
EP 0 307 472 B1 Description A polypeptide, a yeast-engineered process for
its preparation and an anti-malaria vaccine containing it 5   Field of the
Invention This invention relates to an immunogenic polypeptide expressed by
a recombinant yeast and comprising an amino acid sequence incorporating a
portion of the P.vivax circumsporozoite (CS) protein including the re- gion
of the repeat immunodominant epitope of said protein; and to a method for
purifying this polypeptide. 10     The immunogenic properties of the
P.vivax CS protein and, in particular, those of a subsequence of this
protein have been previously described, in Arnot, D.E. et al. Science
230:815-818, 1985 (incorporated by ref- erence). In fact, the entire
P.vivax CS gene has been identified and its sequence described in the
above-mentioned documents. As described therein, the P.vivax CS protein
comprises a central region of 19 tandem repeats of 15  the sequence:
Asp-Arg-Ala-Asp/Ala-Gl y-Gln-Pro-Ala-Gly or by another system of notation:
D R A D/A G Q P A G This region contains the repeat immunodominant epitope
of the P.vivax CS protein. (The correspondence between the two notation
systems is as follows: A = alanine, C = cysteine, D = as- 25  particacid,
E= glutamic acid, F = phenylalanine, G =glycine, H = histidine, I =
isoleucine, K = lysine, L= leucine, M = methionine, N = asparagine, P =
praline, Q = glutamine, R = arginine, S = serine, T = threonine, V =
valine, W = tryptophan, and Y = tyrosine.) Synthetic peptides consisting
essentially of 18 amino acid residues (i.e. two repeats of the above
repeating sequence and cyclic permutations thereof -- such as
Asp-Gly-Gln-Pro-Ala-Gly-Asp-Arg-Ala) are recognized 30  by antibodies to
the native P.vivax CS protein and in turn generate antibodies (when
injected in mammals) which recognize, and bind to, the native CS protein.
Hence, such peptides have utility in a vaccine against malaria. One
possible approach to making a vaccine against P.vivax malaria would be to
synthesize immunogenic peptides including a sequence corresponding to that
of the immunodominant epitope of the P.vivax CS protein (i.e., containing
oneand preferably two or more repeats). In thecaseofP.vivax, however,
becausethe sequence 35  of the repeating unit of the CS protein is rather
long (in contrast to that of P.falciparum) classical peptide syn- thesis
cannot be reliably used. Use of classical synthetic techniques to make
longer peptides is especially in- convenient when practiced on a large
scale, as would be necessary for manufacture of a,malaria vaccine that
would be distributed to millions of people worldwide. Moreover, coupling of
the synthesized peptide to a larger molecule that would play the role of a
carrier or 40  adjuvant would be necessary. In addition, in most instances,
only a minor, proportion of antibodies to a synthetic peptide recognize the
same sequence in the native protein. That is, even if the synthetic peptide
coupled to a carrier protein is shown to be immunogenic, most ofthe
antibodies produced may not mediate protective im- munity against the
pathogen. In this respect, the synthetic peptide (NANP)3 which is a
candidate for preparing a vaccine against P.falciparum is exceptional,
since at least 70% of the antipeptide antibodies recognize the 45  malaria
sporozoites. The explanation for this unusual finding is probably that the
[err] peptide contains many prolines (P) and asparagines (N), amino acids
which are frequently found in reverse turns of the protein molecule.
Perhaps in this instance, a preferred configuration of [err] in solution,
mimics that of the same sequence in the native CS protein. However, from
the examination of the amino acid sequence of the P.vivax repeats, it does
not seem likely that a P.vivax peptide will behave similarly to [err] 50
For these reasons, an alternative technique was sought for manufacturing an
immunogenic peptide that could be used in a vaccine against P.vivax
malaria. The present inventors looked to recombinant DNA and ge- netic
engineering techniques to express immunogenic polypeptides that would be
used to confer immunity to mammals against P.vivax malaria. Although the
technology was readily available for constructing recombinant bacteria that
would express a 55  portion or all of the repeating amino acid sequence of
the P.vivax protein, the present inventors searched for an alternative
expression system for the following reasons: First, the expression system
should be reliable and able to produce the polypeptide of interest
consistently and with a high yield. Bacteria can be difficult to handle
when produced in mass culture and overexpressing 



2    EP 0 307 472 B1 a foreign protein product Second, and more important,
expression products of bacteria are often difficult to purify from
pyrogenic impurities and other inflammatory and toxic agents that either
are co-expressed by the bacteria, or are neces- sary additives in a
bacterial growth medium. 5      Third, expression products of bacteria are
most often fusion proteins, that is, they contain additional non- relevant
sequences originating from the genes associated with the bacteria. The
present inventors looked to yeast expression systems, which have been
substantially improved by re- cent advances in the field of recombinant DNA
technology. Yeasts are hardier organisms than bacteria and much easier to
grow in mass culture. Moreover, recent advances in yeast genetics and
cloning have increased 10  the yields of yeast expression systems.
Purification of expression products of recombinant yeast systems is not a
priori more complicated than pur- ification of products of bacterial
recombinant systems and depends mostly on the characteristics of the
partic- ular protein sought to be purified. nevertheless, such purification
is generally more complicated than that of a peptide or protein produced by
classical peptide synthetic techniques. 15      The present inventors chose
a general yeast expression system that is the subject matter of United
States Patent Application Serial no. 868,639 filed on May 29, 1986 in the
name of RL Burke et al and assigned to Chiron Corporation. This application
is incorporated by reference herein. A portion of the P.vivax gene was
chos- en (for incorporation into the yeast organisms) which included the
entire tandemly repeated sequence plus an- other segment preceding the
repeat region (when the sequence is read from the N-terminal to the
C-terminal). 20  This segment incorporates a sequence that is highly
conserved in all malarial species and has been previously found to be
immunogenic in its own right. (See U.S. Patent Application Serial no.
649,903 of V. Nussenzweig et al filed on September 18, 1984 assigned to new
York University and incorporated by reference herein.) Objects of the
Invention 25 Accordingly, it is an object of the present invention to
provide an immunogenic yeast-engineered polypep- tide immunochemically
reactive with monoclonal antibodies against Pvivax circumsporozoite (CS)
protein, and useful in a vaccine preparation against malaria. It is another
object of the present invention to provide a method for making the
foregoing immunogenic poly- 30  peptide which could be practiced on a large
scale and with a high yield. Another object is to provide an immunogenic
polypeptide suitable for incorporation in an anti-malaria vac- cine
preparation. Another object is to provide an immunogenic polypeptide
suitable for use in an anti-malaria vaccine prep- aration without being
coupled to a carrier. 35      Another object is to provide a method for
purifying the foregoing yeast-engineered polypeptide from an im- pure
preparation thereof comprising lysed yeast cell material and yeast culture
media. These and other objects of the invention will be apparent to those
skilled in the art in view of the present specification, accompanying
claims and appended drawings. 40   Brief Description of the Drawings Figure
1 is a diagram of the construction of the yeast expression vector used in
the present invention. Figure 2 is a map of yeast plasmid pAB24. Figure 3
is a polyacrylamide gel obtained using lysates from P.
vivax/pAB24-transformed yeast and control 45  yeast Figure 4 is a Western
analysis of lysates from yeast transformed with the P. vivax/pAB24 vector.
Figure 5 is a plot of (a) the optical density profile of the material
purified according to the invention (solid line); (b) the conductivity of
the eluting buffer (solid line-black points); and (c) the percent activity
of eluted frac- tions in inhibiting the binding of antibody to native CS
protein. 50      Figure 6 is a radioautograph of a SDS-PAGE gel
demonstrating the purity of the engineered polypeptide 



when made and purified in accordance with the present invention. Figure 7
is a radioautograph of an isoelectric focusing gel showing the engineered
polypeptide of the pres- ent invention. Figure 8 is a standard curve for a
competitive radioimmunoassay and shows the inhibition of binding of 55
labeled, engineered CS polypeptide to anti-vivax CS protein antibodies by
the presence of unlabeled engi- neered polypeptide of the present
invention. Figure 9 is a plot of the amount of radolabeled goat anti-mouse
IgG recognizing mouse antisera bound to engineered CS polypeptide, as a
function of the mouse serum dilution. 3    EP 0 307 472 B1 Figure 10 is a
plot of the binding of labeled mouse antisera (raised against the
engineered peptide) to im- mobilized synthetic 18-amino acid (repeat) vivax
CS peptide, as a function of the antibody concentration. Figure 11 is a
plot of the inhibition by synthetic vivax CS repeat peptide of the binding
of mouse antisera to immobilized engineered CS polypeptide prepared and
purified according to the present invention, as a func- 5   tion of the
concentration of the synthetic ( inhibiting) peptide. Figure 12 is a plot
of the binding of mouse antisera to immobilized synthetic non-repeat
peptide, as a func- tion of the antisera dilution. Summary of the Invention
10 This invention relates to a yeast-engineered polypeptide having an amino
acid sequence consisting es- sentially of the amino acid sequence: 15
A E P   K N P R E N K  L K  Q P G D R A D G Q P A G D R A D G Q P A G D R A
D G Q P A G D R A A G Q P A G D R A D G Q P A G D R A D G Q P A G D R A D G
Q P A G D R A D G Q P A G. D R A A  G Q P A G D R A A G Q P A G D R A D G Q
P A G D R 20        A A G Q P A G D R A D G Q P A G DR A A G Q P A G D R A
D G Q P A G D R A A G Q P A G D R A A G Q P A G D R A A G Q P A G D R A A G
Q P A G N G A G G Q A A G G N A G G Q G Q N N E G A   A P N E K S V K E Y L
D K V R A T V G T E W T 25 P a method for its production comprising the
steps of: (a) obtaining a 15 kilobase restriction endonudease Bgl II P.
vivax CS DNAfragment in a suitable vector, (b) subcloning said fragment in
a suitable vector; (c) obtaining a 4.1 kilobase P. vivax DNAfragment coding
for said amino acid sequence; 30     (d) incorporating said fragment into a
yeast expression vector, (e) transforming yeast with said expression
vector, (f) culturing said yeast under conditions which allow expression of
the protein encoded by said vector, and (g) harvesting the medium
containing said expressed protein and an anti-malaria vaccine comprising
said yeast-engineered polypeptide and a physiologically acceptable medium.
35 Detailed Description of the Invention The Pvivax CS gene is set forth
below (together with the amino acid sequence for which it codes) 40 45 50
55 4   



EP 0 307 472 B1 [N-terminus]
ATGAAGAACTTCATTCTCTTGGCTGTTCTTCCATCCTGTTGGTGGACTTG 5                 M  K N
F  I L  L A  V  S  S  I  L  L V D L
TTCCCCACGCACTGCGGGCACAATGTAGATCTGTCCAAGGCCATAAACTTAAATGGAGTAAAC F P T H C G
H N V D L S K A I N L N G V N
TTCAATAATGTAGACGCCAGTTCACTTGGCGCGGCACACGTAGGACAAAGTGCTAGCCGAGGCAG 10    F
N  N V  D  A  S  S L  G A  A  H V  G Q  S A  S R  G R
AGGCCTTGGCGAGAACCCAGATGACCAGGAAGGAGATGCTAAAAAAAAAAAGGATGGAAAGAAA G L G E N
P  D D E E G D A K X K K D G X X
GCAGAACCAAAAATCCACGTGAAAATAAGCTGAAGCAACCAGGAGACAGAGCAGATGGACAGC 15 A E P K
N P R E N K L K Q P G D R A D G Q
CAGCAGGAGACAGAGCAGATGGACAGCCAGCAGGTGATAGAGCAGATGGACAACCAGCAGGAGA P A G D R
A D G Q P A G D R A D G Q P A G D
TAGAGCAGCTGGACAACCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGAT R A A G Q
P A G D R A D G Q P A G D R A D
GGACAGCCAGCAGGAGACAGAGCAGATGGACAACCAGCAGGAGACAGAGCAGATGGACAACCAG G Q P A G
D R A D G Q P A G D R A D G Q P
CAGGTGATAGAGCAGCTGGACAACCAGCAGGTGATAGAGCAGCTGGACAACCAGCAGGAGATAG 25 A G D R
A A G Q P A G D R A A G Q P A G D R
AGCAGATGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGATGGA A D G Q P
A G D R A A G Q P A G D R A D G
CAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGATGGACAGCCAGCAG 30 P A G D
R A A G Q P A G D R A D G Q P A
GAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGC G D R A A
G Q P A G D R A A G Q P A G D R A 35
AGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAAATGGTGCAGGTGCACAG A G Q P A
G D R A A G Q P A G N G A G G Q
GCAGCAGGAGGAAACGCAGGAGGACAGGGACAAAATAATGAAGGTGCGAATGCCCCAAATG A A G G N A G
G Q G Q N N E G A N A P N
GAACGAAAATACCTAGATAAAGTAGNAGCTACCGTGGCACCGAATGGACTCCATG E X S V K E Y L D X
V R A T V G T E W T P C 45
CAGTGTAACCTGTGGAGTGGGTGTAAGAGTCAGAAGCAGAGTTAATGCAGCTAACAAAAAACCA S V T C G
V G V R V R S R V N A A N X K P
GAGGATCTTACTTTGATGACCTTGAGACTGATGTTTGTACAATGGATAAGTGTGCTGGCATAT E  D L  T
L  N  D L E  T  D V  C T  M  D  K  C A  G  I 50
TTAACGTTGTGAGTAATTCATTAGGCTAGTCATATTGTTAGTCCTAGCATTATTCAATAA F N V V S N S
L G L V I L L V L A L F N [C-terminus] 55 The DNAfragment chosen for
insertion in the yeast host was: 5    EP 0 307 472 B1
GCAGAACCAAAAAATCCACGTGAAAATAAGCTGAAGCAACCAGGAGACAGAGCAGATGGACAGC A E P K N
P R E N K  L K Q  P G D R A D G Q 5
CAGCAGGAGACAGAGCAGATGGACAGCCAGGGGTGATAGAGCATGGACAACCAGCAGGAGA 



P A G D R A D G Q P A G D R A D G Q P A G D
TAGAGCAGCTGGACAACCAGCAGGAGATAGAGCAGATGGACAGCCAGCAGGAGACAGAGCAGAT R  A  A  G
Q  P  A  G  D  R  A  D  G  Q  P  A  GD   R  A  D
GGACAGCCAGCAGGAGACAGAGCAGATGGACAACCAGCAGGAGACAGAGCAGATGGACAACCAG G Q P A G
D R A D G Q P A G D R A D G Q P
CAGGTGATAGAGCAGCTGGACAACCAGCAGGTGATAGAGCAGCTGGACAACCAGCAGGAGATAG 15    A  G
D  R  A  A  G  Q  P  A  G  D  R  A  A  G  Q  P  A  G  D  R
AGCAGATGGACAGCCAGCAGGAGATAGAGCGCTGGACAGCCAGCAGGAGATAGAGCAGATGGA A D G Q P A
G D R A A G Q P A G D R A D G
CAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGATGGACAGCCAGCAG 20 Q P A G
D R A A G Q P A G D R A D G Q P A
GAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAGATAGAGC G D R A A
G Q P A G D R A A G Q P A G D R A
AGCTGGACAGCCAGCAGGAGATAGAGCAGCTGGACAGCCAGCAGGAAATGGTGCAGGTGGACAG 25      A
G  Q  P  A  G  D  R  A  A  G  Q  P  A  G  N  G  A  G  G  Q
GCAGCAGGAGGAAACGCAGGAGGACAGGGACAAATAATGAAGGTGCGAATGCCCCAAATG A A G G N A G
G Q G Q N N E G A N A P N
AAAAGTCTGTGAAAGAATACCTAGATAAAGTTAGAGCTACCGTTGGCACCGAATGGACTCCA 30  E K S V
X E Y L D K V R A T V G T E W  T P This fragment includes the entire tandem
repeatsequence plus a region that is substantially parallel to Re- 3s  gion
I of Dame, et al Science 225:628 (1984), precedes the repeat region, and
codes for the amino acid se- quence A E P K N P R E N K L K Q P G. This
sequence includes the subsequence K L K Q P which is conserved in all
malarial species that have been investigated to date. The foregoing
DnAfragmentwas obtained from the entire gene by subeloning a 15kb Bglll
fragment isolated 40  as described by Arnot et. al (U.S. PatentApplication
Serial no. 754,645, and Science 230:815-818. november 15, 1985) both
Incorporated by reference. It was then inserted in the DnA of modified
yeast plasmid pAB24 as described  in Example 1 below. For expression of the
P. vivax CS antigen in yeast, a hybrid promoter comprising the strong yeast
glycer- aldehyde-3-phosphate dehydrogenase and the glucose regulatable
alcohol dehydrogenase-2 (ADH-2) promot- 45  er was used. Fusion of this
promoter to heterologous genes allows the growth of yeast cultures to high
density using glucose as a carbon source. Depletion of glucose in the media
during fermentative growth leads to con- comitant induction of expression
of the heterologous protein. Incorporation of the plasmid into high copy
num- ber, autonomously replicating yeast plasmids, and transformation of
yeast cells generated strains capable of expressing high levels of CS
proteins on induction. 50      The yeast was grown in culture in YEP medium
(1% w/v yeast extract 2% peptone) with 1% glucose as described in Example 1
below. Two hundred liters of yeast material were thus obtained and stored
at - [err]. The thus obtained yeast material contained a complex mixture of
different yeast proteins as well as culture medium additives. Gel
electrophoresis of this material on 7.5% sodium dodecyl sulfate
polyacrylamide gel gave an indication of its heterogeneity (see Figure 6,
lane 1). The expression procedure and plasmid construction 55   are
outlined in Figure 1 and described in Example 1, below. It had been
observed that all antibodies to the P. knowlesi CS protein recognized the
immunodominant epitope region of this protein even after the CS protein had
been heated at 100C for 30 minutes or subjected to complete denaturation by
treatment with 6M guanidine and 1% betamercaptoethanol (Gysin, J., et al J.
Exp    EP 0 307 472B1 Med. 160:935, 1984; Godson, G.N., et al Nature
305:29,1983). This observation concerned the entire P knowlesi CS protein
and by no means established either that the P.vivax CS protein would show
similar behavior upon heating or that fragments thereof, consisting
essentially of the polypeptide employed herein and encompassing the epitope
region, would continue to be immunochem- 



5   ically reactive with anti-P.vivax CS protein antibodies, after being
subjected to heating conditions that normally result in denaturation of
proteins. Another imponderable was that, in the present invention, the
fragment of the CS protein was mixed with very large amounts of
non-relevant materials. Heating of the mixture might lead to the
formulation of aggregates with other polypeptides and masking of the
epitopes and/or coprecipitation. It was also not known whether such
fragments would continue to be immunogenic after being subjected to the 10
above heating treatment Nevertheless, the present inventors used a heating
step as the initial step in the purification of the yeast- engineered
P.vivax CS polypeptide. (As used in this patent application, "polypeptide
will refer to a relatively long protein fragment, protein will refer to the
entire protein, and "peptide"will referto a relatively short peptide, e.g.,
one containing 30 amino acid residues or less. Regarding the use of the
word "sequence", it will be un- 15  derstood that polypeptides and peptides
in accordance with the present invention will be functionally equivalent if
they have the same sequence whether the sequence is set forth from the N to
the C terminus or from the C to the N terminus). The mixture was then
subjected to heating at [err] which resulted in massive precipitation of
lysed yeast cell material. The supernatant was separated, dried and
lyophilized. The lyophized supernatant residue 20  showed a substantial
improvement in purity over the yeast extract (see Fig. 6, lane 4). A
solution of the lyophilized material was then further purified sequentially
by (a) anion-exchange chroma- tography using an electrolyte gradient to
elute the engineered CS polypeptide; and (b) molecular sieve chro-
matography. The fractions containing CS polypeptide activity were
identified with a radioimmunoassay. A small amount 25  of the highly
purified yeast material was radiolabelled to a high specific activity with
[err] Each fraction was as- sayed by a classical radioimmunoassay for its
capacity to inhibit the binding of the labelled material to immo- bilized
anti-P.vivax monodonal antibody, directed against the repetitive epitope of
the P.vivax CS protein. A major advantage of the purification process of
the present invention is its simplicity and its ready adapt- ability to
scale-up. The thus purified engineered P.vivax CS polypeptide is
homogeneous by SDS-PAGE and 30  isoelectric focusing and is thus expected
to be substantially free of pyrogenic, inflammatory and toxic impurities
that may have been associated with the lysed yeast cell material and yeast
culture media. The yield of the combination of the yeast expression
procedure and the purification process of the present invention proved to
be 13 mg of pure CS polypeptide per liter of yeast culture. Given that 200
liters of this culture were produced in three days using pilot scale
equipment (250 liter fermenter), it is apparent that large amounts 35  of
the engineered CS polypeptide can be made available in a short period of
time. A200-liter stock of yeast extract contains sufficient engineered CS
polypeptide to immunize about 25,000 humans against P.virax     using 100
micrograms of polypeptide per person. Major advantages of the CS
polypeptide produced in accordance with the present invention include that
the engineered peptide: 40     (a) can be produced in large scale free of
impurities and of non-relevant antigens; (b) represents a large fragment of
the native CS molecule; (c) has been shown to be highly immunogenic in
rodents using aluminum hydroxide as an adjuvant; (d) the antibodies which
are produced react with both the "repeats" and a conserved region of the CS
mol- ecule. 45      Antibodies to the "repeats" have been shown to
neutralize parasite injectivity very effectively. Antibodies to a peptide
containing this conserved region also neutralized parasite injectivity, but
the inhibitory activity could not be accurately quantitated (Vergara, et
al. J. Immunol. 134: 3445-3448, 1985). Moreover, the fact that the sequence
KLKQP, which is part of the peptide, is present in all CS proteins,
suggests that this region has an important function. 50      The present
invention is described in detail below by specific examples which are
intended to illustrate the invention without limiting its scope. EXAMPLE 1:
Restriction of the P.vivax CS gene, Ligation into a Vector, Transformation
of the Host Yeast Cells and Expression 55 In the following description all
restriction endonucleases and enzymes are commercially available from
Pharmacia Fine Chemical Co., (Piscataway, N.J.), New England Biolabs
(Beverley, MA), Boehringer Mannheim 



(Indianapolis, IN) or Bethesda Research Laboratories, Inc. (Gaithersburg,
MD) and are used according to the 7    EP 0 307 472 B1 manufacturer's
instruction. A pUC9 vector (Pharmacia Fine Chemical Co., Piscataway, NJ)
containing the P. vivax CS protein gene, was derived by subcloning a 15-kb
Bglll fragment inserted into the BamHl sites of EMBL3, a bacteriophage
lambda vector (as disclosed in Arnot et al., U.S. Patent application serial
number 754,645 incorporated by ref- 5   erence). Clone pUC9Ci was digested
with Bglll and XBal and gel-purified to obtain a 4.1kb fragment encoding
all the repeat sequences (Arnot et. al., Science 230:815 - 818,1985,
incorporated by reference.). This gel-puri- fied fragment was then digested
with Fold and Banl and ligated to the following 5'-phosphorylated synthetic
linkers synthesized by phosphoramidite method using Applied Biosystems'
380A DNA synthesizers. 10       I     CCTTGGAACCATGG GGAACCTTGGTACCGTCT
NCoI Complementary to FokI overhang II    GCACCGAATGGACTCCATAG _
GCTTACCTGAGGTATCCAGCT BanI                       Sall 20     Linker I
provides for an ncol site, while Linker II provides a sail overhang. The
linker-containing fragment was digested with Ncol and sail, isolated by gel
electrophoresis and cloned onto Ncol/ sail digested pBS 100 (construction
described below). The resulting plasrnid is designated pAG/P.vi- vax1.
pBS100 is a pBR322-derived plasmid containing the ADH-2 regulated GAPDH
(glyceraldehyde-3-phos- phate dehydrogenase) promoter (1200bp) and GAPDH
terminator (900bp) (See Figure 1) and its construction 25  is described
below. The ADH-2 portion of the promoter was constructed by cutting a
plasmid containing the wild type ADH-2 gene (plasmid pADR2, see Beier and
Young, Nature 300:724 - 728 (1982) incorporated by reference with the
restriction enzyme EcoR5, which cuts at a position +66 relative to the ATG
start codon, as well as in two other sites in pADR2, outside of the ADH-2
region. The resulting mixture of a vector fragment and two smaller frag- 30
ments was digested with Ba131 exonuclease to remove about 300bp. Synthetic
Xhol linkers having the se- quence C C T C G A G G 35
G G A G C T C C were chemically synthesized and ligated onto the Bal31
treated DNA. The resulting DNAlinkervectorfragment (about 5kb) was
separated from the linkers by column chromatography (on Sepharose CL4B from
Pharmacia), cut with the restriction enzyme Xhol, religated and used to
transform E. coli to ampicillin resistance. The pos- 40  itions of the Xhol
linker additions were determined by DNAsequencing using standard techniques
well known in the art One plasmid which contained an Xhol linker located
within the 5' non-transcribed region of the ADH- 2 gene (position -232 from
ATG) was cut with the restriction enzyme Xhol, treated with single-strand
specific nuclease S1, and subsequently treated with the restriction enzyme
EcoRI to create a linear vector molecule having one blunt end at the site
of the Xhol linker and an EcoRI end. The GAP portion of the promoter was 45
constructed by cutting plasmid pPGAP (as disclosed in European Patent
Application no.164,556 of Chiron Cor- poration fled on May 3,1985,
incorporated by reference and accorded the fling date of a corresponding
U.S. application Serial no. 609,540 filed on May 11, 1984) with the enzymes
BamHl and EcoRI, followed by the iso- lation of the 0.4Kbp DnA fragment.
Plasmid pPGAP is a yeast plasmid containing a yeast GAPDH promoter and
terminator sequences with flanking Ncol and sail restriction endonuclease
sites. The purified fragment was 50  partially digested with the enzyme
Alul to create a blunt end near the BamHl site and used to construct
plasmid pJS104. Plasmid pJS104 was constructed by the ligation of the
Alul-EcoRl GAP promoterfragment to the ADH-2 fragment present on the linear
vector described above. The BarmHI-Ncol ADH-GAP promoter fragment was
obtained from plasmid pJS1 03, which is the same as 



55   pJS104 (supra) except that the GAP fragment of the ADH-GAP promoter is
about 200 bp in pJS103 and 400 bp In pJS1 04. Construction of pJS103 was
the same as that for pJS104 except that the 0.4 kb BamHI-EcoRI fragment was
completely digested with Alul (instead of partially digested for pJS104)
and a 200 bp fragment was isolated. 8    EP 0 307 472 B1 The entire above
region containing the promoter, P. vivax segment and terminator,
(hereinafter termed the "expression cassette") was excised by digestion
with BamHI, purified by gel electophoress and cloned into BamHl-digested
pAB24. Arestiction map of this plasmid is shown in Figure 2. pAB24 is a
yeast expression vector (Fig. 2) which contains the complete 2 mu sequences
necessary for 5   an autonomous replication in yeast (Broach, in: Molecular
Biology of the Yeast Saccharomyces, 1:445, Cold Spring Harbor Press, 1981)
and pBR322sequences. Italsocontains the yeastURA3 genederived from plasmid
YEp24 (Botstein, et al., Gene (1979) 8:17 incorporated by reference) and
the yeast LEU2d gene derived from plasmid pCII (see European Patent
Application Serial No. 116,201 fled on August 22, 1984 in the name of
Chiron Corporation, incorporated by reference). Insertion of the expression
cassette was in the BamHI site of 10  pBR322, thus interrupting the gene
for bacterial Resistance to tetracyclin. Expression of P. vivax CS proteins
Saccharomyces cerevisiae strain AB110 isolated by Chiron Corporation (Mat,
leu2-04. or both leu2-3 and 15  leu2-112. pep4-3. his4-580 [err] was
transformed with pAB24/P. vivax1-5 according to Hinnen, et al., Proc. natl.
Acad. Sci. USA 75:1929 - 1933 (1978). Single-transformant colonies
harboring GAP-regulated vectors were grown in 2ml of leu (leucine-depleted)
selective media to late log or stationary phase. Only yeast har- boring the
plasmid can grow in this medium Cultures were subsequently diluted 1:20
(v/v) in YEP (1% w/v yeast extract, 2% w/v peptone) with 1% glucose, and
grown to saturation (about 36h) in this medium. Cells were lysed 20  in the
presence of sodium dodecyl sulfate (SDS) and dithiothreitol (DTT) and the
lysates were clarified by cen- trifugation. Cleared lysates were subjected
to polyacrylamide gel electrophoresis (Laemmli, U.K, Nature, 277:680,
1970). Following staining with Coomassie blue, a heavy band of about 38kD
was observed in extracts from transformants containing the P. vivax plasmid
(Figure 3). This band was detected in those calls trans- formed with the
expression vector, while being absent from extracts of cells harboring
control (pCI/l) plasmids. 25  The fusion protein accounts for over 10% of
the total cell protein. The reason for abnormal cell migration (38kD versus
23kD, predicted from DNA construction) may be attributable to anomalous SDS
binding as previously reported for P. Knowlesi CS proteins (Ozaki, et al.,
Cell 34:185, 1983). probably due to the low proportion of hydrophobic
residues. To confirm the identity of the 38kD band, proteins synthesized by
yeast were also submitted to Western 30  analysis. Cleared yeast lysates
prepared as described above were electrophoresed on polyacrylamide gels
(Laermmli, supra) and proteins were subsequently electroblotted onto
nitrocellulose filters (Towbin, et. al., Proc. Nat. Acad. Sci. USA
76:3450,1979). Thefilterwas preincubated for 1 h with 1% (BSA) in PBS and
subsequently treated with a monoclonal antibody to P. vivax CS protein for
12h at [err] The filters were washed with 1% BSA/PBS and a second goat
anti-mouse antibody conjugated with horseradish peroxidase (BioRad Labors-
35  tories, Richmond, California) added. Finally, the filters were
incubated with horseradish peroxidase color de- velopment reagent(Bio-Rad,
Richmond, CA) and washed. The Western analysis showed that the fusion
protein reacted with the monoclonal antibodies. (Fig. 4) EXAMPLE 2:
Purification of the circumsporozoite polypeptide of the Plasmodium vivax 40
The yeast cultures expressing a part of the circumsporozoite polypeptide
were prepared as in Example 1. The expressed polypeptide consisted of 234
amino acids including all of the repeat domain and a conserved region,
namely Region I of Dame, J.B., et al, Science 25:628 (1984). The N-terminal
amino acid of the ex- pressed polypeptide is alanine in the nucleotide
positions no. 385-7 (GCA) and the C-terminal amino acid is 45  proline at
nucleotide positions no. 1084-1086 (CCA); Arnot, et al, Science
230:815-818, 1985 The first step of purification of the peptide fragment
expressed by yeast consisted of subjecting the extracts to temperatures 



of [err] The purification was performed as follows: Extracts from pelleted
yeast from 20 liters of yeast culture were prepared in a bead beater,
diluting the yeast in an equal volume of 0.1 M sodium phosphate buffer, pH
7.3, 0.1% Triton-X, 1 mM EDTA, 1 mM PMSF (phe- 50
nylmethylsulfonylfluoride) and 1 microgram per ml of pepstatin. The extract
(370 ml) was added to 200 ml of boiling water containing 1 mM of PMSF and 1
microgram/ml of leupeptin. The mixture was brought to a tem- perature of
[err] and -kept for ten minutes with constant stirring at this temperature.
The mixture was cooled to [err] and centrifuged at 18,000 rotations per
minute in a Beckman Ultracentrifuge Rotor T1-19, (Beckman In- struments,
Palo Alto, CA) for fifteen minutes. The supernatant was removed and then
lyophilized. 55      The dry material was dissolved in 120 ml of water,
centrifuged to remove a small residual amount of in- soluble material,
dialyzed extensively against distilled water for 48 hours and lyophilized
again. The powder was dissolved in 3 mM sodium potassium phosphate buffer,
pH 7.5, and the conductivity adjusted with water to 0.58 mS: The solution
was centrifuged to remove insoluble materials and subjected to anion
exchange chro- 9    EP 0 307 472 B1 matography in a DEAE-Sephacel
(Pharmacia Fine Chem Co., Piscataway, N.J.) column (5cm x 24cm) equili-
brated in the same buffer. The flow rate was adjusted to 100ml per hour and
21 ml per tube were collected. The column was then washed with 500 ml of
the same buffer, i.e., with about one column volume. The elution continued
with a buffer formed in a linear gradient in which 1,500 ml of the initial
buffer were gradually mixed 5   with 1,500 ml of the same buffer also
containing 0.75 M naCl. The presence of the crcumsporozoite polypeptide in
the various fractions eluting from the column was detected using a
competitive radoirmmunoassay described below. The positive fractions eluted
between fraction Nos. 65-90 in asymmetrical peakwith conductivities between
2 and 10 mS (Fig. 5). The full fractions 65-90 were lyophilized,
redissolved in 60 ml of 0.3 M NaCl and dialyzed 10  against 0.3 M NaCl at
room temperature for several hours. The dialyzate was centrifuged to remove
a small amount of insoluble material and one third, i.e. 20 ml, was
subjected to molecular sieve chromatography on Sephadex G-200 (Pharmacia)
equilibrated with 0.3 M sodium chloride. The Sephadex was superfine and the
column was 5 cm in diameter and 100 cm long. Samples of 21 ml per tube were
collected from the column. The CS polypeptide eluted in a sharp symmetrical
peak between tubes 51-57. However, materials with higher 15  and lower
molecular weight in smaller amounts were distributed in tubes preceding and
following this peak. The contents of tubes 51-57 were pooled, dialyzed
extensively against distilled water, and lyophilized. A total amount of 89
mg of pure circumsporozoite polypeptides were recovered. On this basis, we
calculated that the yield from 20 liters of yeast is 89 x 3, i.e., 267 mg
of pure protein or about 13 mg per liter of yeast culture. The purity of
the recovered circumsporozoite polypeptide was assessed by sodium dodecyl
sulfate polyacrylamide 20  gel electrophoresis (SDS-PAGE) and by
isoelectric focusing under denaturing- conditions. At concentrations of 2
mg per ml, a single band with an isoelectric point of 4.3 was detected by
isoelectric focusing (Fig. 7). By SDS-PAGE, a doubletwas detected with
amolecularweightbetween43,000 and 45,000 (Fig. 6). The extinction
coefficient at 280 nanometers of solutions of the CS polypeptide containing
1 mg of protein per ml was 0.2. A sample of the polypeptide was subjected
to partial N-terminal sequence analysis and the majorsequence was 25
alanine-glutarnic acidproline-lysine-asparagine-proline, as expected.
Another sample was radiolabelled with 1251 and immunoprecipitated with
monoclonal antibodies specific to the CS protein of Plasmodium vivax. Be-
tween 75 and 85% of the counts were specifically recognized by the
antibody. A solid state competitive radioimmunoassay was used to detect the
engineered CS polypeptide during the purification procedure. The standard
curve relating the dose of antigen with the signal obtained in the radio-
30  immunoassay was prepared as follows. The purified, engineered CS
polypeptide was radiolabelled with 1251 to a specific activity of about2 x
[err] counts per minute per microgram protein using the well-known iodogen
meth- od. Mixtures containing a constant amount of radiolabelled engineered
CS polypeptide and variable amounts of purified cold (i.e. unlabeled)
engineered CS polypeptide (in a total volume of 100 microliters) were
prepared. Thirty microliters of the mixtures were then delivered to the
bottom of wells of microtiter plates pre-coated with 35 monoclonal
antibodies to the circumsporozoite protein of Plasmodium vivax (2F2). This
monoclonal antibody 



reacts with the repetitive epitope of the circumsporozoite protein. (Nardin
E.H. etal, J. Exp. Med., 156:20,1982). The inhibitory effect of the cold
peptide on the binding of the labeled peptide to the bottom of the wells
was proportional to the concentration of cold peptide. This assay detected
concentrations of cold peptide as low as five nanograms per ml (Fig. 8).
The assay of the column fractions and of the extracts was performed exactly
40  as described above and the degree of inhibition obtained was referred
to the standard curve (Fig. 8) to calculate the concentration of the CS
protein peptide. All dilutions arid washing in this assay were performed in
a phos- phate buffer saline ( PBS ) containing 1.0 % bovine serum albumin
(BSA) and 0.1% sodium azide. On the basis of the results of these assays,
we calculated that the yeast cultures contain about 60 mg of
circumsporozolte protein per literandthatthe recovery of the purified
material was about20% of the total. There 45  were no losses in the initial
step of purification, i.e., following the boiling of the extracts this step
removed more than 90% of the non-relevant protein bands observed in the
SDS-PAGE of the original extracts. EXAMPLE 3: Immunization of mice with the
yeast-engineered P.vivax polypeptide so     The purified engineered CS
polypeptide was then used as an antigen to immunize mice. Ten outbred
female Swiss-Webster, 8-12 week old mice were injected with 50 micrograms
of the purified peptide adsorbed on alu- minum hydroxide. Three and six
weeks afterwards, the mice were boosted with the same dose of antigen again
using aluminum hydroxide as adjuvant. Ten days later, the mice were bled
and the sera were subjected to ana- lysis by an immunoradiometric assay to
detect antibodies to the CS polypeptide. In this assay, the wells of mi- 55
crotiter plates are coated with purified engineered CS polypeptide (10
microgramns/ml in PBS) and then incubated the wells with 30 microliters of
various dilutions of the mouse serum in PBS-BSA. The wells were then washed
and re-incubated with 50,000 cpm of radiolabelled affinity-purified goat
anti-mouse immunoglo- bulin ([err] cpm/mircrogram of protein) diluted in
PBS-BSA. The wells were then washed again and counted. 10    EP 0 307 472
B1 All sera reacted with the engineered CS polypeptide at dilutions of
1:10,000 or greater. The results of a titration of the pooled sera are
shown in Fig. 9. That these sera contained large amounts of antibodies to
the "repeats" of the P. vivax CS protein was shown in two experiments
described below. 1) A synthetic 18-amino acid peptide (18-mer) comprising
the sequence (Asp-Gly-Gln-Pro-Ala-Gly-Asp- 5      [err] and representing
two tandem repeats of the P. vivax CS Protein was synthesized as described
in (a) copending U.S. patent application Serial no. 754,645 filed on July
9. 1985 and incorporated by ref- erence in the present application; and (b)
Arnot, et al. Science, 230.815, 1985. This peptide was used to coat wells
of microtiter plates and the antibody contents of the sera detected by the
immunoradiometric assay described above. All sera reacted with titers at
1:4,000 or above. The results of titrations of pooled 10     sera obtained
after the second antigen booster injection are shown in Fig. 10. 2) The
synthetic 1 8-amino acid peptide was also used to inhibit the binding of
antibodies, present in the pooled antiserum, to the wells of plastic plates
coated with the engineered CS polypeptide. In these ex- periments, we first
incubated samples of a 1:3,000 dilution of the pooled serum from the mice
(obtained after the 2nd booster rejection) with increasing concentrations
of the 18-amino acid peptide described 15     above. As a control, samples
of serum were incubated with the same concentration of another 18-mer pep-
tide with a different and unrelated sequence of amino acids. Following an
incubation of one hour at room temperature, 30 microliters of the mixtures
were added to wells of plates precoated with the engineered CS polypeptide.
The wells were then washed, incubated with radiolabelled goat anti-mouse
immunoglo- bulin, as described above, washed again and counted. The results
shown in Fig. 11 demonstrated that the 20     " repeat" peptide (but not
the control peptide) inhibited about 50% of the reaction between the
antibodies and the CS protein. All dilutions and washings in these
experiments were performed with PBS-BSA. The same sera were also analyzed
for the possible presence of antibodies to Region 1 of Dame, et al., supra.
For this purpose, we used as an immobilized antigen a small synthetic
peptide [err] Lys-lle-Glu-Arg-Asn-Lys-Leu-Lys-Gln-Pro-COOH. This peptide
includes a sequence of five amino acids 25  which are common to all CS
proteins from all malaria parasites examined to date, Lys-Leu-Lys-Gln-Pro
(Dame et al., Science 225:593, 1984, and Enea, V., personal communication).
The first two amino acids (Cys and Tyr) 



are extraneous to the CS protein and were added for purposes of coupling
the peptide to a carrier protein and radiolabelling with 1251. This peptide
was used to coat wells of microtiter plates and the antibody contents in
the sera were detected as described above. After the second booster, all
sera recognized this small peptide 30  at dilutions of 1:2,000 or greater.
The results of titrations of a pool of these sera is shown in Fig. 12. The
sera were also tested by indirect immunofluorescence using the sporozoite
of P. vivax as the antigen. All sera were positive at dilutions of 1:1,000
or greater. Finally, another experiment demonstrated that relatively low
levels of antibodies to the engineered CS pro- tein neutralize the
infectivity of P. vivax sporozoites. The assay was performed as described
in J. Immunol. 35  132:909, 1984 (incorporated by reference) using the
human hepatorna cell line Hep 62 as the target of parasite invasion. The
results, set forth in Table I, below, show that a significant degree of
inhibition was obtained at serum dilutions of 1:5,000. The percentages of
inhibitions were calculated as 100-[(mean experimental val- ues/mean of
controls)x100]. Controls consisted of sporozoites incubated with equivalent
concentrations of nor- mal (pre-immune) mouse serum. TABLE I INHIBITION OF
P. VIVAX SPOROZOITES INTO HEPA- TOCYTES IN VITRO BY ANTIBODIES TO THE
YEAST- 45             ENGINEERED CS PROTEIN (Serum Dilution) 1
% Inhibition 50                                            91 250
91 1,000                                             77 5,000
42 55 Claims 1. A polypeptide having an amino acid sequence consisting
essentially of:    EP 0 307 472 B1 All sera reacted with the engineered CS
polypeptide at dilutions of 1:10,000 or greater. The results of a titration
of the pooled sera are shown in Fig. 9. That these sera contained large
amounts of antibodies to the repeats" of the P vivax CS protein was shown
in two experiments described below. 1) A synthetic 18-amino acid peptide
(18-mer) comprising the sequence (Asp-Gly-Gln-Pro-Ala-Gly-Asp- 5      [err]
and representing two tandem repeats of the P vivax CS Protein was
synthesized as described in (a) copending U.S. patent application Serial
no. 754,645 filed on July 9, 1985 and incorporated by ref- erence in the
present application; and (b) Arnot, et al. Science, 230:815, 1985. This
peptide was used to coat wells of microtiter plates and the antibody
contents of the sera detected by the immunoradiometric assay described
above. All sera reacted with titers at 1:4,000 or above. The results of
titrations of pooled 10     sera obtained after the second antigen booster
injection are shown in Fig. 10. 2) The synthetic 18-amino acid peptide was
also used to inhibit the binding of antibodies, present in the pooled
antiserum, to the wells of plastic plates coated with the engineered CS
polypeptide. In these ex- periments, we first incubated samples of a
1:3,000 dilution of the pooled serum from the mice (obtained after the 2nd
booster rejection) with increasing concentrations of the 18-amino acid
peptide described 15     above. As a control, samples of serum were
incubated with the same concentration of another 18-mer pep- tide with a
different and unrelated sequence of amino acids. Following an incubation of
one hour at room temperature, 30 microliters of the mixtures were added to
wells of plates precoated with the engineered CS polypeptide. The wells
were then washed, incubated with radiolabelled goat anti-mouse immunoglo-
bulin, as described above, washed again and counted. The results shown in
Fig. 11 demonstrated that the 20     "repeat" peptide (but not the control
peptide) inhibited about 50% of the reaction between the antibodies and the
CS protein. All dilutions and washings in these experiments were performed
with PBS-BSA. The same sera were also analyzed for the possible presence of
antibodies to Region 1 of Dame, et al., supra. For this purpose, we used as
an immobilized antigen a small synthetic peptide NHrCys-Tyr-Asn-Glu-
Lys-lle-Glu-Arg-Asn-Lys-Leu-Lys-Gln-Pro-COOH. This peptide includes a
sequence of five amino acids 



25  which are common to all CS proteins from all malaria parasites examined
to date, Lys-Leu-Lys-Gln-Pro (Dame et al., Science 225-593,1984, and Enea,
V., personal communication). The first two amino acids (Cys and Tyr) are
extraneous to the CS protein and were added for purposes of coupling the
peptide to a carrier protein and radiolabelling with [err] This peptide was
used to coat wells of microtiter plates and the antibody contents in the
sera were detected as described above. After the second booster, all sera
recognized this small peptide 30 at dilutions of 1:2,000 or greater. The
results of tirations of a pool of these sera is shown in Fig. 12. The sera
were also tested by indirect immunofluorescence using the sporozoite of P.
vivax as the antigen. All sera were positive at dilutions of 1:1,000 or
greater. Finally, another experiment demonstrated that relatively low
levels of antibodies to the engineered CS pro- tein neutralize the
infectivity of P. vivax sporozoites. The assay was performed as described
in J. Immunol. 35  132:909,1984 (incorporated by reference) using the human
hepatoma cell line Hep 62 as the targetof parasite invasion. The results,
set forth in Table I, below, show that a significant degree of inhibition
was obtained at serum dilutions of 1:5,000. The percentages of inhibitions
were calculated as 100-[(mean experimental val- ues/mean of controls)xl
00]. Controls consisted of sporozoites incubated with equivalent
concentrations of nor- mal (pre-immune) mouse serum. INHIBITION OF P. VIVAX
SPOROZOITES INTO HEPA- TOCYTES  IN  VITRO  BY  ANTIBODIES  TO  THE  YEAST-
45             ENGINEERED CS PROTEIN (Serum  Dilution) [err]
Inhibition 50                                            91 250
91 50                 1,000                                              77
5,000                                             42 55   Claims 1. A
polypeptide having an amino acid sequence consisting essentially of:    EP
0 307 472 B1 AEPKNPRENKLKQPGDRADGQPAGDRADG Q P A G D R A D G Q P A G D R A
A G Q P A G D R A D G Q P A G D R A D G Q P A G D R A D G Q P A G D R A D G
Q P A G D R A A G Q P A G D R A A G Q P A G D R A D G Q P A G D R
AAGQPAGDRADGQPAGDRAAGQPAGDRAD G Q P A G D R A A G Q P A G D R A A G Q P A G
D R A A G Q 10        P A G D R A A G Q P A G N G A G G Q A A G G N A G G Q
G Q N N E G A N A P N E K S V K E Y L D K V R A T V G T E W T P. 15  2.  A
process for preparing a yeast-engineered polypeptide as defined in claim 1
comprising the steps of: (a) obtaining a 15 kilobase restriction
endonuclese BgI II P. vivax CS DNAfragment in a suitable vector, (b)
subcloning said fragment in a suitable vector; (c) obtaining a 4.1 kilobase
P. vivax DNA fragment coding for said amino acid sequence; (d)
incorporating said fragment into a yeast expression vector, 20        (e)
transforming yeast with said expression vector; (f) culturing said yeast
under conditions which allow expression of the protein encoded by said
vector, and (g) harvesting the medium containing said expressed protein. 25
3.  The process according to claim 2 wherein said suitable vector for
subcloning said fragment is pUC9. 4.  The process according to claim 2
wherein said yeast expression vector is plasmid pAB24 containing said 4.1
kilobase P.vivax DNA fragment 5.  The process according to claim 4 wherein
said expression vector further contains an alcohol dehydroge- nase-2 and
glyceraldehyde-3-phosphate dehydrogenase hybrid promoter and a
glycerldehyde-3-phos- 



phate dehydrogenase terminator. 6.  The process according to claim 5
wherein said hybrid promoter is obtained from plasmid pSJ103. 35  7.  The
process according to claim 6 further containing yeast 2 mu sequences. 8.
The process according to claim 2 wherein said transformed yeast is strain
AB110. 9.  The process according to claim 2 wherein said transformed yeast
are cultured in leucine-depleted growth 40      media. 10. An anti-malaria
vaccine comprising a polypeptide as defined in claim 1 and a
physiologically acceptable medium. 45 PatentansprOche 1. Polypeptid, das
sine Aminosauresequenz aufweist, die im wesentlichen aus: 50 55
L~~~~~~~~~~~~~~~j    EP 0 307 472 B1 AEPKNPRENKLKQPGDRADGQPAGDRADG Q PAG D
RA DG Q PA GD RA AG Q PA G D R AD G Q P AGDRADGQPAGDRADGQPAGDRADGQPAG
DRAAGQPAGDRAAGQPAGDRADG QPAGDR A.AGQPAGDRADGQPAGDRAAGQPAGDRAD G Q P A G D R
A A G Q P A G D R A-A G Q P A G D R A A G Q 10        PAGDRAAGQPAGN
GAGGQAJAGGNAGGQGQ NNEGANAPNEKSVKEYLDKVRATVGTEWT P. 1.5 besteht. 2.
Verfahren zur gentechnologischen Herstellung eines Peptids nach Anspruch 1
in Hefe, das dieb folgenden Schritte umfailt 20         (a) Gewinnung sines
15 kb groRfen Bgl II Restriktionsendonucleasefragmentes von P. vivax-CS-DNA
in einem geeigneten Veklor, (b) Subdonieren des Fragments in oinen
geeigneten Vektor; (c) Gewinnung elnes 4,1 kb grollen P
vivax-DNA-Fragments, das fOr die Aminosauresequenz codiert; (d) Einbauen
des Fragments in einen Hefe-Expressionsvektor, 25         (e)
Transformieren von Hefe mit diesem Expressionsvektor (1) Kultivieren der
Hefe unter Bedingungen, die die Expression des von dem Vektor codierten
Proteins erm5glichen; und (g) Ernten des Mediums, welches das exprimierte
Protein enthilt. 30   3.  Verfahren nach Anspruch 2, wobei der geeignete
Vektor fOr das Subdonieren des Fragmnents pUC9 ist. 4.  Verfahren nach
Anspruch 2, wobei der Hefe-Expressionsvektor das Plasmid pAB24. das cdas
4,1 kb groSe P. vivax-DNA-Fragment enthalt, ist. 5.  Verfahren nach
Anspruch 4, wobei der Expressionsveldor auBerdem einen
Alkoholdehydrogenase-2- und
Glyoeraldehyd-3-phosphat-dehydrogenase-Hybridpromotor  und  einen
Glyoeraldehyd-3-phosphat- dehydrogenase-Terminator enthalt 6.  Verfahren
nach Anspruch 5, wobei der Hybridpromotor aus dem Plasmid pSJ1 03 erhalten
wird. 40   7.  Verfahren nach Anspruch 6, das aulgerdem Hefs-2 W-Sequenzen
enthilt. 8.  Verfahren nach Anspruch 2. wobei die transformierte Hefe der
Stamm AB110 ist. 9. Verfahren nach Anspruch 2, wobei die transformierte
Hefe in Leucinmangel-Nahrmedien kultiviert wird. 45 10. lmpfstoffgegen
Malaria, der ein Polypeptid nach Anspruch I und emn physiologisch
akzeptables Medium urnfalt. 



Revendications 50 1. - Un polypepide poss6dant une s6quence d'acides amines
compos6e essentiellement de: 55    EP 0 307 472 Bi A E P K N P R E N K L K
Q P G D R A D G Q P A G D R A D G Q P A G D R A D G Q P A G D R A A G Q P A
G D R A D G Q P A G D R A D G Q P A G D R A D G Q P A G D R A D GQ P A 6 D
R A A G Q P A G D R A A 6 Q P A G D R A D 6 Q P A G D R A A G Q P A G D R A
D G Q P A G D R A A G Q P A G D R A D G Q P A G D R A A G Q P A G D R A A G
Q P A G 10       D    A     G    P    G    R     A    Q A        N    A
G    A    G 0D R A A G Q P A G D R A A G Q P A G N G A G G Q A A G G N A G
G QG Q N N E G A N A P N E K S V K E Y L D K Y R A T V S T E W T P. 15 2. -
Un procede pour preparer, par g6nie g6netique A partir d'une levure, un
polypeptide tbl que defini dans la revendicalion I comprenant les 6tapes
de: (a) obtention, A partir de 15 kilobase dendonucl6ase de restriction Bgl
II, d'un fragment d'ADN de CS de P. vivax, dans un vecteur appropri6; 20
(b) sous-clonage dudit fragment dans un vecteur approprie; (c) obtention
d'un fragment d'ADN de R vivax de 4,1 kilobase codant pour ladite s6quence
d'aides amines; (d) incorporation dudit fragment dans un vecteur
dexpression de levure; (e) transformation de la levure avec ledit vecteur
d'expression; (f) culture de ladite levure dans des conditions qui
permettent l'expression de la prot6ine pour laquelle code 25     ledit
vectur, et (g) r6colte du milieu contenant ladite proteine exprim6e. 3. -
Le proced6 selon la revendication 2 dans lequel leditvecteur appropri6 pour
sous-cloner leditfragment est pUC9. 4. - Le proced6 selon la revendication
2 dans lequel ledit vecteur d'expression de la levure est le plasmide 30
pAB24 contenant ledit fragment dADN de R vivax de 4,1 kilobase. 5. - Le
procede selon la revendication 4 dans lequel ledit vecteur d'expression
contient en outre un pro- moteur hybride d'alcool deshydrog6nase-2 et de
glyc6rald6hyde-3-phosphate deshydrog6nase et un termina- teur de
glyceraldehyde-3-phosphate deshydrogqnase. 6.- Le proc6d6 selon la
revendication 5dans lequel ledit promoteur hybrideoestobtenu & partirdu
plasmide 35  pSJ103. 7. - Le procede selon la revendication 6 contenant en
outre des sequences de 2 p de levure. 8. - Le procede selon la
revendication 2 dans lequel ladite levure transform6e est la souche ABIIO.
9. - Le pmcid6 selon la revendication 2 dans lequel ladite levure
transformee est cultiv6e sur milieux de croissance d6pourvus de leucine. 40
10. - Un vaccin anti-malaria comprenant un polypeptide tel que d6fini dans
la revendication I et un milieu physologiquement acceptable. 45 50 55    


