
MAMMALIAN EXPRESSION VECTOR The present invention
pertains to a mammalian expression vector for
expressing a polypeptide of interest as well as to
methods for expressing a polypeptide of interest in a
mammalian host cell by using a respective vector and
host cells comprising said vector. The ability to
clone and express recombinant peptides and proteins in
large amounts has become increasingly important in the
recent years. The ability to purify high levels of
proteins is important in the human pharmaceutical and
biotechnological field, for example for producing
protein pharmaceuticals as well as in the basic
research setting, for example for crystallizing
proteins to allow the determination of the three
dimensional structure. Proteins that are otherwise
difficult to obtain in quantity can be over-expressed
in a host cell and subsequently isolated and purified.
The choice of an expression system for the production
of recombinant proteins depends on many factors,
including cell growth characteristics, expression
levels, intracellular and extracellular expression,
post-translational modifications and biological
activity of the protein of interest, as well as
regulatory issues and economic considerations in the
production of therapeutic proteins. Key advantages of
mammalian cells over other expression systems such as
bacteria or yeast are the ability to carry out proper
protein folding, complex L/-linked glycosylation and
authentic O-linked glycosylation, as well as a broad
spectrum of other post-translational modifications.
Due to the described advantages, mammalian cells are
currently the expression system of choice for
producing complex therapeutic proteins such as
monoclonal antibodies. The first step in generating a
recombinant cell line is the construction of an
expression vector. The expression vector is the key
element for driving the expression of the heterologous
gene in the host cell and for providing selection
markers for generating the recombinant cell line. The
essential elements of mammalian expression vectors
usually include a constitutive or inducible promoter
capable of robust transcriptional activity; optimized
mRNA processing and translational signals that usually
include a Kozak sequence, a translation termination
codon, mRNA cleavage and polyadenylation signals, as
well as mRNA splicing signals; a transcription
terminator; selection markers for the preparation of
stable cell lines and for gene amplification; a
prokaryotic origin of replication and selection
markers for vector propagation in bacteria. In recent
years the focus of development was concentrating on
the design of improved vectors for gene expression in
mammalian cells. In spite of the plethora of available
vectors, however, robust polypeptide/protein
production in mammalian cells is still challenging.
Several factors can influence recombinant expression
in mammalian cells, including promoter strength, the
context of the 5' untranslated and the translation
initiation region, the efficiency of the 3'
untranslated region, to polyadenylate and terminate
transcription, theinsertion site of the randomly
integrated recombinant gene in the host chromosome,
and the number of integrated copies of the gene that
is being expressed. Increases in gene copy number are
most commonly achieved by gene amplification using
cells lines deficient in an enzyme such as
dihydrofolate reductase (DHFR) or glutamine synthetase
(GS) in conjunction with expression vectors containing
genes encoding these enzymes and agents such as
methotrexate (MTX), which inhibits DHFR, and
methionine sulfoxamine (MSX) which inhibits GS. Using
expression vectors containing the recombinant gene
under control of a strong promoter and genes encoding
DHFR or GS, DHFR+ or GS+ transfectants, '
respectively, are first obtained and gene
amplification is then achieved by growing the
transfectants in progressively increasing
concentrations of MTX or MSX. It is the object of the
present invention, to provide an improved expression
vector as well as an expression system for expressing
a polypeptide of interest in a mammalian cell.
Accordingly, a vector nucleic acid for expressing at
least one polypeptide of interest in a mammalian cell
is provided, comprising (a) at least one expression
cassette (POI) for expressing a polypeptide of
interest; (b) an expression cassette (MSM) comprising
a mammalian selectable marker gene; (c) an expression
cassette (MASM) comprising a mammalian amplifiable,
selectable marker gene; wherein the expression
cassette (POI) is flanked 5' by the expression
cassette (MASM), the expression cassette (MSM) is
located 3' from the expression cassette (POI) and
wherein the 



expression cassettes (MASM), (POI) and (MSM) are
arranged in the same 5' to 3' orientation. A "vector
nucleic acid" according to the present invention is a
polynucleotide that carries at least one foreign
nucleic acid fragment. A vector nucleic acid functions
like a "molecular carrier", delivering fragments of
nucleic acids respectively polynucleotides into a host
cell. It comprises at least one expression cassette
comprising regulatory and coding sequences. An
expression cassette allows the proper expression of an
incorporated polynucleotide. The expression cassettes
decisive for the present invention will be
subsequently described in further detail. Foreign
polynucleotides e.g. encoding the polypeptide of
interest may be inserted into the expression cassettes
of the vector nucleic acid in order to be expressed.
The vector nucleic acid according to the present
invention may be present in circular or linearized
form. Said site may e.g. be a multiple cloning site
(MCS). The expression cassette (POI) defines the
expression cassette for expressing a polypeptide of
Interest. Said expression cassette (POI) either
comprises the polynucleotide encoding thepolypeptide
of interest or comprises a site suitable for inserting
a respective polynucleotide encoding the polypeptide
of interest. A "polypeptide" refers to a molecule
comprising a polymer of amino acids linked together by
a peptide bond(s). Polypeptides include polypeptides
of any length, including proteins (for example, having
more than 50 amino acids) and peptides (for example,
having 2 - 49 amino acids). Polypeptides include
proteins and/or peptides of any activity or
bioactivity. Suitable examples are outlined below. The
expression cassette (MSM) defines the expression
cassette comprising a mammalian selectable marker
gene. Mammalian selectable marker genes allow the
selection of mammalian host cells comprising said
genes and thus of mammalian host cells comprising the
vector. Suitable examples are described in detail
below. The expression cassette (MASM) defines the
expression cassette comprising a mammalian
amplifiable, selectable marker gene. Mammalian,
amplifiable, selectable marker genes allow selection
of vector-containing mammalian host cells as well as
gene amplification. Suitable examples are described in
detail below. The terms "51" and "31" is a convention
used to describe features of a nucleic acid sequence
related to either the position of genetic elements
and/or the direction of events (51to 31) , such as
e.g. transcription by RNA polymerase or translation by
the ribosome which proceeds in 5' to 3' direction.
Synonyms are upstream (5') and downstream (3').
Conventionally, DNA sequences, gene maps, vector cards
and RNA sequences are drawn with 5' to 3' from left to
right or the 5' to 3' direction is indicated with
arrows, wherein the arrowhead points in the 3'
direction. Accordingly, 5' (upstream) indicates
genetic elements positioned towards the left hand
side, and 3' (downstream) indicates genetic elements
positioned towards the right hand side, when following
this convention. The arrangement and orientation of
the expression cassettes present in the vector of the
invention is important. According to the teachings of
the present invention, the expression cassette (POI)
is flanked 5' by the expression cassette (MASM).
Accordingly, the expression cassette (MASM) is located
5' adjacent to the expression cassette (POI) and in
close proximity thereto. Of course, vector backbone
sequences may separate the expression cassettes (MASM)
and (POI). However, preferably, no other expression
cassette is located between the expression cassette
(MASM) and the expression cassette (POI). The
expression cassette (MSM) is located 3' from the
expression cassette (POI). Further expression
cassettes may be inserted between the expression
cassettes (POI) and (MSM), such as e.g. an additional
expression cassette (POI') for expressing an
additional polypeptide of interest (described in
further detail below). The expression cassettes
(MASM), (POI) and (MSM) are all arranged in the same
5' to 3' orientation. The inventors found, that- Athis
particular vector nucleic acid configuration allows
the fast generation of high yielding cell lines.
According to one alternative, the expression cassette
(POI) does not comprise the polynucleotide encoding
the polypeptide of interest. Thus, an expression
vector with an "empty" expression cassette (POI) is
provided. However, said polynucleotide encoding the
polypeptide of interest can be incorporated into the
expression cassette (POI) by using 



appropriate cloning methods, for example by using
restriction enzymes in order to insert the
/polynucleotide encoding the polypeptide of interest
into the expression cassette (POI). For this purpose
the expression cassette (POI) may comprise e.g. a
multiple cloning site (MCS) which can e.g. be used in
all reading frames. Suitable MCS sites are described
in detail below. A respective "empty" vector nucleic
acid can e.g. be provided to customers, which then
insert their specific polynucleotide of interest to be
expressed into the expression cassette (POI). The
expression cassette (POI) may also comprise a
replacement polynucleotide or a stuffer nucleic acid
sequence, which can be excised and replaced by the
polynucleotide encoding the polypeptide of interest.
The present invention also provides a vector nucleic
acid as described above, comprising an expression
cassette (POI) comprising the polynucleotide encoding
the polypeptide of interest. This embodiment pertains
basically to the final expression vector nucleic acid
that is transfected for expression into the host cell.
A polynucleotide is a polymer of nucleotides which are
usually linked from one deoxyribose or ribose to
another. The term "polynucleotide" does not comprise
any size restrictions and also encompasses
polynucleotides comprising modifications, in
particular modified nucleotides. According to one
embodiment, the vector nucleic acid is circular and
the expression cassette (MSM) is arranged 3' of the
expression cassette (POI) and the expression cassette
(MASM) is arranged 3' of the expression cassette
(MSM). As an alternative description of a circular
vector according to the teachings of the present
invention is a circular vector nucleic acid for
expressing at least one polypeptide of interest in a
mammalian cell, comprising (a) at least one expression
cassette (POI) for expressing a polypeptide of
interest; (b) an expression cassette (MSM) comprising
a mammalian selectable marker gene; (c) an expression
cassette (MASM) comprising a mammalian amplifiabie,
selectable marker gene; wherein the expression
cassette (MSM) is arranged 3' of the expression
cassette (POI) and the expression cassette (MASM) is
arranged 3' of the expression cassette (MSM) and
wherein the expression cassettes (MASM), (POI) and
(MSM) are arranged in the same 5' to 3'
orientation.The vector nucleic acid can be transfected
into the host cell in its circular form. Supercoiled
vector molecules usually will be converted into linear
molecules within the nucleus due to the activity of
endo- and exonucleases. However, linearization of the
vector nucleic acid before transfection often improves
the efficiency of a stable transfection. This also as
the point of linearization may be controlled if the
vector is linearized prior to transfection. Hence,
according to one embodiment of the present invention
the expression vector comprises a predefined
restriction site, which can be used for linearization
of the vector nucleic acid prior to transfection.
Intelligent placement of said linearization
restriction site is important, because said
restriction site determines where the vector nucleic
acid is opened/linearized and thus determines the
order/arrangement of the expression cassettes when the
construct is integrated into the genome of the
mammalian cell. Accordingly, the vector nucleic acid
may comprise a linearization restriction site for
linearizing the vector, wherein said linearization
restriction site is located between the expression
cassettes (MSM) and (MASM). Preferably, said
linearization restriction site is unique and is only
once present in the expression vector nucleic acid.
E.g. a linearization restriction site can be used that
is recognized by a restriction enzyme having a low
cutting frequency in order to patronize that the
vector is only cleaved at the linearization
restriction site but not (or only rarely) e.g. within
the expression cassette(s) or the vector backbone.
This can e.g. be encouraged by providing a restriction
site for a restriction enzyme having a recognition
sequence of more than six base pairs or which
recognizes sequences that are under-represented in
chromosomal DNA. A suitable example is the Swa\ enzyme
and the vector may therefore incorporate a Swa\
recognition site as unique linearization restriction
site. In case said linearization restriction site is
present more than once in the vector nucleic acid
sequence (including the polynucleotides encoding the
polypeptide of interest), or in case a restriction
enzyme is used which cuts several times in the vector
nucleic acid sequence, it is also within the scope of
the present invention to e.g. alter/mutate the
restriction sites besides the linearization
restriction site which is located between the 



expression cassettes (MSM) and (MASM), in order to
eliminate those additional restriction sites and to
obtain a unique or at least rare linearization
restriction site. In case the vector is used as a
standard expression vector intended e.g. as a tool for
the expression of several different polypeptides, it
is advantageous to provide a linearization restriction
site comprising multiple recognition sites for enzymes
having a low cutting frequency. The restriction
enzymes chosen for linearization should preferably not
cut within the expression cassettes for the selectable
markers or other vector backbone sequences in order to
ensure that the enzyme cuts only once for proper
linearization of the vector. By providing a
linearization restriction site comprising multiple
recognition sites for restriction enzymes having a low
cutting frequency, the user may chose a suitable
restriction enzyme for linearization from the provided
options in order to securely avoid restriction within
thepolynucleotide encoding the polypeptide of
interest. However, as is outlined above, additional
restriction sites may be mutated or a partial
restriction digest could be performed. Placing the
linearization restriction site between the expression
cassette (MSM) and the expression cassette (MASM) has
the effect that the expression cassette (POI) (and
further expression cassettes for expressing the
polypeptides of interest - if present) is flanked 5'
by the expression cassette (MASM). The expression
cassette (MSM) is located 3' of the expression
cassette (POI) upon linearization. Thereby, the
expression cassettes (MSM) and (MASM) are separated
upon linearization of the circular vector nucleic
acid. If an expression cassette (PSM) for a bacterial
selection marker is present (see below), the
linearization restriction site is preferably placed
between the expression cassettes (PSM) and (MASM).
This has the effect that the bacterial selection
marker gene is 3' and thus "outside" of the
"mammalian" parts of the linearized vector nucleic
acid. This arrangement is favorable since bacterial
genes are presumably not advantageous for mammalian
expression as bacterial sequences may lead to
increased methylation or other silencing effects in
the mammalian cells. Non-limiting examples for
mammalian selectable marker genes that can be
comprised in the expression cassette (MSM) include
antibiotic resistance genes e.g. conferring resistance
to G418; hygromycin (hyg or hph, commercially
available from Life Technologies, Inc. Gaithesboro,
Md.); neomycin (neo, commercially available from Life
Technologies, Inc. Gaithesboro, Md.); zeocin (Sh BIe,
commercially available from Pharmingen, San Diego
Calif.); puromycin (pac,
puromycin-N-acetyl-transferase, available from
Clontech, Palo Alto Calif.), ouabain (oua, available
from Pharmingen) and blasticidin (available from
Invitrogen). Respective mammalian selectable marker
genes are well known and allow the selection of
mammalian host cells comprising said genes and thus of
host cells comprising the vector. The term "gene" as
used herein also refers to a natural or synthetic
polynucleotide encoding a functional variant of the
selectable marker providing the intended resistance.
Hence, also truncated or mutated versions of a wild
type gene or synthetic polynucleotides are encompassed
as long as they provide the intended resistance.
According to a preferred embodiment, said expression
cassette (MSM) comprises a gene encoding an
enzymatically functional neomycin phosphotransferase
(I or II). This embodiment works well in combination
with the use of a gene encoding an enzymatically
functional DHFR as an amplifiable selectable marker
gene. Amplifiable, selectable mammalian marker genes
allow selection of vector-containing mammalian host
cells as well as gene amplification. A non-limiting
example for an amplifiable, selectable mammalian
marker gene is the dihydrofolate reductase (DHFR)
gene. Other systems currently in use are among others
the glutamine synthetase (gs) system (Bebbington et
al., 1992) and the histidinol driven selection system
(Hartmann and Mulligan, 1988). These amplifiable
markers are also selectable markers and can thus be
used toselect those cells that obtained the vector.
DHFR and glutamine synthetase provide good results. In
both cases selection usually occurs in the absence of
the appropriate metabolite (hypoxanthine and thymidine
in case of DHFR, glutamine in the case of GS),
preventing growth of non-transformed cells. With
amplifiable systems such as the DHFR system,
expression of a recombinant protein can be increased
by exposing the cells to certain agents promoting gene
amplification such as antifolates (e.g. methotrexate
(MTX)) in case of the DHFR system. A suitable
inhibitor for GS promoting gene amplification is
methionine sulphoximine (MSX). Exposure to MSX also
results in gene amplification. According to one 



embodiment, said expression cassette (MASM) comprises
a gene encoding an enzymatically functional glutamine
synthetase (GS) or a dihydrofolate reductase (DHFR).
According to one embodiment, said expression cassette
(MSM) comprises a gene encoding an enzymatically
functional neomycin phosphotransferase and said
expression cassette (MASM) comprises a gene encoding
an enzymatically functional dihydrofolate reductase
(DHFR). The vector may comprise at least one
additional expression cassette (POI') for expressing
an additional polypeptide of interest. Said additional
expression cassette (POI') is located between the
expression cassette (POI) and the expression cassette
(MSM). Said expression cassette (POI') is arranged in
the same 5' to 3' orientation as the expression
cassettes (POI) and (MSM). According to one
embodiment, it comprises the polynucleotide encoding
the additional polypeptide of interest. Accordingly,
the vector nucleic acid according to the present
invention can comprise more than one expression
cassette for expressing polypeptides of interest.
Therefore, it is also possible that several expression
cassettes ((POI), (POI'), (POI") etc.) for expressing
different polypeptides of interest are arranged in the
expression vector nucleic acid according to the
present invention. These expression cassettes are
flanked 5' by the expression cassette (MASM) and 3' by
the expression cassette (MSM). Hence, the present
invention also provides a vector nucleic acid
comprising more than one expression cassette encoding
e.g. subunits of dimeric or higher order multimeric
proteins. Expression cassettes encoding different
subunits of a multimeric protein, each incorporated in
a different expression cassette can be placed adjacent
to each other. For multimeric proteins encoded by at
least two distinct genes (for instance, immunoglobulin
light and heavy chains or functional fragments thereof
such as at least the variable regions of the
immunoglobulin light and heavy chains), the
polynucleotides encoding the desired subunits of the
polypeptide of interest are inserted in the expression
cassettes (POI) and (POI'). A respective embodiment
using at least two expression cassettes (POI) and
(POI') for expressing polypeptides of interest is
particularly advantageous for expressing
immunoglobulin molecules such as antibodies or
functional fragments thereof. Accordingly, a vector
nucleic acid is provided for expressing an
immunoglobulin molecule comprising in each expression
cassette (POI) and(POI') a polynucleotide encoding
either a light or a heavy chain of an immunoglobulin
molecule or fragments thereof, wherein each expression
cassette (POI) and (POI') comprises one of said
polynucleotides. Accordingly, the expression cassette
(POI) can either comprise the polynucleotide for
expressing the light chain, or the polynucleotide for
expressing the heavy chain of the immunoglobulin
molecule. According to one preferred embodiment, the
expression cassette (POI) comprises the polynucleotide
encoding at least part of the light chain of said
immunoglobulin molecule or a / functional fragment
thereof and the expression cassette (POI') comprises a
polynucleotide encoding at least part of the heavy
chain of said immunoglobulin molecule or a functional
fragment thereof. To arrange the expression cassette
for the light chain 5' to the expression cassette of
the heavy chain proved to be beneficial regarding the
expression rate of the immunoglobulin molecules.
According to one embodiment, the expression vector
nucleic acid is designed such, that the expression
cassette(s) already comprises a polynucleotide
encoding at least part of the constant regions of an
immunoglobulin molecule. The polynucleotide fragments
encoding the variable parts of the immunoglobulin
molecules can then be inserted by the user/customer
into the expression cassettes by using appropriate
cloning strategies in order to obtain the final
expression vector. The expression cassettes present in
the expression vector according to the present
invention are designed such that they allow the
expression of the incorporated polynucleotides/genes
in mammalian cells. For this purpose the expression
cassettes usually comprise the necessary regulatory
sequences, such as a promoter and/or a transcription
termination sequence such as a poly A site. Vectors
used for expressing polypeptides of interest usually
contain transcriptional control elements suitable to
drive transcription such as e.g. promoters, enhancers,
polyadenylation signals, transcription pausing or
termination signals as elements of an expression
cassette. For proper expression of the polypeptides,
suitable translational control elements are 



preferably included in the vector, such as e.g. 5'
untranslated regions leading to 5' cap structures
suitable for recruiting ribosomes and stop codons to
terminate the translation process. In particular, the
polynucleotide serving as the selectable marker genes
as well as the polynucleotide encoding the polypeptide
of interest can be transcribed under the control of
transcription elements present in appropriate
promoters. The resultant transcripts of the selectable
marker genes and that of the polypeptide of interest
harbour functional translation elements that
facilitate substantial levels of protein expression
(i.e. translation) and proper translation termination.
A functional expression unit, capable of properly
driving the expression of an incorporated
polynucleotide is also referred to as an "expression
cassette" herein. Preferably, it comprises a 3' UTR
region.Accordingly, vector nucleic acids are provided
wherein the expression cassettes comprise at least one
promoter and/or promoter/enhancer element. Although
the physical boundaries between these two control
elements are not always clear, the term "promoter"
usually refers to a site on the nucleic acid molecule
to which an RNA polymerase and/or any associated
factors binds and at which transcription is initiated.
Enhancers potentiate promoter activity, temporarily as
well as spatially. Many promoters are
transcriptionally active in a wide range of cell
types. Promoters can be divided in two classes, those
that function constitutively and those that are
regulated by induction or derepression. Promoters used
for high-level production of proteins in mammalian
cells should be strong and preferably active in a wide
range of cell types to permit a qualitative and
quantitative evaluation of the recombinant
polypeptide. The promoter can be selected from the
group consisting of an SV40 promoter, a CMV promoter,
an EF1 alpha promoter, a RSV promoter, a BROAD3
promoter, a murine rosa 26 promoter, a pCEFL promoter
and a b-actin promoter. Strong constitutive promoters
which drive expression in many cell types include but
are not limited to the adenovirus major late promoter,
the human cytomegalovirus immediate early promoter,
the SV40 and Rous Sarcoma virus promoter, and the
murine 3-phosphoglycerate kinase promoter and EF1a.
Good results are achieved with the expression vector
of the present invention when the promoter and/or
enhancer is either obtained from CMV and/or SV40.
According to one embodiment, the expression
cassette(s) for expressing the polypeptide(s) of
interest comprise(s) a stronger promoter and/or
enhancer than the expression cassettes for expressing
the selectable markers. This arrangement has the
effect that more transcript for the polypeptide of
interest is generated than for the selection markers.
It is advantageous that the production of the
polypeptide of interest which is secreted is dominant
over the production of the selection markers, since
the individual cell capacity for producing
heterologous proteins is not unlimited and should thus
be focused to the polypeptide of interest. According
to one embodiment, the expression cassettes (POI) and
(POI') (if present) which is/are used for expressing
the polypeptide of interest comprise a CMV
promoter/enhancer. Specific examples are described in
detail below. The expression cassettes (MSM) and
(MASM), which preferably express the DHFR and the
neomycin marker genes, comprise a SV40 promoter or a
SV40 promoter/enhancer. The CMV promoter is known to
be one of the strongest promoters available for
mammalian expression and leads to a very good
expression rate. It is considered to give
significantly more transcript than the SV40 promoter.
Furthermore, the expression cassettes may comprise an
appropriate transcription termination site. This, as
continued transcription from an upstream promoter
through a second transcription unit may inhibit the
function of the downstream promoter, a phenomenon
known as promoter occlusion or transcriptional
interference. This event has been described in both
prokaryotes and eukaryotes. The proper placement of
transcriptionaltermination signals between two
transcription units can prevent promoter occlusion.
Transcription termination sites are well characterized
and their incorporation in expression vectors has been
shown to have multiple beneficial effects on gene
expression. Most eukaryotic nascent mRNAs possess a
poly A tail at their 3' end which is added during a
complex process that involves cleavage of the primary
transcript and a coupled polyadenylation reaction. The
polyA tail is advantageous for mRNA stability and
transferability. Hence, the expression cassettes of
the vector according to the present invention usually
comprise a polyadenylation site. There are several
efficient polyA signals that can be used in mammalian
expression vectors, including those derived from
bovine 



growth hormone (bgh), mouse beta-globin, the SV40
early transcription unit and the Herpes simplex virus
thymidine kinase gene. However, also synthetic
polyadenylation sites are known (see e.g. the pCI-neo
expression vector of Promega which is based on Levitt
el al, 1989, Genes Dev. 3, (7): 1019-1025). The
polyadenylation site can be selected from the group
consisting of SV40polyA site, such as the SV40 late
and early poly-A site (see e.g. plasmid pSV2-DHFR as
described in Subramani et al, 1981 , MoI. Cell. Biol.
854-864), a synthetic polyA site (see e.g. the pCI-neo
expression vector of Promega which is based on Levitt
el al, 1989, Genes Dev. 3, (7): 1019-1025) and a bgh
polyA site (bovine growth hormone). The expression
cassettes may comprise an enhancer (see above) and/or
an intron. According to one embodiment, the expression
cassette(s) for expressing the polypeptide of interest
comprise an intron. Most genes from higher eukaryotes
contain introns which are removed during RNA
processing. It is found, that genomic constructs are
expressed more efficiently in transgenic systems than
identical constructs lacking introns. Usually, introns
are placed at the 5' end of the open reading frame.
Accordingly, an intron may be comprised in the
expression cassette(s) for expressing the
polypeptide(s) of interest in order to increase the
expression rate. Said intron may be located between
the promoter and or promoter/enhancer element(s) and
the 5' end of the open reading frame of the
polypeptide to be expressed. Hence, a vector nucleic
acid is provided, wherein at least the expression
cassette (POI) comprises an intron which is arranged
between the promoter and the start codon of the
polynucleotide for expressing the polypeptide of
interest. Several suitable introns are known in the
state of the art that can be used in conjunction with
the present invention. According to one embodiment,
the intron used in the expression cassettes for
expressing the polypeptides of interest, is a
synthetic intron such as the SIS or the RK intron. The
RK intron is a strong synthetic intron which is
preferably placed before the ATG startcodon of the
gene of interest. The RK intron consists of the intron
donor splice site of the CMV promoter and the acceptor
splice site of the mouse IgG Heavy chain variable
region (see e.g. Eaton et al.,1986, Biochemistry 25,
8343-8347, Neuberger et al., 1983, EMBO J. 2(8),
1373-1378; it can be obtained from the pRK-5 vector
(BD PharMingen)). Furthermore, it is surprisingly
found that the placement of an intron at the 3' end of
the open reading frame of the DHFR gene has
advantageous effects on the expression/amplification
rate of the construct. The intron used in the DHFR
expression cassette is leading to a smaller, non
functional variant of the DHFR gene (Grillari et al.,
2001 , J. Biotechnol. 87, 59- 65). Thereby the
expression level of the DHFR gene is lowered. This
leads to increased sensitivity for MTX and more
stringent selection conditions. Accordingly, a vector
nucleic acid is provided, wherein the expression
cassette (MASM) comprises an intron which is located
3' of the amplifiable selectable marker gene. A
suitable intron may be obtained from the pSV2-DHFR
vector (see e.g. above). Said vector may comprise at
least one additional expression cassette (PSM)
comprising a prokaryotic selectable marker gene. Said
expression cassette (PSM) is located between the
expression cassettes (MSM) and (MASM). Said selectable
marker may provide a resistance to antibiotics such as
e.g. ampicillin, kanamycin, tetracycline and/or
chloramphenicol. Said expression cassette (PSM) is
preferably arranged in the same 5' to 3' orientation
as the other expression cassettes (POI), (MSM) and
(MASM). The DHFR gene works as a marker and a gene
amplification gene. Selection may occur by culturing
the cells in the absence of the appropriate
metabolites (hypoxanthine and thymidine) thereby
preventing growth of non-transformed cells. With the
DHFR system, expression of the polypeptides of
interest can be increased by exposing the cells to
antifolates such as for example methotrexate (MTX), a
drug that blocks the activity of DHFR. After a certain
time of exposure to MTX the majority of cells die, but
a small number of cells usually survive that
overproduce DHFR. Upon MTX treatment, ramped upwards
in concentration, the surviving cells may frequently
contain up to several hundred to a few thousand copies
of the integrated vector embedded in chromosomes that
are frequently elongated. Most respectively amplified
cells produce more recombinant protein than the
unamplified cells. 



Several suitable DHFR enzymes and accordingly genes
are known in the prior art that can be used in
conjunction with the present invention. The DHFR may
be a wildtype DHFR or a functional variant or
derivative thereof. The term a "variant" or
"derivative" include DHFR enzymes having one or more
amino acid sequence exchanges (e.g. deletions,
substitutions or additions) with respect to the amino
acid sequence of the respective DHFR enzyme, fusion
proteins comprising a DHFR enzyme or functional
fragment thereof and DHFR enzymes which have been
modified to provide an additional structure and/or
function, as well as functional fragments of the
foregoing, which still have at least one function of a
DHFR enzyme. The DHFR gene is preferably selected from
the group consisting of wildtype DHFR,a DHFR variant
having a reduced MTX sensitivity compared to wildtype
DHFR and a DHFR variant having an enhanced MTX
sensitivity compared to wildtype DHFR. According to
one embodiment, the DHFR gene is the wild type DHFR
gene. According to a different embodiment, the DHFR
gene encodes a less functional variant of DHFR. This
leads to an increased sensitivity for MTX and more
stringent selection conditions. This can be achieved
e.g. by placing an intron at the 3' end of the DHFR
gene (see above). A different alternative could rely
on the use of a DHFR mutant/variant having a higher
sensitivity towards MTX than the wildtype DHFR. These
embodiments are particularly beneficial in case the
vector is used ' in host cells which are DHFR . In
case one desires to use the DHFR system in host cells
incorporating a copy of the DHFR gene in their own
genome (e.g. CHO DHFR+) , it is preferred that a
mutant/variant of the DHFR gene is used, which is less
sensitive towards antifolates such as MTX than the
wildtype DHFR and is thus to a certain extent
antifolate respectively MTX-resistant. E.g. due to
mutations in the gene the sensitivity of the DHFR gene
towards MTX can be significantly reduced so that said
variant can be used at higher antifolate (MTX)
concentrations. Said less antifolate and in particular
MTX sensitive DHFR variant can e.g. possess a reduced
antifolate/MTX binding affinity. Respective DHFR
variants can be used to "overtitrate" endogeneous DHFR
expression in wild type cell lines. Respective
"resistant" or less sensitive DHFR variants are well
known in the prior art. The expression vector can be
selected from the group consisting of (a) a circular
or linear vector nucleic acid comprising the following
genetic elements in the indicated arrangement, wherein
the 5' to 3' direction is indicated by the I .
Promoter of the (MASM) expression cassette (->) II.
Gene encoding the mammalian amplifiable selectable
marker of the (MASM) expression cassette (- ) III.
Optionally an intron of the (MASM) expression cassette
(- ) IV. PoIyA site of the (MASM) expression cassette
(- ) V. Promoter of the (POI) expression cassette (- )
Vl. Intron of the (POI) expression cassette (- ) VII.
Polynucleotide encoding a polypeptide of interest,
which is inserted in the (POI) expression cassette (-
) VIII. PoIyA site of the (POI) expression cassette
(->) IX. Promoter of the (POI') expression cassette (-
)X. lntron of the (POI') expression cassette (->) XI.
Polynucleotide encoding an additional polypeptide of
interest, which is inserted in the (POI') expression
cassette (->) XII. PoIyA site of the (POI') expression
cassette (->) XIII. Promoter of the (MSM) expression
cassette (->) XIV. Gene encoding the mammalian
selectable marker of the (MSM) expression cassette
(->) XV. PoIyA site of the (MSM) expression cassette
(- ) XVI. PSM expression cassette (- ) or (<-) XVII.
Linearization restriction site if the vector nucleic
acid is circular; (b) a vector nucleic acid as shown
as Seq. ID No. 1 or Seq. ID No. 16 or a derivative
thereof, comprising the same configuration
respectively arrangement of genetic elements. A
preferred embodiment of variant (a) in its circular
form is shown in Fig. 1 and corresponding Table. 1. 



The vector according to the present invention can be
obtained by arranging the expression cassettes in the
proper order and orientation as is described in detail
above. Arrangement of the expression cassettes/genetic
elements can be done by using suitable restriction
enzymes and cloning strategies in order to assemble
the expression vector. Accordingly, also a method for
producing a vector nucleic acid as described above is
provided, wherein said method comprises arranging at
least the following genetic elements (a) at least one
expression cassette (POI) for expressing a polypeptide
of interest; (b) an expression cassette (MSM)
comprising a mammalian selectable marker gene; (c) an
expression cassette (MASM) comprising a mammalian
amplifiable, selectable marker gene; such that the
expression cassette (POI) is flanked 5' by the
expression cassette (MASM), the expression cassette
(MSM) is located 3' from the expression cassette (POI)
and wherein the expression cassettes (MASM), (POI) and
(MSM) are arranged in the same 5' to 3' orientation.
In case a circular vector nucleic acid is produced,
the genetic elements are assembled such that the
expression cassette (MSM) is accordingly located 3' of
the expression cassette (POI) and the expression
cassette (MASM) is located 3' of the expression
cassette (MSM).The vector according to the present
invention can be used for expressing the polypeptide
of interest in many different mammalian host cells.
The expression vector of the present invention is
usually integrated into and maintained in the genome.
There are two main formats of host cells, cultures of
adherent cells and suspension cultures. Suspension
cultures are preferred. Most established cell lines
maintain their anchorage-dependent character unless
special efforts are undertaken to adapt them to the
suspension growth. Commercially available media
formulations facilitate the transition. Basically any
mammalian host cells can be used in conjunction with
the present invention as long as they allow the
expression of a polypeptide. Suitable mammalian host
cells for the purposes of the present invention
include but are not limited to cells derived from mice
(e.g. COP, L, C127, Sp2/0, NS-O, NS-1, At20 or
NIH3T3), rats (PC12, PC12h, GH3, MtT), hamsters (e.g.
BHK, CHO and DHFR gene defective CHO), monkeys (e.g.
COS1, COS3, COS7, CV1 and Vero) and humans (e.g. HeIa,
HEK-293, retina-derived PER-C6, cells derived from
diploid fibroblasts, myeloma cells and HepG2).
Preferably, the host cell is a CHO cell. The vector
construction according to the present invention is
particularly suitable for producing polypeptides in
rodent cells such as CHO and DHFR gene defective CHO
cells. Also provided are mammalian host cells,
comprising the expression vector according to the
present invention. Also provided is a stable cell
line, comprising an expression vector according to the
present invention or a segment thereof in the genome.
The segment shall comprise at least the expression
cassettes decisive for the present invention. As the
vector and its characteristics as well as suitable
host cells are described in detail above, we refer to
the above disclosure. Accordingly, also a method for
producing a host cell as described above is provided,
wherein the host cell is transfected with the vector
nucleic acid according to at least one of the claims 1
to 16. There are several appropriate methods known in
the prior art for introducing an expression vector
into a mammalian host cell. Respective methods include
but are not limited to calcium phosphate transfection,
electroporation, lipofection, biolistic- and
polymer-mediated genes transfer. Suitable host cells
are described above. After introduction of the
expression vector nucleic acid into the host cell(s),
the obtained transformants are cultured under
selective conditions suitable for assaying the
expression of the mammalian selectable marker gene
enclosed in the expression cassette (MSM). This means,
that for example when the mammalian selectable marker
gene is an antibiotic resistance gene, transformants
are cultured in a medium containing the corresponding
antibiotic active in mammalian cells and the
transformants which are viable under such conditions
are selected, thus enabling the obtainment of
transformants which express the marker gene and thus
incorporated the vector. Additionally, a second
selection step may be performed by culturing the
transformants in a selection medium adapted for
selecting the amplifiable, selectable marker gene
comprised in the expression cassette (MASM). E.g.
incase DHFR is used as an amplifiable, selectable
marker gene, the transformants can be cultured in a
nucleotide or purine-free medium in the presence of a
DHFR inhibitor. 



In case an inducible promoter is used in at least one
expression cassette, a corresponding induction signal
should be provided in order to commence expression of
the polypeptide. In order to make use of the DHFR
selection/amplification system, said host cells may be
cultured in the presence of a DHFR inhibitor. Suitable
DHFR inhibitors are antifolates such as e.g. MTX. The
concentration of antifolate/MTX used depends on the
host cell and the DHFR variant incorporated in the
vector. The concentration range can be chosen for
multistep amplification procedures in DHFR host cells
for example at values around 5nM - 2OnM ranging to
values of 50OnM to 100OnM or even higher for secondary
or further amplification steps. For DHFR+ cells
starting concentrations are usally higher in the range
of 10OnM to 75OnM, preferably 50OnM in the first steps
and 50OnM to 100OnM and above for further
amplification steps. Suitable DHFR variants are
described above. In order to make use of the GS
selection/amplification system said host cells may be
cultured in the presence of e.g. MSX. The
concentration of MSX used depends on the host cell.
The concentration range can be chosen between from
about 15 to 150 mM, 20 to 100 mM and 25 to 50 mM.
These ranges are particularly suitable for NSO and CHO
cells. With the expression vector according to the
present invention, several different polypeptides of
interest may be expressed/produced. The term
polypeptide refers to a molecule comprising a polymer
of amino acids linked together by a peptide bond(s).
Polypeptides include polypeptides of any length,
including proteins (e.g. having more than 50 amino
acids) and peptides (e.g. 2 - 49 amino acids).
Polypeptides include proteins and/or peptides of any
activity or bioactivity, including e.g. bioactive
polypeptides such as enzymatic proteins or peptides
(e.g. proteases, kinases, phosphatases), receptor
proteins or peptides, transporter proteins or
peptides, bactericidal and/or endotoxin-binding
proteins, structural proteins or peptides, immune
polypeptides, toxins, antibiotics, hormones, growth
factors, vaccines or the like. Said polypeptide may be
selected from the group consisting of peptide
hormones, interleukins, tissue plasminogen activators,
cytokines, immunoglobulins, in particular antibodies
or antibody fragments or variants thereof. Said
immunoglobulin can be of any isotype. Very often IgG
(e.g. IgGI) molecules are produced/needed as
therapeutic proteins. An antibody fragment is any
fragment of an antibody comprising at least 20 amino
acids from said whole antibody, preferably at least
100 amino acids, which at least still has an antigen
binding capacity. The antibody fragment may comprise
the binding region of the antibody such as a Fab
fragment, a F(ab)2 fragment, multibodies comprising
multiple binding domains such as diabodies, triabodies
or tetrabodies, single domain antibodies or
affibodies. An antibody variant is a derivative of an
antibody or antibody fragment having the same binding
function but e.g. an altered amino acid sequence. Said
antibody and/orantibody fragment may comprise a murine
light chain, human light chain, humanized light chain,
human heavy chain and/or murine heavy chain as well as
active fragments or derivatives thereof. Hence, it can
be e.g. murine, humane, chimeric or humanized. The
present invention also provides methods of producing a
polypeptide of interest, said method comprising
culturing at least one host cell comprising a vector
nucleic acid according to the present invention in a
cell culture medium under conditions allowing the
expression of said polypeptide of interest. / In a
next step, said polypeptide can be isolated/harvested
from the cell culture. The expressed polypeptide of
interest may be obtained by disrupting the host cells.
The polypeptides may also be expressed, e.g. secreted
into the culture medium and can be obtained therefrom.
Also combinations of the respective methods are
possible. Thereby, products, in particular
polypeptides can be produced and obtained/isolated
efficiently with high yield. The obtained polypeptide
may also be subject to further processing steps such
as e.g. purification and/or modification steps in
order to produce the product of interest in the
desired quality. According to one alternative, said
polypeptide of interest is secreted into the cell
culture medium and subsequently isolated from the cell
culture medium. The polypeptide is preferably an
immunoglobulin molecule such as an antibody or a
functional fragment thereof. In order to promote
secretion of the polypeptide of interest a leader
sequence can be used. Preferably, the leader sequence
of an immunoglobulin molecule is used. 



The expression vector according to the present
invention as well as suitable host cells and
polypeptides of interest are described in detail
above; we refer to the above disclosure. The method
for producing the polypeptide of interest may comprise
at least one of the following steps: - isolating the
polypeptide of interest from said cell culture medium
and/or from said host cell; and/or - processing the
isolated polypeptide of interest. The polypeptide of
interest produced in accordance with the invention may
be recovered, further purified, isolated and/or
modified by methods known in the art. For example, the
product may be recovered from the nutrient medium by
conventional procedures including, but not limited to,
centrifugation, filtration, ultra-filtration,
extraction or precipitation. Purification may be
performed by a variety of procedures known in the art
including, but not limited to, chromatography (e.g.
ion exchange, affinity, hydrophobic, chromatofocusing,
andsize exclusion), electrophoretic procedures (e.g.,
preparative isoelectric focusing), differential
solubility (e.g. ammonium sulfate precipitation) or
extraction. According to one embodiment which is in
particular advantageous for the production of
pharmaceutical proteins/peptides, the host cell is
cultured in suspension under serum-free conditions.
The obtained polypeptide can afterwards be purified,
e.g. by purifying the polypeptide present in the cell
culture supernatant by using chromatographic methods
(e.g. affinity purification). Polypeptides produced
according to the method of the present invention
depict good stability properties. The results also
show that the polypeptides are expressed in a
functional form and hence in the right conformation.
Accordingly, the invention also provides polypeptides
obtained by the production method according to the
present invention using the expression vector
described in detail above. As is outlined above,
polypeptides are obtained with a good yield. The
polypeptide is preferably an immunoglobulin molecule
such as an antibody or a functional fragment thereof.
Fig. 1 shows a circular vector nucleic acid according
to a preferred embodiment of the present invention.
Fig. 2 shows the linearized version of the vector
nucleic acid according to Fig. 1 in order to
demonstrate the influence of the position of the
linearization restriction site. The numbers 1 to 17
shown in Figs. 1 and 2 indicate the genetic
elements/characteristics of the vector nucleic acid
and are described in detail in the subsequent table 1.
If not otherwise defined, the white arrows
characterize promoters or promoter/enhancer elements;
the stripped boxes characterize intron elements, the
black arrows symbolize the polynucleotides for
expressing the polypeptide of interest; the checkered
boxes characterize the polyA site; the checkered
arrows the mammalian marker genes of the expression
cassette (MSM) and (MASM); the striped arrow the
prokaryotic selectable marker gene. As can be seen,
all genetic elements are arranged in the same 5' to 3'
orientation (indicated by the direction of the arrow).
The vector nucleic acids pBW147, pBW154 and pBW160,
which are described in further detail below, are
respectively constructed. Table 1 - orientation and
arrangement of the genetic elements according to a
vector nucleic acid as shown in Fig. 1 and 2 Numbering
Genetic element in Fig. 1 and 2 1 Promoter of the
(POI) expression cassette (diagrammed by the white
arrow).Vaccines for Malaria The present invention
relates to a novel lipoprotein particle, methods for
preparing and purifying the same, its use in medicine,
particularly in the prevention of malarial infections,
compositions/vaccines containing the particles or
antibodies against the protein particle such as
monoclonal or polyclonal antibodies and use of the
same, particularly in therapy. Malaria, is one of the
world's major health problems with more than 2 to 4
million people dying from the disease each year. One
of the most prevalent forms of the disease is caused
by the protozoan parasite P. vivax, which is found in
tropical and sub-tropical regions. Interestingly the
parasite can complete its mosquito cycle at
temperatures as low 



as 15 degrees Celsius, which has allowed the disease
to spread in temperate climates. One of the most acute
forms of the disease is caused by the protozoan
parasite, Plasmodium falciparum (P.falciparum) which
is responsible for most of the mortality attributable
to malaria. The life cycle of Plasmodium is complex,
requiring two hosts, man and mosquito for completion.
The infection of man is initiated by the inoculation
of sporozoites into the blood stream through the bite
of an infected mosquito. The sporozoites migrate to
the liver and there infect hepatocytes where they
differentiate, via the exoerythrocytic intracellular
stage, into the merozoite stage which infects red
blood cells (RBC) to initiate cyclical replication in
the asexual blood stage. The cycle is completed by the
differentiation of a number of merozoites in the RBC
into sexual stage gametocytes, which are ingested by
the mosquito, where they develop through a series of
stages in the midgut to produce sporozoites which
migrate to the salivary gland. Due to the fact that
the disease caused by P. vivax is rarely lethal,
efforts to prevent and treat malaria have been focused
on the more deadly form of the disease caused by
Plasmodium falciparum (P.falciparum) . Although the
disease caused by P. vivax does not usually result in
death of the patient, due to the volume of cases,
which seems to be increasing, the significant impact
on the quality of life of the patient, the increasing
reports of the severe incidences of the disease
resulting in anemia and death, and the economic
impact, an effective vaccination for the disease is
still required. Furthermore, a single vaccine able to
provide protection against both causes of the disease
would be advantageous. A feature of the P. vivax is
that some strains are capable of causing delayed
infection by remaining latent in the liver before
emerging into the peripheral circulation to manifest
clinical symptoms. Thus individuals, for example when
traveling through an infected area, may be infected
and yet may not exhibit symptoms for several months.
This has the potential to cause the spread of the
disease and for this reason persons traveling to
infected areas are not allowed to donate blood for
transfusion for a defined period of time after
traveling to the infected region.P. vivax malaria
infection remains latent within the liver while the
parasite is undergoing pre-erthrocytic shizogony. If
the parasite is controlled at this stage, before it
escapes the liver, no clinical symptoms of the
disease, are observed in the patient. The sporozoite
stage of Plasmodium has been identified as a potential
target of a malaria vaccine. Vaccination with
deactivated (irradiated) sporozoite has been shown to
induced protection against experimental human malaria
(Am. J, Trap. Med. Hyg 24: 297-402, 1975). However, it
is has not been possible practically and logistically
to manufacture a vaccine for malaria for the general
population based on this methodology, employing
irradiated sporozoites. The major surface protein of
the sporozoite is known as circumsporozoite protein
(CS protein). It is thought to be involved in the
motility and invasion of the sporozoite during its
passage from the initial site of inoculation by the
mosquito into the circulation, where it migrates to
the liver. The CS protein of Plasmodia species is
characterized by a central repetitive domain (repeat
region) flanked by non-repetitive amino (N-terminus)
and carboxy (C-terminus) fragments. The central domain
of P.vivax is composed of several blocks of a repeat
unit, generally of nine tandem amino acids. In certain
Asian strains, after the central repeat region, an
additional sequence of approximately 12 amino acids is
present. The function of the latter is not known.
However, it is hypothesized, by some, that said amino
acids may be linked to the delayed onset of clinical
symptoms of the disease, although this has not been
investigated. It is thought that the N-terminus is
characterised by a sequence of 5 amino acids known as
region I . It is also thought that the C-terminus is
characterised by comprising a sequence of 12 amino
acids known as region II. The latter contains a
cell-adhesive motif, which is highly conserved among
all malaria CS protein. WO 93/10152 and WO 98/05355
describe a vaccine derived from the CS protein of P.
falciparum and it seems that there has been some
progress made towards the vaccination 



against P.falciparum using the approach described
therein, see also Heppner et al. 2005, Vaccine 23,
2243-50. The CS protein in P.falciparum has a central
repeat region that is conserved. In contrast at least
two forms (designated VK210 or type I and VK247 or
type II) of the CS protein for P. vivax are known.
This renders it more difficult to identify a construct
of the CS protein with all the desired properties such
as immogenicity, which provides general protection
against P. vivax regardless of the specific type of CS
protein because antibodies directed the central
repeating region of type I do not necessarily
recognize epitopes on the corresponding region of type
II and vice versa. A recombinant P. vivax CS protein
was expressed and tested as a vaccine in the 1980-
1990's with limited success (Collins et al., 1989. Am.
J . Trap. Med. Hyg. 40, 455-64). Some work has been
done to develop a vaccine based on Multiple Antigen
Peptides(MAP) employing one or more epitopes that are
cross-linked (Nardelli and Tarn, 1995, Pharm.
Biotechnol. 6, 803-19). The present invention provides
an antigenic particle for use in malaria vaccines,
which is believed to produce at least a humoral
response and possibly also a cellular immune response.
The antigen may also induce T helper cells, for
example ThI and/or Th2 cells. Accordingly, the present
invention provides an immunogenic protein particle
comprising the following monomers: a . a fusion
protein comprising sequences derived from a CS protein
of P.vivax and the S antigen of Hepatitis B (CSV-S),
and b . S antigen derived from Hepatitis B virus, and
characterised in that the ratio of S to CSV-S is in
the range 0.1 to 1. Suitably, the ratio of S to CSV-S
is in the range 0.19 to 0.30, for example 0.2 to 0.25
such as about or substantially 0.24, or in the range
0.68 to 0.80 such as about or substantially 0.73. The
S antigen in part b) will generally be unfused S
antigen. Sequence Listing SEQ. ID. No. 1 Nucleotide
sequence of the hybrid protein CSV (optimized for
expression in E CoIi) SEQ. ID. No. 2 Amino acid
sequence of the hybrid protein CSV SEQ. ID. No. 3
Nucleotide sequence for the hybrid protein CSV
(optimized for expression in yeast) SEQ. ID. No. 4
Nucleotide sequence for the hybrid fusion protein
CSV-S SEQ. ID. No. 5 Amino acid sequence for the
hybrid fusion protein CSV-S SEQ. ID No. 6&7 Nucleotide
Sequence for an RTS expression cassette and predicted
RTS protein. SEQ ID. No. 8 Nucleotide sequence CSV-S
fusion gene (cloned into pHILD2 integrative Pichia
pastoris expression vector) SEQ ID. No. 9 Amino acid
sequence of CSV-S fusion protein expressed in Pichia
pastoris SEQ ID. No. 10 Nucleotide sequence of S gene
(cloned into pPICZ-A integrative Pichia pastoris
vector) SEQ ID. No. 11 Amino acid sequence encoded by
Seq ID No 10 Figures Fig 1 Plasmid map for pRIT 15546
is a yeast episomal vector. Fig 2 Plasmid map of
pGFl-S2 a plasmid prepared by GSK employed in "fusing"
the desired antigen with the S antigen from Hepatitis
B. Cloning heterologous DNA sequences between Smal
sites (after excision of the 12bp Smal DNA fragment)
creates in-frame fusion with the S gene. Fig 3 Plasmid
map of pRIT15582Digestion with Xhol liberates a 8.5 kb
linear DNA fragment carrying the CSV-S expression
cassette plus the LEU2 selective marker, being used
for insertion into the yeast chromosome. Restriction
map of the linear Xhol fragment used to integrate
CSV-S cassette Western blot of recombinant proteins
expressed in strain Y1835. 



Panel A :WB revealed with anti-S antibody Samples
loaded (lOOmg total prortein/well): 1: Yl 631 (RTS, S
producing strain, as comparison) 2 : Y1835 3 : Y1835 4
: Y1834 Panel B :WB revealed with anti-CSV antibody
Samples loaded (lOOmg total protein/well): 1: Yl 631
(RTS, S producing strain, as comparison) 2 : Y1295 3 :
Y1835 4 : Y1834 5 : nr (another construct CSVS) 6 : nr
(another construct - S antigen only) Electron
micrograph of CSV-S S mixed particles produced in
strain Y1835 CSV-S S particles were purified from
soluble cell extracts ( based on RTS, S purification
process) and submitted to electron microscopy
analysis. Particles were visualized after negative
staining with phosphotungstic acid. The scale is
equivalent to lOOnm. CSV-specific Ab response
(Anti-CSV serology (Ig total)) HBs-specific Ab
response CSV-specific Ab response (14pII) (Elisa Mouse
Ig total anti-CSV 14PII) CSV-specific Ab response
(14pIII) (Elisa Mouse Ig total anti-CSV 14PIII)
HBs-specific Ab response (14pII) HBs-specific Ab
response (14pIII) CSV-specific Ab response (14pII)
(Elisa Mouse Ig total anti-CSV 14PII) CSV-specific Ab
response (14pIII) (Elisa Mouse Ig total anti-CSV
14PIII) HBs-specific Ab response (14pII) HBs-specific
Ab response (14pIII) Shows a gel employed to calculate
the ratio of S:CVS-S. S/CSVS ratio: 0.73 (Yl 835 CSV-S
S purified particles: determination of S/CSV-S ratio)
Plasmid map for pRIT15607 containing CSV-S gene. A
Western Blot of recombinant protein expressed in
strain Yl 840.WB revealed with anti-S antibody.
Quantity of total protein loaded is in brackets: 1:
GSl 15 (Pichia pastoris host cell) 2 : Y1840 (100mg) 3
: Y1840 (50mg) 4 :Y1840 (25mg) 5 : Y1840 (12.5mg) 6 :
Y1833 (lOOmg, S.c. strain expressing CSV-S) 7 : Y1835
(lOOmg, S.c. strain co-expressing CSV-S and S ) Fig 20
Plasmid map for pRIT 15607 Fig 2 1 A Western Blot of
recombinant proteins expressed in strain Yl 847. WB
revealed with anti-S antibody. Samples loaded (20mg
total protein per well): 1: Y1835 2 : Y1840 



3 : Y1847 Fig 22 A cesium chloride gradient of the
cell-free exract prepared from strain Y1847 Fig 23
Electron micrograph of CSV-S S particles produced in
strain Yl 847 purified from soluble cell extracts &
submitted to electron microscopy analysis . Particles
were visualized after negative staining with
phosphotungstic acid. The scale is equivalent to
lOOnm. Fig 24 Yl 847 CSV-S S purified particles for
determination of the S to CSV-S ratio. S/CSVS ratio:
0.24. In the figures where the response measured is
CSV specific then the response to the CSV element in
each entity is being measured, be it fusion protein
CSV-S or particles CSVS, S. In one embodiment of the
invention there are thought to be about 7.5 S antigen
molecules for each molecule of CSV-S, for example
based on the relative density of each component.
Surprisingly, the particles of the invention seem to
be more immunogenic at least in some aspects, when
tested in vivo in mice than corresponding so-called
simple particles. The latter are virus like particle
made up primarily of the fusion protein component
CSV-S and which do NOT contain any unfused S antigen.
Whilst not wishing to be bound by theory it is thought
that in mixed particles, comprising CSV-S and unfused
S antigen according to the invention, the CSV-S
components are arranged or orientated in a favourable
way, which optimizes the immune response thereto. A
further advantage of the particles according to the
invention is that there is a potential to use these
particles at a lower dose whilst eliciting the same or
similar level of immune response as simple CSV-S
particles, which do not contain unfused S antigen.In
certain hosts, such as yeast cells, once expressed the
fusion protein (comprising the S antigen) is
spontaneously assembled into a protein
structure/particle composed of numerous monomers of
said fusion proteins. When the chosen recipient yeast
strain already carries in its genome one or more
integrated copies of Hepatitis B S expression
cassettes then the particles assembled may also
include monomers of unfused S antigen. Furthermore
particle with the specific ratio can be prepared by
employing yeast, Saccharomyces cerevisiae such as DC5
in ATCC data base (accession number 20820), under the
name RIT DC5 cir(o). Depositor: Smith Kline-RITj.
Advantageously such yeast are suitable for commercial
production of the particles according to the
invention. Furthermore particles with the specific
ratio herein can be prepared by employing yeast,
Pichia pastoris. Advantageously such yeast are
suitable for commercial production of the particles
according to the invention. Furthermore, a high yield
of particles is obtained, particularly when the
certain promoters are employed. The yields for
pastoris are higher than those where the corresponding
DNA is expressed in Saccharomyces cerevisiae. In some
instances the yields may be 10 times or more those
obtained when Saccharomyces cerevisiae is employed.
The yeast may contain 1, 2, 3, 4, or 5 such as 4
copies of CSV-S in its genome. In one aspect the yeast
is recombinant yeast strain Y1835. In one aspect the
yeast is recombinant yeast strain Yl 847. The ratio
referred to herein is an average, for example based on
a calculation of the density of the S antigen band and
the CSV-S band in an appropriate gel (see for example
figures 17 and 24). Various approaches can be used to
engineer yeast for the preparation of said particles,
for example an expression cassette for the fusion
protein can be inserted into the genome of a yeast
already containing at least one expression cassette
for S antigen. A skilled person working in the field
is well able to prepare a suitable host for the
preparation of particles according to the invention.
Further details are provided below. Whilst not wishing
to be bound by theory it is thought that the
surfactants, for example Tween such as Tween 20 or 80
used to liberate the particle from the yeast cells may
assist in the stabilization of the lipoprotein
particles. CSV-S 



The fusion protein CSV-S employed in the invention
comprises: a portion derived from the CS protein of P.
vivax (CSV). This CSV antigen may be a native protein
such as found in type I CS proteins of P.vivax and/or
as found in type II proteins of P.vivax. Alternatively
the CSV protein may be a hybrid protein or chimeric
protein comprising elements from said type I and II CS
proteins. When the latter is fused to S antigen this
will be referred to herein as a hybrid fusion
protein.CSV-S is used herein as a generic term to
cover fusion proteins comprising a sequence/fragment
form the CS protein of P. vivax and a
sequence/fragment from the Santigen of Hepatitis B. P.
vivax with type I CS proteins is more prevalent than
P. vivax with type II CS proteins. Therefore in one
aspect the invention employs a CS protein from type I
. In an alternative aspect the invention provides a
hybrid protein comprising a repeat unit from type I
and a repeat unit from type II, for example wherein
more repeat units from type I are included in the
hybrid than repeat units of type II. The
hybrid/chimeric protein will generally comprise: at
least one repeat unit derived from the central repeat
section of a type I circumsporozoite protein of P.
vivax, and at least one repeat unit derived from the
central repeating section of a type II
circumsporozoite protein of P. vivax. Any suitable
strain of P. vivax may be employed in the invention
including: Latina, America (ie Sal 1, Belem), Korean,
China, Thailand, Indonesia, India, and Vietnam. The
construct in SEQ ID No 2 is based on a Korean strain
(more specifically a South Korean strain). It is
believed that the presence of the surface antigen from
Hepatitis B boosts the immunogenicity of the CS
protein portion, aids stability, and/or assists
reproducible manufacturing of the protein. In an
embodiment the hybrid fusion protein (CSV-S) has the
amino acid sequence shown in SEQ ID No. 5. In the
sequence amino acids 6 to 262 are derived from CSV and
269 to 494 are derived from S. The remaining amino
acids are introduced by genetic construction (which,
in particular may be varied as appropriate). The four
amino acids, Met, Met Ala Pro, are derived
specifically from plasmid pGFl-S2 (see Fig. 4) The
nucleotide sequence for protein of SEQ ID No 5 is
given in SEQ ID No 4. In one embodiment the particle
according to the invention is provided in a liquid
formulation comprising an antioxidant, for example an
antioxidant containing an thiol functional group, for
example monothioglycerol, N-acetyl cysteine, cysteine,
glutathione or mixtures thereof. The liquid
formulation may be provided as one or two doses for
reconstitution with an appropriate adjuvant. The
formulation may be provided in, for example a glass
vial such as 3mL glass vial as appropriate. In one
aspect the vial is amber. In an alternative or
additional aspect oxygen is excluded from the
formulation. In one embodiment the particle according
to the invention may be provided in a lyophilized
form, optionally in association/combination with a
suitable antioxidant for example an antioxidant
containing an thiol functional group, such as
monothioglycerol, N-acetyl cysteine, cysteine,
glutathione or mixtures thereof.In an alternative
aspect the hybrid fusion proteins of the invention
comprise a portion derived from a mutant S protein,
for example as described in published US application
No. 2006/194196 (also published as WO 2004/1 13369).
This document describes a mutant labeled HDB05. In
particular it describes comparisons of the mutant and
wild type proteins in Figures 1 and 6 and genes for
the mutant in figures 4 and 5. Sequences 12 to 22
therein describe particular polypeptides of the mutant
S protein. Each of the above is incorporated herein by
reference. The fusion protein CSV-S may for example be
prepared employing the plasmid pGFl-S2 (see Fig. 2 and
the examples for further details), which when the
appropriate sequence corresponding to CSV is inserted
at the Smal cloning site can under suitable conditions
produce the fusion protein CSV-S. The vector pRIT15546
is a yeast episomal expression vector (2m-based
vector) carrying the CSV-S expression cassette. The
recombinant expression is driven by a promoter derived
from the yeast TDH3 gene (constitutive expression).
The construction of 



pRIT 15546 vector is detailed below. Construction of
pRIT 15546 vector. A CSV synthetic gene, with an
appropriate codon usage for yeast expression was
constructed and sub-cloned into pUC57 vector
(GenBank/EMBL accession number Y14837). The resulting
plasmid pUC57/CSV and the yeast expression vector
pGfl-S2 were both restricted with the appropriate
enzyme. The vector pGfl-S2 was constructed (at GSK) by
a multistep cloning procedure. This vector, which
already carries an S expression cassette, allows the
construction of fusion genes, as N-terminal in-frame
fusion with the S gene of Hepatitis B virus. The final
expression vector, after sequence verification, was
named pRIT15546 (Fig 8). The DNA sequences encoding
the proteins of the present invention are, in one
embodiment flanked by transcriptional control
elements, for example derived from yeast genes and
incorporated into an expression vector. Saccharomyces
cerevisiae An expression cassette for hybrid proteins
of the invention may, for example, be constructed
comprising the following features:  A promoter
sequence, derived, for example, from the S.cerevisiae
TDH3 gene.  A sequences encoding for an appropriate
fusion protein.  A transcription termination sequence
contained within the sequence, derived, for example,
from the S. cerevisiae ARG3 gene. An example of a
suitable promoter is the promoter from the S.
cerevisiae TDH3 gene Musti et al. A suitable plasmid
can then be employed to insert the sequence encoding
for the hybrid fusion protein into a suitable host for
synthesis. An example of a suitable plasmid ispRIT
15546 a 2 micron-based vector for carrying a suitable
expression cassette, see Fig 1 and Examples for
further details. The plasmid will generally contain an
in-built marker to assist selection, for example a
gene encoding for antibiotic resistance or LEU2 or HIS
auxotrophy. As discussed above use of Saccharomyces
cerevisiae with a cassette encoding CSV-S and at least
one cassette encoding for S antigen from Hepatitis B
may be employed to provide particles according to the
invention. Generally the host will have an expression
cassette for each fusion protein in the particle and
will also have one or more expression cassettes for
the S antigen integrated in its genome. In one
embodiment the yeast has 1, 2, 3, 4, 5 or 6 such as 4
or 5 copies of S antigen integrated. Thus the
invention also extends to a host comprising a
polynucleotide such as DNA encoding for two or more
components of a particle according to the present
invention. The invention extends to a Saccharomyces
cerevisiae comprising a cassette encoding for CSV-S
and at least one cassette encoding S antigen. The
nucleotide sequences or part thereof (such as the
portion encoding the CS/hybrid protein but optionally
not the portion encoding protein S) employed herein
may be codon-optimized for expression in a host, such
as yeast. The invention also extends to use of
Saccharomyces cerevisiae particularly Yl 835 to
prepare particles according to the invention. A
further aspect of the present invention provides a
process for the preparation of particles of the
invention, which process comprises expressing DNA
sequence encoding the protein, in Saccharomyces
cerevisiae, for example recombinant yeast Yl 835, and
optionally the further step of recovering the product.
The invention also extends to products obtainable from
the process of expressing DNA encoding CSV-S,
particularly a hybrid fusion protein as described
herein, and DNA encoding S antigen from Hepatitis B in
a yeast such as Saccharomyces cerevisiae.
Pichiapastoris An expression cassette for hybrid
proteins of the invention may, for example, be
constructed comprising the following features:  A
promoter sequence, derived, for example, from the
P.pastoris AOXl gene. 



A sequences encoding for an appropriate fusion
protein.  A transcription termination sequence
contained within the sequence, derived, for example,
from the P.pastoris AOXl gene regulatory elements.An
example of a suitable promoter is the promoter from
the P.pastoris AOXl gene. The AOX promoter is a very
strong and tightly regulated promoter that usually
provides high yields of recombinant protein. Generally
10 fold higher yields than yields in Saccharomyces
cerevisiae are obtained when this promoter is employed
to prepare particles of the invention. An alternative
promoter that may be employed with P. pastoris is a
GAP promoter. A suitable plasmid can then be employed
to insert the sequence encoding for the hybrid fusion
protein into a suitable host for synthesis. An example
of a suitable plasmid is pRIT 15546 a 2 micron-based
vector for carrying a suitable expression cassette.
The plasmid will generally contain an in-built marker
to assist selection, for example a gene encoding for
antibiotic resistance or LEU2 or HIS auxotrophy. As
discussed above use of Pichia pastoris with a cassette
encoding CSV-S and at least one cassette encoding for
S antigen from Hepatitis B may be employed to provide
particles according to the invention. Generally the
host will have an expression cassette for each fusion
protein in the particle and will also have one or more
expression cassettes for the S antigen integrated in
its genome. In one embodiment the yeast has 1, 2, 3,
4, 5 or 6, such 4 or 5 copies of S antigen integrated.
The invention also extends to a host comprising a
polynucleotide such as DNA encoding for two or more
components of a particle according to the present
invention. The invention extends to a Pichia pastoris
comprising a cassette encoding for CSV-S and at least
one cassette encoding S antigen. The nucleotide
sequences or part thereof (such as the portion
encoding the CS/hybrid protein but optionally not the
portion encoding protein S) employed herein may be
codon-optimized for expression in a host, such as
yeast. The invention also extends to use of Pichia
pastoris particularly Yl 847 to prepare particles
according to the invention. A further aspect of the
present invention is to provide a process for the
preparation of particles of the invention, which
process comprises expressing DNA sequence encoding the
protein, in Pichia pastoris, for example recombinant
yeast Yl 847, and recovering the product. The
invention also extends to processes of purifying the
particles according to the invention comprising
precipitation steps, ion exchange and gel permeation
chromatography, and caesium chloride
ultracentrifugation.The present invention also relates
to composition or vaccines comprising a protein
particle according to the invention for use in
combination with a further active ingredient,
particularly for the treatment or prevention of
malaria, such as in admixture with the same. The
present invention also relates to compositions or
components for use in a vaccine which comprise the
particles herein and also to vaccines comprising a
protein particle according to the invention in
admixture with a suitable excipient. Component for a
vaccine as used herein relates to an entity comprising
the particles of the invention and at least one
excipient and suitable for inclusion into a vaccine. A
component for a vaccine will generally not include
adjuvant components. Vaccine in the context of the
present specification relates to a formulation
comprising a particle and stabilizing agent,
excipients and all adjuvant components, wherein the
formulation is suitable for injection into a human.
Formulations In the context of this specification
excipient, refers to a component in a pharmaceutical
formulation with no therapeutic effect in its own
right. A diluent or liquid carrier falls within the
definition of an excipient. An adjuvant also falls
within the definition of an excipient because whilst
adjuvants are capable of stimulating an immune
response, in the absence of a therapeutic component
the immune response is non-specific. 



Immunogenic in the context of this specification is
intended to refer to the ability to elicit a specific
immune response to the malaria component or S antigen
component. This response may, for example be when the
lipoprotein particle is administered at an appropriate
dose and in an appropriate formulation which may
include/require a suitable adjuvant. A booster
comprising a dose similar or less than the original
dose may be required to obtain the required
immunogenic response. The composition/pharmaceutical
formulations according to the invention may also
include in admixture one or more further antigens such
as those derived from P. falciparium and/or P. vivax,
for example wherein the antigen is selected from DBP
such as Pv RII the receptor binding domain of DBP,
PvTRAP, PvMSP2, PvMSP4, PvMSP5, PvMSPb, PvMSP7,
PvMSP8, PvMSP9, PvAMAl and RBP or fragment thereof.
Other example, antigens derived from Pfalciparum
include ,PfEMP-I, Pfs 16 antigen, MSP-I, MSP-3, LSA-I,
LSA-3, AMA-I and TRAP. Other Plasmodium antigens
include P.falciparum EBA, GLURP, RAPl, RAP2,
Sequestrin, PO32, STARP, SALSA, PfEXPl, Pfs25, Pfs28,
PFS27/25, Pfs48/45, Pfs230 and their analogues in
other Plasmodium spp. The compositions/pharmaceutical
formulations according to the invention may also
comprise particles of RTS, S (as described in WO
93/10152) in admixture with the particles according to
the invention.In a vaccine of the invention, an
aqueous solution of the particle may be used directly.
Alternatively, the particle with or without prior
lyophilisation can be mixed or absorbed with any of
the known adjuvants. Adjuvants In an embodiment the
adjuvant is a Toll like receptor (TLR) 4 ligand, for
example an agonist such as a lipid A derivative
particularly monophosphoryl lipid A or more
particularly 3-deacylated monophoshoryl lipid A (3D -
MPL). 3-Deacylated monophosphoryl lipid A is known
from US patent No. 4,912,094 and UK patent application
No. 2,220,21 1 (Ribi) and is available from Ribi
Immunochem, Montana, USA and old under the trademark
MPL(r) by Corixa corporation. 3D-MPL primarily
promotes CD4+ T cell responses with an IFN-g (ThI)
phenotype. It can be produced according to the methods
disclosed in GB 2 220 2 11A. Chemically it is a
mixture of 3-deacylated monophosphoryl lipid A with 3,
4, 5 or 6 acylated chains. Suitably in the
compositions of the present invention small particle
3D- MPL may be used. Small particle 3D-MPL has a
particle size such that it may be sterile-filtered
through a 0.22mm filter. Such preparations are
described in WO 94/21292. Synthetic derivatives of
lipid A are known and thought to be TLR 4 agonists.
Another immunostimulant for use in formulations of the
present invention is Quil A and its derivatives. Quil
A is a saponin preparation isolated from the South
American tree Quilaja Saponaria Molina and was first
described as having adjuvant activity by Dalsgaard et
al. in 1974 ("Saponin adjuvants", Archiv. fur die
gesamte Virusforschung, Vol. 44, Springer Verlag,
Berlin, p243-254). Purified fragments of Quil A have
been isolated by HPLC which retain adjuvant activity
without the toxicity associated with Quil A (EP 0 362
278), for example QS7 and QS21 (also known as QA7 and
QA21). QS-21 is a natural saponin derived from the
bark of Quillaja saponaria Molina which induces CD8+
cytotoxic T cells (CTLs), ThI cells and a predominant
IgG2a antibody response. Particular formulations of
QS21 have been described which further comprise a
sterol (WO 96/33739). The ratio of QS21: sterol will
typically be in the order of 1:100 to 1 : 1 weight to
weight. Generally an excess of sterol is present, the
ratio of QS21 : sterol being at least 1 : 2 w/w.
Typically for human administration QS21 and sterol
will be present in a vaccine in the range of about 1
mg to about 100 mg, such as about 10 mg to about 50 mg
per dose. Liposomes generally contain a neutral lipid,
for example phosphatidylcholine, which is usually
non-crystalline at room temperature, for example
eggyolk phosphatidylcholine, dioleoyl
phosphatidylcholine or dilauryl phosphatidylcholine.
Liposomes may also contain a charged lipid which when
QS21 is present may increase the stability of
lipsome-QS21 structures for liposomes composed of
saturated lipids. In these cases the 



amount of charged lipid is often 1-20% w/w, such as
5-10%. The ratio of sterol to phospholipid is 1-50%
(mol/mol), such as 20-25%.The saponins may be separate
in the form of micelles, mixed micelles (generally,
but not exclusively with bile salts) or may be in the
form of ISCOM matrices (EP 0 109 942), liposomes or
related colloidal structures such as worm-like or
ring-like multimeric complexes or lipidic/layered
structures and lamellae when formulated with
cholesterol and lipid, or in the form of an oil in
water emulsion (for example as in WO 95/17210). In one
aspect the adjuvant comprises 3D-MPL. In one aspect
the adjuvant comprises QS21. In one aspect the
adjuvant comprises CpG. In one aspect the adjuvant is
formulated as an oil in water emulsion. In one aspect
the adjuvant is formulated as liposomes. Adjuvants
combinations include 3D-MPL and QS21 (EP 0 671 948
Bl), oil in water emulsions comprising 3D-MPL and QS21
(WO 95/17210, WO 98/56414), 3D-MPL formulated with
other carriers (EP 0 689 454 Bl) or 3D-MPL and QS21 in
a liposomal formulation. Other suitable adjuvant
systems comprise a combination of 3D-MPL, QS21 and a
CpG oligonucleotide as described in US 6558670 and US
6544518. In one embodiment of the present invention
provides:  a pharmaceutical composition, for example
as a bulk composition or as individual doses such as
one or two doses in the same container, or  a vaccine
composition, comprising a particle as defined herein
and wherein the vaccine composition further comprises
an adjuvant. In one aspect the invention provides a
composition comprising:  a particle according to the
invention, for example in a quantity to correspond 10
to 100 mg per dose,  an alkali metal salt, for example
sodium chloride in the range to correspond to 1 to
lOmg per dose,  a phospholipids such as DOPC, for
example in a quantity to correspond to the range 100
to 1000 mg per dose, and  optionally cholesterol, for
example in a quantity to correspond to the range 10 to
250 mg per dose. In one aspect the composition further
comprises an antioxidant, for example an antioxidant
with a thiol functional group such as
monothioglycerol, N-acetyl cysteine, cysteine,
glutathione or mixtures thereof. In one aspect each
dose or bidose is lyophilized. A single dose of a
vaccine may be provided to a patient in 500mL of
fluid. A vaccine may require making up to final volume
with water for injection before use.Vaccine
preparation is generally described in New Trends and
Developments in Vaccines, edited by Voller et al.,
University Park Press, Baltimore, Maryland, U.S.A.,
1978. Encapsulation within liposomes is described, for
example, by Fullerton, U.S. Patent 4,235,877.
Quantities The amount of the protein particles of the
invention present in each vaccine dose is selected as
an amount which induces an appropriate immune response
or a immunoprotective response without significant,
adverse side effects in typical vaccines. Such amount
will vary depending upon which specific immunogen is
employed and whether or not the vaccine is adjuvanted.
Generally, it is expected that each does will comprise
l-1000 mg of protein, for example 1-200 mg such as
10-100mg. An optimal amount for a particular vaccine
can be ascertained by standard studies involving
observation of antibody titres and other responses in
subjects. Following an initial vaccination, subjects
may receive a boost in about 4 weeks, followed by for
example repeated boosts every six months to twelve
months for as long as a risk of infection exists. The
immune response to the particles of this invention is
thought to be enhanced by the use of adjuvant and or
an immunostimulant. The amount of 3D-MPL used is
generally small, but depending on the vaccine
formulation may be in the region of l-1000 mg per
dose, for example l-500 mg per dose, 



and such as between 1 to lOOmg per dose, in particular
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, or 90 mg per dose. The amount of CpG or
immunostimulatory oligonucleotides in the adjuvants or
vaccines of the present invention is generally small,
but depending on the vaccine formulation may be in the
region of l-1000 mg per dose, such as l-500 mg per
dose. The amount of saponin for use in the adjuvants
of the present invention may be in the region of
l-1000 mg per dose, particularly l-500 mg per dose,
for example l-250 mg per dose, and such as in the
range 1 to lOOmg per dose in particular 10, 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, or
90 mg per dose The formulations of the present
invention may be used for both prophylactic and/or
therapeutic, particularly prophylactic purposes.
Accordingly the invention provides a vaccine
composition as described herein for use in medicine,
for example, for the treatment and/or prophylaxis of
malaria, including severe malaria. A further aspect of
the invention lies in a method of treating a patient
susceptible to Plasmodium infections by administering
an effective amount of a pharmaceutical composition or
vaccine as hereinbefore described. In the context of
this specification comprising is to be interpreted as
including. Aspects of the invention comprising a
certain element are also intended to extend to
separate embodiments consisting or consisting
essentially of the relevant elements.The background
section of the present specification is provided for
the purpose of putting the invention in context. It is
NOT to be taken as an admission that the relevant
information is known or that the relevant information
constitutes common general knowledge. The examples
below are shown to illustrate the methodology, which
may be employed to prepare particles of the invention.
The examples may or may not form an aspect of the
invention. EXAMPLES Example 1 Description of strain Yl
834 The yeast recombinant strain Yl 834 may be used to
express the fusion protein. It consists of the
Saccharomyces cerevisiae host strain DC5 transformed
with the recombinant expression vector pRIT 15546. DC5
is a laboratory yeast strain (ATCC No: 20820) with the
following genotype: leu2-3, Ieu2-1 12, his3, canl-1 1.
The double leu-2 mutation permits selection for the
uptake and maintenance of the pRIT15546 vector which
carries a functional LEU-2 gene copy. Only those cells
carrying a vector with a LEU-2 gene can grow when
leucine is absent from the growth medium. The vector
pRIT15546 is a yeast episomal expression vector
(2m-based vector) carrying the expression cassette.
The recombinant expression is driven by a promoter
derived from the yeast TDH3 gene (constitutive
expression). The construction of pRIT15546 vector is
detailed below. Construction of pRIT 15546 vector. A
synthetic gene, with an appropriate codon usage for
yeast expression is constructed and sub-cloned into
pUC57 vector. The resulting plasmid pUC57/CSV and the
yeast expression vector pGfl-S2 are both restricted
with the appropriate enzyme. The vector pGfl-S2 was
constructed (at GSK) by a multistep cloning procedure.
This vector, which already carries an S expression
cassette, allows the construction of fusion genes, as
N-terminal in-frame fusion with the S gene of
Hepatitis B virus. The final expression vector, after
sequence verification, was named pRIT15546 (Fig 1)
Transformation of strain DC5. The leu- and
his-auxotrophic DC5 strain is transformed with the
recombinant plasmid pRIT 15546, by using yeast
standard protocol. Transformed cells wereplated on
agar selective plates. One transformant was selected
and received the official designation Yl 834.
Expression of the recombinant protein : Yl 834 is
grown, at 300C, in YNB (Yeast Nitrogen Base available
from Kracker 



Scientific Inc) minimal medium supplemented with
8mg/ml histidine to an O.D.(620nm) of 0.5. Then cells
are harvested and cellular extracts are prepared.
Extract preparation : Cells are resuspended in
Breaking Buffer and mechanically disrupted (glass
beads). Extract is centrifuged for 15 minutes at 5000
rpm. Supernatant fraction is run on SDS - PAGE 4-20%.
Breaking Buffer: 5OmM phosphate Na buffer(PH:7.5)
4mMEDTA Tween-20 0.5% + proteases inhibitor cocktail
(Complete/ ROCHE) Cell concentration: 100 ml culture
(OD:0.5) in 5 ml breaking buffer = concentration of 10
OD unit /ml. Crude extract clarification: extract
centrifuged 15 minutes/5000 rpm Detection of
recombinant protein Clarified extracts are run on
SDS-PAGE 4-20%, proteins transferred to nitrocellulose
membrane and subjected to immunostaining Western blot
analysis: Reagent = Mouse monoclonal antibody anti-S
(prepared by GSK Biologicals)- (dilution: 1/500)
Anti-S antibodies which are commercially available may
be substituted for those employed in this method.
Alternatively anti- CSV antibodies may be employed,
for example those known as MR4 available from NIH.
Example 2 : Description of strain Yl 835 The yeast
recombinant strain Yl 835 simultaneously expresses the
CSV-S fusion protein and the S antigen. To obtain a
strain co-expressing CSV-S and S proteins, the
Saccharomyces cerevisiae strain Y1295, which already
carries five integrated copies of S expression
cassettes, was transformed with the recombinant
integrative expression vector pRIT15582 (Fig 3). The
strain Y1295 was constructed at GSK by a multistep
transformation procedure. The construction of Y1295
strain is described in WO 93/10152. Strain Y1295 has
the following genotype: leu2-3, Ieu2-1 12, gall. The
leu-2 mutation permits selection for theuptake of
pRIT15582-derived linear DNA fragment which carries
the CSV-S cassette and the functional LEU2 gene. The
vector pRIT15582 is a yeast integrative expression
vector (Ty-based vector) carrying the CSV-S expression
cassette. The recombinant expression is driven by a
promoter derived from the yeast TDH3 gene
(constitutive expression). The construction of pRIT
15582 vector is detailed below. Construction of
pRIT15582 integrative vector. The starting material
used to construct pRIT15582 vector was the expression
plasmid pRIT15546 (Figl). The construction of this
plasmid is described in example 1. Digestion of pRIT
15546 with HindIII endonuclease liberates a 3706 bp
long DNA fragment corresponding to the complete CSV-S
expression cassette (pTDH3 + CSV-S + tARG3).This
HindIII DNA fragment (after filling with T4 DNA
polymerase) was inserted on the Ty-based integrative
vector pRITl 3144 at the unique Sail cloning site
(Sail restricted/T4 treated).The resulting plasmid
pRIT15582 contains, in addition to the expression
cassette, the yeast LEU2 gene as selective marker (Fig
3). Digestion of pRIT15582 with Xhol endonuclease
liberates a 8500 bp linear fragment shown in figure 4
which can be integrated into the yeast genome by
homologous recombination of the free ends with
resident Ty elements. Transformation of strain Y1295.
To obtain a strain expressing both S and CSV-S
proteins, strain Y1295 was transformed with the 8500bp
linear Xhol fragment (Fig 4) with selection for Leu+
colonies. Several integrants containing sets of both
expression cassettes present in the genome at various
ratio were obtained. One transformant carrying four
copies of CSV-S cassettes was 



selected and given the official designation Y1835.
Expression of the recombinant protein : Yl 835 is
grown, at 300C, in YNB (Yeast Nitrogen Base available
from Kracker Scientific Inc) minimal medium to an O.D
(620nm) of about 0.5 (0.8). Then cells are harvested
and cellular extracts are prepared. Analysis of
expression products by immunob lotting: Extract
preparation: Cells are re-suspended in Breaking Buffer
and mechanically disrupted (glass beads). Extract is
centrifuged for 5-10 minutes at 5000 rpm. Supernatant
fraction is run on SDS - PAGE 12.5%. Breaking Buffer:
5OmM phosphate Na buffer (PH:7.5) 4mMEDTA Tween-20
0.5% + proteases inhibitor cocktail (Complete/ ROCHE)
Cell concentration: 100 ml culture (OD:0.5) in 2.5 ml
breaking buffer = concentration of 20 OD unit/ml.Crude
extract clarification: extract centrifuged 5-10
minutes/5000 rpm Detection of recombinant protein
Clarified extracts are run on SDS-PAGE 12.5%, proteins
transferred to nitrocellulose membrane and subjected
to immunostaining Western blot analysis (Fig 5):
Reagents : 1/Mouse monoclonal antibody anti-S
(prepared by GSK Biologicals)- (dilution: 1/250) 2/
Rabbit polyclonal antibody anti-CSV (kindly provided
by WRAIR)-dilution 1/20,000. Anti-S antibodies as well
as anti-P.vzVax/CSP antibodies which are commercially
available may be substituted for those employed in
this method. Example 3 : The following antigens were
evaluated: 1. CSV-S S: mixed particles made in
Saccharomyces cerevisiae and composed of a CSV
construct (i.e. a hybrid CSV molecule addressing the
polymorphism in the repeat region and including the N-
& C- terminal parts of the CSV protein. In addition,
it contains known T & B epitopes) fused to the S
antigen from the hepatitis B virus (CSV-S). In
addition, there are free S antigens in these
particles. 2. CSV-S: simple particles were uniquely
composed of the CSV-S construct described above. The
immunogenicity of these vaccine candidates
reconstituted in ASOlB was evaluated in mice.
Experiments were performed as detailed below. Mice
were injected with:  simple particles (CSV-S) and
lipomal adjuvant formulation comprising QS21 & MPL at
0 days, 14 days and 28 days, or  mixed particles
(CSV-S S) and lipomal adjuvant formulation comprising
QS21 & MPL at 0 days, 14 days and 28 days. The
entities were tested at the following doses:These
quantities were calculated to provide a corresponding
amount of CSV. The antibody responses were measures 14
days after the second immunisation (14pII) and 14 days
post third immunisation (14pIII). The following
read-outs were performed: Antibody response (ELISA
performed on the sera from each individual animals
from each group): - measured at 2 timepoints: 14pII &
14pIII - 2 serologies measured: a) antibody response
against CSV b) antibody response against HBs - At each
timepoint, the data was collected from 4 pools of
either 4 to 5 mice each. The results are shown in
figures 7 to 16. Figure 7 shows that the same level of
antibody response is generated to the CSV 



element for all doses of mixed particles CSV-S S. Fig
8 shows that the immune responses to S antigen in the
mixed particle (CSV-S S) are greater than the
responses generated to simple particles (CSV-S).
Figure 9 shows that 14 days post the second
immunisation the same level of antibody response to
the CSV element is generated for the three doses of
CSV-S S tested. The same trend is observed in Figure
10, which shows results at 14 days post third
injection. Example 4 : Description of strain Yl 840
The Pichia pastoris strain Y1840 expresses the CSV-S
fusion protein. Strain Y1840 contains four copies of
the CSV-S fusion gene, integrated in the genome. To
obtain a strain expressing the CSV-S fusion protein,
the Pichia pastoris strain GSl 15 was transformed with
an integrative linear DNA fragment which carries the
CSV-S cassette and the functional HIS4 gene. GSl 15 is
a laboratory yeast strain (ATCC No: 20864) with the
following genotype: his4. The his4 mutation permits
selection for the uptake of the pRIT15607-derived
linear DNA fragment which carries the CSV-S cassette
and the functional HIS4 gene. The vector pRIT15607 is
a Pichia pastoris integrative expression vector
carrying the CSV-S expression cassette. The
recombinant expression is driven by the strong,
tightly regulated methanol inducible AOXl promoter.
The construction of pRIT15607 vector is detailed
below. Construction of pRIT 15607 vector.The CSV-S
fusion gene, present on pRIT15546, was amplified by
PCR and cloned into the pGEM-T Easy intermediate
vector (Promega, cat N: # A1360).After sequence
verification the recombinant plasmid was digested with
the appropriate restriction enzymes and cloned into
the pHIL-D2 Pichia pastoris integrative vector. The
final expression vector, after sequence verification,
was named pRIT15607 (Fig 18). Digestion of pRIT15607
with Notl endonuclease liberates a 6816 bp linear
fragment which can be integrated into the yeast genome
by homologous recombination at the resident AOXl
locus. Transformation of strain GS115. The GSl 15 host
strain was transformed with the recombinant plasmid
pRIT15607. Prior to transformation the integrative
vector was restricted with Notl in order to release a
linear DNA fragment carrying the expression cassette
and the HIS4 selective marker. Notl restriction will
favor integration at the AOXl locus. Transformed cells
were plated on agar selective plates. Multicopy
integrant clones were selected by quantitative dot
blot analysis. Among the clones selected has having a
high copy number of integrated CSV-S expression
cassettes, one of them showing the highest expression
level for CSV-S recombinant protein was selected and
given the official designation Yl 840. This clone
carries four copies of the CSV-S fusion gene.
Expression of the recombinant protein : Yl 840 is
grown, at 300C, in YNB (Yeast Nitrogen Base available
from Kracker Scientific Inc) minimal medium
supplemented with 1% glycerol as a carbon source to an
O.D. (620nm) of about 0.5 (0.709 in this case). Then
cells are harvested and resuspended in the same volume
of YNB medium supplemented with 1% methanol as a
carbon source (as inducer) and incubated at 300C for
about 16 hours. Extract preparation : Methanol induced
cells are centrifuged, cell pellets resuspended in
Breaking Buffer and mechanically disrupted (glass
beads or French press). Extract is centrifuged for
5-10 minutes at 5000 rpm. Supernatant fraction is run
on SDS - PAGE 12.5%. Breaking Buffer: 6OmM Na2HPO4
4OmM NaH2PO4 ImM MgSO4 10Mm KCl Tween-20 0.5% 2Mm PMSF



Cell concentration: 100 ml culture (OD:0.5) in 2.5 ml
breaking buffer = concentration of 20 OD unit /ml.
Crude extract clarification: extract centrifuged 5-10
minutes/5000 rpm Detection of recombinant protein
Clarified extracts are run on SDS-PAGE 12.5 %,
proteins transferred to nitrocellulose membrane and
subjected to immunostaining. See Figure 23.Western
blot analysis: Reagent = Mouse monoclonal antibody
anti-S (prepared by GSK Biologicals)- (dilution:
1/250) Anti-S antibodies which are commercially
available may be substituted for those employed in
this method. Alternatively anti- CSV antibodies may be
employed, for example those known as MR4 available
from NIH. CSV-S fusion protein: MW theoretical: 51762
Daltons MW apparent: 55 kDa Example 5: Description of
strain Y1847 The Pichia pastoris strain Yl 847
simultaneously expresses the CSV-S fusion protein and
the S antigen. To obtain a strain co-expressing CSV-S
and S proteins, the Pichia pastoris strain Yl 840,
which already carries four integrated copies of CSV-S
expression cassettes, was transformed with the
recombinant integrative expression vector pRIT 15478.
Construction of strain Y1840 is described above in
Example 4 The vector pRIT 15478 is the pPICZ-A
(Invitrogen, cat No. V190-20) integrative expression
vector carrying the S expression cassette. The
recombinant expression is driven by the methanol
inducible AOXl promoter. The construction of pRIT
15478 vector is detailed below. Construction of
pRIT15478 integrative vector. The S gene was amplified
by PCR using pRIT 15469 recombinant plasmid as
template (this plasmid carries the S gene from
hepatitis B). The upstream primer (5'
GTAACCGGAATTCAATGGAGAACATCACATCAG 3') contains the
recognition sequence for EcoRI (underlined) in front
of the ATG start codon (in bold). The downstream
primer (5'GAAGCTCCGCTCGAGTTAAATGTAT ACCCAGAGAC 3')
contains the recognition sequence for Xhol
(underlined) just after the terminal codon (in bold).
After digestion with EcoRI and Xhol restriction
enzymes, the PCR product was directly inserted into
the pPICZ-A vector, between EcoRI and Xhol cloning
sites. After verification of the nucleotide sequences
of the insert the recombinant plasmid was named pRIT
15478. The physical map of pRIT 15478 is illustrated
in Figure 18. Transformation of strain Yl 840. Prior
to transformation, pRIT 15478 vector was linearized
within the 5' AOXl region by restriction with Sad The
linearized vector will integrate by gene insertion
into the host 5' AOXl region. Competent cells of
P.pastoris strain Y1840 were transformed by
electroporation with 10 mg of pRIT 15478 vector,
according to Invitrogen' s instruction manual.
Transformants were plated on agar selective plates
containing lOOmg/ml Zeocin. Multicopy integrant clones
were selected by quantitative dot blot analysis.One
transformant carrying, in addition of the four CSV-S
cassettes already present, five copies of S cassettes
was selected and given the official designation Y1847.
Expression of the recombinant protein : Yl 847 is
grown, at 300C, in YNB (Yeast Nitrogen Base available
from Kracker Scientific Inc) minimal medium
supplemented with 1% glycerol to an O.D.(620nm) of
0.5. Then cells are harvested and resuspended in the
same volume of YNB medium supplemented with 1%
methanol (as inducer) and incubated at 300C for 16
hours. cellular extracts are prepared. 



Analysis of expression products by immunob lotting:
Extract preparation: Cells are re-suspended in
Breaking Buffer and mechanically disrupted (glass
beads). Extract is centrifuged for 15 minutes at 5000
rpm. Supernatant fraction is run on SDS - PAGE 12.5%.
Breaking Buffer: 5OmM phosphate Na buffer(PH:7.5)
4mMEDTA Tween-20 0.5% + proteases inhibitor cocktail
(Complete/ ROCHE) Cell concentration: 100 ml culture
(OD:0.5) in 2.5 ml breaking buffer = concentration of
20 OD unit /ml. Crude extract clarification: extract
centrifuged 15 minutes/5000 rpm Detection of
recombinant protein Clarified extracts are run on
SDS-PAGE 12.5%, proteins transferred to nitrocellulose
membrane and subjected to immunostaining Western blot
analysis: Reagents : Mouse monoclonal antibody anti-S
(prepared by GSK Biologicals)- (dilution: 1/500)
Anti-S antibodies which are commercially available may
be substituted for those employed in this method.
Alternatively anti- CSV antibodies maybe employed.
CsCl density gradient centrigugation : The formation
of particles in strain Y1847 was analyzed by CsCl
density gradient centrifugation. Crude extracts (~20mg
of total protein) was analyzed on a 12ml 1.5 M CsCl
gradient (88 hours at 40.000 rpm, +8C in a Beckman
70.1 Ti rotor). Fractions (~0.6ml) were collected and
analyzed by immunoblot using an anti-S antibody. As
shown in Figure 22 western blots CSV-S and S peaks
appear at the same fractions (No. 10) of the gradient
corresponding to a buoyant density of 1.22 g/cm3. The
double (mixed_ particle formation is supported by
gradient analysis.Reference (1) Harford N, Cabezon T,
Colau B, et al., "Construction and Characterization of
a Saccharomyces Cerevisiae Strain (RIT4376) Expressing
Hepatitis B Surface Antigen", Postgrad Med J 63, Supp.
2 : 65-70, 1987. (2) Jacobs E, Rutgers T, Voet P, et
al., "Simultaneous Synthesis and Assembly of Various
Hepatitis B Surface Proteins in Saccharomyces
cerevisiae", Gene 80: 279-291, 1989. (3) Vieira J and
Messing J, "The pUC plasmids, an M13mp7-Derived System
for Insertion Mutagenesis and Sequencing with
Synthetic Universal Primers", *_Gene 19: 259-268,
1982. (4) Hinnen A, Hicks JB, and Fink GR,
"Transformation of Yeast", Proc Natl Acad S USA 75:
1929-1933, 1980. (5) Broach JR, Strathern JN, and
Hicks JB, "Transformation in Yeast Development of a
Hybrid Cloning Vector and Isolation of the CAN 1
Gene", Gene 8 : 121-133, 1979. (6) Zhang H, et al.,
"Double Stranded SDNA Sequencing as a Choice for DNA
Sequencing", Nucleic Acids Research 16: 1220, 1988.
(7) Dame JB, Williams JL. Mc Cutchan TF, et al.,
"Structure of the Gene Encoding the Immunodominant
Surface Antigen on the Sporozoites of the Human
Malaria Parasite Plasmodium falciparum", Science 225:
593-599, 1984. (8) Valenzuela P, Gray P, Quiroga M, et
al., "Nucleotide Sequences of the Gene Coding for the
Major Protein of Hepatitis B Virus Surface Antigen",
Nature 280: 815-819, 1979. (9) In SS, Kee-Hoyung L,
Young RK, et al., " comparison of Immunological
responses to Various Types of Circumsporozoite
Proteins of Plasmodium vivax in 



Malaria Patients of Korea", Microbiol. Immunol. 48(2):
119-123, 2004;Microbiol. Immunol. 2004; 48(2):
119-123. (10) Rathore D, Sacci JB, de Ia Vega P, et
al., ""Binding and Invasion of Liver Cells by
Plasmodium falciparum Sporozoites", J . Biol. Chem.
277(9): 7092-7098, 2002.Rathore et al., 2002, J .
Biol. Chem. 277, 7092-8SEQUENCE LISTING SEQ ID NO: 1
Pv-CS nucleotide sequence
Acacattgcggacataatgtagatttatctaaagctataaatttaaatggtgta
aacttc aataacgtagacgctagttcactcggggctgcg
cacgtaggtcagtctgctagcagggggcgcggtctcggggaaaacccagacgac
gaagaa ggtgatgctaaaaagaaaaaggacg
gtaaaaaagcggaaccaaaaaatccaagggaaaataaattaaaacagcccgggg
atcgcg cggatggtcaagcggcgggtaatggg
gcggggggtcaaccagcgggggatcgcgcggctggtcagccagcgggggatcgc
gcggct ggtcagccagcgggggatggtgc
ggctggccaaccagcgggggatcgcgcggatggtcagccagcgggggatcgcgc
ggatgg tcaaccagccggtgatcgcgcggct
ggccaagcggccggtaatggggcggggggtcaagcggccgcgaacggagcgggg
aaccag ccaggcggcggtaacgctgcga
ataaaaaagcggaagatgcgggtggtaacgcgggcggtaatgcgggcggccaag
gtcaga acaacgaaggggctaatgcaccaaa
cgaaaaatctgtcaaagaatatctcgataaagtccgcgctacagtagggacaga
atggac gccatgctctgtaacatgtggtgtcggggt
acgcgtgcgccgccgtgtcaatgcggctaacaaaaaaccagaagatctcacgtt
aaatga tctcgaaacggatgtctgcaca SEQ ID NO: 2 Amino acid
sequence of Pv-CS protein
THCGHNVDLSKAINLNGVNFNNVDASSLGAAHVGQSASRGRGLGEN
PDDEEGDAKKKKDGKKAEPKNPRENKLKQPGDRADGQAAGNGAGG
QPAGDRAAGQPAGDRAAGQPAGDGAAGQPAGDRADGQPAGDRADG
QPAGDRAAGQAAGNGAGGQAAANGAGNQPGGGNAANKKAEDAGG
NAGGNAGGQGQNNEGANAPNEKSVKEYLDKVRATVGTEWTPCSVT
CGVGVRVRRRVNAANKKPEDLTLNDLETDVCT |SEQ ID NO 3 | CSV
HYBRID GENE
ACCCATTGTGGTCACAATGTCGATTTGTCTAAGGCCATTAACTTGAACGGTGTT
AATTTC 6 0
AACAACGTCGATGCTTCTTCTTTAGGTGCCGCTCATGTTGGTCAATCTGCTTCA
AGAGGT 1 2 0
AGAGGTTTAGGTGAAAACCCAGACGACGAAGAAGGTGACGCTAAGAAGAAGAAG
GACGGT 1 8 0
AAGAAGGCCGAACCAAAGAACCCAAGAGAAAACAAGTTGAAACAACCAGGTGAC
AGAGCC 2 4 0
GACGGACAAGCAGCTGGTAATGGTGCTGGAGGTCAACCAGCTGGTGACAGAGCT
GCCGGT 3 0 0
CAGCCTGCTGGTGATAGAGCTGCTGGACAACCTGCTGGAGACGGTGCCGCCGGT
CAACCT 3 6 0
GCTGGTGATAGAGCAGACGGACAACCAGCTGGTGACCGTGCTGACGGACAGCCA
GCCGGC 4 2 0
GATAGGGCTGCAGGTCAAGCCGCTGGTAACGGTGCCGGTGGTCAAGCTGCTGCT
AACGGT 4 8 0
GCTGGTAACCAACCAGGTGGTGGTAACGCTGCCAACAAGAAAGCTGAAGACGCT
GGTGGT 5 4 0
AATGCTGGAGGTAATGCAGGTGGTCAGGGTCAAAACAACGAAGGTGCTAACGCT
CCAAAC 6 0 0
GAAAAGTCTGTTAAGGAATACTTAGATAAGGTTAGAGCTACTGTCGGTACTGAA
TGGACT 6 6 0
CCATGTTCTGTTACTTGTGGTGTCGGTGTTAGAGTTAGAAGAAGAGTTAACGCC
GCTAAC 7 2 0
AAGAAGCCAGAAGACTTGACTCTAAACGACTTGGAAACTGACGTTTGTACT 7
7 1SEQ ID No 4 CSV-S fusion Nucleotide sequence
ATGATGGCTCCCGGGACCCATTGTGGTCACAATGTCGATTTGTCTAAGGCCATT
AACTTG 60
AACGGTGTTAATTTCAACAACGTCGATGCTTCTTCTTTAGGTGCCGCTCATGTT
GGTCAA 120
TCTGCTTCAAGAGGTAGAGGTTTAGGTGAAAACCCAGACGACGAAGAAGGTGAC
GCTAAG 180
AAGAAGAAGGACGGTAAGAAGGCCGAACCAAAGAACCCAAGAGAAAACAAGTTG
AAACAA 240
CCAGGTGACAGAGCCGACGGACAAGCAGCTGGTAATGGTGCTGGAGGTCAACCA
GCTGGT 300 



GACAGAGCTGCCGGTCAGCCTGCTGGTGATAGAGCTGCTGGACAACCTGCTGGA
GACGGT 360
GCCGCCGGTCAACCTGCTGGTGATAGAGCAGACGGACAACCAGCTGGTGACCGT
GCTGAC 420
GGACAGCCAGCCGGCGATAGGGCTGCAGGTCAAGCCGCTGGTAACGGTGCCGGT
GGTCAA 480
GCTGCTGCTAACGGTGCTGGTAACCAACCAGGTGGTGGTAACGCTGCCAACAAG
AAAGCT 540
GAAGACGCTGGTGGTAATGCTGGAGGTAATGCAGGTGGTCAGGGTCAAAACAAC
GAAGGT 600
GCTAACGCTCCAAACGAAAAGTCTGTTAAGGAATACTTAGATAAGGTTAGAGCT
ACTGTC 660
GGTACTGAATGGACTCCATGTTCTGTTACTTGTGGTGTCGGTGTTAGAGTTAGA
AGAAGA 720
GTTAACGCCGCTAACAAGAAGCCAGAAGACTTGACTCTAAACGACTTGGAAACT
GACGTT 780
TGTACTCCCGGGCCTGTGACGAACATGGAGAACATCACATCAGGATTCCTAGGA
CCCCTG 840
CTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAG
AGTCTA 900
GACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTGGC
CAAAAT 960
TCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAATTTGTCCT
GGTTAT 102 0
CGCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTATGC
CTCATC 10 80
TTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAATT
CCAGGA 1140
TCAACAACAACCAATACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGC
AACTCT 1200
ATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTATT
CCCATC 12 60
CCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGGCCTCAGTCCGTTTC
TCTTGG 132 0
CTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTT
TGGCTT 1380
TCAGCTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCGTGAGT
CCCTTT 1440
ATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAA 14 85
SEQ ID No 5 Amino -Acid sequence
IMMAPGITHCGHNVDLSKAINLNGVNFNNVDAS
SLGAAHVGQSASRGRGLGENPDDEEGDAK 60
KKKDGKKAEPKNPRENKLKQPGDRADGQAAGNGAGGQPAGDRAAGQPAGDRAAG
QPAGDG 120
AAGQPAGDRADGQPAGDRADGQPAGDRAAGQAAGNGAGGQAAANGAGNQPGGGN
AANKKA 180
EDAGGNAGGNAGGQGQNNEGANAPNEKSVKEYLDKVRATVGTEWTPCSVTCGVG
VRVRRR 240 VNAANKKPEDLTLNDLETDVCT
IPGPVTN[MENITSGFLGPLLVLQAGFFLLTRILTIPQSL 300
DSWWTSLNFLGGSPVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFI
LLLCLI 360
FLLVLLDYQGMLPVCPLIPGSTTTNTGPCKTCTTPAQGNSMFPSCCCTKPTDGN
CTCIPI 420
PSSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLY
SIVSPF 480 IPLLPIFFCLWVYI 494 SEQ ID NO. 6&7
Nucelotide sequence of the RTS expression cassette and
predicted translation product of the RTS-HBsAg hybrid
protein. The translation product initiated from the
TDH3 ATG codon is shown below the DNA sequence.
AAGCTTACCAGTTCTCACACGGAACACCACTAATGGACACAAATTCGAAATACT
TTGACC
CTATTTTCGAGGACCTTGTCACCTTGAGCCCAAGAGAGCCAAGATTTAAATTTT
CCTATGACTTGATGCAAATTCCCAAAGCTAATAACATGCAAGACACGTACGGTC
AAGAAGACATAT
TTGACCTCTTAACTGGTTCAGACGCGACTGCCTCATCAGTAAGACCCGTTGAAA
AGAACT
TACCTGAAAAAAACGAATATATACTAGCGTTGAATGTTAGCGTCAACAACAAGA
AGTTTA
ATGACGCGGAGGCCAAGGCAAAAAGATTCCTTGATTACGTAAGGGAGTTAGAAT
CATTTT
GAATAAAAAACACGCTTTTTCAGTTCGAGTTTATCATTATCAATACTGCCATTT
CAAAGA
ATACGTAAATAATTAATAGTAGTGATTTTCCTAACTTTATTTAGTCAAAAATTA
GCCTTT
TAATTCTGCTGTAACCCGTACATGCCCAAAATAGGGGGCGGGTTACACAGAATA
TATAAC
ATCGTAGGTGTCTGGGTGAACAGTTTATCCCTGGCATCCACTAAATATAATGGA
GCTCGC
TTTTAAGCTGGCATCCAGAAAAAAAAAGAATCCCAGCACCAAAATATTGTTTTC
TTCACC
AACCATCAGTTCATAGGTCCATTCTCTTAGCGCAACTACAGAGAACAGGGGCAC
AAACAG
GCAAAAAACGGGCACAACCTCAATGGAGTGATGCAACCTGCCTGGAGTAAATGA
TGACAC
AAGGCAATTGACCCACGCATGTATCTATCTCATTTTCTTACACCTTCTATTACC
TTCTGC
TCTCTCTGATTTGGAAAAAGCTGAAAAAAAAGGTTGAAACCAGTTCCCTGAAAT
TATTCC
TTCTTAAACTTCTTAAATTCTACTTTTATAGTTAGTCTTTTTTTTAGTTTTAAA
ACACCA
AGAACTTAGTTTCGAATAAACACACATAAACAAACAAAATGATGGCTCCCGATC
CTAATG MetMetAlaProAspProAsnA
CAAATCCAAATGCAAACCCAAATGCAAACCCAAACGCAAACCCCAATGCAAATC
CTAATG
LaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnP
roAsnA 



CAAACCCCAATGCAAATCCTAATGCAAATCCTAATGCCAATCCAAATGCAAATC
CAAATG
LaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnP
roAsnA
CAAACCCAAACGCAAACCCCAATGCAAATCCTAATGCCAATCCAAATGCAAATC
CAAATG
LaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnP
roAsna
CAAACCCAAATGCAAACCCAAATGCAAACCCCAATGCAAATCCTAATAAAAACA
ATCAAG
LaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnLysAsnA
snGlnG
GTAATGGACAAGGTCACAATATGCCAAATGACCCAAACCGAAATGTAGATGAAA
ATGCTA
LyAsnGlyGlnGlyHisAsnMetProAsnAspProAsnAspProAsnArgAsnV
alAspGluAsnAlaA
ATGCCAACAATGCTGTAAAAAATAATAATAACGAAGAACCAAGTGATAAGCACA
TAGAAC
snAlaAsnAsnAlaValLysAsnAsnAsnAsnGluGluProSerAspLysHis
IIeGIuG
AATATTTAAAGAAAATAAAAAATTCTATTTCAACTGAATGGTCCCCATGTAGTG
TAACTT
LnTyrLeuLysLysIleLysAsnSerlleSerThrGluTrpSerProCysSerV
alThrC
GTGGAAATGGTATTCAAGTTAGAATAAAGCCTGGCTCTGCTAATAAACCTAAAG
ACGAAT
YsGlyAsnGlylleGlnValArglleLysProGlySerAlaAsnLysProLysA
spGluL
TAGATTATGAAAATGATATTGAAAAAAAAATTTGTAAAATGGAAAAGTGCTCGA
GTGTGT
euAspTyrGluAsnAspIleGluLysLysIleCysLysMetGluLysCysSerS
erValP
TTAATGTCGTAAATAGTCGACCTGTGACGAACATGGAGAACATCACATCAGGAT
TCCTAG
HeAsnValValAsnSerArgProValThrAsnMetGluAsnlleThrSerGlyP
heLeuGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCC
TCACAATACCGC
LyProLeuLeuValLeuGlnAlaGlyPhePheLeuLeuThrArglleLeuThrl
leProG
AGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGT
GTCTTG
LnSerLeuAspSerTrpTrpThrSerLeuAsnPheLeuGlyGlySerProValC
ysLeuG
GCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAA
TTTGTC
LyGlnAsnSerGlnSerProThrSerAsnHisSerProThrSerCysProProI
leCysP
CTGGTTATCGCTGGATGTGTCTGCGCGTTTTATCATATTCCTCTTCATCCTGCT
GCTAT
RoGlyTyrArgTrpMetCysLeuArgArgPhellellePheLeuPhelleLeuL
euLeuC
GCCTCATCTTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTC
CTCTAA
YsLeuIlePheLeuLeuValLeuLeuAspTyrGlnGlyMetLeuProValCysP
roLeuI
TTCCAGGATCAACAACAACCAATACGGGACCATGCAAAACCTGCACGACTCCTG
CTCAAG
LeProGlySerThrThrThrAsnThrGlyProCysLysThrCysThrThrProA
laGlnG
GCAACTCTATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCA
CCTGTA
LyAsnSerMetPheProSerCysCysCysThrLysProThrAspGlyAsnCysT
hrCysI
TTCCCATCCCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGGCCTCAG
TCCGTT
LeProIleProSerSerTrpAlaPheAlaLysTyrLeuTrpGluTrpAlaSerV
alArgP
TCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCC
CCACTG
HeSerTrpLeuSerLeuLeuValProPheValGlnTrpPheValGlyLeuSerP
roThrV
TTTGGCTTTCAGCTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCA
TCGTGA
AlTrpLeuSerAlalleTrpMetMetTrpTyrTrpGlyProSerLeuTyrSerl
leValS
GTCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAAC
GAATTC
ErProPhelleProLeuLeuProIlePhePheCysLeuTrpValTyrlle
CAAGCTGAAACAATTCAAAGGTTTTCAAATCAATCAAGAACTTGTCTCTGTGGC
TGATCC
AAACTACAAATTTATGCATTGTCTGCCAAGACATCAAGAAGAAGTTAGTGATGA
TGTCTT
TTATGGAGAGCATTCCATAGTCTTTGAAGAAGCAGAAAACAGATTATATGCAGC
TATGTC
TGCCATTGATATCTTTGTTAATAATAAAGGTAATTTCAAGGACTTGAAATAATC
CTTCTT
TCGTGTTCTTAATAACTAATATATAAATACAGATATAGATGCATGAATAATGAT
ATACAT
TGATTATTTTGCAATGTCAATTAAAAAAAAAAAATGTTAGTAAAACTATGTTAC
ATTCCA
AGCAAATAAAGCACTTGGTTAAACGAAATTAACGTTTTTAAGACAGCCAGACCG
CGGTCT
AAAAATTTAAATATACACTGCCAACAAATTCCTTCGAGTTGTCCAATTTCACCA
CTTTTA
TATTTTCATCAACTTCAGCAGATTCAACCTTCTCACATAGAACATTGGAATAAA
CAGCCT
TAACACCACTTTCAAGTTTGCACAGCGTAATATGAGGAATTTTGTTTTGACAAC
ACAACC
CTTTAATTTTCTCATTGTTTTCATCAATTATGCATCCATCTTTATCTTTAGACA
GTTCCA
CTACAATAGCAATAGTTTTTTCATCCCAACATAGTTTTTCGAGCCTAAAATTCA
GTTTGT
CGGTCGTTTTACCTGCGTATTTTGGTTATTACCAGAGCCTTGTGCATTTTCTAT
GCGGT
TGTTATTGTACTCCGTTATCTGGTCAGTGTATCTGTTACAATATGATTCCACAA
CTTTTTTGCCTCTTTTTCACGGGACGACATGACATGACCTAATGTTATATGAAG
TTCCTTCTGAAC
TTTTCCACTAGCTAGTAAATGCTTGAATTTCTCAGTCAGCTCTGCATCGCTAGC
AATACA
CCTCTTGACCAATCAATAATTTCATCGTAGTTTTCTATTTAGCTGAGATATATG
TAGGT 



TTAATTAACTTAGCGTTTTTTGTTGATTATTGTTGCCTTTACCAACTATTTTTC
TCACAG
TAGGTTTGTAATCTAAGCTCCTTCTGAACGCTGTCTCAATTTCATCATCTTTCG
GGATCT CTGGTACCAAAATTGGATAAGCTT SEQ ID No 8 Nucleotide
sequence CSV-S fusion gene (cloned into pHIL-D2
integrative Pichia pastoris expression vector)
ATGATGGCTCCCGGGACCCATTGTGGTCACAATGTCGATTTGTCTAAGGCCATT
AACTTG 60
AACGGTGTTAATTTCAACAACGTCGATGCTTCTTCTTTAGGTGCCGCTCATGTT
GGTCAA 120
TCTGCTTCAAGAGGTAGAGGTTTAGGTGAAAACCCAGACGACGAAGAAGGTGAC
GCTAAG 180
AAGAAGAAGGACGGTAAGAAGGCCGAACCAAAGAACCCAAGAGAAAACAAGTTG
AAACAA 240
CCAGGTGACAGAGCCGACGGACAAGCAGCTGGTAATGGTGCTGGAGGTCAACCA
GCTGGT 300
GACAGAGCTGCCGGTCAGCCTGCTGGTGATAGAGCTGCTGGACAACCTGCTGGA
GACGGT 360
GCCGCCGGTCAACCTGCTGGTGATAGAGCAGACGGACAACCAGCTGGTGACCGT
GCTGAC 420
GGACAGCCAGCCGGCGATAGGGCTGCAGGTCAAGCCGCTGGTAACGGTGCCGGT
GGTCAA 4 80
GCTGCTGCTAACGGTGCTGGTAACCAACCAGGTGGTGGTAACGCTGCCAACAAG
AAAGCT 540
GAAGACGCTGGTGGTAATGCTGGAGGTAATGCAGGTGGTCAGGGTCAAAACAAC
GAAGGT 600
GCTAACGCTCCAAACGAAAAGTCTGTTAAGGAATACTTAGATAAGGTTAGAGCT
ACTGTC 660
GGTACTGAATGGACTCCATGTTCTGTTACTTGTGGTGTCGGTGTTAGAGTTAGA
AGAAGA 720
GTTAACGCCGCTAACAAGAAGCCAGAAGACTTGACTCTAAACGACTTGGAAACT
GACGTT 7 80
TGTACTCCCGGGCCTGTGACGAACATGGAGAACATCACATCAGGATTCCTAGGA
CCCCTG 840
CTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAG
AGTCTA 900
GACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTGGC
CAAAAT 960
TCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAATTTGTCCT
GGTTAT 102 0
CGCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTATGC
CTCATC 10 80
TTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAATT
CCAGGA 1140
TCAACAACAACCAATACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGC
AACTCT 1200
ATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTATT
CCCATC 12 60
CCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGGCCTCAGTCCGTTTC
TCTTGG 132 0
CTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTT
TGGCTT 1380
TCAGCTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCGTGAGT
CCCTTT 1440
ATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAA 14 85
SEQ ID No 9 Amino-Acid sequence CSV-S fusion protein
expressed in Pichia pastoris .
IMMAPGITHCGHNVDLSKAINLNGVNFNNVDAS
SLGAAHVGQSASRGRGLGENPDDEEGDAK 60
KKKDGKKAEPKNPRENKLKQPGDRADGQAAGNGAGGQPAGDRAAGQPAGDRAAG
QPAGDG 120
AAGQPAGDRADGQPAGDRADGQPAGDRAAGQAAGNGAGGQAAANGAGNQPGGGN
AANKKA 180
EDAGGNAGGNAGGQGQNNEGANAPNEKSVKEYLDKVRATVGTEWTPCSVTCGVG
VRVRRR 240 VNAANKKPEDLTLNDLETDVCT
IPGPVTN[MENITSGFLGPLLVLQAGFFLLTRILTIPQSL 300
DSWWTSLNFLGGSPVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFI
LLLCLI 360
FLLVLLDYQGMLPVCPLIPGSTTTNTGPCKTCTTPAQGNSMFPSCCCTKPTDGN
CTCIPI 420
PSSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLY
SIVSPF 480 IPLLPIFFCLWVYI 494SEQ ID No 10 Nucleotide
sequence S gene (cloned into pPlCZ-A integrative
Pichia pastoris vector)
ATGGAGAACATCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGC 50
GGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAGAGTCTAGACT 100
CGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTGGC 150
CAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCC 200
AATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATATTCC 250
TCTTCATCCTGCTGCTATGCCTCATCTTCTTATTGGTTCTTCTGGATTAT 300
CAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCAACAACAACCAA 350
TACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGCAACTCTATGT 400
TTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTATT 450
CCCATCCCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGGCCTC 500



AGTCCGTTTCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCG 550
TAGGGCTTTCCCCCACTGTTTGGCTTTCAGCTATATGGATGATGTGGTAT 600
TGGGGGCCAAGTCTGTACAGCATCGTGAGTCCCTTTATACCGCTGTTACC 650
AATTTTCTTTTGTCTCTGGGTATACATTTAA 681 Seq ID No 11 Amino
Acid sequence S protein
MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLG 50
QNSQSPTSNHSPTSCPPICPGYRWMCLRRFI IFLFILLLCLIFLLVLLDY
100 QGMLPVCPLIPGSTTTNTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCI
150 PIPSSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWY
200 WGPSLYSIVSPFIPLLPIFFCLWVYI 226Claims 1. An
immunogenic protein particle comprising the following
monomers: a . a fusion protein comprising sequences
derived from a CS protein of P.vivax and the S antigen
of Hepatitis B (CSV-S), and b. S antigen derived from
Hepatitis B virus, and characterised in that the ratio
of S to CSV-S is in the range 0.1 to 1. 2. A particle
as claimed in claim 1, wherein the ratio of S to
CSVS-S is in the range 0.19 to 0.30. 3. A particle as
claimed in claim 2, wherein the ratio is in the range
0.2 to 0.25. 4. A particle according to any one of
claims 1 to 3, wherein the ratio is about 0.24 5. A
particle as claimed in claim 1, wherein the ratio of S
to CSV-S is in the range 0.68 to 0.80. 6. A particle
as claimed in claim 1 or claim 5, wherein the ratio is
about 0.73. 7. A particle according to any preceding
claim, wherein the Hepatitis B antigen is derived from
an adw serotype. 8. A particle according to any
preceding claim, wherein the CSV-S component has the
sequence shown in Seq ID No: 5. 9. A particle
according to any one of claims 1 to 8, wherein the
particle was prepared in Pichia pastoris . 10. A
particle according to any one of claims 1 to 8,
wherein the particle was prepared in Saccharomyces
cerevisiae. 11. A particle according to any one of
claims 1 to 10, wherein the particle is immunogenic.
12. A pharmaceutical composition comprising a particle
according to any one claims 1 to 11 and an excipient.
13. A composition according to claim 12, wherein the
excipient is an adjuvant. 14. A composition according
to claim 13, wherein the adjuvant comprises a saponin.
15. A composition according to claim 14, wherein the
saponin is QS21 .16. A composition according to any
one of claims 13 to 15, wherein the adjuvant comprises
3D-MPL. 17. A composition according to claim 16,
wherein the 3D-MPL is present as small particle MPL.
18. A composition according to any one of claims 13 to
17, wherein the adjuvant is a liposomal formulation.
19. A composition according to any one of claims 13 to
17, wherein the adjuvant is an oil in water emulsion.
20. A composition according to any one of claims 12 to
19 comprising:  10 to 100 mg per dose of a particle
defined in any one of claims 1 to 11,  1 to lOmg per
dose of an alkali metal salt, for example sodium
chloride,  100 to 1000 mg per dose of a phospholipids
such as DOPC, and  optionally 10 to 250 mg per dose of
cholesterol. 21. A composition according to any one of
claims 12 to 20, which further comprises one or more
further antigens derived from P.falciparium and/or P.
vivax in admixture. 



22. A composition according to claim 21, wherein the
further antigen in admixture is RTS,S. 23. A
composition according to any one of claims 12 to 22,
wherein the composition is a vaccine for parental use.
24. A particle as defined in any one of claims 1 to 11
or a composition as defined in any one of claims 12 to
23 for use in treatment. 25. Use of a particle as
defined in any one of claims 1 to 11 or a composition
according to any one of claims 12 to 23 for the
manufacture of a medicament for the treatment or
prevention of malaria. 26. A method of treating a
patient susceptible to Plasmodium infection comprising
administering an effective amount of a protein as
defined in any one of claims 1 to 11 or a composition
as defined in any one of claims 12 to 23, particularly
as a vaccine. 27. A Pichia pastoris host encoding a
DNA sequence for CSV-S and at least one DNA sequence
encoding S antigen. 28. A Saccharomyces cerevisiae
host encoding a DNA sequence for CSV-S and at least
one DNA sequence encoding S antigen.29. Use of a host
according to claim 27 or claim 28, for the preparation
of a particle as defined in any one of claims 1 to 11.
30. A process for the production of a particle as
defined in any one of claims 1to 11, which process
comprises expressing a nucleotide sequence encoding
for said proteins in the yeast Pichia pastoris or
Saccharomyces cerevisiae and recovering the product.
31. A process according to claim 30 wherein the yeast
is recombinant strain Y1847. 32. A process according
to claim 30 wherein the yeast is recombinant strain
Y1835. 33. A process according to any of claims 30 to
32, wherein product is recovered by lysis of the host
cells by treatment with a suitable composition
comprising a surfactant. 34. A process according to
claim 33, wherein the surfactant is selected from the
group comprising: Tween (such as Tween 20 and/or 80).
35. A product obtainable by the process described in
any one of claims 30 to 34. 


