WO 2008/ 028535 PCT/ EP2007/ 006190 Split-core particles for the presentation
of foreign nolecules, especially for vaccine applications, and nethod for

* their production 5 The present invention relates to novel carriers for

vacci nes but also for other nolecules, based on the hepatitis B virus core
antigen. For@® gh0e%d #8%atFd sequences which may b@T/ER2PATHOPEILP Oar e
incorporated into the hepatitis virus core antigen. The vaccine is 10
intended to enabl e antibodies to these protein sequences to be produced,

wi th preferencg,bai no.g Pk e 40 & oSOt ye ﬂeg@war@laz;w Atd heyli es. The
particles of the invention may also stinulate the cellul ar i mmine response
(T cells). The™RépEHLEFs BSEBFa2pLyt EPR MASCiBet ARPHLEPRELOYSof 2RHI tipl e
copies being able to forn1mgaagadfbkkehgggtbgbaﬁcthﬁse capsid-like
particles (CLPs) are particularly suited to the production of vaccines
because they stinulate the i mune system and thereby increase antibody

pro?ucti Gn. The @xRiessi Olndent yaﬁcimiaﬁx-f@f nghyva@a%f{néf@a Ffroalsfanlt
application a carrier syst elicit ral, an ellu ar
e 1 eap o RSE T p et b B herhi t PLlBEy TR sy nAAGREr (el 650

i cosahedral isywarettys (d aveters appeoxanB8igan) varéugmoanﬂtaobch&O or 240
copi es of the V|ral cor gﬁoma e Epe core_protein |s cal ed HB%A%_ They

may serve as” % §Tul t'e“Carriers fofm?o?ngOgen el es and ¥aré preferably
applied as |nmUmotbﬁh@m@am}uﬂa|xgwu@acorer@n3cgbar waﬁtlmeSCLSﬂ|Uable

o {1 341 on et Ok, P okeble enalladhe fobs! o Bl ecules ko be

presente on t particle sur SO 1nside require
exposi tion |%eqMﬁm%@Qe§Obﬁxﬂ|mk®®@p¢%e W@ﬁél@#ﬂﬁﬁﬁﬁﬂﬂ%}b@bngsgﬂé§ﬁdues in

the center ofg tﬁﬁo@éct@fa@eafen@ﬁtw@l%%goéﬁt@bee@ée (a8 r 8Giren afecappr ox.

73-94) which 'nclude t he i mmunodom nant ~ B-cel | itope_"c/el” and which
have ~the highesie ekpoention ﬁﬂytﬁésﬁaFFF@Péa§ﬁrF BeCRA e r immune
response (T cells). The hepatitis B core protein has

15 the property of multiple copies being able to £form
capsid-like particles. These capsid-like ©particles
(CLPg) are particularly suited to the production of
vaccines because they stimulate the immune system and
thereby increase antibody production. The expression

20 “waccine” preferably means in the present application a
carrier system which may elicit beth humoral and

cellular immune responses.

Capsids of hepatitis B wviruses 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 1= called HBcZAg. They may serve as
particulate carriers for foreign molecules and are
preferably applied as immuno enhancing antigen carriers
30 for vaccinesg. Suitable modification of the core protein
enables the foreign mcolecules to be presented on the
particle surface (also inside, 1f required). Surface
exposition is optimized by linking the foreign molecule
tc aa residues in the center of the aa sequence 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 meansg amince acid).



3D:structure (aa neans am no acid). WD 2008/ 028535 PCT/ EP2007/006190 2 WO
01/ 77158 describes hepatitis B core antigen fusion proteins, where

- het er ol ogous epitopes are inserted preferably in the region between
positions 61 and 90. 5 US 2003/ 0198649 descri bes hepatitis B virus core

anti gen part Wol es0Bf0®BE8E t he i nMmunogens are conneRTBOEPR0 @7 1§ @ahio
structures to the hepatitis B virus (HB 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, amino acids 79 and 80 of the
core protein were replaced with the 238 am no acid GFP sequence. Nassal et
al. [EBur. J.WDmaupial7 15620059 griipes 665p665F1is13 descei rerta ofeusi bms product  of
the entire Bqrrell, bu rferj [ - tit Erus
capsid proteggé%ﬁégg’to%%ggﬁingmgél scggggﬁdq§%ﬂgﬁ%%§ p%%?ac%h,ega%% am no
acids 18 to 2Tr8fetraldpA irbuthsi rRgibhnket weguepeest beifgbiné®dor Gt ed

bet ween cor e;20 ,pk9Y@h 82308 OspAsc | ekpakschlourmal Lt Bi ol agi-cal
Chemi stry, 2006. pages 17474-17481) describé presentation of the conplete
OspC pr ot ei na8f LB6Fr P 1 CBESgder MEHICIW TR t HENHIREYIS opat FErReE-$¢ r us

capsid- likeypartitiess HewavelLretha dodhti edoria iy obeinsu@f 2athe
solutions disclosed in the prior art have been faound having no | onger a
tendency t owsPISf oPFP G capdiad-d | RE pidf ti IR ClPSy i n thel vebis @l manner
and theref ogese@ibengerp st(giekat ef T lerdé framne pespense psodécivstosnly. 30

Thi t hat,_wh ti ly.i i f i , ol I b d
bopti doslhr | Broreine SHREBCENE LorEe bl efr ot et T br Hl on SedtuertBine
connect ed bothidisa 7%t sand\ §®rof nuBeandrei @riotei@ twermd mespXaocddevtion e
protein. 35 The Linkage an hoLh,sidgs hag now been found to

Nagsal et al. [Bur. J. Immuncl. (2005), pp. 655-665]
15 describe & fusion product of the entire Borrelia
burgdorferi OspA protein and the hepatitis B virus
capsid protein. Here too, amino acids 75 and 80 were
replaced, with amino 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 virus capsid-
like particles. However, the modified core proteins of
25 the solutions discleosed in the prior art have been
found having no lcnger a tendency toward forming
capsid-like particles (CLPs) 1in the desired manner and
therefore no longer stimulate the immune response
satisfactorily.
30
This means that, when genetically inserting foreign
meolecules 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 sgides has now been found to
drastically eliminate the type and selection of

suitable foreign seguences.



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 I|imtations by generating the core protein in tw separate
parts which surprisingly cone together spontaneously and form capsid
particles i nWR BAABEP2853Fni | ar to the continuous pEQﬁéﬁ?ﬁQﬂ%ﬂGpG¥%@elgn

nol ecul es may be fused either to the N-termnal fragnment (“coreN') or to
the C-term nal fragnent ("coreC') and are therefore linked to the carrier

protein only. kﬁ 't?—”@'o 37 ?f'&e%@%}oé&r‘i&tz‘gﬁl gmb'vg'st atjons of the

| i nkage on bo €s W th e insertion of foreign sequences
into the conﬂﬂmm@a§lop§ptbwe @ﬁaeﬁabinghetb©rec@r©te@ﬁo%ﬁénes%@ntﬁ%wly

renoved. 15 t yst t t hergior e £s: (i)
t he presenta%?gﬁ§§kb o?gfggénnpggﬁgis %ﬁf?%!%@EQggfo ?ﬁglr sf%%ggﬂ%/or

structure, cAROBEANZOUELEseM@d HAFT hE2BEAGertd onatl @dntithuBusTEFReY pr ot ei n

context onlygsVREYapOORY Qﬂu@Otcéﬁtﬁhu@us(lE}oEQQnPFQﬁﬁﬂkﬁtlmeﬁélgn
het er odi nmeri c forelgn pr ot ei ns; i e presentation_of interactive

i
foreign nol BE4FERIFR a™Yexil e, %%ﬁ@ a@&EQ%FbIEOfor e wf St hntial Iy
facilitates iEphemaati on“cuwrn the slesi ted paet ner- ymiracidies; fﬁé)grﬁezvt) t he
presentation Qf ad |ilonal forelgah? keculef vi a.the ad itiona

sur f ace- exposed°NECahd &'Fer A fi f-are predsht inCthne %pl??rr%%ﬁe system

but not in theotenventnlgnatia 35neornidnudus &oressystemhe structural
10 limitations of the linkage on both sides with regard to

the insertion of foreign seguences into the continuous

peptide chain of the <¢ore protein are essentially

removed.

15 The split-core system of the invention therefore

permits:

(1) the presentation of foreign molecules which,
due to their size and/or structure, can be
20 presented in the conventional continucus core

protein context only very poorly or not at all;

(i1) the presentation o©f Theterodimeric foreign
proteins;
25
(iii) the presentation of interactive foreign
moleculeg 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 ccnventional

35 continuous core system.

Hepatitis B viruses (HBVs) are enveloped viruses. The

inner nucleocapsid is also referred tc as core particle



Hepatitis B viruses (HBVs) are envel oped viruses. The inner nucl eocapsid is

also referred to as core particle WO 2008/ 028535 PCT/ EP2007/ 006190 4
("core") and is defined serologically as hepatitis B

,

Cores consist of 180 or 240 copies of the 183-185 as core protein
(dependi ng oW RDOGMD2&iRR ype). The core protein nBRETHEPERPTEEHEA 99

het erol ogously (in bacteria, yeast, euka&yotic cells),

particles" (=CLPs) being forned spontanéously. The latter are not

i nfecti ous si
Suc

envel ope.
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emplcoy in principle any HBV sequences but preference is
being given to the sequences of HBVs capable of

infecting humans.

The amino acid sequence and nucleotide seguence of the
HBV core protein have been disclosed [Galibert et al.,
Nature (1979), pp. 646-650; Nassal, Gene (1988), pages
279-294 or WO 01/77158]1, and reference is made to these
publications. Preference is given to emplcying the core
proctein sequence of the ayw subtype but it is also
possible to use likewise variants, modificaticons of the
HBV sequence such as the sequence of other mammalian
HBVs c¢or avian HBVs. The seqguences are stored in the

publicly accessible gene libraries.

Apart from the human pathogenic hepatitis B virus (HBV
in the narrvow sgsense) 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 wvirus = WHV), the Californian
ground sguirrel (zoological name: Spermophilus

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

|i bert et al.,

grotein szgyence of the a&w subtype but it is also
+ e §f ¥ 25tHBYV S¥§G&nce such
as the sequersieredfor hesudmnupbiaranHBYS combeavilate HBG . fIhe sequences are

t din.th l.i cl i bl ' ies. f t
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35-:ground squirrel (zool ogical name: Spernophilus beecheyi) HBV (ground
squirrel hepatitis B virus = GSHV), and others. WO 2008/ 028535

*PCT/ EP2007/ 006190 5 These viruses possess a genetic structure simlar to
that of human HBV but have distinct differences in their nucl eotide
sequence and Rhud EEMARBSS d sequence of their proPETAEP280THE083800f hunman
HBV core as vaccine carrier is subject_ %o_two possible limtations: 1.

Subj ects suffering froma chronic HBV infection are 10 partially tol erant
to HBV antig t hj 'g)g!pe r LS .J.0LntLy i ble for
the infecti oﬁe&peyzrgggécggé re al s%ég%%?ag?g gll‘ltgglel -%lggen en?_o

anti gen. T-cdlhatepicfopesman tHRE coug phavei rdseguedte didfendyaesf ola

i nvol ved i n tihe, Strong L STUR09enLGELY e Ohnkd MALET igSnbasedsonHBYeere CLPs.
This woul d possibly have no efféct in individuals chronically infected with
HBV, due to tHeifR€R-T@Y°ot%irance to HBV core. However, there is no such
tol erancesto core of WHV and other animal HBVs (cf. Billaud JN. et al.
Advant ages to 20 the use of rodent hegadnavi rus core proteins as .vaccine

pl atforns. VA mee 2@%7*“#%“ 1EY5Ee¥= 389826661 CEFAYSTanSafrmaFHEV core
protein as cald i®fo P Bienefdret ehadvant ageous to this special circle
of potential subjects to be vaccinated. 25 2. OMng to its extraordi nary
strong i mmunogenicity, core elicits a strong anti-core B-cell response
(anti- HBcAg)l.i nswhiesidd) ecfBeatugelfyocor achrtoniciat | yBV nfefeéediom tlreHBY,
cured infections .ar It I h 4 appe of

ant i bodi fég t& at%elaa]ﬁlésdcgénlvéeﬁo%%e %or gf?%fn%r‘?%ﬁlé Hgg%\% Egig}r{r gﬁt ﬁ&%rﬂgl%hyl actic
vacci nes to HRpgfsrt ilen apenbagedresponsible for the infection’s

persistence). Core also acts as a T-cell-dependent
antigen. T-cell epitopes in the ccre protein seguence
are therefore involved in the strong immunogenicity of
15 vaccines based on HBV core CLPs. This would possibly
have no effect in individuals chronically infected with
HBV, due to their T-cell tolerance to HRV core.
However, there is no such tolerance toc core of WHV and
other animal HEVs (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 extracordinary strong immunogenicity,
core elicits a strong anti-core B-cell respcnse ({(anti-
HBcAg) in all subjects acutely or chronically infected
with HBV; cured infecticns are additionalily

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

35 o¢of anti-EBsAg, Jjust 1like an infection that has been
overcome. Whether a subject has acquired anti-HBsAg via
infection or wvia HBgAg vaccination, is of diagnostic

interest in some cases and can be decided by the



excl usively on the HBV envel ope protein (HBsAg). A successful vaccination
theref ore causes the appearance 35 of anti-HBsAg, just |like an infection

"t hat has been overconme. Whether a subject has acquired anti-HBsAg via
infection or via HBsSAg vaccination, is of diagnostic interest in sone cases
and can be dew daDap024E39N0 2008/ 028535 PCT/ EP2007P0TZERQR008B/00€180t i on of
anti-HBcAg which occurs only after infection. A vaccine based on human HBV
core would also elicit a 5 certain anti=core (anti-HBcAg) response in

addi tion to<§4ﬁféh5|red esponse 0.t he |ﬁsehte% f%Eelgn otelg
anti - HBsAg b WentCht RS %ﬁ me" "thirs Wourd nmake X he? FInCtIOH
bet ween HBV iinffegttiiam .and FBsAg vacci nation nDre difficult. 10 Production

of anti-HBcAg has been minimzed in the split-core system since the major
epitope, namely c/el, has been physically separated and can therefore no
| onger be redognieethdybehednmanortiunarof HBWt coHBc Apuls ant$dodl esit Aar esi dual

ant i - HBcAg r‘%.se‘lod‘asﬁrtgnﬁ h@éres‘?gﬂ‘éﬁcﬁgfzggeo'}%sg nisle 1%”% a®{P1 &L N LS

present, —however hi's response can vent or furt reduced by
usi ng a non- HtandeBYredr &eppensien, to pkeferatsiey e Wh@?epﬁpé?épn as

carrier basevh%gzTQEtﬁsﬁﬁgAgaEmﬁgﬂpoﬁﬁéééana%h@ﬂ%9|bbm%oﬁﬁu&§rrtﬁ&s system
of the invention are firstly the core protein of a hepatitis B V|rus and

secondl y t he ¥V ghakdl dcift e 1E61RAFERN AP tiRfTe F@E’poﬁfi@:eeqtsl% gad

elicited. 25ﬁﬁ3h§X¥gthﬁHﬁjdhIﬂbﬂésaﬂﬁﬂﬁgﬁﬁﬂ enmbodi nrent is derived from
any hepatitis B virus. Various hepatitis B viruses are known. Preference is

gi ven tolgnploylng according to the invention those sequences which are
derived frompProduction of anti-HBcAg has been minimized in 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 antibedies. A residual anti-HBcAg response to other
sequence regions of the core protein 1is present,
however. This response can be prevented or further
reduced by wusing a non-human HBV core protein,

preferably the WHV core protein, as carrier base.

20
The essential components of the gplit-core carrier
system of the invention are firstly the core protein of
a hepatitis B virus and sgecondly the foreign molecule
tc which an immune response 1is to be elicited.

25

The core protein in its broadest embodiment is derived
from any hepatitis B virus. 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 £rom
mammals and are specific to these. Particular
preference is given to employing human HBV. In addition
to this, however, it 1is alsc possible for those
hepatitis B viruses providing the sequence of the core
35 protein to criginate from other animals, for example

birds such as ducks or herons.



30 -hepatitis B viruses that have been isolated from mammuals and are
specific to these. Particular preference is given to enploying 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
ot her ani mal 0 RAO8IRABBIPE birds such as ducks or REFHRB20Y 20682028535
PCT/ EP2007/ 006190 7 The other conponent, nanely the foreign nolecule to
whi ch an i mune response is to be elicited, may be in principle any

lecule. P is gi tej - tigylarl
e TS s i e Lacoacpl e semenes gnconc gl

preferably to those I'n sequences ound on the surfaces of
pat hogens andhifsicrmekeneont 2EEPRNER tise igmbhecldgdtem MAW Hee i ffune

systemis ablg it pnedugg, amihadies pocguchrsurface stydict uees ofo
pat hogens, the |lafter are inactivated after contact wth the 10 individual

conponent s ofPTCREIMMARBIFRATMRY PRECIGHLET ANt BF PEIY, F thheRe
pat hogeni g i pyadern nesa@dhyebeind clesiroyedund canpankseurgaddie wpodchuck

hepatitis B virus (VHV) 5 sequences avail abl e in databases with the am no
acid of thep%%ggﬁﬁl&t eiaﬁl]aof “ﬁB\;}( ay Wbt ST 2GS nd&tHh i deht i 1B about

60% Differergesem the segiencesmaie Pafddeul sl yapronm nentpiradtibe regi on
bet ween aninogﬁg%%d&positions and this seguence includ the 20

66 a 94, e
ol el epitope s SEnd B Up T4 s LREHIS® (B DT IRt Ton, “hhe
di vidi ng sitdateteameenatrhe Nibhectminatedr egforerand doneaCit erwiihlhl regeon of

t he core, prot.ej . a [ rly preterre di this diyLding
siteis %@tmégﬁﬂg%F#%lacggbb?&%%%S 8?& Zgﬁﬁqugﬁgpg-c%§g£%grr#%r %%%tens of
the inventi owvawereatgdeparadibytseparatl ng ttive W toogenprot eimva@guence at

the nucleic agjdheyehReweraResiddi on 79 (codes for

A comparison of the woodchuck hepatitis B virus (WHV)
15 sequences avalilable in databases with the amino acid of
the core protein of HBV (ayw subtype) finds an identity
of about 60%. Differences 1in the sequences are
particularly prominent in the region between amino acid
positions 66 and 94, and this sequence includes the
20 c¢/el epitope and, in the HBV gplit-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

gite is between amino acids 79 and 81.

25
WHV split-core carrier sgystems of the invention were
prepared by separating the WHV core protein sequence at
the nucleic acid level between position 79 (codes for
the amino acid Glu) and position 80 (codes for the
30 amino acid glutamine). At the nucleotide level, a

seguence encoding BamHl cleavage site was added to the
carboxy terminug of the N-terminal core protein gegment
of WHV (abbreviated as WcoreN). Downstream thereof
followed a second ribosomal binding site and an Ndel
35 restriction endonuclease cleavage site which in turn
overlaps with the start codon of the WHV coreC {(WcoreC)
segment. This arrangement 1s identical with the

preferred arrangement in the corresponding HBV split-



the amno acid A u) and position 80 (codes for the 30 ami no acid gl utam ne).
At the nucleotide level, a sequence encoding BanH cl eavage site was added
‘to the carboxy termnus of the N-term nal core protein segnment of WHV
(abbreviated as WoreN). Downstreamthereof followed a second ribosonal

bi ndi ng sitewWn®08/N@H5335 restriction endonucl easBCEYBRIBYE/8PEB9Rhi ch in
turn overlaps with the start codon of the WHV coreC (WoreC) segnent. This
arrangenment is identical with the preferred arrangenent in the

cor r espondi ng.tBY splLi.L V0 2008/ 038535 PET(ERR007/ 006190,.,5 B cor &,
constructs. 'S enabl'8s I Rs&itions To be ransferred directly from one
systemto t héwmwtisderomel qitdctie ardmofore BanddeNded dihgestlilorr ©net he case
descri bed herg, ,\WpreN _cont gakns, a efjqat i Fgc‘itb%tit Lian,. nanely E79D,
and addi ti onal t)}q aeé’gasﬁa gn ?gr% n%ﬂg?ﬁ n% %c:éﬁg% ue to tﬁe intr oduc%d BantHl
cl eavage sit élespiideshs heradver ¥ecskNect CORTRABS abRl i t §OPBETHRELParti cl es,

and the Giterdyiial: fifraldme. na WM P9Eb oD t SR o &a5E: &18:51 Bf agce, ddicpeases the
10 stability of the split, protein, Like HBV split core, ~~WoreC contains an
addi tional stt&HiFSthi GHIAE iFihi s IhisetUpstreant BETEBOCEE81BAHIHBY) |
This WAV spl id1corge Censter uctrHier nedspanbi chaseegual by rastwebh ashthe

correspondi ng HBV split-core construct. 15 In_a further, enpodi nent of the
present inve%tqlgrjr,ty'ltohteo g?’f‘@rﬁ?‘ﬁ&llcﬁﬁﬁi'oﬁngnd:kt%ecl\];?@}urﬁ | PY@4tBhi‘ of the
core protei pwiay ortgi ndte fromtkdder enbcshepahikl, s Bnadgdsas. thethis

casenti arPy’ s PeomoheRtS THE N PEPRIAL dore prBt et Tegi SRFr om a
hepatitis B WoawsC famtexarpla eaddmuriebattidits Betiviownsne t henf bhésgn
fg'giegﬁ' gftghgagsgefe@géf@%%f e8PENSEs MY, BBl T chisd Rad Lpe; C-Lsra nal
construct formed particles equally 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 invention has egsentially three
components, the N-terminal core protein region from a
hepatitis B virus, 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 sequences 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 between
position 72 {codes for the amino acid Glu) and position

80 {(codes for the amino acid glutamine}. At the



25 .protein which originates fromanother hepatitis B virus, for exanple
fromWHV. Such a hybrid split-core construct also fornmed particles w thout
-any problens. Since the am no acid sequences of the core proteins from
different hepatitis B viruses are different, the 30 B- and T-cell epitopes
al so differ. WwihedydozBsyg it- core system can ther efc@/ergpedi/Doealsioy

i nfl uence the inmune response to the particulate carrier. Preferred hybrid
split-core carrier systenms of the 35 T n¥ention were prepared by separating
the WHV core 1froteln sequence at the nucleic acid | evel posi tion

bet
79 (codes for™ EVEia W STEYIET i BRECEH P ey o\ﬁ?ﬁgagﬁr no acid
gl utam ne). Alidde AR 2Q0B1E28%35 PRE/ EcE’QﬁB&’k@OGﬂé)ﬂnlrms nud eafiedeni-evel , a

the N termi ndi BORe pFore: i Clgnent BPURY (SpbYEV ol B0 e TS ol
Downst r eam t rrefcecéN)folIb@nmlt:aemct)hneirmboéohﬁbwédbandengndl tr:ebaﬂdmari Ndel
restricti gon ‘%%?' ea aggns Cgﬁ%eW‘" %QF'tQ;rh!e&eno"%hd%%cwe%r@et he

start core V\éore Segnen ar rangement
i dent i cal Wi tdﬂ.etalmc_per efser:reedﬂlamlangerrehtrnl ouere gy rwspbncnhﬁg HBWrt

split-core consisyct gﬁ }Ee 10Wﬁ§}ab|@iréﬂser wggr_g%cto be.dhanst er gﬁq directly
e ot her

fromone system to t one wt e ai - Ndel I gestion.
In the case dEgEIdRtEHeres VWoreNzbnvakhsthyg @éﬁ§éi‘fv9ﬂ| PETIDPSTEOGt i on,

nanmel y E79D, gndipaddidipoabdyaend @1@3\/5 Egh M oabram gy &chtht dueThqsthe 15
i ntroduced BanH_ cl eavage site. has no adverse_ effect on the ability

to form pért i%r%le%nm%%t@n%erﬁl ﬂr@r Sra s i rasiv e ot Y st HPBt 88Se
resi stance, dypoi@ases the stalitibyeofyithe spbi hipr i f. shinke -KEM1 split
core, WoreC nt al ns an_addj t| onal ar th| onine, in this case
upst r eam of Lg% n J—r-iBVj'r ¢ TR c‘iﬁ?ﬁrréiet v%%r%blﬂc?ﬁeyoﬂf‘ﬁﬁrlﬂscl es
W t hout conservatlve substitution, namely E79D, and
addltionally a P ag C-terminal amino acid, due to the
15 introduced BamH! cleavage site. This has no adverse
effect on the ability to form particles, and the C-
terminal precline, owing to its protease resistance,
increases the stability of the split protein. Like HBV
gplit core, WcoreC contains an additional start
20 methionine, in this cage upstream of Q80 (S81 in HBV).
This construct was able to form particles withcout

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 esgsential
here. 8Said structure can be depicted by conventional
negative stain electromicroscopy and alsc be cryvo
30 electron microscopy. The particulate nature can be
detected biochemically by sedimentation i1in sucrose
gradients (sedimentation coefficient of 60-80 S,
depending on the wvarilant; for comparison: gcluble
monomeric proteins: approx. 1-5 $; eukaryotic ribosomal
35 subunits: 408 + 608). In addition, the particles have a
distinct migration behavior in native gel
electrophoresis in agarcse gels, which 1is different

from that of nonparticulate forms. This makes it



probl ens. Natural HBcAg as well as reconbinant HBV CLPs are 25 highly

i mmunogenic (T cell-independent and T cell- dependent antigen). The
-symmetric, multinmeric particulate structure of the core particle is
essential here. Said structure can be depicted by conventional negative
stain el ectr o cxeseayssdwl al so be cryo 30 el ect ropconi/eresooppoeise
particul ate nature can be detected biochem cally by sedinentation in
sucrose gradients (sedinentation coeffiidient of 60-80 S, depending on the
variant; for conparjson: soluble nonomeric proteins: agﬁrgx.

1-5. S
eukaryotic rilfosohRlI® 35° stBaRFéneapseEegS)CL S SR 7 Eh&hs&PETcl es
have a distifgd ghatidmbehov ointd neiaidwve ged seheeiwephoresis in
agarose gels, which is different fromthat of nonparticulate forns. This
makes it WD 2008/ 028535 PCT/ EP2007/ 006190 10 possible to determ ne whet her
CLPs can formos wBet here tiheopsnt ehas arss psesest winiirout a€i @s stithet ur e
The HBV cqre tein_has 183 o 85 amino acids (the 5 WH¥ rotein has 187
am no aci ds) V@’F}\g 858%?%?5%&5 t{n%% GORECNST T HE fi Pgt céjﬁl rlos’x.solcﬁ% &&%%r e
requi red and dendfnsi enthef 0E1€CEP assmndyky (lasenbl yadenaiaguindte a@dt er mi nal
region is rich in i,C n | nds l.e] c I ds. I, na
truncated corseu%frko%géisr%t vgércflgnglﬁpo %asasl%q%}g) v%%ggg%rlggsgg%%ﬁ%? He l(g)r‘é'legi nal E.
coli expressioresystehsraybst ahti nitly betbesichan ehd babhds hagdel cpr ot ei n.

CLPs of core RLOdel Nal cdferhifa1 1 LOMIAMG] eL6-8C 0 I NG domphn, wer e

therefore wutilized medi um and” hi gh resolution EM structural 15 studies.
Thus it Wls pasibl4Pt o Water mxradfedr yshal thet rue¥rigenadt t Be CPPS and of

the protein. AghasshgensyREedicted, fipahemical byrrthe tophe Prot ginf orms
very stable, symmetrical diners which assenble to give CLPs conprising 90
or 120 di merstength protein. CLPs of core protéin 1-145, 1i.e.
without nucleic acid 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 wmonomer contributing two long
a-helices in the center of the aa sequence. The spike
25 tips comprise the amino acids (za) 1in the aa 74-85
region. This region also carries the immuncdominant
B-cell epitope of HBcAg (c/el epitcope), 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 (asgembly domain); a
preferred C-terminal aa position is 149; a His tag may

be fused to this position and to any downstream aa, up



20 The core particles have conspi cuous spi kes; each diner forns a spike
whose structure consists of a bundle of 4 helices, with each nononer
‘contributing two long a-helices in the center of the as sequence. The spi ke
25 tips conprise the amno acids (aa) in the as 74-85 region. This region
al so carri es woheoosnoeedas nant  B-cell epitope of BBrAgpfobwryoepibope), and
its particularly high i munogenicity can be explained by the surface
exposi tion of these residues. 30 Figureli depicts diagrammatically the core
protein structure. The prinmary %Sgr nce of the HBV core Erotein i

is
depi cted on t4fe A% hahd i te of g 1-PHelPent The pfot eFRIEBRSI sts of
183 as (185 ass i losoed HBY 3besulgipes)of ophysthe Mnterfurmal @opr oxf 140 as

are required. for. CLP formatio assenpl y. domain).; a referre -term na
as position iee45°R b.e&‘"’?s& rrfhf& %Pemfﬁ%]edagg‘e? icgspo@?‘?etitoonm agﬁgﬁ)‘any
downst r eam ag&heauphad0 200 8¢ H28535v LECTMEP2087/t00643X ed, Mith opaalk88lyw t hout
di sturbing t Ps._The |..epLto N o] i-n t i 0 ar78-83
and fornsgpaEﬁuiﬁaat?%gﬁ%%%gb%?m%éngﬁﬁékgght%gkgﬁ.}Eéfgggi%?ﬁ%? o%? eft).
The hel i ces theeriskiares fmayn baat r Giy&kedonwiatl piobabbyes theiag rededues up

to position E%ﬁé N car.e . d i.du rom. 94 d in coreC
bei ng t he rgz ,réﬁgkiﬁﬁﬁﬁﬁF' he%?%gh%?%ggdﬁépge %}a%i5%¥e Egggg%ig%s a
di agr ammat i ¢ Geaprddserit atlasgromat oreEepreatditht Wieel onfgre herewditent er

helices per nonyer ape,10.13bhown,, Thenekel £Piiops i oaahedeen Lbe
particle surface. For a successful particle formation, the core as
sequencelfustSHaEl-udéhgt Fedst §F9iWonisq0lopreder a5t y thes BRTFLE4E
position 149 ghtsgmy al so extend further up to the C-term nal aal83 or 185,
dependi ng on the HBV
For a succesgsful particie formation, the core aa
sequence must include at least position 140, preferably
15 at least position 149, but may also extend further up
to the C-terminal aal83 or 185, depending onn the HBV
subtype. The aa sequence downstream of position 140,
better 149, may be replaced with foreign sequences
which are then usually located 1inside the CLPs.
20 Antibodies are not primarily produced against such
foreign amino acids they may fulfiil other functions,

however.

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

immunogenicity-enhancing carrier for foreign antigens.

An alternative sgolution is chemical coupling of foreign
molecules to preformed CLPs. The present invention
30 provides a genetic fusion of foreign aa seguences 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
befcre the X-ray crystallography structure had been
35 resclved. 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 nct have per se any structural function, the 3D



subtype. The as sequence downstream of position 140, better 149, may be
repl aced with foreign sequences which are then usually | ocated inside the
-CLPs. 20 Antibodies are not primarily produced agai nst such foreign am no
acids they may fulfill other functions, however. OsMng to the

ext raor di nar wby 2ipgh oi2@mumogeni city of 25 HBcAg, reeppbpneot /1 60PS are
attractive for use as i mrunogenicity-enhancing carrier for foreign

antigens. An alternative solution is-chénical coupling of foreign
nol ecul es to preforned CLPs. The present invention 30 provides a genetic
fusi on of foPérgRtagesedfencds t oCC¥he BEPECHFOt EFY. TIHE r efidit of 1Rhe cf el

epi tope proveeinhepget 0 b besirsihigd tipohndugisRgtpekentoB- cebleiggsponses,
on the basis of enpirical trials and even _before the X-ray, crystall ography
structure hadSBEERCSS -r dERSFEHENT tOPasRowBECHe BH IO tHer baSi s of
said structgbee tbat suede f Usians: r ppoesent i MSer tdoans rud otot heotk@op

bet ween the centﬁr hel i ces. .Si.nce thl%éloog does ngt have per se any
structural fOREEFGE, tHES 3B WODHUB/ 6285351 PCHEP260YAEE6 19067 121159

structure of velheuser eclpr otetraigny ardind easidi Begpennei pleg; dHéveetai ped upon

insertion of _fareign_ sequences. pendi ng_on the foreign sequence _inserted,

sonme of thosgf%&&tonfﬁfgf%?nsoﬁra)?g(%onf‘ilﬁhgnt @?Or(}r%% F%gﬁllcg}l%&Ps?%?though

this is not akwajisujaaranteedctbeeaul3e t hesf opergn iam resackdaseqgfience may

adversely a%E% ti%ﬂ& b@%nﬁEiE e fusion protein structure. The particulate
[

structure for s part rs éssential for high imunogenicity. 10 A
multiplit®Pty of foreign sequences has previously been inserted into the

o Lt s, L SO e ol N AL TO0ED ) L) gy o . e
ingerted intc the core protein, and 1in some cases
increased immunogenicity has also been detected
experimentally [Ulrich et al., Adv. Virus Res. (1598),

15 pp. 141-182]. However, since many attempts cf inserting
relatively 1long foreign sequences, with more than
approx. 40 aa, failed (particles no Ilonger Dbeing
fermed), it was assumed that there is a naturally
limited capacity for receiving foreign sequences cf 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 be
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 molety, 1.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 [corel]};

35 (i1) if the foreign protein itself makes homomeric
interactions {dimers, trimers, etc.), the

structure of these homo-cligomers must likewise



15 .pp. 141-182]. However, since many attenpts of inserting relatively |ong
foreign sequences, wth nore than approx. 40 aa, failed (particles no

-l onger bei ng
capacity for

case, up to MWD HH8MAF&I YN ami no acid sequences fuPEd/a&P20RE/C06ALAI nuS
and the Ntermnus to the core protein re found to formparticles only,

formed), it was assuned that there is a naturally limted

receiving foreign sequences of up 20 to 40 as or, in a special

if at least two essential criteria 25 dre net: (i) the 3D structure of the

foreign protein t be suclq %g its Nterm an dwC tcce)gm nt%stfelltnln
with the spatial posittdn”dft Ilsﬁkrélﬁguﬁgl r‘ﬁ F 30"TheEor 8 préesin (C
term nus of the Nwiceraniivsd. core noiety, i.e. core as fromapprox. 1 to
approx. 78 [coreN]; Ntermnus of the Ctermnal <core noiety, i.e. core as

from appr ox.

80 to 149 or 183 [core(C]); 35 (ii) if the foreign protein
itsel f nmakes By i proi:miesao»thm Kdiamt sC trdrreys, ere. )inthéosstructure

of these Bofm%x%l% % Né%ﬁﬁ%@?&éé@%@%ePQ}%EB?_QQ%/ Q:Q@i% - 13
fit inwth estrutureo e two core protein noieties. Foreig

prot ei ns whoseliN&thdtC terefentarieon nigl p¥evisusdoxidd 3gleged héuﬁapinve 3D
structure are,therefor Q}W'rﬁee@'%@@h@f PEgsest @é&;@h’.‘réﬂeHE@VbQE‘Sh}éngl scl osed
fusion proteins. GFP neets both of these requirenents but nman t

proteins do MtheHiFBET FDfPhe PRt 8¥ETRIe het Bhﬁella‘éﬁf-’?aéé BFStein A
(GspA) of thexlyde duggase é@r@@f&hﬁﬁ@ﬂi (B@rprAQ“@betElgéiorLnyil’é d‘ﬂ’@@&%eNf aggl g
termini _are o osite sides of the Iq tructure nsertion.o p
or ot her BrotR—ﬁtﬁé‘P th Qogfﬁiilﬁr ItSVrglﬂ?frfn\?g’rlabl@“%ﬁ uRt G resbPrRIfh

tensions in tde farsicppds o aiielar i tirer ,1d-he Foreaigretpraet.ei n remai ns

correctly
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35

Insertion of OspA or other proteins with a similarly
unfavorable structure results in tensions in the fusion
protein. Either, the foreign protein remains correctly
folded and prevents the two core protein moieties from
approaching each other, thus preventing their folding
and subseguent dimerization and particle formatiocn; or,
felding of the core protein moiety impairs folding of
the foreign protein which either i1g no lconger native
(> altered antigenicity) or -~ if massively misfolded -

leads to aggregation.

In the case of OspA, this problem was circumvented only
partially by utilizing wvery long 1linker sequences.
These linker sequences represent a potential problem,
especially for wvaccine applications, in that they could
have undesired antigenicity of their own, possibly
resulting in harmful cross reactions, for example with
endogenous antigens. Moreover, corresponding protein
preparations had only wvery limited capability of
forming regular CLPs.

In addition, general steric hindrance could be a
problem with wvery large foreign proteing 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



fol-ded 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 noiety inpairs folding
of 20 the foreign protein which either is no |longer native (> altered

anti genicity)wor2e0d foresss vel y misfol ded - | eads t ecaggregatzi/onsilon t he
case of GspA, this problemwas circunvented only 25 partially by utilizing
very long linker sequences. These |inké¥ sequences represent a potenti al
problem especially for vaccine apE_)I ications, in that , Q@ﬁ coul d_, have
undesi red antGigehlei (5P ThePPr bl ®pos<ih ySP7 ] uPtdhd 37 Shat ™ GPScr oss
reactions, forsgxamd£l wdlhr3-endogenotise anti.pensisMienayeed)cor magpondi ng
protein preparations had orglé verf_r;%> li.m ted ca abi%i t% gf ltlorm' n rlegul ar
CLPs. In additoimyehefal ©5t &FFc Hiifdih & Tou'd B 35°r 6I'Em i th very
| ar ge forei grnEqroixed ns The f onetlgnd pedt eths whhehngi eat | adeveatreatiyom a

gl obul ar _.structure wW. ng t di meri c u f .t he gor otein
carrier ar‘rid t ueccgééeodn% r%galé%?%}% rﬁeguﬁ%}c%% %%83]96;28 aEprB'i(.

PCT/ EP2007/ 0082®0aa - (U3P) of the carrier particles (the space avail able on
the "spherical surface" of the CLPs is limted). The maxinum size of the
foreign protein depends on several factors. The nmethod of the invention has
al ready 5 sucBeederEsentpredesnt hop at herefgne protetasofcapproxit-g20eas

(CSP). The pregentyd rw}?féﬂzOHagh%rsef@p%ﬂa%I@tﬁ}t&&?cﬁégj,t-@19@ eco¥acgi ne
whi ch has as separate pol ypeptides, the core N” 10 donain and the core C
domai n oft Ot hedHHie! prod eF AtofC X ehepa PR B BOGi FhS £RF satPTRERI ofé for ei gn

amno acid sequence d opWiiiehsa Haial 1a8d: WhRY eEQRTAPr bt 8o acieel | ul ar

i mmune response is to be e i,ciht ed, said for%‘ gn am no aci d sequence being
fused to the ¥€quence to which a humoral and,” where appropriate, a

cellular immune response 1is to be elicited, said
foreign amino acid seguence being fused to the C
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 1s 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 9%4. The foreign amino acid
sequence may then be fused to the C-terminal end of the

25 core N regiomn. 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 possibkble that
part of the c¢/el epitope is deleted, i.e. that one or
more amino acids have been removed from the region

30 Dbetween amino acids 73 and 94. Alternatively, it 1is
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 casge, 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 sgplit-core wvaccine

particles carrying foreign aminc acid sequences fused



15 termnus 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
essential for the core protein in the split-core vaccine of the invention
to be interrum exbodfrssxs separated, at the c/el epryapepoir/ené1s0

approxi mately between am no acids 73 and 94. The foreign amno acid
sequence may then be fused to the Ctermitnal end of the 25 core Nregion. In
this case, th termnai end .of t core C part starts with,th m no acid
at which the® eetCN Pro e\h&%’ a'f%dfoFF“ |t§“eal S poSEPBIE- ﬁﬁgfi par t
of the c/el epi#topsldss. dﬂhﬁé efls kteeretihatitore aim aliTDEﬂcﬁms@Ogaedd&nhave been
renoved fromthe,region 30 between a cids_73 and 94. ternatl ely, it
is possible Cfrorl?hg fQ'()LP’& gi¥ Hiito At %n]rdeégﬁﬁgﬁ)g OF& WA K 2T T bddi és are to
be produced tihédenfdised dro 4t erimrradcoge iof dlwee qorsssi@leegion. In this
case, the. Ctermnal region of core Ntermnates at the amno 35 acid at
whi ch the core protein has been interrupted. A substantial effect which
nust be retaiTed hyreiwn sphine zore vegeeneeisotwhicbf anhebsgiee- eure

2008/ 028555 PCT) EB2007 SUB180 % T8=CRATTo S1 111 bl g AblE o 15Pm the

core capsi d- Ifif@n psugifelces. Fhrgctsresst edf ei tHerdar @ sigEose @id§6| ent or

in native agafQsegelagl s r%%%rﬁ%ﬂ Scaficbesti¥bibest hg aid@fan glrectron
m croscope is also possible. 5 The foreign amno acid sequence to which

anti bodi é8 arELRIR e Wi d e G et 1ably o8 Ss e fENEE Y6 FFgi RATN ng® from

surface S”U(‘ﬁwcﬁﬁ:éﬁ NSO Of 191 B8Bu 1 SHChn Pher 0RmhdaRi 8ABeHsdabky ngause
di seases in «?ﬁf’rf% golf 10 neutrali zin ant| bod es to,.these structur%s can be
i

pr oduced, r BSTPYE MF*¥he S b figooTganistis

bacterium for which wvaccine development ig already
guite advanced 1s Borrelia burgdorferi, the Lyme
15 disease pathogen. Foreign amino acid sequences which
are preferably employed within the scope of the
invention are the Borrelia burgdorferi surface proteins
OspA and OspC. However, the foreign amino acid
seqguences may also be other sequences originating from
20 pathogenic organisms. An example of these 1s the

malaria pathogen, Plasmodium falciparum.

Other foreign aminc 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
crganism. Said proteins are primarily surface proteins,
since these are usually the first ones contacting the

30 immune system o©of the host organism. Alternatively,
however, there may alsc be proteins which are released
in the course of the wviral lifecycle. Depending on the
type o©of wvirus, 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 antibedies to exogencus amino acid

sequences but also antibodies to undesired endogenous



abl-e to renove very rapidly invading mcroorganisns. A bacteriumfor which
vacci ne devel opnent is already quite advanced is Borrelia burgdorferi, the
-Lyme 15 di sease pat hogen. Foreign am no acid sequences which are preferably
enpl oyed within the scope of the invention are the Borrelia burgdorfer
surface prot ¥n200BHR&HERE OspC. However, the forei GATARPABOAZPAE18€quences
may al so be other sequences originating.from 20 pathogenic organi sns. An
exanple of these is the nalaria pathdgéé,'Plasnodiun1falciparun1 Q her

foreign am npstarcdc;[ SRAUENGER. taos m@ﬁ%gﬁa%ﬁg{rq?edfses £&@N e@?a rlo%d_UC%gm?Ee_
sequences originating fromviruses. 5 Preference Is given to enploying
t hose am no acild seduenoesitulyi chxpregienatehdér omyriciat nsagkerisr usegan com ng

nto contact Miphe Jrmune sxskem of theosia prgaiomadakd Broteins are

primarily surface proteins, sinc ese are usually Irst ones
cont acti ng t eBEHIAfINRrey Prereotethelthoshe osfaiits POTAl t\ &Rt el RN

however, therg By al,50.he Ju otgl nsohicheare sghepsed i thgsgourse of the
viral lifecycle. Depending on the type of virus, the be viral core

. e of ey may
proteins or Ififlesscdpsivd preterfs, ailotoesdmpl 60 352 HIWSHBIOY t RBlpFesent

split-core vagddie ABYibsvsedchablegener al hilGnaoedringantd bedkasito
exogenous am no acid sequences but also antjbodies to undeS|redlﬁ§dogenous

WO 2008/ 028535 IS E 0670061 58m2teds  stTtiares Kifch ta8unbe L idr ker s,

for exanpl e. Howsfer ceths treguent gL eSS ohberirswrtdes mMakeadsbhan
heal t hy 5lls. Thus, %f suig ﬁndo enous am no _acid_.sequences.are ﬁresented
in the s%it-%ﬂﬂ%?%a% Fn&F-alt-85 18'S e5PORSE Fs "Etici tBY  SBREPKG t he
body to i ncrefaSiqigineypr oduce anti bodies to said tunor cells. These

anti bodi es enabl e the i mune defense to readily recognize and ultimately

elimnate the tunor cells.
The present application alsoc relates to a method of

preparing a vaccine against a heterologous protein
15 sgequence. The split-core vaccine consists of two parts
of the core antigen of a hepatitis B wvirus, with either
the heterologous protein seguence being fused to the
core N region or the core C protein being fused to the
C-terminal end of the heterologous protein sequence.
20 The position in the amino acid chain, at which the two
dcmains are separated from another, is located between
position 73 and position 94. Individual amino acids cof
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 is 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 1s 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 located either on the same vector or on a

separate vector.



However, the carrier systemof the invention may al so 10 i nduce the cellul ar
i nmune response which may inprove efficiency. The present application also
-relates to a nmethod of preparing a vaccine agai nst a heterol ogous protein
15 sequence. The split-core vaccine consists of two parts of the core
antigen of awemidtgfmds3srus, with either the hePerdgEegons/po6tieion
sequence being fused to the core N region or the core C protein being fused
to the C-termnal end of the heterol o'gcﬁ?s protein sequence. 20 The position

in the amno acid chain, at ich the two domains are separated.from
another, is IIcfba?Ié‘at}B%’fmeé’ﬁe\%%5§Ffii c?ﬁrbfgjlﬁ}?dl os'q'ﬁ‘? OEW@4P8?¥8|€WQ'&61§IS ani no
acids of thiscramdredchdoregisar Wiighe#epd esentict ke cpetizbi vepeormay be
del eted. 25 The nethod the invention may.he carried qQut-in._principle in
two differ enﬁl%%/\{s?r'lf t ree‘t[]%e%%?ts of t%%v%%l i tEgor eegﬁgpééﬁgar e%1
expressed as ‘Umgistsimgt’e vpotypeptihde chming whaecogei tdzort sefjuéehee for a
30 protease is dnse r-di_ng. to iventiLgn desi .posi tion.
Thi s enab?es leﬁ%xépérgegsggggﬁg]eyple%t ieéiebqié(ﬁa?cklga\@dl#ggpot% gglgilﬁed parts
by the protease. thetis: absoppossidsl eién ldsiageenbadi mast ¢ of ermhaugrot ease
uhi ch cl eavesyglydie desiegdeebeavatndlite Shetaecopprassed: fon gene

sequence coding t y be located either on the sane vector or on a
separ at e vecta#aiWEPO0KDZEES5 LPET/Irony/ pobIert ida 7 This aRBEREES

preferred embodiyentsnt Partwo opoluRenid des- camnti pnedhabgve aregexpuessed
using a special vector, however. Preference is given to _enplo

: Ing a
"bi ci strofi c"T ettt FHEElneBRYPERaf OnE R 6T RheRsedpFrE- gé?“én\‘ﬂacci ne

i's expressed @srpotypepthaenshai brgandsthabea sboplesdonithelopdt edeat the C
term nus. vectors, which would 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 wvia a peptide bond. Such
fusion proteins are produced by expressing the nucleic
acid sequences 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
presentation of foreign molecules). The number and type
of insertable foreign proteing 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 neverthelesgs 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.g.

OspA) may prevent formaticon of the particle formation-



Shertly thereafter, however, the ribosones can attach again and express the
second pol ypeptide. This ensures that both parts of the split-core vaccine
-are produced 10 in about equal amounts and there is no need for taking care
that the host organi sm does not |ose either of the vectors, which would
result in onkp coesyaztese’ the split-core vacci ne str)Erbeongopsdydded. 15
The expression "fusion protein” or "fused to" neans that two different
proteins or polypeptides are connectéed'fi th one another via a peptide bond.
Such fusion proteins are produced bg expressing the nucleic ci d sequences
codi ng t her efGf"PEMTTEN S&r]v’ép%lrﬁ?ec‘?%d PR COB s UE I Tk T h&“PHSEr t ed
foreign proteaiton beiltesirdes veliyg iflce-adtant Cdernimd, s@scédoundibn the

pr esent inveg%i on._ to be thggmai n grot ei n-chem cal ?robl emw th reg‘grd to 25

a broader us&iTITYISF Ehe EBY- CEBTEar PraFS4)st SR ¢ §pecity carf§VaE  vacci ne
carrier, gendmraiay ifcor ofr edent abt omeof3lf osergotowkecuf eshe Theraiuwber and

type of Lnser l.e f i I NS—{.nGr rastical]y. i f. either of
the two c%val%erlr?t%%ﬁglnd@{é(%on %&F@I brT%ygo%tgzlﬁ?rli %ﬁ%s%%ggofai%%gﬁ n%%?t) can
be di ssol ved bdmdlingarafi ctes feshradventhébdssshedinise stheriseparabbemcor e

protein noi etiisesel(ﬁmééteﬁ:ﬂr e) «f ind peach, ot her %Q% ol GQr r et Yo dhis is
an essential “aspect of the present invention. 35 Figure 2 depi cte
di agr ammat i c&ldtyeeratL ol i BROBE1R NGE&Eitgript of@F AL @k t Hoan Wi avorabl e 3D

structure (e @GrmiGBRA) ofBYrREevientefRINBL I ot f the pakti ¢hectoymiion WO
2008/ 028535 PCT/ EP2007/ 006190 18 conpetent structure of the core protein

carrier {8ppéisseatiE: ala&ddti vétye f BrKat Pon @fcqir?é’lé&ré&i%D 18tructure
of the core pi@iRighcedr rtebatayeprevent dofmaiicdy ofukhennapiyee 3P,
structure of tnhe foreign : g

which requires a cleavage 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 is located on the particle
surface, the new N and C termini form on this
surface, which c¢an 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 posgible
application 1s the presentation of heterodimeric
foreign molecules., It must be taken intco account
here, however, that there must not be any steric
hindrance of the two parts attached by fusion.

30 (i1} specific  subregions of an inserted  foreign
sequence, for example a particularly Iimportant
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 “LA2 epitope” of B. burgdorferi 0©spA, which has
been found to be located in the C-terminal region.
Antibodies which recognize this epitope have

neutralizing action.



5 protein (bottompath) . This would adversely affect the binding of the
desired anti bodies. This steric problem is elimnated, if either of the two
-coval ent |inkages between foreign protein insert and carrier (on the C
termnal or the Ntermnal side of the insert) is 10 dissolved (arrow). One
way of achi eWwon@ade/@2ss3ssubsequent cl eavage of a ponyERROOT/H06Le0
protein, which requires a cleavage site for a specific protease to be

i ntroduced additionally. Preference is tHerefore given to expressing the
two fragnents as separate 15 entities fromthe outset. The sol ution
according to the invention has still further consequences: 20 (i) since the
c/ el epitopeTisd ocat glsonitberpanti dog istdaceg therammw Nsagdeoeer m ni

f t hi ur, f whi ch be derivatized ther. F ! e,

for el on ol siiEtX cah b Fided ROt noP “SBFBH { (AT and &TSIGTGR |

nol ecul e Y canutimcs f Used texthplesr ef>fr agrentattAghossitbl ef apbhidation is
the pr eseﬁt atrrlo %cqle@%t.er OQFLH?%' ¢ tljxé)r e'i%%e%lc%qlélne%iaglaﬁjlgus'[ f(ggeﬁghen I nto

account ere, "however, tha ere nust not "be any steri¢c hindrance of the
two parts attsschehdsy fsslonked0ofilyy) ®peeidi sisabr egi ot vficial ngbrted
foreign seq :;&fb S fxappleca | cul ar by 1,0Por @B n QR Qe cABY be
ori ented tom§$: tﬁé%%%rt%c?gk gqr?@%%!gﬁihmay ?rohlit% gépe?ding on the

| i nkage vi a tNRr miiftus i6r Eleadkilgus OrOneaexafpre i $LFheC35TeCA2 &Bi t ope”

of B. burgdordighict@sRA Wwhighuhas inheencfaupd to hed ocatgdchncthely
C-termnal region., Antibodies which recognize this epitope have

neutral i 2P ng QG205 200SFFSESSE PEEEPIHET LO0EIEF E Lo PATFRES i s al so

important for inserting foreign sequences which on their part present

further inte%ﬂgiéygsent invention also relates to medicamentsg, in
particular vaccines, which comprise capsid-like
particles based on the split-core system.

15
The medicaments ©f the invention include the capsid-
like particles of the invention, and they preferably
influence the immune system positively. Usually, the
spilt-core carrier system of the invention presents to

20 the immune system a foreign amino acid seguence to
which the immune system produces antibodies, preferably
neutralizing antibodies. These antibodies are then
decisively invcolved 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-ccre 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 accesgible sgelf-
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 gpecifically determined metal
iong/lanthanides. If such peptides are incorporated

into the split-core sgystem, particles are provided



surfaces (see exanples for the attachnent of third 5 nol ecules). Since the
i nteraction-capable foreign sequence is |linked only on one side, no

-artificial 3D structure is forced upon it; rather, depending on the type,
it is flexible or can formits correct 3D structure without interference.

Thi s subst aniyhbabbys}k@2kaskl itates interactions w thpdhespid®r Acd 4 Do part ner.
The present invention also relates to nedicanents, in particul ar vaccines,

whi ch conprise capsid-like particles-ba8ed on the split-core system 15 The
medi caments of the invention include the capsid- |ike particles of the
i nvention, alBifReyCprefbfablylsitleefe@Hen mtRESEyoOTEm posi thvel v.

Usual Iy, thexispl bbrCQh8:1¢aRNLEN paystiemohnkhg rknkentk@nspresenbhst 0 20 the
i mmune systema foreign am no acid sequence to which the i mune system
produces anti bodies, preferably neutralizing antibodies. These anti bodi es
are then degkainpeky1i nvolved in controlling the m croorganism that has

i nvaded the body or the virus, or they assist 25 the specific destruction
of undesited tunor cells. In a further enbodi nent, the split-core carrier

system of theldrvepei ornarey heretgiwmyediah a idisegnesl | CTENdwtesdml yti cal
means. Exanpkgsolzi%@gnISeiIluggrate such 30 applications in nore detail.
Wth such mednS§°PPH s pSsgPSPe, for exanple, to nmake accessible self-

fluorescent, antibody-binding particles which for their part bind antigen

and make it éj SLOLE I?é’ti"@z%[ U odd ‘é%r escence,, 1 n.a fe‘f:rcthh%i?ﬂ?"d{f‘ﬁ?)t’ the
split-core 3 carrier Syst ens 5t T e i nvention ey conpri Se peptide
sequences? whpechtberg speti fintalkdycedt eimidedheet aleli as/dcnd hafi des. | f

such peptides are LpgpLparated,oi nto Lhe;spliLsCoLe systemgpaddi s are
provi ded WO 5508/ 0 B%BEEPCT}EP%%W}%%G%Q% t 35 Whi o commriey moflf i pl e
reporter at OﬁgppgnENéFFQﬁESGGGG, G residues as linkers o ensure

accessibility of the recognition 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 sgince 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 1large 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 seguence GGGGSGGGVEDGCEGGSGGGGET -



ki-nd per individual particle and are better detectable. Exanple 1 5

Wl d-type core protein with inserted TEV-protease recognition sequence A
recogni ti on sequence for tobacco etch virus (TEV) 10 protease was
introduced into the c/el epitope of w core protein 1-149 (substitution of

as P79+A80 hgo ZEEEFDEMIM-QGT- GGGG, G resi dues as bpcmi(epgobo/e0sune
accessibility of the recognition sequence to the protease) . The
reconbi nantly expressed protein f or med <15 “particles. These were incubated

with TEV prog d u ss. of the cleavage reaction was checked by
means of SD§%L%%MI@%§W%“% U hen sedi HEft ed

t hrough a sucrsese gt adi anitte AMwridtaddam ttomalcgt.e cl eavage occurred at the
expected position, 20 since two fragnents of nearly equal size were

produced. Despite cleavage, the protein sedinented in the gradient to
about the sdite posiitdropasamnc| bawesl VELPcorBhpsot eene 1i d4Dat &3npadabl e

25 protern TRt thil o th b orel b fates Wefh Hefartuaiv rarge
inserted 3C@farwigm senuerckoWs Bre exanpl elef nefasnon protetn Wit h

noderately lar: Lpser ti.qn, e Seauence tivf.ci aly. Lde, "AC D
(fl anked by %l%-erféﬁéf i rﬁggs?&gS Czls in-tot g?égggn\%l C}I]d\%anhfg?g%gg? wth a
conpl ement ardi gsept fEG, carBASEerefiase| rser dedtingvichedce/d repilopén] O Shea

et al., Qurdhe BIrd .qd11998)op H36-6041vadde TEY- protgases F8eegninkhen
sequence GOGGSGAGVEDLGAGSCAAGT. WO 20081 028535 PCT/ EP2007/ 006190 - 21

AQL EKELEAL ERENAQTREICOR BRI cAdES ENaRESEeEse chdd S nserted in the

downst r eam t her eof .

This example demonstrates that CLPs composed of core
protein with an inserted €5 aa peptide (linker + ACID +
TEV cleavage site) can alsc be cleaved specifically,

15 while retaining the particulate structure nevertheless.
Example 3

Another example shown 1is a corresponding experiment

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

25 evident 1in a Dbroad distribution in the sucrcse
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 seguences with an intrinsic,

30 undesired antigen potential were required in order to
obtain at least 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 ag 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,



The fusion protein fornmed CLPs. These were isolated and 5 incubated as
above with TEV protease. Here too specific cleavage occurred but the
particles remained intact. In this case, the TEV cl eavage fragnents have
different sizes and can therefore be distinguished directly in the SDS

gel . Despit gocheavagessiie fragnents cosedi ment 1fct kw2 b bre/6brspecific
gradient fractions. This exanple denonstrates that CLPs conposed of core

protein with an inserted 65 as peptide2¢lirnker + ACID + TEV cl eavage site)
can al so be cleaved specifically, 15 while retaining the particul ate
structure neverelel execesEianblley 3 Afot Here exBRBl e CdffeWiFdes aS£b?t espondi ng

experi ment ~2Q.UsiFAG . 160 & ProtLl AreQhtat B BY tlRMAS SEqHence1d8a273  of
the Borrelia burgdorferi. GspA protein._ The corresponding_protein wthout

TEV cl eavag@réiifeciigs QB beder hi KGR L BY EECAENR128008)¢ Jht yEEM ALt i on of
it formed pegutafepaihT! e;@rean@loaee;‘re residdguaved ey 25 e dendotana broad
dlstrlbutlon |n tg sucrose g gdi m_ unc t _vacci ne as such can thus be
used omty E8APPAY tSPexd et ™ \Hﬁc THS uﬁBﬁfoVaéEQR?EWmﬁF not be
appl i cabl e tnehm&&hﬁeﬁﬂcame)ava@awma@m@nt | ortge qxaftaldlnkedfléeq@@nces with
an intrinsic, 30.undesired n pot were re U|re in orde

obtain at | 885ET4%mal IS D éh)#é%ﬁl ?Xﬁﬁ% g?gpafhtl%% t}?l r&??iﬁﬁio

After |ntromugmag1@ﬁTE@hﬂmmwmgeThese ddﬁafusdmnatéSq@aﬁe@arMmslereated
ooy PrILERRE AR RS IRl 1050, sed) nBaL et n L succose

gradient. Heré todo a spec géva occurr however, was not
conpletbO(pt@summmA/amnmaaimmmﬁlbEhWﬁdnammﬁamﬁﬁibﬁAremgm2Q@8¢©Q8535
PCT/EP2007/Q9@;%%re c % jRoorer accessibility of the TEV cleavage site);
classification of the fragnments by nmeans of nonoclonal antibodies which

specifically recognize the N-term nal
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 previcusly described
continuous core OspA fusion protein 1s distributed
broadly across the gradient (Nassal et al., 2005), the
(partially) cleaved fusion protein is distinctly
20 concentrated in particle-typical gradient fractions.
This 1is an indication of the efficiency of particle

formation being improved by cleavage.

A further experiment demonstrated that coexpressed
25 (fErom a compatible plasmid) TEV protease cleaves core
fusion proteins carrying TEV cleavage gites, sometimes
more efficiently than is possible by subseguent in
vitro cleavage. Particle formation was also detected,
via sucrose gradient sedimentation, for the fusion
30 proteins which had already been cleaved in the
bacteria.
Examples 1 tc 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



or Ctermnal core noiety; consequently, the a-coreN 5 anti body reacts with
t he uncl eaved fusion protein and the N-term nal cleavage fragnent. The
partially cleaved material neverthel ess exhibited a particle-typical
m gration behavior. These data indicate that particle formation was
mar kedl y i nmoogedslhy2epeni ng ei ther of 10 the two EONERLIONS Ot deen
inserted foreign protein and core carrier. This exanple proves that a core
fusion protein with a large foreign pfodtein insertion (255 as OspA + |inker
+ 15 TEV cl eavage site) can be cl eaved speqificagL% (al beit |ess

u

)
ef fici ent| yF1eWPEE Phe thReFPGhSMYdEs &HBEd " it s f usi on
protein is dbstri buted Doachkyracsassdihecgladiaentsedassal etotdin 2005),
the (parti llé% cLeave fusion pratein is dis%'nctl¥ 20 concentrated in
particle-ty%?@ eBFSdi NPT HPActIOfE! PERSSSs ARV ndPRAEPORLEF THE

efficiency ebgpahtircl epofioanatiebybeang i fipravecabyiclesvageuc famt her
experi t denonstrated that coexpressed .2 rom a.co ible plasmd) TEV
proteaggyclgggggagoréas ag'%ﬁaBrOEéFﬁg Sub5§a$E17gbadvaHPgéeg'

f Usi carryrng Cl eavage~sites,
sonetinmes nore efficiently than is possible by subsequent in vitro

cl eavage. Particle 3 al s et , i a gradi ent
sedinentatig%? for %gégﬁggggﬁ%génprO?E?nsgﬁ%?gﬁoﬁé% d?#%%%%ﬁ%eéﬂggfeaved in
the bacteria. Exanpliés TEVo (3rdenshidtfeatcad Mt Fatoimesfcorife iaCURIgmi n
intact after cleavaggcggsggﬁ.region of the c/el epitope. This nay be

[y the

expl ai ned structura _ fact 35 that the conneciing | oop between the
spi ke- fi6t m hg1) hel i BEs L Heora k upemtalkder ofedpeRcse But “BBUl T HRT have

been expected in thhgcowayn Thiss | to-ddpe aBre S%@%ﬁqqkedzgnpgggggnt in
whi ch, instead of subsequent WO 2008/ 028535 PCT/ EP2007/ 006190 - 23
cl eavage of the confFREEUSCPPBEei n chain, the coreN and

{iid) a particle formation, even if only partial,
with a sterically unfaveorable 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 reguired.
20
Points (ii) and (iii) are important in particular for
vaccine applications because any additional segquence
may result in unpredictable immunological consequences
(new epitopes due to the additiocnal sequences, possibly

25 cross reactions with endogenous epitopes).
Example 4

Expression constructs for approximately equimolar

30 expression of coreN and coreC fragments

The continuous peptide <chain <contains inevitably
eguimolar amounts of the later cleavage products. With
separate expression, the two parts should therefore
35 likewise be prcoduced in approximately eguimolar amounts
for efficient assembly. 1In first eXxperiments, two

separate, compatible plasmids were employed for



coreC parts are expressed directly as separate protein fragnents, during
whi ch process they obviously conme together spontaneously and form

particles.

Such an 5 approach has at |east three substantial advantages: (

Sinmplification: the additional cleavage step with TEV (or a different)

pr ot ease i s W0 A0DBYD285IScessary;

t he fusion

particle formation, even if only parti

protein is required for spgﬁitic protease recognition
, Wth a sterically unfavor

i)

10 (ii) no addit PGTAEPpEPT/BE638Quence in

(iii) a

abl e

foreign protein 15 su as OspA required very long. |inker uences; this
can be dl Spgﬁ(ger Svﬁltnl% q.'.pﬂfe S\A{O car%ﬂer pldotelﬁl grt.gs, lguLe ‘6%98 gngyhe

eri ¢ "hi ndrances € avoi ded because

| i nkage on bodersitdesudidssst.he core carrier protein wuld no | onger
required. 20 Points (ii) and (iii) are inportant in particular for
applications because any additional sequence may result in unpredictable
i munol ogi cdin cansegeérceed ( RBRCEpMEDPes BLE1IE6rPRaCaddREF6REl 88§uences,

be

vacci ne

constructs for approximately equinolar 30 expression of coreN and coreC
fragnents THElESHIGuotstBepide ' CharRtébACalAs (FeYi L&A Niggui RBRar

amounts of tdiedriti®le ChEA¥A88Y P OSRIC S Wib@mia@pa&@qﬁewpa%?éﬁgedt he two
parts should therefore 35 |i kew se be produced in approxinmate

anounts o™ i&#Fi ci ent assenbly. In first experinents, two

y equi

nol ar

separ at e,

conpati bl e plasm ds were enpl oyed for WO 2008/ 028535 PCT/ EP2007/ 006190 -
expressipg the twa caryl 8 R oL PANLS: Ryl M b onlyy mpderate guccess.

15

20

25

30

35

promoter (here T7 phage RNA polymerase promoter) two
expression cassettes having in each case an upstream
ribosome binding site (RBS; Shine-Dalgarno sequence).
In the vectors provided here, translation of the coreN
fragment is stopped by an artificial stop codon
downgtream of aa proline 79 (P79), and an artificial
start codon upstream of aa serine 81 (S81l) enables
translation of the second fragment to be initiated. An
operon structure of this kind can often be found in
bacteria (“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 firxst RBS which is derived from the original pET
vectors; 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.

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
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 arrangementg can

be found in some bacterial phages. Said arrangement is

possi bl ys 23.£/108% 4 €a8kiens ik endoganaus . api t gReShe aBxamphgc4 Expression

24



In a preferred enbodi ment, bicistronic vectors are 5 enployed which

nor eover have the advantage that a selection with another antibiotic (for
retaining the otherw se necessary second plasnm d) can be dispensed wth.
10 Type 1 constructs include downstream of a shared pronoter (here T7 phage
RNA pol yner &&e 200@782&535% wo  expressi on cassett esPREVERGOPA/BEEABase an
upstream ribosone binding site (RBS; i ne-Dal garno sequence). In the
vectors provided here, translation of the coreN 15 fragnment is stopped by an

artificial stop codon .downstream.of as_proline 79 (P79), an n.artificial
start codon at}p%otrea%nm %erﬁ%mg%?i ne 81 (S§ Sﬂeenabeiuesar(}for%r%l at ﬁgﬁ %?ﬁt he

second fragneEttrdatordysposdrisat ERRFIMORBDer oncstontt uba ofha esskéndfcan of ten
be found in 0. bpgLeni & dapolyed stegni ¢ IRNAS | 511 hanomes may bi adito each
re J - -

PBS on the atively independently a initiate translation of the
gene | ocat ecPr&don,| nother combtimactions: ovf ded]arkatsexondvePBS2PB18E exact

copy of stheddd sl FBS WGl i & derived +¢ omédereri gipal pElu2s uectors;

ot her PBS sequé{{?es are certai%gael i kewrse' possible. Th]e ATGustart codon of
the second EBEFIY igibddlte-of an Nde cl eavage 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
downst r eam & (NKA TGA) SERERFEPS Wi t h YHE EDp cddén of ERELGPSEr eam gene

(NNN TGA) | W iadreaidtd danane irshiifd.ed by 1. In this case, ribosonmes can read
the 35 first gene and then directly reinitiate at the ATG of the second
gene,; stlh an arrangenment enables two genes to be coexpressed; simlar
stop-start argmngeaents eanstbecteund iproseirerhadier i atangiiegetor Saird
ar r angenent mV\D 2908/ 9_%%%35 Prcgégfggow:pr?Gl%OraI{SCZrSl tallosi,lo i gp%l enment ed in
sone eukary n&R- TR ’ P
bicistrcnic mRNA (a terminator sequence may be inserted
37 for efficient termination}. The first cistron
15 encodes the HBV core protein aa sequence 1-79. An
upstream ribosome binding site (RBS1) enables
tranglation to be initiated (small and large ribosomal
gubunits depicted as oveids). A stop codon is located
downstream cf the 3’ end of the codon for P79. Another
20 RBS (RBS2), for translaticon initiation of the coreC
fragment, 18 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 gstarts 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 alsc be replaced with foreign

sequences.

30 Bottom: Type 2 constructs. Thege contain only a single
RBS upstream of the first cistron. Translation 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), asg shown. In the

35 example, the coreC seguence starts with Ser8l.

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



retrotransposons (ORF1/ORF2 junction). On the basis of the known sequences,
for exanple in the E. coli Trp operon, other conbinations of adjacent or
overlapping 5 stop/start codons (e.g. TAA TO, TGA TO etc.) should be

equal ly suitable. Preferred expression vectors are depicted

di agrammati eid 12008y dagr3s3. 10 Top: Type 1 construets/EA2ZpPOGrobensof or
exanple for T7 RNA polynerase, results in transcription of a bicistronic
mRNA (a term nator sequence may be inseéfted 3' for efficient ternination).
The first cistron 15 encodes the HBV core protein as sequence 1-79. An

upst ream ri GEsohe DPREE AES si t& ( RESBCEabl €SN t r andl athiféh t'oY®@ i Aiti at ed

(smal | and |lagga-hidasomalpresuieni ts depiect ednaslevei:ds) . Aegtiepceodon is
| ocated downstream of the 3' end of_ the codon for P79. t her ., 20. RBS
(RBS2) for t(THastA i i 1Rei SIPSAtoff Thettor 88 SRS , EVR | 8BAFBd at the

5' end of the:seconk & Samen. desvddagpent addinnamal | yhposaeasges its own
initiatigon cod (Ai’G%. In the exanpl e shown the%jcorec ]Zequgnce starts
with Al aBO yCORTERATt 524§ I5 oS PPon-248, W&t t 2, 5Pt he

aut hentic ensf diffposnti aorE33. Jhd asrs€quence ifwomipsittragneh4@, better
149, onward al sqg be .replaced with foreign _sequ e 0 .Bot Type 2
constructs. ll}”ﬁé/es(—ir-luccor(latogf’llﬁieegn y gnsi F\}gl?e P Iﬁ%stérl%acg%%oicﬁe l?i rétgwci stron.
Transl ati on aff trtel; ddre GHomgmen s dra iBdh oldAhyr eiGf tiation, with the
artificial start codon of coreC (ATG overlapping with the stop codon of

coreN (TGA), as shown. In the 35 exanple, the coreC sequence starts with
Ser8l. a§ 77hergsequbTE ofipt he tbeeeprdotdi they f Gisit agmite {E, typodens: GAA

CAG), aspar tabdRicepdons: AGRe GAT) vcilD 2008/ 028535 RATLEP2092£006190 -
ccntains a BamHI cleavage site (underlined) for cloning

different coreN- or coreC-encoding DNA fragments. P79
in the type 2 constructs provided must have the codon
15 CCa and the stop codon must be TGA (> CCa TGa) toc allow
an overlapping ATG initiation cocden for the second gene
to 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 opercn between TrpE
and TrpD or else TrpB and TrpA (Das and Yanofsky
(1989), Nucl. Acids Res., pp. 9333-9340; Oppenheim and
Yancfsky (1$60), Genetics, pp. 785-795].

25 The backbone of the vectors provided (pET28a2-xxx) 1is
based on the commercial wvector pET-28 in which,
however, the kanamycin registance gene has Dbeen
replaced with that of ampicillin resistance. It 1is
certainly possible, however, to apply also cther 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, ig 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



as- 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, which
generates a BanH cl eavage site (GGATCC) ; this unique 5 BanH cl eavage site
makes possible the sinple cloning of different coreN and coreC encoding

DNA fragnmentys 200%/gusdeptide Nin the proline codep/86MNobs/00k19defi ned;
the stop codon may be TAA, TAG or TGA. 10 The sequence up to the end of the

first gene in type 2 constructs is G @AT-CCa TGA. This sequence al so
contains a BanH cl eavage site (underli nedzwf or cloning different coreN or
cor eC- encodiaitf iNRT r agfiehts.1sP7Yes$ nPERE iy pe PBEHsTe UERS1pPOVIid¥Ed nust

have the codan e Ga @tk {Necsd 0bscOIRMoUP! Ao GA (3nblaudta) ake all ow

an overl appi ng Ginitiation codon for the second gene to be generated.
The codon f&rhetlfféfcfﬁ@r dtorgs vofdshe argeldeiid lfene after the ATG start codon
must start with A Alter natlve stop/start nt sequences would be TGA TG 20
or TAATG as in the E. coli operon _between TrpE and TrpD or el se TrpB
and Tr pA°[ DA *angh Y8R0 &yerm@@é) aAUBE. TAS dSORRE. MopRtYoIFE 9848

Qﬁpenhel m angkca{anof kwiﬂ@GQ)s p@mqtdlﬂgaﬂ@p pf@@ea?@é]re@.ﬁsfﬁl@: bagkbone of
the vectors provi ET28 'S ased on the. co rc tor pET-28
nowhioh KRR q@rg T oS (R cer gRe PAS L BRen OFbRFattd wich

t hat of anpiutid | ikndwesi s:{[ancetrmétmse cendai nby ﬁeserbbed hauegetont o apply
al so other vect.or 30 backbanes (di rent .origi ns of cation, . different
resi stance geHe ' ff%rgﬁ} Spr%%%% § L85 PEr et RESS. e&‘leh‘r afi)l 3% sPFoni ¢
arrangement aofsunfel gérees for coreN and coreC, either by way of two separate
RBS or by way of stop/start arrangenent, is essential. In our own 35

experiments it was possible to express multiple split- core proteins both
fromtype 1 @nd folemanpeol tbenstredt & ragimehmsugiouite prinberaoddt ype 2

(stop/start) considucls; yhese thLS Mas Iie G5eNas,SOBtiss - 75074,
particularly Gly73,

15 (i1) the start of the coreC fragment could Dbe located

in the region of the aa from approx. pcsition 78-

86, possibly up to Gly%94, without substantially

different results than those wusing the limits

chogen here (coreN end at P79, coreC start at S$81,

20 with upstream start ATG) being obtained.

Owing to the different transcription and translation
mechanisms, the constructs described cannot be applied
in this form for expression in eukaryotic cells; a
25 eukaryotic  promoter rather than the prokaryctic
promocter must be used (e.g. CMV-IE and many others),
and a polyadenylation signal (for example £from SV40
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 (cne each for
35 coreN, one for corel);

(ii) transfection of a plasmid with two independent

expression cassettes;



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 applicable. 5 The chosen C-term nal as of the
coreN noi ety was P79 because proline is particularly protease-resistant and

degradati on wd ddus fosyment is thus mnimzed. Oum pgTyEP20hE /KOEWS 03D
structure and to described deletion variants in this central region,

therefore be 10 assuned that (i) the &% of the coreN fragment could be

| ocated in

obt ai ned. Owi ng twiddernl fdrereptsidaansaPpti on and transl ation

it can

the region of the as from approx. position 72-74, particularly
A y73, 15 (iidiPHeutHEactofon heCéor 6C f PagHBAE cott ' be frocat a2 iy t he
region of the as fyomaRR{OX. k@11 @Br78=x86p1POSStiM Y derdil Ghr94, W t hout
substantially different results than those using the limts chosen here

(coreN end at P7EOEG eCPst art¥ResSEE DY widfh upRTrER M st aPFCATE) Dbei ng

nmechani sns,

the constructs described cannot be _applied in this formfor expression in

eukar yot Pc cet¥ls:& at¥BCeukarirdtiod t BFOPAPRBF Tt HEr FIFE Bk af\et i ¢
pronoter nust be dised He. IindEMLIA and s|mraides s),

and a pol yadenyl ati on

signal (for exanple from SV40 virus or nmany others) nust be introduced
downstream of the end of the open reading frane(s). 30 Approxi mately equal
expressi on dxampleN fand coreC in eukaryotes can be achieved by: (i)

cotransfection of two plasm ds (one each for
transfection of a plasmd with two i ndependent expression cassettes;

2008/ 028535 PO expPesgdon of wt coreN and coreC fragments

15

20

25

30

35

produces intact CLPs

Wild-type core protein was expressed in twe parts by
means of expression vectors based on type 1 (figure 3)
in E. coli BL21 cells, in one case on the basgsis of aa
1-149, in the other case con the basis of aa 1-183. Both
expected fragments were produced and assembled to give
intact CLPg. This was detected using sucrcse gradients
and native agarose gel electrophoresis. The formation
of CLPs was detected directly by carrying out an
electron-microscopic comparison (negative staining) cof
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

were detectable at this rescolution.

Wt-HBV CLPs are very robugt and resistant to molar
concentrations of urea; CLPs composed of C-terminally
truncated core protein 1-149 can be disscciated into
dimers by 3-5 M urea and reassociated again to CLPs in
vitro by changing the buffer conditions {(removing the
urea, neutral pH, increased salt concentration). 2
comparative gtudy on the stability of the CLPs composged
of split-core demonstrated a similarly high stability
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.

35 coreN, one for coreC); (ii)

WO



- 28 (iii)transfection of a plasmd with functionally bicistronic nmRNA
for exanple, the second gene could be expressed by an upstream i nternal

ri bosonme entry site (IRES); 5 (iv) a type 2 vector-like stop/start
arrangenment may also be functional in eukaryotes. Exanple 5 10 Separate
expressi on QfoWog®fNsyyl coreC fragments producegr/Rpaelh7PiBs 190 d-type
core protein was expressed in two parts by means of expression vectors
based on type 1 (figure 3) 15 in E. <dd -BL21 cells, in one case on the
basis of as 1-149, in the other case on the basis of as 1-183. Both
expected fragments were produced and assenmbled to give intact CLPs. This
was det ect edg gﬁ%qycrose gradients and native agarose gel
electrophore3|s e formation 20 of CLPs was detected directly by carrying
out an electron-mcroscopic conmparison (negative staining) of particles
conposed of ¢ r%&zcaoeulgy Br8s@Sor- b83 dhlin Wi dedrd S dR! bR Lag ver sus
particles co ed of e correspon split-core system No differences
25 were Get ettt atpreQt fnsgmendsol uehndn. viee HRXeXBPs APANses r apksctand
resistant tq.p@lar concentrations of urea; CLPs conposed of Cterminally
truncated core protein 1-149 can be dissociated into 30 dinmers by 3-5 Murea
and reassociated again to CLPs in vitro by changing the buffer conditions
(removing thgrp UEGBeanel r&] tipdd, bB%ﬁa%%d é@fécw%emg&il@@) mofiel
conparative study on the stability of the CLPs conposed of I|t core
denonst r at edf @ sPRPYaR¥y RPgh SOgbiSHlitl: 3B 1S %}ﬁﬁﬁqmcbﬁsesﬁpé Lghiig

i ndi cat es t herhapad f £ty of foirhgtwﬁe&hangrégéﬁga@bﬁt bes rhekigpe anot her
and is inportant for the use as carrier systemfor Eorelgn nDIec%Ies WO

2008/ 028535 B EPF07LOG6E50 & type 1 (second RBS
(stop/start) vector was utilized for the coreN

or ~a type

construct. ALl constructs resulted in expression of
green fluorescent proteins which formed particles,

15 according to gedimentation in sucrose gradients.

In order to further prove physical association of the
particular coreN and ccrelC fragments, aliquots of the
gradient fractions were subjected tc electrophoresis in
20 native agarose gels. In this case, particles remain
intact, as does the GFP chromcocphore. The fracticns 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 displayed
25 a different migration behavior and a mocre diffuse
distribution {more rapid diffusion in the gel due to
the substantially smaller structure in comparison with
particles composed of 180 or 240 subunits). Corel was
also detected by the a-coreC antibody in the green
30 flucrescent (i.e. GFP-containing) band, both for GFP on

coreN and for GFP on coreC.

This example demonstrates two things, namely

35 (1} 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.



- 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 nodel for proving, that the split-core
" systemis suitable in 10 principle for CLP formation and presentation of
foreign proteins; either a type 1 (second RBS) or a type 2 (stop/start)
vector was WWP|29@8/93853he coreN construct. All é&ﬁ?&ﬁ@@m§/ %%d in
expression of green fluorescent protei which forned particles, 15
according to sedinmentation in sucrose gradients. In order to further prove

physi cal association of the .particular coreN and coreC fr ts, aliquots
of the gradl%hf %?% tﬁaﬁgawérea%%bjé@?%d tosgiégtggﬁ of%%?%gﬁg “hati ve
agarose gels. |In s$hisabhsefopartiesesssema of imee , and doesCt ha tGFP

chronophore. The %é@giéggé%ga%n Fth%%%g@ fgég%égqgﬂcfggpgnporec produce a

di stinct, green uor an unassenb ston protein remined
in the upper gradient fractions and di splayed 25 a different mgration
behaviorSandEQ%ﬂ?ig giffuse distribution (nore rapid diffusion in the gel
due to the substantially smaller structure in conmparison with particles
conposed of 180 or 240 subunits) . CoreC was also detected by the a-coreC

antibody in gng 9£§§Qn§9tibﬂ%§sﬁ%8&céh-l?- r@i'é"v%ﬂgt e Gh Badfheipd h Tor
GFP on coreN and for G-P on coreC. This exanple denonstratés two things,
narmel y 35 (i3n| hhehepdpti-cocer Syarememwhi glorks gRobr BPERALSR, &Fpridk. 240

aa, in this gase: XL, o4fp Pe husedy Bekhcla %%%Mtan%g Q EBE i SMAihout
interfering wth CLP fornmation. VE52008/028535 PCf/ EP2007/ 006190 30 (i)

Both tygé 1 B@@fype 2 split-core vectors are

Borrelia burgdoxrferi OspA

As explained at the outset, linking the inserted
15 foreign protein on both sides to the carrier protein,
which is reguired in the previcus system, results in
great topological restrictions. In contrast to GFP,
OspA dces not have a natural “fit”. OspA was therefore
used as a precedence for an unfavorably structured
20 foreign prctein 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 cf OspA to coreN and for
the fusion of OspA to coreC, compared toe 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 gystem to be

presented ag CLPg,



D

suitabl e 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 system which is not possible, or is
possi bl e onIy to a very l[imted extent, by conventional 10 neans Borrelia

burgdorferi OspA As expl ained at the outset, Iinkin% the inserted 15
foreign proth? RUBMATXT des to the carrier proteP T/ERROOR /086ASEQuired in

the previous system results in greatstopologlcal restrictions. In contrast
to GFP, OspA does not have a natural f|t" OCspA was therefore used as a

pr ecedence fg{ @qj%pf %?E%bkﬁrﬁtr % xﬁde%g %%ehﬂﬁPQrQEﬁHﬂa'@ LR q

split-core systen1and used core coreC. I'n contrast to t he
earlier contlnuo%%kaW%ﬂﬁhmtbYdéQ@ﬂDbe@flﬁﬂkhsé%IeéﬁnaPrOtQQOSEODh1ﬂ1 br oad
distribution in the gradieyy doth,fusion proteins accunulated distinctly
in the particle- typlcal 25 tractions. An analysis by electron m croscopy
denonstrated a drastically inproved efficiency of CLP formation, both for

the fusian ofj (5pA-1p GO ewa@nda\ige ;sagsw@éorwf dBRA 0 @g&%gll%onpar ed
to the old, . continuous construct. his exanpl e 'proves that (i) t

split-core s@éﬂf@ﬁ%ﬁqmoéﬁﬁﬁieﬁgﬁ%ﬁaﬁéﬂﬁg khosee sFP&éFU?‘éI?nﬁé’ﬁfC&mes Wi th
CLP formati o i the 35¢d1e- c@nventi onal conti nuous-core systemto be
presented as CLPs, WD 2008/ 028535 PCT/ EP2007/006190 - 31 (ii) the
split-core systemenables CLPs to be formed efficiently by fusion of the
foreign protmtaingi e to coreN and to coreC. 5 Simlarly it was al so
possibI%Oto present Borrelia

Circumsporozoite protein of the malaria pathogen,

Plasmodium falciparum

Another pathogenic protein highly relevant in view of
15 wvaccines 1is 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 1is not known; the approx. 50 aa
20 C-terminal domain with 4 Cys residues is probably
(based on sequence homology) folded similarxrly to
thrombospondin type 1 repeats. Although the repeat is
immunogenic, the other CSP regicns 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) preduces efficiently particulate

atructures.

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-ccre
system; in addition to this, complete CSP fused to

coreN. The CLP preparations were used in a comparative



burgdorferi OspC successfully in the split-core system of the invention.
Exanple 8 10 G rcunsporozoite protein of the malaria pathogen, Plasnodium
. fal ci parum Anot her pat hogenic protein highly relevant in view of 15
vaccines is the circunsporozoite protein (CSP) of the nmalaria pathogen,

Pl asnodi um fyad ciqeeg msd3SP (form used herein: tot geTl/grgob7gbo3i9oaa)
contains an approx. 110 as repeat of the tetrapeptide notif NANP/ NVDP. The
structure of CSP is not known; the apprigx.- 50 as 20 C-termnal domain with 4
Cys residues is probably (based on sequence honol ogy) folded simlarly to

t hr ombos pondii4ngsEeri ¢idpeat §UdAl ol e heWRépbat H¥eVSHundy_niPeL t he
other CSP regiaNs-PessShihty #kL$0 TORNt@L#. i BROaNt; @pidopeschit has not been
possible to 25 prepare full-length CSP in the CLP form usi n% t he

convent i onal VEEHtIhuBtRPREFe 3Psttdf SHered i Y ek™ DePy SHBAAIY achi eved

using the splidpiesystieis cAhapdi guodshdeéd apeceur Egntl yhavaichabl e for
fusion of CSP to coreN. coexpression ﬁngh coreC (both als 149 and,. 30 as 183
S st

construct) FrIRIEE efFF cirEntdap PEMLEEr L WReR o Shgy
constructs (dmsetkbot Byetetor &fl- 149% andnosnt1o483)i snvasapsepad ed) mwhi ch
contain either tonl%tthe h35 r%pﬁat seguence or Er uncat ed CCiéSkE vvi}_\xhout
Qys-rich dorfai'h:* 35 eath Chs&Yrh e Tont? nuBaS U of &t t-'¢die “8yétem in
addition to tdeslt comqiret #aCSRriusedreparedr edi tHhecik P qprieparfat ittwes wer e

used in a conparative 2008/ 028535, PCT/ EP2007/ 00619 - 32 _imrunogenicity
study in m chg,)rr elrch,symg\%reﬁveor% %g‘g n%l?ve%%le%ncgﬁgﬁgéegmy‘é?. “TRe "d&ta so far

i ndi cat &0t hatmhegsraorite pmepaiedure the spiiti-cdree systiemahasisgperi or
properties. AEYEPD&&%Q.G attributed to the fact that the

Example 9

15 Split-core CLPs as carriers for foreign proteins

enhance B-cell response to foreign protein

In an immunogenicity study 1in 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 vaccines. The lipid 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.,
2C005) . Three of the c¢ore-0OgpA constructs contain full-
length 0OspA (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, 2%, 49):

35 Group 1: LipOspA
Group 2: Full-length OspaA ({(aa 18-273) on coreN, coreC

from core aa 81 to 183



5 conplete CSP is capable of form ng CLPs only when the carrier system of
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
system of the invention should have superior 10 inmunogenicity and induce in
particul ar nwoteabszZopgs3anti bodi es. Exanple 9 15 SpiTABRRIYE? RS A5
carriers for foreign proteins enhance B-cell response to foreign protein In
an i mmunogeni city study in mce, 5 co?e3%BbA constructs of the split-core

system are congared to ;%Eidﬁted Osp (L gA% whi ch has not been fused
to a core; tfe EBnﬁercFHF PFR ¥588 n b4aded®Bn EHIFY - drieF A e

t herefore the current fg@hdcstandardi ob Lyge di sease vaccines. The lipid
noiety in Li pOspA (tris- s ei n- - Cys is_essential for its
25 rel ati vel rﬂﬁ@hgfnn%ﬁ8§ F%%t§g ??pﬁ éthBEZﬁ%8 G&rRy - oMiSF Very
weakl y i nmunogeni c (cffrbﬁssateeaaaBl t02®95) Three of the core-GspA
construct ntai n_ful | engt ( a_ 1 7 and anaqt her t contain
truncate&fcsgﬁ EgtartlkﬁugFageg o a3 §§§)§h§d #gr E%Fgﬁpuf%%sé9

groups of in each casef5oBALBre aaleé wer é4bnmuni zed 4 tinmes with in each

case 10 g of i gen S C .35 u ROy p 2:
Full -1 ength gg%ﬁb ga 1gg;¥ Qn go?éﬁﬁ gg%eé% ?sgﬁmgﬁ#émgg 81Qfgg%€% WO
2008/ 028535 PCT/EP2007£®0@&90 CorSE tepoupal3l-Fall-1ength OspA (aa 18-273)
on coreN, coreC fromcore as 81 to 149 G oup 4: Truncated OspA (aa 185-273)

on coreN, coreC fromcore as 81 to 183 5 Goup 5 Truncated GspA (aa
185- 273)1%n gbpeNndpeedcantibodies were determined by taking blood

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 preoduction cf OspA-gpecific antibodies; the

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

20 The results of this experiment are depicted in detail

in fig. 4.

Fig. 4A depicts the kinetice of inducticn of total
anti-OspA antibodies (in ug of specific Ab per ml of
25 gerum}. 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 dimmunized with split-core full-length OCspA markedly
exceed those of mice immunized with LipCspA; the titers
are particularly high after immunization with
OspAl8-273 to coreC (group 6). Truncated OspAl85-273 in
the context of corel49 (group 5) and corel83 {(group 4)
35 elicits only a substantially lower OspA-specific

response.
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The example demonstrates that split-core CLPs induce

specific antibodies to the full-length OspA foreign
protein presented, with the titers being higher than
with the established lipidated LipOspA in which the
lipid wmoiety 1is essential for i1mmunogenicity. The
different proporticn of LAZ2-equivalent Ab after
immunization with OspA on coreN (approx. 30%) versus
OspA on coreC (< 5%) demonstrates that the type of
linkage affects the type of Abs produced; for this, see

example 10.

Example 10

Specific induction of region-specific antibodies to a
foreign protein by alternative fusion either to coreN

or to coreC

With proteins whose N and C termini are not in
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”; corel:
N terminus of the foreign protein “out”). When used as
B cell vaccines, those protein moieties which extend in
each case furthest into the solvent can be expected to
elicit the strongest antibedy respcocnse. Therefore

different region-specific antibodies can be induced by

are

in the



anti-LA2 equivalent Ab titers than LipGOspA, wth full- Iength OspA on coreC
produci ng markedly |l ower titers. A study on the particular neutralizing Ab
-content (protection to challenge with the B. burgdorferi 10 pathogen) is
continued. The exanpl e denonstrates that split-core CLPs induce specific
antibodies twotheodpdb2ssength CspA foreign protei pamyesennedo sl t he
titers being higher than 15 with the established |ipidated Li pGspA in which

the lipid noiety is essential for inmitogenicity. The different proportion
of LA2-equivalent Ab after immunization with OspA on coreN (approx. 30%
Ver sus OspAg%l%%rE@e(éo§§)lgﬂlel?Er?§%eﬂé’t A theCPYEE df 2 rﬁ'ilﬁ‘l?ége
affects the type obtAbshprodugedgrf orpridissin seemutexanpbe 10c Exanpice 10 25
Specific induction of region-specifigc antibodies to a foreign protein by

al ternative mé‘f%ﬁmjeﬁl?%egl‘?% %gr% %‘?refjog%o?%?,twrfh %lf‘%ﬁe'i ns whose N and C

termini are not in 30 imrediate proximty to one another like in GFP,
fusion 0 CQr esul I di ren I ] tion Witk e t t he
parti cl et5sur %g%l\!:% h% ?%g%%gt oéic%?reaéma?tgloéragﬁfc-at e?%%g}gl%f %Faﬁ‘é f%(r)ei gn
protein "outdeteoneCing N fcer nenusontighe pfrodeiign pioheian " edthpatWien used
as 35 B cell i , e propgi |.eties whic tend.in.;each case
furthest int%ﬁlt ‘ghg% Ve%pgglané)%ebggg‘egae ltIg %%c?tu%;&tﬁgl sjtdr)or?lest ant i body
response. The?eslrer didyetentheediasi- splecicbipc mmtsBod eshtan Béciesduced by

VID 2008/ 028535, ACTAEP2PTL 006499 naSS crfiisidna e 1 onei ga1pr el ther to

coreN (C-termnal side of the foreign protein "out") or to coreC
(N-ternilfal PHECR? 1heOFBRel§nlprot ePnthButFeTBiPRgUFEISClepiEist
di aglr amat i cak| Y2 RESSdA epyays oheudeter Bl RgNand:@sc BodOr gl ipoakei N Wi th
an € OngatedLA2. As expected, split-core OspA CLPs with OspA on
coreN (the OspA C terminus 1is therefore exposed)
induced a strong LA2-eguivalent response, with CLPs
15 with OspA on coreC inducing only a weak LAZ-equivalent
response. Instead, the response to other regions of

OspA 1s enhanced.

A fusion of OspA as foreign protein to coreN was
20 expected to provide good access to the LAZ epitope in
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 impregsively confirm this concept (very high anti-total
CspA titers but only low LA2-eguivalent Ab titers for

Csph 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 corel.

The type/region specificity of the induced antibodies
can be controlled by chooging the linkage site (coreN
35 wvg 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



structure, such as OspA herein, via fusion to either coreN or coreC, the
part of the nolecule which faces furthest away fromthe CLP surface. A

- wel |l -mapped 10 epitope in GspAis LA2, inthe Ctermnal region, which is
recogni zed by a neutralizing nonoclonal antibody, LA2. As expected,
split-core GepA2@PHAE5HS OspA on  coreN (the OspARCT/@ERRNNTY 00 Ltdver ef or e
exposed) induced a strong LA2-equivalent response, with CLPs 15 with GspA
on coreC inducing only a weak LA2 equ‘l vl ent response | nst ead, the
response to other regions of i s _enhanced, . ;u3| on of GOspA /ag% foreign
protein to coPeRFwdS <28- efﬁecatsed_‘cf o* P HvT deCgbol*acREES P53 EREILAS epi t ope
in the Cteratrpalks GSplceegson, whereas a fusion to coreC was expected to
provi de good access to the N-terminal OspA region which had not been well
characterized inmmnologically thus far. The data depicted above 25

i npressi vel yExampieniihi s concept (very high anti-total GspAtiters but
only | owLA2-equivalent Ab titers for OspA on coreC). The split-core system
thus has ‘a hi gh i mmune-enhancing 30 activity, with both fusion of the
forei gn protBupiens wbkleNsigrlflicanee dreyprd f vres e prrRbierEPe®dreC. The
type/region specificity of the induced antibodies can be controlled by
choosing the linkage site (coreN 35 vs coreC). For optimal vaccination
results, nixRRRES ofrepl | CIEBEE vEEENAESCARRYChe SENDIIEYRES-FNRRCGH Téhe par t

of the het er}ﬁé@gp@mé@éel ks 18 Vs aC'f%rSGQgQEEdeS fyused timtdhe Gor eN
noi ety and the ot her art to the WD 2008/ 028535 PCT/ EP%OQ?/ Q06190 -

cor eC ndilet yP2Eb1as! ‘?B BERFEYR: oﬁPFhﬁPon’égéﬁFSﬁ'oﬁ NRLEES Ve st opes
Exanpl e 11 BuFusésnsipiitia%iignisl | Eance ey oad cwacdidie ppptisati ens

conceivable. In each case, a large number (180 or 240}
of presented molecules are brought into close,
symmetric proximity to one another. If said molecules
15 are interaction-capable foreign moleculesg {vaccines are
a special case: interaction with antibodies), the
particle having multiple copies of the foreign moclecule
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 their 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

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

The gplit arrangement enables new termini to become
accessgible on the CLP gsurface 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



Apart fromdirect significance as i mmune-enhancing particulate carriers for
peptide, and here in 10 particular protein, antigen vaccines, a nultiplicity
~of further applications for such a carrier platformare conceivable. In
each case, a large nunber (180 or 240) of presented nol ecul es are brought
into close, woypoBByDR8pBBXIi Mty to one anot her. | fPEREPIIEOU0&3A5 are

i nteraction-capable foreign nolecul es (vaccines are a special case:
interaction with antibodies), the pa?t?%lé having nmultiple copies of the
foreign nol ecul ) drastically increased avidit conpared to the
nononeri c foggan ﬁﬁ% e (@F&%Jﬂ?ﬁﬁ? Mjﬁ-énttéﬁerg?nﬁbgg?gﬁ MHC S et ramer s
i n i Mmunodi agpesémcanteSucits il et acheomAsapa e & ebgh, nelieck eshamust be
accessible o e P ace jin,order_to_be.abl.e ta. react.w their

i nteraction %S?Ené‘% @lfgépj s%?llxtl-%eosf egog@s?e%lﬁégi 5% a eedg_%t%ls r‘hiaitbu%}:"s]teanti al ly,
conpared to hhéix250c¢6heentdtoral . con® ¥ huoushsystenctArauciiertiaf gmdel
foreign qu reqﬁgg i t split- e al

insertioﬁg agggggg%?%%ﬁe L S.AH%§ir1%r§% igﬁgéapaxﬁkﬁﬁiﬁy%ﬁ'éghe of
them were 30hdetgdtidd atinag@dnentThehapdvar ar tadgEBat séisaBidesranedint er mi ni

to becone a siLbl eon, t P.surtace oL furtheraderi vatd zation. Figure
5 depicts a g% ?t%éO(é13%H£§ué% ﬁ?t% an 5£J%$pep%?dee?usgd to CO#%N, whi ch
pepti de can 1PAEEREELOW FAPERESCOIXTIRIR afy BASE (fdisti BeIDAPaRAik&le X to
whi ch sai d BASE peptidedas, beenafusedc-cbLnds CerE@g)oﬁ@iQ_c/{ClEEﬁﬂs e, split
arrangenent renders WO 2008/ 028535 PCT/ EP2007/006190 - 3 ACI D flexi bl e;
ACI D i nsétt eBPPR LRESEBREI Wiblis Beore SREFItdM iiMtETRGS Gl AR e BASE pepti de
but, since the AGtD apa: BASE: pept i gesthor Mpaitrgi dh€oi lretkaaiil - bl e

helix [O Sheg.e%,al., 1993%, t he sH;u ture of the cored5 qarr&gr becones
unst abl e and”theCLPS OFSF ntegr &% 1 ~  streptaviding; 3 -
immunoglobulin.

15 Other possible couplings are explained in more detail

below:

a) Hisé 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
ingert (His7) in c¢/el of the continuous-core system do
not produce any significant amcunts of protein because

25 the His6 tag residue 18 not sterically accessible
there.

b) Biotin acceptor (BA) peptide:

30 Bilotin acceptor (BA23) is an artificial 13 aa peptide
(GLNDIFEAQKIEWH) which is biotinylated by E. coli
biotin 1ligase, BirA. Efficient biotinylation reguires
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 fusiocn
protein forms CLPs and i1s biotinylated in E. celi.
Avidin/streptavidin or their conjugates can be bound to

the CLP-presented biotin.



the split arrangenent, however, the CLPS should remain stable. This
coupling can be generalized: a different interaction-capable nolecule A
- than the ACID peptide nay be fused to coreN or coreC. Correspondi ng CLPS
may 10 then interact with B, a specific interaction partner of A Such

interacti on ypariges/Ppgsssare H s6-N -NTa, bi oti npeayepion 7pepside -

streptavidin; Z33 - immunogl obulin. 15 O her possible couplings are
explained in nore detail below a) H s&tag: 20 Fused to coreN via Ay2
linker; fornms particles which bind to Ni 2' NTA agarose. His tag is freely
accessible, in contrast to the continuous system A conparable insert

(Hs7) in c/g ofzj@ed@@@iﬁnypu% r&OLEn SYstem do not produce any significant
anounts of protein because 25 the His6 tag residue is not sterically

accessible there. b) Biotin acceptor (BA) peptide: 30 Biotin acceptor
(BA23) is ang ar&mfé@é alprst fish pept béleds ( GdNRh A EW) s Whiiadn | Snigh
blotlnylate gg col i “bIOtIn | i gase, BirA. EffMC|ené bi oti.n atlon
requires > free- HoteSsi biBEYSHTCh 18 pr SAPHEFOSH the SPFi t - PSSy st em but
not, or onI yptochpliatied extreriteiinn Ahecdbsion i pHous- mmmyastaemy The
spllt core- BA fusi rot n forns_ CLPs is bi t|n lated i_n CO|I.
AV|d|n/strep?59$§?ﬁ 3? Hj%%n?a areg- C%ﬁﬁ% “Boa &tP ©5t ne E&E resented
bi oti n. WO 2008/ 628536hPARHER2(0 #Wil06 100mod i 88ed craZ38ademaken ¢fotprlotein A
S. aureus pr Lo A n i i ffipity {protein A
L %}t[}h. Bl %%%CI b '5;99;&5 G%r%"'tﬁﬁ‘ﬁﬁ Wrein %tyfs géfa£5 Ay

sephar ose" for T nmuno- tron A consi's structural ly
si m | ar 10g- b(h@indihomﬁlns BZBangnstmlutésféegengle Iohe ofresmichredonai ns

with a ”Ddifé@@u@éu?&ﬂ“&@ﬁ&iiﬁf&fﬂy and, morecver, accessibility.
The Z33 sequence was fused wvia a long linker sequence

to coreN:
15 GCGGEGSGEGVEDGGGESGGEET-FNMQQORRFYEALHDPNLNEEQRNAKIKSIREDP .

CLPs formed in the split-core system. After adding an
FITC-labeled immunoglcbulin and precipitating again, a
proportion of the fluorescence was detected in the
20 particle-typical gradient fractions. This was not the
cagse, 1f wt-core protein CLPs rather than the Z33

fusion were used.

d) ACID peptide insert

25
The ACID peptide inserted in the continuous-core system
interacts with the complementary base peptide (“peptide
Velcro”} via coiled-coil formation of the peptides;
[O’Shea et al., 1993], with massive modifications tc

30 the core structure up to its disintegration; this is
caused by the ACID peptide on its own adopting a
flexible structure which does not put any stress on the
core structure. Addition c¢f 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



| ength: 33 aa) . Z33 still has high affinity for Ig's 10 (Kd 40 nm. Binding
to different 1g's requires structural flexibility and, noreover,

- accessibility. The Z33 sequence was fused via a long |inker sequence to
coreN: 15 GGGGSGGEGVEDGGGEGSGGEGEGET- FNMQQORRFYEALHDPNLNEEQRNAKI KSI REDP.  CLPs
formed in the sid/exesssystem After adding an  BtTgebabehlg¢dosiso

i munogl obulin and precipitating again, a proportion of the fluorescence
was detected in the 20 particle-typical®“gradi ent fractions. This was not the
case, if w-core protein CLPs rather_than the Z33 fusion were used. d) ACID
pept i de i nsé¥ith 2500RA AGAS e Marte Gens &t eF4°F t REPESAE nG8§89cor€ syst em
interacts withrihe cpaplteaest amn hase pepti deHe' peptt dele Vet enet)irei a
coiled-coil formation of the_ peptides; QO Shea et _al ., 19931, wth massive
modi fi cati orfs" t ot30 t hé or J@?f%t uPEOE%lFo it dfsF nt EGPEERGAC i s i s
caused by t heoGmhpeptiste: ofydien ovemadopt ingaat ffexibbeestaget vfe whi ch
does not _put,_.any_ stress %ﬁ the core sgru%éére. Addi tion ofbthe BASE pepti de
results Pn §Ht eractt Oh°an t FOPRECALYD §8qidfTe& s ettt t °%f ™55 ™fhi ch bot h
pepti de sequehcBsV geloptiessai gid helical coiled-coil conformation. Tension
arises due to the Ilinkage on both sides. An ACID peptide fixed only on one
side should be able to interact w thout tension WD 2008/ 028535

PCT/ EP2007/ 086100 cor89 wiithh eaguesk BASEIpeptidencr BASE pepthdeckdsed to
further partpgns. eLPaO) GasReitle HArLhele SUCLUES: oflnl Dy ASKSS usi on
protein in the conventronal continuous-core systemrenmains intact after

cl eavagéOof BERhedC-t ek nalowsdmtect | diitso t H& cordecar Pifer B¢vaEaas of TEV

protease. Splidsores: Mid hexposer A Dsaduence Sty bg chargedytn

foreign molecules cf choice.

The coupling mechanisms detailed above enable CLPs
15 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 1t is
possible, for example, to present to the immune system

non-peptide-like structures.

20
e) Simultanecug fusion of different foreign molecules
to coreN and coreC
In the previous examples, in each case one foreign
25 sequence was fused to either coreN or coreC. In

principle it is alsoc possible to fuse two different
foreign molecules to coreN and corel simultaneously; a
possible example of these are the two subunits of a
heterodimeric foreign protein. The model utilized was a
30 two-part GFP, the first segment o¢f which, containing
the fixst 10 of the 11 GFP [ 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
35 the coreN and coreC domains had asgembled 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.



with foreign proteins to which the conplenmentary BASE 10 peptide is
coupled. This is one of several possibilities of charging split-core CLPs

- later with foreign nolecules of choice. The coupling nechani sns detail ed
above enable CLPs 15 having one part of the coupling to be provided. The
protein fusedbtmosheopsd®s part of the coupling maypcn/ezcdiooy /o samupl ed to
said CLPs. In this way it is possible, for exanple, to present to the

i nmune system non-peptide-like structur®s. 20 e) Sinultaneous fusion of
different foreign nolecules to coreN and coreC In the previous exanples, in
each case one foreign 25 sequence was fused to either coreN or coreC 1In
principle itrhs akseppessibhentorhvse tumuui Ehieuentnebosei fisimh et es to
coreN and co(gefC si mul tafneouslr¥/; a possible exanple of .these (gre the two
subunits of & EHEIRROdiNEEIETF oPERYRTEFSt ef R, CRTENoadBf ({915 Zed Vs a 30

t wo- part GFPfotther fdm sbfsegmenti @famwhschuceontai pitngotithethéer spl1ti@ -of the 11
G-P (3 stﬁrandsf was fused to ¢ rel\kand t&g secgnd segnent %f u\/équc%h

cont ai ni ng tHe T 1P TeEP J%n%ltr V\%Sdfl &d T C%re .g%og’xﬁresm 5n from a
type 1 vect ofugpedducecopzeind | coreScentp&idsbldhus 35 the coreN and coreC
domai ns had assenbled to give an assenbly-capable CLP structure and the two
GFP parts had suppl enented each other to give a correct 3D structure with
formati on of Ex4mpI3FPLZhr onophore. WO 2008/ 028535 PCT/ EP2007/ 006190 - 40
The exanpl e denonstrates that sinultaneous fusion of different foreign
sequences to coreN and coreC with formation of functional structures of
bot h t héOspl $8l5tvepee cakPPevhanl PResenb 8hef BBéndopgiai §F PEGFSrddes fused

to coreN andz cof e6héd Sspesstdl e. Exanple 12

Another specific example involved introducing the “GB1”
domain of the Streptococcus spp. immuncoglcbulin-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 teo 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 GB1 domain derived
25 therefrom also binds the constant (Fc) part of the
antibody, with the wvariable, antigen-recognizing part
of the antibody remaining accessible for binding to the
antigen. Thus it is possible tc bind a multiplicity of
different antibodies.
30
In this example, the GBl domain was introduced into the
split-core system, and i1t was demonstrated that (i)
CLPs are formed and (ii) that these CLPg - but not
control CLPs without GB1 - are capable of binding
35 different antibocdies.

In a manner gimilar tc the examples mentioned above,

the GB1 domain was genetically fused to coreN or to



10. Split-core CLPs which present the GBI domain of protein G on the surface
Anot her specific exanple involved introducing the "GBl" donain of the

. Streptococcus spp. imunogl obulin-binding 15 protein "protein G', which is
functionally related to protein A into the HBV split-core system Protein G
l'i kewi se congdsteo®forsd3sple simlar domains. Li kectpmeteion /Aospoat ein G

bi nds to i nmunogl obulins but has different specificities with regard to 1gG
species 20 origin and subtypes. Due to %his conplenentarity of protein G
and protein A both are commercially ~available as reagents for
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respective njssin 2l N4 &QQHE’HLS-S he,spesLiLf asosequence
S T e NE e ¢ =P of

corresponds to as I‘Ot elrn ecur sor oteln SWI SS
Prot Ad®esstomd mmyls@mévg@ §€MR:IC$W@1¢%1$(W:( PO/ 2 JAC%%%I on 1PGA:

Ref: Gall agh(%reB’/BAb@é@ﬁQﬁGTB’— Bryan P, Gliland GL (1994) Two crystal

structures of the
YKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTEdP

Linkage to coreN was via a G45G4T7Q linker; the second
15 last aa, K, was replaced with D (in lower case in the
sequence); the downstream E regidue i1is the last aa
vigible in the X-ray structure; the K>D substitution
enables a BamHI cleavage site to be introduced at the
nucleotide 1level (Gag gat cct TAG); the latter is
20 therefore in a position homclogous 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

agarcse gel and by electron microscopy.

The interaction capability of the CLP-carried GBl
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-GBl fragment
reacted directly with secondary antibody conjugates on
35 Western Blots after 8SDS gel electrophoresis. The
modified GB1 wag therefore, even in the context of
fusion to coreN capable of renaturing efficiently and

binding te its ligand, IgG.



i mmunogl obul i n- bi ndi ng domai n of streptococcal protein 10 G and conpari son
with NVR Biochem stry 33: 4721-4729) coreD78- GGEGSGCEEGTQ

- YKLI LNGKTLKGETTTEAVDAATAEKVFKQYANDNGVYDGEWT YDDATKTFTVTEDP  Li nkage to coreN
was via a ASHATQ linker; the second 15 last aa, K, was replaced with D (in

| oner case iwb tiensaspeee) ; the downstream E resipdae gips 0bhe ologdts oas
visible in the X-ray structure; the K>D substitution enables a BanHi

cl eavage site to be introduced at the 4%ducleotide |level (Gag gat cot TAG;
the latter is 20 therefore in a position honol ogous to the constructs
descri bed above. As in the other exanples, particles were fornmed in an

efficient nepnerprand thag Wahdeteotadiby reueinser125 igHadiientinds
sedi mentation, mgratiaon behavior in a native agarose gel and by el ectron
i croscopy. HHERPHERE On Fapabt TRy of the EPPresPPred &2 fUCdeR& ns was

deg_ect ed by dreahatd noFddie fuad t iv@fl_s i\Mddl)_at%Qihi wnoglobul Exﬂs ga;_ddt-gen

sedi nenting again in a sucrose gradient; in the_ process, the antibodies
clearly Co- %%bﬁ%ﬁéﬂeﬂp%& ?ﬁ%he %%??V%%es?n¥b%9% nd'fig mé§m8V§§ g@iected by
the fact thatedhecrcoieN Gdainagimnt a reacietkai recidyent t hasécondary

ant i body coq&%ggigi og 35 Western Bl ots af Q%&SEE ggl electro%horesis. The
modi fi ed GBE s THer oF T ol OBV ERS F¥HE Eht ekt SoF T FURi BREGSESPEN capabl e
of renaturi rchefélecenthydande pbadi mgrttd dltes |imghindstd@CoiN@i2908/£028535
PCT/ EP2007/ Oﬂ@e19aonti 42, 19 R{l’toch: t&azgsthe particl e-bound GBl i ndeed bi nds
i mrunogl obul i'n; an ali uéi of the correspondi ng sucrose gradient fraction
was incdBated with a 5 nmgold s | abel ed anti body, unbound anti body was
renmoved by sedi ti41)g again in a sucrose gradient and the particle

fraction was anal yzed by el ectron m croscopy. The electron-dense gold
particles indicated binding of

Self-filuorescent GFP- and GFP variant-containing split-
core CLPs which present interaction-capable foreign
15 molecules

Exampie 11 e) illustrates fusions having significance
beyond wvaccine applications, with a GFP mclecule in two
parts (GFP P1-10 and GFP f11) associating when GFPB1-10
20 is fused to coreN and GFPBl1l is fused to coreC,
producing the native GFP structure (green fluorescence)

and forming CLPs.

In the present example, additiconal foreign segquences
25 were fused to GFPBll, namely the GBl 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 split arrangement produces a new N terminus
on GFPB11, 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 o the methods
described above, in split-core wvectors coding for
separate coreN and coreC fragments, in this case
35 already linked by GFPBl-1C to coreN and GFPBll to

corelC,



the antibody to intact CLPs. 10 Exanple 13 Sel f-fluorescent GFP- and GFP
variant-containing split- core CLPs which present interaction-capable

- foreign 15 nol ecul es Exanple 11 e) illustrates fusions having significance
beyond vacci ne applications, with a GFP nolecule in tw parts (GFP (31-10

and GFP (31}o asrxigatgsns when GFP(31-10 20 is fusedryergooeoapdseFPOll is
fused to coreC, producing the native G-P structure (green fluorescence)

and formng CLPs. In the present exanpli, -additional foreign sequences 25
were fused to GFP(311, nanely the GB1l domain of protein G_and the preS
domai ns of tle flga et rd ofh huranba #BY, CHuekeHBW™andaher BR2HBY. Thi s

i s possibl e iy ybecausanidie sPlithar rapggrent 8&aeYeesyaunew ater m nus
on GFP(311, which poreover_ faces outward fromthe gLP 30 surface, gue to the

speci fic ori¥HtREon BRY HEFShIFRe Cof 5 EERRCE ThRNPat £F cBF 87 *R%Br 85si on
pl asmi ds werghotamnstidiedeth ddmaidrannerd stieétafoto® tbe Detdodsredescri bed

cbove, 10 SHLLCoe vertars 6o0 g (o, separale corel agdsooreCfragrents,
WO 2008/ 028585 RCHEPPO0 W EX6180 parddcldt shaticheer experct ed ton the basis of
Ut v d.  avedP o (o Clp GUNT AR Sl TRE pf cLSHEEoor angthir “Farei gn
domai n woul chatthiereef GFE natruaierd er @hien Sepelitnciofl ethi ¢ h ebzenpalsi | isy of the
i 1ty of CHE GON T S PH L nhi 61 625t o TPt F nbt T e BB
struct uté. Thauws@apicft tiiiss fexdamptiand:s depicted diagrammatically in fig.
7. Parts A-D of this
A. Basic structure of the twoc parts of the fusiocn
protein. GFPPl-10 is fused to coreN, GFPP1l is fused to
coreC. Since GFPPll 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 GFPP1-10 interacting with
GFPB11 (formation of the GFP chromophcre), as has been
shown previcusly. In addition, however, they present
20 GBl1 1in 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 wvia their different variable parts with their
specific antigen. Split-core GFP-GB1 <CLPs can thus
25 replace the usual fluorescently labeled secondary
antibody in indirect immuncfluorescence. Fig. 7 depicts
an application to £fluorescent labeling of tubulin in
two different cells. 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 moileties had alsoc come

together in the correct manner. The example indicates



10 figure depict the following: A Basic structure of the two parts of the
fusion protein. GFP(31-10 is fused to coreN, GFP(311 is fused to coreC

- Since GFP(311 provides a new N term nus, another 15 donmin, here GBl, can be

fused to the latter. B. Self- fluorescent CLPs are produced by coreN

interacting wa tdvo LS «LLP formation), and GFP(3¢ctQrbRberagbingoew th
GFP(311 (formation of the GFP chronophore), as has been shown previously.

I n addition, however, they present 20 @Bl-in an accessible formon their
surface. C. Different antibodies can be bound via their Fc part to the GBl1
domai ns. D. CiHet ahbfbsdilestportthei Wepgr takam copreraet Vialderi andifferent

vari abl e pards-amdhtdheld cigpesid ig angdpgen. Split-core GFP-GBl1 CLPs can
thus 25 replace the usual fluorescently |abeled secondary antibody in

i ndi rect immunofluorescence. Fig. 7 depicts an application to fluorescent

| abel i ng of tribWhinimy, @f_mtﬁléfé@lﬁnf1@@£é§ce&h@map@legéﬁtm@smﬁged on
ant i bodi es bi nd;) ?1 to anti gen | arl cyﬂ sam ble. 30 It was_i gdeed
possi bl e”t o CeXpresst ?h@r’fh}r‘i i PREACPHAGRent3® ef Gt E&EMA yo¥n E. col i

where t hey ﬁéﬁ‘nﬁ&ﬂbl@_ﬂ%&,ngﬁcm nghmaszadl RNt aMHon (chiakseugr ogellgradi ent
and mgratio havi or |nanat|veaaroe In.additio ese CLPs

35 .t
exhi bited t ]c WEE IS0 RS RE A N Thus T%BS@:BIW?5¥| %Qhﬁaga SO conme
t oget her in tide t@mlrlamt nﬁnneoneThease(anm}ﬁe i rech 1dat es;e\t\@ 26)6811638585
PCT/ EP2007/ 006190 t at t he 1 noi et es, re al t f ol ded
e S AL 8 MR T el S S S SE T

GB1- predént i iy OLPs sesdrolayiynd taatafmodgyen- Hgoad an‘anb@dmesswas debect ed by

per neabi | i zi Hela | - L]l}%ﬂ Lcken h -
i ncubat ed V\n{ﬂ% a rmuls\legigyrimrrla% an |%§)g§ l‘?%%{%%%{el WPBE gg%ggg,%?he cells
were i ncubatslit-core CLPs, and then washed; finally, the cells

were observed by fluorescence microscopy.

15 In both cases, comparable fluorescence images were
obtained (as expected, c¢ytoplasmic staining, leaving
out the nucleus). Thus, the GBl domains must have been
capable o©of Dbinding to the anti-tubulin primary
antibodies bound to tubulin.

20
Self-fluorescent split-core CLPs which present GBl1 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 GBl1 domains are still capable of
interacting with IgG and that they therefore must be
correctly folded. Moreover 1t 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 into the present GFP construct by directed mutagenesis.
Specifically, vellow fluorescent protein (YFP) and cyan
fluorescent protein (CFP) variants were prepared. Both

variants formed CLPs which in each case exhibited the



conventionally with a chemcally fluorescently | abeled 10 (Cy2) secondary
anti body (goat anti-nouse), or alternatively with the self-fluorescent,

- @Bl-presenting split-core CLPs, and then washed; finally, the cells were
observed by fluorescence microscopy. 15 In both cases, conparable

f | uor escencewomaeges /oeB6350bt ai ned (as expected, cyrop/ESHDE7 50@6DH0Q,

| eaving out the nucleus). Thus, the GBl_domai ns nust have been capabl e of
bi nding to the anti-tubulin prinmary antPbodies bound to tubulin. 20

Sel f-fluorescent split-core CLPs which present GBl nmay thus,g enpl oyed as
an alt er nati V&PEG3ConFRRPFBRRFS f?H%?%%gean § abdl ed>sebBfida gean ?body
conj ugat es f@enetietect igRg -@r-dRiHtgeRr bewd tprddvy y G | bdys  2%a<fhhg proves
that the GBl d%%%ins are still capable of interacti wi.th Igg% nd t hat
they ther ef oPe "HTEE be CEOTTEETY F oPFER ST MIFEav ef 1T pPovesS that the sel f-
fl uorescent, f&@lmpledentnimmgoClBs reancheceppiyedtasna. general detection
reagent (conparable to a 30 fluorescently |abel ed secondary anti body).

Simlar constructs were obtained with color variants of GFP, in which
constructs kmhen mytlatti-aesewhisgtstant eral tidwes absordrarcel and @ ss¢bh- spectra

were (nLroduced 3aata Lt eaedl, R SamStcls by dlaerled. puiggenesis.
pecifically, "yel''ow T uorescent protein P) "and cyan uorescent protein
(CFP) vari anttsinmies groggaced mcBetduleyar dritsi f crumeith GLPSTweg cheieigach case

exhi bi t ed_t he W0-2908/ 038535 RCHHEP2007/006100.05,46 LAl absprance
spectra. Thus it is possible to generate 1-priesenting split-core” G-P CLPs
havi ng H9f f best fdkRedbphortitt Prioperdl@aul ks chedere shefatihess opre
mul ti - i munofluekesceneecarp! t £ALLONSntIglhe SRk - cpLeuBYstem @hl s
preparation %%e?gffs a new possible application which goes beyond
vaccine applications, namely direct detectiocn, via
flucrescence, of different antigens by means of the
15 gself-fluorescent CLPs. Such gself-fluorescent,
interaction-capable split-core CLPs are particularly

sultable for diagnostic and analytical applications.

Self-fluorescent split-core CLPs which present foreign

20 domains of protein G other than GB1l

The results above indicate that a further foreign
domain, GBl, may be presgented 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. GBXi, with fewer than 60 aa, is  a
relatively small domain, however. In order to prove
generalizability, homologous constructs were prepared
in which GBl1 with the pre$S domains of the Ilarge
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 cellg,
1.e. hepatocytes of the corresponding host species.
With 108 aa in HBV and approx. 160 aa in DHBV and HHBV,
35 the preS domains are distinctly larger than GB1 and
moreover their sequences are different from GBl1 but

also from each other.



fluorescent CLPs which present an interaction-capable further foreign

nol ecul e on their surface. This foreign nolecule, if it is GBl, is still

- capabl e of interacting 10 specifically w th i mmunogl obulins, even when these
are bound to their target antigen. As a result of this, there is a new
possi bl e appkocabtoononbssh goes beyond vacci ne apiar/adp2p0s,/owemEdy direct
detection, via fluorescence, of different antigens by neans of the 15

sel f-fluorescent CLPs. Such sel f-fluorestent, interaction-capable

split-core CLPs are particularly suitable for di agnosti_c and anal t| cal
appl i cati ons®llseFRreeyofl@@eeRt sHRFE- caPESEEPS witth Sird<eCd6ri#ilgn 20

]gomalh ns ?f pf@é@bﬂ frethenst hanaGRinfhe kesullbs al@ov;@u ndircatre 4.hat; a
urt her or e|

in, GBl, b ted t
Lurtper 1 oreLam sdmRL G TRy bepLesened e dunsihonal Tl P
V\,h: ch adfli tlon?iaééoﬁomh@hﬂ eﬁfﬂd&ce—r::ﬂryt ﬁﬁmd eEcGBinwtlasf e ldelmra:tle‘aﬁi aa, is a
atively sma Qnai n n..order t.0 _prove neral i il
Lgm)l ogoé)s/ cla}ﬁstsr%&oss%?ﬁa%e%}ﬁérg dﬁn}?r\%rﬁt@ﬁr& mW¥%g%ﬂ% pré@v&(?r'rra?/ns of
the | arge BOaBﬁvabopeepra@amom cge]J’leheElcT(fﬁM)Qreiﬂr.d( £ DEBY)y anicdrercon ( HHBY)
VS, mnese fIERBLOSERYI BLe epsCl L, Bi0dlng of cheespeplag addises to
alt 4 55 ehost

their natur %t he correspon
species. Wth. Q08 e | rGH-H’ZVITan@taﬁp;r ohad16@SascmtE)&IB\/C<andJHQBVtY% t he

preS domai ns_ stirnc r 1 %E;e t hei _gﬁ_eecbuences
are different %?%%GI%P] H%JZ %gf rogf}%agggﬁ otﬁlTEDdI gg?o?@% .
PCT/ EP20G7/ 0@6@9@HRV-@668A| ¢L]f$1ré§aéﬁﬁ§| sl tder soppseérnad iamtspiddiasor e- GFP

fusion proteigspbl) ARG T afiré@ Cglc@%fres%bﬁdl?l aerbace Gl with
t he correspondl ng preS domains) . hree of them e?fl ciently fornmed

CLPs, as wash@EPacYedus B§e§Ué$o%%rﬁ?%ﬂiénPOEe@V%%%%%%?on migration
behaV|or

Another application comprises identifying the cellular
15 receptors for the particular viruses. Due to the large
number (24C) 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 wvia
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 in the particle-typical gradient
25 fractions 1in 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 CLPs with OspA 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 1linkage to either coreN or coreC. In the case of

Ospl, this results in particularly good exposition of



and native agarose gel electrophoresis and by electron mcroscopy; the CLPs
exhi bited typical GFP fluorescence (i.e. the GFP noieties had associated to
.give the correct 3D structure of GFP) ; noreover, the HBV-preS 10 and

DHBV- preS CLPs reacted wi th nonocl onal antibodies to HEV preS and DHBV

preS; a corr @speodigng2astisbody to heron virus preSes/ERzoentoys nop

avai |l abl e. Anot her application conprises identifying the cellular 15
receptors for the particular viruses. D&é to the large nunber (240) of preS
dormai ns per particle, the CLPs can be assuned to have an enor npusl

i ncreased avFPaAth§rf orthsaj §-FBEBRPBES, SHEE ehbbl ithE tH@OIF%‘H%TPai/o be

bound in a stabbesyanmer amdd S@ tohe, idenid Hiad an 1hisy 20fWayen
Receptor-carrying cells would be identified via G-P fluorescence of the

CLPS by nean$®of-ehdr s¥cenee Nrt@FBsEohy O8PAFAGS °80Miidt ARFT ket or

mol ecul es fremntaueh eell sknwewhd beutpgubated wephtdbes CLPsuanshshosl d then
accunul ate in the particle-typical gradient 25 fractions in a.,su guent
sedi ment at i oﬁoirﬁ%§00r Se T IGHPAG e‘ﬂt §%OI":’>§‘amr}:l’%t 4S§glgﬁlclo -eérérsé’ACB ]Zg%lPs with
CspA on cor eNtgetmer:atechipglterfoit i ¢ersNofupt oheehdvgrant S0 ambid0di es
than Li pGspA;  _split-core OspA CLPs with.C on _cor.e e te | r
titers 35 As’f%llS %Pé 5 5hov efgt ﬁ%@ii eﬁ?a%icﬁ%pof aélctplrbeos%ﬁt ggl{:g %reﬁ“éﬁ protein
can be influéheed pnopotaiget ecbimnidr-2 -lpyuivekage t oastthedieereNi®r coreC.

In the case A LS. ts,.i rt.icularl d 0Si.ti f WO
h008 G20030. BERFERREHaT0se THEHEE! o 'th RO a0 nggl@e%ik %%%e‘gf t he
monocl one®  &mtimbbby BAXRCOBKIreh is known to be neutralizing (fusion to

coreN) or the N-term nal GspA regi on which does not contain any known

neutralizing epitopes (fusion to 5 coreC) . As figure 4 shows, both
split-core- O8pNegeps the data here are in vitrc data. In order to

determine directly the protective potential of the
induced antibodies in vivo, the ability of the
15 particular immune sera to neutralize an artificially
induced B. burgdorferi infection in an established
mouse model was recorded {(cf. Nassal et al., Eurcpean.
J. Immunol. 2005; pp. 655-665). SCID mice were
inoculated i.p. with the appropriate immune sera,
20 followed by an s.c. challenge with in each case 10°
spirochetes per mouse 2 hours later. This usually
results 1in an infection in unprotected mice which
manifests itself in arthritis-like symptoms which can
be recorded semigquantitatively in the left and right
25 tibiotarsal joints. A group of 3 mice which received
only normal mouse serum sgerved ag negative control.
Groups of in each cage 6 mice which received either the
purified monoclonal antibody LA2 which is known to be
neutralizing or LipOspA-induced antibodies served as
30 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 sgplit-core
OspA with OspA on coreC. In order to record
quantitative differences, ©passive immunization was
35 carried out first with 5 pg and then with 1 ug of La2
or of the volumes eguivalent to these LA2 guantitieg of

immune sera of animals vaccinated with LipOspA or with



(there: group 2 for coreN fusion and group 6 for coreC fusion) produced
total anti-OspA antibody titers but the proportion of LA-2-equival ent
-antibodies is substantially higher with fusion to coreN - as expected 10
fromthe structure. However, the data here are in vitro data. In order to
det ermi ne di woctkbysybesgpsstecti ve potential of the PCTERZIOBZMEOHDRO es in
vivo, the ability of the 15 particular imune sera to neutralize an
artificially induced B. burgdorferi inf&ction in an established nouse
nodel was recoEFed %cf. hbssal.e%aal., Eur opean. _ J._ I mmunol . 2005; pp.
655- 665) . SEPBAT E8TRer@PA ndddiat 6. B wrthethe Hipr 6FFiafé imtine sera,
20 fol |l oned Bypantsdcinchiabl.esge with in each case 103 spirochetes per
nouse 2 hours later. This usually results in an infection in unprotected
m ce which manifests itself in arthritis-like synptons which can be
recorded senbDgeantd ttdte vedby prophetheht cdnd.Ad-gitui2&ltar cdmrsabdjasnts. A

group of Lce i ei I r 11 gative
control. g,GW(%glpgw(%f ggﬁkg%chs\é%%sg%g@r{ﬁcc%gﬁ cr&hg)aﬁgsge%e el héelcfld? fltzsﬁguri fied
monocl onal antibo@prRAZmwdicated,s davows tegithero Inangtsr ditiszienf dro those

Li pGCspA-i nduced L bod| S d 0 pti o | . t gr oups
(I'i kewi se 6 g%ingﬁg&pegéﬁ% rg%é?ve§§F%nu§g§%ergﬁmhggﬁéﬁadw%ggn1%%%%Uced due
to split-cor&c@epAlerth @A ©re corAR-sauspRLENEOr € 1tEEPA M EHIGSHIS on

coreCIn order kg KLRGY dicuiantiddt byediLf arences, passhye iygunjzation
was 35 carried out first with 5 pg and then with 1 pg of La2 Tor of the

vol umes ui #8PefRe -t hehess A= ntday €2 gfre | THUR 599 ot Biiwet s
vacci nated wgth Li pOGspA or with WO 2008/ 028535 PCT/ EP2007/ 006190 - 48
split-core GspA with GspA on coreN. The results are depicted in fig. S. Due
to the | ow proportion of LA2-equival ent antibodies

As expected, all animals 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 zreduction from 5 to 1 pg, with 5/6
animals being protected by the LipOspA immune sera.
Passive immunization with immune sera obtained via
split-core COspA with OspA on coreN protected all (6/6)
20 animals from infection, even at the low dosage. OspA on
coreC had a markedly lower protective activity (4/6

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

Split-core-OspA CLPs with OspA 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-OspA
CLPs with OspA on coreC induce high total titers of
anti-OspA antibodies and only a small proportion of
30 those 1is LA-2 equivalent, and they have only a lower
neutralizing potential. Fusicn of a foreign antigen to
coreN thus causes an immune responge which is

guantitatively distinct from that of fusion to coreC.



5 in the imune sera produced by nmeans of split-core GspA wth GspA on
coreC, equivalent volunes thereof to those of split-core GspA with GspA on
-coreN were used, regardless of the LA2-equivalent titer. Arthritis scores
were determ ned on days 13, 17, 21, 28, 35, 45 10 and 52. The results for
day 52 are suwonmaoioadgdziss3ki gure 8. As expected, alPCRAEPROG7/0@ELPAted Wi th
normal nouse sera developed arthritis. Protection due to the 15 nonocl onal
ant i body LA—2 was reduced from4/6 to 18 animals with dosis reduction from
Sto1lg, h 5/ q\%‘ mal s being protected by the Li pGspA i nmune sera.

Passi ve |rmu PZ8P8n-Wi th i mmune sera obtained via split-core CspA with
GspA on coreN protected all (6/6) 20 animals frominfection, even at the | ow

dosage. GspA on..,.$9r h I et ct

animals at t ﬁmﬁ', %%logggﬁie s at "{he: Eiegw‘%{)sa e)l{"é/faslajf ﬁ%{%{%é%ébA CLPs
with GspA onPdalsaNdpumdlfaéChpgh'umS titers of LA2-equival ent antibodi es which
are protective in vivo. The protective potential exceeds that of

Li pGspA-induced antibodies. Split-core-GspA CLPs with GspA on coreC induce
hi gh total tFuddslehgtantESBspa antiebodp st apdronlsy s eshalindpeegoraiion of 30

those is LA 2. .6aul V?'e%%%ns%n%ﬁlw RAVE QI e 12 a}ﬁ%rom rabd g1 09a ¢

potential. Fusion o oreign antigen to core t huUs causes an [ nmune
response whi 6 i §hequaﬁmqrmdwrwm stGSRct TR hate@Hedassi oilt o-gdreC. WO

2008/ 028535 RCFAERZ00AL006190 inufls - @g)%gplsgs%@mo rcunsporozoite protein
(CSP) of the malaria pat hogen, = Pl asmodi um fal ci parum 5 Full-length CSP in

the split2core systeminduces an inmmune response which is stronger and
broader thanthRatcombldthe Comynogpnh nant 1 &St K epgat 3 seqagNCceadn boen

shown previously to be expressible only in the split-
core system with CLP formaticn; 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 continucus system, the protein
showed a pronounced tendency to precipitate after a few
days - this did not occur in the split-core systemn,
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 wversion utilized
herein); said motifs are known immunogens, and an
experimental vaccine based on the conventional
continuous-core gsystem 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, sgince the insert 1is small. Said
construct was used 1in an i1mmunogenicity 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



conventional, continuous-core system 10 The conplete CSP, with a | ength of
319 aa, had been shown previously to be expressible only in the split- core
-systemwith CLP formation; this was not possible in the conventional
continuous system Although it was 15 possible to prepare a truncated
versi on wit hgot 20be/oggsei n-rich Cterm nal domai redS8shmot/ dws B Mbel ow)

al so in the conventional continuous system the protein showed a pronounced
tendency to precipitate after a few day% = this did not occur in the
split-core s%;tenl,ZO whi ch_is_evi dence for superiorﬁg%%tein-chenica

properties. ASEBEBLRPEyLYr EESPA eftRe predende B & i1 & Hepe S of the
tetrapepti defsdtbvedNANP and INAR (124 iNANB iand 13n 2%sNDPapottds tilmet he
full-length ﬁers'on u iIiz§£ ggrekn%; sai d nnt%fs are known Lnn?nogfns, and
an experi mehtAFFvESE ne BESed™on “th&*Cor(ehit | SnaFt "tont i AHBUE- Cor e’ syst em
has been desanidbedweAkscarfparative HomainogermiciliinasttudiS R hexrefiorsi émvol ved
30 preparatign of .a cerrespondi ng .conv jional .co uct iC he

r epeat sé%ueﬁgggﬁﬁﬁPN%BﬁF )éﬁ%ﬂé'“azﬁﬁvbcgpgd %gp%eé%e%%g%ggs and S81
and whi ch foreedmbChRSt- HisAexpeetedussines ttwsti nspkigesssnal lor&ard
construct was_.u in . i nggeni ¢ t fqr. 3 o] .SQN W
full-length P%ge% rﬁ]lg{éc_ er m%na{%@ %L?%%ggtggd%@ng%%rFg%al%g'vgkgg

i muni zed wi éhtiigerachweras el b shmednmunt £13684 helpaeei cahar W (20

g/ nouse) ; thgsggggafsgghxgnbLQQﬂkﬁsSEEQchaﬂivﬁﬁfbﬁ@P 2008{ 2853pne

PCT/ EP2007/ 0061 eterm ned by ELISA after 2, 4, 6 and 8 weeks; this

was foldbwedeky - aThGostenepmmpmsEatilon Jidiurlcar wo ah@avs stsidL and the
titers were dpgbeenmnedpagrbPodnddisanfafcueeks:af tequt-hegboost. Recombi nant
CSP (as fusion 5 protein fromE. coli), NANP and NVDP pepti des and

This resulte in the following conclusions:

15 a) B cell response to recombinant CSP
All three 1immunogens 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 i1is 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
congtruct, even after the first immunization {without
30 boost) (titer 1:2.5 x 10* vs 1:5 x 107).

¢) B cell responses to CSP sequences 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



reconmbi nant HBcAg were used as test antigens in order to determne the B
cell response to the carrier. The antigens were imobilized on ELISA pl ates
-and then assayed using 2-fold serial dilutions of the imune 10 sera. The
hi ghest possible dilution which gave a signal above the background is

indi cated i ngdipag®e/@2893 s results in the foll ow pgTyerelowsi/ons190l5 a) B
cell response to reconbinant CSP Al three inmunogens resulted in extrenely

strong response to CSP, however, the response to full-length CSP is stil
4 times higher (titer: 1:12 x 106 vs 1:3 x 105 for repeat and truncated
CSP, respect¥&@Pgise2 02 Hedhi HgenbEaaianr withi shef sPRSaF BEPSAAE ) Tof t he

i mune serumhs Sbhtlncapablerof syeco@nigi BEpeSPedpbetaiBe bheBceeld
responses to NANP and NVDP repeat $ept|des Zg The re%Ponses to tgggNAND

P
pepti de are ¥®i FEF1ForeqUENEShATRchet &L SEE5Ect T The  FBsp6RsES to the
NVDP pepti des WamngBrtankess coRapn spctife ceepeatciar efsi it langthutcsar e
distinctly higher for the full-lLength CSP canstruct, even after .the first
i muni zat) onc%}vi E)ﬁoﬁmcgff%%ogf#y(t it e%ﬁ: f@‘%_ﬁ?fevssf%e% 165 "%) B cel
responses totisSPspeduences nrotztptesent in thes rppeatblanl yo CaBshrersts and
full-length .1 hdu a_response tq . 35 the peptides CSP12
(BEPSDRH EQMRR OSEE psEiPBRBS o6 a™iqi hasy bt I Sagtie ot | 12 cord
construct) amdotC8R8ive GNG IMRI KPGEANKRKDELD, opos. 274-294 in full-length
split-core construct). The | ack of correspondi ng WO 2008/ 028535

PCT/ EP2007/ 006190 - 51 responses after inmmunization with the repeat
peptidelidn dheBcomt} pIperIee By stlen ¢erexgRELRK because the CSP8 and

CSP12 sequengesy are el Rr S8AL #NET €1 eddien I @& t i1 Scldperhant ddydt hat
specifically the full-length CSP 5 can be gfoduced only in“the split-core
system usingystem result "in an approx. 25-fold weaker response to
the core carrier than the repeat peptide in the
continuous system (titer 1:1.25 x 10° ve 3 x 10°). Since
15 the desired response to the foreign protein is at least
ag high as (CS8Pshort) 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 1is substantially improved
20 when using the truncated, and in particular the full-
length, CSP in the split-core system. In addition, a
gtrong response to the core carrier makeg differential
diagnostics of anti-HBsAg-positive persons {infection
ve anti-HBsAg by vaccination) 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 specifically immunized
mice with rec. HBcAg or a known T-cell peptide (HBc
120-140) or with rec. CSP or the CSP peptides NANP and
CSPp8, and then measuring IL-2 production. All
constructs caused T cells to appear which were
35 activatable by HBcAg, HBcl20-14C, 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.



the split-core system it is thus possible to address additional epitopes
whi ch may contribute to the protective action of a vaccination. 10 d) B
‘cell responses to the core carrier Both CSPshort and full-length CSP in the
split-core systemresult in an approx. 25-fold weaker response to the core
carrier thanwdheowpomsyeptide in the continuous sysyYERRODTYE0613D. 25 X
105 vs 3 x 106) . Since 15 the desired response to the foreign protein is at
| east as high as (CSPshort) or even higHer than (full-length CSP) using
the repeat peptide in the continuous-core system specific imrunogenicity
with regard to the inserted foreign sequence is substantially inproved 20
when usi ng t Mehdrdfaat ed;handuln -panbiceul @p t bentukhet| ergtin t=CShia the
split-core system In addition, g, strop re%$0Q§e to the cgrg carrier makes
differential ~ '™ ﬁbst?%?pg?sgnti}ﬁgéAg-%gsit' PetLbhs ErnfettPor- vs

anti - HBsAg byearscicianatararumr ealdid fatcuwllte Tadedw 125-ednti-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 continuous only-repeat peptide construct also at the T-cell |evel.



WO 2008/ 028535 PCT/ EP2007/ 006190 - 53 University Hospital Freiburg dains
5 1. Asplit-core carrier systemwhich has, as separate polypeptides, the
- core N domain and the core C domain of the core protein of a hepatitis B
virus and at |least one foreign nolecule to which an inmune response is to
be elicited, wea2oogporggmsnol ecul e being fused to towr/&eR®o7eMOGaLEy of the
core N domain or to the Ntermnus of the core C domain and the core
protein being able to bind capsid- Iiké5%a7ticles and the foreign nol ecul e
being fused to a core protegin am no a}g )I\Q th | ocat ed between positions
73 and 94 of the core 15 Prof®fFtty BogR” apf ¥ %arrier system as
claimed in claim 1, characterized in that the hepatltls Bvirus is
specific to nmals. 20 3. The split-core carrier systemas clainmed in claim
2, characteriz@d"Tn that the core protein has the sequence of a human
hepat| tis Bvirus. 25 4. The split-core carrier systemas clained in claim
2, character zed C t S a 0 Ci ence of
t he VHV. % # sp Ilﬁﬁgérégg%r?%gFgég %Fg@ c%g?ﬁé a%ﬁ g% S‘%1P%L(-:£%g'clalrns 1
to 4, char acprelmentldleshatthEhe:dméﬂgdomﬁmhe@@lde il apenen Ro desiadrsequence
of aproteln f o] agteri e [ I ystem as
clainmed in a%P o? QQEQ g?Bk%iH BE - Hggﬁgéggglfzghfﬁ'tha?’%ﬁé]f%%gfgn
mol ecul e is gﬂeaﬁpﬁ@lﬁélﬁmééﬁuéﬁcéQﬁWh%thﬁ%lhmﬁﬁn@ rpaPRB§ENiLE difkar yot e,
in particul apcof;thecgal achag @%E‘QQ@E”moEE@ﬁ@db%%E;alf‘ﬁ'sE@r Um WA C

2008/028535 PCT/EP2007/00619 -
terminus of the core N domain or to the N terminus of

the core ¢ domain and the core protein being able to
bind capsid-like particles, and the foreign molecule
being fused to a c¢ore protein amino acid which 1is
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

gpecific 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 gplit-core carrier system as claimed in claim

2, characterized in that the core prctein 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 segquence of a protein of a

pathogenic bacterium.

6. The split-core carrier system as claimed in any of
35 «c¢laims 1 to 4, characterized 1in that the foreign
molecule 1s an amino acid sequence of a protein of a
pathogenic eukaryote, in particular of the malaria

pathogen, Plasmodium falciparum.



7.-The split-core carrier systemas clained in any of <clainms 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 clained in any of
claims 1 to 4, characterized in that the foreign nolecule is an amno acid

sequence of Qopsete)o2deysng 10 its own pat hogeni cidorasetHaentdal , in
particular a tunor marker protein. 9. The split-core carrier system as

clainmed in any of «clains 1 to 4, charatterized 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 denmi nTH@"E%!?QtféQHé 29rpretetdsAch) akhe1sadueance aht he GB1
domai n of protein G _10. A nethod of preparing a carrier for foreign

mol ecul es, | ALPpAFEi clil arO f ot ei g Pt ‘et ns?ed o whi d@n D% i ke Fesponse
is to be i ndusedcuVhi Gl cai raRindi ety hasuends obei i sehpeate ef the core
antigen of a . hepatitis B virus and secondly has a foreign nolecule, in
parti cul ar aVﬁE‘tlgrol ogous protein sequence, 30 wherein the foreign nol ecul e,
in particular the heterologous protein sequence is fused to the core N

domain or thg corg C domaj n_downstream of sition 73 . or. upstreamof
posi tion 94 %f thgh%eﬁ%ﬁti“éoﬁec8?£rl?£gFé{%?e%&%é\%&?& m I?élypé:ltgpepti de
chain of thectaimserlistoi m er rahptiettedtiwrd domstoleam ofhed hecowriggrN donai n

or upstream he_core glr_}@i n,_ char L zed_kn_t 2 ; 535
PCT/ EP2007/ 0'8%%@%)115)? gé agi ther t hae&lrggr%gﬁ%é)%j %Eaﬁd%?tﬁé:\é?& (elli%g/riL | ecul e,
in partliCcul akst henherahslosgows: r-diesiad seefiemcieal orithgarticular a

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 cf

a) the sequence of the biotin acceptor peptide

b} the sequence of the ACID peptide

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

d) the sequence of the GB1 domain of protein G.

10. A method o©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 seguence 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
regicn, and

35
wherein the polypeptide chain o¢f the carrier 1is
interrupted either downstream of the core N domain or

upscream of the core C domain, characterized in that



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
nol ecule, in 10 particul ar heterol ogous protein sequence, or between
foreign nol eeel 2008 rop@s3is cul ar het er ol ogous pr ot eip@T /EPQUETYO,06a% core C,
and the split-core vaccine is cleaved by the protease into two pol ypepti des
after expression but before usage, and®5 that capsid-like particles are
formed. 11. The method as clained in claim10, characterized in that the
het er ol ogous protein sequence is attached 20 by fusion downstream of am no
acid 74 or upstiieanmBé AN agbfaBhb ahdt herecof €rand gevletuhepatirtis B.
12. The met hod as cJ ai i ther of clai 10-11, characterized in that
the het er ol cYOUS F1%T g ?ﬁ? ?%Lﬁrogggg%ﬁuéﬂ%%£F§la?eﬂ8§§F840Cﬁﬁlﬁ €acids in
| ength. 13. ddwee net bathads cded metei Motledigm Mbleharact eni padticmlitiat the
het er ol ogous_f or ei uence.is at |least 120 _am ng_acids Jin

| engt h. 30 f%l Thbgﬁggﬁgggggsse ﬁ@&ﬁl% aﬁngﬁ H6Fdi st 95 1257F rﬁaraéﬂterlzed

in that tw separatelpoypbpticdescarecimxpressed with the aid of a
bicistronic vector, the first polypeptide conprising the core N domain and
the 35 second pol ypeptide conprising the core C domain, and the
het er ol ogousopr otiwith sequeseedThidi i f isethagiasherfaw  a he@roteass nus of the

core N donui t r of; t co ma 008/,028535
PCT/EPZOO?/G%%% %Eéd h@e@he§§ n%éﬁ?caﬁen?ﬁﬁavﬁﬁrg%§g5|h@ﬁﬁggh%artlgles

char act é0i zeeP¥hl ¢ RERY sdled PRI Ess BAPE CANSpFFAURBER: (X r PEEWSFESt em as
claimed in apyr&fgg! ddMechiiled 8in particular heterologous protein

seqguence, and core C, and the split-core vaccine 1is
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 c¢laim 10, characterized
in that the heterclogous protein sequence is attached
20 by fusion downstream of amino acid 74 or upstream of

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

terminus of the core C domain.



5 16. The nedicanment as clainmed in claim114, characterized in that it is
vaccine. 17. A diagnostic agent having capsid-like particles, 10
-characterized in that said particles have a split-core carrier system as
clainmed in any of clains 1 to 8.

10

WO 2008/028535 PCT/EP2007/006150

15. A medicament having capsid-like particles,
characterized in that said particles have a split-core

carrier system as claimed in any of claims 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,
characterized in that said particles have a split-core

carrier system as claimed in any of claims 1 to 8.

a





