WD 03/ 072801 PCT/ US03/ 05273 COWPOSI TI ONS AND METHODS FOR REGULATI ON OF
CALCI UM DEPENDENT SI GNALING IN BRAIN 5 This application clains the benefit,
under 35 W093@072801.19(e), to United States provisional appCiraspi/einno.
60/ 358,548, filed February 21, 2002, which is incorporated herein by
reference inits entirety. 1. TECHNI CAL FI ELD 10 The invention provides,
first, methods for cal ci um

Si gnal ing in the nertv‘é)m% %1%3“* ﬁ%ﬁﬁﬁ%ﬁbﬁﬁ@?ﬁgﬁﬁp e, the
present invention provides nethods forOdcreeni ng agents that inhibit or
augnent protei n-protei E’:ALE( el -BE \ ) ﬁArmdul in, and

nmet hods for screent ate—catm =1 rs—whose bi ndi ng
is inhibited or augnmented by DARPP-2 1. The 15 present i nvention al so
rel atess t o conyrhss atppnaalcﬁlrulamﬁtth@bkheﬁqrundmﬁﬂ @IS.008 DARPPt2UnitedStatesd

or coont | Rpe b spelrcafag nb SRSl Rladr oo P B RS s B Che

phosphorylhaidlmnyreséraﬁ@,mms@hﬁtety expressi on I evel s and/or protein-protein
interactions of DARPP-21 in such signaling pathways. The present invention
also relates to conpositions and nmet hods of 20 preventing, treati ng, or

amel i or at ilng t T EGHMICATSFIELD dopam ne-rel ated di sorder, e.g.
adm ni ilt er i ng an agent. that d I ates formation. of DARPP- 21 /cal m)‘ﬁlél in

conpl e BhereysiRpPrgYidesEishvathadeo i ceraingAgents for achivity: to pgdulate

cal cium | QHl@lu'in SicRalifyi ifl thd Mods%yétleﬂn eIV g IPARPP-23 P FB6 Exdnkb1&, thaéreyaftl ety
of stinmuli such as neurotr smtters, hor nones, .drugs and cel | ul ar .

depol ar i zdRyegHON PrQVifles mathqds fer serseniiscAgsaRts that innbif Ph@*gmenr PROGIVOEPIPIA a wi de

range of piwEAEObRFEEPAD ARKP- 2paﬁd1@chﬁlgu@m{ aRd ﬂfcﬂ‘ioii@&”or%%rdeﬂﬂgrchﬁdiﬂat@nd di verse
as nenory acqw sition, epilep and brain  ischema. In certain cells of

the centr &R WVB@@Q&P@W se bipging isgnhifBedor 3pgmented by DARPRA1ndthes

utili zisg prdientifvemdion anshtlatesfio é&ﬂﬁmtm ahf ehctMRfolaReMARNg SAGPRLI NG
pat hway |s actjvated in response dopam ne, serotgnin, opiates and other

agents. ( cglaed gignalingpatyyayssege ﬁeeanzmrgmszanai'@g@ﬁthWAYﬁuﬁ?feﬁxa@P cdthsor der s
are cl oselyesasSaedioR eltdet b MBildds ARPHM Oﬁ!ﬁftﬂinQ f&%&&ﬂmfngrtﬁé pmsbh&fylatueﬁ ONS
such as Parkinson's di sease, att ention ficit yper act1 vi di sord

(ADHD), s &t opHeiasxaressionilevels gndlon BroteimpeoteinripterasHens Qf@/ﬁs&? Al i85u¢the

fﬁgfp' ?“13!0 R inShARDhYsN A HRFrEAYinb dhtfolS1BILRIES 16 ESthFosiids Shd mdiRIdeREk 1S

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 cellular
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 drug abuse. One functional output of
35 the cAMP-dependent signaling pathway in the dopaminergic cellular network is the
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WO 03/ 072801 PCT/ US03/ 05273 nodul ati on of the cal ciumsignaling pathway,
al t hough the nol ecul ar nechani sns of the interaction between the

cal ci um swgrialo72sgl pat hway and cAMP-dependent signal i ng patPh®as03/e2e3 not
clear. Thus, there is a critical need in the art to provide suitable

met hods for elucidating agents that regulate the inter-relationship

bet ween t hgydagitich SMHEARMNERIRE Hﬁlg PatEwi -l R P@HAE incléaNR mddBarighHvee t hat
may serve.as candidates for t DARPP-21 is a.neuronal 21 kDa

dopani ne- HF@c twsau@a&@aw%eﬁﬁﬁ%%ﬂﬁ?% ar\drfé’tMFsdzea?rmgﬁl ing patheyay

dopam ne- @Ry ot BREr. I'BiflisOtheredk atchiéicslmdkdin @é&nl?&’p?ohmhamesndﬂﬁbdsmnser ved
domai ns an&ghas di spl a ed ng sim|ari t%rto any known protein until the
1

recent WEP%a%ﬁmsa dgseuless the BierR cethibe calshimyderepdentandnt i r e

DARPP- 31 aaMPp- a@,fetndéﬁt singlahﬁ% Ah srﬂlﬁkahaysmmnﬁﬂéh@elf&%erd eufit ugé.. 2001.
Eur. J. | mmunol 1141 114 S) Th| S rotein, known as TARP

(thynus- speci fl%w sy neueRal 2 amince And cANHsreglatedbrsphoprateined in

brai n and g $ ﬁlgmgfek&rassreariﬁlusﬁan%&@&%hed%gyﬁwﬂtﬁgbﬁw lem»em &ﬁaltalﬁmd ysis
of DARPP-21 have Sh it is phospharyl ated on Ser55

cAVP- depe ﬁ@éﬁ@fveérd@tr@m ap@ri rhag élszﬂav%nwmhhnasw@wk@wm pa@elmungb@e;xec&m PKA;
Wllians, dtsc&er%f 2l oo B8 Protéin l{x\lgﬁh%%at cam?aﬁ{éau?@élme DAWPJ,@MSS& ﬁ&hsm cal

anal yS| in rat” brain denbnstra t hat DARPP- is enriched in t basal

gangl i 49 s Dhterminahsegnenge (Kasedovs Jot alrdAdd ofwadt lmmwl skt - hl49).r Lhisur es
conprisin r&t&ﬁ kﬂdvm)zisCTﬁf{PP Anyub @éo‘f@é cAfAPSregfiated ghogp?f%grotc]in) NeURASekn

9: 865-875 hese areas of manmalian brain are known to be dénsely
popul at ed dﬁvcﬁémhﬁaﬁb%@ its fhaetiaRremawsiuangpn.phosphoryl ati on st at e- specific

anti bodi es sel gehhdfin %%d%%cﬁ@&ﬁéﬁﬂax&flysmAﬁP ANRSE bW ﬁata?ﬁ'lson Sers5, it

was found that activation Igam ne receptors increased the |evel of
DARPP- 21 phesbroiatedion Ser| by the cAM riemnii@é@r@rem kinasg palpekuavat asaprotsin PKA

acti Vi . kY RIGPRIA; wmlhfﬁ@tlmep;l ngdgpﬁéurafa ESEALS y)caused a decrease
in DARPP-21 phosphoryl ation (Caporaso, G L al . 2000. " Neur ophar macol ogy

39: 1637- 1&mmunohistophenaigali analysis in raémmd@m@mstweﬁéh%EhRRBtmaﬁpml@dﬂm@eor
cocai ne 1 ggul gﬁ%llanwitﬂ?l{eelﬂ tleD@lBBPnﬁﬂ'qu&@§&m5’3§Eﬁ inQ btﬁre‘é'e\ﬂﬂl FE]’mgttﬁé n

phosphat ase- 2A was shown rimaril responsi deph o ylation
of DARPP- Aimbigstpaiuge(QimenCumn qt@éﬂé?ﬂasb Ne@q§cz 8t86é+875) 21310)@6 areas of

Neur ophar m&% @%njaﬁeglznolﬁ'ﬁé)be d-Elﬂ @8{1 29 :dgﬁﬁnﬁl&%?ct ftﬁp P'U?sin S

ef fected bg per haps nedi at es, opam ne and
cert ai #0dp g@hgtylaamww -ApacHEc m@ameﬁeerlgthecfen atgcsion of BARIK21 n the CNS. It

i's uncl eagrx‘é}ﬁ)%dtéd @1??61” & vEas PO ﬂlgt]acgfbgtliHn iﬁyﬁ d{}ﬂlﬂ? ﬁ@ ?fptgfﬂﬁ&%?&ﬁm and,

in partic i{l rol e DARPP- ecting ca
dependent thenlgyeiof DARERIZ ehosphorydatipnan ﬁtﬂ@tq@ahmmi}as to up-regulation of PKA

activity. Conversely, activation of D2 dopamine receptors caused a decrease in DARPP-21
phosphorylation (Caporaso, G.L. et al. 2000. Neuropharmacology 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. et al.
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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35 -2 WO 03/072801 PCT/US03/05273 3. SUMVARY OF THE I NVENTION It has now
been found that DARPP-21 phosphoryl ati on nodul ates cal ci um dependent

si gnal i ngwpr3phsocent ral nervous system |In particul ar, tReTASeyeNU3
invention is 5 based, in part, on the surprising discovery, on the part of
the inventors, that the phosphorylation state of DARPP-21 regulates its

I nteraction with cal cium cal nodulin under physiological conditions. It is

noted that DARPP-21 was previously referred to as ARPP-21; see, e.g., for
exanpl e, 8 s BUIMARY Héf@ﬂy”@“ THIN358, 548. An obj ect of the present

i nvention is amkhed Beeh f&ﬁfd&ﬁﬂ'E‘ﬂRﬁEQﬂtpﬁoﬁﬂ{orﬁﬂuﬁbﬂnbﬂﬁl}iteﬁ @alcilith-modul at e
dopam nergi ¢ signaling pathways, in particular,” DARPP-21-rel at ed

dopani ner §FRen §Iptgsvﬁ1ahﬂ@mpt§?ﬁ9ﬁ% neqvaus)%te@hb@cnaﬁ%crwar the PrespRitIAVINIOPdS ate to

scr eemsngba&aninsfmhoanmsuamslmgtaiséo%fyodmlﬁtmtﬁé HesbaN@at g in cells or
tissue. In . one non-limtin 13 exa , ‘such a nethod can conprise determning

a first | eherhoptationsiaihet DARE @guwnmrammwthrcgl@uwi/c:ém@dm uadgip| e

of cells ?hyéd)l%gfé@l coﬁﬁﬁfoﬁ@tltn@n&ed tjh'ét QWZIS@@PL&V%S%Heﬁe@EO jd ssue with
an agent tq be tTested for the abili to requlate cal ci um signaling;

det er mi ni AREP- %bcsswge\f@]exampkﬁ]&s% opVisignaldiatet NoaRpB58,548.n sai d cell's or

tissue; and conpagyiag of ﬁie%rééeﬁﬁhv@rﬁ%n%?ﬁ aehdene Eée&fln%)fgéﬁﬂ%f ¥ &ili
wherein a dlfference in said |levels is_indicative of lity o the

agent 38 mndulaie domnrppeizsignaling pabweysain ptieHar, DARPHE Huelated deparaingrgic

si gnal i ng sjghfi {BIRRATABAL embiiimes, bifchThetROdd feBR RS cAkRInBa8LMls ftlans OF
ti ssue. Such nethods can further conprise testing whether thé agent

nodul at es ahility © BedWate calstumy pigyalbrg ingelds or tigsed| nodul i n- dependent protein

such as an enzygge ncﬁrpflmﬁﬁfg@daﬁxp?e ngﬁllbﬁ%ﬁﬁﬁﬁﬁﬁmseadelférﬂﬁﬁﬁg afirst level
phosphat ase or an adeny \;/ éc ase. _ cal nodul i n-dependent kinase |I (CaMWl)

and/ or pr&f Bh%pb%bqynapé -Btén efirbar pentrol pamplaof Rells ardissys; pentpgig a

exanpl 85 sHohdampleRPde a6t tEPVith an g%érﬁ'i%é‘ie@t@d%ﬁh@%lh KZI% @%m@tg%mhlm nds
DARPP-2 1. For exanple, an agent can contacted wth for a tine

suf fi ci ensignaling; detgrining mgecomwo,fphemhonéawm?r@rm\s@d@ﬁBWnd
agent, an@ﬁss&ehﬁa@é&%?a%g sl f‘f}gt%h sBQHAdededs @%EPE’?@?IQ% RéheRds d¥ftreR et hat

if the agent bind hen an agent to be ed for an ability to

nodul at e émsaid an@mn@lqange p%the iabidit pfthe @gerg to medulatt RARPROH- | i mi ti ng

exanpl e, ?He@haBrmfoﬁmdqm Iﬁedmab%acmmgﬁal pmbﬁé &nb&dlmeﬁe thellieNdbP9 assay
whi ch includes and calnmpodulin in tlf g esence of an gent and

det er mi%9 tigsugm arerharinicrbs arféssue. i %wqhbmtbméﬁrcaa cempKse iesidngivhetperghei n

bi ndi ng 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.
calmodulin-dependent kinase I (CaMKI) and/or protein phosphatase 2B (calcineurin).
In another non-limiting example, such a method can comprise determining whether

25 an agent binds DARPP-21. For example, an agent can be contacted with DARPP-21 for a
time sufficient to allow binding, DARPP-21 can be washed to remove unbound agent, and
the presence of agent bound to DARPP-21 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.

30 In another non-limiting example, such a method can comprise use of a protein-
protein binding assay which includes DARPP-21 and calmodulin in the presence of an
agent, and determining whether the agent inhibits or augments the protein-protein binding
between DARPP-21 and calmodulin, wherein inhibition or augmentation of the protein-
protein binding is indicative of the agent to modulate intracellular calcium signaling. Such

35 amethod can, for example, further comprise first testing whether the agent binds DARPP-
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bet ween DARPP-21 and cal nodulin, wherein inhibition or augnentation of the
protein- protein binding is indicative of the agent to nodul ate

I ntracel Iwbas/ozsbei um si gnal i ng. Such 35 a met hod can, forCgAsapbR73 further
conprise first testing whether the agent binds DARPP- -3 WD 03/072801

PCT/ US03/ 05273 21 and/or binds calnodulin so that if the agent binds

DARPP- 21 angh@or bidsealklodilin s ehat &gwsgehsmhh@nmzﬁmdﬁoﬂdmnodulm the
ay. . Such rret hods can al Eo in the

protein-protein. bi ndleg

al t er nat | ¢&eNtig,them test dﬁ@ﬁ RIBteinspiof iy bindEg Assad haic O%a%P‘é?’e%f ig the

bi ol ogi calaltéhtive, Frthet comfrish testfird! WRdhkrithe Qg%aﬁﬂ.@aﬁllhteh 'a'lbi’cﬂ@glbal(a@ﬁwgl of, and/ or
protein phosphat ase 2B (cal CI neur| %Mi‘eloanﬁone enbodi nent

conpri ses e&-felpadulis-depsndsat kinaser;( EprotesmPiesphatase 2k (srledgeurin).

ebodi enty oRAERESRheh® mqtpmbpwhsﬁyés%tr@gaud&hxﬁge AR EPRAITN L In
DARPP-21 is Ehosphoryl ated. In yet another non-limti n%ﬁgxarrpl e of such a

met hod, i gnetheramndinents PARER-Abis noanbespherlatydRAp-yet ans giapnt.des,
whose bi n@mpmqmw rfatdgS i nhibited or 10 augmented by cal nodul i n
conprising performng a piotein-protein binding assay which includes
DARPP- 21 and al®¥¢iangteengpRmitingiexsmpds eigupl pmatkod is 2 method €f sseenieng

cal nodul i g ,)Mﬁg IR - t he
pr ot ei n- prgt(g?zﬁe bin I“b'i}ﬂh gﬁﬁﬁ%%ﬁlo%ﬁlkﬁhi A\\{I%Ig}gpﬂ co%}sﬁgggﬁgﬁﬁregatlve
char ge 18t augmensediby aal s;lun FRIAPEENE performuegi proseinpmtaiarhindimpymsey whidhs not
phosphory idhests DARYED| 3184 REAdidse IR TP Hindif FERRaR In int phieRRNgr V1 at ed.
Such met hods can further conprise testi q the ag nt nodul ates a
bi ol ogi calcalmadulintapdgietermingng whethear ¢abmadulin inbibits @6 ArsRING @pmrotgmcmo@sn an
enzyre, f%ﬁ@gg@gsﬁe anmﬁﬁlenp@,«q@m%@%ﬁség'a%gstweacha&@%mt@s&upr an

adenyl yl | n yet anot her non- tin suc met hod, is

a met hod @ps@@m éénh@otlm endadingat. OARPRIdus nﬁtmmﬁmqmassépﬂrh i gnotpios e

per fof ot neTboBRERARPD 21 it Bt-PhORIAL SEHIRAALaR T nplcatRle SN0 &
candi dat e Wd&thepthel agnntbnwmlﬁgs pbwﬂqu@l aﬁ1w1w6>fp¢ &s e pelmotnipdepentientaigtein

det erm ni @&W‘é&%@ﬁ%@é@%&%&%ﬁ Bﬁbs??oﬁ%stéﬁm%ﬁasé kh‘gfp}{br a%s'a PhR bRy

bi ndi ng. I'n one I ment conprises a negat |S e charge at m no
acid 25 pe¥¢laseon 55. I n anot her enbodi ment, DARPP-21 is not phosphoryl at ed.

In yet anothery, &Qﬂgth'é?%%mﬁ;eé:&aﬁélééféﬁmﬁ % %?ﬂe%ﬁﬂ%@s&@érﬁﬁ’gs can

further_ conprise’testing agent nodul ates a i cal activity

of , e.d0 candidateoalmodnlintdjnsinipaptigess wdiope binding Vaéh calmedutimis mfflblltedeO(anpl e a
phosphodi %ﬁé}ﬂérﬁ§@by PARPRS P corﬁpﬂgﬂg B%rﬁﬁﬁg 2 brcﬁ&n%q&@%l Bﬂxdmg ¥&h @3hich
includes calmodulin and a candidate calmodulin-binding peptide in the presence
DARPP-21, and determining whether DARPP-21 inhibits or augments the protein-protein

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

25 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.

30 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-21 and a candidate peptide in the presence calmodulin, and
determining whether calmodulin inhibits or augments the protein-protein binding. In one

35 embodiment, DARPP-21 comprises a negative charge at amino acid position 55. In another



30 In another non-limting exanple of such a nethod, is a nmethod of

screeni ng candi date DARPP-21-bi ndi ng agents, e.g., peptides, whose binding
wi t h DAR-WP-02072881 | nhi bited or augnented by cal nodul i n c®Eprises3/em373
perform ng a protein-protein binding assay which includes DARPP-21 and a
candi date peptide in the presence cal nodulin, and determ ning whether

cal modul i BmbBélinkint, D ARPRIIATE AbtSpHoEShdRYIlcR] T PEtQAhSThBr &hbstiment, DARITE2 Bh
enbodi nment DARPP—%% corrgrl ses a negative gharge at am no acjid position 55.
'n anot hePhosphonisted lyasheothee-mbadnensSes” 1o hiS MESGRRSRYIES | s not

phosphor ykgfi&RdmehiwitRt aA8BENSHin8HERIC I STRA imcthAISREN Bikthe corfPRsNbang veditbr | N
yet anot her enbodi nent, Serss in DARRP-21 is Gn}l.ltdrz:‘ijed b ts replacenent
with a anbiepgentmpdates p hlolegieal apiviyRfse gah CRIm P-d@B%/ﬁsiepglgo{eé%ch gsan

whet hers Eﬁ%ﬂ@@%}texﬁﬁ@w BpIsspRodiestdradd] & Rinads; aiphbéphafike ofaradenillyl cyclase.

cal nodul i n- dependent E‘;’Ot EI{] such as n%tgs@e‘gzyrre,%{dor ex%rrgli a .
phosphodi est er Z8¥St aqotaeHANIMIINA XARD cl p mgthody i mgthod pE pereening | 1y yet
anot her nemndiddié tlnodemaBRIdgigehtdChig 2 peprtidesdvhdse bindiv! Wikl cAlincdenieani ng
candi dat e, cal modul i n- bi ngl ng. agents, e.d., peptides, whose binding wth
cal modul | HNiaited gfgneRg Bvﬁ%’gﬁ%ﬂ? SAMBYISIBARSHOBNING 3 PP RIGEHEPIPdINg ng a
pr f’t ein-p (ElesTa? Wl‘ltl(?li ineluags ca&ﬁswimﬁgidgdbfhaffgwqﬁ?p;egitid@mhé ﬁreaav\%e ?)rfc@n%g%g; e21
(6] e | de_ 1N e. presenc - . an e rmni.n e erl. -
Unhi bi ﬁi’ gnd Qﬂsﬂ%‘ﬁtn% ‘Y‘PFéh‘Hﬁ%‘EéFpﬁizér‘B‘B‘BF%O’b?Weﬁﬁ.tﬁ? Rrote RISt [N
DﬁbRPg’_- 21 ?ﬁﬁ&/ﬁ&i&%ﬁ&fﬁlt, MEURPP-2¢ ﬁehﬁﬁg@ aaﬁq[gagi'@f}xa?g‘d a%i aﬁ@ﬁc;: %di@ﬁoﬁﬁor(lj 55 In?nOt her
e oal nent, - I S S or a . n e ano er odl ment,
DARPP- 21 PABOBEIRIASImEt ﬁMughﬁmﬁ Qreherylpted et art%‘?FﬁFF'g’gB't“é%‘t"i ng

whet her t ImARPRI2NGs pRvdphayREeda SUck hitfhods lca irtheét Eymprise testihg witkther the

cal nodul i n-dependiant pr.ofein such as an 15 enczl‘é/llrre, for exanpl e

phosphodi 8838 madulates 3 biplogical actiyiy obie-g a3 erlpPdulin-depergen) Pretpin syeiyas any

fur L _helrl SOEh@?ﬁe, @r 6x_h§[?1pidﬁ/ﬂfﬁsbﬂc€ﬂgé§erﬁ§t, bﬁdﬁsf}@?h@ﬂﬁiﬁ%% bi @ﬂ&deflsal_@l oRguskat i ng
a I Ol 0OQgI Ca CLIVI e.qg., the oS r at| on state, roteln.expressi on
Cevel o andror B birber Sbifeio e oy e DR e Reieds St CoppgsRiost for oA

Si gnal i ng b_il?ééi%)éfét-iviBﬂd’eg@(tﬂf@h&phbr:@htioﬁ SR8 @E(?t:biﬁ\éﬂﬁltzegﬁ&l e and/sr ﬁ'ﬁ)}téiﬁlds
an co osi1 t1.ons or, 1N al cl um_si gnal ] ng, e.d., neurona

cal ci uﬁpspwamlﬁt@factlﬂn agb?ﬂ?a‘%ﬂzaﬁyg&naﬁ"%gg@%g?mﬁ EoraRplndts can
conpri se pRREAGHVEMioR pEbhts Aletidds SHE c¥hpbsidshsdBEMbdhlaghg e Uhddigflidg,

bi ol ogical activit %?(Lf‘i DARPP- 21, such that the signal.ing path

. . way 1| S
modul at? d &-erHeuEsat cldm G ggEnRe. 18 Avch Rathwaysy Anprecmbrdimaar. & tm%t?'\?@r@nt he
phosphor ylahmbase &ntdctingh cBABPRssté wimza%@ﬂtt Rt oGRS biolSahl abtVityestanpl e,

be one that alters formation of DARPP-21/cal modul in conpl exes. 25 Yet
anot her oB}ARRRP41, gusb thit deesignaling eathivgy 15 modulaet h dhe Foptagiing Agrati Gag, for
treating, eRQimpRNEY b 1Rt dM@rs thE pROSPRESIEI0f fstate SADARPI2 1€ The contacting agent
dopam ne-rel ated di sorder by adm nisteri n%g .

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.



to a subject in need thereof an agent that nodul ates a biological activity
of DARPP-21. In one enbodinent, the agent adm nistered alters the

phosphor yWweto3oresst at e of DARPP-21. In anot her enbodi nent pCcrhsozgent

adm nistered alters formati on of DARPP-21/cal nodulin 30 conpl exes. 4.
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LTIty CheS PR SHAREIAY et et Sa e ot PO B Ds RSB i n
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10 col umn é | a iﬁ? Figure 5 illustrates representative results of a
i mrobi 117z & l“ﬂ’lno{'] Shrotein binding assay involving cal nodulin affinity
chr omat ogr aphy Figigte 6 alhish@tes feprésepatite feshitd el Dignrheti Waiproeiil-proctin bindaipd
DARPP-21 in therﬂ;ir.ese ce, ﬁut ot absence, of. g.al Ci ug]g Fi %ure (? ibl ustrates
the sel ec® ITYRlYIBE colBipdphin eddipiy CEvnm%mrly IR (PARRSeilicbindigg BEWERRL by
u][l- ph?sph@ayﬁoﬂhﬁd aﬁ)zi\mhmzll Eima@ﬁeszndelpb%t?og abseficd, bﬁceﬂﬁhﬁcth ive i nh: bi tijon
of cal cineurin Q orylated . -, un- S r t
DARPP-2 1. 20 ﬁM?Aﬁ‘%@@M@W%@E@‘M ‘&ﬂ&%&ﬂi’)/é\f’s?ﬁgw%‘g@ﬁh?"ﬁ
iﬂvenftildnbh{smh@aﬁlrpﬂ my}tﬁted(mmmh%murpri si ng dicscovery,2 on thle part of
the 1i1nventors, .that .the 0s rylatiqn.state of DARPP-21 requl ates its
i nteraction wi tHYE I‘ﬁ‘i‘ﬁﬁrﬁ%ééher%ﬁ%ﬁ?{l’%mh}ﬁad%n%ﬁl‘ﬁ?%ﬁl?ﬂ“%ibé’ hogphomi#tedns and can
be utili zeggARPPIRIAOAS Hﬁn—pm&lﬁﬁﬂhﬁﬂ DwRrpP21f or the regul ati on of the
cal ci um dependent si gnaling. the basis of 25 these findings, the

formati on of DARPP-21/cal nodulin conpl exes are identified as a target for
agents capabl e of nodul ating intracellular calciumsignaling, of nodul ating

neur onajo 5. 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 phosphorylation 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 turn
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cell calciumsignaling and of preventing, treating, or aneliorating the
synptons of a dopam ne-rel ated disorder. Wthout intending to be bound by
any partiwoloaw7ssteory, it is believed that 30 phosphoryl aCrarsosés2DARPP- 21
increases its affinity for calnodulin and thereby conpetitively inhibits
conmponents of the cal ciumsignaling pathway, including for exanple,
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- a .0 changes,in calc endent signaling. The netho
Chvol ves (g PEGhapORDL Ra st ARPE AT R el P R tD Ak rp &t Porigr o
Dﬁ\RPP- 21 ithe esitdxs 00 fhetﬂrés‘étit;iﬁlvﬁitiohﬁ‘!‘md)%hl?&b’vﬁdcﬁﬁnémas\/éiﬂﬂéﬂan inBrea¢e® acont ext  of
the present inventjon, " ul ate" i i ned a n _increase _or a
oot base. ETSTRSpRBPRaBTB R tebutirtmerad DaiPa ] epsapbsiation. The
pEospEolrSy:rﬂéthmanﬂaﬂ)lasécﬁ?ﬂr%xmgtgng?@g&e%mm@gh&maﬁ&e1ed];eltse»fmAﬂ&tB'-an@th f
phosphoryl.ation | evels o -21 both .before and after treatnent o
Pl Te o tekepad Sl rep eenL gLRLIS 05 et &‘Bé}(’f aggpt Dhetesther pypatiyely, cape
based on detbased onadet@thigdtiony pROYhytydition NevebME BARPPDARRAR: #dat@bAtIT cells
treatment of, cell. or tissuye with the agent tg be tested, anc\mconpari ng
the | evel STHSFUE YillHHP GRS 0 B Iessrhnd SOmPARPE theJpvals fogoniTBheT 3 oMM
exanpl e, su@bard. et hod can conprise determning a first |evel of

P-21 in a first or ntrol sanp]e of .cells or

phosph | ati on of DA C
tiss ue?iogont acﬂT‘ RBe Bon-HEEheexagiply, sucka ‘E‘@ﬁth CE CQPRIEFLCGHNING2 Bt irvel o be
tested forofphespabiyidtion df DARBRID2ia Gt 6F &6Htro haﬁﬂh o BslIsdRtiREU Edristtiagaecond

) Y 1
| evel of %Q(%%Bhor\éieaotflcolrins of . DARPP. in sajd ce

sam or tissue with an agent to be tested fgr t}% ability to regulate calcium
signaling; determining a second level of phosphorylation of DARPP-21 in said cells or
tissue; and comparing said first and second levels of phosphorylation, wherein a difference

25 in said levels is indicative of the ability of the agent 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, a 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 primary culture of neuronal or glial cells; cell(s) derived from a
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tissue; and conparing said first and second | evels of phosphorylation,
wherein a difference 25 in said levels is indicative of the ability of the
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usi ng techni ques kno to t e of skill .in the These .t echni es ma
nel oo for oua et anbedimentel Tat préseriention fama e g o
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el ectrophoretic m)bLgI [ m I'2) lﬁ Hg a pol ypepti de fr agnment  produced
f r om DARPEIgaseq levelsf P2 phaiPhioRddioseri ne from hydrol yzed DARPP- 21,
15 or ané ot hefln faﬁut%@bioﬁ-ltrﬁ@hg leRaiple] $udR G nﬁétmuecaﬂlrcoh@na@ aete@mal ingahat@n. In
one e i ment. of .the pres i nvention, t em)uatlonre t
Ror eacl 8Pt i Dﬁﬁ@ﬂﬁél% BRI 71 4EFI5 50 DrCSNRAHLY B AR Hrdhfor & he
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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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assay. Such net h&ﬂ fﬁ af in t?e alternative, rther conp {1 ﬁe
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yet anofher non limting exanpl e of such nmet hod, .is_a nmethod of screening
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DARPP- 21- Byhsther S’Cﬁéﬁ?tl medylaes %@Ob}%&?ﬁfé{lty of, e.g., a calmodulin-dependent protein

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, a kinase, a phosphatase or an adenylyl

35 cyclase.
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phosphoryl ated. In yet another enbodinent, DARPP-21 is phosphoryl ated.
Such net hods can further conprise testing whether the agent nodul ates a
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P hodut] s FUMRY SR P ghaa8Eh: GF cPaIien A0St RogmEar HECAReaaR i ch
ij ncl udes DMNRRRGY a@@ﬂeﬁe@@?lmAd&!BZDg@lhpﬂﬁng Perfbiening Qﬁﬁﬂﬁﬁ-;ﬁ@tbﬂiﬂﬂhﬂihg and 5
etermnin er ¢ u I bIt or augnents the proteln- I N
ol o Pibay R e SR ot HRrePA R did PP LREP e ik ot DA e it no
aci d pdsi th@detehmint vammawAmmdmmm or dﬁ@ﬁi@ﬁ’tsZﬂe proteiiRprdudin Hpfdedgy nat ed.
In yet another e EARPP-Zl is Rhos horyl at ed S ch. neﬁgiqg can
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ment ed b DARPP- 21 conprising performng a

cal noduylin is |nh|b|t d or
pr ot ei #Op FOERRS i %amﬁge Qgp%me&ﬁe, fEingtfe PRASPREIARA FrrnAdanEY RS at e
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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, or 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 nent, DARPP-21 conprises a negative
charge atwamBmmseci d position 55. In another enbodi nent, PORRRE3/E&L73 s not
phosphoryl ated. In yet another enbodi nent, DARPP-21 is phosphoryl ated.
Such net hods can further conprise testing whether the agent nodul ates a
bi ol ogi calimabilided yraréin (Gnenobikized Proiproteitieipdingasdayy. Suehmn sapgdit may ba 20

enzyme, for exanpl e a phosphodi est eras a ki nase, .a sphat ase n
adomyt y1 | BYERASERorpiroBRaE icuame cogiABa o i SRR B PP nar ge
at am no agiod6padirbéetinlosqplastidiic enidftiderpdate elindipsiicky sideths like witheutposi ti on

that corresponds to the P hosphoryl ati.on site. ically. Ser55) in
ul Lt ype. BARBEO3, TRgamp s of BRRGRUFFoP A GiEprrin S a e B Rl 1 o o
E) 2sRiP cFi) uglt bnionfaadsgiﬁ;shywe pﬁe@eméuoxl d‘lmsleati@;dé.b)a oW, theaege_trhplaryaﬁoerfbpﬂtzeiﬁe nt,

- S not ospho ated.. | n .yet another e | nent, DARPP-21 is
phosphory:béﬁ .3¥Wsdgg§‘5%§’ll Ogtrfﬁt’iafl%’é’ﬁ? ,?mﬁA P‘-)sfig?@tﬂﬁ‘?p CH8€ %L negati ve
charge at cafifhdiidnaior] chmmurdpretiyitaiion (Reisectisregt.2BHRERAinple), Mlay blotting
NG S R i e R R R A
per f or med sedimeMiation, yeBst ¥ivd hgbridsysiein Geé Bectidato i Sorfadrexp@pledryehstGhree _
P enadd” e Seprnikinga K0 Bl oo Neibeisrd S B nta S, St i b
g! ng_ t ogetH: @611’/@%%@@&%&8 S@éer}/ﬂlg Eystent (Yor _ﬁrgammes&ripgpﬁg@d refgrende) see

i ndi ng assay. us, ex , r i n- n_bi ndi nq,ass may
i nvol ve ngtlaﬁfpég%Weﬁgadgﬁﬁsgo?égé{h f(g%gé’éﬁﬁ%ﬁ?rf‘te dare acting it
W th a seegeBnbOiritschtirel), & b738A1 PCT/ US03/ 05273 i mobi | i zed protein
("imrobi i zed protei.n-protein bindi.ng assay"). Such a .support . b
porous or non- QBP%(IEJEO%%"; preggnt Wﬁ?ttb‘?ne?roﬁlgﬁ%/ﬂ‘)e%gﬁfqré@?lﬁ?‘ggé‘ﬁ‘ﬁ,Cﬂ%ﬁ’ﬁfane
such ad5PYREnts thayhHRG6tiviRi dsas@lldtbisafRalciihadépend@it Signalth€pahwh@l whtrt e
well, dipstick, apd the Iike withoyt limtation. Two exanples of..
b |1 5 BRFSBIBY ShFmISAASE TEER S QUL D SRR (e FoiAcey e GHSEY aphy
are preseritRé stifhube bi @RAibi cAlchuriRlepymdehd ﬁ@aliﬁ% EYph iys sHidyas affdtot ei n
bi ndi ng assays i ncl ude &géll;l t i ntendi ng to.limt the possibilities, the
use of coPPsRbEIMRIN D %li:u Ao OBfsTRR %%Fﬁ? Yhthe SEsserddpyqnbAn grepgsnts hat o
exanmpl e) , naxerbvint teQhtetabEon éfpHdsphdviilated D ARPRU21 wAfiichlBo@i1RT; BEdnty st
30: 103 45\%0@,11419 chr.omat of ocus

el  excl usion,, ng,,, sedinentatio east two
hybri d dy {reluide Suteat BR ligvied 1o pepnde apd sl %%@19@%@?6@% Surthey. fhpor | d
syst em ( LipgdsthtandentioH idchRfes BEdts arlibdsk of Akl th@iChave (HeMN1it) 3o ddic/ - 12821) , E.

col i BCCP interactive _screenin tem (fqQr. a general descripfion and
r ef er ence®hospbgrylated DARPP-21 ac%v?t;?n cgﬂs(ang tlssuegJ ancia therefore also a%tect calc?um-

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
diseases 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
35
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Germno et al. 1993 Proc. Natl. Acad. Sci. (U . S. A 90: 1639, incorporated
herein by reference inits entirety), and so forth. In addition, the
present iwoesbimnl provi des net hods for designi ng new chenmpcalusoibsazgent s
that have activity as nodul ators of cal ci um dependent signaling pathways,
where these new chem cal agents may include, but not be |[imted to, any
agent wi t Bymp@nahifla dopaiine-relatdtadiscsliernticnsia tigs conpvisition altetsCommmatidapendent

si gnal i ng i | to affect phosphorylation of DARPP-2 1. Al so
cont enpl aﬁe@fﬂ%ﬁé%‘?‘@@@ﬁ? If*§htion are agents that may prevent the

i nteraction of Apﬁﬂﬁiﬁhﬁlﬁjyétaifﬂda iAo 4 metHolls g dsﬁmbdsitmns dgansdulitingta 20
vvouldinctbwgebt nao F %edto tides and snm n|c nol ecul es.
Fur'ther | - HUSEiEHachiy ot PhiPhisiaR stely Briah sXereoer BB gaPLPOIE nave
the abii ?otélﬂ ifftefiictions) B0 DNRIP/D BiredbpNRIRFsi Zdaliag pathivtays. i Fblfeﬁbﬁnpleaﬂﬁ tissues
and therefore al so affect calci ‘g endent ffl%ﬁal [ n‘gnthrowgh th

ability t BTSSER IRVHAiRpPIosenls meho %fﬁ‘% POSHHQISPoRodladng ¢alg! éég“a ng’
conposi ti @%s riedftil édldtmbygrialifg, 1R blddsatiofays hen omPenbrti@Bit, suth endthas. caﬁhe of
skill woul d under st and thaf.l once identified as c able oI dul ati
activity CAMBHSE eantactips aicell QEsye & 1dranagent fhaldg ?Ff e he ?‘HE"%@ nt can,
for exanmARPRE1f diich Higst tﬁeeﬁg@qing Pﬁtha'ﬁy ahbddlxte@f Thheoragging agéhtf@en eed

therap tically to mo uI ependent li.ng.i n neuronal ceIIs
in or dglk(5 F%Sa“f‘Pléa © QA% ‘Sﬁs‘h?ﬁ H‘&TIB{ lﬁpétates‘?fg[iéﬁp ﬁ rrgEPleemiaﬁVIﬁ 3gent
Ther ef or e cai}| fOexaf ¢ B @nk hat Bl@er@fcﬁﬁﬁﬁbn bﬂmmpozn/adlmoaﬁmmmﬂsiési ams
identified tythe screen* %(met sthg ﬁf ﬁ‘“g edfgi\ﬁ‘]%%g:iearge&1

di seases (RRAFHR aegnLencioy that griggsit P 7 &V&‘ tthe

schi zophr gadivdty oﬂaadamlmahﬁodmlﬁe@p@deﬁtténgplheon deficit hyper act | VI ty
di sorder, deprgssion, dr u &'ﬁ g@ cancer, strok
di sease, Hunti S%ESPP@“& <t gEthe presqy jrgntign ds %Vﬁﬁ%"ér‘?@r Pfﬁ\"enﬁ‘f“%’f%‘?ﬁ%&é’f

enmbodi néntamefiortia fﬂm&ﬂ}ﬂt&ﬂs &0 ddpagientdlae dxtsmaxtbmimlarst@mglw akaijedignt he
35 -11 WD 03 @728%1 PCT/ US03/ 5273 (%/ggt ﬁgﬁﬁﬂﬁe rel at eoJI di sorder
wher ei n t REEEBRISE5 AR pest that medulpiss abiql factlws 1B80fi n

conpl exes emboflidienf@he aganeadmmistéraealtdwﬂf&tphegpuoaymﬁinmaé oﬁmkmrrpp Sint i ons
for nodul ati c40I0|cal actlvty§1 g g?m }lonsate

pr ot ei n eﬁb?tggrs ehpdimga he 2gent gmppigfered alt @fmﬂe it %@f cahmod

DARPP- 21 ¢ gmagn ARofi} tralophslifeae Gl Esorfiers tlﬁ%@&ﬂ’é@mo&h@teﬂhﬁsﬁﬂ%xhﬂyﬁm ion
presen ods .and conpositions faor nodul ating cal ci um m%éal I ng

heur ondl ¢ é‘é‘fhc‘?lﬁﬂﬁi%rrsg"ﬂ&ﬂ”ﬂ%’@y’ SEhjZQRIEFMBHRHESR'S fiReashtientifiahsHdisodre
net hods  CABpre§sasm dnLatfud) tpamt bzﬂﬁela s&6d, afd AlZheRhte’ sWisdasan agent t hat
modul ates a bi ?Alnc})fgalg(e:r?tl 1dgn%tﬁle\clllvtiay the methods described herein can be utilized as part of the
modulation and/or treatment-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, metabotropic glutamate receptors type 1 (mGluR 1) stimulate casein kinase 1
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DARPP- 21, such that the signaling pathway is nodul ated. The contacting
agent can, for 10 exanple, be one that alters the phosphorylation state of
DARPP- 21.whheomsot act i ng agent can, for exanple, be one poatusedters
formati on of DARPP-21/cal nodul i n conpl exes. The contacting agent can, for
exanpl e, be one that alters the ability of DARPP-21 to inhibit the

aﬁ tivity @CKa) eaidh, Hiﬂl_ﬁﬁ-hmtﬁsicﬁléﬂfemﬂé\ﬁﬁeﬁ kifiise\piiosphbeflatas) DIARAP- BbjteTHr o f

t he present inv S. a. e r preventing, treati r

anel Por at &ﬁ?@sﬂqﬁ?ggémfgf&ﬁ@fm Eﬂ%bﬁﬁﬁ‘?rﬂ&meéldﬁtp@ﬂgfmo%?t&)@ror}g{}e §@rﬁpﬁ)|5 Stering
t]9 %Aséggi grehcdls,rhmdmg&ﬂle ig%gfsaﬁaft caﬂﬂbﬁgﬁﬁiedtdﬂaglgmﬁhﬂ_ _éfﬁc@ﬁgﬁli@xﬂb,@@éeﬁﬁkin&@di,w ty
o] -21._1In o odi ment, the agent admnjstered alters e

phosphor ylcé]fq”(% %@é—%*Ofﬂﬂﬂppﬁ?i?ﬂtﬁ%&llgﬁBﬁr F %‘rﬁf@&eﬁﬁ ?‘%P}?E% Went

adm ni st elceghpasitien f dholedPtbIGMnGYhi EMERIAME eclba¥e A Llufam £ af ¥gsnistATONY t he

dopam ne-re] at ed gi sogders that can be nodul ated are, for exanple, 20 such
di sor der s 28@BANYSYAFERL. schi zophreni a, Parkinson's disease, attention

deficit di sordefdditisiRPpéiasio?he rdiulgtotPpiBwapRading EAPKAr activhticakiacluaend _
Al zhei ner' s di sease.. Aga/ eﬂt id I’ltl,blﬂed Vi a Lhe mit hods described. herein
can be ut CPI¥B§-ROIGIEY da%%v ¥ oyalari Thysopecaisdnehregylals thash Proteip famiieset hods

of t t het pr qr?eé[a)asgi[g@ggélﬁsmm aélﬁlp@{'tfifg_is, togiﬁycaa%e fﬁ%ilizéd"a%}}ag@ﬂﬁm mﬁegetmdggi@bA&mea alt )
acti vi - can e utl ed. a art o ese ne 0ds. non e
agent s P Rereitnnhssesprd Mswsanass Cﬁ&ﬁ% whte taﬁavm%&ét plgne Wi S, ’
t r eat ment phedphbo@idsteriBé-FRiksan@hndl6ke, LthQR BLKIOMBAMB bt ékatipdd, réprésefit t he
phosphoryl ation state of DARRP-2 1, ejther. di rectgl{%lgﬁé)}lgg#r?ctl . For
exanpl e, &8 08l RRPOSBPTS, MRl ap P BB g ~21pRiges. 21
phosphor yliapb@int pAsteind anfoniz @it fnodhlafols) BE empah ﬁhc\%h&ywﬁ%hiléi&éls drpraaich, for
1

exanpl e, agoni sts qQr_ antagonists of the. dopam.n nd/ or D2.receptors can
bo Ui |1 7 8Osty RRs A RhoSP RO SITHE 2 KEHS TPIATRE PRGA R34 3 RLHPRACSR Fon of

ser ot orisSn PRECRPICANIPS, |the PRAITEAL1RoB QB hitBiHoSpHITENEIBARPPL 3], an @ B89} dvew&f or e,
acts a ligand r a serot gm n rfig)@g‘g{ .e.gm 5- HT4 g)r. 5- HT6. For. exanpl e,
an agent @aRhewPRasEAe-calELpady Bewartyais Bt mkibitors,tich s gkadpisarid,

S ut a?énekﬂliy@?l[r@@lﬁ@t&ﬁgh?mﬁﬁ %!‘rﬂizirflﬂbtgiués dtmﬁm plhaiﬂtﬁaﬁ? Iﬂiﬁtffs.(rjr%mi?l reg ult ati |Oni
or exanpl e, netabotropic gl utamate receptor p .) stimulate
casei n ki nase ﬁgm?éh%lrégtfx)af?&bial Plis ﬂ%?ﬁrﬁ%er*(ték%osﬁlﬂla& ,@&P& urn,
activat es aagteent chiifodudih biidild ASARPROSD B MbAbE&iIRRRE pSE ofithe Theti{&ls

Phosphq- DARPP- 32 i nhi bits PKA and pronotes de-phosphoryl ation of the

DAR- PP-21 desqribd BeretrdrRnRanents 9é Hescalqvam-stanalBepaiveY Yatiaraiwpytied Bntice
receptor bhegihdsylatforSHIDAKPP2$ Corlagoniafilo? an@gor@mﬁ&e% cafllalsdBRNItiHE&d &
antagoni st therefor. |n angther enbodi ment the 5 corﬁg}g tion is .
chol ecyst &RTtf theinetbpdsdeserihed thsrein. of arexampte, phephenhiaRPln2 1 ata eopapRtidive or
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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ant agoni st thereof. Additional points of the regulatory pathway |eading to
PKA activation includes certain Gproteins and adenylyl cyclase. Thus,
agents t o osetasbat e these protein famlies, for exanpl epcrarsskei2rin and
pertussis toxin can be utilized as agents in the nethods described 10
herein. The second nmessenger cAMP which activates PKA, along with its
phosphodi &st er 452 USTRATEVE EXAMRISES such as 8- brono- cAMP for exanpl e,

t dditi | . ifi t hat . i t. i i | i
{br ough Darpp. Zhe efveie SRARbles it isb odfiAara ST e R AN GAUHESH 8 he ha
i npact phgosgbatrinlaition The aet Botdhtehlel tobelishitiag @sariynedyude

phosphodi est erases, and ki nases including PKA and its inhibitors such as 15
PKI, Rp-cAMPS, the PKA regul atory subunit, phospho-Thr75- DARPP-32, and H39,

ashv\ﬁ! 15 as phcssphatmmk _leg;gkmEI?nwpnml_ ORMI,A’IIHRN mgAmmd olr
i nhi bitors such, as okadai c id, a u nd cant.hari din and.anal ogues
of "t hese phospiket REBARR R Aoeshong At DARER 25 e BRM S ShpsBamitir o
BEAE g ipng, 1%&6 @@iﬂ%}[yy”%]mmwlithalﬁe dafd ity st,ubmlii]g oﬁﬁgmtdﬁ@@img@h%dﬂasbiepgi gg to

- , al s e utili t..of the. nethods scri be
horei - 208 it SPhgpmesiomi f e A LIRS o1 oMy A e PaP B B RERad by
t he phosplieteythiicd @bOHSARPBARPP-20r agoni sts or antagoni st therefor, can
al so bq_ tilized as part of the nethods described herein. For exanple,

phospho-DARPP-21 is a conpetitive inhibitor of calcineurin, and
cal ci neurin sulgsy r atEAMBMLE deIMMUNGSTAINING at ed and

cyt oskel et al -associ ated. proteins such as dypnamn and.tau_f [,.
Channel ] T ecent SPTEIGHEMIE 98 TRlp Ut GeeHES TR FRagit or DARP I e samples as
t hel t )é_pe |aE) gdlﬁg&&l 62W &dtoin Db el ysisod £ dalﬁ&;duﬂﬁhl’wa%@erfaﬁﬁéd/\iv%th mi1B6Hh @c%iﬁéz&ion? as t
i ncl udi ng - enzymes .sych as ranscription ctors
suen s EdkeeRbgs Ry MeR IS K pRpeioncon D6 PG TRE e iR e e s B
Sect | Qm56-b§,SBS”JHAGEC\f1ﬁd_ dli&x@bﬁor@h@ﬁ@hﬁh@ffe?&@ﬁ) llsubmmaﬁmﬁnﬁ& o &ﬁiwr, |
proteins assogiate th s vesj cle rel ease such.as synapsin | an
11, and txaai@eﬁ?lfﬂ ob b ripwey SRREBE) thﬁwg WasdhoRminsed hge Sifbn any of
these conpavsphate-KUTfcRAIALIAE Q’Bs('j) A8 RO Witht0.2% it elallchydeAPB Y orUi5ithingRd ag.S
agents as part of the nethods escrl?gd Egggln. Epe follow ng non-limting
exanpl es &PQM FIREHIES ks MEIRbrART Wt 1hgR P WHE St dydndk selpRmn; on. 35 - 13
WO 03{ 072@@3/(?@9’%tt1805%/nt Q.J_lli)|2f63 t1 hﬁ?r ﬂollhw&'i’ F%Mcy%tmmdﬁﬁnil%ﬂi%di@sﬂﬁf ntgh
exanp are nean o.11l.u rate ne rnc €S ahna adva ges o e .
present“ AREY-gh wappdsptified upipg ra tanclonab i qrirﬂ?wﬁ)@a{%ﬁaﬁlﬂbmz 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 (5'-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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5 6.1 EXAMPLE 1: PROTEI N PHOSPHORYLATI ON REACTI ONS For preparations of
phosphoryl ated DARPP-2 1, the protein was phosphorylated in vitro using

[ y- 32P] AWowsmtesbhe catal ytic subunit of PKA as descri bedp(CTCapsosexo et al .
2000. Neur opharnmacol ogy 39: 1636-1643). The stoichionetry of phosphoryl ation
was determined to be 95% for DARPP-21. 10 6.2 EXAMPLE 2: | MMUNCSTAI NI NG

| Mrunost aisequegcingsD ARPPMeT térmikied 6ecHisahd hrfonqabironhd genoratdd EYresddd and

o CooaPhritid pofRerRed hyoahoredt B COUR Mo kR ke i IO B Bane
o ant anhor et | oLl o T e o o RS D e o ut

Coarmoan oy oo’ BXANEITE inPabEnChreErRiy Bin ik RsEAYS F0 SCREEN ..
wi th phosphat e- buf fRIRPROTEMN-HRBEEIN TN TERECTIONTNVOYWVING

gl ut ar al dehyde/ PBS for_ 45 mnutes at roomtenperature. The nenbrane was
then bl ocked with 5%%MWPU§MEWR‘ZIPBS/O. 05% Tween-20 for 1 hour

foll owed by incubation with primary anti bodi es. 20 DARPP-21 was identified
usi ng rabbit polyclonal #204 or nmonocl onal 6A antibodies. Anti-_calmodulin

monocl onal anti body 6ths JEAPRIIVO-HXRRL RROBEIN-EROBERY BINDING (| ake
Placid, NY). 6.3 EXAMPLE aAxsA3ONSTRUCTI ON AND EXPRESSI ON OF FUSI ON 25

PROTEI For construction and expression of fusion proteins, DARPP-21
f or war 2{%( 5' - AWWWW@P@“? IngEYSApIHWRAYPI S¥RiCTHARPS- 21

reverse (‘he BESKERAL d BATHACTSAEREcIYille, BHY) In3ehiPsBinEGYRE. STo Wer e
used to arrpel—i fy DARPP-21 c and generate trllee DARPSI-%IZel/ Ifexl,rél\ fIIISi Qn oprotei n
30 in yeageneralea tpgpharadeip gf L ORFEE R ePReyevpe suksloped idpqy | p

. Asp T e S e P piimeEa el
n reverse (5'- . " ) J
i mor o wibE (RSt TgshRaemes. BRRFPUR AN i P BAP4cis blgk gomain and

respectliSv%by@m&pgﬁgggp} bRRAfotéor Ser55. Obtained nutations were confirmed by
DNA 35 -14 WD Q3/072801 PCT/ US03/ 05273, sequenci ng. DARPP-21 C-term nal 6 Xx

H s tag fusi on Ysedtess sersniiallydranstogmed withdaebait, anH 1 85 iee4-RbeRNERISY r i bed
by Capor agpnNeA liBtary-CafifBing MeashR@N I ABGE 1iadim3Bethe3Roth6di3 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) medium. 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 full-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 a 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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6.4 EXAVPLE 4: PROTElI N- PROTEI N Bl NDI NG ASSAYS TO SCREEN 5 FOR

PROTEI N- PROTEI N | NTERACTI ON | NVOLVI NG CALMODULI N AND DARPP-21 6.4.1 YEAST
TWO- HYBRIWORROTEIN- PROTEI N Bl NDI NG ASSAY 10 Prot ei n- pr ot ecm/usbsiei2nyy assays
were perforned in a yeast two-hybrid systemusing the DupLexA system
(Origene Technol ogi es, Rockville, MD) in yeast strain EGY48. To generate a
f usi on pr ghesphopfiaticenoX theD ABARPE: 24, itshiERg fil catibbidulvalsindinigc Mngtibni oftSer

EcoRI - Xhol, sjt . bai t » t . i ned @l igo-dT

o ed r at® BPER i PARET o eop il ebieg Bl b iR R R e hed <o

t he B42 adigvevkenBulskiteion cfRerinelwitly aygartinels chyrgad adlartc qeiddidinet hav¥éaadi awer e
tially t f .Wth the bajt H1.8- 34, | acZ- har.bor i DNA

pesent oLk AT SR8 BB R BB RRL R SO

of transfimerdisivith plaspleayiatsdtfotnd of IDARPPRIWIi th a library conplexity of 4 x

106 individual clones. Positive clones appeared 3 to 7 days after
transformation. Bait-prey interaction was 20 assessed by intensity of

growth on a (gal)(-®42 COIMMUN®PRECIPITAHONPREEEINIPFROYEIN t he
interaction was verified ﬁ@ﬁg%}é& ning and mating assay (Origene

Technol ogi es, Rockville, i rm cal nodul i n- DARPP- 21 i nteractions
and conpare calBouéhe striatiin{(dighind) vas BARBEerddedititi@nhbof bu@¥A8 widdstortsiheéd were

t ransf oy i he i.t r I r ter_pl asm nd. pl at ed
ont o (8‘1@39%@ iqu??gﬁ'@’ @%3{3525:5 %M&%ﬁ%‘} ?(']s@l’ @Ef@a?‘%%%oni es
were tr ﬁnfpfr(ﬁéz[se gnh'élﬂi&(ﬁ oﬁclktiaﬂl (lR@b}feﬂiagﬂo(sk_ Hdd (SoArpoﬁatipn, mmihﬁ%pgmis,d}\wrgg?mmy ownf
overni ght at. Wi t i gor qus shaki ng. i es. o -fo ilution o
Che oul't il vas rehartd dvatet SR bEstoTe g OnDED 51E B E1MBNED T 1) (- i s
-trp, I- ;Jf a)lpe(rﬁasﬁt]t\ﬂ&aseiri]mwatwm{ buffdral ) ﬁI:ﬂil ProteifilcPntentis fal, mggd(l)le TheEregAt i ve
control), an a -his,.-trp, -ura,. -leu)._t ates.,. A . o
Cont coont AT PN ASukinalibvih bideqimifalto or 1 DRIRP] SRl g amisny 2t 496 ¢ nat
a |1508 ﬁSbasaemaAJSeﬁM%MﬁPyDA(ggguroeso%lawegAhml fashagOPHadnBeid Bidtechf Blstatheagt h
cal nodul i equence, -21-ca n inter ign in ast S
o Tio0 DU RS Gafed o adh wmplome e Sampips Grings meyatetblon fgvS, KRaBror ¢ he
obt ai ned Gc@rORasited ﬁ?ﬂesi\hgh ﬁ%ﬁ}ﬂb@_ﬂuﬂ&fﬁo‘ég’gﬁﬁnm Nﬁt}s a@dﬁaﬁﬁdwsﬁls ate,
experinments were per ilizin e . 35. yeast two- ri,
el e pevrer gt SHYEAUE sl M OStaists Sraplet erk FAisielen afat o of
- 15 WO 03/2072&0dichSHS30i8/c0hé el QiweRrNaidyinatyized b iminhfodAiREagd desefiBed t S
bi ndi ngzoto ga fTDdéJii n binding. Miutation of Ser55

1n 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 6.4.3 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/ml) 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 into 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
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to al anine in DARPP-21 conpletely inhibited the interaction with cal nodulin
(Fig. 2). However, substitution of serine with negatively charged aspartic
aci d di d wotojozmsel such an effect. These data indicated tratr/uisn3/geast ,
cal nodulin predomnantly, if not exclusively, 5 interacts with
phosphoryl ated forns of DARPP-21. 6.4.2 CO MMUNOPREC! Pl TATI ON

PROTEI %FPIH%Eéf 5 d]:d]p eBitiNRIsNp WESAdhaBasd li(sjbeSBsmA(aE,umdsG gt asBY DFagebrapeedtidz ed
in 10 0 .er A whi ontai.ned. 10 150 NaCdl, 20 mM Tris-HCl, pH 7.5,
0.5 mv @@i@fgmﬁhﬂtklﬁhﬁ@% Pegifig A r ee  protease inhibitor cocktail
(Roche Di agnosRegsitsGadipaedthad Balmoddlirawapeiuied onlyNrom|thes DIARPPS2 1 -6@itgihingl was
renoved by 1brief C ntrif%ﬁﬂ%i(ﬁn at 10(4)1 000 x g for 15 mnutes. The

super nat aiiP /s nef fFofp &b WPEhCUPRdFI8A%-0 a final protein content of 1
ng/ m . SThe extract (1 m) was incubated with anti-cal nodulin or

anti - DARPP- 21 anti bodi es overnight at 4C. 15 Protein A-Sepharose slurry
(70 Al of 50% w/ v; Amersham Pharmaci a Bi otech, Piscataway, NJ) was added

to each ﬁagplge and th_etsatmjd.g?\_ﬂigr bﬂ?omﬂg\gwl@dlt _sﬁ.g)gcairéiggum& h@robegdg |
wer e washe i e nmodi fi e er cqnt ai ni an oun
proteins wer e&%ﬁ%ﬁ%ﬁﬁ\ﬁﬁél‘i‘ﬂ%@bﬂ Lﬁi&’ﬁﬁ?%plﬁgft?géh ngi]ai“ﬁ@al‘%‘ YWa- yer e
L racti OnaE?ﬁ)@ékeé(A{‘nerﬁﬁ% H_Ea&bﬂlgﬁBIB(i)ﬁ&cﬁ, FEéc@té@'hy,g’iU’)Qn a@ﬂfer(m\oeR mMansCiapel yzed
y i ost.ai_nin esSGri i cti ahove. Representative
Y sul T 00BN ot pH A3 f G atECE 0 S ek Ty b0 G WHTEh Gl Riasag | ma
BARPPL DT Bl B A B v 1 S ey DR N

- romstria extracts.
Bl NDI NG ASYHggIn .%’.@ﬁl&é#?ﬁi%ﬁ%ﬁé&& %W“ﬂl&‘ipwe‘mﬁwﬁi‘f%mgﬂose
Purified hMEGTA20MARNPRYI. (2 to 5 ng) was covalently crosslinked to 2
m of Am nolink Sepharose_ (Pier | nc, ., .Rockford, IL Frozen stri atal
extract (2 g) %&%“lg%dlﬁﬁ)tﬁ%g@ﬁﬁfé% PI'El bindmg vag ‘%ﬁecﬁﬁdé%?i%‘lﬁ‘stﬁ?/”g‘ég@r‘i bed.
Striatadls extiliBated(chbhifi, Hndl tMEShdprotein-prodeifl intblaBtisDwks SHOMWATS oe@Rtiaani ng 4 m
Sepharose 4B to  avoid poten}%nlk)Pa non-specific protein binding to the beads.

|
The el uat SalgaE-denendent magnenFigatves: the first hal f was applied to the

colum with i mobilized DARPP-21 while the second half was put through the
nock col um. Colums were washed with 150 nM NaCl and 20 nM Tris pH 7.5,
el uted 35 with6fo nitideEMRLADSANHBITIQN @FCALCIUMEALMODELINguani di ni um

HO . Sanples -16 WRKINBERAIPROVEINGBYTFHOSPHORYEATER DARPP-23t €p were

separ at %d by SDS-PAGE, transferred to PVDE nenbrapnes and = . .. .
2 DARPP-21 was phosphorylated as described in Section 6.1. /n 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
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probed with anti-DARPP-21 specific antibody. Results indicated that

cal nodulin was eluted only fromthe DARPP-2 1 -containing colum, not from
t he nock woloanmeso( Fig. 4). 5 6.4.3.2 Affinity chronat ogr apoy/uses/en373

cal nodul i n- Sepharose DARPP-21 (0.5 m of 0.1 ng/m) was applied to 0.5 ml
of 1 nmg/m cal nodulin- Sepharose (Amersham Pharnmaci a Bi ot ech, Pi scataway,
NJ) in bufWgit iBclahided M NaCl, 20 10 MM Tris pH 7.5, 1 nM MyC1210.5 nM
CaCl21 1 nM DITT) or buffer C containing 1 nM EGTA instead of 0.5 nM Cad 2.
Beads were washed with several volunes of buffer D containing 300 mM NaCl
$nd 20 NM Tri s 1le 7,A5m81rénddlf@1mdddlmitﬁtgai lfiSlo‘g&ﬁEaE)cEllvityeﬂDM'RPPdiﬁm anMHEGTiA/ 20 MM
ris pH7.5. Results indicated that . DARPP: 21 i n etec nly in
Che’ ol ci GRiveasmiRinng SRIAEERE dsH prisshpi baneerRdh fedBinens o betral
interadti @eiwgSof DRPP20, ek Whiat ithe signaliag phtivag épaodigaedmanner. (Fig. 5).
6.5 EXAVPLE 5: | NH BI TI ON OF CALCI UM CALMODULI N+ DEPENDENT PROTEI NS BY
PHOSPHORYLATED DARPP-21 20 DARPP-21 was phosphoryl ated as described in
Section 6.1. In Vitfl‘ﬁehfﬂflidlidﬂc@aﬂmslt whiefein 0@ b dkeRaBepiRRPhaIAG of stafsst
activiti e%{A?}l%PCz and cal cineurin, respectively, were perforned

accordi ng hdard t echni ques in the art. Phosphoryl ated DARPP-21 was
shown to inhibit CaMKI with an I G50 of 1 2 M (Fig. 6) Phosphoryl at ed

DARPP- al so inhibited cal cineurin | C50. of g 7). The
sane cglg?centraél on %ﬁ‘ Hf?ﬂ?ﬂﬁls‘ﬁ{%“?llatw r Igg?ritaﬁﬁﬁtﬁ% Oé‘F‘PE%QO n either
CaMKl or ¢ RPMEUChIfhodalih ¢binplexddiese data indicated that phosphorylated

DARPP-21 inhibited both kinase and phosphatase activity through a
conpetitive cal ciumdependent binding with calnodulin. 30 35 -17 WO

83/ I072801I PCT/ WS03/ Qﬁ%@t&od\f%qizrelxk@nﬁg atemlarlig o8 ambhop%nﬁghl@ﬁﬁpfbﬁfoﬂmdul ating a
io oglca activit - inacell aor tis risi contactlng
a cel |l or dppasifer r%lg&eﬁ d%fﬁAél;gWPPﬁ‘é’lg Apdniptarng o #) b?CBB]%e& thaf)ec‘gg’fl"‘\}iag?l of
DARPP- 25, tsiaiddufatds athidlogicainativitgoPRARPRY21.S nmodul ated. 2. The nethod of
claim1l1, wherein the agent alters the phosphorylation state of

5. The method of claim 4, wherein the agent alters the phosphorylation state of
DARPP-21.
20 6. The method 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:
25 (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
30 ortissue; 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.

35
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DARPP-21. 10 3. The nethod of claim1, wherein the agent alters the
formati on of DARPP-21/cal nodulin conplexes. 4. A nethod for preventing,
treati ng,worn3armsbi orati ng a synptom of a dopam ne-rel at e@Caivsos/er3
conprising admnistering to a subject in need thereof of an agent 15 that
nodul ates a biological activity of DARPP-21. 5. The nmethod of claim 4,

wherein the agent alA siethodHfer neeaipigyhta forcictisitptemodulatodieRn?digndfhgn The
met hod of claim4, wherei.n the agent alters the formation of DARPP-21

a
/ cal nodul icﬁﬁsc?frfﬁ?‘é?(‘éq:{‘.lprfmgﬁ met hod for screening agents for activity to
modul at e cal ci um si gaaddnti@tihga sanple of O¢llstor SSsiR Withp bgait Rbe @6ted &r the
determning.a fi rst1 IevFI. ofi§}§hllcl)s_horyl ation of DARPP-21 in a first sanple
of cells @GPy lgggulatepplonyp s ?"T@g a second sanple of cells or tissue with

an agent to be test ge) det@mitiig tieldevel by phickpheglitioh of DARPRIN fi @B atlis@; (c)
determ ni n.% a Seé)?'naéﬂl evel of phosphorylation of DARPP-21 in said cells 30

or tissuelSsHFPI( mparing said first and second | evels of

phosphoryl ati on, V\md)eédiin@ﬁngitﬁe‘lemrae@nhmea@i@)h@ﬂﬁt&fé@odnﬂdéaﬁmwﬁ of the
agent to nodul at e DARPP-21 sphoryl ation. and thus nodul ate .g&eci um

si gnal i ng SOBESPORENGEEIiRodisseNapreTe NRpYINRsiefavith the ageRtn Y erFB‘raél EEAF Hy
agents f Ollevafilik Wididative offHWoaitdo GldGIalyDARPPL I ihspRoryaébn ndthul hid3uRite
conpri sjing: alga .cor]tactlng a sanple of cells or tissue with a agent to be
tested forcaich si M8ty to regulate calciumsignaling;, 5 (c) determning
the | evel of phosphorylation of DARPP-21 in the cells or tissue of (a) ;

and (d) conparing t | evel determjned in (c).t{o that. of a control sanple
of correspondidng c&ﬁ‘?én%}fmdc?é‘éﬂ@ Waqdwhérte@Mc%ﬁﬂgﬁ%ﬂ“ﬁ%{ﬂnfﬁ@%{gent,
wherei n atdédef erence in levels is indicative of the agent to nodul ate
DARPP- 21 phosphoryl ati on and thus nodul ate 10 cal ci um signali ng.
15 10.  The method of claim 7 or 8, 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).

11. A method for identifying an agent to be tested for an ability to modulate calcium
20 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,
25 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 1
30 (CaMKI) or protein phosphatase 2B (calcineurin).

13. A method of screening agents for activity to modulate intracellular calcium
signaling comprising:
(a) performing a protein-protein binding assay which includes

35 DARPP-21 and calmodulin in the absence of an agent;
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9. The nethod of claim7 or 8 wherein said cells or tissues are brain cells
or tissue. 15 10. The nethod of claim7 or 8, further conprising testing
t he i dentwbioed7®gent for an ability to nodul ate a bi ol ogiPcaluse®es2vi ty of
cal nodul i n-dependent kinase | (CaMKl) or protein phosphatase 2B
(calcineurin). 11. A nethod for identifying an agent to be tested for an
?bi) lity to nodul at e (Bal cipafﬁﬁnﬁﬁhg&i;gb‘tain:c-mgteiimbindirﬂg&sﬂy \ﬁ}iiétsmelude@lrr})ri si ng:
a) contact] ARPP- 21 wi t.h.ap agent r.ati sufficient to allow
bi ndi ng t ‘Bg%)jg-lﬂflc 830%§m ?f‘e’?cé:rf’g\%e?ﬁ‘?ﬁ und agent; and (c) assaying
EerP}Dhglpresence ageor b@ug@aﬁ@g%gﬁfiBijndﬁg_of@Amm-znhrédFﬁmagﬂmilnl:)s:t@ds

- t hen an.agent. .t o, be. tes. or an.ability to.mdu e calcium
ot gnal | ng (MIOHGRR HEF L. Whsingd fhieno BROBE Jvhlsts iGRERor e s iS i ng
testing t hgodultedintfatethlagarium eignalaig. abi | ity to nodul ate a bi ol ogi cal
activity of DARPP-21, cal nodulin-dependent kinase I 30 (CaMKl) or protein

phosphat ase 2B (calcineurin). 13. A nethod of screening agents for activity

to nodul ate intigaceld ﬂie&fodfbajs@rieétﬁh%]&g'@fﬂof BEVETP odlulags infradellaRE taENDg a
protein-protejn binding assay which includes 35 DARPP-21 and cal nodulin in
t he absenfBU8f& g -19 WD 03/072801 PCT/ US03/ 05273 (b) perforning a

protein-protein bindang q»‘eﬁaﬁnfﬂgiagﬁotbimcﬂru&ﬂsbimgas@gwaﬂ&lﬁlalhlawlul inin the
preseanO ﬁ;@-‘%ﬁﬁ i\ ent;. (c),conpari ng{ithef: | evel of binding of DARPP-21 and
cal nodul 14 g“d(c?ﬂljn lip gyhe presEnce Pty agefifier ein a difference in

bi nding levels is inpl catdeteem@fing the |GGt bih@nD oFMDMNRRH-21 b E@BHh1 ar

cal cium si gnalin 14. A nethod of screening agents for activity to

nodul at e |S%P?%)eé’?4 ular calcium signaling conprising: (a) performng a
protein-protein bi ngeng asayriNgiheheveni (dfisSthe l&lem&liﬁ%oﬁﬁl%rﬁe’%bm inin
t he presence fﬁf the a ent'_ﬁ]zl?_l)§ deterrP ning the | evel of binding of DARPP-21
and cal modARY% Profeinpraiein bipdinig agsay per Rithgatsrrcq Vg ageAt (c) to the

| evel of5 kvhHeeding diferénce@h bﬁﬁiﬂ@l@i/d]gis indicative of the agent to modulate intracellular

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
20 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
25 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
30 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

35 calmodulin and a candidate protein in the absence of DARPP-21;
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control protein-protein binding assay perfornmed in the absence of the
agent, 15 wherein a difference in binding levels is indicative of the agent
t o nodul ave oBmtasacel | ul ar cal cium signaling. 15. The net rou/ush3/ed2za3 m 13 or
14, further conprising testing the identified agent for an ability to
nodul ate a biological activity of cal nodulin-dependent kinase I (CaMIl) or
20 protein phosphat @be 2Bheffomhing acpwtém)protkﬁl biAdifg absag wiiicisiaclages ng

candi dat e P 21- bi.ndi n rot bi ndi n ] ARRP- 21 are

B b ed OMORuaRS L Y ERE A TERIAeE A ereGE oL RRREETor nf ng 2

pr ot ei n- pr ot ﬁl n BI ntdd:)ng ?&ﬁeﬁlynmtg \f)hbthétd])NHBB-Zlﬂﬁhi_BAREiPal%ineﬂfsdhapfbwﬁﬂ date
rotein in the absence of ca i,n; er f.or a pr.ot ei ein

b1 i ng oS HKERE PYEMIRGE B brbins £TaHaTEHLS ol Haar B PoBRBR AR n ¢ ne
presence @(fepQ@)ltmmm Btep®9.) determ ning whether cal nodulin inhibits or
augnents the protein- protein binding by conparing the binding of DARRP-21
and the candi date pol ypeptide in 30 step (a) to that in step(b). 17. A

met hod of screeging mmebtﬁ&t@f&aainrmbtlll7nﬁbtmﬂtmﬁpr@sﬁ@g@btmgmlaaﬁeanhedlﬁlgdﬁg

with calmpdul in._are in ited nent e RPP-21 co ris
per f or ni ggor&nﬁrb&ltté BB 165 401p Oﬁl‘f? tlﬁ%ﬁg %VWE 13- ﬂ%ﬂfﬂé@g L%@?%‘gﬁlqrn
and a cangfddah@hgwma@s@zBrchlﬁﬁe@mence of DARPP-21: -20 WD 03/072801

PCT/USQ§/05273 (b) performing a protein-protein binding assay which
i ncl udes cal nodul i n and the candi date pol ypeptide in the presence of

DARPP-21; (c) deter l’I'h@'nE@hd&hﬁtdﬂ?bn@GPHBn?sh fhidlighi 1185 whEreaIgARPPS2 It he
protein- protein binding haé ari n the blg&dl ng of calnodulin and the

candi dat e %P?fféﬁt’}eéétwerf’ ‘r’é’é‘f RPSiPLt9% n step(b). 18. The nethod of
claim16 or 17, further conprising testlng the identified agent for an
abilitytormdlate bi ol ogi cal actijvit modul i n- ndent ki nase |
(CaMKl ) or dei n'@ﬁ 4yons8 plans Hgava 1} rqrng%ﬁ’ :igr]e’cSH’SH of any
one of 16l ghds@,hzryqdw(pugh 18, wherein DARPP-21 conprises a negatl ve charge
at amino acid position 55. 20. The nethod any one of clains 7 through 18,
wherein DARPP-21 is not 15 phosphoryl at ed.

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 ability to modulate a biological activity of a calmodulin-dependent

protein.

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

35 enzyme.
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21. The nmethod any one of clains 7 through 18, wherein DARPP-21 is
phosphoryl ated. 20 22. The method any one of clains 7 through 18, wherein

t he prot evo-opowasei n  bi ndi ng assay conprises a two-hybri dprasamsy3/a27yeast or
an E. coli/BCCP interactive system 23. The nethod any one of clains 7

t hrough 18, wherein the protein-protein binding assay conprises a

coi nunopr eci piyat i aheehethtd®dlAinzes] wheesieihe-epzgheist gosghodieste?Beassay. 24.
A conposi tion for dul atin @ﬁy{gnab1calciun1signaling in cells or tissues
identifie 1%?¢@H@°%§Pﬁ§8°éﬂ§a EYOFYAGi ns 7 through 18. 30 25. A nethod of
any of claim 7288, Ihe mehéd ofldainf 4)Hedin GRMGOpuMINRGelesl diftgdérhieepilepeyt i f i ed
agent for ta nogul.ate a biolo activyi.t

n abili.t i cal .of  a )
cal modul | ﬁglaéﬁglﬁ%ﬁﬁ’aﬂﬁmneﬁ seasg .att?*H@nr%f%&lya?ra@rvaiﬁ/ﬁlsz)sc}ermﬁ‘éﬁlﬁnt frus
cal modul i nibeRPEAASAhcd! Sfdkedr iAIzItiner3PdiSdagy, Muntingtbn Wi 32 Bfddette’s
PCT/ US03/ 05273 27. The nmethod of claim 26, wherein the enzyne is a

phosphodi §¥#¥PHE&e, a kinase, a phosphatase or an adenylyl cyclase. 28. The
met hod of claim4, wherein the dopam ne-rel ated di sorder is epilepsy,

schi zophreni a, Parkinson's disease, attention-deficit hyperactivity

di sorder, depression, drug 5 abuse, pain, cancer, stroke or Al zheiner's

di sease, Huntington's disease or Tourette's syndrone. 10 15 20 25 30

35 -2%0
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