1 4 MAR 2005 WD 02/ 22819 PCT/1B01/01662 1 Cal ci um bi ndi ng Proteins Cross
Ref erences to Rel ated Applications 5 This application clainms the1gr M&k iy of
Eur o- pean patent application 00810830.0, filed Septenber 14, 2000, the
di scl osure of which is incorporated herein by reference inits entirety. 10
TECHNI CALYRPEEH % he present invention concerns a novel clBSEIBBHIEE ci um
bi ndi ng proteins predom nantly expressed in the nervous system 15
BACKGROUND ART Nervous systemrel ated disorders, in particu- lar centra
nervous systemrel at ed @@fﬁ{&kﬂg&négﬁ?f§§ééé§hg0 greater inportance, be it
due to the enhanced average age of.the people, be it due to enhanced
nunbers of injured people due to the enhanced occurrence of potential dan-
gers, be it due to enhanesss OLStEr&NESs Olo HdBSSad edgi Bita@ihot her psychic
di sorders. 25 There is @ great interest i n obtaining nore know edge about
t he nervous system and di sorders involv- ing the nervous system such as
psychi c di sorders, suchrhisasagsiicaemal oeids teganeratiton of dnjaw ed
nerves etc. nd_pn_.particul ar. abo ing SHC isorders or.jnju 30
ries, or alp?%gsga%ﬁ% i%é%§¥%€£%%§ g@%?§§%¢'g’pgf?%%tge%ﬁ??é?¥nb&fron1such
di sorders 02008} uthesgdiantioshee eof swiaichriat imeedpdvatohareseitutbgal and
di.agnosti ¢ prepaLat.hox %Essé%9i£é€§g- One approach to | earn nore about

r

nervous systemrelate Isorders Is the identification and char 35
acterisation of proteins involved in biochem cal pathways of the nervous

system igal ci um pl ays afpdupariangrgghe in  signalling pathways of the
nervous system Although a lot 1 4 MAR 2005 WO 02/22819 PCT/I1B01/ 01662 2 of

DNA sequences of nervous system active proteins have been published, stil
a lot of such proteins havepr@teryietinvention concerns a novel class

of calcium binding proteins predominantly expressed in

the nervous system.
15
BACKGROUND ART

Nervous system related disorders, in particu-
lar central nervous system related disorders, are getting

20 greater importance, be it due to the enhanced average age
of the people, be it due to enhanced numbers of injured
people due to the enhanced occurrence of potential dan-
gers, be it due to enhanced occurrence of stress-related
and other psychic disorders.

25 ' There is a great interest in obtaining more
knowledge about the nervous system and disorders involv-
ing the nervous system, such as psychic disorders, such
as pain development, regeneration of injured nerves etc.,
and in particular about healiqg such disorders or inju-

30 ries, or at least ameliorating the state of a patient
suffering from such disorders or injuries, and there is a
great need for pharmaceutical and diagnostic preparation
in said field. One approach to learn more about nervous
system related disorders is the identification and char-

15 acterisation of proteins invelved in biochemical pathways
of the nervous system. Calcium plays an important role in
signalling pathways of the nervous system. Although a lot



-

been detected. Furthernore, also for nost of the known sequences, their
activity is still unknown. 5 For the above nentioned reasons there is a
great interest to identify and characterise proteins ex- pressed Mn M@@
nervous systemand playing a role in Cal- ciumsignalling or stoﬂag@. 85

DI SCLOSURE OF THE | NVENTION I n nervous systemderived cDNA |ibraries, re-
cently the MRA¥EHuence encoding a protein with so far unkSWABECIYity has
been published. It has now been 15 found jn the scope of the present
invention that said protein plays an inportant role in the cal cium

signal l'ing pa%hW and is ong one nenber of a whale class of com pounds
with sinmilar SbtPV (SPIEHIFHEN SIRESIET SHEHET P& S PR PEAT iRs DaYe he scope
of the presenbeémveriliichdibs 20 lHeen Ieneni rratedd pralteyimise hiafrd ndtas dieen

found to com S i leF_Bqﬁf [ se nt__wi.th | ar ge
extracel | ul arbé)ée%rr(g% (’gin%ﬂa sna e%‘%{?’g%%%aoﬁﬁf fg’g& act’r% rif’(:l)leai?lﬁ’g?l

cytopl asmic s%@@@¢n0¢ﬁ@ﬂﬂ@ﬂkﬁnﬁQﬂﬁxﬁﬁM1i&nﬂﬁﬁyﬂ,anﬂmgmacid resi dues. 25
Not hi ng hag been known prRIQr t@ LR %@Hoﬂe@?’?&%’sgﬂsagﬁlétret 3g gel lular

pattern of cal syntenin gene expressjon, the ce ar, and subcel | ul ar

| ocal i zat i on @ReERt t HeEqx R | tohaldemtiehnfandh hagaghardsien pscdadings exand cal -
synt eni n-r el apeds shSordaite MOJRNCEYItdn® AH YURLhOR Hha Hresent i nven-
tion to provide an jsolated polypeptide for the use as a pharnaceuti cal
conpri si ng anCJaWn%l%lﬁlglls”éﬁt?&%cgiaqee'ast 50% i dentical to a sequence
selected fromthe group con- sisting of: 35 a) a full length amno acid

174 VAR 2385 W0 02/ 22810 TBOTBUID Phod h) TRENTIRE 130, 4’ (Cal synteni n-2)
. SEq. . 11o. 4 (Cal syntenin-2)
and Seq. Id. No. 6 (Calsyntenin-3), b) a polypeptide conprising at |east
one, preferably two, mogh pieelRrAbl ddieGets Al RENAC 13 s BsJuERCeS
sel ected fromthe_ group consisting of: seguence i

cently the DNA sequence encoding a protein with so far

unknown activity has been published. It has now been

15 found in the scope of the present invention that said
protein plays an important role in the calcium signalling
pathway and is only one member of a whole class of com-
pounds with similar activity. Said nervous system active
protein that in the scope of the present invention has

20 been denominated calsyntenin-1, has been found to com-
prise a single-pass transmembrane segment with a large
extracellulaxr segment and a small (approximately 100
amino acids) cytoplasmic segment highly enriched in
acidic amino acid residues.

25 Nothing has been known prior to the present
invention about the cellular pattern of calsyntenin gene
expression, the cellular and subcellular localization and
the functional role of the calsyntenin preteins, and cal-
syntenin-related disorders.

30 Hence it is an object of the present inven-
tion to provide an isolated polypeptide for the use as a
pharmaceutical comprising an amino acid sequence at least
50% identical to a sequence selected from the group con-
sisting of:

35 a) a full length amino acid sequence selected
from the group consisting of Seq. Id. No. 2 {Calsyntenin-



of residues from about 46 to about 165, sequence of resi- dues 166 to _about
257, sequence of residues fromabout 774 to about 861 and sequénﬁﬁ?@ﬁ

resi dues from about 881 - to about 981 of Seq. Id. No. 2, 10 c) a polypeptide
conprising at | east one, preferably two, nost pref erablpy‘ three of am no

aci d seWtéHH8Ys selected fromthe group consisting of: P§éqlehté : of

resi dues from about 66 to about 158, sequence of resi- dues from about 182
to about 259, sequence of residues 15 from about 751 to about 834 and

sequence of, residu f rom ,abou Q_abou 55, of g. ,.d. -No. 4, d) a
pol ypepti ge} ’c?rép{f'i g%rig&gt' Ideggt‘“tlg’%g',éehﬁpe%r%B%ygte\%o, §ﬁus O;’)rgf erably three
of am no aéiadssmteniencés sel ected fromthe group consisting of. sequence 20

of residues from aboub)53 Le1opedtidd2cose8usnng Qb eake d4es from about
167 to about 244, sequence of residues_from about 759 to about 845 and

sequence dFGHEHRIYs WikonfoghoE ed6sabd vabbeeoss amiseqardd R6- 6, e) a
pol ypept i dgicGigy issilrgtall keast tBeegrodd pbekekahhy bW, seBsbnpkef erably

three of amino acjd se- quences | ected from_the group consisting of:
sequence rreec’slidd{?&%ﬁoglmag’ﬁb‘&t 3’%8 OtG‘gSHSU 55815%5“98&.‘3 F’g. TR 2,
sequence afugsdsidiias bbomtaledt, 8&éniencabodt r&ss dofes $Fegm kBBouNo. 4 and
sequence resi dues. .fr haut 9 to 0_ahout 956_of S d . 6, and
havi ng caﬁé%% iaﬁj(ﬂur?g Bgé?t %\?lgt ?E‘%ﬁc@fpgre © a\]/rlerslé‘tcjit“‘lﬁ3 (9:5 ‘é‘cf‘?’@“#oaéﬁlﬁd to the
Arp2/ 3 cortpl expoutPAdgpest Seas dh-t Ne.aBove defined group which conprise a
|1 gand, pinding functien argoe(pBAELeULaptlz1dg LE! eehsrospeci al Ly
pol ypeptides conprising amno acid residues 46°to 165, residues from about
166 to abdfeiEypbly tyey pgstinpreferablucichrey pdl gpépri @sddesfprising 1 4
MAR 2005 \WRekfted? &9 REtal BRLM0E682 g4 cam &@n@gls@ihgsb@ue%eg(u@ﬁgébgut 66 to
0 .

cbout 150,01 SaushiEss (oM ahoul 192 Lo sbou 250 oL bege TG Mot
142, resi diess fivom about 1682 te about 244 ,0tecfSegnckdof TelddGes

15 from about 751 to about 834 and segquence of residues from
about 854 to about 955 of Seq. I4d. No. 4,

d} a polypeptide comprising at least one,
preferably two, most preferably three of amino acid se-
quences selected from the group consisting of: sequence

20 of residues from about 51 to about 142, sequence of resi-
dues from about 167 to about 244, sequence of residues
from about 759 to about 845 and sequence of residues from
about 869 to about 956 of Seq Id. No. 6,

e) a polypeptide comprising at least one,

25 preferably two, most preferably three of amino acid se-
quences selected from the group consisting of: seguence
of residues from about 881 to about $81 of Seq. Id. No.
2, sequence of residues from about 854 to about 955 of
Seg. Id. No. 4 and sequence of residues from about 869 to

30 about 956 of Seq Id. No. 6,

and having calecium binding activity and/or
having the capacity to bind to the Arp2/3 complex.

Polypeptides of the above defined group which
comprise a ligand binding function are of particular in-

35 terest, especially polypeptides comprising amino acid
residues 46 to 165, residues from about 166 to about 257
of Seq.Id. No. 2; especially polypeptides comprising



10 Pol ypepti des as defined above conprising a proteolytic cleavage site are
preferred, especially a polypeptide conprising amno acid resigge@[Jm@m
about 774 to about 861 of Seq. 1d. No. 2 especially a polypeptide %hprlsing
amno acid residues formabout 751 to about 834 of Seq.ld. No. 4,

especi al | yW8a 9a18ypept i de conprising amino acid residues fYOM™HEUE’759 to
845 of Seq. Id. No. 6. 15 Pol ypeptides ag defined above conprising a

cal ci um bi ndi ng domai n of Cal syntenin--1 and/or Cal syn- tenin-2 and/or

Cal syntenin-3 are preferred.i.e. _polypep-. tides conprising amno _acid

resi dues froﬁF%BBugcéglrFﬁldﬁﬁﬁUFBQQIQBguéeﬁg Fﬂ.aRBPtzlangE?SbG??%eptides
conpris- 20 ifngmaabpotatBed teskdues ReEenvébput;. 854 .t Roabayt e8pbcdi11Peq. |d.

No. 4 and/or I ti.des ri.sing_am no_aci,d_ residues _from abpoui. 869 to
about 956 ofE%gﬁﬁgsg}dﬁg.Céggg%g%ggr8ﬁlg?ea56?y5$ﬁ a&%ssgﬁﬁgnnhgughé% are
at | east 60%ticdédRi caksaddespfeopr @benabl§7nbreabbenh 70% of53Skdentdcal to an
am no aci ¢ seguence sel ected fromthe above defined group. Another object

of the present invention is an isolated_polypeptide for the use as a
phar maceuti cal com pri sPAYREPERIAS agi debbne@neleoge| eemedifinm sequences

30 conpri si ng:@&b&g&:@é Q.fleé{ragéa§Etéogré”bﬂeféﬁkgé Weggeéia@w' gel identity:
percentage of 50% preferably 55%and. nore preferably 60%to an amino acid
sequence sel§@§¥BEPEFGR1FﬁﬁpﬁFﬁﬁﬁgcﬁﬁ%PQtPﬁ@do¥e§éaPeFd?rRB.a??“Sea?4ld. No.
4 and Seq. |do MBoué 8pd sa8i degequancrs.hgvi ng cal cium 35 binding activity
and/or the capacity to bind to %fe Arg%/S complex, 1 4 MAR 2005 WD 02/ 22819
5 PCT/ 1 BOY 01662 The pol §PRPrTAe B2t RRIBPEREN® | AVBRFI BH Fs@™ i Rf erabl y a

t ransnmenbr anacpdotreshdukischiorm ekpnés§séd tpraHoutnldtl gpff Begeltls W6H.t he
nervous systegm and which 1is nore preferably expressed in neurons.
especially a polypeptide comprising amino
acid residues from about 759 to 845 of Seq. Id. No. 6.

15 Polypeptides as defined above comprising a
calcium binding domain of Calsyntenin-1 and/or Calsyn-
tenin-2 and/or Calsyntenin-3 are preferred i.e. polypep-
tides comprising amino acid residues from about 881 to

. about 981 of Seq. Id. No. 2 and/or polypeptides compris-

20 ing amino acid residues from about 854 to about 955 of
Seq. Id. No. 4 and/or polypeptides comprising amino acid
residues from about 869 to about 956 of Seg. Id. No. 6.

Preferred are polypeptide secguences that are
at least 60% identical and more preferably more then 70%

25 identical to an amino acid sequence selected from the
above defined group.

Another object of the present invention is an
isolated polypeptide for the use as a pharmaceutical com-
prising an amino acid sequence selected from segquences

30 comprising a stretch of at least 100 amino acids with a
minimal identity percentage of 50%, preferably 55% and
more preferably 60% to an amino acid secuence selected
from the group consisting of Seq. Id. No. 2, Seqg. Id. No.
4 and Seq. Id. No. 6 and said sequences having calcium

35 binding activity and/or the capacity to bind to the
Arp2/3 complex.



5 The pol ypeptide of the present invention is preferably localised in a
post synapti c nenbrane of syn- apses, nore preferably localized 1h MR8lYbr ane
of a spine apparatus of spine synapses and/or in a nmenbrane of sub-
synaptic endoplasmatic reticulumof shaft synapses. O 10 .(parti_ cul ar

i nterest é?"@“g?’@f%i ns having their najor cal- cium bindi ngd‘dgidi A'*A t he
cytoplasm c conpartnent. Pre: ferred arespol ypeptides which are expressed in
tunors and other preferred pol ypepti des have at | east one binding site for

the Arp2/3 conplex. SaidAL F’;}%%@%ﬁdﬁﬁ‘@ c?ftxgb%s Ao & consarvad acidic amno
acid sequence notive conprisin conserved r%p ophan and’ encornpasses but
is not |initegefepally. at heasageehrenaoPiobsinDViDDS okl ¢£EVWDBSEdni no acid

sequence gi vg,@eaam§h&gtf¥l eht 863 €908} - cHBCHBRLYREPL] EESn O af dBaRI 5Nt
invention or_ 20 fragments thereof which have a mninal |ength of about 50
am no aci ds &Pe™StRtBBPECFRP Y nepERS88da i RoBPUFPRSt he devel opnent of a

phar maceuti cal . Anot her g 6561 @hedthBIPr &5 eftie I PWEIMAION el or SQ at ed

nucl eoti de segu?nce ir ﬂ ga%tial sequence 25 t hereof encodiq? algglypeptide

of the preseRtefRERRLY ohoCrbtSetellsB BLS hAKPARELGPTERPLANGA T hefYhbj ect of

t he present kpeentimorespaaferablat 2dcalttedt idea seguentees enf adi g6k Be

pol ypeptide qQf _th resent.invention or_a.fragnent thereof i ch.has, 30

due to at Ieg Eﬁgu%o?ﬁtgﬁﬁ?gt?%ﬂ?pgﬁge ? %ro}nd%lﬁﬁ$%§9n?ggﬁ ﬁ%%f

function. A fwngheicobpdeplagmahicpreseotlimvent shaft ssymapisnl &ed

nucl eot i S codi p p | f p .1 {-on or a
dg gg fEG1&D QH_EBE?st?,gLéhlﬁigﬁE%gnQ laa'Ir{&?% %ﬁé md SYE LA P!

f ragrrent t he s , [espect| ve . S, ue. i i east” one pol nt
mut ati on, i nSapwrbindsRgdépeeiBninothe cxtepheshby ¢orPahenene. Brer

di agnostic apked WEH B%em @%€§de§SHﬁU:M Bo¥CeRPteiBEE {NAMumkrdlidnd 4 MAR
2005-WD 02/ 22819 PCT/ 1/ 01662 6 fer,gnces to the actjive segpent within the

Cal ci um bi ndPh§eTi REFLREF P BPLYREPbAAGAINEY St Ak £%2F LR WP HRIRY ment
conprising thketpr ebeasker REPPNBL boMpieke. SALAUAGHRAZ rBUh@INGr s Bt Pk on

flanking]%heangénserved acidic amino acid sequence motive comprising
a conserved tryptophan and encompasses but is not limited
to e.g. the sequence motives MDWDDS and LEWDDS (amino
acid sequence given in single letter code).

The polypeptides of the present invention oxr

20 fragments thereof which have a minimal length of about 50
amino acids are suitable for the use ags a tool for the
development of a pharmaceutical.

Another object of the present invention is an
isolated nucleotide sequence or a partial sequence

25 thereof encoding a polypeptide of the present invention
for the use as pharmaceutical.

another object of the present invention is an
isolated nucleotide sequence encoding a polypeptide of
the present invention or a fragment therecof which has,

30 due to at least one point mutation, insertion or deletion
lost its function.

A further object of the present invention ig
an isolated nucleotide seqguence encoding a polypeptide of
the present invention or a fragment thereof, respectively

35 which has, due to at least one point mutation, insertion
or deletion lost its function for the use as a diagnostic

tool. Such sequences, usually have not more than 25 dif-



5 tated region of the nucleotide sequence encoding a poly- peptide Qﬁﬂmg@%
present invention is e.g. useful for the design of priners or nuc]eoti e
probes that can be used in a diagnostic test to detect nutated DNA i sol at ed
from e.g. human tissue. Such test is e.g. suitable to predict 1o whether
cells are MOHX8¥o undergo transformation lead- ing to cahcEIFY&VET opnent .
The terns prinmer or nucleotide probe asgused herein include oligonucleotide
sequences conprised of ten or nore deoxyribonucl eotides or ribonu-

cleotides. 15 DNA sequences qf, the present inventi shal .. be understood to
21 56 | ncl ude TETEESAF SHEs Hgid onAeaReng ehEBEh RBe RBhr 1 s e
stringent conditriagesd nd arheegsdequendéorsthecertiracehlvhar greuperionsi sti ng of

Seq. Id. No. al LRl Ry-bk drek : syntenin-2) and 20 Seq.
Id. No. 5 (Caﬁoé“ B iBRER! Brbleastt Fangﬂ?@é‘aﬁd?&‘?rons hybri di zi ng

sequences in general areAs@ytiehedsrapian o ¢ cesgiamobitamoing itdhntivy,
preferabl ys ahQite 9@ cWibfedst ey red cBRshePs8EBEREE 8§c8/aiﬁﬁné!§a(1y5al d

sequences conprise sequences encodi ng am no ac¢i d sequences aV|ngm$25

cal ci um bi ndiBfPEEAs ¢t Fhgs REESeRds 18yeRtigquefic8st haFet ehcbek no acid
Sﬁque?ces W ltdltsa;jfgncfalfcipurﬁ:]nl@'trﬁd:o&g naelebt iy, pkobgar thalul gansu@hw@@lﬁences
that for small de-,.fects hav st _said activity. .S .defect _usual l y nmeans
a poi nt nutaffbﬁ;d&ﬁgpﬁfgﬁfi%ﬁ%$'§§ g&??? oﬁukﬁgggigﬁéel§ﬁiﬁﬁﬁﬁcg o
Sequences of ¢.he pugsent isswent iSwhaltestcoapeige sségabheesoepcediayg ani no
aci d_sequenC s SAANIAA 1Y Bl el 1 1Lt 8OLKALE 46! EAXALELRLALIS) 10abDC

extracel | ul ar segnment the coded protein a ~as such”sequences that
en- code ani NAWHE COBGEEN C&Y ajiormenit - pEbeebPYREcPELBaYagE B8cheee{d®, in

particul ar syphReQUeReRd thaleifolintTRlkbl 821gbaGEIBRYRe! RatnaRELs Cl eavage
site(s). The sequences of thngresent i nvenfion al so conprise, sequences
encoding 1 4 IERRESANGTELD 10 MSER ABOTY 518D EAECLAARS QFi Bikefkences of

t he proteol ytelaaddiyda=el eased fragnents, as well as such sequences that

de ani id ith mutati in th teol yticall -
eased frddment . The ter WA FEFBSRS HSBh AP PREPEnFn BYPRNHEE T4 Hhel ude

sequences t hate difdearstvpdne @lswrisclude splice variants and DNA se-

quences that hybridize under stringent conditions to the
sequences selected from the group consisting of Seq. Id.
No. 1 (Calsyntenin-1), Seq. Id. No. 3 {Calsyntenin-2) and

20 Seqg. Id. No. 5 (Calsyntenin-3). Under stringent condi-
tions hybridizing sequences in general are seguences with
at least about 80 % identity, preferably about 90 % iden-
tity and most preferred 98 % identity. Said sequences
comprise sequences encoding amino acid sequences having

25 calcium binding activity as well as such sequences that
encode amino acid sequences without calcium binding ac-
tivity, in particular such sequences that for small de-
fects have lost said activity. Small defect usually means
a point mutation, an insertion or a deletion in said se-

30 quences. Sequences of the present invention also comprise
sequences encoding amino acid sequences spanning over the
proteolytic cleavage site{s) in the extracellular segment
of the coded protein as well as such sequences that en-
code amino acid sequences without proteolytic cleavage

35 site{s), in particular such sequences that for small de-
fects have lost said cleavage site(s). The sequences of

the present invention also comprise sequences encoding



nucl eoti de substitutions, additions or deletions, usually at nost 20

differences in activity providing regions. Another object of the presafg 2005
invention is the use of the pol ypeptides or the nucleotide sequences 10 of
the present invention or fragnents thereof as a tool for the devel opnent of

phar maceuypGahssand as a tool for the screening of phar npeguio;esdqzagents.
The present invention furthernore concerns pharmaceutical conpositions,

that conprise such a DNA se- 15 quence dnd/or a pol ypeptide or a fragnent
thereof as de- fined above. A pharnmaceutical conposition of the present
i nventi on cateabsdnoompenids & capicaicdseadt threpactevéysdbaldyvamededsadr edi ent)

a protein a%r@%%bﬁ%@,aggv%elﬁoaé Eﬁéﬁﬂ%%gﬂéhgék tRIROELELAR GARLEUT thermore
conprise at |east oné further active conpound, e.g. a _conpound that
i ncreases oRGHEdGEESENNE S Aidiiumuiatdiong 18cthei pyoseodaitd cabdverdefi ned

protein, or ithakd Feheaeas. Ghaleer@psqicibeaanualh abraighid protein at its
pl ace of 25 actlgntln,thﬁ body, or thattggglgggs or shortens the tine of
a

presence bf 5SHER% tEr dPELHCS SERIGNCESe aBi LAY RY PHE BEIPCTThe present

invention fuudlebrade ewdbetiastdsns] RlddiReas! bealeteRosist i QBuhnal,

conprises as.,an a | east one act,ive co und_a_subst ance ,whi ch enhances
or inhibit?ttﬁgs%réggéngf?%ﬁ?Qﬁﬁ a 1HE£VVBHOVF g BRAYCRS - defi ned
above, or in that it enhantkeropbijekitbbfsthéeprésans! ahirenthbnsikeh a DNA.

The present JhlVELl 0 ¢ARCENATAS R, 3,38nRNALIRERNL H6al.ARURASLL | On, that
conprises as an at | eéas ne~act1ve corpound a compound that reduces or
i ncreasek® tofe thal pr@wemtndinvgrddony iary frhameptst ehergofdeli petio®l4 VAR 200

V[)02/22819fBST&hEOéég%ﬁéﬁméuﬁPQ&?Ph%&mb&éhtk&ﬁi%aéﬁé 8k deene@asesyt he
anount of such a protein at its place of action in the body, or that

shortens or FHOFEREEHRG CfmPlrMaceidicaloposBER -a pro- tein at its place
of action in the body. #hénpikeeneblieteneiohheuptReenbrnveftepiisare

pharmaceutical compogsitions, that comprise such a DNA se-

15 quence and/or a polypeptide or a fragment thereof as de-
fined above.

A pharmaceutical composition of the present
invention can alsc comprise as at least one active sub-
stance (ingredient) a protein as defined above.

20 A pharmaceutical composition can furthermore
comprise at least one further active compound, e.g. a
compound that increases or reduces the calcium binding
activity of said above defined protein, or that increases
or decreases the amount of such a protein at its place of

25 action in the beody, or that prolongs or shortens the time
of presence of such a protein at its place of action in
the body.

The present invention furthermore encompasses
a pharmaceutical composition that comprises as an at

30 least one active compound a substance which enhances or
inhibits the transcription of a mRNA derived from a DNA
ag defined above, or in that it enhances or inhibits the
translation of such a DNA.

The present invention concerns as well a

35 pharmaceutical composition, that comprises as an at least
one active compound a compound that reduces or increases
the calcium binding activity of a protein as defined



protei ns having a sequence as specified in Seq. 1d. No. 4 and honol ogues of
sai d sequence conprising proteins which have at |east 60%identity with
sai d sequences. Anot her object of the present invention are 10 pgqt@&p@g}
having a sequence as specified in Seq. Id. No. 6 and honol ogous of sal

sequence C\&%E ,54,99 proteins which have at |east 98.5 % iglephdoiMiadht h said
sequence. nother obj ect of the present invention are nucleotide sequences

whi ch encode a protein as specified 15 Bn Seq. 1d. No. 4 or Seq. Id. No. 6.
The coding sequence of the nucleotide sequence conprises all sequences

encod- ing tBeoadl, NBraghdLSeALeBE8eal 05Clect HasdP. tie UnRER: did.suddp. 6 or
honol ogues thereof . .Al'so i.ncluded ar gartlal sequences of the nucleotide
t

sequences de&cPrBEGIBhETeit5oPEBFe| ALt ARELOTt HR BT ¥ni 9F fdi ng
sequence prebhbatehbyohagralsﬁgueﬁhe aﬁméeﬁﬁtpf@béﬁéérﬁféﬁﬁdh/d(pﬁ$mfnU-

cl eoti de sequence_encodin aci d sequ nee Seq. Id. No. 4 or
Seq. 1d. No. %glnTﬁ% 98u8n8§sasﬁaP8r1%r% e% eflned 25 above are
suitabl e fsor the use in BnoehﬂrngbassaysfaﬁﬂéqgreSénttmnuﬁnnmun @&fdlsorders,

preferably Neyaus sy els ssgg&s&ﬁcer@% CsPLELPI AR ¥ ed hergenig al g nervous

system nost prefera rarn e ci'um |nd|ng
activity, ora@@ehP@OéQQ@§§|9§ éand|aﬁgbﬁnqengommréﬁumgv@rgt@wnanwhxmh

per.t ur bed prﬂﬁ%%sbEgléhstn%0%C§hbﬂk§Ey GoLAl YA g Sn@kd in particular in
order to prevent, aneliorate or cure disorders of he nervous system caused

due to lack of cleavage BRORPSE| SRigge oF BHRRGSANt JEIRAHGEOOEE prot ei n
of the prlexse@trolt&m@t hoRinaducedqiynde ak kpasifoag piotegserd) mpargicul ar

pr ot eases sel e romthe_group consisting of fissue- t e. pl asnm nogen ac-

Pl vator . abbPEo BPBGLRGRRBACE. POk A ST e HPBRFH FERE P A RO

02/ 22819 PCTth&lb@lﬁeasQ aétﬁvatmdenabbyewiahedaad aéquemneplasnin or

neurotryp- sin or nurosegﬂbghe?abg Qb§°6 %f%gkééh{) ﬁ¥§$ﬂ3 - essing
era

of intracellular calciumsignals a cause pertur ed
processi ng oﬂn§%ﬁpﬁééﬁi@P&P9§FgﬁaW§lS tﬁacoﬂ@gﬁlnxgt@h@ @%I$Eﬁ%ﬁf¥ﬁﬁlllty

processes;Py ;e @R .0ffd. No. 4 or Seq. Id. No. 6. The coding sequence
of the nucleoctide seguence comprises all sequences encod-
ing the amino acid sequence of Seqg. Id. No. 4 or Seg. Id.
No. 6 or homologues thereof. Also included are partial
sequences of the nucleotide sequences described above.

20 For instance, the calsyntenin encoding sequence prefera-
bly has a sequence at least 70 % similarity to the nu-
cleotide sequence encoding the amino acid sequence of
Seqg. Id. No. 4 or Seq. Id. No. 6.

The DNA sedquences and/or proteins defined

25 above are suitable for the use in screening assays and/or
the treatment of disorders, preferably nervous system
disorders, more preferably of the central nervous system,
most preferably the brain e.g. due to lack of calcium
binding activity, or due to excessive calcium binding ac-

30 tivity or due to perturbed processing of intracellular
calc¢ium signals and in particular in order to prevent,
ameliorate or cure disorders of the nervous system caused
due to lack of cleavage or miscleavage or excessive
cleavage of a protein of the present invention induced by

35 at least one protease, in particular proteases selected
from the group consisting of tissue-type plasminogen ac-

tivator, abbreviated as tPA, urovkinase-type plasminogen



regulating the activity of the Arp2/3 conplex. Thus, a nethod for treating

such di seases by use of a protein or a nucleotide sequence of th '5ﬁ@ﬁnt
nt i

invention is also enconpassed. 10 Most preferably the present inv

con- cerns

pr ot eins,

tissue,

DNA sequences or proteins for the mnimzation
destructi aﬁof’%{@f"

. .. T;’TRTh nﬁ! ﬁtﬁ
roke. By a preparation conprising such se-

parat i on ! sl _ ;
1 ssug dost 1T an 1 HELLIAR ool e RAAD MBs RN,

exerting a pritateceqilatefthetcalulpe aeltlididly recassseal bad megmgnifa zone
surroundi ng A&, NOCHAY | hd | S8R & PIEUE IO 3 MBI I1QLATL i@ s0r scure of

nega- tive effects caused by neurodegenerative di seases, or 30
neur oi nf | anmB®'dhsa dif Qe deerating rpichedfiasafully plee &d & mediedn e

reduction orapheyvestt e tfedqitgaid W aflre fAESemN aint ildnsS¥e aqawsed by

epi | eptic sei zures rescue of endangered neurons, as for ex- 35 anple

th
neurons endafEr A% Pypoxi a and i schemia, excito- toxicity,
neur oi nf hammat ory di seadesstantgiicaedisethee piredespi iiaveaitivhespnand

cancer ous neglorIaLONS. o o4 IR, 2005 10 02122819, PETLLE01/ 03662 40 the

regenera

axonal

I on an cin egrlaty an

restora synap

j ssue

uences or
the mnim zation of the tissue®de- 15 struction in stroke
including brain infarction and ische ma, intracerebral henorrhage, and

subar r achnoi getherettor | hageredSatfa Sxanp e 3y Eemimg o pleiretiivipg ef f ect
on the cells, of the so-called pen ra zone surrqunding the . necrotic
can DE" obt af Hed® SR bt hsga}l%ir%bsro esrsi/\/r‘ljg‘}ee%é)n péﬁxgélgtﬁe\?epgﬁﬁs't ance

prepar at i on eésiig sof nuentaonl bambeaisadim Egrtalas ampharedfesatilyal , be it

or

f uncti ons,

the preventidhe Bhttuordesorctorortume sffrokestinal disorders, as for exanple
degeneration 5 m@nd, tHtdNAl IRPARGPRIEREHS such DNA se-

retinal

15

20

25

30

35

quences or proteins, the minimization of the tigsue de-~
struction in stroke including brain infarction and ische-
mia, intracerebral hemorrhage, and subarrachnoid hemor-
rhage, as for example by exerting a protecting effect on
the c¢ells of the so-called penumbra zone surrounding the
necrotic tissue, can be obtained.

Other disorders whexe an effective substance
or preparation of this invention can be used, be it as
pharmaceutical, be it as diagnostic agent, include as a
suitable selection

the treatment of tissue destruction in trau-
matic brain injury, as for example by exerting a protec-
tive effect on the cells of the so-called penumbra zone
surrounding the necrotic tissue,

the prevention, amelioration or cure of nega-
tive effects caused by neurodegenerative diseases, or
neurcoinflammatory diseases, as for example multiple scle-
rosis,

the reduction or prevention of negative ef-
fects on brain tissue caused by epileptic seizuresg,

the rescue of endangered neurons, as for ex-—
ample neurons endangered by hypoxia and ischemia, excito-
toxicity, neuroinflammatory diseases and processes, epi-

leptic seizures, and cancerous neoformations,



the cell death of cells of the nervous sys- tem in particular a cell death
in connection with dam ages of the nervous tissue, for exanple infarct of
the brain and ischem c stroke, or henorrhage of the brain, or 10! £ @ rpagsof
the brain, and/or a cell death in connection wth damages of the nervous
tissue, whiygy.9sgdr due to [ack of oxygen or glucose or dpgrhshimies?
intoxication, and/or a cell death in connection with epileptic seizures,
and/or a cell death in connection with nEurodegenerative 15 di seases and

i nherited genetic deficiencies of the nerv- ous system the regeneration of
i nj ured, danaged under - tﬂevak@ﬁ£ﬁ rofeti@t seveh oped/ br at &k ¢ b BStieo@Nef or
nervous tis %qctge r Q anl t|on f tge brain or nervous areas that
have renai ne %r i nSP herve injuries or after the
destruction or danage oftbeapneaenteas, amelpme&ehbhonpramwréométion or

cure of 25 Q@EQ%@QQH&%BrB%gQ SXQdE8gE§xaﬁg?eagEE595§t??ﬁeﬁérgg{gnOf

di sorders in the Isorders o psychic we ess, or the pSy-
chosomat i & seate retinadl PROaggipgeNEeRafpl e nervosity or  “inner unrest”

di sorders in the field oghgh@egnngégeglDfBQeiygc@fog§e BSr{&ks expapl e states
of anxiety, the preventiq anellorgalan or cure o chiatric disorders,

in partlculaFeﬂky&ﬁlﬁPFF&CHﬁ§5r8eF§ ephE FPeFBDBPCEgﬂPZHbﬁPeﬂ?Q and
schi zophr eni ageik@fdithre aedebas tmebudlngoehéﬁﬂmpI&Cth@ﬁhteﬁfathéhrOnlC

schi zo 35 af%gctlve i sor ers., cific glsordg B # acute and
chroni ¢ schi Z8pRfeld o6f <V SFHOUS t ot 8F8° G es; gg ggg B e“Severe,
non- renituingr%MM@epélmhecbraln N&Rd/mﬂ a, cmiﬂanazalgnPEﬁthGiiOEGGZ 11
schi zophreni g ¢ %ke é%% %%a%ﬂkenFQ%oQ§NE£EE‘3F;Q59EﬁtXBS rOhnthes

schi zophreni a- 1 rders, 1 ncluding episo i zophreni c glsorders,
i ncl udi ng deﬂ@§¢omﬁ:Q§NﬁP@oﬁﬁréluﬁpﬁelPkedéﬁséPdéﬂ§0XFﬁéFB§nngan /ox

schi zophr eni & lda BREE®Nin connection with epileptic seizures,
and/or a cell death in connection with neurodegenerative

15 diseases and inherited genetic deficiencies of the nerv-
ous system,

the regeneration of injured, damaged, under-
developed, or maldeveloped brain tissue and/or nervous
tissue,

20 the reorganization of the brain or nervous
areas that have remained intact after brain and/or nerve
injuries or after the destruction or damage of brain ar-
eas,

the prevention, amelioration, or cure of
25 pathological pain syndromes,
the amelioration or cure of disorders in the
field of d&isorders of the psychic wellness, or the psvy-
chosomatic state of health, as for example nervosity or
LJinner unrest®™, disorders in the field of the emotional
30 functions, as for example states of anxiety,
the prevention, amelioration or cure of psy-
chiatric disorders, in particular psychiatric disorders
in the field of schizophrenia and schizophrenia-like dis-
orders, including chronic schizophrenia, chronic schizo-

35 affective disorders, unspecific disorders, including

acute and chronic schizophrenia of various symptomatolo-

gies, as for example severe, non-remitting ,Kraepelinic®



5 ality disorders, as for exanple schizophrenia-like per- sonality disorders
with mild synptomatics, including schizotypic personality di sorddrdiR 7005

i ncl udi ng the | atent forns of schizophrenic or schizophrenia-Ilike

di sor der sy,  ,nglgdi ng non-organi ¢ psychotic disorders, andfoxgdiitdie 10
field of the endbgenic depressions or in the field of manic or

mani c- depressi ve di sorders, the treatneht of tunmors such as prevention or
reduction of the growth, the expansion, the infiltration and the netastasis

of primary éaﬁlaaba&bahag b¥MRES fotNekampPi Bi thenpek-the-kopratbeppel new
bl ood vessel& neo%t_L %b %enesi 0. gartlcular the_ treatnent _of brain
t unors no EPPha- LEkP o SRS Br eFBFABRYRF nSBESRIF N ¢ hei r
grow h, expamhlanphm&hnbtﬂasbﬁderﬁetaﬁtaﬁdsngndelﬁsmﬂnicoachizbbhﬂd vessel s

or neoangi oggne a It f_th 3. Lex. §a|d
enhanced ac%gg'ﬁllie %lfﬁgaﬁrg2léggg§%#n§ %ggﬁ?gPﬁr P% gﬁ% Ia edS%n
abnor mal 5 OﬂIQXNedsswedersnedacédrregamaieryChunophnanba bnbeoﬁerhe

prot ei ns of t ra ve in their
55 gr owt h, 3&’“"?&2? o REFRLIREn ML YRR anRL ELe SR bAIAL e | Cod

vessel s or ﬁ@ﬁ&@@ﬁe§ﬁ§s§93ﬂé§¥tdéﬁerﬁﬁﬁﬁea3@61ﬂéh@9|bhall?tﬁﬁhnected

with a pol ygerisderokchiecpheasit orngeﬁihe hrgﬁig piRkeassoldepseferably a
nmenber of one of the followi ng fa -- Serine Protease fan1|y such

as tissue-typE “EP&?WPHBQ@ﬁgéeﬁFVBFBF PFF&O 1§PeRPREse2RF e pLBshiRogen
activatar (2814 plfathienentibyenbicndepeusoli bypson, inevhepfigla, o€l ast ases,

cat hepsin tr|x Met al.l opr.ot ei nages f |y such as 35 coll agenases,
gelatinaseg?ug%ronelngﬁg dn§EE§FFS|n§lsor%§§Féln Proteases famly such as
cathepsin . B and cat heptha DredtmedARL200GWNGs 024QR2849 PCIVBOI601662 12 The
preseént '“VQQEb&%léhh%fCQB%659§wEﬂe efe- e&bﬁﬁé&bﬁ“ Bhet RR£l @AEQE OGnAN

menory functions in persons, as we ersons wth_reduced
| ear ni ng an@nqﬂghgrywﬁgﬁ@ﬁpéﬁsof primary and metastatic tumors, in-

15 hibition of the formation of new blood vessels or neoan-
giogenesis, in particular the treatment of brain tumors
or tumors of the retina. Said tumors preferably involve
in their growth, expansion, infiltration, metastasis and
promotion of blood vessels or necangiogenesis an enhanced

20 activity of the Arp2/3 complex. Said enhanced activity of
the Arp2/3 complex is preferably mediated by an abnormal
or excessive or reduced regulatory function of one of the
proteins of the present invention.

Said tumors preferably involve in their

25 growth, expansion, infiltration, metastasis and promotion
of blood wvessels or necangiogenesis at least one protease
functionally comnnected with a polypeptide of the present
invention. Said protease is preferably a member of one of
the following families:

30 - Serine Protease family such as tissue-type
plasminogen activator (tPA), urokinase-type plasminogen
activator {(uPA), plasmin, thrombin, neurotrypsin, neurop-
sin, elastases, cathepsin G,

- Matrix Metalloproteinases family such as

35 collagenases, gelatinases, stromelysins, matrylisins,

- {ystein Proteases family such as cathepsin
B and cathepsin D.



5 In one additional aspect, the present inven- tion concerns a nethod for

the production of proteins as defined above, that is characterized in that
suitable host procaryotic and eucaryotic cells, in particular ndrd Mi@lilan
cells, are transfected with a DNA sequence as de |l fined above in a vector

ensuring t 5?,(1?5 ssion of said DNA sequence, and in that ' sfected
cells are gﬁf- Jged under suitable conditions allow ng exﬁfﬁ@@F@%ﬁ%f sai d

protein. In another object the present itwention re- 15 lates to a synthetic
or chem cal nethod for the produc- tion of polypeptides, peptides or nucleic

aci d sequences representh8gpabskRasinpaiti®f dNes seauesces e thepres- ent
i nvention angfhavin% th %g%lﬁté to ninig or to |OCE, res ect%%f%g, t he

bi ol ogi cal actiffAYC8r °tal&§n 150 RPN BRPTY cHFRF Et ABS caP o} Hdi ng
activity. Thedarseqeeneedland/ dn peespnoteins deflined labouéngasnd

furthernore Qﬁaen%sr%d A5, ;ans for the screening of drugs against calsyntenin
protein involving disoréérs,' but also active ingredients such as

transcription en 25 hancé&rscor ndditeesahraspeens| dlvé gpresemaincerssor reduc-
ers and acti Vi, QRPARGEALS 20 BAUC LS Fﬁ‘@%?ﬁ&ug@h%ﬁt o?prQE?Q{xﬁSth

invention is a protease or proteases cleaving the proteihs o e pres- ent
i nvention i n Gefamecegioyeel Chpsr iscghernbcteniFadt her FBRE SHetpPEsent '

i nvention reldfs drocacfoliexbhackacaeyptisi a1 8sPr 9hepaer Ml thr chgaves a
pol y- peptide of, thgﬁgresent i nvention, ot ease can have endogenous

The . pr
origin or cafddamh #@du@FeoFr&nﬁéﬁgFSﬁoﬁbgg 3 R eSEABRNEENST r UeT
transf or nesl dfirdgdnrsioset éd bnvectardendbriflhl sheAsgphersobheot shiéhe

present invention is a method.for.the_identification_.of conpound. or an
oot L4 VAR BB GBBFroBI0 ACTHEOLPO RS- TASRRFEROnGaAM &t BEot RELact | vty
of said prot dasesl wWBdied smethddecoopdisesnsoat doving esbksspioduefng an

active prot e@éﬁi‘ﬁf&eﬁ test conpound and neasuring changes in protease

activity. In a preferred enbodi nment said cells i .
In another object the present invention re-

15 lates to a synthetic or chemical method for the produc-
tion of polypeptides, peptides or nucleic acid sequences
representing at least part of the sequences of the pres-
ent invention and having the ability to mimic or to
block, respectively, the biological activity or calsyn-

20 tenin, in particular the calcium binding activity.

The DNA sequences and/or the proteins defined
above can furthermore be used as means for the screening
of drugs against calsyntenin protein involving disorders,
but alsc active ingredients such as transcription en-

25 hancers or reducers and translation enhancers or reduc-
ers and activity enhancers or reducers.

- Another object of the present invention is a
protease or proteases cleaving the proteins of the pres-
ent invention in their extracellular segment.

30 Furthermore the present invention relates to
cell extracts comprising a protease which cleaves a poly-
peptide of the present invention. The protease can have
endogenous origin or can be the product of a heterologous
expression construct transformed or transfected into said

35 cells.

Another object of the present invention is a

method for the identification of a compound or an agent



5 are mamalian cells and the protease is expressed froma heterol ogous
gene construct. Furthernore, the present invention also com priﬁeﬁwmpgmyse
of a sequence as defined above as a neans to produce antigens or as antigen
for the production of 10 anti bodi es. Such anti bodies can ant i bodi es
t hat inh»flqﬁ%?wpronnte t he cal ci um bi ndi ng function or gﬁF??nggﬁﬁes t hat
inhibit or pronote the proteolytic cleavage of a protein as defined above
or anti bodies that can be 15 used for inmunohi stochem cal studies or

di agnosti c a38ri@A¥Sdulh€epr eBBNhckAVERY 6F ahsa pegakdsekragsganic animals
conpri sing antﬁgggenous.DNA seggenge as dﬁ&ined above. Such animals are
suitabl e fof% £a8Y=3F0i §°26285309 SRYIENBTPELEIBE 88t PGE ¥fbst ances as
defi ned abowsroiSack sithabhstase compaknhicahdr meapubtimgnchamgesais, such as

mce. Still r.t.he of._the_pr i N-.1Lon nge he use of
a DNA seque ggﬁg?&%e%F%gggg%ngn %5p?8§%?%%di%ﬁ%?ﬁ%%?ggngg%ﬁtﬁgiﬁ%tation of
t he corréspend mgwendaganvaslgenadbypbrenrneotepsgens rapygessrd feohnizques.

Such gene t a{feliGqbechpbAdes caLe 2% .€xam ple the elimnnation of the gene
in the nouse through ho- "nol ogous reconbi nati on or the replacenent of the

gene by 30 a nutated fBrRARAERRBHE, ADONArSEGOENERBVEBLHER| ALECaB®Ve can

W thin the56aRe ehet D8ePheSENEeEABE B, dalfsAcBeaboeod har al Reans
preparation of a djagnostic preparation for tge dlggn05| of, dls%rders due
to defects &r° &% BRE P FRENE 980 APE LS8 s G ben P5R§PF§FRB 8%codi ng

sequencelsi mrdtaibddd elsut not identical with one of the coding sequences

defined above, 14 MAR 2005, wD,02123819 ECII LBOL 01662, 14 e npglei o acid
sequences of the present 1 n- vention are of g?ea I nteres I'n gene

t her apeut i cdnhapitpbircarpoatei hheuradsiandbindingmibactieonf or erampl e as
parts of gengdher ap) tygﬁfl9%§t SYCRAMoRECLAY £2btaBd vty RERaLLgevect oS,
or as parts of artiticial chraonosones.
of a protein as defined above or antibodies that can be
15 used for immunohistochemical studies or diagnostic as-
says.

The present invention also regards transgenic
animals comprising an exogenocus DNA sequence as defined
above. Such animals are suitable for the study of dis-

20 eases and the test of active substances as defined above

Such animals are in particular non human mam-
mals, such as mice.

Still a further aspect of the present inven-
tion concerns the use of a DNA sequence as defined above

25 for the inactivation or the mutation of the corresponding
endogenous gene by means of gene targeting techniques.

Such gene targeting technicues are for exam-
ple the elimination of the gene in the mouse through ho-
mologous recombination or the replacement of the gene by

30 a mutated form thereof.

A DNA sequence as defined above can, within
the scope of the present invention, also be used for the
preparation of a diagnostic preparation for the diagnosis
of disorders due to defects or alterations in the genomic

35 sequence comprising a coding sequence similar to but not

identical with one of the coding sequences defined above.



Brief Description of the Drawi ngs The invention wll be better understood
and 10 objects other than those set forth above wll becone ap pajgn*“y@&p
consideration is given to the followi ng de- tailed description theréof. ch
description nakes refer- ence to the annexed draw ngs, wherein: Figure 1A
shows di ss®¢t &Y 88 °neurons fromthe 15 ventral halves of ES"EAFEKEBA*spi nal
cords seeded in the central conpartnent.ef a cell culture system Figure 1B
shows neurites of neurons fromthe ventral halves of E6 chicken spinal

cords extending into th i art.mgn y f i Lon, 20
Figure 1C shows a conpar?ﬁ%nggfﬁggplggu t%%nggégge%? ?Rg %gg%é%%?%%re
surface is susdlibiicdedrientad hesd idwgast-mint geby AhesppeRtdreildep: Figure
1D shows a fl3oreanaphy of s MdmaRshonal 1SDS:BAGE Jekafh1358<Met hi oni ne
| abel l ed pro- 25 teins released into the mediumof both the central and the
si de conpart RS 9 GFE FRERRE VEFOGSr 0§ EPh ¢ SoP1ateddcadi fBdsi onal

SDS- PAGE gel itk irethicuting labeld edrRsooft airs £iekaasetdrbnb8oinbe . medi um
of both the central and 30 the side conpartnments, Figure 2 shows an

al i gnnment of amino acid se- quences deduced fromthe single ORF in the human
(hs), the nouse (M) andériiled Skisckeptigy) ofDNAeoDrawlisygatenin- 1, 35 Figure -
3 shows a denonstration of the calcium binding capacity of the cytoplasmc
moi ety of calsyn- tenin-1, 1 4 MAR 2005 WO 02122819 PCT/1B01/01662 Figure 4A
shows an expression patt 8hye dgnvepdliopnwealnbel beRNAX| nndesggpedl asdct i on of

an E18 nouse, o QWse AR atud albRX RIS Fot habboeNwifll saksyet gpLn-1 nRNA
in a coronal section_of an adult nouse ., 5 brain, Figure 4C shows _a Northern

bl ot anal ysi PR MG IEMSHAETANRY F Sa@iiE™ iRakbe £8dé8Wipgtre 4D shows
a Vestern bl ofajanal YRiscrdfption thereof. Such description makes refer-

ence to the annexed drawings, wherein:

Figure 1A shows dissociated neurons from the

15 wventral halves of E6 chicken spinal cords seeded in the
central compartment of a cell culture system,

Figure 1B shows neurites of neurons from the
ventral halves of E6 chicken spinal cords extending into
the side compartment after 6 days of cultivation,

20 Figure 1C shows a compartmental cell culture
system, the cell culture surface is subdivided into three
compartments by a Teflon divider,

Figure 1D shows a fluorography of a two-
dimensional SDS-PAGE gel of ?°S methionine labelled pro-

25 teins released into the medium of both the central and
the side compartments,

Figure 1E shows a fluorography ©f a two-
dimensional SDS-PAGE gel of *°S methionine labelled pro-
teins released into the medium of both the central and

30 the side compartments,

Figure 2 shows an alignment of amino acid se-
quences deduced from the single ORF in the human (hs),
the mouse (mm)} and the chicken {gg) ¢DNA of calsyntenin-
1,

35 Figure 3 shows a demonstration of the calcium
binding capacity of the cytoplasmic moiety of calsyn-

tenin-1,



human and chi cken cal syntenin---1 protein, 10 Figure 4E shows a schematic
drawing of the <calsyntenin-1 protéin, Figure 5A shows synaptic | ddaMasgis on
of cal- syntenin-I by inmunohistochem cal staining in a section of the

hi ppocanpysg pf»-ap adult rat, 15 Figure 5B shows col ocal i ZatdOmaphiee>
calysntenin-1 with the synaptic marker synapthophysin, Figure 5C shows

col ocal i zation of calsyn tenin-1 with the act subunit of the synaptic marker
GABAA receptor, 20 Figure 5D shows colocalization of calsyn- tenin-l1 wth
the GLUuR2 subunit of théANPR ridceptiomws & qupr & ighows: tarewl tafast r uct ur al

localiza tiop, 0k calsynt £nhival i 4 hea Bynant i &, mehang of.. 50l ne

synapses, 25 Figure 6B shows an ultrastructural l|ocaliza- tion of

cal syntenin-1 in the postxPHpti® TG sheTbfeXIgsSiel @y mapses™ Migure 6C an

ul trastruct upal s{Qeahizat i @NOfin cal syréeni Nsdet bt hee Rast syNEPthG, s@nbr ane
of spine syn- 30 apses. Figure 6D shows an ultrastructural |ocaliza- tion of

cal syntenisn- T?Ht he postsynaptic menbrane of spine synapses, Figure 6E an

ul trastructural |ocalizatignefaC Ithead syNartiledh ibldtheasrpostsiyanait i C

menbr ane of spine N: S 14 MAR 2005 WO 02/ 22819 PCT/1B01/ 01662 16
Fi gure 6F ancgirﬂ%g%?h%?gr'gﬁ%%o%%l ?é;%f? grﬁ“ug?n TS Rienin-1 in the
post synapti c nmenbrane ofF spiree 4y rshapses Wds tganre 186G tamnd tysdist rafct ur al

| ocal i zati ony of ., 5. g4l ?ﬂp{:?& nééléﬁn%&?ilfgft;?%’@@@{ﬂc menbr ane of spine syn-
of cal syn _

apses, Figure 7 shows localilsation enin-1" in-synaptosones, but
not in pd8tsynaptic densli9ee 4% Rhe'8A sHIWMAN G Statictared Yscal i zation

calsyntenin-1 protein,

Figure 5A shows synaptic localisation of cal-
syntenin-1 by imminohistochemical staining in a section
of the hippocampus of an adult rat,

15 Figure 5B shows colocalization of
calysntenin-1 with the synaptic marker synapthophysin,

Figure 5C shows colocalization of calsyn-
tenin-1 with the ¢2 subunit of the synaptic marker GABA,
receptor,

20 Figure 5D shows colocalization of calsyn-
tenin-1 with the G1luR2 subunit of the AMPA receptor,

Figure 6A shows an ultrastructural localiza-
tion of calsyntenin-l1 in the postsynaptic membrane of
spine synapses,

25 Figure 6B shows an ultrastructural localiza-
tion of calsyntenin-1 in the postsynaptic membrane of
spine synapses, _

Figure 6C an ultrastructural localization of
calsyntenin-1 in the postsynaptic membrane of spine syn-

30 apses,

Figure 6D shows an ultrastructural localiza-
tion of calsyntenin-1 in the postsymaptic membrane of
gpine synapses,

Figure 6E an ultrastyructural localization of

15 calsyntenin-1 in the postsynaptic membrane of spine syn-

apses,



|0 of the transnenbrane fragnent of proteolytically cleaved calsyntenin-1
over the spine apparatus of spine synapses, Figure 8B shows uItrqthM$§Mqal

| ocal i zation of the transnenbrane fragment of proteolytically cleaved
calsyntenin[hiln Vel t he spi ne apparatus of spine synapses, 15 Fhﬂure SC shows

ultrastructUt &t 8cali zation of the transnenmbrane fragment gfBrNT662

proteolytically cleaved calsyntenin-1 oyer the spine apparatus of spine
synapses, Fiore 8D shows ultrastructural localization of the transnenbrane

fragnent of proteolyticalyy,cleaed, 29.caleyarentn)laouet;Lhe;spi oe

apparatus of spine synapses. Figure 8k shows ultrastructural |ocalrzation

of the transrfEdsvatEfiaghett B posteoreptis Mprbraage@t sallsgns®¥nirn-1 over
t he spine apggﬁﬁkgs of spine synapses, Figure 9 shows a diagram of the

prot ease de- 25 pendent tr.anslocation gf thergostsyna tic ,Ca 2' binding of
30 cal syntenin-1 Fi gur e FPORT$h &% ePhe st r2atrenlof ocat gt i@mi Akl in

growt h cones «flsguitairied- hi podanpals EewE@Rd c henibrdineeolf spanaokior escence
staining, Figure 108 identifies one of the neuronal processes shown in

Fi gure 10A asHif Hxon by indirect im nunoflurescence staining with an
ant i body agai nst the ax- Rinplrerdr lskiowsr dbendifattibn bifgurési0teshows t he

| ocal i zati on l?XQ niy0-1 J 0 f. cud tur i ppocanpa
neur ons by i#ﬁﬁ%ﬁ&? |rﬁﬁﬁéf1&§?%§%§h%%’g%@ﬁggﬁgP%%Enge %&g th, 14 MAR 2005
WO 02/ 22819 PCT/ | B0O1/ 016829rss 83 ghrwslulskhensrueuprdddorndhzatione full - -

length forp ofr GaleS WHANM RedbAlh tHigPheriteldH Rl 3RARRLRA1 1 *RUBBREOf

cl eaved cal syntenin by Western Blotting with “antibodi es agai nst
cal synt eni n- ISR EEH RAL) OVET ddie SPIRS RERETE A e ffr S8BT SYPARELSy n-
tenin-3 MRNA in differentritimmn @ gavwsby1beashenethkal - 1bbagiz&t gone 12B

shows the eXQ&?%ﬂé) fgnéﬁgﬁﬁggne fragment of proteolytically cleaved
calsyntenin-1 over the spine apparatus of spine synapses,

15 Figure 8C shows ultrastructural localization
of the transmembrane fragment of proteolytically cleaved
calsyntenin-1 over the spine apparatus of spine synapses,

Figure 8D shows ultrastructural localization
of the transmembrane fragment of proteolvtically cleaved

20 calsyntenin-1 over the spine apparatus of spine synapses,

Figure 8E shows ultrastructural localization
of the transmembrane fragment of proteolytically cleaved
calsyntenin-1 over the spine apparatus of spine synapses,

Figure 9 shows a diagram of the protease de-

25 pendent translocation of the postsynaptic Ca?' binding of
calsyntenin-1

Figure 10A shows the localization of calsyn-
tenin~1 in growth cones of cultured hippocampal neurons
by indirect immunofluorescence staining,

30 Figure 10B identifies one of the neurcnal
processes shown in Figure 10A as an axon by indirect im-
munoflurescence staining with an antibody against the ax-
onal marker protein Tau 1,

Figure 10C shows the localization of calsyn-

35 tenin-1 in growth cone of cultured hippocampal neurcns by

indirect immunofluorescence at higher mangification,



tenin-3 nRNA at cellular resolution in a horizontal sec 10 tion through a
brain of an adult nouse and Figure 12C shows the expression of caliyn- -
tenin-3 nRNA at cellular resolution in a parasagittal section thr dg%j%ﬁmd
brain of aR,adubd;o mouUse. Figure 13 denonstrates the bindi ngcpfjmtl}a%ﬁjp Arp2/ 3
complex to the cytoplasmc part of calsyntenin-l1. Bovine brain extract was
passed over a columm containing bound GST-Cstc fusion protein. The proteins
collected in the flowthrough fraction, in the wash fractions, and in the
elution fractions were sepanatetl byh SRS PAGHERGAG st @ifmadhaentul 1si | ver
staining (up n e - tei r QI 't I

el ectrot rans?%?g% g#’%grggdé?@g%&&?%n n?té%%eﬁ%l%gefpﬁlp%fa%o % tee%r esence
of Arp2/3 cérpiestasivesaaripdedabsynherinder d8esorrudint bam wifih st

anti body a coRuEp&aaLLYagNahkable aptibody di reel edh 2Rpgai nst the Arp3
subunit of the Arp2/3 conplex (lower pa- nel). MODES FOR CARRYI NG OQUT THE
| NVENTI ON330 Cal synteni rf @i Hh v e tBWEBLoT ds $8d Syedoni nant | y

in the braintehhf-genBNEXPheasE8rent hiGaNI GtFadakes Miagareasior -
exclusively {n the neu- rons. As representatives of the novel class of cal-
35 ci um bi ndFﬁngr oteins the isolation and characterisation of
calsyntenin-1, 2 and 3 affegfoetiize sleses itied. exdprediR2Qf \WAIRRM22819

PCTI 1 BO /016 h d i of S nj n- S. I h, of 1009
am no acids g%alg?)%tﬁ'l}{ﬁg ggs%%?g%épﬁe%%iu%?&gé 12”% n]ggra%{;‘o s!?gi?'ﬁéeecnﬁt ure
protein i1 cbiApostdrohgdsa baainocohcinsadThe mxesacatd ul ar segnment conpri ses

860 5 am no acids, the tf%ggnﬁ@rgl&%}%% i N0 Bfreyfds, and the
A particular

cytopl asm ¢ segnent has 99 am no aci ds. y interesting function
of cal- synt ERPAR1S| TRNBURE FRILALAS HRBRHUFHPRI HY @ HaxaFagURiabi ndi ng
cytopl asni c eegtsn tAr&abBYyAt BRatn lohagn daéylephasse ¢ segment that s

highl'y enriched in acidig, amno achd, el Aues AL N85 aing of the

15 Arp2/3 complex to the cytoplasmic part of calsyntenin-1.
Bovine brain extract was passed over a column containing
bound GST-Cstc fusion protein. The proteins collected in
the flow-through fraction, in the wash fractions, and in
the elution fractions were separated by SDS-PAGE and

20 stained with silver staining (upper panel}. The same pro-
tein fractions were also electrotransferred after SDS-
PAGE to nitrocellulose paper and the presence of Arp2/3
complex was visualized by immunodetection using as a
first antibody a commercially available antibody directed

25 against the Arp3 subunit of the Arp2/3 complex (lower pa-
nel).

MODES FOR CARRYING OUT THE INVENTION

30 Calsyntenin proteins are known to be ex-
pressed preddﬁinantly in the brain; the gene expression
in the brain takes place nearly exclusively in the neu-
TOons.

As representatives of the novel class of cal-

35 cium binding proteins the isolation and characterisation
of calsyntenin-1, 2 and 3 are further described.



t he capacity of binding calciumions. The cytoplasm c segnent of the
cal syntenin-1 functions as high-capacity, lowaffinity calciunlbnquﬂgmm
structure and it also con 15 tains high-affinity binding sites for calcitm.

By this fufgfd,pteecal syntenin-1 retains cal- ciumin the spbpyfiapide zone of
excitatory ané |n%ibitory synapses of the central and the peripheral
nervous sys- tem By this feature, cal syhtenin-1 mediates the accunu 20

| ation of calciumin the zone beneath the postsynaptic nmenbrane and thereby
modul at e the cal ci um medfheedodgdapertide fefhotd bisrtBylnhkeskas unct i ons,

cal synt eni n-  HRkR- JeaiiddockadabedccakCLH 69RELNLE AL Qﬂ?nia@ bBsrzame
beneath the postsynaptic nenbrane and thereby, prolong the cal 25 cium
signals in td ZEn8™ e & Fhe THEsTETHER PECRRHR bF afieaiefnpér 88Li ng

aspect of calsspmbenicids. Thel exteacBbyalatr s8ihEetr POShSYD8REI gegeNnbr ane by
an endocytic pr.o- cess thz%gf Ilomsgéﬂeaﬁroteolétéc cleaxgge wi thin the ex-
tracel | ul at PN EC1RFer &5 X 2LEPEPRT BAPNSIIPEETLPRE  + 1 38™BC 0§ fiani ¢
regul ati ons hylspr aineblbte cytlopdeage cbyegineheashs09® aynapt acid@sot ease. In

t he scope of the presentA’E%g@%%ﬁ?%%i¥tfRHéPeQ@Eﬁ%Eﬁ%Q?%@Tﬁh§£ §%%§yntenin-l_

has also an in vivo activ a very us for

di agnosti ¢ 35vangentikedapgy doupdoivathbei aeomenhgidisondetbe talpaumi cu- | ar
of the the ngiyeUs 129 e Qg?ggﬁglar of the central nervous system 1
4 WR 2005 WD 02/22819 PCI[I KO 101662 '0 It is known_ that the expression of
cal syn- t&hin-1 during nEGLEYREEGENOhNERS ItErErAshHe PRGPART Nghabf t he
tinme range i i gMuighlReEnricihdcain0lcRh9Eesma®EoOhci8YPaRsatea! 8nabsakved,

that in phemﬂgg%t ner\v.Qus LegL S their expressign is predoninant in brain
regions in ca§§ﬁ§8§b°§¥i§Pl&PPyC8§86P?, SRE-t haF SYPIPLREMSr1y high
expression(ﬁsagwsymkﬁhmmd dad skatedinrlt flenceiehbsabschightexpathey,
D BPocaTTUS, US4 Ap A i, HiRATRY" S bIE HRAPRE, BuGHCHHGES of 11
weaker expf edsiigs dfigthafddindynt danding sitegnfior calcium. .
By this fanction, calsyntenin-1 retains cal-
cium in the subsynaptic zone of excitatory and inhibitory
svnapses of the central and the peripheral nervous sys-
tem, By this feature, calsyntenin-1 mediates the accumu-
20 lation of calcium in the zone beneath the postsynaptic
membrane and thereby modulate the calcium-mediated synap-
tic functions. By these functions, calsyntenin-1 main-
tains elevated calcium concentrations in the zone beneath
the postsynaptic membrane and thereby, prolong the cal-
25 cium signals in the zone beneath the postsynaptic mem-
brane. An interesting aspect of calsyntenin-1 is its re-
moval from the postsynaptic membrane by an endocytic pro-
cess that follows the proteolytic cleavage within the ex-
tracellular segment. Therefore, calsyntenin-1 is subject
30 to dynamic regulations by proteolytic cleavage by at
least one synaptic protease. _
In the scope of the present invention it
could now be shown that calsyntenin-1 has also an in vivo
activity making it a very useful tool for the diagnostic
35 and therapy of protease involving disorders, in particu-
lar of the the nervous system, more particular of the
central nervous system.



In the adult peripheral nervous system cal- syntenin-1 is also expressed,
for example in the sensory ganglia neurons. 15 The gene expression pattern
of calsyntenin-1 in the brainis extrenely interesting, because HQFP@R2%5
nol ecul es are expressed in the adult nervous system pre- dom nantl n =
neurons ofwbheasisegi ons that are thought to play an |npoptvmmmnnaﬁ in

| earning and in nmenory func- 20 tions. The gene expression pattern of

cal syntenin-1 in the cerebral cortex is éxtrenely i nteresting, because a
reduction of the cellular differentiation in the cere- bral cortex has been
found to be associ ated wrEhigchiger Phat phpeniaregdidrer oprowd pant

characteri st ken@h-¢abksyingt gBLRaL eeveilshachhesehpckhat thel ﬁe%%h@héd by
neurons. T together with th function as a cal cium bindi.n

his fact
protein and Phet gﬁpFé?@lBﬁnﬁﬁtFErW Fﬁhtﬁ@sthCEEVQFbﬁPnBrﬁﬁﬁsﬁﬁﬁIP braln -

suggest s thabyhbgs§@|§¥§ bBBEBvédp|aﬁatalﬁotﬁeladﬁme hegubablgpsaémthe
cal ci um ted si gnal brain greas i involved in t

I ch
processi ng aﬁ o) 568F1P8a?ﬁe8r8 RRviaP ,1Pe§Fﬂéﬂ ERfFLoFFong, WﬁFcﬂenDry
contents. BSSTng@Bheplasthcuhy vecertl yahduhdaevadpaceitoldarayr bhighof

“h neural pi SXEFEREISACer! RaRaRREEH BLL 1A S0BNRE B FRORPERAGENSS ey
et al., J_Negresthe Néprpagrpuzgps5zndosde apgsdalpuafigtbe mbuseProc. Natl .

Acad. Sci. USA 93, pagesr§98ne788epd 960 rulbSr 8XP5ESERAMPALE N Pralhows the
assunption that the cal ciumbinding activity of calsyntenin has a 5 role in

| ear ni ng *&ndoxedr FrEPer aPHonB, tP@rsékéﬁﬂIEOBQ ofr EbepoasuAki BRUSPe Rnvol ved
in the proceggengraespsbetags off theacnedyhebavhonsisl eannad enDtlons or
nmenory con- tents. The fact that C_hs ntenin-1.is a substra£ %
prot eases is partlcularlinlﬁ%%rﬂgPi ggeﬁéeéﬁgilf%?r¥93ﬁ1ﬁ¥ﬁ ?ﬂe PP ot ease
ti ssue-type plyasminingéniactilset expiiBApd, for example in the sensory
ganglia neurons.
15 The gene expression pattern of calsyntenin-1
in the brain is extremely interesting, because these
molecules are expressed in the adult nexrvous system pre-
dominantly in neurons of those regions that are thought
to play an important role in learning and in memory func-
20 tions.
The gene expression pattexrn of calsyntenin-1
in the cerebral cortex is extremely interesting, because
a reduction of the cellular differentiation in the cere-
bral cortex has been found to be associated with schizo-
25 phrenia.
Another prominent characteristic of calsyn-
tenin-1 consisgsts therein that it is secreted by neurons.
This fact - together with the function as a
calcium binding protein and the expression pattern in the
30 developing and adult brain - suggests that the calsyn-
tenin-1 plays a role in the regulation of the calcium-
mediated signals in brain areas which are involved in the
processing and storage of learned behaviors, learned ewo-
tions, or memory contents.
35 Together with the recently found evidence for
a role of extracellular proteases, in particular tissue-

type plasminogen activator, in neural plasticity (see



has been found to play a role in the pathogenesis of neu- ronal cell damage
or neuronal cell death in the context of excitotoxin-induced epileptic
seizures (see Tsirka et 15 al., Nature 377, pages 340- 344, 1995).1 Thﬁ g&ee
expression pattern of the calsyn- tenin-1 in the spinal cord and i%hTﬁ
sensory gang@ld.a:d;s 1 nteresting, because these nol ecul es aperguprigssed in
the adult nervous systemin neurons of those brain regions 20 that are
thought to play a role in the processingZdf pain, as well as in the

pat hogenesi s of pathol ogical pain. Calsyntenin-1 was found in connection
with a studymaiyred ail .di scowerinigdqir.otis, npatkat 2866 -se6ret @ds25 from axons

of neurons (see _Stogckld et al., r.. J...Bioy chem, 180, pages - 259,
1989). TheirﬁgFgggfé ?gﬁ’hgg%x%oﬁf%gén%ﬁggkrﬁgéd g?Asggérgﬁ Egpéé that are
herein com prised IRHp Ir.eftdree o (s @ trarwalirder1ébwal theERBOuptibn pages

2944, 1996, Salyd e ?éal%i-unﬁlﬂﬁ{&i%ra%ﬁwwvg? Egéé%heﬁﬁ?mhgso i ng and

Chronosonal Localization to 3926, nom cs, ) pages 1-8 (1997). This
procedur e ¥ orralfe 1@ FfaGI®EN SIS IO T L SBETRSA OPRe I£68] &KAB®16f ORonm| ogous

sequences of &tNGlonSRAGIAS arflGh@ASIVENSE, thal prodkRistngdWnkea thirggeCow, 35
sheep, pig, primates, birds, .zebra fish (Brachydanio rerio), Drosophila _
mel axi ogast er®t RANAVE O g R PENEPOSAQBSWOCE2 8981y BORT | | ~3F

ny r 21 etc. tsumds.sequences are preferred for the veterinary use in order

to avoid inconpatibility reaction he,_gadi nucl eotide_sequences abtai ned
e.g. by the above descrF@gd%%ﬁﬁhgﬁgxbéﬁﬁggnggganf r*thé 5P§g%§a5809$0n of
prot ei ns Wt hptdteeasore d samard- iani h slequerice®s tdagdebieged sabdwe. eRaa-codi ng

sequences of pé%»argﬁ;;e}_}&&%esci e- 2l DA UFEA 33 S LAk i Ag Sequenge for

the isolation of es and splice variants, or parts thereof, can be 10

used as probé¥d Greathdawsl &9 s a HelFedds ther Pesposenesig o saud
sequences. FororexargdE tdigndif WSS Gl Relleaekitd iandHehe puehei ¢ acid
hybridiZatiOQaE%éggEtlgzégglinduced epileptic seizures (see Tsirka et

15 al., Nature 377, pages 340-344, 1995).

The gene expression pattern of the calsyn-
tenin-1 in the spinal cord and in the sensory ganglia is
interesting, because these molecules are expressed in the
adult nervous system in neurons of those brain regions

20 that are thought to play a role in the processing of
pain, as well as in the pathogenesis of pathological
pain.

Calsyntenin-1 was found in connection with a
study aimed at discovering proteins that are secreted

25 from axons of neurons (see Stoeckli et al., EBur. J. Bio-
chem. 180, pages 249-259, 1989). Their preparation has
now been described in geveral papers that are herein com-
prised by reference (see Osterwalder et al., EMBO J. 15,
pages 2944, 1996; Schrimpf et al. Human Neuroserpin

10 (PTIi2}: c¢DNA Cloning and Chromosomal Logcalization to
3g26, Genomics, Vol. 39, pages 1-8 {1997).

This procedure for the cloning can also be
used for the isolation of homologous sequences of other
species, such as mouse, rat, rabbit, guinea pig, cow,

35 sheep, pig, primates, birds, zebra fish (Brachydanio

‘rerio}, Drosophila melanogaster, Caenorhabditis elegans



be used for this purpose. The codi ng sequences of t he cal syntenin genes 15
can be used as starting sequences for so-called "site- directed 14 M jny
mut agenesi s", in order to generate nucl eotide sequences encodlng prot el ns
as defined above in particu- lar those shown in Seq. Id. No. 3 and 5, or
parts thB®B22 18yt whose nucl eoti de sequence is degener afed” ?b“"*%h r espect
to the sequences shown in Seq. Id. No. 43 3 and 5 due to use of alternative
codons. Such nutagenesis can be desired dependent of the host cells used

for the expnessicnfs etq%)e Q! el gfre'fetc%eskorTEﬁecegkaglﬁsggeﬂgss

di sclosed in this inven- tion, can be_used as starting Sequences for the
pr oduc- t|oﬁijFQ§6Uéﬁbé“V%Fﬁ&ﬁF@“@%ﬁFBF@FﬁQ BFREERENPUNcti on by means of

so-cal | ed site-directed e agaringShaclSuehqal se&@éﬁgeﬁuaﬁﬁhi?ﬂﬁdcémge g.
radati on

provi de for in Ion |if sl ower
enhanced act39&§§’§§?VQ3 °firé g&ﬁ g@&ﬁeﬁé@staHsﬁg 59§d%FSrPFﬂe pro-
duction of \haettdics: fodr pisaeinsgerient Itlﬁléamadaﬁdamehb angd- segaenogs The

codi ng sequenc an pe.used for the gen- eration of transgenic aninals
.as SHLL QR

over expr essi ng e coding Y35 and the coded sequences of the present
invention. 1 4 MAR ZOOSTMQ)cmd2h@28¢QUEﬁﬁéslﬁﬂldﬁlsynﬁeﬁlﬁZQEhescodnng

sequences oaly e yisebdeplad e dics AORAYLGREOLoM SREIZESILD; bheogene

correspondin sequences o resent 1 nvention The amno acid
sequences c Inp amel gidhice BEGé§@¢ﬁbean9@F§Ectheréoﬁeqaéncbg can be used

as activey sphst WRCeToRS R 3RS il athenPhedusti gang.t, apt-Begdbea- and as
targets for dru3§9evelopnent In a_further aspect, resent_1nvention

relates to t#¥ SERLG ﬁ?qﬁﬁpfﬁéptfﬁéseﬁﬁmPH@ HU8I889V3€r3§8 sb@tBnces of
t he present :de’al:ﬂj‘itdzﬂlazﬂ tﬁfeaglmlfeﬁ_d aetidohybsidikaek ohotethaigdasebaament of
phar maceuti cal s a tool for. the screening of pharmaceutical agents,

in par- tic aﬁn§%r enlng as§%§§m¥br conpounds binding a protein of the
present invention. A pr&hercedingr getussqaeenct vthe calsyntenin genes
i5 can be used as starting sequences for so-called "site-
directed mutagenesis®, in order to generate nucleotide
segquences enceding proteins as defined above, in particu-
lar those shown in Seg. Id. No. 1, 3 and 5, or parts
thereof, but whose nucleotide sequence is degenerated
20 with respect to the sequences shown in Seg. Id. Neo. 1, 3
and 5 due to use of alternative codons. Such mutagenesis
can be desired dependent of the host cells used for the
expression of the protein of interest.
The coding sequences disclosed in this inven-
25 tion, can be used as starting sequences for the produc-
tion of sequence variants exhibiting altered function by
means of so-called site-directed mutagenesis. Such al-
tered functions can e.g. provide for proteins with longer
lifetime, 1.e. slower degradation, enhanced activity etc.
30 The coding sequences can be used for the pro-
duction of vectors for use in gene therapy and cell engi-
neering.
The coding sequences can be used for the gen-
eration of transgenic animals overexpressing the coding

35 and the coded sequences of the present invention.



is the proteins of the present invention for the binding of such nolecul es
is the extracellular part of the proteins of the present inventi i .
particular the donmain/site show ng blue sepharose binding capacigg.M%%gwmer
t ar get qrence f.or the binding of such nolecules is the i ntrF 20 cel lul ar
Arp2/ 3 conb‘ék”ﬁrwdlng dommin, in particular a sequence cOfpfl81'HE*t he
notives MDWDDS.. and..LEWDS (am no aci dzsequence given in single letter
code), of the proteins of the present invention. Suitable in vitro assays

for the identifica- 25 tigg QE&%@%%%%r;%‘scgahaB@ ancef frect coB Bhe
activity and/or stability and/or “expression of the proteins of the present

i nvention ar 2T ttamle FIFHAFS dds &S 8P O TR B REI tCal ey
bi ophysi cal teshsera=e d0 tde! etlesper l@ivfehch@hot ei n/I | gand i nteractions and

i nclude e.g. MSINWR 30 a?F descr.i’bed |gl I\/bé_Bet al b gl]g %% 571 81,
2001, high-throughput nucPEaf HEghéGie FPESBRRAEE- 58 Ycieeft

descri bed bn c&i&jc:itilbela] nuklelkd.aGhemequédcE3) cadbe hselﬁBQ& caarctﬂm
spectrometry- J&ﬁ& 1At %s i8S egaelsnsdef%%f ' edgr%dﬁ%‘{ % of] Qi Chem

16(5): 35 505 ch ar ncor pora ferein b y Te erence i its
entirety i 4 M@GM\%@Z/@J@?M@D@@@@& d aspect of the present

invention is based on theg i rfqllrrﬁgl%rt Q@Feggl syfteni- g—slmtaqgvgggmhl kely al so

the fam |y nmenbers cal synt en| n- synt eni n- are capabl e of binding

the Arp2/3 coRplases Bichdigg uste tcn‘e fﬁh%ﬁoéwep@l@@gmﬁ tgfe dplshEftedian- 1 to
the Arp2/ aocog@d;@hcésndjmt@s Frdsifc Ohnviche 16l SN dinddftof %H?erfe%ffi ly in

the regulation of cell_ notili ile stu y| the scienti- fic literature
dealing with ‘??‘lteérté’éﬁl des ﬁ:&ﬁl\éé]% EHSSHE AR @8 1Al ar

cyt oskel et on, towl ffand HED std?taieﬁlhﬁ_; (i Qxﬂaaﬁﬁlc@u}tardalofagﬁiﬂtqqr QTIEIp’aﬁf—Of t he

cal syn- teni Ne S ni nd cal -
synt eni n- 3) co% ga[r% S(er eé:lag}% oayne ﬁﬁ%n gui ngp%t“d?" nd SRS &t W S ho aci d
sequences con®i trhm@r@mﬁs@ﬂve&iltltmyp@oM@rfermds trmtgeft isedviegidey o&fi m | ar

Lo conseryed dife Geldlicn MO (i thoBld: s 14 O MGk WikRhiaRNaE found
in the Arp2/3-binding domain of most, If
such molecules is the extracellular part of the proteins

of the present invention, in particular the domain/site
showing blue sepharose binding capacity. Another target
sequence for the binding of such molecules is the intra-
20 cellular Arp2/3 complex binding domain, in particular a
seguence comprising the motives MDWDDS.. and..LEWDDS
{aminc acid sequence given in single letter code), of the
proteins of the present invention.
Suitable in vitro assays for the identifica-
25 tion of compounds which have an effect on the activity
and/or stability and/or expression of the proteins of the
present invention are for example in vitro assays employ-
ing biochemical or bicophysical tests able to detect spe-
cific protein/ligand interactions and include e.g. MS/NMR
30 as described in Moy et al. Anal. Chem. 73{3):571-81,
2001, high-throughput nuclear magnetic resonance-baseqd
screeening as described in Hajduk PJ. J. Med. Chem.
42(13): 2315-7, 1999 or mass spectrometry-based strate-
gies as described in Kaur S., J. Protein Chem., 16{5):
35 505-11, 1997 which are incorporated herein by reference

in its entirety.



of the currently known activators of the Arp213 conplex. in the cytoplasmc
segnent of calsyntenin-1, this notif is found twice, once with t g m.no
acid sequence 20 .. MDWDDS.. and once with ..LEWDS.. (am no acid Efﬂ

given in sig@gsisetter code). The cytopl asm ¢ sequence of peeabsymnbeni n--
contains one . _NMDWDDS.. and one . LE\/\DDS . The cytoplasm c segnent of
cal syntenin-3 contains a sin- gle m)tlf “6f this kind, nanely ..LFWDDS... The
Arp2/ 3 25 conplex plays a central role in the regul ation of actin- based
cellular notility, by reguidtaswedetdh thd aranentyriowentansd beakekiedg (for
revi ews see: oﬁoméyfﬁ@@l&% bt KhatNeal&teni@Rin, Lok I mddoly; kkdy 4840112,

2000; Pant al oni ci ence 292: 1502-1506; Hi ggs and Polyl ard, Annu. 30
Rev. Bi ocheahbe HamipigngRBersofalsyiienidier cHi®sCaRaHEmy-3ar 6‘2’/‘3‘3
activators ceap@bne NGt abgnmhgr tn@tmfpzw tdbr@iﬂ[@:el’ vethdGigdioF amkeno aci ds and

a tryptopban_i u: . de human, WA breV|at|o for, WscoLt A|dI‘ICh
Syndr one EPrS}’Q‘?%?:,LlT' hECPRFaEedth %ﬁb m 35
protei ns, anindbcabesia, rekhi bftthg d:ehhayaﬂmenrmqsroteﬁD&\&BE)ly 1IBDEWED and

oSV LE, 2nqutRUT. o FETRSoLLLE) Y e Wy igUSE, ot o/ IAVEL

Rev. Biochenfigoliganatyee dealingovith dmitestd ot sees ahweest C@Ill Nat ur e

Cel | Biol. 35,2b2c&68rotéPRd) andNend rm_rm%e £ S LARRET Ved £l ylf ophan
and the adjacent acidic amno_acids for bi ndi ng. and Arp2/3 5

functionPn EBRF ntipRI iTEPP2AFTGR Rkt lﬁ%%r?]d‘erﬁﬁ%‘f?’a@%d’ﬁo}heslcﬁé—sd'ﬂrect ed

mut agenesi s péniRrtaaiiyp (U[anocslsﬁﬁtemma-l t Wl SehterBirpl2, 3Ind2221266,

2001) . Site d| ected%gu ag nesi ]8 q,gth the tr to hanta the two am no
acid.resi- %,9 %é‘%?& SPHn 99 S FOCADDRET. . 10 of
cortdctin reeodlse.dveai aﬂ'mnboamdf séqpiGDi qehtrapiaing Arquivsavedi at ed actin

pol yneri zatl | de t he
cytoplasm T P%}pﬁ!’% aceﬁfjéffafé‘sl%lr#}?{sy %’erl ve ft%gr%r% i ragrl‘;r(letraeract i on of
t ransznedbr adel h‘éeﬁp‘ﬂm@ N:%ﬁ npeifs axtttace|canzerved iy pt®ohgns, such as

growt h fact ofousdt i PSS, ALHS /3 -bondfld @mdi® b mbde, APALR camml ex. A

crucial internedjate step
of the currently known activators of the Arp2/3 complex.

In the cytoplasmic gegment of calsyntenin-1, this motif
is found twice, once with the amino acid sequence

20 ..MDWDDS.. and once with ..LEWDDS.. (amino acid sequence
given in single letter code). The cytoplasmic sequence of
calsyntenin~2 contains one ..MDWDDS.. and one ..LEWDDS...
The cytoplasmic segment of calsyntenin-3 contains a sin-
gle motif of this kind, nawmely ..LFWDDS... The Arp2/3

25 complex plays a central role in the regulation of actin-
based cellular motility, by regulating actin filament
growth and branching (for reviews see: Borisy and Svitki-
na, Curr. Opin. Cell Biol. 12: 104-13i2, 2000; Pantaloni
et al., Science 292: 1502-1506; Higgs and Pollard, Annu.

30 Rev. Biochem., 70: 649-676, 2001; and references
therein) . Arp2/3 activators containing a similar motif
with conserved acidic amino acids and a tryptophan inclu-
de human WASP (Abbreviation for: Wiscott Aldrich Syndrome
Protein), the related human N-WASP, the human Scar/WAVE1

35 proteins, and cortactin, exhibiting the sequences
. .DDEWDD, ..DDEWED and ..EVDWLE, and ..ADDWET.., respec-
tively (for WASP, N-WASP, and Scar/WAVEl see Higgs and



in the signaling cascade from activated transnmenbrane re- ceptors to the
activation of the Arp2/3 activators has been attributed to the sﬁﬁlMM’mm
GIP-bi nding proteins of the 20 Rho famly (for a review Takai et al.
Physi ol . R}y 278449 153- 207, 2001). Activated Arp2/3 conpl expiphid@h&S the
generation of neM/actln filaments and t he branching of pre-existing actin
filaments (for reviews see: Borisy and “Svitkina, Curr. Qpin. Cell Biol. 12:
104- 112, 2000; Pan 25 taloni et al., Science 292: 1502-1506; H ggs and

Poll ard, AnfellRed, BrocheRey.78io6d8u67H): 2@@3?6&ﬁd r@éferehces therein).

As a result Rortherennanced cyposkeb et alndyngs €LoF nilp oollssgenesate

and/or retract plasna nenbrane protrusions, podi a ‘and
| anel | i podi a 40887 i- sFh80 1ERETSEPERT f, t@%r¢0ﬂ%BFHEdC§¥YPEPE$aH1@ﬂdlbﬂ8112

2000) . Th'Sa%ﬂ%@@ﬁ%da%gbh%|%Muhbaﬂélaée§otﬂi9p9939ﬂbﬁﬂﬁﬁg X8| Rrppagory
activity Ofmé? rowth cones, ? row ng of the axons extending from
neurons as’ we{4rc éognﬁ&négﬁl&xBﬁ Yg?%h%%t%ﬂ% PashPeRBi AeNeREF VRS (M and

Egl char gt | N@ﬂt@?d%Ee%%th&-t&%&ne&Q@%f &l(bftaaﬁﬂnFQRgﬁﬂﬁret lcylrllﬁaligB 110,
2032?f |h0thé?&€ngFF#i§iSé gs 2%5 ZEQOn§H@i37EQ 1t€ ?1§é§g6§ P2/ 22819

the central memusuefsh@thnmhehergphamhem atythanhesteob amlnblﬂCiﬁ|Eﬂ§nPS

e opy o eACEERSE AP L] Eryptity 18 LHEN SR chE0U! 24 pipfe

nmor phol ogi cal e an properties o
consequent®, Cﬂh§0r56§@gps$ﬁ§y@t@dré§p§h§el@%8p@§s9ﬁ39{3cbgﬂghagsandy be

alte- red (Seaaly/8tmakiiatrEueaesNeys Pokbri 23t 1683 5X1120R0se HREpo pai n, Trends
Neurosci. 23: 141-146, 2000; Matus, _.Science . 290: 754-758, 200 Scott and

Luo, Nature NSURS&LPT E’IO‘:?B@SBGS“@%‘?L)MIﬁhﬁoﬁyﬁﬁﬂﬂﬁﬁ’ar Teeyslipke

i nt ensi fi cat iint¥aeeldlact lsﬁgfnallanfaetldmaﬂrﬁﬁ thdugaderhat Asp2d8 activa-

tion results .,in _an_enhanced cell ility_that s, acco Eanied by enhanced
“erth Mo 0

formation of HEWBFS gpgtfggﬁgﬁors eI LB FF RS AU TaRdT eF AR C ed
m gr at or ylacttorst, y suCHokhts gmdwikbf fectoflt ecsokehesBi ekc. 11t038eﬂfva2001 Mul

15 lins, Cuxﬁg.ggg% f%%J?u%Egéyc$ 1§ate§ c£08921PE RKAPRNKPa c & sBhp J- Cel

Bi ol . 148 84 sre
in the signaling cascade from actiwvated transmembrane re-

ceptors to the activation of the Arp2/3 activators has
been attributed to the small GTP-binding proteins of the
20 Rho family (for a review: Takai et al., Physiol. Rev.
81:153-207, 2001). RActivated Arp2/3 complex initiates the
generation of new actin filaments and the branching of
pre-existing actin filaments (for reviews see: Borisy and
Svitkina, Curr. Opin. Cell Biol. 12: 104-112, 2000; Pan-
25 taloni et al., Science 2%2: 1502-1506; Higgs and Pollard,
annu. Rev. Biochem., 70: 649-676, 2001; and references
therein) . As a result of the enhanced cytoskeletal dyna-
mics, the cells generate and/or retract plasma membrane
protrusions, such as filopodia and lamellipodia {Borisy
30 and Svitkina, Curr. Opin. Cell Biol. 12: 104-112, 2000).
This enhanced activity translates into an enhanced explo-
ratory activity of the growth cones, the growing tip of
the axons extending from neurons as well as enhanced axon
growth and pathfinding activity (Hu and Reichardt, Neuron
35 22, 419-422, 1999; Suter and Forscher, Curr. Opin. Neuro-
biol. 8: 106-116, 1998; Dickson, Curr. Opin. Neurobiol.
11: 103-110, 2001). In the dendritic spines of neurons of



signalling fromthe cell surface to the cytoskel eton changes the mgratory
activity of tunor cells that is I|inked to their enhanced capacity for
i nvasive gromh and 20 netastasis (Radi sky et al., Sem nars Cancéﬁﬂifxibﬂﬂﬂ{i
11:87- 95 wJ<assis et al., Sem nars Cancer Biol. 11: ; v 2001;
Condeel i S\%(?ng .BngSem' nars Cancer Biol. 11:119-128, 2001; T rﬂlxsééﬁtg?é

Col l ard, Seminars Cancer Biol. 11:167-173, 2001). 25 The present invention
provi des nethods to evaluate the activity of a conmpound to sel ectively
regu- |ate symapréntezml glarmosisgsaissenthdheatndnaicedofdynamicsc péencng

appr oach pr esgated gkt d SRR OB Lhe ihPREadiOSkeqiian JELCT gRGeRl © studi es

presented herein. In these 30 studies we found that full-I eng h

cal synt eni n-¥j 0 FRE TeSUAES FHey MOsRRcd@Iinadnshsese s thE post synaptic
rr:am br ane, dﬁ@itﬁ?ﬁcéﬁ%ﬁdﬁl&h@i@bﬁgﬂtﬁé @gﬁ}glrét.s#@e&ercﬁﬁéq%\éncpr,ott&@ ytic
cleavage is translocated to the menbranes of .the so-called spine apparatus.
The conpl & EHHISHRAPIC 35BN Efg PR AP Lo FHOBA SO AN Bes BILEE

apparat us i nckd Segsl tdtatalan! ywrekdise dlepricealil y 26 :e HBed 7cal2eot efan~1 i S

internalized,_ ObviQusl h r ot ealyt i.G.cl,eavage .S 4 R.2005 Wo
62122819 Pr ﬁ?l%o’pﬁ?ﬁ‘%%é‘feé‘%%rcgr'e%&i'sijtc% AR a00do%, Fabut ogigReR I D
t ransnenbr arkB 0 setinkeritchf 2840sy Sicertitnand Agica dNedare dfeudescpr.oteol ytic

cl eavage of gad sygy enjgyyshy ang, %%—%m%%qmcég.

Ater Agld 23 qR i@ eils
transnenbrane tfragnent, the anount of calsyn %’em%?— 1%%ne%ﬁgl%o?tt§ynaptlc

menbr aned®i onjexk eaglen Tadagendo fiydqidsde 1ohe e giltaPerRy /Bnickdvee of the
cytopl asm ¢ ¢ 569 Psu s Gal SN le@ihairrel @13 ARRENG t§ahHamiS gRdlog s
decreased. Based t hese ch cteristics, the protéeo- 10 |ytic cl eavage of
cal synt eni n-H%% ty exhanaad %Oé?“aé:éé’nrré’r‘ft Pt &8 educt i on of
the cal synt esidh las nediclidoetilaGi @mdicttiang b pariat digneaiti viltg post synap-
ol synten - [P ovEaLSor ey, dreris Sl dey mebay. PRI g
regul ati oh ofipestCyraptdrencaltsEllmBisilgndlls. JMhiS6,| i2910 toe tPuwedependkeol yti ¢
cleavage of galsr., g. cell Biol. 148: 843-848, 2000). A dysregulated
signalling from the cell surface to the cytoskeleton
changes the migratory activity of tumor cells that is
linked to their enhanced capacity for invasive growth and
20 metastasis {Radisky et al., Seminars Cancer Biol. 11:87-
95, 2001; Kassis et al., Seminars Cancer Biol. 11:105-
119, 2001; Condeelis et al., Seminars Cancer Biol.
11:139-128, 2001; Price and Collard, Seminars Cancer
Biol. 11:167-173, 2001).
25 The present invention provides methods to
evaluate the activity of a compound to selectively regu-
late symaptic calcium signals. The rationale of the
screening approach presented here is based on the immu-
noelectron microscopic studies presented herein. In these
30 studies we found that full-length calsyntenin-l is almost
exclusively located in and beneath the postsynaptic mem-
brane, whereas the transmembrane fragments generated by
proteolytic cleavage is translocated to the membranes of
the so-called spine apparatus. The complete absence of
35 full-length calsyntenin-1 from the spine apparatus indi-
cates that only proteolytically cleaved calsyntenin-1 1is
internalized. Obviocusly, the proteolytic cleavage is a



syntenin-1 and the cal syntenin-1-nedi ated regul ati on of synaptic calci%gk
signals can be exploited for the estab- lishnent of a relatively sThﬁﬂ@ i
assay for testing a com 20 pound for its potential activity as a nodul ator

of synap- ahﬁnﬁ?hgiun1signalling. Thi s assay conprises CO”F@fﬁﬁﬂﬂu%?
cal synteni n protein expressing and synapse-form ng neu- rona I""Cul ture

or a synaptosonmal or synaptoneurosonmal 4reparation with a presel ected
anount of the conpound in 25 a suitable culture nmediumor buffer. After a

sui tabl e pe-piépdaeisingubati eRe 1he-PLioUlessieh bhecps ot eghdbhdtbr&heavage

tion of a_full-lepgth, cal synt tein i d b ing th
decrease in EREFUTI ST cFGHR P TORHioF - coF SYnFEAIACaRE (P8 PRCTEAE TR the tvo

cl eavage 30 pilesguegs. oMeasbsingenie-Hegnddahioaubtequént | 2heagidl Tah-
syntenin prok%{l 89"%@& EP%%&%%&”ff{;gﬁLﬁéYagﬁepé&&m&'%? ol
el n by sai nal “cél T cul -

cal synteni n prot . neuro c tuire or sard synaptosomes or
synapt onedr osenensl R the Pparevnapt k¢ coarbohnes L feovedecd. measare for

the effi 35 epROE¥OHcE, CONROVBG A HPHUL Ak NE8neBAQEYLRS| §PhpPadhl c
syntenin protein and, thus, the translocation of the cal--

syntenin---bﬁﬁamﬁﬁtd%ﬁa?ﬁ1¥¥BH?Fﬁ%“%dﬁ% %éﬂ@@?ﬁctﬁélﬁb§W $49ped RO 2995 WO
02/ 22819 VClLAER:4484667 synaptic nmenbrane of the spine apparatus and, thus,

the nodul ation of postsynaptic cal cium.signals..Mre specifically, the
present invention pro- VFHeed OMetiERE oF ?%Fﬁ?ﬁ?ﬁbc?heg%%i?qé%ﬁ%% a
conpound 13 t aykhel okaaeatbeof| ealsgptehin~-taiayhtenentpaocttinlan she-

extracel | ul af fpi ehys o AL XRI G2L, CXPELATEDS oSOBE 318 LA oyl oREgDAration of a
synapse-formng neur onar cell "culture ?e.g. dI'Ssocrate I'ppocanpal culture
from nouse oediatedraphciucobinfding eapacigygbeasghthr Fhg Resveynap-cel ls, 2

nd Ed., MT BresgelBtRhbdoeneMropt @ﬁéeéﬁﬁehEVGEYthQr?P@Eé&i?@i@f
synapt osones or synapt oneur oSOnes, from brains ot rodents (nouse_ or rat) or

bi rds (chi ck6h®aBrIB; §EoRfLB¥NREERT ALPYSKeHSHr 6t 665F&1eF8r TeynEPRosones:
Phel an and Gordspn¥éska-1108diabledr peherasti oy, of pbaekimdpreal cappiaach, 2 d

5246_2823fy”%9582§%f0 0ES1infOLLLNGENOLL D 8h18 1 §983¢ade DBULSES! - S
syntenin-1 and the calsyntenin-l-mediated regulation of
synaptic calcium signals can be expleoited for the estab-
lishment of a relatively simple assay for testing a com-

20 pound for its potential activity as a modulator of synap-
tic calcium signalling. This assay comprises contacting a
calsyntenin protein expressing and synapse-forming neu-
ronal cell culture or a synaptosomal or synaptoneurosomal
preparation with a preselected amount of the compound in

25 a suitable culture medium or buffer. After a suitable pe-
riod of incubation, the progress of the proteolytic
cleavage reaction of a full-length calsyntenin protein is
assessed by measuring the decrease in the full-length
form of calsyntenin and the increase in the two cleavage

a0 products. Measuring the degradation of a full-length cal-
syntenin protein and/or the generation of cleavage prod-
ucts of a calsyntenin protein by said neuronal cell cul-
ture or said synaptosomes or synaptoneurosomes, as com-
pared to a control, will provide a measure for the effi-

35 ciency of a compound in modulating endocytosis of a cal-
syntenin protein and, thus, the translocation of the cal-
syntenin--binding domain from the zone beneath the post-



b) addition of the conmpound to the culture nmedium of the synapse-form ng
neuronal cell culture or to the buffer containing the suspended 14 MaR 100
sy- napt osones or syn- 20 aptoneurosones. c) separation of the cellular or
synapt 0songl, y»@%s,5ynapt oneur osonel proteins by sodi undodecytsift a1.8-

pol yacryl am de gel el ectrophoresis. d) visualization of a full-length
cal syntenin 25 and fragments thereof by“Wstern blot analysis. 0
measurenent of the relative anounts of full-length and cl eaved cal syntenin.

f) conpari sorswfanthe mefmatiane ardoults spfinechppaedtandaudc| gaved thesyntenin
with the rel %éd/xﬁ%&cﬁﬁ%”&ﬁs@sy?{?%‘i‘%dcéﬁlgiﬂﬂ%? gdscal syntenin obtairiGd
i £ |

-un- der the control condition, "The present Invention provides sinmple in vi-
tro systems for the scredfirfgSercdiagaddyi ohlde onr ayaapt i 2veral @ umo-

signal ling, wid&ds W leth®dss! WedBfmithagdenel api 3o:peat of cgdrygsnghat

sel ecti vel% nodul at e synaptic calcium si %na[ wi t hout producing, side effects
due to modul at o BIEEnSYTaptice VA Phr A SPYRENESNMRSBYS MR bR PBEf or ned
1 4 MAR 2ff MR ORIPPRNAPEHileBi11201664c3R orpkirvinagt syoapsetofint ng
cultures of mammalian or _avian _neurons or_on isolated manmal i an or. avi an
synapses (so- called syn& tng%gaorm?yﬁgp‘?oﬁ}éﬁ?%%%ﬁg%?‘,‘qﬁ\i%%mé%rﬁa]oe

cul tivated orcerlepariddira espect dielspciwitel héppbraspaidseulbufbefasgsessnent

of the prot e%é’\}ée& & 621agg Af, .a ls,v}fphatt S@'t.26%9%5&8599%8%&?%&5' S 1S a

relatively sinp prgcedure as well. Thus, assay 1s suit hi gh-
t hr oughput® sceeklfi ng of EQ- | dfge FummerCabasigsoudds. OThe ailpgamgion al so

rel ates to methads, f Qirddi@ati®n dantdyii-gRbLORA! cgeB98apt 8hBRE-sBRESVAY
genes", which are associated with a calsyntenin gene product or with the
h

bi ocheni cal pREMHRFSII G EXCERE S HEIRBFEORY TR hifly - fEfetchaskERed
herein, refersr tmi gegenasiies @sgeita iped piotoeshibi(fert Bgnaptbkbyebo
nteract it g Lol UM lhMont SRS AGAIUCheu kIR IR, ULt gLE L OF
15 cal approach, 2™ Ed.; for synaptoneurosomes:
Hollingsworth et al., 1985, J. Neurosci. 5, 2240-2253)

b) addition of the compound to the culture
medium of the synapse-forming neurconal cell culture or to
the buffer containing the suspended synaptosomes or syn-

20 aptoneurosomes.

c} separation of the cellular or synaptosomal
or synaptoneurcosomal proteims by sodiumdodecylsulfate
polyacrylamide gel electrophoresis.

d) visualization of a full-length calsyntenin

25 and fragments therecf by Western blot analysis.

c) measurenent of the relative amounts of
full-length and cleaved calsyntenin.

f) comparison of the relative amocunts of
c¢leaved and uncleaved calsyntenin with the relative

30 amounts of cleaved and uncleaved calsyntenin obtained un-
der the control condition.

The present invention provides simple in vi-
tro systems for the screening of drug actions on symaptic
calcium signalling, which will be useful for the develop-

35 ment of drugs that selectively modulate synaptic calcium
signal without producing side effects due to modulation

of nonsynaptic calciunm signals. Assays can be performed



protein interactions may be enployed for identifying pathway gene products
by identifying interactions between gene products and a cal syntenin gene
product. Such known 20 gene products may be an intracellular, a 14 msR 200

t ransmenbr gapal ., r an extracellular protein. Those gene p j ch

i nt eract mﬁ?ﬁkgﬁ%ﬁ known gene products represent pathway égﬂgﬁ%%g licts and
t he genes which encode themrepresent pathway genes. 25 Anong the
traditional nethods which may be enployed are co-i munoprecipitation,

crosslinki ng @ndi GanPWddGatd i Uah thadi et $iatmadhEeMROgRaARN ¢ col -
ums. Uilizin rocedures such as_these allows for the identifjcation of
pat hway gene ‘b‘?qb‘%ﬁﬁ LT Gited §3 iTeIadg A 9%t RehR Yg ENEARSEFuctS Gy be

used, in conjcuriddrymdgtosimndard dyecipidiuesosbmdsdenidhfiyt tcen be
correspondi ng t.h-_way gene. For exanple, .at least .a,portiqon of the am no
acid sequencecgﬂ]t‘?\aetep%tc%mé)yre eanreecgr or%&écﬁf g :ag"(}gi,h_ rte;[ia%eld’ USHT
t echni quessweThe lawmasaertthase Wie ghiddedlytd3s rheaarige sdiclh aslsva+t he Edman -
degradation tgghni a%q}lq:ilgj i.ghton,. 19 Pr. s Styructures and
Mo- | ecul ar P?I ncli %sv?é V H. reterfie%lﬂég'gos?flsNévy 3ral<th’t€§5§%lf§3 R 2005 WO
02/ 22819 PCT/PB®Y 2y weld 4ghusthéhimiafsaaciie segiredcd cobtidialed may be
used as a guiglenifpdthe@ansiatd e of 1lQORKEHRO! !o%ecwmg)w;n%% that can be
made

used to screen for pathway gene sequences.” Screen- ing be acconpli shed,
for exanpl e by standard MRS VSRS G S6r TPERtESC KR BEERCIFe R dis for

the generas tidemntoffiotd i e adrites 1bdriee®d "PadhSeheemrinRg ar /iyt - known.
(See, e.g., Ausubel et. aflﬁ'q eq%.l, 19a817s'2 00,. Cur- rent .Prqotocols, in

Mol ecul ar Bi Fogy:SSFEHT WY & € Sorfet - SYTHE % FoP5T PTOoSHMFPER PPdtbcol s: A
Gui de to Met hibds larrd-heanmi Oglp Ipatatwagns WS90 extenids thdredtroal .. " Redshway
Acadeirdc Pre dn 1[\@{& . i 1 I oyed
which resul tgié?]et'h%ssj mu t;%]étral'l(%fsn'i en %I;Siotr}?t iag;geg%t rp§“§§lt(;J%V\/<'a 81%3: es‘cé/mi ch
encode the pretleisxhiftidismcthea @l kita toalisyierestt siith gesa snodirnin These
et hods i Rgl Uglene fioB¥@ Pl €, probing expression libraries with a | abel ed

cal syntenin . . .
Any method suitable for detecting protein-

protein interactions may be employed for identifying
pathway gene products by identifying interactions between
gene products and a calsyntenin gene product. Such known

20 gene products may be an intracellular, a transmembranal,
or an extracellunlar protein. Those gene products which
interact with such known gene products represent pathway
gene products and the genes which encode them represent
pathway genes.

25 Among the traditional methods which may be
employed are co-immunoprecipitation, crosslinking and co-
purification through gradients or chromatographic col-
umng. Utilizing procedures such as these allows for the
identification of pathway gene products. Once identified,

30 a pathway gene product may be used, in conjunction with
standard techniques, to identify its corresponding path-

.way gene. For example, at least a portion of the amino
acid sequence of the pathway gene product may be ascer-
tained using techniques well known to those of skill in

35 the art, such as wvia the Edman degradation technique
{see, e.g., Creighton, 1983, Proteins: Structures and Mo-

lecular Principles, W. H. Freeman & Co., New York, pp.34-



protein, using this protein in a manner simlar to the well known technique
of antibody probing of lanbda gtll [libraries. 20 one such nmethod which
detects protein inter- actions in vivo, the two-hybrid system is e R 285

in detai ?J@Fzzéﬁ'g' ustration only and -not by way of |im tgﬁéji&rﬂg(,@e
t )

version o I'S system has been described (Chien et al., roc. Natl.
Acad. Sci. USA, 88:9578 25 9582) and is“¢ommercially available from d ontech
(Palo Alto, Calif.). Briefly, utilizing such a system plasnds are

const ruct ed 4hat Tec g nav diyd rdedsroteeiohs 2 iord mey- bei sisedofist he

DNA- bi ndi ng foyml B dd IARRGFd BldPR rAChi; 3Aua ket 1 REORELE Jfuged be a known

protein, and the other. consists of the activator protelin's activation
domai n  f useef? PeansEk rAuP Frastieiier RREIWaYe 965G 8 SBACACEBNASCREEBN has

beer, reconbimpthade! de R phFSIEHESS PR bx@inple BPNAthhbEREY hyIhe plasnids
are transforned..intq a strain 35 of .the yeast Saccharaqgnyces cerevisiae that
contains a rErHEAEPY&Te IR doC SahoSEPPEgHrSt 3% 8§ 8RNESATai ns

t he acti vat aricn kifndiligieiicESseotBiddari dtylheisd apriosereehihgMardGA0102/ 22819
PC r111301/ 01662 3 | one, cannagt acti.vate transcri pti of, e reporter
gene: the “Pin is%ée'dc?n"eﬁ‘rf ﬁ‘%/‘bsrll%(?lbg alise | Fﬁaoesll%t?'&pg)@i'déugéct i vation
functi on andrerhte Paoitioratlisonad dhelierulghr iBd olegy , cdobke WilegnsoBohecal i ze to
the activalofne Relfivide Sld@ed HRARunan of chlife! 0 HAh8lSana
reconstitutes the functional activator protein and results 1 n expression of
t he repotf? erARpicatimeh 1P Hbt Javdd bl-artasday £6e -t headespsrter gene
product. Theptemys hvibid d 3ysd eBK) rel ated nmethodology 10 nay be used to
screen activation domain |jbrar I;ﬁ for g;}gtei ns that interact. with a

cal synteni n gene producfddifdomat lyl sBethprre MK PRNEHRL OB &AL WgERe prot ei n.
Total! genontesudt dBNAhzegienrBsam@nsbd dansdd icatibe BEApartedy i ng an

activation domain.,such a librar nd.a.plasmd 15.encoding a hybrid of the
bait gene protei n“?husedetochb;e P %Ir'ﬁlg SR Ry @oFFéﬁé’?qorned
into a ydasttemin gene product. These methods include, for example,

probing expression libraries with a labeled calsyntenin

protein, using this protein in a manmer similar to the

well known technigue of antibody probing of lambda gtll

libraries.

20 One such method which detects protein inter-
actions in vivo, the two-hybrid system, is described in
detail for illustration only and not by way of limita-
tion. One version of this system has been described
{Chien et al., 1981, Proc. Natl. Acad. Sci. USa, 88:9578-

25 9582) and is commercially available from Clontech (Palo
Alto, Calif.}.

Briefly, utilizing such a system, plasmids
are constructed that encode two hybrid proteins: one con-
sists of the DNA-binding domain of a transcription acti-

30 vator protein fused to a known protein, and the other
consists of the activator protein’s activation domain
fused to an unknown protein that is encoded by a ¢DNA
which has been recombined into this plasmid as part of a
cDNA library. The plasmids are transformed into a strain

35 of the yeast Saccharomyces cerevisiae that contains a re-
porter gene (e.g., lacZz) whose regulatory region contains
the activator’s binding sites. Either hybrid protein



porter strain, and the resulting transformants may be screened for those
that express the reporter gene. These colonies may be purified an€4 tmg o0
library plasm ds respon 20 sible for reporter gene expression nmay be ‘-

i sol at ed. uenci ng may then be used to identify the pr. s en-
coded by t%;&nl/%rgg)ry pl asm ds. For exanple, and not by way ngrﬂ?’ﬂh&?(a ion,

the bait gene may be cloned into a vectoriY%uch that it is 25
translationally fused to the DNA encodi ng the DNA-bi nding donain of the
GAL4 prot ei n. aorleDNAhndt akyt Dfatder cehdctipmel dd am W€ hr elps ot ©fF ngeridat

interact with i ne are to be. d cte can. be .made usi ng_ net hod
routinely praE ?c%bgg??\l (ﬁ%ﬁ%r%mﬁbﬂiﬁc}ée%ﬁf?n%ecf%uﬁ%eltpa‘??‘?scurlug? %@%Yleiﬁ
descri bed herethivdioron efnampt eon t fwed cONA d¢aigreta: ndynden | ngert@doént o a

vector such they, r L onal | : Lvya-. tion domain
of GALS. Thi s& I ?airz%ﬁ%ité gg?%%%%fgén%%é L%F%r%aq:vélfﬁs tayliielll %?gt] gene- GAL4-

fusion pladni #iteto N §eERTE BN seF af e WHI e PXRidishsr LI getres diliwen by a
promoter whi ginCOI DSad HEvEObA BELLYEL T SR SEAUENCS. 1 A SRVA: &8 o6 0ded
protein, fused to the GAL4 actlv\%!on domain, that 1 4 Mo 2fif5 WO 02/22819
. PCTI | BO 01662° 39eR% 6P RcTe G t HbaP t * §eMetof F§C M At T8/ H0F dttFve GAL4
protei n and thesebyetrdgaee exps@sst on of the | acZ gene. Col oni es which

express |acZ may be detecgf,ed by their. blue  color in the. presen of X-gal.
The cDNA may then be pu gﬂ?‘?f‘f‘%%l ?ﬁf%frﬁ Hese 4t 1 ﬁ'rsfiaatn‘:"di use ‘?%7 Bduce and
i so- | at e hembi e gesred | nd esareemge et ovet Nomsieng itrechidbicpeses rbat | nel y

practiced in h i i ng- y. i's
eucaryotic exﬁ?ﬁ%ﬁ%sn é’ll;%%i %F%geg‘;%%s%i %%f%ﬁen%ﬁaﬁ%ﬁ%?%%ﬁgﬁ ows the
i sol ation of BeEENA @htedfayled nbheckitews hibaphy geg Igrekedractetadth t he

protein of inger&rtc &F 0PHRACENALLBEA Ma$Oé af ek | o A RYCHEY ObhSod -
expression vector. Over the ]gaétrggears i t. has J,g}?r%er ed as a powerful nethod
to identify tHe9FhdERG: FAFHRRr SOBF 1 Hany R 4 et B 1S Frdt @i RE2SH ot her

nol ecul es GseenShdimmsa HP9Bid GhOntlg batt | ganks frace-abh ebwtes by tkansi ent

expression '”nﬁﬁﬂﬁﬁéaing domain may be cotransformed into a yeast re-

porter strain, and the resulting transformants may be

screened for those that express the reporter gene. These

colonies may be purified and the library plasmids respon-

20 sible for reporter gene expression may be isolated. DNA
sequencing may then be used to identify the proteins en-
coded by the library plasmids.

For example, and not by way of limitation,
the bait gene may be cloned inte a vector such that it is

25 translationally fused to the DNA enceding the DNA-binding
domain of the GaL4 protein.

A ¢DNA library of the cell line from which
proteins that interact with bait gene are to be detected
can be made using methods routinely practiced in the art.

30 Acceording to the particular gystem described herein, for
example, the cDNA fragments may be inserted into a vector
such that they are translationally fused to the activa-
tion domain of GAL4. This library may be co-transformed
along with the bait gene-GAL4 fusion plasmid intc a yeast

35 strain which contains a lacZ gene driven by a promoter
which contains the GALA activation sequence. A cDNA en-

coded protein, fused to the GAL4 activation domain, that



ian cells, IRL Press at Oxford University Press, New York; Ausubel, et al
2000, Curr. Protocols in Molec. Biol). In contrast to the two-hybr 4&‘%9@ben1
technologies, 20 it is the preferred technology to detect protein-protein

i nteracti Qpg¢ifhside. extracel lular conpartment. One ver- sigQiy/ghihfRks method

is described here in detail for il- lustration,only an not for limtation.
The expression cloning approach invol vesit 25 constructi on and/ or
purification of a probe, that will be used for screening creation of a cDNA

expressi on | ibtaryctsowiah balitabkee FARNA s@cwsmsetﬁme@r&mga@h\téwe;mmr essi on

l'i brary and - term I o] Sl pre a ligand
i nteracting g??ﬁé?ﬂegﬁgggggggggléﬁ%gg ug?¥%éa < ng # %one f%%g the CcDNA
of the IiganﬁOlQnisanﬁhi¢he639reeﬁlhQCDfm@f»Meeﬁ@tessﬁéﬁbY|th%nrehiu&n 35
cul tured manggh an;feths b§e§@h@e| 8?%'8&'? LR dhea reaqéxpg?&f £ phage or

plasm d I|braDP\£|n bacterial cul - tures- requires t |cat|on of
t he pl asni°d igd QAmzébssw(;szmgm@w?re@@@ POIBECD a@ ot he cDNA

library cl on@ﬁténthacm&tagehtesmﬁeka&teﬁ Pt sl SHPSeIERkn s ecti on
into manmal i an cel | or ex-- pression. Yet, manmalian cells, such as COS

cells, are FOBEE"R ¥t PrRGricgyiguFBBs@rt These cells are able to 5

synt hesi ze | ong transl at aastRedduet isod of 62l s dureaniridi @oa LAY tgeamzlsat e and
to carry out, thgufoldl ? of the ro postranslat
r

ei nd S
modi fi cati ond”i AVt AEY 8xTFacerra? g%h‘??rre'{r??e cOrr et ??ﬁon@qe]o%nﬁl bility
to desi gritt heethedbalfiowst hhesaseéatmgnobfaacmeeapcte@sngnaImdalmtylees 10

fusion of theyp nagan and
Leder, 1990, cnd F bﬁggl% %1? S?Eékfég hf?kﬁa% osp‘ggggga%%ﬁgéﬁgéggﬁ intrinsic
enzyme acti vErgm ahePNaahibsangetonbainadei® e Sw@IBYOHI Ot RXPEERIIPTI gh

sensiftivity. yAcnbde mékethe05a§ﬁb§éé§§e§tfHés A&t OB Sa O F£:2t | Ve

assays in solutjons i.n situ detect|8 Si nce antlgodles ag nst AP are
avai | abl e, t Ret ﬁﬁﬁuﬁB identify the binding partners of many dl eren

15 proteins and other molecules (see Simmons, 1993, Cloning
cell surface molecules by transient expression in mamrmal-
tan cells, IRL Press at Oxford University Press, New
York; Ausubel et al., 2000, Curr. Protocols in Molec.
Biol). In contrast to the two-hybrid system technologies,

20 it is the preferred technology to detect protein-protein
interactions in the extracellular compartment. One ver-
sion of this method is described here in detail for il-
lustration only an not for limitation.

The expression cloning approach involves:

25 construction and/eor purification of a probe,

that will be used for screening

creation of a cDNA expression library from a
suitable mRNA scurce

screening of the expression library and de-

30 termination of the positive pools that express a ligand

interacting with the probe

subcloning until a single clone bearing the
cDNA of the ligand is found.

The screening of c¢DNA expression libraries in

35 cultured mammalian cells is more laborious than the
screening of a phage or plasmid library in bacterial cul-
tures. It reguires the amplification of the plasmid DNA



| ogi cal detection of AP-fusion protein is also possible For the prﬁgucti on
of the AP-tagged fusion protein, eucaryotic expression vectors, HMARs2005
pcDNA3.| 20 (Invitrogen) are suitabl e. Because the interaction of a

cal synteni Rypidrsisdt s |igand may be perturbed, if the bindi Rgrskboiks, | ocat ed
near the region where the AP tag is fusgd, two constructs need to be
generated for each fragnent of a cal syntenl n included in the screening pro
25 gram one with the AP tag fused to-the 3' --end and another with the AP
tag fused to Thetse P FHEFOEIOPIFOE PECEELR We FfodiFCed byt rasi ent

expression i ntee ssmﬁ@é)d;@exeu trealgfdit delintd RenmelGRnns diBlKk 293 T ear- COS.
The wel | - expresse Iﬁ)r%el ns are tested for exanple Vs rn bI ot 30

anal ysis and Juamtt By AR HEEhy S AS c Vg Care
expressed i n ideabnsosths oﬁrgrhowld tp&nizrcaaen Thiemed wabilig tah@ hlmr&omrrpus t he

probes may. be, f anpal
neur ons- Testlﬁ %g%e pr es vmt ttf) r(i:g:urgjns m ot hemp?{%%brai n
regi ons or W@Wl%@ﬂﬁl@iﬂ?o@gﬁl@ al@@‘&pdw—‘l e f’Rid}b‘tgalorf dheomodle ifror

expressi on ang i Nds @Qtleaﬁcpﬂdtﬂfdﬂasl RRLISFEPRNCR O S e L84 ARAR, be in 1
4 MAD 2U V\() 02/ 22819 P1 Tf i t MCI 33 seated in the same expression

vector. Use ofa% I‘fé‘}‘@ﬁ%"g‘@emhd{%r%]éfl SesiRgSALRddd tohd KELK Beddiénce of a

cal syn- tenl mmbé\&ofogeéwrd&mh@ ket @Vlémmraa@r SMIrantiHrihe %ffl ci ent
transl ation of the

usi nprotelna its se reti nlnto he | ture
medi um TH8 ‘ﬁb‘?“t‘ﬁ%s‘: BTN i PR &@’&qi atlrfémh&:iaﬁé’ﬁ 5 yoni ¢
ki dney cel |l |tawe HEK298Jan uﬂmd]g.:etdm: cdlsd umefiﬂomhatilﬁsﬂ—rlams)f ectlikerr met hod
or another tr gi%,h or N ection. io
The condi tione %E%ﬁg%l S co } ﬁlcsia tsgl% te%}aﬂ S- fec |vg%fy The
armount  of thetlewpr@@sehepwﬁféutputgwuw éfdlsmyl mraiEiitngritie bARTact i vity

in the condi tioned: /BLyUM a Ari SRS &fy condiddaned S didimAs dildfed in a
buffer con- taining the soluble substrate of AP. The velocity of con 15

versi on ofi5t A aYbLERBLEe SRS s pRF HBIRICT o1 1 3t -A&EE8HEIPTof t hi s
enzyne. Sinces-€oaveibsdide sdbisddtAr are available, the immuno-

logical detection of aAP-fusion protein is alsc possible.
For the production of the AP-tagged fusion
protein, eucaryotic expression vectors, such as pcDNA3.1
20 (Invitrogen)} are suitable. Because the interaction of a
calsyntenin with its ligand may be perturbed, if the
binding site is located near the region where the AP tag
is fused, two constructs need to be generated for sach
fragment of a calsyntenin included in the screening pro-
25 gram, one with the AP tag fused to the 37-end and anotherx
with the AP tag fused to the 5’'-end. The fusion proteins
can be produced by transient expression in a suitable eu-
caryotic cell line, such as HEK 2937 or CO0S. The well-
expressed proteins are tested for example by Western blot
30 analysis and quantified by an AP assay. As calsyntenin
proteins are expressed in neurons throughout the brain,
including the hippocampus, the probes may be tested for
binding to cultures of dissociated hippocampal neurons.
Testing of the probes with cultured neurons from other
35 brain regions or with tiséue slices is also possible.
To obtain a control for expression and bind-

ing experiments the sequence of secreted AP can be in-



into a color product, it is possible to neasure it spec- trofotonetrically.
The expressed proteins are also tested by Western bl ot analysis using a
pol ycl onal anti body 20 agai nst AP. Thus, the apparent nol ecul ar V\éi('g‘ﬁ‘t-’? fol i

the fusiagn protiln may be determned as a control for its,ipns; g,ggﬁrf_j,ty.
r

Eucaryot i C‘“@Q{Wé Sion cl oni ng requires a_ suitable RNA-source i generating

a cDNA |ibrary. The 25 nRNAs encodi ng the cal syntenin proteins are expressed
predom nantly in the neurons of the central nervous sys- tem including the
neurons of therhegpdvathpusamé¢ emghiessigrpcherticral Ust aifitdge efndmuse brain
sections conffaedctbe 168! SYMLD dhd SRR ESAIOdfuddifs S PRI, 1 8gi0oNs al so
on 30 the protelgﬁ Fevelt} Therefr or e, c:[t s pl ausirgb&ehto assélirre that the

putative |ighfEiNscExpPessedetpey Helsandre b iyronpiare wareATs it & n

protein is | geatedentortaatlibion e B hasd ot he-slisisp Rt et hi ppocanpal
cell cultures were grepared and tested.on binding of the probes. The

bi ndi ng 38 aS¥8§1PE LHBFPi EAC ot HECHIMEHG o the fol | owing protocol. The
di ssoci at ed hi ppocani pal The w&ftsorarshsh @fdr arayerf e draand doawadbatad for 90

mnutes with _jhe buffered condi. 4.VMAR 2 02/ 2 11 BA 10O 662 34
tioned medi ulPEoRFERR ﬁﬂgfﬁ‘éﬂhﬁp}%ﬁ?}ét%&&ro .e’Sﬁ%é@-d% eMtTYPIhe’CelIs are
washed and subjiettmdphosphsher trampsbecficatmerhodEngogenmlsehaatarsensiti ve AP

s then FnacscLLyared b hnoubali o0 &fcelbgoals 88, Gl Of; 2, 10U, The 5 AP

inserted into usion pfoterns is heat-sta hs active after
this step?d Afbeheceddtineederedivmel s ¢rbbegiert vith daxs srfdien Mgrandfer

contai ni ng argeb§bhat @het BRbusBloPerKONMBFEELRY Mo B Rtk ea
precipitate. Therefore, e cells that expre}g‘% a m)jlr ecul e_that, binds 1U

t
the probe arBYsPERABEIBPUERSTRAR RENVFF et BrPritd "S5 Bs st on
|ibrary can bampteebdt ednfif ofionENAnediah kg dilutddein M ahwf ©ér adomdul t

nouse, or ra .or.nhu n bx taglg?aédr techpi e (.see éafsuhﬁylé e éal._, 2000) .
Eucaryotic e&ﬁf”él% ?5%?03 %@f%rs BFr 3R ?rafg%j‘fe Ton ot cf# br IFy into
COS cel 26 i mekmdenf of tkenpibspGIMS ArAR f bs grcbiBeediorl@B o the ac-
tivity of this enzyme. Since AP converts the substrate
into a color product, it is possible to measure it spec-
trofotometrically. The expressed proteins are also tested
by Western blot analysis using a polyclonal antibody
20 against AP. Thus, the apparent molecular weight of the
fusion protein may be determined as a control for its in-
tegrity.
Fucaryotic expression cloning requires a
suitable RNA-source for generating a c¢DNA library. The
25 mRNAsS encoding the calsyntenin proteins are expressed
predominantly in the neurons of the central nervous sys-
tem, including the neurons of the hippocampus. Immunohis-
tochemical staining of mouse brain sections confirmed the
calsyntenin-1 expression in these brain regions also on
30 the protein level. Therefore, it is plausible to assume
that the putative ligand is expressed in the same regions
where a calsyntenin protein is located. To test this hy-
pothesis the dissociated hippocampal cell cultures were
prepared and tested on binding of the probes. The binding
35 assay is carried out according to the following protocol.
The dissociated hippocampal neurons are shortly prefixed
and incubated for 90 minutes with the buffered condi-



Proc. Natl. Acad. Sci. USA 84, 8573-8577) or, nore re- cently, pcDNA31
(Snvitrogen). For the generation of the |library, various protocol §4hérent
been successfully used 20 (see e.g. Sinmons, 1993). Inmediately after

generation expression library can be divided into hpately
200 pool s v’vi(flﬁngfg%l exity 1000 -- 1500 col ony-formng uni {@P c@ﬁ})ﬂ’ger pool .
Each of the pools is plated out for exathle in triplicate. 500-1.000 cfu
are grown on each 25 plate. After 36 hours, when the col onies have reached
to dianeter tofor2d3 meepumheohéetaing dhe waphedrfinom phiebepl &tibsewi t h t he

medi um A pardudf 1412 HRAEEET LAk 8URRERLASLAR CaR REBxEd W LRogkycerol and
stored frozen as a” back-up for subsequent subpooling. The rest of the sus
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COS cel | s ar & ity=arsf est edcwbhbibheopl asnid aPNAsobci Beivdyal,-gDNALLI brary
pool s and after 48 hours, when the ¢DNA fragnents are expressed; they are
tested on °tHE gPGE HEANdPRY. CRRe LOFEPD BROVEOPSI RE PERRsPEEPLEN2EAd 35
qlﬁal i tlyI of theeh nﬁiaimiawibeaatftlem \ﬁmsaldsw@z)s aenthel ]lceeidihhﬁ’le teansf le%tei Fln of
the cells with ¢ neuropi lin-1_an st.ai nin .these contr ells
W th its knodt By it PAR 5035 0etobrs 28 0 Rotni rase) o) BreRarLRer
semaphori n- | [thadftusech be APnvastadnbga®ifvéntontr cblomedk preatsfieated cell s

stained wifh RalficaleyahentaidR (ARd SgBaRar bnydlecMl LhE CRMALI brary

pool s can be “screened in triplica the positive pool's can be
subj ect ed1® o theh@rsdspaski A§aprecedin€ - From t he back-up of each posi- tive

pool 50 plates_are p'ate@heSQDﬁﬁaEDQHtBéCBeﬁbﬁééioﬁbBEta1@9p9&85§6ﬁ present.
When t he col oni.es becone_ vi si - blef%%&g |Tca is made. Both replica and

original pl atePreTYr €30 PELIERGT Bl W MENALEPEESE e L PEa R di anet er
of about 2-3 ygainTheah ahhedbact ebuaedr @rwaahedofr hirae byt @pkiteadak-d es and

the plasmd s isolated, Th original pl S e _stored at 4C for the
next round of-EIBEHS i\R§E THE @élﬁg"argaﬁhin %&5ﬁ§?@§ﬁ§deﬁpfﬁsfhe 15
i sol at ed DNA siroh afetcdior2 deys thestednmifidetiloe sdmthepilabeargndata pathway

gene has beeQxhﬁ%ﬂ%&ﬁh%ﬁea@gr example pCDM8 {Aruffo and Seed, 1587,
Proc. Natl. Acad. Sci. USA 84, 8573-8577) or, more re-
cently, pcDNA31l (Invitrogen). For the generation of the
library, wvarious protocols have been successfully used

20 (see e.g. Simmons, 1993). Immediately after generation, a
¢DNA expression library can be divided into approximately
200 pools with complexity 1000 - 1500 colony-forming
units {(cfu) pexr pool. Each of the pools is plated out for
example in triplicate. 500-1.000 cfu are grown on each

25 plate. After 36 hours, when the colonies have reached to
diametex of 2-3 mm, the bacteria are washed from the
plates with the medium. A part of the bacterial suspen-
sion can be mixed with glvcerol and stored frozen as a
back-up for subsequent subpocling. The rest of the sus-

30 pension can be used for the isolation of the plasmid DNA.
Por example COS cells are transfected with the plasmid
DNA of individual cDNa library pools and after 48 hours,
when the ¢DNZA fragments are expressed; they are tested on
the probe binding. The efficiency of the transfection and

35 quality of the staining reaction was always controlled by
transfection of the cells with ¢DNA of neuropilin-1 and

staining of these control cells with its known binding



isolated, it may be further characterized as, for exam ple, discussed
herein. 20 The proteins identified as products of path- way gene NWR %5
used to nodul ate gene expression of a calsyntenin, as defined here

Aternatively,,i g pro- teins identified as products of patrim@mng@lqus may be
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resulting internalization of the transnenbrane frage- nent of a cal syntenl n
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Once a pathway gene has been identified and
isolated, it may be further characterized as, for exam-
ple, discussed herein.

20 The proteins identified as products of path-
way genes may be used to modulate gene expression of a
calsyntenin, as defined herein. Aternatively, the pro-
teins identified as products of pathway genes may be used
to modulte the proteclytic cleaveage of a calsyntenin and

25 the resulting intermalization of the transmembrane frage-
ment of a calsyntenin with its calcium-binding cytoplas-
mic domain. Alternatively, the proteins identified as
products of pathway genes may be used to modulate the in-
fluence of the calcium-binding domain of a calsyntenin in

30 synaptic calcium signaling. Pathway genes may themselves
be targets for modulation to in turn modulate calsyntenin
protein functiom.

The compounds identified in the screen will
demonstrate the ability to selectively modulate the ac-

35 tivity of a calsyntenin protein as a modulator of synap-
tic calcium signaling. These compounds include, but are

not limited teo, small organic molecules that regulake the



Any of the identified conpounds can be admin- istered to an aninmal host,
including a human patient, by 20 itself, or in pharmaceutical corfposit Pighs
where it is mxed with suitable carriers or excipient(s) at doses

t her apeuti by 8ff ective to treat or aneliorate a vari- ety pfq%;sarders,

i ncludi ng those characterized by insuf- ficient, aberrant, or excessive

cal syntenin activity. A 25 therapeutical I’y effective dose further refers to
that anount of the conpound sufficient to result in aneliora- tion of
synpt onms assopratedlwiih suctvidisorderts: phedieass (gleshagr clermel(ati on and
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02/ 22819 37 Pf, '1r | it | f. 6.1 physi.ol ogigal states .which_may be
treated with Fﬁ@a%‘&%ﬁ p%u%fﬁfss%?t‘frh’enilgrv&/etnetjirbnaq]ér:\é‘fo Pt e a?fgt”%itﬁﬁ ted to
psychi atri c disordeltsiguchr astsotrpophinenifa ramdiewr el civon, andumollegi ¢

di sorders suc i : i r Ut i LWy,
acute or chr oEP%%?%%%%-%%&ghﬁﬁ%%giﬁl?g&dl oceglﬁgi g%l%%ﬁélrc :é(r)n.
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by net hodsswhiechisemsénomwbozyme, triple helix, double-stranded RNA,
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or organic molecules.

Any of the identified compounds can be admin-
istered to an animal host, including a human patient, by

20 itself, or in pharmaceutical compositions where it is
mixed with suitable carriers or excipient(s) at doses
therapeutically effective to treat or ameliorate a vari-
ety of disorders, including those characterized by insuf-
ficient, aberrant, or excessive calsyntenin activity. A

25 therapeutically effective dose further refers to that
amount of the compound sufficient to result in ameliora-
tion of symptoms associated with such disorders. Tech-
niques for formulation and administration of the com-
pounds of the instant application may be found in

30 “Remington’s Pharmaceutical Sciences,* Mack Publishing
Co., EBaston, Pa., latest edition.

A number of discorders may result from insuf-
ficient, aberrant, or excessive calsyntenin protein ac-
tivity. In addition, several physiclogical states which

35 may, from time to time be considered undesired, may also
be associated'with calsyntenin activity. By way of exam-

ple, but not by way of limitation, such disorders and



in the art including those set forth in Hart, 1994, Ann. Oncol., giﬁupgl 4
59-65: Dahler et al., 1994, Gene, 145: 305-310; D Maio et al., 10847 20
Surgery, 116:205-213; 20 Wichsel baumet al., Cancer Res., 54:4266-4269;
Harris et aI 1994, Cancer, 74 (Suppi. 3):1021--1025; F@t fﬂgenuﬁg al .,
Proc. OONZEY "Sci. USA, 91:1460-1464; and Xu et al, FRHEE o .

22: 223- 230 Brlghan1et al., 1994, Prog. @din. Biol. Res_, 388 361- 365. The
conpounds of the 25 invention nay be targeted to specific sites by direct
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a result of &'O8ri BSLFeLBSLS APEPrEERSaRYFS- 2P| AstYeIBaE het €LFeakron,
nyocardla15|m&ababloandvaaﬁuéaheaacshgﬁrg , a8ife V@B Chabn 888 YERY¥adSUCh
conmpounds whi_ch re, 35 nﬁ n wth a tiega%nag be prepared by net hods
wel | known i e BYPSF EPﬁaPﬂg £R s@yasés BT IBPECE T4 M ) R 2005 WD

02/ 22819 P(' TII BG3I 0UL MDBBefubpylonshmﬁyt1meaud99@irémmadelfb@mrdof

Engi neeri ng, h | o] | uitabl e f Llse in the
pr esent inveﬁ?&%ﬁél%gﬁcgeﬂ%%ﬁgggﬁt ghgﬁmgg 3n&,$ Ao gl%%tg |ngrea|ents are
cont ai ned innﬁwnéfﬁéengvéhanﬁannedtgea@hl@vbertssoﬁoemdemapuﬁp@se aNpr e

SpeC'f'CaidYua§-b%héﬂﬁﬂéﬂth9§?5¥1ﬁ%fSCEhXQyﬁHQHﬂﬁ SEaNSH 2R aARUNLoRLT ec-

tive to prevent devel oEnent 0 leviate the exist- ing synptonms of
the subject BoURgst PEatbg. IPREBEAPRaFRYNLE0AEFioRed cpF cotiniBIEHBERES i s wel |

within the canabthshueogpe&me§31§§|Ikcdtha bbﬂp@ﬁﬁd eshgei akbkyaiAuli ght of
the de--- tail.ed discl.osu eﬁgiOV|ded hg%eln For %P ngound used in the
£ &t g

met hod of t h&LTSHvEftFoio EherRh 88IF9°§Ff8 BYe®Bafi*be es- 15
ti mated initipaddsgibnonecebk, clikt nag besayskefBotoeaapmpyeladodpssecan be

formul ateq | 0 apicaelepdehs LR.AERIEVEoR hb eULELL Es SO0GeNLLEhi g0 T ange
the brain, kidney, heart, etc. by methods which are known
in the art including those set forth in Hart, 1994, Ann.
Oncol., 5 Suppl 4: 59-65; Dahler et al., 1994, Gene, 145:
305-310; DiMaio et al., 1994, Surgery, 116:205-213;

20 Weichselbaum et al., Cancer Res., 54:4266-4269; Harris et
al., 1994, Cancer, 74 (Suppl. 3):1021-1025; Rettinger et
al., Proc. Nat’l. Acad. Sci. USA, 91:1460-1464; and Xu et
al, Exp. Hematol., 22:223-230; Brigham et al., 1994,

Prog. Clin. Biol. Res., 388:361-365. The compounds of the

25 invention may be targeted to specific sites by direct in-
jection to those sites. Compounds designed for use in the
central nervous system should be able to cross the blood
brain barrier or be suitable for administration by local-
ized injection. In addition, the compounds of the inven-

30 tion which remain within the vascular system may be use-
ful in the treatment of vascular inflammation which might
arise as a result of arteriosclerosis, balloon angio-
plasty, catheterization, myocardial infarction, vascular
occlusion, and vascular surgery. Such compounds which re-

35 main within the bloodstream may be prepared by methods

well known in the art including those described more



(the dose where 50% of the cells show the desired ef- fects) as determ ned
in cell culture. Such information 20 can be used to nore accurately

determ ne useful doses in humans, A therapeutically effective doké M@filhs
to that ampunt_of the conmpound that results in ameliorati yopt ons or
a prol ongatPIA*8¥” survival in a patient. 25 Toxicity and t'gr)l(grr"g%ﬁefﬂ (%/(;:rp

ef ficacy of such conpounds can be determtned by standard pharmaceuti cal
procedures in cell cultures or experimental animals, e.g., for deter-

mining the LORQ 1(t he ses@digthali doy 50%0h of e HeRY dmdin@d)riapd the ED50
(the dose therapéutically effective in 30 50% of the popul ation) - The dose
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can be expressed as therprhatinacketwean kbhPoandithz0suCeablpodpdsuubi ch
exhi bit high .thﬁ_ﬁapeutic i,ndices are pre- ferred. The .data obtained from

these cel | cutt REESFE 35 R e e SETRGT e ORSe R SABr Fiiat i ng a
range of slosagevieoingsedientumemre Hoatddaage iof @sucat feanpoendsiouhices

preferably w.thi n f; i nc a . r; WO 02/ 22819
Dot TBos/ d1eep F R AE Ll bl PIRSU A et ISR &0 0 ty.

The dosage neherappuliichillv iFifacinye eapundi mparpomn keovdds gféetor m
enpl oyed and iR 1QUEE eferAdMYSIIAN o U] 't:@%ll&ﬁa%@%&ef @LAukat i on,

route of adm nistration 5 and_dosage can_be chosen by the individual

physi ci an i n iRg SWBEoMfe Patilen e WRiSsHdieiey trestad g Datisrgrnatigr |
1975, in gbl_e d?dnml @@IMﬁaied_Ba@'lﬁld@ i'dEhezre&}lgNii:ﬁl}ﬁ"n e cq%»amnizatm%a?e |
amount and interva .adj uysted indi- vi y. tq .provi de plasma | evel s
of the activeu'fﬁﬁeeﬁ]fr{%ée\%i%h tg’ree e (SEPET Ynﬁ‘i’hﬁdﬁi‘ ﬁ’% ag@i Ed
effects. | n casdedidisedalswadmpmisatiddd drererirsel ective uptake, the

ef fective I ocal concentr?tc)lr]?gn a 0%ggug%}éniigltottrgemra%lln?hegfggggl asma

concentration. The amount 0f conposrtion a ered w cour se,
be dependent Jowvearitdosubjtdr thenapavtdsaddy &ffadtelwusjass 'canvdeglis— t he
severity of thgnaldd ekt herdmnan o, 13addisddAld oOrand hhg leudgenent
of the pre- a dose can be formulated in animal models to achieve a
circulating concentration range that includes the IC50
(the dose where 50% of the cells show the desired ef-
fects) as determined in cell culture. Such information
20 can be used to more accurately determine useful doses in
humans .
A therapeutically effective dose refers to
that amount of the compound that results in amelioration
of symptoms or a prolongation of survival in a patient.
25 Toxicity and therapeutic efficacy of such compounds can
be determined by standard pharmaceutical procedures in
cell cultures or experimental animals, e.g., for deter-
mining the LD50 (the dose lethal to 50% of the popula-
tion) and the ED50 (the dose therapeutically effective in
30 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can
be expressed as the ratio between LD50 and EDS0. Com-
pounds which exhibit high therapeutic indices are pre-
ferred. The data obtained from these cell culture assavs
35 and animal studies can be used in formulating a range of
dosage for use in human. The dosage of such compounds

lies preferably within a range of circulating concentra-
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| evigatin enmul si - fying, encapsul ating, entrapping or hilizin proc-
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pr esent |nvent|on thus may be fornul atedss in conventional manner u3|ng one
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conpounds cadd9ié, ﬁ@rﬁﬂﬁ@t@@amaadpﬂygbyatoﬁﬁ$n$ngftﬁhea@pevelcahpoﬂhds Wi th

5 pharmaceut ijcakhy acceRia reigr q&&g a p_carriers
enabl e t he con%b&nds 0 %%hghﬁﬁégnt#on§nwg akfor *ate a§£%ab é?s pills,

dragees, capdid@ally tquirdevige praspaupsvess upfieee %%b'éﬁsm@hgtﬁnd t he

like, fori®rJnilchgastd emiFycachat ltenhaiﬂtgﬁnt £Rat 8dsi 203 Pharagesuti cal
preparations for oral use can be- sol jd excj pi ent, E:‘iﬂ?tlonally

bt a
grinding a resulting nleHrEaseﬁnﬁg i%%% TR HHE TR SR LS WHES, “after
addi ng SU|ta@kak&uxmhea@ié&ctubedescamdcoﬂ@e@bt@tﬁoﬁabfetﬁeoﬂru@rmgge
cores. Suita XClpi-e re..i.n art| 15 fillers such as sugars,
i ncl udi ng |aq}§s§ §%§rgs§ o Plaﬁm Fon g%? l?or cel l ul ose preparations
such as, for exanple, nGhezemstatchi @Wm@msxnzﬂmﬁﬁdmimiﬁtﬁzﬂdﬁwibbiato

starch, gﬁl_ ato'fn co@f@et r %@aﬁéﬁ ofEt BM' ﬁgl é&l@)ﬁé{? IP ing treated, on
droxypropylnethy -cell'u un1car oxynet
the subject’s welght the severity of the affllctlon, the

manner of administration and the judgement of the pre-
scribing physician.
The pharmaceutical compositions of the pres-

20 ent invention may be manufactured in a manner that is it-
self known, e.g., by means of conventional mixing, dis-
solving, gramilating, dragee-making, levigating, emulsi-
fying, encapsulating, entrapping or lyophilizing proc-
egsses.

25 Pharmaceutical compositions for use in accor-
dance with the present invention thus may be formulated
in conventional manner using one or more physioclogically
acceptable carriers comprising excipients and auxiliaries
which facilitate processing of the active compounds into

30 preparations which can be used pharmaceutically. Proper
formulation is dependent upon the route of administration
chosen. For injection, the agents of the invention may be
formulated in aqueous solutions, preferably in physio-
logically compatible buffers such as Hanks’s solution,

35 Ringer’s solution, or physiological saline buffer. For

transmacosal administration, penetrants appropriate to



20 | ose, and/or polyvinyl pyrrolidone (PVP). it desired, dis- integrating
agents nmay be added, such as the cross-linked polyvinyl pyrrolidone, agar,
or alginic acid or a salt thereof such as sodium al gi nate. Dragee jcomesar e
provided with suitable coat- 25 ings- For this purpose, concentrated sugar

sol utions wRy Pﬁ used, which may optionally contain 9“”1a$@¥nfﬁwnh450
pol yvi nyl pyrro done, carbopol gel, polyethylene gl ycol /or titanium

di oxi de, | acquer solutlons and suitabl & organi ¢ sol vents or sol vent
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coatings for thedkarrieratPoheopetrveshadastrer ngeddihf ehenfoouminarions  of

active cormomehdgéﬁétrgﬁagrrageu?éﬁékapwpﬁﬁ@&ﬁoné phe checan be used orally
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Mv? 2005 WO 122819 BO111116 such, as | act ose,
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bi nders Slf'chp e Rl s XnGFS?pFaﬁ}gcaﬁfglgﬁEhwﬁiﬂt ML dhesi um |
stearate andartopBuohabhyrlatabéhhbéesthéncemﬁbunépsufeshethmv@mtiwﬂ

conpounds na*obgedk8§8bxsgﬁar8§u?ggﬂggg pBFy |ta$£ﬁg£|$ycd#%g§} such as

fatty oils, lTquird para addi tion,
stabilizers dapgubgs, addeéd, Ayrupsrnﬁﬂarroﬁirf@nSDeabla@ﬂ1mm@t¢b&|on shoul d

be in dosagasaui £abl gcher iANERCRNAT BL SA Bhi0BALFRL PUcEALavagm ni st ration,

t he conpositions may e_the form of lets or Tozenges formulated in
conventldHhIPﬁﬁﬁﬂéFeuFéﬁalaﬂﬁ?ﬁﬁ§ﬁF39P§nfo PRAAI BEPORAC tiR eRWPHEREs f or

use ac- Cord|s@£l:|.BOekB@pQéﬁ§¢nbptméﬁﬂl!lf?ngﬁﬁ_ﬁdﬂﬁavﬁnké@lﬁit/l | hvxt@red in the

formof an aerqsol a resent at on fr suri z or a
hobul Pren ooed ProtRE b ERE e 8 e PR T BhE Bty AT ke S
dichlorodiflmmnuabﬂhaaaxlnihthba; 1Gfﬂaeiﬂ&ﬂthanepbta1n tablets or

dlchlorotetr%hj grogépgne Sﬁgﬁgﬁﬁe %1 %ggtgragghe%ns§a% Péglggs In the

case of a press rlz aér 0so qosa uni't ma €r m ned’ by
provi di nglsa Hidleest sudbl agesuganst eindludouat lacapsal esuandsearman-

nitol, or sorbitol; cellulose preparations such as, for
example, maize starch, wheat starch, rice starch, potato
starch, gelatin, gum tragacanth, methyl cellulose, hy-
droxypropylmethyl-cellulose, sodium carboxymethylcellu-
20 lose, and/or polyvinylpyrrolidone (PVP). If desired, dis-
integrating agents may be added, such as the cross-linked
polyvinyl pyrrolidone, agar, or alginic acid or a salt
thereof such as sodium alginate.
Dragee coreg are provided with suitable coat-
25 1ings. For this purpose, concentrated sugar solutions may
be used, which may optionally contain gum arabic, talc,
polyvinyl pyrrolidone, carbopol gel, polyethylene glycol,
andfor titanium dioxide, lacquer solutions, and suitable
organic solvents or solvent mixtures. Dyestuffs or pig-
30 ments may be added to the tablets or dragee coatings for
identification or to characterize different combinations
of active compound doses.
Pharmaceutical preparations which can be used
orally include push-£fit capsules made of gelatin, as well
35 as soft, sealed capsules made of gelatin and a plasti-
cizer, such as glycerol or sorbitol. The push-fit cap-

sules can contain the active ingredients in admixture
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base such as | actose or starch. The conpounds nay be formul ated fo‘ITO 20 8h-
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powder form for, constitution w.t swta evehlcle e sterile pyro-
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rofluoromethane, dichlorotetrafluorocethane, carbon diox-

ide or other suitable gas. In the case of a pressurized
aerosol the dosage unit may be determined by providing a
valve to deliver a metered amcunt. Capsules and car-

20 tridges of e.g. gelatin for use in an inhaler or insuf-
flator may be formulated containing a powder mix of the
compound and a sulitable powder base such as lactose or
starch.

The compounds may be formulated for paren-

25 teral administration by injection, e.g., by bolus injec-
tion or continuous infusion. Formulations for injection
may be presented in unit dosage form, e.g., in ampoules
or in multidose containers, with an added preservative.
The compositions may take such forms as suspensions, so-

30 lutions or emulsions in oily or aqueous vehicles, and may
contain formulatory agents such as suspending, stabiliz-
ing and/or dispersing agents.

Pharmaceutical formulations for parenteral
administration include agueous solutions of the active

35 compounds in water-soluble form. Additionally, suspen-
sions of the active compounds may be prepared as appro-

priate oily injection suspensions. Suitable lipophilic
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chem cal nat ugenaiitkut Hen BFDHP cali sdhishd [vdnscale,t ke 4. he%%@@itllec pygagent,

ad- ditional stra ies for %%%ln stablllzatlon be em %yed The
phar maceut |_ca9e’&o}rﬁ) 21 %8 b P tomTHE GRS i 4Kl 81§8I & or gel
phase carri er soambxicedi £mtsectadnpbrsoof t S satr iaer Suppoemep:llmt S

| nolude but age fobndl gL egoke. ool b um carhanale, calelinuRisRge.

vari ous sugars, arc ' VES oFymers such
as pol yet &§l eﬁ’ésgmg/@oll@afz@s MSh oS teRCQDipYtiRgs oot other gxlmqar@@amy be

In addition to the formulations described previously, the
compounds may also be formulated as a depot preparation.
Such long acting formulations may be administered by im-
rlantation (for example subcutaneously or intramuscu-

20 larly) or by intramuscular injection. Thus, for example,
the compounds may be formmlated with suitable polymeric
or hydrophobic materials {for example as an emulsion in
an acceptable o0il) or ion exchange resins, or as spar-
ingly soluble derivatives, for example, as a sparingly

25 soluble salt.

, A pharmaceutical carrier for the hydrophobic
compounds of the invention is a cosolvent system compris-
ing benzyl alcohol, a nonpolar surfactant, a water-
miscible organic polymer, and an agueous phase. Natu-

30 rally, the proportions of a co-solvent system may be var-
ied considerably without destroying its solubility and
toxicity characteristics. Furthermore, the identity of
the co-solvent components may be varied.

Alternatively, other delivery systems for hy-

35 drophobic pharmaceutical compounds may be employed. Lipo-
somes and emlsions are well known examples of delivery

vehicles or carriers for hydrophobic drugs. Certain or-



provi ded as salts with pharnmaceutically conpatible coun- terions.

Phar maceutically conpatible salts may be formed wth many acids, including
but not limted to hydrochlo- ric, sulfuric, acetic, lactic, tantambrc)ns
mal i c, sucGghhGs1#5 etc. Salts tend to be more soluble in AOHARNS1QR Ot her
protonic solvents that are the corresponding free base f press. Suitable
routes of adm nistration nay for exanple, include oral, rectal,
transmucosal , tr.ansd

t t t er al
derivery. - nSIGAEHG VPR PaniSBUPHr SCRGHEGE SRbbUS: SF ot - GHAY | By .

jections asEWE@bdasannhoagheuabaldyrattthatcasénbflgneatat toRicavenous,

| peri oneglsy ORGSO bl 0 ol 2L 06 LODS ,3uelLernately

one may adm ni's oun c nmanlier
for exanpl e, tvwawdrwpéeas@nswﬁteme ébﬂbo@ﬁdsﬁmiperm§abheomahraﬁeécﬁéd ar ea,

1 4 MAR 2005 é@z@ﬂd@z&%ﬁh%&%@ﬂﬁéﬁé%%Egﬂniﬂgatﬂsp%e%péﬂﬂé' ned

rel ease fornulation. Fur- thernore, one nai adm ni ster dr in a
targeted drud9emi- |V€F9°§§59§nﬁuﬁéﬁléﬁénﬁ? eagq @aFﬁﬁbééﬁehéﬁatEﬂeﬁnth an

anti body spedddabifigheafl hagt QQeCﬁbhi kdben | bPOSRABE §thledb§nt grgeted to
and taken up selectiyve cells. The conpo |t|o may, E% desired, be
o

t he
pre- sented I & Eéﬁabﬁeg §52ﬁ§§? GBDFELeH PN ?pEB %ﬁgn E4F nore
unit dosage kﬂmﬁﬁcaanhatnrng tbeeaeéluhelﬁoﬁﬁogm&dlear aThewpae&kﬁaupfor

exanpl e cgpprls%w%%ta dagglaﬁgg% gngy 3ug rﬁ%?gmgéé gggack ghe pack or

di s- penser device nay ¢onp eniffst rati on.
Cbnpositionstdvn@nbépggcalcahpbmhdtwfth9h6|hhenap@ntiornﬂhaeau i ada

conpati bl e pharymReey! bﬁégtégﬁe;5f5kegrgﬁ¥lﬁl 80aB81 PLEPREAnaD] BECLy N an

appropriate con- tainer for treatnent of an I ndicated condi-
tion. SU|tabE@ibﬁﬁH|t|ons i ndicated on the | abel may in- clude treatnent of

a disease such as one ch@hé%ﬁaiﬁs@_le@umap%rgg;@gfmongbﬂéa%ayOéoﬁxcessl ve

cal syntenin-|I activ- h ust out)ined uses of nucl ei cid se-
y i5 péﬁse sultabie SOI 8 %r ge phase carriers or excgpaent

Examples of such carriers or exciplients include but are
not limited to calcium carbonate, caleium phosphate,
various sugars, starches, cellulose derivatives, gelatin,
and polymers such as polyethylene glycols.

20 Many of the compounds of the invention may be
provided as salts with pharmaceutically compatible coun-
terions. Pharmaceutically compatible salts may be formed
with many acids, including but not limited to hydrochlo-
ric, sulfuric, acetic, lactic, tartaric, malic, succinic,

25 etc. Salts tend to be more soluble in agueous or other
protonic solvents that are the corresponding free base
forms.

Suitable routes of administration may, for
example, include oral, rectal, transmucosal, transdermal,
3¢ or intestinal administration; parenteral delivery, in-
cluding intramuscular, subcutaneous, intramedullary in-
jections, as well as intrathecal, direct intraventricu-
lar, intravenous, intraperitcneal, intranasal, or intra-
ocular injections.

35 Alternately, one may administer the compound

in a local rather than systemic manther, for example, via

injection of the compound directly into an affected area,



guences and am no acid sequences as defined above has been shown in the
scope of the present invention to be very suitable for protease |awiRVviHg
di sorders, in par 25 ticular tPA involving diseases, and especially suitable

for the tregtgent, of stroke. For exanple in stroke treat- gq?ykohpgﬁz
cal syntenins or the cal syntenin derived proteins are suitable

phar maceuticals in acute treatnent as well as in |l ong-tinme treatnent. 30 In

an acute statet i.e. within the first few hours after a stroke, a presently
preferred mod& 6P Hp-2pRFRAti BR FYSEHENSH rBeleappl 1 RAFPROALF N a G anount
of a cal syntteernopeot eha, mpyehanahl yran tindratbechh apphrgaredi@hagi.e. an

injection directly into the cerebro-spinal. 35 fluids. 1 4 2005 WO

02 99810 Po’ FEMEELT 15880 5 BT Fﬁ%mﬁ%%g }%rﬁ1ﬁh%?gg§eo§0§%$%i%%gp_e_ t he
restitution eh dahagesy appcéfécrédrnaﬁh@dtéé cellst h€he apyesomes gene
Lher apy and/ Qaagebh LhgLaPYad:BlaaCleks, AGh e SPANERGEL GOl NORL OF 2

cal syntenin protern (t expression a cal syntenrn protein i s considered as
i nclud- ing &ellédbes and nutants with protease inhibitor, at |east tPA

inhibitor activity) is ifffoduesdsiPioha iy | abk eayecton, abl ogidg the

expression of a calsyntenin gene_in 10 the addressed nerve cells or
speci fic thetgpyedetPsd RAeh ©5 JéEPeRselni ¢apteei sPighnBayherabgiand

al | owi ng expige- o8 @ref uhbe Gakayat epins coPRELSESnEheheahsyyenin=--1 en-
codi ng gene undg% t he §§ntrolkof a gerve cell specific g%ﬁn?ter. 1.5 For
gene therapy 9GPt 88Fe vBEt BRS al8Y nélf oS3 FBphi cOVPF u8Es™Ehat ®En be appli ed
ei ther directllpsoici ioil; asspbr &ascel bdisGar sypatkni Thexpaeksongdist| s can

al so be en- gﬁaggka&sgiég hi9! bhNSYCGRNaDLA" BYIDLSLAEDEAENESE 06 20

desired action Dy surgery atnent a nt rrs
i nconpat i bi | mipipeketions. CouphstbiPys capmbElsangndyedupsundontathehey are

no l'onger neegdedn®loAsrsLRN1Aated! RBYaha¥RpALSH1ENERAAEEEUL ¥aBNdatbus need
replacemﬂy; rier may also be prepared, placed in an appropriate con-
tainer, and labelled for treatment of an indicated condi-
tion. Suitable conditions indicated on the label may in-
clude treatment of a disease such as one characterized by
insufficient, aberrant, or excessive calsyntenin-l1 activ-

20 ity.

The just outlined uses of nucleic acid se-
guences and amino acid seguences as defined above has
beern shown in the scope of the present invention to be
very suitable for protease involving disorders, in par-

25 ticular tPA involving diseases, and especially suitable
for the treatment of stroke. For example in stroke treat-
ment the calsyntenins or the calsyntenin derived proteins
are suitable pharmaceuticals in acute treatment as well
as in long-time treatment.

30 In an acute state, i.e. within the first few
hours after a stroke, a presently preferred mode of ap-
plication is the direct application of a high amount of a
calgyntenin protein, preferably an intrathecal applica-
tion, 1.e. an injection directly into the cerebro-spinal

35 fluids.



Al'l the above described nethods for the 25 treatnent of stroke are simlarly
applicable to other disorders induced by proteases, in particular tP@ ?%thh
di sorders al so conprise tunmors such as those induced by tPA due t i

effect on Ggll,f3k@ration, but also tumors generally invol \f,wgB@mmﬁast one
protease int e|r 30 growth expansion, infiltration, netastasis an
pronotion of blood vessels or neoangi ogéiiesis. Such proteases are
preferably nmenbers of at |east one of the following pro- tease famlies: -
Serine Protease fam |y sutdr ashd i ksye-ttempe thddraplyasr rdgerkegctii.wat arhe t PA) ,

ur oki nase-typg ebs al %W@ rfﬂ t ases,
cat hepsin G %gﬁ?%lg%?%g neu?%bérl%pm n Iﬂ’QD %3&@%% hjﬁ%l %PCT(I
710 1 16 1 663¥Y- Matrix Metalioproteinases famly such as collagenases,

gel atinases, stronelysi nsgofbldidd YHdihpy R RdIOl@ases,f amdhy. such as
cathepsin B and, cat hegm n D. 5 Besides of the above further descri bed

treat- menfs, CHRES RESLNTCTRGRGR | SIS F P GviFelsSrevigh Prteis yfth

di agnostic t oekﬁreayl&% a@ﬂwyxbtéﬂiﬂ bt e dreti dsons Bderdd ead)i eEnid-oned
above, genetic defgf% e cal - syntenin encodi ng profein c

n be
det erm ned. SutHh @ n‘ﬁ‘ﬁ?%ﬂt‘f’leﬁ'b RO YSRE i 1O s]g‘?%‘f's t he
synp- tons of thli ninhnbftcajrr&adj/vnqtr) ceabiretaslvwestd #std o duniecaldlet er m nati on

of Dersons of gkeUPSPloRergonte SUsPedsiod AW | seabiienhaneed 1 sk Lo

devel op such rsor FSe also pOSSI
synt heti c 1¢r thenrddressedoderye otel bs, Dlpeqn&%%l@rtwam etr@llﬁn oBLs@]@]uences

representing atylegst Q@:{’éaﬁie“ﬂ&: g&W ﬁfmd?fmyﬁ@r&;tpé@m the
ability to mmc or to block, respectively, the bio ogl cal act|V|ty of

cal syntenin, FRORaPE | ERE aF2{ AENEERER (FPRPTHER Y Hee | SaISyItrAthe™mre, the

char act er | zat £681:8¢ Ugese| @ndét ofh&f conthedl el Wehee ate Bl d8ddsiid protein

encoded by sggh a,_gene provi des efficient tools for screening

i5 For gene therapy suitable vectors are neuro-—
trophic viruses that can be applied either directly or in
transport cells.
Calsyntenin expressing cells can also be en-
capsulated so that they can be brought to the center of
20 desired action by surgery treatment and with much reduced
risk for incompatibility reactions. Such cells can be re-
moved as soon as they are no longer needed oxr as soon as
they have lost their activity and thus need replacement.
All the above described methods for the
25 treatment of stroke are similarly applicable to other
disorders induced by proteases, in particular tPA. Such
disorders also comprise tumors such as those induced by
tPA due to its effect on cell migration, but also tumors
generally involving at least one protease in their
30 growth, expansion, infiltration, metastasis and promotion
of blood vessels or neoangiogenesis. Such proteases are
preferably members of at least one of the fcllowing pro-
tease families:
~ Serine Protease family such as tissue-type
35 plasminogen activator (tPA), urokinase-type plasminogen
activator (uPaA), plasmin, thrombin, elastases, cathepsin

G, neuropsin, neurotrypsin



possi ble drugs to inprove the health of patients suffer- ing from di sorders
due to such defects. 25 In particular for the search of further ¢ giﬁgrs
and drugs al so transgenic aninmals are of great value. This and flu Mﬁ

aspects of\gi)ﬂ?aﬂirgsent in- vention are now further |IIustr‘,,’;}J;Tq]cjmﬁ){1

fol |l ow ng arrpl es. It has, however to be understood that ey are not
at all intended to reduce the scope of the present invention. They are of
nmere illustrative purpose. 35 Exanple 1. Screening for proteins rel eased
fromthe neu- rites of eﬁbmyanﬁa thtekénpsptaahasesdfamutpnsuckdensiti es 4M ;
PY, VIO 02/ 2281 RO 01802, iTao 51 18 LB-RROLELY, 252 RrOLEALY LI C
fragnment of calsyn-- teni'n In a search protei'ns rele from neu-

rites we cultivated di ssocid¢igpraregsed ﬁé@#éﬁsspﬁhaas cobhapsrent al

cell cul ture pygtemdhatoPiovs des separate access to neuronal cell bodies
and neurites (Fig. 1C). _The compartpental cell culture sy stem was set up as
de- scribed by Canpenot EEFASES Rkt FBAsAERYGx ABELREE, d§€9r7be DF§88kiat ed

ce: I's frogn t heerant rale hﬁ}yse@mofuﬁ:wnrtalonfc@a@% ;—Qcﬁrfldﬁé cfblzlclﬂ;@&rye&brexcos wer e
cul tivate |n e,.center con} artmen t he nta ture system
as descri bed %ilgﬁﬁﬁﬁﬁ §§f$8§ g ggp fen ﬁﬁg#.g§8(l)
364-8). Six Oaysalafdesty p:la’itt emmmhegEM1@mﬁrettsn&m shkadabecone
densely popul ( B yn i rot ei ns
wer e et abol |%§f%%1%1¥1ab@}lgdda%§% IJ:Ilcfgjlm}1 1)Pr es %%%Mééntﬁal tr?ll&%g’ ﬁ%g%}

met hi oni néOtdnmwé:lcueﬁteeTrpa:oﬁqrarttheemla@llstse@cmﬁ ddsogiders1$8e, skwp- J. Bi o-
chem 180(2) : ¢ S#9-¥)wh 1 ArdQNUYS nots e@flid l:Qngd11Medl %ef t%%t h the

center and the side conpartnents were 20 harvested and subjected
t wo- di nensi orSFtYERTE St Rt @RFSEEISs orogrsRs (of é’eB'Sé’PSGh§#Fh19¥5 May 25;

250(10): 400famill ed oldm@hyaﬁdémrﬂ@nca%i Acariles isoeh( Borneoraes . Laskey,

Fur J Biochem 1974 Jul 1 46%} of cour%eoglgo rossible to produce by

15 synthetic or chemical methods proteins, peptides or nu-
cleic acid sequences representing at least part of the
sequences defined above and having the ability to mimic
or to block, respectively, the biological activity of
calsyntenin, in particular the calcium binding activity.

20 Furthermore, the characterization and isola-
tion of a deficient gene or a deficient protein encoded
by such a gene provides efficient tools for screening
possible drugs to improve the health of patients suffer-
ing from disorders due to such defects.

25 In particular for the search of further dis-
orders and drugs also transgenic animals are of great
value.

This and further aspects of the present in-
vention are now further illustrated by the following ex-

30 amples. It has, however to be understood that they are
not at all intended to reduce the scope of the present

invention. They are of mere illustrative purpose.

Example 1:
35 Screening for proteins released from the neu-

rites of embryonic chicken spinal cord neurons identifies



new y synthesized proteins (Fig. 1D and E). As shown in 25 Fig. 1D, the
supernatant of the center conpartnent con- tained a relatively |arggsmpmnber
of proteins, whereas only four strong protein spots were found in the side
conpar t menyolkhfe 1E) . Because proteins diffusing from thao&aisito the
side conpartnent did not reach nore 30 than 10 % of their concentration in
the center conpart- nent, we concluded that these four proteins had to be
de- rived fromthe neurites of the side co ar%nent for a gquantitative
study with tReldanEPsPEPEM Beds(2SPERERPLY BLC BFagmengoot pglsyyi~ Bi ochem
180(2): 249-5&hinGne of them 35 (Fig. 1E, arrow 1) was previously identified
as neuroser- pin, an axo %:Iyssecrgt d seréqgaﬁgote Se i@h'bitor
(Csterwal der et al., EML3D 3. ®1%b%: ?ﬁ]ﬁﬁ:% -5§??§ ke > WO

02/ 22819 PCTIhBe$0¥662ud8iBased dhsspteatuedr spenght cand pdurdds een ok her

pr ot ei ns r h ot.ei |t p n I | ght of
V15 KD and o corbafbaegeal BBt LEL ! By B APPRL DAV S5, Snap' el
char act er i zed@cgessepeor negrppailheedlf bpsasngndxaapresesPiFidgi ck€l on, amino

aci d sequencimh@ cofBdrehbNeat! eRiNIch3e8-EX3PREER Ga8Nded)upeysahed that the
115 kD protein released fromthe neurites of enbryonic_ chicken spinal cord

. e
neurons is aSsEatedl by Earpegrent 1877} a YehReAEnBREHECHF 0?81 M 0Betause of
L_tsdsynaiot | ¢ Jiggel t hi_&?elizétbim@ (=YY gnarﬁabﬁ@ré@ nlamv%&) o@ndpifﬁ&l C@@ﬁﬁd _tfsty to
ind calciumw s.cytoplasm c_domai n. (exappl.e. we terned i

cal synt enth- £¥ E@rCb?§5?¥y85h5Y8FaW?F§,Cﬁégﬁfﬁggduéﬁ the eerretaf®nt enin-1
t hr oughout t eréexenpl ef. the Exapprem2nt&lr chitateonyandmnasr dsecpeivedng of
the 115 kD fy el fr t an rang-anchgred cal ;.. .
syntenin-l,pF%%%gﬁgg&&r{sﬁgggﬁspgg%apﬁo%iéfi?ﬁgPl§58§EEfrgﬁﬂghtgé&ﬁ)bf

cal synt eni n- B&dh&) -i Sixetleasedfteonpihbingur whes bhe spisatompaxdtneurons in

the compart mepials fuld WeBomkShERLELySBEpEXARBACLY) nclie: sgd (kg copdli {ioned
medi um of disso- crated cultures of "the ventral halves o Sflna[ cords from
E6 chi ckeks. thex nepdycsYPEPeEAREENBTOERLRE| WRERVAStabolically labeled

by adding fresh medium containing {*S} methionine to the
center compartment { Stoeckli et al., 1989, Eur. J. Bio-
chem. 180(2): 249-58). After 40 hours, the conditioned
media of both the center and the side compartments were
20 harvested and subjected to two-dimensional gel electro-
phoresis (0O'Farrell, J Biol Chem. 1975 May 25;250(10):
4007-21.) followed by fluorographic detection (Bomnner and
Laskey, Bux J Biochem. 1974 Jul 1;46{(1):83-8.) of the
newly synthesized proteins {(Fig. 1D and E). As shown in
25 Fig. 1D, the supernatant of the center compartment con-
tained a relatively large number of proteins, whereas
only four strong protein spots were found in the side
compartment {Fig. 1E). Because proteins diffusing from
the centexr to the side compartment did not reach more
30 than 10 % of their concentraticn in the center compart-
ment, we concluded that these four proteins had to be de-
rived from the neurites of the side compartment (for a
quantitative study with the same system see ( Stoeckli et
al., 1989, Bur. J. Biochem. 180{2): 249-58). One of them
35 (Fig. 1E, arrow 1) was previously identified as neuroser-
pin, an axonally secreted sexine protease inhibitor
{Osterwalder et al., EMBO J. 1996; 15(12):2944-53.).



25 of the spinal cords of E6 chickens were cultivated in 60 mn AR
col | agen-coated culture dishes (porcine collagen, 25010 CO.1, Cornl ng ?\%
and grown for 7 days with one change of nedium To harvest rel eased
proteins, {vla,qug%,bs were washed twice with prewarmed MEM wkth@o1es2

suppl ements 30" and grown for 2-3 days in seru n-free nediumwth nutrient
m xture N3 (Bottenstein and Sato, Proc. #atl. Acad. Sci. USA 1979, 76(1):
514-7), lacking BSA and transferrin. The conditioned nedi um was harvested,
filtrated trcuged dh 2Dlemuflelkrt eeight ahdr ed,athr2e@ 6thdb pootéies

DLt fer Ca (20 FrILRE InboobBe1fORTLY APCHBER LT MBE LRt 295 55 1
4 MAR 2rr'; waDghtopf 11§ apdT21801,01662 m bi Bt derrawd2t BenFigaded onto
a 1l nm Mno Qmnie %olgfa%agsneobﬁgya@e% %@1' ak Q’EF@rUe?W £a£ﬁ$0f 1

m/mn. Af- ter washing the_colum wth 10 volunes o A the
protei ns vier EOGLMERT FFRTBAER cREIEFORRO 105 025019, 8F1G BRERGRCENEL N NaCl

i nd20 ml\/l Tri ld S:m@-,crgdﬁ &de:)Iqut hbgfzgﬁa%%&gr @COtalk:@n%)Oke8ea%eafﬁ%g]§0Eh%gt7§dNa
an analyze - - | fTeNsS| gna arr. I O em y
S 2n0 167 s L ady kb potl SR ane o b oB: EBEarkiny EeRLah cOMBRETBCand

Der.ni ck, El echriefpdeor e@::mall&$8§i9ﬁé1)1r88532 s) a bro€abiyntenfnadmgas efut ed

bet ween 300 %nq: %H%N%ge Pr %egr E%tglnce separ. atslgggpF%SZ di,mensi onal

SDS- PAGE, thé fractions were efitr at &d rlgcc rding to
Wessel ant® Flizeggen ({Aes emeD&herﬁlﬁ @m@s&ﬁ) 838 i45- 8ppachyyceat bihdgati on

through 2 POLRUR. i WRIEH 388 CULbERLERS:2Aonl RkEm PEUER! ducht) . Tuo-

di nensi onal SDS-P was carried out accor refl 1975

| oadi ng 3-4 &cﬂﬁ'@ﬂ fdt S leyatensns it r BATt Hé“evér’fb’oﬁnéxéﬁéﬁg'é%o‘h’ﬁrmlé%to one

gel . The anphgld Moes Aleim lchQByheent Ae1i sok@hREohiC thecughRg1step was
conposed of 20 1.6 % pharnmal yte 5/8, 0.4 % pharnmal yte 3/10, and 0.8 %

pharmal yte 4/6 (all from Pharnmacia). The pH range of the gels during
i soel ectrixz focusi ng wasekampleH24.9 to 6.8. The second di mensi on was run

on a 7.5 % SDS- PAGE gel Ghadhh by 184 kna2Rs ALbELGGRRTRSS §5PLKE $181 M o,

the protein
kD fraament released from the transmembrane-anchored cal-

syntenin-1 protein.
For the purification of the 115 kD fragment
20 of calsyntenin-1 that is released from the neurites of
spinal cord neurons in the compartmental culture system (
see example 1), we used the conditioned medium of disso-
ciated cultures of the ventral halves of spinal cords
from BE6 chickens. 6 x 106 cells from the ventral halves
25 of the spinal cords of E6 chickens were cultivated in 60
mn collagen-coated culture dishes (porcine collagen,
25010 CoLl, Corning, NY) and grown for 7 days with one
change of medium. To harvest released proteins, the cells
were washed twice with prewarmed MEM without supplements
30 © and grown for 2-3 days in serum-free medium with matrient
mixture N3 (Bottenstein and Sato, Proc. Natl. Acad. Sci.
UsSA 1979, 76{1): 514-7), lacking BSA and transferrin. The
conditioned mediuwm was harvested, filtrated trough a 0.22
pm filter and stored at -20 °C.
35 For the purification of calsyntenin-1, the
conditioned medium was dialyzed against buffer A (20 mM
Tris-Cl, pH B8.0), degased, filtrated again through a .22



spots with the gel coordinates of calsyntenin-1 were ex- cised and processed
by SDS- PAGE using the funnel-well concentration system (Lonbard-Platet and
Jalinot, Nucleic Acids Res. 1993, 21(17):3935-42). The funnel -welj wgepir30

electropho S| stem devi sed by Lonbard--Platet and Jal ) 1S a
met hod forafﬂﬁagﬁﬁcentratlon of pro- tein from several ge|*€ﬁ@%éé%%$

spacers forming a fun- nel were adapted tb the mnigel system of Bio-Rad
(Bio- Rad, Richnmond, CA). Sealing was done with 20 % ac 35 ryl am de. The
runni ng gel sonpodedrof ah@ ¢heanrydadedeohtd aall ehgidnofQ lagiont de- st acki ng

gel conposed af 4% yI Ova 2/ 22819
BT/ TBOL 01665 rlo%a"tio oégﬁﬁgﬁag%?%)tﬁé %Tﬁ%gf} fl? Dwg‘% %}Agf:‘gs

cont ai ni ng caksyeehitnol ther e avhed ipoﬁpleﬁéﬁagﬁlbuﬁfaé An phe%

et hanol /5 96?&%Eb§n§CWQr@nglu€QH'ihbéa% gdaf 8ht3£hoRr o QOALT SHPEr gkure in
sample 5 bufter (4 % cerol 2.5 %t3-nercaptoethanol in 25 nM

S
'Eris-Cl, SpHPBIgRT QEOMSN@QF b?e%%sm%oﬂféﬁnpﬁg PRaf sGht ShFRLE 4Rre
careful ly transf @lraedlbﬂtso:;ths hunpgke welhecevar hayedni {hearwnohng-buffer,

d t d t S trat th
T2 curront cRANGBE-PPOn SOSRRAGE TORBEr RO prgPiBt SRoPheld CoraKt rati on
coul d be fol RSwedolhyovi:sdab7+Aspecfobhowéd bhespilotei atéinntgw Hetkethe gel
due 10 3 SchlkgLen ho beehsciheR LOP,BLRLELE;1aS16886601 { a3g0ahn) Lhe m ddl e

of the runni i n- ion 6r for
transferiﬁht63éSPVBEnWBnﬁruﬁé ebutadrbetwaﬁanOOa@nd éé@u@ﬁcﬂ@@l In a

typical experinment, a pr?Bﬁdﬁkééﬁﬁﬁtf@@tééﬁ&ﬁﬁt%&@?ﬁ?%?ﬁ?f&éhg %maﬂ of

cal synteni n-1_was ob- tailne exci si'on_an g 40 % n-
propanol (Li SRE08AEE. gkhgefrfREiRys varsyRPehrh- pudagougenbrakgdt @d-—with 0.2
M NHAHCOB, 5@nh¥racetertiingl €o aagséll @ﬁd quag§aeefdaﬂam Bobcremvencing the

N-term nus, ¢ t enln s el ectrotransferred fromthe gel
onto a PVDF ﬁ@%@?&ne&%gﬁﬁgﬁBS$9% EenEF FEPEBFE PR ?%5088 a porous
synt eni n-15 c eedrbirangeg {dleazdneth2)d PVEEL pplreanBedésxro BBR) caftwzed by

aut or ad 00" ARy, A cRAST S54. pINE 5EGUEHEE: WAS oulCLBEDLARHG Yo TR, -

degradation on a eéi n"séguenc
rell {1975), loadlng 3 4 concentrated fractions from the

anion exchange column onto one gel. The ampholine solu-
tion for the isolelectric focusing step was composed of

20 1.6 % pharmalyte 5/8, 0.4 % pharmalyte 3/10, and 0.8 %
pharmalyte 4/6 (all from Pharmacia). The pH range of the
gels during iscelectric focusing was from pH 4.9 to 6.8.
The second dimension was run on a 7.5 % SDS-PAGE gel
(Lammli, 1970}.

25 After Coomassie blue staining, the protein
spots with the gel coordinates of calsyntenin-1 were ex-
cised and processed by SDS-PAGE using the funnel-well
concentration system {Lombard-Platet and Jalinot, Nucleic
Acids Res. 1993, 21{17):3935-42}. The funnel-well gel

30 electrophoresis system devised by.Lombard—Platet and
Jalinot (1993) is a method for the concentration of pro-
tein from several gel pieces. Two spacers forming a fun-
nel were adapted to the minigel system of Bio-Rad (Bio-
Rad, Richmond, CA). Sealing was done with 20 % ac-

35 rylamide. The running gel composed of 10 $ acrylamide had
a length of 1 cm, the stacking gel composed of 4 % ac-
rylamide was 4-5 cm long.



(Model 477 A, Applied H osystens, Inc.). For sequencing of internal
peptides, Cryptic digestion was carried out wthin the gel pi ecgszI ﬁ?ﬁ %Uned
30 by the funnel-well system (Jeno et al., Anal Biochem 1995;

224(1) 1 75-g8Bmds19Cal syntenin-1 was processed as de- scri begratianessdy

2-di nrensi onal SDS- PAGE, stained with, Cogonassie blue, excised, and
concentrated in the funnel - well systenl‘fhe proteln band of apprOX|nater
20 pg cal 35 syntenin-I was cut into snall pleces ﬁ pleces wer e

destai ned with 40 % n- pr dFarél HLIXHBSS virgoadd edltr &&€ed with
? éT :\/II NHéllTCOng gﬁgpﬂgaést@cﬁnrltdﬂ:@mg m%tﬁhﬂ%—lh M?‘f\,g?:eZ dJes\mT Zi‘e%ﬂ&trga_m _

' nollo i y i or mn yptjc digestion
was carried ou?“T'H° %ﬁnggf nyrbtélq ‘%) ‘%tzlc&o%latcr‘?tijé: iGFi9G8M Tis-d, pH
8 0) , cont ae@un]glﬁra»t@dtrf;ﬁpsiml(ﬁao rateg aemvbdigae W dhoplgd }fI in 1 M
HCl) and inpc ty 3 r, 1 T e I8 ext.ract.ed th di-
gestion bu?fg]? %rwf'? B%IY%éazge Oﬁ%ﬁ’l% %58 F1bt’77f’dtr| euréz-aprt(g’éaccce @\Tam d.
The pool ed exma%stnlﬂ/e‘?m%\ﬁéﬁpor}faie@ 8b- dip taith geie plrﬁflmﬁlmﬁmlmm of the

rever sed- phasg The, Hept dina .
re 10 versed- pﬁgﬁ%%nc%%%é%@ri%% t5]!0'%1 parltéliglsle Si }g%e 1rrm£(| d) x

250 mm VydacweHespeyealaxys etEyiag kufigss ag}s%d%crwté*rat(@q:lmn PE

Sc: ex, tThgr nhtﬂadéogeg/z) fct.»,;tf;lrz Q. atls:czio&entm&ﬂyegs hhd c?@ﬂdtréz{%llk&{l%petﬁﬁé ac1:l5 d, g
sol ven was 0 ace ntr e CO ni ng ri uor oac acl q.
The el uti off prdgt %ﬁ‘r‘fu%léﬂ“%%i é%ombjs(g I{a}zén"to’ Bt f‘B’? EST{“’"T’nI?FO%r%% d’ftGCF sol vent

B during 60 ntonedénardtdon rateld dbe S0ol)owaesd h'Sheraei‘xfal:kJemSIvmmmdﬁ)red at

215 90 % t | - li

i nt on{nhe nasstg%e%‘?(r?%%’?efgf’/fg #ﬁyﬁr@]@ééﬁ% or n }ﬁle eCar| oonTheI "
chromat ogr ansteet e Wnenytls rietest nghe pupténtardtreattinithe gkl & orf
sequencing. SeQy e%l&&%é/ls' Stﬂ@srxﬂ?r&é’é B, e Wein %éﬁ%g{géﬂledﬁ‘ Se-

guencer (Hew ett-Packard, WA), according to . manuf acturers
pr ot ocol s2525°By L eF;| Er%ﬁﬁ)"d 01%% &k YiF dﬁl@@tﬁleﬁ&%éﬁecﬁ FE9%Q er mi nus

and seven i ntgepal sPgRéEn RSy ofpd he dyPidd) experiment, a protein band
containing approximately 20 g of calsyntenin-1 was ob-
tained. After excision and destaining with 40 % n-
propanol {(LichroSolv grade, Merck), calsyntenin-1 was ex-
20 tracted with 0.2 M NH:HCO,, 50 % acetonitrile, and dried
in a2 Speed Vac. For sequencing the N-terminus, concen-
trated calsyntenin-1 was electrotransferred from the gel
onto a PVDF membrane (Immobilon P*?, Millipore). The cal~
syntenin-l-containing area on the PVDF membrane was lo-
25 calized by auntoradiography and excised. The sequence was
determined by Edman degradation on a protein sequencer
{(Model 477 A, Applied Biosystems, Inc.)}.
For sequencing of internal peptides, tryptic
digestion was carried out within the gel pieces obtained
3¢ by the fummel-well system (Jeno et al., Anal Biochem.
1995;224(1):75-82.}. Calsyntenin-1 was processed as de-
scribed above by 2-dimensional SDS-PAGE, stained with,
Coomassie blue, excised, and concentrated in the funnel-
well system. The protein band of approximately 20 pg cal-
35 syntenin-1 was cut into small pieces. The gel pieces were
destained with 40 % n-propanol (LichroSolv grade, Merck),
extracted with 0.2 M NH4HCO:, 50 % acetonitrile, and dried



fragment of cal syntenin-l released fromthe cultures of spinal cord neurons

were determ ned- The followi ng se- quences were found: 30 N--termnak i
sequence (single letter code for anino acids): ARVNKHKPW ETTY (Seq. I'd

7) Inter i des: 35 Peptide Nunmber Am no acid sequen,
HKPW ETTWE DNTVLLDP (Seq_ Id_ No. 8) 2. VEAVDA (Segf‘?{‘?]“_”?\i&fﬁ 9) 1 4

MAR 2005 WD 02/22819 PC i' ITR{3l ifllf ¢ ~ 5 ,' 3. | EYEPGTGSLALFPSMR (Sect _
Id- No. 10) 4_ IPDGWT (Seq. Id. No. 11) 5. TYKPAEEHW (Seq. Id. No. 12) 6_

EGLDLQ ADGVedif88et Iy N a 13)e8d vad ENBSINmGM ITHGEREMASYER: .o Seq. | d.
No. 14) The sequence (gf one, 1 nter naljrfﬁ_g%t‘%%%é P@gtl de Nunber.. 1) overl apped
with the N-P&Fnfdal*SequehctE? anteesHfgs, dted &ATSHAESIE o t he
N-term nal 3$egquenceriH-¢b, apliedghh, cfordSianime agigdsrywdin tirerd-ol | ow ng se-

qguence: ARVN, HKP TYHA NDNT V, l.e 3 Cl_oni ng._and .sequenci ng
of the cal syn aehivgl\%ls%rh\l\ﬂ%f D{\{f{égb%:}&%;%mr}e “g‘m*%(’g’a&ndi slefﬁlé)r?cté?‘?qof t he
N-term nbs atnd’the fot ekhalk. pPEpe i pkest bre wived axr-whesiagh widdensrat ed

prinmers for i t I % r hi _ck | N . npl at e.
Total RNA mggggfgga%{?d. %r o%lélél *chi cie%nrH':EegtzloiI{Fnllnl&alﬁl f'r t(}fniaiPl "O%%)lﬁj?eJ Oger ebel I um
( ChontzynskFoaget Bacac ki , Thaapo Bt € Hetht a0ey WesX |9varsEag:ed W@ igo(dT)- and

random pri megdi & DNfe WAS; 1k OOk 66l el b M ileY elMEF iy IRl e S TILASE
(Promega). For PCR, degenerated prinmers corre 25 sponding to the am no
termnus ant™olt Vi nedl k) peph? o%%pt’véeife wWahft REREEEeq Sdhde 45 ners: 5 -
GT| AAVAAGCAYAAGRI JA AT - BPLE Seelutll_(INBlad B)B|Nt Ym particle sized,

CATGA ATHGT] £G SAAATGETIEY 3 Faad I udPertd); @Y comnected to a
mass spectrometer (API-III, PE Sciex, Thornhill, On-
tario). Solvent A was 0.1 % trifiunorcacetic acid, solvent
B was 80 % acetonitrile containing 0.09 % trifluorocacetic

15 acid. The elution program used was: 5 % solvent B for 5
min: 5 % to 60 % solvent B during 60 min at a flow rate
of 50 pl/min. The effluent was monitored at 215 nm. 90 %
of the eluted volume were collected and 10 % injected on-
line into the mass spectrometer {(API-III, PE Sciex,

20 ‘Thornhill, Ontario. The chromatograms were analyzed and
single peptide fractions chosen for sequencing. Sequence
analysis was performed on a Model G 1005 protein se-
quencer {Hewlett-Packard, Camas, WA), according to the
manufacturers protocols.

25 By this method, the amino acid sequences of
the N-terminus and seven internal peptides of the 115 kD
fragment of calsyntenin-1 released from the cultures of
spinal cord neurons were determined. The following se-
guences were found:

30 N-terminal sequence {(single letter code for
amine acids):

ARVNKHKEWIETTY {Seqg. Id. No. 7)

Internal peptides:
35 Peptide Number Amino acid seguence
1. HKPWIETTYHGIVTENDNTVLLDP (Seqg. Id. No. 8)
2. VEAVDA (Seq. Id. No. 9}



tisense primers: 5'-CCl GIl CCl GGCTCATACTCDAT--3"' (Seq. 1d. 30 No. 17)
5' - GTATCI ACI CCl TADATDATCATI CC-3' (Seq. Id. No_ 18) ,

5' - ACICCATCI GCDATCTA AAATC-3' (Seq_ Id. No. 19)and 14 MAR 2005
5' - GCATCAAACTCI GCCTCCTTATAAAA-3" (Seq. Id. No. 20). PCR was perforned using
Taq DNA po (Promega). PCR fragnents were sequence for
screeni ng %%ﬁ%n?ﬁ@35 braries. ApprOX|nater 2.5 x 106 plaqgggpgpwﬁﬁq
oligo(dT)- prinmed E14 chicken brain cDNA’fibrary (Zuellig et al. 1992;

Bur. J_ Siochem 204(2):453-63), an oligo(dT)-prinmed 1 4 MAR 2105 WO 02122919
PC UMA1101 7 353 P20 nouse bﬁhﬂh?@mmwm (Seaat &dendy, an) ol i go(dT) -

and random prg med E15 nouse BpgkiveDNbhi brar yyé A oy tech), and an
oligo(dT)- and randomprined fetal human brain cDNA |ibrary (C ontech),
respectively,”>were 5 screened ByARYBY §79at i b%- wieh Ak correspondi ng

radi ol a- bel egl PCR fragnent segndghiAbgh st&dngeacynsondsfions (Sanbrook et
al -, 1989; ecul ar C oni ng Manua Positive clones were
further cﬁ%?gtterized. The |8ﬁ@%é§B§%§N£¥¥ENETM%%E%%V¥%hg%ﬁE%f 2 1o kb.

It contained Np.sildgl e open readi ng frane (ORF) that encoded all previously
det erm ned am no aC|d se n £2 Sc eeni l.i g T) .-prinmed
E14 chicken brain ﬁﬂgrggéufé |PI %n t8 @gng%u%de ?P%Pg%ﬂg

204(2) : 453- GSwHMF¥h10h9§8ﬁﬂa@@€@twaghatbeoﬁet?rahded $8&qgoleores andnt ai ni ng
addi ti onal "tlﬁﬂ‘.qu%%%%r%ftetdh%nogl):{t@ﬁglohhgf?’ HENL %@ﬂngh@i @,%g;bgac elhne
conp05|te cDNA contal ned nt startln rom:t

ani no-t er k¥ nU<® ¥ 1epﬁéhp&ﬁ|?9e@mﬂﬁ@téﬁﬁﬁ5 TWétﬁyGFGp PRY-OpiEL FEovi ded evi -
dence for a ahﬂgkﬁgtransnenbrane segnment of 19 amino ac 20 ids close to the
Ctermnus (Fig. 2). The or on- cluded that the mature protein was
conposed of an extra- ce HpggkﬁWF§%W¥ﬂﬁ D§31 am no acids, a
trans- nenbrane segnent of 3.9 ami no acids, and a cytoplasmc noiety of 100
am no aci ds. Based on thﬁxgﬁgi%ngq struc 25 tural characteristics as a type
| transnmenbrane protein, kD protein isolated fromthe supernatant

of E6 spinal cord cul t uFdsniapr asdnsequarcpnot ebl vhecaklgyntkraued

N-term nal fragienis Qe Refttldy | ength transnmem

The amince acid sequences of the N-terminus

and the intermal peptides were used to design degenerated
primers for RT-PCR using total RWA from E14 chicken brain
20 as template. Total RNA was prepared from El4 chicken
brain and from P10 mouse cerebellum {(Chomczynski and Sac-
chi, Anal Biochem. 1987;162(1):156-9.). Oligo(dT)- and
random-primed c¢DNA was produced using M-MLV reverse tran-
scriptase (Promega)}. For PCR, degenerated primers corre-
25 sponding to the amino terminus and four intermal peptides
were synthesized. (sense primers: 57-
GTIAAMAAGCAYAAGCCITGGAT-3' (Seg. Id. No. 15)and 5'-
CATGGIATHGTIACIGAGAATGATAA-I* (Seg. Id. No. 16); an-
tisense primers: 5‘-CCIGTICCIGGCTCATACTCDAT-3’ (Seq. Id4.
30 No. 17} , 5'-GTATCIACICCITADATDATCATICC-3' {Seq. Id. No.
18} , 5’ ~ACICCATCIGCDATCTGIAAATC-3' {Seg. Id. No. 19)and
5 -GCATCAARACTCIGCCTCCTTATAAARL-3 ' (Seg. Id. No. 20). PCR
was performed using Tag DNA polymerase (Promega). PCR
fragments were sequenced and used for screening cDNA 1i-
35 braries. Approximately 2.5 x 10° plaques of an oligo{dT)-
primed E14 chicken brain cDNA library (Zuellig et al.,
1992; Bur. J. Biochem 204(2):453-63), an oligo{dT)-primed



brane protein. The exact |ocation of the cleavage site 30 within the
sequence of full-length calsyntenin-1 remains to be determ ned. Based

the location of the tryptic peptides (boxed in gray in Fig. 2) ﬂHéM592W5
rel eased frggnent i solated fromthe cul ture supernatant nu Q ve a | engt h
of at | eatOPEE i no aci ds (as counted fromthe N 35 terﬁiﬂﬁg‘b?'T%e mat ur e
protein). Thirty-eight of the 100 anmino &atids of the cytoplasm c segnent of
cal syntenin-1 are acidic (see Ta Rr (. ACE ?EST SHEET Y M 2005 54 Fig 1).

I n the nost acitdmousedblreiparbNAl8ibuhref (20rsesgdue)ar anasirdye (@angd-t he

f I anki ng Seq%&ﬁ@?aﬁ%% e@ﬁl&éghggs 8% %dbgaiﬁségﬂﬁs a% melléFf|n1larly

aci di ¢ seg- are tharacter seques @Tculin, s
and protein dK$@Dﬂ|d@dl§Drnéﬂaséd¢FF|agélrendam—primesl@btamhbwwm1989

264(36)  21522:28), HRAST1BLALSI 1818hECLAPENs oLhab i1l he,stgrage of Cat' in

t he sarcoplasm c reticulum eta nusc s and t e endop| asmi ¢
reticul umf scaerpreschby B¥bridigasies vn*éhrtleap%rrysp@ndma radigelaumio

bers of Cat' Hears mhf&awhibnuhﬁe@ﬁkéh aﬂgl%éh%&a%onéltﬁbﬁg Chem 1991;
266(32) : 21458- 65; Chnpi shi i thnmeier, iochems

Re
26(23) : 7458- dSaroreRk, St 3%4* FgaéloﬁPﬁﬁcﬁ%ﬂrs@ﬁﬂ%hﬁgnngPaPﬂﬁaE%Fﬁynten|n 1
CDNA of the ImapmalandFobgtiveselonpecwasehoubtngreshakraceaksystienin-1 in

vertebrates exhibit a hi d f tructural nser vat Jor part
of the cDNA of hunan cal 3VH- fgﬁgfﬁﬁiﬁ- L2 ?%Eﬁﬁagy si hﬁ %Eﬁﬁ

(Tent ati v hikian Itccostnsnedsaeqaengdd dEEabaeadmnghfthmeTHGRBlashaprogran1
Seven THCs ( 3 T. 4 H 25,
THC11114, ard PRCS1 THsE i CRORSTo oy h ot e iR Gt RedRenes

cal synt eni n- ﬂfméwe20deﬁprﬁﬁédnanénugéag@édﬂs eshpedeEd 4pahi chen shrpimce of

the human c%maq&bear@ (Eﬁaﬁ@b gt hhe, 5196nd RAd two bRLERhAA! segnents.
The gaps were closed The utatlve franslation start _co- don and

a segnment of %94 (@?R4§§qééhcglﬁér5h#6uﬁﬁaﬁVe%Er@%n?n@rabﬁuﬁﬁﬁlﬁ?ﬁln eDNA
library. fhuslosesobbhithefliag additional 3° sequence of the ORF and

the 3° untranslated region. The composite ¢DNA contained
an ORF of 2850 nt (starting from the aminoc-terminus of
the purified protein). The hydropathy plot provided evi-
dence for a single transmembrane segment of 19 amino ac-
20 ids close to the C-terminus (Fig. 2). Therefore, we con-
cluded that the mature protein was composed of an extra-
cellular N-terminal moiety of 831 amino acids, a trans-
membrane segment of 19 amino acids, and a cytoplasmic
moiety of 100 amino acids. Based on the presumed struc-
25 tural characteristics as a type I transmembrane protein,
the 115 kD protein isolated from the supernatant of E6
spinal cord cultures represents the proteolytically
cleaved N-terminal fragment of the full-length transmem-
brane protein. The exact location of the cleavage site
310 within the seguence of full-length calsyntenin-l remains
to be determined. Based on the location of the tryptic
peptides {boxed in gray in Fig. 2), the released fragment
isclated from the culture supernatant must have a length
of at least 750 amino acids (as counted from the N-
35 terminus of the mature protein).
Thirty-eight of the 100 amino acids of the

cytoplasmic segment of calsyntenin-l are acidic (see Ta-



Ao human cDNA sequence with an ORF of 2943 bp that was cn-rP_identical wth
KI AA0911, a cDNA resulting fromma screen for brain, speC|fJEP@HEﬂEﬁRSSM%ht
was not further charac- terized (Nagase et al., DNA Res. 1998; 5, (5)

364) _  The cDNA of npuse cal syntenin-1 was obtained 3."i by RT PCR 3&&5

subsequent screening of brain eDNA 1 ibrar- i.es _ Bpi sed on the sequence
of overlapping ,- lanes, a .s i-n 1 4 MR 2005 WO 02/22819 F' f'TIl R(I |
)I' I kfO gle CRF of . 2937 nt, encoding a peptide of 979 am no acids was
defined (Fi

9 . The sgguences of humani gd nmouse calsyntenln- 1 starting
with the am HO'ééldIﬁg Peghord 6"t B 'de” 5" 4henct” of “Ehe" N P er mi nal
pepti de of chisckemscalksyatedin-ani(Ehg F2pakThe deduecmdeanhne acid sequences
of the human. and the nouyse orthgl ogs_had an |dent%ﬁélof 86.4.%and 84.7 %

respect i vel y £6°Chi-tkén*cal synteniii 12 Tabl & 1) Aniho-agi d-%equence

identity of meutrenaardchousetealistl10 synt enl sequeasr 92, YoaThesécnesul ts

reveal ed { hat,f BeoSReRl 3oN9FRacl O0UGS, OL-CRLBYDLERT Dt | oL, Lhr e, yertebrate

speci es, = nanel uman, nouse a high’ degree
structural €brgerVabPon26Based: éh5€ﬁe2ﬁ ghTéﬁﬁﬁcPU®e€lm5 ebﬁse$$@mton, a

hi gh degreegf;f 'ﬂB?t¥RQaEtSPQ§§r¥§tEQH i2moRg the s, q%'s%ﬁco Lhol.agsqof
cal synteni.n-| of ferent_ Vertebrate species, su as hunan nouse, rat,

and chi ckefif é&ﬁlﬁéaex‘ﬁ%%e@ coplexangl el's: em@ebegelgea%heelwerof
cal synt eni nnbnkgkat edcegenesauRet at edeeeq@eﬁgeet{/ oghady i Ag dak ahasesm suggest

t he eX|ste ce of cal§ynten|n | i k en n aster _and C__el egans
25 Genes' A& ?Frhétuﬁgpsrgﬂéplgﬁ%h g%ﬁdl5¥r Bﬁgﬁ?aggdc§P§§ﬁﬁéﬁvn J1 were
al so found Biofthehdat abases 26613D) : peh anogast@nn anidi Canél egans. in the

Cenorre Aot hia0c Pt abagen oL Py osonbyl 2L G2FLy)pacal paie, cal sy

tenin-I1-1ike gene was’foun acc Based on" 30 six overl apping
ESTs (GWD9293 HL03914, LDO7408, LD 11689, GMLD465, LD06216) we have
determ ned the sequenceg, gfpides corresponding cDNA (acc. Aar. AJ289018)

The de- .
15 Cloning and sequencing of the calsyntenin-1

cDNA of the human and the wmouse: Species homologues of
calsyntenin-1 in vertebrates exhibit a high degree of
structural conservation

The major part of the c¢DNA of human calsyn-

20 tenin-1 was found by searching the THC (Tentative human
consensusg seqguence) database with the THC Blast program.
Seven THCs {THC176438, THC178825, THC195843, THC200424,
THC192325, THC211114, and THC211115) with homology to the
cDNA of chicken calsyntenin-1 were identified and used to

25 compose a partial sequence of the human cDNA lacking a
segment of the 57 end and two internal segments. The gaps
were closed by RT-PCR. The putative translation start co-
don and a segment of 57 UTR seguence were found by
gcreening a human brain ¢ODNA library. Thus, we obtained a

10 human cDNA sequence with an ORF of 2943 bp that was 44-898%
1dentical with KIAAQC911, a <¢DNA resulting from a screen
for brain -specific proteins that was not further charac-
terized (Nagase et al., DNA Res. 1998; 5 (6), 355 364).

The cDNA of mouse calsyntenin-1 was cobhtained

35 by RT PCR and subsequent scraening of brain oDNA librar-

1es . Based on the sequence of overlapping olones, a sin-



duced protein exhibits an am no acid sequence identity of
%with vertebrate cal.syntenin-1. A fur 35 they cal synteni
gene, B0034.3 with Accession. Nr. AAC38816 was found in

approxi mately 35
n- I -related
C. el eganis? (488005

Table 1). 1 4 MAR 2005 WD 02/22819 rCT/:1:v1,'C ,1,2 56 These results
i ndi cat e MAtYZ¥H syntenin-1- Iike genes are al so found i n™f MAFt'at at es.

Thus, calsyn- tenin-1 represents an evobutionarily ancient
been wel | conserved throughout evolution 5 E anple 6: Calc

gene that has
i um bi ndi ng

studi es Wi t iyt @RFytodpl2asivi a1t S egreat naf «caleptitienior- d7oTheiayt apkasm c
segment of cal: tneerg n(Flntg{/) s calciumions 10 The clustered occurrence of
a typi

aci dic am no ac- | STs al trait of high-capacity,

lowaffinity

Cat +- - bi ndi ng proteins fP@@ndiaqrmemegiscgltahu@am gnhar wuseuchlsmteﬂieequest rin

Carrat cul i n (KRR ot s Mol Cal - 1887 REh 530

4%) £9.) and

To test for

the Ca2 -3 bidinfF cdpddi=a 91 rﬁer@mnwnpeﬁmde qﬁec@e@éqeazt eélé}’ﬂt;lenen lprotein
of its cytop I&ﬁjﬂ @ )segmRNadMdded @@nl%%e&ealseqere%%sn olfnkﬁbnhmﬁaﬁu& on

protein of t qy%jtopl asm c seg ment of nouse cal synt eni n-

N-t erm nal ﬁﬂ & e wttadlaessded pR Béjc,et”éﬁtéfﬁ’sflﬁéfl

1 and
hé ‘Fﬁﬁact CN

sylstem (Newaeﬁnglancie%ﬁal calisrdinc. tl):()}cgﬁlge:g{@%aqfs@ft%zﬁht—flp|(3§mé segnent th
cal - synteni was ampl.ifie efore it s inserted in ame in the
ol i bl o ol O PR M TR B TREY 55 ONCIERG SACCB oLabs.
Inc.). The Rﬁﬁlm:pdrh@rsrm fusi ng the proofreadi ng pol ymer ase Pwo (Roche)

LV3BFmI3 (5. - COCGACACAAEHGCT CERRTCACLEANER SFE FAE BBRGLIR nBbh=r 0

LV39Br nax3 (B9t

AGITGABTERCEAGL Bk atSegrerdesNo_ 22) . The

PCR fr agnent, masi e hﬁﬁ’é‘a‘i‘l | R dd1e a&ﬁsc@:flcﬁk'&@”eﬂﬁ'ﬁlg: Ehigh! behter sites

Sapl and Xhol After %atl on the plas- was used _to_trfansform conpetent

E. coli Streﬁﬁlstructura conservation. Based on the high s

tructural

15 conservation, a high degree of functional conservation

among the species orthologs of calsyntenin-1 of different

vertebrate species, such as human, mouse, rat,

chicken, can be expected.

20 Example 5;:

and

Database searches for calsyntenin-1-related

genes: Related sequences found in databases suggest the

existence of calsyntenin-like genes in D. melanogaster

and C. elegans

25 Genes with a structural relationship to ver-

tebrate calsyntenin-l1 were also found in the databases

for D. melanogaster and C. elegans. In the Genome Annota-

tion Database of Drosophila (GadFly), a single

tenin-1l-1like gene was found {acc. Nr. GC11059).

calsyn-—
Based on

30 six overlapping ESTs (GM09293, HLO03914, 1.D0O7408, LD
11689, GM10465, LD06216) we have determined the sequence

of the corresponding c¢DNA (acc. Nr. AJ289018}.

The de-

duced protein exhibits an amino acid sequence identity of

approximately 35 % with vertebrate calsyntenin-

1. A fuar-

35 ther calsyntenin-l-related gene, B0034.3 with Accession.
Nr. AAC38816, was found in C.elegans {(see Table 1).



BL21DE A single colony containing the correct plasmd 35 was used for
protein expression. one liter LB nmediumcon- taining 100 fig/m anpicillin
was i noculated with a fresh col ony. The culture was incubated in an air
shaker at 14 MAR 2005 WO 02/22819 -'("i'x[134 1662 57 37C until the qg%ﬁ@%
reached 0.6- Afterwards the culture was transferred to a 22C shaker
protei n exPE88HA was i nduced by addi ng 0.5nM POTIRCLGI06T

| sopropyl - B--D-Thi ogal actoside (IPTG. Ater 6 h, the cells were spun down
at 5000xg for 5 10 mnutes at 4C. The cell pellet was resuspended in 20 m
of cell lysis buffer (207ANMsEr kr85u508 ﬂﬂiﬂil\laéii:e Bhia@ 8)1spmdedfie-cel I s were
br oken by sogé%?tlon To obtiin % charl i ed CE # extract the crﬁde cel
extract was 9ENET &d Caf IR0 60K Y 6P 3BVRTREPEREeF0 HUNFTyCRhEYRAl syn 1o
t eni n- 1/ i nt eitrerfiusilonrgpnetsent st e evalifiedacéll extiant gems tleaded onto a
chitin colu S e e Lmn) and stringent
wash condltrgh%n%f%% Q%géchQF%rQ ung%gg§hP§%n &E%UeﬁuPed w th 3x SDS- PAGE
sanpl e buffer (187.5 nNITrls HClL pH6. 8; 6% SDS; 30% glyc 1.5 erol and 0.03%

br onphenol bl ue) and i ncubatj mef g 3 mn- utes at 99C. As a control
mal t ose- bi nding protein E control plasmd; New Engl and Bi oLabs, Inc.)
fused to the intein tag ﬂé§1H§e91HQGHQh%tE§%¢S ¥i hhi Bhe assagplasmier f or med

as de- scrlb%ﬂgﬂ&ﬁﬂjQusbﬁlewht@maﬁaletrné cydoBiache® $38dent 96f 205911-9.).
For SDS- PAGE, af i.fied si.on ro- tein were heated at 100C for 5 mn
prior to Ioacﬁ gei?r’r “10% 61I @:if 8n§els. The el ectrotransfer onto a ni
25 trocelial ose rrenbraneTbSch[Lestbeed&aeSchﬂﬁéhceDaSSeb;.dﬁeramimya)cwaS

performed at canstant v |.t.a f 0 or u a solution
cont ai ni ng 26%1 &no ga %%a%lr‘rr%?sht?k 8a51%§9 l}/f)gryifkﬁ‘g ¥¥H8. 5) as
the el ectrodé&a Ertiﬁimlng\fme?texr&nsﬁ%md tlh?emtmzﬂm soladesel i swciso 30
Luti on contal gy ngGRMIGL, STUMIGE, 1ARdi R0BMLIIY, 78)Ccbll ppbb 8, and

t he buffer was exchanged several times In an rane was

i ncubat ed i n qheEn- 998 iHdPPdR ) cEAACHI ngRE. Salresiculpp dKrsupal andespec-
15 Michalak, Cell. 1997; 88(4):439-43). To test for the Ca’'-

binding capacity of calsyntenin-1, we generated a fusion
protein of its cytoplasmic segment with the bacterial

protein intein. A fusion protein of the cytoplasmic seg-
ment of mouse calsyntenin-1 and an N-terminal intein tag

20 was expressed in bacteria using the Impact-CN system (New
England Biolabs Inc.).

The cDNA of the cytoplasmic segment of cal-
syntenin-1 was anmplified by PCR before it was inserted in
frame in the multiple cloning region (MCS) of the pTYBll

25 wvector {(New England BicoLabs, Inc.)}. The PCR was performed
using the procfreading polymerase Pwo (Roche), the com-
plete mouse cDNA of calsyntenin-1 as template and the
primers LV38Fmax3 (5'-GGGGAACAGAAGAGCTGCACATCAGCGAACG-37)
{Seq. Id. No. 21) and LV39Bmax3 (5/-

30 CCCCCTCGAGTTAGTAGCTGAGTGETGGAG-3') (8eg. Id. No. 22). The
PCR fragment was cloned into the MCS of pTYBll using re-
striction sites Sapl and Xhol. After ligation the plas-
mid was used to transform competent E. coll strain
BL21DE. A single c¢olony containing the correct plasmid

35 was used for protein expression. One liter LB medium con-
taining 100 pg/ml ampicillin was inoculated with a fresh
colony. The culture was incubated in an air shaker at



tively, of 45Ca21 (28nCi/mg cal cium, Amersham Bucki ngham 35 shire, UK) for
10 mn. The nenbrane was rinsed with dis- tilled water for 2 nin%tes. Excess
water was absorbed with v%atnan No. 1 filter paper and the menbriadndimass 1 4
MAR 2005 WD 02/22810 "'t]'-'"912t t 58 dried at roon1tenperature For

aut or adi ogV 2IR#231P he blots were anal yzed using a Phosphor{Zr#&§er1%¢Ml ecul ar
Dynam cs, Sunnyvale, CA) As shown in Figi 3, a dose-dependent 45Ca2+ 5
signal overlapping with the calsyntenin-1/intein fusion protein was found

when the nitsgeel |uk'1|tqsletfh' ! b@@ %EgheBHQU@atﬁgt%Qrgézt eca?f&&%atlons of
0.5tiM 1 uM and 5 bi nd |nﬁ6mas observed w t usion protein

conposed of PRE B @P@ﬁP§?eﬁaFPo§eZB|ﬁd? kBFot 8hf BRACEAN 19DESFSINBP/ i nt ei n
| nt Fig. 3) Wids tlhzﬁtmﬂsw eﬁdmn@/ 0nsﬁmnIfggpg@m{ﬁLgtggﬁl{uo@@w@%%éy@d an

ext ensi ve pre adde e i tion or nore
Ca2* caused tﬁ%ﬂg% Agﬁl gapsyﬁ EnFﬁiiflﬂFE?n?pBﬂt A6t REF§$%9§$nE“%
precipi 15 t ate rimatteshawn}°CThEh€ateilndutddtpwasi pesaspanded fal20
synteni n-1/i phei pr t ad en.o e I
concentratloﬁﬂbfﬂﬁ\%%%l %?%ggsggﬁféﬁuggPaPﬁ &k % an H%g eﬁ@%d a?’cat{
concent r at i opgichdhewsd LgMrere bcghenubgdsonacatnoss B0|dgtmgnb@tmeen

cytopl asm ¢ @9%&h&§e%pc%ﬁlcékE¥QE€ntﬂe c&ﬂ%@'&@i%é@ﬁf?ﬁétn?lnl?& pg of

Ca2* to sites which are clear distinct fromt sites
det ected by 43@&%#651ﬁ&ﬁﬁ&xénfpﬁe3ﬂ|W%§§§PPulE@epuﬁ%ﬁﬁrbh@scahﬁYm respect to

the | ow afdf i Ridii ritndink@ieatup@eht prbebifarBs cihpersufopbasniLedoani n of
cal syntenin ex ts strikjng.simlaritie al sequestrin, the
maj or caIC|uﬂ§ﬁﬁﬂﬂﬁE%£%PﬁFglﬁ 8% gﬁﬂ £9 EHBIQ§ Ea?£?$ WL ER (@ B98¢t ri at ed
nuscl e cel | s fiGal seqeeder 'mn/mxhu bah8 atrshgehar wakhstendbgiohs acl duc
ESZL?EEzd?gg¥%€h8ag§%¥? gg %?gges a#rEt%gnggaﬁéugﬁgg%dﬁégsgggguesTESS
been Iinked E@muﬂgeh@ﬁibicdﬂBBnSbdeTngseaﬁ&cpﬁﬁ Bat h&r SDEhad0%petyveic Ca2}
b Cazs BOTRAIS M0 058! BLBRApHLAB1HTUER ARhificabAEIERPoP IURERS] t Nl
utes at 99°C.

As a control maltose-binding protein (pMYBS
control plasmid; New England BioLabs, Inc.) fused to the
intein tag was used.

20 The Ca®**-binding assay was performed as de-
scribed previously {Maruyama et al., J Biochem 1984;
95(2):511-9.). Por SDS-PAGE, 5 Mg of purified fusion pro-
tein were heated at 100°C for 5 min prior to loading on
10% polyvacrylamide gels. The electrotransfer onto a ni-

25 trocellulose membrane (Schleicher & Schuell, Dassel, Ger-
many} was performed at a constant voltage of 100 V foxr 1h
at 4 °C, using a solution containing 20% methanol, 0.025
M Tris-Cl, and 0.129 M glycine (pHB.5) as the electrode
buffer. After transfer, the membrane was soaked in a so-

30 lution containing 60 mM KC1l, 5mM MgCl,, and 10mM imida-
zole-HCl, pH6.8, and the buffer was exchanged several
times in an hour. Then, the membrane was incubated in the
same buffer containing 0.5 pM, or 1 pM, or 5 UM, respec-
tively, of *ca® (28mCi/mg calcium , Amersham, Buckingham-

35 shire, UK) for 10 min. The membrane was rinsed with dis-
tilled water for 2 minutes. Excess water was absorbed
with Whatman No. 1 filter paper and the membrane was



pacity was proportional to the content of acidic residues 35 (Lucero et al.

J Biol Chem 1994; 259(37):23112-9) X- ray crystallography suggczt ed that
the lowaffinity bind- ing of Ca2+ occured via intercal ation of

the 1 4 MAR 2005 WO 02/22819 PCTI 1R131" 7 59 acidic C-term nal segrrents of
cal sequest MhO22¥8rs ( Wang et al _, Nat Struct Biol. 1998FCB{BY}:'4¥6-83).
Simlarly, calsyntenin-1 may bind Ca2+ By intercal ation between its

cytopl asm c noieties which are held in an ordered paral 5 lel orientation by

translrrexabr ag@ramh@t]g a]g@cluhrt@wwuret hesg Lﬁw%&il X SGAe, ]Et]tlﬁi Bihes g
cytopl asm ¢ donmi n_of. ca nt eni . n-.- xhibits bo affinity an
lowaffinity BFRGi AgH¥2 %% Stn %Cﬁ%&%ﬁﬁé ARG hé"’%%‘ﬁ"gﬁ[ Pf the
tissue distri SubnlyV@heofCBhl synt enin-1 raRNA: The bral nis the tissue wth
the hi ghest expression |eye I cains gen|3n RNA_ 4 erd%er ta g obt ai n

informati on on the expres- sion p ern ‘of cal syntenin- aafferent
human ti ssuesslgﬁahu@rﬁﬁrh@@lﬂl}tﬂ vty stifee mfrl:tmrre@mﬂ/(mmrecﬂmm hy-

bri di zed Wi t hp2,2e 8n ka & DN a@ER £ 104 m&ﬂ@y é%]&éré%ﬁ% d with
[ cc- 32P] dCTP(Arrersharr) using,the Prime-it ran rimer ing kit

(Strat agene) . lFﬁ“b?%e‘BrVﬂffliaQ?onCRB§eBEFF5Fﬁ€§ af Q25G‘%ve%n%htala‘ﬁd5the hy

bridi zation spgnais W%ﬂﬁtﬁiﬂg%%éﬁ‘s&ﬂ@&%'dﬁgﬁimd o acdsl ar

Nort h al f (A) - hed RNA f It h
L1 Seues 1 evoaP BIPACRR o} cCe Rt G ol SR 1 ARG e L Bk A el y

Skb (Fig. 185 4€jn Tmphlghesm BaxpFessidn. of cal syntenl n-1 mMRNA was ob-
served in brain- Low si g%é]v;ﬁ{ é%ﬁ‘s%ﬁ-#teequ q{templ iGent skel et al

nmuscl e, and Ki dneé No transcri p oun ung an ive f&r ey ore,
t hese resul t sWel easeyvedndhsexersige E*\%{tl@h@amtghe&e%)@ﬁ@bmﬂ@ﬁ | evel s of

cal synteni n-1 ;gRMA, Tﬁefé’a@ﬁtiéhtcﬁ‘ﬁ 56 - o EXARIPE &8 Sryddl St solu-
hybri di zati on_anal yses of the tjssue distribution of calsyntenin-1 nRNA
Calsynterlln-? psc%}%yntenln 1/intein, but not MBP/intein, "to precipi-

15 tate {(not shown). The Ca”’-induced precipitation of cal-
syntenin-1/intein was prevented by the addition of an
equimolar concentration of EDTA. Because precipitation
was not observed at Ca’’ concentrations below 50 mM, we
concluded that cross-bridging between cytoplasmic domains

20 of calsyntenin-1 involves low-affinity binding of Ca® to
sites which are clearly distinct from the high-affinity
sites detected by *°Ca?' binding on the nitrocellulose
membranes. With respect to the low-affinity binding ca-
pacity for Ca®’ , the cytoplasmic domain of calsyntenin-1

25 exhibits striking similarities with calsequestrin, the
major calciuvum-binding protein of the sarcoplasmic reticu-
lum of striated muscle cells. Calsequestrin exhibits a
similar clustering of acidic residues cumulating in a
contiguous stretch of 14 acidic residues. The Ca’’-binding

30 capacity of peptides with contiguous acidic residues has
been linked to a general cation-binding capacity rather
than specific Ca’* sites. A comparison of proteins with
such acidic stretches suggested that the Ca“*-binding ca-
pacity was proportional to the content of acidic residues

35 (Lucero et al., J Biol Chem. 195%4;: 269(37}):23112-9}. X-
ray crystallography suggested that the low-affinity bind-

ing of Ca®* occured via intercalation of Ca’’ between the



dom nantly expressed in neurons 1 4 MAR 2005 WD 02122x1') 60 PC T/i Kf-111)
f W In order to determine the expression of cal- syntenin-1 in ithetbggin at
cellular resolution, in situ hybridization was perforned as descrlbed

previ ousl Schaeren Weners and Gerfin-Mser, Hlstochenlstr

100(6): 4248 n situ hybridization on cryosections fror ‘Rnﬁﬂﬁﬁnnuse
reveal ed a strong cellul ar expression ofss cal syntenin-1 nRNA in the gray
matter of the central and the peripheral nervous system (Fig. 4A). In a

?g?gi tZIA) Ste%gﬁﬁggggF?gxrﬁiﬁafDHéﬁnéﬂﬁsfg%;@%ﬁ‘% Q%{éggwm e@%ﬁ\%ﬁé a %9?1651333 date
put amen (cpuRt ehe: tHéFaﬁ£§“%¥h§1°lheE§§%otﬁéﬁhnﬁgst%§ih)31¥¢%?¥%yebelIum

(ce), the peassypepnithe Mygﬁmaad:a@aﬂglmeefématim Wetseén roed  ganglia
{drg}, the ol fact Y glthellun1 oel t he subggn- Y5 di byl ar _gl and, (sg) and
t he |ntest|n§yFPﬁga RECCBPLGH ER YR ER dEF eRP U PR RO RFHE 2l

tissues, except oirfiehbetsoibriagdibathancgbaade &bﬁhﬁﬁbgéectlons processed
with the sense probe, showed no_ st ai (Qe

t he dult
cal syntenin-1 nRNA was abundantoih’ a ed?eass%?t B?AQ%#a%?ﬁ? (Fig.
4B). In the whittplaemier domath af céheyobepis- taékh$hnt$cb¢thdhn§msynten|n-l

expr essi on mg§flhgggdanhn§g§céfPP?§g¥gggH§¥n§nggCéé?ation i ndi cated a

neur onal expression pattern in a and the PNS. Most, if
not all neurons, expressed cal syntenin 25 1 nRNA, yet considerable
differencgs in t he expr efighdpne I ¥el were found. Northern blot analysis of
cal syntenin-1 nRNA in adult human tissues is shown in Figure 4C. Two g of
purified pol yA+ RNA per YoR$T7 ibringheses whi trhe Bryssye MAetd (P ),

| ung (Lu), |b\aelioﬁLb)§ cakeyﬂtadnmm mﬁﬁael't:héaa}alﬁnﬂs ktEaeyigdig were
anal ysed mnt

iola I Th
o eoutar si YA PR RFGREne (B Prp b BRRRT 2Bl QF BRI SPELRLET) reyn
anal ysi s of chi cken cal s¥ntender -tio polotaim. 1ﬂ;5@nmg1@i dén sthe uegeag-act from
adul tchigken;rap (Bt oPeasisfiBlniAS1! 4o fbbbont Hihin (F8sugd] cken

cerebrosplna
a human multiple-tissue Northern blot (Clontech) was hy-

bridized with a 2.8 kb cDNA fragment of human calsyn-
tenin-1 labeled with [0-??P] 4CTP (Amersham) using the
Prime-it II random primer labeling kit (Stratagene). Hy-
20 bridization was performed at 42 °C overmight and the hy-
bridization signals were analyzed with a PhosphorIimager
{Molecular Dynamics). Northerm blot analysis ©of poly{A)-
enriched RNA from adult human tissues revealed a single
species of calsyntenin-1 mRNA of approximately 5kb (Fig.
25 4C). The highest expression of calsyntenin-1 mRNA was ob-
served in brain. Low signals were detected in heart, pla-
centa, skeletal muscle, and kidney. No transcript was
found in lung and liver.
Therefore, these results clearly demonstrate
30 that the highest expression levels of calsyntenin-1 mRNA
is found in the brain.

Example 8:
35 In situ hybridization analyses of the tissue
distribution of calsyntenin-1 mRNA: Calsyntenin-1 is pre-
dominantly expressed in neurons



(CSF), and human cerebrospinal fluid (hCSF) were sub- jected to SDS- PACE and
i mmunobl otting using polyclonal Z 4 MAR 2005 WO 02/22819 t" ;,' Cl GA+2 61
anti bodi es R63 (left panel) and R71 (right panel) against cal syntlénMsR D5

The nol ecul ar weight scale is in kD. Fig- ure 4E shows a scherra;llnq(”rawi ng

i ndi cati ng™hE€ B8t eo- Iytic cleavage site (arrow) on the EalSYntefin-|
protein 5 and the | ocation of the reconbismant peptide segnents used for
rai sing the R63 (shadowed) and the R71 (hatched) an- tibodies in the

conpl ete sequence of Ml Uif HAUSY LM ek Okd ! BabraRL;RAdY FRE; -
recogni zes both the full-length formof calsyntenin-1 and the N-term nal

cl eavage prodS¥FHER Y ntt It d¥a 1AM t%’d%fhl:}?]? FEESIMZE8 t HE Sridits mem
brane stunp generialiedhbhyort h&upr;@élepiamﬁé@ &4 eﬁa\mgei}:m‘d glevippuigni n-1. The

t nmb Kk b B
10 15 B gt sk S By e B R A 5 1L
cl eavage pfodiu@d SG} Cal symiEni nid priot élybnahlﬂas:m @n fctrlylociee:m;gblms

transmaxnbrang %ﬁz ngod@gb{gpgdg rg&rc; ajﬁll%tl Ss)%gfeeg%r oduct and a

soluble N-term nal cl'eavage pro ¢ ‘anal Pstri buti on of
full- length calsyriamin:1 pEp 1% dieapaye r@ﬂtdmmtoaf thkee areritrafodingt,

termed anti boghye RA3-; N ndSSREStd Vel Mn mrg;e 4rp9| seag i étag The

i mmunogen for the R63 antiserum 25 consi st ed 67 am no acid peptide
starting at tHeCNoR e‘ifmfi"fhsmoq T Tk @ ol SYYERich TEI 1T (WeRsndgen for the

R71 anti sep- uma];étmsusi@d o) ANl e vek d(mpept i IMppﬁﬂiaadaalmf&Qiatel y
out st de of e, {1 anUenbr i <Sanetle o shieken sol sl el Both T
Ni NTA col um (¢l agem) _hﬁn@tdmlarmm ofhytﬂe) Raﬁlearuemllﬁne @A frimgnent of
the 267 am no%%q d (g}ongt %Q%drg%;tgg‘g}%f %t ertméu%m,g Jchicken
calsyntemn S aI'T'prI re It S i nser rane in
the pTFT74 vegdegliahedhmgR vieke pekfartedy wwoiidralenpriowsf)-, the subman—

15 dibular gland (sg) and the intestine (in). No calsyn-
tenin-1 mRNA was detected in non-neural tissues, except
in the submandibular gland. Control sections processed
with the sense probe, showed no staining (). In the adult
mouse, calsyntenin-l1 mRNA was abundant in all areas of

120 the gray matter (Fig. 4B}. In the white matter, such as
the corpus callosum (¢c) no calsyntenin-l expression was
found. Inspection at higher magnification indicated a
neuronal expression pattern in all areas of the CNS and
the PNS. Most, if not all neurons, expressed calsyntenin-

25 1 mRNA, yet considerable differences in the expression
level were found. Northern blot analysis of calsyntenin-1
mRNA in adult human tissues is shown in Figure 4C. Two Mg
of purified polyA’ RNA per lane form heart (He), brain
{Br), placenta (Pl), lung {(Lu), liver (Li), skeletal mus-

30 cle (Sm), and kidney (Ki) were analysed with radiolabeled
cDNA fragments of human calsyntenin-l. The molecular size
scale is in kb. In Figure 4D is shown a Western blot
analysis of chicken calsyntenin-1 protein. 150 pg of tis-
sue extract from adult chicken brain (Br), heart (He),

35 liver (Li), testis (Te), chicken cerebrospinal fluid
{CSF), and human cerebrospinal fluid (hCSF) were sub-
jected to SDS-PAGE and immunoblotting using polyclonal



readi ng pol ynerase pfu (Stratagene), the cDNA of chicken 1 4 MAR 2105 WO

02/ 22819 pe-1VITtig 62 cal syntenin-las tenplate and the priners LV3l Fchax3

(5' - GGGCCATGGCTCGTGTTAACAAGCATAAGCCCTGGATTG-3') (Seq. 1d_ No. 2B MARdoss

LV32Bchax3 (5' - CCCAAGCTTAGIGGTE 3TGGTGATGGT GTGGITCATCACATGTGICC- 3' ) ( Seq.

ld. No. 2¥Wo002h#19PCR frag- 5 rnent was cloned into the pTPTY74S&€dtEr using

restriction sites Ncol and Hindlil. After ligation the plasm d was

transforned into conpetent E. coli strain BL21DE. A sin- gle colony

containing the correct 86 ide was used for ﬁrot ein expression. 1 liter LB
18557

medi um cont aPRFHGC488° ehhpPErt ) PSR ThotttHtedinia 295436sH col ony.

The cul turecmsymﬁénbﬁPEd mheamoaédsulsattakeél@it &.?@wtié, :Ixham 0Q26f- reached
0. 6. Aftervvards jhe Iture ansferred 1o0.a 36“31 eihegr The protein

expr essi on was i n uce w%y 3 eﬁ'a 1 S RTE TS YL wer e spun
down at 15 5090kxg ¢deat8gai sites (atrd. ckheclveldalmhiiatnimsl rpamj:selxpended in

20 M of gel y 5 r r oken
by soni ca'?l ohnhT?)h%b?g{:%ﬂog f”M?Jf coni%{i r@:ﬁ:%%’he crtﬁi‘lie ce Cfract
was centri- fogesadsingoobrgRedr (Sadewrdlesandhiehe (BT bn(lprtotteidy wa*& 20
purified usi egbad%wﬁcehemo&&@%%@?&%@'m IB&H@ dTswgdipn manual .

The R63 antigen generated in_this wa I's shown bel ow ( S|n I'e | etter code
for am no acids¥okgprhatapntibedy sRéHhdieeteasrhdrelh dahe Jlength

ﬁal Sygtem n- formseal bahgyhﬁéﬁmnmlﬁmetﬁ@awmﬁmﬁhf alred L Ne ;_ﬁrtdis -thledZSNO
Istidine--ta pec ve el sequence o I gen eq

25) ARVNASKPRFEETTSLED éNT PEEPPR | %@W%ﬁ&&%ﬁ%ﬁéﬁm

KI HGONVPFE AHWBKSEE&:@ QRS&EKtdeEﬁWO&W@.WI@%%a@WHI QUNDV
NEYSPVFKEK | CNYE}, VTP. DVPEA| PKDG

Y| KNTEKLSY *'?%?@B%g‘i%ﬁéﬂ%ﬁ@ﬁ%ﬁ@%%s \ﬂﬁ&ﬁ%ﬁéﬂe

TGSLALFPSM RbEFCREPSE81er bausti ¢A) of 2 t hewR7 1(Bht i Jeth:mm.

15 Example 9:
Characterization of calsyntenin-l1 protein and
its cleavage products: Calsyntenin-1 protein occurs as a
full~length transmembrane protein; a membrane-bound C-
terminal cleavage product, and a soluble N-terminal
20 cleavage product
To analyze the tissue distribution of full-
length calsyntenin-1 and its cleavage products two anti-
bodies, termed antibody R63 and R71, respectively, were
raised in rabbits. The immunogen for the R63 antiserum
25 consisted of a 267 amino acid peptide starting at the N-
terminus of chicken calsyntenin-1. The immunogen for the
R71 antiserum consisted of an 87 amino acid peptide lo-
cated immediately outside of the transmembrane segment of
chicken calsyntenin-1. Both fragments were expressed with
30 a His-tag in bacteria and purified using a NiNTA columm
(Qiagen} .
Production of the R63 antigen:
The ¢DNA fragment of the 267 amino acids long
peptide located at the N-terminus of chicken calsyntenin-
35 1 was amplified by PCR before it was inserted in frame in
the pTFT74 vector. The PCR was performed using the proof-
reading polymerase pfu (Stratagene), the cbNA of chicken



WO 021224 19 1 4 MAR 2005 PCT/I1BO | /01662 63 The cDNA fragment of the 87
amno acid long peptide used as antigen for generation of R71 antibody was
anplified by PCR before it was inserted in frame in the pTFT74 Véchib 2005The
PCR was perfornmed using the proof 5 reading pol ynerase pfu (Stratagen), the
cDNA of cwiodrg@msiRal syntenin-las tenplate and the priners WEIFRYRAXS(CS' -
GGGCCATGATACGCTACAGAAACTGGECAC- 3' ) (Seq. b d. No. 26) and MS52Bchax3 (5°

- CCCAAGCTTAGT GGTGGT GGTGATGGT GAGT GGC- TGﬁACTTGE%%(Fw(}S )(Seq. Id. No. 27).

The PCR fragnment 10 was cloned into the pTFT74 vector using restriction
sites Necol aFEFIHARID- 1% dremnleds SRt kbepPEdfmsrg &S 1Fchawst dPned into
conpet ent E.G@mGAmmmmm(mmmmmhm Gont(&eky . Ng . heecorrect

pl asm de was tel cont ai ni ng 100
s gf i " anbl o1 AR e Gt S T RCL RIS s BRI Ol fure vas

i ncubat ed i mﬂmmmmcmu"m 'UrﬂSlqu the. Oib).2GQ)regtleed® Grahf-t erwards
t he cultue g%t}.e}e rotei pr.essi on was

i nduced b%/ a %a%a%mﬁ%gfé ?hé’eggpﬁs%vs\'é‘tfxg %ﬁ%r giio “&t 20
5000xg for 1@&#31&%1 a?tndlcﬁlmfoelﬂftml ldgakdonr @h@splg@rd@dwam 20 m  of
cel | 1ySi S D dRidsfldMiid Gold®afd) & 20414NG col LS pei ey

k
sonication. To obtain a <clarifie extract the crude cel ?‘ extract was
centri- fugeditatCAPTOOGPFGHB0hithft €orrere Pdaisavider wasi maras £25 purifi ed

using a N Wﬁr&@mﬁ&m&n accaridied ﬂaome@mﬁ{ el iFRNUGlp.  The R71
20l dor o3 P R T aR STRIG TR B thofnd TER P ACSpen TRE . ol
letters i nd| C@Ilﬁlﬁé‘lavasﬂlJtncaiba'ﬁd'lIJQI’]Ianﬂ%:.&ﬂ@hl’aﬂt@r3@.ﬂ'lI3§t°lﬂjldﬁﬂ;1ﬂ.ag:he
SLFDRKEKLV (B RER VA o AP R AP R BT BLS
GHNLANPHPF SMvRSTXYD sheitdth. The protein expression was induced by
adding 0.5mM IPTG. After 6 h the cells were spun down at
15 5000xg for 10 minutes at 4°C. The cell pellet was resus-
pended in 20 ml of cell lysis buffer (50 mM Trig; pH 8.0)
and the ¢ells were broken by sonication. To obtain a
clarified cell extract the crude cell extract was centri-
fuged at 12000xg for 30 minutes. The fusion protein was
20 purified using a NiNTA columm (Qiagen) according to the
instruction manual. The R63 antigen generated in this way
is shown below (single letter code for aminoc acids; capi-
tal letters indicate amino acids found in calsyntenin-l;
small letters indicate the initial methionine and the
25 histidine-tag, respectively.

Protein sequence of R63 antigen {Seq. Id. No.
25}
ARVNEHEPW IETTYHGIVT ENDNIVLLDP PLIALDKDAP
30 LRFAESFEVT VIKEGEICGF KIHGONVPFE AVVVDESTGE GITIRSKERLD
CELQEDYTFT IQAYDCGKGP DGANAKKSHK ATVHIQVNDYV NEYSPVFKEK
SYKATVIEGK RYDNILKVEA VDADCSPQFS QICNYEIVTP DVPFAIDKDG
YIKNTERLSY GRKEHQYRLITV TAYDCGKERA ABEDVLVKISI KPTCKPGWOG
WSKRIEYEPG TGSLALFPSM RLETCDEP
35

Production of the R71 antigen:



1 4 MAR 2005 WD 02122819 pr' ('lgni 1prCl62 64 The antisera against the
proteins (antigen R63 and antigen R71) were raised in rabbits by injection
of 50 ug protein in phosphate-buffered saline with com plete Frﬁu zﬂ%
adj uvans o8 o3 e first injection and with 5 inconplete Fr Wﬁmﬁgf { for
t he booster Injections. The anti-calsyntenin-1 antibodies were aftinity
purified fromthe irnnmuneserum by a passage over a protein-G columm

foll owed by an antigen-conjugated colum. Antibody R63, raised against the
N-termnal 10 267 am nahacicdsiaoff rubRefat HEetpEORSI Bmidet aetig hehh ful | -

| ength cal syntenin-1 as.well as the _N-termnal .part - Suiti, fromthe
prot eol yti c)i)ceip:tél\f%gé‘ls(eﬁ §° BETIRN TH5ageRRFR 0N ?efé%gdaiaﬁ’stﬁ%gdgegnent of
87 am no aciwiss laggatietedadjya e Hedorkee itr ansmrEmycanteddmifrargdetiact s t he
trans 15 ne AU, JENE! a t p lyti£ . .cl.eavage. In \Wéstern
bl ots, cal sﬁ{%%%r@tl I mmno?;‘a??]%v%%ga% § %ﬁrg%r%“&jiﬁélsé% Egllevglr;?oifﬁ brain
extract s anddatunige Rednoisigisss pifval (Stiraitdge@SF; thieg ciB) offxtriakes of al |

the other tdSsuesdrial- MR & dpsit I/ sl Reard mdil t gst.es 20 (Fig.
4D), as well as’ki dney, |ung, am?e% Ia?enlt%%lo?)glshoménuddll%&B g)%hi bi t

cal synt eni n-%%%@“&qm ; IOG@F&FH extlget-s Ist- Aul 2&hirekens, two
bands with agpacerbk3 MA gecka@eEndchibrisBraere e adtidecant i body R63,
whereas a si d at. 33.K s detected w_th antibod 25 R71 (Fig. 4D).
The 115 kD Gﬁ&%ﬁ%&%ﬁ Bﬂ\%‘ﬂe %ﬁo- Nei Wi £ |P§3f¥ F&EHFERd with the
conpart ment atasc wlouresl insi ahea TFN7Al sasedrpratieig) dstidietdxe dendritic
com partnent.,of inal__cor. ns. e.150 kD band repre-. sents nost
likely the L:htl%ﬁ é%&triﬁ q'nodr)n}g(ﬁ(g 's?}r?ttle-%i %}%?tﬁﬁnogt ed Yo éisggﬁ mat ed size
of the rel edgedsifioagreghtinind conipetieatgfh oblihe tedms MIdiDane fasdn-
cytopl asm ¢ SRIAGHy ddhildiGiaRl FHORARR grié}'a%mto ?{grﬁal“goﬁdso X‘béé@ fogcogni zed

only a sindgle band of 115 kD, that, correspond soluble N-term nal
cl eavage pr GFRYCIG CEESARIEON n-11 1ieTc ot Mgl Wb qanisigiimaedi®Oact , CSF did

not cont g4 n yig/li- apgidi 19als was Herichldted WHeH HRITEIP@1enst.Uhe Taken
t oget her, thc%sl%u results, indicate that full- %cheth cal_synt eni n-ltiréd its

re was 1inc ted in an air s r at 37°C until

ODygq reached 0.6. Afterwards the culture was transferred
to a 22°C shaker. The protein expression was induced by
adding 0.5mM IPTG. After 6 h the cells were spun down at

20 5000xg for 10 minutes at 4°C. The cell pellet was resus-
pended in 20 ml of cell lysis buffer (50 mM Trig; pH 8.0)
and the cells were broken by sonication. To obtain a
clarified cell extract the crude cell extract was centri-
fuged at 12000xg for 30 minutes. The fusion protein was

25 purified using a NiNTA column (Qiagen) according to in-
struction manual. The R71 antigen generated in this way
is shown below {(single letter code for amino acids; capi-
tal letters indicate amino acids found in calsyntenin-1;
small letters indicate the initial methionine and the

30 histidine-tag, respectively.

Protein seguence of R71 antigen (Seg. Id. No.
28} ,
MIRYRNWHTV SLFDREKFKLV CSELNGRYVS NEFKVEVNVI
35 HTANPIEHAN HIAAQPQFVH PVHHTFVDLS GHNLANPHPF SVVPSTATgh
hhhhh



14 MA R 2005 WD 02/22819 PCTI]|BO /01662 6 5 cl eavage products coexist in
brain tissue. The N-termnal 115 kD fragnent of calsyntenin-I that is
solubilized af- ter proteolytic cleavage is also found in the GC3RMARNITS

i nvestigation of human CSF indicated that 5 human calsynteain-1 is cleaved
in the eWQAYEPBIUl ar noi- ety the same way as cal synteni i8S her

vertebrates. As denonstrated in Fig. 4E a promnent cal syntenin-I-

i mmunor eactive band with the sane nol ecul ar wei ght as the N-texwdlnal

cl eavage fragnent of cal sgntenj n-1 found in |l o nmouse and chicken. These
results indicate that tHeE RY-13¥FH AT e iy @G LRASYRHEASE™ in the

FxtracellulaﬁB d?dahﬁtﬁgeﬁdnharaﬁéﬁéiﬁéiﬁeﬁfﬁﬁlﬁwﬁ?ﬁmm?gfw&ﬁdﬂﬁ%&m evo-
ution. 15 apple 10: Studies t he subcellul a al i zati.on 0

cal s~pnt eni %I Egzé‘StEFﬁ'?S%“th% ﬁ‘%ﬁ%ﬁ%%%%%ﬁ%él N V&R GG F ace- bound

cal synt eni nplets Eokoodl Ezad]wihs efor t g | Bheok sinmpeat i comeandkeri it ot ei ns 20
| mmunopekoxi LN} L1 S8k ti f | cans Fig. 5A)

and the éer%ggéﬁpg%?%egpgﬁgé 5s%§§§$§$§y%§?§3“?ﬁg?nﬁggiﬁﬁﬁgn|n?ﬁ“éhs

abundant i nThgnangpseadsppteegiiohsaniibodiypervergmi fcattvmun Hudt at e

appearance @fohhenkNnki88s8HM NGy A 1%5@555@@& 41089 2 HoFlgh SA) was
found, suggesting a synaptic |ocalization ~of calsyntenin-1. A detailed
study of thé&oddseer byapn| srbiveR-corivErted F9HE® associ at ed cal synt eni n- |

was performed by i munght U@ CGeETE €0l D6l dFeaitrian ik ot dedinEnaaf di ssaci
S0, 1 Pagsapahoneut qus, ML sspesions ol hgpocerml., diasept ed from
mn at 371Cleagtht chllsyntationl ubs mgell bhsetli® INoretminaCgbdrs: wes-e t hen
oS ont e Bt e el oo MpET Bl U 00
(G bco/ Li f eRTéechnalisglesyainspsaNgeanent - obudrbat@d catids el Reeted| ogi es), 2
M gl ut am ngg3RERP- toltAeMParf8mbrane domain, detects the trans-
15 membrane stump generated by the proteolytic cleavage. In
Western blots, calsyntenin-1 immmnoreactive bands were
found exclusively in brain extracts and in the cerebro-
spinal f£luid (CSF; Fig. 4D}. Extracts of all the other
tissues that were tested, including heart, liver, testes
20 {(Fig. 4D), as well as kidney, lung, and spleen {not
shown} did not exhibit calsyntenin-1 immunoreactivity. In
brain extracts of adult chickens, two bands with apparent
Mws of 150 and 115 kD were found with antibody RE&3,
whereas a single band at 33 kXD was detected with antibody
25 R71 (Fig. 4D)}. The 115 kD band comigrated with the pro-
tein initially identified with the compartmental culture
system as a released protein of the axo-dendritic com-
partment of spinal cord neurons. The 150 kD band repre-
sents most likely the full-length form of calsyntenin-1,
30 based on the estimated size of the released fragment and
the length of the transmembrane and cytoplasmic segments.
In the cerebrospinal fluid, antibody R63 recognized only
a single band of 115 kD, that corresponds to the soluble
N-terminal cleévage product of calsyntenin-1. In contrast
35 to brain extract, CSF did not contain full-length calsyn-
tenin-1 or the transmembrane stump. Taken togethexr, these
results indicate that full-length calsyntenin-1 and its



WO 02/ 22819 PCFRB11/ 1l:f;7 66 N sodium pyruvate. Cultures were naintained
for up to 4 weeks in a humdified incubator with 5 % CO2 at 37C. Cells were
fixed in 4 % paraformal dehyde and 4 % sucrose in PBS for 30 mri at, 37C
After rinsing wwith 5 PBS, cells were preincubated in 10 %fetal i%MMU&En
and 0.1 %ghygiRe in PBS at roomtenperature for 1 h befo %ﬁﬁ.}gl on with
the primary antibody in 3 %fetal calf serumin PBS at 4 For
t he doubl e-13beling experinments, prinmarsg anti bodi es were i ncubat ed
together. 10 Cells were washed for at least 30 min in three changes of PBS.

For secondardl@d\}@f@%@&a&d&@&@dﬂ&ﬁh@ﬂ 13Qah alldsud ablid §-9GSappel ) and
Cy3- conj ugat y anti-nouse G (Jacksan | m"runo Research Laboratories,
Ju]g%gm a%rf‘%fﬁl

Inc.) were Al G t tife SRy Ees B 15
meabi | i zed wiéh Iﬁkdté/osﬁmﬂmedisigablmrﬁkcswtamd Gr™eHeercsF . such as synap-
tophysin, the a2 subunit, of. the GABAA receptor, and._the nit of
the AVPA receptor were JSbod¥ESkASRAO™ £y %%&& |léldt1é:ta:$\R§la%g‘

post synapi i dlmmbrmiesynt@ﬂ&lsp@ctqh@\@ed The @ idxadhyacagaiuiste tntta—GABAA
receptor su 6‘.&&&4‘% N- Mar ¢ E | bod- ies
agai nst syng‘fo% ysin %@;5%\@6%%% u% c\g/\ferc;eél{ We%élﬁ[ ar m ngen,
and Cheni cor®s rfg%fWIFWWd RV Fl@mﬂrﬂs-t req tREePILimeRity Ca\:J»S}Bl@me‘a-llsynt eni n- 1

| mrunor eact . jmafoi ddc i Hidd w3 At fatd %m@ﬂr& r&f‘éirg}ﬁte ngles. A

very S|mlar stal nj pattern was found with the antibod- I'es aga| nst
synapt ophysi¥ %‘3 a9%e EAgHeT e Qp-calsyrtsgn-siofound ik overl ay,
the maj Of]@tmsé f’%n!laéﬂﬁckﬁ{ eanhdsbaladmd hrﬂiﬂddwltaﬁatagﬂﬁﬁgiro- .
synapt ophysi ot ptor._were at st partia super posed,
with the cal%?f?i]% 6%fe A5 SR P ssg’rﬁ'reé%rca}cﬁ%ﬂﬁgilable
ant i body agadamamcyetoqolcamac:t@;mtsdm: dfha tQwa#2 casetved ghiriegdy evo-

per neabl i zati%%;_the cells and, therefore, stained both surface-exposed
and i nternal 35 receptors (Fig. 5D), large i munoreactive patches were
found in close proximty to and sonetines partially over- lapping with

pat ches of cal synteni n- gdeaupidngpgactivity. 1 4 MAR 7(1(b
Studies of the subcellular localization of
calsyntenin-1 protein at the light microscopic level:

Cell surface-bound calsyntenin-1 is colocalized with es-
tablished synaptic marker proteins

20 Immmoperoxidase staining of tissue sections
of the hippocampus (Fig. 5A) and the cexrebral cortex {not
shown) revealed that calsyntenin-1 was abundant in syn-
apse-rich regions. At higher magnification, a punctate
appearance of the immunostaining in the neuropil (insert

25 of Fig. 5A) was found, suggesting a synaptic leocalization
of calsyntenin-1.

A detailed study of the subcellular location
of cell surface-associated calsyntenin-1 was performed by
immunofluorescence colocalization in cultures of dissoci-

30 ated hippocampal neurons. Cell suspensions of hippocampi
dissected from brains of E17 mice were prepared by diges-
tion with trypsin {0.25 % for 10 min at 37°C) and tritu-
ration using a blue Gilson tip. Cells were then plated
onto acid-washed, poly-L-lysine-treated glass coverslips

35 or poly-L-lysine-treated plastic dishes in DMEM supple-
mented with B27 (Gibco/Life Technologies), 0.25 mg/ml Al-
bumax {Gibco/Life Technologies), 2 mM glutamine, and 0.1



WO 02/ 22819 RC Tr1RA1l/"(At'7 57 Together, these results denonstrate the

synaptic local- ization of calsyntenin-1. Exanple 11: 5 Studies of the
subcel lul ar | ocalization of calsyntenin-1 protein by inmuno-el ech £ &R 2005
m croscopy: Full-length calsyntenin-1 is a conponent of the postsyn- aptic

menbr ane. W8 %%8%¥e41 the subcel.lular localization of 10 cAI"§YAteKIh-1 in
CNS neurons, we have used preenbeddi ng @nd postenbeddi ng i mm
no- el ectronrni croscopy. To prepare brain tissue for i nmno-EM 8 adult

W star and Jine rats 0- 25 of both sexes. were_ deeply

anaest het i zggﬁﬁdtlﬁmngﬁg}]é%%(éé&%%?I“ﬂ?%énerf‘aﬂ%an%n? I5t'e Thd® fusa) 25
and per f used welsksugh ehbunsdéehdedginonbatdorwilsh 2% % @0; fitr $6°Gi.t h 0. 9%
saline for 1 min foll owed,bysfjXali¥e.o£0ntai ni A% flehyde,

0. 015-0. 05% gl ut aral - deﬁ?/de? and O. 2‘% pio'lcri o ag%l rr%e u%@% I%% phosphat e
buf fer pH 7.4 *TRER*BFEi A8 TBFelpEndled® rom 1 heC sidf teporimti e atid-tPB and

ei ther 70 spmpEg,r 2k314sedrbnppeegshideeding 10 4 nOCyT osder sdoF) 8@ 500 m
thick coronal_ sec- tions (2 rats used for freeze subs%lt_gjteé%) ) were cut on a

‘
vi brat ome. F&-pre@iBEd8ENg" FRuNBEY FBRRCHTBR AL EHR i Xfer e

cryopr ot ect ed ricub3®¥%auei esethqupe Kinyir{ ront Zesdy nih i gus dfa AT agery and t hawed:
in PB. After Sprei ncub

—LtLpn, | 0% por nal, goat_seru , Vector Labs.
USA), secti 611 Werld ?ﬁguggt 3d8i %Oﬁr ?gn}r %h??%%d@h%%‘%%ﬁ%%ﬂw MM Tris
buf f ered sal isn@egiingnds( TBSimaont anhihgd 286 30=BSAL amdb28e NG @t kS f or 2
days. For 4. 0 , ect.i I hcupat el in-1:40
goat antil-{Jl raegjli% %%Egcgﬁ%ﬁgg f8§1§§ %%é%%ﬁg(moproggrsg%n%ﬂ osny(glf Br ook,
NY), postfix&®S-nFe% gegpaardefpHebpil eRT FHI -convied 54 sYPateradntrancenent

of the gold pamyit! @geWi(bhppB1B5ahE 88 Vesn khda  MANIPHREE Sar N )mo ke
per oxi dase reaction, =~ sections were incubated for 4 h at RT in hiotinylated

t
goat anti-rabti® MGE<POB:LBTUPRLEPSERFTE R ROBDECT HeTBSTAC 4) MeZR 2: x. | 5 WD
02/ 22819 PCTUSHAL/ Fbi( 82ainings with anti-GluR2, the cells were per-

15 meabilized with 0.1 % saponin.

Established synaptic markers, such as synap-
tophysin, the oy subunit of the GAB3, receptor, and the
GluR2 subunit of the AMPA receptor were used as markers
for presynaptic terminals and postsynaptic membranes, re-

20 spectively. The antibody against the GABA, receptor sub-
unit o2 was provided by Jean-Marc Fritschy. The antibod-
ies against synaptophysin, PSD95, GluRl and GluR2 were
from Roche, Pharmingen, and Chemicon, respectively. As
demonstrated in FPig. 5, B-D, calsyntenin-1 imminoreactiv-

25 ity exhibited a patchy pattern along neurite bundles. A
very similar staining pattern was found with the antibod-
ies against synaptophysin {Fig. 5B) and the GABA, recep-
tor (Fig. 5C). In the overlay, the majority of the large
areas labeled with antibodies against synaptophysin and

30 the GABA, receptor were at least partially superposed,
with the calsyntenin-1 immmoreactivity. With a commer-
cially available antibody againt a cytoplasmic epitope of
GluR2, which reguired permeablization of the cells and,
therefore, stained both surface-exposed and internal AMPA

35 receptors (Fig. 5D), large immunoreactive patches were
found in close proximity to and sometimes partially over-

lapping with patches of calsyntenin-l immunoreactivity.



68 containing 1% NCS foll owed by 2 h incubation in avidin- biotin-peroxidase
conpl ex (ABC kit; Vector Labs) diluted 1:100 in TBS. Antigenic BLtps MWgre
reveal ed using stan- dard 3, 3'-di am nobenzi di ne tetrahydrochl ori de
histostain 5 in rocedure (0.05% D A B and 0.01% H2Q2 in TB;?H 7. 6 ) . The
gold-siIvéwoﬁﬁ@gﬁgroxidase reacted sections were post- fixBd" 1% 3smi um
tetroxide in PB, stained with 2% ura- nyl,acetate, dehydrated in graded
series in ethanol and fl at-enbedded on gl ass slides in Durcupan ACMresin

10 (Fluka) f el ectron. m crosco Faor post enbedd] ng i munqcytocheni stry on
Ul - trathin S8GEtBA WEPHEBA  ERELFFeaZEOBThEP Rt PO KRAPI 06 OERBar at Ut e
enbeddi ng prozedure af dedsynbedieafdl.ier (Baude et al., Neuron. 1993;
11(4):771-87). Vibratone 15 sections were cryoprotected in 1 M sucrose,
frozen on a Reichert MMBOE devi ce, dehydrated in nethanol at -80C and

enbedded in Lowicryl HV EBaywhenidehe Werke Lowi GrBH, Germany) using Leica
CS aut o appar at us. UItrathaie§E8F|9Hé §nggliﬁigﬁaié§g}%?ggggx!Ognbedded

bl ocks were 20 picked up on nickel grids and incubated. mn on drops
of bl ocki ng SSls¥PEeNEBNLsPrARGESN DY, BIMUNG-edectsPr- RACEO SO :ski n

gel atine (Si gral-1andtbleNESvhRchBR-1C98t i BoRgoleh¥ bF toR Xok@@ynIhe

bl ocki ng solutiqn was, also used for diluting the primry and secondary

anti bod 25 i BPFIFhBeFPraBSwere i ncubated overnight in primary anti- bodies
(16-24 jig/m) followed by P2ebeabcuhat sabcehldiapsioehl geatiant bfrabbit 119G

coupled tg 1.4 .nm gol d_( Nang- obes_Inc.) diluted 1:80. The.anti.bodies were
fixed mﬁtﬁ) y uggPépdeh§8eC& r DFUKORT o E PV SPPTPYESTRN t 30 with
an HQ kit (Naagpposssmbrddingoinguboned ethenngécrotsicopy . wice preparast ed for
electron m C&ﬁ%%p!éi‘ysh% géku‘uﬁ:ﬁh%‘iﬂﬁqU%"H&u%aﬂilst%}e%ﬁheof | hqyed Dby | ead
citrate. For doubl e-sided | munoreaction., sections were etched wth

sodi um et hané@te fl8002230sgpr pér bosh srrEsOMVEEEDdERPAYIBnARtheldradet al .

Derr. Bio'-1%8Qb,&%Qﬁ%kanégQmé%ﬁbxFEQh&aﬂbee@E%ﬂﬂhﬂﬁpéﬁé ReRi.enerddi ng
i mmuno- EM_ denonstrat ed _un U|vgpa |y that cal syntenin-1 is |located 1 4 MAR
2005 V[)dﬁ?Zf@@bpﬁé%PFﬁél PPQ- the ascending aorta for 15-25 min ]

first with 0.9% saline for 1 min followed by fixative
containing 3.5-4% paraformaldenhyde, 0.015-0.05% glutaral-
dehyde, and 0.2% picric acid made up in ¢.1M phosphate
buffer pH 7.4. Then brains were removed from the skull

20 ipnto cold PB and either 70 pm {6 rats used in preembed-
ding immmmocytochemistry) or 500 um thick coronal sec-
tions {2 rats used for freeze substitution) were cut on a
vibratome.

For preembedding immunocytochemistry, the

25 sections were cryoprotected in 30% sucrose, gquickly fro-
zen in liquid nitrogen and thawed in PB. After preincuba-
tion in 20% normal goat serum (NGS; Vector Labs, USA),
sections were incubated in primary antibody made up in
0.05 mM Tris buffered saline pH 7.4 (TBS) containing 2%

310 BSA and 2% NGS at 4°C for 2 days. For immuniogold method,
sections were incubated overnight in 1:40 goat anti-
rabbit IgG coupled to 1.4 nm gold (Nanoprobes Inc. Stony
Brook, NY), postfixed in 1% glutaraldehyde in PBS fol-
lowed by silver enbhancement of the geld particles with an

35 HQ Silver kit (Nanoprobes Inc). For peroxidase reaction,
sections were incubated for 4 h at RT in biotinylated
goat anti-rabbit IgG (Vector Labs} diluted 1:200 in TBS



69 in the postsynaptic nenbrane of both excitatory and in- hibitory
synapses- Preenbeddi ng i ni nuno-EM wi th peroxi- dase-| abel ed antiqqghﬂ§;m:

| ocat ed cal syntenin-1 in the postsynaptic nmenbrane of synapses l|'ocated on
dendritic 5 spines, dendritic shafts, and on neuronal somas (Fig. 6, A-QC.
In sone sy&aﬂﬁﬁﬁngcalsyntenin-l i.mmunoreactivity was al sg-ffind,Qyer part

of the adjacent perisynaptic nenbranes. Rarely, floccular i mrunoreactivity
was found in dendritic spines. Postenbegsi ng i nmunogol d staining of ].0 rat
bi ppocanpus enbedded at | ow tenperature confirmed the |ocalization of

cal synt eni n- lc&nr&atihgnaoagsm@p%@l%gakﬂgg%ghg EhQub8eilh Q%i Botdy gsymmetri c

synapses with round vesicles and thic ) Tyge 1 accor n&ito G ay,
1959) and syHPSERTBSEPHAPEES Kotk LERedABFphiE i vaSFEPEsLaRE) t i H1asd PSDs
(T?/pe t2) ?Xhilbllt()@d igahsynt @Jtitltﬂ]ybér]'i&‘ a@ﬂt@%ea@kbvtkbyealﬁ%nﬁsiﬁg ng%artl}]

cal syntenin-1_a Qnponen .postsynap- tic rane,in bo
excitatory aﬁﬁI%h§F i?%ﬁ?m§yﬁ ﬁ?ééslgﬁ ES%§?E¥9§PFBﬂEB$d?h@lﬁﬁg?g@ﬁ%btic
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cal ci um bi ndi hg € i e cytoplasnmic, _segnment .of cal syntenin- cones
particularlygfncgggggﬁ%éé%do ngﬁﬁgﬁgg 6585F8§ 3Fééﬂ%§ V%?gt%%s resence of
bot h hi gh- afflix¢ic ynadd loewiahf iteitrpxCd2+ihi BB, ngtsibed. with 2Humda—

Cat +- bi ndi ng 8+ GYop sy I S t eni e
concentratioﬁhgs%%oﬁ %%'0.%%%F&.qgggkgrg?aggﬁe¥%§%gglg@nggﬂ on%?%n%f

cal synt eni n- Elgitrggbegdedaonc glassefliderons BregrpprngAdtir Fagipost synaptic

Caz+ inflyx, (HSI4GG9SELRI O] IERiBrohcadpya Modul ator of postsynaptic Ca
2+ signals- In parallel to the high-gapa0|t , low 30 affjnity Ca2'-binding
function of cal sequestri ACTwWRPERERE F59t§%%“§PﬁYF%?h%W%§ﬁ¥¥i?ﬂ]Qﬁ“acidic

resi dues cumiwaitinig siedtdofiQniweguged sheetebeak bdbaeiditiossit@chowt he
cyto- plasm c_donmain

lowaffinity *i%?frﬁtﬁ%ifenSa.%%iee%?ﬁs%ﬁér%'gggag%%‘g%g??ﬁg%?f%%ﬁ iydfegr Wi t h
conti guous aciBiudler esi dules Nasiromen 19PBnkéd (40 :a7§eBéd al Vihtabormbi ndi ng
Co0REL) RIS BB gy B, ROERBRLED Ehopen!shng i I
Reichert MMB80OE device, dehydrated in methanol at -80°C
and embedded in Lowicryl HM 20 {Chemische Werke Lowi
GmBH, Germany) using Leica CS8 auto apparatus. Ultrathin
sections 80 nm thick from Lowicryl embedded blocks were
20 picked up on nickel gfids and incubated for 30 min on
drops of blocking solution conisting of 1% BSA, 0.1%
cold-water fish skin gelatine (Sigma), and 5% NGS in TBS
containing 0.1% Triton X-100. The blocking solution was
also used for diluting the primary and secondaxry antibod-
25 ies. The grids were incubated overnight in primary anti-
bodies (16-24 pg/ml) followed by 2 h incubation on drops
of goat anti-vabbit IgG coupled to 1.4 nm gold {Nano-
probes Inc.} diluted 1:80. The antibodies were fixed with
2% glutaraidehyde for 4 min prior to silver enhancement
30 with an HQ kit {(Nanoprobes Inc.) Ffor 3-5 min. Then sec—
tions were contrasted for electron microscopy with satu-
rated agqueous uranyl acetéte followed by lead citrate.
Por double-gided immunoreaction, sections were etched
with sodium ethanoate for 2-3 s prior to immunoincubation
35 {Matsubara et al., Dev. Biol.18%96; 180(2): 485-510).
Both preembedding and postembedding lmmuno-EM
demonstrated unequivocally that calsyntenin-1 is located



70 acidic stretches suggested that the Ca2+-binding capacity was
proportional to the content of acidic residues (Lucero et al- Bi ol Chem_
1994; 269(37):23112-9). X- ray crystallography suggested that tTHe MAR 2005
Iom#affinitx bind 5 ing of Ca2" occured via intercal ation qLUE%Z bet ween

the acidi¥O82#8%i nal segnents of cal sequestrin dinmers (V& 4., Nat

Struct Biol. 1998; 5(6):476-83). Simlarky, calsyntenin-1 nay bi nd Ca2} by
intercal ation between its cytoplasnic noi eties which are held in an ordered

paral 10 el sor LAN BELOD Mt ansmabianecanehonags. PUpclo Lhs anchorage in

t he postsynaptic ne the cytopl asm c domain 0 enin_1 estab-
| i shes a f|xéﬂbﬁﬁPTYbﬁYﬂépsﬁéneéﬁh%ﬂﬁ@dﬂgggsyw&ppchﬁewﬂtbrQﬁéOKFrxed

buffers, in fa%tgt%betmdneksutll%o@ﬁefserl%ca&%dléa%gfh%nmeldIlkf wgkon of CaZ+
(Kasai and Pet ersen, Trends _Neuroscience -101). They al so

decr ease thepoﬁééKnéﬁFﬁésmSWbF@@ﬁfG§2$Y§ﬁéseﬁyloﬁégﬁﬁe8nr@P§§§étb? Ca2+,

prol ong CaR+sgligeati aéﬁdréﬁlé fobhead sCadhgbuhf ﬂéur@ﬁhiyaombgm{ﬁlgl gay
tenporarily retain_Ca2* in the subsynaqﬁlc 20.zone.and retard

di ssi pati on. At nit® POPE, S¥ERRATS - FYRERRY 5 téWWPQPF?aﬁélglﬁ%dulatory

element in symapaIEncfpnndeSS@&-whameoﬁrah&|aﬂbacnate@&essynapnﬁbacelIular

Caz f LT Col | d

Nat ur o, - 1003 4B Rhsby) RaEREPS SRt bRk e R 4 ek O o
1995; 18: 319-i87yendsihel| spageisn FRoisveiberdda ndet mmunogondt ktaidéndr pEi c

Spi nes (ﬁuC&%&,hQBbbcaﬂbug NS a1 989 t%&ﬁér%@%re E%hflﬁaéh gR¥naptic

Ca2+-transi ents have been reported to trigger er- ther or LTD, depending
on the concedtcatidatang Pﬁecﬁéfﬂﬁﬁé¥F6hloﬁntﬁéeC§°§P5€H§ﬁ§éC mefgh

el evations o Gad} (Feg.as, fﬁWGSQCQEQ% b@@mﬁ@tkIB s&hﬁ@@@& lewar rehgyat i ons
O 2 e LSHADELS. 20l PRSI Wl SRR ST SRBLOX. I 6Ly ol nypgigre found
absence of aaﬁ@Qﬁbmméetlcns&ﬁa@hﬂxﬁubsyn@ﬂbnmosphae @@shdle@hendfohen be an
0" a0t SHRHBT el Y ERRNN O SelU IR A S e 08,
confirming calsyntenin-1 as a component of the postsynap-
tic membrane in both excitatory and inhibitory synapses.
In consideration of the postsynaptic local-
ization of calsyntenin-1 (as shown in the present exam-
20 ple), the calcium-binding capacity of the cytoplasmic
segment of calsyntenin-1 bcomes particularly interesting.
Our studies provide evidence for the presence of both
high-affinity and low-affinity Ca®-binding sites. We
found Ca®?'-binding to the cytoplasmic domain of calsyn-
25 tenin-1 at a concentration as low as 0.5 pM. Therefore,
the cytoplasmic domain of calsyntenin-1 binds Ca®* at con-
centrations cccourring during postsynaptic ca** influx,
suggesting calsyntenin-1 as a modulator of postsynaptic
Ca® signals. In parallel to the high-capacity, low-
30 affinity Ca?’-binding function of calsequestrin, which ex-
hibits a similar clustering of acidic residues cumulating
in a contiguous stretch of 14 acidic residues, the cyto-
plasmic domain of calsyntenin-1 may also have the capac-
ity for low-affinity Ca®' binding. The Ca®’~binding capac-
35 ity of peptides with contiguous acidic residues has been
linked to a general cation-binding capacity rather than

specitfic Ca® sites. A comparison of proteins with such



71 1>4 incidence detection nechanismin dendritic spines of cor- tical or

hi ppocanpal pyram dal neurons (Koester and Sak- mann, Proc Nati Acad Sci U S
A 1998; 95(16):9596-601) generates a non-linear sunmation of ¢ W%Q@Eﬁal S,
if an 5 afferent [nput and a backpropagating action potenti al AP) arrive
at a synap‘gg’g\?’mz{sﬁ}n a time wi ndow of 200 ms. When the af fpé}ré'm’gfplr?ﬁﬁt is
foll owed by a backpropagating dendritiaoAP, a supralinear sunmation of Ca2+
signals is found. In contrast, a decreased Ca2} influx results when 10 the

backpr opagat i t | e gg@gggegg{ t he Ca2+
si gnal that %ggﬁfg %g‘%&?ﬂ% A%g%%%ﬁsrmﬁ%&ggsg%asb een attri Cu:ét)tf@‘& to a
vol t age- depWRAHeRYOPRFF&PPdE FhethpXomiank off ataiNvDRsich@st or, whereas a

Ca2' - - dependgnticMpBAr egept oF BIGCidNEE | oibduas 2k epn rapesed as the
mechani sm underlglﬁ)ggFt he reduced Ca2' influx when the AP arrives first at

the synapse {#¥r BYUTF BHF IR (HRIET LR \OSie N GHitdmityo s ndy( 3) : 305-
13)|)a Iln Bot hn@r of esa¥socauféx e Huffasrhanadtdn tde OS5 betsyeapthe nenbrane
could play a

role.. By its hjgh-affinity. 20.Ca 2' hinding, calsyntenin-1
maht bontri BELES (CtBrInT} el & gt e SHRet od t ha
buffer satueatabn, nbgtbBtemct nfpost ant998 n\A (& )bl45'6 -aiporsEnti liamr 1yt he '
mechani sns ¢ L ng:.supr.ali ARV + i I .Neher, Cell
Cal ci um 19988225%t%§1§4g%)§ %%%n 5 %fﬁenﬁa%tt%horno?ﬁ%%ﬁ% théE.;nd
vol t age- gat edyCaphkaghannedbet e ndiidds armielid do GaRoudsydse pgewrdr-at ed,

because tjhe 1@25&&&5&0@@%5@%&5@&&&5%& hedHdalgd ype of influx. By
|l ow-affinity binding of Ca2{ beneath the postsynaptic nenbrane,

cal syntenin-1 coul d prol¥Bify Eaiis BRAINRIS 1Pe tHE PoStENgaPhienAsiiced Ca2+
dependent NVPAanegfepher cytdsldsmiv@tddihanhf tdausyra: piiel-angegaw-ndow of
[ ent. st ud th cerebellar, Purkinje

iglbl Is,neglrjp%ﬁﬁlé%l? g%glﬁigggi%%éﬁpﬁg%ﬁﬁsbﬁﬁg?\&é%?‘? bRPRES Y P He r‘é‘%{'f"ulr ation of
a mobi | e hi ghrahéi nFiye@aBuf berfs erin dieni3Rsodicatnai soistfdwrs). 32-M) and to
o5 L) 8Bl ANEALLEod e STt s LBPeAES! mlepadelron,
2005 Neuroscience 1994; 17(3): 95-101}. They also decrease the
peak values of free Ca® and, by delayed release of Ca®,
prelong Ca® elevations. As a fixed Ca®* buffer, calsyn-
tenin-1 may temporarily retain Ca?’ in the subsynaptic
20 zone and retard its dissipation. In this role, calsyn-
tenin-1 may potentially be a modulatory element in synap-
tic processes where transient increases in intracellular
Ca’ are of crucial importance, such as LTP (Bliss and
Collingridge, Nature. 1983; 361(6407):31-9), LTD (Linden
25 and Connor, Annu Rev Neurosci. 1995; 1B:318-57), as well
as in coincidence detection within dendritic spines
{Zucker, Curr Opin Neurobiol. 1999; 9({(3):305-13). Post-
synaptic Ca®’-transients have been reported to trigger ei-
ther LTP or LTD, depending on the concentration and the
30 duration of the Ca®' change. High elevations of Ca® for a
few seconds induce LTP, whereas lower elevations of Ca®,
lasting for a longer time span of approximately 1 min,
were found to induce LTD (Malenka et al., Neuron. 1992;
9(1):121-8) . The presence or absence of a Ca’' buffer in
35 the subsynaptic space could, therefore, be an important
element in the mechanism determining whether the outcome
of a Ca® transient is LTP or LTD. A recently reported co-



WO 02/ 22819 PCTABO11 ?1661 72 or Cat rel ease frominternal stores wer e
excluded as the nmajor source for the supralinearity in the é ponses
of the Purkinje cells; rather, the supralinear responses were 9@Fﬂ§ﬁted to
be predom nantly due to saturation of 5 the nobile high- afflnltx buffer.

The i mobiWeBH 1 %ffinity buffer was suggested to contri bute By Btf ongi ng
the presence of Ca 2+ and, thus, broaden;{he tine-w ndow of supralinear
sumat i on (Maeda et al., Neuron. 1999 24(4) 989-1002). Cal syntenin-1, by
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apti c nenbr agenregatesor aﬁ®héﬁééarnSvm@apaensyﬁa@alCSdenalsbtyEZGHTo addr ess
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post synaptic density , we isolate E 0SOMeS means of
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of Phel an angmcer dae- Weeksonas iuged (Bhebancaad BY GondeRpYEsk§atifg?) -

Brai ns of 200 a uIt m ce and 20 idult chi ckens, respectively, were
honogeni zed AtifohRe e ChEHDYEATPERT] VBTG b QfeSTo Falos&PWPﬁEPE§ 0.32 M
sucrose supplfeﬂmﬁ!t ednwcbhttrhetM ai d@aﬁrplaetea catti biddIruBi xesRocheen The

bcel | ul f 30. d bed. by Phel d
Gor don: ks T80 P E5PREORT 6E L syﬁ’a 3o e R SRR L eRPa R PRE!
subcel | ul ar @@M@@cementsoflthNﬁa ochenﬁﬁi at ®anact iWien &yer adch. 2nd
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bl ot anal ysi s Wth the antibodies protein was
| oaded per Iéﬁ@eﬂﬁﬁﬁt é@ﬁﬂﬁ@lpﬁnéh@hygbobﬁéek pEatbroEDPoReCRBLOSed Ccomer -
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15 been proposed as the mechanism underlying the reduced ca®’
influx when the AP arrives first at the synapse {(for a
review see (Zucker, Curr Opin Neurobiol. 1999; 9(3):305-
13)). In both processes, a fixed buffer beneath the post-
synaptic membrane could play a role. By its high-affinity
20 Ca® binding, calsyntenin-l1 might contribute to supra-
linear Ca®' signaling. It has been suggested that buffer
saturation may be an important *invisible” component in
the mechanisms generating supralinear additivity of ca®
signals (Neher, Cell Calcium 1998; 24(5-6):345-57). wWhen
25 Ca® influx through NMDA- and voltage-gated Ca?' channels
coincides, more free Ca?’ may be generated, because the
a?* buffers are saturated by the first type of influx. By
low-affinity binding of Ca®’ beneath the postsynaptic
membyane, calsyntenin-1 could prolong Ca*' transients, re-
30 sulting in enhanced Ca®'- dependent NMDA-receptor inacti-
vation and, thus, a prolonged window of sublinear Ca**
signaling. In a recent study with cerebellar Purkinje
cells, supralinear Ca®' signaling has been attributed to
the saturation of a mobile high-affinity Ca?" buffer (dis-
35 sociation constant 0.37 pM) and to a contribution of an
immobile low-affinity buffer (Maeda et al., Neuron. 1999;
24{4):989-1002) . In that study, modulations of Ca®*" influx
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PSD-95 is a typical com ponent of the postsynaptic density, \/\here{}aﬁA@[}euﬁl
is a conmponent of the AMPA-type gl utamate receptor, which has

denonstrated to exhibit a firmattachment to the PSI) s by h-affinity
bi ndi ng si¥®%AHts Cternnminus (for a review OBrien et ri[ﬂnn 1668). For
the i mmunodetection of G uRl and PSD95,,,50 gg total protein were |oaded per
| ane Wth this analysis, we found that cal syn- 10 Lenin-1 is a protein of

t he postsynaBtlc fnarrbrane but does not_have an intimte_ binding to the PSD.
As denon- Lt68 | ACREGSCT ITePn APt 65BMEsSHBF8SeHPFEhERCIIFSHIAS Flafigt h

cal synt eni n- nagad sbSreéeENﬁg'eh@rﬁﬁlplﬁé&ndraﬁ/M}@mrc tith sTaiptiesp@ises
ter ent resulted. in the
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mar ker s of tWerep@stsyhapedct@lehelpvedmmamsnz Shaeantdo Glamra(t@oar iceh et

al ., Neuraqn. 9 65 £, d | ate tractions
(P4 and P%I ] tﬂlgc%g?%%%gﬂ%%g % 1§2t¥|ﬁ£%ﬂ%§rd%%v‘§% 1999'/l ?Jsol ation of
synapt osonesaf§iniin bebhes wad shavesiabced |eonir Bonppdohesolomging

Neur ochemi s- chééﬁreé\eﬂé@%f C@$2+apagﬁ@a0&hus2n%ﬁ9aéé&nthé QSne LW RRTowN |
Bachel ard HS Pr ess 1- 8%:3;/‘?1- e clearance of cal- syntenin-1 fromthe

PSD fracti onoffnﬁ’rl?é?%%n?%ts B eda ey ca]segrPé‘?Hr%‘ AFC%Fi rn y
associ at ed wiith4y hegsubsyny . arpamyﬂoéxmul_w 15¢ addib Onidatbdr kageNnds to the

arti oul Ie RRA PHTEEETRERY Gt v BEPERIE AT (rRar TRRObHe o fagidthes. 30
Exanpl e 13: §yudp93colothelbncam1ghm|mmntﬁlmwnﬁtamansnymntdntmaiamk&ayage
Fragment of 5PotaE Labnsi MR e o A RS E e e e i the
spi ne apparatus of spine synapses and the subsynaptic nenbranes of shaft
synapses Example 12:
15 Studies of the subcellular localization of
calsyntenin-1 by subcellular fractionation and isolation
of synaptosomes: Calsyntenin-1 is located in the postsyn-
aptic membrane, but not anchored in the postsynaptic den-
sity.
20 To address the question whether calsyntenin-1
was firmly attached to the so-called postsynaptic demnsity
(PSP}, we isolated synaptosomes by means of subcellular
fractionation. For the subcellular fractionation, the
protocol of Phelan and Gordon-Weeks was used {(Phelan and
25 Gordon-Weeks, 1997). Brains of 200 adult mice and 20
adult chickens, respectively, were homogenized with a
Dounce homogenizer in 5 volumes of 10 mM HEPES, 0.32 M
sucrose supplemented with the Mini Complete inhibitor mix
{(Roche). The subcellular fractionation was performed as
30 described by Phelan and Gordon-Weeks 1997 (Isolation of
synaptosomes, growth cones and their subcellular compo-
nents. In: Neurochemistry - a practical approach. 2nd
edition. {eds. Turner AJ, Bachelard HS) IRL Press, pp 1-
38). For Western blot analysis with the antibodies R63
35 and R71, 100 pg total protein was locaded per lane. For
controlling the correct fractionation, we used commer—
cially available antibodies for the GluR]l subunit of the



1 4 MAR 2005 WD 02122814 1'CT1liRf 1 tmF6? 74 To identify the fate of the
transnenbrane segnent of cal syntenin-|l after proteolyti.c cleavage, we

used R71, the antibody against the nmenbrane-proximal seg- nent_foﬁ&iMMUm%-EM
wi t h peroxi dase- and gol d-conjugated 5 secondary anthOdlanw¥% hrﬁgrOX|dase

the menbr 3¥RE¥YF! ( he spine apparatus in spine synapses were 1'abel€d (Fig.

8, A and B). in sone synapses, weaker imgunoreactivity was also found over
t he postsynaptic nenbrane (Fig. 8A). Simlarly, a strong signal was found

in the Ianeléﬁ% mem 10 brangs f ound beneath a fracéipn of the synapses in
den- dritic Pt ECGRBEREU GRS BBARRIRAGR! sHEWR)~° W 2 i FRtcahogdfd, known
as | ess senspbheet baébehiengowsasyhapbilcedensl tg) wehgreas askerl aison with the

Spi ne appara ' , o E d._the b ¥n99tic r anes, of s%aft
synapses. 15Eé§€é5%%tngglg gl%%gRoFy?ﬁesgﬁgsyna%t?%ggép ?aﬁ%ﬁ c%r R- elles
was found w brenhdelmonstrihail tat ekbibet & firmettageneonctodedet BAP t he
sSpi ne apparajysc aLpedipeith | 2 syt ERLA+ o] e

N-t er m nal cha§a8§§ prg_ﬁg?#£T§%?%¥gée?l§ﬁgé$uf?%I%ng%ﬁhggﬁaglEfég The 115
kD 20 form oFevaPwynPéBraen ebufd-i n19881 erfionl bee brwayedptectienest(Fig.

7) can only peufler kMadpEHOE t O RESEEYARPHIStelBPEARCoadb8SEereSUl tS
I ndi cate hat _the proteolytic cleavage nmust occur at the cell surface, i.e.

in the syn- &6??0 cleft, and that the transnenbrane stunp is inter- 25

nalized thereafter. Protgbtytthic|eavbgeis N wdefsusid acledt ukal syrxsegnment
results i t@e rel ease of thgegajog g Erace#lular .goré&gn of cslgyntenin-L
Thi s sol ubl e FP&S nt=oft BEF: s?n? ni _|pg% SRR RE"RE PSPl ar
fluids, as ddwesm 80tshameednbyntisabechimdatgohoi thehBSherdbrdeponal and t he
ocular vitre [ e remaLpj n bS | rnalized

\ eQugathli gy ?ESDUg.t%9#§§téééﬁééeﬂg£é énéi#ﬂ@d i hgﬂ%g

into the spine apparatus. : Tem - brane topol ogy, t +- bi ndi ng
domai n of thdengtdr gaflsynkeninrinsnenbianeleaviagecovedyctie BypopPaifi c

surface 35 OEiEQﬁp%QbﬂeoﬁpB%gﬁbﬁésoﬁﬂﬁsan&ntﬁéaﬁﬁéﬁﬁt%QBh”BYmilan8é~|Ocate
t he cal syntenin-|-nedi at ed 2+ buffer_fromthe W) 22/22819
15 tergent resulted in the solubizlization of all

three forms
of calsyntenin-1. In contrast, typical markers of the
postsynaptic density, viz. PSD-95 and GluRl (O‘Brien et
al., Neuron. 1998; 21(5}):1067-78), remained in the par-
ticulate fractions (P4 and PSD, according to Phelan and

26 QGordon-Weeks 1997 (Iscolation of synaptosomes, growth
cones and their subcellular components. In: Neurochemis-
try - a practical approach. 2nd edition. (eds Turner AJ,
Bachelard HS)} IRL Press, pp 1-38). The clearance of cal-
syntenin-1 from the PSD fraction indicates that its cyto-

25 plasmic segment is not firmly associated with the subsyn-
aptic molecular scaffold that corresponds to the PSD ob-
sexrved in the EM and that is operationally defined as the
particulate matter resulting after detergent-treatment of
synaptosomes.

30

Example 13:

Studies of the localization of the transmem-
brane cleavage product of calsyntenin-1 by imemno-
electron microscopy: The transmembrane fragment of pro-

35 teolytically cleaved calsyntenin-1 is accumulated in the
spine apparatus of spine synapses and the subsynaptic
membranes of shaft synapses



75 1 4 MAR 2005 PCT!'IRO 1 /0166 2 postsynaptic nmenbrane to the surface of
the spine appara- tus. Recently, the release of Ca2+ fromintracellu- |ar
stores, i_e. the ER and the spine apparatus, via ac 5 tivation lof MARéN3P3
receptors, was identified as an im portant contribution t 2-1
signal wiVRi%2#Rdritic spines (Finch and Augustine, Natlre ’anﬁgg?
396(6713):753- 6). The IP3-nediated Ca 2+ release is regul ated by cyto-
pl asm ¢ Ca2+ in a biphasic node (Tayl or, BiochimBi ophys 10 Acta. 1998;
1436(1-2):19-33). Rel ease |s | ow at both | ow _and hugh Cat concentrations,
but favored at internedtst d“epbaé¥nthat fone of Yoo t PV i ts capacity
todplr o- | ongse@anef%rt eﬂfemmsgm;em@—qyg@ﬂbasmatdamtﬁco&léa{zﬁy@ %&ni n- - rr?y
nodul ate Ca2+_ e ts,on | | at e se. The arison o
the resul ts 6 C{ﬁ{?ﬁ m’f‘%‘r?oan%%%é’l ﬁ‘?ﬁ%nﬁﬁdtgﬁb@%ﬁ%ﬁﬂ? “PYREHFD a? n
i ndi cat ed thmmnttﬂurfuﬁﬁudaamm:hlthr@eanﬁlaasb chnévggbdpcoﬂmagateﬁ cal -
syntenin-z-| CLY. :n %;E yn C ( | ustration see
Fig. 9). |1%é§% Lras nei ‘%hlﬁﬁ%gn SRE% g?n%ﬁ%fﬁ rane?h‘g?‘N-termna
cl eavage pr dehee tspitmat ap@amam:sma/ehy sphaet smspeabruﬂvee sl@hpleﬁ/ask“igund in
inter- nal nermy aness)Thiss coMR &lRa3ee eg@%bﬂ@roinﬁﬁ!@ﬂ?%a a%eg and the

a ul an 0

C-termnal cl'eavage products to the in 5 terstiti
i nternal neffafese fegpse oven éhe POSRSHRAPLHE @%@bﬁ%@dtﬁygex%hem | ul ar

cl eavage ofsmmyenbnskr@y]gasawaqaassl g6ahadi hnthbel smpaphi-Cmegl eft. The

selectivity .of the nt e allzaghe progess fgr t he transnenbrane stunp of

cal synt eh? n-X 995 | é?%égﬁﬁﬁﬁ‘ FERSEYORoPE Ghet FERBPBEEOLYt FERTl eavage i n

t he synap- tdxnuﬂaﬂﬂhdﬁms bhﬁl&ﬁﬁﬂ%hﬂﬂabbmﬂsoﬂnbhesﬁhﬁﬁ}blwdthglﬂmﬁaln of

cal synt eni n- fr na ti nenbrane ] surf f _the spine
"ol RS HEEE e T AeBeL e 8E EEReG ek o)

appar at us. ter e regl y
beari ng trmaqiuﬁxyﬁ%ﬂlun(ﬂ&ﬁgﬁm§¢1§mt®1tm ghpARp2065apparatus (Fig.

8, C-E) and the subsynaptic membranes of shaft synapses.

15 Because no labeling of the subsynaptic membranocus corgan-
elles was found with the N-terminal antibodies (Fig. &),
we concluded that the spine apparatus contained neither
‘full-length calsyntenin-1 nor the N-terminal cleavage
product. Therefore, the full-length as well as the 115 kD

20 form of calsyntenin-1 found in Western blots of synapto-
somes (Fig. 7) can only be derived from the postsynaptic
membranes. These results indicate hat the proteolytic
cleavage must occur at the cell surface, i.e. in the syn-
aptic cleft, and that the transmembrane stump is inter-

25 nalized thereafter.

Proteolytic cleavage in the extracellular
segment results in the release of the major extracellular
portion of calsyntenip-1. This soluble fragment of cal-
syntenin-1 spreads in the extracellular fluids, as demon-

3¢ strated by its accumulation in the cerebrospinal and the
ocular vitreous fluid. The remaining transmembrane stump
is internalized into the gpine apparatus. Due to its mem-
‘brane topology, the Ca®*-binding domain of the internal-
ized transmembrane stump covers the cyteplasmic surface

35 of the spine apparatus. Thus, intermalization may trans-—
locate the calsyntenin-l-mediated Ca?' buffexr from the



WO 02/ 22819 PCT!l BO1101662 76 The | ocation of the proteolytic cleavage site
within the sequence of full-length calsyntenin-1 remains to be determ ned.
Based on the location of the tryptic peptides sequenced after triypMag 2605

cl eavage ol3e248! eased 5 115 kD fragnent (narked in gray,j- %), t he
rel eased O{Wr agrren]t must have a length of at |east 747 am ng gglﬁ5 s as

counted fromthe N-termnus of the maturesprotein). Furthernore, the
cl eavage occurs in the extracellular noiety, i.e. on the N-term nal side of

the transnmenfarRgH %ti%gﬁ%ﬂ&;raiﬁw%o the cheaxageosi kachapite Rephesat ed
after amno acid 746 (the last am no acid of the sequenced pep- tide nunber

7) and bef or &% no acid 834 (the first amno acid of the transnmenbrane
segnent). The segnment of Rekentaxt,r abel kol assavb et yadf ﬁﬁﬂmnmﬁdﬁddkiﬂh—defined

in this way 15 as_.the eptlde earj_ng_th roteol ytic cl eavage.site is
i ndi cat ed beljlg\ﬁ =55 56?\?2d sequet%%eeé@f%?ﬁ gﬁ‘g SRAPEY APBAFAES (844 2Fd. No.
29) : 20 4 RYRNAKHIVE EDRKEKING SECHERYYSN w&KVEIRMEEL i BANRBISERANEM-AAQPQFVHP

(Seq. 1 Nobagr e R 3 BaeeRe Al R W AR S

HTANPVEHAN quge@:mmsmsmﬁ@mwmamw%?ﬂﬁv PI9S (B7ASY :dFBro acid
is the |ast gyn ll@a—aieél%e??q}é@ﬂ%de%@t iger@g&@%eé oy heolls kD

fragment 30 of calsyntgpln 1 (see exanple 2 . Thé last am no
acid i s the MiESMighiGRH 48 & FLRNSUS %@%W?Hﬁeﬁs@@ﬁ&wf‘( Fdorbyg. 2).
Nei ther tie nafudr.e 10f0d;ha etiease 19hat ) .chearaseCalss e Rith ththon ohe

rechan om conlel i REkeCco el ve LET AL on of Lheytf ancpany ane

prot eases havertestratporisedt @die -e¥0ileattedBynithe capavityd tAgr20, 05 WO

02/ 22819 PC Tf n%ogaewglmtfgﬁ; e o 'é}?ﬂébdlékgnltd ssue plaspi L oggﬁl_acti vat or,
tenin-1 may modulate Ca®' effects on IP3-mediated Ca?* re-

15 lease.

The comparison of the results of the immunco-
EM analysis and subcellular fractionation indicated that
the full-length form and both cleavage products of cal-
syntenin-1 occur in the postsynaptic membrane (for an il-

20 lustration see Fig. 9). In contrast, neither full-length
calsyntenin-1 nor the N-terminal cleavage product, but
exclusively the transmembrane stump, was found in inter-
nal membranes. This complete segregation of the N-
terminal and the C-terminal cleavage products to the in-

25 terstitial fluids and to the intermal membranes, respec-
tively, can only be explained by extracellular cleavage
of calsyntenin-1 by a protease located in the synaptic
cleft. The selectivity of the intermalization process for
the transmembrane stump of calsyntenin-1 implicates a

30 regulatory role of the proteolytic cleavage in the synap-
tic cleft for the tramslocation of the Ca®-binding domain
of calsyntenin-1 from the postsynaptic membrane to the

surface of the spine apparatus.

35 ' Example 14:
Determination of the region of calsyntenin-1

bearing the proteolytic cleavage site.



t hronbi n, neurotrypsin, and neuropsin. For two of them nanely LPA and
neuropsin, transcription has been reported to be regul ated by ng r&w&?mﬁ
activity (Chen et al., Neuro 5 chem Int. 1995; 26(5):455-64) Th 3

i ntriguing, 530,46 dates for regulators of calsyntenin--1 iRtgeRghl.gAation
Exanpl e 1%” gtugles of the subcellular localization of 10 Psyntenln--l in

growi ng neurons: Calsyntenin-1 is found 7d n growth cones of grow ng axons
during neural develop- nent In situ hybridization indicated the expres- sion

of cal syntenin-1 nRNA i nppeuiQRat:phesHr 8 GeldS Bl thesgafdnale | ayers
of the develo |ng nehgous system and _in_the earl¥% postmtotic stages of

neurons in aMtegi SR SGEAPRESI8YelBpL ngETBrY otR ¥§F%ﬁ%“Tﬁe¥%ﬁ%ﬁ%§ we
i nvesti- gat ed thedsubeetheblar Bbe@al bAathent @fachbsyatephn- drgbse in

neurons durin h eriod of eII ation a net n this
exanpl e, neuF%ﬁ%lgﬁgEfgqﬁgﬂg hFSﬁS éﬁﬁﬁﬁﬁcW% $?I9§té§ aﬁeiéﬁﬁﬁébed
previouslyi mﬂénthéradmssocumaeﬁedehhsgfapnlmh@l@ﬂSthushehr@bmnaﬁbus were
Pl ated at | LOWBRshy mbehud ath 0oPLOGPSTES e NPk HRKS, CODIAC! W LN

he erefore

ot her ceIIs urrn irst I0 days~in culture ese
cultures all d\ﬁ@dcph@tﬁ?ﬁciféﬁms@bﬁl &I tﬁm@woﬁfoﬁh@h@agmmhr@bﬁm t he

| eading tips pRENERSCFEOWERE 8XRATagAS-HENPASEY af gd éﬁt£ggeliﬁha§alsyn-
tenin-i irnmunaoreactivity was found on.the surface of the neuronal cel

soma and on BGE§tFypdsCof Opr SbesVeserpinalos #eadr T t BReahBaRsBHbr e

particul ard y ssgmeng .cahaynt enencneakzaaungie@cmaytyomé ievnde@vefrdhe growth
cones, as evi- .denced.b son with a doEbIe |nnunoflq8rescence
4F" Ve BR RReE

stai ni ng for XGPSy AEAR b Re3CTE Gt §BR) SR GRT TR body
agai nst the ax@mahumbekeﬂ}panﬁebaf&aalaﬁﬁn@Fagldlﬁxﬂ {the ﬁngheramlno

patohy pat t arsi o] WhE s0p5s bR AP BBt Lt n R adh IR E BT g bt

cal synt eni n- ﬁwtqagﬁéwyﬂa@om@sgﬁwcaﬁscahsynne@ip+b defisnedsinThirggayt s
present ed;d n dhirge}apRli@el Bdhring the proteolytic cleavage site is

indicated below:

Cleaved sequence of chicken calsyntenin-1i
{Seq. Id. No. 29):
20 - LIRYRNWHTVS LFDRKFKLVC SELNGRYVSN EFKVEVNVIH
TANPIEHANH YAAQPQOFVHP VHHTFVDLSG HNLANPHPFS VVPSTATV

Cleaved secuence of human calsyntenin-1 (Seq.
Id. No. 30):
25 LLRYRNWHAR SLLDREKFKLI CSELNGRYIS NEFKVEVNVI
HTANPMEHAN HMAAQPQFVH PEHRSFVDLS GHNLANPHPF AVVPSTATV

The first amino acid is the last amino acid
of the seguenced peptide number 7 of the 115 kD fragment
ac of'calsyntenin—l (see example 2 and Fig. 2). The last
amine acid is the first amino acid of the transmembrane
segment {see Fig. 2). '
Neither the nature of the protease that
cleaves calsyntenin-1 nor the mechanism conferring selec-
35 tive intermalization of the transmembrane stump of cal-
syntenin-1 are currently not known. Several extracellular

proteases have been reported to be expressed in the nerv-



cate that cal syntenin-|I is abundantly expressed on the 5 surface of grow ng
neurons and, thus, may have a function in devel opnental processe? g&@ as
neuronal mgration and the formation of axons and dendrites MAR

re- generagph\s,igphctions after nervous tissue injury. The mPﬁh&h%?h@rly
strong cal syntenin--1 signal found over 10 growth cones inplicates

cal syntenin-1 in growh cone functions,?such as axon growh and gui dance.
Exanpl e 15: Overexpression of calsyntenin---l in CM5 neu- 15 roes using

transgeni c mgee E?%E@R'OghclﬂélggeE§§9ﬁ§5§k98m9£o§e9998ti9a@o£ransgenlC
mouse is a relatively direct way.to study the funétion of a protein in

vivo. For théDEPPEENgepP¥s OSEYRRpBYr | ARt BEVERPEKRN EQT she eff ntheas

expr essed un@@meﬁbetGthmﬁin@hr&@sﬁhe pranpteipbichhBastbyed 88p6rtdhe Thy-1

gene i s ex- Esed |n1the rvous Sésien1rela ivgkﬁ | at e %fostnatal day
4- 10, dependlﬁg PHELPSE Hn?eufﬂ xPrE&¥tbh “BafEynt eni M4 Gnder "t he
control ofs thheﬁhylhtpr@@ﬁﬁer26¢Gmrdﬁﬁ et) al The}987e £ﬁtti§ﬁiﬁg cdd5- 52)

O o ot dipalhe FaT L8, kel oPIRnLa) -0k RaRP, 21 O fEL ALT el etn T ©

point is essent enin-17i s expressed in sone regions %? t he
devel opi ng nervous systen1re|at|vely early and, thus, it could play a role
in early devel opnental ﬁggﬁbign§5 such as cell nigration and axonal
pathfinding. 30 By using a | ate onset pronoter it was intended to prevent
perturbations of early sBiyeiestohetidgenseslyhay hbocqkbFalget ©ni mal s.

Hovever, gdepeadispgtenibhe ainmgebwang hauveshkgabh®Bynebhes-pr pgotensamay be
used as wel |l .. For thg first transgenlc m ce, ap chose to a v§%£ress t he
cal synt eni n- FRoPTPHED FPEESH OFi PHEHE EhBXOBHt BFé§ﬂ1Be§E©ﬁe tvebeRause of
its potentiament bei ng selectlvely detected with speC|es specific

nnpoclonal an WO I2122A1 NMﬁ§899§125> AIBA é géggzd&ébodles The

chi cken cal syntenin-| |b| an*am no uence i nt| Wihits
count er part @ﬁomhefncaégynméﬂim.l%mehusn REhrghb9 voasersed €ahisi ofi can be

as- suneQﬁ the germinal layers of the developing nervous system and

in the early postmitotic stages of neurons in all regions
of the developing nervous system. Therefore, we investi-
gated the subcellular localization of calsyntenin-1 also
in neurcons during the periocd of cell migration and neu-

20 rite growth. In this example, neurons of E18 mouse hippo-
campus were cultivated as described previously. When the
dissociated cells from the E18 mouse hippocampus were
plated at low density, their growing processes did not
make contact with other cells during the first 10 days in

25 culture. Therefore, these cultures allowed the micro-
scopic inspection of the growth cones, the leading tips
of the growing axons. As demonstrated in Fig. 10, calsyn-
tenin-1 immunoreactivity was found on the surface of the
neuronal cell soma and on both types of processes, viz.

30 dendrites and axons. A particularly strong calsyntenin-1
immnoreactivty was found over the growth cones, as evi-
denced by the comparison with a double-immunofluocrescence
staining for calsyntenin-1 with antibody R63 (Fig. 1034)
and an antibody against the axonal marker protein Taul

35 (Fig. 10B). At higher magnification, calsyntenin-l immu-
noreactivity in growth cones exhibited a patchy pattern,



5 The construct of the transgene is based on an expression vector for Thy-1
in which the translated re- gion of Thy-I has been substituted by a Xho-|
linker (Gordon et al., 1987, Cell 50(3), 445-52). The 2682 bp I dn¥ARDNE
fragnent Q{oesleen cal syntenin--1 used for the 10 overexpraasieansss derived
fromthe chicken cDNA digested wth Afl1lll (3 bp upstreamof the start ATQ
and Cac8l (9 bp downstream of the TAA g8Bop codon). This fragnent is
inserted into the Thy-1 expression vector at the Xho-1 linker site by a

bl unt -end | i gadi@: gl ther ofd Bifratddm-15 Gondrobtedeamdd seddrndliid digest.
The plasmd is.res ued arpd the fragnent to be used for the injection into
t he pronucl’@ﬁ%tb? ¢ eF1¥¥Y2%0 nouse oocytes.is cut out by di- gestion at the

two flanking Pvul sites Tl*ﬂélfla“e&ddttd mamrtqdamtn (]ﬁn‘fsf agremtl & SnsEpar ated on

a 1% agar ose,, 20, ourifie ndthe DNA
eluted from %ﬁe ‘é%%g par esrgvm th | nj ec i%%)%qi ’féresgﬁe%genélr ation of
transgeni é nbeeiaees faﬁmmmdowemmlm, i Piest |ro?ny Heote ewifvoncdtiandar d
protocol. Theylhiyer M‘&E@af%%&é@%eé Orsd e P& %?S%“f&aﬁ if-dtl@sgene by

PCR and Sout hern 25 oftin procedure ree nouse li1nes overex- .
pr essi ng thea@%'élk%nffeap%iywerw -aXQfHY atr%%) dePREL bver T Y xRy wehe nouse

cal synt eni n- heMBF £ {3 SBEhc INen )XPNasr [Q0f ¢hesté ansagre Was verified at
the nRNA | evel by 30 Northern bl ottlngctand ;:{1 sjtu-hy rlddzatlon and at the

protei ne | evERTHISWRT LY > bYRY i Fryt SYA B2k preLd GY5F was in the
order of 1 tgraﬂtlﬁod:tﬁlmeByuﬁﬂﬂhm rﬁtmtémﬂmsgengMmlcmr@( pressi ng
full-length als ntenln as vveII %sr er tru% éedforms of

cal synt eni n- mJ At edu %r?r% tBh 21t poi Bt nutations or

del eti on mut atl ons) nmay be generated. Instead of the Thy--1 pronoter, other
prompters 14 MAR 2005 MQ Q22813 PCT1TB01101662 80 may be used, i ncl udi ng
pronoters driving transgene ‘ex- pression in particular subpopul ations of
neurons, such as the proOftemPsEsyinE mf IGat et inpedt (NS r9otei n or

the |inbig SYsherasnes! fidn ek RaSR AEaRSHlody t ef na
The overexpression of a gene in a transgenic

mouse 1s a relatively direct way to study the function of
a protein in vivo. For the first series of experiments
chicken calsyntenin~1 was expressed under the control of

20 the promoter of the Thy-1 gene. The Thy-1 gene is ex-
pressed in the nexrvous system relatively late (postnatal
day 4-10, depending on the location). The expregsion of
calsyntenin-1 under the control of the Thy-1 promoter
(Gordon et al., 1987, Cell 50({3), 445-52) ensures that

25 the earlier developmental stages are not affected. This
point is essential. Calsyntenin-1 is expressed in Some
regions of the developing nervous system relatively early
and, thus, it could play a role in early developmental
functions, such as cell migration and axonal pathfinding.

30 By using a late onset promoter it was intended to prevent
perturbatioris of early stages of neurogenesis in the
transgenic animals. However, depending on the aim of an
investigation, other promoters may be used as well.

For the first transgenic mice, we chose to

35 overpress the calsyntenin-i of the chicken without the

cytoplasmic segment, because of its potential of being

selectively detected with species-specific monoclonal an-



5 tively, transgene expression may be put under the control of inducible
pronoters. Exanple 17: Expression of human cal syntenin-1 in eukary- 10 otic
(HEK293) cells For the eukaryontic expression of human cal - synten! f-MaRtIE
conpl ete cW¥A@bsihuman cal syntenin-1 was |igated into thepriNABIA
expression vector (Invitrogen) wusing the restriction sites Hndill and
Xbal. The plasm d 15 was used to transfeét HEK293 cells using standard

cal cium phosphate transfection techniques. After 3 days the cel

super nat ant antodekk . Iy@atehmakenothésyedensubﬂeekhﬂbits SbSaPAGE and

anal ysed by wes e%%gglggglng§g§igg FﬁﬁFaFEg B calsyn%ﬁgqgg S%n t he

cell lysate of cells ength eni n- 150 kD)

was enri chedofw§érdés ﬁﬁuﬁheasbpébhatGﬁpsérvﬁﬁefFEKQQQHc@¢msb©n$§ re- |eased

human cal syntemic-1 (116 kD) was found (Fig 11). Expression in eucaryotic

cells may, alterna- tIVE|%é be achieved with a variety of eucaryoti c expres-
I

25 sion vectors (conmmer cFaf| §ORYETFEbI f of g el FangdRne & Haspbit yAsed
eucaryotic eéa@Q&ssaansw%heﬁkuses TEQLQrin dahncuedhbr erahacat&vi Fys. For

2s Cob col | €RoBroRpve) PEE.Btte! SuBRB LIPS PYuricR CE e T
cells, ClZ?ceGbsﬁOGVétcaﬂLs 16878fCeéRI50X3}F0§4&~5ﬂetarm@dzﬁ@xcbppt|on of

t he use of cell Lru l1eXpLesgLon system
see | n- ternatl Pi rca FoﬁkhﬁﬁﬁngﬁC?%E§§§¥fga 4~ or %nté@%agﬁ? i ona

Publ i cat ildn NN#U@KPM@S@BPP66$3d351E%énﬁr@m18helChlwkﬁnZQUBAV@1@€$22§19 81

PCT(1B01 /Olaé%hEmﬁgi&l R % %é%laéﬁﬂb@ $RETERL O A%@] S¥Ha é@@ﬁﬁ g! n
eukaryotic (HEK293) cel e _eukaxyontic expression of calsyn- tenin-1

a fusjon probt® ﬁoﬁﬁﬁﬁ§ﬁﬁﬁh8ftﬁ@ecTﬁépﬁéopl&ﬁ@oni chbin Bfagment 1ferni nus of
the cytopl asAinges2@ERLLef the Thy-1 expression vector at the Xho-I

linker site by a blunt-end ligation and the orientation

15 controlled with a HindIII digest. The plasmid is rescued
and the fragment to be used for the injection into the
pronucleus of fertilized mouse oocytes. is cut out by di-
gestion at the two flanking Pvul sites. The 9 kb long in-
jection fragment is separated on a 1% agarose gel, the

20 band purified with a QIAEXII-kit, and the DNA eluted from
the DIAEX particles with injection buffer. The generation
of transgenic mice was achieved by pronuclear injection
following standard protocol. The litters were screened
for the presence of the transgene by PCR and Southern

25 blotting.

By this procedure, three mouse lines overex-—
pressing the chicken calsyntenin-1 and two lines overex-
pressing the mouse calsyntenin-l were raised. The expres-
sion of the transgene was verified at the mRNA level by

30 Northern blotting and in-situ-hybridization and at the
proteine level by Western blotting. A typical overexpres-
sion was in the order of € to 12 fold.

By the same method, transgenic animals ex-
pressing full-length calsyntenin-1, as well as other

35 truncated forms of calsyntenin-1 or mutated forms of cal-
syntenin-1 {(point mutations or deletion mmtations) may be

generated. Instead of the Thy-1 promoter, other promoters



chi cken cal syntenin-1 was generated. As the fusion pro- tein was expressed

as a released protein in HEK293 cells the signal peptide of Nggﬁﬁlwg
cloned at the N--term nus of chicken calsyntenin-1_ The three Eplsrents

of the toyfygiemdrotein, signal peptide, cytoplasmc segmipdfiesL- - kappa
light chain were ligated in frame using restric- tion sites ApalLl and

HinzdlI1. Then the cDNA of the fusion pfotein was |igated into pcDNAS. |
vector (Invitrogen) us- ing restriction sites Xbal and Bantl. The plasm d

was 15 transfegtied waéd, HEK29Ri6R] Ipsronei g sStandand; ¢alagiswidnephasphat e
transfection_techni que.

Af t.er days,the cell. supernatant was _ harvested and
tha T usi on pPORET Has g 11 A o Ve 107 ooy COpI 820t A £y
col um Expr esls¢ opromoeerc vy dthiee Toalkisijeayse ldl tsgrana-£120 17 veloreile cachi eved
2T Chile o BUEQT L0 i QT o5 LA AERLO LR BUIIE Ol lef AVl bl of
sel f-made). A “frequent used "eucar y_otq C expression 'system usés vectors
derived fPontbeellt oVi¥arsoesT SSTRrASFEGHAT mep rhes §ivgn ungiezy dtice opndfrol

eucaryotic cgfl;hdnesoi@YpRsndtsad (such as COS 25 cells, CHO cells, HelLa
cells, HO cells, Jurkat cells, NH3T3 cells, Cl127 cells, CV cells, or Sf

cells.). For a detailed description of the use of COS cells or CHO cells,
or a bacul ovirus-based esprI® Q7:System see In- ternational Application
Nunmber PCT/ US96/ 16484 or_ I nterna 30 .tional Puhlication Nunber 08/ 16643.
Exanpl e 19: O oni ng of tREEHASF Oy = CRIZ-LTRE BPSATYRr oughput
Genom ¢ $equence (BERDIZE c8Slsat NCBI was searched with the programtblastn

using the protein sequengs %fhet @%kglfg%g%g te is%ﬂr c% gg%av\otl ve

exons of a new nenber of the calsynt am by were 1
02/ 22819 PCT$ymBoan16b2tisp daunietien Al suydumes wialisvioiverdecds sisen nunber

ACOLO181, whighr&acodes endeRirgs Noml,gaquss i, thetedt eiiiNdrofh) anm no

acids of human calsyntenin-1." In order to determ ne whether these put ati ve

5 exons bel oA§iED % rEeRiFIPePy did e gt e dvadd Ine The gHed™aked on
sequence18f he $eEDNEL Piifaid MR-1E¥HK293 cells using standard calcium

phosphate transfection technicues. After 3 days the cell
supernatant and cell lysate was collected, subjected to

SDS-PAGE and analysed by westerm blotting using R63 anti-
body or R71 antibody. In the cell lysate of EEK293 cells

20 the full~length human calsyntenin-1 (150 kD) was enriched
whereas in the supernatant of the HEK253 cells only re-
leased human calsyntenin-1 (116 kD) was found (Fig 11).

Expression in eucaryotic cells may, alterna-
tively, be achieved with a variety of eucaryotic expres-

25 sion vectors {(commercially available or self-made). A
frequently used eucaryotic expression system uses vectors
derived from baculovirus. For eucaryotic expression, a
variety of eucaryotic cell lines may be used (such as COS
cells, CHO cells, HeLa cells, HYS cells, Jurkat cells,

30 NTIH3T3 cells, C127cells, CV1 cells, or Sf cells.). For a
detailed description of the use of C0OS cells or CHO
cells, or a baculovirus-based expression system see In-
ternational Application Number PCT/USS56/16484 or Interna-
tional Publication Number WO 98/16643.

a5

Example 18:



(S3eBfwd: 5' -- CTCCTCTGGCATCATTGACCTC-3"') (Seq. Id. No. 31) and the |ast
putative exon (S3rev: 5 - CATTTCITCCTCGECTTCITCC-3') (Seq. Id. hq 4%&%2%5
First 11D strand cDNA was synt hesi zed from pol yA4 nRNA from huma

hi ppocanpus ntech catal og # 6578-1) with random hex rs using
t he Thernﬁ§%§§%$ RT- PCR System from G bcoBRL Life Technorggﬁg?%gﬁ used as
tenplate in a PCR reaction with the prigrers S3eBfwd and S3rev. A fragnent
15 of the expected Iength was obtained subcl oned into pEIuescript KS+, and

conpl etely sequenced Iar the obtalne uence was

i dentical with the predgg? g r#k?%g genomi e%?éq ﬁ)e a&&ﬁ%ber an ad
di tional exomenthat masenb@rppedpcﬂEHKEBbh1¢¢kﬂ@enon1c 20 seqguence, was
found. This 1762 base paps.-fiag { s %%éy as a probe
to screen a human fetal brafn C ré? 5?ﬁgﬁﬂéﬁgﬁ PLUS in

Xgt 10, cat alt6§ip- F—lLeoéee}onmreFeheScmtelms@ﬂr attlw r:tlwamauhgfsterts

subcl oned 5 nt-gapR! HESEREPE- K@mﬁﬁg eerreﬂl@t VoS Ba i & ¢ e clones
wer e assenbl e |nto a contlggous ternlnal 171 anlno aci ds (by

honol ogy to ERLCkEPNFRAFRAEFINET & §?Flﬁe%?€%?%@ A Y OreS RN BEOR! - EcoNI
fragment represenvhBgekpeespel Alst ar fehahs4Q0pbaseipain HEWI9 TatSyTd eni n- 2

was used to rescreen he s C | j.. 30 bra e cI ne .cont ai.ned 109

1 T CORoNgEA
addi ti onal g&rﬁfﬁ%? EﬁPﬁﬁ ScPls %h éﬁ%ﬁe DR R NI
sequence on o&nohhekeﬂéﬁlsynneniﬂemw'ﬁﬂé tHoge e fmratdméﬂns @fe ndme: ¢
cl one, e e gogt
calsyntenln %% ?Ek nggéﬁﬁngpkgggﬁeﬁg%tmag CQ%E%§¥§|rneggﬁFP%“g%ﬁlu5|ng t he
primers hsCse2iegpadlisht FEicoepeeATaRTeR 3in (Bege [wsimNy. r83)Ticont ai ni ng

the 1 4 MAR 2003, sﬂé&oﬁ ﬁﬁlgnﬁciﬁﬁﬂct /ﬁléh'i@@e%ﬁﬁ Getatd fadon) and
hCs2seq4r (5 -ATGA GGAGCC ) 34) _ In summary, we

found a S|ngP€°FShB VRE 6¥Qa§§@51ﬁG€IBﬁP H%SI'%ﬁE%RﬁrﬁfQ¥¥ﬁ¥ﬁQﬁﬂﬂc#3955
am no aci ds. ing ThesribbPowasisabnkbhedah® taerENBIYSahasiki DRBs dat abase

unget IR RULATLAL, BRRGESCELIEY LIFaCEtAEN AR, M
phogphate transfection technique. After 4 days the cell
supernatant was harvested and the fusion protein was pu-
rified with a 187.1 antibody coupled affinity columm.

Expression in eucaryotic cells wmay, alterma-
20 tively, be achieved with a variety of eucaryotic expres-
sion vectors {commercially available or self-made). A
frequently used eucaryotic expression system uses vectors
derived from baculovirus. For eucaryotic expression, a
variety of eucaryotic cell lines may be used (such as COS
25 cells, CHO cells, HeLa cells, H9 cells, Jurkat cellsg,
NIH3T3 cells, C127 cells, CV1l cells, or Sf cells.}. For a
detailed description of the use of C0S cells or CHO
cells, or a baculovirus-based expression system see In-
ternational Application Wumber PCT/US36/16484 or Interna-
30 tional Publication Number WO 98/16643.

Example 19:
Cloning of the c¢DNA of human calsyntenin-2
The High Throughput Genomic Sequence database
35 at NCBI was searched with the program tblastn using the
protein sequence of the human calsyntenin-1. Twelve puta-

tive exons of a new member of the calsyntenin family were



syntenin-2 shows 57 %identity and 67 %simlarity to hu- man caIsyntenin-L
and 51 %identity and 59 %simlarity 10 to human cal syntenin-3, ; Hyaﬁ¥ch
| i ke cal syntenin-I, calsyntenin-2 is a type | transnmenbrane préteM

single traﬂgmgagﬁ@ne segnent of 19 amino acids. The |arge pMNfdhmidal noiety
of calsyntenin-2 is conposed of 834 amno acids and |ocated in the

extracel lul ar space. The 15 C-term nal sggnent has a |length of 102 am no
acids and is highly enriched in acidic residues. Anong the 102 resi- dues

of the cyt oplrassidc 1§egﬁénbeq§§nééew§€hdtﬁe éc@égglgﬁgﬁ@ﬁbeff REOVEDEE,
identity with calhb syntenin-1 was al so in the EEIOH proximal _fo the

20 transmenbPH& s EFREAES ﬁhP@HtBQErEDWH OB?B?OF9tFEe ehFrRgRadi {83 n
cal synt eni n- kmifoi acddggest Buirhat caaksypkain-12 al so bears a proteolytic

cl eavage site in this se ment egnent of .cal.s ni n-2 correspondi ng
to the cleaved segnent o nc%f%?ﬁtgnlﬁ geﬁ%%n?rﬂp?Eﬁ¥ QQ%S BUHE RS aci d

sequence:EPuEathebeﬂeagedoseqUEanecoibhdnganealB@R premens2wéegdetd. No.

35): HIRYR %ﬁ%EVVQBEIAT ggXLSOgEg%%E§§%5n 3 qupgggDéEFﬁVNHLIVCPPF

LQSVHHPESR S order t arn |n mat 1 on e expres- ,
si on pattern( e@éw@ynﬁen?WCQTCﬁGﬁﬂﬂﬁgﬁ@ﬁGAﬁGﬁ§n3fiséﬁ@@ 3. aNQerhErn bl ot

of pol y(A) ' JB¥AchEoTLadubbelpn Bicdugaabeats N . 7760-1, Oontech) was
hybridi zed with a 1762 ragnent of hunan cals ntenin-2 | abeled with
[Q_12P] 1 4 PARTSE6S W@gﬁ’ﬂ‘é"ﬁ’@% A péSeH1 BB1 For 136(; Bigeyp (Anersham

usi ng theidr igerand tbNnagdensphtAekizbd- rhehi pglikht fiBIA af BGR NQman
Hybri di zat i on .was perfor

for .2 h at_ 55 |d|z tion signals
were anal yzedPRCERTR B Sﬁ%gﬁﬁageFa?ﬁéchglgggﬁyﬂgﬁwgg§ Pﬁgﬂﬁ sge 5
ties of cal symesnpmierBNAsbhgapheoTheatebyrspt RD-REB S?auaﬂ-fihm hi ghest

expressi on 0lg; ¢ BYA! E9lQ- %EE@QPQ%F ghseryed ho PERbParRedhls BRA Kidney.

Low signal s ected In nusc I'pt "Was tound in
pl acent a, |uﬁ§ﬁ§ﬁdop|véph the primers S3eBfwd and S3rev A fragment

15 of the expected length was obtained, subcloned into
pBluescript KS+, and completely sequenced. Over large
segments, the obtained secquence was identical with the
predicted ¢DNA from the genomic sequence. However, an ad-
ditional exon, that was not predicted from the genomic

20 sequence, was found. This 1762 base pair fragment was ra-
diolabeled and used as a probe to screen a human fetal
brain cDNA library (Clontech 5' STRETCH PLUS in Agtio,
catalog # HL3003a). 10 clones were isolated, their in-
serts subcloned into pBluescript KS+, and completely se-

25 (uenced. The clones were assembled into a contiguous
cDNA. The N-terminal 116 amino acids (by homology to cal-
syntenin-1) were still missing. Therefore an EcoRI~-EcCoNI
fragment representing the most N-terminal 400 base pairs
of calsyntenin-2 was used to rescreen the same cDNA 1i-

30 brary. One clone contained 109 additional N-terminal
amino acids and showed a 100% identity with a seguence on
another HTGS clone, AC005671. Together with this genomic
clone, we were able to assemble a full-length cPMA of the
human calsyntenin-2. The N-terminal seguence was con-

35 firmed with PCR using the primers hsCstzZatgfwd (57-
TGCTGCGAGGATGCTGC~3 (Seq. I4. No. 33), containing the



10 Exanpl e 20: Coning of the cDNA of human cal syntenin-3 In a database
search we found an unclassified human cDNA, Kl AA0726, with a seque{]ce
identity of 53.0 % 15 52.3 % and 54.5 % w th hunan, nouse, and chi MABA005

cal syn tenrigatasfsespectively (Table 1). As described in t%ﬁr%hfm'&?i"’i ng
par agr aphs, we ﬁave i sol ated overl apping fragnents matching thi's sequence

by RT-PCR. W found a cDNA that was idemntical with the sequence of Kl AA0726
over a large 20 part of the ORF, but differed in the N-term nal segnent. W

termed this gbhA;cal syBL&sh N- 3n@nfe SO e  1adhidin El¥RLSeaabank/ DDBJ

dat abase, where it was registEred wth "the accession nunber AJ277460. The
cloning of theegpNEof Nundf! cal syntenin- 25 3 was based on a RT-PCR

strategy. In a first round, swna®) onad tdiend BNA iefgitdhe gmpsrordshol og of
KTAA0726. Ap: g%oxi teI% 2x106 I(g ues of a\}r:e.adulg se BALE/c. 5' stretch
pl us whol e bPEPA RERACPFEPSTy TREC £ RIUFE &th,” PaldE &S were
screened. sTwohiadependeas Stbelohes wé tthdeENBOIYedlsadkl AN Gaweimadsol at ed.

A de- tailed apalysis of these_ c revealed a smar differ- _ence to
< Ano726 af PAICE B8 Bapt REEeiPOTi1E (M S A Fh A T s “urm
a transl ati onumhet il i 2H8€d8 . dBhe (ATGeimntrars lati 1ol ochanimat adie- ORF

W thout any b, 86,11 0b OGlioh Ky AROTZGar FLILHGL EDWISLEERIN. fapeuery, Lhe se-

quence of the clones Is honol ogous to KIAA0726_ The nu- cleot’ des adj acent
to the transinaki ealesdbpn{ATH apd ?h 4 YRR R0 NG D% 2gnolepGa 50 1 111

1 66 2 85overy phRse agISpAEALINLEN Vhe, RIS NBUS: SEILORCEnAS-Te- terni ned
by Kozak (NUC|§IC Aci ds Resarch 1987i 1 520%: 8125-48). Due tq i1ts honol ogy
to cal synt enFAISYIEFRIAGG LS Feh¥PBi Lt T o g 7 ey @
cal synt eni n- 8in§1&i ghahspepbiraee agadmients §f o aawinps eskitded THdalarmuse
cal syntenin-3 contains a signal .p L.de_of.19 aa._ ln r ast ith the
sane analysig gggﬁ}%ﬁé,m%%eg¥g9fn§$i%%%??%%&a%sl%r%EW%§%g f%f %i 0726. A
screen t hroughipheahianaESTldasbbdsenrghe extracellular space. The
15 C-terminal segment has a length of 102 amino acids and is
highly enriched in acidic residues. Among the 102 resi-
dues of the cytoplasmic segment, 33 are acidic,.
2 high degree of sequence identity with cal-
syntenin-1 was also found in the region proximal to the
20 transmembrane segment, which bears the protolytic cleav-
age site in calsyntenin-1. This suggests that calsyntein-
2 also bears a proteolytic cleavage site in this segment.
The segment of calsyntenin-2 corresponding to
the cleaved segment of calsyntenin-1 has the following

25 amino acid sequence:

Putative cleaved sequence of human calsyn-
tenin-2 (Seqg. Id. No. 35):
HIRYRNWRPA SLEARRFRIK CSELNGRYTS NEFNLEVSIL
30 HEDQVSDKEH VNHLIVQPPF LQSVHHPESR SSIQHSSVVE SIATV

In order to obtain information on the expres-
sion pattern of calsyntenin-2 in different human tissues,
35 a Northern blot of poly(A)* RNA from adult human tissues
{Cat. Nr. 7760-1, Clontech) was hybridized with a 1762 bp
cDNA fragment of human calsyntenin-2 labeled with [o—2P]



10 veal ed a human EST (expressed sequence tag; accession nunber: AL133677)
with a nucl eotide sequence identity of 79.4 %w th nouse Cals%&}&ﬁ%@@ 3.
The 3' region of EST AL133677 was identical with a segnent of % and

ex- hibit igh degree of simlarity with nouse cal syn,l N33 The 5
f egi on, rﬁ%\%‘?{‘gexhi bited a simlarity wth the 5 eng e PIRERlGE S The o

cal syntenin-3, but was conpletely unretated with any sequence of Kl AA0726.
The transl ated nucl eoti de sequence of EST AL133677 con- tains, |ike nouse

Cal synt eni n-@:118 (@inr@HahaREPLIsde 0k ht9p2Qnas;: kengt hanhhs pdeRkit yaof the

si gnal peptide .of %he C@F of EST AL133677.exhi bited an am no acid sequence
identity ofPB8™W ol (It EREASIEGRAlIr BYBERBé28F LRBuLEScREEFREBARANEIST  Based
on these char actegr isst i°cs ande ceenhghdedizhat ohheinavels segeenegipbtai ned from

t he products .of RT-PCR and. 25 EST,AL133677 Ls the human cal syntenin-3. In
order to obt""’étliqtr%1 di rﬁg’&s’p?lr?frgrmﬁgteiror{’@ggw afhte)y%amrlgg‘:’%ngo?lf‘ﬁ CnBRR™of human
cal synt ent n<3,esa RTcaRERuggpicachmiie bfeappndeitalkedy BobykbAyassel ected

RNA  fromt %Jﬁqop%maﬁh%fsta%x%%'sginﬂns@ (;919%;%% Pal %gﬁg fLL0, CA) was
chosen as aterrp ate_for relversetranscrlp-_ t1on: II‘S_ Sstran C was
obt ai ned wi e es! iigo brglyr, mearitngandt kddoeThelows SROpRIRTWECR Syst em of

Life Tech- npliQ@ies Baseke1aWalizghkand) - nBf UFunRe DA Rakyehasein
(Stratagene, La Jolla, CA) and _the following prinmers were 35 used to perform
the PCR readtiasiente. 4 LyR] 66 WHV6F122819 PC T /1B0I! 016(,2 86 forward:
hSyn2UTRier!| (starts at the 5 end of EST AL133677) (Seq. 1d. No. 36) 5
CTG CAG TAG CGG GGT TG g' S gacg ard: RFKIA02B (ends 58 nt downstream of

the TAA stop codon of K %) ?geq. Id. No. 37) 5 TGG AGI GIC TGI TTC ACC
AGG 3' This way, the coffpbetagcodi hjesebance phman t8lagdibnonad 275 bp of

1S s o Cho e ocal XTIVt LA, (IR SAUCARA RO PLBELD

human cDNa, KIAa0726, with a segquence identity of 53.0 %,

15 52.3 % and 54.5 % with buman, mouse, and chicken calsyn-
tenin-1, respectively (Table I). As described in the fol-
lowing paragraphs, we have isolated overlapping fragments
matching this sequence by RT-PCR. We found a cDNA that
was identical with the sequence of KIAA0726 over a large

20 part of the ORF, but differed in the N-terminal segment.
We termed this c¢DNA calsyntenin-3 and submitted it to the
EMBI./Genbank/DDBJ database, where it was registEred with
the accession number AJ277460.

The cloning of the cDNA of human calsyntenin-

25 3 was based on a RP-PCR strategy. In a first round, we
cloned the cDNA of the mouse ortholog of KIRAAD726. Ap-
proximately 2x10° plaques of an adult mouse BALB/c 5’
stretch plus whole brain ¢DNA library (ML 3000a, Clon-
tech, Palo Alto, CA) were screened. Two independent

30 clones with homology to KIAA0726 were isclated. A de-
tailed analysis of these clones revealed a marked differ-
ence to KIAAD726 at the 5' end of the ORF. Both clones
consist of a 120 bp 5 UTR, a translation initiation co-
don (ATG), and an initial part of the ORF without any ho-

35 mology to KIAAQ726. Further downstream, however, the se-
quence of the clones is homeologous to KIAA0726. The nu-

cleotides adjacent to the translation codon (ATG) are in



man cal syntenin-3 and K1AA0726. The novel eDNA of human cal syntenin-3
contains an ORF of 2868 bp that encodes a 15 protein of 956 am no acids
consisting of a signal peptide of 19 am no acids and a transnenbrane domai n
of 23 anino acids. The N-terminal, extracellular noiety of cal syn-4 tMahiHz- 3

i s conpos am no acids and the G termnal, cytopj Lety has
88 am no ggl 2ﬂ§§20ng 20 the 88 am no acids of the cytoplasﬁ?€§@g£ﬁ%n of

cal syn- tenin-3, 16 have acidic side chatns. A high degree of sequence
identity with cal- synten.in-1 was also found in the region proximal to the

{r ansmenbr ang 560ugNe Wi:eBbER" §; e LOLOLYLEC,E! £a4,2R-890% 8 be I N

cal synt eni n- - s sug hat cal sxgte|n- a ars a grotealytlc
cl eavage S|téqrﬁlﬂﬁﬁbk§égﬁéﬁﬁ (Npgdeseghehds oRegarshnl 887 n- 35€98 F espondi ng

to the cleavedoseamsnt rofe ¢al SYBt 8BMB1bg aﬁoteéléﬁhteﬁmgl ap}h 8056k 8
sequence: 30 Putative_ cleaved sequence of human cal syn- t.eni.n-3 (Seq_ Id.

No. 38): |LROREYRPR HEAAPYTRRFIBESESENRERE YEBREFFRARY T 88N AL HSMNRVA
HPSHVLSSQR FLHRGHQPPP EMAGHISE ASSeHRINGY ﬁualmsi\és\ﬁgﬁ&@émm P 228123

PCTI i $011016 1 Th tt f t -

dlfflerent hugéﬁtt f“é’élﬁeegﬂﬁég 2?3}8*?% oGORFEATE %g A Qf’gPHzg‘aRv%ﬁ%%le huran
mul tipl e-ti ssae Nnrtb@tnabtotw@ﬁhonhech&meAanalpsnbepragﬁaﬂé kivo CEMNA-
fragment of ggqa P§ﬁ%@j%¥§tﬁggalgtehﬁg £eﬁlﬂhﬁ9%é .--32P] dCTP ( Axnersham

using the Prinmes riner elln (Stratagene) was used.
Hybri di zati on was perforﬁeacf©¢nZthr@ﬁghzth%ﬂmﬂmmhéE$®tﬁ¢tnh§ﬁ¢cmesignals

wer e anal yze A NQSnP ar retMake nagyCcs i hgl e species
of cal- 10 s&ﬁ%&n?hQB%PnRNAﬁgf g?g?o§|%§? gzﬁééﬂgzmggbreégg e%i?%lg 12).

The hi ghest &xPP8Esi dh-16838dd) syatBnRntYC idgsseBuenepyvedenkiby aph. A
signal of noder.ate w&ttQﬂibh)éeV\/@&lfs?ﬂﬂdnlﬂﬂ—Bh TRA3 f r paykbANey - eow | evel

sional's vere Jqbsghed il (BANRLEAT Wk YL JDGALL, BEORERAsoBRShg!aL Musel e

hibited a high degree of similarity with mouse calsyn-

15 tenin-3. The 5’ region, however, exhibited a similarity
with the 5’ end of the ORF of mouse calsyntenin-3, but
was completely unrelated with any sequence of KIAA0726.
The translated nucleotide secuence of EST ALIL33677 con-
tains, like mouse Calsyntenin-3, a signal peptide of 19

20 aa length. The identity of the signal peptide of the ORF
of EST AL133677 exhibited an amino acid sequence identity
of 68.4 % with the signal peptide of mouse calsyntenin-3.
Based on these characteristics, we conlcuded that the
novel sequence obtained from the products of RT-PCR and

25 EST AL133677 is the human calsyntenin-3.

In order to obtain direct information about
the 5’ region of the mRNA of human calsyntenin-3, a RT-
PCR approach has been undertaken. Poly (A} -selected RNA
from the hippocampus of an adult human (Clontech, Palo

30 Alto,CA) was chosen as a template for reverse transcrip-
tion. First strand cDNA was obtained with the oligeo (d4T)-
priming method (Thermoscript RT-PCR System of Life Tech-
nologies,Basel, Switzerland}. PfuTurbo DNA Polymerase
{Stratagene, La Jolla, CA} and the following primers were

35 used to perform the PCR reaction:



The cellular resolution of the expression of calsyntenin-3 was determ ned
by in situ hybridization, performed as described previously L MAR 200
(Schaeren-Weners and GCerfin-Mser, H stochem stry. 1993; 100(4):4&%-¥¥4).

On 20 cry i froman adult nouse brain, calsyntenin-3 . S
abundant ﬁﬁsgkkgggeas of the gray matter. In- spection at ﬁgb@%EMﬁﬁyi

magni fication indicated a neuronal ex- pggession pattern in all areas of the
CNS and the PNS. However, not all neurons expressed cal syntenin-3 nRNA and

25 consi derabl e differencesFFngpg:eﬁg%§?§+gpokfvgg§a¥@ge ¢+ fpHpds . A very
-1 specific

prom nent exanple of the ce gpe p expression of ‘calsyntenin-3 is
found in the & SBeBTMALIASOIAOWISEE- FTG. NP, &&tebel lular Purkinje cells

exhibit a very strong in siktuchgbrhdi 2841 88c Sh@nalhgf ¢ cal syn 30 tenin-3,
whereas all other cells of the cerebellumdo not express detectable |evels
of calsyntenin-3 nRNA. 35 Exanple 2 1: Binding of the cytosolic segnent of

cal syn- tenin-1 and the BapRe3r8onteraods 4( MR 7909 Sn V1624 228480 RGTI 1B01
/016162 88 Wil e udying the sci.eptif] jterature _dea- |i W th
interactionstbﬁi%ééhéﬁgﬂ C?%PPaeg g&%%é?%é}a %eqthgdceﬁpulg?gcytoskeleton,
we found that the cytopl asnb¢ Tpear aGof Gat| Téal vyot raCnatanity proteins (i.e.
calsyn 5 tenin-1, calsyntenin-2, and cal syntenin-3) contains at |east one

intriguing conserved am no acid sequence notif. This motiv consists in an
acidic am no acid sequenZBigoWayt afh¢ ngomp toirs erodtng r yptraphasd phag exhibits

a high der ORIl AT LAkl b Wil Bn8Chal 6rRIGAORARLA. ERALLACERIRAY 10 ning a
conserved tryptophan in the Arp2/3 binding domain of nost, It not all, of
t he current| VagnShtadeec abPbps sgrueprengr §d/BotBnprerndshet akhdi ®RTani no aci d

sequence conpdraiftiaighed tCeBREL YREAdt AYAl PpBAGnts {AURHet Wk CEalA dhehu-

Y hona R e oY SR i385 SRk B sl o

| etter code) calilgyntyindpl-3s conitaiseqaanORFobf ca8sgnbpnkthal ennbdeasaone

"NDMDDsjs ag%otein of 956 amino acids consisting of a signal peptide
of 19 amino acids and a transmembrane domain of 23 amino
acids. The N-terminal, extracellular moiety of calsyn-
tenin-3 is composed of 845 amino acids and the C-
terminal, cytoplasmic moiety has 88 amino acids. Among

20 the 88 amino acids of the cytoplasmic segment of calsyn-
tenin-3, 16 have acidic side chains.

A high degree of sequence identity with cal-
syntenin-1 was also found in the region proximal to the
transmenmbrane segment, which bears the protolytic cleav-

25 age site in calsyntenin-1. This suggests that calsyntein-
3 also bears a proteolytic cleavage site in this segment.

The segment of calsyntenin-3 corresponding to
the cleaved segment of calsyntenin-1 has the following
amino acid sequence:

30

Putative cleaved sequence of human calsyn-
tenin-3 (Seq. Id. No. 38B}:
ILROQARYRLR HGAALYTRKEF RLSCSEMNGR YSSNEFIVEV
35 ANVLHSMNRVA HPSHVLSSQQO FLHRGHOPPP EMAGHSLASS HRNSMIP



one ..LEWDS. ., and the cytoplasm c segnent of calsyn- tenin-3 contains a
single notif. of this kind, nanely 20 _ LFWDDS--- The Axp2/3 conﬂ @@ ys a
central role in the regulation of the actin-based cellular notill %R s

regul ati ngygGhhkiéi | ament growth and branching (for re- VvigWsesiesBori sy
and Svitkina, Curr. Opin. Cell Biol. 12: 104-112, 2000; Pantaloni et al.,

Sci ence 292: 1502 25 1506; Higgs and Pol¥4ard, Annu. Rev. Biochem, 70: 649-
676, 2001; and references therein). Axp2/3 activators containing a simlar

acidic motif wth a conseheeshkbrygsidopban: énel dfle:uuat MR Y Axagevi at i on
for: Wscott . N-WASP, the 30

Al.dri Syndrone Protein), th el at ed, human
hunan Scar/\/\IE&}E?J“g'rf‘%?("aeln s,u§% g%??‘é%f’i‘ﬁ?se‘sﬁ\g%mrhﬁdtvﬁ]et SR TReE ™
.. DDEVDD, .. DDEWNER awmeilabV\VhEraangultiADBVETssue nespaetivebloffor WASP,
N- WASP, and I e H an o} L ard, i 0:
649- 676, 200@3?{3%\?%{}%@?}‘?1% T u%ofé{l%aﬁg,cﬁgkgﬁlé%e’b‘gﬁ?f%?gs:
259- 266, 200¢RlsyRéenppopt ahebebedthetRoho-s@lvEgTPr yPprepraamANY Sting

adj acent aci dhe aMipR-a¢i 43 iaﬁamﬁrzg?-iﬁe{ai ﬂ%@ﬂiﬁﬁ%ibegﬂﬁgéé?éﬂayti on in
actin poyne 1 4 MAR 20 5 V\éO 02/ 22819 PCTf | BO1fl™ 1662 89 riza lon has been
denmonst r at ed¥B§ &°e6-oFvbridyzatiagetes rerfopredienct il aUrdmiL eangd| | |

Nature Cell Bhel hyBrid32at2668, s2§Qd)s wete shabgied wvaMmagenpro®f both the

trypto- phan _and._the t ami no.acid residues precedjng the, tr 5 tophan in
he s oaubneortoaamaey IHETRPRLAS, fvbRR: Fobe Bf SOR 1P ier 1OF crtls

Ar p2/ 3- neidi asgataatnh3peRikeoi zapppoximdtély heéskb AvpR/ BSeasdl edt OFigL ot ei ns
are resident 4i,Q t S e t |151@ i.nLracel lular
signal s geneggpédggﬁ gﬁéﬂgr&gns r ?gﬁ%gsggng #%R%‘%I%rdne—g ce%t%%% or
extracel | ul aservgd anobraiguch asgmrdweh maderabe, intewkd tesvast ounfint o
activation of;therARR2E3ROMARESX - LACLEGLR! i Bhel MuplhAL eastepria Lhe
signaling casca- de fromactiyvated transnmenbrange receptors to the_activa-
tion of the RAPBEKS2get Lé¥EEr shRABL peRhRGERFRpUBEELIEER T HBUSSI G npgnd

GIP-bi nding puelei ns of the Rho famly (for a re- view Takai et al.,

Physiol. Rev. 81:153-207, 2 -t . Arp2 | in, rn
Physiol | Rev. 81153207, 2000), £ HLYELS%: 8P3F SSOBLE LA LY O

calsyntenin-3 was determined by in situ hybridization,
performed as described previously {Schaeren-Wiemers and
Gerfin-Moser, Histochemistry. 1993; 100(6):431-4). On

20 cryosections from an adult mouse brain, calsyntenin-3
mRNA was abundant in all areas of the gray matter. In-
spection at higher magnification indicated a neuronal ex-
pression pattern in all areas of the CNS and the PNS.
However, not all neurons expressed calsyntenin-3 mRNA and

25 considerable differences in the expression levels were
found. A very prominent example of the cell-type specific
expression of calsyntenin-3 is found in the cerebellum.
As shown in Fig. 12, cerebellular Purkinje cells exhibit
a very strong in situ hybridization signal for calsyn-

30 tenin-3, whereas all other cells of the cerebellum do not
express detectable levels of calsyntenin-3 mRNA.

Example 21:
35 Binding of the cytosolic segment of calsyn-
tenin-1 and the Arp2/3 complex.



of new actin filanments and the branching of pre-existing actin filanments
(for reviews see: Borisy and Svitkina, 20 Curr. Opin. Cell Biol. 12:

104- 112, 2000; Pantaloni et al_, Science 292: 1502-1506; Hi ggs and Poll ard,
Annu. Rev. Biochem, 70: 649-676, 2001; and references thereiln) MARSI0a
result of whanemianced cytoskel etal dyna- mics, the cells gepafatgecand/ or
retract plasnma nenbrane 25 protrusions, such as filopodia and | anell.ipodia
(Borisy and Svitkina, Curr. Opin. Cell Biol. 12: 104--112, 2000). In the
growing tip of the axons growi ng out of neurons, terned gromﬁh cones, the
enhanced activity so gendhaledsttdansyaties $¢¢emt&irwﬁ&ﬁMEthuxéGmatory

t t d f Y d
Rei char it - NeaTEn 23 419 455 5850 - EiPRy SRLTCLIELRGe B L e (g o

Neur obi ol _ 8:thrpgelislargggtopkelesan, cwﬁrfouuﬁuhhanbuhébﬁbtopiqsmngs 110,

2001). The ephanced dunavamisgsicehiackhmifi| prBOLSHEN (the depdsitic spines of
neu 35 rons of the central neryvous systemresults. in an enhanced nmotility,

whi ch in tur FSEY HegRatdCRB RO phePEgf e AP YNERBER-AhdCPRE2 PR R T i cal

properties ohxkhﬁ:iﬁkﬂantéigalhg4cwhae20@5 W03/ 2884 9sBGEELEBE ASH62 90
consequence, ,the po% synaptic response tg pres naptlc Si nals may be
altered (Seg Pends “RedPo&t 2232 aﬁﬁ@ose FPAT n°CHF ends
Neur osci . 23tah@1nb4& c@@@@rveﬁlarygtoﬁhaenthaQQQXhYBﬁts758h1g60&a Scott and

Luo, Nature Neur gs 4. - n-ne n I t he
enhanced dyng%lcscgf%% r%§?a g?sg?%éuceéﬁ§?§ ? §/§ @ %IV%%IOH results
in an |ncﬂéagéiwhaC@PWS#EWﬁﬁlﬁyypé@Ph@@npanthﬁ Bypafbobsndingt@@manmnat|on

of membrane pyOtfdet SiiGNSoLSHER, a%f'%ﬁ%'bh?ﬁéhﬁl aﬁﬂo@ﬁh§86§9aﬂb£@a59ry act i
lo vity (Holt and Koffer Trends CEII B| § lins, Curr.

Opin. Cel | .Bitdie AFP2/§1Ce8P19500ThE, BRAS ﬁeﬁ%ﬁngtaﬁFd SﬁquﬁﬁF? ?ﬁ%ﬁ 148:
843- 848, 200Q3a1n‘in@y%l’ &on@@&‘&’b@dtmlﬁabhhﬂglfal’Qﬂfhhﬂetﬁ@l:é sHrtmee to the

cyt oske- Ieton sulting in altered cell noti enhan 15 natlon
oF Vel 11 pod SR S50BE P o e BrLENE RRGR 1t oERGE R EQmBOF &8
st rengt herrs Ehaﬁba@@man¢eof MDHDDGunDandebhsefwnthnvaBEWBDgromﬂamamd

met astasi s (@§9k§@£quence given in single letter code). The cytoplas-
' mic sequence of calsyntenin-2 contains one . .MDWDDS.. and
one ..LEWDDS.., and the cytoplasmic segment of calsyn-
tenin-3 containg a single motif of this kind, namely
20 ..LFWDDS... The Arp2/3 complex plays a central role in
the regulation of the actin-based cellular motility, by
regulating actin filament growth and branching (for re-
views see: Borisy and Svitkina, Curr. Opin. Cell Biol.
12: 104-112, 2000; Pantaloni et al., Science 292: 1502~
25 1506; Higgs and Pollard, Annu. Rev. Biochem., 70: 649-
676, 2001; and references therein). Arp2/3 activators
containing a similar acidic motif with a conserved tryp-
tophan include human WASP (Abbreviation for: Wiscott
Aldrich Syndrome Protein), the related human N-WASP, the
30 human Scar/WAVEl proteins, and cortactin, exhibiting the
sequences ..DDEWDD, ..DDEWED and ..EVDWLE, and
..ADDWET. ., respectively {(for WASP, N-WASP, and
Scar/WAVE]l see Higgs and Pollard, Annu. Rev. Biochem. 70:
649-676, 2001; for cortactin see Uruno et al., Nature
35 Cell Biol. 3: 259-~266, 2001). The importance of the con-
served tryptophan and the adjacent acidic amino acids for
Arp2/3 binding and the Arp2/3 functiom in actin poyme-



et al.- Sem nars Cancer Biol. 11:87-95, 2001; Kassis et al.-, Sem nars
Cancer Biol. 11:105-119, 2001; Condeelis et 20 al., Sem nars Cancer Biol.
11: 119- 128, 2001; Price and Collard, Seminars Cancer Biol. 11:1b%-MRINWE

2001). The i di.c sequence containing a tryptophan resid I f ound
to be cr uc\?‘gﬁz'%gfgthe i nduction and the branching of act ﬁ%ﬁ”ﬁﬁ?

generated Listeria 25 nonocytogenes (H ggs and Pol | ard, Annu. Rev. Blochen1,
70: 649-676, 2001; Caneron et al_, Curr. Biol. 11: 130- 135, 2001). After

i nvadi ng the ,qytesel ﬁéstbsenoa&me;ﬁlskrat&ae Q@Eéeailae @atmggeéﬁé" ar

actin machinery for-their _ own | oconotion- e bacterjal surface rot ein
ActA in 30 itiist && CRECREFHRL (BRUBP 8&tfh-1iVakert SCohl tBCLurd ace®%of

Li steri a nongeyt ogenes. Neey ﬂuﬁbcte&emhbgg@ﬁiéSOQV\Bot}Arﬂ%St tyators,
Act A of L| sterl a rmgog#o enes con- tains to han ]‘Ianlé% by acidic
resi due. wﬁc?ﬂlg%ﬁgﬁ‘éeres ‘?%‘?”égr i ggs and

35 Pol | ardi A@m‘manRen tBeosbeuendd: . CADDRES, Zﬁ@él)ltecﬁa&edtm Idsm hagh
degree of si and. Arp activatin notif of
Charge Olme Tt acbitntda, bAR AFBE.I; kAT, PYa; a“%“eé‘{‘f}?“%ﬁﬁ L Ax- p2/ 3
activators, welspbeskabed2thasctimatpropepheinsé ahe cedsyavenin ﬁaem ly may
regul ate the . dyRaniEs.Qh EQG aﬁ&éﬁz%ﬁeﬂéshewn 1y test&g&@% SwQJhypd re-

gul ating of the function of g conpl ex ot hesi s,
we gener at ed 9&%@%@0&%%@&% PEnpbseliranrmghranhi s lingsPErage (GST)

and the cyd Ol f§§98§ﬂiza@&1Qﬁh&i‘n}éﬁhmaﬂof@s-rsﬁ@tiC:)s Jﬁw%éerm nal
domain (Cstc) of humagbcal synteni n,| was ex ressed anc&&purl d as a GST

fusi on prot ei%?% n SELOEHPES- TﬁECregFB‘ﬁOI f')cEﬁ PG Phet i ©°RBegnent of
human cal syntedeixn- |A c(rG:srLal iesedmedi88é- 98&@; y\aSthﬁpéid;mﬂhﬂﬂg R4+ om

] .
COBOATCO0CA R4 aBfhniEalg Pheoilote o e arive-
(5'--GEEAATTG@E@AGfA@EEC?@EEIEEHGt3th955qha$5bedm abtrﬂﬁqte@ forveed and
v TE I T gl S R gy Chopeg LD (1
view: Takai et al Phys:Lol Rev. B81:153-207, 2 01). Ac-
‘tivated Arp2/3 complex in turn initiates the generation
-of new actin filaments amd the branching of pre-existing
actin filaments (for reviews see: Borisy and Svitkina,
20 Curr. Opin. Cell Biol. 12: 104-112, 2000; Pantaloni et
al., Science 292: 1502-1506; Hiags and Pollard, Annu.
Rev. Biochem., 70: 6495-676, 2001; and references
therein). as a result of the enhanced cytoskeletal dyna-
mics, the cells generate and/or retract plasma membrane
25 protrusions, such as filopodia and lamellipodia (Borisy
and Svitkina, Curr. Opin. Cell Biol. 12: 104-112, 2000}.
In the growing tip of the axons growing out of neuroms,
termed growth cones, the enhanced activity so generated
translates into an enhanced exploratory activity and en-
30 hanced axon growth and pathfinding activity (Hu and
Reichardt, Neuron 22, 419-422, 198%9; Suter and Forscher,
Curr. Opin. Neurobiol. 8: 106-116, 1998; Dickson, Curr.
Opin. Neurobiol. 11: 103-110, 2001). The enhanced dyna-
mics of actin filaments in the dendritic spines of neu-
35 rons of the central nervous system results in an enhanced
motility, which in turn may regulate the morphological

shape and the electrical properties of the spine. As a



plasmd was transfected into the E. coli strain BL21 and the expression of
GST-Cstc protein was induced according 20 to standard procedures. GST-Cstc
fusion protein was pu- rified according to standard proceduresMsMHb?U%

d ut at hi o- ne- Sephar ose (Amersham Pharmaci a Bi otech) and kept at 4C until

use. To gepspas/ AN affinity colum, 3.5 ng of GST- GCstc WBPﬂM'&QﬂO 0.75
m d ut at hi on-- Sepharose by batch 25 incubation. Thereafter, the GST-Cstc

conj ugat ed al ut at hi on- Sephar ose was packéd into a colum and equili- brated
with Buffer B (see below). Bovine bxain extract was prepared according to

the procedur gollesghéhed, piige YbousiYafidunefiortle ,t N A BRI Bial- _
3:259- 266, 30 2?01%. grbl efi% 1%0 % of froz%r\]n bovine brain were mnced wth
a Waring bl efB31S i HEY 08 it bFEBYf £ 2F9%) (P TriEnds FPwigsEa 25 mv
MyCl2, 5 mM E&TAT anzlodd mMiial bdivt hreerds aieddsk)s . 3 8. 01 -sapploeented with
50 j g/m phenylrnes-. Sud ph B or.i . [nd | eupepti nd 1 gg/rnl
35 aprotini nﬁatvl'ﬁge' n‘?%%%%g%i%és@éaa%% ?%ﬁl‘t héeérj[?qf ﬁsncg%tnti zaénaé]pfﬂ'g ’nghagwﬁ‘oeunce
honogeni zér Hadrowsicl4ri3b2d3®y, c20di) f ukn geiri-orewatori, 09gglf.otk80 min at 4

C. The super L edBGyladts &b 2081 A\ lﬁf?&g : %fﬁg‘gl 92

subj ect ed togc %grr%t ogr apth i/r?% %O%I}mf%%g% a. :10125%&) ast - Ip)cf\lﬁ%g/gﬁ um

equi | i brat ed2GF t /R bieR eFet L iheln | 3R IngFRAR Was- ol [Teetiel tysugpsi-ement ed
with 4.1 mV AdRparned e aslasoes a; /55T Ot Srdd tilaH N OnRseRiA 58 t59f-um
equili 5 bratedpvmth ufferl%légo, Tis, 25 MM KCL, 1 mMwC 2, 0.5 mMM
EDTA, 1 mM DFTO"®: 15WHFE AP, 1 Hpodig ¢ g e hi RIS agtist ution
was initiatedinit hHO1R AbKMoffer putfendB,cénl Imved. byl a4 econd 28gat;i on with
buffer B cong i NL.Ng~0 cl The, el uted prot el n ed by 10
SDS- - PAGE fo?l}l‘tL)\I’;\lllel(qzié bgc\ﬁe%t er [ g??}g%h%#'ngﬁa' c%n%e@'c%q&l ?Iya%ﬁﬂ | abl e

anti body agapeskotéie Al p3 Subltmll Biol hel4 ¥y B | 200F)Sarkt alyemer) . As

demonstrated?ﬂa@augfgm;f’liﬁ%egsm o COIP) &y AN Al et d N fhagompl ex

m Xxture of proteins extracte rom bovi ne brain, bound to the 1 m15

nobi | i zed GSTetstc FaSPbALRY oili Al beEedeeekkImtsedl bnl yerhitrged ffion
condi ti ong Wese; 8RPF elad&El I hOR: £, | dndi S A1cdB)10Mndi TWH NG Arp2/ 3 was
observed mhe%ogggigg Qﬁgégr cells, strengthens the capacity of the

tumor cells for invasive growth and metastasis {Radisky

et al., Seminars Cancer Biol. 11:87-95, 2001; Kassis et

al., Seminars Cancer Biol. 11:105-119, 2001; Condeelis et

20 al., Seminars Cancer Biecl. 11:11%3-128, 2001; Price and

Collard, Seminars Cancer Biol. 11:167-173, 2001).

The acidic sequence containing a tryptophan
residue was also found to be crucial for the induction
and the branching of actin filaments generated Listeria

25 monocytogenes (Higgs and Pollard, Annu. Revw. Biochem.,
70: 649-676, 2001; Cameron et al., Curr. Biol. 11: 130-
135, 2001). After invading the cytosol of the host cell,
these bacteria use the cellular actin machinery for theixr
own locomotion. The bacterial surface protein Acth in-

30 itiates the formation of actin filaments on the surface
of lListeria monocytogenes. Very much like the cells own
Arp2/3 activators, Acta of Listeria monocytogenes con-
tains a tryptophan flanked by acidic residue. It has the
amino acid sequence ..DEWEE.. (for a review: Higgs and

35 Pollard, Annu. Rev, Biochem. 70: £4%-676, 2001).

Based on the high degree of similarity with
the Arp2/3-binding and Arp2/3-activating motif of the



extract was passed over a columm containing only the GST part. This
i ndi cates that the observed binding of Arp2/3 20 to the GST- C%ggumdgo
protein is nediated by the cytoplasmc segnent of cal syntenin-I'." Based on

t he pre- S‘%Q’g’dﬂf'" highly simlar segnments containing a conggiygdytxyptophan
fl anked by acidic amno acids in the cytoplas- mc parts of calsyntenin-2

and cal syntenin-3 all nenbers 25 of the <al syntenin famly bind to and,
thus, regulate Arp2/3 activity. To denonstrate direct binding between the
cyt opl asm ¢ segrent1of pﬁﬁl&}éﬂé@nhﬁphfﬁnﬂcth@a%fﬁ/ &@ogrpe@u%te&rma

I ifi t I t al J_
Gl Biol - 108e b §EISE76 Bllg) CaTaPilenth FEHTEY PRy (T Spvbatn Tor Acp2ia
gogpéIre? t (I;ﬁ @;@@‘t&esepm hhbcdonmnncyk/@%ebétMmam Nb & MASRG \zxasa&&pggs?]g(rjoaz

usi [ S
@19&%@55@ En QLBCEEQn d&g\fsﬁhé b 31pd Moo LUt A1 s Ser

colum. The region encodi n egnent” of  huma re5| dues
392-- 505)5 m&%llanbwwbasw P@R g%ﬁmnﬁﬁna bfa$ Fore DNAP B8i mgeomposed

| | eot o 05 VIO
82} gggl{g gtéT 'ﬁ*ﬁ i?%%‘%‘%%ggé@ t%gggeamgqag}}wm v 8o MR 2D,

é ) . @ and hN\/\I505 :

(5' -ccgctcga@egm@@fm@mmm#d ST-¢skey) - 1The Olﬁ?‘}e‘é‘%“%lfward and
reverse primgomaiRSpestiyveby, h@ﬁaﬂe@eﬁilé,ﬁ@@eﬁrew Qs YexphE@d&d ednadl ., J.

Cell Biol. 146:1319-1332 ég?ﬁt)ﬁ The 5 PCR fra lg:ﬁnt e COdI ng N- WASP VCA was
cloned into PHETXAGE 28ite RE BEEBRL S B2 d, P bt gehef af 891 /2 pGEX- VCA
pl asm d. GST-eviCAdpnot eha wgsopXpeassesegmenthecE. hmmdam calsanhned @11 accor di ng

to standard imnducti yr, \/ on protein
was purified onlﬂ %d%%ﬁ%{n %Ba%%ga%;eﬁ{%%&%n dgﬁ)a’ C&% t%f“x %gnv?nglng t he
pro- tocol r&casrendild byindeodigphictepnhees NashFhbr HBEL a(5 Bi ot ech) To

generate an @fcfebmwc@ehmee@éét;&hém@ﬁ vgéqwafdbollaad 59)
@ ut at hi on- Sephar ose beads é@gat ch in- cubation. GST--V I ut at h| one

Sephar ose bedFSshbraddroted A&?TQ@F%WIG%%AG%W%/
A ut at hi ofy Saghanesesppsaysedrasrdt Bedaféiabsy pBimé, t@egyéttyvéma. Arp2/ 3

conpl ex, as q%@ Cste PCR fragment was cloned into the BamHl/EcoRl si-
tes of the pGEX6P-1 plasmid. The resulting pGEX-GST-Cste
plasmid was transfected into the E. ¢oli strain BL21 and
the expression of GST-Csty protein was induced according

20 to standard procedures. GST-Cste fusion protein was pu-
rified according to standard procedures using Glutathio-
ne-Sepharose (Amersham Pharmacia Biotech) and kept at 4°C
until use. To generate an affinity column, 3.5 mg of GST-
Cste were bound to 0.75 ml Glutathion-Sepharose by batch

25 incubation. Thereafter, the GST-Cste conjugated
Glutathion-Sepharose was packed into a column and ecquili-
brated with Buffer B {see below). Bovine brain extract
was prepared according to the procedure described pre-
viously {(Uruno et al., Nature Cell Biol. 3:259-266,

30 2001). Briefly, 100 g of frozen bovine brain were minced
with a Waring blender in 100 m}l of buffer ¢ (20 mM Tris,
100 M NaCl, 5 mM MgCl2, 5 mM EGTA and 1 mM dithiothrei-
tol (DTT), pH 8.0), supplemented with 50 pg/ml phenylme-
thylsulphonyl fluoride, 5 pg/ml leupeptin and 1 pg/ml

35 aprotinin. The minced tissue was further homogenized
using a Dounce homogenizer and was clarified by centrifu-

gation at 10,000g for 60 min at 4 °C. The supernatant was



scribed previously (Uruno et al., Nature Cell Biol. 3:259-266, 2001).
Briefly, 100 g of frozen bovine brain 20 were mnced with a Waring bl ender
in 100 mM buffer Q (20 nTM Tris, 100 mM NaCl, 5 mm MyCl2, 5 PMMEGTRY 1 nM

dithio- t r$ mw PH 8.0) supplenented with 50 g/ M phenyl .
t hyl sul phtc}rfyéz%?{' uoride, 5 g/m |eupeptin and 1 g/m apr otpir(nr]?r”rﬁ‘i”ml‘fi(’e2 m nced

ti ssue was further honogeni zed 25 usingsa bounce honobgeni zer and was
clarified by centrifu- gation at 10,000g for 60 mn at 4 C. The supernatant

was  subj ectegb%(@cgémoa@t&gf&{%%%&;ﬁlquql W 1Qogpharpse of I ow col um

equilibrated with buffer Q The f1owthrough_ containingt Ar p2/3 conpl ex
was col | ect eﬁa%u%]p?“én%ﬁﬁ%‘éﬁnmﬂp@tfwlmwfﬁ att |']3¥fatfé@“bn a GST- VCA

gl ut at hi o- nensephiarase Mib@@t&ﬁ]wédﬁiﬂain@ﬂlﬁ@d hedottf fern Bof 9GomMaplris, 25
M XCl, 1 nM ATP, pH 7.5). After

washi ng with %/g‘g %d.nl?'l (g%ﬂFT%?tCB Gjl“ttﬁ‘&gﬁxraﬁf’F?e@g‘ﬁpq wwruEsdiditth buf f er
B cont ai ni5ngb85t@d2ni\»ﬁ:m/glﬁijﬁfeirm {BOW@] ITrAas thennbdlla:tlyseld rapaigaste buffer B

and concentr gt nt.r i p cartr T Cc entrated Arp2/3
conpl ex was @f gr I%Il‘r;:r%m‘qf o %01 “%fb\lgqlfg V%est)l'z washing

P(' T/ 1B011016s2h 9auffeni Rg @%gmyoasallraitlﬁ&&ctwimmt(éim I\tdﬁfﬁder:iirr ati on was

det er m ned by, khg- BCA Hﬁ%ﬂec&ﬂbﬁr %eﬁ!o%&'él@éﬁﬁy)mtﬂ‘sd

st andar d. To |nvest| ate e cytoplasmc seg 5 Ln% of caI syntenl n- |
has the capabfi®igg i Adlt¥eChé p¥ie eorsicepratnl reIrCana fvigsido®ypr ot ei n

was bound pt oSnélyA@t:hf@m&e@@aw&eemﬁ 6 thaleh d G al | QmekQls 22 -
control, the_ GST-- (%PLusmn te| n, which is an esta- blished Ilgand of
the Arp2/3 co¥pfEat} G ot Y JEHE T G dIm3 gdrenis afothsgs, 2001)

and GST al onerper® ctmmpﬂextosﬁxw athizon- S@W@tﬁ%ﬁ&h@ﬁ&vm or GST

5 ,tg), | bj - Seph d th 10
E)m)l )of g)pur: ??gd!:ﬂl %%3‘9 %rrp#%‘gié)g’nb%?e eafirr%%? at%ef' o(f“%%tf”ﬁ@%ﬁtluvs’\‘ﬂe %
Triton- X- 100pf anfdteemﬁb@xmjaq‘:md 2z fhcatine Omaive, reyatd ng wWieelim-The
beads weng 1, ﬂ’m&ﬁﬁ?@l‘lé ?ﬂhéi‘oﬁ%xfc‘g{?ﬁéa&%t‘bﬁgé‘ P&é&‘é’ed L Mp t1mes

SDS sanpl e bu e resu ng sanple r was
when elution condltlons were applied (Elutlon A in Figure

13}. No binding of Arp2/3 was observed when bovine brain
extract was passed over a column containing only the GST
part. This indicates that the observed binding of Arp2/3

20 to the GST-Cste fusion protein is mediated by the
cytoplasmic segment of calsyntenin-1. Based on the pre-
sence of highly similar segments containing a conserved
tryptophan flanked by acidic amino acids in the cytoplas-
mic parts of calsyntenin-2 and calsyntenin-3 all members

25 of the calsyntenin family bind to and, thus, regulate
Arp2/3 activity.

To demonstrate direct binding between the
cytoplasmic segment of calsyntenin-1 and the Arp2/3 com-
plex, Arp2/3 complex was purified according to a pub-

30 lished protocol (Bgile et al., J. Cell Biol. 146:1319-
1332, 1998} . To prepare an affinity ligand for Asp2/3
complex, the COOH-terminal domain (VCA} of human N-WASP
was expressed as a GST fusion protein in E. coli and pu-
rified using a Glutathion-Sepharose column. The region

35 encoding the VCA segment of human N-WASP {residues 392-
505} was amplified by PCR from human brain <DNA using
oligonucleotides phNW392 (5'-ccggaattcCCTTCTGATGEGGAC



on an SDS-PAGE gel . The el ectrophoretically separated proteins were
electrotransferred onto nitrocellulose 20 using standard protocols. The
Arp2/ 3 conplex was visuali- zed with a polyclonal anti-Arp3 anti bé)d%R mr,

(pur chase goanta Cruz) according to standard inr un rocedu-
Sd bafpsal | . qg!ggg;]gmsp

res. W foun qui vocal evidence for direct binding of to GST-Cste
and GST-VCA, but not GST al one. These 253results denobnstrate a direct
bi nding interaction between the cytoplasm c segnent of cal syntenin---1 and

the Arp2/3 cormheEx ) n{Sedimary. @l synt Qﬂi&-p)hNWMB aj v ng:-dde-gaayt opl asmi ¢
sequences . ca I ndi N the p2/ 3
conpl ex. Thlﬁamwc?ﬁ%fmen ﬂgcgseqz t}s)’-’a} cﬁ"f%r ite to
interact wiahd theveyrp2/Br toap) evxesa}ecas\zéﬂar,cw$ em:qui@mi/vrpreegnmaalyors of
Axp2/ 3 actiVity;1dn ng hu NA%D ar / WAVEI
pr ot ei ns, co&t%cté &{ﬁ% th‘g 3% HctA prote| n ic\ﬁ Listeria rmnocy }gég:;enes in
whi ch t heSbi PCR dﬁwm@ eRpeRing My WARP oS evadclongst dpttan thee|Xides  t he

sequences - . DEMDD, ¢ BB 6r VDY fa omi DM Len @welufe MAR 20QR-ANO
02/ 22819 PC T11 3011016 95 SIIEIJLr esp ectlve Or an overvi ew see:

Hi ggs and FRlREmEd- ﬁﬁ%‘v%\@r%%‘éhé'fﬁs WPI@%QQXGF‘B thd- &ittyefe- rences
therein) T@uﬁamaﬁmtm&&m@ytcmmﬁrd t Snaeyt i Al sl €onpet es

with established re tors ég@%gs act|V|t and, in dmg;l o, takes
part in the Fega- pJF P57 YA . p’f% QUM RIS FRhLR i Rst re-
gul at or af t@hxmmi&%enﬁmmoﬁélaﬁolm atﬂ@rmhmn@diaﬂellqmm@iﬁhe Ipw-gont rast

:)Iljlgt g:”n;e(r;; | %?Igétﬁ\gpégrﬂ%%@\ﬁg‘?% Ifé Or%l?dl cort g}“[ql n are Cﬂ% OpSZSaI’T;[ Eepr ot ei ns

and depend. oBietérdn) i rffe seeerih e arecﬁfaﬁmlstsofccekmmac@urniﬂqi G8Tmnal s-
Cal synt eni n- V(*:A@é!stﬂ@m&'%@ @r&i@&ﬂdﬁﬂs%phéf&é@'ﬁeéﬁ%y%% | 5

extracel lular part directly into an activity-regulating signals to the
Ar p2/ 3 conpl €¥batiHen 1 5T Eeh @l wra gy Serhasese S SPER i redgnent s
con- tainkngag censehite sy pt ophan in the cyt opI asmc parts of

cal syntenin-2 and cal Syn‘It' mGpST—V ndIG %tt?isi:hl at éepharose was used as

the affinity matrix to purify the Arp2/3 complex, as de-
scribed previously (Uruno et al., Nature Cell Biol.
3:259-266, 2001). Briefly, 100 g of frozen bovine brain

20 were minced with a Waring blender in 100 ml buffer Q (20
mM Tris, 100 mM NaCl, 5 mM MgCl2, 5 mM EGTA, 1 mM dithio-
threitol, pH 8.0) supplemented with 50 pg/ml phenylme-
thylsulphonyl fluoride, 5 pg/ml leupeptin and 1 pg/ml
aprotinin. The minced tissue was further homogenized

25 using a Dounce homogenizer and was clarified by centrifu-
gation at 10,000g for 60 min at 4 °C. The supernatant was
subjected to chromategraphy in a 100-ml ¢ Sepharose Fast-
flow column equilibrated with buffer Q. The flow-through
containing the Arp2/3 complex was collected, supplemented

30 with 0.1 mM ATP and fractionated on a GST-VCA glutathio-
ne-sepharose colum equilibrated with buffer B (50 mM
Tris, 25 mM KC1, 1 mM MgCl2, 0.5 mM EDTA, 1 mM DTT, 0.1
mM ATP, pH 7.5)}. After washing with 0.2 KC1 in buffer B,
the Arp2/3 complex was eluted with buffer B containing

35 0.2 M MgCl2. The protein was then dialysed against buffer
B and concentrated with a Centriprep 10 cartridge. The
concentrated Arp2/3 complex was stored in buffer B con-



menbers of the calsyntenin famly nenbers bind to and, thus, regulate
Arp2/3 activity. 20 Wiile there are shown and descrlbed presentlﬁ4€ﬁg§&$rred
enbodi ments of the invention, it is to be dis- tinctly understo

inventio limted thereto but may be otherw se v odled
Whiaihy FHKER0r

and prac Wthin the scope of the foll ow ng clains.
02/ 22819 PCT11R01101A 1 96 PATENT CLAIMm 1. An isol ated pol ypeptide for the
use as a pharmaceutical conprising an am no acid sequence at |east 5 50%

i dentical Q8 SeRUeRE 38\ e5tad oftf ogh! be g?QHQeQﬁ”coﬁ&éﬁ{f@tﬂgn f»@% a full

| engt h anlno acid se%ﬂence selected from the group consisting o eq. |d.
No. 2, Seq. defeqpnred; byndheegCH gethgd 6P12E°B) PEOPBIY pRPEFXIR: conpri sing at
| east one, Lﬁﬁgkemﬁblyuiwpﬁt@@ﬁbr@referably t hree of anmno acid se quences

sel ected fromthe group COﬂSIStE g g % q%ence resj dues from about 46
to about 165, sequence OF rBY¥FStiHase1vhetRennbe %%509 Dt resi dues
from about ﬁ&xﬁ?&ﬁiamdbgm&e&ﬁﬁ—an@aseqhencapaﬁlt@sthBSnarﬂm&amﬁp2/§81 to -

about 981 of etk &P o) 2 gl Kpeptl,de, COpLi shigs a1 east one.

preferably t preferably am no- Se- quéﬁces sel ected
fromthe gr@ﬂpneﬁmmquSﬁyh@koSgeﬁﬁedeebQOthChesndubetionn1E@nua 66 to about

158, sequen%rpérdleslthedléefr—mmf%gi%h %:gatEQn?b\gHric 59 sgauepge of

resi dues from about /51 to about sequence of residues from about
854 to abouttlosHiast ISgpnd @f [he Arvdy3acpBpypepiiVaeneonprabi ngVat | east

one, 25pr etf\ﬁr@laiem W,01M0St: 2@r9ef2%rsab bm&lﬂr eecaOf;s@nhm@né%elré epoQHaNCces
sel ected fromthe up caons t|n uence resi dues from about 51

to about 14%° TSR eseﬁFo EsouFSTGVC%o FbdiRT 242, sequence
of residues pd)r,omnededuiil i Za6 bn shatkti4h - aaﬂhsequenbeaai resi ¢ uebxédaom 3D

about 869 tQ,A8pUly i PlorS¢heihi N nrBah RoMBLURCRA! HGeEOUPAT 7Y 2t ! east

ul of 50 mM Tris, 1 $ Triton-X-100), and incubated for 2

15 h at 4 °C on a rotating wheel. The beads were rinsed
three times with buffer A and then beoiled in two times
SDS sample buffer. The resulting sample buffer was loaded
on an SDS-PAGE gel. The electrophoretically separated
proteins were electrotransferred onto nitrocellulose

20 wusing standard protocols. The Arp2/3 complex was visuali-
zed with a polyclonal anti-Arp3 antibody (purchased from
Santa Cruz) accoxding to standard immunoblotting procedu-
res. We found uneguivocal evidence for direct binding of
ARrp2/3 to GST-Cste and GST-VCA, but not GST alone. These

25 results demonstrate a direct binding interaction between
the cytoplasmic segment of calsyntenin-1 and the Arp2/3
conplex.

In summary, calsyntenin-l1 containing the

cytoplasmic segquences ..MDWDDS.. and ..LEWDDS.. is

30 capable of binding the Arp2/3 complex. This indicates
that calsyntenin-1 uses the same binding site to interact
with the Arp2/3 complex at as the currently known regula-
tors of Arp2/3 activity, including human WASP, human N-
WASP, the human Scar/WAVEL proteins, cortactin, and the

35 ActhA protein of Listeria monocytogenes, in which the bin-
ding site comprising the conserved tryptophan includes
the gequences ..DEWDD, ..DEWED, ..VDWLE, ..ADDWET.., and



preferably two, nost preferably three of am no acid se- quences sel ected
fromthe group consisting of: sequence of residues fromabout 881 to about
981 of Seq. Id. No. 35 2, sequence of residues fromabout 854 to ghompp

of Seq. Id. No. 4 and sequence of residues from about 869 to about 956 of
Seq 1d. Noyo&e, YR 02/ 22819 97 14 MAR o0 PC Tli 801101662 ang -pawihg.sal ci um
binding activity and/or the capacity to bind to the Axp213 conplex. 2. The
pol ypeptide of claiml|l wherein the polypeptide sequence is at |east 600
identical and nore 5 preferably nore than 65%identical to an am no acid

se- quence sel Qﬁztv@ﬁ [ remplehe 196ayp (¢eRshat bBErofi cwd)ed fullbqlgea%h am no

acid sequenc ected fromthe qgro con |ng f S , Seq_
| d. No. %ééﬂ' | $™No. R§V1085?ngﬁoly ep% 6§éwp§ﬁgﬂn6“§trﬁé§%t one,
preferably tmnxunns&hpﬁehaﬂabhwubhrealepna&nmn acl&ysmeanuemﬁeStselected

fromthe gro i t|n f resi yes fron1ab ut 46 tq about
165, sequencgpo r§§%1 %a% 1§%m% 59557 & que 83 of o tt8ugs %rom '
about 15 ZV4Puuﬂhﬁb@mtS@lt&ndnﬁeqmendeluﬁ Be$|dakSSfp@wtaboumh88IGQMG about

981 of Seq. by o pthod PalkRSstidecaouBLESNG 3 sLeds 9gs. picel or ably

two, nost pre t hr ee am no acid se- quences Sel ecte rom the group
consi sting ofgu ﬂéet@@ SPRd3di gaEplerofhabods 66 tranaPeibras® sequence

of resi- due lfd@mab%t cl)%%rta@tabeﬁb %ﬁ%reﬁ%qye%%wgf A83i/dues qufizam about
751 to about 834 and seg yuence_of residues om about 854 to about 955 of

Seq. Id. No. #PT%y) & PEtREE 'cHnﬁﬁﬁgvnﬁgﬁth@§§F“§n8 5 preferably
t wo, nosthoreic&rne/MAwEﬂhrfemqﬁz agindocaeeitdcttn guencgtopeheahedpbe@itkiye group

osi - ducs {IBH ABSTECLER L5 e s A s e LN BE O PES AleS P PSR about 759

t o about 845 landisedyerde - otaﬂeyndaasnFﬁOMESOtabnaﬂu&egemarab@uﬂugﬁﬁ of Seq

ld. No. 6, signals received by ist extracellular part directly into

an activity-regulating signals to the Arp2/3 complex. The

15 presence of highly similar conserved acidic segments con-
taining a conserved tryptophan in the cytoplasmic parts
of calsyntenin-2 and calsyntenin-3 indicates that all
members of the calsyntenin family members bind to and,
thus, regulate Arp2/3 activity.

20 while there are shown and described presently
preferred embodiments of the invention, it is to be dis-
tinctly understood that the invention ig not limited
thereto but may be otherwise variously embodied and prac-

ticed within the scope of the following claims.



e) a polypeptide conprising at | east one, preferably two, nost preferably

t hree of anino acid se- quences selected fromthe group consisth of :
seqguence reS|dues from about 881 to about 981 of Seq. 1d. No. 4SHA&2Mﬁ
sequence of Ldues from about 854 to about 955 of Seq. 4 and
sequence o énﬂues from about 869 to about 956 of Seq IHQT«@ngﬁ 1 4 MAR
2005 WO 02/22819 PCTABO / 01662 and havi nggcal ci um bi nding activity and/ or
the capacity to bind to the A rp2/3 conpl ex. 3. An isol ated polypeptidc for
the use as a pharnaceut@%ﬁl 349 an am no aci d sequence selected 5
from sequences conprising a §% Ah of at least 100 amino acids with a
mnimal identity percentage of 50@6 preferably 55% and nore preferably 60%

to a amno acid sequencq_sthqkﬁga&&gngb@gpgbgggecgg§l§Lbngsgf a5€q. to ld

No. 2, Seq. Id. No_ 4 and Seq Sald se- guences having cal ci um
b|nd|ng actlvP¥?f%ﬁﬁﬁ%ﬁlQQka%ﬁﬂﬁﬁisvﬁyéﬂbaﬂﬁﬁ@ BEithECASTICS: @snplest 4. The

pol ypepti de agepriidig il @anyone fqidife Regcedicdd relodl MM Gpldohs a
transnenbrane_ rotel nd which is expressed predominatly 1n ceIIs of the

nervous syst eft pol ypeptide according to claim4 which is expressed
in neurons. 20 6 The pobwpepuhdﬂ.aﬁﬁ@ﬁdlaglha Gb&ﬂﬁhgqﬁhb@b sk$ekeeal i sed

to the postsypa t| nenbrane of synapse p pept i ording to
claimé®6 vvhlchE b % %ﬁic?F%f%%f %e S5 a gp ﬁéya%pa §%hs%§f §Blne
synapses and ﬂna@ﬁrﬁknbrdhb dfc subsynaptic eridoplasmatic 25 reticul um of

shaft synggses 8. The po&»pgp gq%gﬁg@glgg nggxgngto&eagéabgg 4 to 7

whi ch is expressed in tunor ceIIs tég ptrde according to anyone of
t he precedlan%f%E?ﬁ;KMﬁWﬂwIﬁﬁﬁ@tﬂ?ﬁﬁﬁQﬂbLEal &% Bifh @M@ decigoseain in the

cytopl asm ¢ cgapatddaidiedihbd fhen Ry RARIC cAGE ARG 0 aRRee ef
of residues from about 46 to about 165, sequence of resi-
dues 166 to about 257, sequence of residues from about

15 774 to about 861 and secuence of residues from about 881
to about 981 of Seqg. Id. No. 2,

¢} a polypeptide comprising at least one,
preferably two, most preferably three of amine acid se-
guences selected from the group consisting of: sequence

20 of residues from about 66 to about 158, sequence of resi-
dues from about 182 to about 259, sequence of residues
from about 751 to about 834 and sequence of residues from
about 854 to about 955 of Seg. Id. No. 4,

4} a polypeptide comprising at least one,

25 preferably two, most preferably three of amino acid se-
quences selected from the group consisting of: sequence
of residues from about 51 to about 142, sequence of resi-
dues from about 167 to about 244, sequence of residues
from about 758 to about 845 and sequence of residues from

30 about 869 to about 956 of Seq Id. No. 6

e) a polypeptide comprising at least one,
preferably two, most preferably three of amino acid se-
quences selected from the group consisting of: sequence
of residues from about 881 to about 981 of Seqg. Id. No.

35 2, sequence of residues from about 854 to about 955 of
Seq. Id. No. 4 and sequence of residues from about 8693 to
about 956 of Seq Id. No. 6,



t he preceding clainms which has at | east one binding site for the Arp2/3
conplex 11. An isolated nucl eotide sequence encoding 35 a pol ypeptide

according to anyone of the preceding clains for the use as phav i cal .
14 MAR 2 2 - An isolated nucloride sequence encodj uggfg% pt -
i de as desgﬁggg?%éanyone of the preceding clains which hag%gﬂgw?% at | east
one point nmutation insertion or deletioyw, lost its function. 5 13. The

nucl eoti de sequence according to claim12 for the use as a diagnhostic tool.

14. Pharmaceutical conpoghdi R ERGPELBENGN 3: R YpeRbLdei gy gdefjfed in
anyone of clains 1 to, 10 an a nucl eoti de_sequence according to claim

d/ or
11. to 15. AYSRarAREEHFYCEP g&ﬁﬁo§PtFBﬁ BERof i AP eXc| ai m 14 conprising a
pol ypeptide according to2anypaepeiypepeidd df tordfm 16whbseiRftime pol ypeptide

or a parti al equence thereof as.defjned i one of ,th receding 15

claims for tﬁ%ﬁﬁggpgésﬁ rogHeR6F tie® egi?%€n€ﬁ¥ bgegtlﬁﬁirgﬁgéﬂ?Fﬁal. 17.

Use of a protpeefiesabdyDiNAreeguancésasidaetinetl ta anyanenof atbhe peecedi ng

claims for t en%grggggggegngr %rtpge nggaégﬁggg of aogedicanent for the 2a
pa ar9 r FLPde

treatment of "di'sorders, In rtrcu drsorderso nervous system nore
particul ar of the centrat)nervobd leystlemmimstapidf epgbbncehsebeatad 18.

Use accor di g0 thel Brddp EhALactehLZ6E sih. that Rl dodi ﬁea@'efaz 8.
particul ar of the nervous 25 system "nore particular of ‘the brain, are
di sorders dué apg £ggk &f-cNeav&ge or miscleavage or excessive cleavage of

a protei mgas defined in ppeaoﬁog%ﬁgﬁgiaeJéoﬁﬁgﬁgﬁggbgt abakeastie ONE

pr ot ease. 19. e according to claim18, characterized .30 in ,that the

protease is FF533E95§§etHPaSWPﬁ59Bﬁefﬁf??yﬁtBPFeﬁbBFéFF%PBdaﬁédtﬁﬁT

ur oki nase-t y pmepkasnsabgenedatiomy aheogroabbeens ik ed nas ofPAseQiepta@sm n or

neurotrypsinbfogegigﬁggbfkgm 8£0ﬂ%uﬁgp§5nabout 165, sequence of resi-
dues 166 to about 257, sequence of residues from about

15 774 to about 861 and sequence of residues from about 881
to about 981 of Seqg. Id. No. 2,

c} a polypeptide comprising at least one,
preferably two, most preferably three of amino acid se-
guences selected from the group consisting of: sequence

20 of residues from about 66 to about 158, sequence of resi-
dues from about 182 te about 259, sequence of residues
from about 751 to about 834 and sequence of residues from
about 854 to about 955 of Seq. Id. No. 4,

d} a polypeptide comprising at least one,

25 preferably two, most preferably three of amino acid se-
guences selected from the group consisting of: seguence
of residues from about 51 to about 142, sequence of resi-
dues from about 167 to about 244, sequence of residues
from about 759 to about B45 and sequence of residues from

30 about B69 to about 956 of Seg Id. No. €6,

e) a polypeptide comprising at least one,
preferably two, most preferably three of amino acid se-
quences selected from the group consisting of: sequence
of residues from about 881 to about 981 of Seq. Id. No.

35 2, sequence of residues from abhout 854 to about 955 of
Seqg. Id. No. 4 and sequence of residues from about 869 to
about 956 of Seg Id. No. 6,



20. Use according to anyone of clainms 17 to 35 1-9, characterized in that.
said disorders, in mart, i cular of the nervous system are d

perturbed processirrg of intracellular calciumsignals. l\ﬁg %/20%
02/22819 PG 194301661 3.00 21. Use according to claim anypﬂq;(@)ﬁ."g,lzal ms 17
to 20, characterized in that said disorders, in par- ticular of the nervous
system are due to perturbed proc- essing’ of extracel lul ar signals that
regulate the cellu 5 lar nmotility processes by neans of regul ating the
activ- ity of the Arp2/3acehpleexng22alUsenagtoidnogatoioneyoindlai ms 17 to

21, charactegl?getdaﬂa{hfgpttgr}gr(@cgocq@%ngx s ,a gg Gagent for the

mnimzation the tissue destruction du ng an *10 after stroke. 23.
Use according to anyone o&f @Fhlirﬁé)lﬁ?efloPOQEPeEhaﬁéclf@r‘fl 2Bd PRctd@tet he

medi cament  preyents-diie cLeldomifatdy of agebhenef abhe m%rqv&%%esgéi@&e% Use
of a DNA sequence or a protein as de- 15 fined in anyone of clains 1-10 for

t he preparatl%Fbef a nedicanent for the treatnent of tunors, including
preven- tion or reducti osedfuddiesgonblisihe 3X§aﬁét@:ﬂ, oEhati Deadtltration

and the netas is of prinary d net.asta rticular brain
lmor s or t umbie THADEHRE 500 i 58 ratk S IgEE Y RS L6 ararnPaa

char act eri zeds0% n mrdtersadiidy tabforasnd meoleverifietrbelly @rO(%Wlth: aexpansi on,
infiltration, %%} I e apgj.ogenesi s
an enhanced achjFW téyqalgéi€r§ QC%Ajr)é Zt%% th?‘ %99%’ %lsﬂsessig'ég% 89 ggg claim
25, charaéferTgedioi ¥t HRA sal @Maﬁc@@daéﬁml iyl -ofNct-hé Ar"pZﬁSS@orrpl ex is

medi ated by ag,ahnoy vl Qlg eé@féﬁiﬂ%l%ﬁlh%dﬂ%%gv&gru%%d/b@ ¥hEU8§b<§QD of one
of the sequences as defined any- 30 oné _of claim 1-1 . Use according

to anyone of tFailtR 244 4 2@19 cz}ﬁ?za/@t EFFPE8*-n that sai d turmrs i nvol ve in
their growh, expansiona.i mftid tgaatioensiget agtasisngndoptoyoheO0ff the

preceding claims which
15 is a transmembrane protein and which

is expressed predominatly in cells of the
nervous systemnm.

5. The polypeptide according to claim 4 which
is expressed in neurons.

20 6. The polypeptide according to claim 5 which
is localised to the postsynaptic membrane of synapses.

7. The polypeptide according to claim &6 which
is localized in a membrane of a spine apparatus of spine
synapses and in a membrane of subsynaptic endoplasmatic

25 reticulum of shaft synapses.

8. The polypeptide according to anyone of
claims 4 to 7 which is expressed in tumor celils.

9. The polypeptide according to anyone of the
preceding claims which has its major calcium-binding do-

30 main in the cytoplasmic compartment.

10. The polypeptide according to anyone of
the_preceding claims which has at least one binding site
for the Arp2/3 complex.

11. An isplated nucleotide sequence encoding

35 a polypeptide according to anyvone of the preceding claims

for the use as pharmaceutical.



of bl ood vessels or neoangi ogenesis at |east one protease 35 functigmaldy. v
connected with a polypeptide as defined in anyone of the clains 1-10. | ! :
T 14 MAR 2005 2d . Use according to claim 27, characterized inl&hHaR Xfie
protease is a nenber of one of the followng protease famlies: Serine
Protease fam |y such as tissue-type plasm nogen activator (tPA) ,

ur oki nase-type plasm nogen activator (2PA), plasnmin, thronbin,

neurotrypsi n, neuropsin, elastases, cathepsin G - Mtrix Metall oproteinases
famly such as 1l1la coll agenasess: geﬂaﬁnnasasnrs&%oaeﬁyShﬂs,pﬂa&qy$mS|ns -

stein Proteases famly suc t hepsin and athepsin.D. 29. A
gznthetlc o' ERerPERF! HétHBdgFgF”?ﬁ IHB?BHUE?lﬁﬁ 6 BFgﬁﬁafpﬂes, pepti des

or nucleic aﬂudmolﬁhseQuénees1reptesentlﬁgaatuheasLJparmueLtthﬁ,sequences

defined in C|aIﬁE § %ng haV|Tg phe abi |It¥ to mmc or to block,
11s5e i3 T‘ [ 13711 L by, - -
respectively, the B oglca t'v ca synteriin, in particular the

caIC|un1p1nd|ng activitys. 3DheLBQCb¢0¢h®¢E&@q3@muen@esoa®dm@rt¢he 20
polypeptlde?1g§ad§5|@gg_kﬂFagggng%og ggﬁgggsg ;Lo d3,as tools in the

screening o rmaceuti ca rugs a sequence as defined in claim
11 as a means to produke- aﬂ@$§@ﬂ%e®¢l%%lam@m@ﬁﬁﬂﬁt@ﬂt¢@ﬂp¥ﬁ$mmmt¢on of

ant | bodi es. 25,320 TnangenteiRon BUMBAYSALMBE, o1 ghAKagt egl 76dzhg bhat it
COI’TpI'I Ses an exogenous sequence as defined in claim1l or 12 1n an

envi ronnent @ BPFORPRYIBr BEETANERpRESSTON1Y38C ©5B1Hf 1 4- DNA sequence as
defined ign claim 30 121 9r ﬂ-%}l@ifrﬁdﬁ@@ﬂ@fﬁ§l t&@ﬁ&@él@%nti@c@f&ﬂ%aﬁéon of a

di agnostic p epar ion for the diagllosj orders due to defects in

t he genonic Ueié Cﬁﬁﬂﬁ??é?%gaapfﬁﬁPegﬁb n%%cﬁﬁgb?ﬂiﬁa ?Byfpﬁiﬂg 34. A

vect or or atﬂaﬁm3|altoh10nnsone 35 conprising a DNA sequence as defined in

claim1l or 12 16. Use of a polypeptide or a partial
sequence thereof as defined in anyone of the preceding

15 ciaims for the use as a tool for the development of a
pharmaceutical.

17. Use of a protein or a DNA sequence as
defined in anyone of the preceding claims for the
screening and for the preparation of a medicament for the

20 treatment of disorders, in particular disorders of the
nervous system, more particular of the central nervous
system, most preferably the brain.

18. Use according to claim 17, characterized
in that said disorders, in particular of the nervous

25 sygtem, more particular cof the brain, are disorders due
toc lack of cleavage or miscleavage or excessive cleavage
of a protein as defined in one of claims 1-11 induced by
at least one protease.

19. Use according to claim 18, characterized

10 in that the protease 1s tissue-type plasminogen
activator, abbreviated as tPA, urokinase-type plasminogen
activator, abbreviated as uPA, or plasmin or
neurctrypsin, or thrombin, or neurcpsin.

20. Use according to anyone of claiwms 17 to

35 19, characterized in that said disorders, in particular
of the nervous asystem, are due to perturbed processing of

intracellular calcium signals.



for the use in gene therapeuti ca 1 app | icat_ marts in humans and in

animals. 1 4 MAR 2005 anino acid sequence which i., at |east 60% -dent - zeal
to the amino acid seq per ce of No. 1. 36. The polypept|de of?dl&%ﬁﬂ@%
where-in the s anino acid sequence is identical to Seq. Id 37. An

i sol ated pdYPeptde conprising an anino acid sequence mthﬁ”F@”H?‘least
98.5 %identical to the am no acid sequance of Seq. Id. No. 6. 38. The

pol ypeptide of claim38 which is is identical to Seq. 1d. No. 6. 39_ A

nucl eoti de sequence encodiingRe Bet:wepﬁ?dgoae&gm' Qﬂyégeagyo(@@a%scl ai ms 36
to 39. 40_ A rotease whi ch cl eaves a polypeptide as ~defined in anyone of
clains 1 to 19 %P i4% eshaetayizad 1?5tB§FtsaAP dAseéﬁPréxtﬁacPaéonpr|S|ng
a protease W&ol edvesha oty RfPHvEe cas defd ced ikB payeaebell pebalins 1 to

10. 20 essing of extracellular signals that regulate the cellu-

wn

lar motility preocesses by means of regulating the activ-
ity of the Arp2/3 complex.

22. Use according to one of c¢laims 17 to 21,
characterized in that the medicament is a medicament for
the minimization of the tissue destruction during and/or
10 after stroke.

23. Use according to anyvone of claims 17 to
22, characterized in that the medicament prevents the
cell death of cells of the nervous system.

24. Use of a DNA sequence or a protein as de-

15 fined in anyone of claims 1-10 for the preparation of a
medicament for the treatment of tumors, including preven-
tion or reduction of the growth, the expansion, the in-
filtration and the metastasis of primary and metastatic
tumors, in particular brain tumors or tumors of the ret-

20 ina.

25. Use according to claim 24, characterized
in that said tumors involve in their growth, expansion,
infiltration, metastasis and promotion of blood vessels
or neoangiogenesis an enhanced activity of the Arp2/3

25 complex.

26. Use according to claim 25, characterized
in that said enbhanced activity of the Arp2/3 complex is
mediated by an abnormal or excessive or reduced regula-
toexry function of one of the sequences as defined in any-

30 one of claima 1-10.

27. Use according to anyone of claims 24 to
26, characterized in that said tumors involve in their
growth, expansion, infiltration, metastasis and promotion
of blood vessels or neocangiogenesis at least one protease

35 functionally connected with a polypeptide as defined in

anvone of the claims 1-10.
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Z24. Use according to claim 27, characterized
in that thc protcase 1s a menber of one of the following
proteage families:

- Serine Protease family such as tissue-type
plasminogen activator (tPA), urokinase-type plasminogen
activator {uPA}, plasmin, thrombin, neurotrypsin,
neuropsin, elastases, cathepgin G,

- Matrix Metalloproteinases family such as
collagenases, gelatinases, stromelysins, matrylisins,

- Cystein Proteases family such as cathepsin
B and cathepsin D.

29. A synthetic or chemical method for the
production of polypeptides, peptides or nucleic acid
sequences representing at least part of the sequences
defined in claims 1 to 13 and having the ability to mimic
or to block, respectively, the biological activity of
calsyntenin, in particular the calcium binding activity.

30. Use of the DNA sequences and/or the
polypeptides as defined in anyone of claims 1 to 13 as
tools in the screening of pharmaceutical drugs.

31. Use of a sequence as defined in claim 11
as a means to produce antigens or as antigen for the
production of antibodies.

32. Transgenic non human animal,
characterized in that it comprises an exogencous DNA
sequence ags defined in claim 11 or 12 in an environment
allowing protein expression.

33, Use of a DNA sequence ag defined in claim
12 or 13 or fragments thereof for the preparation of a
diagnoestic preparation for the diagnosis of disgorders due
Lo defects in the genomic sequence comprising a DNA
sequence according to claim 11.

34. A vector or artificial chromosome
comprising a DNA sequence as defined in claim 11 or 12
for the use 1n gene therapeutical applications in humans

and in animalgs.
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3. oAn dsmolaced polypeptide comprising an
amino acid gequence which-is at least 60% identical to
the aminog aci1d sequence of Seqg.Id. No. 4.

36. The polypeptide of claim 36 wherein the
aminge acid sequence ig identical to Seqg. 1d. No. 4.

37. An isolated polypeptide comprising an
amino acid sequence which i1s at least 28.5 % identical to
the amino acid seguence of Seqg. Id. No. 6.

38. The polypeptide of claim 38 which is
identical to Seg. Id. No. 6.

39. A nucleotide seguence encoding a
polypeptide according to anyone of claims 36 to 39.

40. A protease which cleaves a polypeptide as
defined in anvone of claimsg 1 to 10 in its extracellular
part.

41. A cell extract comprising a protease
which cleaves a polypeptide as defined in anyone of

claims 1 to 10.



