1 Reconbi nant MVA strains as potential vaccines
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MSP-1, the main surface protein of merozoites, the invasive form of the blood phases of the malaria
pathogen, is a 190 - 220 kDa protein. This protein is processed later during the development of the
merozoites into smaller protein fragments, which can be present and isolated up to the invasion of
erythrocytesjdue to the parasites anchored as a complex via a glycosylphosphatidylinosito! anchor on the
merozoite surface. ‘

The sequences of the MSP-1 proteins of various P. falciparum strains fall into two groups, which have
been named after two representative isolates K1 and MAD20. Overall the protein consists of a number of
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Vaccinia viruses belong to the genus Orthopoxvirus in the branch Chordopoxvirinae. With the pox viruses
complex viruses are involved which, with a double-strand DNA genome of about 200 kb and a size of 250
x 350 nm, are some of the largest known viruses. They consist of a cuboid shaped virion which is
enclosed in a membrane envelope. In the host cell, replication and generation of the pox viruses takes




against MSP-1 and the inmunity against malaria (Tolle
et al., 1993; Riley et al., 1992; Riley et al., 1993).
These investigations together” with the imunisation
studies on aninmals prove that MSP-1 is a prom sing
candi date for the devel opnent of a malaria vaccine.
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as P38c%f'f’o‘%48x§f% P’raf%féﬂdl The @Q?}’éﬂﬁs@’ tﬂerfrﬁﬁfgerttm@ ithis yrespect shown in Figure 1.

Furtherino@he Fraghtidn® p4 2001 86tR MEP-VRIrhs i Sisé Inbilédgat € the hunoral
branch of the i mune response due to the high protein
expression during the | ate phase. MVA, which has

The MSit+-1 ergten @@eﬂlﬁﬂéaet%mtwfyh%ﬁpﬂa@pwmd%?-m gequepceovhich is differentiated

from thMBPAGeh®Rcy AR WR thR by CARAREH, BletidnSinsdBHR INJES0RS ﬁbsﬂtutlon of one
rus for vaccination on humans (Stick 5

fe vi
ormoreaﬁm'%afg’ 5 According to the invention, a o
r econbi nant virus based on MVA is provi ded, conpri si ng

In a pr@l%rréoe@ﬁﬁboo(i}ﬂ&t tﬁwginﬁs‘ Ecc%ﬁn%gqggi'qwnt%n P%on%ﬂée%k%%‘?oﬁﬁtévsﬁitabie for

fragment

- t
oxpressig tprehy e SR GBORAN BR-DistiaBidte FaTRl gdbe promgter. The promoter

can in ticiesssi el 2 MA prolaiee svhe@b/ the WRkr can be an early, intermediate or late gene
promoter or a combination of them. However, non-MVA promoters are also included which are capable of

- expression in the expression system used. In this respect, both constitutive as well as inducible

promoters can be used. For large-scale protein production in this respect, a strong Vaccinia virus
promoter, such as the synthetic late or early / late promoter or the HybridVaccinia/T7 polymerase system
can be used; for the induction of MHC Class | restricted cytotoxic T-cell response in vivo a naturally
occurring early or tandem early / late promoter can be used; furthermore the E. coli lac repressor /
operator system or the HybridVaccinia/T7 system can be used for the initiation of the gene expression;
(Methods in Molecular Biology, Volume 62, published by Rocky S. Tuan, Humana Press, Broder and Earl,

- page 178, with further verification).




S

i sol ate): CAA84556; FCB-1 (K1 isolate): CAB36903. Both
fromthe NIH data base (hftp://ww. ncbi.nimnih.gov).
Particularly preferred is t h& nucl ei ¢ acid encodi ng
MSP-1 protein, a nucleic acid reduced in its AT
content, as described in DE 19640817 Al, the

di scl osure content of which is included hereby. In
particular a nucleic acrd |s preferred which is

sBRortiprises| a saledivamdirien The selection

markefM3| 167 Iihrﬁrelsﬁécg @urtaﬂ@%r tﬁ’é sél&%orﬁ’ Iaﬁds m%#ger&ﬂ?rﬁ 3 alASwiP RGRner. Suitable

frequen
selectyy R BRI hE S7SPES 5 RIS Recal (A PAEATE 18 tostitn ysem using
the £.tdoé xanthimoguroine phespheibosyl trensherasehXCHERE) gehec OF hditgn tseletion methods

can bé’[r?é‘d%rﬁ&rdmﬁrﬂ?qgé E‘G}‘Ptcelhgﬁ%gh@ othheD{nBré [Stdi Vé]r? Lgle 2’3@5 biher selection

he 1 sol

markegs kapwjhia thectateofthicart e ibgwsedy as " MSP- 10" .
Alternatively, this can be the MSP-1 protein of the

Accon:}f: gelﬂr ﬁJr[tr?e'r %ﬁ%ﬁﬁ%b{g B’r%ﬁtf g‘%ﬁr%%f?rgfagé a{%F@& %tgtﬁﬁ i,t‘»ln grtérgsith a nucleotide
sequenge §6qurﬂagrﬁrgﬂ@l§ee!ﬁdetsqe@ece Vs khewmfsono fhe 18R df thebath el signbhand anchor
sequenee$ frer e thidigard b® do€8&E6&dd @r’ir?ex ﬁJsQB‘r?rnCrﬁamrhéhan cells 08r are not correctly

VB 1
proces et hTBerand et PR o PR G o8P | h
conbi nati on, whereby here simlarly conbinations with

The erﬁEmlothhé rs@l@&ﬁé‘tc%ntﬁfl &f tﬁ?%n‘ﬂ'gfeg iara%%g& @g@?&} gy QIieg use of the signal

articul ar
sequerygE st BB ol CpEIE o3 S st febsecuences
are spqed8 femhighed 2ukaryetepr Exaaipleschf sidresighab sdquéite® bparhfiom those of the decay

acceielg{@g‘ﬁgértrfager |n§ndnﬁgl5$ﬂlrﬁs Eres?é?rgpélef?@egv&g v%rﬂou':' “{h ?%lpﬁsand gytokrnes (von

Heijne, 4938). Acserding ian Prﬂﬁeewspbopmﬁnbthe signal aeptige sesusececontisihe secretion of

the genefprddlet, B exmbie ictakint® Mubodlesseiguence, which is
differentiated fromthe MSP-1 sequence of the wld

type by addition, deletion, insertion, inversion or

Furthermgies signal, sgayences atsrseferngd whichdeathtior@P| acéhdeng ¢friheaC terminus of the gene

productfhefiedel! @Q‘fa%@th@d\htmhuhﬁﬁ DART M{%rrf%ﬁ\?ew Eéﬂﬁgffj EQubRRs are preferred which
trol gveent | Onn %%&ﬁ |ES i E t[m er Ssul ta e_ or . .
control G NS P OmRRHDteLIACR '?"’W 2ihe e e % iMghGiEgse pf frymunoglobulins of

the M isgiyd@er of the \iesinylar@toradtitis vieus & wroteiner . The pronoter can

in this respect be an MVA pronoter, whereby the

pronoter can be an early |nterned|ate or |ate gene
A°°°"d'EQ Brfplugher @FEf%{re@&Wﬁﬁ‘PP‘dhe yrustcaR Also cRIEN svitablgsiligendanor and splice
acceptopsiteaDdoethat anrapp@priddely Bslicedl RNAHNSds, whieh BaRAstIEoPransiation within the

mdrvrduﬁxtgrbgsl?éafég JI'Ima Btﬁb‘?erc?é@& &5 it gdd%mgfcsmgﬁsqege&ﬂ%nc& vrgmgh is suitable as a

utlve

"b°5°mﬁ|btﬁ'ﬁ'69§Fes can be used. For large-scale protein
production in this respect, a strong Vacci ni a virus

s AT e AT e e B e
provided; whergley the en@thod comprises therstaps i on of I\/HC CI ass |
restricted cytotoxic T- cell response in vivo a
na%%%al ly occurring early or tandem earl | at e
D TR cufPrad e o it A seoraReEioE MEeTEDY Befransergector
repressor / operator systemor the Hybrr dVaccr nial T7

i) SX&E&E&CQWan%MEﬁ G rurh WS- ol duBible Wa X Yoding e LGS ment or a mutein |

expres
thereof whereby the mutein is differentiated by addition, deletion, insertion, inversion or

substitution of one or more amino acids of the MSP-1 sequence, and optionally comprises the




(Methods in Mol ecul ar Biology, Volume 62, published by
Rocky S. Tuan, Humana Press, _Broder and Earl, page
176, with furt her verlflcatlgn) 6 According to a
further preferred enbodi nent, the virus al so conprises
a selection marker. The selection marker is in this

{SBRR) SRRELIG  Shb BEAS S B lpces, wnin st o

narﬁimefﬁfmﬁ!eﬂ@escnmwwwe‘emudmﬁmuemwp| e the E
coli lacZ system the selection systemusing the E.

&ﬂ?xanthl n(e i(;;uanl ne hos&hon bw transferase .
iRl AUd apgerdingqioy nflankedby MYA 3RSU9NSES 5' angh/ B3, whereby the
usedqunhcesfarmuﬁalﬁly fdr thee Hooslogows recapbaeatidn with genomictNMA-DNA in the host
Virgges (Staib et al., 2000). Qther selection nmarkers
knovvn' in the state of the art can be used. According
to a further preferred enbodi ment, the nucleic acid is
b)  ifester vath atuines taisecPsOMWA, trererabiyimhvROt | de  sequence
encodi ng a signal peptide sequence. As known fromthe
state of the art, the signal and anchor sequences
¢)  quitiyatiop of the pest pellrunmra)pedltms sigli@ble far bomelpgical eecpmiisationranin
manmal i an cells or are not correctly processed (Nbran
and. Cares, 1994: Bur , 1999; Yang at al.
d 'i@%‘??."{*%%‘;?i?%al"éwfua eHé’"géV\ectlve control of the
intracellular gating is solved by the use of the

Preferé‘b'lygiﬁalhostégﬂb‘%é‘c‘i’e% fRfn I)Qk‘ﬁ’» éw ; a ne?%@l pg k)b%ﬁf?ﬁérﬁ‘&er kidney cells) or

esg

p”’"”’éé%&ﬂ'&%é'em@ﬁg'@ﬁqe'&s )f or hi gher eukaryot es.

Exanpl es of such signal sequences apart fromthose of

The tratn%r g{cﬁ@(:an ﬁ&gqyﬁéaﬁ%&ﬂl J \?ﬂ% 9&9&?{1 %meﬂl%ﬁ If Oexam&% |so£eiected from

PGSZUC Ghdi ?M%GO ARSE65.1SG! hEpCF1ggg; pTKEeEds N vegtorsovhich are derived from them;
refer tp Mefheds ﬁo\ncﬂmed IBRORIAY, VhEmS 62N 4B6WRY, IBiRich 8RY €8S Epage 176 and other

referen‘&&%érl%ﬁedﬁ %, i | ﬁgmg}la Cﬁépb%%qur andgﬁ%ss (&[??l |Hé.'£uirirsptj=[rotocols in Molecular

B'OIOQYSQ‘\QMH ata u@ﬁ@\elgtemcgnm dlewrYosd padeis dB.16.4€16.180 0. Ge transfection occurs
accordiaﬂﬁahﬁﬁdlﬁ&s RiownemE st ditHals, of the gene product on
e cell surface, as with the human DAF.
Al ternatively, peptide sequences are preferred which
The nugleinagidtantimthisrespbetdaes the modificdtibres stadebibi thabiuale add dflit@ virus.
gene product, as in the case of imunogl obulins of
he Misotype or of the Vesicular Stomatitis virus G
The "”HP'BP@F’ r?°°°ﬁ(¥€%1°d | Hdlapkpd:yr MYA sequepgesfoe coraplepmaries pé jtt5' and / or 3,
preferredhfianking MYAcseuemkesDare INA isequehides al legchSlse CseaﬁHJG'ch’f raflfally occurring

deletlorﬁsmké ff\?h(f lﬂ%&l\g@{oﬂ{e g‘ éta%\%lqlor? ﬁte% qusi, Bﬁﬁ aa% I%gscfl ﬁ\geﬁgrl l-ét ?Lgtﬁr G., Mayr
A (1 99% { BETMVirgh &2, 1031111QB8@nas candbetseen frasmthe somibie gauamMeseguanse df the MVA

virus (ABidne ieNal A1bOB t\l’u@l&gfm 864130%). 9{-@6\‘6@519 ﬁleViﬁa'anth \PeEtof? %Iﬁ;ﬁ@ésefuﬂhennore a
o a.fur

et g R S5 MR S S i . vy

howevep, ath selestipromansérs &nqwado thieistabenaf the ariuse compripedavi ded,
wher eby the nethod conprises the steps:

For the efficient homologous recombination the MVA-DNA sequences flanking the nucleic acid to be
inserted should exhibit a length in each case of at least 0.5 kb.

The host cell is transfected with the transfection vector according to known methods. The infection with
MVA occurs according to standard conditions (Staib et al., 2000).




a) Transfecting of a eukaryotic host cell wth a
transfer vector, whereby the transfer vector i)
conprises a Plasnnd|un1faIC|ﬁarun1NBP 1, a nucleic
acid coding for a fragnment or a mutein thereof,
whereby the nutein is differentiated by addltlon
.nversi on o itutio

The ISOFHlI%{ngn Fﬁlc{z]{ﬁt%rg%\t &E/A \fll'U? ﬂ%cqui gréaﬂﬁé;ﬁ gtlonaxﬁﬂper wﬂhi%qge sequence

the culiPAEPHdsPRISEHeRT the AdreGARRRAtARS DNA sequences, which
act as pronoters for teh transcription control of the

codi ng sequences; ii) the nucleic acid according to I)
According th ladurthedertiyodhéht, aegeoinedehade avaimtle/whioh cdimprissixer eby

the sequences are suitable for the honol ogous

reconbi nation with genomc MVA-DNA in the host cell;
a) Y5y recAmbipant yrus\geeqiding pithejsveptisneandon MVA, preferably

MWA; c) cultivati on of the host cell under conditions

' f ical reconbination; and d
D S ARobecll BREREEEIRE (ant virue based on WA
Preferably, the host cell is selected from RK13
Pharméétﬂﬂ?ﬁlﬂaiy donfpamdie €ATibrS are ﬁ"ﬂﬁgleépgé%tb‘ﬂ BARRL &d &?Ihﬁ’d?leéﬁents known in the

stte B ) 1B R b Bl S St crierca
be Selacteld@smdiﬁmbﬁ eknaweahamer.whi ch for exanple is sel ected
from pGS20, pSCh9, pMI601, pSC65, pSCll, pCF1 | and

vp pt F1s or vectors which are derived fromthem
The vaggng, o, hopedBistered sEcH@ntoNslY BiimTagysculajy| uﬁfévmusllseﬁaﬂsdermaﬂv,

_ intrapetifooeatly oBsraleTheavedcibe s speqified ®or brfdph@ads idVedr ther@fyQr A7ARAS in humans

and an ioned init, in particular Earl, Cooper and Mss
égl) in Current Protocols in Ml ecular Biology
(Ausubel at al.), Wley Interscience, New York, pages
Accordhg.td = ﬂreﬂeﬁed%m]:@dlma'rhethb nabdidee&dnl fﬂﬂhé?rﬁ@férébntaﬁﬂﬂlgpdl B%ragment or a

mutelnttl?ersi‘_F ?nvgn éh Ig g%fereﬁpa]\{\% ?yh?Jg!ﬁS'éssatﬁ gh?en ﬁ\%@éor{ Hrg/ers:on-g; substitution of one or

acCl
more aff afcidééllomhe Plasmpdivm ffaleiparyne MBPe1 sdquentei andof ortehmucleic acid coding it.

More phefdratsly, thEN@smLy (bl'cﬁ’élﬁlsarﬂhg r@ér?{@eg:p?dggﬁbtfr@?drﬁbidaﬁﬂj ﬁyﬁﬁglapﬁécombmantly
in £ off ShE P FrLARinAG SRR Sei JGRER S BRRTSBLAIERMEY) B scuced it

regard gnithAT awdent' Espedally’ prejérradas amactleiy acid Guch andescibeldan DENM 9640817 A1,
with wrﬁ!htu\?/ﬁarhéblatr RfsHMY bt %ﬁyﬁum ‘Socﬂﬁs ge! ﬁﬁéc@ﬂ b%hﬁrﬁ%aéddoné Without changing

described 1 n
the aming ged yequenceen virol 72, 1031 1038 or as can be seen
fromthe conpl ete genone sequence of the MVA virus

Where &{é v%&!nr{éeﬁoﬁﬁo?%s b{)ﬂ'ﬁ%r?esf cc}ﬁll;ir%}n %st ég?\rfs g’g @93» G)Ptfrﬁlglirlﬁfg Oéa g]utem of it

ranster vec
or the mr@cwc@w 3Aic Ithan 56 oRcHne fFa@rbeeRrawﬁﬁdemdm farm.i Ibisotherefore suitable for

simultafigdas, SkQRARI O sePardRizAMMstraBn BRhK 8lo cofidoRénitP& theWvaccine.
hovvever all selection markers known in the state of

the art are conpri sed.
The following examples explain the invention, but do not restrict its object.

Fig. 1: Primary structure of the MSP-1 derived from the FCB-1 and MAD20 strains of P. falciparum.
The arrows above the sequence identify the processing sites of the native proteins (Holder et al., 1987),

which divide MSP-1 into the fragments p83, p30, p38 and p42, which are anchored as complexes on the

parasite surface. in the second process stage p42 is split to form p33 and p19. The arrows below the
ilustrations designate the uniquely occurring endonuclease cleavage sites of the synthetic DNA

‘sequences.




For the efficient honol ogous reconbi nati on the M/A- DNA
sequences fl anking the nucleic acid to be inserted
shoul d exhibit a length in edch case of at least 0.5
kb. The host cell is transfected with the transfection
vector according to known nethods. The infection wth

L L rd conditions (Staib at
Abbre%@n@%oj%gﬁ%‘i%h@e@,gl ;btﬁ?éﬁ&cgﬁ'? t he reconbi nant WA

O

VIirus occurs based on the sel ect! on m_arker wthin the
Fig. 2sExpressian ofafspIti38/ag it RLaeli€infedtddipith fe):omEﬁﬁSnt MVA.

o 1S AR, A0 B AT A S G5 b o e

and fquph ligg) Shaw i@ e;eglpeaaeaaeﬁmwmcrAbwrmeemgemmamnéearaﬂheﬁxmg with Triton X-100,
where8§"RGhéMtthne & t}ié‘%@!lsriﬁ lihed dﬁ@da%d Wb kadif indy G cells t{l%s treated were

(E reconbl nant Vvirus accor di ng
inubg “r‘ﬁ(}‘@{‘?ﬂ“g&# T e B antgy, Wi Pegnises 4 wnewmtmna'tﬂp@ope specific for MSP-
1 in thea@-teimeinal dartanf theecldE@Jifiaginknt pd 6 rpd i dolyelofdl IsBiuf, Svhieh @ecbghises the ER

proten‘r' 543&1 beéts RinGlE hrk&'?r'lrhhﬁ{ \?er@'lglognj Eabglécf ﬂ‘smgggyf%t g’omugg}\'\@ ahtimouse IgG

state o

<detecﬁpsﬁ$ﬁ TRIEG §°Wlﬁ?’éﬁ é@dfﬂb%'e%ﬁ%t?%e@i Wtﬁﬂta) ynd then analysed in the
confocalomipaucdpk elf ¢rer dell€ Were aect@EwWRENAGLR ﬁ?mmm brl RVALRsp3d/38+42A and

permegﬁ?@%‘ theNiRg Elpna-m%n %’a(?o?o'cghesm? golr ll\l&% Mﬁwth the ER marker. if in

Ut aneous r anusc
contragt thg, §gﬂ§rrﬁ@|aqnyntact| MEPP=38/420ia cdaly| detestedoinahé paseTdfainfection with rMVA-

msp1d¥68842m@1 in6 soiRRE iof in8Ghiécddd deli® FRY ERh k& Hrd ad ad D E6RBYfor the intact
8” ia in humans and animals. According to a
condit Of?ﬁ‘e °e@H]eE‘R{?8 8 nent, the vaccine can furthernore

AbbfthQﬁmSaER =\Apdoplasmic Recag.mﬂmtmm= monauivhaliAntibdagr eof , whi ch

is differentiated by addition, deletion, insertion,
nor e _am no aC|d

ri 3B e T Mo g e o e St inan v
using ipymunobiat] ei ¢ acid coding it. Mre preferably, the
A HeLMéBrs]wé?é %é‘dtéa Wifh M\/At rhépﬁdfﬁé PRf/A-R n%;qg}ziﬁﬁ drMVA-mspéd138+428 or rMVA-

onbi nantly, 1 n particular reco ant’l
mspid/3E{42A aifﬂemﬁt?efeé.qye@@m Sapilen @f flsr SHSmatEnt A theucadlir Action were

separatiel isingD SDEgeR leytrapheredibli uhber ﬁor}[—%@b@ c%étl%ns I f&kRferted q8 a PVDF
I R e A
and thg, serreseqiding W%éﬁdmgmmts &he ibp aveifadcio dbs sugermatanep biathe dnfected cels,
whereabihe MIBEILRPERSsI in2P bIls FIRRRAIWHE redohBindmiNAA ﬁ@blgs a signal.

sequence. \Were the vaccine conprises both
reconbi nant virus as well as MSP-1, a fragnent or a
Fig. 4: Revelopment of theohumbve! ionlime respohss aftactmlee invRimisdtions with rVA-

msp1dMB2S 6} Mﬂﬁﬁﬁp R4 S SR midnisidior \Wtﬁ‘?wsk% oL F?)(er}?d’n? % .

si nmul t aneous, sequent E
i & S geh 8 of g e TP SRGTS R BB nDUFL I ity sRsombieanty produced
MSP-1DFH¥44, opurided frgme£arpl @s mKgdndiThet fidvdsni@sibieOthe PdM stRific antibody

developRight, MesdurddCdn thi o bJ-el Hhe mice were in sach case immunised at intervals of three
weeks with 10° |U (first immunisation, simultaneous with blood withdrawal S0) or 10° 1U (1st and 2nd
boost, simuftaneous with S1 and S2) of MVA-msp1d/42S. In addition the mice were injected
subcutaneously after a further four weeks each with 5ug of MSP-1D-HX42 from E. coli in the incomplete
Freund's adjuvant (one week after the blood withdrawal S3). S0 to S5 represent the times of the blood
withdrawal and here the blood SO to S3 was in each case taken at intervals of three weeks and the
withdrawals of 84 and S5 occurred in each case at intervals of four weeks. The arrows mark the times of
the immunisations. The asterisk marks the fourth immunisation with MSP-1D-HX42 from E. cofi.

B shows the same analysis for the immunisation with MVA-msp1d/42A.




Fig. 1: Primary structure of the MSP-1 derived from
the FCB-1 and MAD20 strains gof P. falciparum The
arrows above the sequence identify the processing
sites of the native proteins (Holder et al., 1987),
whi ch divide MSP-1 into the fragnents p83, p30, p38
and p42, which are anchored as conpl exes on the
parasite surface. In the second process stage p42 is

T Fig. 5:fipvelopmgnt ofithe huorghinmy® respioase afterignusisationsheith rTIVA-mspTd/isor ~

rMVA-ish Y@ 34308 AUR SbiibRsFort With infhnshigitién Vi WiSP-TSfrom E. coli.
ndo.nucl ease cl eavage sites of the s%nt heti c

DNA
The hUmofdle fIUBYIE EPSPSSF NSl FieRWIed Sising BHiShatndee sppiigationcgl tecombinantly
produc@PMSRFIEh purifisd Gom ZE. cBik g arigeroksdh Figs P litle 38id2stiow thie MEP-1D specific

nant MVA. HelLa cells were
a"t'b°d}%ebé°ﬂ"gafnp%ﬁg’ Wﬂhhé SP&? 38+428 or r WA- nspl d/ 38+42A
The mige,yere waa?ﬁcmcwdmmpn'ée% diervals efiibree waeksKlabeligd indthoifustrgtion by arrows).
The imeatikation Steateyidsl sooatdedithb arapdeas chnpdseahs foileed after

X= S nmenbr ane of the
Gr. 1: ;'folelfgjlolﬂg’lSWI @Zgb)oﬁdllu oﬁg&ﬁr gﬁ&%ﬁg?#ﬁ%trglg? The cells
Gr. 2: QOH{Sé’fMﬁE’éPe@aM\@F@ 1Y ploMyAtress 1 AtBRaydl, 5Bmige as the first
Gr. 3: 2NigioP RSP, 1D/DbE N%g{céwmwmn 1@9Q6§V o Qi 3k MQPMbQI?Sy 42), 10 mice

or. 4 FREYNGAR PRS0 Al T 2P b Slblimentos oay 42,

) 10 micg ecogni ses the ER protein Sec6l beta (anti-ER narker).
Gr. 5: 2BNRIE MEPLD @R 8110’ IBREIRA-HSiam Q@s&@ﬂ@%@ :
a%u mouse %&F det ect s mAE'6 N B Sl tgﬁfﬁog?"fdmspm (Day
42).9MtR i -rabbit |gG (detects anti - SecGI beta) and then

Gr. 6 ahab yob &4BFA-1D (Day 0)c o0ff el rvviAanspe d8pe30/dsh 4240 @ayed1),510° (U of MVA-
msp1d/W39/3h.ﬂf g;;%&jn &%uEéVVA' mspl d/ 38+42S or

and ernmeabi | i sed, then the signal
Gr.7: ZEéEH OEMS APdRa st U efrMifsmspidi GRay 1), efong oBVISR-1Ri®ay 42), 5 mice

the ER marker. If in contrast the cells remain

In the f&ll%ﬂ@ireco%ﬁaﬂ%r&%% lchslea]%g?%g ic?egtgoﬁ%{ MgPt Hr? Fcage %qranchored form,
are labglipdwithAé apdifioseerhics, leaﬂl’q@thERe(mtlon of MBBrigvithd®s as a
control for the intact condition of the cell
menbrane. Abbrevi ations: ER = Endoplasm ¢ Recticul um
Table TMAK =Completellistrdithe Ainds-doostiucts lorogiuced: in We Istdpe @thie @ivesstion:
MEP-1D-42 and MSP-1D-38/42 in HelLa cells infected with
reconbi nant WA [rM¥Amgpidmunobl ot. A Va-rosdlf s were
Secreted MSEck ed wi t h r \WHVASISPII/22S, r MA- nspl d/ 42A,
) r MVA- mspl d/ 38+425Myp- n?smtﬂ&ﬁ?ﬂsns | d/ 38+4RA and i ncubat ed
over ni ght. Sanpl E‘I‘“SP ?)gr natant{and the cellul ar
fractl on were s é; ety 6,00 *SDfmg? r:elcgcf Loghg\rJgg S

trder—roh= |cuux..| Hg—Cohatt+ohSs

Surface! éﬁéHé AP VeTUR i RiATg A —5-2 rmmurf%gﬁ

podi es.- Onl yj 1 nom t he DAF

and t he correspoﬁﬁhﬁﬁ%ﬁlgbgragnent %r}n gﬂ%egi +%5A
i n the supernat aniganfspid2al nf ect ed ce
rMVA-msp1d/38+42A
MVA-msp1d/83+30/38+42A

The production of MSP-1 or the fragments and the localisation of the proteins in the infected cell was
proven using confocal microscopy and is illustrated as an example of the infection of HeLa cells by rMVA-
msp1d/38+428 and rMVA-msp1d/38+42A (Fig. 2).
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Use of the recombinant virus according to one of the Claims 1 to 9 for the prophylaxis and / or
therapy of malaria.

Use of the recombinant virus according o one of the Claims 1 to 8 and of MSP-1, a fragment or a
mutein of it and / or a nucleic acid coding for them for the prophylaxis and / or therapy of malaria.
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18 i) the transfer vector conprises a Pl asnodi um

fal ci parum MSP-1 protein, a nuclelc acid coding a
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to one of the Clainms 1 to 9 for the prophylaxis and /
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virus according to one of the Clainms 1 to 8 and of
MSP-1, a fragnent or a nutein of it and / or a
nucl eic acid coding for themfor the prophylaxis and /
or therapy of malaria. Abstract This invention
relates to reconbi nant viruses based on WA, which
conprise at |east one nucleic acid coding for a
Pl asnodi um f al ci parum MSP-1 protein, a fragment or
mutein of it. Furthernore, nmethods for the production
of the reconbi nant viruses, virus-containing vaccines
and the use of the reconbinant viruses for the
~prophylaxis and / or therapy of malaria are provided.




