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The present invention relates to novel nucleic acid sequences whi ch code
for polypeptides belonging to a group naned 5 anelins, which polypeptide
sequences conprise tetrapeptide dormains inplicated in cell surface

recognition. Possible applications of the anelin sequen t he
di agnosi s of WOITMR W, ders of hard tissue {ormation, and th&saﬁgﬁﬁﬁpgon of

t he anelin protein or fragnments thereof, which may then serve as 10
matri x consti ENRMEE MATREX IREIATEPNPOLYPEPEIBE I n the formation of

bi omaterials. The invention also relates to expression vectors
containing the nucleic acid sequences according to the invention for
producti on of FERECpPHt BIVENTFHOYani sms con- tai ning sai d expression
vector, nethods for producing the 15 pol ypeptide, conpositions conprising
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25 tors of thaisghdessdftRrd @isbla! A8ERat 1450 4 thREPrbafct 1on ISFBEHES
which are involved in these contacts been id | d in severa

av n- tifie
extracel | ul ar *PPOTRi PECY S £ T, TZARMER ﬁaﬁ?ereo 1 3&Bch FﬁYeﬁgﬁB|?e5Ye as
st ruct ur alOnewabrixwbonstitsientsparabédl t vecognithion dlelgagén ther Bermdtimme,
cartilage andofepibmatieidlyl. AeDeR0hOUGH atdS o1t erCHUCUEBLEE0IEA! S have
been identified In the enanel matri x_protelns, I ch cou medrate its
an- chor i M§CEB*R FntAIENT0 fhROPRELRES  aci: sampRcCegy 8EEpRding to
anel ogeni n andhenfmeénticip Soat peogustonush e iptioted)BbRganismd heodd ner al
content of “G%Xnﬁiﬁé’oéalit&%%%kohsvéé%:?? nlél%)ﬁods 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 |ater, under degradation of t he
proteins, to 95% (Robinson et al., 1988). Two predom nant groups of
protei ns have been identified in enanel : enanel i ng and anel ogeni ns
(Termne et al., 1980). 5 Protein fragnents in mature enanel are simlar to
one of the WOgmME®ins, tuftelin, which has been |ocated RCEABOS/NGHR oS

i n-bet ween the enanel prisns. The cDNA sequence correspondi ng to
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gt al ., 1981) .tthBrQFSHP’P'rcté?]c%as%f&q?&nson Ftngini n’gg:lao%)o‘ far descri bed,
enanel ins for enanel formation may be di sputed, because the main

rotein speci a ' L - LQS J a
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sequences and nRQ,s estio s t ossi bl i on of D_xs A
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i n porci né®@5 afirenemed éRewnescl @thiada »efL981) . Thesgignifizsaupg pfothen had
an N-term nal rHaRaiag, dsé e s I RAEPRERSIERMSL£ dr VirdahelO format@eR! 0y

to previously _kno pame rqteins. | S.proposed Dhat _the, '
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precursor to d@atrdk (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-amelogening 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.

WOB9/08441 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
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socal l ed enanel matrix. The conposition induces bi nding by facilitating

regeneration of mneralized tissue. The active constituent is part of a

protein fraction and is characterized by having a nol ecul ar wei ght of up
to about 5 40.000 kDa but no single protein is identified. SUWVARY OF
THE | NVENTI O\WO 97/0273¢ t hough pr ot ei ns of neral i zed matri c RCTABEHNSES

pr oduced in high anbunts, their poor solubility prevents a direct ana-
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sequences, t hklbhmh@ protiedist be rpiﬁetanln.z'esd/emﬁnimesBai'efdaﬂtem peoiiderl
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sel ect ed sequéhEbicgtEndiar ﬁésré%l\Y%laS i of ttﬁ@ aatapxsproveins wihrequences

now ter weﬁrééener@dvéhﬁeaueacséswr mttheﬂ&ﬁelaeeamm At Hiree

new NMRNA sequeﬁ% a\_rFe e><€ sed %P? eveJ S | anel o- bl asts

during the foratTdrF Gf Qﬁaﬁﬁ EﬂrresPo%%%n%tﬁﬁoal n open
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PCT/|896/0064§ant mMRNA 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



naned anelins, are rich in praline, |eucine and glycine resi dues and
contain the peptide domain Asp-@y-du-Ala, an I ntegrin recognition
sequence, in conbination wth other domains interacting with cell
surfaces. The sequences coding 5 for the Ctermnal 305 ami no acid
residues, i.e. amno acids 102-407 in SEQ ID NGO 2 and am no aci ds

19- 324 in SEWOBTHXBY the 3' non-translated part and a BETBS¥HSE |te
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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 A



Replica plaque lifts were perfornmed and hybridized to cDNA and to

anel ogeni n and col | agen oligos, respectively, as 5 described in Exanple 4.
Pl aques exhibiting a relatively strong hybridization signal w th cDNA,
but no signal with the ol igos were anal ysed further, assum ng that they
cont ai ned sequences which were frequently represent ed i n cDNA but. were
di fferent froWPaH®RYenin and col | agen. Twenty-five of thesm’m Ive
phage cl ones were converted to Bl uescript plasmds. Ri bopr obes were
synt hesi zed fesntairtidgy thebiRNAZsépeitsoire) of matrder foemingntélils.t IThe
Sequences ! Sl B! R Weisfillel were diddct ShTLAD £611 Gwidg Syt o0 TRY
be involved in matriX uctron and mneralization o nol ars.
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cont ai ns ane
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structures were partially sequenced. The sequence fragnents were used
to query the gepsoRids HadeEhbheras fhas®oi0 id %&thhﬁyﬁriéfi‘éﬁdxf@t ljn. Two
hi therto novel sequences were not represented. To determ ne the

sequence of t FEASh AR WFLP?YHR}‘{R segrencs® which wekp erBresseddd screened
w th an ol i gonaier Botficimither cetlls, 1.4 Gildhemay beain@oblved Hrequatitaes

descr i bed aboygo A Brd S AARLED A d N3P'05S JrBuifiG FBTHEs PHYELND S and 2
|l engt h weit® | SaYR1¥d agsewgEacehafeRy SFinesh Shed CORSenErpt fon of |ampde-
represent ed seentw:rR,Cdimpespatdnintthd hrocdiuckRNA of enaméDmathiduey s t wo

St n-1 a BEERS 65RO [Dop s MBRLORORSE LEEILS ctnagldy "0
sequence reer§E%t§ﬁ qmelln probe (see Example 4 and Fig. l1la), 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
gecretory phase. The collagen probe decorated mainly the
odontoblaste, 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 guery 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



a“randomprined library was constructed fromrat nolars, and It was
screened with two different oligonucleotides, derived from i ndi vi dual

5' ends of the two variants (underlined in Fig. 2). 5 clones were

i solated hybridizing with the 5° part 10 of anelin 2 and 13 clones derived
fromthe 5 part of anelin 1. Sequence analysis confirmed the previous
results and WO9%#2f¥nded t he sequences of é)oth vari ants, noWRGE he
anelin 1 and anelin 2 sequences and shown 1n the seqguence listing as
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are encoded by a Sequence 1821 I'n arre am no
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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 gite variant. All variations were located
downstream of the stop codon.

Both c¢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 seguence which is common for amelin 1 and
amelin 2. However, this sequence cannot code for the amelin 2



proteins. There is an in-frame ATG codon in the insert of amelin 2,
whi ch m ght serve as an alternative translation start. In this case,
anelin 2 would be 5 am no acids shorter and there would be no two
frame- codi ng sequence stretch. The 15 | ongest possible open reading frane
cont ai ns codons for 407 amno acid residues for anelin 1 and 324 °
resi dues for WO®02730 |in 2. Since the filing of the FRGEBIC/O0643
application the results of the sequenci ng have been revi ewed and sone
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sequen- ckimnalysis are 2.3 and 2.0 kb Iong, I f a pol y(AG repeat of
0.2 kb and a poly-A tail of 0.2 kb are added to the displayed 10 sequences.
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to amelo- 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 £rom 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 Glyl75 to Alal7s.
Nucleotide no. 809 has been changed from a ¢ 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 Pro285 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 Glyl56 to Alal5é6. Nucleotide no. 685
has been changed from a C to a G resulting in a change of



15 genin RNA in total RNA fromnolars was determ ned by a sol u- tion
hybri di zati on assay (Mathews et al., 1989). The anount of anmelin RNA
was about 5% if conpared to the content of anel ogenin RNA. The seguence
conparison of anelin 1 and 2 suggests that the two RNAs are splicing
variants of the same 20 primary transcript, since no change in the alidning
sequence wWosTe2736 f ound. The nosy frequent am no RETTB96/096430t h
anelin 1 and 2 are proline, glycine and |leucine; there is no cysteine

in either  p3ggyencs zilvaﬁ% tmbseétb&éoem 1H amsnaesﬁrmge&ffm@ Ale-

25 duced aneln 1 roteln characferistjc featureo si gnal
peptide: resiHukQ Zforefﬂl&léghﬂ'&rﬂﬁh%?"%"vﬁ‘i’rﬁi gFhangeq r o ch of | eucines

(Fig. 2; Leader, 1979). No conparable notive is observed in the anelin

2 sequence. h ont.a
(AquGI y-d u% g%%n% %%(?lazc% %E %1%1@1? Qfﬂé%&pq;%mwr%é} %%tl n amelin
2) (boxed in 1YS1F| ¥as xarxiigdc pufasncbetab R Arapadardi frem molavmmf thite a

recogniti og saag @idcﬁ&sag(mgt ype 1aﬁ§raxherwlﬁxcﬁuabamearmenn dri azbl
i ntegrin (Staatz

adhesi on doma?’ﬁ W%’f‘i’édisz ?%ﬁcé%?%l On\refalll'ﬁiﬂ L gbeeﬁolr(}gml ke dé-el |

277-280 in an‘@henaxzehim 1 and) ameldn Zritn%mms z;et(emaed By KRN rR8qUerD9?)

i's included. ce analysis ard@0 2938/ Qﬁai’@ 0 kb long, if a polY(AG) repeat of
PCT/ | B96/ 0064 omal n 8gd{_:cat es

pres nc at
are corrponén?sk%fa?‘?u ?P‘Eﬂi P cHhe playec
sol ubi | i t ¥00of segeenpes i Ehd rtmadet:esmimtm |®mwosdenell sugdesthing

mdel. The pr eggecendfsdniidl cSREHERE Sain GHTelindok A1805£ 0N Akt
interpretatiopn f a seniqretor rotein gquence in
amel in 2 does®HBtifea ?nsonpr'b?%l‘?‘?"? ?’?’?%"’%Q@Pﬁ %?recedence
for a secretecadmpiogenin, 1.wikbhend 8igrkh bedengtd,i arehahmlmckle::g 3,
Punction 10 (5afe bl (&ade pROBOELESH e MLIIH ANATEIAE fre [y SERLO-

(i Cted oi B0 {PRAECRA {h FIEALoRIR: FE APOTA L HReL JeracaLned BY  gota-

(G u-Lys-Qy-Glop kyioidizatiign 2388ap8fMathewe|dtn al.and989) . I'Dige Z0®ount

arel i n2) andoPXGhed 8 bl Yo YpBht) 54 A% Noriatd to cRecllenn) GHEI (1 1

and 215-218 in apelin clustered 15 in the sa
conbi nati on o?mfggg?l&ﬁ lﬁ@m SequaBGRi ﬁ%‘“%rlt?@ct"geéﬂe ?'Pt%l%n‘ga?r agr aph

is a feature shggestasthat the tao RNAsbzee siEsicrimgecrafrdantsyo® nare|sams ri x
rel ated gﬁ@- primhf¥ NeranscrifRCad$fcof nd' iddedd Wesal ¥Bhtid VaefiBldd Was
expressed in parts is found.

I ns

The most freguent aminc acids in both amelin 1 and 2 are
proline, glycine and leucine; there is no cysteine in either
sequence (vide table 1 below). The aminoc 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 a2bl 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.



20 E. coli cells as a fusion protein with thioredoxin in the

am no-termnal end. 6H s tag was added to the carboxy ter- m nal end
and protein was purified on Ni colum. The eluate cont ai ned one nain
fusion protein and al so several peptide fragnents which were active

with antianmelin rabbit serumin 25 Western bl ot analysis. The protein could
be further pWWQSHIHO by antit hi or edoxi gEaf finity chronat BgFERIEN0643
Ant i bodi es have been rai sed agai nst the lin protein. Rabbits were’

puri 1 60 by BEEL R St DR g apLa L e Reer R R0 1
CNBr - act i vat 5&“@8%%?%5@ @iﬁ%ﬁ@ﬁﬁi??f%‘éﬁ’r’&n 1% mrg—ﬂg Eﬁl IMd on

t hi or edoxi n- wﬁpbéﬂ:.ty ofSetien raed inEhénewater Mmdmdsbeensﬂsem& or,

€.g. 1NMMNO- ¢ % fi Cafnd 'eﬁéla' 8p Qf 1 s e‘h@% 5555%15%

Al so; the presence of anmelin’in extract has been ‘esta
Rat nol ar s wer EOREABEERT SR Fheh iﬂé‘-eé'iﬁrﬁﬁﬁ'é%‘éntﬁﬁ flSgsyetory protein. i
97/ 02730 lack of a signal sequence in amelirPCr. /dd%/db&Gﬂ@an that this 10

0.8,
ra}mal yzedml:\)/lyE tern %‘%e‘?‘?@ng W&he r P§HB€&%@@010 ‘é Eted ?fa‘ﬁéﬁft was

serum Two bz!ﬁ&§°€§r$b%%hcﬁ%ecn§et\%§ the ghigken \faﬁlmnwe?'beﬁ%t ect ed.
Crude extractintegnaly the- cleavedd e&luegewmfbﬁu&mﬁm@eme&ﬁﬁcemwm

Fractions corg I uI I [
concent r}" (cﬁgeﬁgsed ‘%%(f oq%rg aratyve %ﬁ% g?‘esggtﬂﬁéfe'
el ect r oel u- dlc“-ﬁﬂoﬁlgﬂ m iay éhﬁowt—ﬁéﬁlﬁﬂqfewltﬁh Reddr phrbacequence

anal ysi s. dl N BK&Ee (gn@-p;simmmﬁs (af1188PhEIds | mazum tihaame1if {qidmtion
start is det

i 11 orent degeo-202 i el 0o £ ORAE (Bop i d B I heheR 4gidd

i nvesti gati n@98-30thin uppekiy dwandf 235F 2B eiDamhashin &S aﬁreZplﬁsteﬂed 15, 20
and 4% days c8b 89fe :J;ér%i’@r? fm%n@ohgi’ﬁa?{@{m;& Wf%%&e?éﬁtiae' n 1s

situ hybridizatiqgn exgerl nts concom,t ant th anel o I.e.
during the eRSHGATRRS fesdribad iy thiesraragyaph is Bo fEARIRS B’Pi‘t’l'hé‘as
secretory st age faknnbttissers tdagpryibede fogeany enamsinchaairdbd rel®@bEG epao-hi t
prof oundl y diddigrent hybridization patterns. Amel ogeni n mRNA di sappears
to a great extent in the 20 maturation stage with only small anounts
remaining at a later stage of matured anel obl asts, this observation
being in 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



agreenent with the findings of Wirtz et al. (1995). The si gnal obt ai ned
with the anelin probe, however, was not or only to alittle extent
reduced during the maturation stage 25 of the anel obl asts.

Functionally, the two stages are different in that no addi- tional
enanmel matrix is deposited during the maturation  phase. ver

m neral seensWPd% eposited in both phaggs, since the %&%ﬁ’osi t.ed
enanel . al ready contains mneral. In 30 correlating these events with the
appear ance of 10hé,r 2sp¥CcEDTA + proteaRbAtnhibiterspossipeirnathat affebrude s

i nvol ved in t L oer 'l%;gej ég? ' e . codes
as descri %g_rgggve oé;ﬂda pr(%)gyﬁh\%ﬁﬁéﬁnc%-ﬁ?cal n lgg‘lti BI ﬁgl %ggﬂfﬁ

domai ns, suggtBiPREAPKIR immune gexymer TupRANLE |SRNEPSPERGAPEIEISEYP ( he

bi ndi ng of thamalthobhabim:d ardrke degageedsuciede extract was fu¥€nh@¥/ 02730

11 6 ' in unct i

pr ot ei nase.5 Tﬁlhgowgggg%ééﬁ?e% Q’?’e;é% ggagﬁéggﬁgngé%'arﬁfég rogggf‘l@"%&%ﬁe
mai n fusi on Gipgotei Mokesulan meighssacf yamed ths giare songensvataigandi ncuba
- tion at pABHebLERCES preparkitevbUsl 88t PEPGHdiNPAFLRe asedtPolBRdS.
The control |gg atkén at ‘féerr Cc avg oglg.o bzqn% Thi s sugﬁested

t hat degradat i § t akes )f)?% e 35° PRY hPGher }%ﬂg’é’r -termipgl SSgRPEGAR
experiments aRBalpgier clp tanstetopenoficthtcbanrds is amediing An vive tyams+ ons

a proteingge. formatidhCat@SaR deR¥eRihed. provides nucleic acid sequences
which 10 code for proteins with a specific conbination of cell binding

domai ns. The proteins are conponents of hard tissue natrices and.
nmedi at e the cBheaexpressimzn «f ltheunhetin Foguenas eduring diffiengntedeeace i s

presented in khgs IS GhgsS PGl eQland Lt i i 301,
The new conbi Eg fuc‘)l% g?gge;sf I&t15 b't%g?%]ﬁ;é;m' ns occugﬁeggﬁgﬁﬁgg??g%é&ﬂé
3

Y
posi ti ons 969“RE ¥BRET Jaws A Spragiey & Ry Worfai y b2 BRiAtd
in the presend daysoofnage diTdpwagedoiundt tiealt cmeddiin oRNA fppeans amifw acid

surroundi RS @% tuNRPHLPLAPEAN I ERPBLINMERES Sond A HINRNY With améidgénidot h
the nucleic a&&esequenm and t%e d(il’l ved, 20 pe tide eﬁh{ences ma%hbe
used, firstly ™R8 3ofFs FYping,the elgpgation ¢ e&ﬁ@?ﬁ& BPtanRFi W% ot ei n
accordi ng to beghunivg of ilecimeicoretorylssagel I later B88ges, semehdgenims

i nformation f PO I W n ' JReey may
be used tgngstgglﬁ?'iﬂgh di ac%éﬁl ?:ﬁ %???%%?% grﬁ%fhe |§e?1;?lsf?§gt5$g§&§5 of

di sorders i n RAFESFREs AMS AR ARNEJLSRPRRAER YR BREat eXhPBHULR he of
bi omat eri 2Ps maturatiienesigigeardithgonly swall amourttisomemalisingvantaolater

provi des expr gsab8no¥ ot QiedMaiiel 0b2858E N this observation being in
agreement with the findings of Wurtz et al. (19%5). The
signal obtained with the amelin probe, however, was not or
gnly 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 altermatively involved
35 in the binding of the ameloblasts to the enamel surface.



t-he cl ai ned sequences positioned downstream of a transcri ptional
pronoter, as well as procedures for the 30 production and isolation of

anel in which are based on the use of said expression vectors. The
present invention relates to all enanel matrix rel ated pol ypepti des

whi ch contain at | east one sequence el enent whi ch can nedi ate the
anchori ng of Wh¥MIAypepti de to cell 35 pdhesion nol ecul esFCT/IBIG0643

WD 97/ 02730 12 PCT/ 1 B96/ 00643 By the

term "enanel amlinX pﬁ:@héiﬁdm@plﬂmtib&easi & prbtéisase. Mmdadeak depact,

meant a poly mhlc hetically
produced prolt%t;%%n vm upgilﬁgl %“?pﬁ”geg}tef:ggggiué”g#%é s capé‘%?“'gEl
medi at i ng commel%haéﬁméémmcqﬂm&ﬂ geks fhﬁ'éelasﬂt%@é-m

f:th her (iﬁ.toii lati &obﬁet&%éﬁw% the fubﬂohgﬁfﬁtfﬁﬁ?@tpp‘éﬁ.%af bgabi Sn and
cl ai s, "p p ! oth s

Cength of %t P eoptsal Pipcibes PR pho S 2c Jghve oyt CRE) bafidh o Hhif
resi- du&lmt@ﬁl Ybpepdegicedation] cekesi pdaaei at ridw dueb)erasewpbra-

as proteins (ﬂt:ﬂ:% f %&Eh@@abxﬁé‘fﬁﬁ%t%o%' $eadi 2bd! £8det¥ine whRRhRYE,

ol i gopepti de, ‘%gl p%gt may be chen1ca||y nodi fied by being
gl ycosyl at ed 5} #ﬁg Ehi Eﬁﬁﬁf°q§'abyr?§ cBABPr sing prosthetic groups).
The definition of polypeptides al so conprises native forns of

pept | des/ pr otigidprededt! Fhnton idichiieBInUTBNE A8:ddaithdaBCpRitRaN!

pr ot ei ns & tid I n any ressiop vectors trans any
ki nd of P’r‘&& fé’ﬁdpaf’%l%e‘ﬁ% % ?P%‘r’ﬁfﬁésf: oEbimRtoyaf Celéobl?ﬁé 8
polypeptldes¢tmmiﬂns |mhenproneﬂﬂs(dreh@mmpbaentSeoﬂEhhrd timeslel mapratesns

are di fferentah kEﬂ@“c&ﬂ‘?&?ﬂ t'Satthchell Bﬁ?f&’:é‘s #e 'ngﬁ and
enanelin in t ey cont ai one sequenc ich can
nmedi ate the HREHAG ﬁQQBFnce 1$r3¥%ﬂﬂpﬁﬁépﬁpd§ go %e$¢dzﬂﬂi§§G§ﬁSW§F9@ules I'n

particul ar, Zuclditideopbat fidns GBI A3GLENTRE H6W C€dnisiatadn! BE gedup

con- by f the tetra tldes p

(Val - Thr -8y o Hirhio i n B | SPOR e, Sudisbrs 8 ER?%%E%&- 82 ey ).

Preferred ent%tﬁ Mlﬁfléﬁaihblwfé&rﬂomﬁ@én!nﬁﬁnbar@o ryqsb pn 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
technigues {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.



30 tides having the am no acid sequence SEQ ID NO 2 or an anal o- gue

or variant thereof as well as pol ypeptides having the am no acid
sequence SEQ ID NO 4 or an anal ogue or vari ant t hereof , and

pol ypepti des having a subsequence of the ami no ‘acid sequences SEQ | D
NO 2 or SEQ I D NO 4. WD 97/ 02730

PCT/ | B96/ 006397427300 a further aspect, the invention relat EQWel C.
acid fragnents encodi ng pol ypepti des which are capabl e of nedi a- ting

contact bet wemn terarekmandnanél ﬁwfma:elﬁyte‘m@onypapudémﬂ,eim am'sd" i s

meant a pol yry%??ég Ne g }&%fé—j .
ei ther DNA or %'rrgfecgé Lﬂcﬁyge%t:l%'e Qﬁl&ﬁ g@ oubl e- st randed
Al t hough nucI‘@"tF%P&"’Fﬁ&ﬁn@ﬁt% %W‘é?ﬁféﬁ‘@éééf Rrpduged pP?@'éeln widdhpri sing
SAT nﬁ acid r%iﬂl?ﬁ: g:t ropetBiedf 1 SEQ UHANOi% @a@abledBﬂCﬂl@%:Fatﬁ?d td‘dnggzlﬁtn;s
ich enc 0 | go am_n 1 residu 0 o]
SEQ I D NO ’ﬁ%??%?ﬁ‘&i g’p f)jd %b'#[gf 95ﬁP?§n ’éﬁ‘%}‘é‘a Tates to a
nucl ei ¢ acid deta:flr dgmshe énl:bdwm}ga pol ypept i de havi ng the am no acid
sequence shown in SEQ I D NO 2 or an anal ogue or a vari ant t her eof and

Sequence sholf IMeSERaPBRk FRearELcRELd AHBE B adRg  "and el il o '
By the term mannil@adeppmpelbaaihgth rehaoxti m@mdeSsuqubn@elengtlsmﬁmati n SEQ

ID NGO 2 (05 FadtPthld athknB’ a85a2Reh Rl ¥ndPat mo¥d’ L8MmiA RAlE depiTeant
a pol ypeptide_which hag,the a

nm no aci d sequence SE 2 (or . SEQ ID
NO 4) " as wel |98RS 34, © lgopﬁEE%‘Fﬁ%s&?a\ﬁ%g %%Po@ﬁég TP W?'\Sntass( yeidaig
sequence whi s protariasprotdactonetional emtiicyc carpdisingnentleadstt lone
invention is r ui sﬁé@ q’fi@d’
capabl e of rne]lt)zlelptl@rléo %gaﬁﬁiéﬁﬁg?aeeé\@?% t Ez 9 léﬁ rfac g&ﬁ&e
evi denced by ‘?P‘f\ %sﬁ’t B nPrY<osiy aé%?ldr'aé’é(l F‘HQ P"%”c?‘i'x %J’Ymatrl X
form ng cEs | scompriisisge prostheeic Agomupssn- The defannbnoﬂeqnérpﬂﬂlméytd.ldegl cal
activity of theadolapeabedesatfve foﬁﬁsstoedgf%t&pes?ﬂ%éé% ofy, RRlwRRL T de

fragments. |f the . ag- rrents are capa et ng out contact
between the MAGLAAiDg hupaps as Well a8 ingRy P %t% § OT REprides
cells will bein anyde:ty@@hed éxpressitonatadtorey itdansedriingi oo doind ©f

i nspection. g tO.Hqu' ge % SAdRar 841 8LHr onectin,
ost eopon- ?? n, co agenkhﬁg?né%iépa t%/l%t ronec??%. l%% bi ndi ng activity
I's nediated through the RGD cell attachnent domain of the 35 protein.

Anel i n co2® ai Hise gidlypepridescet | tie niiventdomiwhich habEReemtarhiéd Cel |

attachment cagnds RAMEEHs 8r8 dif¥erent from the known enamel matrix
proteins amelogenin and emamelin 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 poljpep-

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 14 PCT/ 1 B96/ 00643 coating

cell culture dishes anelin, BSA or fibronectin. Bound UMVR r at
osteosarcona cells can be quantitated by neasuring - endogenous

Nacetyl -[err]-D hexosam ni dase. The anal ogue or variant will thus be
a pol ypepti de which does 5 not have exactly the am no acid sequence shown
in SEQ I D NOWOSH2®® in SEQ ID NO 4, but jyhich still is capa%r §/po643

medi at i ng contact between enanel and cell surface as defined above. Ge-

nerfl ly, sgchxaoayﬂef&th néie%syebhdbene%ﬂmi&e&éw%etb EérﬁucleJ.@ &m%o a |
certain extent_in the amnag.aci 0si tion anslationa
nodi fi cati ons W%&Pﬁ gypngpéb% ﬂﬂgﬁﬂ C\g oﬁap ?r%arp%%uf o the
anelin protei ﬁénﬂeG@mtéb?éfd betwesnt ppanshnpnd well Su?ﬁécﬁerm"ahel eRpR" or
"V?“ an{ "dl S ?‘hﬁélé'ﬁ@chdl'a”t he Reg&EN: olﬁﬁf&l@@tlh‘é bﬁdhiéhem@l@éﬁfﬂ n or
pol ypept i o a i mlar ani no_ac i on ence as

char act er i St “a"m’rﬁ}“ EQme §§Hﬁeﬁ§e§1%% %\@r %11 H RS SF P ved
from t he a@gla-qnmads oxsddubtert dexanded.he exanpl es, aI I oW ng for

m nor* variations that alter the am no acid sequence e.g. del eti ons,

exchange or insertiaons of gm no,acids, or I - 20 nations thereof, to
generate anel %?B?%l’?’?%lco&& fam@g%nts % PoftsP ﬂi{ e
i nteresting acdmpsising ramiso p.cch;lerészdues Jes:a)f40t7hefa88QogDeN03meand

anal ogous pol Yxﬁ@@éi&'eaﬁd @r‘&bﬁbﬂtﬂhmh é}?cd?!fef iV ey Qﬁhi‘&ea«?bzﬂﬁéiﬁnga
human or nay be arti conp] et el of synthetic OI’I%

anal ogue A8y b%c’é?) %‘éﬁ%& thEBugP? t NozéoABE ?f%mad

t echni ques. embodiﬁmentrm,o ithan b.nvahndionemlscmfréllae:qsr ¢seat nuaveht i amid hus

Lgeﬁt gﬁbst I tut eggﬂ%%p&mgtﬂ?gr gnpghﬂgng{ acl 2%" esl d&g@an ﬁgl gc:[&SInOI\l/J\,ﬁ Eﬁsat

| east one ani ABTHEREE rEIWRLdTh SEQHERNNG D e%@rbraneéoaaeearse ¥ariang esul t
in a polypept tﬂeréefrmnélﬁw aaﬁu%maﬂé ac:.daﬁﬂ‘ad_mﬁ;@ﬁuéﬁezed@ﬁgp biﬁ@é e rom

t he am no O
e f%ﬂﬁm ng,

subsequené’ ° ?'aggﬁ the aé'?'?i“l?oa V\Bdsggﬂnlé%%e%}g'g”éé%r ﬁgg

but essenti- analegyy ord vgriapti kheredLity as defined above.

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 segquence 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 bioclogical 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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I nteresting enbodi nent of the invention relates to a poly- pepti de which
i s an anal ogue or subsequence of the pol ypep- tide of the invention
conprising from6 to 300 am no aci ds, e.g. at least 10 am no acids, at

| east 30 am ng acids, such 5 as at |east 60, 90 or 120 am nWt

| east 150 an™ROM2M0,:i4s or at | east 20014m no aci ds. rticularly

i mportant enbodi ments of the invention are the pol ypepti de contai ni ng

t he anmi no acicbatimg el 1] ot0ture Sthes andliQ BS@anel £ibdonestin.hd@ound

pol ypepti de Gt 34 MhildiRaBons dO1AS! chd & gﬁmw@éﬂigy Helddud:ilg 4
(anmelin 2). The am no acid_ sequences SEQ ID NGO 2 and SEQ | D NGO 4 have
been conpar e@%?ﬂ?W‘WﬁUlaﬁTBm A

e degree of honol ogy
(or identity) with the extracellular matrix proteins wi th which the

honol ogy is hi | ogenin. | I | |_Qvy, %.and
26% respect %%Qﬁaﬁw%q}lzédg’%i Qlﬁg.‘gﬂlsg%g%d%o%vgr gtoﬁgﬁ%ﬁé/% ‘%irq'oﬁ%i%ﬁ?e%d
not restri%t Pt 3ig axactly EheaamineAciq megwenceeshave in SHQ AR Nas2
tnot ed tha} | ar@fi:rm% 'SEQ _Cime&vlmqt, Eﬁﬂtﬁgﬂ(:jlﬁ étﬁ{lﬁ.ati%d ctap'tanis @gpt:ﬁédiizagtiﬁiyﬁ ][ ast
(0} col I agen 1.C 1,S_al wa enco epeat e Il (S} no ,
G y- % v The PO Patiretn BhRnRT IR el iR R b et i G d Ve
hi gh cont ent Rgrakiy, mudh podypeptibdes neill be polypeptiger ahicharamhe
arrfl in Flroteiélsgptr&d ah%éﬁrt@iﬁeéﬁtéﬁ?t i? ind Iaafi&z{oyawt&ahc&ﬁﬁd%ﬂasdﬂ, Kﬁg\gﬂA
extrace ar rotei.n 1N . |1 C I nanel nmatrli rotel.ns. n
inportanty%ntﬁé#rﬁﬁﬁtéﬁrﬁﬂﬁ&aﬁFgggﬁtm?ékéhﬁﬁ qsefégésg¥¥§éfylatﬁﬁﬂ)ﬂ&éptide
havi ng an aniphespherylapionseabr oompitedh to ddes@melin pyotedns; dagarided0

anmno aci ds ifn ool Seaadsl a degree of at least 80%wth a string of
am no acids of the sane |l ength selected fromthe am no acid sequence
shown in SEQ ID NGO 2 or 30 SEQ I D NQO 4. Pol ypepti de sequences of the

i nventi on whiTihe Heamn fdradoigugy or "wariadt iisy thusausedain G presends at
lleast 85% e.&ontdie to indildatkhs PRLYPEPIdXGARPEBLiAe SR d BiNR&0r SEQ
I D NG 4 constitute inportant enbodi nents. AS e sgquences, shown in

15 “amino acid c%ositlon oY sequence as tt & 2RJrsd er:.silc
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, toc 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 resgult 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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16 SEQID NGO 2 and SEQ ID NO 4 seemto be quite unique, the scope
of the invention also conprises pol ypeptides for which t he degree of
honol ogy to a simlar consecutive string of 20 am no aci ds sel ected
fromthe am no acid sequence shown in 5 SEQID NO 2 or SEQID NO 4 is at

| east 25% sWOIHR2TM | east 50% or at,Least 75% Such s XETARANI64Iay De
derived from simlar proteins from ot Kar species, e.g. other rrarmals

such as NWISEntdraddy Pméd | BHMp&h
t he sequences dlggié %&::: t%\%e%r ese‘?\tog tﬁ}el gewleg%l ?\tes etr%?h E!"sb'l?'?il | ed

e
in the art wiPfP :"&e?'ﬁc?na:‘c?% “%&&H@ﬂﬁ% °%r RPIYRP st udy
the human vertside of theelinrenfion canmcisiond fimoabketvi 30 arkasidgids, t he

starting mategigl,.a@Seast 18CaHDRS &eiwmaeeﬂleta%et BomBhEhd Ao fUR |ARE | S
t he extract ed or resect ed teeth ml;: third. nolars_or the super-

15 nuneraty *Reth 1eBRF &0ag8 820 0P 3R taq}ldst'hégel?%%rt M3% aming,gg| | y
quite | ate anaslcideeref ate leabe 2€0 | amimy dadeik.in t he matrix formation
are far behind the secretory phase or are not present any nore.
Alternatively, the starting material can be derived from20 avail able

tissue cul t urBaTrtHEArly. apertant ETpeiinentss ofthe iavpntien Bra dhe of
anel i n nmessengelgpediiid icoRtARAINGthd Bliino acdds rebidueedh i40T age gHo human

t | | h o
CoeeRar Oy 00k Wibida,e) $00 Sl Ao MR S LA U o,
25 Thus,*® nedd %ﬂ’é@% éoﬁﬁ‘*cb‘lll%EQ %é‘%%ém}mm | i brary i's

constructed in order to find one or nore speC|f|c cDNAs -that woul d
TP o mannerhe AT il PRTEERERE R 10 Yz Bog a0 o AL el e
created and seeeereaimenad wath3gnowmeaning restids sequences prive degnes dd
fromthe SaOShé’molog;L I wxa&hentlt¥) WEH ehd YxPrateYUeIsr MH:Q%oﬂeiﬂgeant
the identity L S%micn e hSSobias td hishat, IndfaEnls Ol ' Lodlor®
PCT/ | BO6/ B9648V, 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 homdlogous 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



in the match with respect to identity and position of the am no aci ds of
t he pol ypepti des. The term "honol ogous"” is thus used here to
illustrate the degree of identity between the am no acid sequence of a
given 5 pol ypeptide and the am no acid sequence shown in SEQ ID NO 2 or.
SEQ I D NO 4. The ami no acid sequence to be conpared with the am no acid
sequence showNQ@9WBE® | D NO 2 or SEQ ID NQ 4 may be deduc®H¥

nucl eoti de sequence such as a DNA or RNA" sequence, e.g." obt al ned by

hybri dlt zat | lon g aa inend hﬁdlgsé hed e : |40\Hteﬁﬂmdt6rb€9du:t@ th

conventi ona am no a nCI NMet N0ds €,

preferably r"rcjrg\| rdFQ& b aﬁ% a&oapgéaﬁgnﬁ%fﬁepetzr@qsu%g ‘W%%h
tide, i.e. wi tﬁhmtdagxieengfahgrmmmcs@qmméarnconmida zstring_ ©oifoR0
General ly, On'ain 'a'?ﬂ.grsegé.?@ét@d effbi?‘i‘:h‘@‘%ﬂu%”&éid %@éﬂw |2 Qhindan

sequences in or etermne their intern {m ‘?‘*‘a IL.Ln one of
its aspect tng@ ﬂ’R/éW[ PoRTr SRR N5 4 %aterlgast 25% FYTLGReAt 45855 ng
a pol ypepti de 50% tdwe sitnleast oms5%8s Such quuaedeabmap be rﬁe;xalmecblﬂmm t he

i nvention rel El[.ﬁ %ce C ri

t he sequence %ﬁ&]}t]a%m%:%gegﬁé Pé %rg%m %g?su stant | y t he
sequence %MS{?'SE@PB:N(S@nea PlngE’égpré%n?r bupan - on al so rel ates
to nucleic acid fragnments whi ch hybridize with a nucleic acid fragnent

having the 25 gydlgotiele.segugy &&g&;;ﬁg@g&éﬁ%h DA dr oG G Lus0lle

sequence sho sard seq

stabl e und&t sthe rﬂﬁ%fﬂoncékéﬂ-l?%n@ dhe agtpfgill bﬁn%%%u@udqw,( CLlerssO) ,
neutral pH ancbéiﬁ_{eﬁfde] Cproduce, |dh@idssy taeplinanthersivteif ameldnat @s to

o o el ianias & o Wells L hrasRG g MV O
nucl eoti des V\ml'eq] most convenieny ooty pagerial available is the extracted
PCT/ 1 B96/ 00643%r resected t8eth, mainﬂ;a thavehdrbionolagy o tthe BRpeeguence
shown in SEQ IMajry teeth. %the Eé%ag% N %e%felgﬁngﬁeséf WhsPUeth 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 ig 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 f£ind 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



2) encode a pol ypeptide, the am no acid sequence of which s at

| east 80% honol ogous with the am no acid sequence 5 shown in SEQ ID

NO 2 or SEQ I D NC 4. The present invention also relates to a nucleic
acid fragment encodi ng a pol ypepti de having a subsequence of the am no
aci d sequences SEQ ID NO 2 or SEQID NO 4. In the present specifi- -
cation and clWO®$02%he ter m "subsequence” ,gesignates a se- RET whi ch
preferably has a size of at |east 15 nucl eot|- des, nore preferably at

| east 18 nucl gt ixke smatadidd vﬁ%ﬁt rBEfect to fRicHiixk Kahnheﬁééz.@ﬂorﬂlﬁff%ﬂié des. In
a nunber of enbodl rre%#% %& thgypnvenél on, e subsequence or anal ogue
of the nucl ei TR0 3 ﬁf‘aé" nP° ‘?ﬁ/‘entlon wll conprise at |east 48
15 nucl eotides such as at least 75 nucleotides or at |east 99

nucl eoti des. SHURISYou §h0§édtlﬁ£§‘f1£§éﬁ th!éz%t tbeﬁiué%ﬁte td the
criteria 1) ﬁve or ,sho bridize wt nucl ei c_aci
REveds

f ragment corrpa?%‘F SARRELEY: Jetfe gmino ?ﬁ'&ﬁnsfe fueRee |95 IR VEE t he
nucl eot i de5 s epokypaptsidevandn tBeCafifno |aziddD squence shows il SEK rEDVNG:I2at

smal |- fragments gg ﬁ*i\fdl' J PpRCRniR6hcia sdHRE 88 be ?e?‘rtﬁgféi-&f ein.

Such fragrrents an subsequen- ces amng ot her uti e used as
probes in thethQApino aqid sequeppe fh %‘Fé:b&‘ D0s¢ PReSER RN e
sequence of 215aytlise dedusreid Eroasadascledicitie mdguameeesdch as a DNre drerm

"anal ogue” wi fs &hdd tehg ”Bﬁkﬁiﬁe@%ﬂ x;mqrmg%m C%Qfdé éﬂ%ﬁt'on

|S|ntendedt0|n ate a enco

pol ypept i &8 V\H‘%hf‘?:’sl‘?w'l (5"I’Fal"‘la~§r be. °}§"r%’}eoﬁ' 113’0 cPFPE‘*BBF?ﬁb@ptW@%r?&i@ed by
SEQ I D NO 2 aseknifgidg Hetiodé.i Theéhadgide afdlonmglegysisapeateradlyredi ating

t he anchor - | d o)

evi denced d%té#ﬁlﬁ)% ‘{}’ &%%C%Bgﬂé leé %&ﬂémﬁ %?Sh %§%§w~

PCT/ | B96/ 006491 e, i.e. without tpking amy |leasisw SeauencAecinterconsifensc d
may be encodegigy. Geﬁ@d‘dlqlﬁ eRd9Nsodine Ww&&@eubeanﬁéﬁl SSrshriny er

alia, t he refe ence of the,or yuesti o Xpres t he

Ut ot | 85 scNEREET A, Hemisngeg, 1 PRiet o A iEtse "Entbh Eafekt o
nucleic acid hﬂ@@h@ﬁ! of the invention may be exchanged by ot hers mhich,
when expressed, result in a pon- pepti de identical or substantially

denti cal L0 Lol YPSfe aorduls COROURL I L1e iceko Bt L in

questi on. nal ogué" 1s use resent con ext to
acid fragment encod;ng a polypeptide of the 1nvent10n asg
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 é65°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



10 indicate a nucleic acid fragnent encoding an am no acid sequence
constituting an anelin-Ilike polypeptide, allow ng for mnor variations
in the nucl eotide sequences which do not have a significant adverse
effect on the capability of nedi- ating contact between enanel and cell
surface evidenced by 15 the test descri bed above. By the term
"significant %ng-é effect” is meant thatgthe activity SCTIRMSORHS oq.e
shoul d be at |east 10% nore prefe- rably at |east 20% even nore
preferably at |eas) RHadé siidivmdlogy ®itherisd sdifeerice ishowht anhSBQtIMINO:1
det achnent activi&iz Qé %Q@,ig%faggli%a eMmdqn%r .ned as descri bed
above. The anal o- %ous nucl ei ¢ acl ?ragme'nt o nucl eoti de sequence nay
be derived froman organi smsuch as an animal or a human or may be

partially or conphptéhdodd 5ypelppepti®s Gile abiticdArlid]eequencdBf allice

derived through the use of .r l_nant h- .25 _ni.ques.

Furt hernore, 'the ?%r%%el%ﬁfﬁ %@%e oﬁﬁgog%sé%ﬁgg #&%n-g‘dd ST to

al l ow for Wari at | shewh rin [BEQGIHuRce SVOIEQSIENR:4. stitution, insertion
(including introns), addition and re- arrangenment of one or nore

nucl eot i des, \é\?li ch _variatjons do 30, not ve a% subst ant.i al agvgrse ef fect
on the pol ypepfRdRresent yeREicy AHECTRIAN® &9 & ARThTeft 2grd fLragment
subsequence t kereding a gfolypeptifiechaving "a uhshsaguenne’ ofs thet amieel acidrean
the repl acenegequencds 8F B g%@eoﬂugté% 3@5:4 N 1@ vl preBUAL S8 &EE1 -

Eg?-f?ggg/ 006 4§ation ar\{g) claims, the term “subsequez)é:e“ des\;vgpﬁtgﬁea S Hor e

di f f er ent 18uclgaehce eshichdilicdfieaablyshamdersize ofStaandehstmeanmadbeatcih ti on

of one or ?Pr%egu%&?éi;gf‘éfé%tabl agi %Qéétefﬁi Ricilddft f'ddsl, aug! zﬁBé{% dre-
sequence, "inserfjon" i |niyen ed to_nean t%e i ntroduction of ‘one or
nore nucl eot | #853PEY @ % nlepath @3 GuLlratidet i dB SeqEies, ofjerkedynenta,
i nt ended o thdi taventimt, ahe sobseqeemcs|@otarddogueyofbetha miedlodixsd

fromthe Tull JR4g! BALGES QR REE 1ADERAEN Bhi f) Idp:A0L A 1cast s SEUENCE

or at any suita EQ n init, an rangenment” 1s I ntended
to mean tH3t OHEISPERIPR FRIGE 86 18PFTIHIBCLRRF A58 RTRENEPRAY W t hi n
t he nucl ei c amudleotpdésy: The "wopsedacseslicsiomld esndicirny ebyat Theasit obres C
aci d fragment ¢ ¢pdBYry ANEYEN, 3lsS9) PRLERL 47 %&Md‘%@ﬂ‘i@ﬁéé%ﬂﬂ her
before or after rnserting’it 1nto the organism . e terns
"fragment”, " SUGUEREeACLA SHAGMAREN COMPERRANG, i Aucleotide 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.



15 gue", as used in the present specification and clains with respect

to fragnents, sequences, subsequences and anal ogues according to the

i nvention, should of course be understood as not conpri sing these
phenomena in their natural environnent, but rather, e.g., in isolated,
purified, in vitro or reconbi- 20 nant form I n one enbodi nent of the
i nvention, dW@EM3MW of genetic nut at kgns and/ or quant i ESIBM643, 00 i n
nMRNA may be obt ai ned by extracting RNA fromcells or tissues and

convte_rti ngSi tnb is iﬁ%ﬁ %PCR f Bhat U iR l;dt&@;d tB.c‘&hemW_ |1?’)é"&=£:ﬁ§cﬁ1d Py
reactl on . INerfs na Syn (0] <
nucleic acid ﬁ%ﬁ%t"%’ﬂsﬁe%ﬁv%?é?%r%‘%ﬁ%%%)“ﬁhgg%é%% c‘%%?er agchllga’ to
fragment shoviFhe rprSH@nencROof the SEQaTiSU® 3n Muestion exprrsing the ection
g_nd/ or quanéI !?ﬁlﬁti@_é&%u%%@é.aﬁ:@sl,_ ondli ¥ ARTe ﬁu%éb%ﬁé&?\qfi'hm ng a
I Sease conai on 1 n I G .dn_anell n | S .expressea 1 n._nignher or
| ower anouht s° h&?\e nuvg}ﬁd‘f‘rrﬁfzf' _fragmenw%et H’in?f%f‘ﬁé‘”éc’?ﬁ%l%ﬁ t he present
i nvention i s exchangestby otheirs wiysch, odhen issipmgsseductresulttelpralmlahi ch

i s capabl e Ofpepteidlelf gﬁw ay%%m‘ﬁﬁsﬁa@aﬁiehté@ LR §Y 1S
well as 35 a nethod for |agng5| n‘g | seases_ I'h whi ch %he exgr,esm on of
WO 97/ 02730 tide encoded by the micleic acid fragmpeﬁ':/ Bg@} - .

21 anelin is deregul ated and/or diseases where the anelin gene S
mut at ed, - COMPA] 56 N0 it Inifla PSP £5 [UA AP AnkCPlesent YHRAEICLS!
havi ng a di sease, where a higher ahpunt of anelin _, grotejn t han, normal |y
is presen%oor“ég:l"r"ﬂ?%ﬁ & WGARLGT 2| Frpoment SNCOSARILAT| FRI 3P4 ch t he
sanpl e i s condequenceVddnstituting samestelimdeke polgpeptided altdoweing

al | owi ng any | £ ' afﬁmg% t &gﬂ@i ' %@%E 14N t he
presence of Ma%xgqrdgrﬁlﬁc%g 0;01% ono %g%‘tc'g"eenuc Y %Ieig? _rgg&rr%\}%nsdq %the
sampl e. |1 n a Baye ersigyddcanthadvexasieliech f8 thearapabiblitn of Medinostic

agent whi ch coEDlig Se@shtRttAbRbvBeR ObyRRDL iR QA surfacdi Sgidéhddit by |
i nvention The pé)e:é%:oe ti.d of the invention can be produced using

re- combi HaRt* FAGE899°%% i nport ant enmbodi nent of the pre-
sent invention relates to an expression systemconprising a 15 nucleic

aci d fragmentepfrhdecdAyonligalsitanPaddveridlertiettr is héy@ntdpn aleates to
a replicable gé@:ﬁ@f@;‘r Oorf \Q%(:et %a%!gtgg 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



carries and is capable of nediating the expression of a nucleic acid
fragnment according to the invention. Wthin the scope of the present
i nvention is an organism 20 which carries an expression system according -
to the inven- tion. Organisms which may be used in this aspect of the
I nvention co rise a mcroorgani smsuch as a bacteriumof th us
Baci | | us, P¥RM% or Salnonella, a yeaggt such as Sam%s, ,
Pichia, a prot ozoan, or cell derived froma 25 nulticellular organi smsuch
as a fungus, mhrmm:toxcmbh:e dszerdnarﬁucieddudesr.ram&iaibm'elzls andercel |

line. 1f the gxg@'u%ﬂmean Lfie %8 w&&% dzfe 'o§' Ea% Eﬁ@ﬁ?&?&ﬁieé A&

bacteriumis enus er|c ia, e. rrespective of
the type of elthayandefusbs, fuke %‘éﬂ%?tédﬁclsﬁqpﬁﬁﬁﬁenfuﬁe‘ﬁ?@nt nv€nt i on

i's 30 introdistsshdett @ot heafr gREI St Lodutttioh oECbhy 6f Myrdnansedtides

t abl t X i th
el an Sol Veia HE) B PRl p0Es 8 ARG B oBfonr 16 (ARG 1 (N
anal ogue or at%m%§hﬁhe¢§§f°r moxg nusdeohidasi bavebern dfleted y or

by neans of afirex RS FudN RBcl¥6ELQE -sequence whethei“&@@ﬂa?é’z_@ end of
PCT/ | B96/ 006 eic acid

4 I
fragnment or ﬁh%rﬁ'ﬁ%ﬁ?é:e ) aguﬁ%q%%%aéale pc}lﬁ’&r g%Fh%%nl%d S—,H{H;q: & oned in
a suitabl e statrangswengdsiignintendedity mew that pwe dntmore swialsgtddee! |

Ibi ned Theme:fésilduesfom%gbetant@fcﬂﬁﬁdé&dvmﬂwtoeabl ﬁﬁél.tai@ a&@oi-te ayed
ased on evels. 0 roducti vi ungder i on ui e _for

vector and t HeeR%Yqe BSFueREEy %t'e’r‘é%]t e‘dq'g’ﬁ ifg 5%%‘:' grqeeltther and
forma very imgor thowevemd abﬁmheau@dsﬁﬁﬁdaé)yomutagenheme&t:m before

pol ypept i des. omf&rzg%eﬂtMgChtlﬁw%é erg%?@.sm production of the

pol ypeptide of the invention nay also be a 10 higher organism e.g. an

ani mal . An exanpl e of a specific anal ogue of the nucleic acid
sequence of tThe itemns i"éragmeat DNA" segnesived ,wWiisthseguenégbsand "amad obNA

sequence $H10WnéN, FEQuULRANGL1eRE éﬁ: N@e%n.@&cﬁtzon Qﬁétcii‘!ﬁzfseQﬁtﬁ”d
which is part]cul arIy a%ﬁgted for essmn in E. coli._ This DNA

sequence is ohEFREFTHC ﬁ“‘?ﬁ%%ft% fRces, E ESﬂPe?Sﬁ%t?féq 3 abl e
regul atory seseemcEisyg rtesthesinvention heslouldeofi onunée cbeaindesitiond havi ng

substanti al | Y Geomprs20hOcAEke SEGHEAES SﬁJﬁOWBe'iB SEQD oA omah®, | D

yoodgngrrgcogrﬁ’ oF e%regogr"l'hgg 1s<§'iate§ Pur iege n:etézs'"esogp‘l’%%lombc—
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



I'n the present context, the term"gene" is used to indicate a nucl ei c
aci d sequence which is involved in producing a poly- pepti de chain and
whi ch i ncludes regions preceding and fol - | owi ng the codi ng region

(5' -upstream and 3'-downstream se- 25 quences) as well as intervening _
sequences, introns, which are pl aced between i ndividual _codin
segnents, exS¥RM330 6 t he 5' -upstreagy or 3'-downst reanmmhe ,
5' -upstream regi on conprises a regul atory sequence which controls the
expression amedfint he @eregulatd andyor Aissases where &h@lana&tihegenéegi on

30 conprises ;9€ e [ 0
transcrlpt|ongbgﬁgﬁgggéﬁﬁgég%#gfaéIaggb%gglh d%ﬁ% %%gggmla'PatleﬁFe for

pol yadeny! at E¥gPertedeot raning @ %aﬁﬁewberﬁrﬁ highen amonateofs 8grdin The
pr elsent | an@iﬁo@&lﬂ ;&ﬁaﬁ&i@éxﬁllﬁ J.%npreseﬁﬁpbﬁségﬁftﬁéa EErHO BIBT hﬁémfgnflh
nucl ei ¢ agi cri.he \ J e e_o e
e On% oo 89FER ﬁ&é%%&%%@ Satpis 1é‘%o%:%§1§£% Rukf®a

PCT/ | B96/ 0064dagnostic agay as depemibedorpovei rafl koweng [apyk pugledgquence

capabl e of madial EREgmene X &S ip13irisal AnlUgéEdmBadiny ftwis&abence ot The
i nvention further

| d to |
aci d sequenc@né'oﬁl ﬁﬁg?ﬁg °$§}W&-&$D&§Sg}m%¥§§eacﬁﬁsg%ag8ﬁn%%' g a ”UC eic
pol ypepti de ®ampdei.ndn dcfurthen mspectonthpainyention iahsor tr&ﬁateﬁbbm aent |

the nucl gioC Miagnbbddc agentTRiiclf cRp2R8baous &hﬁ%;ﬂ@@gﬂﬁ@e&ee&of

the inventio fusion ,nucleic acid fragnment o vention as
E§P§|ﬁ°nﬁ

defi ned ¥ by a replicabl e expression vector which
10 i s capable of repllcat|ng in a host organismor a cell line. The
vector may i Rpabbh L g n opgsone or
virus. In an |nt Ebeggéﬁ{l@%o%dﬁorrent 1%?reﬂi§§8ﬁ ciﬁg\sfégn mduégﬁ' lu\?g'cP ggmay be
a vector whi GPmbiRan OERRQQP ogYi-nAg AERPTEIRY GWQQQHmﬁgéraﬁeGh?nPFﬂe

host ‘cel | genseme. ms}éntﬂo@rteemés &¢ ab axpeebsidn té”}%delml‘iz@hEQﬂsihbea
n

nucl ei c id % | L. nugleic
acid n#é%telgnco ool o Bhb S PRL R S Bh il T
t he ponpeptP@@egF 9ﬁe1$¥ﬁﬁﬁﬁ|ﬁﬂ1%|¥§9§1Fﬁbiﬁaﬂ¥P¥Q?§%°n vesiorewbighi d
fragment of tdagrdieguengeishsipapie %lee@zhdﬁlﬂgothé(é:éiﬁ‘éds@o&sl%a ar

anal ogues th%%gf gnﬁggan%@naﬁl d?:og%llxgego the { didh the purpose of

produci ng a ypep reconbl nan t echnol ogy
the fused nucleic aC|d se-

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. Alternmatively, 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 wvector.



guences may be inserted into a suitable vector or genone.

Al ternatively, one of the nucleic acid fragnents is inserted 25 into the
vect or or genone already containing the other nucleic acid fragnment. A
fusi on pol ypepti de can al so be nmade by inserting the two nucleic acid
fragments separately and all owm ng the expression to occur. The host
or gani sm whi w0 9702730y be of eukaryotic %{2 prokaryotic ori gPCH/IBIGOMED W
under 30 conditions ensuring expression fused sequences. The fused

pol ypepti de i %h?ehﬁﬂfﬂéii:fé@{’d %ﬁéﬁtpgkyaﬁp%gg?éeﬁe tdhe d %ﬁlggequgﬁaéi on

separated fromits fusion partner using,a Sul . \ .
VO 97/ 02730 - thereof can also bg cloned in a suiltaljer /g GEpZEessioRy o
aspect of theviectertand thaes pet dnro tosaitebbedcell lingm.odhe nglis

pol ypeptide o kpyept Lo q9¥p | Sl I%gﬁﬂ : (a)
inserting a n&%%@?gig%igﬁ%rgﬁﬁéq g?a?ﬁgpﬁﬂggﬁt?%ﬁ "Hégﬂhﬁgﬁaﬁésed on
expr essi on vede¥els of progyctiwityr yndergcandiricns SUHIAblE 8% Shewith the
vect or veptagusnd the séeil (Idne used.(TheCseledtiatl) ddlashase §rgwni sm

d di ' Lt [ th
Dol ypep. 10 * Totepsh and form 'Yy LbBRLERE M | colllabine® RhE8E' B2, 1€
optional | y suffhec@pfiredcpplyneniidege Thepesganigmaehich is uspd:i fonathe

modi fication. producWbhi 6f t#iee SEIFPeRLibBEoP! €8E Mnveitaitn @By 818658e 8
met hod as 5 i

gscribed above wherein th | ypepti de produced is isolated
by a netho co%%fﬁgiﬁﬁg%ﬁ%FQW ?ﬁﬁ%a%?tgﬁgmgﬁke affinity chro- mat ogr aphy
using inmobilized anelin pol ypeptide or antibodies reactive with said

pol ypgpt i de amgi @B@rﬁfahér?ﬁl’d %ﬂi@pghﬁlagueaﬂﬂ ﬁ{@gﬁ%dz@g@r abig A
procedur es. eptide produce escribe oye _nay_be
Bbfected sEqugBer. BF 38X Hvrilloouprf (MR FeianE wBIEH B rige s
treatment, chéiecBNAtpeguence SHOMNANISRQIED ¥P it m|SRhPeNO:3 erca) or
enzyne treat "palrt( BREFEIASHSA WHIEHBAPESL BRI F Dy adaptied FoDakhhessian
enzynmes) . Thﬁnp%lyﬁeztlqghnaﬁggféprocessed 25 |n19 |ff?{ent ma¥ ern
pr oduced 37 2 9a Pt ;018 pquence 1s 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 NC: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 gquences) 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 alsoc relates to an
expression system comprising a nucleic acid fragment as

35 described above encoding a polypeptide of the invention, the



to its natural production environnment. As an exanple, glyco- syl ation
Is often achi eved when the pol ypeptide is expressed by a cell of a

hi gher organi sm such as yeast or preferably a manmal . G ycosylation is
normal |y found in connection with 30 am no acid residues Asn, Ser, Thr or
hydr oxyl ysine. It nmay or WO 97/ 02730

PCT/ | B96/ 006W9 970273y not be advantageo?é to renove or aJt@?“WWNP““’
processi ng characteristics caused by e host organismin question.

ol b ety S ol ot o dbtect
i de i i i
Be ﬁgeg as sfERTOFS :f“?n %ﬁ qﬁdsp.uﬁgebﬁrq.qsr%déragn%x}%ﬁq ltohe or gani sm or ceI I

line. If the polypeptide is expres- sed as a secreted product, it can
be purified ghteghbyneidy fur ‘imBQLy ?B&éé’é‘ i :«P’iﬁr advéé ar oci at ed
product, it nay require, partia t

CO ete disruption o he host
before 10 p&???%%%t?dﬁ?ckﬁ&ﬁnﬂqé BPQ??EFTNQRéEhﬂ' IéﬁpPS ¥BePGiae RE
puri fi cat Bonthé pn#gnephudﬂsaaﬁﬁs;bn)pmlypapnmdanqs1ﬂafhnadonere1nafiﬁnity

chr omat Ograpﬁii % ??&ié&g tﬁhk)e:?&f»&& hd¥e CUHE nu 1e€8t28£§ %"th a

sui tabl e Ilgan chr omat ogr aphy roce ures suc
filtration, MERE eREh%ﬂ °9Hegﬁrp§Pb5§EPeFQﬁ qf; Qi §b Eh%%ﬁﬁﬁ?ﬂﬁﬁhphy or
derivatives ek angusiozh fmdelcalamm ffagx)emt sl dpEhdhwentipnoas ddeinéd ke

| | t ]
B ettror - Urein HEy f¢ (GhARORE s Srof NN UL RBILATUL AR Wit
i ng, (v)1§ny1§tﬁéPa§%@c¢ |¥?E%ﬂQ§§ﬁpﬁzb¥|%wﬁQﬁﬁﬂQﬁgﬁﬁkﬁﬂ=P§aa oelltlipe.

technlques The present invention also relates to a substantially
pure eptlde. Ln h nt, cont %? er

stantially plLf%lg 98%.{1 h &5 150 &3 %Eg%’?f‘%%t t‘?i" Sg{é pg’ 9%é g‘]’mﬁﬁg guestion
i s subst ant | ®#ing-choomdseme cqmenmruswanemgmte:gesi@&g embedipent pehtthies or

car bohydr at e3nvihi £8n Meyhd Saddtior! &ﬁg be a txb@cﬁloduﬁtdhonwﬁaﬂl Pht+6&QN&d Y Of
the pol ypeptide_o of her-

t her wi.th the pol ypepti de.
The purity ofBa? °95rgﬁlﬁqqaﬁh¢n§egraﬁgg égyggl & e polypep

el ect rophor esi s. A high purity of the polypeptlde of the I nvention

{my beAISQs adyhaphagparei MRy kel Ypepié tntentibe thsedutlefc caérmsn
I on SO

may be used %agm?% d%ﬁﬁﬁ?“?ﬁéﬁ°§h§%§;b8ta%%ééﬂéaééﬁér n%ﬁﬁ%% %gﬁ o€

| ower purityftggmnnEtepmm@ungxa polypeptide dlﬁferent 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-
guences 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
mucleic 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 prokaryqtic 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.



WO 97/ 02730 PCT/ 1 B96/ 00643 I n one

aspect of the invention, the pure pol ypeptide nay be obt ai ned froma
suitable cell line which expresses a pol ypep- tide of the invention.
Al'so, a pol ypeptide of the invention may be prepared by the well known

met hods of liquid or solid 5 phase peptide synthesis utilizing the

successi ve CoWO YMZT0f t he i ndi vi dual %};n no aci ds of thePSEM6OPBde
e

sequence. ~ Alternatively, the polypepti can be synthesized by the
coupling of irshe/ifbpteradEnendCitfedtoidd s 3@TBEES €6 4 hfethod R Ypeptide

sequence which are later coupled sp as_tqQ result 10 in_ the, desired .
pol ypepti de. ﬂﬁ%é?%gnéd§°¥§€5pd‘aﬂﬁ%t‘ﬁ inventdthe  CPPRETENT Fieaspect

of the inventifollowing skepa ofirt her aspect, the invention relates to a

met hod of treating and/ or preventing periodontal disease, the nethod
conprising admnistering to a patient in need theregof a 15 therapeutically
or prophyl act F@I I 2gi 3 agid fragmﬁBFyﬁgp?l?%le"%‘@ﬂﬁjcﬂ'ﬁg to the
invention. 8t i s cortdceripl ekpression hegcettdrs pol ypeptide of the invention
will participate in cenmentum formation and thus inprove the anchoring
of the periodontal |iganment. 20 _The usage of ame|/in protein in the
context of artf®) Gxamsformingg A HHalln hasto PrEenismi Eitl IR YarfE9% esence
of amelin RNA mesgliradesni sedwnea)f, orm ng cells: A size variant of the
anelin RNA, fullfilling the criteria given in page 17 lines 1-5, was

di scovered in bone tissue fromrat fenur as well as 25 calvaria by
Nor t her n bl ot s{€) FPWlituriRghEhe hest praanipmpzofyced 1B 8RR {Wcal i zed this

RNA to ost eobl ast suridera®a9€anlé ofonditions) oy Rgpbeseind\ 99e pdallypep-vari cal

cell s whi q\qare fq{ira'eng bone in tissue culture were expressing the
bone-vari ant of arfel in RNA t hroughout the bone form ng period (C
Brandsten, 30 C Christersson and T. Wirtz, unpublished). The
presence of angd) mENestéadectRe Spolypeptiical, amd experi - nment al bone
form ng systens indicates a role of the anelin protein in bone
formation. It is conceivable that externally added anelin peptides
accel erate or fdRiicnsdAr sepiecting Ihe)MIYPSPHLER ot IRPS Y tiaRCal
applications. 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 polypéptide 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
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Furthernore, the invention relates to a nethod of repairing a | esion in
a tooth, the nmethod conprising adm nistering to a patient in need
thereof an effective anount of a pol ypeptide according to the invention
in conbination with appropriate 5 filler nmaterial. The invention

al so rel at esWOIT82Tet hod of joi ning two Bgne el ement s dﬁﬁ”?@ag“ﬁbthqd
of effectively incorporating an i nplant into a bone. In this context,

5 he polbygeptigig fisy be ac?bvatln%ﬁ geBlst Ebeﬁem&éwwlﬂ&ﬂt%tb?acéééin g’ as
escribed in e el qw. p of t i nvent i.on
coul d be use ra%p$éi§F FaﬁPgang gﬁ%rﬁ?éﬁ) gﬁ ﬁ?ﬁ%?allzatlon
of hard tissue selected fromthe group con- S|st|ng of bone, enanel,

dentin and csﬁaaéq&@nt to thieUk Qéssibﬁ‘ aéky@famyw 2 s.aer ehobRE16R @£ et hod
of i-nproving nat evic

Ot anceut anoohe8 POTYREROGRINE' op obbdplim 3 AN’ 198K, CERR pSivRens:
4,578, 0795 tideheamre@mxcaepussdngswwhmg theannfizat bYevberifiled an

effective ampugh Phe SoRpDIREPbrdgefECPIAL NOr Ctﬂé‘%dlgﬁéﬂﬂﬁg is expbh&s eby

e.g. allomnn% nuscl e or” |1 gament attac1nent t.o nE Al so,
the inventi off®lcf82BeFerefePRBEUGE ohL AT RF Sprifded a r??ﬁ?'ﬁ(t & hard
ti ssue surf athespbkypeptifdeohst brpgessed cam-an assicihited produeupl it demtin

or cementum k?qﬁﬁ?é‘eéﬁé ;t;m%hﬁ 8r coxl‘\%f&w aMhowoedHhe'ﬁé | e dRE

polypeptlde 0 i nve reover, the invention relates to a
met hod of® prEVEﬁflcatla?ﬂdy@FBﬁFﬁ 8f ERF (PEAGSNTST EPRABYPROFOR The
i mpl ant at i onputificatie nf poiypephbdescapei siijg iatumbpréeiphbgatbor qgrt i ent

i de oS BeLRtky CRERRILARLhe bl in CLACHISIRATI QEetPBlVenre. |

pepti de according to the 1 nv n preventin
fron1gromﬁnngHPSrﬁPEYp@ﬂ#béoﬁPéFapiaa nd, ‘111)A°§§?§ Fgﬁem%€ﬁﬁréﬂﬁkct
AR e A e e
oy conptPoe FrpRpEY ) Ehm A hpmtronzaliy (Pt MR RIS irBe RE iy crf DR
Partlcularlyﬁbgue. (iv) electrophoretic procedures like polyacrylamlde

gel electrophoresis, denaturating polyacrylamide gel electro-

phoresis, agarogse gel electrophoresis and isoelectric focus-

ing, (v) any other specific solubilization and/or purifica-

20 tion techniques.

The present invention alsoc 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. Alsc 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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28 not exclusively, the present invention relates to conposi-

tions suitable for topical application, e.g. application on t he nucosal
surfaces of the nouth. Conpositions of the invention suitable for
topical admni- 5 stration may be lininents, gels, solutions, suspensions,
pastes, sprayO¥®%®®rs toothpastes, and ut hwashes. PCRABY$/0868N
invention conprises a toothpaste prepared Dy m xi ng the pol ypepti de of

t he : n\élent i on I tdhed dsy&dtp%[it €he m@énﬁp.ﬁit rﬁ%&i&hpﬁrﬁ Biyﬁégtidé)efnﬁp nl'y

avail abl e as. ¢ as ich.g e used on a regqul ar

basis for preventoﬁo% ngagf Jﬂﬁﬁ ypgcﬁ exXpreases R | |

usual Iy cont altifﬁ-%qusmhm mgentsonsmm a poliypeptidgebEi hlgeagwam:mrd

other exci pi entay w a&bavsyr ERE well mv&ph@%bag aeem *B} %Qh ' ng
e or

agent ma ecte from hose whjch .are rrentl

pgrpose ?/nbf ﬁ#@ﬁ P%r‘&&aﬁxf* f818 YriiFing. FUScy %1

sodi um or pot &he dmdistiduadsphate, adidl aifedther palypdpoide seqmﬁbn’tﬁd Ci um
phosphat e, Ca'ﬂﬁé?ﬂ&\tl%ﬁ ulphﬁée? me&ﬁ;g&“czﬂ e g}rntﬁégfz&é tg;oi%#éres

t hereof. Parti cm nts e various

silica. The pdf jﬁé eFrP i fdual FERdo Ecids; ferpingy faegmentia Pf, the
palrf[ i ﬁ | e size poigipeptitieasequend® dieic mare Qatexaﬁhhpladfisé eid |ub rﬂﬁﬁnt f
pol 1 shi ng e t (0]
the toot hp?s]t En ?% s?ggfil t%@%{%{oﬁah Tﬁ%g%g?%g%?g% %ﬂuQ @‘{)

20-75% of 25 JAAFhSH Fé‘l’i?ﬁ'&s $Rgaspect °fAt§€‘r| faNeBtigrf act ant | s nor mal ly
i ncluded in the toothpaste prepar ations. The surfactant is typically a

L0150 101 g BB i AR SRR T 0
monosul phat es t(%tlé‘ﬁaﬁﬁp °§0§F%M¢Wd?%wapéenéééoﬁyﬁe4%ﬁi ythe me&bpd

Im)nog: ycelrl detcmm:ialipbaadmmhsgétﬁngalﬂcyb. paktpbatesn (h8éd therdezmal € sodi um
aur ulqha u sodi um
dode)c/yl beni;%;n %gﬁg'té ég'; 25) %@aﬁ:ﬁ:gﬁa}ly Sé?%?%ﬁ%%cﬁ%’tn&s of; 8

exanpl e sodi urﬁq F1§EI PES laéao 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 ostecblasts 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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29 addition, there nmay be enpl oyed saturated higher aliphatic acyl
am des of |ower aliphatic am no carboxylic acids having 12-16 carbon
atonms in the acyl radical and in which the am no acid portion is
derived fromthe |lower aliphatic saturated 5 nonoam nocarboxylic aci ds’
havi ng 2-6 CWOI3M7® ons, such as fatty acid ani des of g‘fm“’ .
sarcosi ne, al ani ne, 3-amn nopro- panoi'c acid and valine, "in particul ar

the N-lauryl Fui‘!théﬁh@ifé the amdre&%hesht ] Cw'i‘%étiﬁanaﬁuﬂéﬁairing

Convent i onal -joqpic urf c an alsp be i clude desi red
10 The surf&gg SBeibef Hﬁ? ‘al Eg@ﬁa¥ g in %ﬂﬂnt of
about 0. 05- 10aEienpi mlmqechbﬂmre@fSaﬁ%fﬁqcmqmmunt oif ahpol.ppemtp!adge

preparation. accord:.f{& pt&é%ﬂa ﬁ%n't&lgﬂ' g8 Efnmﬂil?aﬂﬂfﬁ Qﬁ%&t ﬁ\iﬂkbﬁrw“ se

mai nl y cerol, sorbito propyl ene gl ycol tures 15
t her eof . ﬁnWEGSQEFa Eﬁ%??ﬁxture Is water and gl ycerol, pre- ferabty
with sorbitol. A gelling agent such as natural or synthetic guns and
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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 tc 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 physioclogically
acceptable excipient. The composition may comprise a purified
recombinant polypeptide of the invention. Particularly, but



VID 97/ 02730 30 mally be in the range of 1-20% by
wei ght, cal cul ated on the wei ght of the total toothpaste conposition,
such as in the range of 5-20% by wei ght, -in particul ar about 10-20% by
wei ght such as 12-18% by weight. The latter ranges are espe- 5 cially
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I ncorporated I n ervmseflnl preparation. In general, it is
preferred 30 that the anelin powder is added together with the polishing
materi al or dertoduhpaste will Whidlayt loontadar pol dshing Gigemts,i muxfaet-her
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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 um, for example 2-6 um. 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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constituents thereof in either dry, dissolved or suspended 5 form

The topical admnistration may be an adm nistration onto or close to
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cel | ul ose poI ners, e or 'S accep t%bl e for
t he purpose ,sgdg‘ggsf.'@.@ppxymﬁt p.ulose 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 emall 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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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 pfeparation 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. Alternmatively, 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 comstitu-
ents, or amelin powder per se can be incorporated in an
otherwise finished preparation. In genmeral, 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, considerationms in toothpastes
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salts, particularly those sui- table for use in an oral environnent.

Exanples I ncl ude Eha maceutical ly acceptable salts of the am no
function, forWO97 nple salts with aC|d yi el di ng ani ons ' )
pharnaceu- tically acceptable, part|cuﬁarly in an oral environnent. 15

Exanpl es i ncl aé%@ﬂ@&ﬁﬁ@é@ orS !ék:aaa §ep£i‘é€:?é:§b didtugsedbherein wﬂnie
chl ori de, borate i Cc,aci

an|
I ncl udi ng acelq aff%ﬁéﬁ)?i? Xrﬁ %t%p wig%l?ﬁﬁ¢”&§?$¥a¥? 3%35f1?he
anino funct | ohbenaddifiomiafoshe amelindpelypeptide dar bhenprepazation Qv
Qther suitabl godebhyed tuditd RELYESEISh| ¥PERRSIHS, tdl@s@abed or B8 dﬁ!én&é&up
of a- polypﬁ ti.de of the invention,- including salts, esters and am des
Exanpl es i G9&salts with pharna- ceutically acceptable cations, e.g.
lithium sod|un1 pot as- sium magnesi um cal cium zinc, alum nium

ferric, ferrogfe 85?%%%%%%{:9&6%&&% rdn acﬁ:lﬂls%mem:ﬂ"%ﬁéégurt her

Esters include r esters he inventiLon w

descri bed by Feg8fe &9 ths g of t3e DX prrestiifd thgnpakbhehegicahot be
construed as thangemgin qudstdon¢opegof ohtw samppttierdiaropart 86 tﬁbﬁbemylonal
met hods and k) hén"‘&éea%&%éé'i' §82£8E0°LH Efe mouti\d! tsgﬁllest&ﬁ

used in agcor ance e instruc- tions given respectl
suppl i er. R@tﬁﬁd%l% YrRif sMeaydng on of the °Qﬂ?@ﬂ#ﬁ%§?30°r it may Involve
34 any deVvidé | R8/ed0G43 enhaﬂslmgltheuesuany&ahmenhloﬁ eoﬁtamm

Mol ecular B oPaayeeR End Gdigos B FRALAL ldchololicay, 1ELILAEY Fe " o
J.G Seid- cmosﬂtmnssmambenamnre@am onc#wsnmbuyedmntwop«dwg%) 5

Al literat Urﬁlﬁb&éi"é O@tﬁ.ﬁ E{zﬁé5| ¥pbﬁ$9rt%é§ﬁi§1ebétﬁoﬁ>’wool
ref erence GEND. TQ FI

sequencesPn §F8W| AHCt | PRYona Pﬁ)l ﬁr§°r%p?)%g1ﬁ‘3a%t‘f%r?\fzghﬁyc8’|“ﬁ°?ga O%er e

di ssected, fifgjo 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.q.
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
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ocust 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 advantageocus 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.
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After anplification and plating, phage strains containing frequently
expressed sequences were se- 25 lected by hybridization with a total DG
| abel | ed cDNAdGdd formpiavigns Pigajed-ionsm guspengions adflranchess egulat ed
and eon- 5 gAaddsed to plasm ds by superinfection of |anbda ZAP-infected
Escherichia coli SOLR cel'ls with ExAssi st hel per phage. To obtain a
better representation of the 5 ends, a library wwth 30 a cDNA was al so
construct ed @l indicated; agphiomagiendsicadt compositioyerf Reheldmvention
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fred[err] bot mideutigalyyesbteskibld (falts of EXAMBRING functidd,brEaiy
screening example salts with acids ylelding 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;_¢) ~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 applicationm.

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
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Réplica filters were hybridized to 10 ng/m cDNA or to col | agen- and
anel ogeni n oligonucleoti- 15 des. Hybridization was carried out at
54[err] C for WOYMMSE, and t he fllterss%ere washed and

(Boehri nger Mannhei m The DI G Systen) hages cont ai ni ng anel ogeni n,

col l agen or ag wWRMAI Bb”ﬂeé%éﬂt‘@ Wﬂﬂhrﬁé%eﬁéeddéééﬂﬂ%&%ﬂ‘@[e&t&%n&&oﬁéée

tw ce and conver ue | a b Vi & 1S40 2
acconpl i shed s&ﬁ’ﬁ' P@gtf‘ﬁn é\'}l‘ﬁﬁontth% @g igtxﬂe]? % 3188y, by
(Stratagen). F M. ABEORPLE R. Brent,PRefar Xingatof, riDdbestQ;re,hﬂbGl-dSQadr on
assays Q) B .abesmieh ahdrer BSbi‘ﬁth”UBﬁnV‘ﬁife rq@gp%ﬁg QHBBQBY A 25

enri ched RNA wi_th reverse transcrj] ptase rorrega Bi o

Transcri ptidbn ddhpragure (Cit %ﬁr&ee&ﬁé ﬁ}yalncorpqqa&?dos 33 B

suppl enent ed wietflerengexygeni n (Dl G - dUTP (Boehringer Mannheim to 0.1
v RNA probes conplenentary to the nmRNA sequences were synthe- 30
sized by in vitro transcrlgﬁmon by phage T7 or T3 RNA pol yne- rase
(Pronega Ri bo or e System Melton et al. WO
97/ 02730 PCT/ | B96/ 00643 37
1984), in the qaresenc I hge Lheim. The
DNA t enpl at es 12‘c}'gﬁt gl nlingga% l%wu%g\%géﬁggg {‘% %esc?@pt asasm ds,
derived from XN&TLer pﬁﬁﬁﬁgé%"’%y ¥om 4 \9361’ oldexatg| ¥ere riaaestedy efixed

amel ogeni rLq 7Ghdb pivbagdedoi haperatfipe DiktadSMebial smtemm t\!ﬁ:b&ghbtnened

by restrictio ri sm opgs for
qﬁant?taltlv:a %ﬁ%n%grf"ers ﬁg%(?%ﬁsgmél?egﬁ%%er%ﬁ?&% e’rr é‘]ﬁ% I'nSt ead of
D G Thetabelilggde RNAs gamp} enenfiaryo Oc MENA| 8edueRcCete PrEPISREDY in
CATGTAGGCAAT GGHEFECE FagAc] S A TFIRTGbEcTEoE PR emBds ( igdaatOamelial, .

5 - AT COACTTCT FARDoCHT CEFe B e AR bEE, oy

15 Fig. 2: Sequence of amelins 1 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 1lated, 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-



et al., 1992). Probes were prepared by 3" labelling wwth D G nodi fi ed
ddUTP by a term nal transferase reaction according to a Boehri nger

prot ocol . 15 EXAMPLE 5 Nort hern bl otting For Northern bl ot
anal ysis, 15 ng of total RNA per well of 2 cmw dth were heat denatured
in the presence of 50% form am de and el ectrophoresed in _an agarose
gel with 2. 2WO¥EI0- 20 dehyde, 0.02 M Myrorphol i nopropangcgﬂﬁﬁ’gﬁsc _
acid, 0,05 M sodi um acetate, 1 nM EDTA (Lehrach et al., 1977). RNA was
transferred omentsgiibéoaBry) Gritkieghennelégth i oy 2@eBindicdtedsaer

Menbrane) in Egé &?%%(@ﬁ£$£@£1, 0.3 M sodi um citrate). The nenbranes

were crosslin I'ght and 25 cut in strips. Individual strips
were prehybridized for 1 hour at 68[err]C in 50% formm de, 5x SSC, 2%
bl ocki ng r eagerhaMpr.ES( Boehri nger Mannhein), 0.1% N-|auroyl -sarcosine, 0 02%
sodi um dodecyl sul phate (SDS) and subsequently hybridi zed over ni ght
under the sanme conditions, following the addition of the DIG 30 |abelled
cRNA probe at EXBYPRY/ &1 . Menbranes were then washed 2 tines for 5

m nutes with 2x SSC, 0.1% SDS at room t enper a- ture and 2 tines for 15

mnutes at _68[err]C.,with_Q SSC, 0. 1% SDS. The presence of DI G
| abel | ed RRA &88£%E%8Foﬁ5dgé$a phos- WO 97/ 02730
38

PCT/ | B96/ 00643 phat ase-coupl ed anti DI G anti body
fragnents (BoeRibBU8SsMBEHed raﬂ@ﬂb”hpigfstk£%ﬁﬂﬁﬂd§9-or 7 dayE%fﬁF%ﬁ%é- .
Rﬁ% r ridized to o

Sol ution hybridizat 5 .d t | hyb
orr) S TP SopEHerREN TR5D) (e EYoRRAL pr SBLLET I SUSERh WESE of ol

1989). Reacti bamogéndged i #.casisNglhss thombEETirerl G0 1 of t4AMogta ei t ol
(DTT), 0.1% ShSa3i AQu#M d tﬁi&?agia]?:?éZBé ARYEDTA E@Mricdy ki Ok r@ﬁbéﬁ}%,e

cont ai ned _20, 000_cpm probe an erent 10 anounts of "total RNA
mixture wa® cd¥8/dd BHIpIrareemmerciad; kit fRYPMEIRY BARSSThgnRNAgeR®Perr] C,
diluted with TobhlokNENaSSlatiors @ystifl. (#Rig wis RidIowed ByophénRNase T1,

Boehringer'wh@ﬂioroform 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 Cligotex mRNA Midi

20 kit). Reverse transcription was primed at the poly-A end, and
double-stranded, methylated c¢DNA 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 positiwve plagques 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



heim 100 g of salnon testes DNA, Sigma Chem cal Co.) and di gested for
1 hour at 37[err]C. RNase resistant doubl e-stranded 15 RNA was precipitated
by 100 1 of trichloroacetic acid (6M, coll ected on glass-fibre filters
(What man G-/ C) and anal ysed in a Wallac 1409 liquid scintillation
counter. Standard curves, where the probes were hybridized to known
concen- tW@®THRT of in vitro synthesi mRNA sequences PCRIBEORIEY 1o
20 rel ate the radioactivity to the anount of hybridi zi ng sequen- ces in

the test-RNA positivEXAVRFty hybridi kit Sbh Ustyrlisdichainhenix formibger | aws
par af of nal dehJaLHF e sehueagin il Ba Sby PR, dEhfping, ¥EEn lhd- foly-

Na[ er r] HPQ er mprageq mmsmen}:laqem:pa}tcpm Zoy [fo pemiautopatif gsequence
dehydr at ed ande&&@@ﬁ&?dsﬁ%eﬁﬁrtﬁbﬁlﬂedSﬁf&éﬁ‘@e&f fralebybie c-bemnawzss
wer e rmunt abond .coat ed ct o%g ass sl | % ﬁf
renoval of hgyﬁi FAYERGINg ;@Fén e %%%c‘f%?“?gyﬁﬁfie aF 8 WEh

pr ot ei nase K cefsinrp}ogrin sear (Génetims e@omputer GXoupr, r Ife. poandfwiel with
4% or mal dehy gRal @r (PrAdiicbarkbd! Pleagbotltitid aibbepghagLaceand acetic

anhydride (2.66 027

PCT/ 1 B96/ 00643 39 et hanolam ne in 200 m of water; 0.5 mi
of acetic anh#®RMHBE 3 was added together with the slides) and inmrersed in
2x SSC, 50% formam de at 42[err]C for 60 m nutes. The speci nens were
overlayered with 20 [err]l of 0.3 MNaCdl, 10 MM Tris-C pH 8.0, 51 nM
EDTA, Denhardf-'lp’éiﬁlérﬁc‘( ¥dns, 1994), 0.1 g/l dextran sul phate, 50%
formam de, containing 0.5 ng/[err]l RNA probe. The speci nens were

covered wyph r I %@%ﬁ‘ kept g&n ]gé{ép Sgnber
over ni gh\t%'at @3@ ag %ﬁ%%és O%ng Epﬁtﬁ bﬁ? 1Eyhr(ée t?’?resc?o 0 m nut es
with 2x SSC ahdrehragd ﬁﬁcqfidrr%lﬁﬁﬁ 9b FEYRR AaXqld Fats wereplaked
tenperature. ahd plaqpsssaiecatbobbédl ebeniexbddNAvioebemambranegal ed

through heap?&iﬁg& Caqula%eﬂaig '-Pé,glféa Pﬁd%zfsr %ggsnggb@&fyéa

Mannhei m pr ot 0CO f he specl nen
phosphat ase aéfi QQ(FVM%Wé'eF%BouaS@EmL@ cgenin °lig°nucle°tl‘
15 des. Hybridization was carried out at 54°C for 15 hours, and

the filters were washed and developed (Boehringer Mannheim,
The DIG System). Phages containing amelogenin, collagen or
remaining fregquently expressed sequences were re-cloned twice
and converted to Bluescript plasmids by in vivo excision,

20 accomplished by superinfection with the ExaAssist 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 pized by in vitro transcription by phage T7 or T3 RNA polyme-
rase {Promega Riboprobe Gemini IT Core System, Melton et al.,



Sequenti al expression of the Anelin gene Using the in situ
hybri di zati on techni que as described in exanple 7 the cellul ar
expression of the anelin gene was exanmned in rats of either 20 or 25
days of age. Sections 20 from upper jaw were prepared and hybridi zed to an
amelin RNA probe. At both devel opnmental stages it was found that the
amel i n gene WY¥RPWessed in epithelial cglhls adjacent to tRET

peri pheral surface of newy deposited denfin in the root
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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°C in 50% formamide, 5x S8C, 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°C with 0.1ix 8SC, 0.1%
SDS. The presence of DIG labelled RNA was developed via phos-
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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
RCl, 4.3 mM Na,HPO,, 1.4 mM KH,PO,) for 24 hours at-'4°C,
dehydrated and embedded in paraffin. Sections of 7 um thick-
ness were mounted on vectabond-coated (Vector) glass slides.
After the removal of the paraffin with xylene, the gpecimens
30 were treated with proteinase K (20 ug/ml) for 30 minutes at
37°C, post-fixed with 4% formaldehyde for 5 minutes, treated
with triethanolamine and acetic anhydride (2.66 ml of tri-



"sheath proteins". Biomed. Res. 16, 131-140. - Wlkinson, D.L. &

Harrison, R G (1991). Predicting the 30 solubility of reconbi nant
proteins in Escherichia coli. Bi ot echnol ogy 9, 443-448. -
Watkins, S. (1994). In situ Hybridization and | nmuno-
hi stochem stry. In Current Protocols i n Mol ecul ar Bi ol o- gy. -
Ausubel , F. M WOHBRI30 R , Kingston, i\@)ore D. DPCT/IR96/00643,
J.G, Smith, J.A & Struhl, K John VVIey, hmeYbrk VO
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89/ 08441 ( tor’a“Na dty uSAgeNHhdWatkiys, 1994), 0.1 g/hodextoam3o
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| NFORMATI ON:
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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.



Expressi on Vector (ii11) NUMBER OF SEQUENCES: 4 (iv) COWUTER
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5 CTT TTC AAA ATG AAG CTG CTC CIG 1TC, CIG T. GIG T 162
Leu Phe Lys Met L¥E° 9‘%&’13?%&&%&&56"@& ﬁ'&‘c\%leé’yeﬁ%@t ork. " 10
15 5 -  ChomezynsidG @RCEGSEcENSG, UG GYBTITT SATTlEARtEpMONOGCG

CCT CAA GCC ATG  of RN B681dt36n by XekaPerard & d¥in 8 dehBnkta-Bhéndly A a
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Al a
45
CTT
Leu
70
Phe
75

Pro
100
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110

Pro
135
546
140
GCG
Al a
165
642
170

195
738
205

230
834
235

260

Pro Pro Gy Met Ala Ser Leu Ser Leu u Thr Met Arg G n Leu 40

50 55 GGA AGC TTG CAG GGG CTC AAC GCA
TCT CAG TAT TCT AGA CTT GGC 306 Ay Ser Leu @n Ay Leu Asn Al a
Ser An Tyr Ser Arg Leu Gy 60 65 :
TTT GGA AAA GCA CTT AAT AGI TTA TGG TTG CAT GGA CTC CTC_CCA CCG .~ =~ 354
Ay Lys MQITE#OAsn Ser Leu Trp Leu Hyg Gy Leu Leu Pr o PEEBI6/00643

80 "~ 85 CAT AAT TCT TTC CCA TGG ATA GGA

AGG GAA CAT GAYorA@ZdBas €AGm plasmills F&mv@sﬂiﬁgra%ﬂﬁdﬂj&dé SHE y

Arg Gu Hs a
CCA TCC TTG %%F c&&gt%%f &Sxi‘zi;&‘%ﬁ)'elm78& 'H‘?LECTC CAG CCC
Pro Ser Leu (RePimssni €.d Rirkkany J{ & Haldsposthbheh i@y (39880 105
Vol Dlé@flﬁ@ﬂl%ﬁ@@dﬁ@!ﬁ?@t@é@ &8 A GLC MM e rAAG

g;;; gf%- Hi s ﬁrbd Wa%: r 1n B‘Ievef‘lop:l% rBov:}iaquJee%n Xgﬁ%% hrOralo Bq.orl Lys

CCT CCA ATG IMC IEUF182A CAG CTG CCC TTG CAG GAA GGA GAG CTG ATA
Pro Pro Met Mg G.¥.C DakUrREO, R, @.e.G noﬁy ﬁ,u g
CAG GTG

CCA TCS GAG A!)&?,ll%iﬁm Eca Aphchpesr- Da"“g@%g\lcgnﬁ% %pLG %ﬁ‘é"@fn Val

Pro Ser A u ACPrso FRmohdiny; &®. (1994). IsolaBion and Characterit60

GAG {g§ A CCA J T; F
G P AR S O s

Asp P Pro
colyg Calcif. "Fibmie A%’E)*:Ledi‘L A2 A?%’Gcc CAT TCG CTG TCT CGG
CCA ATG GEA (B2a%AG MAD.GTRok, K. 159.0 zstutelri.eMAMa, HhdarBes 9.4 ,Ser Arg

Pro Met Al a

CCC ACT TTT A%P%ég %TG Tf"r TAC Aot ¢ i&%&fm@ AR of

Pro Thr Phe WrTﬁ@mlﬁBtRﬁﬂ%%‘F M tSesayente, for the @l@hﬁ%@taéoo
Intebhfin in Collagen. J. XHivl.TthedAT26£ 1X83 GEFeAGA ATC

TTC ATG AGT TEA CHAGAR ATGIIE. T 75 6ot b8 £ Pedhaabilh €

Phe Met Ser 225
GGA GAL AGA TmtidHedCmrAnly GEE TRCUCEX ACINeTEYT C TCBigghepnT
Gy Qu Arg GyrSer7-Bsq Met Ala Tyr Ay Thr Leu Phe Pro Ay Tyr

CIT AGG
CTG AT CAG ARTERE e GBelwu’é%'z%B" &hggﬁt agf, %E’n Al Arg
Leu A% d n ABMsds Mylen yM.U. (1980)25 ropert:.es of :.ss%y@.tlvely
Extracted Fetal Tooth Matrix Proteins. J. Biol. Chem.

255, 8760-9768.

- Uchida, T., Fukae, M., Tanabe, T., Yamakoshi, Y., Satoda,
T., Murakami, C., Takahashi, ©0. & Shimizu, M. (1995).

25 Immunochemical and immunocytochemical study of a 15 kDa
non-amelogenin and related proteins in the porcine imma-
ture enamel: Proposal of a new group of enamel proteins
"sheath proteins". Biomed. Res. 16, 131-140.

- Wilkinson, D.L. & Harrison, R.G. (1991). Predicting the

30 solubility of recombinant proteins in Escherichia coli.
Biotechnology 9, 443-448.

- Watkins, S. (1924). In situ Hybridization and Immuno-
histochemistry. In Current Protocols in Molecular Biolo-
gy. Ausubel, F.M., Brent, R., Kingston, R.E., Moore,

35 D.D., Seidman, J.G., Smith, J.A. & Struhl, K. John Wiley,
New York.




WD 97/ 02730 PCT/ 1 B96/ 00643
45 GGA GGA GAC TTT ACT GIG GAA GTA GAT TCT CCA GIG TCT GTA ACT AAA

930 Gy Ay Asp Phe Thr Val Au 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 Ay Pro du Lys Ay Gu Gy Pro du dy Ser Pro
Leu G n Gu AWPIHE37s0 285 290 PCT

295 AGC CCA GAC AAG GGC GAA AAC CCG cCT CTT TCA CAG ATT GCC CCC

1026 Ser Pro Asp I¥snsday, @.uUsARDeBimar) a.RU (1892%er FEhatidma A dondits of

&7 TTC ocC AAT GERARGRPEiERMa)eeules.” }fg‘fzfe??%c &8l cﬁ*’l&e‘f@e <l e

Al a Phe Pro Asn A423H s Ile Pro Asn 315 320
325 ATGGCAAGGW@CA%C%A@% C MEaLCT ACedn-

%%(2)2 Met Alg Arg Cg%'? rdonucieg:ngsneAreq?Leucg%% %Ci VaI Thr Pro gT%hECC

CCT GAA TTA GCA GAApzppepsidepAisCidund atl theAsama| é.ompl@l oln ali fiflexreTitr
Pro Gu Leu Al a Gdb19dlge e@eﬂ TRbc1. Ac3H® Res. 11, 2733-2

355 TAT GGT GCT GAT ACC ATG
1218 Tyr Ay A a eggﬁef ﬂ%im 'elP“g?f; %ﬁ élysﬁfﬁe'%é}ﬂ%aﬁ%t 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 An A@n Pro Pro Met Pro Ay Asn 380 385

390 AAA GIG CAC CAG CCC CAG GIG CAC AAT GCA TGG CGT TTC CAA GAG CccC

1314 Lys Val Hs Gn Pro Adn Val Hs Asn Ala Trp Arg Phe An Gu 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 ATGATGICAG 1554




AGCAAGTCTG AGTGTCAGCA CTTGGTGATC TAGCATGTAG CTGICTTAGG 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 GCCTGITTTA AATAAAGAAT 1854
TTTTCTCACT GRROIPEIPEA GGAATTGTAT GCTTATTAJF TATATGTATT TAAAIGRIERN00643 1914

AGAAAAGCAT ACTCAAAAAA AAAAA 1939
WO 97/ 02730 SEQ@ENCE LISTING PCT/ 1 B96/ 00643
(2) I NFORMATION FOR SEQ I D NO 2: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 407 am no aci ds (B) TYPE: am no acid (D)
TOPOLOGY: F3InEElfERAL INFQRMATIOQHn ECULE TYPE: protein (xi) SEQUENCE

DESCRI PTI ON: SFQ W Met Ser Ala Ser Lys Ile Pro Leu Phe Lys Met Lys
Gy keu Leu . Center Biol 10 15
Phe Leu Ser Leu Va B)L% oﬁg bi VAl Pro Ala Phe Pro @n

20 (2 TY}Iudﬁ]_nge 30 dn Prody Ala @n dy Met Ala
Pro Pro Gy Mt Al &)Sesunrey: Sedden 35 40

45 Leu G u Thr Me{F)APQSTEL ICODEBUZE)Y: Sadileu G n Ay Leu Asn Ala Leu 50
55 60 Ser A n Tyr Ser Ar%LeuGI PheGk;LsAlaLeuAsn
Ser Leu Trp g%ii) TITLE OF INVENTION: jpvel DNA And Peptide ‘Sequence Znd Related 80

Leu Hs Gy Leu Leu™Pteai® BPE°Asn Ser Phe Pro Trp Ile Gy Pro
85 OB 95 Arg Qu Hs Qu Thr Gn d@n Pro
Ser Leu Gn %’E)l)Hl S %Q OFP?% CES #

(iv) COMPUTER READABLE FORM:
{A) MEDIUM TYPE: Floppy disk
{B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-D0S/MS-DOS
(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EBPO)

{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) FRATURE:
{3A) NAME/KEY: CDS
{B) LOCATION:94..1314

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

AGAGAGAGAG CCCCAGGAAC AGTCCAGARA AARATTAATC TICTITTCIT 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 ARR ATG ANG GGC CTG CTC CIG TIC CTG TCC CTA GTG AAA ATG 162
Leu Phe Lys Met Lys.Gly Leu Leu Leu Phe Leu Ser Leu Val Lys Met
10 is 20
AGC CTC GCC GTG CCG GCA TTT CCT CAA CAA CCT GGG GCT CAh GGC ATG 210

Ser Leu Ala Val Pro Ala Phe Pro Gln Gln Pro Gly Ala Gln Gly Met
25 30 35



100 105 110 Leu Lys Pro Phe Leu Gdn Pro
Thr Ala Ala Thr Ay Val dn Val Thr 115 120

125 Pro An Lys Pro Gy Pro Hs Pro Pro Met H's Pro Ay @n Leu Pro

130 135 140 Leu dn QQu Ay Qu Leu lle
Ala Pro Asp Au Pro @ n Val Ala Pro 145 150 i
155 WO9T0273460 Ser G u Asn Pro Pgp Thr Pro G u Val PEBMPUY ot
Asp Phe Ala Asp 165 . 170 175
Pro A n Phe&CRrecTTECT Gad APOCT A6T| T28 ASQ CIFF SASCACALRKE B&x CAG TE Y 258

180 Ala Pro Pro §B¥ Met Ala Ser Leu Ser L¢@@luffhy Watt Ayg §lnHlsuAsn Lys Val

Pro Thr Phe4®yr Pro A<y Met 4Phe Tyr 5¢95 55 200

200 MU St i B ok Bob 0 L b8 chFIellaTER SYadd el 53 T
Glag %/erslé.eru r% G tLaAI %sn.r%/]i,a ﬁ% Ser Gln 2r Arg 64 Y

Au
Gy Gu Arg p
240 y Thr Leu Phe TDro Ay Tyr Ay Gy Phe Arg @n

235
Thr Leu Argerelgn ana Goa cTT AT AGT2A TGG TTG CAT GGa CTe ¢Pdcea cce 3s4 255
WO 97/ 0273(Phe Gly Lys Ala Leu Asn Ser Leu Tvp Leu His Gly LewPfed PBO®:00643 Leu Asn
G n Asn Ser Pro Lys &% Gy Asp Phe & Val GQu Val A9 260
265 270 Ser Pro Val Ser Val Thr Lys GCXA Pro Qu Lys Ay
Gu Gy PrPBAPT TCT TIC CGHJGG ATA GGA CCA AGE AT GAR ACC CAG 284023 y
Ser Pro LeJ’iGl’?f“G“;g RF Pﬁr%rgeA%i f’ﬁf’s“fﬁ'flﬂiﬁ's%z Bro®® §1» 290

295 300 Leu Leu Sér An lle Ala Pro Ay Ala Hs Ala Gy

Leu Leu Al ackRh@c38R: cag cor cac cac coa &80 ore ana oo Tre eTc cid-ecc 450
320 Pro AsftofseR e cld @rEasASR MR oY Bedig= Gy BeO1d 1Yo G N Arg

6Pro

325 105 330 110 335 11s
ACT GCT GCA ACC GGT GTC CAG GTC ACA CCC CAG AAMG CCA GGG CCT CAT 498
Thr Ala Ala Thr Gly Val Glan Val Thr Pro Gln Lys Pro Gly Pro His
120 125 130 135
CCT CCA ATG CAC CCT GGA CAG CTG CCC TTG CAG GAR 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 TCA GAG AAC CCA CCA ACA CCC 594
Ala Pro Asp Glu Pro Gln Val Ala Pro Ser Glu Asn Pro Pro Thr Pro
158 160 165
GAG GTA CCA ATA ATG GAT TTT GCC GAT CCA CAR TTC CCA ACA GTG TIC 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 CIG TCT CGG GGA CCA ATG GCA CAC ARC AAA GTA €90
Gln Ile Ala His Ser Leu Ser Arg Gly Pro Met Ala EHis Asn Lys Val
185 190 195
CCC ACT TTT TAC CCA GGA ATG TTT TAC ATG TCT TAT GGA GCA AAC CAA 738
Pro Thx Phe Tyr Pro Gly Met Phe Tyr Met Ser Tyr Gly Ala Asn Gln
200 208 210 218
TTG AAT GCT CCT GGC AGA ATC GGC TTC ATG AGT TCA GAA GAA ATG CCT 786
Leu Aen Ala Pro Gly Arg Ile Gly Phe Met Ser Sexr Glu Glu Met Pro
220 225 230
GGA GAA AGA GGA AGT CCC ATG GCC TAC GGA ACT CTG TTC CCA GGA TAT 834
Gly Glu Arg Gly Ser Pro Met Ala Tyxr 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



Léu Leu Gy Val Thr Pro Ala Ala Ala Asp Pro Leu Ile Thr Pro Qu

340 345 350 Leu Ala Qu Val Tyr Qu Thr
Tyr Ay Ala Asp Val Thr Thr Pro Leu 355 360
365 Gy Asp Gy Gu Ala Thr Met Asp Ile Thr Met Ser Pro Asp Thr G n .
370 375 380 d@n Pro Pro Mt Pro 43
Lys Val H's MO n val H s Asn 385 ¢ 390 PCTIM ,
395 400 Ala Trp Arg Phe G4n Gu Pro : 405
(2) | NFORVARAOBEN -G SEOACD Y6 erk eTA GAT TCT )ccBESISENGE cEHABAGRRRI STI 630
(A) LENGTH €l¥68® Bsms @hedhr Val Glu Val Asg Ber PYPEValnset ¥al Theilys (O
STRANDEDNESS: H’iﬁjbl e 270D) TOPOLOGY: |3%3ear (1i) MOLECULE
TYPE: cDNA FEATURE A) NAME/ KEY: CDS (B)
LOCATI ON: 5 E&% F?* 578
GAGAGAGAGA ciﬁ&A R AAA 57
Met Lys CCC AAC AGT ATG AAT TCT TTG GIG CAT CcCC CCT CTC CCA
105 Pro AsnmdetcaVeic fhe! c86 Ruakehacl eut BEP o¥d|orhi feaPess B gBE Gckeu Priy
5 Ser Pro Asplflys Gly Glu Asn Pro Ala 1Bu Leu Ser Gln Ile m%%02730
48 300 PCT/ | B96/ 0064305 TCA CAG CCA TG TTG CAG CCT CAC
CAG CCA GGA CTG AAA CCC TTC CTC 153 Ser A n Pro Ser Leu @ n Pro H s
dn Pro @ ysqgegpq_ggr BFR) GBR LTI {FT GCT TTC CCC AAT GAC CAC ATC CCC AAC 1074
Gly Ala 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 GAR 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 Thx 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 ARTARATACA AGTGCCTAGA AATAGTGTAG GICCCTICTT GCTTCCATTC 1494
TTATCGARAT AAAACATATC AARCTGTCTCC GTGACTTAGA AATACTATCG ATGATGTCAG 1554
AGCAAGTCTG AGTGTCAGCA CTTGGTGATC TAGCATGTAG CTGTCTTAGGE CATCATAAAA 1614
TTCCTCTTAC TACATGACAT TATTATGCCC AGGAAATGTG ACACCECTTC TTTCTCTACG 1674
CAARAGCACT TAGTTTCAGA ATTCCAAAGT ATTTCATTTA ARCCGTATTA AATGGTGATT 1734
GGTGGAGAAT CCTGACTGCT ATTACTGGGT ATCATATATT GGATTTAAAA TTCTTATTTA 1794
TAGAATATTT TATTTAATCT AGGAAAAGAA AAGGCAATTG GCCTGTITTA AATAAAGAAT 1854
TTTTCTCACT GAAAATGTCA GGRATTGTAT GCUTTATTATT TATATGTATT TAAATAGTAA 1914

RAGARAAGCAT ACTCAAARAAA ARAAR 1939



20
CAG
Adn
50
249
55
GIG
Val
80
345
85
TCT
Ser
110
441
120
AGA
Arg
145
537
150
ACC
Thr
175
633
185
TCT
Ser
210
729
215
CIT
Leu
240

25 30 CAG CCC ACT GCT GCA ACC GGI GTIC
GIC ACA CCC CAG AAG CCA GG 2010 dn Pro Thr Ala Ala Thr Ay Val
Val Thr Pro Gn Lys Pro Ay 35 40 45
CCT CAT CCT CCA ATG CAC CCT GGA CAG CTG CCC TTG CAG GAA GA GAG
Pro Hs Pro Pro Met His ProGIyGInLeuProLeuGlnGluGl Gu

WO 97/0273060 CTG ATA GCA CAG
GCG CCA TCA GAG AAC CCA CCA 297EeuIIeAIaProAspGuProGn
Al a Pr@)Savrofinir1éf 'voRr seoPi® wo: 2: 70 75

ACA CCC GAG GTA CCA ATA ATG GAT TTT GCC GAT CCA CAA TTC CCA ACA
Thr Pro G u (VnlSEQURRCE| GIARBCTERETIF®e Al a Asp Pro G n Phe Pro Thr
(R)QLENGTH: 407 amino acids 95 GIG TTC CAG ATC GCC CAT TCG CTG
CGG GGA CCA AT@)(}‘,‘#ECAE'IAA@I& 393 Val Phe Anlle Ala H's Ser Leu
Arg Gy Pro Mef®AFeP ALipear 100 105
AAA GTA (GO T ATG TTT TAC ATG TCT TAT GGA CCA
Lys Val P(,Q_,Tﬁ-%,éﬁ )ég g@ezTyr Met Ser Tyr Ay Ala 115
AAC CAA TTG AAT CCT CCT G&C

ATC Gliat Tz Aﬂ'ﬁségﬂyi%e% £4Aphe Lys Lﬂ!ggLyQS@lyGL&x kew 188N Ala Pro Gy
Ile AyiPhe Met Ser Ser Qu Qu 13515 140
ATGCCTGGAGAAAGAGGAAGTCCCATGGCCTACGGAACT CTG TTC CCA
Met PrRkedesp &py I-Avg}'aésl ysat fexp Lephla| Val TRhe 33, Pigh Pre &3npPhe Pro

25 160 GGA TAT3GGA GGC TTC AGG CAA
CTT A G 8 Tyr Gy Phe Arg @n
Leu Argg.\fng\# %I Aﬁ?-lé CQEYA&T: gxé Pro Pro é 5’?? Xla ger geg Sexr 170
CCCAAGGGAGGAGACTTTACT GTGGAAGTAGATTCTCCAGTGTCT GTA

Pro LymuGwn Ghy 86 rBh@nThéu 88} s&3 BeYalinASy Her aRX a1dakuSer Val 180

50 190 ACT M8A GGC CCT GAG AAA GGA GAG GGT CCA GAA G&C
CCA CTG CAA 681 Thr Lys Ay Pro Qu Lys Ay u dy Pro Qu Gy
Pr O Leﬁfrcglﬁl TYys Ser Arg Leu Gly Phe Géo@ys Ala Leu Asn Sex Ley (Fgp

G G8 AGC CCA GAC AR@ GGC GAA AAC C@B GCT CTC CTT T8A CAG ATT

GI u Alfau%f 8{9@%&3@@@% ﬁéJAé?%gggﬂ g%% 43%0 i&%,a &? lelcz GGA CTT

GCTTTCCCCAATGACCACATC 777 Ala Pro Gy Ala Hs Ala Ay Leu
Al a PrregReie Bén GAS [Thidliinl ¢33 Pro Ser DLeu Gln2840 His Gln Pro Gly 235

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 aAla 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 Gin 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



WD 97/ 02730 49 PCT/ | B96/ 00643
CCC AAC ATG GCA AGG GGT CCT GCA GGG CAA AGA CTC CTC GGA GIC AcCC 825
Pro Asn Met Ala Arg Ay Pro Ala Ay G n Arg Leu Leu Ay Val Thr 245
250 255 CCT GCA GCT GCA GAC CCA CTG ATC ACC CCT GAA TTA
GCA GAA GIT TAT 873 Pro Ala Ala Ala Asp Pro Leu Ile Thr Pro Qu Leu Al a
G u Val Tyr WO97A3730 265 270 PEEIBISOOS4FAT GGT
GCT GAT GIT ACC ACA CCC TTG GGG GAT GGA GCA 921 Au Thr Tyr Ay A a
Asp Val Thieulhén B18 AsUsdd ¥rd\SPs Chy ol hepl Phe?Tlr val Glu Val asp 280

285 , 2500 ACC ATG GAReATC ACC ATG TCG76CA GAC ACT CAG CAG
CCA CCG ATG CCT 969 Thr Met Asp Ile Thr Met Ser Pro Asp Thr A n Gn Pro
Pro Met Pr&er Pro Val Ser Val TIR9Eys Gly Pro Glu Lys GBOGlu Gly Pro Glu 305  GVA
AAC AAA GTG CAC @AE CCC CAG GTG @R AAT GCA TGG @87 TTC CAA 1017 Ay Asn

Lys Val H g, An Pro dn Val_ H n Ala Trp Arg Phe d 310
315 1y sb P8 sy oni s Ala SEEER AP ?E\Eﬁ&&%é?&fﬁcme
TATGCACAAG CTHIrcaceT 10738 u Pro TTGA T AGCGTACCTT ATTGCTAAAA
CACT FCCTAGL&L L b Afon ERAK AT Add a1y hid dnis MY A TS 18CGATGEARTT AATAAATACA
AGTGCCTAGA3@SATAGTGTAG GTCCEIoTCTT 1193 GGEBTCCATTC TTATCGARAT AAAACATATC
AACTGTCTCC GTGACTTAGA AATACTATCG 1253 ATGATGTCAG AGCAAGTCTG AGTGTCAGCA
CTTGGTGAT CPEABaA RET AL SCIGTERT AGGHet K24 Arg(RIFCATAANA GIY GBEGRBAC TACATGACAT
TATTATGCCC AGGAAATGTG ARSBCCGCTTC — 137F30TTTCTCTACG CAMREGCACT TAGTTTCAGA -
ATTCCAAAGT. ATTTCATTTA. AACCGTATTA . 1433 AATGGTGATT .GGT. T GCTGACTGCT
ATTACTGGGT “RTCAT ?&fﬂcﬁﬁ‘i‘ﬁmm‘é or e TR aE GRIRITT TATTTANTCT
AGGAAAAGAA AAGGCAATTG GCCTGTTTTA

3 AATAAAGAAT TTTTCTCACT GAAAATGICA

CGAATTGTAT L&LCATA B1A Wha TARAG Al Al Tyr 184 B1a A NAGIAA rhieWMOAGEWAT ACTCAAAAAA
AAAAA 355 360 1648 (2) | Ng@RVATI ON FOR SEQ ID NO 4:

Gly Asp Gly Glu 2ala Thr Met Asp Ile Thr Met Ser Pro Rsp Thr Gln
370 375 380

Gln Pro Pro Met Pro Gly Asn Lys Val His Gln Pro Gln Val His Asn
385 380 3985 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) STRANDEDMESS: 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 BATTCTTTCC CATGGATAGG ACCAAGGGAA C ATG AAA 57
Net Lys
1
CCC AAC AGT ATG GAA AAT TCT TTG CCT GTG CAT CCC CCA CCT CTIC CCA 105

Prxo Asn Ser Met Glu Asn Ser Leu Pro Val His Pro Pro Pro Leu Pro
5 10 is



(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH, 324 amino acids

(B) TYPE: am no acid (D) TOPOLOGY: i near (i1) MOLECULE
TYPE: protein (xi) SEQUENCE DESCRIPTION: SEQ ID NO 4: Mt Lys Pro Asn
Ser Met Qu Asn Ser Leu Pro Val His Pro Pro Pro 1 5

10 15 : WD 97/ 02730 " 50
PCT/ | B96/ 006WP9MBIOPro Ser G n Pro Ser Lgy Gn Pro H's G nPEFBREM6Pey |ys
Pro 20 25 30 Phe Leu Gn
Pro Thr Alfcabfic Toa 10cyriéatacCGhar Mt cAdrccRresaChre hys coce Tre ore 35 153

40 Sexr Gln Pro SedTreuRsim Bio/HEY GlhlimoRily BnolidktrréirbeRies Ay G n Leu
Pro Leu G n d2o 50 25 55 3¢ 60 dy du
Leu Ile Ala Pro AA%’B Ju Pro dn Val Ala Pro Ser G u Asn 65

70 CAG cCC GCA ACC GGT GTC CAG GTACADPCE %A*H"lrccbr‘i?"(} u Vat®%ro Ile
Met Asp Ph%'sl. ﬁ°E§'f) ‘%POM@ 'Hszng Val Gln Val Thr Pro Ggs Lys Pro 90

95 Pro Thr'Val Phe Gn I1&%la Hs Ser Led™Ser Arg Ay Prd I\/bt Al a

100 cer car cor cEROaTe cac cor gea cac cTélébe Fbd oA @ak Yaa \@le Pro Thygs Phe

Tyr Pro G prdVRis B26 pb¥/MVERisSBfo 4 Gln Leu Proliéu Gln Glu Gly Glu 120
125 dy Ala Asn G n LewsAsn Ala Pro G woArg Ile Ay PhesMet Ser Ser

130 135 140 GQu QQu Met Pro dy Gu Arg
Ay Ser Pr@rdVBTA ACA CPArGAT| GAGTEGA CAQ) GTQZECG CCA TCA GAG ARC CCAORA 297

155 Leu Ile Ala PfBO“PF‘h’é' ProoGin Vall'yﬁlad’ﬁ? E?WGPhéS’ArPg"’ @ Thr Leu Arg
Gy Leu Asn A n 165 175

Asn Ser Prg.l ¥s. Gu¥ f@yﬁsﬁﬂpﬂﬁg ot @l ge ?9% TVéda é@p,z.g@rccgr&hVal 345

180 Thr Pro Glu 5Pro Ile Met Asp Phe Al Pro Gln Phe Pro Thr

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 TTIT 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 TTIC 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 ARG GGA GGA GAC TTT ACT GTG GAA GTA GAT TCT CCA GTG TCT GTA 633
Pro Lys Gly Gly Asp Phe Thrx Val Glu Val Asp Ser Pro Val Ser Val
180 188 190
ACT ARA 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 Sexr Pro Leu Gln
195 200 205 210
GAG GCC AGC CCaA GAC ARG GGC GAR AAC CCG GCT CTC CIT 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 ART GAC CAC ATC 777

Ala Pro Gly Ala His Ala Gly Leu Leu Ala Phe Pro Asn A&sp His Ile
230 . 235 240



Ser Val Thr Lys Ay Pro Qu Lys Ay AQu Ay Pro Qu Ay Ser Pro 195

200 205 Leu @n Qu Ala Ser Pro Asp Lys Ay G u Asn Pro

Al a Leu Leu Ser 210 215 220 dnlle

Ala Pro Ay Ala Hs Ala Ay Leu Leu Ala Phe Pro Asn Asp 225

230 235 240 His Ile Pro Asn Met Ala Arg
245 PCT/IBI6/00643 250

Ay Pro Al a WOY2RHOAr g Leu Leu Gy ,
255 Val Thr Pro Ala Ala Ala Asp Pro Leu IFe Thr Pro Qu Leu Ala G u

260 CCC ARC ATG GRETAGG GGT CCT GCA GGG CAR/ABA &fwl oy cedaxcTaoe Tyr @28 Al a
Asp Val ThPrclhsn Mep Ale hrgl GlyAByp @ly Gly Gln Arglliy Leu Gly Val Thr 280

285 Qu Ala Thr zrbét Asp |l e Thr 28&t Ser Pro As p25thr Gln Gdn Pro Pro

290 Met Pra Asn Lys VaI Hi s
ﬁc';;, c'r szm TTA GCA m T

:?12 Pro d gﬁg g:g %@:ﬁﬁ ro Glu I»eu Ala Glu V. fl@r

51 CLAI M5 An at | east partlally purified nucleic acid

fragnent eaRoacCgad mle@e@m ¢fr Afc QbRidhe Tre ddd andcan aaR.col Nucl ez aci d

fragnment aehomst Mgr ey clai A8pl vairhe IThe Gpricnc®myt Rip B laatAide sequence

SEQ I D NO 275 a subsequenc#sot her eof of at 28sast 18 nucl eotiddes, or a

vari ant of sai d nucl eoti de sequence or subsequence which has a sequence

honol ogy ofCHATE GAT ATQACCHRRR TG RASERF |ASTNACG1CRsy O SEO SEH EHce t heté@of of
at | east 1?‘?138?@6?3&831"9‘;1‘5" Ser Bro Rep HE @ G BFG Fﬁ%g@gtpr&cor ding to
claim1 which encodes a~pol ypepti de, tHhe am no aci equence of which

| S at | easgedAKe DAAEE X8R ScAl bbb LhE A81dAR A8 6ba Tec SEAUIBC@ASNOWN 4R SEQ ID
NG 2. 15ety abn 15 |vah GridCiidh BFAGIERAL 3RG0KA G £ akgishk lginWhi ch conpri ses

t he nucl eoti de 310 315 . 320
GAG CCC TGACAARCCTT GACATAGCAG CTACTTCATG TATGCACAAG CTTTTCAGCT 1073
Glu Pro

TTGACCCCAT AGCGTACCTT ATTGCTAAAA CBACTTGCTAC CCTTCCACAG CGAAGGTATT 1133
ARGAGCACTA AGCATGTATT AATAAATACA AGTGCCTAGA AATAGIGTAG GTCCCTTICTT 1193
GCTTCCATTC TTATCGAAAT AAAACATATC AACTETCTCC GTGACTTAGA AATACTATCG 1253
ATGATGTCAGC AGCAAGTCTG AGTGTCAGCA CTTGGTGATC TAGCATGTAG CTGTCTTAGG 1313
CATCATARAA TTCCTCTTAC TACATGACAT TATTATGCCC AGGARATGTG ACACCGCTTC 1373
TTTCTICTACG CAMAAAGCACT TAGTTITCAGA ATTCCAARAGT ATTTCATTTA AACCGTATTA 1433
ARTGGTGATT GGTGGAGAAT CCTGACTGCT ATTACTGGGT ATCATATATT GGATTTAAAA 14393
TTCTTATTTIA TAGRATATTT TATTTAATCT ACCARRAGARA AAGGCARTTG GCCTGTTTTA 1553
ARTAARGAAT TTTTCTCACT GAAAATGTCA GGAATTGTAT GCTTATTATT TATATGTATT 1613

TARATAGTAA AGARAAGCAT ACTCAARARAR ABAAR 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: pxotein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Met Lys Pro JAsn Sexr Met Glu Asn Ser Leu Pro Val His Pro Pro Pro
1 5 io0 15



sequence SEQ I D NO 3, a subsequence thereof of at |east 18 nucl eotides, or
a vari ant of said nucl eoti de sequence or subsequence which has a
sequence honol ogy of at | east 80% with SEQ ID NO 3 or a subsequence

t hereof of at |east 18 nucl eoti des. 20 5. A nucleic acid fragnent
according to claim21 which encodes a pol ypeptide, the am no acid
sequence of -WOYM238 at | east 80% honol oggys with the ami no

sequence shown in SEQ | D NO 4. 6. An at |east partially purified

nucl ei ¢ acteh PregaetilnfroCéedi Naul GRO RS iMEBNELNS B GPH Ist aybiBAd ¥ t he sequence
shown in SEQ I D NG 120 7. An at 2feast partially3purified nucleic acid
fragnment of claim1l co i sing sub- stantl ally the sequence shown in
SEQ | D NO Bee 1-9‘361*8 Prﬂ% aaE‘P%IGH'é{j‘Fre‘ﬁP HiPRY 8 ¥®ai m 1 whi ch
hybri di zes with a iucl eic acid fragrrent corrprf‘§| ng the nucl eotide
B ot B D b rcps R bl oy G5 28 oo sl WRardl 11 NOON!

hybri di zat1 on

52 9. A nucI eic aC| d fragnment accordi ng to claim21 which hybridizes

Wi th a nucést enated Ile alhr R L0 PR6 iIcihNgrlt Axa BYs Iseptdideasmequence SEQ I D
NO 3 or asaspecific part thmereof under 7stringent hybri diozation

condi ti ons. 5 10. An at | east {)artl all'y purified nucleic acid fragnment
accordi ng %® EraThy Praffiignvaneze 1 USHé?PaP"ﬁoHPpéﬁQ Pae %Bn‘ﬂﬁ sing am no

aci d sequence 1 to 407 & SEQ ID NO 2. 2° . An at ®feast partially

purified i f n I to codes a
pol ypepti cg‘!‘n‘gF’?’g{%ﬁ cg.%gir;i% %.1CI glssgilg%ge T %%d 5%)% Wf %EdE]QD NC. 4.

12. A nucl e| c.acid fragment according to claim1 encoding a pol ypeptl de
having a =#is K&D3¢6 WAl QGoOfhrORR O¢r Pob [E19TMdehena N MefGeg BRUENCES SEQ | D
NO 2 or SEQ ID 115NO 4. 15 131220An expression system conprising a nucleic
acid fragnent according to claim1. 14. A replicabl e expression

vect or whi ¥ 8 AP Sl ey 4 Bre Gay ﬁﬁcﬁ]&t‘?:h’gp{*?lé’e’éﬁﬂr 8er pression of a
nucl ei ¢ acid ft%hgnent as defih®d in claim1. 4°

Glu GIu 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 ILys Gly Glu Gly Pro Glu Gly Ser Pro
195 . 200 205

Leu Gln Glu Ala Ser Pxo Asp Lys Gly Glu Bsn Pro Ala Leu Leu Ser
210 218 220

@ln 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 beu 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 Rla Thr Met Asp Ile Thx Met Ser Pro Asp Thr Glm Gln Pro Pxo
280 295 300

Met Pro Gly Asn Lys Val His Gln Pro Gln Val His Asn Ala Trp Aryg
305 310 315 320

Phe Gln Glu Pro



20 15. S a mcroorgani smsuch as a bacterium e.g.
Escheri j\mmmﬂ I“mamll l“Eeast a protozoan, or cell derived froma

mul ticel I*ul & o&rganism*such as a fungus, an i nsect cell, a plant cell,
a manmalian cell or a cell line, which carries an expression system

according to claim 14. 25 16. A substantially pure pol yp%ﬂgs%%‘kch
conprises atWPEYWPhne sequence el ement gy selected fromt

consisting of the tetrapeptides DGEA (Asp-dy-du-Aa), VTKG

(Val -Thr-Lys-Ay), EKGE (G u-Lys-Ay-Au) and DKGE (Asp-Lys-dy-GQu),

the pol ypeptig@jgrther conprising an am no acid subsequence having a

| ength of 20 am no aci ds, which subsequence has a percentage sequence
identity of at |east 80% 30 with 20 amino acid reference subsequence of a

reference sequenacaselease bdftiallie purifge@UiueDaid Hdity) frhgmantt he ani no

aci d- se enc
| nI SEQ ?IIZJ) NO. Qﬁ‘ﬁgg'(%)ég%g é:;acee’wélé'nm SPI nwfe rﬁ%é‘?eéicl &ég%uggﬁg?%@l%
of SEQID Nobztaﬁsnaﬁnmehcare% @&llo sgxfage-SEQ I D NO. 4, the reference

53 - subsequence being the 20 am no acid subsequence of said reference
sequence rgav n

g he hi ghes ngage am no,_acl uence identity
wth said™ st Asﬁggiﬁﬁ%n%‘glg érap d Bﬁ%ﬁ%p?? o C{’ “@aim 16
havi ng t he amseacthesaqmmﬁe@q@ensel\@e ID NO: 1.1& snbpegypapeu de
accordi ng t0t*hbi‘bﬁfléfh&t"I@hé@el@@iu'&@eaﬁiée§qu:§”&&ra§59ﬂ@of saidO 4. 10
20. The pol ypepg_ g gf claim16 havE#’g the a nlA ci,d sequence | 1407 in SEQ
D NO 2 REIEPEISe SREUACR I PSERHenCE gk G Hlasy &, BEGRENEE 36
Al al75 to G yor®logy of\ at 2ZBsasto 80y #38ha8EQATR NOSL tax Ry e2PSequence 21.

The pol ypept ivd@-8a¥i 8¢ &belée[g@%a%u@zaeeysage 1-324 in SEQ ID NO 4 except
for 15 the changes of Ala92 to dy92, Al al56 to dyl56 and Al a2l12 to

Pro212. 22. A polypeptide according to claim 16 conprising a
subsequence &f. a saquebceacid fHeigwntdattopding o ctlininonswhichgentodes (a)

the ami no acig iﬁg@&@&ﬁ&ﬂ%ﬂ%&% 229 bl Lhiee 40 19 36] JogRuERGE, SEQ 1D

NO 4, and ehceé ¢Oonsi sti Ng m no_ acl QID
NO 2 and ami 9 p@glggous Y%FQZ&IQ)FESEQ ppideequence shown in SEQ ID
NO:2.

15 4. A nucleic acid fragment according to claim 1, which com-
prises 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

20 thereof of at least 18 nucleotides.

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.

25 6. An at least partially purified nucleic acid fragment com-
prising substantially the sequence shown in SEQ ID NO:1.

7. An at least partially purified nucleic acid fragment com-
prising substantially the sequence shown in SEQ ID NO:3.
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24. A met hod ofl ﬁrodum ) an enarmel matrix rel ated pol ypepti de which

contai ns H sequence el enent which can nedi ate the anchoring
of the cel | adhesi on nol ecul es, the sequence el enent

bei ng sel ected fromthe group con- sisting of the tetrapepti des DGEA

(Asp-@y-Gu-Ala), VIKG (Val-Thr-Lys-Ay), EKGE (Qu-Lys-Ady-du) and
DKGE ( Asp- Ly¥WWU) conprising the fokhowi ng steps of: “7%&(‘9?“;
inserting a nucleic acid fragnent as defined in claim1l in an expression
vect or, 8(ha nmdslaafnsa‘ @cidngragaent addcordizig aogedasm v whidhchyeeidr

roduced in s
24 §‘§ s ng?:ctl %i);hos oFrg%?'fuesnnﬁ p?romgﬁégéngnth? Jbﬁoﬁfh%eer
sui tabl e cond?equence SEQ D §Psn3 %rae&m%@mg’aﬂrﬁet}aerwép\s E strip- ()

harvesti ng t hgefi®| yyleididatisndconditid®e. optionally subjecting the
pol ypeptide to post-translational nodification. 25. A nmet hod of

produci ng an enanel -matri x rel ated pol ypepti de which contains at 10 | east
one sequenBe 2} chemclgiicacidninaghent a¢cordisigotionglafimt hewipbtly dyhzdide t o

gglnl- adhe:: g[‘llﬁaé g?ilt.l?% t@@?eigqaﬁgggf%w é@ﬁgﬂsiﬁbeﬁﬁéynﬁé%éi}& group
(Val - Thr - Lys- & %‘ %Q e ?’é 2L95%- @?ﬁﬁﬁﬁ&r&&efﬁgg ‘ﬁ?gg’éif‘x@%')

conpri si.ng t hgehvl hywridjzetdps obnditidnga) inserting a nucleic acid
fragnment as defined in claim1 in an expression vector,

(b) transforping a suitable host anismw th the vector_produced in
Step 16" "faad Ypale Bazpiar fyiberitied michele SRS r e Radsd i n
step (b) Ubdecosdinmbie claddi 1 which encodes @ polypepkpdeseompriding

pol ypeptide, 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 encodes a polypeptide comprising
amino acid segquence 1 to 302 of SEQ ID NO:4.

15 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.

13. An expression system comprising a nucleic acid fragment
according to any of claims 1-12.

20 14. A replicable expression vector which carries and is
capable of mediating the expression of a nucleic acid frag-
ment as defined in any of claims 1-12.

15. An organism such as a microorganism such as a bacterium,
e.g. Escherichia coli, a yeast, a protozoan, or cell derived

25 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.

16. An enamel matrix related polypeptide which contains at
least one sequence element which can mediate the anchoring of
30 the polypeptide to cell adhesion molecules, the sequence
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(d) peptide, and 25 (e) optionally subjecting
t he pol yHmmaﬁm ﬂ ransl ational nodification. 26. A nethod of
treating ande Orc pmeven

adm nistering to a patient in need thereof a therapeutically or
prophylactically 30 effective anpunt of a polypeptide according to clai'm
16. 27 WQIHEHd of repairing a lesion in a tooth, th@cﬁgpﬂﬂﬂﬂﬂ
conprising admnistering to a patient g3 need thereof an effective
anount of a pol ypeptide according to claim 16, optionally in
conbi nat i on  wieliemensr Spingt seledtest frnome thel group consisting of the

53 _— 28. &éﬁ&ta&%teaeg%@mg( AA9er 68BN svﬁé]e(tmtm W?'DG??
adm ni steri ng e an. e clti e . ,anoun (6]
pol ypeptide a i(ﬁ&ufgy §i&hé¥9) aﬁ%55§§% Lﬁ% é% Soting or

proveking the mneralization of hard tissue sel ected fromthe group
consi sting of shong, p@,ngﬁsbud@raédbﬁmgce@ee&aﬂh ié‘%aﬂ%. ¢HeOBinino acid

prising adm nister] a ent_in nee ereof an e i ve anmount  of
pol ypepti d f"ga&c}tﬁ ArL@n angdogyge %r?ﬁwtof‘i’@ﬁe@%tl vel y

i ncorporating an |nplant into a bone, the nmethod com prising

adm ni stering g @ B@iyﬁéﬁti&b ”e?c%%xfdl%e% éﬂa%ff&tﬁéﬁngm&?@ afind acig
pol ypepti de accord F&pto cla nmet ho

bi oconpat i bi | E&TUEACENS

met hod conpri si ng coverlng the inplant device with an effec- tive

|nprOV|ng t he
3 ¥O d’exﬂrcémoﬁnélPH&ﬁs"r TRFN E58EeREvi ce, the

¥Nng periodontal disease, the nmethod com pri sing

a

amount of a PaleyPappldge cp&,ﬂlabxgio&gﬁgaw Loaim accnoa}éng“aﬁi 2985! n6180°N!

whi ch conprises a d ep t|
20 33. A FEAPSESE aéo%‘i’]&i G’HT]S%CF’§§§U Pvﬁeﬁ'é?néﬁlé’%é’(ﬁ’um%ﬁéhéﬁtls

whi ch can :med mblogoubhEOGilCdég‘ﬂéw oFf ath&eaatywwtwﬁm t20 sl hgadhesamndho

Congi Sting of N BE EREpTTH BEER BRASCER)- B 41 Srotp YriHiscing

(Vval - Thr - Lys- nyFheEK@nQ@mCL)@qge}w@Su)Bham DKEEQ AB}JNQ}Q a@ng- 8EQ) IDt he

NC: 4.

20. A polypeptide having substantially the amino acid
15 sequence 1-407 in SEQ ID NO:2.

21. A polypeptide having substantially the amino acid
sequence 1-324 in SEQ ID NO:4.

22. A polypeptide according to claim 16 having a subsequence

of the amino acid sequence SEQ ID NO:2 and/or sequence SEQ ID
20 NO:4.

23. A polypeptide according to any of claims 16-22 in sub-
stantially pure form.

24. A composition comprising a polypeptide according to claim
23 and, optionally, a physiologically acceptable excipient.

25 25. A method of producing a polypeptide as defined in claim
16, comprising the following steps of:

{a) inserting a nucleic acid fragment as defined in any
of claims 1-12 in an expression vector,

N “ﬂﬁ‘iii‘li‘iilﬂﬁi“ i




25 pol ypep an am no acid sequence from which a consecutive
string of ; rm ﬁ Qli&u is identical to a degree of at least 80%w th

a string o t he sanme length selected fromthe group
consi sting of (a) the am no aci d sequence shown in SEQ ID NG 2,(b) the
am no acid seg uence shown in SEQ ID NO 4, and (c) a sequence consi Sting
of amino aciWO91%373® 103 of SEQ ID NO 2 and anino acids 6 tngw SEQ
ID NO. 4, the polypeptide being substantisdly free from ot her conmponent s
natively associated with the pol ypepti de. 34. A pol ypeptide according
to clai m 33, H&)i n§rareferming acisnisedplenbostEorgmism wigip the vec-

56 35. A pgbypﬁcéa@&@qurs@éw (&9 ,cl ai m 33 having the am no acid
sequence SEQ I D 36 poI ypepti de according to claim 33

havi ng an am no aci d sequence consi sting of amno acids 1 to 103 of
SEQ I D NO 2 dd aruhbuningstie thos324Hrghn$ep) pDoditred] in step (377 A

pol ypepti de which S8 Jc%?: S e d fromthe
group con%l sting Sfﬁatgﬁ ét1?et ratpee tidhs ggy Qﬁrﬂ-@nAl a), KG

(Val - Thr-Pys- 10 Bf BKGE (4 u- Lys- Gly Glu) and DKGE (Asp-Lys-Ay-Gu),
t he pol ypepti de belng encoded by a nucleic acid fragnent which is

capabl e of hydpi dj st Ad SEg%llgkl%ggg%e'(%l)ﬁaci d fragnment having the

nucl eoti de sequence shown 1 n a nucleic acid fragment
havi ng the nucl eoti de sequence shown in SEQ ID NO 3, or (c) a nucleic
aci d fragnment{ehavoptyienaliy enibijdetiagueheepobysestidey taf pagel-eotides 1 to

402 of SEQ 15 ID Eﬁnélé%ﬁicbé%ﬂ%ﬁt?Znto 1648 of SEQ I D NO 3 under

stringents conditions e polypeptide of claim 16 wherein said
sequence el ement nedi ates the binding of the polypeptide to cell
adhesi on nol @sul Asmatbodest & deat iinigndindgoof préeemming geiriddontalt aig- cel |

surface. 130 ease39 hgh:ﬁe o/ Q%B&Jﬂ%ﬁ}% QbﬁFﬂlége & a5 ?F@l%ﬁgugﬁce

el enent nedi at eé e bin e_pol ypept to ce esl on
nE rf31

mol ecul es an®ef Bemefm ergrsptigalhy) 9’6e§5¥‘i’wla°t’1cél&yc8ﬁegﬁ+‘f%ce
25 40. An anamogne of aulslguptddeobcebeding| eoteidensaguence shown in SEQ
ID NO 1 or the nucleotide sequence shown in SEQ ID NO 3 of at |east 18
nucl eoti des whi ch encodes a paql ypeptide whjich is a_subsequence_of a

sequence sel &lteft PEBRPE RE Fepadring gohepdPRnit & tooth,afthenmetiedo acid

sequence SEQcbhipMilsPng administering to a patient in need thereof an
: 15 effective amount of a polypeptide according to claim 16,
optionally in combination with appropriate filler material.

28. A method of joining two bone elements, the method com-
prrising administering to a patient in need thereof an effec-
tive amount of a polypeptide according to claim 16.

20 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 comprising admini-
stering to a patient in need thereof an effective amount of a
polypeptide according to claim 16.

25 30. A method of effectively incorporating an implant into a

bone, the method comprising administering to a patient in
need thereof an effective ‘amount of a polypeptide according

il
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30 (b) guence SEQ I D NO 4, and (c) a sequence
conS|st|H ”mlto 103 of SEQIDNOZ and am no acids 6 to

324 of S

WO 97/02730 PCT/IBY6/00643
55

31. A method of improving the biocompatibility of an implant
device or a transcutaneous device, the method comprising
covering the implant device with an effective amount of a

. polypeptide according to claim 16.

. 5 32. A diagnostic agent which comprises a nucleic acid frag-
ment according to claim 1 or a polypeptide according to claim
160

This Sheet Has Been Rerlaced

(AR R

SUBSTITUTE SHEET (RULE 26)



