W0B6/ 01802 : PCT/-Ay85/ 00223 1

ANTI GENS OF PLASNCDIUM FALCI PARUM This invention relates f éﬁ ﬁé‘J

peptlgg§ and pol ypeptides which have antigenicity suitable for prOV|d

POt et iy & oty against Plasnmodium 5 falciparuminfectioper uhﬁz
t\hods for t productlon thereof. Inmmunity to PlasnDdlun1faIC|par %% et

prot ozoan causi ng the nost severe formof human malaria, 10 is acquired
ohly after extensive exposure over a numbdr of years. A |arge nunber of
P.fal ci parum pol ypepti des are natural imunogens in man but it is by no

ans clear how many are inportant in protective inmmunity. Many antigens
may have no such role, and indeed it is 15 possible that sone are

count erproductive, perhaps because collectively they overload the inmune
system Antigenic diversity anong different strains of the parasite nmay
also play a significant role in the process of inmune evasion as a nunber
.of P.falciparumantigens 20 that are strain-specific have been identified.
Recently, nolecul ar cloning techniques have facilitated the anal ysis of

i ndi vi dual pol ypeptide antigens of P.falciparum (1). Many cDNA cl ones
encodi ng 25 these anti RNBIGENS OEcPLASMOBIBM PXLSTPRRUMNG Escherichia coli
col onies that express the cloned sequences with human anti bodi es. The
production and 30 - This simeentbon ofelhtee €bosphthetiespephedesn det ai
n taternati gnal SRaL B eIRAA Wit h ORadl aRETLANBAL PPOLR: e TS YRR ANt T e

has been Iocated

prov1ding protective immunity against Plasmodium _ -€%§
L 5 falciparum infections, and to methods for the productioh =
thereof.

Immunity to Plasmodium falciparum, the
protozoan causing the most severe form of human malaria,
10 is acquired only after extensive exposure over a number
of years. A large number of P.falciparum polypeptides
are natural immunogens in man but it is by no means

clear how many are important in protective immunity.
Many antigens may have no such role, and indeed it is

15 possible that some are counterproductive, perhaps
because collectively they overload the immune system.
Antigenic diversity among different strains of the

1\ parasite may also play a significant role in the process

of immune evasion as a number of P.falciparum antigens

20 that are strain-specific have been identified,

S~

Recently, molecular cloning techniques have
facilitated the analysis of individual polypeptide
antigens of P.falciparum (1). Many cDNA clones encoding

25 these antigens have been isolated by screening:
Escherichia coli colonies that express the cloned
sequences with human antibodies. The production and

30



Surface of erythrocytes infected wth theimmture ring 5 st age of
P: falci parum and hence has been desi gnated the Ring-infected Erythrocyt :
(RESA). Because of this exposed location, it appears t ?ﬁj? |

y 5

~Surface Antigen
a likely target

for immune attack. RESA showd the structural peculiarift

that. has now been found in a 10 number of Pl asnodi um antigens, na
mul¥Jd‘pl e tandem repeats of oligopeptides (2-6). Studies by hybridizati

and by Tmunof| upreseence skagsle LAl FEY HoNL e Fapy bt Oypea

i sol ate FC27, nma
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Studies by HYbridization and by
immunofluorescence suggest that RESA from the Papua New
Guinea isolate FC27, may be conserved in a wide range of
P.falciparum isolates,'including strain NF7 from Ghana.
The relationship between RESA cDNA clones from two

‘different strains of P.falciparum has therefore been

studied by immunological and sequencing methods.
Antibodies that reacted with RESA from strain FC27 of
Papua New Guinea were present in patients from Africa.
and conversely, antibodies that reacted with RESA from
strain NF7 were present in patients from Papua New
Guinea. * From the complete nucleotide sequences of eight
CDNA clones encoding portions of RESA from P.falciparum
strains FC27 and NF7, it is concluded that the RESA
polypeptides from the two strains are closely
homologous.' The sequencing of these cDNA clones
identified in the RESA polypeptide two separate blocks
of tandem sequence repeats. One block of repeats,
located at the C terminus of RESA in FC27, contains four
different but related acidic sequences of eight, four,

y
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fsequence encodi ng the aforementioned C-terninal anino acid repeat sequences
is a nucl eotide sequence encoding a second bl ock of repeats of rel ated

ym no aci d sequences, which are also rich in acidic am no acids. Consistent
the sequence rel ationships, the 1w Dblocks of am no acid repeats have
_ shown to provide cross-reacting antigenic epitopes. _
_ he anti gepu ang AHrEw Eingravl dg. palasthesceepespording SDS-PAGE\%"
suggested that RESA is s hesi zed, 4 o] kLe a M -
216000 pr ot e3P APRI MR tE S Igefrtikentpqaarabets T I g

to the nenbrame endroft e ceding sequencei fromi hhesnugdephideites. The

N O B0 eneheiondace-eeiminatt wth several
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_ an I nportant c may cQ fromthe conplete
sequence;gf thehdEBAQcproBbde mrenshasansinge@Rtd8eBiRi RBAEOPRSom this, it
I s deduced that RESA conjains .tw exons .separaled by |
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form found bound to the membrane of erythrocytes
infected with ring stage parasites. The more recent

I ic stretch, of_ 14 residues, _202 bases
0,000 protein which is processed to the Mr 155,000

finding that the Mr 210,000 protein does not react with

'several anti-RESA monoclonal antibodies and anti-RESA

peptide antibodies suggests that the Mr 210,000 protein

is a cross-reacting antigen and not a precursor of the

Mr 155,000 RESA mqlecule.

The Mr 155,000 polypeptide in merozoites is
soluble in the non-ionic detergent Triton™X-100 but
after transfer to the membrane of the ring-infected
erythrocyte it_is largely Triton-insoluble. Thus, it
seems likely'that,RESA'interacts with the erythrocyte
cytoskeleton. Whether RESA penetrates the membrane
lipid bilayer is not yet clear, but an important clue
may come from the complete sequehce of the RESA gene'

which has now been determined. From this, it is deduced

that RESA contains two exons separated by a short

interVening sequence (Figufe 2). Exon 1 commences with

a hydrophobic sequence typical of signal péptides on
secreted polypeptides in many organisms. Following
this, there is a hydrophilic sequence of approximately
36 amino acid residues and then a second hydrophobic
<-retch, of 14 residues. 202 bases further downstream



WO 86/ 01802 , . ; PCT/ AU85/ 00 4 exon 2 .
commences with a 16 ami no acid non-charged sequence and then continues wit
a highly charged regi on. The hydrophobi c sequence generated by excision o
the intron is t gical of menbrane-anchor segnments in. 5 a nunber of. '
eulgar_yoti&vgéﬁ@g.o%s. aresult of work leading to the present FAVENEBHAC
desgsibed in detail below, it has been shown on the basis of sequence,
hybri di zati on and 10 i nmunol ogi cal data that it is likely that RESAis
hi ghly conserved in nost or all strains of ,P.falciparum In addition, as
the repetitive structure and the |ocation 8 RESA at the surface of ring
infected erythro [ 85 AhGeRcRRELg RS a1 gNabiny L84 Qb &@E? lee detection
by such 15 procedur €s as |n§irect_|nnunofluqrescence, the |%i\degree of

i mrunol ogi cal seaueace: pndi thesAcoptdnues: Withsar Hiighlyughasgedhat RESA i s
a mol ecul e vel lregdiched The hydrephioBiR0skiqiehtePgefarated by excisidnot her
anti-gen detecte%-%g a.cresult of itsg cIonlng %Sd expression in E coli, has
been desi gnat e@%t FReFAPETRR: 35 C¥PECRIcPL HeRRTARE-ARCNGE SESFRRFS 41 Li ke
sonme ot her Bepat numberanifi gakarlybRAccgenaisns a structural unit bearing
repeats of a short unit flanked 25 by a highly charged region. However,
this entire structural unit is itself repeated several tines within the
anti gen. The correspondi A§ @DRRsylénefewprésdpadinpgrEc3Ghen PESSEaL chi a
coli reacted i Rng@nitRodl,! HeSRraBraainanetalil BENAW," AW HAs! Beldl showh
people living in ag aLea_end%n1c for P.fglglganunl,Hunan ant i bodi es '
affinity-purifPBdtBR PATISI PE,S689PFESLas NEPTEALZ5APBs A8 ng cDNA cl one
ing}ified lheimmunedpgidaldgdata that it is likely that RESA is highly

conserved in most or all strains of P.falciparum. 1In
addition, as the tepetitive structure and the location
of RESA at theisurface of ring infected erythrocytes are
properties highly suited for sensitive detection by such

18 procedures as indirect immunofluorescence, the high
degree of immunological similarity of RESA in different '
strains suggest that RESA is a molecule well suited for
-immunodiagnostic purposes.

20 Another antigen detected as a result of its
éloning and expression in E.coli has been designated the
Falciparum Interspersed Repeat Antigen (FIRA) (6). Like

/ some other repetitive antigens FIRA contains a
| structural unit bearing repeats of a'short unit flanked

25 by a highly charged region. However, this entire
structural unit is itself repeated several times within
the antigen. - ' | a

The'correéponding_cDNA clone expressing FIRA
30 in Escherichia coli reacted in an in situ colony assay
with sera from up to 93% of people living in an area
endemic for P.falciparum. Human antibodies |
affinity-purified on immobilized lysates of the
corresponding cDNA clone identified the corresponding
35




35 - 5 - parasite antigen as a polypeptide of M >300,000. it was
present I n schizonts and also in ring-stage trophozoites, where a speckled
redQf | uor escence pattern suggested an association with the erythrocyte. 5
ARNK was enriched in nerozoites, a-disstd nctive property shared by RESA
I\i s\'| ocated on the surface of ring-infected erythrocytes and it is .

» py a single gene with a nunber of allelic variants. The conplete W
cl. eot jyde sequence of the cDNA cl one reveal ed 10 a structural unit

conprised of 13 hex geg;kgsgﬁeggagith9§5?§1g¥ eghlys 08 aged gggi on

cont ai ni ng bo?ﬁra0| rc an asic a This structural” unit is
itself repeateds poespat bposrbizentepentsads® dfarded#hags are

i nterspersed gLgpHokBeLas), eﬁﬁé?e aTbge&&qeanciami;iofluaﬁésden&e repeats
vary much nore extensivel %ﬁa hose in he ch t%A unltsth % sgquence of
a chronDsonaIPF$FﬁFBI5H€9é§ sPPaPB8EOFHAY lpﬂewﬂl P EFIECGYBsed in a
manners anal ogbys mBNAhwasoénRESAedFigumerdroites canddistingtifye short 5
exon, . a nuch b?ﬁgSEtﬁh ﬁég%ea?ﬂ REBXILARRADIG SeUERYA Wn the Qﬂ%&ﬁ%@y of

the two exons e repeats I1n FIRA are restricted to the 3 '
exon only. M®e& uenarFéée§§q9eﬁ€¥thﬁPGV#&§|GﬁdoﬁqQE§A%ﬂﬁ? Yafd
correspondi ngsﬂﬁaeesgeaenae&haaen&abeeubﬁ lalﬁJeguroes:akmsZS The7

respectively. complele n26186€58d 52qb2RCY 2F Und 'K 'Abne' 18 Ralea

10 a structural unit comprzsed of 13 hexapeptide repeats
flanked by a hlghly charged. region contalnlng both
acidic and basic amino acids. This structural unit is \*i_
itself repeated, so that blocks of repeats and charged
units are interspersed-aiong the molecule. The sequence

15 within the repeats vary much more extensively than those.
in the charged units. . | :

The sequence of a chromosomal FIRA clone
demonstrates that the FIRA gene is organlsed in a manner
analogous to that of RESA (Figure 8). It contains a

20 short 5' exon, a much longer 3' exon and a hydrophobic
segment at the boundary of the two exons. As with RESA,
“the repeats in FIRA are restricted to the 3' exon only.

More detailed >equence_1nforma ion on RESA and FIRA and U
corresponding gene sequences are set out in Figures 1 and

25 7 respectively.




i‘s provi ded a reconbi nant DNA nol ecul.e coding for an i munogenic .
pol ypepti de of an asexual blood stage of -P$6 f-al ci parum said nol ecul e ~
conprising 5 a nucl eot i de sequence substantially corresponding to the / .. _
nucl eot i de sequence as sbown in Figure 7 or an imunogeni c-pol ypeptid ;ﬁ
encodi ng portion thereof. Al so enconpassed are reconbi nant DNA nol eculles_
COnMREi sing a portlon of the nucleotide 10 sequence of:Figure 1 or a :
degenerate variant thereof such-that upon expression of said DNA ol ec

an i mrunogeni c polypeg&%ggd§ﬁ eg&eghgrgphggggEHR glrl(tdgpélihand DDEHVEEPTVA?

I S obtained. As, noted ove réat in Figure 7,
the anino acid §8qpEprided FIFFPOWPREaRESRNAC@ﬁéﬁgvéeoﬁoﬂepeafoun|ts and

fI anki ng non- rmemmmedf:cuablﬁpeﬁeseédb@gbw a"sQ?cuE'lRﬁlggﬁe base
sequences referr dto ? Ve my code for 3 ges corresponding to one
or nore of thes% #3he 'ghdﬁgz—éﬁ—iﬂﬂnkﬁﬁg ?cu € COMPEREFABEt i des
correspondi Ny ta nmubeuaidenseqﬁehbessubspaat1aud&0boika§bbﬂg1ualtS The

present i nventi oy ehsngei&hpial sa4iLHEL! Gl URMAROSAI £ ROl yPEPTI des

obt ai nabl e by expression reconpr nant ording to the
i nvention and  d®sprRyinpuregenherpehypepryide ehtoding portuon of an antigen

selected f1om (ERoséORD RIS SEadkmbhobll HESAraBAnbyFaneN! piRNS, 25 vel
as to COI’T'pOSI tions for stinmula I MMune responses gal nst

falciparumin & es /CemRb §+?90ﬁ B?rFﬁeinéséhﬁ PHV ﬁ?Féﬁenéy f or
exanpl e, cdhmrlscquénéeasf Pigusgnlheti & aaquﬁ693650vaeh&aepthQEeas

Croret or. ALcersedvEreE whtn "o Pelade bR UE ARy loRi RBLSETerie o
nlcroorganlsn1|¢ne&ﬁﬂﬂﬂ@ﬂ¢%¢pvvehwaephédﬁaaemectaalirachpNEBHBA
(EENV)4 and DDEHVEEPTVAY is obtained.
- As noted above, and set out in greater detall
15 in Figure 7, the amino acid sequence of FIRA, like
RESA, consists of repeat units and flanking non~
- repeat peptide units. Accordingly, the FIRA gene
base sequences referred to above may code for polypeptides
corresponding to one or more of these repeat and/or
20 flanking units, or to polypeptides corresponding
to combinations of these repeat and/or flanking
units. '

The present invention also extends to synthetic
W, immunogenic polypeptides obtainable by expression
25 of a recombinant DNA molecule according to the
invention and displaying the antigenicity'bf all
or a portion of an antigen selected from the group
consisting of the RESA and FIRA antigens, as well
as to compositions for stimulating immune responses
30 against P. falciparum in a mammal. A compos1tion-
of the present invention may, for example, comprlse
at least one synthetic immunogenic polypeptide
as described above, together with a pharmaceutically
acceptable carrier therefor. Alternat1vely, such
a composition may comprise a virus or microorganism
in association with a pharmaceutically acceptable



_l 7 - carrier, the virus or m croorgani-sm having inserted therein a DNA
aqul e conprising a coding sequence-for =an i munogeni ¢ pol ypepti de of P.
aparum according to the inventiqgn capable of bei ng expressed. 5

i C poF?bébFFde§h8fVPHHSpPEs@HF LARFSAN G RaV Librinsenfifnd, be

by ekpresni anDNA mones:hleeldorrqfrfsmﬁ;:wtuamirﬁg yuyed®eul e in the<
LN vehlcl e r nucl eoti de sequence '\

g tog?ﬁegpn§gWPP ﬁg%d% %be?g¥$$é CHP%tdiiﬁﬁ%#E¥¥¥#eSS|on contro

sequence. A sgaohéing polypepﬂmasn$aqaqﬂaﬂﬁhiﬁrqg/Hﬁangfexnnﬁsqgﬂypeptide'

conprising a porti y on of
RESA or FIgRA and agf}gghﬂﬂ :1@ bB@.yb'&%tqe@el oérJ Q{)EOICHpré/e F’fged%édaﬁ CN’:nh‘fale"?ngircsr{l\l-ter m nus

coded for by™@Ke- ERE SKaPR ereesmﬁrﬁﬁi LU V.34 8199 ti® nat i vel vy,
synthetic pohynepti de310bft e recomdinanty ONA avoleule i agheced by cheni cal

o ocedur e, 2EorRYok"S UTohtBNAE [ bty Gn RIS o | e
appar ent froa1nhe‘detaﬁbesedasocap@om¢ﬂdﬂnﬂﬂtnnthenthventﬁQﬁmeacconpanying
Fi gures. éb” Bﬁérghﬁ%ig 1Eh§l%et1: a%h%rté}ﬁm z‘i‘}lsaf‘é&lf‘é’rﬁ?e and

predicted amho acid uence of he nucl eoti de 25 sequence was
det er ni ned b Fﬂéthﬁﬂéﬁxyoﬂf?@&?&l}ﬁ@ P exnrafsed maph R a Husikouct ure of

the RESA gen§01§§eseﬂaéeéohpeﬁbt1h@ %e@wergldfﬁplayﬁ@m 1. The 5' and
3' exons are |ggb§gig18y Pﬁoal ure poéilon SE Rﬁg§ter%¥§£n of

asynchr onous®B
and an additional peptide or polypeptide at the

15 N-terminus coded for by the DNA of the recombinant L \/
DNA molecule. Alternatively, synthetic polypeptides
of the present invention may be ﬁroduced by chemical
means, such as by the well—known'Merrifield solid-
phase synthesis procedure. _ _

20 Further details of the present invention will

, be apparent from the detailed description hereunder, and

from the accompanying Fxgures. In the Figures:

Plgure 1 shows the nucleotide sequence and predicted
amino acid sequence of RESA. The nucleotide

25 ' sequence was determined by the dldeoxy procedure
' (8). .
?igure 2 shows the structure of the RESA gene, as N\,

deduced from the sequence given in Fiqure 1. The
5' and 3' exons are indicated.
30 Figure 3 shows:
' A, Western blot of asynchronous cultures of two
isolates of P.falczparum lysed in electrophoreszs
_ sample"buffet_and probed with anti-RESA antibodies.
_ B,&'C. Western blots of P.falciparum (1) ring
35 'steges, (2) mature trophozoites, (3) schizonts, and
(4) merozoites using aﬁfinity-pﬁrified human
antibodies to RESA. (B) Antigens extracted in
Triton X-100. (C) Antigens insoluble in Triton
x-lodlbut'SOluble ihleleétfophqresis sample buffer.

Radioactive molecular weight markers were obtained . -
from Amersham Internat., Buckinghamshire, England

40



I'sol ates of P.falciparumlysed in el ectrophoresis sanple buffer and probeds,
with anti-RESA antibodies. B.& C. Vestern blots of P.falciparum (1) ring a{

stages, (2) mature trophozoites, (3) schizonts, and (4) nmerozoites using.

af fini ty ggd(‘géOZuman anti bodi es to RESA. (B) Ant i gens extrwghsslmzd

Triton X-1 ntigens insoluble in Triton X-100 but solu
el eetrophoresis sanple buffer. 40 Radi oacti ve nol ecul ar wei ght
mar kers wer e obt ai ned fron1Anershan1Internat Bucki nghanmshi re, Engl and
WO 86/ 01802 - PCr/ AU85/002 8 and

were nyosin (200 Kdaltons), phosphorylase b (93 Kdal tons) and bovi ne serum
al bum n (69 Kdal t ongnd Wete tybsin amummeioe@)roryﬁo%wﬁmas&h%wm the

\?vi thin t hleogg'\tllef)gp?%éﬁﬁ&r 5‘%& laé@ r?vd"‘?gerﬁne%glﬁ'\(/ei&élpé& 3&3\,\%9 §Bl§ CrONENes

anti-RESA and protein A gold. The rhoptries (R) are unl abelled. (x 41, 700;

i nset x 73, 000)4 QeFuguq% Qn i déf@H%@%%ﬁg %@qhﬁgggaggqng Béng a

section of ar d eryt rocyte reacte SA. Al so
shown is p&t of anlﬁﬁﬁﬁﬁaﬁ KEFAh(Yyiia smalli densesvesiglesst ern bl ot

of ring-stage inf ectpeésammmmmn_@m%swuw Eh@hu@hwsiha (20ug/m)

for O mn. (1), 20 m bse nt t me di gestion

the intact 20 - EFfFﬁ&B%fFeé"wérécﬁd§%8& ﬁ? 8?5 éﬁbFeS|s

sanpl e buffer, el eceantir®ESdcdndnprotedn A gold. The rhoptries (R)

are unlabelled. (x 41,700; inset x 73,000).

! 10 ‘ _ : _
: Figure 5 1is an immunoelectronmicrograph showing a
 section of a ring-infected erythrocyte reacted with

rabbit anti-RESA. Also shown is part of an’
uninfected erythrocyte.

15 . _ : :

| Figure 6 is a Western blot of ring-stage infected

: erythrocytes digested with chymotrypsin (20ug/ml)

for 0 min. (1), 20 min. (2) and 60 min. (3).
~ Subsequent to enzyme digestion the intact
20 erythrocytes were washed, lysed in electrophoresis
-sample buffer, electrophoresed on a 10%
| SDS-polyacrylamide gel and then electrophoretically
g transferred to nitrocellulose. The nitrocellulose
' filters were then probed with rabbit anti-RESA at a
25 dilution of 1:500. Molecular weights are indicated
in Kdaltons, and correspond to RESA (155KQ),
B-galact051dase (116K4d) and phosphorvlase-b (93K4).

Figure 7 shows the nucleotide sequence and prédicted
‘amino acid sequence of the FIRA gene. The
" nucleotide sequehce'was determined by the dideoxy
procedure (8). The EcoRl linker ligated to the 3°'
end'during construction of the libtary3was absent
- and so the sequence is incomplete at the 3' end,.

30

35 'perhaps due to a deletion.
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'DETAI LED DESCRI PTI Oan€EboidE els\NwieXel @hdrified on an Aamp3-Sepharose

absorbent. The P.falciparum isolates in € and D
‘were: 1, FC27 from Papua New Guinea; 2, K1 from
Thailand; and 3, NF7 from Ghana.

Figure 10 shows affinity purified anti-FIRA antibodies
aésayed by solid-phase ELISA using microtitre
plates coated with purified fusion polypeptides
(2ug/ml) corresponding to: oY} ‘a fragment of FIRA;
. 5' repeat by RESA; A, 3' repeat of RESA.

DETAILED DESCRIPTION OF THE.INVENTION

MATERIALS ANb METHODS

P.falciparum isolates

Isolates FCQ27/PNG (FC27), IMR143/PNG (IMR143),
IMR144/PNG (IMR144) and MAD71/PNG (MAD71) were obtained
through collaboration with the Papua New Guinea
Institute of Medical Research. WNF7, originating from
Ghana, and K1 originating from Thailand were obtained
from D.Walliker, Edinburgh University.

Colonv Immunoassays _
Replxcas of arrays of antxgen-positzve clones were
grown overnxght at 30°C, induced at 38°C, and lysed (7)._

(ON
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. 20 MATERI ALS AND METHODS P. fal ci parum i sol ates 25 | sol ates FCQR7/PNG, i\ |
(FC27), 1 MR143/PNG (1 MR143), |1 MR144/PNG (1 MR144) and MAD71/ PNG (NAD?l)'ngéL

- obt ai ned t hrough coIIaboration wi th the Papua New Gui nea Institute of o
Medi cal Regepg originating from Ghana, and Kl originat g3 '

Thai | and were %ﬁt al ned 30 fromD. VWl | i ker, Edinburgh Universi tpy@ﬂéc’ﬂ @3

| munoassays Replicas of arrays of antlgen positive clones were grown

over ni ght at 30C, induced at 38@C, and lysed (7). 35 WO 86/ 01802

PCT/ AU85/ 002 10 Sera were absorbed to renodd anti-E.coli reactivity,

diluted 1:500 at pH 9.6 in 3% bovine serumal bunmin and finally incubated

with [ERR] prot385f Aerombsaried deosameveuants -Erecdu: sreatdgtitphed

overni ght (7). cﬁem-.e%arla:swea ﬁ;@@n@ | tsba 'wﬁw%meﬂbﬁﬁ“

i ndi vidual s fraqn an ua : patlents presena'[ed W th
acute mal ari a vﬁq ci 9&: toﬁatﬂr@t}?&i"aﬁt ™ was detected in

the course of rgtaphydlcusems RS idndTautiordiddodtalphedeicrdrmaiad Wit h
chlorqu|ne qﬁgntal consent was obt ai ned before taking sanples from

chi | dren. brii‘di zati on experiments The phage DNA was purified by
Csd - eqU|I|br|un1denS|ty centrlfugatlon di gested with EcoRl, and
Sera '

' Sera were obtaxned with lnformed consent from
.indlvzduals-frgm Madang, Papua New Guinea. Some
10 Patients presented with acute malaria while in others, -
L_) - asymptomatic parasitemia was detected in the course of
' routine surveys. Parasitemic individuals were treated
with chloroquine. Parental consent was obtained before
_ takzng samples £rom chzldren.
15 - .
Hybridization experiments
The phage DNA was purified by CsCl-equllxbrlum .
density centrifugation, digested with EcoRI, and
size-fractionated on a 1% low-melting agarose-gel,
o9 Tecovered by phenol extraction and labelled by
nick-translation. 3ml of labelled insert (3 x 10 cpm)
in 1ml 0.75 M NaCl1/0.75 M Na citrate/50% formamide/SOug
| ml™! salmon sperm DNA/10ug ml™! poly (C)/0.02%
_&~/' Ficoll/0.02% ﬁolyvinylpyrollidone/c.02% BSA was
25 hybridized to the array of antigen~positive clones. The
inserts were subcloned in pUC-9 (9), purified and then
nick-translated as described above and used in Southern
blot experiments.

5

30 Isolation snd'seguencing of cloned chromosomal segménts
The chromosomal RESA clones were isolated from a
Agtl0 library, and the EcoRl inserts subcloned into
pUC8. Rsa I, Aha III and Ssp I fragments of the EcoRl

inserts were subcloned into Ml13mpl8 and mpl9 vectors,
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si ze-fractionated on a 1% | ow nel ting agarose-gel, 20 recovered by phenol
=xtraction and | abelled by nick-translation. 3m of labelled insert (3 x
cpm inlm 0.75 MNaC/0.75 M Na citrate/50% formam de/50g m 1

pyi sperm DNA/ | Oug [err] poly (C/0.02% Ficoll/0.02% :

vj nyl pyrol | i done/ 0. 02% BSA was 25 hybridized to the array of -
gen-positive clones. The inserts wereldubcloned in pUC9 (9), purifiedy .
and then nick-translated as descri bed above and used in Sout hern bl ot

experi nents. &0d|sequencedaby thqudhdeagyotechnhaueckBbrosdathesdgent s The

chronosonmal RESf&longerdesesbsebalied thamrasftsOuwkibr r¥cedldat B¢ EcoR
i nserts subcloned |nto%$ [1]l.and Ss f nments of "t he

UC8. FSS 1, AR g I rag
EcoR i nsert stR@rRreeghaRoREsStA 6nwdéﬂgr8 The fApAYepEe: Shewngonsists,ng
" sequenced by dfiethe dB2ogyKbechromasof8). ESpRILhEragmpntyejoeinedeatl sheused.
The resul tgs r S heep r f ep (10Q). The sequence
‘'shown con?isp§&%§9t%£€§.ggKgx%%r§ﬁné§%aﬁgggoﬁ?£€ga§ﬂ9%€7 joined at the. 5
EcoR site to that of the cDNA clone Ag 46. The chronpsomal FIRA clone was
initially identifif@geashPoofbmdlartRh E1888ERAsi Infeislly Thaénehaiks!
fragment was subcl nedaéﬁto gt(?. Pvu |l , and Rig I 1g,fragnen%s were then
subcl oned i nt®¥® M3 Aol{L tEREMERE LBqdahiRd bYPERcPBRdddRy techni que.
Affinity purifrasghment wisastbeRbfSédahdtanptICBEL RAPent IDodhdsSRsa5I

nduced ol U ol S00) LBLecLOSR o 862Tor 060 F 8 ULLARE o188 BESBALEY 20

descri bed previo y . C .soni ca
100mMM Na and sequenced by the dideoxy technique. _
Affinity purification of anti-RESA and anti-FIRA
antibodies. - _ . o
15 Induced cultures (50ml) of clones Ag28, Ag231 and

aamp3 wére.prepared as described previously (5 and 6).
The peliéted-bacteria were sonicated in 100mM Na _
phosphate buffer, pH 6.8/10mM dithiothreitol foliowed'by
mixing at room temperature with the addition of 1%

20 NaDodso, . The soluble bacterial proteins vere |
equilibrated with 100mM Na phosphate, pH 6.8/1mM -
dithiothreitollo.l% NaDoaSO4 by passage through SephadexC)i%4'
G-10 and conjugated to CNBr-activated Sepharose
(Pharmacia, Sweden) at room temperature according to the

25 manufacturers instructions. . : o

A pool'of human sera collected'from individuals
living in Papua New Guinea was clarified by
centrifugation, diluted with an equal volume of

30 phosphate buffered saline (Pi/NaCl) and préabgoxbed on a
Aamp3-5epharosé?absorbent before passage over the Ag28
=~ or Ag231 absorbent. Non-specifically bound proteins
were removed by repeated wash cycles of 100mM Na
borate/500mM NaCl/0.05% Tween[i&,JpH 8.5 followed by
35 '



bhdsphate buffer, pH 6.8/ 10mM dithiothreitol followed by m xing at roo
tenperature with the addition of 1% 20 NaDodS04. The sol ubl e bacterial
'protelns were equilibrated with | 00nM Na phosphate, pH 6.8/ 1mV

di t hi ot hr Y/ o NaDodS04 by passage through Sephadex G 10 . =
conj ugat e?’?o @Er-activat ed Sepharose (Pharmacia, Sweden) at ALSS/OO}"‘
tenperature according to the 25 nmanufacturers instructions. A pool of human
sera collected fromindividuals living in Papua. New Gui nea was clarified by
centrifugation, diluted with an equal vol ung of 30 phosphate buffered
saline (Pi/NaCl) and preabsorbed on a Lanp3-Sepharose absorbent before
passage over tWﬁ/&g@a.orBégaalaahibbﬂdaE wﬁaa-aneeéaiwahhylm@umﬂ proteins

0,
ol T o, SAYEIER ol Raphc! g o IR iRdqa T, QTG 1 O
PCT/ AL85/ 00 1ZPH|ﬁNﬁCHitBoGHdTadsuBﬁduepﬂmﬁné.eIuted mnth 100V
gl ycine/l1 OnM NaCl, pH 2.6 and i medi ately adjusted to pH 7.0 with 2M Tris;

HCl, pH 8.0. 5 Western_hlots Protein extracts of cultures of P. faIC|parum
were prepar®d H8SEErB-DiloSt ed on 7.5% pol yacryl ami de/ [ ERR] gels. Proteins

fromthe gels were p&am&&ﬁréﬁdrabeetbqpbanehrealbf POfEuE&g@thub@%@ 10

I ncubated in 5% non-f ? 8 &d n PI/N?C%

affinity purifPEGPRG nagﬂt FBAFEEnathe PRI 1658 mere i ncubated with

1251 - | abel | ed poéyebnyAaamdedNaDodEOQggembed.PtBtétanﬁebmnthgnqbQ@OScopy

' were transferred electrophoretically to nitrocellulose, '

10 incubated in 5% non-fat milk powder in Pi/NaCl before
reaction with affinity purified human antibadies. The
filters were incubated with 125I-labelled proteln A and

autoradiographed.

15 Immunoceléctronmicroscopy _ -
Human antibodies affinity purified on Ag28 and
. Ag231 immqnosorbents, or rabbit antisera raised against
the fused polypeptide produced by Ag28 were used in
immunoeleétronmicroscopy employing the protein A-gold
29 Procedure. Samples for immunoelectronmicroscopy were
fixed with 0.25% glutaraldehyde (10 min at 25°C),
diluted in 50mM NH4C1 in 0.1M phosphate buffer, pH7.4,
o _ and then left in fresh 50mM NH,Cl in phosphate buffer
for 30 min. Cells were then washed twice in phosphate
25 buffer and dehydrated in 70% ethanol before being
embedded in L.R. White resin, hard grade (London Resin
Co. Ltd., Basingstoke, England). Sections were
incubated in 1% bovine serum albumin b: ovalbumin in
0.05M phosphate, pH7.4, containing 0.25% Tween=-20
30 (PO4=Tween) for 5 min. before transfer to a drop of -
rabbit anti-RESA antiserum (diluted 1:100) or
affinity-purified human anti<RESA antibodies in
PO,:Tween for 30-60 min. at room temperature. After
being washed in P04:Tween the sections were transferred

35
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Human anti bodies affinity purified on Ag28 and Ag231 i mrunosor bents, or
abbit antisera raised against the fused pol ypepti de produced by Ag28 were
geth i n_{ mmunoel ectronm croscopy enpl oying the protein A-gold 20 procedure. |,
Seplie fwolsamgmel ectronm croscopy were fixed with 0.25% gl we/aL8s/onsss
inat 25C), diluted in 50mM NHAQ in 0. 1M phosphate buffer, pH7 4, an
A left in fresh 50mMM NHACl i n phosphate buffer for 30 mn. Cells wer e
then washed twi ce in phosphate 25 buffer and dehydrated in 70% et hanol
bef ore being enbedded in L.R Wiite resin, Yard grade (London Resin Co.

Ltd. Ba5|ngstoke Engl and). Sections were incubated in 1% bovi ne serum
al bunin or ovat®uRFAtRANOAGSRILEhJSIHalabanatarieson ki Ingtiokwtead edeh- 20

30 (PO4: Tween) 1 {0Po% : FwBenbeber SoleanNsliy, ! Arked FurthdPRidnidY | (A
antiserum (diluted %:100) or afflnltﬁ' E rified human anti- RESA anti bodi es

in PO4: Tween fBPCEHOBE WeRe stalipssd PERIGAUS ARANY h AGRFakeshed in

I[DETR}?]AUQQ?SBZE gesgmtednnene&eﬂtealnwberd ?ifﬁ at \ABCBGIrOIIB.%s dil 4 110
to ahorat ori es nc il ute

o forrT: veerotoraSataghiiR EaEa0 Min S A ritcastad i i, o

stained with aq&meuaaananyasaaafacsedlsuldmad merozoites were fixed at

[err] in 0.25%5 glutaral dehyde for 10 m n. and then processed in the sane

manner as infected cells. RESULTS - RESA 10 Isolation of a RESA cDNA cl one

from FC27 The RESYETH: roRESA the RESA cDNA clones is described in detail -in

the Exanpl es of International

10 Isolation of a RESA cDNA clone from FC27 - W
The preparation of the RESA cDNA clones is

. described in detail in the Examples of Internatzonal

Patent Specification No. PCT/AU84/00016, and

incorporated herein by reference.
15 ’ '
Ident;f1catlon of the RESA polypeg;ides

Human antibodies specific for the RESA polypeptzdes

were purified by affinity chromatography. . In Western
blots the antibodies reacted with a prominent band at

99 Mr 155,000 which, in some experiments, resolved into a
closely migrating doublet. A higher molecular weight
polypeptide reacting with the anti-RESA antibodies
varied in size in different isolates (Figure 3A); it o
was at Mr 210,000 in isolate FC27. 1In addition, a

zs.smaller molecular weight polypeptide (Mr 80,000) was
detected in some antigen preparations (Figure 3A). The
abundance of the Mr 210,000 polypeptide was greatest in

. schizonts (Figure 3B). In contrast, the Mr 155,000
antigen was abundant in the merozoites, rings and

30 trophozo;tes with small amounts of schxzonts (Fzgure 3,
B and C.)

_ The solubility of RESA in detergents was determined
to examine the nature of the interaction between RESA.

" 35



« Patent Specification No. PCT/AU84/ 00016, and i ncor porated herein by .
reference. 15 ldentification of the RESA pol ypeptides Human anti bodi es
specific for the RESA pol ypeptides were purified by affinity

chr omat ogr g stern blots the antibodies reacted with a gL
band at 20 M?*wggﬁggé 0 which, in sone experinents, resolved into a cIo

m.ge-ating doubl et. A higher nol ecul ar wei ght pol ypeptide reacting with the
ant¥ - RESA anti bodi es varied in size in different isolates (Figure 3A); it
was at M 210,000 in isolate FC27. In additipn, a 25 snaller nolecul ar

wei ght polypeptide (M 80,000) was detected in some antigen preparations
(Figure 3A). Thamwmmﬁﬁrddﬁd\/lmé&&d)@. parnepent | 280 V00 great est in

The merosol tes. PRAEeRsidh GRE EBlvpie' 3l \neRaths ot SRR ranc s |
(Figure 3, B andeterghns Julition Xy 08, RESAHas the emmmsfvv::tse deternmined to
exam ne the nat @&f %ﬁé’?&ﬂ: ﬁ%&z

PCT/ AUB5/ 002 14%13;1 tshtg%?rfbﬁ' ;M r ane %ﬁ po"[%pept i de
was sol uble §n §§Iutléﬁsq§PtFﬁétno MﬁlkiﬁwQ@ 0 gntigenndn t he
nost of the M ﬁig@o(inlaobw 1dFepicsrl ret sﬁa mtﬁssdﬁm@qrﬁ 3B). In

contr a5t the oW e O L e
eIectrOphoreS|ssammﬁbebMﬁﬁberconmaamnmmgSSBSanﬁiZFmErczgﬁaﬁnﬂznuﬂ o
(Fxgure 3, B and C).
oo 10 : _
A . When identical immunoblots were probed with
' ' monoclonal antibodies raised against the Ag28 fused
polypeptide, or antisera raised in mice against RESA
synthetic peptides, the Mr 210,000 polypeptide was not
15 detected although the Mr 155,000 polypeptide gave a
strong signal. Thus, it appears that the Mr 210,000
polypeptide is another gene product that cross-reacts
with RESA and not the initial RESA translation product.

-~

20 Antibodies against RESA in patients from Africa react
~ with RESA from a Papua New Guinea strain.

Previous studies with mouse antibodies against RESA
fﬁsed polypeptideé expressed in E.coli demonstrated
cross reactions with all P.falciparum strains tested,

25 from diverse locations. These RESA cDNA clones were
isolated by virtue of'théir reactivity to sera from
Papua New Guinea. To determine whether equivalent
antibodies that cross.react with RESA from widely
differing locations occur in humans exposed to

30 P.falciparum, African sera were tested against a number
of cDNA clones expressing portions of RESA, derived from
the Papua New Guinea strain FC27.  The sera wére reacted
with an array of 133 independently isolated antigen

- positive clones, 16 of which encoded RESA, by the
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(Figure 3, B and C. 10 Wen idenfibal I mmunobl ots were probed with
ppnocl onal anti bodi es rai sed agai nst the Ag28 fused pol ypepti de, or
isera raised in nice agai nst RESA synthetic peptides, the M 210, 000

pepTh 15 detected al though the M 155, 000 polypgggt a
gwsrgﬁawgﬁqﬁﬁé it appears that the M 210,000 pol ypepti lgﬁgﬂ®¥ﬁ§¥
product that cross-reacts with RESA and not the initial RESA

sl ation product. 20 Antibodies against RESA in patients fromAfrica

“react with RESA from a Papua New Gui nea stygin. Previous studies with nouse
anti bodi es agai nst RESA fused pol ypeptides expressed in E. coli . denonstrated

Cross reactiongnvituatdlohd aimaabugsayr procetagheds Adstrobedi \eyse
| ocati ons. TheSe

¢ DNA f.th |
eactivity to BEFR FRELFPAEEEReOPERFRGLTD BOECRRERCCANAT FEPREgai val ent
anti bodi es thatherextenteaftreachi®hiSwasr guitedebppdiribdei kg maagt bofins
occur In h“”a”éhéxﬁéwﬁﬁw 30&&&9&9 PaEully f%{ah?@QnEGEEE&ES Eﬁé%eg e om

agai nst a nunber ones expréssing portions of derrve
the Papua Mew €xtert of rreaction. vanteseransiderabdyt én diffegantr PG of

133 Independerﬁézvasol@ﬁ@dagﬁeasnsagm h1¥8 gbaaesa Wit aWWhehetpcaged
RESA, by the 35

PCT/ AUS5/ 0022 4Be¥ nc’%‘i”& fﬁ%%ﬂﬁ%ﬁbﬁg sSONPr 6leRgscthat eRerABHIRY) .
Both African seliat reonsisitsilargéty RESAdiPblAgehaneepedlts oft ant of reaction

was quite comr ot LalPi¥aelnbls PHP 38h8rabRYCYRLy hla' RokTRELEEM 1O

note that the .
10 ‘with cDNA clones encoding the strazn-speczflc S-antigen k,)

of FC27. Thus RESA polypeptides from geographlcally
_ dzverse areas must share non—reactxng epztopes that are
natural 1mmunoqens in man.

15 Antigenic'detetminants of RESA
All RESA cDNA expression clones previously studied
immunologically were bounded at the 5' terminus by the
internal EcoRl site. To examine whether any antigenic’
determinants were located S' to this site, the large'
20 EcoRl fragment fr°m NF7 AGl13 was subcloned inté pﬁCS,
randomly fragmented by sonication and the fragments were
~ recloned in  Amp3. To identify clones expressing
defined regions of this fragment, the resulting clones
were screened by hybridization with 3 different
Zs_restrxctxon fragments, located 5' to the repeats,l

spanning the repeats and 3' to the repeats,
respectxvely. Selected clones were then examined for
expression of large fused polypeptides, detectable by
Coomassie blue staining after polyacrylamide gel

30 electropho:esis of total'protein extradts_frbm the
cells. . Because there are multiple stop codons in all
but the correct frame of the sequence, it could be
concluded that such clones expressed défiﬁgd fragments

35



rextent of reaction varies considerably in different PNG sera. The Afriftg

that encode FIRA that consists largely of divergent repeats of a

*hexapept i dSVOBHEI802. | n contrast, they did not react 10 with qQﬂp E}g.
encodi ng the strain-specific S-antigen of FC27. Thus RESA pol ypepti A3/

"geggraphlcally di verse areas nust share non-reacting epitopes that are .
natural immunogens in man. 15 Antigenic determ nants of RESA All RESA cDNA
expressi on clones previously studied i munolyggi cal ly were bounded at the 5
termnus by the internal EcoR site. To exam ne whether any antigenic
determ nants web€ RESALEd'Stol anyhifragmentst khatahgd peetieolslhr agennt from

- NF7 AGL3 was su? Lﬁned |% %#ggb ranEonh& fragment ed by sonication and the
fragnents were &8 3388 ﬁr) % ol Pﬁy cl ones expressing defined
regions of this fragnent, the resulting clones were screened by
hybridi zation with 3¢ r t gisC a t 0
t he' repeats, spannlngqthé§r§g§a§251ﬁg § ?eggﬁkgrggggtghebegﬁéc?ngdlLg
Sel ected cIomes.EeEé_EhsﬁleﬂsnﬁnagnpésséxprE@thoﬁeca ﬁapgePNGseétlents

pol ypepti des, dgyegt abhgsleas: BfaéiPSsQE%et%t Qh&axgta&% po#s»sﬁ\er M'.lamage

gel 30 el ectrophoresi,s,o ein extra ecause

there are nultlﬁPBtéﬁﬁbngoﬂgﬁs |nr&PPaBuFeﬁﬁénﬁoFFéE$eﬁrH*éhoFiFhéera-

sequence, it co@kdibeconethdadadthhgt theek arenantiyphicsadtechinades
fragments 35

PCT/ AU85/ 00223 E§§%$gggs§g%3‘a}o15ﬂ9“?958§eﬁPsmPHa%"hﬁﬁepPevF§ﬁ§|y been

. 10 repeats, as well as the 3' repeats.
v .

- A 36 amino acid peptide corresponding to the
sequence from residue 17 to residue 52 in exon 1 of RESA
(Figure 1) was synthesised and used to test sera from

15 individuals exposed to malaria for antibodies to this
region of RESA. Some individuals had significant levels
of antibodies reactive with this peptide as measured in

- a solid-phase radio-immunoassay. Thus there are
naturally immunogenic epitopes in exon 1 of RESA which

20 Must be encoded by non~-repeat sequences.

Immunogenicity of RESA sequences
. RESA/B8-galactosidase fused polypeptides were
' isolated from clones expressing the 3' and 5' repeats of

25 RESA. ' These proteins were tested for immunogenicity by
immunising rabbits with 0.25-0.5mg amounts of antigen
. together with complete Freund's adjuvant. The rabbits
were boosted with similar amounts of antigen in
incomplete adjuvant 4-6 weeks later. In each case,
30 antibodies were elicited which reacted with the RESA
molecule expressed in P.falciparum growing in vitro.

Three RESA synthetlc peptldes (Table 1) conjugated
to Keyhole Lzmpet Haemocyanin, were used to immunise

35



anal ysed for antibody binding. Cones expressing 5 repeats were then
amned by. in situ colony i munoassays with sera from PNG patients with a
' ry/QI exposure to P.falciparum Sone clones containing the 5' repeat
bh the sera. It is concluded that there aregﬂﬁy eni c
'nants t a are natural imunogens in man in the S RES §l~
gl | as the 3' repeats. A 36 amino acid peptide corresponding to the
ence fromresidue 17 to residue 52 in exon 1 of RESA (Figure 1) was
synt hesi sed and used to test sera from15 igmdi vi dual s exposed to mal ari a
for antibodies to this region of RESA. Sone individuals had significant
| evel s of antlhﬂdeeanaeahblteswuthnbhh&tﬁeﬂkhd%e%% @E&&y@ﬁdab&m%st

i d- ph Thus . th |
ool topes i n exanch SFRRE ERKee, PORR 1S EoRifoatead By boylRe ahrin
sequences. Innﬁhbg@mnelaydoﬁqEEBAtséqseﬂcpslﬁﬁsgthéen]cgzkaspoaﬂdagetbused
pol ypeptides vepg Bsobgieqs f&ag& g BT ﬁéeheaﬁangoht{%aﬁgsa% %ﬁ:@gﬁts of

25 RESA. These proteins were , nnunogen Cit
rabbits witsh oeestbreﬁ’gtaﬁnunbélomsﬁt igmundise tweﬂ:hmtbnseopppsndesr eund' s

adj uvant. The pﬂbbué&dwﬂﬁﬁlbeaibgdtWhTthwéh'E‘ krahceiPeniital tRBti gen in
I nconpl ete adJ van weeks . l.at er ase, 30 anti bodi es were

elicited .which ?@3i?gﬂuﬁnPﬁPFﬁge éﬂ ﬁBFe?HF@ge?B;¥§§8&1Fﬁ popiRdndasum
growing in vittbatThegqueREEN synt hddicipapt pdpei@eaBESALB 'eanj ugated to
Keyhol e Li npet ni g : Lse \B6/.01
PCT/AU85/00223‘§€§GD§¥?' Qndﬁééﬁ_HEEQbaaléE“EBA§ ai2o refFR2u10L8%% thne |
10 other 3' repeat peptide, RESA 3'-1 (EENVEHDA) which has W
a 5 amino acid sequence in common. The reverse,
however, was not true: anti-RESA 3'-1 antlbodzes did

" not react with RESA 3'-2

15 ~When these anti-peptide antisera were assayed on

- peptide-BSA conjugates there was no apparent :

- cross-reactivity between the 5' qnd 3' ‘repeats of RESA.
However, assaying the same sera on fused polypeptides
revealed that the peptides had induced antibodies that

o9 reacted with both repeat structures, although the

~ reaction with the heterologous repéat was very weak in

comparison to that with the homologous repeat.

The anti-peptide antisera were used to probe
25 Western blots of infected erythrocytes. All of the

antisera reacted specz‘zcally with the Mr 155,000 RESA
polypeptide.

30
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.mce and the resulting anti sera were assayed agai nst each of the three
pepti des conjugated to bovine serum al bum n,
corresponding to the 3 and 5 repeats of RESA and sonicates of infecte

<erythrocytes. Al

however, was not true:

and agai nst fused pol ypept\

m ce i mmuni sed with these peptides produced antibodies
that were Wen86/01802wi t h t he honol ogous peptide and the fused pBCYHESS/SN,., -
cqntalnlng t hat sequence. In addition, peptide RESA 3'-2 (EENV x4), |nduced’3
ant¥'bodi es that also reacted with the 10 ot her
(EENVEHDA) which has a 5 am no acid sequence in common. The reverse,

3' repeat peptide, RESA 3'-1

anti-RESA 3'-1 antibdd@ies did not react with RESA

3'-2. 15 VWen these anti-peptide antisera were assayed on pepti de- BSA
conj ugates there was no apparent cross-reactivity between the 5 and 3

repeats of RESA. However, assaying thgzggggbger

- reveal ed that the peptides had i nduce

repeat was
SedubROHE phdTsPRRILERD JEpG1A08 QELELGLPRRL, " €8
anti-peptide antisera were used t orepedes 26n VREBSArn bl ots of infected
erythrocytes. Al of the antisera reacted specifically wwth the M 155 000

repeat structur es

very weak in conpar

di

a on fused pol ypepti des
es that 20 reacted with both

RESA pol ypeptTd€. 30 35 VWOB67 U802

PCT/ AU85/ 00223 18rd4Ebi afSequenaegeaedSéqaéheésc pepébéﬁaeaosyﬁ%HQQQbaa-t0
repeats in RESA  RESA

5!

Repeat = EENVEHDA (5)F

EENA (1)
EENV (29)
EE-V (4)
EEYD (3)
Repeat ~EENEEEHTV-
DDEHVEEHT-A
DDEHVEEPTVA
-DEHVEEPTVA
-EEEVEEPTVA
~EEHVEEP--A

(1)

(1)
(2)
(1)
(1)
(1)

RESA 3'-1 EENVEHDA

RESA 3'=2 (EENV)n n ~4

RESA 5'~1 DDEHVEEPTVAY

The peptides were synthesized by the Merrifield solid-
phase method except the RESA S5'~l1 peptide was synthes-
ized by the FMOC solid-phase synthesis methodology of
Atherton et al (ll) on a Kieselguhr KA resin support.

The numbers in brackets indicate the number 6f times
the respective sequences occur within the blocks

of repeats.



Regi on of Repeat Sequences Pepti des Synt hesi zed* RESA 3' Repeat
EENVEHDA (5) RESA 3' -1 EENVEHDA EENA (1) EENV (29) RESA
'-2 (EENV)n n [err] EE-V (4) EEYD (3) 5 Repeat - EENEEEHTV- (1)
.HVEEHF- RVEEPTVA ( 2) RESA 5' -1 DDEEVEEPTVAY -

%’%&‘“ HVEEP--A (1) * The peptides were synthesi m&ﬁgﬁoﬁg
|f|eId SO|Id phase nethod except the RESA 5' -1 peptide was synthes-
| by the FMOC solid-phase synthesis nethodol ogy of Atherton et al (11)
on a Ki esel guhr KA resin support. + The nuggers in brackets indicate the
nunber of tinmes the respective sequences oCCur within the bl ocks of

repeats. L 2
oy AUBS 00225 BeattEH0f RESA Lo ecn e detect ed by

i munoel ect ronni cr oBE&Rywas dﬁéensnérQUe1umuapyﬂnc¢¢pm@dcrnssgpedwm th
ring-stage parggét ﬂémﬁk‘hnaobf'a %ﬁ?éb@thgn;w:bEtb@%%ez:aﬁaashhea

within the erythroc ure In Contr st t he menbr anes of

eryt hrocyt es cBﬁFéFiFﬁ@ uP@t Ra2ssesint anHFtpaB@PPﬁﬁrebBﬁrgéﬁﬁes
particl es werewfighasi ahedenythrebgeér @miq‘aa&esw gaual k:aatﬁraeturreﬁeto be

Lo S ant T gens HPAPRatePogls e FfthrhaPsas ptdthing matdlh’ BarkssBds! 00! o
were not labelled, but gold partzcles were associated _
with electron-dense organelles presumed to be micronemes
within the parasite cytoplasm. (Figure 4). Control o

10 antibodies to S antigens did not react with merozoites (>
or the erythrocyte membrane. |

The labelling of merozoites was clearly internal,
~with no indication of specific labelling of the
15 merozoite surface. Labelling occurred in clusters away
from the nucleus and occasionally over a rhoptry. 1In
other merozoites, gold particles were more disbersed but
were located near the rhoptries, which were |
particle~-free. Similar distributions of gold were
op observed with both affinity-purified human antibodies
and rabbit antibodies raised against the cloned antigen,
although higher background labelling was evident with
the affinity-purified human antibodies. The specificity
of the observed patterns of labelling was demonstrated
25 by the different patterns, or by the lack of labelling
when the same procedures were used with:
- affinity-purified human antibodies or rabbit antisera to
other cloned P.falciparum antigens (e.g. S antxgen).

30 The location of RESA was further examined by
studying its accessability to attack by proteolytic
enzymes. - When intact erythrocytes infected with
ring-stage parasites (approximately 5% parasitaemia)
were treated with chymotrypsin or trypsin, the

35
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or the erythrocyte nenbrane. The | abelling of nerozoites was clearly
internal, with no indication of specific |abelling of the 15 nerozoit gf
surface. Labelling occurred in clusters away fromthe nucl eus and
occasional ly over a rhoptry. In other nerozoites, gold particl mere
di sper sed W 8¢/R1802) ocat ed near the rhoptries, whi ch were part?
Sim.lar distributions of gold were 20 observed with both afflnlty purlfled
hi¥an anti bodi es and rabbit antibodies rai sed agai nst the cloned anti gen, _
al t hough hi gher background | abelling was eyqent with the affinity-purified
human anti bodi es. The specificity of the observed patterns of labelling

was denonstr at r ck.of |abelling-
when the sane g%medf%beim%e&igae?ﬁ%w ?ﬁatsta fﬁj’[ﬁ]ﬂﬁ u%r“fan:]:I anti bodi es

or rabbit anti ddidtesd aurher:af&dtes amqﬁmﬁmwcgmq cfxagmRRks i gen) .

30 lehet ! Ofaﬂi:.ldm mké?ﬁz‘&% \&?&alfdt[ Hﬁrem%ﬂfﬁﬁm &J%Eiyltmti-ft-lﬁssa t
accessability to .att y, proteolytic en jntact erythrocytes
i nfected with aag‘gfes p‘&pﬁﬁéﬁ%é ("ap R SHLF 5’{;6 k8% HiRte)atere

tre;alt ed }Nitlg cmeaﬁtr atn off ﬁhre?/pmsz. nidlecile xé/\lé:&ﬁiﬁcBQih the I g
PCT/ AU85/ 00223 5 0 at alimte
et einal BiF A o0 thle SRS e 36,

nunber of sites gener T act
nol ecul e reacted with anti-RESA anti bodi es (Flgure 6) ThIS resul t

i ndi cates that ryni®ilGdd ¥ igaralsiltae HRlLGMl4ed S exposed on the
external surfa =1 hi bition of parasite
growth in vitro Asynchronous cultures of P.falciparum were cu tured

10 for 48 hours in the presence of affinity-purified human
anti-RESA antibodies. The deqree of inhibition was
variable with typical results showzng 20-40% 1nh1b1tlon
'compared_yzth control cultures.

15 RESULTS =~ FIRA-

cDNA clones expressing FIRA
FIRA cDNA clones reacted with up to 93% of a set of
more than 100 PNG sera from 65 individuals, varying in
oo clinical status. Further, they gave the most intense
signals with a majority of the sera, although many sera
reacted strongly with additional clones.

FIRA is encoded by a single polymorphic gene' _ _
,5  Chromosomal DNA from S P.falciparum isolates (FC27,
- IMR143, IMR144, MAD71 from Papua New Guinea, and NF7
- from Ghana) was restricted with EcoRI, AhaIII and Rsal
and anélySéa by Southern blotting. In each isolate, a
single very large (>20 kb) EcoRI fragment hybridized
39 fdata not shown). In the AhaIll and Rsal digests,
smaller sinqle fragments of varying sizes hybrldlzed,
revealing that the FIRA gene was polymorphic and present
in each isoléte investigated. The different fragment,
sizes most likely represent different alleles of the

35



Asynchronous cultures of P.falciparumwere cultured 10 for 48 hours in the -

resence of affinity-purified human anti-RESA anti bodi es.
Fnhibition was variable with typical results show ng 20-40% i nhibition

pared with
F{ RA
from 65

regcted stron
ynorphic g
(FC27, 1 MR143
restricted w

(data not sho
of varying si
and present i
most likely r
PCT/ AU85/ 0022
detected in o
presunably ve
accord with a
of the FIRA p
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The degree of

4

coritrol cultures. 15 RESULTS - FIRA cDNA cl ones expressing _

o¥éfo1sbrnes reacted with up to 93% of a set of rrore?&'rlam;ssmzm&@

i ndi viduals, varying in 20 clinical status. Further, they gave

t hef nost intense signals with a mpjority of the sera, although many sera

gly with additional clones. EIRA is encoded by a single
ene 25 Chr onosonmal DNA falom 5 P.fal ci parum i sol at es

revme] 44, MAD71 f Pap New Gui i Gh
PR SRR AR AL IR0 EARRF Sl AP AR P Ot NG,
I n each i sol atdeteztedndine ondyy S| differel® kisolasndd, ftleyrmtabyhumisbzed 30

8 1R 1ed" 18 by Yard) S, U ML TR ¢

Frageents sizee inneach dacdaterds din fageand mighent . si zes

%?qsqat nbhe" 2Rt bAbod atade FlAskibdiun 086/ 01802
3 21 -F gene. As at |east three arfferent alleles were

nly 5 different isolates, the total nunber of alleles is

onpeg . i pecx. | e ypepti
(Fig. 9) were purified by affinity chromatography. In
Western blots the antibodies reacted strongly with a '
P.falciparum polypeptide of very large apparent size,
nominally of Mr >300,000, that was present in each

"isolate (Fig.SC). Aithough there were no accurate size

18

20

markers in this extreme range, the mobility of FIRA was
considerably less than that of the Mr 200,000 S antigen
of FC27. 1Isoclate differences in the sizes of FIRA
polypeptides that might be expected to correlate with
the slight differences in size of the DNA fragments
could not be detected (Fig. 9C). The antibodies also
reacted weakly and variably with a number'of_smaller

"polypeptides (Fig. 9C), presumably proteolytic cléavage

25

products of the Mr >300,000 molecule. The control .
antibodies, purified from the same serum on a vector
absorbent did not react (Fig.9D)."Further, antibodies
purified from the same serum on absorbents from .other
antigen-positive clones reacted specifically'with other

polypeptides, not the Mr >300,000 polypeptide (data not

- 30

shown) .

It is concluded that FIRA is a very large
polypeptide that is expressed in each isolate of

 B.falciparum tested, and that antibodies to the allele

35

of FIRA expressed by FC27 cross-react with the alleles
expressed by K1 and NF7. ' '

ggeh&ﬁg&cafhenSbtghbefE&gggm@ﬂg@ggg#gggaoh isolate is in
I Oédag%ngggibg l%T 00 ﬁtca%%r 1_313m}cha,‘mpelr enti fJé:éat i on

“



, Human anti bodi es specific for the FIRA polypeptide (Fig. 9) were purifired >
by affinity chromatography. 1In 10 Western blots the anti bodi es reactfed
strongly with a P.fal ciparum pol ypepti de of very |arge apparent size|
;s nom nally of M >300, 000, that was present in each isolate (Fig.9C).
Al though t W0 86/0%802 no accurate size markers in this extrene r @OPAL
- mobility of FIRA was 15 considerably |ess than that of the M 200,000 S
ﬁﬁfgen of FC27. lsolate differences in the sizes of FIRA pol ypeptides that
m ght be expected to correlate with the slight differences in size of the
DNA fragments coul d not ‘be detected (Fig. 9¢f. The antlbodles al so 20
reacted weakly 2 h | (peg (Fig.
9C), presumabl =5 ; ‘ - ' Rol ecul e.
The control antlbodlﬁng ;ﬁﬁlilt&hpmnnfieé bwmansentﬁbodxesvanﬂoseaﬁmorbent
di d not react (ff&n%% e FHitlif zed i BRI £Sné @Eﬁifb?dgfeﬁﬂ&}&hS SR oonT
ot e

on absorbents from antlgen positive c on eclifrca
ot her pol ypept Ag231 ke xfacted wbth pertpret pacasites &gpnsnmmg 30

It is conclgelde ﬂd‘iﬁénﬁ F&hdSaPsdewtrhaéam@Oéaﬁeaihﬂﬁ t Bihhatdrgxpressed in
each isol at

FI RA expressed W'%%Y (r)g%maéisz’f:‘?gﬁ ?E %E&‘ng;gggg‘lig?@t%gEghgyalKllelaﬁdOf

NF7. 35 W& iiBtinfected cells was uneven and apparently

T o SRR A A

Ag231 or menberis dfikedy that FIRA is external to the paraSLte, )

' 10 although no staxnlng of the erythrocyte surface was
detected when the antibodies were reacted in suspension
with non-fixed parasitized cells or with lightly
glutaraldehyde~fixed and air-dried monolayers”of
parasitized erythrocytes (12).

N

15 _
The stage specificity of FIRA is therefore in some

ways analogous to RESA (2). Hybridization of cDNA
prepared from mRNA of highly purified merozoites to the
array of 133 colonies revealed another parallel with
20 RESA. All members of the Ag231 family hybridized to
merozoite cDNA. Remarkably, the only other clones in
_ this array or in a separate array of 78 antigen positive
IV clones, that hybridize to merozoite cDNA encode RESA
(2,13). Hence FIRA and RESA mRNAs are unusual among
25 mRNAs for P.falciparum antigens in that they are greatly
enriched in merozoites.

FIRA Sequence

The chromosomal clone encompassing the AhaIII
30 fragment,'clonéd in Agtl0 and designated Ag231.5 has
been fully sequenced. The gene contains an intervening
sequence and is remafkably like RESA in overall
structure. Exon 1 consists of a segment that may be a
signal peptide (although it is very short), then a

35



Ag231 famly reacted with mature parasites (containing 5 pignment) and al so
with cells containing immature (ring-form parasites. The fluorescence over
1g- |nfected cells was uneven and apparently distributed beyond the limts .
rasi.te. Hence it is likely that FIRAis external to the parasite,

2 th.o 9”@@9@ ning of the erythrocyte surface was det ectw/vﬂeﬂﬁ/qoﬁ&\:
pjodi es were reacted in suspension with non-fixed parasitized cells or
i ghtly glutaral dehyde-fixed and air-dried nonol ayers of parasitized
rocytes (12). 15 The stage specificity, of FIRAis therefore in sone-

ways anal ogous to RESA (2). warldlzatlon of cDNA prepared fron1nRNA of

hi ghly purifi | ther
paral lel wt hggaqﬁésﬁg k?ar#%%telﬁgao e ,6‘\:1%1 aﬁl{ ﬁrl zg

mer ozoi te cDNAE ReEndncRgiIrged paing f%‘t g‘?%e‘é‘#@ﬂ#ﬂ@%rﬁ%ﬁﬂ%ﬂ“ n a
separate arraysofioédtaat 'iﬂﬁx%dﬁ.@itletl' ed:aam dd aih {3 ¥d Kl &8, 13, MET OZOi t e
cDNA encode Rg é% 1%’. Hence FI A NRNAs ar e unusual am)nsgﬁc%S
MRNAS f or FErpRPORLE SEERD n wa}w FeanFe s FRRPQ
nerozoitess FoBAbTeaksnod Tepetitivesaml itltemspErssdanai-wepdeitined || 30

fragment, cl ogggue Agt 101@”‘3.1‘16%&%851;(1:@?:3 e}ﬁ%ﬂ$%%4e44%ese uenced

The gene cont 8508t ervent ng sequence an
overal | strucggrgroBpsnof &3dniexamests,a bydyrthe mdat fh‘awltmlm of gﬂ'a':tse

gg_r;; 'A335§ Sl)tz gmh {htle? spRirkedN Aon-rdditi tivey sequiddddy L8&0%, there
%s a block of 39 hexamers. It appears that a deletion

10 at the 3' end has altered the linker - Aha ]01n. so’ the o/
structure at the 3' end is uncertain.

Cross-reactions amongst repeats
. Human antibodies affinity-purified on Ag231;6

15 (FIRA) when tested in an ELISA gave a very strong signal
on Ag231.6, a weaker but very definite signal on
Agl3.1.7.5 (RESA 5' repeat), and no signal on Agl3 (RESA
3' repeat) (Figure 10). This cross-reaction is
consistent with the sequence homology between the

op repeats in these otherwise distinct antigens.

A full description of the preparation of ' W
recombinant DNA molecules, and of recombinant DNA
cloning vehicles and vectors, of host'cell-cloning

25 vehicle combinations; and of the expression of
polypeptides by host cells is contained in International
Patent Specification No. PCT/AU84/00016. This
specification also describes in detail the use of DNA
molecules and polypeptides expressed thereby in

30 serclogical diegnosis, and in the preparation of single
and multivalent vaccines for stimulating protective
antibodies against Plasmodie. That description is
equally appllcable to the present invention and is
1ncorporated herein by reference.
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23 region of hydrophilic amino acid followed by a stretch of 32 uncharged
amno acids. The intervening sequence is |ocated i mediately adjacent to
this relatively hydrophobic segnent.” The renai ni ng sequence is conposed
Bl ocks of repetitive and interspersed non-repetitive sequences. In all"
cases, the repetitive sequences occur as groups of 13 hexaners, but th
mos¢.5' group of these lack interspersed non-repetitive sequences - i.&,
there is a block of 39 hexamers. It appears that a deletion 10 at the 3
end has altered the linker - Aha join, so the structure at the 3" end is
uncertain. Cross-reactions anongst repeats Human anti bodi es N
af f ified on.Ag231.6 15 (FI RA) when tested in peirAt8sy00z23c a very -~
str})@g&qugﬂ% on Ag231.6, a weaker but very definite s?gnal gﬁl Agl13.1.7.5
(RESA 5' repeat), and no signal on Agl3 (RESA 3' repeat) (Figure 10). This
cross-reaction is consistent wwth the sequence honol ogy between the 20

repeats in these otherw se distinct2dntigens. A full description of the
preparation of reconbi nant DNA nol ecul es, and of reconbi nant DNA cl oni ng

" vehicles and vectors, of host cell-cloning 25 vehicle conbinations, and of

t he expression of polypeptldes by host cells is contained in Internatlonal

Pat ent Specification No. PCT/ AU84/00016. This specification also describes

in detail the use of DNA nol ec REFERENGES,| ypepti des expressed thereby in 30
serol ogi cal di agnosi s, and in the preparation of single and nultival ent
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reconbi hant DR A}ﬁ§'cule codi nqg for an imrunogeni c pol ypeptide of an

asexual bl ood stage of P. falciparum said nolecule conprising a nucleotide
sequence substanti al VeéﬁmeﬁBﬁBEbNg in&é.bbﬁl&uebe(itniqd@o'i &mﬁencef aszshown
in Figure 7 oy_an_ | RQgenk c- pticde _encodin rtion thereo . A
r econbi nant DNR%ﬁB#ggﬁfg §8%%PE§ %gg E oSPiSﬁegPaah§&88@I§5flﬁé sequence of
- Figure 1 or aoflepenfaitépdbumar samtl mbéeeuﬂesaohpthsungpannanﬂee&sﬂ@n of
sai d DNA nol e I ct8d 0

(EENV) 4 and Eﬁgéﬁﬁﬂgﬁwggﬂgegﬁg&glﬂg XBgEEggsga§h§ %E ngntggﬁi no ecule as
clai med i n5 15se@nanae1asr sbParmip RApEKei d Qrcponingupegenic-polypenside

wherein the seqd88EfgCPErBIchOEhagka sl MuNogeni ¢ pol ypeptide is operatively
i nked to an expreSS|on control sequence.

2. A recombinant DNA molecule comprising a portion
; ~ of the nucleotide sequence of Figure 1 or a degenerate -
10 variant thereof such that upon expression of said .
DNA molecule an immunogenic polypeptide selected
from EENVEHDA, (EENV), and DDERVEEPTVAY is obtained.

3. A recombinant DNA molecule as claimed in

15 claim 1 or claim 2 which is a cloning vehicle or
vector wherein the sequence coding for said immunogenic
polypeptide is operatively linked to an expression
control sequence.

20 4. A recombinant DNA molecule as claimed in
any one of ciaims 1 to 3 wherein the said coding
- sequence and the said expression control sequence
are inserted into a bacteriophage.

25 5. A recombinant DNA molecule as claimed in
claim 4 wherein said bacteriophage is bacteriophage

amp 3.

6. A host cell containing a recombinant DNA
30 molecule as claimed in any one of claims 1 to 5.

7. A synthetic polvpept1de displaying the antlgeniC1ty
of an immunogenic polyneptide of an asexual blood

To* c L M S *




mhere'n t\Ne sai d codi ng sequence and the gai.d expression control sequence
: d into a bacteriophage. 25 5. A reconbi nant DNA nol ecul e as
\claim 4 wherein said bacteriophage is bacteriophage Amp 3. 6.

t‘%éﬁué@ e stbsY. cﬁ“éﬁgifypg&ypggﬁgﬁglgbsggagéegaﬁQﬁaantigenicity

ogeni ¢ po ypept i an asexua ge of P

the am no aci GperNENha¥eshoWn in Figure 7 or an i munogenic portion

thereof. 5 8. A pol ypeptide as clainmed in claim7 which is a fused

polypeptide;mherein a pol ypeptide displaying the antigenicity of an

i munogeni ¢ pd.ypepth dobfpept bdexaml chbaitwedsingelalmP7 whlichparumi s

j oined 10 at tjhe e | Lde. 9.
Wosynt heti ¢ pdy o BELIde S AEThL00th, UBEIIBBELAR UEER1Thg

pol ypept i de oﬁhﬁwﬁﬂﬁwaﬁﬂ1Qﬂ¥XxP%t%©e1%muF°q¢al€|BQlMﬁﬁBéléeted from
EENVEHDA, 15 (d#ENW 4 s DB 4T \ébagd Oof PA*EQﬂEggb}hﬂ”iéoﬁo§BéHU|at'”9

| nmune r esponses alnst P., fal ci arun1 I sing at
"l east one %mmﬁﬁxﬁﬁ% d@g §§E£95?12898F6 8 g;aggfgpeptlge.

fal ci parum encoded by a COQ|ng sequence as defined in claiml1 or claim2
together withe phaeail & & YoSFesebePhé aREpIGL1hEChELhenicity

of an immunogenic polypeptide of an asexual blood

stage of P. falciparum selected from EENVEHDA, o \.)

15 (EENV) 4 and DDEHVEEPTVAY.

10. A compbsition for stimulating immune responses
against P. falciparum antigens in a mammal comprising
at leasé one immunogenic polypeptide of an asexual

20 blood stage of P. falciparum encoded by a coding
sequence as defined in claim 1 or claim 2 together
with a pharmaceutically acceptable carrier therefor.

11. A composition as claimed in claim 10, further
25 comprising an adjuvant. '

12, A composition for stimulating immune responses
against P. falciparum antigens in é mammal, comprising
a virus or microorganism in association with a

30 pharmaceutically acceptable carrier, the virus
or microorganism having inserted therein a DNA
molecule comprising a coding sequence for an immunogenic
polypeptide of an asexual blood stage of P, falciparum
as defined in claim 1 or cla1m 2 capable of being

35 expressed. '
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11. A conposition as clainmed in claim 10, further 25 conprising an

adj uvant. 12. A conposition for stinulatgng i nmune responses agai nst P.
falci parum antigens in a mammal , conprising a virus or mcroorgani smin
association with1a.30 pnarimmoedigecdld polypeEptide exidded byt e a8dilsg or
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- 28 - 13. AN plMERQEARaG urO laHRaRldrde encoded by a coding sequence as
defined in claimIT or ctTaimZ for stinmulating an i mmune response-in a
mammal agai nst one or nore P. falciparum antigens. -
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