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Immunogenic compositions

The present invention relates to immunogenic compositions and methods for
inducing an immune response against tumours-related antigens. More specifically,
the invention relates to non-human prostate-specific antigens which can be used as
xenogeneic antigens to induce prostate-directed immunity in humans, to
pharmaceutical compositions containing them, to methods of manufacture of such
compositions and to their use in medicine. In particular the compositions of the
invention include the prostate-specific protein known as P501S, from a non human
origin. Such compositions find utility in cancer vaccine therapy, particularly prostate
cancer vaccine therapy and diagnostic agents for prostate tumours. The present
invention also provides methods for formulating vaccines for immunotherapeutically
treating prostate cancer patients and P501S-expressing tumours other than prostate
tumours, prostatic hyperplasia, and prostate intraepithelial neoplasia (PIN).

Background of the invention

Prostate cancer is the most common cancer among males, with an estimated
incidence of 30% in men over the age of 50. Overwhelming clinical evidence shows
that human prostate cancer has the propency to metastasise to bone, and the
disease appears to progress inevitably from androgen dependent to androgen
refractory status, leading to increased patient mortality (Abbas F., Scardino P. "The
Natural History of Clinical Prostate Carcinoma." /n Cancer (1997); 80:827-833). This
prevalent disease is currently the second leading cause of cancer death among men
in the US.

Despite considerable research into therapies for the disease, prostate cancer
remains difficult to treat. Currently, treatment is based on surgery and/or radiation
therapy, but these methods are ineffective in a significant percentage of cases
(Frydenberg M., Stricker P., Kaye K. "Prostate Cancer Diagnosis and Management
"The Lancet (1997); 349:1681-1687). Several tumour-associated antigens are
already known. Many of these antigens may be interesting targets for
immunotherapy, but are either not fully tumour-specific or are closely related to
normal proteins, and hence bear with them the risk of organ-specific auto-immunity,
once targeted by a potent immune response. When an auto-immune response to
non-crucial organs can be tolerated, auto-immunity to heart, intestine and other
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crucial organs could lead to unacceptable safety profiles. Some previously identified
prostate specific proteins like prostate specific antigen (PSA) and prostatic acid
phosphatase (PAP), prostate-specific membrane antigen (PSMA) and prostate stem
cell antigen (PSCA) used in vaccine preparations have only showed limited
therapeutic potential so far (Pound C., Partin A., Eisenberg M. et al. "Natural History
of Progression after PSA Elevation following Radical Prostatectomy." /n Jama
(1999); 281:1591-1597) (Bostwick D., Pacelli A., Blute M. et al. "Prostate Specific
Membrane Antigen Expression in Prostatic Intraepithelial Neoplasia and
Adenocarcinoma.”" In Cancer (1998); 82:2256-2261), and this limitation may be due
to a relatively poor immunogenicity due to their self nature, or by poor prostate and

tumour-specificity.

The existence of tumour rejection mechanisms has been recognised since
several decades. Tumour antigens, though encoded by the genome of the
organism and thus theoretically not recognized by the immune system through
the immune tolerance phenomenon, can occasionally induce immune responses
detectable in cancer patients. This is evidenced by antibodies or T cell
responses to antigens expressed by the tumour (Xue BH., Zhang Y., Sosman J. et
al. "Induction of Human Cytotoxic T-Lymphocytes Specific for Prostate-Specific
Antigen." In Prostate (1997); 30(2):73-78). When relatively weak anti-tumour
effects can be observed through the administration of antibodies recognizing cell
surface markers of tumour cells, induction of strong T cell responses to antigens
expressed by tumour cells can lead to complete regression of established

tumours in animal models (mainly murine).

It is now recognised that the expression of tumour antigens by a cell is not
sufficient for induction of an immune response to these antigens. Initiation of a
tumour rejection response requires a series of immune amplification phenomena
dependent on the intervention of antigen presenting cells, responsible for
delivery of a series of activation signals.

Human P501S is a membrane protein which interacts with a cell surface receptor. It
is predicted to be a type llla plasma membrane protein with 9-11 transmembrane
regions spanning the whole length of the protein. P501S shares some homologies
with spinash sucrose binding protein (Riesmeier JW, Willmitzer L, Frommer WB,
1992, EMBO J 11, 4705-13). Human P501S as described in WO 98/37418, and its
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C-terminal fragments PS108 as described in WO 98/50567 and Y54369 as described
in WO 99/67384, is a human prostate specific antigen, associated with a prostate
tissue disease or condition, especially with prostate cancer. Its expression is
observed in normal and tumour prostate tissue as well as in some breast metastasis
(WO 00/61756).

P501S nucleotide sequence and deduced polypeptide sequence and fragments are
disclosed in WO 98/37418. Contiguous and partially overlapping cDNA fragments
and polypeptides encoded thereby, have also been described (WO 98/50567), more
particularly a C-terminal fragment of 255 amino acids in length. A polypeptide of 231
amino acids in length, described in WO 99/67384, is reported to comprise a potential
transmembrane domain, two potential caseine kinase |l phosphorylation sites, one
potential protein kinase C phosphorylation site and a potential cell attachment
sequence.

P501S is described as being a member of the family of human “self’ antigens”,
against which it will be suposedly difficult to induce an “auto-immune” response,
including CD8+ cytotoxic T-lymphocyte (CTL) responses. Therefore efficient vaccine
strategies directed against P501S will require the development of methods to

overcome the immune folerance fo the self-protein.

The present invention is concerned with an efficient antigen-specific immunotherapy
of human malignancies, more especially of human prostate cancer. It takes
advantage of the surprising observation that humans immunised with an antigen from
a xenogeneic (non human) origin, are capable of mounting a effective immune
response against the human antigen counterpart, through the generation of cross-
reactive antibodies and/or T cells. Such an approach has the advantages over
classical immunotherapy that utilises human prostate self antigens, since these
antigens are tolerated by the human body and it is therefore difficult to raise an
immune response against the antigen (Fong et al, J. Immunol., 1997, 156:3313-
3117; Fong et al, J. Immunol., 2001, 167:7150-7156)

Statement of the invention

Accordingly, the present invention provides for pharmaceutical/immunogenic

compositions comprising a xenogeneic P501S polypeptide or a xenogeneic P501S-

-3.



WO 03/103706 PCT/EP03/06095

10

15

20

25

30

35

encoding polynucleotide, or an immunogenic fragment thereof, and a
pharmaceutically acceptable carrier. Preferably the xenogeneic P501S polypeptide is
selected from the group comprising SEQ ID NO:1 or SEQ ID NO:3 or SEQ ID NO:10
and the xenogeneic P501S-encoding polynucleotide is selected from the group
comprising SEQ ID NO:2 or SEQ ID NO:4 or SEQ ID NO:11. Preferably the

compositions comprises a TH-1 adjuvant.

The invention also provides for immunogenic compositions comprising an effective
amount of antigen presenting cells, modified by in vitro loading with a xenogeneic
P501S polypeptide or immunogenic fragment thereof, or genetically modified in vitro
to express a xenogeneic P501S polypeptide and a pharmaceutically effective carrier.

In another embodiment the invention relates to an isolated polypeptide comprising an
amino acid sequence which has at least 92% identity to the amino acid sequence of
SEQ ID NO:1 over the entire length of of SEQ ID NO:1; to a polynucleotide encoding
said polypeptide, and to expression vectors or a recombinant live microorganisms

comprising said polynucleotide.

Also provided is a process for the production of an immunogenic composition as
herein described, comprising admixing a xenogeneic P501S polypeptide or a
xenogeneic P501S-encoding polynucleotide with a suitable adjuvant, diluent or other

pharmaceutically acceptable carrier.

The present invention also provides methods for purifying the xenogeneic P501S
antigens and for formulating immunogenic compositions for immunotherapeutically
treating P501S-expressing prostate tumors, prostatic hyperplasia and prostate
intraepithelilial neoplasia (PIN).

The present invention also provides pharmaceutical/immunogenic compositions and
vaccine compositions suitable for use in medicine, and more especially in the
treatment of a prostate tumours, said composition comprising a xenogeneic P501S
antigen. More particularly, the invention is directed to a mouse, rat and monkey
P501S8 which can be used as a xenogeneic form of human P501S antigen to induce

prostate-targeted immunity in humans.
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The invention further relates to the use of a polypeptide or a polynucleotide as herein
described in the manufacture of a vaccine for immunotherapeutically treating a
patient suffering from or susceptible to prostate cancer or other P501S-associated

tumours or diseases.

In another embodiment the invention also relates to a method of inducing an immune
response against human P501S in a human, comprising administering to the subject
an effective dosage of a pharmaceutical or immunogenic composition comprising a
xenogeneic form of said human P501S. Preferably, the composition includes a live
viral expression system or a plasmid vector which expresses said xenogeneic

antigen, ot through antigen loaded dendritic cells.

Detailed description of the invention

A xenogeneic form of antigen refers to an antigen having substantial sequence
identity to the human antigen (also termed autologous antigen) which serves as a
reference antigen but which is derived from a different non-human species. In this
context the substantial identity refers to concordance of an amino acid sequence with
another amino acid sequence or of a polynucleotide sequence with another
polynucleotide sequence when such sequence are arranged in a best fit alignment in
any of a number of sequence alignment proteins known in the art. By substantial
identity is meant at least 70-98%, and preferably at least 85-95% sequence identity
between the compared sequences. Therefore according to the invention the
xenogeneic P501S will be a P501S polypeptide which is xenogeneic with respect to
human P5018, in other words which is isolated from a species other than human. In
a preferred embodiment, the polypeptide is isolated from mouse, rat, or Cynomolgus
monkey (Maccaca fascicularis). In a more preferred embodiment, the P501S
polypeptide has the sequence set forth in SEQ ID NO:1 (rat), in SEQ ID NO:3
(Cynomolgus monkey) or in SEQ [D NO:10 (mouse). The isolated xenogeneic P501S
polypeptide will generally share substantial sequence similarity, and include isolated
polypeptides comprising an amino acid sequence which has at least 70% identity,
preferably at least 80% identity, more preferably at least 90% identity, yet more
preferably at least 95% identity, most preferably at least 97-99% identity, to that of
SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:10 over the entire length of SEQ ID
NO:1, SEQ ID NO:3 or SEQ ID NO:10 respectively. Accordingly the polypeptide will
comprise an immunogenic fragment of the polypeptide SEQ ID NO:1, SEQ ID NO:3
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or SEQ ID NO:10 in which the immunogenic activity of the immunogenic fragment is
substantially the same as the polypeptide SEQ ID NO:1, SEQ ID NO:3 or SEQ ID
NO:10 respectively. The polypeptide sequence as set forth in SEQ ID NO:1 and the
polynucleotide sequence as set forth in SEQ ID NO:2 are novel and also form part of
the invention. In particular the invention provides an isolated polypeptide comprising
an amino acid sequence which has at least 90%, preferably at least 92% identity to
the amino acid sequence of SEQ ID NO:1 over the entire length of of SEQ ID NO:1.
Preferably the isolated polypeptide amino acid sequence has at least 95% identity to
SEQ ID NO:1. Still more preferably the polypeptide comprises the amino acid
sequence of SEQ ID NO:1. Most preferably the polypeptide is the isolated
polypeptide of SEQ ID NO:1.

In addition the polypeptide can be a fragment of at least about 20 consecutive amino
acids, preferably about 30, more preferably about 50, yet more preferably about 100,
most preferably about 150 contiguous amino acids selected from the amino acid
sequences as shown in SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:10. More
particularly fragments will retain some functional property, preferably an
immunological activity, of the larger molecule set forth in SEQ 1D NO:1, SEQ ID NO:3
or SEQ ID NO:10, and are useful in the methods described herein (e.g. in
pharmaceutical, immunogenic and vaccine compositions, in diagnostics, etc.). In
particular the fragments will be able to generate an immune response against the
human counterpart, such as the generation of cross-reactive antibodies which react
with the autologous human form of P501S as set forth in any of the SEQ ID NO: 5
(Corixa WO 98/37418), SEQ ID NO: 6 (Abbott WO 98/50567) and SEQ ID NO:7
(Incyte WO 99/67384).

In one embodiment, the polypeptide of the invention may be part of a larger fusion,
comprising the tumour-associated xenogeneic P501S or fragment thereof and a
heterologous protein or part of a protein acting as a fusion partner. The protein and
the fusion partner may be chemically conjugated, but are preferably expressed as
recombinant fusion proteins in a heterologous expression system. In a preferred
embodiment of the invention there is provided a xenogeneic P501S fusion protein
linked to an immunological fusion partner that may provides additional T helper
epitopes thereby further assisting in breaking the tolerance against the autologous
antigen. Thus the fusion partner may act through a bystander helper effect linked to
secretion of activation signals by a large number of T cells specific to the foreign

-6 -



WO 03/103706 PCT/EP03/06095

10

15

20

25

30

35

protein or peptide, thereby enhancing the induction of immunity to the P501S
component as compared to the non-fused xenogeneic protein. Preferably the
heterologous partner is selected to be recognizable by T cells in a majority of

humans.

In another embodiment, the invention provides a xenogeneic P501S protein or
fragment or homologues thereof linked to a fusion partner that acts as an expression
enhancer. Thus the fusion partner may assist in aiding in the expression of P5018 in
a heterologous system, allowing increased levels to be produced in an expression
system as compared to the native recombinant protein.

Preferably the fusion partner will be both an immunological fusion partner and an
expression enhancer partner thereby assisting in aiding the expressing and in
breaking the tolerance against the autologous antigen. Accordingly, the present
invention in the embodiment provides fusion proteins comprising the tumour-specific
P35018 or a fragment thereof linked to a fusion partner. Preferably the fusion partner
is acting both as an immunological fusion partner and as an expression enhancer
partner. Accordingly, in a preferred form of the invention, the fusion partner is the
non-structural protein from influenzae virus, NS1 (hemagglutinin) or fragment thereof.
Typically the N-terminal 81 amino acids are utilised, although different fragments may
be used provided they include T-helper epitopes (C. Hackett, D. Horowitz, M.
Wysocka & S. Dillon, 1992, J. Gen. Virology, 73, 1339-1343). When NS1 is the
immunological fusion partner it has the additional advantage in that it allows higher
expression yields to be achieved. In particular, such fusions are expressed at higher
yields than the native recombinant P501S proteins. In another preferred form of the
invention, the immunological fusion partner is derived from protein D, a surface
protein of the gram-negative bacterium, Haemophilus influenza B (W091/18926).
Preferably the protein D derivative comprises approximately the first 1/3 of the
protein, in particular approximately the first N-terminal 100-110 amino acids.
Preferably the protein D derivative is lipidated. Preferably the first 109 residues of the
Lipoprotein D fusion partner is included on the N-terminus to provide the vaccine
candidate antigen with additional exogenous T-cell epitopes and increase expression
level in E-coli (thus acting also as an expression enhancer). The lipid tail ensures
optimal presentation of the antigen to antigen presenting cells. In another
embodiment the immunological fusion partner is the protein known as LYTA.
Preferably the C terminal portion of the molecule is used. Lyta is derived from
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Streptococcus pneumoniae which synthesize an N-acetyl-L-alanine amidase,
amidase LYTA, (coded by the IytA gene {Gene, 43 (1986) page 265-272} an
autolysin that specifically degrades certain bonds in the peptidoglycan backbone.
The C-terminal domain of the LYTA protein is responsible for the affinity to the
choline or to some choline analogues such as DEAE. This property has been
exploited for the development of E.coli C-LYTA expressing plasmids useful for
expression of fusion proteins. Purification of hybrid proteins containing the C-LYTA
fragment at its amino terminus has been described (Biotechnology: 1992,10, 795-
798). As used herein a preferred embodiment utilises the repeat portion of the Lyta
molecule found in the C terminal end starting at residue 178. A particularly preferred
form incorporates residues 188-305. In another preferred embodiment, the
immunological fusion partner is derived from a Mycobacterium sp., such as a
Mycobacterium tuberculosis-derived Ra12 fragment. Ra12 refers to a polynucleotide
region that is a subsequence of a Mycobacterium tuberculosis MTB32A nucleic acid.
MTB32A is a serine protease of 32 KD molecular weight encoded by a gene in
virulent and avirulent strains of M. tuberculosis. The nucleotide sequence and amino
acid sequence of MTB32A have been described (for example Skeiky et al., Infection
and Immun. 1999, 67:3998-4007). C-terminal fragments of the MTB32A coding
sequence express at high levels and remain as a soluble polypeptides throughout the
purification process. Moreover, Ra12 may enhance the immunogenicity of
heterologous immunogenic polypeptides with which it is fused. One preferred Ra12
fusion polypeptide comprises a 14 KD C-terminal fragment corresponding to amino
acid residues 192 to 323 of MTB32A. Other preferred Ra12 polynucleotides
generally comprise at least about 15 consecutive nucleotides, at least about 30
nucleotides, at least about 60 nucleotides, at least about 100 nucleotides, at least
about 200 nucleotides, or at least about 300 nucleotides that encode a portion of a
Ra12 polypeptide. Ra12 polynucleotides may comprise a native sequence (i.e., an
endogenous sequence that encodes a Ra12 polypeptide or a portion thereof) or may
comprise a variant of such a sequence. Ra12 polynucleotide variants may contain
one or more substitutions, additions, deletions and/or insertions such that the
biological activity of the encoded fusion polypeptide is not substantially diminished,
relative to a fusion polypeptide comprising a native Ra12 polypeptide.

The proteins of the present invention are expressed in an appropriate host cell, and
preferably in E. coli or in yeast such as in Pichia pastoris or Saccharomyces

cerevisiae. In a preferred embodiment the proteins are expressed with an affinity
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tag, such as for example, a histidine tail comprising between 5 to 9 and preferably six
histidine residues, most preferably at least 4 histidine residues. These are
advantageous in aiding purification through for example ion metal affinity

chromatography (IMAC).

The proteins of the present invention are provided either soluble in a liquid form or in
a lyophilised form, which is the preferred form. It is generally expected that each
human dose will comprise 1 to 1000 pg of protein, and preferably 30-300 pg.

The present invention also provides a nucleic acid encoding the proteins of the
present invention. In a preferred embodiment, the xenogeneic P501S polynucleotide
has the sequence set forth in SEQ ID NO:2 (rat) or in SEQ ID NO:4 (Cynomolgus
monkey) or in SEQ ID NO:11 (mouse). The isolated xenogeneic P501S
polynucleotides of the invention may be single-stranded (coding or antisense) or
double-stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules.
Additional coding or non-coding sequences may, but need not, be present within a
polynucleotide of the present invention. In other related embodiments, the present
invention provides polynucleotide variants having substantial identity to the
sequences disclosed herein in SEQ ID NO:2, in SEQ ID NO:4 or in SEQ ID NO:11,
for example those comprising at least 70% sequence identity, preferably at least
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% or higher, sequence identity
compared to a polynucleotide sequence of this invention using the methods
described herein, (e.g., BLAST analysis using standard parameters). In a related
embodiment, the isolated polynucleotide of the invention will comprise a nucleotide
sequence encoding a polypeptide that has at least 90%, preferably 95% and above,
identity to the amino acid sequence of SEQ ID NO:1, in SEQ ID NO:3 or in SEQ ID
NO:10 over the entire length of SEQ ID NO:1, in SEQ ID NO:3 or in SEQ ID NO:10
respectively; or a nucleotide sequence complementary to said isolated
polynucleotide.

Such sequences can be inserted into a suitable expression vector and used for
DNA/RNA vaccination or expressed in a suitable host. The expression vectors
comprising the isolated polynucleotide sequence according to the invention, and the
appropriate hosts also form part of the invention. In additional embodiments, genetic
constructs comprising one or more of the polynucleotides of the invention are
introduced into cells in vivo. This may be achieved using any of a variety or well-
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known approaches. One of the preferred methods for in vivo delivery of one or more
nucleic acid sequences involves the use of an expression vector such as a
recombinant live viral or bacterial microorganism. Suitable viral expression vectors
are for example poxviruses (e.g; vaccinia, fowlpox, canarypox), alphaviruses (Sindbis
virus, Semliki Forest Virus, Venezuelian Equine Encephalitis Virus), adenoviruses,
adeno-associated virus, picornaviruses (poliovirus, rhinovirus), and herpesviruses
(varicella zoster virus, etc). Other preferred methods for in vivo delivery of one or
more nucleic acid sequences involves the use of a bacterial expression vector, such
as Listeria, Salmonella , Shigella and BCG. Inoculation and in vivo infection with this
live vector will lead to in vivo expression of the antigen and induction of immune
responses. These viruses and bacteria can be virulent, or attenuated in various
ways in order to obtain live vaccines. Such live vaccines also form part of the

invention.

It is an embodiment of the invention that the antigens, including nucleic acid vector,
of the invention be utilised with immunostimulatory agent.  Preferably the
immunostimulatory agent is administered at the same time as the antigens of the
inventon and in preferred embodiments are formulated together. Such
immunostimulatory agents include but are not limited to: synthetic imidazoquinolines
such as imiquimod [S-26308, R-837], (Harrison, et al., Vaccine 19: 1820-1826, 2001,
and resiquimod [S-28463, R-848] (Vasilakos, et al., Cellular immunology 204: 64-74,
2000.; Schiff bases of carbonyls and amines that are constitutively expressed on
antigen presenting cell and T-cell surfaces, such as tucaresol (Rhodes, J. et al.,
Nature 377: 71-75, 1995), cytokine, chemokine and co-stimulatory molecules as
either protein or peptide, including for example pro-inflammatory cytokines such as
Interferon, GM-CSF, IL-1 alpha, IL-1 beta, TGF- alpha and TGF — beta, Th1 inducers
such as interferon gamma, IL-2, IL-12, IL-15, IL-18 and IL-21, Th2 inducers such as
IL-4, IL-5, IL-6, IL.-10 and IL-13 and other chemokine and co-stimulatory genes such
as MCP-1, MIP-1 alpha, MIP-1 beta, RANTES, TCA-3, CD80, CD86 and CD40L,
other immunostimulatory targeting ligands such as CTLA-4 and L-selectin, apoptosis
stimulating proteins and peptides such as Fas, (49), synthetic lipid based adjuvants,
such as vaxfectin, (Reyes et al., Vaccine 19: 3778-3786, 2001) squalene, alpha-
tocopherol, polysorbate 80, DOPC and cholesterol, endotoxin, [LPS], (Beutler, B.,
Current Opinion in Microbiology 3: 23-30, 2000); CpG oligo- and di-nucleotides (Sato,
Y. et al., Science 273 (5273): 352-354, 1996; Hemmi, H. et al., Nature 408: 740-745,
2000) and other potential ligands that trigger Toll receptors to produce Th1-inducing
cytokines, such as synthetic Mycobacterial lipoproteins, Mycobacterial protein p19,
peptidoglycan, teichoic acid and lipid A.
-10-
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Other suitable adjuvant include CT (cholera toxin, subunites A and B) and LT (heat
labile enterotoxin from E. coli, subunites A and B), heat shock protein family (HSPs),
and LLO (listeriolysin O; WO 01/72329).

As will be understood by those of skill in the art, it may be advantageous in some
instances to produce polypeptide-encoding nucleotide sequences possessing non-
naturally occurring codons. The DNA code has 4 letters (A, T, C and G) and uses
these to spell three letter “codons” which represent the amino acids the proteins
encodes in an organism’s genes. The linear sequence of codons along the DNA
molecule is translated into the linear sequence of amino acids in the protein(s)
encoded by those genes. The code is highly degenerate, with 61 codons coding for
the 20 natural amino acids and 3 codons representing “stop” signals. Thus, most
amino acids are coded for by more than one codon - in fact several are coded for by

four or more different codons.

Where more than one codon is available to code for a given amino acid, it has been
observed that the codon usage patterns of organisms are highly non-random.
Different species show a different bias in their codon selection and, furthermore,
utilisation of codons may be markedly different in a single species between genes
which are expressed at high and low levels. This bias is different in viruses, plants,
bacteria and mammalian cells, and some species show a stronger bias away from a
random codon selection than others. For example, humans and other mammals are
less strongly biased than certain bacteria or viruses. For these reasons, there is a
significant probability that a mammalian gene expressed in E.coli or a viral gene
expressed in mammalian cells will have an inappropriate distribution of codons for
efficient expression. It is believed that the presence in a heterologous DNA
sequence of clusters of codons which are rarely observed in the host in which
expression is to occur, is predictive of low heterologous expression levels in that

host.

In consequence, codons preferred by a particular prokaryotic (for example E. coli or
yeast) or eukaryotic host can be optimised, that is selected to increase the rate of
protein expression, to produce a recombinant RNA franscript having desirable
properties, such as for example a half-life which is longer than that of a transcript
generated from the naturally occurring sequence, or to optimise the immune
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response in humans. The process of codon optimisation may include any sequence,
generated either manually or by computer software, where some or all of the codons
of the native sequence are modified. Several method have been published
(Nakamura et.al., Nucleic Acids Research 1996, 24:214-215; W098/34640). One
preferred method according to this invention is Syngene method, a modification of
Calcgene method (R. S. Hale and G Thompson (Protein Expression and Purification
Vol. 12 pp.185-188 (1998)). This process of codon optimisation may have some or all
of the following benefits: 1) to improve expression of the gene product by replacing
rare or infrequently used codons with more frequently used codons, 2) to remove or
include restriction enzyme sites to facilitate downstream cloning and 3) to reduce the
potential for homologous recombination between the insert sequence in the DNA
vector and genomic sequences and 4) to improve the immune response in humans.
Due to the nature of the algorithms used by the SynGene programme to generate a
codon optimised sequence, it is possible to generate an extremely large number of
different codon optimised sequences which will perform a similar function. In brief,
the codons are assigned using a statistical method to give synthetic gene having a
codon frequency closer to that found naturally in highly expressed E.coli and human
genes.

The compositions of the present invention can be delivered by a number of routes
such as intramuscularly, subcutaneously, intraperitonally or intravenously.

In a preferred embodiment, the composition is delivered intradermally. In particular,
the composition is delivered by means of a gene gun (particularly particle
bombardment) administration techniques which involve coating the vector on to a
bead (eg gold) which are then administered under high pressure into the epidermis;
such as, for example, as described in Haynes et al, J Biotechnology 44: 37-42
(1996).

In one illustrative example, gas-driven particle acceleration can be achieved with
devices such as those manufactured by Powderject Pharmaceuticals PLC (Oxford,
UK) and Powderject Vaccines Inc. (Madison, WI), some examples of which are
described in U.S. Patent Nos. 5,846,796; 6,010,478; 5,865,796; 5,584,807; and EP
Patent No. 0500 799. This approach offers a needle-free delivery approach wherein
a dry powder formulation of microscopic particles, such as polynucleotide, are

accelerated to high speed within a helium gas jet generated by a hand held device,

-12 -



WO 03/103706 PCT/EP03/06095

10

15

20

25

30

35

propelling the particles into a target tissue of interest, typically the skin. The particles
are preferably gold beads of a 0.4 — 4.0 um, more preferably 0.6 — 2.0 pm diameter
and the DNA conjugate coated onto these and then encased in a cartridge or

cassette for placing into the “gene gun”.

In a related embodiment, other devices and methods that may be useful for gas-
driven needle-less injection of compositions of the present invention include those
provided by Bioject, Inc. (Portland, OR), some examples of which are described in
U.S. Patent Nos. 4,790,824; 5,064,413; 5,312,335; 5,383,851; 5,399,163; 5,520,639
and 5,993,412.

It is possible for the immunogen component comprising the nucleotide sequence
encoding the antigenic peptide, to be administered on a once off basis or to be
administered repeatedly, for example, between 1 and 7 times, preferably between 1
and 4 times, at intervals between about 1 day and about 18 months. However, this
treatment regime will be significantly varied depending upon the size of the patient,
the disease which is being treated/protected against, the amount of nucleotide
sequence administered, the route of administration, and other factors which would be

apparent to a skilled medical practitioner.

The vectors which comprise the nucleotide sequences encoding antigenic peptides
are administered in such amount as will be prophylactically or therapeutically
effective. The quantity to be administered, is generally in the range of one picogram
to 1 milligram, preferably 1 picogram to 10 micrograms for particle-mediated delivery,
and 10 micrograms to 1 milligram for other routes of nucleotide per dose. The exact
quantity may vary considerably depending on the weight of the patient being
immunised and the route of administration.

Suitable techniques for introducing the naked polynucleotide or vector into a patient
also include topical application with an appropriate vehicle. The nucleic acid may be
administered topically to the skin, or to mucosal surfaces for example by intranasal,
oral, intravaginal or intrarectal administration. The naked polynucleotide or vector
may be present together with a pharmaceutically acceptable excipient, such as
phosphate buffered saline (PBS). DNA uptake may be further facilitated by use of
facilitating agents such as bupivacaine, either separately or included in the DNA
formulation. Other methods of administering the nucleic acid directly to a recipient
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include ultrasound, electrical stimulation, electroporation and microseeding which is
described in US 5,697,901.

Uptake of nucleic acid constructs may be enhanced by several known transfection
techniques, for example those including the use of transfection agents. Examples of
these agents includes cationic agents, for example, calcium phosphate and DEAE-
Dextran and lipofectants, for example, lipofectam and transfectam. The dosage of
the nucleic acid to be administered can be altered.

In another embodiment the patient receives the antigen in different forms in a “prime
boost” regime. Thus for example the antigen is first administered as adjuvanted
protein formulation and then subsequently administered as a DNA based vaccine.

This administration mode is preferred.

In another embodiment, the DNA based vaccine will be administered first, followed
by the adjuvanted protein vaccine. Still another embodiment will concern the delivery
of the DNA construct by means of specialised delivery vectors, preferably by the
means of viral system, most preferably by the means of adenoviral-based systems.
Other suitable viral-based systems of DNA delivery include retroviral, lentiviral,
adeno-associated viral, herpes viral and vaccinia-viral based systems. In another
embodiment, the DNA based vaccine and the adjuvanted protein vaccine are co-
administered to adjacent or overlapping sites.

A DNA sequence encoding the proteins of the present invention can be synthesized
using standard DNA synthesis techniques, such as by enzymatic ligation as
described by D.M. Roberts et al. in Biochemistry 1985, 24, 5090-5098, by chemical
synthesis, by in vifro enzymatic polymerization, or by PCR technology utilising for
example a heat stable polymerase, or by a combination of these techniques.
Enzymatic polymerisation of DNA may be carried out in vifro using a DNA
polymerase such as DNA polymerase | (Klenow fragment) in an appropriate buffer
containing the nucleoside triphosphates dATP, dCTP, dGTP and dTTP as required at
a temperature of 10°-37°C, generally in a volume of 50pl or less. Enzymatic ligation
of DNA fragments may be carried out using a DNA ligase such as T4 DNA ligase in
an appropriate buffer, such as 0.05M Tris (pH 7.4), 0.01M MgCl,, 0.01M dithiothreitol,
1mM spermidine, 1mM ATP and 0.1mg/ml bovine serum albumin, at a temperature

of 4°C to ambient, generally in a volume of 50ml or less. The chemical synthesis of
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the DNA polymer or fragments may be carried out by conventional phosphotriester,
phosphite or phosphoramidite chemistry, using solid phase techniques such as those
described in ‘Chemical and Enzymatic Synthesis of Gene Fragments - A Laboratory
Manual’ (ed. H.G. Gassen and A. Lang), Verlag Chemie, Weinheim (1982), or in
other scientific publications, for example M.J. Gait, H.W.D. Matthes, M. Singh, B.S.
Sproat, and R.C. Titmas, Nucleic Acids Research, 1982, 10, 6243; B.S. Sproat, and
W. Bannwarth, Tetrahedron Letters, 1983, 24, 5771; M.D. Matteucci and M.H.
Caruthers, Tetrahedron Letters, 1980, 21, 719; M.D. Matteucci and M.H. Caruthers,
Journal of the American Chemical Society, 1981, 103, 3185; S.P. Adams ef al.,
Journal of the American Chemical Society, 1983, 105, 661; N.D. Sinha, J. Biernat, J.
McMannus, and H. Koester, Nucleic Acids Research, 1984, 12, 4539; and H.W.D.
Matthes et al., EMBO Journal, 1984, 3, 801.

In a further embodiment of the invention is provided a method of producing a protein
as described herein. The process of the invention may be performed by conventional
recombinant techniques such as described in Maniatis et al.,, Molecular Cloning - A
Laboratory Manual; Cold Spring Harbor, 1982-1989. Accordingly there is provided a
process for producing a xenogeneic polypeptide according to the invention,
comprising culturing a host cell under conditions sufficient for the production of said
polypeptide and recovering the polypeptide from the culture medium. In particular,
the process of the invention may preferably comprise the steps of:
i) preparing a replicable or integrating expression vector capable, in a
host cell, of expressing a DNA polymer comprising a nucleotide
sequence that encodes the protein or an immunogenic derivative

thereof;
ii) transforming a host cell with said vector;
i) culturing said transformed host cell under conditions permitting

expression of said DNA polymer to produce said protein; and

iv) recovering said protein.

The term ‘transforming’ is used herein to mean the introduction of foreign DNA into a
host cell. This can be achieved for example by transformation, transfection or
infection with an appropriate plasmid or viral vector using e.g. conventional
techniques as described in Genetic Engineering; Eds. S.M. Kingsman and A.J.
Kingsman; Blackwell Scientific Publications; Oxford, England, 1988. The term

‘transformed’ or ‘transformant’ will hereafter apply to the resulting host cell containing
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and expressing the foreign gene of interest. Preferably recombinant antigens of the
invention are expressed in unicellular hosts, most preferably in bacterial systems,

most preferably in E. coli.

The expression vectors are novel and also form part of the invention. The replicable
expression vectors may be prepared in accordance with the invention, by cleaving a
vector compatible with the host cell to provide a linear DNA segment having an intact
replicon, and combining said linear segment with one or more DNA molecules which,
together with said linear segment encode the desired product, such as the DNA
polymer encoding the protein of the invention, or derivative thereof, under ligating

conditions.

Thus, the hybrid DNA may be pre-formed or formed during the construction of the
vector, as desired.

The choice of vector will be determined in part by the host cell, which may be
prokaryotic or eukaryotic but are preferably E. coli, yeast or CHO cells. Suitable
vectors include plasmids, bacieriophages, cosmids and recombinant viruses.
Expression and cloning vectors preferably contain a selectable marker such that only
the host cells expressing the marker will survive under selective conditions. Selection
genes include but are not limited to the one encoding protein that confer a resistance
to ampicillin, tetracyclin or kanamycin. Expression vectors also contain control
sequences which are compatible with the designated host. For example, expression
control sequences for E. coli, and more generally for prokaryotes, include promoters
and ribosome binding sites. Promoter sequences may be naturally occurring, such as
the -lactamase (penicillinase) (Weissman 1981, In Interferon 3 (ed. L. Gresser),
lactose (lac) (Chang et al. Nature, 1977, 198: 1056) and tryptophan (irp) (Goeddel et
al. Nucl. Acids Res. 1980, 8, 4057) and lambda-derived P_ promoter system. In
addition, synthetic promoters which do not occur in nature also function as bacterial
promoters. This is the case for example for the tac synthetic hybrid promoter which is
derived from sequences of the trp and lac promoters (De Boer et al., Proc. Natl Acad
Sci. USA 1983, 80, 21-26). These systems are particularly suitable with E. col.

Yeast compatible vectors also carry markers that allow the selection of successful
transformants by conferring prototrophy to auxotrophic mutants or resistance to
heavy metals on wild-type strains. Control sequences for yeast vectors include
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promoters for glycolytic enzymes (Hess et al., J. Adv. Enzyme Reg. 1968, 7, 149),
PHO5 gene encoding acid phosphatase, CUP1 gene, ARG3 gene, GAL genes
promoters and synthetic promoter sequences. Other control elements useful in yeast
expression are terminators and leader sequences. The leader sequence is
particularly useful since it typically encodes a signal peptide comprised of
hydrophobic amino acids which direct the secretion of the protein from the cell.
Suitable signal sequences can be encoded by genes for secreted yeast proteins
such as the yeast invertase gene and the a-factor gene, acid phosphatase, Kkiller
toxin, the a-mating factor gene and recently the heterologous inulinase signal
sequence derived from INU1A gene of Kluyveromyces marxianus.. Suitable vectors
have been developed for expression in Pichia pastoris and Saccharomyces

cerevisiae.

A variety of P. pastoris expression vectors are available based on various inducible
or constitutive promoters ( Cereghino and Cregg, FEMS Microbiol. Rev. 2000,24:45-
66). For the production of cytosolic and secreted proteins,the most commonly used
P. pastoris vectors contain the very strong and tightly regulated alcohol oxidase
(AOX1) promoter. The vectors also contain the P. pastoris histidinol dehydrogenase
(HIS4) gene for selection in his4 hosts. Secretion of foreign protein require the
presence of a signal sequence and the S. cerevisiae prepro alpha mating factor
leader sequence has been widly and successfully used in Pichia expression system.
Expression vectors are integrated into the P. pastoris genome to maximize the
stability of expression strains. As in S.cerevisiae, cleavage of a P.pastoris expression
vector within a sequence shared by the host genome (AOX1 or HIS4) stimulates
homologous recombination events that efficiently target integration of the vector to
that genomic locus. In general, a recombinant strain that contains multiple integrated
copies of an expression cassette can yield more heterologous protein than single-
copy strain. The most effective way to obtain high copy number transformants
requires the transformation of Pichia recipient strain by the sphaeroplast technique
(Cregg et all 1985, Mol.Cell.Biol. 5: 3376-3385) .

The preparation of the replicable expression vector may be carried out conventionally
with appropriate enzymes for restriction, polymerisation and ligation of the DNA, by
procedures described in, for example, Maniatis et al. cited above.
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The recombinant host cell is prepared, in accordance with the invention, by
transforming a host cell with a replicable expression vector of the invention under
transforming conditions. Suitable transforming conditions are conventional and are
described in, for example, Maniatis et al. cited above, or “DNA Cloning” Vol. I, D.M.
Glover ed., IRL Press Ltd, 1985. The choice of transforming conditions depends
upon the choice of the host cell to be transformed. For example, in vivo
transformation using a live viral vector as the transforming agent for the
polynucleotides of the invention is described above. Bacterial transformation of a
host such as E. coli may be done by direct uptake of the polynucleotides (which may
be expression vectors containing the desired sequence) after the host has been
treated with a solution of CaCl, (Cohen et al., Proc. Nat. Acad. Sci., 1973, 69, 2110)
or with a solution comprising a mixture of rubidium chloride (RbC1), MnCl,,
potassium acetate and glycerol, and then with 3-[N-morpholino]-propane-sulphonic
acid, RbC1 and glycerol. Transformation of lower eukaryotic organisms such as
yeast cells in culture by direct uptake may be carried out by using the method of
Hinnen et al (Proc. Natl. Acad. Sci. 1978, 75 : 1929-1933). Mammalian cells in
culture may be transformed using the calcium phosphate co-precipitation of the
vector DNA onto the cells (Graham & Van der Eb, Virology 1978, 52, 546). Other
methods for introduction of polynucleotides into mammalian cells include dextran
mediated transfection, polybrene mediated transfection, protoplast fusion,
electroporation, encapsulation of the polynucleotide(s) into liposomes, and direct

micro-injection of the polynucleotides into nuclei.

The invention also extends to a host cell transformed with a nucleic acid encoding
the protein of the invention or a replicable expression vector of the invention.
Culturing the transformed host cell under conditions permitting expression of the
DNA polymer is carried out conventionally, as described in, for example, Maniatis et
al. and “DNA Cloning” cited above. Thus, preferably the cell is supplied with nutrient
and cultured at a temperature below 50°C, preferably between 25°C and 35°C, most
preferably at 30°C. The incubation time may vary from a few minutes to a few hours,
according to the proportion of the polypeptide in the bacterial cell, as assessed by
SDS-PAGE or Western blot.

The product may be recovered by conventional methods according to the host cell
and according to the localisation of the expression product (intracellular or secreted

into the culture medium or into the cell periplasm). Thus, where the host cell is
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bacterial, such as E. coli it may, for example, be lysed physically, chemically or
enzymatically and the protein product isolated from the resulting lysate. Where the
host cell is mammalian, the product may generally be isolated from the nutrient
medium or from cell free extracts. Where the host cell is a yeast such as
Saccharomyces cerevisiae or Pichia pastoris, the product may generally be isolated
from from lysed cells or from the culture medium, and then further purified using
conventional techniques. The specificity of the expression system may be assessed
by western blot using an antibody directed against the polypeptide of interest.

Conventional protein isolation techniques include selective precipitation, adsorption
chromatography, and affinity chromatography including a monoclonal antibody
affinity column. When the proteins of the present invention are expressed with a
histidine tail (His tag), they can easily be purified by affinity chromatography using an
ion metal affinity chromatography column (IMAC) column.

In a preferred embodiment of the invention the proteins of the present invention is
provided with an affinity tag, such as a polyhistidine tail. In such cases the protein
after the blocking step is preferably subjected to affinity chromatography. For those
proteins with a polyhistidine tail, immobilised metal ion affinity chromatography
(IMAC) may be performed. The metal ion, may be any suitable ion for example zinc,
nickel, iron, magnesium or copper, but is preferably zinc or nickel. Preferably the
IMAC buffer contains detergent, preferably a non-ionic detergent such as Tween 80,
or a zwitterionic detergent such as Empigen BB, as this may result in lower levels of
endotoxin in the final product.

Further chromatographic steps include for example a Q-Sepharose step that may be
operated either before of after the IMAC column. Preferably the pH is in the range of
7.5 to 10, more preferably from 7.5 to 9.5, optimally between 8 and 9, ideally 8.5.

The proteins of the present invention are provided either soluble in a liquid form or in
a lyophilised form, which is the preferred form. It is generally expected that each
human dose will comprise 1 to 1000 ug of protein, and preferably 30-300 ug.

The present invention also provides pharmaceutical/immunogenic and vaccine
composition comprising xenogeneic P501S antigen or nucleic acid in a

pharmaceutically acceptable excipient. Accordingly there is provided a process for
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the production of an immunogenic composition, comprising admixing a xenogeneic
P501S polypeptide or a xenogeneic P501S-encoding polynucleotide with a suitable
adjuvant, diluent or other pharmaceutically acceptable carrier.

More particularly the pharmaceutical/immunogenic and vaccine compositions of the
invention comprise an effective amount of a xenogeneic P501S polypeptide or a
xenogeneic P501S-encoding polynucleotide, and a pharmaceutically acceptable
carrier. By effective amount is meant a dose of antigen that, when administered to a
human, produces a detectable immune response, such as a humoral response
(antibodies) or a cellular response. A preferred immunogenic composition comprises
at least one xenogeneic P501S polypeptide having the sequence set forth in SEQ 1D
NO:1, in SEQ ID NO:3 or in SEQ ID NO:10 or an immunogenic fragment thereof.
Said protein has, preferably, blocked thiol groups and is highly purified, e.g. has less
than 5% host cell contamination. Another preferred immunogenic composition
comprises at least one xenogeneic P501S-encoding polynucleotide having the
sequence set forth in SEQ ID NO:2, in SEQ ID NO:4 or in SEQ ID NO:11 or a
fragment thereof which encodes a polypeptide having retained some functional
similarity with the protein of SEQ ID NO:1, in SEQ ID NO:3 or in SEQ ID NO:10.
Such vaccine may optionally contain one or more other tumour-associated antigen
and derivatives from human or non-human origin. For example, suitable other
associated antigen include PAP-1, PSA (prostate specific antigen), PSMA (prostate-
specific membrane antigen), PSCA (Prostate Stem Cell Antigen), STEAP.

Vaccine preparation is generally described in Vaccine Design ("The subunit and
adjuvant approach” (eds. Powell M.F. & Newman M.J). (1995) Plenum Press New
York). Encapsulation within liposomes is described by Fullerton, US Patent
4,235,877.

The xenogenic proteins are preferably adjuvanted in the
pharmaceutical/immunogenic or vaccine formulation of the invention. Suitable
adjuvants are commercially available such as, for example, Freund's Incomplete
Adjuvant and Complete Adjuvant (Difco Laboratories, Detroit, MI); Merck Adjuvant
65 (Merck and Company, Inc.,, Rahway, NJ); SBAS-2 (SmithKline Beecham,
Philadelphia, PA); aluminum salts such as aluminum hydroxide gel (alum) or
aluminum phosphate; salts of calcium, iron or zinc; an insoluble suspension of

acylated tyrosine; acylated sugars; cationically or anionically derivatized
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polysaccharides; polyphosphazenes; biodegradable microspheres; monophosphoryl
lipid A and quil A. Cytokines, such as GM-CSF or interleukin-2, -7, or -12, may also

be used as adjuvants.

In the formulations of the invention it is preferred that the adjuvant composition
induces an immune response predominantly of the TH1 type. High levels of Th1-type
cytokines (e.g., IFN-y, TNFa, IL-2 and 1L-12) tend to favour the induction of cell
mediated immune responses to an administered antigen. Within a preferred
embodiment, in which a response is predominantly Th1-type, the level of Th1-type
cytokines will increase to a greater extent than the level of Th2-type cytokines. The
levels of these cytokines may be readily assessed using standard assays. For a
review of the families of cytokines, see Mosmann and Coffman, Ann. Rev. Immunol.
7:145-173, 1989.

Accordingly, suitable adjuvants for use in eliciting a predominantly Th1-type response
include, for example a combination of monophosphoryl lipid A, preferably 3-de-O-
acylated monophosphoryl lipid A (3D-MPL) together with an aluminium salt. Other
known adjuvants which preferentially induce a TH1 type immune response include
CpG containing oligonucleotides. The oligonucleotides are characterised in that the
CpG dinucleotide is unmethylated. Such oligonucleotides are well known and are
described in, for example WO 96/02555. Immunostimulatory DNA sequences are
also described, for example, by Sato et al., Science 273:352, 1996. Another
preferred adjuvant is a saponin, preferably QS21 (Aquila Biopharmaceuticals Inc.,
Framingham, MA), which may be used alone or in combination with other adjuvants.
For example, an enhanced system involves the combination of a monophosphoryl
lipid A and saponin derivative, such as the combination of QS21 and 3D-MPL as
described in WO 94/00153, or a less reactogenic composition where the QS21 is
quenched with cholesterol, as described in WO 96/33739. Other preferred
formulations comprise an oil-in-water emulsion and tocopherol. A particularly potent
adjuvant formulation involving QS21, 3D-MPL and tocopherol in an oil-in-water
emulsion is described in WO 95/17210.

A particularly potent adjuvant formulation involving QS21 3D-MPL & tocopherol in an
oil in water emulsion is described in WO 95/17210 and is a preferred formulation.
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Other preferred adjuvants include Montanide ISA 720 (Seppic, France), SAF (Chiron,
California, United States), ISCOMS (CSL), MF-59 (Chiron), Detox (Ribi, Hamilton,
MT), RC-529 (Corixa, Hamilton, MT) and other aminoalkyl glucosaminide 4-
phosphates (AGPs).

Other preferred adjuvants include adjuvant molecules of the general formula (1):
HO(CH,CH;0),-A-R
Wherein, n is 1-50, A is a bond or —=C(O)-, R is C4.5 alkyl or Phenyl C,.5p alkyl.

One embodiment of the present invention consists of a vaccine formulation
comprising a polyoxyethylene ether of general formula (I), wherein n is between 1
and 50, preferably 4-24, most preferably 9; the R component is Cy.5, preferably Cg4-
C2 alkyl and most preferably C,, alkyl, and A is a bond. The concentration of the
polyoxyethylene ethers should be in the range 0.1-20%, preferably from 0.1-10%,
and most preferably in the range 0.1-1%. Preferred polyoxyethylene ethers are
selected from the following group: polyoxyethylene-9-lauryl ether, polyoxyethylene-9-
steoryl ether, polyoxyethylene-8-steoryl ether, polyoxyethylene-4-lauryl ether,
polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.
Polyoxyethylene ethers such as polyoxyethylene lauryl ether are described in the
Merck index (12" edition: entry 7717). These adjuvant molecules are described in
WO 99/52549. The polyoxyethylene ether according to the general formula (I) above
may, if desired, be combined with another adjuvant, preferably with CpG.

Accordingly in one embodiment of the present invention there is provided a vaccine
comprising a xenogeneic P501S of the present invention, which additionally
comprises a TH-1 inducing adjuvant. A preferred embodiment is a vaccine in which
the TH-1 inducing adjuvant is selected from the group of adjuvants comprising: 3D-
MPL, QS21, a mixture of QS21 and cholesterol, and a CpG oligonucleotide. Another
preferred embodiment is a vaccine comprising a xenogeneic P501S adjuvanted with
a monophosphoryl lipid A or derivative thereof, QS21 and tocopherol in an oil in
water emulsion.

Preferably the vaccine additionally comprises a saponin, more preferably QS21.

Another particular suitable adjuvant formulation including CpG and a saponin is
described in WO 00/09159 and is a preferred formulation. Most preferably the
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saponin in that particular formulation is QS21. Preferably the formulation additionally

comprises an oil in water emulsion and tocopherol.

Any of a variety of delivery vehicles may be employed within pharmaceutical
compositions and vaccines to facilitate production of an antigen-specific immune
response that targets tumour cells. Delivery vehicles include antigen-presenting cells
(APCs), such as dendritic cells, macrophages, B cells, monocytes and other cells
that may be engineered to be efficient APCs. Such cells may, but need not, be
genetically modified to increase the capacity for presenting the antigen, to improve
activation and/or maintenance of the T cell response, to have anti-tumour effects per
se and/or to be immunologically compatible with the receiver (i.e., matched HLA
haplotype). APCs may generally be isolated from any of a variety of biological fluids
and organs, including tumour and peri-tumoural tissues, and may be autologous,

allogeneic, syngeneic or xenogeneic cells.

Certain preferred embodiments of the present invention use dendritic cells or
progenitors thereof as antigen-presenting cells. Dendritic cells are highly potent
APCs (Banchereau and Steinman, Nature 392:245-251, 1998) and have been shown
to be effective as a physiological adjuvant for eliciting prophylactic or therapeutic
antitumour immunity (see Timmerman and Levy, Ann. Rev. Med. 50:507-529, 1999).
In general, dendritic cells may be identified based on their typical shape (stellate in
situ, with marked cytoplasmic processes (dendrites) visible in vitro), their ability to
take up, process and present antigens with high efficiency and their ability to activate
naive T cell responses. Dendritic cells may, of course, be engineered to express
specific cell-surface receptors or ligands that are not commonly found on dendritic
cells in vivo or ex vivo, and such modified dendritic cells are contemplated by the
present invention. As an alternative to dendritic cells, secreted vesicles antigen-
loaded dendritic cells (called exosomes) may be used within a vaccine (see Zitvogel
et al., Nafure Med. 4:594-600, 1998). Accordingly there is preferably provided a
vaccine comprising an effective amount of dendritic cells or antigen presenting cells,
modified by in vitro loading with a polypeptide as described herein, or genetically
modified in vitro to express a polypeptide as described herein and a pharmaceutically

effective carrier.

Dendritic cells and progenitors may be obtained from peripheral blood, bone marrow,
tumour-infiltrating cells, peritumoral tissues-infiltrating cells, lymph nodes, spleen,
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skin, umbilical cord blood or any other suitable tissue or fluid. For example, dendritic
cells may be differentiated ex vivo by adding a combination of cytokines such as GM-
CSF, IL-4, IL-13 and/or TNFa to cultures of monocytes harvested from peripheral
blood. Alternatively, CD34 positive cells harvested from peripheral blood, umbilical
cord blood or bone marrow may be differentiated into dendritic cells by adding to the
culture medium combinations of GM-CSF, IL-3, TNFa, CD40 ligand,
lipopolysaccharide LPS, fit3 ligand and/or other compound(s) that induce
differentiation, maturation and proliferation of dendritic cells. Dendritic cells are
conveniently categorized as "immature" and "mature” cells, which allows a simple
way to discriminate between two well characterized phenotypes. However, this
nomenclature should not be construed to exclude all possible intermediate stages of
differentiation. Immature dendritic cells are characterized as APC with a high
capacity for antigen uptake and processing, which correlates with the high
expression of Fcy receptor and mannose receptor. The mature phenotype is typically
characterized by a lower expression of these markers, but a high expression of cell
surface molecules responsible for T cell activation such as class | and class Il MHC,
adhesion molecules (e.g., CD54 and CD11) and costimulatory molecules (e.g.,
CD40, CD80, CD86 and 4-1BB).

APCs may generally be transfected with a polynucleotide encoding P501S tumour
protein (or derivative thereof) such that the P501S tumour polypeptide, or an
immunogenic portion thereof, is expressed on the cell surface. Such transfection
may take place ex vivo, and a composition or vaccine comprising such transfected
cells may then be used for therapeutic purposes, as described herein. Alternatively,
a gene delivery vehicle that targets a dendritic or other antigen presenting cell may
be administered to a patient, resulting in transfection that occurs in vivo. In vivo and
ex vivo transfection of dendritic cells, for example, may generally be performed using
any methods known in the art, such as those described in WO 97/24447, or the gene
gun approach described by Mahvi et al., Immunology and cell Biology 75:456-460,
1997. Antigen loading of dendritic cells may be achieved by incubating dendritic cells
or progenitor cells with the P501S tumour polypeptide, DNA (naked or within a
plasmid vector) or RNA; or with antigen-expressing recombinant bacterium or viruses

(e.g., vaccinia, fowlpox, adenovirus or lentivirus vectors).

Vaccines and pharmaceutical/immunogenic compositions may be presented in unit-

dose or multi-dose containers, such as sealed ampoules or vials. Such containers
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are preferably hermetically sealed to preserve sterility of the formulation until use. In
general, formulations may be stored as suspensions, solutions or emulsions in oily or
aqueous vehicles. Alternatively, a vaccine or pharmaceutical composition may be
stored in a freeze-dried condition requiring only the addition of a sterile liquid carrier

immediately prior to use.

The present invention also provides a method of inducing an immune response
against human P501S having an amino acid sequence as set forth in any of the
sequences SEQ ID NO:5 to SEQ ID NO:7 in a human, comprising administering to
the subject an effective dosage of a composition comprising a xenogeneic form of
said human P501S as described herein. A preferred embodiment is a method of
inducing an immune response against human P501S using the xenogeneic P501S
isolated from mouse, rat or Cynomolgus monkey. Another preferred method of
inducing an immune response according to the present invention is using an antigen
composition including a live viral expression system which expresses said

xenogeneic antigen said.

The present invention also provides a method for producing a vaccine formulation
comprising mixing a protein of the present invention together with a pharmaceutically
acceptable excipient, such as 3D-MPL.

Another aspect of the invention is the use of a polypeptide or a polynucleotide as
claimed herein in the manufacture of a pharmaceutical/immunogenic or vaccine for
immunotherapeutically treating a patient suffering from or susceptible to prostate
cancer or other P501S-associated tumours or diseases.
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FIGURE LEGENDS

Figure 1: amino acid sequence for rat P501S (SEQ ID N°1).

Figure 2: nucleotide sequence encoding rat P501S (SEQ ID N°2). The ORF appears
in lower case.

Figure 3: amino acid sequence for Cynomolgus monkey P501S (SEQ ID N°3).

Figure 4: nucleotide sequence encoding Cynomolgus monkey P501S (SEQ ID N°4).
The ORF appears in lower case.

Figure 5: amino acid sequence for human P501S (SEQ ID N°5).

Figure 6: amino acid sequence for human P501S (SEQ ID N°6).

Figure 7: amino acid sequence for human P501S (SEQ ID N°7).

Figure 8: design of the alpha prepro P501S His protein expressed in Saccharomyces
cerevisiae.

Figure 9: amino acid sequence (SEQ ID NO:9) and nucleotide sequences (SEQ ID
NO:8) of alpha prepro P501S his tailed recombinant protein expressed in
Saccharomyces cerevisiae

Figure 10: Saccharomyces cerevisiae (strain Y1790) P501S-His fermentation
process

Figure 11: ELISPOT responses following fours immunisations with pVAC empty and
pVAC-P501S (JNW680). Male C57BL/6 mice

Figure 12: ELISPOT responses following four immunisations with pVAC empty and
pVAC-P501S (JNW680). Female C57BL/6 mice

Figure 13: Real-time PCR analysis of P501S on Cynomolgus prostate and on a panel
of rat tissues and cell lines. Abbreviations are depicted in Table 2.

Figure 14: amino acid sequence for mouse P501S (SEQ ID N°10)

Figure 15: nucleotide sequence for mouse P501S (SEQ ID N°11). The ORF appears
in lower case.

Figure 16: Real-time PCR analysis of P501S on a panel of mouse tissues.

Figure 17: Expression of mouse and human P501S
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The invention will be further described by reference to the following examples:

EXAMPLE I:
Preparation of recombinant Yeast strain Saccharomyces cerevisiae expressing

alphaprepro P5018 His tailed, under Cup1 promoter

1. — Introduction

The yeast expression system detailed below is suitable to express:

i) either recombinant non-human (monkey, rat, mouse for example) protein to
be formulated subsequently in a vaccine or pharmaceutical/immunogenic
composition to be inoculated into humans. Xenogeneic P501S can be expressed with
its own signal sequence or with alpha prepro signal sequence (similarly to what is
illustrated below).

ii) or recombinant human P501S protein to be formulated subsequently in a
vaccine or pharmaceutical/immunogenic composition to be inoculated into animals

(monkeys, rabbits, mouse or rat for example).

The Example below describes the expression of human P5018S in yeast.

In order to target P501S protein in yeast endoplasmic reticulum (ER)
membrane, the native secretion signal sequence and putative first lumenal domain
was replaced by yeast alpha prepro signal sequence, in such a way that the natural
position in membrane was conserved. The preparation of recombinant strain
Saccharomyces cerevisiae Y1790 expressing P501S as well as characterization of

recombinant protein are described below.

2. — Protein design

The native secretion signal sequence and first putative lumenal domain of
P501S protein was replaced by Saccharomyces cerevisiae alpha prepro signal
sequence. The yeast signal sequence was fused to the N terminus of P501S
sequence, coding from amino acid 55 to amino acid 553 (end of protein). The C
terminal end of the recombinant protein was elongated by 2 glycines and six
histidines (figure 8).

3. — Construction of pRIT15068 plasmid for Saccharomyces cerevisae
expression
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The starting material was the recombinant plasmid P501S, derived from
commercial plasmid pcDNA3.1 (Invitrogen) containing a 3,4Kb insert between EcoRI
and Notl cloning restriction sites. This plasmid contains the P501S full length coding
sequence (1662 bp long) and was obtained from Corixa Corporation. The cloning
strategy includes the following steps:

a. Subcloning of P501S:
A 1569 bp fragment containing nucleotide sequence coding for last 499 aminoacids +

68 bp in aval of the P501S open reading frame was isolated from Corixa p501S
plasmid by Nco | digest. After T4 polymerase treatment, the fragment was subcloned
in plasmid pUC18 opened by Pstl and Xbal, T4 polymerase treated, in such a way
that Ncol was recovered within the N terminal sequence of P501S open reading
frame (i.e. amino acid position 55). The plasmid obtained was called pRIT15061.

b. Introduction of S. cerevisiae CUP1 promoter and yeast alpha prepro_signal

seqguence:
A PCR fragment containing the yeast CUP1 promoter and yeast alpha prepro signal

sequence was obtained by 3 successive PCR steps:

PCR step 1. the amplification of CUP1 promoter with oligonucleotides
MDENHE1CUP1 (¢ 5° GGA CTA GTC TAG CTA GCT TGC TGT CAG TCA CTG
TCA AGA G 3) and MDECUP1ATG (nc 5CAT TTT ATG TGA TGA TTG ATT G 3’)
was performed on pRIT12471 plasmid as template.

pRIT12471 was obtained as follows: plasmid Yep6-36 harbouring the CUP-1 gene
(Butt TR et al., Proc Natl Acad Sci U S A. 1984 Jun;81(11):3332-6) was received
from TR. Butt (SmithKline Beecham Pharmaceuticals, Research and Development,
King of Prussia, Pennsylvania, USA). A BamHI-Bbvl fragment (468 base pairs)
containing the CUP-1 promoter and the N-terminal coding sequences was isolated
from Yep6-36 plasmid, and treated with Bal31 enzyme in order to remove the N-
terminal coding region and place a BamHlI site adjacent to the ATG. After Bal31
treatment the DNA fragments were inserted into pAB119, a pBR322 like plasmid
previously digested by BamHI and T4 polymerase repared. Several derivative
plasmids were obtained and sequenced, amongst which pRIT12471.

PCR step 2: the amplification of alpha preprosignal sequence with oligonucleotides
MDEPREPROAT (¢ 5°CAA TCA ATC AAT CAT CAC ATA AAA TGA GAT TTC CTT
CAATTT TTA CTG CA 3') and MDESIGNAL2 ( nc5' GCT AGC TCC ATG GCT TCA
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GCC TCT CTT TTC TCG AG 3’) was performed on pPIC9 plasmid ( INVITROGEN)
as template.

PCR step 3: the association of CUP1 promoter and alpha preprosignal sequence by
PCR was performed using the fragments obtained by PCR step 1 and PCR step 2
and oligonucleotidles MDENHE1CUP1 and MDESIGNAL2. After this step, the
amplified fragment was purified, treated with T4 polymerase and digested by Ncol.
The resulting fragment was introduced into plasmid pRIT15061 between the Hindlll
site treated with T4 polymerase, and the Ncol site. This resulting plasmid was called
pRIT15062.

C. Elongation of the C terminus by HIS tail:

The fragment for HIS tail elongation was obtained by PCR using p501S plasmid as a
template and oligonucleotides MDES01SAC (¢ 5'CTG GAG GTG CTA GCA GTG AG
3’) and MDE501HIS (nc 5CTA GTC TAG AGA ATT CCC CGG GTT AAT GGT GAT
GGT GAT GGT GTC CAC CCG CTG AGT ATT TGG CCA AGT CG 3'). The
amplified fragment was purified and digested by Sacl and EcoRIl and introduced
between Sacl (overlapping aminoacid 43) and EcoRI sites in pRIT 15062 plasmid,
restauring correct open reading frame and elongating, in frame, p501S sequence by
sequence coding for 2 glycines, 6 histidines, a stop codon . Moreover a Smal site
and EcoR! site are still introduced. This plasmid was called pRIT15063.

d. Introduction of promoter and coding sequence in yeast expression vector:

The Fspl-Smal fragment carrying the promoter and the recombinant P501S coding
sequence was isolated from pRIT15063 plasmid and cloned in BamHI site, treated
with T4 polymerase, of pRIT 15073 plasmid in such a way that the fragment was
oriented with the C terminal of protein near the ARG3 terminator sequence. This last
plasmid is a E.coli/S. cerevisiae shuttle vector carrying LEU2 gene for yeast
complementation and the complete 2 micron sequence. This ligation leads to
pRIT15067 plasmid.

e. An unexpected nucleotide deletion was found out in alpha prepro sequence,
so the last step was performed to restore the sequence:

The full-length p501S coding sequence and the vector sequence were recovered
from pRIT15067 plasmid on 2 fragments Ncol/Sall and Sall/Nhel. A new fragment
carrying CUP1 promoter and yeast alpha prepro signal sequence was isolated as
described in step b and digested by Nhel and Ncol. These 3 fragments were ligated
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together to obtain pRIT15068 expression plasmid. In this plasmid, P501S expression
is driven by yeast CUP1 promoter.
The nucleotide (SEQ ID NO:8) and amino acid sequence (SEQ ID NO:9) of the

recombinant protein are illustrated in figure 9.

4. — Transformation of S. cerevisiae DC5 strain and generation of Y1790 strain

The transformation of DC5 strain (a his3 leu 2-3 leu 2-112 can1-11) was performed
by the lithium acetate method (Methods in enzymology, 1991, vol 194, pg 186) using
plasmid pRIT15068. Yeast cells were spread on minimal medium plus histidine.
Transformants were picked and tested for expression. Y1790 was one of these

transformants.

5. — Induction of S. cerevisiae strain Y1790

Strain Y1790 was grown, at 30°C, in minimal medium supplemented with
glucose 2% and histidine 80 ng/ml. Yeast cells were harvested in exponential
growing phase and resuspended to a final OD = 0.5 in same medium supplemented
with CuSO; to final concentration of 500 pg/mi for induction. Culture is maintained at

30°during 24h and then, cells are harvested for expression analysis.

EXAMPLE II:

Expression and characterization of recombinant p501S protein.

1. — Highlights

Using the process described below, the P501S antigen produced was clearly
identified as a 62KD major band by Western Blot analysis. The antigen productivity
was compared by WB analysis and densitometry. The antigen was located in the
insoluble fraction obtained from the cell homogenate after centrifugation. The specific
antigen productivity of strain Y1790 in fermenters was approximately 4 times higher
than in flasks. As the biomass was amplified by a factor 10 in fermenter, the
volumetric productivity was about 40 times higher in fermenter compared to flask
cultures.  Strain Y1790 (his-) was grown in fed-batch fermentation using 20 L

vessels.

2. — Process description for strain Y1790 (figure 10)
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a. Pre-cultures

100p! of this lab Master Seed (MS) containing 2.5x10® cfu /ml were spread on
FSCO04AA solid medium (see medium composition below). Two plates were
incubated for 26h at 30°C. These solid pre-cultures were harvested in Sml of liquid
medium FSCO07AA each and 0.5ml (or 9.3x10 cells) of this suspension was used to
inoculate each of the 2 liquid pre-cultures.

These pre-cultures were run for 20 hours in 2L flasks containing 400m! of medium
FSCO007AA in order to obtain an OD of 1.8. The other characteristics of these pre-
cultures are the following : pH 2.8-glucose 2.3g/L-ethanol 3.4g/L.

The best timing for liquid pre-cultures for strain Y1790 was determined in preliminary
experiments. Liquid pre-cultures containing 400 ml of medium and inoculated with
various volumes of MS (0.25, 0.5, 1 and 2 ml) was monitored in order to identify the
best inoculum size and timing for process. Glucose, ethanol, pH and OD and cell
number (flow cytometry) were followed between 16 and 23 hours of culture. Glucose
exhaustion and maximal biomass were obtained after 20 hour incubation with 0.5
inoculum. These conditions were adopted for transferring the pre-culture into

fermentation.

a. Fermentation process

In total, 800ml of pre-culture were used to inoculate a 20 L fermenter containing 5L of
medium FSCO002AA. 3ml of irradiated antifoam were added before inoculation. The
carbon source (glucose) was supplemented to the culture by a continuous feeding of
the FFBOO4AA medium. The residual glucose concentration was maintained very low
(£50mg/L) in order to minimise the ethanol production by fermentation. This was
realised by limiting the development of the micro-organism by limited glucose feed
rate. The Standard biomass content (OD 80-90) for DC5 host strain was reached in
fermentation after 44 hour growth phase.

CUP1 promoter was then induced by adding CuSO4 500uM in order to produce
P501S antigen. CuSO4 addition was followed by ethanol accumulation (up to 6g/L),
and glucose feeding rate was then reduced in order to consume the ethanol
produced. The copper available for the micro-organism was monitored by testing Cu
ion concentration in the broth supernatant using a spectrophotometric copper assay
(DETC method).

The fermentation was then supplemented by CuSO4 throughout the induction phase
in order to maintain its concentration between 150 and 250uM in the supernatant. The
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biomass reached an OD of 100 at the end of induction. Culture was harvested after 8

hours of induction.

C. Antigen characterisation and productivity

The cell homogenate was prepared and analysed by SDS-PAGE and Western Blot
(WB) using standard protocols. A major protein band with the expected MW of 62KD
was detected by WB using Corixa monoclonal P501S8 antibodies. WB analysis also
showed that the major 62KD band was progressively produced from 30 minutes of
induction on, and reached a maximum after 3 hours. No more antigen seemed to be
produced between 3 and 12 hours of induction.

The number of passages through French Press necessary to extract all the antigen
from the cells was evaluated. One, three and five passages were tested and total cell
lysates, supernatants and pellets of cell lysates were analysed by WB. Three
passages through French Press were sufficient to completely extract the antigen.
Nothing was visible in the supernatants, the antigen was associated to the insoluble
fraction. A washing step will facilitate the purification by elimination of a part of the
soluble proteins.

d. Culture media composition

FFB004AA

Glucose:350 g/l; Na2Mo04.2H20:5.15 mg/l; Acide folique: 1.36 mg/l; KH2PO4: 20.6
g/l; MnS04.H20:10.3 mg/l; Inositol: 1350 mg/l; MgS04.7H20:11.7 g/l; H3BO3:12.9
m/l; Pyridoxine:170 mg/l; CaCl2.2H20:2.35 g/l; KIl:2.6 mg/l; Thiamine:170 g/l;
NaCl:0.15 g/, CoCl2.6H20:2.3 mg/l; Niacine:0.67 mg/l; HCI:2.5 ml/l;
FeCl3.6H20:24.8 mg/l;Riboflavine:0.33 mg/l; CuS04.5H20:1.03 mg/l; Biotine:1.36
mg/l; Panthotenate Ca:170 mg/l; ZnS04.7H20:10.3 mg/l; Para-aminobenzoic acid:
0.33 mgl/l; Histidine:5.35 g/l.

FSCO007AA

Glucose: 10 g/l; Na2Mo04.2H20:0.0002 g/l; Acide folique:0.000064 g/l; KH2PO4:1
9/;MnS04.H20:0.0004 g/I; Inositol:0.064 g/l; MgS04.7H20:0.5 g/l; H3BO3:0.0005
g/l;Pyridoxine:0.008 g/l; CaCi2.2H20:0.1 g/I; KI:0.0001 g/l; Thiamine:0.008 g/l;
NaCl:0.1 g/l; CoCI2.6H20:0.00009 g¢/I; Niacine:0.000032 g/I; FeCI3.6H20:0.0002
g/l; Riboflavine:0.000016 g/l; Panthotenate Ca:0.008 g/l; CuS04.5H20:0.00004 g/l
Biotine:0.000064 g/l; para-aminobenzoic acid: 0.000016 ¢/l; ZnS04.7H20:0.0004
g/l; (NH4)2804:5 g/I; Histidine:0.1 g/l.
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FSC002AA

(NH4)2S04:6.4 gfl; Na2MoO4.2H20: 2.05 mg/l; Acide folique: 0.54 mg/l;
KH2P04:8.25 g/l; MnS04.H20:4.1 mg/l; Inositol:540 mg/l; MgS0O4.7H20:4.69 ¢/l;
H3BO03:5.17 m/l; Pyridoxine:68 mg/l; CaCl2.2H20:0.92 g/I; KI:1.03 mg/l; Thiamine:68
mg/l; NaCl:0.06g/l, CoCI2.6H20:0.92mg/l; Niacine:0.27 mg/l; HCE1 ml/;
FeCl3.6H20:9.92 mg/l; Riboflavine:0.13 mg/l; CuS04.5H20:0.41 mg/l; Glucose:0.14
g/l; Panthotenate Ca:68 mg/l; ZnS04.7H20:4.1 mg/l; Biotine:0.54 mg/l; para-
aminobenzoic acid: 0.13 mg/l; Histidine:0,3 g/l.

FSCO004AA

Glucose: 10 g/l; Na2Mo0O4.2H20:0.0002 g/l; Acide folique:  0.000064 g/l; KH2PO4:
1 g/l;MnS04.H20:0.0004 g/l; Inositol:0.064 g/l; MgS04.7H20:0.5 g/l;, H3B03:0.0005
g/l; Pyridoxine:0.008 g/l; CaCl2.2H20:0.1 g/l; KI:0.0001 g/I; Thiamine:0.008 g/l; NaCl:
0.1 g/l; CoCI2.6H20:0.00009 g/I; Niacine:0.000032 g/l; FeCl3.6H20:0.0002 g/l
Riboflavine:0.000016 g/l; Panthotenate Ca:0.008 g/l; CuS04.5H20:0.00004 g/l;
Biotine:0.000064 g/lI; para-aminobenzoic acid:0.000016 g/l; ZnS04.7H20:0.0004 g/l;
(NH4)2S04: 5 g/l; Agar 18 g/l; Histidine:0.1 g/l.

EXAMPLE Ill:

Compositions and methods to induce an immune response

A - VACCINE PREPARATION USING XENOGENEIC OR HUMAN P501S

1. — Vaccine preparation:

The vaccine used in these experiments is produced from a recombinant DNA,
encoding a human or xenogeneic P501S recombinantly expressed in S. cerevisiae,
either adjuvanted or not. As an adjuvant, the formulation comprises a mixture of 3 de
-O-acylated monophosphoryl! lipid A (3D-MPL) and QS21 in an oil/water emulsion.
The adjuvant system SBAS2 has been previously described WO 95/17210.

3D-MPL: is an immunostimulant derived from the lipopolysaccharide (LPS) of
the Gram-negative bacterium Salmonella minnesota. MPL has been deacylated and
is lacking a phosphate group on the lipid A moiety. This chemical treatment
dramatically reduces toxicity while preserving the immunostimulant properties (Ribi,
1986). Ribi Immunochemistry produces and supplies MPL to SB-Biologicals.
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Experiments performed at Smith Kline Beecham Biologicals have shown that 3D-
MPL combined with various vehicles strongly enhances both the humoral and a TH1
type of cellular immunity.

QS21: is a natural saponin molecule extracted from the bark of the South
American tree Quillaja saponaria Molina. A purification technique developed to
separate the individual saponines from the crude extracts of the bark, permitted the
isolation of the particular saponin, QS21, which is a triterpene glycoside
demonstrating stronger adjuvant activity and lower toxicity as compared with the
parent component. QS21 has been shown to activate MHC class | restricted CTLs to
several subunit Ags, as well as to stimulate Ag specific lymphocytic proliferation
(Kensil, 1992). Aquila (formally Cambridge Biotech Corporation) produces and
supplies QS21 to SB-Biologicals.

Experiments performed at SmithKline Beecham Biologicals have
demonstrated a clear synergistic effect of combinations of MPL and QS21 in the
induction of both humoral and TH1 type cellular immune respohses.

The oil/water emulsion is composed an organic phase made of of 2 oils
(a tocopherol and squalene), and an aqueous phase of PBS containing Tween 80 as
emulsifier. The emulsion comprised 5% squalene 5% tocopherol 0.4% Tween 80
and had an average particle size of 180 nm and is known as SB62 (see WO
95/17210).

Experiments performed at SmithKline Beecham Biologicals have proven that
the adjunction of this O/W emulsion to 3D-MPL/QS21 (SBAS2) further increases the

immunostimulant properties of the latter against various subunit antigens.
2. — Preparation of emulsion SB62 (2 fold concentrate):

Tween 80 is dissolved in phosphate buffered saline (PBS) to give a 2%
solution in the PBS. To provide 100 ml two fold concentrate emulsion 5g of DL alpha
tocopherol and 5ml of squalene are vortexed to mix thoroughly. 90ml of PBS/Tween
solution is added and mixed thoroughly. The resulting emulsion is then passed
through a syringe and finally microfluidised by using an M110S microfluidics

machine. The resulting oil droplets have a size of approximately 180 nm.

3. — Preparation of xenogeneic or human P501S QS21/3D MPL oil in water
(SBAS2) formulation:
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The adjuvant is formulated as a combination of MPL and QS21, in an
oil/water emulsion. The formulations are prepared extemporaneously on the day of
injection.

The formulations containing 3D-MPL and QS21 in an oil/water emulsion
(SBAS2B formulations) are performed as follows: xeno or human P501S (20ug) is
diluted in 10-fold concentrated PBS pH 6.8 and H,O before consecutive addition of
SB62 (50ul), MPL (20ug), QS21 (20ug) and 1 pg/ml thiomersal as preservative at 5
min intervals. All incubations are carried out at room temperature with agitation.

The non-adjuvanted formulations are performed as follows: recombinant xeno
P501S (20pug) is diluted in 1.5 M NaCl and H,O before addition of 1 ug/ml thiomersal
as preservative at 5 min intervals. All incubations are carried out at room

temperature with agitation.

B — IMMUNOGENICITY EXPERIMENTS

B-1 Immunisation protocol with a protein-based approach

A xenogeneic antigen to human P501S can be used, according to the present
invention, to induce an immune response against a closely related autologous
tumour antigen. Similarly a human P501S can be used to immunise animal species
and assess the level of cross-reacting antibodies. The quality and the intensity of the
immune response induced by different molecules can be compared as well as the
capacity of this immune response to cross- react with other forms of the P501S
protein. The protein can be adjuvanted or not.

Rabbits were vaccinated three times, intramuscularly, at 3 weeks interval
with 100 pg of human P501S formulated or not in SBAS02 (see above). Three
weeks after the third injection, blood can be taken and the sera tested for the
presence of anti-P501S antibodies.

The anti-P501S antibody response (Total IgG Antibody response) is
classically assessed by ELISA, using purified human P501S protein as a coating
antigen.

Spleen and lymph nodes of these immunized animals can also be used to
analyze the cellular immune responses induced by the vaccinations.
Lymphoproliferative responses can be evaluated after 72 hours of in-vitro re-
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stimulation with the different forms of the molecules used to vaccinate, or with the
purified human P5018S protein.

B-2 Immunisation protocol with a DNA-based approach

1. Protocol

Female or male C57BL/6 mice were immunised with a P501S DNA construct by
gene gun or PMID (particle mediated intradermal delivery). The DNA construct is
labelled JNW680 and comprises the coding sequence of the full-length human
P501S gene (Genbank data base accession number AY033593) cloned into a
standard eukaryotic expression vector pVAC1 (Thomsen Immunology 95:510P106,
1998). Plasmid DNA was precipitated onto 2uM golds beads using calcium chloride
and spermidine. Loaded beads were coated onto Tefzel tubing as described
(Eisenbaum et al. 1993, Pertmer et al. 1996). Particle bombardment was performed
using the Accell gene dlivery system (WO95/19799). Each administration consisted
of two bombardments with DNA/gold providing a total dose of approximately 1-5ug of
plasmid DNA. Mice were routinely immunised on day 0, 21, 42 & 63.

2. Read-outs

Cellular responses were monitored by IFNy/IL-2 ELISPOT using splenocytes
harvested 7 days post each immunisation. Splenocytes were re-stimulated using
peptides identified from a peptide library covering a majority of the P501S sequence.

Antibody responses were monitored from serum samples taken at the mice were
sacrificed. Antibody responses were assessed by ELISA using CPC-P5018S to coat
the plates.

3. Results

3.1 Peptide library

Following immunisation of female mice with the human P501S construct, individual

P501S peptides were used to re-stimulate the splenocytes in an IFNy/IL-2 ELISPOT.

From this library screen, three peptides were identified which induced either IL-2
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and/or IFNy. These peptides were labelled peptides 18, 22 and 48. Further studies
have identified that peptides 22 and 48 contain CD4 epitopes.

The sequences of the peptides as follows:

Peptide 18: HCRQAYSVYAFMISLGGCLG
Peptide 22:  GLSAPSLSPHCCPCRARLAF
Peptide 48: VCLAAGITYVPPLLLEVGVY

3.2 Confirmation of responses to these peptides

In independent experiments, the induction of an immune response to these peptide
epitopes was confirmed in both male and female mice following PMID immunisation
with the P501S construct (JNW680). Figures 11 and 12 show that good IL2 and/or
IFNy responses were induced in a majority of mice for male and female mice
respectively to all three peptides, whereas mice immunised with an empty vector

generated no specific responses.
3.3 Alignment of peptides
The table 1 below shows the number and positions of amino acids which differ

between the human and mouse P501S sequence in the regions encoded by
Peptides 18, 22 and 48.

Table 1
Sequence
Peptide (differences between human and mouse are No. of changes
boxed)

HCRQAMSVYAFMISLGGCLG
18 1
22 GLSAPSLSCCPCRABLAF 10
48 VCLAAGITYVPPLLLEVGV 0
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4. Conclusions

Responses to the epitope encoded by Peptide 48 were detected in both female and
male mice. Comparison of the human and mouse sequence in this region confirms
that there is 100% sequence identity. Therefore one conclusion of this study is that
human P501S can be used to induce immune responses which have the potential to
be cross-reactive with the mouse P501S. Therefore one can reasonably assume,
that for the reason given above (sequence identity), mouse P501S has the potential
to induce immune responses which are cross-reactive with the human P501S,
validating the xenogeneic approach for this antigen.

EXAMPLE IV:
Analysis of P501S expression by real-time PCR

1. — Introduction

Expression analysis of the P501S8 will be done in animal models and in animal cell
lines by monitoring the P501S mRNA abundance by real-time PCR.

Animal models are used to test vaccine composition and to evaluate their
immunogenicity (ex: specific CTL induction) and their potential toxicity (ex:
autoimmunity). The more relevant animal model will display a tissue expression
pattern of the P501S, which is the closest to the human profile. Expression level
measurement will be done in animal prostate and in a panel of essential tissues.
Real-time PCR is also used to characterise the expression level of the P501S gene
in animal cell lines such as rat prostate cell lines (CRL-2275, CRL-2276). Objective
being to identify animal cell lines, which are expressing P501S at a level, which is
closest to the level observed in human prostate tumours. Animal cell lines identified
to express reasonable level of P501S mRNA could be used to establish an animal
tumour model. Anti-tumour effects of vaccination using the P501S-purified protein in
adjuvant could be monitored either by tumour regression or by protection against
tumour challenge in the animal.

2. — Real-time RT-PCR analysis
Real-time RT-PCR (U. Gibson. 1996. Genome Research: 6,996) is used to compare
mRNA transcript abundance of the target protein in a panel of tissues and cell lines.
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Total RNA is extracted from snap frozen biopsies using TriPure reagent (Boehringer).
Poly-A+ mRNA is purified from total RNA after DNAase treatment using oligo-dT
magnetic beads (Dynal). Quantification of the mRNA is performed by
spectrofluorimetry (VersaFluor, BioRad) using RiboGreen (Molecular Probes).
Primers for real-time PCR amplification are designed with the Perkin-Elmer Primer

Express software using default options for TagMan amplification conditions.

Real-time reactions are assembled according to standard PCR protocols using 2 ng
of purified mRNA for each reaction. Real-time PCR amplification are monitored using
a Tagman probe. Amplification (40 cycles) and real-time detection is performed in a
Perkin-Elmer Biosystems PE7700 system using conventional instrument settings. Ct
values are calculated using the PE7700 Sequence Detector Software. Ct values are
obtained from each tissue sample for the target mRNA (CtX) and for the beta actin
mRNA (CtA).

As the efficiency of PCR amplification under the prevailing experimental conditions is
close to the theoretical amplification efficiency, 2°*°™ value is an estimate of the
relative target transcript level in the sample, standardized with respect to Actin
transcript level. A value of 1 thus suggests that the candidate antigen and Actin have
the same expression level.

For the rat model, real-time (RT) PCR reactions were performed on 2 rat prostate cell
lines (CRL-2222 and CRL-2276) and on a panel of 11 rat tissues such as brain,

colon, femur, gum, heart, kidney, liver, lung, prostate, spleen, testis.

For the Cynomolgus model, expression of P501 homologue was evaluated in
prostate.

For the mouse model, expression level was determined in prostate, colon, lung,
brain, kidney, spleen, testis, stomach, heart and liver.
P501 homologue transcript level are calculated as described above. Results are

shown in Table 2, Table 3, Table 4 and figures 13 and 16.

Table 2: RT-PCR analysis of P501S on a panel of rat tissues and rat cell lines.

-39.



WO 03/103706

10

PCT/EP03/06095
P501 expression analysis in rat tissues

Tissue Abbreviation CT of CT of P501S

P501S actin Actin
prostate Pr 26 19 8.2E-03
brain Bra 34 19 3.1E-05
colon Co 31 18 1.4E-04
kidney Ki 31 19 1.4E-04
lung Lu 35 18 1.4E-05
testis Te 37 20 9.3E-06
gum Gu 32 18 7.9E-05
spleen Sp 30 17 9.7E-05
heart He 35 21 5.5E-05
liver Lu 33 20 9.2E-05
tumor cell 2222 TC2222 34 17 8.3E-06
tumor cell 2276 TC2276 40 17 8.7E-08
femur Fe 31 17 6.3E-05

Table 3: RT-PCR analysis of P501S on Cynomolgus prostate.

P501 expression analysis in Cynomolgus prostate
Tissue Abbreviation CT of CT of P501S
P501S actin Actin
prostate Pr 24 19 5.3E-02
Table 4: RT PCR analysis of P501S on a panel of 10 mouse tissues
P501 expression analysis in mouse tissues
Exp. 1 Exp. 2 Exp. 3
CTof | CIof | CTof | CIof | CTof CTof | PS01S
Tissue | P501S actin P501S actin P5018 actin Actin
prostate 24 19 27 20 26 20 1.5E-02
colon 27 18 30 19 31 21 1.2E-03
lung 28 18 33 20 33 21 3.9E-04
brain 30 20 34 21 36 23 3.3E-04
kidney 28 19 31 22 31 22 2.6E-03
spleen 29 18 31 20 31 20 5.6E-04
testis 29 18 32 19 33 20 2.7E-04
stomach 28 19 31 21 31 22 1.1E-03
heart 32 21 33 23 35 24 6.7E-04
liver 29 21 31 23 32 24 5.5E-03
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P5018S is expressed in rat, Cynomolgus and mouse prostate (0.8%, 5.3% and 1.5%
relative to actin level, respectively). Average P501 trancript level in rat other tissues
(0.007%) is hundred fold lower than in rat prostate. No significant expression was
detected in both rat cell lines. In other mouse tissues, the highest expression level
was detected in the liver and in the kidney (3 and 6 times lower than in mouse

prostate, respectively).

EXAMPLE V:
Induction of P501S-specific CD4 or CD8 T cells by xenogeneic P501S

A T-cell in vitro priming protocol is used to demonstrate the capacity of the human
immune repertoire to recognize the P501S protein as a potential target for
immunotherapy. This protocol can be used to generate and expand either CD4 or
CD8 human T cells that specifically recognise either the P501S -derived peptide or
the P501S protein loaded onto targets but also human cells that endogeneously
express the P501S.

The protocol used to generate P5018S specific CD8 T cells is briefly described:
Human dendritic cells (DC) genetically engineered to express the xenogeneic P501S
gene or pulsed with 1 pg/ml xenogeneic P501S -derived peptides, are matured for 48
hours using CD40L, and cultured with autologous PBMC in medium supplemented
with IL-7. Weekly stimulations are performed using adherent PBMC pulsed with 1
ug/ml xenogeneic P5018S, with the addition of IL-7 on day 0 and 4, and IL-2 on days 1
and 4. Lines are assayed following the 4", 5", and 6™ round of stimulation by
ELISPOT assays to measure IFNg secretion. Antigen presenting cells (APC) in the
ELISPOT assays are autologous B-LCL, pulsed either with the xenogeneic P501S or
an irrelevant peptide. Specific CTL activity is initially detectable after the 5 or the 6"
stimulation cycles against xenogeneic P501S pulsed or transduced APC.

A similar protocol can be used to generate P501S specific CD4 T cell clones.

EXAMPLE VI:

The induction of a more potent immune response by using a xenogeneic protein is
shown by vaccinating mice, rat, monkey, and human with a human protein and by
reading the antibody response by ELISA. In this experiment, mice and non-humpan

primate are vaccinated with the recombinant human P501S antigen delivered as
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CPC-P501 protein + adjuvant, CPC-P501S-encoding adenoviral vector, or CPC-
P501S-encoding DNA. The sera of these animals are collected after each
vaccination and the antibody titers are assessed by standard ELISA using coated
human P501S or CPC. The dilution of each sera is adjusted to show a similar signal
by ELISA when read against CPC, then, at the very similar dilution the signal is read
with an ELISA using the coated-human P501. This experiment shows that in primate
the human P501 vaccine induces higher titers of antibodies after a limited number of
injections, while in mice the anitbody response is more potent. This experiment
demonstrates that the xenogenic vaccination in mouse model (the mouse P501S is
90.8 % identical to the human P501S at the amino acid sequence) the induction of
the immune response is more efficient than in the non-human primate model close to
the syngenic situation (the cynomolgous monkey P501S is 98.0 % identical to the
human P5018 at the amino acid sequence).

EXAMPLE VII:
Characterisation of P501S specific antibodies induced by xenogeneic P501S

The induction of a cross-reactive antibody response following immunisation with
either mouse, monkey or rat with human P501S adjuvanted protein or DNA is
investigated using an in vitro Western blot assay or ELISA. In this experiment a
mammalian expression vector is constructed in which the mouse, monkey or rat DNA
sequence is inserted downstream of a CMV promoter. Upon transfection of these
DNA vectors into a host cell line (such as CHO or COS cells), the mouse, monkey or
rat P501S gene is expressed. A whole cell lysate from these cells is used in a
Western blot. For the mouse expression vector, mouse P501S coding sequence
(SEQUENCE ID NO:11) was engineered using overlapping PCR methodology and
cloned into the pVAC1 expression vector. In the case of the mouse P501S
expression vector, expression was confirmed in a Western blot using a rabbit anti-
P501S polyclonal sera (Figure 17). On the other hand, for the ELISA, the plates are
coated with a self polypeptide-coated in the plates, such as a peptide from amino
acid 296 to 322 that shows 100% identity between human and mouse and is a B-cell
epitope recognized by a monoclonal antibody generated against P501S.

A Western blot using the whole cell lysate from cells transfected with either mouse,
monkey or rat P501S is used to confirm the presence of cross-reactive P501S
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specific antibodies. In this case, sera is taken from mice, monkeys or rats previously
immunised with human P501S or human P501S fusion proteins. This sera may be
used at a dilution of 1:10-1:100,000 in a Western blot protocol, using a relevant
secondary antibody conjugated to horse raddish peroxidase (HRP). A stronger signal

5  atequivalent dilution or higher dilution at equivalent signal on the Western blot after
blotting with the immune sera obtained from a xenogeneic vaccination than a
syngeneic vaccination demonstrates that the xenogeneic vaccination is able to
induce a stronger immune response recognising the antigen. A similar result by using
the ELISA leads to same conclusion.
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CLAIMS

. An immunogenic composition comprising a xenogeneic P501S polypeptide or a

xenogeneic P501S-encoding polynucleotide, or an immunogenic fragment
thereof; and a pharmaceultically acceptable carrier.

. An immunogenic composition as claimed in claim 1 wherein the xenogeneic

P501S polypeptide or immunogenic fragment thereof is selected from the group
comprising SEQ ID NO:1 or SEQ ID NO:3 or SEQ ID NO:10.

. An immunogenic composition as claimed in claim 1 wherein the xenogeneic

P501S-encoding polynucleotide or immunogenic fragment thereof is selected
from the group comprising SEQ ID NO:2 or SEQ ID NO:4 or SEQ ID NO:11.

. An immunogenic composition as claimed in any of claims 1 to 3 which

additionally comprises a TH-1 inducing adjuvant.

. An immunogenic composition as claimed in claim 4 in which the TH-1 inducing

adjuvant is selected from the group of adjuvants comprising: 3D-MPL, QS21, an
immunostimulatory CpG oligonucleotide, a mixture of QS21 and cholesterol or a

combination of one or more of any of these adjuvants.

. An immunogenic composition comprising an effective amount of antigen

presenting cells, modified by in vitro loading with a xenogeneic P501S
polypeptide or immunogenic fragment thereof, or genetically modified in vitro to
express a xenogeneic P501S polypeptide and a pharmaceutically effective

carrier.

. An immunogenic composition as claimed in any of claims 1 to 6 for use in

medicine.

. A process for the production of an immunogenic composition as claimed in any of

claims 1 to 7, comprising admixing a xenogeneic P501S polypeptide or a
xenogeneic P501S-encoding polynucleotide with a suitable adjuvant, diluent or
other pharmaceutically acceptable carrier.

. An isolated polypeptide comprising an amino acid sequence which has at least

92% identity to the amino acid sequence of SEQ ID NO:1 over the entire length of
of SEQ ID NO:1.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

An isolated polypeptide as claimed in claim 9 in which the amino acid sequence
has at least 95% identity to SEQ ID NO:1.

The polypeptide as claimed in claim 10 comprising the amino acid sequence of
SEQ ID NO:1.

The isolated polypeptide of SEQ ID NO:1.

A polypeptide comprising an immunogenic fragment of a polypeptide as claimed
in any one of claims 9 to 12 in which the immunogenic activity of the
immunogenic fragment is substantially the same as the polypeptide of SEQ ID
NO:1.

A polypeptide as claimed in any of claims 9 to 13 wherein said polypeptide is part

of a larger fusion protein.

An isolated polynucleotide encoding a polypeptide as claimed in any of claims 9
to 14.

The isolated polynucleotide of claim 15, comprising the sequence of SEQ ID
NO:2.

An isolated polynucleotide comprising a nucleotide sequence encoding a
polypeptide that has at least 92% identity to the amino acid sequence of SEQ ID
NO:2, over the entire length of SEQ ID NO:2; or a nucleotide sequence
complementary to said isolated polynucleotide.

The isolated polynucleotide as defined in any one of claims 15 to 17 in which the
identity is at least 95%.

An expression vector or a recombinant live microorganism comprising an isolated

polynucleotide according to any one of claims 15 - 18.

A host cell comprising the expression vector of claim 19 or the isolated
polynucleotide of claims 15 to 18.

A process for producing a polypeptide of claims 9 to 14 comprising culturing a
host cell of claim 20 under conditions sufficient for the production of said
polypeptide and recovering the polypeptide from the culture medium.
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23.

24,

25.

26.

27.

The use of a polypeptide or a polynucleotide as claimed in any of claims 9 to 18
in the manufacture of an immunogenic composition for immunotherapeutically
treating a patient suffering from or susceptible to prostate cancer or other P501S-

associated tumours or diseases.

A method of inducing an immune response against human P501S having an
amino acid sequence as set forth in SEQ ID NO:5 to SEQ ID NO:7 in a human,
comprising administering to the subject an effective dosage of an immunogenic
composition comprising a xenogeneic form of said human P501S.

The method of claim 23, wherein said immunogenic composition is according to
any of claims 1 to 5.

The method of claim 23, wherein said xenogeneic form of human P501S is the rat
P5018 as claimed in any of claims 9 to 14.

The method of claim 23, wherein said xenogeneic form of human P501S is
selected from the group consisting of the mouse P501S having the sequence as
set forth in SEQ ID NO:10 and the Cynomolgus monkey P501S having the
sequence set forth in SEQ ID NO:3.

The method of any of claims 23 to 26, wherein said immunogenic composition
includes a live viral expression system or a plasmid vector which expresses said
xenogeneic antigen, ot through antigen loaded dendritic cells.
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FIG. 1. Rat polypeptide P501S sequence (SEQ ID NO.1)

MIQRLWASRLLRHRKAQLLLVNLLTFGLEVCLAAGITYVPPLLLEVGVEEKFMTMVLGIGPVLGLVSVP
LLGSASDQWRGRYGRRRPFIWALSLGVLLSLFLI PRAGWLAGLLCSDTRPLELALLILGVGLLDFCGQV
CFTPLEALLSDLFRDPDHCRQAFSVYAFMISLGGCLGYLLPAIDWDTSALAPYLGTQEECLFGLLTLIF
LICVAATLLVAEEAVLGPPEPAEGLLVSSVSRRCCSCHAGLAFRNLGTLFPRLHQLCCRMPRTLRRLFV
AELCSWMALMTFTLFYTDFVGEGLYQGVPRAEPGTEARRHYDEGIRMGSLGLFLQCAISLFFSLVMDRL
VQKFGTRSVYLASVMTFPVAAAATCLSHSVVVVTASAALTGFTFSALQILPYTLASLYHREKQVFLPKY
RGDAGGGSSEDSQTTSFLLGPKPGAPFPNGHVGPGGSSILVPPPALCGASACDVSMRVVVGEPPEAKVV
TGREICLDLAILDSAFLLSQVAPSLFMGSIVQLSHSVTAYMVSAAGLGLVAIYFATQVVFDKNDLAKYS
L

FIG.2. Nucleotide sequence encoding rat P501S (SEQ ID NO.2).

GGGCTCTTAGACACCGCAACAAAAGCAACTTTCCTCCAAGCCACTGCCACCTGTTGGGTTTTCACACAT
TTCGAGCTTTAGTTCCGATCCCCAGAACATCCACGTAGTTTTTCTGGCCTTCTGGCTGAGCCATGGAGG
CCGACAGAGGAGGGGAGAAGTTTGAAGCTTGAGAAGGATTTCCGTATGCGCAAGGCTACCCATGCTTGT
CCTTCCTCCCATGACCCTEGETCAGCCCTCCTCTGCCCTCCTCTTCCTGCCCCCCTTCTCTCCAGGGTCC
GACTGACGAGATGTETCCCCATCARGCAAGGCACTAGATGGTGACGTGTTCAGTGTGGCGATGAGATGCC
GAAGTGGTACTCAAGGGCTGGCCEGAAATGEGAGCCTGGCTGCACCCTCGGAGGTTGGTGCTAGCAAGGA
GGAGAAGCCGCGCGCAGGGCTGACTCARAACAGCTGTGGGETGTGTGAATGGCCCCCGGACCCCTAACCG
CCCTETCCATCatgatccagaggctgtgggecagecgtctgectaaggcatecggaaageccageteetge
tggtcaacctgcectaacctteggectggaggtgtgectggetgetggeattacctatgtgecaceeette
tgctggaagtcggggtagaggaaaagttcatgaccatggtgttgggeattggeccagtgetgggectgg
tttectgtteccactecctaggetecagecagtgaccagtggegtgggegetatggeegecggagaceettta
tctgggctetgtecctgggtgtectgetaagectetteectecatcecegagggecggetggetggecaggge
tactgtgttcagatactaggcccectggagttggecctgetecatecttgggagtggggetgetggacttett
gcggccaggtgtgetttacteccactggaggeccttactetecgacctetteegggaceccagaccactgee
gccaagccttetetgtectatgecttcatgatcagectegggggetgectgggetacetettacetgeca
ttgactgggacaccagcgeccctggeccccectacctaggecactcaggaagaatgectetteggectectea
ccctecatttttetcatetgtgtggecagecactetgettgtggetgaggaggeagtecttggeccaceceg
agccagcagaagggttgttggtctececteegtgteacgecggtgetgetecatgecatgetggectggett
tceggaatctgggtaccctgtttececcggetgecaccagetgtgetgecgaatgectegeaccetgegece
ggctctttgtggctgagctgtgecagetggatggecacttatgactttecacactgttctacacggacttcg
tgggagaggggctgtaccagggtgtccccagagcagageccaggtaccgaggeccggagacactatgatg
aaggcattcgaatgggcagcctggggctettectgcagtgtgeccateteecctgttettetecectggtea
tggacaggctggtacagaagttcggcacacggtecagtcectacctggecagtgtgatgacctttecegtgg
ctgecegetgecacgtgectgteecacagegtggttgtagtgacagectcagetgecctcaccgggttca
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ccttctecagecttgeagatectgecttacacgetegectecctetaccatcgagagaagcaggtgttee
tgcccaaataccgaggggacgctggaggtggtagcagtgaagacageccaaacaaccagettettgetag
gcectaagccaggageteccttecccaatggacacgtgggecctggeggecagecagcatectggtgeece
cacctgcactctgtggggectetgectgtgatgtetcecatgegagtggtagtgggtgageccacctgaag
ccaaggttgttactggacggggcatttgcctggaccttgecatecectggacagtgectttectgetgtece
aggtggctcegteectgttecatgggeteccattgtecagetgagecactetgtecactgectatatggtat
cagctgcaggcttgggtetggtegecatttactttgetacacaggtagtgtttgacaagaatgacttgg
ccaaatactcactgtagAATTCTGTAAGGCATCAAAGAAGAGGATCTGCCTCCCCGGTTCTCAGCCCCA
GAGGGCTGECAGAGCTGGTCTCTTTCCGETCTCTGTTGCCCTGAGTGGCTCTCCACTGCCATCCGAAGGC
AGTGAGGTGTATGGCTGCACAGCTTGCAGCTTTTGGC

FIG. 3. Amino acid sequence for Cynomolgus monkey P501S (SEQ ID N°3)

MVQRLWVSRLLRHRKAQLLLINLLTFGLEVCLAAGITYVPPLLLEVGVEEKFMTMVLGIGPVLGLVSVP
LLGSASDHWRGRYGRRRPFIWALSLGILLSLFLIPRAGWLAGLLCPDPRPLELALLILGVGLLDFCGQV
CFTPLEALLSDLFRDPDHCRQAYSVYAFMISLGGCLGYLLPAIDWDTSALAPYLGTQEECLFGLLTLIF
LTCVAATLLVAEEAALGPAEPAEGLSAPSLPSHCCPCWARLAFRNLGALLPRLHQLCCRMPRTLRRLFV
AELCSWMALMTFTLFYTDFVGEGLYQGVPRAELGTEARRHYDEGVRMGSLGLFLQCAISLVFSLVMDRL
VOQRFGTRAVYLASVAAFPVAAGATCLSHSVAVVTASAALTGFTFSALQILPYTLASLYHRERQVFLPKY
RGDAGGTSSEDSLMTSFLPGPKPGAPFPNGHVGAGGSGLLPPPPALCGASACDVSVRVVVGEPTEARVV
PGRGICLDLAILDSAFLLSQVAPSLFMGSIVQLSQSVTAYMVSAAGLCGLVAIYFATQVVFDKSDLAKYS
v

FIG.4. Nucleotide sequence for Cynomolgus monkey P501S (SEQ ID N°3)

AAARAAAAAGCCGCCGGCTGGCGCGCGTGGGGGGCAAGGAAAAGAGGGGGGAAACCAGTCTGCACGCGC
TGGCTCCGGGTGACAGCCGCGCGCCTAGGCCAGGCAGCGTCTCCCTCTGTCACCCAGACTGGAGGCAAT
GTTCTGATCACTGCACACTGCACCCTTGACCTCCCAGACTCAAGCAATCCTCCCATCTCAGCCTCTTAA
GTAGCTGGGACCACAGGATCTGAGTGATGAGATGTGTCCCCACTGAGGTGCCCCACAGCAGCAGGTGTT
GAGCATGGGCTGAGAAGCTGGACCGGCACCAAAGGGCTGGCEGAAATGGEGCGCCTCGCTGATTCCTAGG
CAGTTGGCGGCAGCAAGGAGCGACGAGGCCGTGGCTTCCGGAGCAGAGCGGAGACGAAGCAGTTCTGGAGT
GCTTAAACGGCCCCCTGAGCCCTACCCGCCTGGCCCACTatggtccagaggetgtgggtgageecgeetyg
ctgecggecaccggaaagecccagetettgttgatcaacctgetaacctttggectggaagtgtgtttggee
gcaggcatcacctatgtgeccgectectgetgetggaagtgggggtagaagagaagtitcatgaccatggtg
ctgggcatcggteccagtgectgggectggtctetgteccactectaggetcagecagtgaccactggege
ggacgctatggccgecggeggececttecatetgggegetgtecttgggecatectgetgagectetttete
atcccaagggctggetggectggcagggctgectgtgececggateccaggecectggagetggecactgete
atecctgggegtagggetgectggacttetgtggecaggtgtgettcacteccactggaggecctgetetet
gacctgttccgggaccecggaccactgtegeccaggectacteegtetatgecttecatgatcagtettggg
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ggctgcctgggctacctectgectgecattgactgggacaccagtgcecetggecccctacctgggeace
caggaggagtgcctctttggectgeteacecteatettectecacctgegtagecagecacactgetggtg
gccgaggaggcagcactgggecccgecgagecageggaagggctgtetgeeccecteectgeegteccac
tgctgtcegtgetgggecegectggettteeggaacctgggegecctgetteccceggetgeaccagety
tgctgecegeatgececegeacectgegeeggetettegtggetgagetgtgeagetggatggcacteatyg
accttecacgetgttttacacggatttegtgggegaggggectataccagggegtgeccagagetgagetyg
ggcaccgaggcccggagacactatgatgaaggegtteggatgggcagtetggggetgttectgeagtge
gccatctecectggtettetetetggtecatggaceggetggtgecagegatteggecactegagecagtetat
ctggeccagtgtggcagetttecetgtggetgeeggtgecacgtgectgteccacagtgtggetgtggtyg
acggcttecagecegecctecactgggttecaccttetecagecectgecagatectgecctacacactggectee
ctctaccaccgggagaggcaggtgttectgeccaaataccgaggggacgetggaggecactagecagtgag
gacagcctgatgactagcttectgecaggecctaagectggagetececttecctaatggacacgtgggt
gectggaggcagtggcctgettecacectecaccegegetetgeggggectetgectgegatgtetetgta
cgtgtggtggtgggtgagcccaccgaggccagggtggttecgggecggggeatetgectggacctegec
atcctggatagtgecttectgetgtcecaggtggeccegtecectgttcatgggectecategtecagete
agccagtctgtcactgcectatatggtgtctgetgecaggectgggtctggttgeccatttactttgetaca
caggtagtatttgacaagagcgacttggccaaatactecggtgtagAAAACTTCCAGCACATTGGGGTGG
AGGGCCTGCCTCACTEGGETCCCAGCTCCCCACTCTTTGTTAGCCCCATGGGECTGCTGGGCTGGCCGCC
AGTTTCTGTTGCTGCCAAAGTAATGTGGCTCTCTGCTGCCACCCTAGTGCTGCTGAGGTGCGTAGCTGCA
CAGCTGGGGECTEGGGCATCCCTCTCCCTCCTCCCCAGTCTCTAGEGCTGCCTGACTGGAAGCCTTCCA
AGGGGGETTTCAGTCTGGACTTCTACAGCGGAGGCTAGAAGGGCAGGGCATTTGATTCGCTCCATGCACTG
GAATGTGGGGACTCTGCAGGTGGATTACCCAGGCTCAGGETTAACAGCTAGCCTCCTGGCTGAGACATA
CCTAGAGAAGGGGTTTTGCGAGCTGAGTAAACTCAGTCACCTGGTTTCCCACCTCTAAGCCCCCTTAAC
CTGCAGCTTCATTTAATGTAGCTCTTGCATGGGAGTTTCTAGCGATGAAACACTCCTCCGTGGGATTTGA
ACGTATGAAAGTTATTTGTAGGGGAAGAGTCCTGAGGGECAACACACCAGGTCCCCTCAGCCCACAGCA
CTGCCTTTTTGCTGATCCCCTGACTCTTACCTTTTATCAGGACGTGGCCTATTGGTCCCTTTGTTGCCA
TCATAGGGACACAGGCATTTAAATATTTAACTTATTTATTTAACAAAGTAGAAGGGAATCCATTGCTAG
CTTTTGTGTGTTGGTGTCTAAGATTTGGGTAGGGTGGGATCCCCAACAATCAGGTCCACTGAGATCACT
GGTCATTGGGCTGATCATTGCCAGAATCTTCTTCTCCTGEGETCTGGCTCCTCAAAATGCCTAACCCAG
GACCTTGGAAATTTTACTCATCCCGACTGATAATTCCAAATGCTGTTACCCAAGGTTAGGGGGTTGAAG
GAAGGTGGAGGGTGGGGCTTCAGGTCTCAACAGCTTCCCTAACCACCCCTTTTCTCTTGGCCCAGCCTG
GTTCCCCCCACTTCTACTCCCCTCTACTGTCTCTAGCGACTGGGCTGATGAAGGCACTGCCTGAAATTTC
CCTCACCCCCAACTTTCCCCACTGGCTCCACAACCCTGTTTGGAGCTGTTGCAGGACCAGAAGCACAAA
GTGTGETTTCCCAGGCCTTTGTCCATCTCAGCCCCCCAGAGTATATCTGTGCTTGGGGAATCTCACACA
GAAACTCAGGAGCACCCCCTGCCTGAGCTAAGGAGETCTTATCTCTCAGGGGGGTTTAAGTGCCGTTTG
CAATAATGTCTTATTTATTTAGCGGGGCAAATATTTTATACTGTAAGTGAGCAATCAGTATAATGTTTA
TGGTGATGAAATTAAAGGCTTTCTTATATGTTTAAAAARAAAAAAAAAANANANARNAAAAARNDNAD
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FIG.5. Amino acid sequence for human P501S (SEQ ID N°5)

MVQRLWVSRLLRHRKAQLLLVNLLTFGLEVCLAAGITYVPPLLLEVGVEEKFMTMVLGIGPVLGLVCVP
LLGSASDHWRGRYGRRRPFIWALSLGILLSLFLIPRAGWLAGLLCPDPRPLELALLILGVGLLDFCGQV
CFTPLEALLSDLFRDPDHCRQAYSVYAFMISLGGCLGYLLPAIDWDTSALAPYLGTQEECLFGLLTLIF
LTCVAATLLVAEEAALGPTEPAEGLSAPSLSPHCCPCRARLAFRNLGALLPRLHQLCCRMPRTLRRLEV
AELCSWMALMTFTLFYTDFVGEGLYQGVPRAEPGTEARRHYDEGVRMGSLGLFLQCAISLVFSLVMDRL
VQRFGTRAVYLASVAAFPVAARGATCLSHSVAVVTASAALTGFTFSALQILPYTLASLYHREKQVFLPKY
RGDTGGASSEDSLMTSFLPGPKPGAPFPNGHVGAGGSGLLPPPPALCGASACDVSVRVVVGEPTEARVV
PGRGICLDLAILDSAFLLSQVAPSLFMGSIVQLSQSVTAYMVSAAGLGLVAIYFATQVVFDKSDLAKYS
A

FIG.6. Amino acid sequence for human P501S (SEQ ID N°6)

GLYQGVPRAEPGTEARRHYDEGVRMGSLGLFLQCAISLVFSLVMDRLVQRFGTRAVYLASVAAFPVAAG
ATCLSHSVAVVTASAALTGFTFSALQILPYTLASLYHREKQVFLPKYRGDTGGASSEDSLMTSFLPGPK
PGAPFPNGHVGAGGSGLLPPPPALCGASACDVSVRVVVGEPTEARVVPGRGICLDLAILDSAFLLSQVA
PSLFMGSIVQLSQSVTAYMVSAAGLGLVAIYFATQVVFDKSDLAKYSA

FIG.7. Amino acid sequence for human P501S (SEQ ID N°7)

MGSLGLFLQCAISLVFSLVMDRLVQRFGTRAVYLASVAAFPVAAGATCLSHSVAVVTASAALTGFTFSA
LOILPYTLASLYHREKQVFLPKYRGDTGGASSEDSLMTSFLPGPKPGAPFPNGHVGAGGSGLLPPPPAL
CGASACDVSVRVVVGEPTEARVVPGRGICLDLAILDSAFLLSQVAPSLFMGSIVQLSQSVTAYMVSAAA
LGLVAIYFATQVVFDKSDLAKYSA

FIG. 8: Design of the yeast P501S recombinant protein

S.cerevisiae Human

Nterm| oprepro | =—------— P5018 gly2 his6

aal-aa88 aab5-aab5s3



WO 03/103706 PCT/EP03/06095

5/13

FIG. 9. Amino acid sequence (SEQ ID NO:9) and nucleotide sequences (SEQ ID

NO:8) of alpha prepro P501S his

Nucleotide sequence (SEQ ID NO:8)

ATGAGTTTCC
GTCAACACTA
TCAGATTTAG
GGGTTATTGT
CTCGAGAAARA
TGTGTCCCGC
CCCTTCATCT
GGCTGGCTAG
CTGGGCGTGG
CTCTCTGACC
ATGATCAGTC
GCCCTGGCCC
TTCCTCACCT
GAGCCAGCAG
CGCTTGGCTT
ATGCCCCGCA
ACCTTCACGC
GCTGAGCCGG
GGGCTGTTCC
CAGCGATTCG
GGTGCCACAT
TTCACCTTCT
AAGCAGGTGT
CTGATGACCA
GGTGCTGGAG
GAtGTCTCCG
GGCATCTGCC
TCCCTGTTTA
GCCGCAGGCC
GACTTGGCCA

TCAATTTTAC
CAACAGAAGA
AAGGGGATTT
TTATAAATAC
GAGAGGCTGA
TCCTAGGCTC
GGGCACTGTC
CAGGGCTGCT
GGCTGCTGGA
TCTTCCGGGA
TTGGGGGCTG
CCTACCTGGG
GCGTAGCAGC
AAGGGCTGTC
TCCGGAACCT
CCCTGCGCCE
TGTTTTACAC
GCACCGAGGC
TGCAGTGCGC
GCACTCGAGC
GCCTGTCCCA
CAGCCCTGCA
TCCTGCCCAA
GCTTCCTGCC
GCAGTGGCCT
TACGTGTGGT
TGGACCTCGC
TGGGCTCCAT
TGGGTCTGGT
AATACTCAGC

TGCAGTTTTA
TGAAACGGCA
CGATGTTGCT
TACTATTGCC
AGCCatgGTG
AGCCAGTGAC
CTTGGGCATC
GTGCCCGGAT
CTTCTGTGGC
CCCGGACCAC
CCTGGGCTAC
CACCCAGGAG
CACACTGCTG
GGCCCCCTCC
GGGCGCCCTG
GCTCTTCGTG
GGATTTCGTG
CCGGAGACAC
CATCTCCCTG
AGTCTATTTG
CAGTGTGGCC
GATCCTGCCC
ATACCGAGGG
AGGCCCTAAG
GCTCCCACCT
GGTGGGTGAG
CATCCTGGAT
TGTCCAGCTC
CGCCATTTAC
Gggtggacac

Amino acid sequence (SEQ ID NO:9)

MSFLNFTAVL
GLLFINTTIA
PFIWALSLGT
LSDLFRDPDH

FAASSALAAP
SIAAKEEGVS
LLSLFLIPRA
CRQAYSVYAF

TTCGCAGCAT
CARATTCCGG
GTTTTGCCAT
AGCATTGCTG
CTGGGCATTG
CACTGGCGTG
CTGCTGAGCC
CCCAGGCCCC
CAGGTGTGCT
TGTCGCCAGG
CTCCTGCCTG
GAGTGCCTCT
GTGGCTGAGG
TTGTCGCCCC
CTTCCCCGGC
GCTGAGCTGT
GGCGAGGGGC
TATGATGAAG
GTCTTCTCTC
GCCAGTGTGG
GTGGTGACAG
TACACACTGG
GACACTGGAG
CCTGGAGCTC
CCACCCGCGC
CCCACCGAGG
AGTGCCTTCC
AGCCAGTCTG
TTTGCTACAC

catcaccatc

CCTCCGCATT
CTGAAGCTGT
TTTCCAACAG
CTAAAGAAGA
GTCCAGTGCT
GACGCTATGG
TCTTTCTCAT
TGGAGCTGGC
TCACTCCACT
CCTACTCTGT
CCATTGACTG
TTGGCCTGCT
AGGCAGCGCT
ACTGCTGTCC
TGCACCAGCT
GCAGCTGGAT
TGTACCAGGG
GCGTTCGGAT
TGGTCATGGA
CAGCTTTCCC
CTTCAGCCGC
CCTCCCTCTA
GTGCTAGCAG
CCTTCCCTAA
TCTGCGGGGC
CCAGGGTGGT
TGCTGTCCCA
TCACTGCCTA
AGGTAGTATT

accattaa

AGCTGCTCCA
CATCGGTTAC
CACAAATAAC
AGGGGTATCT
GGGCCTGGTC
CCGCCGCCGa
CCCAAGGGCC
ACTGCTCATC
GGAGGCCCTG
CTATGCCTTC
GGACACCAGT
CACCCTCATC
GGGCCCCACC
ATGCCGGGCC
GTGCTGCCGC
GGCACTCATG
CGTGCCCAGA
GGGCAGCCTG
CCGGCTGGTG
TGTGGCTGCC
CCTCACCGGG
CCACCGGGAG
TGAGGACAGC
TGGACACGTG
CTCTGCCTGT
TCCGGGCCGG
GGTGGCCCCA
TATGGTGTCT
TGACAAGAGC

VNTTTEDETA
LEKREAEAMV
GWLAGLLCPD
MISLGGCLGY

QIPAEAVIGY
LGIGPVLGLV
PRPLELALLT
LLPAIDWDTS

SDLEGDFDVA
CVPLLGSASD
LGVGLLDFCG
ALAPYLGTQE

VLPFSNSTNN
HWRGRYGRRR
QVCFTPLEAL
ECLFGLLTLI
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FLTCVAATLL
MPRTLRRLFV
GLFLQCAISL
FTFSALQILP
GAGGSGLLPP
SLFMGSIVQL

VAEEAALGPT
AELCSWMALM
VFSLVMDRLV
YTLASLYHRE
PPALCGASAC

6/13

EPAEGLSAPS
TFTLFYTDFV
QRFGTRAVYL
KQVFLPKYRG
DVSVRVVVGE

LSPHCCPCRA
GEGLYQGVPR
ASVAAFPVAA
DTGGASSEDS
PTEARVVPGR
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RLAFRNLGAL
AEPGTEARRH
GATCLSHSVA
LMTSFLPGPK
GICLDLAILD

SQSVTAYMVS AAGLGLVAIY FATQVVFDKS DLAKYSAGGH

LPRLHQLCCR
YDEGVRMGSL
VVTASAALTG
PGAPFPNGHV
SAFLLSQVAP
HHHHH
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FIG.10
Master Seed
(MS)
2.5x108 cells/ml
| 100 i

Solid Preculture
plate FSCO04AA
30°C
24h + 2h

| 500 pl from 5 ml

2 Liquid Precultures
2 L erlenmeyer flasks with 400 ml
FSCO07AA
30°C, 200 rpm
20h + 1h

' 800 ml

Fed batch fermentation (8.2 L final volume)
Initial medium : 5 L FSCO02AA
Feeding solution : FFBO04AA (glucose)

Growth phase: 44h £ 1h
temperature 30°C

Induction phase: 8h
temperature 30°C
CuS04 500uM and kept at residual
concentration between 150 and 250uM
throughout induction phase

Centrifugation
4°C, 5020g, 1h
pellet is stored at —70°C
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FIG.11
Male mice - IL-2 ELISPOT
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FIG.12
Female mice -IL-2 ELISPOT
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FIG.13.
P5018 {Actin Equivalent)
Cynomologus
prostate s
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TC2222

Rat tissues
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FIG. 14. Amino acid sequence for mouse P501S (SEQ ID N°10)

MIQRLWASRLLRHRKAQLLLVNLLTFGLEVCLAAGITYVPPLLLEVGVEEKFMTMVLGIGPVLGLVSVP
LLGSASDQWRGRYGRRRPFIWALSLGVLLSLFLIPRAGWLAGLLYPDTRPLELALLILGVGLLDFCGQV
CFTPLEALLSDLFRDPDHCRQAFSVYAFMISLGGCLGYLLPAIDWDTSVLAPYLGTQEECLFGLLTLIF
LICMAATLFVTEEAVLGPPEPAEGLLVSAVSRRCCPCHVGLAFRNLGTLFPRLQQLCCRMPRTLRRLFV
AELCSWMALMTFTLFYTDFVGEGLYQGVPRAEPGTEARRHYDEGIRMGSLGLFLQCAISLVFSLVMDRL
VQKFGTRSVYLASVMTFPVAAAATCLSHSVVVVTASAALTGFTFSALQILPYTLASLYHREKQVFLPKY
RGDAGGSSGEDSQTTSFLPGPKPGALFPNGHVGSGSSGILAPPPALCGASACDVSMRVVVGEPPEARVV
TGRGICLDLAILDSAFLLSQVAPSLFMGSIVQLSHSVTAYMVSAAGLGLVAIYFATQVVFDKNDLAKYS
A%



WO 03/103706 PCT/EP03/06095

1113

FIG.15. DNA sequence for mouse P501S (SEQ ID N°11)

GAGATTTAAAAGGCGCCCGCTGGCGCGCGTTGETGAMSCAGGBGTCGCCGAGCTCGCACGCGCCAGCCC
CAGGETGACAGCCGCACGCCGGGCCAGGATCTCGACCCGACCGAGATGTGTCCCCATCAAGCAAGGCACTAGA
TGGTGACGTGTTTAGCGTGGGACGAGATGCTGAATTGGCACTAAAGGGCTGGCAGAARATGGCAACCTGG
CTGCACCCTAGGAGGTTAGTGCTAGTGAGGAGGAGAAGCCACGGCAGGGCTGACTCAAAGCAGCTGTGG
AGTATGTGAGTAGCCCCTGGAACCCTACCTGCCCTGTCCATCatgatccagaggetgtgggecageegt
ctgctacggecaccggaaagctcagectectgetggtcaacctgetecacectttggectggaggtgtgectg
gectgecggecattacctatgtgeccaccecettetgetggaagteggggtggaggagaaattcatgacecatg
gtgttgggcattggcccagtgctaggectggtttetgtteccactectaggetcagecagtgaccagtgg
cgtgggcgctatggcegecggagacectttatetgggetttgtecetgggtgtectgetaagectettt
ctcatccegagggctggectggetggecaggactgetgtacccagacaccaggececctggagttggecctyg
ctgatcttgggagtggggctgctggacttttgtggecaggtgtgetttactecattggaggecttacte
tecgacctettecgggaceccagaccactgeecgecaagecttetetgtetacgecttcatgatecageett
gggggctgeccetgggctacctecttacctgecattgactgggacaccagegttetggeccectacetgggt
actcaggaagaatgcctctttggectectcaccetecattttectecatetgeatggecagecactetgttt
gtgacggaggaggcagtactgggcccaccegagecggeagaagggttgttggtetetgeegtgtegege
cgatgctgcccatgecacgttggectggetttecggaatetgggtacecetgtttecceggetgecageag
ctgtgctgecgcatgectegecaccctacgecgactetttgtggetgagetgtgecagetggatggeactt
atgactttcacactgttctacacggacttcgtgggagaggggctgtaccagggtgtacccagagecgag
ccaggcaccgaggcccggagacactatgatgaaggcattegaatgggecagectggggetettectgeag
tgtgccatctcectggtettetecctggtcatggacaggectggtacagaagtteggecacacggtecagte
tatctggccagtgtgatgacctttectgtggetgecgetgecacctgectgteccacagegtggtggta
gtgacagcctcagetgecoctcaccgggttecacctteteggeettgecagatectgecttacacgetegee
tcectetaccaccgtgagaagecaggtgttcctgeccaaataccgaggggacgetggaggtagecageggt
gaggacagccagacaaccagcttettgeccaggececctaagecaggagetectettecceccaatggacacgtyg
ggctctggcagcageggcatectggeccctecacctgeactetgtggggectetgectgegatgtetec
atgcgagtggtggtgggtgagccacctgaggccagggttgttacgggacggggecatttgectggaccetg
gccattctggacagtgecctttetgetgteccaggtggeteegteectgttecatgggetecattgtecag
ctgagccactctgtcactgectatatggtatcagetgecaggettgggtetggtegecatttactttget
acacaggtagtgtttgacaagaacgacttggccaaatactcagtgtagAATTGTGTAAGGCATCARAAGA
GAGGGTCTGCCTCATGGGTTCTCAGCCCTTAGAGGGCTGCAGAGCTGECCTCTCCAGETCTTTGTCGCC
TAAGTGGCTCTCTGCTGCCACCCTAAGGCAGTGAGGTGTATTGTTGCACAGATAGGAGCCAGAGCTTTC
GGGGCTCTGGCTTCAGAGTCTEGCTGGCCTACTGGCAGCCTCTCGCATG
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Sequence listing

5 <110> GlaxosmithKline Biologicals sa

10

15

20

25

30

35

40

45

50

55

<120>

<130>

<160>

<170>

Glaxo Group Ltd

<210> 1

<211>
<212>
<213>

<400> 1

Met
1

Gln
Ala
Glu
Leu
65

Arg
Leu
Leu
Val
Ala
145
Phe
Leu
Gly
Ile
Pro
225
Cys
Phe

Arg

Ile
Leu
Ala
Glu
50

Val
Tyr
Leu
Cys
Gly
130
Leu
Ser
Leu
Thxr
Cys
210
Pro
Cys

Pro

Leu

11

B45310

553
PRT
Rattus norvegicus

Gln
Leu
Gly
35

Lys
Ser
Gly
Ser
Ser
115
Leu
Leu
Val
Pro
Gln
195
Val
Glu
Ser

Arg

Phe
275

Arg
Leu
20

Ile
Phe
val
Arg
Leu
100
Asp
Leu
Ser
Tyt
Ala
180
Glu
Ala
Pro
Cys
Leu

260
Val

Leu
Val
Thr
Met
Pro
Arg
85

Phe
Thr
Asp
Asp
Ala
165
Ile
Glu
Ala
Ala
His
245
His

Ala

Trp
Asn
Tyr
Thr
Leu
70

Arg
Leu
Arg
Phe
Leu
150
Phe
Asp
Cys
Thr
Glu
230
Ala

Gln

Glu

Ala
Leu
Val
Met
55

Leu
Pro
Ile
Pro
Cys
135
Phe
Met
Trp
Leu
Leu
215
Gly
Gly

Leu

Leu

Immunogenic compositions

Ser
Leu
Pro
40

Val
Gly
Phe
Pro
Leu
120
Gly
Arg
Ile
Asp
Phe
200
Leu
Leu
Leu

Cys

Cys
280

Arg
Thr
25

Pro
Leu
Ser
Ile
Arg
105
Glu
Gln
Asp
Ser
Thr
185
Gly
Val
Leu
Ala
Cys

265
Ser

FastSEQ for Windows Version 4.0

Leu
10

Phe
Leu
Gly
Ala
Trp
90

Ala
Leu
vVal
Pro
Leu
170
Ser
Leu
Ala
Val
Phe
250
Arg

Trp

Leu
Gly
Leu
Ile
Ser
75

Ala
Gly
Ala
Cys
Asp
155
Gly
Ala
Leu
Glu
Ser
235
Arg

Met

Met

Arg
Leu
Leu
Gly
60

Asp
Leu
Trp
Leu
Phe
140
His
Gly
Leu
Thr
Glu
220
Ser
Asn

Pro

Ala

Glu
Glu
45

Pro
Gln
Ser
Leu
Leu
125
Thr
Cys
Cys
Ala
Leu
205
Ala
Val
Leu

Arg

Leu
285

Arg
vVal
30

vVal
Val
Trp
Leu
Ala
110
Ile
Pro
Arg
Leu
Pro
190
Ile
Val
Ser
Gly
Thr

270
Met

Lys
15

Cys
Gly
Leu
Arg
Gly
95

Gly
Leu
Leu
Gln
Gly
175
Tyr
Phe
Leu
Arg
Thr
255

Leu

Thr

Ala
Leu
Val
Gly
Gly
80

Val
Leu
Gly
Glu
Ala
160
Tyr
Leu
Leu
Gly
Arg
240
Leu

Arg

Phe
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Thr
Pro
305
Ile
Phe
Ser
Thr
Thr
385
Ser
Asp
Leu
Gly
Ala
465
Lys
Ser
Ile

Gly

Lys
545

Leu
290
Arg
Arg
Phe
Val
Cys
370
Gly
Leu
Ala
Gly
Gly
450
Cys
Val
Ala
Val
Leu

530
Asn

Phe
Ala
Met
Ser
Tyr
355
Leu
Phe
Tyr
Gly
Pro
435
Ser
Asp
val
Phe
Gln
515

Gly

Asp

Tyr Thr

Glu Pro
Ser
325
Val

Gly

Leu
340
Leu Ala
Ser

Thxr Phe

His Arg
405
Gly Gly
420
Lys Pro

Ser Ile

Val Ser

Thr Gly
485
Leu Leu
500
Leu Ser

Leu Val

Leu Ala

Asp
Gly
310
Leu
Met
Ser
Ser
Ser
390
Glu
Ser
Gly
Leu
Met
470
Arg
Ser
His
Ala

Lys
550

Phe
295
Thr
Gly
Asp
val
Val
375
Ala
Lys
Ser
Ala
Val
455
Arg
Gly
Gln
Ser
Ile

535
Tyr

vVal Gly

Glu Ala

Leu Phe
Leu
345
Thr

Arg

Met
360
Val Vval

Leu Gln

Gln Val

Glu Asp
425
Pro Phe
440
Pro Pro

Val val

Ile Cys
Ala
505
val Thr
520

Tyr Phe

val

Ser Leu

Glu
Arg
Leu
330
Val
Phe
Val
Ile
Phe
410
Ser
Pro
Pro
Val
Leu
490
Pro

Ala

Ala

Gly
Arg
315
Gln
Gln
Pro
Thr
Leu
395
Leu
Gln
Asn
Ala
Gly
475
Asp
Ser
Tyr

Thr

Leu
300
His

Tyr
Tyr

Cys Ala

Lys Phe

Val Ala
365
Ala Ser
380
Pro Tyr

Pro Lys

Thr Thr
His
445
Cys

Gly

Leu
460
Glu Pro

Leu Ala

Leu Phe

Met Vval
525
Gln Val

540

PCT/EP03/06095

Gln
AsSp
Ile
Gly
350
Ala
Ala
Thx
Tyr
Ser
430
Val
Gly
Pro
Ile
Met
510

Ser

Val

Gly
Glu
Ser
335
Thr
Ala
Ala
Leu
Arg
415
Phe
Gly
Ala
Glu
Leu
495
Gly
Ala

Phe

Val
Gly
320
Leu
Arg
Ala
Leu
Ala
400
Gly
Leu
Pro
Ser
Ala
480
Asp
Ser

Ala

Asp

<210> 2
<211> 2314
<212> DNA

<213> Rattus norvegicus

<400> 2

gggctcttag
ttcacacatt
ctggctgage
cgtatgcgca
gcccectectet
agcaaggcac
ggctggceega
gccgeggceag
ccgeectgte
cccagetecet
ttacctatgt
tgttgggcat
accagtggcg
tcetgectaag
atactaggcc
gccaggtgtg
actgcecgeca

acaccgcaac
tcgagettta
catggaggcc
aggctaccca
tcectgecccce
tagatggtga
aatgggagcc
ggctgactca
catcatgatc
gctggtcaac
gccacccett
tggcccagtg
tgggcgctat
cctettecte
cctggagttg
ctttactcca
agccttetet

aaaagcaact
gttecegatce
gacagaggag
tgcttgtccet
cttctecteca
cgtgttcagt
tggctgceacc
aaacagctgt
cagaggctgt
ctgctaacct
ctgctggaag
ctgggcctgg
ggccgecgga
atcccgaggg
gcectgetcea
ctggaggcct
gtctatgccet

ttcctecaag
ccagaacatc
gggagaagtt
tccteeccatg
gggtccgact
gtgggatgag
ctcggaggtt
ggggtgtgtg
gggccagcecg
tcggectgga
tcggggtaga
tttectgttcce
gaccctttat
ccggetgget
tecttgggagt
tactcteega
tcatgatcag

ccactgccac
cacgtagttt
tgaagcttga
accctggtceca
gacgagatgt
atgccgaagt
ggtgctagca
aatggcccce
tctgctaagg
ggtgtgectg
ggaaaagttc
actcctagge
ctgggctetg
ggcagggcta
ggggctgctg
cctettecgg

ccteggggge

ctgttgggtt
ttctggectt
gaaggatttc
gcectcectet
gtccccatea
ggtactcaag
aggaggagaa
ggacccctaa
catcggaaag
gctgctggea
atgaccatgg
tcagccagtg
tcecectgggtg
ctgtgttcag
gacttttgeg
gacccagacc
tgccetgggcet

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
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60

acctcttacce
1080
aagaatgcct
1140
ttgtggctga
1200
ccgtgtcacg
1260
tgtttececceg
1320
tggctgagct
1380
tgggagaggg
1440
actatgatga
1500
tgttecttcte
1560
tggccagtgt
1620
ttgtagtgac
1680
cttacacgcet
1740
gggacgctgg
1800
agccaggagc
1860
cceccacctge
1920
agccacctga
1980
acagtgcctt
2040
tgagccactce
2100
actttgctac
2160
ctgtaaggca
2220
gctggtcectcet
2280
gaggtgtatg
2314

<210> 3
<211> 553
<212> PRT

tgccattgac
ctteggectce
ggaggcagtc
ccggtgetge
gctgcaccag
gtgcagctgg
gctgtaccag
aggcattcga
cctggtceatyg
gatgaccttt
agcctcagcet
cgectceccete
aggtggtage
tcecttecce
actctgtggg
agccaaggtt
tctgcectgtece
tgtcactgce
acaggtagtg
tcaaagaaga
ttecggtete

gctgecacagg

tgggacacca
ctcaccctceca
cttggccceac
tcatgccatg
ctgtgctgee
atggcactta
ggtgtcccceca
atgggcagcce
gacaggctgg
ccegtggetg
gcectcaccg
taccatcgag
agtgaagaca
aatggacacg
gcetetgect
gttactggac
caggtggctc
tatatggtat
tttgacaaga
ggatctgect
tgttgcecetg

ttggagcttt

<213> Maccaca fascicularis

<400> 3
Met Vval
1
Gln Leu
Ala Ala

35
Glu Glu
50

Leu Val

Gln
Leu
Gly
Lys

Ser

Arg Leu

Leu Ile
20
Ile Thr

Phe Met

Val Pro

Trp
Asn
Tyr
Thr

Leu

Val Ser

Leu Leu

Val Pro
40
Met Val
55

Leu Gly

gcgeectgge
tttttctcat
ccgagccage
ctggecctgge
gaatgccteg
tgactttcac
gagcagagcc
tggggctett
tacagaagtt
ccgctgecac
ggttcacctt
agaagcaggt
gccaaacaac
tgggceetgg
gtgatgtctc
ggggcatttg
cgtcecctgtt
cagctgcagg
atgacttggc
ccecggttet

agtggctctce

tggce

Leu Leu
10

Phe

Arg

Thr
25
Pro

Gly

Leu Leu

Leu Gly Ile

Ser Ala Ser

PCT/EP03/06095

ccecctaccta
ctgtgtggea
agaagggttg
ttteccggaat
caccctgege
actgttctac
aggtaccgag
cctgcagtgt
cggcacacgg
gtgecctgtec
ctcagccttg
gttecctgecee
cagcttcecttg
cggcagcagce
catgcgagtg
cctggacctt
catgggctcc
cttgggtcetg
caaatactca
cagccccaga

cactgccatc

Arg Arg

Glu Val
30
vVal

Leu

Glu
45
Pro

Leu
Gly val
60

Asp

His Trp

ggcactcagg

gccactetge
ttggtctect
ctgggtaccc
cggctctttg
acggacttcg
gcececggagac
gcecatctcee
tcagtctacc
cacagcgtgg
cagatcctge
aaataccgag
ctaggcccta
atcctggtge
gtagtgggtg
gccatectgg
attgtccage
gtegecattt
ctgtagaatt
gggctgcaga

cgaaggcagt

Lys Ala
15

Cys Leu
Gly val
Leu Gly

Arg Gly
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65
Arg

Leu
Leu
val
Ala
145
Tyr
Leu
Gly
Thr
Pro
225
Cys
Leu
Arg
Thr
Pro
305
Val
Val
Ala
Thr
Thr
385
Ser
Asp
Pro
Gly
Ala
465
Arg
Ser
Ile

Gly

Lys

Tyr
Leu
Cys
Gly
130
Leu
Ser
Leu
Thr
Cys
210
Ala
Cys
Pro
Leu
Leu
290
Arg
Arg
Phe
Val
Cys
370
Gly
Leu
Ala
Gly
Gly
450
Cys
Val
Ala
Val
Leu

530
Ser

Gly
Ser
Pro
115
Leu
Leu
vVal
Pro
Gln
195
Val
Glu
Pro
Arg
Phe
275
Phe
Ala
Met
Ser
Tyr
355
Leu
Phe
Tyr
Gly
Pro
435
Ser
Asp
Val
Phe
Gln
515
Gly

Asp

Arg
Leu
100
Asp
Leu
Ser
Tyxr
Ala
180
Glu
Ala
Pro
Cys
Leu
260
val
Tyr
Glu
Gly
Leu
340
Leu
Ser
Thxr
His
Gly
420
Lys
Gly
Val
Pro
Leu
500
Leu

Leu

Leu

Arg
85

Phe
Pro
Asp
Asp
Ala
165
Ile
Glu
Ala
Ala
Trp
245
His
Ala
Thr
Leu
Ser
325
Val

Ala

Phe
Arg
405
Thr
Pro
Leu
Ser
Gly
485
Leu
Ser

Val

Ala

70
Arg

Leu
Arg
Phe
Leu
150
Phe
Asp
Cys
Thr
Glu
230
Ala
Gln
Glu
Asp
Gly
310
Leu
Met
Ser
Ser
Ser
390
Glu
Ser
Gly
Leu
Val
470
Arg
Ser
Gln

Ala

Lys

Pro
Ile
Pro
Cys
135
Phe
Met
Trp
Leu
Leu
215
Gly
Arg
Leu
Leu
Phe
295
Thx
Gly
Asp
Val
Val
375
Ala
Arg
Ser
Ala
Pro
455
Arg
Gly
Gln
Ser
Ile

535
Tyr

Phe
Pro
Leu
120
Gly
Arg
Ile
Asp
Phe
200
Leu
Leu
Leu
Cys
Cys
280
Val
Glu
Leu
Arg
Ala
360
Ala
Leu
Gln
Glu
Pro
440
Pro
Val
Ile
Val
Val
520

Tyxr

Ser

Ile
Arg
105
Glu
Gln
Asp
Ser
Thx
185
Gly
val
Ser
Ala
Cys
265
Ser
Gly
Ala
Phe
Leu
345
Ala
Val
Gln

Val

"Asp

425
Phe

Pro
Val
Cys
Ala
505
Thr

Phe

Val

Trp
20

Ala
Leu
Val
Pro
Leu
170
Ser
Leu
Ala
Ala
Phe
250
Arg
Trp
Glu
Arg
Leu
330
Val
Phe
Val
Ile
Phe
410
Ser
Pro
Pro
Val
Leu
490
Pro

Ala

Ala

75
Ala

Gly
Ala
Cys
Asp
155
Gly
Ala
Leu
Glu
Pro
235
Arg
Met
Met
Gly
Arg
315
Gln
Gln
Pro
Thr
Leu
395
Leu
Leu
Asn
Ala
Gly
475
Asp
Ser
Tyxr

Thr

Leu
Trp
Leu
Phe
140
His
Gly
Leu
Thr
Glu
220
Ser
Asn
Pro
Ala
Leu
300
His
Cys
Arg
Val
Ala
380
Pro
Pro
Met
Gly
Leu
460
Glu
Leu
Leu

Met

Gln
540

Ser
Leu
Leu
125
Thr
Cys
Cys
Ala
Leu
205
Ala
Leu
Leu
Arg
Leu
285
Tyr
Tyr
Ala
Phe
Ala
365
Ser
Tyr
Lys
Thr
His
445
Cys
Pro
Ala
Phe
val

525
Val

PCT/EP03/06095

Leu
Ala
110
Ile
Pro
Arg
Leu
Pro
190
Ile
Ala
Pro
Gly
Thr
270
Met
Gln
Asp
Ile
Gly
350
Ala
Ala
Thr
Tyr
Ser
430
Val
Gly
Thr
Ile
Met
510

Ser

Val

Gly
95

Gly
Leu
Leu
Gln
Gly
175
Tyr
Phe
Leu
Ser
Ala
255
Leu
Thr
Gly
Glu
Ser
335
Thr
Gly
Ala
Leu
Arg
415
Phe
Gly
Ala
Glu
Leu
495
Gly
Ala

Phe

80
Ile

Leu
Gly
Glu
Ala
160
Tyr
Leu
Leu
Gly
His
240
Leu
Arg
Phe
Val
Gly
320
Leu
Arg
Ala
Leu
Ala
400
Gly
Leu
Ala
Ser
Ala
480
Asp
Ser

Ala

Asp
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545

<210> 4

<211> 3514
<212> DNA
<213>

<400> 4

aaaaaaaaag
tgcacgcgcet
acccagactg
agcaatcctc
gtgtccccac
ggcaccaaag
aggaggagag
acggccccect
ctgectgegge
gtgtgtttgg
gagaagttca
ctecctagget
tgggecgetgt
gcagggcetge
gggctgetgg
ctgttceggg
cttgggggct
ccctacctgg
tgcgtagecag
gaagggctgt
ttccggaacc
accctgegcec
ctgttttaca
ggcaccgagg
ctgcagtgeg
ggcactcgag
tgeetgtcecee
tcagcectge
ttectgecea
agcttcecetge
ggcagtggcece
gtacgtgtgg
ctggaccteg
atgggctccea
ctgggtctgg
aaatactcgg
cagctccccea
tgccaaagta
ctgggggcetg
cttccaaggg
tcgetecatg
agctagcctce
tcacctggtt
catgggagtt
taggggaaga
tgctgatccc
tcatagggac
cattgctagc
aggtccactg
tetggetect
ttccaaatgce

550

ccgecggetyg
ggctcegggt
gaggcaatgt
ccatctcage
tgaggtgccece
ggctggcgga
gcecgtggett
gagccctace
accggaaagc
ccgcaggeat
tgaccatggt
cagccagtga
ccttgggeat
tgtgccegga
acttctgtgg
acccggacca
gcetgggeta
gcacccagga
ccacactgcet
ctgcccececte
tgggecgceect
ggctcttegt
cggatttcgt
cccggagaca
ccatctceet
cagtctatct
acagtgtggce
agatcctgec
aataccgagg
caggccctaa
tgcttccacce
tggtgggtga
ccatcctgga
tegtccaget
ttgccattta
tgtagaaaac
ctctttgtta
atgtggcectct
gggcatccct
ggtttcagte
cactggaatg
ctggctgaga
tccecacctet
tctaggatga
gtcctgaggg
ctgactctta
acaggcattt
ttttgtgtgt
agatcactgg
caaaatgcct
tgttacccaa

Maccaca fascicularis

gcgegegtgg
gacagccgcg
tctgatcact
ctcttaagta
cacagcagca
aatgggcgcee
ccggagcecaga
cgcectggecce
ccagctcttg
cacctatgtg
gctgggcate
ccactggege
cctgectgage
tcececaggece
ccaggtgtge
ctgtecgceccecag
cctectgect
ggagtgectc
ggtggccgag
cctgeegtcec
gcttecececgg
ggctgagctg
gggcgagggy
ctatgatgaa
ggtcettctcet
ggccagtgtg
tgtggtgacg
ctacacactg
ggacgctgga
gcctggaget
tccaccegeg
gcccaccgag
tagtgcctte
cagccagtet
ctttgctaca
ttccagcaca
gccecceatggg
ctgctgceccac
ctecectecte
tggacttcta
tggggactct
catacctaga
aagccccctt
aacactccte
gcaacacacce
ccttttatca
aaatatttaa
tggtgtctaa
tcattgggct
aacccaggac

ggttaggggag

ggggcaagga
cgcctaggec

gcacactgca
gctgggacca
ggtgttgage
tggctgatte
gcggagacga
actatggtcc
ttgatcaacc
ccgectetge
ggtccagtgce
ggacgctatg
ctetttetea
ctggagctgg
ttcactccac
gcctacteeg
gccattgact
tttggcctge
gaggcagcac
cactgctgte
ctgcaccagce
tgcagctgga
ctataccagg
ggcgttcgga
ctggtcatgg
gcagctttece
gcttcagccg
gcctcectet
ggcactagca
ccctteecta
ctctgegggg
geccagggtgg
ctgctgtecce
gtcactgecet
caggtagtat
ttggggtgga
gctgetggge
cctgtgetge
cccagtctcet
cagggaggct
gcaggtggat
gaaggggttt
aacctgcagc
cgtgggattt
aggtcceccte
ggacgtggcce
cttatttatt
gatttgggta
gatcattgce
cttggaaatt
ttgaaggaag

5

PCT/EP03/06095

aaagaggggg
aggcagcgtce
ccettgacct
caggatctga
atgggctgag
ctaggcagtt
agcagttctg
agaggctgtg
tgctaacctt
tgectggaagt
tgggectggt
gccgeeggceg
tcccaagggce
cactgctcecat
tggaggeccect
tctatgecett
gggacaccag
tcacccteat
tgggceecge
cgtgectggge
tgtgctgeceg
tggcactcat
gcgtgeccag
tgggcagtct
accggctggt
ctgtggetge
ccctecactgg
accaccggga
gtgaggacag
atggacacgt
cctetgectg
ttcecgggeeg
aggtggcccce
atatggtgtce
ttgacaagag
gggcctgeet
tggccgccag
tgaggtgegt
agggctgect
agaagggcag
tacccaggct
tgggagctga
ttcatttaat
gaacgtatga
agcccacagce
tattggtccc
taacaaagta
gggtgggatc
agaatcttct
ttactcatcc

gtggagggtg

gaaaccagtc
tccetetgte
cccagactca
gtgatgagat
aagctggacc
ggcggcagcea
gagtgcttaa
ggtgagccge
tggcctggaa
gggggtagaa
ctectgteccca
gcccttecate
tggctggetg
cctgggegta
gctctectgac
catgatcagt
tgececetggece
cttccteacce
cgagccagcg
ccgectgget
catgcececge
gaccttcacg
agctgagctg
ggggctgtte
gcagcgatte
cggtgccacg
gttcaccttce
gaggcaggtg
cctgatgact
gggtgctgga
cgatgtctet
gggcatctge
gtccctgtte
tgctgcagge
cgacttggec
cactgggtcc
tttetgttge
agctgcacag
gactggaagc
ggcatttgat
cagggttaac
gtaaactcag
gtagctcttg
aagttatttg
actgcectttt
tttgttgcca
gaagggaatc
cccaacaatc
tctectggag
cgactgataa
gggcttcagg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
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tctcaacage
actcccctcet
ccccaacttt
aaagtgtggt
gaatctcaca
ggggggttta
actgtaagtg
tttaaaaaaa

<210> 5
<211> 553
<212> PRT
<213> Homo

<400> 5
Met Val
1
Gln

Gln

Leu Leu

Ala Ala Gly

35

Glu Glu Lys
50

Leu Val

65

Arg

Cys

Tyr Gly

Leu Leu Ser
Pro
115

Leu

Leu Cys

val Gly
130
Ala Leu
145

Tyr

Leu

Ser Val

Leu Leu Pro
Gln
195

Val

Gly Thr

Thr Cys
210
Pro Thr Glu
225
Cys Pro

Cys

Leu Pro Arg
Phe
275

Phe

Arg Leu

Thr Leu

290

Pro Arg Ala

305

Val Arg Met

Val Phe Ser

Ala Val Tyr

ttecectaacce
actgtctcta
cceccactgge
ttececcaggee
cagaaactca
agtgccgttt
agcaatcagt
aaaaaaaaaa

sapiens

Arg Leu
5
Leu Val As
20
Ile Thr

Phe Met

Val Pro
70
Arg Arg
85
Leu Phe
100
Asp Pro

Leu Asp

Ser Asp

15
Ala
165
Ile

Tyr

Ala
180
Glu

As
Glu

Ala Ala

Pro Ala

23
Cys Arg
245
Leu His
260
Val Ala

Tyr Thr

Glu Pro

acccctttte
ggactgggct
tccacaaccec
tttgtecatce
ggagcacccece

tcttggccca
gatgaaggca
tgtttggagc
tcagccececce
ctgectgage

Trp

Tyr
Thr
Leu
Arg
Leu
Arg
Phe
Leu

Phe

Cys
Thr
Glu
Ala
Gln
Glu
Asp

Gly

gcaataatgt
ataatgttta
aaaaaaaaaa

vVal

n Leu

vVal

Met
55
Leu

Pro
Ile
Pro

Cys
135
Phe
0

Met

p Trp

Leu

Leu
215
Gly
0

Arg

Leu
Leu
Phe

295
Thr

310

Ser
325
Val

Gly

Leu
340

Leu Ala

Leu

Met

Ser

Gly
Asp

Val

Ser
Leu
Pro
40

val
Gly
Phe
Pro
Leu
120
Gly
Arg
Ile
Asp
Phe
200
Leu
Leu
Leu
Cys
Cys
280
vVal
Glu
Leu

Arg

Ala

cttatttatt
tggtgatgaa
aaaa

Arg
Thr
25

Pro
Leu
Ser
Ile
Arg
105
Glu
Gln
Asp
Ser
Thr
185
Gly
Val
Ser
Ala
Cys
265
Ser
Gly
Ala
Phe
Leu

345
Ala

Leu
10

Phe
Leu
Gly
Ala
Trp
90

Ala
Leu
Val
Pro
Leu
170
Ser
Leu
Ala
Ala
Phe
250
Arg
Trp
Glu
Arg
Leu
330

Val

Phe

Leu
Gly
Leu
Ile
Ser
75

Ala
Gly
Ala
Cys
Asp
155
Gly
Ala
Leu
Glu
Pro
235
Arg
Met
Met
Gly
Arg
315
Gln

Gln

Pro

PCT/EP03/06095

gecectggttcecc
ctgcctgaaa
tgttgcagga
agagtatatc
taaggaggtc

tagcggggca
attaaaggct

Arg His Arg

Glu Val
30
Val

Leu

Glu
45
Pro

Leu
Gly val
60
Asp

His Trp

Leu Ser Leu
Ala
110

Ile

Trp Leu
Leu
125
Thr

Leu

Phe
140
His

Pro

Cys Arg

Gly Cys Leu

Ala Pro
190
Ile

Leu
Thr Leu
205
Glu Ala
220

Ser

Ala

Leu Ser

Asn Leu Gly
Thr
270

Met

Pro Arg

Ala Leu

285

Leu Tyr Gln

300

His Tyr Asp

Cys Ala Ile

Arg Phe Gly

350
Ala

val Ala

ccccacttet
ttteectceac
ccagaagcac
tgtgettggg
ttatctctca
aatattttat
ttcttatatg

Lys Ala
15
Cys Leu

Gly Val

Leu Gly

Arg Gly
80
Gly Ile
95
Gly Leu

Leu Gly

Leu Glu

Ala
160
Tyr

Gln

Gly
175
Tyr Leu

Phe Leu

Leu Gly
His
240
Leu

Pro

Ala
255
Leu Arg

Thr Phe

Gly val

Glu Gly
320
Ser Leu
335
Thr Arg

Gly Ala

3120
3180
3240
3300
3360
3420
3480
3514
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Thr
Thr
385
Ser
Asp
Pro
Gly
Ala
465
Arg
Ser
Ile

Gly

Lys
545

Cys
370
Gly
Leu
Thr
Gly
Gly
450
Cys
Val
Ala
Val
Leu

530
Ser

<210> 6
<211> 255
<212> PRT
<213> Homo sapilens

<400> 6

Gly
1
Arg
Gln
Gln
Pro

65

Thi
Leu
Leu
Leu
Asn
145
Ala
Gly
Asp

Ser

Leu
His
Cys
Arg
50

Val
Ala
Pro
Pro
Met
130
Gly
Leu
Glu

Leu

Leu

355
Leu

Phe
Tyxr
Gly
Pro
435
Ser
Asp
Val
Phe
Gln
515

Gly

Asp

Tyr
Tyr
Ala
35

Phe
Ala
Ser
Tyxr
Lys

115
Thr

Pro

Ala
195
Phe

Val
Pro
Leu
500
Leu

Leu

Leu

Gln
Asp
20

Ile
Gly
Ala
Ala
Thx
100
Tyx
Ser
Val
Gly
Thr
180
Ile

Met

His
Phe
Arg
405
Ala
Pro
Leu
Ser
Gly
485
Leu
Ser

Val

Ala

Gly
5
Glu
Ser
Thr
Gly
Ala

85

Leu
Arg
Phe
Gly
Ala
165
Glu

Leu

Gly

Ser
Ser
390
Glu
Ser
Gly
Leu
Val
470
Arg
Ser
Gln

Ala

Lys
550

Val
Gly
Leu
Arg
Ala
70

Leu
Ala
Gly
Leu
Ala
150
Ser
Ala

Asp

Ser

Val
375
Ala
Lys
Ser
Ala
Pro
455
Arg
Gly
Gln
Ser
Ile

535
Tyr

Pro
Val
Val
Ala
55

Thr
Thr
Ser
Asp
Pro
135
Gly
Ala
Arg

Ser

Ile

360
Ala

Leu
Gln
Glu
Pro
440
Pro
Val
Ile
Val
Val
520

Tyr

Ser

Arg
Arg
Phe
40

Val
Cys
Gly
Leu
Thr
120
Gly
Gly
Cys
Val
Ala

200
Val

Val
Gln
Val
Asp
425
Phe
Pro
Val
Cys
Ala
505
Thr

Phe

Ala

Ala
Met
25

Ser
Tyr
Leu
Phe
Tyr
105
Gly
Pro
Ser
Asp
Val
185
Phe

Gln

val
Ile
Phe
410
Ser
Pro
Pro
val
Leu
490
Pro

Ala

Ala

Glu
10

Gly
Leu
Leu
Ser
Thr
90

His
Gly
Lys
Gly
val
170
Pro

Leu

Leu

Thr
Leu
395
Leu
Leu
Asn
Ala
Gly
475
Asp
Ser

Tyx

Thr

Pro
Ser
Val
Ala
His
75

Phe
Arg
Ala
Pro
Leu
155
Ser
Gly

Leu

Ser

Ala
380
Pro
Pro
Met
Gly
Leu
460
Glu
Leu
Leu

Met

Gln
540

Gly
Leu
Met
Ser
60

Ser
Ser
Glu
Sexr
Gly
140
Leu
Val
Arg

Ser

Gln

365
Ser

Tyr
Lys
Thr

His
445
Cys
Pro
Ala
Phe
Val

525
vVal

Thr
Gly
Asp
45

Val
Val
Ala
Lys
Ser
125
Ala
Pro
Arg
Gly
Gln

205
Ser

PCT/EP03/06095

Ala
Thr
Tyr
Ser
430
Val
Gly
Thr
Ile
Met
510

Ser

Val

Glu
Leu
30

Arg
Ala
Ala
Leu
Gln
110
Glu
Pro
Pro
Val
Ile
190
vVal

Val

Ala
Leu
Arg
415
Phe
Gly
Ala
Glu
Leu
495
Gly

Ala

Phe

Ala
15

Phe
Leu
Ala
Val
Gln
95

Val
Asp
Phe
Pro
Val
175
Cys
Ala

Thxr

Leu
Ala
400
Gly
Leu
Ala
Ser
Ala
480
Asp
Ser

Ala

Asp

Arg
Leu
Val
Phe
Val
80

Ile
Phe
Ser
Pro
Pro
160
vVal
Leu

Pro

Ala
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210

215

220

PCT/EP03/06095

Tyr Met Val Ser Ala Ala Gly Leu Gly Leu Val Ala Ile Tyr Phe Ala

225

230

235

240

Thr Gln Val Val Phe Asp Lys Ser Asp Leu Ala Lys Tyr Ser Ala

<210> 7
<211> 231
<212> PRT

245

<213> Homo sapiens

<400> 7

Met Gly Ser
1

Ser Leu Val

Tyr Leu Ala
35
Leu Ser His
50
Phe Thr Phe
65
Tyr His Arg

Gly Gly Ala

Pro Lys Pro
115
Ser Gly Leu
130
Asp Val Ser
145
Val Pro Gly

Phe Leu Leu

Gln Leu Ser
195
Gly Leu Val
210
Asp Leu Ala
225

<210> 8
<211> 1788
<212> DNA

Leu
Met
20

Ser
Ser
Ser
Glu
Ser
100
Gly
Leu
Val
Arg
Ser
180
Gln
Ala

Lys

Gly
5
Asp
Val
Val
Ala
Lys
85
Ser
Ala
Pro
Arg
Gly
165
Gln
Ser

Ile

Tyr

Leu
Arg
Ala
Ala
Leu
70

Gln
Glu
Pro
Pro
Val
150
Ile
Val
Val
Tyr

Ser
230

Phe
Leu
Ala
Val
55

Gln
Val
Asp
Phe
Pro
135
Val
Cys
Ala
Thr
Phe

215
Ala

<213> Artificial Sequence

<220>

Leu
Val
Phe
40

Val
Ile
Phe
Ser
Pro
120
Pro
val
Leu
Pro
Ala

200
Ala

Gln
Gln
25

Pro
Thr
Leu
Leu
Leu
105
Asn
Ala
Gly
Asp
Ser
185
Tyr

Thr

250

Cys
10

Arg
Val
Ala
Pro
Pro
20

Met
Gly
Leu
Glu
Leu
170
Leu

Met

Gln

Ala
Phe
Ala
Ser
Tyr
75

Lys
Thr
His
Cys
Pro
155
Ala
Phe

Val

Val

Ile
Gly
Ala
Ala
60

Thr
Tyr
Ser
Val
Gly
140
Thr
Ile
Met

Ser

Val
220

255

Ser Leu Val Phe
15
Thr Arg Ala Val
30
Gly Ala Thr Cys
45
Ala Leu Thr Gly

Leu Ala Ser Leu
80
Arg Gly Asp Thr
95
Phe Leu Pro Gly
110

Gly Ala Gly Gly
125

Ala Ser Ala Cys

Glu Ala Arg Val
160

Leu Asp Ser Ala

175
Gly Ser Ile Val
190

Ala Ala Ala Leu

205

Phe Asp Lys Ser

<223> DNA sequence for alphaprepro signal sequence fused
to human P501S and fused to a His tag

<400> 8
atgagtttce

gggttattgt

tcaattttac
gtcaacacta caacagaaga tgaaacggca
tcagatttag aaggggattt
ttataaatac
ctcgagaaaa gagaggctga

tgcagtttta

cgatgttgct
tactattgcce
agccatggtg

ttcgcagecat
caaattcegg
gttttgeccat
agcattgctg
ctgggcattg

8

cctcegeatt agetgetceca
ctgaagctgt catcggttac
tttccaacag cacaaataac
ctaaagaaga aggggtatct
gtccagtgcet gggccetggte

60

120
180
240
300
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tgtgtccege
ccettcecatcet
ggctggctag
ctgggegtgg
ctctctgace
atgatcagtc
gcecctggecece
ttcctcacct
gagccagcag
cgettggett
atgccccgea
accttcacgc
gctgagcegyg
gggctgttcce
cagcgatteg
ggtgccacat
ttcaccttet
aagcaggtgt
ctgatgacca
ggtgctggag
gatgtctccg
ggcatctgcce
tceectgttta
geccgecaggcece
gacttggcca

<210> 9

<211> 595
<212> PRT
<213>

<220>
<223>

tcctaggcete
gggcactgtce
cagggctgcet
ggctgctgga
tctteceggga
ttgggggctg
cctacctggg
gcgtagecage
aagggctgte
teecggaacct
ccectgegeceg
tgttttacac
gcaccgaggce
tgcagtgcege
gcactcgagce
gcectgtecca
cagccctgcea
tectgcecceccaa
gcttecectgee
gcagtggect
tacgtgtggt
tggacctcge
tgggcteceat

tgggtctggt
aatactcagc

agccagtgac
cttgggcatc
gtgcececggat
cttctgtgge
cccggaccac
cctgggetac
cacccaggag
cacactgcetg
ggccccctece
gggegeectg
gctcttegtg
ggatttecgtg
ccggagacac
catctcecetg
agtctatttg
cagtgtggcce
gatcctgecece
ataccgaggg
aggccctaag
gctcceccacct
ggtgggtgag
catcctggat
tgtccagcete
cgccatttac
gggtggacac

Artificial Sequence

cactggcgtg
ctgctgagec
cccaggeccece
caggtgtgct
tgtcgeccagg
ctectgectg
gagtgecctct
gtggctgagg
ttgtecgeece
cttceeegge
gctgagectgt
ggcgaggggce
tatgatgaag
gtecttetcte
gccagtgtgg
gtggtgacag
tacacactgg
gacactggag
cctggagcete
ccaccecgege
cccaccgagg
agtgccttcc
agccagtctg
tttgctacac
catcaccatc

PCT/EP03/06095

gacgcetatgg
tctttcteat
tggagctggce
tcactccact
cctactetgt
ccattgactg
ttggcctgcet
aggcagcgct
actgctgtecce
tgcaccagct
gcagctggat
tgtaccaggg
gecgtteggat
tggtcatgga
cagctttcce
cttcagececge
cctcecteta
gtgctagcag
ccttcectaa
tctgegggge
ccagggtggt
tgctgtccecea
tcactgecta
aggtagtatt
accattaa

Polypeptide sequence for alphaprepro signal

sequence fused to human P501S and fused to a His

tag

<400> 9

Met
1
Leu
Pro
Val
Ile
65
Leu
Leu
Arg
Gly
Gly
145

Leu

Leu

Ser
Ala
Ala
Ala
50

Asn
Glu
Gly
Gly
Ile
130
Leu

Gly

Glu

Phe
Ala
Glu
35

Val
Thr
Lys
Leu
Arg
115
Leu
Leu

Val

Ala

Leu
Pro
20

Ala
Leu
Thr
Arg
Val
100
Tyr
Leu
Cys
Gly

Leu

Asn
Val
val
Pro
Ile
Glu
85

Cys
Gly
Ser
Pro
Leu

165
Leu

Phe
Asn
Ile
Phe
Ala
70

Ala
Val
Arg
Leu
Asp
150

Leu

Ser

Thr
Thr
Gly
Ser
55

Ser
Glu
Pro
Arg
Phe
135
Pro

Asp

Asp

Ala
Thr
Tyr
40

Asn
Ile
Ala
Leu
Arg
120
Leu
Arg

Phe

Leu

Val Leu Phe
10

Thr Glu

25

Ser

Asp

Asp Leu

Ser Thr Asn

Ala Ala Lys
75
Val Leu
90

Gly

Met
Leu Ser
105
Pro

Phe Ile

Ile Pro Arg
Glu
155

Gln

Pro Leu

Cys Gly
170
Arg

Phe Asp

Ala Ala Ser

Glu Thr Ala

30
Glu Gly Asp
45
Asn Gly Leu
60
Glu

Glu Gly

Gly Ile Gly

Ala Ser Asp
110
Ala Leu
125

Gly

Trp

Ala
140

Leu Ala Leu

Val Cys Phe

Pro Asp His

ccgceccgecgg
cccaagggcece
actgctcatce
ggaggccctg
ctatgcette
ggacaccagt
caccctecatc
gggccecace
atgcegggcece
gtgctgeege
ggcactcatg
cgtgcccaga
gggcagcctg
ccggetggtg
tgtggctgcece
cctcacecggg
ccaccgggag
tgaggacagc
tggacacgtg
ctctgectgt
tcegggecgg

ggtggcccca
tatggtgtcet
tgacaagagc

Ser Ala
15
Gln Ile

Phe Asp

Leu Phe

Val Ser
80
Pro Val
95
His Trp

Ser Leu

Leu Ala

Ile
160
Pro

Leu

Thr
175

Cys Arg

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1788
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Gln
Gly
Tyxr
225
Phe
Leu
Pro
Ala
Leu
305
Thr
Gly
Glu
Ser
Thr
385
Gly
Ala
Leu
Arg
Phe
465
Gly
Ala
Glu
Leu
Gly
545
Ala

Phe

His

<210> 10

Ala
Tyr
210
Leu

Leu

Gly

Leu
290
Arg
Phe
Val
Gly
Leu
370
Arg
Ala
Leu
Ala
Gly
450
Leu
Ala
Ser
Ala
Asp
530
Ser
Ala
Asp

His

Tyr
195
Leu
Gly
Thr
Pro
Cys
275
Leu
Arg
Thr
Pro
Val
355
vVal
Ala
Thr
Thr
Ser
435
Asp
Pro
CGly
Ala
Arg
515
Ser
Ile
Gly

Lys

His
595

<211l> 553
<212> PRT
<213> Mus musculus

180
Ser

Leu
Thr
Cys
Thr
260
Cys
Pro
Leu
Leu
Arg
340
Arg
Phe
Val
Cys
Gly
420
Leu
Thr
Gly
Gly
Cys
500
Val
Ala
Val

Leu

Ser
580

Val
Pro
Gln
Val
245
Glu
Pro
Arg
Phe
Phe
325
Ala
Met
Ser
Tyr
Leu
405
Phe
Tyr
Gly
Pro
Ser
485
Asp
Val
Phe
Gln
Gly

565
Asp

Tyr
Ala
Glu
230
Ala
Pro
Cys
Leu
Val
310
Tyxr
Glu
Gly
Leu
Leu
390
Ser
Thr
His
Gly
Lys
470
Gly
Val
Pro
Leu
Leu
550

Leu

Leu

Ala
Ile
215
Glu
Ala
Ala
Arg
His
295
Ala
Thr
Pro
Ser
Val

375
Ala

Phe
Arg
Ala
455
Pro
Leu
Sexr
Gly
Leu
535
Ser

Val

Ala

Phe
200
Asp
Cys
Thr
Glu
Ala
280
Gln
Glu
Asp
Gly
Leu
360
Met
Ser
Ser
Ser
Glu
440
Ser
Gly
Leu
Val
Arg
520
Ser
Gln

Ala

Lys

185
Met

Trp
Leu
Leu
Gly
265
Arg
Leu
Leu
Phe
Thr
345
Gly
Asp
val
Val
Ala
425
Lys
Ser
Ala
Pro
Arg
505
Gly
Gln
Ser

Ile

Tyr
585

10

Ile
Asp
Phe
Leu
250
Leu
Leu
Cys
Cys
Val
330
Glu
Leu
Arg
Ala
Ala
410
Leu
Gln
Glu
Pro
Pro
490
Val
Ile
Val
Val
Tyxr

570
Ser

Ser
Thr
Gly
235
Vval
Ser
Ala
Cys
Ser
315
Gly
Ala
Phe
Leu
Ala
395
Val
Gln
Val
Asp
Phe
475
Pro
Val
Cys
Ala
Thr
555
Phe

Ala

Leu
Ser
220
Leu
Ala
Ala
Phe
Arg
300
Trp
Glu
Arg
Leu
Vval
380
Phe
Val
Ile
Phe
Ser
460
Pro
Pro
Val
Leu
Pro
540
Ala

Ala

Gly

Gly
205
Ala
Leu
Glu
Pro
Arg
285
Met
Met
Gly
Arg
Gln
365
Gln
Pro
Thr
Leu
Leu
445
Leu
Asn
Ala
Gly
Asp
525
Ser
Tyr

Thr

Gly

PCT/EP03/06095

190
Gly

Leu
Thr
Glu
Ser
270
Asn
Pro
Ala
Leu
His
350
Cys
Arg
Val
Ala
Pro
430
Pro
Met
Gly
Leu
Glu
510
Leu
Leu
Met
Gln

His
590

Cys
Ala
Leu
Ala
255
Leu
Leu
Arg
Leu
Tyr
335
Tyr
Ala
Phe
Ala
Ser
415
Tyr

Lys

Thr

495
Pro

Ala
Phe
Val

Val
575

His

Leu
Pro
Ile
240
Ala
Ser
Gly
Thr
Met
320
Gln
Asp
Ile
Gly
Ala
400
Ala
Thr
Tyr
Ser
Val
480
Gly
Thr
Ile
Met
Ser
560
Val

His
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<400> 10

Met
1
Gln
Ala
Glu
Leu

65

Arg
Leu
Leu
Val
Ala
145
Phe
Leu
Gly
Ile
Pro
225
Cys
Phe
Arg
Thr
Pro
305
Ile
Val
Ser
Thr
Thr
385
Ser
Asp
Pro

Gly

Ala

Ile
Leu
Ala
Glu
50

val
Tyr
Leu
Tyr
Gly
130
Leu
Ser
Leu
Thr
Cys
210
Pro
Cys
Pro
Leu
Leu
290
Arg
Arg
Phe
Val
Cys
370
Gly
Leu
Ala
Gly
Ser

450
Cys

Gln
Leu
Gly
35

Lys
Ser
Gly
Ser
Pro
115
Leu
Leu
val
Pro
Gln
195
Met
Glu
Pro
Arg
Phe
275
Phe
Ala
Met
Ser
Tyxr
355
Leu
Phe
Tyr
Gly
Pro
435

Ser

Asp

Arg
Leu
20

Ile
Phe
Val
Arg
Leu
100
Asp
Leu
Ser
Tyr
Ala
180
Glu
Ala
Pro
Cys
Leu
260
Val
Tyr
Glu
Gly
Leu
340
Leu
Ser
Thr
His
Gly
420
Lys

Gly

Val

Leu
Val
Thr
Met
Pro
Arg
85

Phe
Thr
Asp
Asp
Ala
165
Ile
Glu
Ala
Ala
His
245
Gln
Ala
Thr
Pro
Ser
325

Val

Ala

Phe
Arg
405
Ser
Pro

Ile

Ser

Trp
Asn
Tyxr
Thr
Leu
70

Arg
Leu
Arg
Phe
Leu
150
Phe
Asp
Cys
Thr
Glu
230
Val
Gln
Glu
Asp
Gly
310
Leu
Met
Ser
Ser
Ser
390
Glu
Ser
Gly

Leu

Met

Ala
Leu
Val
Met
55

Leu
Pro
Ile
Pro
Cys
135
Phe
Met
Trp
Leu
Leu
215
Gly
Gly
Leu
Leu
Phe
295
Thr
Gly
Asp
Val
vVal
375
Ala
Lys
Gly
Ala
Ala

455
Arg

Ser
Leu
Pro
40

val
Gly
Phe
Pro
Leu
120
Gly
Arg
Ile
Asp
Phe
200
Phe
Leu
Leu
Cys
Cys
280
Vval
Glu
Leu
Arg
Met
360
Val
Leu
Gln
Glu
Leu
440

Pro

Val

Arg
Thr
25

Pro
Leu
Ser
Ile
Arg
105
Glu
Gln
Asp
Ser
Thr
185
Gly
Val
Leu
Ala
Cys
265
Ser
Gly
Ala
Phe
Leu
345
Thr
Val
Gln
Val
Asp
425
Phe

Pro

Val

11

Leu
10

Phe
Leu
Gly
Ala
Trp
90

Ala
Leu
Val
Pro
Leu
170
Ser
Leu
Thr
Val
Phe
250
Arg
Trp
Glu
Arg
Leu
330
Val
Phe
Val
Ile
Phe
410
Ser
Pro

Pro

Val

Leu
Gly
Leu
Ile
Ser
75

Ala
Gly
Ala
Cys
Asp
155
Gly
Val
Leu
Glu
Ser
235
Arg
Met
Met
Gly
Arg
315
Gln
Gln
Pro
Thr
Leu
395
Leu
Gln
Asn

Ala

Gly

Arg
Leu
Leu
Gly
60

Asp
Leu
Trp
Leu
Phe
140
His
Gly
Leu
Thr
Glu
220
Ala
Asn
Pro
Ala
Leu
300
His
Cys
Lys
Val
Ala
380
Pro
Pro
Thr
Gly
Leu

460
Glu

His
Glu
Glu
45

Pro
Gln
Ser
Leu
Leu
125
Thr
Cys
Cys
Ala
Leu
205
Ala
Val
Leu
Arg
Leu
285
Tyr
Tyr
Ala
Phe
Ala
365
Ser
Tyr
Lys
Thr
His
445

Cys

Pro

PCT/EP03/06095

Arg
Val
30

Val
Val
Trp
Leu
Ala
110
Ile
Pro
Arg
Leu
Pro
190
Ile
Val
Ser
Gly
Thr
270
Met
Gln
Asp
Ile
Gly
350
Ala
Ala
Thr
Tyr
Ser
430
Val

Gly

Pro

Lys
15

Cys
Gly
Leu
Arg
Gly
95

Gly
Leu
Leu
Glin
Gly
175
Tyr
Phe
Leu
Arg
Thr
255
Leu
Thr
Gly
Glu
Ser
335
Thr
Ala
Ala
Leu
Arg
415
Phe
Gly
Ala

Glu

Ala
Leu
val
Gly
Gly
80

Val
Leu
Gly
Glu
Ala
160
Tyr
Leu
Leu
Gly
Arg
240
Leu
Arg
Phe
vVal
Gly
320
Leu
Arg
Ala
Leu
Ala
400
Gly
Leu
Ser

Ser

Ala
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Arg Val Val

Ser Ala Phe

Ile val Gln

515

Gly Leu Gly
530

Lys Asn

545

Asp

<210>
<211l>
<212>
<213>

11
2188
DNA

<400> 11

gagatttaaa
cgccagccece
atcaagcaag
aaagggctgg
agaagccacg
ctacctgeccecc
aaagctcagc
ggcattacct
atggtgttgg
agtgaccagt
ggtgtcctge
ccagacacca
tgtggccagg
gaccactgcc
ggctacctct
caggaagaat
ctgtttgtga
tetgeegtgt
accctgttte
tttgtggctg
ttcgtgggag
agacactatg
teecctggtet
tatctggcecca
gtggtggtag
ctgccttaca
cgaggggacyg
cctaageccag
gccectecac
ggtgagccac
ctggacagtg
cagctgagece
atttactttg
aattgtgtaa
cagagctgge
gtgaggtgta
ggctggecta

470

Thr Gly
485
Leu Leu
500
Leu Ser

Leu Val

Leu Ala

Arg

Ser

Ala

Lys

Gly Ile

Gln Val

Val
520
Tyr

Ser

Ile
535

Tyr Ser

550

Mus musculus

aggcgcccgce
aggtgacagc
gcactagatg
cagaaatggg
gcagggctga
tgtccatcat
tcetgetggt
atgtgccacce
gcattggcec
ggcgtgggceg
taagcctcett
ggcccctgga
tgtgctttac
gccaagcctt
tacctgccat
gectetttgg
cggaggaggc
cgegecgatg
cceggcetgea
agetgtgcag
aggggctgta
atgaaggcat
tctecectggt
gtgtgatgac
tgacagcctc
cgctecgecte
ctggaggtag
gagctcectett
ctgcactcetg
ctgaggccag
cctttetget
actctgtcac
ctacacaggt
ggcatcaaag
ctectccaggt
ttgttgcaca
ctggcagcct

tggcgegegt
cgcacgcegg
gtgacgtgtt
aacctggctg
ctcaaagcag
gatccagagg
caacctgctce
ccttetgetg
agtgctagge
ctatggccge
tctcatceeg
gttggeectg
tccattggag
ctctgtctac
tgactgggac
cctecteace
agtactgggce
ctgececatge
gcagctgtgce
ctggatggca
ccagggtgta
tecgaatgggce
catggacagg
ctttecctgtg
agctgcccte
cctetaccac
cagcggtgag
ccccaatgga
tggggcctcect
ggttgttacg
gtecececaggtyg
tgcctatatg
agtgtttgac
agagggtctg
ctttgtcegee
gataggagcc
ctcgeatg

Cys
Ala
505
Thr

Phe

475
Leu Asp
490
Pro Ser

Ala Tyr

Ala Thr

Val

tggtgamsca
gccaggatct
tagcgtggga
caccctagga
ctgtggagta
ctgtgggcca
acctttggcece
gaagtecgggg
ctggtttctg
cggagaccct
agggctggcet
ctgatecttgg
gccttactcet
gccttecatga
accagcgttc
ctcattttcc
ccaccecgagce
cacgttggcce
tgccgecatge
cttatgactt
cccagagceceg
agcctgggge
ctggtacaga
gctgecgetg
accgggttca
cgtgagaagc
gacagccaga
cacgtgggct
gcetgegatg
ggacggggca
gctecgtece
gtatcagctg
aagaacgact
cctecatgggt
taagtggctce
agagctttcg

12
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480

Leu Ala Ile Leu Asp

495

Leu Phe Met Gly Ser

510

Met Val Ser Ala Ala

525

Gln Val Val Phe Asp

540

ggbgtegeeg
gaccgacgag
cgagatgctg
ggttagtgct
tgtgagtagce
gccgtetget
tggaggtgtg
tggaggagaa
ttcecactect
ttatctgggce
ggctggcagg
gagtggggct
ccgacctett
tcageccecttgg
tggcceccecta
tcatctgcat
cggcagaagg
tggcttteeg
ctcgcacccet
tcacactgtt
agccaggcac
tcttectgea
agttecggceac
ccacctgecet
ccttetegge
aggtgttcct
caaccagctt
ctggcagcag
tcteccatgeg
tttgectgga
tgttcatggg
caggcttggg
tggccaaata
tctcageect
tetgetgeca

gggctetgge

agctcgcacg
atgtgtcccce
aattggcact
agtgaggagg
cecectggaacce
acggcacegg
cctggetgece
attcatgacc
aggctcagcec
tttgteecetg
actgctgtac
gctggacttt
ccgggacceca
gggctgectg
cctgggtact
ggcagccact
gttgttggtc
gaatctgggt
acgccgacte
ctacacggac
cgaggccegg
gtgtgcecatce
acggtcagtc
gtcccacagce
cttgcagatc
gcccaaatac
cttgccaggce
cggecatcctg
agtggtggtyg
cctggecatt
cteccattgtce
tctggtegece
ctcagtgtag
tagagggctg
ccctaaggca
ttcagagtct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2188
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