carrier systems of the invention may comprise peptide
sequences which bind sgpecifically determined metal
ions/lanthanides. If such peptides are incorporated
into the split-core system, particles are provided



which on their part present further interaction surfaces (see exanples for
the attachnment of third 5 nolecules). Since the interaction-capable foreign
sequence is |linked only on one side, no artificial 3D structure is forced
upon it; rather ending on the type, it is flexible or can formits
correct 3D sWPuBPQBéoﬁﬁﬁaﬁ interference. This subBEB(BP2907/0@6190
facilitates interactions wt h the interaggion partner. The present
invention also relates to nmedicaments, in particular vaccines, which

conpri se capsifs khkecomgfiss! %P@ﬁ% g e | hreeRkd ionst egr lgnilde
medi canments of ;the invention include the capsid- |ike particles of the

i nvention, anliPepepr éPeiupryali REFGaRLE FH@ Pﬁﬁ"uﬁ@t§9§t gRtBESPPL el v.

Usual |y, t he split-core carrier systemof the invention presents to 20 the
i mmune system.a foreign am no acid sequence to which the i Mmune system
produces ant i 58‘7“3;? gr eferably neutralizing antibodi es, These anti bodi es
are then xecisively involved in controlling the mcroorganism that has

i nvaded the b 0 e Vv asslst peﬁ& ction
of undesi red gzr(rgr E@FI S chr %%%i{ en%%gi rré%’f%,e teegs éo‘?%‘s&c%érjrl er
system of thwecagsation s&smbacerrpl oyed as a diagnostic and/or anal yti cal
nmeans. Exanples 12 and 13 illustrate such 30 applications in nore detail.

Wth such neans it is possible, for exanple, to nmake accessible self-
fl uorescent, &nt¥eeeynbiielnggsaranas e§0thi tPb3ero t IRgigh parusbi AEEGNt i gen

and nake j¢ %%'@b%@m@y Qh t AIMRURS CERES: tink acf/Hth hati esphodpreni, the
split-core 35 carrier systens of the invention may conprise gﬁgtlde

sequences whi ERTBi nHrgbééPfl ealfty déFePsthEHtHBR A Ofl o‘?t%/ | BA? HadP ddy | f
such pepti desgaterirRorpocat-edgaint@ the ispldst - 881 & inedem tpardhshes are

provi ded V[)Zgggég§§g3§1PCT/E@?OO¥AQO6%ggogﬁltlon sequence to the
protease). The recombinantly expressed protein formed
15 particles. These were incubated with TEV protease and
the success of the cleavage reaction was checked by
means of SDS PAGE. The protease digestion mixture was
then sedimented through a sucrose gradient. Virtually
complete cleavage occurred at the expected position,
20 since two fragments of nearly equal size were produced.
Despite cleavage, the protein sedimented in the
gradient to about the same position as uncleaved wt
core protein 1-149. Comparable results were obtained
using a fusion protein based on the full-length core

25 protein 1-183.

Example 2

Core protein variants with relatively large inserted
30 foreign sequences

As an example of a fusion protein with moderately large

* insertion, the sequence for an artificial peptide,
“ACID* (flanked by Gly-rich linkers; 65 aa in total)

35 which can interact with a complementary peptide,
“BASE”, was inserted into the c/el epitope [0’'Shea et
al., Curr. Biol. (1993), 656-667]; the TEV-protease
recognition Sequence GGGGSGGGVEDGGGGSGGGEGET -



whi ch conprise multiple reporter atonms/ions of this kind per individual
particle and are better detectable. Exanple 1 5 WIld-type core protein with
inserted TEV-protease recognition sequence A recognition sequence for

t obacco etch virus EVE 10 protease was introduced into the c/el gltope
of wt core pWBt&PAB{02883Psubstitution of as P79+ASRFB{EP2007/00619

GGGGT- ENLYFQGT- GGGG, G resi dues as |inkeg E Lo ensure accessibility of the
recognition sequence to the protease). The reconbi nantly expressed protein

fornmed 15 parfp %ﬁ@LQEEme@rLewEﬂ@g@mAwEiﬁEvF%f;qrbe@@e and  ties success

of the cl eavage reaction was by neans of S PAGE. The protease
di gestion mi xEBFETHES 1PhEResERWRERTEA™ KPEEERTa sucr ose gradient. Virtually
conpl ete cl eavage occurred at the expected p05|t|on 20 since two fragnents

of nearly equa si_ze .were produc | eavage, the ot e
sedi mented inT ﬁefu§F88|? tF&naggﬁ?“%f qﬁ#f % core
protein 1-A49inCobppaedbbe laeﬁxwlet s«zmﬂr &‘B)btpﬂjd‘l&dis&l.SlH’@f@. tfmxsisme@ibi@ n
based on the full-]| ngth core pr.qt ei_n in

H svepcc%ﬁb t 91dpeﬁ%%ore|§§ﬁﬂﬁneg ﬁ%! f

variants with°rePat gn sequences an exanpl e
of a fusion pktbtei rcageh rtrbeerrbm‘él ylbatvgge i frszgmenns hlayesediubheeedor an

artificial pegiide andOLRh (fhapkesk ovid variehnbipkess: A3z fgtal) 35

which can interact wt conpl enment ary peptid was | nSerted into
the c/el epit&pe F@SSH&% -ePesglite @rgavagie| ﬂ(@L@%@W@S@ 667§ ediment

TEV- prot egge ipee0ghkt CoP-Spauense CREVEPSSEESESCGT WO 2008/ 028535
PCT/ EP2007/ 006190 - 21 AQLEKELQALEKENAQLEVELQALEKELAQIG ENLYFQGTGGGEG was
This example demonstrates that CLPs composed of core
protein with an inserted 65 aa peptide (linker + ACID +
TEV cleavage site) can also be cleaved specifically,
15 while retaining the particulate structure nevertheless.

Example 3

Another example shown is a corresponding experiment

20 using a core protein containing the aa segquence 18-273
of the Borrelia  burgdorferi OspA  protein. The
corresponding protein without TEV cleavage site 1is
described in Nassal et al., 2005; only a fraction of it
formed regular particles, and these results were

25 evident 1in a broad distribution in the sucrose
gradient. The uncut vaccine as such can thus be used
only to a limited extent. Moreover, this uncut wvaccine
would not be applicable in humans/medically, since very
long extra linker sequences with an intrinsic,

30 undesired antigen potential were reguired in order to
obtain at leagst a small proportion of the preparation
in the CLP form.

After introducing a TEV cleavage site, the fusion
35 protein was treated with TEV protease as in example 2
and then sedimented in the sucrose gradient. Here too a
specific cleavage occurred which, however, was not

complete (presumably due to steric hindrance via OspA,



inserted in the downstreamthereof. The fusion protein forned CLPs. These
were isolated and 5 incubated as above with TEV protease. Here too specific
cl eavage occurred but the particles remained intact. In this case, the TEV
cl eavage fragments have different sizes and can therefore be distinguished
directly in WRe28PB/88B53Bespite cl eavage, the fradftERMEPZHLTH 01T

into the CLP-specific gradient fractions;,This exanpl e denmonstrates that
CLPs conposed of core protein with an inserted 65 as peptide (linker + ACID

+ TEV cl eavaggosihe) £abAli30 & Fl egyed gpecitigal Iyealagehi | & £&f ai ni ng
the particulate structure neverthel ess. Exanple 3 Another exanpl e shown is

a correspondi Aig2ERpELFAEAPT 26 JgFﬁgf%a%%?%t%rBYeWﬁ@HﬁuQﬁrW?EP Henak

sequence 18- 243tibBbdibe aﬁﬂdﬂlépékﬂﬁﬂﬁﬁiﬁilr@&@@n@&@tﬁﬂb Nf€erminal
correspondlng rotein wt TEV cl eavage site is qucrl d i n Nassal et

al ., 2005; & ety oFOirte TOH+HAEE r SHHSHETVHIT Y eSPCany $He
results wa’fe 35tebbd9ntreamtas bwoed dihet rirbtlteored nfubtosuereseirgracd ent .

The uncut vac such _can .t hus be used nl to alimied & tent
Mor eover , thlgh §a%96§&89 SR (s rﬁ%?%%% yl1aEToI R 15 ST TR al 1y,
since very ImageexaiaIﬂeﬁ&rth&kﬁﬁameexhﬂbhtaﬂ||mr|part;crmktwmmsaled

anti gen poten;ni-lﬁg JPRLS rkg%&g\;%l n ﬁega Fgataf a %%{Ja@é lgagt lﬁ?éﬁﬁéi

proportion of e prepa orm infrod ng a
cl eavage siteformatiasi ores 3Bapketdyn Waeravedt oy \WRen TEY ﬁrl@ﬂﬁ@éfseoféms in

exanpl e 21 angpkhef,§eUiRiad dny tB@t@é@ﬁo%%égﬁéBcf”tfor@%bﬁ tRPoBeigpeci fic

cl eavage occurred which, however, was not conplete (presumably due to
steric hindrafgd §P§GC§BArlﬂD 2008/ 028535 PCT/ EP2007/ 006190 - 22 poor er
accessibility of the TEV cleavage site); «classification of the fragnents by

nmeans of nonocl gnal
This example proves that a core fusion protein with a

large foreign protein insertion (255 aa OspA + linker +
15 TEV cleavage site) can be cleaved specifically {albeit
less efficiently). While the previously described
continuous core OspA fusion protein 1is distributed
broadly across the gradient (Nassal et al., 2005), the
{(partially) cleaved fusion ©protein 1is distinctly
20 concentrated in particle-typical gradient fractions.
This is an indication of the efficiency of particle

formation being improved by cleavage.

A further experiment demonstrated that coexpressed
25 (from a compatible plasmid) TEV protease cleaves core
fusion proteins carrying TEV cleavage sites, sometimes
more efficiently than is possible by subsequent in
vitro cleavage. Particle formation was also detected,
via sucrose gradient sedimentation, for the fusion
30 proteins which had already been c¢leaved in the
bacteria.
Examples 1 to 3 demonstrated that preformed CLPs remain
intact after cleavage 1in the region of the c/el
epitope. This may be explained structurally by the fact
35 that the connecting loop between the spike-forming
helices has no structural role per se but could not
have been expected in this way. This led to the more
preferred embodiment in which, instead of subsequent



anti bodi es which specifically recognize the NNterminal or Ctermnal core
noi ety; consequently, the a-coreN 5 anti body reacts with the uncl eaved
fusion protein and the N-term nal cleavage fragnent. The partially cl eaved
mat eri al neverthel ess exhibited a particle-typical nigration behavi or.

These data i nHPcAPR8{AABSR&rticle formation was mar EPZ 007 6008133

opening either of 10 the two connections;hetween inserted foreign protein
and core carrier. This exanple proves that a core fusion protein with a

| arge forei gncméa%sga beEsehll QntdRAs GHRA e iden * tHS d&Ree! &ayage
site) can be cl eave speC|f|ca%%g %glgggt,less eff|C|em4$Q. VWil e the

previ ously deSEFEbe®2r¢Sntd RIoTELEDT e CsPAr BEEL BN aFr AR 35 RERT$ WUt ed
broadly acrossribmegeadi edir{MNgssahict @roce2@05khetheobipattigl | yme!l eaved
fusi on proteiﬁ istgistinctI¥ 20 co centrgteg in part%cl -Lypi aJhgradient
fractions. THPESFBeRn PRANEAIFSHOGY  HBder 1PET eney” bf CRaFL1 cPECh T ofifmt i on
bei ng i npriovedpbyocathaageatAlkasthéhrerpenbetahtdedvasivratedethat
coexpressed 25 (froma conpatible plasm d) TEV protease cl eaves core

fusion proteins carrying TEV cl eavage sites, sonetinmes nore efficiently
than is possiiié by s@bspdadacaicaonyit Fbecl eddageon®art¢teavigenatiem was

al so detected, via syece@s Lent 'éygﬁ ti t; Sq

prot ei ns which had alggggy%gggﬁ%%fgbfgg%%n ttg %igﬁéﬁgiLf%;égh)éépﬁpto 3
denonstrated that prePSFREAAEYPS remain intact after cleavage in the region

of the c/g} epitope. nfhiSadeyi s EXRlpitn sseyatneal |dh bynkhesdgrdn 35 that
t he connecting | oop between the spike-formng_ helices has no structural
rol e per se but coul dPRBESIRave-heehtEpEeted PR t FREGHH-C THRECTERF 0 t he
nore preferred enbodreesgnisivhi;ch, instead of subsequent WO 2008/ 028535
PCT/EPZOO?/OO?IQO - 23 . . . .
I11) a particle formation, even if only partial,
with a sterically unfavorable foreign protein
15 such as OspA required very 1long linker
sequences; this can be dispensed with, if
steric hindrances were avoided because the
linkage on both sides with the core carrier
protein would no longer be required.
20
Points (ii) and (iii) are important in particular for
vaccine applications because any additional sequence
may result in unpredictable immunclogical consequences
(new epitopes due to the additional sequences, possibly

25 c¢ross reactions with endogenous epitopes).
Example 4

Expression constructs for approximately eguimolar
30 expression of coreN and coreC fragments

The continuous peptide chain contains 1inevitably
equimolar amounts of the later cleavage products. With
separate expression, the two parts should therefore
35 1likewise be produced in approximately equimolar amounts
for efficient assembly. In first experiments, two
separate, compatible plasmids were employed for



cl eavage of the continuous protein chain, the coreN and coreC parts are
expressed directly as separate protein fragnents, during which process they
obvi ously cone together spontaneously and formparticles. Such an 5
approach has at |east three substantial advantages: i%ﬁfﬁ lification: the
addi ti onal clBAvAaBB8EPRB53Rith TEV (or a different) éﬁ %%%n&)?éowﬂr%nger
necessary; 10 (ii) no additional peptide,gequence in the fusion protein is
required for specific protease recognition; (iii) a particle formation,

even if only paptbabingWchB 2wl @alrGaldyy grafraver ahla d ongign . dptean, 15
such as OGspA required Vvery long |inker sequences; this can be di spensed
with, if stePPECRRRBr 8HEESSRere avoi ded because the |inkage on both sides
with the core carrier protein wuld no |longer be required. 20 Points (ii)

and (iii) are_inportant _in rticular for wvaccine applications because any
addi tional sedllente PHEJC Egalte?ﬂogﬁﬁ?ﬂﬂict%b?%sFﬁﬂﬁﬁﬁldﬁ?%%?r%oﬁ§@ﬁuences
(new epi t dpesenpéotredt hehaddi t nopabveequiraces, thessadvynt2Hecridsst r emct i ons

wi t h endogeno i €s). I ] constru .QF _app i mtely
equi nol ar BOgé%gggéggoH}%ﬁﬁz%&%ﬁﬁ%ﬁdE%%?%%?#?Q%ne (§¥T%E%83§§P§u852§peptide
chai n cont ai nethaeviseblyecesghryl secamsunpsasfidhe dat ebecl @aspeesed oduct s.
Wth separatg;egpression, the two parts should therefore 35 |ikew se be
produced in approxi mately equi nolar amounts for efficient assenbly. In

first experinments, two separate, conpatible plasm ds were enpl oyed for WO

2008/ 02853p PoyHhEP2007/0etActs 24 nc@Udees HRthdtidmo S@ar rd ersipgei@i n

parts, but with only
promoter (here T7 phage RNA polymerase promoter)} two

expression cassettes having in each case an upstream
ribosome binding site {RBS; Shine-Dalgarnc sequence)}.
In the vectors provided here, translation of the coreN

15 fragment is stopped by an artificial stop codon
downstream of aa proline 79 (P792), and an artificial
start codon upstream of aa serine 81 (S88l) enables
translation of the second fragment to be initiated. An
operon structure of this kind can often be found in

20 Dbacteria ("polycistronic mRNAs”; ribosomes may bind to
each RBS on the mRNA relatively independently and
initiate translation of the gene located 3’). In the
constructs provided, the second RBS is an exact copy of
the first RBS which is derived from the original pET

25 wvectors; other RBS sequences are certainly likewise
possible. The ATG start codon of the second cistron is
part of an Nde cleavage site (CATATG) for easy cloning
of foreign sequences.

30 Type 2 constructs (“stop/start”) do not contain a
separate second RBS; rather, an initiation codon for
the downstream gene (NNA TGA)} overlaps with the stop
codon of the upstream gene (NNN TGA) in a reading frame
shifted by 1. In this case, ribosomes can read the

35 first gene and then directly reinitiate at the ATG of
the second gene; such an arrangement enables two genes
to be coexpressed; similar stop-start arrangements can

be found in some bacterial phages. Said arrangement is



noderate success. In a preferred enbodi nent, bicistron

c vectors are

5

enpl oyed whi ch noreover have the advantage that a selection with another
antibiotic (for retaining the otherw se necessary second plasm d) can be
di spensed wth. 10 Tégg 1 constructs include downstream of a shared

pronoter (herWOTR0BRABE8RRA pol ynerase pronoter) twFC

BAER AT 690812% et t es

having in each case an upstream ribosongzbinding site (RBS; Shine-Dal garno
sequence). In the vectors provided here, translation of the coreN 15

fragment is spopged bynnemddddd cialnstopsgedon cdeursbieam ofn@s il i ne 79
rine 81 (SB&%@enables

(P79), and an artificial start codon upstream of as Se
transl ati on of SERELEBESRASPREgNINE WORE | Tt Y. - AR

SpEr ARSIt

this kind cantabt emdun f eefdented) bast eekamp1pol Mei $heont ¢ ERNAS"Trp
ri bosonmes may bhind to %?ch RBﬁBon &he nRN% rq%ative{y indegenfentl and
initiate tranSPEEPBn A iHe GEMBPBEAPEE £ . 2FH2THRE OonsTYTot RISV ded,

t he second RBStbp/snaexacbdonpy (ef. g.t ITaaf iMGst TRBS Mhi odta s) detowkd e om t he

original pET 25 vectors;. other RBS sequences are certai
possi bl e. Theeﬂ?3ﬁ§YaFP158§gﬁ‘of the second cistron is
cl eavage site (CATATG for easy cloning of foreign seq

t t " [ t") d i t d "
it ot on CodER POF Ul he JOWETTEan gene (ANATCN) oUeH aps WK (e

codon of the dpsoreamagérellMNAMTEAR.i R .a reading frane

nly Iikew se
part of an Nde

ure of

uences. 30 Type 2

shifted by 1.

er, an
e stop

In

this case,gribosones can read the 35 first gene and then directly reinitiate
at the ATG of the second gene; such an arrangenent enabl es two genes

coexpressed; PRl F¥P§ dp-SRTFECEF FRNRNBRPBCESR: BOTF SHFERLYE Sdhe Dhcteri al
phages. Said afnpangssBpheirssdD 20084928535 iCT/ EPRRRE-G96120 -025 a

bicistronic mRNA {(a terminator sequence may be inserted

3 for efficient termination). The first cistron

15 encodes the HBV core protein aa segquence 1-79. An

upstream ribosome binding gite (RBS1) enables

translation to be initiated (small and large ribosomal

subunits depicted as ovoids). A stop codon is located
downstream of the 3’ end of the codon for P79. Another

20 RBS (RBSZ2), for translation initiation

of the coreC

fragment, is located at the 5’ end of the second

cistron. This fragment additionally possesses its own

initiation codon (ATG). In the example shown, the coreC

sequence starts with Ala80 and may extend to aa
25 position 140, better 149, or to the authentic end, at

position 183. The aa sequence from position 140, better

149, onward may also be replaced

sequences.

30 Bottom: Type 2 constructs. These contain
RBS upstream of the first cistron. Trans

with foreign

only a single
lation of the

coreC fragment is carried out by reinitiation, with the

artificial start codon of coreC (ATG) overlapping with

the stop codon of coreN (TGA), as shown. In the

35 example, the coreC sequence starts with Ser8l.

aa 77, 78 and 79 of the core protein are
codons: GAA, GAG), aspartate (D; codons:

glutamate (E;
GAC or GAT),

to be



al so inplenmented in sonme eukaryotic non-LTR retrotransposons (ORF1/ ORF2
junction). On the basis of the known sequences, for exanple in the E. col
Trp operon, other conbinations of adjacent or overlapping 5 stop/start
codons (e.g. TAA TO TGA TO etc.) should be equally suitable. Preferred
expressi on veﬁ@oﬂ@oﬁlezaéﬁﬁct ed diagrammtically i PFAEPZONPUGKI0 Type 1
constructs. A pronoter, for exanple for % _RNA polynerase, results in
transcription of a bicistronic nRNA (a ferninator sequence nay be inserted

3" for efficignt,ger %lrfl%tlln%n) (]_;'he ELEShsCl steen 15 cogd V core

protein as sequence upstream ri bosome "bi ndi ng S|te 1) enabl es
transl ation téonétrﬁctﬁatedp{@ﬁaﬁﬁdand | Erge rlﬁkﬁﬁﬁﬁﬂld%LmunﬁQQPQRﬁﬁcied as

ovoi ds). A St@RGC@ﬂ@nctﬁ Imi&%at(%josé@“@&:r%ﬁ@ ofa t Beg3enBd s0fp,t Kenicadon for
P79. Another 20~ RBS {RBS2), for translation initiation of the coreC

fragment, is PBREFRECH: & HRATHI oRdeBVagRe SN HCCRATSE Y on EhERi S Efirent
addi tionaldy Beﬁﬁessaqeavta%eovmlte Nihbkakl Qbsadare (AHE) simpliche: By e

shown, the cor sgquence starts with Al a80 and e nd.to as 25
S0s ] on 140, ORe(ITEERRE of OLENT hE TS AT COERATES  DNde) FITGHEE - The as
sequence fron’\rhesmmehedéﬂdebemtelrn M omvdncemayodbao OENr eps acesk with
foreign sequences, .30 _Bottom Type 2 constr S es tain only a
single RBS uggf}ggﬂfoFg?hggPPrg¥88PsPagnB T?g%SIg gon%o§8? coreC
fragment is carried out by reinitiation, with the artificial start codon of

coreC (ATQ O’[fﬁel ?%ghggc\g' g’e dde 0l O &OQP”tH% g ? GERA) %rﬁiﬁ@‘é@?g of

the 35 exanple coreC sequence s arts Wt as 7
the core prot€PRsSBrBCcEBut ahdit e G BAT (HifofA GAATh@AG) sggpantat e 330 codons:

GAC or GAT), Woh2Q98502883anCH1ER2QGE W& underlined) for cloning

different coreN- or coreC-encoding DNA fragments. P79
in the type 2 constructs provided must have the codon

15 (Ca and the stop codon must be TGA (> CCa TGa) to allow
an overlapping ATG initiation codon for the second gene
fo be generated. The codon for the first aa of the
second gene after the ATG start codon must start with
A. Alternative stop/start nt sequences would be TGA TG

20 or TAA TG, as in the E. coli Trp operon between TrpE
and TrpD or else TrpB and TrpA [Das and Yanofsky
(1989), Nucl. Acids Res., pp. 9333-9340; Oppenheim and
Yanofsky (1960), Genetics, pp. 785-795].

25 The backbone of the vectors provided (pET28a2-xxx) is
based on the commercial vector pET-28 in which,
however, the kanamycin resistance gene has been
replaced with that of ampicillin resistance. It is
certainly possible, however, to apply also other vector

30 backbones (different origins of replication, different
resistance genes, different promoters, different RBS).
The bicistronic arrangement of the genes for coreN and
coreC, either by way of two separate RBS or by way of
stop/start arrangement, 1is essential. In our own

35 experiments it was possible to express multiple split-
core proteins both from type 1 and from type 2
constructs, although the number of type 2 (stop/start)

constructs where this was the case was smaller. In



- 26 aa 79 proline (P; codons: CCN). In the type 1 constructs provided,
the nucl eoti de sequence GAG GAT CCN was chosen for the as sequence EDP,

whi ch generates a BanmHl cl eavage site (GGATCC); this unique 5 BanH

cl eavage site nakes possible the sinple cloning of different coreN and

cor eC encodi n§ODRROB/44RBAPs. The nucl eotide N in tRET{FRAINL/ QORI CON i s
not defined; the stop codon may be TAA oJAG or TGA. 10 The sequence up to

the end of the first gene in type 2 constructs is G GAT CCa TGA. This

sequence al s0;3998%8hNS &M5C|l%%\@9§o§é£]§léu@é leinR@d)~4 #1261 DIE Y
different coreN- or coreCencoding DNA fragnents. 9 in the type 2

constructs pro¥i §EBEMEsCORRFE IS dFF6h 2PPVECa ddPd e CIRP-T Rt be

TGA (> CCa TGahetefakkoworanwodelapppldcAbGeinitiati on codon for the second
gene to be generated. The codon for the first as of the second gene after
the ATG start codon nust start with A Alternative stop/start nt sequences
woul d be TGA TBe2@harsePAACTGermsnah ke & sbei cinpeElpeodatbetwasenP7y pE  and

TrpD or el se d A a e NI . i ., pp.
9333- 9340; mgég%ellggn }r l#aeﬁﬁf%kégfﬁéﬁﬁ%né’%%??“&?ﬁf%ﬁ5%? The
backbone of tHAegvadebionpprdyitded freETEgE2-hex huss nigsigeidzesh. tQwirpnwer ci al
vector PET-28chd WRhEln ROWeWRruddie Janay cidy I eadsbAfices genel dasodeen
replaced with that of anpicillin resistance, It is certainly possible,
however, to aBpF¥aBk8o 6t hEP1Ge@BILTIY bhekboRes 1tdi Fier dherdliogiensPadf
replicatiagn, diglgeantnakesi stance genes, different pronoters, different
RBS). The bicistronic arrangenent of the genes for coreN and coreC, either
by way of two separate RBS or by way of stop/start arrangenment, is
essential. In(eur ewa 3ndexierimentsréll WRsgReasi bbalto mexpresscarl in pl e

split- core protei both.fromtitype 1 and fromtype 2 _ caonstructs,. although
t he nunber of typegge(éftegr}f)& aqﬁ)ghe aa grom ap oX. pOSlq:lOI‘l %f——'?f,

particularly Gly73,
15 (ii) the start of the coreC fragment could be located
in the region of the aa from approx. position 78-
86, possibly up to Gly24, without substantially
different results than those using the limits
chosen here (coreN end at P72, coreC start at S81,
20 with upstream start ATG) being obtained.

Owing to the different transcription and translation
mechanismsg, the constructs described cannot be applied
in this form for expression in eukaryotic cells; a
25 eukaryotic promoter rather than the prokaryotic
promcter must be used (e.g. CMV-IE and many others),
and a polyadenylation signal (for example from 8V40
virus or many others) must be introduced downstream of

the end of the open reading frame(s).

30
Approximately equal expression of coreN and coreC in
eukaryotes can be achieved by:
(i) cotransfection of two plasmids (one each for
35 coreN, one for coreC);

{(ii) transfection of a plasmid with two independent
expression cassettes;



constructs where this was the case was snmaller. In WO 2008/ 028535

PCT/ EP2007/ 006190 - 27 addition, there is | ess possible sequence
variability in type 2 constructs (see above). Type 1 constructs are
therefore nore widely 8gllcable 5 The chosen C-ternminal as of the coreN

noi ety was P740 %@@ﬁd% #8line is particularly protRaEREI L1

degradation of the fragment is thus mnipgzed. Onvng to the known 3D
structure and to described deletion variants in this central region, it can

therefore be %Qlﬁ%aﬁgﬂe&e%n(l ot hegendyofsrihe coiel fragientocould be
| ocated in the region of the as _from approx. pqQsition 72-74, _particularly

Gy73, 15 (ii) the é?é?f—rﬁll?hem@%ec l?%gr?éﬁf“pé&n dthe |%%§?’é@ 94P% he

region of the as feeiLappnex. eRELEE08d781y86,2P0SsbklYcdp t 0ikEedh1 W t hout
substantial ly dlffegent results than thggg using the limts chosen here
(coreN end at P79,%¢ PEEMEt SPFT¥ S&E8E, | Wth upstreamstart ATG being
obt ai ned. TOw ngvh oat r@mfﬂere@ttbransml Eitdonyy sarack t ramhagiemantrm;mani SIS,

the constructs descrihed cann pplied hi,s formfor expression in
eukaryotic cells; gukg g% 588?0 t%uka£YﬁE gthan t he prokaryotic

pronot er nust be used (e.g. CNV | E and many others), and a pol yadenyl ati on
signal (for e Hﬁbfe om SV40 virus or many others) must be introduced
downst r eam of e end of the open reading frame(s). 30 Approximately equa
expression of coreN and coreC in eukaryotes can be achieved by: (i)

cotransfeqfi Oﬁeﬁﬁrh’_‘@ F&)?f%&'ﬁl&:?”%feaﬁﬁ f@dremdS atldl ebbrade frdgmerted); (ii)
transfection of pl asm th two i ndependent expression cassettes;
produces intact CLPs

Wild-type core protein was expressed in two parts by
means of expression vectors based on type 1 (figure 3)
15 in E. coli BL21 cells, in one case on the basis of aa
1-149, in the other case on the basis of aa 1-183. Both
expected fragments were produced and assembled to give
intact CLPs. This was detected using sucrose gradients
and native agarose gel electrophoresis. The formation
20 of CLPs was detected directly by carrying out an
electron-microscopic comparison (negative staining) of
particles composed of the continuous aa 1-183 chain
with C-terminal Hisé tag versus particles composed of
the corresponding split-core system. No differences
25 were detectable at this resolution.

Wt-HBV CLPs are very robust and resistant to molar
concentrations of urea; CLPs compogsed of C-terminally
truncated core protein 1-149 can be dissociated into

30 dimers by 3-5 M urea and reassociated again to CLPs in
vitro by changing the buffer conditions (removing the
urea, neutral pH, Iincreased salt concentration). A
comparative study on the stability of the CLPs composed
of split-core demonstrated a similarly high stability

35 of split-core CLPs. This indicates the high affinity of
the coreN and coreC moieties for one another and is
important for the use as carrier system for foreign
molecules.



WO 2008/ 028535 PCT/ EP2007/ 006190 - 28 (iii)transfection of a plasmd with
functionally bicistronic nRNA, for exanple, the second gene could be
expressed by an upstreaminternal ribosone entry site (IRES); 5 (iv) a type
2 vector-Ilike stoB/start arrangenment may also be functional in eukaryot es.

Exanpl e 5 10 %@paPaFEORRBAEssi on of wt coreN and cor¥€ TR 96t bduces

intact CLPs Wl d-type core protein was_expressed in two parts by means of
expression vectors based on type 1 (figure 3) 15 in E <coli BL21 cells, in
one case on the basis of as 1-149, in the other case on the basis of as
1-183. Both §X8§§£6d fragments were produced and assenbled to give intact
CLPs. This wa d using sucrose gradients and native agarose gel

el ectrophoresis. The formation 20 of CLPs was detected directly by carrying

out an el ect 9391 £92 akni.ng) of i cles
conposed of t%égg%gl nuo Sg%g&%?}{%é ﬁéal?énf %’Il'ﬁ-ggegér Fnﬂlﬁgﬁ ﬁ%s?bebfggg&é/er sus
particl es Tconpgbsedref fihagmentespaEmd nyise | verene syroducesip el ences
25 were detecg ﬁ? Le at this resolution. W-HBV CLPs are very robust and

resistant to no concentrations of urea; CLPs conposed of C-termnally
truncated core protein 1- 149 can be dissociated into 30 diners by 3-5 Murea

and reassoci agpfl Fgaidd 1o qe'i’%hle@ AP @x‘/ cbaagl Reghd hesayf fer rﬁ&i@l tions
(renoving the_ wurea, neutral pH, .increased salt concentratiaon).

conparative stBByPSRVERG sttiAY i§He ofPIhe €RFR E¥RpERedS oqfu%ﬁ}ki]te cdt e
denonstrated prshaipael Yohi qmstf@mdadttmn%r@f S d drteatieoCldls . £ dtdisgn

indicates the high.affinity of the cor nd C %_ ieties f one, anot her
and is inporPaf efﬁ?’tkﬁ?%ﬁﬁgnag cafRf e §?%ﬂ?$ I%@re?ﬁn ngVBE %%
(stop/start) vector was utlllzed for the coreN
construct. All constructs resulted 1in expression of
green fluorescent proteins which formed particles,

15 according to sedimentation in sucrose gradients.

In order to further prove physical association of the
particular coreN and coreC fragments, aliquots of the
gradient fractions were subjected to electrophoresis in

20 native agarose gels. In this case, particles remain
intact, as does the GFP chromophore. The fractions of
both GFP on coreN and GFP on coreC produce a distinct,
green fluorescent band; unassembled GFP fusion protein
remained in the upper gradient fractions and displaved

25 a different migration behavior and a more diffuse
distribution (more rapid diffusion in the gel due to
the substantially smaller structure in comparison with
particles composed of 180 or 240 subunits). CoreC was
also detected by the a-coreC antibody in the green

30 fluorescent (i.e. GFP-containing) band, both for GFP on
coreN and for GFP on coreC.

This example demonstrates two things, namely

35 (i) In the split-core system, a foreign protein of
approx. 240 aa, in this case GFP, can be fused
both to coreN and to coreC, without interfering
with CLP formation.



WD 2008/ 028535 PCT/ EP2007/ 006190 - 29 Exanple 6 Separate expression of
foreign protein-fused coreN and 5 wt-coreC fragnents, and vice versa,
produces intact CLPs GFP fused to either coreN or coreC was used as node

for proving, that the sglit-core systemis suitable in 10 principle for CLP
formation and¥Br 2RR{AEP8ASof forei gn proteins; eit HESTAERZHRY 10Q nd RBS)

or atype 2 (stop/start) vector was utitpzed for the coreN construct. Al
constructs resulted in expression of green fluorescent proteins which

fornmed particles) mdbnacegsdi ng hagseegipentat ispn jicn cohter 058cehadi ets. I n
order to further proye 52¥5|cal associ ati.on of _the ﬁartlcular coreN and
aPfrybd

coreC fragnents, off Fh&E OYGRHF O™ rakt FERENWERE SHjSctBdf R o

el ectrophoresi s i nfdPehghi ¥eqgagacesatgathedl nhehesochgefupabhi.cl es remain
intact, as does the G-P chronophore. The fractions of both G-P on coreN and
GFP on coreC produce a distinct, green fluorescent band; unassenbled GFP

f usi on prdiei Bxamphai Aed in the upper gradient fractions and di splayed 25 a
different mgration behavior and a nore diffuse distribution (nore rapid
diffusion in the gel due to the substantially snmaller structure in

conmpari son wi €hP paeseatatiepnpds medicaidy gielayantyfigneign PrekedSas

al so detectedjfythie 9371%%@3%) Nwhien 01 8€Ro80 possatascedr (is €.
GFP- cont ai ni ng) band, both for P on_.cqreN and for P on coreC. This

exanpl e denmonBPREtRLe; RB¥hERgE ViedRe limited yeRtent,. by qonvRRLi®RAL oy o
forei gn proot emBafg  approx. 240 aa, in this case GFP, can be fused both to
coreN and to coreC, without interfering with CLP formation. WO 2008/ 028535
PCT/ EP2007/ 006190 - 30

Borrelia burgdorferi OspaA

As explained at the outset, 1linking the inserted

15 foreign protein on both sides to the carrier protein,
which is required in the previous system, results in
great topological restrictions. In contrast to GFP,
OspA does not have a natural *fit”. OspA was therefore
used as a precedence for an unfavorably structured

20 foreign protein in the split-core system and fused to
either coreN or coreC. In contrast to the earlier
continuous construct [described in Nassal et al., 2005]
with broad distribution in the gradient, both fusion
proteins accumulated distinctly in the particle-typical

25 fractions. An analysis by electron microscopy
demonstrated a drastically improved efficiency of CLP
formation, both for the fusion of OspA to coreN and for
the fusion of OspA to coreC, compared toc the old,
continuous construct.

30
This example proves that
(i) the split-core system allows foreign proteins
whose structure interferes with CLP formation in
35 the conventional continuous-core system to be

presented as CLPs,



(ii) Both type 1 and type 2 split-core vectors are suitable for
coexpression of coreN and coreCwith foreign sequence attached thereto by
fusion. 5 Exanple 7 CLP presentation of nedically rel evant foreign proteins
in the split-core sgstenl which is not possible, or is ossible only to a
very |imted ¥Rt 8AP8/B$8BBAventi onal 10 neans Borr FEH/ ERFIDIIRI2TspA As
expl ained at the outset, linking the insg{fted 15 foreign protein on both
sides to the carrier protein, which is required in the previous system

results in greay Eﬁgp'éﬁ'f@dcﬁétep%%banseném&@nbmét to &P tolhed does
not have a natural "fit". GspA_ was therefore used as a precedence for an
unf avorably struct @EEdc2entdieiyn Brotd nof nthie fOFIELENc RSt HMREMd fused
to either coreN orgCebeen bkRdcest Faskcto the earlier continuous construct
[described in Nassal et al., 2005] wth broad distribution in the gradient,
both fusion proteins accunulated distinctly in the particle-typical 25

fracti ogs.sic fAnsamaths'u? byteleatsrmgﬁ Cm&@dh[b%le deﬁmn?féaéﬁd ?B(ﬁhfﬁslia:al ly

i nproved efficgien CLP. rmation or e si,on of OGspA. to coreN
and for the %H§P§ﬁrg?r65&§3¢;%%ﬁ%ﬁfs%gﬁ%%réﬁ £ etﬁ?iﬂ%icoﬁﬁwﬁ¥$b s
construct. 30ofhtheeiawpheéiprioves that (i) the split-core system all ows
foreign proteins whose structure interferes with CLP formation in 35 the
conventional continuous-core systemto be presented as CLPs, WD 2008/ 028535
PCT/ EP2007/ 00Bx8®ple 81 (ii) the split-core systemenables CLPs to be

formed efdiciently by fusion of the foreign protein both to coreN and to

coreC.
Circumsporozoite protein of the malaria pathogen,

Plasmodium falciparum

Another pathogenic protein highly relevant in view of
15 wvaccines is the circumsporozoite protein (CSP) of the
malaria pathogen, Plasmodium falciparum. CSP (form used
herein: total 1length of 319 aa) contains an approx.
110 aa repeat of the tetrapeptide motif NANP/NVDP. The
structure of CSP i1s not known; the approx. 50 aa
20 C-terminal domain with 4 Cys residues is probably
(based on sequence homology) folded similarly to
thrombospondin type 1 repeats. Although the repeat is
immunogenic, the other CSP regions possibly also
contain important epitopes. It has not been possible to
25 prepare full-length CSP in the CLP form using the
conventional continuous-core system, whereas this was
very readily achieved using the split-core system.
Unambiguous data are currently available for fusion of
CSP to coreN; coexpression with coreC (both as 149 and
30 as 183 construct) produces efficiently particulate

structures.

A series of constructs (based both on core 1-149 and on
1-183) was prepared) which contain either only the
35 repeat sequence or truncated CSP without Cys-rich
domain, in each case in the continuous- or split-core
system; in addition to this, complete CSP fused to
coreN. The CLP preparations were used in a comparative



5 Simlarly it was al so possible to present Borrelia burgdorferi GspC
successfully in the split-core system of the invention. Exanple 8 10
Circunsporozoite protein of the malaria pathogen, plasnodium falciparum
Anot her pathogenic protein highly relevant in view of 15 vaccines is the
ci rcunmspor 0zoW@e2pP8YBRB5BBSP) of the nmalaria pat hAfEYER3 MR QA0

fal ciparum CSP (formused herein: totai-length of 319 aa) contains an
approx. 110 as repeat of the tetrapeptide notif NANP/NVDP. The structure

of CSP s notskieuBach s BPsttay 0 A5n2BeC LALUAAl nORORER, Wikl hdys
residues is probably ased on seﬁgence honol ogy) folded simlarly to
t hr ombospondi Reeppeonclegest syety t ReagHRathe Sﬁep'g%’f t8dicakenddéti £he he

ot her CSP regi;gh8iReSpirRbkralisan comd asﬁnfm@birang?@l%tnom dipdrapomot  been
possible to 25 prepare full-length CSP in the CLP formusing the
convent i onal EBHPE Ebﬁ§=cgpéss§gpeﬁﬁ RrérdRALER; Snddie V@St ik 157%ichi eved
using the spl tbmplegesyStrems &hpabl gueds fdatd rilf ECKRE I 8AL LY whiedl l@hd e for
fusion of CSP_to.coreN, coexpre sigg wi t.h coreC (both as 1i9F$£d i? as 183
construct) pr5aGELEST ef FYS Iyogar Eul A MY Utt utBs. 2RPs&FCes of™

constructs (basedrhsth otheer esystletts add ant brifB)cenasnpr epasedrswhd ch
contain either_gn t 35 repeat sequence pr f.runc d 1th
reguﬁg,egg P VéC-l ?%Kap e'%re w1€ﬂ g%% g?ﬁ mé% qﬂ%%n] in

Cys-rich donarl if; case’in co nuous-" Or it-core " sys
addition to thasrieondwttEnCSPLf uses toveporeN. sthmilClPhprvepasarenins: wer e

used in o] i - 2008 8 / ER20 - 'f%yj enicity
st udy inqﬁfcg?ﬂ§gééﬁ§n¥§%éger%&%agﬁﬁ%gggbggn @%ﬁggg%g%ryé?. ‘% apggso far
i ndi cat e t hat anhebodaesine prepared in the split-core system has superior

Example 9

15 Split-core CLPs as carriers for foreign proteins

enhance B-cell response to foreign protein

In an immunogenicity study in mice, 5 core-0OspA
constructs of the split-core system are compared to

20 lipidated OspA (LipOspA) which has not been fused to a
core; the commercial Lymerix vaccines are based on this
and are therefore the current “gold standard” of Lyme
disease wvaccines. The 1lipid moiety in LipOspA (tris-
palmitoyl-cystein- (Pam3-Cys)) is essential for its

25 relatively high immunogenicity, non-lipidated OspA
being only very weakly immunogenic (cf. Nassal et al.,
2005). Three of the core-0OspA constructs contain full-
length OspA (aa 18-273), and another two contain
truncated OspA (starting at aa 185, to aa 273).

30
For this purpose, 6 groups of in each case 5 BALB/c
mice were immunized 4 times with in each case 10 ug of
antigen (days 0, 14, 29, 49):

35 Group 1l: LipOspa
Group 2: Full-length OspdA {(aa 18-273) on coreN, coreC
from core aa 81 to 183



properties. This can be attributed to the fact that the 5 conplete CSP is
capable of formng CLPs only when the carrier systemof the invention is
applied. In contrast, other systens do not produce any CLPS. As a result,
CSP vaccines prepared with the aid of the carrier systemof the invention
shoul d have sﬂ%egﬂﬁﬁfgéaﬁﬁﬁunogenicity and i nduce i PERABEUBAO0EIRG al i zi ng
anti bodi es. Exanple 9 15 Split-core CLPsy@s_carriers for foreign proteins
enhance B-cell response to foreign protein In an imunogenicity study in

mce, 5 core-&Bphy §9n81=w§_t§eﬂgthh%s§m | {a£01 £-5Y5] eBhal R APaESLd 0 20
| i pi dated OspA (Li pGspA) which has nof been fused to a core; the comercia
Lymeri x vaccines are baSEBMoRCERi 82 8hdtaré4Pherefore the current "gold
standard" of &ygEp 4iSe@s@n¥aeeln&spalNadi Rist-T0i3gt Yoh N cbirRl pAcdidd S-
palnltoylrcysteln-(PaﬁB-Cﬁs) IS essggplal h?r its 25 rel atively high

i runogeni city, non-|ipfHaTetCEEpA2 Béi if GAFy very weakly i mmunogenic (cf.
Nassal et ml.gGro2p05) .TF¥hneatell tdeprzcofea C4BA-QF39t rawt sovedt, ai aofad | -

| engt h GspA (aa 18-273) d t her c ain truncated OspA (starting
at as 185, to as 273). 568@0F3?§i%gp8?3§8e?23 groups of in each case 5
BALE/ ¢ m ce Gepwpi irunFréd-denghbsOaphh (ka é&8clk 7Gasenli@gief dfo coiteé gen

(days 0, 14, 29, 49): 3 p 1. -Ldp owp-g: Full-length GspA (aa
18-273) on coreN, corecéa?rig%'céf’glags%%t%133 3\0 2008/ 028535

PCT/ EP2007/ 006190 - 33 Goup 3: Full-length GspA (aa 18-273) on coreN

coreC frigm cohe 3938Lel0 A IO Avedd UBSRELH FBRALLAR 48312 Ao coreN,
coreC fromcore as 81 to 183 . ) ) )
on day -1 (= 1 day before the first immunization; =

preimmune serum), and on days 8, 26, 36 and 57. The
following were determined by means of ELISA: the
kinetics of production of OspA-specific antibodies; the

15 particular proportion of LA2-equivalent antibodies, LA2
being a monoclonal antibody which is known to be
nevtralizing and which recognizes a complex
conformational epitope of discontinuous aa sequences
downstream of aa 185 of OspA.

20 The results of this experiment are depicted in detail
in fig. 4.

Fig. 4A depicts the kinetics of induction of total
anti-OspA antibodies (in ug of specific Ab per ml of

25 serum). The sera of mice immunized with the full-length
OspA split-core constructs contain detectable anti-OspA
titers even after the second immunization which are
comparable to those caused by LipOspA. After the 3*® and
4" immunizations, the anti-OspA titers in the mice

30 immunized with split-core full-length OspA markedly
exceed those of mice immunized with LipOspaA; the titers
are particularly high after immunization with
OspAl8-273 to coreC {group 6). Truncated OspAl85-273 in
the context of coreld9 (group 5) and corel83 (group 4)

35 elicits only a substantially lower OspA-specific
response.



5 Goup 5 Truncated OspA (aa 185-273) on coreN, coreC fromcore as 81 to
149 G oup 6: Full-length OspA (aa 18-273) on coreCto core as 183, coreN
fromas 1-79. 10 The induced anti bodi es were determ ned by taking blood on
day -1 (=1 dag before the first inmunization; = preinmune serun} and on
days 8, 26, 3W0aaR087028BA5 fol| owing were det er mi nRFTAERRANL/ PO sA: t he
kinetics of production of OspA-specific gqptibodies; the 15 particular
proportion of LA2-equival ent antibodies, LA2 being a nonoclonal antibody

whi ch is knowa; o bg cBthta&_%Ei iR R1¢ WHLh Jee0 ZeD X P! €Xcers
conformati onal ,epitope of discontinuous as sequences downsiream of as 185
of OspA 20 THétRestlPseof AiRrrStedpetP mehle areRQidpi AV TH HEtRF | L4n fig.

?_- Fi[g- ]4A d?@b@tép%h@% ek i Crsnt@EFiiﬁngtﬂmncff bﬁt alspaantiuOsplerggit bodi SS
in [err]g of specific er, 5 serum. e .sera o ce J ni ze
with the full® B.ﬁgt%’l C%%’Aelgpl ip. e ESREEFhOPE }%ﬂﬁ%i ﬁoﬁﬁﬁ‘@gﬁ‘ﬂ’ide ti- OspA
titers even atbeelshe (sacwapd | Prandzdal, onesbéchiacky) copaiuall enighdihose
caused by Li pOspA. ter_the.3r d _4ath i nizatians, the . .anti-GspA
Citers in thetRrkst ie%ﬁ’ia}ee&&wa"“p% AR E: chpan; %IlP-BF‘!’é’%‘gt W@pﬁ#urggf kedl y
exceed those b0&ngtheObspAupinzedreCt pricdusps, namkadlberlower ecigagns clh arly
hi gh after i hzat i 1 Sﬁgﬁ- - to CgEOUp T d
OspAl185-273 irr%yﬂ?%e cogpnt \éw)C({‘lQof coré%ﬁé%?groﬁggggéggiﬁgre%?) (é%ﬁ%ﬁﬁ) 35
elicits only &psabseahehal 50 | onbplbepsespatitili c thespohsebuypienisy 028535
PCT/EPZOQﬁjOO?QQQogén§4isFEgntﬁﬁuggqpares directly the total anti-GOspA Ab
titers wth those directed to the known neutralizing LA2 epitope in the
C-terminal region of OGspA. Full-length GspA on coreN, in the context of

both coreld9 @nd adxample demonstrates that split-core CLPs induce
specific antibodies to the full-length OspA foreign
protein presented, with the titers being higher than
15 with the established lipidated LipOspA in which the
lipid moiety 1is essential for immunogenicity. = The
different proportion of LAZ-equivalent N o) after
immunization with OspA on coreN (approx. 30%) versus
OspA on coreC (< 5%) demonstrates that the type of
20 linkage affects the type of Abs produced; for this, see
example 10.

Example 10

25 Specific induction of region-specific antibodies to a
foreign protein by alternative fusion either to c¢oreN
or to coreC

With proteins whose N and C termini are not in
30 immediate proximity to one another like in GFP, fusion
to coreN results in a different orientation with
respect to the particle surface than fusion to coreC
(coreN: C-terminus of the foreign protein “out”; coreC:
N terminus of the foreign protein “out”)}. When used as
35 B cell vaccinesg, those protein moieties which extend in
each case furthest into the solvent can be expected to
elicit the strongest antibody response. Therefore
different region-specific antibodies can be induced by



5 corel83 (groups 2 and 3, respectively), induce higher anti-LA2 equival ent
Ab titers than Li pGspA, with full- length OspA on coreC produci ng markedly

| ower titers. A study on the particular neutralizing Ab content

(protection to chall enge with the B. burgdorferi at hoge i s continued.

The exanpl e d¥@p#eP848E853Bat split-core CLPs mducé’ qq ot3Hbdies to

the full-length GspA foreign protein pr§§ented with the titers being
hi gher than 15 with the established |ipidated Li pGspA in which the lipid

moi ety is esseptigh tAb IFHANIQEEYFdddin T@ethgtfter QW i owrﬂéﬂttreh
LA2- equi val ent Ab after _inmmnization with OGspA on coreN (approx. 30%

versus OspA dhdeor BE (£D%vy TRFRNER r RERCeHAL {RRLT YpeOBf 26 | TR

affects the typecefmfhslpsodaced; ther rbhesgnspeotexanpbeci. Exanple 10 25
Speci fic induction of region-specific antibodies to a foreign protein by

alternative fusion either to coreN or to corec Wth proteins whose N and C
termni arse npigune 3D deprditat edpagxammbyital bpe aan@blaeriﬂliekeww @GP,

f usi t | f ient at th pect_.to. the
barti cl e sur OEbeT R P O § cOPEE SR oaPateE | BAT LS  ofe RSB gn
protein "out "$twc9ﬁre N stuerti asis Ocsprt heefeimi gnipr ofes ¥ort oGb" )eitiesn used
as 35 B cel | QN”%% eé%'zoé@ p“cﬂfee g%' et%e%&fe@%%@”@rh'lgh eaglL£ase

furthest |nto e sol vent cah be e ecte el1cit e strongest antlbody
r esponse. Thef’éf-’e]fl@Stdl&W@Yenfr@egl‘ehhes@e?f|Fdllaﬁﬂ¢%od|3es welnl teanurfliced by

WO 2008/ Q%ﬁ53épfgbgpgﬁoééﬁﬂ6l%0LA‘2 33n fpd @Qttél%lfrfarle'xgigﬁrpt g @l ther to
coreN (CGtermnal " side the foreign protein "out”)_ or to coreC

(N-termnal si8e ltﬂcqga‘el&%# ePdn Pr SRVFalg@ing BorpgleRat fdpiiaedy.
di agrammati cathy. a fpposskpketwdy ofplit-core OspA CLPs with OspA on

coreN (the OspA C terminus 1s therefore exposed)
induced a strong LA2-eqguivalent response, with CLPs
15 with OspA on coreC inducing only a weak LAZ-equivalent
response. Instead, the response to other regions of

OspA 1is enhanced.

A fusion of OspA as foreign protein to coreN was

20 expected to provide good access to the LA2Z epitope 1in
the C-terminal OspA region, whereas a fusion to coreC
was expected to provide good access to the N-terminal
OspA region which had not been well characterized
immunologically thus far. The data depicted above

25 impressively confirm this concept (very high anti-total
OspA titers but only low LA2-equivalent Ab titers for
OspA on coreC).

The split-core system thus has a high immune-enhancing
30 activity, with both fusion of the foreign protein to
coreN and fusion of the foreign protein to coreC.

The type/region specificity of the induced antibodies
can be controlled by choosing the linkage site (coreN
35 wvs coreC). For optimal vaccination results, mixtures of
split-core vaccines may be employed in which one part
of the heterologous foreign amino acid sequence 1is
fused to the coreN moiety and the other part to the



determining for a foreign protein with an elongated structure, such as GspA
herein, via fusion to either coreN or coreC, the part of the nolecule which
faces furthest away fromthe CLP surface. A well-mapped 10 epitope in OspA
is LA2, inthe CGtermnal region, which is recognized by a neutralizing
monocl onal arlf® RRYB/028F35 As expected, split-core EFTAEEINNRGAAIADHA on
coreN (the GspA Ctermnus is therefore posed) induced a strong

LA2- equi val ent response, with CLPs 15 with GspA on coreC inducing only a

weak LA2- equi y@&nt L 8EPONSS dhstSageni e 8EPPREE 1R QLRG0 L of
CspA i s enhanced, A ?usr on of OspA as foreign protein to coreN was

expected to PYVH S (PRH @Re%ss to the LA2 epitope in the Cterm naI CBpA
region, whereas a fusion to coreC was expected to provide good access to

the N-terni na]F ‘Hﬁé#igl on whi ch had not been well characterized

i mrunol ogi cal The data depicted above 25 inpressively confirm

this concept (very hi gh anti -total OspAtiters but only |ow LA2- equi val ent

Ab titers forn O5p ac vr %{’iﬁ?ﬁﬁg %e)?&ﬁcf éXé %ﬁ'@g

i mmune- enhancrng ust on o rergn protern to
coreN and fusion of the foreign protein to coreC The t ype/ regi on

specificity o‘% pds eNI f‘ggﬁeddQQEbg‘)d' Eg{nl%g@aplgeco%tsr olsl.ed Ry qﬁgﬁ% the

| i nkage site VS core timal vaccination results, “m xtures
of split-corepadscitnbatemy W@r@ﬂ%yecﬁqrn weephidge pagpd ofhere in

het erol o S S d to r gty and
t he ot her&@l;ar %gi?ﬁléﬂﬁg%gg;%mgggﬁg%% E%SS%%%%OG%QW% %Ql%c?ér@gé’@m ety,

so as to achi BWetleri REPldcaddmngt | BAT ofSuGHar f o g igigtopRiat RREMplaEell 5
conceivable. In each case, a large number (180 or 240)

of presented molecules are Dbrought into close,
symmetric proximity to one another. If said molecules
15 are interaction-capable foreign molecules (vaccines are
a special case: interaction with antibodies), the
particle having multiple copies of the foreign molecule
has a drastically increased avidity, compared to the
monomeric foreign molecule (cf. natural IgM pentamers;
20 also MHC tetramers in immunodiagnostics) . Such
interaction-capable foreign molecules must be
accessible on the CLP surface in order to be able to
react with thelr interaction partners. The split-core
system facilitates this substantially, compared to the

25 conventional continuous system.

A number of model foreign sequences were expressed in

the split-core system and all insertions assayed formed

CLPs. The interaction capabilities of some of them were
30 detected directly.

The split arrangement enables new termini to become
accessible on the CLP surface for further
derivatization. Figure 5 depicts a split-core dimer
35 with an ACID peptide fused to coreN, which peptide can
interact with the complementary BASE peptide. A
molecule X to which said BASE peptide has been fused
binds to the ACID CLPs. The split arrangement renders



Fusions with significance beyond vaccine applications Apart fromdirect
significance as i mune-enhancing particulate carriers for peptide, and here
in 10 particul ar protein, antigen vaccines, a nultiplicity of further
applications for such a carrier platforn1are conceivable. 1In each case, a

| arge nunber ¥288008/928$350f presented nol ecul es arREERRAHM7 4G ose,
symretric proximty to one another. |f_sajd_nolecules 15 are

i nteraction-capabl e foreign nol ecul es (vaccines are a special case:

interaction wghpardtihodies), Adi® PREELELE h@yl 'E%e”“béh@iﬁué@@' eod the
foreign nolecule has a drastically increased avid % npar.ed to the

nmononeri ¢ for 8Y§REHoLBEGractst Wln%ﬁ uFag B pé?ﬁ%ﬂé?‘ b‘2§ arSS'L&CﬁH@}“teetrarrers

i n inmunodi agRosbi 688 RAGEH péﬁﬁﬁ@éﬁtf@ﬂncapahbﬁdf W@ -wiac iepaist be
e able to react. wi.th their

accessible on t P surface in orde
i nteraction pﬁ?fh%ggp'iﬁgasﬁqtrhxﬁ é%@%ieﬁ??aﬁFFFF&PE? e St htially,
conpar ed t9 tberr2&rchaveniisonals taiyitd nmmst]sgscesrs ﬂl@dﬁhﬁgreftermdlﬁi

forei gn seque re expressed in the S Lit;
i nsertions asgﬁyeamﬁéﬁ rﬁﬂﬁﬁgenﬁua c1|5n c pa |I| 2 (ﬁe H% of

them were 30stebket edhdisr emmgllﬂ'c_hecepl |Itte age:aemg@henedenablchsffrmventer m ni

to becone ac QN facg do er, Fi gure
5 depicts a Sfﬁﬁ?f%%§é8§ &Q§ gkg %&H'an &%I peh%@déj#usegyﬁ re whi ch
peptide can IiﬂﬁYebacth\ﬂeKh tchec @Ml erreﬁpaey‘ BﬂeereeppmengACm @ e X to

whi ch saig BA{%eHePBtg.?aE@Sw}?L%ﬁn gf Ugedndiinds: 40,118 AGdR Gehsncth& spl it
arrangenent renders WO 200 8535 PCTPEP2007/006190 - 37 ACID flexible;
ACI D i nserted®in $%@hco¥ﬁ1\'—%ﬁ%ﬁ§l%%repa*‘é’?%@‘émﬁ’%‘t]éff acdie wiHs & BE%E pepti de
but, since thgio&GhD afec pepidptesad or m a sigbgreoihed; coif3doubl e
hel i x [ O Shea. et al 9% the structure of the core

immunoglobu

15 Other possible couplings are explained in more detail
below:

a) His6 tag:

20 Fused to coreN via Gly2 linker; forms particles which
bind to Ni2'NTA agarose. His tag is freely accessible,
in contrast to the continuous system. A comparable
insert {(His7) in c¢/el of the continuous-core system do
not produce any significant amounts of protein because

25 the His6é tag residue 1is not sterically accessible
there.

b) Biotin acceptor (BA) peptide:

30 Biotin acceptor (BA23) is an artificial 13 aa peptide
(GLNDIFEAQKIEWH) which is Dbiotinylated by E. coli
biotin ligase, BiraA. Efficient biotinylation requires
free accessibility which is provided in the split-core
system but not, or only to a limited extent, in the

35 continuous-core system. The split-core-BA fusion
protein forms CLPs and is biotinylated in E. coli.
Avidin/streptavidin or their conjugates can be bound to
the CLP-presented biotin.



5 carrier beconmes unstable and the CLPs disintegrate. In the split
arrangenent, however, the CLPs should remain stable. This coupling can be
generalized: a different interaction-capable nolecule A than the ACI D
peptide nay be fused to coreN or coreC. Corresponding CLPs may 10 then
interact witHi®B 2e08/R2B33% interaction partner of BET/ERAVOTOHEAAT on
partner pairs are H s6-Ni-NTa, biotin eptor peptide - streptavidin;, Z33
- inmunogl obul in. 15 other possible couplings are explained in nore detai
below. a) His6 tag: 20 Fused to coreN via Ay2 linker; fornms particles which
bind to Ni2[err] NTA agarose. His tag is freely acce55|ble in contrast to
t he conti nuoud) sys?®im domabapaf abreteimskrt (Hi s7) in c/el of the
continuous-core systemdo not produce any significant amounts of protein
because 25 the His6 tag residue is not sterically_ accessible there.

Biotin accept®r FEFUHeRTAULIBO 2B BLnASactBPLReItgaeling s whthyy thlﬂhm aI 13

as peptideg (LENDIFEAKI BWHr-opdiieh | sabi otddptadiord by Efogol i imaheid-n
ligase, BirA Effjcjent. b|ot|n | ati.on reqU|res fre% gce55|blllt mhlch is
provided in tRECSHPIEREHPR) - sFRARIBUL AndtonEStohl 91t 0° a S5THGRF R Yent, in

the 35 conti nsl;tmlﬂa:@r qgsyt&tzﬂmngThaoﬁahnb CaHE3 Bésohlssrzlltmtelar o4 eigirdgdigrs CLPs

and is biotin Iate ol i. Avidin/str avi.din or their caqnjugates can
be bound to 5’5&?@&Qﬁ ﬁ# %gg}%§8§§SSﬁﬁfﬁﬁﬁfbo 90 -
38 «c¢) Z33 dohamgntlmf ﬁBotael)n AR awuhéds lmsot hnghAdﬁﬁmch;LuymﬁnngII@jm i ns

W th _h| gﬁ zﬁél n|4t0ynér'l')protg APgeph;acgos 1ff%'§:e§'f9mnf greq,_leqjs&ﬂl on).

Protein consi sts of struc ra sSim ndi ng donai

constitutes assrmgteral flex1b111ty and, moreover, accessibility.
The Z33 sequence was fused via a long linker seguence

to coreN:
15 GGGGSGEGVEDGGGGSGEGET-FNMQQORRFYEALHDENLNEEQRNAKIKSTIREDE.

CLPs formed in the split-core system. After adding an
FITC-labeled immunoglobulin and precipitating again, a
proportion of the fluorescence was detected in the
20 particle-typical gradient fractions. This was not the
case, 1if wt-core protein CLPs rather than the 233

fusion were used.

d) ACID peptide insert

25
The ACID peptide inserted in the continucus-core system
interacts with the complementary base peptide (“peptide
Velcro”) wvia coiled-coil formation of the peptides;
(O’Shea et al., 19931, with massive modifications to

30 the core structure up to its disintegration; this is
caused by the ACID peptide on 1its own adopting a
flexible structure which does not put any stress on the
core structure. Addition of the BASE peptide results in
interaction with the ACID sequence, as a result of

35 which both peptide sequences adopt a rigid helical
coiled-coil conformation. Tension arises due to the
linkage on both sides. An ACID peptide fixed only on
one side should be able to interact without tension
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foreign molecules of choice.

The coupling mechanisms detailed above enable CLPs
having one part of the coupling to be provided. The
protein fused to the other part of the coupling may
readily be coupled to said CLPs. In this way it is
possible, for example, to present to the immune system
non-peptide-like structures.

e) Simultaneous fusion of different foreign molecules
to corelN and coreC

In the previous examples, in each case one foreign
sequence was fused to either coreN or coreC. 1In
principle it is also possible to fuse two different
foreign molecules to coreN and coreC simultaneously; a
possible example of these are the two subunits of a
heterodimeric foreign protein. The model utilized was a
two-part GFP, the first segment of which, containing
the first 10 of the 11 GFP P strands, was fused to
coreN and the second segment of which, containing the
11" GFP B strand, was fused to coreC. Coexpression from
a type 1 vector produced green fluorescent CLPs. Thus
the coreN and coreC domains had assembled to give an
assembly-capable CLP structure and the two GFP parts
had supplemented each other to give a correct 3D
structure with formation of the GFP chromophore.

ter cleavage of 5 the



Split cores with exposed ACI D sequence nmay be charged wth foreign proteins
to which the conplenentary BASE 10 peptide is coupled. This is one of
several possibilities of charging split-core CLPs later with foreign
nol ecul es of choice. The coupling nechani sns detail ed above enable CLPs 15

havi ng one paf® #$084A82883B1ing to be provi ded. The POH/FRANWF RIED the

other part of the coupling may readily pg coupled to said CLPs. In this way
it is possible, for exanple, to present to the inmune system
non- pepti de-1i ke structures. 20 e) Sinultaneous fusion of different foreign

nol ecules to_coreN and coreC In the previ ous exanples, in each case one
foreign 25 sEiefc@MRAe f HsBANEETEFERert R e R1BMIEGPECUS ntUBtPRciYi e it is

al soI possi bl Iedi@féﬂéﬁttYﬂ:l'lﬁﬁifgfrer@:&'ique?l@éﬁi gto McadN eantio €or e aﬁd:fmorec
si mul t aneousl y; a ossi hl e. ex e ese are t t subunits . a
het er odi ner i c}‘l(f”érf%tfg nplo%t eﬁwg%%%dﬁf:r}i?ﬁlﬁ@d O%sb(\gg%oggﬁo-sﬂj}:‘t%_GZP, t he
first segrentcofewdaririecxontadnitige the fdirfherEhtof foheigh GEReShcHs ands,
was fused to f&ggg'\{fgng %%ﬁ ggaoggrégg{@ oQ«EiM. ch, containing the 11th

. Was 3 F0 Corel: expr

GFP (3 strand useé ssion from a type 1 vector
produced green fluorescent CLPs. Thus 35 the coreN and coreC domai ns had

assenbled to gj PO 18ssenbl y-capable CLP structure and the two G-P parts
had suppl ement ed 'each other to give a correct 3D structure with formation
of the GFP chronophore. WO 2008/ 028535 PCT/ EP2007/ 006190 - 40 The exanple

denonstratees §phpitSédtbt 60P8UNNE BRI PRegbntdichectpll domiadind b afrttiEies O
coreN and corerm'tg forpgation of functional structures of both the split 5
core carrier Gng®tHRetfFERFPerent forei gn sequences fused to coreN and
coreC i s possible.

Another specific example involved introducing the *“GBl”
domain of the Streptococcus spp. immunoglobulin-binding
15 protein “protein G”, which is functionally related to
protein A, into the HBV split-core system. Protein G
likewise consists of multiple similar domains. Like
protein A, protein G binds to immunoglobulins but has
different specificities with regard to IgG species
20 origin and subtypes. Due to this complementarity of
protein G and protein A, both are commercially
available as reagents for immunological detection
assays based on binding to different immunoglobulins.
Like protein A, protein G and the GBl domain derived
25 therefrom also binds the constant (Fc)} part of the
antibody, with the variable, antigen-recognizing part
of the antibody remaining accessible for binding to the
antigen. Thus it is possible to bind a multiplicity of
different antibodies.
30
In this example, the GBl domain was introduced into the
split-core system, and it was demonstrated that (1)
CLPs are formed and (ii) that these CLPs - but not
control CLPs without GBlL - are capable of binding
35 different antibodies.

In a manner similar to the examples mentioned above,

the GBl1 domain was genetically fused to coreN or to



Exanple 12 10 Split-core CLPS which present the GBl domain of protein G on
the surface Another specific exanple involved introducing the "GBl1" donain
of the Streptococcus spp. inmunogl obulin-binding 15 protein "protein G,
which is functionaluy related to protein A into the HBV split-core system
Protein G | W&WAAB/ARH3F s of nultiple sinilar doREFAEP2PPTL008180ein A
protein G binds to inmunoglobulins but has_ different specificities with
regard to 1gG species 20 origin and subtypes. Due to this conplenentarity of

protein G antgyet &irfl Aro e fi & CRTERT €ha! F¥sparailabhesasnpeagents for
i mrunol ogi cal detection assays based on binding to different
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Linkage to coreN was via a G45G4TQ linker; the second

15 last aa, K, was replaced with D {(in lower case in the
sequence); the downstream E residue is the last aa
visible in the X-ray structure; the K>D substitution
enables a BamHI cleavage site to be introduced at the
nucleotide level (Gag gat cct TAG); the latter 1is

20 therefore in a position homologous to the constructs
described above.

As in the other examples, particles were formed in an
efficient manner, and this was detected by sucrose
25 gradient sedimentation, migration behavior in a native

agarose gel and by electron microscopy.

The interaction capability of the CLP-carried GB1
domains was detected by incubating the particles with

30 immunoglobulins and then sedimenting again in a sucrose
gradient; in the process, the antibodies clearly co-
sedimented with the particles. IgG binding was also
detected by the fact that the coreN-GB1 fragment
reacted directly with secondary antibody conjugates on

35 Western Blots after S8SDS gel electrophoresis. The
modified GBl was therefore, even 1in the context of
fusion to coreN capable of renaturing efficiently and
binding to its ligand, IgG.
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core CLPs which present interaction-capable foreign
15 molecules

Example 11 e) illustrates fusions having significance
beyond vaccine applications, with a GFP molecule in two
parts (GFP B1-10 and GFP Pll) associating when GFPB1-10

20 is fused to coreN and GFPBll is fused to corecC,
producing the native GFP structure (green fluorescence)
and forming CLPs.

In the present example, additional foreign sequences
25 were fused to GFPBll, namely the GBl1 domain of protein
G and the preS domains of the surface proteins of human
HBV, duck HBV and heron HBV. This is possible only
because the gplit arrangement produces a new N terminus
on GFPBll, which moreover faces outward from the CLP
30 surface, due to the specific orientation on the split-
core CLPs. The particular expression plasmids were
constructed, in a manner similar to the methods
described above, 1in split-core vectors coding for
separate coreN and coreC fragments, in this case
35 already 1linked by GFPB1-10 to coreN and GFPBll to

coreC.



The el ectron-dense gold particles indicated binding of the antibody to
intact CLPS. 10 Exanple 13 Self-fluorescent GFP- and GFP vari ant - cont ai ni ng
split- core CLPS which present interaction-capable foreign 15 nolecul es
Exanple 11 e) illustrates fusions having significance beyond vaccine
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ability of the G-FP[err]1-10 and GFP[erFfal noieties to formthe native GFP

structure. The result of this exanple is
A. Basic structure of the two parts of the fusion

protein. GFPP1-10 is fused to coreN, GFPBll is fused to
coreC. Since GFPPBll provides a new N terminus, another
15 domain, here GBl, can be fused to the latter. B. Self-
fluorescent CLPs are produced by coreN interacting with
coreC (CLP formation), and GFPB1l-10 interacting with
GFPP1ll (formation of the GFP chromophore), as has been
shown previously. In addition, however, they present
20 GBl1 in an accessible form on their surface. C.
Different antibodies can be bound via their Fc¢ part to
the GBl1 domains. D. The antibodies for their part can
interact via their different variable parts with their
specific antigen. Split-core GFP-GB1 CLPs can thus
25 replace the usual fluorescently 1labeled secondary
antibody in indirect immunofluorescence. Fig. 7 depicts
an application to fluorescent 1labeling of tubulin in
two different «c¢ells. Other applications based on
antibodies binding to antigen are similarly feasible.
30
It was indeed possible to coexpress the further
modified fragments efficiently in E. coli where they
formed CLPs, according to sedimentation in a sucrose
gradient and migration behavior in a native agarose
35 gel. In addition, these CLPs exhibited typical GFP
fluorescence and thus the GFP moieties had also come
together in the correct manner. The example indicates



depicted diagrammatically in fig. 7. Parts A-D of this 10 figure depict the
followng: A Basic structure of the two parts of the fusion protein.
GFP[err]1-10 is fused to coreN, GFP[err]11 is fused to coreC Since

GFP[ err] 11 provides a new N term nus, another 15 domain
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15 In both cases, comparable fluorescence images were
obtained (as expected, cytoplasmic staining, leaving
out the nucleus). Thus, the GBl domains must have been
capable of  binding to the anti-tubulin primary
antibodies bound to tubulin.

20
Self-fluorescent split-core CLPs which present GBl may
thus be employed as an alternative to conventional
fluorescently labeled secondary antibody conjugates for
detecting an antigen-bound primary antibody.

25 This proves that the GBl domains are still capable of
interacting with IgG and that they therefore must be
correctly folded. Moreover it proves that the self-
fluorescent, GBl-presenting CLPs can be employed as a
general detection reagent {comparable to a

30 fluorescently labeled secondary antibody).

Similar constructs were obtained with color variants of
GFP, in which constructs known mutations which alter
the absorbance and emission spectra were introduced
35 1into the present GFP construct by directed mutagenesis.
Specifically, yellow fluorescent protein (YFP) and cyan
fluorescent protein (CFP) variants were prepared. Both
variants formed CLPs which in each case exhibited the



to tubulin. In one case, the cells were incubated conventionally with a
chemcally fluorescently |abeled 10 (Cy2) secondary anti body (goat
anti-nouse), or alternatively with the self-fluorescent, GBl-presenting
split-core CLPs, and then washed; finally, the cells were observed by
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mul ti - i nmunofdheareestenge mappl peaE {1906 . application which goes beyond
vaccine applications, namely direct detection, via
fluorescence, of different antigens by means of the
15 self-fluorescent CLPs. Such gself-fluorescent,
interaction-capable split-core CLPs are particularly

suitable for diagnostic and analytical applications.

Self-fluorescent split-core CLPs which present foreign
20 domains of protein G other than GB1

The results above indicate that a further foreign
domain, GBl, may be presented in a functional form,
i.e. capable of interacting with the specific ligand,

25 IgG, on split-core CLPs which additionally contain a
two-part GFP. GBl, with fewer than 60 aa, 1is a
relatively small domain, however. In order to prove
generalizability, homologous constructs were prepared
in which GBl with the preS domains of the large

30 envelope proteins of human (HBV), duck (DHBV) and heron
(HHBV) HBVs. These domains mediate specific binding of
the respective viruses to their natural target cells,
i.e. hepatocytes of the corresponding host species.
With 108 aa in HBV and approx. 160 aa in DHBV and HHBYV,

35 the preS domains are distinctly larger than GBl and
moreover their sequences are different from CGBl but
also from each other.



The split-core systemallows preparation of self- fluorescent CLPs which
present an interaction-capable further foreign nolecule on their surface.
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three of themefficiently formed CLPs, as was detected

Another application comprises identifying the cellular

15 receptors for the particular viruses. Due to the large
number (240) of preS domains per particle, the CLPs can
be assumed to have an enormously increased avidity for
said receptors, thereby enabling the latter to be bound
in a stable manner and also to be identified in this

20 way. Receptor-carrying cells would be identified via
GFP fluorescence of the CLPs by means of fluorescence
microscopy or FACS; solubilized receptor molecules from
such cells would be incubated with the CLPs and should
then accumulate 1in the particle-typical gradient

25 fractions in a subsequent sedimentation in sucrose
gradients.

Example 14

30 Split-core OspA CLPs with OspA on coreN generate higher
titers of protective anti-OspA antibodies than LipOspa,
split-core OspA CLP8 with O0SpA on coreC generate lower
titers

35 As figure 5 shows, the orientation of a presented
foreign protein can be influenced in a targeted manner
by linkage to either coreN or coreC. In the case of
OspA, this results in particularly good exposition of
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determine directly the protective potential of the
induced antibodies in wvivo, the ability of the
particular immune sera to neutralize an artificially
induced B. burgdorferi infection 1in an established
mouse model was recorded {(cf. Nasgal et al., European.
J. Immurniol, 2005; 7pp. 655-665). SCID mice were
inoculated i.p. with the appropriate immune sera,
followed by an s.c. challenge with in each case 10°
spirochetes per mouse 2 hours later. This usually
results in an infection in unprotected mice which
manifests itself Iin arthritis-like symptoms which can
be recorded semiguantitatively in the left and right
tibiotarsal joints. A group of 3 mice which received
only normal mouse serum served as negative control.
Groups of in each case 6 mice which received either the
purified monoclonal antibody LA2 which is known to be
neutralizing or LipOspA-induced antibodies served as
positive control. The test groups {likewise 6 animals
each) received immune sera which had been produced due
to split-core OspA with OspA on coreN or split-core
OspA with OspA on coreC. In order to record
quantitative differences, passive immunization was
carried out first with 5 pg and then with 1 pg of La2
or of the volumes equivalent to these LA2 qguantities of
immune sera of animals vaccinated with LipOspA or with

nal
t he



5 coreC). As figure 4 shows, both split-core-GCspA CLPs (there: group 2 for
coreN fusion and group 6 for coreC fusion) produced total anti-GspA
antibody titers but the proportion of LA-2-equivalent antibodies is

substanti al | higher with fusion to coreN - as expected 10 fromthe
structure. ¢008/0R8535t a here are in vitro dat aPCTAEBZBRY/PBE13Rt er i ne
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guantities off* i nmune sera of animals vaccinated with Li pGspA or with WO
2008/ 028535 PCT/ EP2007/ 006190 - 48 split-core GspA with GspA on coreN. The
results are A?“géﬁé%kéﬁ,fggl %himals inoculated with normal mouse
sera developed arthritis. Protection due to the
15 monoclonal antibody LA-2 was reduced from 4/6 to 1/6
animals with dosis reduction from 5 to 1 ug, with 5/6
animals being protected by the LipOspA immune sera.
Passive immunization with immune sera obtained via
split-core OspA with OspA on coreN protected all (6/6)
20 animals from infection, even at the low dosage. OspA on
coreC had a markedly Ilower protective activity (4/6

animals at the high, 1/6 animals at the low dosage).

Split-core-OspA CLPs with O0spA on coreN produce high
25 titers of LA2-equivalent antibodies which are
protective in vivo. The protective potential exceeds
that of LipOspA-induced antibodies. Split-core-0spA
CLPs with OspA on coreC induce high total titers of
anti-OspA antibodies and only a small proportion of
30 those 1s LA-2 equivalent, and they have only a lower
neutralizing potential. Fusion of a foreign antigen to
coreN thus causes an immune response which is

quantitatively distinct from that of fusion to coreC.



Due to the | ow proportion of LA2-equivalent antibodies 5 in the inmune sera
produced by neans of split-core OspA w th OspA on coreC, equival ent vol unes
thereof to those of split-core GspA with OspA on coreN were used,

regardl ess of the LA2-equivalent titer. Arthritis scores were determ ned on
days 13, 17, W®12088/0385355 10 and 52. The results PEF/BB$083/8P€180mmari zed
in figure 8. As expected, all aninmals i4 ocul ated with normal npuse sera
devel oped arthritis. Protection due to the 15 nonoclonal antibody LA-2 was
reduced fromgdafiph@ 456 animals with dosis reduction from5 to 1 [err]g,
with 5/6 animals being protected by the Li pGOspA i nmune sera. Passive

i muni zation with i nmune sera obtained via split-core GspA with OspA on

coreN pr ot ecicdd calspocobit@ Prdtin f(aye) dECthomataeiaapathogeay dosage.
OspA on coreﬁ}ﬁhadé& rraré_k dly lower protective activity (4/6 animals at the
5 Uhé A Rigshe) .

hi gh, 1/6 ani‘m&®&e, Split-core-OspA CLPs with GspA on
coreN progluce high 25 titers of LA2-equival ent antibodi es which are
protective i i.vQ. The p ectiv otential exceeds ._that,
Li pOspA- i ndu%é1 13 elnt?(jfg’i eé.gESerrilt ecg’pr egf!i‘b%\ Cetps W%%e%ﬁ,&%{%egor 8¢ i nduce
hi gh total tiitrenseofrespatniseOsg @mtihoxiemeed and yoroadal | thavpohaton of 30
those is LA- quival ﬂﬂﬂ t]gkﬁ ay nl we, n alizin

%fe puis) ar}r%mu Il]iln @ Ceﬁlg %%f%%\ﬁ éequgﬁ'&é 14! NBhe

potential. FuSion © oreign antigen t hus“causées an i mmne
response whi cionventgeamdtli,t slontdinpadisstdorst shise@m.hat of fusion to coreC. WO
2008/ 028595 PCT/ EP2007/006190 - 49 Exanple 15 G rcunsporozoite protein
(CSP) of the malaria pathogen, Plasnodiumfalciparum5 Full-length CSP in

the split-cof®esyeeBd eh8ulSE anwiFiménel pREpBnSE WAl ehaps 3%bnBePand
broader thangiath previously to be expressible only in the split-

core system with CLP formation; this was not possible
in the conventional continuous system. Although it was
15 possible to prepare a truncated version without the
cystein-rich C-terminal domain (CSPshort hereinbelow)
also in the conventional continuous system, the protein
showed a pronounced tendency to precipitate after a few
days - this did not occur in the split-core system,
20 which is evidence for superior ©protein-chemical

properties.

A specialty of CSP is the presence of a multiple repeat
of the tetrapeptide motifs NANP and NVDP (24 NANP and 3
25 NVDP motifs in the full-length version utilized
herein); said motifs are known immunogens, and an
experimental vaccine based on the conventional
continucus-core system has been described. A
comparative immunogenicity study therefore involved
30 preparation of a corresponding conventional construct
in which the repeat sequence NANPNVDP{NANP):NVDP was
located between core aa D78 and S81 and which formed
CLPs - as expected, since the insert 1is small. Said
construct was used in an immunogenicity study for
35 comparison with full-length CSP and the C-terminally
truncated CSPshort. Mice were immunized with in each
case the same amounts of the particular CLPs
{20 pg/mouse}; the amounts of antibodies produced were



of the i mmunodom nant CSP repeat sequence in the conventional,

conti nuous-core system 10 The conplete CSP, with a length of 319 aa, had
been shown previously to be expressible only in the split- core systemwth
CLP formation; this was not possible in the conventional continuous system
Al though it Ws2P984828i58i5c to prepare a truncated YET4EBAOQY(ABALIPhe
cystein-rich Gtermnal domain (CSPshartgherei nbelow) also in the
conventional continuous system the protein showed a pronounced tendency to

precipitate ul@hmdn@Wbydatsa e did not Oco & Nwebrs SPEhisCRLE System
20 which is evidence for “superior protein-chem cal properties. ecialty

As
of CSP is thdéPlo¥edceldr a nhPeFte rdPBtz2afiPhe SefHdFdpt e Fr}ﬁgi fs NANP
and NVDP (24 siiaNR asith)3, 25dNVBR rditddrs iwetdedbuklmbiaagt kigedrsipn wtilized

herein); said notifs are known i nogens,_and .an _experjnmental. vaccine
based on theaf’g'g\#er‘ﬂqeg‘r?alak&c%t'?%‘g%’br RSV HAS (géfég?ﬁﬁsalf’b%. A
conpar at i ve ipratrdgenitfebty Bt udyolher efiane | mva vedDR0 peppadati oandf a
correspondi ng._con tion sfrugt i i C e._r segue

NANPNVDP( NAN%)e?%{?ég?’a S aljl'%‘%g@?e%eﬁét Rssd \é%f eQS%QDﬁ%;&%% 81 BndL R ch
formed CLPsto adeesyrectedthei ibecehd ines@onsies svmakthe Jxnrieonsthact was
used in an i i Cj st : Cogparg Sy W fal 1 <l.ang P and

t he C—terningﬁggggggung%¥gd %@%@%2?%§Q%|ggpngg [ﬂﬁ%ﬁ?ggﬁJmf%ﬁ_iﬁﬂggfh case
the same anp@ssaved t Weipdrtdchokd clepdal( 201l vEi pEFMREe)the hemEEBant s of

anti bodi 5 peducedneens R A0GHN28535 RAN ERAD0MN96198 e - 2501 g&t er mi ned
by ELISA after 2, 4, 6_and 8 weeks; this was _ foll gwed by a booster

i muni zat i on 3PSV the H§akeEound d¢s RO catRd time fi%eiSs wer e det er i ned
again 2, 4 and 6 weeks after the boost. Reconbi nant CSP (as fusion

This results in the following conclusions:

15 a) B cell response to recombinant CSP
All three immunogens resulted in extremely strong
response to CSP; however, the response to full-length
CSP is still 4 times higher (titer: 1:12 x 10° wvs
1:3 x 10° for repeat and truncated CSP, respectively),

20 meaning that a 12 million-fold dilution (!) of the
immune serum 1s still capable of recognizing CSP
protein.

b) B cell responses to NANP and NVDP repeat peptides
25 The responses to the NANP peptide are similar for all
constructs, as expected. The responses to the NVDP
peptide which is less common in the repeat are similar
but are distinctly higher for the full-length CSP
construct, even after the first immunization (without
30 boost) (titer 1:2.5 x 10* vs 1:5 x 10%).

¢) B cell responses to CSP seguences not present in the

repeat

Only CSPshort and full-length CSP induce a response to
35 the peptides CSP12 (EEPSDKHIEQYLKKIQNSLS; pos. 246-264

in the full-length split-core construct) and CSP8

{GNGIQVRIKPGSANKPKDELD; pos. 274-294 in full-length

split-core construct}. The lack of corresponding



5 protein fromE. coli), NANP and NVDP peptides and reconbi nant HBCAg were
used as test antigens in order to determne the B cell response to the
carrier. The antigens were imobilized on ELI SA plates and then assayed
using 2-fold serial dilutions of the i mune 10 sera. The highest possible

di lution whi ¥R 3908/928F8Ral above the background PET{FREQAIE06399 i gure 9.

This results in the followi ng conclusiLogs:_ 15 a) B cell response to
reconbi nant CSP Al three i mmunogens resulted in extrenely strong response

to CSP; howeyeg oﬁQ@sr a&m&sgnﬁr@nﬁw lslbangtifth CPR irferddd |p(%)t§id@51rb' gher
(titer: 1:12 x % :3 x 105 for repeat and truncated

respectlvelyf ezéoﬁEéHPﬁBSfﬁgFeasyftﬁﬂIH%N?WQﬂQfQﬂIQRQ%H?? 15H&fCEFR i mmune
serumis stibhdcazsilze s@éqﬂi@@@@@l air80 ricSP pEdet Nnchb)yeB qeiel f@apmses to

NANP and NVDP repeat |des 5 The respo to th id

simlar for afl * t% ﬁé §xﬁ§§?ﬁﬂp‘%%§ﬁ%e558n§E§A 4%#£hNV%S§ pepti de
which is i essanorhmnproduhedrenﬂa,t ane tdiem $@l it bodrar eyditsm;nctd indi gher
for the fuII- n P con en af t [ on

(wi thout 30t BRoSL i GoRE 1o bl 1 0% e s, Bapibtp s onses 1o
CSP sequencesddmtlpneéemﬁpmtaﬂﬁs rebeah Omlay CSPehoriband f dld - [E@mgt h CSP

i nduce a res 3 g tid EPSDKHI EQYLKKI QNSLS; pos.
246-264 in ?EE‘S’?SF?Y&%FE&; PE, hcgréce:g(?:g%é% rgﬁct) and CSP8

( GNGA QVRI KPGSANKPKDELD; pos. 274-294 in full-length split-core construct).

The | acky @f awBe&ammdragﬁws%QO%O%ﬁéBEoBGTéEB%@QZ/ 006190 - 51 responses
after immunizatjon with the rePeat gegtlde in the contlnuous core systemis

expect ed becBGsE trePvupat C5P12-48RUERCESSRr dhotBpr bt t14RFR. The
result is ipgpsteAntresmlithain spechpbeak| y26h€ofidl hrdagirgt r{SPdnse to

the core carrier than the repeat peptide 1in the
continuous system (titer 1:1.25 x 10° vs 3 x 10%) . Since
15 the desired response to the foreign protein is at least
as high as (CSPshort) or even higher than (full-length
CSP) using the repeat peptide in the continuous-core
system, specific immunogenicity with regard to the
inserted foreign sequence is substantially improved
20 when using the truncated, and in particular the full-
length, CSP in the split-core system. In addition, a
strong response to the core carrier makes differential
diagnostics of anti-HBsAg-positive persons {infection
vs anti-HBsAg by wvaccination) more difficult; a low

25 anti-core carrier response is therefore desired.

e) Full-length CSP in the split-core system activates T
cells
Induction of a T cell response was detected by
30 stimulating splenic cells of the gpecifically immunized
mice with rec. HBcCAg or a known T-cell peptide (HBc
120-140) or with rec. CSP or the CSP peptides NANP and
CSP8, and then measuring IL-2 production. All
constructs caused T <cells to appear which were
35 activatable by HBcAg, HBcl20-140, rec. CSP and NANP.
However, only splenic cells of mice immunized with
full-length CSP in the split-core system were able to
be stimulated by the CSP8 peptide to IL-2 production.



5 can be produced only in the split-core system using the split-core
system it is thus possible to address additional epitopes which may
contribute to the protective action of a vaccination. 10 d) 8 cel

responses to the core carrier Both CSPshort and full-length CSP in the
split-core WPs28RB/838585 n an approx. 25-fold meaR%?/Fg%BBﬁé%°§b9°the core
carrier than the repeat peptide in the onti nuous system (titer 1:1.25 x
105 vs 3 x 106). Since 15 the desired résponse to the foreign protein is at

| east as high as (CSPshort) or even higher than (full-length CSP) using

t he repeat peptide in the continuous-core system specific_inmunogenicity
with regard Toergéorensdritedirdlel RIEBESHTCCPRS BYIpSE afeSaLEy iiraved 20
when using t heohercatesspaisei N Rt | cthar tdagthiwhoud enghby-£SF=48 the
split-core system_ In add?tlon, a stro respqnse to._the core carrier nakes
di fferenti al eHF&Qﬁo§PP€§IHFtaﬁ§F9HB§A§%%O "F@gg §§W§Gns (infection vs
anti-HBsAg by vaccination) nore difficult; a low 25 anti-core carrier
response is therefore desired. e) Full-length CSP in the split-core system
activates T cells Induction of a T cell response was detected by 30
stinmulating splenic cells of the specifically inmunized mce with rec.
HBcAg or a known T-cell peptide (HBc 120-140) or with rec. CSP or the CSP
pepti des NANP and CSP8, and then neasuring IL-2 production. Al constructs
caused T cells to appear which were 35 activatable by HBcAg, HBc120-140,

rec. CSP and NANP. However, only splenic cells of mce imunized with

full-length CSP in the split-core systemwere able to be stinulated by the
CSP8 peptide to IL-2 production. WO 2008/ 028535 PCT/ EP2007/ 006190 - 52
Therefore, the full-length CSP construct results in a broader response than

t he conti nuous onl y-repeat



pepti de construct also at the T-cell level. WO 2008/ 028535 PCT/ EP2007/ 006190
- 53 University Hospital Freiburg Cains 5 1. Asplit-core carrier system
whi ch has, as separate pol ypeptides, the core N domain and the core C
donain of the core protein of a hepatitis B virus and at_Ie one forelgn
mol ecul e to Wi H0& ﬁggﬁﬁﬁﬁe response is to be eh(§QQﬁFP%ﬁﬂ%thﬁ

nol ecul e being fused to the C 10 termingtg of the core N domain or to the N
termnus of the core C domain and the core protein being able to bind
capsid-like particles, andohiwet®iey dospliesl Freliouirg fused to a core
protein amno acid which is |ocated between positions 73 and 94 of the core
15 protein. 2. The split-core carrier systemas clainmed in claim 1,
characteri zedlaitmghat the hepatitis B virus is specific to mammals. 20 3.
The split-core carrier systemas clainmed in claim 2, characterized in that
the core protein has the sequence of a human hepatitis B virus. 25 4. The
split-corse carrieh spéieﬁcasecharmédriﬁystamnmhzchCMasunaHisﬂﬂhﬁatehat t he
core protei no Ci h f£ore
carrier syst n?ggégﬁé?%%d F%%éﬁﬂnﬁfqﬁ QSQFS m?\%ﬁé éoﬁgrgéﬁgéﬁied in that
the foreign OﬁDFb@uF@rBspéﬁtéﬁnﬂn@fa@l @e@@@fuén@e Bof\flgum gl rptoflenst

pat hogeni ¢ béﬁéeEbEEEgﬁ ﬁHT%dﬂyéttd“%ﬁi&@féﬁeimﬁﬁﬁée@%%ﬁoﬁb%|q%ﬂtkﬁ any of
35 clainse 1 to characterized in that the foreig nol ecule is an am no

acid sequenc@eoﬁiéchﬁﬁelﬁaéﬁ §°r§éﬂﬁo@€ﬁﬁ€uéﬁk§ﬁ9§ﬁefqﬂ?qxﬂq|Qﬁﬂzﬁ‘ of the
mal ari a 1(pat begrimufl agmdicduneded Chpabka nWar2 008 10R85RS ReHiBE0QH 006190

the core C domain and the core protein belng able to

bind capsid-like particles, and the foreign molecule

being fused to a core protein amino acid which is

located between positions 73 and 94 of the core
15 protein.

2. The split-core carrier system as claimed in claim
1, characterized in that the hepatitis B wvirus 1is
specific to mammals.

20
3. The split-core carrier system as claimed in claim
2, characterized in that the core protein has the
sequence of a human hepatitis B virus.

25 4. The split-core carrier system as claimed in claim

2, characterized in that the core protein has the amino
acid sequence of the WHV.

5. The split-core carrier system as claimed in any of

30 claims 1 to 4, characterized in that the foreign
molecule is an amino acid seguence of a protein of a
pathogenic bacterium.

6. The split-core carrier system as claimed in any of

35 claims 1 to 4, characterized in that the foreign
molecule is an amino acid sequence of a protein of a
pathogenic eukaryote, in particular of the malaria
pathogen, Plasmodium falciparum.



- 54 7. The split-core carrier systemas clainmed in any of clains 1 to 4,
characterized in that the foreign nolecule is an am no acid sequence of a
protein of a 5 virus. 8. The split-core carrier systemas clainmed in any of
claims 1 to 4, characterized in that the foreign nolecule is an amno acid
sequence of W0 RBIGRERRA ng 10 its own pat hogeni cPCF/BERLOP7IO083E0al , in
particular a tunor marker protein. 9. clhe split-core carrier system as
claimed in any of <clains 1 to 4, characterized in that the foreign 15

nol ecule is selected fromthe group consisting of a) the sequence of the
biotin acceptor peptide  b) the sequence of the ACI D peptide c) the sequence
of the z33 domai MRRISREH-TFORE 2B biof eP¥SpEW) a8 helaéBgende 61t RE GB1

domai n of pr@tLims G1 1Go A gret hathfcduEpadd Ndra GaY ertHeor fodiegiogn

nol ecul es, in partjcular foreifn proteins, to which an 25 inmnmune response
is to be ind%d%f“ i tf G r? n?iP§ﬂ§y%ﬁﬂ?%P%ﬁo? i @ STt 8F he core
antigen 6f arifhepatitis B virus and secondly has a foreign nolecule, in
particul ar a heterol ogous protein sequence, 30 wherein the foreign nol ecul e,

in particular the heterologous protein sequence is fused to the core N
domai n or the. corEnd siphbf ncadoansareaar ofyposmt asncldimed dpstngamiof

position 94 { patitis B i er.ej ypepti de
chai n of the%%%nﬁg?erfi. g{di n 'er_rcﬁr%[rgacf%eﬁghzgérh d?&mps%??% otﬁletr?hteée%gg domai n
or upstreamefeqhle coseal @ovimion awithrerausneedof nat pae teon? Ges/1028535

PCT/ EP29Q7/ 0063 9un- panofjehl1®f 15800 P AP AN  BarkeEeign ol ecul e,

tumor marker protein.

9. The split-core carrier system as claimed in any of
claims 1 to 4, characterized in that the foreign
15 molecule is selected from the group consisting of

a) the sequence of the biotin acceptor peptide

b) the sequence of the ACID peptide

c) the sequence of the Z33 domain derived from
20 protein A

d) the sequence of the GBl domain of protein G.

10. A method of preparing a carrier for foreign
molecules, in particular foreign proteins, to which an

25 immune response is to be induced, which carrier firstly
has a protein sequence of the core antigen of a
hepatitis B wvirus and secondly has a foreign molecule,
in particular a heterologous protein sequence,

30 wherein the foreign molecule, in particular the
heterologous protein sequence is fused to the core N
domain or the core C domain downstream of position 73
or upstream of position 94 of the hepatitis B core
region, and

35
wherein the polypeptide chain of the carrier is
interrupted either downstream of the core N domain or
upstream of the core C domain, characterized in that



particul ar the heterol ogous protein sequence, or the core C domain and the
foreign nolecule, in particular 5 the heterol ogous protein sequence, are
expressed separately as fusion proteins, or that a recognition sequence for
a protease is inserted between core N and foreign nolecule, in 10
particul ar hBPe2BPBEBE858Bot ei n sequence, or bet wedCTHERIYN /A& e, in
particul ar heterol ogous protein sequengg,_and core C, and the split-core
vaccine is cleaved by the protease into two pol ypeptides after expression
but before usage, and 15 that capsid-like particles are fornmed. 11. The

met hod as clained in_claim210, characterized in that the heterol ogous
protei n sequBRERSTs thEt £ N2GoBR1nudh efnEPTEAROMOARNG Saci ! 74 or
upstream of paptpeudgird ke ohetheoctogouantpaetedh hepAldridess, BorlZxndhe

met hod as cl ai ned_jn,either OE %5? 10-11, ihargctenized i,n. that the

het er ol ogousCPbF el g Prtie; A28 NE ARKTETT QLT BAEL 48 FATG GEiHs in

| ength. 153. The mitdmaladogdus negronedhal mdfemdwr acteel zeskpresddiat t he
het er ol ogous i r gt ei u Ls.at least 120 anmino acids in

| ength. 30 1?%8%%ég§%?h%% ggsgﬁgiﬁgé%F%ﬁghy of claims 9-12, characterized
in that two separate pol ypeptides are expressed with the aid of a

bi ci stronic ECtF’ﬁatt hg ELL§ nPQ&éﬁHep%]é&&eﬁeémrféf NG, t 'Er&@é%é\' damai n and
the 35 second polypeptide conprising the core C donmain, and the

het er ol ogousipFerErf sbgtweer beca§ f dsednd t HOTrgign t MOIGIErSw nu of t he
core N dgpmai gaQEi&mabe At &5 1B HMSs Ofp At iGPT 8 euder®i, N. o0 FO0RIL28535
PCT/ EP2007/ 006190 - 56. 15. A nedi canent havi ng capsid-like particles,
characterizeHOFﬁlgﬁaﬂn%%?ﬂu%%rtﬂé}e?aﬁéééuéa§plg?

sequence, and core C, and the split-core vaccine is

;gsg%ogous rotein

cleaved by the protease into two polypeptides after
expression but before usage, and

15
that capsid-like particles are formed,

11. The method as claimed in claim 10, characterized
in that the heteroclogous protein sequence 1is attached

20 by fusion downstream of amino acid 74 or upstream of
aminc acid 85 of the core antigen of hepatitis B.

12, The method as claimed in either of claims 10-11,
characterized in that the heterologous foreign protein
25 sequence is at least 40 amino acids in length.

13. The methed as claimed in claim 10, characterized
in that the heterologous foreign protein sequence is at
least 120 amino acids in length.
30
14. The method as claimed in any of claims 9-12,
characterized in that two separate polypeptides are
expressed with the aid of a bicistronic vector, the
first polypeptide comprising the core N domain and the
35 second polypeptide comprising the core C domain, and
the heterologous protein sequence being fused either to
the C terminus of the core N domain or to the N
terminus of the core C domain.



carrier systemas clainmed in any of clains 1 to 8. 5 16. The nedi canent as
clainmed in claim214, characterized in that it is a vaccine. 17. A
di agnosti c agent having capsid-like particles, 10 characterized in that

said particles have a split-core carrier systemas clained in any of clains
1to 8. WO 2008/028535 PCT/EP2007/006190

- 5§ -

15. A medicament having capsid-like particles,
characterized in that said particles have a split-core
carrier system as claimed in any of claimgs 1 to 8.

16. The medicament as claimed in claim 14,
characterized in that it is a vaccine.

17. A diagnostic agent having capsid-like particles,
10 characterized in that said particles have a split-core
carrier system as claimed in any of claims 1 to 8.



