WD 2008/ 028535PCT/ EP2007/ 006190 -1- Split-core particles for the
presentation of foreign nolecules, especially for vaccine applications, and
met hod for their production 5 The present invention relates to novel

carriers for vaccines but also for other nolecules, based on the hepatitis B
virus core 3R iZB/ AT Yn ani no aci d sequences WRCEH ERRP 0Fd 006390pat hogens
are incorporated into the hepatitis vidlus core antigen. The vaccine is 10

i ntended to enabl e antibodies to these protein sequences to be produced,

with preferenggiiei R d HFtiCINPIRA it YPrduutitaalic HE HYrdigH es. The
particles of the_invention ma glbig Etl nul at e the cgilil ul ar i ”Mmmune response
t

(T cells). Themptpsiiers esperd PR HacciBe ARPHEGREFPPBof R ti pl e
copi es being able to formfephod- Eokethaiti proeductiboene capsid-like particles
(CLPs) are particularly suited to the production of vaccines because they
stinmulate the i mmune system and thereby increase anti body production. The
expressi 6n 2fhé vaceiseat pistenabby nesisces the poeséntcappéwrsat ifor a

carrier syste ich eli{cit Jbaoth ral .and .cel | ular, _i.mmune responses.
Capsi ds of hve‘%]:ac\f%l1 %5 g%él r%is é% afE)er ngggggr tn}ocaeecgulo 4’2S{D?}c%gahoer(ljlr521: esym*retry
(di aneter: ampabdtidd mr) wilmush comsi sénbigdB80 roiuropinesiof achd vi r al

core protein,Jhe G e Ry e}ngb,i %ecaééﬁi e%@&ﬁ&ge@%rgﬁh%%& Brated

particulate cafriers for forergn nolec and” are preferably applied as
i Mmuno enharidiiy bBhei §epasartiisersliae f opreaeoitagen .SIFhabvecabaef isat i on of

the coreoprofpidh&0RbI €3 thenipigl gnimkeeulas teobe present ed e hhe

particle surface (also inside, if required). Surface exposition is optimzed
by |inki ng tIRI4YFIEYnTRolec PECLECe@: r Bdtaudrairiance chetRYoPivVRE aa

sequence of td1epBSt&OF BydroF ehBulaalteghgnantinpaies. T&edphrehicalsi nclude

t he innunodgggqﬂgg B-cel | , epi t ope ic/el .an mhicg havi tge hi,ghest
exposi tion tHRE PP YSRFEOR PPACBLFR PREMSEALEr GRPUFELNE 3e dHTUESRI no
acid). - 2 redfrtld 77115& ¢lesori beRehépatatiiits B Borarant pgevteinshas
protein re heteralogous epito are i.nserted _preferably in the region
et ween gos oS ePeia oht ShukEDEte  (Paitrs HELeD ekt ferik | BOEMS vi Pus
core antigercamsid-clidse i npamtchlebe | Mhewsgensaps edebhkect gdnriialleisgand
structures tgQt h tifl b ( A r r i ; le. [ PNAS
(1999), 1915&11'9%%] %g%cr?%‘sétggﬁh%gigeﬁ\él)tu%?egggn?ﬁ%r gEfre(ﬁl tglrcg'{ise%tfati on
vaccines because they stimulate the immune system and
thereby increase antibody production. The expression
20 “vaccine” preferably means in the present application a
carrier system which may elicit both humoral and
cellular immune responses.

Capsids of hepatitis B viruses are nanoparticles of

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

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

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



10 on the surface of the HBV core protein. Here, amno acids 79 and 80 of
the core protein were replaced wth the 238 am no acid GFP sequence. Nassal
et al. [Eur, J. Immunol. (2005), pp. 655-665] 15 describe a fusion product
of the entire Borrelia burgdorferi OspA protein and the hepatitis B virus
capsi d prot eW0. 26@8£0285635am no acids 79 and 80 werRCTARRZEH/ 084230 am no
acids 18 to 273 of GspA, but with Iinker, sequences bei ng incorporated

bet ween core 20 protein and OspA. Skanel” et al. (Journal of Biol ogica

Chem stry, 2006. pages 17474-17481) describe presentation of the conplete
OCspC protein of Borrelia burgdorferi with the aid of hepatitis B virus
capsi dl i ke pa@t 0t e3l5bowmsmrildse hepatieds cd ecprot ants geh 25igimn

sol utions di in riQr..ar been :f hayi.ng i ra
t endency tomgggegggﬁing%ggﬁgidgff%ggéggpﬁglegﬂ?ffgg% i%@ﬁka%ﬁgéreg manner
and ther ef oreraberabger 15t ithe aregife barweey axporsorat PEf aaudori@y. 30

This means that zophen1 980861 Calddeydnsey ti Agpheieign Ml egulas basgd on
peptides or proteins into the core_protein, the foreign sequence is
connect ed boBRtYPEN| PATRIFERH Alls VRAGTYITAS LFMUNCISR A ¢ FIMETHE

protein. 35 Jhg hiijeage oprbethirstdes hage nGwpbeeRr ilkoundvieudr astawal |y
elimnate the type and sel ection of suitable farei quences.. - .3 - The
split-core s§eFBmMRIE G bed M@ E nSFerfbves [ERESe ﬁgﬁggﬁtiékﬁihﬁﬁg%brating
t he core protiesoribet Wrmsepgrakte pEIdsradiait sprpeeshnglpyreosrecdogat her
spont an S|¥ aqi forn1%agsiq€?a%hicl in a manner 5 sig lar to the

conti nuous p Bt ei'tt ch¥dFhe“Eor ig ffol |8§’rﬁay°lb% 1 ed EFEher® 3 he
N-term nal feaafdent9( 'acwr NV )oDrthe theeCeretrinalwemeagrapitadedarie®’) and
are thereforgpgaggﬁgﬁﬁ?gkhgcgarP%?nghﬁ%ﬁhg.onIy via one end. As a result,

the structura i ONsS o agé on both sides with regard to
the insertion of foreign sequences into the continuous peptide chain of the

core proteinyar a@s%ed“éi".'y[arﬁmv d. rlmufRg SPlidospPre ?’ t@é@—‘%séfe
invention therefore permis: (1) the presentation of fof€ gn nolecul es
whi ch, dde téespeibesi ge angion sorecigte, ofan e 20Hesent BPiTekimn

conventional ,GPRRLPHAUS COESAPIPESE AL CONLRKT o)l Yh¥BRY1R9Qr I ¥ ofi AR at all;

capsid protein. Here too, amino acids 79 and 80 were
replaced, with aminc acids 18 to 273 of OspA, but with
linker sequences being incorporated between core

20 protein and OspA. Skamel et al. (Journal of Biological
Chemistry, 2006. pages 17474-17481) describe
presentation of the complete OspC protein of Borrelia
burgdorferi with the aid of hepatitis B wvirus capsid-
like particles. However, the modified core proteins of

25 the solutions disclosed in the prior art have Dbeen
found having no longer a tendency toward forming
capsid-like particles (CLPs) in the desired manner and
therefore no longer stimulate the immune response
satisfactorily.

30
This means that, when genetically inserting foreign
molecules based on peptides or proteins into the core
protein, the foreign sequence is connected both via its
N terminus and via its C terminus to the core protein.

'35 The linkage on both sides has now been found to
drastically eliminate the type and selection of
suitable foreign seguences.



(ii1) the presentation of heterodinmeric foreign proteins; 25 (iii)

t hepresentationofinteractiveforeign nolecules in a flexible, well accessible
formwhich substantially facilitates interaction with the desired partner

nol ecul es; 30 (ivé t hepresent ati onof addi ti onal forei gn nol ecul es via the

addi tional sHPfae 3é9§§§§§ N and C termini which arZFPHER0Q7 (00§10
split-core systembut not in the conventj gnal 35continuous core system - 4
- ("core") and is defined serologically as hepatitis B core antigen

(HBcAg) . CorReCaisl St - A rd 8QQk e 01690E £881 Hd1Ri1B3riRavas CoRgsProtein

(dependi ng on, the HBV subtype). The core protein may be expressed 5

het er ol ogoust-yM¢FAthEEer P, 985§F§téﬂﬂargg?icc%E?ISQFOE?%% "EApstER | i ke
particles" (s&bRshtbei ngafos medispont areewslivinhe | atbre areog@thénfectious
since they contain neither tﬁﬁ]%%;al genong nor the}outer envel ope. Such
CLPs can al sBPBBBBESFASYH 1+ tH8ThoF8PE6%CIReet Y- 1&F at’é fa 'Sh HBVs
(for exarpl esimbtiebucko gridumdscsquinuets apdogeher s)clanich t heFomegwli st antly
rel ated avi a S or _exa e dpck; -herop, and _others). [t.is possible
accordi ng toRPﬁggp%%%ntF%ﬁ'?gk%np o@e?n E%Fﬂggplgganﬁi Vlééa%gﬁgggfbut
preference i §ragmpeing (diore®’0 t her sefuentde ofC-HBVYsnigwdabl Erafgmémt ect i ng
humans. The ) chd ue a ti uepce t \LLcore
protein havnggggégigcléggd_?ggligg??ggéfgl.ggggg tﬂ?e §§%7g§?£$%%£646-650;
Nassal , GenePfeYg8y, OFdyesvieroongs egd WAHD12 7¥EEBLL, arfdia efeFepieerds nade to
these pQQi'CQEmQﬂﬁtiBﬁgf%Ee%ﬁ%'Eid%d@@’dﬂJHﬁﬂﬂfﬁﬂdEktﬁEtH*Eé?%H&“@&”
sequence of the ayw subtype but it is also possihble to _use |ikew se

vari ants, mo8Pfi da6eEis o hef 952 REY SB8EUBRESS s G Cad-Rh S YRGS of ot her
mammal i an HBYspet davi anatBVsof ThehsequenREeSpob€esh Or £le | Neddenpidl il y
accessi bl e ggggogggrarles.

15 The split-core system of the invention therefore

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

protein context only very poorly or not at all;

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

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



Apart from the human pat hogenic hepatitis B virus (REV 30 in the narrow
sense) there are a nunber of related, aninmal-specific hepatitis B viruses,
for exanple the North Anmerican woodchuck (zool ogi cal name Marnots nonax;
woodchuck hepatitis B virus = WHV) HBV (woodchuck he gatltl s Bvirus = WHV),
the CalifornW@n2898¢4P88RA5squirrel (zool ogi cal nanePCBHEPABPRHI P0€1HRecheyi)
REV (ground squirrel hepatitis B virus 5 GSHV), and others. - 5 - These
Viruses possess a genetic structure simlar to that of human REV but have

di stinct diffepgpees igyd heir Eiz?@&'@%r%@%%'&%QI%“daéh‘i'l%p?arﬂl'%QsaClhd

sequence of the| I proteins. &ﬁe use human REV core as vaccine carrier

i s subject t&°FRo POELTBIe Uiﬂ?rﬂ\%li b Orgoresl QK ekt s ofuf £8Ri ngTf roff a

chronic REV iBbeeki of are h@3pargy ald Yedrd giadiedrd @b@{t&m@n@n(&ms | ack
of imrune res onse IS | Oi nt |y responsible for the inf e;qgl on' er S|§tence)

Core al so act'BVas SHPE dePihdeRPTant PYERSLR. cEFY ¢ ?op%%p ‘ﬁs§ core
protein saqua@tera&egbheagf ofigh | pyotyetla | nyehe st raugyoainogesitsry of 15

vacci nes based _on HBV cor Ps. This.would possihly have no effect
R vi dual o BB CRAT G RRT R ARE " oha bR el el Pt TEoffeS ance 10
HBV core. Howspovertantbeséyi.s The sudlteroleareanoe: tinoertel @mis VMn@mdtlmebyler

hepadnavi r s CERFaTE: oot cler €\ cRb: SR Bdtendhe 2 nbhe. Gy pabeEo: 25(9):

hepadnavi r us core prot ei'ns as vacci ne platf /accine.
1593-606) . UshmglapeaniSvalh RE\Pofan pabsei heasbtariniesy ﬁncgmttlttdnem@f@re be

advant agf@uscﬁesteiﬂys eI Ghikh £ 00 RBYENtirdl SUBIEOLS &80@8?\‘1@199' nat ed.

25 2. OmMng to itS extraordi nary strong i nmunogeni city, core icrt

strong anti - 6§P§nésce?rqu¥3é§%hsém@ar@‘i}llﬁé%) angl a‘F]PesEIlﬁir@ct@l%’é@Ttl’é]rhy or

chronically iahaebad whihHBViedi réqct i apsareaddiidional hyr$9; characteri zed
by the appear f anti podi es t%é@h HBV envel ope E@Ot £i ns (ant| - HBSAQ) .

a
Cur r ent propﬁf?gﬁ(’ﬂs ilc VdcctHeROF6t iR aF ed BEI UV ety on the

HBV envel opeempcnbgl An( blaﬁﬁg:)lpl/é g esst WegtaatdaBtihon ﬁoh@f@f@ﬂi@e chgises the
appear anjgg of anti,- HBsA L@"rﬁl i ke_an | nf ec r}_P% at has £en over cone.
ec

Waet her CaRF h§dVESquited oh of Q/‘—f‘ ‘?—lBs(A

Vﬂ.CCi nati on, 1n§ec1’t1dga@m1ahsc |nterest in sorre cases and can be deci ded by
t he
The amino acid sequence and nucleotide sequence of the
HBV core protein have been disclosed [Galibert et al.,
20 Nature (1979), pp. 646-650; Nassal, Gene (1988), pages
278-2%4 or WO 01/77158], and reference is made to these
publications. Preference is given to employing the core
protein sequence of the ayw subtype but it is also
possible to use likewise variants, modifications of the
25 HBV sequence such as the sequence of other mammalian
HBVs or avian HBVs. The sequences are stored in the
publicly accessible gene libraries.

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

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

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



- 6 - detection 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 addition to the desired response to the inserted foreign
protein. Wth anti-HBsA% bei ng present at the sane tinme, this woul d make the
di stinction W8t #088/0B8538f ecti on and HBsAg vacci naPFBAERBPR7APPEL8GIt. 10
Production of anti-HBcAg has been mnimged in the split-core system since
the major epitope, nanely c/el, has been physically separated and can
therefore noghaREery P, SEE OPIAERE DYat R QM | §Yr Qb 3PET -JHREAG 15to
anti bodi es. A residual anti-HBcAg response tg other sequence regions of the
core protei nthgtprefedtumapndifes | PrRi shae’ pohed idt be1SEOFSRCES ot f urt her
reduced by usihedra MN-dBumRRE HRGEOH e PaRECIthusPIEli@iAbh Y1 d hgeMibEcg0r €
protein, as carrier, base. 20 The essential conponents of the split-core
carrier syst@h GPeiRePFAN&on are firstly the core protein of a hepatitis
B virus amd secondly the foreign nolecule to which an i mmune response is to
be eIicited.g%% The cq;ggﬁgotghﬂ]in its_broadest enbodi ment isﬂgerived from
any hepatiti WA, BUF Mo i F B/ ITFURsCAr b Rhowh. SBPéFelence is
given to enployitny aoserdileg ltimittl¢ ijomsent i on t hose sequences which are
derived from 30 hepatitis B viruses that have been isolated frommamual s and
are specific to these. Particular preference is given to enploying hunman
HBV. |n addi tli-orfuty adtiss, sblewing fromsaalchgopdssiHie infechbse Aepatitis B
Vi ruses ovidi t t . r 1 rigi rom
ot her an?%al?%r?gﬁlggézgﬁgsﬁfﬁﬁgﬁguc gﬁhﬁﬁfﬁgpoﬁﬂﬁg$0%§?? §E7E§$§%% ot her
conponent, nAREPPISKKe £8r el GRNEDY ecifTPAB MM h fOT | MhEneinEspbhge ' $s to be
elicited, maypdheiisheRidd)Ci P@rany amebecHkes Pagfepeneecbsi ghugenhgne to
protein sequences and particularly preferably to those 5 protein sequences
whi ch are fo@RELRT hel <tR¥hcER1GPPBEL Hayehi® af@LhhiRIP Rie EBAPERESW th the
i mune syst e@irel ftidi@AdRBINENSYBY&M 8 ablke drodgpdusmesgépDei ©p 66 such
suriace pLrucLiShed BALQIEHS il cofb! Hrl ® bRAEH LIRSS BhLglppnt act

have no effect in individuals chronically infected with

HBV, due to their T-cell tolerance to HBV core.

However, there is no such tolerance to core of WHV and

other animal HBVs (cf. Billaud JN. et al. Advantages to

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

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

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

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



10 i ndividual conponents of the imune system of the vaccinated patient,
with the pathogenic invader normally bei ng destroyed. A conparison of the
woodchuck hepatitis B virus (WHV) 15 sequences avail able in databases with

the am no acid of the core protein of HBV (ayM/subtgge) finds an identity of
about 60% DWGF &2MS/DL853% he sequences are parti cuPSEVFPEP8TVREALIPN the

regi on between am no acid positions 66_and_94, and this sequence includes
the 20 c/el epitope and, in the HBV split-core systemof the invention, the

di viding sitedeiwges t hgr N tefli BalcAL0i g 3Rd LheuCst ersangl kegien of the
core protein. In a particularly preferred enbodinent, this dividing site is
bet ween am nd @499 and 81. 25 WHV split-core carrier systems of the
invention were prepared by separating the WHV core protein sequence at the

nucl eic acid | evel between positi.on 79 des for t am no acid.d u) and
Togi 1 on 80 ehotmeetEe "BRBe80 Bn et WY ok e S ge BhtFbbt Fue

| evel , a Sequsntmiencadi hge@eeHlankéadBgagsi trespasiseddied &ddiheonakboxy
term nus of the . pal__core protei e t . of abbr eyi as
WoreN) . Domntrs}ier gélérg{%ﬁegfesggﬂs(%v\e%o aggécg%%rritbeéis% éb&%d?’%ﬁ%&ﬁ é and an
Ndel 35 rest Widgth oanthdbRadyedssng epvegensi v¢ whreh samet urimevethaps with
the start codopief haReWerld/ G95€EnEYEBRC Be MU kay Th 2e &0 ¢ ANICTRRL 1

identical witht ' _ .
HBsAg vaccination more difficult.

10
Production 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 antibodies. A residual anti-HBcAg response to other
sequence regions of the c¢ore protein 1s present,
however. This response can be prevented or further
reduced by using a non-human HBV core protein,
preferably the WHV core protein, as carrier base.

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

25

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

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

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



preferred arrangenent in the corresponding HBv split- - 8 - core
constructs. This enables insertions to be transferred directly from one
systemto the other one with the aid of a BanHl-Ndel digestion. In the case
descri bed here, WoreN contains a conservative 5 substitution, nanely E79D,
and additi on&9 20084028535 erni nal ani no acid, due ?STt/ngiUHFI/SHﬁ&@H BarH1
cl eavage site. This has no adverse effect on the ability to formparticles,
and the C-termnal proline, owing to its protease resistance, increases the

10 stability e tBenSP! | LoRbOhEhE; |IddrRe1iBVeaR! | for@ien WI&LIGONEI NS an

additional start nmethionine, in this casé upstream.of. B0 (581 jn HBV). This
WAV spl it - coMRiBhsan ué{‘““FB?néT(?Sfé’é’Hslecllés BQulrl PldSiag: dae¥ nee in

correspondi ng;ﬂi&\éliﬂﬁ, t %ﬁgr em@p@?\tlwct Prjéférﬂer%:ef uritshegle@i@oméfeant t@; tEe
present inventiaon, the Cternina e N-ternmi regi on of the
core protei n HFUH g?%%%n??%nﬁﬂfif %rrgrhcuﬁr&f Y tHis® l?nﬁéego FROERi s case,
the hybri @ spddtedar eseqaeneeszmﬁyﬂi earef fidumd nventthen dasfassenbifal |y

t hree conponent the N-term [ ot io o] hep titis B
virus, for exa r%fogen%ur%%éh g%f?}g Vir sgt%ﬁg f‘g'%eflgm:rﬁrgl ecul'e to which
an i mune r espyrisan.maylbe Ehe mimnlu:aeld shet@nt ei & nableegton ofrotheecore 25

protein whi ol il oS d TARANIeLcDeDRH LS, B VbEUBachBEeRXaTBLE from

VWHV. Such a hy It-core construc or ned S W't hout any
probl ems. Si deEtgre amrﬁo aéhacséyaenbes @f—t@ﬁe c@fétﬁﬁibt eiidI¥ r ofh@i f f er ent

hepatitigoB \&rfc}isﬁ%@afle Udlpirtos R 3R anthuleCelsh @it ORES @hgo

differ. The hybrid split-core systemcan therefore speC|f|caIIy i nfl uence

the i mune r éS5SHIB RS ¢ h@aﬁ}&teﬂteul avétBar e . M9 hybiPYa8Ei t - core

carrier systeigrmRfl iheadnhd nuair®pedgere prepared by separating the WHV core
protein sequence at the nucleic acid |l evel between position 79 (codes for

the amno acid A u) and position 80 (codes for the amno acid glutamne). At
t he A comparison of the woodchuck hepatitis B virus (WHV)

15 sequences available in databases with the amino acid of
the core protein of HBV (ayw subtype) finds an identity
of about 60%. Differences in the sequences are
particularly prominent in the region between amino acid
positions 66 and 94, and this segquence includes the

20 c/el epitope and, in the HBV split-core system of the
invention, the dividing site between the N-terminal
region and the C-terminal region of the core protein.
In a particularly preferred embodiment, this dividing
site is between amino acids 79 and 81.

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

sequence encoding BamHl cleavage site was added to the
carboxy terminus of the N-terminal core protein segment
of WHV (abbreviated as WcoreN). Downstream thereof
followed a second ribosomal binding site and an Ndel
35 restriction endonuclease cleavage site which in turn
overlaps with the start codon of the WHV coreC (WcoreC)
segment. This arrangement is identical with the
preferred arrangement in the corresponding HBV split-



- 9 - nucleotide level, a sequence encodi ng BanHl cl eavage site was added to
the carboxy termnus of the N-term nal core protein segnent of WHV
(abbreviated as WoreN). Downstreamthereof followed a second ribosomal 5
binding site and an Ndel restriction endonucl ease cl eavage site

whi ch i
turn over | ap¥Wi2AP8&428838 t codon of the WHV cor eCPEREE 3@?%985&:95. ITEI s

arrangenent is identical with the preferged arrangenent in the correspondi ng
HBV split-core constructs. This 10 enables insertions to be transferred

directly fromgne syshefkheckhe offies oreawill thendedr9bna Bardil- Mdel
digestion. In the case described here, WoreN contains a conservative

substi t uti on, tERNFASF A DI BREC R AL EPBN AN PSR €Ot it naFhehi ABCaci d
due to the 1%ty r eHeced Baskl £| eavagenget e.dildese @s. nanadvies seagkf ect on
the ability t fog‘?éacfrticles, and th C—terr,rci nal praline, ow ng to its
prot ease resit AR T netdSes t MECHSAbi | S8R Ythe &pl i FOPPSEEFHLVEI ke HBV
split cork, \WidrseG todnicai nsnameaddEroonalarst anddP?0ioeébipnane as tChis case

upst ream of . i . This co ru abl, Lmp i.¢l es
wi t hout probﬁ%%§&§%étu%gﬁ' c&aggg'meﬁﬁéasgéeggﬁ%ingﬁfkﬁgggéﬁksgé%gEZS

hi ghly i munogesvagel celtei nddpendéas ame Tacdetersgepeddest anni g&he. The
Symmetric, mydiijeh) cHAEbiaulate ;3huCt Wik Otf.(}m%h@—EQIcﬁiHQit Lok ih®
essential here. "Sai'd structuré can be depi cted by conventi onal ne%atlve
stain el ectr Aidkbschbpy &t al BBOBRaSRy0 3G 16L8ECFon NRFERRPY. The

particul ape natdyia iaan Be defectgdibi eahrmical | yiky st nemtati edrin sucrose
gradients (sedinentation coefficlent of 60-80 S deEendln on.the_variant;
for conpari sdIFOREH (AR HIHorRR | 2P bt @RaS: SERPF oRethignatiee kb B Sc

ri bosomal 35 cHgainipstrdh605) Qsbn (@ddi tirorHeYhe PhRLéi whHes shave-aore

di stinctm grationbehavi grinnativegel. el ectrophqr.esis i n_agarose S, which
TS e ent PR GO L St Gl iy esmpal]) r88 OfhR
possi bl e t 0 detmraspmndityeg IHBV GRSl tcaspfeoranmrt st her t he proteins are
pr esent E@thout CL? structure. The HBV core protein has 183 or 185 am no
acids (the

In a further embodiment of the present invention, the

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

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

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

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

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



5 WHV protein has 187 am no acids) and consists of two domains: the first
approx. 140 aa are required and sufficient for CLP assenbly (assenbly
dormain); the Ctermnal region is rich in basic aa and binds nucleic acids.
A Ctermnally truncated core protein variant 10 (aal-149) was ex ressed in

the origi nal W0 2088/ 0285%38ssi on systenms substant i aI PGTHEP QP"t/ﬁﬁﬁ PRe full

| ength protein. CLPs of core protein 1- 9 i.e. without nucleic acid

bi ndi ng domain, were therefore utilized medi um and hi gh resol uti on EM
structural 1%ﬁ%¥é$ﬁ%&e'Tﬂé§eit W@Ssﬁﬁﬁ%hgbﬁ éﬂcQ&iﬁénhﬁﬁﬁhhec§é¥§5§E
structure of the CLPs and t he protein. has been predicted

of
bi ocheni cal | ¥1tEheWasr eaﬁldéfiel ROt oF}ﬁ% \@V%blt@r@ﬁﬁﬁat Qfcalt™® nfirs whi ch
assenbl e to GieteniGaAs eopRr igxdigid) geghaftdiger aHv20( e serLcdrar biscl es
have conspi cupus qi\ﬁl kes; each di ner foqus alli(g i ke whose sér ucfsure cgnsi sts
of a bundl e JFOF |- FEEMSHFEIR nE? L Lored i BubFREPEWE 1 PERG™ 8 hel i ces
in the cebtebielditite adtsequante.ardheNdpl keraétnpslonrrpenslenubeeageno aci ds
(aa) in the a 74-85 r Thi.s gion_ also ¢ rrles mungdo i hant
B-cel | ep|t0|§ G A g‘gt:%/ e"fhlecprll %e)tur hd s Sg)lstl Parl i ggam:
i mmunogeni ci tapdeen bef expllted neWHBY tdveresur f d0eocerfosi tseegmmiti heSbisesi dues.
30 Figure 1 i ranmag t o] p i r primary
sequence of '?’h aﬁ%ﬁ%ﬁ% pr ot e%%@%éy%e‘pf%};;e%ﬁ% ﬁg%%l{]e?? lﬁi gﬁg éﬂgf figure
1. The entird&rbhei ryormirerdigig 18I:$Vaa8193135 QAren BVHREIRNESSS ThbBypes) ;
only the;ptt erinals apioX: 149 85 ke trr%qwfre%cfefaordﬁgcéw MBLbRNhassenbl y

domain); a preferred Ctermnal aa position is 149 H s tag maKIabe fused

to this posi tSY&TFhdt® o thRy AUdwist PREMYEEN u'ﬁ”letélgaiﬁis aV\PtaFi‘B&t' £t ur bi ng

the CLPs. Thetjg/eaiciepitope tgel @@@be@és%ﬁﬂbéd agi, Oficaadf- 83nandnkor s
part of the | oop between the centra a heJ [ ces (bottfm I ef% The hgl i ces
t hemsel ves m&y b& TG SIS wi t%u}fﬁ n, name

additionally a P as C- termlnal amino acid, due to the

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

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

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



5 the aa residues up to position Gly73 in core N and the residues from aa

A y94 onward in coreC being the required mninmum The right-hand side of
figure 1 depicts a diagrammatic representation of a core protein diner. Only
the two center helices per nononmer are 10 shown. The c/el epitope is |ocated
on the parti ?® 2008/ Q28531 a successful particle PETAER2007/086188re aa
sequence nust include at |east positiaqnq}4Q, preferably 15 at |east position
149, but may al so extend further up to ghe C-term nal aal83 or 185,

depending on gdig; R\ S*@t &@Eerfn”ﬂﬁ AHBeRUSN&e, slOVAS! I £8P 0brPRsilher 140,
better 149, ma e replaced wth ore| an se&gences which are then usually

| ocat ed i nsi d@'let tfé-"f@c_epéls ﬂr%rﬁlfwt’eﬁla? tCLR i Her1F 5452 oduced agai nst
such foreign am no acids they may fulfill other functions, however. Owi ng

to the extraaordi narlly hi gh i mupogeni ci.ty of 2 BcAg, recomhin HBV CLPs
are attracti ve'§ ofBYs&%%€ |Pr‘f’r?1’h ﬁ@?t }-B)énh%]ﬁciﬁg @d%rrf%ra% grtg
anti gens. 5An valt eppateye mlsutlsm amiekemciads coapli neprofi ey ebgn tml ecul es
to prefornmed The es nvention 3 ovi des_a enetlc usi gn of
for bl gn aa sETIAAR |t e thbPE overh. M 85 o or SHE TR “EE ope
proved here tsmﬁ)‘iaidaiextt suidred QI | recusciming ypot (ersts eBddef | &omap@nses then t he
basi s Of emiclGaln il ol Seandy even, pefors bies & 63y a8 00 ARRY

ved. Tt asis

structure had beén reso ( as Nnow pecone Cl ear on t
sai d structuragidshat Asu@htmglmtlyertrregmtadws@pr%rrsmmmt e rieas bet ween

the centep heldLes o NCEakh h0Used in  the original E. coli

expression systems substantially better than the full
length protein. CLPs of core protein 1-149%, i.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 monomer contributing two long
a-helices in the center of the aa sequence. The spike

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

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

35 subtypes); only the N-terminal approx. 140 aa are
required for CLP formation (assembly domain); a
preferred C-terminal aa position is 149; a His tag may
be fused to this position and to any downstream aa, up



does not have per se any structural function, the 3D - 12 - structure of
the core protein nmay, at least in principle, be retained upon insertion of
forei gn sequences. Depending on the foreign sequence inserted, sone of those
fusion proteins may continue to forms5 regular CU s although this is not

al ways guar an‘t’@e@logeé%gﬁl"?he foreign anino acid seRfEVFPIR7 ARV E| y
affect formng of the fusion protein strycture. The particul ate structure
for its part is essential for high imunogenicity. 10 A nultiplicity of

foreign Sequeeseéa*ﬂe§ PLg¥hous! m@eeemﬂee%ed CIBO Wi Ol REQL&IgL and in
some cases increased i mmunogeni city has al so been detected experinmental ly

[Urich et alis Aggatedr jd Ré%e regosy, °f5 350/ 8 141 - a83] forBRe STt Ghce many
attenpts of Ieﬁerm e aheae! YhbonGgdtaiA 9f-BEUUERS e bottidh Me: t han

approx. 40 aa fa I article no | on bei ng forned),, it u

that there ist \élﬁgrléf% qtl‘i ?t?efglruﬁgégiegi‘?ndhf%} e‘?ﬁﬁ"aﬁ%ﬁences

of up 20 t9 46haaaar ,relsridaxegpexp atlo cpseitign tel#20 aa. chakeiNyraradr tioe aci d

sequences fused_at ternlnus the N termnus h r.ot ei n
r?%%‘ri#%%rt f}’?’?‘ W &%@ BT | oS

were found to nIy, at OTe3ET two esien efia 25 are
met: (i) the BEusiredt Lmenemumhe Theei gholpr oh@nd nssde beobuchigumae ikts N

term nus and ?ﬁ E&E'E”HSdE ﬁfng't% tr*?—; r2Ra t%ﬁl%%?lotf U Ard gﬁéﬁé’l@ge

p0|nts in 30 core pro termnus o term na nol ety,
i.e. core aa fRBATapiBLY Jthceo &ppr okentyer [ digldNjes NPesr iangmer taee

C-terni nalg COERoIRI etphe | Ge1C0LB1 7D Er o apRIeB0oh0 448 PaddR-lcoreCl);
35 (ii) if the foreign protein itse P makes hononeric interactions (diners,

triners, etc.furéP€estructure of these honp-oligoners nust |ikew se

For a successful particle 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 on the HBV
subtype. The aa sequence downstream of position 140,
better 149, may be replaced with foreign segquences
which are then usually 1located inside the C(CLPs.

20 Antibodies are not primarily produced against such
foreign amino acids they may fulfill other functions,
however.

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

immunogenicity-enhancing carrier for foreign antigens.

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

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



- 13 - fit inwith the structure of the two core protein noieties. Foreign
proteins whose N and Ctermini are in close 5 proximty in the native 3D
structure are therefore well suited to presentation in previously disclosed
fusion proteins. GFP neets both of these requirenments but many ot her
proteins do n#@; 2008/8RBABPe of the latter is the olRCF/BRRIGQEOPHI®Iin A
(GCspA) of the Lyne disease 10 pat hogen, §Qr[elia burgdorferi, whose N and C
termni are on opposite sides of the long 3D structure. Insertion of GspA or

other proteing W Lp,2esi giel ardy, E”&?ﬁ’@r ?Bf@téiﬁ“?fnﬂgre regul t5. 44y tefpgions in
e foreig

the fusion 15 protérn. Either, the foreign protein rémains correctly folded
and prevents PhenciBleor e s ot%g v RSt | @ROR r oANEEPESABNI f eakdrotFHer, thus

preventing thgbgbRLALNY RRERURREWENERET FBELZBH QARG RAT {hSde d@F Mat i on;
or, folding of the core protein noiety inpairs folding of 20 the foreign

protei n whi chSeRehe?f i SHRFS ohgEL CRat PTRLELNAI tehed CRRCIGES cFPy)Tm - i f
massi vel y g1 stehdedr- depdls d1amagegahian.id nridte gawayel SEPfantdes
pr obl em was cgrcunvent do %% 25 partially by utilizing very %oqg | i nker
sequences. ThBSE2PPRk Eéeg At AEPREstitt G POHRAEFEl TiMoF ST TS pécial | y
for vaccine appkeeatifhsnind tdfat thbeyfeoidd haveaimdesiradtapki. gerhei ty of
their own, possiEL %e§ultiqgﬁin harg%yl c%oss react.i ons fog.eia Ig wth
30 endogenouspﬁﬁ ?’é‘é g\t e Cétf"‘,lr%o gspfi gi r%alb’f ot neBFSB Fati ond" had
only very linhigd tmpabbbehycoétyform ng regular CLPs. |In addition, general
steric hiqndrance could be a 35 problemw th very large foreign proteins or

foreign proteins which greatly deviate froma globular structure, owing to
the dinmeric sbrueiltipleftitie odorfenmigreiseq@mndass sl niey igaohet rbeent | y

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

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

Foreign amino acid sequences fused at the C terminus

and the N terminus to the core protein were found to

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

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

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

35 {(1ii) if the foreign protein itself makes homomeric
interactions (dimers, trimers, etc.), the

structure of these homo-oligomers must likewlse



- 14 - of the carrier particles (the space avail able on the "spheri cal
surface" of the CLPs is limted). The maxi num si ze of the foreign protein
depends on several factors. The nethod of the invention has already 5

succeeded in resenting a_foreign protein of approx. 320 aa ééﬁ%?ﬁ The
present i nvent®oR0PBEPEBBRE relates to a split-core REFRRD B as

separate pol ypeptides, the core N 10 dompin_and the core C domain of the
core protein of a hepatitis B virus and at | east one foreign am no acid

sequence to which a; BURBI g ANGhhaNeF 2, GPPFOPEF atBe @weeldddarpidranie
response is to be elicited, said foreign am no acid sequence being fused to
the C 15 terni nus BPT*ER&=€ore N domain or to the N ternminus of the core C

dormain and the core protein being able to bind capsid-like particles.

Preference is 8iven to the carrier sy%Len1glHgi%inﬁ?neutralizing nti bodi es.
20 It is essehff&t9foPk ]r?c?rewEPB{eei PR% he SPITtTeorE Yadli ne B¢t he
I nvention 3o peoximetyuphedhet hattive SEpatatedurat drde thietefoprd opeEll i . e.

approxi mately en_anj Lds. d 94 Tpg { r e 1.no equence
may t hen be fﬁggéggoq¥hgb%§%%ﬁ%ggéﬁge% (é%?%% quﬁég%lgggﬁoﬁiﬁékfhis
case, the N-terateahsen@F8f mekéscooghCofathesamenuiindnarife dithonay d at
whi ch the corgeheprgi6tBskes aseRBkal ede ldhakb1d 22 RARSI R dhals Atd of the
c/el epitope Is deleted, 1.e. that one or .
outer surface protein A (OspA) of the Lyme disease
10 pathogen, Borrelia burgdorferi, whose N and C termini

are on opposite sides of the long 3D structure,

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

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

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

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

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

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

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



nore am no aci ds have been renoved fromthe region 30 between am no acids 73
and 94, Alternatively, it is possible for the foreign am no acid sequence to
whi ch anti bodies are to be produced to be fused to the N-term nal end of the
core Cregion. In this case, the CGtermnal region of core N term nates at
the amino 35 Wei d088/QRBBASt he core protein has beerP¢TMERSQUNT £206100
substantial effect which nust be retaineg,by the split- core vaccine is that
of the split-core vaccine particles carrying foreign am no acid sequences

fused - 15 - khenfl o stitL, being ;ablk tochar @ptar&‘;e COv£1 £aRBL Aol Kene

I
particles. This is tested either 1n a sucrose gradient or I n native agarose
gel el ectrophdfeBpsicalt esirfper "t h&fai st &HES ects ont ik copel™s al so

poszi bl 3- 5 Tﬁ%mﬁﬁi @A ZAN I @@édfé_ﬁaygﬁcgrbe?mi @@@H@M% e§e\?é1,€h1 0 ]Ene
produced is preferably a sequence originating fromsurface structures o
nicroorganisnggcgﬁﬁﬁ'nigp80r§§ﬁ§§ﬁ% &%Ladﬁ?<xﬁﬁ%§%ﬁ%%%s $n %ﬁﬁﬁﬁif 1f 10
neutralizisg sattbededs 1w bhesensthyctar ésreaanbeppsiosiicedf taeprdhi s
results in the,jmmun ense being able to renove very rapidly invadi ng

ra 20 ABad Ry

m cr oor gani s um for which vacci ne devel opnent is already quite
advanced is Borrelia burgdorferi, the Lyne 15 di sease pat hogen. Foreign

am no acid se n l-C ref er I fthint {o) f the
i nvention are@pﬁegggﬁggkign§%%6§6§#§¥$Q%%¥%§£é%%%§f%{ﬁ§£g%ﬁﬂﬁgﬁg %@%%.
However, the VaFeiggs aWieh dvisd svgoeneratenpodivperbedesherthee v ¥

originatifg fEBAhin and the core C domain of the core protein of a
hepatitis B virus and at least one foreign amino acid

sequence to which a humoral and, where appropriate, a

cellular immune response 1is to be elicited, said

foreign amino acid sequence being fused to the

15 terminus of the core N domain or to the N terminus of

the core C domain and the core protein being able to

bind capsid-like particles. Preference is given to the

carrier system eliciting neutralizing antibodies.

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

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

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

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

particles carrying foreign amino acid sequences fused



20 pat hogeni ¢ organi sns. An exanple of these is the mal aria pathogen,
Pl asnmodi um fal ci parum O her foreign am no acid sequences to which
anti bodi es can be produced are sequences originating fromviruses. 25

Preference is_given to enploying those am no acid seguence i gi nate
fron1proteinswgfzgppﬁgggggéning into contact with tféb?ﬁ%ﬁi%x€§§$ﬁﬁggf t he

host organism Said proteins are primarity surface proteins, since these are
usually the first ones contacting the 30 i mune system of the host organism

Al ternativel ychheweyerstiiherse iy abse he PFeiRi BheWRidde acgpépliensesd in the
course of the viral _lifecycle., De endlgg on

the.type of virus, they my be
viral core prBREFASIEFE - E0cahster prdt 8F heSTt 6P &M@S%sé%ak%@? t he
present splitogone vesecivne sayrbecussl folegenssladragimot Aondastantitiodi es to
exogenous am aci.d sequences but al sqo_anti bodi.es undesi.red endogenous
e et uct Mo B4 HcREagn, BToF U ar B e ORGPBE A o ST RS R EER o r squent |y
express other surface markers than healthy cells. Thus, if such endogenous

am no aci d_seqyeneescas AhAseNLedd hddirhl ifs GRl&Y AEH Nq Al Saigmune
response is elicited, Causing the bo 0 I'ncreasingly produce antibodies to
said tunor cekbs. bahag@dunddhodsespepadrablie d nAgAtctefendelgonaeHyy | y

recogni ze and cubhi Mg ghyagki Mdidhedileed UMRYE Cehh BroblURHEEnst Ne stk | er

system of the invention may also 10 induce the cellulafr i mune response
whi ch may i npPéGECRFIRELENEY. UTHRL bY eseditSapliseRs®h dFsolPBRrafes b a

met hod of1@repantRre1azvagCi Aaragainsk atbet ehekegoysrpeetiets lbasequence.
The split-core vaccine consists of t arts of the core_antigen of a
nepat | tis B vPFAGUCRAL h LB &P End Frt ol Shdiie pHUTEIT LetRRe e Bhg f used
to the core Nabtgi @ww arenidwes coeey Crapatieiyn ibeiadgd nigu sed: taptdwn iGtser i nal end
of the heterobgg%g%ig&otggg S%ﬂ%% Ce\'raccine development is already
quite advanced 1s Borrelia burgdorferi, the Lyme
15 disease pathogen. Foreign amino acid segquences which
are preferably employed within the scope of the
invention are the Borrelia burgdorferi surface proteins
OspA and OspC. However, the foreign amino acid
sequences may also be other sequences originating from
20 pathogenic organisms. An example of these 1s the
malaria pathogen, Plasmodium falciparum.

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

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

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

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



20 The position in the amno acid chain, at which the two domains are
separated from another, is |ocated between position 73 and position 94.

I ndi vi dual ami no acids of this am no acid region which represent the c/el

epi tope may be del eted. 25 The nethod of the invention may be carried out in
principle in WRo28PR7/BR8ABSways. If the two parts of PEREERHNOTLQUREIGUnNti gen
are expressed as only a single polypeptlgg chain, a recognition sequence for
a 30 protease is inserted according to the invention at the desired

posi tion. Thi étfae%%st %&%pggssgﬂn&pl yReRkkde t@ybe slaaved iflRotwo

defined parts bl protease. It is also possible in this enbodi nent for
the protease ®BiLéH cf%%g%§n5}Ytr@?RR%ﬁﬁedmgﬁﬁhv§&§f§F€e Barkgrpe than

coexpressed. Hbglgrpe seyuenceriesj ng # h%me:ﬁqoreﬁamaﬁoh@caéﬁﬂnél tdeigon the
sanme vector or on a separate vector ot her, preferred

enbodi nent, tﬁ@qPﬁBCﬁﬁlfﬁ%bt?ﬁ%%eﬁﬁﬁ@|&He&jﬁbo§8?éFec8§ﬁr§?§§&“ﬁé|ﬁﬂl

speci al vettoﬁmmbnaeveESanebera@ceeriqmuaa)t(maﬂﬁﬂngurmhei"ﬁndystw@nlc"

vector. This neans_that.,one_ part_ of the Sdﬁ@ it-core v ine_is ressed as
S5

c
pol ypepti de char ﬁ‘*%ﬁan%’%é{t < %‘f)ec&%ﬁ I caF%d St n ueofer?ﬁ
Shortly there@heee, dmmmbaﬂ;eahenabbesahesJmmmmatdeﬁeagalmqnmb&dx&wss t he

second pol ypepLiden; Hi S,585UL &S Al POU Rl Of chide sphit- corp yacci ne

are produced out equ ere 1s no nee |ng care
t hat the hostH@W@ﬁﬁrsmtdv@esc«mrl%séygicemerofoftlwem@@nm-@n \mﬂYChaLM| d

result im@nl ynaneePaie 0ket g1 &P 'ﬁm%?iree r\’@éi%rﬂsee Skhh bnb&9
The expression "fusion protein” or "fused nmeans t hat tmo dlf erent

proteins or pBEfPEHENE¥s are connected mnth one anot her via a peptide bond.
Such fusion proteins are produced by expressing the nucleic acid sequences

coding therefor, which are connected in 20 series. Linking the_inse
f orei gn prottheoﬁﬁﬁﬁ?P%iE@?QLH%§H¥% P d TELEHSR nf© smﬁﬁﬁﬁg Qgthe
present invenpkeparmnbe ahevaacmnaroagaﬂnshenacame@éfm&@mmumtrpr@mgﬂmlto 25

a broader |I|t f P carrler stem CIfIC as_yvacci ne
carrier, :bene SﬁPﬁng b&%%éﬁ¥&t Plot Y%ﬁ%& m ﬁﬁpéégﬁg %ﬁ“y Ritbe? and
type of |nserbﬁbthefaoeegﬁnmn@Ealmf|auhe§ﬁn¥tuhwﬁnvxzusy‘Wlﬁheeimmerof t he

two coval ent bapds,dany SN1%, dhe 06 G0 termidiale Sideng! Flieed nygr tipgan be

di ssol ved and partlc m ne SS ecause separ a core protein
nmoi eties (spl cpr@oNe)refqlmdl exthtlog heprand bPobdedor bedmioy. fuaﬂds s e

essential asppCtephihhe P&LESERSr | PMENtHABrologous protein sequence.
20 The position in the amino acid chain, at which the two

domains are separated from another, is located between
position 73 and position 94. Individual amino acids of
this amino acid region which represent the c¢/el epitope
may be deleted.

25
The method of the invention may be carried out in
principle in two different ways. If the two parts of
the split-core antigen are expressed as only a single
polypeptide chain, a recognition sequence for a

30 protease 1is inserted according to the invention at the
desired position. This enables the expressed
polypeptide to be cleaved into two defined parts by the
protease. It is also possible in this embodiment for
the protease which cleaves at the desired cleavage site

35 to be coexpressed. The gene sequence coding therefor
may be located either on the same wvector or on a

separate vector.



35 Figure 2 depicts diagramatically that insertion of a foreign protein
with an unfavorable 3D structure (e.g. OspA) nmay prevent fornmation of the
particle formation- - 18 - conpetent structure of the core protein carrier
(upper path); alternatively, formation of the correct 3D structure of the
core protein Wﬁr?PBF’Hﬂ?%gevent formati on of the naRGTEERZPATLQREIIE of the
foreign 5 protein (bottompath). This \_/voﬁd_adversely af fect the binding of
the desired antibodies. This steric problemis elimnated, if either of the

two coval ent kjnkagesdhet ynedrdor&l 98mBE QI REAL | Nekt @R S&T Fh&5t{ @8 t he
C-termnal or thél\l—tgﬁ}?ﬁ nal side of the insetr:t_) is 10 di%ﬁoﬁ%%t(arrow).

One way of achfBYiAGeEhiadA%Ee sHR e GFRRESELEa T D 2a SEGHHISUORC $94Si on
protein, whi chowegeirres arelfeavage sitig forgiaregpecidd ¢ pEirasng o he

i ntroduced adqgti ongl I%.. Preference |s. theref orz:gl%itven to_ex resfsi@g the two
fragments as separatrEoTsCentiFGeE 1 romtt nBeBUFs&t THEP R oPRE Forf tactdt di ng to

t he i nventg onspaststokrk fudddiatie carsequpenessed2@d ) poilgpepthdec/ ehaipi t ope
is located on e rticle surf the n d t i nj this
surface, whi cﬁggan&gaet dér isvta i zgég?ﬁrtl%er%v?—%#g@xggpl tgl,rlénar&:‘ o%ée)lﬁgin&&n%l ecule X
can be fused Shorhéycdrietdafdgment hawdvarf ortdiggnr nbbeenee Yavanatbheadd fused
to the coreC ;gﬂ%% I ppLi i L r esgtat i
heterodinericgégggfgﬁﬂhéi cu é%.@?g §%§§3§e9?§§§ﬁb?§€%'accodﬁiééékégs
however, that thaér ®#oflistraiois bef ahlyesespii&-BPAEr FRCE o tare tRPPared

attached gy Tusi @Boud0 ddual SREAL{tS SHBT €86P8S 1 8f ndN ANKErisd fQEshGN
sequence, for exarrgl e a particularly i nportant epitope, nay be oriented
I

toward the pafF€l ENdgr ti€e hoB taRgaryiem idoesdandiGRf ot By 19hkERe via N

term nus or GykeeBrBYUS.wiIteh exdible tssihe 3B ol eplet apert 0bfB. the
bur gdorferi Osgf whi ch has been fotuLEd to be | ocat eg in the Cterm nal
region. Anti bS5 GRFENVREEOHRI S&1Lhi DELPBt BpEVASFE -neutral i zi ng acti on.

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

20 series.

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

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

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

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



- 19 - This is also inportant for inserting foreign sequences which on their
part present further interaction surfaces (see exanples for the attachnent
of third 5 nolecules). Since the interaction-capable foreign sequence is

i nked only on one side, no artificial 3D structure is forced

rather, depenWPngOBR/PRB5BSpe, it is flexible or CEUPQT%$W?Q@7L$b§¥%Q 3D

structure without interference. This subggantially 10 facilitates
interactions with the interaction partner. The present invention al so

relates to medhRBBEBEAHS, SithuRMlL WAl tNACEbRBS prifteth cFise caRsdd-|ike
particles base the_split- cor? system 15 The di canents of the

do
i nvention |ncPﬁHE thea&§B§P&FFV@ H&rtﬁ@F@?t&Pnth@ i PR t
preferably ingtueaearkheotnmune system pﬁ@téimelgarﬂsenal | ay t herswpdnd - core

carrier system of he in Qn present s, e a forelgn
am no aci d seffiéfiger Wﬁf %’ R hhtRe %@s?g Pﬁﬁﬁcéé aﬁﬁéboiﬁ
preferablyineproabnnlﬂ@oamtmbqﬂuﬂm Thes® anulﬂodﬂseraeéwﬂaﬁfqhunEhaely
involved in c t a ha Lr the
virus, or thegggégbétggétgﬁ na&eC| g Q éﬁg%lon%g u%%%giregpfunnr cells.
In a further éﬁb@dnwem@tadmasble@tbareQiNEHQrtw9sﬁ@maﬁ€qﬂmﬂlmk@gﬁson may
be enpl oyed aﬁe@wgbﬁg@%%éféﬁ”ﬁgé%eﬁ@ahﬁgégélaEE?n§arﬁ%éﬁpk8ﬁ I3 anel 13

illustrate such 30 agp i catlons In nore detaill th such neans it |s
possi bl e, for CEBXBABRE, B nelk@ d%ﬂ%%@W%HQQ'séﬂﬁkffpéorégéen%nsert) is

ant i body-j ndgngspatticl qarMuoh f aind heldy pabt biekdéiaRtingen @it make it
vi si bl e by mag gf quoreSCfnce In a_further enbodlneg t he $P|It core
ubsequent cleavage of a continuous usion protein
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 i1s located on the particle
surface, the new N and C termini form on this
surface, which can be derivatized further. For
example, a foreign molecule X can be fused to the
coreN fragment and a foreign molecule Y can be

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

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

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

neutralizing action.



35 carrier systens of the invention may conprise peptide sequences which

bi nd specifically determ ned netal ions/l|anthanides. |If such peptides are

i ncorporated into the split-core system particles are provided - 20 -

whi ch conprise nultiple reporter atons/ions of this kind per individual
particle and WPe2pB887BR8B3bect able. Exanple 1 5 W I PET(RPZNE/ PR®BIEI n with
i nserted TEV-protease recognition sequengg A recognition sequence for

t obacco etch virus (TEV) 10 protease was introduced into the c/el epitope of
wt core protein 1-149 (substitution of aa P79+A80 by GGGGT- ENLYFQGT- GGG G
residues as linkers to ensure accessibility of the recognition sequence to

t he protease) Th¥fe isecdifist nBpdytapr 8e5ednpestens ffomeadm 5seatenedes.

These were ingybated o t he 1EV-Pr Qf8ase ﬁ:q@séﬁ'@ syeeeserof {hecdeavage
reacti on was checked by means of SDS PAGE. The protease digestion m xture

was t hen sedlﬁﬁﬁﬁéﬂeﬁhrbﬁﬁﬁ LXUR R_e d?éﬁléﬁ@ - ERGRIERtc ol Rl td eavage
occurred & tg@l@gﬁ@%%;?d {30§irfld:ém 2 tshﬂﬁﬁel’f&@tibﬂggﬁﬁhﬁgéf nﬂ@{%ﬂg@qugl .
size were produce spi te ¢l eava e protejn sedinented.in the gradien
to about the S&EHBEBESI th :ﬁﬁ“ﬂ%cpgg¥e Iﬁ%r%lg?otﬁpn@f;ék} %%hpggable
results were gbiracnadeusisngferdedi aponr ditei nrdesesl, odepbeadt iyl drengid core

25 protein 1-183. Exa .Lor e roteln \Y; rlants W th relatlv | ar ge
|nsgrted 30 f 5VBFgn %gguéﬁcegleXlg? 8t BOLRM P LD LelaL I V)Y g

structure without interference. This substantially

10 facilitates interactions with the interaction partner.

The present invention also relates to medicaments, in
particular vaccines, which comprise capsid-like
particles based on the split-core system.

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

20 the immune system a foreign amino acid sequence to
which the immune system produces antibodies, preferably
neutralizing antibodies. These antibodies are then
decisively involved in controlling the microorganism
that has invaded the body or the virus, or they assist

25 the specific destruction of undesired tumor cells.

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



As an exanple of a fusion protein with noderately |arge insertion, the
sequence for an artificial peptide, "AC D' (flanked by Gy-rich |inkers; 65
aa in total) 35 which can interact with a conplenentary peptide, "BASE', was

inserted into the c/el egitope [O Shea et al., Curr. Biol. (1993 656- 667] ;
t he TEV- prot eHQe2PBB4BRARPREN sequence GEEESGEEMEE[IIR§21E22607l° 190

AQLEKEL QAL EKENAQLEVEEL QAL EKELAQTG- ENL YFQGT £3GC s inserted in the downstream
thereof. The fusion protein formed CLPs. These were isolated and 5 incubated

as above wi t h,dEMLPr 0L 835 8se Hafiel £ Q01 SPeGIJdrE ! eaYaAe /qealdl F8d biid he
particles remained intact. In this case, the TEV c|eavage fragnents have

different siz&3NgnBeEahnAANieHalePBECArdEi AYdi 8REdPREFEE ARTRATARESSDS gel .
Despite cl eavage, the fragnents cosedi nent 10 into the CLP-specific gradient
fractions. Thps ex nphe denonstrates that CLPs conposed of core protein with
an inserted 6 xﬁﬁngp ide (linker + ACID + TEV cl eavage site) can also be

cl eaved spgecifically, 15 while retaining the particulate structure

nevert hel ess. 3 er e sk is r e;&&? ' ri ment
20 using a cowgiggg Pn %%H;i rﬁ"ﬁé@%llé a%ggiggue:%gg%én 0 %ﬁ%%%ér?el ia
burgdorferi Csppogndtdon. s€huencer espondi ng protein without TEV cl eavage
site is described in Nassal et al., 2005; only a fraction of it forned
regul ar particles, and these results were 25 evident in a broad distribution

in the sucrosd greeP@nttidqme sgmAnceacEPie w@Patenh &hfh husrse usBEVbnly to
a limted ext gobeBRECOVRs . ibbirdaudel YREST RO d1ndlp figyappbizcapi e i n
humans/ medi cally, since very long extra |inker sequences with an intrinsic,
core protein “1-14 (substitution of aa P79+A80 by
GGEGT-ENLYFQGT-GGGG; G residues as linkers to 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 since two fragments of nearly equal size were produced.
Despite cleavage, the protein sedimented in the
gradient to about the same position as uncleaved wt
core protein 1-149. Comparable results were obtained
using a fusion protein based on the full-length core
25 protein 1-183.

Example 2

Core protein variants with relatively large inserted
30 foreign sequences

As an example of a fusion protein with moderately large

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

35 which can interact with a complementary peptide,
“BASE”, was inserted into the c/el epitope [0’'Shea et

al., Curr. Biol. (1993), 656-667]; the TEV-protease
recognition Sequence GGGGSGGGVEDGGGGSGGGEGET -



30 undesired antigen potential were required in order to obtain at |east a
smal | proportion of the preparation in the CLP form After introducing a TEV
cl eavage site, the fusion 35 protein was treated with TEV protease as in
exanple 2 and then sedinented in the sucrose gradient. Here too a specific

cl eavage occulPed0QRYBR85RBvever, was not conplete (PFrESEREHPT/ WRILY steric
hi ndrance via OspA, - 22 - poorer accesgibility of the TEV cl eavage site);

classification of the fragments by nmeans of nonocl onal anti bodi es which

speci fically neeaanigarEREnNOT SHELRAL EREL RIS BNDRFORPLEGHD €Y,  was
consequently, .the a-coreN 5 anti body reacts with the uncl eaved fusion

protein and t ABSREEEANiLRaFhE EQVR§ETERRgFBREEOFhe partial Iy cl eaved nateri al
nevert hel ess exhibited a particle-typical mgration behavior. These data

i ndicate that _particle formati,on was rkedly inproved by. openi ng either of
10 the two coﬁﬁ@c Péﬁgnbgﬁﬁgﬁ%qrE%ﬁ%%ﬁcgﬁﬁéi&W' %ﬁ%ﬁ?ﬁeﬂﬁﬁi&ﬁ%gdﬁﬁ i er
Thi s exantt e pnoubatblatsaaborve fwdsiioMEY gieitreasid h Betarges fopedghigr ot ei n
i nsertion (255,a A+ |i r.+ . 15.TEV cl.e e site) can, e d
speci fically E%F%gi%el obc R FEl bl %}‘) Rt e I;érn%eab]l?%eudgl %/I?tgaé(‘g%'ri T
continuous cokbiespradelsi sheprifeéi wleavdiost ritagreents oddive adi béereme
gradi ent. (Nassab et ala . 20050t bRofDaE bl ;s eavedal Usion toteln is

t
distinctly 20 concentrated in particle-typical gra t fractions. This is

an indicati ontbe ERE effli.ciRasBite Paavade OreeiaaTeRtHCPFRLHIREE by

cl eavage.1 A T yhtBeEnexpeplapRli¢errpehuakad thakrseaxpressed 25 (froma
conpati bl e plasm d) TEV protease cleaves core fusion proteins carrying TEV

cl eavage sites, sonetinmes nore efficiently than is possible by subsequent in

vitro cl eavagehiBard:;£mel é ouRabnet raaesal sita tletetisedeonb s SdC LIS ecgr@di ent
SEdInentatlOnprgggikh%iE%$%%Pinserted 65 aa peptide (linker + ACID +
TEV cleavage site) can also be cleaved specifically,

15 while retaining the particulate structure nevertheless.
Example 3

Another example shown is a corresponding experiment

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

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

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

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

complete (presumably due to steric hindrance via OspA,



30 proteins which had al ready been cleaved in the bacteria. Exanples 1 to 3
denonstrated that prefornmed CLPs remain intact after cleavage in the region

of the c/el e
t he connectin
per se but co
preferred enb
conti nuous pr
as separate p
t oget her spon

pitope. This may be explained structurally by the fact 3
Ioogpbetmeen the spi ke-formng helices has no structur

Pd2ABB/REBE3Been expected in this way. PAREPZQY7 {G0§10

5 that
al role
nor e

odi ment in which, instead_of,subsequent - 23 - cleavage of the
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antibody reacts with the uncleaved fusion protein and
the N-terminal cleavage fragment. The partially cleaved
material nevertheless exhibited a particle-typical
migration behavior. These data indicate that particle
formation was markedly improved by opening either of
the two connections between inserted foreign protein

and core carrier.

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

formation being improved by cleavage.

A further experiment demonstrated that coexpressed
(from a compatible plasmid) TEV protease cleaves core
fusion proteins carrying TEV cleavage sites, sometimes
more efficiently than is possible by subsequent in
vitro cleavage. Particle formation was also detected,
via sucrose gradient sedimentation, for the fusion
proteins which had already been c¢leaved 1in the
bacteria.

Examples 1 to 3 demonstrated that preformed CLPs remain
intact after cleavage 1in the region of the c/el
epitope. This may be explained structurally by the fact
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

i)no
cific



with a sterically unfavorable foreign protein 15 such as GspA required very
| ong i nker sequences; this can be dispensed with, if steric hindrances were
avoi ded because the linkage on both sides with the core carrier protein
woul d no | onger be reauired. 20 Points (ii) and (iii)_ are inportant in

particul ar foMOvABRRAB28BAPi cati ons because any addiTFBAER2QRH{RNEEI¢ay

result in unpredictable inmmunol ogi cal cogpgequences (new epitopes due to the
addi ti onal sequences, possibly 25 cross reactions with endogenous epitopes).

Exanple 4 <1EXPEEESHEN &N TG @S 1 ey, agil redadn 3bha
expression of coreN and coreC fra nent% dhe continuous peptide chain
f

cont ai ns i nevFfPEBFy PEEESHALE FFSS0f AL RBCFAY ePScl DRt Wth
separ at e expr €sagRantkhe &wpipar twhisdoulpdddeyef ghey35obirkewsse beoms oduced
in approxinatggé gguinnlar gnnunts for effhfient as;enb#%. In fiﬁSta

experi nents, e5855r aPROVEBHESEPbY e Plasnt Q5™ e Bhpt 6Yed Fort 24 -
expressi ng t heppwoachr haer apr deest paresg, shbstenthadnbgvandegase success. In
a preferred enbodi nent, bicistronic vectors are 5 enpl oyed whi ch noreover

have the advantage that a selection with another antibiotic (for retaining
the ot herw se{hécessafympdébndapiasni diheana@ditiepahsedl epvage 10sTome 1

constructs include doyashream Qlbra Sharsd R dhere 7 phagsmENA

pol ynmerase pronoter) two expression cassettes having in each case an
upstream ri bosone bi nBPRGSSAEE( RBS; Shi ne- Dal garno sequence). In the

vectors provi ded)herenct rang @f b0 ohddia 3e0r 88quence in the fusion
protein 1s required for specific protease
recognition;
(iii) a particle formation, even if only partial,
with a sterically unfavorable foreign protein
15 such as OspA required very 1long linker
sequences; this can be dispensed with, if
steric hindrances were avoided because the
linkage on both sides with the core carrier
protein would no longer be required.
20
Points (ii) and (iii) are important in particular for
vaccine applications because any additional sequence
may result in unpredictable immunclogical consequences
(new epitopes due to the additional sequences, possibly
25 c¢ross reactions with endogenous epitopes).

Example 4

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

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



15 fragnent is stopped by an artificial stop codon downstream of aa proline
79 (P79), and an artificial start codon upstream of aa serine 81 (581)
enabl es translation of the second fragnment to be initiated. An operon

structure of this kind can often be found in 20 bacteria.éé$olicistronic
MRNAs"; ri bosBRe30RBYOBBRASt 0 each RBS on the nmRNA rRFBAF 710 hdent | y

and initiate translation of the gene locgfed 3'). In the constructs
provi ded, the second RBS is an exact copy of the first RBS which is derived

fromthe ori %s&gkeggﬁ 5 CHBCTQILS ca¥ N BBY AGUSRGAS Ansu i@ Nyl | kewi se
possi bl e. The ATG start codon of the second cistron is part of an e

cl eavage siteMPERTAY®) SHEFS88sy cl oning of foreign sequences. 30 Type 2
constructs ("stop/start”) do not contain a separate second RBS; rather, an

initiation codon for the downstream.gene (NNA TGA) overlaps with the stop
Coton of the_ oBet Pooit ERE: ERNNREATLTARG, M hELTYanE. CPeTtte bydte | o
this case,5 ri bmphogedcanwhiead hbeedbeti rBhvgenehandadhentageecthytreaniti ate

at the ATG of econd e;._.S an n nt b . e to be
coexpressed,; g%ﬂ?FE%ggta%9§?a?ﬁﬂgﬁgghg%ﬁ%%ﬁggggﬁ Hgﬁggukg%ﬁ%wgggemﬁé%teriaI
phages. Sai d echengésentnésessarp sealosdi nplasmhdedigmonbeukdr soensedn- LTR
retrotransposgngy(ORF1/ ORF2 junction). On the basis of the known sequences,
for exanple in tﬁé E. coil Trp

10 Type 1 constructe include downstream of a shared
promoter (here T7 phage RNA polymerase promoter)} two
expression cassettes having in each case an upstream
ribosome binding site {RBS; Shine-Dalgarnc sequence)}.
In the vectors provided here, translation of the coreN

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

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

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

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

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

be found in some bacterial phages. Said arrangement is



operon, other conbinations of adjacent or overlapping 5 stop/start codons
(e.g. TAATG TGA TG etc.) should be equally suitable.

Pr ef err edexpr essi onvect or saredepi cted diagranmatically in fig. 3. 10 Top:
Type 1 constructs. A pronoter, for exanple for T7 RNA polynerase, results in
transcripti onWszﬁoﬁ'/B?%?ﬁni ¢ nRNA (a terninator se%‘i&ﬁ%z%@/wq-%erted

‘ for efficient termnation). The firstsgistron 15 encodes the HBV core
protein aa sequence 1-79. An upstrean1ri%osone bi ndi ng site (RBS1) enabl es

translation tgibg inifiatstedsaml | and | afgee ri beseael,osybuni tgoslepiet ed as
ovoids). A stop codon is |ocated downstream of the 3' end_of the codéz)n for

P79. Anot her PBCRBSTERBROFONFor{ QRFA{SOREE o B 19%k i oA of PehPare®
fragment, is tmeatigtbwti EBguenceBd ofoi hexaepoed i Sthen.E Thicelfir agrgnt
additional ly Bossesses i.ts own jnitiation doa. ATG). In the ngan}[)l e shown,
the coreC seqRBREERst AHEN FRAMRFR8H3RT BXBNT 0 %4 D5°Ho¥RTGHh 140,
better 14% ostbp/Ebharautchéphisc (end,. arzpad,tiTen I83. dihe. aasisegudnoe from
position 140,ebet§§r %4%t ngard may al so be replaced with foreign
sequences. 30 Hot't o ypg constructs. These contain only a single ABS
upstream of the first cistron. Translation of the coreC fragnent is carried
out by reinitiatl ith t Lficial don core 1)

over | appi ng V\nb'?hlftggge}s%t op c%g%%é%%{%%reN (ta O,I%gs shg&/ﬁ. In%‘%ﬁl%e%xanpl e,
t he coreC seqdépscammatisamMlyhiBef8y. 3- 26 - aa 79 proline (P, codons:

CCN). In {de type 1 constructs provided, the nucl eotide sequence GAG GAT CCN
was chosen for the aa sequence EDP, which generates a BanH _cl eavage site
(GGATCO) ; t hi $98ri qu@es BFANS el ealvgel sSPEEMREREs FOSsiBIEER e K

cloning of di kiarenporonedbsand cesencodimg BMAnkcagpRAbs. ThHe nugl eotide

Nin the proljne.,codon,CCN is not defi,ned; the stop codon .may, be T TAG or
TGA 10 The sB4GAREESHHCt BRI Re (End THMIRE R 158t MY i PRBNST uct s i s
G GAT CCa TGA3'Thifarseqihtei @htso cenmhhhasianBanHrhel eadage: si¢estron
(underli ) f.ar rent. coreN-. ar coreC.encaoding fragnments.

| oni di
579 1 e 1y BRcEBnsERict 25 Fr G e SRS ey 82 hECRBAOR15 0L Al € he
stop codon nuspsbeedGA (riGCscmEn) fomnalingw arsicwer | affBsiy) ATGnablémtion
codon for the]pt:?gf@?%teﬂ%@e P 1?5%‘ gener AL &G (EE\SlEOW t'anfl%rg}é]teriﬁéféméf‘ of the

second gene a _ G start codon nust ‘start ternative
stop/ start nt svbgnehSesapmuitedbeagTGAvPEds) . A stop codon 1is located

downstream of the 3’ end of the codon for P79. Another
20 RBS (RBSZ2), for translation initiation of the coreC
fragment, is located at the 5’ end of the second
cistron. This fragment additionally possesses its own
initiation codon (ATG). In the example shown, the coreC
sequence starts with Ala80 and may extend to aa
25 position 140, better 149, or to the authentic end, at
position 183. The aa sequence from position 140, better
149, onward may also be replaced with foreign

sequences.

30 Bottom: Type 2 constructs. These 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), as shown. In the

35 example, the coreC sequence starts with Ser8l.

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



20 or TAATG as in the E. coli Trp operon between TrpE and TrpD or el se
TrpB and TrpA [Das and Yanof sky (1989), Nucl. Acids Res., pp. 9333-9340;
Qppenhei m and Yanof sky (1960), Genetics, pp. 785-7953. 25 The backbone of
the vectors provided (pET28a2-xxx) is based on the comrercial vector pET-28
i n which, howdQe2008/82&538nycin resistance gene haPTFPFEPI A& th t hat
of anp|C|II|n resistance. It is certainly.possible, however, to apply also
ot her vector 30 backbones (different origins of replication, different

resi stance geggsagdlg&%ﬁ g0k prg@pteg§goggtfeﬁ@@ﬁ RBS) Tgﬁeblqh?k;onlc
arrangement o nes or coreN _and coreC eltherlby way of “two separate
RBS or by W@yC@mS§¥@9F§taftPEPVbﬁg@nEnt the essmitlertide ow€QﬂMﬁQEP

experinents i éAwaéAf@OéékaN%st %W&S?oﬂultweplapa SPbihen6r &op, Ot\ﬁiﬂ?h bot h
fromtype 1 and—fromtype 2 constructs, although thé nunber of tg;

(stop/start) E@H@F@E@FsQMﬁﬁ@ﬁ¥hF%eﬁH§g?hé”éé%e GARTSraf | &his)

5 BamHI cleavage site makes possible the simple cloning
of different coreN- and coreC-encoding DNA fragments.
The nucleoctide N in the proline c¢odon <CCN is not
defined; 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 GAT CCa TGA. This seguence also
contains 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 (Ca and the stop codon must be TGA (> CCa TGa) to allow
an overlapping ATG initiation codon for the second gene
fo be generated. The codon for the first aa of the
second gene after the ATG start codon must start with
A. Alternative stop/start nt sequences would be TGA TG

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

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

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

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

constructs where this was the case was smaller. In



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-termnal aa of the coreN noiety was P79 because proline is

particuIarleﬁrotease-resistant and degradation of the fragnent is thus
i ni i zed. Rg2P08/AE8RABwN 3D structure and to dé%%?JﬁEébQﬂ%Qﬂ?%ﬁp

variants in this central region, it can $herefore be 10 assuned that (i) the
end of the coreN fragnent could be located in the region of the aa from

approx. positpgfi¢2o44 Rafdd cubkarlasClydsSs i8be (sl eStwdti i the, coreC

fragnment could be located in the region of the aa from approx. position 78-
86, possibly tp t¥PELYIFONRHNGEHS SRSt é\%qvﬁ)l-y TvES é'e?f?gﬁl@élﬁﬁ%)% ¥n t hose

usi ng the |inthsrefiosenmbeeewtcelgNappliabbPé9, coreC start at S81, 20with
upstream start ATG being obtained. OMng to the different transcription and
transl ati on nmechani sns, the constructs descri bed cannot be applied in this
form for e&xpr@hei ahdgereuRargohivatellas;ofa Bheeulcarepbt moiptpnmiasr PEI her

t han the prok i S . Q. -1 E JENN O rs),
and a poIyade%%%%%%%neéggﬁéfg(?%rbgggﬁ%ﬁggfggng§§§%¥ﬁéiﬁ?¥%’ nanyé%pﬁers)
must be i ntrodegegddownst péamhef firramemd ofs tteisopeimineaaiithg Fwime(s9. 30
Approxi mal el y e gguala Rl 633 0ol RoheN A cULC ddk aukiiy Ol 881 Eefbbe

achi eved by: _ ?l)_cotransfectlon of two plasm ds (one each for 35coreN,
one for coreCyarippEst righsfBefi SitTsirad praghed. wiltth €8l itheEsdrgentbe
expressi om caggelikesd; that28 - (iii)transfection of a plasmd with
functionally bicistronic nRNA, for exanple, the second gene coul d be
expressed by an upstreaminternal ribosonme entry site (IRES);

(i) the end of the coreN fragment could be located in
the region of the aa from approx. position 72-74,
particularly Gly73,
15 (ii) the start of the coreC fragment could be located
in the region of the aa from approx. position 78-
86, possibly up to Gly24, without substantially
different results than those using the limits
chosen here (coreN end at P72, coreC start at S81,
20 with upstream start ATG) being obtained.

Owing to the different transcription and translation
mechanismsg, the constructs described cannot be applied
in this form for expression in eukaryotic cells; a

25 eukaryotic promoter rather than the prokaryotic
promcter must be used (e.g. CMV-IE and many others),
and a polyadenylation signal (for example from 8V40
virus or many others) must be introduced downstream of
the end of the open reading frame(s).

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

{(ii) transfection of a plasmid with two independent

expression cassettes;



5 (iv) a type 2 vector-like stop/start arrangenent may al so be functional in
eukaryotes. Exanple 5 10 Separate expression of wt coreN and coreC fragnents
produces intact CLPs WIld-type core protein was expressed in tw parts by
means of expression vectors based on type 1 (figureeéa 15 in E coli BL21
cells, in one"@a3B08A02883Basis of aa 1-149, in t he RAWHPIRY W1 basis
of aa 1-183. Both expected fragnments werggproduced and assenbled to give
intact CLPs. This was detected using sucrose gradients and native agarose

gel el ectroph@iﬁ'?%raﬁegeéeiaﬁti ¥ 2050f [GlRsmas getact ed ¢ £5td 1 py
carrying out an electron-m ¢roscopi c conpari son_(negative staini g%néf
i s6 tag

particles conposedPdF1ERECRSAL AW £P11- BES™OH& n WEh ESEER

versus particles ceghvged g t8RpEOEEEEPORE NGas Pl ibse@eanSy sireeriNol

di fferences 25 mere.getectable at this rﬁgﬁigtion. W -HBV CLPs are very
robust and resi st aht PPBONGI SPEE8NE&REr AL iof urea; CLPs conposed of
Ctermnaldy f(iuhcat edymore preteon-1iR49 saamp Mpraditssacirahgdmento iy di ners
by 3-5 Murea and reasspci ated, again tQ CLPs in,vitro by changing the buffer
condi tions (reani%gg?hgeugggetﬁgﬂ??a Rpﬁfﬁéﬁg?géééd salt concentration). A
conparative study on the stability of the CLPs conposed of split-core
demonstrated g g 'ga?ly high stability 35 of split-core CLPs. This

i ndi cates the h affinity of the coreN and coreC noieties for one anot her
and is inportant for the use as carrier systemfor foreign nolecules. - 29

- Exanpl g6 sepRPaBEC SYPFrESFLION Uf T RECI Wrdli Okl EUSEE COFEdhdrith 5
wt - coreC fragnents, angd vice versa, produces intact CLPs G-FP fused to either

coreN or cor eRrREUChEcdnE&kpEEPSf or proving, that the split-core systemis
suitable in

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

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

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

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



10 principle for CLP formation and presentation of foreign proteins; either
a type 1 (second RBS) or a type 2 (stop/start) vector was utilized for the
coreN construct. Al constructs resulted in expression of green fl uorescent
protei ns which forned Bartlcles 15 according to sedlnentatlon in_sucrose

gradients. | n"8r@@P8{B2B83Pher prove physical associBfTOFNOTMOGAT i cul ar

coreN and coreC fragments, aliquots of_the gradient fractions were subjected
to el ectrophoresis in 20 native agarose gels. In this case, particles renain
intact, as does the GFP chronophore. The fractions of both GFP on coreN and
GFP on coreC:ﬁrodu e g distinct, green fluorescent band; unassenbl ed GFP
fusion protei ned in the upper gradient fractions and displayed 25 a
different mgration behavior and a nore diffuse distribution (nore rapid

diffusion in 2l t i y [ ct

conpari son w ggﬁggk cgﬁgggbggiffﬁégf%é Eggégk uﬁ??gy %éﬁéggﬁﬁ% al so
detected Wy the—aoneeecfmmqu,i ranidhe vgicgenvegsal uaprodenes (iintact
GFP—containinQLPQand, both for GFP on coreN and for GFP on coreC. This

exanpl e denonstrates two things, nanely 35 (i) In the split-core system a
foreign protein of approx. 240 aa, in this case GFP, can be fused both to

coreN and to @Pﬁe@us\@dt hoyt ol Rhek! &d iy Wi h cEkBcf Q,Ea{Hit 1884 as 3fbaelil)
Both type 1 and type 2 split-core vectors are suitable for coexpression of

coreN and cor 88X wWPERVESLei gtﬁ‘as’-'eq@é%c%p%&?a‘é%% FM%F@FO 15y suidiadh.e stiexanpl e

7 CLP preasent gtigniplemedircallipy fieheranhn faeieistequrdaing idF therefdn t - core
YO el ChorSclha PO S 9 5pBOTT PLECSREY dk? 821V, hibhed, extent.

(stop/start) vector was utilized for the coreN

construct. All constructs resulted 1in expression of

green fluorescent proteins which formed particles,
15 according to sedimentation in sucrose gradients.

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

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

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

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

This example demonstrates two things, namely

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



10 neans Borrelia burgdorferi OGspA As explained at the outset, linking the
I nserted 15 foreign protein on both sides to the carrier protein, which is
required in the previous system results in great topological restrictions.

In contrast to GFP, OspA does not have a natural "fit". OspA was therefore
used as a preH@d%HQQ/?SPSQH unf avorabl y struct ured 2&??%#%§§ﬂ?{ﬂ?ﬁ¥391i n the

split-core systemand fused to either coggN.or coreC. In contrast to the
earlier continuous construct [described in Nassal et al., 2005 wth broad

di stribution ipiyhgoghadiwhd, 1bokhdf usi®a pr okpilng -eesdnul,atedrdi sdddictly in
the particle-typical , 25 ﬁra tions. An anauéiis b¥ el ectran m cropsco
denonstrated a dr aSPFEEPLS itEr SREFRHIIBhST of © f &L, Wotth for

t he fusion of OspAfbeetonebegndnter athachuedi oheobtOsphp fasconeC, conpared to
the ol d, continuous construct. 30 This exanple proves that (i) the
split-core systemallows foreign proteins whose structure interferes with
CLP f or mat3 onExampieh@ conventional continuous-core systemto be presented
as CLPs, - 31 - (ii) the split-core systemenables CLPs to be forned
efficiently bébfusion of the foreign protein both to coreN and to coreC. 5

Sinilarly it GHE RFe§eps3sipre ofo nadicall yBarelavianty Frridn Rrakgins
successfully A the HY1ilc-CUre S Of whileh | D¥eRbEOBodRiNIR, € ot 11k

possible only to a very limited extent, by conventional

10 means
Borrelia burgderferi OspA

As explained at the outset, 1linking the inserted
15 foreign protein on both sides to the carrier protein,
which is required in the previous system, results in
great topological restrictions. In contrast to GFP,
OspA does not have a natural *fit”. OspA was therefore
used as a precedence for an unfavorably structured
20 foreign protein in the split-core system and fused to
either coreN or coreC. In contrast to the earlier
continuous construct [described in Nassal et al., 2005]
with broad distribution in the gradient, both fusion
proteins accumulated distinctly in the particle-typical
25 fractions. An analysis by electron microscopy
demonstrated a drastically improved efficiency of CLP
formation, both for the fusion of OspA to coreN and for
the fusion of OspA to coreC, compared toc the old,

continuous construct.

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

presented as CLPs,



Circunsporozoite protein of the malaria pathogen, Plasnodiumfalciparum

Anot her pat hogenic protein highly relevant in view of 15 vaccines is the

ci rcunsporozoite protein (CS?) of the nmalaria pathogen, Plasnodi um

fal ciparum CSP (formused herein: total |ength of 319 aa) contains an
approx. 110 aWOr éBBEY08B5BRe tetrapeptide notif NANFY *2602/2981 2 ure of
CSP is not known; the approx. 50 aa 20_ %egninal domain with 4 Cys residues
is probably (based on sequence honol ogy) folded simlarly to thronbospondin

type 1 repeatg;iN thauglpife depeakykshmanagel ccrbde o hele CGRR-R&YI Ons
possi bly al so contai n_ inportant eplybpes. [t has not ,been possible to 25
prepare full -1 engt BEESPiEAtLKe KoL HYHn 1R nfhend ocsigentitgHgin Loth

conti nuous-core systerbreRersaas cbhicsrwas very readily achi eved using the
split-core system Unanbi guous data are currently avail able for fusion of
CSP to coreN;, coexpression with coreC (both as 149 and 30 as 183 construct)

ErOﬂuces e fi smmuhylgaritcuh@se éltS’dJCTpldi’s%ibéA SeDi ﬁﬁrefseﬁﬁnsmdﬁthﬁélsie( biasedh
oth on core 1-149 and on 1-183) was re iC antain either only the
35 repeat seq%&ﬁg OSEeFFurQ@ﬁjcgagW#{% ﬁés%lechgpgo NTPTS P A case in
t he conti nuousf @hesphiventaoe.system in addition to this, conplete CSP
fused to coreN. The CLP preparations were used in a conparative - 32 -

i mrunogenicity study in mce, which, however, has not been concl uded yet.
The data so fExampdec8te that the vaccine prepared in the split-core system
has superj@r properties. This can be attributed to the fact that the 5
conplete CSP is capable of formng CLPs only when the carrier systemof the
invention i s SpEFUBEPOFRZEAREr aRTOtRITer @fst ERE ddaAIATiR odRRERFBNCLPSs. As

a result, CSPpyagmoRetmdranaiparti h the aid of the carrier systemof the
i nvention shoul d have superior 10 i mmunogenicity and induce in particular

neutralizing anti bodi es.
Another pathogenic protein highly relevant in view of

15 wvaccines is the circumsporozoite protein (CSP) of the
malaria pathogen, Plasmodium falciparum. CSP (form used
herein: total 1length of 319 aa) contains an approx.
110 aa repeat of the tetrapeptide motif NANP/NVDP. The
structure of CSP i1s not known; the approx. 50 aa

20 C-terminal domain with 4 Cys residues is probably
(based on sequence homology) folded similarly to
thrombospondin type 1 repeats. Although the repeat is
immunogenic, the other CSP regions possibly also
contain important epitopes. It has not been possible to

25 prepare full-length CSP in the CLP form using the
conventional continuous-core system, whereas this was
very readily achieved using the split-core system.
Unambiguous data are currently available for fusion of
CSP to coreN; coexpression with coreC (both as 149 and

30 as 183 construct) produces efficiently particulate

structures.

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



Exanple 9 15 Split-core CLPs as carriers for foreign proteins enhance B-cell
response to foreign protein In an imunogenicity study in mce, 5 core-GspA
constructs of the split-core systemare conpared to 20 |i pidated GspA

(Li pGspA) which has not been fused to a core; the comercial Lynerix

vacci nes are Was@808A028F35and are therefore the curBEMEPYAY QQ&ktfur d" of
Lyme di sease vaccines. The lipid noiety {5 Li pOspA

(trispal mtoyl-cystein-(PanB-Cys)) is essential for its 25 relatively high

| rmunogeni ci ty gﬂa-ewﬁ@e&e%t Pei RYAN! Yiniey, WealbYel MMuRRgeMC (cCf .
Nassal et al. m& 05();. Three of the core-aspA constructs contain full-length

OspA (aa 18-2ksgn gracindeseryetwo Foat dpfat Shckredivdppatst &dEtnghe aa

185, to aa 273}cc3ReFprebRiredPUPosige Spi eURSref sivB teachaEAstRBAB/ ¢ m ce
were immunized 4 times wwth.in each case 1 ’E%gOf antigen (d%YS 0, 14, 29,
49): 35 GroupPI°PEFpEBPA EFEPCID PE P-tltéﬁg%lﬁ PR (& TR7Han s eN,
coreC er o COEQCmfﬁﬁeBé terl&3s 8§a§§biig%glﬁo%milﬁd_r| eiwgbgl@mﬁegrﬁa:ﬂégéZZ;ﬁé)
on coreN, coreC from core aa 0 .0u ;. Truncate pA (aa -
on coreN, cor &8 FH6m c&¥E R 810%0 %§§ 5 ]@r"%iﬂ:lé%n Trbﬁcaf“é’%@fﬁA (aﬁ;"l
185-273) on coveirasor eCthieam osteeaam 84 hotl4Fdawaup &y FALPsl. ergt e OspA
(aa 18-273) o oreC t ore aa. 183, coreN from. 1-.79. 10.The.i nduced
ant i bodi es vve?%g'dﬂe'?m nf%ed ‘fﬁ/g?%{%%g poﬁe(?oa(feodn al;%%- 1t¥1% 1% gy fef ortﬁl'lee t he
first imunizasroher= qysdienuné sgraininvendion dodys18] heve3cswaerHyr The
fol | owi ng gier erfehsrahied by mrans fludd! B pheckinelbl chaleRLodgld on of
GspA-specific agtg dIles, he

anclipodales.

Example 9

15 Split-core CLPs as carriers for foreign proteins
enhance B-cell response to foreign protein

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

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

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

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

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



15 particular proportion of LA2-equivalent antibodies, LA2 being a

nonocl onal anti body which is known to be neutralizing and which recogni zes a
conpl ex confornmational epitope of discontinuous aa sequences downstream of
aa 185 of OGspA. 20 The results of this experinent are depicted in detail in
fig. 4. Fig. WA 48PBLP3BBRB kinetics of induction(ﬁPQTﬁé%2Q9ﬂ4QQ§%ﬂQ

anti bodies (in ug of specific Ab per ni 25 serum. The sera of mce

i mmuni zed with the full-length OGspA split-core constructs contain detectable

anti- GspA titgrgugven akhel i BRGSRCYRGA MBI ZALS PE) WBLhCR Al Capada@bl e to
t hose caused by Li pOspA. After ?he 3rd and_4th i mmuni zations, the anti-GCspA
titers in the nice 30 i AHOW edSwWRreh8spFPt188re full -1 ength OspA narkedly

exceed those gfofibce:i Muphzedew tdsdd PBRALSERG 7Bt 658 abe PRl tdsrla@r |y
hi gh after inmmunization_wth CB§A18- ZB to greC (group 6). Truncated
OspA185-273 in the cont EXPPofOrsr 834 (BPoﬁg 5) and corel83 (group 4) 35
elicits oy @rsupsbant TalhyakederodprpA{ apedisihi-€ 7R3espamseoreN,34dcerdd g. 43

conpares directly the tot nti-QOsp tit,ers with those directed to the
known neutralizing LA2 gﬁ?koggrﬁngghélQPPe?%?nal region of GspA. Full-length

OspA on coreNgronpt he cBniéxienfthoObpdor@d4d8a3d30f B coneElBI( grwups 2 and

3, respectively), induce,higher b~ egyi yakgnt Ab titers than LipGspA,
with full-length GspA o%acgggc gﬁggﬁckﬁémnggkedlg°lomer titers. A study on
the particular neutralizing Ab content (protection to challenge with the B.

burgdorferj 18nhpathegerly i=hCiAHd e dvetbeqsxamml fedemNHdiatRS tNa
split-core CLPs induce_specific antibodies to the full-Iength QGspA foreign

protei n presefBedaXi th tie ti s Befogehitgfertthth 15WPERACRE éstTbI i shed
|'i pi dated Li pRepfminin®higdydne, | kpid dmi @hysi B, eszent 3@l 40d ismrunggenicity.
The different Bi?gortlon of LA2- %U|val nt Ab after |2§¥n|%g#§§p wi.t h GspA
on coreN (appFBxlo¥a9§ v¥FLEs IO NEST e BY( < " Sderfnsts " that€the
type of 20 |ikkageiatf ect pridactiype off Axprpropdiccad;c fart ibuvd eseeclexanpl e
10. 15 particular proportion of LA2-equivalent antibodies, LA2
being a monoclonal antibody which is known to be
nevtralizing and which recognizes a complex
conformational epitope of discontinuous aa sequences
downstream of aa 185 of OspA.
20 The results of this experiment are depicted in detail

in fig. 4.

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

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

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

35 elicits only a substantially lower OspA-specific
response.



Exanpl e 10 25 Specific induction of region-specific antibodies to a foreign
protein by alternative fusion either to coreN or to coreC Wth proteins
whose N and Ctermni are not in 30 inmediate proximty to one another |ike
in GFP, fusion to coreNresults in a different orientation with respect to
the particle WOr2808/PR8A3Busi on to coreC (coreN: C—Qﬁ#ﬁ?ﬁﬂp 098/%9¢ or ei gn
protein "out"; coreC Ntermnus of the §preign protein "out"). Wen used as
35 B cell vaCC|nes those protein noieties which extend in each case

furthest intopthe 3al ¥BRbatRE B8 rOHRAGt Rtd @Rl lC'atnttlh-Q)s%IZ\[ ofgestrawy i body
response. Therefore different region-specific antibodies can pe induced by

- 35 - fusi ng"ihB fBP@F@n Q%B?GFﬁdelF%ert?% RSP (B FRhFLRT ded t he
forei gn protebpitege” )irOrthe ecoteemiNaterrdgiain sbee oghat.heri Y€l @iyt ot ei n

"out"). 5 Figure 5 de i cts _diagr tically a possi deter n|n
for a forelg% pPBt & Rﬁ??%Nanlgl3ﬁg§t%ﬂn§?¥5093rg¥“§h ﬁoﬁélgép n, 8Ia
¥u3| ﬁn to i thferemeBeNg&CLmléqm er, anke martegbethe\éa?%ecuh?dnmecmiﬁms A2

urthest awa e S e i.tope i is
in the C—terx?ﬁgfnpkg S ?M?A%%g%riggﬁg 8%% alﬁ?fﬁb ﬁﬁﬁ@blonal
anti body, LA2leAgtbxpephedn s@nec-@mm§u©amg @Eﬁ&eﬂhﬁ1Kawﬁx(ﬂntﬁrﬁwqxthe
GspA C term nﬁ%{:}% thef et pRg exyaasadilduced, ar§1f 008, LA L aul Yl &

response,
(protection to challenge with the B. burgdorferi

10 pathogen) is continued.

The example demonstrates that split-core CLPs induce
specific antibodies to the full-length OspA foreign
protein presented, with the titers being higher than

15 with the established lipidated LipOspA in which the
lipid moiety 1is essential for immunogenicity. = The
different proportion of LAZ-equivalent N o) after
immunization with OspA on coreN (approx. 30%) versus
OspA on coreC (< 5%) demonstrates that the type of

20 linkage affects the type of Abs produced; for this, see
example 10.

Example 10

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

or to coreC

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



15 with GspA on coreC inducing only a weak LA2-equival ent response. |nstead,
the response to other regions of OGspA is enhanced. A fusion of OspA as
foreign protein to coreN was 20 expected to provide good access to the LA2
epitope in the C-term nal OspA region, whereas a fusion to coreC was

expected to pF@v20R84828538cess to the N-term nal OEFFAERAUN AH&IPthad not

been wel | characterized immnol ogi cally {fus far. The data depicted above 25
i npressively confirmthis concept (very high anti-total OspA titers but only

| ow LA2- equi valienh g Abnbl trr%ild SBPAGD EPERE) - to Ehﬁreiplad - (GO St em
t hus has a hi gh I mune- enhancing 30 activity, with th fusion of the

foreign protefhdto e6r elibend FUSIER of PEPeLFor e AL P ?ot@Fn @ cHTBEC The

type/region sprctéiaihylofitiBecEngHeedoaai phogieseean=becepntrol led by
choosing the linkage site (coreN 35 vs coreC). For optimal vaccination

results, m xtures of split-core vaccines nmay be enployed in which one part
of the hetserofogavs for eegpicams ndiag'rahms&queawyi afps;edilbdet heagoraeN noi ety

resentation SPECERHSiR0c i Tonds. TERRRRTe HE B ileraRy wifh S idhnce
beyond vaCCInEtapptuEatlamsh as OspA herein, via fusion to either
coreN or coreC, the part of the molecule which faces
furthest away from the CLP surface. A well-mapped
10 epitope in OspA is LA2, in the C-terminal region, which
is recognized by a neutralizing monoclonal antibody,
LA2. As expected, split-core OspA CLPs with OspA on
coreN (the OspA C terminus 1s therefore exposed)
induced a strong LA2-eqguivalent response, with CLPs
15 with OspA on coreC inducing only a weak LAZ-equivalent
response. Instead, the response to other regions of

OspA 1is enhanced.

A fusion of OspA as foreign protein to coreN was

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

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

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

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



Apart fromdirect significance as immune-enhancing particulate carriers for
peptide,and here in 10 particular protein, antigen vaccines, a multiplicity
of further applications for such a carrier platformare conceivable. In each
case, a large nunb%%&é180 or 240) of presented nol ecul es are brou ht into

cl ose, symetWQ 24028335t 0 one another. If said FIREREITVD

i nteraction-capabl e foreign nol ecul es ( ci nes are a special case:
interaction with antibodies), the particle having multiple copies of the

foreign nol ecé%ﬁe@aﬁoﬁeQ?aS%bCQQ Yed NEERESSE 8¥LInbY, p%@g@a&%qlbg tJre
nmononeric forelgn nolecu natural 1gM pentanmers; 20 al so MHC

tetranersin |Yﬁﬁﬁﬁ%ﬁéﬁﬁ&%@?%§) Such interaction-capable foreign nol ecul es
nmust be accessible on the CLIP surface in order to be able to react with
their interac |on ers. The split-core systemfacilitates this
substanti al | %r to the 25 conventional continuous system A nunber
of nodel Ebrelgn sequences were expressed in the split-core system and al

were 30" det ot Stens el ShiieiPRpbd FEPtna Paldiad abbl ESaflofETE D) PO
become acce55|bIeontheCLIPsurfaceforfurther derivati zati on. F!gure 5 erlcts
it or At i L RREL conbl Bt Ley TBASEORSSE AEtTA, o) eciip A AERL 0T can
BASE pepti de bastbeehatesedaniders o thse ACPEPELPS. Thandpl ikexg r angenent
renders 17 3%srticular protein, antigen vaccines, a multiplicity of
further applications for such a carrier platform are
conceivable. In each case, a large number (180 or 240)
of presented molecules are Dbrought into close,
symmetric proximity to one another. If said molecules

15 are interaction-capable foreign molecules (vaccines are
a special case: interaction with antibodies), the
particle having multiple copies of the foreign molecule
has a drastically increased avidity, compared to the
monomeric foreign molecule (cf. natural IgM pentamers;

20 also MHC tetramers in immunodiagnostics) . Such
interaction-capable foreign molecules must be
accessible on the CLP surface in order to be able to
react with thelr interaction partners. The split-core
system facilitates this substantially, compared to the

25 conventional continuous system.

A number of model foreign sequences were expressed in

the split-core system and all insertions assayed formed

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

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



ACID flexible; ACID inserted in the continuous core systeminteracts with
t he BASE peptide but, since the ACID and BASE peptides forma rigid
coil ed-coil double helix [O Shea et al., 1993], the structure of the core 5

carrier becones unstable and the CLPs disintegrate. 1n the split
arrangenent, WOwe0RB/02883%1 pPs should remmin stable. GFFI’%P%‘HﬁH 9%t %%n be

generalized: a different interaction-capaple nolecule A than the ACID
pepti de may be fused to coreN or coreC. Corresponding CLPs may 10 then

interact withaBrpa SREEIKIEL, | ACETACIhOBrPAT NG @heA cSHEMMLBLET adreon
partner pairs are H s6- N -NTa, bjotin acceptor peptide - streptavidin; Z33 -

i mrunogl obul | RYSE8MOLRELTEEES BT otiBei B§SEar Fé%épijr%l Rel- i 51R6ee d&t ai |
bel ow. a) Hi sfctBgand0 BT hdt LN v glyzghank@l,lé@rdmmaidumﬂees whi ch

bind to N 2+ aros Hi s ta is f y accessible, in rast to the
cont i nuous ngAEhg Apc Rsar &5 & nse¥§§?iﬂsa§ i RCEREFUGE P t9Hfous- core
syst em do ot carﬁﬂeﬁebemomeisgmrfsme mntBeotLpsotderrinhmgmaie 251t he Hi s6
t ag re5|due i s, not_sterically acc SSIb|e t here, ot| pt or. .(BA)

bont | de: 30 BIBF KPLEEe iRyt s St tity raparchs shofdEf Hadletd

( GLNDI FEAQ(I E¥tblai cfhis bﬂ:@nphyrllsat ednb3bEE gemérablmecﬂn lai gisEf, e1BinrtA.
Efficient bio I r f Aapcessi bi y C i in the
opli1-core sybtEotect tuni CoPRbES, APLARRETR, hady Y cllorp, Bl e

cont i nuous- conhay spst émseme:%pwlte%o@e BAredsi @@rgﬁep@mlfn@r RS PYand i s

bi oti nyl ated LRk 18PbLachVigich/ St r %p%%\écq'f&corlﬂt'b%'arc&% B L be
bound to the CLP- resented biotin. donain o ;roteln A S.

aur eus pr ot ei fi- A BRAlds IRFERRGEHPUI | PRT WReR HP@W?% AT nllﬂﬁ “HriNEn A

sephar ose” fObleﬂHHORi@@éﬁ%éﬁt' PYpt iAot ein As%@@?tﬁrid@h sggyictural ly
simlar 1g-bindin Z33 constitutes a single one of such domains

with a nDdlfleHmﬁgoggaHB ¢8: total | ength: 33 aa). Z33 still has high
affinity for lg's 10 (Kd 40 nn). Binding to different 1g's requires
nor eover . accessibi.li.t The Z33 seguence was

t t | b|
Tused vi 25 1 BhBCFT meks 8, creis Bhusy SRE° B Tdinea 1Y Rdte
GGGGSGGGVEDGCMF FNMQQORRFYEAL HDPNLNEEQRNAKI KSI REDP .

a) His6 tag:

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

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

b) Biotin acceptor (BA) peptide:

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

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



CLPs fornmed in the split-core system After adding an FITC | abel ed

I mmunogl obul in and precipitating again, a proportion of the fluorescence was
detected in the 20 particle-typical gradient fractions. This was not the
case, if w-core protein CLPs rather than the Z33 fusion were used. d) ACID
peptide i nserWwo 2Z2008£028%35 pepti de inserted in the AGR/ERZAIT/ADEAMyst em
interacts with the conpl enentary base p | de (" peptide Velcro") via
coiled-coil formation of the peptides; [[UO Shea et al., 1993], with nassive
nodi fications to 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 @hy si¥esdomminhef chreteinukture. Addition of the BASE peptide
results in interaction with the ACID sequence, as a result of 35 which both

pepti de sequences adopt a rigid helical coiled-coil conformation. Tension
ari ses due toSthureus proteéin A binds immunoglobulins with high

5 affinity (“protein A sepharose” for immuno-
precipitation). Protein A congists of 5 structurally
similar Ig-binding domains. 233 constitutes a single
one of such domains with a modified aa sequence; total
length: 33 aa). 233 still has high affinity for Ig’'s

i0 {(Kd 40 nm). Binding to different Ig’s reguires
structural flexibility and, moreover, accessibility.
The Z33 sequence was fused via a long linker seguence
to coreN:

15 GGGGSGGGVEDGGGGSGGGGET-FNMOQORRFYEALHDPNLNEEQRNAKTIKSIREDP .

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

fusion were used.

d) ACID peptide insert

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

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

35 which both peptide sequences adopt a rigid helical
coiled-coil conformation. Tension arises due to the
linkage on both sides. An ACID peptide fixed only on

one side should be able to interact without fensgion



| i nkage on both sides. An ACID peptide fixed only on one side should be able
to interact without tension - 39 - with added BASE peptide or BASE peptide
fused to further partners. In any case, the particle structure of the ACID
fusion protein in the conventional continuous-core systemrenains intact
after cleavad®® 088448332 ermi nal connection to t h&CTIEL2087/i086189 neans
of TEV protease. Split cores with expags ACI D sequence nay be charged with
foreign proteins to which the conplenentary BASE 10 peptide is coupled. This

is one of Sew&{@ﬂ LD 14Ad:2S QI Chal 9id0 SRIdH - GRIR {dePS ARl Wit h
forei gn nol ecul es of choice. The coupling nechani sins detail ed above enabl e
CLPs 15 havi figtofenhaPerenerfe ddupiitigChsehe PBroVPRAEHICTRe SEEHCEUASf used to

the other pards of chRe oeuiy i NgusBynr egdbkribe caupl elet 0 ceAvVENEiBRall N this

way it is possible, for exanple, to present to the i%mune iystem

non- pept i de- | FRE YT TS 05 5B E‘E‘F‘?éﬁ%ob’é}t?ﬁgi BhtEF GileP¥AERt Ofor ei gn

mol ecul es 5t o €10 ed\- 88emins eCebAnkhe i phe oo the xadid eSartDeeadly ara@sone

foreign 25 Seqfefﬁ was, fused to either coreN or coreC. In principle it is
0

al so possi bl € KU W fferent foreign ol ecules to coreN and coreC

si mul t aneousl y; a possi ble exanple of these are the two subunits of a
het er odi nmeri ¢ r.ei otegin. T e il S 0 GFP, the
first segnentsé)fl'g\hlggﬁ;géc&ﬁ'ttgll n?)%o%&e] %’lc?fé)t Sfél%%rn\g%he 3% %%\Ig%%l%?rgnds, was
fused to cor eX tindfoheigac @ tssigreento ofvhikeihc he onombhemgntasy| BASEGEP p
strand, S flﬂ%@f‘& coreC. ggg%;p SSi from.a ty % or ed green
fl uoresc\ei?t S. él%us t he olréé an clo% ec%‘orra{%ﬁlselhag) asse Igjéﬁto gi ve

an assenbl y- cepsblii G 3 r ¢dt ucbanaing hesnMd G §aFLEshati &&ppMeiEnt ed
each other topgiyend kOT&eeieSHBtemeiske Wth formation of the G-P

chr onophor e.

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 it is
possible, for example, to present to the immune system
non-peptide-like structures.

20
e) Simultaneous 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. 1In
principle it is also possible to fuse two different
foreign molecules to coreN and coreC simultaneously; a
possible example of these are the two subunits of a
heterodimeric foreign protein. The model utilized was a
30 two-part GFP, the first segment of which, containing
the first 10 of the 11 GFP P strands, was fused to
coreN and the second segment of which, containing the
11" GFP B strand, was fused to coreC. Coexpression from
a type 1 vector produced green fluorescent CLPs. Thus
35 the coreN and coreC domains had assembled to give an
assembly-capable CLP structure and the two GFP parts
had supplemented each other to give a correct 3D
structure with formation of the GFP chromophore.



- 40 - The exanpl e denonstrates that sinultaneous fusion of different

forei gn sequences to coreN and coreC with formation of functional structures
of both the split- 5 core carrier and the two different foreign sequences
fused to coreN and coreC is possible. Exanple 12 10 S | it-core CLPs

present the O¥2 2@0R(P28¥3Protein Gon the surface A W@We’cqqqlt?oexarrpl e

i nvol ved introducing the "GB1" dOfTB.I n of,4he Streptococcus spp.
i mmunogl obul i n-bi nding 15 protein "prot e| n G', which is functionally rel ated
to protein A into the HBV split-core system Protein GI|ikew se consists of

multiple simlar domains. Like protein rotein_G binds to immunogl obulins
but has diffeFRft RS cﬁ?f"@QSW?‘ﬁeFeg%ﬁ%t@l MY&EepECUSs gﬁsb??gi and

subt ypes. Duedi@féhéﬁtC(ﬂﬁB@mj&ﬂt @reqmén@fespr@@elctm@nandnﬂr Oct@'r@CAwﬂIQih are
comercially Ewal | abl e as rea ents for % E g detlgcﬁ%lg ays based
on binding to ﬂ??‘?'éjr%?lt oA T n§CTEF 'érﬁ PR and t he
GBl donui » decowed cz&mmr eandmtaiesotwbondﬁﬁﬂwmﬁnsfanelgﬁc)sq;metnaﬁs t he
anti body, wi tPuéQ 88‘%8‘? ﬁ g&t&ggg?rgg ﬁg%giﬂgepart of the antibody

remai ni ng accessi bl & for Thus it is possible to bind
a multiplicity of dlfferent ant|b0d| es. 30 In this exanple, the GBl domain
was introduceg,é%petj_]g split-core system and it was denonstrated that (i)
CLPs are formed and (ii) that these CLPs - but not control CLPs without GBl
- are capable of binding 35 different antibodies. - 41 -

10 Split-core CLPs which present the GBl domain of protein
G on the surface

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

In a manner similar to the examples mentioned above,
the GBl1 domain was genetically fused to coreN or to



coreC and coexpressed with the respective m ssing coreC and coreN fragnents.
The specific aa sequence corresponds to aa 229 to 284 5 of the protein G
precursor protein (Sw ss Prot Accession; P06654); the 3D structure is known
(PDB Accession: 1PGA; Ref: Gallagher T, Al exander P, Br\éan P Gliland G

(1994) Two c™Pt2008402883F es of the El i munogl obuPCR/EPREPA406A30n of

streptococcal protein 10 G and conparisgq with NVR Bi ocheni stry 33:
4721-4729) coreD78- GGEGSGEEGTQ

YKLI LNGKTL KG%BE@%@@Q@@MPN@MM& DRI KAETYTEIR: kkhkggeot-accor eN

was via a ASHATQ | inker; the second 15 | ast aa, K, was replaced with D (in
| oner case i PhEFRUEIARFCRY e downstream E residue is the last aa visible
in the X-ray structure; the K>D substitution enables a BanH cl eavage site

to be introduced at the, nucleotide |evel (Gag gat cct TAG,.the latter is 20
Lheretore | n HecaRer bhi foftl GHAIETE (3 CARRTIR 088 Adbatandds. As i
t he ot her sexanpl eshepaptrictleds, Wat e poeordson ampreftfdiai entSwhsser prand this
was det ected sucr gse i ent,sedipentation i grati.on_behayiar in a
native agar os}{e)élcgeémé)r{ﬂ b é%rﬁr’ontt%ecr%g‘go %ﬁu%%r‘lgnn%essa&q%(‘)ﬂr? cg\éggi lity of
t he CLP-carr ifente@Bli aonmal BEAnaRedet €& Ehdhyer nTubdtliengirtdes pRrt Belyas with 30

i nmunogl obul ins . di inq1E Agai N, Jddlja %Hﬁ%%? kepi: kA the
process, the E_g’ntl od%%‘g@cﬁs’gar(_lﬁfg@%())se [ ngdr#eéa{év% t e paérlsrf ?(215 egf.'lel gg bi ndi ng
was al so det egWethdgd alhel fradeindiatd t Aemaone GBIt eRyPePECIbadrededPrect | y
Wi th secopdary A | QA LCAUYHIAES R I bl .R) 035 af 1Ll SDS gel

el ectrophoresis. The nodified GB1 was therefore, even in the context of
fusion to cor®NePaPaBFecBIcGEERat uring efficiently and binding to its |igand,

1 gG - 42 - YKLILNGKTLRGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTEAP

Linkage to coreN was via a G45G4TQ linker; the second

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

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

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

agarose gel and by electron microscopy.

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

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

35 Western Blots after S8SDS gel electrophoresis. The
modified GBl was therefore, even 1in the context of
fusion to coreN capable of renaturing efficiently and
binding to its ligand, IgG.



To prove that the particle-bound GB1l i ndeed binds i munogl obulin, an aliquot
of the correspondi ng sucrose gradient fraction was incubated with a 5 nm
gol d- 5 | abel ed anti body, unbound anti body was renoved by sedi nenti ng again
in a sucrose gradient and the particle fraction was analgzed by el ectron

i cr oscopy. 20087102853 Pense gol d particles indi cBFE4EBRABTAROEL9Phe
antibody to intact CLPs. 10 Exanple 13 ,,Self-fluorescent G-P- and GET
variant-containing split-core CLPs which present interaction-capable foreign
15 nol ecul es Exanple 11 e) illustrates fusions having significance beyond

vacci ne appllcatlons with a GEP nol ecyle in twy r G=P 01-10 and GFP
pl 1) associ atfohg PRT&® GEPRE. 165050 PérF&§é& PBu@greﬁBéndgéﬁpﬁgl Pinfgsed to

cor eC, prOdU(ﬁJITﬁt@lntd@ﬁ.dmﬂJl\fﬁ GhP sligedtir&f (gieedottuepesaengeyuandstor m ng
CLPs. In the ent e nple addltlonalu%?rel gn s%ggence 25 meridfused to

GFPP11, nanel q: &@ﬁ%%ﬁnbf“ﬁﬁotépﬁ 2554 t Hathr e8 ddnil'ns98f It he
surface pﬁot@ahekﬁdiuanﬂnﬂaﬂy,(nuﬁbdﬁﬂﬂfﬂmhtmbmdyF&ﬁésThrembseﬁosbyble only

because the %} r#%% rgf asnewgg [é?%&& on Qgﬁgllthghlch

nor eover fac sdrfaces he specifiIc
orientation @@nuugkﬁﬂfxamxw@nCWEs aﬁhéyp&dﬂhmne&e@ﬁxm@smuonOptaBMIds wer e

constructed IEH%F% r t S §§§ g

split-core vggg%rs codi ng #Qﬁéé- gggtggggﬁgEgg d'core 5%%@%%% |n this

case 35 alreé@@IaﬂﬁmémxhytEFPPmimﬂlKﬁiﬁbreN and GFP311 to coreC. - 43 -
i0

Example 13

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

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

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

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

coreC.



It had been expected on the basis of previous data that the N term nus of
the GFPO11 segnent would face outward, away fromthe CLP surface, and the
presence of another foreign domain would therefore not interfere in 5
principle with the ability of the coreN and coreC noieties to forma
particle strﬁ@nﬁQ&sﬁﬂisﬁgarlthe ability of the GFPBET{BPZRQ7LRPPI0mi eti es
to formthe native G-P structure. The _rgsult of this exanple is depicted
diagrammatically in fig. 7. Parts A-D of this 10 figure depict the

follow ng: ArBagif sddiiGdi&ciqthe EN0 Pasts OF bbeviyskoRaPROERER.
GFPO1-10 is fused to coreN,” OFP1311 is fused to coreC. Since  GFPP11 provides

a new N termtgs, NMndtHErinuws dovdi ntheer P RiBYL caRIBenEuswauld t ReCratter
B. Sel f-fl uorrggea, Clam arer ¢ oghue ecl bys ¢of &0 | nded achengrwsbAceobeC (CLP

formation), and P131-10 interactin jth GFPP11 (formation of the G-P

chr omophor &) SHRE e TS y TR B tROh HORESEFS Thoy
present 20 GBlrintigpieacedsd bichef oabidbt{hebf suhd acmred Bnkf eceneC
ant i bodi es can..be .bound via their Fc_pari to.the GBl domains.. D The

anti bodi es f rOJ‘teﬁcejiers ngt f(3:1<3arr111r1i At e?%rcfl(\:/l% S TN er BRE \}”alrtl%angeparts
with their spddilfiity arfiitgen. GEpii+l¢ored GIPP[EBL @histtan thuso2B thpl ace the
usual fluore el 959?gar nt.J indngirect :
innunofluore§%§%%%¥ é?p:Eggagplcls'a?h%pp#$%g¥?ogﬁi09¥F§ofg§glﬁfﬁIégeling of
tubulin in twerdicyesk eptageameat Ceakly aphl £é8t i dns Beaged 1P apfi bbdFes

binding 19 antifga A iHdMdd 86 fRAsiAR} . 30 It was indeed possible to
coexpress the further nodified fragnents efficiently in E. coli where they
formed CLPs, according to sedinentation in a sucrose gradient and mgration

behavi or 11’ & nabbsecagdt eaecdbegads Idheaddivbl Oparthesss e extibibhed
typi ca ugr escence_and, t hus 1 he noi eties_ha so come_together in
the correct M .n’ﬂﬁfaglf e '?ﬁéi%? coren, GFPglf 23 fusea €4

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



- 44 - that the GBl noieties were also correctly folded and accessi ble on
the CL? surface. The ability of the self-fluorescent GBl-presenting CLPs 5
to bind to antigen-bound antibodies was detected by perneabilizing HelLa
(hurman) or LM (chi cken cells which were then incubated w

primary anti 86424884 3%. In one case, the cells ﬁgl/gpgrqgaggpgg%e

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

GM presenti ng 1l i théor@lu—rﬁ’éie@ﬂést heravashed; cbirtelctly thel1&ad | aneere
observed by fluores, ce m %ﬁosco I n both cases, conparable

fl uorescence & %&?ect ed, cyt opI asm c staining,

| eavi ng out the nucl eus) Thus the GBl domai ns nust have been capabl e of

binding to t ant. buI| |rra

Sel f- I uor escélit %kfall %org %E%s ﬁ% Eiug %ﬁéng\}f’lgg E’?ﬁ%ggg ?‘oyed as an
alternati e tm cbmmdntt@naanthlgm'rdxnm\i I gzmltabeﬂeessewamdaiqtamxedaoby

conj ugates f i enﬂ.{gﬁ&égﬂ pr, YNt sproves
that the GBJ.(HCFOITHI ns a r?q]l qugcag ab H?ItIgTriactl ng Clm %(en% Iélc]igtt hat they
t her ef ore nudgthisdh d@ﬁ%cﬁh@nfm@é@at%r@bvléralﬁf\O]éﬁ@véé'lmﬁEv taﬁél body

sel f-fluoresqent .t RBh-ipr esent i BHeClLESsEaN B emplioked s gaeabakedet ection
reagent (conparable to a 30 fluorescently Iabel ed secondary anti body).

Simlar constGARM R aVRER Ri (I War fanesesserrly ilabahireh

constructis knawe mut aidisgamit ch aaittlejodwe al@@@man@@tanﬁo@@essl onogfpect ra
wer e i ntroduc 35 into the resg E struct b cted nu eneS| S.
BF b Bi v

Speci fi cal | y, 23 STRE S0t e‘g %eﬁﬁan rHOFEST r]l 9protein
(CFP) vari antspMer-eeqrepalLed, Bmdn then washed; flnally, the cells

were observed by fluorescence microgcopy.

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

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

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

30 fluorescently labeled secondary antibody).

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



variants formed CLPs which in each case exhibited the - 45 - typical
absorbance spectra. Thus it is possible to generate GBl-presenting
split-core GFP CLPs having different chronmophoric properties, which are
suitable for nulti-imunofluorescence applications. 5 The split-core system
al | ows prepa™® 209841028835 | uor escent CLPs whi ch pPESEEP24R7/006190
interaction-capable further foreign nolggule on their surface. This foreign
nol ecule, if it is GB1l, is still capable of interacting 10 specifically with

i mrunogl obul ilys,; gven uaehnhhese ape-Peund tRudheir tiaf 9gbsaniigentoAs a
result of this, there is a new possible application whic goes beyond
vacci ne appl i9SRETGHE  RRIIBE HIHANHet &t 01FO%% a F¥ Dor e&EEncBAVHRY

di Hel[lent antdigemns <t n@ﬁﬁ@m@ﬁhbbe&lﬁaﬁgﬂléﬁfﬂa@re\gﬁ@ah GaRs. sSﬁJe_hllalel
sel f-fluorescent, i.nteraction-.capable split-care Ps are particularly
suitabl e for radrosti ErEHE qs(’caﬂnc%paquﬁﬁa&ﬁgns. Sel f-f | uor escent

split-cor® CLPs which present foreign 20 domains of protein G other than GBl

The results ove jndi.cate th rt forej ' 031, be
presented in aefur‘n‘aﬁr?li1otn—a£%mfeorarﬁiylgt.ger}.[l c%%%%‘fée) offlg?%%ggglc@?ngg\%\ﬁ tgggﬁe
speci fic |igdidicr@sdeg® OhPsplvlti-cdor présPstwiirchintddraconaht-gapshiai n a
two- part GFP. i : r f@#]] o th St Lyel in,
however. In gruﬁ%fg%#o%l?%e%%ra éegb(l?r?i %ﬁ?l]ﬁo%ﬁ?) gé%%'s %(%%g?rkhgtggg}v%\ere
prepared i n Woleruwd®l vift hi & hies gpRS dbsras bl bf capablar §é 3ptenverspe

prot ei ns; gf i1y dickn ( DRRVIoanEnhes A8, (EheBV)wHdBYSthddesgrdonai ns

nmedi ate specific binding of the respective viruses to their natural target
: T

cells, i.e. RPRochPedRiin hEAEGRFePHIESY hoSt SpEERBLL Wi ntR08 - aa in
HBV and appr @herkb0i@aai mdHBYo @t HEBYpp3Schbeonr abidenegass apeydhat i nctly
| arger than 031 and noreaqver their sequences are different from 031 but also
from each ot F&CCINE 4ERP N GaG MGy do‘ﬂ%il Y et Fnker PEESFRERr i t YEBre- GFP

fusi on prot eifflsidrescarmener ofi ndl feten GBhr(tdfgerfd gby7; meapd aceE GBhewi th t he

cor r espopdi ng e Jorminisl,. Al phipge of them ef i ghept by Lored CLPs, as

was detected 5 by 'sucrose gradi ent sedi nentation, mgration Vi'of and
native agar osltgelacdigotrapedriesi spdnd toprel e€liPsn airer opeopycuibelgl Ps

exhi bited YR aala el iRl . AP associ ated to
gi ve the correct structure of ); noreover, the HBV-pre
Self-fluorescent split-core CLPs which present foreign
20 domains of protein G other than GB1

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

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

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

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



10 and DHBV-preS CLPs reacted w th nonoclonal antibodies to HBV preS and
DHBV preS; a correspondi ng anti body to heron virus preSis currently not
avai |l abl e. Anot her application conprises identifying the cellular 15
receptors for the particular viruses. Due to the | arge nunber (240) of preS

domai ns per P #00BL028885CLPs can be assumed to habeTARPRAGY ABAETI0

increased avidity for said receptors, _tgreby enabling the latter to be
bound in a stable nanner and also to be identified in this 20 way.

Recept or - car yfiing (§8ldes Wit e et i fiedomiag GFhafl ygi eecepse-gipthe CLPs
by neans of fluqrescence m croscopy or FACS;, solubilized receptor nolecul es
from such celfl'$1@8uRF B infec ddate a9 thdvidds End*Bholfd- t he%- aécunul at e

in the parti Ci'eg)jltaléléi az1 gwa.dhejriheggcéf?ééﬁ@mm@ @X%gti&ﬁ:ﬁmp _nis)s&?dj;wnt ati o&
in sucrose gradients anp , i.t-core S Wt n core
generate hi gﬁg\reﬁ % st%?m p?gfé‘éf?{}E§§nffP-r@GACﬁ’t%i'bc?cﬁ e&ey haﬂtfgﬁﬁgpA,
split-core OapA Shésoset rr@iiknan sedbtegeneiane hdwarattiidrer seBavdsrfigure 5
shows, the orientati.on of a presented-faorei rotein.c be i ced in a
targeted nanr?_é?fa bri/atllivn?aag%a)fgsgi %ér e&(‘)ahrcéc_ﬁog?logggé% ré\nﬁi’;‘t %%%L%&q@pk

thi s resultsmigrescopyul atley ol exipdsltedntypical 4GFP Eluheesthrce

C-term nal epi;t gpe th antlbo o fch s wn be
neutrali zi ngIq f'%gi OEEFO %E?Ie)ﬁ?&éggﬁ% &%cgrdﬁsér#ﬁ%léeﬁi rgoi oﬁg&%i c%ﬁgoes not
contai n any KeawmeateudPalsitziueguasi t opeSEHEIUsI T@ﬂrﬁ@VSrcortg@ .HRY-prgdre 4

shows, boph spld togerEpEEPACEERS fddred @k OHP o1 i eNafiushgA; a8d group
6 for coreC fus:&&g) produced total anti-OspA antibody titers b he

“but t
proportion oftoL KT afeft PHRV B&@Ses 8 CHHRIRRTET yaRF HReitY wkeh fusi on

to coreN - anedpeetiethsl @ridomd harstentabuit Hewavebld.he data here are in
vitro data. In order to determne directly the protective potential of the

i nduced anti bodies in vivo, the ability of the 15 particular immune sera to

neutral i ze amnathied cambl Vea i€ edofprbgegdadeenti fivifectilon celanlar

establisfgd nouse  nodel . was recordﬁg éff. Nassal et al. Eurﬁ%)eﬁn. J.
FE8-Rer t K2t #8

| mmunol . 12005955 L0885 15 ChecPpr SIFHEEG alF iTD. ©

appropri ate mumbes S&4d) of preS domains per particle, the CLPs can

be assumed to have an enormously increased avidity for

said receptors, thereby enabling the latter to be bound

in a stable manner and also to be identified in this

20 way. Receptor-carrying cells would be identified via

GFP fluorescence of the CLPs by means of fluorescence

microscopy or FACS; solubilized receptor molecules from

such cells would be incubated with the CLPs and should

then accumulate 1in the particle-typical gradient

25 fractions in a subsequent sedimentation in sucrose
gradients.

Example 14

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

35 As figure 5 shows, the orientation of a presented
foreign protein can be influenced in a targeted manner
by linkage to either coreN or coreC. In the case of
OspA, this results in particularly good exposition of



20 followed by an s.c. challenge with in each case 103 spirochetes per nouse
2 hours later. This usually results in an infection in unprotected mce
which manifests itself in arthritis-1ike synptons which can be recorded

sem quantitatively in the left and right 25 tibiotarsal joints. A group of 3
nce which r ¥eRPO8/8218%3For el nouse serum served B§Tﬁ§é§993é°96%g9ol.

G oups of in each case 6 mce which recgihved either the purified nonocl onal
anti body LA2 which is known to be neutralizing or Li pGspA-induced anti bodies

served as 30 p@sichi Ve gont EQlter?ﬁli%atleSt%&ir% (biekewirze 6manbaBbaagach)
recei ved i mmune ;sera which had _been produced du -core_OspA with

, e to split
OspA on cor eRIGALOFY; LAcer &HESHA A t]‘FP%bAFQ)nb%o’F%@rg%léPa%r (?BSEQ’Eord
quantitative tdi fdafeancess PRESNVEckMHALZDAN reRS o3b el dh edo@yitnbtrst with
5jig and then with 1 ji f La2 or %f he.vol unes eBU|vaI nt.to tPese LA2
quanti ties of Pt €5¥a BROER nBRE §ALeAAPedohr FROEPpCOBRSEP W R - 48 -
split-core Cgpiseq)t.h L8pAigureor éN.shbthe r esoths sarld tdemrd-exkpxn €Lps 8. Due
to the | ow prportion of LA2-equiyvalent -antibodi 5.1n the.j ne_sera
produced by réglr%edf iR -A%oftgréBKe&/i £Re&SBA 5%5&1}%% %q%%’gg?%%?évol umes
t hereof to tHusdoof) sprotiucede tOsEA watihiESpARAonarDlediverte tggwd, bukegar dl ess
of the LA2-equjval I Arthriti C deter.ni n days 13,
07, 21, o5, e’ ScBbobtEhy s Sqivatat ) afETHoEdan 5
figure 8. As savoséemnédaldyv heghed sviitdocinsitad W t¢oreN mal aspexspesbed
devel opedqyar thid ir$re %&ggﬁgﬁﬁgp due to the 15 nonoclonal antibody LA-2 was

reduced from4/6 to 1/6 animals with dosis reduction from5 to 1 jig, with
5/6 animal s being protected by the Li pOspA i Mmune sera. Passive inmrunization

with imune sgravebtaingd ¥h8ashkirk @are FPphiwkbhaeepA om coFredN peetected
all (6/6) 20 animals fraominfection, even at the |ow dosatg:lﬁ. pA on coreC
had a mar kedQpHeEHESr GREEGHY adtitvi PYOLELE1YRI nRPSSAE 18fe REghthe/ 6

ani mal s at tHedwedosage)lbodbst - car e«BRA CLEseW thiQ5pA oo or ehkpr oduce
hi gh 25 L%t ers of. LA2-equival ent_ anti lgodi es which are prot Ec%i,ve gg Vi vo.
The prot etti PRI EETal *EREBEIS Hitht *0F TP PPt Thdied®ant Fbhoutesy
Split-core-CipdiuClelds M.t h spAcarfeadr e€nifedidenhi gh t ehal establ $shéd

anti - GspA ant i badi es d y._a | rQport.i of ,30_t hose_| A2
equi val ent, énr?gl%t e“ﬁ/ocﬂegve‘g%r’ll §e58?§\%}gr Qﬁgm rl\]téalsl%%lngetpo?iehti EP%"SP—%S%PM of a
foreign anti gen tDuwoneN t hdd0bausam an thbuheSr espSFI® whinte i swere

quantitativelyy, Qi Stine firom thatepf fWsi o 0o6P{ 86  immune sera,
20 followed by an s.c. challenge with in each case 10°
spirochetes per mouse 2 hours later. This usually
results in an infection in unprotected mice which
manifests itself Iin arthritis-like symptoms which can

be recorded semiguantitatively in the left and right

25 tibiotarsal joints. A group of 3 mice which received
only normal mouse serum served as negative control.
Groups of in each case 6 mice which received either the
purified monoclonal antibody LA2 which is known to be
neutralizing or LipOspA-induced antibodies served as

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 split-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 pg of La2
or of the volumes equivalent to these LA2 qguantities of
immune sera of animals vaccinated with LipOspA or with



- 49 - Exanple 15 G rcunsporozoite protein (CSP) of the nmalaria pathogen,

Pl asmodi um fal ci parum5 Full-length CSP in the split-core systeminduces an
i mmune response which is stronger and broader than that of the

i mmunodom nant CSP repeat sequence in the conventional, continuous-core
system 10 THO 2808/8285@8P, with a length of 319 aBCTHEB2BR2A0QRIAR
previously to be expressible only in thggsplit-core systemwith CLP
formation; this was not possible in the conventional continuous system

Al t hough it 115 cpReS| BESat QuiiePaEsaa dd UReRLRA VERE! RgWittRousréhe
cystein-rich Gterm nal dqQmain (CSPshort hereinbelow) also in the

convent i onal 9EBACESG0dE &4SteM- the protein showed a pronounced tendency to
precipitate after a few days - this did not occur in the split-core system

20 which i i d f i i i n- i cal . ies.. A i al
o Capis ¢ nsr dehrad of S R ppeRt e O S L St TEC PR hE HRORERRT o Nakp
and N\/DP 552_4 iNANlﬁearinimﬁmZS Nﬂ?.pmddcsed oy hecdnd | of esng;htveosé o@sm}i lized
her ei n); sai gdi@lt |OfS§DAarQ?1 @30,_3/& i (r)grgé{ﬁqga?[n&t %‘%ﬁ%%xfg@é%%?gt gJ) xﬁggéne based

on the conventional “Cont1 nuous-c system has e Cofparative
i mmunogeni ci ©f stspdy ttiooref oOepPnvelivdd 96pJr epar acPuaNof wareor ves@ondi ng
conventi onal I i n, hi the \he s vagauence. NANPNVDRE NANP) SNVDP was
| ocat ed bet m%%gglggggtga D/8 a%§?581 an%%\?\%iv%h ?ﬁgr med CLPs - as expe%':/ed,
since the i nS€PFreiss warg | detargiredsPrucevigasl isell’i n2dn idfwnbyenteity

study fofp35ae@mear.i s Wdduiftd |edengdh £5Ppddstimgatr 84 M Aakkyuteuncat ed
CSPshort. M %e were inmmuni zed with in each case the sane anmobunts of the
particular CEPs (20 ug/nouse); the anounts of antibodies produced were - 50

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 reduction from 5 to 1 ug, with 5/6
animals being protected by the LipOspA immune sera.
Passive immunization with immune sera obtained via
split-core OspA with OspA on coreN protected all (6/6)
20 animals from infection, even at the low dosage. OspA on
coreC had a markedly Ilower protective activity (4/6
animals at the high, 1/6 animals at the low dosage}.

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

quantitatively distinct from that of fusion to coreC.



determ ned by ELISA after 2, 4, 6 and 8 weeks; this was followed by a
booster imuni zation (simlar to the first one), and the titers were

determ ned again 2, 4 and 6 weeks after the boost. Reconbi nant CSP (as
fusion 5 protein from E. coli), NANP and NVDP peptides and reconbi nant HBcAg
were used asWPed008{028535 in order to determne t hRCB/ERRPO7£QPBAER to the
carrier. The antigens were inmmobilized gg ELI SA plates and then assayed
using 2-fold serial dilutions of the inmmune 10 sera. The hi ghest possible

di lution whlggag?ﬁg gssignal above the background is indicated in figure 9.
This results in the follow ng conclusions: 15 a) B cell response to

reconbi nant CSP Al three i nmunogens resulted in extrenely strong response

to CSP; howe\cq&-cumor:@mrt%e protdid - (Wt hfCSEhé smalatiadphtBBgeR) gher
(titer: 1:12 106 105 for repeat and truncated CSP, respectively),
20 neani ng t If: I | -Hﬁf%?dllutlon (1) of the inmune serumis stil
capabl e of recogn|2|ng CSP protein. b) B cell responses to WARP and NVDP

repeat pepti re nses to the tide are simlar for al
constructs, ggﬁéxg 5?&%1 éﬁg rpd esngmPhEB Dﬁ%ﬁﬁﬁ%déjﬁkgﬁﬁ i 7 ess
conmon in thame:pmatr%p@rmanmarckbms serahotr nad yohogher fbant hbat
full-length str. : f n t

30boost) (tlggr %3§i53%&%8%§¥5. T 9 X f%§§ f%§é%#0 &%%é%gnséﬁﬁtQH%SP
sequences notcopvendronad t tentdpemusaforeCspsitem. and ful | -1 ength CSP i nduce
a respongg to 35 the peptides C3P12 (EEPSDKHIECWLKKIQNSLS pos. 246-264 in

t he fuII-Ien&fh split-core construct) and CSP8 (GNG QVRI KPGSANKPKDELD; pos.
274-294 in fUhe | gogphessl iGSRor wikbngt r beRYEhTIRE | 4ER 87 cdaeshBRARI ng

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

properties.

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



- 51 - responses after imunization with the repeat peptide in the

conti nuous-core systemis expected because the CSP8 and CSP12 sequences are
not present there. The result is inportant in that specifically the
full-length CSP 5 can be produced only in the split-core syste usi ng the
split-core s¥&t 2908i/028835hus possible to address aB@‘F'(FBﬁéP"ég})FB%@s whi ch
may contribute to the protective actionggf_a vaccination. 10 d) 8 cel
responses to the core carrier Both CSPsﬁort and full-length CSP in the

split-core syghemyiedd by EIasRIQe 25-4 0l¢ yeakerwE8rPONERisOvhhe core
carrier than the repeat peptide in the continuous system (titer 1;1.25 x 105

1
vs 3 x 106). fSldowess Pie BedPPeifels dHEEkZR UM f dSdiyr a3t of8i nthe at
Ieasttas hit ggsia_%t( t@%h )h,Or%ﬁdorth%vaﬁ.dﬁ@afef@aﬂeﬁéy?ﬁnbgn@d&i@s@, pfi ng_me
repeat peptide e .continuous-care sys ecific nogenicity w
regard to t h@q%geﬂeé:’d{‘cf d”rée"_l% @é%&é‘?]%%éll sﬁwﬁ?ﬁ‘?"él (F%/%? og}éﬁl%’@ when
usi ng thestr proateded, &mdm NEpartdéti) ar NANP f wida | envgeh, pESRPikdest hend
split-core syst N ddit i.0n, tr resp . ore c jer makes
't eront al 2arehestrds Mo Rl o D E e PR G BEREE
anti - HBsAg byovadetiemrnins) tiver 8 deell culaspoasleowt @5 tant icamwrieecar Fher

response is s r.e Lre ; | engt i pLits- C system
activates T %%%ﬁg%gﬁhug%?gn g?mgﬁ+fg%%? fggpgﬁgﬁghagﬂ'g%%itégbbygégn
stimul ati ng &ssénied cepisgofltheldpssriiodal Ayl LEHOAL ze?f nitde® wWikRURec. HBcAg

or a knowy Teell meR! irfeHddc Jads Al @f1 W 1dh 1e6i cICSPase £Ne1&S71 pept i des
NANP and CSP8, and then nmeasuring |L-2 production. Al constructs caused T
cells to app@ROVfhiteIR Reckars ilﬁaﬂﬁdH§QE?QHB@A§}9NBEHfb-140, rec. CSP and
NANP. However, only splenic cells of mce imunized with full-length CSP in
the split-core,systemvwere ahle t e _stinmu ated hy the CSP8 peptide to IL-2
producti on. l:r?u%r-esﬂq‘é-‘l’sefl&g,he[rfg’ wil-nlger?&‘ﬁ Ffstruct results in a

br oader response than the continuous only-repeat peptide construct al so at
the T'Ceié l%xe%'cellsiéhponse to recombinant CSP
All three immunogens resulted in extremely strong
response to CSP; however, the response to full-length
CSP is still 4 times higher (titer: 1:12 x 10° wvs
1:3 x 10° for repeat and truncated CSP, respectively),
20 meaning that a 12 million-fold dilution (!) of the
immune serum 1s still capable of recognizing CSP
protein.

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

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

repeat

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

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

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

split-core construct}. The lack of corresponding



Claims 5 1. Asplit-core carrier systemwhich has, as separate pol ypepti des,
the core N domain and the core C donain of the core protein of a hepatitis B
virus and at | east one foreign nolecul e based on peptides or proteins to

whi ch an i mune response is to be elicited, said foreign nol ecul e bei ng

fused to t heWe 2BPRYAE858P the core N domain or to X LTI YN the

core C domain and the core protein beLngiable to bind capsid-like particles,
and the foreign nolecule being fused to a core protein amno acid which is

| ocat ed bet wegBpBASkLi AR% of3 ialfhnd4a0h chh&iGe & nkd ARl hepkildte split-core
carrier systemas clainmed in claim1, characterized in that the hepatitis B
virus i s speEfPi EOPSIRHANESOTS0 SYSERE 45 iFRETEL NFTRIS Syt fr IS ¢l ai med

ihn cl aihm 2, ahar astrani zeét;{hénéélfﬁt aﬁ:blerﬁﬁ:r epiEoéret Nnthaset h@}ﬁewl € oL a
uman hepatitis .B virus. 25 4, split-core caryjer tem as.cl ai in
claim 2, cha?ﬁcﬁ&39£§TQQ1{%aF£P%e q%?é%?ﬁ '¥1ﬁé§ gﬁéié'qﬂgﬁﬁﬂég equence
of the wdodchuaok HeepptotiiseB wirlys {MHYhe SspThe-spréet syetencarus 2tg syst em
as claimed i ny..Qaf. .3 ai o4 ar ri .J.n_that ei gn
nol ecule is zglnlga)é %&ta%ogese%%%ecxé’ of‘taclpr o) e#sﬁ %éggliﬁgfehggjen%%?%%% erium
6. The splitaddicicnati eremsysimms aswbiahnedayn apgnofiBstel aities 1the 4,
characterizegrbeﬁEgggetggt-BhebgnangggeghgtkgPan am no aci d sequence of a

protein of a pathogenic eukaryote, in particular of the malaria pathogen
Pl asnodium falcipa rum - 54 - 7.The split-core carrier systemas cl ai ned

in any ofpclaynd éel? #espbabast bl €8e cBrkhahriherforeign
Both CSPshort and full-length CSP in the split-core
gystem result in an approx. 25%-fold weaker response to
the core carrier than the repeat peptide 1in the
continuous system (titer 1:1.25 x 10° vs 3 x 10%) . Since
15 the desired response to the foreign protein is at least
as high as (CSPshort) or even higher than (full-length
CSP) using the repeat peptide in the continuous-core
system, specific immunogenicity with regard to the
inserted foreign sequence is substantially improved
20 when using the truncated, and in particular the full-
length, CSP in the split-core system. In addition, a
strong response to the core carrier makes differential
diagnostics of anti-HBsAg-positive persons {infection
vs anti-HBsAg by wvaccination) more difficult; a low

25 anti-core carrier response is therefore desired.

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



nol ecule is an am no acid sequence of a protein of a 5 virus. 8. The

split-core carrier systemas clained in any of clains 1 to 4, characteri zed
in that the foreign nolecule is an undesired endgenous am no acid seguence
of a protein havingﬁits own pat hogeni city-based potential, in particular a

tunor mar ker Wor 80884 02853%e split-core carrier systRRFABP2PQYARO61%0any of
claine 1 to 4, characterized in that thzfgreign nol ecul e is selected from

t he group consi sting of a) thé sequence of the biotin acceptor
pepti de b) the sequence of the ACI D peptide c) the sequence of the
Z33 domai n derived from 20protein_A d) the sequence of the GBl

domai n of pradterefareio.the nérhédlengphes@t nePRS BEBRET e SFYH LForigt g

nol ecul es, | preadkrcul PEshORS: gN thzdt €i fige t @oMHiGicy 250hIPLRAEpELEPONSE 1S
to be induced, which carrier firstly has a prgéﬁl sequence of the core
anti gen of aPRByACE: COTEWUAEs 3459 &&coh@ ¥ K&dla i'gn nol ecul e, in
particul ar a heterol ogous protein sequence, 30 wherein the foreign nolecul e
based on peptides or proteins, in particular the heterol ogous protein
sequence is fused to the core N domain or the core C domai n downstream of
position 73 or upstream of position 94 of the hepatitis B core region, and
35 wherein the pol ypeptide chain of the carrier is interrupted either
downstream of the core N donmain or upstream of the core C donain,
characterized in that - 55 - either the core N domain and the foreign

nol ecul e, in particular the heterol ogous protein sequence, or the



core C domain and the foreign nolecule, in particular 5 the heterol ogous
protein sequence, are expressed separately as fusion proteins, or that a
recognition sequence for a protease is inserted between core N and foreign
nol ecul e, in 10 particul ar heterol ogous protein sequence, or between foreign
nol ecul e, in particul ar heterol ogous protein sequence, and core C, and the
split-core vaccine is cleaved by the prif ease into two pol ypeptides after
expression but before usage, and 15 that capsid-like particles are forned.
11. The method as clained in claim 10, characterized in that the

het er ol ogous protein sequence is attached 20 by fusion downstream of am no
acid 74 or upstreamof amno acid 85 of the core antigen of hepatitis B.
12. The net B% clainmed in either of clains 10-11, characterized in that
t he heterol ogous foreign protein 25 sequence is at |east 40 am no acids in
| ength. 13.. The nethod as clainmed in claim210, characterized in that the

het er ol og5u§- + oR eiSHE I U Seqtefice SYstem | Wileh 158§Sanidf SePasats | engt h.
30 14. Th BESI eptasdes Ai trg wraru @ém@iﬁl aBd9thd, cebharacéenazadoifn t hat

t wo separate eptld ) are:f ess h aid o a bicistronic
vector, the®P Rﬁf%pﬁilrheo Jtsh BN %‘b fid*th8"85 second
pol ypepti defor;amgnsmogetdméecbaeea dnn{mpﬂtlm dm@ﬂmieanm ag:ouhiphohﬁi n

seduence beyRguhissd ARl 10 Lha,6 LP101 QU8 olathieraateoh ARTBLANET Lo the

N term nus I canen VI N pSI d-1ike
particles, baangcfusededoi tthahﬁt texnd nvsr nfcltéea Ieowze &N s:bcrmamo@e tarrier

system as c{Rb"RA¢bRrdBudlo £ iHdBdrd € Yomain and the core protein
being able to bind capsid-like particles, and the foreign
molecule being fused to a core protein amino acid which
is located between positions 73 and 94 of the core
15 protein,

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

20
3. The split-core carrier system as claimed in claim

2, characterized in that the core protein has the
sequence of a human hepatitis B virus,

25 4.The split-core carrier system as claimed in claim 2,
characterized in that the core protein has the amino acid
sequence of the woodchuck hepatitis B virus (WHV).

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

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

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

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



16. The medi canent as clainmed in claim15, 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 systemas clainmed in any of
claims 1 to 8. - 34 -

7. The split-core carrier system as claimed in any of
claims 1 to 4, characterized in that the foreign
molecule is an amino acid sequence of a protein of a

5 wvirus.

8. The split-core carrier system as claimed in any of
claims 1 to 4, characterized in that the foreign
molecule is an undesired endgenocus amino acid seguence
of a protein having its own pathogenicity-based
potential, in particular a tumor marker protein.

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

a) the sequence of the biotin acceptor peptide

b) the sequence of the ACID peptide

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

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

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

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

30 wherein the foreign molecule based on peptides
or proteins, in particular the  heterologous
protein sequence 1is fused to the core N domain or the
core C domain downstream of position 73 or upstream of
position 94 of the hepatitis B core region, and

35
wherein the polypeptide chain of the carrier is

interrupted either downstream of the core N domain or
upstream of the core C domain, characterized in that
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either the core N domain and the foreign molecule, in
particular the heterologous protein sequence, or the
core C domain and the foreign molecule, in particular
the heterologous protein sequence, are expressed
separately as fusion proteins,

or that a recognition sequence for a protease 1is
inserted Dbetween core N and foreign molecule, in
particular heteroclogous protein seguence, or between
foreign molecule, in particular heterologous protein
sequence, and core C, and the split-core vaccine is
cleaved by the protease into two polypeptides after
expression but before usage, and

that capsid-like particles are formed.

11. The method as claimed in claim 10, characterized
in that the heterologous protein sequence is attached
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 c¢laims 10-11,
characterized in that the heterologous foreign protein
sequence is at least 40 amino acids in length.

13. The method as claimed in claim 10, characterized
in that the heterologous foreign protein sequence is at
least 120 amino acids in length.

14. The method as claimed in any of claims 9-12,
characterized 1n that two separate polypeptides are
expressed with the aid of a bicistronic vector, the
first polypeptide comprising the core N domain and the
second polypeptide comprising the core C domain, and
the heterologous protein sequence being fused either to
the C terminus of the core N domain or to the N
terminugs of the core C domain.
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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 15, 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 clalmed in any of claims 1 to 8.





