
WO 97/02730     ENAMEL MATRIX RELATED POLYPEPTIDE      FIELD OF INVENTION
The present invention relates to novel nucleic acid sequences    which code
for polypeptides belonging to a group named 5 amelins, which polypeptide
sequences comprise tetrapeptide     domains implicated in cell surface
recognition. Possible     applications of the amelin sequence concern the
diagnosis of     disorders of hard tissue formation, and the production of
the     amelin protein or fragments thereof, which may then serve as 10
matrix constituents or cell recognition tags in the formation     of
biomaterials. The invention also relates to expression     vectors
containing the nucleic acid sequences according to     the invention for
production of the protein, organisms con-     taining said expression
vector, methods for producing the 15 polypeptide, compositions comprising
the polypeptides, and     methods for treating various hard tissue diseases
or dis-     orders.       TECHNICAL BACKGROUND       In bone, dentin and
other tissues, collagen type I or similar 20 proteins assemble into a
fibrillar matrix, which in some in-     stances serves as a scaffold for
the incorporation of mineral     crystals. The adjacent cells establish
specific contacts to     the matrix, which are mediated by interactions
between do-     mains in extracellular proteins such as collagen and recep-
25 tors of the cell surface, for instance integrins. Peptide     domains
which are involved in these contacts have been iden-     tified in several
extracellular proteins (Yamada & Kleinman,     1992). In enamel, a
structural network which is comparable to     the collagen fibres of bone,
cartilage and dentin has not 30 been found. Also, no sequence segments have
been identified     in the enamel matrix proteins, which could mediate its
an-     choring to cell adhesion molecules. The enamel proteins
amelogenin and enamelin do not contain such protein domains     The mineral
content of newly deposited enamel is around 15%       
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2      of the total mass and increases later, under degradation of     the
proteins, to 95% (Robinson et al., 1988).       Two predominant groups of
proteins have been identified in     enamel: enameling and amelogenins
(Termine et al., 1980). 5 Protein fragments in mature enamel are similar to
one of the     enamelins, tuftelin, which has been located by antibodies
in-between the enamel prisms. The cDNA sequence corresponding     to
tuftelin has been determined, and it has been speculated     that this
protein might have a function in the mineralization 10  of enamel (Deutsch
et al., 1991). The significance of the     remaining, so far described,
enamelins for enamel formation     may be disputed, because the main
protein species are identi-     cal to proteins from the bloodstream
(Strawich & Glimcher,     1990). It is still discussed whether amelogenin,
the most 15  frequent enamel protein, provides a scaffold for the enamel
matrix (Simmer et al., 1994).       Partial sequences of randomly selected
cDNA clones from a rat     in situ library have previously been compiled
(Matsuki et     al., 1995), of which some show homology to sequences of the
20  invention. No reading frame was suggested from the partial
sequences. It was not stated if polypeptides are encoded by     these
sequences and no suggestion as to possible function of     such
polypeptides were given.       Non-amelogenin proteins have been identified
in porcine 25 immature enamel (Uchida et al., 1995). A 15 kDa protein had
an N-terminal amino acid sequence (VPAFPRQPGTHGVASL-) with no     homology
to previously known enamel proteins. It was proposed     that the
non-amelogenins comprise a new family of enamel     proteins but their
function was not suggested. The proteins 30  have not been sequenced
completety and their genes are not     known.       WO89/08441 relates to a
composition for use in inducing     binding between parts of living
mineralized tissue in which     the active constituent originates from a
precursor to dental        



WO 97/02730                   3                  PCT/IB96/00643     enamel,
socalled enamel matrix. The composition induces    binding by facilitating
regeneration of mineralized tissue.    The active constituent is part of a
protein fraction and is    characterized by having a molecular weight of up
to about 5 40.000 kDa but no single protein is identified.       SUMMARY OF
THE INVENTION       Although proteins of mineralized matrices are often
produced     in high amounts, their poor solubility prevents a direct ana-
lysis. In the tooth enamel, a physiological degradation of 10 matrix
proteins occurs in the course of mineral acquisition     during the
maturation phase and constitutes an additional     difficulty for the
analysis of the matrix proteins. The     present invention is based upon
the consideration that since     the matrix forming cells synthesize the
corresponding pro- 15 teins in high amounts, they should contain a high
copy number     of the mRNAs. Accordingly, sequence analysis of the
predomi-     nant mRNA species of the matrix forming cells may circumvent
part of the problems and help to investigate certain protein
constituents of the matrix.   20 These considerations initiated the
approach taken which led     to the discovery of the new amelin mRNA
sequences, the basis     for the present invention. Briefly, a genetic
library was     constructed containing sequences of the mRNA species of
developing teeth. Individual sequences were obtained from 25 single
bacterial clones and used for in situ hybridization     experiments of
histological sections through developing     teeth. Sequences which were
detected in cells forming hard     tissue matrix, e.g. ameloblasts, were
determined and used to     query sequence databases. Most of the thus
selected sequences 30 were represented in the databases but two sequences
now     termed the amelin sequences were not. These two variants of a
new MRNA sequence are expressed at high levels in rat amelo-     blasts
during the formation of the enamel matrix. The sequen-     ces contain open
reading frames for 407 and 324 amino acid 35 residues, respectively. The
encoded proteins, which were             WO 97/02730                   4
PCT/IB96/00643 



named amelins, are rich in praline, leucine and glycine    residues and
contain the peptide domain Asp-Gly-Glu-Ala, an    integrin recognition
sequence, in combination with other    domains interacting with cell
surfaces. The sequences coding 5  for the C-terminal 305 amino acid
residues, i.e. amino acids     102-407 in SEQ ID NO:2 and amino acids
19-324 in SEQ ID NO:4,     the 3' non-translated part and a microsatellite
repeat at the     non-translated 5' region are identical in both mRNA
variants.     The remaining 5' regions contain 338 nucleotides unique to 10
the long variant (nucleotides 12-349 in SEQ ID NO:1), 54     common
nucleotides and 46 nucleotides present only in the     short variant
(nucleotides 66-111 in SEQ ID NO:3). Fourteen     nucleotides have the
potential to code for 5 amino acids of     both proteins in different
reading frames (nucleotides 390- 15 403 in SEQ ID NO:1 and 52-65 in SEQ ID
NO:3). The reading     frame of the longer variant includes codons for a
typical     N-terminal signal peptide. Theproperties of the amelin mRNA
sequences indicate that amelin is a component of the enamel     matrix and
the only proteins which have so far been impli- 20 cated in binding
interactions between the ameloblast surface     and its extracellular
matrix.       It is contemplated that the amelin peptides or parts thereof
may be synthesized, either chemically or by translation with     the help
of expression vectors, by using the sequence infor- 25 mation described
herein. It is further contemplated that     these peptides may contribute
to the design of medical de-     vices for the repair of teeth or bones.
The peptides may also     be combined with artificial implant material for
the purpose     of improving the biocompatibility of the material. Human 30
amelin mRNA or gene sequences may help in the diagnosis of     genetically
inherited disorders in hard tissue formation.       DETAILED DESCRIPTION
In order to obtain sequence information on extracellular     matrix
proteins which may be difficult to analyze in a direct 35 way, a cDNA
library was constructed in the bacteriophage X              WO 97/02730
PCT/IB96/00643     containing the mRNA repertoire of matrix forming cells.
The    amelin RNA sequences were selected in the following way: 



Replica plaque lifts were performed and hybridized to cDNA    and to
amelogenin and collagen oligos, respectively, as 5 described in Example 4.
Plaques exhibiting a relatively     strong hybridization signal with cDNA,
but no signal with the     oligos were analysed further, assuming that they
contained     sequences which were frequently represented in cDNA but were
different from amelogenin and collagen. Twenty-five of these 10  positive
phage clones were converted to Bluescript plasmids.       Riboprobes were
synthesized for in situ hybridizations, in     order to identify the
sequences which were expressed in     matrix-forming cells, i.e. which may
be involved in matrix     production and mineralization of growing molars.
Rats of 4 15  days of age were chosen, since the concentration of amelo-
genin-RNA, implicated in the production of enamel matrix, was     highest
around this time. Fig. 1 shows the results obtained     with an amelin
probe (see Example 4 and Fig. 1a), as compared     to the reaction of
amelogenin RNA (Fig. 1b) and collagen RNA 20  (Fig. 1c). Amelin and
amelogenin RNA were detected in the     inner enamel epithelium which
contains ameloblasts in the     secretory phase. The collagen probe
decorated mainly the     odontoblasts, located peripherally in the
mesenchymal pulp,     as well as osteoblasts in the alveolar bone. It was
therefore 25  concluded that amelin may contribute to the formation of the
enamel matrix. Fourteen cDNA inserts which gave rise to     probes
exhibiting a positive in situ hybridization signal in     the tooth
structures were partially sequenced. The sequence     fragments were used
to query the gene bank and EMBL database 30  for their identification. Two
hitherto novel sequences were     not represented.       To determine the
sequence of the whole amelin mRNA, the tooth     cDNA library was screened
with an oligonucleotide derived     from the initial amelin sequences
described above and 6 35  additional inserts in the range between 0.5 and 2
kb in              WO 97/02730                   6          PCT/IB96/00643
length were isolated. Sequence analysis showed that all 7    clones
represented sequences corresponding to the 3' mRNA    portion. However, two
different 5' regions were found in the    two longest inserts, specifying
amelin 1 and amelin 2 (Fig.  5 2). In order to obtain a full length
sequence representation, 



a random-primed library was constructed from rat molars, and     it was
screened with two different oligonucleotides, derived     from individual
5' ends of the two variants (underlined in     Fig. 2). 5 clones were
isolated hybridizing with the 5' part 10  of amelin 2 and 13 clones derived
from the 5' part of amelin     1. Sequence analysis confirmed the previous
results and     extended the sequences of both variants, now termed the
amelin 1 and amelin 2 sequences and shown in the sequence     listing as
SEQ ID NO:1 and SEQ ID NO:3, respectively. Both 5' 15 mRNA sequences ended
in a polypurine repetition of maximally     100 x (AG) (data not shown).
Considering the AG repeat at the     5' end and the poly-A tail at the 3'
end, the combined se-     quences (Fig. 2) were not shorter than the mRNAs
as deter-     mined by Northern blotting (see below). The sequence analysis
20  of the clones obtained from the polyT-primed cDNA library     revealed
an unexpected 3' variation downstream of the poly-A     addition signal
AATAAA (double underline). In some clones the     poly-A tail was observed
15 nucleotides downstream as     expected, but in others at a larger
distance of up to 79 25  nucleotides. The sequence in Fig. 2 shows the most
distant     polyadenylation site variant. All variations were located
downstream of the stop codon.       Both cDNA sequence variants revealed a
single long open read-     ing frame (Fig. 2). In-frame termination codons
are present 30  between the poly(AG) and the open reading frame, and it
there-     fore does not seem likely that the poly(AG) or proximal se-
quences code for protein. The reading frame of amelin 1     starts 84
nucleotides downstream of the poly(AG) repeat. The     first 86 amino acids
are encoded by a sequence which is not 35  present in amelin 2. The amino
acids 87 through 99 of amelin     1 are encoded by a sequence which is
common for amelin 1 and     amelin 2. However, this sequence cannot code
for the amelin 2              WO 97/02730                   7
PCT/IB96/00643     protein. Although it includes an ATG codon, an in-frame
stop    codon would only allow for a heptapeptide. The next ATG,
overlapping with the stop codon of the heptapeptide, starts    the longest
sequence stretch coding for amelin 2. Intriguing- 5 ly, its first fourteen
nucleotides code for both amelin 1 and     amelin 2 in different frames
(shaded in Fig. 2). The follow-     ing 46 nucleotides which code for 15
amino acids of amelin 2     are not present in the amelin 1 RNA. This
"insert" in amelin     2 RNA results in the synchronization of both reading
frames, 10 so that the last 305 amino acid residues are common to both 



proteins. There is an in-frame ATG codon in the insert of     amelin 2,
which might serve as an alternative translation     start. In this case,
amelin 2 would be 5 amino acids shorter     and there would be no two
frame-coding sequence stretch. The 15 longest possible open reading frame
contains codons for 407     amino acid residues for amelin 1 and 324
residues for ame-     lin 2.       Since the filing of the first
application the results of the     sequencing have been reviewed and some
amendments made. The 20 sequence for amelin 1 has been amended as follows:
nucleotide     no. 132 has been changed from a G to a C resulting in no
amino acid change. Nucleotide no. 191 has been changed from a     G to an A
resulting in a change of Arg33 to Gln33. Nucleotide     no 200 has been
changed from a G to a C resulting in a change 25 of Gly36 to Ala36.
Nucleotide no. 617 has been changed from a     G to a C resulting in a
change of Gly175 to Ala175.     Nucleotide no. 809 has been changed from a
G to a C resulting     in a change of Gly239 to Ala239. Nucleotide no. 976
has been     changed from a C to a G resulting in a change of Pro295 to 30
Ala295. Nucleotide no. 1649 has been changed from a C to an A     resulting
in no amino acid change. The sequence for amelin 2     has been corrected
as follows: nucleotide no. 326 has been     changed from a G to a C
resulting in a change of Gly92 to     Ala92. Nucleotide no. 518 has been
changed from a G to a C 35 resulting in a change of Gly156 to Ala156.
Nucleotide no. 685     has been changed from a C to a G resulting in a
change of              WO 97/02730
PCT/IB96/00643     Pro212 to Ala212. Nucleotide no. 1358 has been changed
from a    C to an A resulting in no amino acid change.      To assess the
size of amelin transcripts, Northern blot ana-    lysis was carried out on
total RNA prepared from molars of 4  5 day old rats (Fig. 3, lane a). The
DIG labelled amelin cRNA     probe hybridized to a 2.2 kb as well as to a
1.9 kb RNA band.     The amelin 1 and amelin 2 mRNAs as determined by cDNA
sequen-     ce analysis are 2.3 and 2.0 kb long, if a poly(AG) repeat of
0.2 kb and a poly-A tail of 0.2 kb are added to the displayed 10 sequences.
The two determinations correspond well, suggesting     that the sequences
comprise all or almost all of the mRNA for     amelins. For a comparison,
the two predominant mRNAs for     amelogenin, 1.1 kb and 0.8 kb in length,
are shown (Fig. 3,     lane b). The mass proportion of amelin RNA relative
to amelo- 



15 genin RNA in total RNA from molars was determined by a solu-     tion
hybridization assay (Mathews et al., 1989). The amount     of amelin RNA
was about 5% if compared to the content of     amelogenin RNA. The sequence
comparison of amelin 1 and 2     suggests that the two RNAs are splicing
variants of the same 20 primary transcript, since no change in the aligning
sequence     parts is found.       The most frequent amino acids in both
amelin 1 and 2 are     proline, glycine and leucine; there is no cysteine
in either     sequence (vide table 1 below). The amino terminus of the de-
25 duced amelin 1 protein has the characteristic feature of a     signal
peptide: residues 14 to 21 are hydrophobic with a     stretch of leucines
(Fig. 2; Leader, 1979). No comparable     motive is observed in the amelin
2 sequence. Both amelins     contain the peptide domain DGEA
(Asp-Gly-Glu-Ala) (amino 30 acids 370-373 in amelin 1 and 287-290 in amelin
2) (boxed in     Fig. 2), which has earlier been identified to constitute a
recognition site of collagen type I for the cell surface pro-     tein a2b1
integrin (Staatz et al., 1991). In addition, a     trombospondin-like cell
adhesion domain with the sequence 35 VTKG (Val-Thr-Lys-Gly) (amino acids
277-280 in amelin 1 and     194-197 in amelin 2) (Yamada & Kleinman, 1992)
is included.              WO 97/02730                   9
PCT/IB96/00643     The presence of these two domains indicates that amelins
are    components of the extracellular matrix. The predicted low
solubility of the amelins in water solutions is consistent    with this
model. The presence of a signal sequence in amelin 5 1 corroborates the
interpretation as a secretory protein. The     lack of a signal sequence in
amelin 2 does not mean that this     protein is not secreted. A precedence
for a secreted protein     without signal sequence is the chicken
ovalbumin, where     internal, non-cleaved sequences provide the same
function 10 (discussed in Leader, 1979). Two further domains with pre-
dicted significance in the interaction with cell surfaces,     EKGE
(Glu-Lys-Gly-Glu) (amino acids 282-285 in amelin 1 and     199-202 in
amelin 2) and DKGE (Asp-Lys-Gly-Glu) (amino acids     298-301 in amelin 1
and 215-218 in amelin 2), are clustered 15 in the same region. The
combination of the four peptide     domains as described in this paragraph
is a feature which has     so far not been described for any enamel matrix
related pro-     tein.      Because of predicted low solubility, amelin was
expressed in 



20 E. coli cells as a fusion protein with thioredoxin in the
amino-terminal end. 6His tag was added to the carboxy ter-     minal end
and protein was purified on Ni column. The eluate     contained one main
fusion protein and also several peptide     fragments which were active
with antiamelin rabbit serum in 25 Western blot analysis. The protein could
be further purified     by antithioredoxin affinity chromatography.
Antibodies have been raised against the amelin protein.     Rabbits were
immunized with amelin-thioredoxin fusion protein     and immune serum
purified by affinity chromatography on 30 amelin fusion protein coupled to
CNBr-activated Sepharose.     Further purification might be achieved on
thioredoxin-coupled     Sepharose. These antibodies have been used for,
e.g. immuno-     histochemical localization of amelin in rat teeth.
Also, the presence of amelin in tooth extract has been estab- 35 lished.
Rat molars were homogenized in Na-carbonate buffer pH              WO
97/02730                                     PCT/IB96/00643            10
10.8, 1 mM EDTA + protease inhibitors. Supernatant of crude     extract was
analyzed by Western blotting with anti-amelin-     thioredoxin immune
serum. Two bands corresponding to two     amelin variants were detected.
Crude extract was further  5  chromatographed on Sephadex G100 column.
Fractions correspon-     ding to molecular weights of amelins were
concentrated and     subjected to preparative electrophoresis. After
electroelu-     tion, the bands are now identified by N-terminal sequence
analysis. In case one of the bands is amelin, in vivo trans- 10 formation
start is determined.       The expression of the amelin sequence during
different deve-     loping stages of the tooth has been examined by
investigating     the upper jaws of Sprague-Dawley rats of 2, 5, 10, 15, 20
and     25 days of age. It was found that amelin mRNA appears in in 15
situ hybridization experiments concomitantly with amelogenin     mRNA, i.e.
during the elongation of the ameloblasts at the     beginning of the
secretory stage. In later stages, amelogenin     and amelin mRNA exhibit
profoundly different hybridization     patterns. Amelogenin mRNA disappears
to a great extent in the 20 maturation stage with only small amounts
remaining at a later     stage of matured ameloblasts, this observation
being in 



agreement with the findings of Wurtz et al. (1995). The     signal obtained
with the amelin probe, however, was not or     only to a little extent
reduced during the maturation stage 25 of the ameloblasts.
Functionally, the two stages are different in that no addi-     tional
enamel matrix is deposited during the maturation     phase. However,
mineral seems to be deposited in both phases,     since the newly deposited
enamel already contains mineral. In 30 correlating these events with the
appearance of the respect-     ive mRNAs, it is possible that amelin is
involved in the     mineralization process. The amelin mRNA sequence codes
as     described above for a protein which contains cell binding
domains, suggesting that it is also or alternatively involved 35  in the
binding of the ameloblasts to the enamel surface.             WO 97/02730
11                 PCT/IB96/00643     Amelin protein may function as a
proteinase. This has been    tested by cutting off and electroeluting the
main fusion    protein band from the acrylamide gel. After overnight incuba
-    tion at room temperature, the fusion protein appeared as 3 5 bands.
The control incubation at 4[err]C gave only one band. This     suggested
that degradation takes place at the higher tempera-     ture. Further
experiments are required to determine whether     amelin in fact functions
a proteinase.       The present invention provides nucleic acid sequences
which 10  code for proteins with a specific combination of cell binding
domains. The proteins are components of hard tissue matrices     and
mediate the contact to the cell surface. The protein     coding sequence is
presented in Fig. 2 and stretches from     nucleotide positions 95 to 1361.
The new combination of cell 15  binding domains occupies nucleotide
positions 969 to 1259.     The individual binding domains may be combined
in the present     form or displayed in the context of different amino acid
surroundings or incorporated into polymers of non-protein     nature. Both
the nucleic acid sequence and the derived 20  peptide sequences may be
used, firstly, as tools for the     artificial expression of amelin protein
according to standard     techniques (Ausubel et al., 1994), secondly, as
information     for the chemical synthesis of peptides. The sequences may
be     used to establish diagnostic criteria for the identification 25  of
disorders in hard tissue formation, and as means for the     production of
biomaterials in tissue engineering. In addi-     tion, the invention
provides expression vectors which contain 



the claimed sequences positioned downstream of a     transcriptional
promoter, as well as procedures for the 30  production and isolation of
amelin which are based on the use     of said expression vectors.       The
present invention relates to all enamel matrix related     polypeptides
which contain at least one sequence element     which can mediate the
anchoring of the polypeptide to cell 35  adhesion molecules.
WO 97/02730                   12                 PCT/IB96/00643     By the
term "enamel matrix related polypeptide" is, in its    broadest aspect,
meant a polypeptide which is an enamel    matrix protein or a synthetically
produced protein with    similar properties i.e. which is capable of
mediating contact  5 between enamel and cell surface as described in
further     detail in the following.       In the present specification and
claims, the term "poly-     peptide" comprises both short peptides with a
length of at 10  least two amino acid residues and at most 10 amino acid
resi-     dues and oligopeptides (11-100 amino acid residues) as well
as proteins (the functional entity comprising at least one     peptide,
oligopeptide, or polypeptide which may be chemically     modified by being
glycosylated, by being lipidated, or by 15 comprising prosthetic groups).
The definition of polypeptides     also comprises native forms of
peptides/proteins in animals     including humans as well as recombinant
proteins or peptides     in any type of expression vectors transforming any
kind of     host, and also chemically synthesized peptides.   20  The
polypeptides of the invention which have been termed     amelin proteins
are different from the known enamel matrix     proteins amelogenin and
enamelin in that they contain at     least one sequence element which can
mediate the anchoring of     the polypeptide to cell adhesion molecules. In
particular, 25  they contain a sequence element selected from the group
con-     sisting of the tetrapeptides DGEA (Asp-Gly-Glu-Ala), VTKG
(Val-Thr-Lys-Gly), EKGE (Glu-Lys-Gly-Glu) and DKGE (Asp-Lys-     Gly-Glu).
Preferred embodiments of the present invention are polypep- 



30  tides having the amino acid sequence SEQ ID NO:2 or an analo-     gue
or variant thereof as well as polypeptides having the     amino acid
sequence SEQ ID NO:4 or an analogue or variant     thereof, and
polypeptides having a subsequence of the amino     acid sequences SEQ ID
NO:2 or SEQ ID NO:4.              WO 97/02730                   13
PCT/IB96/00643     In a further aspect, the invention relates to nucleic
acid    fragments encoding polypeptides which are capable of media-    ting
contact between enamel and cell surface. By the term    "nucleic acid" is
meant a polynucleotide of high molecular  5 weight which can occur as
either DNA or RNA and may be either     single-stranded or double-stranded.
Although nucleic acid fragments which encode a polypeptide     comprising
amino acid residues 1 to 407 of SEQ ID NO:2 and     nucleic acid fragments
which encode a polypeptide comprising 10  amino acid residues 1 to 302 of
SEQ ID NO:4 are preferred     embodiments, the invention also relates to a
nucleic acid     fragment encoding a polypeptide having the amino acid
sequence shown in SEQ ID NO:2 or an analogue or a variant     thereof and
to a nucleic acid fragment encoding a polypeptide 15  having the amino acid
sequence shown in SEQ ID NO:4 or an     analogue or a variant thereof.
By the term "a polypeptide having the amino acid sequence     shown in SEQ
ID NO:2 (or SEQ ID NO: 4) or an analogue or a     variant thereof" is meant
a polypeptide which has the amino 20  acid sequence SEQ ID NO:2 (or SEQ ID
NO:4) as well as poly-     peptides having analogues or variants of said
sequence which     are produced when a nucleic acid fragment of the
invention is     expressed in a suitable expression system and which are
capable of mediating contact between enamel and cell surface, 25  e.g.
evidenced by a test system comprising extracellular     matrix and matrix
forming cells in tissue culture. A concen-     tration dependent biological
activity of the polypeptides is     tested by the addition of polypeptide
fragments. If the frag-     ments are capable of competing out contact
between the extra- 30  cellular matrix protein and the cells, then the
cells will be     detached from the matrix evidenced by microscopic
inspection.     Cultured cells are known to adhere to fibronectin,
osteopon-     tin, collagen, laminin and vitronectin. Cell binding activity
is mediated through the RGD cell attachment domain of the 35  protein.
Amelin contains alternative cell binding domains     DGEA and VTKG. Cell
attachment can be measured, e.g., by 
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cell culture dishes amelin, BSA or fibronectin. Bound    UMR rat
osteosarcoma cells can be quantitated by measuring    endogenous
N-acetyl-[err]-D-hexosaminidase.      The analogue or variant will thus be
a polypeptide which does 5 not have exactly the amino acid sequence shown
in SEQ ID NO:2     or in SEQ ID NO:4, but which still is capable of
mediating     contact between enamel and cell surface as defined above. Ge-
nerally, such polypeptides will be polypeptides which vary     e.g. to a
certain extent in the amino acid composition, or 10 the post-translational
modifications e.g. glycosylation or    phosphorylation, as compared to the
amelin proteins described    in the examples.     The term "analogue" or
"variant" is thus used in the present    context to indicate a protein or
polypeptide of a similar 15 amino acid composition or sequence as the
characteristic     amino acid sequences SEQ ID NO:2 and SEQ ID NO:4 derived
from     the amelin proteins as described in the examples, allowing     for
minor variations that alter the amino acid sequence, e.g.     deletions,
exchange or insertions of amino acids, or combi- 20 nations thereof, to
generate amelin protein analogues. These     modifications may give
interesting and useful novel properti-     es of the analogue. The
analogous polypeptide or protein may     be derived from an animal or a
human or may be partially or     completely of synthetic origin. The
analogue may also be 25 derived through the use of recombinant DNA
techniques.       An important embodiment of the present invention thus
relates     to a polypeptide in which at least one amino acid residue has
been substituted with a different amino acid residue and/or     in which at
least one amino acid residue has been deleted or 30 added so as to result
in a polypeptide comprising an amino     acid sequence being different from
the amino acid sequence     shown in SEQ ID NO:2 or SEQ ID NO:4 or a
subsequence of said     amino acid sequence as defined in the following,
but essenti-     ally having amelin activity as defined above.       
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interesting embodiment of the invention relates to a poly-    peptide which
is an analogue or subsequence of the polypep-    tide of the invention
comprising from 6 to 300 amino acids,    e.g. at least 10 amino acids, at
least 30 amino acids, such 5 as at least 60, 90 or 120 amino acids, at
least 150 amino     acids or at least 200 amino acids.       Particularly
important embodiments of the invention are the     polypeptide containing
the amino acid residues 1-407 in SEQ     ID NO:2 (amelin 1) and the
polypeptide containing the amino 10 acid residues 1-324 in SEQ ID NO:4
(amelin 2).       The amino acid sequences SEQ ID NO:2 and SEQ ID NO:4 have
been compared with known amino acid sequences. The degree of     homology
(or identity) with the extracellular matrix proteins     with which the
homology is highest, amelogenin and collagen 15  IV, is very low, 23% and
26%, respectively. The identity is     spread over the entire protein and
not restricted to parti-     cular areas. In this respect it should be
noted that amelin     does not contain a repeated triple motif in contrast
to     collagen which is always encoded by the repeated triple 20 motif,
Gly-X-Y. The homology to collagen IV and amelogenin     may be due to the
high content of proline in both proteins.     It thus appears that the
amelin proteins only have moderate     similarity with previously known
extracellular proteins, in     particular enamel matrix proteins.   25 An
important embodiment of the present invention relates to a     polypeptide
having an amino acid sequence from which a conse-     cutive string of 20
amino acids is homologous to a degree of     at least 80% with a string of
amino acids of the same length     selected from the amino acid sequence
shown in SEQ ID NO:2 or 30 SEQ ID NO:4.       Polypeptide sequences of the
invention which have a homology     or identity of at least 80% such as at
least 85%, e.g. 90%,     with the polypeptide shown in SEQ ID NO:2 or SEQ
ID NO:4     constitute important embodiments. As the sequences shown in
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16      SEQ ID NO:2 and SEQ ID NO:4 seem to be quite unique, the     scope
of the invention also comprises polypeptides for which     the degree of
homology to a similar consecutive string of 20     amino acids selected
from the amino acid sequence shown in  5 SEQ ID NO:2 or SEQ ID NO:4 is at
least 25%, such as at least     50% or at least 75%. Such sequences may be
derived from     similar proteins from other species, e.g. other mammals
such     as mouse, rabbit, guinea pig, pig, cow or human.       By use of
the sequences disclosed in the present application, 10  the person skilled
in the art will be able to detect, clone,     sequence, produce, and study
the human version of amelin. A     practical problem is a scarcity of the
starting material, as     the most convenient tooth material available is
the extracted     or resected teeth, mainly the third molars or the super-
15  numerary teeth. The stage of development of these teeth is     usually
quite late and therefore, the cells involved in the     matrix formation
are far behind the secretory phase or are     not present any more.
Alternatively, the starting material can be derived from 20  available
tissue cultures where the extracted RNA is tested     for the presence of
amelin messengers. Positive Northern blot     was obtained in case of human
osteosarcoma cells (Saos 2     cells), although the detected length of
positive RNA is con-     siderably smaller compared to rat amelin mRNAs.
25  Thus, a human osteosarcoma cells (Saos 2 cells) cDNA library     is
constructed in order to find one or more specific cDNAs     that would
represent human versions of amelin or amelin-like     structures. In a
similar manner, cDNA libraries from the     least developed teeth can be
created and screened with rat 30  amelin probes or with probes obtained
from the Saos 2     library.       By the term "sequence homology" is meant
the identity in se-     quence of amino acids in segments of two or more
amino acids             WO 97/02730
PCT/IB96/00643                                  17 



in the match with respect to identity and position of the    amino acids of
the polypeptides.      The term "homologous" is thus used here to
illustrate the    degree of identity between the amino acid sequence of a
given 5 polypeptide and the amino acid sequence shown in SEQ ID NO:2    or
SEQ ID NO:4. The amino acid sequence to be compared with    the amino acid
sequence shown in SEQ ID NO:2 or SEQ ID NO:4    may be deduced from a
nucleotide sequence such as a DNA or    RNA sequence, e.g. obtained by
hybridization as defined in 10 the following, or may be obtained by
conventional amino acid     sequencing methods. The degree of homology is
preferably     determined on the amino acid sequence of a mature polypep-
tide, i.e. without taking any leader sequence into considera-     tion.
Generally, only coding regions are used when comparing 15 nucleotide
sequences in order to determine their internal     homology.      In one of
its aspects, the invention relates to a nucleic     acid fragment encoding
a polypeptide of the invention as     defined above. In particular, the
invention relates to a 20 nucleic acid fragment comprising substantially
the sequence     shown in SEQ ID NO:1 or comprising substantially the
sequence     shown in SEQ ID NO:3.       The present invention also relates
to nucleic acid fragments     which hybridize with a nucleic acid fragment
having the 25 nucleotide sequence shown in SEQ ID NO:1 or the nucleotide
sequence shown in SEQ ID NO:3 or parts of said sequences     which are
stable under stringent conditions e.g. 5 mM     monovalent ions (0.1xSSC),
neutral pH and 65[err]C.       In another aspect, the invention relates to
analogues or sub- 30 sequences of the nucleotide sequence shown in SEQ ID
NO:1 or     the nucleotide sequence shown in SEQ ID NO:3 of at least 18
nucleotides which             WO 97/02730
PCT/IB96/00643           18         1) have a homology with the sequence
shown in SEQ ID NO:1        or SEQ ID NO:3 of at least 90%, and/or   



2) encode a polypeptide, the amino acid sequence of which        is at
least 80% homologous with the amino acid sequence 5     shown in SEQ ID
NO:2 or SEQ ID NO:4.      The present invention also relates to a nucleic
acid fragment     encoding a polypeptide having a subsequence of the amino
acid     sequences SEQ ID NO:2 or SEQ ID NO:4. In the present specifi-
cation and claims, the term "subsequence" designates a se- 10  quence which
preferably has a size of at least 15 nucleoti-     des, more preferably at
least 18 nucleotides, and most pre-     ferably at least 21 nucleotides. In
a number of embodiments     of the invention, the subsequence or analogue
of the nucleic     acid fragment of the invention will comprise at least 48
15  nucleotides, such as at least 75 nucleotides or at least 99
nucleotides. The "subsequence" should conform to at least one     of the
criteria 1) and 2) above or should hybridize with a     nucleic acid
fragment comprising the nucleotide sequence     shown in SEQ ID NO:1 or the
nucleotide sequence shown in SEQ 20  ID NO:3.      It is well known that
small fragments are useful in PCR tech-     niques as is described herein.
Such fragments and subsequen-     ces may among other utilities be used as
probes in the iden-     tification of mRNA fragments of the nucleotide
sequence of 25  the invention as described in Example 4.       The term
"analogue" with regard to the nucleic acid fragments     of the invention
is intended to indicate a nucleic acid     fragment which encodes a
polypeptide which is functionally     similar to the polypeptide encoded by
SEQ ID NO:2 and SEQ ID 30 NO:4 in that the analogue is capable of mediating
the anchor-     ing of the polypeptide to cell adhesion molecule as
evidenced     by the test described above.             WO 97/02730
PCT/IB96/00643           19     It is well known that the same amino acid
may be encoded by    various codons, the codon usage being related, inter
alia, to    the preference of the organisms in question expressing the
nucleotide sequence. Thus, one or more nucleotides or codons 5 of the
nucleic acid fragment of the invention may be    exchanged by others which,
when expressed, result in a poly-    peptide identical or substantially
identical to the polypep-    tide encoded by the nucleic acid fragment in
question.     Also, the term "analogue" is used in the present context to 



10 indicate a nucleic acid fragment encoding an amino acid    sequence
constituting an amelin-like polypeptide, allowing    for minor variations
in the nucleotide sequences which do not    have a significant adverse
effect on the capability of medi-    ating contact between enamel and cell
surface evidenced by 15 the test described above.     By the term
"significant adverse effect" is meant that the    activity of the analogue
should be at least 10%, more prefe-    rably at least 20%, even more
preferably at least 25% such as    at least 50% of the attachment or
detachment activity of 20 native amelin, when determined as described
above. The analo-     gous nucleic acid fragment or nucleotide sequence may
be     derived from an organism such as an animal or a human or may     be
partially or completely of synthetic origin. The analogue     may also be
derived through the use of recombinant DNA tech- 25 niques.
Furthermore, the terms "analogue" and "subsequence are in-     tended to
allow for variations in the sequence such as sub-     stitution, insertion
(including introns), addition and re-     arrangement of one or more
nucleotides, which variations do 30 not have any substantial adverse effect
on the polypeptide     encoded by the nucleic acid fragment or a
subsequence there-     of.      The term "substitution" is intended to mean
the replacement     of one or more nucleotides in the full nucleotide
sequence             WO 97/02730
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different nucleotides, "addition" is under-     stood to mean the addition
of one or more nucleotides at     either end of the full nucleotide
sequence, "insertion" is     intended to mean the introduction of one or
more nucleotides  5 within the full nucleotide sequence, "deletion" is
intended     to indicate that one or more nucleotides have been deleted
from the full nucleotide sequence whether at either end of     the sequence
or at any suitable point within it, and "re-     arrangement" is intended
to mean that two or more nucleotide 10 residues have been exchanged within
the nucleic acid or poly-     peptide sequence, respectively. The nucleic
acid fragment     may, however, also be modified by mutagenesis either
before     or after inserting it into the organism.       The terms
"fragment", "sequence", "subsequence" and "analo- 



15 gue", as used in the present specification and claims with     respect
to fragments, sequences, subsequences and analogues     according to the
invention, should of course be understood as     not comprising these
phenomena in their natural environment,     but rather, e.g., in isolated,
purified, in vitro or recombi- 20 nant form.       In one embodiment of the
invention, detection of genetic     mutations and/or quantitation of amelin
mRNA may be obtained     by extracting RNA from cells or tissues and
converting it     into cDNA for subsequent use in the polymerase chain
reaction 25  (PCR). The PCR primer(s) may be synthesized based on a
nucleic acid fragment of the invention such as the nucleic     acid
fragment shown in SEQ ID NO:1 or SEQ ID NO:3. This     method for detection
and/or quantitation may be used as a     diagnostic method for diagnosing a
disease condition in which 30 an amelin mRNA is expressed in higher or
lower amounts than     normally.       Also within the scope of the present
invention is a diagnos-     tic agent comprising a nucleotide probe which
is capable of     detecting a nucleic acid fragment of the invention as
well as 35 a method for diagnosing diseases in which the expression of
WO 97/02730                                      PCT/IB96/00643
21      amelin is deregulated and/or diseases where the amelin gene     is
mutated, comprising subjecting a sample from a patient     suspected of
having a disease where a higher amount of amelin     protein than normally
is present or a mutated form of amelin,  5 to a PCR analysis in which the
sample is contacted with a     diagnostic agent as described above,
allowing any nucleic     acid fragment to be amplified and determining the
presence of     any identical or homologous nucleic acid fragments in the
sample. In a further aspect, the invention also relates to a 10  diagnostic
agent which comprises an amelin polypeptide accor-     ding to the
invention.       The polypeptides of the invention can be produced using
re-     combinant DNA technology. An important embodiment of the pre-
sent invention relates to an expression system comprising a 15  nucleic
acid fragment of the invention. In particular, the     invention relates to
a replicable expression vector which 



carries and is capable of mediating the expression of a     nucleic acid
fragment according to the invention.       Within the scope of the present
invention is an organism 20  which carries an expression system according
to the inven-     tion. Organisms which may be used in this aspect of the
invention comprise a microorganism such as a bacterium of the     genus
Bacillus, Escherichia or Salmonella, a yeast such as     Saccharomyces,
Pichia, a protozoan, or cell derived from a 25  multicellular organism such
as a fungus, an insect cell, a     plant cell, a mammalian cell or a cell
line. If the organism     is a bacterium, it is preferred that the
bacterium is of the     genus Escherichia, e.g. E. coli. Irrespective of
the type of     organism used, the nucleic acid fragment of the invention
is 30  introduced into the organism either directly or by means of a
suitable vector. Alternatively, the polypeptides may be     produced in the
mammalian cell lines by introducing the     nucleic acid fragment or an
analogue or a subsequence thereof     of the invention either directly or
by means of an expression 35  vector.              WO 97/02730
PCT/IB96/00643                                   22      The nucleic acid
fragment or an analogue or a subsequence     thereof can also be cloned in
a suitable stable expression     vector and then put into a suitable cell
line. The cells     producing the desired polypeptides are then selected
based on  5 levels of productivity under conditions suitable for the
vector and the cell line used. The selected cells are grown     further and
form a very important and continuous source of     the desired
polypeptides. The organism which is used for the     production of the
polypeptide of the invention may also be a 10 higher organism, e.g. an
animal.       An example of a specific analogue of the nucleic acid
sequence of the invention is a DNA sequence which comprises     the DNA
sequence shown in SEQ ID NO:1 or SEQ ID NO:3 or a     part thereof and
which is particularly adapted for expression 15 in E. coli. This DNA
sequence is one which, when inserted in     E. coli together with suitable
regulatory sequences, results     in the expression of a polypeptide having
substantially the     amino acid sequence shown in SEQ ID NO:2 or SEQ ID
NO:4 or a     part thereof. Thus, this DNA sequence comprises specific 20
codons recognized by E. coli. 



In the present context, the term "gene" is used to indicate a     nucleic
acid sequence which is involved in producing a poly-     peptide chain and
which includes regions preceding and fol-     lowing the coding region
(5'-upstream and 3'-downstream se- 25 quences) as well as intervening
sequences, introns, which are     placed between individual coding
segments, exons, or in the     5'-upstream or 3'-downstream region. The
5'-upstream region     comprises a regulatory sequence which controls the
expression     of the gene, typically a promoter. The 3'-downstream region
30 comprises sequences which are involved in termination of
transcription of the gene and optionally sequences respon-     sible for
polyadenylation of the transcript and the 3'-un-     translated region. The
present invention also relates to an     expression system comprising a
nucleic acid fragment as 35 described above encoding a polypeptide of the
invention, the             WO 97/02730                  23
PCT/IB96/00643           23     system comprising a 5'-flanking sequence
capable of mediating    expression of said nucleic acid fragment.      The
invention furthermore relates to a plasmid vector con-    taining a nucleic
acid sequence coding for a polypeptide of 5 the invention or a fusion
polypeptide as defined herein. In     one particular important embodiment,
the nucleic acid frag-     ment or an analogue or subsequence thereof of
the invention     or a fusion nucleic acid fragment of the invention as
defined     herein may be carried by a replicable expression vector which
10 is capable of replicating in a host organism or a cell line.      The
vector may in particular be a plasmid, phage, cosmid,    mini-chromosome or
virus. In an interesting embodiment of the    invention, the vector may be
a vector which, when introduced    in a host cell, is integrated in the
host cell genome.  15 In one particular aspect of the invention, the
nucleic acid     fragment of the invention may comprise another nucleic
acid     fragment encoding a polypeptide different from or identical     to
the polypeptide of the invention fused in frame to a     nucleic acid
fragment of the sequence shown in SEQ ID NO:1 or 20 SEQ ID NO:3 or
analogues thereof encoding an amelin polypep-     tide with the purpose of
producing a fused polypeptide. When     using recombinant DNA technology
the fused nucleic acid se- 



quences may be inserted into a suitable vector or genome.
Alternatively, one of the nucleic acid fragments is inserted 25 into the
vector or genome already containing the other     nucleic acid fragment. A
fusion polypeptide can also be made     by inserting the two nucleic acid
fragments separately and     allowing the expression to occur.  The host
organism, which     may be of eukaryotic or prokaryotic origin, is grown
under 30  conditions ensuring expression of fused sequences. The fused
polypeptide is then purified and the polypeptide of the in-     vention
separated from its fusion partner using a suitable     method.
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aspect of the invention thus relates to a method of    producing a
polypeptide of the invention, comprising the    following steps of:     (a)
inserting a nucleic acid fragment of the invention 5      into an
expression vector,       (b) transforming a suitable host organism with the
vector         produced in step (a),      (c) culturing the host organism
produced in step (b)         under suitable conditions for expressing the
polypep- 10      tide,      (d) harvesting the polypeptide, and      (e)
optionally subjecting the polypeptide to post-trans-         lational
modification.      Within the scope of the present invention is also a
method as 15 described above wherein the polypeptide produced is isolated
by a method comprising one or more steps like affinity chro-     matography
using immobilized amelin polypeptide or antibodies     reactive with said
polypeptide and/or other chromatographic     and electrophoretic
procedures.   20  The polypeptide produced as described above may be
subjected     to post-translational modifications as a result of thermal
treatment, chemical treatment (formaldehyde, glutaraldehyde     etc.) or
enzyme treatment (peptidases, proteinases and pro-     tein modification
enzymes) . The polypeptide may be processed 25 in a different way when
produced in an organism as compared 



to its natural production environment. As an example, glyco-     sylation
is often achieved when the polypeptide is expressed     by a cell of a
higher organism such as yeast or preferably a     mammal. Glycosylation is
normally found in connection with 30 amino acid residues Asn, Ser, Thr or
hydroxylysine. It may or              WO 97/02730                   25
PCT/IB96/00643     may not be advantageous to remove or alter the
processing    characteristics caused by the host organism in question.
Subsequent to the expression according to the invention of    the
polypeptide in an organism or a cell line, the polypep- 5 tide can either
be used as such or it can first be purified     from the organism or cell
line. If the polypeptide is expres-     sed as a secreted product, it can
be purified directly. If     the polypeptide is expressed as an associated
product, it may     require the partial or complete disruption of the host
before 10  purification. Examples of the procedures employed for the
purification of polypeptides are: (i) immunoprecipitation or     affinity
chromatography with antibodies, (ii) affinity chro-     matography with a
suitable ligand, (iii) other chromatography     procedures such as gel
filtration, ion exchange or high per- 15  formance liquid chromatography or
derivatives of any of the     above, (iv) electrophoretic procedures like
polyacrylamide     gel electrophoresis, denaturating polyacrylamide gel
electro-     phoresis, agarose gel electrophoresis and isoelectric focus-
ing, (v) any other specific solubilization and/or purifica- 20  tion
techniques.       The present invention also relates to a substantially
pure     amelin polypeptide. In the present context, the term "sub-
stantially pure" is understood to mean that the polypeptide     in question
is substantially free from other components, e.g. 25  other polypeptides or
carbohydrates, which may result from     the production and/or recovery of
the polypeptide or other-     wise be found together with the polypeptide.
The purity of a     protein may e.g. be assessed by SDS gel
electrophoresis.       A high purity of the polypeptide of the invention
may be 30  advantageous when the polypeptide is to be used in a composi-
tion. Also due to its high purity, the substantially pure     polypeptide
may be used in a lower amount than a polypeptide     of a conventional
lower purity for most purposes. 
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aspect of the invention, the pure polypeptide may be     obtained from a
suitable cell line which expresses a polypep-     tide of the invention.
Also, a polypeptide of the invention     may be prepared by the well known
methods of liquid or solid  5 phase peptide synthesis utilizing the
successive coupling of     the individual amino acids of the polypeptide
sequence.     Alternatively, the polypeptide can be synthesized by the
coupling of individual amino acids forming fragments of the     polypeptide
sequence which are later coupled so as to result 10  in the desired
polypeptide. These methods thus constitute     another interesting aspect
of the invention.       In a further aspect, the invention relates to a
method of     treating and/or preventing periodontal disease, the method
comprising administering to a patient in need thereof a 15  therapeutically
or prophylactically effective amount of a     polypeptide according to the
invention. It is contemplated     that the polypeptide of the invention
will participate in     cementum formation and thus improve the anchoring
of the     periodontal ligament.   20  The usage of amelin protein in the
context of artificial     local bone formation is indicated by the presence
of amelin     RNA sequences in bone forming cells: A size variant of the
amelin RNA, fullfilling the criteria given in page 17 lines     1-5, was
discovered in bone tissue from rat femur as well as 25  calvaria by
Northern blots. In situ hybridization with amelin     probes localized this
RNA to osteoblasts in association to     growing bone. Also, rat calvarical
cells which are forming     bone in tissue culture were expressing the
bone-variant of     amelin RNA throughout the bone forming period (C.
Brandsten, 30  C. Christersson and T. Wurtz, unpublished).       The
presence of amelin RNA sequences in natural and experi-     mental bone
forming systems indicates a role of the amelin     protein in bone
formation. It is conceivable that externally     added amelin peptides
accelerate or modulate bone formation 35 both in vitro and in medical
applications.     
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Furthermore, the invention relates to a method of repairing a    lesion in
a tooth, the method comprising administering to a    patient in need
thereof an effective amount of a polypeptide    according to the invention
in combination with appropriate  5 filler material.       The invention
also relates to a method of joining two bone     elements and to a method
of effectively incorporating an     implant into a bone. In this context,
the polypeptide may be     administered in connection with a carrier as
described in 10  detail below. Moreover, the polypeptide of the invention
could be used in a method of promoting or provoking the     mineralization
of hard tissue selected from the group con-     sisting of bone, enamel,
dentin and cementum.       Further, the invention also relates to a method
of improving 15  the biocompatibility of an implant device or a
transcutaneous     device e.g. in a similar manner as described in US
4,578,079,     the method comprising covering the implant device with an
effective amount of a polypeptide according to the invention,     thereby
e.g. allowing muscle or ligament attachment to the 20  implant.       Also,
the invention relates to a method of anchoring epithe-     lium to a hard
tissue surface selected from the group con-     sisting of enamel, dentin
or cementum in connection with a     tooth implant by administering the
polypeptide of the inven- 25  tion. Moreover, the invention relates to a
method of prevent-     ing growth of epithelium in connection with
implantation of     teeth, the method comprising administering to a patient
in     need thereof a prophylactically effective amount of a poly-
peptide according to the invention, e.g. thereby preventing 30  epithelium
from growing into the periodontal ligament.       A very important aspect
of the invention relates to a compo-     sition comprising an amelin
polypeptide and a physiologically     acceptable excipient. The composition
may comprise a purified     recombinant polypeptide of the invention.
Particularly, but        
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28      not exclusively, the present invention relates to composi-
tions suitable for topical application, e.g. application on     the mucosal
surfaces of the mouth.       Compositions of the invention suitable for
topical admini-  5 stration may be liniments, gels, solutions, suspensions,
pastes, sprays, powders, toothpastes, and mouthwashes.       The present
invention comprises a toothpaste prepared by     mixing the polypeptide of
the invention with a toothpaste     preparation, e.g. of the type commonly
available as commer- 10  cial toothpastes, which can be used on a regular
basis for     the prevention of e.g. periodontitis.       A toothpaste will
usually contain polishing agents, surfac-     tants, gelling agents and
other excipients such as flavouring     and colouring agents. The polishing
agent may be selected 15  from those which are currently employed for this
purpose in     dental preparations. Suitable examples are water-insoluble
sodium or potassium metaphosphate, hydrated or anhydrous     dicalcium
phosphate, calcium pyrophosphate, zirconium sili-     cate or mixtures
thereof. Particularly useful polishing 20  agents are various forms of
silica. The polishing agent is     generally finely divided, with a
particle size smaller than     10 [err]m, for example 2-6 [err]m. The
polishing agent may be em-     ployed in an amount of 10-99% by weight of
the toothpaste.     Typically the toothpaste preparations will contain
20-75% of 25  the polishing agent.       A suitable surfactant is normally
included in the toothpaste     preparations. The surfactant is typically a
water-soluble     non-soap synthetic organic detergent. Suitable detergents
are     the water-soluble salts of: higher fatty acid monoglyceride 30
monosulphates (for example sodium hydrogenated coconut fatty     acid
monoglyceride monosulphate); higher alkyl sulphates (for     example sodium
lauryl sulphate); alkylarylsulphonates (for     example sodium
dodecylbenzene-sulphonates); and higher alkyl     sulphoacetates (for
example sodium lauryl sulphoacetate). In          
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29      addition, there may be employed saturated higher aliphatic     acyl
amides of lower aliphatic amino carboxylic acids having     12-16 carbon
atoms in the acyl radical and in which the amino     acid portion is
derived from the lower aliphatic saturated 5 monoaminocarboxylic acids
having 2-6 carbon atoms, such as     fatty acid amides of glycine,
sarcosine, alanine, 3-aminopro-     panoic acid and valine, in particular
the N-lauryl, myristoyl     and palmitoyl sarcosinate compounds.
Conventional non-ionic     surfactants may also be included if desired.
10  The surface active materials are generally present in an     amount of
about 0.05-10%, typically about 0.5-5%, by weight     of the toothpaste
preparation.       Typically the liquids of the toothpaste will comprise
mainly     water, glycerol, sorbitol, propylene glycol or mixtures 15
thereof. An advantageous mixture is water and glycerol, pre-     ferably
with sorbitol. A gelling agent such as natural or     synthetic gums and
gum-like materials, e.g. Irish Moss or     sodium carboxymethylcellulose,
may be used. Other gums which     may be used are gum tragacanth,
polyvinyl-pyrrolidone and 20  starch. They are usually used in an amount up
to about 10%,     typically about 0.5-5%, by weight of the toothpaste.
The pH of a toothpaste is substantially neutral, such as a pH     of about
6-8. If desired, a small amount of a pH-regulating     agent, e.g. a small
amount of an acid such as citric acid or 25  an alkaline material may be
added.       The toothpaste may also contain other materials such as
soluble saccharin, flavouring oils (e.g. oils of spearmint,     peppermint,
wintergreen), colouring or whitening agents (e.g.     titanium dioxide),
preservatives (e.g. sodium benzoate), 30  emulsifying agents, silicones,
alcohol, menthol and chloro-     phyll compounds (e.g. sodium copper
chlorophyllin).       The content of the polypeptide of the invention in
the tooth-     paste of the above type or types discussed below will nor-
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weight, calculated on the     weight of the total toothpaste composition,
such as in the     range of 5-20% by weight, in particular about 10-20% by
weight such as 12-18% by weight. The latter ranges are espe-  5 cially
indicated for toothpastes which are used for treatment     of gingivitis
and periodontosis. It is, however, also inter-     esting to provide
toothpastes having a lower content of the     polypeptide of the invention
which will often predominantly     be adapted for preventive or
prophylactic purposes. For such 10 purposes, a polypeptide content ranges
from about 0.1 to     about 5% by weight may be interesting.       A
special type of toothpaste are toothpastes which are sub-     stantially
clear gels. Such toothpastes may either contain no     polishing agents at
all or may contain the polishing agent in 15 such finely divided form that
the gels will still appear sub-     stantially clear. Such gel toothpaste
types may either be     used per se or may be combined with toothpastes
containing     polishing agents as discussed above.       The incorporation
of the polypeptide of the invention a 20 toothpaste preparation and other
dental or oral preparations     may be performed in many different ways.
Often, it will be     preferred to form a suspension of the polypeptide of
the     invention and combine the amelin suspension with the other
preparation ingredients in paste form. Alternatively, dry 25 amelin powder
may be mixed with the other preparation compo-     nents, either first with
the dry preparation constituents and     subsequently with liquid or
semi-liquid preparation constitu-     ents, or amelin powder per se can be
incorporated in an     otherwise finished preparation. In general, it is
preferred 30 that the amelin powder is added together with the polishing
material or dentifrice.       While the incorporation of amelin or other
water-insoluble or     sparingly water-soluble polypeptide analogues is
best per-     formed taking into consideration the physical and chemical 35
properties of the polypeptide, considerations in toothpastes             WO
97/02730                   31             PCT/IB96/00643     or dentifrices
or other preparations discussed herein will    normally be extremely simple
and will ordinarily consist in 



the addition of the amelin polypeptide to the preparation or    to
constituents thereof in either dry, dissolved or suspended 5 form.
The topical administration may be an administration onto or     close to
the parts of the body presenting the pathological     changes in question,
e.g. onto an exterior part of the body     such as a mucosal surface of the
mouth. The application may 10 be a simple smearing on of the composition,
or it may involve     any device suited for enhancing the establishment of
contact     between the composition and the pathological lesions. The
compositions may be impregnated or distributed onto pads,     plasters,
strips, gauze, sponge materials, cotton wool pie- 15  ces, etc. Optionally,
a form of injection of the composition     into or near the lesions may be
employed.      The topical compositions according to the present invention
may comprise 1-80% of the active compound by weight, based on     the total
weight of the preparations, such as 0.001-25% w/w 20  of the active
compound, e.g., 0.1-10%, 0.5-5%, or 2-5%. More     than one active compound
may be incorporated in the composi-     tion; i.e. compositions comprising
amelin protein in combi-     nation with other pharmaceutical compounds are
also within     the scope of the invention. The composition is conveniently
25 applied 1-10 times a day, depending on the type, severity and
localization of the lesions.       For topical application, the preparation
may be formulated in     accordance with conventional pharmaceutical
practice, e.g.     with pharmaceutical acceptable excipients conventionally
used 30 for topical applications in the mouth. The nature of the
vehicle employed in the preparation of any particular compo-     sition
will depend on the method intended for administration     of that
composition. Vehicles other than water that can be     used in compositions
can include solids or liquids such as 35 emollients, solvents, humectants,
thickeners and powders. It              WO 97/02730                   32
PCT/IB96/00643     is contemplated that the composition according to the
inven-    tion may consist of only the polypeptide, optionally in
admixture with water, but the composition may also contain    the
polypeptide in combination with a carrier, diluent or a  5 binder such as
cellulose polymers, agar, alginate or gelatin     which is acceptable for
the purpose in question. For dental 



use it is convenient that the carrier or diluent is dentally
acceptable. It is presently preferred to use a carrier com-     prising
water-soluble polymers. Non-limiting examples of such 10  polymers are
sodium carboxy cellulose, microcrystalline     cellulose, hydroxyethyl
cellulose, hydroxypropyl cellulose,     methyl cellulose, high molecular
polyacrylic acid, sodium     alginate, propylene glycol alginate, xanthan
gum, guar gum,     locust bean gum, modified starch, gelatin, pectin or
combina- 15  tions thereof. After incorporation of the active protein
fraction, these water-soluble polymers may optionally be con-     verted
into gels or films, resulting in compositions which     are easy to apply
in view of their advantageous physical pro-     perties. The composition
may optionally contain stabilizers 20  or preservatives with the purpose of
improving the storage     stability. A suitable excipient will be an
alginate, e.g. as     described in EP 337967.       For topical
application, the pH of the composition may in     principle be within a
very broad range such as 3-9. In a pre- 25  ferred embodiment of the
invention, a pH of about 4 to 8 is     preferred. Conventional buffering
agents as described above     may be used to obtain the desired pH.
The preparation of the invention may also contain other addi-     tives
such as stabilizing agents, preservatives, solubili- 30  zers, chelating
agents, gel forming agents, pH-regulators,     anti-oxidants, etc.
Furthermore, it may be advantageous to     provide modified release
preparations in which the active     compound is incorporated into a
polymer matrix, or nanopar-     ticles, or liposomes or micelles, or
adsorbed on ion exchange 35 resins, or carried by a polymer.             WO
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Compositions may be formulated according to conventional    pharmaceutical
practice and may be:      Semisolid formulations: Gels, pastes, mixtures.
Liquid formulations: Solutions, suspensions, drenches, emul- 5 sions.
As indicated, a pharmaceutical composition of the invention 



may comprise a polypeptide of the invention itself or a func-     tional
derivative thereof, or a combination of such com-     pounds. Examples of
suitable functional derivatives include 10  pharmaceutically acceptable
salts, particularly those sui-     table for use in an oral environment.
Examples include phar-     maceutically acceptable salts of the amino
function, for     example salts with acids yielding anions which are
pharmaceu-     tically acceptable, particularly in an oral environment. 15
Examples include phosphates, sulphates, nitrate, iodide, bro-     mide,
chloride, borate as well as anions derived from car-     boxylic acids
including acetate, benzoate, stearate, etc.     Other derivatives of the
amino function include amides,     imides, ureas, carbamates, etc.   20.
Other suitable derivatives include derivatives of the car-     boxyl group
of a polypeptide of the invention, including     salts, esters and amides.
Examples include salts with pharma-     ceutically acceptable cations, e.g.
lithium, sodium, potas-     sium, magnesium, calcium, zinc, aluminium,
ferric, ferrous, 25  ammonium and lower (C[err]) -alkylammonium salts.
Esters include     lower alkyl esters.      The invention will be further
described by means of a number     of working examples which should not be
construed as limiting     the scope of this application.   30  Conventional
methods and kits were used unless otherwise     indicated. The kits were
used in accordance with the instruc-     tions given by the respective
supplier. Methodological steps              WO 97/02730
34                 PCT/IB96/00643     as well as reagents which are not
described or mentioned here    are explained in: Current Protocols in
Molecular Biology, by    F.M. Ausubel, R. Brent, R.E. Kingston, D.D. Moore,
J.G. Seid-    man, J.A. Smith and K. Struhl; John Wiley, New York (1994). 5
All literature citations are expressly incorporated herein by
reference.       LEGEND TO FIGURES       Fig. 1: Localization of RNA
sequences in growing first     molars. Upper jaws from 4 day old rats were
dissected, fixed 



10 and embedded in paraffin. Distal-mesial sections through the    molars
were subjected to in situ hybridization, using DIG    labelled RNA
complementary to mRNA sequences, prepared by in    vitro transcription of
Bluescript plasmids. Fig. 1a: amelin,    Fig. 1b: amelogenin, Fig. 1c:
collagen type I.   15 Fig. 2: Sequence of amelins I and 2. Several
overlapping se-     quences from both variants were determined and aligned.
Iden-     tical sequences are printed face to face, dots indicate
absence of the corresponding sequences from the respective     variant. The
longest open reading frames are outlined by 20 amino acid names in the
one-letter code. The stretch with two     coding frames is shaded
(nucleotides 390-403). Underlined are     complementary sequences
(nucleotides 248-272 and 414-430) to     the oligos which were used to
screen for clones containing     the two variants. Boxes indicate consensus
sequences for 25 domains interacting with cell surface proteins. The
presump-     tive polyadenylation signal is double underlined (nucleotides
1892-1897).       Fig. 3: Northern blot analysis of RNA from rat molars.
First     molars were dissected from four day old rats. RNA was iso- 30
lated, four mg per lane were electrophoresed in an agarose-
formaldehyde gel and transferred to a nylon membrane. Indivi-     dual
lanes were hybridized to amelin (a) and amelogenin (b)     DIG-labelled
riboprobes. The positions of defined RNA frag-             WO 97/02730
PCT/IB96/00643           35     ments (Gibco BRL) with their length in kb
are indicated at    the left margin.      EXAMPLES      EXAMPLE 1   5
Isolation of RNA      Three dissected growing molars from 4 day or 7 day
old Spra-    gue-Dawley rats (B&K Universal, Sollentuna, Sweden) were 



homogenized in a glass-glass homogenizer in 500 l of 4M gua-    nidinium
isothiocyanate, 80 mM EDTA (Chomczynski & Sacchi, 10 1987), using a
commercial kit (Promega Biotech, RNAgents    Total RNA Isolation System).
This was followed by phenol-    chloroform extraction and two isopropanol
precipitations. RNA    was dissolved in 0.2xSET buffer (0.2% sodium dodecyl
sul-    phate, 4 mM Tris-Cl pH 7.5, 2 mM EDTA) and the concentration 15 was
determined by optical density measurements.       EXAMPLE 2
Preparation of cDNA library       Poly-A containing RNA (mRNA) was selected
with the help of     oligo-dT, bound to silicate-resin (Quiagen Oligotex
mRNA Midi 20 kit). Reverse transcription was primed at the poly-A end, and
double-stranded, methylated cDNA was ligated to lambda ZAP     vector arms
and packaged into phage particles (Stratagen ZAP-     cDNA Cloning Kit).
After amplification and plating, phage     strains containing frequently
expressed sequences were se- 25 lected by hybridization with a total DIG
labelled cDNA (see     below). Phages from positive plaques were isolated
and con-     verted to plasmids by superinfection of lambda ZAP-infected
Escherichia coli SOLR cells with ExAssist helper phage. To     obtain a
better representation of the 5' ends, a library with 30 a cDNA was also
constructed and primed at random sites (Stra-     tagen Random
Unidirectional Linker-Primer). Inserts giving             WO 97/02730
PCT/IB96/00643            36      positive in situ hybridization signals on
matrix forming     cells were sequenced using cycle sequencing with
Taq-poly-     merase, fluorescent terminators and a semiautomatic sequence
detection system (Applied Biosystems, Taq DyeDeoxy Terminator  5 Cycle
Sequencing Kit). Sequences were analysed with the Wis-     consin program
set (Genetics Computer Group, Inc.) and with     DNAid (Frederic Dardel,
fred[err]botrytis .polytechnique. fr)       EXAMPLE 3       Library
screening  



10 Lambda phages of a tooth cDNA library (2 x 10[err] clones) from
first and second molars of seven day old rats were plated,     and plaques
were adsorbed to nitrocellulose membranes     (Schleicher and Schull).
Replica filters were hybridized to     10 ng/ml cDNA or to collagen- and
amelogenin oligonucleoti- 15  des. Hybridization was carried out at
54[err]C for 15 hours, and     the filters were washed and developed
(Boehringer Mannheim,     The DIG System). Phages containing amelogenin,
collagen or     remaining frequently expressed sequences were re-cloned
twice     and converted to Bluescript plasmids by in vivo excision, 20
accomplished by superinfection with the ExAssist helper phage
(Stratagen).       EXAMPLE 4       Preparation of probes for hybridization
assays       CDNA probes for library screening were produced from poly-A 25
enriched RNA with reverse transcriptase (Promega Biotech,     Reverse
Transcription System), using a nucleotide concentra-     tion of 0.25 mM
supplemented with digoxygenin (DIG)-dUTP     (Boehringer Mannheim) to 0.1
mM.       RNA probes complementary to the mRNA sequences were synthe- 30
sized by in vitro transcription by phage T7 or T3 RNA polyme-     rase
(Promega Riboprobe Gemini II Core System, Melton et al.,             WO
97/02730                                      PCT/IB96/00643           37
1984), in the presence of DIG-modified UTP (Boehringer Mann-     heim). The
DNA templates containing amelin (1700 bp) were     Bluescript plasmids,
derived from X bacteriophages by in vivo     excision. Furthermore,
amelogenin (700 bp) and collagen type 5 I (850 bp) sequences were obtained
by restriction enzyme     cleavage of Bluescript SK plasmids. Probes for
quantitative     RNA determinations were labelled with [[err]S]  instead of
DIG.       The collagen- specific oligonucleotide had the sequence 5' -
CATGTAGGCAATGCTGTTCTT GCAGTGGTAGGTGATGTTCTGGGAGGC- 3' (Yamada 10  et al.,
1983), and the amelogenin-specific oligonucleotide     was
5'-ATCCACTTCTTCCCGCTTGGTCTTGTCTGTCGCTGGCCAAGCTTC-3' (Lau 



et al., 1992). Probes were prepared by 3' labelling with DIG-     modified
ddUTP by a terminal transferase reaction according     to a Boehringer
protocol.   15  EXAMPLE 5      Northern blotting       For Northern blot
analysis, 15 mg of total RNA per well of     2 cm width were heat denatured
in the presence of 50% form-     amide and electrophoresed in an agarose
gel with 2.2M formal- 20  dehyde, 0.02 M N-morpholinopropane sulphonic
acid, 0.05 M     sodium acetate, 1 mM EDTA (Lehrach et al., 1977). RNA was
transferred overnight to a nylon membrane (Pall Biodyne B     Transfer
Membrane) in 20x SSC (3 M NaCl, 0.3 M sodium     citrate). The membranes
were crosslinked with UV light and 25  cut in strips. Individual strips
were prehybridized for 1     hour at 68[err]C in 50% formamide, 5x SSC, 2%
blocking reagent     (Boehringer Mannheim), 0.1% N-lauroyl-sarcosine, 0 02%
sodium     dodecyl sulphate (SDS) and subsequently hybridized overnight
under the same conditions, following the addition of the DIG 30  labelled
cRNA probe at 100 ng/ml. Membranes were then washed     2 times for 5
minutes with 2x SSC, 0.1% SDS at room tempera-     ture and 2 times for 15
minutes at 68[err]C with 0.1x SSC, 0.1%     SDS. The presence of DIG
labelled RNA was developed via phos-             WO 97/02730
PCT/IB96/00643            38      phatase-coupled anti DIG antibody
fragments (Boehringer Mann-     heim, The DIG System).       EXAMPLE 6
Solution hybridization   5 RNA from dissected molars was hybridized to of
[err]S-UTP     labelled complementary RNA probes in excess (Mathews et al.,
1989). Reactions of 40 1 of 0.6 M NaCl, 4 mM EDTA, 10 mM     dithiothreitol
(DTT), 0.1% SDS, 30 mM Tris-HCl, pH 7.5 and     25% (v/v) formamide
contained 20,000 cpm probe and different 10 amounts of total RNA. The
mixture was covered by paraffin     oil, incubated overnight at 70[err]C,
diluted with 1 ml of RNase     solution (40 g of RNase A, 2 g of RNase T1,
Boehringer-Mann- 



heim, 100 g of salmon testes DNA, Sigma Chemical Co.) and     digested for
1 hour at 37[err]C. RNase resistant double-stranded 15 RNA was precipitated
by 100 1 of trichloroacetic acid (6M),     collected on glass-fibre filters
(Whatman GF/C) and analysed     in a Wallac 1409 liquid scintillation
counter. Standard     curves, where the probes were hybridized to known
concen-     trations of in vitro synthesized mRNA sequences, were used to
20 relate the radioactivity to the amount of hybridizing sequen-     ces in
the test-RNA.       EXAMPLE 7       In situ hybridization       Upper jaws
from Sprague Dawley rats of four days of age were 25 fixed with 4%
paraformaldehyde in PBS (137 mM NaCl, 2.7 mM     KCl, 4.3 mM
Na[err]HPO[err], 1.4 mM KH[err]PO[err]) for 24 hours at 4[err]C,
dehydrated and embedded in paraffin. Sections of 7 [err]m thick-     ness
were mounted on vectabond-coated (Vector) glass slides.     After the
removal of the paraffin with xylene, the specimens 30 were treated with
proteinase K (20 [err]g/ml) for 30 minutes at     37[err]C, post-fixed with
4% formaldehyde for 5 minutes, treated     with triethanolamine and acetic
anhydride (2.66 ml of tri-             WO  97/02730
PCT/IB96/00643            39      ethanolamine in 200 ml of water; 0.5 ml
of acetic anhydride     was added together with the slides) and immersed in
2x SSC,     50% formamide at 42[err]C for 60 minutes. The specimens were
overlayered with 20 [err]l of 0.3 M NaCl, 10 mM Tris-Cl pH 8.0,  5 1 mM
EDTA, Denhardt reagent (Watkins, 1994), 0.1 g/l dextran     sulphate, 50%
formamide, containing 0.5 ng/[err]l RNA probe. The     specimens were
covered with a coverglass, and the slides were     kept in a humid chamber
overnight at 42C, washed once with     4x SSC, three times for 10 minutes
with 2x SSC and three 10  times for 10 minutes with 0.1x SSC at room
temperature. The     presence of DIG labelled RNA probe was revealed
through     phosphatase-coupled anti-DIG antibody fragments (Boehringer
Mannheim protocol). No staining of the specimen due to endo-     genous
phosphatase activity was observed.   15 EXAMPLE 8  



Sequential expression of the Amelin gene       Using the in situ
hybridization technique as described in     example 7 the cellular
expression of the amelin gene was     examined in rats of either 20 or 25
days of age. Sections 20 from upper jaw were prepared and hybridized to an
amelin RNA     probe. At both developmental stages it was found that the
amelin gene was expressed in epithelial cells adjacent to the
peripheral surface of newly deposited dentin in the root
cementum-forming end as well as in cells embedded in cellular 25 cementum
in molars. Amelin gene expression was further local-     ized to secreting
ameloblasts as well as to the epithelial     root sheath. In addition,
incisors from 20 day old rats     showed evidence for amelin expression in
mantle dentine-     secreting odontoblasts before its expression was
switched 30 over to differentiating ameloblasts. In combination, these
results suggest a putative function of amelin in epithelial-
mesenchymal interactions during the cytodifferentiation of     odontoblasts
and ameloblasts and that amelin might be one of     the key proteins
coupled to the process of cementogenesis.              WO 97/02730
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43                                SEQUENCE LISTING   (1) GENERAL
INFORMATION:       (i) APPLICANT:           (A) NAME: Center of Oral
Biology           (B) STREET: P.O. Box 4064           (C) CITY: Huddinge
(E) COUNTRY: Sweden           (F) POSTAL CODE (ZIP): S-141 04      (ii)
TITLE OF INVENTION: Novel DNA And Peptide Sequence And Related 



Expression Vector     (iii) NUMBER OF SEQUENCES: 4     (iv) COMPUTER
READABLE FORM:           (A) MEDIUM TYPE: Floppy disk           (B)
COMPUTER: IBM PC compatible           (C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)   (2) INFORMATION
FOR SEQ ID NO: 1:       (i) SEQUENCE CHARACTERISTICS:           (A) LENGTH:
1939 base pairs           (B) TYPE: nucleic acid           (C)
STRANDEDNESS: double           (D) TOPOLOGY: linear      (ii) MOLECULE
TYPE: cDNA       (ix) FEATURE:           (A) NAME/KEY: CDS           (B)
LOCATION:94. .1314       (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
AGAGAGAGAG CCCCAGGAAC AGTCCAGAAA AAAATTAATC TTCTTTTCTT AGAACTGTTT      60
TGATTGGCAT CATCAGGCCT GGGAGCACAG TGA ATG TCA GCA TCT AAG ATT CCA    114
Met Ser Ala Ser Lys Ile Pro                                        1
5  CTT TTC AAA ATG AAG GGC CTG CTC CTG TTC CTG TCC CTA GTG AAA ATG    162
Leu Phe Lys Met Lys Gly Leu Leu Leu Phe Leu Ser Leu Val Lye Met          10
15                   20  AGC CTC GCC GTG CCG GCA TTT CCT CAA CAA CCT GGG
GCT CAA GGC ATG     210 Ser Leu Ala Val Pro Ala Phe Pro Gln Gln Pro Gly Ala
Gln Gly Met      25                  30                  35              WO
97/02730                         44           PCT/IB96/00643  GCA CCT CCT
GGC ATG GCT AGT TTG AGC CTT GAG ACA ATG AGA CAG TTG      258 



Ala Pro Pro Gly Met Ala Ser Leu Ser Leu Glu Thr Met Arg Gln Leu 40
45                 50                  55  GGA AGC TTG CAG GGG CTC AAC GCA
CTT TCT CAG TAT TCT AGA CTT GGC      306 Gly Ser Leu Gln Gly Leu Asn Ala
Leu Ser Gln Tyr Ser Arg Leu Gly                  60                 65
70  TTT GGA AAA GCA CTT AAT AGT TTA TGG TTG CAT GGA CTC CTC CCA CCG     354
Phe Gly Lys Ala Leu Asn Ser Leu Trp Leu His Gly Leu Leu Pro Pro
75                 80                  85  CAT AAT TCT TTC CCA TGG ATA GGA
CCA AGG GAA CAT GAA ACC CAA CAG      402 His Asn Ser Phe Pro Trp Ile Gly
Pro Arg Glu His Glu Thr Gln Gln          90                 95
100  CCA TCC TTG CAG CCT CAC CAG CCA GGA CTG AAA CCC TTC CTC CAG CCC
450 Pro Ser Leu Gln Pro His Gln Pro Gly Leu Lys Pro Phe Leu Gln Pro     105
110                 115  ACT GCT GCA ACC GGT GTC CAG GTC ACA CCC CAG AAG
CCA GGG CCT CAT      498 Thr Ala Ala Thr Gly Val Gln Val Thr Pro Gln Lys
Pro Gly Pro His 120                 125                130
135  CCT CCA ATG CAC CCT GGA CAG CTG CCC TTG CAG GAA GGA GAG CTG ATA
546 Pro Pro Met His Pro Gly Gln Leu Pro Leu Gln Glu Gly Glu Leu Ile
140                145                  150  GCA CCA GAT GAG CCA CAG GTG
GCG CCA TCS GAG AAC CCA CCA ACA CCC      594 Ala Pro Asp Glu Pro Gln Val
Ala Pro Ser Glu Asn Pro Pro Thr Pro             155                160
165  GAG GTA CCA ATA ATG GAT TTT GCC GAT CCA CAA TTC CCA ACA GTG TTC
642 Glu Val Pro Ile Met Asp Phe Ala Asp Pro Gln Phe Pro Thr Val Phe
170                175                 180  CAG ATC GCC CAT TCG CTG TCT CGG
GGA CCA ATG GCA CAC AAC AAA GTA      690 Gln Ile Ala His Ser Leu Ser Arg
Gly Pro Met Ala His Asn Lys Val     185                190
195  CCC ACT TTT TAC CCA GGA ATG TTT TAC ATG TCT TAT GGA GCA AAC CAA
738 Pro Thr Phe Tyr Pro Gly Met Phe Tyr Met Ser Tyr Gly Ala Asn Gln 200
205                 210                 215  TTG AAT GCT CCT GGC AGA ATC
GGC TTC ATG AGT TCA GAA GAA ATG CCT      786 Leu Asn Ala Pro Gly Arg Ile
Gly Phe Met Ser Ser Glu Glu Met Pro                 220                225
230  GGA GAL AGA GGA AGT CCC ATG GCC TAC GGA ACT CTG TTC CCA GGA TAT
834 Gly Glu Arg Gly Ser Pro Met Ala Tyr Gly Thr Leu Phe Pro Gly Tyr
235                240                 245  GGA GGC TTC AGG CAA ACC CTT AGG
GGA CTG AAT CAG AAT TCA CCC AAG      882 Gly Gly Phe Arg Gln Thr Leu Arg
Gly Leu Asn Gln Asn Ser Pro Lys         250                 255
260   



WO 97/02730                                                PCT/IB96/00643
45  GGA GGA GAC TTT ACT GTG GAA GTA GAT TCT CCA GTG TCT GTA ACT AAA
930 Gly Gly Asp Phe Thr Val Glu Val Asp Ser Pro Val Ser Val Thr Lys     265
270                  275  GGC CCT GAG AAA GGA GAG GGT CCA GAA GGC TCT CCA
CTG CAA GAG GCC       978 Gly Pro Glu Lys Gly Glu Gly Pro Glu Gly Ser Pro
Leu Gln Glu Ala 280                285                  290
295  AGC CCA GAC AAG GGC GAA AAC CCG GCT CTC CTT TCA CAG ATT GCC CCC
1026 Ser Pro Asp Lys Gly Glu Asn Pro Ala Leu Leu Ser Gln Ile Ala Pro
300                 305                 310  GGG GCC CAT GCA GGA CTT CTT
GCT TTC CCC AAT GAC CAC ATC CCC AAC      1074 Gly Ala His Ala Gly Leu Leu
Ala Phe Pro Asn Asp His Ile Pro Asn             315                 320
325  ATG GCA AGG GGT CCT GCA GGG CAA AGA CTC CTC GGA GTC ACC CCT GCA
1122 Met Ala Arg Gly Pro Ala Gly Gln Arg Leu Leu Gly Val Thr Pro Ala
330                335                  340  GCT GCA GAC CCA CTG ATC ACC
CCT GAA TTA GCA GAA GTT TAT GAA ACC     1170 Ala Ala Asp Pro Leu Ile Thr
Pro Glu Leu Ala Glu Val Tyr Glu Thr     345                350
355  TAT GGT GCT GAT GTT ACC ACA CCC TTG GGG GAT GGA GAA GCA ACC ATG
1218 Tyr Gly Ala Asp Val Thr Thr Pro Leu Gly Asp Gly Glu Ala Thr Met 360
365                 370                 375  GAT ATC ACC ATG TCC CCA GAC
ACT CAG CAG CCA CCG ATG CCT GGA AAC      1266 Asp Ile Thr Met Ser Pro Asp
Thr Gln Gln Pro Pro Met Pro Gly Asn                 380                 385
390  AAA GTG CAC CAG CCC CAG GTG CAC AAT GCA TGG CGT TTC CAA GAG CCC
1314 Lys Val His Gln Pro Gln Val His Asn Ala Trp Arg Phe Gln Glu Pro
395                 400                 405  TGACAACCTT GACATAGCAG
CTACTTCATG TATGCACAAG CTTTTCAGCT TTGACCCCAT    1374  AGCGTACCTT ATTGCTAAAA
CACTTGCTAC CCTTCCACAG CGAAGGTATT AAGAGCACTA    1434  AGCATGTATT AATAAATACA
AGTGCCTAGA AATAGTGTAG GTCCCTTCTT GCTTCCATTC    1494  TTATCGAAAT AAAACATATC
AACTGTCTCC GTGACTTAGA AATACTATCG ATGATGTCAG    1554  



AGCAAGTCTG AGTGTCAGCA CTTGGTGATC TAGCATGTAG CTGTCTTAGG CATCATAAAA    1614
TTCCTCTTAC TACATGACAT TATTATGCCC AGGAAATGTG ACACCGCTTC TTTCTCTACG    1674
CAAAAGCACT TAGTTTCAGA ATTCCAAAGT ATTTCATTTA AACCGTATTA AATGGTGATT    1734
GGTGGAGAAT CCTGACTGCT ATTACTGGGT ATCATATATT GGATTTAAAA TTCTTATTTA    1794
TAGAATATTT TATTTAATCT AGGAAAAGAA AAGGCAATTG GCCTGTTTTA AATAAAGAAT    1854
TTTTCTCACT GAAAATGTCA GGAATTGTAT GCTTATTATT TATATGTATT TAAATAGTAA    1914
AGAAAAGCAT ACTCAAAAAA AAAAA                                          1939
WO 97/02730                         46                    PCT/IB96/00643
(2) INFORMATION FOR SEQ ID NO: 2:         (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 407 amino acids           (B) TYPE: amino acid           (D)
TOPOLOGY: linear      (ii) MOLECULE TYPE: protein     (xi) SEQUENCE
DESCRIPTION: SEQ ID NO: 2:  Met Ser Ala Ser Lys Ile Pro Leu Phe Lys Met Lys
Gly Leu Leu Leu   1               5                  10                  15
Phe Leu Ser Leu Val Lys Met Ser Leu Ala Val Pro Ala Phe Pro Gln
20                  25                  30  Gln Pro Gly Ala Gln Gly Met Ala
Pro Pro Gly Met Ala Ser Leu Ser          35                  40
45  Leu Glu Thr Met Arg Gln Leu Gly Ser Leu Gln Gly Leu Asn Ala Leu      50
55                  60  Ser Gln Tyr Ser Arg Leu Gly Phe Gly Lys Ala Leu Asn
Ser Leu Trp 65                  70                  75                  80
Leu His Gly Leu Leu Pro Pro His Asn Ser Phe Pro Trp Ile Gly Pro
85                  90                  95  Arg Glu His Glu Thr Gln Gln Pro
Ser Leu Gln Pro His Gln Pro Gly 



100                 105                 110  Leu Lys Pro Phe Leu Gln Pro
Thr Ala Ala Thr Gly Val Gln Val Thr         115                 120
125  Pro Gln Lys Pro Gly Pro His Pro Pro Met His Pro Gly Gln Leu Pro
130                 135                 140  Leu Gln Glu Gly Glu Leu Ile
Ala Pro Asp Glu Pro Gln Val Ala Pro 145                 150
155                 160  Ser Glu Asn Pro Pro Thr Pro Glu Val Pro Ile Met
Asp Phe Ala Asp                 165                 170                 175
Pro Gln Phe Pro Thr Val Phe Gln Ile Ala His Ser Leu Ser Arg Gly
180                 185                 190  Pro Met Ala His Asn Lys Val
Pro Thr Phe Tyr Pro Gly Met Phe Tyr         195                 200
205  Met Ser Tyr Gly Ala Asn Gln Leu Asn Ala Pro Gly Arg Ile Gly Phe
210                 215                 220  Met Ser Ser Glu Glu Met Pro
Gly Glu Arg Gly Ser Pro Met Ala Tyr 225                 230
235                 240  Gly Thr Leu Phe Pro Gly Tyr Gly Gly Phe Arg Gln
Thr Leu Arg Gly                 245                 250                 255
WO 97/02730                         47             PCT/IB96/00643   Leu Asn
Gln Asn Ser Pro Lys Gly Gly Asp Phe Thr Val Glu Val Asp             260
265                  270  Ser Pro Val Ser Val Thr Lys Gly Pro Glu Lys Gly
Glu Gly Pro Glu         275                 280                 285  Gly
Ser Pro Leu Gln Glu Ala Ser Pro Asp Lys Gly Glu Asn Pro Ala     290
295                 300  Leu Leu Ser Gln Ile Ala Pro Gly Ala His Ala Gly
Leu Leu Ala Phe 305                 310                 315
320  Pro Asn Asp His Ile Pro Asn Met Ala Arg Gly Pro Ala Gly Gln Arg
325                330                  335 



Leu Leu Gly Val Thr Pro Ala Ala Ala Asp Pro Leu Ile Thr Pro Glu
340                345                  350  Leu Ala Glu Val Tyr Glu Thr
Tyr Gly Ala Asp Val Thr Thr Pro Leu         355                 360
365  Gly Asp Gly Glu Ala Thr Met Asp Ile Thr Met Ser Pro Asp Thr Gln
370                 375                 380  Gln Pro Pro Met Pro Gly Asn
Lys Val His Gln Pro Gln Val His Asn 385                 390
395                 400  Ala Trp Arg Phe Gln Glu Pro                 405
(2) INFORMATION FOR SEQ ID NO: 3:       (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1648 base pairs           (B) TYPE: nucleic acid           (C)
STRANDEDNESS: double           (D) TOPOLOGY: linear      (ii) MOLECULE
TYPE: cDNA       (ix) FEATURE:           (A) NAME/KEY: CDS           (B)
LOCATION:52..1023       (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
GAGAGAGAGA GCCACCGCAT AATTCTTTCC CATGGATAGG ACCAAGGGAA C ATG AAA       57
Met Lys   CCC AAC AGT ATG GAA AAT TCT TTG CCT GTG CAT CCC CCA CCT CTC CCA
105 Pro Asn Ser Met Glu Asn Ser Leu Pro Val His Pro Pro Pro Leu Pro
5                  10                  15              WO 97/02730
48                        PCT/IB96/00643  TCA CAG CCA TCC TTG CAG CCT CAC
CAG CCA GGA CTG AAA CCC TTC CTC        153 Ser Gln Pro Ser Leu Gln Pro His
Gln Pro Gly Leu Lys Pro Phe Leu 



20                 25                   30  CAG CCC ACT GCT GCA ACC GGT GTC
CAG GTC ACA CCC CAG AAG CCA GGG       201 Gln Pro Thr Ala Ala Thr Gly Val
Gln Val Thr Pro Gln Lys Pro Gly 35                  40                  45
50  CCT CAT CCT CCA ATG CAC CCT GGA CAG CTG CCC TTG CAG GAA GGA GAG
249 Pro His Pro Pro Met His Pro Gly Gln Leu Pro Leu Gln Glu Gly Glu
55                  60                  65  CTG ATA GCA CCA GAT GAG CCA CAG
GTG GCG CCA TCA GAG AAC CCA CCA       297 Leu Ile Ala Pro Asp Glu Pro Gln
Val Ala Pro Ser Glu Asn Pro Pro              70                 75
80  ACA CCC GAG GTA CCA ATA ATG GAT TTT GCC GAT CCA CAA TTC CCA ACA
345 Thr Pro Glu Val Pro Ile Met Asp Phe Ala Asp Pro Gln Phe Pro Thr
85                 90                   95  GTG TTC CAG ATC GCC CAT TCG CTG
TCT CGG GGA CCA ATG GCA CAC AAC       393 Val Phe Gln Ile Ala His Ser Leu
Ser Arg Gly Pro Met Ala His Asn     100                105
110  AAA GTA CCC ACT TTT TAC CCA GGA ATG TTT TAC ATG TCT TAT GGA GCA
441 Lys Val Pro Thr Phe Tyr Pro Gly Met Phe Tyr Met Ser Tyr Gly Ala 115
120                 125                 130  AAC CAA TTG AAT GCT CCT GGC
AGA ATC GGC TTC ATG AGT TCA GAA GAA       489 Asn Gln Leu Asn Ala Pro Gly
Arg Ile Gly Phe Met Ser Ser Glu Glu                 135                140
145  ATG CCT GGA GAA AGA GGA AGT CCC ATG GCC TAC GGA ACT CTG TTC CCA
537 Met Pro Gly Glu Arg Gly Ser Pro Met Ala Tyr Gly Thr Leu Phe Pro
150                155                  160  GGA TAT GGA GGC TTC AGG CAA
ACC CTT AGG GGA CTG AAT CAG AAT TCA       585 Gly Tyr Gly Gly Phe Arg Gln
Thr Leu Arg Gly Leu Asn Gln Asn Ser         165                170
175  CCC AAG GGA GGA GAC TTT ACT GTG GAA GTA GAT TCT CCA GTG TCT GTA
633 Pro Lys Gly Gly Asp Phe Thr Val Glu Val Asp Ser Pro Val Ser Val     180
185                 190  ACT AAA GGC CCT GAG AAA GGA GAG GGT CCA GAA GGC
TCT CCA CTG CAA       681 Thr Lys Gly Pro Glu Lys Gly Glu Gly Pro Glu Gly
Ser Pro Leu Gln 195                 200                 205
210  GAG GCC AGC CCA GAC AAG GGC GAA AAC CCG GCT CTC CTT TCA CAG ATT
729 Glu Ala Ser Pro Asp Lys Gly Glu Asn Pro Ala Leu Leu Ser Gln Ile
215                 220                225  GCC CCC GGG GCC CAT GCA GGA CTT
CTT GCT TTC CCC AAT GAC CAC ATC       777 Ala Pro Gly Ala His Ala Gly Leu
Leu Ala Phe Pro Asn Asp His Ile             230                235
240    



WO 97/02730                         49                    PCT/IB96/00643
CCC AAC ATG GCA AGG GGT CCT GCA GGG CAA AGA CTC CTC GGA GTC ACC      825
Pro Asn Met Ala Arg Gly Pro Ala Gly Gln Arg Leu Leu Gly Val Thr         245
250                 255  CCT GCA GCT GCA GAC CCA CTG ATC ACC CCT GAA TTA
GCA GAA GTT TAT    873 Pro Ala Ala Ala Asp Pro Leu Ile Thr Pro Glu Leu Ala
Glu Val Tyr     260                265                 270  GAA ACC TAT GGT
GCT GAT GTT ACC ACA CCC TTG GGG GAT GGA GAA GCA    921 Glu Thr Tyr Gly Ala
Asp Val Thr Thr Pro Leu Gly Asp Gly Glu Ala 275                280
285                 290  ACC ATG GAT ATC ACC ATG TCC CCA GAC ACT CAG CAG
CCA CCG ATG CCT    969 Thr Met Asp Ile Thr Met Ser Pro Asp Thr Gln Gln Pro
Pro Met Pro                295                300                 305  GMA
AAC AAA GTG CAC CAG CCC CAG GTG CAC AAT GCA TGG CGT TTC CAA   1017 Gly Asn
Lys Val His Gln Pro Gln Val His Asn Ala Trp Arg Phe Gln             310
315                 320  GAG CCC TGACAACCTT GACATAGCAG CTACTTCATG
TATGCACAAG CTTTTCAGCT    1073 Glu Pro   TTGACCCCAT AGCGTACCTT ATTGCTAAAA
CACTTGCTAC CCTTCCACAG CGAAGGTATT   1133  AAGAGCACTA AGCATGTATT AATAAATACA
AGTGCCTAGA AATAGTGTAG GTCCCTTCTT   1193  GCTTCCATTC TTATCGAAAT AAAACATATC
AACTGTCTCC GTGACTTAGA AATACTATCG   1253  ATGATGTCAG AGCAAGTCTG AGTGTCAGCA
CTTGGTGATC TAGCATGTAG CTGTCTTAGG   1313  CATCATAAAA TTCCTCTTAC TACATGACAT
TATTATGCCC AGGAAATGTG ACACCGCTTC   1373  TTTCTCTACG CAAAAGCACT TAGTTTCAGA
ATTCCAAAGT ATTTCATTTA AACCGTATTA   1433  AATGGTGATT GGTGGAGAAT CCTGACTGCT
ATTACTGGGT ATCATATATT GGATTTAAAA   1493  TTCTTATTTA TAGAATATTT TATTTAATCT
AGGAAAAGAA AAGGCAATTG GCCTGTTTTA   1553  AATAAAGAAT TTTTCTCACT GAAAATGTCA
GGAATTGTAT GCTTATTATT TATATGTATT   1613  TAAATAGTAA AGAAAAGCAT ACTCAAAAAA
AAAAA                              1648   (2) INFORMATION FOR SEQ ID NO: 4:



(i) SEQUENCE CHARACTERISTICS:           (A) LENGTH; 324 amino acids
(B) TYPE: amino acid           (D) TOPOLOGY: linear      (ii) MOLECULE
TYPE: protein     (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:  Met Lys Pro Asn
Ser Met Glu Asn Ser Leu Pro Val His Pro Pro Pro   1              5
10                  15              WO 97/02730                         50
PCT/IB96/00643  Leu Pro Ser Gln Pro Ser Leu Gln Pro His Gln Pro Gly Leu Lys
Pro              20                  25                  30  Phe Leu Gln
Pro Thr Ala Ala Thr Gly Val Gln Val Thr Pro Gln Lys          35
40                   45  Pro Gly Pro His Pro Pro Met His Pro Gly Gln Leu
Pro Leu Gln Glu      50                  55                  60  Gly Glu
Leu Ile Ala Pro Asp Glu Pro Gln Val Ala Pro Ser Glu Asn 65
70                  75                  80  Pro Pro Thr Pro Glu Val Pro Ile
Met Asp Phe Ala Asp Pro Gln Phe                  85                  90
95  Pro Thr Val Phe Gln Ile Ala His Ser Leu Ser Arg Gly Pro Met Ala
100                 105                 110  His Asn Lys Val Pro Thr Phe
Tyr Pro Gly Met Phe Tyr Met Ser Tyr         115                 120
125  Gly Ala Asn Gln Leu Asn Ala Pro Gly Arg Ile Gly Phe Met Ser Ser
130                 135                 140  Glu Glu Met Pro Gly Glu Arg
Gly Ser Pro Met Ala Tyr Gly Thr Leu 145                 150
155                 160  Phe Pro Gly Tyr Gly Gly Phe Arg Gln Thr Leu Arg
Gly Leu Asn Gln                 165                 170                 175
Asn Ser Pro Lys Gly Gly Asp Phe Thr Val Glu Val Asp Ser Pro Val
180                 185                 190 



Ser Val Thr Lys Gly Pro Glu Lys Gly Glu Gly Pro Glu Gly Ser Pro         195
200                 205  Leu Gln Glu Ala Ser Pro Asp Lys Gly Glu Asn Pro
Ala Leu Leu Ser     210                 215                 220  Gln Ile
Ala Pro Gly Ala His Ala Gly Leu Leu Ala Phe Pro Asn Asp 225
230                 235                 240  His Ile Pro Asn Met Ala Arg
Gly Pro Ala Gly Gln Arg Leu Leu Gly                 245                 250
255  Val Thr Pro Ala Ala Ala Asp Pro Leu Ile Thr Pro Glu Leu Ala Glu
260                 265                 270  Val Tyr Glu Thr Tyr Gly Ala
Asp Val Thr Thr Pro Leu Gly Asp Gly         275                280
285  Glu Ala Thr Met Asp Ile Thr Met Ser Pro Asp Thr Gln Gln Pro Pro
290                295                  300  Met Pro Gly Asn Lys Val His
Gln Pro Gln Val His Asn Ala Trp Arg 305                 310
315                 320  Phe Gln Glu Pro
51      CLAIMS       1. An at least partially purified nucleic acid
fragment encoding a polypeptide of claim     16.  5     2. A nucleic acid
fragment according to claim 1, which comprises the nucleotide     sequence
SEQ ID NO: 1, a subsequence thereof of at least 18 nucleotides, or a
variant     of said nucleotide sequence or subsequence which has a sequence
homology of at     least 80% with SEQ ID NO:1 or a subsequence thereof of
at least 18 nucleotides. 10     3. A nucleic acid fragment according to
claim 1 which encodes a polypeptide, the     amino acid sequence of which
is at least 80% homologous with the amino acid     sequence shown in SEQ ID
NO:2.   15 4. A nucleic acid fragment according to claim 1, which comprises
the nucleotide 



sequence SEQ ID NO: 3, a subsequence thereof of at least 18 nucleotides, or
a variant     of said nucleotide sequence or subsequence which has a
sequence homology of at     least 80% with SEQ ID NO:3 or a subsequence
thereof of at least 18 nucleotides.   20 5. A nucleic acid fragment
according to claim 1 which encodes a polypeptide, the     amino acid
sequence of which is at least 80% homologous with the amino acid
sequence shown in SEQ ID NO:4.       6. An at least partially purified
nucleic acid fragment of claim 1 comprising sub- 25 stantially the sequence
shown in SEQ ID NO:1.       7. An at least partially purified nucleic acid
fragment of claim 1 comprising sub-     stantially the sequence shown in
SEQ ID NO:3.   30 8. A nucleic acid fragment according to claim 1 which
hybridizes with a nucleic acid     fragment comprising the nucleotide
sequence SEQ ID NO: 1 or a specific part thereof     under stringent
hybridization conditions.
52      9. A nucleic acid fragment according to claim 1 which hybridizes
with a nucleic acid     fragment comprising the nucleotide sequence SEQ ID
NO: 3 or a specific part thereof     under stringent hybridization
conditions.    5 10. An at least partially purified nucleic acid fragment
according to claim 1 which en-     codes a polypeptide comprising amino
acid sequence 1 to 407 of SEQ ID NO:2.       11 . An at least partially
purified nucleic acid fragment according to claim 1 which en-     codes a
polypeptide comprising amino acid sequence 1 to 302 of SEQ ID NO:4. 10
12. A nucleic acid fragment according to claim 1 encoding a polypeptide
having a     subsequence of one or both of the amino acid sequences SEQ ID
NO:2 or SEQ ID     NO:4.   15 13. An expression system comprising a nucleic
acid fragment according to claim 1.       14. A replicable expression
vector which carries and is capable of mediating the ex-     pression of a
nucleic acid fragment as defined in claim 1.  



20 15. An organism such as a microorganism such as a bacterium, e.g.
Escherichia coli, a     yeast, a protozoan, or cell derived from a
multicellular organism such as a fungus, an     insect cell, a plant cell,
a mammalian cell or a cell line, which carries an expression     system
according to claim 14.   25 16. A substantially pure polypeptide which
comprises at least one sequence element     selected from the group
consisting of the tetrapeptides DGEA (Asp-Gly-Glu-Ala),     VTKG
(Val-Thr-Lys-Gly), EKGE (Glu-Lys-Gly-Glu) and DKGE (Asp-Lys-Gly-Glu),
the polypeptide further comprising an amino acid subsequence having a
length of 20     amino acids, which subsequence has a percentage sequence
identity of at least 80% 30 with 20 amino acid reference subsequence of a
reference sequence selected from the     group consisting of (a) the amino
acid sequence shown in SEQ ID NO:2, (b) the amino     acid sequence shown
in SEQ ID NO:4, and (c) a sequence consisting of amino acids 1     to 103
of SEQ ID NO:2 and amino acids 6 to 324 of SEQ ID NO: 4, the reference
53      subsequence being the 20 amino acid subsequence of said reference
sequence having     the highest percentage amino acid sequence identity
with said first subsequence.       17. A polypeptide according to claim 16
having the amino acid sequence SEQ ID  5 NO:2.        18. A polypeptide
according to claim 16 having the amino acid sequence SEQ ID      NO:4.   10
20. The polypeptide of claim 16 having the amino acid sequence 1407 in SEQ
ID     NO:2 except for the changes of Gln33 to Arg33, Ala36 to Gly36,
Ala175 to Gly175,     Ala 239 to Gly239 and Ala 295 to Pro295,       21.
The polypeptide having the amino acid sequence 1-324 in SEQ ID NO:4 except
for 15 the changes of Ala92 to Gly92, Ala156 to Gly156 and Ala212 to
Pro212.       22. A polypeptide according to claim 16 comprising a
subsequence of a sequence     selected from the group consisting of     (a)
the amino acid sequence SEQ ID NO:2, 20  (b) the amino acid sequence SEQ ID
NO:4, and     (c) a sequence consisting of amino acids 1 to 103 of SEQ ID
NO:2 and amino acids 6     to 324 of SEQ ID NO: 4. 



24. A method of producing an enamel matrix related polypeptide which
contains at 25 least one sequence element which can mediate the anchoring
of the polypeptide to     cell adhesion molecules, the sequence element
being selected from the group con-     sisting of the tetrapeptides DGEA
(Asp-Gly-Glu-Ala), VTKG (Val-Thr-Lys-Gly), EKGE     (Glu-Lys-Gly-Glu) and
DKGE (Asp-Lys-Gly-Glu), comprising the following steps of:   30 (a)
inserting a nucleic acid fragment as defined in claim 1 in an expression
vector,       (b)  transforming a suitable host organism with the vector
produced in step            (a),
54         (c)   culturing the host organism produced in step (b) under
suitable condi-             tions for expressing the polypeptide,    5  (d)
harvesting the polypeptide, and       (e)   optionally subjecting the
polypeptide to post-translational modification.       25. A method of
producing an enamel matrix related polypeptide which contains at 10 least
one sequence element which can mediate the anchoring of the polypeptide to
cell adhesion molecules, the sequence element being selected from the group
con-     sisting of the tetrapeptides DGEA (Asp-Gly-Glu-Ala), VTKG
(Val-Thr-Lys-Gly), EKGE     (Glu-Lys-Gly-Glu) and DKGE (Asp-Lys-Gly-Glu),
comprising the following steps of:   15 (a)  inserting a nucleic acid
fragment as defined in claim 1 in an expression             vector,
(b)   transforming a suitable host organism with the vector produced in
step             (a), 20     (c)   culturing the host organism produced in
step (b) under suitable condi-            tions for expressing the
polypeptide, 



(d)   harvesting the polypeptide, and 25     (e)   optionally subjecting
the polypeptide to post-translational modification.       26. A method of
treating and/or preventing periodontal disease, the method com-     prising
administering to a patient in need thereof a therapeutically or
prophylactically 30 effective amount of a polypeptide according to claim
16.       27. A method of repairing a lesion in a tooth, the method
comprising administering to     a patient in need thereof an effective
amount of a polypeptide according to claim 16,     optionally in
combination with appropriate filler material.
55       28. A method of joining two bone elements, the method comprising
administering to a     patient in need thereof an effective amount of a
polypeptide according to claim 16.    5 29. A method of promoting or
provoking the mineralization of hard tissue selected     from the group
consisting of bone, enamel, dentin and cementum, the method com-
prising administering to a patient in need thereof an effective amount of a
polypeptide     according to claim 16.   10 30. A method of effectively
incorporating an implant into a bone, the method com-     prising
administering to a patient in need thereof an effective amount of a
polypeptide     according to claim 16.       31. A method of improving the
biocompatibility of an implant device or a trans- 15 cutaneous device, the
method comprising covering the implant device with an effec-     tive
amount of a polypeptide according to claim 16.       32. A diagnostic agent
which comprises a detectably labeled polypeptide according to     claim 16.
20     33. A polypeptide which comprises at least one sequence element
which can mediate     the anchoring of the polypeptide to cell adhesion
molecules, the sequence element     being selected from the group
consisting of the tetrapeptides DGEA (Asp-Gly-Glu-Ala),     VTKG
(Val-Thr-Lys-Gly), EKGE (Glu-Lys-Gly-Glu) and DKGE (Asp-Lys-Gly-Glu), the 



25 polypeptide having an amino acid sequence from which a consecutive
string of 20     amino acids is identical to a degree of at least 80% with
a string of amino acids of the     same length selected from the group
consisting of (a) the amino acid sequence shown     in SEQ ID NO:2,(b) the
amino acid sequence shown in SEQ ID NO:4, and (c) a     sequence consisting
of amino acids 1 to 103 of SEQ ID NO:2 and amino acids 6 to 30 324 of SEQ
ID NO: 4, the polypeptide being substantially free from other components
natively associated with the polypeptide.       34. A polypeptide according
to claim 33 having the amino acid sequence SEQ ID     NO:2.
56        35. A polypeptide according to claim 33 having the amino acid
sequence SEQ ID      NO:4.     6 36. A polypeptide according to claim 33
having an amino acid sequence consisting of      amino acids 1 to 103 of
SEQ ID NO:2 and amino acids 6 to 324 of SEQ ID NO: 4.        37. A
polypeptide which comprises at least one sequence element selected from the
group consisting of the tetrapeptides DGEA (Asp-Gly-Glu-Ala), VTKG
(Val-Thr-Lys- 10 Gly), EKGE (Glu-Lys-Gly-Glu) and DKGE (Asp-Lys-Gly-GIu),
the polypeptide being      encoded by a nucleic acid fragment which is
capable of hybridizing with (a) a nucleic      acid fragment having the
nucleotide sequence shown in SEQ ID NO: 1, (b) a nucleic      acid fragment
having the nucleotide sequence shown in SEQ ID NO:3, or (c) a nucleic
acid fragment having a nucleotide sequence consisting of nucleotides 1 to
402 of SEQ 15 ID NO: 1 and nucleotides 67 to 1648 of SEQ ID NO:3 under
stringents conditions.       38. The polypeptide of claim 16 wherein said
sequence element mediates the binding     of the polypeptide to cell
adhesion molecules and hence the binding of the polypeptide     to a cell
surface. 20     39. The polypeptide of claim 37 wherein said sequence
element mediates the binding     of the polypeptide to cell adhesion
molecules and hence the binding of the polypeptide     to a cell surface.
25 40. An analogue or subsequence of the nucleotide sequence shown in SEQ
ID NO; 1 or     the nucleotide sequence shown in SEQ ID NO:3 of at least 18
nucleotides which     encodes a polypeptide which is a subsequence of a
sequence selected from the group     consisting of     (a) the amino acid
sequence SEQ ID NO:2, 



30  (b) the amino acid sequence SEQ ID NO:4, and     (c) a sequence
consisting of amino acids 1 to 103 of SEQ ID NO:2 and amino acids 6     to
324 of SEQ ID NO: 4.    


