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This invention also provides a recombinant DNA molecule comprising an expression control sequence

having promoter sequences and initiator sequences as herein defined, and a nucleotide sequence charac-

terised by at least a portion thereof comprising substantially the partial base sequence shown in Figure 1 or
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in yet another aspect, the invention provides a recombinant DNA cloning vehicle capable of expressing

at least one polypeptide displaying the antigenicity of all or part of an antigen of P. falciparum, comprising
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s0 Plasmid:- a cloning vehicle derived from viruses or bacteria.

Structural Gene:- a sequence of DNA nucleotides which codes for a sequence of amino acids characteristic
of a specific polypeptide.

Promoter Sequences:- sequences of DNA nucleotides which control the initiation, rate or magnitude of
transcription.

85 Initiator Sequences:- sequences of DNA nucleotides which control the initiation of transcription.
Transcription:- the process whereby RNA polymerase is caused to move along the DNA sequence forming
messenger RNA.

Translation:- the process of producing a polypeptide from messenger RNA.
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stiand ofesidivelyo produced can be inserted into.a cloning vehicle follow ng
di gestlon of the cloning vehicle with a restriction endonucl ease, free ends
ohk_t49e QereialiARBfOFBKi cl e bei ng jOI ned to the DNA m)l ecule so as .to forma

r econbi nant C|O?I}I ng .vehicl e. ' into a u .t abl e

I N
host cel |AH¥ Ccé? g; Eﬁ th
t Ce)f WBC?'TV ti§ oﬁ%fcso atepg?zg lfﬁég%%:fﬁ s& D g:rtl:;:s % gmz?f ?{Eﬁ' t eOf

and s ted to

DNA g 1t
nitr 09%%&2%5? o%Bé’%b/B A ngﬁ %9% %ﬂﬁg fbﬁeﬂaﬂb«@e n é?e Gn HQ% Bdbiafwg Vi a
the @4 QN 'RpR REchisfmidh l%?ﬂ)lesérbgm& ﬁﬁﬁ@w&%ﬁ?ﬁier ACK
t he nuqﬂeeaqt | de The our DNA bases are adenine , guanine (G, cytosine
(O and towsitRedoltid strahéi doMAMadDEdn PRAAR Bleded. ste@ns o indBlit Wko2E EtbnirgWshicte,
Re c oggbiwhh inajobior exampl albatishiaashideor Shdieioghage. P& maR 66l SdhGedL it Lisdving thdt
| east tDNA 6tOwH® | parifiat radonig drelibil) 165 exampib 2RiMpdE (®Rcibed) Gesinafief)Cudirgr & restiepnence
not beiendpniataaseerizorge bilvs ras iBcoRLathithecleares hhel DINA stositen sihete cirivoentary] nocleatides
Vehi cl ere- ameogedcinr olatimansymnuby bihe dotibiestiadedDRAfcipraitn| PN cancihbn batiisetpdwhen
pl aced batwpdn anddinked to the open ends of the cloning vehicle by joining synthetic oligonuclsotides to biunt
55 ended ds cDNA and making the new termini cohesive by either exonuclease or endonuclease digestion,
prior to ligation with appropriately linearized cloning vehicle. Alternatively, other techniques well known in
the art may be used.
Once the double stranded P. falciparum cDNA has been annealed with the DNA of the cloning vehicle, an
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uni cel lular mcro-organism Bacteriophage:- a cloning vehicle derived from
viruses or bacteria which may infect certain strains. of bacteria. 50 .
Plasm d: -7 a clwoning vehicle deri qu) &%\Q{uses or bacteria. Structural .
Gene: - .a sequence of DNA nucl eotides which codes for a sequence of am no
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cwes Wiitveden aiteestark paits st tansgiplion paag tlankiatiord ofsthé &y fafvipaiim dsatDNADtagment whose

geni epteysionHs gesired. Adgiiamet siok)nugleatidesomebtingt. aowen fars iamyclbelide sequence! rthat s era '

of - t he  pessidtinterapidtansidtion.sel ected in Figure 3, conpared with (B) -
hybri di zat Egmessipn pleh. fgicinaniyeds ocDHACHIGR hes bren mserfes|inty  elpning veliteln, whish it bR cat e
15 g%t basp upaddo § em@"m infert &r ‘Y%’ﬁﬂ"zFlaqﬁH\“@'°d‘°§tW8\ké“aV e dﬁfé‘ft%’c‘iy tB?IaR?Pa"T'ﬁ% °’f"hs ed

P.- fal ci P g&?‘&c ‘Béﬁ’d’%’ ?ﬁ% %N
with ant ﬁ 5’??%?
e cru enal unf'ej? de

t o mal arfi1

o
EIOL%Z%{Iy |l rme ;%l; meLrbg cBEi%"il I d o sﬂ%} étf n%hor?fm t h?
th@d i j!%éaﬁ

%ﬁ%’

[ err] Anpg: " t
antigen "se%péggtﬁér ane e ana yﬁsél gﬁo hé seﬁiégﬁgﬁéﬁ pro tein

, 6928
obt ai ned—byrhé ﬁa&s bﬂﬂ@-%lﬁﬁptfdb ‘%roldiib%@ hyblré%mpalekﬁsss{oh ayl the hibst @D reRERbiRaODNA
bact eld aolbdGddi the Grivertiol Wi deseRd &é4-BBpdilt of Nsbrtidh MtHE DNAbE thh ddfiing Fetiic ssimalacy |
sul phat epradiige d usdd shiyipbptiaé Mg bé folmedwhich kcorbgrisest £5biyipsptiie baled for by P. faicipgma ds on,
|l ane 1 sémNAsantifas aaditihyl poigpeplidetchdad isray alisnDNAOOfNESEdning vetddie. Thisatbot @&mpls, iDibe
cl’qrie ‘cobdcmiiophagy NAow-3rieceavid byaErpRizHame polfpegidecoBprising aportioneof thetsegatabtosidasd
cl one Agé@yros wid theipolyeentide £odesnfan byt Pt falcipamymi dsecPNA by be Skpyessert. Ghe ifysed
\/ 40 polypeptide may then be selectively cleaved so as to separate the desired P. falciparum polypeptide from
the superfluous amino acid sequence. Cleavage may be effected outside the host following harvest of the
microbial culture by techniques well known to those skilled in the art. Cleavage may be necessary in order
that the P. falciparum expression product can exert the desired antigenic activity, however during harvest of
the microbial culture the fact that a superfluous amino acid sequence is linked to the required P. falciparum
45 polypeptide may help to prevent degradation of the expression product by endogenous enzymes. Alter-
natively cleavage may be effected within the host, this may be achieved by inserting into the cloning
vehicle, DNA coding for the desired cleavage enzymes.
The production of a fusion product of a polypeptide coded for by P. falciparum ds cDNA and a portion
of for example §-galactosidase enzyme may increase the stability of the hybrid protein in E. coli and even
so enhance the immunogenicity of the P. falciparum protein.
Alternatively, appropriate nucleotide sequences, derived for example from P. falciparum RNA, may be
inserted before the P. falciparum ds ¢cDNA so as to ensure that the P. falciparum ds ¢DNA can be .
expressed alone, and not as a fusion product with a host polypeptide.
Once host cells or recombinant DNA cloning vehicles containing at least some P. falciparum ds cDNA
55 have been identified, as explained above, the recombinant cloning vehiclo DNA may be purified and then
analyzed in order to determine how much of the P. falciparum ds cDNA has been inserted. In order to do
this the recombinant cloning vehicle DNA is treated with several different restriction endonucleases, for
example Ec_o R, I_’_s_t 1, Sal 1, Bgl I, g_aﬂ\_ H1, '_"l'.‘ﬂ Il and Hinf 1, and the digestion products may be
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of the clone Agl6. Froma total of 78 antigen-positive clones .on the sane
fitter, clone Agl6 specifically reacts with the antiserum This indicates
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j oini ng synt o oI | gonucl eotldes to blunt 55 ended ds cDNA and makl ng the
NewW §oerERAMPLE P RESPrE@iclith oBLONMEGIorRX ARSHE-BRSENMral STYHGIREYRL BAS@IcHAr@RSt | Oon, prior
to ||gmmmmmnatlvely '
ot her treaguntsques wel |l known in the art may be used. Once the double
strandéd P. fal ci parum cDNA has been anneal ed with the DNA of the cloning
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eXa,nf? ful cloning vehicles Include bacterial plasnm ds such as pAT 153,

150 b et S 01 RSl s bt £

coil pl asmoas an er host range plasmids. Bacteri ophages such as the

nany“dq; kcRlahuGiri@d. phage [err], and particularly [err]Anp 3, may also be
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chromatography.

Enzyme reactions.

55 The procedures were as in Maniatis et al "Molecular Cloning”, Cold Spring Harbour, 1982.
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expressed al one, and not as a fusion product with a host polypeptide. Once
host cells or reconbi nant DNA cl oning vehicles containing at |east sone P.
fal ci parum ds:cDNA 55 have beengg §454 ¥dd 8fl, as expl ai ned above, the
reconbi nant cl oning vehicle DNA may be purified and then anal yzed in order
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vacci n%gtf-l Plsbd/ étﬂ 4nd M&tﬁal&%ﬂﬂdﬂﬁes)ageﬁér&u& a%ﬁagﬁ‘d%éh%&%p%”lﬂs&beﬁ&&&ﬁhé&l on

Wi th acpRArgRBCaMRHER tdonds Geala Bikig@shatie @lom pdnéhtal laib SR-RE + NdodhiIE b Plates M

havi ng comég @sbidilincane iSromolabdhiorsea-isddiyl-@Daaiaddsitie Nhilb Qorkisogens Rksadiibd. Gartief) r

Si MusathvAmp3 Gysogens icanThie @irscths pdersed b edls dofeagiavitis phage [iigineyp padtagingeredided by
25 t he elimisaing the néidAc amplicaphage ffagk.t her characteri stics and features of the.

i nvent i onTaapreveicreligeted darprial rriglsciles| resipimingfing ircow litseyy tlei EshRagub Mynrdsveetorewsby  way
ofa /1 | trestechwitth phasphaiase rRecayse thisgomarkesllypredused fleckigning effisienqyive ifirs) amﬂée%thepe of
the prcQ¥pbY ic'ﬁ%eh't | 9 Phaaw%’gcﬂ 04G0-BxANofrem lhe'f‘ﬁ’éo'FiP“éﬂerlEsﬁ A9 WS clopyer

Glon®s Y EeaRt1 e égﬂi %:SH'Q‘“&? tofshe ﬁ? :!%ﬂ &;@%
| geneya i hbriarly ﬁﬁ Amp
DO Y lonig oy g L i ﬁ%@ﬁ%& o [
phosphg}askaih ds E-.I:%ol] éo%ﬂé&%@xr&pr@sfscﬂqahﬂ\‘uﬁ%%g@x%d B' 0' abs '

45

To detect colonies expressing antigens of P. falciparum we lysed induced colonies in situ with
NaDodSO, and chioroform vapour under conditions which allow binding of proteins directly to the
nitrocellulose. After treatment with BSA the filters were treated with antibodies followed by '{-labslied
protein A from S. aureus which binds to antibodies localized at the site of a colony. Similar procedures have

s0 recently been decribed.

Antibodies from immune individuals in the endemic Madang area of Papua New Guinea were used to
detect P. falciparum antigens. The IgG fractions of the individual -sera which inhibited growth of P.
falciparum in vitro were pooled. The IgG pool contained antibodies against many P. falciparum proteins, but
also reacted strongly with E. coli, necessitating enrichment of the antibodies by affinity chromatography on

55 P. falciparum proteins and depletion of the anti E. coli activity (Materials and Methods).

The result of such a screen on a filter containing about 103 XAmp3-cDNA colonies is shown in Fig. 4.
Several colonies have apparently reacted with the IgG, giving signals of varying intensity. No such variation
is seen with normal 1gG although both 1gGs give a background reaction with all colonies. Clones in the area
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Bet hesda, MI. Reverse transcriptase was the gift of J. Beard, .Life Sciences
Inc., St. Petersburg, Fla. EcoR |inkers (CGGAATTCCG were from New Engl and
Bi ol abs, tXbal il i nkers (CTCTAGAG epormsfrgomt Aner sham Engl and.

[ ERR] - gal act osi dase (chromatographically purified) was fromP. L.

Bi ochenmicals Inc., MI|awkee, Ws. 40 Strains. Bacteriophage strains

[ ERR] Gt Jof thasignais onerally #ﬂ%lmmwﬂmteddmﬂmm@lﬂewﬂ eicked @t rgedeay in iglicglef sos  of
T. HuynHhat gomeveiiowd ba mesitiee with (e Se"(aBﬂ%(rPFQﬂdt!P negpivercontiols. Ajsjgnificant RigRrption #yain

f al ci par'eafter wih edmpureplg® briot yithonpyma j9Cy npls yaretrepsodyeible indheviglisates andapua
New Gui infansity .9f | ROGHESignals i (3P FNCIRl of which deriva fromtha, Spme, orjdingf gpsitive).wps

Publ i & ﬁff“ft?{s?l 435- 440 1980). Enriched parasite preparations were

pr epar ed ) OC) 'I\h Sanl n (Zuckerman, A et al

Bull W m,gaN prepefed from them and poly A RNA

sel ect ed bWeQAsieg% erT.cé? auéoi%ﬁfés %&ng@a& at2ko rvﬁ ip Setablish 1€
pr Oce%ur Behivb '&n %%h? B talh bnc B?n gm 6 lcidfbs
Har bour »53, ) Sy 18 ik, oy o bidonts of
[ ERR] gt § mu Whmﬁsa&%h%suﬁa&rﬂmewea - ERIAS 6t g GbirBirds e and
doubl e- stnb aifrekestes iNRteMDE hybhdAtidh RIS thatthd fbsitd oAby dBRVeIRR differel KA.
treatnent with nuclease S1 the ds cDNA was nethylated with 5 EcoRl
met hyisasre faoipdruin Mtijeasledpressdd as pdiyphilitided fugpl ds phdciosiddsed ECOR1 |inkers with T4
| i gase. The mxture was then treated wih 20 units of EcoRl for 90 min. at
[ ERR] and Weaaxamioevh pretdinb \from| lgsstes oib lisiuexsii antigen-pesitiveo and awegatie ¢jortes iby deQelé-Tr i s ;-
20 Vi NetOphore2is)\SEDIAWHCS RSSO towdaied dhat Son@® clonds, ot dutigonmesitive ewsl/eagetive.ny
elbedt r opfsiueadj abungianttqyantlids| ob priqus rpolypriptidse Hangar thap#alecivridaseie.of ¢lenes Agtn 4923
el uti &n af C9 i Rg@- Whep the arqteins %@“ﬁ?’ ri’PW@e!itw nitgocelijose b&“‘ﬂ r Wegem BKREEP by

t hanol ?’Fa??‘i’ with fpti-419p ?%ﬂﬁ’ se\yajape laiag ge! epaly

t pr

crgaved ’ % %P@"EN%’ '8?' ﬁ’(“é?"bﬂ-ﬁﬁ @g ﬂ?gé‘idé'(f"@FPdEm Yoi |
RY1073 F%a \}'T‘

ofs were scored w A re Q5L ‘r‘g into AOUL
éei(e[c abjlasgfgﬁ 3 ‘ _m&gf th§ attlon Em%g Mﬁgﬁ% ! ﬁaanto
ug) g oh W2 g@e?veﬁ vﬁtﬂvae Wrtlg eEQ pﬁ&J ﬁg’@

Ot ok mg o eW t h
0 3 unl trisgatbe AHOICHFRAGSHIRES e%%s&%(i thdd8 p
l'i nkers aafiged0R \oher Wanwdoheslmewpte&udas Fajwd 5 ﬁfg*e pfa@.adpﬁa& .esbtea 1%
agar ose @ in addiiéh theke Widla Snicafiorambllel)/Prosintdy \dogradbd aidtbribl] THdipoRlpdpidelis palehtlyof
Xbal cl amstatie gtE coli RYYEB2 wgen though thid siPaiv tantain® the ino Gnutahiaitich rélucedl. dedradatiodJSA, 1 N
press) DNAnanitirdclase af) eidnea,snoabative. pofPeplidesonerd ddmididh@tle winis immie borah Ighi.t Thist he
phage amayteahewsultrof lextérisae degrasigtivn ar map geflastiinability lof the e@¥peptide tq vetain)antighnicidnp R
‘col ony vadter koiling irNabndSQ hWersannot ridle ottyihropassibilly thet these| latler, clanesrpre rfalterpositives in
sensi #i \tke ¢olony)ecrgericg Byt ed [err] Anp3) identical to [err]gtl 1 except that
it contal ned a -1 7 kb_franent |nserted i nto the Xbal si te. I nsertion of
cDNA fr oR¥AMELE 2 dh pnpRiRgcame ochedg%r ed from pl ate

stacks of Ilals)rara/ gromg on Hg '
cleavgd 0 §%gf[g§;c t?gfc%@g; AT £t o o iy QUEL'B’F"’ dre 3
Isolation of fusion protein from clone Ag16

E.coli lysogenic for the Amp3-Ag18 recombinant phage were grown in L-broth up to a density of ODsoo
45 = 0.6 at a temperature of 30°. The phage was induced by incubating the cultures at 45° for 15 min.
Following this induction the cultures were incubated for a further 80 min at 39° and the bacteria were then
harvested by centrifugaticn for 10 min at 3,000 x g.
Bacteria harvested from 1 litre cultures were resuspended in 20 mi Tris-buffer (10 mM Tris-HCl, pH 8.0,
2 mM EDTA, 50 mM NaCl) and lysed by the addition of 0.25 mg/m! lysozyme and incubating for 30 min. To
s0 the bacterial lysate was added Triton X-100 (final concentration 0.2%), an equal volume of Tris buffer,
containing 20 mM MgClz and 1 ug/ml DNase (Deoxyribonuclease, Grade 1, Boehringer Mannheim, FRG).
After incubating at room temperature for 10 min cell debris was pelleted by centrifugation at 4,000 x g. The
4,000 x g supernatant was then- centrifuged for 30 min at 40,000 x g to sediment the insoluble fusion protein
together with other particulate material. The pellet was solubilised in 5 mi of 0.1 M NaPQ, buffer, pH 6.4,
s6 containing 2% sodium dodecy! sulphate (SDS) and 10 mM dithiothreitol (DTT) by boiling for 2 min and
loaded on to a column of Sepharose CL6B (Pharmacia, Uppsala, Sweden) which was equilibrated and
eluted with 0.2 M NaPO, buffer, pH 6.4 containing 0.1% SDS and 1 mM DTT. Aliquots of the fractions
eluting from the Sepharose column were examined by 1-dimensional SDS polyacrylamide gel efec-
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Kl enow fragnment of DNA pol ynerase 1. After phenol extraction, .the |abelled
and unl abell ed DNAs were m xed and centrifuged for 18 hr at 37,000 RPM on a
10- A0% gltycerel gradient in 10n%¢,3r1'bgl, q4PH 7.4, 30 1nM EDTA- and 300 nmM
NaOAc. The cDNA fragnents were detecte as a radioactive peak well
separated fromthe vector fragnents and recovered by ethanol precipitation.
Uncut  [wopHolesis RRAGBIN THoSHcdnRining theTusiddCprétéin fwbde pboled, |degsRécebY padsagé oldr aatDiber r]
t 0 sealdiaysing dingPharrhdta) eqiitrated itheindi sinidd¢apBothenoidhl B30 andveseliasds e :
treatment. The |ligase was then inactivated at [err] for 10 m n, NaC and
Tr i s/ HErepprakion.ofl Antisera added t o 50nM and 100nM and t he DNA cl eaved with EcoRl
- (5005units) for 4hr. The 35 DNA was treated with calf intestinal
phosphat aRabbitsoweye injagted §)'b¢" Wb ansinfyamupauigriy, with &eqza iiied fypien: preteing8 dng)

Al | quotsysperded)in ik Phasel red salige {PBS) tand @pyulsified, maarueq"aﬂ YPIURS! ¢fr Freupd’ssss - of
t he i nSepplde W’Wt e 'Y°dG‘ *F%Féﬂ' 'q“rf‘ ‘&* "D'a By 0%'939%‘11? gne a;!9'€\€15’Raged

as abop@ulsified ig Fye the acka g mXx
for %0 mﬂ‘ﬂ?ﬂa " g ing L

2:?&20%; .@:e:%a }b%;%’ E@Fﬁ& ﬁiﬁ ;.?:ﬁris

[er]y vector Screenl ng o errTArrpS - P faI ci parum cDNA library with

ant i boGh@snobuilg (Wesle BRtingyM Ool onies were replicated to nitrocell ul ose

filters{Hamamam, —D—and WVesel son, M Gené 10, 63-67 (1980)] 45 grown for

1-2 hr atAnftigens feldaBedGnfo elifife MéMincty R.MIgpattin [sOlEteg GroindifrG wbre iirictiaitbdioAduced

at\A42 oh@diménsndl ISDSbigacotimidei gals (SES-RAGE), Sisdtdpliorsticallyi taasTenBe tof fitrdceluBse0and 3 VM

papeso paibed @itreshtivadids rdiSéd| agringt therfudiédCprétein od BNGsarumnesdnitelin using/ thel pragédurean

3t DS p lWescabesidy (Buarbtec WM., 1961, GiRiditt] Rioch¢m.f102, pe 198:208her 15 min. The filters were
ed by rocking in 10nmM Tris-HCl, 0.15M NaCl, pH8.4, 3% bovi ne serum

al buni rimmERAgorgseanc® hr and t hen Tris:NaQl alone for 1 hr at room '

terrperature They vvere then treated W|th afflnlt urlfled anti bodies to P.

fal c?spa ra| e ) fypign prﬁ|te|B fgorq\ggﬂe (@btﬂtr am‘\ﬁﬂ?ﬂ%ﬂff‘w )\érw ein .
Tris: n

th 5? t°é asaz |
B3 1 f %’*’kmm i Eﬁi ﬁ%ﬁ; il @ﬁkﬁ&gi Hip

| nt egsi; c¥l5 ﬁ%qggd rh Qu ﬁﬂ&d’t@ sh%aﬁf' blﬁf llloﬁ buiiR for mﬁi% @om
Ser um Weaspekaitl @ﬂrWﬁ min aﬁﬁdg‘q PBSIAE Bided Weld fifd d with' 996 Qllleﬁ' parum

in the ﬁ‘d&]uﬁ o8tk osbe REind ditrdvidistifunti@iionUi nea. | gG i sol at egg on Pr otein
A- Sepharose fromeach serumwas tested for inhibition of growth of P.

f al-ci pavugieic iABid BeduesiciigBr own, G V. et al, Infect. Immun. 39: in press 1983)
and 4si VvE TNNI DI tory EP 0 134 799 Bl sera were pool ed. The anti bodi es

wer e pur i ThecNByinsbiof dyrel Agst ks sibdawegintcothe phag vedtar M13jpme Wiessihg dl Gtee REC27)

pr ot ei resd [Seehurhy PH. Ty Nadt Aaidst Bels. S [Hpa208921), Sipwaiancesnadcoiiegl tp theadidebes wer e
sl catyatieotideruhein sgmination methbd, (fanoen F.. ol . A.oBarrel) BiG., rBmitlf al. thippd et was
adj ust 8880 & MahHiobxi43erPdfY 1 ®ny/ nl with PBS and conjugated to

ONBr #Sephar ose. Bound anti bodies were eluted with 0.1M glycine, 0.15M Nad ,
pH 2.6%§H.ME&B‘§E Odj usted to pH 7.4 with 2M Tris-HCL pH7.4. Anal ysis

of protgi na bé.V‘égélern Fiﬁéotti ng Protein extracts of induced [ ERR]Amp3 - P.
falcip epared and fractionated on 7. 5% 10 acryl am de

NaDogd SO ERE k g lly to
o troc oLk 4 rﬁaﬂr% ‘i%s@r?b:é nogla&wbu‘éw Gbre G@Qésf .‘é&ﬁ.ﬁs‘é ﬁ%{;ttrg éf‘é n%%

bef or e g agpdnin® %Dﬁﬁ) linsSH¥ of By uus& a.rsabdm sasarssdua.ﬁcEFéR]cronaa A4Ck Qs a8 i and

ant i - NeidEatest T e MG Scoddd¥ ot @hseﬁarﬁﬁ;agsgynu&@duhe IsBubil Mas %mﬁrogouw@éqﬂat

r enov eGridurd SAY RAInb BEldslBidehy répeated 23 taei t serumor 0.5 to 1.0 of human
lgGwith 1 mM of sonicate of [err] Anp3 infected E. coli for 1

Isolation of Ag16 Fusion Protein

This fusion protein was insoluble and could be enriched for by lysing induced organisms and

centrifuging down insoluble material. This pellet was solubilized by heating in a buffer containing 2% SDS

55 and 10 mM DTT and a single passage over a Sepharose CL6B gel filtration column provided fusion protein
free of the majority of proteins in the original _E_.Ql_i lysate (Fig.7).
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hr at [err], followed by centrifugation (12,000g, 10 mn) and the

supernatant diluted with BSA: Tris: 'NaCI to 50 15 m . The nitrocel |l ul ose

sheets were then washed, reactedg ? gh-! abelled protein A rewashed

and aut or adi ogr aphed as above. Ra b| antiserumto [err]-gal act osi dase was

prepared with commercially avail able enzyne (P-L Biochemcals Inc., lot -

535 3) .. ¢ioheaqt6 curespondd. t5theS Anfigen bf BRkIRatmMECEASe in conpl ete Freund's

-adj uvant (subcutaneousTy and rniranusculrarly) was foll owed at 4 week

i nterval s ByabBit ennmpizedwithrtheseoii-pdridedtustan pridtein olskjined i cloie Agtepecdlided abtibodias

weeks afthatrredcted withs¢lonenpgd6tand motvetberuEcal colonies coraimingpithgr othér recrimbinenti es- 20

t o antsi (feirphagn of thecnonrechmliiGBL phage advow 8. W 8 (FIRBISThuEShis\XBiol] PREICBHCRIS aDantibody

st r at egyrespgnsepamaniy diectedagaipst daterminants expeassad in th Pdalgipafumbpertion of the prdteiar um MRNA,

bas ed on t fenc @Y"r nep thet tf@)@@ﬂ%@%@dﬁ"@?@ﬂ"ﬁ#ﬁ%ﬁ potion 94 the isdlatp LGP LS atigehwain i n
m Rofing Weﬂ,ﬁ?@fommﬂm é"m%avthm@"em@H‘H vhicht ip dhe

[ ogg: c tgrle rg gn gwatl’n Fg;qﬂ Pﬁ@s_
f used’ ¥

tgfrgeraﬂ? . % o 5 aég wg, °°{"h %“@295
tenper at cédfg b the ?ﬁ |s@le cl% 15\&@":}“

| evel s strains were
enpl oye ?o ensure t%at nDst colonles obtalned after |nfect|on wi t h phage

are 30 | NSEEHBESof R with MatSile Paladifeg ant proportion of the colonies are
al ways WWWMWHH are difficult to distinguish from
r econbi nanint-AA6 Geiim. wii¥ useat mdaae&dmmﬁoﬂ[xaéﬂncb SdxpaifiRMe 16 BMoristraentRbBitR22
| NLQ' [ erdofrgdpdrikiing ftRyel-indsolaths F02d whibdsedciatik with Metubdbisbiasal Slagesgie the reait Hidog cell. Pilvage
desi gmat eehifgesskdrAfig10) Ly vbiglethe nasrozbis rifjskiait- segibbifed)schizord weia-dieady eutlirpd is -

oI oni esconsigiant with thes3 anvigen issingtipasted mithin Yarrarssitophasevs vRtubla gnd perhapaialss oprthe

t es overezaitensurigesanpiclillin and

5 br omo- 4- chlor(%h _|ndolyl.

kill ed. SpYCreN g olilen ] “|rectly selectedfromcells
|nfec€5ed W|th haefroma cka reactlon ellmn the need _to
RAARRRTR M mpa g arﬂar'& Eiee ooy ot & ea§,§, o s cha:
predom n I with
bhosphat enqﬁsfeeasa%"gs Pl u‘f% o grog "ﬁ.%' (RUTR AT A
aITp|I];J eges e cDNA by cloning |t I nto the phage vector [err]gtl 0 (Flg 3)
DNA fr [err]gt10-cDNA phage pool was cleaved 40 with EcoRl and the -

rel eas ed C hbdfanPRuclostilb 3bRiEncd Ueta loh 3RS Ghdsd adtitiRM BBhed € gildnGR Fiatte BCRIBANAROE aved

[ err] AVR3ndehing! e HhdiRlaL ReibMiCsthdeNatld iR §BSHCRP ahdl RAtASHICturh loBalibdier Of thesd -

resul tedantlgbna,slgwbﬁarﬁguﬁ&11.aaf|dmb|bysogem c Amp R col oni es of whi.ch
[err] #8% were | ac- and >50% hybri di zed detectably to [err] cDNA fromP .
falci parum ldentification of E coliTawltoni es which express P. falciparum
anti.gens 45 To detect col onies expressing antigens of P. falciparumwe

Lxﬁ'gf ng“cﬁ%&ﬂi oGRS P Rickb (WhdC aag EdrlelooR BN, 16 AHdLRF TR Gake]
MLt of®l | §l ose. AfterC®Peat ment witH BSA the fi MP'E?‘?’W@}i;é"treat ed wi tlh
antibodieg followed mgd err]-1abell dd protein Asgsjpons 210,080r eus whi ch {bi nds
to antibodi es | ocali zgaizat the site |of a col ony155600% bawoopr ocedur es Have so
recently been decribeg23Anti bodi es flrom i mmune 120800%i dual s in the endemc
Madang, ar ¢a of Papua Ag8& Gui nea werd used to det7®00 P. fal ci parum ant|i gens.
- The 1gG frjacti ons of Agié4i ndi vi dual |sera which 11880®ited growt h of P.

fal ci par um-ybiedital WalgHErS agpRRMRE aszérS@t&ﬂ%d 6PRb éb&%&oﬁa'ﬁ@ MBSy &S adai nst
many P. T aligd pabingdriobh idbdbcyl Biiha Ipsifad Qi SIS s nvdbliity oFproteiRd |

necessi t at i ghgnoRh ki& sHdRRduidte oRPappidprialfyrbeddy asrbletiva inlolscidr imABBMAOr aphy on 55
P. fabgi parsumaptigehi€diy srossiehctilve proin i9 presht ih [RG1ateK-H (Fhailafid)lahd REA (GHank)y

(Mat eri al s wandliddsibag o sizeTime Kremtigeh istNir &3 270000 andsthé BENanBigenas i d1i&eoocont ai ni ng
about 103 Teﬂmmmms have
apparently reacted with the IgG giving signals of varying intensity. No
such variation is seen with normal |gG al though both 1gGs give a background
reactpon with all colonies. Clones in the area 10

-
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EP0134799B1 of the signals (generally 3-10 colonies) were plated for single
col oni es and picked at randomin triplicate, so that sonme should be
positiveiw thsthe renai nder proEﬁgﬁgg7§§gqtive controls. A significant
proportion again reacted with the i mmune 1gG but not with normal 1gG The
signals were reproducible in the triplicates and the intensity of positive
sighals in any row (all of which dergaggafromthe sanme original positive)
was 5 characteristic. The antigen-positive colonies contain P. falciparum
cDNA seq e—tested—a-rent f f f Dy
col ony h . LoFHP3 - 2 ngip 4 it $itive
cl ones chntai ned -P. fal cijparumBiNA sequencEephoidite of |t he &etizogten- pdsitive
cl ones hgor|a| g (FIg. gB). Theg, extent| varred marKedyy and LNere Was no
rel ationphip bgfuwgen the {extents, of immpunol ogical reagtivity and :

hybri di zati on. gt appedr to be derived from gRNAs of noder ate abupdance.
The differenceagigs extentf of hyhgidizatfjon indicates {hat theq positive

col offi es deri veaghipm di fflerent wdNAs. 15 P. i@l ci par pm antingens expressed

as polyp

s L h | L e <l L Adee al 'y H
oSttt o- et garactrosTroase T e e XanT et pProter ST I OM
© . . . .

| ysat es QﬁE ) ) 0 and- negat i ve ones by gel elec-
trophoresis. Staining wth Coomassi e blue reveal ed that sone cl ones,
antigen-positive and negative, produced abundant quantities of unique _
pol ypeptides |arger than [err]-gal acie®8Bdase (e.g. clones Agl3, Ag23 20 and
C9in Fig. 6). Wien the proteins were transferred fromgels to

ni trocel | ul of &sdite Sauificity @FR.RlciBariih Pholeins GorrddpeHamy b AhtighhPosithd CRResM t N
aﬁ&y-[err]-g ?ﬁoc tHr-erte—ar-ge—potypepnt+desial | reacted
stromgly (Fig. . Jm§4ﬁ_unmrrml =Ll ar i | so
a%Lgent. These maywgye degrafati on+ produfts or+they fmy be+gener @t ed by
itternal initiati ®@18r prenpture terninhtion.+Wen Westerh blot$ were
scored with fhe afAgiadi ty-pufifiedranti-pP. faltiparuin | gG *the r¢sults fell
into 3 25 clpsses A®Bg. 6).| Firstty, thg large pol ypeptidd in cllone Agl3
reac®ed stropgly, Adfbnstrafing that it]contatns a P. fal &i parufn anti gen
sequence as Welglazagies MappardhMAGH M6 B ilBEBs @BSITARNAEE IS an antigenic fused
pol ypept-i de. —No—t+eactt+orr—was—observet—wth—a—s+attar—targe
[err]-gal act osi dase contai ning pol ypeptide in the antigen- negative clone
C9 (gig. 6). Hence this clone expresses a fused pol ypeptide which is not
recogni zed as an antigen. In other antigen-positive clones, for exanple
clone Ag23 in Fig. 6, the large pol ypeptide reacted 30 and in addition
there was a snear of smaller, presumably degraded material. This

pol ypeptide is apparently unstable in E. coil RY1082, even though this
stragn contains the |lon- nutant which reduced degradation. In a third class
of clones, no reactive pol ypepti des were denonstrable with i nmune human
IgSE This may be the result of extensive degradation, or may reflect

I mability of the polypeptide to retain antigenicity after boiling in
NaDodSO err]. W cannot rule out the possibility that these latter clones
akefﬂhlse-positives in 35 the colony screening system EXAMPLE 2 The
Production of P.falciparum$S antigens by Reconbi nant DNA Technol ogy. O 78
antigen-positive E.coli colonies produced as described above and initially
exam ned, one (Agl6) 40 contained a large, particularly abundant fusion
protein. Isolation of fusion protein fromclone Agl6 E.coli |ysogenic for
t he ﬁan-AglG reconbi nant phage were grown in L-broth up to a density of
ODferr] 45 = 0.6 at a tenperature of 30 . The phage was i nduced by

i ncubating the cultures at [err] for 15 min. Followng this induction the
cultures were incubated for a further 90 mn at [err] and the bacteria were
t hengghar vested by centrifugaticn for 10 mn at 3,00Q x g.

bot h

55
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Bacteria harvested from1l litre cultures were resuspended in 20 m "
Tris-buffer (10 MM Tris-HCI, pH 8.0, 2 nM EDTA, 50 mM NaCl) and |ysed by

t he, addi tii on of 0.25 ng/m |ysoz d_incubating for 30 min. To 50 the
bacterial |ysate was added Tri to#%%@ds?#nal concentration 0.2%, an
equal volune of Tris buffer, containing 20 M MgCl 2 and 1 ug/ M DNase
(Deoxyri bonucl ease, Grade |, Boehringer Mannheim FRG . After incubating at
roomtenperature for 10 mn cell debris was pell d by centrifugation at

4,000 x g. The 4,000 x [g Fupemnat an fuged for 30 minat = .
40,000 x g to sedinent the i nglublegfu @ @ tlogether with other ,
particul ate material . el pel | wasEsolBi | igsefl § m of 0.1 M NaP(J err]
buffer, pH 6.4, 55 contfai hing g)sq,,dgum gdedy| :mﬁp te (SDS) and 10 nmM
dithiothreitol (DTT) by} bpeli rggf o &8 m aan?l gl@d jon to a colum of
Sepharose CLOB (Pharnmacj a %Upmgl a,§ §we®3) i ¢1¢ $as| equi l i brated and
eluted with 0.2 M NaPO4 bhEf er§ Spiifb 4 gﬁta i n@ §. 16 SDS and 1 MM DTTeeen: o
Aliquots of the fractions|el utg Bds & §m the Saphgubge jcol um were exami ned -
by 1-dinmensional SDS pof yp&rylgiS& el gfec-g 115 & HP 0 134 799 Bl
trophoresis (PAGE). Those| @onta® gt he Busidn P &tef n were pool ed,
desal ted by passage ovey. h8PD g_zﬁ *@"«”colm = Bhal naci a) equilibrated
with 1 mM[err]-nercapt § gantﬁ Siw 2 Og éfr;_%e $§ri d. Preparation of
Antisera 5 Rabbits were gu;ect'gaé Gb qgggousﬁy @1% iptranuscularly with
freeze dried fusion pro _&’((%5 ‘gs@%) ndedl if i phosphat e buffered
saline (PBS) and emnul sif3 B%\/i |=E§n$ gaﬂ.g/gl u fe Ereund' s conpl ete
adiuvant. The rabbits reap@® eeg‘g‘éejlg: ng 9 B eafi rﬁg weeks later with 0.5 ng
of the same antigen em) §| & e I;nﬁ%guﬁcg i ngomB 8t e] adj uvant and were
bl ed for antiserum 2 wepgs® atgal‘g‘.'g o & ARt i spr @ §w3ref al so raised in mce.
I his case the bacter f&r org m@xg@gelgl & of an induced culture
were |ysed in phosphate Lﬂgfe éageﬁ isné g)% 48;y4|§3§ of freezing and
thawi ng, enulsified in pi equgg %@e‘cﬁ UFr_%mql'@%corrpl ete adj uvant and
injected intraperitoneal £/ gand & Bageg:_)gs’ﬁygi ntdef eral e BALB/c mice. The
m-ce received a second gjéztig)lg. '§¢v§e P igageg \Nﬁl& the sanme anount of
bacterial |ysate wthou}: 1(§de(§: G &ng.5 e §ub§@.le1t ly bled for .
anti serum 15 Im‘runoblotE fg ( '@% Bl Eyy) |AE gpns rel eased into th
cul ture medi um by P.fa:gzée u@i%ﬁl%geg %@o@%g ighvifro were fractionated
on one-di nmensi onal SDS2pe %cr t§a§1 ® §e & § S F@gE) el ectrophoretically
transferred to nitrocel | gl &e %@Eﬁ)io‘g% =B th @R i podi es rai sed agai nst
the fusion protein or PN@| srumESse@ § B rét‘gﬂne procedures descri bed
by Bumette WN., 1981, AnE( . gsf_a’og@ E@» §pg> 195520B. | nunof | uor escence
25 Anti serum rai sed ag I stgi;gha-g‘ g ozei % [Esol ated from clone Aglé
(rabbit anti-Agl6 serum & tre 3 c§ goﬁggagtgvi %sag ni nst  P. fal ci parum
i sol ate FC27 by using the| @ ocd -§@§E ;@Er&etsgl%mmfl uores- sence. Air
dMeed, thin snmears of phsagtig 2"?55'@@%@” o @ere fixed in
acet one/ met hanol (90: 40| $y'&v) $& z1$ rg%'{;r@om%@rp?rature. The dried
sigars were reacted withs @ro@ggtg@%@ g geg (k‘;’-go to 1:1000) rabbit
anti-Agl6 serum for 30 [igptat %M § _eai.ge;r. g rithree 15 m n washes
in PBS the smears were B iﬁﬂcuﬁégcﬁggfﬁ £AE dBlaut{on of
fl uorescei n-conj ugat ed Plgjpg) agts gr,%tgoﬁtgi%w&ugl(&@tgﬂ n for 30 mn at room
tenperature. After threpSl® i %s&@ﬁim? S tgles E i fles were flooded with
90% gl ycerol and then |&[E85eE88RBSEC2 L85 ES |
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exam ned under a mcroscope using ultraviolet illumnation. Nucleic Acid
Sequenci ng 35 The cDNA insert of clone Agl8 was subcl oned into the phage
vectkor Mi3.mp® (Messing J., Creﬁ 5.1, %g ieeburg P.H 1981, Nucl. Acids.
Res., 9, pp 209-321), and seque ROS4ABPRY; ng to the dideox- ynucleotide
chain termnation nmethod (Sanger F., Coulson AR, Barrell B.G, Smth

A J:H , and Roe B. A, 1980, J. Mdl. Biol., 143, pp 167-178). RESULTS AND .
DI SCUSSI ON Characterisation of Cone Aglé 45 . Using the procedures

descri hggmisn Exanple 1, clone Aglé was identified as an antigen-positive
E.coli col ony which contained an abundant | arge fusion protein. The

r ecosbi nantregpmdpant [DNA halétple Toriglisih§ af @rifiohilly) Sondtrictel RLicleopdy setuentd\dibitafigiyt Of
830 base patesgondiddico biise asmoetionr vt @ Pfalciphrown emPigA, Grhiemins Saiil\nuciettids | gausnean 3

i ndi cat es chdnaaterised by atibasti@porioo trecbofl compiising isilistantiadly the partigbdsy sagoéreet | de
sequence has a honol ogous repeat structure of 11 am no acids tandemy
repeated 23 tinmes. 50 Isolation of Agl6 Fusion Protein This fusion protein
was fnsol ubl e G T &CA AAG EREACT AA GUAGGATIDANGAIced or gani sms and
centrifugi ng doWMNKERS QI uil e materjal. This, pellet was solubilized by
heating in-a buffer cdntaini ng?2% SDS 55 Md 10 "M DTT and a si ngl e passage
over a Sepharose CL6B3xel filtgatton col uny provided fusion protein free of
the majority of proteins_.in thg oxi.i ginal E,coli lysate (Fig.7). 12 EP O
134 P99 B1 C one AglGl’corTrespo ds'to the SPAnti gen of P.falciparum FC27. A
rabbit i munized with 3 hd& sem Apuffified fu$ion protein obtained from cl one
Agtg produced anti bodi6?s Tt hat peagt ed vvithcI one Agl6 and not other E.coli
cokoni es containing either other reconbinant bac- 5 teriophage or the

non- geconbi nant phage T efdr] AmpA3 (Fig.8). Thus this fusion protein induced
wnti body response %ri q;ari I y'Gdi pect ed _agcgi nst determ nants expressed in

t P. fal ci parum portion of the protein. ncl usi ve evidence that the Agl6
cl one corresponded to % gorti oA ofl the isolfate FC27 S antigen was obt ai ned
by Western blotting eﬁ)erﬁ nmentg. hsol ate Fg27 has an S antigen (M 220. 000)
whicks i s the dom nant antigen detected when culture supernatants are :
anal ysed by the Westedh Bl otti Ag PgrocedureTusing 10 sel ected sera from
nat ur al I-y i nmune Papug%Ne‘w aul eans. One cLlonaI popul ation (El 2) of

P. fal ci parum deri ved omisolate FC27 by I'imt dilution culture expresses
a larger but antigenid3lIly rel & ed S antigdn (M approxi matel y 250.000).
When%®equi val ent cul tui super n%t aqls wer e alnal ysed by the Western blotting
procedure using anti - 616 serum as the probe the S antigens of isolate FC27
and clone E12 were thd5ofly antG gdns detectfed (Fig.9). 15 Association of -
the Antigen with Maturg PﬁLaSi tes 1Anti -Agl 6, serum was used In indirect

i mugof | uor escence ex;} ri nts_A[o denonstrate that the correspondi ng
antigen in isolate FCaT vibs asdociTated wi t if mat ure asexual stages in the’
red blood cell. The 2qast1ai ni ng, Py ten (Fi K 10) in which the merozoites

i hei de the segnented schizont weré clearly outlined is.

. ® T A A A
w0 20 T G A A
7T A A A
2T A A T

“ 23 0T GCA AAA GCT AGT CAA GGA GGATTA GAA GAT CCT 0GG AAT TC

LINKER

or a portion thereof encoding an antigenic polypeptide.
60
2. A recombinant DNA molecule comprising an artificially constructed nucleotide sequence substantially
corresponding to all or a portion of a P.falciparum MRNA, wherein said nucleotide sequence is
characterised by at least a portion thereof comprising substantially the partial base sequence

* [ L L] - *
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consistent wwth the S antigen being |ocated within the parasitophorous
vacuol e and perhaps al so on the nerozoite surface. EXAMPLE 3 The Production
of st her: Natural Mal aria | munogens. 25 The processes used in Exanple 1 for
pr eparl ng reconbi nant bacteria pRRYS34T8Bdr sel ecting E coli clones nmaking
mal aria antigens, and in Exanple 2 for characterising one clone with
respect to the parasite antigen it corresponds, to were repeated so as to.
identify clones producing other antigens of P, Falciparum 30 Results

Avai | abl e nucl eoti de se@glé @gﬁ o oAAT hAEA £44i TGnal clones is
given in Figure 2. infof@ation concerning the nol ecul ar wei ght, stage and
strai n specificity and ultrastructural |ocalisaton of these antigens is
given'in Figures 11-14 AhAl AN T e8ATL GAA. ABE G| €CA NaMAecul ar Wi ght of
P.fal ci parum (I sol ate FC27) ofroteins Corresponding to Antigen-Positive

Cl ones 40 Cl one Mol ecul ar
Weight" Ag 7 CAT GIA CAA CAT AAT 155, 000 & 210,000 Ag 13

155, 0P & 210,000 Ag 23 : 30 120, 000[ err] Ag 63
75, 000 45 Ag 144 112, 000

*Mol-ecul ar. wei ghts are appr@ﬁhe pro@tw ﬁ%eﬁigt %?eg@q by the

el ectrophoretic nobility of ns on sodi um sul phat e
pol yacryl ami de gels relative to the nobility of proteins of known size-and

shoul @ be nore appropri atel ular mass (M).

SO [err] An antigenical hg 'lrigé Eg%agﬂavg&‘g % WD @ﬁesent In isol ates”
K-1 (Thailand) and NF7 (Ghafta) but differs slightly in size. The K-1

an i\gen is M nl 27,000 and‘ééﬁc 7 ti ] 000. 55 13 EP
0 134 799 Bl Table 2 Stage ﬁﬁfc@@& 6ng¢§| g‘\f}a%ﬁ]( ol ate FC27)

Pr ot ei’hs Corresponding to Antigen- P8i tive O ones

Ri-AQ Trophozoite Schi zont G%A +

+ Ag 13 +ﬁb§eAGAA AAT CAT GAT - +
+ + + Ag>0144 ND"

ND 2 : ND *ND = Not done 15

Tabl e 3 isolate SpecificityGGF EAAaGAApéADrrﬁMotG@NMiMforGﬁspondl ng to

Anti gen-Positive C ones FC27 K-1 NF7 e

_ ) GCT GAA GAA AAT GTA
30 70

GAA GAA AAT GTT

35

GAA GAA GTA
;_ GAA GAA AAT GTA
\_/ 80

GAA GAA AAT OGTA

50

65
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Ag 7 + + + Ag 3. _

+ + + Ag 23- +
+ Ag 63 7 3 + . + 25 C
Ag 144 + EP°1347393A 23 varies in apparent MVin the
3 isolates (see Table 1). 30 35 40 45 50 55 14 EP0134 799 B1 [er] [err]
[ err] [err] err] err] [err] [err] O [err] [err] [err].
[err] [err] [err] [err] [err] D&A]G }M{I’erﬁ‘m[err] EP 0134 799 Bl

Cl ai nms ' 90

5
10_
15
20

25

35

é\,,_,}"

i\./m“

50

55

GAA GAA AAT GIT

GAA GAA GTA

GAA GAA AAT GTA

100

GAA GAA AAT GTA

GAA GAA AAT GIA
10

GAA GAA AAT GTT

GAA GAA AAT GIT

GAA GAA AAT
120

=

GAA GAA AAT GTA

GAA GAA AAT GTA
120

GAA GAA AAT GT

or portion thereof encoding an antigenic polypeptide.

. A recombinant DNA molecule as claimed in claim 1 or claim 2, wherein said nucleotide sequence

codes for at least one polypeptide displaying the antigenicity of at least an antigenic portion of an
antigen selected from antigens of P. falcinarum FC27 having the following characteristics:
a) Mr about 165,000 or about 210,000 and located predominantly at the surface of erythrocytes
infected with ring-stage P. falciparum FC27; or
b) Mr about 120,000 and expressed during the late trophozoute and schizont-stage of P. falclparum

. |



5 1. A reconbinant DNA nol ecul e conprising an artificially constructed.
nucl eoti de sequence substantially corresponding to all or a portion of a
P.fal ci paruminRNA, wherein said E %Isgthgﬁ sequence i s characterised by at
| east a portion thereof conprisi 5 Japd ﬂially the partial base sequence

10 GAA TTC CGI CCC GCA AAG GCCT AGT CAA GGAGGATTA GAA GAT LI NER
i : ¥ ﬁMr abc;ﬂt 75,000 and expreéeé greg;)minantly by nﬁ&lre ;-s?xually-produced ﬂé_l'cégm_m F_F27

AT d) Mr abo‘ﬁt 112,000 and express&! by rﬂ-ature asexually produce-ﬁ B falclbarum Fc27. G A

A9 T A T I A25 11 T
A Ts 4 A reoombméﬁt BRA mdlecule as clam@d in a-Ey one of claims 1 to 3, wherein aid nucleotide aquerice

T 30 14 Tis ligated atAhe 5Tend to a second rhucldltide Sequence coding forlan additional peptide ck6 T
A T polypeptide A 35 17 T A T r 18 T A A
Al19 T A A A20 T G A A21 T

A A . 8. Arscombingit DI®A mglecule as claim@d in gfty one of claims 1 to 4, whéyein said nucleotide sequence

23 OOP GCAcoting, fegatlegatmepalspaptivie dispayiTg e @migenihy oGIRntgsc poigpeftige ohiRRewal a
portion t hb‘P@bW@n@fdﬂlfﬂgPW anhen grtigenic prstop Seaiof iscoperstively. linked: locasnaxprassion  DNA
mol ecul e cennpelisequagfean artificially const ructed nucl eotide sequence

substantlall corresponding to all oqr ort ion of a P.fal ci parum MRNA
wher ej n %aftd qetiia & claimed "bf'er CLAPms { 1\P which Ia 29 ekl
t her eBf cogﬁ\qﬁg’f"}?ga"gu%’ NG & MYPoeRYsTy artlal base sequence 55 16 EP 0134

799 Bl qAAA-CI&or%laﬁ% iﬁzgnf@uhéf% th%clé;{ S;e sequence coding for at least one polypeptide

displaying the antigenicity of an antigenic polypeptide of an asexual blood stage of P. falciparum or an.
‘-\/ antigenic portion thereof is inserted in a bacteriophage. ) '
20
\_ 8. An expression vector capable of transforming and replicating in a microorganism, wherein a nucleotide

sequence as dsfined in claim 1 or claim 2 is operatively linked to an expression control sequence.

9. A microorganism containing a recombinant DNA molecule as claimed in any one of claims 1 to 5 or a
25 vector as claimed in any one of claims 6 {0 8.

10. A polypeptide having an N-terminal Met residue obtainable by growing a microorganism transformed
by a vector as claimed in any one of claims 6 to 8 under conditions whereby said polypeptide is
produced.

11. A fused polypeptide comprising an artificially constructed polypeptide sequence corresponding to a
nucleotide sequence as defined in claim 1 or claim 2 joined at the N-terminus to an additional peptide
or polypeptide.

85 12. A method for preparing a peptide or polypeptide displaying the antigenicity of an antigenic polypeptide

of an asexual blood stage of P. falciparum or an antigenic portion thereof, which comprises the steps of

./ culturing a microorganism containing a recombinant DNA molecule as claimed in any one of claims 1

el to 8 under conditions whersby said peptide or polypeptide is synthesised and recovering said peptlde
or polypeptide thus produced.

13. An artificially constructed peptide or polypeptide which displays the antigenicity of all or a portion of a

polypeptide comprising substantially the amino acid sequence corresponding to the partial base
sequence

50
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lOAAAAACCAAAATGAA AAT GTA CCA GAA 20 CAT GTA CAA CAT AAT 10
30 GCT GAA GAA AAT GTA GAA CAT GAT GCT GAA GAA AAT GTA GAA CAT GAT 40

GCT: GAA ‘GAA AAT GTA GAA CAT G%Oggy 50 GCT
GAA GAA GAA AAT GTA GAA CAT GAT WePIcAA GAA AAT GTA GAA CAT GAT GCT
GAA GAA AAT GTA 30 70 GAA GAA AAT GTT 35 GAA
GAA* GTA GAA GAA AAT GTA 40 80 GAA GAA AAT GTA 45 50
55 17. Gly Phe Arg Prd g 1¢ mmwm1%% 799 Bl GAA GAA AAT
GTA 9 :
100 w%& AhAT GTT 30
GAA GAA ._ T T A T A o
3 C G T A
o L T AT A
' S T A T T
6 T AT A -
16 7 T AT T
: 8 T G A A
S 9 T A T T
™ |
U 0 T A T A
n T A T T
25 2 7T A T T
B C G T T
% T A T T
w 5 C G T A
6 T AT A
w 7T 7 A T T
: 18 T A A A
>~ 19T A A A
\_ w0 20 7T G A A
21 T A A A
22 T A A T
45
23 (CT GCA AAA GCT AGT CAA GGA GGATTA GAA GAT CCT (GG AAT TC

LINKER

50

14. An artificially constructed peptide or polypeptide which displays the ant(geniclty of all or a portion of a
polypeptide having the partial amino acid sequence

66
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35 GAA GAA AAT GIT 120 GAA GAA AAT GTA
40 GM GAA AAT GTA 120 45 GM GAA AAT GT 50 ‘or portion thereof encoding
an antigeni ¢ pol ypeptide. 3. A refggghggghDNA nol ecule as clainmed in claim
I or claim?2, wherein said nucl eoCti sequence codes for at |east one

pol ypepti de displaying the antigenicity of at |east an antigenic portion of
an antigen selected fromantigens of P. fal cinarum FC27 having the T
fol | owm ng charact eglftiftga 5 L afleM AkAut TAFS. GRY OoMehbout 210; 000
and | ocated predom nantly at the syusrface of erythrocytes infected with -
ring-stage P. falciparum FC27; .or b) M about 120,000 and expressed during
the | gate trophozoi i@ and schi zont-stage of P. falciparum FC27; or 18
111111111111111111(ys 11A8A4 11GIA 11Asn EGQI-34A2AB1 Vgl MPraboldu75, 000 and
expressed predom nantly by nmature asexually-produced P. falciparum FC27; or
d) M about 112,000 and expressed by mature asexually produced P.

fal ci parum FC27. 5 4. AR{Qreconbi nant DNA nolecule as clainmed in any one of
claime 1 to 3, whephgn Val d Gls! eHig de Asgguence is ligated at the 5 end to
a second nucl eoti de sequence coding for an additional peptide or
pol ypeptide. 5 A reconbi nant DNA nol ecule as clained in any one of clains
1 to 4, wherein said nucl eotide sequence 10 coding3dor at |east one:
pol ypeﬁoti de displaying e aGlaogeGlei tYAsei dalantGlgenilispolAgpepti de of an
asexu®l blood stage of P. falciparumor an antigenic portion thereof is
operatively linked to an expression control sequence. 6. A reconbi nant DNA
nol ecul e as clainmed in any one of clains 1 to 5 which is a vector capable
of 15 transform ng addar efilucallag iAsra Walk odalyanildi;m 7ASR\ vector as
claingg in claim®6, wherein the nucleotide sequence coding for at |east one
pol ypeptide displaying the antigenicity. of an antigenic pol ypeptide of an
wsexual bl ood stage of R falciparumor an antjgenjc portion thereof is
inserted in a bacteriopidge. Glo 86&1 e%@ss\/@h vilit orHLSapaQSB of
transform ng and replicating in a mcroorganism wherein a nucleotide
sequertce as defined in claim1l or&ﬁgai m2 is operatively |linked to an
expression control sequence. 9. A _gY¥croprganj,sm cantainlng reconbi nant . .
DNA nol ecul e as cl ai med A& aléuon f c&ﬁﬂgnsnvﬂm 068-' orﬁg' 25RSP yector as
claimed in.-any one of clains 6 to 8. 10. A polypeptide having an N-term nal
Vet rgqsi due obtai nable by grow ng a m croorggpi smtransformed by a vector.
as cldfmed in any one of, clai 6 t0 8 under ndit i ons,. wher,eby sai d

pol ypept i de is Y Ala Gﬁl élu sn QE) btlu ?‘IIS Aspy

® AMla Glu Glu Asn Val

o 70
i_ o Glu Glu Asn Val

Glu Glu Val

45

Glu Glu Asn Val
50 .

80

Glu Glu Asn Val

§5
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produced. 30 11. A fused pol ypeptide conprising an artificially constructed
pol ypepti de sequence corresponding to a nucl eoti de sequence as defined in
claiml1l or claim?2 joined at thEP 158788 BYS to an additional peptide or

pol ypeptide. 35 12. A nethod for preparing a peptide or pol ypeptide

di splaying the antigenicity of an antigenic pol ypeptide of an asexual bl ood
stage of P. falciparumor an antigenic portion thereof, which conprises the
steps of culturing a nicroorgaqﬂﬁn1qngtmﬁﬁﬁm ? {econbinant DNA nol ecul e "as
claimed in any one of clainms 1 to 8 under cond 2 ons wher eby sai d peptide
or pol ypeptide is synthesised and recovering said peptide or polypeptide

t hussproduced. 40 13. An artificially con9Qructed peptide or polypeptide
whi ch di splays the antigenicityglaf @l OrASh pcv&[ on of a pol ypeptide
conprising substantially the am no acid sequencé corresponding to the
partial base sequence 45 50 111111211111211212112112121121121111 19 EP 0 134
799 Bl AQu Phe Arg Pro AlaLys Ala Ser G@n Ay Ay Leu Au Asp GAA TTC CGT

CCC BCAAAG GCTAGT CAA GGAGGATTRIGAAGEAT MIKER 2~ T AT
A3 " C G T Ad T AT A105 T
AT : T6 T AT - | A7 T AT
T8 T G A A9 T AT T2010 T
A ;rg A1l T GWAGW Asn Vgi T 25 12 T
A T13 C G T . T14 T AT
T 30 15C G T Al16 T AT
A17 T AT T 100

St Glu Glu Asn val

20

—/ -

Glu Glu Asn val

25

Glu Glu Asn \11131
30 _.
Glu Glu  Asn Vval
- Glu Glu Asn val
L 120 -
U - Glu Glu Asn val
Glu Glu Asn Vvat
45
120
Glu Glu Asn

50

15. An artificially constructed polypeptide as claimed in claim 13 or claim 14 which displays the
antigenicity of all ‘or a portion of an antigen selected from antigens of P. falciparum FC27 which are
immunogenic in humans and which have the following characteristics: ;

§5 a) Mr about 155,000 or about 210,000 and located predominantly at the sutrface of erythrocytes
infected with ring-stage P. falciparum FC27; or
b) Mr about 120,000 and expressed during the late trophozoite and schizont-stage of P. falciparum

FC27; or
T« € L M 0§ ok




3518 T A A~ A19 T A A . A 40
20 T G A A21 T A - A A22 T-

A :A ? P T 45 23 CCT GCAg 34579 CAA GGA GGATTA GAA GAT CCT
CGG AAT TC LINKER 50 14. An artif |€9§I l'y 9cgﬂ-truct ed peptide or pol ypeptide
whi ch displays the antigenicity of all or a portion of a pol ypeptide having
the’partial ayvmeabatT5006 aslexpressed predomiratly(by habfire/ &8xubliy-grdckiced B Ricipding FCRES
Ile Asn Thw Qu Met 5 10 Lys Asn Gdn ASnm QU Asn
Vat Pro QG ud)M aliddt 112,000 and expresséd by matise asextially producesi P. faltiparumF 0225

Ala Gu Gu Asn Val Qu .Hs Asp Ala GQu du Asn Val QGu

H s As (3620 reethod| of preppring aClugpd polvpeptida/as claiied) in clpinsi1 whichpcoppri®g thel siepsf u
Gu Asn diipring @ gpicroopgagism ascelaimeyl in claim 9 capable of expressing said polypeptide under

60 Ala @ gpnditigng wherghy|said palypep 963 SV"\"P%ZB" arﬂsrpcomﬂag saig pplypegtige thusipreducegs| 70

Au Qu Asn Val 40 Gu du Val 45 L*J‘ du Asn Val 5080GIuGIu
Asn Val - 17. A method of producing a polypepttde displaymg the antigenicity of an antigenic polypeptide of an .
10

asexual blood stage of P. falciparum or an antigenic portion thereof which method comprises cleavinga
fused polypeptide as claimed in claim 11 so as to release said additional peptide or polypeptide. T

18. A composition for stimulating an immune response in a mammal against one or more P. falciparum
antigens comprising at least one artificially constructed peptide or polypeptide as claimed in claim 13
15 or claim 14, or a peptide or polypeptide prepared by a method as claimed in claim 12, together witha .
pharmaceutically acceptable carrier therefor.

19. A composition for stimulating an immune response in humans against one or more P. falciparum

o’ - antigens comprising a virus or microorganism as claimed in claim 9 in association with a pharmaceuti-
20 cally acceptable carrier, said virus or microorganism having inserted therein a DNA molecule compris-
U ing a nucleotide sequence as claimed in claim 1 or claim 2.

. 20. Use of a peptide or polypeptide as claimed in claim 13 or claim 14, or a peptide or polypeptide
prepared by a method as claimed in claim 11, for the manufacture of a composition for stimulating an
26 immune response in a mammal against one or more P. falciparum antigens.

21. A fused polypeptide comprising a peptide or polypeptide as claimed claim 13 or claim 14 fused to a
further molecule.

‘30 22. A fused polypeptide comprising a peptide or polypeptide as claimed in claim 13 or claim 14 fused fo a
- further peptide or polypeptide, a solid support or an amino acid coded for by an initiator codon.

23. A method of producing a peptide or polypeptide as claimed in claim 13 or claim 14 displaying the

antigenicity of an antigenic polypeptide of an asexual blood stage of P. falciparum or an antigenic

3s portion thereof, characterised in that said peptide or polypeptide synthesised by total chemical
- synthesis on a solid-phase support. '

\ef ° Patentanspriiche
\ , 40 1. Rekombinates DNA-Molekiil, umfassend eine klinstlich konstruierte Nukleotidsequenz, die im weséntli-

chen der gesamten oder einem Teil einer P. falciparum mRNA entspricht, wobei die Nukisotidsequenz
dadurch gskennzeichnet ist, da mindestens ein Teil derselben im wesentlichen die Teilbasensequenz

50
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56 22*C L M S EP O 134 799 B1 u GQu Asn Val 5 _
90 u du Asn Val 10 : : Gu Gu Val
Au Au Asn Val 100 du du o1¥gtlsggGuGuAanal 25 110 Au Qu
Asn Vat 30 Qu du Asn Val u u Asn Val 120 Qu Au Asn
Val GQu AQu Asn  Val 45 120 dQu A u. Asn 50 15 An artificially
coristructed pol yp i I J | aim 13 _or_ claim14 which displays.
the antigenicity ﬁ%ﬁ%ﬁs%%ﬁmwwl ected from anti gens
of P. falciparumgF whz clt are A nmpunogeni ¢ i n humans and whi ch have the
foll owi ng characteri sti C§: ¢SS a) M about 155,000 or about 210, 000
and lsocat ed predom nantl gt theG erface oft erythrocytes infected with
ring-stage P. falciparunk F&27; & B) M abeut 120,000 and expressed during
the late trophozoite andSsdhi zom - gt age of {P. fal ci parum FC27; or 22
111111111111111111111111g14* C gLy M S EP 0134 799 Bl c) M about
75, 000 and expressed predomni nantﬁ y by mature asexual | y-produced P.
fal cf%arum FC27; 1 AT
8

9

10

n

2

s 3
20 : 16

W, . E

16

15

n
8
) ®
2
30 21
22
23 (T GCA AAA GCT AGT CAA GGA GGATTA GAA GAT CCT (GG AAT TC
UNKER
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oder einen Teil derselben mit Codierung flir ein antigenes Polypeptid umfast.

2. Rekombinantes DNA-Molekill, umfassend eine kiinstlich konstruierte Nukleotidsequenz, die im wesentli-

\! ) 40 chen der gesamten oder einem Teil einer P. falciparum MRNA entspricht, wobei die Nukleotidsequenz

dadurch gekennzeichnet ist, da8 mindestens ein Teil derselben im wesentlichen die Teilbasensequenz
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or d) M about 112,000 and expressed by mature asexually produced P.

fal ci parum FC27. 5 16. A nethod of preparing a fused pol ypepti de as
claimed in claim11l which conpri %gs i%eléﬁ ps of culturing a m croorgani sm
as claimed in claim9 capabl e of >Pp S sai d pol ypepti de under
condi ti ons whereby said pol ypeptide is synthesized and recovering said
polfypepti de thus produced. 17. A nethod of producing a pol ypeptide

di spl ayi ng the anti geni ciGAA 3TC MGCamAAgaHTI cAgTolAZheBAaA dXGOf an 10

asexual bl ood stage of P.#fal ci parumor an antigenic portion thereof which
met hod conprises cleaving a fused poI%/pe tide as clained in claim1ll so as
to relgase said additi onAMpARE |G A pﬁg‘}p‘yﬁt O, (&% GMR conposition for
stimulating an i nmune réspons®@ in a mamual agai nst one or nore P.

fal ci parum antigens conprising at |east one artificially constructed

pepti de or pol ypeptide adAE| SiAPy Eré‘*"cl AP, 13 15 or claiml14, or a
peptide or pol ypeptide prepared by a nethod as cl ai¥ed in claim 12,
together with a pharmaceutic Y AC t egartier.gh for. 19. A
conposition for stinulating g#i%rcégr ggtoﬁé‘e% hﬁ'tma agai nst one or
nore P. falciparum antigens conprising a virus or mcroorgani smas cl ai ned
inclaim9 in association w ighr o HARRARH Gra HAA CEA-ﬂ y acceptable
carrier, said virus or mcrogggani smhavtng i nsertggrt erein a DNA nol ecul e
conpri™®- ing a nucl eotide sequence as claimed in claim1 or claim2. 20.
Use of a peptide or pol ypept iGde GsA GAAI BAT GTA @aal QAIL3GAF claim 14, or a
peptide or pol ypeptide prepared by asgrethod as clainmed in claim1l, for the
mauf acture of a conposition for stinulating an 25 i mmune response in a
mammal,, agai nst one or nore P.GCT abGbA fAUMARNGTAGGMA CALL. GAY f used pol ypepti de
onprising a peptide or polypeptide as clai ®d claim13 or claim 14 fused
t'”a further nolecule. 30 22. A fused polypeptide conprising a peptide or
pol ypeptide as clainmed in cl BAA fAR | nFE‘Ll Gl LAt §AL furt her pepti de
or pol ypeptide, a solid support or an am no acid coded for by an initiator
codon.2s23. A nethod of produg~g ti pol ypeptide as clainmed in
claim 13 or claim14 displ ay:argg ?ﬁ%% iAggmB?:‘l\ty of an antigenic e
pol ypepti de of an asexual blood stage of P. falciparumor an antigenic 35
portion thereof, characterised igahhgda 3rdgpepti de or pol ypepti de

synt hesi sed by total chem cal synthesis on a solid-phase support.

Pat ent®nsprliche 40 1. Rel conbi nates DNA- Ml ektl, unfassend el ne ktnstlich
konstrui erte Nukl eotidsequenz, diGAAi GAMdggaNnt| i chen der gesanten odor el nem
Teill einer P. falciparum nRNA entspricht, wobei die Nukl eotidsequenz

dadur ch gekennzei chnet ist, daO nmindestens ein Teil derselben Im _
wesentichen di e Teil basensequenBAAsiih A8 SA+C | M S EP 0134 799
Bl GAA  TTC CGT GCA AAG GCT AGP CAA GGA GGA TTA GAA GAT 2 T AT

A:\:if C ¢ T A GAA GAA AAT GTA

k. o3

o «
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54 AT AST AT T6 T A

T A 10 7 T A T T8
T s c A A9 T T10 T A T

A 15 f"“ﬂ"‘%"ﬂ T T12 T A
T T13 C G T T 20 14
T ¢ A T T15C GT Al16 T A .
T Al7 T AT 8 T A A -

A19 T A A - 044 GpA N&@A ' A30

21 T A A A22 T VA A T 23 CCT GCA

AAA GCT AGT CAA GGA GGA TTA GAA GAT CCT OGG AAT LI NKER 36 oder einen Tel
dersel ben nit Codierung fU ei nGAAt GddhedAPoIGPEpti d unfalt. 2.

Rekonbi nant es DNA- Mol ekUl, unfassend ei ne kUnstlich konstruierte '
Nukl eot i dsequenz, die im wesentil- > chen der gesanten oder einem Tei l
ei ner P. falciparum MRNA entsprgﬁgt WT@. di e Nukl ooti dsequenz dadurch
gekeMhzei chnet ist, daB m ndest ‘?‘ dersel ben i mwesentlichen dié
Tei | basensequenz 45 50 56 24

11112111211212112121212121121212112121211214 * C L M S * EP O 134
799 Bl GAA TTC CGC AAA ATT AAT GAA GAA ARAT LGTAAAA AAC CAA  AAT GAA AAT GTA
CCA GAA 20 CAT GTA CAA CAT AAT 30499

GAA GAA:AAT GTA

O | GAA GAA AN GTA _
10
w GAA GAA AAT GIT
GAA GAA AAT GIT
s0 : '
GAA GAA AAT GIT
120
3 GAA GAA AAT GTA
u GAA GAA AAT GTA
o 120
| GAA GAA AAT GT
45

oder einen Teil derselben mit Codierung fiir ein antigenes: Polypeptid umfagt.

3. Rekombinantes DNA-Molekiil nach Anspruch 1 oder 2, wobei die Nukleotidsequenz mindestens ein die
Antigenitdt mindestens eines antigenen Teils eines aus Antigenen von P. falciparum FGC27 mit
50 folgenden Eigenschaften:
a) Mr etwa 155 000 oder etwa 210 000 und lokalisiert vornehmiich auf der Oberfliche von mit
Ringstufen-P. falciparum FC27 infizierten Erythrozyten; oder
b) Mr etwa 120 000 und exprimiert wdhrend der spédten Trophozoit- und Schizontstufe von P.
falciparum FC27, oder
55. ¢) Mr etwa 75 000 und exprimiert vomehmllch durch reifes asexusll produziertes P. falciparum FC27
oder
-d) Mr etwa 112 000 und exprimiert durch reifes asexuell produziertes P. falciparum FC27
ausgewihiten Antigens aufweisendes Polypeptid codiert.

26 AR R




10 GCT GAA AAT GTA GAA CAT GA GCT GAA GAA AAT GTA
GAA CAT GAT 15 40 GCT GAA GAA AAT GTA GAA CAT GAT
so GCT GAM GAA AAT GTA GM CAT GAT 60 GCT GAA GAA AAT GTA GAA CAT GAT GCT
GAA GAA AAT GTA 70 GAA GAA AAT GEP 8334798 BIaA GTA GAA GAA AAT GTA 35
80 GAA GAA AAT GTA 40 45 50 55 | 1111111111111111111111111111111 25 EP

A @g e:%ﬁ‘d%sé@&e q'TTs %%obes die Nukleotidsequenz am §'- '
o uenz_mit G'Igg\ e&u&%ﬂlmwms Kz\prd &cH‘_ ng\%?w;eﬂsf. GTT
30 GAA GQ‘.A Wmﬂ&e&&l\%ﬁk@%c%%ﬂ@r %ﬁﬂ%ﬁ ﬁi@-ﬂt %@bl die Nuklectidsequenz mit

Codierung fiir mindestens ein die Antigenitit eines antigenen Polypeptids einer asexusllen Blutstufe
von P. falciparum oder eines antigenen Teils desselben aufweisendes Polypeptid operativ an eine
Expressionssteuersequenz gebunden ist. :

6. Rekombinantes DNA-Molekill nach einem der Anspriiche 1 bis 5, wobei es sich um einen Vektor mit
10 der F#higkeit zur Transformation und Repilikation in einem Mikroorganismus handelit.

7. .Vektor nach Anspruch 6, wobsei die Nukleotidsequenz mit Codisrung fiir mindestens ein die Antigenitt
eines antigenen Polypeptids einer asexuellen Biutstufe von P, falciparum oder eines anfigenen Teils
desselben aufweisendes Polypeptid in einen Bakieriophagen eingeflgt ist.

16

8. Expressionsvektor mit der Fihigkeit zur Transformation und Replikation in einem Mikroorganismus,

wobei eine Nukleotidsequenz geméB der Deﬂmtuon von Anspruch 1 oder 2 operativ an eine Expres-
\ sionssteuersequenz gebunden ist.

20 9. Mikroorganismus mit einem rekombinante, DNA-Molekui nach einem der Anspriiche 1 bis 5 oder ginem
L Vektor nach einem der Anspriiche 6 bis 8.

10. Polypeptid mit einem N-terminalen Met-Rest, erhililich durch Zilichten bzw. Wachsenlassen sines
mittels eines Vektors nach einem der Anspriiche 6 bis 8 transformierten Mikroorganismus unter
25 Bedingungen, unter denen das Polypeptid gebildet wird.

11. Verschmolzenes Polypeptid, umfassend eine klinstlich konstruierte Polypeptidsequenz entsprechend
einer Nukleotidsequenz gem#B der Definition nach Anspruch 1 oder 2, das am N-Terminus an ein
weiteres Peptid oder Polypeptid gebunden ist.

30
12. Verfahren zur Hoerstellung eines Peptids oder Polypeptids mit der Antigenitét eines antigenen Polypep-
tids einer asexuellen Blutstufe von P. falciparum oder eines antigenen Teils desselben, umfassend die
Zlchtung eines Mikroorganismus mit einem rekombinanten DNA-Moleklll nach einem der Anspriiche 1
bis 8 unter Bedingungen, unter denen das Peptid oder Polypeptid synthetlslert wird und die Gewinnung
35 des derart produzierten Peptids oder Polypeptids.
P 13. Kilnstlich konstruiertes Peptid oder Polypeptid mit der Antigenitit des gesamten oder eines Teils eines .
St ' Polypeptids, umfassend im wesentlichen die Aminoséduresequenz entsprechend der Teilbasensequenz
—
45
50
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GAA GAA AAT GT 45 oder enen Teil derselben mt Codierung far ein antigenes
Pol ypeptid unfast. 3 Rekonbi nantes DNA- Mbl ek nach Anspruch 1 oder 2,
wobei die Nukl eotidsequenz m n(E,s& %ﬁ% die Antigenitat m ndestens eines
antigenen Teols eines aus Antigenen Von P. falciparum FC27 mt so

f ol genden El genschaften: a) M etwa 155 000 oder etwa 210 000 und o
| okalisiert vornehm ich auf der Qberfliche von mt Ringstufen-P. falciparum
FC27 infizi gl ePhélyg RrozAladys abkeSeb GlivtGlgt Gly U0 Gl@QAspnd exprimiert
wf hrend der GaRRY 0 CEY QI GCA AAG GCY ABTITAACHEAGBATTA GAATGAT! @l ci par um FC27,

oder ss Wetwa 75 000 und exprimert vornehmich durch reifes
asexglel | produzi€rteg PT fal cigargm FC27 odgr . d) M etwa 112 000 und . . |
exprimert durch reifes asexuell produziertes P. falciparum FC27

ausgew hiten Antigen3 alifwei sdnded PolypeptAd codiert. 26 EP 0 134 799
Bl 4. Rekonbi nates DEA&bI ekU naﬁ.h el nem d&r Ansprlche 1 bis 3, wobei die
Nukl eot i dsequenz am 3- Ende arﬁel e zwei te Nukl eotidsequenz mt Codi erung
far ®in weiteres Pep&i dfoder ARl yffeptid ngi®rt ist. 6. Rekonbi nantes
DNA- NMbl ekDlI nach ei nem ﬁ,er AnsprUghe 1 bis 4, wobel die Nukieotidsequenz
mt 6 - Codi er ungéfi mi ndelt eds ei n- di AAnti genitat eines antigenen-
Pol ypepti ds el ner asgxuq-l | en BAut §t ufe von -F fal ci parum oder ei nes
antigenen Tells dessél ben aufwei sendes Pol ypeptid operativ an el ne
Expr®ssi onsst euer seq@enZ gebun@enpj st. 6. Rakonbi nant es DNA- Mol ekO nach
el nem der AnsprCche -1 bis 5, bel. es sich ymeinen Vektor mt to der
Fahi gkeit zur Transf 8 ndkt i on \Sﬁd Isfepl-i katiom in el nem M kroorgani snus
hapdeit. 7. Vektor ch-‘AnspruKh . wobei dpe Nuki eotidsequenz mt
Codi grung fUr mndestens ein di'e Antigenitit eines antigenen Pol ypeptids
ei ner asexuel ten Bl ufjst gf e vonAP. T al ci parufh oder ei nes .anti genen Tei-ls
'sel ben auf wei sendes Polypeptid_in einen Bakteriophagen eingeftlgt ist.
76 8 Expressionsvek2or it deé Fiti gkei t zdr Transformation und
Replikation in el ne Itloor gaﬁi smus, wobel «ei ne Nukl eoti dsequenz gemaB der
Defiedtion von Ansprlch oder 2 ggeratfv an ei ne Expres- '
si onsst euer sequenz nguanen lels,. 20 9. Mkrqorganisnmus mt el nem
rekonbi nant e, DNA- Mbl ekU nach el nem der AnsprUche 1 bis 5 oder einem
Vekt or nach ei nem de®s AfsprUch® 6 bis 8. 10A Pol ypeptid nit einem
N-term nal en Met - Res ethAl til,ch .gur ch Zlﬁg]en bzw. Wachsenl assen el nes
mtté& s eines Vektor3 nath ei n&nd r Anspr e 6 bis 8 transform erten
M kr oor gani snus unt eq7 2 Bedi mpungen, unter denen das Pol ypeptld
gebildet wird. 11. Verschnol zenes Pol ypeptid, unfassend eine kOnstlich
konstrui erte Pol ypep#8 dskquenz AentAprechend &i ner Nukl eoti dsequenz genmaB

der finition nach sptuch 1 odor 2, das gm N-Term nus an ein welteres
Pept ?’S oder Pol ypeptﬁ |S‘Ebund-et“x i s‘é 30 %
o 20 T G A A
St
k : . 21 T A A A
\ 22 T A A T
| 23 CCT GCA AAA GCT AGT CAA GGA GOATTA GAA GAT CCT CGG AN TC

LINKER

45

14. KUnstlich konstruiertes Peptid oder Polypeptid mit der Antigenitit des gesamten oder eines Teils eines
Polypeptids mit der Teilaminosduresequenz
50 .

55
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12. Verfahren zur Herstellung eines Peptids odor Pol ypeptids mt der
Antigenitat eines antigenen Pol ypep- tids einor asexuellen Blutstufe von P.
falkci parum odor ei nes anti genen ben, unfassend di e ZOcht ung

el nes M kroorgani snmus mt ol nem rekon%l nant en DNA- Mol ekU nach el nem der
Anspriche 1 bis 8 unter Bedl ngungen, unt er denen das Peptid oder Pol ypeptid

synthetisiert wird u Ce nu des rar pr uzierten Pepti ds
oder Pol ypeptids. 13 ﬁ"? \#\% E%’ wgﬁteéspe _ | ypeptid mit der

Antigenitit des gesant en odor elnes Teils eines Pol ypeptl ds, unfassend im =

wesent | i chen di e Am nggaur esequenz entsprechend der Teil basensequenz 40 45
50 55 27 EP O 134 (489 RinG Gln PAgnAr Gltfr Ashl oval/'s Prpo GlySer G n Gy Gy

Leu u Asp GGA TTC CCC CCC GCA AAG GCT AGT CAA GGA GGA TTA GAA GAT 5
2 T A T A3C G T A4 T LA
T A 10 2 S T AT T6T
AT His 7valT Gln  Hig,  Asn. T 15
g8 T G A A9 T AT T10 T
AT A 20 AT T 5% AT
T13 C - G 14 T 15 ¢
&T A gfla G %iu Astl Val. guﬁ Hid Asp
17 T, AT T 18 T ' A A 35
19 T A A A21 T
A A A 40 22Alg Glu Glu Asn Vul Glu Ais pAsp T 23
CC\JLGCAAAAGCTAGTCAAGGACIEATTAGAAGATCCTCCIBAAT TC LI NKER
| 20 Alu Glu Gls Asn Vol ~Glu His Asp i
Ala Glu Glu Asn Val Glu - His Asp
26 .
m'...
Ala Glu Glu Asn Vot Glu  His -Asp
30 -
Ala Glu Glu Asn Val
0
35 Glu Gly Asn Val
\J
_ Glu Glu Vval
U ©

Glu _Glu Asn Val

Gu Glu Asn Val

50
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45 14. KuUnstlich konstruierteS Peptid odor Pol ypeptid mt der Antigeni'tit
des gesanten odor eines Teils eines PoI ypeptids mt der '

Tei.| am nosi urzesequenz 50 55 28 B1C M S * EP 0 134
799 Bl GQu Phe Ar Lys Ile E"Xs’“ﬁs Au I\/Et 10 Lys Asn GAn Asn Qdu
Asn Val Pro Qdu 20 Hs Val dn Hi s Asn. 10 30 Ala GQu du Asn
Va @u H's Asp 15 Ala Gu GHyU GluPAShenVahsyGlu His Asp 40 20 o
Ala du Gi Asn Val Qu Hs Asp 53‘5& u GQGu Asn Vat: du Hs
Asp 25 60 Ala GQu du Asn Vat Glu Hs Asp 30 Ala Gu Qdu Asn
Vat 70 35 u?cdu Asn val du GQu Val 40
Gu &u Asn Val 80 Gu Gu Asn i 5@055Asn EMab 134 799 B1 Gu Gu Asn.Val

Glu Glu Val
10
Glu Glu. Asn Val _

15 . 100
Glu Glu Asn Vval

| - _ Glu Glu Asn Vval
- - 110. -
Glu Glu Asn Val | T
. _
) | Glu Glu Asn Vval
30
Glu Glu Asn val
120
. Glu Glu Asn Val
&,.,5 | Glu Glu Asn Val
. . 40 ’
o 120
Glu Glu Asn
45

15. Klnstlich konstruiertes Polypeptid nach Anspruch 13 oder 14, das die Antigenitiit des gesamten oder
eines Teils sines aus Antigenen von P. falciparum FC27, die bei Menschen immunogen sind und
folgende Eigenschaften aufweisen:

a) Mr etwa 155 000 oder etwa 210 000 und !ckalisiert vomehmlich auf der Oberiliche von mit
50 Ringstufen-P. falciparum FC27 infizierten Erythrozyten; oder
b) Mr etwa 120 000 und exprimiert wihrend der spdten Trophozoit- und Schizontstufe von P.
faiciparum FC27, oder '
c) Mr etwa 75 000 und exprimiert vornehmiich durch reifes asexuell produziertes P. falciparum FC27
oder
55 d) Mr etwa 112 000 und exprimiert durch reifes asexuell produziertes P. falciparum FC27
ausgewdhiten Antigens zeigt.

L



90 5 Gu Gu Asn Val G u
Au Val 10 Gu Au Asn Val 15 S

.100 A w G u-Asn Val 20 EP 0 134 799 B1 Au du

Asn Val Qu Gu Asn Val 25 du Gu Asn Val 30 Gu Qu Asn
Vat G u Gu Asn Val 40 120 u QGu Asn 45 15. Klinstlich

konst r ui 8. t\egahirel yyelidrsteliungn elnesAvesgchmaliend Polgigaptids4nactl Ansmiuch 140 tumdessend i dle des
gesant en od&ichterignaines Miltrdosganismussnachu Anspruch § eniterier Fiihigheit zuf Bxprasgion des FolRebtidali e
be! Menscheunter Redinayegen. usien denam dast Balypeptidesyathelisiert winh fund Gewiorung: fesederartzprodut
etwa 155 OCHP"GUB‘P'YPQP% 210 000 und | okal | siert vonehnlich auf der

Cberflfache von mt stufen P. fal c arum FC27 infizierten
el e e S e
r ophozoi - 5
]E)OPpund exprgsﬁ'? S i ﬁ'@ﬁhgﬂm i F‘F&E%;E{ LTS TARFY font ypep-

al ci parum %27 odor 55 d M etwa 112 000 und .expri n1ert durch
reifes®agg :g shiboft bl Ak sk S Al rindhrehi 6.

zei gt . g }I%R‘?ﬁg S\ﬁﬁﬁ@ﬁ: nﬁs}%te aaé?ig%ﬂ FapHE Rach Anfi(?u‘;iﬁ:g
ver schnol z aoeerc ﬁ&ﬁ% negaz@a%sm&naanes

M KT 00T GaNi 5553meA i brBASRErHED ut%cmlée ren*FaQérG\i%ﬁurt zur EXpression des
Pol ypgpti ds unter Bedi ngungen, unter denen das Pol ypeptid synthetisiert .
Wi rd, undg. Gauél Nt SEmélieing einét! mmidfighthart bi IMBhdchsh (Rabiy jBia Wderdfehrére 1P faldigakunehr en
zur Her st el Antigii(ef ium@assehidbily Pia3todel sini Miktbeigantsiiuls g&ch iAhspkuch B inc\BartiralimgOraingirem -
Pol ypept i dsphermassutises ekzepthbien Triget) wobai fdas Viom offer deaMikioprganiamus eiprDNA-vialek! mit

amntd genen Tebler NukdbotidsedubmmachAnsbrudpiaddeceingefigtenthiit schnol zenen Pol ypopti ds

nach Amspruch 11 zur Frel gabe des zuslitzlichen Poptids oder Polypep- tids.
JKO_/ 20. Verwendung eines Peptids oder Polypeptids nach Anspruch 13 oder 14 oder eines Peptids oder

Polypeptids, das nach einem Verfahren gema8 Anspruch 11 hergestelit wurde, fiir die Herstellung eines
Mittels zur Stimulierung einer Immunantwort bei einem S#ugetier gegen ein oder mehrere P. falciparum
Antigen(e).
25
21. Verschmolzenes Polypeptid, umfassend ein Peptid oder Polypeptid nach Anspruch 13 oder 14, das an
ein weiteres Moleklll angeschmolzen ist.

22. Verschmolzenes Polypeptid, umfassend ein Peptid oder Polypeptid nach Anspruch 13 oder 14, das an
30 ein weiteres Peptid oder Polypeptid, an einen festen Tréger oder eine Aminos#ure, codiert durch ein
Initiatorcodon, angeschmolzen ist.

23. Verfahren zur Herstellung eines Peptids oder Polypeptids nach Anspruch 13 oder 14 mit der Antigenitit
eines antigenen Polypeptids einer asexuellen Blutstufe von P. falciparum oder eines antigenen Teils
35 desseiben, dadurch gekennzeichnet, daf das Pepiid oder Polypsptid durch chemische Gesamtsynthe-
se auf einem Festphasentréger synthetisiert ist.

<

Revendications
{ , 40 1. Molécule d'ADN recombinant comprenant une séquence de nuciéotides construite artificiellement
correspondant sensiblement 3 la totalité ou une partie d'un ARNm de P. falciparum, dans laquelle cette

séquence de nucléotides est caractérisée en ce qu'au moins une partie de celie-ci comprend
sensiblement la séquence de bases partielle

50
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1. Mttel zur Stimulisrung einer |munanitwort bei einem Slugetier gogen eh
odor nehrere P. falciparum Antigen(e), unfassend m ndestens ein kilnstlich
konstrul ertes:Peptid oder Pol yparo t3graggsAnspruch 13 odor 14 oder sin
Peptid oder Polypeptid, hergestellt nach ei nem Verfahren gem aB Anspruch .
12, zusammen nmit ei nem pharmazeuti sch akzeptablen Triger hierifr. t6 19.
Mttel zur Stimulierung einer |Immunantwort bel Menschen gegen ein oder
mehrero P. f al@GA%ITUSRTALR (ama8)GCTAGT 484 G6A GGATIA/GAN GAPdOr  oenen :
M kr oor gani srrusAmhﬁsq_r uch 9 in Verbindung mt el nerm pharmazoutisch
akzspt abl en Trager, eil das- % sz oder dé& M kroorgani snus sin .
DNA- Mbl eskUl mit el nery Ngkl eot gdsgqquenz nagh Anspruch 1 oder 2 el ngef(lgt™
enthilt. 20 20. Verwendung sines Peptids odor Polypeptids nach Anspruch 13
oder 14 odor sines Pe igs odef J3 A pPol ypeptids, das nach ei nem
Verfahren gem fi Anspriucli 1 1 hergestellt vwurde, flr die Herstellung sines
Mttels zur Stinulier g ei ner ,I _rr:f.lnantvxort beo ei nem Saugeti er gegen sin
oder nmehrere P. falcipar Jm Ant fxge (e). 25 . Verschnol zenes Pol ypepti d,
unfassend sin Peptid dde Pol ypeptfid nach Anspruch 13 oder 14, das an sin
wel t eres Mol ekU angexh&ol zen_ist. 22. -Verschnol zenes Pol ypepti d, -
unfassend ein Peptid or Pol yﬁepf\i d nach Anspr uch 13 oder 14, das an 30
sin weiteres Peptid odor TPol ypapt itfd, an eimen festen Triger odor sine

Am nosl ure, codiert dﬁ]CS sin Lnitiator codz‘p, angeschnol zen ist. 23.
Verfahren zur Herstel und sinef P ptids od Pol ypepti ds nach Anspruch 13
oder 14 mt der Antig#niffit sipesTantigenery Pol ypeptids ei ner asexuel |l en:
Bl'w¥stufe von P. fal c%zoa um oder 3_ines anti_genen Teils 35 dessel ben,
dadurgh gekennzei chnet§ daD dad P ptid odor! Polypeptid durch chem sche
Cgéam synt he- se auf @ n€m FesGphgsentrngery synthetisiert 1st.

Revendi cations 40 1. Ml 6cul e d' ADN recombi nant conprenant une s6quence de
nucl eoti des construl t ® aftificfel Tonent corlr espondant sensiblenment a |l a
totalzgtd ou une partlg dgun ARgn de P. fal ¢ parum dans |aquelle cette
sequence de nucliotideS est caractbrisde on co qu' au noins une partie de
cells-ci conprend sen¥® bifenent A aTsdquenceﬁde bases partiolls 45 50 55

EP 0134 799 Bl GAA TT§ QGI CCx GFA AAG GFT AGT CAA GGA GGA TTA GAA GAT

Adapt at eur 2 T % T A3 G T A4
T & A T L] A 5AT A AA T T 10
6 T AT 9 71 A Aa A
20 T G A A
. 21T A A A
2T A A T
\ﬁ 23 OCT GCA AAA GCT AGT CAA GGA GGA TTA GAA GAT CCT (GG AAT TC
= ' Adaptateur
 ©

ou une partie de celle-ci code pour un polypeptide antigénique..

2. Molécule d'ADN recombinant comprenant une séquence de nucléotides construite artificiellement

45 correspondant sensiblement 2 Ia totalitdé ou une partie d'un ARNm de P. falciparum, dans laqueile cette

séquence de nucléotides est caractérisée en ce qu'au moins une partie de celle-ci comprend
sensiblement la séquence de bases partielle

50
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7 T A T T8 T G A A 15

9 T A T T 10 T A T All T

A T ., T 20 EP0134798B1 .5, T A T .

T13 C G T T14 T A T T 25

15C G T Ale T A T A 17 T ..
A. T T 18 5T 3 9 T A A
A20 T o' A GMITIC cGC Aap ‘WY aaT acy oy’ A 35 22
T A A 10 T 23 OCT GCA AAA GCT AGT CAA GGA GGA TTA GAA

GAT OGG AAT TC Adapt.at ou, yne rei C e-cl. code pour un

pol yggpl)-ti de anti géni qu&@%@m%&w réeﬁngﬁ]aﬁﬂcdf?ﬁr enant une

sdquence de nucl dotides condruite artificiell enent 46 correspondent

sensiblenent a la totalite ou une partie d un ARNm de P. falciparum dans

| aquel | e cette sequenc&Alie GTAci(Adt i@Es AAT caractdrisee en ce qu' au noins
une pgytie de celle-ci conprend sensiblenent |a seqB@nce de bases partielle
50 55 EP O 134 799 Bl GAA TTC CGC AAA ATT AAT ACA GAA ATG 10 5

AAA AAC CAA AAT GAA AAT GHET CGAAGAAL OAAATGTA AGAAACART GART 10 o
30 GCT GAA GAA AAT GTA GAA CAT GAT 15 GCT GAA GAA AAT
GTA GAA CAT GAT 40 GCT GAA GAA AAT GTA GAA CAT GAT 20

" GCT GAA GAA AAT GIA GAA CAT GAT

m .
. GCT_GAA GAA AAT GIA GAA CAT GAT
" S0
(U GCT GAA GAA AAT GTA GAA CAT GAT
[y
25

GCT GAA GAA AAT GTA GAA CAT GAT

GCT GAA GAA AAT QGTA
30 70

GAA GAA AAT GTT

GAA GAA GTA
o GAA GAA AAT GTA
P 40 . 80
U/ '
GAA GAA AAT GTA

45

50

85

—

ST TLTLULL  —



GAA GAA AAT GTA GAA CAT GAT 60 25 GCT GAA GAA AAT

oCT
GTA GAA CAT GAT GCT GAA GAA AAT GTA 30 70 GAA
GAA AAT GIT GAA GAA GTA GAA GAA., T‘ﬂﬁ&g 80 GAA
GAA AAT GTA 45 50 55  EP 0134 GAA AAT GTA 90 5

GAA GAA AAT GTT 10 GAA GAA GTA GAA
GAA AAT GTA 15 100 GAA GAA
AAT GTA 20 GAA GAA AAT GTA 110 FAAGRAZAMART GTA 30 |
GAA GAA AMT GTT GAA GAA AAT GTT 120 GAA G3§ AAT GTA 40 GM GAA AAT GTA 120
45 GAA GAA AAT GT 50 ou une partle de celle-ci code pour un

pol ypepti de anti gdni que. 3 N@gﬁu(ﬁz}gcﬁ ;f@ffﬁ' nant suivant |'une ou

| "autre des revendications 1 et

ce quo | adite sequence

de nucl 6oti des code pour au noins un polypeptide nontrant |'antig6nicite
d'au noins une partie antigdnique d un antigbne choisi parm |es antigenes
de P. falciparum FC27 ayant | esG&R GAA @f&lCt eristiques suivantes:

10

GAA GAA AAT GTA

] 100
9 GAA GAA AAT GTA
v 20
~ GAA GAA ANT GIA
| 10
25
_ GAA GAA AAT GTT
* | GAA GAA AAT GTT
- GAA GAA AAT GIT
120
. GAA GAA AAT GTA
\_/ 40
GAA GAA AAT GTA
y 120
GAA GAA AAT GT
50 ou une partie de celle-ci code pour un polypeptide antigénique.

3. Molécule d'ADN recombinant suivant I'une ou l'autre des revendications 1 et 2, caractérisée en ce que
ladite séquence de nucléotides code pour au moins un polypeptide montrant I'antigénicité d'au moins
une partio antigénique d'un antigéne choisi parmi les antigénes de P. faiciparum FC27 ayant les

55 caractéristiques suivantes : _
a) un Mr d'environ 155.000 ou d'environ 210.000 et localisé en prédominance 3 la surface

d'érythrocytes infectés par du P. falciparum FC27 & la phase annulaire; ou
—————————— \\
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a) un M d'environ 155.000 ou d' environ 210.000 et |ocalise en predom nance
A la surface d erythrocytes infectes par du P. falciparum FC27 a | a phase
anpul aire; ou 111111111111 %E043347460181111111111 EP 0134 799 Bl b)
un M d'environ 120.000 et exprinme au cours de |a phase tardive trophozolte
et schizonte de P. falciparum FC27; ou c¢) un M doenviron 75.000 et exprinme
on-predomi narbken Mad'eokirorP120060 et expriméraurcoRry dp faohate tardive repboZoBsetrschizente we &:  ou
5 d) JdelcipgrumiF@Tiqu on 112. 000 exprine et par du.P. falci parum FC27

pr odui t asexelncHedlonvirn 75.000 gt enmé@mmmmrréwﬂtﬁ_d&ﬂu@r RERh tPraduit e

qguel conque dé§°"f"@'9@;ﬂlif‘@'&t°r?}hs 1.1 3, caractdns6e _en co %Re | adite s~ quence
de nucfdoti dé’é“‘é@fd?'mﬂ?ﬂézwre"?'!"ﬁéf P?SH“E“_L?M.’EFWt Kuglipment paty

SGqf‘e%ﬁ Sﬁr@&a‘eﬁg\rff i rgﬁ*'rﬁv‘ér% % o ggwéggaw d'“"””.e'ons
I cara id'% %ﬁ € nucleo es codan pour au
pep un

m)r ns qn po ran g n| cr pol ypept i de anti geni que

d' une phgs emmwmﬂrw&nd.ﬁn%wm Phe queibiiid B rbUShdMatidhs 4NE 4, Riafabsfasd B bl N -
que de cel UbypGhaind Qquiril 46 Rudkidfided bRl &/WRdMs W PoiYSepBddMSHIAR raigitié bk ©

d' expr essi Opblypdptidé antbBHic6 e shadd MNex86 Q&HR I \SHAY d6 VI tBiParurh 'oll BRndlpurteCantigitic des
revendi cat i e beld-cbest SHutisecpératiohneliéfidntdllineGagUaidetie Gontrioloalbngressiolt | on et de
replicati on dans un m cro-organi sne: 7. Vecteur suivant |la revendication 6,
car act dr isasMalécubed AN recamtirdotUsivane I'dhe queicdntad detaevesdichtions 100 8. quiast 240 vecteur

NDi NS un potapghigds tcesformation atde réplication dpamurcimicio-ofadismepol ypopt | i de anti g~ni que -
d'.une phase asexu6e dans |e sang de P. falciparumou d'une partle

antd gdni du eVegtsurcaivent la fevasdicatiom 8. qaetSiid 99 ca ud Beauenegriecnyeidotiges\aodant geur au -

d' expra@ssi o'HO'ﬁse!f?&!?IVEﬁPG@ monirant { iigipicid unrolygeptide-gofigéniquq diype phase appuée dans e

Qi cr o- or gan?°§$r1’° __d‘éfi‘_%ﬁﬂﬂb?‘i &ype pprtie antighpiaye,de ?&ﬂ&é‘h’&?@’éﬂg""ﬁﬂ'&r’@ﬁmﬂé@ tell e

defl nl e surv '‘une e des ons 1 et
soudee oBGr\é d%gﬁgm?é’ %'ﬂ?:gt iﬁ%ﬂ W%:ggﬂ% e%% et
M cr o- Qr ganzn%ce qut:{ré%' quen e'en g:ﬁé Uivant 'uh ou Jos Tovon
quel conque des Trevendl ca- #r on ou un vect eg sur vant |'une

quel conqye ﬁﬁfoﬁgﬁx% Qb&ﬁéﬂ% rﬁol&uﬁ AR SSmbRa RGR r+uﬁ@q&raams ¥ Yovetidice-

residu de T DétteuPSukid ine Ghdiconile (e iévénbicdiionseds, Croltre un mcro--
organi sme transfornb par un vecteur suivant |une quel conque des

r evenddaCab. Pdpeftidd cOmponard an ci3kiu @6 IMbt Niténimaltgdlantstre dBtohucshl fhisdRDErYIPE Pt mibd- SOi t
produit. 1lorgdimgnmpifortie phruan dHiolear suivaq n'eneadqusicontge deideandicatioes P aloy paptdotle -
construite eontitidns talled duelaﬂinpolypemidesqummdui% dant & une sdquence de

nucl eotides suivant |'une ou |"autre des revendicatlons 1 et 2, reliee a la
t er mi nai $&nPdypaptide fysiopnd cheprenand yhey sqpancelde aolyiieptide reqRsiruite eptificipllement FOrTRERon-

pr epar®t i ondast Arunp efrueere deipugiédtigesesuiven duneoett Faubm des mypndigalienscl eig2.delidp @ fa ..
poI ypept i deternitdisgh N2 ""c!?&'&l‘%l"‘b??é"’ﬂ?ﬁ'ﬂ%éddﬁ'g'ﬁ&h e dans | e sang de P. fal cI par um

une rtI e antr 6n| ue de ‘ce ui rend I es 4t
Cl}’l!ft ure dé BP g‘ﬂ pe é c'gp i
sui vant lpg an } ru o a ea qJZur-c
i Ies de cultu r o~ra| ote (=
dﬁ/lpg;tﬁgg t.sii ¥0 r "gﬂlafsoﬁré w%%i‘u%i%"s Xﬁd" "ﬁrr Phk rp ok o
dy t t'd8 becis 3] Si
construit a?%pgr cle qui nontre antr geni Ci e 'a totali t6 ou
d' une parqai Peptide ou polypeptide construit artificiellement qui montre l'antngemc:té de la totalité ou d'une partie
45 d'un polypeptide comprenant sensiblement fa séquence d'acrdes aminés correspondant & fa séquence

de bases partielle
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45 d' un pol ypepti de conprenant sensiblenent | a sequence d' aci des am n~s

correspondant | |a sequence de bases partielle so 55 EP 0134 799 Bl Qu
Phe Arg«Pro Ala Lys Ala Ser G nE®P 13A7988d G u Asp GAA TTC CGI CCC GCA AAG
GCT AGTI CAA GGA GGA TTA GAA GAT Adapteur 5 2 T A

T A 3 C G T A4 T A T

ﬁ %0 Glu Phe Arg Ala Lys Alu’%ergggg Gly Gly Leu Glu® gA AG T A

N o TOAA TTCCRT CCt GCA AAG GCT AGRUAR GGAGGATTA GA GaT, A 20 11
T “ﬂ"’“ﬁ""z T iy T AT T 25

13 € G-T , T 14 'P A T T 15 C
GT Ago T 16 T A T A
17 T A3 Tc 8 T 18 AI’ - A A A 35 19
T A A &L T . A200 T AG A A 40

21 A22 T A A T 23 &CT
oca Baa cor AcT San Taa cGATTA ean Gat BT cas maT  TC Adapt at eur 14. '

Peptide ou pol ypgpt |-ple congf ru]'t artificaellement qui nontre |"antigdnlcitd

de la totalite ou d une partie d' un pol ypeptide corrportant | a sequence _
d' aci des anines FartTelle 20 5b T

15 8 G

| 9
~ 10

>

U n
2

s 3

%

5

3" 16

17

18

19

N 20
w -2
2T

23 CCT GCA AAA GCT AGT CAA GGA GGATTA GAA GAT (CT (GG AAT TC
45 Adaptateur

35

- o] ] = o = M~ O - -

A
A
A
A
G
A
G
A
A
A
A
G
A
A

R A e e e R e B AR

I
A
T
T
T
T
A
A
T
A
A
A
A
T

14. Peptide ou polypeptide construit artificiellement qui montre I'antigénicité de la totalité ou d'une partio

d'un polypeptide comportant la séquence d'acides ammés pattielle
50
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EP O 134 799 BL Gu Phe Arg Lys Ile Asn Thr Gu Mt 10 Lys Asn -@n
Asn du Asn Val Pro du 20 10 ‘Hs Val dn H's Asn.

30,Ala :Gu .Gu Asn Vat Gu gfc13sMBYa Gu Gdu Asn Vat Gu

Hs Asp 20 Ala Qu GQu Asn Val du Hs Asp 50 25

Ala du QGu Asn Val Qu Hs Asp 60 Ala Gu Qu Asn Vat du .
Hs Asp 30 Ala G.u., 4 As VaL 36,70 u A Asn.Val 40 GGU du Vat
45 G Phe “dig “Bys e

n AsBr By gllug Meksn var 50 55
37  EP 0134 799 BL Gu Gu Asn Val 90 GQu Qu 'Asn Vol 10 |

Au Au VaIGu@luAanaI_lSlOOGluGIuAanaI 20 Au du Asn Val

25 °® Lys - Asn Gln Asn Glu Asn Val Pro Glu
: 20
10 His val Gln His Asn.
: _ 30
Ala Glu Glu Asn Val Glu His Asp
15 s
| Ala Glu Glu Asn Val Glu His Asp
‘\H(.
20 m .
Y Al Glu Glu Asn Vval Glu His Asp
'S0
2 : Ala Glu Glu- Asn Val Glu His Asp
60
w0 ‘ Ala Glu Glu Asn Val Glu His -Asp
Ala Glu Glu Asn Vat
35
70
Glu Glu Asn Val
40
- Glu Glu Vval
4 - Qu Glu Asn Vat
80

Glu Glu Asn Vat

§0
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110 du du Asn vat 30 Au du Asn Val 35
Gu Gu Asn Val 120 Gu du Asn Val 40 Qu Gu Asn Val 45
120 Gu @ u :Asn 50 15. Pol ypepEPde1M798BIuit artificiell ement suivant Pune
ou | "autre des revendications 13 et 14, qui nontre |'antigenicitd de |la
totalit6é ou d' une partie d un antigbne choisi parm 1les antigbnes de P.
faFci parum FC27 qui sont |nnunqﬁﬁn| s chez Ivlire humain et qui ont |es .
caractdrlsthues sui vant es: &tenviron 155.000 ou
d' environ 210. 000 et IocaI|56 en predonlnance A la surface d' erythrocytes
Lnfe&yes par du P. falciparumFC27 a la p e annulaire; ou b) un M
"“environ 120.000. et exprind a ou de h tardi ve trophozolte at .
schi zonte de P. falciparum FCZgnﬁ @Q A P 6@34 799 Bl c) En M
d' environ 75.000 et exprine en predom nance par du P. fal ciparum F027
produi t asexuel | ement mature; ou d) un M d'environ 112. 000 et exprind par
du P4, fal ci parum FC27 produit gg nq@i mature. 6 1. Procdd6 de
preparation d' un pol ypeptide fu3|onn Sui % | a revendi cation 11, qu
conprend | es etapes de culture d' un micro-organi sne suivant |a 5
reYFndlcatbFn 9, capable d' expriner |edit polypeptide sous des condltlons
telles quo | e pol ypeptide soit nt i's ~cuperation du pol ypeptide
alnswsprodU|t 17. Proced6 de S?%du #anyﬁé d|ggiypegtide nnntraﬁt yPep
| " antigenidt4 d' un pol ypeptide antigdni que d' une 10 phase asexu~e dons
l e sang de P. falciparumou d' une pgagie antigenique de celul -ci, |equal
pr,oql\/d@ conprend | e clivage d' qlupom eptAgﬁ v@ onnd suivant |a
resendi cation 11, de maniere & |1 bdrer |0 pept ou pol ypepti de susdit
addiFQOnneI 18. Conposition pour stinuler une r~ponse Imunitaire chez .un
manm ffre contre un ou plusieurs 15 antigbnes de P. falciparum o
C renant au nnlns un peptide yphe e strult artificiellenment
suivant |'une ou i'autre des rg%gnggcatlgﬁgglgag? ou un peptide ou
polygpptlde pr~pard par un proced6 suivant |a revendlcation 12, en mne
tenps qu' un support pharmacouti quenent acceptaﬁbe pour cel ui - cd 20 19.
Conposi tion pour stinmuler une GﬁPOW?RJ MR&H t Ay, chez I'"etre humain contre
un ou plusieurs anitigbnes de P. falciparum conprenant un virus ou
m cro-organi sno suivant |a revendication 9, en association avec un support
phar sacout i quenent acceptable, ce virus ou m cro-organi sne cont enant

Glu Glu Asn Vvat

s Glu Glu Asn Vval
e 120 |
e Olu Glu Asn Vval
/

Glu Glu Asn Vat

45

120
Glu Glu Asn

50

15. Polypeptide construit artificiellement suivant I'une ou l'autre des revendications 13 et 14, qui montre
I'antigénicité de la totalité ou d'une partie d'un antigdne choisi parmi les antigénes de P. falciparum
FC27 qui sont immunogénigues chez I'Etre humain et qui ont les caractéristiques suivantes :
56 a) un Mr d'environ 155.000 ou d'environ 210.000 et localisé en prédominance a la surface
d'érythrocytes infectés par du P. falciparum FC27 2 la phase annulaire; ou
b) un Mr d'environ 120.000 et exprimé au cours de la phase tardive trophozoite et schizonte de F_-"_

falciparum FC27; ou
s RN I R
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une nol 6cul e d' ADN conprenant une sequence de nucl otldes sulvant |'une ou
| "autre des revendica- tions 1 et 2. 25 20. Uilisation d' un peptfde ou

pol ypeptide sulvant |'une ou |'autre des revendi cations 13 et 14, ou d'un
pepti de ou pol ypeptide pr6par6 paFPl01347888d6 sul vant | a revendication 11,
pour |a fabrication d une conposition pour stlnuler une r~ponse Innunltalre

chez un nann1fere tre u | us] eur s nes de P. .falci
Pol ypepti de f?ssexuﬁﬁf Ogﬁte? r}')@pf‘f & 8? )Vﬁreg‘f &&M&Qﬁ{’w
| "autre des r I
Polypeptlde fusionn kpmﬁ%ngﬂﬁhﬂhéﬂmj#aégﬂﬂﬁﬂﬁHQB?ggﬁhﬁg gﬁﬂ@%ﬁp una ou
‘autrg dgs Wﬁm'p&ﬁyaﬂﬂ% oo gﬁelypeptld]a‘?lusﬁjhné]&ivalft Wrb RS H%@Wp?en@fe@%&gﬂ ou .
IOOI ypept i de g Wiltur d@ROrhibrod Sivart T RGdniBatiBATD, Apdbia tiexprihbr 168
i nitiateur. dgésdeondiidds twilé qd@uemagsmael SO 5\t BER rsélpération BE bot Proguiant
| "une ou I"autre des revendications 13 et 14, nontrant |’ antlgen|C|t6 d' un
pol ypept i the prRIdédé0de praditich’ disepdhypatide asoatdnel earﬂgsn&ité @'ws polgbeplitle Rntigéabwl @ane 40
rum ousd' un@hgaa aédxaseadahs igGangadecP.dalcimanimion d'ine pafib antigéigus Gle @aiuiet lapue proeétét
peptide ou pahyeeps icliage s'un pylydehiids | feshonpd suivantcla Sqvandivetiop 10 hderimgnidre tédlbédeelesur
un support eeptighaseplpentidelsusditlBidBNGs 55 .

18. Composition pour stimuler une réponse immunitaire chez un mammifére contre un ou plusieurs
15 antigénes de P. falciparum, comprenant au moing un peptide ou polypeptide construit artificiellement
suivant I'une ou l'aulre des revendications 13 et 14, ou un peptide ou polypeptide préparé par un
procédé suivant la revendication 12, en méme temps qu'un support pharmaceutiquement acceptable

pour celui-ci.

20 19. Composition pour stimuler une réponse immunitaire chez [étre humain contre un ou plusieurs
\/ antigénes de P. falciparum, comprenant un virus ou micro-organisme suivant la revendication 9, en
association avec un support pharmaceutiquement acceptable, ce virus ou micro-organisme contenant
une molécule d'ADN comprenant une séquence de nucléotides suivant l'une ou I'autre des revendica-
tions 1 et 2
25
20. Utilisation d'un peptide cu polypeptide suivant I'une ou l'autre des revendications 13 et 14, ou d'un
peptide ou polypeptide préparé par le procédé suivant la revendication 11, pour la fabrication d'une -
composition pour stimuler une réponse immunitaire chez un mammifére contre un ou piusieurs
antigénes de P. falciparum.
30 '
21. Polypeptide fusionné comprenant un peptide ou polypeptide suivant I'une ou 'auire des revendications
13 et 14, fusionné & une autre molécule. '

22. Polypeptide fusionné comprenant un peptide ou polypeptide suivant {'une ou i"autre des revendications
35 13 et 14, fusionné 3 un auire peplide ou polypeptide, un support solide ou un acide aminé codé pour
par un codon initiateur.

8

Procédé de production d'un peptide ou polypeptide suivant 'une ou "autre des revendications 13 et 14,
montrant "antigénicité d'un polypeptide antigénique d'une phase asexude dans le sang de P. falcipa-
\_/ 40 rum ou d'une partie antigénique de celui-ci, caractérisé en ce que ledit peptide ou polypeptide est
synthétisé par une synthése chimique totale sur un support en phase solide.
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