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GPCRs involve measuﬂng second messenger levels either directly or through the use of
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measure these second messengers typically require expensive reagents, radiolabeled

compounds, and/or numerous laborious steps to quantify responses. Another disadvantage
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[0008] An altermate strategy to link GPCR signaling to a common, measurable

output is to employ genes that lie downstream from the heterotrimeric G-proteins. Besides

activating heterotrimeric G-proteins, GPCRs also activate ras-related GTPases which in
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some embodiments, the assays of gene function measure changes in cellular growth,

morphology, differentiation, or survival.

[0012] In some embodiments, the helper genes enable a response to receptor
activation that the recepior .:does not normally produce. In some embodiments, the helper
genes amplify responses that the receptor does normally produce. In some enmbodiments,
the helper genes amplify responses that the receptor does not normally produce but that are

enabled by other helper genes. In some embodiments, the helper genes block receptor
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ocourring receptors that help the receptor being functionally assayed to respond more

sensitively to ligands. In some embodiments, the helper genes are other unnaturally
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s%@ﬁ&id? of E}anM%m( 2 hgbWekdidr YaS RAYET &S IRMHned FNe pod¥ kile in each

adenyl yl cycl ase ty I (2 /well), ras/ra AA 20
kb GIL Ebogivaiivesbyesed dow, %(sh GANE: Grnghseld, rasrapAA

B RGIERr SRt SRt ab%?éﬁ e Oé@&?a%?seﬁﬂe?%ﬂr?i@i@ Mc4

(‘20 %@IW&{D vtk teﬁpx%éstadﬂ Qlon€, ORAikH Bils/raCA (QVIO n@@ék}@ﬁﬂh(ﬁarkm (4 nglwell)
subunit of transducin. Contr ect or,_was a

0 BRAAR Rl Pt S1th S A SR Al GHRAPBA A (B e pind rao (4
I{I%V)'\él\lgll aﬁ? %ﬁ%l}éig’??%'gyﬁfféﬁﬁﬁeqeﬁoﬁﬁ as Whskfihddamkéel (4

[0018] Figure 6. GPCRs stimulate proliferative responses in the presence of
helper genes. A) The indicated Gs-coupled receptors and beta-galactosidase were
transiently transfected into NIH3T3 cells either with or without ras/rap (20 ng/well) and
AC2 (2 ng/well) and assayed for proliferative responses in the presence of the indicated
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(20 nglwell), or both and analyzed for proliferative
responses as described above. H M4 (20 ng(well) was
expressed alone, with ras/rapAA (20 nglwell), with
wBanks@ans(4 ng/ wel 1) and ras/rapAA (20 ng/ welPICYrjUS@r04/036595
with BarkCT (4 ng/well), ras/rapAA (20 ng/ wel IQ and
doB€en(rétion3 0é e EAnt mdesan’adriy gexyef ior thpr Mhiefiels aanidy blethods.  B) The

d bed
indipsie ‘fiﬁico@?l@ci regpars ol Pl etnh Fie YhelunlEdected o
3&'2 e HERART whith of Bethbitdh@ab a0 Eewen) il dedC €2 aphwelipand assayed

eta-ga act osl dase were transient I%/ t ransf ect ed
ﬂoﬂipmliﬂtrbfl@x?ésresla}dnlsss i thneqrewcter]owhewmhﬁﬁa cppeentraipns 2y ligand as

‘%g%'f\gefi @?DBY‘? g‘eﬂ’{é\%ﬁ%ﬂ%es In %he‘ggsg Z{%@é&cg?eft&% - G12/13-coupled

et aherbeta- @al%ﬁ&@éﬁv@fb&&ﬁéeﬂ@ﬁﬂﬁﬁ%@dﬁt@%ﬁﬂg$3 cells either with
concentrations of |igand a%)ndesc i bed aboy

avbrithonttasTapd(@0 pefsdyand @&;2 AL/ WE FIENS J&!]lgéfl'%f&fe responses
tor ct.0si
LSEEREQDS, A6k B8R IRLACLARLIASTM & cteéé%nﬁa @Bdveln the Methods.

S elther with or w thout
ras/ r[amgq 20 Fighwet.| Pummdnﬂmh@aﬁlongmd\@haryctmﬂa@ Qﬁy@bﬂﬂ GPCRs
for proliferative re rese

T e 6O O T BRES BETP G B RLar et Gsifpg elome
i, FiBaBheobal @Bt RLIoBRe N, Theoka 4t agheth Gad auulyzed for

recept ors an ga act osi dase were
¢oneuitau~mmmyamtroaméfcéhﬂa¢mlrfbmtm a3ipscribstl labovs; tGratrolfopresents the

h / 20 | 1 /| wel
g%@%é@ﬁ;&dﬁggﬁgéw : q\gleglil egeﬁgo s stgﬁt g HF rlegeptor The

tg&ﬁf%@ﬂ&% Wdre tafl %alaﬁ&!d(}@ft]f det@in %ﬁﬁlfrathe@aﬁaectﬁtal Eugallilﬂ ADNA was
escri bed above in the Methods. [0019] Fi gure

Funtried naleaclﬂaﬂastizl aPI Brdreliis avaysaEee cAFiAE OBhUHS tﬁ? (SFilitransfected

P AR s AR08, 915 S GR Ao v
EPSdsERPAAWD 2@@@/ Mﬂabﬂ Yo dvithGlas (g (@Shi)wellp enGAGIY @ng/well), or
ng/wel ) and anal yzed for constitutive Stil g%m\t [ onl.tof Hon as
@gm el @glwglrl)o prd ardlyzed hfop Sopkidtve ytignulalisn o gt Jyrolifcration
e%iea%gée ta&btrogl %}?ecs;t:ﬁg El#eot{‘langfecﬁd"leofstﬁé@arﬁlﬂll&ﬁr g8f8d8Fith vector

vect or or recept or
§dbaﬂitaﬁ@g: fdraBsepiver €ltel ﬂra:nls&bimns evderwaﬂ thalametdowith oveetas tor ensure the

aeggeet%?”sma;a 2RI G e RSBy s

%é@@&ﬁ 84 %eTlIERW% heeBld tagéresbd wath ﬂaﬁgmreﬂcwamn raGeptor as
escrl ed In hods. B) The indicated receptors were

desprisis bd Methodeo @oTbe idicatask reapriere, WP tppiesssA r s piih ras/rapAA

R

P, {ey a¢/ IO @B ane@Re ribb eshsafudve stiGolatiow of welhrles prolifration as
{ he trans nes th vector

ection of the sane hel
Sesogibed ahovpg Coarol rerressti the st Tepflomed Bt oo belig g5ty ith vector
&S%ﬁ}ilelg\g%‘ %ceg%rﬁ)g.?g)gtr'g inSHatdd Eec @Srs v?&@?es{eﬁtf&l stidfRAdh of cyclic

I'n eac Cyclic
0P prddadtionns dssayal m\nha:reenpemnentzddnadimds usi ng HEK293

cells transfected wth or_a

Goscr 1092l n Thadbis oefo rice IS eliena SBEG: ook b dramsienty
XRIESSETitR theWelaD 1ERB{oF, 20 receptor, and the secretin receptor and a mixture
of ras/rapAA, ACI, BarkCT, rac, and beta-galactosidase and used to screen a library of

210,000 compounds for agonist activity at these receptors. Hits and positive controls are



(20ng/wel l) and ACll (2ng/well), incubated in the

presence or absence of pertussis toxin (PTX, 100

ng/ M) and anal yzed for constitutive stinulation of
waedobmdoars proliferation as descri bed above. PCDOUE2004/036595

represents the transfection of the sanme hel per genes

ddidatede Gllioy wers wltsdted againsgedchiindieidesdtreseptor)) Hiiselisplaying selectivity

i ndi cated receptors were .t ed for  sti Iatlon of

e ﬁelf’cteg\lfﬂi‘ fpResd gegTgrP! %%‘cﬂg éésé?qt%&“?lhast

exper jgiff al w99 8hol P LAbmbEH G GPER §Hﬂ & /

HTS s regln IEIF%TS ce?l S were transi entsﬁigg rp%nsf gcusemograsrap

whitderashe bet a2 receptor, 5HI7 receptor, and the

secre rec or .and.a m xtur ACI

Bar KkaHORz1,c° TR 4B o Bt oF eelBler TR GRBAS ne L RenT™, see
&.4. iFateat Mo 05 702193, RRh GOR@EHydsorpRbted BORISHy @Rfcdnéé tryits entlrety)
at these recept ors. Hits and positive controls are -

Wi ZeuBIlonessTee Pt 0xlio 35¥B rodustpe apd ahomh@tsdmltol (P
lé;?&srgﬁ 1§d 'ﬁl%a].l[lﬁlég.t?& ?&g}glﬂo&%gﬂe %‘&%d fo?gfgﬁ)c%t%%alf Jg%}%oalgers in the cellular

ayin were sel ect
pﬂmalfdmiml asyyouilthe: hdicatet @edond hiessengs stywWBhop(2d the pECs, values

9. Shows chema i c of GPCR signaling pathways
aét?wgfmaﬁéﬂ*aﬁsay%ﬁt 48 of PgRg Uk gure 10. Conpari son
of cellular IOWtdﬁe&D%Ed%ﬁoﬁéﬁtﬁh’]?ﬁe%n%ﬁ'ﬁﬁﬂodﬁﬁ&t U.S.

Pat ent No. i ch 1's hereby 1ncorporated

her ei [00B3] r eilbe cBpeotein q:qusleénl:qcﬂémy)(GR@R)h supecfomily is the most
d
BRSHor 835?“11?%2%3 il %{Eﬁ"jefy M ¥61 @%umd s S9cr 50% of the GPCR

f&ﬁ@pﬁﬁrcﬁas‘éﬂie@ ds €6ipReh raeptbisnChtenala hedpRNSRSlobmisheroughput
cellular proliferation ass ﬁté(or t he i ndi cated second

frms sy eysayidbehaveshionh apisahily agroesthis familys Dugre Hierdsiprogenous

LB ASHA ABLA0 GHe ofod e ELYER, oA LAl vor o

Gspeet sﬂabsets:mﬁJGP@Es r é’éeemm m@oﬁ@m)abm p&pbmm; kcy Giss anicdh@i-coupled

gﬁgﬁh geag_].%g H%e A OBEA/ P;?o ; iélﬂﬁﬂp t%ﬁ ,r@gu%toryr}lomam of

&!e%?lﬁ fflcidto 1R FRRR: FOEGPLOIS tas bRESd %1 Borj@@@ntviith existing
devel op™ hi gh-t hroughput ~ functional assays that have

BinogenakppRyScieb el FadifomEor s i howDhe! aigreission of ol

het et grgg.g%r 8111gl r e of ]ﬁnggﬁrglgg €5 0 yggonc g Scr%;chsdvely this
Scbﬁltﬁﬁt sf exfablECRsd ah“@hﬂ(mg peRo fate tehﬁéd I‘]ﬂﬂp&ﬁtgeﬁ&s pdassidition, the
to Gs- and G - coupl ed @GP can r eadi Iéﬁlpbe measur ed

prrGy Rt hskpe monsn; A 48t pippikiralyatter ths finctioaslyresgnsss fo Gq and
@f12/1§ hRu %1@@ B Oh&hike Bmb @@m?%&%&@r Tﬁ&@&emsefofttﬁxg € holper gene
ras oncogene, 1n conjuction th existing funct

ashieyeent Gtrategy [wlcanjupetiohi Weh atdisting fudctionalt hwaysspmwdes a nearly

R R M I CR R A AT
ﬁfé‘ehﬁﬂ&ﬂlé’rﬁ ladd ﬁﬂ%ﬂﬁtmr?%@ﬂohal%op%ﬁ?&b bf &ghﬁfﬁc@m isfc‘ﬁéhﬁﬁsﬁated

genes are termed " hel per genes". |n addition,
[0024]  The invention disclosed below relates to a functmnal assay for screening

candidate compounds for activity against particular G-protein coupled receptors. In a
preferred embodiment, a target cell is prepared that expresses a particular G-protein
coupled receptor (GPCR) of interest. The GPCR is functionally linked to a measurable

output using rap/ras chimeric construct or other ‘helper genes’.



presence of " hel per genes' does not significantly

alter the functional responses to Gy and Gl2/13

coupled GPCRs in these sane assay formats. Thus the
waisms/of2stshi s hel per gene enabl enent strat egpCT/HS2004/036595

conjunction with existing functional assays pr ovi des a

near | po23]ni vens aborestay aicadalBR foutyiti Bn celiliar prolifertaon.  To

qumfyrs'%%e B it RS RSP, P RPN ap PG cel-based
gl : ds%,gp(](ﬁ) gﬁTﬂs ﬁ@&ﬁﬁ?téeﬁcﬁgn zhgogﬂphﬁgﬁmhnT&iﬂhblgé‘y) as a

ose ow rel’ates"to a functional "assay f
scmvaﬁmtngeane mwwstdtaiseamlﬂmgctmlogmr Daie tto vhet wmalgtatyrﬁtthe assay, R-

g&g (:_JrSrng‘gIr %@m%ﬂncgﬁgg%agﬁcgﬁgﬁ @{)i Ti} a]%nea of genes to induce

SR8 P FerRidain R-S AT ke $aoRE19er¢lated Gzlﬂtmﬂ@éir ifﬁl@tﬁstt@fransfmmNIH
(GPCR) of interest. The GPCR is functionally linked t

3 resdls i ﬁubuxaformmgmasam sTheepfera STACRs conpladfa €og @ﬁ%@ﬂ&%/ﬁ as well

or ot her, " hel nes /[ !
BTSRRI B2 en noBh SRTET ErR-SAT apytisress GRCRs
QHhRM Lo ise GBI bl @&s Paﬁlﬂhésf TRtk @RfimerR® (}i@ﬁfﬁt&t\ﬂﬁﬂe db hst transform
utility of this approach, we enpl

Nitgi318 mﬁﬂi@l@%ﬁ%@tl m@‘@@e@SPchm ﬁrl%'?‘TaS§be %h W pord Burstein
CERGENRE PRk B0 Mo s LR R A e el TPases,

Wlich hensimnlki «febyr diﬁnchhﬁs osmayandRhe WTMnysdomm of rap, we have

%Eéc{vﬁ%ﬁéﬁﬂ%%gr e &geagld s? HH%%% t%g Q15 éxfué be Jrdirected to
@n@% g ﬁﬂi’f&&%\é sﬁﬂiia& abh akg qnd“dl@/lBhﬁhlEedaGPCR‘é | &% that the

rans I's in focus form ng assays.
iﬂlmmecfomgcam@@snm upteemmeé icatyisameni@n 12¢ fieh sas)r@mqtllve of results

rot oonco nes such S,ra u
PR VAL SRR SR PPRT AN Lo e BT Bt (APt sl
B0 CRSthEFhHIIRE 1 thD O aEQiressivRIdf Gier Phdpes] g‘@newh Fahhadmore, we
not transform NH 3T3 cells al so do not induc

sl@swpa%é@qtlﬁnqﬂz reFRPIRgS (to (GPGHs 0%01%@ §ar%ft @M(B pathways are not
ﬁ%ﬂtﬁrrﬁﬁgre%% Vb of rgséﬁ@ | B AS most GPCRs can
ase a aSes,

meen s“and ras |c cont ai n
bél eSsej‘ra‘de.tstngra finple tasaag Fomfat.r Emallntie utﬂﬂy pegsih@tasirgp for functional

domai n, of ra scovered that signals
g]@rarc{r,eg@atpqnd}g)oghagﬁgi’% 1%%1?§’F’ed receptors can be
redir d t | GRtR @ £ & hHbR makRablb &ufifut SR sought to emplo
sim | @?ﬁﬂ %gﬁ%( @ét%/ 13 Ii nked CIEIEDCRS andﬁiuhat th g oy

feanprétPasey |bcaaus¢ @ngmg:e@Gu tnleadrGERs g allHinowirdn ﬁ@mvate rap (23-

ﬁé)s s@ﬁ%&fl}éﬁlﬁﬁlﬁ% Gk | Vﬁg Pgtgutgfé %%I%ﬁ;l%r ?ﬁt@#eﬁ&? Y#ﬂg REE M hetween

E@d GTP6edce Chndi B8 aBBPaseR ﬁ:vlﬁﬂl fotithinethe agfifdctol | fadctivyis tdferas, and the
overexpression of other " helper' genes. Further

wagulatgmp dompiaof ram seileFadissoxeisd ek sizrals dppryrd ﬁé’ahgn al Gycoupled
C%e%%rseja% b]esreﬁ?écl?éﬁa% st1 u‘Elté" Qélluléﬂgﬂgi%faﬁ&mélﬁﬁﬂﬂj ttoe@rﬁ Q{éd G12/13

0- eXpressron of or t el per’ genes,
mekdd GPCRS, mﬂnthabﬂleas;ﬂmlymtohogncaigreqocmsﬂgdeéemm this manner are

format. FlnaII the utilit usi ras/rap for
B ERIATe AR AT S T oG AP CBERS 418 Jphermore

functmnal responses to GPCRs coupled to Gq or G12/13 pathways are not significantly
altered by co-expression of the helper genes described above. As configured with helper
genes, the assay retains all of the attributes that allow high-throughput functional analysis.



[0026] To link GPCRs to a commobn, neasurabl e output we

sought to enploy the rap GIPases because Gy, Gs and

G linked GPCRs are all known to activate rap (23-
wéabosmmem conveni ent neasurabl e out put i s celPCmIu&2004/036595

proliferation. Using chineras between rap GIPases and

ras G[§irges, Bhinthseiont @nsithiive esp@ctprthé lﬂfmﬁﬂjloﬁﬂﬁy aihd signaling

ras, and the ul at or omai n,of ra

AResisEiRE 6 Roek OLSTTEH G Yol P elermiii dws@a%% ity of the
rh%g:'%f’%ég{e%r ’ ﬁg Fxﬁna%ﬁhg gfd %a%@n%%%'c%&l ﬁéira]dl;(deéle% Oép:glsan GPCRs.
amddsd:ra:tedtaherec mhfa@ﬂ@l&mbwdmmﬁwcbms singlgassay rfomead fillﬁwmg for

this, ney ar l.y di ctive, of result bt a
OB s et it 0 G4 talt B 2o it deponiog of

o?ﬁﬁﬁ'mst R %% SRUREthe g eouddetéctidn BAGPERYSgnaling using -

are not significantly altered by co-expression of the

h@/qagphlmss sghoworih FegiraBove. As conf| gur ed with

hel pe

th t he atd
that d0V8H i o SERP AT e b0 Sl ré?c% I hBILER o nigh-
20D odiftbaRed /fhiﬁﬁeﬁ)a&/ a@a@E(RESAT% Rebety: mlaﬁiaﬁl and Amplification

constitutive responses unct I onal It

Sheghnglogyy dreerphedtingd. SofPafénbélﬁeﬁ 369,09 il @P&ﬁ@%@é ldenﬁﬁ’mg
! b h

U5k TR ey U, O o PS5BS, it

f‘ﬂttmﬁﬁcamah of hgmdm ‘syes;eletoﬁvmrpjﬂdica@iﬁ%:eﬂs mmmdmnﬂwceptors and

OBt aia- i PP BT R AR B Peeed S eation o

aRfs @ﬁﬁf&%%ﬁﬁr&&ﬁ@r@t A1 & wrog m%nﬁr@zeﬁc@ﬁr@ta@ b @efBience in their
orphan GPCRs. A di"agram sumari zin onbgeneous

detiwts.i on of GPCR signaling using ras/rap chinmeras is
Shoun ibdhaly 94 Rkl CoNRIRART ALEATAP Wbkl difed to Bigh

of ou r oac

GRlohgipas &pblfchlﬂitﬁisl (etn)al R&‘SEW 1(3 FBaﬁﬁTdH\/the R@S@pﬁtmn that oncogenes and
Sel ection and Anplification chnol o%%) descr] dl‘
By e T GrETEBOT GRS TTIENOR MEPHSER TS TS cells. As

™
B0 P LB P s 1 M S fhsin 5

"ol trinigfyi comtlated. GFP CBngmuﬂIsd hg/Gan log €x12A18 (whwhuﬁdlmatfwcmm formation

o NE i, Calsp Scece £ 0cvell HORERY BIORth GG ToFolRTR Gl gt receptor
ﬁgg&t%&ﬂdogé‘neé BRI '(Pﬁ‘bte@rﬁ aﬂﬁ MAR kinsisds iisd ﬁfdr@qreégbﬁs&s in R- SAT™

ceptors of which are hereby incorporate
r(é@ éﬁ)e whaeamGPﬁBs roupdsuittp tlet (y“rou ivel(Rass famlg—:sloé h@tpl@tnmerm G-proteins

Hlogte: SR N TA RS Had o ne iy e EPptis p mosaT™
QB AP S8 KNSk h 99 nidadde BRWHY BNESitoRN SigndTRMY naRg eRll qmﬁs (48,49),

i nduce proliferation or transformation responses in
Nt BT I\HEBT% cells (50} e tharefereaib iy netj ugprisigghpeGPERs that promote

tr %ﬂ‘f{f‘ yc + ?\FT@% c{ucg g?ir}g rtnt% fggbg%gﬂs}@?%ﬁgfﬁ%sé gm&gtaons have

Qfeeﬁ%r&é’mé ﬂdiﬂg:ﬂlelsﬁ'dﬂdgles buitines] dooveraTinenthis work demonstrates that the
R-SAT™ technology is not limited to genes that stimulate cellular proliferation.

<

[0030] Genes that operate downstream of heterotrimeric G-proteins have been
utilized to enable homogeneous detection of robust pharmacological responses to GPCRs.

Although it has been shown that signaling outputs in R-SAT™ and other functional assays
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in NIH 3T3 cells, see 46,47) as well as many growth
factor receptors and non-receptor protooncogenes such
as G proteins and MAP ki nases induce strong responses
woO R4 SATTM (10, 32), whereas GPCRs coupl edPCo/ustied/@as9s
and Gas famlies of heterotrimeric Gproteins do not
teh Bsb BE fBdlikdteBibTogeidnsimbphtideays tiroish thé esese] ch'ﬂmric heterotrimeric
i nduce responses in R SATTM Cyclic AMVP i
rrasdiphat sbyriEWPH 2} Anileues e we gf lerpristiay G SP?‘H%E (G5 and

inclu T t r
GO U, ot Pl M oGy e B OGR! Sochiomety
R0 idfidel 106ep@fr phyietdclogVi dltechd mcbptbzt d:cmphng tooart amﬁora]s eonstruct is
N e

EoSH &PeRs te ustu%TJ @ﬁ%ﬁéﬂ%t ktSat&p9(11,12,17-19). By

I|mteg to genes tLat stimul ate cel lul ar
feraplloyfiney geniothat dpeEBOIovw@etiesn of{aalplupubutits tol buksisradingoaputs from

L SRR B Db by g

@a‘-ﬁﬁ}ﬁ%ﬁﬁnﬁsch %Eﬁed apghinprotiag tﬁw&ﬁaﬁhgf\l\mdt dvatrality of the
signalin t uts in R SATTM and ot her fupctional

Ay $ud %%Walowq%@zdw&m@néﬁu@%“Wlde

he_.r.ed] h )
SPigH; 3 #ﬁf@ﬁﬁﬁ SRR A" SR M Bkl UGS dieoepton
titiergid irbRoatsiBergic, lipid, @ﬂ@ﬁp‘mcteu:gasds@h bém ShUWH,I’HHﬂSNhen compared

&15 and Gal 6 14), these a es suffer from
(éewaql MGFSSARRY a%%ﬁ g%%mf’@“ﬁ’r'fﬁ'@*é‘?lﬁ"fg’f’%}n@ﬁ? BeEeyed and

hence | Mécif Pt A BRALIRS YR YanhiBe@ b @hBdam SR Ofimeric G-proteins
coupling to an artificial construct is neasured, and

it Nmidw GPERsctoamttapsilol siarel SaGduttoma veubmivited A Jewt molecular

co e _uni.ve

s Rk s pERNYelePe g s T gy pases
%Ye KRR 18 playImPSies rdlékdh ntdRkiAg thedeotts bf ERORObn Calup growth and
subunits to link signaling outputs from GPCRs to a

certsholsmpkinidng hatareiviglepp Gt ProlpORIF#ing 1P Abpnees Bregegepstsion. The -
I}Sﬁgﬁakﬁé oits W é Sf Qﬁkﬁgﬁnﬁé}% rUeE ableﬁ%é}éhﬁ o a wide vanety of cell

I‘OVI ng t general ity
Qﬁrfﬁdterec@ﬁﬁa)mludmgd(}l’(bks faind e}iustcpuldfpdtélmmjwmtmato laogiyle. variety of

detected | ndeed, functi,on I|n
VRT3t DOPORECp Yo PiRK g VL It A Bm P, SlpfoSmgtecuter weighs

f@ipdsys, Gad %GGTP&%S tl@.ﬁ‘ﬂué@ﬁﬁﬂf@ﬁtﬁre M@ia(-‘shwhﬂé] Ghe closely related rap
monoam nergic, |ipid, g@ptl de ligands has been

SHBRases @ thonglero @Uﬁg@l’@daﬂ cm@ﬂaéZhe@sl‘@ﬁ@@ﬁ calsp ds thought to

strong correl ation of C 0
Aty BRRRbucte, RlaPRRARCHE ehibatUIngE K5p, bHDAD ras, tus
(ﬁr@ﬁ@&lglﬁﬁossiﬂl‘@%xﬂlmﬁoﬁ?@s(}ﬁ @ndl Tﬂ‘lr]&lﬂ@mrﬁd}e@fOIS ingedaite little or no
transduction, we exploited the | ow rml ecul ar

rraspopest Bt esll tonsarBRlon s he Wity they by dwking %ett}ector domain
@g\ﬂoyten%ﬂﬁ%lrcﬁ’srag ¢ Lk Eﬁf%ﬁmaﬁr mlfaﬂﬁ’)‘fl’rielrrﬁn CESQ}Y rap we could

rta n nedi ati ng the ef ects of GP
Cehlert sipngs mmﬂfateﬁrhjr Gnmtda@em@ﬂnd tepepidormdpto proliferative outputs We

het erotri G rotein_.activa anges in

bty e En g B RPBR SBE B & ifcien t
iéﬁ}llﬁlﬁe@f- Qﬁc &42Buplte Yeck SIOROR b @ f@mMNIE 3 YR IdeB Y@ validating this
ce

hypothesis. In principle, ras/rap based chimeras could be useful for enabling other gene

families as well. As rap is known to respond to a variety of other types of cell surface

receptors including tyrosine-kinase linked receptors (53,54), cytokine receptors (55),
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surface receptors including GPCRs, and thus could
potentially integrate a wide variety of inputs into a
honobgeneous output. Wthin the superfam |y of

woamwametaeul ar wei ght GIPases, the ras GIPadg/US2004/036595
transduce proliferative signals while the closely
reptigére dedepiors GERER emdaingegtino (§Ht tho shatbgigo wudmed aabove would be

function (51,52). In T3 cel p. i_s .t hought

FRERE Sk e eSSy BB Y TE R Rt P anorep
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raspedseas s meorass auarhplifier aed as q@aimtu’elyadlé’f@reb%thagébatt@ the ras/rap
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dllogptsre rlte s tou. enpgsgl tgfcot gure ﬁséz{fﬁl%or a much wider array of gene families

than previously appreciated. Although preferred embodiments utilize R-SAT technology,

other assay formats besides R-SAT can be used to practice the disclosed invention.
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chi neras, which redirect signals and function as
enabl ers. Besi des adenylyl cyclase, we have found
that ot her genes can performa simlar anplifying
w0 nst42em. For exanpl e the ras-rel ated GIPaB&T/D$as04/686595

requi red by Gq-couplSgahgﬁgﬁiégga&gﬁgtinulate cel l ul ar
proliferation (32) t overexpression
of r SO auggpnls,.b aRiM 393 Qﬁ%&gﬁ{&bz{t@@&%ﬂ% idified
Gs- iﬁgﬂg -IlnkedQ%PERs in R—g AT and can be used ||$ Hictte

mmphaet(ﬁmw COR) tih Dudisteospiwdifind Foglhe megime suppdepanted with 4500
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ugmﬁ 6) trase Chétn \%agﬁo u{(ééﬁ{ i g% s ne fo(I)IOQ/ C et t‘p(?nq% R pstl

geneous, "SI ng
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am | i.es , than i 0 at ed. 0
iBiegpr B ook T P BB HB0EE ROk Beripes, gping the
QS arlpR MiNeh fen BOSKIE EiralRe SAT tC&BatD thelb BB IcOUIRH A tHeSebstudies. All
the disclosed invention. -12 WD 2005/ 042574

cianTs WSECGQYwSeBTHicdeAsenylelate Tmerbles fegn daseribud (34, generous

. 3T3 cells were incubated at 37 Cin a
éﬁb%%Ls}E%&”atnnsphere (5% C02) in Dul becco's nodified

. Eagl ¢8036di um E’wpmbmfermmjzsvm t IRedﬁﬂﬁr Sejédtiogl umds eAmpdlification

%’@Eﬂgl %g}ﬁ?% ﬁSEfYS)WCg{F\ d)ell'}]ic' 5 fb'iafﬂﬁ\og’gr L%lgiéiva”prd:)la’ted one day

Holthd HaRkR1iboYdine AD° LERT: CahbosRemMpel POSRIplate, 2x10° cells in 2 mt
Constructs. Al receptors used in the exanples bel ow

ofanediachen bedell plsiengr béxmmplésy@ Ghail of medigtied wellgif m@6piell plate.

rbo and th ol 1.0 N

R helve e s s PR ey B i R Manutactures
ihfgetiferusitgt hoa nél‘mslll ofﬂﬁéeptor DR pef agltasta @mem ipfige, 20 ng/well
am no_acids_1-60_of_ ras was |igated t }Sp
ry@ﬁ@p HingEat 2ol alenddyl ﬁiclaserﬁépq Hs ang ?Pﬁ@lgf‘@ Pélﬁ&%ﬂlacmdase

t e,

| nt s pg?l 22%&16 Wgrbfﬁ)b?@?[g)g‘gfe y?gé@:)ﬂé 133\3'\19} bllégers(‘ﬁ%% 9&?Q3t1v ly.
Qurddayudfek mzraasfeutmncmqnﬁt wag Phangeda)d calsi wereaombincseritil ligands in

gt Syl S Skl ot

QR ST k’eﬁﬁlﬁ foNa tfﬁﬁﬁ@olﬁﬁlb!d:lf%{) ihell, CIFENES dhBhBites cells were
sequence verified. Adenyly g/ ase Type 11 has been
-t

thpsivized et {B3woted arie tbgo;@lls gf 9 {1 plate OO pg]g{wyll) or frozen in aliquots
for future use and then subsequently combined with ligands as described above. One 15-

cm? plate yields enough cells for two 96-well or 384-well plates, After five days in culture

B-galactosidase levels were measured essentially as described (35). The media were
aspirated from the wells and the cells rinsed with phosphate buffered saline (PBS), pH=7.4.
200 ul of PBS with 3.5 mM o-nitrophenyl-B-D-galactopyrancside and 0.5% nonidet P-40
(both Sigma, St. Louis, MO) was added to each well and the 96-well plates were incubated
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[ 0036] Functional assays. Receptor Sel ection and
Anmplification Technology (R SATTM) assays were
performed as follows: Cells were plated one day

whafoenestd ansf ecti on using 2x106 cells in 20P@T/US29P4/036595
medi a per 15 cmplate, 2x105 cells in 2 mM of nedia
fiecorf tetmpekatplea ticfier drhr heplateawerei¢ad at A2@nm o a pleterreafien(Bio-Tek

B ot Peho e 5 Bl o PhEL Bepeaf R OB R AT MRG0 Bt o e
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ras/rap chimera, 2 n&v@lﬂ(‘“ﬁd@r{)ﬂl‘lﬂx sll ase Type |1,

and 30_ng/ wel | al Ag=Te/ T di -
V%reéh “%Plﬂbort“%g teﬁy ﬁr#%%lg&g?&?@ggé ]5’%(? bi ggerIYRdl gégg%nse T
sRSARGHY 6F HgandDn EyclayARIPt assayt mans peirined usmditle Ritrak assay Jat
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vol 200 ul / wel For 1 | ates cell's were
butyp simncetisda ansieried &alé @93 mlblmeheBmﬂy,stszbfcelés weewkipd one day

BB AR 1 SEED RGN o 0 0 il cus

Qa%q:rméleﬁ éﬁf?ﬁx‘éﬁc’ce@ﬁﬁ d@é@nbﬁ'@)oﬁé ﬁélﬁg g0 ap decepm pghwdbbf &96-well
for two 9 or 384-wel | | ates. After five da&s
r ture medmm

platet uRé-homs genshirenséictian ethp eipdf SV r labelgd, &5y LRh in

@5%1%( i GAO%Qr omgtdzﬁél/ﬂlf)?fi ﬂg’?’?t 1 d{z?pﬁ%gol  Perkin-Ebmer Life

ptiesps HetonMAQr aie sﬁdtmew@@&&)ovecbﬁﬁd?replacedm@ Hlenksfbalanced salt

PB%SU%A ots)g,ga%éq?g ﬁ/[o@aqg,r ﬂ.@[ﬂ(ﬁ\'&é&@, %I%Iglaljg?ft O(g% ﬁ‘g%dﬁw cells were

g uBé%e@@ﬁH hgﬁ{dls fangrdiher PBcWeht raabidrewassmed using 150ul/well
ncubated - VO 2005/ 042574 PCT/ US2004/ 036595 at

too@nid 20mpd rfamm emd /ﬁep@natl@l @ﬁtﬁ)l‘ah EHpingsidel hesrhales dgs garried out by
420 %Q 01%8 !gt%}g%g ead go;luﬂ 1&%&%&1@1 Roul Bt aeSUd/L Sspension

assays wer
%kd O X fsine@uan0® ﬁlﬂeslﬁ Rrﬁiatb :Ebﬂn B)Rdd, [Herer(ss, ,CA)) )Total [PH]-

ere A = mninumresponse, respo
moe@smqaphat%ewm@ewid -on ééné%@ﬁ é\é‘ﬁﬁg{; & 5 %@PC’D Counter
}Fﬁﬁ% perfornmed using the BI otrak
ssay Wlte? 1?t?}ﬁ{%l@accordl ng to the manufacturers
i nst r[oom]onsrntmmar Blclic ddffoveny. a&él%m%m@@miafﬁd ey¢ day before
Jn03| t.ol drol ysi s yS were carr A
sanstectipn “ls%ﬁnlé‘flé (Qall—h&_’i Ogége‘{&ae PF PP “ “? %r el ]91&% sxetls were

%‘éfk %1 2Rt Eﬁdéé&%ea%oveb@ft@ 06ng Q@ﬁi@fr@@bto@ lpemem of a 96-well
cells in 0.1 nil of nedia per well

ohianehl 1820kt jeost- @ahsf@:txoméh@np@amgwéﬁ@myqur@ﬁéh%%@cﬂé dvegsincubated
descr| bed. ab ng .3 p 92

SRSeteh? Wi o fd0uy; 2inge gogag SAESRNos P fdial” L:[luﬁf?{/ PSG/DMEM.
WphRoximdieleth-10rhohfh pbat-tandfedtion, medivrmwas replac:ed w1th serum-free

DMEM/0.1% BSA containing 0.45mM IBMX for 30min (0.1ml/well), then ligands werc

added for an additional iS min. The reactions were stopped by exchanging the buffer with
200ul/well of diluted lysi-s reagent B (Amersham) and agitating the plates for 10 min. The
assay plates were either stored at —80C or processed immediately using the cAMP enzyme
immunoassay (EIA) assay kit (Amersham Pharmacia Biotech UK, Buckinghamshire,
England) according to the manufacturers instructions.
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(0.1 m/well) containing 2uCG/m of nyo-[2-3H inositol
(21C /ol , Perkin-Elnmer Life Sciences, Boston, M). :
The nmedi um was renoved and replaced with Hanks

whadosneen salt solution containi ng 1mVl CaClRCT/URdNN4/036595
MyCl2, 20mM Li d and 0.1% BSA. The cells were then
i ncubated with |igands for mglat 37C. The reaction

t d 150
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Her cul CA Tot 3H - a e .
e e, e 8Bl Vi Lo AP R o e
GBeR@B-20P 4hd @5s GTRhdeerstitniatdCodlluldr 0R38Th imtrfoaneéll t}ipeér thus in
cyclic AMP assay: HEK293 were pl ated one day befq
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@ ? | spén L& d%’ é Qgﬁfseto cte[lﬁgxs gfd?ltféré(tlon A diagram of this
sfect

escrl ove Wt ing 20 ng
B@ﬁﬁi@tl@ Ehqeel mVngixreof Pre9usie il waspdhatve thaticertfin 2Bimeras between ras

R T e T -
ﬁe@c%lﬁ &e‘?eg%{la%dg rtAnt e ek vS&, i btyRECEERMEY functions, but none of the

ppr oxi mat 0- 44 hours post-transfection, medium
mlaltcnplfam@nmsr\mf fihase reimdraewereDiEENRG. 1B% Byenassh (vitnihege carlier

BVX f /
SR M Ho PR PR b0 B 3Rl som
$1rARRE dddavte@<CH 3N @hs) Gr tahehitviefal Betwidnt fas a%ﬂOﬂaplmmtrlongiff stimulated

di | ut ed | ysis reagent B_(Amersham and |tat|ggtr £
prlateprobferton poreshe i, e el ek HiSare Ay, TO determine |

R'tﬁ%eet %14%9% %/@5 g@ ég Gob mgm@ Latsi g‘ESwﬁnh SreCD¥Rcted a

assa it (Anmersham
E&&rsn‘ﬁ@hm’terdal oohmmling.ﬂriﬁno Budsxmg Mm;‘hﬁ wih amirogicidsd)L-184 of raplB

accordin o the nan rers insi
906 570U SR P o sg e 5&%‘1’@1 q’é’é‘é@}‘mﬁ%@ (Serl 79
S3@ Rl Rod @éecﬁés)b GRrA R tdAbMSed (Kee (Fi’glﬁ%rl)ciddoéb a;rp@lessed these

operation of reporter chinmera and nmut ant (f
cchnmacsawﬂlactnhangwpﬁactsﬁdﬂf@wnrtaw@@éﬁ@ﬁc @ﬁ@?@d&q #nd 3G, Shich are

Sequense, @%040]@[@% Hég%eggﬁaﬁ%%pb%ﬁﬁ%yg%ﬂo-cge%msed with

ﬁ‘@s&raﬂﬁﬁlﬁ& @ﬁguﬁ‘bﬂ 2B8.22CE| Nolsiinifpanitebponse was bbeeted to the ras/rap
thus 1n_ principle, ras/rap chiner

:Cégmmwswﬁoalpmﬁpmds ol hodseh TrPare Heie 0%5@%%%&%@1‘ exchange -
\é\gcg+ d?fgirr%%%dcﬁonees g&jdrl?’él %‘?rA% %ﬂu&is%%hiat%cgbg ﬂlglméfl’!ktlﬁig messenger
E?]rl ere .?1;%’ gﬂé&%ﬂ |e ﬁa??sﬂhmta ?]UA’HlﬂafStﬁ] &yrB-Bh 2131\%1:; ?g?ﬁ ias/rap—dependent_
{reSPABYES £59¢ Kiguzg3B) wic gng(tgg)rggl%ag?rylc:ﬂmfc}][ao&ver&pawrvgﬁ P@least 2 steps

%E)@Ecﬁlﬁl from rasfrap activation. Thus, these ras/rap chimeras stimulate cellular

proliferation in a regulated manner.

[0041]  To assess the specificity of these interactions, the growth promoting
effects of the ras-selective exchange factor SOS2 (37) and the rap-selective exchange
factors described above were tested with ras/rapAA or ras. As shown in Figure 2E, EPAC
and C3G induced significant responses only when co-expressed with ras/rapAA whereas

SOS2 induced significant responses only when co-expressed with ras. Thus, the sequence
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deficient (deregulated) nmutants were used, thus only
the effector functions, but none of the regulatory
functions of these chinmeras were defined. |In agreenent
wa tobs/ddbsrae earlier findings, we found that BEXWSEHG6H95
of the GIPase inpaired nutant fornms (derived from

\defeRhinbats , foﬂ@ﬂﬁts@éhﬂcn)y avé cmﬁ&necbwﬂhmciﬂlﬂ lﬁ’-}te&nhlal partions of ras and
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t ted
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ds 1-60 of 84
Pl rdicaite PO QPR BOUR SPch Bha et CuneERE ey, and
q{an&ﬁ&@ BRI Rt (it tRAofSailE §8th siniler SEtdaBPto raee
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Known Lk Sl o PRl FEAGe ARl o Geatlikiel 36 ing patoveys
rap-s ive exc actors ed robust

rfesp ﬁaﬁpmlltfﬁatﬂe%ifmmﬁmvemgaxlp pgng kelpstigehes. r as/ r ap

chinmeras (Figures 2B, 2 cant re

obser \I@Qfﬁﬁ o t4wen g mapy 2}3 ﬁ%ﬁ@%gél’é’ﬁ R g’géesg%o‘ﬁli %éeﬁ ¥ Dot non-
Yifdation tRroh exghafid@eras. A

f ac%or egg%Pedsse ﬁg&%g%g%e{ cﬁcllg%g?{ol onr:l EPAC, gﬁv\ﬁfch Frg ores. 28

ahibivut dh EFdisuiry 3hhandsHl; cblnﬁdGmce@gnéeﬂglét dopapainérgic ARRp{opgwiRgh stimulates

\ggggh{cﬁéﬁ 2@[)@“%‘8 rn]:glk/ﬁ"t r?@é g(égéctuiﬁgpﬁlgbt; g%?nerguc receptor which

' &chﬁ@é Blipldd lrtiisBia db:ah QY106 G irolefns Wk ewpbise breilcatesponses in
| east steps upstreamfromras/rap activation.

Thus
tlkrééé‘" slawy. r Hpweter nbeaghess samA T4t FeR oy transfected with ‘TayraplB or
L Ok apia% QLA SIBANGE ol h RIgARS W08 Sistent
%/ gpeclr?bu%p%%?gls?d%;ﬁ seﬁlf %goer act ‘lgrce)rﬁﬂs)£ the grow Sty e
M&B@Ed Nghat aﬁéfﬁﬁﬁes ofret dshenstos dhee obs/mapAdx c:hastglet indicating that

ESTING < NN SR TN ECr g S
r@fsras &h ‘HM‘S ﬁEéIﬁl?ra?fegtEexpﬁeﬁ&l 0P Bithee33 (2EIp@EHng alone vs. 2.4

signi f&cant onses only when co-expressed w th
rpmélfrag&kAthMpwsem of 3662p) PIEEE @I"gmlfﬂ(r@&ﬁlpn? BS é@r@@%ﬂmg in the

e S A3 A P ARG o

GﬁEeb% &%Ctbfabt%a‘hﬁn af Rs/enhahoidcaist bf ﬁp—tegelaﬁ?eﬁ efthe wad:ptors
portions of ras and rap, starti ng fromthe switch 11
region. These results are c nt wwth a recent

st udy ﬁlcilé‘]w ngf‘hfs'%% eﬁlgge WskBs ddmd &%leﬁ‘récéptm%%hhze Gi.
critic guani ne" nuc eotlde exchange factor

r ecognjopisn Offo regsludte che @ip céBGb—farﬂ[b'g(é{pm;cm:t fremediating responses to
results indicate that the ras/rap

t B1aad SFdEs prdlaiar polisrafipsy \f/q,?gexpwnﬂgﬁ gﬁ?ssggqt eog pgﬁ"éSﬁlS toxin. As
lgot%n?h‘lcﬁgppe RAL Efllﬁfﬁéms a0sh c&ﬁﬁl@ﬁﬂ“ﬁ%cl&ﬂ%@fa?rtﬁ:p@iﬂeﬂﬂJiBSponses to

ranstormc with simlar efficac
EXHTFFJE eoﬁilﬁrﬁﬁglﬂl]at tﬁhsesremawp mesradisansdised éhre@ght Giafompily) G-pypteins. In

Ofcmlrtr%(sjtl Ir)gr(t:utslsg foxin (%cnl {brlgclp J‘ i gﬁﬁy increased ras/rap dependent responses o
D1 confirming that D1 mediates stimulatory responses through pertussis insensitive G-

proteins. Similar results were obtained with other Gi-linked receptors (Figure 4B).
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fromnon-proliferative to proliferative signals using
hel per genes. [0043] G ven that many GPCRs can
activate rap we tested whether or not non-

wa za@sref2emani ng GPCRs coul d stimul at e cel | ul ar PCTAIS2004/036595
proliferation through the ras/rap chineras. As shown
in Figure 3A and 3B, the Gxapgipfied DI dopami nergic

t whi_ch sti nul at duct
AU ACTEE (MY A K SR
S&S@Bfﬁ&é&- ﬁ%ples pertu33|s toxin sensitive

pro el n re unabl e to produce responses in R-SAT
al one[004T eV BFe \mmtn Witted e tos alvtsrnie e piiether \gdpes signal transduction

co-transfe ed a/ra a
e ot s Pe BB R T A bR Bl (AC2) can
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to the ras/rapAA construct indicating that
pltasphp rygmerit drs dy Ghegulsed ragfigie eepsa activity. As shown in Figure

nd- bi nd tud
LSRR SEn P LR TR oFOERETh P e 1 st
8icther shhild, 8. ammlghistealr@penses to Gi-nkadneteproys sm:htds @2 (Figure
presence of ras/rap) or 5HI1E (1.4 pmol /a%% al oq OGS finked
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Tec?g)e?rs nggﬁe&[ £ i ugm %ﬁragfa q‘@s?;%ﬁ de\é’?F%uFP§é—5E) Therefore,

0 ac ap and not” becausé of
-snmqh@t istaudiesf bdth easvrepye@tamd sACIEm irslwledl (0 4k fraffsfestions and

| e demonst.r enabl .ed rece tors utilize
@ncnilﬁﬁbmsljl caflpe Y/%Y ﬁ%’fezeniréﬁéo ?Sa‘ eIPereepgs. fp anmily

G projoghg)S | %:{EQ' ABNGre 658ARE ORatt &-tridsfcRfh Dilokker genes with
cel lul'ar “proli ation was exami ned in the presence of

me/lram’sﬂs msghonddas/fe dopbrolant fespoppey e cecgmor papelaisay. sBatkCT is the
conpl.e ked.ras/ra e t_r n
SRR U ohAion 1) At Eele RS aRIaY o FRRE"8AY bincs o
thanseaRdsublitiey ghd ﬁere{fc&md:hiblﬁ wta}ganm depandemtosigrzhsitmsduction
pertussis toxin did not blo andari( lpﬁlh%y creased dlated
P@;hmsér{me@én%%t"eﬁee@}fdﬁé’é% PR H i b R apstmlte
E@ﬁ'la?&)?(ﬁlﬁ?ljaﬁ b8 ¥ards réf[ ertl&'b%gsea&ﬁéér Lb?%bf%—gamma subunits

I nsen protelns. ar results were obtained
iiwre0s eI Hawelvemn k@dxpressmpt dr Bar({GT[‘gwrth rdBppAAl Gugn®nted agomist-

i

2005/ 042574 PCT/ 1J82004/ a 046] This .
asnshfe f@?é’ﬁ’é‘i%t*? atleand pé ‘ﬁ gﬂ’re Eépgﬂ %@i %&0@ prprpression of
ggp@-[rﬂgr& drﬁ(ygt ure of hel per genes. [0047] W

next e term ne whet her ot her signal

t r ans[Ho49] on dbewpmnfe massfeka‘@dl Q@TRasgtheit is rigayiredpfor GPCR-mediated

dent ity ..T | |
%ﬁe]g’g?eqnggg;g l!ll%l‘op%hg?%@ ]ﬁ‘%&jﬁé{g&ig aﬁ (ﬁ’g% %@ﬁlre 5H,
beireaR&adioRY ofSahe (W BBRCT hasl @@ﬂ’alﬁiAApagﬁllﬁbmalyi ymplified agonist

augnent Gs and G -reqgul ated ras/rap dependent
dependént yospauses todviR4 idampsiyaiing thahovererprepii e fadogegosly sxpressed

\lg?r?egiagﬂgl{;;sc ot |1élnai NS easedu St RS | RyOf TP Ssult also
demonstrates the utility of co-expressing a mixture of ‘helper genes’ to improve assay
performance.

Example 5 _
[0050] This example demonstrates the general utility of the described methods

for enabling assays for Gs and Gi-linked GPCRs.
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cyclase. Simlarly, AC | augnented responses to
G -linked receptors such as D2 (Figure 5B). However
unli ke ras/rapAA, ACIIl itself did not significantly
wEnadibes@ - or Gs-linked receptors, though PaT/0$2004/036595
augnent ras/rap dependent responses (Figure 5C- 5E).
Ther gbes1g,  Tof eﬁdﬁﬂﬁzeqmatﬁn&ﬁlgﬁtoesthemmm aﬁbmpéﬂr@qﬂors that
Cll were incl uded in'the transfect|

e lreew i 1ebwitly stipgiatehe Piadrgigef cys! @r&@a e sested fgy the pbility to
%@Hl?c% func%t%gélﬁe nﬁ?ésdﬁhe@gﬂ ity 119?12&951%@&105 hatihe absence of helper

o-transtectio r genes w ras/ rapAA
QuedTeAs Sdwids Figupe dapepatiehof @E@wakdtt&mee@mMMenergw SHT7

timul ati on. BarkCT t he rm.nal, fragment .
SO Aol b S E<lasepito kA BOE e SR e o Fosponse i
t@b BASntOof %%@%Wﬁlﬁ@é&%ﬁ)@ﬂ r&P6ustN B B Qi RenddifBckrér genes.

et a- gamma éndent signal transduction pathways
$indlarlG0) grovie ofiesceptats! lmown. to eniliple RTRhensitber, KEH Gphitéing &lpha2C

bet a- gamua sti nul at e cellular r ration
Wﬂﬁ%ﬁ@% dopayEReEics B $ Sg{l‘g 51410 %ﬁ?msee %‘1gure 6B)
whte Y&k daSror {hF'aEHftft@[ﬁ))duc'é%‘ﬁSﬁal GEpEARE ASRIINT 6itheBa € Presence

w th ras/rapAA augment ed agoni st- dependent responses
¢rdbhOebsamst dﬁ@-t(aﬁsfgcztcdahéﬁrgnnbss Hs fat thisdgphcoupled receptors, all of the

o] SI on of ar al one wi t.h D1 di
éﬁﬁ b RerePof oot e SL bl (g ehef Byt e’ sence of
%& atiRe: W%fe' ﬁﬂ‘b@h!ﬁ@éht Qfsp6let W ay REWRH lfo@id@bh Qftransfected
|nNI T3 cells (32). As shown in Figure 5H,
@Mepe&qﬂsesb'm@nsfmtetiﬁﬂhhﬁlpﬂ g8aask CT and ras/rapAA

significantly anplified a dependent responses
to MC4 denonstrating that g%%ﬁrpér%res& on of -

endogeosp)s| yTiEx Rkassie demgashates it toy escitited e&is*zgmﬂ GPOR function
noi se ratio of this functional assa This re t al so

dRerBpis PN de AR B TRIROPSPS 8%1‘66@@%16 donaf gegying; glpgrse o
hel 3@8? neﬁesuieg Gsnﬁfdctylehr@é& WeptBR! [tQNIBNEE desl’_ﬁ)éﬁfg% %e able to

510 Thi's exanpl e denonstrates the general util
abayt Gg adé €ie/1Bdikedktdoguers uking tensanie a:s@aya&s:agtspmwlw when the

d.G-1inked GP 0425
%@sﬂ% AFeeB Sasie °l 68@% 3 Fer d ke, & PR geeeptors.

ghdaerto CogRand q}pﬁﬂ?'hnﬁéd M8&BRED chin t B tmek@ ol NOMIbE Oneeding
Bustly stinul ate the production of cyclic AVP were

h@@bbemfscmptemam@ﬁ dopgsyory proteins dine aver tasted woplher or not co-expression

éiz Iy t{%ﬁ g1,gmf%£ﬁt§'eaﬁtel}&§ tﬁeﬁﬁlaﬁﬂa%gﬁ ?1] 1%5 o%lg%% g receptors that

ﬁ@fl@bwﬁfto ChigRe Gzpémﬂ @t2/1® pféasing heha? ml rmﬂe:xlgnaib BHTZCKa and
serotonergl c, CRF1, M nel anocortl , and

BAB%{ Acihayniin digae 6C, corEPTBIIoRPhelpsh TS dﬁi ngtypignificantly alter
I t
n‘?}? B@[e) Eﬁ gée!;f)é?sgﬁ e[ﬁelﬁgslr%lf%ce f&gsu Chfls ”ﬂ:ﬁ@&’gﬁ thé G%O%?%ﬁ%lper genes
@éscﬂilﬂad@;bb@ar nk nmwunlﬁgm(emqmge E%Fay ﬁ)ems‘u ctommtlbl@avith most GPCRs, a
grarﬁcr:u?atlr y c{ésung?eg perty for the functional evalnation of orphan GPCRs.
Example 7

[0054]  This example compares results to data from other functional assays.

[0055] We then compared the observed pharmacological responses determined
using R-SAT with data derived from second messenger assays. As shown in Figure 10, the

ECsos for cyclic AMP production by receptors known fo couple Gas were in good
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adrenergic, D2 dopam nergic, H3 histam nergic, and

SST5 somatostatin, see Figure 6B) were tested for the

ability to produce functional responses in R-SAT
wehhensiin the presence or the absence of PCT/US2004/036595

co-transfected hel per genes. As for the Gas-coupl ed

E0EaRINYIvath Bl EQfs bbteinean R-SATpI z&cﬂhglﬁcmpteaﬂesmppcmdmyed R-SAT

robust respgnses in the presen but n bsence
o {9eroBeABE Al BadRg G T O ot 5 pGgndicating

lude RUAT 63 Q%hg gipd %éﬁlnb'@ﬁ{aﬁ‘&?éh‘%%ﬁﬂ mé&ShrkHeRt. gﬁdebv%e for the
y trans hel per genes. Exanple 6 [0052]
tl}bm m@ﬁﬁmb@tmie remlsa:techtlmse wiragoodverdeten beimdem dwalyCofs obtained

o et P ni s R BC i ICoBRSL P RO SESBRRAE? e tiuna
ﬁ%ﬁ&a%sat@x{ a@@/@ cdubﬁh §6cepRELRER Marly theVMakiedn BRosphatidyl inositol

desi rab le to assay CGg and Gl2/ 13- I|nked
hptrelysio ressaps |cwgparnda te RrBAZsHlgr tothneit Witheir thednsr pengs.  Thus the

en the c references b' .
EEat G BHA S0P S8 SPaS AL SRR We of oo
blearfatcodds; dbdeliddot d:dﬂﬁﬁdnl? asdpbang rms‘en@ﬁ ABFS UT € d

mnthout needi ng het erol ogous exgre55|on of accessory

protelns t hus me test ed wWhSEBRIESor not co- expressi on
(ﬁpAAT ¢ dSinSfNibles A deMerd! 4t O thdQlescribed invention

phar co oglc e onses to receptors that are known

tvith @ darpé surflopr afitkc@tes ¥dighrdptogidn siosmagliredsipet genes,

o oxIBSBET oRo g o Pcrenganedt o8 HABE: &Fishi Py BRETG deteoion of

Blnk@dnal tRSoRBA KRN BhSRb fErRR)ANEES afrly bNEPERSs encompassing G,
receptors. Thus througg t he use of the hel per genes

aias@q ik 61248 iskedb GBC W%Wﬁ‘i@@m B-BAEi %u%na%abylper gene assay
at i bl t
EP& rgo%graoméer ter hw% IIQC‘%EO% F unct [ 51 H a 012@21 U%tﬁh % des, and ions
fr ﬁllhﬁﬂal GRS, anEWhﬁlﬁEd [0 0bd]ly A sndKaygel @P@Eﬂp%eﬁserved that
results to data from other functional _assay
701 &be teHRDEPERIOE FETo %Fwadqﬁtﬁ RPIELHREA ﬁTBSPO[ﬂSGS Wt o signal
oencb‘fi’é%rﬁtﬁ?o?ie%t@ BRisind $h B f@ﬂat%&ﬂbé@éb@vg Bkb T@cqe 1).
ron1seco nmessenger assays. shown in Figure 10,
the EC50s for cyclic AWP productlon by receptors
known to couple Gas were in good -18 WO 2005/042574
PCT/ US2004/ 036595 agreenent with the EC50s obt ai ned
in R-SAT. A slight increase in potency in R SAT
conpared to cyclic AMP assays was observed for nost of
the tested receptors indicating that R SAT was
slightly nore sensitive than cyclic AVP measurenents.
Li kewi se, for the G coupled receptors eval uated
t here was good correl ati on between the EC50's obt ai ned
fromcyclase inhibition assays and the EC50's obtai ned
in R-SAT. Finally, the ligand potencies at g-
Gl2/ 13-coupl ed receptors were nearly the sane in
phosphati dyl i nositol
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hydrol ysis assays conpared to R-SAT either with or

wi t hout hel per genes. Thus the pharmacol ogy observed

for hel per gene enabl ed responses is predictive of the
wptiasoesdl ogy observed for commonly used secBEEHUS2004/036595

nmessenger assays. Exanple 8 [0056] This exanple

denonstrates the general utility of the described

invention wth a |arge nunber of receptors which do

Table 1. ©F do not require hel per genes. [0057] To assess the

general utility of hel per genes for enabling detection
of functi onal responses in a honogeneous fornat, a

Ue ﬂﬁld Fold ECSD

Sl . ff bed E‘b@ @ The§€ 54
i e , tid
515 fc}J,Q;;nat 4l al}fﬂ H’% !3'_ galrgl E sch’%?I Ie e§§ 98

al

Gi ;1 mly ’ﬁo gifd Clg PRT{PCRS. 13\5‘ erVéQ E«sbﬁt 9094 of 31
Gi tLt e testad r@geptc& Mere ablg-to yedi age paient 75 57
ai a3functiongl respon #kih a signalg3to @ei sy ati 049f g6
Gi apitlzal €aSty;3 fekd usingciRetassay forgmt deseeuded ahsve 69
Gi aphoBe Tale 135 - 19%JN@R0S5/ 04Q%74 RCT/ USR0QAKRM5986 9.8
Gi aphdl € 167G pr.o Recraptoa:x{ﬂ:ol d PECS5G.& pr as Reeept or &0l d 4.4
Gi CHIECso G Regept ayq FETA pEC5@3 G115ht 16s6D9 7.4 B8 7.5
Gi CHh2A 3.218 9.49Gs HHWT4ETEB. 3 6. 0.8 G103ht 1Bs215 8.8 G5 74
Gi CHibts2B 3.7 6. 88 Gs Skt 6FR2. 6 5. 410.7G &ht 1DGL. BP10. 7 &3 114
Gi Ccxlcphal a/23 5.10.26. 8 G SHSKIA 4. 819. 8.7 G Skt EB24. 3 739 37
Gi D2 al phdld 581 6. LsHA a 6.988.3 745 5RE1EP4. 0 8. 93

Gi DIAT1 1.9 8 & A2H6.M18.1 GF5A &5 708 &Pkl 1237 74
Gi EPS'TY Gs Wetal79.5 v MG A3 3ilg 7. fs”c;q B2 Gueagop 33%35 oS
Gi GAMta2 4.7 8.5 G @ pMaza 7.017 6 T CafR 7023

Gi Higs petad¥.576.9 @ ha2b §76 678 Gq 11 o 6 00
G%H4Gsca|cult%|946 | gNKE i phdac B 7 78 ﬂl

Gi | 87 4 cBlL 7°3 7. 8 & g‘TA 105

: : ) .

o Mj)l 68 ' Cngq-l 6.9 E:b 14

Gi 5 7.4 G 11 3 8 Gy 978 2§’>5 02
Gi i 4 Gy X3 G182 G Gi'%R'AS? 1 | EP2 §22 102
Gi M 01%;1% 8 7 1B 473 Gps EF’4G§ 3r11826 G5 D3

Gi 9 255 éq AytR GP-373. 54 Frotar: 26 24
Gi NPYI 9.5 Gq VIB 94 93

Gi NPY2 90  Total 28 26

Gi NPY5 26 7.2

Gi ORL-1 63 6.7

Gi SST3 27 90 !

Gi SST-2 326 7.7 Shown are the number of receptors tested, and the number
Gi SST-5 23 6.8 that produced a 2.5-fold response or greater
Total: 34 32
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G EP3'D' 2.8 7. 9 Gy M3 11.1 6.7 Gs Gucagon 3.3 9.6

G GABAb 3.8 7.1 &g Mb 12.7 6.4 G H2 3.2 7.7 G H3
2.4 7.1 G NK1 2.57.7GCif 77400 G H 1.67.9 &
woNH85/8125747. 9 Gs I\/C4 6.4 9.8 G Kappa opi |ch3r168271048136535
NK3 3.8 7.6 G PAF 12.1 10.5 G M 4.1 6.8 & PARL
1404965PTH1R5086Eﬁmﬂé_97. 586qPR2120
4.5 Gs secretin 4.0 9.1 G M-13.17.2 &g P

2.9 9088 3. This0emmplg demn:gragzs 7the QseGQf Tthe 3d1g:1@e@; l@thods for
1.2, 2 -G M. 2 t 11
Vel Fabhof ot Babdin fudidn, 2 1 170 %S'\/PA 9.7
9 4 T[M)Qib 2Givh el aSRéE & Bvafale Gigandd i9.is Iﬁcﬁsz@ to measure
NPY2 1 9.0 Total: 28 26 G l'él %&3%1{ 2P ()1?
goriive regponsesTis Tpicfionally qypivaie praa S RSy BERHD 1g showed thal
%@?ﬁ@tﬂg% %%tng{y ﬁie@ﬁﬁfrﬁ&? Rk ec@uldaﬁléj iddd8ed B RB fexpriehsing the alpha

at "produced a 2.5-fold response or
gibeait of Gha@aK1). 3dsiBQ the 2RI RO 8¢sorXE!7in this paper, we roasoned that it

HSMSnSE? F GET G A5 P THET i SEAPORIED Sht O igced crphans as

%ﬁla!é%%ﬂﬂkefduﬁﬁhérﬁn GPR YeORR6, WrdhGERKD @mhf:eenmghlgwrrelated orphan
[ 0059] ven the absence of avail abl e |igands,

BERs dlzat 90?@166 e &&utd. Do MePuimd MrgXkye iﬁ‘élég fﬂ&plﬂger highly related
E %(}O c%rﬁhatnx K4k ld’?t'h% RAha mﬂ Prl"g\ﬂ tbé dtWﬁnown about the

constil tive ac IVIt
ﬁﬁl@htﬁhﬁb@rdpﬁldlﬂ@ eﬂthbynasdﬂ{exﬁr@@s i Ttgaashas t]ad mﬂay of btdperi genes for the

rﬁ&%%lrai%%}éaq . h 5 &? {ZRg,EVHn%%ﬁpg&g&;@bﬁ 8rp|han at increasing
%88%? bpl{zﬁlgfegteg f5hta, RS Sﬂl'ohé‘&‘ ﬁi%&r Iﬁ@s‘éﬁébscﬁsraéﬁfapﬁ & %Dr(‘%lsor Gog.

ans as 1 nked or phans.
GERe [oaaml GPR];ZShZWﬂ 1t1hlhggeh'gz§1,hthy tk[z)sb an?eﬂllwr piphans disptRysd dose-
t hat._cou
SoeRGF KERCHIGR P YIE) WP oF 281 150 PO preME DGR Lager soncs
gﬁtg\ﬁ{:‘f@?ﬁﬂe'cﬁﬂy %wﬁéﬁ%o—eﬁﬁ%sﬁt With Golyt sjuggdsﬁn%f fHeWibrimarily couple

functional properties of the nas
GegGRsThiF obseswiies wah eonfirivied tuying fphhesbpiidyl deasiiel @"@r hydpdysis assays

where each receptor constitutively stimulated PI turnover. In the case of GPR3, 6, & 12,

robust constitutive activity was only observed in the ﬁresence of helper genes indicating
they are most likely Goi or Gas coupled (Figure 7B). Direct measurement of cyclic AMP
accumulation confirmed that GPR3 and GPR12 strongly couple Gos whereas GPR6 was
only weakly coupled. In the presence of pertussis toxin, the helper gene dependent
response to GPR6 was significantly blunted whereas the responses to GPR3 and GPR12
were hardly affected indicating GPR6 couples Gui-type G-proteins (Figure 7C). Direct
comparison of GPR3 and GPR12 to the mas-like GPCRs in cyclic AMP assays confirmed
the predictions of signaling specificity based upon the R-SAT data (Figure 7D). Thus,
functional characterization of orphan GPCRs is feasibly using the strategies outlined in this
paper.
Example 10

[0061] This example shows how the disclosed methods can be used to screen

for candidate molecules with activity against a particular receptor.

21-



functional characterization of these orphan GPCRs, we

expressed each orphan at increasing doses of

transfected piasmd, either alone or in the presence
woRosaesTapAA & ACIT or Gag. [0060] As shownPEHURI0GUI36595

7A, the three mas-Ilike orphans di spl ayed dose-

deperjdes?] consTotdgmousratecthe uiility ofieshevethods fcmtdr{lgm;vcovery, cells

WSpaErHFTist MBSt D AeoCU B BT LSERw Al B @fcpecrein reeptor and a
RHAGE Jri RGrabRRY AV, BUk LY, FRURNEDetsRBactdlife and used to screen a
observation was confirned usi ng phosphatidyl inositol

i{pary o 249,606 sirapausdaios agutie retiakyah thesemeemders. Using these methods
constlt ve t lLa yr e he c
by Sl LSS I Gpk, B B8 s

&ﬁ@%ﬂ%@e bt wieh P hsBRESVOM Higlrper Agwraswh ﬁu:hmtampg of profiling
ey are nost. likely Gai or Gas coupl ed (Figure 7B).
mjer fcthe mé%m@merdﬁcf&%wubwt R QTR Wealso a potent befal

22 T 6959 ke RO RIbBypE8S T all cases th
er%@ﬂﬁ%&&@%&uﬁﬁﬁﬁtﬁgge akl'y con qﬁ QL prese&hcg1SGS °
ativipe of thesd sonpexids wah enlp@bpeeent guartellsj emn@mgtboth the receptor and

onse wa f cantl bl ynt ed whereas the
R R s e R e BRI VAR Rl P O g oo er lone
ﬂh@ ﬁblﬁélts e, FPOthcE RIEHESsU est B %e@leﬂife@i eTHeSe fekilGUetonsirate the

Direct conparison of GPR3 and GPRI2 to the
w&gypfth:@ ‘hmreene) segiegy for dvpdizea®Ps confirmed the

predi ctions of signaling ity based upon the
R- SAT data (Figure 7D). TSIQ&%JGIL gnctl onal

char gob63]i zahil of tiefrefrqabarvitciPCrRowise fneapbiated hesdimyy tdference in
strategies outlined in this paper. Exanple 10 [0061]
their s0%8RAhpl e shows how t he di scl osed methods can be

used creen | a
ot bfod°LET, JiflsSat Mk oLy Sqlugscti Mk, i

RGIcE2004 ARBHE0E thy I006R]seTaneNawrestP B66-Bhe utility

of th met ho for dr di scover eld s wer .
tr ansﬁﬁ% i ?Iﬁ ’Fﬁ‘@ ﬂet PEE, t Ogﬁ&?{f’a?%%gtf SofiTug discovery
%ﬁsﬁ &?ecﬁsﬁéﬁrx%késa 1. 2CeARb1 BO€cEl. mwt(:wc)@) 9f:17R347.apAA,

rac, and beta-gal act osi dase and used_to

scr edlf06s] I i br avtgbles 32@0"-6@0@: Morbelldu Fressr Nagemight B, Sautel M,

Bl 6 vt RERT | R OBhE SR iRl b RERiRH R G pbpiaty any
alprdti- da,aﬁa@rercqaejpmfa:l Biochdre pms@mlazsavle Ipbabe with 2
wn IS an exa

v of 1B6T)  oe SEHVERE, Rudkar ShaDRa Mot MereuriBhe bl e+ tsing the
SR %R mmfa@}ﬁlg g?a?éfﬁ%'@]d(\fm 2 NEQn s @@61%1&1 1@998114 12533

agoni s no activity ‘at the beta3 ,
r ecepo68]subs ym’es:er RH, BehwahERs Lamb H aMtalcv]m jESoﬂﬂtehéﬁé Revell

conmpounds on cells e ng. bot h .

BRc Azt i, SOV R D A B HESETPELE SoRraiig Roombinan
AV 5 WS IFEAD o 15 FEMICSreBepir§ $i5 CAD Km &eN€CBPY Pharmacol 1999
one, thé helpers alone, or other receptor subtypes

S.G]:d 123(&) hePpers. These results denonstrate the

[0069] 6. Salomon Y. Cellular responsiveness to hormones and
neurotransmitters: conversion of [3H]adenine to [3H]JcAMP in cell monolayers, cell

suspensions, and tissue slices. Methods Enzymol. (1991) 195:22-28
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utility of this "hel per gene' strategy for drug

di scovery. References [0063] Al of the references
cited below are incorporated herein by reference in

wa heswa2ematirety: [0064] 1. International HunBGT/GEMOMHES6595
Sequenci ng ConsortiumiInitial sequencing and anal ysis

of tE(m-zb Hmary, getvan , ShialdseT. 80 $1@6 ¢ Jgszgtax{d)oaﬁg RD. A colorimetric
Kenakin T. The rreasurerren% g ef fi

he.d
agha¥ c doter gneasalggg” Sptivadipa o © pr G s (f?up]ﬁhafsh%’%%?g_ pathways.
pﬁgj(jgl %m:@dsng-‘f@%og“ 42:177-187. [00661 3. St abI es J,

Fraser N, Knight E, Sautel
M || i[@en] G 8 e@otehzaRBEY., SS:ramm@knGlﬁn s & ermer %BayAf giethod for

cr SeBIREE SHR obiBtB e Gy R Wit AploE! B5fi YR Ethbinant
14elan%£ﬁ$rl3-\6§.§bd@zoa§—§é9k%a1@{bc@ﬁi €190k) 20¢easwenent  of

using the "~ Fluoronetric_| rragl ng Pl ate Reader
(FLI m721 Vb BB OBPBE Hoow Brepd M s mﬁf@ ¢f muscarinic

Par ]
a@w%ﬁ?lm ﬁwﬂaéﬁ'@%&é@%@m‘ﬁ%@éﬁﬁ& T e
gl%@}ﬂmagiozagoglcsts at reconbi nant hunr}aln
5- HT2A, HT2B and 5-HT rec or el.l.s
B (P73 iy eicn B BravgSb 0RO AP e ok BR, Brann
IR s T8 hlublafiic B SHARS WHB HES BetérBirR F0R @ot@NE Gq and G12:

neuro ransm kers: con\é/egry on of }SH] adenine to

Bl ueAGNAFDrbliferéivé sigmitol yereshene(1997)A836: ons, and

t | t hod [ 991 5:22- -
S 0, IS YT 588 3 REgZ B
S%%}st@tluﬁlg‘n Tt Bree 22hib kchls Iwiches abekpooRpecRidly of Gq alpha to that of Gi

orimetric assay for neasuring activation of Gs- and

E(E:ﬂnadﬁnamieéa%l\@ﬁapﬁﬁﬁﬁﬂa%@Ws Anal Bi ochem (1995)

2E5 B R RS, g B . s
2 Py anBsuMp OIR. Carlsyxgl-eiminalmplatiehsrefcapilphaandsGglpba that alter
%2%8%?&28%%@1@3&?&8%} B MAORBSTRE 1 Cand
Br an p{tmé i SUb?{/ i &b, mgyno%rd NSGADIANSEpald¥el BIngdOMLN € alpha 16, a

rece hi gh t hroughput assays in
ini Ayphacebiit spEeifically dRbeesseddo hemytonge)c gells: Gmoriail Acad Sci

&007%%%11%1&%&%5 S0 \R Interactions of miseari nic
r ecepfo@*iﬁ WD HEEDEheS FifbA®IT G Apiy 15t 1drG alfha dhcbuple a wide
vanety of receptors to phospholipase C. J Biol Chem 1995 Jun 23; ;270(25):15175-80

[0078] 15. Simon MI, Strathmann MP, Gautam N. Diversity of G proteins in
signal transduction. Science 1991 May 10;252(5007):802-8

[0079] 16. Strathmann MP, Simon MI. G alpha 12 and G alpha 13 subunits
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30. TRMRRINd & CHeal RRéESI saﬁisge?ﬁ@ﬂ de¥drinynify sai@lcelCetl dellular proliferation
comprisdd Irisfecting said 811 BBEGOG, i 5 fhhMudicioMerrs @hDerdcB8esS BRRlactosidase
and mQJsul%?% &b q}nﬁhﬂ%f tﬁ%ldcﬁ)\éﬁilaseogcn@?y %sitgaﬁf cel'cl ‘dufeer ation

onprises performng an R- r) assay.

31. The method of Claim I, wherein the step of determining the level of cellular proliferation
comprises performing an R-SAT® assay.
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