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‘have been described in several Pl asnodi um f al ci parum strains, (9, 13-15)
and Pl asnodi al species (16,17). 15 Several proteins and gl ycoproteins of M
.35-45 kDa and 50-60 kDa from Pl asnodi um.fal ci parum have been detected using
[err] surface | abelling of mature schizont- stage parasites (4,18) however,
a precursor/product relationship with high2M antigens 20 has not been
ascribed to these. One nethod for the identification of antigens of the
asexual bl ood stages of the Pl asnodi um f al ci parum parasite which can be
used to generat L o (o2 ) |krhti)genshe-gnawlfh=df byai d parasite

conprises: 25 (&RSy_g, 400 ng R ol,at, n_vrtro

t hegeby produci ng er ) ro'c"y't e% |éﬁs'%oy- %'h %hga #215 %I um cr“parum
parasite; (b) f°51@§wq3u1ﬂftTﬁﬁQ;ngﬁrsmtyaes memo¢ehe wne'aasnnn3|ng
mce with the pypicfii8d K ENTACH e (fleisensf HRLRY SRleeeN cells fromthe

I mmuni sed m ce mnth a nouse nyelona cel |l TThe to produce hybridomas; (e)
testing the §ON & BMRDD LaR S B tad mkﬁucbﬁn%e segupy (6hd hyils itorms to

identify those Fi'hoqgm ld 54 V&['H (V1% s?ggeégn aoehggaﬁbgan&r bodi es agai nst

t he Pl asnodi um crparunrparasr aracterti si t he nonocl ona
antiparasite 5 m H)g)ehich b?e?;é‘i‘r-%@shéééepzi?élpﬁ’eﬁlafﬂtdud By

injecting mce kBhigRerds ceraﬁalglzsbdesté“edw@él@eﬂars. | proeeisls RE M-
88, 42 and .
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| (PMMSA) .
Mt immunity 2
have teen described in several Plasmodium falcisarum
3, 13-15) and Plasmodial species (15,17).
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malaria in saimiri meonkeys (12). The

cteins and glycoproteins of Mr 33-45 XDa
and 50-60 xCa from Plasmodium falcizarum have sesen
detected using 125I-surface labelling of mature
schizont- stage parasites (4,18) however, a
precu*sc*/r::c;ce relatzonsnln Wwith high Mr ancigens
has not teen ascribed to these. _

One method for the identification of -
antxgens of - '
Plasmodium falciparum parasite which can be used to
\ generate antibodies able to inhibit the growth of
said parasice comprises:' o _ o
(a) grewing Plasmodium falciparum isolates in
vitro thersty producing ervthroey“es infected with
the Plasmodium falciparym parasite;

(b) purifying these erythrocytes;

20

the asexual blood stages of the

(c) - _11nun~szng mice with the purz‘zed
erythrocyte _

(@) - fusing spleen cells from the immunised mice
'with a mcuse myeloma cell line to produce hybridomas;
(e) testing the monoclonal antibodies procduced
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nonocl onal anti parasite antibodies; (h) extracting and purifying
nonocl onal 10 antibodies fromthese ascites fluids; (i) "addi ng the
purified antibodies to Plasnodiumfalciparumecultures in vitro and

~ subsequently exam ning the cultures for a decrease in the multiplication

rate of the parasites; 15 () characterising t he anti gen recogni sed
by each inhibitory nonocl onal antibod? i dentifying the cellular
di stribution of the antigen and the stage of parasite maturation during
which it .is present. ' According to one aspect of the present.

i nvention, Vidéd 0z0l rfac nt i of . the asexual .-
bl ood sta é}smﬁgﬁlggﬁﬁgoﬁiﬁﬁ a‘i%i Jp‘i?ﬁm%yvﬁg‘eﬁ% S‘Ygii‘a‘r‘gi‘?%rik%ﬂs by: (i)
havi ng an wapipzh esecrettec miomockowhl antibedies against twRe&ge of '
appr oxi mat (i .. being .a glycoprotein incorporating
myristic é@#%?iéiigﬁ 312 mbs?%ﬁ?FaFFy i dentical with an antigen which
is present(f) rstly ehaxatitfduseinytoheamonocidnal antiparéoieéi sation and
in natyreegﬁgqggg%égbeing | ocated on the surface nenbrane of nerozoites;

(1v) bei n fi sed by nonocl onal anti bodi es agai nst 4 the asexual
bl ood st agls) of P. f pireipgariurg whoesei abchitesparlasid eoyr dinf &ct bngi tro; and

anti geni ¢ TGS khPEaREsdd ML ETMERER by R Bind feal B SereBind o122
(al so cal Ireh@YMSSA) dedcimdedis i be denbiibokddres ;n, or an antigenic fragnment
(h) extracting and purifying monoclonal
10 antibodies from these ascites fluids:
(1) adding the purified antibodies to lasnoglgm
falciparum cultures in vitro and subsequently
examining the cultures for a decreéase in the
multiplication rate of the parasites;
15 (3) characterising the antigen recogniSed by
each inhibitory monoclonal antlbody, -
(k. identifying the cellular dlstr1but1on of the
antigen and the stage of para51te maturatlon during
which it is present.
20 According to one aspect of the present
invention, there is prov1ded a merozolte surface
ant1gen of the asexual blood stages of Plasmodium -
falciparum , which is character1sed by.
(i) having an apparent molecular welght in the
25 ~ range of apprpxlmately 41 kDa to 53 kDa:
(ii)  being a glycoprotein incorporating myristic
acid; ' |
(1ii) being substantially'identical with an antigen which
is pfesent firstly as a diffuse cytoplasmic
30 “ localisation and in mature schizonts being located
'lqn the surface membrane of.merozoites4-_ '

(iv) _ béiﬁé reqognised_by monoclonal antibodies against



‘thereof. The size of the antigen of the present invention on a series of

pol yacryl am de gels has been 10 ascertai ned using nonocl onal anti bodies
8Gl0/v48, 9E3/48 and 8F6/49 described herein, as well as with certain
Saffinity-purified naturally occurring human antibodies. Al antibodies give
I dentical bands on Western blotting, and the principal band recogni sed 15
mgrates as a diffuse band with apparent, sizes of 53 kDa, 51 kDa, 44 kDa
and 41 kDa on 7.5% 10% 12.5% and 1596§crylan1de gel s respectively when
conpared with the nobility of standard proteins. Follow ng investigation of
t he deduced am no 20 acid sequence of the antigen of the present

i ngention,and.the putative epitope thereof, by a scanning technique, it has
been determined that thes tasexsaluehoed @taqﬂe afit Pg€albipdrwumt Whiighi bitory
nonocl onal anti bodi es; Wi &y §§P%§i§ épgwggtigengLOZS Ehg I nvention.
Accordingly, in anot Her . aspec ent es an antigenic
fragment of (an antlgdhﬂt#nqﬂ%@emﬁmkmmfémtﬁpaﬁqhﬁnﬂhléﬁtlguéhaﬂaeﬂSPﬁge& by
i ncl usi on |%gfg%egag§béﬁi@ §@g%@@§@ thereof . of the sequence

Ser - Thr - Asn- Ser ( STNS) or t sequence, Ser - Asn- Thr - Asn- Ser.- Val -( SNTNSV)
or an an$|g@mQ§ﬁ4%b%&t|9%ﬁs%ﬁGéﬂeé %%IéPEHg?ﬂeQEiBZb§aéﬁPn6aé&Fd-deletlon

and/ or substdymBdon. adéer Phesenh davedliReraing ext apdantdganliybrirdgerit

|l i ne which produces an antibody which is =~ 5 specific for an antigen of
t he present § ron, as well as to an antibody produced by such a hybrid
cell Iine.

The size of the antigen of the present
invention on a series of polyacrylamide gels has been
10 ascertained using monoclonal antibodies 8G10/48,
9E3/48 and 8F6/49 described herein, as well as with
certain affinity-purified naturally occurring human
antibodies. All antibodies give identical bands on
Western bloéting, and the principal band recognised
15 migrates as a diffuse band with apparent sizes of
53 kDa, 51 kDa, 44 kDa and 41 kDa on 7.5%, 10%, 12.5%
and 15% acrylamide gels respectively when compared
with the mobility of standard proteins.
Followinglinvestigatiqn of the deduced amino
29 @acid sequence of the antigen*of-the present
invention,'and the putative epitope thereof, by a
scanning technique, it has been.determinéd_that
certain sequences of the antigen bind with inhibitory
monoclonal antibodies which recognise the antigen of
25 the invention. '
' ' Accordingly, in another aspect the present invention
provides an antigenic fragment of an antigen of Plasmodium

falciparum, which is characterised by inclusion in the amino

acid sequence thereof of the sequence Ser-Thr-Asn-Ser (STNS)
30 ©or the sequence Ser-Asn-Thr-Asn-Ser-~Val (SNTNSV) or an

antigenically active sequence related thereto by amino acid

deletion and/or substitution.
The present invention also extends to a
hybrid cell line which produces an antibody which is



Preferably the antibody is the nonoclonal 5 anti body 8G10/48, 9E3/48 or
8F6/ 49 described in detail herein. Mnoclonal antibody 8GL0/48.is produced
by the hybrid cell line deposited at the European Coll ection of Animl Cel
Cul tures, Porton Down, Salisbury, England, on July 10, 1987 under No. 10
87071010. In yet another aspect, the pgesent invention also relates to an
antigen of Plasnodiumfalciparum which is recognised by the nonocl onal

anti body 8Gl0/48, 9E3/48 or 8F6/49. 15 Monocl onal anti bodi es -of
the present inveption are characterised in that they either prevent rel ease
of or oz0i tRREFHE LC L ABTHRSOA L 1AM OF . LA PRESENES WA tRIM 25 provent
these nmerozgelesaér oo anvaditigpddye pesdbteadbgelsuehofa hiyde D eell -
i ndi vidual ., The invention al so provides use of an antibody according to the
pr esent i nvEH®on for the preparation of a vacci ne conposition for

passi vel y i muni si ngPzelfextabslgai tis¢ Hhesbodiudsl alhe ponoeldadal - The
I nvention al so. prqQvi of tigepeaccardi na t.q the. present

i nvent idn o?nﬁ?‘lg%a?i 8§ﬁ'io%§‘?ar'ag%€$/tf€h%?e8r~g?gg_ gﬁé%ﬁrlé)ea‘{la]tlpon of a vacci ne
conposi ti ondévaidcherelin.i mMMonadhonal hastibodiynSiG1R/A&810is um f al ci par um

Tvent i on. SodhedhrBy End i Ba S RERI1 P SR deBb ALY tond ¢ DUEEab o
carrier or Eatopean 6pldedtien  gf chnddplivErll Twdtures. rRerténn al so
provides a asal V8a13etiy CHRG1SHEY 8R S0LY AW, ofgdNe iSRS . i nvention,
10 87071010. | |
In yet another aspect, the present invention
also relates to an antigen of Plasmodium falciparum,
which is recognised by the monoclonal antibody
8G10/48, 9E3/48 or 8F6/49. | |
15 Monoclonal antibodies of the present

o/

invention are characterised in that they either
prevent release of merozoites into the blood stream
of an infected individual, or prevent these
merozoites from invading the red blood cells of such
an individual. S | B

20
The invention also provides use of an antibody
according to the present invention for the'preparation of a
vaccine composition for passively immunising a host against \J
Plasmodium falciparum. '
25 The invention also provides use of an antigen

according to the present invention or an antigenic fragment

the pregarasion of a_ vascine Compositien for . .
thereof forLfgtlvely_lmmunlslng a host against Plasmodium
falciparum.

The invention provides a vaccine comprising

- -

30 an antigen of the present invention, or an ‘antigenic
fragment thereof, a pharmaceutically acceptable
carrier or diluent, an optionally an adjuvant. The



phar maceutically acceptable carrier or diluent. As a result of applying the
general 5 techniques described above, a range of nonocl onal anti bodies
have been identified as able to inhibit the gromh of nmalaria in vitro, and
these nmonocl onal anti bodi es have been investigated in greater detail as

out'l i ned above. 10 Monocl onal anti bodies were purified by
affinity chr omat ogr aphy on Protein A Sepharose (Regi stered Trade
Mar k Pharnmaci a) and were tested for ignhi bi tion of invasion using a

simlar nethod to that described in 15 Schofield (19). Briefly, purified
nonocl onal anti bodies in 1640 medi um were added to synchroni sed parasites

at hng stage andenmdubatd 8o of rbHeqpar asi Gt nued to allow
reinvasion. [erg] Qﬁ%QE@)'nqﬁé3-4[err]) grbfgéﬁqﬁ%ﬁﬁ%?%hT%iﬂ%m261§3n4[err])
was added to each wel’l d Yr i@ BFesSABtpaAnysinta el cavedl 50 proceed to

t rophozoite stpjerméceutdrd WeEE ted,. . protein precipitated with

i ce cold 10@6trichloro-acetiﬁﬁﬁcid %ﬁ?éﬁgPaggnﬂ Qaqqléiﬁ%?nﬁhe filters

were washed and the 25 gadhogelshMitd Ly measured in a
scintillation ﬁ:oucﬂ% er. The cl ass.uand)esﬁfjbcq Blxita el aener by
i munodi f f usi o SRR eSsAR§Cribed abaveera spegef b€ fronodlesal gM | gd
| gRa, | g&Rb arhtdigFodies 7ThEFAMBeenl M4 n haods Par gsi t.es
Parasite |ine ES%%Z?/F’C%M@ﬁ grown_i#; d¥?fﬂeé-gswghle o Inhibit
growth of malaria in vitro, and these monoclonal
antibodies have been investigated in greater detail

as outlined above.

10 Monoclonal antibodies were purified
by affinity chromatography on Protein A
Sepharose (Registered Trade Mark Pharmacia)
and were tested for inhibition 6f

invasion using a similar method to that described in

15 Schofield (19). Briefly, purified monoclonal
antibodies in 1640 medium were added to synchrénised
parasites at ring stage and incubation of the
parasites continued to allow reinvasion. [3551
Methionine (3-4uCi) or [3H]-hypoxanthine

20 (3-4uCi) was added to each well and growth of the

L parasite allowed to proceed to trophozoite stage.

The samples were harvested, protein precipitated with
ice cold 10% trichloro-acetic acid onto glass fibre
filters, the filters were washed and the

25 radioactivity remaining was measured in a
scintillation counter. The class and subclass was
determined by immunodiffusion in agar using rabbit
antisera specific for mouse IgM, IgGl, IgG2a, IgG2b
and Ig3. ' o -



5 culture by a nodification (21) of the nethod of Trager and Jensen (22).
The parasites were grown in synchronous culture using nmultiple sorbitol
treatments as described (23). Antidodies 10 Muri ne hybri domas
were produced by the nethod of Galfre et.al. (24) as described (25). The

i muni sation regime and fusion were perforfred by i mmunising a nouse with
[err] red cells infected wwth mature schizonts of the PNG isolate 15

FCQ 27/ PNG. These cells were purified fromculture by the nethod of Sau
et.al.(41). The cells were injected intraperitoneally with 0.1 m Freund' s
conpl ete adjuvant. The mce were boosted 4 weeks |ater by an intravenous..
injection of 5 x 106 20 schizont infected red cells in saline. Asimlar »/
boost was gi vere8MBEZalfurt her 2 weeks. Four days after the |ast

i nj ection, thegﬁglgena¢ekya ﬂg&esﬁﬁfvested and fused. Monocl onal anti bodi es
8G10/ 48 and 9E el ong e 1gG subclass as detern ned by
Qucht erl ony i nmaB@EiE88i on i n agarose. Mnocl onal antibody 8F6/49 is an

| gG3 anti body. Antlbod|egawgggtkaﬁeuéﬂ%dgjjngﬁd]wé§|@go&ge hodogen
procedure of Fraker and Speck . I'munof | uor escence” assay Thin filns of

schi zont - stage‘ﬁh*%%r?ebEuFtGP é\MQQ¥%9Wxﬁ%kﬁtQ§n%h$ mesheEeOfi xed for 35
B 20min in acetPrgcat haer FaABEnai(zayi echneSigslofs 164 # hoEuDYLEMnOYar i oh!

at [err] with allquots of hybridoma
synchzrenous -ulture .using multiple sorbitol
t:eatments as described (23).
Antibodies _
10 Murine hybridomas. were produced by the
method of Galfre et.al. (24) as described (25).

'The lmmunlsatlon regime and fusion were
performed by immunising a mouse with 10’ red cells
infected with mature schizonts of the PNG isolats
FCQ-27/PNG. These cells were purified from culture
by the method of Saul et.al.- (41). The cells wers
injected intraperitoneally with 0.1 ml Freﬁnd;s'
complete adjuvant. The mice were boosted 4 Qeeks
later by an intravenous injection'of 5 x'lo6
20 schizont infscted red cells in saline. A similar

boost was given after .a further 2 weeks.  Four days
after the last injection, the spleen cells were p o
harvested and fused. "
Monoclonal antibodies 8G10/48 and 9E3/48
25 belong tq_the IgG2b subclass as determined by

Ouchterlony immunodiffusion in agarose. Monoclonal
antibody 8F&/49 is an_.-IgG3 antibody. Antibodies
were labelled with 1251 using the Iodogen procedure
of Fraker and Speck (26).

ITmiT esca

'—l
w

30 -
Thin films of schizont-stage parasite

cultures with a parasitemia > 5% were fixed for



_supernatants at high humdity and washed twi ce for 15mn with PBS.
mcrolitres of f{uorescein- 5 conjugated, affinity-purified goat
anti-nmouse 1gG (1 [err], Kirkegaard and Perry Lab.Inc., Maryland, USA) in
PBS containing 5% (wv) lowfat mlk povwgler were applied as the seco
anti body. Follow ng 2h incubation at [err] filnms again were washed twice in
10 PBS for 15mn and blotted dry. Slides were nmounted in 90% (v/v) glycerol

containing 0.2Mil{isy 20ePOnBl ak NyQPyln

abialgrand exafiped Y3

Fifty

nd

an

A ympus BH2 U.V. fluorescence mcrosco e..?n an alternative procedure, thin
siears 15 wernGiRRUeE oRYSERA BN ah AJC Pk BBi Bddauesisardd MypPrdaiomnd ne

sed{ent at i ons g A S€ahel! sef Wit iuREE] OPan t«a;mh Bl dor' 1] for

30m n.

The

parasites were reacted wth Mb_ 8F6/ 49
hybri doma cul}3min wield BR8-| ufdptramierelitsesie

supernatants o

. flgoxesisednn 0. OLM

phosphat esbulde il 3eki1oa £ ilnt c (AT 1 8aigben abieaahfha Ly |por escel 1

conj ugat ed goat

odi es to nmouse | nmunogl

washed cel | s Wkl t herKyFE@8a3ERAdSMAURLITY | haPndffon MALXA 208y npus
(Regi stered Tyeglp MRr BBS28oWe@HIBGRPS Y {9/ 2PPNORUIEALE nfil K Yowder

| mmunoel ectron m croscop

bulins for 3h at 37 C. The

Parasitized erythrocytes were harvested from

s.nchronous(ﬁﬁf%réepiﬁeéhéspﬁﬁ§éﬁ§$Qﬁdléﬂﬁéﬁpﬂﬂ*anEQ%ﬁQWkﬂ91%WO [err])

to reduce invagt@PaeioR0aer BioPOBA Bs 2daPhoRlre We e Wlad iign of
nmeor zoites clustered around Qﬁﬁé{ZOIn £;8nent %ranules (27). Parasitised

celI's wera0i nfRBDafes L8180

oBeeshi €RYmon

[err] ) in 10pmdbiev)vipdiyBerdl hcdhtaining 0.2M Tris, SO pg

S

20
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ml"l N-propyl gallate and examined using an Olympus
BH2 U.V. fluorescence microscope.’

In an alternative procedure, thin smears
were made from schizont stage parasites isolated by
gelatine sedimentation and the cells fixed in '
acetone: methanol 9:1 at -20°C for 30min. The
parasites were reacted with Mab 8F6/49 ¢supernatants
of hybridoma cultures used undiluted) at 4°C for 1l6h,
washed in 0.01M phosphate buffered saline, pH 7.2
(?BS), and then treated with fluorescein conjugated
goat antibodies to mouse immunoglobulins for 3h at
37°C. The washed cells were then viewed under U.V.
iiiumination in an Olympus (Registeredé Trade Mark}
microscope with appropriate filters.

Innunoelectron microscop '

Parasitized erythrocytes were narvested frcnm
synchronous cultures in the presence of leupeptin and
anzipain (10 ug ml-l) to reduce invasicn of |
ervthrocytes and promote the accumulation of
meorzoites clustered around haemazoin pigment
granules (27). Parasitised cells were ‘incubated for
3C¢min at 20°C with monoclonal antibody (50 g
mi”Y) in 100mM Na,HPO, (pH7.4) with

GRS “ERS RBPYED [err]



‘9 intermttent agitation. Antibodies recognising intra-paraSite antigens
werg used as controls. The cells were washed.three tinmes in phosphate
buffer and incubated for 30mn with goat anti-nouse colloidal 5 gol d
(Janssen Life Sciences, 1/20 dilution in 100nM [err]) wth constant
agitation. Cells then were rinsed in %rosphate buffer prior to fixation for
one hour in 100mMM sodi um cacodyl ate/ HCl buffer (pH7.4) containing 120mM
sucrose and 3% (v/v) 10 glutaral dehyde. Fixed cells were washed in
phosphat e buffer, post fixed in 2% (wv) osmumtetroxide for |h and 2%

(W V) uranyntgégﬂﬁﬁ§qua%Bﬁ?ﬁl°“F|nﬁqﬁﬁb94k?$|R%G°%EFF%“ﬂere dehydr at ed -

in a seri e§nef:aalp<aqm.4§t@nslnem§ea@.ed,eﬂé QUuEd Sas esbALEOLs24hTake 15 [err]~
Utrathin sections gé ée g cut ysing a dianmond knife 2nd nmount ed on
ni ckel gri G@llSSé'@cq%r%a ed t ﬁFPaé:tlé‘lF ShPhesRYptecBUSEETARART cad

citrate andnexdteasl £t nYomiRhuliiths dorgi Sl sfodsadecVabliaiM 400
el ectron m craoscope. 20 |pnhibi |0n of para hin vitro Protein A
affini Py- paPile fanssendyiias 5&&&&%%; %##ydggﬁgipﬁnF§e&°8mnLues of
FC& 27; F’NGNIanlx-%a@ vyelrrdéwhﬁgoast“im & i tsa teionk i ned115[ eheh culisg/urgeggglogmt
V) B s PhosMsgRa sl e de? BBTL ch 03 Redisemat o
medi um conbaienerbut . 1M gbmMosed idfin Jydd¢ddiF] aeE/8a) baliEed and RPM  1640.
(500, Lo 16, ERRRLATHS: 4 e SRt *b LS Gh1thS, i P
eitherlprob&utd%&ﬂdehyﬁg puFiifxiesd gl hsil wepeswakhEdon nmediospha ome. _
Experi ment %u\@efreer P%ég{”ﬁﬁ!xgﬁ q.lﬁadzr%‘pé&fés eosatfﬁm tetroxide for o/
1h and 2% (w/v) uranyl acetate for 30min. Finally,
the fixed cells were dehydrated in a series of
alcohols and embedded in Spurrs resin for 24h at.

15 70°C. Ultrathin sections (0.06y) were cut using a
diamond knife and mounted on nickel grids. Sections
were contrasted using uranyl acetate and lead citrate
and examined using a Philips (Registered Trade Mark)
EM 400 electron .microscope. T

20 Inhibition of parasi row in vitr

Protein A affinity-purified antibody was
added to highly-synchronised cultures of FCQ-27/PNG
in 96-well plates. The wells contained 45ul -’
culture medium, 10% (v/v) pooled human plasma

55 (0.01-1.0 mg ml~ ') with a 5% haematocrit and 1-2%
schizont parasitemia and Sul of test antibody. The
culture medium contained 11.1mM glucose, 40.3mM TES,
27.6mM NaHCO; and RPMI 1640. (Gibco Labs, Life
Technologies Inc., Grand Island, N.Y., U.S.A.).

30 Control wells were identical in all respects except
that they contained either protein A
affinity-purified normal mouse IgG or medium ‘alone.
Experiments were performed in quadruplicate. The
cultures were incubated overnight at 37°C. Following

35



“cul tures were incubated overnight at 37C. Followi ng 35 10 nerozoite

rel ease and subsequent re-invasion, 100[err] of culture nmedi um were added
,supplenented with 30 [err] hypoxanthine (Amershan).. The parasites were

all owed to develop for 40h to the 5 mat ure schi zont stage and harvested
by pipetting the well contents onto Watnman (Regi stered Trade Mark) gl ass
fibre discs which then were washed in trt@hl oroacetic acid and ethanol. The
dry discs were inmersed in 3m toluene scintillant and counted in a Packard
(Regi stered Trade 10 Mark) scintillation counter. Western blotting Mature
schi zont st ag@Sreroike rederrerNndtsubsegues texe—davad ibrth 1% (v/ v)

Trigon X100 {Raghsber ed1tudde il | éoga/b%'acgpfg(iggére}{éean(pHrzl), 5mM

EDTA and the 15 ol 'ow ng protease I nhrbrtors: chynostati n,
anti pain, |eupéphi 30 KCiody} -L-[ phHgpexanthénehldmershiaw) .ket one ( TPCK)
and 34 pg m thahgavhERided Siddoy] 18488 LECaEFNRG [ y sohgibl e
extracts were boiPedain Laenm i 20 éa&alggbeéfgﬁ 28 cgﬁ?gﬁﬁ?ngg % (v/v)

. nmp Lconta
[err] - n%rcaPREEBFRaSGN1IFAFGISHARR sanlr BagEpstede PYoiPet Wing of e nuous

SDS- sl ab pol yact ! & ten 98! of 830w ACKARI( §EY i s¥ep¥aSoRaBA! MBOKIC! H1wkED
.concentrations, rangipng from7.5%to 15% acryl am de in 25 particular
experiments. THRXYALSGR MRt BRAeN VBT cWaBhes APt FELEPLBFBaEeE2S) acid
Reac'lt)i \d/e ?nt ig?]?wmrlet ETHedd by ahecbiﬁdhegimﬁ\ea‘uéangnnem]ch—.omalane
anti body from ri super nat ant 1-10 ernr an err. oat
anti - Nouse an%q%rbtdklfi{)%n%?%%r??un@e& £n & ngker ](}ieglstLred T833%

10 Mark) scintillation counter. .

Western blotting

Mature schizont stages of the FCQ-27/PNG strain were
extracted with 1% (v/v) Triton X-100 (Registered Trade Mark) in

150mM NaCl, 50mM Tris (pH7.4), 5mM EDTA and the

15 following protease inhibitors: 5-10 ug m1~t

chymostatin, antipain, leupeptin, N-tosyl-L-

phenylalanine chloromethyl ketone (TPCK) and 34 ug

-1 phenylmethylsulfonyl fluoride (PMSF).
Detergent-soluble extracts were boiled in Laemmli

20 sample buffer (28) containing 5% (v/v) B -
mercaptoéthanol and aliquots were separated onto a
discontinuous SDS-slab polyacrylamide gel (3%
stacking gel, 7.5% separating gel) with
concentrations ranging from 7.5% to 15% acrylamide in

ml

25 particular experiments. The gels were Western
blotted onto nitrocellulose (29). Reactive antigens
were detected by the binding of murine monoclonal
"antibody from hybridoma supernatants (1-10 ug

ml_l) and [12511 goat anti-mouse antibody (0.25 ug
10 ml™%, 1.3 uCi m1™}) followed by
autoradiography. [14

Cl-labelled Mr standards were
from Amersham. ' '
Immunoprecipitation.

' The o. josaccharide chains of parasite
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30 [err] , 1.3 [err] ) followed by autoradiography. lerr]-labelled M
standards were from Amersham | munopreci pitation. The o. gosaccharide
chai ns of parasite 35 gl ycoproteins were labelled with [6,[err]]
gl ucosam ne (Radi ochemical Centre, Anersham UK) utilising the |ate stages
of the FC27-Dl O cl one essentially as described (31). Briefly, 50[err] of
parasitised cells 5 were cultured overnight in | Ord medi um cont ai ni ng
ImCi [6, [err]] glucosam ne. Radioactive |abelling of trophozoites with
[err] nyristic acid was pefornmed according to Haldar, et.al. (31a). The
parasites then gmyeoypshednantelresqadyel el Wofer0[s o Of MIHBSBMEREPI t ati.on
buffer. 200[err] aliquots o; thet&ysate wer e reagted m4;h 50Ler[] of e/
monoc! onal anti@%ﬂ@l?th@FFP _ESHj &été$q§§QﬁWneﬁ$PAPE%phﬁFBsetﬁéads. The
15 08 PAGE 1o ek by Lot ooranr LB D F S ree H gaea 1) To ™Y
- o] | owe rogra : 3 gur ;
I ndi rect i m"run(ﬁqwgéﬁénééﬁtai ﬁrﬁgfd’é”t' %"Hpro(;dm%t]a%% o‘n’eﬁ?xed
fil rml; gf 2@ /were cul fheedudverniaiht dar Womds cledimh Scontbindagcl onal
anti body 8Gl0/48. _ Surfacs,tl uor nce is lpcalised. t £Qzoite
menbr ane wi t hi % %turgssgﬁf’%%%%.m e SM%Qﬁ%%%e#‘nggeggrt‘grﬂ‘i s
observed usi ng 2X¥ophozoites withodl"éhlalmyarits thioxlya OB/ 8s Fecficened
according to Haldar, et.al. (3la). The parasicss
then were washed and lysed in 1ml of
19 radioimmunoprecipitation buffer. 200ul ali
1

(3 1)

r~
-

-
~
-

“O0Is ©

na.

the lysate were reacted with 5Cul oZ monoc
antikody (1l mg m1'1> conjugated to Protesin
A-Sepharose teads. The beads Qere.washed, 8
in Laemmli sam?le buffer (28) and analysed Lty
SDS-PAGE followed by flucrography.

LEGENDS TO FIGURES.

:"gnvn 1:

’—4
w

Indirect immunofluorescence staining cattern

produced on acetone-fixed films of

20 Plasmodium falciparum schizonts with
monoclonal antibody 8Gl0/48. Surface
fluorescence is localised to the merozoite
membrane within the mature schizont. The o’
same fluorescence pattern is observed using

25 monoclonal antibody 9E3/438. '

Immunoelectromicrograph of merozoites
incu.ated with monoclonal antibody 8Gl0/43
and colloidal gold:goat anti-mouse Ig.
Aggregates of gold particles (l5nm diameter)
are distributed over the entire surface of

30

the merozoite. Bar = 0.5y.:
Western blot of ring (R), trophozoite (T)



‘| munoel ect roni crograph of nerozoites incubated with nonocl onal anti body
8Gl10/ 48 and col |-oi dal gol d: goat anti-nouse Ig. 30 Aggr egat es of
.gold particles (15nmdianeter) are distributed over -the entire surface of
the merozoite. Bar = 0.5[err]. Figure 3a: Méstern blot of ring (R,
trophozoite (T) 35 and- schi zont (S) stag® parasite proteins probed with
Mab 8F6/49. The mgration positions of nolecular weight markers are

i ndi cated. Figure 3b: Fluorograph of inmmne-precipitates of [err]

gl ucosanmine (a,c) and 3 BFemMASStE qﬁuﬁiﬁ(%E%SeIgﬁéﬁFéHep8F8§?ﬁ@5proteins;
a, b-control immune preci pigi-ates wihowWad BFs/43. ThdbRigratdonmune
preci-pitates with Mab 8F5/49.. _.The nmigratjon po§Ltipngbof mpl ecul_ ar wei ght
mar kers are indicated. RESGSES *CHTufof IMArEteht ' ah® F B RGBF&c R én

m croscopy 15 Masiica tes@nocl onal anti bodi es we produced agai nst
the FCQ 27/ PNG strain_of, Pl asnodi um fal ci parum usi.ng standard hybri doma

t echnol ogy. ?Nbrkﬂ%#ﬁ*sﬂﬂérnatants were characterised for cytol ogi,cal

epi tope | ocalisation usi ng‘lam:iolg(tiarpectoQ&mr:iumpﬁém'métssbeseo&ssﬁaﬁ]and

erythrocyte i nvasi on asead L peeemiriay r o, ¢ S meftEfidoprae 10
(£,8) labelled parasits proteins;
a,z-centrol immune precipitates without
10 Mak; c¢,d-immune precipitates with Mab
| 8F5/49. The migration positions of
Soer - moliscular weight markers are indicatead.

dMurine monoclonal antibodies wre procduced

[
w
t

against the FCQ-27/PNG strain of P modium
falcipares using standaré hybridema technology.
Hybricdoma supernatants were characterised for
cytologiczl epitope localisation using an indirect
20 immunofluorescence assay and immunoelectron
microscopy and for functional activity using an in
vitro erythrocyte invasion assay.
Determinants present on the merozoite
surface during schizogony were recognised by
25 mqnoclonal antibodies 8G10/48, 9E3/48 and 8F6/49. A
characteristic multi-spherical fluorescence pattern
was observeé using immunofluorescence in cultures
collected p
(Fig.l). Antibody-specific fluorescence was observed
30 during all erythrocytic parasite stages but becomes
localised to the membrane surrounding merozoites in

rior to rupture of the mature schizont

mature schizeonts. Examination of thin films of
several lakoratory strains of P.falgcisarum using
immunofluorescence and monoclonal antibodies 8G1l0/48
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surface during schizogony were recogni sed by 25 nonocl onal anti bodi es
8Gl0/ 48, 9E3/48 and 8F6/49. A characteristic nmulti-spherical fluorescence
pattern was observed using i munofl uorescence in cultures collected prior
to rupture of the mature schizont (Fig.l).;5 Antibody-specific fluorescence
was observed 30 during all erythrocytic parasite stages but becones

| ocal i sed to the nenbrane surrounding nerozoites in mature schizonts.

Exam nati on of { Ng£4 | al_;l r at i ci.gar um
usi ng i myunof | u%%géﬁéggag%v%géggl gr}gﬁqgan i%{%ﬁ.%&é& %%?gésggt‘% &g and
OE3/ 48 reveal eakl mfat tselatesftestescdMablien K| of 4 isolates tested
(Table 1). Indirect imunofluorescence assay results for the binding of =
nonocl onal antibodies to thin filns of different isolates of Plasnodium
fal ci parum RERABEE Were scored from"-" to "++++" based upon the nunber

of parasitised cells obseryedanbi ¢l ansth ddincaird 68y ! baggesence
depicted in Fig.|. hybrifggncharpints i hionoeional GA iodies £oB8C10/ 48
9E3/ 48 FC-1 thATAPER 1MW IdNG* erent isoTates F6R 27/ -N
Papua New Gui nea Btidmodttin Fafciarum. ResultdewéPEDsAored
++ + Kl from MakT @R0 " 444" based updrftthe dddber 8%
parasitised cells observed which displayed
the surface fluorescence depicted in Fig.l.

' hybridoma
Parasite isolate Origin . 8Gl0/48 9E3/438
FC-1 Papua New Guinea Lo+ -
FCQ-27/3NG Papua New Guinea +h++ PR
FCR=-3X+ The Gambia - ++ +
X1l Thailand _ +++ P




i

Mab 8F6/49 gave a bright fluorescer.ce staining of [err] stage parasites,
producing a grape like pattern characteristic of reaction with antigens
associated with the merozoite surface. The 5 menbranes of newy rel eased
merozoites present in the preparation were also stained. Simlar staining
-was observed on the Kl isolate of P.falciparumfrom Thailand. In contrast,
no reaction was observed with the FCR (Ganbi4a) strain. 10

| mproved resol uti on of antibody recognition sites on the nerozoite surface
was achi eved by i mmrunoel ectron nicroscopy of extracellular nerozoites

utilizing colloidal gold. ansrgad +|gg 8 enggggcgu he nerozoite
sur face nenbranes |nd|ctlvg 15 of t e relativ abunéance of” t I s antigen

(Fig.2). In addi F3HRIGE P8 SheliZMnNt WiE2g@ eP2 5AS b%ES an85aSuRSmgr ane

fragments which w@@eprm@tpadtéﬂe @{@P@é@ét%uérhbﬁ ESSE“LBHE‘
necessitates the_careful a E |cat| appropriate controls iIn oré@r to 20

detect the preseRB&EIGENToF eﬂ&#%oﬁ%eU$ﬂ§@ﬁ@1teAﬁu§5§§ﬁce ghe

| abel i ng was ob&embedmem mﬁ%ﬂdwﬂyf?@&ﬁéi@ﬁ“ﬁe#ét@ﬂ*@étBeésénﬂrh%ﬁ@ﬁe
nmonocl onal antlbodé h recogni ses an_intramerozoite-localised antigen
and goat anti-nofg pfé &qud gﬁi%? ﬁtﬁ%ﬂﬁgpar%h$%ﬁﬁFbFF?éﬁl§Su&a§3

Monocl onal anti bobsesv&@l@/m&m«ﬂ%o@até\mtﬂg .ﬁ!gﬂé@“, LR etokhl asm)dl um
fal ci parum as ne y the e of [err neghloqlne d 30 [err]
hypoxant hi ne by ? %?Qn yncHr’o%%é"e%cfaﬁﬁ‘t u7°es BICEERR 7R P F?aHP% ey
the FCR (Gambia) strain.
10 Improved resoiution of antibody recegnition

utilizing colloidal gold. Dehse gold labelling was
evident on the merozoite surface membranes, indictive

15 of the relative abundance of this antigen (Fig.2).
In addition, gold labelling was seen on extraneous

- membrane fragments which were present in the

preparation. This technique necessitates the careéul
application of appropriate controls in order to

20 detect the presence of non-specific antibody
binding. An absence of lagbelling was observed in
parallel experiments using either a primary

v monoclonal antibody which recognises an

intramerozoite-localised antigen, and goat anti-mouse

25 'collox?al gold.

Mcnoclonal antibodies 8G10/48 and 9E3/48
inhibit the growth of Plasmodium falciparum as
measured by the uptake of I3SS] methionine and

10 [3H] hypoxanthine by highly-synchronised cultures

of FCQ-27/PNG (Table 2).



I nhi bition by nonoclonal a ntibodies of Plasnodiumfalciparum growth. The
ef fect of nonocl onal anti bodi es 8GL0/ 48 and 9E3/ 48 on erythrocyte
re-invasion by nero zoites and parasite replication in vitro was assessed
in highly- synchronised cultures of Plasnodium falciparum over a 30hr
period conmencing at the |l ate schizont siage. Radi ol abelled precursors were
added at the early ring stage and i ncorporation was neasured at the
subsequent schi zont stage. Results (nean = S.E.M) are shown for six
experinments uSABQE(E) [err] nethlonlne or (b) [err] hypoxant hi ne. cpnx[err]
Ab. : X

Cont r ol (Ab.
I nhi bn of ngy £E lfggm%ﬁ% 4§ 0 112
3 108=6 113%d B=13
689=8 26 3b

'ﬂzP 96 4b
$850q 0-002 4

ozq’
ﬁgg‘g 440=8

C [ I gon in the
assay correlates with < 8fet h d%¥)§¥¥$%

n evel opnent as
evi denced by the reduciioon dThadt: 0 Pécufé‘&rgcgéggg‘gad% ocyies
determ ned using |ight AP

n on of 112
[err] [err] nonoclonahé@ydiziﬁgé&ﬂg igfgggéﬁéﬁé%?&%ﬁ%ggﬁ% s ition of
control rates of an1nog@gdiq§u4ﬁégﬁeulgwbwml Sir@nkhb g§§%£ produced
simlar inhibition at %ﬁ%éﬁ¥ﬁdnts ud DRG (&)00359Yeh%6#ion1ne or
(b) [3H] hypoxantnlne

OE3/ 48 0.121 3
348=11 249=5
27 A figure of 2096|nm

'
cpmx10-3
Ab. . Control Test = %
=xpt. Ab. Concn. n  (Ab. (aAb. - inhibn of
: mg absent) present) Control
ml-1 .
la 8Gl0/48 0.112 3 108=5 81=5 24
2b 8G10/48 0.112 4 926=13 689=8 26
3b SE3/48 0.121 4 . 244=11 10=1 96
4b 9E3/48 0.121 3 376=% 44=2 88
Sh SE3/48 0.002 4 348=11 24925 28
3 9E3/48 0.003 4 599=38 440=8 27
A figure of 20% inhibition of labelled aminc
acié incorporation in the assay correlates with a
substantial curtailment of parasite development as o

zvidenced by the reducticon in the number 2f

n

ring-infected erythrocytes determined using light
microscepy. At an antibody éoncentration of 112 ug
ml'l monoclonal antibody 8Gl0/48 gave rise to a 25%
inhibition of control rates of amino acid

. incorporation whilst antibody 953/48 produced similar

‘nt sn at 2-3 pl'lQ' Inhibition levels as
~igh as 96% could ke c¢emonstrated in the presence of
1 9E3/48. Incorporation of labelled

amino acids in these experiments using a number of

- g0



* high as 96% coul d be denonstrated in the presence of 121 [err] 9E3/48.

| ncorporation of |abelled amno acids in these experinents using a nunber
of 16 alternative nonocl onal antibodies parallels that observed for
control cultures with no added anti body. Western blotting and

| mmunopreci pitation. When Western bl ots of equival ent nunbers of 5

m d-ring stage parasites, trophozoites and®schi zont s, separated on 11%
gels, were probed with Mab 8F6/ 49, a band corresponding to a protein of

nmol ecul ar melght 45,000 Da was detected in the |ate stage parasites but not
in the rings (F# §esaptiveaanoslonal nentbbadipgepadi bleks | taabf

polyacryl ani degggbs- eas sasCeidmi ned eemeeré/ab&l%@l%%d@&@/ 48 o8d= 8F6/ 49
as well as with naturally occurr|no unan antlbodles affinity purl?led as

descri bed in EX8858&022:Q95104a (andy gAY BLERe #=Hands on Western
blotting, 15 with the pmugﬁ;ugsgggm ﬁggegnbge@qmgygméﬁ@ @@—gedgfﬁase band
W t h apparent si zes ,of 53 kDa, 51 44 kDa and 41 kDa on. 7,5% 10%
15! B9 and Baoe BAATEARTIG KATS TUGHRERETel §EAROROIRES AN §5EFRRRBbI 1 i ty

of standard prgkgiais te@ e Mt% 2@@1@6«.@2@ pla@mlaommexéb 392/ 53kDa,

oval bum n - 46, kDq; carbon C drase - rent nD it S
d\épengent on t Ran I%Hﬁj’(}?%/ Phsd ?ﬁ@gélﬁr(?[feﬂq’e%‘&gf QI 'y

characteri sti c4gf, ogloyaxwratgldstectmnoﬁreﬁeplltaettel Etagde parasx‘ces

[6,[err]]glucosam ne 25 an err cid,/abelled rasites reveal ed
t he |ncorporat%Bﬁ mPﬁuﬁT1éh cht %?n éﬂd ﬁsrlsdq$éﬂﬁ%FI§€O “tfie antigen

(Fig.3b). EXAMBbEiZen on a series of polyacrylamide gels was
ascer-ained using Mabs 8G10/48, 9E3/48 and 8F6/49 =zs
well as with naturally occurring human antibedies
affinity purified as described in Example 2. All
antibodies gave identical bands on Western blotting,

15 with the principal band recognised migrating as a
diffuse band with apparent sizes of 53 kDa, 51 xDa,
44 kDa and 41 kDa on 7.5%, 10%, 12.5% and 15%
acrylamide gels respectively when compared with the
mobility of standard proteins {(myosin - 200 KkDa:

20 phosphorylase b - 92.5 kDa; ovalbumin - 46 kDa;
carbonic anhydrase - 30 kDa). The apparent mobility
is dependent on the exact gel conditions. These
properties are a characteristic of glyconrote

Immunoprecipitation of [6, H]qlucosamlne

25 and [3H] myristic acid labelled parasites revealed
the incorporation of both glucosamine and myristic
acid@ into the antigen (Fig.3b).

v

l\,,,/

= P =

30 In this example, selective partitioning of
integral membrane proteins into the detergent phase
upon temperature-dependent phase separation of
agqueous solutions of the.detergent Triton X-114, has
been used to enrich for putative integral membrane



30 In this exanple, selective partitioning of integral nenbrane
proteins into the detergent phase upon tenperature-dependent phase
separation of aqueous solutions of the detergent Triton X-114, has been
used to enrich for putative integral menbrane 35 prot ei ns of
P.fal ci parum Human anti bodi es obtained from patients from Papua New

Qui nea were then affinity-purified on these antigens after they had been
blotted onto nitrocellul ose. The purified human 5 anti bodi es were used to
i dentify reconbi nant clones of Escherichia coli expressing polypeptide

R s s e B T VLS

t hese studies Eaenb@eﬁﬁﬁnﬂﬂi&KnmePQEuheNQWQﬁmluaiﬂwaﬂQeﬁﬁsvnchronlzed by
sorbitol treat v; { ayed af Phda% hy ' |gfmugrkﬁg§ap55aen1as
I8 B n YRy R by

rangi ng from 2 )'es wer e was medi um
centrlfugatlonbeﬂn @m&nﬁQduQQ#Pwﬁ%hfﬁGﬁéﬁWiﬂﬂﬁﬂt)?qﬁuﬁﬂﬁkﬁbe@uhﬂEﬁed

saline (HTEBS) ant%{g'ﬁé’&er@e%‘e@s@@ kst eéen%rid ¥ Hedtd¥th g€l £1ghkguot s

were snap Prozen and stored at [err] until furtfher processing. Iriton X-114
sol ubi | i zat | ono&nESERErd G re@lbnexpPresFingoPOLYPRP i€ i FR9BENEA and

separation of RygreRRIMNELndYEs OPREEEC ankd ges0l Ubl e fractions was
performed essentially as described_by Bordler (43) with the follow ng
nodi fi cati ons. Méiﬁﬁ&@4§¥i¥¥i—§i=%%§§chased from Flul ka Ag., Switzerland)
was Parasites.

10 The origin of .,,g,g ggfgm lsolate FCQ27/2NG
(FC27) used in these studies has been described
elsewhere (42). Parasites synchronized by sorkitol
treatment were cultured at 0.25% haematocrit with
parasitaemias ranging from 2-7%. . All'Sampies were
washed free of medium by centrifugation dnd
substitution with human tonicity phosphate buffered
saline (HTPBS). Cells were then pelleted, and lml
packed cell aliquots were snap.ffozen and Stored at
-70°C until further processing. _

N ... '1!.!. !- :l : !. .

Triton X-114 solubilizétiod_ahd separation
of hydrophobic, hydrophilic and insoluble fractions
was performed essentially as descrzbed by Bordier
(43) with the following nodz;;;atzons. Triton X-114
(purchased from Flulka Ag.; Sw1tzerland)'was
precondensed in human tonicity phdséhate buffered
saline (HTPSS). A 1lml aliquot of prepacked
parasitized cells was solubilized in 15ml of 0.5%
Triton X-114 for 90min on ice, with mild vortexing at
10min intervals. A 1lml sample of the total material
was removed and snap frozen. The rema1n1ng 15ml were
then centr:fuged at 10, OOOxg for 15m1n at 4°C to
remove insoluble material. The_supernatent was
removed and this step repeated.. The sediménted

15

20

25

30



'precondensed I n human tonicity phosphate buffered saline (HTPBS). A In

al i quot of prepacked parasitized cells was solubilized in 15m of 0.5%
,Jriton X-114 for 90mn on ice, with mld vortexing at 10mn intervals. A
| M sanple of the total material 30 was renoved and snap frozen. The
remai ni ng 15nm were then centrifuged at 10, 00O0xg for 15mn at [err] to
renove insoluble material. The supernateh@ was renoved and this step
repeated. The sedi nented 35 material (insoluble pellet) was then washed
a further three tines in 0.5% T riton X-114 before being snap frozen in 1ni
of HTPBS. The #aterdgésdt (daisgliubimtzel et hagashbhepawaisiidd, 3 afreretieover a
10m. 5 SUCTr OS8R~ HSRI:C fi, 6% L.0Se, + 0.4 0R%GE L1 i t XKl | aced in
a [err] for SmE'ﬁ‘Wgt e"r_‘bétsﬁ 1a:£r:1 t én‘%gﬁ‘f:?i?u_’gg% g#%ﬁ&xgjéf‘f)gr’ é%arrgat [err].
After centrifu§aceen illfe lrBnofeiTRERent -Thel debdrappsr-sicaydlavas col | ect ed

and chill ed ongi h c ' r and the
' mh€Brial ‘w’wajs.oE‘éllrx%rg1 3§1Ué:f19f§y i‘§€%gggw€%e¢ Scagled

det er gent - enrlchgglpellet_ was resusp on ice mnfh 10m of cold
HTPBS. THe reSUSEEHCFUSNIGYef &nld chedsphagsevald -AF& TaisRt ed over a

sucrose cushi og-18uQu@hlacded (191 1d IPfcS5BP SRTn' RLLIBLh hd S hen
centrifugation. After this second precipitation, _the detergent enriched

pell et was resG8pERAEYTRS SR P HErPEEF atdiBndp Bro%en. Afker

det er gent - depl ebad ripRRYa didye t Hd omdhedstetr gstcaabilet e pafpd # On was
further depleted of tp/ rophabi ¢_pr o_tsf&nsh_by, adding.lm of 20 11.4% Triton
X-114 on ice, vBYEEXIRS TR SOITH i e GRAr ARG PB REPr] oS STt then

centrifuging asdcrose cushion was discarded and the detergenc-
o enriched pellet (l1-2ml) was resuspended on ice with
10ml of cold HTPBS. The resusgended detergent
enriched phase was again layered over'a sucrose
cushion, brought to 37° for Smin and repelleted =y
centrifugation. After this second precipitation, Ehe
detergent enriched gellet was resuspended to Sml in
HTPBS and snap frozen. The detergent-depleted upper
layer from the sucrose cushion separation was further
depleted of hydrophobic proteins by adding 1lml of
59 11.4% Triton X-114 on ice, vortexing into solution,
warming to 37°C for Smin, then centrifuging and
discarding the Triton X-114 pellet. This cycle was
repeated three times. The remaining
detergent-depleted agqueous solution (agueous phase)

25 wWas then snap frozen. All samples were stored at
-70°C until analysis. '

*—-
(V1]

El jorasi néd imm lotting.
Samples for sodium dodecyl sulphate

polyacrylamide gel electrophoresis (SDS-PAGE) were

39 ©Processed under reducing conditions and
electrophoresced on 10% slab gels. Gels to be
analysed for protein were stained with Coomassie
brilliant blue. Samples to be analysed by
immunoblotting were fractionated on 10% slab gels and



/

discarding the Triton X-114 pellet. This cycle was repeated three tines.
The remai ni ng det ergent -depl et ed agueous sol uti on (agueous phase) 25 was

. then snap frozen. -All sanples were stored at [err] until analysis.

El ect rophoresis and i nmunobl otting. Sad® es for sodi um dodecyl sul phate

pol yacryl am de gel el ectrophoresis (SDS-PAGE) were 30 processed under
reduci ng conditions and el ectrophoresced on 10% sl ab gels. CGels to be

anal ysed foelpuﬁunghameeieahlnedmmmﬂfdinﬂdﬂxn(mimtbtéahulbbee. Sanples to

be anal ysed Bglegnul gg} g?agggg t@%glé¥ggqég fgélsL?Q gels and 35

19 electrop oretlcall ransterred to nitroc ose S After trans&gr
t he n|trocebﬂobMaﬁ\M%ihﬂbﬁkéﬂlﬂbtHH@%(NNBE pwderni LR BOREBSr in HTPBS

i 1t ed apprBRFard) (iad BF6ReA’ e Hedy MY 4 CEnPel BRRIRSRDT B s

with 1259 - phuman1anﬁxb¢®MQa dyla&Edrampnpgﬂﬂﬁter¥olelBlAtGPharHBC|a Fi ne
Chem cal s, I%E%53 ne T nethod to a
-1 10 speci g act [ v"s'iflﬁ er H& | nll{of{)%r?‘? ?f(?n of pol ycl onal

nmonospeci fi ¢ hllmmrm !L!)o%ll ég 1ppeidh &t @lm@mchPhy purified from human

Cranst orr o0 Lo v T ool 1o g 22" R M LS OpEsT14y "BRaoE R T et i n
this was 1od1nated by the chloram1ne method to a
10 specific act1v1ty of 40uCi/ug -1 .
Affini rifi ion lyclonal ifi N
human anti _'. . _ ' o’

Antibbdies were affinity purified from human
serum oOr plaSma on Triton X-114 soluble antigens
15 electrophoretically transferred to nitrocellulose as
described previously (44) and modified in this
instance as follows. Reduced samples of Triton X-114
" extracted membrane antigens were electrophoretically
separated and transferred to nitrocellulose.
>0 Radioactive e high molecular weight markers
(Amersham) were used to determine the region of
interest. Strips of nitrocellulose corresponding to
regions of interest were incubated for 8hrs at 4°C
with sera or plasma from individuals exposed to o’
25 malaria. Sera was removed and the strips washed
vigorously over 2 hours with 6 changes of Blotto,
three changes of HTPBS, followed by a 15 minute wash
in borate buffer (0.1 M glycine, 0.15 M sodium
chloride, pH 2.6) for 10 minutes. Eluted antibodies
30 were immediately neutralized with 2 M Tris-HCl pH 8.0
and stored at 4°C with: 0.05% sodium azide. The
affinity-purified antibodies were diluted 1:2 in
Blotto to probe immunoblots and \Amp3 cDNA library
filters, or concentrated using a Centricon (Registered Trade Mark)

35



‘instance as follows. Reduced sanples of Triton X-114 extracted nenbrane
antigens were el ectrophoretically separated and transferred to
nitrocel |l ul ose. 20 Radi oactive 14C hi gh nol ecul ar wei ght nmarkers (Amersham
‘were used to deternmine the region of interest. Strips of nitrocellul ose
corresponding to regions of interest were 2thcubated for 8hrs at [err] with
sera or plasma fromindividuals exposed to 25 nmalaria. Sera was renoved and
the strips washed vi gorously over 2 hours with 6 changes of Blotto, three
changes of HTPBEfictotbavedtinstarl{ Arings) Vesh ifmbasaleokekiendd. 1 M

glycine, 0.15 Msodi um chloride,. pH 2. 6) for 10.m nutes. El yted antibodies
30 -were innedia?%??yﬁeutEggrzggﬂﬁ%ﬂvgf%wﬁi%%-?kﬁ%%iigf@‘ﬁﬁﬁ’é%&r@ﬁ at

[err] with O.05msonbposazide. \Ahe3aicflioridsy -quovwd i 251 hawnbodnes were
diluted 1:2 in Blpt rqehe i obl ots. and, [ er k]l A cDNA library
filters, or con’&bﬁtﬁgf*@g“ﬁ&%%g ar?&%%sgo’?\“(a%eb{’g?éréga%aa’grlvar k) 35 20
m cr oconcenbr at prefaiuted) widh ibomatsf |and eglyeaireabséfsrs , Aiticudzs e wer e
al so eluted dir y Ll [ ORGS t1 .V 3.clongs growy,as. 4 awns on

S}C:H\t 3;-3@, TAAORY Hor?oi%éle?g&? aft 6314’ W”_a:b.ci

ni trocel | ul ose. STWi't R Tyséd |'awns pre-erutéd with borate and
gl yci ne buf f er sabomeubatféd swiseieosst aeg thodl @ feafibhni prcpfiicd fdita ot es

el uted as above LSo.§5€ d,gﬁkﬂgﬂ LD YRy £ ' r |y &d the
removal of anti- .Q(&)ﬁea_a%?i%bdd'i es %%agmé%paﬁ%f'%ﬁdg\b\ne? bggr%sggiﬂels@gnd

| awns of contro¥as0aF8ierAfp Y idorfeniqaessi dndat p¥ASoP EcONAtHDNes
expressing gl exgpbapehyperti de antigens.

Details of the FCQ27/PNG isolate cDNA
library, its amplification ‘n X\Amp3 and lysogenic
15 expression E.291i have been deécribed (33).
Detecticn of antigen-expressing clones by in situ
colony immunoassay with human antibodies has also
been described (33). Positive clones were grown and
induced in liquid culture and extracted with sample
20 buffer £or electrophoresis as described (45).
‘Samples were electrophotésced on 10% SDS-PAGE slab
gels and either stained for protein or immunoklottad
and analysed with affinity purified antibodies, to
N detect the presence or absence of stable fusion
25 polypeptides with B-galactosidase.
Antibody depletion. ' _
One ml cultures of immunopositive clones
were induced, pelleted by centrifugation, and the
. liquid medium removed. Pellets_were £rozen and
30 thawed three times and the lysed cells resuspended in
lml HTPBS. A 20ul aliquot of PBG sera was added
and incubated with the lysate £or 3hrs at 4°C. The
cellular debris was then spun down at 10,000xg and
the supernatant used to probe Tritcn X-114 extracted
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Details of the FCQ7/PNG isol ate cDNA Iibréry, its anplification in

[err] Amp3 and |ysogenic 15 expression E-coli have been described (33).

Det ecti on of antigen-expressing clones by in situ col ony i munoassay wth
human anti bodi es has al so been descri bed 3). Positive clones were grown
and induced in liquid culture and extracted with sanple 20 buffer for

el ectrophoresis as described (45). Sanples were el ectrophoresced on 10%
SDS- PAGE sl ab gels. and e' er. st ained for RLokeLn ot ' nobI tted and
Snal yeed with S84 ; HFPnER1AR ke RAkaARANE SFERhERBeORr R kA S

absence of stabheofdetomaZEam@ﬁmmﬂﬁ|uh§;dagheéeof]agahamknﬁldase Antibggy
depl etion. One,nl . cul ur oﬁ i apagsitive clan re .nduced, pellete
by centri fugatc}%ﬁlegﬁé &dﬁmeg ?%ﬁo%ggugég\l\%&%sl%re frozen and
30 t hawed thregolypestade the | ysed cells resuspended in 1m HIPBS. A

20[ err] ald quo, era Was. A d, 4 n d_w he |ysate for
3hrs at [é}r] & e 7 ‘0, 000xg and t he
supernatant used to probAmFB|@@ngﬁ-FE¢QDaSQ&aEﬂd35'0m 2 1 and

I mmunobl ot t ed &9 [ ne the
degree of antlgﬂ@&ﬁéésfq%F2% a tﬁ%ﬂﬁe to ?EﬁA q&bce f%é?é#?ég&1

pol ypept i de. 5by SQDBEodnmgsﬁlqnniﬁuxiiﬂtlbed [eﬁhpAmmzuﬂxﬂﬁﬂ;niert]Anp3
phage were | SahakedybtBrddminaResild V@e&eeﬁsfa S 1PN d 1Rfdd

extracted by Eco |gest|on as descri bed |nsert
X sequence determined by the dldeoxy method of Sanger

(36,46) and into pBTA224 (3 modification of PUR-290)

kindly provided by Gary Coburn (Biotechnology

Australia Pty.L td.). The piasmid vector pBTA224 is

an expre551ng vector in E*;gl; cells, and clones were -
15 rescreened for 1ﬂmunoreact1v1ty by colony immunoassay.

i race 1m

Thin blood £ilms of parasitized erythrocytes
from asynchronous cultures of P.falciparum were air
dried and fixed in 100% acetone at -20°C for 20

20 minutes. 51ides'were incubated with concentrated

affinity-purified monospecific human antibodies, with
fludresceinéconjugated sheep antihuman Ig antiserum
as second antibody. Parasite nuclei were
counterstained with ethidium bromide. | _ '

25

Triton X-114 extracts of 2.falciparum
infected red blood cells separated on 10%
'30 '~ SDS-PAGE, electrophoretically transferred to
nitrocellulose and probed with either (Aa)
pooled adult PNG sera, or (B) affinity
purified poly clonal human antibodies.

Lanes are.'(A), total unfractionated

35



‘was subcl oned into ML3 vectors for single stranded 10 sequence det erni ned
by the di deoxy nethod of Sanger (36,46) and into pBTA224 (a nodification of
_,PUR-290) kindly provided by Gary Coburn (Biotechnol ogy Australia Pty.Ltd.).
The plasm d vector pBTA224 is an expressing vector in E.coli cells, and

cl ones were 15 rescreened for innunoreac?gvity by col ony i nmunoassay.

I ndi-rect immunofl uorescence. Thin blood filnms of parasitized erythrocytes
from asynchronous cultures of P.falciparumwere air dried and fixed in 100%
acetone at [err] for 20mAked ik es(B)l i desenase thdsgbatEd) widti tomcent r at ed
affinity-purified nonosgegi{f4 myﬂ@n I bod| i Dharards

fl ugr escei n-conj ugated s e]'elp4 ;pntl u'magﬁ?g gg%lggglp\l?ne’lt ae “s'e'cloanld' anti body.
Parasite nucl eEL@RE® Sdunterstained with ethidiumbromde. 25 LEGENDS TO

FIGURES Figure 4: TritopanldaSxisssis ogr@f% R idd.erted red bl ood
53 PAGE,

cel | s separated on 10% 30 . Sl electrdﬁhoréikcally
transferred to nitrocel lAfifdde BhPPF bHeadwehh lamise 0 f A tddoid@Padul t PNG

sera, or (B) affinity pyoNd eshdxéy Ghoaal eRpFRR st iiBofirred@Bse ar e,
(A), total unfractionated 35

Triton X-114 phase, (D)PQ¥%RﬁQﬁi%;gE% ihgkngFéﬁﬁgggsggihﬁgﬁsghtfg%aies.

from PNG adult sera extractable antigens in the molecular weigh<
range 30-36 kD. (A) Control strip of Tritecn

-3 X-114 phase antigens probed wizh zcoled
adult PNG sera and iodinated Protein A. (C)
N Human antibodies affinity purified on AgS13

probed on a duplicate filter strip of the
control.

Sequence of Ag513 with a predicted
translation of the single long open reading
frame.

7}
E

29 Immunofluorescence location affinicy
purified human antibodies to Ag513 used in
indirect immunofluorescence assays on
asynchronous blood films: schizont (A) and

S .matured merozoite (B8).

ry ’
D

(9]
w

Scan of monoclonal antibody PGl0/48 on the

predicted amino acid sequence of the inser:
of AgS513.

rtisicn int
Iriton X-114.

When sera from individuals repeatedly
infected with P.falcipagrum are used to proke
immunoblots of P.falciparum antigens fractionated by
phase separation in Triton X-114 several putative

L)
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affinity purified on lawns of [err]gtll-Anp3 cDNA cl ones which expressed

| munor eacti ve pol ypeptides of native Triton X-114 extractable antigens in
the nol ecul ar wei ght range 30-36 kD. (Aongntrol strip of Triton 20

X-114 phase antigens probed with pooled adult PNG sera and iodinated
Protein A. (C Human anti bodies affinity purified on Ag513 probed on a
duplicate filter strip of the control. Fiure 6. Sequence of Ag513 with a
predicted trahBF88FGH 5@?9&9%?nBF@ngﬂg”Bpéﬁgﬁﬁiﬁgl ¥Fame. Figure 7:° 20
| mrunof | uor esggene ilfdeal i orThé f nostydpmingned ofurthresesthodddred atdavag513
used in indirect i nof C sgys asyn no od films: -
schi zont (A) aﬁéeﬁgmé%u#$§§§§o??§?(§§,Qér8§pé é&ngggg'o¥§h§hgélonal hal
anti body PGL0548 000 tamd pF2d000cdsadeteradineds SPferRAGHfanadysisert of
Ag513. A subs of R falt]pa I gens [ ' rjt X-114. 30
When sera ro%ﬁﬁdit\;’ledﬁga sgrégg%?(%hl %ﬁigﬁfag%tse' évﬁt#&?%%céf%g?um are used
to probe i muaalticter ofrFisadcepainstanti gdfd Tirtiectpwnif bddbgnplase

separation in Teifan % Idfoaguepale aQutidhi\G Ihtigens it was shown
that the Mr 21,000 Triton X-114 soluble antigen was
the circumsporozoite protzin related antigen (CRA).

10 This molecule is known to have a 26 amino acid

hydrophobic sequence typical of integral membrane
proteins (47), confirming that the procedures selects
for such molecules. None of the other Triton X-114
soluble antigens appeared to correspond to any of the
many P.falciparum antigens that have been previously
characterised. S
In order to obtain purified antibodies
specific for the set of proteins of Mr 35-55,000
Triton X-114 extracts of P.falciparum were
>0 electrophoretically fractionated and transferred to
nitrocellulcse. The apprdpriate region of the
nitrocellulose filter was then excised and used as an
adsorbent for affinity purification of the
corresponding antibodies from human serum (Materials

=
w

25 and Method). The purified antibodies were tested for el

specificity by reacting them with fractionated
P.falciparum proteins. It is clearly evident in
Fig.4B that these purified antibodies react almost
exclusively with those Mr 35-55,000 antigens that
30 selectively partition into the Triton X-114 phase.

In order to isolate clones expressing these’
antigens, a library of MAmp3 clones expressing
P.falciparum cDNA sequences was screened with the
affinity-purified antibodies. Ten positive lysogenic



“integral nmenbrane protein on antigens are identified. The nost dom nant of
these had rel ative nol ecul ar nasses (M) of 21,000, 35,000, 42,000, 50,000
,and 55,000 as determ ned SDS-PACGE analysis, 5 Wen the sane antigen
extracts were probed with antisera raisedzégainst or affinity purified on a
nunber of cloned P.falciparumantigens it was shown that the M 21,000
Triton X-114 sol uble antigen was the circunsporozoite protein related
antigen (CRA).cLenes $hndl &iane dataced by hhis przeedime werel

hydr ophobi ¢ sequgngg &y Hdals iHqgidt ; genbrane proteins (47), confirmng
that the procegu?es sel ects %iﬂgsuéﬁ9%§+lg§ None of the other Triton
X- 114 sol ubl e 88legsed flonias 2SP e Xtk 1 :

P.fdlciparun1a§5k§e§§§jmi hav beén breviouslyrchafacteriéed.AIn order to
obtain purified antrbodi es specific for the set of proteins of M 35-55, 000
Triton X-1P4 extracts ofARE¥RQddemrafs vt by 20usiddedofivriawnsl of :

fractionated agd)ecansf @IdHbd Gdid I9s8k! 1hoe8loniha MRIHPN A€ 6801 On Of
the nitrocellulose filter was then excised and uséd as an adsorbent for

n
affinity purift88tiddfadt ShETbrd RN APRG SRt PRSP IR PIAEH SEr um
(Materials 25 gaeaMatdodnt idehdurithrseapti badi el oM esd efb i o

CPeor o) conpe RTEhs ARASarh (b A, 459501 o A iR |
excl usi vel y.om tl ithos X M1 S8HsH00 thé i gost Lmmundt ewdtebie wedy partition
anti gens, o | | BPRESTOAT id AWRE oF Ene ahflr Be5ERp YRR A E T im coa
sequences was screened wdirtdlysies odf i oloyepubyf SOS -RHAD oth Esowd@nbposi tive
| ysogeni ¢ 35 protein staining or immunoblotting showed that AgS513
produced a single polypeptide of Mr 42,000, very
15 close to the size of the native parasite antigen
(Fig.3). Immuno sera were absorbed with sonicates of
the most immunoreactive cDNA clones of AgS513 and then
used to probe immunoblots of Triton X-114 extracts of
P.falciparum. Sonicates of the c¢DNA clones totally
20 removed all detectable antibody reactivity to the
corresponding parasite antigens. Thus the cDNA
clones apparently encode the dominant naturally
immunogenic epitopes in thése antigens.
S an rai 1£1

% 25 Stage-specific parasite preparations were
) Triton X-114 extracted, fractionated by SDS-PAGE and
immuncblots probed with PNG sera. The antigen
corresponding to Ag513 was present in all stages of
thé parasite life cycle, the abundance of the antigen
30 ranging from at least abundant in the asexual ring
stage to most abundant in late schizont
preparations. In all stages it is totally Triton
X-114 soluble. Triton X-114 extracts were prepared

from five strains of P.falciparum giving



24 clones that were detected by this procedure were replated for single

col onies. Sel ected colonies correspond to Triton X-114 -soluble antigens. 5
“Anti bodies affinity purified on | awns cg sel ected cl ones were used in

col ony i mmunoassays on the array of ten %l ones and to pr obe i nmunobl ots of
parasite antigens. Three of the clones were found to be siblings encoding
the M 45, 000 tlge am.t he Trito -114 phase. .The nost |
innunoreact??g%&agggﬂ%%éﬁ At FHéQFVﬁ% CPHH% %ﬂﬁgﬂﬁgi§ﬁ§t869§§9f3}“Analysis
of cl ones. byl3DSHreEnsohhdwetiene prereeino SsippareqtostraNHReBN@ltleigng showed
t hat Ag513 n%%! i ngl ol xpeptide. of M _42 000, ver cl ose to the
si ze of theaﬁatléggﬁg?%s?ﬁegg%j%ﬁgénﬁﬁgﬁ@ﬂqn?ﬁ%ﬁﬁ lgéFX Rérégébsorbed wi '™h
soni cat es ofantigermst i mmunor eactive cDNA clones of Ag513 and then used to

ngbnggngrrihig” 0f ad T LE8N afihb? 2604 aClSuhcE: 8! g;Bgsum Sonicates of

s body reactivity to
t he correspondi ng

c Y, U I el al | OBl €

parBhet sugdeoddde sEqsente ¢ONAg6Lanesgepherent |y encode
the dom nant,; l | ML) € Nl [ Se i e. gnt.i: gens. age and
strain speci :Egllt t{.’ryﬁé Z%réa'ﬂ“ﬁ%& %"%trgogeé-cg%gc???‘ééggéaélgt gllg?gparit i ons were
Triton X-118o®bains canlyr aoe domePugh SDR@PNEE fnamernupamkacd ngr obed

W th PNG seng. t LHAN cBAL; i g wasy. Br at_in al

st ages of tﬁg ég%ggi?g ?i§e°%3§ﬁ§§8?ﬁg a u%ggﬁkgégf t?geaﬁgﬁgéﬁ 30 rangi ng
from at 1Peadtragnafarvasnliné basamliinihgngthge ThendTt cabtedanofin |ate

schi zont the 5° sequence preceding base 94 is greater than

92%, whereas the AT content of the predicted coding ",
region is approximately 65%. Increased AT content in
_ non-coding regions has been previously docﬁmented for
15 several other P.falciparum antigens, suggesting that
the_methionine iqdicated is the actual initiation
codon. The 5' end of the coding sequence contains a
stretch of 15 uncharged and hydrophobic amino acids
beginning at residue 6, which is most likely the core
20 of a signlal sequence. The sequence encodes two
identical copies of a 32 amino acid unit arranged in
tandem, beginning at base 271-and-contiﬁuing'to base
462. The stop codon at position 886 is pteéeded”by a
stretch of 17 hydrophobic amino acids before the
25 Sequence again resumes at AT content in excess of
80%. This hydrophobic sequence is presumed to be an
integral membrane protein anchor. sequence élthough
there is no charge residue at its C-terminal end.
. The translated protein would have a total molecular
39 weight of 27,860 daltons. The protein is rich in the
hydroxy amino acids serine and threbnine.whiéh
comprises approximately 28% of the sequence.
Ag513 corresponds to a putative merozoite surface
antigen. : ' ' -
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‘preparations. In all stages it is totally Triton X-114 soluble. Triton
X-114 extracts were prepared fromfive strains of P.falciparumgiving 35
.25 asychronously in culture. The antigen was present in all strains and
“there were no apparent strain-related differences in the size or
| mmunor eactivity of the antigen. 5 Nucl e9®i de and ani no acid sequence of
Ag513. The nucl eoti de sequence of Ag513 together with the predicted am no
acid sequence is Fig.6. It contains only one |ong open reading frame,
comrenci ng at base 94 and£fomiitiuigur i Hiddskunss. afitd badigs dd Ad3BYnent

was 1145 bases hgﬁbgg% re-ﬁ‘easA‘ %ﬁfﬂédm %Hgthr%%%Laen ae’Eé)d'?%%‘gl ng base

94-is greater t ereas t tont ef t'he predic
region i s approxhéarecy @?%UWQﬁiwﬁﬁﬂﬁhﬁﬂteonssavslWWuﬁannhI@r¢eg|ons has

been previ ous| y,d@eHMERIGh O SEYGLELCORBET HBLkA AN AN | 950°,

suggesti ng that e methionine indicated 15 T actual ini n codon
The 5' end of3 t AENE3GItRS s dtikdhckotdhi 8 ikoa afr fheh asit iRmimatded and

hydr ophobi ¢ am gg,3¢ii{e RRHEYEAW ﬁ{ £ £S5 HYL0 Srelhi Clid 9 den‘fé% e

core 20 of a sfgnal sequence. seguence encodés two 1 copi es
of a 32 amino ae dPéMﬂSk&ﬁ%ﬂﬁﬁﬁﬂQFﬂQ%hden} eegthri sghdzasean¥1 and

continuing to bageyd2mekdzSilap, C&?&”‘?&o?@ﬂ:%h?”g%@@éﬁm Riggeded by a

stretch of 17 hydrophobic am no aC| bef ore gﬁgnce agai n resunes

at AT content i ROBRASSENST OB logaLisdkiepnehi 895dduscen® presumed to
be an integraly RerBzaNe IR deanchpg . seguence al t hough

% o) - - 12
o The size and physical characteristics of :zhe
antigen encoded by Ag513 suggested that it may
correspond to QFl22. This was confirmed by colony
15 immunoassays in which monoclonal antibodies to QFl122
reacted strongly with AgS513 but not other
P.falciparum antigen-expressing c¢DNA clones.
Further confirmation of this relationship
was obtained by detailed epitope mapping using the
sg procedure of Geysen et.al. (37). An overlapping set
of 8 amino acid peptides covering the complete coding
sequence in the AgSl3 cDNA insert were probed with
three monoclonal antibodies to QF122. Epitopes were
" identified in the Ag513 sequence for each of th
monoclonal antibodies. The scan with Mab 8G10/48 is
shown in Fig.8. The dominant epitope recognised by
this monoclonal antibody contains the sequence STNS
and occurs twice as it is within the 32 amino acid
. repeat found in AgSl3. The monoclonal antibody
30 reacts with a second related sequence (SNTNSV) on the
N-terminal side of the 32 résidue repeats.

19
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This Example shows the temperature dependent



there is no charge residue at its Ctermnal end. The translated protein
woul d have a total nolecular 30 weight of 27,860 daltons. The protein is
rich in the hydroxy am no acids serine and threonine which conprises
approxi mately 28% of the sequence. Ag513 £brresponds to a putative
merozoite surface antigen. 35 Affinity purified human anti bodies to
Ag513 were prepared as described, concentrated, and used in indirect

i mmmunof | uor e rdirtom 3&shY4 @etesgewmwyuperi&rmw 6£l imteglr@ if | uorescence

par asi t e monbr e Eang BERESShiabeYonhd HE 2 Bl Blodiul” BR BT O 11S

devel opnment, ithe aﬁmngemszbhatapdrmammuneﬁwmaothe Trhéohl Xorldsicent

pattern was canal sy oifs WAabnt 983kisay B! £agdd ot AR izl e

surface (Fig. 7 e ant1gen enco correspon 2. The
si ze and @ysmﬁhqﬁmr@étbﬂb‘sm 9§lmam¢m¢geneeﬂqbbdad 1Isy té@aﬁsuggest ed

that it may c Y 1 | EOPRIT b Me]s A

i mmunoassays in %ﬁPQﬂQ%Dﬁrgfoﬁé bgﬁfé%wﬁﬁés to mggﬁ ?gggteg strong1y with
Ag513 but not ac'tfh?eqerlisfﬁhétpﬁﬁﬁ#\l&mﬂgém@(p‘i‘%%s?ﬁgtém\%-dlldnes Fur t her
confirmation Qfyjddsrés! 9ﬁtenehepmawb$smm bynget ahhe%p‘ayrt ;mppl ng

using the 20 procedure of ysen et. al %% An over|l set of° 8 anino
q

acid peptides Q:’(ﬂ/e‘?‘?‘ﬁgc?ﬁéeﬁaﬁﬁﬁett@ @dkﬁ‘rﬂf tRatehpd E’ﬁ@’%gSlS cDNA
i nsert werg, prohad whé byt BlegeaRnoaad Hré ¢ HDE5 ¢S aE@e@Ft3ans F tiopes

nere IdentTfl%ﬂléBéQf u g%g 3% %F@?%cho agplnxtyhpur1fy

polyclonal monospecific human antibodies which wers \o/
used to isolate a clone designated AgSlz, _
corresponding to a membrane protein, from'e_kAmg3

L5 CDNA expression library. Antibodies to'AgSl3 reacted
with-'a Triton X-114 soluble protezn of Mr 45,000
which was present in all stains of Eéjglg;_ggng
examined and present in all of the asexual life cycle
stages. Indirect 1mmunoﬁ1uorescent microscopy with

20 these antibodies gave strong staining on mature
stages with a grape-like pattern on segmented
schizonts, a pattern characterlstlc of antlbodles L0
merozoite surface ant1gens. The prlmary struct of

the Ag513 related antigen has been deduced from the a\) '

nucleotide sequence of the full length cDNA
sequence. Consistent with the antxczpated structure
of an integral membrane protein the deduced amiho
acid sequence included, at the N-terminus, a typical
signal sequence with a hydrophobic:EO:e of_15'

. 30 Fesidues and, at the C-terminus a second very
hydrophobic sequence, 21l residues in length and
presumed to be a membrane anchor. D

i~
(9]
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‘25 nonocl onal antibodies. The scan with Mab 8Gl0/48 is shown in Fig.8.
The domi nant epitope recognised by this npnoclonal antibody contains the
.sequence STNS and occurs twice as it is within the 32 anino acid repeat
found in Ag513. The nonocl onal antibody 3B reacts with a second rel ated
sequence ( SNTHoWM 3k the N-term nal side of the 32 residue repeats.

DI SCUSSI ON Thrs—Exanptre shows the tenperature dependent 35 27 Triton

X-114 det er gent SeparatramsotxbmﬁxﬁYﬂe§E¥¢“é@eapf@f@h@*agé$gémidﬁ
P.fal ci parum nt| ns that partitioned to riton X-114

0
phase was |derﬁ“r%]?%dg9 TS sk 5RERER§ER%0LYknown

prispary sprwﬂﬂﬁﬁbgmbﬁblléntibb@&esﬁscﬂbl4ﬂEﬁﬁ@19ﬁ$ﬂbaane protein. The
other dom mant antigens that partition into the Triton X-114 clustered into
the M 40-55,000 range and apparently did not correspond to antigens that

had been 10 prwmm proteins, after transfer to

nitrocel | ul ose wer e usec ourlfy poly b nnnospecifjc human

ant i bodi es whi®Hh .
correspondi ng & Anp 3 15 cDNA expreSS|on

library. AnthOdléS to.Ag 1 re te . }xl n X— :protein of
M 45,000 whi ch was pre e%t Qﬁ dqﬁ’g%;sn #l§|%l é%ﬁmag§§%s%ed‘%nd
present||1%9IlDbrahe ases&ahduaﬂaInuﬂquieﬁngs (3hh|metng the

fl 2 b t
| unof | o eScgh. 79598 9B i 1 gsga A0k BgdLesGae S St i no

Monoclonal antibodies selected for screening the cDNA

. library were those which produced strong signals in
an immunoradiometric assay (30). This selection kias

15 increased the likelihood of identifying positive
recombinants in the colony assay described below.

Recombinant cultures were plated onto 82cn

nitrocellulose filters at a plating density of 3-4 x
103 cells per filter.and grown on Luria-Bertani

20 agar plates for 8h at 32°C. Colonies were replicate
and grown for a further 2h at 32°C. The colonies
were heat-induced at 42°C for lh and lysed by placing
the filters in 50mM Tris/HCl (pH 7.5) containing
150mM NaCl, 5mM MgClZ, 0.25% (w/v) gelatin, 40 ug

25 ml'l lysozyme and 1 ug ml'l deoxyribonuclease
1. After 30min the filters were washed for 2h at
20°C in PBS containing 5% (w/v) low fat milk powder
and then rinsed with PBS. '

(o2

Filters were incubated overnight at 4°C with
30 10ml of hybridoma supernatants and washed three times
for 10min at 20°C with PBS containing 5% (w/v)
low-fat milk powder. Following a brief wash with
PBS, the filters were lncubated for 2h at 20°C in PBS
containing [12511 goat anti-mouse Ig (40 uCi

35pg-l, 0.5 pCi ml’l) and 1% (w/v) bovine serum



schizonts, a pattern characteristic of antibodies to nerozoite surface
antigens. The primary structure of the Ag513 related anti gen has been
deduced fromthe 25 nucl eoti de sequencez9f the full |ength cDNA sequence.
Consistent with the anticipated structure of an integral nenbrane protein

t he deduced ami no acid sequence included, at the N-term nus, a typical
signal sequegasutiilh. 2 Thelf ORDRDI o eRES Phrid 3Qesifduessgnd, at the
C-termnus a second very Hydrophobic sequence, 21 residues in length and
presuned to BENEAHNGRS aMofat 38ilk pawaRAVPIAT i®dranrd Exanpl e descri bes
a further sequeRcadidiaskduda byoP ia{glgaagggwhlch i's recogni sed by -
nonocl onal anti bodi es 8GL0/ 48_and 9E3/ 48. Mat eri al s and Met hods LScreeni ng
of [err]gtll reconbuﬁﬁﬂ34§@gI?%ﬁ%ﬁ%ﬁgeﬁné3ﬁddﬂﬁqﬁzﬂﬁﬁps%ﬁu%HEé L 4

det e{ m ntgt 'dODNA Q'Ifﬁ?letélll'ﬁﬁl Kl L pesh £ 1 0@ at].@agé e)ﬂir/ PNGthéOmlltbé@Ey
constructed in si n e strain

Pl asnodi um f&F&l[qia %@g@%€FbﬁﬁFgﬁnFPSSg\?’é‘§%§%c§ FBFO¥8reeni ng
t he cONAdI I bn:?rey ODNZe itxiwééﬁt V\ftbﬁho@iﬁlduﬁgdr%tsreorﬁliISegI‘@dtsrd:@hgﬁtes15

i munor adi onetric as i s, sele as i ncrease

K6l T hood oPE G [SYHSRE pHEIIMRRES coobGPRanE AATGTHS Cif bRy ¢ AQBEY

descri bed beliawo Iiexmnﬁpmrﬁnd:uhpm e$38hr andl athed mideB2cachdt rocel | ul ose

[Llfgrge? aﬁ %E%éné%‘¥%k edgbé éh%o§1%%U£§[¥Hafﬁlé§ mlngtgromm on

procedure (36)

Scanning for antibody-reactive peptides was
performed as described by Geysen et.al. (37). |
.5 Synthetic peptides were coupled via a pepﬁide-like
spacer to polyethylene rods to which a_lihear'polymer
of acrylic acid had been attached Ey radiation
grafting. Overlapping octapeptides were synthesised
consecutively using solid phase peptide synthesie
20 based upon nucleic acid sequence data. Forlowing
removal of the butyloxycarbonyl group dn the
~ £inal amino acid, peptides were acylated and
de-protected to provide mater1a1 of sufficient purzty
to enable ELISA testing for the specxfze b1nd1ng of '
monoclonal antibody to each octapeptide (38). A hd
ccmplete “"replacement” set of 120 peptides was made
pased upon the sequence STNSGI where each amino acid
was substituted in turn by the other naturally
occurring amino acids.

o
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Nucleotide sequence of the cDNA.élpne _
recognised by monoclonal antibodies 8G10/48
and 9E3/48. The deduced amino acid sequence
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20 agar plates for 8h at [err]. Colonies were replicated and grown for a
further 2h at [err]. The colonies were heat-induced at [err] for 1h and
lysed by placing the filters in 50mM Tris/HCO (pH 7.5) containing 150mV
NaCl, 5nM MgCl2, 0.25% (w' v) gelatin, 40 pg025 [err] lysozyme and 1 [err]
deoxyri bonucl ease 1. After 30mn the filters were washed for 2h at [err] in
PBS containing 5% (wv) low fat mlk powder and then rinsed with PBS.
Filters were incubated owndingitatal vd0€pitdbbpe3quinddr ldfndd)ora s®n@rown
supernat ants and washed t; ' f ] [er.r] W th PBS containing
5% (wlv) |owfat mlk pom‘dhfe?;d SAEE ﬁ{?; éggkﬁéﬁt%agr}‘%ﬁﬁ hft"ﬁ'Bs, the filters
wer exi ncubated for 2h at NeriycosvPBsiaas denv&ed by [*err] goat anti-nouse

lg (40 [err] 3!:3!- g!i‘i“”g:o'“r’ [err]) and 1% (w v) bovine serum 29

al bumin.  They were washed three times in PBS containing 5% l|owfat mlk
powder, dri &d and aut or adshrepieted opcbapersideys wedeardaatedohitgues

(34) were used to purify @) Db /66w 8011 0GEY 3RIB) Ul hyHliaNfhy, di geSt the

nucl eic acids with EcoRl restriction endonucl ease an ove e cDNA

insert follow ng agarose SfHeHI AR bphoBest£18f dAd .diofesormzgirent s. EcoR
fragments were cloned intprddldmdB #neippdd cdpkrantanie nydgig acid 10

sequence determ ned by the dide xxﬂégaén-tern1nat|on procedure (36).
e

Cct apenti de synt hesi s an®pil &t RGEPEN PYSERISAn g sicta

anti body-reaetive pepti des nesr ki §1or petorsddeections gt 3yt Stodde

(37). Ig. X-axis: arbitrary units: Y-axis:
figures represent the amino acid positicn of
the primary octapeptide amino acid based
upon the sequence shown in Fig.9.

e 11:

Replacement net analysis of the sequencse
STNSGI using 8Gl0/48 at a 1/1000 diluticn.

(%

w
]

Re a Di

8Gl0/48 and 9E3/48 were used to screen an
expression library constructed in Agtll Amp3 to
select for recombinants expressing cDNA fragments 2f
2lasmedivum falcigarum. One clone (designated CL2:22)
sz Was recognised by both antibodies. The EcoRI
restricticn fragment is 855 nucleotides in length
followed by a region of poly (A) nucleotides
(Fig.9). Nucleotide repeats which are characteristic
of other 2lasmodium falciparum genes are absent from
this clone. The sequence apparently is not expressed
as a fusion polypeptide coupled to the
3-galactosidase gene product (data not shown).
Initiation signals characteristic of internal sites
£or RNA synthesis (38a) are present from béses €92 %o

L)
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15 Synthetic peptides were coupled via a peptide-like spacer to

pol yethyl ene rods to which a linear polyner of acrylic acid had been
attached by radiation grafting. Overl appi ng octapepti des were synt hesi sed
consecutively using solid phase peptide $ynthesis 20 based upon nucl eic
acid sequence data. Forlow ng renoval of the t-butyl oxycarbonyl group from
the final am no acid, peptides were acylated and de-protected to provide
mat eri al of sé2f7 @inghta mikdugibbeepabypeftidh eacoided fay thbsspecific

bi ndi ng of 25 <%5g14 ' o hgQCt apeps. : onpl et e
"repl acenent” ssggtﬁ%o 1%5 %%?%ﬂge%éfﬁga%%asgd%‘ﬁg‘?ﬁ@s%%éﬁce STNSG ™
where each anuseg&cifiramsthapsefttypiicah nanncodinge i sequencas| y .
occurring am ' %‘E&Eé@ s gur, X : fde seguence
of the cDNA clregngcdrdei?oggﬁél)es d by nn%%c%%?ggﬁg :lgoc?i%e% ?8%%§§é%nd 9E3/ 48.
The deducéd amiegdons dEanabacdal geneand4pdt an e MiGRI¢YIndEr|ined) are

shown in addi t | S§ : ition, denoted by *.
Figure 10: Ro%“-a%o%up edgoéo‘gﬁg%%g%?i8%?@?25%‘335&3%“& (A) 1/10, 000 dil. of

8GL0/ 48 hybri doma: superf inteqyence/ 180r4rh. 18 AShtand Wdwocl onal
anti body superatidiies Boawy aptthedy wmsndeheqdsd biedidsthsiSsageral
or seradi sh pelRdes “STEA0HEE AG17E895 T akdon R 0L PhE LY 1S
axi s:
10 £for part of QFl22. Many Plasmodium £alciparum
proteins contain lysine-rich sequeﬁces-for which the
predominant codon usage is AAA., - The possibility thus (N
arises that the reverse transcriptase used during
construction of the cDNA library may have beeh primed
15 by oligo d(T) on an internal lysine-rich sequence
commencing at base 856 with the implication that cnly
the amino terminus of the native protein has been
cloned. ) '
Identifi . s i 4 ised by 8G10/48
20 and 9E3/48. : .

_ Overlapping octapeptides corresponding to
the derived amino acid sequence shown in Fig.9 were
synthesised and examined for reactivity with’
hybridoma supernatants of monoclonal antibodies
8G10/48 and 9E3/48. TFive octapeptides spanning the
sequence Lys Asn Asn Asn Ser Thr Asn Ser Gly Ile As
Asn prodﬁced strong positive ELISA signals using ko
antibodies at supernatant dilutions to 1/10,000.
(Fig.1l0). Negative results were obtained using 9
. 30 other monoclonal antitbodies at 1/100 dilution of

hybridoma supernatant (Fig.1l0). The epitope
recognised by the monoclonal antibodies is the
sequence common to these five octapeptides,.namely
STNS.
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figures represent the amno acid position of the primary octapeptide am no
aci d based upon the sequence shown in Fig.%, Figure 11: Repl acenent net
anal ysis of the sequence STNSG using 8Gﬂ0/4% at a 1/1000 dilution..
Results and Di scussion ldentification and characterisation of clone CL2122
8GL0/ 48 and 9E3/gh&, M ore55|on library constructed in

Xgtll Anp3 to séfect Tor reco ! BDA<Fagnent s of
Pl asmodi um f al ci parum ChﬁhelDhedédespgnammihadméﬁ)Bﬂme/necagwfﬂﬂiﬂmabOth

ol | owed b T“%%?‘?S%ﬁ‘sgkggﬂué 3 B e 404 SRR abBRa0R aian <

foll owed by a region o
whi ¢ are char acti® | $g9¥enEe obREPGR dsnmsdiown fixt cF beu nen §2nés rase labsent

fromthis clgneundiica seayeace: agpayehley 4 Mo xbr 683 odacsagel Uo! on

pol ypepti de coupled to the ga act osi dase gene produc &t shown) .
Initiation S|gmﬁ¥ﬂk%@Fa€?%Vi $ic dhesgt data anﬁxrmothsmnesyanh35|s (38a)

are present fr0m1x§e§s59€et@p1to§é (Peéodil el Bt e PALNBERLRAY encoded

by this sequence i sente ange n codon usage fromthat
of typi cal non(ﬁﬂﬁ¥é% eﬁE%@ Bagodiome skeprtrdsprepbidesewidtli ¢ of

translated 5 Ihﬂhd”ﬁhé%enﬁh@ib@ﬁlégneésbgaldll}rEéﬁffdQQtNhQEebase 650
supports thIS | terpretat Thl? gequeng; I.s, rich_in Asn and L s resi dues

(45% of totatlarmiho acids h e bhfs 18y SLDS HRutRd PY sFt el Par
N- gl ycosyl ati on 2and does hoiscsdbst4tuted by I, S or V;

3. N is substituted by C¢,D,E,F,G,H,L or S;
4. The second S is substituted by C,D,H cr T.

DISCUSSION OF EXAMPLES 1 to 3
The antigens described in Examples 1 and 2
above are the same antigen, having the same Western
dlotting patterns, immunoprecipitation and labelling
characteristics and identical immunofluorescence
29 Patterns. Furthermore, it has been shown that
monoclonal antibodies which define QFl122 described in
Example 1 bind to sequences which are coded for by
the insert in Ag513 described in Example 2. The
immurofluorescence patterns are consistent with a
.= merozoite surface location and the immunoelectron
microsccpy has localised an antigen on the surface
merozcites. While it is possible that the
localisation by electronmicroscopy could be due to
the reaction of the monoclonal antibody with some
other cross-reacting antigen, the consistency of the
immunoflucrescence patterns obtained with all three
monocicnal antibodies and the human serum suggests

that this lccalisation is due tobinding to th
antigen Cri22.
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10 for part of QF122. Many Pl asnodi um fal ci parum proteins contain
l'ysine-rich sequences for which the predom nant codon usage i's AAA.  The
possibility thus arises that the reverse gganscriptase used during
construction of the cDNA library may have been prinmed 15 by oligo d(T) on
an internal lysine-rich sequence comenci ng at base 856 with the

mplication that only thgiugedeem guscobel B9 MATIEPIGLELD s oo

cloned. Ildentification of pl tome recogni se
Over | appi ng ocﬂéﬁ@pﬁldé@uﬁﬁbk%p%ﬁaingatoonh60de¢mmednmnbmmandoSequence

shown in Fig.9 L @hﬁﬁ; if rldona
supernatantg on§§§é§¥gnal éﬁfﬁgggﬁggéggbggg F%g rﬁgﬁggﬁli%lw&%g gxg
oct apepti des sB&RHid8g t ‘§§ﬁﬁénc§ eySipdangsthasn tharermresociser dy IIe

Asn Asn proguced1ati@ng éndgsEé£§éb§EQB%|%oH%d&J§3¥rb &bpdies at
supernatant dilutions.to Negative resu ts wer e obtai ned

using 9 30 othSPnﬁﬁﬁ&ﬂqﬂuﬁh%ﬂﬁ?bﬁéFﬁsr§F°$P}GG YU D¥omgbr i dona

super nat ant (Fapti®odidx s3l0.0p8 sRE09ERFAE @n@d@gﬁgngxggnguhgntlbodles
is the sequence Cﬁﬁnnn to t esgof ve, og ggﬁp i deg, .namely, STNS. 3
Repl acenent neMeSAINFSTS §E (FEOEHR HPBILFRAOH m&%ﬁf<ﬂee%W?%ea¢§5 86&0/48

and 9E3/48 to Puethepuraid) estnegl ehannieeathd tswasld uddNEOF tHe sequence
G lution. 9EaPERONRR S A1 4%0ad oeo el GReTREN ST etk sequence
immunised with whole par351tzzed red cells, it cannot
be determlned whether it was QF122 or some other
protein containing the sequence STNS (for example,
the putative sequence coded for by CL2122 in Example
5 3), or even some related sequence, whiéh elicized
this'protective response. m
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STNS as the epitope recogni sed by these nonocl onal antibodi es and show t hat

sone related peptides wll bind these antibodi es, especially peptides
where: 10 1. The first Sis substituted by C, T or V; 2. Tis
substituted by I, S or V, 3. Nis soifstituted by CD, E,FGH L or S; 4.

The second S is substituted by C,D,H or T. DI SCUSSI ON OF EXAMPLES 1 to 3

The anti gens deégggggﬁigg Exanples 1 and 2 above are the sane anti gen,

havi ng the sa =#l otti ng patterns, immunoprecipitation and

| abel I'ing chararteristicHianteildgnii.gal, igypemdd U cen atterns.
Furthernore, it has been_ shopn, that nDnocIonaI!gn??ﬁﬁdleggﬁﬁﬁgﬁ"defrne
QF122 described in ExanpPRY| “BRSE 't & -sddddoe S1dn xRy Ermuaed - @8 by t he
insert in Ag513 described76r2Eganpl e 2. The i munof | uorescence patterns are
consistent wwth a nmerozoite surface |ocation and the i mrunoel ectron

m croscopy has | ocalised an antigen on the surface of nerozoites. Wile it
is possible tha.the | ocitsaeildn GyHel eRichATdy, 03¢y, CBULEnRS ,due to the

reaction of the nonocl onal yantiRody,wi th_so er, cross-reacting antigen,
the consistency of the i%ﬁﬁﬁo?hgorégggncé'pgﬁPgstQﬁﬂ%ﬁ%eé'mjth all three

monocl onal antibodi es and38helB@dmn serum suggests that this localisation
is due tobinding to the antigen QF122. = 33 The surface | ocation of
antigen QF122 woul d give_a_pl ausi bl e expl anation for the inhibition of
parasite grow ¥ by nonocfbB@Equnti Wedi.e$18CT70/, 48 cdeh@E31d8, Beeeges,. the
finding that there are other
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5 malarial sequences capable of coding for proteins containing the epitope
recogni sed by nonocl onal anti bodi es 86ﬂ0/48 and 9E3/ 48 suggests that other
mechani sms of growth inhibition mght be3®nportant. Furthernore, since the
m ce that were used for the 10 production of these nonoclonal antibodies
were inmmuni sed with whole parasitized red cells, it cannot be determ ned
whet her it was QF122 or sone other protein containing the sequence STNS
(for exanple, itihe put atny@,segu‘gncecgqng for Hy, Hedeeds | ngEyample 15 3),

or even sone rel ated s%ﬂygp which ellicited this protectlve f esponse. 20
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‘5 1. A nerozoite surface antigen of the asexual blood stages of

Pl asnodi um fal ci parum which is characterised®y: (i) havi ng an appar ent
.ol ecul ar weight in the range of approximately 41 kDa to 53 kDa; 10 (i)
being a glycoprotein incorporating nyristic acid; (iii) being substantially
i dentical wth an antigen which is present flrstly as a diffuse cytoplasmc
| ocal i sation angzm@bghsig | ocated in mature schizonts on the surface
menbrane of nmerozoltes; 15 (1v) bei ng recogni sed by nonocl onal

ant i bodi es, agai nst the asexual blood stages of P.falciparum which inhibit
parasite gromﬁh_Lglgg_ro and (v) havi ng the am no acid sequence set out
I n Flgure 6; 20 or an antigenic fragment thereof. 2. An antigen
accofdlng to claim1, which is antigen QF122 descri bed herein, or an
antigenic f8agnent theheméro2bife surflceaantdeernc d‘fr a:gmratsa:a‘uaan Bldoden

as claimed in c by e} e n
aci d sequence t ergb% %h?;gééé%ggﬁ 3§§§%b$%§$ # %fﬁﬁ#&i}aék%éigeé)
sequence Ser - AsBYThr - Asn- Ser-Val 30 (SNTNSV) or an antigenically actlve
sequence relate@ 2hereﬁgv$ﬁqaghngpﬁgk%n@eh Qp&gg&gﬂquiq5; Yandgd 2

antigenic fragnent there I ne h produces Qan
anti body 35 which |s°§péEPFP§1F6FeiHe4&n#P@eﬂ°3é@oMﬂ§n)to claim1 or

claim3. 510 (Aijybrbdifgl a “E ﬁeo g6tednNdncorfPcrabihg\iydidtiic adite;

cell line dep05|ted unglelng 5

(11

an 1a11y identical with an antigen
which is present firstly as a diffuse cytoplasmic
localisation and which is located in mature

schizonts on the surface membrane of merozoites;
15 (iv) being recognised by monoclonal antibodies against
the asexual blood stages of P.falciparum which
inhibit parasite growth in vitro; and
(v) having the amino acid sequence set out in Figure
6;
20 or an antigenic fragment thereof.
2. An antigen according to claim 1, which is
antigen QF122 described herein, or an antigenic fragment
thereof.
25
-/ 3. An antigenic fragment of an antigen as claimed in

claim 1, which is characterised by inclusion in the
amino acid sequence thereof of the sequence Ser-Thr-Asn-
Ser (STNS) or the sequence Ser-Asn-Thr-Asn-Ser-vVal

30 (SNTNSV), or an antigenically active sequence related
thereto by amino acid deletion and/or substitution, or
an antigenic fragment thereof.

4. A hybrid cell line which produces an antibody
35 which is specific for the antigen according to claim 1

or claim 3.

5. A hybrid cell line according to claim 4 which is

A




6. An anti body produced by a hybrid ca%ﬂ | ine according to claim4. 5

7. ~ An anti body according to claim®6, i'ch is the nmonocl onal anti body
8G10/ 48, 9E3/48 or 8F6/49 described herein. 10 8. An antigen of

Pl asnodi um f al ci parum whi ch is recogni sed by the nonocl onal anti body

8GL0/ 48, 9E3/ 4¢ner c8kf/ 49ned deposAdEidiie© Né NN Fidwp { he devel opnent of
asexual 15 bl ood stages of Plasnodi um fal ci parum which nmethod conpri ses
exposi ng the bl ood stages of the parasite to an anti body according to claim
6. 10. Use ®f an aAn ambilbaxiy|prodsbed By ad ybifid ¢éEL 2Dine preparation
of a vaccine c lqts | for ively i mmuni sing a host against Pl asnodium
fal ci parum 118888§§5'%§2§°v§1\%g§€i4n'e conposi tion conprising an antibody ¢ ¢
according %o claim6, and a pharnaceutically 25 acceptabl e carrier or

di luent. 12. A CONMR@Sialy L, _ Qi ALl 421 B L i body

I s nmonocl onal _Zat'nti body 88?#%&%%%%%%%?4@1% %S’ﬁi%sggo .%m

anti gen accor drPReEdopadi Antikqdy RGLQ4]) JEF A48 P SFeM9 deseribednent

t hereof, for ther&imaparation of a vaccine composition for actively

I mmuni sing a host agai nst Pl asnodi-um fal ci parum. 35 14, A vacci ne
conposi tion conprising an antigen according to claiml1, claim3 or claim8
or an anti@eni&.fragnman antdrgent ofrRllasmddium cPal ¢ ipaium awltieh abs e
carrier or dilygnbean; _. e mma T ok S e _ - :
gnised by the monoclonal antibody 8G10/48, 9E3/48 or
8F6/49. o " R '
9. . A method of inhibiting the development of asexual o/
15 Dblood stages of Plasmodium falciparum, which method

comprises exposing the‘blopd'stagéé of the parasite to
an antibody according to claim 6.

10. Use of an antibody as claimed in claim 6 for the
20 preparation of a vaccine composition for passively .

immunising a host against Plasmodium ;g;gigg:gm.

11. A passive:vacéine COmposition-comprising'an
antibody according to claim 6, and a pharmaceutically
25 acceptable carfier.Or diluent,
_ _ . o/
12. A composition according to claim 11, wherein the
antibody is monoclonal antibody 8G10/48, 9E3/48 or
8F6/49.. | - o
30 - _ o
13. = 'Use of an antigen according to claim 1, claim 3
or claim 8, or an antigenic fragment therebf,'fdr the
preparation of a vaccine composition for actively
immunising a host against Plasmodium falciparum.
- 14. A vaccine composition comprising an éntigen
according to claim 1, claim 3 or claim 8 of”&h'antigenic
fragment thereof, and a pharmaceuticélly acceptable

L




* 15. A conposition according to claim 14 vﬁ ri sing an antigenic
fragnent having an am no acid sequence:5 h-conprises or includes the
»sequence Ser-Thr-Asn-Ser (STNS) or the sequence Ser - Asn- Thr - Asn- Ser - Val
(SNTNSV) or an _ant.i en| caéc#{lefg’fl ve sequence rel ated thereto by amno acid
del etion and/ o3& A conposition according to claim
14, further conprisi ng an adj uvant. A conposition according to claim

14, wherein th nti ggn n f

t hereof . 18. (3.5%\ rece%nbc% nﬁgw q:ée% e C%% ?‘Esiléngﬁa*‘? oéagaggrgh §n of
nucl eoti de seq@eh@ntigenic Sfragrent having Ap Smirs seaidsspanepept i de
hamlng t he sant k@G idompiised o N siudd) A€ BEEEnEE SEALThE~AShaEBY3 OF

claFm 8, or an antigenic fragnent thereof reconbi nant. ¢l on veh| cle
or vector or a (ms%cé?’f M IeeRFS %%Fo“?‘ecﬂhﬁ'ﬁﬂf Sexnv ﬁil éékﬂl‘g

19. A synt hedr @rp@ntiikyen itea Y e iy d ysequence | pelatedl thereeophyt | on
of a nucl eoti de _seguenc r Qi to I ai A vacci ne
conposition corﬁ?ﬁi'& rﬁgcgd (’sj‘fﬁ?%éegﬁr}g f)oﬁr%%ﬁ’%ﬁ% Reordi ng to claim19.
21. A synt heti c pepti de corrpri si ng an antigenic fragnment having an am no

(STNS) “or Mhe dB"od Cﬁgj‘* bR ST, 6 HPAFR R fUFSRRE >

antigenical |y ®empxt e#ﬂ:eaclﬂ‘éé@él- thereto by ami no acid del etion and/or
substi tution.

17. A composition according to claim 14, wherein the

. antigen is antigen QF122, or an antigenic fragment

~ 15 thereof.
18. A recombinant DNA molecule comprising all or a
portion of a nucleotide sequence which is capable of
being expressed as polypeptide having the antigenicity

20 of an antigen according to claim 1, claim 3 or claim 8,

or an antigenic fragment thereof, or a recombinant
cloning vehicle or vector or a host cell comprising a
said recombinant DNA molecule. '

25 19. A synthetic polypeptide prepared by expression of
all or a portion of a nucleotide sequence according to
o claim 18.

20. A vaccine composition comprising a synthetic
30 polypeptide according to claim 19.

21. A synthetic peptide comprising an antigenic
fragment having an amino acid sequence which comprises
or includes the sequence Ser-Thr-Asn-Ser (STNS) or the

35 sequence Ser-Asn~Thr-Asn-Ser-Val (SNTNSV), or an
antigenically active sequence related thereto by amino
acid deletion and/or substitution.
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