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CLONING UF DNA FUR PROTUZOAL ANTIGENS

ABSTRACT

The present invention relates to the cloning
of the P. 195 gene of Plesmodium falciparum and the use
of . 195 in vaccines for the tresatment or prophylaxis

of malaris.
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The presant invantion relates to a cloned sequence

of DNA, and Pragments thareof, of Plasmodium falciparum

which may be used to provide antigenic peptides for

usa in melaria vaccinas,

Malaria is an increasing haalth problem throughout the
third worlde Sevaral hundred million people suffer
from the disemse and ths most acute form, caused by

the protozoan perasite Plesmodium falciparum, kills

over a million children sech yser in Africa alone.

An affactive immunity against the ssexual multiplice-
tion of the parasite in the blood-stream would pre-
vent the clinical disesse, Prevention of ths m-in-
vasion of red blood cells by an affactive immune res-
panss against tha invasive form, the marozoite, should

interrupt this cycle.

In a rodent malarial model it has been shown that a
protein antigen synthesised within the matures intre-
erythrocytic form, the schizont, and sxpressed on

the surface of the mrozoite, can bs purified and that
vaccination with this antigen cen gsnarate protective
immunity agminst Plasmodium yoelii (Holder, A.A. &nd
Fresman, R.R, Naturs 294, 361-364 (1981)). This anti-
gen has an apparant moleculsr weight (MJ) of 230,000
and is proteolytically processed in vivo such that

discrets fragments of tha entigen ere present on the
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msrozoite surface (Holder snd Freeman, 1901 supraj
Holder, A. A. and Fraseman, R.Re Parasitology 88, 211-

219 (1984a)).

By "moleculer waight" is meant tha apparsnt rslative
molecular weight es determined by polyecrylamide gal
glectrophoresis in the pressnce of sodium dodecyl sul-
phate end standard molscular weight markers, Thamle-
cular wsight of the antigsnic proteins of the inven-
tionmay thus be convaniently determinad by ths tech-
niques described by U.Ke Lasmmli, Naturs, (1970) 227,
660-685, Convenisnt standard molecular weight markers

{ncludse, for sxample, spectrin hatarodimar (2.2 x 105

Moo weight), B-gslactosidase (1.16 x 105

va), phos-
phoryless b (9.3 x 10° M4), bovine serum slbumin (6.8
x 1[1" Mi), sldolass (3.9 x 10" Md), trioss phosphats

b

isomarass (2.7 x 10" M) snd lysozyme (1.5 x 10 M) e

whan ths protein weswsed to vaccinate mice the pro-
tection was ad juvant dependent and it appearsd to be
provided by a csll mediated ef fuctor pathway (Freemen,
R. Re and Holder, A A. Cline Expe Immunol, 54, 609-616
(1983a)), although e monoclonal sntibody against the
protein has bean shown to confer passive protection
upon mice (Msjariam u. Re st 8ley Jo 1mmunol, 132,

3131-3137 (1984)).
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Analogous protain antigens heve slso been dsscribed

in other Aasmodium species. A polyvelant antiserum
ralsed gainat the purified 230,000 Md antigen of P,
yoslii cross-reactsd by immunofluorescence with the
blood stags forms of all other species of Pleamodium
tested (Holder end Freeman, 1984a, supra)e In Plas-
modium chebsudi the antigan was identified by Western
blotting as a 250,000 M species which may also be
procaessed (Holder, A.A. gt al., Mol., Biochem. Parasi-
tol, 9, 191-196 (1983)). Mnoclonal antibodiss specific
for thes 250,000 My P, chabaudl protein were shown to
confer pessive protection againat P, chabaudi challenge
in mice (Boyle, D. Be. st de,Infect Immun, 38, S4-102
(1982)). A monoclonal entibody against a 230,000 MJ
protsin of Plasmodium knowlssi asgglutinated merozoltes
and thersby inhibited parasite invasion of red cells
in vitro (Epstein N, st al., J. Immunole. 127, 212-217
(1981), and this protein of P, knowlesi is processed
invvo to amries of fragments expressed on the mesro-
zoite surfece (David P, H. gt 8l., Mol. Biochem,

Parssitole 11, 267-282 (1984)),

In um, polyvslent antiserum sgalinst the P.
yoelii 230,000 Md protein antigen cross-reacted with

a 195,000 My antigen (hereinafter referred o ms the
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Pe195 protein) (Holdere d., (1983) supra). The
biosynthesis of this antigen, which appears to be a
glycoprotein (Howard, R. J. st _al.,Mol. Biocham,
Parasitol 11,349-362 (1984)) tekes plece within the
schizont form of the parasite and at the end of the
intra-srythrocytic stags the antigen is proteclyticel-
ly processed into discrete fragmants (Holder, A.A. and
Fraeman, Re R. J. Expe Med. 156, 1528-1538, (1982);
Hall, R. st al., Mol. Blochem, Parasitnl, 11, 61-80
(1984a)). On the surfece af the merogites (raleased
into the serum at the end of the intra-srythrocytic
stegs), the protsein 1s fully processed, with three dis-
crets fragments of P, 195 having molecular weights of
sbout 83,000, 42,000 and 19,000 being present, Thase

three fragments mre the major surface antigens of mero-
zo0ites and are strongly recognised by human immuns

gerum (Freeman, R.R. and Holder, Ae Ae Je Expe Mad.
158, 1647-1653 (1983b), Holdar, A.A. and Fresman, R.R.
J. Exp. Mﬂdo- -1__6_0_' 62‘0-629 (198l|b))0

The term 'P.195' is used herein to danote a protein
of betwsan 1.8 and 2.3 x 10° M4 which is localised in
the erythrocytic schizont form of a Plasmodium falci-
perum parasite end which is processed in vivo into

discrate fragments of approximately 8.3 X 10“, Le2 %
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107 and 1.9 x 10“ Md, mssociated with the surface

mambrenes af the merozoite form of the parasite,

within P, felciparum P.195 may exhihit some struc-

tural polymorphism es detected by tha degres of bind-
ing of pacific monoclonal antibodies or by smell dif-
ferancas in its apparent molecular welght (McBride, J.Se
gt al.,S5cience 217, 254-257 (1982); McBride, Je.Se. st 8l.,
Trana Roye Soce Trope Made. Hyge 78, 32-34 (1984); Hell,
Re st al., (1984m) supre). However, it will be appre-
ciated by those skilled in the art that these antigens
are homologous and that differences demonstrated in
perticular antigenic determinantas may not be important
in the broader sense of an immunsyesponse in an animal,
It has baen shown that Saimir!i monkeys immunised with
Pe195 ware protected againat challangs infection (Perrin,
LeHe 8t 8le, Je Expe Mede 160, 441-451 (1984); Hell,

Re atd,, Nature 311, 379-382 (1984b)).

The term ‘epitope! as used harein denotes an immunogenic
daterminant of an immunogenic moleculas, thes immunogenic
determinant comprising a molecular configuration capsble
of eliciting a protectiva immuns response in a sus-

ceptible animal, whsn prasented in a suitabls form,

It will also ba appreciated that P,195 is subject to
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allglic variation, wherein different strains of P
falciparum sxpress proteins different from, but subs-
tantially simllar to any one Po195 protein from sny one

strain.

A comparison of the P.195 gens from the P, falociperum

strain described herein with the gorrasponding gene
from & strain isolstad by Thaithong et al, (Thalthong,
Se, Baalm, GeH., Fenton, B., McDride, J., Romsario, V.
Walker, A and Walliker, D., Trans. Roy, Soc, Trop. Med
Hyge (1984) 78, 242-245) by Southern blotting showed
structural polymorphism detectebls by nuclaic ecid hy-

bridisation (R, T. Schwartz).

For the reasons outlined above, it is bslisved that the
P, falciparum P.195, or an antiganic fragment there-
of, is of valus for use in a blood-atags malaris vec-

gine,.

In order to obtain this proteinor an antigenic frag-
ment thersof, such as thoee produced in vive and
which ars present on the merpzoite surface, in large
gquantitias and in 8 relativaly pure form, it would be
desirable to identify the seguencs of the DNA in the
gens mding for the axprassion of this protein in Pe
falciparum. After jdentification of tha sequsnce,

it wuld bs desirable to raproduce the immunologically
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affective partsof the protein molecula, eithar by
claning this maenuence in a suitable vector and expres-
alon in a suitebla host, or by chemical synthesis of
tha amino scld sequence corresponding to thes identified

saquancea.

We have now discoverad that it 1s posaible to clone the
DNA secquence that sibstantially encodes the asbove des-
cribed antigen (P.195) from P, falciparum and that

the functionel entigen or fragments thereof cen be ob-
talned by incorporating ssid cloned DNA into a suit-
able vector which, in sn eppropriate host, is capabls
of expressing tha antigen or peptides comprising at

lesst one gpitope thereof.

According to one feature of the present invention we
therefore provide a clonsd DNA aerquence substantially
encoding ths P,195 protein of P, falciparum, or pep-

tides comprising at lsast one gitopm theraeof.

Tha tarm 'clonad' is used herein to indicate any DNA
saquance that has baen substantielly synthesised out-

sida of its natural host,

The term 'peptide' as used herein pertains to ary mole-
guler structure composed essentially of amino acids com-

prising more than 2 amino ecids, It will be sppreciated
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that P.195 is a peptide by this definition,

It will be appreciated that the UNA sequences aof this
invention may correspond to naturslly-occurring se-
quencas, or they may be related to such sequances by
mutation, including single or miltiple base substi-
tutionas, deletions, inaartiona and inversions, aluays
provided that tha DNA molecule comprising such a se-
gqusnce is capsblae of being exprassed as a8 peptide car-

rying at lsast ona spitope of the P.195 protein of P
falciperum.

Tha invention will be described in more detail hersin-
after with reference to ths sccompanying drawings in

whichy

Figurs 1 shows the bese sequance of a stratch of Pq
falciparum DNA containing the gene encoding Fel9S and

tha amino acid sequence for which it codese.

Figure 2 illustrates a cONA restriction map of tha P.195

gena.

Figure 3 1llustrates a restriction map of the P.198

genomic saguance.

Figure 4 illustrates the construction of plasmids used

in the course of exemplifying the inventione

Figuras 1A to 1I show (in seguenca) ths nucleotids
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saquence of the P.195 gena, the amino acid ssguancs

for which it codes and stretches of saquance at either
end of the coding sequance. The lower line of sach
double lina of lettars rapresents nuclesotides sccorde
ing to convention, while tha uppar line shows the

amino acid sequence for which the open reading frame
codes, the letters reprasenting emino acids apcording
to convention, The sequance wes determined by methads
described herein and it will be appraciated that, while
it hes besn determined as accurately as possible withe
in the margins of experimantal srror, there may be some

varietion in the P.195 genstic sequence,

Figure 2 shows the gena, including asequence in the
cONA clones extending bayond either and of the coding
ssquance, at tha top of the figure (thick line) with
important restriction anzyme sites markad. All rege
triction enzyma codes in this figure are eccarding to
convention, Other restriction enzyme sites are indie
cated on parallel lines balow, to simplify the diagram,
The blocked-in lines at the battom of the figure indi.
cate the positions raelative to the P.195 gens from which
various plasmid inserts derive, all being cONA inserts
excapt Gl, which represents a ganomic insert. X and Y
indicats tha putative S' and 3' ends of the P.195 cod-

ing sequence, reapectivsly,

o 10 -
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Figures 3 i{lluatrates a reatriction maep af tha stretch
of genomic ONA including the P.195 gena. The scale

is in Kbp end takse as its rafarence point a HindIII
restriction aite of the P,195 gens indiceted by the
bold capital H in the figure. The other restriction
anzyme sitas are coded as follows; E(EcoRl), R(Rgal),
A(Alul), M(Mbol), Pv(Pvull), N(Ndel), T(Teql), B(8amHl)
and P(Patl), The stretches of seguence shown below
tha restriction map ars those that wera found © hy-
bridise to the specific clone indicatsd., The number
in brackets is the cONA clona to which the segment hy-
bridissd, the number elways corresponding to the rele-
vent pPFc clone. Whera there is also a number outside
the brackets foilowed by two of ths sbove-indicated
latters, this indicates that the robe usad was lass
then the whole clone, the number indicating the leangth
of tha fragmant in Kbp and the lettars indicate the

restriction enzymes used to penarate the eeld fragment.

Figure4 4llustrates thes construction of 2 plasmida
usad to express fragments of F,195 ONA, pwRLSO7 hes

a number of charactsristic rastriction sites es indi-
catad in the figure, end characteristic gens functions
wherein Ptrp, trpE sre a promoter and anthranilate

synthetase I respsctivaly, AmpR confars ampicillin
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resistance and TatR confers tetrecycline resistance.
pXYL6D slso possmssss characteristic restriction sites
as indicated, a promoter, (Ptac) a gens coding for
B-galactosidass (lacz) and a gane confurring empicile

lin resistance, Ampn.

The asbove-msntionsd ONA sagusnce may be characterised
as having substantiaslly all or part of the sequence
shown in Figure 1, subject to the condlitlons noted
sbove end further subject to considerations of experi-
mantal errors consequent upon determining such a se-

quencs.

Ths asbove-msntionsd DNA saquence may also be charac-
terised as having adbatantlally the restriction maps
fa shown in Figures 2 and 3, datermined as described

herein.

Tha genetic sesquance was detarmined by the chsmical
cleavege method (Maxam, A., and Gilbert, We., Mathe
Enzymoles 65, 499 (1980)) or by the dideoxy method
(Sanger, gt al., 0977) Proc. Natl. Aced. Scl., 74,
5463-5467) after subcloning fragmsnts of the target
DNA into the bacteriophage cloning vectors M13mp8
and M13mp9 (Mesaing, J and Vieira, J, (1982) Gena
19, 269-276).

- 12 =
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Analysis of the sequence shown in Figure 1 raveals

a likely start codon (AUG) at position 216 followed
by an open reading frams of & further 1633 codons.
Tha calculated molecular weight of the polypaptide
gena product is 187, 7680, The start codon is fol-
lowed by & putative signal sequsnce of 18 codons code-
ing for en emino acid seguence which would be clesved
off the proteins bafora it matures. Nucleotides LLB-
526 coda for altarnate rapsats of the tripeptids se-
fguences sarins-glycins-glycine and serine~valins-
alanins occurtng within the 83,000 Md Pragment of P.
195 (Example 6). The distribution of some of the
amino scids within the translated sequance ls asymme-
tric, For exampls, of the 15 cyateine rasidues, two
are in the putstive signal peptide and eight are in
the C-terminal 78 emino acids (the 42,000 M Fragmant).
11 tripeptide sequences of the structure Agn=X=5ar

of Thr (whare X can be eny of tha common amino aclds
gxcept proline) have besn identified which sre poten-

tisl Neglycosylation sites.

The identification and cloning of a fragment of the
DNA sequence coding for Pel195 may be carried out, for
gexample, as follows. Whols msssengar ANA (mRNA) was

first extracted from synchronous culturas of P fale

- 13 -
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ciparum by treating the cells with detergesnt, preci-
pltating the miNA by ethanol treatmant and centri-
fugation and purifying by chromatography on oligoe
d7 celluloss. The substantially pure product was
then used to synthesise copy ONA (cONA) using re-
varaa-tranacriptass end ONA polymarame, After puril-
ficotlion, the cDNA was inserted into a plasmid which
was then introducsed into a host by transformation.
In order to ascertein which clones in the resulting
'library' conteined relevant ONA inserts, a prohe

wes isolated by centrifuging P, falciparum miNA

through a sucruse gradient and characterising the
fractions by in vitro translation. A fraction found
to encode P.195 was rendered rediocactive, after
limited slkallne hydrolysis, with polynuclaotide
kinese and WfBZP-ATP. Umipng this probe 1in awmlaony
hybridisation expariment, several clones were found
to hybridise to it, soma of them stronglye These
were then sorted into families by cross-~hybridisation
and one of sach femlly wes made radicesctive by nicle
transletion with DNA polymaress and u(-szP-dATP. Ag=
suming these probes represant parts of tha DNA se-
guence for P.195, they should hybridise to a mRNA of
not less than 5,300 basas long in a total extrect of

Pe felciparum miNA, as this 1s tha minimum estimated
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length of miNA necessary to cods for a protein of

195,000 Md.

Probss that recognised such mNA (Northern blot pro-
cedure) wers than charecterised further by incorpore-
tion into a vector which, in a sultable host, was
capeble of exprassing the cDNA sequence as a fusion
peptides To snsure axpression of this cONA, the frag-
ments were treated with axonuclease prior to incore
poration into the vector in order to give rendomisad
reeding frames. Peptides expressed were probed with
polyvalent rabbit sarum raisad against P,195, The ONA
fragment referred to above was detected using such =&

procedurs.

with regard to thes cloning of full length cONA for
P.195 there sra now available several methods for
cDNA synthesis to rapresent the sntire miNA (eg
Heidecker, G. and Messing, Je. (1983) Nucleic Agld Res.
11, 4891-4906). Cloning may also be carried out by
the use of total genomic DNA digest tlibraries' which
are prepared readily and the relesvant sequence, or
fragments thersof, detectad in such a library by the
usa of ths above-described fragment as a tproba' (for
examplae, Odink, K.G. st _ale., Blochsm. Parasitol.

(1%84) 10, 55-66). A proportion of saguences found

- 15 =
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by this technique may ba full langth cONA ssquences
as required, though many will be fragments of such

a saguence. In order to determine which clones in
the library rapressnt a part of ths DNA agquence de-
sired, a method known es 'chromosoms walking! (Hade
field, C., Focua 5, 1=5 (1983) Dethesda Ras. Labs)
may be employed, which method entails the use of
known fragments (probes) to detect other fragments
by croag-hybridiaation. These fraeshly located se-
quencas may then, themselvaes, be used as praobes and,
in this way, tha whole amsguence of DNA substantially
encoding P.195 may be identified and cloned. Using
such procedures, a restriction mep characteristic of

the DNA sequence may also be prapsarade

The construction of a physicsl mep of the gens for
Pel95 in genomic DNA by restriction endonucleass
cleavage, gel slsctrophorasis, transfer to nitrocel-
lulose or polyamide membranes and hybridisation to
specific probes derived from the cloned DNA is ex=
tremaly useful to confirm and facilitate the orienta-
tion end position 4f cONA and genomic clones. In
addition s comparison of the restriction sites with-
in the oDNA clongs with thosa in the genoms can be

used to detect features of the gens which may not be

- 16 -
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presant in the miNA from which the cONA is synthe-
aisede An exampla would bes the presence of discanti-
nuities within the coding segusnce, introns, which

may be spliced out of the transcribed RNA by specific
splicing events. Une such possibla intron of ahout
700 bepe tes baen located by the above techniques
LUetwaen nucleotidas 221 and 313 of the coding seguence
(Fige 1), that is, betwesn the MboI(M) and Hind III

sites et these positions (Fige 3)e.

As indicated above, F.195 is processed in vivg into
discrete fragmente including the fragments raferrad
to ahove. Thass fragmants may prove to be of congle
derable valua in providing immunity against malarle,
and the DNA seguencea for such fragmants reprasent an
important embodiment of the present invention, pearti-
cularly since such saguencss are generally likely to
be batter capable of expression in suitabls vectors

than the DNA sequance for the entire protein.

Thus, in a further aspact of the present invention
we provide a cloned DNA seguance substantially encod-

ing any ong of the P.195 fragments occurring in vivo.

Those fragments of the naturally pecurring P.195 most

1ikely to elicit an immune response in a susceptible
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host ars thosa that are present on the merozoite

surface.

In a yat further espect of the praesant invention

there 1s provided a clonad DNA sequsnce subatantially
encoding any ona of the P.195 fragments occurring on
the surfece membrane of a P, falgciparum merozoite in

vivo.

To locate tha position of theprocessing fragmants
(Holder and Freeman, 1984b, supra) In the linear gene
saquance, onae direct approach is to purify the frage
mants and determine a partislemino ecld mequence
which can then be comparad with tha transleted gene
saquencee Thls has proved to be feasible for the
83,000 1w fregment which appears to be specifically
shed from the merozoite, possibly during the process
of red cell invesion, and sccumulates in the super-
natants of in vitro cultures, Senuaencing of the 20
amino-terminal raesiduss of theB83,000 Md fragment of
Pel95 hes alao shuwn that the corresponding coding
sequance is located from nucleotides 273 to 332 in
Figure 1, thus positioning this fragment within the

ganse

Tha position of the 42,000 MJ fragment was determinad

by the uss of monoclonel antibodies in convantional

- 18 «
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mannar end is described in Exempls 7, It has bsen
gstablished that the coding sequances for the 42,000
My nd 83,000 Md fregmsnts are at opposite ends of the

gena,

Experiments to demonstrate sllelic veriation in the
Fel95 gens hava shown that the grsstest variation
poours in the region 5! to the Hind 1II site (in the
83,000 M fragment) and in the 37 non-coding reglon
(Figure 2)¢ The most conssrved ssguance is st the
3' gnd of ths gens corresponding to about 130 amino
acid residuss at the carboxy terminal of the 42,000
Ml fragment, suggesting that this fragment may com-

prise at leest ons uesful spitope.

Thup in a further embodiment of the invantion us proe-
vide a DNA ssquencs corrasponding to ths 42,000 ]

fragmant of P.195.

The DNA sagusnce according to the inventlon may aleo
bs used to produce viruses containing thes DNA se-
quance. For example, & strain of veccinia virus
(Tk™) unable to confar upon infectsd cells the able
l1ity © grow on medis not containing hypoxanthine is
usaed to infect a tissus cultura. Thetissus culture

may then ba transformed with the P.195 gane, or frag-

ment(s) thereof, linked to a Tk* genetic determinent,

« ]9 e
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Suma of the subsequent viral progeny will have such
transforming sarguences in the form of inserts in
thelr genomas. Thase can then be s2lescted by their
ablility to confer upon tissue culture cells the shi-
lity to grow on medis devoid of hypoxenthine, Such
colonles as do grow are then further selected for
production of P.195, or peptides comprising st least
one epitope thereof, for example by use of a rele-
vent monoclonal antibody such as Fllle.2. Such vac-
cinda strains can then be used to Infect animale
susceptible to melaris, as the neaw vecclnia strein
will csuse production of an immunogenic malarial
peptide(s). Thus, in a yet furthar aspect of the
inventiun we provide & nonepathogenlc virus provided
with the DNA sequence sccording to the invention
which may be used to provide immunity to malerie in

a susceptible vertsbrate host.

It will be eppreciated that such vaccines are alao
readily caepable of providing immunity to other ine
fections, such aas smallpox, diphtheria,, hapatitis
U, rabies, herpes simplex virus, whooping cough and
the like. Thus, the invention also provides a none
pathogenic virus as defined sbove, further capabls

of providing immunity to other infection(s) which

- 20 =
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may be administersd jointly, or individually, toe

gether with eny other vaccina.

Oased on the above-described cheracterisation of the
DNA sequence for 195, tha cloning of any desired
fragment of the sequance is posaible by referance to

the rastriction map so gainade

Tha insertion of a piece of foreign DNA into an Ee
coli gane in the correct reeding frame allows the
exprassion of a fusion protein, in which part of the
amino acld sequence is derived from the Ee coli gena
and part of it is derived from tha insertsd DNA,
Suitable expression vectors with appropriate control
saguences and convenient rastriction sites have been

constructed, which allow high levels of expression

of fusion proteins.

Thus, examination of the rastriction map of the expres-
gion system of choice aend the saquences to be ex-
praessaed,. together with a knowlsdge of the trenslee
tional frame, enables specific DNA fragmants to be
Jigated lnto the exprassion vector and expressad,
without Purther menipuletion. For axomple, pwRLS507

i aposmid constructed from pAT153 and the trpk gene
(Nichols, B Pe 8t ale, Js Mole biole. 146, 45-5b4 (1981))

with a synthatic EcoRI-Bgl 11 linker inasrted st the

-2l -
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Ogl II site at nucleotide 1223 in thas trpE gene
(Figure 4). This vector can be cut with Nde I and
Ecolll, Ecoill and OamHI, or EcoRl and Hind III and
tha small DNA fragment(s) repleced with the 2.7 Kbp
Nde I-Ecofll fragment of pPFgl, the 400 bp EcoRl-
AamHl fragment of pPFcl028 or 2.4 Kbp EcoRI=-Hind

111 (whars the Hind III site is in the polylinker of
the plasmid) fragment of pPFcl028, respectively. In
addition, specific fragments such as thas 1.2 WKbp
tcotil=Nde I fragment of pPFcl028 can be subcloned
into the polylinksr region of puC9 (in this instance
as on EcoRI/blunt and fragment), then cut out with
Ecoll and Hind II1 and cloned into pWRL507 cut with

EcaRl and Hind Ill.

Byy using suitable restriction enzyme sites, DNA
fragments from tha P.195 gene sequence may be cloned
into a aite within the trpE ogaens in the correct
orientation, but usually in the wrong trensletional
frame. In order to obtain expression of the ine
serted sequence, a synthetic linkar of suitable
length can ba inserted into the restriction site
between the trpE gana and the insert, to give in
frama expression of the fusion protein, Alternative-

ly the plasmid containing tha inserted DNA cen be
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opensd et the unigue restrictlon site betwsen the
becterinl and the insarted DNA and thae DNA treated
brisfly with the enzyme Bal 31 to remove a few boses
from sach end of the linmarised DNA. After repeir
with the large (Klanow) fragment of DNA polymerase

1, the plasmid is recircularised with T4 ligese and
uged to trensform bocterim. One in three of the
transforments should contain the P.195 sequence in
the correct reading frams to be expressed as 8 fusion
protaein with tha trpt gene producte. 1t will be appre-
clated by those skilled in the ert that tha extent

of digestion with Bal 31 will datermine the finel
aiza of tha expressed fusion protein and the rala-
tive laengths of trpt end P.195 senuencas contained
within it. In addition, ths insertion of a synthetic
linker during ligation after Bsl 31 digestion and re-
pair facilitates the analysis of particuler strains
after transformation. By the judicious use of spe-
cific restriction enzyme digestion and fal 31 snzyma
treatment, any specific reglon of P.195 cen ha ax-

pressed as a fuslon protelin.

Thus, inawother feature of the invention is provided
a vector, containing a DNA saguence sccording to the

invention tandemly linked to an amino~-terminal code
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ing portion of a gene translatable by the relevant
host and, optionally, any control sequence(s) asso-
ciated therewith, which, then usad to trenaform m
sultable host will result in production of a fusion
protein comprising at least a part of F.195 or a psp-

tide comprising at laaest onas epitops thereof,

An alternative method for expressing DNA fragments is

to use Bsn open reading frame (ORF) vector into which
(usuaslly) short pieces of DNA cen be inserted, oftsn
within tha ssquence coding for the Neterminal amino

acid sequance of an E, coll protein, The insserted

DNA must contaln no stop codons in the correct trans-
lational frame, be in the correct orientation rela-
tive b the direction of transcription, and be in the
correct frame at sach snde For plsces of DNA from a
protein coding seguence generated by a random cleave

age method the theorstical probability of resd-through
in tha correct frems is 1 in 18, URF vectors based on B-
galactosidasa have been daescribed (Koenen st al., 1982).
Insertion of a piece of DNA into a site at tha Netar-
minua of the proteln in the correct frame confers
read-through expression of the f§ gelsctosidaese pro-
tein which can be detacted by hydrolysis of thes chro-

mogenic substrate S-bromp-4-chlorg-3-indolyleBeDe
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galectoside (Xgel). For example if Xgal is included
in the egar upon which the colonies are grown, trans-
formation of a suitable host straln with a plasmid ex-
pressing a functional Be-galactosidase will produce a
blue colony. One such vector, pXY460, containn the
B-galectosidese gana undsr the control of the tec pro-
moter. Insertion of DNA into ths Sma 1 site may
convart the gena to in-freme exprassion. Transforma-
tion of an E. mli host such as JM105 converts the
bactaria to empicillin resistence and expression of
the fusion protein cen be induced at high levels by
the addition of isopropyl-p=D-thingalactopyrasnoside

(IPTG).

Thus, in an mlternative aspect of the invention, ws
provids a vector comprising a gane capabile of translae-
tion in a suitable host, optionally provided with re-
leavant control sequences, into which is inmerted a DNA
sequence according to the invention suitably sltered
such that the portion of asid gene carboxy-terminal

to said DNA sequence is correctly translated on ex=-
pression in a suiteble host to produce a fusion pro-
tein comprising at least a part of P.195 or a paptide
compriasing at least one epitope tharaof and part of

sald gens-encoded proteln.

The polypeptide coded by pert of the Pel95 gene in a

- 25 -
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fuslon protein may be cleaved from thet fusion proe
tein by enzymic or chemicel clesvags of the eppro-
priate peptide bonde It will be apparent to thoes
skilled in the art which enzymlic or chemicel cleavage
method should be smployed, by sxamination of the amino
ecid sequence expressed, By insertlion of a synthetlc
oligonucleotide linker batween the P.195 DNA saquence
and the becterial gene sasquence in the fusion protein
expression asystem, a suitabls site may be providad

for enzymic or chamical cleavags betwean ths Fe.195
saquence snd tha remeinder of the expresssd fusion
protaine In this way the P,195 gene-encoded fragments

may be purified away from host peptides,

Direct exprassion of the coding sequaence for the Pe195
protein or parts thersof con be achleved by placing
the insarted DNA sagquence directly after en AUG start

codon in the correct reading frame such that the DNA
insert repleces the coding sequence normally trens-
cribed and translated by the bacterial control re-
glon, Such a control region includes a promoter and

a ribosome binding site in the optimal position rela-
tive to the start codone The UNA sequence to be exe
pressad may be correctly positioned by the use of suit-
able rastriction sites end if nacessary by using a

suitable asynthetic oligonucleotids linker. At the
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end of te insaerted DNA sequence a stop codon may be
insarted in the corract resding frame to stop transe
lation and & terminator sequence to stop trenscrip-
tion may be addeds The inserted DNA to be expressed
may be the sntirs coding saguence of Pel95 or tha en-
tire seguence from which the amino-terminal signal
segquence has been removed, or raferably a part of the
coding segusnce corresponding to an imnunogenic frag-
mant of tha protein. Suitable fragments may be pre-
pered by restriction enzyme digestion of =& sultable
cONA or genamic DNA clone (after examination of tha
nuclaotide sequence), and if nacessery further treat-
ment at either or both ends with Bal 31 to digest away
in a controlled way parts of the DNA ssguance. Con-
trollad digestion is achieved by the selection of
proper buffar, temperature, raaction time and amount
of snzyme, for example as described in Example 8. At
this stags a suitable synthetic linker may bs added,
preferably by blunt end ligation to the ingert, to
provide an AUG start codon or facilitate ligation into

the sxpression vactore

According to a further featurs of the present inven-
tion we provide a method which comprises tranaforming
a host cell with thes above-dafined cloning vector and

culturing the host cell to movida expraession of the
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sald M.195, or a peptide comprising at leaat one

epitope thereaof.

Controlled expression of any cloned fragment will be
possible by use of the smequences at sither end of the
gequenca, or by use of other sequences already knoun.
Such sequences include promoters and enhancers. Exam-
ples of such promoters include lac, trp, becteriophaege
a)pL and hybrid trp-lec(tac). Suitebls enhancers
include the SV40 enhancer and the enhancer from bovins

papillomavirus.

According to a further feature of the present inventiom
we praovide 8 vector containing the sbaove-mentionad BNA

saguance according to the present invention,

Tha vector referred to ebove may be any appropriate
vector whi' h is suitabla for ths cloning of the DNA

and which may be used to transform a host cell and
thereby express the relavant protein. Such vectors
include plasmids, bacteriophages and cosmids, Vectors
which may be used for cloning cODNA include pUC8, pUCY,,
pAT153, pBit325 and pBR328 for use in Escherischias coll,
pOD9 and pKTL38 for use in Bacillus subtilis, pMASG
for use in yeast and p.dD265V(A), pSV2-dhfr, SVEHA3

and GVLHAB for use in mammalisn cellse

Vectors for usa in exprassion of the relevant protein

- 28 =
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will include control sequences, such as mentioned
above. Such vectors include pXY460 and pwRL 507 for
use in £, coli ar pSV2-dhfr for usa in mammalien

calls.

In a further mapect of the invention, we provide &
vector containing the DNA saquence sccording to the
invantion, furthar containing one or more control
saquances to rsgulate the expression of sald DNA

sequenca.

Examples of sultable host cells for use in the sbovee
dascribed method may be prokaryotic, such as bacteria

(for example Eq Cpli HB101 and DH1, B, subtillls

B0170 and IH6140), or eukeryotic, such as yeest (for
gxampla XV610-8C yesst cells) or mammalien cells (for

exsmple simian LV-1 cella)e

In an altarnative embodiment of the inveantlon we pro-
vide a mathod for synthesising at lsast a portion of
P.195 or a paptida comprising at least ona epitope
thareof, shid F.195 or peptide being optionally co-
valently linked to further peptide segusnce, which
method comprises the staps of:

m) creating a cONA or genomic ONA library

from Plasmodium falciparum;

- 29 -
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b) selscting a probe for 1,195 and rendsring
the said probe radio-active;

c) salecting a mamber or members of the sald
library by use of the sald probe; and

d) using DNA thus sslected from the said
library to transform & suitable hoast
which may be used to express the sald F.195
or a peptide comprising at least ons epi-

tope thareaf.

Tha present invention further includes the said P.195
protein or peptides comprising at least one epitaps
thersof, when obtained by any of the above methods
according to tha invention. These materials may be
incorporated into a vaccine far conferring immunity
ageinst malariam. For this purposa the antigenic
protein or a peptide comprising at least one epitape
thersof may be presented in association with @& phare
maceutically acceptable carrier. The antigenic pro-
teins or peptides may be used singly or in combina-
tion with other P.195 epitopa-containing paptidss or
with other proteins which will provide immunity

agalnst malaria,

In a further aspect there is provided a vaccine for

inducing immunity to malaria which comprises esn ane
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tigenic protein or peptide comprising at least one
apitope thermof ss bareinbafore definad, in asso-

clation with a pharmacsutically acceptable carriar,.

Pharmaceutically ecceptable cerriers, in this lnstance,
ore liguid medie suitable for use as whicles to in-
troduce the antigen into the patlent. /An sxample of
such & carrier is saline solution. The antigenie pro-
tein may be in solution or suspended as @ solid in tha
carrier, or it mey be solubilised by the additlion of

pharmaceutically scceptable detergente.

The vaccine may alsn comprise an ad juvant for stimulot-
ing the immune response and thereby rnhancing the
effact of the veccine. A convenieht .adjuvent for use

in the present invention is aluminium hydroxide.

Conveniently the vaccinss are formulated to contain o
final concentration of ontigenic proteln in the rangms
of from 0.2 to 5 mg/ml, prefercbly 0.5 to 2 mg/ml,
most praferably 1 mg/ml. After formulation the voc-
cine may be incorporated into a sterile contalner
which is then senled and stored ot 8 low temperaturn,

for exompla 4°C, or & may be freeze-dried.

In order to induce immunity in vertabrate hoats to

malaria one or more doses of the vecclne sultably
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formulated may be administered. It is recommended
that sach dose is 0.1 to 2 ml prefarably D2 tn 1

ml, most prafarably 0.5 mle of vaccinges

Thare ia in & further aspact provided a method for
inducling {mmunity to mealerio in suscaptible vaerte-~
brate hoats, comprising ths administratlon of an

affactive ampunt of @ veccine, o8 hereinbefore de-

fined, to the hoste

The vaccines may be pdministerad by any conventional
by any for the administration of veccinas including
orael and parentaral (sge subcutaneous or intramus-
cular) injection, The traetment may conslet of &
gingle dose of vaccine or @ plurality of dosas over

a pariod of timae

The followlng axamples ars for 11lustration only anr

ara not intended to 1imit the invention in any way.

Exampls 1

;ggntificatinn of a cONA Clons from the P.195 Gena

P, falciparumailtures were maintained and synchro-

nized ss describad by Holder end Freemen (1982 gupra)
and cells collected by centrifugation 30=-40h, after
tha lmst cycle of reinvasion. After washing in P8BS

(150 mth NaCl, 5mM KC1 end 10mM sodium phogphate pH

- 32 -
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7+2) the calls ware resuspended in four volumes of
50 wH sodium acetats pH 5,5, 100 mM NaCl, 1 mM EOTA
and 505 added to 3% w/ve Vigorous extraction with
phenolechloroform (1:1) anuilibrated with the asame
buffar was perfnrmad for 5 minutee followad by con-
trifugation at 16,000 g Par 3 minutas. /fter &
ancond extraction of the equeous phase, nucleic
ncids were precipitated with athsnol, centrifuged,
tha pellet dissolved in 4 ml 0,1 M EDTA pH 7.5 and

4 g LaCl sddede The RNA was pellated through a
cushion of 95% (w/v) CsCl in 0.,1M EDTA by centrifuges
tivn st 150,000 ge Por 16 hours at 25°C, rediesplved
in distilled weter and precipitated twice with ethew

1"nol.

To purlfy the miNA, oligo-dT cellulose chrumatography
was parformed by atenderd mathads (Meniatis, T,,
Fritsch, t. F, and Sambrook, J. (1982), molacular
cloning, a laboratory manual. Cold Spring Harbor
Laboratory, New York). S5ize froctionation of 1A

in sucrose gradients wes as described previously
(Udink, K, G. 8t al., J. 01ol, Chem. (1981) 256,
1453~1458), A eDNA library wes constructed using
standerd procedures (Maniatis gt sl., (1982) supra),
cONA was syntheaized in a 50 .l resction containing

6ug Poly A+ RNA, S5 ug oligo—dT(lz_la), 1mM of sach

S — oY
-33 - 'BAD ORIGINAL g)
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nucleoside triphosphats, 0.1M Tris-~HC1l pH 8,3, 10mM
MgClz, 140 mM KC1, 10 mM DTT and 30 U of AMV raverse

transcriptase for 90 min, at u2%C,

Second strand syntheais wes in 0.1 ml O0.1M HEPES pH
6.9, 10mM MgCl,, 2.5 mM DTT, 70mM KC1l, O.5mM of each
nucleoside triphosphate and 50 U of E, cpli DNA poly-
menage largs fragment for 16 hours at 15°C. After S1
nucleass digestion, 5ug of DNA were recoversd and 0.5
Hg inserted into the Pat I site of puUC8 (Visira J, end
Messing, J. Gane 19, 259-268 £19827) by homopolymeric
G-C teiling., E.coli HI10l waes used for transformation.
Replica filters carrying 3,000 redombinants were probed with
- -32P-ATP polynucleotide kinase-labelled 333 miNA
previously shown by in vitra trenslation to be ene
riched for mANA encoding P.195 (Odink gt al, 1984),

60 recombinant plasmids ware detectad with the probe
and 12 of these gave a strong signal. On the basis

of cross~-hybridizetlon of nick-translated inserts, 6
sub=groups wers formad from the 12 recombinants. On
the pramime that thase rscombinent probes rspresented
parts of tha DNA sequsnoms for P,195, thay should hy-
bridize to a miNA of not less than 5,300 bases long
from a total extract of P, felciparum miNA, this being
the minimum estimated length necassary to code for a

protein of about 195,000 Md, Une membar of sach group
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was labslled by nick-translation end used as a probs
on P, falciparum RNA Northern blots., (Thomas, P.S.
(1980) Proce nat. Acaed. Scle Ue.SeAs 77, 5201-5),
Three rscombinents, pFC15, pFCl6 and pFC17 with cDNA
inserts of 1l.6kb, 2.3kb and l.lkb rrespectively, hy-
bridized to mANAs of 9kb, 7.5kb and 5.5kb in aizs
respaectively. Isolated insert DNA from pFCl7 wae
treated with exonuclesese 8al3l to give randomized reade
ing fremes and inssrtsd into an exprsssion plasmid care
rying part of the tryptophan opsron, ONA was insertad
into the Bssh II Site, 13 amino acids from the carboxy
tarminus of the mature irpE~-gsne product, snthranilate
Synthetese I, Ine-phess insertion of cONA into this
site glves a fuslion protein carrying 56,000 Mi of an-
thranilate synthetass I, Upon induction of the gene,
by tryptophan starvation in the pressnce of B-indole
acrylic ecid, one of the resulting recombinants, pFT
1733, gave & fusion protsin of 72,000 M4 (as deter-
mined by S5DS-PAGE) representing an additional 16,000

Md encoded by the cONA insert.

HBacterisl extracts and an extract of P, falciparum
schizonts were subjsoted to SOS polyecrylamids gel
slectrophoresis, transfarred to nitrocellulose and
then probed with a ppolyvalent rabbit serum specific
for P,198, The fusion protein of pFT1733 was clear

- 35 -
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ly detected by the sntiserum, The antiserum was
highly specific for P.195 &s, from a total P, falgi-
psrum schizont extract, only P,195 was detected,
There was no rasction with a bacterial extrect cone
taining an 80,000 Md fusion protein consisting of the
trpE gene product and a foot and mouth disease virus
VPl protein. In addition, the control using normel
rabbit serum showsd no binding. Thus, pFC1l7 encodss
somg of the antigenic detarminants of F, falciparum
Po195, Further rafsrence to pFC17 will be by its

synonym, pPFcl0l7,

Exsmple 2
Praparation of Further Overlapping cONA Clonss Rslated
%o EPFBIUI? .

A recombinant cONA library was constructed from size
fractionated cDNA. cONA, praperad and tailed as dee-
cribed in Exemple 1, was centrifuged through a 5 ml

5% to 20% (w/v) sucrose gradient in 25mM Tris HC1 pH
7.4, 100 mM NaCl, 2.,5mM EDTA for 3.5 hrs at 45,000
rpm in an 5650.1 rotor (Basckman Instruments). ©DNA

in the 2 kbp to 8 kbp ragion (about 100 ng) was hare
veatad, annaalsd with 300 ng dG-tailad Pst 1 digested
pUC9 end used to tranaform DHl cells to ampicillin re-

sistancae. 1200 recombinants wers obteinad on 6 agar

- 36 -
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six cONA clones used in the sequencs analysis are

shown in Figure 2.

Example 3
Isolation of Gesnomic Clone pPFgl from tha Pe195 gens,

100 pg P, _falciparum DNA (prepered according to the

mathod of Odink et el., (1984) supra) was digested

to completion with Hind 11I, the semple loeded on &
10-40% sucrose gradient conteining 1M Na(Cl, 20 mM Tris,
HC1l, pH 8.0, 5mM EDTA and centrifuged in a Beckman
5W27 rotor for 24 hrs at 26,000 rpm, 20°C, 0.% ml,
fractions were collectad by bottom puncture of the

tube and eliquots of alternate fractions ware run on

a 1% agarnse gel. Fractiona in the region of the gra-
dient piving a positive signel on dot blot hybridiza-
tion with nick=-translated pPFcl0l7 were digasted with
EcoRI and ligated with gelepurified Hind III &+ EcoRl
clesved pUCB DNA, About 400 transformants in DHI

from esch fraction were scresnsd on nitrocelluloss file
ters by colony hybridisation with pPFcl017 inmert
(Grunatein, M, and Hogness, D,, Proc. Natl, Acad. Sci.
72, 3961 (1975)). One colony from fraction 39 gave a
positive signal, This recombinant, pFFgl, conteins =
3el kb Hind Ill-EcoRI fragment which co-migrates with
ths corresponding genomic DNA fragment, and both have

the eams restriction enzyme maps. A restriction mep

- 38 =
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of pF‘F’g1 was obtained by partiel snd-labsl mapping
of piFgl insert (4Ymith, H.Ue. and Birnstisl, M. L.,
Nucle Acid Rase. 3, 2387 (1976)). Sequencing wes
paerformed by the Sangsr dideoxy method described in

Example 5,

Example &
Conatruction of s Map of the P 195 gena in P, falcie

parum DNA

P, falciparum DNA was preparsd as described (Odink

st _al.,(1984) supra) and sliguots of it were res-
tricted with specific endonucleases, dther individusl-
ly or on soma occeslons as a double digest, f.e. with
two raestriction endonuclaases. The products ware
electrophoresed on agarose gels (0.7% to 1.5%) in
Trin-Borate=EDTA (pH 8.2) containing 0.5 ug/ml
Ethidium bromide snd together with ONA fragments of
known length as slze markers in parmllel trecks. The
DNA was tranafarred to Gena Screan flus (New England
Nuclear/Dupont) by a capillery blot procedure and hye
bridised to 3ZP-labellad probe DNA at 42°C. in the pre-
sance of 50% formamide, according to the protocols
suggested by the manufacturnrt Hybridised probe DNA
was detected by autoradiography at - 70%C, using X

Umat S film between Cronex Lightning-Plus scrsens.

-39 -
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The probe DNA was specific plasmid DNA or spscific
sequences excised from the cDONA or genomic DNA plaee-
mid clonee, and purified by agaross gel slessrophoe
resis and elution, The ONA was labelled with ’!P by
nick tranaletion with E, coll ONA polymerese in tha
prassnce of 2/F 7 o-ATP. An enalysis of the sizs of
rastriction fragments from within the ganomic DNA hy@
bridising to specific probes enabled 2 linear mep of
restriction anzyme aites to be constructed, Such a
map of the P.195 gane is shown in Fige 3 with some
axamplary sites and probes to which thes spescific
fragmants hybridissd. It will be mpprecisted that
saveral other spscific digests of genomic DNA wers
psrformed and ware probed with other spscific frag-
ments from the cloned DNA, end the results wers con-
sistent with the map shown in Fig., 3. To improve
clarity of the mep, not all of the restriction sites

presant in tha DNA sequence ara indlceted.

An sxamination of the genomic map and tha rastriction
enzymae map derived from the DNA asguence indicates
that these two sre colinser in the region corresponde
ing to ths coding seguance for the protein, ta the
right hand side of the Hind III aits at nucleotids
313, However, thers eppaars to ba an additional 700

bp of sequsnce in the genomic DNA, not present in the
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cONA clones, located bstwsen the Mbo 1 site and the
Hind 111 sites at nucleotides 221 and 313 in the cDNA
sequence, This may raspresent en intron in the vary

start of the coding seguenca,

The sitss shown on the mesp ara soms of thoss for the
senzymes A (Alul), 8(Bam Hl), E(EecoRl), H(Hind II1I),
M(Mbol), N(Ndel), P(Pstl), Pv(Pvull), R(Reul) end
T(Tagl)e Ths probes wers eithsr total plaswide or
specific fragments derived by digestion with specific
snzymes at sites within the insert or within the plas-
mid polylinker reglon,

Exampl
Nuclgotide ssquancs of DNA gading for P

Sequence snmlysis of the DNA was dons using the che-
mical cleavage msthod of Maxam and Gilbert (Maxem end
Gilbert, 1980, supps) end the dideoxy procedurs of

Senger (Senger at =l,, 1977, supra).

1, Chemical clsavags

Tha DNA fragments suitsble for ssguencs analysis were

prapared as follous.

a) The DNA was digested with restriction sndo-
nuclense (undsr the conditions described by

ths supplisrs), then celf intestine alkeline
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phosphatase (Boshringer Mannheim) was added

to the mixturs and ths reasction continued for
30 min, at 37°C. The DNA was extracted with
chloropans and sthanol precipitsted. The 3¢
ends of the DNA wers lsbellad with [ >oP_7 use
ing polynucleotide kiness as described by
Meniatis (Meniatis st al., 1982, supmd, The
lebelled DNA wes cut with a sscond suitable
restriction endonuclesse and the mixturs wes
loaded onto 1% (w/v) agaross gal, the DNA bends
of interest were slsctro-sluted from this age-

ross gel and their seguences wers determined,

Fragmants of DNA were also preparsd by modifi-
cation of ths procsdure described in sestion a),
The DNA was digested with restriction sndoe-
nucleass, phosphatased and labelled at the %'
end with LTBZP_7_an outlined sbove. The DNA
fragments were then denatured by addition of
de~-ionized formamide (final concentration 70%
(v/v)), and hested ta 100°C, for 5 minutes.

The samples wera guickly cooled in iced water
and immadiately loeded onto a non-denaturing
15% polyscrylamide gel (with scrylamide to bise
scrylamide rstio of 60:1 (w/w))e The separated

- L -



10

13

20

DNA strands wers slectro-sluted from ths gel

and sequencede

2. Dideoxy ssgusncing

The DNA tamplates wers prepared by subcloning frage
mants of the insert in the filsmentous phags slening/
sequencing vector M13mp8 (Messing and Vieira, 1982,
supre). The ssguencing waes parformed using a synthe-
tic universal primar (Celltsch) and 17658_716 ATPd 8
(Amarsham Internationsl) as described by Sanger g} ale,
1977, suprs. Two besic strategiss were ussd to se-
quencs specific fragments. In the first, specifiec
restriction fragments (produced by digestion with
Real, HinfI, Rsal-Aha 111, Tagl) were purified by
slectro-slution, and whers necsssary, the staggered
sndes mads blunt using the Klenms DNA polymersss 1 frag-
ment. Fragmants difficult to clons or sequsnos by the
sbove protocol wers trseted with Bal-31 (Manietis st
ul,, 1982). Conditions (DNA and enzyma concentration)
ware chosen such thet 100-150 bp DNA was removed from
asch end of the fragment in 1 minute at 30°C. By di-
gesting over a time courss a series of overlapping
fragmenis wers obtalned. Bal-31 trested DNA ues re-.
pairsd with ONA polymerass 1 Klenow Pragmente DNA was
figated with phoaphatass-treated Smal-digested M13mp8
(Amsrsham) snd transfected into JM103 or JM101 (Mana-

- 43 -
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ing, J., Bt_al,, Nucle Acid Res. 9, 309 (1981)),
Template DNA was preparsd scocording to standard proe
cadures., Wheraver possible, ssquences was obtained

from both strends of ssch clong.

The total sequence obteined by overlepping the see
quences of the individual clones is shown in Figure
ls The clones used to determine the saguence are

shown beneath tha restriction map obtmined from ths

ONA saquencs in Figure 2,

Example 6

Pyrification of ths 83,000 M4 Fragmant from Culturs
Supsrnatants and the Determination of s Partisl Amino

Acid Sequsncs

Supernatants from in vitra cultured P, falaiperum
(described 4n Example 1) were harvested and mntrie
fuged at 100,000 g for 45 minutes.to remove celluler
debris. To each 100 ml cultura supsrnatsnt wes sdded
1 ml 1M Tris, 100 mM EDTA, 100 mM EGTA, 1 ml 100 wM
PMSF, 1 ml De5M lodoscetamide, 1 ml 10 wM TLCH end
0e5 g sodium deoxycholate. The pH was adjusted to
8e2 with HC1 and than the sample wes cantrifuged at
100,000 g for 45 minutas. The supsrnatant after cen-
trifugstion was then eppliéd to a 10 ml column of ane

o bh -
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tibody 89,1-Sapheross (preparsd as dascribed by Holder
and Freaman, 1984b suprs) which had besn pre~equilie
brated with 10 mM Tris<HC1 pH 8,2 containing 1lmM

EDTA; 1 mM EGTA and 0,5% (w/v) sodium deoxycholate
(eguilibration buffer). After ths column hed besn
washed extensively with squilibration buffer, mate-
risl retained on the column was aluted with 50 wM die
ethylaming HC1l, pH 11,5, conteining 0.,5% (w/v) sodium
deoxycholate, The sluate was concentrated by ultre-
filtration using an Amicon XMS50 filter and adjusted

to pH 8,2, Ths major polypeptide in the eluate wes
thas 83,000 M4 species, and it was the only component
which reectad with eithsr monoclonel antibody 89.1,
rabbit polyvalent enti-P.195 serum or human P, falci~
parum imnune serum, on Western blots. Ths major cone
taminent in the preparation was IgG which wes rsmoved
from the concentrated sluate by passage through a Proe
tein A~Sephesross column (0,9 x 10 cm) (Pharmecie Fine
Chamicals) equilibrated es describesd sboves The unre-
terded materisl, depleted of IgQ, was collacted. So-
1id guanidinium chloride was added until & clear soe
lution was obtained and than the protein was reduced
and S-carboxymethylated (Wexdel M, J. st sle, Blo-
chemistry 7 1959-1966 (1968)). The reduced snd 8«
carboxymethylated 83,000 M polypeptide wes finally

o 48 -
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purified by passage through a column of Ssphescryl
8300 (Pharmecie Fins Chemicals, Sweden) squilibrated
with 10 mM Tris HC1 pH 8.2, contsining 1mM EDTA,

lmM EGTA end 6M guanidinium chlorides. Fresctions wers
assaysd spactrophotometricslly at 280 nm and by SDSe
PAGE snalysis of aliquots, and thoae containing the
83,000 M4 spacies were poolede After extensive dis-
lysis ageinst water and 5% (v/v) formic acid the sawme
ple was frasze-~drisd, prior to application to the
sutomatic sequsncar in a small volumes of 5% formic
scid, The protsin was subjected to 20 cycles of wuto-
mated Edman degradetion in a Beckman B8%0C ssquencer
squipped with a Ssquamat P6 autoconverter and e See
quamat S5C-510 program controller using s 0,33M Quadrol
program, as described by Beccenari D Pe g% 8ley Je
8i0ls Cham, 259, 12291.12298 (1984), Ths reluessed
phanylthiohydentoin derivatives of amino acids wers
identified by raverss-phass HPLC snd confirmed by heock
hydrolyeis (Baccanari st sl., 1984 gupra)e Starte
ing from 910 ml of culture supsrnatant, 5.9 mg of
protein was present in the sluste from the affinity
golumn, 2,6 mg of protein pessed through ths protein
A=Sspharose column and &00 po of purified protein was
subjectad to the Edman dagradation,

Tha following partisl amino scid saquence wss obtained

- U6 -
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from the successive cycles of degradation starting at

the Netarminal amino acid of ths polypeptide,

1. 2e 3. Le S5e be 7. 8, 9 10.
Nele Nole Nole Nols NoIs Tyr Gln Glu Lleu Val
11, 12, 13, 1, 15, 16 17. 18, 19, 20.
Lys/ Llys/ Leu Glu Ala Lleu Glu Asp Als Val
Pha Phe

Tha residuss at positions 1 to 5 wers not clesrly
identified (N.I,) snd lysine and phanylalamine deri=
vatives wers not separsted from each other in the

HPLC system employsde.

By examination of the nuclwotlds ssqusnce derived from
the cONA and genomic DNA clonss it cen be meen that
this ssquesnce of rasiduea (6 to 20) corresponds to

the translsted ssquance of nucleotides 228 to 332.

On this analysis the 83,000 M4 fragment is derived
from the amino terminal ilqunnul of tha F.195 pre-
curnore In the complste sagusnce the AUG (mathionine)
stert codon at nuclectide 216 1s followed by mclsoe
tide sequance of 18 esmino scids which may correspond
to e signal segusnce prassent on ths primary transle-
tion product for meny membrans or sscreted proteins,
and which is normally cleaved off during tha pessage

of the protein into ths lumen aof ths sndoplasmic reti-
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culum (Kreil, G. Ann Rev, Biochem 50, 317-348 (1981)).

Example 7

The Resction of Antibodiss with Progessing Fragments
of Pe195 and the Position of thess Fragmenty wighin
the Linsar Coding Ssgusnecge.

By direct amino ecid saquencing, the amino-terminus of
the 83,000 M4 fragment has bessn located close to the
amino terminus of P(195 (Example 6). The other frage-
ments produced by in vivg protsolytic processing cen

be located in the linssr gens sequence by an anslysis
of the sizes of polypesptides recognised by spescific
sntibodiwas (preferably monoolonal sntibodias) ralsed
against P,195, Two monoclonal antibodies wers ussd in
this anslysis. Antibody 89.1 (Holder end Fraeman, 1982,
pupra) reects with intracsllular P.195 in schizonts
and with the 83,000 Md fragment on ths merozoits sur-
feces It doss not react (by immunofluorascence) with
ths subssquent ring stags of ths parssite, consistent
with ths loss of this fragmant during merozoite invee
sion of red cells, Antibody 111,2 rescts with intra-
celluler F,195 in schizonta, with ths merozoite sure
face and with the ring stage parasita by immunofluorese
cenca. This specificity is similar to that of monoe

clonal antibody described rscently by Hall gt als (198ha,
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Pe195 end processing fragments of it can be lsbelled

in vitro by the eddition of / >°§/ methionine to cule
tures of the parasite in methionine~fres medium (Holder
and Fresman, 1982, supra, Fresemesn and Holder, 1983,
supra)e The processing fragments on the surface of
nsturally released merozoites cen be labelled by radio-
fndination with 17125;7 fodine using lactoperoxidese

as described (Fresman and Holder, 1583b supra; Holder
and Freeman 1984h, supra)e

From datergent sxtracts of / >°§/ mathionine-lsbelled
schizonts a rabbit polyvalent antiserum egainat P,19%
immunoprecipiteted Pe195 and fragmants which heave
molsoular weights of 153,000; 110,000; 83,000) 45,000
42,000 and 29,000 as determined by SDS-PAGE snalysis.
On non-reducing gels (in ths absance of dithiothreitol)
the 45,000 and 42,000 Md spscies migrated with eppe-
rent molescular weights ﬁf 38,000 snd 36,000 respective~
lye Antibody 89.1 immunoprecipitated F.193 and
153,000,, 110,000 and 83,000 Md speciss, Antibody 111.2
immunoprecipiteted P.195 and the 45,000 and 42,000 MW

spacises.

From detsrgent sxtracts of surface-lasbellsd merozoites

ths polyvaleant anti-P,195 serum immunoprecipitated

-“9‘
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three fragments which hava epparent moleculaer weights
of 83,000, 42,000 and 19,000, The 83,000 M fragment
was immunoprecipitated by antibody 89,1. Antibody
111,2 immunopraecipitsted the 42,000 and 19,000 MW
spaclies, An snalysis of thsse fragments by peptide
mapping showed that they were probebly non-overlepping
pisces of P.155 (Holder and Freeman, 1984b gupra).

Based on these dete and that described 4in Examples 8
and 10 the linsar order of thes fragments within the
Pe195 coding sequence cen be determined. The amine
scid seqguence determinad for the amina terminus of the
83,000 M4 fragment corresponds to the sequence at the
5 end of the coding reglion of the gens, immediately
after the presumptive signal saquanca. Tharefore tha
83,000 M4 fragment is derived from tha emino terminal
LZ% of P,195, Tha major intermediate processing frag-
mant of 153,000 Md which is recognised by sntibady 89.1
and not by antibody 111.2 is derived from the amino
terminal 78,5% of the coding sesquence, and therefore
including sll of tha 83,000 Md fragment. The 42,000
Md fragmaent is derivead from the cerboxy-terminal 21.5%
of the coding ssquence, since ths antibody 111,2 does
not react with the 153,000 M4 fragment. The 19,000

Md fragment is presumably located within the sequsnce
of ths 153,000 Md species, but not within ths 83,000

- 50 =
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Example_8

Exprassion of P1l95 seguences as Fusion Proteins in E.
goli snd Purification of thas Products

In saparats experimants, pwRL507 (Flge & of the sccome
penying drewings) wass digested with Ndel and EcoRl,.
Ecofl and BamHl or EcoRl and Hind II1 and the rele-
vant fragmants purified by ageross gel slectrophors-
gis, This DNA (0.1 pmoles) was ligsted with 0.5 pmoles
of the DNA fragmaents derived from the Pe195 racombi-
nants by the relevent paire of rastriction snzymas

snd then usad to transform DH1 cells to ampicillin re-
sistance. Colonies were screaensd by rastriction en-
zyms digests of small plasmid preparations. Strains
with plasmid containing the insart wers furthsr grown
in MY minimal medium containing 100 pu/ml ampicillin
and 10 ug/ml indole ecrylic ecid (induced sxprassion)
or 100 ug/ml ampicillin and 10 ug/ml tryptaphan (non-
induced). Oecteriam wers harvasted by centrifugation

at 10,000 g for 1 minute and then lysed by the addition
of 505 sample loading buffer for PAGE (62,5 mM Trisg-
HC1 pH 6.8 containing 2% (w/v) sodium dodecyl sulphats,
10% (v/v) glycarol, 0.1 M dithiothreitol and 0.005%

(w/v) bromophsnol blus). Aligquots wers subjected to
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anslysis by SDS-PAGE .and than ths gele were stained
with coomassie blue to detect total protein or ths re-
solved proteins were transferred to nitrocelluloase
and used for Westarn blotting with a polyvalant anti-
ssrum raised against purified P.19%5, A strain oon=
taining the Nde 1 - EcoRl fragment of pPFgl produced
an inducible fusion protein of 135,000 M4 which could
bs detected in lyamtes by coomassie blus ateining end
by rasction with the polyvelant antissrum, This cor-
responds to a fusion protein containing 233 amino
eoids from tha Netarminums of the irpE gene product
and 907 amino scids from P.195, A strain containing
the EcoRl-BamHl fragment of pPFcl028 produced a fusion
protsin of 53,000 molecular weight contalning 326
amino scids from trpE and linker and 155 amino acids
from P,195, A strain conteining the EcoRI-Hind III
Pragmant of pPFol028 produced a fusion protein of
105,000 MW conaisting of 326 amino ecids from trpE
and linker and 574 amino aclids from F,195. A strain
containing the EcoRI-Nde I fregment from pPFcl028
produced s fusion protein of 85,000 Md consisting of
326 amino ecids from $rpE end 400 emino acids from
P4195, In eech case ths fusion protein was detected

by coomassis blue staining and rescted with the polye

w 92 -
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valant enti-F.195 on testern blots. A 750 bp Rea I
Hind III fragment derived from the cONA clone pPFal013,
comprising nucleotides 863 to 1613 together with a Ge
C tail and part of the pUCY polylinker region from the
Pet I site to tha Hind I1I eite was sub-clonad into
the plasmid pUCY which had besn cut with Hind 1I,
treated with calf intestinael phosphatass end further
digested with Hind I1I. The insert was subsequently
gut out of puUCY using EcoRl and Hind III end inserted
(in the correct orisntation) into puRL507 cut with
EcoRI and Hind III, To obtain inframe sxpreassian,

Sug of tha plasmid was treated with EcoRl restriction
enzyme to lineariss ths construct. The DNA was praci-
pitated with sthanol, radissolved in 50 Pl HzD cantain-
ing 500 yg/ml BSA and then mixed with an aqual volume
of Bel 31 buffer (Maniatis gt al., (1982) supra)e Ths
DNA was digestad with 0,02 units of snzyme B8al 31 (Bio-
lsbs) for 1 mipute at 30°C mnd then ths rsection was
termineted by the sddition of 20 ul 1M Tris 100mM EDTA
100mM EGTA, The DNA wes purified by apeross gal slec-
trophoresis, and then treated with DNA polymerass 1
large fragment (Klenow) in the prasence of nucleotide
triphosphates using 2.5 units of enzyms (Boshringer/
Mannheim) in a final volume of 50 Fl nick translation
buffer (Maniatis st sl., (1982) supra) for 90 minutes
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at room temparatura, The DNA (0.1 pmole) was then
racircularised by incubation overnight with 200 unite
Th DNA ligese (Biplebs) at 7°C,.and then used to transe
form DH1 cells to ampicillin resistance, Ten indivie
duasl trenaformed strains were screensd by restriction
enzyme analysls of the plasmid DNA, One group of 8
tranaformants contained plasmids which had lost the
EcoRI eits. This group was furthar analyssd by growth
in M9 medium in the pressnce of indole scrylioc acid

or tryptophean, One strein produced a fusion protein
of approximately 65,000 M¥ when grown in the presence
of indole acrylic scid, and this fusion protein re-
acted with polyvalent anti-P,195 sarum on a Western

blot,.

In a similer manner the Nde I-Hind III fragment from
pPF1028 (where the Hind 111 site is thes plasmid
polylinker) wes firat subcloned ss a blunt endeHind
I11 fragment into pUCY that had been cut with Hind 11
and Hind I1l, After inasrting this fragment into
pYRLS07 cut with Ecol]l and Hind III, the new construct
was rsopensd with EcoRfl, treatsd with 8al 31 axd then
recirculerised ss described abave, One strain pro-
ducad & fusion protein of approximately 56,000 Md which

was datected on Weatern blots with anti-P,195 ssrum,
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and containing the C-terminal 170 amino ecid sequence

of the coding region for the Fe.195 gene.

Relatively pure preparations of the individual fusion
protein were produced from coll lysates, A single
golony from a strain was grown up overnight at 37%.

in 100 m1 M9 mediummnteining 50 Fg/ml amplcillin,

The following day the overnight culture was diluted
with 400 m1 M9 culture medium conteining 50 yg/ml (1
picillin and 10 Pg/ml indole scrylic acid snd incubated
for 5 hrs at 37°C. The becteris were harvested by cen=
trifugation at 6000 g for 10 minutes, The bacterial
pellst was suspendad in 10 ml 25mM Tris pH 8,0 cone
taining 1mM EDTA, 1 mM PMSF, 0.2% (v/v) NPLO and 1 mg/
ml lysozyme and left on ice for 2 hrs, After this time
20 yl of 1M MgSD“ and 20C ul of 1 mg/ml ONAse waers
added and the sampla was laft to incubate for a fur-
ther 2 hrs on ica, Tha ;nsulubla materiel was hare
vested by centrifugastion at 20,000 g for 10 minutes

and thes suparnatent (51) was retsined, Tha pellated
material was washed by suspension in 10 ml 50 mM Trip-
M3l pH 8.0 containing SmM EGTA, 5mM EDTA, 1 mM PMSF
and 1% NPLO, The matarial was centrifuged at 26;000 9
for 10 minutes end tha supernatant was reteined (52),

Tha pellst was resuspsnded in 10ml "mM Tris HC1 pH 8,1,
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SmM EGTA, SmM EDTA, 0.5M KSCN, and then centrifuged
at 20,0009 for 10 mine to yield & third supsrnatent
(53) and & pellst frection (P)s The psllet Prection
was resuspsnded in 10m} Hzo with and without the
addition of 0.1% (w/v) sodium dodecyl sulphate, to
solubilise the material and than dislysed extensively
against 0.,89% NaCl, Aliquots of each supsrnatant and
pullst fraction wers anaslysed by SDS-PAGE and coomage
sie blus staining end by Wastern blottinge In inse
tances wheare thsre was a high lavel of expresssion of
fusion protein, this prosedure resulted in a final
pellet fraction that contain predominently tha fusion
protain end tharsfors constituted en effectives puri-
fication of the fusion protein, In instences whers
the level of expression was lower, the fusion protein

was present in both S1 and P fractions,

Two Dde 1 Fragments Prom pPFc1028 corresponding to
nuoleotides 2961 to 4751 (1790 nucleotides) and nucleo-
tides 4750 to 5125 (375 nucliéotides) wsre purified by
sgarose gsl electrophoresis, treeted with 0,04 unite
of Bel 31 nuolease at 30°C. for 2.3 minutes snd then
repairaduith the Klsnow Fragmant of DNA polymerase I
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as desoribed sbove. Tha DNA was ligated into pXY4LED
which hed been cut with Sma 1 and treated with celf
alkeline phosphatess and this was then used to transe
form JM105 cells to ampicillin resistance. Trans-
formants were plated onto Agar plates containing Xgal
snd resultent blus coloniws were picked., Strains nhe
tained in this way wers screensd by reatriction en-
zyma analysis of the pleamid DNA, Coomasais blus stain-
ing and Western blotting of lysates from cells grown
in the prasance of IPTG. Strains containing thes large
Ddel fragment all produced s large fusion protein
which reected with the rabbit polyvelent anti«P,195
sarum, 10 strains containing the smaller Ddal frag-
ment were invaestigstad ms described but only one appaarad
to produce & fusion protein which was significently
larger than wild type Begaslactosidmse and this fusion
protein rescted with the rabbit anti-F,195 sarum, Ale
though the remmining straine conteined tha insart the
gena product was the sams size ss thenormal P-galacto-
sidase and did not resct with the rabblt enti-P,195
gerum, Tha one strain that produced a fusion protein
contained an insert of 310bp which covers the Ceter-

minsl region of the protain.
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Example §
Direct Expression of P,19% Ssguences in E, cold

The EcoRI-Nde I and EcoRI-Hind III fragments derived
from pPFcl028 were inserted into pWRL507 as described
in Example 8, and were sxpresesd directly by replseing
thes Pst I-EgoRl fragment in the LrpE sxpression plase
mid by the Pst I-EcoRI fragment from pXY460 (Figure &),
In thie construction the irp control region end eoding
sequence ere replaced by the tag control region (de
Boer, H.A, gt al., Proo, Netle Aced, Soi 80, 2123
(1983)) and an AUG stert codon. Dirsctly expresssd pro-
ducts wers detectsd in pell lysates by Western blote
ting with antisers raised sgainst purified P.198, The
direct sxpression products from thess two constructions
had spparant molscular weights of 47,000 and 70,000

ruspectively,

Example 10

Analysis of the Immunogenicity end Antigenigity pf tha
Fugion Proteins Prodused in E, ool

A rubbit polyvalant antiserum speoific for the P fal~
giparum derived P.195 wes obtained by immunising a rabbis
with 100 ug of ths protein in Freund's Complets Adjuvent
(FCA, Difco Laboratories, Dstroit) end then hoosted with
100 ug of tha protein in Freund's incomplete ad juvant
(FIA) on days 22, 43 and 211, On day 218 after the prie

mary immunisation ths ssrum was collected.
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Polyvalent entiserum was produced by fwmunizetion
with ths purified fusion proteins (Examplae 8)s Rabe
bits were immunized subcutaneously with 250 pg of the
protein in FCA and then boosted with 250 pe of the
protein in FIA on day 21, On day 35 after the prie
mery immunization serum samples were collectesd, Mics
wers immunized intraperitonselly with 125 ug of the
protein in FCA and boosted with tha seme dose on day
23, On day 30 after the primary fmmunisation serum

samples were gollected,

The titration of en antiserum for the binding of entie-
bodiss to s protsin can be quantified by a solid phase
radioimmunoassay (RIA). in whigh tha wells of & nicroe
titrs plats ars coated with the protsin and then serisl
dilutions of ths entibody solution ere sdded to the
gories of wells, APter weshing musy the unbound anti-
bodiss the bound sntibodies ers detected using a hlgh=
ly labelled specific resgent for the firset antibodiee,
auch es protein A from Stephylococous sureus of affi=
nity purified IgG specific for the first antibodies,
The proteins which were used to cost ths microtitre
plates were eithar the fusion proteins purifiad from
lysates of E, coli es described in Exerplae 8, or the
Pe195 purified by monoclonal entibody affinity chromae
tography from extrscts of P, faleiparum infected red

- 859 -
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cells as desoribed by holder and Freamsn (1984b,

IUEIEZ °

The antigens wers diluted to 20 rg/ml in 0.05M NaHCU,
pH 9.6 and 50 rl of this solution wes added to sach
well of a 96 well PUC microtitre plate (Dynatech Labpe
ratories). After 90 minutes the plate wes washed
thoroughly with phosphate-buffersd saline supplasmented
with 0,%% (v/v) Tween 4O and 0.2% (w/v) bovine sarum
albumin (wash buffer). 50 ul of sach serum dilution
was added to duplicats wells end aftaer 30 minutes the
plate was washed for 10 winutes in wash buffer. Spe-
cific entibody was doteoted by sddition of 50 ul of
1!slolaballsd protein A (1.8 n»lo’ cpm) for 30 minuten,
followed by extonsive wmshing snd datsrmination of

bound radicectivity using s Peckard PED gemma counter.

As cen bs ssen from Table 1 rabbits immunized with the
fusion proteins conteining P.195 sequences produced
antibodies which reacted with tha purified P,195 in
the RIA and tha polyvalent antiserum agauinst F,198
contained antibodims which reected with ths fueion
protaeins. In this instance, fusion protein 1 is ths
product of the pPFel028 EcoRl-Ndel fragment inserted
into $rpE and fusion protein 2 is the product of the
pFFel028 EcoRI-Hind 1II fragment inserted into $rp€.
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In Examp le 8 1t wes shown that the fusion proteins
reacted with entihodies in the polyvalent anti-P,19%
antiserum on Western blots. Ths entiserum ralsed
against the fusion proteins reacted with the fusion
proteins end with the purifisd P.195 protain, on

Western blots,.

The position of the processing fragments in the linsar
coding ssqusnce wss detarmined partially by immunge

J5S-mthln--

precipitation from = detergent axtract of
nine lsbelled P, falciperum (Example 7). When the
antimars agsinat the fusion proteins wers used to
{mmunopreci pitate proteina form this extract, P.195

was recognised in sech case. In addition the rabbit
antisarum raised against protein coded by the pPFel028
EooR I-Ndel insert resctad pradominently with the 153,000
and 29,000 Md fraegmants. Tha rabbit entisarum raised
spainst the pPFol028 EcoRI-Hind 11I insert reacted pre-

dominently with the 42,000 Md fragmente.
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Teble Antibody Binding ¥O pDifferant Anti

golid Phass RIA

1251 protein A (cpm) bound by antibodies
in sntisera st in dilution

e

Antigan Normel Rebbit Rabbit enti- Rebbiy antie
Rebbit pntie- Fusion Fusion
Pel95 Protein 1 Protein 2
Pe19% 161 6581 1959 1432
Fusion
Protein 1 234 2007 10952 13291
Fusion
Protein 2 52 1093 3600 3418
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GLAIMS:

le A cloned DNA sequence corresponding to Figure

1 and encoding the P.195 protein of P. falciparume.

2e A DNA. sequence according to Claim 1 possessing
5 cné or more of the restriction sites as shown

in Figures 2 and 3.

3. The coding sequence correspaonding to the sequence
from nucleotide 216 to nucleotide 5178 of a.
cloned DNA.sequence corresponding to Figure 1

10 which encodes the P.l95 protein of P, falcifiarum. -

be The coding sequence correspanding to the sequence
from nucleotide 216 to nucleotide 5178 of a:cloned
DNA sequence corresponding to Figure 1 and encode

ing the P.195 protein of P, falciparum and posses-

15 ging one or wmore restriction sites as shown in

Figures 2 and 3.

5. The coding sequence caorresponding -to the éequence
from nucleotide 273 to nucleotide 5178 of the

cloned DNA sequence corresponding to Figura1l ‘

20 " encoding the P.195 protein of E:vfalciparumm

Be The coding sequence corresponding to the séduencé

from nuclentide 273 to nucleotide 5178 of the
. ]

- 63 -
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cloned DNA sequence corresponding to Figure 1

encoding the F.195 protein of P, falciparum
and possessing one or more restriction sites

as shown in Figures 2 and 3.

A fragment of the coding sequence corresponding
to the sequence from nucleotide 273 to nucleo-

tide 5178 of the cloned DNA sequence correspond-
ing to Figure 1 which encodes the P.l95 protein

of P, falciparum, said fragment encoding a poly=-

peptide of molecular weight of 83000 derived
from the amino terminus of the P.195 protein

of P, falciparum,

A fragment of the coding sequence correspond-
ing to the sequence from nucleotide 273 to nucleo-

tide 5178 of the cloned DNA sequence correspond=-

ing to Figure 1 which encodes the P.195 pratein

of P. falciparum, and possesses cme or more of

the restriciion sites as shown in Figures 2 and
3,, said fragment encoding a palypeptide of mole-
cular weight of 83000 derived from the amino ter=-

minus of the 'P.195 protein of P, falciparum.

A fragment of the coding sequence corresponding
to thé saquence from nucleotide 273 to nucleg-

tide 5178 of the, cloned DNA seﬁuence corres-
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20

10.

1l1.

1z.

ponding to Figure 1 which encodes the P.195

ptotein of P, falciparum, said fragment encode

ing a polypeptide of molecular weight of 153000
derived frowm the amino terwminus of the P.195

protein of P, falciparum.

A fragment of the coding seguence corraspbnding
to the sequence from nucleotide 273 to nucleo-
tide 5178 of the cloned DNA seguence corresponds-

ing to Figure 1l which encodes the P.195 pratein -

of P. falciparum and possessing one or more of
the restriction sites as shown in Figures 2 and
3, said fragment encoding a polypeptide of mole-

cular weight of 153000 derived from the amino

tarminus of the P.195 protein of P. falciparum.

A fragment of the coding sequence correspoﬁding

to the sequence from nucleotide 273 to nUclebtide

5178 of the cloned DNA sequence coFrespnnding to
Figure 1 which enco&es the P.195 protein of P.
falciparum, said Fragment encoding a polypeptide
onmnlecular weight of 153000 derived from the

amino terminus of the P.195 protein of P. falci-

pariine

A fragment of the coding sequence correspunding

to the sequencefr9ﬁ nucleotide 273 to nucleotide

- 65 =
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5178 of the cloned DNA sequence corresponding
to Figure 1 which encodes the P.195 protein of

P. falciparum and possessing one or more of the

restriction sites aé shown in Figures 2 andi 3,
said fragment encoding a polypeptide of mole-

cular weight of 42000 derived from the aminu

terminus of the F.195 protein of FP. falciparum.

A vector containing a cloned DNA sequence core-
respunding to Figure ‘1 and encoding the P,.195

protein of P, falciparum.

A vector containing a fragment of the coding
sequence cnrrespund@ng to the sequence from
nucleotide 273 to nucleotide 5178 of the cloned
DNA. sequence corresponding to Figure 1 which

encodes the R.195 protein of P. falcipérum,

said fragment encoding a polypeptide of mole-
gular weight of 83000 derived from the amino

terminus of the P.195 protein of P, falciparum.

A vector containing a fragment of the coding
sequence corresponding to the sequence  from
nucleotide 273 to nucleotide 5178 of the cloned
DNA seqguence corresponding to Figure 1 wbich, en-

codes the P;195 protein of P, falciparum,, said

fragment encodingla polypeptide of molecular

- 66 -
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weight of 153000 derived from the amino terminus

of the P.195 protein of P. falciparum.

16. A.vector containing a fragment of the coding
sequence corresponding to the SEqdence from
5 " nucleotide 273 to. nucleotide 5178 of the cloned
DNA5sequénce corresponding to Figure 1 which en-
codes the,P.195 protein of B, falciparum, said.

fragment encoding a polypeptide of molecular

‘ weight of 42000 derived from the amino terminus of
10 ’ the P.195 protein of P, falciparum.
17. A host transformed by & vector containing a

fragment oftthe coding saquence‘cprrespunding
to the sequence from nucleotide 273 to nucleo-
tide 5178 of the cloned DNA seguence corres=

15 ponding to Figure 1 which encndes the P.195 pro-
tein of P. falciparum, said fragment encoding

a pulypebtide of molecular weight of 83000 de-
rived from the amino terminus of the P.195 pro-

tein of P, falciparume.

20 18. A host transformed by a vector containing a
fragment of the coding sequence corresponding
to the sequence from nucleotide 273 to nucleo-
tide 5178 of the cloned DNA.sequence correspunq-

ing to Figure 1 9hich encodes the P.195 protein

- 67 -
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of P. falcipérum, sald fragment encoding ai .

polypeptide of molecular weight of 153000 de~

rived from the amino terminus of the P.195 pro-.

»

tein of P, falciparum.

»

A host transformed by a vector cuntaining'&
fragment of the coding sequence correspnﬁding

to the sequence from nucleotide 273 to nucleo=-
tide 5178 of the cloned DNA. sequence correspond-
ing to Figure 1 which encodes the P.195 protein

of P falciparum;said fragment encoding a poly-

peptide of molescular weight of 42000 derived
from the amino terminus of the P.195 protein of

P. falciparume.

A vaccine for iﬁducing immunity to mélariazcnm-‘
prising a:polypeptide obtained from culturing a
host transformed by a vector contaiﬁing a;frage
ment of the coding sequence corresponding to the
sequence from nucleotide 273 to nucieotide:Si?B
of t?e cloned DNA sequence corresponding to .
%igure L which encodes the P,195 protein of Fo
%alcgéarum, said fragment encoding a polypeptide
of molecular weight of 83000 derived from the

amino terminus of the F.195 protein of P;ffalci-

' parum in associstion with a. pharmaceutically

J

{

’ —68—
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22,

acceptable carrier,

A vaccine for inducing immunity to malariaﬁcum-
prising a polypeptide obtained from cuituring |
a host transformed by a Qectnf contalning a:
fragment of the coding seguence cnrrespénding

to the sequence from nucleotide 273 to nucleo~

" tide 5178 of the cloned DNA seguence corres-

ponding to Figure 1 which encodes the P.195 pro-

tein of P. fal¢iparum, said fragment encoding

a polypeptide of molecular weight of 153000 de-

rived from the amino terminus of the P.195 pro-

tein of P. falciparum in association with a

pharmaceutically écceptable carriere.

A vaccine for inducing immunity to malariac come
prising a pdlvpeptide obtained from Eulturing

a host transformed by a: vector CDntainihg a

" fragmgnt of the coding sequence corresponding

to the seguence from nucleotide 273 to nucleo-
tide 5178 of the cloned DNA seqguence corrasbundg
ing tu.Figure‘l which encodes the P.195 protein

of P. falciparum, sald fragment encoding a poly-

peptide of molecular weight of 42000 derived! .

from the amino terminus of the P.l95'pfoteiﬁ

of P. falciparum in association with a pharma-
, ¢ ’
: /
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ceutically acceptable carriers,

A vaccine for inducing immunity to malaria
comprising a polypeptide obtained from cul-
turing a host transformed by a vector conm
ta;ning a cloned DNA sequence corresponding
to Figure 1 and encoding the P.195 prétéin

of P. falciparum.

A polypeptide encoded by the fragment of the
coding sequence corresponding to the sequence
from nucleotide 273 to nucleotide 5178 of the
cloned DNA sequence corresponding to Figure
1 which encodes the P.195 protein of P, fal=~
ciparum, said fragment encoding a polypeptide
of molecular weight of 153000 derived-from
the amino terminus of the P.195 protein of

P. falciparum.

A polypeptide encoded by the fragment of the
coding sequence corresponding to the sequence
from nucleotide 273 to nucleotide 5178 of the
cloned DNA sequence corresponding to Figuré

1 whiéh encodes the P.195 protein of P. fal-

ciEarumg said fragment encoding a polypeptide

- 70 -



,of molecular weight of 42000 derived from
the amino)terminus of the P.195 protein of

P. falciparum.

ANTHONY ARTHUR -HOLDER
MICHAEL JAMES LOCKYER
JASBIR SINGH SANDHU
VALENTINA RIVEROS-MORENO
" KAREL GERRIT ODINK "~ = -
Inventors

A
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batented WAN 13199 ' Fatent No.%&“ |

< ANTHONY ARTHUR HOLDER ET. AL.
CLONING OF DNA FOR FROTOZOAL ANTIGENS

‘Filed: February 21, 1985 Gheet 1 of 12 sheets

TATATATATATACATATGTGTANGGAAAATAATTTGAATAATATTARAATTATAGTTATG
10 20 30 10 50 60

ATGTAATAAATAATTTTTATTATAANAATANGGCTAATGTAANATGCAAAAATAAATGTA
70 80 ?0 100 110 120

TACATATTTTTGCTAAGTCATATTITTTAAATTATTAACTTATTTITATTATTATTATITTT
130 140 150 160 170 180

¥ K 1 1 F F L C 8
ATTTATATATATTATTTATTAGCTTTAATTCAATAATGAAGATCATATTCTITTTTATGTT
190 200 210 220 23 240

F L F F I I N T Q@ C V T H E 8 Y @ E L Vv
CATTTCTTTTTTTTATTATAAATACACAATGTGTAACACATGAAAGTTATCAAGAACTTG
250 260 270 280 290. 300

K K L E aAa L E I A V L T 6 Y S L F @ K E
TCAAAAANCTAGAAGCTTTAGAAGATGCAGTATTGACAGGTTATAGTTTATTTCAAAAGG
310 320 330 340 350 360

K # vV L ¥ E 6 T 8§ 6 7T A vV T T 8 T F G S
AANAAATGGTATTAAATGAAGGAACAAGTGGAACAGCTGTTACAACTAGTACACCTGOTT
370 380 ) 3?0 400 410 420

K 6§ v A 8 6 6 $ 6 6 8 VvV A 8 6 6 S8 V A
CAAAGGGTTCAGTTGCTTCAGGTGGTTCAGGTGGCTCAGTTGCTTCAGGTGGCTCAGTTG
430 440 450 460 470 480

s 6 6 8 v A 8§ 6 6 8 V A S 6 6 § 6 N § R
CTTCAGGTGGCTCAGTTGCTTCAGGTGGCTCAGTTGCTTCAGGTGGTTCAGGTAATTCAA
1490 500 510 520 530 540

R T W FP S ' N §.8 D 8 I A K S Y A I L K
GACGTACAAATCCTTCAGATAATTCAAGTGATTCAGATGCTAAATCTTACGCTGATTTAA
550 960 570 580 590 600

H R V R N Y L L 7T I K E L K Y F Q@ L F D
AACACAGAGTACGAAATTACTTGTTAACTATCAAAGAACTCAAATATCCTCAACTCTTTG
610 620 630 640 650 660

L T H H M L T L €C D.N I H 6 F K Y 'L I.D
ATTTAACTAATCATATGTTAACTTTGTGTGATAATATTCATGGTTTCAAATATTTAATT

670 680 690 700 ,]10 720
. _ ONTHONY RETNIR NOLOER
A2 CAOEG m&rz.gotga:l
AASBIR PINGH SONON
- VALENTINA R/ Vi - MORENO
AAREL GA"AJ’V/;- OLINK
LGAZ -
PCBLADOR 43804 YOMaCRIE B SOSRANND I
8y: @11 Cacerric ;
VT rORKNVEYS




Fatented VAN 13 1992 Patent No.2D993

ANTHONY ARTHUR HOLDER ET.Afi,
C1ONING OF DNA FOR PROTOZOAIL ANTIGENS
Filed: February 21, 1985 “heet 2 of 12 sheets

6 Y E E I N E L L Y K L N F Y ¥ I L L R
ATGGATATGAAGAAATTANTGAATTATTATATANATTAAACTTTTATTTTGATTTATTAA
’ 720 740 750 760 770 780

A K L N D VvV C A N D Y C O @I # F H L K I
GAGCAANATTAAATGATGTATGTGCTAATGATTATTGTCAAATACCTTTCAATCTTAAAA
790 800 810 820 820 840

K a N E L I VU L K K L VYV F G Y R K F L D
TTCGTBCAAATGAATTAGACGTACTTANAAAACTTGTGTTCGGATATAGAANACCATTAG
B50 860 870 880 850 900

N I K I N V 6 K MM E DI Y 1 K K N K K T I
ACAATATTAAAGATAATGTAGGAAAAATGGAQGATTQCATTAAA!\AA’AAT(\AAAAAACCQ
?10 920 930 ?40 930 ?60

E N I N E L I E E 8 K K T I I K N K N A
TAGAAAATATAANTGAATTAATTGAAGAANGTAAGAAAACAATTGATAANNATAAGAATE
970 980 $90 1000 1010 1020

T K € £E E K K K L Y @ A @ Yy o L S I Y N
CAACTAANGAAGAAGAAAAAAANNAAATTATACCAAGCTCAATATGATCTTTCTATTTACA
1030 - 1040 - 1050 1060 1070 1080

K @ L E E A H N L 1 s V¥ L E K R I 0o T L
ATARACAHATTAGANGAAGCACATAATTTAATAAGCGTTTTAGAANAACGTATTGACACTT
1090 1100 1110 1120 1130 1140

K K N E N I K E L L U K I N E I K N F F
TAAANANNAATGAAAACATTAAGGAATTACTTGATAAGATAAATGAAATTAAAAATCCCC

1150 1160 1170 1180 1190 1200

F o N S 6 N T F N T L L D K N K K I & E
CRCCGLLCAATTCTGGANATACACCAAATACTCTCCTTGATANGAACAAAANAATCGAGGE
1210 1220 1230 1240 1250 1260

M € K E I K E I A K T I K F N 1 I S L F
AI\CACGn{-\nhﬁGAAAThm’mGAAATTGCCAAAACT;\]’T!A:‘mTTTA:‘«TATTGATAGTTTAT‘
1270 1280 1290 1300 1310 1320

T p # L € L E Y ¥ L K E K N K H I D I S
TTACTGATCLACTTGAATTAGAATACTATTTAAGAGAAAANANTAAANAATATTGATATAA

1320 1340 1350 1360 1270 - - 1380
’ RNTHONY ARTH R NOLOER
AICNREL  RVIES LOCAK YER
SRS BIR SN G SRNONYS
, VRLENTINR R VEROS - MORENO

ARREL G‘Rﬂ” 'y ”o_’.;uv‘k
NN B s
POBLEOOR RLOOA yoMMORUIZ B CACAN IN LIN

" ﬂ/?/) &M?—),,;(C/u;

RIrTORNEYS
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Fatented <AN 13 1992 Fgtent No. 25“’:?

ANTHONY ARTHUR HOLBER ET. AL,
CLONING OF DNA FOR FHOTOZODAL ANTIGERS

Filed: February 21, 1985 heet 3 of 12 sheets
AN K VvV E T N E S C F N E Y # N 6 V T Y
GTG(‘AM\GGTTGAnnCAAnGGnM‘CAACTCAACCCAnT(‘nnTnTl"CAﬁATGGAGTTQCTT
1390 1400 1410 1420 1430 1440
F L S Y N I 1 N N AL N E L N S F G n L
ATCCTT'I'GTCATATmﬁCGnTATTAACAATGCTTTM\ATGnACTTAATT‘CTTTTGGTGATT
1450 1460 1470 1480 1490 1500

I N F F D Y T K E F 8 K N I Y T D N E R
TAATTAATCCATTTGATTATACAAAAGANCCAAGTAAAAACATATATACTGATAATGAAN
1510 1520 1530 1540 1550 1560

K K F I N E I K € K I K I 'E K K K I E S
GAAMAAAATTCATAAATGAAATTAAGGAAAAAATTAAAATAGAAARAAAAAAAAATTGAAT

1570 1580 " 1590 1600 1610 1620

n K K 8 Y €E b R S8 K § L N B I T K E Y E
f‘T(‘A’IAAhAnnT(‘TTACGAAGACAGATCTA(\GTCTTTAAATGATATAAC:‘MAAGK\ATAT(‘
1630 1640 1650 1660 1670 1680

K L L # E I Y b S K F N N N I I L T N F
AAARAATTACTTAATGAAATTTATGATAGCAAATTCAATAATAATATAGATTTAACTANTT
1690 1700 1710 1720 1730 1740

E K MW M G K f Y 8 Y K V E K L T H F N T
TCGAnhhAATGATGGGTAAAAGATATTCAT(\TAAM:TTGAGAAACTTACACACCCTAATA
1750 1760 1770 1780 1790 1800

F A S Y E N S8 K H N L E K L T K A L K Y
CTTTTGCATCCTATGAAAATTCTAAACATAATCTTGAAAAGTTAACAAANGCTCTTAAAT

1810 1820 1830 1840 - 1830 1860

M £ D Y & L R N I V VvV E K E L K Yy Y K N
AT!"'GGAAGATTATTCTTT(\AG(JRATATAGTAGTTGAA!\M-‘:GfmTTAAAATATTATQAAA
1870 1880 1890 1500 1910 1920

L I 8§ K I E N E I E T L VvV E N I K K I E
ATTTAATAAGCANAATAGAAANATGAGATTGAAACATTAGTTGAAAATATTAAAAAAGATG
1930 1940 1950 19460 1¢70 1980

E @ L F E K K I 7T K I E N K F D E K I L
FMGAACAGCTTTTTGAAAAAAAAATTACTAAhGACGAAAATAAACCAGATGAAAAAATTT
1990 2000 2010 2020 2030 2040

ANTHONY ARTNUR NOL DER
AP/ CHREL ~JOMBS LPGE Yé‘l

ASEIR SN GE SANDIY
VIILENTIVA RV ERDS - NMOREND
ARREL G‘J'M/r op/%k

POBLALOR 02,908 mnocul &Cacon/rvR /A

L7 é204waaba/£1

ATTORNEYS
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Patented JAN 13 1992 Patent No.259.”

ANTHONY ARTHUR HOLDER ET. AL,
CLONING OF DNA FOR YROTOZOAL ANTIGENS

Filed: February 21, 1985 “heet 4 of 12 sheets

g v § 0 I Vv K V Q@ v @ K v t L ¢ N K I D
TnGhAGTnTCTGhChTTGTAAﬁnGTACAnGTTCAAAAAGITTTATTAATGAGCAnAQTTG

2050 2060 2070 2080 2090 2100

€ 1L K K 1T @ L I L K NV E L K H N 1 H Vv
ACGAATTAQAA&GGACTCﬁATTGATTTTAAAAAAT TAGAATTAAAACATAATATACATG
2110 2120 2130 2140 2150 2160

P N S Y K Q E N K @ E F Y Y L 1 v L K K
TTCCCnATTCTTACAnACﬁAGnnnATﬁhGCAAGAACCTTnTTﬁTTTAOTTGTGTTGAAAA

2170 2180 2150 2200 2210 2220

‘E 1 1 K L K V F M ¢ K v E 8§ L I N E E K
AAGAAATTGATAAATTAAAAGTGTTCATGCCTAAGGTAGAATCATTGATGAATGAAGAAQ
2230 2240 2250 2260 2270 2280

K H I K T @ 6 @ s I N § E F 858 T E G £ I
AAAAnAACATAAAAACACAAGGTCAATCGGATAATTCGGAACCATCAACCGAAGGAGAAA
2290 2300 2310 2320 2330 2340

T 6 Q@ A T T K F c o @ A G S A L E G DI S
TAACnGGAChhGCAACTACﬁAAACCTGGQCAACAAGCAGGATCTGCTTTAGAAGGAGQTT
2350 2360 2370 2380 2390 2400

v @ A 0 A Q E O K @ n Q F F OV F V F V F
CAGTACAAGCAChAGCACAAGAACAAAAACAAGCACAACCACCAGTACCQGTACCAGTAC
2410 2420 2430 2440 2450 2460

EhKﬁG\JF'TF’F'QF‘UNNKTENU
cncnnsanaaocAcnncrcccAACACCACCAGCACCAGTAAATaATAAAACTGAAAnTG

2470 2480 2490 2500 2910 2520

§ K L D Y L E K L y @ F L N T S Y 1 C H
TTTCCﬁAATTAGﬂTThTCTTGAAhAATTATATCAQTTTTTAAATACTTCATﬁTATnTGTC
2530 2540 2550 2560 2570 2580

K Yy I L v 8 H & T M N E K I L K Q Y K I

RCAAﬂTﬁTATTTTGGTTTCACACTCAACTATGAACGAﬁAAGATATTAAAACAATATnAhA
2590 2600 2610 2620 2630 2640

T K E E E § K L s 85 € 0 F L p'L L F N I
TTACAAAGGAGGAAGAAAGCAAATTAAGTTCATGTGATCCATTAGACTTATTGTTTAATA

2650 2660 2670 2680 26%0 - .2709
B AMWWOAWMQKﬂWw(A@lﬂﬂQ
NAICHREL SRMES LOOK Y ER
vw:aze.rnvanunampﬁd
‘ . VOLENTINA R VEROS- MOREN®

AREEL Gfl%g”%’g
7/ W70
POBINDOR AIVO 4 7om 9oL L P OVCAN VD IN

: &y 47/57 d&1>a,4pL‘é¢£d

ArTORNEYS
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Patented WAN 13 1992 “atent No. 259&

ANTHONY ARTHUR HOLDER ET. AL.
CLONING OF DNA FOR PROTOZOAL ANTIGENS

Filed: February 21, 1985 Sheet 5 of 12 sheets
@« N N I F Y M Y S M F D S L N I VU Y H
TACAAAATANCATACCTGTAATGTATTCTATGTTTGATAGCTTAAACATAGTTTATCACA
2710 2720 2730 2740 2750 2760

N

Y L W VvV Yy E K E I 6 Y v F I L L H E I ¥
ACTATTTATGGGTTTATGAAAAAGAAATTGGTTATGTATTTATATTACTTATGGAAATTT
2770 2780 2790 2800 2810 2820

E K E M v C N L Y K L K I N I K I K N L
' ATGAAANAGAAATGGTTTGTAATTTATATAAACTTAAGGATAATGACAAARATTAAAAATT
2830 2840 2850 2840 - 2870 2880

L E E A K K VvV s T 8 v K T L 8§ 8 8 § H .0
TATTAGAGGAAGCGANAAAAGTATCCACATCTGTAAAAACTCTTTCAAGTTCATCAATGC
2090 2900 2910 2920 2930 2940

F &L 8 L T F Q@ D K F E V-8 A N I I' T S H
ANCCATTATCATTAACACCTCAGGATAAACCCGAAGTAAGTGCAAATGATGATACATCAC
2950 - 2960 2970 2980 2990 3000

§ T N L N N S t. K L F E N I L 8 L 6 K N
ATTCTACAAATTTIGAATAATAGTTTAANATTATTTGAAAACATATTGAGTCTTGGAANAA
3010 Jo20 3030 3040 3050 3060

K ¥ I Y @ € L I 6 Q@ K S8 S8 E N F Y E K I
ACAAAAANTATATACCAAGAATTAATAGGTCARAANAGTAGTGANAACTTTTATGAANAGA
3070 3080 3090 3100 3110 3120

L K b 8 0 T F Y N E 8§ F T N F V K § K 4
THTTAANAGATAGTGATACATTTTATAATGAATCTTTTACAAATTTTGTANAATCTAAAG
3130 3140 3150 3160 3170 3180

r 0 I N 8 L N I E § K R K K t E E D I N
CTGATGATATTAATVYCATTGAATGATGAATCAANAAGGAAGAAATTAGAAGAAGATATTA
31920 3200 3210 3220 3220 3240

K L K K T L @ L 8 F 0 L Y N K Y K L K L
ATARATTAAAARNAAACTTTACAGTTATCATTTGATTTATATAATAAATATAAATTAAAAT
3250 3260 3270 3280 ‘ 3290 3300

E KR L F D K K K T VvV 6 K Y K # @ I K K L
TAGAANGATTATTTGATANNAAGAAAACAGTTGGTAANTATAARANTGCAAATTAAAANAC
3310 3320 2320 3340 3350 3360

ANTHONY DRTHIHYR NOLOER

AP/ CHREL JRAMES LOCK YER
G 1 RSBIR SN CH SRNLNY

VRLEN T INA £ VEROS ~ MOREN

ARREYL, GRS T DLV
“ //v{/f/v roRS

POGLALOR AZADY TOMIRLE P COCAN I N DN

T A7 Bovarmeidhs

AT TORNEYS
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Patented IJAN 131992 Patent No. 259.3

ANTHONY ARTHUR HOLDER ET. AL. .
CLONING OF DNA FOR FPROTOZOAL ANTIGENS

Filed: Eebruary 21, 1985 Bheat 6 of 12 sheets

T L L K £ Q@ L E 8 K L ®N 8 L N N F K H WV
TTACTTTF\TTr‘mﬁr\Gfu‘\Cﬁﬁ'\TTAG(\ATCAAA!\TT(}N\TTCnCTT(mTAACCCM\AGC»W 16
3370 3380 3390 3400 3410 3420

L & N F 8 V ¥ F N K K K E n E I A E T E
TATTACAAAACTTTTCTGTTITTCTTTANCAAAAAAAAAGANGCTGAAATAGCAGANACTG
34320 3440 2450 34460 3470 3480

N T L E N T K X L L K H ¥ K G L Vv K Y Y
AARACACATTAGAAAACACAAAAATATTATTCANACATTATAAAGGACTTGTTAAATATT
3490 3500 3510 3520 3620 1540

N G E & S-F L K T L S E E & I @ T & I N
ATAATGGTGAATCATCTCCATTAAANACTTTAAGTGAAGAATCAATTCANACAGAAGATA
3550 3560 3570 3580 590 3500

Y 4 S L E N F K V¥V L 5 K L E ¢ K L K I N
ATTATGCCAGTTTAGAAAACTTTANAGTATTAAGTAAATTAGAAGGAAAATTAAAGGATA
3610 3620 3630 3640 3640 25690

L N L E K K K L § ¥ . § R 6 L H H L I A
ATCTAAATTTAGAAAAGAANANATTATCATACTTATCAAGAGGTTTACATCATTTAATTG
, 34670 16890 3690 2700 3710 37290

E L K E VvV I K N K N Y T G >N g F S U N N
CTGAATTARANGARGTAATAAAAAATAAAAATTATACAGGTAATTETCCAAGCGTAANTA
3730 3740 375 3740 3770 . 1780

T n VvV N N A L E & Y K K F L F €& G vV DV
ATACGGATGTTAACAATGCATTAGAATCTTACAAANAATTTCTCCCAGANGGAACAGATE
3790 3800 7810 020 18320 2840

A T Y VvV 8§ E 8§ G 85 r T L E Q@ & 0 F K K F
- TTGCAACAG TTGTAAGTG({(H\(STGGATCC[FACACI\’i‘Tl‘lGAr‘.(,‘r‘iﬁhG1 CANCCAAAGAANC
3850 3860 370 3889 1490 3800

A°S T H V 6 A € § N T I T T 8 @ N Vv Db I
CAGCATCAACTCATGTAGGMBCN_“AGTCTAACACM\Tm-'lcm'i(',‘ﬂTCM:r\m‘mTGTCGﬁTG
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ATTTAGGACANGTAGTAACAGGAGANGCAGTAACTACTTCCGTAATTGATANCATACTTT
41030 40410 A050 4060 1070 4080

K I &€ N E Y E V L Y L K F L A 6 V¥V ¥ Rk 8§
CTAANATTGAAAATGAATATGAGGTTTTATATTTANAACCTTTAGCAGGTGTTTATAGAA
4090 1100 4110 4120 4120 4140

L K K @ L E N NV M T F N V N V K I I L
GTYTAAANAAACAATTAGAAAATAACGTTATGACATTTAATGTTANTCET TAAGGATATTT
4150 4160 4170 4180 1170 A200

N §8 R F N K R E N F K- NN VvV L E S D L 1 F
TANATTCACGATTTAATAAACCTGAAAATTTICAAAAATGTTTTAGAATCAGATTTAATTC
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