
Cardiomyocyte-like cell clusters derived from hBS
cells Field of the invention The present invention
relates to novel cardiomyocyte-like cell clusters
(CMLC) derived from hBS cells and to the potential use
of such cardiomyocyte-like cell clusters in e.g.,
pharmaceutical drug discovery and development,
toxicity testing, cell therapy and medical treatment.
The clusters contain cells expressing endodermal,
mesodermal as well as cardiac markers. The invention
also relates to a method for preparing the cluster, to
composition comprising one or more CMLC for use in
therapy and toxicity testing. The compositions are
stable after storage of the composition at a
temperature of at least -80 0C for at least 2 years,
i.e. the characteristics and viability of the clusters
are not substantially changed during this storage
period. Background of the invention Mature
cardiomyocytes are considered terminally
differentiated cells and as such they have no, or very
low, proliferative capacity. Human cardiomyocytes can
be isolated from heart biopsies but the procedure is
complicated and it is difficult to obtain viable cell
preparations. In addition, the access to human heart
tissue is very limited and it is thus not possible to
isolate large number of cells. An easy access to cells
with a phenotype of human cardiomyocytes is critical
for the development of cell therapy interventions for
cardiac disease. In addition, due to the lack of donor
material as well as the somewhat problematic procedure
of cell isolation, human primary cardiomyocytes are
not currently available for in vitro testing during
pre-clinical drug discovery. Populations of
pluripotent human stem cells can be isolated from the
inner cell mass of blastocysts and these cells have
the capacity for indefinite, undifferentiated
proliferation in vitro (Thomson et al., 1998;
Reubinoff et al., 2000; Heins et al., 2004).
Differentiation of human blastocysts derived stem
(hBS) cells may occur spontaneously in vitro,
especially during, for undifferentiated cells,
sub-optimal culture conditions (Thomson et al., 1998;
Reubinoff et al., 2000). In addition, hBS cells can be
coaxed to differentiate in a directed fashion along
specific pathways forming a variety of specialized
cell types including cardiomyocytes, endothelial
cells, neuronal cells, insulin producing b-cells, and
hematopoietic cells (reviewed in: Keller, Genes Dev
2005). However, relatively little is currently known
about how to control and manipulate hBS cell
differentiation to produce exclusive populations of
specific cell types. CO bTTnv roDVFor the derivation
of cardiomyocytes from hBS cells, in principle two
different procedures have been reported. The first is
through differentiation of hBS cells initiated when
the cells are cultured in suspension and form embryoid
bodies (EBs) (Itskovitz-Eldor et al 2000, Kehat et al
2001). Within these mixed population of cells
contracting areas with functional 



properties of cardiomyocytes can be observed. The
second procedure is based on co-culture of hBS cells
with END-2 cells (a visceral endoderm-like cell line)
which results in the formation of beating clusters of
cells that also display characteristics of
cardiomyocytes (Mummery et al 2003, Passier et al
2005). Other variants of the described protocols
included forced aggregation (Burridge et al 2007) and
the hanging drop procedure (Yoon et al 2006). Based on
the variations of the protocols used and the
efficiency at which hBS cells differentiate to
cardiomyocytes, it appears that hBS cell lines behave
quite differently, implicating that the actual hBS
cell line of use might affect the final result. Thus,
each cell line may require a specific differentiation
protocol for induction of cardiogenesis. During recent
years, a number of papers have described, in various
ways, the basic characteristics of hBS cell-derived
cardiomyocytes. In these reports, cell analysis has
been based on the expression of molecular markers for
cardiomyocytes, structural architecture, and
functionality (reviewed in: Ameen et al 2007 Crit Rev
Oncol Hematol). The morphology and ultrastructure of
hBS cell-derived cardiomyocytes share similarities
with adult cardiomyocytes although the myofibrillar
and sarcomeric organization indicate an immature
phenotype in the stem cell derived population (Kehat
et al 2001, Snir et al 2003, Norstrm et al 2006, Yoon
et al 2006). On a molecular level, several markers
expressed by cardiomyocytes are also expressed by hBS
cell-derived cardiomyocytes, including transcription
factors, structural proteins, hormones, ion-channels,
and tight junction proteins (Kehat et al 2001 , Xu et
al 2002, Mummery et al 2003, He et al 2003, Passier et
al 2005, Norstrm et al 2006, Yoon et al 2006). Taken
together, the molecular and structural properties of
the hBS cell derived cardiomyocytes suggest that these
cells share similarities with their adult
counterparts. More importantly, however, are the
functional characteristics of the cells, and different
pharmacological and electrophysiological approaches
have been used to examine these properties. One major
advantage of cardiomyocytes derived from hBS cells is
that they can be maintained in culture for extended
time periods without loosing their spontaneous
contractile capacity. This allows for repeated
non-invasive examination of the same cell
preparations. Several studies have demonstrated that
hBS cell-derived cardiomyocytes respond to
a/b-adrenergic- and muscarinic stimuli suggesting that
the cells express specific surface membrane receptors
coupled to a signalling pathway that activate ion
channels,membrane transporters and myofilament
proteins (Kehat et al 2001 , Xu et al 2002, Xue et al
2005, Norstrdm et al 2006). In addition, action
potentials indicative of nodal-, atrial- and
ventricular-like origin have been identified in hBS
cell-derived cardiomyocytes using intracellular
electrophysiological measurements (Xu et al 2002,
Mummery et al 2003, He et al 2003). Taken together,
these results indicate that in vitro developed stem
cell derived cardiomyocytes have a basal functionality
which makes them attractive for further evaluation 



in terms of applicability in drug discovery. Being a
tissue like structure, cardiomyocyte like cell
clusters from hBS cells specifically, has a great
potential for several of these in vitro applications
were they make up a platform for measurements of
functional attributes such as action potentials and
conduction in cardiomyocytes. In addition, the
developing clusters may serve as in vitro models to
study early events during human cardiogenesis.
Furthermore, based on the tissue similarities the
clusters may be optimal for use in vivo for
restoration of cardiac function after injury or
disease. The present invention presents unique
cardiomyocyte-like cell clusters derived from hBS
cells for use according to the above. Brief
description of the invention The present invention
relates to novel cardiomyocyte-like cell clusters
(CMLC) and the methods for their preparation from hBS
cells. The CMLC of the present invention are
especially well suited for use in drug discovery and
toxicity testing. A cluster according to the invention
comprises cardiomyocyte-like cells, wherein the
cluster has i) contracting cells, ii) cells that are
electrically connected, and expresses iii) cardiac
markers including Nkx.2.5, troponin and myosin, iv)
markers for functional adrenergic receptors, v)
markers for functional muscarinic receptors, vi)
markers for functional ion-channels including hERG,
Na+, Ca2+ and K+ channels, vii) one or more endodermal
markers selected from the group consisting of AFP, TF,
APOA2, AHSG, SERPINAI . APOAI . APOCS, TTR, APOB, and
RBP4 The electrical connection between cells mentioned
above may be by gap junctions.In a specific
embodiment, said cluster does not express one or more
of the following markers for undifferentiated cells:
OCT-3/4, SSEA-4, TRA-1-60 as described in example 13.
It is important that the cluster contains cells that
respond to pharmacological stimuli such as
beta-adrenergic stimulation (isoproterenol,
adrenalin), alpha-adrenergic stimulation
(phenylephrine), muscarinic stimulation (carbachol,
acetylcholine, atropine), blockage of calcium channels
(verapamil), blockage of hERG channels (E4031 ) and
inhibition of funny channels. A cluster according to
the present invention comprises cardiomyocyte-like
cells and the cluster comprising genes that are
up-regulated and have, i) expression values of 500 or
more, ii) a fold change in gene expression between
cardiomyocyte-like cell clusters and undifferentiated
hBS cells (FC CMLC) of 10 or more. 



In the examples herein are demonstrated suitable
methods for the determination of the above-mentioned
values. The present inventors have found that
cardiomyocyte-like cells suitable for use in e.g.
medical applications, drug screenings and
cardiotoxicity studies can be isolated in the form of
clusters that are relatively easy to prepare in a
reproducible manner and without any need for further
differentiation into cardiomyocyte cells. Besides
cardiac markers, the clusters also contains markers
e.g. for endodermal lineage, express one or more ion
channels commonly used for cardiotoxicity testing, and
express transcription factors. Accordingly, the
present invention provides a relative simple means of
obtaining a suitable cardiomyocyte-like cell product
for medical use as well as for drug screening and
testing without the need of purification and complete
differentiation to mature cardiomyocytes. Moreover,
the present invention provides a composition that
presents the CMLC in a form that is easy to use for
the end-user. The composition is prepared by
suspending the CMLC in an aqueous medium notably
containing agents that ensure the stability of the
CMLC during freezing/vitrification, storage, thawing
and use of the cluster. Accordingly, the properties of
such an aqueous medium must be chosen in consideration
of all these four different processes in order to
obtain a sole medium that is suitable for the handling
of the clusters from the clusters have been prepared
and until use of the end-user. The product is
presented in fresh or frozen form.Detailed description
of the invention As used herein, the term
"blastocyst-derived stem cell" is denoted BS cell, and
the human form is termed "hBS cells". In literature
the cells are often referred to as embryonic stem
cells, and more specifically human embryonic stem
cells. The pluripotent stem cells used in the present
invention can thus be embryonic stem cells prepared
from blastocysts, as described in e.g. WO 03/055992
and WO 2007/042225, or be commercially available hBS
cells or cell lines. However, it is further envisaged
that any human pluripotent stem cell can be used in
the present invention, including differentiated adult
cells which are reprogrammed to pluripotent cells by
e.g. the treating adult cells with certain
transcription factors, such as OCT4, SOX2, NANOG, and
LIN28 as disclosed in Junying Yu, et al., 2007. As
used herein the term "DMSO" is intended to mean
dimethylsulfoxide. As used herein the term
"cardiomyocyte-like cells" is intended to mean cells
sharing features with mature cardiomyocytes.
Cardiomyocyte-like cells are further defined by
morphological characteristics as well as by specific
marker characteristics. As used herein the terms
"cardiomyocyte-like cells clusters" (CMLC) is intended
to mean a group comprising at least two
cardiomyocyte-like cells attached to each other, and
which also comprise other cell types. A cluster
contains beating cells. As used herein the term
"nodal-like cells" is intended to mean cells with the
following action 



potential characteristics: Membrane resting potential
(MRP): -40 to -60 mV, Duration: 80-130 ms, and A
pronounced phase 4 depolarization. As used herein the
term "atrial-like cells" is intended to mean cells
with the following action potential characteristics:
Membrane resting potential (MRP): -50 to -80 mV, and
Duration: < 150 ms. As used herein the term
"ventricle-like cells" is intended to mean cells with
the following action potential characteristics:
Membrane resting potential (MRP): -50 to -80 mV,
Duration: > 150 ms, andA pronounced plateau phase. In
the present context, the term "expression" is used for
gene and/or protein expression, whatever must be
relevant in the context. In the present application,
the term "cryopreservation" denotes the preservation
of biological material at an extremely low
temperature. In the present context, the term "mixed
differentiated hBS cells" is used for a population of
spontaneously differentiated hBS cells were cells from
all three germ layers mesoderm, endoderm and ectoderm
are present. This sample is used as control material
to distinguish genes up regulated in many types of
differentiated cells from genes specifically up
regulated in cardiomyocyte-like cell clusters. In the
examples herein is given instructions how to obtain
mixed differentiated hBS cells. In the present
context, the term "forced aggregation" is used for 3D
aggregation of cells by an external force, such as
centrifugation with a centrifugal force or
sedimentation by gravity. Feeder cells As used herein
feeder cells are intended to mean supporting cell
types used alone or in combination. The cell type may
further be of human or other species origin. The
tissue from which the feeder cells may be derived
include embryonic, fetal, neonatal, juvenile or adult
tissue, and it further includes tissue derived from
skin, including foreskin, umbilical chord, muscle,
lung, epithelium, placenta, fallopian tube, glandula,
stroma or breast. The feeder cells may be derived from
cell types pertaining to the group consisting of human
fibroblasts, fibrocytes, myocytes, keratinocytes,
endothelial cells and epithelial cells. Examples of
specific cell types that may be used for deriving
feeder cells include embryonic fibroblasts,
extraembryonic endoderm cells, extraembryonic mesoderm
cells, fetal fibroblasts and/or fibrocytes, fetal
muscle cells, fetal skin cells, fetal lung cells,
fetal endothelial cells, fetal epithelial cells,
umbilical chord mesenchymal cells, placental
fibroblasts and/or fibrocytes, 



placental endothelial cells, As used herein, the term
"MEF cells" is intended to mean mouse embryonic
fibroblasts. As used herein, the term "TGF-b" means
transforming growth factor beta, preferably of human
and/or recombinant origin. TGF-b is a protein that
comes in three isoforms called TGF-b1, TGF-b2 and
TGF-b3. The TGF-b family is part of a superfamily of
proteins knownas the transforming growth factor beta
superfamily, which includes inhibins, activin,
antimllerian hormone, bone morphogenetic protein,
decapentaplegic and Vg-1 . As used herein, the term
"FGF" means fibroblast growth factor, preferably of
human and/or recombinant origin, and subtypes
belonging thereto are e.g. bFGF (sometimes also
referred to as FGF2) and FGF4. The term "BMP2" is
intended to mean bone-morphogenic protein-2 which is
one member of the BMP family of growth factors. As
used herein the term "xeno-free" is intended to mean
complete circumvention of direct or in-direct exposure
to non-human animal components. Cardiac stem cell
marker: c-kit and cardiac progenitor markers: lslet-1
, Nkx2.5, GATA-4. Here regarded as early cardiac
markers. Markers for cardiomyocytes: cTnl, cTnT
(cardiac troponin I and T), a-MHC (alpha-myosinheavy-
chain), connexin-43. Other markers appear from the
examples herein. CMLC A cluster according to the
invention comprises cardiomyocyte-like cells, wherein
the cluster has i) contracting cells, ii) cells that
are electrically connected, and expresses iii) cardiac
markers including Nkx.2.5, troponin and myosin, iv)
markers for functional adrenergic receptors, v)
markers for functional muscarinic receptors, vi)
markers for functional ion-channels including hERG,
Na+, Ca2+ and K+ channels, vii) one or more endodermal
markers selected from the group consisting of AFP, TF,
APOA2, AHSG, SERPINA1 , APOA1, APOC3, TTR, APOB, and
RBP4 The electrical connection between cells mentioned
above may be by gap junctions.A cluster of the
invention preferably does not express one or more of
the following markers for undifferentiated cells:
OCT-3/4, SSEA-4, TRA-1-60. In a specific embodiment
the cluster does not express any markers for
undifferentiated cells. In an aspect the present
invention provides a cluster comprising
cardiomyocyte-like cells, the cluster comprising genes
that are up-regulated and have, 



i) expression values of 500 or more, ii) a fold change
in gene expression between cardiomyocyte-like cell
clusters and undifferentiated hBS cells (FC CMLC) of
10 or more. The above mentioned values can be measured
as described in Example 2 herein. The present
inventors have applied two specific ways of obtaining
the fold change values: i) by measuring the fold
change in gene expression between CMLC and
undifferentiated cells, ii) as above but supplemented
with measuring the fold change in gene expression
between CMLC and mixed differentiated hBS cells (see
below). The results from the two methods differ
slightly and it is contemplated that the use of method
ii), i.e. where a further selection is performed, may
lead to a cluster having properties more suitable for
use in specific applications. Accordingly, in a
specific embodiment, the present invention provides a
cluster comprising cardiomyocyte-like cells, the
cluster comprising genes that are up-regulated and
have, i) expression values of 500 or more, ii) a fold
change in gene expression between cardiomyocyte-like
cell clusters and undifferentiated hBS cells (FCCMLC)
of 10 or more, and iii) a ratio between FCCMLC and FC
c of 100 or more. FMC denoted the fold change for a
mixed differentiated hBS cell population. In the
present context, the term "mixed differentiated hBS
cells" is used for a population of spontaneously
differentiated hBS cells where cells from all three
germ layers mesoderm, endoderm and ectoderm are
present. This sample is used as control material to
distinguish genes upregulated in all types of
differentiated cells from genes specifically
up-regulated in cardiomyocyte-like cell
clusters.Furthermore, the expression values are
obtained by measurement with a specific chip
(GeneChip(r) Human Genome U133 Plus 2.0 (Affymetrix
Inc., Santa Clara, CA, USA) as detailed described in
Example 2 herein. Use of other chips may give
different values and therefore any comparison with the
values herein should be made using the same kind of
chip or a chip giving similar results. In a more
specific embodiment of the invention, a cluster is
thus provided wherein the cluster comprising genes
which are up-regulated and have, i) expression values
of 2000 or more, ii) a FCcMLc value of 100 or more,
and iii) a ratio between FCCMLC and FCMc of 100 or
more. In the examples herein details are given with
respect to how a person skilled in the art can carry
out experiments in order to determine the
above-mentioned values. The clusters are derived from
BS cells, notably hBS cells. Accordingly, the starting
material 



may be commercially available BS cells or cell lines
or, alternatively, the starting material may be
prepared as described in WO 03/055992 and WO
2007/042225. Such material can be obtained from
Cellartis AB (www.cellartis.com ) and is also
available through the NIH stem cell registry
(http://stemcells.nih.gov/research/registrv ) as well
as from the UK Stem Cell Bank
(http://www.ukstemcellbank.org.uk ). As mentioned
before, not every individual cell contained in the
cluster may fulfill the abovementioned requirements.
The requirements are fulfilled for the cluster and not
necessarily for any individual cell. Furthermore, the
cells contained in the cluster may be of different
degree of differentiation; some may be entirely
differentiated into cardiomyocyte-like cells, whereas
others may possess characteristics like endodermal
cells. However, in any event, the cluster must contain
contracting cells. As mentioned in the examples
herein, the clusters are typically prepared by
subjecting BS, notably hBS, cells to spontaneous
differentiation via forced aggregation to obtain
3D-structures containing undifferentiated cells. The
cardiomyocyte like cell clusters appear after further
cultivation of the 3D-structures for up to 22 days.
Furthermore, the different cells and differentiation
degree of the cells contained in the cluster is
envisaged to be advantageous in the applications of
the CMLC. For example, the various cell types may be
of importance for increasing adhesion and binding of
the CMLC to different surfaces in vitro (e.g. culture
dishes or glass surfaces, coated or non-coated). They
couldalso contribute to enhanced cell survival during
cryopreservation and improved engraftment of the cells
when CMLC are used for in vivo applications (e.g. cell
transplantation). Accordingly, an objective of the
present invention is to provide a cluster containing
different types of cells in their development from hBS
cells to cardiomyocytes, i.e. from the very beginning
of differentiation via intermediate differentiation to
fully differentiated cells into cardiomyocytes. As
demonstrated in the examples herein none of the cells
in the clusters has been found to be undifferentiated
cells. Accordingly, and as demonstrated in the
examples and figures, a cluster of the invention has a
variety of markers. Normally, the clusters contain a
plurality of cells such as from about 10 to about 5000
cells. In a specific embodiment, a cluster according
to the invention contains cells with upregulated genes
(compared to undifferentiated cells), wherein the
expression value is about 750 or more such as, e.g.,
an expression value of about 1000 or more, about 1500
or more, about 2000 or more, about 2500 or more or
about 3000 or more. Alternatively, or moreover, a
cluster according to the invention contains cells with
upregulated genes having a FC( CMLC) value of about 20
or more such as, e.g., about 50 or more, about 100 or
more, about 500 or more, about 750 or more, about 1000
or more. Alternatively or additionally (when the
method involving mixed differentiated hBS cells) is
employed), the ratio of FCCMLC/FC MC is about 15 or
more such as, e.g., about 20 or more, 



about 50 or more, about 100 or more, about 500 or
more, about 750 or more, about 1000 or more. A set of
criteria can be set in order to select clusters with
different content of upregulated genes. Some of the
genes identified in the clusters are genes that are
not normally associated with cardiomyocyte-like cells
(see the genes marked as "white" in Table II). These
findings seem to be of interest and they may play an
important role for the functionality of the CMLC with
respect to medical use and testing. Specifically cells
and tissue of endodermal origin seem to play an
essential role in early cardiac development. The CMLC
make up a tissue like structure simulating early
developing cardiac tissue. As shown in the Examples
herein, a cluster according to the invention has the
following characteristics (Table Il and III): TABLE
II. Summary of genes that are specifically
up-regulated in the CMLC. All FC values in the table
are, as indicated above, calculated in relation to
undifferentiated hBS cells. The genes are sorted in
descending order based on the Expression value of
CMLC.Truncated secretory aspartyl proteinase 2 FIELD
OF THE INVENTION The present invention relates to a
truncated form of the secretory aspartyl proteinase 2
(Sap2), as well as to nucleic acid molecules encoding
same. This truncated Sap2 polypeptide (tSap2) is
surprisingly stable, has full immunogenicity upon
intravaginal administration and confers full
protection against intravaginal challenge by the
Candida fungus. The present invention further relates
to compositions comprising tSap2 and to the use of
tSap2 in the preparation of such compositions.
BACKGROUND OF THE INVENTION Infections caused by
Candida albicans and other related fungal species
continue to have a sustained prevalence worldwide
(Nyirijesy American Family Physician (2001) 63:697-
702). The wide spectrum of candidiasis and its
recognized clinical importance has stimulated interest
in understanding the various fungal and host
components involved in the pathogenesis of these
diseases. C. albicans is a human commensal and its
interaction with the host immune system plays an
important role both in the commensalism and in
controlling the infection. Several potential antigenic
targets of the host response against C. albicans have
been investigated with the ultimate aim to generate
immunological tools to fight candidiasis. The most
investigated antigenic targets include mannoproteins
(MP), some with adhesive or receptor-like functions,
heat shock proteins, enolase and secretory aspartyl
proteinases (Sap) (Schaller et. al., J. of Invet.
Dermatology (2000) 114: 712-717). Together with recent
advances in the mechanisms of anti-candidal immune
responses, these studies have laid the groundwork for
further investigations into the selected use of some
of the above targets as potential 



therapeutic or preventive vaccines or for producing
antibodies for passive vaccination. It has previously
been found that expression of a member of the Sap
family of C. albicans, Sap2, is critically required
for infection, and that intravaginal or even
intranasal immunization with full-length wild type
Sap2 conferred an elevated degree ofprotection against
Candida infection (de Bernardis, Infect and Imm.
(2002) 70, 2725- 2729). However, wild type Sap2
protein was shown to be enzymatically active, very
unstable, and endowed with toxicity potential
(Schaller et al, Infect and Imm (2003), 7 1,
3227-3234) making it a poor choice for a vaccine.
Therefore, there is a need in the art for a Sap2
antigen that is capable of eliciting efficient
antibody and cellular immune responses against C.
albicans without having the drawbacks of the
full-length wild type Sap2 associated thereto. SUMMARY
OF THE INVENTION The present invention fulfils this
need by the provision of a truncated Sap2 polypeptide
(tSap2). The tSAP2 according to the present invention
is surprisingly stable, has a strong immunogenicity
upon intravaginal administration and confers full
protection against intravaginal challenge by the
Candida fungus. In a first aspect, the invention
relates to a polypeptide comprising any of the
following amino acid sequences: (a) the amino acid
sequence shown in SEQ ID NO:1 ; (b) an amino acid
sequence having a sequence identity of at least 80%
with the amino acid sequence shown in SEQ ID NO:1 over
the entire length of SEQ ID NO:1 , wherein said amino
acid sequence encodes a polypeptide that is
functionally equivalent to the polypeptide having the
amino acid sequence shown in SEQ ID NO:1 ; (c) an
amino acid sequence encoded by a polynucleotide
sequence hybridizing to the complementary sequence of
SEQ ID NO:2 under highly stringent conditions, wherein
said amino acid sequence is at least 15 amino acids in
length, and wherein said amino acid sequence encodes a
polypeptide that is functionally equivalent to the
polypeptide having the amino acid sequence shown in
SEQ ID NO:1 ; (d) an amino acid sequence which is a
fragment of the amino acid sequence shown in SEQ ID
NO:1 , wherein said amino acid sequence is at least 15
amino acids inlength, and wherein said amino acid
sequence encodes a polypeptide that is functionally
equivalent to the polypeptide having the amino acid
sequence shown in SEQ ID NO: 1; wherein the
polypeptide comprising any of the amino acid sequences
of (a)-(d) does not have the amino acid sequence shown
in SEQ ID NO:3 or SEQ ID NO:7. In a preferred
embodiment, the polypeptide according to the invention
has the amino 



acid sequence shown in SEQ ID NO:1. In another aspect,
the invention relates to a polynucleotide comprising a
nucleic acid sequence selected from the following: (a)
the nucleic acid sequence shown in SEQ ID NO:2; (b) a
nucleic acid sequence which is complementary to the
sequence of (a); (c) a nucleic acid sequence which
encodes the amino acid sequence shown in SEQ ID NO:1 ;
(d) a nucleic acid sequence having a sequence identity
of at least 80% with the sequence shown in SEQ ID NO:2
over the entire length of SEQ ID NO:2, wherein said
nucleic acid sequence encodes a polypeptide that is
functionally equivalent to the polypeptide having the
amino acid sequence shown in SEQ ID NO:1 ; (e) a
nucleic acid sequence hybridizing to the sequence of
(b) under highly stringent conditions, wherein said
nucleic acid sequence is at least 45 nucleotides in
length, and wherein said nucleic acid sequence encodes
a polypeptide that is functionally equivalent to the
polypeptide consisting of the amino acid sequence
shown in SEQ ID NO:1 ; (f) a nucleic acid sequence
which is a fragment of the a nucleic acid sequence
shown in SEQ ID NO:2, wherein said nucleic acid
sequence is at least 45 nucleotides in length, and
wherein said nucleic acid sequence encodes a
polypeptide that is functionally equivalent to the
polypeptide having the amino acid sequence shown in
SEQ ID NO:1;wherein the polynucleotide does not have
the sequence shown in SEQ ID NO:4 or SEQ ID NO:8. In a
preferred embodiment, the polynucleotide according to
the invention has the nucleic acid sequence shown in
SEQ ID NO:2. In a further aspect, the present
invention relates to a vector comprising the
polynucleotide according to the invention. Moreover,
the present invention relates to a host cell
comprising said vector. In another aspect, the present
invention relates to a composition comprising at least
one of the polypeptides according to the invention
and/or at least one of the polynucleotides according
to the invention. In a preferred embodiment, this
composition is a vaccine composition. Further, the
composition according to the invention may comprise
one or more additional components selected from
excipients, diluents, adjuvants, virosomes, or the
like. In yet another aspect, the present invention
relates to the use of the polypeptide according to the
invention as an immunogen and/or antigen. In a
preferred embodiment, the polypeptide according to the
invention is used in a vaccine composition. Moreover, 



the present invention relates to the use of at least
one of the polypeptides and/or at least one of the
polynucleotides according to the invention for
preparing a pharmaceutical composition for the
treatment or prevention of a Candida infection.
Preferably, the Candida infection is an infection with
Candida albicans. The uses according to the invention
may involve the use of one or more additional
components selected from excipients, diluents,
adjuvants, delivery vehicles, or the like. In a
preferred embodiment, the delivery vehicle is a
virosome. If a virosome is used as a delivery vehicle,
the polypeptide and/or polynucleotide according to the
invention may be linked to the surface of the
virosome. Alternatively or additionally, the
polypeptide and/or polynucleotide may be contained in
the lumen of the virosome. A further alternative is
the use of the polypeptide and/or polynucleotide
according to the invention together with a virosome,
wherein the virosome is used as a separate
component.In a preferred embodiment, the Candida
infection is mucosal and/or systemic. In another
preferred embodiment, the Candida infection is mucosal
and the disease caused by said infection is selected
from vulvovaginal or esophageal candidiasis. In a
further aspect, the present invention relates to a kit
comprising at least one of the polypeptides and/or at
least one of the polynucleotides according to the
invention. In a preferred embodiment, the kit is for
the in vitro diagnosis of a Candida infection.
Preferably, the Candida infection is a Candida
albicans infection. The kit according to the invention
may further comprise a reagent for detecting complexes
including the polypeptide. Preferably, the detection
is effected by an assay selected from the group
consisting of immunohistochemical assays, ELISA, RIA,
Western blot analysis, FACS analysis, an
immunofluorescence assay and a light emission
immunoassay. BRIEF DESCRIPTION OF THE DRAWINGS Figure
1 demonstrates that the preparation of the truncated
Sap2 (tSap2) is much more stable than the
enzymatically active wild type Sap2. 3mg (for SDSPAGE)
or 0,3 mg (for Western Blot) of recombinantly
expressed Sap2 and tSap2 were incubated in PBS for
different lengths of time (30 min to 24 or 48 hours),
either at room temperature or at 370C. After
incubation, both preparations were subjected to
SDS-PAGE and stained with Coomassie Blue. Fig.1A:
SDS-PAGE of tSap2 stained with Coomassie Blue at room
temperature (left) and 37 0C (right). Fig.1B: SDS-PAGE
of Sap2 stained with Coomassie Blue at room
temperature (left) and 37 0C (right). Fig 1C: Western
Blot of tSAP2 with polyclonal anti-Sap2. Figure 2
demonstrates that the truncated Sap2 (tSap2) induces
higher antibody levels than the enzymatically active
wild type Sap2 (Sap2) in vaginal fluids of immunized
rats. The increase in antibody production is observed
mostly for 



IgA, the main immunoglobulin involved in the mucosal
immunity. The antibody levels were measured in pools
of vaginal fluids from rats immunized with wild type
Sap2 preparation and rats immunized with truncated,
recombinant Sap2 (tSap2) by ELISA. The presence of
antibody in the vaginal fluids is expressed in terms
of absorbance, which was read at l=405 nm.Figure 3
shows that the immunization of rats with the truncated
protein (tSap2) resolves the vaginal infection by C.
albicans faster than the treatment with the wild type
protein (Sap2) in an animal challenge model. Two
groups of five female ovarectomized rats were
immunized by intravaginal route three times at weekly
intervals: one group received 100 mg/dose of wild type
Sap2 (--), whereas the second group received 50
mg/dose of truncated Sap2 (-A-). One week after the
last immunization all rats were challenged with a
vaginopathic dose of the C. albicans strain SA-40. The
clearance of the fungal cells from the treated rats
was evaluated by counting the C. albicans colony
forming units (CFU) in the vagina for 2 1 days after
the challenge. In particular, the yeast cells were
counted by culturing 1 ml samples of vaginal fluid on
Sabouraud agar containing chloramphenicol, at 280C for
72 hours. Figure 4 shows that the virosome-based
formulations containing the truncated Sap2 protein
induce higher anti-Sap2 IgG and IgA levels than the
truncated protein alone in the vagina of immunized
rats. The antibody levels were evaluated by ELISA
performed on pools of vaginal fluids from rats treated
with different preparations. The presence of antibody
in the vaginal fluids is expressed in terms of
absorbance, which was read at l=405 nm. Figure 5
demonstrates that the truncated protein bound to
virosomes endows a higher rate of infection clearance
if compared with the truncated protein alone, in the
vagina of infected rats. The clearance rate was
measured by monitoring the status of vaginal infection
in immunized and challenged rats over time. Colony
forming units (CFU) were counted 1, 2, 7, 13, 2 1 and
28 days after the challenge. Figure 6 shows that the
truncated protein associated to the virosomes endows a
higher rate of infection clearance than the protein
alone. The addition of the mucosal adjuvant HLT (heat
labile toxin from E. col!) to the virosome-based
formulation does not confer any advantage in terms of
protection. The course of the vaginal infection was
monitored for 28 days.Figure 7 shows the effect of
intravaginal administration of monoclonal antibodies
(mAbs) directed against tSap2 (NL2/2A8 and NL2/9b9).
An isotype-matched, irrelevant antibody (anti-enolase
mAb; NL2/7C9) as well as the C. albicans strain SA40
served as a control. The specificity of each mAb was
checked by 



Western blotting, and all mAbs were used at identical
protein concentrations in a single intravaginal
administration 30 min before challenge. Both anti
tSap2 mAbs (NL2/2A8 and NL2/9B9) conferred protection
to rats, by inducing a very rapid clearance of fungal
cells from the vagina compared to the controls,
namely, rats receiving only C. albicans cells or the
anti-enolase mAb. Under the conditions tested, the
effect of anti-Sap2 mAbs was substantially comparable
to that obtained with fluconazole, a popular
antifungal drug, or with pepstatin, a well-known Sap
inhibitor. DETAILED DESCRIPTION OF THE INVENTION
Definitions Amino acids and amino acid residues
described herein may be referred to according to the
accepted one or three letter code referenced in text
books well known to those of skill in the art, such as
Stryer, Biochemistry, 4th Ed., Freeman and Co., New
York, 1995 and Creighton, Proteins, 2nd Ed. Freeman
and Co., New York, 1993. As used herein, the terms
"peptide" and "polypeptide" are used synonymously and
in their broadest sense to refer to a molecule of two
or more amino acid residues, or amino acid analogs.
The amino acid residues may be linked by peptide
bonds, or alternatively by other bonds, e.g. ester,
ether etc. As used herein, the term "amino acid" or
"amino acid residue" refers to both natural and/or
unnatural or synthetic amino acids, including both the
D or L enantiomeric forms, and amino acid analogs. The
terms "tSap2", "tSap2 polypeptide", and "tSap2
protein" are used interchangeably and mean a truncated
form of the wild type Sap2 protein, in which the
N-terminal 76 amino acids have been deleted. The terms
"Sap2", "Sap2 polypeptide/protein", "wild type (wt)
Sap2" and "wild type Sap2 polypeptide/protein" are
used interchangeably and refer to full-length, native
Sap2 such as shown in SEQ ID NO:3. Wild type Sap2
consistsof 398 amino acids, of which the first 56
amino acids (1-56) code for a prepro sequence, and the
remaining amino acids (57-398) code for the mature
form of Sap2. The "sequence identities" of related
polypeptides and polynucleotides can be determined by
means of known procedures. As a rule, special computer
programs with algorithms taking account of the special
requirements are used. For the purposes of the present
invention, the computer program used for the
determination of the identity between two sequences is
BLASTP (for comparison of amino acid sequences) and
BLASTN (for comparison of nucleotide sequences), as
described e.g. by Altschul S et al., Nucl Acid Res 25:
3389-3402 (1997). The BLAST programs can be obtained
from the National Centre for Biotechnology Information
(NCBI) and from other sources (e.g. BLAST Handbook,
Altschul S et al., NCB NLM NIH Bethesda MD 20894;
Altschul S et al., J. MoI. 215: 403-410 (1990)). For
the purposes of the present invention, the BLASTN and 



BLASTP algorithm with the following default settings
is used: BLASTN Scoring Parameters: Match/Mismatch
Scores 1, -2 Gap costs: Existence: 5, Extension: 2
Filters and Masking: Low complexity regions selected
Species-specific repeats for: selected (human) Mask
for lookup table only selected Mask lower case letters
not selected BLASTP Scoring Parameters: Matrix:
BLOSUM62 Gap costs: Existence: 11, Extension: 1
Compositional adjustements: Composition-based
statistics Filters and Masking: None selected. Program
Advanced Options -G Cost to open gap [Integer] default
= 5 for nucleotides 11 proteins -E Cost to extend gap
[Integer] default = 2 nucleotides 1 proteins -q
Penalty for nucleotide mismatch [Integer] default = -3
-r reward for nucleotide match [Integer] default = 1
-e expect value [Real] default = 10 -W wordsize
[Integer] default = 11 nucleotides 3 proteins-y
Dropoff (X) for BLAST extensions in bits (default if
zero) default = 20 for BLASTN 7 for other programs -X
X dropoff value for gapped alignment (in bits) default
= 15 for al programs except for BLASTN for which it
does not apply -Z final X dropoff value for gapped
alignment (in bits) 50 for BALSTN 25 for other
programs For sequence comparison, the complete tSap2
sequences (SEQ ID NOs 1 and 2, respectively) are used
as the sequence to which a related sequence is
compared. Specifically, to determine the identity of a
polypeptide with unknown homology to the tSap2
polypeptide according to the invention, the amino acid
sequence of said first 



polypeptide is compared to the amino acid sequence of
the tSap2 polypeptide shown in SEQ ID NO:1 , over the
entire length of SEQ ID NO:1 . Similarly, to determine
the identity of a polynucleotide with unknown homology
to the tSap2 polynucleotide according to the
invention, the nucleic acid sequence of said first
polynucleotide is compared to the nucleic acid
sequence shown in SEQ ID NO:2, over the entire length
of SEQ ID NO:2. Standard "highly stringent conditions"
for hybridization are disclosed in Ausubel et al.
(Eds.), Current Protocols in Molecular Biology, John
Wiley & Sons (2000). Exemplary highly stringent
hybridization conditions include washes with 0.1 x
SSC/0,1% SDS for 15 min at 68C. A polypeptide is
considered "functionally equivalent" to the
polypeptide having the amino acid sequence shown in
SEQ ID NO:1 if it has essentially the same
characteristics as the tSap2 polypeptide of SEQ ID
NO:1 . "Essentially the same characteristics" means
that at least one of the properties that can be
assigned to tSap2 (such as an improved stability or an
increased antigenicity compared to wild type Sap2) is
also displayed by the functionally equivalent
polypeptide. The stability of the polypeptide can be
determined by incubating the polypeptide for different
time periods and then staining the polypeptide with
Coomassie Blue (cf. Example 1, Fig.1). The stability
is "improved" compared to the stability of the wild
type Sap2 if the functionally equivalent polypeptide
remains detectable for a longer time period or if it
is present in larger amounts after the same time
period than the wild type Sap2. The antigenicity of
the polypeptide can be determined by measuring the
titer of antibodies elicited by immunization of
animals, such as in the rat model of vaginal Candida
infection (cf. Example 4 and 5). The antigenicity is
"improved" compared to the antigenicity of the wild
type Sap2 if the functionally equivalent polypeptide
elicits higher IgA or IgG titers than the wild type
Sap2 (cf. Fig 2).The individual amino acids of the
tSap2 polypeptide may be conservatively substituted
with amino acids of equivalent size, charge and/or
polarity. In addition, suitable linker, or tags (such
a the HIS-tag) may be added to either end of the tSap2
polypeptide in order to facilitate their incorporation
into delivery vehicles and/or their fusion to target
antigens and/or to facilitate their purification
and/or detection. The term "epitope" as used herein,
refers to those parts of a molecule that are
recognized by T cell and/or B cell receptors. The term
"antigen" is used herein to describe a molecule that
binds to a T cell receptor or antibody and whose
immunogenicity can be enhanced or potentiated by the
adjuvants disclosed herein. The term "adjuvant" refers
to a substance distinct from target antigen that is
capable of enhancing or potentiating immune effector
cell activation. The term "adjuvant systems" is used
herein to denote the combination of various
immune-stimulatory proteins, such as the tSap2
polypeptide of the present invention, with adjuvants
such as CT or HLT, to 



increase the immune stimulatory effect that each
component of the system would exert if used by itself,
as well as their combination with a suitable delivery
system, such as virosomes, which may further increase
the immune stimulatory effect of the compositions. By
"administration" or "administering" is meant providing
one or more tSap2 polypeptides or protein-containing
compositions of the invention as a drug, a pro-drug, a
drugmetabolite, or a vaccine to an individual in need
thereof. A vaccine is an antigenic preparation used to
establish immunity to a disease. A vaccine preparation
usually contains an antigen consisting of whole
disease-causing organisms (killed or weakened) or
parts of such organisms (e.g. the antigenic protein or
DNA) and is used to confer immunity against the
disease that said organisms cause. Vaccine
preparations can be natural, synthetic or derived by
recombinant DNA technology. Vaccines can be
prophylactic (e.g. to prevent or ameliorate the
effects of a future infection by any natural or "wild"
pathogen), or therapeutic. An "effective amount" is
that amount of a pharmaceutical preparation that
alone, or together with further doses, stimulates the
desired response.As used herein the term "virosome"
refers to a vesicle produced by an in vitro procedure
that is composed of lipids and at least one viral
envelope protein. The lipids are either derived from a
biological origin (e.g. eggs, plants, animals, cell
cultures, bacteria, viruses) or produced synthetically
(chemical synthesis). A virosome may be a
reconstituted viral envelope which can be derived from
a variety of viruses and which lacks the infectious
nucleocapsids and the genetic material of the source
virus, e.g. an immunopotentiating reconstituted
influenza virosome (IRIV). Thus, a virosome is a
special type of lipid vesicle comprising, in its lipid
membrane, at least one viral envelope protein. As used
herein, the term "viral envelope protein" refers to
any protein encoded by an enveloped virus from which
the virosome of the invention is partly or completely
derived and that is present in the virosomal lipid
membrane. Viral envelope proteins sometimes function
as "viral fusion proteins", when they play a role in
the fusion of viruses or virosomes with target cell
membranes. The envelope protein(s) may be recombinant
proteins, provided that the biochemical properties of
the protein allow its physical attachment to a lipid
membrane. These envelope proteins account for the
virosomal functionality. The virosome used in the
present invention may also be a chimeric virosome,
meaning that it contains viral envelope proteins from
at least two different virus strains. In contrast to
viral systems, virosomes are safe, since the
infectious nucleocapsid of the virus has been removed.
Polypeptides The present invention provides truncated
Sap2 polypeptides (tSap2) comprising any of 



the following amino acid sequences: (a) the amino acid
sequence shown in SEQ ID NO:1 ; (b) an amino acid
sequence having a sequence identity of at least 80%
with the amino acid sequence shown in SEQ ID NO:1 over
the entire length of SEQ ID NO:1, wherein said amino
acid sequence encodes a polypeptide that is
functionally equivalent to the polypeptide having the
amino acid sequence shown in SEQ ID NO:1 ; (c) an
amino acid sequence encoded by a polynucleotide
sequence hybridizing to the complementary sequence of
SEQ ID NO:2 under highly stringent conditions, wherein
said amino acid sequence is at least 15 amino acids in
length, andwherein said amino acid sequence encodes a
polypeptide that is functionally equivalent to the
polypeptide having the amino acid sequence shown in
SEQ ID NO:1 ; (d) an amino acid sequence which is a
fragment of the amino acid sequence shown in SEQ ID
NO:1 , wherein said amino acid sequence is at least 15
amino acids in length and wherein said amino acid
sequence encodes a polypeptide that is functionally
equivalent to the polypeptide having the amino acid
sequence shown in SEQ ID NO:1 ; wherein the
polypeptide comprising any of the amino acid sequences
of (a)-(d) does not have the amino acid sequence shown
in SEQ ID NO:3 or SEQ ID NO:7. In a preferred
embodiment, the polypeptide according to the invention
has the amino acid sequence shown in SEQ ID NO:1 . In
further preferred embodiments, the polypeptide of (b)
comprises an amino acid sequence having a sequence
identity of at least 85, 90, 95, 96, 97, 98, or 99 %
with the amino acid sequence shown in SEQ ID NO:1 .
Also preferred are polypeptides consisting of (having)
an amino acid sequence having a sequence identity of
at least 85, 90, 95, 96, 97, 98, or 99 % with the
amino acid sequence shown in SEQ ID NO:1. In a
preferred embodiment, the amino acid sequence of (c)
and (d) has a minimum length of 20, 25, 30, 35, 40,
45, 50, 100, 150, 200, 250, or 300 amino acids.
Polynucleotides The present invention further provides
a polynucleotide coding for the truncated Sap2
polypeptide (tSap2) comprising a nucleic acid sequence
selected from the following: (a) the nucleic acid
sequence shown in SEQ ID NO:2; (b) a nucleic acid
sequence which is complementary to the sequence of
(a); (c) a nucleic acid sequence which encodes the
amino acid sequence shown in SEQ ID NO:1 ;(d) a
nucleic acid sequence having a sequence identity of at
least 80% with the sequence shown in SEQ ID NO:2 over
the entire length of SEQ ID NO:2, wherein 



said nucleic acid sequence encodes a polypeptide that
is functionally equivalent to the polypeptide having
the amino acid sequence shown in SEQ ID NO:1; (e) a
nucleic acid sequence hybridizing to the sequence of
(b) under highly stringent conditions, wherein said
nucleic acid sequence is at least 45 nucleotides in
length, and wherein said nucleic acid sequence encodes
a polypeptide that is functionally equivalent to the
polypeptide consisting of the amino acid sequence
shown in SEQ ID NO:1 ; (f) a nucleic acid sequence
which is a fragment of the a nucleic acid sequence
shown in SEQ ID NO:2, wherein said nucleic acid
sequence is at least 45 nucleotides in length, and
wherein said nucleic acid sequence encodes a
polypeptide that is functionally equivalent to the
polypeptide having the amino acid sequence shown in
SEQ ID NO:1; wherein the polynucleotide does not have
the sequence shown in SEQ ID NO:4 or SEQ ID NO:8. In a
preferred embodiment, the polynucleotide according to
the invention has the nucleic acid sequence shown in
SEQ ID NO:2. In further preferred embodiments, the
polynucleotide comprises a nucleic acid sequence
having a sequence identity of at least 85, 90, 95, 96,
97, 98, or 99 % with the nucleic acid sequence shown
in SEQ ID NO:2. Also preferred are polynucleotides
consisting of (having) a nucleic acid sequence having
a sequence identity of at least 85, 90, 95, 96, 97,
98, or 99 % with the nucleic acid sequence shown in
SEQ ID NO:1 . In a preferred embodiment, the nucleic
acid sequence of (e) and (f) has a minimum length of
60, 75, 90, 105, 120, 135, 150, 300, 450, 600, 750, or
900 nucleotides. In a further aspect, the present
invention relates to a vector comprising the
polynucleotide according to the invention. Moreover,
the present invention relates to a host cell
comprising said vector.Compositions and uses Moreover,
the present invention relates to a composition
comprising at least one of the polypeptides according
to the invention and/or at least one of the
polynucleotides according to the invention. In a
preferred embodiment, this composition is a vaccine
composition. Further, the composition according to the
invention may comprise one or more additional
components selected from excipients, diluents,
adjuvants, virosomes, or the like. In another aspect,
the present invention relates to the use of the
polypeptide according to the invention as an immunogen
and/or antigen. In a preferred embodiment, the
polypeptide according to the invention is used in a
vaccine composition. Moreover, the present invention
relates to the use of at least one of the polypeptides
and/or at least 



one of the polynucleotides according to the invention
for preparing a pharmaceutical composition for the
treatment or prevention of a Candida infection.
Preferably, the Candida infection is an infection with
Candida albicans. The uses according to the invention
may involve the use of one or more additional
components selected from excipients, diluents,
adjuvants, delivery vehicles, or the like. In a
preferred embodiment, the delivery vehicle is a
virosome. If a virosome is used, the polypeptide
and/or polynucleotide according to the invention may
be linked to the surface of the virosome.
Alternatively or additionally, the polypeptide and/or
polynucleotide may be contained in the lumen of the
virosome. A further alternative is the use of the
polypeptide and/or polynucleotide according to the
invention together with a virosome, wherein the
virosome is used as a separate component. In a
preferred embodiment, the Candida infection is mucosal
and/or systemic. In another preferred embodiment, the
Candida infection is mucosal and the disease caused by
said infection is selected from vulvovaginal or
esophageal candidiasis. The present invention provides
a novel peptide vaccine against candidiasis that does
not carry the risk of toxic side effects associated
with the use of wild type Sap2 and that shows
increased stability compared to wild type Sap2, while
providing powerful stimulation of immune responses
against C. albicans infection. A truncated and stable
form of Sap2 is provided which can be produced
recombinantly and overcomes the wellknown difficulties
in obtaining, purifying and standardizing the native
antigen (de Bernardis, Infect and Imm. 2002 70,
2725-2729). Conveniently, the novel Sap2 polypeptide
which lacks the first 76 amino acids of the N-terminus
of the wild type form, can be produced in prokaryotic
or eukaryotic cells as a recombinant product,
optionally as a 6 histidine (HIS) tagged protein for
the ease of purification. The truncated Sap2
polypeptide (tSap2) of the present invention is very
stable. This recombinant tSap2 is highly reactive in
western blots with a monoclonal antibody generated
against the native Sap2, as well as with anti-Sap
antibodies present in human sera of infected patients.
Furthermore, monoclonal antibodies generated against
the tSap2 recognize the wild type enzyme. Immunization
with tSap2 confers antibody-mediated protection
against C. albicans infection in an experimental model
of rat vaginitis. The present invention shows that
monoclonal antibodies directed to the tSap2
polypeptide provide passive protection against the
vaginal challenge by the fungus (Figure 7). Thus, the
present invention provides novel tools for active and
passive protection against a very common, frequently
chronic and sometimes antimycotic-refractory infection
in women. To further potentiate the immune stimulatory
effect of the tSap2 polypeptide of the present
invention, the compositions may comprise tSap2
polypeptide and one or more 



adjuvants. Alternatively, the tSap2 polypeptide can be
coupled to the surface of delivery vehicles, such as
virosomes, by the methods disclosed herein.
Alternatively, the tSap2 polypeptide may be
encapsulated in delivery vehicles by methods disclosed
herein. As an alternative, the tSap2 polypeptide can
be both encapsulated by and linked to the surface of
the delivery vehicles. Furthermore, the composition
comprising tSap2 polypeptide coupled to or
encapsulated in or encapsulated by and linked to the
surface of the delivery vehicle may additionally
contain one or more adjuvant. The adjuvant may be
selected from Freund's adjuvans (complete and
incomplete), mycobacteria such as BCG, M. vaccae, or
Corynebacterium parvum, Cholera toxin or tetanus
toxin, E. coli heat-labile toxin, quil-saponin
mixtures such as QS-21 (SmithKline Beecham), MF59
(Chiron) and various oil/water emulsions (e.g.
IDEC-AF), MALP-2, ISCOMs. Other adjuvants which may be
used include, but are not limited to: mineralsalts or
mineral gels such as aluminium hydroxide, aluminium
phosphate, and calcium phosphate; surface active
substances such as lysolecithin, pluronic polyols,
polyanions, peptides, keyhole limpet hemocyanins, and
dinitrophenol, immunostimulatory molecules, such as
saponins, muramyl dipeptides and thpeptide
derivatives, short nucleic acid stretches such as CpG
dinucleotides, CpG oligonucleotides, monophosphoryl
Lipid A, and polyphosphazenes, particulate and
microparticulate adjuvants, such as emulsions,
liposomes, virosomes, cochleates, or immunostimulating
complex adjuvants. Cytokines are also useful due to
their lymphocyte stimulatory properties. Many
cytokines useful for such purposes will be known to
one of ordinary skill in the art, including
interleukin-2 (IL- 2), IL-12, GM-CSF and many others.
Furthermore ligands from the chemokine family, such as
RANTES, a lipoprotein, a lipopeptide, a yeast cell
wall component, a doublestranded RNA, a bacterial
cell-surface lipopolysaccharide (LPS), flagellin, a
U-rich singlestranded viral RNA, a suppressor 6f
cytokine signalling small interfering RNA (SOCS
siRNA), a Pan DR epitope (PADRE) and mixtures thereof
are suitable. The tSap2 polypeptide of the present
invention may be produced by chemical synthesis, or it
may be of recombinant origin. The tSap2 polypeptide
may be recombinantly produced using a nucleic acid
molecule encoding the protein. In addition, its
sequence may be modified as long as it retains the
ability to stimulate the immune responses to C.
albicans disclosed herein. Moreover, the invention
embraces functional variants of the tSap2 polypeptide.
As used herein, a "functional variant" or "variant" of
the tSap2 polypeptide is a protein which contains one
or more modifications to the primary amino acid
sequence of the immunostimulatory tSap2 polypeptide
while retaining the immunostimulatory effect disclosed
herein. If a functional variant of the tSap2
polypeptide involves an amino acid 



substitution, conservative amino acid substitutions
typically will be preferred, i.e. substitutions which
retain a property of the original amino acid such as
charge, hydrophobicity, conformation, etc. Examples of
conservative substitutions of amino acids include
substitutions made among amino acids within the
following groups: (1) M, I, L, V; (2) F, Y,W; (3) K,
R1H; (4) A, G; (5) S, T; (6) Q, N; and (7) E, D.
Modifications which generate functional variants of
the tSap2 polypeptide may be made in order to enhance
protein stability in an expression system, to enhance
the stability of protein-protein binding such as
HLA-peptide binding, or to increase the avidity
ofimmune receptors. Any method for preparing modified
or variant proteins can be employed, such as synthesis
of the modified or variant protein or its recombinant
production using a mutated nucleic acid molecule. The
identification of additional or optimized
immunostimulatory tSap2 polypeptides may also include
the step of comparing the stimulation of T or B cells
by the tSap2 polypeptide and the stimulation of T or B
cells by the functional variant as a determination of
the effectiveness of the stimulation of immune
effector cells by the functional variant. By comparing
the functional variant tSap2 polypeptide with a known
tSap2 polypeptide, proteins with increased immune cell
stimulatory properties can be prepared. The individual
tSap2 polypeptide may also have one or more amino
acids added to either or both ends. Thus, for example,
linker or spacer amino acids may be added to the N- or
C-terminus of the protein or both, to allow for
convenient coupling of the peptides to a delivery
vehicle such as a virosome. In some instances, it may
be desirable to add a histidine tag to the tSap2
polypeptide, for ease of experimental purification
and/ or manipulation. The present invention also
demonstrates that the combination of virosomes as
human compatible immunopotentiating delivery agents
with the tSap2 polypeptide of the present invention
potentiates the generation of efficient immune
responses against candidiasis. Thus, the invention
provides a novel tSap2 polypeptide the immunogenic
efficacy of which can be further enhanced by its
combination with an immunopotentiating delivery system
and/or one or more adjuvant(s). While
immunopotentiating reconstituted influenza virosomes
(IRIVs) are well suited, a number of other delivery
vehicles, such as liposomes, virus-like particles,
multiple-antigen peptides (MAPs) and the like are also
available to a person of skill in the art. Virosomes
consist of spherical, unilammelar virus-like particles
prepared from a mixture of phospholipids and influenza
virus surface glycoproteins, but they do not contain
any viral nucleic acids. The hemagglutinin membrane
glycoprotein of the influenza virus plays a key role
in the mode of action of virosomes. This major antigen
of the influenza virus is a membrane fusion-inducing 



component, which facilitates antigen delivery to
immunocompetent cells. Virosomes are known to act as
efficient and highly effective means of enhancing the
immune response with an excellent safety profile.The
virosome delivery system of the invention further
potentiates the immune response against Candida
infections elicited by the tSap2 polypeptide of the
present invention. Virosomes can further be loaded
simultaneously with several different B-cell and
T-cell epitopes (Poltl-Frank, F. et al., CHn. Exp.
Immunol., 1999, 117, 496; Moreno, A. P. et al., J.
Immunol., 1993, 151 : 489) including universal T-
helper cell epitopes (Kumar, A. et al., J. Immunol.
1992, 148, 1499-1505) and other epitopes known to
those of skill in the art. As evidenced by the results
shown herein, virosomes have great potential in the
design of combined vaccine/adjuvant systems.
Furthermore, virosome-based protein vaccines are
expected to be safe, since virosome-based protein
vaccines have already shown a very good safety profile
in humans (Glueck, R., Vaccine 1999, 17, 1782). The
concerted action of the tSap2 polypeptide of the
present invention, optionally combined with an
adjuvant such as CT (cholera toxin) or HLT (a mucosal
surface protein derived from E. coli) together with
the use of virosomes as an efficient human-compatible
delivery system, represents a significant advance in
the design of prophylactic as well as therapeutic
vaccines against candidiasis, be it vaginal,
oesophageal, or systemic. The present invention also
provides for the use of the immunostimulatory
compositions, such as the tSap2 polypeptide in
combination with a suitable adjuvant and/or virosomes
or equivalent delivery vehicles in a suitable
pharmaceutical formulation. Accordingly, one or more
polypeptides or polypeptide-containing compositions of
the invention may be used to prepare a prophylactic or
therapeutic vaccine for administration to an
individual in need thereof. Such a vaccine which
contains one or more of the tSap2
polypeptide-containing compositions of the present
invention, as the principal or member active
ingredient, can be administered in a wide variety of
therapeutic/prophylactic dosage forms in the
conventional vehicles for topical, mucosal (nasal,
vaginal, oral), systemic, local, and parenteral
administration. Thus, the invention provides
compositions for parenteral administration which
comprise a solution of the tSap2 polypeptide
optionally in combination with a suitable adjuvant
and/or virosomes or equivalent delivery vehicles
dissolved or suspended in an acceptable carrier,
preferably an aqueous carrier. A variety of aqueous
carriers may be used, e.g., water, buffered water,
0.4% saline, 0.3% glycine, hyaluronic acid and the
like. These compositions may be sterilized by
conventional, well known sterilization techniques, or
may be sterile filtered. The resulting aqueous
solutions may be packaged for use as is, or
lyophilized,the lyophilized preparation being combined
with a sterile solution prior to administration. The
compositions may contain pharmaceutically acceptable
auxiliary substances as required to approximate
physiological conditions, such as pH adjusting and
buffering 



agents, tonicity adjusting agents, wetting agents and
the like, for example, sodium acetate, sodium lactate,
sodium chloride, potassium chloride, calcium chloride,
sorbitan monolaurate, triethanolamine oleate, among
many others. Actual methods for preparing parenterally
administrable compounds will be known or apparent to
those skilled in the art and are described in more
detail in for example, Remington: The Science and
Practice of Pharmacy ("Remington's Pharmaceutical
Sciences") Gennaro AR ed. 20th edition, 2000: Williams
& Wilkins PA, USA, which is incorporated herein by
reference. The route and regimen of administration
will vary depending upon the stage or severity of the
condition to be treated, and is to be determined by
the skilled practitioner. For example, the tSap2
polypeptide and compositions containing it can be used
for preparing a pharmaceutical composition that can be
administered in subcutaneous, intradermal, or topical
or mucosal (vaginal, nasal), or intramuscular form. In
preferred embodiments, the pharmaceutical compositions
according to the invention can be administered
intravaginally. All of these forms are well known to
those of ordinary skill in the pharmaceutical arts.
Advantageously, suitable formulations of the present
invention may e.g. be administered in a daily dose
which may be repeated daily, weekly, or monthly.
Furthermore, compounds of the present invention,
particularly those containing virosomes or liposomes,
can be administered in intravaginal or intranasal
form, or via transdermal routes known to those of
ordinary skill in the art. To be administered in the
form of a transdermal delivery system, the dosage
administration will, or course, be continuous rather
than intermittent throughout the dosage regimen. The
tSap2 polypeptide and compositions containing it of
the present invention may be used to prepare a
pharmaceutical composition comprising the active
compound in combination with a pharmaceutically
acceptable carrier adapted for intravaginal
administration. Intravaginal pharmaceutical
compositions may be, for example, in the form of a
solution, cream, ointment, gel, lotion, foam or
aerosol formulation adapted for application to the
mucosa. These intravaginal pharmaceutical compositions
containingthe compounds of the present invention
ordinarily include about 0.005% to 5% by weight of the
active compound in admixture with a pharmaceutically
acceptable vehicle. The prophylactic or therapeutic
compositions of the present invention are for
administration in pharmaceutically acceptable
preparations. Such preparations may routinely contain
pharmaceutically acceptable concentrations of salt,
buffering agents, preservatives, compatible carriers,
supplementary immune potentiating agents such as
adjuvants and cytokines and optionally other
therapeutic agents. The preparations of the invention
are administered in effective amounts. An effective
amount is that amount of a pharmaceutical preparation
that alone, or together with further doses, stimulates
the 



desired response. Generally, doses of immunogens
ranging from 0,01 mg/kilogram to 500 mg/kilogram body
weight, depending upon the mode of administration, are
considered effective. The preferred range is believed
to be between 0,1 mg/kilogram and 10 mg/kilogram body
weight. The absolute amount will depend upon a variety
of factors, including the composition selected for
administration, whether the administration is in
single or multiple doses, and individual patient
parameters including age, physical condition, size,
weight, and the stage of the disease. These factors
are well known to those of ordinary skill in the art
and can be addressed with no more than routine
experimentation. The dosage regimen utilizing the
compositions of the present invention is selected in
accordance with a variety of factors, including for
example species, age, weight, and medical condition of
the patient, the stage and severity of the condition
to be treated, and the particular compound thereof
employed. A physician of ordinary skill can readily
determine and prescribe the effective amount of the
vaccine required to prevent, counter, or arrest the
progress of a malignancy or infectious disease.
Optimal precision in achieving concentration of drug
with the range that yields efficacy either without
toxicity or with acceptable toxicity requires a
regimen based on the kinetics of the drug's
availability to target sites. This process involves a
consideration of the distribution, equilibrium, and
elimination of the drug, and is within the ability of
the skilled practitioner. In the uses of the present
invention, the compounds herein described in detail
can form the active ingredient and are typically
administered in admixture with suitable pharmaceutical
diluents or excipients suitably selected with respect
to the intended form of administration, that is, oral
tablets, capsules, elixirs, syrups, and the like,
andconsistent with conventional pharmaceutical
practices. For instance, for vaginal administration in
the form of a tablet or capsule, the active vaccine
component can be combined with a non-toxic
pharmaceutically acceptable inert carrier such as
ethanol, glycerol, water and the like. Moreover, when
desired or necessary, suitable binders, lubricants,
disintegrating agents and coloring agents can also be
incorporated into the mixture. Suitable binders
include, without limitation, starch, gelatin, natural
sugars such as glucose or beta-lactose, corn
sweeteners, natural and synthetic gums such as acacia,
tragacanth or sodium alginate, carboxymethyl
cellulose, polyethylene glycol, waxes and the like.
Lubricants used in these dosage forms include, without
limitation, sodium oleate, sodium stearate, magnesium
stearate, sodium benzoate, sodium acetate, sodium
chloride and the like. Disintegrators include, without
limitation, starch, methyl cellulose, aga, bentonite,
xanthan gum and the like. For parenteral
administration, sterile suspensions and solutions are
desired. Isotonic preparations which generally contain
suitable preservatives are employed when 



intravenous administration is desired. Intravaginal or
intraesophageal preparations containing the active
drug component can be admixed with a variety of
carrier materials well known in the art, such as, for
example, alcohols, aloe vera gel, allatoin, glycerine,
vitamins A or E oils, mineral oil, PPG2 myristyl
propionate, and the like, to form, for example,
alcoholic solutions, topical cleansers, cleansing
creams, gels, foams, and lotions, in cream or gel
formulations especially suited for mucosal
applications. The tSap2 polypeptide, compositions, or
formulation thereof of the present invention may be
coupled to a class of biodegradable polymers useful in
achieving controlled release of a drug, for example,
polylactic acid, polyepsilon caprolactone, polyhydroxy
butyric acid, polyorthoesters, polyacetals,
polydihyrdo-pyrans, polycyanoacrylates, and
cross-linked or amphipathic block copolymers of
hydrogels. Generally, subjects can receive an
intravaginal administration of an effective amount of
the tSap2 polypeptide and compositions either in
combination with delivery vectors, such as virosomes
and /or additional adjuvants, or by themselves. The
tSap2 polypeptide of the present invention can also
used to prepare a pharmaceutical composition that may
be administered in the form of liposome delivery
systems, such as small unilamellar vesicles, large
unilameller vesicles and multilamellar vesicles.
Liposomes can be formed from a variety of compounds,
including for example cholesterol, stearylamine, and
various phosphatidylcholines.Initial doses can be
followed by booster doses, following immunization
protocols standard in the art. The immunostimulatory
effect of the compositions and methods of the instant
invention can be further increased by combining any of
the above-mentioned tSap2 polypeptide compositions,
including their combination with virosomes, with an
immune response potentiating compound. Immune response
potentiating compounds are classified as either
adjuvants or cytokines. Adjuvants may enhance the
immunological response by providing a reservoir of
antigen (extracellularly or within macrophages),
activating macrophages and stimulating specific sets
of lymphocytes. In the case the polypeptide according
to the invention is used for preparing a
pharmaceutical composition for treating an infectious
disease, such as candidiasis, the desired response is
control of the infection and/or clearance of the
infectious agent from the system. In the case of
prophylaxis, the desired response is protective
immunity to the agent, as measured by secondary immune
responses upon exposure to the agent or an antigen
thereof. These desired responses can be monitored by
routine methods or can be monitored according to
diagnostic methods of the invention discussed herein.
The present invention is not to be limited in scope by
the specific embodiments described herein. Indeed,
various modifications of the invention in addition to
those described herein will become apparent to those
skilled in the art from the foregoing 



description, as well as from the examples. Such
modifications are intended to fall within the scope of
the appended claims. EXAMPLES The following examples
are provided to better illustrate the claimed
invention and are not to be interpreted as limiting
the scope of the invention. To the extent that
specific materials are mentioned, this is merely for
purposes of illustration and is not intended to limit
the invention. Unless otherwise specified, biochemical
and molecular biology procedures, such as those set
forth in Voet, Biochemistry, Wiley, 1990; Stryer 1995;
Peptide Chemistry. A Practical Textbook, 2nd ed.,
Miklos Bodanszky, Springer-Verlag, Berlin, 1993;
Sambrook et al., Molecular Cloning, Cold Spring Harbor
Laboratory (2001), Ausubel et al. (Eds.) Current
Protocols in Molecular Biology, John Wiley & Sons
(2000) are used. One skilled in the art may develop
equivalent means or reactants without theexercise of
inventive capacity and without departing from the
scope of the invention. It will be understood that
many variations can be made in the compositions and
procedures herein described while still remaining
within the bounds of the present invention. Likewise,
it is understood that, due to known structural or
chemical similarities such as polarity, bulk, or
orientation between amino acid side chains, peptide
sequences with amino acids or replacement structures
equivalent to those disclosed herein will retain
similar function. It is the intention of the inventors
that such variations are included within the scope of
the invention. Example 1: Materials and Methods 7. 1
Microorganisms and growth conditions C. albicans
ATCC20955 was used as a fungal DNA source in this
study. It was grown in Winge (0.3% yeast extract, 0.2%
glucose, Difco). Escherichia coli M15 (nals , strs ,
rifs , lac, ara , gal , mtl , F , recA+ , uvr+,
[pUHA1]) was used as host strains for recombinant
plasmids. E. coli cells were typically grown in
LB-broth (1% tryptone, 0.5% yeast extract, O.5 NaCI,
pH 7.00) or LB-plates (1% tryptone, 0.5% yeast
extract, 0.5% NaCI, 1.5% agar, pH 7.00) supplemented
when necessary with ampicillin (50 mg ml 1), kanamycin
(50 mg ml 1) (Boehringer). C. albicans SA-40 initially
isolated from the vaginal secretion of a subject with
acute vaginitis was used for experimental vaginitis.
The modalities of fungal growth, induction and
assessment of experimental vaginal infection in
oophorectomized rats were as previously described
(Cassone A. et al., Infect. Immun. (1995), 63:
2619-2624; De Bernardis F. et al., Infect. Immun.
(1997), 65: 3309-3405). 1.2 Cloning of the SAP2 coding
sequence For the molecular cloning of the SAP2 coding
sequence, the SAP2 coding sequence was amplified by
PCR from the genomic DNA using Ca70 and Ca71
oligonucleotides. A 1% agarose gel was run to verify
the correct size of PCR product, and only a single
band 



with an estimated size of approximately 1200 bp was
present. Following restriction enzyme digestion, the
PCR product was excised from the gel and purified. The
coding sequence was ligated into the digested vector
to give pRLV141 plasmid. To verify the sequence of the
inserts and the frame of the recombinant
His-tagged-proteins, pRLV141 and pRLV143 were
completely sequenced by Genenco (Italy).1.3 Expression
and purification of recombinant C. albicans proteins
The expression of recombinant 6xhis-Sap2 was obtained
in E. coli M15 carrying the lac repressor-producing
pUHA1 plasmid (La VaIIe R. et al., Infect. Immu.
(1995), 63: 4039- 4045; Hochuli E. et al.,
Bio/Technology (1988), 6:1321-1325). Induction was
performed in LB medium containing kanamycin and
ampicillin, by the addition of
isopropyl-b-D-thiogalacto pyranoside (IPTG;
Boehringer) with a final concentration of 1mM, to a
culture with an O.D.6oo of 0.7, followed by further 5
h of incubation at 37C. Recombinant 6xhistagged
protein was purified by nickel-chelate affinity
chromatography ( Hochuli E. et al., Bio/Technology
(1988), 6:1321-1325) according to the manufacturer's
instructions (Qiagen; denaturing conditions).
Fractions containing the purified polypeptide were
pooled and precipitated with 3 volumes of absolute
ethanol, resuspended in water and stored at -200C. In
the induced cells, a new protein band with a molecular
size of about 48 kDa, consistent with the predicted
size of 6xhis-SAP2, was observed. Example 2 2. 1
Construction of recombinant plasmids and production of
truncated recombinant Sap2 (tSap2) Full-length SAP was
cloned as described in Example 1. For the production
of a truncated form of Sap2, plasmid pRLV141 was
digested with BamHI to excise the fragment
corresponding to the nucleotides encoding amino acids
1-76 of SAP2 coding sequence. The digested plasmid was
re-ligated to give pRLV143 and used to transform the
bacterial cells. The resulting colonies were analyzed
for DNA insert length by restriction mapping, PCR and
DNA sequencing (data not shown). Alternatively a
truncated Sap2 including the His-tag and with an
additional protease cleavage site (thrombin) between
the His-tag and tSap2 was produced synthetically
(Geneart, Regensburg, Germany). For optimal expression
in a host system the codon usage was adapted to the
host's codon usage (e.g. by Geneart, Regensburg,
Germany). The tSap2 gene was synthesized with the two
restriction sites Ndel (5' end) and BamHI (3' end) and
cloned into the Ndel / BamHI restriction sites of the
expression vector pET- 14b (Novagen / Merck
Biosciences, Darmstadt, Germany), resulting in the
plasmid pET14-tSap2. The tSap2 nucleotide sequence in
this vector was confirmed by sequencing.Alternatively
a truncated Sap2 which lacks the His-tag was produced
synthetically (Geneart, Regensburg, Germany). For
optimal expression in a host system the codon 



usage was adapted to that of the host (Geneart,
Regensburg, Germany). The tSap2 gene was synthesized
with the two restriction sites Ncol (5' end) and BamHI
(3' end) and cloned into the Ncol / BamHI restriction
sites of the expression vector pET-14b (Novagen /
Merck Biosciences, Darmstadt, Germany), resulting in
the plasm id pET-tSap2. The tSap2 nucleotide sequence
in this vector was confirmed by sequencing. 2.2
Expression and purification of recombinant C. albicans
proteins The expression of recombinant 6xhis-tSAP2
(6xhis-SAP2 77 398) polypeptide was obtained in E.
coli M15 carrying the lac repressor-producing pUHA1
plasmid (La VaIIe R. et al., Infect. Immu. (1995), 63:
4039-4045; Hochuli E. et al., Bio/Technology (1988),
6:1321- 1325). Induction was performed in LB medium
containing kanamycin and ampicillin, by the addition
of isopropyl-b-D-thio-galacto pyranoside (IPTG;
Boehringer) with a final concentration of 1mM, to a
culture with an O.D.60o of 0.7, followed by further 5
h of incubation at 37C. Recombinant 6xhis-tagged
protein was purified by nickel-chelate affinity
chromatography (Hochuli E. et al., Bio/Technology
(1988), 6:1321-1325) according to the manufacturer's
instructions (Qiagen; denaturing conditions).
Fractions containing the purified polypeptide were
pooled and precipitated with 3 volumes of absolute
ethanol, resuspended in water and stored at -200C. In
the induced cells, a new protein band with a molecular
size of about 35.5 kDa consistent with the predicted
size of 6xhis-tSAP2 was observed. The expression of
pET14-tSap2 and pET-tSap2 was performed in expression
host systems which are lysogens of bacteriophage ADE3,
e.g. E. coli BL21(DE3) or E. coli Origami(DE3)
(Novagen / Merck Biosciences, Darmstadt, Germany),
under conditions as described above. Proteolytic
removal of the His-tag and isolation/purification of
the resulting recombinant tSAP2 protein without
His-tag was performed as follows: 6xhis-tagged protein
with a thrombin cleavage site (from vector
pET14-tSap2) was purified by nickel-chelate affinity
chromatography on a HiTrap FF Crude column according
to the manufacturer's instructions (GE Healthcare,
Dbendorf, Switzerland).The pool of the purified
protein was treated with the protease thrombin to
remove the 6xhis tag from the tSap2 protein.
Therefore, the purified protein pool was incubated
with thrombin-agarose beads for 5h at RT as
recommended by the manufacturer (Sigma, Buchs,
Switzerland). The untagged tSap2 protein was loaded on
an ion exchange chromatography column (HiTrap Q FF, GE
Healthcare, Dbendorf, Switzerland) and eluted with
buffer B (1x PBS, pH 7.4; 1.5 M NaCI) with a gradient
to 100% buffer B over 5 column volumes (CV). The
fractions containing tSap2 were pooled and dialysed
against IxPBS, pH 7.4. Isolation/purification of
recombinant tSAP2protein without His-tag was performed
as 



follows: The expression of the pET-tSap2 vector in
E.coli was performed as described above for
pET14-tSap2. After cultivation, the cells were
centrifuged to a pellet and treated with BugBuster
reagent as indicated by the manufacturer (Novagen /
Merck Biosciences, Darmstadt, Germany) to isolate the
inclusion bodies (IB). Finally, the IB were
resuspended in 20 mL of lysis buffer per liter of
bacteria culture (lysis buffer: 1x PBS, pH 7.4; 4 M
urea). This material was loaded onto a HiTrap Q FF
column (GE Healthcare, Dbendorf, Switzerland) and
eluted with buffer B (1x PBS, pH 7.4; 4 M urea, 1 M
NaCI) with a gradient to 100% buffer B over 5 column
volumes (CV). The fractions containing tSap2 were
pooled and dialyzed to 1x PBS, pH 7.4, 0.25 M urea in
several steps (4 M urea -> 2 M urea -> 1 M urea -> 0.5
M urea - > 0.25 M urea), each time for 24 h at 4C, 1 L
volume. Afterward, this material was loaded on a
HiTrap Q FF column (GE Healthcare, Dbendorf,
Switzerland), with buffer A (1x PBS, pH 7.4, 10 mM
NaCI) and buffer B (1x PBS, pH 7.4, 1.5 M NaCI), and a
gradient to 100% buffer B over 5 CV. The fractions
containing tSap2 were pooled and concentrated on a
Amicon Ultra 10K column (Millipore, Zug, Switzerland)
according to the instructions. The buffer was changed
to 1x PBS, pH 7.4, 1.5 M NaCI) by the addition of
NaCI. This material was loaded onto a HiTrap Phenyl FF
column (GE Healthcare, Dbendorf, Switzerland), with
buffer A (1x PBS, pH 7.4, 1.5 M NaCI) and buffer B (1x
PBS, pH 7.4, 10 mM NaCI), and a gradient to 100%
buffer B over 10 CV. The fractions containing tSap2
were pooled and concentrated on a Amicon Ultra 10K
column (Millipore, Zug, Switzerland) and washed three
times with 1x PBS, pH 7.4, 10 mM NaCI. The protein was
stored in aliquots at 4C and frozen.Example 3:
Stability of recombinant Sap and tSap2 Recombinant
Sap2 and tSap2 were expressed and purified as
described in Example 1 and 2. 3mg of recombinant Sap2
and tSap2 were incubated in PBS for different lengths
of time (30 min to 24 or 48 hours) either at room
temperature or at 37C. After incubation, both
preparations were subjected to SDS-PAGE and stained
with Coomassie Blue. The truncated recombinant Sap2
was fully stable and fully reactive with the anti-Sap2
serum for 24 hours (Figure 1A) and 48 hours (data not
shown), without any sign of degradation. Following
incubation at RT (at 37 0C), this protein preparation
was also very stable and showed only little
degradation with serum-reactive low-molecular weight
bands at 24-48 hours. In contrast, the wild type Sap2
preparation was labile following incubation for 6-to
24 hours even at room temperature and totally
degradable even after short, 30 min incubation at 370C
(Figure 1B). Example 4 



Standard methods as used in the following experiments:
4. 1 lmmunogenicity of recombinant Sap2 and tSap2 4.
1. 1Animals Oophorectomized female Wistar rats (80-100
g) from Charles River Breeding Laboratories (Calco,
Italy) were used throughout this study. Animal
maintenance and overall care were as described
elsewhere (De Bemardis F. et al., Infect. Immun.
(1997), 65: 3309-3405).4. 1.2 Intravaginal
immunization in rats For active immunization, groups
of five rats were administered, a total of three
times, by intravaginal (i.v.g.) route at weekly
intervals with 1-100 mg of recombinant SAP2 and tSAP2
preparation and optionally together with adjuvants
(e.g. HLT ug). Control animals received only sterile
saline. 4. 1.3 Vaginal wash The rat vaginal cavity was
washed by gentle injection and subsequent aspiration
of 0.5 ml PBS. The collected fluids were pooled for
each experimental group; the resultant 2.5 ml were
centrifuged for 15 minutes at 3500 x g in a
refrigerated Biofuge, and the supernatant was assayed
for vaginal antibodies. 4.2 ELISA to detect Abs
against C. albicans constituents in vaginal fluids The
presence of antibodies was assayed in the vaginal
washes by a previously described enzyme-linked
immunoadsorbent assay (ELISA) (Cassone A. et al.,
Infect. Immun. (1995), 63: 2619-2624; De Bernardis F.
et al., Infect. Immun. (2000), 68: 3297- 3304). 200 ml
of a purified native Sap2 preparation (kindly provided
by P.A. Sullivan, Massey, University, Palmerston
North, New Zealand) (5 mg/ml in 0.2 M sodium
carbonate) was used as coating antigen for the
detection of antibodies and was dispensed into the
wells of a polystyrene micro titration plate, which
was kept overnight at 4C. After three washes with
Tween 20-PBS buffer, 1:2 dilutions of vaginal fluids
were distributed in triplicate wells and the plates
were incubated for 1 h at room temperature. Each well
was washed again with Tween 20 PBS buffer and
predetermined optimal dilutions of alkaline
phosphatase-conjugate, sheep anti-rat immunoglobulin
IgG or IgA (obtained from Serotec Ldt; Kidlington,
Oxford, United Kingdom) were added. Bound alkaline
phosphatase was detected by the addition of a solution
of para-nitrophenyl phosphate in diethanolamine buffer
and the plates were read at A 405 with an automated
micro reader (Labsystem Multiscan, MS, Finland)
blanked against air. Vaginal fluid was considered
positive for a determined antibody when the O.D. was
greater than 2 times the value of the well coated with
the same antigen and tested with the vaginal fluid of
non- immunized, uninfected rats.Quantitative variables
were tested for normal distribution and compared by
means of Student's two tailed t-test. Differences in
group proportions were assessed by use of the 



x2 test or, for small numbers with the Fisher's exact
test. ANOVA analysis of variance was used for
comparing paired samples. Two- tailed test of
significance at the ><0.05 level were used to
determine statistical significance. All statistical
analysis was performed using the software program
lntercooled Stata (Stata Corporation, Texas). Example
5: Detection of tSAP2 antibodies in immunised rats Two
groups of five female ovarectomized rats were
immunized by intravaginal route three times at weekly
intervals: one group received 100 mg/dose of wild type
Sap2 whereas the second group was administrated 20
mg/dose of truncated Sap2. One week after the last
immunization, pools of vaginal washes were collected
from each group and then were diluted 1:2 for the
ELISA (standard methods outlined in Example 4) A wild
type Sap2 preparation was used as coating antigen for
the antibody detection in the immunological assay. The
presence of antibody specific for the wild type Sap2
in the vaginal fluids is expressed in terms of
absorbance, which was read at l=405 nm. The increase
in antibody production is observed mostly for IgA, the
main immunoglobulin involved in the mucosal immunity.
The results are shown in Figure 2 and demonstrate that
the truncated Sap2 (tSap2) induces higher antibody
levels than the enzymatically active wild type Sap2
(Sap2) in vaginal fluids of immunized rats. Example 6:
Protection of C. albicans challenge after vaccination
with Sap2 and tSap2 One week after the last
immunization, all animals were challenged i.v.g. with
107 cells of C. albicans, and the infection monitored
by enumeration of colony forming units (CFU), as
reported elsewhere ( De Bernardis F. et al., Infect.
Immun. (1997), 65: 3309-3405; De Bernardis F. et al.,
Infect. Immun. (2000), 68: 3297-3304). Two independent
experiments were carried out. For antibody (Ab)
analysis, samples of vaginal fluids were taken at
regular intervals from each animal by gently washing
the vaginal cavity with 0.5 ml of PBS, as described
elsewhere (De Bernardis F. et al., Infect. Immun.
(1997), 65: 3309-3405; De Bernardis F. et al., Infect.
Immun. (2000), 68: 3297-3304). The collected fluid was
centrifuged at 3500 x g for 15 min in a refrigerated
Biofuge, and the supernatant was assayed as described
above. The results are shown in Figure 3.Example 7:
Virosome-based formulations containing tSap2 induce
higher IqG and IqA levels Three groups of five rats
were immunized intravaginally three times at weekly
intervals: the first group received 20 mg/dose of
truncated protein alone; the second group received 20
mg/dose of truncated protein linked to the virosome
surface, and the third group was treated with buffer.
One week after the last immunization pools of vaginal
washes were collected from each group and were 1:2
diluted for the ELISA. A wild type Sap2 preparation
was used as coating antigen for the antibody detection
in the immunological assay. The presence of antibody
in the vaginal fluids is expressed in 



terms of absorbance, which was read at l=405 nm. The
results are shown in Figure 4. Example 8:
Virosome-based formulations containing tSap2 endow a
higher rate of infection clearance Specifically, three
groups of 5 female ovarectomized rats were immunized
with different preparations following the usual
immunization scheme: the first group received 20
mg/dose of truncated protein alone, the second group
received 20 mg/dose of truncated protein linked to the
virosome surface, and the third group was treated with
buffer. Four weeks after the last immunization all
rats were challenged with a vaginopathic dose of the
C. albicans strain SA-40 and the Candida colony
forming units (CFU) were counted 1, 2, 7, 13, 2 1 and
28 days after the challenge. The results are shown in
Figure 5. Four groups of female ovarectomized rats
were immunized intravaginally three times, at weekly
intervals with the following preparations: 1)
truncated protein Sap2 linked to virosomes (20
mg/dose); 2) truncated protein Sap2 linked to
virosomes and combined with HLT (20 mg/dose); 3)
truncated protein alone (20 mg/dose); 4) buffer. One
month after the last treatment all rats were
challenged with a vaginopathic amount of C. albicans.
The course of the vaginal infection was monitored for
28 days. The results are shown in Figure 6. Example 9:
Virosomes containing the tSap2 protein confer a better
protection In this in vivo experiment, two groups of
female ovarectomized rats were immunized
intravaginally three times, at weekly intervals with
virosomes containing the truncated protein and the
truncated protein alone, respectively. Four weeks
after the lastimmunization all rats were challenged
with a vaginopathic dose of the C. albicans strain
SA-40. The status of vaginal infection was monitored
for 28 days by enumeration of colony forming units
(CFU). A rat was considered infected when CFU >1x103
/ml vaginal fluid. The results are shown in Table 1.
Table 1 Table 1: The table shows that the virosomes
containing the truncated protein confer a better
protection in an animal challenge model than the
protein alone. Specifically, the number of infected
rats immunized with the virosome-based formulation is
lower than the number of rats treated with the protein
alone, one week after the challenge. Example 10:
Coupling Sap2/tSap2 to phosphoethanolamine 10. 1
Coupling of Candida protein to phosphoethanolamine via
cysteine groups For a virosomal preparation of 4 ml,
the designated amount of the protein is taken and
resuspended in 1 ml of 100 mM OEG in PBS. This
solution is transferred to 50 mg immobilized
Tris-(2-carboxyethyl) phosphine (TCEP) on Amberlite
Beads (Merck Biosciences Novabiochem, Laufelfingen,
Switzerland) and incubated for 30 min at RT. The beads
are removed and the solution is transferred to 4 mg of
fresh N-MCC-PE (ca. 



4.3 mmol; Avanti Polar Lipids, Alabaster, Alabama) and
incubated at 300C under shaking for at least 4 h.
Finally, unused maleimide groups in the
phosphoethanolamine are consumed by the addition of
trace amounts of Tris buffer pH 7.4. The solution is
stored at 4C until use.10.2 Coupling of Candida
protein to phosphoethanolamine via primary amino
groups For a virosomal preparation of 4 ml, the
designated amount of the protein is taken and
resuspended in 0.1-0.5 ml of PBS pH 7.4, 10 mM EDTA.
This solution is added to 12.5 mg Sulfo-SMCC reagent
(approx. 25 mmol; Apollo Scientific, Cheshire, United
Kingdom) and incubated for 1 h at RT under slow
shaking. Unused Sulfo-SMCC reagent is removed by gel
filtration over a Sephadex column (GE Healthcare,
Otelfingen, Switzerland) and complemented with 100 mM
OEG in PBS to a final volume of 1 ml. This mixture is
then added to 4 mg of fresh N-MCC-PE (ca. 4.3 mmol;
Avanti Polar Lipids, Alabaster, Alabama) and incubated
at RT under shaking for at least 4 h. Finally, unused
maleimide groups in the phosphoethanolamine are
consumed by the addition of trace amounts of Tris
buffer pH 7.4. The solution is stored at 4C until use.
Example 11: Vaccine containing Sap2 or tSap2 in
combination with virosomes 11. 1 Reagents used in
preparation and working examples Reagents:
Octaethyleneglycol-mono-(n-dodecyl)ether (OEG, Ci2E8)
, was purchased from Fluka Chemie GmbH-(Buchs,
Switzerland). Sucrose (Eur. Phar.) was purchased from
Merck (Dietikon, Switzerland). Egg phosphatidyl
choline (PC) was obtained from Lipoid (Cham,
Switzerland).
1-Oleoyl-3-palmitoyl-rac-glycero-2-phosphoethanolamine
was obtained from Bachem (Bubendorf, Switzerland).
Bio-Beads SM2 were purchased from Bio-Rad Laboratories
(Glattbrugg, Switzerland). Cholesteryl N-
(trimethylammonioethyl)carbamate chloride (TC-chol)
was purchased from Merck Eprova (Schaffhausen,
Switzerland). Influenza viruses of the
A/Singapore/6/86 (A/Sing) strain and other influenza A
strains, propagated in the allantoic cavity of
embryonated eggs (Gerhard, W. (1976), J. Exp. Med.
144: 985-995), were obtained from Berna Biotech AG
(Bern, Switzerland) and purified as described (Skehel,
J. et al., (1971), Virology 44: 396). The
hemagglutinin/ phospholipid ratio was determined
according to Bttcher (Bttcher et al. (1961). Anal.
Chim. Acta 24, 203), and HA-quantification after
SDS-PAGE was conducted using the Coomassie-extraction
method as described by Ball (Ball (1986). Anal.
Biochem. 155, 23).11.2 Preparation of the virosomes
For the preparation of PE-mimetic-IRIV, a solution of
purified Influenza A/Singapore hemagglutinine (4mg) in
phosphate buffered saline (PBS) was centrifuged for 30
min at 100 000 g and the pellet was dissolved in PBS (
1.33 ml) containing 100 mM
octaethyleneglycolmonodecylether (PBS-OEG).
Amyloid-peptide-phosphatidylethanolamine 



conjugates (4mg), phosphatidylcholine (32 mg; Lipoid,
Ludwigshafen, Germany) and phosphatidyl-ethanolamine
(6 mg) were dissolved in a total volume of 2.66 ml of
PBS-OEG. The phospholipids and the hemagglutinine
solutions were mixed and sonicated for 1 min. This
solution was centrifuged for 1 hour at 100 000 g and
the supernatant was sterilized by filtration.
Virosomes were formed by detergent removal (SM
BioBeads, BioRad, Glattbrugg, Switzerland). 11.3
Preparation of SAP2/tSAP2 coupled to virosomes
(protein-GIRIVs) Protein-GIRIVs are prepared by the
detergent removal method. For a final volume of 4 ml,
32 mg egg PC and 4 mg PE are dissolved in 2 ml of PBS,
100 mM OEG (PBS/OEG) and the prepared protein-PE
conjugate ( 1 ml; see above) is added to this mixture.
2 mg HA of inactivated influenza A/Singapore/6/86
virus is centrifuged at 100,000 x g for 1 h at 4C and
the pellet is dissolved in 1 ml of PBS/OEG. The
detergent solubilised phospholipids and viruses are
mixed and sonicated for 1 min. This mixture is
centrifuged at 100,000 x g for 1 h at 180C and the
supernatant is taken for further steps. Virosomes are
then formed by detergent removal using two times 1.5 g
of wet SM2 Bio-Beads for 1 h each at room temperature
with shaking. The virosome solution is stored at 4C.
Example 12: Vaccine containing Sap2 or tSap2 in
combination with Ivophilized virosomes 12. 1
Preparation of virosomes containing TC-Chol Virosomes
containing TC-Chol are prepared by the detergent
removal method. For a final volume of 4 ml, 32 mg egg
PC1 8 mg OPPE and 5 mg cholesteryl N-
(trimethylammonioethyl)carbamate chloride (TC-chol)
are dissolved in 2.6 ml of PBS, 100 mM OEG (PBS/OEG).
2 mg HA of inactivated A/Singapore/6/86 influenza
virus or another influenza A strain is centrifuged at
100,000 x g for 1 h at 4C and the pellet is dissolved
in 1 ml of PBS/OEG. The detergent solubilised
phospholipids and viruses aremixed with 0.4 ml_ of 50%
(w/v) sucrose and sonicated for 1 min. This mixture is
centrifuged at 100,000 x g for 1 h at 180C. Virosomes
are formed by detergent removal using two times 1.5 g
of wet SM2 Bio-Beads for 1 h each at room temperature
with shaking. The freshly formed virosomes are then
sterile filtered (0.22 mm) and aliquoted in sterile
glass vials. The closed vials are frozen at -70 0C and
then lyophilized at -4O0C for 20 h and 100C for 2 h.
The closed vials are stored at frozen until use. 12.2
Preparation of SAP2/tSAP2 coupled to lyophilizable
virosomes (protein-TI RIVs) To obtain TIRIVs with
Candida protein coupled to a phospholipid ancher, the
protein is coupled to PE as described above and
dissolved in the solution containing egg PC, PE and
TC-Chol in PBS/OEG, before combining with the
detergent solubilised viral HA of inactivated H1N1
influenza virus. The detergent solubilised
phospholipids and viruses are mixed with sucrose to a
final concentration of 5% (w/v) and sonicated for 1
min. This 



mixture is centrifuged at 100,000 x g for 1 h at 18C.
Virosomes with the Candida protein coupled to their
membrane are then formed by detergent removal using
two times 1.5 g of wet Bio-Beads SM2 for 1 h each at
room temperature with shaking. The virosomes are
sterile filtered (0.22 mm) and aliquoted in sterile
glass vials. The closed vials are frozen at -70 0C and
then lyophilized at -40 0C for 20 h and 100C for 2 h.
The closed vials are stored at frozen until use.
Reconstitution of the lyophilized TIRIVs is done with
an equal volume of sterile water. The vial is mixed
shortly for about 10 sec on the vortex on intermediate
level and stored at 4C until use. Example 13: MAbs
against tSAP2 polypeptide provide passive protection
Groups of five rats were inoculated intravaginally
with anti-tSAP2 antibodies that were eluted from
immune vaginal fluids by absorption with tSAP2-coated
Dynabeads, 30 minutes before administration of a
challenge dose of 107 C. albicans cells (strain SA40).
The monoclonal anti-tSAP2 antibodies (MAbs) were used
at the concentration of 100 mg/ml. The MAbs used
throughout this study were MAb NL2/2A8, MAb NL2/9B9
which are directed against the truncated Sap2 protein,
and MAb NL2/7C9 which is directed against the enolase
recombinant protein.Quantitative variables were tested
for normal distribution and compared by means of the
Student's two tailed t-test. Differences in group
proportions were assessed by use of the x 2 test or,
for small numbers, with the Fisher's exact test. The
ANOVA analysis of variance was used for comparing
paired samples. Two-tailed tests of significance at
the p<0.05 level were used to determine the
statistical significance. All statistical analyses
were performed using the software program lntercooled
Stata. As shown in Figure 7, both anti-tSap2 mAbs
(NL2/2A8 and NL2/9B9) conferred protection to rats, by
inducing a very rapid clearance of fungal cells from
the vagina compared to the controls, namely, rats
receiving only C. albicans cells or an anti-enolase
mAb. Under the conditions tested, the effect of
anti-tSap2 mAbs was substantially comparable to that
obtained with fluconazole , a popular antifungal drug,
or with pepstatin, a well-known Sap inhibitor,
treatment.Claims: 1. Polypeptide comprising any of the
following amino acid sequences: (a) the amino acid
sequence shown in SEQ ID NO:1 ; (b) an amino acid
sequence having a sequence identity of at least 80%
with the amino acid sequence shown in SEQ ID NO:1 over
the entire length of SEQ ID NO:1 , wherein said amino
acid sequence encodes a polypeptide that is
functionally equivalent to the polypeptide having the
amino acid sequence shown in SEQ ID NO:1 ; (c) an
amino acid sequence encoded by a polynucleotide
sequence 



hybridizing to the complementary sequence of SEQ ID
NO:2 under highly stringent conditions, wherein said
amino acid sequence is at least 15 amino acids in
length, and wherein said amino acid sequence encodes a
polypeptide that is functionally equivalent to the
polypeptide having the amino acid sequence shown in
SEQ ID NO:1 ; (d) an amino acid sequence which is a
fragment of the amino acid sequence shown in SEQ ID
NO:1 , wherein said amino acid sequence is at least 15
amino acids in length, and wherein said amino acid
sequence encodes a polypeptide that is functionally
equivalent to the polypeptide having the amino acid
sequence shown in SEQ ID NO:1 ; wherein the
polypeptide comprising any of the amino acid sequences
of (a)-(d) does not have the amino acid sequence shown
in SEQ ID NO:3 or SEQ ID NO:7. 2. The polypeptide of
claim 1 having the amino acid sequence shown in SEQ ID
NO:1 . 3. Polynucleotide comprising a nucleic acid
sequence selected from the following: (a) the nucleic
acid sequence shown in SEQ ID NO:2; (b) a nucleic acid
sequence which is complementary to the sequence of
(a);(c) a nucleic acid sequence which encodes the
amino acid sequence shown in SEQ ID NO:1 ; (d) a
nucleic acid sequence having a sequence identity of at
least 80% with the sequence shown in SEQ ID NO:2 over
the entire length of SEQ ID NO:2, wherein said nucleic
acid sequence encodes a polypeptide that is
functionally equivalent to the polypeptide having the
amino acid sequence shown in SEQ ID NO:1 ; (e) a
nucleic acid sequence hybridizing to the sequence of
(b) under highly stringent conditions, wherein said
nucleic acid sequence is at least 45 nucleotides in
length, and wherein said nucleic acid sequence encodes
a polypeptide that is functionally equivalent to the
polypeptide consisting of the amino acid sequence
shown in SEQ ID NO: 1; (f) a nucleic acid sequence
which is a fragment of the nucleic acid sequence shown
in SEQ ID NO:2, wherein said nucleic acid sequence is
at least 45 nucleotides in length, and wherein said
nucleic acid sequence encodes a polypeptide that is
functionally equivalent to the polypeptide having the
amino acid sequence shown in SEQ ID NO:1 ; wherein the
polynucleotide does not have the sequence shown in SEQ
ID NO:4 or SEQ ID NO:8. 4. The polynucleotide of claim
3 having the nucleic acid sequence shown in SEQ ID 



NO:2. 5. Vector comprising the polynucleotide of any
of claims 3-4. 6. Host cell comprising the vector of
claim 5. 7. Composition comprising at least one of the
polypeptides of any of claims 1-2. 8. Composition
comprising at least one of the polynucleotides of any
of claims 3-4. 9. The composition of any of claims 7
or 8 which is a vaccine. 10. The composition of any of
claims 7-9 which comprises one or more additional
components selected from excipients, diluents,
adjuvants, virosomes, or the like.11. Use of the
polypeptide of any of claims 1-2 as an immunogen
and/or antigen. 12. Use of the polypeptide of any of
claims 1-2 in a vaccine composition. 13. Use of at
least one of the polypeptides of any of claims 1-2
and/or at least one of the polynucleotides of any of
claims 3-4 for preparing a pharmaceutical composition
for the treatment or prevention of Candida infection.
14. The use of any of claims 12-13, wherein the
Candida infection is a Candida albicans infection. 15.
The use of any of claims 11-14, wherein one or more
additional components selected from excipients,
diluents, adjuvants, delivery vehicles, or the like,
is/are used. 16. The use of claim 15, wherein the
delivery vehicle is a virosome. 17. The use of any of
claims 15-16, wherein the polypeptide and/or
polynucleotide is linked to the surface of the
virosome. 18. The use of any of claims 15-16, wherein
the polypeptide and/or polynucleotide is contained in
the lumen of the virosome. 19. The use of any of
claims 15-18, wherein the polypeptide and/or
polynucleotide is both linked to the surface of and
contained in the lumen of the virosome. 20. The use of
any of claims 13-19, wherein the infection is mucosal
and/or systemic. 2 1.The use of claim 20, wherein the
infection is mucosal and the disease caused by said
infection is selected from vulvovaginal or esophageal
candidiasis. 22. Kit comprising at least one of the
polypeptides of any of claims 1-2 and/or at least one
of the polynucleotides of any of claims 3-4. 23. The
kit of claim 22 for the in vitro diagnosis of a
Candida infection. 24. The kit of any of claims 22-23
wherein the Candida infection is a Candida albicans
infection. 25. The kit of any of claims 22-24, further
comprising a reagent for detecting complexes including
the polypeptide. 


