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t he signaling pathways. The present invention also relates to compositions and methods of

20 preventing, treating, or ameliorating the symptoms of a dopamine-related disorder, e.g., by
administering an agent that modulates formation of DARPP-21/calmodulin complexes.

2. BACKGROUND OF THE INVENTION _
Elevations of intracellular calcium levels are ubiquitous to all cells as a response to a
25 variety of stimuli such as neurotransmitters, hormones, drugs and cellular depolarization.
Neuronal calcium-dependent signaling is involved in a wide range of physiological and
pathological processes as important and diverse as memory acquisition, epilepsy and brain
ischemia. '
In certain cells of the central nervous system (CNS), such as those in cetlular
30 networks utilizing the neurotransmitter dopamine, the cAMP-dependent signaling pathway
is activated in response dopamine, serotonin, opiates and other agents. (Greengard (2000)
Science 294: 1024-1029_). A number of disorders are closely associated with this
. dopaminergic cellular network of the CNS such as Parkinson’s disease, attention deficit
hyperactivity disorder (ADHD), schizophrenia, and drhg abuse. One functional output of
35 the cAMP-dependent signaling pathway in the dopaminergic cellular network is the
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cal ci umsignal i ng pathway, although the nolecul ar nmechani gnguQfst bh
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or.s In vel ospbor
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act i vt ikomseok ofH(ApWélﬂiame, K. Roapl. 0989. & NewPskc936TI-B639R | N DARPP— 21

So: 1637 ket och SBRRLARvp it dPpemeleisy ] DARRPER SRERFIN fear ne or

cocai ne basbginglg with theldglealed:]s @Aﬂﬁﬁa&éacpmmmwduauummcompmmgahe Protein

h h le f h h |
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certain gs’ o opam nergic ce
phosphorylated on Ser”, it was found that acnvatlon of D1 dopamine receptors increased

the level of DARPP-21 phosphorylation in striatal slices due 1o up-regulation of PKA
activity. Conversely, activation of D2 dopamine receptors caused a decrease in DARPP-21
phosphorylation (Caporaso, G.L. et al. 2000. Newropharmacology 39:1637-1644). In

25 addition, treatment of mice with methamphetamine or cocaine resulted in increased
DARPP-21 phosphorylation in vivo. Protein phosphatase-2A was shown to be primarily
responsible for dephosphorylation of DARPP-21 in mouse striatum (Caporaso G.L.etal.
2000. Neuropharmacology 39:1637-1644).

These data indicate that DARPP-21 is effected by, and perhaps mediates,

- 30 physiologic effects of dopamine and certain drugs of abuse in the dopaminergic cellular
network in the CNS. It is unclear what, if any, role DARPP-21 might have in these
processes, and, in particular, what, if any role DARPP-21 might have in effecting calcium-
dependent and/or cAMP-dependent signaling pathways.
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network in the CNS. It is unclear what, if any, role DARPP-21 m ght have in
these processes, and, in particular, what, if any role QARRERodHeINt have
in effecting cal cium dependent and/ or cAl\/EP—dependent si gnal1 ng pat hways.
35 -2 17 August 2006 .3. SUMVARY OF THE I NVENTION It has now been found

t hat DARPP-21 phosphor yI ation nodul ates cal ci um dependent signaling in the
central nervous system |In particular, the present invention is based, in
part, on the surprising discovery, on the part of the inventors, that the
phospho yI at i gul ates its interaction vvlth

cal ci unftal mﬁd‘e HY ﬁﬁgﬁﬁ cal conditions. It is noted that
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treatl ng, Orhgﬁétéﬁ)}@&%hﬂg r%senylﬁpengo fertedio ov1dec?a ! If]k]?c{terltngglu? g?;t eDl scl osed

herein is a geni ng an a
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relate to screenllﬂ fxggents for an ability to nodula crumsignaling in
cel I's oPaRV&&§modylded, "t hj rd aspect of the present invention, there is
provi ded a rmhb&dn&@pecscﬁtﬁﬁp}bs@ﬂm\&g@@t&efe@i;raﬁﬂédfddsyoﬂ@agﬁﬂﬂiaﬁte cal ci um
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for the ab'bis&xsehﬂel%ﬁgslﬁﬁ&tﬁoﬁ%}Rs‘F‘giéémfgﬁ%e%% *f)'g%mggﬁﬁgm ning a second

| evel of phosphorylation o sal or trssue; and (d)

conpar i AEPAERIEEE flmmw@&wm|WP-%@@md&pm¢m sigoflisgei n a

differ epﬁﬁwﬁ;@ ﬁ@ndembdﬂ&iﬁén‘é shéh Ihélﬁbcﬁ Y&atdto cheniAgfRhts R alasitlyat € DARPP- 21
phosphor &u:lag %ﬁ{]d thléf Ul# ﬁ ciumsignaling. In a fourth aspect of
the pr e§ Ry el gelfsor SSH%t hod for screening agents for activity
t 0. nodul at e Icadhid sspecs bffheprisons inventivel {here dwpraviided v enethodifpr écikeligg (@) contacti ng
a sanpl

a%ents for activity to modulate calcium signaling in cells or tissue comprising; (a) determining a
first level of phosphorylation of DARPP-21 in a first sample of cells or tissue; (b) contacting a
second sample of cells or tissue with an agent to be tested for the ability to regulate calcium
signaling; (c) determining a second level of phosphorylation of DARPP-21 in said cells or tissue;
and (d) comparing said first and second levels of phosphorylation, wherein a difference in said
levels is indicative of the agent to modulate DARPP-21 phosphorylation and thus modulate
calcium signaling,

In a fourth aspect of the present invention, there is a method for screening agents for
activity to modulate calcium signaling in cells or tissue comprising: (a) contacting a sample
of cells or tissue with a agent to be tested for the ability to regulate calcium signaling; (b)
determining the level of phosphorylation of DARPP-21 in the cells or tissue of (a); and (c)
comparing the level determined in (b) to that of a control sample of corresponding cells or
tissue that were not contacted with the agent, wherein a difference in levels is indicative of
the agent to modulate DARPP-21 phosphorylation and thus modulate calcium signaling.
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of cells or tissue with a agent to be tested for the ability to regul ate
calciumsignaling; (b) determning the |evel of phosphorlylljgﬁ ?2

DARPP-21 in the cells or tissue of (a); and (c) conparing the vel
determned in (b) to that of a control sanple of corresponding cells or

ti ssue that were not contacted with the agent wherein a difference in
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t hus nodul at 8%1?0&151?{']%56%‘3? ng am E@Hgls eveb¥- 1 i mi ti ng
exanpl ephasplekylaionref DARPR-ahincfirgtior smudkstamplabmeﬂgoratséder @htal:tﬁig&l of

phospho it t 0 of ,cells or
tissue; §e§%:%tsg@@egfceﬁ)ﬁ'§spd§%%n th’lm% %n't{o tes{efiggr&%)era%’th tyts?lr]gg"\% 'ﬁl an agent to be
t est ed tl@}ahﬂ&éeta@twg@xsep@drle‘g:hpfazhesmaw@nmmfmwt ingaiddellser mi ni ng a second
I evel O&S@é“@mbﬁﬁ)ﬁn@ts&l@ﬁrs@&dmg 1edls bfbh§§i‘:h61’y ﬁ(%]d, §/h matd'lfﬁﬁ 8o in@Nd

conparin | evel s “of atio erein a

differe :]T“S 'é’gtcﬁlvfeggtg? §b‘ﬁ§’ O?W&ag"é’t fo\f%"db} HP}P?PWIW?@ agent to
modul at mdmmﬁbdﬁlhtephiommme@ irDohe embmmsmm bafisudakdirhilcsisgnal i ng. I n

one. O R uc HRELuler LS Sy R B Ed Badfely sue, Sue

met hods can further co

bi ol ogi talogisa aetixity of, ég;a@@odumwmnmmotmmdp@md@mrbtaampbuch as an
enzy e, a SHkphBkiasiiRdss, a kihalt) 2 PRRMSS &Sk a&aéa?? ase or an
adenyl yatli g}: qﬂg} rmdullﬁrilﬂgl end ent%&ﬁyﬁ“é)@ (ﬁ/lKhP;anegc or protein
phosphdf¥8 % OhRf5H) Phos ‘Q’FF@(% CIR®N)-i mi ti ng exanpl e, such a net hod
can conpri séndmﬂaernmmnﬁ@lg/dxembmsuCMmaﬁmﬁaubbxﬁﬂ%e@&Eﬁﬂnﬁ ﬂvhetE&r exanpl e, an

' glgﬁgf ng, qﬁ%ﬁpﬁgﬁgﬁﬁf%wmem% P?P%quég%\r}gg %8%&3’1@? P tot ﬁlel g\rNesence
of ageﬁﬁn%ﬂiq@n&t@albme@é caislayabedgoretosd unbburtcf@emgmdt bi nds DARPP-
21 theﬂh@ﬁies@ﬂ%@faécﬂtb@&&t@ﬁ/ﬂ&'ﬁﬂrcaﬁ%e%Qéesjehgt}/ﬁhﬁt(}fﬂgg%h ﬁﬂz&lgﬂ’#‘m signaling

is identified. In another non-limt can COI’TpI’ISG

use of ﬂi‘f’l“&f‘%@ﬁtm ¢ tsted for pr ahatity ép me WﬂI@mSlmane@en@ﬂDP-Zl and
calh rrgd;u in nrmbmen{aﬁej&@uﬁfg@xgﬁplartuc@mahed@ﬂé% seaébec{tlaﬁsﬁ)tai%ikggr 2t1 he 3gent
i nhibits_or nent s_1.he ein ing . between -21 an
cal m)dl!i)rommb P AT %ﬁ?ﬂﬁ?ﬁﬁﬁmggﬁ&%&quB@qwew&f@ n- protein
- bi ndi n@gént, andditerminingoviefhet the agepeinhibitoornmghidng the praterna;ﬁedeinlﬂuﬁttngc al ci um

whot ﬁé?a?“ﬁ%ﬁéﬁgﬁ?zﬁﬂ%%% i BTRE o paon  B RSP ot pts
cal nod@fatein EIB gis indicptiverns thegaent t@nﬂﬂéatmmﬂlﬂar caloiirosigrabihgrSuell i n, t he agent
s thegidiflesh (st ciifpl 8tttk Borprib &h i) ifihoP 8 dont BHELD gtﬁtabods can al so,

or in the alternative, further conprise testing agent
nodul at es a biol ogi cal activity of,




e.g., calnodulin-dependent kinase | (CaMKIl) and/or protein phosphatase 2B
(calcineurin). In one enbodi nent, DARPP-21 conprises a qqg@ﬁ%u\épzob@arge at
amn acid position 55. In another enbodi nent, DARPP-21 is no

phosphoryl ated. In yet another enbodi nent, DARPP-21 is phosphorylated.ln a
fifth aspect of the present invention, there is provided a nethod for
identifying an agent to be tested for an ability to modulate cal ci um
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scr eenlhthg gag % ﬁb)g% 96“1063'1’%815’5%‘38* P28 é‘?‘?#ﬁ‘g"@%ﬁum si gnal i ng
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DARPP- 2.1} nﬁ&hﬁ@&%dn‘i‘ 1k nce of the agent; (b) determining the
| evel of Rb)fﬁdl ng of 1 Sﬁ’%ﬂllé]&d ca ‘modulin in step (a); and (c) conparing

the |evel idngpxth taEP"*'?tWéthFé’(Péqﬂt 8Feniipm dereds prpvidedeagmathod phisttemeg cont r ol
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erein ifference in S in Lve o ent to

nodul at%a‘l lﬁtpr“g‘é%g ﬁPSSE%W@Fd%%%é‘iie@mp}gé g‘ﬁ“ gplﬁﬁf‘ﬁheé@ff@&eto of the

pr esentamaugm;r(b) menfortihga motw—momlbdﬂdlgassaﬁwmomnﬁ]ﬁ;desmmIr@dcand| dat e

DARRP- g i nhi bited or

augnent e Iﬂ%gjé& &ngﬂﬁp&ﬂpﬁ%&% %%E%P]ﬁﬁﬁgogﬁ@| - protein

bi ndi ngfmﬁwd‘%bﬁll%ﬁeﬂ (akt duem s@n@wlzexemdlfhreombmdme lqyﬂ@ttsel nin the

..absenceinﬁéauvsaﬂtﬁp@ébmn{obmatgﬁfufawnmafw&m%gﬂaﬁhg protein binding assay which
i ncl udes DAl 21 ~and the candi date pol ypeptide in the presence of

" cal nodul i n, 3‘3"‘??8‘(3@???{ ﬂi“Fg}”WFEH’f@‘}“‘m’é%ﬂr‘h’éB{?M ﬁdi‘ﬁﬁpfkﬁctfécr‘?ﬁ’m&ugnent s the
-pr ot ei ng@isdbratvity iortbdnBtelnracllapaaicng sih@inpiorgiikge ﬂaﬁaﬁﬁn gal and the

candid e 1Ln 8 ust 2006 In
a nint &’hﬁe}g &OYEE‘)@F&%%S&IY é@]éc mﬁ(ll?]dvksefﬁmg 3 Pﬂ‘g@?‘gﬁlﬂ %rbt\l}f’ B ﬁf’n‘ée t hod of
SCr een ﬁ]m;pgent (b detennnnng the level of binding of DARPP -21 and calmodulin in step (a); and

(c) comparing the level in (b) to the level of binding of a corresponding control protein-

protein binding assay performed in the absence of the agent, wherein a difference in binding
 levels is indicative of the agent to modulate intracellular calcium signaling.
' In an eighth aspect of the present invention, there is provided a method of
screening candidate DARRP-21-binding proteins whose binding with DARRP-21 are
- inhibited or augmented by calmodulin comprising: (a) performing a pfotein—protein
binding assay which includes DARRP-21 and a candidate protein in the absence of
calmodulin; (b) performing a protein-protein binding assay which includes DARRP-21
-and the candidate polypeptide in the presence of calmodulin; (¢) determining whether
calmodulin inhibits or augments the protein-protein binding by comparing the binding
of DARRP-21 and the candidate polypeptide in step (a) to that in step(b). '
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candi dat e cal nodul i n-bi ndi ng proteins whose binding with cal nodulin are

inhibited or augmented by DARPP-21 conprising: (a) perfbsn
protei n-protein binding assay which includes cal nodulin %ﬁ%mfgza%o i date

protein in the absence of DARPP-2 1; (b) performng a protemprotein

bi ndi ng assay which includes cal nodulin and the candi date pol ypeptide in
the presence of DARPP-2 1; (b) determ ning whether DARPP-21 inhibits or
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~ cal raOden&ﬂat@é&ﬂanbﬁllﬁmpﬂﬁén%th&lbﬁﬁ gmgea#nsuuﬁﬁffemﬁmedtop tha{ hlg S]Eep (b).
such a nethod, is a. nethod o

In yet anoth on: in rrpleo
~ screeni fi§g™ ‘é{{ﬁq%fgi%’ 2{_1):& @Fﬁm a BEER-pratein bindipe assyi Wiithng wi t h
DARPP- 2ibcludes caihod;ulmatﬂanandmmgjmm mdhetr;bsemed STOXMHFPRR | c@jitosninga per f orm ng a

protein t I ud DARPP- 2 andi dat e
baRPP 20 Elp‘?‘?ﬁ’“g%%%%%gﬁm@%’%@ 5Pty 468 R Gl B8 e v i ng
whet her Presgheesd r2Ahibbiletgminingathgther? ARPHeL phlbl’fmrnugmemsm bi ndi ng. In one

embodi e JRARR Bindihs 60 BRiaBSNEHIEHAL AR 48 (Rlcafiilal0 201 d poSi tion
55. In anoth errb}z(%l nment ARPP- 21 is not phosphorylated. In yet another

enbodi NP )O%H’o%‘"’@ﬁ@ryl ated. Such methods can further corrprl se
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cal modul.j i~ i I £ a
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one embodiment, DARPP-21 comprises a negative charge at amino acid position 55. In
another embodiment, DARPP-21 is not phosphorylated. In yet another embodiment,
DARPP-21 is phosphorylated. Such methods can further comprise testing whether the

~ agent modulates a biological activity of, e.g., a calmodulin-dependent protein such as an

enzyme, for example a phosphodiesterase, a kinase, a phosphatase or an adenylyl cyclase.
In another non-limiting example of such a method, is a method of screening

candidate DARPP-21-binding agents, e.g., peptides, whose binding with DARPP-21 is
inhibited or augmented by calmodulin comprising performing a protein-protein binding
assay which includes DARPP—ZI and a candidate peptide in the presence calmodulin, and

. determining whether calmodulin inhibits or augments the protein-protein binding. In one
embodiment, DARPP-21 comprises a negative charge at amino acid position 55. In
another
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DARPP-21, such that the signaling pathway is modulated. The contacting agent can, for

example, be one that alters the phosphorylation state of DARPP-21. The contacting agent
can, for example, be one that alters formation of DARPP-21/calmodulin complexes.

25 Yet another object of the present invention is a method for preventing, treating, or
ameliorating the symptoms of a calcium, e.g., dopamine-related disorder by administering
to a subject in need thereof an agent that modulates a biological activity of DARPP-21. In
one embodiment, the agent administered alters the phosphorylation state of DARPP-21. In
another embodiment, the agent administered alters formation of DARPP-21/calmodulin

30 complexes.

4, DESCRIPTION OF THE FIGURES
' Figure 1 illustrates representative results of a yeast two-hybrid protein-protein
binding assay indicating that DARPP-21 interacts with calmodulin in yeast using a
35 galactose/glucose test. |
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20 s, DETAILED DESCRIPTION OF THE INVENTION
The present invention is based, in part, on the surprising discovery, on the part of the
inventors, that the phosphorylation state of DARPP-21 regulates its interaction with
calcium/calmodulin under physiological conditions and can be utilized in methods for
screening agents for the regulation of the calcium-dependent signaling. On the basis of
25 these findings, the formation of DARPP-21/calmodulin complexes are identified as a target
for agents capable of modulating intracellular calcium signaling, of modulating neuronal
cell calcium signaling and of preventing, treating, or ameliorating the symptoms of a
dopamine-related disorder.
Without intending to be bound by any particular theory, it is believed that
30 phosphorylation of DARPP-21 increases its affinity for calmodulin and thereby
competitively inhibits components of the calcium-signaling pathway, including for example,
calmodulin-dependent kinase I (CaMKI) and protein phosphatase 2B (calcineurin). Because
DARPP-21 phosphoryiation is attendant with dopamine stimulation of PKA, therefore,
dopamine stimulation of PKA is linked to a calcium-signaling mechanism. In this pathway,
35 activation of D1 receptors stimulates cAMP synthesis by adenylyl cyclase, which in tum
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25 in said Jevels is indicative of the ability of the agént to modulate DARPP-21
phosphorylation and thus modulate calcium signaling. In one embodiment, the cells or

tissues are brain cells or tissue. Such methods can further comprise testing whether the
agent modulates a biological activity of, e.g.,.a calmodulin-dependent protein such as an
enzyme, for example a phosphodiesterase, a kinase, 2 phosphatase or an adenylyl cyclase.
30 In certain embodiments of the method, the cells or tissues are brain cells or tissue.
The in vitro and in vivo applications would include but not be limited to modulating activity
in whole animals, in tissue slices, in broken cell preparations, in intact cells, and in isolated
and purified cell preparations. A cell or tissue may include, but not be limited to: an
excitable cell, e.g., a sensory neuron, motorneuron, or interneuron; a glial cell; a primary |
35 culture of cells, e.g., a pnimary culture of neuronal or glial celis; cell(s) derived from a
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and the presence of DARPP-21 agent can be assayed so that if the agent binds DARPP-21

then an agent to be tested for an ability to modulate calcium signaling is identified.
Another category of screening agents of the present invention involves “protein-

25 protein binding assays”, which as used herein, refer to any assay in which two non-identical
proteins are determined either to bind or not bind to each other, wherein at least one of the
proteins is calmodulin or DARPP-21. Such an assay may be conducted in the absence or in
the presence of the agent to be screened. In one embodiment, a protein-protein binding
assay may utilize isolated, purified and/or recombinantly expressed forms of the calmodulin

30 or DARPP-21 assay components. Isolated or purified polypeptides of the invention are
those which have been separated from their native environment {e.g., cytoplasmic fraction
from a cell or by recombinant procedure). Recombinantly expressed polypeptides can be
expressed and obtained'using standard techniques well known in the art. In another
embodiment, a protein-protein binding assay is performed using non-isolated or non-

35 purified proteins. | |
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i f the zpbodimontnDARPRRPR: phbsphoclaved. cal nodul in, the agent is then tested in

t he protein- | | ndi ssa ch met S ca or. in the

al te(rj&at [ \:hed, ﬂiﬁiﬁﬁ?}l—g f_%%%phﬁﬁ g eﬁ%ré%ioﬁéu%?&ﬁ%%{sﬁén‘g@n‘%%ﬂm%t es a

bi ol ogi eandidate w pepidgs, whostd bimting with DARBRQ4 i inkibitese | ( CaMKI
and! or RighéHhdd bg@ﬁﬁﬁﬁﬁirlnac%ﬁl filt fé&?&n%h%%‘bé&g}p mﬁeﬁﬁ@é@sg%gﬁgt o
GO TantdebRRARE 5 s oo BTN i gty et oo o
enmbodi , y - eher enbodi nment,
DARPP- 2 1.4 SR - har: =1t > e of ch a
met hod, i?;;sﬁgﬁf‘rrlgt hod{dgeﬁg@;ehgﬁgﬁééfh%‘%ﬂggﬁgﬁlﬁ% %%&%@%Otg%i@%ﬁg pef);J | des,
wh bbidingginwne emipysligmt, DARRP-¢ hegryrisesch negativagharasatathingacihl modul i n
CO?T;%()S! BTt B Mofdr SmbYdSh&i. D ARSS-8] R Qgﬂh@k g &f‘ﬁnvg?:ﬁ&heri ncl udes
DARPP-ZE and a candj date DAR%IE’-Z I -gl nélli g pﬂehptl e in“the presence

cal modufpodimens, DARBP- i5inhgspherviatedy Suelt meshedsican furthensiomprissytesingnent s t he

pr ot ei nwhEtRédhdagent modulates a biological activity of, e.g., a calmodulin-dependent protein

g
=

such as an enzyme, for example a phosphodiesterase, a kinase, a phosphatase or an adenylyl
cyclase.

25 In yet another non-limiting example of such a method, is a method of screening
candidate calmodulin-binding peptides, whose binding with calmodulin is inhibited or
augmented by DARPP-21 comprising performing a protein-protein binding assay which
includes calmodulin and a candidate calmodulin-binding peptide in the presence
DARPP-21, and determining whether DARPP-21 inhibits or augments the protein-protein

30 binding. In one embodiment, DARPP-21 comprises a negative charge at amino acid

© position 55. In another embodiment, DARPP-21 is not phosphorylated. In yet another
embodiment, DARPP-21 is phosphorylated.Such methods can further comprise testing
whether the agent modulates a biological activity of, e.g., a calmodulin-dependent protein

such as an enzyme, for example a phosphodiesterase, 2 kinase, a phosphatase or an adenylyl _

35 cyclase.




bi ndi ng. I n one enbodi nent, DARPP-21 conprises a negative charge at am no
acid 20 position 55. In another enbodi ment, DARPP-21 is ngj g%gﬁﬁ yl at ed.
In yet another enbodi nent, DARPP-21 is phosphoryl ated. Sucﬁ t hods can
further gepiRbdsee testing whether the agent nodul ate .olLogical activity
of, e.g., a f:ig nodul i n- dependent protein such as anﬁgﬁ@gé%&?é)’?or exanpl e a
phosphodi est erase, a ki nase, a phosphatase or an adenylyl cyclase. 25 In
yet anot her SRR R To 19 gml uc t.h | t hod of screening
candi dat e ca%?mgmeﬁédb@ﬁﬁ:ﬁ%g pé)gefﬁ?gcfg‘é%,a%@%@%ﬁ'ﬁgp%dg&vﬂ%eﬁsﬁ%l nmodulin is

i nhi bi t cgndjdate BARRBR inding dpemRle.22, peptilen whesarhjndieg Wisth PARFPe1ps ot ei n- prot ei n
nni ol 2 e : . . _ . quli n-bi nd
pept i do et of dhéribnicBS CRERGDYE Bt oA N BRGIBCD) 7 P! NI

peptide in the presence ng

i nhi bi t %Y whithrigcidss PARPBr2dtaafl p candistatsi peptals inthegrasence celmodulineantdodi nent |

DARPPS 2 el SR ther GG iR bf fugientd Ml Potdin [pfoteil Bdins . I'n anot her
-enbodi mer?t, DARPP-21 i s notI ,phospﬁor a!tled.eqjli)?]t yﬁtgnoﬁﬁeg%gagodi ment ,

DARPP- 2 Fmbedigieats RAPY 2 icemprizes B negating eharas ahamine heid pesitign 55 & ansther ng

whet her enfbedia@an DARPELI1ES Bt pﬁoégh&kmh.cm yeParothét Entbddimer, IBARPI21 is

cal nodul népge ng nt. protein _such as an enzyne, for exanple a

phosphodﬁlhg %&E@E Sugh ’%F‘ﬁ%@é’?n Q“%ﬁ‘b@&?&ﬁed‘é%mg whetherfhe pgeptmodulptes @y c| ase. -9
17 Augudiiol B5EHD activify 36,97 2 8AlihoBKH- ddpellieftPeotein kithas ah Biesyme Jor é)d'aﬁﬁktei ng exanpl e
of sugh ahrreilh d, 1s a.net hogl %Ifh Screeni candi dat e DARPP- 2 - bi ndi ng
agent s, &NgP! 0%%‘6‘??5&@2‘?“%@ 0 ﬁta%emgw@ﬂﬂﬂ €1 is inhibited or
augnent ed by Icghaothet hon-limitipg bﬁrxéﬂemnél?rﬁém@i,&méth@dﬁf-sﬁmﬁ@é n bi ndi ng
assa Lch. i P-21 and a candi date.pepti.de [n e. presence

cal %dmﬁﬁdagﬁ%i@o%gg 'Brﬁﬁﬁﬁiaﬁ%m\ﬂﬁg‘t’ H?&ﬁﬁsﬁ"ﬁ%ﬁﬁﬂ%ﬁ%vﬂﬂﬁ cﬁhqéjtug? Sjugnent s the
pr ot ei n-iibjted ionaugmenticd fy DARPEE comphising peefotrminDARRReiR-provampindiags a negati ve
char ge N0 A | £ J . odi nent -21 i s not
phospho?‘%slag%%? @i&h&;@ﬂg&%k@gﬁ% @Q?tﬁgﬁwk%giﬁﬁggﬂeﬁ gce%hosp' ryl at ed. Such
met ho]cf_s apddeterminingruhetios PR PPe2 ttishibitney angnadritethe proteimppotein bindiog. it es a

bi ol 091 g cddintin \oAkpp-21 SomprlesiPloBRAK LhR AR ARSI REALESS Fuch as an

enzynme, for exa

aphosphé‘@?tbﬁjle@bggﬁ}?@i BABEB-24 ptwens phesphasdated niadetapbthecsticdiesnt,| n yet anot her

non- | | MIARIP.- 2048 BRdsBhdbdla e C8uch nbilodln thithe? colfibrlefksfihe Bt fend  cand: date

- cal nodul i n-bi ndi ng agents, e.qg., peptides, se binarng wth calnodulin is
i nhi bi té&eném%‘dgtﬁ%afﬁlgleglw agiiyoL 2. Asipradylimdensedenbpraieingueh grast ei n- pr ot ei n

bi ndi20g enAyaieatsr Wahplk 4 phespho@itsterade DAk b FHBEhHaacAR Gh dadng1yPQlMpept i de in the

presence DA

RﬁF())hg %r’nbodiment, DARPP-21 comprises a negative charge at amino acid position
55. “Amino acid position 55" refers to the position that corresponds to the PKA
phosphorylation site (typically Ser’) in wildtype DARPP-21 regardless of whether that site

has been mutated to a residue that cannot be phosphorylated by PKA. In another
‘25 embodiment, DARPP-21 is not phosphorylated. In yet another embodiment, DARPP-21 is
phosphorylated.
In a certain embodiment, DARPP-21 comprises a negative charge at amino acid 55.
In another embodiment DARPP-21 is not phosphorylated. In yet another embodiment
 DARRP-21 is phosphorylated.
30 One of skill in the art knows that protein-protein binding assay may be performed
in vivo, in vitro, ot in situ. Methods for performing protein-protein binding assays are
~ known by one of skill'in the art. It is intended that any method suitable for determining
whether two proteins bind together are encompassed within the meaning of protein-protein
. binding assay. Thus, for example, a protein-protein binding assay may involve
. 35 immobilizing one protein to a suitable support and contacting it with a second non-
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15 and determ ni ng whet her DARPP-21 inhibits or augnents the
protein-protein binding. In one enbodi ment, DARPP-21 conpy '%E%§tg(&?gatlve
charge at amno acid position 55. In anot her enbodi ment, D I S not
phospho In yet another enbodi nent, DARPP-21 |s hos horylated
Such ne&%%gk%égn further conprise testing whether thé 5@ ﬁDduIates a
bi ol ogi cal act|V|ty of, e.g., a caInDdulln dependent protein such as an 20

enzynmne, r . “h ho |e era a ki nas hosphat ase or an
ade%yl yllin&oé’elbzs m?qnﬁ( it Pm n%iss@s}rpgl}cggéu ﬁ ?Pve char ge
at am ngoamis@r pspdrowrand, 3’& ex'atﬁpile,rnouhldled rgsms |btaadomeﬁ5fan¢ :_afcheassPVIDFt he posi tion
| dty peD GREEASce b ipett ol HGRIBE e Rt MBI L 1
resi due lirhitation. aﬁwgﬁxmlqshﬁmmedpwmrmmnMg assayshusing 28ingyrbodi ment ,
DARPPs 2 Jf%tra 0 P-21 is
phosp%o:cyloz? @2%%%%@%% Ohg @%I&PD?% g%pﬁg)wsé]s éﬁﬁegat Ive

char ge dindipg %@ayamculdwmhomtnntawbmgferllnehtb@msmbmtlem:aweQﬂ i s not

phos phorc.‘éh‘ﬁéti%ﬁatm‘n”cdﬁﬁﬁl uwRdpRIcREH TR BER6 4. Pﬁ’?%’c ated. 30

1
One of skill in the art knows t hat 8rote|n protein %dl ng assa may be

per f or mé@&» Mgy ¢ial- 2081 Fioteckriguss 39:4036-42). gehechvsion, qhmmqma%mm ng
pr ot ei n-spdigetationy Mtﬂem&ﬁﬁgﬂ erft (e SKAHOWS. Mfo%ﬁeﬁ&pﬁ:& stt!hHeet he art. It is
67

o 1 g R B Dcliat e Mol AL e i 0P BT, oo n”

bi nd: ng EasazasccﬁhntSractfve rscr@éffrl{gl%bfﬁem RoPs Qérﬁtaﬂ\dd%ggtﬁh @n@fdtﬁi'ttrﬁéb , §8S2Y MRY t
W th o SEOOIE el s%8 Thet S d B g5 R b omerotebbiartiady osora

i mobi | |r¢t‘a(&n@rznhteemt1réty) mai:slmfbrt}zed pr ot ei n- prot ein bi ndi ng assay). Such a
support may Bl S_or or ous. .and '

ul e a resin,
bead, menbr afe?® epfff‘i? Ve OR BrQRiges ?tp?%(g%rl‘ié E%he a}ﬂ?‘iag etc.,
m cr oty tagmts;matlmvmmtnvl;ty a;tmpshlatnks ofaaldiunhdepeident mg:tahngqbathWaymWhatel on. Two

exanpl e ﬂm bi.ndj n ass inity 5
chr omat ghérgéap Biééa:]:) B{agg\ﬁhﬂe g@‘fq R hgutﬁ&ig’ at)(’ah#%ei' ‘E’g%#pl ary
pr ot ei ne;ihemtsmmlatew mluhrtg:aiaslsawemdml sigha mg/\mtdnghutts ahilitghaiaffegt to linit the
possi bi | SR on (see
Sect 1 on PRORFpAOFGISRNA 21, RS Baheriabd e R UARBE SELRIA " [ *0 001
Bi ot echmay mﬂlﬁﬂh@@@@cﬂ% Of phespheryleted QWP-%IWxﬂneﬁlmﬁdJ&msugng$ thals edi nent ati on,
yeastaol WRuliiRet ek ﬁﬂﬁ&t%@hﬁxﬁ@@t oQHR! 'I? geast three 10
hybrid system (Licitra & L oiﬁg@egr ocC. Aaﬁ;odéam,&rﬁ‘ﬂ F %%A)
93: 1281 Presgrg myyntion includes agents and use of agents that have the ability to mimic
phosphorylated DARPP-21 activity in cels and tissues and therefore also affect calcium-
- dependent signaling through their ability to mimic DARPP-21.
| The present invention also includes compositions identified by the methods of the

25 present invention. One of skill would understand that once identified as capable of
modulating activity in any one of the methods of the present invention, the agent can, for
example, be further tested for an ability of the agent to be used therapeutically to modulate
calcium-dependent signaling in neuronal cells in order to treat conditions in which this
signaling may be involved. Therefore, also included in the present invention are

30 compositions identified by the screening methods that can be used in the treatment of
discases related to calcium-dependent signaling such as epilepsy, schizophrenia,

Parkinson’s disease, attention deficit hyperactivity disorder, depression, drug abuse, pain,
cancer, stroke, Alzheimer’s disease, Huntington’s disorder or Tourette’s syndrome. A

preferable embodiment is a composition for preventing, treating, or ameliorating the
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E. colil BCCP interactive screening system (for a general description and
references, see GCerminc, et al. 1993 Proc. Nad. Acad Scijy Aéﬁ%z&% 1639,
i ncor porated herein by reference in its entirety), and so fo

additio resent invention provides nethods for ni.ng new chem cal
15 agen%%ﬁﬁs ave activity as nodul ators of cal ci uﬁg?@ﬁ@t‘? ﬂt si gnal i ng

pat hways, where these new chem cal agents may i ncl ude but not be limted

Stimul at
cal c?wn gg‘g ncien%i B%ﬁw mﬁ% aledtdﬁsf’@grﬁﬁﬁlg%ﬁowwu ?ﬁ)sphor yl ation
of DARPIi’)@EPP-Al/sdediﬂm@nmpmad in the present i nvent i on are agents that
agonts that SpcrhiioBieatinde sRRhy ¥ SRobTs ra otillind 8 o 1 ™
or gani ¢ biglegieal Iﬂ@yltym=tthephosmh?ylatmémpromve:rptqsmon iemit adés pegent s and use
of 0Ntk dterichs) ol ARMPL 1Y dbfnfh é;@(%@aakgg;&ﬁmct L VEA RS - 21 act | ity

in cells and _tissues and therefor cium pendent signaling
t hr ough PrefeRtinvention Rrgsepts mathaglsangd)spmpositiops for ﬁ@dpha@@qalcmnwemlman aI o)

i ncl Ude%gCQﬁﬁ@ﬁéltchl@iﬂﬁl shﬁlﬁm fnlsﬁ&dpa\m 48 m%@eﬂﬁod?&eﬁtzﬁch&
under

I nvention. One of d stand that once nt | as capabl e of
nodul at Pﬁ'aplawovtattylglaﬁeléﬁw any aggnt {hat modal a@“t’lﬁl@%ﬁl@%ﬁﬁq nvention, the

ggent can%m?mm s?ohanaﬁ:ﬂes;gaeh g‘éj’ﬂtb.@?:sttﬁ&fu%df %eééhtééﬂh% bée)itér?g fIHr:e agent to

t her ica 0 cal ci epen
ngulrjgﬁ)gl "Elglfl? erﬁeﬁ‘f’ mf@ﬁ%’ﬁ?’ﬁ%‘ﬂﬂ?@@&ﬁﬁ’ﬁpﬁr gﬁef‘?ﬂm& m%i‘gjﬁgl ing may be
i nvol vedan,'i'dsmaﬁpied:%coﬁéﬂgtaluslfm&om mmhnpmmﬁmbdulm\@ﬂlmeﬁéh ahe S’O o

t d cr e .used in e
£ oat meseiiarine 45k o B piivelecte o5 B AL Re A B IR £rRiiat BEch s
epi | epsyr;mstylofzoqid:mmtcalmoduli?addpemﬂtrénzyrde sease, attention deficit

I Vi tr oke

LR (- TG G TR S A
pr ef éﬁabmell@#bmdhwmmns Oéadmapnm—telamd cﬁaordepbyemnmsuagug torasabjectdn  or

anel i or gtdgnfe %{gﬁngéegit ﬁﬁ S%%%?Fl%/éﬁa&%{tgp Fgl H%%%/ 05273 synptons of

a dopam ne-re l'on alters formation of
DARPP- 2 embedimpiidihp hgﬂebffﬁml@mdalﬁmtbplpmh@'blﬁmstaﬁ of D&RPP2ENIN on i s net hods

and conpRshdrbRBSdifefi ﬂ?%&g?atdhﬂﬂst@red Rl ﬁ% h gﬁﬁ%éﬁ éaﬁn ulmt he

phosphoryl ati on state telrn expression or eln- 5 protein
i nter act"?‘Bﬂ@)ﬁsoﬁnDARﬁPﬁQEmlﬁF @lﬁ@rﬁlﬂl@édeﬁ tgmxm b@npfhlﬂﬂ’maa]% fommalﬁarrpl e, the

pr esant sich\ieBkdeR s BpiRp§NichizopibRs ?aﬂ&ﬁoﬁ‘g ARERE h&ﬁﬁnfd%chz&%e?t ing cal cium

signaling, e.g,, neuronal calciumsignali ng, in such ways. | n one
enbodi ngwessgwm%%n,@awer stroke, and Alzheimer’s disease.

Any agent identified via the methods described herein can be utilized as part of the
modulation and/or freatment-related methods of the present invention. Further, any agent
that modulates a biological activity of DARRP-21 can be utilized as part of these methods.

25 Among the agents that can be utilized as part of the modulation and/or treatment-related
methods of the invention are agents that effect the phosphorylation state of DARRP-21,
either directly or indirectly. For example, agents that activate or inhibit PKA can also affect
DARPP-21 phosphorylation and, as a result, influence calcium signaling. As such, for

example, agonists or antagonists of the dopamine D1 and/or D2 receptors can be utilized.
30 Moreover, serotonin affects PKA activity via stimulation of serotonin receptors. In
certain embodiments the agent utilized, therefore, acts a ligand for a serotonin receptor, e.g.
5-HT4 or 5-HT6. For example, an agent can represent a selective serotonin reuptake
inhibitor (SSRI).
- Glutaminergic receptor activation is known to lead to PKA down-regulation. For
35 example metabotroplc glutamate receptors type 1 (mGluR1) stimulate casein kinase 1 |
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conprise contacting a cell or tissue with an agent that nodul ates a
bi ol ogi cal activity of DARPP-21, such that the signaling;paLanNe¥oss
nodul at ed. The contacting agent can, for 10 exanple, be one that alters the

phospho g state of DARPP-21. The contacting ag for exanpl e,
be one ?‘hrfliat;ﬁa ters formati on of DARPP-21/cal nodulin ?gflﬁgp@@gigs The

contacting agent can, for exanple, be one that alters the ability of

DARPP: 2346 AR b VoA kel R RO SARIP R csppent enzyre
treati nd’hoéphO-HﬁRhli‘réi inbibats PK@ mﬂermqstdemhoaphoralanhnmﬁﬁmEAREPéﬂ ed disorder
by adm nisterhidg e sl 86k 1d i APEE ehllfaRModfly REFRL AAlGAIRER, Al es a

bi ol ogi caI activ A ORE ag en adrii ni st ered

alters tak mw&j’r%ﬁl’ @nagemstsemvéag@msﬂ:bmﬁfm An andther ealhgdlmenttbmbodl ment, the
agent 5 adRipb§tic 18 Ghotd Pﬁélﬁmﬁ%fhi%tshﬂﬂla% r@é&p rg%énq&é geﬁ]gkgo ist GONP! exes.

Anmong the dopam ne-related disorders that are for
exanpl e, antagomigf therepf.sor der s as epi | epsy, SChI zophreni a, Parkinson's disease,

attention defAdgitonsl lp&iafsdﬁﬂw reg@%r?%ﬁh@ﬁy le&finiGo PRUSR1ivRdh Tnche@ICET,  Stroke,
identified via the methods descri bed

and Al zheiner!s di s%éf)a a}
herei n C&HRIBS-RrPtems d&%ylgzﬁ‘i a55f Thyse28eHiS it roenlat ﬂéﬁﬁﬁiP@Fe“% fawliesent - r el at ed
get Ihods forf exhi%plepfo&ﬁ&lﬂ%anﬂDAlegghlb €dkin &bk REK zed@i‘ﬁ/geﬁlg%‘ﬂle n{eﬁfé]?s dlgﬁé?ﬁﬂe@t eshad
iolo V|t 0 - ze art of these nethods.
25 Arrftg)ung1 Pﬁgﬁﬂggg?ﬁlﬁé\@ﬁqﬁcgyge ?Apﬁ}%f‘gmlgt“ﬁe nodul ati on and/ or
tr eat rrer;ﬂmspebmsaﬂasemisrmdmamfgs tstach dsi@vieorho-oAMEr for x@plesrepfeadnt ef f ect the
phosphor, tate o RRP- 21 ei t.her. dj,rec ectly. For
exanpl e, Xb‘ﬁé‘!‘a? Corfpasions ‘El?‘ 34 OR3FT Caleipmipignaipg, %@ﬁ%‘g‘r d‘é‘%‘m’ DARPP- 21
phosphomylpaltanbproamd anamg theiresnduiators, mifak mctq:hoqihonylmn; legelabf]ﬂgA As such, for
exanpl e, Lhsdona ' ecept ors can
be utjli Z&%QQ%@E@%Q@@SH O,alggsi(g:pra%%oar??frllma ?‘BJ ng}%ar{d & @%’ l\f’rs S“§I Pl ation of
ser ot oniPFKlyResepMBSsthe PRA regutatery mlxunin,qdmsﬂmﬂ‘hr?f—BARBBé‘m andtH89, zsoekll t her ef or e,
acts a lyk gﬁd}i;haftégés(@ ?PPIJ:R@IQA ﬁff(ﬁﬁgﬁ’ﬁct vitoft or 1r§u'b|1_{g% gghgoglc%.ll tJ; ir%lr exanpl e,

an agent can re Sel écYive Serotonn eup L aK (SSRI) .
d ut ar nlcﬂéﬁ?ﬁmcandée@bﬁﬂdrﬂ ad analogucs pf th@ﬂ@hmhﬁtitselﬂhdmumt o PKA down-regul ati on.

casei -k nasa e ﬂ.“?tﬁ?é*‘f&%t‘%ds‘*@mv% GIRTOUIE ol IR S ) ©
whi ch, Hement primgdalinbinding te RRPPiHecanplsode vitlized sepahofshhoethodst es DARPP- 32
at TQo dmﬂsmere@mf’d?np%aemmt@e.samﬁ%elgﬁaaﬁgatﬁw @t ﬂ@mmlegggp{hx' ation of

t he DARE Hence, anpng the agents that can be ut/l are glutamate
r ecept oPRYSPRAHigton of RAREP-1i, ﬁléggmfts or antagonist therefor, can also be utilized as

part of the methods described herein. For example, phospho-DARPP-21 is a competitive

inhibitor of calcineurin, and calcineurin substrates include endocytotic-related and
cytoskeletal-associated proteins such as dynamin and tau factor, channel/receptor proteins
- 25 including the NMDA receptor, kinases such as the type II regulatory subunit of PKA, kinase

activity modulators including DARPP-32, enzymes such as NO synthase, and transcription
factors such as Elk-1 and NFAT4. DARPP-21 also inhibits CaMKI, as described in
Section 6.5, and CaMKI itself phosphorylates substrates such as CaMKK, proteins
associated with synaptic vesicle release such as synapsin I and II, and transcription factors

30 including CREB and ATF-1. As such, any of these compounds, or agonists or antagonist
therefor, can be utilized as agents as part of the methods described herein.

The following non-limiting examples are presented to further illustrate the present

invention.
35
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cdk5, or DARPP-32, or agonists or antagoni st therefor. |In another

enbodi nent the conposition is chol ecystokinin which sti rrr-}ghg.&st@gb ase of
glutamate, or an agoni st or antagonist thereof Additional pornts of the
regul at way | eading to PKA activation include taln G proteins
and adeg‘i/‘?l”f %(?[’y]‘m ase. Thus, agents that regul ate theé’gT@g@{@#ﬁ famlies,
for exanple, forskolin and pertussis toxin can be utilized as agents in the
met hods gescrj ’ﬁg,r ' econd nmessenger cAMP whi ch activates PKA,
along with itlghﬁg’ﬁ(i)%p o&?tesfe;g;?’es-sr esi stant anal ogs, such as 8-brono-cAW
for exanpl e, Thefnllesdng examyles are orvant te ibuptats the prisciplessand edvanfaggsaf the

cal ci um $tQRGhieRdod. AhHSR nLARE A fhe in ant proteins, anong their
modul at ors, that ?rrpa.gj{l pﬁoslphodreyl at{e%nrti]i {l%gleaﬁg%' PKA substrates include
phosphodi est erases, and ki nases including PKA and its inhibitors such as 15

PKI, Bp- cCAMPE,1 t hexRivipT £9YPROATFIN PHOSP PARE- 32, and HB9,
as well as phosphat ases é‘eé%io Pllgl and %%%X?‘QZIEQ%%E%F actlgvators or
0O

i nhi bi tors skeRPERAYIRS af tylated DARRRP], he praigingvasphesphanylatedid anal ogues

of t heseviphas R PIATP Withlthd Qfasytic AR 8f PI0A s Histisddl(Yagdtbeitar.cal modul in

bi ndi ng, 0% ferazlgy t hose Sf{;@t IQIEJhI bit or . augnent calnpdulin binding to
DARPP- 212002 dYpuzgp, olggy $3:154-164%) A ¢ steiehipmetry,eh nhgephoryBonwasr i bed her ei n.
Conponendegerained tocbe @8V Clot DARIPEAl | ng pat hway that are inpacted by the
phospheryl ati on of DARPP-2 1, or agonists or antagonist therefor, can also
be utilTized as part of the nethods described hereirL For exanple,

phospho- DARPB:221 EXAMPIOERIMMUNOSTAINING or of cal ci neurin, and

cal ci neurin r I ncl ude d totic-relat.ed an .

cyt oskel et al %@g%oéﬁgﬁé%w%re&p ?yﬁg{z’s%%ﬁt eé%ercﬁ?{%‘?ﬂ%hng 2 wl,es

channel |as &dlops.oWestentbot ammhR5 off pathodlilin gvat perfasPAwith afpdratodifichtims @s such as
the typ : ' f ' : td vity modul atars

i ncl udi ?S%Rwﬁﬂg%zéﬁe%m%h%ﬁwgg%dsqﬁii?ﬁgs?g?fa[lrl{e’(;te]tnggﬁrg iy e:&on factors
such b bEISRSIPAGE andatguaropBugtieplipttanafesed forVDF memBanddor 2hminigsscr i bed in

S ' bdh : . CaNl KK,
or ot o ne o el MR ARLIRAMR 22 T | and

syna
H, and tphawb@hbpiﬁrr@ﬂwsalia@mﬁsg andiixer nith O gluaredhydedPBSTfor 45 mawtesach, any of
these comapiifnned. AQHrne o fith BRORIIMin SRBKARA soufipiPe ulilized as

agents as part of the nethods described herein ng non-limting

exanpl edBRfHE05% Ewesnrddior bheyr dolioned by incuhatipmwith primagyagtibodies. i nvention. 35
-13 100 Aot 2 2085 den (a8 348 dBGpdifelnki$284 8PAdrbclonal 6A antibodies. Anti-

calmodulin monoclonal antibody was obtained from Upstate Biotechnology, Inc. (Lake
Placid, NY).

_ 6.3 EXAMPLE 3: CONSTRUCTION AND EXPRESSION OF FUSION
25 PROTEINS
For construction and expression of fusion proteins, DARPP-21 forward (5-
AGCGAATTCATGTCTGAGCAAGGAGAACT-3"; SEQ ID NO:1) and DARPP-21
reverse (3-ACGGGATCCGGAGAGTCTGATCCTGGTGAC-3"; SEQ ID NO:2) primers
were used to amplify DARPP-21 cDNA and generate the DARPP-21/LexA fusion protein
- 30 in yeast. Ala forward (5-ACCTGCTCCTGACTTGGCTTTTCTTCTCTCTTG-3' SEQ ID
~ NO:3), Asp forward (5'-CAAGAGAGAAGAAAAGACAAGTCAGGAGCAGGT-3'; SEQ
ID NO:4) and Asp reverse (5-ACCTGCTCCTGACTTGTCTTTTCTTCTCTCTTG-3"
SEQ ID NO:5) primers were used to generate DARPP-21 mutants with Ala or Asp,

respectively, substitutions for Ser’”. Obtained mutations were confirmed by DNA
35 :
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6. ' | LLUSTRATI VE EXAMPLES The foll ow ng exanples are neant to illustrate
‘the principles and advantages of the present invention. t
intended to be limting in any way. 5 6.1 EXAMPLE 1: PRGF’?%Mg&E%O&O
PHOSPHQ%L“AV REACTI ONS For preparations of phosph DARPP-2 1, the
pr ot ei n was p%sphoryl ated in vitro using [y]'P] ATP?'ﬁ%)P%}Sﬁg’g catal ytic
subunit of PKA as descri bed (Caporaso et al. 2000. Neuropharnmacol qy

39: 1636- . ' osphor, vl at lon w deter,m ned to be
05% f or “TpHne DYERERSLE SRl o oS B RIERY REeHFP; AR 411 g vas
-enpl oy edutifediat desdribed bshEapomsd etamtl (2006. Neur&)ﬂdﬁﬁﬁhcﬂﬂogzm $686p16d3). as fol | ows.
Western bot anal ysis of cal nodulin was performed with m nor nodifications
as described by Van Eldi k and Wl chok (1984. BBRC 124: 752-759). Proteins

ver e separ at 6 15SERAMIIE RARROTRIN-FRETEIDOBINIHNG ASSAYS TOSCBEER to PVDF

menbrane for 20 gt P-21). The
nmenbr ane was thennmral nlggc):lﬁgi\%mﬁtwlﬁrm %ﬁ@%ﬁ??gﬁﬁapal I ne (PBS) and
fixed with 0.2% gCALMQDHdeMSRPBFZMS mnutes at roomtenperature. The

nmenbrane was then bl ocked with 5%dry mlk solution in PBS/ 0.05% Tween-20

for I hour followed by incubation wt haﬁl’l mary anti bodi es. 20 DARPP-21 was
i dentified using $4bbiXEADT YW QEYBRIDARGTEINRROTEEY BEYDEYE i bodi es. Anti -

~cal nodul i n nmonocl onal sfaybody was obt ai ned from Upst at e Bi ot echnol ogy,

I nc. [(Lake Plagid, 3 EXAMPLE 3: CONSTRUCTI ON AND EXPRESSI ON OF
FUSI 25 P%@‘mt%‘“@%@%yﬁ@ﬁmffawdéﬁﬁﬁ’%@%‘i‘”@rwb‘? d $§6MIRIBr ot ei ns,
DARPP- 2 fhef Triphax Al sfstem (ONgeke Febinoiieh % sthain E@E@B I{NG_ 1) and
DARPP- 21 5~-, T -3, I D NO 2)
primers® I?ﬁé"? h@p&hﬂgﬁﬁ%%%@ E’P%%“BCIP IBRRPP- 21/ LexA
f usi on praRieXiv! SifesiofipBGEHEtbait Mbctorf Gfdyarledor contained oligo-dT primed rat brain

(5~ Cant AR Eloeer BT APy besetedp B BRI BT ¢ ever s

(5' - ACCECENEE bRACRIFIOMDEE.CTTCTCTCTTG 3'; SEQ H) NO 5) priners were used

(2,921 ¢, AR LT SR\t B A IR bty | U1 0nS

cDNA library-containing plasmids using the lzthmm acetate protocol. Efficiency of

transformation was estimated to be 10° with a library complexity of 4 x 10° individual
clones. Positive clones appeared 3 to 7 days after transformation. Bait-prey interaction was

20 assessed by intensity of growth on a (gal)(-his, -trp, -ura, -leu) medinm. Specificity of the
interaction was verified by X-gal staining and mating assay (Origene Technologies,
Rockville, MD),

To confirm calmodulin-DARPP-21 interactions and compare calmodulin binding to
DARPP-21 mutants, EGY48 yeast cells were transformed with the bait, prey and lacZ

25 reporter plasmids and plated onto (glu)(-his, -trp, -ura) plates. Four days later, selected
colonies were transferred into a liquid (+raf)(-his, -trp, -ura) medium and grown overnight
at 30 C with vigorous shaking. A series of 10-fold dilution of the cultures was prepared and
spotted (10 microliters) onto (glu)(-his, -trp, -ura) (positive control), (glu)(-his, -trp, -ura,
-leu) (negative control), and (gal)(-his, -trp, -ura, -leu) test plates.

30 A representative result of an initial protein-protein binding assay, was that a 1500
base pair (bp) cDNA was retrieved that contained the fufl-length calmodulin sequence. The
DARPP-21-calmodulin interaction in yeast was verified using galactose/glucose test

~ (Fig. 1), white/blue staining of the obtained colonies, and the mating test.
Since DARPP-21 is 2 PKA substrate, experiments were performed utilizing the
35 yeast two-hybrid protein-protein binding assay to examine the relationship between state of
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17 August 2006 WO 03/072801 PCTI US03/ 05273 sequenci ng. DARPP-21 C-term nal

6 x Hs tag fusion protein was generated, expressed and Gé%é%gg%
descri bed by Caporaso et al. (2000. Neurophar macol ogy 39:1 (fﬁ 6.4

EXAI\/PLE]F,QJ; El N- PROTEI N Bl NDI NG ASSAYS TO SCREEN El N- PROTEI N
| NTERA (g{ﬁ l(:i%d_w NG CALMODULI N AND DARPP-21 6. 4. 1F @Eﬁ%’ HYBRI D
PROTEI N- PROTEI N Bl NDI NG ASSAY 10 Protein-protein binding assays were

f L or
Rechnol daeahoRjaGast i BARBELIY o RY BhAT ialibaulin MR SGUBBER> L | 350
protein t@fﬂ apiag wmwmqt&lymdeIMIQmﬂmﬂm@um&ag i2it 0 EcoR[ - Xhol

t PHEVR0 1 T d rat
br o n I LGrl GpRRbork e B wall é.‘%@“ﬁ*ﬁi“%ﬁ% B Bl lh W 5
aci d bl gBfeeto ﬂ%ﬁﬁ datﬂaldwwdglwmw caimogulimpredorpinenthyt i not exelusivelvier e

sequent i ifletaits With PRéPhETHRleWiIdrhs bhPARRPI21, PSH 18-34 | acZ-harboring prey cDNA
| i brary-containing plasmds using the lithium acetate protocol. Efficiency

of transformation was estinmated to be 10 with a library conplexity of 4 x

10" individual c44peCORIMUNOPRECINTA TIONEROTENPROTHIRYS after

transformation. Bait- fe lon was 20 assessed by intensity of
gromh on a (gal)(-hi Q{IﬁﬁﬁgAéﬁi -leu) nmedium Specificity of the

iT nt ﬁr action mﬁnwmﬁwqﬂmmsw@?omg@amglcailﬁdomlff;em m&%@mgﬁd gene
echn 0Ky r modul j.n- - i nteractions
and c%ﬁn‘ggp ﬁ@b?ﬁﬂ%?‘?ﬁk@’ﬁmﬁ %M@P%ﬂaﬁmg 0g, “Eg@?g@%f‘ast cells were
t r ansf orpreehseinhibitotveckiail (Rochafmagmadcslcaniorﬁﬁmrhﬂmdpeﬁs piadnsotibleand pl at ed
onto I ; a te s ected col onies
wer e E?é’#\geﬁ-‘er r ecfems{eﬁbgbﬁgf@emﬁﬁ%ér%ﬁt E&#mdx é/forr 1§‘ ?‘ di um and grown
over ni glsupernatanB@ascibyied hwithi by ferod & sfigak protein dontent 0fdsmg1fnl 1’ﬂaa‘extrdctd| | uti on of
t he cul Pk u) (- his,
Arp, - utr(ggnﬁs‘%%@?cfl Pa&e coﬁa&lltl ?Rﬁj:%ﬂ IﬁﬂﬂPﬁ’??EﬁboBﬂ é‘)em?é}ft 3 40? hegati ve
cont ro )PTOtﬁndP%@hmf(eWilEry (79 &fS Allnellaf}am anilaaBmsch Sﬁkcatangpr esentative
resul t £ 1500 base

u q¢n W ddabd foRhchRaf 1%' H%%Eﬁl&bﬂﬂhﬁ@ b ARy 3 F&@g o Headd

pair (bp) cDNA was retri at ‘contal ne nmodul i n

sequence efe]‘ﬁ@hewpﬂvﬂﬂl fé@dlﬁMkﬁA icomtainig 300 mM NaC}bzmdtbowul@rvtem fied using
gal act OW&IM&Pﬁﬁi $BSiPACH 9m tpi]e)hrufﬂ‘ﬂh '(Sl:%nk?éd%gméfe@{v@ﬂe 'ﬁgcﬁgnalre@ 6n 24t ai ned

colonies, and.the rratlggf@tes Si nce DARP iIs a PKA substrate,
exper | n@ﬁt’“ﬁfﬂﬂtﬁ“& B Arig/ehveine gl (Nevexapd@pgyzed by immunostaining as described

20 in Section 6.2 above. .
Representative results as shown in Figure 3 illustrate the ability of polyclonal
anti-DARPP-21 antibody to coimmunoprecipitate calmodulin together with DARPP-21
from striatal extracts.

25 6.43 IMMOBILIZED PROTEIN-PROTEIN BINDING ASSAYS

6.4.3.1 Affinity chromatography using DARPP-21-Sepharose
Purified recombinant DARPP-21 (2 to 5 mg) was covalently crosslinked to 2 ml of
Aminolink Sepharose (Pierce Inc., Rockford, IL). Frozen striatal extract (2 g) was
30 homogenized in buffer A as previously described. Striatal extract (1 mg/mi) was put
through the mock column containing 4 ml Sepharose 4B to avoid potential non-specific
protein binding to the beads. The eluate was split info two halves: the first half was applied
to the column with immobilized DARPP-21 while the second half was put through the
mock column. Columns were washed with 150 mM NaCl and 20 mM Tris pH 7.5, eluted
- 35 with 10 mM EGTA/20 mM Tris pH 7.5; 2 mM NaCl and 6 M guanidinium HCl. Samples

-16-




35 yeast two-hybrid protein-protein binding assay to. exam ne the

rel ationship between state of -15 17 August 2006 WO 03/97629%,[2006

PCTf US03/ 05273 phosphoryl ation of the DARPP-21 and its binding to

cal moduljqgy.Riagi ng. Mutation of Ser” to alanine in D 5&3-21 compl etely
inhibite the I'nteraction with calnodulin (Fig. 2). Ep273 substitution
of serine with negatively charged aspartic acid did not have such an

elfect . PSR 80 AR GEAEIB, SR MASE onSRLaRS MR LSIIAR! Y, 1
cO NNUN@FE@:WWMRHWEBMPR@EEIW Bl NDI NG ASSAY Bovi ne striaturn (2
grans) was h 0 150 Nad ,

20 MM Tris-H %ﬁ%ﬁdﬁﬁg“gﬂ‘%&a@m@fg &&L?@?n]?tﬁ:’)é@tﬁ@?gg@% cf%gﬂflﬂl ree

pr ot eas eolupm mttfr@m tbe)mmlamlmmRéExgel)n agnostics Corporation, |ndianapolis,
IN). $nsoluble nmaterial was renoved by brief centrifugation at 100,000 x g

for 15 mnutes. The supernatant was diluted with buffer Ato a final
protein content of | ing/m. The extract (I m) was incubated with

ant] -oal modul [ or  aniqy DARERIRLEOABRALES nOUEHRAAASofafone 15 PrOtEl T

A- Sepharose slurry (70 of 5 rshar ar macl I ot ech,

Pi scat away, DCRRPPiZL0: éd’gé’é 04l sngbmB Avas appiied todh3imd pel sl icalmofdlin-her i ncubat ed
for 3 h mmsabanaﬂa@lspham@a mafeae qhssataw:memymnffw(mo gl Ratl 86 A

cont aj Na yere eluted with_ SDS- PAGE sanpl e

b { ol TR T - et 03 TR R BT s uller S sontipiadi ol DS

-Sl_l’l s/ gl ;EGTmemgedd of Bisvad) Cangl mﬁldtlwaedaélh&d wmarwﬁfal acuﬁméslg:bf@ﬁff&@cr: Ibed 20 in

ection a tg,as shown in illustrate

The. abi PrignER NERyCRBEGRS 2 A Y BbiER S T pnatne ot Sl bc pi ¢ ot e

cal rmdulmMEGd‘ UrmM'FmstﬂHDARPP-Zl fromstriatal extracts. 25 6.4.3

| MMOBI LI ZED ASSAY. n| ty chromat ography

usi ng DARPP—g)%g%ﬁgE%Q%ﬂ]%\I g%%dlgggﬁﬁ%%%cﬁetdélqﬂi‘ﬂﬁlﬁ t“flto 5 ng) was

coval Enequjlitratod edlumiadd thus therproteifi-prtein intdractikn Sepstawnseodch iance | nc.

Rockf or ) extract (2 g) was 30 honogeni zed in buffer
Caloilh e{}é:n[.gllescn E dﬁ%gjr

A as previous iatal extract (I ngtm) was put through the
nmock columm containing 4 m Sepharose 4B to avoid potential non-specific

Plr ?tstel Ram n\?\‘bggathLﬁqWéﬂ(}ng&n‘%ﬁwﬁ%ﬁ 1ze Pt]gllv\i;i- I Eahtehe
second hal f was F;fﬁPENpEN@fRQiﬁEINS BY PHOSPHORYLATED DARPP-21
20 DARPP-21 was phosphorylated as described in Section 6.1. In vitro inhibition
“studies on the kinase and phosphatase activities of CaMKI and calcineurin, respectively,
-were performed according to standard techniques in the art,
Phosphorylated DARPP-21 was shown to inhibit CaMKI with an IC,, of 1.2 pM.
(Fig. 6) Phosphorylated DARPP-21 also inhibited calcineurin with an IC,, of 1 pM.

25 (Fig 7). The same concentration of unphosphorylated DARPP-21 had no effect on either
CaMKI or calcineurin activity. These data indicated that phosphorylated DARPP-21
inhibited both kinase and phosphatase activity through a competitive calcium-dependent
binding with calmodulin.

30

35

-17-




nmock col um. Col unnms were washed with 150 mM NaCl and 20 MM Tris pH 7.5,
cluted 35 with 10 M EGTA/ 20 mM Tris pH 7.5; 2 nM Nad ang &, MOy di ni um
HCl . Sanples -16 17 August 2006 WO 03/072801 PCTI US03/ 0527 rom each
elution step were separated by SDS-PACGE, transferred to PVDF nenbranes and
probed with anti-DARPP-21 specific antibody. Results indicated that

cal nodulin was eluted only fromthe DARPP-21 -containing colum, not from
the nock colum. (Fig. 4). 5 6.4.3.2 Affinity chromatography using

cal modUERisSephar ose DARPP-21 (0.5 nil of 0. 1 ng/m) was applied to 0.5
m of 1 nmg/m cal nodul i n- Sepharose (Amersham Pharmaci a Bi ot ech,

Pi scataway, NJ) in uffer 0.mv 20, 10 Tris pH 7.5 1 nM
MyCl12, 0.5 mM CACL2, R ﬁf’ (B)’?‘m&ﬁﬁll\‘%? %I%M?WP@W EGTA i nstead of
0.5 nmv CBdKDrZi'ssuae:amsnwcmnmamlgedeMrttMus amhmhgeuuhatmmﬁulatfes buffer D

i Uh 10 R RS PP A Sl b delhd it B RO " Darpp 31 b ndi ng

was detected only in the calciurn- 15 equili brat ed colum, and thus the

protein-protein 'nt'ﬁi’e@ﬁ&]ﬁd&%f&ﬁﬁlﬁm%mttﬂb%%ﬁ'dfteréﬂe%mﬁé?ﬁfdm dﬁmndent

manner Fi 5 EXAMPLE 5: | NHI BI TI
DEPENDEN%‘S%@]N%‘BY PHOSPHORYLATED DARPP-21 20 DARPP-21 was
phosphoryl ated as described in Section 6. L In vitro inhibi ti on studies on

the ki nase and pho v 0, cineu
respecty %%féf& tma]}:%:’tc‘)"f %I nmgtil?%geﬁaolﬁﬁgii’d%?lé@ﬂ’ﬁf’ ues in the art.
Phosphory ate S shown to inhibit CaMKI with an 1C50 of 1.2 gM

(Fig. 6) Phosphoryl ated DARPP-21 also inhibited calcineurin with an |1 C50 of
L LM 25 (PG 7) ATRRISARR-PARGERLAAL b BRIoRlalDRAOSPIRRNPALE] DARPP 21 had

no effect on either CaMKI Or calcjneurin acti ata indicated
that phBeEABHAEE ofd msseppen for Pfer‘{ﬁ}t'ﬂgstt@ét%@}?m@llwa@@ agapPtemet phat ase

acti vi tdophhineuddteddi@adepet i ti ve cal ci um dependent bi nding with cal nodul in.
30 35 -17

5. The use of claim 4, wherein the agent alters the phosphorylation state of
DARPP-21.

6.  Theuse of claim 4, wherein the agent alters the formation of
DARPP-21/calmodulin complexes.

7. A method for screening agents for activity to modulate calcium signaling

in cells or tissue comprising:

(a) determining a first level of phosphorylation of DARPP-21 in a
first sample of cells or tissue;

(b} contacting a second sample of cells or tissue with an agent to be
tested for the ability to regulate calcium signaling;

' () determining a second level of phosphorylation of DARPP-21 in

said cells or tissue; and

(d) comparing said first and second levels of phosphorylation,
wherein a difference in said levels is indicative of the agent to modulate DARPP-21
phosphoiylation and thus modulate calcium signaling,
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17 August 2006 dains: 1, A nethod for nodul ating a biological activity of
DARPP-21 in a cell or tissue, conprising contacting a cqhla @utﬁid@)ﬁ“e W th
an agent that nodul ates a biological activity of DARPP—21 suc at the
signaling pathway is nodul ated. 2. The nethod of claim 1, wherein the agent
alters the phosphorylation state of DARPP-21. 3. The rret hod of claiml1,
wherei n the agent alters the formation of DARPP-21/cal nodulin conpl exes.

4. A use of an8agent matiwd flerseretnineagens for stivigl to atodulate calpitm sighaDaRPP- 2 | i n

t he manyf R siilsbodpritR@dl cament for preventing, treating, or aneliorating a
synptom of dopamme-rel ated disorder. 5. The use of claim4, wherein the
agent alters the phdspholRsingecshsapls of ¢ils ophigsppwith a ggentidbeyse of clai m 4,
wher ei rteitétbfoaﬂyealﬁhtatdxeglﬂatédswcuﬁmmgmﬂmg;n of DARPP— 2 |/cal nodul i n conpl exes.
7. A method for scrgening, agent CI um si gnal i ng
incells or ti ssue(@ I’(I%SI r'"% ?he)lg‘éfe?f hos lann lgltkﬁ;g %h
phosphcﬁﬁW@FmSWQﬂa)DmdPP-Zl ina first sarrpl e of ceI s or t| ssue, (b)

contacting a seconggsanlofp Qfﬁng]qeéﬂe§e1eéteﬁm§ea'ﬁ§(bwott&taﬁa@cﬁae&tsaﬁl che tested

for the abilit ore ul at i um si c) determ ning a second
level off Cﬁtﬁﬁgﬁﬁaﬁ ]éﬁquf’F“% @Wtfiﬂtﬁ%‘i tge@éiﬂi wheggin p fdiflegrace and (d)
conpar.iingevslisdndicatis¢ ofahchgsttcomdddlay PARPOR 1 phaphdidatgdnahi s  Wherein a

differ id. s is indicative of the agent to nodul ate DARPP-21
phOSphgﬁ(g;/(ﬁlA[t?%?lC%%E?%ﬁg nodul ate cal cium signaling. -18 17 August 2006 8.

A nmethod for screening agents for activity to nodul ate calciumsignaling in
cells or tissug CO”‘Pr{e'n%étﬁwofélélnﬁafst\ﬂ%}én{'ﬁldace @&BLs%es'QJr e bifhlcssQE L1 Ssue with
a agent to be tested for the ability to regu ate cal ci um5|gnallng (b)
det er ni %%y the | evel of phosphorylation of DARPP-21 in the

10.  The method of claim 7 or &, further comprising testing the identified
agent for an ability to modulate a biological activity of calmodulin-dependent kinase I
(CaMK]I) or protein phosphatase 2B (calcineurin).

11. A method for identifying an agent to be tested for an ability to modulate

calcium signaling in cells or tissue, comprising: |

(a)  contacting DARPP-21 with an agent for a time sufficient to allow
binding to DARPP-21;

(b)  washing to remove unbound agent; and

(©) assaying for the presence agent bound to DARPP-21,
so that if the agent binds DARPP-21 then an agent to be tested for an ability to modulate
calcium signaling is identified. '

12. The method of claim 11, further comprising testing the identified agent
for an ability to modulate a biological activity of DARPP-21, calmodulin-dependent kinase I
- (CaMK]) or protein phosphatase 2B (calcineurin).

13. A method of screening agents for activity to modulate intracellular
calcium signaling comprising:
@) performing a protein-protein binding assay which mcludes
DARPP-21 and calmodulin in the absence of an agent; -
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cells or tissue of (a); and (c) conparing the level determned in (b) to
that of a control sanple of corresponding cells or tiss ?@Be not
contacted with the agent, wherein a difference in |evel sqqié‘ig%%t I cative of
t he agent to nodul at e DARPP-21 phosphorylation and thus nodul ate cal ci um
signaling. 9. The nethod of claim7 or 8 wherein said cells or tissues are
brain cells or tissue. 10. The nethod of claim7 or 8, further conprising
testing the identif®ed pafgening f proteimpratsin bindingrassayrpliich icludegs bi ol ogi cal
activi tmmmlmgﬁhgmﬂ%g%@%c&fm?& (CaNHQ or protein phosphatase 2B
(calcineurin). 11. A nethod .tor kd?n%]i_ (%/,i ng..an aijgent to be tested for an
ability to nodul at &) cafemarngiheisss chynding ERHARPFy1 aod cdmadulipdiyr i sing: (a)
cont act istep (ADARRR-iPsdep/ib), Whereinaghffidrerice fn Hinding Tevelsuf ntticatiB of the agdnt oW  bi ndi ng

to DARPP-21: I nopve unbound agent; and (c) assaying for the
Bo&}ate Hz}%ceh\@ ta%glﬁg%{g_ﬁ%

presence agent boun , so that if the agent binds DARPP-21 then
an agent to be tested for an ability to nodulate calciumsignaling is

identified. 1214.TheArmﬂ&ggf&}Qeﬁih§5é&é}mag@g&ﬁg&%%{;r%g testing the

identified agen_ for an ability to nodulate a activity of
DARPP- 263°1ung oMRI¥RHendent | dnase | (CaMKJ) or protein phosphatase 2B

(cal cineurin). 13. @ mtﬂbﬂﬁnﬂﬁg§§xb&ﬁlﬁﬁr§tﬁp®ﬁﬁﬁ§§ssﬁﬁ€ﬂﬁaﬁti vity to nodul ate

(cal cin (@ et : ot |
i A e

'DARPP- 21 and cal modulin in
~the absence of an é&gent detefifinihg thaleyalsdt biddde of PARPPEL funl calnmgiuln
pr ot emigrstel%@'?;@mpi ndi ng assay whi ch includes DARPP-21 and cal nodulin in the
presence o he agent (c) conparing the |evel of binding of DARPP-21 and
calnodulin in stef(a) ©BPpRgithlavelindp) tp B levakpfbadingaf i f f er ence in
bi ndi ngeolrespehding Bntrd) Piotedd-proRinHindikkeas@g petkorind inTRIBLRALSofit dzag el | ul ar
cal cium.si. nal.lgnlig. 14.. A rrFt t‘lodhg{. screeni n agen(; for aﬁtl vity to
modul at BT § SEERs L pindipgeerls i e Re g1 S medulyye miracelular

calcium signaling.

15. The method of claim 13 or 14, further comprising testing the identified
agent for an ability to modulate a biological activity of calmodulin-dependent kinase I
(CaMKI) or protein phosphatase 2B (calcineurin).

16. A method of screening candidate DARRP-21-binding proteins whose
binding with DARRP-21 are inhibited or augmented by calmodulin comprising:
' (a) performing a protein-protein binding assay which
includes DARRP-21 and a candidate protein in the absence of calmodulin;
(b)  performing a protein-protein binding assay which
includes DARRP-21 and the candidate polypeptide in the presence of calmodulin:
(c) determining whether calmodulin inhibits or augments the
- protein-protein binding by comparing the binding of DARRP-21 and the candidate
polypeptide in step (a) to that in step(b).

17. A method of screening candidate calmodulin-binding proteins whose
- binding with calmodulin are inhibited or augmented by DARPP-21 comprising;
_ - (a) performing a protein-protein binding assay which includes
calmodulin and a candidate protein in the absence of DARPP-21; '
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(a) performng a protein-protein binding assay which includes DARPP-21 and
cal nrodujin in the presence of the agent; (b) determning { f

bi ndi ng of DARPP-21 and calnodulin in step (a); and (c) eﬂﬁﬁéﬁ¥%gkphe

| evel i the |l evel of binding of a correspon

pr ot ei n{*’é‘f@%“é’{sﬁ‘ bi ndi ng assay perforned in the absengglil'g]fsgz'?)ﬁ}ggagent

wherein a difference in binding levels is indicative of the agent to

nodul ate intracel hyl ar od of claim13 or
14, Rather conpri Qﬂ Qes&%ﬁ%yﬁ?&hﬁ@g@n ndlégasgd' elPrHslga ‘gersi ability to
modul at é’a@@lﬂl@gﬂbﬁcaﬂétﬁ@ie\ppmpuﬂe mahmdmhq:mfdvd&mﬂéht Ki nase | (CaNUCl)
or protein phosphgtas I } f ni ng

candi dat e DARRP- 2 &P -Et}c%mﬁe e| ns Wflgignhﬂﬁtsﬁﬁl%gn& P-21 are

i nhi bi t g¥Ptep b&@gtsémcempmngd bmhmg ofisalonpdplin aridithe ca@éx)iatpeommpndmg a

pr ot e n-spbHe4)’b thabinRglply. assay which includes DARRP-21 and a candidate
protein in the absence of calnodulin; (b) performng a protemprotein

bi ndi ng assay whi ch includes DARRP-21 and t he candi date pol ypeptide in the

pr esentce ?L cgl “Utﬂktliﬁeth&@f cfiith €6 Hidﬂ' Bﬂth Whehlpeising ?ésﬂﬁ%Hé%i&lt%jﬂw'a ntESDZrRRP 01
augmen e, .prote ro i ndi_ng conpar e bindin o

and the &P‘Jf%f m‘tﬁﬂ!"‘x&p’e‘ﬂ?ﬂ"&‘ﬁ?‘f?@@ C%'ﬁ?d‘ﬂ@'qe ent kingsed {CaMKD©r. A net hod
of scr egroteig phaaphtitsha B (ealdinauéinjan- bi ndi ng prot ei ns whose bi nding with

cal mogylin are inhibited or augmented by DARPP-21 conprising: | (a)

perform ng a protem protem bi nding assay which includes calnodulin and a
candi date pri.ei ﬁfﬂm&ﬂmﬁcﬁhﬁmmefdmnﬁmugﬂl&ﬁﬁrek@mgﬂal 2006 WO

i ch i RePE Ree e B PR 3l "pal ypopt i de i the r esence of

DARPP- 21; (c) determ ning whether DARPP-21 inhibits or augrrents t he

protein- progin duI|n and t he
candi dat e po%da pfﬂ ngétﬂﬁﬁ}éos E‘Ed]%%th}&?ﬂq? “% Q?BQF%?-Z 18 The net hod of
cl ai M318 Qﬁph@atﬁﬂurt her conprising testing the identified agent for an
ability to nodul ate a biological activity of cal nodulin-dependent kinase |

(CaMWKl) or

21.  The method any one of claims 7 through 18, wherein DARPP-21 is
phosphorylated.

20 22, The method any one of claims 7 through 18, wherein the protein-protein
binding assay comprises a two-hybrid assay in yeast or an E. coli/BCCP interactive system.

23.  The method any one of claims 7 through 18, wherein the protein-protein
binding assay comprises a coimmunoprecipitation or immobilized protein-protein binding
25 assay.

24. A composition for modulating neuronal calcium signaling in cells or tissues
identified by the method any one of claims 7 through 18.

30 25. A method of any of claim 7, 8, 11, 13 or 14, further comprising testing the
identified agent for an ablhty to modulate a biological activity of a calmodulm—depcndent
protein.

_ - 26.  The method of claim 25, wherein the calmodulin-dependent protein is an

35 enzyme. - ' o
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protei n phosphatase 2B (cal cineurin). 10 19. The nethod of any one of
clainms 7 through 18, wherein DARPP-21 conprises a negati t am no
acid position 55. 20. The nmethod any one of clains 7 throﬁgﬁﬁggﬁgaﬁgrein
DARPP-21 is not 15 phosphorylated. 21. The nethod any one of clains 7

t hrough 18, wherein DARPP-21 is phosphorylated. 20 22. The net hod any one
of clainms 7 through 18, wherein the protein-protein binding assay
conprises a two-hybrid assay in yeast or an E. colil BCCP interactive
system 23. Th¥. netThodctindofainim 86, vdierimntbe éhzyrhw i glosiiddiesbragegd N t he
protein-prg&gagiﬁgﬁgkggm%&%aglﬁp&g&&§es a coi nummopr eci pitation or

i mmobi li zed protein-proteln by di'ng 25 assay. 24. A conposition for

nodul ati ng neuronal calciumsignaling in cells or tissues identified by

t he8rret hod any sme ofheellseﬁdmﬁhﬂ4,twﬁefyﬁgme a@amggragtﬁd DB nggigéf,g)aany of ?l aim
7, 8, 11, 13.or. 14 .t her .conprjsing testing the identified agent for an
ability to S?r]%%‘{?f“’aef“% Ita?fq%‘i‘%’? YR at%B?‘i“\ﬂehW 1591?3 Ly H’é‘&fg?fi ‘i@’&?ﬁb‘é‘n@l‘@ﬁt

prot ei n. 2@busthmimedreristoke of AliziwiBs’s dideasedilumtington'cdikdamcht Tovred€pendent
protein is gomo enzyme. -21 17 August 2006 27. The nethod of claim 26,
wherein the enzyne is a phosphodi esterase, a ki nase, a phosphatase or an
adenylyl cyclase. 28. The use of claim4, wherein the dopam ne-rel at ed

di sorder is epilepsy, schizophrenia, Parkinsons di-sease, attention-deficit
hyperactivity disorder, depression, drug abuse, pain, cancer, stroke or

Al zhei nmer' s di sease, Huntington's di sease or Tourette's syndrone. -22 17
August 2006 WD 03/072801 PCTI US03/ 05273 SEQUENCE LI STING <110> G eengard,
Paul Rakhilin, Sergey
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Nai rn, Angus <120> COVPCSI TI ONS AND METHODS FOR REGULATI ON OF

CALCI UMt DEPENDENT SI GNALI NG | N BRAI N <130> 11181-006-228r7§ﬁ§g?myg-
60/ 358, S48 <151> 2002-02-21 <160> 5 <170> Patentln version 2 <210> 1

<211> 2@ 3RMbeqy DNA  <213> Artificial <220> <223> Pj <400> 1
agcgaattca. tgtctgagca aggagaact 29 <210> 2 <211> 38bfgé%%§2%NA <213>

Artificial <220> <223> Priner <400> 2 acgggatccg gagagtctga tcctggtgac 30
<210> 3 <211> 33 <212> sBMENCELESHENArtificial <220> <223> Priner <400> 3
acctgctcct gacttggett ttcttctctc ttg 33 <210> 4 <211> 33
€110> Gréengard, Paul
Rakhilin, Sergey
Nairn, Angus

<120> COMPOSITIONS AND METHODS FOR REGULATION OF CALCIUM-DEPENDENT
SIGNALING IN BRAIN

<130> 11181-006-228

<150> US 60/358,548
<151> 2002-02-21

<160> 5
<170> PatentlIn version 3.2
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<212> DNA <213> Artificial <220> <223> Prinmer 4 17 August 2006 WO
03/ 072801 PCT/ US03/ 05273 <400> 4 caagagagaa gaaaagacaa gt RAYBLG 20601 33
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