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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
erythrocytes due to the parasites anchored as a complex via a glycosylpho.-.;phat:dyhnosuol 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



erythrocytes due to the parasites anchored as a
conpl ex via a gl ycosyl phosphaji dylinositol anchor on
the nmerozoite surface. The guences of the MSP-1
proteins of various P. falciparumstrains fall into
two groups, which have been naned after two

thhI;H' FRSPARINYegibhs! @f Hﬁ%#ﬁ%&sreﬁénérb%fzw%ﬁwh rﬂa(} bs raé;i‘,'%'}es Jq one of the two

tel n consi st

elathvel g Hhglioomprriruriasktihemsigmypal parseidhe optel (o Faruberal . 1987).

assi gned to one of the two relatively small
artofthe-.

msﬂnaeﬂq& B Pl Y T TR kBBt rom
O‘hewwetfﬁtat IREction dhielder apd Frepinenl 198 HNAIRD thedrahsfer qs atoasdldnalantibodies against
MSP-PfreHh BChoRf ptdi}ﬂe@ﬂ*oﬁéﬁo‘ﬁ if the mobéeqno&gq% éﬁ%ﬁ’@t d a‘LEféh)

e Fr eeman
Apar it i O R S 3 o e B%veaagfamgﬁ imnygpsed with etive, immune-
affi n1tygnun@qglé%$?—1 pn theseltedts phreatrateib obtained frorh &, fmw@ﬂmﬂimﬁ%lly (Pernn et al., 1984)

resp. &Mﬁleﬁzw (Qﬂdﬁﬁl oA, 1 9&9%%%6\&%’ infst {hF %H}L@Jg%%&% Qg aarhsute

Aot Us

Puril §°{‘ s raterial i REsmagp ISHP’(V?V% ensieRjamsisRon! be yee fsoesduction on

a large esales Tihaeefqpe cdseamh Olvd aidehmes Ty ificBhtrafcal 6 m@rdéUéloqment of recombinant

vaccingar ti aIIy (Perrin et al., 1984) rasp. conpletely
Siddiqui at al., 1987) protected agai nst the ensuing

(
For examplec 1migs have weﬁhesuwﬁﬁgﬂyt mmunizgd | withc MSPeh 1D fpurifiedi frem £ coli or

Sacchamatyees abremimo‘aly@;mdh@ 1bg3; DRYRY&r, 1@!5@?!3%‘ é(%l a‘fb@ﬁ Hirunpetcharat et

o, 1967 3088 3l i S 18 s i 1998 Atematvery t
immunigaiign aét) evatingrs ecopbinam Quatbinsn ANA coding FomdSP-1Hemas ¥BoREE used as a
vaccing'éng fbrd?@l/éﬂ u*ﬁﬁﬁﬁlseiﬂﬁﬁ@é‘g%fn@tl lh%ctiomﬁ' S Qs Yt QVLM@EI)TI&I 3. 2000).

1 ed or Saccharonyces Cerevi
The lm%tﬁ%ayogﬁameﬁﬁﬁs witggagomlﬂp% MSP-1119 arf%lyga -1-48; fegm &t fa&fparum provided
 partial (xrgte@ion HKunaT[eé i, hasfﬂtEgeﬂi et 4|, 20001 8R4ng et M d98! St¥wéas et al., 2001). The

mterpreMllf SRR AN 40 Q)@)\éhrﬁ%rﬁ Mbl{lgysl\@ﬁﬁ%%veg%{ﬁy %wa\ﬂ?rlahy Wéflplgebecause a

999
statistica) fevqitéqygﬂﬁ? tﬁglﬁapulgrdg@%noh gnse Enatodbellowguiber di/BiHmals ithdrexperiment.

In Phasal|sandhie etodios efih asray fré(giﬁéhtsné’s MmQrtﬁgueﬁnﬁﬂ e&@W'J\( Ssq shown in
humaﬂs H%S N@ﬂ#ﬁm sﬁf%%lﬁarglgtfﬁls(gﬂ ogpclﬁllﬁ%;agé%l tqqrg; o(?{etaniftoxm (Keitel et

al,, 1999[) é%ﬁiﬁ| 1 bipgkp3 Bnd 9 (Savbet BEFA999: 432nfon @hzIR2000a belipakedn
Some enﬂdeﬁMbldgléhl s@éﬁéi infﬂ,ndé}ﬁle?é’g%b Qhbwi g@{@@ltgg chlrelat oill %?f?feelﬁgrﬂﬁody titers

against 5 a4 Ry R e 04 oicisRP ey ok eaa@armm ptal, 1993).
These inyestigatiore together mmwm/mmmhhtmn Gouarts loh @fralsyprév@Rdt ASP-1 is a promising

Ca"dlda@ﬁﬁmVﬁOpn%n%f'a%iﬁﬁlva&Y@ uation of the results does
rise nber of animals in the

Generaﬂéilﬁp Stydise can be qiffpsentiated piptwe Bppeeches sithériporifieBmalerial from parasites

or matenfamg;mﬁrshmmvge@ysfeﬁmswaeuﬁedl mmnogenel ty was al so
pl9 from P.

Both tor Al S estipi e R otk 4o Feoe reipine B Forerecupaghagroducioy
in a good,yigld ﬁnd(n@ quality. SP-4 kan beligfad fentpdristtedyBEt-this i od@sSble on a small

scale andwith &eétﬁﬁ@bns@tanéﬂthereférg%&no@@é"{:aﬂpe ut for Pyt Hr- obtagl ?{3)8!95 %ccording to the
stated cn{eﬁ %tv|e Some epi dem ol ogl cal stu
I"SWEWa¥ow with adults a correlation between

antlbodytlters :
Viaccinia 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
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| MSP=i - prot ei n; afragnmenf ornmnutein-thereof:
n a preferred embodiment the virus according to the invention comprises a promoter suitable for

expression, whereby the sequence encoding msp-1 is under the control of the promoter. The promoter

-¢an in this respect be an MVA promoter, whereby the promoter can be an early, mtermed:ate or late gene

promoter or a combination of them. However, non-MVA promoters are also included wh|ch 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

promater, such as the synthetic late or early / iate promoter or the HybridVaccinia/T7 polymerase system

can be used; for the induction of MHC Class { restricted cytotoxic T-celt response in vivo a naturally
- occurring early or tandem early / late promoter can be used; furthermore the E. cofi lac repressor /

operator system or the HybridVaceinia/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 Eart,
" page 176, with further verification). '



The MSP-1 ami no acid sequence can be obtained from
publicly accessible data bases. 3D7 (MAD20 i solate):
CAAB4556; FCB-1 (K1 isolate)® CA636903. Both fromthe
NI H data base (hftp://ww. ncbi.nimnih.gov).
Particularly preferred is the nucleic acid encoding
MSP-1 protein, a nucleic acid reduced in its AT
content, as described in DE 19640817 Al, the

Accordid &Ekﬁﬁtﬁﬁ@r@f@ﬁécembodﬁxﬁen\‘\hﬂr&hmb Sisb f&ﬁr'nb&%%%%%&%){ tiiakr. The selection
eferred which 1I's

markergflfn g%@ect su{t:ﬂ)i lfg?ltl}%aﬁ%gqc hﬁﬁoﬁscéeé’ﬂlﬂgﬁ’bé ke mganer. Suitable

rom
selectiofpiacersaconprisroin tiarespast for anmpleatberbdialitacs oghtems, tias:IdaB@isystem using

the E. &cﬁpdaﬂmﬁd-gﬁéirﬁrfb ﬁﬂlﬁbh&lbﬁypﬁﬂﬁférgsﬁﬁﬂggﬁﬁ)yn%%f bngﬁjﬂt'to?w gelection methods

ne corresponds to
can be %ﬁg"t ¥ °’h8’°§@ g‘es'@ah%%# CHEN Pf Eieayityees. (St 6t i RGO o Oter selection
markerﬁdm\‘v@mwstmmﬂbmmn bd teedVSP- 1 protein is the MSP-1
of the isolate 3D7, the MSP-1 protein which is

A d.de‘[%iégnated in the followng as "MsSP-1D".

coording . fuhenRepigrred pinodimgit he nueeig/Red is fysest alithe 6f endtwith a nucleotide
sequende@Baodixtgraasignal p&puahseqﬁerdﬁsmgmmdmaﬁne M@P of fhe drtNthks B%nal and anchor
sequencfeQ Ifrloﬁ'\v)d’ I?QCI E;FP,ﬁ %E?th]déa{s%rg%? %Vltn regélﬁ%s%bfain I(}é&r@?!%%lé 8’" grel rv)t correctly

also fra
processe (Moganaad Carast H194: Busghsue ot akr €999aY angest alr, 1997

combi nation, the fragnments of MSP-1F p83, p30, p38,
red, .alone or in

he profid, G Wl RbiRe e R o AP GioRl ek de e Bntaeed oS weetef the signal
sequencw tlle pumand@q:gm smaieeatmmﬁdiquemAFal(}ﬁg f2).agetié sigedl peptide sequences
are specfﬁﬁl?or]ﬂibhel‘ Bulﬁﬁf(ftésc E;(zﬂﬁpi@ﬁgf'sua:r)’glgn %g%ueﬁggé %ﬂq f%?ngihf)éenm the decay

rticul ar e conpi nati ons

acce'efatpr@g‘“a‘°’aaf%£'ﬁmé{}°8 opyliar et v Pqﬂﬁléefp%fs\faﬂpwr@fﬂh fators and cytokines (von
Heijne, 1P§R.fiveording itsa prefeiihd smb@timet theSypalpeblideNegutinge dontrols the secretion of

oo B el IO TR 8™ can el so be & mutein

al so included.” T
of the P. falciparum MSP- 1 sequence, which is

Furthermefief signabsquerices aref grefairédWnidiSiBad toSCOILRBERiG bf B2 t¥hhiflis of the gene
nversi on or

product oh m%eh’k'urﬂagg'ats'm@ﬂ ’theqﬁxlm%t D:%\E‘r éﬁeérﬂﬁ 1&%}[ 332? sequencesgare preferred which
control thggﬁg@fangpomﬁgub&lg@@wlom Alte gereprodust e in the prepvéfdmmiunoglobuiins of

the M isotygeCarsbihd aticilar SismABS Aflis Wb, Ppreferably a
reconmbi nant MVA virus, conprising at |east one nucleic
acid coding for a Plasnodlun1faIC|parun1NBP 1
Accordingdp gifether pegfered gmbndiment the itsadan aib cbﬁta|n|sﬂlta':blaos’pﬁ<ﬁéi‘ddnﬁdand splice

acceptor SRBE) QiR Ak abﬁ%pﬁ’dtél}*%h@&?ﬂﬁ@f\%gés w‘hﬂﬁ lsr %uét%tﬂ% or tr%séq,nggylthm the

_ mdeualf Eg i ses a pronoter
8¢ YBHEENEYE eleiunsid offs 5- additign lme!emn a Resueest whith isf suitable as a
ribosome bidrtingositenot er. The pronbter can in this respect be an
MA pronoter, whereby the pronoter can be an early,

Ina secdnﬁfagfel&ﬁd it@tpﬁes@ﬁt |r||v@ﬁt%ngﬁéi8 is pRIVRIEDE Getholl oBoré&d Bk BRS JeBdbinant
egmenvters are al.-so i ncl uded

virus bas onEowhereln% n'ietho com rns
V\ﬂ e capa ep pressi 8n in the expreSS| on

a} §¥t§¥e%mg%§gukalrﬁtlé }l;Hsfscefl evﬁfpgﬁénsfep%cl&)r Qﬂ\@%n‘ tutive as
wel | as inducible pronoters can be used. For

| ange-tsastke epthoiotipisds aGliBlobiom f4idpddth BSP-a$RRat, a ndcleic acid

st E&Hl}% avfﬁa%‘r"}\lem o@amu{e'i‘iﬂsthereof, wherein the mutein differs — by the addition, deletion,
insertion, inversion and/or substitution of ane or more amino acids — from the MSP-1

sequence; and optionally also comprises a selection marker;
ii) the nucleic acid according to i) is flanked by MVA sequences 5" andfor 3, wherein the

sequences are suitable for the homologous recombination in the host cell;



pronoter, such as the synthetic late or early / late
pronoter or the HybridVacciniafr7 polynmerase system
can be used; for the induction of MHC C ass
restricted cytotoxic T-cell response in vivo a
naturally occurring early or tandemearly / late
pronoter can be used, furtherf8re the E. co/i lac
repressor / operator systemor the HybridVacciniafr7
b) M¥SHcR Witk ANirRDabkesh M, pleh@atiyirfA;at i on of the gene
expression; (Methods i1 n Ml ecular Biology, Volune 62,
c) qultiddtios bede hyst Ruakyer Sondilidansuitkieanisonfilcgsss re@inbahationasrd
Earl, page 176, with further verification). 6
d) iagletion df theyrecombinanf virus besed pr 8Vér r ed enbodi nent
t he-virus-al so conprises-a-setection-ngrke-r. The
A further Slﬁlbtﬁ:ﬁ‘rﬁérmﬁhay PRI a sthdd Yo thé ﬁroﬂt&ﬂ@&ﬁﬂa rédfinbﬁihh@mfs@é’ provied,
{ or screening in a known manner.
WhGEbyﬁgfggﬁpgaﬂggg b 9@ Sfmarkers conprise in this respect
for exanple the E col i /acZ systen1 the sel ection
SRl [ -guan ne
2 Trphosg@ogﬁgggawgt??'gﬁg g‘?"as ﬁ‘; g¥ireeby|the tragfer yester
sel ection nethods can be used mhlch nodi fy the host

i) Ceﬂnhpnswa:Pfalsﬁb&Nm Qélc;ﬁé?r@n\ﬂ)léfﬂﬁs easm.(ch@éc?d c%d:r@ for.a E%agme)él 1 pt a mutein

known I n
can E 'éegy tg\ec 5'8‘?3 i iy dtffﬁr eqtizteg theﬁddﬁ'P'éf @9’?‘@& insertion, inversion or
' ewwmme f onet dremorel ainiriocacis otithe MSPUS eeudhcd, BRY émo@é?ﬁ’ omprises the
with a nucleotide sequence encoding a signal pepti
sequence. As known fromthe state of the art, the
signal and anchor sequences from P. falciparun1are
not detected with expression in mammualian cells or are
not correctly processed (Mran and Caras, 1994;
Burghaus et al., 1999; Yang et al., 1997). The probl em
of the selective control of the intracellular gating
is solved by the use of the signal sequences of the
human "Decay Accel erating Factor" (DAF) (Fig. 2).
Sui tabl e signal peptide sequences are specific for
hi gher eukaryotes. Exanpl es of such signal sequences
apart fromthose of the decay accelerating factor are
i mmunogl obul i ns or signal peptides of various growth
factors and cytokines (von Heijne, 1985). According
to a preferred enbodi ment the signal peptide seguence
controls the secretion of the gene product, for
exanpl e cytoki nes, antibodies, etc. Furthernore,
si gnal sequences are preferred which lead to GPI
anchoring of the C term nus of the gene product on
the cell surface, as with the human DAF.
Al ternatively, peptide sequences are preferred which
control the nenbrane-conpatible |ocalisation of the
gene product, as in the case of imunogi obuiins of
the Misotype or of the Vesicular Stomatitis virus G
protein. According to a further preferred enbodi nent
the virus can al so contain suitable splice donor and
splice acceptor sites, so that an appropriately
spliced nRNA arises, which is suitable for translation
within the



i ndi vidual to be treated. The cleic acid can in

addition contain a sequence which is suitable as a

ri bosome binding site. In a second aspect of the

present invention, there is provided a nethod of

pr odusdih®Reqifend fd C@@Qb&%ﬂtmarl(%]rr léﬁng %31’?18:%3%‘) rbf\]\A‘/séquences which act as

wherein the nethod conpr

t r anSFESTHT Be transsgintiap: thmtofwﬁqod@mquwwm a transfer
vector, wherein i) the transfer vector conprises a

B AT A ) DSBS & B9 3, oy e

codin fragment or
mut e uaweﬁ Sréssuitalis;for the hatgiopéusiecogibinetinoith genomic MVA-DNA in the host

i nsectgli;on, inversion and/or substitution of one or
nore amno acids - fromthe MSP-1 sequence; and
optionally al so conprises a selection marker; ii) the

b) niifeaice Wit virua baseddhIMyA, preferatisM¥Aanked by MVA
sequences 5' and/or 3', wherein the sequences are

S%HI aki’l e 1g‘torh t‘ge honol ogous reconbi nati on in the host
VAt of the hos cfeEH'Eq%WW“PFF syitghie fgshampiesivalgacambiation; and

'preferabl y MVA; c) cultivation of the host cell under

d) CoRp@Etisd At redy ous reconbi nati on; and
) d) |s|,o | ati orn g?ﬁg'll‘wtglr{'sg%agg F’ﬁ'{e’\'g virus based on WA. A

further enbodinent may relate to, a nethod for the
Prefeyeldly| ot fiosicedfs saletted ferh RKAS trabtiitidiey Sois)! BIHAGBaby hamster kidney cell
s 52 oL FATESC° 11 SLSBE 8 1O y el o

Transfectin SUR es}f)tlc host cel | W|th a transfer

vect or, vvhereby the transfer vector conprises a

The PhrasADEdH6NBah B Gl pSEA! WaB@P ia %usa&][e{ﬁk'r@m#\g%cﬁ)é%'l%eﬁﬁg*a%le 2 Selected from

ern

teln her eo
PGS%J P%g%ﬁgﬁ%?ﬁ e;gfaq%ym Rkl pqﬂ agd p@l{ggt_,':ﬁls of y@@rq Wiyeh are derived from them;
refer ity Methotin in MelecutanBidlogyuVolome CEEZ SatCalidive, "Broder AU EANA édé-s1 76 and other

referétced MEntYREY i tSRPARRGS: e Eo ar?(ﬂ@?sk% &sﬂgﬁ Seﬁjpérog)ggls in Molecular

B'°'°%&”§@&E§2’E Q\? iem?e{ﬁp%ggeg rl@; Yq(;I;1 PagAScIBs15{1eY6.18.10. The transfection occurs

accorting o qoadiitioms kpdwindinthe Gtite 6Flthedt. t he- codi ng- sequences; i)
the nucleic acid according to i) is flanked by MWA

- se quences 5 and / or 3", whereby the sequences are

he nuciele apid eansip histrespest e they owdificationsititertibi the nudldidlaReTaiNs virus.

MVA-DNA in the host <cell; b) infection with a virus
e 8 9e e B SR M s et o 1 5 or 3
pl‘eferfeggf@nlﬂnngNAcaqqu@m are DNA sequences in each case 5' and 3' of naturally occurring
deletion sites in the MVA genome, e. g. deletion sites !, 1il or VI as described in Meyer H., Sutter G., Mayr
A. (1991), J Gen Virol 72, 1031-1038 or as can be seen from the complete genome sequence of the MVA
virus (Antoine et al. 1998, Virology 244, 365-396). Preferably the transfer vector comprises furthermore a
selection marker such as for example an antibiotic resistance or a metabolism marker. Principally

c)

however, all selection markers known in the state of the art are comprised.

For the efficient homologous recombination the MVA-DNA sequences flanking the nucleic ac:d to be
inserted shouid 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).



d) isolation of the reconbi nant virus based on WA
Preferably, the host cell is selected from RK13
(rabbit kidney cells), BHK21 (baby hanster ki dney
cells) or primary CEF (chicken enbryo fibrobl ast
cells). The transfer vector can be a typical Vaccinia
virus transfer vector, whi CQ for exanple is selected
from pGS20, pSChY, pl\/l]601 pSOGS pSCl1, pCF1l1l and
e sRL g el b Pl b i ar B ot VBRI MBD nesgauence
aCCOfd'a% waterngive e rTha FréorRinant M4 gieusTBbaehdningdiséner diresfiiramnibe lysate of
the cultivetat! hameds bifrdnt the butueatgdncatdnar Earl, Cooper and Moss
(1991) in Current Pr ot ocol s in Ml ecul ar Bi ol ogy
(Ausubel et a nterscience ork, pages
na th"%é g‘%gp‘%thfé’ re’fgntfzybm ? '3 'de‘ﬁ 0%0'5‘%:%00}@5'"9&0 cor di ng
ato H‘Sﬁ‘%TPWPB?f%V'R&‘iéﬁﬁeﬁ“ﬁd %tﬁ’ée §ftte of the art. The
© b) nuch ehamamiodicalromprtivlhcgrigrespect have t he
nodi fications stated for the nucleic acid of the
virus. The nucleic acid according to i) i's flanked by
MVA sequences or conplenentaries of it 5 and / or 3

| Phannacoﬂ)gﬁ%ﬁ; Eoﬁg) éﬂl@@gﬂagﬁg a%vﬁ tﬁr‘%%‘ﬁﬂ S HnferdDNy §|ﬁ|ﬂ%‘§@§t§\§s krﬁ‘)wn in the

nat ura occurrin ['et1on

state of thgjaric i ajogrigip éypraagﬁ@ﬁg is @tegdeddﬁ]e@hgwcglpguggly p?mpqtzpqe carrier can
be selecte@lor Mbdifiéd idla kadwrdaghien Meyer H., Sutter G, Myr A

(1991), J Gen Virol 72, 1031-1038 or as can be seen

fromthe conpl ete genone sequence of the MVA virus
The vacc{nancai rhe @dmmlsterqgggbcumnp@lsbrgymtgaq]mscm dgeivenously, transdermatly,
mtrapentoEéaW BF GlyY Th@ackin@ RSpBifiedast MbpHyRARE ah® £6r thathhy @AM i@ humans

election marker such as for exanple an antibiotic

and anim3Sasj st ance or a metabol i sm marker. Principally

however, all selection markers known in the state of
According tQ% ﬁ‘éferr@& %m%@(‘im%tsﬁﬂ vaEQﬁe Eﬁﬁfﬁﬁé%k@@&miﬁ?m%ﬁagmem or a

bl nat i on %ej:f}%uences f1.anki ng
mutin R AIRD IR RN PTG e ot R e ﬁ”B?%'ﬂ{"H" of one or

more amirionacRBRMCihs ®laafodum| faleisdru®. ISR seqileacehasd / oed hudiaic acid coding it. -
t i.t.h. t-he. ' : ' :

ore g SRS b S SRR LG i DS B

in E. coli. Ipe BYERIH acid 60dindion MSH-Toemimutedhef i ispraferakly opg which dgyggiuced with

regard to ¥ AT @orit&l @épbamlchfrefbxl?@i i6 CERicat subVAs vegdiBeddn MME-$9640817 A1,

it whicn 1733 bR G BBACHS bl oy R B ot chaning

the amino g¢id smyuera. be obtai ned either directly fromthe |ysate
of the cultivated host cells or fromthe cul ture
ernatant. In a third asgect of

Whore therRUTROERISSS RSN S BiORY Seewe i o AT bripesepor a myten of i
or the cocﬁd@emroesmoa'rdm naet thei vaodneasardeé iprosided okie fonand i Yhegefore suitable for

_ snmultaneoﬁg %)z{l glgé Qlla}eyyqqgr%%{ié (%fﬂwct\% Eén%anents of the vaccine.

co 0gl e carriers are thi's
respect all carriers and dilution agents knomn in the

In a forth aspect of the present invention, there is provided a use of the recombinant virus as defined

above for the preparation of a medicament for the proph_ylaxis and/or therapy of malaria,



state of the art. If a certain type of application is
i ntended, the pharnacol ogically conpatible carrier can
be selected or nodified in a known nmanner. The vacci ne
can be adm ni stered subcutaneously, intranuscul arly,
i ntravenously, transdermally, intraperitoneally or
orally. The vaccine is specified for prophylaxis and /
or therapy of malaria in hunmans and ani nal s.
According to a preferred egpodinent t he vaccine can
furthernore contain MSP-1, a fragnent or a nute
In a fifth ?W&F‘@E?‘e PRRRATTE RO VEriony iereds By et %wfec&a SeGRTTghUTUS a5 defined above
and of M§BHe4 frapment s sertsigf it andiver Biclels aoid cedifasibi theit foothe pfepaa®n of a
medicanfght foﬂM;ﬁo&%ﬂQa;%ﬁdr%er& Qﬁl‘léigﬂé Pl asmodi um f al ci parum
MSP-1 sequénce, and or a nucleic acid coding it.
More preferably, the MSP-1 protein is in this respect
The folloging dxpoetts eggomive frettoy, bui dv rpaestric ith ajeateconbi nant | y
in E. coll. The nucleic acid coding for MSP-1 or a
mutein of it is preferably one which is reduced with
Fig. 1: Primagy stquctureiof #heMSR-6 deriveid, frdos fHecGE-¥ indMRADR0 E@Siné &f P falciparum.

The arrows uzdgeltﬁe Sbhce W?ﬁ%lf?ihued;gﬁ&é% PgEQhea% 1;1319\.@ pﬁgmﬁﬁ%@b flal., 1987),
which duvu){g P-ﬁ‘&?t%ggarag epls Rt P30, 3R anghp4h (gymch etecamgharer! ad duenplexes on the
parasite Slarmcndn #ei Seoreiprones stayd g2 :st shbﬁt %6366 P,B‘s% goteitele] ?r?esa.fo%srbelow the

illustrationd , afra
| e RROY Ufhe) dotifn 8%’%“%& deaval. isles ohdre syhelic DNA

SEqQUeNcesy acci ne can be prOV|ded in kit form It is therefore
sui table for simultaneous, sequential or separate
adm ni stration of the two conmponents of the vaccine.
In a forth aspect of the present invention, there is
provi ded a use of the reconbinant virus as defined
above for the preparation of a nedicanent for the
prophyl axi s and/or therapy of malaria. 8a In a fifth
aspect of the present invention, there is provided a
use of a reconbinant virus as defined above and of
MSP-1, a fragnment or a mutein of it and/or a nucleic
acid coding for themfor the preparation of a
medi canent for the prophylaxis and/ or therapy of
mal ari a. The foll ow ng exanples explain the invention,
but do not restrict its object. Fig. 1. Primary
structure of the MSP-1 derived fromthe FOBI 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 fragnents p83, p30, p38 and p42, which are
anchored as conpl exes on the parasite surface. In the
second process stage p42 is split to formp33 and pl9.
The arrows below the illustrations designate the
“uni quely occurring. endonucl ease cl eavage sites- of
the synthetic DNA sequences.



9 Abbreviations: SP = Signal Peptide, GA = GPI Anchor

Fig. 2: Expression of nspl d-38/942 in HeLa cells

infected with reconbi nant MVA." HeLa cells were

infected with r WA-nspl d/ 38+425 or r WA-nspl d/ 38+42A

and then fixed. The second and fourthbl : ne ZhO\thl n

o} gen per neabi i sed after

Abbﬁﬁgﬁbﬁg@ﬁ?ﬁﬁ%@eﬁ@ )ﬁ&oggﬁﬁ‘vﬁﬁ SFeas the menbrane of the

cells inlines one and three remain intact. The cells

Fig. 2hBepréssent eRinspaties/de nE ML @fls Wirddded Wi .%cgmﬂﬁ:ahﬂﬁvi REL

HeLé‘E‘éuE L DR inr B Sl RGO B3 GO g”%kﬁé‘q%@ apd,ben fixed. The second
and fﬂgpbh fing s@g;mg rqactp g:_&;eamﬂls whigio hgve! e Ipesievabilisedvidfiet fixing with Triton X-100,
where & Hhe ﬁhéﬁtﬁaﬁeh& tEBcelErlmlﬁéérbng'ea?lﬁl @%?er‘ﬂpha{%&e YolkSthls treated were

se were col our

mcubgﬂe(d Wi k.2 gde irsbantibedy, whigh '500.9)“5%8 wrfopationph egiepedpecific for MSP-
1 in thetG-terraibddi ptart | o (Ee(MePP-eGiagmaﬂtm 9 3A6 6'&@&!6&al%@r@mt Wﬁf&h recognises the ER

prote%%f&?a Ea'ﬂtlgﬁem r&&? '\'}{t)% Iggriiggegedo?smg gyes conjugated anti-mouse IgG

(de*e\fgtleﬁ/{m?(\kr%%ﬂ U FEiEoopinoatad antp@btmelaﬁ. (Heteatsianti:Fren1ticke) asd gwaknalysed in the

confazalrmitrescopé. dcmelﬁmwé@ﬁnfm ﬂ.tlﬁnﬁ&( A@mﬁ%&z’é «?r)r Inlfsp1d/38+42A and

permbfis el NS ool ton 5 ol s eBATE S92 AR 2ttt ER marker.
contrash thec £5Hs rremipin Hntag\SP DA H2 38 oAl Adetanted g 154l cARCEF iffbction with rMVA-

msp1Bﬁ3@+42Rfthh@QurFa%b bfthe Tﬂ?&leﬁ%e h@ ER Jrﬁg%‘é};e aﬁ?ssas a controi for the intact

COﬂ tiron o

for the intact
cond'ﬁ?é'r?ﬁ“ﬁﬁ@’ MEPBPES i at i ons: ER = Endopl asmi ¢ Recti cul um

Abbraiations: EfR R EntiepismicReclitubehy mAK gmordiclov@ hnfiboagt i on of
MSP-1D-42 and MSP-1D-38/42 in HeLa cells infected with
i mmunobl ot. A HelLa cells were

MVA _us
Fig. E(C%Péglggg o MﬁPﬂﬂvﬁ’_ qu%}ﬂ%ﬁ -1D-38/4 in/Pekaseniig /idegted with recombinant MVA
usmgrrm'm&nnﬂpr d/ 38+425 or r WA- nspl d/ 38+42A and i ncubat ed

d the cellular
A HoGNENSIY niel BTG Iy D SRR ALY st or nava.
mSP"Qﬁﬁjé?A P66 -incbated ﬁgercrohtd Bampess of theam@émataﬁdartdoma deMIliT fraction were
separMElﬁ@%mgelVaééﬂfoaﬁdﬂeé&S 'uﬁ‘cgernm r@d% ,R@r EJEQE!an transfgﬁ%d to a PVDF

membfily F??EG"ES‘? P%%gp%'ﬁﬁ :?&E*I'W%pf "rﬂ%g‘;fq'eégﬁﬂ'bf@'"@émfr% theeDAR signgl sequence

and thercofregpoading: MR- th fragroénts bem bmﬁ/amteem @Rl &@emat&h@r&aﬁe infected cells,
whereéshﬁe infPhdePASH ehprodl onE?ﬁ(Q!rc%ﬁélpf%Qteb {‘\]ntt‘i?l eco ?manﬁ[\llgll sprlles a signal.

reconbi nant
Devel opnent of the hurmral |rmune response after three

Fig. 4] Peveiomnerit afsthei Humors NWiuneSiek S8 Surff rtMéé\ :%Mn?yaﬁgé with -rMVA-

col

msp1 ik BT AN <09 bl aor il bisre U e o &

t he ana
n A t“as“f‘ﬂ)f'ﬂﬁ tmhmfﬁ' imawosrisisprnae isyshown dsiog BLISKER rBedrbfantly produced

MSP-1DUHX42,1 Parifiell OFontE- £, Codli| as2antRBA.1 BRD curg&e ufél ?Sthehémt? specific antibody
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boost, simultaneous with S1 and 52) of rMVA-msp1 d/428. In addition the mice were injected

subcutaneously after a further four weeks each with Sug of MSP-1D-HX42 from E. cofi in the incomplete

Freund's adjuvant (one week after the blood withdrawal S3). 80 to S5 represent the times of the blood

| withdrawal and here the blood S0 to 83 was in each case taken at intervals of three weeks and the

v_vithdrawais of S4 and S5 occurred in each case at intervals of four weeks. The airows mark the times of
the immunisations. The asterisk marks the fourth immunisation with MSP-1D-HX42 from E. coli,
B shows the same analysis for the immunisation witf MVA-mspid/42A.




weeks with 106 11U (first imrunisation, sinultaneous
with blood withdrawal SO or 108 IU (1st and 2nd
boost, sinultaneous with S1 atd S2) of rMWA-nspl d/ 425.
In addition the mce were injected subcutaneously
after a further four weeks each with 5pg of

I\/ISP 1D-HX42 fromE. coli in the inconplete Freund' s
uvant (one week after the blood withdrawal 83). SO
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e

reconbi nant viru$ o#p1d4831398d to t he production of

MSP-1 in its sur B 42®d form
MVA-msp1d/38+428

3

Surface-anchored MSP-1 MVA-mspid/A MVA-msp1f/A
rMVA-msp1d/83A MVA-msp1{/83+30/38+42A
MVA-msp1d/83+30A MVA-msp1f/38+42A
rMVA-msp1d/42A

TMVA-msp1d/38+42A
IMVA-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 HelLa cells by iMVA-

msp1d/38+42S and rMVA-msp1d/38+42A (Fig. 2),



are |abelled with "A" and those which lead to the
secretion of MSP-1 with "S'. Table 1 Conplete Iist of
the virus-constructs produced“i n the scope of the
invention: rMWA-nms |d rWA-nsplf Secreted MSP-1

r WA-nmspl d/ S r WA-nspl d/ 83S  r WA- rerI d/ 83+305

The Rt U SE YRR e MRCIS] . e AU was verid using
mmyngiet-aralyses/o8 w@wmmmmmmmwm
and riviViAndp B4 4 38 A3). MA- mspl d/ 42A r WA- nspl d/ 38+42A

r WA- nmspl d/ 83+3 /38+42A The production of MSP-1 or

the fragnents and the localisation of the proteins in
Thenttheerecomibicinb MVAetdre eeained o nenunisationgexp&imienadn mice for their | immunogenic
effectnﬂnﬁxr @?5}993 tr%nﬂm'lo?al'ulnhﬂﬁé L&B&%ﬁiﬁergnfoféﬁ% f %)%];bgﬁlgteMVA induced high

i nfecti on
antub%w,n&ptgg mggg@e(ppqtgn wgayh wquetqrh@eg asing ELISA. Tfe pdR Ispecific antibody

titers lfbiP ik obaenved)tdifferdr® immeridaion piteftiaeek mb lslidcB 2RI  secreted proteins
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and ”\é%rffﬁawé‘f%rfﬁlg 4nd r WA-nspl d/ 38 + 42S (Fig. 3). Then
t he reconbi nant MVA were exami ned in inmrunisation
experinments on mce for their imunogenic effect wth
regard to the hunoral immune response. Here, for nsp-1
reconbi nant MVA i nduced high antibody titers agai nst
the parasite protein which was determ ned using ELI SA
The p42 specific antibody titers and the observed,
different immunisation potential of the surface
anchored or secreted proteins produced by the
reconbi nant MVA is illustrated as an exanpl e of
I muni sations with r WA-nmspl d/ 42S and r WA- nspl d/ 42A
(Fig. 4). 12
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10.

11.

nucl eic acid coding for a Plasnodi um fal ci parum MSP-1

protein, a fragnent or a nutein of it. 2. Reconbi nant

virus according to Claim1, characterised in that the

MSP-1 protein is the MSP-1 protein of the isolate 3D7

or the MSP-1 protein of the FCBI strain. 3.

Reconbi nant virus according to aim1l or 2,

characterised in that the fragnent is selected from

the fragnents p83, p30, p38ctp@s, pl9 and p42 or

conbi nations of them 4 Reconbi nant virus according

to one of the Clainms 1 to 3, characterised in that the

nfRgaempinaRt virys pased OR MV é’defq*fﬁ'aivnatrh@mmmw%qm e@(isiging at least one

atidleld aoid, coding fot & BasmMbdiaR Faldigalum MBFApRdtalR, a3idmentr a mutein of it.

substitution of one or nore am no acids. 5.

Reconbi nant virus according to one of the Clains 1 to

ARecombinait tvirks 8ecgrding to {Haimt h eharacibrisied imthatitheMSR-m @rdtein is the MSP-1

NSrbieih of the isBRteRS or thelMSP-f\lrofe Y BialFcEaTRaRed to the '

wi | d type sequence. 6. Reconbinant virus according to

one of the Clainms 1 to 5, characterised in that the

rResbrbigand airgs acsordiug deClainhé oc @ndhacictedifedan (a0 Matfegment.is selected from
[ Of.. ims | to

R RmIona He0. b0 e TSP i Lo dp o Rhuch Gl T

end is fused vvlth a nucI eoti de sequence coding for a

Hegorabingne pirisiaccseiipgeo e of theRCRPIEIY NABL chdrdditised in that the mutein is

h racter.i ed [ at._t
%ﬁf&fé’ gétékgelraﬁ'eﬁcg*nggﬁt FEtignee, by, ad '&‘P’et‘ﬁ?h‘)"of‘"ﬁeﬂl?"g@%@sm" and / or
ﬁF%@é@" ofgne prIa@pBMIRAAcidsyi r us according to Claim?7,

characterised in that the signal peptide sequence
ne product

ntrols the |ocal|satiagn of the ge
%%Fog\l/bénrﬁnt Y'B"Staﬁgorﬁﬂqrt?r %{WeOf ﬂlebCIa%Qéscbg%ﬁ nehafactgriseddn that the nucleic acid
geding fat MGP-l ds reliucedrints AJvanterdt tcempaeditoitie Wwillaypetsaguentgnal
sequence controls the GPI anchoring of the gene

Met hod of production of a reconbi nant
3??‘1'!?’"183%‘@'35 BFFORAAA, 1o \RAR PEG Clairas #ria Highargetatised dethat the nucleic acid is

sndepthe cantrol ofarpedneatéri Ng of a eukaryotic host cell wth
a transfer vector, wherein 18 i) the transfer vector
nprises a Pl asnDdl um fal ci parum MSP-1 protein, a
ﬁ?ﬁ?ﬂ@l"@"t VilE$ accersingrie one PfrtB@ﬁgiﬁﬂS bio & charagérised ncthatdhie nucleic acid at

v &Y eaid s fude wit tagluBledlicé E&fudnee dBlling fé?a sighid| B&étl@@ sequence.
del etion, insertion, inversion and/or substitution of

one or nore amno acids - fromthe MSP-1 sequence;
Rerambipant yifus dogorging to @aimpt, ickaractarisstbingiit thersigmalrgeptide sequence controls

the secretion of the gene product.

Recombinant virus according to Claim 7, characterised in that the signal peptide sequence controis
the localisation of the gene product relevant to the membrane.

Recombinant virus according to Claim 7, characterised in that the signal sequence controls the GPI
anchoring of the gene product.

Method of production of a recombinant virus based on MVA, wherein the method comprises the

steps:

a) transfecting of a eukaryotic host cell with a transfer vector, wherein




ii) the nucleic acid according to i) is flanked by WA
sequences 5' and/or 3', whengin [ the sequences are
suitabl e for the honol ogous reconbination in the host

cell; b) infection with a virus based on WA,

pr ef)theabdarysféﬂbébtoﬁ):orﬁplﬂldés\aa‘t’fé@ﬁo@lﬁnifbﬂipbﬂﬁﬁ MSFL1 prof€lBra nucleic

condi.ti ons |tabI for us reconbi nati on: and

oy "Gt e B HeoREor Syl MeHo i S B R ORA By the

1ﬁ awﬁd‘m deREoO Flﬁheﬁl@an:; ﬁhvéﬂs&icnrénlﬂor szs?tltlﬁtiHanf bA€dr nbre amino acids

t hat .t he, vi ol at o e culture

SUpE AL BRI P aH R G R oD ANl S0P es selepgon marker:

Vac i the ngaaﬁracml digording thMas Nea@AHyMIA s¥hddite 6 CHANBY wherein
ne o the cla

t ; d b L
bhalhegPeREears uEBlrat Peerikaanarecdmbinajgain the host cel

according to claim13, char act erized in that the

i.ne t ai tit M5P- 1,
of PR o WSagperd oIV PERRIPDY WA LG el < o da
of Sittilab E*Ps?w%fﬁs{f"t%g ?f'h%q}"gt“ﬂ\alsa £ 1<0fe B Epelofsus BaSiphinaon; and

ni stere t y, sequentially or
d&?B‘E 1an 8559 rei%)mbugp 8‘F” % 3 Mnant virus according
to one of the clains 1 to 9 for the preparation of a

12. Methediacaoneitty tb alairh He, @Tamﬂn@ﬁmuinstlﬁntﬂ'/eoﬁruk Eisaiphed Gom the culture
laria. 17. e, of reconmbi nant virus according to
suPemgﬁg?{%ﬁ‘%rﬁé‘eﬁ Vaied{ ho[sb % Sand of MBP-1, a fragnment or
a rrutei nof it and/or a nucleic acid codi ng for them
reparation of a nedicanent for the

13 Va‘b“ijrbep W%[F?fr@ and/ or therapy of malaria.

a) the recombinant virus according to one of the claims 1 to 9; and
b} a pharmacologically compatible carrier.

14. Vaccine according to claim 13, characterized in that the vaccine also contains as constituent

¢) MSP-1, a fragment or a mutein of it and/or a nucleic acid coding for one of them.

15. Vaccine according to claim 14, characterized in that the constituents a) and ¢) can be

administered simultaneously, sequentially or separately.

16. Use of the recombinant virus according to one of the claims 1 to 9 for the preparation of a

medicament for the prophylaxis and/or therapy of malaria.

17. Use of a recombinant virus according to 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 preparation of a medicament for

-the prophylaxis and/or therapy of malaria.



