1 "EXPRESSI ON OF PLASMODI UM FALCI PARUM POLYPEPTI DES FROM CLONED cDNA" Th
i nvention relates to DNA nol ecul es conprising artificially constructed
pol ynucl eoti de sequences substantially corresponding to all or g particomai
Pl asnodi um fal ci parum RNA, e.g. nessenger RNA 5 (mRNA), or ‘genani c DNA
(gDNA). In particular it relates to polynucl eoti de sequences coding for at

| east one protein or part thereof. The invention especially relates to DNA

nol ecul es conprising artificially constructed pol ynucl eoti de sequences

-

codipg for the 10 - whole or part of one or nore proteins occurring in P.
fal gi parum or a precursor or nodification thereof. Such DNA nol ecul es are
capabl e of being expressed as a pol ypeptide(s). 15 O the four

speci es of Plasnodi um causing malaria in man, P. falciparumis the nost

i nportant being a major cause of infant nortality in tropical countries. It
has been estimated that in Africa alone mal aria causes one mllion deaths
each year and that 20 wor | d-wide 2,000 mllion people live in-areas
where there is the potential for transm ssion of malaria parasites.

I mmunity to nmalaria develops slowy so that recurrent infections cause
significant norbidity in children living in endem c areas. Adults who have
25 grown up in endemc areas will often have detectable 2 parasites

in their blood but sel dRFRESsTON O ML.ASMODITN PALRBARUNBLEEYBEPRESEE! ON
is a contributing : _
FROM CLONED cDNA"
i | | |
- This invention relates to DNA molecules
comprising artificially constructed polynucleotide
sequences substantially corresponding to all or a
portion of Plasmodium falciparum RNA, €.g. messenger RNA
(MRNA), or genomic DNA (gDNA). In particular it relates to
polynucleotide sequences coding for at least one
protein or pért thereof. The invention especially
relates to DNA molecules comprising ariificially
constructed polynudleotide sequences coding for the

10 whole or part of ore or more proteins occurring in P.

falcigarum, or a precursbr-or modificaticn thereof.
. Such DNA molecules are capable of being expressed as a
W/ ~ polypeptide(s). '

15 Of the four species of Plasmodium causing malaria
in man, P. falciparum is the most important being a
major cause of infant mortality in tropical countries.
It has been estimated that in Africa alone malaria
causes one qillion deaths each year and that

20 ~ world-wide 2,000 million people live in areas where

' there is the potential for transmission of malaria

. parasites. Immunity to malaria develops slowly so
that recurrent infections cause significant morbidity
in children living in endemic arecas. Adults who have

25 grown up in endemic greas.will often have detectable




ause to adult anaem a-and may cause other serious illnesses. In many
ntrl es mal ari a has becone a nore severe di sease problem over the | ast
sade. This is due to several factors which include the breakdown in
nalaria control prograns, the energence of insecticide 10 . resistance-in
the nosquito vectors and nost inportantly the energence of strains of P.

falciparumresistant to chloroquin, & key drug used -in prevention and
treatnment of the infection. 15 P. falciparumis a single celled

a; gani sm sgrhaatkamzhy fen@;a-s B it ggéi@olm F&ftg&?lséperé;btclhalss o 9
enmospor.di a r 0zo0a; u) r ot 0zo at hol ogy of
Protozoal &ﬁ&aﬁélﬁaﬁﬁﬁFgEDF§§5§ ¥§¥]q%légld3' {hpéﬁﬁqllans &
W1 kins, 2@use B@lhﬂmnmeaﬂiéﬁhdeua(MHyﬂcdHSEﬂuxhet fariadgi parum has a

conpl ex | ,f le. The infective stage to nan (sporozoite) is injected
into the 5ﬂ§8§¥%ﬁ§ﬁ a femal e nosquito has 25 a blood neal. Wthin

m nst es, sporozoites invade liver cells and within these cells undergo a

stage of matur g ﬁﬁngrn‘i'o%?ﬁiﬁ:@s R ldiid GRdd Weddine!!ld ididrd N the production
of hundreds of nerozdites frqmone s r020|te venfually the, liver cel

ruptures S@vere gisease, e Et ®i t i S alecond
asexual cyiulee tioh selveralo Gadrors witialy imzm@othe:dhtsaxwﬁ).m 3 As in
e el phdar i SRVAY et hd Uded & o tholdeLoegs asexua
10 resistance in the mosquito vectors and most
. importantly the emergence of strains of P. falciparum
resistant to chloroquin, a key drug used in preventzon

and treatment of the infection.

~/

1s P. falciparum is a single celled organism of the
family, Plasmodiidae; order, Plasmodiida; subclass,
Haemosporidia; subphylum, Sporozoa; and phylum,
Protozoa. (Pathology of Protozoal and Helminthic
Diseases. ed. R.A. Marczal-Rojas, Willzams & Wilkins,
20 Baltimore 1971)

Like other Plasmodia, P. falciparum has a complex

life cycle. The infective stage to man (sporozoite) . W
is injected into the blood when a female mosquito has

25  a blood meal. Within minutes, sporozoites invade
liver cells and within these cells undergo a stage of
‘maturation and asexual multiplication resulting in the
production of hundreds of merozoites from one
sporozoite. Eventually the liver cell ruptures

30 releasing merozoites thch can then initiate a second L.
asexual cycle in the blood by anadzng red blood cells
(RBC) .




produce numerous merozoites which when released into the bl ood, upon
rupture of the infected RBC, can 5 ~invade another RBC and initiate
anot her asexual eycle. For reasons that are not clearly understood,
occasionally maturation within the RBC results in the formation of nuale
femal e gametes. \Wen these sexual stages are ingested with a blood neal by
“a 10 nosquito they fuseto initiate a procesgs of sexual reproduction the
end result of which is thousands of sporozoites in the salivary gland of

the nosquito each capablgs ofn reidf BGd PGl I UERE %ﬂﬁgitéﬁgaﬁures wibfin

i ne response to-nalaria |n£ect on is conplex, Both anfibody and

cel I'Mhedi at ed i mure'¢ 3o . EA ?g%p’ﬁ%lséﬁuhfﬁbp%?%’é%% &@ai nst
conponents of severgptoddcd hagi'.efmsm%ﬁ%ﬁw-wﬁf@ Setién Ofel)éléﬁéd\éi?hgo

I mune i ndividual s t,od ant i bodi es regogni zLng, oye undr e

di fferent pol ypepti ega%%%hsuq%'?a At © p?%o%’%t_‘a‘b‘e%g'é? Pﬁa‘?al *Barum
Ant i bodi es t 8 asexumvaderhethar RBRC i apdsiniitiave ?Fmthgarasexggleé?fe¢ersﬂ
but which of the nee ShsLddd$i A .ﬁg@t- . fetSedoh, irmy
established. There is a ,conc'gstiié':der%ﬁe%@ ofc%/%gﬁc%ﬂt%at 8ﬁ i'cates that

the asexual blood QSRABLIFR2EY MAtyra HotkeRin e (FPesresubhei fenshehat
may be 30  targetfomiation anf inele ORI NBeti£EPOfaRetes ANtWNEASLREsENE type
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mosquito they fuse to initiate a process of sexual

U . reproduction the end result of which is thousands of
sporozoites in the salivary gland of the ﬁosquito each
capable of reinfecting a human being. |

15 The immune response to malaria infection is
complex. Both antibedy and cell-mediated immune
responses occur and responses are directed against
components of several of the life cycle stages. The
sera of putatively'iﬁmune individuals contain

20 antibodies-recognizing over a hundred different
polypeptide antigens in asexual blood stages of P.
falciparum. Antibodies to asexual blood stage
antigens do have anti-parasitic effects but which of
the many specificities are host-protecti&e is not

25 firmly established.

. There is a considerable body of evidence that
indicates that the asexual blood stages of
P.falcigarﬁm possess two types of antigens that may be
30 targets of protective immune responses. Antigens of
one type are cormon to all isoclates of P.falciparum,
thus immune responses with these specificities induced -
by infection with one isolate or strain of '



falciparun1mﬁ|| be equally effective against other i solates or strains.
ver, antigens of the other type vary in different isolates or strains

of P. faIC|parun1 Thus, host-protective inmmune responses - 5° ~ directed * -
agai nst such antigens will be restricted in their efficacy. One:or nore of
t hese responses of restricted -specificity accounts for the observation that .
exposure to an isolate of P.falcipar4m provides better protection against
chall enge with the 10 honol ogous i solate than with heterol ogous :
i sol at es.P Aalsimpardmmrwi bk b@neQmehs efifeativef agadnatepthkrbl ood forns of
P falCl MSMede o [Qedaide.  mGUGILED EnclQURYCEE khellobhedol Do feasible
to produce su 0

T Ci ent anount s roprrate antlgens required for a
vacci ne ft¥pe c(AxYIrke dbfferent. IF%l%ﬁEFnBFeSt§GF§§|P s-are grown in vitro

in Pgrrﬁn ﬁ%ﬂgﬁg@a ek &1 ﬁaeet§aeeé§d;%t ﬂmmng§?b5%3%| t- thus it
wou e | ure a Lte an n e r cu ur es we-re
(a7 T Rarar anm il AR ARl 8l "Wt BT Rel RRBY ek R

-individua&&e;ﬁ5efficacy.LB®ng chemoeehofquheséerebppaéesvef the last-ten

years it i-és&? ?é{?i%? rQQ{:‘Sﬁn&E ng‘tﬁﬁe% #JQRYehei ¢ aci d)

codi ng for non s via the internediary
of a pIasﬁhéﬁcﬁxmﬂﬁﬁﬁﬁl%@hﬁgels? ater of ExﬁEﬁEéEBEEEePF°V ges C.J. et al,

Nature, 2&rtdB-grotd@¥fon. agunsenenahléhgecaa.%hr ¢@lai N Of the reconbi nant
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A system for the continucus culture of the
asexual blood forms of P. falciparum in vitro is .

15 available, however, it will not be feasible to produce
sufficient amounts of the appropriate antigens
required for a vaccine from cultured parasites.
Furthermore, parasites are grown in vitro in human
RBCs and irn a medium supplemented with human serum

20 thus it would be difficult to ensure parasite antigens
derived from cultures were free of human antigens | .
which may induce autoimmunity in irmunised
individuals.

25 Using the techniques developed over the last ten
years it is now possiblé to introduce the DNA
(deoxyfibonucleic acid) coding for non-bacterial
proteins into bacterial cells via the intermediary of
a plasmid or bacteriophage, (seé_for example Burrell,

30 C.J. et al, Nature, 279, 43-47, 1979.). In general
the construction of the recombinant DNA molecules
comprises the steps of deriving the DNA template
coding for the desired protein from the non-bacterial




ﬁarent and inserting this piece of heterologous DNA into a cloning vehi gfe\\
such as a bacteriophage, and then infecting an appropriate bacteri al h-;t7;1"
with the nodified bacteriophage. A general discussion of the 5

mani pul ation_ of genes leading to the formati on of reconbi nant DNA was
publi shed by S. Cohen in Scientific American, 233, 24-33, 1975. Many
non-bacteri al genes have been inserted and 10s multiplied within bacteria
" such as Escherichia coli, * and many non-bacterial proteins have been

expressed by bactepheHti BEdr ¢AaSEREAAG thHS b&@b&ob@g}ieﬂe&@llb@ldﬂ& D
haerraggl utini n of |nfluenzigV|ruses Nat ure, 282,

4713477, 1979) thelRERafi Ei né"%"ehgﬁﬁﬁus sb‘F@‘t as na( B&”u"&’-‘l‘-q’éaﬁe g
1979, |QC cit.), ahdnmnfectingnaypl epprkboprieiey belckierdialkdmst Pikh &he

Cowran, A F., Procp N§E19§08Q5t§§&o aSaA"Aiaéhergi %? <55 of the

hbtmnthstandlng t heocons| der a carried out 1 n recent years
on reconbi nafit DNAmRDipPulptienr Of, gﬁﬁéﬁelﬁéglﬁeéﬁ°atﬁéu arpakioneQfi t s

anenabl e to i Mmedi geecABEnBh&CONAIasdPPubldished by ishe dohrind m‘ recorrbl nant

DNA i nvol ving the nipul.ation of .proto n %ngé erial.
~One approach to thggéﬁggéééﬁegﬂgﬁ-gggd di du&gﬁé |nnun|ty ‘agai nst

Pl asnodi a antigens, disclosed in European Patent Applications Nos. 0062924

and 0071705, both in thﬂaﬂﬁonﬁoat_b;g%e\qglallbggﬁe Hgnéd_lirg e&aﬁ.‘&)een

based on the use of 30 ocl onal anti certaln ant] gens
by mol ecul ar 1@ei ghm&ﬁap.lmnmrtaéne?ésﬁ@él@tm gspw'

olate these anti gaasmhff AoA-bactEPials FriorainE havie Hidn lék@ﬁ‘&éﬁu by
ho ver, s bacteria using recombinant DNA technology, including
the haemagqlutlnin of influenza viruses (Porter, A.G.
. et al, Nature, 282, 471-477, 1979) the hepatltls B
15 virus protein (Burrell, C.J. et al, 1979, loc. cit.},
and mouse immunoglobulin heavy chains (Kemp, D.J. &
Cowman, A.F., Proc. Nat. Acad. Sci. U.S.A., 1981, 78,
4520-4524) . Notwithstanding the considerable amount
of work carried out in recent years on recombinant DNA
20 research, there has been a paucity of results amenable
' to immediate and practical application in the £ield of
recombinant DNA involving the manipulation of
protozoan genetic material.

25 . One approach to the production of vaccines for
inducing immunity against Placmodia antigens,
disclosed in European Patent Applications Nos. 0067924
and 0071705, both in the name of The Wellcome
Foundation Limited, has been based on the use of

30 monoclonal antibodies to define certain antigens by
molecular weight and immunofluorescence staining
pattern, and to isolate these antigens for use in
immunisation. The present invention, however, is



Mhi ques in the production of antigenic pol ypeptides. 5 The
fent invention provides for the synthesis_of individual polypeptldes
substantially equivalent to naturally occurring Plasnodi umproteins, in-
particular P. falciparum proteins recognised as antigens by defined sera.
In one particular enbodinent, this 1% i nvention provides for the

synt hesi s of pol ypepti des substantlally equivalent to a famly of '

Pl asnodi ubased ganan endined n dififedent iapprrach an iygingare found in the

sera of padceibd il B NG ae Ble pIBd@Lfor NEECt i on and are gso

rel eased i nta ned |u en P faIC|parun1|s cultured in vitro.
Di fferentaP§ﬁﬁEPé§ Gpﬁﬁﬂﬁﬁ ‘um are characterised by S antigens that may
vary in antigenicity and nol ecul ar weight. Inmune responses directed

POASISL Tearr GBS dHRedH SRR loPlad b e b0 nd ISERLYES 20,
this |nvenﬁiGMQQWiﬁuﬁiSHOiYantkgﬁﬂfﬁﬂb%ﬁiﬂtxﬂ¥k¥ eTRiyRbentiesonhi ch are
common oy éufa&qkato%%@n%q{ @ﬂ%&!ﬁﬁ%é@&ﬁ@erﬁﬁ%ﬁréiéﬂkéte i mune

responses gainst all Tsolates. The

I ch are host eerrve 25 .,
i nvent i on Bal £3LGIRATRM H'%r teips sﬁﬁﬁ%%e‘gfa? antigens  B¥h pol ypept i des
ei ther asdefinéds@raant il enepasticsian anscdihenef twpsor nmore 30

theitoy 1 AEVBRATH Sroanh gt e | Frltietns S SobrmeeRiata ) 2250523”3_
'for substantially equxvalent to a family of Plasmodzum oo/
antigens referred to as S antigens. S antigens are :
found in the sera of patients during the acute phase
of a malaria infection and are also released into the -
15 medium when P.falciparum is cultured in vitro.
Different isolates of P.falciparum are characterised
by S antigens that may vary in antigenicity and
molecular weight. Immune'responsés'directed against S
antigens may be ohe component of the host-protective
20 isolate-restricted immunity referred to above. 1In a
second embodiment,. this invention provides for the
synthesls of other polypeptides which are cormon to
all isolates of P.falciparum and may therefore
stimulate immune responses which are host-protective
25 against all isolates.

The invention alsoc provides for the synthesis of
P, falciparum polypeptides either as individual -
entities or as fusion products of two or more
30 polypeptide portions. 'In addition the present
invention provides the mears whereby the concurrent
synthesis of iﬁmunogenic proteins normally encpded for




7 by.different variants of P..falciparummy be effected. According to
aspect of the present invention, 5 there is provided a DNA nol ecul
gonpri sing a nucl eoti de sequence substantially correspodding to all o
portion of P. falciparum RNA. Preferably, the nucl eotide sequence codes_i0r
at | east one polypeptide of P. falciparum Such a DNA nol ecule is capable
of 10 bei ng expressed as a pol ypeptide recegni zabl e as substantially
corresponding to a P. falciparumprotein. In one particular aspect of the
invention, the DNApgpohgeebeeht eapalhesobfbpi.ngatsppazandmay depol ypeptide
recopgni sabl e as subﬁ%an%iglly'15 corresponding to anti.gen by its
antﬁgenic rel ation§ ﬁc 8%he S antigen released into culture supernatants
by P.falciparumstrains. In an alternative enbodinent, the nucleotide 20

sequence may code for ahléc?i-di‘ngOEH ?HeOfasS_Ecltlea%t th??;?_esfeﬁl‘:miﬁ%ﬁ@ion,

pol ypepti des_each derived tfrom g erent "1 sol ate, ain or variant of P.
fal ci parum By waytBerexifpPrervidedod BNA: Rpdesudecropprifdngsa
i nventi Onh thef pﬁl ua&méeeﬁ&dfesaﬁﬁuﬁaeesulbataheiahayaebeﬁ:e&@d»' nidd nat 1:=o|e&s_t1 a
portion thereo aying aone t artial . e.s enc nti as
shown in Figures 1°5ng §°ﬁ’é?8f‘n8?tgﬁi?—§€=§§§%‘l‘c§%r 523‘33#2%5 vdvv%hieyn
Figure 1 has been huchedtide segseénce codeesfomdiatgleask poe polypepntisdes
antigen of P. fal ci ggr g Fe3Z:pdBGmPar SheH! ar DRATHBNERIROWS Idhdaiil B2 | S
capabl e of bfb”g expr | ypeptide wth a relative npl'ecul ar nmass
(M) of being expressed as a polypeptide recognizable as
' LJ o substantially corresponding to a P, falciparum
protein. - In one particular aspect of the invention,
the DNA molecule is capable of being expressed as a
polypeptide recognisable as substantially
15 corresponding to S antigen by its antigenic
relationship to the S antigen released into culture
supernatants by P.falciparum strains.

In an a;ternative embodiment, the nucleotide
20 sequence may code for all or a portion of at least two
P. falciparum polypeptides each derived from a

different isolate, strain or variant of P, falciparum.

i ' By way of exemplification of this aspect of the
25  invention, the polynucleotide sequences may be
characterised by at least a porticn thereof having one
of the partial base sequences substantially as shown
in Figures 1 and 2 hereinafter. The particular
sequence shown in Figure 1 has been identified as
. 30 corresponding to a portion of the S antigen of
| P.falciparum FC27. The particular éequence shown in

Figure 2 is cépable of being exﬁressed as a
polypeptide with a relative molecular mass (Mr) of




ot exclusively, located on the nenbrane of newy invaded red bl ood
. 5 It will be appreciated that the pol ynucl eoti de sequences *®
of this aspect of the invention nmay be obtained fromnatural, synthetic -or
.sem -synthetic sources; furthernore, these pol ynucl eoti de sequences may be.
natural | y-occurring sequences, or thgy may be 10 rel ated by -nmutation,
i ncluding single or nultiple base substitutions, deletions, insertions and

i nver si ong40t,@ 0RURIEH Wldomast Wd i AL SEEBEESs . oPr ovi ded al ways that the
DNA nol ecyl onprising such a sequence i capable of . being, expressed agga
pol ypept i mm%ﬁi’ 18 t’rPé’%ﬁ"f%‘ém i?'f?/ VA ’égﬁ?sﬁﬁgéyant i gens of P..
f al ci par urbocEtmdor cite drembararencet maw i vineagedssednbtondr ol sequences

positione@eagj.cent to.dt, such20  control sequences being derived
either fromP.fal ciparumnucleic acid or froma heterol ogous source. Thi's

i nvénti on al so Iy Miilde P IRREAFAIEAL et Jthe PALYRRGI@OELEBri sing an

expr essi orzeggitincds T Ui JEPedy) Pf Ofd cinveRuPOR efapnBei nitiator .
sequences as hega definec{i nd ar%ﬁﬂgotide sqﬁugnce ugitantially codi ng
for all of of SRRy AYREIRCET F SERETRERERRCERe nucl cot | de
sequence Iourcesyi nEumtimmbr, tthese polymieleatildensequencesequences.

may be naturally-occurring sequences, or they may be

10 related by mutation, including singie or multiple base S
substitutions, deletions, insertions and inversionms, o/
to such naturallf—océurring sequences, provided always
that the DNA molecule comprising such a SGQuence is .
capable of being expressed as a polypeptide displaying

1s the antigenicity of one or more antigens of
P.falciparum. ' R

(Eggzﬁoo-mhich s conmon to all isolates of P.falciparumand is apparently,
S

The nucleotide sequence may have expressioh
control sequences positioned adjacent to it, such
20 control sequences being derived either fron |
P.falciparum nucleic acid or from a heterologous
source. |

This invention also provides a reccmbinant DNA

25 molecule comprising an expressicn control sequence
' having promoter sequences and initiator sequences as

‘herein defined, and a nucleotide sequence -

substantially coding for all or part of at least one

protein of P. falciparum, the nuclectide sequence
30. being located 3' to the promoter and initiator

~ _sequences. | |




9 'In yet another aspect, the invention provides a reconbi nant DNA cl on
vehi cl e capabl e of expressing all or part of at |east one protein of P.
fal ci parum conprising an expression control sequence having 5 prony
sequences -and initiator sequences, and a nucl eoti de sequence substanti al
coding-for all or part of at |east one protein of P. falciparum the
nucl eoti de sequence being located 3' to the pronoter and - nitiator
sequences. 10 In a further aspect, there is provided a host cell containing
a reconbi nant DNA clom|n;\ydt(Hnbﬁheﬂ(uspedtxxﬁﬁeruﬁﬁedlﬁbﬁﬁﬁﬁﬁﬁi&eéﬁa

des bed above. 1 I t £ ar rovi
fusg\'elfJ pol ypept i des§corrpr| sFr?gfp pet)étrq g’e seaﬁéc‘r:}ceesciﬁagp‘r fﬁgé))ipressxng
fal ci parum ant i geniad prapazte & atteﬂmm e (prae ira ik B aih:ﬁcu:m:ahm,

pol ypeptide, for exmyr8 «Anelamd Yxpgrdsauetdi¥r 4@ ucah l%#)used

cloning vehicle, as the N-term nal sequence fuse
pol ypeptide Gan be AFCFRREH SRTUSNGES IlﬁﬁﬁiﬁﬁQﬁrﬁﬁﬂ%ﬁnQQﬁexﬂﬁéithh a

reconbi nant DNA cl maigoﬁlaie:lseqmenﬂ:@@ﬂﬂﬁhr&hﬂdﬂ.y atsllidg Cfde E11 or

subsequent |y |sola II LoV 25 i he fuse
pol ypepti de substa O%m ﬁtgé.eo oﬂ%n’% °g't Pm, pr%é%nt

i nvention al so ext M%%ﬁm&nqﬁemm lmcagMQIpb'pttQje!shejlmmelg t he

antigenicity 30 a®ld 3lnli 3 td P Yelduths at | east one antigen of
P.fal ci parum_, As used herein, the t ern1"synthet|c" means that the .peptides

or polypeptl&@s have been
kJ In a further aspect, there is provided a host

cell conteznzng a recombinant DNA cloning vehicle
and/or a recombinant DNA molecule as described above.

15 In yet further aspects, there are provided fused
polypeptides comprising polypeptide sequences
displaying P, falciparum antigenicity as the C-
terminal sequence, and an additional polypeptide, for
example a polypeptide coded for by the DNA of a
20 cloning vehicle, es the MN-terminal sequence fused
thereto. Such a fused polypeptide can be produced by
a host cell transformed or infected with a recomblnant
o DNA clonlng vehicle as described above, and it can be
WS - subsequently isolated from the host cell to provzde-
25 the fused polypeptide substan*lally free of other host
cell protexns. '

The present invention also extends to .synthetic
peptides or polypeptides displayving the antigehicity
30 of all or a portion of at least one antigen of
P.falciparum. As used herein, the term "synthetic"
means that the peptides or polypeptides have been
produced by chemical or bioloq}cal means, such as by

W



em cal synthesis or by reconbi nant DNA t echni ques | eadi ng to bi ol ogi cal

1t'hesi s.  Such pol ypeptides can, of course, be obtained by cleavage of a~
sed pol ypepti de as descri bed above and 5 separation of the desired

pol ypeptide fromthe additional polypeptide coded for by the DNA of the

cloning vehicle by nethods well knowlGin the art. Alternatively, once the

am no aci d sequence of the .desired pol ypepti de has been established, for

exanpl e, téans bf ¢beunmadaﬁwmmh§8nﬂu9nuhﬁ(ﬂﬁnqnbxnﬁnknﬂﬁkcodlng for the

desired peb&gaa&g@a 1eBa 10! P Bildit gt beyadend syaidetically, forgs

exanple b known rraf SO|Id pha§e syntheS|s procedure

(A Margl i EOANaeRthﬁér caRierf, cme-R ftined B ckeavage (1970) 1.
Ith wi || b_efaapr#a]geat @élﬁrb%‘pﬂdeymotds&m&rmﬁdiama?/! ng antige-nici_ty |
chagacteristic ant u ity in serol ogical
20 5 d|a6ﬁ8§F§ lgﬁd°£g%ﬁﬁé%ﬁ%;gggﬁhjﬁ?b%ng4%%2?3§3#ﬁit;g:lent vacci nes
-agai nst Paﬂdﬁcup@aanpbﬁmmapﬁmﬂs\ﬂﬂ edfioan bn & A cine :

manuf act ug, B%ig vehicle! iy MULHYALL iRk Oy e grapthod of

preparlng a mol ecul e sdbstantially codipng for at |east, one pol ypeptide
of P. fal Alberaatdyedyi sionge (tzbe Q1AGHE PeTURRFDLENFR® ngl e stranded

RNA; 30 (Hbsz&%ﬂp@@l@@e@ﬁﬂdesmﬁ N¥en dstabl DhddA Sorpeeampla;y to the
S'the Stgan%e%ergznatlon of the nucleotide sequence cocding for
the desired polypeptide, the polypeptide may be \oo
produced synthetically, for example by the well-~kncwn
Merrifield solid-phase synthesis procedure [A.Marglin
and R.B.Merrifield, Annu. Rev. Biochem. 39, 841
15 (1970} 1.

c_)duced by chem cal or biological nmeans, such as by 10 neans of

. It will be appreciated that polypeptide sequences .
displaying antigenicity éharacteristic of antigens of
P.falciparum will have utility in serological

20 diagnosis, and in the preparation of single or
multivalent vaccines against P.falciparum by methods

well known in the art of vaccine manufacture.

25 The invention further provides a method of
preparing a DNA molecule substantially coding for at
least one polypeptide of P. falciparum comprising:

(a) isolating P, falciparum single stranded RNA;
30 '_ - | |
(b) preparing a first single strand of DNA

complementary to. the single strand of P.

falczgarum RNA;



fal ci par um RNA; (c) preparing a second single strand of DNA

conpl enentary to and hydrogen bonded to the first DNA strand so as to
produce a double-strand of DVA. 5 The double strand of DNA so produced

be inserted into a cloning vehicle follow ng digestion of the cloning
vehicle with a restriction endonucl ease, free ends of the cloning vehicle
being joined to the 10 DNA nol ecul e so as to, forma reconbi nant cloning .
vehicle. This in turn can be inserted into a sthtabl e host cell by for

exanpl e transfdrna 0 ppreci ate o that the
15 M P. falcipar u %lg%ség"teqoé |£'ntsoé c+’b'g?ejf‘§ X%é g @ﬂngncodl ng

~pol yhucl eot i de sequencescmeémirmetmgﬁmmmmsbwmypepthelef:.rst

di spl ayi ng antigenicity g¥a 0$e-4Ha 'y SaaNdd e Pa ég,_ldgigaggﬂ %Pe :
derived from chronmosomal_ DNA of P. falciparum y dlgestlng 0 suc

wi th .an appropriate resﬂ**inon endonucl ease. As used herein the terns

| i sted bel ow%ave the foll ow ng neani ngs - Nucl eot |hde a un|t oI DNA or PNA
conprising a sugar 25 [ e '@@SS ate ~gitrogenous
heterocyciic base. The Braﬂs% %&%é)elon%cl‘o% t?1€ on?)’f'% ’ﬁc?/ CRR P

gl ycosi di ¢ carbon (insexfieshrinfio i luring Jehicle h@bh@e:-n@adagestmasofhe

nucl eotide. The fowhdNAdRSRF ﬁrﬁ@!@ﬂbi‘@n(f\)reﬂt@i‘éé‘foﬁcindaﬁ% £¥é05'”e

' RNA bases, are A, uracl
(O and thym ne (17freé”E%Jé“§f the cloning vehicle being ]Olned to the .
10 DNA molecule so as to form a recombznant clonlng
/ vehicle. This in turn can be inserted into a sultabTe

host cell by for example transformation or infection.

It will be appreciated also that the
15 P. falciparum DNA inserted into the cloning vehicle
and encoding polynucleotide sequences capable of being
expressed as a polypeptzde displaying ant;genxc;ty of
one or more antigens of P. falclparum may be derived
from chromosomal DNA of P. falczparun by digesting
20 such DNA with an appropriate restriction endcnuclease.

As used herein the terms listed below have the
following meanings:-
Nucleotide: a unit of DNA or BNA coﬁprising a sugar -

25 moiety (pentose), a phosphate and a nitrogenous
heterocyclic base. The base is joined to the sugar
moiety via the glycosidic carbon (1' carbon of the
pentose) and the base characterizes the nucleotide.

- The four DNA bases are adenine (A), cuanine (G), _

30 cytosine (C) and thymine (T). The four RNA bases are °
A, G, C and uracil (U). '



— X%. Reconbi nant DNA: - a hybrid doubl e stranded DNA sequence -conprising at
2ast two doubl e stranded DNA nucl eoti de sequences, the first sequence not
e

i‘hg found together-in nature with the second sequence. 5 dl oni ng -
Vehi cl e: - non-chronmpsomal doubl e stranded DNA capabl e of replicating when
pl aced within a unicellular mcro-organism 10 Bacteri ophage: - a

cloning vehicle derived fromviruses @2 bacteria which may infect certain _
strains of bacteria. Plasm d:- a cloning vehicle derived fromviruses or 15 -
bacteri a. Becombinaht(RNA:- -aasbqbcndedcﬂbmsmandﬂd @8 whi ch codes for a

sequence Oéeg@ﬁeeaebﬂérigﬁgcaer 18t &oad%%%fe rsc‘cztaqi ade. 20 w0

Pronot er Segdences:-. SequenCes of nucl ecti des:- mhlc control t he
|n|t|at|onnuﬁé?@tbﬁenﬁgﬁP?ﬁﬂesoftPPaﬁéGFtpﬁﬁﬂNeQEg not heaing or Sequences: -

" sequences gpubBlAtByétReti dasndkuge Gith' @he!l Fedold is¥gudhad. transcription.
Transcription:- the process whereby RNA pol ynerase is caused to nove al ong
t he sequence form ng 30 messenger RNA. Transl ation:- the process of
producing @leningePehdgleronnobssbrgaosiial double stranded DNA

capable of replicating when placed within a
unicellular micro-organism.

10 Bacterioghageé- a cloning vehicle derived from o
viruses or bacteria which may infect certain strains N/
of bacteria.

Plasmid:- a cloning vehicle derived from viruses or
15 .bacteria. -

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

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

25 Initiator Sequences:- sequences of DNA nucleotides
B which control the initiation of transcription.

Transcription:- the precess whereby RNA polymerase is
caused to move along the DNA sequence formzng
- 30 messenger RNA.

~

Translation:- the process of producing a polypeptide
 from messenger RNA.




13 Operon: - a structural gene(s) -coding for polypeptide expression which 4
preceded by initiator sequences. Expression:- the process involved in /

producing a. 5 *+ polypeptide froma structural gene Lvsogeny:- the
i ntegration of bacteriophage nucl eoti de sequences into a bacterial genons
10 The invention will be further described by way of reference to

t he acconpanyi ng di agrans, in which: Figure 1Ishows the nucl eotide and
correspondi ng am no acid sequence of a clone nunbered as Agl 6 which 15
corresponds to 't he RedSN:gen istmwturalrgene (8)gealing ik polepeptide

seq\tlche of a cl onexprEyith ¥nidl Is Precaii anF e d1as Nesd sddadpads to

sho hat this clone contains both 24 base repeats (8 20 am Nno. aci ds)
and 12 base repeats (4 amno acids)..Figure 3 is a schematic diagram of the
construction of a W@ et qrrcmuissl |_b'm:“]we‘dqm rdddeimpraim and

expre55|on(ﬁ5the 4%%§€ %fﬁ fely Fi gure 4 shows the
detection with hu ne sera 0 reco |nan Sl clones which are
expressi ng polypeptldes di spl aying P. falciparum 30 antigenicity; Figure

5 shows (A) a seco .eenﬂﬁg mhggggyf f ﬁg@ ositive
cl ones selected i n%ﬁejﬂr 14 3, ar ed W t h (B) %‘grl | zZat i on of [err]
| abel | ed cONA from™® éi%ﬁiﬁﬁii qﬂ%ﬁﬁ (TQ¥9MﬂqugﬁQ¥¥ﬁi FNRR

10 The anentidn will be further described by way of
.kJ ' reference to the accompanying diagrams, in which:

 Figure 1 shows the nucleotide and corresponding
amino acid sequence of a clone numbered as Aglé which
15 correspends to the S antigen of isolate FC27.

Figure 2 shows a partial sequence of a clone
numpered as Agl3 - the séquence has been arranged to
show that this clone contains both 24 base repeats (8
20 amino acids) and 12 base repeats (4 amino acids).

Figure 3 is a schematic diagram of the
construction of a bacteriophage veétor and library
/ from P, falciparum and'expression of the polypeptides
25 derived therefrom;

-Figure 4 shows the detection with human immune
sera qf recombinant E. coli clones which are
expressing polypeptides displaying P. falciparum

30 antigenicity; |

" Figure 5 shows (a) a secondafy screen using human
immune sera of the positive clones selected in Figure



e clones; and 5 Figure 6 shows-the detection of the fused P

| parum - 8-gal act osi dase pol ypepti des by Cbonassi'staining (A, wWith
|.-[err]-gal act osi dase antibodies (B) and al so wiith human’antibodies to
aria antigens (C). 10 Figure 7 shows an anal ysis by one-di mensional -
pol yacryl am de gel el ectrophoresis of the protein conposition of the clone
(identified as clone Agl 6 and contai ntag the reconbi nant phage AAM3- Agl 6)
15 expressing a pol ypeptide antigenically related to the S antigen of
i sol ate F@/ ¢ompered witie (Bl ypbsidizahioneot- JuPi Labdliedt ei n obt ai ned
Y ot act: oA et e, nERlUBbE- AR hRka(LBTE YoRBkgRACdel OF apBict ol Ak
| ysat e on aros resence o % sodi um odecyl
sul phat e aﬁﬂmi edoneshian@reitol is illustrated in lane 4. For conparison,
| ane 1 shows the anaIyS|s of the protein conpositicn of a bacterial clone

cont i ni ng non- reconbl 8 shows the detection
?one Agl 6 wf%ﬁuﬁﬁl #ﬁﬁ?fﬁ€ﬁ1§eF§ﬁﬁﬁP1 ﬁﬁu%ﬁfeguﬁﬁghgzusion protein of
the cl one ggléiparmm & Begalaotoiadaaelgemypeptudes blyocesmazstihe sane

[iLe, TR0EARLE TRPCl bheal hHehSgohR1NEtB bR o2t aeymy ol )i 1 2 o

that 30 usron _protein ron1c|o e Agl 6 has
i nduced amidéoalss Vbthhbuﬂaﬂaﬁétphpdﬁﬁéo#Eoﬂéﬂﬁréﬁ @& igesison protein.
Figure 9 spgyys in Panel A the detection of S antigens in the culture
supeﬁpat ants of 'P.fal ci parum

L4

Figure 7 shows an analysis by One-dihensional o/
polyacrylamide gel eleétrdphoresis of the protein
composition of the clone (identified as clone Aglé and
containing the recombinant phage A Amp3-Aglé)

15 expressing a polypeptide antigenically related tc the

' 8 antigen of isolate FC27 (lane 2). The analysis of

the semi-purified protein obtained by fractionating
the insoluble pellet (lane 3) cbtained from a
bacterial lysate on Sepharose CL6B in the presence of

20 0.1% sodium dodecyl sulphate and 1 mdM dithiothreitol
is illustrated in lane 4. For comparison, lane 1
shows the analysis of the protein compositicn of a
bacterial clone containing non-recombinant phage.

25 | Figure 8 shows the detection of clone Aglé with
anitserum from a rabbit immunized with fusion protein
of the clone Aglé. From a tctal of 78 antigen-positive

. clones on the same filter, clone Agl6é specifically
reacts with the antiserum. This indicates that

30 immunizing a rabbit with the fusion protein from clone

' Agl6 has induced antibodies to the P.falciparum
component of the fusion protein.




i solate FC27 (lane 1) and cloned parasite line E12 (lane 2) with Papua
Qui nea (PNG serum containing 5 antibodies to S antigens. The R
identical antigens are detected with antiserumfroma rabbit innunized\Mgﬂi'
fusion protein of the clone Agl6 (Panel B). Figure-10 (A to E) shows the
specific staining of 10 mat ure P. faIC|parun1 arasites when the rabbit
anti serum prepared agai nst the fusion protein ¥¥omclone Agl6 is used in
|nd|rect i mmunof | uor escepce._ Figur.es 11 om/the eC|f|c st ai ni ng of .
P. fal ci par um bl oogEn % vﬁ%&?frﬁh%t T HREFRR RF eScence

R;rr formed using aattmgensa :pr eqtaar emlagmelseupémmd‘lgé Df AEJZﬁalé’w&r@Hd
Ag14

avai | a[)fazp]eg'; I.\|c;(ra|e%|:ar| ng t%e recor%bl nan W ep%'tt%% njg" Sﬁﬁ%e

i nvention, one of viiae OnmptitdePanna s’iQ?psGlb?fn% (PN%)yrﬁém stontaisimgl e
stranded DNAscopy (ari¥¥Nodies e RVamiiddr£d f'flfenﬁihﬂ@f&é‘i %ﬁ;#&?&gj\ﬁ
‘fal ci parumusing a verse transc tase enzyne. r.the origi

strand has been ded#% %%N@'Qg %&P|§ﬂ§?€¥%ﬁn&W@P%&?%ﬁdw¥€%
cDNA), which is 30 fusz;tdrerpnam.reabﬁ d:heem)hmamg]leaomnél @A whi ch have
fornmed using, for exanple, a nuclease enzyne. An alternative method of

preparing the double stranded 16 cDNA is via chem cal synthesis using
techni ques wel | known i Fig¥Eenrk0 @ncko tBle shaws <ha rﬂ%ﬁfmmmiMeof

-produced 10 mature P. falclgarum parasites when the rabbit
antiserum prepe*ed against the fusion protein from

clone Aglggis used in indirect immunofluorescence.
_ 'Figures 11 - ;4 show the specific staining of
15 - P.falciparum blood-staqe parasites when indirect
~ immuncflucrescence is performed using artisera
prepared against clones Agl3, Ag23, Ag63 and Agld4
respectively.
20 - General Approach '
A variety of techniques are available for
preparing the recombinant DNA molecule according to
U/ the invention, one of which comprises the steps of

25? synthesising a single stranded DNA copy (cDNA) of the
RNA'purified from an isolate of whole P. falcigarum
using a reverse t:anseriptase enzyme. After the
original RNA strand has been degraded the cDNA is
converted into a double strand (ds cDNA), which is

30 then treated to remove any loops of DNA which have

- formed using, for example, a nuclease enzyme. An
alternatlve method of preparing the double stranded



5,y the next step is to insert it into a cloning vehicle, which may be
155'!'anple a bacterial plasmd or bacteriophage. This may be achi eved by
‘liﬁ§i<:leaV|ng the DNA of the purified cloning vehicle, for ‘exanple *
[BrT}Anmp 3 (described hereinafter), using a restriction 10 endonucl ease
; enzyme such as EcoRI, which cleaves the DNA at sites where conpl enentary
.nucl eotides are arranged in rotationajgsymetry. The doubl e stranded P.
fal ci parum cDNA can then be insert bet ween and |inked to the open ends of
the cloni npnechis veidychdmical dymtiesyatheing oéchndgeésovetes to bl unt.
ended ds 3@@5 gggqﬁg% he new term ni cohesive by either exonucleasegar
endonucl e at t Yor to ligation with appropriately |inearized
cl-oni ng vehi cl e. AIternatlver, ot her techni ques well known 20 in the

art may be use @ %M'&f&i@é@eébﬁh ﬁa&cwaﬁua}oawédhas been

annggled wth-.t of t he cJoni ng veh , ag ropriate_host, such  as
teri (HRe |'!~,e’i"i' AR ri® FO stpser ﬁ%c%%‘EPo? F§79 S’éﬁl yeRigien the

r econbi nanéhicttpniayy beehfar caxamp be awmerialhplahmsa be express the P..

fal ci d whi ch
. opl RAEErRndis . ALl e £cRBQRAPED. PifeR cRRAIRE | CFC 1T C

vehi cl e cdiis MNA @ Mtpmntuerbecl.@m%vehﬁglsxpfe:seuampﬂ-ep fal ci parum
pol ypept i degy e 7 FPriaSacrihéa Ustdinartd?) ¢! @8ingG ¥cheskeickiphude bacterial

pl aser ds suc
endonuclease enzyme such as EcoRI, which cleaves the o
DNA at sites where complémentary nucleotides are o

arranged in rotational. symmetry.' The‘gouhle stranded
P. falciparum c¢cDNA can then be inserte§ between and
linked to the open ends of the cloning vehicle by
15 joining synthetic oligonucleotides to blunt ended ds

cDNA and making the new termini cohesive by either
exonuclease or endonuclease digestion} prior to
ligation with appropriately linearized cloning
vehicle. Alternatively, other techniques well known

20 in the art may be used. ' '

Once the double stranded P. falciparum cDMA has been |
annealed with the DNA of the cloning vehicle, an
appropriate host, such as a bacterium, is transformed,

25 infected or lysogenized with the recombinant clening
vehicle, so as to permit that host to express the P.
falciparum ds cDNA, and thereby produce a polypeptide
or -polypeptides which may display P. falciparum
antigenicity. | '

30

There are several host-clohing vehicle
combinations that could be used for the expression of
P. falciparum polypeptides. For example useful




pAT 153, (Twigg, A J. Nature, 283, 216-218, 1980) pBP. 322, (Sutcliffe, &
G Col d Spring Harbour Synposium for Quantitative Biology, 43, 77-90,
other E. 5 . coli plasm ds and wi der host range plasm ds. Bacteriop
such-as the many derivatives of phage [err], and particularly [err]AnR
3, may -al so be suitable. Hosts that nay be used I'nclude bacteria-such a
strains of E. coli K 12, e.g. E. coli HB101, yBoyer, H. W et 10 al, J.
Mol . Biol., 41, 459-472Z, 1969) E. coli [err]1776, (Curtiss, R et al, Ann
Report Dep. of Mcrmlnmi.rrgyvéﬂmcx/kés;linchidd\lb&mtwcﬂﬁﬁpl%ﬂ@@)afchcﬁ'

(orcleent and £ coir e phiaigs g1 Corldli, 0, oy iNa ENET 08

Al ternatively, eucaddfxiESukgli %lcrﬂ'asﬁ-rmﬁnﬁ |%9rmlii;armubesm wh s

only to be expect e*oﬁ@'ﬂ&%mté&ﬁe WioBidw Nag s M ldo belm)alé n?lf Ct've
20 hi n e cI]onl nﬂq vehi ¢l e, _ var.i oms’ sites hm be_ aval

i nsertion of he PE Ldex, MPsk 1x2nae RL4RI¢%at ed by the
restriction endonu@mwmm dseawlas md¥y detivativés edﬁ @ae Ae

[egﬂ/]rregglcgcl?{ ogl gg\s{e ‘#ﬁ% seﬁ% W %a} %‘?ﬁ b%l% % Rhi c? for

insertion of P. falt myc @Mmmyswclvaasesyroinéacfors
for .exanpl e size ofg 30:011 ppl VREPLd Gf, LB, Q.%P.Q(Fﬁﬁ?ﬁffd Py e P OR, Obe
pronot er and,isni t af@Qr sequence nse t al]_sites may’ be equally.
ef fective for%a gl\Fg"rf m 4s9-472, 1969) E. coli 1776,
U (Curtiss, R. et al, Ann Report Dep. of Microbiology

Unzversity of Alabama,1976, 96-106) E. coli x2’82 and
E. coli MRC1, strains of Bacillus subtilus and
Pseudomonas, as well as yeasts and other fungi, and

15 other unicellular organisms. Alternatively,
eucaryotic cells such as mammalian cells may be used.
It is only to be expected, however, that not all hosts
will be equally effective. |

20 Within each cloning vehicle, varicus sites may be
available for insertion of the P. falc:.garum ds cDNA,
each site be:.ng designated by the restriction
endonuclease enzyme which cleaves DNA. Thus, for

N ‘example, enzyme EcoRI cleaves bacteriophage AAmp 3 in

25 the gene coding for 8-galactosidase.

The selection of the site on the cloning vehicle
for insertion of P. falciparum ds cDNA may be governed
by a variety of factors, for example size of

30 polypeptide to be expressed and location.of promoter
and initator sequences. Consequently not all sites
may be equally effective for a'givén polypeptide.



It +s essential that the P. falciparumds cDNA inserted into the cloning
icle can be read in the correct phase. In order to achieve this it may
: ‘wssary to insert supplenmentary nucleotides for 5 exanpl e between ”
tuq‘E /art points of transcription and translation of the P. falciparumds
cBNA-T ragnment whose expression is desired. Addition of such nucl eotides
must not, of course, form a nucleotideg sequence that could interrupt
translation. 10 Expression of P. falciparumds cDNA, which has been

i nserted i nto qtcllgnierggewiiaqj aehathittie i gl ads UsoMiA t O transform
i nfect or

| ze a |ta .nast tected t he 19
appear ancé‘ %gr e T"n§°f g’ﬁ vﬁ%@'cf]tﬁ %%/& ?o’te ,ul‘h ®is,
i nunol ogicoxirestt phase .i n mh@nda@ﬁm‘ aa:h:faatethimarmt Seaerie net hods are
avai | abl e fQrs §§ngl §%g$ &9 screeni ng
met hod di SCI t:%seg S 3‘%@? &@X{é{":ﬂﬂg]@m In Pr o] ﬁlxagt( 20 Acad:

Sci 3 USA, exagwpley eﬁ!ﬁﬁ?- StﬁaﬁaHﬂ%&ﬁﬁuﬁﬁ\ﬁ?ﬂ%ﬁﬁ#ﬁﬁﬁkﬂ$sa¥€ inject into

a | abor at Q"r)é.n%fllaiﬂidorﬁ lE ahel® badleiipd mexdHEDNK Pragmene fused

pol ypeptide derived frama .culjur.e o ?c%a tr@gsforrred with an
approprra?@Pﬁ & SEPFERSIP ™ 1 B5hi el - for the

for mati on nuk laptrides anxstamamocbﬁes:omﬁasecfnmaatmmheetedes to performan
| Tunopr egl grial cells. Yet a
further % %%fése ?‘ﬁﬁt' %bxr ce%f‘ﬁi?f |%3ée:é{1%]écr|%ed by Sancar et al in J.

BacitO, 1979, 137, 692-693. 30 The nature of the pol ypeptide produced as a
resul t of exprm:@sd%df&rmstfﬁci s hepa) WR¥eROhgsul e of the

|nv?nt|onsgéd zﬂggf% éﬂ}&ég? (gféning vehicle, which in turn
has been used to transform, infect or lysogenize a
suitable host cell, may be detected by the appearance
15 of a function specific for the protein, that is,

' immunological activity in the case of P. falciparum.
Several methods are available, for example the
essentially immunological colony screening method

_ disclosed by D. J. Kemp and A. F. Cowman in Proc Nat.

20 Acad. Sci. USA, 1981, 78, 4520-4525. One alternative
technique is to inject into a laboratory animal the
crude bacterial extract or purified fused polypeptide
derived from a culture of bacteria transformed with an
apprcpriately engineered clonlug vehicle and to test _

25 for the formation of appropriate antibodies. A second
alternative is to perform an immunoprecipitation of a
crude extract of the bacterial cells. Yet a further
method is the "Maxicell Technique" deécribed by Sancar
et al in J. Bact., 1979, 137, 692-693.

30 _
Thé nature of the polypeptide produced as a
result of expression by the host of the recombinant
DNA molecule of the inventicn will depend on the point



19 of insertion into the DNA of the cloning vehicle, so that in pract'
fused pol'ypeptide may be formed which conprises a pol ypeptide coded f
P. falciparum ds. cDNA and an additional polypeptide coddd 5 for
DNA of the cloning vehicle. Thus, for exanple, if the bacteriophage
[err]Anp 3 is cleaved by EcoRl a fused pol ypepti de conprising a poriN-of
the [err]-gal act osi dase enzyne and the pol ypepyi de coded for by the P.

fal ci parum-ds cDNA nay be expressed. The 10 fused pol ypeptide may then

beI sel etct Id ve:c y cl teéfeﬂnQQrfﬁiioﬁozﬁeﬁa&ﬁéenﬁheodeﬁhéedll?n1h§| ¢ehdel®, so

pol ypeptide from erflug uen \'

efféﬁted out si de tEE EOSF ?SFFgﬁf%gah§P§§ pBi‘PﬁB%ﬁFErgﬁg ﬁg 55&&?@ by

t echni ques wel | knwhmchocéﬁprlsehoaepelypbpdzde thdedr for Blye®uage may be
necessary in order Paef p X r

desired antigenic £hi8} Lgﬁn ds ébﬁh %&Pghﬁ g?éiéiaﬂfﬁ Egigke?ablal%?ﬁlture
the fact tha? a suf@FfP¥o §eaﬁﬂﬁo°§cFBes€ GBARE VehirhRad THUShe fow

required P. falci pakuﬂpmel ymepthdebaafebebphhgeprxempt 3degr edeaved Gy t he
expressi on product

nd cl
cfFectod wi {hin {HESHBL 8 PRPSRY LBESBEAAR, SATBY Ho4EH: & FOLIIED (e che
cl oni ng vehicle, DNAgamdcngsidasehendgmerendZShe poﬂgaeagadcnsp@gd o
production of a fuggoghgr dugh 18 &gegbhﬁactgd % fe& s sRd. fa;.}ﬁ.}eoarum

ds cDNA and a porti ase enz ma
increase thel@t abi EREgdoPoLlRReREAARIMAYOE Fﬁ PR Eelect;vely tleaved so

kj : as to separate the desired P. falciparum polypeptide
from the superfluous amino acid sequence. Cleavage
may be effected outside the host following harvest of
the microbial culture by techniques well known to
15 those skilled in the art. Cleavage may be necessary
in order that the P. falciparum expression product can
exert the desired antigenic activity,‘however during
‘harvest of the microbial culture the fact that a
superfluous amino acid sequence is linked to the _
. 20 required P, falciparum polypeptide may help to prevent
degradation of the expression product by endcgenous
enzymes. Altérnatively cleavage may be effected
within the host, this may be achieved by inserting
v into the cloning vehicle, DNA coding for the desired
' 25 cleavage enzymes. '

The production of a fusion product of a
polypeptide coded for by P. falciparum ds cDNA and a
portion of for example B-galactosidase enzyme may

30 increase the stability of the hybrid protein in E.
coli and even enhance the immunogenicity of the P.

falciparum protezn.




» and even enhance the i munogenicity of the P. fal ciparum protein.
Al ternatively, appropriate nucleotide sequences, derived for exanple
gph P. fal ci parum RNA, may be inserted before the P. fal ciparumds cDNA so .
s“to ensure that the P. falciparumds cDNA can be expressed 5 - . -al one,
, and not as a fusion product with a host polypeptide. Once host cells or
reconbi nant DNA cl oni ng. vehi cl es conpgi ning at |east sonme P. falciparumds
10 cDNA have been identified, as expl ai ned above, the reconbi nant

f,l oni nghvepi CLxl%f sFﬂviypuapﬁredraaﬁet hgalaa&hueedegnea&er OIt o det Sr mi ne

oW muc the.P_ fa een rte n order to doxs

this the. :b?r?ﬁlngﬂf i%%‘ﬁﬁénsﬁﬁ?‘c ﬁm% \ﬁ\ th several

differentlmserteétbeﬁoeadbhec eaggiglgagggxéSpbBNEc@ORBs Mg: 1, Sal 1, Bq|

I, Sam Hl, o &bgdehdd aﬂg b nkaici quhhﬂsdbﬁﬁitbgﬂ B0 dBy be anal ysed
of t

by el elec?rophore5| uencrn he fr gnents usi ng the
nmetHod dedteneedand Nﬁﬁaﬁﬁaﬂdeélon EFPﬁBFF th gch QQQ: Acad. Sci. USA,
1977, 74, 5ﬁpp5§ﬂ1d3he vari ous DNA nol ecul es may be useful as a probe for
the in V|tro di agnosi s of the presence in 25 bi ol ogi cal sanpl es of P.
falciparum™ and in particular may be used to define the isolate causing an
out br eak of nedDaceahofbtrcebis pur pecombhisabDUADNN cdgirdfigay be | abelled, in

known TRGEES cYkNeBntathoRg! KC16a8k REme’D. falcipaBf dFCOTDI nant DA

cl oni ng es expressin
10 cDNA have been Ldentzfled, as explained above, the

recombinant cloning vehicle DNA may be purified and : v/
then analysed in order to determine how much of the P.
falciparum ds cDNA has been inserted. In order to do
this the recombinant cloning vehicle DNA is treated |

15 with several different restriction endcnucieases, for
example Eco RI, Pst 1, Sal 1, Bgl II, Bam H1l, Hind III
~and Hinf 1, and the digestion products may be analysed
by gel electrophoresis, followed by sequencing of the

_ fragments using the method described by Maxam and
20  Gilbert in Proc. Nat. Acad. Sci. USA, 1977, 74,
' ‘560-564.

The various DNA molecules may be useful as a
probe for the in vitro diagnosis of the presence in
25 biological samples of P, falciparum, and in particular
may be used to define the isolate causing an outbreak
of malaria. For this purpose the DNA molecules may be
labelled, in known manner, wzth a radzoactlve isotope.

30 . Once recombinant DNA cloning vehicles expressing

' polypeptides'éorresponding to natural P.falciparum
immunogens have been identified, the expressed
polypeptides synthesized by these cloning vehicles,



pol ypepti des corresponding to natural P.falciparumimunogens have bee
i dentified, the expressed pol ypeptides synthesized by these cloning
vehicles, ¥ 21 for exanple, as a fusion protein with ['err]-gal act osi dg
can be iysol ated substantially free of contam nating host cell conponent
t echni ques well known to those skilled in the prior art. 5 Isolated
proteins containing, in part, amno acid seqa@nces corresponding to a
portion or all of a natural inmmunogen of P.falciparum may be used to raise
nonospeci fic but ﬁokyekampleanabsaréubﬁcnnpwntaﬁngwi&h £ =gafllaictts s idase ,or
other, ani mal s usi Bnvgll lea&?leaas%sst&raaﬁemgs i diia ppy essi on
use '

proaﬁbt of the reconbi nant oni ng vehi cl

ser ol ogi cal di agnb9s§ aﬁéllﬁ°@E@nﬁp§ﬁaP¥tFGﬁhéﬂqyﬁﬁgW@L%'hﬂﬂ“ﬁ\ﬁﬂ(ﬁhpse
vacci nes agai nst EklﬂQEEIﬁarQﬁngrﬁathﬁﬁﬁ well known in the art of vaccine
manuf acture,_ Such vaccines are effective in stinulating antibodies in
vacci nat ed anlnals and t hereby protecting against 20 pl asnodi a.
Tradi ti onal vaccine foEsnnamednprnﬁpznenppm$azmhmganumg@mnt4uqunqﬁaqh$

together with knog@ggghg}gnkgﬁgggpt Sé?‘ @o”'a“?cm(% e allln ASSPci ation

-with a 25 phar maceut |_cal acc arr| e carriers include
liquid nedia suchRasusali iemigegenoRfsRafalciparum, mays bey nsathi%y aise
introduce the pol wpapepdes fiet bBut polly@lonal antisera by immunizing

10 rabbits, mice or other animals using well established
Qj procedures.

In addition the expression product of -the
recombinant cloning vehicle'may be used for
15 = serological diagnosis and in the preparation of single
| ‘or multivalent vaccines against P, falciparum by
methods well known in the art of vaccine manufacture.
Such vaccines are effective in stimulating antibodies
in vaccinated animals and thereby protecting against
20 plasmodia. . | | .

Tradxtlonal vaccine formulations ‘may comprlse the
ant1gen1c polypeptides together with kncwn adjuvants
/ such as aluminium hydroxide, in association with a
25 pharmaceutically acceptable carrier. Suitable carriers
include liquid media such as saline solution
appropriate for use as vehicles to introduce the
polypeptides into a patient.’

. 30 ' An alternative vaccine formulation may comprise a
' virus or microorganism in association with a
pharmaceutically acceptable carrier, the virus or
microorganism having inserted therein a DNA molecule



An alternative vaccine fornulation nmay conmprise a virus or
it 'roorganlsn1|n association with a pharmaceutically acceptable carrier,
.virus or mcroorgani smhaving inserted therein a DNA nolecul e 22 *
-acCording to this invention for stimulation of an inmune response directed
agai nst pol ypeptides encoded by the inserted DNA nol ecule. 5
Further characteristics and features of the invention are decribed in the
foll owi ng Exanpl es which are presented by way of illustration only and are
not to be considered as linmiting the 22ope of the present invention in any
way. Tenperatures quot ed throughout, the 10 ~ Exanples are expressed i M
degrees Celagqrrdingnge this inventipn,dest sgamylaghbam efoABs whi ch Express
Nat ural | nmisgagen T a¥pdidedldivetted algalnslae@@apbép@Héspewaaéase |, EcoRl,
and Xbal fr.om Oehﬂl%#}%éy% helrﬁe H  EcoRl net hyl ase, BstN, - '
exonugl easé’sy 35 fHesti nal phosphat ase and T4 20 | i gase
. were from New Engl and Bi ol abs, Bet hesda, Ml. Reverse transcriptase was the
gift of 3 BearGruliddy MIAMARA MY anaeff%%b&teg ofFl &neECOR |1 nkers
(CGGAATTCCG were from New Engl and Biol abs, Xbal I'inkers (CTCTAGAG) -were
fr om Amer shEMeHHRmRFe Zifc'lqieé’r iR fheadoddowing Exarelesoyhishi cal ly
purified) vibe prsedhtdd H3t aadieBfadlldustrat idn anlyeandNase fotai ns. 30

Bacteriophage SIralfls; d&idd Ud '1 0% fndf Ve ¥doBle"dt the present
invention in any way. Temperatures quoted throughout the

10 Examples are expressed in degrees Celsius. : o/
"EXAMPLE 1 The Production of cDNA Clones which
Express Natural Immunogens of

P.falicparum.

15 Reagents.

DNA polymerase I, EcoRl, and XbaI from Boehringer

Mannheim GmbH. EcoRl methylase, BstNl, exonucleases
Bal 31 and S1, calf intestinal phosphatase and T4

20 ligase were_ from New England Biolabs, Bethesda, Md.’
Reverse tfanscriptase was the gift of 3. Beard, Life
Sciences Inc., St. Petersburg, Fla. EcoRl linkers
(CGGAATTCCG) were from New England Biolabs, Xbal |
linkers (CTCTAGAG) were from Amersham, England.

25 B-galactosidase (chromatographically purified) was
from P. L. Biochemicals Inc., Milawukee, Wis.

Strains.

30 : Bacteriophage strains agtll and E.coli strains
RY1073, and RY1082 were the generous gifts of T,
Huynh, R. Young and R. Davis (Stanford).

.-



R'Y1073, and RY1082 were the generous gifts of T. Huynh, R Young and R
Davis (Stanford). 23 P. falciparum nRNA. P. falciparumisolate FCQR7/}
(FC27) obtained fromthe Madang area of Papua New CGui nea was cultured 5
invitro (Chan, P. et al SE Asian J Trop. -Med. Public Health 11:435-440
1980). Enriched parasite preparations were prepared by lysis of the
erythrocytes with Saponin (Zuckerman, A. et al23Bull WH O 37:431-436
1967). RNA was prepared from them 10 and poly A+ RNA selected by oligo
dT cel | ul ose chr omB:dedaipamum MNA.cact i ons. 15 The procedures
were as in Maniatis et al "Ml ecular Ooning", Told Spring Harbour, 1982.

ConsYf uction of cDNA cl ggez i;n I err!?t 10.. 20 rr]lug) was
copied into cDNA with r ’ﬁ %r?&%dtﬁwgé dJki:‘Eigﬁ’
then prepared with fi2idk fhley Madang lared tof Ptapaﬁ naw Gmideanuceaaaaelﬁiréme

~ds cDNA was nrgt hyl %e%ﬂ!ﬁ{&l :é%%'?! B! ﬁ“ié;‘ Tﬁ Oa?e&’Q élhph:.c

phosphoryl at ed 25 E:g ture
treated with 20 unifiedlsh %Rl3sf‘dr4°9(§-9rﬁ°r) atEnFAshed) H#%ﬁ:ﬁ-ﬁéﬁ]at ed by

el ectrophoresi s onprep¥ragdionse wadle iprfAd S Lyl N Nae 2nM EDTA pH

8.2. DNA between 0. nd cover ed el ectrophoresi s on to 30
Schl ei cher and Sch&éﬁ%@?y?fﬁﬁﬁm ﬁ%%"’hn‘cﬁé RATRAR 4 (L RAS By
free base argi ni neWaH.[0ar rg]z.fm-um 1198 7)awe RNz vmilepr:éparatlmﬁmttMmand
aliquots (20189) and poly A" RNA selected by oligo dT cellulose

o chroratcgraphy.
\_’/
Enzyme reactions.
15  The precedﬁres were as in HManiatis et al
- "Molecular Cloning”, Cold Spring ERarbour, 1982.
Construction of cDNA clones in agtlo.

20 mRNA ( ~ 1lug) ‘was copled into cDNA with reverse
transcriptase and double—stranded ¢cDMNA was then
prepared with DNA polymerase I. After treatment with
nuclease S1 the ds cDNA was methylated with EcoRl

W N methylase and ligated to 0.5 ug of phosphoryleted

25 EcoRl linkers with T4 ligase. The mixture was then
treated with 20 units of EcoRl for 90 min. at 37° and
fractionated by electrophoresis on a 1% agarose gel in

50mM Tris, 20 mM NaOAc 2mM EDTA pH 8.2. DNA between
0.6 and 2.0 kb was recovered by electrophoreszs on to

30 Schlelcher and Schuel NA45 membrane filter and elution
in 1M NaCl, 'S50mM free base arglnzne at 70°C for 1 hr
followed by ethanol precipxtatzon and allquots (20 ng)
were ligated to EcoRl-cleaved Agtl0 DNA (1 ug),



gl € ligated to EcoRl -cleaved [err] gtl O DNA (1 ug), 24 packaged into
Alge and plated on E. coli RY1073 (Young R and Davis R Proc. Natl. Acad.
¥). USA, in press). About 2 x [err] reconbinants were obtai'ned, and ¢
err]40@6of t hese hybridi zed detectably to [err] from5 - P. falcipanum
Construction of Anp3. DNA (5 [err]) from pBR322 was cl eaved w th EcoR and
10 BstNI. After treatnment with O g units of exonucl ease Bal 31 for 30
"sec the DNA was ligated to Xba Iinke? as above, cleaved with 100 units of
Xbal and a o] %, aga e he Iyl fragment was ..
recovered£ g&%@@ @ﬁg gh%gé %ﬁg &gg%eg En Eie e h%%%&% (Young, R andx
Davi s, R (Ppung RhtﬂndAﬁaHISSBV Ppes. Nﬂtéhe§§FdDN§C§ndUﬁ@okagéd as above

E o011 B wesabgached 0P cotsnBlman I b ot alhe Pl
to be Iys%&ggpegferﬁe[gygfLséﬁLd gg& %%%%dﬁi (desi gnat ed

[ers] Amp3p. i Sebtipakumo A gtll except that It contalned a 1.7. kb fragnent
inserted Into-the Xbal site. Insertion of cDNA from[err] into [err] Anmp3.

25 DNA (500 [err]) prepared fromplate stocks of the [err] library grown on
E. coli (€onstruction)ofasAmP3aved with EcoR (1000 units) for 2 hrs at 37
and 1/50 of the total was | abelled with 32P- dATP anq t he 30 Kl enow
e o DB E6T " Bcbn B3z VAT ULaRe U eddiRy 'aRE! ' o0 and
10 BstNl. After treatment with 0.3 units of exonuclease JEE
Bal3l for 30 sec the DNA was ligated to Xba linkers as o/

above, cleaved with 100 units of X¥bal and fractionated
on a l% agarose gel. The “1.7kb fragment was
. recovered and 1ligated to 1 ug of Xbal cleaved gtll

15  (Young, R. and Davis, R. Proc. Matl. Acad. Sci. USa,
in press) DNA and packaged as above. E.'cdli RY1082
was infected with the phage and plated on L plates
containing amp;cxllxn (30 ug/ml). An Amp R colony was
chosen and shown to be lysogenic for a lac+,

20 temperature sensit;ve phage (designated AAmp3)
identical to i gtll except that it contazned a~l.7 kb
fragment inserted inte the Xbal site.

Insertion of cDNA from agtlQ into jAmp3. -

25
DNA (500 ug) prepared from plate'stocks of the

Agtl0-cDNA library grown on E. coli (600 rk-,mk+) was
cleaved with EcoRl (1000 units) for 2 hrs at 37° and
1/50 of the total was labelled with >2p-daTP and the

30 Klenow fragment of DNA polymerase I. After phenol .
extraction, the labelled and unlabelled DNAs were
mixed and centrifuged for 18 hr at 37,000 RPM on a
10-40% glycerol gradient in 10mM Tris/ECl pH 7.4, 1lmM



m xed and centrifuged for 18 hr at 37,000 RPM on a 10-40% gl ycer ol gradig;w?f
in ImMM Tris/HO pH 7.4, | nM 25 EDTA and 300 nmM NaQAc. The cDNA fragney
were detected.as'a radioactive peak well separated fromthe vector
fragments .and recovered by ethanol precipitation. 5 Uncut [err] DNA (50
in 100 ul) was ligated for 4 hr at 15 to seal: and protect the cohesive ends
from subsequent phosphatase treatnent. The |i g@ge was then inactivated at
[err] for 10 min, NaC and Tris/HC pH 10 7.4 were added to 50mM and
100mM and t he DNA BDEZA exhdnidd0 mmaqm e s@DNmr Zdymente ©¥e was

treated with calf I L ASE cte and
et hanol precipitat g(}tﬁﬁﬂé%&%m(jl ug werejg‘fL % 1%%&%?3?&‘? 0a 4
fold nolar 15 e>§’(99§5°§)f naEnente rangd fmﬁ‘ﬁfeef{ eby]ethamﬂ:y in a 10 [err]
systen1and packagegmscipd®gtidn. coli RY1082 was then infected with phage
in the packaglng mx for 30 mn at [err] incubated at[err] for a further 30
mn after ing L broth (1' M) to allow expression of [err] 20

| act amase and plated on unmoaznp,a @3 1§30 arg i 10Qhal eswaenl byated B6r
E)g{ 21? nggp:‘ flolmI I6n[ 2£4r ]%q'eect or. qu'cragiéar(llé\!g&%% ,{Ar%%g&ggﬂ‘gé ?%‘ﬁ%l HEPBm
cDNA library with éMHQﬁi¥Q§$t Rhqsphatias zﬁ!ﬁﬁtmgntxne%thihsa%glwcateUeno
nitrocel lulose fil tigiaedivana@dat 0 b Me!moD), Ncladts WBriéeY pr
10 7.4 were added to SOmM and 100mM and the DNA cleaved
: QJ with EcoRl (500 units) for 4hr. The DNA was .treated
' with calf intéstinal phosphatase (0.02 units), phenol
extracted and ethanol precipitated. Aliquots (lug)
were ligated for 16 hr at 15° to a 4 fold molar
15 excess of the inserts from the aAgtl0 library in a 10
ul system and packaged as above. E. coli RY1082 was
then lnfected with phage in the packaging mix for 30
min at 30°, incubated at 30° for a further 30 min
after adding L broth (1 ml) to allow expression of 8
20 lactamase and plated on nitrocellulose filters on L
plates containing 30 ug/ml ampicillln at 30°.
Approximately 5 x 104 Amp R colonies were cbtained
from 6 ug vector.

25 Screening of the XAmp3 - P. falciparum cDNA library
with antibodies to P. falciparum.

Colonies were replicated to nitrocellulose
f;lters (Hanahan, D. and Meselson, M. Gene 10, 63-67
30 (1980)] grown for 1-2 hr at 30° on CY plates
containing 30 ug/ml ampicillin and induced at 42° for
1.5 hr. The colonies were lysed by placing the

filters on 3MM paper saturated with 1% NaDodsO, in H,0



= ' e ¢
S 30 (1980)] grown for 1-2 hr at [err] on CY plates containing 30 ug/m
arrp|C| I1in and induced at 42 for 1.5 hr.. The colonies were |ysed by placing
the filters on 3MM paper saturated with 1% [err] in [err]. = 26 for 15 min*®
and then noved into an atnosphere saturated with [err] for a further 15-
mn. The filters were viashed by rocking in 10mM Tris-HC1, 0.15M Nadl ,
pH3. 4, 3% bovi ne serum al bumi n (BSA) 2iéor 2 hr and then 5 = Tris: NaCI al one
for 1 hr at roomtenperature. ‘They were then treated with affinity
purified fori bSdmia andPthleal coyed hntes a;g/aﬂn)osphw sateraee for 2 hr,

washed t [ Ri S C ttb\g,_cq_sl Bill .l S gy Nl 0. 05% Tri ton..rz
X-100,: t\r,\%g"?gde\#l fgi. 2 1251~ abel’l d' prote| n A om S. aureus (40 uC|/ug

0.4 uGi / nwashedpbx: Feckingcin JOomit r’-ﬁmﬁcﬁe'd drt Nk RHES-4adi ogr aphed
WIth an Iaheaav&nengewnembfwr_nl&m)( tfdd @ His #nd g ered trade mark)

Pr epar,at an |on sera.. Serumwas_ col lected with
i nf dr ned gﬁﬁréehtaaﬂ éﬂ\c’% €° I5°%Itt%3{ﬁﬁ‘fﬁe‘t het®hfeni ¢ Madang
area of Pepwe kbenGtireated Ihg.@h sanﬁﬁ;tmd:ycrpu:rxitndl RtcibodiSephar ose from

each ser ug \A@gltcg_étaﬁﬁi qrzsl rh@/lﬂ )I q.g.l cgs;g.r.qxﬂ1 ngg gé@Jfl rum in vitro

(Bro I N press and f1Ve i nhi bitory
sera vverewpébleédt‘ﬂ'-ﬁ@ A %-@@%raé‘dptﬁf"ﬁq%cﬁ-fby'u% t¥3€les of absorption

gf P. fal eopeaimidy 0. 0(5;?5@16!1@{(&2-71)063[ Gl e dCed Opieh t O gglgr-actlvat edf .
e r ose, nrg c e arl e onl C n n centr e
pgioogglfzgipiebmlﬁ. ch H X'efom aurseusl ?&@ é:l./ug. §" 9 'Tug \

~

uCi/ml) in BSA:Tris:NaCl for 1 hr, washed, dried and ' \,J
auto~radiographed with an intensifying screen for 16

hr. LT“‘T"" T Rnaus“'sr.A Trode r\..-k)

15 Preparation and purification of sera.

Serum was collected with informed consent from
adults free of P, falciparum in the endemic Madang
area of Papua New Guinea. IgG isolated cn Protein

20 A~Sepharose from each serum was tested for inhibition
of grewth of P, falciparum in vitro (Brown, G.V. et
al, Infect. Immun., 39: in press 1983) and five
inhibitory sera were pooled. The antibodies'wqre
-purified by two cycles of absorption of P. falciparum

25 (isolate FC27) proteins bound to CNBr-activated -
Sepharoée. Saponin enriched parasites were sonicated
in PBS and centrifuged at 2,000g for 10 min. The
supernatant was adjusted to approxlmately 20mg/ml with
PBS and conjugated to CNBr-Sepharose. ‘Bound

30  antibodies were eluted with 0.1M glycine, 0.15M NaCl,
pH 2.6 and immediately adjusted to pH 7.4 with 2M
‘Tris~HC1 pH7.4. (Serunross 1o o R.'%l,t.-.A Trede 1K)

>J




supernatant was adjusted to approxi mately 20nmg/nl. with PBS and conj ugaj€tv
t o CNBr- Sepharose: Bound 30 anti bodies were eluted with O 1M gl yci @
0. 15H NaCl, pH 2.6 and i medi ately adjusted to pH 7.4 with 2M [err]

27 Anal ysi.s of proteins by Western Blotting Protein extracts of induced
[err] - P. falciparumclones were prepared and fractionated on 7.5%5
acrylam.,de [err] Proteins fromthe gels tra@ferred el ectrophoretically to

nitrocel |l ul ose and |ncubated at roon1tenperature in BSA Tris:NaCl 1 hr
before reaction f&na - Lgtddingi dase or

anth%ﬁalarla antibodies. 10 - Antlbodles to E. coli in both reagents were
renoved by incubating 100 U, rabbit serumor 0,5 to f. human |1 gG
with 1 m- of sonicate Of tl?t"t“] W t@d% Insuc %r"“f’ﬂ*?r atg-'[-éﬁsﬁﬂiﬂlﬁﬂwd.

by centri fugati on qlbde@0tmeerel prapa)resn dridh e radiiors tad dhlluixithh 15

BSA: Tri s: Nag@ |yl ose
reacted with 125I% %ﬁ%&p%ﬁé ﬁfmsrﬁ%\? au ora%r ed as
above. Rabbit ant it¥@ngfersede ellectsiopharatdead lindpmdhnaseldulose and

comer ciall y gvgl |1Ma&ié@'flﬁ &?dm %éa@a@tqﬁjes ;exfgsslgr-gﬁ:nids sl\*eg%jl 513;1-5]?) :

nj ection o err act osj da u uv
(stbcutaneously aﬁ% %%5 3@% égkﬁjﬁﬁbbﬁ Teek |ntgrvals by
0.5 ng in inconplam&ﬂﬁ&agaiactnsnd&su orSamui-end laariie darix dsdicesf t er t he
last injectihgn Wagnisedadds tiE.CledilS VLU Yo dld 0 Udte { fabd STy 1 1

E. coh

KJ incubating 100 ul of rabbit serum or 0.5 to 1.0 mg of
' . human IgG with 1 ml of sonicate of AAmp3 infected E.

coli for 1 hr at 4°C, followed by centrifugation
. (12,000g, 10 min) and the supernatant diluted with

15 BSA:Tris:NaCl to 50 ml. The nitrocellulose sheets
were then washed, reacted with 125I-labelled protein
A, rewashed and autoradiographed as above. Rabbit
antiserum to 8-galactosidase was prepared with
commercially available enzyme (P-L Biochemicals Inc.,

20 lot 535-3). 1Injection of 0.5 mg 8-galactosidase in
complete Freund's adjuvant (subcutaneously and |
intramuscularly) was followed at 4 week intervals by
0.5 mg in incomplete Freund's adjuvant. Serum

W/ . collected 2 weeks after the last injection was used
25 after absorbing out antibodies to antigens in E. coli

RY1082 as above.

RESULTS AND DISCUSSIONS

30 : Our st:atégy fbr cbnstruction of an expression
librdry from P. falciparum mRNA, based on the agtll
expression system of Young and Davis is shown in Fig.
3. CDNA clened into the unique EcoRl site near the 3°'

S e



i

RY1082 as above. RESULTS AND DI SCUSSI ONS 30 Qur strategy for

\nst ruction of an expression library fromP. falciparun1nRNA based on the

Pr] expression system of Young and Davis is shown in Fig. 3.-cDNA cloned*

nt-o the uni que EcCoRl site near the 3 28.end of the [err]- galact03|dase

Ngene of [err] can be expressed as polgpeptldes fused to

J[err] gal act osi dase. E. coli colonle% Iysogenlc for t he tenperature
sensitive reconbinants can then grown -at, the ﬁern155|ve

tenperalLﬁ%ﬂf?ﬁl%ﬁ%dsb?a¥%GE€§+6ﬁsﬁf9?ﬂ€ Sﬁab@té? F&fr Pet o achi eve high,-
| evel s ofexpPéesed ofs pblypépeiaescrusgdogeng-falaektiositagens were errplwed

t t t | f th ph

| ysogens. Everebbr o158 $¥3§ﬁ%ﬁ‘§€eg°9 orBBorarBs el Cofon s are

al ways nosehrgibifeasretombinhanhy £an, taea bef grownt atto tilest i ngui sh from
reapnbi nf;f@ nY$00705¢e ekQEﬁPQ“?S?l&QEg[ﬁ/grh.ngﬁﬁ:ttigﬁs‘éfg%%from PBR322

into [er terrals an generati ng a phage
gesiggahﬁﬂhfiﬁritlgz° tEy%E@éﬁgeoF;FEr?FV§FEe°$WERPF%ﬂs¥9ﬂ%HNefa{ﬁ?ﬁlLy
e
non- 1| ysog AsCAPRERI 5 Port K } fs rf gh? Hﬁgﬁhrectly
sel ect ed witin pbage anéetyedgensh pHagGVEronaaSQQN&ququreact|on
gg'r ;ﬂnt”glt 'ﬁg?%éﬁ-.ﬂsﬁd oEOtREPELLYNTeBN32E 21RGYs OIS ddeds! i 00T Ed .
which being lac™, are difficult to distinguish from "W,
recombinant lysogens. We introduced the gB-lactamase
gene from pBR322 into agtll (see Fig. 3 and Materials
-and Methods), generatzng a phage designated AAmp3.
15 Lysogens of AAmp3-cpNA'give ampR-lac™ colonies readily
distinguishable from parental amp R-lac+ colonies on
plates containing ampicillin and |
5-bromo-4-chloro-3~-indolyl-g8-D~galactoside, while"
non~-lysogens are killed. Further, AAmp3 lyscgens can
20 be directly selected from cells infected with phage
from a packaging reaction, eliminating the need to
amplify a phage stock.

To prevent religated parental molecules

25 predominating in our library the EcoRl-cut AAmp3
vector was treated with phosphatase. Because this
markédly reduced the cloning efficiency, we first
amplified the cDNA by cloning it into the phage vector
Agtl0 (Fig.3). DNA from the Agtl0-cDNA phage pool was

30 cleaved with EcoRl and the released cDNA was isolated
and ligated to phosphatase-treated EcoRl cleaved \AMP3
DNA to generate the final expression llbrary. This -
procedure resulted in a library of a5 x 10 lysogenxc



25 predom nating in our library the EcoRl -cut [err] vector was treated
wi t h phosphat ase. Because this markedly reduced the cloning efficiency,
first anplified the cDNA by cloning it into the phage vector Agtl O (Fi gh
.DNA fromthe [err] phage pool was 30 cl eaved with EcoRl1 and the rel eased
CcDNA was~i sol ated and |igated to phosphat ase-treated EcoR cleaved [err]
‘DNA to generate the final .expression library.29This procedure resulted in a
library of [err] lysogenic . 29 Anp R colonies of which [err]98% were | ac
and >50% hybri di zdampl® entldnies ©f [Whigh AR fwexre R ad alandarank

l.dent i cation of HobQlizddqiic iy I LA From piafgwﬁsm. .
“antiYyéns To det ect col oni es expressing antigens of P. %zﬂ_ _ sed

i nduced colonies in situ with [err] and chl orof orm vapour under conditions
whi ch 10 al | ow Hdenti it} aat iproted 1B c&:neigtdqa.dhrmééwemﬂdn et és HSE. bAf ter
treatment wigh BSAt IE ré!gi reated w th antibodies tollowed by
1251 -1 abel | ed pro?aﬂ%‘ M : shs s which binds to antibodies |ocalized
at the site of a colony. Simlar procedures 15 have recently been
decribed. Antibodi es fm@NddEaEE dd1tind &4 prdlsd ity SAWeidéndbeang, area of
Papua ‘New Qui nea g%if;i%ﬁgﬂio d;}ect Rqéﬁgéaparun1anti ens, The TOG. _
fractions of the Z@ici WRAYsed £ i?ﬂﬁQﬂ%%ﬁ,gln&&EEdvl .

fal ci parumin vit NaDgsO parid chId fam panpcwd nirtddre dedd 1 bDoh € SwRgeh nst
many P. fal qigoar U RS §e dixpé’toflpszpotreeﬂ% eé’i?éé@ﬂglyo\'\ﬁﬁg E. coli,

nitrocellulose. After treatment with BSA the filters

hd were treated with antibodies followed by'lzsI-labelled
protein A from S. aureus which binds to antibodies
localized at the site of a colony. Similar procedures

15 have recently been decribed.

‘Antibodies from immune individuals in the endemic
Madang area of Papua New Guinea were used to detect P.
falciparum antigens. The IgG fractions of the

20 individual sera which inhibited growth of P.

' falciparum in vitro were pooléd. The IgG pool
contained antibodies against many P. falciparum
proteins, but also reacted stronrgly with E. coli,

W/ necessitating enrichment of the antibodies by affinity

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

.. The result of such a screen on a filter
containing about 10> AAmp3-cDNA colonies is shown in
30 Fig. 4. Several colqnies have apparently reacted with
the IgG, giving signals of varying intensity. No such
variation is seen with normal IgG although both IgGs
give a background reaction with all colonies. Clones



LeSS|tat|ng enrichnment of the antibodies by affinity 25 chr omat ogr aphy
p. falciparumproteins and depletion of the anti E. coli activity

g erials and -Methods). The result of such a screen on a filter containing
pout 10 AAMP3- cDNA col onies is shown in 30 Fig. 4. Several colonies
have apparently reacted with the 1gG giving 5|gnals of -varying intensity.
"No such variation is seen with nor mapo IgG al t hough both IgGs give a
background reaction with all col onies in the area of the
signal s (iRnthel2ye3-28 EB?OE%E&?lﬁeﬂﬂeﬁﬁﬁﬁégyfarlglﬁ&ﬂ@“&&ﬁdnles and -

pi ckel atwep@dprataedt £6p! sEAge SOlbhakssand pliewed e pasdomve W th thes

d d t f. t. t
oot og v G BETo kL (R B RE e shRuT g e BRRE YRS Ma R PO L Lon 298"
reproduci the remaimrderi provadésgandgahévenceonsroylsef Positive S|gnals in
h | '
anyg row (éi%ni’héf%hg gﬁs%bfeiéaogguﬁ %@getaa' WiRA tmsuhgvz%;eal D ar um cDNA

chalacterts E il ve _col oni es _cont ai
sequencesig@ PEBt%GtaWFEBIFE§mB £86-cofBRi 8495@dEn Werels Fig 5A by

col ony hybépﬂbaa&wnemhther tkzpmateseahabltmhmteme,rt hﬁf positive
cl ones cont al

P. parum. cDNA s the en- p05|t|ven
cl ones hyB??ﬂFﬁgﬁ f??ﬁaig)LnTﬁgyengnﬁgyzrl dwﬁéfﬁégﬁf e was no
rel ati onsthe 28me obigimaid pbelsxvehtyaefchnwamdaaysamc.reactlvity and
hybibdization. Most appear to be derived from nRNAs

The antigen-cositive colonies contain P. falciparum _' \j

cDNA sequences

e tested a replica of the colonies shown in

15 Fig 5A by colony hybridization with 32? cDNA to
establish whether the positive clones contained 2.
falciparum cDNA sequences. All of the .
antigen-positive clones hybridized (Fig. SB). The
extent varied markedly and there was nc relationship

20 between the extents of immunological reactivitf and
hybridization. Most appear to be derived from mRMAs
of moderate abundance. The differences in extent of
hybridization indicates that the positive colonies
derive from different MRNAS .

25
P. falczparum anticens expressed as polvpeptides fused

o B-galactoszdase.

We examined proteins from lysates of induced
30  antigen-positive and negative clones by gel
electrophoresis. Staining with Coomassie blue
revealed that some clones, both antigen-positive and
negative, produced abundant guantities of uhique



d? noder at e abundance. The differences in extent of hybridization indiea
that the positive colonies derive fromdifferent nRNAs. 25 P. falcipar
antigens expressed as pol vpeptides fused to B-gal act osi dase. W exam ng

proteins f.orom|ysates of induced 30 anti gen-posi tive and negative clones

by gel electrophoresis. Staining with Coomassie bl ue reveal ed that sone

clones, both antigen-positive and negati ve, pPéduced abundant quantltles of -

31 I d l, th | act d :
A19,  Ag23 and o BRHEPREeatedtandan. Ben 8 Ralasre tAane: delas” clbnag <
to nitrocel |l ul ose bngheAgmBsaadnCBldntFmg’ plocedhea he protedns were -
antﬁ?B-gaIact03|da§goﬁggggkeghe§g bide+ Baﬁgﬁrpgkiﬁﬁﬂb'geﬁ E%e{ggcted

strongly (Fi ept i des o omer ecul ar. wei ght
evi dent . These nayWBé égra&astéﬁgprsaess§ugﬁ eﬁéySﬁayesew@@ﬁerated by

intergal lElBLatl??nﬁi-aﬂgﬁmhutesiaase be&ﬁmpatheae VAL Brude 3 adiga b:?twa?{e
scored with the affi Uri al ci parum e results fe
_into 3 classes (FlBOE #PF?tﬁgl Fﬁécgﬁpgétfg 913bﬂ%§@btﬁge in clone Agl3
reacted strongly, Be&vpeptadeSgofh&bwer moﬂeauﬂarawaighalmqmawahsunlgen
sequence as wel | agyfgbht: ga“BGEQSthSSeaBQgQ% %’io%%t‘%e@rc dridipd

pol ypeptide. No reaction was observe
[err]- galact05|das@aZOFFagﬁFﬁﬁ“ted by internal initiation or premature

10 termination.
KJ When Western blots were scored with the .
affinity-purified anti-pP. falciparum IgG, the results
fell into 3 classes (Fig. 6). Firstly, the large
15. polypeptide in clone Agl3 reacted strengly,
demonstrating that it contains a P. falciparum antigen
sequence as well as B-galactosidase and hence is an
antigenic fused polypeptide. No reaction was observed
with a similar large 8-galactosidase containing _
20 polypeptide in the antigen-negative clone C9 (Fig. 6).
Hence this clone expresses a fused polypeptide which .
is not recognized as an antigen. In other
_ antigen-positive clones, for example clone Ag23 in
K) Fig. 6, the large polypeptide reacted end in addition
25 there was a smear of smaller, presumably degraded
material. This polypeptide is apparently unstable in
E. coli RY1082, even though this strain contains the
lon” mutant which reduced degradation.

30 - ' In a third class of clones, no.reactive -
' polypeptides were demonstrable with immune human IgG.
This may be the result of extensive degradation, or
may reflect inabilitv of the polypeptide to retain

- %



gne expresses a fused pol ypeptide which is not recognized as an antigen.
other antigen-positive clones, for exanple clone Ag23 in'Fig. 6, the £
| arge pol ypeptide reacted and i-n addition 25 there was a snear of
- smal ler, presumably dégraded material,, This pol ypeptide is apparently
unstable in E. coli RY1082, even thoa&h this strain contains the Ion mut ant

whi ch reduced degra id c ASS of ones,
reactive 5ﬁgyﬁﬁﬁgFﬁ 4 ﬁggsrdgﬁﬁ%§Pﬁa6Pe&ﬁﬁfﬁglMﬁung 4&ﬂ3 Thls nay_be
t he resul tudeé eutenIaEVpoaegbadath’orthaM tirese dfdtder iqizinds taref t he -

pol ypepti -h8E3k | | n[err]. W cannot
rul e out ﬁ%ggo SI %I ?IYte)s/ t a?ﬂthhgggbﬁg: %ég?fe%ﬁ%o égsn&fﬂal se-positives in

- (?%5— pol ypeptide in the antlgen negative clone C9 (Fig. 6). Hence this

t he col ony screening system 5. EXAMPLE 2 The Production of

P. fsl ci pagyAaMPLBNRi gens hrieRecodictdsn BYAPlealudpaum & 78 S
antigen-poSItive. E o I, | above and initially
exam ned, 10 . = bt urw.¥? abundant fusion

protein. Isolation of fu3|on proteln fron1c|one Agl 6 15 E. col

1 ysogenic for the 6@33%&:@:@%@@&1@1&&@%1@%&%' n L-broth up to

a density of [err] = erature e_was i nduced by
i ncubat i nBregeced| agr dgsgribed gbove and Hﬂﬂﬂ%ﬁ&#ﬁ;?#ﬂ@94?ﬁkwtlon t he

. cultgires ypee(hgtehaceftdined @Oladgel Parreitxldrdlptattthdditk the bacteria

were then .
fusion protein. \J

Isolation of fusionlprotein from clone Aglé

15 ' E.coli lysogenic for the Amp3-Aglé recombinant
phage were grown in L-broth up to a density of
ODgqo = 0.6 at a temperature of 30°. The phage was
induced by incubating the cultures at 45° for 15 min.
Following this induction the cultures were incubated
20 = for a further 90 min at 39° and the bacteria were then
harvested by centrifugaticn'for 10 min at 3,000 x g.

Bacteria harvested from 1 litre cultures were -

resuspended in 20 ml Tris-buffer_(lOImM Tris~-HCl, pH ' o
25 8.0, 2 mM EDTA, 50 mM NaCl) and lysed by the addition

of 0.25 mg/ml lysozyme and incubating for 30 min. To

the bacterial lysate was added Triton X-100 (final

concentration 0.2%), an equal volume of Tris buffer,

| containing 20 mM MgCl, and 1 ug/ml Dlase

30  (Deoxyribonuclease, Grade I, Boehringer Mannheim,

FRG). After incubating at room temperature for 10 min

cell debris was pelleted by centrifugation at

4,000 x g. The 4,000 x g supernatant was then



harvested by centrifugation for 10 mn at 3,000 x g. Bacteria harvested /’“'1)
from1l litre cultures were resuspended in 20 m Tris-buffer. (10 mv @
Tris-HO, pH25 - 8.0, 2 mM EDTA,. 50 M NaCl ) and |lysed by the addition™e
0.25 ng/ m. lysozynme and incubating for 30 mn. To the bacterial |ysate was

added Triton X-100 (final concentration 0.2%,_an equal volune of Tris
buffer, containing 20 mM[err] and 1 ug/n1 Dwﬁge 30 (Deoxyri bonucl ease,

Grade |, Boeh { t

O I BoShr NOCe MEDPRELEY FRO) 30 ALLET AL RGO NG 8L e5OBILLELRE" BhYT €
4,0Q0.x g supernatamﬁoluhlehﬁmszonaar@th%nltggeuheanSGhnﬁhkat 40,000 x g
to Sedinent the 'q§££eéé@1£ 8 I?t@f?éf'n &ﬂaegafiewﬂ&QsoaasabpgigeauLats

material. The pell®l was soO of 1 MJerr %
cont ai ni ng 2% sodi®n &f 0.1 d%d@%§¢4sﬁﬁﬁﬁﬁFe ?§D§)4an8° Baj Bgt soFﬁEePPol
(DTT) by boi§ing f@éddcyl ns@bphatedespsn aﬁdalooinunalaﬁJ.Sehheu.eeQ ()

(Phar maci a, Uppsala Swede 0.2 M
[err] buffer, H 6% }'E%hf % ﬁhro 1’5}’%[5%&% éb%&%%x} Qg %I Hgfg{n the 10
fractions elutlng SepharheeS@hﬁarbgba:maqna.mﬁppsékanlﬁﬁedgy)lwblﬁhnyﬁénal

SDS pol yacryl am de eQ&‘% Q{:é&pﬁ'ﬂéeélﬁtéa%lh dhesa ﬁaﬁba' BhEQeﬁ:Uepi-!U5| on
protein were pool ed, esa assage _over

n&ﬁrr sln

( Phar maci a) eqU|I|§fﬁtﬁﬁn§P%ﬁlﬂgn 13 SDS;apd; !l oetﬁ tﬁ F FFeand

freeze driedio. PregpaotionsoéldeingeEpoiakhet Sephagose) ect!.admsule«ret aneousl y-

angd; examined by l-dimensional SDS polyacrylamide gel

< electrophoresis (PAGE). Those containing the fusion
protein were poocled, desalted by passage over a PDIO'
dialysing column (Pharmacia) equilibrated with 1 mM

15 8-mercaptoethancl in Hzo and freeze dried.

.Preparation of Antisera

Rabbits were injected subcutaneously and
20 zntramuscularly with freeze dried fusion protexn (0.5
' mg) suspended in 1 ml phosphate buffered saline (PBS)
and emulsified in an equal volume of Freund's complete
| adjuvant. The rabbits received a second injection 4
R, weeks later with 0.5 mg of the same antigen emulsified
25 in Freund's incomplete adjuvant and were bled for
antiserum 2 weeks later.

Antisera were also raised in mice. In this case
_ the bacteria from approximately 1 ml. of an induced
30 ~culture were lysed in phosphate buffered saline by 4
cycles of freezing and thawing, emulsified in an equal
volume of Freund's complete adjuvant and injectéd
intraperitoneally and subcutaneously into female



n % m phosphate buffered saline (PBS) and enulsified in an equal vol une
of.-Freund' s conpl ete adjuvant. The rabbits received a second injection 4 *
weeks later with 0.5 ng of the sane antigen enulsified 25 ‘i Freund' s
i nconpl ete adjuvant and were bl ed fogg4antiserum 2 weeks |ater. Antisera
were also raised in mce. 1In this case the bacteria from approximately 1

m . of angpfgj eeﬂl:.ée TRE! hiEe weeeikkvded Is@cemsamqfe%ﬂla‘z{qred sal i ne by
4 cycles 2|n enul si hr an e vol ume of Freurd's

conpl et e Hﬁ?% Ftﬁ gPeES?dsgﬂFréﬂQPPFoﬁ UG&Fgﬁ%ously i Ntew
femal e wﬂéhBﬂtBéddeacadjﬁhanuucanﬂesabteduan&ﬂgomdednﬁuﬂ|on 4 weeks

| at er mﬁt% Egg gge amount of bacterial |ysate w thout added adjuvant, and
subsequen Py*BPEd for antiserum 5 | mmunobl otting (Western Bl otting)

Ant3 gens released into the culture nmedium by P.falciparumisol ates grow ng

in vitro yehenéBlottihaciivasaes qu@@%g#ynnmlonal SDS- pol yacryl am de gel s
( SDS- PAGET, ' to nitrocel |l ul ose and probed

wi th antibodi es rai sed. agai nst. the fusion protein or PNG serum essentially
usi ng the prochftigendeselehseddinBa e cudthizel MERivib by Anal yt.

Bi ochem glgalgg 3%%u?9§olh@%§”%&b&8&&?%SP%%&@E'6§¥é”“ralsed agalnst t he

fusion pr
10 fractlonated on one-dimensional SDS-polyacrylamide

gels (SDS-PAGE), electrophoretically transferred to U
nitrocellulose and probed with antibodies raised
against the fusion protein or PNG serum essentially
using the procedures described by Burnette W.N;,1981.
15 Analyt. Biochem. 112, pp 195-203.

gg;;o I ntramuscul arly mnth freeze dried fusion protein (0.5 ng) suspended

Immunofluorescence

Antiserum raised agéinstlthe fusion protein
20 isolated from clone Agl6 (rabbit anti-Aglé serum) was
' tested for reactivity against P.falciparum isclate
- FC27 by using the procedure of indirect
immunofluorescence. Air dried, thin smears of -
parasitized red blood cells were fixed in "\
25 acetone/methanol (90:40, v:v) for 15 min at rocm
temperature. The dried smears were reacted with
| appropriately diluted (1:100 to 1:1000) rabbit
anti-Aglé serum for 30 min at room temperature. After
three 15 min washes in PBS the smears were incubated
30 with a 1:40 dilution of fluorescein-conjugated sheep
anti rabbit immunoglobulin for 30 min at room
temperature. After three 15 min washes in PBS the
slides we:e flooded with 90% glycerol and then



20 I solated fromclone Agl6 (rabbit anti-Agl6 serum was tested for
reactivity against P.falciparumisolate FC27 by using the procedure of
idirect imunofluorescence. Air dried, thin snears of parasitized red
bl ood cell,s were fixed in 25 acet one/ net hanol- (90: 40, v:v) for 15
roomtenperature. The dried snears were reacted with appropriately di
(1:100 to 1:1000) rabbit anti-Agl6 serum for 3% nin at roomtenperature.
After three 15 mn S the.snears were .incuhated . 30 with a

1: 40 dilution of fﬁwgﬁ‘g'g%& & 8?&] Gy REEFOSTORS ARiNG "ia"i‘yﬂiﬁfogl obul i n
for ‘30 min at roomitdwpdnation. After three 15 min washes in PBS the slides
wer & | ooded wi th 90% gl ycerol and then 35 exam ned under a m croscope
using ultraviolet ill n1nat|%n Nucl ei ¢ Aci d Sequencing 5 The cDNA insert

of clone Agl 6 was ﬁEEiE&Ee&EuELéﬁﬂﬂéﬂﬁﬁﬂge vector ML3.np9 (Messing J., Crea
R, and SeebSrg P.H 1981, Nucl. Acids Res., 9, pp 209-321), and sequenced
according to the dideox cl | atlon t.hod ( Sanger
F., Coulson AR, Barrel)fllgg é&h gﬁf flﬁlonghégggg ,e%_lqﬁh_

Biol., 143, pp 167:h¢8phaagsuecsqullp|sesssmessthuemumnnaasau;cxnaﬁ
Cone Agl6 Using tBeeBuegt@UneS 4994, Refd1.n A0sd Reb., 9, pp 209-321),

and sequenced according to the dideoxvnucleotide chain

10 termination method (Sanger F., Coulson A.R., Barrell
. B.G., Smith A.J.H., and Roe B.A., 1980, J. Mol. Biol.,
N\ | 143, pp 167-178). |

RESULTS AND DISCUSSION
15 '

' Characterisation of Clone Aglé

Using the proceduree_described in Example 1,
clone Aglé was identified 2s an antigen-positive
20 E.coli colony which contained an abundant large fuslon
protein. The recombinant phage o
AAmp 3-Aglé contains a P.falciparum cDNA insert of 830
base pai;s. The base sequence of clone'Aglg is shown
o -iq Fig.l and indicates that the antigen coded for by
- 25 this partial polynucleotide sequence has a homologous
repeat structure of 11 amino acids tandemly repeated
23 times.

_ Isolation of Aglé Fusion Protein.
30 _ _ '

This fusion prctein was insoluble and could be
enriched for by lysing induced organisms and
centrifuging down insoluble material. This pellet was

R\



. . 3
Ye Agl 6 was identified as an antigen-positive 20 ‘E.coli colony which
odX/ai ned an abundant | arge fusion protein. The reconbi nant phage [err]
Agl 6 contains a P.falciparum cDNA insert of 830 base pairs. :The base ®
- sequence of clone Agl6 is shown in Fig.1l and indicates that the- antigen
coded for by 25 this partial polynucleotide sequence has a honol ogous
repeat structure of 11 am no acids t%ﬁden1y repeated 23 tinmes. Isolation of
Agl6 Fusion Protein_ 30 ThIS u5|on r.o kn was i nsol ubl e_and coul d be
enri ched SO¥ } ag Eﬂg %ﬁdCEEHPiF%ngﬁa 88%n i nsol ubl e,

naterlalaﬁﬁnrnrmnlumTVinﬂ a éEhgréL¢ubsa9d byebeat Sapharosebuf f er

\a*
cont ai ni 0. D e Sepharose CL6B
gel. filt ;E%t%/ %I %R#%ér)ow de%glf& oﬁt&&?el n éggégopggﬁe %B.j ority of
prat ei ns free mf dehe)imzjority otzenmfeggsa;e thegorjgigrdne Agl 6 :
corg esporgi%gplttysé@nggggn-;pf P.fal ci parum FC27. 10 A rabbit

| mmuni zed™wrth the sem -purified fusion protein.obtained fromclone Agl6
produced antibodies that reacted with clone Agl6 and not other E. coli

col oni es gxur& ot responder to cth@bs nantileat ofi ophage or the

non-reco ' (F1g.8). Thus this fusion protein

I nduced - Se primarily dirfected agai nst determ nants
expressed in the P.fal ci parumportion of the protein.
10 A rabbit immunized with the semi-purified fusion _
protein obtained from clone Aglé produced antibodies LJ

that reacted with clone Aglé and not other E.coli
colonies containing either other recombinant
bacteriophage or the non-recombinant phage AAmp 3

15 (Fig.8) . Thus this fusion protein induced an antibody
resﬁonse primarily directed against determinants
expressed in the P, falciparum portion of the protein.

Conclusive evidence that the-Aqls'clone _
20 corresponded to a portion of the isolate FC27 S
antigen was ocbtained by Western blotting experiments.
Isolate FC27 has an S antigen (Mr 220,000) Wthh is
the dominant antigen detected when culture. .
supernatants are analysed by the Western blotting ' N
25 procedure using selected sera from7natutally immune
Papua New Guineans. One clonal population (E12) of
P.falciparum derived from isolate FC27 by limit
dilution culture expressés a larger but antigenically
related S antigen (Mr approximately 250,000). When
- 30 equivalent culture supernatantsIWere analysed by the
Western blotting procedure using anti-Aglé serum as
the probe the S antigens'of isolate FC27 and clone El2
were the only antigens detected (Fig.9).




Concl usi ve evidence that the Agl6 clone 20 corresponded to a portio/’%

the isolate FC27 S antigen was obtained by Western blotting experinen /7.
lsol ate FC27 has-.an S antigen (M 220,000) which is the dom nant anti ¢g
detect ed when culture supernatants are anal ysed by the Western blotting 25
procedure using selected sera fromnaturally’ i ne Papua New QGui neans.
One clonal popul ation (E12) of P.falciparumdérived fromisolate FC27 by
limt dilution cul ty tg&ﬁ@¥§% %Heargﬁ gggf wAYH Qfa%?é lﬁ'axr;ﬁlf’ge S
antigen (M approx

supernatants were anal ysed by the Western blotting procedure using

anti*=Agl 6 serum as the AnYIc-AdlE Sexfim P uded S Atriikaet and clone E12

LR M ure Do el SHRRE SRR, Aipenianndh, W i add WY |G

i munof | uor e$cence corresponding arddgenstinatisallate 027 was asyoeisosili ng

antigen in isolateieh/ nidards aekdadd g ‘@atg}eaqtn“rtg%eaﬁ%%’glcﬁcﬁ%% N e,
I'n_whi c ‘es

red bl ood cell. The stalnln%PPattern ((FI he mer 0zo
i nsi de the segnent &F therd dFdg-itPlodn whdsh Sheomazazaitedth the

S aﬂt i genI bei ng Igdﬁs&de\/\/lt&b met;htf:nl-!ed sd@ﬁfz@aﬁM@lﬁem Gt it Bitted f;s
per haps also on t ite e Progduction o '
Ot her Natural Mal a?:log% nn%r?totge Lsélh ﬁeaﬁ‘r@@@&@?% t@ér’{ﬁrg"f‘ fidre
preparing 10 parasitophorous vacuole and perhaps also on the

: merozoite surface.

/ . .
EXAMPLE 3 The Production of Other Natural Malaria
. Immunogens. .
15 _

The processes used in Example 1 for preparing
recombmnant bacteria phage and for selecting E.coli
clones making malaria antigens, and in Example 2 for
characterising one clone with respect to the paraslte

20 antigen it corresponds, to were repeated so as to
identify clones producing other antlgens of
P.falciparum.
w Results
25

Available nucleotide sequence data on one of
these additional clores is given in Figure 2.
Informacion concerning the molecular weight, stage and
strain specificity and ultrastructural localisation of

30 these antigens is given in Figures 11-14 and in Tables
1-40 ’



onbi nant bacteria phage and for selecting E. coli clones making malaria
gens, and in Exanple 2 foor characterising one clone with respect to the
asite 20 antigen it corresponds, to were repeated so as to identify *
.cl'ones produci ng other antigens of P.falciparum Results 25 Avail able

nucl eoti de sequence data on one of these additional clones is given in
Figure 2. Information concerning the nol ecul ar wei ght, stage and strain
specificity and ultrastructur | ocal i sation of 30 these antigens is
given in Figures 11-14 and im-Tables 1 - 4. = 38 Table 1. Ml ecul ar Wejght
of P.falciparum (Isolate FC27)'Em®§e1ns Corresponding to Antlgen P05|tww§
Cl ones C one Mol ecul ar ‘Wi ght Ag 7

155, 000 Motxtd]&HONedghtldf P. falcvparum (Isolate FC27)FrpO@&ins& 210, 000 Ag 23

120, 000 Ag 63 - Ag 144

112, 000 Mol ecul‘é{’r"\?vsepoé‘ﬁtigg at"r‘)emétm ngﬁ’or?&}iev%??ﬁée% were determ ned by the

el ect rophoretic npbility of the prot QIjS an _sodium dodecyl syl phate

pol yacryl am de gel s relative to the no tei ns of known size and
shoul d be npre @98Ropriately referred %§HF g&hﬁ@ mol ecul ar mass (M).

An anL+£ﬂNQLGé44%%—G#4HiS—44E&G%+d+e—*HE9%{*44-+éhﬂ9FGEH}H%—+4¥-PG€44}FGG-44-1

Ag 7 o 155,000 & 210,000

Ag 13 ' 155,000 & 210,000

Ag 23 | 120,0008 - -
Ag 63 - 75,000

Ag 144 | 112,000

* Molecular weights are approximate as they were determined by the
electrophoretic mobility of the proteins on sodium dodecyl sulphate
po]yacry]imide gels relative to the mobility of protains of known

- g§ize and should be more appfopriate1y referred to as relative molecular
mass (Mr). '

3 An antigenically cross-reactive protein is present in isolates K-1 N
(Thailand) and NF7 (Ghana) but differs slightly in size. The K-1 L
antigen is Mr =127,000 and the NF7 antigen is Mr =118,000. '

.o



(Thailand) and NF7 (Ghaha) but differs slightly in size. The K-1 anij-gen

Is M 127,000 and the NF7 antigen is M 118, 000. 39 Table 2. Stageg
Specificity of, P.falciparum (Isolate FC27) Proteins Corres- ponding
Antigen-Rasitive Cones Ring Trophozoite Schi zont Ag
+ - + Ag 13 +
- : + Ag 23 . - : +
+ Ag 63 + - + Ag 144
ND . " ND - ND ND 5,Not done Table 3. Isolate
Specff|0|ty of P.fal ciparum Proteins Cb??espohding to Antigen-Positive
C offes FC27 K-1 Tabl®FZ, Ag 7 _
+- + + Ag T3 +
+ + Ag 23* _ + +
+ Ag 63 . Stage Specificity of +P.falciparum (Isolate FC27) Protains Corrég- 144
+ + 39 I gent MVin the 3
i Sol ates (see Table 1). lﬁ?"?aﬁf A§E¥¥gr%§ﬁg %ﬁﬁﬂ%fluorescent
Staining Seen wiith Antisera Raised to Antigen-Positive O ones *
Ring Trophozoite Schizont
. Ag 7 ) + - +
A + - +
W g 13 _
Ag 23 _ - + +
Ag 63 + - +
* .
Ag 144 ND ND ND
ND = Not done
Table 3.

Isolate Specificity of P.falciparum Proteins Corresponding to

R . Antigen-Positive Clones
Fc27 K-1 NF7
Ag 7 + + +
Ag 13 + + +
Ag 23* + + + )
Ag 63 - + + +
Ag 144 + + - +

* ' '
Ag 23 varies in apparent MW in the 3 isolates (see Table 1).



The antigen is |ocated on the surface of cells infected with

-stage (i mmature)parasites. Sone staining was also evident in mature
iJzont -i nfected cells. Ag 13 Essentially the same staihing pattern as*
Ag 7. In sone cases the antigen appeared to be evenly distributed over

he surface of erythro- cytes infected wth ring stages. In. other
‘erythrocytes, also infected w4 h ring stages, patches of nore intense
fluorescence were evident. Sulface |ocation of Ag 13 was denonstrated by
reacting serun1mﬁth i ntact cefdle &ntiserum bound anly to the surface giL
I nf ect ed c te tro 0z.0i.t nd schijzont.s expressed thi

anti gen. g?"é‘éc@ﬁc’é“ﬁ?‘!ﬁ%ﬁ?ﬁff ééa ngg §§§’66’1’§k‘ YiSeFR a | ar ge nunber
of "speckl es" di-striRaitsed tn/Anttdea-Miltﬁee‘MDass.t*l zed cell. There were
often two small circular areas of nore intense fluorescence, especially
seen in the late. troph020|te/early schizont. At the late schizont stage,

iAgt nse Theigntigesnie hesateden theosurfasenpdicel parinfreted-uitheningretage An
anti seru mt&&)%rwﬁ@&ed rsbﬁdqrﬂamamgl ¥a¥'a130 Célildent nCRaGMe th mature
paraS|tes cells, ont mal.aria pignment). Staining was evident around
the pign® izontripfect % ‘ire parasite or as a network round devel opi ng
merozoites. Weaker stalnlng was evident with very imuature parasites where
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Ag 23 Late trophozoites and schizonts-eXpressed this antigen. Fluorescence
of trophozoites was associated with a .large number of "speckles”
distributed over the entire parasitized cell. There were often two
small circular areas of more intense fluorescence, especially seen in
the late trophozoite/early schizont. At the late schizont stage,
intende fluorescence was seen over the whole par&sitized cell.

Ag 63 An antiserum'tO'Ag 63 reacted predominantly with cells infected with
mature parasites (cells containing malaria pigment). Staining was
‘evident around the pigment and over the entire parasite or as a
network round developing merozoites. Weaker staining was evident
with very immature parasites where a ring of fluorescence surrounded
the parasite within the red cell. '

Ag 144 Only mature parasites were stained. Fluorescence was visible either
over the whole parasite, or as patches or as a network of fluorescence
outlining the segmented schizont.

~ The indirect immunoflucrescent antibody procedure was used in each case.
‘ Primary antisera were derived from rabbits or mice. The secandary reagents
used were FITC-conjugated sheep anti-mouse immunoglobulin or FITC-conjugated

sheep antf-rabbit immunoglobulin. Parasitized cells fixed to glass siides
were used astantigens. ' : )



CLAI MS: 1. A DNA nol ecul e conpri sing am . -
substantially corresponding to all or a porti og,m"ﬂm ' RNA V\/nerel n»\'
sai d nucl eoti de sequence codes for at |east on iﬂ”ﬂﬂlnmpt i de.
A DNA ol ecul e according to claim1, wherein sai'd ffucteoti de sequence@s _
for all or a portion of at |east two anti geni c' pol ypepti des of
P.fal ci parum said pol ypeptides being derived4from one or nore isolates,
strains or variants of P.falciparum 3. A DNA nol ecul e according to
claim1, wherein said nucleotide sequence codes for a pol ypeptide of
P. fa}_‘r}i parum whi ch substantially corresponds to an S antigen of
P. falci parum 4. A DNA nol ecul e according to claim1l, wherein said
nucl eot i de- sequence is _characterised by at |east a portion thereof
conprising a partial EE&F"Séquence substantially as shown in of Figure 1.
5. A DNA nol ecul e accordi ng to.claim1, wherein said nucleotide
sequence is characteri;sed by at ﬁ Pﬁit m81 g&iéogoF?giggg%cgmépéM&

a

partial base sequence substantl y as s ovvn in ure
mol ecul e conprising a SRANSASS & éﬁ&éﬁééléaﬁSBF%sB?“‘Bé‘i‘?lgt%@]rJes%'e(f as at

| east one 42 pol ypqmﬁtci%rﬁlosr:plpaxfbmglrﬁgaeuﬁ\nhugenhéféynoéaiad thcaqéaﬂqawm

t 7. A nb t
ggqlugﬁge accor di ng tors?ﬁ%)}’eé{r?%a%lodglsaf% T% e%sgng%?:l%ﬁr’lgb‘%ﬂ}r{(fzrﬁ(zcéolt)‘{qec?tdﬁie'

expressi on control

S 2. A DMA molecule according to claim 1, wherein

~ said nucleotide sequence codes for all or a portion of

. at least two antigenic polypeptides of P.falcig um, said
polypeptides being derived from one or more isolates,

strains or variants of P.falciparun.

3. ~ A DNA molecule accordihg to claim 1, wherein
said nucleotide sequence codes fcr a pclypeptide of
P.falciparum which substantially corresponds to an

S antigen of P. fa1c1parum.

4. A DNA molecule according tc claim 1, wherein
said nucleotide sequence is characterised by at least
a portion thereof comprising a partial base segquence
substantially as shown in of Figure 1.

5. . A DNA molecule according to claim 1, wherein
said nucleotide sequence is characterised by at least
a portion thereof comprisihg a partial base sequence
substantially as shown in Figure 2. ,

6. A DNA molecule comprising a nucleotide
sequence capable of being expressed as at least one



\ei n the expression contral sequence includes pronoter sequences and

1L Vi at or sequences, and wher-ein said nucl.eoti l cated 3' to *
the pronoter and initiator sequences. 9. mmm‘mrmﬂl' m“ tl oni ng
vehicle or vector capable of expressing all or *paft bf %t edst one
anti geni c pol ypeptide or protein_ of P.falciparum and having inserted .

t herein a nucl eoti de sequence aé_ording to any one of clains 1 to 6, said
sequence being operatively _|inked to an expression control sequence. 10.-
A reconbi n@&alYmeRtddenidigriakiioge thecanELAGRE6LEY 2P ®, wherein the ol
expr essi on I Glpag@iantdgengl udes pronoter sequences and initiator
sequences, "and wherern said nucl ectide sequence is |ocated 3" to the
pronoter and initiator sequences. 11. A reconbi nant DNA cl oni ng
vehi cl e acchr di ng t oAclrsicomdinehar B¥Rempdeduila tbmpriaimg micl eoti de
sequence ang, Saidt P eYtlenkeC AR 1 AGIUBNERYALRe | §ECLI £l N O @ .
bact eri ophage. 43 12. . A reconbi nant BNA,cIonlng vehi cl e accordi ng
to clai m 110 charcRativedy inksf £9i @nhSXPERFSHARGEONErPhct eri ophage Anp

Cégggence. 8. - A reconbi nant DNA nol ecul e according to claim?7,

. 3. 13. sedhdisd. cel |l containing a reconbi nant DNA nol ecul e according to
claim7, or a reconbinant DNA cl oning vehicle or vector according to claim
9. 14. A synthetic peptide or polypeptide displaying the antigenicity

of all or @yportion & rfcombinant DNA molecule according to
claim 7, wherein the expression ccntrol sequence

includes prcmoter -sequences and initiator sequences,
and wherein said_nucleotide sequence is located 3' to

the promoter and initiator sequences.

9. A recombinant DNA cleoning vehicle or vector
eapable of expressing all or part of at least one antiéenic
polypeptide or protein of P.falciparum, and having
inserted therein a nucleotide sequence according to

any one of claims 1 to 6, said sequence being’ -
operatively linked tc an expression control seqguence.

10. A recombinant DMA cloning vehicle according

to claim 9, wherein the expression control sequence

(.

includes promoter Sequences and initiator sequences,
and wherein said nuclectide sequence is located 3' to
the promoter and initiator sequences.

11. A :ecombinant DNA cloning vehicle according
to claim 9, characterised in that said nucleotide
sequence and said expression control sequerce are
inserted into a bacteriophage. '



l'east one P.falci parum antigen. 15. A synthetic peptide or

ant Genicity"of ai'or a portion o ‘an S ant sl I IMAIBEI, °5 N

A syntheti,c peptide or polypeptide according to *tl & m14" char®acteri s¥
that it substantially corresponds to all oy a portion of one of the
antigens characterised in Figures 7 to 14 %hd in Tables 1 to 4. 17

fused pol ypepti cde conprising a pol ypeptide sequence displ aying the
antigenicity of a P.falciparug getbsginastt Bﬁa%l@ﬁﬂh@%eﬁ?&i@%orcﬁ% an
addl-\t/l onal polypeptide as .the N-term nal seqyence fuséd thereto. 18. _
A f0%ed pplypeptide?ﬁué;ﬁﬁq1 Lo CBRIPATETISGHEBi AR heSatYi R3GHRY Lophage
pol ypeptide is a polispdzdtesioptadef oAmpy3t he DNA of a reconbi nant DNA
cloning vehicle or vector. * cC L M S * 44 19. A
met hod of producing a fused pol ypeptide_according to claim 17, which
conprises the steps lo¥- cul t ur Pn§o8*h6st lcePntaénsdndi Agreeoer irany NANand
relcoveri _ng sai d fgs%mmllrée[abicﬁedﬁhqg‘tbhEIgﬂhtEr.eorzﬁ-reccf:mbai.nd_hi Ltmdlg )1
pol ypepti de according ta . claim. produced by _the nethod of.claim19. :
A net hod of produci r?gloa{uﬁ"(ﬁ V& Fﬁ8e°£c88‘ﬁg?ﬁg¢?8°5g§?ﬁ1 gﬂ,cﬁﬁ'ﬁh %onpri ses
the steps of cleaving a fused pol ypeptide according to clai'm 20, and
separating said desiyged pQ' ypapishdenber papdiaddbli gadl pept y@ept i de.

displaying the antigenicity of all or a pertion of at

\HJ . least one P.falciparum antigen.

-15. A synthetic peptide or polypeptide according
to claim 14, characterised in that it displays the '
antigenicity of all or a portion cf an S antigen of

P.falciparum. '

g
l6. A synthetic peptide or polypeptide according
to claim 14, characterised in that it substantially

corresponds to all or a portion of one of the antigens
characterised in_Figures 7 to 14 and in Tables 1l to 4.

_ 17. A fused pclypeptide comprising a polypeptide
ij ' sequence displaying the antigenicity of a P.falciparum

antigen as the C-terminal sequence, and an additional
- polypeptide as the N-terminal sequence fused thereto.

- 18. - A fused polypeptide according tec claim 17,
wherein the additional polyvpeptide is a po;ypeptide
ched for by the DNA of a recombinant DNA cloning

-

vehicle or vector.

A



i

22. A pol ypeptide according to clai mi14 produced by the nethod of '
Qi m 21. 23. A conposition for stinmulati agai nst_
al ci parum [err] in a mammal, conprising at |east one polypeptide v
gpl ayi ng the antigenicity of a P.fal ci parum a “mn I“WEEMM\A th a
armaceutically acceptable carrier therefor. tion
according to claim 23, further conprising an adjuvant
conposition for stinmulating i mune responses agai nst P. faIC|parun1antigens
in a manmal , conprising a virus or rmcroorganism in association with a -
harmaceutical |y accept | apkl u anj sm havi n v-h
P fg.ra DN§ ﬁo‘& odLQ‘En §"Bufc g?tx? 15 Sérqxu g

inserted th ul 8¢ a nucre ence capabl e of
45 bei ng expressddngt tPe&éF-‘-@nd?poW?Eébt m@pmgpsaymgstms attigenicity of

a P.fal ci pacumtalingeR host cell according to claim 13, and
recovering said fuged polypeptide from the culture.

20. A fused polypeptide according to claim 17
produced by the method of claim 19.

21. A method of producing a polypeptide
according to claim 14, which comprises the steps of \o/
cleaving a fused polypeptide according to claim 20,
and separating said desired polypeptide frem said

 additional polypeptide.

22. A pélypeptide according to.claim 14
produced by the method of claim 21. '

23. A composition for stimulating immune

responses against P.falciparum.anticens in a mammal,

comprising at least one polypeptide displaying the

antigenicity of a P.falciparum antigen, together with
a pharmaceutically acceptable carrier therefor. .

- 24. A composition according to claim 23, further
comprising an adjuvant.

25, A cémposition for stimulating immune
responses against P.falciparum antigens in a mammal,

comprising a virus or microorganism in association
with a pharmaceutically acceptable carrier, the virus
or microorganism having inserted therein a DNA

molecule comprising a nucleotide sequence capable of
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being ekpresséd at least one polypeptide displayihg
the antigenicity of a P.falciparum antigen.




