1 MEASURI NG G PROTEI N COUPLED RECEPTCOR ACTI VATI ON FI ELD OF THE | NVENTI ON
The present invention relates to nethods and pol ypepti des for detecting a
conmpound in a I n particular, the present |nvent| é to the
use of a cell“?)eeﬂggﬁposrtron conprising at |east one (f *ﬁﬁ 1%h&’ﬁoupled
receptor enbedded in a lipid bilayer whi¢h when expressed in a cell the
N-term nus of the G protein coupled receptor, or subunits thereof, is
outside the cell and the Ctermnus is inside the cell, and which is
capabl e of binding the conpound. Optionally, the conposition also conprises
at | east one accessory nDIecuIe that drrectIy or |nd|rectly bi nds an
intracel lul ar | oop AHY { GO REEE AGIIHATHNY| ed receptor.
The G protein coupled receptor and/or accessory nDIecuIe when present, in

conmbi nation co ent pr ot ein and an accept or nol ecul e,
whi ch enabl e rrpf HIFOR TREANVENIS ﬁ %% a sfer %HE‘-Q to be used to
detect the corrpound}gq RENG o é%‘ﬁ?)‘ttéirmet (RN ON

G protein coupl ednnowidepp amply GPEREGulag ke mcstlamVWw'@)felateﬁ interesaiof aerdl- r ecept or s
t hat sense nol eatd @spoditicai cd@prising at &ladt cand @etih calped ireesprolecnticgRa@lin a

transduction patlpw@y@emgoh wetlemehyna@aﬂtwk%mrnessmrtée%m gaa?le@re f ound

22![ ?/vla'?eegglr?)slof ge(sp o|1 ggr sl;ilnumEQhé{eo? 18 gutsugs tfie celﬁadm? ale-gqtelanmg 18 dee the bi nd and

hor nones, and n%‘t?r‘éSItl‘rhaﬁ§ﬁﬁ’aP]teetfsb‘nda‘ﬁdm\/%‘¥%Poi“ﬁ‘ s(i)lgé’@n%“ryoﬁ‘? §H‘ﬁquqlt‘ﬁ*bla]e‘cul es to
peptides to | argepprot@ilpst oB peeetsely nmclowpl det decdptoorisdigety bindsokved i n
many di seases, abgteRNE 18pS@dbN e Rk eius QfF tHeh@ haraUtdupled iddfSor. The G

Vertebrate and Gt ag,ﬁrtsr&%e}r anjtmr @&&Q&& ﬂl&ﬁlﬁ%)hc@?l%smqp%&ﬁbr%mﬁ he

G protein coupl ed rece

al ., 1995). GPCRE™Er%e“c ‘8¥“atd‘t°éffiis’éfa”try ‘%/dhét’ acgeét?énm‘flfcétl‘?sﬁ@t‘%r an espanm ng
domains with | |'@alnpmbﬁcmr%@d%ﬁmrmtran{reﬁﬁé@ tode yeed g detere the eomppsed | ul ar

si de of the nenbndmshandp@ protein bi nding donmains on the intracellular
side. When a receptor binds the ligand, a conformational change occurs in

the receptor al ouln iyat eterotrineric Gprotein (Kobilka et
al ., 2007). Theﬁlg%lagdt eg@%ﬂhlﬁeEﬁTﬁ?}Gt hen activate serﬁg{tal t ransduction

pat hways such as t h@ p@tf’arhiﬂuplé‘il’c?Fe&?& (GFCRH g e Riaaey@ors
t ransduci ng t hethgisgmamokoildsioghide thp cdtedsrigte denle mvgsal (@aildctiar chtletaysal . |
2004) . For st edltih@SQnamnge pelgy GPaEasde foundbnls iurrptlkyryaesmaadtee ener gy

transter (RET).,d$LNeMAN-RYIAN Y8 8R0S EFaRlGRAS g Qrsaexci ted

state donor molecu gp accept or anouni et al.
2001). Energy tcrogﬁ%‘tﬂgbr °8?‘t é“r"8?r‘8%?b %Ofm%“d @ﬁﬁ*é%lrm&wmtshén {4Y 4h¥€ bet ween

t he donor and a%@ep’tl‘tb‘rm‘tcﬁ]@* Exiegtites étlatah@fose’pectq piptetrertiepeesndstae rel ati ve
orientation of ithévedmoepy discagenchndanaso it pektes thelead dus. cases where

i ntramol ecul ar RET Wiagu8ahd ¥SelqdQ oﬁ&ﬁltt1&re¥tQDQBR@C£1é\ﬁﬁtnb&m ohanecenpl oyed a

fl uorescent do t rredyt o r nce
resonance ener Qszgt%lgggus)?ﬁ gc?é&EﬂﬁP%Rﬁalﬁ]n@d@uca%gg gg ﬁ TX%?Stmel erglore%g@ent donor
and acceptor ar CeRﬁdierfté@F‘Cé“‘dls‘iflat’ryrt’éﬁ‘it“sveﬁf“‘@rl’é‘@ﬁa‘fel U RS deMInsoT it s (GFP)
from Aequori a \igingdpmaifsTisicwl to 1O@8he cxTipelliayside o thiethgmbuane dnd REDtepai r i s
cyan fl uor escertindpigadogiains (CRR) inddcelliler danowmh angsdpe binad hewidahdiar escent

pr ot ein ( YFP) %%nft)tmﬁtrétﬁp&tmgg()CC(JE'H%%QF%C@%Q’ W@q{ t§ actl%QtQZ)letQ'QtQmErm §- FRET

system has previ e uant.i |1 by a
nber of - CPCRa T DR St 2080, Mttt E S s AR GETAR 003,
Rochais et al ., imngerrion ppdunbeecteps di. guamhgyylase or phosplyligasae wadvor

noni tori ng recephdicimobd swatlitomglicnmodevads couas (Gadlellct dlngpod). si ngl e GPCR wi t h
CFP and YFP at i nSQ‘rolstcgﬂs&thﬂc@§neWytt1b.hs|%1 LR i rEsehah it sl Elrpap and

C-term nus, Y/ ]t n t. 436 nm causes CFP
em ssion at 48315% I%Iadgl ﬁ% Of%gy% al}ct@aﬂégl ke 401] 2%0 e toﬁtmurtdfr ci ency
of FRET vari es S®°t #otHE Bylsply (Hapapnioft heZOQI'i)stEPFéé/ Befl“fﬁéé’Fﬁcé?B‘rYor“ and
acceptor, providing an exquisitively sensitive indication of confornational
changes in the GPCR This was denonstrated with a2AR, parathyroid hornone
receptor (PTHR), |-AR and secretin receptors in intact cells. Interaction
of the agonists noreadrenaline with a2AR (Lohse et al., 2003), parathyroid
hornone with PTHR (Vil ardaga et al., 2003), norepinephrine with 1-AR
(Rochais et al., 2007) and secretin with secretin receptors (Lisenbee et

al ., 2007) changed the di stance between CFP and YFP thus causing a change
in FRET signal . Repl acenent of the YFP acceptor with FI AsH, a
fluorescein arsenical hairpin binder, in a FRET system (Hoffrman et al .,
2005; Nakanishi et al., 2006) resulted in a five-fold greater increase in
agoni st -i nduced FRET signal conpared with the CFP/YFP system when used to
rmnr tor az- adr ener gr c recept or actr vatr on (Nakanr shr et al ., 2006).
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Thus, there is a need for suitably sensitive nethods and nol ecul es which
enabl e the detection of conpounds which bind G protein coupled receptors
for use in, f%% LF’ bi osensors. SUMVARY OF THE IN_PCWAUNJ%&m&resent

i nventors have surprisingly found that cell-free biolumnescénce resonance
energy transfer (BRET) using chineric G protein coupled receptors (GPCRs),
such as odorant receptors (ORs), to detect a target conmpound iS nore
sensitive than other detection methods such as BRET using whole cells or
FRET. Thus, in a first aspect the present invention provides a nethod
of detecting a conpound, the nmethod conprising, i) contacting a sanple with
a cell-free conpgasideiton tocodrpencs batgeen the donor and accepforathe bxas vf baepe@rapr ot ei n
coupl ed recept obveambaddedciaicribdddio ofthd &y&@for adNebnwhiigisi BreGiapaklce of

bi nding the co a ular as been use@o RRkD,; ab; ccessory
nol ecul e t hat g?’?%%ﬁf ?/‘i(g% l| n |Tr}(lactb P{}gﬁi}l%’%ﬁ%@?%%&%ﬁ ?Au@gf&?xg%%d gnd/ or the

C-terminus of tHETE B GPE; RHd asEST=H O RhdPEFHE OB BTGt n coupl ed
receptor conpri §&8cHEREDY ipes casabigr thasyoppagentgloror ppdaceeptns aig engicitér ent , and
wher ei n the G pmphﬂk@kﬂ@uﬂh@d@ﬂ@c@@hgﬁﬂﬂ&@dﬁﬂﬂmﬁm@&$®b(%mnAWHDIGﬁule when
pr Fsenlt , 1IN Combﬁyde%xsmﬂ A8 Py Q&Meﬂﬁ&&%ﬁﬁcm _Q% ﬁb Bor@ﬂ&ipfg@id@ccﬁg_t or

nol ecul e, byl i.mul t aneou or, sequentd.al |, ! S i roviding a
substrate of t héenﬁl 55% (ﬁﬁﬁcﬁn&g@geﬁ (%{16%4)0? et?enfcgbgﬁ)awéﬁl?ﬁno%{hd\r@lenfeﬁféE@?)oTlﬂ rtnlpl?lescent
protein to nodi FYEY Hetew hpsirevatugly been used tp yantifydirgat hgaqfl higding byt apnber )
modul at es bi ol ufi RERséhthse b endedPeT: giilatdpgrres fle r20BREIRIs lsetnEeN: t he

bi ol um nescent pkabeichaarm7t he acceptor nol ecul e, wherein the spatial

to the acoept or gy ol Q0L AL Om bR AU LIRSS Pl L2 Tt 1
coupl ed recept o‘?%WHH&ﬁEF“é‘i %l{/\ﬁéﬁe@? Flgé%@mit}f?r{g”‘!élgil?ce’{l%aé?‘ﬁl’_taéq inus of
the G protein céupredepetsgyofxcitygipn siffinvithdichines O capsgs Rt ghigfonphe cel |
and the C-ter m 4R0smiand FRIET toh@Poelidh emits at 535 hm. Breffeitbodif RRAT yarias sittbuni t  of
the G protein caupk®fol@ceRt Gtaithb@¥ech JoRRABLRSF, phiaLlk Bledyisiifgpound
conprises | ) t hs%nslﬂ}vg il%%iﬁpat?o%so(f%&tfo ?J;u(?otngl Har g(?hnlg tife! CgP Rﬁ %l%c&%p&eﬁgns%écﬁ cul'e, and
wherein the spatial "[ocation and or di po_]l e orientation of the _

bi ol umi nescent PHotEn PRaRYP\ieRoge 195t (R o P It 48¢ dfcErtip Seogerdied when
the conpound biindg celhe Inaxdstion ¢f theRgpnigsrmpiirenalitdeittsiZBBrLohsereiyl COAPr | se

i) an am no aci@raggeiteiveeong oy iPAEd (A8arSighled D, NO3)L orephiephring with HAR OF

i) an am no ackg.3€WaNCRMUNENediSinddicd §2%%n 4&?&&1‘9%5&19&'@'{%@, oy, one or
more of SEQ 1D Ml SuenSioct fee b A% Ak LELREL SR ERRBEBRL LDE, ©
protei n coupl ed TEcept of  Corprises 1) a fitst*Subulils” tonpri€ing a) the

bi ol um nescent pr ot&PReemgaeihe Y HoacsetaptiGrilagl adlypesceigmeieri¢a) hgrpgecond
subuni t whi ch i8ndeapabFiETofystom ideffgentehe., QIFpYkadishi and., A8y ekulted Iner spat i al

| ocati on and/ orfdifR@kRat&ihcedatcal h@RisGhdkerRBETQl MM BRSSRNFithRkQt @i yEpr el at i ve

to the acceptor,, qnl Gl GschSo Mdhnfilresh- WS E NEcFOMRANAR AAERisi NG Hecond

subuni t.
2006). However, FIAsH involves a more difficult labelling and washing procedure

which has limited usc in the wider rescarch community. The CFP/YFP system remains
the most frequently reported FRET system for monitoring intramolecular
conformational change. A major disadvantage associated with FRET is the need for a
light source to energisc the donor fluorophore (Piston and Kremers, 2007). This causcs
unwanted direct cxcitation of thc acceptor at the donor excitation wavclength (a
problem referred to as ‘cross-talk”™).

In bioluminescence resonance energy transfer (BRET), the donor fluorophore of
FRET is replaced with a luciferase and the acceptor can be any suitable fluorophore.
The use of a luciferase avoids the need for illumination as the addition of a substrate



In a further enbodi nent, i) the biolum nescent protein forns part of
the third non-transnenbrane | oop of the subunit, and the acceptor nmol ecule
forms part of ythe,fkdth non-transmenbrane | oop, or é

accept or nol ecule forms part of the third non- transrrerrbr CT/éu#Zbl /0508§0 t he
subunit, and the biolum nescent protein g§orns part of the fifth

non-transnenbrane | oop, or iii) the biolum nescent protein forns part
of the first non-transmenbrane | oop of the subunit, and the acceptor
nol ecul e forns part of the third non-transnenbrane | oop, or iv) the

acceptor nolecule forns part of the first non-transnenbrane | oop of the
subuni t, and t haithjcpbighinmeser nmisgpondibanct.0thiTs ‘par comofon fithygerbdniatichs of

non- t r ansnembr aRRET 0omyrisORenillu luciferde (Rher) kit kithar msﬁeﬂ;tmemmerm M or s part
of the fifth nongkn aﬁ%ﬁ&)@@ﬁt@%é @@&&%@ﬁ%&&ﬁ%kﬁ %nci ts'@%‘ naggetﬂé or

nol ecul e forns part of nmol ecul e
forms part of t ﬁcélo‘f PHER C%Wdf?‘aﬁ%‘r%ﬂﬁrcéfﬁénqtﬂﬁpYﬁff( Rﬁg s?‘u.bunﬂo ng Ry t he
bi ol um nescent ﬁFbt(BRE‘[F for AE S Paint). afie BM @y%’te&fdffenuﬁpeublﬁpgbﬁﬁl sanatkiber

?: JI[_ g{ ngbguﬁﬁog%etwere}ﬁ the dOl‘lO{ ﬁxd%%cg%[i%l epms%l%rlil of r ?ICS c%ﬁnpa?rg(gg r %5snm for tpe) a second
subunit conpri sP % ﬁﬁ“&%&’éﬁ%%?‘cﬁﬁtfl%‘@ﬁPtém YFE‘r(PféC%Qr?ﬁ‘i Bidngephg., ?-‘i)qéét or second
subunit may conpri sBRET with odoja}t repaptermhayonlaoicdiosgguentaoptavd Wedaas, SEQ | D
NO 17 or 19, Ofa-adrenergiciahd paddfnydii I¥En@E] (FiSQGHENREC 2 0M) £0 ClaSs Bisedr@@st 40%

identical to SE(@lsEIBeé\IQ alle(ﬁ%%ﬁRsl%nl g’RQﬂis”RH*ch belon (IJ"F)C t he

bi ol umi nescent protein for non rane% oop of
the first subunif® Aaﬁ?i“%“??&@&@g f'B‘P" ﬁ%ﬁﬁe"@ Izgmf'berkﬁ%t ’?ﬂtper(? heREF5 ¢ h
non-t r ansmenbr até 4f‘i)6¥91‘t§‘P”atf‘I'YeaI§‘e%1ﬁfﬂ'aBnlﬁlﬁhlict F(‘}r“fhelmme alj PRs.t ingudiecept or
nmol ecul e forns mpanhaliofd ORkeviidhisitdvithnGlisk anemen®PER eupbeaply Ofrc tlgcad in St
subuni t, and t hesplitof Ual BORCEM Cﬁfl&ﬁl@/'tﬁ’bsé ﬁ)r[)l@ﬁb Pakdt b@ftunEtlﬂﬁalfy ekprised

non-transmenbr %%r lh%) 91 n?&ro&s%nveg%omqh %er%lj(?blenbbl?/%nedoe A numbel ?rg}’bd[gce%é)ryl oop o f

i) a

bi ol um nescent ransme

the first subu ?tembawdet A& ‘&‘E‘é‘@iﬁ BP%WF%‘P&? 5 RS f%a‘?‘fpebf“pm%‘mt B r d
non-t r ansmenbr apennhabypand ficndyale O8sond subunit, or iv) the acceptor
nol ecul e forms par tThed, tiehes § hde tor RO@bLY EARS TR OANR nepui@fwHidi@ndvicr st
subunit, and thg ﬁytéel mfrb%a Shbis PEQE Ghd cf QLOR cBiida rQJepM;efoJ ﬁghﬁ&! for

non- t r ansnenbr ane Ie gf%\e f.Lhe second subunit
bi ol um nescent prcP[ Porm; part of the flfth non transrrenbrane | oop of
the first subunit, and t he acceptor nolecule fornms part of the Cterm nus

of the second WTHBINVENTION) t he acceptor nolecule forns part of
the fifth non-transiepRianebaap ek qhmsliﬁdg %ncﬁﬂx@“&'ﬂtfpcc %ib%nmeocncc

bi ol um nescent i r nus. of d subunit.
r&&%&& Qnei%?{b{ﬁjx RA %R}Qf) usm %IPI: protelnt couﬁ)?ed lecePg)g r ecept or

In a further
conpri ses a suﬂiti%él?t“ CYfh A §ﬁi‘}’i@“f?‘f6m‘ﬂ? (S@‘i{ft% edeaht t‘ﬁ%tcé'inﬂoun‘éhﬁmf’ﬁe
accessory nol eceisieveibimptics dsectigrencivdeption BROITaciud ehologells or FRET.

Thus, in a first aspect the present invention provides a method of detecting a

compound, the method comprising,
i) contacting a sample with a cell-free composition comprising

a) at least one G protein coupled receptor embedded in a lipid bilayer, and
which is capable of binding the compound, and

b) optionally at least one accessory molecule that directly or indirectly
binds an intracellular loop and/or the C-terminus of the G protein coupled receptor,
wherein the G protein coupled receptor comprises one or more subunits that are the
same or different, and wherein the G protein coupled receptor, and/or accessory



ii) the G protein coupled receptor conprises a subunit conprising the
acceptor nol ecule, and the accessory nol ecul e conprises the bi ol um nescent
protein. In apother alternate enbodi ment, the accessory I | e conprises
i) the biol umggl)ez?@é]ﬁ 4‘{or otein, and ii) the acceptor nol é’?&f@%ﬁogﬂmo In a
further alternate enbodi nment, the conposition conprises at |east two
accessory nol ecul es, and wherein a first accessory nol ecul e conprises the
bi ol um nescent protein and a second accessory nol ecul e conprises the
accept or nol ecul e. The present inventors were particularly surprised
to find how superior the present invention is when conpared to

FRET-cel | free andleBREVhevhptsentcel tontdeként ¢oonrigys e ineThusiodin aad pr ef err ed
enbodi ment, t heawglhodiofict he invention is at least 2 fold, 3 fold or 4
fold nore sensi t'Ve'i;gﬁ?xggdng?u@l]}/Q)ere(?llermaﬁlyméaﬂﬁsspe I’H hE aNubstaldSS P@‘S a_donor

nol ecul e and a In duf, tion | uor escen res naﬁlg)e e_ﬁerq transter (FRET)
i s determned. PREBUFUFT ST Pr 1% Oévé"geﬁ‘ﬁo‘di"ﬁfé’r‘ffﬁfe“f HEHREH IS Phe
i nvention provi 8@t | east a 10 fold, 20 fold, 30 fold or 40 fold nore
i nt ense BRET si gnal iil) Aaermidfingt ih ecprit daillates 6idluinhescsiai@ofan@r @tey nasupl ed
receptor preseniprit) fihvdeRiRGh G cekiDalLAG Ok ARE iR Ccel | -free
conposition. wher ilg(tjh\éesn' tah?oca%tox 8'(9(‘?1"' iprz)%t (l){'{eeltat?gn ogtﬁesgifgrum%%’m;%}s .
general ly and nemﬁo S BRE R par’fl g:udl ar, 1t Was surprisi'ng that'a chinera
conprising a C BE&VEAC ESCROGION FROBRET SRYRIES Whsdtha eemors birdy & GBIn a) r et ai n
structural i nteguplkedrecentr. b)d Weraapabkerofed iramnh tydN-agnire ot Giprogdit | vat i on
by an odorant i gfuple@Rc®RE, o€ @lbusisRabE isIdutgle tHete@afref efdeduenh@didrent , the
G protein couplgg receptor is a Cass A GPCR In a further preferred

enbodi nent, the class A GPC%% is an odorant receptor. The odorant .receptor
can be from any soufc®°a&PYRE " as SWE‘H‘)EQ&Q%‘@ "R 4 EICPIOF HEICREY er mi nus
of the recept orcapdleglipgiligethe ppmpewidicompiiet he C-terminus is inside the cell.
Exanpl es i ncl ude, butheakmmetcchipmidicehd o, a chordate receptor, a nematode
receptor, or a biol 9ghCathyr @Gtduke variant or fragment of any one thereof.

Exanpl es of C.hoe[ng%'l rei%%%%@attiglrlg a!fiorxlld %Il/gxedi OlPeugl'ieI%ELt%l%P tthe !}iluirip‘!%ggwig 81‘0“‘1811””&' I an
receptors, avian receptors and Ti1sh receptors. In a preferred: 7

enbodi ment, t he“BEGralt ACaiptWeulr & ferrbihardifer omaeianh Piaes By suBd 88 cal Iy
active variant ormfle. dgmennit megogpfise | n an enbodi nent, the nemat ode receptor
is a Caenorhabdi ti si) &l @gansidsemueRt phyidaras BEQImYDaAl Isysagts, ve vari ant or

fragment thereof |n;an,gmPady Qﬁ‘g}hﬁc G iOH L8 0bos i REGRE B by COTBE hGE St 1)
an amno acid Sﬁgﬁ% (ﬁﬁi %é\ﬁy§4 ed in any one of SEQID'NGs 1 to 6, and
ii) an am no ac sg\g bhée iTh is at |least 40%identical to any one or
nmore of SEQ | D NO 1inppealtnate embodimast, g6t Helpin eqvpisd icppir commiigessubunit is a
chinmera of a porti ona Gkt stbwoitosmmising di fferent G protein coupl ed receptor

subuni ts. The acgrssnysRlLecul€.Gan be any nolecule that directly or
indirectly associates i otei,n coupl ed receptor. Exanpl es
i ncl ude, but are not | Wrﬁﬁethaé%gﬁégogu%f %ltdei n.and arrestin. The effect

of changing conpouritl *ESAMSHEPAFPiShE ErbIF plPinging|thecgrigeuss t he change in BRET
has provi ded t hed fvhergp thd eretid ddcpigonandiortdirate oripdatior siibhiseluingesdos prodependent .
Thus, in a prefgrhed. enbadipie mtolde il eweld ifen BIREJonpSuddnslhd atd weof t he

rel ati ve amounty,Qf;t he conpound in the sanple. Exanpl es of

bi ol um nescent proHeifaancL%pe but are not limted to, a luciferase,
-gal act osi dase, a I'RATERESEOUNH seradi sh peroxi dase, an al kal i ne

phophat ase, a - gIub%?Bﬁ@ﬁ@ﬁ%”ﬁPm§”@bﬁﬁmﬁ%gﬁﬂé@@@ﬂm*“m“HwE%@WbW@%mbf

| uci f erases i nchewsdanitbud thap@emotmdldentt fads pan;, of ghe R&h nbd-@anboumbiae ase, a
Firefly lucifer,ase, a Coelenterate luciferase, a North Anerican gl ow worm
| uci ferase, a click beetle luciferase, a railroad worm | uciferase, a
bacterial luciferase, a Gaussia |luciferase, Aequorin, a Arachnocanpa

| uci ferase, or a biologically active variant or fragnment of any one, or
chinmera of two or nore, thereof. Exanpl es of substrates include, but
are not limted to, beetle luciferin, other luciferins, coelenterazine, or
a derivative of coelenterazine. Also, in the case of sone |um nescent
proteins such as aequorin, the substrate may be a cofactor such as cal ci um
i ons. I n one enbodi nent, the acceptor nolecule is a protein, exanples
of which include, but are not limted to, green fluorescent protein (G-P)
bl ue fluorescent variant of GFP (BFP), cyan fluorescent variant of GFP
(CFP), yellow fluorescent variant of GFP (YFP), enhanced GFP (EGF. P),
enhanced CFP (ECFP), enhanced YFP (EYFP), GFPS65T, Eneral d, Topaz, GFPuv,
destabilised EG-P (dEG-P), destabilised ECFP (dECFP), destabilised EYFP
(dEYFP), HcRed, t-HcRed, DsRed, DsRed2, t-diner2, tdiner2(12), nRFP1,
pocilloporin, Renilla GFP, Mnster GFP, paG-P, Kaede protein or a

. I T o, I N B | o, - oy o o



The cell fromwhich the cell-free conposition can be obtained is any cel
type capabl e of expressing the G protein coupled receptor and incorporating
the receptor | ell menbrane. In a particularly re

enbodi nment , twg)tzgleoéotg%ﬁfnant cell is a yeast cell. i ﬁ/é{%mgp?og?onate
enbodi ment, the G protein coupled recepter is enbedded in the lipid bilayer
of a liposone. In a further enbodinent, the nethod is prefornmed using

m crof | ui di cs. I n anot her aspect, the present invention provides a
purified and/ or reconbi nant pol ypeptide for detecting a conpound, the

pol ypeptide conprising, i) a subunit of a G protein coupled receptor, and
ii) a biol unm nescenti fhe exceiter natedilo foranpaa o€ ép thid npoilrasudnehranadvep ef the when
expressed in a e@hhit, tahe -d@gamhass: phch:hBmsulbNirtihd SO HsSkdanddbaneel | and
the C-term nus kB 5ge the cell. In an enbodi ment, the pol ypeptide
forms part of a prot in.c X which is a G tein coupl ed receptor
conpri sing one or ngdi?QEF”ﬁ?i%f%?%?@ﬂﬁ“838%$éﬂw?88@BB@P“§&H@HF
optionally one 6@b%ﬁ@éa@WﬁﬁﬁﬁﬁﬁTmabﬁégﬁﬁﬁwmﬁ@h@ﬁwﬁéynUF%Hammemﬁodnnent

i) the biolum nescent protein fornms part of the third non-transnmenbrane

| oop of the subunit 1v) @1@@0&1@1@ rﬁ’&&@l@tﬁgﬁﬁ &%lfﬁbtkwﬁ%srp&{b}angiooﬁ benfifth
non-transnmenbrape |.0 orns part of

the third non-t ransn_erﬁ)the h}oh mmr,rmfp ft Ha f%rlr,InBlS)ﬁll(%tO?Hle tf u{rﬁon tgnsnrcm ”rﬁeescent
protein forms p4PR °bf the flfth non-transmenbrane | oop, or iii) the
bi ol um nescent pr ot &ithe figrmscspar protoih forhwe péri ofsite fifbmot-ramserdmine e of oop of
t he subunit, ande Edﬂﬁmﬁﬁ‘rﬂQl&ta&feptﬂﬂh@&ﬂkeorfnﬁ)bcmi)f pRt te@finut e t hi rd

non-trans marrbr ane | PR d&Eptox molcculb Yc)rmst 1919 o?ﬁig (?P[B - %Ln?%l (ﬁc ?(Ejgﬁhcpar t of

the first non- trsnﬁnegq § F h subun g m nescent
protein forms part ot 15" i1‘f”i”r‘C“P1€fh” H%brﬁ'é‘ﬁﬁ ‘?1%@“8‘(5‘&“ or v) the
bi ol um nescent pr ot BiYR 2hefharaltgmteremBpdimens the G pritein gpupicd sasenis sbrmie | oop of
t he subunit, and t hiaéfccepingromplsiag thegichatiws cpart:i0bnd he C-term nus, or

vi) the acceptor NoiheGHoBd fuBlilifoRAising@c abBrof hbitdiicN @B &kkANS RN ahe | oop of

t he subunlt aq%a%gqmplgkﬁﬂ%gg%gent protein forms part of the G termnus,
or rotein or the acceptor nol ecule forns

part of the flrst M ﬂ“??%ﬁ@ﬁéﬁﬁ?ﬁﬁnggﬂﬂ'éﬁQpﬁgosUHUﬁ?Pf or viii) the
bi ol um nescent pr otidian agnotehid semperepvbich it dest[46%fidmfig! Pa¥HQ Bf NOhE t hi rd
non-transnenbr ameot ®op of the subunit, or i Xx) the biolum nescent
protein or the accqggp&mgghggule f or ms part of the fifth non-transnenbrane
| oop of the subunit. bi ol u scent prot r the
acceptor nol ecul e fbmc BEEEE %ﬁ@‘%ﬁ?é?ﬁ?ﬂ%%% ?n?h%m§ﬂﬁﬁ ﬁmpop In a
further enbodlﬁ@h@“ﬁﬂhﬁﬂﬁﬁﬂﬁﬁéﬁﬁﬂ@én%%ﬁbﬁvgéﬁmtﬁémb@3PWﬁﬂﬁ@§@@hﬁmprote|n
and t he accept deopmbiheswbrel sutlamal owher ei n t he spatial | ocation and/or dipole
orientation of the ihipld¥hesaentc AL & thah@d ﬁo\ﬁexaﬁ%emﬁnea@&ﬂﬁtﬂw nol ecul e

I S al ter ed Wherhr& ugp,glpqqugo Qllﬂ %\,I’}S I;E%ECE’L%IW@Q%& Ee ﬁfd‘l I}Oh N-tra %me lallael ternate

enbodi nent, e conprise e subunit an UM nescent

pr ot ei n, and t %mﬁgggﬁﬁﬁpﬁﬂﬁm?§ldlrectly or indirectly bound to a second
pol ypepti de conpri girbe muaiesept vecimitrae pdreof the ikt wivetraginmerbhec bpatfi al

| ocati on and/ ornhedirpeli@niQrah@mt adce@it ndicctib@rbi T aienh-upsatebiner €l ati ve
to the acceptonmﬁgkﬁqugmk§mgkgpred mhen t he conpound blnds t he pol ypepti de
and/ or the second R tmp ept] | 6 f%_é al ter qﬁodlnent t he
pol ypepti de conpri s CCPOIHOﬁ?%:ﬁmﬁI?%8 cd8 %%Fwﬁﬁ$@ @F 0P &t he

pol ypepti de i s i ?1@&11"1 vlddlﬂc TPt opsoies et % th dleirgrign-peteppelsticde
conprising a bilebufthnesadntbupr,ot ei n, and wherein the spatial |ocation

and/ or di pol e ori erj @t bioR:@fbher ROl PR SE@ALIPE Al RhIMemBlaAd ¥t O the

accept or ol ecqeqmt%éﬂm Sh M. YOG LRRHOTRAUAL PlEdScANGs BOby RERY! de and/ or
t he second pol x&UI X



10 In the above two enbodi ments, the second pol ypepti de either
conprises an G protein coupled receptor subunit (to forma hono-
het er o- di ner mul ti mer as defined herein) or a

nol ecul e. 9Vr()%ah)%gses\;"urther aspect, the present |nventﬁ3ﬁﬁ%§%V8%é@
purified and/ or reconbi nant pol ypeptide gor detecting a conpound, the

pol ypepti de conpri si ng, i) an accessory nolecule that directly or
indirectly binds an intracellular |loop and/or the Ctermnus of the G
protein coupled receptor, and ii) a biolum nescent protein and/or an

acceptor nol ecul e, wherein when expressed in a cell the NNterm nus of the G
protein coupl ed receptlerscegpr maldsukiferas pdvedf doffifthingn-pantgéngheant rep otht and t he
C-term nus insi det fub@iCalkhe sictuminess: gdhen bkhd fordr headaemnini dfmapphEc at e,
many of the aboyg pbodlnents relatlng to the nethods of detection also
apply to the po[ype spects of the invention. Al so provided is
an isol ated and/ or B&b@@ﬁbﬂgnﬁ%FVHﬁ%W@btlde encodi ng a pol ypeptide of the
invention. In an enboth ngneroteinheoupled yipaspte getpiiscse pbindte somprising th¢ ) g

nucl eoti de sequenesiascppoviided tha@ayorpelcaflc SERritcDtNGc@ptér tholecch®, 14, 16,
18, 20, 51 or 53, or ii) a nucleotide sequence mhich is at least 40%
ISgent I cal T ﬁ 223(; ¢ ﬁg?) t%e G é)l({[em couBIS F gc%)lt%r corrépmes atsubun% comlf_rismig %e a:(l:'cseptmz 0, 51 or
pol ynucl eoti de Bf e‘t“l‘?ea‘idﬁlti’e‘i;ﬁet“@‘ﬁ mojequlg cquppaifes fhe &gt %Wbédi”r?éﬁt‘“ t he

pol ynucl eoti de i s opendhiryltdmalcedodioerd tipraoebemolecule compkiresa f urt her aspect,
provi ded is a host pekliconmprd.sing:t Al pol ynucl eotide of the invention
and/or the vector ofy e dRvantden- Preferably, the host cel

produces, and hence co 8 X ﬁtlde of the invention. The host

cell can be any cel " gg@m‘aw”ww 8 %F SERCOPRTERY SPEPEFEEEh Yhe fir st
to show the fune%%ﬁﬁhﬂmé¥BFES§ﬂoﬁm@ﬂnadn@ﬁhﬁ@ﬁ%mﬁdéwbﬁﬂeﬁ@@@ﬁﬁbﬂhemhlch are
evol utionarily deifiheeent pte:umamral i-and cdasant mpeosptonsisesi the e@ptbr

menbr anes. Thusyelkddica preferred enbodi ment the host cell is a yeast cell.

In a further aSpeCtThe p@gsalﬂrgyfe%{] h \!VQ\e/\ePQx 1%u(?atl|¥psltt?phvllqe%et% ind holr\Tprotﬁ)le%)ll qp ef t he

conprising the polyp

i nventi on, theIV%EﬁéT@%PnPH@wPﬁW@ﬁFﬁdﬁFR%Bﬂﬁgﬁ“WH@Rﬁ§§ﬂw@éﬁf*3?“@he

i nventi on. Pr ef sestetd yThug, hie a prsfoypé phbodianepss the mipdud @f thie movantion i « 1dastl2ayer . Al so
provided is a c@ld 3 faee 4opnsd §chaiveGRIANT 4 SdutGhiominescent prbintih@ep@l ypept i de

of the inventi on,GoRLiek Qgﬂam&en ttqlhgtc&fmplc%atc@e%pgtyq;ane&tem s Wherein
t he polypeptlde IS th

e
bol yhept b e of isim o dn v efprd Sl Hickuelor UF rerseuraihicn | s
directly or |ndﬁ¥eh¥ﬁvd6@@ﬂé398> %4pﬁﬂ BeslitepapR Y lovgnaldhr/iphe mplodC- t er mi nus
of a G protein wau o Gareph oruplewvespsir pretdnein @ prot @il mseallbeidg hecept or i s
enbedded in a hkmhgxgmbameﬁ, and wherein when expressed in a cell the

- terminus of the Guoralel i souRled digesRheR, Bl gq%gugttdsnetttgt&%

out si de the cell the lipid
bi layer is a yé&B?“TW%HH“%PWBVéWtm“acmmmFHMQ%“@ﬁﬁGH?%%ﬁ? ReHE & - free
conposi tion f urdokrang geoptpsegs aogdiles ratan etrusfural igedsiyotndnt) nese@esbic gir ot ei n
and/ or a co-f actedudifg tebtopiatlvaiinnNs e Blorfit Ait€ian. optical signahS Thhe iski | | ed

reader will ap%&&te@%ﬁbodmy tthG M}&n @Qfﬁfég re@émﬁ)qj JE K (EﬁlRatﬂt Rk 1 he
met hods of det ep(l:c (!11%5]0 abosdlmcnpgtc ¥lass A Ep(?R 1S an odman?lecccg')tspe![\‘hc O(aOIalltrI]Ce(:CI;t(g]lvent Ion.

can be from any source as long as when expressed in a cell the N-terminus of the
receptor is outside the cell and the C-terminus is inside the cell. Examples include, but
are not limited to, a chordate receptor, a nematode receptor, or a biologically active
variant or fragment of any one thereof. Examples of chordate receptors include, but are
not limited to mammalian receptors, avian receptors and fish receptors. In a preferred



In a further aspect, the present invention provides a nethod of producing a
cell-free conposition of the invention, the nmethod conprising obtaining a
cell of the ipve and di srupting the membrane of th @

enbodi nment , éz %&§4are perneabilized or lysed. In an%gﬁé‘dpﬂgW&o t he
cells are Iysed in a French press. 71 n anot her aspect, the present

i nvention provides a biosensor conprising a pol ypeptide of the invention, a
host cell of the invention, a conposition of the invention and/or a
cell-free conposition of the invention. In a further aspect, the
present invention provides a nethod for screening for a conpound that binds
a G protein couphedinrcectpbdirnt tebaptomdtahooatednpreptsi an@jologicalyonta@ctiiang a

candi dat e conpounghgeithhdcotlid aif $RRJIGRAPMS inkchhlic GRBRGH i la NQenorhabditis a)

t | t G t | d bil d
3m| cﬁaiss ggie)abl geg(t%s IJB(QR’(gogtp[!u%qgfecraﬁ)(;%B\'eoJaagl”ple%gﬁgtt [10reft 1 TP b) Iop??/gnal f‘; at

| east one accessory‘hﬂF@Eﬁﬁ% HﬁP‘SB?58P YO di rect |y binds an

intracel lular | oop &aedmino gcifsc@erae papronided of any hee oSSER P &0A L eduplded recept or,
wherei n the G pr ot eiiyuneoiiplagid ségegepitich i€ amEsd HBSddnal Bhny@ker siukwni t S t hat
are the sane orsﬁgﬁjﬁ@enté and wherein the G protein coupled receptor,

and/or accessory m) nea%otiier mb (P mgnt tﬁ sutbl’.imtl 1n d%glntglldno? a pOIQlO wrol osle o?‘o
nd an a tor hol &cUi’s, ) I'mul'taneously or

bi ol um nescent prote
sequentially mngﬁﬂﬁtébﬁwynﬁWBWidﬁﬁ ra‘be‘llitbstrate of the bioluninesecent
protein, and all ow fig tdesdy chumukesoemt apr obkiule tlet mehitly yort indresibst r at e,
1ii) determ ni ngsdcfates W@Pthe IG) prifid Ubiple@ Fecit®! BRAMAS GRALe, HREANAA GMhit@NEr gY
transfer (BRET),he %ﬁﬁ@n&ﬂ «f ol um nescent protein and t he acceptor

nol ecul e, 13 Fi arison o the respo %5?;2; an SEM
n=3) and the OGOR Fé Umogﬁwou C%%WV&f@ edpp HE NG FGEacet yl in
wat er. Figure 6m1ﬁﬁﬁba#ﬂ%ohh®ﬂwﬁhe(k@§p6ﬁ§éi@¥ﬂ@ﬂﬂﬂm&néaﬁbc$EWN@ﬁh5) and
OGOR (mean SEMhun#3) pitforratadm®bdi@ent €aéev o0 BRAT adetioativel of theadl@ive athkdugur e 7.
Spectral scans @y ugpgnmgmﬁﬂ@ddition of different concentrations of

ﬂlloffrg.lt Iylze dngseR?\éVS% an gles o%%mtlumufeqcemcﬁcuisdnc(iiudg utdale AEE h ﬁedq% urg,reire8n +
SEM n=5) and BREFDCINEHR * ‘SENH 41121)%”‘#%11@19%%“ ge ttn&dil‘@st’ﬁdt%tébeof TGTR to 10

pi (mean SD, rgi®progflasOPSB-Yaotidest.al supernatant (LB) or OP50 bacteri al
culture in LB conpag@apkOotlifeitaei énclulle, danat as: il @k fResiantucidddst er ent (P =

0.05) conpared Etugfl}ﬁ&fc?ﬁc g‘ﬁo@cﬁ't&at?ﬂ&% rds€ %%ﬁﬁ %n{éiflcaTgW WePn NCKf%@n SD n=3)

concentration o en I fferent
s o ik b et Bl WO TP SR RO b o v -
ODR- 10 sequencducifefagghtiequogimry &loiieoqugge hrederasei gambiolbsierdy nefivaoniainhel  A)
N-term nal fi xdehgintntofmg eiid &,chiBleraN{ tverammoal th@deofar i abl e OR sequence.

R uci ferase denot ede@spBhit tlbngteatnaﬁaeolam ar@ e 1@5%’01 denelie ducasieBintt i ng at
515nm  Fi gure ]1u01fei%9s oel@ntfl Zne ora ({erlvagve ofuc%elgttela (i)ng 6%9 19:P 20&% §tmece| I's to

show odr-10 receptor T°6cal'i zat fon an re55|on evel by
conf ocal ntcroé@BﬁV“@E&ﬂ%@“ﬂﬁﬁa%@W@&“§@?“@8ﬁF5%&Pe?%§% el pfelsiym
m croscope). ions.

In one embodiment, the acceptor molecule is a protein, examples of which

include, but are not limited to, green fluorescent protein (GFP), blue fluorescent variant
of GFP (BFP), cyan fluorescent variant of GFP (CFP), yellow fluorescent variant of
GFP (YFP), cnhanced GFP (EGFP), enhanced CFP (ECFP), enhanced YFP (EYFP),
GFPS65T, Emerald, Topaz, GFPuv, destabilised EGFP (dEGFP), destabilised ECFP
(dECFP), destabilised EYFP (dEYFP), HcRed, t-HcRed, DsRed, DsRed2, t-dimer?2, t-
dimer2(12), mRFP1, pocilloporin, Renilla GFP, Monster GFP, paGFP, Kaede protein
or a Phycobiliprotein, or a biologically active variant or fragment of any one thereof.



Figure 13. Constitutive BRET2 of nematode odr-10 in living Invsc 1 yeast
cells. Al tested yeast strains were induced for expressing tagged odr-10
proteins for E at 15C. Energy transfer measurene re perforned
in living cel %’6 1%}6& Ei‘ ng 10 uM coel enterazi ne 11 (Deep%lcﬁ/é%?m /H@(’Sr?easuri ng
| ight em ssions in a dual wavel ength m cgoplate reader with Rl uc and GFP2
filter settings as described in the nethod. Data are neans StD of two

i ndependent experinents. Tnsvc 1 /odr-10-RLue - negative control. 14

I nvscl /odr-10-RLuc + Invscl/odr-10-GFP2 - OR and OG in separate cells.
Cells m xed together for plate reading - BRET is not expected because the
two constructs wer elsxphesseanbodimsepbs @teptoc @blesile it myv@eprddindraniles REUC;

odr - 10- GFP2 - b@hibh GRR8S ks RXRhessedah Msamioeald, BoBRETyd, i‘ypﬂy%se“t
ther ef or e di er agLan dalgyl%l%éfh@l&%ﬂﬂegc%ﬁ%&%\ nBRUERLON: Bl %@é

oligoners by i recl 5t cells

co- expressi ng t ‘é”‘is di {’;ﬁ?@&“ﬁ - dCEE &h? &R—J‘F"éiesBé‘fe Ei"ﬁcf@eﬁﬁnﬁ‘?‘ro&é@f ed to the
sanme anount of Pieenf ercas el ciamdtipirhgdamiecipdanige, iskas Rdderard mriindpraati pi t at ed
with anti-G-P atticiabbodyangnehmbittodf @dasetacthenéft y determ ned in precipitates.

Val ues are presentef agu é? Qﬁlbm&nﬁaﬂhc arﬁ@?ﬁb@b f&ﬁhex%&%r@é tsﬁm‘h@c@neh&&ﬁl ferase
activity. Data Measur ed

li ght output i nbeﬂlﬁmr%ﬁé]fg stqhﬁ% s15pd 11) p%vﬁhno & S0 ?d&ta I %f the bagzrnmg Lot 1M)r8tf A,
coel ent er azi ne #goalet Beladoby e netrhnatee\ﬂor\é? céﬁiﬂwaﬂévsa‘y“@an&ﬂ\ »3f°490 pL of

t he cell-free nenbrane:pr dpar aivomsreflst<bOW ng ul tracentrifugation. Figure
16. BRET2 signal upmnnichGsthadnt,are dehBedbdmpo@Son Wik bbtaided byt Mdatindingeet yl (mean

S. D. n=3) noni ms. KEY TO
> D SEQJE?\ICE n! 58 gtlsﬁgodaﬁh Qgcp@ormof&%m%ﬁm c@raqd &%J&] hl%%}cg%%@@/ofﬁ%%%g s

na %d enl\lg t qlg(? nsno I n E c\{?
- C. elegans Str112"/BEEPLYP E@e‘i‘)fﬁ‘ﬂl@ gelldogs nof produch anygjop-ps °?"8&bept or. SEQ
IDNO4 - C eIIé@‘é}ﬁ‘sw@thrdﬁ)@dtﬁé’ébé*ﬁ@rpmt%ﬁyupll?ﬂ ROPBT- C. el egans Str115
receptor. SEQ | D NOIE cell Com edheg arseBiitd dmpbeite phobe obBiRM isDinNek17type ORF

encodi ng C. el egahe Sodk Qim@ ePbRlein ERd Reddr 8t SReadiBgp: €l egans
Str112 recept ormt;?d% ILleq 4 e E}?ﬁs ) m%ISt%ll?f [ or. SEQ

ID NO 10 - ORF '8¢ g” me“t’f‘d“ naX ey ieiqu%‘%%b%q%“%gta@%{??‘ﬂ’% 5P O
encodi ng C el eg"a}ﬁé“@.lrlw receptor SEQ ID NO 12 - ORF encoding C. el egans
Strl 16 receptor. SE@ RBRrMNE@ ch®odimPy| tp@ ptotadecoopled keepionsembidded wampri si ng C.
el egans Odr 10 ripaepb@r of ARlptome.nserted into the third intracellular | oop

(fifth non-tr ansmnﬂ?ﬁ%ﬂ%ol CQQMmﬁl@%chcﬁlohﬂ crf(gn%gd &‘ngtnﬁ&ofgl chc%r m nus. 15 SEQ
ID NO 14 - Openr ﬁgh%}‘ rame enco

I nventi on
comprising C. el eqahd i 16 disapror B e Y DOR Shodl e e,
i ntracel | ul ar |IRSBRRR{ifd Py dyicpiingacomprspi: s paliePidsSpYPTEiNg: GFP i nserted at the
C-term nus. SEQ I DiNGubiit-of PGlpyjmépiongel odfeptohiend nventi on conpri sing C

el egans Qdr10 recem)QBholuﬁquclem%ﬁﬁ&l%dﬁomnqcéebﬁx hdikdud, i ntracel lular |oop
(fifth non-tr a%@%ﬂ%%?%%le%%mn ?‘p tl'I%I‘I{“II? hile& fttl% ﬁénttlsho ts] eghe o IS - SEQ ID

NO 16 - Open rea encodi ng po ypep e 1 nventi on

conpri si ng C éhedg H’é‘“‘@d‘?’sﬁﬁ &eeptor, GFP inserted into the third

intracel | ul ar | oop ! #1 dnpbiedimmont- the mmﬁbf%n%palmém’foamdormlmwliiﬁsie11 tted at the
C-term nus. SE@;dtdBl NGH13d recepRO LyePing 88 @fmokd@fférend &irotein cePrpidcsitttg C.
elegans Qdrl O fGRPLALAAANRLUG hASEHLEH (b lifofehgr mnus.  SEQ 1D NO.18
- Open reading fra encodi ng pol ypeptidc of the invention conprising C

el egans Odrl 0 receptof RUE™ nserted at the C-termnus. SEQ ID NO 19 -

Pol ypepti de of the lithwmm@ﬁ ‘o aprindPiy rat ef gt endgrrompeeeserot’ and GFP2
i nserted at theheGultueit.rmds accGEQP nldRcNOfROs part@p e fiftk achi-iegsrhanéraae @ngodi ng

pol ypepti de of othe invention conprising C. elegans Qdrl 0 receptor G-P2
inserted at the C-term nus.



SEQID NOs 21 to 44- Aigonucleotide priners. SEQID NO 45 - nCitrine
derivative. SEQ ID NO 46 - nCFP derivative. SEQ ID NO 47 - Open reading
frame encodi ng, rgﬁz?égtsne derivative. SEQ ID NG 48 - Open readi ng frame
encodi ng nCFP 8 Ve. SEQ ID NO 49 - Open reading frate@HE8EMg adr 10
FRET dual |abelled fusion protein. SEQ I® NO 50 - Odr10 FRET dual | abelled
fusion protein. SEQ ID NGO 51 - Open reading frane encoding Str112 BRET dual
| abel l ed fusion protein. SEQ ID NO 52 - Str112 BRET dual | abelled fusion
protein. SEQ ID NO 53 - Open reading frane encodi ng nouse coA adrenergic
receptor BRET dual |abelled fusion protein. SEQ 1D NO 54 - Mouse 0c2A

adr ener gi ¢ r ecept or iiBREACcehta molealdefolrethaft wé iho rhirp not-@insmen®i@e ldop NOthd5 - Open
readi ng franme encedi Bg HOWS:indLh: 205808 BinG faRGRPMORrh REQahdhNB.B6 - Mouse
COA adrenergic Be§%Pt or. 16 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Gener al
Techni ques and tions . Unl ess specificall Y, defi ned ot herw se,

all technical and sB# BREOPTE ey Rersiogms et ) the WAy THsmerakE 1498 °have t he
sane neani ng asthe okl thprdesrot woldoutsyforon garbéf tesrtbiidrmnyrasskichbrajerodphe art
(e.g., in cell aulture, nolecular genetics, biosensors, G coupled protein

receptor biology, i Mﬂﬁ@Q&cQ@Mrmdlé@ﬁUﬁQﬁlM%%éh&%m%&&bﬁ%@lo@@%ét ry, and
bi ochem stry). LA e$s rwise | r}rcat e.f nbi nant protein,
cell culture, sugumt an thf m»iu ;titbtfn C:hunn uoers I |0|f tzhé ud n({nﬁreansmem an

i nvention are sPghédard pr ocedur es, wel I known to those ski | I ed in the art.
Such techni ques ar eV)dM¢iﬁﬁiﬁedcanﬂ'of@xrﬁcbrmb peecbftheriidh ghoudnsthéngbring feep af ure i n

sources such asthe shbudtesraale,acoptbr BQdche @rm&ptirche thk 0-Malige Wk ar  Cl Oni ng, John

Ve an?;orsgn%pﬁ o) e e RATRIGOK b, l‘r"éts“éb,@gﬁ g‘”" iR 0 & drabor oy
Essent | al Mol ecuPul & Bras %ﬂﬂﬁwprra&ﬁrﬂ B RE3 PR P fes 1 and 2. | RL

Press (1991), D. M GD dhedio rarrdmef%DMHarreﬁle@@@Ptpldr@yculetﬁm* @tlbﬁtth@ﬁrm
Practical Appr oagfansvembibesodb-ofthe kilBiniPoess (1995 and 1996), and F. M
Ausubel et al. (ed|¢1%t§9 hicl R 580 pBLALP8R &ttt MUBE WAL pdl GluRdlia G eene
Pub. Associ ates and \W | gégqgoeriglgeu%cgt (1988, including aF updates until
present), Ed Har ffow and 4 dr't or s) Anti bodies: A Laboratory
Manual , Cold Spri ng"q—la? Bﬁt&‘?“%%‘rh‘éﬁ’aﬁ%’t ¢ thy qegepsyy molgqigfe Sorps P thfalffhet al .

(edi t or s) Curr enmt-ttRsgeobetedodprf thpmbmol, ogy, John Wley & Sons (including all
updat es unti | presentie tiohminescAS prSﬁdwhﬂié @écaptorunblest BB Gafti@dhecot-her wi se,
the term "G pratgins i?t%oqluﬁﬁ{nr eceptor" refers to a seven transnenbrane
receptor which si gnla t hr pr ot |nsd The r S\Agdpt or % be a.single
subunit, or two or ‘eThF gtl‘Btcnts -‘(pte%“ © GAHRSEE YR URBFECTF BRER or
subunits are praéseﬂﬁw?memmyle tad Wh@elsﬁtﬁ@aﬂﬁrlqcr@rlewt’m dipele grigsdntipi pat i on

t hereof (for ex@Enmpbemikwestofroignecistbunite acepta &DlﬁglleelsafltelamﬁihhﬁﬁhesUbunl t).
Furt her nore, UQbﬁﬁ(ﬁln@Q%lﬂfeI[@%@hdd nplied otherwise the terns "G prot ein

coupl ed recept or C!tn a?tyrgé%e e}nb dllne%hct;hep ! qt %'tﬂjc‘%&%&&d threes%be '1[thIr1d ’thc
varratrons thereof are us ed n |n, t he

term "odorant rPECEHEGETe prmﬁiP f"ﬁéf"ﬁr{%}lyﬁ’e@g@dt difoetly ‘m(’jt?“e“dlﬁ’ bt?‘%i |t%ttl Fﬁ‘a?rsfl t her eof
refers to a polryheptidcdemphiieian agveiar prlegém tndi whegircted spatdl l@mioorgdei sm i s
i nvol ved i n chelipremisabition RE HEeRi:0Rcd:N paniredhedi 1ent accdphve nokbille isS a
neuron. Furt heraﬂ@&ﬁvheh hl% cerﬁﬂomld lgrqglth%rf\t) yﬁeﬁﬁcﬁ@r‘r@& tieQ'éCOll&)})Jl}q)g]%t%Ey receptor”

refers to a polype art of a
protein conpl ex t hg gﬁ”ﬂﬁsdt(‘tnbatc °ﬁ1b8‘§13f’15n€ ﬁoyﬁ%ﬂc CO%’é’EIfF e ﬁ‘&’“t“ﬁan tlﬁhysr ol ogi ¢
response. 17 @acccptor pgleqilte dgnchdp @phipertiffels tdpqily "9 lestingiiy rhesitdlelst? peowdei n”

refers to any polgpepiidc eapabhea dioladidseegt puted, sui tvaddie tigudpsial ddcetidno gener at e
| um nescence. and/or diphR oHERMoNETRI Y uftzb@tte;rm in SURS T {o@k%cccﬁt@ﬂcrﬁ&l&ufeo any

ol coul e that CARGRELHASH L, SRRLHRGH! SNalilly B hOLUTLAGSRRRL. Proteln to

generate or absor um ne erein, hrase "al | ow ng
t he bi ol um nescent protein to nodify the substrate" refers to any enzymatic
activity of the biolum nescent protein on the substrate that produces

ener gy. As used herein, the term "acceptor nol ecule" refers to any
conpound whi ch can accept energy enmtted as a result of the activity of a
bi ol um nescent protein, and re-emt it as |ight energy.



As used herein, biolum nescent resonance energy transfer (BRET) is a

proxi mty assay based on the non-radioactive transfer of energy between the
bi oi ut ni nesccpj in donor and the acceptor nol ecul e. As used
herein, the tg?ﬁﬁﬂﬁﬁﬁéﬁlate" or "nodul ation" or variatione YREPEEP ) efer to
an alteration in the intensity and/or enigssion spectra of the

bi ol um nescent protein andl or acceptor nolecul e. As used herein, the
term"spatial |ocation" refers to the three dinensional positioning of the
bi ol um nescent protein relative to the acceptor nol ecul e which changes as a
result of the conpound binding a pol ypeptide defined herein conprising a G
protei n coupl ed recépthorbove two embadimage dhehresogil nolyrepdle teghemcbroprpel a@ G
orientation” repdicth do@lddneccptor R6ENHQR fbih 4 fhReodicFRAShORhictPaRRIRE t he

di pol e nonent a%ﬁ&ﬁ&%k@&nﬁh%b&%a&%§Bm&ﬂ% bi ol um nescent protein and/or the
acceptor nol ecule rel ve their i

rglattl1 ~their orientation Ln‘ghrﬁg-Qinensional space.
The dipol e noment i & GVESHEBHGSHIESTY SN PAYHDA PP CE PREY FSREP ™ har ge over
a nol ecul e. polypaptidg & deterdiped gpmppind. thamolpentisy eompesig t | ve" refers to a
great er change in resonanceryaemneigy tiar ansfleor indtcty ket weenratdialat iog@nd

unbound form t oafghent caanch.bAUR HokM Ol @R Jigpalt er system (for exanpl e,
BRET) to anot her relqh&ﬁnng%§EQQ%t&g&y§§9§8;§k FEEI)'AS used h contai ning
an isol ated and/ or reco |naﬁi %o e(flde of the Imvention conprising a G
protei n coupl edVFELRPRBEXFEBUAHN ¢ celPhe Ny aps of theye PRI CoOpRlReeepiRp 85 t i on
conpri ses no | iwbungtelhksof, whetifirethe ¢cheyd thotprmise issidodieyplépt i de of the
invention or not. As the siifed Uagd wilBdpBietlate, i@y SRRLLbOCRRbAGhENRTeadgkers to the
addi tion of a SRERLG, & QFRIk&InIHo afdly i s&ygazgtf/deg%g&g(gﬁf%anmﬁonconpound to be

detected in a way that the conmpound 1s | e of ing the G protein
coupl ed receptor. AEOP“thﬁéb nﬁ@ﬁ&ﬁﬁ?3?§§mggpwap@waﬁm |4§REE Tefers to
two | ayers of, ROpBERAS PhyhedmysAtiqhi | i c, nol ecul ar arrays arranged opposite to
each other wi th a clomamembodib@nt, thy delppbledide cdmprieeyer i nteri or and two
hydrophil'ic surfacega mtitidelsRjubhcPbd pXglcd GRy BR JR8tdmaNbY: 06 GunEiRY or
artificial. Nbs& plsferably, the lipid bilayer is a cellular or bionmenbrane
into which a polypé tlée’defined herein conprising an G protein coupl ed
receptor is insert el ? PoFolidxssapanes Wi AEFat)” MHEEY L0 any|ognpr By east cel
menbr ane, nost PP o Bf 14alyéhge. Séet 13. nenbr ane. As used herein,
the term"yeast Ii Qilchnbthér_adﬂ@’ct': piefded s & Qedtdiecolnblﬁﬂil@ ebipl)l?-x_ylereotbi@i dﬂ_ghefjer i ved
from a yeast cegllcnftPr@ss b B & 99[}0\&91%9& 'tlgepo%ﬁdl&ﬁgc ﬂec{p@l'aﬂ GRRI LS g an G
protein coupled‘regeptor. The skilled person can readily determne i f a
lipid bilayer i #etived froma yeast by detecting proteins naturally
occurring in yeast Wifethenrecepyrdees 2 ihprt ¢ ecompinbiedbrerodiieticosde ofpiet not
limted to, Fusnkng@npnditreiervedtdrofidheaettioand Fi nk, 1989), SNARE conpl ex which
conpri ses the Ssol/m§Ferat?thGhdPhRNEH FR&ARs, @ h&IcO SorfipatdsOR p&ilpedlide: of 2R07)
pher omone recepfQLint €2p (Celic et al., 2003), and/or Kjr? (G aschopf et
al ., 2001). As used herein, the term "sinultaneously or sequentially"”
means that the subst'f 3PECHSH K& pd\WPGed before, during or after the sanple
is contacted w th ahpoleyeprintes ais aldefi hiesd tchdipwithy, fuRtiefab paiykyon ¢fhe
substrate i s pmemitctRbdaknttri@ptsiaiBich bi¥evabticaddleiffeRds: 6 amPhRlian odorant The
"sanpl e” can be.an¥s SHRILAREBrAL. FARPRS blhR SHIRREHED ol cGPERLLSI N9 a
conpound to be ?tected. Exanpl es of sanples include air, liquid,
bi ol ogi cal maté&rial and soil. The sanpl e may be obtained directly fromthe
envi ronment or sourg@furger appggl hepratent ipgatonhEyidpsd qopepitdfcPBRisy the sui t abl e
procedur e bef omelygepridet dfobk ofertibve thenpodymui¢lanidé sf the ifvertivedthe vector of A& used
herein, the tehffentionRh@6@hdhoGRMPIre ifvReRAt Or, and/ or accessory nol ecul e
when present, in cephinati .S i ol ym ent protein and an

‘?—’Pé% '%)23; %h([% 2%1%%%& le egqb@d(fgfi a4 d[l')%%rgx

acceptor nol ecul e" neans. t h; um nescen otein is associated,
preferably coval ent1Sy PRVIELRAG 16 M BPBTodBI 'Y "%r oduced as a fusi on
protein, with a subunit of the G protein coupled receptor or with an
accessory nol ecul e, and the acceptor nolecule is associated, preferably
coval eutly attached, nore preferably produced as a fusion protein, with a
subunit of the G protein coupled receptor or with an accessory nol ecul e.
The bi ol um nescent protein and accessory nol ecul e nay be associ at ed,
preferably covalently attached: nore preferably produced as a fusion
protein, with the same or different subun:its of the G protein coupl ed
receptor or the sane or different accessory nol ecul es. Furthernore, one of
t he bi ol um nescent protein and accessory nol ecul e nay be associ at ed,
preferably coval endy attached, nore preferably produced as a fusion
protein” with a subunit of the G protein coupled receptor, and the other of
t he bi ol um nescent protein and accessory nol ecul e may be associated with an

___________ o o o, .



and pol ypeptides produced in such cells or cell-free systens which are

subsequently purified away from at | east sonme ot her conponents. The
terns "pol ype n protein" are generally used inte bly and
refer to a S|§1v2(aﬁ”O ygeptlde chain which nmay or may notcﬁgﬂﬁgggﬁwé% by

addition of non-am no acid oups. It would be understood that such

pol ypepti de chains nay associate with other pol ypeptides or proteins or

ot her nol ecul es such as co-factors. The terns "proteins"” and "pol ypepti des"
as used herein also include variants, nutants, biologically active
fragnents, nodifications, anal ogous and/or derivatives of the polypeptides
descri bed herein. i) the pdjyeptideiodeint intoptiof comppobgy p&ppivde dospldetcerpry ned by
GAP (Needl eman &fﬂ)deHcﬁr&h]thcé&?&})tl@%ﬂb@dd&d i GGG pNAST aor Wi th a gap creation

penal ty=5, and a gap, &%‘h&%%htgﬂ ﬁ%@@&@{ gt;ﬂ@aqq&é%%xfﬁ&%'c‘?&%néh g at | east

25 amno acids in |en sequences
over a region oﬁmﬁ§y@g%§f“@§mﬁﬁﬁﬁﬁlﬁﬁf Eh” aad EHQVQFHWFVO ¢ He iRr y
sequence i s at Feglsd rgepterivhacindhads nrefcih engpidd, reepnigr ishemi@Agedanal Yd s al i gns
the two sequenceitiyayer waciti@gihancx@icssad inlagals the Dci@fiiug of B GsatciMaruplcd

preferably, t here%@ﬁ Yor §L@E}Hteﬂ1@1%0ﬂ R 0§£1d4 RA&H addOe @'E@nﬂﬂu@ﬁ\'ugshe AL, | engt h and

the GAP anal ysis al er & region of at |east 100
am no acids. Even b%%Mb%1:Cmﬂg?aymfs%?auaémﬁn&equence is at |least 250 am no

acids in | ength andmtﬂﬁéme&wanh éh%?%‘i %eezﬂomaﬁgloe RethirgemiseiieHeese 808¢ a regi on
of at |east 250bamnnescatpasin (EVem cotecer pitef eelabihssreat treici®AP anal ysis al i gns
t he two sequences OXeihe bR icaldd il Sple@it@tnihay of the aboREMYSEHIREEIRIN 0 A

" bi ol ogi cal | y afﬁzhmoofso@&ggemwlbw%)@tp%ka%& el @H{l ALj de as dgzg{: bed

herei n whi ch mai nt ol

For exanple, a bi oﬁd‘ |f8‘§1ef Vpﬁﬁ:tﬁle\?’e‘”?”f %??éﬁlp‘%‘f‘ . @eﬂi‘?%‘f ‘%"‘é“&ﬁ%‘f ﬁd recept or
must be capabl efresf copippdiongftthee inventigintthe ool Aumnisisg [obtinige jancey of the
conformational hatigend Bhoptogilealchpraacdfitieectfsr agment s can be any size as

| ong as they maint ajsintHsatehi ne@lena@kbwn%%mz?cr&ﬁﬁé@bly, bi ol ogically active

fragnents are at leﬂs Illl?ogimegpﬁlggsﬁls%e séﬁj‘abm%ﬂenchl ee%‘sSt 250 amino acids in
| engt h. d h tive variant" is a nol ecul e

which differs fron1% %%?ﬂ?ﬁP@&t%tEGWWiﬁ&maﬁHP@YmﬁeTPﬁ%ﬁ“ﬁﬁ@@@ﬁﬂ%‘by one or
nmore am no aci d®hbertidaefithetisientgne lpetfeplhefdheantentivint acompesgion athdiwfdnhied above
for biol ogi cal | sdacd deigret tagiRhSf thBinddn@igh.cal | y active variants are

typ' call y | east 50%11 arﬂ?ﬂﬂﬁl Rf)&f %{cgpéeé/nt ﬂlRCI tlgf?‘ Itowgﬁ%m%ﬁqm%&@(f,n%{;qpljay at | east

90% nore preferabl t eas % and even
nor e preferablyong¥gg?&m@§@kn%é%§?¥gﬁﬁfCDWhglHgyﬁ?apfl“ﬁccurrlng and/ or
defined nol ecul e. 1 contactifgpgandislais pemnopndayithefcrthéiep Cﬁepgﬁﬁepwrﬁelbm

pol ynucl eoticle, it w hlatkestapt poicatcedldihatptdbemtlaiitd hy lipidgilsyes ali gher t han

those provided &mmm“%dewof&ﬂggﬂm@§ﬁ1pﬁ@hgared 21 enbodi nents. Thus, where

I bl | i ght ef d
?Egtlfﬁe gol;gep;?de 8? & ? thiggg%é%&g&Q£yT%k&ﬂg e&mma;mlﬁﬁg éhﬁé%ge

which is at | eddtds ghglac @ﬂé?ﬁﬁpyﬂﬁPmF@H¥F3@GWPCH§W@‘%?@PerabIy at

| east 70% nnreﬂpme¢@¢@bnvmapmm@ésuweewwnmnmeom¢eﬂerebwwneﬂm#eesh> 85% nore
preferably at lseastr Q0%entmane watreih aralol prodin dorpisd rRdftor, Bre péehsr ably at

| east 92% ”Derm%@@Q{@Pb%«%¥1#%@ﬁ&mﬁ@%%m%?k@dﬁhﬁiﬁkﬁphyp@knl5@3& 94% nore
preferably at |eas nore preferably at |east 96% nore preferably at

| east 97% noré°P %& ?%%F at | east 98% nore preferably at | east 99% nore
preferably at |eastﬂ>99mit%cowme prenedabyih der Pedetdigna 2upstrae 08 tisr ef er abl y
at | east 99. 3%tihorespreferablayd allovieashe 99ldHexnor eropivefenabiiy tat | east
99.5% nore prefwrably at |least 99.6% nore preferably at |least 99.7% nore
DT anl Y, &t 1 25t SR B R E ol B LRLARI s Byl SR B,E°

identical tot [ sol at ed

pol ynucl eot i de'® 'ﬁ OPas Y ibNN““PNﬂ”“@”“?“iSﬁﬁ?W&fFBﬁ“%? these single or
doubl e stranded, in the sense or antisense orientation or a conbination of
bot h, we nean a pol ynucl eotide which is at |east partially separated from
t he pol ynucl eoti de sequences with which it is associated or linked inits
native state. Preferably, the isolated polynucleotide is at |east 60%free,
preferably at |least 75% free, and nost preferably at |east 90% free from
ot her conponents with which they are naturally associ at ed. The term
"exogenous” in the context of a polynucleotide refers to the pol ynucl eotide
when present in a cell, or in a cell-free expression system in an altered
anount conpared to its native state. In one enbodi nent, the cell is a cel
that does not naturally conprise the pol ynucl eoti de. However, the cell may
be a cell which conprises a non-endogenous pol ynucl eotide resulting in an
aItered preferably |ncreased anDunt of productlon of the encoded

o, Y




Name Oruani sm MV Em ssi on Substrate ltDa x 1113 (nm) Insect FFluc
Photinus pyralis (North Anerican Firefly) -61 560 D-(-)-2-(t'-

hydr oxybcnzot “J?)'z%)%ls%}) -A2- thiazoline-4- carboxylic aC'p%’r/AlflE’(-)l;cl)_/%oso
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wherein a modulation of BRET indicates that the compound binds the G protein
coupled receptor, and whercin when expressed in a cell the N-terminus of the G protein
coupled receptor, or subunits thereof, is outside the cell and the C-terminus inside the
cell.

As the skilled reader will appreciate, many of the above ecmbodiments relating to
the methods of detection also apply to the method of screening aspect of the invention.

In a further aspect, the present invention provides a kit comprising a polypeptide
of the invention, a polynucleotide of the invention, a vector of the invention, a host cell
of the invention, a composition of the invention, a cell-free composition of the
invention, and/or a biosensor of the invention.

As will be apparent, preferred features and characteristics of one aspect of the
invention are applicable to many other aspects of the invention.

Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

The invention is hereinafter described by way of the following non-limiting

Examples and with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

2
Figure 1. Princ?iplc of resonance cnergy transfer in ODR-10 receptor fused to GFP
and RLuc  GFP is inserted in the third intracellular loop of the GPCR and RLuc to the

C-terminus. Diacetyl binding could result in a conformational change resulting in a
2

decrease (top right), or increase (bottom right), in the distance between RLuc and GFP

or a change in the relative orientations of their chromophore dipoles, which would alter

2 . .
the BRET signal in a dose-dependent manner.

Figure 2. The response of OGOR to (A) uM (mean £ SEM, n=2) and (B) nM (mean +
SEM, n=6) concentration of ligand or water (¥ denotes a significant different (P < 0.05)

compared to water).

Figure 3. The change in BRET? ratio (%) of OGOR to (A) uM (mean + SEM, n=2)
and (B) nM (mean + SEM, n=6) concentration of ligand compared to water alone.

Figure 4. Diacetyl concentration dependence of the OGOR BRET? response (mean +
SEM, n=12)



(Cit HsN203 S2) (luciferin) Insect FF' luc Luciola cruciata (Japanese
Firefly) 560-590 (many nutants) Lucifcrin Insect Phengodid beetles

: , iferin ]l nsect
(railroad worgg), . gsdsisect Arachnocanpa sp Luci feri n, Jng8shem0s0
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Figure 5. Comparison of the response of OGOR (mean + SEM, n=3) and thc OGOR
mutant (mean = SEM, n=6) to water or one UM of diacetyl in water.

Figure 6. Comparison of the response of OCOY (mean + SEM, n=5) and OGOR
(mcan £ SEM, n=3) to water or one UM of diacetyl in water.

Figure 7. Spectral scans of OCOY upon the addition of different concentrations of
diacetyl. Top: Raw data. Bottom: Normalized (500 nm) data.

Figure 8. Normalized dose response curve for ODR-10 tagged with both FRET (mean
+ SEM, n=5) and BRET? (mcan + SEM, n=12).

Figure 9. The response of TGTR to 10 puL (mean + SD, n=3) of OP50 bacterial
supernatant (LB) or OP50 bacterial culture in LB compared to LB alone (* denotes a
significant different (P < 0.05) compared to LB).

Figure 10. The response of TGTR to uM (mean + SD, n=3) concentration of ligand or
water (* denotes a significant different (P < 0.05) compared to water).

Figure 11. ODR-10 transduction cassctte. Dark — ODR-10 sequence, Light — variable

receptor ligand binding domains. A) N-terminal fixed in cassette, B) N-terminal
2

variable OR sequence. Rluciferase denoted as emitting at 410nm, and GFP™ denoted as

emitting at 515nm.

Figure 12. Co-expressed odr-10-Rluc and odr-10-GFP? yeast cells to show odr-10
receptor localization and tagged odr-10 expression level by confocal microscopy

(Ex488 nm, Leica SP2 confocal laser scanning microscopce).

Figure 13. Constitutive BRET? of nematode odr-10 in living Tnvsclyeast cells. All
tested yeast strains were induced for expressing tagged odr-10 proteins for 24 hours at
15°C. Encrgy transfer measurements were performed in living cells by adding 10 uM
coelenterazine h (DeepBlueC) and measuring light emissions in a dual wavelength
microplate reader with Rluc and GFP2 filter settings as described in the method. Data
are means + StD of two independent experiments.

Insvel/odr-10-R Luc — negative control.



O phclia fultoni (North Anerican gl ow worm I nsect Clluc Pyrophorus
pl agi opht hal anus (click beetle) 546, 560, 578 and 593 Luciferin Jellyfish

Aequorin Aequa%sﬁw%é%g‘460-470 Coel ent er azi ne Sea pansy;%%ﬂ%mnwmmmo
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Invscl/odr-10-RLuc + Invscl/odr-10-GFP2 — OR and OG in separate cells. Cells
mixed together for plate reading — BRET is not expected because the two constructs
were expressed in separate cells.

Invscl/odr-10-RLuc; odr-10-GFP2 — both constructs expressed in same cell. BRET is

present, therefore dimerisation is occurring.

Figure 14. Detection of Odr-10 oligomers by immunoprecipitation. Crude membrane
from Invscl yeast cells co-expressing the indicated receptors were solubilised and
adjusted to the same amount of luciferase activity.  Receptors were then
immunoprecipitated with anti-GFP antibody and luciferase activity determined in
precipitates. Values are presented as % of maximal amount of precipitated luciferase

activity. Data arc mcan of two biological repeats.

Figure 15. Measured light output in the BRET? channels upon the addition of 5 UM of
coelenterazine 400a to 100 pL of a whole-cell assay sample of 100 pL of the cell-free

membrane preparations following ultracentrifugation.

Figure 16, BRET” signal upon incubation (45 minutes) with 1 uM of diacetyl (mean +

S.D., n=3) monitored using a whole-cell and cell-free assay systems.

KEY TO THE SEQUENCE LISTING

SEQ ID NO:1 - C. elegans Odrl0 receptor.

SEQ ID NO:2 - C. elegans Str112 receptor.

SEQ ID NO:3 — C. elegans Str113 rcceptor.

SEQ ID NO:4 ~ C. elegans Str114 receptor.

SEQ ID NO:5 - C. elegans Str115 receptor.

SEQ ID NO:6 — C. elegans Str116 receptor.

SEQ ID NO:7 - ORF encoding C. elegans Odrl0 receptor.

SEQ ID NO:8 — ORF encoding C. elegans Str112 receptor.

SEQ ID NO:9 — ORF encoding C. elegans Str113 receptor.

SEQ ID NO:10 — ORF encoding C. elegans Str114 receptor.

SEQ ID NO:11 — ORF encoding C. elegans Str115 receptor.

SEQ ID NO:12 — ORF encoding C. elegans Str116 receptor.

SEQ ID NO:13 — Polypeptide of the invention comprising C. elegans Odr10 receptor,
RLuc inserted into the third intracellular loop (fifth non-transmembranc loop) and GFP

inserted at the C-terminus.



Renilla Reniforms 36 480 Coel enterazine Sea pansy R uc8 Renilla reniforms
36 487 Coelenterazine 24 (nodified) (nodified) (peak) /Deep Blue C Sea

pansy Rm uc R@«Q)izlolo"fbsﬁw l erei 36.1 -480 Coel enterazi ne S%%T&%Q§1¥/000080
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SEQ ID NO:14 — Open reading frame encoding polypeptide of the invention
comprising C. elegans Odr10 receptor, RLuc inserted into the third intracellular loop
(fifth non-transmembrane loop) and GFP inserted at the C-terminus,

SEQ ID NO:15 — Polypeptide of the invention comprising C. elegans Odrl0 receptor,
GFP inscrted into the third intracellular loop (fifth non-transmembrane loop) and RLuc
inscrted at the C-terminus.

SEQ ID NO:16 — Open reading frame encoding polypeptide of the invention
comprising C. elegans Odr10 receptor, GFP inserted into the third intracellular loop
(fifth non-transmembrane loop) and RLuc inserted at the C-terminus.

SEQ ID NO:17 — Polypeptide of the invention comprising C. elegans Odrl0 receptor
and RLuc inserted at the C-terminus.

SEQ 1D NO:18 — Open reading frame encoding polypeptide of the invention
comprising C. elegans Odr10 receptor RLuc inserted at the C-terminus.

SEQ ID NO:19 — Polypeptide of the invention comprising C. elegans Odrl0 receptor
and GFP2 inserted at the C-terminus.

SEQ ID NO:20 — Open reading frame encoding polypeptide of the invention
comprising C. elegans Odr10 receptor GFP2 inserted at the C-terminus.

SEQ ID NO’s 21 to 44 — Oligonucleotide primers.

SEQ ID NO:45 — mCitrine derivative.

SEQ ID NO:46 — mCEP derivative.

SEQ ID NO:47 - Open reading frame encoding mCitrine derivative.

SEQ ID NO:48 - Open reading frame cncoding mCFP derivative.

SEQ ID NO:49 - Open reading frame encoding Odr10 FRET dual labelled fusion
protein.

SEQ ID NO:50 - Odr10 FRET dual labelled fusion protein.

SEQ ID NO:51 — Open reading frame encoding Str112 BRET dual labelled fusion
protein.

SEQ ID NO:52 - Str112 BRET dual labelled fusion protcin.

SEQ ID NO:53 - Open reading frame encoding mouse 04 adrenergic receptor BRET
dual labelled fusion protein.

SEQ ID NO:54 - Mousc 0ia adrencrgic receptor BRET dual labelled fusion protein.
SEQ ID NO:55 - Open reading frame encoding mouse o4 adrenergic receptor,

SEQ ID NO:56 - Mouse 0pa adrenergic receptor.



Reinlla kol likeri Crustacea (shinp) Viuc Vargula hilgendorfii -62 -460
coelenterazine * Crustaeca Cypridina (sea firefly) 75 460 coel enterazi ne

** Dinofagell gte (narine al ga) PCT/AU2010/000080
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DETAILED DESCRIPTION OF THE INVENTION
Gengral Techniques and Definitions

Unless specifically defined otherwise, all technical and scientific terms used
herein shall be taken to have the same meaning as commonly understood by one of
ordinary skill in the art (¢.g., in ccll culturc, molecular genctics, biosensors, G-coupled
protein receptor biology, immunology, immunohistochemistry, protein chemistry, and

biochemistry).

Unless otherwise indicated, the recombinant protein, cell culture, and
immunological techniques utilized in the present invention are standard procedures,
well known to those skilled in the art. Such techniques are described and explained
throughout the literature in sources such as, J. Perbal, A Practical Guide to Molecular
Cloning, John Wilcy and Sons (1984), J. Sambrook et al., Moleccular Cloning: A
Laboratory Manual, Cold Spring Harbour Laboratory Press (1989), T.A. Brown
(editor), Essential Molecular Biology: A Practical Approach, Volumes 1 and 2, IRL
Press (1991), D.M. Glover and B.D. Hames (editors), DNA Cloning: A Practical
Approach, Volumes 1-4, IRL Press (1995 and 1996), and F.M. Ausubel et al. (editors),
Current Protocols in Molecular Biology, Greene Pub. Associates and Wiley-
Interscience (1988, including all updates until present), Ed Harlow and David Lane
(editors) Antibodies: A Laboratory Manual, Cold Spring Harbour Laboratory, (1988),
and J.E. Coligan et a/. (editors) Current Protocols in Immunology, John Wiley & Sons
(including all updates until present).

As used hercin, unless specified otherwise, the term "G protein coupled
receptor” refers to a seven transmembrane receptor which signals through G proteins.
The receptor may be a single subunit, or two or more receptor subunits. When two or
more receptor subunits are present they may be the same, different, or a combination
thereof (for example, two of one subunit and a single of another subunit). Furthermore,
unless specified or implied otherwise the terms "G protein coupled receptor” and
"subunit of a G protein coupled receptor”, or variations thercof, arc uscd
interchangeably.

As used herein, the term "odorant receptor", "olfactory receptor”, "OR" or
variations thercof refers to a polypeptide which, when present in a cell of an organism,
is involved in chemosensory perception. In an cmbodiment, the ccll is a neuron.
Furthermore, the term "odorant receptor” or "olfactory receptor” refers to a polypeptide
which binds an odorant ligand, or forms part of a protein complex that binds to an

odorant ligand, resulting in a physiologic response.
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As used herein, the term "bioluminescent protein” refers to any protein capable
of acting on a suitablc substratc to gencrate luminescence.

As used herein, the term "substrate" refers to any molecule that can be used in
conjunction with a bioluminescent protein to generate or absorb luminescence.

As uscd herein, the phrasc *allowing the biclumincscont proicin to modify the
substrate” sctors to any onzymatic activiey of the bioluminescent protein on the
substrate that produces energy.

As used herein, the term "acceptor molecule” refers to any compound which can
accept energy emitted as a result of the activity of a bioluminescent protein, and re-emit
it as light energy.

As used herein, bioluminescent resonance energy transfer (BRET) is a proximity
assay based on thc non-radioactive transfer of cnergy between the bisluminescen:
protein donor and the acceptor molecule.

As used herein, the terms "modulate™ or "modulation” or variations thereof refer
to an alteration in the intensity and/or emission spectra of the bicluminescant protein
and/or acceptor motecule,

As used herein, the term "spatial location" refers to the three dimensional
positioning of the bioluminescent protein relative to the acceptor molecule which
changes as a result of the compound binding a polypeptide defined herein comprising a
G protein coupled receptor.

As used herein, the term "dipole orientation” refers to the direction in three-
dimensional spacc of the dipole moment associated either with the bioluminescent
protein and/or the acceptor molecule relative their orientation in three-dimensional
space. The dipole moment is a consequence of a variation in electrical charge over a
molecule.

As used herein, the term “more sensitive” refers to a greater change in resonance
energy transfer ratio between the ligand unbound form to the ligand bound form of one
reporter system (for example, BRET) to another reporter system (for example, FRET).As used h
containing an isolated and/or recombinant polypeptide of the invention comprising a G
protein coupled receptor subunit. Preferably, the cell-free composition comprises no
live cells, whether they comprise a polypeptide of the invention or not.

As used hcrcin, he otomy “contacting” rofors fo the addiion of g sanple
comprising, or which may comprise, the compound to be detected in & way that the
comypround is capable of binding the G protein coupled receptor.

As used herein, the term "lipid bilayer" refers to two layers of, typically

amphiphilic, molecular arrays arranged opposite to each other with a common



462 Coel enterazine O hers P due Ptilosarcus -490 Coel enterazine d ue
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Gaussi a | uci fﬁfoazﬁﬁ‘)/ogzsfsﬁom ani ssia princeps) has been use%@g@%&g@&gﬁ( cal

assays (Verhaegen et al., 2002). Gaussia luciferase is a ein

t hat oxi di ses coel enterazine in a rapid geaction resulting in a bright

| ight em ssion at 470 nm Luci ferases useful for the present

i nvention have al so been characterized from Anachnocanpa sp (WO

2007/ 019634). These enzymes are about 59 kDa in size and are ATP-dependent
| uci ferases that catal yze | um nescence reactions with em ssion spectra

wi t hin the bl uebyplowhebonbibfertikigios pelctwoumnirophilic surfies. eFliralipid/ejayeramn baci f er ase,
bi ol um nescent pfi@hiS Rsurtiak agi@fabaienpéeygesd hdlipiddbisyd RvwERLMIAN 81 any

enzymes whi ch cgp act. iﬁtg S“ﬁ%yptagpgicyﬁepw@&tﬁ;l@dtﬁﬁeim ﬁ{;ﬁgr Al gtean%lggéce“t

signal . Specific exanpl ¢ J enzynes. ar.e 0-gal act os se, lactanase,
hor ser adi sh per EXPHASEHf% L iehaé“pﬁ?nao‘ﬁﬁﬁ'f‘ig&mbf - )i QLYBthic gg’éml%fﬁ‘lf’
13- gl ucosi dase. msy ptclieblyef # it adbearrangubst rates for these enzynes are wel |
known in the art ands asee heoimbae erml'ydyst apai Hilagal ercffs aonihe Oipplaiiags peisgich as
Tropi x I nc. ( Be@’&'i@édjﬁo%:yeéégé)ﬂ; expressing 1&5&8@&&111@5 h@eip%&{?&jsga%ﬁ giseful for
the present i nv}?r[)‘t%fn%(r)]uplle% r&lzgp &' I”[JRee QmPcX perls'losnI cal %Ldil@‘%etg&nh‘%l ifa 1(1p21(? gzgrér is
derived from a yeast by detecting proteins naturally occurring in yeast which are
embedded in the membrane such as, but not limited to, Fuslp protein (Trueheart and
Fink, 1989), SNARE complex which comprises the Sso1/2p, Sncip and Sec9p proteins
(Strop et al.,, 2007), pheromonc receptor Ste2p (Celic ct al., 2003), and/or Alrl
(Graschopf et al., 2001).
As used herein, the term "simultaneously or sequentially” means that the
substrate can be provided before, during or after the sample is contacted with a
polypeptide as defined herein. Preferably, the substrate is provided at the same time or
after the sample.
The "sample” can be any substance or composition suspected of comprising a
compound to be detected. Examples of samples include air, liquid, biological material
and soil. The sample may be obtained directly from the environment or source, or may
be at least partially purificd by a suitable procedure before a method of the invention is
performed.
As used herein, the term G protein coupled receptor, and/or accessory molecule
when present, in combination comprise a bicksminescend protein and an acceptor
molecule” means that the hictuminescent prowin 5 associated. preferably covalenly
gttached, more preferably prodused a5 a fusion protein, with a subunit of the G protein
coupled receptor or with an accessory molecule, and the acceptor molecule i
associated, pocforably covalondy attached, more proferably prodeced as & fusion
protein, with g subuait of the G protein coupled receptor or with an accessory molecule.
The bioluminescent protein and accessory molecule may be associated, preferably
covalently auached, more preforably produced as o fusion prowin, with the samo or
difforent subunits of the G protein coupled receptor or e same or different accessory
molecules. Furthermore, one of the bivhuwmingscent protein and accessory molecule
may be associatod, proferably covalently attached, more preferably produced as a
fusion protein, with a suhunit of the G protein coupled receptor, and the other of the

brolumineacent protein and accessory molecule may be associated with an accessory



In a preferred enbodi nent, a biolum nescent protein with a small nol ecul ar
wei ght is used to prevent an inhibition of the interaction due to steric

hi ndrance. Th ﬁg i ol um nescent protein preferably c %% @J single
pol ypeptide c é)lzﬁgm §0 the bi ol um nescent proteins pr e%gia o OOﬂﬁot form
ol i goners or aggregates. The bi ol um nescent proteins Renilla I uci f er ase,
Gaussia luciferase and Firefly luciferase neet all or nost of these

criteria. Substrates The choice of the substrate can inpact on the
wavel ength and the intensity of the |ight generated by the biol um nescent
pr ot ei n. A widely known substrate is coel enterazine which occurs in

cni darians, copepbdss bhdétignavhisle botienophares;it decapognshelkapspaimysi d
shrinps, radiol aey angrceondinS@ERohbisdNot ®¢an(plRRE @REtcSz@tcay: 1iZR@2)r FoOr
Renilla lucifer g,glga\g 91@ sglg(lgm})/lo?theg@& ‘ﬂt%ﬁe']%m%”a' ogues/derivatives are

avai l abl e that resul sl on en 4}1 nd 512 nm gl nouye et
al ., 1997). A coel eﬁf&ﬁﬁgg?l témé”’b Uéfdérl’v TVE "CAGOR " SEBHBI'HRE) has been
described emtt ilc'ﬁgﬁqr|ng>|*?pulabmnml@cam%\whtllﬁhwmlﬁqdacgwpcqfftl@r%@@toewuniid 46691) .

O her exanpl es stcpeaebreniveriazicref anelio gue sdice mcMat | e oaibditEnthuRen and

Vi vi Ren. &51L1M§1&dcrla?f eemnand/t)h@ccé & moleluugisfn%héa 0 {,e&e&\shi@ p%te@d ass of

light-emtting pluétlﬁi)ggl Vpx 1 bm ggr)renr;[o?éf mozu’nt. m?mn fuu giaam 0{1’% mg‘gmg In one
d pre P Zyne

bi ol um nescence

| uci ferase to p?rﬂ%ffd'e@mo% Piﬁl&*fnrnéi»CFfH pa%r* @ri‘é‘ie@‘yl WﬂecﬂlﬁéoP@F‘Fﬁyd?Plﬂcf*g‘h‘i

Luci ferin, or 2spt@fiddyetianofferzovhinggwled2ecgiyr. 2a troihazaibodiment- oareboxyl i c
acid, was firstndtsnla@tiRdpécifRindgha df itHead byteBNOUpIQUScPYF RIrbBaceddl MGRt t hen,

various forns ozno!ha%;fb@&;nsht h@x@oft?ﬁesgcc@hcﬁ FQU ofe @r}ﬁotan weli ?CQ chsa?mvari ous
di fferent organj ui d,

sh
however, many haV ("e%eéAns t?‘%lélﬁ[l? ngcfm?‘n ‘%‘lgﬁ%@%&v\gr It}ie)r(lblagrf‘“ﬁ%f RS r‘?is(’temf 8rr exanpl e,
wor ms, beet | es ﬁﬁ“cﬂ’“\?é??‘ie‘&?sw%??fé’ﬁ s gfis el theipigyakey thef protegymupledypegpighi | 2002) |
There are at | eastonfof v golgen@ical the ypyesionincipage binding tvhiagh cdmgovadeh
chenical ly diffeuemnta @ eakalysethchyn QIMH@E bifen@ifish StifcUsdmkiadsteye di f ferent

| uci ferases th f different cofactors First, is
firefly | uci feﬁ%’%ggpeldwct%ﬂwagéglftgﬂpcg&%u?r ef | i fer, Whl chr eqw res ATP

for catalysis (EC ¥ l‘ée‘if‘%tle%@of‘fded‘t agngy %@fé) f gfyect %I?olné)lnl frmam) &y f ound in
sone squid and ¢ pietein doapleciaeenios treferpfo ah lehy Ao chaat nreflabwlay est a1%d al r educed
ri bofl avi n phospbhahec pBaeblhi ladst Jouciftiekpesdied 8gibdVNH. - dependent. Third, is

di nof | agel | ate | ucigg bh[ﬁtam@&ll&?;ﬁﬁﬁgy&r (Bln'lffcd‘ché %&pbw&pcﬁl%l’: Itﬁé@hds\{)%mf ound in
di nof | agel | at es Igar'riglcrdl pe.p ni ght-tinme

ocean phosphor eséence, “'Hi Nof 1 mo'% 1a{)t‘e InuCl amgs Othcétpgll?' Cé” Cq’t Re O{gm dation of
di nof | agel | at e PHaPNEE ﬁwé?ﬁﬁescmswfgcthsﬂ 613»9%%@'@11 ile 84EF etatr: Hrivretard ytical |y
active domai ns.thdEgarstthiantiady plrdicd pelgeptak opy teas b0Pe fivamgrd preferabihetdénsi s f ound
in certain ostrasows, AfdehofbarersRAatlidasivorf e renamRl &mpokbis widkinehthys. Last,

i's coel anter azapﬁ}]&%{%}dal g} 9@&%&%‘&&24t 21%2 1t tﬁlé}g‘blniog en@mhgt tﬁerpogjp [%Iag\ protein

aequorin, foun ar|ans, ctenophores, cni arl ans copepods,
chaet ognat hs, folfg’ﬁmé(ﬂ]cﬁ‘o‘é?‘iﬁt}?ﬂla“ﬁcce tor Mol ecul es There are a nunber
of different acceptldf top[iseanbegntt halﬁc cortpxt B2 RobppFsile iderio theipglypanidsnt i on. The
accept or nol ecuthespriyedi® axeprootnei dll-Gte dxpRssPhH Oy @CRAUSd dmoanml &s of

accept or ol ecyl gerddat c@ﬁl%legrtcm:t@lﬁaﬂvé A6d Ud@ne BRoaRleB:, ﬁ‘l@tceli kmctiegat 0, green

fl uorescent pr ot e| n ue, fl yor e : cyan

fl uorescent varl an tfw?:?g'—ylfl J@EP by éfrCPtf)“\(/:Cv ﬁol‘fﬁ\rcé tgceﬁct“ Var il éﬁ }ld(liFP (YFP),
enhanced GFP ( EgEp)es %WH&PRP&WOWC( EetEpyes a83idre Bk lmeo?m) AMOAPSE5T,
Eneral d, Topaz,of GePeppyperdds ttalbi [praledd EGFPedptB@HP)polyp@sdabl the sedntE@FP

(dECFP), dest abﬂcldd&%ﬂ)ly%&dﬁ@es(&dﬁc\ﬁﬁa)/e n(Lqugﬁdbeplrh@Rﬁan om&%ﬂlpo@ﬁﬁ%ﬁj e t-dinmer2,
t-dinmer2(12), PANT %ﬂc (PeggﬁllL La‘(ﬂﬁggﬂ Ry cﬁ%‘e le!qﬁes nfy%%nl%t\ﬁﬁchqze logli?cgizp Kaede
protein or a Phyccbiliprotein, or a biol oglca y active variant or f ragnment
of any one thereof. Exanples of acceptor nolecules that are not proteins

i nclude, but are not limted to, Al exa Fluor dye, Bodipy dye, Cy dye,
fluorescein, dansyl, unbelliferone, fluorescent m crosphere, |unm nescent

m crosphere, fluorescent nanocrystal, Mrina Blue, Cascade Bl ue, Cascade
Yel l ow, Pacific Blue, Oregon G een, Tetranethylrhodam ne, Rhodam ne, Texas
Red, rare earth elenent chelates, or any conbi nation or derivatives

t her eof . One very well known exanple is the group of fluorophores
that includes the green fluorescent protein fromthe jellyfish Aequorea
victoria and nunerous other variants (GFPs) arising fromthe application of
nol ecul ar bi ol ogy, for exanple nmutagenesis and chineric protein

technol ogies (Tsien, 1998). G-Ps are classified based on the distinctive
component of their chronophores, each class having distinct excitation and
en155|on mavelengths cl ass 1 mnld type nlxture of neutral phenol and

o I o ~ o o, o ~



Car boxyl at e-nodi fi ed fl uorescent m crospheres are suitable for coval ent
coupling of proteins using water-soluble carbodiimde reagents such as
1-ethyl- 3-(3- I m nopropyl ) carbodii m de hydroch

Sul fate quorggEgﬁ%Q%fgrospheres are relatively hydrophogﬁ@3§9@g§¥$9
passively and nearly irreversibly adsorkpoal nost any protein.

Al dehyde-sul fate fluorescent m crospheres are sulfate m crospheres that
have been nodified to add surface al dehyde groups, and react with proteins.
I n anot her enbodi nent, the acceptor nolecule is a | um nescent m crosphere.
These are typically made from pol yners, which contain |um nescent nol ecul es
(for exanpl e conpl mkesptidds readuadiiumchcelplatélhimg)syitamooripdr at edsdqmndy t he

pol ymer matri x, pmhicakne@/&xmmmelc&osr@hidgat@dmb@cm vari ety of reagents.

Bi ol um nescent Prot ?h@te@lﬁd DgndMB o?eﬁu'af% ég l£ﬂ§/ used 1?&0!?@%%&/%& a whi ch

shoul d be con5|d red SUIta i's.the
relative enissi Ol ffqtﬁ?%%%)ﬁgﬁmgﬁ%L W%ﬁVﬁW‘Fﬂgyﬁgtg ‘HFEﬁBW {8 °E onpar ed
to that of the BItGINUM $reseews pPr vewd Ac umdsstoadrihgs fush pPelpreptideutitiod mehe

bi ol um nescent ps@tae witls brbet| pdlypapedds ap pwicidd of hécrabslorukared s pecictosm of t he

acceptor no | eculrg: SHS hprBt@ﬁ@" i epolyb%Bebe&qsgb’hefeﬁpc{ﬁotlmmp VRl MBS GENt

protein |um nes?&@%&dﬁ ﬁ ments m (f’iiﬁc\:l@ons ndg)gous dng}o d2r Vapveg c;[fotheXCI te the
acceptor nol ecu not e accep £'Or ®mol ‘ecul e 11uor escénce when

the two nDIecul@%ﬂﬁwgeﬁﬁwamﬁﬁﬁﬁ@r prOX|n1ty and orientation with respect to
one anot her. For exd@kpleideitty hhs téerertiderodgtrmaredyt Gal (MerdRani lahdy
| uci f er ase/ EGFPwRakK,1 1990)i sBaltal (GAS5 OQEmASitas ghedichdod peahl -+ has e/ohYEF

pai ring based onQRSEIMADLEs. efncﬁaalp@qagaqut@éabtea%ﬁo £c>18g,m R andfiNg, et al.

(1997) in Biolu | um nescence ar .Re rtlng W th
binot ohs. eds. . LA FRGS: SR NFEGES Ro GEPRYT o (B 25 TUmASH RS sty
pot ent i al palrlmahdﬁyo%%ﬂﬁﬂxH@W@ﬁé“aﬁé“ﬁrﬁbaW@d“é n@dﬁﬁﬁngmiﬁé(§§1ected

bi ol um nescent prigtienliznarid tacceptmoes avol ecagloe cddindleat €0 agbeadids.i Mode
presence of an @&%@prthawq&e@a&w@k% least 100 ahtnosahﬁuhlﬁleaé@@n&aemi rmed

that the bi ol | aBSRE o B QS 0:20%, 355 ER0GE o TRLAGHL S IR IOk SRHIJ Ous! Y

associate with

CO- expr essi on d?eFﬂgyB‘bmﬁﬁiﬁﬂg%ﬁh?db?ﬁfé?%ngﬁﬁ‘%ﬁtéb%@?hﬁﬁ1gﬁdyg)|n t he
sane cells and anhess averithorp myudnpes ovupirgses oéxdestgpemipuridsnEendere t o
determne if BREHferoigy ufeSGAPHMAIGISEiYnshe tac kqemed ovdr akir entiadiphegdh. USi ng t he

nethod of Xu et al As(uLgogl%}c-m Ihlﬁol&ﬁéa %E&%QC E’écmcﬁmbra%%Fi%ﬁ'Bf aoﬁo%gdu'ac and
accept or ol eCUcICSCllLed.Ih|9|r01n vﬁncih ma,mtamq & { neQ aCtiVHX of t]C ftuh Ilcng[ %Iépﬁptbﬁ E;Eﬁ ni pul at ed

observed. 29
by nodi ficati orf§HRe. tahaolaaffélt/raatﬂ\é flqgﬁ'e‘%‘rﬂi acﬁstéotafl CPur&fidf BFRYESUhle substrate
i s coel ent er azicagbleThiebinditd olralezebebmpdndirdselting@n heonfirodtivndl négigent pr ot ei n
eni ssion is to BifPLHONE atRE (hesOksUdah BB akgetly&eanmdﬁmﬁeyemlaammb @ndeqaccept or

em ssions. The 26 Jn?' %kere@?EJlol%M&tﬂ tHR % %1[\&,111% Bea@ Ilca thd ld‘ﬁ)l vrg &Ql%lﬁ &s donor,

EYFP (or Topaz), as e accept or a coe terazine h derivative as the

substrate. Thed&' ﬂ%ﬁ? A conbined in a BRET assay, generate |ight
in the 475-480 nm rénge b, ¢ Theoldgicelbiagiisegieatits pnatceicnvhighdifichdroB25- 530 nm
range for the ae@epj odcuming adt esfingd Molegledy Spe@inicdd aniins@ldd bitamiddingd5- 55 nm

Unfortunately, ;Ramikd aac{nH@' fsﬁ‘d’ha@se QERET S 1B Qfo%@al%m@tﬁf'eoﬂagﬂﬁﬁtk
over | appi ng suq§tant g&@trlbutes to

decrease the s ol%ﬁlcapy act&//c vauantsfal(i%callg;?ctaggo%&om gﬁjgfblg ar g l{: S04 PR e pr esent
i nvention, usi rh’gcf%%vﬁtd@al Q& PR pdeiphly IF"tH'c?SF/%r“a%CeP%f&%%‘tf palesst 9Provi des
broad spectral aneéschutironebetbiyeencdoidt i@nitebochphanabnesirion amdivel engt hs
(-105nm . Reni lgb@mech boicd®y ase wi th coeld4d00a generates |ight between 390-400
nm and a &P was PreRALEN: Wh & abRhRRil LDl % {ABOG A0 Lie: em s
light at 505-508 pm Becau I'S_INcrea @ % ut i

bet ween Renllla“'u%r¥%?%. ’ﬁﬁﬂgﬁﬁ d‘HP%%?%M “1¥%ﬁe‘ ﬁﬁ?“@??ﬂﬁﬁ?ﬁWOV|des an
excel l ent biological tool to nonitor small changes in conformation of a
pol ypeptide of the invention. This is a significant inprovenent over the
system descri bed previously using the coel enterazine h derivative and EYFP,
whi ch has a wavel ength difference between donor and acceptor of

approxi mately 51 nm Various coel enterazine derivatives are known in
the art, including coel400a, that generate |ight at various wavel engths
(distinct fromthat generated by the wild type coelenterazine) as a result
of Renilla luciferase activity. A worker skilled in the art would

appreci ate that because the |ight em ssion peak of the donor has changed,
it is necessary to select an acceptor nolecule which will absorb |ight at
this wavel ength and thereby permt efficient energy transfer. This can be
done, for exanple by alterlng a GFP class 4 such that it becones a class 3

e Y



(peak) nol ecul e (Ex/ Em (FAM R uc Coelenterazine Wld type 470nm
Fl uorescei n 490/ 525nm Rl uc Coel enterazine WIld type 470nm Acri di ne yell ow

470/ 550 nm R ., Gogelent erazine Wld type PCT/AU2010/000080
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embodiments. Thus, where applicable, in light of the minimum % identity figures, it is
preferred that the polypeptide or polynucleotide comprises an amino acid sequence
which is at least 50%, more preferably at least 60%, more preferably at least 70%, more
preferably at least 80%, more preferably at least 85%, more preferably at least 90%,
morc preferably at least 91%, more preferably at least 92%, more preferably at least
93%, more preferably at least 94%, morc preferably at Icast 95%, more preferably at
least 96%, more preferably at least 97%, more preferably at least 98%, more preferably
at least 99%, more preferably at least 99.1%, more preferably at least 99.2%, more
preferably at least 99.3%, more preferably at least 99.4%, more preferably at least
99.5%, more preferably at least 99.6%, more preferably at least 99.7%, more preferably
at least 99.8%, and even more preferably at least 99.9% identical to the relevant
nominated SEQ ID NO.

By an "isolated polynucleotide”, including DNA, RNA, or a combination of
these, single or double stranded, in the sense or antisense orientation or a combination
of both, we mean a polynucleotide which is at least partially separated from the
polynucleotide sequences with which it is associated or linked in its native state.
Preferably, the isolated polynucleotide is at least 60% free, preferably at least 75% free,
and most preferably at least 90% free from other components with which they are
naturally associated.

The term "exogenous” in the context of a polynucleotide refers to the
polynucleotide when present in a cell, or in a cell-free expression system, in an altered
amount compared to its native statc. In onc cmbodiment, the cell is a cell that does not
naturally comprise the polynucleotide. However, the cell may be a cell which
comprises a non-endogenous polynucleotide resulting in an altered, preferably
increased, amount of production of the encoded polypeptide. An exogenous
polynucleotide of the invention includes polynucleotides which have not been
separated from other components of the transgenic (recombinant) cell, or cell-free
cxpression system, in which it is present, and polynucleotides produced in such cells or
cell-free systems which are subsequently purified away from at least some other
components.

Furthermore, the term "polynucleotide” is used interchangeably hercin with the
term "nucleic acid". Polynucleotides of the present invention may posscss, when
compared to molecules provided herewith, one or more mutations which are deletions,
insertions, or substitutions of nucleotide residues, or modified residues. Mutants can be
either naturally occurring (that is to say, isolated from a natural source) or synthetic (for
example, by performing site-directed mutagenesis on the nucleic acid). Usually,



470nm Ni |l e red 485/525 nm Rl uc Coel enterazi ne cp 442nm Lucifer yell ow
428/ 540 nm RI uc Coel enterazi ne 400 400nm Qui n-2 365{ 490 nm R m
Eﬁg! feg'; ie:]aéggﬁ%ﬂi%)wgsgg‘nm Dansychl ori de 380/475 nm Fi ref I%T)A%gdl‘f)/&ro&%e
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monomers of a polynucleotide are linked by phosphodiester bonds or analogs thereof.
Analogs of phosphodiester linkages include: phosphorothioate, phosphorodithioate,
phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate, phosphoranilidate
and phosphoramidate.

Compositions of the present invention may include an "acceptable carrier”.
Examples of such acceptable carricrs include water, saline, Ringer's solution, dextrose
solution, Hank's solution, and other aqueous physiologically balanced salt solutions.
Nonaqueous vehicles, such as fixed oils, sesame oil, ethyl oleate, or triglycerides may
also be used. The exact nature of the "acceptable carrier” will depend on the use of the
composition. Considering the uses described herein, and the nature of the component
of the invention in the composition, the skilled person can readily determine suitable a

"acceptable carrier(s)" for a particular use.

Bioluminescent Proteins

It is understood in the art that a bioluminescent protein is an enzyme which
converts a substrate into an activated product which then releases energy as it relaxes.
The activated product (generated by the activity of the bioluminescent protein on the
substrate) is the source of the bioluminescent protein-generated luminescence that is

transferred to the acceptor molecule.

There are a number of different bioluminescent proteins that can be employed in
this invention (see, for example, Table 1). Given the size of bintuminescent proieins it
was surprising that functional polypeptides usefid for the present nvention could be
produced.  Light-emitting systems have been known and isolated from many
luminescent organisms including bacteria, protozoa, coelenterates, molluscs, fish,
millipedes, flies, fungi, worms, crustaceans, and beetles, particularly click beetles of
genus Pyrophorus and the fireflies of the genera Photinus, Photuris, and Luciola.
Additional organisms displaying bioluminescence are listed in WO 00/024878, WO
99/049019 and Viviani (2002).

One very well known example is the class of proteins known as luciferases
which catalyze an energy-yielding chemical reaction in which a specific biochemical
substance, a luciferin (a naturally occurring fluorophore), is oxidized by an enzyme
having a luciferase activity (Hastings, 1996). A great diversity of organisms, both
prokaryotic and eukaryotic, including species of bacteria, algae, fungi, insects, fish and
other marine forms can emit light energy in this manner and each has specific
luciferase activities and luciferins which are chemically distinct from those of other

organisms, Luciferin/luciferase systems are very diverse in form, chemistry and
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al so known as ansnenbrane receptors, 7TMreceptqr l'ical
receptors, an‘g%g}hg;ra% ein linked receptors (GPLR). GDCRs%g%éUgﬁf%éﬂr%gk protein
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Par at hyroi d Ho Er’Fm‘i AC‘,SlF“C SecrBfirhor/asoact i ve | Atestd nal LydFimenpt i de,
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gl utamate group Metabotropic glutamate group |11, Metabotropic glutamte

ot her, Extracellular calciumsensing, Putative pheronobne Receptors, GABA-B,
GABA- B subtype 1, GABA-B subtype 2, and Orphan GPRC5 receptors. GPCRs
are involved in a wide variety of physiological processes, including the

vi sual sense, the sense of snell, behavioral and nood regul ati on,

regul ati on of inmmune systemactivity and inflammtion, autonom c nervous
systemtransm ssion, cell density sensing, and nany others. It is known
that the inactive G protein is bound to the receptor in its inactive state.
Once the ligand is recogni zed, the receptor or a subunit thereof shifts
conformati on and thus mechanically activates the G protein, which detaches
fromthe receptor. The receptor can now either activate another G protein,
or smntch back to |ts |nact|ve state. It |s belleved t hat a receptor
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33 (1998 and 2001), Aloni at al. (2006), Feldnesser (2006), ()!ender et
al. (2004a and b). Gusnman at al. (2000a, 2000b and 2001), Fuchs at al.
(2001), Piipe] and Lancet (1999), Sharon at al. (1998). 3 a at al.
(2001), NiimPQ80E%*ei (2003), Lander at al. (2001), Zﬁiﬁ‘ X‘la{?(gf")\l"’%“restein
(2002), Young et al. (2002). Furthernoreg a conprehensive |ist of odorant
receptors are available fromthe SenseLab we)site

(http://sensel ab. ned. yal e. edu). In other enbodi nents, the GPCR is a
Class B or Class Creceptor, with Cass C being nore preferred of these two
enbodi nent s. Ln_a parfi ul arly prpfprrpd emhodinent, the G protei n

coupl ed recept omodidingr i ses seyen (mpdfigirentr ane donai(psk) | /Deep BlneC

bi ol um nescent RLOL&LN | CRARE Of NRAALIMBErL e fignst.| thignd, | ddefehdrazine
nont r ansmenbr ang_1 oops [(donai NSy ar the Cirermnug of the G protein coupl ed
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coupl ed receptor is expressed a”%eé’ﬁ%ﬁﬁm in a celjl. The, accept or
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part of the saRBR#lEeUl e (nanel VOrrREX sane siPfgl @ pdl’ypeptFd@yEdai ) ,
however, the aooeptdgs) ol ecul e capolysdrai n tlhe equi al ent rlegi on_as tlhe

bi ol um nescent i@ Nn|when the G psatei n jcoupbed |r eg@pt Or EActfoRhRSENt as a
dimer or higher nultimer. For &é%%&eﬁiméege bi ol umjnescent prtﬁg&ie,n can form
part of the C:term nus|of one subunit of ‘tlhe receptor, and t ccept or

nmol ecul e can formpartitof—thel C-termnus—af—another—suburit 28 he
receptor. |In phitydekanpl e, theOlslibbissutpidats \whi¢h t he t4abel| Goslerfererisi jat ed can
be the sane of dfilngrent, for| inepiagest he twer subuniézs canecbeehAent i cal
apart fromone |abelled wth the,hjgldd nescent priotein gnd the other
| abel | ed wit h{the acce [Erl molec € "t orne enbodi ment, 1 Qf lbi ol gmnescent
protein for nsl-pa?fede 1+ helihilr d hERH P nsrenbrane-66p ot CHELEHER Isubuni t
and the acceptor nol ecl 8lkoring paeussinf t he 20t b |nor/$ r qipetemtirziee | oop.
In an alternate enbodi hentuc therracaphes Mol ecyl e |f orrs paictle@éradideg t hird

non-transnenbrane | oop of the GPCR subunit, and the biolum nescent protein

forns part of the fifth nop-"t.r@gs nmbr ane | gg%{.b d.I F a%ot hlerﬁ enbodi nent ,
the bi ol umi nescent PFOTEFHESY m@?’?"’é’f""‘teﬁ“_ S PSS Hoh PP ERSHE S Ene | oop of
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part of the first nQRr&LENSERIMRF ARGt RPRvALiod REe HRCR S Wiiictized 36 t he

bi ol um nescent protein for t thir n-tr hrapne | oop. 34
In a preferred /glﬁ%g(éﬁ”m 't @%g@qﬁ%ﬁ}% E@?gtelh?%ﬁgr]% 3@033%‘5&@5‘5?5‘ ]dof t he
fifth non-trandffenbl4rendctopcifrastsnaat eeRS BT ErcCaitf it eV He BBHYYr nol ecul e
forns part of tshatrQvitien i hlusportiqn oAthe siietteymat e enbodi nent, the acceptor

nmol ecul e forms par tai@fnatieenchilicifrasd ool ihingxsdne e an@atlcaof cablotdian GRCR

subuni t, and thg.higl 4m.pesesns Righeld LPoiBuRMt slitdao Geh&lmanus.
| n anot her enb [ at | east

qdl.rrent .the G %ot el n Pugll ed rege%g(pT tco(gypr*;gsm
two subunits, WHBPESTHEEBT GPUHCTELRH T BFLTE R FEriE Fart ot ¥ RSt hi r d
non- t r ansnenbr ARG PHPxidess | Hiefine phephftese. Bridicnidae capt belusrpilseul e f or ms
part of the fi fSylthaviontmisnsmentytanefo dop @fynas seoceidnsubinidart dnd agn
al te{ nat e ego%lﬂﬂfl{:ian}lJ&ﬁla@@%_@ﬂ%%pamh@&u|aﬁrrf>§l£Eﬂé. @adtbra i th)t hird o
non-transmenbr ane 1,00 irst..subu ~Lhe bial um n protein
forms part of the fA ?1f %ﬁgﬁ%%ﬂp&%g%&zﬁ%&%gﬁl t@%g’e“é’?‘ lgpégg(}:noﬁlf ega%gnrh&t
I n anot her enmbdbF R ¢t 3'H&B  prot ei n coupl ed receptor conprises at |east
two subunits, wher énthpeefyicdlcmvdinetenbiolpmuesesnh pfaginyith arsmalhfmotehdarf i r st
non-transmenbr arghl ©QRd @f préveht dnSithilstdaw e, intafdiol he taceepliatano®| Beul e forns
part of the third nontransnmenbrane |oop of a second subunit. In another
enbodi ment, the acceptor nolecule fornms part of the first non-transnenbrane
| oop of a first subunit, and the biolum nescent protein forns part of the
third non-transnenbrane | oop of a second subunit. I n anot her
enbodi nent, the G protein coupled receptor conprises at |east two subunits,
where the biolum nescent protein fornms part of the fifth non-transnenbrane
| oop of a first subunit, and the acceptor nolecule fornms part of the
C-termnus of a second subunit. In an alternate enbodi nent, the acceptor
nol ecul e forns part of the fifth non-transnenbrane | oop of a first subunit,
and the bi ol um nescent protein forns part of the Cterm nus of a second
subuni t. I n anot her enbodi nent, the G protein coupled receptor
conprises at least two subunits and the donor and acceptor nolecule are in
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The skilled person can readily determine the N-term nal end, transnenbrane
domai ns, .non-transnenbrane | oops (domains) and C-termnus of a G protein

coupled. 36 a variety of bioinformatics r h may be
used to deter%%ﬁ@ﬁoﬁﬁiPpcatlon and topol ogy of transnen€%2ﬁ3%§@W§&Ws in a
protein, based on its amno acid sequencg and simlarity with known
transnenbrane domain of O protein coupled receptors. Alignnents and am no
aci d sequence conparisons are routinely perfornmed in the art, for exanple,
by using the BLAST program or the cLuUusTAL Wprogram Based on alignnents

w th known transnmenbrane domai n-containing proteins, it is possible for one
skilled in the &plumingscprteditgt ptefeerblyomadistoof 0fingld payspmienbrianaldohai ns,
Furthernmore, thgioRmehcdtBi Shrotiad pss&mgx b6 @8t @frmS ANBmEE NI ABRSRANTHOY

proteins are k“B"é‘ﬁmlneb%Emgj YRR Lok NG BEYC Bl [ ANRTRART B0, A1, PLARRLD Ccoupl ed
r hodopsi n phot orec éIﬁtor tructure has beéen solve y x-ray ‘crystal |l ography.

Based on anal ys®&ahtf RS HF‘%BWEdmnth such 3D structures, it may be
possible to predict the | ocation and topol ogy of t ransmenbr ane domai ns in
ot her nmenbrane pueisisns. There are al so many prograns avail able for

predicting the | ocaphofeROek hORBLRABYcaR imfabANSABIRE RS SQMR BSnstD oPT Ot €i NS.

For exanpl e, onbi nati on of the TMored (Hof mann and
Stoffel, 1993), %&ﬁgxﬁmmuwggﬂ?emommrw”m“pm%annlng rotelns segnents; TopFred

(von Heijne et al. Alwzly KiRre Hupiralg) s teselpreding pahigly pers e fBIEMS: prot ei ns;
PREDATOR (Frishﬂaﬂmdaddagm@@$wnm@©$)dmmhﬂahnmﬁeMYwi@nmgcammhnymsmructure
from singl e andsofd! fishphe E@6HOME Ealayl | 200AP (:BGIR&S/QHluaﬁkﬁlasé\rfgo&am%ﬁgél) whi ch
predicts transn@o@mt@mﬁ crdfﬁgb Buclqibls tc%lgblt AT 1 i Rldu GRS eqUEnCeS;
and ALON12 (thgg 5% %% 2 1 nsne f@lons from
si ngl e sequences?® > <y nﬂg &t )mﬁfﬂe?¥%ﬁﬂﬁﬁﬁiﬁ% %%?ﬁ? t he
nunbering of t heecepPlagfaantsemirscrideheniiise 4 dhﬁ}QJm\alﬁs%%ﬁt&ﬁ@dMW&s

(domai ns) is redlasbie Dhet dxempled @rcodlentsazioé atadvgugabivpept bre @duRen and A no
aci d sequence nyt@efs/variants of naturally occurring G protein coupled

receptors can be pr&f&&?ﬁe en}/thlegénrnoﬂlcﬁl lglgxe?e?@t %Q{ahb otfﬁigln‘é%u% b]goq%gﬁghanges

into the encoding desired
pol ypepti de. Sdﬂﬂmﬁﬁt8H?§“PW@PﬁHé”W¢@ﬂﬁQWQWﬂFémmﬁeWQPi8ﬁ§xm?%%%ﬁWions or
substi tutions afresems iotlthe snaping ficHeresheo prviluge oadicderged emegy. in Ahecformbpfhat i on of
del eti on, i nseriighOnuadth, SHDEdhyiitbkiRizothano e/ maR dliae-akdrbokglicdcid Ra fi nal

construct, pr OVﬁIQ‘?Q)la‘icG%m tH@ﬁmhﬁéﬁmﬂ%’ PeRt bﬂ@c tl’-?{no%ﬁq @%%@%ﬁéut he

d d h t be
b o e o S R Rt b T cHaa ek R U 5 he

pol ynucl eot i de WS¢ Frisetn %ﬁélﬁmbﬁwubé0§ﬂ®&é@@édmﬁbmﬁﬁ tificg ifutgenesi s.
Such in vitro niwcHigemesiisnst focéxampjtesornna pedtlncdnd deiosulhe iveisnfait siel.,
ponnucIeotidejmﬁ(%@mﬁg&p@ble vector, transformng the vector into a

‘mutator” strain Suﬁmeaa% %thgam!zﬁw %enér%l pcl‘ orffﬁugﬁ& 1§t (;Vﬁ&)@'gl% régc)h é%nlqwgf opagating

the transfornmed bacteria g not her
exanpl e, the pdf ‘ﬁ&@@&??ﬂ@g %HEHH?Wbm@Sm§7mmﬁﬂgﬁﬁﬁﬁwﬁ%ﬁﬁ?éﬁi?@%@btors are
subj ected to DNAvidheed dindffered hehaee $its isbirohdiugifcdastes itbedtchyf figdlvayama
(1998) . Productiscifthesel warh freq@msmatratiedtataysisaC DNAIXBNSHcealdiild yachealscr eened

usi ng techni quq&lf%sg]ga Reg ln%?elquagnﬂ%emc&ﬁl@f;iaﬁg/ch@irn%ldag@é wlq for the
nmet hods of the in nce. nmut ant s,

the | ocation ofﬂ?%lc ?E¥? R”@ﬁ?@ an 8mP%qw“§?ﬁrQQRPﬂfﬁ@m S i | |
depend on char déwBiglda pei&yintatcwymyigiohlopghylmjsavadivg gyng ’(Srd“f?ﬂﬁgﬁilart@n can be
nmodi fi ed i ndi vi(dedde|pjankton) the Sepnigss, regrogpible fay n{ghftirsudrsdn phatphorgscérice.st Wi t h
conservative ami@la@0id6iReIsE 851 RRGNE NERHW (Ifklmmlg@lldﬁeald&féﬁ{ll aRRLAGLEI ons
dependi ng upon 'Zh‘?ee IE&H&E Sn PG Mﬁg dc&\%)do &lh§ tf’o{}'& Rhf%e Erﬁlﬁ&%fop§1§z§dedue or

3) inserting other res Am no acid
geéuence delgtﬁ8ﬁ§mgéﬁﬁwaPl “Whﬁbé“?ﬂbﬁ?ﬁﬁﬁurmg‘?8’?5 Pgsﬁﬂdgg“mﬁnre
preferably about 1 to 10 residues and typically about 1 to 5 contiguous
resi dues. Substitution nmutants have at | east one am no acid residue
in the G protein coupled receptor renoved and a different residue inserted
inits place. The sites of geatest interest for substitutional nutagenesis
include sites identified as inportant for function. Other sites of interest
are those in which particular residues obtained fromvarious strains or
species are identical. These positions may be inportant for biol ogical
activity. These sites, especially those falling within a sequence of at
| east three other identically conserved sites, are preferably substituted
in arelatively conservative nmanner. Such conservative substitutions are
shown in Table 3. Furthernore, if desired, unnatural am no acids or
chenical anlno aC|d analogues can be |ntroduced as a substltutlon or

o, o o T
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Porichthys. Last, is coelanterazine (an imidazolpyrazine), the light-emitter of the
protein acquorin, found in radiolarians, ctenophorcs, cnidarians, squid, copepods,

chaetognaths, fish and shrimp.

Acceptor Molecules

There arc a number of different acceptor molecules that can be employed in this
invention. The acceptor molecules may be a protein or non-proteinaceous. Examples
of acceptor molecules that are protein include, but are not limited to, green fluorescent
protein (GFP), blue fluorescent variant of GFP (BFP), cyan fluorescent variant of GFP
(CFP), yellow fluorescent variant of GFP (YFP), enhanced GFP (EGFP), enhanced
CFP (ECFP), enhanced YFP (EYFP), GFPS65T, Emerald, Topaz, GFPuv, destabilised
EGFP (dEGFP), destabiliscd ECFP (dECFP), destabilised EYFP (dEYFP), HeRed, t-
HcRed, DsRed, DsRed2, t-dimer2, t-dimer2(12), mRFP1, pocilloporin, Renilla GFP,
Monster GFP, paGFP, Kaede protein or a Phycobiliprotein, or a biologically active
variant or fragment of any one thereof. Examples of acceptor molecules that are not
proteins include, but are not limited to, Alexa Fluor dye, Bodipy dye, Cy dye,
fluorescein, dansyl, umbelliferone, fluorescent microsphere, luminescent microsphere,
fluorescent nanocrystal, Marina Blue, Cascade Blue, Cascade Yellow, Pacific Blue,
Oregon Green, Tetramethylrhodamine, Rhodamine, Texas Red, rare earth clement

chelates, or any combination or derivatives thereof.

One very well known example is the group of fluorophores that includes the
green fluorescent protein from the jellyfish Aequorea victoria and numerous other
variants (GFPs) arising from the application of molecular biology, for example
mutagenesis and chimeric protein technologies (Tsien, 1998). GFPs are classified
based on the distinctive component of their chromophores, each class having distinct
excitation and emission wavelengths: class 1, wild-type mixture of neutral phenol and
anionic phenolate; class 2, phenolate anion : class 3, neutral phenol : class 4, phenolate
anion with stacked s-clectron system: class 5, indole : class 6, imidazole : and class 7,
phenyl.

A naturally occurring acceptor molecule which has been mutated (variants) can
also be uscful for the present invention, One example of an engincered system which is
suitable for BRET is a Renilla luciferase and cnhanced yellow mutant of GFP (EYFP)
pairing which do not directly interact to a significant degree with one another alone in
the absence of a mediating protein(s) (in this case, the G protein coupled receptor) (Xu
et al., 1999).



gly Ser (S) thr Thr (T) ser Trp (W tyr Tyr (Y) trp; phe Val (V) ile; leu;

net; phe; ala Pol ypepti des descri bed herein can be produced in a
varlety of dlng production and recovery of
polypeptlde\éva‘)(/%2 h% gﬁlcal synt hesis of the polypeptldeEI\J%?IFZEIIZJ]'{%@O0080

enbodi nent, an |solated pol ypepti de of the present invention is produced by
culturing a cell capable of expressing the pol ypepti de under conditions
effective to produce the pol ypeptide, and recovering the polypeptide. A
preferred cell to culture is a reconbinant cell of the present invention.

Ef fective culture conditions include, but are not limted to, effective
medi a, bi oreactor, trespératuydimepHtandcpiygetcdomrds thopsert hatocpygalm t

pol ypept i de pr oduetivads, oAPqueﬁtﬁrﬁ@bthvaamdjcunwvaf@&smtcpo@n]yc m3&uedi UM in

whi ch a cell i Sq &)ll]e% %eld{ I@lg:l 8919([11%13&&%@6 B?l}&&%ﬁ%&daq& ﬁlgpr(w@@ blpghﬁé@ onI nvention.

Such nmedi um typ] cal ‘ﬁ (% s an L ng assi nj | e
carbon, nitrogel™SRd *Bhp 5?‘ﬂ%dﬂ?%%gm“%%ﬁ$gﬁﬁ%8bPPg¥% g 4piringther al s,
met al s and ot hefcv@idt pioetites, sigulgncoady-vi t/siditinrelly.Calic| §bS@fpt1@mespfgyﬁlé@enf

i nvention can bﬁmmuﬁmUnedmmmom@nmemmwnnah&ﬁﬁmﬂhgmaﬁnmmnbmmaﬁﬂmbmﬁs, shake

fl asks, test tug%gmmn&p&@m¢ﬁgkegmgng§mwggghpetr| pl at es. Culturing can be

carried out at a te 0X nLent. appropriate. for a
berPsal HAG, G RRY ©
reconbi nant cel | . (Ww%Pmcﬁwsmﬁ Cpauachs M ww%ﬁw ymm%nna

tions t1se of one
of ordinary sk|W¥mWﬁfWH@ By exang c§§§BP§eNBV%&uW€§mndm “myﬁﬁ“%€E€@éory

mol ecul e is a peheized vithhdadhxilate igroupd Yred ¢ithierGlispopiveld qeidotiE L) r @cept or

signal I'ing. Examghesilit nglijde Copiot @innse angugtdest itRs DHARY ndnsdigddied

accessory nol ecaécﬁo&ﬁaaupecmeﬁhm B,helarﬁemqg%ombu&gﬂﬁ P sq%@v@lt, dng&ntion as
| ong as they dlrectl ofr 1 rotein coupl ed

receptor (and/of" SIQBE e §f%??‘%éﬁ“ﬁ%?%ﬁW”wﬁndﬁ?éT? joﬁﬂﬁﬁTﬂb of the
conpound to thenaPqdy Fteinscibauperdls intelehiewet ﬁﬁ@ﬁréws agtibodigy, ptecptasifiler ati on in
the rel ati ve posiotheigmoteihs drd@uplebcdvabely so thopdyakplatcicar of BREEEn@ekelctithon.

The skilled pen%g@n&ﬁ@C&@@ﬂhﬁﬁchgﬁa@ify accessory nol ecul es that associ ate

wth a specific G prgleln sayplof.dgesplonuolng. Standardibesnigues in the

art. Detail s otein
coupl ed receptdf@m$1§ﬂpﬁﬁval%a“?HE‘%fE@%§8}VmHHH@8WP@% These quantipe

bi ol um nescent JRcteiontziors Byeeptide (W@ eahewitanthpenaptop dpiediuamywer e in t he
accessory nol eclidneteast @Y 0aBonsh SR CREGEN otirod eaull ecgiogs sft dnk Imaddphie t o

directly or i nqju{I&JCIB Ialyotlgi ol N n?gcf [%ﬁ@%ipo rThcs@'@Ql deQb lczmé’ﬁ E'(Qc Rl ARG, Qf a
conpound of i ntfer xanpple Wit %Iagc in thc 081c and EI%P ¢ s{;jc‘la’l or %oyé%cajtapfalms O?f ca I ment,

t he bi ol um nescen ecule

C-termnus or r@ralﬂeéwml%&sﬂﬁflarg%éleé@c@%§d¢ey ﬂ%ffréwyéﬂs W@*@é@ég%w mol ecul e
indirectly bind®ntdrelyr ewdlpt @rs érfit bitierr(bigher reseyatightedist copneionishéretyccessory
nol ecul e to fordmed LARPdEXy \mvélh oft th€ g, dof. QuartiBBl AN GRaldnef IhE Bhnagpcessory

mol ecul e bi nds eBQ Eﬁ%@t&%@ﬁes ?&%&a%&lﬁg%f?@é Muo@é%e%?gﬁt% n%‘i’s’e[ ectly

bi nds the recepto direct I rst accessor "ecul e. G

In
pr ot ei ns @58989 H§M%¥@m Pﬁﬁf‘ g3W3 8P§@W%IWHWBWW@Hm|ﬁ“§€€ond
messenger cascaw%%ﬂﬁﬁw1$ﬁ¥ﬁ@@éﬁkuh@?C@ﬁﬁmw@PﬁgTh@dbwﬁﬁéim@ﬂmmﬂbtWon as
"nmol ecul ar sw tabheshdtosl chmiimag iefsgndret, We fsaaivsernatt ied endydainaeskien. di phosphat e

(GDP) bound state apgh gﬂam%%ﬁny@lmanﬁ%&aaﬁmtrﬁd]&n@mtoees&ﬁmmtm@d state.

Utimtely, G H-lil(())qtc eaxcn?ypmel%/um%ceﬁgn?%F'Enlérebag?ld colnlam ﬁuomsccnt molccules (for

example fluorescein GFP or YFP) incorporated into the polymer matrix, which can be
conjugated to a variety of reagents. Fluorescent microspheres may be labelled
internally or on the surface. Internal labelling produces very bright and stable particles
with typically narrow fluorescent emission spectra. With internal labelling, surface
groups remain available for conjugating ligands (for example, proteins) to the surface



processes by initiating cascades of signal transduction networks Hof mann et
al ., 2009; d dham and Hamm 2008). There are two distinct famlies of
G proteins: ric G proteins, sonetines referr | ar ge"
G proteins, |_ﬁb%faaroggsglngt|vat ed by G protein-coupled rec?%géﬁéﬁg/ﬁ@pgﬁade up
of alpha (a), beta (13), and gamma (7) sibunits; and "small" G proteins
(20- 25kDa) that belong to the Ras superfamly of smal | GIF ases. These
proteins are honol ogous to the al pha (a) subunit found in heterotrineric G
proteins, and al so bind GIP and GDP and are invol ved in signal
transduction. In order to associate with the plasma nenbrane, many G
proteins are covidhebed ylnpodihf-labaledibends drd pedisienfioly iexargizarpizttensts i neric G
protei n subuni t Sicy@EyplHe greyict Sdi@inad © Phot@abdridzoyl at ed, or prenyl ated, while
Srral l G pr ot el ns ma%alp&yg{e%lfﬁh eﬁlUOIebCGH’[ nll%spﬁg?& §IF Iqult%qe afg C%él?&?l? \M l l be

aware, there ar etero

prot ei ns have b%oéﬁhqu)éﬁf‘)?efrr uﬂmf ﬁ’ ‘”ﬁ WE@%&%’O ‘ferg‘igﬁ%f“éh 84"5‘(} gﬁs has 21
Ga, 2 GP and 2 Gneuipisonpahserogdimids hydqdbmide CEBAEh etulfalc. upges) . Based
on sequence si mnlcasplicyes araigiciyaiyd@ahaicbandi wig pagwely bae mediyvitreedibiynt o f our

famlies: Gs, Gd@b aﬁﬁbsﬁm $8diin( mMg@dce@ulf@tE ﬂ:uol@@@x@)mlc gph@l:segérﬁlfa@é(pr esses

one orthol og of I G /o),
EQ-30 (Gq) and %@A&T% ihglhg i E%eﬁw!ﬁlg&nj&f%{ﬂng BRI ol GPA- 1- 11,
GPA-13-17 and dB¥'8y do not share sufficient honol ogy to aI I ow

cl assification. Thelnc@ﬂtb@remddl@m sthdb enseitier, makjetil it b éungxasept ingresifre GPA- 12,
are expressed briesdiry typhbilyemdid ok pdrendie WhicR cgie inddetceXpil@sBEdol N subset s
of chenpsensor y.Rau OBifpiexes of eumm% Qﬁgla'slummémpogﬁ@ ito (R@SpofYRlct nSixt he G
subunit, GPC 2 waRpear to al{lc tion a Pr@% h the a subunits in the classic
G protein het er'8tiHer CPHEF ShRTHFR G EEF™ ’subumt GPB-2, is thought to
regul ate the function of certal n RGS prote| ns, Whl |l e the remai ning G/
subunit, GPC 1,Biblag pdceepbeMolerukktfeinpsensat i on. The functi onal

difference for nosta ﬁnaﬁaailﬁdhmh@aiHawﬁieﬂednmthelaluﬁ@aqn&ab1etpbﬁﬁ§ffg@z.mf esides in
the a subunit. 1@"& fcqgatWe Qﬁusblon/ﬂuméogeflgesgécmi 1%&‘?116%@(%13’%{3 Q k%gpl (? EI ns for

the termnation o eC|f|caIIy
phosphoryl at ed B °G! r?ﬂ?lé?lﬁebﬁ%%foéed“r E%B?B?lork?pﬁ%{%’@so u”&‘??élcefl hen bi nd
to arrestins torgiegioudevalhevitlcbepsebing peavaionthp mcm’m@tqleeﬁe sucethed ting in
quenchi ng of thee fight| dwendrosi gnaiolirmiansalt @totedn lunies@sdei ¢htisstvinnidl «GRACRS,

i ncludi ng thoseyd, glé{gthhtﬁéf & Qﬁ:ecg RGO 'chSaEcc%t MM@&JQCLH@'HQICQ}!’ ?Igm@f@ Egcc;;tbrght | y to

t hose t hat have chln fPUO CHCC x{lcnt &l b ule harc- TORCr pProx 1{ anraOt 41
Two distinct patterns of a b rar e eRes f“hl np?Fh PEE ™ haVe been

del i neated res tj’l‘“’fritﬁ’gjn Wﬁh fehlé?C‘CtP gesinpthraf Prcﬁ’ia"é)l—’rL Gi*@l%eela%en?oéﬁul‘i@@v@?‘t @ ass A
wher e arresti n Aenf/ehactrscWoth ptitie is egepitord atn RhelclifersdEYRICpilngt does not
endocyt 0se i Nt ®ade SinCHREvablchdnsisssn Oypkdngl peaw ansient; wilzeeag! i@o7wnt h t he
receptor, and Céléaﬁmécén@e MY SRR ALLESEd NRroRAT rr&’eg&%oo&mﬁ Fr?oftJnL dE Oget her

fromthe cell ran asses o

receptors al soqgftfnfﬂ’se?t a@\n&l‘lleyr 6‘5& Il"[%%oppt Eg g)af?q sﬁ‘fdty OtF‘E)t}al ml‘?"ﬁeﬁ"@ﬁ't“ arrestin
i sof orms. | n adi#ions 6ff, Prepaged scoptatnme gt atlestedr tug! ‘éﬁlé%ﬁqﬂalpl%‘c"bﬁ%a@cm@r estin2
wher eas cl ass Biotcedeptdaregesiidria ik predeBecadesippnbriandbdda@r r est i n2 wi t h equal

affinity. R- ar cRei dcobbd e igtnddeAGS tht qncthhﬁnégwﬁpw%ke'amgndotmc&m receptor
fromits COgna%ﬁlcglac 8('; gttesl ur}lsomlypaabléloscl ?cgwgl cnp ot mg ”[?115 caegcegc%lor;[lﬁhzq tdl on of GPCR
signaling via Str 8 nd me af é Vﬁ | e
ternminating G b‘fpéltﬂ&cﬁc’é‘%“ﬁﬁ%ﬂ %f thce&f@#%@%%nfmrﬁav Yy a&%ﬂto‘i ‘H‘i’l’f‘iukst”é‘hﬁ%’wca gnal i ng
from GPCRs. Forclexadhibe moRtogng ths tinnsesgasevspecrsman apit ot sletemhiecii BBET ng
non-receptor tyeasi Mes kihnesebicved Ui txa@splSiutng homé@sdorsiugnal iimg). coepl exes
with the inter @aéctealbmn{lﬁe@&m Rtein alaia&a%lmccw G LudF. FREFLLegul at ed
scaffol ds for gﬁ nqﬂi es such as I NK3 and RAF- MEK- ERK1/2. In
addi tion, arredtFRSM T ErREFeIt h protelns of t he endocytic machinery, such
as clathrin, B-adaptin subunit2 of the AP2 conplex, and Arf-6 and thus
pronote internalization of receptors via clathrin-coated vesicl es. An
exanpl e of a nematode arrestin is ARR-1 from C. el egans, which is primarily
expressed in the nervous system including the HSN neuron and vari ous
chenosensory neurons, involved in detecting soluble and volatil e odorants.
Over 20 putative arrestins have now been identified in the nematode C.

el egans. Such arrestins are expressed throughout the nervous system and
support receptor internalization, simlarly to the vertebrate non-vi sual
arrestins, yet participate in olfaction and vision, simlarly to the

vi sual / sensory subtypes. Reconbi nant Vectors One enbodi ment of the
present invention includes a reconbi nant vector, which conprises at | east
one |solated/exogenous polynucleotlde encodlng a polypeptlde as descrlbed

Y 1 o, o e o,



Sui tabl e host cells to transforminclude any cell that can be transfornmed
with a pol ynucl eotide of the present invention. Host cells of the present
invention eitper. can _be endogenously (i.e., naturally) bl e of producing
pol ypepti des gﬁg%Wﬁgg' herein or can be capabl e of prodﬁ%ﬁ%ﬁn@ﬁ@%m£

pol ypeptides after being transfornmed wi td at | east one pol ynucl eoti de

nol ecul e as descri bed herein. Host cells of the present invention can be
any cell capable of producing at |east one protein defined herein, and

i ncl ude bacterial, fungal (including yeast), parasite, nematode, arthropod,
ani mal and plant cells. Exanples of host cells include Sal nonell a,
Escherichi ct, Baci | [Fushiolrhigtsemt @pteiBanshar @mpces,puBpd by mpdifeagins to the

il l'ycobacteri a, subiaghopl s tae oBllKirdRabyc @@ﬁmcerb Jeb1eln@yine C etnk SatioMRCK cel |'s,

CRFK cells, Cv- B‘eh‘fﬁ%l 41@1’1%%€(0?llngfesce%ro eln grﬁ S100" 1S ngin}/% el 51% d|J o?utloxl: urther

exanpl es of hosg cel erivatives; 44
Sal monel | a ophi **"%¥ Hﬂﬁ%FTﬁ?TVﬁ WFﬂﬁW*ﬂwaWn Eﬂ?%b‘ﬁ??@ﬁﬁ&?@ﬁ“s 'F ai ns;
Spodopt er a frugF@@ﬁU@mﬁW$qéh@p@U@YﬁPﬂN'ﬁawﬂah@ﬁf@%ﬂ@?ﬁ@bﬂﬁ@mﬁwwydlnyoblast
GB cells (e.g., dATGE: GRihc12BGhtc. Pactl oubaichy whseteibied inasHRETe S, are yeast

cell's such as, Rutr@@bnekd M hﬁidtiésb Bm raRE FR B %Wﬁﬁ%sc%ﬂl?)rotelﬁ FhdRRY 4ok Gy ar

g:ggggr ﬁ%?em%{‘ ?dnhe flmf’tgé acceé)pol mg)fe ule 991116 a speardﬁ%sollu%o &‘%Sr ggSI Oﬁhl()? pr

transformed pol ynucpéf@wna‘élymné@dv%few %?ﬁmtw 1%{?4drF@1m‘I°6|Peaé>Pé(?fi?P@n° t he
nunber of copi esibgdntitlfyeheg@iPyenussiorothiodén plcewubuees wi detrease tie Mot tooekd , t he
efficiency W thowhé ehtelhhose M"Nﬁwfélneéﬂthdj@esféﬂt' ieeuli®s uaﬁﬁc&mm&grd@ed the

efficiency wt hRM}aCﬂi]chﬁ@c EL%§H t?;m éEJ &Qéﬁgdc&dﬁ rc@n'i &mﬁx%%&%&%r oRNd the

ef ficiency of post-trans [ati o In t echni ques
AR B - A S A s A A S s R A A

present invent it batedendeO-49um wde Gfdtwas ipraptredwhigh absgyby light inghiy nghki ng
pol ynucl eot i de amwlrecuitesglt ot hiSgios aopy Bruaabedf td asrbdsy spaatrdgesatiian of the

pol ynucl eot i de mee@wn%mﬁf@m@agd Qip Jﬁmsﬁmh%@m qut&m@mécaﬁe;&eneaﬁdl tion of
vector stabili tl}lol§$ F?O%P 0 rn|omt0§) s%slmc a%%es lllflggl él%‘ngttlolnooqsat g&ép”&de f(';[f’;ltl O;]S of

transcription con

substitutions dFWﬁB&tfPEhPVb%%“%*“‘P&H&W&Pﬁ6ﬁhW668ﬁP?8P“§F$H§V§m@é g.
ri bosone bi ndi ngingithcemele@riame-Dddrigaivn ond BYitie mdes )has aodyddngth tdifGrenof

pol ynucl eot i de wBtcecidtheSin®iccéphe opdppoeinhtciy3vamt i on to correspond to the
codon usage of the @Qé&«%@kh1wﬁﬁ%uh@§w9§£§&h%@n&@a$%&%@ﬁ &%mb&ﬁha

destabilize transcri prepari ng
ol | “1ree compab TP HALT ot BiEr T SEs TSPeL Kb PHePRL é?} S BShne! o
repeated cycl esogenipzaey fsrigreaticd tivaiie Hgiferge reidithg A YedeatkiBatindic #el I's with
ul trasound i n avebtinppatios thdehetge: thh Ogho g@hsiaaperionf, tht Heoulse clohga, Fisench

gr fefss t Pe ladd|rfeéeQ‘ﬂ1yQI) qe?la%{ B8RPbr SRR ZNIMRSorb gg@?t&nlbmlehg&ﬁ hifRb
| erentl a | I e r In a
gﬁ'ege(b% glg] ef@cxeijh&%}g% tr?f] slgeg lilﬁlk E:Xl b:_% a%?e exa%#»?ecbgdalﬂt 1?11% allisl | g d

variety of gradi ues

wor ker ~ and are(Hgﬁﬂ¥bﬁﬁWﬂtV$"&@?ﬁFqaF%? eXdripi’e %ﬁ“mtﬁWPgﬁw“ﬁﬁﬁ?%bols in
Prot ei n Sci encéight gokenRf @Bakdpngannd Berligh alPernin ipdpld ¢ the, acRpeghoncDavi d W
Spei cher; Paul claditdhagbigedticis W dnefficantbnS9Negnsfer. Class 3 fnar GreOh@tkhdwg or

preparing, celly, qpaky ﬁ%@ a?’&bd Aol sha @ mAMREAGE 50905 Qf nd NegR ARHDALS, 1S
usual Iy enpl oy WclV((l?_lll§t% fffmc&lg? H(gfwa: d21101 a)n aécc%%l cr%lﬁlo%h,gtﬁ%oﬁnommafc?yakll%/lsed el ther

U y nechani cal Sryeh ane i ons

i solated via di"fferenti al centrlfugatlon, for exanple, as outlined in US
7,393,934. The et hoandent dofi fnédar binluMboscent; pi@94) anid siceprmminlesulcusds areAn - exanpl e
of such a neth@ﬂwg@nmb@mégund in US 7,310,875. O her nethods are al so
avai l able for the preparation of 45 .inerlibne fractions, for exanple,
aqueous two-phase affinity partldonlng (Persson and Ierg|I 1994).

There are al so many comrerci al kits available for purifying cell menbrane
fractions, for exanple, Q agen's Qroteone Pl asna Menbrane Protein Kit.
Cells are incubated in a hypotonic buffer, causing themto swell. Amld
detergent is added and the resulting cell suspension is honbgenized by
mechani cal disruption. Intact cells, cell debris, nuclei and major
organel l es are renoved by centrifugation. The reselling supernatant
contains cytosolic proteins and m crosornes” Gol gi vesicles, and pl asna
menbranes. A ligand specific for nolecules on the cell nenbrane is added to
the supernatant. The ligand binds to the cell nenbrane vesicles and the

| i gand---vesicle conpl exes are precipitated using nmagneti c beads that bind
to the ligand. After washing, plasnma nenbrane vesicles arc el uted under
native conditions and the ligand renmai ns bound to the beads. For
yeast ceIIs a commonl y used net hod for preparing ceII nenbranes |s to
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General ly,

em ssion intensity is determ ned (see equation I|),

expressed in

The ratio inc%@gé@@g§¥&

et al., 1999).

intensity (see equation 2).
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Uses The present invention can be used to detect a wide variety of
conpounds, particularly odorants. Typically, the odorant wll be a volatile
organi ¢ or ingrganic conpound or inorganic gas that may be detected by
chenpsensory 88§P‘£ﬁ§58+4ecept ors of at |east one organi smFCHHEEEYRRY ncl ude
am ne- and/or sul phydyrl -contai ni ng congounds, carboxylic acids, alcohols,
al dehydes, al kanes, al kenes, aromatic conpounds, esters, terpenes or
terpene-derivatives, ethers, CO etc. as well as conmpounds bearing

conbi nati ons of these features. Qdorants nmay be indicative of sone

bi ol ogi cal or chem cal state of value or of interest to humans. Such

i ndi cations may i nctudge funghghesensonryl appeal , quality or safety of food and
bever ages, phar maceglio8dgvokcplsat ed materials. The heal th, nutritional

or exercise status h ns _or aninals. . - pr.esen or nge of

hazar dous subst ancegfd‘”i %C”@ udifng %ﬁt‘ECS%t%‘ﬁs}‘.‘CT”b’grhgmgé6&"%@8‘3 é?ep)églgﬁlﬁs of

i ndustrial proca®sbsAdrenRerigy i gﬁﬁnﬁﬁ"ﬁ‘éﬂce%ﬁt DRSS oRSEPingt gerioninTye
sensory appeal , O¢o@incyand Trasafnaing Paftidperdpime sngibtermgr Bengesindiradykinar
cosnetics. |n acpadmbihglioain| Bndraiped, el irsynodic-aens,, Chohekicongrpurdcanl y bi nds
the receptor poéﬁehl%l?iné’fc—ﬁ-cpghé{&%me,' QﬁNQ@%&%ﬁtQ@QQJ@@& | B:X3-C Chemdifhe?
particularly pref %é(;%q enbo g::gilen'_t_é t ‘eEF“%lﬂyloeFtl e flll neg. her el n
conprising an od8ranC FREEEE G5 SCRVE B IE T ERER, o1 e o8 S EP L
conpound(s) of NEgerEideregecertyshNISEMSHr repeptog. QIAIE &CPRNs t Pranahsiedet i on of
an anal yt e t hatrecpwbi Trebykiniieabogi Calistag@PgRén ubaiatda KaNERY Sewoodim cal

det ect or conmponentks] tratiRinmalikey 1 CRASTRAFKIR 1k BLevRdidsn-lifd FSdphds at | east
gne pol ypepti dedefl0gd BErghn SAMRLLSING0E GURAPLALN EONRL el phept of.
Second, a transducer of detector element 1S re ui red whi ch works in a
physi cocheni cal A2 gnd i at); Peldwss EEnEH 1g‘ﬁl Fepioht Cter aHEIBYRE t he

si gnal resul ti n@refip dmettveeptife &1 dedtnoin lokceplor, sdpvaahdingGl PO kespips] ypept i de
i nto anot her sigrral/efdotilin t BARS ducHross) CThatokman rdaeptervike easidry amasured and
quantified. ThigdnRBina$ SR, SRR Grbt QR r&eMbrs: SHARR! stiIRAGRSRPhoreS

requir ed’ whi Chu';u-g&n- lgolﬁg«polng‘cl%?rogihﬁonrnegeu ITExSrot(rjof i t I;lled Qrga gtra(')CI ! @ﬂm!i)g ?1‘1 . .
user-friendly way P AT ERANPIE0T "4 B 0sensort AvolVithy °S¥escri bed in

Charest et al. 200s) Olfactory recqpiprsn Repesid spapben rineelandfie Pireledyeiis 2w

screeni ng are uBegntbome;dNugeodilsidieveraptoan didonosue\sall dlumewstptorfVbCa@mnabis

sg_eci fingah! Y, UBRphRCeMdM: hdivalink Afagsl réc@ﬁtoxﬂomﬁﬁdb@piriﬂaﬁis@@?H@rjin@l&, _Thus, in
t hi s enbodi nent .STRreferr . 1 S..By Gl 2y i nmportant
mol ecul e such e{_gd,cbtt%ﬁ Tﬁ}é?troﬁ{flﬁ?l?a es‘(t?E?{())fnt@g %?%gg&%}ldc%c%gggtg{ry?(ﬁgé)&s{er otinin
foceptor, a dodaHiE PECRLEEM REPUBOETORP BRI AN SPERRTHPes camn
receptor, a vorikeovidaalin reeeptopt Miral receptast byspseieglipd & bYA ElXodreptri- | i ke
receptor. Le\Wotifeiné BY Feeepsc Ofp@kddfient Be rq@e@ead1iT ] iany Bakotdene @dee@ptsio net hods
for identifying16hafa@i& SipRh/@RH rdeQfiors PiRENIAMP LTkiDlEGW-ESRYBI Cch are
capabl e of ! nt r'aﬁcg'oltoq%c\oMe%eh R%%l%lﬂertL%i{r?lkec Qx%pnlo?g reb &t 9e§téer wgll{%}]'kgonpr! S€
so-cal | ed hi gh- ‘hrp.ou u%. séreeni ng” met hods and. Si Oilf (r approache’s whi ch
are known in tHestgpyllqu fé‘ﬁ’ééY“}S'fil@tggl?ceﬂOEféNB@P)g?ndféjégflkel\}’F‘lePtPlﬁan, 1999)
carried out using 98aswe] [the 3BAtimekdpior I5B6- wéltlc GBERF otlhés yrecepmdoici al |y
avai | abl e pl at gsiypdpudld hefhot¥BOQE&nhOCHEcoathh @Y &Eing PacRE aREiaNabiMHt h t he

present invent igﬁid ,O@Hé’aifr&]? ’th? on@lk@g %e-l,izﬁ‘g‘i&% ﬁma'monec—)@%%%ﬁlﬁng,upr escence
i{a] 1is S _descri be n Pope,

readouts in hi t hr oughput nj, N ( bed, [nter alia, i

1999) . REVQKS l?‘)l‘ ﬂlcpg‘g ‘gﬁ %KB "y e “”r‘ngtT%@OBP?gg%?JIT‘:ﬁVenti on can
al so be nut | i plhesasde. BMRY hitopiyial epcculodhopght tromedigioinipaibtar degactioipr i si ng

di fferent G pr ot ét plageuptmtane eBeptspicHicangogenaisiicddiomBAdh ald mgrodh 6ff er ent
conpounds. EachgdiffigrSatinCuERLOLNICOMBLRS hACRPBLAL k& | abelbethav th a

di fferent bi ol ym nescent protein and/ or acceptor nolecul e such that they
emit at different wivel engths to enable the detection and quantification of
different target conpounds. 51 EXAMPLES EXAMPLE 1- DUAL LABELLED BRET
ODR- 10 (OGPR) CONSTRUCTS MATERI ALS AND METHODS Design and Construction of
Dual Labell ed BRET OR Constructs 29 BRET receptor constructs were
generated with BRET conponents inserted into the third intracellular |oop
(IC3) and at the Cterm nus. Two BRET constructs were made with; (1) GFP2
in the mddle of 1C3 and RLuc(h) on the Ctermnus; (2) ORwth RLuc(h) in
the mddle of 1C3 and GFP on the C-term nus. The position of the third
intracellular loop (1C3) was determ ned using TMAP on The Bi ol ogy Workbench
a web-based tool for prediction of transmenbrane segnents
(http://segtool.sdsc.edu). For ODR-1 0, the mddle of the IC3 is am no

aci ds 240-241. The am no acid sequence for this construct referred to as
OGOR, is provided as SEQ fD NO 15 (encodi ng nucl eoti de sequence provided
as SEQ ID NGO 16). ODR- 10 was anmplified from C. el egans cDNA, which

M



The BRET conponents, GFP and Renilla Luciferase, RLuc(h), were sourced from
a commercially available plasm d pGFP2- MCS- Rl uc(h) (PerkinEl ner;

Lot #6310051- 6 ., BRET constructs were constructe
anpl ificationgg))%ml(’/r(l’slsf/ﬁ dual fragments of the construct %sctepeg”%ggp%mﬂ for

prinmers and annealing tenperatures). PCRawas perfornmed with Pfx50TM
standard ingredients (Invitrogen) and conditions were as follows 94C 2m n,
30 cycles of 94C 15sec, 59C 30sec, 68C 70sec, and a final extension step of
68C for 5m n. Separate conponents of the constructs were anplified using
overl apping priners. W) 2010/ 085844PCT/ MJ20101000080 52 Table 4. Priners
for dual tauged ODRCES feMepiotrpic ghsimigohaom@e rrsteptorstindhudagiferrtotrobNA
Fragment size (ppgkmiei VRESot9eHUENERaE) &rgp ANBRAbotbEBPel(thhatORRupl 110: : GFP
4A. A240- 241 1184}, icG(Agln%m &SR, ARtabot TR damdFE Rk SBxiFaceifal BL OOR-
CFonvard AACCATca clum-sensing, -Ii’-[lgl% pheromone Receptors, GABA-B, GABA-B subtype 1,
GABA-B subtype 2, and Orphan GPRCS receptors.

GPCRs are involved in a wide variety of physiological processes, including the
visual sense, the sense of smell, behavioral and mood regulation, regulation of immune
system activity and inflammation, autonomic nervous system transmission, cell density
sensing, and many others. It is known that the inactive G protein is bound to the
receptor in its inactive state. Once the ligand is recognized, the receptor or a subunit
thereof shifts conformation and thus mechanically activates the G protein, which
detaches from the receptor. The receptor can now cither activate another G protein, or
switch back to its inactive state. It is believed that a receptor molecule exists in a
conformational equilibrium between active and inactive biophysical states. The
binding of ligands to the receptor may shift the equilibrium toward the active receptor
states. Polvpeptides of the invention comprise G protein coupled recepion which,
when expressed in a cell the N-terminus of the receptor is outside the cell and the C-
terminus is inside the cell. The persen skilled in the art is gware of suitable technigues
for detecting the orientation of o transroeerobrane profein, Such techriques comprise g
zie not limited to cryvsmllography., NMR-studies, modeling sbudies as well as
microscopy tochniques, like ununolabeling combined with desorgont permeabilisation
controls for light or clectron microscopy proparation, fragment complementation
tagging of two polypeptides and the hke,

In a preferred embodiment, the G protein coupled receptor is a Class A GPCR.
In a further preferred embodiment, the class A (rhodopsin-like) GPCR is an odorant
receptor or an adrenergic receptor, more preferably an odorant receptor. The odorant
receptor can be from any source as long as when expressed in a cell the N-terminus of
the receptor is outside the cell and the C-terminus is inside the ccll. Examples include,
but are not limited to, a chordate receptor, a nematode receptor, or a biologically active
variant or fragment of any one thereof. Examples of chordate receptors include, but are
not limited to mammalian receptors, avian reeeptors and fish receptors. In a preferred
embodiment, the odorant receptor is a nematode receptor or biologically active variant
or fragment thereof. In an embodiment, the nematode receptor is a Cuenorhabditis
elegans receptor, or biologically active variant or fragment thereof. Exampics of
odotant receptos that can be used o produce polypeptides of the tnvention and/or used

inn the methods of the vention are described in Buck aad Axel (1991), Roberteon



(SEQ IDNO 23) 57.7 R ODR 10- M dl C3GFP JCR
TGTAC CCCTCGCTTGTACACCTCA CCAT (SEQ | D NO 24) (3'") ODR-10 321 I":
ODR-10-M d1C3 P GAGCFGTACAAGCGAGCGCTACAGAAACAA157

ol é&@@?@%ﬂ

R ODR-|

"5&h) , I t R CTTGCTGGTCATCGTCGGAACTTGAGA

RLItc(h) (Ctern) 949 33

(1993 and 2000, Alow et al. (006}, Feldmesser {2(‘:%) Olendey ot all (20044 and b,
Clusmean ot ak (2000a, 20000 and 2005, Fuchs ot sl {20013, Pibpel and Lancet (1599,
Sharon et &l (1992), Zozulva et sl (2000, Nivmura and Nev {2003), Lander ot al.
2061y, Zhang and Firestein (2002), Young et sl (2042).  Furthermore, a
comprohensive list of odorant receptors are available from the Sensclab website
(http://scnsclab.med.yale.edu).

In other embodiments, the GPUR i a2 Class B or Class € receptor, with Class
being nwre preferved of these two embodiments,

In a particularly preferved embodivsent, the G protein coupled recepior
soraprises seven transmembrane domains.

The bioluminescent protein can form part of the first, third, fifth non-
transmembranc loops (domains) or the C-terminus of the G protein coupled receptor (or
polypeptide of the invention). The acceptor molecule also can form part of the first,
third, fifth non-transmembrane loops (domains) or the C-terminus of the G protein
coupled receptor (or polypeptide of the invention). Each of these regions is
intracellular when the G protein coupled receptor is expressed and present in a cell.

The acceptor molecule cannot be in the same region as the bioluminescent
protein when part of the same molecule (namely, the same single polypeptide chain),
however, the acceptor molecule can be in the equivalent region as the bioluminescent
protein when the G protein coupled receptor is present as a dimer or higher multimer.
For cxamplc, the bioluminescent protein can form part of the C-terminus of one subunit
of the receptor, and the acceptor molecule can form part of the C-tcrminus of another
subunit of the receptor. In this example, the subunit to which the label is associated can
be the same or different, for instance the two subunits can be identical apart from one
labelled with the bioluminescent protein and the other labelled with the acceptor
molecule. In one embodiment, the biolmminescent protein forms part of the third
non-transmembrane loop of the GPCR subunit, and the acceptor molecule forms part of
the fifth non-transmembrane loop. In an alternatc cmbodiment, the acceptor molecule
forms part of the third non-transmembrane loop of the GPCR subunit, and the
brohaninescent protein forms part of the fifth non-transmembrane loop.

In another embodiment, the biotuminescent protein forms part of the first non-
transmembranc loop of the GPCR subunit, and the acceptor molecule forms part of the
third non-transmembrane loop. In another embodiment, the acceptor molecule forms
part of the first non-transmembrane loop of the GPCR subunit, and the bioluminescens

protein forms part of the third non-transmembrane loop.

 25)
NO: 26)



F: ODR-10- CtennEue(11).1if CAAGTTCCGACGATGACCAGCAAGGTG A (SEQ I D NO 27)
36.3 R attB2 RLue(l)Reverse GITACTGCTCGITCTI CA (SEQ I D NO 28)

CDR- 10: : RLug( n) 1246 -: CDRA 0-M dl C3GFP' Jt 2F
GAGCTGTACAAG:@%%&%&GAAACAA (SEQ ID NO 29) 55.3  RPCAAUEY/000080
RLue( 11) Rever se GTTACTGCTCGTTUTCA ( SEQ 1@ NO. 30)

In a preferred embodiment, the bichaminsscent protein forms part of the fifth
non-transmembranc loop of the GPCR subunit, and the acceptor molecule forms part of
the C-terminus. In an alternate embodiment, the acceptor molecule forms part of the
fifth non-transmembrane loop of the GPCR subunit, and the Bdchuningscent protein
forms part of the C-terminus.

In another embodiment, the G protein coupled receptor compriscs at least two
subunits, where the Bohaninescent protein forms part of the third non-transmembrane
loop of a first subunit, and the acceptor molecule forms part of the fifth non-
transmembrane loop of a second subunit. In an alternate embodiment, the acceptor
molecule forms part of the third non-transmembrane loop of a first subunit, and the
hiolurrinescont protoin forms part of the fifth non-transmembrane loop of a second
subunit.

In another embodiment, the G protein coupled receptor comprises at least two
subunits, where the biclhuminescent protein forms part of the first non-transmembrane
loop of a first subunit, and the acceptor molecule forms part of the third non-
transmembrane loop of a second subunit. In another embodiment, the acceptor
molecule forms part of the first non-transmembrane loop of a first subunit, and the
bicluminoscent protein forms part of the third non-transmembrane loop of a second
subunit.

In another embodiment, the G protein coupled receptor comprises at least two
subunits, where the bicinmincscent protoin forms part of the fifth non-transmembrane
loop of a first subunit, and thc acceptor molccule forms part of the C-tcrminus of a
second subunit. In an alternate embodiment, the acceptor molecule forms part of the
fifth non-transmembrane loop of a first subunit, and the biclununescent protein forms
part of the C-terminus of a second subunit.

In another embodiment, the G protein coupled receptor comprises at least two
subunits and the donor and acceptor molecule are in the same site of the first and
sccond subunits respectively.

In an cooboditnent, the bioluminescent protein or acceptor molecule is located
atter the second amivno ackd of the fifth transmerabrane domain and betore the second
aming acid before the beginning of sixth transmoembranc domain.  In another
erabodiment, the biolumincscent protein or acceptor molecule i locaicd afier about
aroing acid 8 alier the A8 ransmembrane domain or after about amino acid 22 after
the fifth transmoembrane domsin. In s further embodimens, the bioluminescent protein

or acceptor molecule is inseried about 10 or 1Y amine acids before the sixth

(3")



ODR- 10: : GFP @\A240- 241::RUK: (11) (Clem) 2675 : attBl CDR 10Fonvard
AACCATGTCGGC AGAATTGTG (SEQ | D NO 311 53. 7 R attB2 RLue(h)Reverse

GTTACTGCTCGTT. ID NO 32) ODR- 10:: RIAtc(1i)(0A240- 241 : GFP-
(Cterm (moeﬁ}@%ﬁ"g B 10::tht)e( h) 1669 F: att(é(l IO)D(R%% 6@?@""‘”‘%

AACCATGTCGCGAGAATTGTG (SEQ I D NGO 33) 35

wansmembrane domain. Most preferably, the bioluminescent protein or acceptor
molecule is focated in the middle of the third nop-transmncmbrane loop (domain. .

With regard 1o the C-evounus, B 1 preforred that sbout 5 10 228 aming acids of
the patyral Coterminus remain at the end of seventh transmembrane domain,
Preforably, the bioluminescent protein or acceptor molecule i inscriod sfier about the
16 or 20 amino acids atter the seventh vassmembrane,

Turning to the loeation of the bioluminescent protein or acceptor molecule in the
fiest non-transmembrane Joop (domaing, ¥ & prefored that said Jabel is jnsered shout
o aming acids afier the end of firsy trrmsmembrane domain and sbout two aming
seuds before the beginning of the scoond ransmembrane domaln. Most preferably, the
bioluminescent protein or acceptor molecule is iocated in the muddle of the first non-
transmombrane loop (domain).

In a further embodiment, the bioluminescent protein can form part of the N-
terminus, second, fourth, or sixth non-transmembrane loops (domains) of the G protein
coupled receptor (or polypeptide of the invention). The acceptor molecule also can
form part of the N-terminus, second, fourth, or sixth non-transmembrane loops
(domains) of the G protein coupled receptor (or polypeptide of the invention), however,
it cannot be in the same region as the bioluminescent protein when part of the same
molecule. Each of these regions is extracellular when the G protein coupled receptor is
expressed and present in a cell.

The GPCR may br a non-naturaily occurring chimera of two or more different
GPCRs. In particular, this cnables a transduction cassctte to be produced where
portions of one receptor are always present in the chimera into which other portions of
a wide variety of GPCRs are inserted depending on the compound to be detected.

In one embodiment, the subunit comprises the N-terminus and at least a majority
of the first transmembrane domain of a first G protein coupled receptor subunit, at least
a majority of the first non-transmembrane loop through to at least a majority of the fifth
transmcmbranc domain of a second G protein coupled receptor subunit, and at least a
majority of the fifth non-transmembrane loop through to the C-terminal end of the first
G protein coupled receptor subunit.

In another cmbodiment, the subunit compriscs the N-terminus through to at [cast
a majority of the fifth transmembranc domain of a first G protein coupled receptor
subunit, and at least a majority of the fifth non-transmembrane loop through to the C-
terminal end of a second G protein coupled receptor subunit.

The skilled person can readily detormine the Netormingl end, transmembrane

domains, non-transmembrane loops {domains) and C-erminus of & G protein coupled.



58 WD 2010/ 085844PCT/ AU20101000080 53 R: ODR-10- N idl C3RLuciligt2R
Cl GTAGCGCTCGCTGCTCA TCTTCAG (SEQ I D NG 34) (3'") ODR-10 321 ': ODR-10-

M d1C3RLuel hP2E CGAGCAGOGAGOGCTACAGAAACA ( SEQ | D R
ODR- 10- Ct er negi’ﬁ 2@@?&% TGCTCACCATOGTCCI GAACTTGAGACA (sggé%%."@“@?“
36

For example, a variety of boinformatics approaches may be ased to determine the
focation and topology of transmembrance dotnainy in a protein, based on ity amine acid
sequence and similarity with knows trausmembrane domain of G protein coupled
receptors.,  Alignments and amine ackld sequence cumpanisons are routinely performed
in the art. for example, by using the BLAST program or the CLUSTAL W prograr,
Based on aligisents with knowe tassmernbrane domain-containing prolems, it i
possible for one skilled in the ant 10 pradict the location of wansmembrane domains,
Furthermore, the 3 dimensional structures of some membrane-sparggog proteins ars
known, for example, the soven tramamembrane  Gprotein coupled  shodopsin
phatoreceptor structure has been solved by x-ray crvstaliography. Bascd on analyses
and coraparisons with such 30 structures, 1 may be possible 1o predics the Jocation and
topitogy of ransmembyane domains w other mombrane proteins. There are also many
programs avatlabls for predicting the focation amd topology of ransmentbrane domains
in protejus. For example, ope may use one or a combivation of the TMpred (Holmang
and Stoffel 19933 which predicts membrane spanning proleins segments; TopPred
(vonn Heljne ot al, 1993) which predicts the topology of mershrane proising:
PREDATOR (Frishinan and Argos, 1997 which predicts secondary structure from
single and nultiple scquences; TMAP (Persson and Argos, 19943, which predicts
tramsmembrane regions of proteing fom nwluply sligned sequences; and ALOM2
{kKlien et al., 1984), which predicts transmembrans regions from single sequences.

in gccordancy with standand nomenclature, the numbering of the transmenibrang
demaun and nop-trapsrocmbrane loops {domams) s relative o the Myeroums of the
polypeptide.

Amino acid sequence mutants/variants of naturally occurring G protein coupled
receptors can be prepared by introducing appropriate nucleotide changes into the
encoding polynucleotide, or by in vitro synthesis of the desired polypeptide. Such
mutants include, for example, deletions, insertions or substitutions of residues within
the amino acid sequence. A combination of dcletion, inscrtion and substitution can be
made to arrive at the final construct, provided that the final polypeptide product
possesses the desired characteristics,

Mutant (variant) polypeptides can be preparcd using any technique known in the
art. For example, a polynuclcotide described herein can be subjected to in vitro
mutagenesis.  Such in vitro mutagenesis techniques may include sub-cloning the
polynucleotide into a suitable vector, transforming the vector into a "mutator” strain
such as the £. coli XL-1 red (Stratagene) and propagating the transformed bacteria for a
suitable number of generations. In another example, the polynucleotides encoding G



GEP (Cterrn) 723

| D NG387) 56.3

(3') dr1io: &ﬁé&&%&@ 1030 F: ODR-10- klidl C3RLutt(h) l%%ll:"/AUZOIO/OOOOSO

AAGAACGAGCA

GAAACA (SEQ ID NO 39) 54.7
37

protein coupled receptors are subjected to DNA shuffling techniques as broadly
described by Harayama (1998). Products derived from mutated/variant DNA can
readily be screened using techniques described herein to determine if they are useful for
the methods of the invention.

In designing amino acid scquence mutants, the location of the mutation sitc and
the naturc of the mutation will depend on characteristic(s) to be modificd. The sites for
mutation can be modified individually or in series, e.g., by (1) substituting first with
conservative amino acid choices and then with more radical selections depending upon
the results achieved, (2) deleting the target residue, or (3) inserting other residues
adjacent to the located site.

Amino acid sequence deletions generally range from about 1 to 15 residues,
more preferably about 1 to 10 residucs and typically about 1 to 5 contiguous residues.

Substitution mutants have at least one amino acid residue in the G protein
coupled receptor removed and a different residue inserted in its place. The sites of
greatest interest for substitutional mutagenesis include sites identified as important for
function. Other sites of interest are those in which particular residues obtained from
various strains or species are identical. These positions may be important for biological
activity, These sites, especially those falling within a sequence of at least three other
identically conserved sites, are preferably substituted in a relatively conservative
manner. Such conservative substitutions are shown in Table 3.

Furthermore, if desired, unnatural amino acids or chemical amino acid
analogucs can be introduced as a substitution or addition into a polypeptide described
herein. Such amino acids include, but are not limited to, the D-isomers of the common
amino acids, 2,4-diaminobutyric acid, o-amino isobutyric acid, 4-aminobutyric acid, 2-
aminobutyric acid, 6-amino hexanoic acid, 2-amino isobutyric acid, 3-amino propionic
acid, ornithine, norleucine, norvaline, hydroxyproline, sarcosine, citrulline,
homocitrulline, cysteic acid, t-butylglycine, t-butylalanine, phenylglycine,
cyclohexylalanine, B-alanine, fluoro-amino acids, designer amino acids such as B-
methyl amino acids, Ca-methyl amino acids, No-methyl amino acids, and amino acid
analogues in general.

Also included within the scope of the invention arc polypeptides which arc
differentially modificd during or after synthesis, c.g., by biotinylation, benzylation,
glycosylation, acetylation, phosphorylation, amidation, derivatization by known
protecting/blocking groups, proteolytic cleavage, linkage to an antibody molecule or
other cellular ligand, etc. These modifications may serve to increase the stability

and/or bioactivity of the polypeptide.

ODR- 10- Ct er ni GFP' RE CAAGI TCCGACGATGGTGAGCAAGGGECCGA ( SEQ
att B2 GER Reverse GITACTMIACAGCTCGIC (SEQ I D NG 38)

2



R al 032 GFP - Reverse GITACTTOTAC AGCTCGIC (SEQ | D NO 40)
Qdr 10: 1Luc(1i) (0A240- 241::GP- (O enn) 2675 F;, attBl ODR- 10Fonvard ,

AACCATGT , (SEQ ID N0 41) 53.0 R attB2 GE
GTTACTI GTACA@&@@%%EQ ID NO 42) 54 Conponent s"lg\ﬁgi?\‘e(ﬁ{;’ @(ﬁsopuri fied

and placed in a paired reaction to denatigre at 94C, anneal 52C (at
overlapping priner sites) and extend 68C for 5mn for the required pairs.
This was then used as tenplate for PCR using the nost 5 and 3' priners of
the pairs. This was repeated until the full length constructs were nade.
They were then cloned into pCEMT for sequencing. Error free clones were
subcl oned into pDONR201 (I nvitrogen) using ApalLl. These were then subcl oned
i nto pYESDESTS2T1{d1nyi Excagen hubssings. Gat eway(r) technol ogy (attB sites were

included in orfginal 5" and 3" prijmers) for subsequent expression in S
cereviskte. Copstruction of OGOR Mutant (HL10Y) Site-directed
nut agensi s was| 858Ped out with OGARePR R201 vect ¢or (see above) as the
doubl e strandefiRessshypl at e. The hi st|iSabstibutior® to tyrosine (HL 10Y) nutation
was performed Using the Stratagendg Qui ckchange site directed nutagenesis
kit according [g,3ipndard protocols,uging 4he follow ng priners; 5'-
CACCAGTTTI GTTGE%W‘ -3 (W) (SEQ ED
NO 43) and 5' - [FARGS! T OCAAAATATCGATAARCAAAATAAACTCCTGAGACAACAAAACTG GTG 3'
(HL 10Y antisepd®)N{SEFQ | D NO 44) .| gln; his

Asp (D) glu

Cys (©) ser

Gln (Q) asn; his

Glu (E) asp

Gly (G) pro, ala

His (H) asn; gin

Ile () leu; val; ala

Leu (L) ile; val; met; ala; phe

Lys (K) arg

Met (M) leu; phe

Phe (F) leu; val; ala

Pro (P) gly

Ser (S) thr

Thr (T) ser

Trp (W) tyr

Tyr (Y) trp; phe

Val (V) ile; leu; met; phe; ala

Polypeptides described herein can be produced in a variety of ways, including
production and recovery of recombinant polypeptides, and chemical synthesis of the
polypeptides. In one embodiment, an isolated polypeptide of the present invention is
produced by culturing a ccll capable of expressing the polypeptide under conditions
effective to produce the polypeptide, and recovering the polypeptide. A preferred cell
to culture is a recombinant cell of the present invention. Effective culture conditions
include, but are not limited to, effective media, bioreactor, temperature, pH and oxygen
conditions that permit polypeptide production. An effective medium refers to any



PCR was perfornmed with Pfx50Thi standard ingredients (lnvitrogen) and
conditions were as follows 94C 2m ns, 16 cycles of 94C 30secs, 55C 1

m nute, 68C 6, ytes. Follow ng sequencing the OGOR hen
subcl oned i nt%’% %@%SZ (I'nvitrogen) using Gateway(r) Wté@‘ﬁgmmé‘&*%(s and
3" attB sites were included in original 3@GOR sequence) for subsequent
expression in S. cerevisiae. Solution Preparations 20% (wv) ducose - Add
20 g of glucose to 100 nlL of deionized water, heat on hotplate (50 C) until
di ssolved and filter purify (0.2 pmfilters) solution. 20 % (w v) Raffinose
- Add 20 g of glucose to 100 nL of deionized water, heat on hotplate (50 O
until di ssol vedmadidn fn Whigra @i fwtue@todr@ionef 4 poypegife sohepiessnt. in2@tidk (W V)

Gal act ose - Addsif dka@in GpkaGt Q8Bridd ad AQuctis @&diﬂeihﬁvrﬂgzﬁdm‘ﬂﬁﬂceﬁmbﬁeat on

28} UP: gf’]e (Ygg C)nt LL)IUQB Ialld %\g%&%% b%glfo?SHQDC{ 1atp le{bf Xlln(élocll\ mgtqlb agit ﬁ%ets) east

extract to 1 L ’6)‘1‘“66%1 SH5h A8 R ‘?&ut ea\l?@gq‘brlnvi’g Cﬁ‘h ‘g§g“YPD pl at es
- Add 20g of baeneniighblyincalatipeperensers, $1@g3 ﬂﬁsk*y@ésttlbcexmﬂa@t?r dishes. 201 g of agar
to 1 L of dei onpaedianat elturidgtacicadeicd oiit 15 temfeutves pHFal looyengonaut ocl avi ng
add 20 nL of 20%1)%1%@1%@3@e@gnmwceﬁggﬁch% ﬁ§condl\(@1§§atre Wit fetienily op- Qut
Medi a wi t hout Urt% eof E{Sndl m hed ium - 7 g of yeast nitrogen base

wi t hout amino ati’ds (0 uct Y 0626 Sl gma) and 1.92 g of yeast

synt hetic drop-out nedia suppl errent wi t hout uracil (Product no. Y 1501) to
1 L of deioni zeflicopmpreMoleguitsocl ave for 15 m nutes. SCMMHU plates - Add 1. 34
g of yeast nitrogenahassssWytiiiletile aTh PRAC WESh (Phedtatin @couMedPRin Si gma) ,
0.384 g of yeaS%%cgm@%% i1 cqqu&ud@%dar&mmgmmm AW ltdttl‘ﬁbﬁacw%%ﬁl

(Product no oni zed wat er .
Aut ocl ave for 1"“301Fﬁ”ﬁlfff”b US| QlBWeﬁligdbéfﬁWBgrleﬁm ”r‘lvﬁmé\é‘&nl?@’ ?‘Fﬁhe&d“‘?&” Iucose
and pour agar piditcetdy assopiaie 'S RpieE shplcd prgPPrREna DelyppEde ﬁﬂflnqjg

10 x stock sol utcreirn atafsll@vrigpardc of yhe dorsondvd g B2ot3i8 couptfi usqdouﬂmqohosphate
di basic (0.58 M . Pife@@bn 308 WRRhosRhatL PRehARIGo (Bovl forMrrand 40 g
sodi um chl ori de ofd CI ) in deionized water. The stock solution was dil uted
to al x PBS socf ution in dei oni zed water, Coel enterazine 400a - Dissolve 1
my of Cocl ent er azi nEe4lB nerqvep FadiypiaEly aeasysop moluloghypssefa e et hanol
to make a 250 pikcsficdeosiolcotpicd mecerRirpeng gandQd wehnfi06 ipthe pik.i quot s of

Coel ent er azi ne 400apdtfik @f MuRhit® CRAA) ftkgebetl ub@s fanel ptok@ncodplyd eteaprorav th a (R,
SpeedVac Plus S, . ﬁo(t@aay& g mo@mge ali quots at -80 C. Reconstitute
sanples in 100 or g ct) / lécgpot So 1LES ectvel yﬁ of

absol ute ethanol to |{?“”5nc C8P1té)é%ct‘?%{ta|°8ﬁ°‘ FOIEGC SR Do dpraF AR VY “” aration - A
1 % stock sol utdcesssont mplglcogoloan s g et molsety &l ﬂ‘@h%b&etoaﬁﬁc ctlanal were
made up i n the inédsphdiidvie sabwe atdtolvatiey hinddtehédnodbmmndl EVEB@:st T hlengdor ant s
were serially dj @@E@Qaﬂ B wated hnhssiihde wesbiiedetdngbetynearpitat i on. The

same dilutions of & gaﬁe% amhtc*tot%nﬁub%l ﬁqmduogf@é asc@@orgql%fe {sryere also

prepared. Plasm or mat] o ornmati ons were
carried out usﬁﬁif“él‘yy%‘a@fu % FARSHHPHEL TneggPte (‘fYIJ:EA@I‘i‘”iq atSF haje “R°YpPD pl at e
was streaked widctrssonvBGlulc Tndirm rogenlpx Sith gerGPeR; éDelnSEGCCSﬂtfﬁr@tlaﬁCCéﬁﬁd’ i ncubat ed
at 28C for 2-3 mlagsle bHEK aRerc@plopapl fechmVaClss@einotectic antirtdug bYRD !l ate into
a mcrocentrifyge t&%‘%{ueéﬁ?%ﬁl&?@ﬂ%e fﬁggéc&%l?m@}eéﬂm of transformation buffer
(Product code T 0%09 and spin for 5 seconds. Renove the supernatant,

| eaving 50 - 100 tL of the buffer in the tube. Add 10 [IL of 10 rrg/m_

sal non testes DNA°¢Pf oduct code D 9156) to the tube. Add 1 lig of the

PYES- DEST52 - OR plGswicohs BNA feroilbbe rsdieiahi iedhahch scomt! enessbiger dfcad@donds. Add
600 ptL of PLA—ElElaBéllfuifdﬁrslg(lcmhgdGcblo&&gefu&%@@)ds andlev@it exichdsncakabens or 4

hours at room LEARET AR étg%nesmg hitpﬁcnﬁﬁﬁmn sa:\@andlg dmaa ad%mkn a 42C

heat bl ock. Spin craoce

super nat ant . Ré‘élﬁ‘gi?aﬁ‘d (%@)I@u?‘h“t%o [it”i“i_e'%fGé’foéer"i’bl &YW ?é?wmiﬁfdak &1100 tit on
SCWr U plate. Incubate at 28 C for 2-3 days until col oni es appear.

Expressi on Protocol I nocul ate a single colony containing the

PYES- DEST52 - OR construct into 15 nL of SCMM U nedia containing 2 %

gl ucose. G ow overnight at 28C wth shaking (200 rpn.



The 0D600 of the overnight culture was determ ned. The anount of overni ght
culture required to obtain an OD600 of 0.4 in 30 nL of induction nedium
(SCMMt U, 2% gal act ose. 2% raffinose) was renoved and th EJJ Esleted at
1500 x g for g@o%ﬁw@?sg? The cells were resuspended in 1%%%8‘ FOIP/% ¢t i on
medi um and i nocul ated into 29 nL of indugti on medium G ow at 15C with
shaking (200 rpm for 72 hours. The culture was renoved fromthe flask and
the cells were centrifuged at 1500 x g for 5 mnutes at 4C. Decant the
supernat ant and resuspend cells in 1 nL of sterile water. Transfer cells to
a sterile mcrocentrifuge tube and centrifuge sanples for 1 mnute at

10, 000 x g. Renpveskhey sitip@rracakd ofaiydal ¢arsdyctioutetwiaisidfaingmies al, a¢05on.

Menmbr ane Prepar afdh@Nsd Hamm, 200681 | s were harvested by centrifugati on at 1500

4C) for 5 mn e
)II()ngb((ach) s phosy haggﬁgu? er ed&!bst{g |W@lEll DE? {&&&g%@{@ %%nehgo(ﬁ g%rel g 1000

mg/ L gl ucose, 38"WYPE "o ﬁ?ﬁbﬂ%"&fwﬁt g Progeise lﬂﬁ{ed‘ﬁtﬂdtr% QoM ‘("Iu trogen).
The cells were IC%’@CF 459 mEdeycH aphegs bm@@@oarﬁsaammaﬁd spteitss gldubhal” 1 ot ei n
fractions were pswhatm@dshy.)aentbeibigigahd @ aperB3P of sgal( E&Cpastor THSe M nut es.

Fol l owi ng this ,%]Bt@m§9l3 ‘}l%&o@w{o%é’al&{ﬁ&i u&ﬁlt%ﬁxdtxﬁ ﬁ&é&tﬁﬁql&x‘?‘chth)téhx?s 15 m
pol ycar bonate t z[%ed at( 40, 000

r pm ( Beckman COU td sovgﬁndS% td; %ﬂc)félglﬁ({ f_lre fulljvolv (P fn mgnilr hcms(ﬂlcnon
super nat ant msa‘ﬂ@tﬁ‘ﬁﬁ’(@dh%ﬁlﬁntaﬁée%r%é BPlet a‘Fé%Yi‘éeﬂi@ha‘é‘Hﬁ?anlih nL of
D-PBD or 1 x PB®idsarfdr |cedniplovercnirgieticat #Qteino sgmhibiniaysée mBioBpdct r al
Measurenents  palmitoyiell, o e lidicdl wisie as WpioRink BePbdechyictth a pl ate-readi ng

Spectraltx Ne_spect fofL ardamal et WRILGULA uDEYL S8R A% b ali auots of

menbr ane preparati

(Porki n- Bl mery. o SR B S G EOEPa e PP AL P PSS B 600 nm
with an excit at§esasviiayél engt AP @rd 290 seiier (aisayctal 4589 r{rHreet & 81-.330But - of f
filter. SinultaBsaus {BgahceHimissiyQ mabehit GoKubunits have Bermdivideh@aaududual
em ssion RET mﬁﬂh@@@'ﬁl% @Ef‘&% @®a év@OetQMtzom th cRo %Bs%a&ne%ﬂ_dlé\m

m cropl ate reader }%%&%&3{‘ fam” {3%},@’?9(8%55@%[? 15@3{1/08 ﬂzﬁaﬁ)ug}qur%nt s used a

BRET filter set. ﬁ e se ain r each
channel (3300/ J2 Cré@r th‘al%inglcﬂ Gte8EsI¢ *um&nhé@%ét f o‘fgip‘%f 3-8hAM
Concentration ODR-3) doncasizeswiiichat ekt wellconbericran dhs C@ﬁer&ﬁz@ﬁz t agged
receptor sanpl eqsbdnhewﬁthu@reﬁs@e)ﬂ@e@m:em&i ckresddd trbaalySampl Lomasncdetcer m ned

from spect ral SEARS::30sdd: JATRIFRARIAL g%m' i zed by the OtGORt
uorescence inten co nt ensi concentration
purified GFP2 prot éilhﬁ q}?a?g‘% gélﬁeif aétWCEaT ér‘?f‘buc’:'én PIez“lré)raé’l‘fci”” R<UF8pr oduce a
cal i bration grayterahadbs pnguisitcients gdesierd P’é’t@f“l Irrednencee erpensidPy. GFP2
prot ei ns wer e pubunfti @B-Ys§ thougbobadetlagftie fanctiyn cheorimRO§ paphy, wideoredi Nng t o
the supplied inghdiMed GP%ur(ltB@P-CFﬁl 2R a (BBl RFC QNGRS ensfloRNtHE Gk donal

Rear r angl ng the dllflferenge ?01 npo%ts E n[{r!)tgm %gtlﬂ%&ys A C( yelev n% {]hélefl(-)xe ie%idg*l hé %U| ts in

conversion of f uorescence I nt ensi 0 ‘concefitration. An estimated
concentration of’8itor 10 nM was used for assays in a final volune of 100 4.
Sel ectivity RET anal ysis was carried out in 96-well plates

(Per ki n-El mer) anslidsnvol ved i ncubating the specified dual tagged receptor

protein (OGOR) for /ﬂégtﬂ% Qut ﬁéof"%él&y%lo\s@\ﬂs%r tﬁ‘c@@#ﬂm&%&6@})1%mQ¥19£1ﬁ9t The
final vol ume tor rotein

S n
sanpl e (see ' Cﬁﬁ“lt zét’?% d‘8fbp§cé¢¢pﬁy p}%’ﬁm@'natt? %f onpmgdmc‘fou%lﬁ TB'BBS (or 1 x
PBS) and 5 [i Lkalflbce:l@ﬁéevaal(dfstfw Nnd & BEBREr BuRgClEicgHEl e Bersrded by
assayi ng a sanphteawibn, DsPBS hopenthing BBB) follxing vignat tresduptoubstdsan bindme t he
96-wel | TM pl at®@cwglihcSne ks SBAhAM bWntafonkeRsiOAdranfbiaPack ALKy (WMhbda each

sampy e area | VAL 1 siglhethy DR onar ag susATpLCe (verer, pyruvare

citric acid, lactic aci repared and assayed first. Follow ng
this odorants solutions were prepared in the fume hood and assayed in the
follow ng order: 2-butanone, 2,3 - pentanedi one, 2,3- butanediol and

di acetyl. For BRET2 neasurenents Cl z400a substrate (5 nVM was added
following the 45 m nute incubation tinme and the signal recorded using a
0.50s integration time over a 5 second period. Follow ng addition of

Cl z400a the well was re-sealed while the signal was recorded to reduce
cross-contam nati on of sanples. The assays were sequentially carried out in
the order the sanples were added to the wells. 2 BRET ratio is

calcul ated as em ssion ratio nmeasured as ((em ssion at 515 nmfor receptor
sanple)-(em ssion at 515 nmfor D-PBD (or 1 x PBS))/(em ssion at 410 nm for
receptor sanple)- (emssion at 410 nmfor D-PB.D) (or 1 x PBS)). Dose
Response Curve



The OGOR concentration was normalized to 10 nMby G-P2 intensity. A dose
response curve was constructed by varying odorant concentrations over the
concentration range as indicated in the text. The | owest concentration was
al ways assayelOPP9t¥4nd the hi ghest | ast. A si gnordal 48e%% esponse
curve was fitted, and EC50 cal cul ated, hy non-Ilinear regression analysis
using GraphPad Prismfor Wndows XP. RESULTS Ligand Response and

Sel ectivity 2 The constructs produced have the BRET donor and
acceptor inserted within the third intracellular |oop and at the C-termnus
of the odorant receptor (Figure 1). D acetyl binding by ODR- 10 woul d cause
an increase in the BRElistmat pagerhd ofbhetitlostbekigndthacept divedbonpohents moved

apart or _an i nCreasf lh mctcmem@aagﬁadf drcr uﬁﬂﬁlmm@%%l@vﬁﬂstﬁll&&%tst09et her .

2 The BRET. h 10
AMor 1 i I\/IeO f thﬂths#hg ef%)t StheI cé bur &ceqaut é)oes noWenragcryltors]cC fE‘IAR %\ICQ?Q tgus s%%vqu, W: taC tic

aci d, 2-but anongtranics ‘me‘ffélﬁ? &H%H‘F Gigeptor 24“§ C’iﬂﬁt%ﬁé’ﬂ’t“:&il[{ ﬁﬁﬁlnﬂﬁ%é‘ie%o‘ (Fi gures
2a and b). The t#figesttha Hamgbe cal BerBRET s cgaaitic gesolpsr Basauporeldassseubat i ng
OCOR wi th j _i M gepeaniiicadiit@nsitofcgdld ac atiy laffiny Fh deffodeht sreoidisbfogisemce in the

signal conpar ed gealioh, NGass A r%@epsols(pm@éxgﬁlzl d,rﬁ§aoﬁqg&u£ﬂ9éagaec§@)3 rebQhs 1S the
first exanple of (Eogltorlpg é%g F R]ﬁtﬁus' ng a dual -1 abell ed BRET
tagged recept or "PMhCO&AEEPL ¢ %Sv*s‘%%yv“ Gt The change in the BRET
ratio upon additi onRefresHbhdingdeatido he pReaspline o the AtrRIpSTOsT itafogedt 1 to OGOR
was si gni fi cant pryteids, cding tdmpeRnorQie@bitizhidontoli GPCR Rignadihg vib herdesporse (wat er)
(Figures 3a andsbind mtRengtennpee of OCOR to diacetyl stimulation was the
onl v response whi chyiaSSlaih! b5RRk] o llLLRUEM 0o 3;41 (GONL Qlaigponse

conpared to all other 1] concentrations
These results cBt OPRRE ﬁgf “EpRe1 b aEr%*I“%Sciefv\?éF V9o S ey YnreePetet yl was
previ ously confiyosed kingseheuthhes Dl i Do athdliog conpoundith shpmgsarbdnza Ca2

el evati on r espoR&gtor. H-fRnd An@Xp LeSEIR @Gkl 29Dk alrMAlKZhangs efchad ., 1997).

The lar gest Chaﬂﬁ@ M'.K[K4tm3 BB'E_PTQAF @/ﬁﬁonﬁ\qﬂtp ﬂl' zg!@ﬂgn bdrx@din@gntggct?’\%ths %is
substantial ly reat er e|n

n - 50/()
upon bi ndi ng_ of rqiginsy oty kﬁﬁl ?Cé(p‘f ﬂlal?lﬁlrﬁlyn uC’bm‘?} maﬁ,&darpte"ééubfl %lgrg O?Ifl%h‘gllé et al.
2003) and 1 j.i%mpiry 45¢ Apﬁqﬂd(ﬂm*wm;ﬁe mmd%\%&qé TRHEDIY | m oHgpmcoatah e
decrease in BREv‘Eﬂclsq gnal upon addition 2 of diacetyl suggests t hat the BRET
conmponents nove apaki ckpor odomaniodi HRkRgis KRS fidh helbdksivhidienponst ration

that this BREngéMaﬂf}S&g&&&aon Syatem, %;séaanpuﬁc%udﬁ AR LG REISLE Wby, conpar ed

to a FRET transducti on In ec an es Dose
Response CheE P LB m&%&ﬁqv Ham&a@?fgwc O HOBHE g‘flf‘%%s)vf’)‘n

anpl i tude of t hetagreamgeing hpve hev BRETRntEied) mahe ryaioloR ¢ (c’gwguﬁ@h&yespmvu des the
first denonstraid etpr@fedahdases depeadentsysa@s pansppori heepkCsmenmalzu@nnas

cal cul ated to hg,B.p% hMAefhyl v1de"!1rFe|§'uds Syc%%llc\{fﬁ leaRbirdcRodland hisRAr t s per

quadrillion (pp init 0 for diacetyl when
expressed in hu%ﬂal%boltile‘p%gl/q(eiﬂ%mbtygr ed by cal ci um i nagi ng techni que, was

calculated to be 2.3 pM (- 0.2 part per mllion (ppm), an ECso val ue
consi stent w t Recheimhadacwsr esul ts (Zhang et al., 1997). The cel |
free assay present aghcheb&lih&t BOhEprtRANVBHINE (1RIUAGISre@nbiiag Rédididenidror e

sensitive for %fﬁf}&feylﬁ &9@%'lioha%%;ekgg@n&@gm%ﬁféottdg MWahe aq)%ly%ep%é@sys and

exi sting chenical detection sys suc n (Li et
al ., 2089) and 9%5°H5% I?l‘?r“bﬁ?if‘fférlgﬁlﬁ‘% VELEHAP Ol%vﬁ{ E‘ﬁ‘”ﬁg 0%8?10?025& 051

det ection (GC- PED)Xulc NBect dbw el abuch 2008) . CON@QSatlwtvrélowmnOkypudco
Mut ati on (HL 10¥juences, that are polynucleotide sequences that are not naturally found adjacent to

polynucleotide molecules of the present invention and that preferably are derived from
a species other than the species from which the polynucleotide molecule(s) are derived.



An ideal negative control for the OGOR response to diacetyl would place the
BRET2 conponents the sanme di stance apart as in the OGOR receptor but the
recept or woul sponS| ve to diacetyl itself. Repl i stidine
with a tyr oaﬁ’ggg’tmg%gl tion 110 in the 3rd nenbrane spa%%lr%%ml%ﬁ"ogque of
ODR-10 resulted in a strongly defective gghenotaxis response to diacetyl
(Troenel et al., 1995; Sengupta et al., 1996). 60 The i ntroduction
of a histidine 110 to tyrosine (HL10Y) nutation to the OGOR construct
reduced the response to p. M concentrations of diacetyl from 32.4% for OGOR
to 4.1% (Figure 5). This reduced response to diacetyl was not significantly
different (P < DhdDOsjtofqaoir tither BOA vielDNA (anbdr @rokary@s poageryotivdandagpioaldy t he

nut ati on causedisa th@§SoPfuchWnghdBRY in TRisg 92, Mgk Sirdshat plhdigd.r esponse of OGOR

to di acetyl is due r and not
non-speci 11 cal | bﬁe t?ér)]eaocfgéé]ﬁ%haq{\%gt&ﬁctglﬁl &leé’\% }%‘Ef ﬁ]ﬁeo@@ﬁ}%@i\%‘?f &P
COVPARI SON OF At“ CHBE PEM RRET T i*(ﬁ ‘( Eiﬁ?d\t P ABETOED T BRET2

ODR- 10 (OGOR)  polynucleofide eolaquderieto i expaesne eptol iy meghnar fsh BREW melgeiem t o t he
FRET system forismbri fodici igreCGRCRhac trinsith@nintohe hBREJR conponantis, used to tag
the CDR-10 recewp@gm&@%)lb X\@N@\ J&@JA%@QI mattlbcaEA%EeTofqlgﬁg@&m tashosrt%éul ting in

the insertion of CEP_.in |nt eI
C-term nus ( d ffﬁm&ﬁr—ﬁf‘ %a% © lc I&C m@ CYEPP?T%“‘@}’ ne) (SEQ I D
NO 46) deri vatl?ﬁése“\‘lﬁ?ér"%“%ét PO Fr@frlie lcawav%la&w h@ﬁﬁ%Ff@a“(OEm@@CARF) f or
yeast expressi oqn(8EQhEDpNGsydi? andikdBoticespeeati tyetaly . viliF ER| psBidAND METHODS
The OCOY sequeng@rokdidneedrs aycnidpahy aR@rsXh luk@st (.. Clitctgetid E:@sU@S in

synthesi sed by Genagthty, TheaeChN,seauance u afa(ﬁe{uthﬁﬁ)o& Mt b Konl and

Xhol sites of ng F%l § vee {)

pYES- DEST52 (| ‘i”i‘ Jeny-'usy tée '@é‘?lg\’/{)a‘ﬂ?(‘ 4O b ‘8?\ BIPEYYtt po&@ﬁ‘g‘g&ﬂ

expressi on in Selldigy epresioasysteTh auiclhooyme v valhknows indhtcdt i s provi ded as SEQ ID
NO 49, whereas the '‘@pemdy dtied'  egdenceie rifas pradwicded! @BtiGEGQ bdbvdDve0. OCOY

Expr essi on or M@%m&w eﬁﬁApEboﬁérﬁi 0¢Qicatsit ug8d tf ME fhldgor@XPr essi on
of GCOY in | nVS 1t1%n§hvpe of tldll Ct rFtlgnd 1 S@toﬁrf el nl?qenttlia%%flng& L\elg;tlengal i %gltl on

To assess the r'é or “sanples the
f1 uorescence i rit@Rs: N’“’Eﬁ"tc{ Hé’pgéﬁ% inkediigd C&@f‘ ﬁeﬂ‘ieﬁ‘?d““[:l? B IOPBEYSESe scans and
t he sanpl e anoukfinaddrmml i i ednbyreston eoQEBX thd tpoicayme ntée totingngiuenge inThe  YFP
intensity (530 damppré@hteroftal bazied id Ocelldiee Ipr@sibn syk@m. Qehdfallypflofotd. of OCOY

was pipetted infQ %11?:9@%3%@ ﬁ&n‘?cn\"’%a't aRNGehURe iMRY W@tlé@é?%c&‘&%&cﬁccloo pt

with 1 x PBS. Re was a 6% r educti on
'n FRET ratio (&.ngﬁ 5y CapEiSh i THEARE! pgrstcARe B S
response to pt I\W‘b‘@h%er‘tanéﬂ@loﬁl reulgtoBt GEMEBNHER @Y crBncgs3ed gt éduct i on
for OGOR (Fi gurpgyscully dhnegOCOY esqdansksaasxisiipwntht godeg Siqgmeds ivdaset | y
different (P < RnQBptioch®el BPagel vent (water) response. OGOR was shown to be
nore than four ti S r ng than
mOY The F(r)rrqgt glr101§2|11 gxg)%@glén %6 O% (EfrrRQ %% ng%n%l)l?'%&tﬂxlll r@hldtg}y
correspondi ng tS&1USH 6?01t2ﬁe“%1i’?ﬁjrrf TR eﬁ?ﬂ’@ atiqg ?O“f‘?lle“eg‘ﬁﬁe]e% syst em
was recently detiginniohedliqagonpend7otBerrpgulatdne sdqagngesthat Ree gatpaebldettethvi ned f or
any geneti cal | yeconbiage delRnl tRaictntloDae reggessibn al palynd@OQije mbheulBwfvial ue for

the FRET systemugs iRkfihous! [}értQ‘c?ltaler EBoBGI‘PlaJt %JPé%ulés 8 ﬂx’é‘f(xglllﬁrlﬁve%ona' , 2006)
i ndi cating that di st ance range

(3.8 - 1173 nmyPHEREE R SR s oh S ks SR T, cncfor
ef ficiency for "OEOROERAHGE! ar%ﬁioegwlw&@dotcmnfalalp@fnﬂaﬁlﬁéﬂ%d|Pﬁhtlaﬂdlbf di acet yl
(1 p.M indicatinpgtag dustranice cah@hgeuofcess a8 thnset ohiéh Gomml Angyigiaem wi th a
Forster di st anG@tifbn, 4uéh ambloﬁlu&h cfuntdi€opeRisT 28y $dpeior WapbldeOBLYabRX NI bi t &

transfer ef fi clanay, Ghanas: Ohudis 33018 & 92unon, addll (a0l ufl agety! for

this distance chan sui tabl e,
in ternms of detﬁé]é't“?@{dﬁagéﬁﬁ's‘i“? Pt &FCO”?W“W?@ ‘??élﬁsfhﬁs‘éﬁéﬁf}m@? ‘f‘ﬁ?‘éetyd‘? st ance
change in this distance range. OCOY Dose Response Curve Fol | owi ng
the confirmation that the OCOY response to diacetyl was significantly
different to the solvent (water) response a dose response was plotted. To
generate this data spectral scans were recorded upon the addition of
different concentrations of diacetyl (Figure 7). As the concentration of

di acetyl increased from1l x 10-21 Mto 1 x 100 Mthere was a decrease in
the YFP emi ssion intensity and an acconpanyi ng i ncrease in CFP em ssion
intensity (Figure 7). Scaling the OCOY response with respect to the

normal i zed OGOR response curve (Figure 8) confirned that BRET2 detection is
nore sensitive than FRET detection for nonitoring diacetyl binding by
ODR-10. The cal cul ated I og . EC50 val ue for the FRET detection system was
-16.43 + 0. 9741 M(rrean SEM n=>5) V\/mch |s not S|gn|f|cantly dlfferent (P

L e~ N\ b N 1 | g~ NSO AN



4-0 Gateway- technol ogy for subsequent expression in S. cerevisiae. TGIR
Expressi on The sane expression protocol was used for the expressi on
of TGIR in fr for OGOR expression. The TGIR codi

provided as S é%ﬁ@o%% 51, whereas the amno acid sequencgg/l@%%%@f& ed as
SEQ I D NO 52. RET Anal ysis Protocol 43 The sanme RET anal ysis protocol
as described for the OGOR selectivity studies. 1 11M of the |igands pyruvic
acid, citric acid, ethyl acetate, acetoin and diacteyl was assayed with 10
nM of TGIR Preparation of Bacterial Extract Assays The bacteri al
strain OP50 was grown in LB overnight at 37C with shaking (200 rpm. E. coli
strain OP50 is usuahisyiptigechnad sajubtwedars bumodo flose sidkdinoteayr Bwfehed n t he

| aboratory (Brepadripickdddhirol fMnas SiaysicWabe Pae amb®d 1Sbhad@ridlheca@P50

bacterial cult Ul ogg-(p ?6I£zlt(§d§tpla%§§xaa¥m%§elll bt%h gdghttnloplﬂm@a tL;LQaC Llaco EZIP tge

bacterial cultur cond assay
required that 1°W‘%Pm{’/ﬂ?8_'3§_?¢5fef‘ df&]f‘?%f‘ é’d‘iﬁﬁg’%ﬁ g 'i“ﬁ%%{:teﬁ‘l“’&hrd%ecent rifuge
t ube and cent ri fudeecriprhapg GHo. s@cgnmbﬁgcﬁw,n@@felloﬂm@wmnlpha pfting pfactor,

super nat ant, f obitlomaRghotlegidmt, mphalintsosubgchsrds pramadrocacit ki Singes tvile, or 10

tL of LB was adglggan&ﬁ’ic %Qm@MrJCiERmtﬁqleL%@gen@a&%ﬁgalﬁi RAIRA SeARdE i on the
sane protocol was The

S
response of TGTR" f Vﬁcﬁmd ‘d‘a‘* he&’r?wn}lb 1(?)CCO(f_n ?XVBW#SO&D )gn}haldﬁgnﬁ)b“eur\hat ant or
bacterial cul tu‘iyémieﬁal(ﬂB“iA@%Chs‘i“g’HFlTI]ie?;‘%‘ﬁtei‘rV H?‘f‘?t%f?)eﬁ’tma(‘ pigs fhy ety that of LB
al one (Fi gure 9jctin, Sttiomud! dang ngminhlereiBet ROB spwgreprios. ey shocophobrdxte edor ant
m xture as rel easedirdEeipi ARt N 8 MR otBaUERSca tapadRIcBamRollify t he BRET2

rati o suggesti n&ng&g;%sgoh%@gggl;gmc&m@gmc%umve towards each other upon
odorant bindin nber of ligands were tested individually

(Figure 10) and both pyruvic acid and acetoin produced significantly higher
BRET2 signal s (H®5Cely 05) conpared to the response of TGTR to water. This
confirnms that upon Airgganemtvidingdhing thicheesBREN2ntoo ipdant psinwil eadstwasdds each

other. An increggeoRfor 2QrB8% dnibidaREnEREEL I&EER@hetiR of BRPAN Bl @er@get oin i s
four times gr ea}rg{sfogmahlon Etha {5%890‘:1%% m3 ecutl §8FR)I%T %ﬂi‘&%%gon%%ﬁ\e@ ’ grper gic

receptor to nore

denonstration of° 16)80 %n‘fh“ﬁ‘l ﬁdP(ﬂﬁ’“ﬁlﬁot’l‘iﬁem@?cﬂ‘flﬁdnnQﬁa‘f‘?ﬂ}%‘f e et ocre“and al so
the first exanplrensbfmatonictioruesgnadifiorbandre it fihiterigfo.d5anBRETY cleciigpaeiost r 112.
EXAMPLE 4- RECEREHOR;Cidn MipBRGion, adsorptd, a(ﬁﬁ)pﬁtoﬂ:ﬁ%tﬁﬁa)ﬂs duedombinat agsedit e i s

engi neered so tr@rﬁan cc’liQIaN'of" ‘ﬁ{anYUJ\S 11-&63@]1“5%%) 01‘@?91(1 g%lu‘itfaclglaq %Egﬁ}nm%s (aa225
-aa339) W th B%Eansgomgcé ul d m lcpu 8 01L OEI S(g sent 1nv§Pt1 can ;'c%r?ain The
chimeric receptdrs ar ey rr“§§ &d |ﬁ VeRst! an 8“b| Ay FegiOne of ORs
are shuffled "iUfhamasompgr gar lmesraf@a}g%@tetoemaf?dﬂ%w@@ %H’FW‘PW*F tfdcept ors can
be used to assesssfirimgaiid, locondhinag) doy irBRERT mEXANRL feibabil DL (oGEOMPRIsEAT ON OF
CLFACTORY RECERIGCRS. Qdr 10 labelled with Riuc at the C-term nus (SEQ
I D NG 17) and Qdr 1%ukt?bl?eellol=t cgllw'o 1@119%3:1? %mﬁltde Brt}ecel?thgtegamQHzﬁls&)ﬁlég dth §NO 19)

were co-expressed in OW recep ol | gonmeri zation an

nodul at i on. MA‘PE’PQI“J&I‘.SX %’\Nﬁt W@vaerﬁ*?‘hn%?“b?eﬂﬁﬁ‘]tt CUPLUr & B %5 §8d- Gene

| nduct i on Condibeicesiggenously (i.c., natugadly dsageblgfof prodngine oplmsdtidpedeseribedhdran gias gr own
in yeast syntheti g d0R-oopbduigiudpdlpehides Sicgita) thatkbayyiappleapoicat
nutrients ( SUC}})Q@%C%B%'[AOIG:&% as cfe{cyipctdQ)Qllaﬁ\n H()I):allsBptl@@es%ﬁttlmfeﬁ’tfon can be

e A e o e
pDest pESC- Odr 1@@%@%%%@%@3@@? ns@mcuafﬂapporln%@all fﬂéix pleseds pw214-
odd O0- R uc (I nEsahpl@R)pf aleneckndnghYes Desesle, 0 dsb0+@aP28(cliinus ¢lsicO&) al one
respectively. S([CCh(llOlﬁSchéeSpﬂyﬁJiﬂi 1@RboeltE, Urighop LB M @sLYdRhatiged and t he

cell's vere susraag ckILADENELION EPYM (W81, 20609 AL 91ﬁieve%§eu§]%

raffi nose inst cose as the cu al 0D600
or 0 4 07 Rt oot oh & sl sl O 34 UL S Ehaki g st
15C to induce fusion receptor expression. The culture was then pelleted and
washed twice with cold phosphate-buffered saline (PBS). Cell pellet can be
stored at -80C and suspended in PBS buffer just before the BRET2 assay. 64
Quantification of Yeast Cells for BRET2 Assay First Invscl/OR OG was
quantified by GFP intensity (about 3000 RLU or c.p.s in 100 pi per well) by
direct excitation of GFP2 at Ex420nmin a white 96-well mcroplatc (Perkin
El mer) using a SpectraMax M2 spectrofl uoroneter (Ml ecul ar Devices). The
Renilla luciferasc activity of the quantified Invscl/OR OG cells was
determ ned by adding luciferin coelenterazine native (final concentration 5
1.tM into a total volunme of 100 pA cell in a 96-well white mcroplate and
measuring | um nescence signals i mediately (Pol arstar Optim, BMG_ABTECH).



I nvscl / OG was nornmalised to have the simlar GFP intensity as |Invsc
1/0R/'OG Invscl/OR was nornmalised to have the simlar R uc activity as

I nvscl / OR/ OG.__Negative control (host strain) Invscl was g ntified to have
sane cel | den‘glt 04884 vscl / ORIOG M cropl ate BRET2 Cel IF %ﬁ ALY Ay

Assay procedure was nodified fromlssad @nd Jockers (2006) and conducted in
a 96-well white mcroplate in a total volune of 100 ill and two repeat for
each sanpl e. Three bi ol ogi cal independent assays will be conducted and data
are pool ed. Coel enterazine h DeepBl ueC substrate (Bi osynth AG was added at
a final concentration of 10 1,.tM and readings were performed with a dual
wavel engt h | um Bghédeuor,phes@nonils opphatien igadeg a(BMEbabtaeshpodophre: f ol | owi ng

optimzed filtef,s8dd NapRLE MS8d dod- tam'ﬁ éh[cemalsUQn}lobngﬂtGkﬁB@l@S(bQn (410+80
nm and GFP2 i %?&C%Sﬁélﬁn I(aégﬂ_%rﬁfn?rgp%ed hos ce@s aTe %éa@ttclef?s M@iaiad% n@)?d as the

difference of the em Ssio nd GFP2
fusi on prot ei ns''8ifY ¢ RECBHPELHORP- A PEHE! %l%ﬁﬁf’ﬁ’fﬁﬁﬁﬁeﬁ?’“‘f‘ﬁ(g“ﬁf”{f@pf ‘usi on
protein al one. ReseuldaspmerBcrexpressed in m i BRET units, 1 mlliBRET
correspondi ng to theedBREhaot AN t3c@hUBicELELE ibpldq@ﬂtobynfﬂ.@z@&xépégmubqf 2002) .

11 umi nat i on of 0Bkl pof Rl Bide R L ShihihSE i) ohBAL HOnfiky GXPT €SS 2
Riuc or GFP2 fusio gﬁé td ({t,l quisi refijt 11 p1ee nc 1@1 hl .

aut of | uorescenc“é"@le“ ’Frpﬁé’?llc AIdsmqlgsie AP0 Ts) el R 1‘6 6’W | fest ed
sanpl es was t ak@pseppiyeusiopide giolecBRETe fFatcribedy &P ifisicnge méth @Aick theatsaiént Or ude
Menbr ane Pr epar @dnbaints Sol trabildteds and gl efindndynofu nop resipintlatodifications.
Properly i nduct gdoyeamt t&ﬁhllﬁes E:ESBZ fch M@leaswgsthm&plémlb@ Jehgolyndclfsalid over

PP S Tt T T S
the final pell eRORAECSs gRtiRul: i ’FF‘«?P’ B tﬁﬂfﬁ’ NP Et8ase Thhi bit or
cocktail, conpletxauqgotijilc BpTle ingBng P’e’@méft{@‘éh@l dwnprdseeks Selidigpe ef) YectorThen t he
yeast cells ar estabilBy spticacks WS plnghi®, fub@ingionsRir esdifieftidncaniahdcfipgedodwor 15 m ns

at 10,000 x g ali;4 (. hele@J r@%l@ﬂk %mé&“} r@lﬁ@l‘ﬂk{ohsf BoeRdfehiods bour at

130000 x g and nj]ng%tﬂ)nal c%ntl(?yva%;r%isxogrgbowme b1 g SQeS EhmedISal%aéno S¢ uenc dln?r de

protein solubili’s ecrpita )i OC

according to thBodeiyt ﬂ‘éé@??%é{ﬁmﬁvc‘}é@(ﬁ?ﬁﬁ‘eé’t‘m& m"efl%’d??o”e@oﬂ‘ﬂ@ tferbr ane
was sol ubi | i scdeodentusagdd ob%e isgpet.and the (<Bitigmet)scquatey thit Sesmbilizatragsonpts stirred
for 3h at 4C. Non-sol ubilised nenbrane proteins were renoved by
centrifugation af, 18,00 for 30 ruins at 4C The digitonin

? j ﬂ\j i(

concentration Was adj b 2‘V using cold r B and the oI ycl onal
anti - GFP anti bodi es“(i%ibb‘ﬁ Prges B*r“d’s én‘dg‘”‘}“ééi“ ¢ ‘”?906 1§ f‘t"added to a
final dilution @ofag: %000 rcppméebc@rfﬁleé% #lﬁrfwl‘lgoh“%ﬁ@ faqatr@mie@f % proceed
for 12h at 4C withul@gninli én agintcatbt dnicgmdmbPYeoiz@ion the agaf afendus@enis on

(Sigma) was adda%ﬁlm&pofad&él%k al\(c%lugﬁ%yn%fq 110 Lagar a8 SUsPenskeRisanpl e) for
i ncubati on for anot} er..eh w 1 np ger }mg uq |tat| on a 4 %m mt\gr Cﬁ{étl‘l fugation
for 1 min at 5000 g, supéern atant gcanted a and the agarose beads
washed five ti rf%“ém‘ﬁﬁ‘eﬁ ﬁ‘e(fanﬂh‘f‘dto ‘8? S@&deﬁﬁ‘f‘f“éra‘eée*’(' fl‘fl%F’Et"Bl R F2aB0)5 Hi gi t oni n) .
Preci pit at es weeran&loyseld ibyrogss 8ggicely Jdhn chi- fl@tigene Bac M- \Rupy, HliddglL.

| um nonet er  ( BM@eabtoacio)w. Wsdishgr; eaet eminefickz WiRy asl sstst rate (Bi osynth AG

Sw tzerland) . RESULTS o Mislal Lapklon. olaNefmt 0de.odl whl il 6AgksCol I's -
Confocal M croscopy

‘Con east s rain I
co- expressed odf% gd R aﬁ’élﬁoa‘f%iﬁ“ éggf after e Sou‘r'””ﬁ uC T%‘h reveal s
that GFP2 fusi o PeEbVER DSt ysihiyeeXpr edsbdmen e witbraied of* the cell s
and no over - expgessiidncafitagged: odnst0s:0bsery edUs ADOuY3432%-ofwthdie cel | s

expressed t aggeﬂz odr i 10,87 Qbe 0. cohRSHIS RSN G &QM@E Iopnmia b RP §:00:48 hours,

confocal inmge P2..auer pr SIQI’]KI he. s sand regated GFP2
particles obserf‘\?jeng b r%%t:he (%yt os(%f7< ﬁ ¢ QT ‘ fﬁ? fl“ g 50{% gt e%tl on of

Constitutive odr-10 digoners in L|V|ng Yeast Cells by BRET2 BRET2
experinment results shows that significant energy transfer was observed in
yeast cells co-expressing odr-10-R uc and odr-10-G-P2 (Figure 13)

i ndicating that odr-10 fornms honp-oligoners. No significant energy transfer
was obtained in the sanple at which half yeast cells expressed odr-10-R uc
and anot her half cells expressed odr-10-G-P2. 66 Detection of Constitutive
Qdr-10 Aigoners in Living Yeast Cells by Imrunoprecipitation
Aigonerisation of Odr-10 in the living yeast cells was confirned by the
pai rwi se expression of receptor-Ruc and -G-P2 fusion, followed by
precipitation using anti-green fluorescence protein antlbodles and
measuring co-imrunoprecipitated lucifcrase activity. The results
represented in Figure 14 indicate that Odr-10 forns oligomers in the cells.
To ruIe out the p055|b|I|ty that co-immunoprecipitation could result from
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It will be appreciated by persons skilled in the art that numerous

vari ations and/or nodifications nay be made to the invention as shown in
the specific 5% @ nts wi t hout departing fromthe spi of the
i nvention as<§ g 0&% described. The pr esent enbodlnentsP§&6?£Wﬁ@@£ or

be considered in aII respects as illustrtive and not restrictive.

The present application clains priority fromUS 61/148, 271 filed 29 January
2009, the entire contents of which are incorporated herein by reference.

Al'l publications discussed and/or referenced herein are incorporated herein
in their entirety. Any di scussi on of docunents, acts, materials,

devi ces, arti cl esmppoctiheioy, ke ewhipbhadnass beahsk pthuded bonng Herspresent
specification isssolweky for the purpose of providing a context for the

present i nvention. el g nob 4, bgm%gésm@smanbaq{mmmummanxf or all of

these matters form 0 or ) eral
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Further examples of the production of cell-fice composition comprsing G
protein coupled receptor-refated pui) pwt wdes which can be used fiw the presemt
invention are described in Katser ot al (2008).

in cortain ombodimonts, & po ypcr,udu of the tnvention comprising a GPCR are
embedded in the lipid bilayer of & liposome preparation,  As used herein, the ferm

“posome” refers 1o 1 closed vesicle comprising bilavers of amphiphilic phospholipids,

for exampic phosphatidyl cthanolamine and cholostorol Liposomes can be composed
of  nanpalbe-derived pbo\pim ipids  with  mized  bptd chaimns (ke
phosphatidylothanclamine), or  of pwe  surfactant components like DOPE

(dioleoylphosphdtldylethdnoldmine).
Liposomes containing polypeptides described herein may be created by
disrupting the phospholipid membrane of cells expressing the protein in water, for
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Assavs for BRET

In a preferred embodiment, the energy transfer occurring between the

bioluminescent protein and acceptor molecule is presented as calculated ratios from the
emissions measured using optical filters (one for the acceptor molecule emission and
the other for the bioluminescent protein emission) that select specific wavelengths (see
equation 1).

Ea/Ed = BRET ratio (1)
where Ea is defined as the acceptor molecule emission intensity (cmission light is
selected using a specific filter adapted for the emission of the acceptor) and Ed is
defined as the bioluminescent protein emission intensity {(emission light is selected
using a specific filter adapted for the emission of the bioluminescent protein).

It should be readily appreciated by those skilled in the art that the optical filters
may be any type of filter that permits wavelength discrimination suitable for BRET.
For cxample, optical filters used in accordance with the present inveation can be
interference filters, long pass filters, short pass filters, etc. Intensities (usually in counts
per second (CPS) or relative luminescence units (RLU)) of the wavelengths passing
through filters can be quantificd using cither a photo-multiplicr tube (PMT) or a CCD
camera. The quantified signals arc subsequently used to calculate BRET ratios and
represent energy transfer efficiency. The BRET ratio increases with increasing
intensity of the acceptor emission.

Generally, a ratio of the acceptor emission intensity over the donor emission
intensity is determined (see equation 1), which is a number expressed in arbitrary units
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fold mre sensifiye.LhaR &b pay0eRmRhRl wpsrmgmtn ARG hiented as a donor

nol ecul e and a m) atiro 1% er ( FRET)
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i s detern ned. tﬁ%a‘tfé'ta%cam%’?&&t‘& tﬁ‘f ECeRH &1 C‘“h frﬁle“cff’o?%féq st ance of
t he bi ol um nescferﬁffe@weﬂetcﬁorawdwf frentficeioprdPRED| Bdkit g, éhetﬁéttlweteﬁ #. 8 and
7.6nm 3. The dffeidnods epreghad mii2, onlphileragieptot duessfeo insdngty. divetkime ecadify t he
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reconbi nant celtt 4 ‘ddf‘lg’r’l}btafcﬁgo‘t ﬁ%le??tlfn’ﬁ‘rl atfe 8ghttoﬁk¥ & ybsorfy the light

transferred from the bioluminescent protcin. In this case only one light filter is
necessary.

In a related embodiment, the bioluminescent protein emission alone is suitable
for effective detection and/or quantification of BRET. In this casc, the cnergy transfer
cfficicncy is calculated using only the bioluminescent protein cmission intensity. It
would be readily apparent to one skilled in the art that in order to measure energy
transfer, one can use the donor emission intensity without making any ratio calculation.

This is due to the fact that as the acceptor molecule absorbs the light transferred from



72 ii) the G protein coupled receptor is enbedded in the lipid bilayer
of a |liposone. 5. .The nethod of claim4, wherein the reconbinant cell is a
yeast cell. 6, The nethod according to any one of clains %}o 5. wherein the
method i s per VOPHEEPEE ng nicrofliuidics. 7.A purified anaFov* P8I nant

pol ypeptide for detecting a conpound, thg pol ypeptide conprising, i) a
subunit of a G protein coupled receptor, and ii) a biolum nescent protein
and an acceptor nol ecul e, wherein when expressed in a cell the N-termnus
of the subunit is outside the cell and the C-term nus inside the cell, and
wherein the spatial |ocation and/or dipole orientation of the

bi ol um nescent e dickinfinese@htaprbtvie thete is hecoacpeplingrdetrodse tudegecialsle amtséped when
the conpound bi pglg i BRLBRlYREPIIGE in B0 ChsVORY &lc Mgt MBcrdREdsfaide of the change
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of the fifth no#ppldpanssrich iasend a@meohcab@n@UEUR sampladiel nitewitiond tkm nescent
protein forms pakieQl sidifinfadGoMhbbRn sRALMNENEL RulhRadftehfChnigt ance of

t he biolum nescent pfotein and the acc r nmol ecule .is between 6.8 and
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pol ypepti de of eIugiom3Pr 4iifeethejcgpation 3, only yheropicak{isy fir the @eRspips 1§ Eguifdde
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non-transmenbr ane | r ) _ Cority ot the fifth
t ransmenbr ane donai %8%/&5‘-85%@%8 Upd@apd a mority (Qf e

S protein cqupl ed receptor supunjt, and at
| east a mmj ori t‘svlheéefEataH%Eﬁ?F plefisd b ameend ﬁ’ﬁ% a4 Bf)m‘fﬁl’ﬁ@‘dﬂaﬁlt)fgr {]Le

C-term nal end wvelekghsicpmlgped@per peeivm).coupl ed receptor subunit, or

i1) the subunit conpkicsEDe rdagilyNpb@enitonns sktifdan gl att Ghaafurthe aglatianso®dj ori ty of

the f | fth tr ansmc&%ng&ﬁgﬁoﬂs @fthr@ugflur Sttor %{Mp@:‘; ShsuIP RN B IRSRRL OF
subuni t, and at|.easl 2. MR QLY Yol S dd L MO G, BRSIRIBLANS. |, 00P

t hrough to the ¢ fer‘(fn na naof " €echnd C prot‘el n coupl ed re(:ecbtt or
subunit. 73 9.Prefein Ak daeRieeigilhg to any one of clains 1 to 6 or 8, or
t he pol ypcpti de of IolpaifomingeBREN assay, ghtwhesiedsai e delgamibiddioomdiasiesdlent
protein is a ReRinkha Brugcher asie BRET@ ot als@@hegitk b Ynodigibd Y&Os@att | vaRteior

f rag”?”t t her e%c Hufd! isiai }nic‘ixﬂ@cxﬁ %éiﬁtﬁfaﬁ"oni §1d| H&in@s%&ic@wo&@c?%&gtl%/r azine, or
a derivative OfPaglgue ?nrs]ttrlﬁrgc%tz I(I\r/]ceridcg " )pr Unlike classical counters which utilise two
photomultiplier tubes (PMTs) in coincidence to eliminate background noise, TopCount
employs single- PMT technology and time-resolved pulse counting for noise reduction
to allow counting in standard opaque microtiterplates. The wuse of opaque
microtiterplates can reduce optical crosstalk to negligible level. TopCount comes in
various formats, inchiding 1, 2, 6 and 12 detectors (PMTs) which allow simultancous
reading of 1, 2, 6 or 12 samples, respectively. Beside the BRETCount, other
commercially available instrument are capable of performing BRET: the Victor 2
(Wallac, Finland (Perkin Elmer Life Sciences)) and the Fusion (Packard Instrument,
Meriden). BRET can be performed using readers that can dctect at least the acceptor
molecule emission and preferably two wavelengths (for the acceptor molecule and the
bioluminescent protein) or more.
In an embodiment of the invention, BRET is detected using a4 microfluidics
device. Microfluidics devices conveniently require only an aliquot of the sample,
generally not more than about 50 uL, to be transferred to the sample reservoir of the



iii) the acceptor nolecule which is a protein is green fluorescent protein
(GFP), or a biologically active variant or fragment thereof. 10 The et hod
or polypeptide of claim9, wherein the luciferase is a Rentlla |uciferase,
the acceptor WOI28{F¥* s GFP2, and the substrate is Coel gﬁ‘t"‘@?‘&%’f’ﬂr‘?@ 400a.
11. The net hod according to any one of clgins 1 to 6 or 8 to 10, or the

pol ypepti de according to any one of clains 7 to 10, wherein i) the G
protein coupled receptor is an odorant receptor, or ii) the subunit is a
chinmera of a portion of two or nore different G protein coupled receptor
subunits. 12. The nethod or pol ypeptide of claim1l, wherein the odorant
receptor is a chardaides i@aeprnt js parfit@sbdineandhetie pt B pnedhatia ifdcodnogd cal |y
active variant Qg rlggcagllgﬁ%opﬁmmy one thereof. 13. An i sol at ed and/or

orosenous, polynuTEql 0o, SRGHLG & ROVRERLL 15, AeoR 0.t gy one o

wher ei n the pol PifGEr 8btlicdiscisgny Bﬁjélﬁ‘fd(j“qnl ﬁ*ﬁ?éd At“b?mat“}é‘r%[ﬁﬁ é‘-‘fl‘:“o&%mk‘ host cel |
conpri si ng t he pakofnidclbeohip detfaf icdesiiahic 28thaadyid multipé neeodl bamdlafg sebai m 14.
16. The host cel indofauetsahmad 2indhingherfos iR ph’@(aﬁltno(lﬂbdumcﬂtz PreCARPAGIHTLL ON

conprising the &)&JCXFH%WH?S y RG %M& o8B bR fim sitig,gasmimﬁ&n& the

pol ynucl eoti de of ost cell of
claim 15 or cl af¥hCpEPartmpns h"lVS“(’ sﬁ”%lnfedﬁb &e “‘Z‘,Blﬁﬁc?ilr‘ll R (‘frBPr]fﬂ TSR t he
pol ypept i de acceddiingateso Hayteone tofsfeting sguemiallp atlpast giser dicrramples pol ypept i de
i s enbedded i n ®adehtpiadd thid Bi@Escent substrate from compartments through microchannels to

the reaction sites could be automated. The luminescent substrates would then react

with the donor molecules resulting in luminescence, which would be detected by an

optical detector. An example of a microfluidics device for detecting luminescence is

described in US 6,949,377.

Uses
The present invention can be used to detect a wide variety of compounds,
particularly odorants. Typically, the odorant will be a volatile organic or inorganic
compound or inorganic gas that may be detected by chemosensory odorant receptors of
at least one organism. These may include amine- and/or sulphydyrl-containing
compounds, carboxylic acids, alcohols, aldehydes, alkanes, alkenes, aromatic
compounds, esters, terpenes or terpenc-derivatives, cthers, CO» ctc. as well as
compounds bearing combinations of these features.
Odorants may be indicative of some biological or chemical state of value or of
interest to humans. Such indications may include:
* The sensory appeal, quality or safety of food and beverages, pharmaceuticals or
related materials.
o The health, nutritional or exercise status of humans or animals.
o The presence or absence of hazardous substances, including pathogens.
® The progress or status of industrial processes.
* An cnvironmental contamination or statc.
¢ The sensory appeal, quality or safety of perfumes, fragrances or other cosmetics.
In a particularly preferred embodiment, the compound only binds the receptor
portion of a polypeptide described herein.
In a particularly preferred embodiment, the polypeptide defined herein
comprising an odorant receptor is used in a biosensor to detect a compound(s) of



19. A nmethod of producing a cell-free conposition of claim 18, the nethod
conprising obtaining a cell of claim15 or claim 16 and disrupting the
menbrane of the cells 20. A biosensor conprising a poi i cordi ng
to any one of VO A1 847‘ to 12, a host cell of claim15 orp\é?ﬁ‘gﬁéﬁg/ﬁ@&%a
conposition of claim 17 and/or a cell-frge conposition of claim118. 21. A
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present invention comprise, but are not limited to, homogenous fluorescence readouts
in high-throughput screenings (as described, inter alia, in Pope, 1999).

As the skilled person would be aware, the present invention can also be
mutliplexed. In this system, two or more polypeptides comprising different G protein
coupled receptors are provided which bind different compounds. Each different G
protein coupled receptor is labelled with a different bioluminescent protein and/or
acceptor molecule such that they emit at different wavelengths to enable the detection
and quantification of different target compounds.
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Design and Construction of Dual Labelled BRET OR _Constructs

BRET2 receptor constructs were generated with BRET2 components inserted
into the third intracellular loop (IC3) and at the C-terminus. Two BRET constructs
were made with; (1) GFP2 in the middle of IC3 and RLuc(h) on the C-terminus; (2) OR
with RLuc(h) in the middle of IC3 and GFonn the C-terminus.
third intracellular loop (IC3) was determined using TMAP on The Biology Workbench
a web-based tool for prediction of transmembrane segments (http://seqtool.sdsc.edu).
For ODR-10, the middle of the IC3 is amino acids 240-241.
for this construct referred to as OGOR, is provided as SEQ ID NO:15 (encoding
nucleotide sequence provided as SEQ ID NO:16).

ODR-10 was amplified from C. elegans cDNA, which was prepared with
standard techniques using superscript II (Invitrogen). PCR conditions were as follows
94°C 2mins, 30 cycles of 94°C 15secs, 59°C 30secs, 68°C 70sec, and a final extension
step of 68°C for Smin. Standard Pfx50 PCR ingredicnts were uscd with primers ODR-
10XbalF 5’-AGTCTAGAATGTCGGGAGAATTGTGGATTA-3" (SEQ 1D NO: 21)
and ODR-10-attb1-R 5-
GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATCACGTCGGAACTTGAG-3’
(SEQ ID NO:22). Amplified ¢cDNA was cloned into pGEM-T (Promega) and
sequenced.

The BRET components, GFP2 and Renilla Luciferase, RLuc(h), were sourced
plasmid pGFPZ—MCS-Rluc(h) (PerkinElmer;

The position of the

The amino acid sequence

from a commercially available
Lot#6310051-6D1).

BRET constructs were constructed by PCR amplification of individual
fragments of the construct (see Table 4 for primers and annealing temperatures). PCR
was performed with PfXSOTM standard ingredients (Invitrogen) and conditions were as
follows 94°C 2min, 30 cycles of 94°C 15sec, 59°C 30sec, 68°C 70sec, and a final
extension step of 68°C for Smin. Separate components of the constructs were

amplified using overlapping primers.



210215220 Ala Thr Trp Lys Thr Met Asn GQu His Lys Asp Val Ser Asp Arg Thr
225230235240 Arg Ala Leu Gn Lys @ n Leu Phe Lys Ala Leu Val Leu G n Thr
Leu 245250255 |Ile Pro Thr Ile Phe met Tyr Ala Pro Thr val Met Phe Ile
Al a 260265270 998 '8f&*Hphe Asp val Asn Leu Asn Ala Asn N%T’Aé]ﬁ‘“ﬂ*ﬂ“é"%‘ﬂ e Val
Phe 275280285 Cys Ser Phe Leu Tyr Pro y Leu Asp Pro Leu Ile Leu Ile Leu
I1e 290295300 Ile Arg Asp Phe Arg Arg Thr Il e Phe Asn Phe Leu Cys Ay Lys
Lys 305310315320 Asn Ser val Asp Qu ser Arg ser Thr Thr Arg Ala Asn Leu
Ser G n 325330335 val Pro Thr <210> 2 <211> 346 <212> PRT <213>
caenorhabditis el egans <400> 2 Met Ser Ay Gn Leu Trp Leu Ala Leu val Asp
Ala Ala Asp net val 151015 Ay Phe Thr Leu Thr Ile Ser Ile Asn Ile Ile Leu
Leu Ay Leu Ile 202530 508883_ST25

Table 4. Primers for dual tagged ODR-10 receptor constructs,

Construct Fragment cDNA Primers Sequence Oligo
Fragment Anneal
size (bp) Temp (°C)
ODR- (') ODRAO:GFP 1452 aitBl ODR-10Forward AACCATGTCGGGAGAATTGTG 577
10:GEP @AA24D- (SEQ IDN0:23)
241 RLug(h) (Clerm)
{OGOR)
R: ODR-IO-q TGTAGCGCTCGCTTGTACAGCTCGTCCAT
MidIC3GFP JOR (SEQIDNO24)
(3) ODR-10 2L | ODRI0-MAIC3GHP)  [GAGCTGTACAAGCGAGCGCTACAGAAACAA, 573
oF (SEQ ID ND:25)
R: ODR-10- CTTGCTGGTCATCGTCGGAACTTGAGACA
CrermR Luc(i)JiR (SEQ ID NO:26)
RLuc(h) (Cterm) 949 IF: ODR-10- CAAGTTCCGACGATGACCAGCAAGGTGTA 565
CermRLuc(h)}tF (SEQID NO:27)
R: attB2 RLuc()Reverse GTTACTGCTCGTTCTICA
(SEQ ID NO:28)
() ODR-I0:RLuc(h) | 1246 |k opR10-MidiC3GED JoF GAGCTGTACAAGCGAGCGCTACAGAAACAY] 553
(Cterm) (SEQ ID NO:29)
R: attR? RLuc(h)Reverse GTTACTGCTCGTTCTTCA
(SEQ ID NO:30)
ODR—lO:;GFPi{ZL}AAHD- 2675 |F: aitB1 ODR-10Forward AACCATGTCGGGAGAATTGTG 537
1 ::RLuc(h)ZCtenn) (SEQIDNO:31)
R: attB2 RLuc(h)Reverse GTTACTGCTCGTTCTTCA
(SEQ ID NO:32)
ODR- (5'YODR-10;:RLuc(h) 1669 [F: attB1 ODR-10Forward AACCATGTCGGGAGAATTGTG 58
10:RLuc(R)EAAL0- (SEQID NO:33)
241:GFP (Cterm)
{OROG)
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Arg Ay Lys Thr Leu Ay Thr Tyr Lys Tyr Leu Met Ser Phe 354045 Phe
Phe Ser Ile Phe Tyr Ala Ile Val GQu Ser Ile Leu Arg 505560 Pro Ile
Ile Gh;é hy Thr Phe Phe Leu Ile Ser Arg Lys g&éﬁé@ g Phe
Ser Thr ZA%%?F@‘L Gy Lys Ile Asn;Ser Ala Phe T 23@ﬂ/{)pz%Al a Cys
Thr Ser Phe val Leu Ser Ala Val H's Phe Val 100105110 Tyr Arg Tyr
Ala Cys Lys Pro Asn Leu Leu Arg Leu Phe Asn 115120125 Leu Pro His
Leu Trp Pro Leu Met Cys Ser Ile Pro Val Thr 130135140 Ala Trp Ala
Ser Tyr Phe Leu Tyr Pro Asp Thr Qu Tyr Thr 145150155160 G u Al a
Thr Tyr Val Leu Lys Thr H's Tyr Gu Val Ile Lys 165170175 Lys G u
Ser Tyr Ile Ala Tyr val Tyr Tyr Gn Tyr Qu Asn 180185190 Ay Qdu
Ile Tyr Ile Lys Asn Leu Leu Ay Cys Phe Val His 195200205 Tyr Phe
Ser met Thr Phe Val Val Val Phe Tyr Cys Ay Phe 210215220 Ser Thr
Thr Ile Arg Gu Hs Arg Ay Ala Ser Asp Arg Thr
R: ODR-1(- CTGTAGCGCTCGCTGCTCGTTCTTCAG
MidICIRLuc(h)JE2R (SEQ IDNO34)
(3 ODR-10 320 [F: ODR-I0- AAGAACGAGCAGCGAGCGCTACAGAAACA| 579
MidIC3RLuc(h)J2F (SEQ D NO:35)
R: ODR-10-CtermGEP TR | CTTGCTCACCATCGTCGGAACTTGAGACA
(SEQ ID NO:36)
(‘,Fpl (Cterm) 75 B ODR-10-CermGFP JtF | CAAGTTCCGACGATGGTGAGCAAGGGCGA 5.3
(SEQIDNO37)
R alth? GFP Reverse GTTACTTGTACAGCTCGTC
(SEQ IDNO:38)
(") Ol 0:GFP (Clom) | 1030 [F: ODR-10- AAGAACGAGCAGCGAGCGCTACAGAAACA | 547
MidIC3RLucth)Ji2F (SEQID NO:39)
R attB? GFPERCVCTSC GTTACTTGTACAGCTCGTC
(SFQ ID NO:40)
Odrl0:RLue(hj@AA240- | 2675 [F: autBL ODR-10Forward AACCATGTCGGGAGAATTGTG 530
ULGFP (Clerm) (SEQIDNO41)
R atB? GIP Reverse GTTACTTGTACAGCTCGTC
(SEQ ID NO:42)




225230235240 Arg His Leu Hs Arg Gn Leu Phe Lys Ala Leu Val Phe G n Thr
Leu 245250255 Val Pro Ser Ile Phe Met Tyr Ile Pro Thr Ay Val Met Phe Ile

Al a 260265270, _Pr Phe Asp Ile Asn Leu Asn Ala Asn Al | e Val
Phe 275280285W0§8]§§g§4 ST25 Cys Ser Phe Leu Tyr Pro @y EgTAﬁOIE@ﬁaO’JOLeu Il e

Leu Ile Phe Ile 290295300 Ile Arg Gu Bhe Arg val Thr Ile Leu Asn Ile lle
Arg Ay Asn du 305310315320 Arg Ay Asn Ala val Ay Au Ala Tyr Ser Thr
Ser Arg Ile Lys Ser 325330335 Ser Gn Pro Ala Ala Val Asn Leu Ser Gy
340345 <210> 3 <211> 341 <212> PRT <213> Caenorhabditis el egans <400> 3 Met
Ser Asp Arg His Trp Leu Asp Ile Thr Thr Tyr Ser Asp His Ile 151015 dvy Phe
Thr Ile Ser Thr |1 eofNpauchsWeRnBenvialifiddedid Iplagedlied phiedd réRtion202bR6val Phe Arg

Pro Thr Lys Ser9456,/ ramQaIySZ’S@ r(at@éérlalvé’u?g B]‘Yrﬁcrlsﬁ&) Rt cx'tclnﬁ3 68°C for Smin for the
required pairs. This was then used as template for PCR using the most 5’ and 3’
primers of the pairs. This was repeated until the full length constructs were made.
They were then cloned into pGEM-T for sequencing, Error free clones were subcloned
into pDONR201 (Invitrogen) using ApaLl. These were then subcloned into pYES-
DESTS52 (Invitrogen) using Gateway® technology (attB sites were included in original

5" and 3° primers) for subsequent expression in S. cerevisiae.

Construction of OGOR Mutant (H110Y)

Site-directed mutagensis was carried out with OGOR in pDONR201 vector (sec
above) as the double stranded template. The histidine 110 to tyrosine (H110Y)
mutation was performed using the Stratagene Quickchange site directed mutagenesis
kit according to standard protocols using the following primers; 5-
CACCAGTTTTGTTGTCTCAGGAGTTTATTTTGTTTATCGATATTTTGCAACTT
-y (WT) (SEQ D NO:43) and 5-
AAGTTGCAAAATATCGATAAACAAAATAAACTCCTGAGACAACAAAACTG
GTG-3" (H110Y antisense) (SEQ ID NO:44).

PCR was performed with Pfx50™ standard ingredients (Invitrogen) and
conditions were as follows 94°C 2mins, 16 cycles of 94°C 30secs, 55°C 1 minute, 68°C
6.8 minutes. Following scquencing the OGOR mutant was then subcloned into pYES-
DESTS52 (Invitrogen) using Gateway® technology (5" and 37 attB sites were included in

original OGOR sequence) for subsequent expression in S. cerevisiae.

Solution Preparations
20 % (w/v) Glucose - Add 20 g of glucose to 100 mL of deionized water, heat on hot-
plate (50 OC) until dissolved and filter purify (0.2 um filters) solution.

20 % (w/v) Raffinose - Add 20 g of glucose to 100 mL of deionized water, heat on hot-
plate (50 0C) until dissolved and filter purify (0.2 um filters) solution.

20 % (w/v) Galactosc - Add 20 g of galactosc to 100 mL of deionized water, heat on
hot-plate (50 0C) until dissolved and filter purify (0.2 pm filters) solution.

YPD medium - Add 20g of bacteriological peptone, 10g of yeast extract to | L of
deionized water. Autoclave for 15 minutes.



354045 Thr Phe Cys Val Phe Ser Leu Phe Tyr Thr Ser Ile GQu Thr Phe Leu
505560 Arg Pro Leu Ile His Ile Tyr Asp Asn Thr Ile Phe Val Ile Gn Arg

65707580 Lys Phe.Gn Tyr Ser Au Ay Thr Ala Arg A r Thr
859095 Tyr Q@E’%?E‘/’}a%’?g Tyr Ala Met Ser Phe Thr Leu Phe %CEJA@éﬁ%A’iO‘?%Phe

100105110 Val Tyr Arg Tyr Tyr Ala Ala &ys Lys Pro Asp Asn Leu Arg Tyr Phe
115120125 G n @y Cys Tyr Phe val Ala Trp val Phe Gy Ala Met Ala Val Al a
130135140 Ala Ser Trp Ay Phe Ala Ala Phe Ile Leu Tyr Pro Au Thr Au Arg
145150155160 508883 _ST25 Thr Arg Thr Ala Leu Ile H's Val Ile Gn Thr Ser
Tyr A u Leu Asp 165170175 Pro Qu Trp Val @y Asn val Pro Tyr Ser Tyr Trp
Arg Thr Qu Asn 180185190 Ay Val GQu Tyr Leu Asn Pro Arg Asn val Ile Gy

ll'l e Phe g n HLS{P%Q%Q§2@Mb§@Jri01’OIg@aI B8konk,! 18z bi6MasS Bliradftfy £ Jor B Val  Phe
yr Cys y P ?o ?]1:00% ]de:51gn2lzed water. Autoclave for 15 minutes. Following autoclaving add 20

mL of 20 % glucose and pour agar plates.

Yeast Synthctic Drop-Out Media without Uracil (SCMM-U) medium - Add 6.7 g of
yeast nitrogen base without amino acids (Product no. Y 0626, Sigma) and 1.92 g of
yeast synthetic drop-out media supplement without uracil (Product no. Y 1501)to 1 L

of deionized water. Autoclave for 15 minutes.

SCMM-U plates - Add 1.34 g of yeast nitrogen base without amino acids (Product no.
Y 0626, Sigma), 0.384 g of yeast synthetic drop-out media supplement without uracil
(Product no. Y 1501, Sigma) and 4 g of agar to 180 mL of deionized water. Autoclave
for 15 minutes. Following autoclaving add 20 mL of 20% glucose and pour agar

plates.

1 x Sodium phosphate buffer (1 x PBS, pH 7.4.) — A 10 x stock solution was prepared
by dissolving 82.33 g of sodium phosphate dibasic (0.58 M), 23.45g of sodium
phosphate monobasic (0.17 M) and 40 g sodium chloride (NaCl) in deionized water.
The stock solution was diluted to a 1 x PBS solution in deionized water.

Coclenterazine 400a - Dissolve 1 mg of Coclenterazine 400a (Clz400a, Biosynth) in
10.20 mL of pure ethanol to make a 250 puM stock solution. Pipette 40 or 400 pL
aliquots of Coelenterazine 400a into microcentrifuge tubes and then dry down with a
SpeedVac@ Plus SC110A (Savant). Store aliquots at ~80°C. Reconstitute samples in
100 or 1000 pL (40 or 400 pl aliquots, respectively) of absolute ethanol to give a
concentration of 50 pM.

Odorant Preparation - A 1 % stock solution of the odorants diacetyl, benzaldehyde and
octanal were made up in the respective solvents water, ethanol and DMSO. The
odorants were serially dituted in water to give the desired final concentration. The same
dilutions of solvents without the addition of the odorants were also prepared.

Plasmid Transformation Protocol
Yeast transformations were carried out using a yeast transformation kit
(YEAST-1, Sigma). A YPD plate was streaked with INVSCI (Invitrogen) S. cervesiae




Asn Thr Tyr Lys Thr Leu Asn Ay Ser Leu Ay val Ser Gu Lys Thr
225230235240 Lys A u Met H's Thr Gn Leu Phe Lys Ala Leu Val Leu G n Thr

Il e 24525025 I Thr Thr Leu net Tyr Ile Pro Thr T he Val
Thr 260265278W 200 %Sg* Val Gy Leu Asn Iie @y Cys Tyr %Tﬁ%‘"}"ﬁ"g" hr Thr

Al a 275280285 Thr Val His Leu Tyr Pro §gy lle Asp Pro vaI val Leu Ile Phe
I1e 290295300 Ile Arg Asp Phe Arg G n Thr Ile Leu Arg Pro Phe Arg Cys Phe
Tyr 305310315320 Arg Ser Asn Ser Val G u Asn Thr Ala Thr Ile Arg G n Tyr

G n Gn 325330335 Ser Ser Ser Lys Ay 340 <210> 4 <211> 348 <212> PRT <213>
Caenor habditis el egans <400> 4 Met Ser Asp Ile Tyr Trp Ile Gn lle Thr Qu
val Cys Ser Pheual@nd1eifld a@yC Bhe3 Mat. $edpe Seop viahvi@ed foniaayser Thr Leu

Leu val Leu Lelﬁla?cqgtgé%icré&gtﬁﬁéc_gﬂg5Rcsuspcnd cells in 0.5 mL of transformation buffer
(Product code T 0809) and spin for 5 seconds. Remove the supernatant, leaving 50 -
100 uL of the buffer in the tube. Add 10 uL of 10 mg/mL salmon testes DNA (Product
code D 9156) to the tube. Add 1 pg of the pYES-DEST52 — OR plasmid DNA to be
studied and vortex for 10 scconds. Add 600 uL of PLATE buffer (product code 8966)
and vortex. Incubate for 4 hours at room temperature. Heat shock the sample for 15
minutes in a 42°C heat block. Spin for 3 seconds in a microcentrifuge and remove the
supernatant. Resuspend cells in 500 uL of sterile water. Plate 100 pL on SCMM-U
plate. Incubate at 28 °C for 2-3 days until colonies appear.

Expression Protocol
Inoculate a single colony containing the pYES-DESTS52 — OR construct into 15
mL of SCMM-U media containing 2 % glucose. Grow overnight at 28°C with shaking

(200 rpm).

The OD,, of the overnight culture was determined. The amount of overnight

culture required to obtain an OD6O0 of 0.4 in 30 mL of induction medium (SCMM-U,

2% galactose, 2% raffinose) was removed and the cells pelleted at 1500 x g for 5
minutes. The cells were resuspended in I mL of induction medium and inoculated into
29 mL of induction medium. Grow at 15°C with shaking (200 rpm) for 72 hours. The
culture was removed from the flask and the cells were centrifuged at 1500 x g for §
minutes at 4°C. Decant the supernatant and resuspend cells in I mL of sterile wator.
Transfer cells to a sterile microcentrifuge tube and centrifuge samples for 1 minute at
10,000 x g. Remove the supernatant and carry out membrane isolation.

Membrane Preparations

Cells were harvested by centrifugation at 1500 x g (40C) for 5 minutes, washed
in water and resuspended in 4 mL of Dulbecco’s phosphate buffered saline (D-PBS) or
1 x PBS, containing 1000 mg/L glucose, 36 mg/L. sodium pyruvate, calcium and
magnesium (Invitrogen). The cells were lysed by French press (~ 18000 psi) and the
soluble protein fractions were isolated by centrifugation at 9300 x g (4OC) for 15

minutes. Following this the soluble protein fraction was transferred to 13.15 mL
polycarbonate thick wall centrifuge tubes and ultracentrifuged at 40,000 rpm (Beckman
Coulter L-80 ultra-centrifuge) for 1 hour at 4°C. The supematant was decanted and the
membrane pellet resuspended in 1 mL of D-PBD or | x PBS, and left overnight at 4°C

to solubilise.



ser
Phe
Leu
Phe
Cys
Tyr
Asn
val

Thr
Asp
Arg
val

Tyr

Gy Lys
Cys val
nmet Hi s
G n Phe
Phe Al a
Leu val
Phe I1le
Ala lle
Asp Leu
val Ay
Val Ile
nmet Thr
Thr Arg

Ser Ile Asp
Phe Ser Leu

Hs T n
P el
met cys Phe
Ala cys H's
Phe Trp Leu
Ala Tyr val
val Phe Ile
H's Val Pro

Ay
Leu
Asn
Thr
val

Pro
ser
Phe
Leu
Tyr

Ile @y Thr
Phe Thr Ile
Thr Ile lle
Ala Arg Ile

net Phe AI§17

Thr Lys Leu
Gy nmet Leu
Phe Gn Qu
Ser Thr Cys
Al a Phe Tyr

Arg T t Ile d
Ilr%g%'{r g@%&ld?écﬂtsm? ae y
e motlsaref

Tvr
xcty SV le?_%, d %Ph Hlaﬁg— %adl-iaﬁrSpec’ua ax

Tyr Arg Tyr Leu nmet |le 354045 Thr
Leu A u Asp Phe Il e 505560 Arg Pro

Val Leu G n Arg 7 s Arg
Leu Thr val SerPg§§8é§@$]&%Cys Ay
Val H's Phe 100105110 Ile Tyr Arg
H s Tyr Phe 115120125 Arg Pro Lys
Phe Ile Ala 130135140 Ay Ser Trp
Asp Leu G u 145150155160 Thr Arg
Tyr Asn Leu Thr 165170175 Pro Asp
Lys Thr G n dy 180185190 Asn Thr
val Ile Hs H S 195200205 net Ile
Phe 4 210 %%9 Lys Thr

spectrofluorimeter (Molecular Devices). 100 pL ahquotb of membrane preparations
samplc were scanned using 96-well plates (Perkin-Elmer). Fluorescence spectral scans
recorded from 450 to 600 nm with an ¢xcitation wavelength of 420 nm using a 455 nm

emission cut-off filter.

Simultaneous Dual Emission Detection

Simultaneous dual emission RET measurements were carried out with a
POLARstar OPTIMA microplate rcader (BMG LabTech). Simultancous cmission
measurcments used a BRET2 filter set (410-80/515-30) with the sct respective gains for
each channel (3300/4095).

RET Analysis Protocol
Normalization of Sample Concentration

To assess the relative concentrations of BRET? tagged receptor samples the
fluorescence intensity of the sample was determined from spectral scans and the sample
amount normalized by the OGOR fluorescence intensity. To convert GFP” intensity
into concentration purified GFP” protein was assayed at different concentrations to

. . . . . . 2
produce a calibration graph relating concentration to fluorescence intensity. GFP”

protcins were purified using cobalt affinity chromatography according to the supplicd
instructions (BD Talon (BD Biosciences, Clontech)). Rearranging the line of best fit
equation (y = 271x + 233.31) results in conversion of fluorescence intensity to
concentration. An estimated concentration of 5 or 10 nM was used for assays in a final

volume of 100 pL.

Selectivity

RET analysis was carried out in 96-well plates (Perkin-Elmer) and involved
incubating the specified dual tagged receptor protein (OGOR) for 45 minutes with 1
uM of each particular odorant. The final volume was 100 uL and inctuded 10 pL of
odorant, receptor protein sample (sce ‘Normalization of sample concentration’ scction),
D-PBS (or 1 x PBS) and 5 pL of Clz400a (5 uM). A background signal was recorded
by assaying a sample of D-PBS (or 1 x PBS). During the incubation time the 96-well
plate wells were sealed with Topseal A A (Packard) with ecach sample arca
individually sealed. Non odorants samples (water, pyruvate, citric acid, lactic acid)



225230235240 Lys Asp Leu G n Asn Gn Phe Phe Thr Ala Leu val Ala G n Thr
val 245250255 val Pro Leu Ile Phe net Phe Ile Pro Asn net Val Leu Thr Thr

Al a 260265270_Al Ile Asp Gy Thr Phe Gy ser Trp A hr val
val 275280285WB§€18}0%§|“508883_ST25 Met Asn His Leu Tyr P:"gTéﬁg”%"g"s p Pro

Phe Val Ile Leu Phe Ile 290295300 Ile 4ys Gy Phe Arg Asn Ser |le Arg Asn
Val Ile Tyr Arg Cys Thr 305310315320 Lys Thr Lys Lys Ala Ser Val Ser Ser
Val Val Arg Gy Ile Au Ala 325330335 @ n Ser Lys Lys G n Ser Phe Ser Arg
Val Asp Ile 340345 <210> 5 <211> 334 <212> PRT <213> Caenorhabditis el egans
<400> 5 Met Thr Asp Gn Hs Trp Val Ile lle Thr Asp Ile Ala Ay Pro Ile
151015 Ay Phe worprdvlatd 5@ hsshic@ fiRh & ofe¥ingAsiR ofdntslsbietidn@tert pidpdridan lheu || e

202530 fume hood and assayed in the following order: 2-butanone, 2,3 — pentanedione, 2,3-

butanediol and diacetyl.

For BRET  measurements Clz400a substrate (5 uM) was added following the 45
minute incubation time and the signal recorded using a 0.50s integration time over a 5
second period. Following addition of Clz400a the well was re-scaled while the signal
was recorded to reduce cross-contamination of samples. The assays were sequentially
carried out in the order the samples were added to the wells.

BRET2 ratio is calculated as emission ratio measured as ((emission at 515 nm
for receptor sample)-(emission at 515 nm for D-PBD (or 1 x PBS))/(emission at 410
nm for receptor samplc)- (cmission at 410 nm for D-PBD) (or 1 x PBS)).

Dose Response Curve

The OGOR concentration was normalized to 10 nM by GFP” intensity. A dose
response curve was constructed by varying odorant concentrations over the
concentration range as indicated in the text. The lowest concentration was always
assayed first and the highest last.

A sigmoidal dose response curve was fitted, and ECs, calculated, by non-linear

regression analysis using GraphPad Prism for Windows XP.

RESULTS
Licand Response and Scleetivity

The constructs produced have the BRET2 donor and acceptor inserted within the
third intracellular loop and at the C-terminus of the odorant receptor (Figure 1).
Diacetyl binding by ODR-10 would cause an increase in the BRET2 ratio if the donor
and acceptor components moved apart or an increase in the signal if the components

moved closer together.

The BRET signal was recorded following incubation of OGOR with 10 nM or
1 M of the following ligands: water, pyruvate, citric acid, lactic acid, 2-butanone, 2,3
— pentanedione, 2,3-butanediol and diacetyl (Figures 2a and b). The largest change in
BRETz signal occurred upon incubating OGOR with uM concentrations of diacetyl,
with a 37.5 % difference in the signal compared to the solvent (water) response (Figure
3a). This is the first example of monitoring ligand binding using a dual-labelled
BRET’ tagged receptor in a cell-free assay format.

The change in the BRET2 ratio upon addition of both oM and uM
concentrations of diacetyl to OGOR was significantly different (P > 0.05) to the control



Phe Ser H's Ser Ser Pro Ile Lys Gy Pro Tyr Lys Arg Met Leu Il e 354045 Val
Phe Cys Il e Phe Thr Val Phe Tyr Ser Phe Val GQu val Met Leu 505560 G n Pro

Leu Ile Hs I}lg, %6?08$§4p Asp Thr Leu Phe Leu Ile Hi's Arg%?é%@%ﬂ)?b%s Arg

Ile Asp Leu Pro Lys Trp Leu Thr Arg Leu Val Pro Thr Thr r Cys Trp
Cys Tyr Ala Met Ser Phe Ser Leu Phe Alg Leu G n Phe 100105110 Leu Tyr Arg
Tyr Val Ala Val Cys Lys Pro G n Tyr Val Asp Leu Phe 115120125 Val dvy Cys
H's Phe Tyr Ala Trp Val Val Leu Ile Leu Ser Leu Ala 130135140 Thr Ser Trp
Gy Leu Thr Ala Ala Phe met Phe Pro G n Thr Asp Arg 145150155160 Page 7
508883_ST25 Thr Thr GQu Ile Phe Leu His Ile Ile Tyr Ser Ser Tyr Asp Leu GQu
165170175 Pro Trysponke pvaldir(Fidsps Jaydnd\éal T @spbise oL P&ORY dRbeyl Agfpuldivh Asp G u

180185190 ASn ARD Nabu TGP wHRh ASTidéalcabs§ U R0t ROPRRS YRl Leu G

compared to all other ligands tested at both nM and UM concentrations. These results
confirm that ODR-10 selectively binds diacetyl. Diacetyl was previously confirmed to
be the only volatile compound to produce a Ca®* clevation responsc in ODR-10
expressing HEK 293 cells (Zhang et al., 1997).

The largest change in the BRET2 response to ligand binding of 37.5% is
substantially greater than the observed change in the FRET signal (~ 5%) upon binding
of 10 uM norepinephrine by the a,, receptor (Lohse et al., 2003) and 1 pM PTH by
PTHR (~ 20 %) (Vilardaga et al., 2003). The decrease in BRET signal upon addition
of diacctyl suggests that the BRET components move apart upon odorant binding,
This is the first demonstration that this BRET2 transduction system exhibits superior
sensitivity compared to a FRET transduction system for monitoring intramolecular

changes.

Dose Response
The effect of changing odorant concentrations on the amplitude of the change in

the BRET? signal of OGOR (Figure 4) provides the first demonstration of a dose-
dependent response. The ECs, value was calculated to be 3.55 fM diacetyl, which is
equivalent to 0.31 parts per quadrillion (ppq). The apparent affinity of ODR-10 for
diacctyl when expressed in human cells, and monitored by calcium imaging technique,
was calculated to be 2.3 uM (~ 0.2 part per million (ppm)), an ECs valuc consistent
with chemotaxis results (Zhang et al., 1997).

The cell free assay presented here is more than nine orders of magnitude more
sensitive for diacetyl quantification compared to whole cell assays and existing
chemical detection systems such as fluorescence detection (Li et al., 2009) and a gas
chromatographic technique with flame ionization detection (GC-FID) (Macciola ct al.,
2008).

Negative Control - OGOR Mutation (H110Y)
An idcal negative control for thc OGOR response to diacetyl would place the

BRET’ componcents the same distance apart as in the OGOR receptor but the receptor
would be unresponsive to diacetyl itself. Replacing the histidine with a tyrosine at
position 110 in the 3" membrane spanning residue of ODR-10 resulted in a strongly
defective chemotaxis response to diacetyl (Troemel et al., 1995; Sengupta et al., 1996).



Hs Gy Ile Val Ile Thr Leu Ser Phe Ay Thr Leu Tyr Tyr Cys Gy 210215220
Ile Asn Thr Tyr Leu Lys Ile Lys Lys Hs Thr Gy Thr Ser Asn Arg

225230235240 Hley20fie8ssys I1e G n Leu Gn Leu Phe Arg Al scdeln¥@dhoded G n
Thr 245250255 Ile Leu Pro Met Phe Met Met Tyr Ile Pro val Gy Phe Met Phe

Al a 260265270 Cys Pro Tyr Phe Asp Leu @n Leu Ay Ala Tyr Thr Asn Tyr G n
Thr 275280285 Val Met Ala G n Leu Tyr Pro Ay Ile Asp Pro Phe Val Met Leu
Phe 290295300 Leu Ile Asp Ser Tyr Arg Ile Thr Ile Phe Gy Trp Leu Cys Pro
Arg 305310315320 Phe Val Tyr val Lys Pro Met His Ser Thr Tyr Thr Leu Thr
325330 <210> 6 <211> 350 <212> PRT <213> Caenor habditis el egans <400> 6 Met
Thr Asp Arg Arg Tr pihvaitrodlcgion ¢fe hifhdinASlQ ¢ lyesiad &11@Y) iRrtgioh keethd 8GOR5 @y Phe
Thr met Ser || eockRbeet DetticeAdB reg@ihsc\aiMlcBitekt@tonSer didee tHdne32202630G8he Ser Ser

Ser Ser Pro Il & EY‘% (ﬁg&{'e é‘)l %hi-gygduée)ﬁesﬁﬁ& tg/@ltalcely?wasldoﬁsig?h%gﬁé different (P
< 0.05) from the solvent (water) response indicating the mutation caused a loss of
function. This infers that the response of OGOR to diacetyl is duc to diacetyl
interacting with the ODR-10 receptor and not non-specifically with thc BRET?

components themselves.

EXAMPLE 2 - COMPARISON OF DUAL-LABELLED FRET ODR-10 (OCOY
TO DUAL-LABELLED BRET? ODR-10 (OGOR)

To compare the sensitivity of the BRET? system to thc FRET system for
monitoring GPCR activation the BRET* componcnts used to tag the ODR-10 receptor
(OGOR) were replaced with FRET components resulting in the insertion of CFP into
the 3" intracellular loop and YFP at the C-terminus (OCOY). The CFP (mCFP) (SEQ
ID NO:45) and YFP (mCitrine) (SEQ ID NO:46) derivatives were both monomeric and
codon optimized (EUROSCARF) for yeast expression (SEQ ID NOs 47 and 48

respectively).

MATERIALS AND METHODS

The OCOY sequence flanked by Kprl and XAol restriction sites was synthesised
by Genscript. The OCOY scquence was inserted into the Kpnl and Xhol sites of the
pENTR11 vector. These were then recombined into pYES-DESTS2 (Invitrogen) using
Gateway” technology for subsequent expression in S. cerevisine. The OCOY coding
sequence is provided as SEQ ID NO:49, whereas the amino acid sequence is provided
as SEQ ID NO:50.

OCOY Expression
The same expression protocol was used for the cxpression of OCOY in InVSCI

as for OGOR expression.

Concentration Normalization
To assess the relative concentrations of dual-tagged receptor samples the

fluorescence intensity of the sample was determined from spectral scans and the sample
amount normalized by the OCOY fluorescence intensity. The YFP intensity (530 nm)
was normalized to 721.32 a.u. for OCOY. 50 uL of OCOY was pipetted into the
appropriate well and the volume made up to 100 uL with I x PBS.



Page 8 508883 _ST25 Val Leu Cys Ile Phe Thr Met Phe Tyr Ser Phe Val Gu lle
Met Leu 505560 G n Pro Leu Ile His Ile Tyr Asp Asp Thr Leu Phe Leu Ile H's

Arg 65707580 kysof@ssehe Asp Leu Ser Lys Ay Ile Thr Ar gpeds@ibbdoBodssed Thr
Thr 859095 Tyr Cys Trp Cys Tyr Ala Met Ser Phe Ser Leu Phe Ala Leu G n Phe

100105110 Leu Tyr Arg Tyr val Ala val &s Lys Pro H s Leu val val Phe Phe
115120125 Thr Ay Cys Tyr Phe Tyr Tyr Trp Leu Ala Leu Ile Leu Ser Leu Al a
130135140 Thr Ser Trp Ay Leu Thr Ala Ala Phe net Phe Pro G n Thr Asn Arg
145150155160 Thr Thr G u ser Phe Asn Tyr Val Ile Lys Thr Ser Tyr Asp Leu
Asp 165170175 Pro Tyr Trp Thr Asp Tyr Val Ala Tyr Lys Tyr Phe Asp Thr Asp
G u 180185190 Asn His val Arg Trp val Asn val Leu ser Leu Phe Ay Val Leu
G n 195200205 HiEsUGry Leu val Ile Thr Leu ser Phe Ay Thr Leu Phe Tyr Cys

Ay 210215220 [jeang Response

There was a 7.6% reduction in FRET ratio (intensity at 520 nm/ intensity at 480
nm) of OCOY in response to WM concentrations of diacetyl compared to a 32.4%
reduction for OGOR (Figurc 6). The OCOY response was shown to be significantly
different (P < 0.05) to the solvent (water) response. OGOR was shown to be more than
four times more sensitive for monitoring diacetyl binding than OCOY.

The Forster distance (Ry), the RET probe separation corresponding to 50% of
the maximum RET efficiency, for the BRET? system was recently determined to be 7.5
nm, the largest Ry value determined for any genctically encoded RET pair (Dacres ct
al., 2009). The Ry valuc for the FRET system was previously determined to be 4.8 nm
(Evers ct al., 2006) indicating that the BRET? system is able to probe a larger distance
range (3.8 — 11.3 nm) than the FRET system (2.4 — 7.2 nm). The measured transfer
efficiency for OGOR changed from 64.3% to 47% upon the addition of diacetyl (1 pM)
indicating a distance change of 6.8 nm to 7.6 nm. A system with a Forster distance of
4.8 nm, such as the FRET system, would only exhibit a transfer efficiency change of
11.3% to 6.0% upon addition of diacetyl for this distance change. This confirms that
the BRET® system is more suitable, in terms of detection sensitivity, for the

measurement of this distance change in this distance range.

QCOY Dose Response Curve

Following the confirmation that the OCOY response to diacetyl was
significantly different to the solvent (water) response a dose response was plotted. To
generate this data spectral scans were recorded upon the addition of different
concentrations of diacetyl (Figure 7). As the concentration of diacetyl increased from 1
x 107" M to 1 x 10" M there was a decrcase in the YFP cmission intensity and an

accompanying increasc in CFP emission intensity (Figure 7). Scaling the OCOY
response with respect to the normalized OGOR response curve (Figure 8) confirmed
that BRET” detection is more sensitive than FRET detection for monitoring diacetyl
binding by ODR-10. The calculated log EC50 value for the FRET detection systcm
was -16.43 + 0.9741 M (mcan = SEM, n=5) which is not significantly different (P <
0.05) to the calculated log EC50 value of -14.43 £ 0.5468 (mean £ SEM, n=12) for the
BRET? system. This demonstrates that the ODR-10 affinity for diacetyl is statistically
similar for both detection systems inferring that diacetyl is specifically interacting with
the ODR-10 receptor and not with the RET components themselves.
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cacgtggaaa aaagixA@eicH 20 pallpicenb saliei@aigygc gtttttctca gtattctcga
ttttttacge cat RELIAIIERND METHODS
The TGTR sequence flanked by Necol and Notl restriction sites was synthesised
by Genscript. The TGTR sequence was ingserted into the Neol and Notl sites of the
pENTRI11 vector. These were then recombined into pY ES-DESTS2 (Invitrogen) using

Gateway" technology for subsequent expression in S. cerevisiae.

TGTR Expression
The same expression protocol was used for the expression of TGTR in InVSCl

as for OGOR expression. The TGTR coding scquence is provided as SEQ ID NO:51,
whereas the amino acid sequence is provided as SEQ ID NO:52.

RET Analysis Protocol

The same RET analysis protocol as described for the OGOR selectivity studies.
1 uM of the ligands pyruvic acid, citric acid, ethyl acetate, acetoin and diacteyl was
assayed with 10 nM of TGTR

Preparation of Bacterial Extract Assays

The bacterial strain OP50 was grown in LB overnight at 37°C with shaking (200
rpm). E.coli strain OP50 is usually used as a food source for ncmatode growth in the
laboratory (Brenner, 1974). Two assays were performed using the OP50 bacterial
culture. The first assay was the addition of 10 UL of the bacterial culture or 10 uL of
LB to 10 nM TGTR. The second assay required that 1 mL of the bacterial culture was
placed in a microcentrifuge tube and centrifuged at 10000 x g for 1 minute. 10 pwL of
the supernatant, following decanting into a fresh microcentrifuge tube, or 10 uL of LB
was added to 10 nM TGTR. Following bacterial samplc addition the same protocol
was followed as for the OGOR RET analysis.

RESULTS

The response of TGTR to the addition of 10 pL of OP50 bacterial supernatant or
bacterial culture in LB was significantly different (P < 0.05) to that of LB alonc (Figure
9). Stimulating the Str112 receptor to a complex odorant mixture as released from
OP50 during growth causes an increase in the BRET? ratio suggesting that the BRET?

components move towards each other upon odorant binding.
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EXAMPLE 4 - RECEPTOR CHIMERAS

An ODR-10 transduction cassctte is cnginecred so the ODR-10 N-tcrminus
(aal-32) and IC3 to C terminus (aa225 —aa339) with BRET tags flank a multiple
Ligand

cloning site (Figure 11). The chimeric receptors are expressed in yeast.
binding regions of ORs are shuffled “in-frame’ into this cassette and these chimeric

receptors can be used to assess ligand binding by BRET.

EXAMPLE 5 - OLIGOMERIZATION OF OLFACTORY RECEPTORS
Odr10 labelled with Rluc at the C-terminus (SEQ ID NO:17) and Odr10 labelled
with GFP2 at the C-terminus (SEQ ID NO:19) were co-expressed in yeast to show

receptor oligomerization and BRET modulation.

MATERIALS AND METHODS
Transformant Culture and Tagged-Gene Induction Conditions

A colony of transformed yeast cells was grown in yeast synthetic drop-out
medium (SCMM, Sigma) lacking appropriate nutrients (such as uracil (U), tryptophan
(T)) to select for plasmid-containing cells with 2% glucose for overnight at 28°C with
shaking 190 rpm; SCMM-U-T for Invscl co-cxpressed pYesDest52-Odr10-Rluc and
pDestpESC-Odr10-GFP2 (Invscl/OR/OG), SCMM-U for Invscl cxpresses pVV214-
odr10-Rluc (Invscl/OR) alone and pYesDest52 odr10-GFP2 (Tnvsc1/OG) alone
respectively.

After overnight culture, OD600 was determined and the cells were suspended in
induction medium (with 2% galactose and 1% raffinose instcad of glucose as the
culture medium) to give a final OD600 of 0.4, This induction culture was incubated for
24 hours with shaking at 15°C to induce fusion receptor expression. The culture was
then pelleted and washed twice with cold phosphate-buffered saline (PBS). Cell pellet
can be stored at -80°C and suspended in PBS buffer just before the BRET? assay.

41020 <210>
Q@BETgkaﬁb@mtggtc
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ct gcgget gc300 Invsc1/OG was normalised to have the similar GFP intensity as Invsc1/OR/OG.

Invscl/OR was normaliscd to have the similar Rluc activity as Invscl/OR/OG.
Negative control (host strain) Invscl was quantified to have same cell density as
Invsc1/OR/OG.

Microplate BRET?> Cell Based Assay
Assay procedure was modified from Issad and Jockers (2006) and conducted in

a 96-well white microplate in a total volume of 100 il and two repeat for each sample.
Three biological independent assays will be conducted and data are pooled.
Coelenterazine h DeepBlueC substrate (Biosynth AG) was added at a final
concentration of 10 UM, and readings were performed with a dual wavelength
lumino/fluoromcter mircoplate reader (BMGLabtech). The following optimized filter
settings were used to measure Rluc light emission (410+80 nm) and GFP? light
emission (515230 nm). The BRET ratio was defined as the difference of the emission
at 515nm/410nm of co-expressed Rluc and GFP2 fusion proteins and the emission at
the 515nm/410nm of the Rluc fusion protein alone. Results were expressed in
milliBRET units, 1 milliBRET corresponding to the BRET ratio value multiplied by
1000 (Ayoub, 2002). Illumination of control cells (host strain Invscl) that do not
express a Rluc or GFP2 fusion at the same scttings results in dctection of cell
autofluorescencee. Subtraction of the autofluorescence from all tested samples was
taken place before BRET ratio values were calculated.

Crudc Mcmbrane Preparation, Solubilisation, and Immunoprecipitation

Properly inducted yeast cells (_GFP2 level was not more than 2 fold over
background of host strain Invscl cells) were washed three times with ice-cold Buffer A
(75 mM tris-HCI, pH7.4, 12 mM MgCI2 and 2 mM EDTA) and the final pellet was
suspended in Buffer B (Buffer A + protease inhibitor cocktail, complete Mini EDTA-
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ccataattgt tttag %ﬁ%%o The digitonin concentration was adjusted to 0.2% using cold Buffer B
and the polyclonal anti-GFP antibodies (Sapphire Bioscience, Cat No 120-29000) were
added to a final dilution of 1:1000. Tmmune complex formation was allowed to
proceed for 12h at 4°C with gentle agitation and Protein A-agarosc suspension (Sigma)
was added to a final volume of 1:10 (agarosc suspension:sample) for incubation for
another 6h with gentle agitation at 4°C. After centrifugation for 1 min at 5000 x g,
supernatant was decanted and the agarose beads washed five times with 0.5 ml of cold
Buffer C (Buffer B + 0.2% digitonin). Precipitates were analysed by assessing
luciferase activity in a luminometer (BMGLabtech) using coelenterazine as substrate

(Biosynth AG, Switzerland).

RESULTS
Visualisation of Nematode odr-10 in Yeast Cells — Confocal Microscopy

Confocal image of yeast strain Invscl co-expressed odr-10-Rluc and odr-10-
GFP? after 24 hour induction reveals that GFP2 fusion protein mostly only expresscd
on the membrane of the cells and no over-expression of tagged odr-10 observed. About
32% of the cells expressed tagged odr-10 protein.  Increasing induction time up to 48
hours, confocal image shows GFP? over-expression in the cells and aggregated GFP2
particles observed in the cytosol of the cells (Figure 12).

Detection of Constitutive odr-10 QOligomers in Living Ycast Cells by BRET?

BRET” experiment results shows that significant energy transfer was observed
in yeast cells co-expressing odr-10-Rluc and odr-10-GFP” (Figure 13) indicating that
odr-10 forms homo-oligomers. No significant energy transfer was obtained in the
sample at which half ycast cclls expressed odr-10-Rluc and another half cells expressed
odr-10-GFP?,
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of solubilised membranes which either expressed receptOI—GFP or receptor-Rluc.
Results from those samples in which less than 20% of luciferase activity was recovered
comparing to co-expression of odr-10-GFP? and odr-10-Rluc in the samec cells
suggested the interaction between co-expressing odr-10-GFP* and odr-10-Rluc fusion

proteins was specific.

EXAMPLE 6 — BRET> TAGGED MOUSE ¢,, ADRENERGIC RECEPTOR
The mouse tza adrenergic receptor (SEQ ID NO:56) was engineered so that the

GFP? was inserted into the 3™ intracellular loop with its N-terminus following Ala250
and its C-terminus adjacent to Arg372. RLuc was fused to Val461 in the C-terminus of
the receptor (amino acid sequence provided as SEQ ID NO:54 and encoding open
reading frame as SEQ 1D NO:53),

The dual-tagged adrenergic receptors arc expressed in yeast. These receptors
can be used to monitor ligand binding by the mouse o adrenergic receptor via
changes in the BRET? ratio.

EXAMPLE 7 - WHOLE-CELL VS CELL-FREE BRET ASSAY
Comparison of the cell-frec assay system of the invention to a wholce cell assay

system demonstrates that the intensity of the BRET® signal was more than forty time
greater, in terms of light output when measured in the RLuc channel, for the cell-free
assay compared to the whole-cell assay (Figure 15). Assaying 1 uM of diacetyl
resulted in no significant change (P < 0.05) in the BRET? signal using the whole cell
assay, whercas a significant decreasc (P £ 0.05) of 52 % was observed using a cell-free

assay system (Figure 16).
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has been included in the present specification is solely for the purpose of providing a

context for the present invention. Tt is not to be taken as an admission that any or all of

these matters form part of the prior art base or were common general knowledge in the

field relevant to the present invention as it existed before the priority date of each claim

of this application.
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Arg Met Ile Thr 245250255
val Leu Asp Ser 260265270
Asn Al a 280285
Arg Hi s R R0 00
Asp Leu Ile Gy

Gy Ser Tyr Arg Leu Leu
e Gu Leu Leu Asn Leu Pro
p Gy Ala Cys Leu Al a Phe
e Lys Ala lle val Hs Ala
p Asp Qu Trp Pro Asp Ile
ulle Lys Ser Gu Au Gy

PIn éxo umme\cer:e'g‘g ch%rbl urragescengel m%egul;lihrlépo tg Leu Pro



420425430 Lys Leu Qu Pro Qu Qu Phe Ala Ala Tyr Leu Gu Pro Phe Lys GQu
435440445 Lys Ay GQu Val Arg Arg Pro Thr Leu Ser Trp Pro Arg Qu Ile Pro
450455460 Leu Val Lys Ay Ay Lys Pro Asp Val val Gn lle Val Arg Asn Tyr
465470475480 Asn Ala Tyr Leu Arg Ala Ser Asp AS Leu Pro Lys Met Phe Ile GQu
485490495 Ser Asp Pro Ay Phe Phe Ser Asn Ala Ile val Gu Ay Ala Lys Lys
500505510 Phe Pro Asn Thr A u Phe Val Lys val Lys Ay Leu H's Phe Ser G n
515520525 G u Asp Ala Pro Asp Au Met Ay Lys Tyr Ile Lys Ser Phe Val Qu
530535540 Arg Il eu Lys Asn Qu Gn Arg Ala Leu dn Lys An Leu Phe Lys
545550555560 u Val Leu Gn Thr Leu Ile Pro Thr Ile Phe net Tyr Al a
Pro 565570575 Thr Ay Val Met Phe Ile Ala Pro Phe Phe Asp Val Asn Leu Asn

Al 'a 5805855901 Asn Mh@ho%d?dﬁ@&in%h@or}(@unﬁfh& hdMBodBmpigz,Leu Tyr Pro Gy Leu
Asp 595600605 Pro i)Lc%yltaét!ng aLsgrlfllplelwelthLaec%ll!ere% clorln;e)osﬁ‘lrog c@r%Bris?rpgeat'%‘gagt cﬁ‘]req} Thr 1le
Phe 610615620

protein coupled receptor embedded in a lipid bilayer, and which is capable of binding

the compound, wherein the G protein coupled receptor comprises one or more

subunits that are the same or different, and wherein at least one of the subunits of the

G protein coupled receptor comprises a bioluminescent protein and an acceptor

molecule,

ii) simultaneously or sequentially with step i) providing a substrate of the
bioluminescent protein, and allowing the bioluminescent protein to modify the
substrate,

ii1) determining if step ii) modulates bioluminescent resonance energy transfer
(BRET) between the bioluminescent protein and the acceptor molecule,
wherein the spatial location and/or dipole orientation of the bioluminescent protein
relative to the acceptor molecule is altered when the compound binds the G protein
coupled receptor, and wherein when expressed in a cell the N-terminus of the G
protein coupled receptor, or subunits thereof, is outside the cell and the C-terminus
inside the cell, and wherein the amplitude of the change in the BRET ratio is
indicative of the relative amount of the compound in the sample, and wherein

a) the bioluminescent protein forms part of the fifth non-transmembrane loop
of the subunit, and the acceptor molecule forms part of the C-terminus, or

b) the acceptor molecule forms part of the fifth non-transmembrane loop of the
subunit, and the bioluminescent protein forms part of the C-terminus,
and wherein the method is at least 2 fold more sensitive than if a non-bioluminescent

protein is used as a donor molecule and a modulation of fluorescence resonance

energy transfer (FRET) is determined.

2. The method of claim 1, wherein the Férster distance of the bioluminescent

protein and the acceptor molecule is between 6.8 and 7.6nm.

3. The method of claim 2, wherein the Forster distance of the bioluminescent

protein and the acceptor molecule is 7.5nm.

4. The method according to any one of claims | to 3, wherein
i) the cell-free composition was obtained by producing the G protein coupled

receptor in a recombinant cell and disrupting the membrane of the cell, or



Asn Phe Leu Cys Gy Lys Lys Asn Ser Val Asp Qu Ser Arg Ser Thr
625630635640 Thr Arg Ala Asn Leu Ser G n val Pro Thr Met Val Ser Lys Gy
G u 645650655 Page 16 508883 _ST25 GQu Leu Phe Thr Ay Val Val Pro Ile Leu
Val Qu Leu Asp Gy Asp 660665670 Val Asn Ay H's Lys Phe Ser Val Ser Ay
Gu dy u dy Asp Ala 675680685 Thr Tyr Ay Lys Leu Thr Leu Lys Phe Ile
Cys Thr Thr Gy Lys Leu 690695700 Pro Mgl Pro Trp Pro Thr Leu Val Thr Thr
Leu Ser Tyr Ay Val Gn 705710715720 Cys Phe Ser Arg Tyr Pro Asp Hi s Met
Lys Gn H s Asp Phe Phe Lys 725730735 Ser Ala Met Pro Qu Ay Tyr Val Gn

AQu Arg Thr Ile Phe Phe Lys.740745750 p : Lyl Thr Arg Al a
A u Val Lys Phe GI”E t% & ﬁé%m?gwg%?rg%ep%rls @%ﬁe@ﬁ/ ‘Q?ﬁ’ %‘3 %%Zmé}ua Leu Lys
Ay lle Asp Pheostys G u Asp 770775780 Gy Asn Ile Leu Ay His Lys Leu Qu
Tyr Asn Tyr Asn Ser His Asn 785790795800

S. The method of claim 4, wherein the recombinant cell is a yeast cell.

6. The method according to any one of claims I to 5, wherein the method is

performed using microfluidics.

7. A purified and/or recombinant polypeptide for detecting a compound, the
polypeptide comprising,

i) a subunit of a G protein coupled receptor, and

ii) a bioluminescent protein and an acceptor molecule,
wherein when expressed in a cell the N-terminus of the subunit is outside the cell and
the C-terminus inside the cell, and wherein the spatial location and/or dipole
orientation of the bioluminescent protein relative to the acceptor molecule is altered
when the compound binds the polypeptide, and wherein the amplitude of the change
in the BRET ratio is indicative of the relative amount of the compound in the sample,
and wherein

a) the bioluminescent protein forms part of the fifth non-transmembrane loop
of the subunit, and the acceptor molecule forms part of the C-terminus, or

b) the acceptor molecule forms part of the fifth non-transmembrane loop of the
subunit, and the bioluminescent protein forms part of the C-terminus, and wherein the
Forster distance of the bioluminescent protein and the acceptor molecule is between
6.8 and 7.6nm.

8. The method according to any one of claims 1 to 6, or the polypeptide of claim
7, wherein

i) the subunit comprises the N-terminus and at least a majority of the first
transmembrane domain of a first G protein coupled receptor subunit, at least a
majority of the first non-transmembrane loop through to at least a majority of the fifth
transmembrane domain of a second G protein coupled receptor subunit, and at least a
majority of the fifth non-transmembrane loop through to the C-terminal end of the
first G protein coupled receptor subunit, or

ii) the subunit comprises the N-terminus through to at least a majority of the
fifth transmembrane domain of a first G protein coupled receptor subunit, and at least
a majority of the fifth non-transmembrane loop through to the C-terminal end of a

second G protein coupled receptor subunit.



Val Tyr Ile Met Ala Asp Lys Gn Lys Asn Ay Ile Lys Val Asn Phe 805810815
Lys Ile Arg H's Asn Ile Gu Asp Ay Ser Val Gn Leu Ala Asp H s 820825830
Tyr Gn Gn Asn Thr Pro Ile Gy Asp Gy Pro Val Leu Leu Pro Asp 835840845
Asn H's Tyr Leu Ser Thr Gn Ser Ala Leu Ser Lys Asp Pro Asn G u 850855860
Lys Arg Asp His Met Val Leu Leu Qu Phe Val Thr Ala Ala Ay Ile
865870875880 Thr Leu Gy Met Asp Gu Leu Tyr Lys 885 <210> 14 508883_ST25
<211> 2670 <212> DNA <213> Artificial $equence <220> <223> ORF encodi ng
BRET construct of SEQ ID NO 13 <400> 14 atgtcgggag aattgtggat taccctagtt
gacacagcgg acattgtcgg cgtcaccctc60 accttctgtg tcaacattgt tcttctcgga
cttctgaaaa caggt ggRARA:BaRELHM0gad 2 @rtor Akaal todd @t at Ggpoigbdptitit of ca

gtattctcga ttttttacge. catcatcgagl80 ttcatattac gacctataat gcatattga
aacaccact t tc‘i’?‘ﬁf(ﬁg@‘”&?@g}f@eﬁgaamo 0 999
i) the bioluminescent protein is a Renilla tuciferase or a biologically active

variant or fragment thereof, and/or
ii) the substrate is luciferin, coelenterazine, or a derivative of coelenterazine,

and/or
iii) the acceptor molecule which is a protein is green fluorescent protein (GFP),

or a biologically active variant or fragment thereof.

10.  The method or polypeptide of claim 9, wherein the luciferase is a Renilla

. . 2 . .
luciferase, the acceptor molecule is GFP, and the substrate is Coelenterazine 400a.

1.  The method according to any one of claims | to 6 or 8 to 10, or the polypeptide
according to any one of claims 7 to 10, wherein

i) the G protein coupled receptor is an odorant receptor, or

i) the subunit is a chimera of a portion of two or more different G protein

coupled receptor subunits.

12.  The method or polypeptide of claim 11, wherein the odorant receptor is a
chordate receptor, a nematode receptor, or a biologically active variant or fragment of

any one thereof.

13.  An isolated and/or exogenous polynucleotide encoding a polypeptide

according to any one of claims 7 to 12.

14. A vector comprising the polynucleotide of claim 13, wherein the

polynucleotide is operably linked to a promoter.

15. A host cell comprising the polynucleotide of claim 13 and/or the vector of

claim 14.
16.  The host cell of claim 15 which is a yeast cell.

17. A composition comprising the polypeptide according to any one of claims 7 to
12, the polynucleotide of claim 13, the vector of claim 14, and/or the host cell of

claim 15 or claim 16.



agat t caact
gccaccagtt
ccgaat ct ac
gt acccgt ga
gaagcggctg
tcgtacattg
aacttgcttg
t act gcggat
at gaccagca
t gggccaggt
aagcacgccg
aggcacgt gg
at gggcaaga
ct gaccgcct
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ttcgt ggaga
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aacgcct acc
ttcttcagca
gt gaagggcc
agcttcgtgg
18

act ccaccaa
ttgttgtctc
ttcgtttgtt
caat gt gggc
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cat ant cta
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actt ggaaaa
aggagt t cac
caacttgcca
tagt gt ctca
act aaat aac
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gaaaact at g
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at caactctg
tttgtttatc
actcttctac
tattttttgt
cact at aact
gaaaacggag
gt cat g} cga
aat gaacaca

aggaagagga

aac

cgttttactg
gatattttgc
tttggccact
at ccagat ac
ggat caaaaa
t aaggcat at
t gacgtttgt
aggatgtatc
t gat caccgg

tgcttgtttt300
aact t gcaaa360
tggtt gcagt 420
cgagt acacg480
ggagaat gt a540
ct acct caaa600
tgtgatgttc6e60
t gat agaact 720
cccccagt gg780
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t geime ddat?. phagedegrlyreidaggmge e?&éﬂ&&%@gﬁmlctgatcggc960

gcggcaagag cggcaacggc agctacaggc tgctggacca ctacaagtacl1020
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ccit gfik.caa gagcgaggag ggcgagaaga tggtgctgga gaacaacttcl260
ccat gctgcc cagcaagatc at gagaaagc tggagcccga ggagttcgccl320

agcccttcaa ggagaagggc gaggt gagaa gacccaccct ct c1380
cg7(,0t~ 9ot PR BEFOEEEg? &%wa%%ta@@f%w@% 8@“8@8%@@52&440
t gagagticaclgigatyac clagn d6c aagapgsitioncet dejaig b arace g e 500

acQahalicaiorddRIBECcICcC aagaagttcc ccaacaccga gtt cgt gaagl560
tgcacttcag ccaggaggac gcccccgacg agat gggcaa gtacatcaagle20

agagagt gct gaagaacgag cagcgagcgc tacagaaaca
21. A method for screening for a compound that Egmds a G protein coupled

receptor, the method comprising,

i) contacting a candidate compound with a cell-free composition comprising at
least one G protein coupled receptor embedded in a lipid bilayer, and which is capable
of binding the compound,
wherein the G protein coupled receptor comprises one or more subunits that are the
same or different, and wherein at least one subunit of the G protein coupled receptor
comprises a bioluminescent protein and an acceptor molecule,

ii} simultaneously or sequentially with step i) providing a substrate of the
bioluminescent protein, and allowing the bioluminescent protein to modify the
substrate,

iii) determining if step ii) modulates bioluminescent resonance energy transfer
(BRET) between the bioluminescent protein and the acceptor molecule,
wherein a modulation of BRET indicates that the compound binds the G protein
coupled receptor, and wherein when expressed in a cell the N-terminus of the G
protein coupled receptor, or subunits thereof, is outside the cell and the C-terminus
inside the cell, and wherein the amplitude of the change in the BRET ratio is
indicative of the relative amount of the compound in the sample, and wherein

a) the bioluminescent protein forms part of the fifth non-transmembrane loop
of the subunit, and the acceptor molecule forms part of the C-terminus, or

b) the acceptor molecule forms part of the fifth non-transmembrane loop of the
subunit, and the bioluminescent protein forms part of the C-terminus, and wherein the
method is at least 2 fold more sensitive than if a non-bioluminescent protein is used as
a donor molecule and a modulation of fluorescence resonance energy transfer (FRET)

is determined.

acttttcaaal680 Page



508883_sT25 gctttagttc ttcagacact catcccaact atcttcatgt acgccccaac
tggagtcat gl740 ttcatcgcac cgttttttga cgtgaatttg
tgtgttttgcl800 tcatttctgt acccgggact cgatccactc
tgatttccgal860 agaacaatat tcaatttctt gtgtggaaag
ccgct cgacal920 acaagagcca atttgtct caogzgBleegacg
gctgttcaccl980 ggggt ggt gc TEWERCE ¢gsTINGagct ggac

gttca
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t 92040 tccggc .cgag a t cgtac caagct ga
e T AR R

CC

rid

aat gcaaacg
attctgattt
aaaaacagtg
at ggt gagca
ggcgacgt aa

cgt gacca

cggcgt gcag2160 tgcttcagcc gctaccccga ccacat gaag cagcacgact
cgccatydec 220U gHagGolretgin corr sy cecapaec Actt yatipncaaggacg
caagagﬁﬁgcggﬁgg?ccgaggtga agtt cgaggg cgacaccctg

gggcat cgac

t caaggagg

acggcaacat cctggggcac

cagccals@ac 810Q4gtrtat at ca t ggccgacaa gcagaagaac

gat ccgledac 2488~

ccccajgggc 0 gacggccccg
1 g%%o gaccccaacg

cct gagcaaa

28t cgagg

acggcagcgt gcagctcgcc
t gct gct gcc cgacaaccac
agaagcgcga tcacatggtc

gt gaaccgca
aagct ggagt
ggcat caagg
gaccact acc
t acct gagca

ct gct ggagt

ccaatttcat
tgatcattcg
tt gat gaat ¢
agggcgagga
acggccacaa
ccct gaagtt
ccct gagct a
tcttcaagtc
acggcaact a
t cgagct gaa
acaact acaa
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agcagaacac
cccagt ccgce
t cgt gaccgc

cgccgdgat c XBdentlt gecggoal tiggacgaget gt acaagt aa2670 <210> 15 <211> 889

<212> ZF:)LI(D?T

Ser

<212>
<213>

<400> 1

PRT

Met Ser Gly
1

Gly val Thr

Thr Arg
35

Lys

Phe Ser val

50

Pro Ile Met

65

Arg Phe Asn

Cys Ala Cys

Tyr Arg Tyr

115

Pro Thr

130

Leu

Met Ala

145

Trp

Glu

Leu

20

Gly

Phe

His

Tyr

Phe

100

Phe

Leu

sSer

Caenorhabditis elegans

Leu Trp Ile Thr Leu val
5 10

Thr Phe val Asn Ile

25

cys

Leu Gly Thr

40

Lys Asn Tyr

Phe Ala Ile

55

Ser Ile Tyr

Glu Thr Thr Phe

70

Ile Asn

Ser Thr Leu Gly

85

Lys

val
105

Ala Thr Ser Phe

Ala Thr Cys Lys Pro Asn

Leu Leu Pro Leu Gly

val ser Phe Leu

150

Tyr

Asp

val

Lys

Ile

Phe

75

ITe

Ser

Leu

Cys

Pro
155

Thr Ala

Leu Leu

Tyr Leu
45

Glu Phe

60

Leu Ile

Asn Ser

Gly val

Leu

Ser
140

Asp Thr

Page 1

Asp Ile val

15

Gly Leu Leu

30

Met Ala Phe

Ile Leu Arg

Ser

Arg

Phe
95

Ala Tyr

His Phe val

110

Leu Phe Asn

Pro val Thr

Thr
160

Glu Tyr

ﬁ?l3> Artificial Sequence <220> <223> BRET construct <400> 15 Met
Cizyilfil tgsgeu Trp Ile Thr Leu val Asp Thr Ala Asp Ile val 151015



Ay val Thr Leu Thr Phe cys val Asn Ile Val Leu Leu Gy Leu Leu 202530 Lys
Thr Arg Ay Lys Asn Leu Ay Thr Tyr Lys Tyr Leu net Al a Phe 354045 Phe Ser
Val Phe ser Ile Phe Tyr Ala Ile Ile Gu Phe Ile Leu Arg 505560 Pro Ile net
Hs Ile u Asn Thr Thr Phe Phe Leu Ile Ser Arg Lys Page 19 508883 ST25
65707580 Arg Phe Asn Tyr Ser Thr Lysodsgy &2 Lys Ile Asn Ser Al a Phe Tyr
8590961 1Cn3a Mla Qyls TRhersAl waTTheu Qen e HValTwahksrSarp Glg M Hi s Phe Val
100105110 Tyr Arg #P Phe Ala Thr GJ& Lys Pro Asn Leéf’Leu Arg Leu Phe Asn
115120125 Leu Pro Thr Leu Leu Leu Trp Pro Leu Ay Cys Ser Val Pro Val Thr
1301354Q1Mdsn Tyl Akp §er rMahi1seryrTydl Phe hyeucTrymyPrauAssnThr G u Tyr Thr
145150155160 A 8®l a Al a Val Thrl88sn Val Leu Asnl2@n His Tyr Asn Trp lle
Lys 165170175 Lys G u Asn Val Ser Tyr Ile Ala Tyr Val Tyr Tyr Gn Tyr Gu

Asn ]%ﬁ§135199g His ITle Tyr Leu Lys Asn Leu Leu Gly Cys Phe val His
195 200 205

Tyr Phe val Met Ser Met Thr Phe val val Met Phe Tyr Cys Gly Tyr
210 215 220

Ala Thr Trp Lys Thr Met Asn Glu His Lys Asp val Ser. Asp Arg.Thr

225 230 235 240

Arg Ala Leu GIn Lys Gln Leu Phe Lys Ala Leu val Leu GIn Thr Leu
245 250 255

Ile Pro Thr Ile Phe Met Tyr Ala Pro Thr Gly val Met Phe Ile Ala
260 265 270

Pro Phe Phe Asp val Asn Leu Asn Ala Asn Ala Asn Phe Ile val Phe
275 280 285

Cys Ser Phe Leu Tyr Pro Gly Leu Asp Pro Leu Ile Leu Ile Leu Ile
290 295 300

ITe Arg Asp Phe Arg Arg Thr Ile Phe Asn Phe Leu Cys Gly Lys Lys
305 310 315 320

Asn Ser val Asp Glu Ser Arg Ser Thr Thr Arg Ala Asn Leu Ser GlIn
325 330 335

val Pro Thr

<210> 2

<211> 346

<212> PRT

<213> caenorhabditis elegans

<400> 2
Met Ser Gly GIn Leu Trp Leu Ala Leu val Asp Ala Ala Asp Met val
1 5 10 15

Gly Phe Thr Leu Thr Ile Ser Ile Asn Ile Ile Leu Leu ggy Leu Ile
2 25

Page 2



Ay Val Arg Hs Ile Tyr Leu Lys Asn Leu Leu Ay Cys Phe Val H's 195200205
Tyr Phe Val Met Ser Met Thr Phe Val Val Met Phe Tyr Cys Ay Tyr 210215220
Ala Thr Trp Lys Thr Met Asn Qu H's Lys Asp Val Ser Asp Arg Thr
225230235240 Met Val Ser Lys Ay GQu GQu Leu Phe Thr Ay Val Val Pro Ile
Leu 245250255 Val G u Leu Asp Gy Aspedéalsvdsn Ay H s Lys Phe Ser Val Ser
Ay 260266270°9G: 1 Gyy TAruL€d BIASTHrANar Ths ThyrLed et \serLee Thr Leu Lys Phe
|l e 275280285 Cys Thr Thr G)f‘OLys Leu Pro Val *Pro Trp Pro Thr Leu Val Thr
Thr 290295300 Leu Ser Tyr Ay Val Gn Cys Phe Ser Arg Tyr Pro Asp Hi s net
Lys 3po35081Hha2bhe 5888838 SH25yEAtaH e Aap AhesdhelbyeuSerg Ala Met Pro G u
Ay Tyr VA8l Gn Qu 325330835 Arg Thr Ile e Phe Lys Asp Asp Ay Asn Tyr
Lys Thr Arg Ala d u 340345350 Val Lys Phe Qu @y Asp Thr Leu val Asn Arg
e Grp k@ MetsHid ¥18%A36R30Fnt |18 r st Phe leyis1d deAsirgGys Asn Ile Leu Gy
Hs L§gs Leu Qu Tyr 70 75 80

Arg Phe Asp Tyr Ser Thr Arg Leu Gly Lys Ile Asn Ser Ala Phe Tyr
85 90 95

Ccys Ala cys Phe Ala Thr ser Phe val Leu Ser Ala val His Phe val
100 105 110

Tyr Arg Tyr Phe Ala Ala Cys Lys Pro Asn Leu Leu Arg Leu Phe Asn
115 120 125

Leu Pro His Leu Leu Leu Trp Pro Leu Met Cys Ser Ile Pro val Thr
130 135 140

Ala Trp Ala Ser val Ser Tyr Phe Leu Tyr Pro Asp Thr Glu Tyr Thr
145 150 155 160

Glu Ala Ala val Thr Tyr val Leu Lys Thr His Tyr Glu val Ile Lys
165 170 175

Lys Glu Asn val Ser Tyr Ile Ala Tyr val Tyr Tyr Gln Tyr Glu Asn
180 185 190

Gly Glu Arg His Ile Tyr Ile Lys Asn Leu Leu Gly Cys Phe val His
195 200 205

Tyr Phe val Met Ser Met Thr Phe val val val Phe Tyr Cys Gly Phe
210 215 220

Ser Thr Trp Trp Thr Ile Arg Glu His Arg Gly Ala Ser Asp Arg Thr
225 230 235 240

Arg His Leu His Arg Gln Leu Phe Lys Ala Leu val Phe GIn Thr Leu
245 250 255

val Pro Ser Ile Phe Met Tyr Ile Pro Thr Gly val Met Phe Ile Ala
260 265 270

Pro Phe Phe Asp Ile Asn teu Asn Ala Asn Ala Asn Phe Ile val Phe
275 280 285

Page 3



370375380 Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys G n Lys Asn
385390395400 Gy Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Qu Asp Ay

Ser
Ay
Leu
Phe
Arg 4
Leu
Al a
Phe
Ile
Lys
Ser

405410415 Val @ n Leu Ala Asp H's Tyr Gn G n Asn Thr Pro Ile Ay Asp
420425430 Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr G n Ser Al a
435440445 Ser Lys Asp Pro Asn Gioggggssvng Asp His Met val Leu Leu Qu
450455460 Val Thr Ala Ala Ay Ile Thr Leu G){ met Asp G u Leu Tyr Lys
Eggﬂsseeww LR g%] LeysAse Rrq égu F%g A £heetlaal Leu @ n Thr

Ile 490495 Pro Thr e Phe Met Tyr a Pro Thr Ay Val Met Phe Ile
Pro 500505510 Phe Phe Asp Val Asn Leu Asn Ala Asn Ala Asn Phe |l e Val
%/b’- B165705P% Beg \RHeTh_rel!ﬂq'yJ@UPMﬁ .1? TevArmsplPrasniel I le Leu Ile Leu

& 530535540 Arg A8p Phe Arg Arg PA? Ile Phe Asn P& Leu Cys @y Lys
Asn 545550555560 Ser Val Asp Qu Ser Arg Ser Thr Thr Arg Ala Asn Leu

Gy d&y ASGSEWHJQZB Gly Glu Ala Tyr ggg Thr ser Arg Ile ggg ser

Ser Gln Pro Ala Ala val Asn Leu Ser Gly
340 345

<210> 3

<211> 341

<212> PRT

<213> cCaenorhabditis elegans

<400> 3

Met Ser Asp Arg His Trp Leu Asp Ile Thr Thr Tyr Ser Asp His Ile
1 5 10 15

Gly Phe Thr Ile Ser Thr Ile Ala Asn Phe val Leu Ile lLeu Leu Leu
20 25 30

val pPhe Arg Pro Thr Lys Ser Tyr Gly Ser Tyr Lys Tyr Leu Met Ile
35 40 45

Thr Phe Cys val Phe Ser Leu Phe Tyr Thr Ser Ile Glu Thr Phe Leu
50 55 60

Arg Pro Leu Ile His Ile Tyr Asp Asn Thr Ile Phe val Ile GIn Arg
65 70 75 80

Lys Arg Phe Gln Tyr Ser Glu Gly Thr Ala Arg Ala Ile Ser Ser Thr
85 90 95

Tyr Cys Gly Cys Tyr Ala Met Ser Phe Thr Leu Phe Ala val His Phe
100 105 110

val Tyr Arg Tyr Tyr Ala Ala Cys Lys Pro Asp Asn Leu Arg Tyr Phe
115 120 125

GIn Gly cys Tyr pPhe val Ala Trp val Phe Gly Ala Met Ala val Ala
130 135 140

Ala Ser Trp Gly Phe Ala Ala Phe Ile Leu Tyr Pro Glu Thr Glu Arg
145 150 155 160
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508883_ST25 Pro Thr Met Thr Ser Lys Val Tyr Asp Pro Qu Gn Arg Lys Arg Mt
580585590 Ile Thr Ay Pro Gn Trp Trp Ala Arg Cys Lys G n Met Asn Val Leu
595600605 Asp Ser Phe Ile Asn Tyr Tyr Asp Ser Qu Lys Hs Ala Gu Asn Al a
610615620 Val Ile Phe Leu Hs Ay Asn Ala Ala Ser Ser Tyr Leu Trp Arg H's
625630635640 Val Val Pro His Ile G g0d3s3_8as Ala Arg Cys Ile Ile Pro Asp
Leu 645650655 Ile Ay Met Ay Lys Ser Ay Lys Ser Ay Asn Ay Ser Tyr Arg
Leu 650685870 MLALR ASH ﬂiesH"Fyx/ally%]el'%}S T80 SAfr T &“’I’rLlp;‘;Pﬁ%P GJu Leu Leu Asn
Leu 675680685 Pro Lys Lys Ile Ile Phe vVal Ay H's Asp™Trp Ay Ala Cys Leu
Al a 690695700 Phe His Tyr Ser Tyr Gu Hs Gn Asp Lys Ile Lys Ala Ile Val
H S 7087 £07 IT8P2vR IAIGAY @sit Btk Pyal TwaserAdpr Vialp Afe T 1618epsrp Asp G u Trp
Pro Asp 7257307 lle Au Gu As]ﬁ‘slle Ala Leu I1é ys Ser Qu u dy Qu
Lys Met 740745750 Val Leu A u Asn Asn Phe Phe Val Gu Thr Met Leu Pro Ser
Lys I&¥& val g;g Tyr Leu Asn Pro 958 Asn val Ile Gly %ég Phe Gln His

Gly val Ile Met Ile Leu Ser Phe Gly Thr val Phe Tyr Cys Gly Phe
210 215 220

Asn Thr Tyr Lys Thr Leu Asn Gly Ser Leu Gly val Ser Glu Lys Thr
225 230 235 240

Lys Glu Met His Thr GIn Leu Phe Lys Ala Leu val Leu GIn Thr Ile
245 250 255

Ile Pro Thr Thr Leu Met Tyr Ile Pro Thr Thr Met Leu Phe val Thr
260 265 270

Pro Phe val Gly Leu Asn Ile Gly Cys Tyr Gly Asn Ile Thr Thr Ala
275 280 285

Thr val His Leu Tyr Pro Gly Ile Asp Pro val val Leu Ile Phe Ile
290 295 300

Ile Arg Asp Phe Arg GIn Thr Ile Leu Arg Pro Phe Arg Cys Phe Tyr
305 310 315 320

Arg Ser Asn Ser val Glu Asn Thr Ala Thr Ile Arg GIn Tyr GlIn Gln
325 330 335

Ser Ser Ser Lys Gly

<210> 4

<211> 348

<212> PRT

<213> Caenorhabditis elegans

<400> 4

Met Ser Asp Ile Tyr Trp ITe Gln Ile Thr Glu val Cys Ser Phe val
1 5 10 15

Gly Phe Met Leu Ser val Leu Gly Asn Ser Thr Leu Leu Val Leu Leu
2 25
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755760765 Met Arg Lys Leu Gu Pro Qu GQu Phe Ala Ala Tyr Leu Au Pro Phe
770775780 Lys Qu Lys Ay GQu Val Arg Arg Pro Thr Leu Ser Trp Pro Arg Qu
785790795800 Ile Pro Leu Val Lys Gy Gy Lys Pro Asp Val Val Gn Ile Val
Arg 805810815 Asn Tyr Asn Ala Tyr Leu Arg Ala Ser Asp Asp Leu Pro Lys Met
Phe 820825830 Page 22 508883_ST25 bbsssGl sr2Ser Asp Pro Ay Phe Phe Ser Asn
Alalle V?I Gu Gﬁ Al a 835840845 Lézr I?ys Phe Pro Asn Thr du Phe Val Lys
Val LY& @'Y %éus‘l’—ﬁ TerfisPgShs g%édy P T e Y TASRY Alek Pl Asp Gu Met Gy
Lys Tyr Ile Lys Ser Phe 865870875880 Val GQu Arg val Leu Lys Asn u Gn
885 <210> 16 <211> 2670 <212> DNA <213> Artificial Sequence <220>

Thr Phe Cys val Phe Ser Leu Leu Phe Thr Ile Leu Glu Asp Phe Ile
50 55 60

Arg Pro Leu Met His His Tyr Asn Asn Thr Ile ITle val Leu GIn Arg
65 70 75 80

Lys Arg Phe GIn Phe Ser Asp Ser Thr Ala Arg Ile Leu Thr val Ser
85 90 95

Tyr Cys Gly Cys Phe Ala Met Cys Phe val Met Phe Ala val His Phe
100 105 110

ITe Tyr Arg Tyr Leu val Ala Cys His Pro Thr Lys Leu His Tyr Phe
115 120 125

Arg Pro Lys Asn Phe Ile Phe Trp Leu Ser Gly Met Leu Phe Ile Ala
130 135 140

Gly Ser Trp val Ala Ile Ala Tyr val Phe Phe Gln Glu Asp Leu Glu
145 150 155 160

Thr Arg Thr Asp Leu val Phe Ile Leu Ser Thr Cys Tyr Asn Leu Thr
165 170 175

Pro Asp Asp val Gly His val Pro Tyr Ala Phe Tyr Lys Thr Gln Gly
180 185 190

Asn Thr Arg val Ile Arg Trp Asp Asn Met Ile Gly val Ile His His
195 200 205

Met Ile val Met Thr ITe Ser Ile Ser Ala val Phe Tyr phe Gly Ile
210 215 220

Lys Thr Tyr Thr Arg Ile Met Ser Phe Lys Gly Lys Ser Gln Lys Thr
225 230 235 240

Lys Asp Leu Gln Asn GIn Phe pPhe Thr Ala Leu val Ala Gin Thr val
245 250 255

val Pro Leu Ile Phe Met Phe Ile Pro Asn Met val Leu Thr Thr Ala
260 265 270

Ala Leu ITe Asp Gly Thr Phe Gly Ser Trp Ala Asn Ile Thr val val
275 280 285
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<223> ORE encodi ng BRET construct of SEQ ID NO 15 <400> 16 at gt cgggag
aattgtggat taccctagtt gacacagcgg acattgtcgg cgtcaccctc60 accttctgtg
tcaacattgt tcttctcgga cttctgaaaa cacgtggaaa aaacttgggcl20 actt at aaat
atctcatggc gtttttctca gtattctcga ttttttacgc catcatcgagl80 ttcatattac
gacct at aat gcatattgag aacaccactt tcb508a83gst25ct caaggaaa240 agatt caact
actccaccaa acttggaaaa atcaactctg cgttttactg tgcttgtttt300 gccaccagtt
ttgttgleLc,ag9aph a3t At 94 tA%CAsg,aLﬁ& tphb 912264 Rgﬁaﬁ@gg ccgaatctac
ttcgtttgtigpocaacttgcCa actgdg ctac tttggccacipot ggttgcagt 4 gtacccgt ga
caatgtgggc tagtgtctca tattttttgt at ccagat ac cgagt acacg480 gaagcggctg
t cacc t ta ac cac ata gat caaaaa ¢ aat a540 tcgtacattg
ot aoh S LA L o ERaraE Shaste dohd Pattb Al ot o ot 8 AMAoOR, anct t oot tg
gatgctttgt tcattacttt gtcatgtcga tgacgtttgt tgtgatgttc660 t act gcggat
at gccacgtg aaact at g aat aacaca aggat tatc t at agaact?ZO at ggt gagca
agggchspydar §1¥§ng% % ]géfe@éeé"c f"bg"t"gc %ét 78105‘ ggcgacgt aa
acggccacaa gttcagcgtg tccggcgagg gcgagggcga tgccaccta0840 ggcaagct ga
ccctgaagtt catctgcacc accggcaagc tgcccgtgcc ctggcccacc900 ctcgtgacca
cccet gﬁﬁbﬁardggc% €4y SegcbheggeArgcYalcdsegd eccacat gaag960 cagcacgact
tcttcaagtc cgcc ccc gaaggctac 4 ccaggagcg caccatcttcl1020 ttcaaggacg
acggcaacta caagacccgc gccgaggtga agttcgaggg cgacaccct gl080 Page 23

508888 18%25 gt gaaccgca tcgagct gaa gggcat cgac ttcaaggagg acggcaacat
cct ggpﬁ%ac P40 aagct ggagt acaactacaa cagccacaac gtctatatca tggccgacaa

gcagazjaqc forhabditis elegans

<400> 5
Met Thr Asp Gln His Trp val Ile Ile Thr Asp Ile Ala Gly Pro Ile
1 5 10 15

Gly Phe Ser Met Ser Ile Phe Ser Asn Ser Ile Leu Leu Phe Leu Ile
20 25 30

Phe Ser His Ser Ser Pro Ile Lys Gly Pro Tyr Lys Arg Met Leu Ile
35 40 45

val Phe Cys Ile Phe Thr val Phe Tyr Ser Phe val Glu val Met Leu
50 55 60

GIn Pro Leu Ile His Ile Tyr Asp Asp Thr Leu Phe Leu Ile His Arg
65 70 75 80

Lys Arg Ile Asp Leu Pro Lys Trp Leu Thr Arg Leu val Pro Thr Thr
85 90 95

Tyr Cys Trp Cys Tyr Ala Met Ser Phe Ser teu Phe Ala Leu GIn Phe
100 105 110

Leu Tyr Arg Tyr val Ala val Cys Lys Pro Gln Tyr val Asp Leu Phe
115 120 125

val Gly Cys His Phe Tyr Ala Trp val val Leu Ile Leu Ser Leu Ala
130 135 140

Thr Ser Trp Gly Leu Thr Ala Ala Phe Met Phe Pro Gln Thr Asp Arg
145 150 155 160
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ggcat caagg
gaccact acc
t acct gagca
ct gct ggagt
gcgct acaga
at gt acgccc

t gaacttcaa
agcagaacac
cccagt ccgce
t cgt gaccgc
aacaactttt
caact ggagt

gat ccgccac
ccccat cggce
cct gagcaaa
cgccgggat ¢
caaagcttta
catgttcatc

aacat cgagg acggcagcgt
gacggccccg tgctgcetgece
gaccccaacg agaagcgcga
act ct cggca t ggacgagct
gt s@s8BagrR5cact cat ccc
gcaccgtttt ttgacgtgaa

aacgc t
atttt@gﬁgh fﬁ@g%8%?E§ ccgaagaaca at g@tg Caatt tcttgigtigg
agtgttgatg aatcccgctc gacaacaaga gccaatttgt ctcaagttcc

200t QEAR0%" A0t LRG0 et JUaCAna Lot it ARacTecATad ey

gccgagaacg ccgtgatctt cctgcacggc aacgccgcta gcagct acct
gt ggt gcccc acatcga cc tggcca t gcat cat cc ccgat ct

aagagtyyesn %’g BotBR v@3 ggg eHgRft fbe e f%a&ﬁhiéa
gcctggttcg agétcctgaa cctgeccéaag aagat cat ct tcgtgggcca
gcctgecctgg ccttccacta cagctacgag caccaggaca agat caaggc
gccga@ﬁgélﬁ/t@gt\g@aé@ That §egPhegglyadyadeughuc agacas
at cgcect 480t caagagcga ggatgggcgag aagat ggt ¢¢°t ggagaacaa
gagaccat gc tgcccagcaa gatcat gaga aagctggagc ccgaggagtt

e 9FF LR L Gt giﬂ%%?gﬂrgﬂﬁl agpLGo &t

gcagctcgccl260
cgacaaccacl1l320
t cacat ggt c1380
gt acaagcgal440
aactatcttcl1500
tttgaatgcalse60
cattctgle20
aaagaaaaacl1680
gacgat gacc1740

gt gggcc1800
%ngaagcacl860
gt ggaggcac1920
?gcatgggclg80
@thacct gacc2040
cgact ggggc2100
cat cgt gcac2160
€aggaggac2220
cttcttcgtg2280
cgccgcect ac2340

ctggaggnesnnbaaggagaaégggﬁgaggsgyagmagabn@ﬁycdutgagatgAggpcagaga92400
at ccceet gg t gaagggcegg agcccgac gt ggt §3aga tcgt gagaaa ¢t%acaacgcc2460
t acct gagag ccagcgacga cctgcccaag atgttcatcg agagcgaccc cggcttcttc2520
agcaan@chry gyt U@AgDY LegCCimagan®hbt AgCaPAGauORgagld dh gaaggt gaag2580
ggcctgcact tcagccag¥a ggacgccccc gatifagat gg gcaagt adab caagagctt c2640

gt ggagagag tgct gaagaa cgagcagtaa2670

Ile Leu Pro Met Phe Met Met Tyr Ile Pro val Gly Phe Met Phe Ala
270

260 265

Cys Pro Tyr Phe Asp Leu GIn Leu Gly Ala Tyr Thr Asn Tyr GIn Thr
275 280 285
val Met Ala G1n Leu Tyr Pro Gly Ile Asp Pro Phe val Met Leu Phe
290 295 300
Leu ITe Asp Ser Tyr Arg Ile Thr Ile Phe Gly Trp Leu Cys Pro Arg
305 310 315 320
Phe val Tyr val Lys Pro Met His Ser Thr Tyr Thr Leu Thr
325 330
<210> 6
<211> 350
<212> PRT
<213> Caenorhabditis elegans
<400> 6
Met Thr Asp Arg Arg Trp val Ala Ile Thr Asp Ile Ala Gly Pro Ile
1 5 10 15
Gly Phe Thr Met Ser Ile Phe Ser Asn Ser val Leu Leu Ser Leu Ile
20 25 30
Phe ser Ser Ser Ser Pro Ile Lys Gly Ala Tyr Lys Asn Met Leu Ile
35 40 45
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<210> 17 <211> 650 <212> PRT <213> Artificial

construct

Thr Ala Asp Ile Val

508883_ST25 <400> 17 Met Ser
151015 dy Val

Thr

Leu Thr

Sequence <220> <223> BRET
Gy QQu Leu Trp Ile Thr Leu val
Phe Cys val

Asn Il e val

Leu Gy Leu Leu 202530 Lys Thr Arg Ay Lys Asn Leu Ay Thr Tyr Lys Tyr
Phe Sess83lerxBhe Tyr Ala Ille Ile GQu Phe lle

met Al a Phe 354045 Phe Ser Val
Leu Arg 505560 Pro Ile Met Hs Ile GQu Asn Thr Thr

S

e sabosa e RSB,

100105110 Tyr Arg Tyr

11512 Ley Pro Th
13013%4% R/EL;J‘*”# )il 5

Lys Arg Phe Asp Leu Ser Lys Gly Ile Thr
85

Tyr Cys

Leu Tyr

Thr Gly

130

Thr Ser

145

Thr Thr

Pro Tyr

Asn His

His Gly

Ile Lys

225

Thr Arg

Cys Leu

Cys Pro

val Met

Trp

Arg
115

cys

Cys
100

Tyr

Tyr

Tyr

val

Phe

Trp Gly Leu

Glu

Trp

val

195

Leu

Thr

ser

Pro

TYyr

275

Ala

ser

Thr

180

Arg

val

Tyr

Leu

Met

260

Phe

Gln

Phe

165

Asp

Trp

Ile

Leu

Gln

245

Leu

AsSp

Leu

eu_Leu Leu

r Xfar**&gh

Ala

Ala

Tyr

Thr

150

Asn

Tyr

val

Thr

Ser

230

Leu

Met

Leu

Tyr

Met

val

Tyr

135

Ala

Tyr

val

Asn

Leu

215

ITe

Gln

Met

Gln

Pro

Ser

Cys

Trp

Ala

val

Ala

val

200

Ser

Thr

Leu

Tyr

Leu

280

Gly

Phe
105
Lys

Leu

Phe

Tyr

185

Leu

Phe

Glu

Phe

Met

265

Gly

Ile

90

Ser

Pro

Ala

Met

Lys

Lys

Ser

Gly

His

250

Pro

Ala

Arg

Leu

His

Leu

Phe

155

Thr

Tyr

Leu

Thr

val

235

Ala

Ile

val

EBO/a

ﬁl}’ ¥

Phe Ala Thr cys Lys Pro Asn Leu Leu Arg Leu Phe Asn

borlf E68 30

Asp
Leu
Leu

Phe Phe Leu Ile Ser Arg
lﬁsn Ser Al a Phe

Selt

ser

y val

cys Ser Val

Leu ITe Pro Thr Thr

Phe

Leu

Ile

140

Pro

Ser

Phe

Phe

Leu

220

Gly

Leu

Gly

Thr

Asp Pro Phe
Page 9

Ala

val

125

Leu

Gln

Tyr

Asp

Met

val

Phe

Asn

285

Met

Leu

110

val

Ser

Thr

Asp

Thr

190

val

Tyr

Ser

Ala

Met

270

Tyr

Leu

95

Gln

Phe

Leu

Asn

Leu

175

Asp

Leu

cys

Ser

Gin

255

Phe

Gln

Leu

Phe

Phe

Arg

160

Asp

Glu

Gln

Gly

Lys

240

Thr

Ser

Thr

Phe

H s Phe

Val

Pro Val Thr
E’r"BSA@@g Thr A u Tyr Thr



145150155160 G u Ala Ala va

165170175 Lys G u Asn Va
180185190 d vy val
195200205 Tyr

Lys
Asn
Hi s
Tyr
Thr
Thr
Asn
Pro
Asn
Thr
Tyr As

Phe val

Thr
Ser

Arg Hs Ile Tyr

met ser

210215220 Ala Thr Trp Lys Thr
225220035240 508883_&I25 245250255 | 1¥0Pro Thr

Ay Val

Asn val
Tyr

nmet Thr

Mepgssnst@su Hi s Lys Asp Val
Ile Phe Met Tyr Ala Pro

Asn Leu Asn Al a

Ile Ala Tyr val
Leu Lys Asn Leu Leu Ay Cys Phe val
met Phe Tyr Cys Qy

Phe val v

Met Phe |le Ala 260265270 Pro Phe Phe Asp val

al

Leu Asn Asn His Tyr Asn Trp lle
Tyr Tyr

Gn Tyr Qu

Ser Asp Arg

ALéu Ase Aneald ayValrgPhes 2APARA28a, Qup 1@l rTheyb&iroTxgn Pro Ay Leu Asp

Lees Il e Leu Ile Leu0l|e 290295300 BB Arg Asp Phe AB2Zp Arg Thr
Phe Leu Cys C]y Lys Lys 305310315320 Asn Ser val

R #oRR03P MR AR SRSJ%y'V’ﬁFr Thr Ser Lys val

Tme 218 &

&

r8@51

Lys rg

330

Asp Ala ser Ala Thr Met Asn Ser val Lys Ser
345

<210> 7
<211>
<212>
<213>

<400> 7
atgtcgggag

accttctgtg

DNA

acttataaat
ttcatattac
agattcaact
gccaccagtt
ccgaatctac
gtacccgtga
gaagcggctyg
tcgtacattg
aacttgcttg
tactgcggat
cgagcgctac
ttcatgtacg
gcaaacgcca
ctgattttga
aacagtgttg
<210> 8

<211>
<212>
<213>

<400> 8
atgtctggtc

DNA

1020

1040

340

Caenorhabditis

aattgtggat
tcaacattgt
atctcatggc
gacctataat
actccaccaa
ttgttgtctc
ttcgtttgtt
caatgtgggc
tcaccaatgt
catacgtcta
gatgctttgt
atgccacgtg
agaaacaact
ccccaactgg
atttcattgt
tcattcgtga

atgaatcccg

Caenorhabditis

aattatggtt

elegans

taccctagtt
tcttctcgga
gtttttctca
gcatattgag
acttggaaaa
aggagttcac
caacttgcca
tagtgtctca
actaaataac
ttaccaatac
tcattacttt
gaaaactatg
tttcaaagct
agtcatgttc
gttttgctca
tttccgaaga

ctcgacaaca

elegans

ggccectcgtg

gacacagcgg
cttctgaaaa
gtattctcga
aacaccactt
atcaactctg
tttgtttatc
actcttctac
tattttttgt
cactataact
gaaaacggag
gtcatgtcga
aatgaacaca
ttagttcttc
atcgcaccgt
tttctgtacc
acaatattca

dagagccaatt

gatgctgccg

Thr GIn Leu
350

acattgtcgg
cacgtggaaa
ttttttacgce
tctttttgat
cgttttactg
gatattttgc
tttggccact
atccagatac
ggatcaaaaa
taaggcatat
tgacgtttgt
aggatgtatc
agacactcat
tttttgacgt
cgggactcga
atttcttgtg

tgtctcaagt

atatggtagg

Page 10

cgtcaccctc
aaacttgggc
catcatcgag
ctcaaggaaa
tgcttgtttt
aacttgcaaa
tggttgcagt
cgagtacacg
ggagaatgta
ctacctcaaa
tgtgatgttc
tgatagaact
cccaactatc
gaatttgaat
tccactcatt
tggaaagaaa

tccgacgtga

attcactctc

Il e Phe

Asp G u ser Arg Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

60



340345350 Met

355360365 Leu Asp Ser
370375380 Al a Val
385390395400 Hi s Val

Asp
Arg
Asn
Leu
Val

Trp
du
Met

%y%ééééa% Fastan
70475480

el e

gccacgagtt
ccgaatctgc
attcctgtga
gaagcagcag
tcttatatcg
aatttgcttg
tactgcggat
cgtcacctgc
tttatgtaca
gccaatgcaa
ctcattttta

ggggaaatgc
ctgttaatct

<210> 9
<211>
<212>
<213>

<400> 9
atgtctgacc

DNA

tccaccatcg
ggttcataca
gaaacttttt
aagagattcc
tacgccatga
aaacccgaca
atggcggtgg
accaggacgg
ggaaatgttc

aacgtcatcg

1026

Ile Thr Gy Pro Gn Trp Trp Ala Arg Cys Lys G n net Asn Val
Phe Il e Asn Tyr Tyr Asp Ser
Ile Phe Leu Hs Gy Asn Ala Ala Ser Ser Tyr
lle Au Pro val

ttgtcctgtc
tacgcttgtt
ctgcgtgggc
ttacatatgt
catacgtata
gctgctttgt
tttctacatg
atagacaatt
tcccaactgg
acttcatcgt
tcattcgcga
tgttggcgaa

ttctggataa

Caenorhabditis

gtcattggct
ccaatttcgt
agtacctgat
tgagacctct
agtactccga
gcttcaccct
acctccgtta
cggcgagctg
cgttgataca
catatagcta

ggatctttca

Val

ey

Pro Hi s

tgcggtacac
taaccttccg
aagtgtttct
tctgaaaaca
ctatcaatat
acactacttc
gtggacgatt
gtttaaggca
tgtcatgttc
tttttgctca
attcgggtca

gcatactcaa

elegans

cgacatcacc
tctgatcctt
gatcacattc
catccatatc
gggtaccgct
gttcgccegtc
cttccaagga
ggggttcgca
cgtcatacaa
ttggcgcaca

acacggcgtc

Lys Tyr

tttgtgtatc
catcttttac
tactttttgt
cactacgagg
gaaaatgggg
gttatgtcaa
cgtgagcatc
cttgtatttc
atcgctcect
tttctctatc
ctattttgaa

cttctcgaat

acctactcag
ctgctagtct
tgcgtgttca
tacgacaata
agagccattt
cactttgtct
tgctactttg
gcgtttattc
acatcctatg
gaaaacggag

atcatgatcc

val Asp

Leu Thr Ala Trp

ggtactttgc
tgtggeccttt
acccagacac
tgatcaaaaa
agcgtcacat
tgacatttgt
gtggagcatc
aaacccttgt
ttttcgacat
caggtcttga
tatcatcaga

aaaatcatca

accacattgg
tccgaccgac
gcctctttta
cgatcttcgt
catcgaccta
accgttacta
tcgcatgggt
tgtacccgga
agctggatcc
tggaatacct

tctccttegg
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@cﬁgﬂ%GP

cgcttgcaaa
gatgtgttcg
cgagtacact
agaaaatgta
ctacataaaa
agttgtgttt
tgataggaca
tccatcaata
caacctgaat
cccactaatt
ggaaatgagc

caacctgcag

gtttacgatt
caaatcatac
cacctccatt
gattcagcgc
ctgcggctgce
tgcggcttgc
attcggagca
gaccgagagg
cgagtgggtg
gaatcctcgc

aacagtcttc

GQu Lys Hs Ala Au Asn
Leu Trp Arg
Ala Arg cys Ilelle Pro

405410415 Leu Ile Ay Met Ay Lyessl8rsfadsy Lys Ser Gy Asn Gy Ser Tyr
420425430 Leu Leu Asp Hi s Tyr
43%6&9@ Lé%PCPFSa"L;%t?_V@gW STPREIATHR SFAOTERRRHRACIREWIRr p d F2A a Oys
Ic§t8%@tt§§rthchﬂéhy ﬁﬂt§t£at

A u Ser val

Phe A u Leu Leu

Y&ahl € Lysgfp a lle
uSer Trp Asp GQu

PIE@ﬂSS@OQ%aaS@%@Sa@FEBamCM@CQI LFC@‘EFT;Q@E tYcacggaraleu | P&0Lys Ser

e?c éﬁcgggggg%ga% tygalctlt%' c%?cé%QgAéd}tEEtett@he Va%o@ u Thr

360
420
480
540
600
660
720
780
840
900
960
1020
1040

60
120
180
240
300
360
420
480
540
600
660



Ile Met Arg Lys Leu Gu Pro Au GQu Phe Ala Ala Tyr Leu A u Pro 530535540
Phe Lys Qu Lys Ay GQu val Arg Arg Pro Thr Leu Ser Trp Pro Arg

545550555560 G u Ile Pro Leu Val Lys Ay Ay Lys Pro Asp Val Val Gn lle

Val 565570575 Arg Asn Tyr Asn Ala Tyr Leu Arg Ala Ser Asp AS Leu Pro Lys
Met 580585590 Phe Ile A u Ser Asp Pprosg@Bysiise Phe Ser Asn Ala lle Val Gu
Ay 595600605 Ala Lys Lys Phe Pro Asn Thr 3 u Phe val s Val Lys @y Leu

Hi s 616 E569%F PF@C@éFtaatﬁa@%t%%&aﬂﬂ%eap% %99@9&%&&& RRys Tyl29 e Lys

Ser 6 Q@@gﬁ:GéQa&fasaMal t R dhgOF tYahrde@Yc Lt fsttal teEhbr£45650 #24.0> 18
<211> 1 <212> <2§3> Artificial Sequence <220> <223> ORF encodi ng

BRET cm@gtm t@ngSEQq PaNE LYtk AY0sCcCkgaht FOE HIFaT PRCAEEIY§at t a8t@t agtt

Page 12

gacac aE%&tcSQQacCQQEﬁ%% e QgB%&%EEt&TgQaé&QQC@&%Q{cgtt‘ét tctcgga

cttct acgtggaaa aa gggcl
ttgatcttta taatccgaga cttccggcaa acgattttaa gaccattcag atgcttctac 960
cgttcaaata gtgtcgaaaa cactgccacc ataaggcaat accagcagag cagctccaaa 1020
ggataa 1026
<210> 10
<211> 1047
<212> DNA
<213> cCaenorhabditis elegans
<400> 10
atgtccgata tatactggat acaaattact gaagtttgct ccttcgtcgg atttatgctc 60
tcagttctag ggaacagtac acttttagta ctgctcagtg gaaaatccat agatggaatt 120
ggcacctatc ggtacttgat gatcactttc tgcgttttca gtttattatt tacgatatta 180
gaggatttta tcagaccgct gatgcatcac tataacaata ccataattgt tttacaacgc 240
aagcggtttc agttttctga ttcaacggct agaatcttga cagtctctta ctgcggctgt 300
ttcgcgatgt gcttcgtgat gttcgccgtt catttcatct atcgatatct agttgcttgt 360
cacccgacaa aattgcacta ttttcgaccc aaaaatttca ttttctggct gtccggcatg 420
ttattcatag caggaagctg ggttgcaatt gcatatgtct tttttcaaga agacctagaa 480
accaggacgg atttggtatt tattttgtca acttgttata atttaacgcc agatgatgtc 540
ggacatgtac cgtatgcttt ttacaaaact caaggaaata cacgagtaat tcgatgggat 600
aacatgattg gagtaattca tcatatgata gttatgacaa tctctataag tgccgttttc 660
tactttggca ttaaaaccta cactcgaata atgagtttca agggaaaatc ccagaaaacc 720
aaggatctcc agaatcaatt tttcactgct ctagttgctc aaaccgtagt ccctctgatt 780
ttcatgttta tcccaaatat ggtgctcact acggcagccc ttatagatgg cacatttggc 840
tcatgggcca atattactgt agttatgaat catttgtatc cggctgccga tccattcgtt 900
atactgttca ttattaaggg gttccggaat agtattagaa atgttatata tcgctgcaca 960
aaaacgaaaa aagcatcggt tagctcagtg gtccgtggta ttgaggctca aagcaagaaa 1020
caatcttttt ctcgagttga tatttaa 1047
<210> 11
<211> 1005
<212> DNA
<213> caenorhabditis elegans



gtattctcga ttttttacgc catcatcgagl80
aacaccactt tctttttgat ctcaaggaaa240
atcaactctg cgttttactg tgecttgtttt300
gccaccagtt ttgttgtctc aggagttcac tttgtttatc gatattttgc aacttgcaaa360
ccgaatctac ttcgtttgtt caacttgcca actgdgsgt eestttggccact tggttgcagt420 Page
27 508883_%25 gtacccgtga caatgtgggc tagtgtctca tattttttgt atccagatac
cgagt st¥eg4 aagcggct g tcaccaat gt _act aaat aac_cact at aact .ggat caagaa
09a0a A BIEAEHG FRGLaBadt J2EA Ka0T GPAt e i AE G2 g ISt Panggoard

Ct acctcaaattd aasidrgedd Gcpat@gett hatoatt acichtt@itcat@hagmaagacyt gt

tgtgatgttc660 tactgcggat atgccacgtg gaaaactatg aat gaacaca aggatgtatc
t gat agREEE G é@‘é&j@@&%taéa5%%&55%%@?a‘factttééafégéftttcltég‘fttcéﬁ@t&gacac@%%t
CccaagéaagtteZ% t CRIPAAC 42 EEGE AR AT AGhE A Ht £r @k € AgATEH cdhl t T T Dag@t
gaat tt gaat 840 gcaaacgcca atttcattgt gttttgctca tttctgtacc cgggactcga
t ccaclIRUEYCW eCyIcraayatosdracytcgattagtse gragacstaatattestdat tt ct B g
tgga gt ct caggt

taa oD B A A Y e pic
ccagt ggicggd380a gyrrggudigcat Bgcagmttgaca gt yctggatmggycidtc atgeacact acta@ga
cagcgagaagll40 cacgccgaga acqccgtgat cttcctqgcac caacgccg_ctagc ta
cct gtb‘%ﬁég‘i?ﬁociaaf@ 9@%[ g%gaccc'fg%‘gtggﬁ%cﬁ&%d:tggﬁf: Cagggﬁaégg?%%at ccccg ct
gat cggeatgdat0r ogtaegagedr 0628900060t ass Jet agiagacaggeigeat ggacssat a

acttataaat atctcatggc gtttttctca
ttcatattac gacctataat gcatattgag
agattcaact actccaccaa acttggaaaa
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caagtacct g1320 accgcctggt tcgagctcct gaacctgccc aagaagatca tcttcgt ag
ccac@dtaHaEe0C Hetare P EEL 19gGR e Ve EIRIPRER A58t RIAFAFEIERA Y tacaaghPTaa
g9ccalGah9dd40tcggtgtect tcagcacggg attgtaatta ctctaagttt tggcaccctt 660
tattattgtg gcatcaacac gtatctcaaa ataaaaaaac acactggaac atcaaacaga 720
actcgatgta ttcaactaca acttttcaga gctctggttg cacagacaat tttaccaatg 780
ttcatgatgt atattcccgt tggtttcatg tttgcatgtc catattttga cttgcaatta 840
ggtgcataca ccaattatca aacagtcatg gcacaacttt atccgggaat cgacccattt 900
gtgatgctgt ttttgataga ttcttataga ataacaatat ttggatggtt atgtccaaga 960
tttgtttatg taaagccgat gcattccaca tacaccctaa cttga 1005
<210> 12
<211> 1053
<212> DNA
<213> Caenorhabditis elegans
<400> 12
atgaccgatc gtcgctgggt cgctattacg gacattgccg gaccgattgg gttcacaatg 60
tcaatttttt cgaactcggt gctgttatcg ttgatattct caagcagctc tccaattaaa 120
ggagcttaca aaaatatgtt gatagtgttg tgtatattca ctatgttcta ctcttttgtt 180
gaaataatgc ttcaaccgtt gattcatatt tatgatgaca cgctgttctt gatccaccgg 240
aaaagatttg acctgtctaa aggaattaca cgtttgatac ctacaacata ttgttggtgt 300
tatgcaatga gtttctcatt attcgccctc cagtttttgt acagatatgt ggcagtttgc 360
aaacctcact tagttgtttt ttttactgga tgctatttct attattggtt ggcactcatc 420
ttatcacttg ctacaagttg ggggcttact gcagctttta tgttcccgca aaccaatcga 480
acaactgaaa gcttcaacta cgtaataaaa acttcttatg acttagatcc ttattggacg 540
gattatgttg cctataaata ttttgacacc gatgagaatc atgtgagatg ggtgaatgtt 600



cacgccgaga gcgtggtgga cgtgatcgag agct gggacg agtggccaga cat cgaggagls00
gacat cgccc tgatcaagag cgaggagggc gagaagat gg tgctggagaa caacttcttcl560

gt ggagacca tgctgcccag caagat catg agaaagctgg agcccgagga gttcgccgeccl620
tacct ggagc ccttcaagga gaagggcgag gt gagaagac ccaccctgag ctggcccagal680
gagat ccccc tggtgaaggg cggcaagccc gasg@egsgdt gesagat cgt gag aaact acaacl740

gcct acttagat gt teqpogat t gaggtagoet tdagedagtta cattgyHgagoggaaccdaggcet t 66800
ttcag cg, ccat cgt.gga cgccaa ttccece accgagtt f gaaggt 60
nagaottr e o bEd R RERRARE SRS G R e B 0081920

t t cot ggagaagagtgciagdacygaacgageay dcaadpldg <At@gadhYg<dhiecdmty <21278FRT <213>
Artificial Sequence <220> <223> BRET construct <400> 19 508883 ST25 Met
Ser YA ACHtYS Rt te A9AFTUCREY VA T ARSI CTHT AR B tAG pti962ardit 1510880Q y val
Thr LgghgthgrdBhealesad@l abedytlchey }é@lacégﬁlﬂajc—%tcalg’galaeUcda%h'ca?tQ%S?’o Lyso Thr Arg
Gy Lys Asn Leu Ay Thr Tyr Lys Tyr Leu Met Al a Phe 354045 Phe Ser Val Phe
Ser |{WOtpHEtary Fteytatidae cPFerachgn RREATIFEIT iFaBE T IBO5HBGCFra3ti |le MBBOHI s |1 e

Au A§&a¥b£ag-5h5afar§%a%]:e tkﬂﬁclgb@a %%rtaércgté'ya%ggéz&gg%cctcggca 1020

acaatgaatt ctgttaaatc tacacagtta taa 1053
<210> 13

<211> 889

<212> PRT

<213> Artificial Sequence

<220>

<223> BRET construct

<400> 13

Met Ser Gly Glu Leu Trp Ile Thr Leu val Asp Thr Ala Asp Ile val

1 5 10 15

Gly val Thr Leu Thr phe Cys val Asn Ile val Leu Leu Gly Leu Leu
20 25 30

Lys Thr Arg Gly Lys Asn Leu Gly Thr Tyr Lys Tyr Leu Met Ala Phe
35 40 45

Phe Ser val Phe Ser Ile Phe Tyr Ala Ile Ile Glu Phe Ile Leu Arg
50 55 60

Pro ITe Met His Ile Glu Asn Thr Thr Phe Phe Leu Ile Ser Arg Lys
65 70 75 80

Arg Phe Asn Tyr Ser Thr Lys Leu Gly Lys Ile Asn Ser Ala Phe Tyr
85 20 95

Cys Ala Cys Phe Ala Thr Ser Phe val val ser Gly val His Phe val
100 105 110

Tyr Arg Tyr Phe Ala Thr Cys Lys Pro Asn Leu Leu Arg Leu Phe Asn
115 120 125

Leu Pro Thr Leu Leu Leu Trp Pro Leu Gly Cys Ser val Pro val Thr
130 135 140
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Arg Phe
Al a Cys
Arg Tyr
Pro Thr
Trp Ala

A u Aher Arp Mal sdhvaRAsserVayr e LASNTAS RrélispTynr A3m ThirpThd e

Lys G4b Asn Val Ser Tyk50Ile Ala Tyr ValTyr Tyr Gn Tyrl@u

Gy Val

Tyr Pag, Yah AvatvaerhMasn T Phe Al sk Mety rPhen Typ 1QesLyd y
Ser &sp Arg

Asn

Leu
Ser

Tyr
Phe Al a Thr
Phe Ala Thr

Ser Thr
Ser

Cys Lys

Lys
Phe

Leu Leu Trp Pro
| Ser Tyr

Va

Arg Hs Ile Tyr

Phe

Leu Gy Lys
Ser

Val

Val

Ay Vval
Pro Asn Leu Leu Arg Leu Phe Asn

Leu Ay Cys Ser Val

Ile Asn Ser Al a Phe

H s Phe Val

Pro Val

Thr

Leu Tyrs@¥aa3AsipsThr A u Tyr Thr

Leu Lys Asn Leu Leu Ay Cys Phe Val

Ala Thr Trp Lys Thaéedket Asn 3 u Hi sliys Asp Val

225230235240 Arg Ala Leu G n Lys Gn Leu Phe Lys Ala Leu Val

Le“ 2@2%985%@

Tyr 859095 Cys
100105110 Tyr
115120125 Leu
130135140 Met
145150155160
Lys 165170175
Asn 180185190
H s 195200205
Tyr 210215220
Thr

Leu G n Thr

P88ER 1512P1d h&a F%ny i Tweryphé‘m\/%r L A Pro Thr Gy Val

3-180

Gly val Arg His Ile
195

Tyr

Ala

225

Met

Gly

Phe

Phe

Pro

305

Met

His

Lys

TYr

ser
385

Phe

210

Thr

Thr

Pro

Ile

Leu

290

His

Gly

Tyr

Ile

ser

370

val

val

Trp

Ser

Gln

Asn

275

His

Ile

Lys

Lys

Ile

355

Tyr

val

Met

Lys

Lys

260

Tyr

Gly

Glu

Ser

Tyr

340

Phe

Glu

Asp

Ser

Thr

val

245

Trp

Tyr

Asn

Pro

Gly

Leu

val

val

Tyr

Met

Met

230

Tyr

Ala

Asp

Ala

val

310

Lys

Thr

Gly

Gln

Ile
390

Leu

Thr

215

Asn

Asp

Arg

ser

Ala

295

Ala

Ser

Ala

Asp
375

Glu

Glu

Pro

cys

Glu

280

sSer

Arg

Gly

Trp

360

Lys

Ser

Asn

val

His

Glu

Lys

Ser

Cys

Asn

Phe

345

Trp

Ile

Trp

Leu

val

Lys

GIn

250

Gln

His

Tyr

Ile

Gly

Lys

Asp

Leu

Met

Asp

235

Arg

Met

Ala

Leu

Ile

315

Ser

Leu

Ala

Ala

Glu
395

Gly

Phe

220

val

Lys

Asn

Glu

Tyr

Leu

Cys

Ile

380

Trp
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cys

205

Tyr

Ser

Arg

val

Asn

285

Arg

Asp

Arg

Asnh

Leu

365

val

Pro

Phe

cys

Asp

Met

Leu

270

Ala

His

Leu

Leu

Leu

350

Ala

His

Asp

val

Gly

Arg

Ile

255

Asp

val

val

Ile

Leu

335

Pro

Phe

Ala

Ile

Tyr

Thr

240

Thr

ser

Ile

val

Glu

Glu
400



260265270 Pro Phe Phe Asp Val Asn Leu Asn Ala Asn Ala Asn Phe Ile Val Phe
275280285 Cys Ser Phe Leu Tyr Pro Ay Leu Asp Pro Leu Ile Leu Ile Leu lle
290295300 Ile Arg Asp Phe Arg Arg Thr Il e Phe Asn Phe Leu Cys Ay Lys Lys
305310315320 Asn Ser Val Asp Gu Ser Arg Ser Thr Thr Arg Ala Asn Leu Ser

Gn
Val

Ser
Leu
Leu
Pro
Ay
Lys
Ile

325330335 Val Pro Thr Met Val Seggdggssf@sy G u GQu Leu Phe Thr Gy Val
340345350 Pro Ile Leu Val Qu Leu Asp Gy Asp Val _Asn Ay H s Lys Phe
365366865 e\vAl2 gﬁ Ideylys e giu @'y Asptyg eﬁ'@ﬁ;T%"” Ay Lys Leu Thr
370375380 Lys Ile Cys Thr T Gy Lys Leu Pro“val Pro Trp Pro Thr
385390395400 val Thr Thr Leu Ser Tyr Ay Val G n Cys Phe Ser Arg Tyr

ASp 466460405 Phe Wit GlyShGMetH eu Rep FeifeLyPhdle\MetSarg Ala Met Pro G u
Tyr 4204254%80 val G n du AYOThr 11e Phe Phé3¥ys Asp Asp Gy Asn Tyr
Thr 435440445 Arg Ala Qu Val Lys Phe AQu Gy Asp Thr Leu Val Asn Arg

Ayws 46048546 Glu Glu Phe Ala Ala Tyr Leu Glu Pro Phe Lys Glu
435 440 445

Lys Gly Glu val Arg Arg Pro Thr Leu Ser Trp Pro Arg Glu Ile Pro
450 455 460

Leu val Lys Gly Gly Lys Pro Asp val val GIn Ile val Arg Asn Tyr
465 470 475 480

Asn Ala Tyr Leu Arg Ala Ser Asp Asp Leu Pro Lys Met Phe Ile Glu
485 490 495

Ser Asp Pro Gly Phe Phe Ser Asn Ala Ile val Glu Gly Ala Lys Lys
500 505 510

pPhe Pro Asn Thr Glu Phe val Lys val Lys Gly Leu His Phe Ser Gln
515 520 525

Glu Asp Ala Pro Asp Glu Met Gly Lys Tyr Ile Lys Ser Phe val Glu
530 535 540

Arg val Leu Lys Asn Glu GIn Arg Ala Leu Gln Lys GIn Leu Phe Lys
545 550 555 560

Ala Leu val Leu GIn Thr Leu Ile Pro Thr Ile Phe Met Tyr Ala Pro
565 570 575

Thr Gly val Met Phe Ile Ala Pro Phe Phe Asp val Asn Leu Asn Ala
580 585 590

Asn Ala Ash Phe Ile val Phe Cys Ser Phe Leu Tyr Pro Gly Leu Asp
595 600 605

Pro Leu Ile Leu Ile Leu Ile ITe Arg Asp Phe Arg Arg Thr Ile Phe
610 615 620

Asn Phe Leu Cys Gly Lys Lys Asn Ser val Asp Glu Ser Arg Ser Thr
625 630 635 640

Thr Arg Ala Asn Leu Ser GIn val Pro Thr Met val Ser Lys Gly Glu
645 650 655
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Leu Lys Gy Ile Asp Phe Lys Gu Asp Ay Asn Ile Leu Gy H's Lys
465470475480 Leu Qu Tyr Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp
Lys 485490495 G n Lys Asn Ay Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile
G u 500505510 Page 30 508883 _ST25 Asp Gy Ser Val G n Leu Ala Asp Hi s Tyr
Gn Gn Asn Thr Pro Il e 515520525 Gygedspsi@sy Pro Val Leu Leu Pro Asp Asn
Hi s Tyr Leu Ser Thr G n 530535540 Ser Al a Leu Ser Lys Asp Pro Asn du Lys
ﬂ‘ Hs Met Val Leu 54555055 560 Leu u Phe val Thr Ala Ala Ay lle
Thr Lelt &y At 2&;& GYR LA 568 5'7‘5“ Y9! Cﬂ;‘,‘s”&@é% DY 2P11> 1737 <212> DNA
<213> Artifici a equence <220> < 23> ORF encodi ng BRET construct of SEQ ID

NG 19 <400> 20
val Asn Gly His Lys Phe Ser val Ser Gly Glu Gly Glu Gly Asp Ala
675 680 685

Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu
690 695 700

Pro val Pro Trp Pro Thr Leu val Thr Thr Leu Ser Tyr Gly val Gln
705 710 715 720

Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys
725 730 735

ser Ala Met Pro Glu Gly Tyr val GIn Glu Arg Thr Ile Phe Phe Lys
740 745 750

Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu val Lys Phe Glu Gly Asp
755 760 765

Thr Leu val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp
770 775 780

Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn
785 790 795 800

val Tyr Ile Met Ala Asp Lys GIln Lys Asn Gly Ile Lys val Asn Phe
805 810 815

Lys Ile Arg His Asn Ile Glu Asp Gly Ser val GIn Leu Ala Asp His
820 825 830

Tyr GIn GIn Asn Thr Pro Ile Gly Asp Gly Pro val Leu Leu Pro Asp
835 840 845

Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu
850 855 860

Lys Arg Asp His Met val Leu Leu Glu Phe val Thr Ala Ala Gly Ile
865 870 875 880

Thr Leu Gly Met Asp Glu Leu Tyr Lys
885

<210> 14
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cgt caccct c60

aaacttgggcl20
cat cat cgagl180
ct caaggaaa240
tgcttgtttt300
aact t gcaaa360
tggtt gcagt 420
cgagt acacg480
ggagaat gt a540
ct acct caaa600

at gt cgggag aattgtggat taccctagtt
accttctgtg tcaacattgt tcttctcgga
acttataaat atctcatggc gtttttctca
ttcatattac gacctataat gcatattgag
agattcaact actccaccaa acttggaaaa
gccacezgbt 1479t t gt ct ¢ aggagttcac
ccgaatdllac ANAGgtttgtt caacttgcca

gtaccéﬁ@@a‘%35?6?@§g§m¥§5f%tctca tattttttgt atccagatac
gaagcgoetg tcaccaat gt actaaataac cactataact ggatcaaaaa
t cgt aez3t-g arat acgiddi h@ BREACamat actgabakQgiagot Bhggcat at

gacacagcgg acattgtcgg
cttctgaaaa cacgtggaaa
gtattctcga ttttttacgc
aacaccactt tctttttgat
at geRekCci@scygttttactg
tttgtttatc gatattttgc
actcttctac tttggccact

aactt t%g atgctttgt tcattacttt gtcatgtcga tgacgtttgt tgtgatgttc660
tactg%g@ ﬁ%@&&g 28aGLH1 0 3R QARGRCRaBEARLG! Frkal Gcagaact g0
cgagcg taéga agac gégn??tcaaaggtgttéggkg tcaagacggf%%tacccaactatc780

t t cat At gtage temchgpagt tattgugx catcgrast glacytadangfsgct bemct t gaafl 820

caaacgcca atttcattgt gtittgetca ttictgta t ct cat t 900
gt gat ?&t%glae{agaﬁ%éf‘g%g(?f;%%tctgéé%aa gté% atacttgg? %%t‘g‘?%%??tcgﬁqga%‘% aag aa%g(go Page
31 508383t t2acaaagitgt fraat gaphacagact € gataan@aagagaaggah t gt ce4@agt

et QGHBOSETOB0 Gatot cad e GeLatadgt oAb G0t Ca-BOPROUNI agaucai o

cacct @Gadedgk40r anpdgt GaCa§odgdrast! ktedfrtehfe peactgdargeigLaccyt geert g

gcccaccct c1200

gt gaccaccc tgagctacgg cgtgcagtgc ttcagccgct accccgacca

cat gadgeaEaA6 0t et HEtttt ERAGIEAEH CEFELtCARgdEEeHEagh 9t Cdtaggagttftac

CatCt&fﬁ%EE@%éaocaatgtgggc tagtgtctca tattttttgt atccagatac cgagtacacg 480
gaagcggctg tcaccaatgt actaaataac cactataact ggatcaaaaa ggagaatgta 540
tcgtacattg catacgtcta ttaccaatac gaaaacggag taaggcatat ctacctcaaa 600
aacttgcttg gatgctttgt tcattacttt gtcatgtcga tgacgtttgt tgtgatgttc 660
tactgcggat atgccacgtg gaaaactatg aatgaacaca aggatgtatc tgatagaact 720
atgaccagca aggtgtacga ccccgagcag aggaagagga tgatcaccgg cccccagtgg 780
tgggccaggt gcaagcagat gaacgtgctg gacagcttca tcaactacta cgacagcgag 840
aagcacgccg agaacgccgt gatcttecctg cacggcaacg ccgctagcag ctacctgtgg 900
aggcacgtgg tgccccacat cgagccecgtg gccaggtgeca tcatccccga tctgatcggc 960
atgggcaaga gcggcaagag cggcaacggc agctacaggce tgctggacca ctacaagtac 1020
ctgaccgcct ggttcgaget cctgaacctg cccaagaaga tcatcttcgt gggccacgac 1080
tggggcgcct gcctggectt ccactacagc tacgagcacc aggacaagat caaggccatc 1140
gtgcacgccg agagcegtggt ggacgtgatc gagagctggg acgagtggcc agacatcgag 1200
gaggacatcg ccctgatcaa gagcgaggag ggcgagaaga tggtgctgga gaacaacttc 1260
ttcgtggaga ccatgctgcc cagcaagatc atgagaaagc tggagcccga ggagttcgec 1320
gcctacctgg agcccttcaa ggagaagggc gaggtgagaa gacccaccct gagcetggecc 1380
agagagatcc ccctggtgaa gggcggcaag cccgacgtgg tgcagatcgt gagaaactac 1440
aacgcctacc tgagagccag cgacgacctg cccaagatgt tcatcgagag cgaccccggce 1500
ttcttcagca acgccatcgt ggagggcgcc aagaagttcc ccaacaccga gttcgtgaag 1560
gtgaagggcc tgcacttcag ccaggaggac gcccccgacg agatgggcaa gtacatcaag 1620
agcttcgtgg agagagtgct gaagaacgag cagcgagcgc tacagaaaca acttttcaaa 1680
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aaggacgacg
aaccgcat cg
ct ggagt aca
at caaggt ga
cact accagc
ct gagcaccc

ct ggagtitdaotiGat EFUAER T GeEEIRaEt AEEEHGEAt FFIaEHAGE O3IERLgt aal?

> Efci i gon oti de
o et el Sy 5110

<211> 30 e2le>
tttat
pri mer <4g > 2

gcaact acaa gacccgcgcc
agct gaaggg catcgacttc
act acaacag ccacaacgtc
acttcaagat ccgccacaac
agaacacccc cat cggcgac
agt ccgccct gagcaaagac

gaggt gaagt tcgagggcga
aaggaggacg gcaacat cct
t at at cat gg ccgacaagca
at cgaggacg gcagcgt gca
09s0¥38gL g5t gct gcececga
cccaacgaga agcgcgat ca

caccct ggt g1380

ggggcacaagl440

gaagaacggc1500

gct cgccgacl560

caaccact acl1620

cat ggtcct g1680
2#)<210> 21

<211> 49 <212>

DNA <RdB3stevdti ffaiggbaSegoetmse kR 2028 Oht¢ptge | Wt tecgpr i ned8e00> 22

ggggacaagt

o191 ACA30A. AROGAOELL LGa1La60 G4o0AALLEAAYIRGRIO 230mp11> 21

Page 19

<212> 3> quence
acaagagcca atttgtctca agttccgacg atggtgagca agggcgagga gctgttcacc 1980
ggggtggtgc ccatcctggt cgagctggac ggcgacgtaa acggccacaa gttcagcgtg 2040
tccggcgagg gcgagggcega tgccacctac ggcaagctga ccctgaagtt catctgeacc 2100
accggcaagce tgecccgtgec ctggecccacc ctcgtgacca ccctgagcta cggcgtgcag 2160
tgcttcagece gctaccccga ccacatgaag cagcacgact tcttcaagtc cgccatgecc 2220
gaaggctacg tccaggagcg caccatcttc ttcaaggacg acggcaacta caagacccgc 2280
gccgaggtga agttcgaggg cgacaccctg gtgaaccgca tcgagctgaa gggcatcgac 2340
ttcaaggagg acggcaacat cctggggcac aagctggagt acaactacaa cagccacaac 2400
gtctatatca tggccgacaa gcagaagaac ggcatcaagg tgaacttcaa gatccgccac 2460
aacatcgagg acggcagcgt gcagctcgcc gaccactacc agcagaacac ccccatcggc 2520
gacggccccg tgctgctgcc cgacaaccac tacctgagca cccagtccgce cctgagcaaa 2580
gaccccaacg agaagcgcga tcacatggtc ctgctggagt tcgtgaccgc cgccgggatc 2640
actctcggca tggacgagct gtacaagtaa 2670
<210> 15
<211> 889
<212> PRT
<213> Artificial Sequence
<220>
<223> BRET construct
<400> 15
Met Ser Gly Glu Leu Trp ITe Thr Leu val Asp Thr Ala Asp Ile val
1 5 10 15
Gly val Thr Leu Thr pPhe Cys val Asn Ile val Leu Leu Gly Leu Leu
20 25 30
Lys Thr Arg Gly Lys Asn Leu Gly Thr Tyr Lys Tyr Leu Met Ala Phe
35 40 45
Phe Ser val phe Ser Ile Phe Tyr Ala Ile Ile Glu Phe Ile Leu Arg
55 60
Pro Ile Met His ITe Glu Asn Thr Thr Phe Phe Leu Ile Ser Arg Lys



<223> ol i gonucl eoti de priner <400> 23 aaccatgtcg ggagaattgt g21

508883 _ST25 <210> 24 <211> 29 <212> DNA <213> Artificial Sequence <220>
<223> digonucl eotide priner <400> 24 tgtagcgctc gcttgtacag ctcgtccat 29
<210> 25 <211> 30 <212> DNA <213> Artificial Sequence <220> <223>

A i gonucl eotide prinmer <400> 25 gagstggiacaraggcgagcgct acagaaacaa30 <210> 26
<211>629 <212> DNA <2178 Artificial Sed@bience <220> <22380 d i gonucl eoti de
primer <400> 26 cttgctggtc atcgtcggaa cttgagaca29 <210> 27 <211> 29 <212>

DNA- <@ 33héVdsh + %lgr S%UEJLC%&?G%Q}%?%% A2hi §aNUEA Eg@tn_i flg- pri mer

Cys Ala Cys Phe Ala Thr Ser Phe val val Ser Gly val His Phe val
100 105 110

Tyr Arg Tyr Phe Ala Thr Cys Lys Pro Asn Leu Leu Arg Leu Phe Asn
115 120 125

Leu Pro Thr Leu Leu Leu Trp Pro Leu Gly Cys Ser val Pro val Thr
130 135 140

Met Trp Ala Ser val Ser Tyr Phe Leu Tyr Pro Asp Thr Glu Tyr Thr
145 150 155 . 160

Glu Ala Ala val Thr Asn val Leu Asn Asn His Tyr Asn Trp Ile Lys
165 170 175

Lys Glu Asn val Ser Tyr Ile Ala Tyr val Tyr Tyr Gln Tyr Glu Asn
180 185 190

Gly val Arg His Ile Tyr Leu Lys Asn Leu Leu Gly Cys Phe val His
195 200 205

Tyr Phe val Met Ser Met Thr Phe val val Met Phe Tyr Cys Gly Tyr
210 215 220

Ala Thr Trp Lys Thr Met Asn Glu His Lys Asp val Ser Asp Arg Thr
225 230 235 240

Met val Ser Lys Gly Glu Glu Leu Phe Thr Gly val val Pro Ile Leu
245 250 255

val Glu Leu Asp Gly Asp val Asn Gly His Lys Phe Ser val Ser Gly
260 265 270

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile
275 280 285

Cys Thr Thr Gly Lys Leu Pro val Pro Trp Pro Thr Leu val Thr Thr
290 295 300

Leu Ser Tyr Gly val GIn Cys Phe Ser Arg Tyr Pro Asp His Met Lys
305 310 315 320
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<400> 27 caagttccga cgatgaccag caaggtgta29 <210> 28 <211> 18 <212> DNA
<213> Artificial Sequence <220> <223> digonucl eotide prinmer <400> 28
gttactgctc gttcttcal8 <210> 29 <211> 30 <212> DNA 508883_ST25 <213>
Artificial Sequence <220> <223> digonucl eotide primer <400> 29 gagctgtaca
agcgagcgct acagaaacaa30 <210> 30 <23d$8838s19312> DNA <213> Artifici al
Sequefibe HX22Gp RIX2 Bhe Ayisgberuall @gtatder |Gﬂrrefr1y<11m>‘a3m1g§t@hct gctc gttcttcal8
<210> 31 <211> 21 <3312> DNA <213> Aﬁa)fici al Sequenc¥><220>

Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu
340 345 350

val Lys Phe Glu Gly Asp Thr Leu val Asn Arg Ile Glu Leu Lys Gly
355 360 365

ITe Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr
370 375 380

Asn Tyr Asn Ser His Asn val Tyr Ile Met Ala Asp Lys GIn Lys Asn
385 390 395 400

Gly ITe Lys val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser
405 410 415

val GIn Leu Ala Asp His Tyr Gln GIn Asn Thr Pro Ile Gly Asp Gly
420 425 430

Pro val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu
435 440 445

Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met val Leu Leu Glu Phe
450 455 460

val Thr Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys Arg
465 470 475 480

Ala Leu GIn Lys GIn Leu Phe Lys Ala Leu val Leu GIn Thr Leu Ile
485 490 495

Pro Thr Ile Phe Met Tyr Ala Pro Thr Gly val Met Phe Ile Ala Pro
500 505 510

Phe Phe Asp val Asn Leu Asn Ala Asn Ala Asn Phe Ile val Phe Cys
515 520 525

Ser Phe Leu Tyr Pro Gly Leu Asp Pro Leu Ile Leu Ile Leu Ile Ile
530 535 540

Arg Asp Phe Arg Arg Thr ITe Phe Asn Phe Leu Cys Gly Lys Lys Ash
545 550 555 560

Ser val Asp Glu Ser Arg Ser Thr Thr Arg Ala Asn Leu Ser Gln val
565 570 575
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<223> A igonucl eotide priner <400> 31 aaccatgtcg ggagaattgt g21 <210> 32
Sequence <220> <223> digonucl eoti de

prinmer <400> 32 gttactgctc gttcttcal8 <210> 33 <211> 21 <212> DNA <213>

<211> 18 <212> DNA <213> Artificial

Artificial

Sequence <220> <223> ol i gonucl eotide priner <400> 33 aaccatgtcg
ggagaattgt g21 <210> 34 <211> 27 <23@388BN¥v25213> Artificial Sequence <220>
508883 ST25 <223> d i gonucl eotide priner

tctt cBR7heded>T

<400> 34 ctgta

Sepilys Yyl IyTRSPORPe £34 INAREY Lye i

oligonucleotidespriner <400> 35 @agaacgagc agcgagcgct acagaaaca29

@ggct cgctgct cgt
fquence <220> <223>

ITe Thr Gly Pro GIn Trp Trp Ala Arg Cys Lys Gln Met Asn val Leu
600

Asp

val

625

val

Ile

Leu

Pro

Phe

705

Ala

Ile

val

Met

Lys

Ile

Asn

Ser

610

Ile

val

Gly

Asp

Lys

His

Glu

Glu

Leu

Pro

Tyr

Phe

Phe

Pro

Met

His

675

Lys

Tyr

Ser

Glu

Glu

755

Lys

Lys

Leu

Asn

Ile

Leu

His

Gly

Tyr

Ile

Ser

val

Asp

740

Asn

Leu

Gly

val

Ala
820

Asn

His

Ile

645

Lys

Lys

Ile

Tyr

val

725

Ile

Asn

Glu

Glu

Tyr

Gly

Glu

ser

Tyr

Phe

Glu

710

Asp

Ala

Phe

Pro

val

790

Gly

Leu

Tyr

615

Asn

Pro

Gly

Leu

val

695

His

vai

Leu

Phe

Glu

775

Arg

Gly

Arg

Asp

Ala

val

Lys

Thr

680

Gly

Gln

Ile

Ile

val

760

Glu

Arg

Lys

Ala

sSer

Ala

Ala

Ser

665

Ala

His

Asp

Glu

Lys

Glu

Phe

Pro

Pro

ser
825

Glu

Ser

Trp

Asp

Lys

Ser

730

ser

Thr

Ala

Thr

Asp
810

Lys

Ser

635

Ccys

Asn

Phe

Trp

Ile

715

Trp

Glu

Met

Ala

Leu

795

val

His

620

Tyr

Ile

Gly

Glu

Gly

Lys

Asp

Glu

Leu

Tyr

780

Ser

val

Asp Asp Leu
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605

Ala

Leu

Ile

Ser

Leu

685

Ala

Ala

Glu

Gly

Pro

765

Leu

Trp

Gln

Pro

Glu

Trp

Pro

Tyr

670

Leu

Cys

Ile

Trp

Glu

750

Ser

Glu

Pro

Ile

Asn

Arg

Arg

Asn

Leu

val

Pro

735

Lys

Lys

Pro

Arg

val

815

Met

Ala

His

640

Leu

Leu

Leu

Ala

His

720

Asp

Met

Phe

Glu

800

Arg

Phe



<210> 36 <211> 29 <212> DNA <213> Artificial Sequence <220> <223>

ol i gonucl eoti de primer <400> 36 cttgctcacc atcgtcggaa cttgagaca29 <210> 37
<211> 29 <212> DNA <213> Artificial Sequence <220> <223> d i gonucl eoti de
primer <400> 37 caagttccga cgatggtgag caagggcga29 <210> 38 <211> 19 <212>
DNA <213> Artificial Sequence <220>568%83>st25i gonucl eoti de prinmer <400> 38
gttacttgta cagctcgtc19 <210> 39 <211> 29 <212> DNA <213> Artifici al

Seque 220> <223> Qi ggnu |d r 5 883 ST25
aagaaggéﬁi fo8t Aﬂ% c? a@ﬁ%%é§%% gTBAhggﬁe<i££Glg DNA <213>
Artificial Sequence <220> <223> digonucl eoti de prlner

Lys Lys Phe Pro Asn Thr Glu Phe val Lys val Lys Gly Leu His Phe
850 855 860

Ser GIn Glu Asp Ala Pro Asp Glu Met Gly Lys Tyr Ile Lys Ser Phe
865 870 875 880

val Glu Arg val Leu Lys Asn Glu Gln
885

<210> 16

<211> 2670

<212> DNA

<213> Artificial Sequence

<220>

<223> ORF encoding BRET construct of SEQ ID NO:15

<400> 16

atgtcgggag aattgtggat taccctagtt gacacagcgg acattgtcgg cgtcaccctce 60
accttctgtg tcaacattgt tcttctcgga cttctgaaaa cacgtggaaa aaacttgggc 120
acttataaat atctcatggc gtttttctca gtattctcga ttttttacgc catcatcgag 180
ttcatattac gacctataat gcatattgag aacaccactt tctttttgat ctcaaggaaa 240
agattcaact actccaccaa acttggaaaa atcaactctg cgttttactg tgcttgtttt 300
gccaccagtt ttgttgtctc aggagttcac tttgtttatc gatattttgc aacttgcaaa 360
ccgaatctac ttcgtttgtt caacttgcca actcttctac tttggccact tggttgcagt 420
gtacccgtga caatgtgggc tagtgtctca tattttttgt atccagatac cgagtacacg 480
gaagcggctg tcaccaatgt actaaataac cactataact ggatcaaaaa ggagaatgta 540
tcgtacattg catacgtcta ttaccaatac gaaaacggag taaggcatat ctacctcaaa 600
aacttgcttg gatgctttgt tcattacttt gtcatgtcga tgacgtttgt tgtgatgttc 660
tactgcggat atgccacgtg gaaaactatg aatgaacaca aggatgtatc tgatagaact 720
atggtgagca agggcgagga gctgttcacc ggggtggtgc ccatcctggt cgagctggac 780
ggcgacgtaa acggccacaa gttcagcgtg tccggcgagg gcgagggcga tgccacctac 840
ggcaagctga ccctgaagtt catctgcacc accggcaagc tgcccgtgec ctggcccacce 900
ctcgtgacca ccctgagcta cggcgtgcag tgcttcagcc gctaccccga ccacatgaag 960
cagcacgact tcttcaagtc cgccatgccc gaaggctacg tccaggagcg caccatcttc 1020
ttcaaggacg acggcaacta caagacccgc gccgaggtga agttcgaggg cgacaccctg 1080
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<400> 40 gttacttgta cagctcgtcl9 <210> 41 <211> 21 <212> DNA <213>
Artificial Sequence <220> <223> A igonucl eotide prinmer <400> 41 aaccatgtcg
ggagaattgt g21 <210> 42 <211> 19 <212> DNA <213> Artificial Sequence <220>
<223> digonucl eotide priner <400> 42 gttacttgta cagctcgtcl9 <210> 43 <211>
53 <212> DNA <213> Artificial Sequengsssl322(rs <223> digonucl eotide priner
<400>guRacaguagtiadctgad gugtatagagagraaguany aqgoeaans gertyag9cgcaa 184953 <210>

44 <211> 53 <212> < > Artifici <220> < > adi cl eoti de
ot FaeT R SR ap L i ERar PR MEPCR AR aEae O 9906C ©
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gt 9539y 88853 Sd2rte@dddmaddcgccac aacatcgagg acggcagegt gcagctcgec 1260
gaccactacc agcagaacac ccccatcggc gacggccccg tgctgctgcc cgacaaccac 1320
tacctgagca cccagtccgc cctgagcaaa gaccccaacg agaagcgcga tcacatggtc 1380
ctgctggagt tcgtgaccgc cgccgggatc actctcggca tggacgagct gtacaagcga 1440
gcgctacaga aacaactttt caaagcttta gttcttcaga cactcatccc aactatcttc 1500
atgtacgccc caactggagt catgttcatc gcaccgtttt ttgacgtgaa tttgaatgca 1560
aacgccaatt tcattgtgtt ttgctcattt ctgtacccgg gactcgatcc actcattctg 1620
attttgatca ttcgtgattt ccgaagaaca atattcaatt tcttgtgtgg aaagaaaaac 1680
agtgttgatg aatcccgctc gacaacaaga gccaatttgt ctcaagttcc gacgatgacc 1740
agcaaggtgt acgaccccga gcagaggaag aggatgatca ccggccccca gtggtgggcc 1800
aggtgcaagc agatgaacgt gctggacagc ttcatcaact actacgacag cgagaagcac 1860
gccgagaacg ccgtgatctt cctgcacggc aacgccgcta gcagctacct gtggaggcac 1920
gtggtgcccc acatcgagcc cgtggccagg tgcatcatcc ccgatctgat cggcatgggc 1980
aagagcggca agagcggcaa cggcagctac aggctgctgg accactacaa gtacctgacc 2040
gcctggttcg agctcctgaa cctgeccaag aagatcatct tcgtgggcca cgactggggce 2100
gcctgectgg ccttccacta cagctacgag caccaggaca agatcaaggc catcgtgcac 2160
gccgagagcg tggtggacgt gatcgagagc tgggacgadt ggccagacat cgaggaggac 2220
atcgccctga tcaagagcga ggagggcgag aagatggtgc tggagaacaa cttcttcgtg 2280
gagaccatgc tgcccagcaa gatcatgaga aagctggagc ccgaggagtt cgccgcctac 2340
ctggagccct tcaaggagaa gggcgaggtg agaagaccca ccctgagctg gcccagagag 2400
atccccctgg tgaagggcgg caagcccgac gtggtgcaga tcgtgagaaa ctacaacgcc 2460
tacctgagag ccagcgacga cctgcccaag atgttcatcg agagcgaccc cggcttcttc 2520
agcaacgcca tcgtggaggg cgccaagaag ttccccaaca ccgagttcgt gaaggtgaag 2580
ggcctgcact tcagccagga ggacgccccc gacgagatgg gcaagtacat caagagcttc 2640
gtggagagag tgctgaagaa cgagcagtaa 2670
<210> 17
<211> 650
<212> PRT
<213> Artificial Sequence
<220>
<223> BRET construct



<211> 238 <212> PRT <213> Artificial

derivative <400> 45 Met Ser
151015 G u Leu Asp Gy Asp Val
Gu 202530 Gy Gu Ay Asp Ala Thr Tyr Ay Lys Leu Thr
354045 Thr Thr dy Lys Leu Pro Val
50556403y T4/ Gly Leu Met Cys Phe Ala Arg Tyr Pro Asp H's Met Lys G n

65707580 Hi. S
85909% Serﬁ@sgh
100105110 Lys Phe GI u GI y Asp Thr

KRR

Leu Val

115120

13013% Y4Ha

Jatyh

Phe

Lys Thr Arg Gly
35

Phe

Pro

65

Arg

cys

Tyr

Leu

Met

145

Glu

Lys

Gly

Tyr

Ala

225

Arg

Ser

50

Ile

Phe

Ala

Arg

Pro

130

Trp

Ala

Glu

val

Phe

210

Thr

Ala

val

Met

Asn

Cys

Tyr

115

Thr

Ala

Ala

Asn

Arg

val

Trp

Leu

Phe

His

Tyr

Phe

100

Phe

Leu

ser

val

val

180

His

Met

Lys

Gln

L

rA§81‘§‘F

Lys

ser

Ile

ser

85

Ala

Ala

Leu

val

Thr

165

Ser

Ile

ser

Thr

Lys

Plf?“ st'VeAér§§'&seu %1'\/%\%@':%% gaLA%yﬁh

Asn

Ile

Glu

70

Thr

Thr

Thr

Leu

Ser

150

Asn

Tyr

Tyr

Met

Met

230

Gln

Leu

Phe

55

Asn

Lys

Ser

cys

Trp

Tyr

val

Ile

Leu

Thr

215

Asn

Leu

Lys Ay Gu Qu Leu Phe Thr

Sequence <220> <223> nCitrine
@y Vval Val

Prolle

Asn Ay His Lys Phe Ser VvVal Ser Gy
Leu Lys Phe Ile Cys

Fogs83reraBro Thr

Leu

Gly Thr Tyr
40

Tyr

Thr

Leu

Phe

Lys

Pro

Phe

Leu

Ala

Glu

Phe

Ala

Thr

Gly

val

105

Pro

Leu

Leu

Asn

Tyr

185

Asn

val

His

Lys

Ile

Phe

Lys

val

Asn

Gly

Tyr

Asn

170

val

Leu

val

Lys

Val

73

Leu

Val

Thr Thr Leu

'gyVaﬂVaI Gn Ju Arg

Ala du Val

Asn Arg Ile Glu Leu Lys Gy Ile
Leu G
o8t LN

Lys Tyr Leu
45

Ile

Phe

75

Ile

Ser

Leu

Cys

Pro

155

His

Tyr

Leu

Met

Asp
235

Glu

60

Leu

Asn

Gly

Leu

ser

140

Asp

Tyr

Tyr

Gly

Phe

220

val

Ala Leu val
Page 25

Phe

Ile

Ser

val

Arg

val

Thr

Asn

Gln

205

Tyr

Ser

Leu

HISL
fondgc

Met Ala Phe

Ile

Ser

Ala

His

110

Leu

Pro

Glu

Trp

Tyr

190

Phe

Cys

Asp

Gln

Leu

Arg

Phe

95

Phe

Phe

val

Tyr

Ile

175

Glu

val

Gly

Arg

Thr

Arg

Tyr

val

Asn

Thr

Thr

160

Lys

Asn

Tyr

Thr
240

Leu

s Leu Au Tyr Asn
Gn Lys Asn Ay



145150155160 Ile Lys Val Asn Phe Lys Ile Arg H's Asn Ile Qu Asp Ay Ser
Val 165170175 G n Leu Ala AS Hs Tyr Gn Gn Asn Thr Pro lle Ay Asp Ay
Pro 180185190 val Leu Leu Pro Asp Asn His Tyr Leu Ser Tyr G n Ser Arg Leu
Ser 195200205 508883 ST25 210215220 Thr Ala Ala Ay Ile Thr Hs Ay net
Asp G u Leu Tyr Lys 225230235 <210>s5dd38392d13 238 <212> PRT <213> Artificial
Sequence <220> <223#5nmCFP deri vati v@56400> 46 Met SexS5Lys Ay GQu du Leu
Phe Thr Gy Val Val Pro Ile Leu val 151015 Gu Leu Asp Ay Asp Val Asn Ay
H's Lyg, BRg 1Rer 14 Ph§%etq'yr Gy @%2%OG%WE@ HetCphe ASR A2 Thr Tyr Gy Lys
Leu Thr Leu Lys? e Cys 354045 Thr r Gy LygoLeu Pro val Pro Trp Pro
Thr Leu Val Thr Thr Leu 505560 Thr Trp Ay Val @ n Cys Phe Ser Arg Tyr Pro

Asp Fté% gﬁg Ah%SAé% 0a1 Asn Leu Asn Ala Asn Ala Asn ;ge ITe val Phe
275 280 5

Cys Ser Phe Leu Tyr Pro Gly Leu Asp Pro Leu Ile Leu Ile Leu Ile
290 295 300

Ile Arg Asp Phe Arg Arg Thr Ile Phe Asn Phe Leu Cys Gly Lys Lys
305 310 315 320

Asn Ser val Asp Glu Ser Arg Ser Thr Thr Arg Ala Asn Leu Ser Gln
325 330 335

val pro Thr Met Thr Ser Lys val Tyr Asp Pro Glu GIn Arg Lys Arg
340 345 350

Met Ile Thr Gly Pro Gln Trp Trp Ala Arg Cys Lys GIn Met Asn val
355 360 365

Leu Asp Ser Phe Ile Asn Tyr Tyr Asp Ser Glu Lys His Ala Glu Asn
370 375 380

Ala val Ile Phe Leu His Gly Asn Ala Ala Ser Ser Tyr Leu Trp Arg
385 390 395 400

His val val Pro His Ile Glu Pro val Ala Arg Cys Ile Ile Pro Asp
405 410 415

Leu ITe Gly Met Gly Lys Ser Gly Lys Ser Gly Asn Gly Ser Tyr Arg
420 425 430

Leu Leu Asp His Tyr Lys Tyr Leu Thr Ala Trp Phe Glu Leu Leu Asn
435 440 445

Leu Pro Lys Lys Ile ITe Phe val Gly His Asp Trp Gly Ala Cys Leu
450 455 460

Ala Phe His Tyr Ser Tyr Glu His GIn Asp Lys Ile Lys Ala Ile val
465 470 475 480

His Ala Glu Ser val val Asp val Ile Glu Ser Trp Asp Glu Trp Pro
485 490 495
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65707580 Hi s Asp Phe Phe Lys Ser Ala Met Pro Au Ay Tyr Val dn du Arg
859095 Thr Ile Phe Phe Lys Asp Asp Ay Asn Tyr Lys Thr Arg Ala G u Val
100105110 Lys Phe Au Ay Asp Thr Leu val Asn Arg Ile Gu Leu Lys Ay Ille
115120125 Asp Phe Lys Qu Asp Gy Asn lIle Leu Ay H's Lys Leu Au Tyr Ile
130135140 Tyr Asn Ser His Asn val Tyggglskestbsr Ala Asp Lys A n Lys Asn Gy
14515049/6316G: 1l €U ysp Alla Abkn LPhellleybyd Iser Arlg Hiws GAgreTul eysd u Asp @y Ser
Val 165170175 G Leu Ala Asp HX¥Tyr Gn Gn AsAl%hr Pro lle Ay Asp Ay
Pro 180185190 Page 38 508883 _ST25 Val Leu Leu Pro Asp Asn H's Tyr Leu Ser
Thr Gréx ST 1AL LEUsSelsn12 A0k 1Ly ABP MRrOLAS Rrédgerlyygs Arg Asp Hi s Met

Val Leu Leu 3@5u Phe Val 210232220 Thr Ala Ala>3@y Ile Thr His Ay Mt Asp
A u Leu Tyr Lys 225230235 <210> 47 <211> 717 <212> DNA <213> Artificial
Sequefie et Arg Lys Leu Glu Pro Glu Glu Phe Ala Ala Tyr Leu Glu Pro
530 535 540

Phe Lys Glu Lys Gly Glu val Arg Arg Pro Thr Leu Ser Trp Pro Arg

545 550 555 560

Glu ITe Pro Leu val Lys Gly Gly Lys Pro Asp val val GIn Ile val

565 570 575
Arg Asn Tyr Asn Ala Tyr Leu Arg Ala Ser Asp Asp Leu Pro Lys Met
580 585 590
Phe Ile Glu Ser Asp Pro Gly Phe Phe Ser Asn Ala Ile val Glu Gly
595 600 605
Ala Lys Lys Phe Pro Asn Thr Glu Phe val Lys val Lys Gly Leu His
610 615 620

Phe Ser GIn Glu Asp Ala Pro Asp Glu Met Gly Lys Tyr Ile Lys Ser

625 630 635 640

Phe val Glu Arg val Leu Lys Asn Glu Gln

645 650

<210> 18

<211> 1953

<212> DNA

<213> Artificial Sequence

<220>

<223> ORF encoding BRET construct of SEQ ID NO:17

<400> 18

atgtcgggag aattgtggat taccctagtt gacacagcgg acattgtcgg cgtcaccctc 60

accttctgtg tcaacattgt tcttctcgga cttctgaaaa cacgtggaaa aaacttgggc 120

acttataaat atctcatggc gtttttctca gtattctcga ttttttacgc catcatcgag 180

ttcatattac gacctataat gcatattgag aacaccactt tctttttgat ctcaaggaaa 240

agattcaact actccaccaa acttggaaaa atcaactctg cgttttactg tgcttgtttt 300

gccaccagtt ttgttgtctc aggagttcac tttgtttatc gatattttgc aacttgcaaa 360

ccgaatctac ttcgtttgtt caacttgcca actcttctac tttggccact tggttgcagt 420
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<220> <223> Codon optim zed ORE encodi ng SEQ I D NO 45 <400> 47 atgtctaaag
gt gaagaatt attcactggt gttgtcccaa ttttggttga attagatggt60 gatgttaatg
gt cacaaatt ttctgtctcc ggtgaaggtg aaggtgatgc tacttacggt 120 aaattgacct
taaaatttat ttgtactact ggtaaattgc cagttccatg gccaaccttal80 gtcactactt
taggttatgg tttgatgtgt tttgctagat acegssgatsmst at gaaacaa240 catgactttt
t caagycgcy Rt gaTagagoQdryitgtcT taatdaghad Cragatat t¢42980M cdaagat 8@ g

gt aact acaa gaccagagc aagt caagt t at aga g
et b L R s R I E TR G S
act at eapheatacagicgtitd acai@atgg gahgaggagoaageagaat ggrdtihaat caaagot a
acttcaaaat tagacacaac attgaagat ttctgttca attagctgac540 catt at c
aaaat HEEEC L 9@5&‘@5’69"9&%&:@8?&‘? ggﬁ?‘igigg%td:&aﬁ%%t&gﬁt’t%&@%fﬂ)tttct at ccgg(?c
aat ct agalkgdHcC sARRday L gaARIFER 22 0g0RA8E GRygeBfagt Cidag & clct agaaved g

ttactgctgc tggtattacc catggtatgg atgaattgta caaataa7l7 <210> 48 <211> 717
<212>CENAIBEI8IIMACAAG I L AF CagagtiefEa0EER0S agaoastcebddivdaptathi zed CFE

encodj | < t t ggt gtcccaa
mtgjb tégégtgt gaéa}%é?%qoé gc?gt??%ﬁ{agt:%%g@ga‘g{t?@??g a8 E‘E&‘%St gaagg%%

aaggt gatgcyt@cat@rgytdi2 0t e t grdttctgtanataugercucygt tsrattatggt aaabec

Page 28

Cagtté%@%&gtéaac?gg%%Eééggsgttccgaaga acaatattca atttcttgtg tggaaagaaa 960
aacagtgttg atgaatcccg ctcgacaaca agagccaatt tgtctcaagt tccgacgatg 1020
accagcaagg tgtacgaccc cgagcagagg aagaggatga tcaccggccc ccagtggtgg 1080
gccaggtgca agcagatgaa cgtgctggac agcttcatca actactacga cagcgagaag 1140
cacgccgaga acgccgtgat cttcctgcac ggcaacgccg ctagcagcta cctgtggagg 1200
cacgtggtgc cccacatcga gcccgtggcc aggtgcatca tccccgatct gatcggcatg 1260
ggcaagagcg gcaagagcgg caacggcagc tacaggctgc tggaccacta caagtacctg 1320
accgcctggt tcgagctcct gaacctgccc aagaagatca tcttcgtggg ccacgactgg 1380
ggcgcctgee tggecttcca ctacagctac gagcaccagg acaagatcaa ggccatcgtg 1440
cacgccgaga gcgtggtgga cgtgatcgag agctgggacg agtggccaga catcgaggag 1500
gacatcgccc tgatcaagag cgaggagggc gagaagatgg tgctggagaa caacttcttc 1560
gtggagacca tgctgcccag caagatcatg agaaagctgg agcccgagga gttcgecgcec 1620
tacctggagc ccttcaagga gaagggcgag gtgagaagac ccaccctgag ctggcccaga 1680
gagatccccc tggtgaaggg cggcaagccc gacgtggtgc agatcgtgag aaactacaac 1740
gcctacctga gagccagcga cgacctgccc aagatgttca tcgagagcga ccccggcttce 1800
ttcagcaacg ccatcgtgga gggcgccaag aagttcccca acaccgagtt cgtgaaggtg 1860
aagggcctgc acttcagcca ggaggacgcc cccgacgaga tgggcaagta catcaagagc 1920
ttcgtggaga gagtgctgaa gaacgagcag taa 1953
<210> 19
<211> 578
<212> PRT
<213> Artificial Sequence
<220>
<223> BRET construct
<400> 19



Page 39 508883 _sT25 gtcactactt taacttgggg tgttcaatgt ttttctagat acccagatca
t at gaaacaa240 catgactttt tcaagtctgc catgccagaa ggttatgttc aagaaagaac
tatttttttc300 aaagat gacg gt aactacaa gaccagagct gaagtcaagt ttgaaggtga
taccttagtt360 aatagaatcg aattaaaagg tattgatttt aaagaagatg gtaacatttt

aggt cacaaad420 ttggaataca tttataact cségzrgasutogtt tacatcactg ctgacaaaca
aaagamétgged80yathaaagctra abtt Thadaat Vilagae dbaas] aansgddgayay) gttctgttca
attagtt gac540 cattatcaac aaaat actcclc?iattggt gat ggtcéégt ct tgttaccaga
caaccattac600 ttatccactc aatctagatt atccaaagat ccaaacgaaa agagagacca

cat go¢ Bt vgb6hhrt Lagant tihg ¢YavhDAsgCcITgghatiledccewc gl ggieat gy at gaat t gt a

caaat aa717 <21020 49 <211> 2448 <2212> DNA <213> ABPificial Sequence <220>
<223> ORF encodi ng FRET construct <400> 49 atgtcgggag aattgtggat taccctagtt
gacacadCcedr aGat § 0t €99 LAt CALETF) GOP ARCLL§HgaLdcAaEalhgbnd Ct T CT Cgga
cttctgaaaa a3Cgtggaaa aaacttgggcl20 acttat aaad5 atctcatggc gtttttctca
gtattctcga ttttttacgc catcatcgagl80 ttcatattac gacctataat gcatattgag
aacacgac [NAR S C 0 C C actt ggaaaa

ot cane g ol IR Tchrar Tt 1100 Deehe a1 Fof farch D Bggagtt cac
tttgtttatc gatattttgc aacttgcaaa360

Pro Ile Met His ITe Glu Asn Thr Thr Phe Phe Leu Ile Ser Arg Lys
65 70 75 80

Arg Phe Asn Tyr Ser Thr Lys Leu Gly Lys Ile Asn Ser Ala S?e Tyr
85 90

Cys Ala Cys Phe Ala Thr Ser phe val val Sser Gly val His Phe val
100 105 110

Tyr Arg Tyr Phe Ala Thr Cys Lys Pro Asn Leu Leu Arg Leu Phe Asn
115 120 125

Leu Pro Thr Leu Leu Leu Trp Pro Leu Gly Cys Ser val Pro val Thr
130 135 140

Met Trp Ala Ser val Ser Tyr Phe Leu Tyr Pro Asp Thr Glu Tyr Thr
145 150 155 160

Glu Ala Ala val Thr Asn val Leu Asn Asn His Tyr Asn Trp Ile Lys
165 170 175

Lys Glu Asn val Ser Tyr ITe Ala Tyr val Tyr Tyr Gln Tyr Glu Asn
180 185 190

Gly val Arg His Ile Tyr Leu Lys Asn Leu Leu Gly Cys Phe val His
195 200 205

Tyr Phe val Met Ser Met Thr Phe val val Met Phe Tyr Cys Gly Tyr
210 215 220

Ala Thr Trp Lys Thr Met Asn Glu His Lys Asp val Ser Asp Arg Thr
225 230 235 240

Arg Ala Leu Gln Lys GIn Leu Phe Lys Ala Leu val Leu GIn Thr Leu
245 250 255
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ccgaatctac ttcgtttgtt caacttgcca actcttctac tttggccact tggttgcagt420
gtacccgtga caatgtgggc tagtgtctca tattttttgt atccagatac cgagtacacg480
gaagcggct g tcaccaat gt actaaataac cactataact ggatcaaaaa ggagaat gt a540
tcgtacattg catacgtcta ttaccaatac gaaaacggag taaggcatat ctacctcaaa600
aacttgcttg gatgctttgt tcattacttt gtsedsgBcegm@st gacgtttgt tgtgatgttc660
t act gcgeg%oat gccacgt g gaaaact at g aat gaacaca_aggat gt at.c tfjat agaact 720

at gt ct g“iktja% pe ttEﬁcﬁ&@%E@tT'@ﬁ Gl a1t ¥eg gggt & At% agat ggt 780
gatgttaatg gtcacaaatt ttctgtctcc ggtgaaggtg aaggtgatgc tacttacggt 840
aaattgacct taaaatttat ttgtactact ggtaaattgc cagttccatg gccaacctta900
gt cacPrche tRiigcAIy gl Asgt t—@aaﬁgt/ﬂtat Asrcpdgatsnafitc ddat@d et gaaacaa960
catgactttt tz(?éagt ctgc cat gccﬁé a ggttatgttc a %Saaagaac tatttttttcl020
aaagat gacg gtaactacaa gaccagagct gaagtcaagt ttgaaggtga taccttagtt1080 Page
40 508388r SP‘ﬁESLeaatragaa"bcgﬂ)aaem aspap tattjat teu Thadgaaykt g gt aacatttt
aggt cacadfd140 ttggaatacalxtataactc tcac gtt tacatcactg ctgacaaaca
aaagaat ggt 1200 at caaagcta acttcaaaat tagacacaac attgaagatg gttctgttca
att agetedasd 269 ol hay eagcTiaané atkChosmahé geudals gy agaglyd tgttaccaga
caacc3i% ac1320 ttatccaddfc aatctagatt aBttaaagat ccaaacgddh agagagacca
catggtcttgl380 ttagaatttg ttactgctgc tggtattacc catggtatgg atgaattgta
caaacnaosgliAl APeagaARCARASE! thtamh@dRg LA0kdn CbE GRYAERC tcatcccaac
tatcttcatgl500 tacgesccaa ctggagtcai3qgttcatcgca ccgt3dbtttg acgtgaattt
gaat gcaaacl560 gccaatttca ttgtgttttg ctcatttctg tacccgggac tcgatccact
call YHabt4 o8 HIILPALL LR B %0 AROFIRRHA: bl Faat At 1ot gt ggasa
4

gaaaaacag

Pro ITe Leu val Glu Leu Asp Gly Asp val Asn Gly His Lys Phe Ser
355 360 365

val ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu
370 375 380

Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro val Pro Trp Pro Thr Leu
385 390 395 400

val Thr Thr Leu Ser Tyr Gly val GIn Cys Phe Ser Arg Tyr Pro Asp
405 410 415

His Met Lys GIn His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr
420 425 430

val GIn Glu Arg Thr ITe Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr
435 440 445

Arg Ala Glu val Lys Phe Glu Gly Asp Thr Leu val Asn Arg Ile Glu
450 455 460

Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys
465 470 475 480

Leu Glu Tyr Asn Tyr Asn Ser His Asn val Tyr Ile Met Ala Asp Lys
485 490 495

GIn Lys Asn Gly Ile rLys val Asn Phe Lys Ile Arg His Asn Ile Glu
500 505 510
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gat gt ctaaal740
t gat gttaat 1800
t aaat t gacc1860
agt cactact 1920
acatgacttt 1980
caaagat gac2040

at agaat c2100
att ggaat ac2160
t at caaagtt 2220
ccattatcaa2280

gtt gat gaat cccgctcgac
ggt gaagaat tattcactgg
ggt cacaaat tttctgtctc

aacaagagcc aatttgtctc aagttccgac
tgttgtccca attttggttg aattagatgg
cggt gaaggt gaaggtgatg ctacttacgg
ttaaaattta tttgtactac tggtaaattg ccagttccat ggccaacctt
ttaggttatg gtttgatgtg ttttgctaga tasggsagasiesat at gaaaca
ttcaagtctg ccat gccaga aggttatgtt caagaaagaa ct attttttt
ggt aact ac ac t agt
Gaat { KERLY Gyt (GaLTt YAagaaaa ol daeat (4"t St Phca]
aact at aact ctcacaat gt ttacatcatg gct gacaaac aaaagaat gg
aacttcaaaa ttagacacaa cattgaagat ggttctgttc aatta
caaaa%t/cgsp Ayt Pytah Lteﬁgt%bﬁﬁ? ASPt At éé%ésrqra'c%ég%t 5 @1 at cct at 2340

caat ct ag t at ccaaaga t ccadacgaa aagagagacc acatggtctt gttagaattt 2400
gttactgctg ctggtattac ccatggtatg gatgaattgt acaaataa2448 <210> 50 <211> 815
<212>SPRET&21EG>Senr L $ |P(§pa'I’FOSé§|'méH@eLx5239§> ASPOISES MREMBANIEY uct <400> 50 Met

Ser C§‘§/5 Gu Leu Trp 1 1°%8%Thr Leu Val Thr Al a Asp Il e’ Vval 151015 dy Val
Thr Leu Thr Phe cys Val Asn Ile val Leu Leu Ay Leu Leu Page 41
Leu Glu Phe val Thr Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu
565 570 575
Tyr Lys
<210> 20
<211> 1737
<212> DNA
<213> Artificial Sequence
<220>
<223> ORF encoding BRET construct of SEQ ID NO:19
<400> 20
atgtcgggag aattgtggat taccctagtt gacacagcgg acattgtcgg cgtcaccctc 60
accttctgtg tcaacattgt tcttctcgga cttctgaaaa cacgtggaaa aaacttgggc 120
acttataaat atctcatggc gtttttctca gtattctcga ttttttacgc catcatcgag 180
ttcatattac gacctataat gcatattgag aacaccactt tctttttgat ctcaaggaaa 240
agattcaact actccaccaa acttggaaaa atcaactctg cgttttactg tgcttgtttt 300
gccaccagtt ttgttgtctc aggagttcac tttgtttatc gatattttgc aacttgcaaa 360
ccgaatctac ttcgtttgtt caacttgcca actcttctac tttggccact tggttgcagt 420
gtacccgtga caatgtgggc tagtgtctca tattttttgt atccagatac cgagtacacg 480
gaagcggctg tcaccaatgt actaaataac cactataact ggatcaaaaa ggagaatgta 540
tcgtacattg catacgtcta ttaccaatac gaaaacggag taaggcatat ctacctcaaa 600
aacttgcttg gatgctttgt tcattacttt gtcatgtcga tgacgtttgt tgtgatgttc 660
tactgcggat atgccacgtg gaaaactatg aatgaacaca aggatgtatc tgatagaact 720
cgagcgctac agaaacaact tttcaaagct ttagttcttc agacactcat cccaactatc 780
ttcatgtacg ccccaactgg agtcatgttc atcgcaccgt tttttgacgt gaatttgaat 840
gcaaacgcca atttcattgt gttttgctca tttctgtacc cgggactcga tccactcatt 900
ctgattttga tcattcgtga tttccgaaga acaatattca atttcttgtg tggaaagaaa 960

Page 31



508883_ST25 202530 Lys Thr Arg Gy Lys Asn Leu Gy Thr Tyr Lys Tyr Leu Met
Al a Phe 354045 Phe Ser Val Phe ser Ile Phe Tyr Ala lle Ile Qu Phe Ile Leu
Arg 505560 Pro Ile Met Hs Ile Au Asn Thr Thr Phe Phe Leu Ile Ser Arg Lys
65707580 Arg Phe Asn Tyr Ser Thr Lys Leu Ay Lys Ile Asn Ser Al a Phe Tyr
859095 Cys Ala Cys Phe Ala Thr Ser BRbexg¥astnmal Ser Gy Val Hi s Phe Val
10010&dcHgtdyg Atg;aa‘fyccg:’hug&caairmag@gecalays fototdsgtLearghedatdr g L02Phe Asn
115120125 Leu Pro Thr lLeu Leu Leu Tr e %/sc Ser Val Pr Val Thr
130158 KRG TRD FrepoRrac Saeacond b agfucske CebosrbaddoRtsetn ity Thr
145158553388 GyticaagA @ay@tgtbd gd8add@kg Lrjggégitghsdncid Scgbyr Asr_uzms plle
Lys 165170175 Lys A u Asn val Ser Tyr Ile Ala Tyr val Tyr Tyr Gn Tyr Qu
ASn 1SLESATT CPIAGFAFATACHIFICSATS éagfr%gcn:ea CLG>9§99L€§69 L%C&CE%W@ y Op€%he val

H' S 1&&;%@929& Iya{gc%Q@ggV%btéE%btgg@rttE@écthf dRecyRlcavaltghiBicaghe Tybedys Ay

cacgacttct
aaggacgacg
aaccgcatcg
ctggagtaca
atcaaggtga
cactaccagc
ctgagcaccc

ctggagttcg

tcaagtccgce
gcaactacaa
agctgaaggg
actacaacag
acttcaagat
agaacacccc
agtccgecct

tgaccgcegce

catgcccgaa
gacccgcgec
catcgacttc
ccacaacgtc
ccgccacaac
catcggcgac
gagcaaagac

cgggatcact

ggctacgtcc
gaggtgaagt
aaggaggacg
tatatcatgg
atcgaggacg
ggccccgtgce
cccaacgaga

ctcggcatgg

aggagcgceac
tcgagggega
gcaacatcct
ccgacaagca
gcagcgtgca
tgctgcccga
agcgcgatca

acgagctgta

catcttcttc
caccctggtg
ggggcacaag
gaagaacggc
gctcgecgac
caaccactac
catggtcctg

caagtaa

1320
1380
1440
1500
1560
1620
1680
1737

<210>
<211>
<212>
<213>

<220>
<223>

<400> 21
agtctagaat gtcgggagaa ttgtggatta

21
30
DNA
Artificial Sequence

Oligonucleotide primer

30

<210> 22

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 22
ggggacaagt ttgtacaaaa aagcaggctt

Oligonucleotide primer

catcacgtcg gaacttgag 49

<210> 23

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223>

<400> 23
aaccatgtcg ggagaattgt g

oligonucleotide primer

21
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210215220 Ala Thr Trp Lys Thr
225230235240 Met Ser

Val
du
Lys
Val
H s
Tyr
Thr
Au
Lys
Lys

Met Asn Gu His Lys Asp val

Lys Ay Gu Qu Leu Phe Thr dvy val

Ser Asp Arg Thr
Val Pro |Ile Leu

245250255 A u Leu Asp Gy Asp Va] Asn Ay His Lys Phe Ser val Ser Gy
260265270 508883 _ST25 Ay AQu Gy Asp Ala Thr Tyr Gy Lys Leu Thr Leu
Phe 1le Cys 275280285 Thr Thr G;ygdggsstasu Pro val

Th210Fhr24.eu 290295300 Thr Trp

EpC
Al a GI

LeZP-OIZ

L*é%ﬁ@ LPWPW%OQW
Gfpobys2Asn Gy 385390395400

u vaI 45350 Lys Phe Gu Ay Asp Thr

tgtagcgctc gcttgtacag ctcgtccat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

30

DNA

Artificial Sequence

Oligonucleotide primer

25

gagctgtaca agcgagcgct acagaaacaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

26

29

DNA

Artificial sequence

oligonucleotide primer

26

cttgctggtc atcgtcggaa cttgagaca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27

29

DNA

Artificial Sequence

Oligonucleotide primer

27

caagttccga cgatgaccag caaggtgta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28

18

DNA

Artificial Sequence

Oligonucleotide primer

28

gttactgctc gttcttca

<210>
<211>
<212>

29
30
DNA

dy

e Tyr Asn Ser His Asn val
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Pro Trp Pro Thr Leu
val G n cys Phe Ser Arg Tyr Pro Asp
n 305310315320 Hi s Asp Phe Phe Lys ser Ala met Pro Qu Gy

§Q§35 Thr Ile Phe Phe Lys Asp Asp @y Asn Tyr Lys

Leu val Asn Arg lle
e 355360365 Asp Phe Lys Qu Asp Ay Asn Ile Leu Ay H's

Tyr

Ile Thr Ala Asp

29

30

29

29

18



Ile Lys Ala Asn Phe Lys Ile Arg Hs Asn Ile Qu Asp Ay Ser val 405410415
Gn Leu Ala Asp Hs Tyr Gn Gn Asn Thr Pro lle Ay Asp Ay Pro 420425430
Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr G n Ser Arg Leu Ser 435440445
Lys Asp Pro Asn Qu Lys Arg Asp His Met Val Leu Leu G u Phe Val 450455460
Thr Ala Ala Gy Ile Thr Hs Ay Mtsgses@tesleu Tyr Lys Arg Al a

4654704A5480 thi €uci@Insdquené n Leu Phe Lys Ala Leu val Leu Gn Thr Leu lle

Pro 4&3%80495 Thr Ile Phe met Tyr Ala Pro Thr Gy val nmet Phe Ile Ala Pro
Phe 5 S50 BT abrAspr Leu Asn Ala Asn Ala Asn Phe Ile val Phe Cys
Ser 5185320525° @gtségg‘_éTE% Phe Leu Tyr Pro Gy Leu Asp Pro Leu Ile Leu Ile

Leu |80 e2%r g 530535540 Asp Phe Arg Arg Thr Ile Phe Asn Phe Leu.Cys Ay
Lys LYRICAGIA3erIBRYSGU58556Fa%R? Asp G u Ser Arg Ser Thr Thr Arg M a Asn
Leu Ser G n Val Pro 565570575 Thr Met Ser Lys Ay Gu GQu Leu Phe Thr Gy

Val VatioPrad |l e Leu
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Oligonucleotide primer

<400> 30
gttactgctc gttcttca 18

<210> 31
<211> 21
<212> DNA
<213> Artificial Sequence

<220> )
<223> oOligonucleotide primer

<400> 31
aaccatgtcg ggagaattgt g 21

<210> 32

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> Oligonucleotide primer

<400> 32
gttactgctc gttcttca 18

<210> 33

<211> 21

<212> DNA

<213> Artificial Sequence

<220> _
<223> Oligonucleotide primer

<400> 33
aaccatgtcg ggagaattgt g 21

<210> 34

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
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580585590 Val G u Leu Asp Ay Asp Val Asn Gy H's Lys Phe Ser Val Ser dy
595600605 Gu Ay Gu Gy Asp Ala Thr Tyr Ay Lys Leu Thr Leu Lys Phe Ile
610615620 Cys Thr Thr Gy Lys Leu Pro val Pro Trp Pro Thr Leu Val Thr Thr
625630635640 Leu Ay Tyr Ay Leu Met Cys Phe Ala Arg Tyr Pro Asp Hi s net
Lys 645650655 G n H's AS Phe Phe Lysogdss_#&423 Met Pro Au Gy Tyr val Gn
A u 660656010 gongc TEhtidd eriee Phe Lys Asp Asp Ay Asn Tyr Lys Thr Arg Ala

G u 6756806 val Lys Phe Gu @y Asp Thr Leu val Asn Arg Ile Qu Leu Lys
Ay 6 gz E%&@Pfﬁ@t%&é@ Gu Asp Gy Asn Ile Leu Gy H's Lysyteu Gu
Tyr 71572 ngl'yr Asn"Ser His Asn val Tyr Ile net Ala Asp Lys G n

Lys Asn 725730735 Ay Ile Lys Val Asn Phe Lys Ile Arg Hs Asn Ile Qu Asp
Gy %0?4 5750 Val G n Leu Ala Asp H's Tyr Gn Gn Asn Thr Pro Ile Ay
Asp @Mﬁ5 0765 Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Tyr G n Ser
Arg Lean32704t5F80ial Sequence

<220>
<223> 0ligonucleotide primer

<400> 35
aagaacgagc agcgagcgct acagaaaca 29

<210> 36

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> 0ligonucleotide primer

<400> 36
cttgctcacc atcgtcggaa cttgagaca 29

<210> 37

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide primer

<400> 37
caagttccga cgatggtgag caagggcga 29

<210> 38

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide primer

<400> 38
gttacttgta cagctcgtc 19

<210> 39

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotide primer

<400> 39
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Page 44 508883_ST25 Ser
Leu A u Phe 785790795800 val
Leu Tyr

Lys Asp

Thr Ala Ala Ay Ile Thr
Lys 805810815 <210> 51 <211> 2694 <212> DNA <213> Artifici al

Pro Asn Gu Lys Arg Asp H s Met Val
Hs Ay Mt Asp

Sequence <220> <223> ORF encodi ng BRET construct <400> 51 atgggttctg

gtcaattatg gttggcttta gttgatgctg
caat t asgeatgamt hytqutacygragagaca a
agtacttgat gtctttcttt tctttctttt
t gagacsgat &patgcat atc gaaaacacta
att acagtiac i@gattgggt aaaattaatt
ccttcgdizpt tgc_ag’tt catttcgttt
t gt t gagart At aaiedt 2eereat t t gt
ttactgeltg ggcatctgtt tcatactttt
cagt t axxsba digybhdcjaagi cecpcateracy

tt gct t acgt tactaccaa t aCgaaaacg
t gggtsﬁg%ctéft’gt LeathgE. ttegttat gt

41
21
DNA
Artificial Sequence

<210>
<211>
<212>
<213>

<220> )
<223> Oligonucleotide primer
<400> 41

aaccatgtcg ggagaattgt g

42

19

DNA

Artificial Sequence

<210>
<211>
<212>
<213>

<220>
<223> Oligonucleotide primer
<400> 42

gttacttgta cagctcgtc

43

53

DNA

Artificial Sequence

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Oligonucleotide primer

43

caccagtttt gttgtctcag gagtttattt tgtttatcga tattttgcaa ctt

44
53

DNA

Artificial Sequence

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Oligonucleotide primer

44

aagttgcaaa atatcgataa acaaaataaa ctcctgagac aacaaaactg gtg

cagedsgogi2st ggttttact 60 tt gacaat ct

gaact agagg taaaaccttgl20 ggtacttaZa
ctattttcta tgcaatcgtt 180 gaatctatct
catttttctt aatctccaga240 aagagattcg
cagctttcta ctgtgcttgt300 ttcgcaacat
acagatactt cgctgcttgt360 aagcctaatt
tattgtggcc attgatgtgt420 tcaattcctg
t gt acccaga tacagaat at 480 accgaagctg
aagttattaa aaaggaaaac540 gtttcttaca
gt gaaagaca tatctatatt 600 aaaaactt at
ctatgacatt cgttgttgtt660 19

21

19

53

53

Page 36
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ttctattgtg gtttctcaac ttggtggaca

acaat ggtta gtaagggtga
gat ggt gacg ttaat ggtca
t acggt aaat tgaccttgaa
accttggtta caaccttaac
aagcaarmbg 48 ttctttaa
ttctttddgg 248at ggt aa
ttggtt
cat aagttgg aat acaatta

aat ggt&t0t-a aagttaactt caagat caga

a gHakcgaat te

agaattattc
taaattttcc
gtttatttgt
ttatggtgtt
gagt gctatg
ct acaagact

aggot atc

aact cccat

at t agagaac
accggtgttg
gttagtggtg
accact ggt a

at agaggt gc
ttccaatttt
aaggt gaagg
aat t gccagt

caspggit ¢t25ccagat accce

ccagaaggt t
agagcagagg
gatttcaagg
aacgtttaca
cat aacat cg

gcagat¥art dtaHtnd8a ‘@At ectatt ggt gacggtc

45 50
agat cat at g1380
at t gt ¥etaag1448@
t ccattaat t 1500
caatttgaacl560
t ccatégated 62p
t ggt aat gaal680
acaaccagct 1740
aaaaagRatyul &9
ttctttcatt 1860
t ggt aacgct 1920

tagat gt 240

Gly Tyr Gly Leu Met
65

His Asp Phe Phe Lys

¢Tygasp tadaadrt ally
&Yt ggt aacg ctgtt

Cys Phe Ala

70

Ser Ala Met

Arg Tyr

Pro Glu

Pro
75

Gly

tgttatgttc atc

acgttcaaga
ttaagttcga
aagat ggt aa
t cat ggct ga
aagat ggttc
ctgttttgtt

tYg
accat ttttcgatat

ttccgat aga720
ggttgaatta780
t gacgcaaca840
tccttggccad0o
t gat cat at g960
aagaacaatt 1020
aggt gacacal080
catcttgggt 1140
t aagcaaaagl200
agttcaattgl260
gccagat aac1320 Page

3_g25 cattacttat caactcaatc cgctttgagt aaggatccaa acgaaaagag
gttttgttgg aattcgttac tgctgcaggt atcacatt
aacay tqlgcLen ahacat §1yyvat a@dgeto fig
tttdtgtaca tccctactg
gctaacgcaa acttcatcgt tttctgttca tttttgtatc
jagaysaPhe agagidl seaadlyt ¢ha
t ga agcatactct afctcaagaa
gcagttaatt tgtctggtat gacatcaaag gtttacgatc

g gtatggatga
aaacct t ggt

ctggtttgga
acattattcg

ttaaatcttc
ct gaacaaag

Asp

Tyr

Thr Ile

Phe

Lys

Phe
130

Asp

Tyr
145

Asn
ITle Lys
Gln Leu
val

Leu

Lys Asp

Phe

Glu

115

Lys

ser

val

Ala

Leu

195

Pro

Phe

100

Gly

Glu

His

Asn

Asp

Pro

Asn

85

Lys

Asp

Asp

Asn

Phe

165

His

Asp

Glu

Asp

Thr

Gly

val

150

Lys

Tyr

Asn

Lys

Asp

Leu

Asn

135

Tyr

Ile

Gln

His

Arg

Gly

val

120

Ile

Ile

Arg

Gln

TYyr

200

Asp

Asn

105

Asn

Leu

Met

His

Asn

185

Leu

His

90

Tyr Lys Thr

Arg Ile Glu

Gly His Lys

140

Ala Asp Lys

Asn ITe Glu

170

Thr Pro Ile

Ser Tyr Gln

Met val Leu
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Add ATE gB-CTyracAAlGEt Geld @Rk A@Ut Ofs
aact act acg at #@agaaaa gcat gct gha
gcatccagtt atttgtggag acatgttgtt

Lys Leu Pro val Pro Trp Pro Thr Leu val
55 60

His

val

Arg

Leu

125

Leu

Gln

Asp

Gly

Ser

205

Leu

apgadaatyga
aacgctgtta
cctcatattg

Thr Thr Leu

Gln
80

Met Lys

Gln Glu Arg

acgttttgga
ttttcttgca
aaccagttgc

Ala
110
Lys
Glu
Lys
Gly
Asp
1

Arg

Glu

95

Glu

Gly

Tyr

Asn

ser

175

Gly

Leu

Phe

val

Ile

Asn

Gly

val

Pro

ser

val



atccctgatt tgatcggtat
ttggatcatt acaagtactt
atcttcgttg gtcatgattg
gat aaaatta aggct at cgt
gaat ggccag at at cgaaga
gttttggaaaoacaacttttt
gaacct gaag aatttgctgc

gggt aaat ct ggt aaatctg gtaacggttc
aactgcatgg ttcgaattgt tgaatttgcc
gggtgcttgt ttggcatttc attactctta
tcatgcagaa tccgttgttg atgttattga
agat at cgct tt egdgigaagtrsccgaagaagg
cgt2yaaact at gtt gcct2r0gt aagat cat
atatttggaa ccattcaaag aaaagggtga
cot achy ! i, GILOIEEL A0 AISRAL LS ek B84 k33 0HGO1 paace
caaatzgfta gaaactacaa xggcttactta agagcagstg atgatitgcec
atcgaatctg atcctggttt cttttctaat gctattgttg aaggtgctaa

ttacagatt g2040
aaagaaaatt 2100
cgaacat caa2160
aagtt gggat 2220
t gaaaagat g2280
gagaaagt t g2340
agt t agaaga2400
agatgttgtt 2460
aaagat gt t c2520
gaaattccct 2580
t ccagat gaa2640

aacac at pcgttaaggt taagggtttg catttctctc aagaagatgc
atgggj at gpgatcaagtc atttgttgaa agagttttga aaaatgaaca ataa2694 <210> 52
<211>894 <®k¥2> PRT <213> Artificial Sequence <220> <223> BRET construct
<400><H32>MpArt@Ficigérse@ugn@ n Leu Trp Leu Ala Leu Val Asp Ala Ala Asp net
151015, gl Gy Phe Thr Leu Thr Ile ser Ile Asn Ile Ile Leu Leu Ay Leu
2025350 83061c#p d39988i3eST25 I1e Arg Thr Arg Ay Lys Thr Leu Ay Thr Tyr Lys

Tyr Leu Met Ser 354045
<400> 46

Met Ser Lys Gly Glu Glu Leu Phe Thr Gly val val Pro Ile Leu val
1 5 10 15

val ser Gly Glu

30

His Phe ser

25

Glu Leu Gly val Asn Gly Lys

20

Asp Asp

Thr Gly Leu Thr Leu Phe Ile Cys

40

Glu Gly Asp Ala Tyr Lys

35

Gly

Thr Leu Thr Thr Leu

60

val Pro

55

Thr Pro

50

Thr Gly Lys Leu Pro Trp

Gln
80

Pro His Met

75

Thr val Gln Phe Ser TYr Asp Lys

65

Trp Gly Cys Arg

70

Glu
95

Glu val Gln

90

His Asp Phe Phe Ser Ala Met Pro Gly Tyr Arg

Ala Glu val

110

Asn Thr

105

Phe Gly Arg

100

Thr Ile Phe LysS Asp Asp Tyr Lys

Ile Glu Leu Gly Ile

125

val Asn Lys

120

Glu Thr Leu

115

Lys Phe Gly Asp Arg

Leu Gly His Lys Leu Glu Tyr Ile

140

Asn
135

Phe Glu

130

Asp Lys Asp Gly

val Ile Thr Ala Lys GIn Lys Asn Gly

150

Tyr Asn Ser Asn Tyr

145

Ser val

175

Asn Glu Gly

170

Phe Ile Asp

165

ITe Lys Ala Asn Lys Arg

Gln Gin Asn Thr Pro Ile Gly Gly Pro

185

Asp
190

Gln Leu Ala Asp His Tyr
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Phe
Thr
Leu
Val

Phe Ser Phe Phe Ser Ile
Ile net Hs Ile Au Asn
Phe Asp Tyr ser Thr Arg
Cys Phe Ala Thr Ser Phe

Tyr Ala Ile Val GQu Ser Ile Leu 505560 Arg
Thr Phe Phe Leu Ile Ser Arg 65707580 Lys
Gy Lys Ile Asn Ser Ala Phe 859095 Tyr Cys
Leu ser Ala Val H s Phe 100105110 Val Tyr

Tyr Phe Ala Ala Cys Lys Pro Asnsdgsg3letwrsArg Leu Phe 115120125 Asn Leu
H s Leu Leu Leu Trp Pro Leu Met Cys Ser Ile Pro Val 130135140 Thr Al a
45150155160 Thr

N R e

PiRh Pl 15 Wesqh Inilnrghe G WY s

|l e 165170175 Lys

G u Asn Val Ser Tyr Ile AI a Tyr val Tyr Tyr Gn Tyr du 180185190 Asn
GQu Arg H s IIe1T yr Ile Lys Asn Leut %J s Phe%\é‘al 195200205 Hi s
Phe Ffat AT ety STAR BhR Hi3| Mt e HSuPHY F9Y FBFsVA y 210215220 Phe
Thr Trp Trp Thr Ile Arg Au Hs Ag Gly Ala Ser Asp Arg 225230235240
Met Val Ser Lys Ay Qu GQu Leu Phe Thr Ay val Val Pro lle
Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys
225 230 235
<210> 47
<211> 717
<212> DNA
<213> Artificial Sequence
<220>
<223> Codon optimized ORF encoding SEQ ID NO:45
<400> 47
atgtctaaag gtgaagaatt attcactggt gttgtcccaa ttttggttga attagatggt 60
gatgttaatg gtcacaaatt ttctgtctcc ggtgaaggtg aaggtgatgc tacttacggt 120
aaattgacct taaaatttat ttgtactact ggtaaattgc cagttccatg gccaacctta 180
gtcactactt taggttatgg tttgatgtgt tttgctagat acccagatca tatgaaacaa 240
catgactttt tcaagtctgc catgccagaa ggttatgttc aagaaagaac tatttttttc 300
aaagatgacg gtaactacaa gaccagagct gaagtcaagt ttgaaggtga taccttagtt 360
aatagaatcg aattaaaagg tattgatttt aaagaagatg gtaacatttt aggtcacaaa 420
ttggaataca actataactc tcacaatgtt tacatcatgg ctgacaaaca aaagaatggt 480
atcaaagtta acttcaaaat tagacacaac attgaagatg gttctgttca attagctgac 540
cattatcaac aaaatactcc aattggtgat ggtccagtct tgttaccaga caaccattac 600
ttatcctatc aatctagatt atccaaagat ccaaacgaaa agagagacca catggtcttg 660
ttagaatttg ttactgctgc tggtattacc catggtatgg atgaattgta caaataa 717
<210> 48
<211> 717
<212> DNA
<213> Artificial Sequence
<220>
<223> Codon optimized ORF encoding SEQ ID NO:46
<400> 48
atgtctaaag gtgaagaatt attcactggt gttgtcccaa ttttggttga attagatggt 60
gatgttaatg gtcacaaatt ttctgtctcc ggtgaaggtg aaggtgatgc tacttacggt 120
180

aaattgacct taaaatttat ttgtactact ggtaaattgc cagttccatg gccaacctta
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245250255 Leu Val

Trp Pro Thr

Arg Tyr

Met Pro Gu Ay Tyr Val
Ay Agtratyscttysadditgdyq) titecaddfB8458b¢raGht ddaktadarsa Pfserg&haca@ y Asp4dhr
Lys 355360365 @
|l e LERF9EFHTYY §C3apd i e 39t PSR 9F)
Ile “@ﬁagﬁk@a

Ile A Hi s

val Asn Ar

Leu Val

Ile Au Leu

ééﬂia@id1

%

Gu Leu Asp Ay Asp Val
260265270 508883_ST25 275280285 |l e Cys Thr Thr
290295300 Thr

Asn Ay Hs Lys Phe Ser Val

Leu Thr Tyr dy Val
Pro Asp Hi s Met 305310315320 Lys G n Hi s Asp Phe Phe Lys Ser Al a
Il e Phe Phe Lys Asp Asp

G n 325330385ss@RUsAlg Thr

gh&éhg%?é@

v

|l e Asp Ph

a&gﬁaa‘%ﬁlc

405410415 Ser Val

B« A

90390486t Axgadddtah| @ackysagéal Asn3&he Lys
Gn Leu Ala Asp H s Tyr

@y Lys Leu Pro Val
G n cys Phe Ser

g

G n %faASﬁtCBhﬁaTFfraéaMQe tasgaAgbt A2B9FP5ARY LRPCITET\AAITERGRA ey Pr$2Rs

Hi s 1%%gghgfhé§eEt£g%5ag%€1tgﬁ%aa%ﬁfk tacatcactg ctgacaaaca aaagaatggt 480
atcaaagcta acttcaaaat tagacacaac attgaagatg gttctgttca attagctgac 540
cattatcaac aaaatactcc aattggtgat ggtccagtct tgttaccaga caaccattac 600
ttatccactc aatctagatt atccaaagat ccaaacgaaa agagagacca catggtcttg 660
ttagaatttg ttactgctgc tggtattacc catggtatgg atgaattgta caaataa 717
<210> 49
<211> 2448
<212> DNA
<213> Artificial Sequence
<220>
<223> ORF encoding FRET construct
<400> 49
atgtcgggag aattgtggat taccctagtt gacacagcgg acattgtcgg cgtcaccctc 60
accttctgtg tcaacattgt tcttctcgga cttctgaaaa cacgtggaaa aaacttgggc 120
acttataaat atctcatggc gtttttctca gtattctcga ttttttacgc catcatcgag 180
ttcatattac gacctataat gcatattgag aacaccactt tctttttgat ctcaaggaaa 240
agattcaact actccaccaa acttggaaaa atcaactctg cgttttactg tgcttgtttt 300
gccaccagtt ttgttgtctc aggagttcac tttgtttatc gatattttgc aacttgcaaa 360
ccgaatctac ttcgtttgtt caacttgcca actcttctac tttggccact tggttgcagt 420
gtacccgtga caatgtgggc tagtgtctca tattttttgt atccagatac cgagtacacg 480
gaagcggctg tcaccaatgt actaaataac cactataact ggatcaaaaa ggagaatgta 540
tcgtacattg catacgtcta ttaccaatac gaaaacggag taaggcatat ctacctcaaa 600
aacttgcttg gatgctttgt tcattacttt gtcatgtcga tgacgtttgt tgtgatgttc 660
tactgcggat atgccacgtg gaaaactatg aatgaacaca aggatgtatc tgatagaact 720
atgtctaaag gtgaagaatt attcactggt gttgtcccaa ttttggttga attagatggt 780
gatgttaatg gtcacaaatt ttctgtctcc ggtgaaggtg aaggtgatgc tacttacggt 840
aaattgacct taaaatttat ttgtactact ggtaaattgc cagttccatg gccaacctta 900
gtcactactt taacttgggg tgttcaatgt ttttctagat acccagatca tatgaaacaa 960
catgactttt tcaagtctgc catgccagaa ggttatgttc aagaaagaac tatttttttc 1020

1080

aaagatgacg gtaactacaa gaccagagct gaagtcaagt ttgaaggtga taccttagtt
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435440445 Leu Ser
450455460 Phe Val

Leu
Al a
Phe
Leu
Arg
Ser
Thr

Pro Gn Trp T
e ASHHTRaR e

485490495

Val

Pro Ser

Il e Phe Met Tyr

Leu Ay nmet Asp Qu Leu Tyr
Phe G n Thr

Lys Asp Pro Asn Qu Lys Arg Asp Hi s Met Val
Thr Ala Ala Ay Ile Thr

465470475480 Arg H's Leu Hs Arg Gn Leu Phe Lys Ala Leu va
Ile Pro Thr Ay Val

Leu Leu Qu
Lys

Met Phe Il e

500505510 Pro Phe Phe Asp |l e Asgggggus¥@asn Al a Asn Ala Asn Phe Ile Val

515520525 508883_sT25 cys ser

Phe Leu Tyr

Pro

Gy Leu Asp Pro Leu

Il e

| f&LapRRtqY 8a53E83BHABL1JETAF GaapipoPhe Jegcadtt Radtri@apey AdA40le Il e

e e S R om0 Sl BBy P
SercagygctaahctiycradB058500ads prtPyarg@ty dBtntyutga Latsagepacet
208 GoR¥agkle Gel

Al a 59560060

TP 61061567

ttatccactc aatctagatt atccaaagat

ttagaatttg ttactgctgc tggtattacc

ctacagaaac
tacgccccaa
gccaatttca
ttgatcattc
gttgatgaat
ggtgaagaat
ggtcacaaat
ttaaaattta
ttaggttatg
ttcaagtctg
ggtaactaca
gaattaaaag
aactataact
aacttcaaaa
caaaatactc
caatctagat
gttactgctg
50

815
PRT

<210>
<211>
<212>
<213>

<220>
<223>

<400> 50

aacttttcaa
ctggagtcat
ttgtgttttg
gtgatttccg
cccgetcgac
tattcactgg
tttctgtctc
tttgtactac
gtttgatgtg
ccatgccaga
agaccagagc
gtattgattt
ctcacaatgt
ttagacacaa
caattggtga
tatccaaaga

ctggtattac

FRETConstruct

agctttagtt
gttcatcgca
ctcatttctg
aagaacaata
aacaagagcc
tgttgtccca
cggtgaaggt
tggtaaattg
ttttgctaga
aggttatgtt
tgaagtcaag
taaagaagat
ttacatcatg
cattgaagat
tggtccagtc
tccaaacgaa

ccatggtatg

Artificial Sequence

ccaaacgaaa
catggtatgg
cttcagacac
ccgttttttyg
tacccgggac
ttcaatttct
aatttgtctc
attttggttg
gaaggtgatg
ccagttccat
tacccagatc
caagaaagaa
tttgaaggtg
ggtaacattt
gctgacaaac
ggttctgttc
ttgttaccag
aagagagacc

gatgaattgt

10

agagagacca
atgaattgta
tcatcccaac
acgtgaattt
tcgatccact
tgtgtggaaa
aagttccgac
aattagatgg
ctacttacgg
ggccaacctt
atatgaaaca
ctattttttt
ataccttagt
taggtcacaa
aaaagaatgg
aattagctga
acaaccatta
acatggtctt

acaaataa

a Va

net Asn val
ccaga cCaacca tac

catggtcttg
caaacgagcg
tatcttcatg
gaatgcaaac
cattctgatt
gaaaaacagt
gatgtctaaa
tgatgttaat
taaattgacc
agtcactact
acatgacttt
caaagatgac
taatagaatc
attggaatac
tatcaaagtt
ccattatcaa
cttatcctat

gttagaattt

Met Ser Gly Glu Leu Trp Ile Thr Leu val Asp Thr Ala Asp ige val
1 5

Gly val Thr Leu Thr Phe Cys val Asn Ile val Leu Leu Gly Leu Leu
Page 41

Leu

acgz}’alagaé‘tgbg‘lta Typo&er Thr

Asn Leu Ser

Gy net
| Le6Ohr Ay

Aﬁgzéer Phe
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2448



Ser

AQu Lys Hs Ala Qu Asn Ala val Ile Phe Leu Hs Ay Asn Al a

625630635640 Ala Ser Ser Tyr Leu Trp Arg His val Val Pro Hs Ile Qu Pro

Val

Lys
Thr
Ay
Gn
Val

Leu
Phe
du
Ay
Leu

645650655 Ala Arg Cys Ile Ile Pro Asp Leu Ile Ay net Ay Lys Ser Gy
660665670 Ser Ay Asn Gy ser Tyr Arg Leu Leu Asp His Tyr Lys Tyr Leu
675680685 Ala Trp Phe Qu Leu LeghsAsnstgu Pro Lys Lys Ile Ile Phe Val
690695700 H& Asp Trp Gy Alzd Cys Leu Ala Ph80H s Tyr ser Tyr Qu H's
705710715720 Asp Lys Ile Lys Ala Ile val Hs Ala Gu ser val Val Asp

5@7 @y G Ll B P 110 S Ret 2@k G U Asp 11e Ala
)% %Z?[ g%@ Ag e uoés@rg%}q u IY;';S45rreteva aLeu G u Asn Asn Phe
vaI 755760765 A u Thr Met Leu Pro Ser Lys Ile met Arg Lys Leu Qu Pro

G u 77077 780 508883 ,ST25 Phe a I y (e Phe Lys G u Lys
qﬁrae?é%@;ﬁ% 'b(‘.‘H rQ‘eTﬁfe %‘er?%'l‘? qe gArg Qu lle Pro
VaI Lys Gly Gy Lys

Pro Ile Met His Ile Glu Asn Thr Thr Phe Phe Leu Ile Ser Arg Lys
65 70 75 80

Arg Phe Asn Tyr Ser Thr Lys Leu Gly Lys Ile Asn Ser Ala Phe Tyr
85 90 95

Cys Ala Cys Phe Ala Thr ser phe val val Ser Gly val His Phe val
100 105 110

Tyr Arg Tyr Phe Ala Thr Cys Lys Pro Asn Leu Leu Arg Leu Phe Asn
115 120 125

Leu Pro Thr Leu Leu Leu Trp Pro Leu Gly Cys Ser val Pro val Thr
130 135 140

Met Trp Ala Ser val Ser Tyr Phe Leu Tyr Pro Asp Thr Glu Tyr Thr
145 150 155 160

Glu Ala Ala val Thr Asn val Leu Asn Asn His Tyr Asn Trp Ile Lys
165 170 175

Lys Glu Asn val Ser Tyr Ile Ala Tyr val Tyr Tyr Gln Tyr Glu Asn
180 185 190

Gly val Arg His Ile Tyr Leu Lys Asn Leu Leu Gly Cys Phe val His

Tyr Phe val Met Ser Met Thr Phe val val Met Phe Tyr Cys Gly Tyr
210 215 220

Ala Thr Trp Lys Thr Met Asn Glu His Lys Asp val Ser Asp Arg Thr
225 230 235 240

Met Ser Lys Gly Glu Glu Leu Phe Thr Gly val val Pro Ile Leu val
245 250 255

Glu Leu Asp Gly Asp val Asn Gly His Lys Phe Ser val Ser Gly Glu
260 265 270
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805810815 Pro Asp Val val @n Ile Val Arg Asn Tyr Asn Ala Tyr Leu Arg Ala
820825830 Ser Asp Asp Leu Pro Lys net Phe Ile GQu Ser Asp Pro Ay Phe Phe
835840845 Ser Asn Ala Ile Val Qu Ay Ala Lys Lys Phe Pro Asn Thr d u Phe
850855860 val Lys val Lys Ay Leu H's Phe Ser Gn GQu Asp Ala Pro Asp G u
865870875880 Met Ay Lys Tyr Ile Lysogses ¢ Val GQu Arg Val Leu Lys Asn
d u 886880898 yGh\sp AR24d Orhr5By <@l » y267&: IRAAeuDNE RRA I3 elfys fici al Sequence
<220> <223> ZRF encodi ng 2A 38Penergic recept &> BRET construct <400> 53
atgggttatc cttacgatgt tccagattat gcttcaatgg gttccttaca accagatgct 60

ggt aatiCtrhr AL 0GAACEY AracegaasstTrocaggtrggtigugiaiccrgage wact ccat acl20
tcattgcadg0ttacattgac ctt2@ttgt ttggctggti00tgttgatgtt gtttactgtt 180
ttcggtaacg ttttggttat tatcgcagtt tttacatcta gagctttgaa ggcaccacaa240

aat ttght ¢hp LAGUATLIS JUCHLLEEAGAAL o adptiachaealt @i tatt cct 300
ttttcidst gg caaacgaagt Matgggttat tggtasticg gtaaagtttg 0yt gaaat a360

His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr val GIn Glu Arg
325 330 335

Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu val
340 345 350

Lys Phe Glu Gly Asp Thr Leu val Asn Arg Ile Glu Leu Lys Gly Ile
355 360 365

Asp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Ile
370 375 380

Tyr Asn Ser His Asn val Tyr Ile Thr Ala Asp Lys Gln Lys Ash Gly
385 390 395 400

Ile Lys Ala Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser val
405 410 415

GIn Leu Ala Asp His Tyr Gln GIn Asn Thr Pro Ile Gly Asp Gly Pro
420 425 430

val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Arg Leu Ser
435 440 445

Lys Asp Pro Asn Glu Lys Arg Asp His Met val Leu Leu Glu Phe val
450 455 460

Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu Tyr Lys Arg Ala
465 470 475 480

Leu Gln Lys Gin Leu Phe Lys Ala Leu val Leu GIn Thr Leu Ile Pro
485 490 495

Thr Ile Phe Met Tyr Ala Pro Thr Gly val Met Phe Ile Ala Pro Phe
500 505 510

Phe Asp val Asn Leu Asn Ala Asn Ala Asn Phe Ile val Phe Cys Ser
515 520 525
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tatttggctt tggatgtttt gttttgtact tccagtatcg ttcatttgtg
tt ggat agat act ggtcaat cacacaagca atcgaataca atttgaagag
agaattaaag ctatcatcgt tactgtttgg gttatttccg cagttattag
ttgatttcca ttgaaaagaa aggtgctggt ggtggtcaac aacctgcaga

aagattaatg atcaaaagtg gtatgttatt tctdgsagcemsttggttcttt
ttacgttaga atctatcaaa tcgctaagag

cfat fytt'ecH¥ aaggt gaaga
at ggtgacgtta atggtcataa
gtttagtgtt 840 tctggtgaag gt gaaggtga cgctacatac ggtaaattga ccttgaagtt
cdacleyst tygtAsacee ctttaactta
t gaag caacatgaiq)tctttaagag
tgctatgcct 1020 gaaggttacg ttcaagaaag aactattttc tttaaggatg atggtaacta
caagafagsd @80 gagagletartagirht gagoyl d gacaeat e glt aatapaa t cgaatt gaa
gggt at cgat 1140 ttcabygaag at ggt aacar’/&ktt gggt cat aagt¥ggaat acaattacaa
ctcccataacl200 gtttacatca tggctgataa gcaaaagaat ggtattaaag ttaacttcaa
gat cagacabd26P Qacal¢aaadentl gad trhadtht eaathvlhgona @gas akt@ac aacaaaacac
accaat tggt 1320 gfcggtcctg ttttgti8acc agat aaccat 69ttgtcaa cccaatccgce
tttaagtaaal380 gatcctaacg aaaagagaga tcatatggtt ttgttggaat tcgttactgc

50 508883 _ST25 tgtttgatca tgatcttgg{
Hgsagayo!

aagaatte
attgttta

tattt

4

Ay rgbic €Ax dey
80 ggtgttgttc

t gca@x%a&?&%g
agaaaagagals@

caactéﬁt
tttcaatc

é

Cys Thr Thr

625

Leu

Gln

Arg

val

Ile

705

Asn

Gly

val

Pro

Gly

His

Thr

Lys

Asp

Tyr

Gln

val
770

Tyr

Asp

Ile

675

Phe

Phe

Asn

Lys

Leu

755

Leu

ecéag%t@

attttggt tgaatt’a

A g
AR et

Gly Lys Leu Pro val Pro

Gly

Phe

660

Phe

Glu

Lys

Ser

val

740

Ala

Leu

Leu

645

Phe

Phe

Gly

Glu

His

725

Asn

Asp

Pro

630

Met

Lys

Lys

Asp

Asp

710

Asn

Phe

ASp

Cys

ser

Asp

Thr

695

Gly

val

Lys

Tyr

Asn
775

Phe

Ala

680

Leu

Asn

Tyr

Ile

Gln

760

His

Ala

Met

665

Gly

val

Ile

Ile

Arg

Gln

Tyr

meh@GUgastygghadde RlgcoagthrhecLau
t ggt gt4>caa960 tgtttttceq gatacccaga tc

3

i 9t
gt t gﬁc

PREAGF LFDIGRAGNHA

tgctatctct420
aaccccaaga480
ttttccacct 540
accaagtt gt 600
ctttgctcca660 Page

gacaaaacag

attoegs gttttcgttg tttgttggtt
cccatttttcl560 tttacttaca cattgatcgc agttggttgt cctgttccat ctcaattgtt

Trp Pro Thr Leu val

Asn

Asn

Leu

Met

730

His

Asn

635

Tyr

Glu

Tyr

Arg

Gly

Ala

Asn

Thr

Pro

Gly

Lys

Ile

700

His

Asp

Ile

Pro

Leu Ser Tyr

780

Page 44

Asp

Tyr

Thr

685

Glu

Lys

Lys

Glu

Ile

765

Gln

His

val

670

Arg

Leu

Leu

Gln

750

Gly

ser

Thr

Met

655

Gln

Ala

Lys

Glu

Lys

Gly

Asp

Arg

Eiylggg é1tyCLng9tAt-|ggThg,t Ir%thglaL%/sCﬁg& Lr(ﬁFtIEeQI E%%ﬂ@gﬁtea tatatact at
d 615 620

Thr

640

Lys

Glu

Glu

Gly

Tyr

720

Asn

ser

Gly

Leu



aaagattttg tgtagaggtg acagaaagag
agaacaaaga aagagaatga ttactggtcc
agcaaatgaa cgttttggat tcttttatta actactacga
acgcagttat tttcttgcat ggtaacgctg catcatccta
catgttgttc ctcatattga accagttgct agsdggsatsmstcccagattt
ggtaaatctg gtaaatctgg taacggttct tacagattgt tggatcatta
acagCt t tcgaattqtt aatttgcc aagaaaatt tctt Tt

G0t genentys igeaia &b Sobye ArERGaARERRL AR Rl EG)
catgcagaat ccgttgttga tgttattgaa agttgggatg aatggccaga
gat at cqgct taattaaqgtc tga aa t aaaagat tttt aaaa
gt t ga¥hcd rﬁﬂ@t@kb%%§:§ga t@g?dﬂ g%ﬁﬁgf? ”aﬁ%bggﬁégg
tatttggaac cttttaaaga aaagggtgaa gttagaagac caactttgtec
gaaattccat tagttaaagg tggtaaacct gatgttgttc aaatcgttag

gatttcagaa
acct ct aagg
gcacgttgta
cat gct gaaa

gagcttttaa
tttacgatcc

aatcgttatgl740
t caat ggt gg1800
tt cagaaaagl860
tttgtggagal920
gat cggt at g1980
caagtactt g2040
E&thattgg2100
gart at cgtt 2160
t at cgaagaa2220
caactttttc2280
attcgctgca2340
at ggcct aga2400
aaact acaac2460

Page 45

gcttat a gcatctga tgatttgcct aagatgttca tcgaatccga tccaggtttc2520 Page
51 5 3 5 ttttctaatg ctattgttga aggtgctaag aaattcccaa acactgaatt
cgt t agggtt fraaiggoiddugecat ttct ct ca agaagat gct cctgat gaaa tgggtaaata
cat caagt ca2640 ttcgttgaaa gagttttgaa aaat gaacaa taa2673 <210> 54 <211> 890
DIBFET i3z lithl P cSERRCE <220>
<400> 51
atgggttctg gtcaattatg gttggcttta gttgatgctg cagatatggt tggttttact 60
ttgacaatct caattaatat cattttgtta ggtttgatta gaactagagg taaaaccttg 120
ggtacttaca agtacttgat gtctttcttt tctttctttt ctattttcta tgcaatcgtt 180
gaatctatct tgagaccaat catgcatatc gaaaacacta catttttctt aatctccaga 240
aagagattcg attacagtac tagattgggt aaaattaatt cagctttcta ctgtgcttgt 300
ttcgcaacat ccttcgtttt gagtgcagtt catttcgttt acagatactt cgctgecttgt 360
aagcctaatt tgttgagatt gtttaactta cctcatttgt tattgtggcc attgatgtgt 420
tcaattcctg ttactgcttg ggcatctgtt tcatactttt tgtacccaga tacagaatat 480
accgaagctg cagttaccta tgttttgaag actcattacg aagttattaa aaaggaaaac 540
gtttcttaca ttgcttacgt ttactaccaa tacgaaaacg gtgaaagaca tatctatatt 600
aaaaacttat tgggttgttt cgttcattac ttcgttatgt ctatgacatt cgttgttgtt 660
ttctattgtg gtttctcaac ttggtggaca attagagaac atagaggtgc ttccgataga 720
acaatggtta gtaagggtga agaattattc accggtgttg ttccaatttt ggttgaatta 780
gatggtgacg ttaatggtca taaattttcc gttagtggtg aaggtgaagg tgacgcaaca 840
tacggtaaat tgaccttgaa gtttatttgt accactggta aattgccagt tccttggceca 900
accttggtta caaccttaac ttatggtgtt caatgttttt ccagataccc tgatcatatg 960
aagcaacatg atttctttaa gagtgctatg ccagaaggtt acgttcaaga aagaacaatt 1020
ttctttaagg atgatggtaa ctacaagact agagcagagg ttaagttcga aggtgacaca 1080
ttggttaaca gaatcgaatt gaagggtatc gatttcaagg aagatggtaa catcttgggt 1140
cataagttgg aatacaatta caactcccat aacgtttaca tcatggctga taagcaaaag 1200
aatggtatta aagttaactt caagatcaga cataacatcg aagatggttc agttcaattg 1260
gcagatcatt accaacaaaa cacccctatt ggtgacggtc ctgttttgtt gccagataac 1320



<223> 2A adrenergi c receptor-BRET construct <400> 54 Met Gy Tyr

Asp
Ser

Tyr Ser Leu G n Val Thr Leu Thr Leu 354045 Val Cys Leu Ala Ay Leu Leu net
Leu Phe Thr Val Phe Ay Asn Val 5055¢dkskesro¥al Ile Ile Ala Val Phe Thr Ser
Ar g Atacthettdtysaddtaa®Pro cGnt§sg0 Ab8fatAsha La@lgaﬂv@aueaﬂa‘tlaatﬁer Led3®ba Ser
Ala Asp Ile Leu Val Ala Th 5909 ) ProP Ser. Leu AI Asn G u
Gar nabeepfeor, dasig R F6loraanh o tene ey qpeSuietAniSE S o efyr Loy
Al a LgghdAsproahtdgfidaithe gt1&bagd2 T thysctthe aﬁ@tcﬁ@@tlﬁc&a’ﬂ'@daﬂﬂl s Lago®ys Al a
Ile Ser Leu Asp Arg Tyr 130135140 Trp Ser Ile Thr G n Ala G.u Tyr Asn
Leu L?"staABE)aC'PhFC‘Ffrtéc‘Nggtiﬁ@l"@@’i@@fé@c%cé |JretEqALaRn) %?aItFE‘galaICe vallsﬁ(ﬁr val
-Il_-rp V@étaak&ca%eﬁcﬂc%t%/ﬁ tt%&g%@@-ch%‘Zt%t§@E B RBa FRakeghtl € sakdle Gu
ys dy A

ttgattttca ttatcagaga attcagagtt acaattttaa acattattcg tggtaatgaa 1680

cgtggtaacyg ctgttggtga agcatactct acctcaagaa ttaaatcttc acaaccagct 1740

gcagttaatt tgtctggtat gacatcaaag gtttacgatc ctgaacaaag aaaaagaatg 1800

attaccggtc cacaatggtg ggctcgttgt aagcaaatga acgttttgga ttctttcatt 1860

aactactacg attcagaaaa gcatgctgaa aacgctgtta ttttcttgca tggtaacgct 1920

gcatccagtt atttgtggag acatgttgtt cctcatattg aaccagttgc tagatgtatc 1980

atccctgatt tgatcggtat gggtaaatct ggtaaatctg gtaacggttc ttacagattg 2040

ttggatcatt acaagtactt aactgcatgg ttcgaattgt tgaatttgcc aaagaaaatt 2100

atcttcgttg gtcatgattg gggtgcttgt ttggcatttc attactctta cgaacatcaa 2160

gataaaatta aggctatcgt tcatgcagaa tccgttgttg atgttattga aagttgggat 2220

gaatggccag atatcgaaga agatatcgct ttaattaagt ccgaagaagg tgaaaagatg 2280

gttttggaaa acaacttttt cgttgaaact atgttgccta gtaagatcat gagaaagttg 2340

gaacctgaag aatttgctgc atatttggaa ccattcaaag aaaagggtga agttagaaga 2400

cctacattat cttggcctag agaaattcca ttggttaaag gtggtaaacc agatgttgtt 2460

caaatcgtta gaaactacaa cgcttactta agagcatctg atgatttgcc aaagatgttc 2520

atcgaatctg atcctggttt cttttctaat gctattgttg aaggtgctaa gaaattccct 2580

aacacagaat tcgttaaggt taagggtttg catttctctc aagaagatgc tccagatgaa 2640

atgggtaaat acatcaagtc atttgttgaa agagttttga aaaatgaaca ataa 2694

<210> 52

<211> 897

<212> PRT

<213> Artificial Sequence

<220>

<223> BRET Construct

<400> 52

Pro Tyr
Val Pro AS Tyr Ala Ser Met Ay Ser Leu 151015 G n Pro Asp Ala Ay Asn
Ser Trp Asn Ay Thr Qu Ala Pro Ay 202530 Ay Ay Thr Arg Ala Thr Pro

1

Met Gly Ser Gly Gln Leu Trp Leu Ala Leu val Asp Ala Ala éép Met
5 10

val Gly Phe Thr Leu Thr Ile Ser Ile Asn Ile Ile Leu Leu Gly Leu

20

25

30
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180185190 Page 52 508883 _ST25 Gn Gn Pro Ala GQu Pro Ser Cys Lys Ile Asn
Asp G n Lys Trp Tyr 195200205 Val Ile Ser Ser Ser Ile Ay Ser Phe Phe Al a
Pro Cys Leu Ile Met 210215220 Ile Leu Val Tyr Val Arg Ile Tyr Gn lle Ala
Lys Arg Arg Thr Arg 225230235240 Val Pro Pro Ser Arg Arg Gy Pro Asp Al a

Met Val Ser Lys Ay Qu 245250255 Gigggegusge Thr Gy Val Val Pro Ile Leu
Val Gu Leu Asp Gly Asp 260265270 Val Asn Gy Hs Lys Phe Ser Val Ser Qy

du d p Al a 27528028 Leu Lys Phe Ile
oys THY e Py }%’" A'"L%/§1>LeLL¥52§}U2 §%cfgypﬂlf véf LP‘PoTﬁ‘yEe'leHtT%"r Leu val Thr Thr
Leu Thr Tyr y val Gn 30531 315320 Cys Phe Ser Arg Tyr Pro AS H's Met Lys
Gn Hs Asp Phe Phe Lys 325330335 Ser Ala Met Pro Ay Tyr Val Gn Qu
Arg Thie IPE% Siﬂﬁepr%@hty%e'":?»ﬁ;ﬁ%ﬂ%gdrﬁ&}? Ad® ‘(@1 GTA‘sﬁe"l'fﬂeLV‘é‘ Thr Arg Ala Gu
Val Lys Ple G u Ay Asp

Arg Pro Ile Met His Ile Glu Asn Thr Thr Phe Phe Leu Ile Ser Arg
65 70 75 80

Lys Arg Phe Asp Tyr Ser Thr Arg Leu Gly Lys Ile Asn Ser Sla Phe
85 90

Tyr Cys Ala Cys Phe Ala Thr Ser Phe val Leu Ser Ala val His Phe
100 105 110

val Tyr Arg Tyr Phe Ala Ala Cys Lys Pro Asn Leu Leu Arg Leu Phe
115 120 125

Asn Leu Pro His Leu Leu Leu Trp Pro Leu Met Cys Ser Ile Pro val
130 135 140

Thr Ala Trp Ala Ser val Ser Tyr Phe Leu Tyr Pro Asp Thr Glu Tyr
145 150 155 160

Thr Glu Ala Ala val Thr Tyr val Leu Lys Thr His Tyr Glu val Iie
165 170 175

Lys Lys Glu Asn val Ser Tyr Ile Ala Tyr val Tyr Tyr Gln Tyr Glu
180 185 190

Asn Gly Glu Arg His Ile Tyr Ile Lys Asn Leu Leu Gly Cys Phe val
195 200 205

His Tyr Phe val Met Ser Met Thr Phe val val val Phe Tyr Cys Gly
210 215 220

Phe ser Thr Trp Trp Thr Ile Arg Glu His Arg Gly Ala Ser Asp Arg
225 230 235 240

Thr Met val Sser Lys Gly Glu Glu Leu Phe Thr Gly val val Pro Ile
245 250 255

Leu val Glu Leu Asp Gly Asp val Asn Gly His Lys Phe Ser val Ser
260 265 270

Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe
Page 47



355360365 Thr

385390395400 vall
405410415 Lys lle Arg

Phe
H s
Leu
Phe
Lys
Leu
Phe
Phe
val

420425430 508883 _ST25 435440445 aks8 & Tyr
Lys 2&sp Pro Asn G u 4280455460 Lys Arg28sp Hi s net Val

Ser
val

AR
Thr Tyr Thr
Phe

gt

Lys
Glu

Glu

Tyr
385
ASn
Ser
Gly
Leu
Phe
465
Arg

val

Pro

Leu Val

Tyr

Asn Arg Ile GQu Leu Lys Ay Ile Asp Phe Lys G u Asp
370375380 Gy Asn Ile Leu Ay His Lys Leu Au Tyr Asn Tyr Asn Ser Hi's Asn

Thr Ala Ala Gy Ile 465470475480 Thr

TSy

WO

val

he Ph

Leu Il e Al a Val

E1ona vy Agﬁ £y m30ed

ﬁrTWI

GlIn His Asp Phe Phe Lys

Arg

val

Ile

370

Asn

Gly

val

Pro

ser

450

val

Pro

Phe

Thr

Lys

355

ASp

Tyr

Ile

Gln

val

435

Lys

Thr

Leu

ser

Phe
515

Ile

340

Phe

Phe

Asn

Lys

Leu

420

Leu

Asp

Ala

His

Ile

500

Asp

325

Phe

Glu

Lys

Ser

val

405

Ala

Leu

Pro

Ala

Arg

Phe

Ile

Phe

Gly

Glu

His

390

Asn

Asp

Pro

Asn

Gly

Gln

Met

Asn

Lys

Asp

Asp

375

Asn

Phe

His

Asp

Glu

455

Ile

Leu

Tyr

Leu

i &=l Bhd 48

0505510 3y¢al

Ser Ala Met

Asp

Thr

360

Gly

val

Lys

Tyr

Asn

440

Lys

Thr

Phe

Ile

Asn
520

Asp

345

Leu

Asn

Tyr

Ile

Gln

425

His

Arg

Leu

Lys

Pro

505

Ala

330

Gly

val

Ile

Ile

Arg

410

Gln

Tyr

Asp

Gly

Ala

490

Thr

Asn

40Tr

rg Ty

Pro

Asn

Asn

Leu

Met

395

His

Asn

Leu

His

Met

475

Leu

Gly

Ala

Ile net Ala Asp Lys G n Lys Asn Gy Ile Lys Val Asn
Hs Asn Ile Qu Asp Ay Ser val

Gn Leu Ala Asp

Leu ser Thr G n ser Al a

Leu Leu G u

Leu Gy Met Asp G u Leu Tyr

5490495 AbOrid el ¥a1 At Phe Thr Phe val
Cys Trp Phe Pro Phe Phe

515520525 @y Cys Pro val
Pr@ﬁsﬁns%& ser Leu Asn Pro

val

Glu Gly Tyr

Tyr

Arg

Gly

Ala

Asn

Thr

Ser

Met

460

Asp

val

val

Asnh

Page 48

Lys

Ile

365

His

Asp

Pro

Thr

445

val

Glu

Phe

Met

Phe
525

Thr

350

Glu

Lys

Lys

Glu

Ile

430

GIn

Leu

Leu

Gln

Phe

510

Ile

val

335

Arg

Leu

Leu

Gln

Asp

Gly

Ser

Leu

Tyr

Thr

495

Ile

val

320

Gln

Ala

Lys

Lys

Gly

Asp

Ala

Lys

Leu

Ala

Phe

Pro ser G n Leu



545550555560 Asp Phe Arg Arg Ala Phe Lys Lys Ile Leu Cys Arg Gy Asp Arg

Lys
Arg
val
Asn
Arg
Pro
Tyr
Leu
Hi s

Asp

565570575 Arg Ile val nmet Thr Ser Lys val Tyr Asp Pro Qu Gn Arg Lys
580585590 Met Ile Thr Ay Pro Gn Trp Trp Ala Arg cys Lys G n nmet Asn
595600605 Leu Asp Ser Phe Ile Asn Tyr Tyr Asp Ser Qu Lys Hs Ala Qu
610615620 Ala val Ile Phe Leu Hissg@Bysasn Ala Al a ser ser Tyr Leu Trp
6Q66366Fhe40etHTgr Wab ¢Bl LBw g\shli Brd Leu Qlla RuwIValPhalBleArg cys Ile lle
Asp 838650655 Leu I1e3d@y met Ay Lys %8 Ay Lys ser Ay Asn Ay ser
Arg 660665670 Leu Leu Asp His Tyr Lys Tyr Leu Thr Ala Trp Phe G u Leu
Asne Ar@RU68R Ragaad4Tthb08883uARbIleu1Prard ydy laga ¢lve 11 e Phe val Ay
Asth Trp Ay Ala CpS0Leu 690695700 Bba Phe His Tyr S0 Tyr Qu His Gn
Lys Ile Lys Ala Ile Vval 705710715720 His Ala G u Ser Val val Asp val

e Gy S8y AEEPAY%SEgggdWyTEﬁ% K19 tyr g;g Thr Ser Arg Ile Lys Ser

575

Ser GIn Pro Ala Ala val Asn Leu Ser Gly Met Thr Ser Lys val Tyr
580 585 590

Asp Pro Glu Gln Arg Lys Arg Met Ile Thr Gly Pro Gln Trp Trp Ala
595 600 605

Arg Cys Lys Gln Met Asn val Leu Asp Ser Phe Ile Asn Tyr Tyr Asp
610 615 620

Ser Glu Lys His Ala Glu Asn Ala val Ile Phe Leu His Gly Asn Ala
625 630 635 640

Ala Ser Ser Tyr Leu Trp Arg His val val Pro His Ile Glu Pro val
645 650 655

Ala Arg Cys Ile Ile Pro Asp Leu Ile Gly Met Gly Lys Ser Gly Lys
660 665 670

Sser Gly Asn Gly Ser Tyr Arg Leu Leu Asp His Tyr Lys Tyr Leu Thr
675 680 685

Ala Trp Phe Glu Leu Leu Asn Leu Pro Lys Lys Ile Ile Phe val Gly
690 695 700

His Asp Trp Gly Ala Cys Leu Ala Phe His Tyr Ser Tyr Glu His GIn
705 710 715 720

Asp Lys Ile Lys Ala ITe val His Ala Glu Ser val val Asp val Ile
725 730 735

Glu Ser Trp Asp Glu Trp Pro Asp Ile Glu Glu Asp ITe Ala Leu Ile
740 745 750

Lys Ser Glu Glu Gly Glu Lys Met val Leu Glu Asn Asn Phe Phe val
755 760 765

Glu Thr Met Leu Pro Ser Lys Ile Met Arg Lys Leu Glu Pro Glu Glu
770 775 780
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Gy 85353

740745750 Met

Val

Pro Asp val val GIln Ile val Arg Asn Tyr Asn
820

825

Ser Asp Asp Leu Pro Lys Met Phe Ile Glu Ser

835

Ser
850

val
865

Met

53
2673
DNA

<210>
<211>
<212>
<213>

<220>
<223> ORF

<400> 53
atgggttatc

ggtaattctt
tcattgcaag
ttcggtaacg
aatttgttct
ttttctttgg
tatttggctt
ttggatagat
agaattaaag
ttgatttcca

aagattaatg

840

870

885

Artificial Sequence

Asn Ala Ile val Glu §g§ Ala Lys Lys pPhe

Lys val Lys Gly Leu His pPhe Ser GIn Glu

875

Gly Lys Tyr Ile Lys Ser Phe val Glu Arg
890

Leu Arg

i

Arg Arg Pro Thr

Lysoddsy §32% Lys Pro Asp val
Al a Ser Asp AS Leu Pro Lys
@Nethé‘a‘Sé’f*"g

A u Phe val L

Leu
830

Ala Tyr

Pro Gly

845

Asp

Pro Asn Thr

860

Asp Ala Pro

val Leu Lys

du Thr

Arg Ala

Phe Phe
Phe

Glu

Glu
880

Asp

Asn Glu

895

encoding 2A adrenergic receptor-BRET construct

cttacgatgt
catggaacgg
ttacattgac
ttttggttat
tagttagttt
caaacgaagt
tggatgtttt
actggtcaat
ctatcatcgt
ttgaaaagaa

atcaaaagtg

tccagattat
tacagaagct
cttagtttgt
tatcgcagtt
ggcttctgca
tatgggttat
gttttgtact
cacacaagca
tactgtttgg
aggtgctggt
gtatgttatt

gcttcaatgg gttccttaca accagatgct

ccaggtggtg
ttggctggtt
tttacatcta
gatatcttgg
tggtacttcg
tccagtatcg
atcgaataca
gttatttccg
ggtggtcaac

tcttcatcca

gtaccagagc
tgttgatgtt
gagctttgaa
ttgctacatt
gtaaagtttg
ttcatttgtg
atttgaagag
cagttattag
aacctgcaga

ttggttcttt
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aactccatac
gtttactgtt
ggcaccacaa
agttattcct
gtgtgaaata
tgctatctct
daccccaaga
ttttccacct
accaagttgt

ctttgctcca

725730735 Asp Ile Qu Gu Asp Ile Ala Leu Ile Lys Ser Au Au Ay Gu Lys
Leu Gu Asn Asn Phe Phe Va
755760765 Ile Met Arg Lys Leu Qu Pro Qu Gu Phe Ala Ala Tyr
770775780 Phe Lys Qu Lys Gy du val
785790795800 Gu Ile Pro Leu va
805810815 Arg Asn Tyr Asn Ala Tyr
Met SPOB823830aPRe Lee <tir4uuPIs?eIF’hsAstyspﬁbJ
40845 Al a Lys E@s Phe Pro Asn
Hi s 850855860 Phe Ser G n Gu Asp Ala Pro Asp G u net
Ser 8BEB7TOB1=B80rPrep \fab Ghgu GAn gL heabrd_eeu IMad 1AsN G uﬂ@ ys885890 <210> 55
<211> 1389 <212> DE® <213> Mus nusceils

Met Leu Pro Ser
Leu Au Pro
Leu Ser Trp Pro Arg
Gnlle

Lys Ay Leu

Ala Ile val
Val
Gy Lys Tyr

60
120
180
240
300
360
420
480
540
600
660

Ile Lys



<400> 55 atgggctacc catacgacgt cccagactac gccagcatgg gctcactgca
gccggat gcc60 ggcaacagca gctggaacgg gaccgaagcg cccggaggcg gcacccgagce
caccccttacl20 tccctgcagg tgacactgac gcectggtttge ctggctggec tgcetcatgcet
gttcacagt al80 Page 55 508883 sT25 tttggcaacg tgctggttat tatcgcggtg
ttcaccagtc gcgcgctcaa agctccccaa2405;@®at €fAscc t ggt gt ccct ggectcagceg
gacatcctgg tggccacgct ggtcattccc300 ttttctttgg ccaacgaggt tatgggttac
t ggt akettitgatrdaagtdileolgityretdart 360tAHARR JFOF E2a93gaRaET2%t t t t g€dRg
tegt Cg@é&gcétg:c‘@{;fg}agégggc QEE&H‘-&?Q&%%ggﬁﬁ-ttcgé‘%gﬁiga%%Egé}}tﬁﬁééa&acgcaQQ&C
at cgagt aca acctgadagCg cacgccgcgt 480 cgcat caagg ccatcaftgt caccgtgtgg
gt cat g¢tyyoCtgrattdt gyt ttpaTiuggaias0oatatas citgobcatagagfadgatntgggcgeBé@c
ggcgggca agccggcc ccaagct gc600 aagat ca t at gt C
Poct obt ebbo s PrechPo EREGREE co- Tt LIS BETRERs0 & Sl 88
att t agergdadargefargetcd egfaraagg t2ggtgech cartagaaegcagygytcaacggacgeat
cgttccgcgc cgccgggggg cgccgat cgc780 aggcccaac ct ccC ggagc C
gcggg’EQ:t(Fgét?@g@%@éﬁﬁﬁgaggéﬁbﬁéég%gﬁéc%%g&C%EEgaa%gEtﬁg%gﬁw‘ggcccgéggg
0agCCe et £ LI LERYaEa s AHESRL B8O IR0 flHh g HA R @Q8&R 80! 1 A08E T

t ccgagcacg ccgagcggcc cccggggcecc960 cgcagacccg accgcggccc ccgagccaag
ggcaa@%@@@ggggé@ﬁ@@éa%gggﬁﬁéﬁéﬁgP@QG“@Q@@dé@g@@ﬂﬁgdﬁ@ggﬁéﬁtcgggé&@bgg
0C9C0089G,£:499 bh 2098432000160 A4 0020200 AYAAEEEAI00CY56RA2
gcgt cgcgcet™ ggcgcgggag gcaadaccggll gagaaacgct tcacgttcgt gctggcggtg
gt gat gggegatmt togstggtaagygidaggadt pa0dttwegy tidhatttcas agpdcaga@tget ca2eécg
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gt(:gg&&é%%ggégagggga%%gébfc%g§g¥i85éé:%gﬁggttacc aacaaaacac accaattggt 1320
gacggtcctg ttttgttacc agataaccat tacttgtcaa cccaatccgc tttaagtaaa 1380
gatcctaacg aaaagagaga tcatatggtt ttgttggaat tcgttactgc tgcaggtatc 1440
acattgggta tggatgaatt gtacaagaga tggagaggta gacaaaacag agaaaagaga 1500
ttcactttcg ttttggctgt tgttattggt gttttcgttg tttgttggtt cccatttttc 1560
tttacttaca cattgatcgc agttggttgt cctgttccat ctcaattgtt caacttcttt 1620
ttctggttcg gttactgtaa cagttctttg aacccagtta tatatactat tttcaatcat 1680
gatttcagaa gagcttttaa aaagattttg tgtagaggtg acagaaagag aatcgttatg 1740
acctctaagg tttacgatcc agaacaaaga aagagaatga ttactggtcc tcaatggtgg 1800
gcacgttgta agcaaatgaa cgttttggat tcttttatta actactacga ttcagaaaag 1860
catgctgaaa acgcagttat tttcttgcat ggtaacgctg catcatccta tttgtggaga 1920
catgttgttc ctcatattga accagttgct agatgtatca tcccagattt gatcggtatg 1980
ggtaaatctg gtaaatctgg taacggttct tacagattgt tggatcatta caagtacttg 2040
acagcatggt tcgaattgtt gaatttgcca aagaaaatta tcttcgttgg tcatgattgg 2100
ggtgcttgtt tggcattcca ttactcatac gaacatcaag ataaaattaa ggctatcgtt 2160
catgcagaat ccgttgttga tgttattgaa agttgggatg aatggccaga tatcgaagaa 2220
gatatcgctt taattaagtc tgaagaaggt gaaaagatgg ttttggaaaa caactttttc 2280
gttgaaacca tgttgccttc aaagatcatg agaaagttgg aaccagaaga attcgctgca 2340
tatttggaac cttttaaaga aaagggtgaa gttagaagac caactttgtc atggcctaga 2400
gaaattccat tagttaaagg tggtaaacct gatgttgttc aaatcgttag aaactacaac 2460
gcttacttga gagcatctga tgatttgcct aagatgttca tcgaatccga tccaggtttc 2520



aacttcttct tctggttcgg ctactgcaac agctcgctga accctgttat ctacaccatcl320
ttcaaccacg acttccgacg cgccttcaag aagatcctct gccgtgggga cagaaaacgcl380
atcgtgtgal389 210> 56 <211> 462 <212> PRT 213> mus nuscul us <400> 56 Met
Gy Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Ser Met Gy Ser Leu 151015 G n Pro
AS Ala Gy Asn Ser Ser Trp Asn Gy Jdgsed ¢rAla Pro Gy 202530 Gy Ay Thr
Arg Atectthiaty etditgtEed abgtycdchag \aahtﬁwcakwaftgaatemméﬁ)guit 5088880 ST25 Val
Cys Leu Ala Gy Leu Leu met Leu Phe Thr Val Phe vy Asn Val 505§g Leu Val
Mo I PRO9ALHaFa Rt BIREC T agaagagpgt ﬂcagif@aaiy@gmaaﬁﬁ CCAESP07586%Mn Leu
Phe Letkg Y@baa%ebaéi‘%‘ﬂt%s@aﬁg gAkga AR 1l e Leu Val Ala Thr 859095 hems Val Ile
Pro Phe Ser Leu GQu val net Ay Tyr Trp Tyr 100105110 Phe Gy Lys
val cys GQu lle Tyr Leu Ala Leu Asp Val Leu Phe 115120125 Cys Thr Ser
%%al s Leu Cys Ala Ile Ser Leu Asp Arg Tyr

ser
<212> PRT
<213> Artificial sequence
<220>
<223> 2A adrenergic receptor-BRET construct
<400> 54
Met Gly Tyr Pro Tyr Asp val Pro Asp Tyr Ala Ser Met Gly ier Leu
1 5 10 5

Gln Pro Asp Ala Gly Asn Ser Ser Trp Asn Gly Thr Glu Ala Pro Gly
20 25 30

Gly Gly Thr Arg Ala Thr Pro Tyr Ser Leu GIn val Thr Leu Thr Leu
35 40 45

val Cys Leu Ala Gly Leu Leu Met Leu Phe Thr val Phe Gly Asn val
50 55 60

Leu val Ile Ile Ala val pPhe Thr Ser Arg Ala Leu Lys Ala Pro Gln
65 70 75 80

Asn Leu Phe Leu val Ser Leu Ala Ser Ala Asp Ile Leu val Ala Thr
85 90 95

Leu val Ile Pro Phe Ser teu Ala Asn Glu val Met Gly Tyr Trp Tyr
100 105 110

Phe Gly Lys val Trp Cys Glu Ile Tyr Leu Ala Leu Asp val Leu Phe
115 120 125

Cys Thr Ser Ser Ile val His Leu Cys Ala Ile Ser Leu Asp Arg Tyr
130 135 140

Trp Ser Ile Thr GIn Ala Ile Glu Tyr Asn Leu Lys Arg Thr Pro Arg
145 150 155 160

Arg Ile Lys Ala Ile Ile val Thr val Trp val Ile Ser Ala val Ile
165 170 175

Ser Phe Pro Pro Leu Ile Ser Ile Glu Lys Lys Gly Ala Gly Gly Gly
180 185 190
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130135140 Trp Ser Ile Thr Gn Ala Ile Au Tyr Asn Leu Lys Arg Thr Pro Arg
145150155160 Arg Ile Lys Ala lle Ile VvVal Thr val Trp val Ile Ser Al a Val

Il e 165170175 Ser Phe Pro Pro Leu Ile ser Ile Qu Lys Lys Ay Ala Ay Ay
Gy 180185190 A n Gn Pro Ala Qu Pro ser Cys Lys Ile Asn Asp G n Lys Trp
Tyr 195200205 val Ile Ser Ser Ser |h@gg8Bysi3ar Phe Phe Ala Pro cys Leu lle
met 210215220 Ile Leu val Tyr Val Arg Ile Tyr An lle Ala Lys Arg Arg Thr

Arg 22523023524 Pro ro Ser Ar r 0 I ys Ser Ala Pro
Pro ﬁ %j % gl?é i{&Ioa Z\r"ds Iérg%qiénﬂg ﬁeigru')%(ﬁg/rcﬁo Qu Arg Ay
Al a Gly 260265270 Pro Thr y Al a Glu Ala Gu Pro Leu Pro Thr G n Leu Asn
Ay Ala 275280285 Pro a Pro Ala Gy Prq Arq Asp Ay Asp Al a
Leu AQ %@fﬁ%?ﬁﬁf S50 SSGgTQS'" LPZ"G @%Aﬁﬁ ngge?y%i?“ §3F "é%r Au Hs Ala Qu
Arg Pro PFd @y Pro 305310315320

Ile Leu val Tyr val Arg Ile Tyr GIn Ile Ala Lys Arg Arg Thr Arg
225 230 235 240

val Pro Pro Ser Arg Arg Gly Pro Asp Ala Met val Ser Lys Gly Glu
245 250 255

Glu Leu Phe Thr Gly val val Pro Ile Leu val Glu Leu Asp Gly Asp
260 265 270

val Asn Gly His Lys Phe Ser val Ser Gly Glu Gly Glu Gly Asp Ala
275 280 285

Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu
290 295 300

Pro val Pro Trp Pro Thr Leu val Thr Thr Leu Thr Tyr Gly val Gln
305 310 315 320

Cys Phe Ser Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys
325 330 335

Sser Ala Met Pro Glu Gly Tyr val GIn Glu Arg Thr ITe Phe Phe Lys
340 345 350

Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu val Lys Phe Glu Gly Asp
355 360 365

Thr Leu val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp
370 375 380

Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn
385 390 395 400

val Tyr Ile Met Ala Asp Lys GIn Lys Asn Gly Ile Lys val Asn Phe
405 410 415

Lys Ile Arg His Asn Ile Glu Asp Gly Ser val Gln Leu Ala Asp His
420 425 430

Tyr GIn GIn Asn Thr Pro Ile Gly Asp Gly Pro val Leu Leu Pro Asp
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Arg Arg Pro Asp Arg Ay Pro Arg Ala Lys Ay Lys Thr Arg Ala Ser 325330335
G@n Val Lys Pro Ay Asp Ser Leu Pro Arg Arg Ay Pro Ay Ala Al a 340345350
Gy Pro Ay Ala Ser Ay Ser Ay HHs Ay Qu Gu Arg dy dy Ay 355360365
Ala Lys Ala ser Arg Trp Arg Ay Arg Gn Asn Arg Qu Lys Arg Phe 370375380
Thr Phe val Leu Ala Val Val |le dysysdgsPaesval val Cys Trp Phe
385390395400438r o Phe Phe Phe4far Tyr Thr Leu 44% Ala Val @dy Cys Pro Val
Pro 405410415 Ser A n Leu Phe Asn Phe Phe Phe Trp Phe Ay Tyr Cys Asn Ser

Ser g ilg/ ﬁéh R8P A0 \§a|5e lAanyéu E?é L eA%%r@‘SA@nI_&ﬁJ Asp Phe Arg Arg

Al a 4 ys Ly54 p Arg Lys Arg Ile Val
450455460

Lys Arg Asp His Met val Leu Leu Glu pPhe val Thr Ala Ala Gly Ile

465 470 475 480

Thr Leu Gly Met Asp Glu Leu Tyr Lys Arg Trp Arg Gly Arg GIn Asn
485 490 495

Arg Glu Lys Arg Phe Thr Phe val Leu Ala val val Ile Gly val Phe
500 505 510

val val Cys Trp Phe Pro Phe Phe Phe Thr Tyr Thr Leu Ile Ala val
515 520 525

Gly cys Pro val Pro Ser GIn Leu Phe Asn Phe Phe Phe Trp Phe Gly
530 535 540

Tyr Cys Asn Ser Ser Leu Asnh Pro Val Ile Tyr Thr Ile Phe Asn His
545 550 555 560

Asp Phe Arg Arg Ala Phe Lys Lys Ile Leu Cys Arg Gly Asp Arg Lys
565 570 575

Arg Ile val Met Thr Ser Lys val Tyr Asp Pro Glu Gin Arg Lys Arg
580 585 590

Met ITle Thr Gly Pro GIn Trp Trp Ala Arg Cys Lys Gln Met Asn val
595 600 605

Leu Asp Ser Phe Ile Asn Tyr Tyr Asp Ser Glu Lys His Ala Glu Asn
610 615 620

Ala val Ile phe Leu His Gly Asn Ala Ala Ser Ser Tyr Leu Trp Arg
625 630 635 640

His val val Pro His Ile Glu Pro val Ala Arg Cys Ile Ile Pro Asp
645 650 655

Leu Ile Gly Met Gly Lys Ser Gly Lys Ser Gly Asn Gly Ser Tyr Arg
660 665 670

Leu Leu Asp His Tyr Lys Tyr Leu Thr Ala Trp Phe Glu Leu Leu Asn
675 680 685
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Leu Pro Lys
690

Ala Phe His
705

His Ala Glu

Asp ITe Glu

Met val Leu
755

Ile Met Arg
770

Phe Lys Glu
785

Giu Ile Pro

Arg Asn Tyr

Phe Ile Glu
835

Ala Lys Lys
850

Phe Ser Gln
865

Phe val Glu

<210> 55

<211> 1389
<212> DNA
<213>

<400> 55

atgggctacc catacgacgt cccagactac gccagcatgg gctcactgca gccggatgcec
ggcaacagca gctggaacgg gaccgaagcg cccggaggcg gcacccgage caccccttac

tccctgcagg tgacactgac gctggtttge ctggctggec tgctcatget gttcacagta

Lys

Tyr

ser

Glu

740

Glu

Lys

Lys

Leu

Asn

820

ser

Phe

Glu

Arg

Ile

Ser

val

725

Asp

Asn

Leu

Gly

val

805

Ala

Asp

Pro

Asp

val
885

Mus musculus

Ile

Tyr

710

val

Ile

Asn

Glu

Glu

790

Lys

Tyr

Pro

Asn

Ala

870

Leu

Phe

695

Glu

Asp

Ala

Phe

Pro

775

val

Gly

Leu

Gly

Thr

855

Pro

Lys

val

val

Leu

Phe

760

Glu

Arg

Gly

Arg

Phe

840

Glu

Asp

Asn

Gly

Gln

Ile

Ile

745

val

Glu

Arg

Lys

Ala

825

Phe

Phe

Glu

Glu

508883_sT25
His Asp Trp

Asp

Glu

730

Lys

Glu

Phe

Pro

Pro

810

Ser

ser

val

Met

Gln
890

ser

Thr

Ala

Thr

795

Asp

Asp

Asn

Lys

Gly

700

Ile

Trp

Glu

Met

Ala

780

Leu

val

Asp

Ala

val

860

Lys

Page 55

Gly

Lys

Asp

Glu

Leu

765

Tyr

ser

val

Leu

Ile

845

Lys

Tyr

Ala

Ala

Glu

Leu

Trp

Gln

Pro

830

val

Gly

Ile

cys

Ile

Trp

Glu

Ser

Glu

Pro

Ile

815

Lys

Glu

Leu

Lys

Leu

val

720

Pro

Lys

Lys

Pro

Arg

val

Met

Gly

His

Ser
880

120
180



tttggcaacg
aacctcttcc
ttttctttgg
tatttggctc
cttgaccgct
cgcatcaagg
ctcatctcca
aagatcaacg
tgcctcatca
tgcctcccag
aggcccaacg
ctgcccaccc
gatgcgctgg
cgcagacccyg
ggggacagtc
cacggagagyg
gagaaacgct
ccgttettrtt
aacttcttct
ttcaaccacg
atcgtgtga

<210> 56

<211> 462
<212> PRT
<213> Mus
<400> 56

tgctggttat
tggtgtccct
ccaacgaggt
tcgacgtgct
actggtccat
ccatcattgt
tagagaagaa
accagaagtg
tgatcctggt
ccgccggggt

ggctgggcecc
agcttaacgg

acctagagga
accgcggcecc
tgccgcggceg
agcgcggegg
tcacgttcgt
tcacctacac
tctggttcgg

acttccgacg

musculus

tatcgcggtg
ggcctcageg
tatgggttac
cttttgcacg
cacgcaggcc
caccgtgtgg
gggcgcetggce
gtatgtcatc
ctacgtgcgt
ccggacgect
ggagcgegge
tgccccgggg
gagttcgtcg
ccgagccaag
cgggcccggg
gggcgccaaa
gctggeggty
gctcatagceg
ctactgcaac

cgccttcaag

508883_sST25

ttcaccagtc
gacatcctgg
tggtactttg
tcgtccatag
atcgagtaca
gtcatctcgg
ggcgggcagce
tcctegteca
atttaccaga
cgttccgegce
gcgggtccca
gagcccgcegce
tccgageacg
ggcaagaccc
gccgeggggc
gcgtcgegcet
gtgatcggcg
gtcggctgec
agctcgctga

aagatcctct

gcgcgctcaa
tggccacgct
gtaaggtgtg
tgcacctgtg
acctgaagcg
ctgtcatctc
agccggecga
tcggttectt
tcgccaageg
cgccgggggy
cgggcgetga
ccgcegggec
ccgageggec
gggcgagtca
cgggggcttc
ggcgcgggag
tgttcgtggt
cggtgcccag
accctgttat

gccgtgggga

agctccccaa
ggtcattccc
gtgtgagatc
cgccatcagce
cacgccgcgt
cttccecgeca
gccaagcetgce
cttcgegect
tcgcacccyg
cgccgatcgce
ggcggagceceg
ccgcgatggg
cccggggecc
ggtgaagccyg
ggggtccggg
gcaaaaccgg
gtgttggttt
ccagcetcttc
ctacaccatc

cagaaaacgc

ﬁet Gly Tyr Pro Tyr Asp val Pro Asp Tyr Ala Ser Met Gly Ser Leu
5 10 15

Gln Pro Asp Ala Gly Asn Ser Ser Trp Asn Gly Thr Glu Ala Pro Gly
20 25

30

Gly Gly Thr Arg Ala Thr Pro Tyr Ser Leu GIn val Thr Leu Thr Leu
35

40

45

Page 56

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1389



val

Leu

65

Asn

Leu

Phe

Cys

Arg

ser

Gin

val

Ile

225

val

Gly

Pro

Pro

Cys

val

Leu

val

Gly

Thr

130

Ser

Ile

Phe

Gln

Ile

210

Leu

Pro

Ala

Thr

Leu

Ile

Phe

Ile

Lys

Ser

Ile

Lys

Pro

Pro

195

Ser

val

Pro

Asp

Gly

Glu

Ala

Ile

Leu

Pro

100

val

Ser

Thr

Ala

Pro

180

Ala

Ser

Tyr

ser

Arg

Ala

Pro

Gly

Ala

val

85

Phe

Trp

ITe

Gln

Ile

165

Leu

Glu

ser

val

Arg

Arg

Glu

Ala

Leu

val

70

Ser

Ser

Cys

val

Ala

150

Ile

Ile

Pro

Ile

Pro

Ala

Pro

Leu

55

Phe

Leu

Leu

Glu

His

135

Ile

val

Ser

Ser

Gly

Asn

Glu

Ala
295

Met

Thr

Ala

Ala

Ile

120

Leu

Glu

Thr

Ile

cys

200

ser

Tyr

Pro

Gly

Pro

280

Gly

Leu

Ser

ser

Asn

105

Tyr

Cys

Tyr

val

Glu

185

Lys

Phe

Gln

Asp

Leu

265

Leu

Pro

508883_sST25
Phe Thr val

Arg

Ala

90

Glu

Leu

Ala

Asn

Lys

Ile

Phe

Ile

Ala

250

Gly

Pro

Arg

Ala

75

ASp

val

Ala

Ile

Leu

155

val

Lys

Asn

Ala

Ala

235

Cys

Pro

Thr

Asp

60

Leu

Ile

Met

Leu

Ser

140

Lys

Ile

Gly

Asp

Pro

220

Lys

ser

Glu

Gln

Page 57

Phe

Lys

Leu

Gly

Asp

Leu

Arg

ser

Ala

Gln

205

Cys

Arg

Ala

Arg

Leu

285

Asp

Gly

Ala

val

Tyr

110

val

Asp

Thr

Ala

Gly

Lys

Leu

Arg

Pro

Ala

Asn

Pro

Ala

95

Trp

Leu

Arg

Pro

val

175

Gly

Trp

Ile

Thr

Pro

255

Ala

Gly

Leu

val

Gln

80

Thr

Tyr

Phe

Tyr

Gly

Tyr

Met

Arg

240

Gly

Gly

Ala

Asp



Leu

305

Arg

Gln

Gly

Ala

Thr

385

Pro

Ser

Leu

Phe

Glu

Arg

val

Pro

Lys

Phe

Phe

Gln

Asn

Glu

Pro

Lys

Gly

Ala

val

Phe

Leu

Pro

435

Lys

Ser

Asp

Pro

340

Ala

Ser

Leu

Phe

Phe

420

val

Ile

Ser

Arg

325

Gly

Ser

Arg

Ala

Thr

405

Asn

Ile

Leu

Ser

310

Gly

Asp

Gly

Trp

val

390

Tyr

Phe

Tyr

cys

Ser

Pro

ser

Ser

Arg

val

Thr

Phe

Thr

Glu

Arg

Leu

Gly

Gly

Ile

Leu

Phe

Ile

440

Gly

His

Ala

Pro

345

His

Arg

Gly

Ile

Trp

425

Phe

Asp

508883_ST25
Ala Glu Arg

Lys

330

Arg

Gly

Gln

val

Ala

410

Phe

Asn

Arg

315

Gly

Arg

Glu

ASnh

Phe

395

val

Gly

His

Lys

Lys

Gly

Glu

Gly

Tyr

Asp

Page 58

Pro

Thr

Pro

val

cys

Cys

Phe

445

Ile

Pro

Arg

Lys

Ccys

Pro

Asn

430

Arg

val

Gly

Ala

335

Ala

Gly

Arg

Trp

val

415

Ser

Arg

Pro

320

Ser

Ala

Gly

Phe

Phe

400

Pro

Ser

Ala



