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[0004] Developing functional assays with broad applicability is problematical

due to the heterogeneity of responses elicited by GPCRs. Most functional assays for
GPCRs involve measming second messenger levels either directly or through the use of
reporter constructs. Examples of second messengers commonly measured to assess GPCR
function include inositol phosphates, calcium, and cyclic AMP (3-8). Assay protocols to
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 alternate strategy to link GPCR signaling to a common, measurable
output is to employ genes that lie downsiream from the heterotrimeric G-proteins. Besides

activating heterotrimeric G-proteins, GPCRs also aclivate ras-related GTPases which n

2



-2 WD 2005/ 042574 PCT/ US2004/ 036595 turn nediate a
di verse array of cellular effects on growth,
di fferentiati on, norphol ogy, and gene expression
WO E@e425Wth respect to the heterotrineric G pPETAISA804/036595
the ras-related GTPases |ie downstreamin the signa
tufd MeSANCA dhRreasnedd cellulaadffectase grokribydiffetendatiom amorphology, and

step i nki n? activation of GPCRjFFt 0 actiyvatjon, of
genasexpatsaioad (A87Padidh iespset 1 4bF Jiptespirineris, Snpmieins, the ras-related
cleotide exchan ¢ . a
Rt R RIS o A ratlictop SRRE I al g mgyn, the fn
st@NUnRBI Rk aidaiP6F GRCR sspesdtivation yf frav-retlited iGTases is activation of a

sub-famlies of ras-related GIPases (21, 22), [0009%
guagineGayclentide GxchingeeficiapCREFAr CRR wAtabEe fxchaeeot P for GDP

ras-rel d Pase rap - | ' P
i3 i Gy A L n e Rt Sha ey RCEly L By sub-families of
rat P8 € ePnEhsap@3enger s cal cium diacylglycerol, and

cyclic AMP, are known to directl activate CGEFs

sel e009k f dbq,rép GIP&R ém&@ﬁﬁ@ﬁs aTh dmeor o, agtiyple the ras-related

GIPases re used to.link .. tqQ.a _conmon,
Gﬁ%ﬁ%ﬂrﬂ%ﬁ-ﬁh@%ﬁ?@gﬁmﬁﬁﬁgﬁ&@wgﬁ&%ﬁnP&B’M}Vsoﬁgﬂ’em’re’
th@ssggﬁ%d AesidiBeR! GREMh, BRLARNCER] Snd@cPBcNANIH, Offe known to directly

enabl'ing or “iInproving assays of gene function using _
ativaRPERssilative forrap (AP agmr(@8%-29).nThereforg mgp GilPases, warkigsed to link

nmethod is for the purgoses of identifying chem ca
GRERS 6% A GSIRMITe FCATWERPle PEPYene products, and nodul at e
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ingprpyingapgererofe SersdifwRation pHBS FERYESSIR By Delger genes.  In one

r poses ..of identifyi ' . 1 R
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di'scovery screening assays for those genes. [0011] In
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etnbodiewms, othe gates virtingmassdyat fige G-protgin osouglsds repgptors.  In some
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s69¢ emhbodipenduds beshyst bftgene dunction measure changes in cellular growth,
morphology, differentiation, or survival.
[0012] In some embodiments, the helper genes enable a response to receptor
activation that the receptor does not normally produce. In some embodiments, the helper
genes amplify responses that the receptor does normally produce. In some embodiments,

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 genss block receptor
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being functionally assayed. In some embodiments, the helper genes are other naturally
occurring receptors that help the receptor being functionally assayed to respond more

sensitively to ligands. In some embodiments, the helper genes are other unmaturally
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well) was co-expressed with 20ng per well of control vector, ras/raplB, or ras/rapAA and
analyzed for proliferative responses in the presence of the indicated concentrations of

SKF81297 as described above. B) The SHT1E serotonin receptor (20 ng per well) was co-



well) was co-expressed with 20ng per well of contro
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or t hout adenyl c e |l
i caboenirny R igeG e b Bgh o RN oprsgs ag described

oS HHIES AR s e v

ffl 1 @?&Hseﬁ E@S(Q%gﬁwlvelﬂl)? rastdp A @@ie mglwidll)cye bate and/ pﬂalyzed for
2ng/vve ras/rapAA (20 ng/well), or_both and
prah&lra,tmd%mnsesmwﬁle'ﬁffr&edtam@ r 1%%‘5@9 dbysiegpegssed alone, with

o RENE oyhod e T VR, VP fﬂgﬁ%ﬁgegg,r G Rt anctyed for

pro@fapale) resRns@odsicatitheandbye e ¥ fi‘ﬁé betf @hd E@fiafal (2 ng each per well)
responses ‘as descri bed above. The betal and gamma?2

smbﬁnmgmartxmﬁsed/\@llow or tngsther mthmﬂ@r esiprd yselgr.dpaske 'opr the alpha

AR P e 0SEa R Sockary GONCL. B 18 e i v
tr%%f%g&)@\gl“(alt)mgi Hg&%elgg\gagdekgfegﬁéghl%&% ﬁﬁﬁBlg ];%}kCQ‘rH 2w, ras/rapAA

(2DaigretiD), or ba/ andpAdlyz¢dfdr pydlvietatiye raspoiwst hs dtadnbed above. H) MC4
anal yzed for proliferati r as, descr
<Méﬁllmw€re§sz'é o) AR A 20 SRtFT BiHd LaieCR 4 ngfvel)

al}cglzaf)i‘ﬁp (%égg/%ﬁx&g lvgxth B(j)%ﬂcghm angg?(lg.rr ?gélyﬁgx'(iq P?’W@ll) and rac (4
ng/aeil Mﬂﬁéd mgy/ prelifefativenesponses(ad destgibad bbgveand

analyzed for_proliferative responses as descri bed
abov £0018b018HigRr gy ér cGBCReptiranlae prolf (518 Vp rePPREss 4t the presence of

hel%grp Og.rg:IsleeSS ' t'Pﬁe h&R&ES eGg 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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hel per genes. A) The indicated Gs-coupled receptors
and bet a-gal actosi dase were transiently transfected
into NTH3T3 cells either with or without ras/rap (20
WOReISIRI¥ and AC2 (2 ng/well) and assayed fomCT/US2004/036595
proliferative responses in the presence of the
cohfedinatibed of Gidhal 2808¢s0ARSY AbPETIUYZ0 Matedgs ogd Methods.  B) The

mci(k:rg;tgg Péqtgu%%gsrgggméég gmg)be F@?a%?q,?aiagegg%e&g %ranélgﬂtlf htgansfected mto
NI e@g g&%{ﬂ%?%@ﬁ‘a%pd@%gmag dnlansh ‘i‘@bh)&(vell) and assayed

cel'l s either with or wthout
fof pedlifeftive Qespghawel ih) thandeskfe ©2 tneg,imatgd apccatgtignsdoft ligand as

for proliferative responses in the ese e.o he
deﬁcrrdzedaat@ére darfbe Matatalpmed diethedand) S GBSl Sea3-coupled
reg 51*?%11 %tg,rrglg ctsos%ge %@faﬂ?ﬁﬂﬁl E% tr-mﬁe 18§ B8 0 AH 33 cells either with

receptors an ta- ga act osi dase were

ortviitHbsl Sty (10 RPGERLARIOA CD (D nifivdd) and edshgededor Ipa]rllfwatlhe TeSpoNses
or without ras/rap (20 ng/well) and AC2 (2. 8 Ee
indinziprassay eﬂthbomdlpa’c@d W@ﬁ%& atipas pELgndae desaribed ghove in the Methods.

Sggiﬁ)ﬂ@d a he I'P 1[7 1%?1 El%gﬁ%%@ﬂ%ac%néahgﬂ%‘? oﬂﬁlan GPCRs
%%b&g%&xeé’ all %E'lﬁ&lc&@@ r&deplofCwere ckatdsor &f twdy @dvas either alone,

| per genes. A) The indicated receptors
wiﬂEﬁ@sfﬁpB@EﬁHﬁ@/ﬁlDtm AGEE €rejwHbr onl(ne (4 ngq’wq:il) and analyzed for

ras/ rapAA (20ng/wel |) and
cqmgi;amgyp );tugﬁ]@nglh af ¢ el 1fe@gﬁ§tapg p\k;ga g‘?%:u %(?fp{?i represents the
I ar pn ra e t 459! Th
R A e R 19 g
tréﬂdsfé&tlﬁﬁtv@fe gubsibhdedtving veaor teeampteothe siime total amount of DNA was

transfections were all bal anced with v%(i:tor t.o ensuLl d
trméecm qaoh pseanlUBrysIpRSANR /oS $ATISY QB Bng fragellp transfecte

W’@@?ﬁg]{ egEé{? i)%%;leﬁw??lg 8%9%11}%(; f Whob? 2&5? g?el%g%(% l%ge tors were
elde&std befvd BodBidhtRgsalom), wWikie risndh LAt @dng/ectpund AR (mg/wen) or
expressed at two doses either alone, with ras/rap

G@L@O(rqlghg/@tdll) addanalyized (f2n gonstitilive @‘amukgggn(qf ﬁ@}w pl)ohferatlon as
S G S R oo
$ S%ﬁu‘ﬁh ut| ng tgf‘ Afhel iR RBABNNRERESN BERASeMNiIT WMREIrAb ensure the

or receptor. The transfections were all
sdngd torad achooht &f DAL wss transéotadria eadecassaﬁarchcko agrvurMation assays

f DNA h
e hA v, L 2L egh . L. SRRSO honiPot g resetor
X t Tas/1ral
dggghiégd ‘5% g\ﬁéth&%eteg:(;gﬂrﬁ@ 6@%@&9& \i\@ée 1094 u?e?@ré PRESRt & wRB rasirapAA

e | ndi ated receptors were
(ZORpHRIE efd A CIM (Rhy/well), rinprbated(iB0he preskibde @anabsaGE of pertussis toxin
(2ng/well), incubated_ in the presence or ab

(Iﬁ@(i,t @@Q,mg/m]())@nﬁ anapypsd fg@go%lpmvy sipaplation )92 ﬁlF]a‘: proliferation as
dgsgng?cF Bﬁt IV %@%geﬁ tfr?ée g‘rilggsf!éérf]ﬂtog tf ﬁ%@%dﬁ%ﬁé?&b@ @S with vector

s@cfsh?tﬁﬁlgsﬁf%cﬁ]%bp ep) gEmemdatd re@ptors wesaiestettfot stngulﬁmsn of cyclic
recept or he indi cated receptors were tested for

Mmd(hmtlmnamesmhddlm thermpepmealgbe®adas described in
the ?6(?2%? rrE‘lgitg__,:%lre %Et ﬁesu Its of a HTS screen. NIH3T3 cells were transiently

transfected with the beta2 receptor, SHT7 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



[00201 Figure 8. Results of a HTS screen. NIH3T3 cells

were transiently transfected with the beta2 receptor,

5HT7 receptor, and the secretin receptor and a m xture ,
WOgPOY0437apAA, ACI I, BarkCT, rac, and PCT/US2004/036595

bet a- gal act osi dase and used to screen a library of

idicated 0 Hisrmpoe rx@ltgstf:d) nagagstrﬁash idvidual 13¢C%Iﬂ01t hHie displaying selectivity
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Flgure9 Shows alﬁ)gh mati c of CRS|g |.ing path ﬁr ™
usi ndP24; r afigueei ml{asmp WprepPrpdiferaisnsh asse dR-SAT

(2 AP A2 Syt a3 5 TTAR095 sl i s ey

with sdcondynéseéigeeassays for dywlie MMPeplluctivint hdsgleddpHotidyl inositol (PT)
rressenger assays for cyclic AWP production and
biydwdysitot iLdg| indigafed tr@¢ep(cms )Werﬁyte&t@ﬂ y&i Hnctrpral jragjonsgseid the cellular

[ e ional res es in

LSRG S bE Rt bl s PRer hRR 0 SRERn e BRGPECso valves
M@ﬂﬁ%ﬁc@%@mcﬁh@%ﬁcﬁéﬁh&%&aﬂ%@o val ues obtai ned

in each assay and the ratl o of these vaI ues. Detailed

Descri ption of ctditedigs nerjoftthb Batifemed Embod@den he

oot 083, o7 the GaletRe ?ﬁ%ﬁéleéofecaﬁta “E@E@%S]ewiiver nis the most
ek tted %@Qe tf&}ﬁﬂy e inmp AsQvety e AR hat, 3! thatPb fer 9% of the GPCR

assi or phan receptors’, there i's a nee
futeﬂplamp cliasgllﬁeﬂ taso'wghiant recépiost, i ﬂmml isas smyd to hbvelopvie gh-throughput

oad applicabilit r s famly. Due tg the
st iy e PP DR g7 ooF S GBS Do Gpssheterogenons
f [ {
e e
diserdes sulagett 3 GEGRBJ éle r@CR?poctaﬂhatr rbdsl tesfmseeas Geednd Gi-coupled

through use_of chi meﬁ‘?s i nking the regul ator% domai n
HiCRs fn reapihsbp msesitrd fyopsiouss ¢lediperas dgking e r%wéatow domain of

tﬁér"f'a fr%ﬁﬂr? 1t }ﬂi gﬁéﬂt&c{ég?dﬁr é\ft' {1}3 r?lg( \?%E#%g%her ‘iﬁﬁc?ir(])ﬁl with existing

or ce ar pro

ﬁlﬁtﬂiﬂﬂ@l\/ﬁs@s%ﬁ ssllulir wblitirhtedn. g\emﬂﬁsthela@hcfwa tHal @erexpression of other
augnent the enabling properties of ras/rap chineras.
2ents ey foglbiey aygment the grabiing pIppetighpf g/ ran @huﬁwas;f Jrodlgetively this

cHANGY ' &ha ‘[Jﬁﬁg‘?sﬁd aﬂ%l ggfeggss ate te?m%gd"hg ge;% In addition, the

presence” 6 per ‘gene oes not Si gnl

p@ésbﬁcfe bihﬁwf Agbh@ndbed RSPARSHSaY {Far ﬂﬁ@fm@l@ﬁal%esponses to Gq and
in these sane assay formats. Thus the

cou
P%ﬁounicté GRélisein thesresananabiagniennatst rweghe inge of this helper gene

unction wth existij.n nct 1. onal rovi des.
eﬁ@ﬁ% ! Rt o8, RLBLHOE D PR L PSRCHRT BB Pbifes @ neary
uﬁfvd’sﬁl fisdha ?\6? CPCR fifRfiodll Ulle 2GHBLHH MR ROt for WA screening and for
enabl enment and prediction of fdnctional properties of

thy plablemrant epd prediciien défmnﬁmnaduaempert[e@@f 4}pliBh eecepu‘em tsi demonstrated.

di scl bel ow. rel at e ncti.onal
scre éﬁ&ﬁa C iﬁ@ inyspRon Wﬁ@ﬁ%d‘%eli?% relaies ity fit%gn%l@g?lr@gay for screening
cRABAME WopcFnBY P5LhRiveiQURl Bkt RERRIALT &-prbfirf coupled receptors. In a

preferred embodiment, a target cell 1s 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’.



preferred enbodi nent, a target cell is prepared that
expresses a particular G protein coupled receptor
é %ty]Of interest. The GPCR is functionally |inked t
WO 204394 fable output using rap/ras chineric &Té‘fsrzﬁ‘t‘((’?’“%
or other "hel per genes'. WD 2005/ 042574
PCT/ (#925b4/ 0986 960T[voBES] TarRsutbley éi‘#[éﬁt isreglulegbpigliferation.  To

dgta%fﬁ%&af %€ St Jrgogfpﬁfsggagf & t,'e% %%{9 v PRGN SudhbGt cell-based
filHc8Bnd1 N @B NRUE AGEY ] o SklébGdn anal Aagtdafidh SAEIMIogy) as a

Recept or eI ection and l'ification Technol ogy) as a
cmmw'mnt mmmt this ¢mebling kichndagibl Diug to dieh soipdigity obilee assay, R-

B R WL 30T S i of ens o s

capﬂéﬂ ﬂrbﬁﬁra‘ifongﬁ NS AlTOrk BEMEAY cRllAtEd aﬁthﬁha!r h&%@é {0APnsform NIH-
In R'SAT are strongly corre ated with their abilities

318 ctlisingdbousnfothitg a33Fs.c #hbrefara GPORsotipledite g}oalszaﬁﬁau/ 13, as well

Therefore GPCRs coupl ed to Gag and (al2/ 13,
aa@%ﬁwtmr&paﬁﬁé@@h asrag jpdics SirpRE ISSARRRES IS Ry %‘h@ whereas GPCRs

CHREACER i BT Y e e SR Bl o

NIIH13"F3V 288 QIR adll Akt 3ihdués |rés%oﬁée§ Ode-SATTM Nducs1, 32 and Bursiein
responses in R-SATTM (10, 32 and Burstein

uppyblihédsttesdrvabeas)y Byi emnit))ﬂngyhlmms dgtwreenohp fidiPases and ras GTPases,

?ﬂf%“ﬁ@%ﬁﬁ? HERRT Tuftont 7 28 e et Hugth GG OF rep, we have

dResRka @fat rs?ﬁlalsv\@eﬁ\%‘defroﬁ' @P 91‘!@ IR dul ??éd ?e'cg]ﬁ@fsscan be redirected to
derived from G and Gs-coupl ed receptors can

stiredliatee c¢lbdart prolifitraimar, aimilaetd (gaand ﬁil2|/1‘3e iuake:cb (ﬁPCRs and that the

im | o] and 2/ 13 | j nked GPCRs, at_t
&wﬁ@e Blge%HPnSreés Frmiedy By i HEEET i ﬁnl%hq glfmve of results
oBafheAvaH YecBhE Mesddnker a%g 3f sESHE Lo deRoab tﬂeﬁ Hﬂitj&ﬂbsé REHBted signals
denonstrate at these

nmessenger assays.
caretie fiediee dingilied|ty the a:wetmpfesmmm of otep| hdlpad gbyest Hamthermore, we

overexp ssion of other per' genes. Furthernore
oﬁlfnﬂmﬁa fra‘wetl%eénf& Gp’&*ﬁ pled 9 Baceis Gdé(lg) paihyays are not

a
B R DL\ it e
beasdayédPiag @Bﬂ]nglb asm%mﬁ UBhally theqitigy ef asiagytas/rap for functional

format. Finally the utility of using ras/rap for
chaiprierizsHan Oféﬂ%‘%QP&RszlﬁﬁhfﬁW of orphan GPCRs is shown.

[ 002 li b
L002R028] iR ik 1o SRBHRA. fEEASHEA R P YhchPro employ
tlfa rab |@1’Me@é&3ﬁs&’dﬁq 6k lan& BIKE® GROIR Y/ e llN@dpwild- activate rap (23-
One conveni ent neasurabl e output is cellular

23} oDne epryenisnt n@@ﬁiw@ble kPR Sﬁswﬂéla%/@éﬂlfelr&apﬂ GHsagechimpars between

rarpa?ﬁ%;ﬁea; {“?]% Iasi, a%?sgtr\? ré}htc%etaef ftﬁ gfec{,% ﬁlt Ictocpnss oif ras, and the
r%gga‘étgy%ﬁﬁlﬂ Bptapsivehals dﬁ&fdeyﬁ%ﬁtréi’gﬁa@ déRd Eome G RhE Gs-coupled

ors can be redirected to stinulate cellul ar
rqgepiorst eamabé mdlrestem tbaatlmldath:eHmidr podifaration, smoddr ®PCGRsand G12/13

.and t hei.r ol o onses. determ ned.in
lﬁ?ds& o ot BT telibice) SEPORSR et et S in i grammer are
SO TR SREMEEHLLRRRAY With YEdNE" ME&ngerd UBGYHE ONBlirthermore,
resp nses to GPCRs coupled to Gg or Gl2/ 13" pat hways

fiarctomdtrespopses ocGRCRg 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 ail of the attributes that allow high-throughput functional analysis.



altered by co-expression of the hel per genes descri bed

above. As configured wth hel per genes, the assay

retains all of the attributes that allow _
WO gOI435# oughput functional anal ysis. WO 2005/5542%7404/036595

PCT/ US2004/ 036595 [ 0027] By measuring constitutiv
res pdﬂl}}’eﬁ t By mgatHimngnens Wlé(ﬁcfe@? b i thg fup %@ﬁm aud signaling

of of -ar, n
P $e? PRY 1oﬁ%@@§&1‘c€§8§8¥\ﬁ{r e el pet 8%3%%8%%1%1% tlé%§/1nl1ty of the

hefer g&@tﬂtﬂaggglde@bﬁﬁ@ eﬁcechamn@uﬁmgwﬁﬁmmdz ¢S p@9 $@srphan GPCRs.
to orphan descri bed above, nost GPCRs can
Asedessrihrgeaboys,i mgstaGE@R@ ren he §%§?Yﬁddﬁ% a sigglecygs g format, allowing for

functlonal an coup l.ed

S G st £t TR e gl SR APeshlased soreening of

(ij%':o R&“'!Z@tﬁh FaRGURRIRGRRE AP o866 dQEctRIn SIREFPLR signaling using
gna ng usi ng ras/ rap chineras is shown in Figure

r8s/rap @R Bdrad 3 stlewnds Figare 9t he utility of our approach,

we e Izo%ed a hi gh- t hr ou hp cel | - based fyncti onal

assaylVf2RISATFR drmeriis: ¢ ity O A PRFORGTh | Wat fiBRloyed 2 high-
e

TP A8 8y S 0P B it

TRBnGI650! @BidRibeA ih 60 Sptiaient Nb 86 3688t erftitled 57M6MRe28 bf identifying

entitled "ldentification of ands 1%% sel ectijve
inveysd fagerisisonl o @étqt@mr%sfeé RatengpNgr 9,955,281, entitled

@ q ﬁ?ﬁl’t}sqncgﬁt nds J?\F:Feh?(itgrlz 1:1)’%’(: 1? éftéeﬁg tran?fe?ted wﬂ;h receptors, and

igan SR ive”a

195. peehl Not 5913 S dited t lﬁehﬁﬁ@zﬂmfc&" llg’ﬁlnﬂs of sé\llabﬁ:\l‘b @ﬁphﬁca‘aon of
her eby i ncor por ‘at ed by reference in their entirety

c{eue.) zgpsfwed wotht teecpsousphll of whichf are H:@r@ystayolppzammqurence in. their
\N?. suited to high- throughput applications (30).
EAFTM i s based on the observation that oncogenes and

many [(H6£RPt Ohel fodieesiRpAk] %&‘&he ey ROBATSHOE Nl @Bited to high-
respolﬁs?s? in NIeH- 3T3 cgﬁ) ¥ a(? the abilities of

tgmmghptttcapphaztxﬂmr(a@)\ll R-SPE?S?T‘\‘EQ?» bssedmjl the obsduetion that oncogenes and
responses i n R SAT are stro corr el at ed.

BGpISaPDE Bl PTATSFER iR KIS TPUea S B Mg colls. As
:%p@h Nhétnifides st %eﬁes ReFaft forth/ NIFRS THRENs AR1 FBAYu@ B¥okises in R-SAT™

actor receptors and non-receptor protooncogenes such
@6 sonlpteirdatcdn GINGS kiuplsk® Gadoc G189 IBofvicle splons ﬁ;z:us formation
in R- SATTM (10 32,) whereas GPCRs coupled to the
BnNIHEAE 3 foshs $eés4%4 sy weltasi ey sroth faster rroepigss non-receptor

AR AT o, ) 0 BBy RS Ty s R sar™

g@@bytﬁlﬁéﬁ%ﬁcm Boulédtoyths iGIaha Gdk faflesCel Hetdry@BSeric G-proteins
, including NIH3T3 cells %50) and therefore ™
da notst1mfomuNﬂﬁ13§"3rrgalls faad d@R@Rsb)’tt emsglyesnipdece responses in R-SAT

B R R e O AR BB AL s 5
%le m)d.ﬁ]%{ ﬁﬁ?ﬁ‘? gel %"’{5'0;)1 nafh ﬁ@&Y@re il St Mﬁbﬁsm‘{@ fkat GPCRs that promote

rates t at t R- SATTM t echnol ogy i S not
piodudtioa dfocygho@VP inducstlittfeloane respohsd Br R-SAT. These limitations have

roliferation. [0030] Cene erat e downstream of
R et eﬁﬁrale@mso CRingd et Ths (5 SHprE deonsirates that the
: SihteRRALARARIIAGLGE.
;ﬁesponsegﬁ?g@@%@t_ R&iEStd SheOihaf QBHSIGL 6
[6030] 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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Al t hough it has been shown that signaling outputs in
R- SATTM and ot her functional assays -10 WO 2005/ 042574

P 04/ 036595 can also be redirected to conmp
WOPW@%& hway's through the use of chimeric POT/US20041036595

het fsgf te{rlﬁ mIE%IF%HP §ggp y a é%ﬁ%&@ 1?1@}3 P é'ggle}'llg ieterotn'meric
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w1 exfRh Ayl Iansmﬁa% Eéﬂ@steﬁa@@raageﬁeﬁpmeﬁﬁ%sﬁswgﬁtlghﬁz 17-19). By

subunits to link signaling outputs from

eopioing genea $hat apbmtealuvpuﬁﬁam@@ahﬂmphbmgtstto liekdiggelimgisutputs from
rotrinmeric subunits 1S neasured, .
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réspongeoint mlmrmfc)mmhon assayn tWe reasgnddathat ¥y dinkitignthe effector domain

(car boxyl -term nus) of rap we could convert signals
HamoACRBInEY of r%n@ the- anistay @@@érpt(@aihomﬂ@nunus) of rap we could

cBﬁ\QE!r[ Egﬁﬁg' i Bgt@i agl\@é&}e 38@1@ c%{:\ﬁ:‘)gs Iﬂgl;prél 6.1&%76 outputs We

conver Si on O ara Oara

dsnibhétedt@nthat chat e@kdrsoGof a&ﬁﬂ-n@&h&t@ﬂ pilzedl tbeceBloaft iPsufficient to
transform Nl H3T3 cells thus validating this

eyt Gesaud Gsreogpled cissentorsy ks teagfonn, TH eelndhusoyhlidating this
h%otﬂgs% Ul gﬁcﬁféa?és/ﬁ]g w2hdE Enifes 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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famlies as well. As rap is known to respond to a
variety of other types of cell surface receptors
i_ncl udi ng tyrosine-kinase |inked receptors (
WORUIINA r ecept or s (55) 11 VD 2005/ 042574 Fettsosnsesss

PCT/ US2004/ 036595 igen r 56,.57)
i ol v Siedigp oS58 fHe; sbaiotiBt vuiseh ey would be

gﬁgcftg& L%dwh Enet u’ﬁﬁes% Reelf. 2 b€ %fe%v%bjservécpthat ras/rapAA
ave o ras/ rapAA "al so augnents
alosS & ie@pcﬁiseé &Jaliudlm eqteptoss (wuppbibobsenlatiens)atihaddition, although

In addition, although we used R-SAT to denonstrate
wmesqqltmsm/‘ toplemnsiros 1SS FTIERR$a5ed MERFnBichhimeras could

sgn_*a? ug% %%og?jﬁa f@ﬂst Qn(i oﬁliér &Q%mnﬂf%g tﬂﬁt 1vgl%nl%8 1o actlvatmn of

rvate rap, t°o activation o

eSS Rt RuctsaS fmSive €o tR-dotiSated sigualitetsdiclion |cascades
transduction cascades. [0032] Besides redirecting

het er[0832leouBesidpureditcoting hefamgerross Snpie fu e, hogeogepequs output, we

LIASEESL S, L0 TR e GRAT PR B, 69590 i o e
" ﬁ&ﬂiﬂay hssayC! ’Pl%?a&%ﬁﬁyl E?dﬁée)geﬁ@ifarﬂiﬁy Ak oF afttr ebﬂfe@a@s% these proteins

ese proteins rat han the heterotrineric
rﬁhpr titaniths helemitilmety Ifﬁ-pltod;exmearﬁah@lghlt i be maje limiting in amplification of

Ry “3%'93?% GEL CE@"S@PE vVt et et Rnlagst becauso

c%ﬂ'}ﬁén%zﬁgtg %G d dgtas-d%% 39?%8'\;9@%\% §5vedNfat ACT has

ry high intrinsic
REy I Mgl ymirﬁisai ia¢@vityo re]laheer to yo:thals eyelaky }spbspféd?)lﬁBsxsmnm unpublished

unpubl i shed observation). |ndeed, we obser edgg
dseratiphles singeedes WACPISCRIS] n’éﬁ% S SFHPTGHAN ol e?Hgmeﬂted ras/rap
c{e$> (?e{‘ﬂtc’ 3‘% CP%IF]](%%O H%lglﬁéﬂl ikt ﬁ]? LRR4S %Bltﬁ&h@f\@ﬁ[ 1t€@f ldid not enable

S1 gni i cant responses to

sIfBicdil @edpRheesab GRIERY. SThue el mieof adeyhib Icya:igse in enablmg functional
functional responses is nore as_an anplifier
IGeRANSesats YIOrS agliapf arlifior RS el v el i eraay rt]aﬂl that of the ras/rap

@%gﬁ%f@m@r H%Jt sg%{a?s {mcfhﬂl@ﬁ 1 aQ%ﬂaﬁl@ﬂgﬁg\%&%}& "adenylyl cyclase, we

ReRatfoRtd efat GERe Sgeﬁ@%aﬂeﬁefrﬁ:hﬁl Asiglin laatplidyip ifinydtivg. _For example the
function. For exanple the ras-related GIPase rac is

ragqelptedd GRPagk)- woup aaqiitede By oCs-eyplad FegeRiass c@l |stipgylate cellular

}gtpﬁ%eé%%z&'lai%ﬁauéﬁ% ave rtgh a<¥ glﬁito e(ile rpggés o%\r/ §£ q%cﬁ stés %%ents ras/rap
§&end@ifl rédpohded k@d&s@%bhﬂ(eﬁ @CER@MR@@T bﬂd bk wsad in conjunction

conjunction wth ras/rapAA and other genes as part of
withehsfmpAdens! abokgears as prrievlbhaperaisne codkigibto @ahle robust functional
res onsﬁ;E i‘,see Eigure 5). [0033] In conclusion, we

f {gr“é'Fé that chi neras based upon the

rmnong{dﬁg GT F}ﬁséﬁciﬁﬁgﬁa% aPe BhRASTAE Itﬂatcme%t b&8d upon the

with genes, enablfe robust pharmacol ogi cal

fmespmese G TRases ok dad vay, i a&ﬁnp cm‘m @PaRénationbatinetsu getksi enable robust
a honogeneous, single conf In the context
bhamﬁéoquisﬂv CERANEES @rﬁa?"ld&l ché é?&rgs 1o PREteaiuEd it pigmogeneous,

gggl\éecﬁhﬁ%én St € ?Oﬁtgi(tmﬂﬁ]e Rhg 0 %BPQQJ%&&% Hi@¥format described

Whrests Udlyll ebited phafgh%ﬁﬂgh;ggaé?icﬂibﬂshbr phj’ %@t@ei’fesuperfmly and is
idd%eslﬁjr/ st?i?éjd !tontlfehsltﬁdy of orphan GPCRs. Based on the principles described in this
paper, it should be possible to configure R-SAT for 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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paper, it should be possible to configure R SAT for a

much wi der array of gene famlies than previously

appreci ated. Al though preferred enbodi nents utilize
0§25 €chnol ogy, other assay formats besi d®ETRISSMH/036595

can be used to practicg the disglosed invention. -12

WO 2005/ 042574 PCT/ US2 & ri mental Methods

ggogﬁ@&ﬁe I c Ub&l‘f‘ B NIRB &l Swéﬁ@ 'irﬁ:u?ﬁ‘t%& BA8PECah 2 humidified

Ina humdified atnosphere (5% CO
atiboshenc (5% ©OY) in Bxilteacy'e snodithidu rglap pheelumntﬁﬂplmﬂehted with 4500

m%fiﬁ Repre it gbiaing. & PEpEREI CasBL/) Shetomyeingéh B.L) and

1 G5 P lvis 8 @ai hOoM

@I %Jl oC emgl%%??emclgnst ruct SS Aﬂ@?)g%%%% ors used in
t he [0838Ipl es bEbow s eAll lreseptbrs wsédin mlwﬁﬁm%mlv&r& cloned
reaction using pfu_ Turbo and the fol]low ng prine

usEig Rodymeyagssghain T%WPH mane pliafpreAtand ﬁ%@allﬁ@%mﬂmeaﬁm& A Pstl —

I&}agmerﬁ) ggﬁs@ﬁéﬁc&uﬂ%ﬂ%ﬁ%&%&%ﬁ%? lég Ofl I %%“}? (;ngh a Xho I-Pst I
PR gabednt enckiping aml?{b @kideli1giBéods (p‘ﬁl W@Egd’iﬁ to Kﬁﬁ[ Xhol digested

resulting ras-raplB fragnment was then excised wth
pﬁtwpnpt he resylippgl svaap it tpgpent (\WSoH@gayxcl@xlc stbdKpnl - Notl,
Not I.,. and

sup BBt Pehbrlfobian o T NAR I Pl p BT Subctoned into pst

(Prodicphapd Amidd a0id3eSerU3TNaGmiNSer €20 Gdéé?rB aﬁﬁﬁatémtt@%%ssusmg the
Kit (Stratagene) to create the construct used in these

thcltcmw mmageneeisdwefsgtm@gen@ éq gesatethe ephdtivsti nseidanlydsy studies. All

GRS B BB T e R 058 . cnerons

gifber BetP. an@nd Anplificati on Technol ogy (R- SATTI\/p
assays were perfornmed as follows: Cells were pl ated
one [6@36] bef orféntctiamdf ectien usRﬂ@apa)ﬂOSelecﬂidns amad ZQmphﬁcatlon

f [ 15 cm pl ate, 2x lls in2 mM of
Tefmataen BB ) (A e G 38 160YYS | GEif: Berm Bgjed one day
befRéd trﬁnd?@d’ho\‘ﬁfs gofx 18% 98t é:\’iﬁ bb o (ﬁtlﬁem? g@:’t 1$¢ dﬁgﬁﬁe 2x10° cells in 2 ml

transiently transfected using Super
ofammlm pérrgwish 1.’ﬂdrte, oveh it B teaHe s 0. 1i mb bf methaqﬁs veesd) mfga 96-well plate.
/vveII ceptor DNA per well of a 96-wel |

C‘%P A’%eée TQ’@SI%WWQ“IS ecteg s pgr> Rt R (Qiageny @?%tﬂmg Ael Erymgpufacturers
ms?%rgﬁlﬁeus]}){ %g\ytéq' @%ItéﬁeijAP r @e]? %If ACER. weﬁgﬁﬁe, 20 ngfwell

onega proporti ona

radiep schiraerab2 g@Weﬂi adaedylr egpeetliypely,. andOpe n@ﬂyellibSEB-galactomdase
transfection nedi a was chan%hg and cells were conbi ned

(Pramegey Magdias W) and erpetimatehe mose) ofless fQDAbtgﬁﬁdeh@ respectively.

Or&y(]ﬂ{)hﬁttérctra% Ee{1%4 K& héﬂi’ag%? a%gocrelll %?rerielco 61}6% \giﬂ& rHga:nds in

ser um

DMEM eapplehdeficdeneth L%y worﬂ}zaedsyﬁmen@l dugpRiedt | (Rethp! M@boratories)
wells of a 96-well plate (100 ul/well) or frozen in

mSéﬁraadq%t?%lf SEIHm ﬁ@tauﬁéalu*sféwaﬁd)ﬁ%@huy% eqeni pyem plates celis were
PRI M A s SRS BRI Do R s
forPfuir® Sise Ahd BlenfubSeiiamsy dnbilbd Wi ligands as described above. One 15-
cm2 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-galactopyranoside 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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B- gal act osi dase | evel s were neasured essentially as
described (35). The nedia were aspirated fromthe

wells and the cells rinsed with phosphate buffer )
W°§%ﬂ°f"rﬂ%‘”t PBS) pH=7 4. 2oo ul of PBS with 3. 5"%(/592““4’036395

o- ni t rophenyl - al a ranosi de 0. 5% no | det
atroam te@@é‘taﬁlf?ﬂ r% 1’.8 i w%)re%azmggd% 0%1 & gtgﬁeader (Bio-Tek

E%%)/ %@%%B%%{ﬁéégb " /19(% 'h% Pg%um@?{é%es;%? jﬁrﬂegys were fit to the

e@{atugfl 3 hr the plates were read at 420 nmon a
pl at e-reader (Bio-Tek EL 310 ar, Mol e9u| ar Devi ces).
Dose response data f Aok $AT RYdydx0&Pe fit to the

R Rt AL 1 5602 A 2T - o 5 -

coceRRASR oXligand! ?W‘E@H& [ANIP QiRsayt Werg paddrmddyding tidvBiotrak assay kit
assays were pertforned using the Bigtrak assay kit

(mmhahaa@coabn@tqjﬁhngnmﬁmemﬂwewﬁ ers

t 00371 PI (=]
: Egsfqlljlgilll ?&3{;’% Rover ézg%cg;y ort dg"rf ?ri@eéi ol 123%?815?%1&{ g%grs were carried
oﬁte* | sa(@nt r(;?Fl%:{xs%ﬂﬁ?éﬂi HEK Z%célﬁhﬂleﬂ iBveafly, BA efllywelesAated one day

svverep ed one _day before transfection using
bfoRx G fetioh :ising 102x0 0 icklloin O‘rbdlla?f,mqula/\mﬂwqﬁ ofa 96-well plate. Cells

96- wel | plate Cells ,were transi entl%transfecte

weges EFRRy AR ol i floseribeg AhORE IEDE e HrpiE pCipw el of a 96-well
\/\gr o % BO‘]BJ 2;& tx%%‘afﬁéﬁﬁns ROkt MAae! BBk Nfor t fﬁl @@'clu&ure medium

In cu ture medi um (0. 1m/
(6.9ni/aeN) YNtk ¢ PCYnlnyOmya- [2£H] iinesitol dR1 t@ﬁmmdlnﬁmhn -Elmer Life

Perki n-El ner Life Sciences, Bosto
ShéesceoRoviet, MAY. s BESHT Y B FRATR ap e il Faie belanced sal

1 CliS WEIe
Sgﬁ[&%%l gr} G %&geﬁmr e ?ﬁ%?ﬁaﬁgﬂx/@ﬁ The cell

thérﬂﬁ@ﬁiﬁitéd)ﬁmﬁ Bigtuidsafor A3&in dE7°Ce dltticirem:tivasvast sopyred using 150ul/well
using 150ul /well ice-cold 20mM formc

iGepald 2014 fomie @@lah Spmuqm@fsqotaé[ Pyﬁagﬁwipggsnka?s was carried out by

o e b RO SRR oty st spensin
fA69 ks)ﬁ%sme@zloo z(oaolemémq?dmaﬁ, £ rmwmﬂp Hmlﬁeso@a)d Total [’H}-

Her cul es, Tot al Iﬁ i nosi t ol ﬁ( hat es wer
inosjtot eldmnhai@ () Mnntter Ry pSs &580 1 MuliPanass Sohtlion Counter

Becknma ul Full.erton, CA). [0038] Intracellular
éf; Qﬂ}g? sé‘ﬁgfh '3 were plated one day before
tr anf[g@fst\xeonfﬁ%é&%z’w«kﬁézw HABP hissdly: OHBKEBawperplwelilone day before

of a pl at e s were transiently
ﬁmfmfmmmgamwéanrﬁ) b exap] aatﬁanedlwpten well gf 2061pll plate. Cells were

receptor per wel | ate,. At 18-

CBSIePy AGT BEES A JoToRE Rl (WP, Bl RRCE s wel of a 96-well
b/ a8l the 8#11 bated

]gl%lﬁ% 4 g% tﬂ@%}@fgc‘u %ﬂ?&%‘%&%ﬁé ¢ 8élls were incubate

é\@mgm maitlel P0Gl AWl hofir 3.0postyto st bt fetal, smm/a,.% PSG/DMEM.

was replaced with serumfree, DVEM 0,.1% BSA co
Opaswwmateyxdf-dt BoHF nPysh pRsiEchon: yroedifhn Was oIgR (l-}ve ‘gﬁ serum-frec

DMEM/0.1% BSA containing 0.45mM IBMX for 30min (0.1ml/well), then ligands were
added for an additional 15 min. The reactions were stopped by exchanging the buffer with
200ul/well of diluted }ysis 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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added for an additional 15 mn. The reactions were
st opped by exchanging the buffer with 200ul/well of
diluted Iysis reagent B (Amersham) and agitating the

WO O50&E57 or 10 nin. The assay plates were ei PREAUS2004/036595
stored at -80C or processed i medjately using the cAWP
enzynme irmunoassay (EI A) m&t (Amersham

Ph Bi h E d .
acggﬂgbﬁhg I eC ﬁ%‘%r Sl ths %(ﬁg{raﬁl%l Ry operation of a
ropBHeY Gderh%nl %ﬁi@gﬂ@ﬂél@é}@ﬁﬂﬁﬂa e r@prisel @9 3R SeEfI!iBn%e fused to rap

exanpl e descri bes and validates the construction and
seopenc®t i on of a reporter chinera and a nutant reporter

e quiiiRer ™ F OBkoR EEFaf medRleSTRHARRE GredtS B fig PR gmd i linked
GPURU 379 Mr§0ras @T?‘B&Qs @tuﬂu’laﬂg %lluﬁ%iﬁlz& ﬁﬁ%t @@1@ types, thus in

ras GTPasés stinulate cellular growh in nost cel
pmxycppﬂs rastras chimerpy Mrmcnlpt@pomdaw rapp gt sy svhikh mimdmte ras outputs

B e el S B R Sf SRR | B e o s
0@5@8}&1&6 @ﬁ%ﬁ{‘mg’ﬂrg uaglﬁfawoa&ygﬂwas sﬁcﬁﬁ?{fﬁt L&t Wndrds between ras

reviously it was t certarn

amhiapeeamedahyvelgifity a»suamftdm NTHTB a¢live@3), vt abitat ‘smdy @nly GTPase
transform NI H3T3 cells (33) in that study onl

debrment dderemilstedanptaplior € weed éleras only H effapkor dupedions. but nonc of the
retiggﬁf’qrgnilu}{cé g c‘iaff {hggé %%Jrrﬁét‘ﬂ%g WCpé’]%BﬁRé& r]‘ﬂ”%r@e%w%‘u‘? eruh those earlier

tor unctions se chrnmeras we

ﬁhdi‘ingg neeiRmd tht Bxgrbeid eftlel @TPadel inthanes mwent e (derived from
" that expression of the GIPase inpaired nutant forms
viggdaes,véarotedoyn) fi vag D‘r' ésChI@@FPob@WG@D yapfand geplyrsiepngly stimulated

oS B R hsr R (B VAR R Gl R B,y pudetemine it

néH-GTPake (ripHaen Qa@ cﬂﬁeﬁgtc@mm Afnilkte RADREESHR, we constructed a
i mpaired ras/rap chinmeras could stinulate cellul ar

segle@wf hhzm@asc@mgnmlgg tagdna acide 1 i68sofgfrag hvitheamamo acids 61-184 of raplB

i 50t SBte 35 WIS oReatin oF of npdwlPh dtistcy PKA (Ser179
aﬂd" 8R0S 8RS YE), Sidre MhtaRRORPRBAMER IR Eﬁr? |1%11(13&f Exfptessed these

and Seri80, sée 36), were nutated to al ani nées
cliimgrasewitl) emming;@fa:k(ps dsewd to laeBeate ciy. rTBDﬁBERAﬂwand C3G which are

T; e Peacaﬁq &5 %%rf%gtggso yg\@yutg%% ;(&t Ist\éfg%}%g%én ]Rag}\g' rveh Pé?‘lcco -expressed with

lefsﬁlﬁi:ﬁe I as%bgﬁpé‘é'ﬁ?%%?a&?? gur A% %ﬁ%%@gﬁﬁ%@ﬁ&&%%ﬁ to the ras/rap

cliingnisf éxpadiked elopeonné awdy nodalestr sespbitses tifeee phsfvapto either exchange -
chi meras expressed al one and only npdest responses

fagior exprssesd\alons o 1gjaddiione KERLn gehich a%%félrvat@si&we%@é&cond messenger

C};%glgom(\]{ﬂ:’ nglg?ebﬂger '?%1)1/15% Cﬁrr&%h% 2%/ %—19:3?% {f% ﬂ@/lap—dependent

reSpdritid abe Higdnye ADBindidNRg ttiat lregdﬂmryrmﬁbamﬁe pﬁaaaerea at least 2 steps
responses (see Figure 2D) indicating that regulatory
um’g‘tiwmo Iy eeg/rapr @sByaiion. at Thisasthese gedpp chiperase a*»tnnulate cellular

m ras/ra ctivation. Thus, these ras/rap chineras
bR B R RS

{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 mduced 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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proliferation in a regul ated manner. [0041] To assess
the specificity of these interactions, the growh

pronoting effects of the ras-selective exch .
WORYE8?5760s2 (37) and the rap-sel ective exchaZ:Fg(g[e‘rﬂ8’2004‘“]3639’3

factors descri bed above were tested with ras/rapAA or
detesnindats SoroWEE sperifighy 8rQ E;ntgpg%mawa t%% @‘ﬁeﬁéﬁ’ég gortions of ras and

significant response I - it d
o SR RO BTSRRI E SR by 8 ent sy
sIRi¥ie WAL E QuiRTE M Bstr @fticall forsguanhe medgetide exchange factor

-15 %‘D 2005/ 042574 PCT/ US2004/ 036595 determ nant%éf or _,
rd@BEnisipe of fascintlyam (38) c neetherdhiess Tenliy infigate that thg ygrap chimeras are

ortions, of ras. and .ra arting fro e ' I
a lég‘iolofﬁcg”l"ﬁe%’@" ’ésﬂgf‘agmgfié’p@%n%f@t gnﬁaijw%ﬁatr%ﬁgghe%{bn bathway, and
trahii¥e sighgm'rgmgﬁ@&hat BEns¥fint 61sIWith SIgHiDIR cfffcabPed ras.
or’ gu

critica ni ne nucl eoti de exchange factor
recognition of ras and rap E@&upleZoget her these

|tr gs;ﬂé‘t&é‘ 2:}(lr;dls %g% ie‘:-F‘tP Ié]l%iq heql{sﬁgge% ﬁlgqjﬁrglii%?f Iﬁ%gf.%?rcgigggs?%ﬁagpg pathways
R RS PR PR BN ferdY sichhRIUSMAARYSr GBRds NG OUT put s

anstormc S wth simlar "efficacy to ras.

Examb@s® [ 0042 b maexGPORe aamptisite aspwettbged whethey or not non-
of redirecting signal i{]agq pat hways. from y him A
trapsfoprioigi GRERs powld smpledn sellsfasprejifetigh frougythggasirap chimeras. As

el per gene 0043] .G Men : : : es
shivh B adERE 3 Aan S8 8 (RS IR Db Ric @beptor, which simula

p%(ﬁ.‘%ﬁ?ﬂrb'@ RPc1fPARIPC Qul dthet Gindbasled CSHT LE aserotonergic receptor which
proliferation through the ras/rap chimeras. As shown i

selecvely ceudes parthsgBioxim eeneive @ﬁI@WBF%W%@r@P&CG IeSponSes

ETIOETEI R R T S
raﬁl'a??&tji Vbt %gb‘lﬁllste&%g@ﬁdehﬂ fkhSnde®efe 5BSvdd MER-SAT. Consistently we
Y

ot €ins were unable to produce responses in R-SAT
dtlseved Havwewsponshe nwetee dégheanto ribeeprsiepAferenstruct indicating  that

EREETE T e —
?qgﬂ%/kai)t (%ﬁtx&&rf NECRAS¥EE: LHRLssIRASHORERS D26 Pu@heig alone vs. 2.4

ras/ra construct indicating that .
heisnb on Yhepressncbyf PitAaplas SHRHE €54 amyol/ng glond vBi haipapl/mg in the
studi es showed that expressi.Q of,.ras/r di.d not
RCEACE (0 gﬁﬁfray)-af?fé&?t%ﬁag LT, ctiapq Wé‘?ﬁﬁa“t’i Tgsponses were most

ﬁg‘gfagep Iagﬂg%t\@jlcg?r?s%agggﬁngﬁ@bécﬁuém Iﬂ)tfé%@ﬁﬁgn gfr‘rtélle/rfr:%eptors. |

/g al one vs.” 1.
in the presence of ras/rapExambples3 D and 5HT1E

nedi at ed {)r oliferative responses were mnét i kel ﬁ dL@.
t o aclaogdl i onl'tas examayle g@nglhqgrapﬁétsogjg@ga@g ggceptors utflize Gi.

up-regil@r i onp o e RS - Sroteind O Medlding responses to
exarrpﬁgmgtm)n 1 P‘é&héage %%engﬁéeﬁgﬁlggé?ggg {ors: ut ?%el Za'gin% ‘ P )

gl - anCYfPIE, TeneMabrlif@atiditwho btandhein fiinprbsence of pertussis toxin. As

proteins in nediating responses to

shown in Figure 4A, pertussis toxin completely blocked ras/rap dependent responses to
SHTIE confirming that these responses were transduced through Gi-family G-proteins. In
contrast, pertussis toxin did not block, and slightly increased ras/rap dependent responses {0
D1 confirming that D1 mediates stimulatory responses through pertussis msensitive G-

proteins. Similar results were obtained with other Gi-linked receptors (Figure 4B).
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DI and S5HT1E, cellular proliferation was exam ned in
the presence of pertussis toxin. As shown in Figure

pertu55|s toxin conpletely bl ocked ras/rap
woagb responses to 5HTLE confirming t hatPGIHERR04/036595

responses vvere transduced through G-famly
G proteins. contrast, r@ﬂlﬁ%ﬁs toxin did not

?legg@?‘@gdt hl%ht %ﬂ?%%%ﬁgi?%ﬁ [BISQ gﬁgﬁﬂﬂﬁ? thelper construct and a

nﬁiﬁ@ﬁf&}jeﬁj‘ey efgponses through pertussis insensitive G
proteins. Sl mlar results were obtained with other
G - | (&Y r e¥epexs wikhgurte 48pming sdoBco40tbFn) signal transduction

PCT/ USs2004/ 036595 EX | 4 [ 004 Thi
CRFEL ALt o g el bty rp S HBfel piglase (AC2) can
bél %Qm?atedTb&‘th &fS 44l 1&%{1 g&ﬁﬁﬁ%‘ubm%@ea% ’Gou%%“%?d fhus could

to determ ne et her other si gnal transductl on

potenflyeniptn o (Bsohnalu@mumtmlsfas/a@ dmn:ﬁndﬁ ctigiey. | wStsjnown in Figure
Type Il adenyl cycl ase (AC2) can . activated

bot h
58y teals sme et @faﬁrﬁgnsﬁp@uﬂy RCTRaspd ae@nthsyad@mn( gfofype 1l adenylyl

and t uI I n
oL a0 ScuPRLE L RRUBTNG R a2 (e
5B). gWoQ;ev@Amlﬂd@Q‘ayﬁﬁ)M SRCHAtsBIf M@ Bobiil ?ﬁﬁh&@néﬂa}ﬂe Gi- or Gs-linked
increased with the addition of Type I adenyl

ragyptbms ghough i ﬁ]draugmen(;tas/rau derended rpg@psﬂss@‘gmg 5C-SE). Therefore,

i nked rece S ure ., .Hoywever .
PR RO B pAZe P A S Tl B fphstections and
hERRI It Mool bEeBGred 16 @8 PhdPt gehoUgh it did

augnent ras/rap dependent r esponses (Fi gure 5C-5E).
Ther gi0dB8E, BoidesuASHwenobstruel dlsgt dmtrbnsfmbnaqn’AAthancgenes with

were inclyded in_the, transfections and ceforth
f\kﬁ?ﬂ%cﬂw&e@éﬁw@eﬂ@a@m é%rp%seaéo THEPIRE Ftn@@ n. BarkCT is the

cir?gxﬁﬁ% el qﬁ ofefd bf b\éﬁi fHE q‘ect,eﬁg}l lﬁgas%r(ﬁ'ném '29%lly binds to

er gene wth ras rap nted ras/r

Gﬂieqaeg‘adem stulaspoNnsas tiieﬁefomc:xahibmts teta-gmhmhldapencﬁﬁr kigdali (8ansduction
car box)?; term nal fragnment of beta-adrener gl c

P?@Wéqfﬁ Gee RPhale WereaRielo plamyihy); Bk (T gnhibye baiacgsmea stimulated

Céﬂﬁﬁg:il&ﬁmé%@ uatg?ﬁ % %%Q%mys%s gs%g)s%{}ggew e %gﬁlma subunits

(Figueen 8F).r nHoWater Be-kfpedsivhi bf BaurlbeT awigla miFaphiAnabghested agonist-
cellular proliferation as did Transducin, another

drreadent sesnanerefo &1 Bed MG riRigwubie and SPBi gthougls mp-cxpression of

r co ressi on of BarkCT with ras/rapAA
Bgﬁ(gﬁ:%?%%wégﬁ@mgependent responses to D1 and MA4
(Fi gpioaspG andrakdisal rdxoudmied GrTEaRs @Fﬁﬁ'1§We%red8ﬁfrk@FCR-medlated
alone with D1 did not. [0049] Rac is a ras-related

si@iFaten tdfatellntar rmthera;wnfmr CR3 netls dB8H At ishowatinoBigure 5H,

of cellular prolif.erati H3T3 ll.s 2 As . .
CHBRRCTIEICSre BHE TR BxBreoe A TERriy Salied agonist
gﬁﬂd&ﬁ%s{ RAA 15 A Hélﬁ@lﬁilaﬁngfﬂ?alt b@ér@?p@&%ﬂ §ftend0genously expressed
end en responses to MC4 denonstrating that
gmeerchpoesstm sxgﬁalettdog&nox&byoﬁxknseﬁmemonageasw This result also

[ roves the sj to noi.se ratio of this functional
dgggrés;ra iegihe qtli@& cQrexgressing a rr}ixture of ‘helper genes’ to %nprove 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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denonstrates the utility of co-expressing a m xture of
“hel per genes' to inprove assay performance. Exanpl e

5 [0050] This exanple denonstrates the gener i .
WOaPJS{‘H%P escri bed nethods for enabling assay?(jsz{JéZ&Iﬂ%S%

and G -1inked GPCRs, WD 20Q5/042574 PCT/US2004/ 036595
[ 00518051 gehersgnerabze Hiese %Fﬂlﬁa?’ Hg&ﬂieg(u{ﬂ s a@i@@g ,0? feceptors that
el_of r Xy o) I 1
SRR Sl BB, Pt pRRESANELAR AR S sy e vty
prdticafuhdtional fespdiiseslue R-Suaceitiondh the ppeseaes of thalAfice of helper

either in the presence or the absence of hel per i
egessesAs showahpiigune 64, guraacor, GRCRa peuplest todparbeti psiranereic, SHT7

SO R D ESTAHPLEY 04 40 B Ans R PRl IS ¢ g rsponse in
tﬁpaﬁs%ﬁ%o@isged. tt:i‘ oehBELALRARGA 18budiebHRhsAaNeBe Eﬂatsence of helper genes.

I nduced ro responses in the préesence of hel per
Sieiledy, a Siop |odrbyepicas gnown tofconple PILOsenskinayocti dG-proteins (alpha2C
coupl e PTX-sensjtive, Gai G proteins

| pha2C . _
BT, 74 oD Sty T NSRRI 400 14 Mo Pofp gostafigy see Figure 6B)

SST t Qst atqi.0, Fi ) 1 g . :
TV DA B0 RESEH SERoPlcalBES hIESAL, FBeri e prosence
Rt sehdt MR- PIRERNCCIR gbhd. ARSRRGRe Glis-coupled receptors, all of the
co-transfected hel per genes. As for the Gas-coupl ed

Gecapipled readptors prddneed Ghiust wsppiseslin tegpessnes pubukidbe absence of
robust responses in the .presence but not t hte zigse ce focted
BeIPer Endser TR SETe PAEHENTEATE TFRPORIG P MY ARTIS JgAR OB sntransfecte

#qg&l' . ransf ected cells or cells
(%frff? @p{erﬂtgﬁg ec lg%g%ﬁ?%ﬂﬂ%#%l’g%gehes. Exanpl e 6 [ 0052]
Thi s exanpl e denonstrates thetmplbé descri bed assay of
GPCR function does not preclude nmeasuring respons

S )
to r dé8RRlor s Thisaexagp!n demprsigiss dhitelbp dlegcrined 553y of GPCR function

esi des and G.-|i C hd el
RS i PoP e UG BB g e LS e
receqessy UsBegdéhEs sanETiAGHKeY rE@pims, it pauld beldasitaple to be able to
when the coupling preferences of the GPCR being

aseayt @q and 6312AKnbwlked Teceptors vgtgthe seappesay formmes pyiselarly when the

to and. G12/13_.1J n ecept ar an_ he. neasur.ed

PR B B O T ST BoBute Anr ety dRKBF T dEcampiyn receptor.
TRspbiRedSto (HSInYe G19ABe dinkbe iR pieE B HeOn@4Rire8 Swiflout needing
of "ras/rapAA and ACI|l significantly altered the )
o lvgos ogiassion of spmnsey prajeinechpt we destadayhethercondrd @p-cxpression

%&%&eﬂ?A%ﬁ% X%grtegigﬁé T IEF g&llmalulcgoﬁogl&es to receptors that
aff?kﬁzs%ecﬁsdoﬁﬁle%n%féﬁh RET2/98 PRsteidlt dudiPhs 811994, AgMdiby H1, CCKa and
alte t he phar I h

r col ogi cal "responses to these ,
FARZ ptAor showhhinsFighreoaGh co-erprasseornd{ hélperngdnpe didypotesgnificantly alter

descri bed above, one can configure si. ngl ssa
the pharmaceiegisel ISERONERT 19 theserorspltzs. THus f&mqi%ﬁéﬁ? 439 9f the helper genes
L roh ; _ . g
cge?%rﬂ%ﬁ Ja‘é&%so%gaé@fdgéu}% Wi 1P GEda) BBm A L BhipAHibIR W8l most GPCRs, a
particularly desirable property for the functional evaluation 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 Fignre 10, the

ECsps for cyclic AMP production by receptors known to couple Gos were in good
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[0054] This exanple conpares results to data from
ot her functional assays. [0055] W then conpared the

I8 phar macol ogi cal responses determ ned in _
wo -%ﬁ th data derived from second messengef CA8€%4 ng&ﬁ*>

As shown_ jn Figure 10, the clic AW
aggeemER Vih thy Horopbiaingd CRRSAD cgo&[«}e%ty B5Ea5e 7 PPency in R-SAT

oo 12 oAV AAR o S R S R o AR ptons indicating

tHAOREPAY vy Rehh mogo spRited than eytic |Mhﬁeaammtszxas;kemse, for the
observed for nost of the tested receptaors indicatin

Goth apupledageentess syalgried 911% WS g@ﬁémprr@létlplh datvwesgel the $ obtained

S UL (e a0 B0 e 3 i SR AERATRG ey e tigma

&ERlles a0BH2119A 3-dohy I@d%@éga@@w&sl Bty gﬁ@ﬁﬁaamspm tidyl inositol
pt he %C%O g obtalnedgln R- SAT Flngllff the |igand QM11y 1RosHo

hpbrobysisi asayst cagparGl 2¢ JIGSMU piteat wishept mtéowteh@pmegme;z Thus the
he s hosp t|d I nosi t ol drol ysi s .assa
PRASTRRTR8Y 1 BPRIGAT cBER P gEP RIS BEkiive of the
e
RN r‘éﬁs’%g‘f]eggﬁp‘f@ﬂ%?e?ﬁﬁ%‘?’ R Gas ,

observed for commonl y used Bxecphdl® nessenger assays
Exa [ 0056] This exanpl e denonstrates the ge

al
util Qf&?ﬁbf t Hus geaeplr slsmonsiiaes the gengipk wilky |0£ﬂ@%descnbed invention

Wl R 3Eec L EPEREOGT B AP0 0lo AR Bk IRR BEntE) Dor
genep005g] erbbhisegs thet geicrad mtlmy of tepti géraals foe pIERSdetection of

|n a honngeneous f or mat arge array of GPCRs
o) ASPOATPS @8 2 b @Ogew%ﬁanxﬁzﬁ imzee rame of GPCRs anspeipassing Gs,

§§<§add§5&§? Tl b oRS e 18 LR RRA R uitRg Bechdpyr sone assay

forRla€EebcAbed Ao d TheRCREEASS utiding sin@N $nolédfes ﬁf)idi% aéeptldes and ions
ligands, and are classified as fanmly A B and

type
fapmeRsal e sod viecblasidied ag(f%ldf A, eandes thare GBG&SI EW ts Observed that

iate ent f t|on es ses

o sfeteSietdefpiug WarP RYET) nietfe PR pGRAR] EfRy e dith o signal
toARIYrali6 b Bt 1e4ke 3 %Mbﬁﬂl/gaﬁsma ¥ Stthal 8l Abdd aboV(see Table 1).

2005/ 042574 PCT/ US2004/ 036595 Table 1. C-pro Receptor

Fol d pEC50 G pro Receptor Fold pEC50 G pro Receptor

Fol d pEC59 G 5ht 1A6. 97. 4Gg5ht 2A3. 19. 1Gs5HT4A3. 36. 0

G 5ht | B2. 58. 8Gg5ht 2B3. 06. 4Gs5ht 62.6 .5. 4

G 5ht 1D1. 510. 7CGgal phal a/ C5. 16. 8Gs5ht 7A4. 59. 8

G 5ht 1E4. 37. 7Ggal phal b5. 16. 9GsA2a6. 98. 3
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G 5ht | F4. 08. 0GgATI 1. 98. 8GsA2b5. 18. 1
G Al 5.57. 8GqBK112. 75. 9Gsbet al 7. 55. 7
G A33. 37. 5GqBK24. 36. 3Gsbet a24. 28, 6 ]
WO 2)u5(0 ﬁ?&ﬁa?G?)? 6GqCasR wt 7. 02. 3Gsbet a34. 56. 9 TCT/US2004/036595
G al pha2b8. 66. 8GgCCKall. 09. 6GsCal ci t oni n4. 69. 8
G al pha206. 77. 4GqCCKb30. 18. 6GSCRF16. 74. 4
G CBL7. 37. 8GJETA9. 311. 9GsD 6. 87. 5
Table1. G CH11-12.86. 9GGETB14. 810. 3GsD54. 57. 4
G CHL1-57. 35. 8GqFP10. 78. 7GsDP2. 311. 4
G CX3CR12. 510. ZGqGHSRIAZ 17. 7TGsEP23. 28. 7

G‘ re Re‘:G ok - %‘Pﬁ&ﬁ%ﬁ?’gs %?ld pECs; G-pro Receptor Fold pECs,
Shtldy Epg--Dég g7/ ‘b 2 Gsd uEhgons. 39. SHT4A 33 6.0
Shtlf ABAb3S87. 81 |v51 q7 Etﬁ P3.27. 7 %4 % 5hi6 26 . 54

Gi Shilf 132, 4351GdRR12. 574 7 &8I

6.8 Gs  Shi7A 4.5 9.8

Gi Shﬂé H41. 6?396(:] "-f<23 5 qg 3 G 9 . Gs Ala 6.9 8.3
. k23, S ppa
Gi shtifni oi d3487. SEHNK33U87 A4e 0.5, o ol s o

Gi Al g \p4, 1é58(3qR114G@)4
Gi A3 G w7983 8GqPAR212 Gy
Gi alphegavr. | 3797 26 PARAGY8
Gi  alphe\TT. 23677, 9F

Gs beta2 4.2 8.6
Gs beta3 4.5 6.9
Gs  Caleitonin - 4.6 9.8

gf alphgd¢ o d26d7. 'efo ur ot 8Rs _ %q 3](;I;F1 g‘; :'g
i CBY NPFF2B8. 65/-2GqVi A8. : o is 7
G cHE-pyi2. 9. 5EVI1B9 49, otalg28gs 2'3 -
i CHB-Rpys52 7é7 & ORLE96. . : ‘- ;
Gi CX&]@ST , Gg . Gg EP2 8.7
Pt 2 hown _ar rece@j OE t est egf
1 D2 d th : c}. .3 3 8.6
Gi p3ang tne G Sl phold 55 7
: - espons or f eat e 3T : 7% :
Gi EI;E%D US2 %4/ 0 A 595 a ; ué:agon 33 9.6
Gi G : %1( Vs ) egé‘ 32 77
Gi H3 nstrates,the “%% Gl oseg methodgp for 74 qp
Gi H4 1.6 7.9 Gq . . Gs MC4 6.4 S8
Gi Kappaopioid 3.5 7.8 Gq Gs PAF 121 10.5
Gi M2 4.1 6.8 Ggq PARI Gs PTHIR 5.0 2.6
Gi M4 7.9 58 Gq PAR2 Gs  secretin 4.0 9.1
Gi MT-1 3.1 7.2 Gq PAR4 Gs V2 35 0 102
Gt MT-2 3.7 7.2 Gq TP Gs VIPI 2.2 10.2
Gi M opioid 29 7.2 Gq urotensin-II Gs VIP2 5.5 3.3
Gi  NPYF2B 8.6 5.2 Gg VIA Total: 26 24
Gi  NPY1 2.8 9.5 Gq VIB
Gi NPY2 3.1 9.0 Total:
Gi NPY5 2.6 7.2
Gi ORL-1 6.3 6.7
Gi  SST3 2.7 9.0 .
Gi SST-2 326 17 Shown are the number of receptors tested, and the number
Gi SS8T-5 23 6.8 that produced a 2.5-fold response or greater

Total: 34 32
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eval uating function of genes with unknown function.
[0059] G ven the absence of available ligands, it is
necessary to nmeasure constitutive responses to
WO iP5 Hal | y eval uate orphan GPCRs. Previ ous|RCTES2004/036595
showed that constitutive activity of &g-1inked GPCRs
coul d be induced by co-exprEsasiplg % he al pha subunit
genes described in

of é40, 41?};@' Usi ng t he hel per )

t hi gﬂlﬁ r, § exagAked deRapstiates Sroure off dbe plasclosed methods for
I t ' j : f Gs- d

RERalin bt L Ees SR HEBRECE®C, Dhans, GPRs

GPR6, [0659 CPRliverditlee tabsee fghvallabe! BhadisOhphamecdsteRSto measure
that couple Gs (42-44). DrrS, MgD and Mgx4 are part
@hstHRBY heasporisgh oy funetionadly eveliaiel gpplean GPoRanredoudy we showed that

B R R R0 P SRR ol P e e i
&b&Rs of G (@63ERSULRE th htlbédpRks BeIcEBEd Qﬁﬂﬁ]()gi:%%s&@ feasoned that it

functional characterization of these orphan we
shepldedsete passhblortp igtechronstititvg siesppnsefogieEsofnd Gi-linked orphans as

APIESELPRSRELS (Mo Bhons g L0 1RSI s ot
GPeRr! DRt OGRS GIRE2 lakkK eDPfB{’lbﬁQB, Qr.i(ﬁlpﬂr%ie[@ dredRReor zﬂ%l;/er highly related

dependent constitutive activity whether or not
familg of @rghaps dsewd agithdmhelife GR{ERheS). Hid daterlétle is known about the

@Eﬁ%@%ﬂ)r:q 'elirtiggg’? %}]ﬁ%}ﬁ% G%ﬁ{ﬂes 0e g%\é\gst t-?nﬁ %ﬂty of helper genes for the
@gﬁ%@%%ag#ﬁ@i%ggg %%ﬁ%ﬁi AICRROSP Eg%ﬁe%;h chPGphM at increasing

ere eacn rec

doearsdfitiantfievied plasinidneithéredord orti thvoptegence 6f fabRa8 & AICTI or Gag.
6, & 12, robust constitutive activity was only

GDRS’ h b . .
obserl0@ePli n AreshsiasinEiguse Mol Perihepenmgs-fikeliosphana glisplayed dose-

A TR -
P Rekd BRpdcibitAtoldsRAhen doeifibdscal N Gloy SRYBRIGRSy grimarily couple

whereas GPR6 was only weakly coupled.” I nthe presence
(adq. pdhisustseryatiox iwas donérrhel psng ghosphedbdgndesitol (PI) hydrolysis assays

response to GPR6 was significantly blunted whereas the
e Bfrfiﬂe@f:%orcsﬂn@mgﬁael@smla%%gﬁa@\tﬂry lafhegase@f GPR3, 6, & 12,

N A P L T IR0 R s i
th@sart ink@t GRERGdiNrayEd caupNRFagsayB).c Didebt meshurdhéht of cyclic AMP

predi ctions of signal iﬁg specificity based upon the
arewgtatgent eonfFmgdrtbat7GPR3 Bhd SGPR T4 sictrighn abuple Gos whereas GPR6 was

G SRS S BIRE T 8 P RS ol e Sigiain e Befper gone dependent
QAR t0TBPR6 S¥ARES FERAWSHINA iR rdlisSht RSB URANRS and GPR12

can be used to screen or candi date nol eCules w't

veart ihaidly affgeted sadieatingr GPR6 | canplee dapttgpe GARo2AAS(B4aR7AC). Direct

PCT/ US2004/ 036595 (#0062%9 To denmpnstrate_ the utility of

compgaspetHebRS rad Gy @ithe Bverike GRERS in gycie AMP dssays confirmed
1 . , tar

& BRAEELEdr b SpR5408 SRSE B PRSI R Pl 7). 1hus

fAfdtlonalBaleCkrizideh oBsEhBEGRECRS iafhablylase BB dirkiseids b@tlined in this
screen a
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.
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l'ibrary of 210,000 conpounds for agonist activity at
these receptors. Using these nethods we successfully
identified 8 conmpounds that were agonists at the beta2

WO PMIS@HIS3t ;. a representative plate with 2 hit SGIEUSHH6SS
in Figure 8. Also shown is an _exanple of profilin

one B062Zhe hi t Soalgaionstrate threwiility of prase matndsdes girq%migcovery, cells
wigy Rareyted wieh atp bftad Fefpronn Sty B9 3o B SB3Hu Beoeptor and o

mbdtuBl bf FRRSSAANA CRCBINICOTY 8¢, ifiebeaGaAIRAUIIS: WAS BB Yo screen a
apparent on cells expressing both the receptor and

litvetypef 2 Iei0dscoesamilh St agovise activityzat thest rgceptgs. s Bleimgithese methods
cell's expressin e receptor .alone, the helpers i
w1 BHieES Y o FEI P o5 B OB v 5 EHESth et B Deta2 receptor; o
' i iR Figtt B! 1A41Y s Bin cR8MPRIof profili
AR ES AF SIS Sl e Sl prorosing
ol bf dfe hine agsfisr@heesceptbe dulibppawtizs eoinpoong ovast &lsb a potent betal

herein by reference in_ their tir : [0064] 1.
GO HBEAGRB PV BBSH. Bdg Tr HG eSS uPuRes. In all cases the

B0 R EREHR0 Bl At o BR SERPIR st nd
héTpasttnesrasdcribbd abbve; avyactinity eas detig ind easooxprassinggha rsteptor alone,
sel ection process. J. Pharnacol. Toxicol. Meth. (

2000)
theelpers algre, of otB6Yecsptossuyees apd thy belpera, Theveskstlis demonstrate the

EFraser, .N,, Kni ght ,E, Sa | . ligan G Lee M Rees

u FWR?B}PEIIEFﬁ?eﬁ%S %ﬁ%@&ﬁ@f#‘%dgé%‘m-t activity at

potentially any G protein-Rgeiph&d receptor. Anal

Bi ochem 1997 Cct 1;252(1):115-26 [0067] 4. Sullivan E, .
Tuck§i068M Dallefithe raferances sitahbelowv qreairorparaicd diordye by reference in
Fl uoronetric I magi ng Pl ate Reader (FLIPR). Methods Mol
hETANtT8%9:  114: 125-33 [0068] 5. Porter RH, Benwel | KR

Lamb [gﬁg\ﬂ]@l CPl MGRmAAdnsD FlFnae®ehdme DEequil@fE OBnsortivm Initial

Shea M) Functional characterizati on of agonists
sajueneing abd aatysis ¢t huBahiERRomSNNREARMBOGIHT2C
receptors in CHO Ki .cell Br J Pharnmacol .1999. Sep; .
128( 180653 202 [ déwkﬂs.efl- sagRESPTetesH | Q) gfficacy” in i trug discovery
. 0 n t 1487987
SRS Epord  OERRAGS, Do SRR (R0OLIT 1
monol[eoes] s, B.el Stabkushehenns, Manshalli EsHensel N; ddnight E, Sautel M,
Met hods Enzynol . (1991) 195:22-28 WO 2005/ 042574 PC .
liszado4a3¥s Bses 80 ADplofumprearsnipssapitarequis adivityg pofentially any

J. S, n . [ |C ) Y1596
'Cﬁg?gﬂp i"ﬁgﬁg%ﬁ% v Oﬁogn%ﬁ%s%é}é%gﬁg-g%&g?gz sié ghal i ng
pat hygosy]  AnalguBiveehemuckéd BRE)DAE 6L.34225dren]e0 3 [C2:+] using the
Pot enza N., Gamnski GF., and Lener MR A nethod
Fhgrometric Imaging Plate Reader (FLIPR). Methods Mol Biol 1999; 114:125-33
[0068} 5. Porter RH, Benwell KR, Lamb H, Malcolm CS, Allen NH, Revell
DF, Adams DR, Sheardown MJ Functional characterization of agonists at recombinant
human 5-HT2A, 5-HT2B and 5-HT2C receptors in CHO-K1 cells. Br J Pharmacol 1999
Sep; 128(1):13-20
[0069] 6. Salomon Y. Cellular responsiveness to hormones and

neurotransmitiers: 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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eval uating the effects of |igands upon Gs

protei n-coupl ed receptors using a reconbi nant

mel_anophor e- based bi oassay. Anal Bi ochem (1992) o
WO 38042534 22 [ 0072] 9. Brauner-GCsborne H., an§CEBrURANP4/036595

M R Pharmacol ogy of nuscarinic acetylcholine

recdpod] suBt yPem Wi Shislls Th-ghtork Poulhpud Case BB i/ colorimetric
manml i an cel.ls. Eur . J Pharpacol . 96 5:93- ,
csFOOTRY TOCOSBURT PSR Baller - BibotHe P Idp o AT pathways.
m}'ﬁggig@fgﬂi(fpg?;ﬁgzﬁg@glm_ MR I nteractions of nuscarinic
i t

receptors wt e heterotrinmeric G proteins Gy and
GL2:[0071]ans duc Pbenz:o M. o Grimemakii GéF.s aghdlesner MR, A method for

Neur ochem (1997} 68; 525- 33. LOO.74 111. Conkl i n BR, )
evelpating the effeds pé igpnds JEpp,SS BIOWEBIFOHR effzeceptors usimg' a recombinant

ARy r ' c gt £ies r ecept or
b L e e e ur o
1993jpry] 2093 68£a6AGEDsHTde B..[ 44 TBirhnd 2. RCoPkdrimc@Rgy of muscarinic
Herzmark P, Ishida S, Voyno- Yaserlfggskaya TA, Sun Y,
acpeldheling receptar Aebtyares Carl baRY I geltrrugaPUlssas i Rergpaligy cells. Bur

| pha an C at alter the fidelity of
3&&@%‘6&’%@?@ @asfgugé%@wbl Phar macol . (1996) 50: 885- 90.
[007Rb73B- AtRtEw&sin B, Brather Bsdehe I Spaitiapalid, \Conklin BR, Brann
Sinmon M. G al pha 16, a G protein al pha subunit

M&pduoictictiahs vl evprasivirerscentorsafish dipoheierplineaiq & prpiegs Gq and GI12:
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24.  The method according to claims 1-3 wheré the helper genes are naturally
occurring genes that are not normally expressed in the host cell used for the functional
assay that additionally contain mutations not naturally occurring within those genes.

25.  The method according to claims 1-3 where the helper genes are naturally

occurring genes that are normally expressed in the host cell used for the functional assay

tIiat additionally contain mutations not naturally occurring within those genes.
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to ! |2 andgfhe method according to claims 1-3 where the helper gemes are other
naturally occurring receptors that help the expression and formation of the receptor being
functionally assayed.

29.  The method according to claims 1-3 where the helper genes are other
naturally occurring receptors that help the receptor being functionally assayed to respond
more sensitively to ligands.

30.  The method according to claims 1-3 where the heiper genes are other
unnaturally occurring receptors or mutant receptors, or fragments of receptors, that help the
receptor being functionally assayed to signal better.

31.  The method according to claims 1-3 where the helper genes are other
unnaturally occurring receptors or mutant receptors, or fragments of receptors, that help the
expression and formation of the recepior being functionally assayed.

32.  The method according to claims 1-3 where the helper genes are other

unnaturaily occuiring receptors or mutant receptors, or fragments of receptors, that help the

receptor being functionally assayed to respond more senstiively to ligands.
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