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The present invention relates to nethods and pol ypepti des for detecting a
conmpound W0 2a1megke. | n particular, the present inventiPOmWATRDHIB8ISHO t he
use of a cell-free conposition conprising at |east one G protein coupled
receptor enbedded in a lipid bilayer whi ch 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 nolecule that directly or indirectly binds an
intracel | ul ar | MPASHRING G RROTEINGOUREEDIREGEPBOR ACETIVIATHON| ed recept or.
The G protein coupled receptor, and/or accessory nol ecul e when present, in
conmbi nati on co&ri se a biolum nescent protein and an acceptor nol ecul e,

whi ch enabl T onance energy transfer (BRET) to be used to
detect the corrpdihadprbsiendiinvgnttdnereﬂmemt mtho&@&(}awp@nﬁfs Tl dtddibgN Rl ON
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gand, a confornationa occurs in
t he recept OPIHQ‘IHE&IWY?FQ’PIOE to acti vate a heterotrimeric G protein (Kobilka et

al., 2007). The activated G protein can then activate signal transduction
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t ransduci ng entres (Gaillard et al.

2004) . For& pfeit e@wIPéﬁE@p@ffe@ﬁSI arﬁsaf @fnﬂwf trngvr%négeﬁ?aﬁqﬁe ener gy
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noni t ori ng ?@é@ﬁ%?na&eltam%ﬁ‘a@qcsﬁ in H\%W@f@r elipaying éwqﬂw@aaﬁ@mgww@m Wi th
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C-term nus, ' - 3 auses CFP
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of FRET var Ir@ssdwnagqth@ Fignad todkiENGp SREPSs B CerHies é@@klaéﬁétealb%(%%en donor and
aﬁcept or, provi diokgeradkofande biterdyl tvedkfér, S Kigiplyl ré@nbidicaaty arins@dr (RETY, QL mat i onal
changes in t thyr or none
recept or (P%%Og%lvigaﬁﬁ%%sgg? ? %h{%lcgg %Hréstﬁle%g&gtné@?&?eﬁgaé} b nt eraction
of the agonﬁtéﬁesaqq@i?t@ram%ﬁealleu fehappunk ¢4 29AR 100bhs Ensteyalransterogfiyiengyaisat hyr oi d
hornone with PTHR (Vil ardaga et al., 2003), norepinephrine with 31-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
rmnl tor az- adr ener gl c recept or actl vat| on (Nakanl Shl et al ., 2006).
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1 BRET conprise Renilla luciferase (RLuc) with either coel enterazine h

(BRET 2,erii = -475 nm or coelenterazine 400a (Clz400a) substrate (BRET2
2, em :W0395)/085\$44as t he donor system coupl ed to eithePCofAt2hm/0@HB0

mutants, YFP (BRET1 ; 2,eni = -530 nm or GFP2 (BRET2 ; 2,em = -510 nm).

The BRET2 system of fers superior spect Pal separation between t he donor and

acceptor em ssion peaks of -115 nm conpared to -55nm for the BRET1 system

at the expense of the quantumyield (Pfleger and Ei dne et al., 2006).

FRET wi th odorant receptors has only previously been denonstrated for C ass

A (a2-adrenergic and parathyroid hornone, (Vilardaga et al., 2003)) and

Cl ass B (sedependant of thesdstioee betweah the RMO7INd CRGRs, therekickeothompdciraln ORs,
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energy trangfglyet %Téoda}§l ng chinmeric G protein coupled receptors (GPCRs),
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which has limited use in the wider research 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 energise the donor fluorophore (Piston and Kremers, 2007). This causes
unwanted direct excitation of the acceptor at the donor excitation wavelength (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



I n one enbodi nent, a subunit of the G protein coupled receptor which is
capabl e of binding the conpound conprises i) the biolum nescent protein,
and ii) twe:aoosps4er nol ecul e, and wherein the spatial PoTatt20r0/0@00800r

di pole orientation of the biolumnescent protein relative to the acceptor
nmol ecul e is altered when the conpound Binds the subunit. For exanple, the
subunit may conpri se I) an am no acid sequence provided as SEQ ID
NO 13, 15, 52 or 54, or ii) an am no acid sequence which is at | east
40% i dentical to any one or nore of SEQ ID NGO 13, 15,52 or 54. In an
alternate enbodi nent, the G protein coupled receptor conprises i) a first
subuni t conpitiasdsrigolanintsrentingbsiom anddesdtt RETotBYM¢onanch implérantaiosept or

nol ecul e, aBﬁE'T'c)on@n&eﬁé?ﬁﬂb ﬁlbh@éiEHet(RM'é)thtH SthePRRRNRrSfncbi MEENY; 1 he

conmpound, and wherein tial |ocation and/or dipole ori ent ation of the
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FRET with odorant receptors has only previously been demonstrated for Class A
(ax-adrenergic and parathyroid hormone, (Vilardaga et al., 2003)) and Class B (secretin,
(Lisenbee et al., 2007)) GPCRs. Unlike mammalian ORs, which belong to GPCR
Class A, nematode ORs (Robertson, 1998 and 2001) belong to neither of these classes
and are evolutionarily and structurally distinct. Furthermore, all ORs, including
mammalian ORs, which sit within Class A of the GPCR superfamily, are atypical in
respect of their expression. Generally these proteins cannot be functionally expressed
other than in neurons derived from the chemosensory lineage. A number of accessory
proteins have been identified whose presence is required for proper expression of
mammalian and nematode ORs.
Thus, there is a need for suitably sensitive methods and molecules which enable
the detection of compounds which bind G protein coupled receptors for use in, for

example, biosensors.

SUMMARY OF THE INVENTION
The present inventors have surprisingly found that cell-free bioluminescence

resonance energy transfer (BRET) using chimeric G protein coupled receptors
(GPCRs), such as odorant receptors (ORs), to detect a target compound is more
sensitive than other detection methods such as BRET using whole cells or FRET.
Thus, in a first aspect the present invention provides a method of detecting a
compound, the method comprising,
1) 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



iii) the biolum nescent protein fornms part of the first non-transnmenbrane
| oop of the subunit, and the acceptor nolecule forns part of the third

non- t r ansSWorbroizses4soop, or iv) the acceptor nol eceCa/Aoromopmnt of
the first non-transnenbrane | oop of the subunit, and the biol um nescent
protein forms part of the third non-tré&nsmenbrane | oop, or v) the

bi ol um nescent protein fornms part of the fifth non-transnmenbrane | oop of
the subunit, and the acceptor nolecule fornms part of the C-termnus, or
vi) the acceptor nolecule forns part of the fifth non-transnenbrane | oop of
t he subunit, and the biolum nescent protein forns part of the C-termnus.

I n yet anot hetecalk tvelicn greseetrbn dombinttiont benBispraotehm:icoup edoicie capt ar
COMprises ,cceptof sholRedid," St subunit conprising the biolunmnescent protein,
and i i3 a .second subunit conprising the -accepc}-or nol ecul e, For
exanple, the fi rlgtsnavltaélé%wdorsawﬁrfttaﬂﬁavgbétﬁbﬂ? Sepviding a supgtralfy o ficho aci d
sequence pr bvhdedcesast SEQelnD aND allbwigy thO biabkminescent pdodeirano anvdify dci d
sequence whigh.iis at least 40%identical to SEQID NO 17 and/or 19. In an
enbodi nment , ... i) the biolumescent protein fornms part of the third
non-t r ansmenbr a®) 1STEIHRE HHEPFDrBedwaigs i lpmingiant 1530 naRCIESY Bt Ul e
forms part @EREDdctwebh hebruhmansmenbeiansd fhoeq@ephdr thblecdecond subunit, or

ii) the accgvg&efn Pl ﬁf&% ﬁ(gagcfm?m&r&i%&@ ohiBRatdN sAmP L LARSIRMLane | oop of

the first subunit, a ol um nescent protein forns part of the fifth

non- t r ansmefARES FEARFCHTOn IRYCEE Sraftcedpififnt the gpmpound bindyjthe frotein
bi ol urri nescemipleprredepﬂon ahdwharejpaviten ekpredsed fniarcetl thedf-tdrmarus nﬁmbl(}ameteinoop of
the first sy mdtrecieg{)&g, %Pﬁttnﬁgg%k%{‘ DG qu e ctef?réﬂ(?th@e@—{errﬁinu% Sidk ifer d

non-transmenr ane second subunit, or Y e acceptor
mol ecul e f offts part of the first non-transnenbrane |oop of the first
subuni t, and t hdnhinel anbodasmend siluattesfnthé ai peotpiar doupled trieptoniwidch is

non-transne : -subunit, or v) the
g%t%@lg%f Lﬁ%ﬁﬂg e ctogﬁ%lgﬁiég%?n%ﬁ )

bi ol um nesc rotern forns re e fifth non-transnmenbrane | oop of
the first subuniitthe fixtpotrecdt e€tor ol ecul e forns part of the C-term nus
of the second subtiwidceeparr mobecule,

and wherein the spatial location and/or dipole orientation of the biolurninescent protein
relative to the acceptor molecule is altered when the compound binds the subunit. For
example, the subunit may comprise
i) an amino acid sequence provided as SEQ ID NO:13, 15, 52 or 54, or
i1) an amino acid sequence which is at least 40% identical to any one or more of
SEQ ID NO:13, 15, 52 or 54.
In an alternate embodiment, the G protein coupled receptor comprises
1) a first subunit comprising
a) the bioluminescent protein, and
b) the acceptor molecule, and
i) a second subunit which is capable of binding the compound,
and wherein the spatial location and/or dipole orientation of the bicluminescent protein
relative to the acceptor molecule is altered when the compound binds the second
subunit.
In a further embodiment,
1) the hictaminescent protein forms part of the third non-transmembrane loop of
the subunit, and the acceptor molecule forms part of the fifth non-transmembrane loop,
or



vi) the acceptor nolecule forns part of the fifth non-transnenbrane | oop of
the first subunit, and the biolum nescent protein forns part of the

C-term nusoabiodssssgecond subunit. In a further alternat @Cemixadiomoosp

i) the G protein coupled receptor conprises a subunit conprising the

bi ol umi nescent protein, and the accesséry nol ecul e conpri ses the acceptor
nol ecul e, or i) the G protein coupled receptor conprises a subunit
conprising the acceptor nolecule, and the accessory nol ecul e conprises the
bi ol um nescent protein. In another alternate enbodi nent, the accessory

nol ecul e conprises i) the biolum nescent protein, and ii) the acceptor

nol ecul e. lin tige dcoeptdrenoleduteetiormat mrtecrﬂ:lmjﬂlirémbn trhsen cobno $aodpi abtheconpr i ses
at |east t WA CRRCHY JIRLEGULES, o R0, KRGE SR & thi heh rﬁ)ﬁ%%ﬁ%érﬂbr%| ecul e
conprises the biolum nescent protein and a second accessory nol ecul e

conpri ses tFP@paRfcept or nol ecul e. The present inventors were

particul arly surijprths edhirondtaudphow Sapepdrost thdirs proasensmemivent lognofi s when
conpared to; el Jf n@(ﬁgc I i hus, |n a
preferred egglgg&rrgn%n!d tﬁfa%cﬁg%ho g}evﬁaﬁ%ﬁagﬁdgﬁl%eﬁgﬁglﬁéﬂ g{l}lsﬁ%ﬁbﬁ%bg

fold or 4 f81d nore sensitive than if a non-bi ol um nescent protein |s used
as a donor nol edul tbe agedptar modallatirmm pat of thu dire aceneentcedbomnaneg omer gy
transfer (F i U f 1{;&&5 JA he
met hod of tﬁgjﬁ%lﬁv%rﬁlﬁﬁ%%gdﬁ%@% %i‘trbét ﬁ{ e%%?@g 10?fﬂgelrgl(ﬁxgiZIg)rﬁ?%é 30 oI d or 40
fold nore i fBrfe BRET signal than if the method used the same G protein
coupl ed r ecept o) gregs@nt:iveicamnrbtnihdotmsqettlof irdiféadnafaneemiganciloap cfel | - f r ee
COMPOS L& O the sybunt Sk JDE AN RLGRL o Sﬂdﬂ%fﬁlfe Aefiipud o7, CRs generally

and nenat ode I'h part rising t a chinmera conprising
a Cass A GPCR \Ml)tthe EREH*OH%H]S?HI%F%%E%B%? ﬁftaggn %wmn@yanﬁéqogm thet ruct ur al
i ntegrity amdubi, abétheapahh@c@tbnitrans dormis part bﬁtﬂ:\e@ttemmmtl vatl on by an
odorant into an | o the G
protein coupl ed Ifr?g& aﬁé‘ﬂheﬁa{ltg&gﬂean Bg&iﬁlﬁnﬂ ﬁl&% 1%{% necrop ]Sl Ee pr g?' gﬁlsr

embodi ment, the it ?5@@5‘1@1 H”élnﬁﬁled?ﬂ@i“ﬁﬁltmreétd‘é‘ﬁt”@ran The odor ant recept or
can be from any ifaueead asbundagmpadsivin a@xpoessiecls. NFa ee@thple tthefifd rer m nus
of the recepﬁlcgﬁ u%%rﬁ%%l% r{}r{@g cell and the C-terminus is inside the cell.

Exanpl es inc limted to, a chordate receptor, a nenatode
receptor, or a B?%%F%é‘[@%q&WFP@VWSW%\ﬁ & NF:dgreht °6f any one t her eof
Exanpl es of chorijahentiecapd séqaeicdchhicleis ablastad0es, Riettidal i $IQ IDANORIMTAI | an
receptors, ayj@noreceptors and fish receptors. In a preferred 7 enbodi nent,
t he odor ant recept or is_a nematode receptor or biologically active variant
or fragnent ther'Bafemhedienbodi nent, the nenatode receptor is a

Caenor habditis a) ﬁgansumeﬁem@mm@forbls phiogf takhiyl mattiadenanbra@ibopst f r agment

thereof In e fﬁ‘mﬁﬁunﬁegﬁd’ th& chze@tglo 3Rk %i‘ﬁl@%?lrt g&%@nﬁh@ trlanﬁmenébraﬂe) an

am no aci d sequence as I n any one and
ii) an ani nl?oa@f@‘%@ﬁﬁ@ﬁ@ém%m%h is at | east 40% i dentical to any one or
nore of SEQ I D NQtHe dcoepior molecule formeydt dfahe @irt adi- m’tnerrﬂak’@e%dpwﬁltﬁe is a

chimera of g,pQy 1?%n8?hetb‘£‘&u8fn~ﬂ§°£t 4 bﬁaff%ﬁ%g)‘art%’fﬂ{eq{ I{bnct&ﬂﬁ cept or

subunits essory nol e can be any nD ul e Irectly or
i ndirectly Q@E@@i@?@@nwvﬁbﬁn% e G pr ot ein coupl ed receptor. Exarrpl es
i nclude, but ar aiindé bltomikackst Psotka for@d pirnofaldfid@odstansmembrane lodhef ef f ect

of changi ng&%QﬁH%w CANGHOLL tblolﬂ&e&[i%gdt?ﬁg ﬁgﬁ) H tthg(aﬁrdorfon tggson(sfw in BRET

has provi de enonstration e response 1s ependent .
Thus, in a épﬁmﬁéﬁogﬁﬁ@ﬁmh@ﬁt the level of BRET is indicative of the
relative am)unt i0fthé beponporade Formb Pert SAMPIfiest non-transmembrane loop of the

first subunit, and the bicluminescent protein forms part of the third non-transmembrane
loop of the second subunit, or

v) the bisluminescent protein forms part of the fifth non-transmembrane loop of
the first subunit, and the acceptor molecule forms part of the C-terminus of the second

subunit, or



Exanpl es of bi ol um nescent proteins include, but are not Iimted to, a

| uci ferase, a 13-gal actosi dase, a |actarnase, a horseradi sh peroxi dase, an
al kal i ne whaptvasasie, a 13- gl ucuroni dase or a 13- gl ucosiPdasdi2010/000080
Exanpl es of luciferases include, but are not limted to, a Renilla
luciferase, a Firefly luciferase, a Coélenterate luciferase, a North
Anerican glow wormluciferase, a click beetle luciferase, a railroad worm
| uci ferase, a bacterial |uciferase, a Gaussia |luciferase, Aequorin, a
Arachnocanpa luciferase, or a biologically active variant or fragnent of
any one, or chinmera of two or nore, thereof Exanpl es of substrates

i ncl ude, but araﬂnbéamkmbtmdwmﬂeﬂbmepbeOfmeﬁﬁhmhmnauhh&baha@k@eﬁﬂns,

coel ent erazgne i, %naia{elby&ami\ﬁ@bceﬁf caek ehR pag oPfe (Aeffinud &tﬂ@%c&ﬁlse of
sone | um nescent proteins such ééquorln the substrate may be a cofactor
such as cal &4%UMi ons. In one enbodi nent, the acceptor nolecule is a
protein, exanpl dsaddrthahalematamhbwdeyenbut ar e not limted to, green

fluorescent protgig, ( ErF)oteHP'cH%lE& Ll%% ??o?e f’%‘& aamsu&lfnnegfmérﬁﬁg) the yan

fluorescent variant o orescent vari an

enhanced GFPw{EEEpyon éﬁﬁé‘h@é‘ ﬂ@wwm CUEPEIEesRp ageppno e6‘;11-4IE’>S65T
Enmeral d, Topaz, GFPuv, destabilised EG-FP (dEGFP), destabilised ECFP

(dECFP), dest ab'lg'tﬁeeé ﬂ?&gﬁ c(oﬁl[ﬁuyd:&?qt rlse:[s a %ﬂﬁt CO@%Q 'B%S{%or

t-diner2, tdinpe nRFP1 oporin Ren nster

paGFP, Kaed@owwﬁ@nﬂ ﬂ%’irac%FSWﬁX/H]Bl?F‘F FB‘PTBEré*Fﬁfhe SRS gIEar y act i ve
variant or fragdﬁamﬁmﬁahﬁymeambmmmm&ghem&e%oqmno%dMﬁﬁ@m@hkﬁrnate enbodi nment
t he acceptor nol. 1S @ 000 p pgg , exanpl es of which include, but are
not limted to, l?ﬁ’kfefa“ & K)yE odi py dye, Cy dye, fluorescein,

dansyl , unbelIlﬂgﬂSH@“WWFQBW?gkent m crosphere, |uninescent nicrosphere,

f1 uor escent nandacray sirthkr anhata anBodiemenCabe ad@p®litiva, cdoasteadet ¥altl ww, Pacific
Blue, Oregon. Q68N mlGLIATEhEY LB By BRQUBR Nfuied fX ARtk bRy e earth

el enent chelates,” or any ination or derivatives t
anot her enbBidiweffEce Hémﬁ‘ét %idg T@&?ﬁthé@cei@ewpm%uéu%mpﬁla%eﬁlﬁsw%?r
sequenti al | ynolctlb. step i) or step ii) providing a co-factor of the

bi ol um nescent p[r Qt %ﬁﬁf& Jseé ﬂe%h%‘mrly%%péﬁ%f t@%d'w fslgélnBP’theATP

magneS| um oOxy CI urpgglo t1on or nore
t her eof . presenr Hwﬁlﬁloér%b&&?fh%‘?’i”tlpafqdﬁé TreeflfreeandoRiRB §1“thi°l’irf3 teglitnai ned by
produci ng t hete@spridiue in ac@repired embekpto the rmmhcrdeﬁ‘ahé’) invamttonde bt lcan@

di srupting E‘ch(? 3%%51‘841?01(91;110}41 nﬁﬁéfel than if a non ul@:@u@@&%r%ﬂ i5 us (J?i | dh

r econbi nant Cé es not pI‘O uce any non-enaogenous pI‘O el ns
associ at e WHHT fWECEe 3o E SiHV EbtipPelioreedst Eﬁsonance energyngfl (FRETH i whi ch
the cel | - fr agemtmposi & fiehecaefehed ahbalimed themathyd cfehé intypien papalel et of

expressi ng_ 16 oSt S) By £ SYRAES: JEERARAL nﬁag BRI ABLARLY kRGO ePt o

into its ce h™a particu
r econbi nant u%?éﬂhle ﬁagle;ﬁ Ditedn C%l@leri receptor pre@?ﬁ ar?nam@@rcﬁ%ﬂ@teé%%ﬁn?ﬁelﬁta the G
protei n coupdiefled @appiiion.i S enbedded in the |lipid bilayer of a |iposone. In

a further embodi éhtthe tg}gc%&?@ofélaé%%h%ﬁgdoﬁssééﬁgra@ﬁﬁcpﬁénﬁicr#f ORs In

anot her aspect, [ nvention provi
r econbi nant lwmw@ﬁtl Hés Fugirisenet thatta Ghme2 egrpysitch ClatieA S81GRwER BB@T
conpri si ng, donor &nd Watkptdr tags aolhd pa) oA sta@tipdl eidtegeyenidob), barapabie) ofa

o of uri s A0l Rlg) R APULAL BN ECERL AL TRL G i UGAS Priflen e essed
C-term nus Pis&rgd emRedipgnt; the G protein coupled receptor is a Class A GPCR. In a further

preferred embodiment, the class A GPCR is 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 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 an enbodi ment, the pol ypeptide forns part of a protein conplex which is
a G protein coupled receptor conprising one or nore different G protein
coupl ed rwoeptwsssbuni ts, and optionally one or nore diPCTanento/@esessory

nol ecul es. In an enbodi nent, i) the biolturnnesrent protein forns
part of the third non- transrrenbr ane | odp of the subunit, and the acceptor
nol ecul e forns part of the fifth non-transnenbrane | oop, or 9 i)

the acceptor nolecule fornms part of the third non-transnmenbrane | oop of the
subunit, and the biolum nescent protein forns part of the fifth
non-transnenbrane | oop, or iii) the biolum nescent protein forns
part of theehbsdmhemothe bdamgmerptoaise lcovpdofeceprer anbboingitsllyasaedvd Miaatccept or
mol ecul e foBI”Fra o} tﬁ%freotthn tan'ehﬁl)oﬁ:l%mt rtl?enl%ﬁ?d@me%@e {0(1) nﬁa Cq{enorhabdztzs iv) the

acceptor noleculfe forns part first non- transrre rane | oop of the
subuni t, An@leRHS SFEP At HesEEHY aﬁr%mrﬁmr%rf%msaﬁ T the third
non-t r ansnenbr arie ah e@podient, the odorany yectfter donpkisesi nescent protein forns part

of the fifth nony &J&ﬁ?@?ﬂ@g%ﬁ&ck% o%e&lhl%n§epetwstE @‘.ﬁo&'i"?o GGHgPt Or

nol ecul e forns part o ter m e acceptor polecule
forms part of t e o5 pming %W@ﬂ?@&?&w@ﬁ%%&avé@ﬁo lé?nttcﬁléo §@b€ﬂﬁ ¢ mo&RAL t he
bi ol um nesc8RQ IpMad:¢itm6.f ornms part of the Cterm nus, vii) the

bi ol urm nescent R Ghhid @fbdipnRRERAR TOA Efitkfs SOf pwl%% off of g 1St

non-transnenbr ane un| t he um nescent
protein or fihsreaEE é’ﬁ%t‘?:iPC?f’mleéldEﬂeétofﬁ’rbi‘FB“Spart of the th| rd non-transmenbrane
| oop of the subuiit accessory molecule Xdant be dny omuktuie sthgntlirg@rlgt @ indarctiyhe

accept or g‘r)Ls%Séﬂtgs \Wl§ iR (Pﬁ{)ttel Eouplt rbde k{oh] ﬁQﬂnélé@'ﬂ&ﬁ&ﬂ%ﬁ@ﬂ@ nbORRi&Qf the

subuni t, um nescent protein or the acceptor nol ecule
forms part &Gtﬂli%te‘@afl%?‘ﬁ‘?sﬁﬂrs of the subunit. In a further enbodiment,
t he pol ypept i de Thorffedit9€shanpiag borapannt neseritiopy @i teé amplitddd dfehcachargt or

ol ecul e, ARIBIBEN L AR SRR Al achRRARIGR R HOfe AnROLCARE BN of the

bi ol um nescent protein rel at e acceﬁ ecule 1 s altered when
t he conpoundhi HasPrefseehenbysapent dis level of BRE isjpdigytive ph deael %tﬂf'f?c?&}o#%tnt t he
pol ypept i deotiberpsmsead fntke sniplni t and the bi ol um nescent protein, and t he

pol ypeptide is %x&fi fel XfﬂFluhﬂ%’s&ﬁgﬁ é&é \ﬁ%ﬂﬁettﬁ%ﬁe%‘éﬂﬂ{?@?dﬂﬁ'aYIHSPetrAsQe

conprising an accep or ocat 1 on_‘and/ or
di pol e ori ehtﬁaﬁaﬂ"’éWS‘é‘Fset hETBIGHuH RESERERE Ppiogidaienan éllkélﬂexlé‘OPI@t"’tS%ea Brccept or
nol ecul e i sgatidrefieéde whef-glresi¢énapound bi nds the pol ypepti de and/ or the

second pol ypept 'E(;(g gles OF] luclsfg'ra?es 1w1ﬁ£e5utaa!ré ﬁBtnl%f?edet%bQ?éecuPtlumfeﬁg ah

pol ypepti de_conpris acce
pol ypept i deFirgflyduriEstsey %@elqnﬁmﬁt? J}}fthrﬁ‘S%éM&htAéneélcélé%IBWdV%@l yeiEspse-de
conpri sing alidki detieriveeeenta piloaeéiwyrmalncifadser eibactedue 1sqtasgla Bﬁmiai on

and/ or di POl BALEALAAN:Olrul 5 b0l HERRGSCENL WRISEND ERIALINE 50 the

accept or e’1s ter e conpound ol ypepti de and/ or
t he second gégrwyéﬁ gugeone, or chimera of two or more, thereo

Examples of substrates include, but are not limited to, beetle luciferin, other
luciferins, coelenterazine, or a derivative of coelenterazine. Also, in the case of some
luminescent proteins such as aequorin, the substrate may be a cofactor such as calcium
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), enhanced 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, DsRed?2, t-dimer2, t-
dimer2(12), mRFP1, pocilloporin, Rernilla GFP, Monster GFP, paGFP, Kaede protein
or a Phycobiliprotein, or a biologically active variant or fragment of any one thereof.



10 In the above two enbodi ments, the second pol ypeptide either
conprises an G protein coupled receptor subunit (to forma hono- or

het er o- diweroovossdsgher nul timer as defined herein) or amCIZAARSBN0YSO

nol ecul e. In a further aspect, the present invention provides a
purified and/ or reconbi nant polypept|d§ for detecting a compound, 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
protei n coupl ed Inectejpinmate crobodéubunh¢ scctiiereatculd s aowb-praiantdiempled bf and t he

C-term nus \Vﬂﬁhqgcl{léfbe bgﬁ la}e not 11m1tedb‘§o talﬂeAf%E&i lFlltﬁ)‘l:I & QaﬁgdilPch% a Qfg@c' ate,

many of the_above enbodi nents_rel gélng to the net ods of” det’ec n al so

apply to t h8U¥BiIcHBe e aRPREI G o vorfiecTt AUGRANGHS, luminescenymiGOBRYGi ded i s
an i sol at edflasreycont rexogesmduslapod B Ceatild 8henCostiatg Yallpal Bqoejpt Boie, of t he

i nvention. bk (ﬁlgp[{) dféﬁ%ﬁltethéf(rlgﬁaﬁg"ky Mgéla‘ﬁgﬂé df‘ex%) W@H' 1Sa(?§ earth elemeht) a

nucl eoti de sequence as pr.ovi in any one of SEQ I to 12, 14, 16,
18, 20, 51 6?‘%@ mawyCmnMHMmeﬂéﬂH@ewedeve% sequence mhlch is at |east 40%
i dentical to anynomether dambodineht, SREQ ML Surthet @othPrisel 4imulGpeodfly @0, 51 or

53. ! 43 ﬁgﬁ?l hf(vﬂﬁ%feg(f)t orI S%QM 'p%ﬁl@diﬁgegoeﬁ%fb} of %%g}?ﬁahﬁ!,ﬁgmﬁmmm

pol ynucl eot | ent rred o
pol ynucl eot che“ff & iBpladeabryere poflisyted go.a™ ot girgtarue, oxveeny MEewHER aspect ,
provi ded |SQaimmﬁﬂmﬂﬁhbim@nwoLsmngthﬁﬁfpolynucleotlde of the invention

and/ or the vect gf ,pf m“oB&n{thVﬂI%tdeﬁ’}re comE s?tf %fx% a&%‘ta){nedtﬂ}‘;prg'&ﬂngctﬁ%]

produces, and hence conprlses po I nvention
cel | can bePRffj c@pled fspppior marecomlﬂﬁenme @phlisiuptegihe membraae gi thecql ]he f| rst
to show t he fundhianrabodimpiiteasiredonbinaat ¢edinkboae poatmcamiy feecaddbgenouswhi ch are

evol uti onar tﬁllﬁyeuglv&ﬁla{a@gﬁm ORI bR QAREAD L Rept Or s, 11 yeast
menbr anes. In erre ost cell is a Yeast cell
he cell from which the cell-free composition can be obtained is any cell type

capable of expressing the G protein coupled receptor and incorporating the receptor
into its cell membrane. In a particularly preferred embodiment, the recombinant cell is
a yeast cell.

In an alternate embodiment, the G protein coupled receptor is embedded in the
lipid bilayer of a liposome.

In a further embodiment, the method is preformed using microfluidics.

In another aspect, the present invention provides a purified and/or recombinant
polypeptide for detecting a compound, the polypeptide comprising,

i) a subunit of a G protein coupled receptor, and

i1) a bioluminescent protein and/or 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.

In an embodiment, the polypeptide forms part of a protein complex which is a G
protein coupled receptor comprising one or more different G protein coupled receptor
subunits, and optionally one or more different accessory molecules.

In an embodiment,

1) the hictaminescent protein forms part of the third non-transmembrane loop of
the subunit, and the acceptor molecule forms part of the fifth non-transmembrane loop,

or



In a further aspect, the present invention provides a conposition
conprising the pol ypeptide of the invention, the pol ynucl eotide of the

i nventi onyvotzhw/ossssttor of the invention, and/ or the host PCElAU20f0/006080
invention. Preferably, the polypeptide is enbedded in a lipid bilayer. Al so

provided is a cell-free conposition coftprising, 11 i) the pol ypeptide
of the invention conprising a G protein coupled receptor subunit, wherein
t he pol ypeptide is enbedded in a lipid bilayer, and/or ii) the

pol ypeptide of the invention conprising an accessory nolecule which is
directly or indirectly bound to an intracellular |oop and/or the C-term nus
of a G protein dotp ®dept@angtaie, fortnepaei of thdrhirGnp-ob@nrembonpll@p ofdeept or i s
embedded i ns@ouhllt panq @blb@m{m@@g wher:efdim # AR EFAEfbnl tfanﬁn&ﬁ%ran o he

N-t erm nus ? G proteln coupled receptor, or subunits thereof S

out si de the(P@MF and the C-term nus inside the cell. Preferably, the lipid
bil ayer is a yea8)tht Liphehibistaypmicin forms part anhefibvodinrrensmerhrenccledp off r ee
conposi ti onglulfRgr, @Qﬁ%{&ﬁﬁa ol SHRSFAL SarQff dldVGir® hl- Héﬂs&%ﬁﬁﬁﬁé |oRpot € ein
and/ or a co-factor o I ol um nescent” protein.

reader will ®appreciate, many of the above enbodinents relating to the

nmet hods of det edt) thnaaksior apletyle fowmt pert ofihb {itst @en-asperibedne 1dvp dfmwent i on.

In a furtheg,aspest; ik hw?o RLeSe0 \tf%nfohgﬂ a{%wt Efhird r{s‘attﬁﬂgnaﬁbb Rfcoduci ng a
cell-free conp05|t|on o} e i nvention 8" et hod conprising obtaining a
cel | of thel¥m¥ntion and disrupting the nenbrane of the cells. In an
enbodi nent, t he wdlelisciamnacpentmeabinl formedaarof khedefth nonrtraasmentivexch lognsf, t he
cells are 'Ml%%ﬁ‘odlgﬂ &d':ﬁeea[&%t&rn‘?o‘i&ule forms rﬁaﬂ o?ﬂf%td‘{%%mi%ﬁ?%fit the present

i nvention provi bi osensor conpri si peptide of the invention, a
host cell of theVithyasFeRtanmolsewle Fsws Pt eﬁthﬁﬁ%tlﬁen TrRRSEIFbERS dndt/od theg
cell-free cmﬁm@&mhddmkmﬁmhhecmHWQHMnﬁnmspmtofmacamhummher aspect, the

present [ nvent | ag Baxldes.a. AR Lk, a6k SMQC&Q@O@ FaEREURdkAnat bi nds

a G protein cou rece hod conpr i si ng, ontacting a

candi dat e cBﬂb%ﬂﬁHwﬁPPHe OE@fﬂwFW%%“dﬁnp05|tlon conpri si ng a) at
| east one G prOh@Uﬁh@bmbhﬁﬂﬁmﬁC@pkamﬂh@@ﬂﬁ@ﬂrmibaﬂéﬁpﬁdphﬁbﬂ&ﬁﬂﬁuﬁnd whi ch

i's capable gf bing ecu MLQﬁhﬁgpﬁggﬁgP“ b) optionally at |east

one accessory no direct indirectly binds an intracellular
| oop and/ or the - @%Pﬁaﬁ%@w@?mwﬁé% brﬂ%ﬁ"’é‘fF‘fPt‘trdﬁ‘b‘F%‘éF fospe prb et thiHithei n the G
pr ot ei n coupbretamseempiads lcopoPiht Sesnde or nore subunits that are the sane

or different, ang jhereln,Lng GRLOLEIA, GOUALEMSERERbAL: naNGS e @ccessory

nol ecul e mhen preésent, 1n combi nati on conpr I ol um nescent protein and
an accept or teHBINETef the subunit.
In a further embodiment, the polypeptide comprises the bioluminescent protein

and the acceptor molecule, and wherein the spatial location and/or dipole orientation of
the hiclumunescent protein relative o the acceptor molecule is altered when the
compound binds the polypeptide.

In an alternate embodiment, the polypeptide comprises the subunit and the
bioluminescent protein, and the polypeptide is directly or indirectly bound to a second
polypeptide comprising an acceptor molecule, and wherein the spatial location and/or
dipole orientation of the bioluminescent protein relative t the acceptor molecule is
altered when the compound binds the polypeptide and/or the second polypeptide.

In a further alternate embodiment, the polypeptide comprises the subunit and the
acceptor molecule, and the polypeptide is directly or indirectly bound to a second
polypeptide comprising a bioluminescent protein, and wherein the spatial location
and/or dipole orientation of the bicluminescent protein relative to the acceptor molecule

is altered when the compound binds the polypeptide and/or the second polypeptide.



ii1) sinmultaneously or sequentially with step i) providing a substrate of

t he bi ol um nescent protein, and allowi ng the biolum nescent protein to
nodi fy t hwo0hwissst e, iii) determining if step ii) PeDMNI20t0690080

bi ol um nescent resonance energy transfer (BRET) between the biolun nescent
protein and the acceptor nolecule, 12l8herein a nodul ati on of BRET

i ndi cates that the conmpound binds the G protein coupled receptor, and
wherein when expressed in a cell the NNterm nus of the G protein coupled
receptor, or subunits thereof, is outside the cell and the Cterm nus
inside the cell. As the skilled reader will appreciate, many of the
above enbodi nentls tiieedtab e ngo tobdédieemetthostsonf pdgieptdd atheatsaprapphy Gt o t he

nmet hod of s i ct, the
oresent i nv%%f?ﬂ%&@r%??%%? 2‘“?‘”%5%%??2?‘%8 or heteroc el of M SRR o,

a pol ynucl ett eé‘ée%ltertlh)eoraﬂﬁ‘é%‘ifslot}’rfnoﬁc%ct or of the invention, a host cell
of the inventi orp adurdenppsétt tho presént dvention\pesmtidesn, puaﬁexbdtﬂd%drrrﬁ:errﬂ)mamosi tion

o Lne | veRll o anPl ke e BLOREAANND olgeﬁtﬁuw%%tntﬁgne aspers ML be

appar ent eat ur es an rat C of t he
invention are appft e%oer@rYtlaolﬁaH9tltﬁf grcﬂérs%é itsciby binelaay iyBRgIuH Joop
Throughout tnhj/csrt&ﬁémﬁmmbftha(tmetenmdpléd:mnmorsa&ia or variations such as

"conpr i ses” ls%ttﬁtrﬁmagem Wt&halp(ﬁoﬂﬁ'ﬂqgée?%o? 1dc@le! TPl y the inclusion of a

stated el errent nteger or s ggrou enents, integers or steps,
but not theWé%tntr%heaﬁxaﬁssaw %)fq%lettle TSFRRIAYS of; ﬂrﬁ Egurteigeogtlehiccggforgploup of
el enents, | nibagiertherosf, stoepkle the cell addide CAvembtusdnsidesthhiedlei naf t er descri bed by

way of the fol I

acconpanyin (ertfe}gsm@% Edég}aﬁggpgéﬁrgz#%@ @% XM(Q,%;OR/P&{@L‘]%%C%%A\% s

Figure 1. P eﬁl& dg olpfetscl st lydh dheip ipeRiiis rgrect Bt oRVERiGiecept or fused
to GFP and RLuc.Alg-Biovidedi insar isethtddnatdie exvigembus niotymaelbdtide agncbdiop aof t he

GPCR and RLH&YISG?HH@@“&&@H@ORUS Di acetyl binding could result in a

conformati o ange resu in a decrease (top right), or increase
(bottomright), IPﬁnFIHEOddFP%Itt’aIH%QOb‘étctﬁé%ﬁlﬁql?ml?élseénd GFP2 or a change in the
rel ative orient dja onrdeodtle ichednce edprovidghiaraey o SES) IDANONT wwdal th, abt er t he
BRET2 si gnahglzﬁ 5’;\1(&% s.dependent nanner. Fi gure 2. The response of OGOR to
(A pl\,4 (méan’ S I\/? —2 and (B). nM (nean = concentration of

li gand or water = leélﬁat@s%eauegregw r‘he@a%tleaat W/erdéﬁtlca{r@@woay Ot BWfrarfed to
wat er). Fi gSE@ IB.N(ORkéE te¢hangeld, ng, BRE2orr5ati 0 (%9 of OBOR to (A) pl\,4 (nean

SEM =) and (B bR, HiMacB 0 CRRGRRALLE BliyhicRand: GPRRAred o
invention. In a preferred embodiment, the polynucleotide is operably linked to a

promoter.

In a further aspect, provided is a host cell comprising the polynucleotide of the
invention and/or the vector of the invention.

Preferably, the host cell produces, and hence comprises, a polypeptide of the
invention.

The host cell can be any cell type.

The present inventors are also the first to show the functional expression of a
nematode odorant receptor, which are evolutionarily different to mammalian odorant
receptors, in yeast membranes. Thus, in a preferred embodiment the host cell is a yeast
cell.

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

Preferably, the polypeptide is embedded in a lipid bilayer.

Also provided is a cell-free composition comprising,



13 Figure 5. Conparison of the response of OGOR (nmean SEM n=3) and the
OGOR mutant (nean SEM n=6) to water or one uM of diacetyl in water.

Fi gure 6 .wQonpesssien of the response of OCOY (nean SEMpCmA3R0BNIG003GOR
(mean SEM n=3) to water or one uM of diacetyl in water. Figure 7.

Spectral scans of OCOY upon the additibh of different concentrations of

di acetyl. Top: Raw data. Bottom Normalized (500 nn) data. Figure 8.

Normal i zed dose response curve for ODR 10 tagged with both FRET (nmean SEM
n=5) and BRET2 (nmean SEM n=12). Figure 9. The response of TGIR to 10 ul_,
(mean SD, n=3) of OP50 bacterial supernatant (LB) or OP50 bacterial
culture in LB caypgeredyteptideBofathonavefitiond eoropréssngaa i grutdin camtledidcémorent (P

0. 05) Conpaglﬁ)qmtt Qvﬂe@m thg'pgl%&)tlglgls ey%@dcfeﬁsﬁpé)pﬁﬁbﬁg eigﬁolt 0 uM (mean SD,

n=3) concentratlon or wat (* denotes a S|gn|f| nt different (P

0.05) conpared tB wwvthﬁ ngdh%mﬁnﬂowm@m@% YhAGEY Ipeled s which s park -
ODR- 10 sequéinedy ot indintctly buand tabh emtmed it trop lahdjamntle Oitadiing otﬂm@aprmsm A)

N-term nal fixed fe@ep?(ﬁs%rblreﬁl th@)Gl\fSrBt%fnnE ﬁiedéreéé@'fdrapleﬂlb%eﬁeﬂu@nl R

Rl uci f erase not e s emtting Onm ~an enot as emtting at
515nm  Fi gub! yz&.anfgwﬁgﬁlﬁrwgéapw mwﬂdhe Nrigrmues-of dhecepotgia gatplede | s to
show odr - 10racguepbioubhis dlcrevdtis ansidantic tabgedhoCrerithue xpidesisi ehl. | evel by

confocal m Cr05C‘E‘P&Xra@lgxt‘ﬁ@ﬁ%ﬂ%la)l&iscaayeéf%llg_ﬁl%%%a' | aser scanning

m croscope). Figure nemat ode odr-10 in living
I nvsc |yeast celltan empediments e cglisbieg cosnosifipn fupdsrerompatfe ddubgrtees theessi ng
tagged odr - kdhpriotseiunsrofcar ai2dr howftatof b Gictknergynitpracdisf er neasur ement s

were per formed 4L i Wil GRLI &iPpAUEINGal 0 800! SRBSAAZIORIInG PeepBl ued)

and neasuring light emssions In vel ength m crop ate re r wth
R uc and GFS nstifodypf detqctipmhieo %P@ly@r@élterqué@e?Weftwéth%waaon Data are neans +
St D of two i ndepeadetiicr espp@r theprebant invastion povidd ra-@hddlafprodutiag atceN-e

control . friaé QM@+ tﬁ)qr fl %tla' lﬂﬂgsrﬁétlll&?gonég P@otanm% aaE 1 Gptﬂen

separate ce I's 'm xed for &di ng - I'S not
expect ed be%ﬁ@@nﬁﬁ%dlﬁ%tl%ﬁ%m@ﬁ’@f@e% %C%lbipr essed in separate cells.

In an embodiment, the cells are permeabilized or lysed.

In an embodiment, the cells are Iysed in a French press.

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

In a further aspect, the present invention provides a method for screening for a
compound that binds a G protein coupled receptor, the method comprising,

1) contacting a candidate compound 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
molecule when present, in combination comprise a bislaminescent proteis and an
acceptor molecule,

i1) simultaneously or sequentially with step i) providing a substrate of the
bictuminescent protein, and allowing the biclaminescent protein to modify the
substrate,

iii) determining if step ii) modulates bioluminescent resonance energy transfer

(BRET) between the bicluminescent protein and the acceptor molecule,



I nvscl /odr-10- RLuc; odr-10-GFP2 - both constructs expressed in sane cell.
BRET is present, therefore dinerisation is occurring. Figure 14. Detection
of COdr- 10wWol20pases4g by | rmmunopreci pitation. Crude nenbr 2o®/Afzorwooonssc 1
yeast cells co-expressing the indicated receptors were solubilised and

adj usted to the same amount of luciferkkse activity. Receptors were then

i munopreci pitated with anti-G-P anti body and | uciferase activity
determned in precipitates. Values are presented as % of maxi mal anount of
precipitated luciferase activity. Data are nean of two biol ogical repeats.
Fi gure 15. Measured light output in the BRET2 channels upon the addition of
5i1.tMof coétremt 2magiuhéodt @0BRET 1Qicapk , thaftha colwpberdceihlls des@yprsiaimpl e of
100 pL, of . %&%1&1%& tfof &fd %Eﬁ@in%%n%%‘r@ é(?'fn' aoc@ﬁ tﬁeqll lt%lﬁ'lg of the G protein,

ultracentrifugation. Figure 1 n on_ incubat]on (45 m nutes)
with 1 i.tmwe&r%émor@mw thgrogy, is ﬂu@? %ﬁ?ﬁ&%&le fsichyings WRGF &iccel | and
cell-free asdhy systens. SEQJENCE LI STING C elegans drl O receptor. C

el egans St r 112 r/fsctﬁ@§k(?l'ied rg%ldelexllv I%CI%er 11'1;1'1%/ 5fqﬁéaaﬁ)to% em&)dlrﬁérﬁ!&%ﬁﬁngor 114

receptor. e ece gans Strl116
encoding C.! héwée&a«ﬁ qctlet%%aé)@ YdPt eca‘-raif %&faerﬁﬁgn@sp@t fiﬁgwsetmz
receptor. ORF ersedurigr &pec@) thgpmsenSinvditdn pexvéelet e kit corapisincadypreptids. el egans

Strll4 rece e ding C
R e T T ff*.t i tl%*?@ﬁﬁ&éﬁ%?%‘n&%%@&?ﬂ%inw S£Q

ID NO 14 - €pélif mesiong of 9%8@% lwpg}%p% icelbtrgs %W@Oﬁlﬁ*ﬁﬁeﬂ
conpri si ng ﬁveﬁioﬁg@ﬂ&rGlﬂromlwﬁﬁ‘emnmqnn&uc inserted into the third

ntracel | ular | QR iid iBuRAn oS ARSTERREANR IRABL:ARY oFER. LBsEher At the

C-term nus SEQ | epti e .l nvention conp C
el egans Odr%efft@eé&‘t"’@? lcaélﬁﬁo Fﬁ%?‘th%r&sl’eﬁfsd) tedYRIPY i ntracel | ul ar | oop
(fifth non t r ansieguighan ethisogyeyif@aibnRtiec woris e¢dngptlisélt  drheari@tioer michuss. SEQ | D

No 16 - 03%%% Lo fva&ﬁE‘ﬁm%‘;‘)\ginﬂQ@ 99(%)/ &tatﬂodlﬁggf hh%hgclhﬁéﬁ?@% hosfht onpri si ng

el egans rece I nserte I ntracel ar | oop
(f| fth non- ?k@ﬁ@n@wg?r&ﬁétepw§5ouaﬁae RIDERLS- iTHEgSFt Attent: brhot deresslhioniel SEQ I D
NG 17 - Pol yipephdrdeneht, intket orsept orgmoupartplehehtagniCeerebregmas Odr 10 r ecept or

and RLuc insert eﬁle "ﬁlvetnngn % B&El%ﬂ&l Stescribed by way of the following non-limiting
Examples and with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
Figure 1. Principle of resonance energy transfer in ODR-10 receptor fused to GFP2
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
decrease (top right), or increase (bottom right), in the distance between RLuc and GFP2
or a change in the relative orientations of their chromophore dipoles, which would alter
the BRET2 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)



SEQ I D NO 18 - Open reading franme encodi ng pol ypeptide of the invention
conprising C. elegans Qdrl O receptor RLuc inserted at the C-term nus. SEQ
| D NO 19 woRoloygsesati de of the invention conprising C elPega200d0di30
receptor and GFP2 inserted at the CGterm nus SEQ ID NGO 20 - Open readi ng
frame encodi ng pol ypeptide of the invehtion conprising C. elegans Qdrl 0
receptor GFP2 inserted at the CGtermnus. SEQID NO s 21 to 44-

A igonucleotide primers. SEQID NO 45 - nCitrine derivative. SEQ ID NG 46 -
nCFP derivative. SEQ ID NO 47 - Open reading frame encoding nCitrine
derivative. SEQ ID NGO 48 - Open reading frane encodi ng nCFP derivative. SEQ
I D NO 49 - Open reading frane encodi ng OGdr10 FRET dual |abelled fusion

protein. SERMR. yoo‘éﬂlpans% ro%%eﬁ%%lns@%bd@fbgnéﬁ% Spsi lﬁﬁsggd&latt% (?GoﬁEQ I D

NO 51 - Open tea rarre enco RET dual usi on
protein. SE®BUP ‘3? SEMginFehte “@F@*f’r efrHM rhfasatd dn Vi€l on protein. SEQ I D

NO 53 - Open reading frame encoding nouse a2A adrenergl c receptor BRET dual

abel | ed T upigh 0P Ql o SHAULRMRRS £ 0dBYSGARA Sdyenctlg 6aeRP! O BRET

dual | abell u5|on rotein

Ng@c en re i ng frarre encodi ng
nouse a2A a "é’ﬁécr%ﬁl\é I‘ré%@p"t’*’éﬁ‘rorgﬁdﬂ}/{ ¥ D “RiStise a2A adr ener gi ¢
receptor. DETAILED DESCRI PTI ON OF THE I NVENTI ON GCeneral Techni ques and

Definiti ONSFigure 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” (mean = SEM, n=12).

Figure 9. The response of TGTR to 10 uL (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 cassette. Dark — ODR-10 sequence, Light — variable
receptor ligand binding domains. A) N-terminal fixed in cassette, B) N-terminal
variable OR sequence. Rluciferase denoted as emitting at 410nm, and GFP2 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 microscope).

Figure 13. Constitutive BRET” of nematode odr-10 in living Invsclyeast cells. All
tested yeast strains were induced for expressing tagged odr-10 proteins for 24 hours at
15°C. Energy 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 GFP?2 filter settings as described in the method. Data
are means + StD of two independent experiments.

Insvcl/odr-10-RLuc — negative control.



Unl ess specifically defined otherwise, all technical and scientific terns
used herein shall be taken to have the sane neani ng as commonl y under st ood

by one ofwondiommsss4skill in the art (e.g., in cell culteceAurologouisar
genetics, biosensors, G coupled protein receptor biology, immunology,
i mrunohi st ocheni stry, protein chenmistri# and biochenistry). Unl ess

ot herwi se indicated, the reconbinant protein, cell culture, and

i mrunol ogi cal techniques utilized in the present invention are standard
procedures, well known to those skilled in the art. Such techniques are
descri bed and expl ai ned throughout the literature in sources such as, J.
Perbal , A Pimedliaiall 0-Blivder thovsdbibdreld GFP2CHo0OR ngpd OGhin Mphete ehld Selivs (1 1984)
J. Sa”br 00k 2leqal, ethewerjelﬁ&le %adggonBﬁET in 5&%@5@6'&%@%@&0 (Qﬂ%t%c%p“ ng

Har bour Labor at ory Pr ess (1989 A. Brown (editor), Essential Ml ecular
Bi ol ogy: A PFEEEpEsied Kbﬁ??%%ﬁe SVoI umes 1 and 2, IRL Press (1991), D.M

d over and &vﬁml/dd&rmsu(ue;dodrdr)&)FPzDMotmcommqs e;@prarsecbmi aak cAhBREL K, Vol unes
1-4, IRL Pr 1%§en 199 o@éﬂnérﬁg@c)nnsé&‘arrl: M Ausubel et al. (editors), Current
Protocol s in Ml’ecu Bi ol ogy, Green Pub. Associ ates and

Wl eylnterscience (1988, including all updates until present), Ed Harl ow
and Davi d Laigard &4li Darcdion AfitDdbot begimess hyainomaiopreyiptitivnalCrudéohentspre ng

Har bour Labggat gty )(6%38&‘)15 c@%\%yréssﬁ'[g Hh&é‘aﬂede}ecﬂiéorrs] (\%i’ fs%ﬁ sequér{de“t

Prot ocol s i n_I mmunol ogy, ons (1 ncl at es until
present). adiusts sl ﬁerl%. rrnoqrhrefséucg%eérfrceal%t hégw@%rs RE tthiim " G
protei n couphethapecibiod "witte bati-GFPoamibsdy end tludisie rbtidye deteaspidom whi ch
signal s thrglléglglt%esor‘Qaglﬁésﬁeﬂr-gglﬁterdea%e)@to@ﬁlaMI 9ﬁoﬁlt%rg£ékfpn§te@ﬂﬁlféms Or two or

nore recept ) Or, nmore receptor subunits are present they
may be the 3y Hpipeemasn of Bro ologikdirtetSon t hereof (for exanple, two of
one subunit and a single of another subunit). Furthernore, unless specified

or inplied 9?’-]% ’F!e edsRd i gﬁt%tpuﬁn%é)éﬁﬁﬁ‘z %H%%oh%%hﬁlon oP?ﬂM subuni t of

a G protein recep or varl ations ereof, are use
i nter change&%ﬂleylterazme 40 t%k‘@dﬂh@r BIVRolecalbassay Yy KRt ‘efééi)%]rffee
"ol factory meméphepreparatidi’ falfowray ul@idenmisughti@r eof refers to a pol ypepti de
whi ch, when present in a ceII of an organism is involved in chenbsensory
per ception n § the term
"odor ant recegpfféa%’e]gf%‘)fbl po% lncru g%gnt(%srsm%upg}ngh%8!@{]0“]?06 g’?éaae whi ch
bi nds an od8mant=3) ngainded mringfmlmie {‘Jeﬂretnd@éll &e@a@i}eﬂymem@rrrpl ex that binds to
an odorant ligand, resulting in a physiologic response. 17 As used
herein, the term "bi ol um nescent protein" refers to any protein capabl e of

acting on amrf@blr}eESE@%]m@Engrwer ate | um nescence. As used
herein, the o any nol ecul e that can be used in
conj unct i on® Eﬁ]}%ﬁﬁl ot ﬁ%ﬁ?‘(@scgcg (freﬁerpé‘frm n to generate or absorb

| um nescenc&EQ ID NO:As (ysdahyertdil hreceier. phrase "al | owi ng t he bi ol uni nescent
protein to Rpditbywd: I3e§lél@§g,,rsa§th13 rRfges to any enzymatic activity of the

bi ol um nesc strate that produces energy. As used
her ei n, theggér[ﬁrh?(ggcg%f%?a@tr Ez?feeept?efers to any compound which can
accept ener §HQENNQ-6d Gelegansedulll§ regéptothe activity of a bi ol um nescent

protein, andg® QDN@%J@ eRSahsl Y 6 RRENGY - As used herein,
bi ol um nesc ener. ransf is a proxim ty assay based
on the non- gg@ I@i\i‘? %{Hg?lgg ?le%’ﬁef)&g}%%cte En the bi ol um nescent

pr ot ei n don8EQARNQ®: Be QRIceapbding fod/egub 8irl 12 recepfs. used herein, the terns
“modul ate” grQ IDWbatOI&ﬂenc%mg’@fél@édn@%l1t3h€£ Q. refer to an alteration in

t he i ntensi r. e ion.s i ol um nescent protein and/or
accept or %%Qgﬁ%é)lo rBR}zenﬁ%déngﬁeﬁJ@aﬁs tfﬁgr?cgptr‘?{ 'spatial |ocation" refers
t o the thr e8EQilPeY2il bn&lRposodin®hi alegaas StrHe rigeploum nescent protein rel ative
to the acceptgmpiwh.esulaRMBLElnERaNLRAS @t?ll%réc%ﬁﬂé“ of the corrpound bl ndi ng

a pol ypepti | 0 rotern cou rece

As used hergﬁﬂq OHE T omap i s iiodcmbrivies br @ AR ERY on 1 n
t hr ee- di nen8Lonakersgdante thefthirdhatrdighlolae lovp tiith n@stswsnanedneioomemd WiiPh t he

bi ol um nescgRttdRPEIdARNALOr the acceptor nolecule relative their
orientation in three-di nensi onal space. The di pole nonent is a consequence
of a variation in electrical charge over a nol ecul e. As used herein,
the term"nore sensitive" refers to a greater change in resonance energy
transfer ratio between the |igand unbound formto the |igand bound form of
one reporter system (for exanple, BRET) to another reporter system (for
exanpl e, FRET).As used h containing an isolated and/or reconbi nant

pol ypeptide of the invention conprising a G protein coupled receptor
subunrt Preferably, the cell-free conmposition conprises no live cells,

1. i



As used herein, the term"contacting" refers to the addition of a sanple
conprising, or which may conprise, the conpound to be detected in a way

t hat t he worzpounsss4its capable of binding the G protein ceaplAadordgoesdor .

As used herein, the term™"lipid bllayer refers to two layers of, typically
anphi philic, nDIecuIar arrays arrangedlopposite to each other mnth a common
18 hydr ophobic bilayer interior and two hydrophilic surfaces. The |ipid

bi | ayer can be naturally occurring or artificial. Mdst preferably, the
lipid bilayer is a cellular or bionmenbrane into which a pol ypeptide defined
herein conprising an G protein coupled receptor is inserted, for exanple a
manmmal i an, BSEQedd,N@lldnt @pmyeaﬁhgcﬁhmen@mhhmpqmbmqswepoﬁﬁMHabkynmﬁ a yeast

cel | menbragg, Betnprising C. é?*e?ga%s@ r1BGE&LRy, ’RNR h&k lms%tthiramtgcaluhﬂm refers
to the lipi ayer being derive r om a e%Bt cel| expressing a

polypeptide?HEPFﬁéﬁnﬁ@F@?Wm@8ﬁBPP ?ﬁ%“ﬁﬁ“@aﬁ ﬁ%@ﬁnﬁﬂﬁpled receptor. The
skill ed per$BQ IDanOriéadrdlypepiedeestithaimverftioa cbmpiidngd ] ayemns Osiriderceped, from a
yeast by deb@@ﬁﬁs@geﬁmttﬁé gﬁd@ﬁra%lﬁhawo fth bl hokBARE 100 5&1 enbedded
in the nenbrane suc to, Fus [p prote Trueheart and
Fi nk, 1989) NS&AREDE GrisBRUSahi ch conpri ses t he Ssol/2p, SnC|p and Sec9p
protei ns ( SSEQpItNalls, —20pah) readingr ame ecncaediep tpotypSitel2pof| @l invertional .

2003), and/ ofyhldnole (S A5 g:mplfo &t pﬂlr GFBQIQSJ@)% info the ifSd HREL NG 9

t he
term’ S|nultaneou§ or se uenti a g nmeans e suggtrate c(%
provi ded befHﬂﬁmndﬁpﬁﬁﬁm%WE&Pﬂﬁﬁn45>u%@ﬁ%@@aﬂgegdﬁpéﬁﬁed with a polypeptlde
as defi ned REQdADNNORMef Rolgizbiide dthie dybstionatomprisingCovieged (xirld frecigane ti me

or after th (P@ﬂRhﬁmnedmmheamﬁml gnple can be any substance or conposition
suspect ed o ﬁgr|5|ng a _conp oun to be detected. Exanples of sanples

i ncl ude air? i O 1g; ol%‘?“cé?a gt Sping | engeding grofypentkl %rﬁ&ﬂ VRSO e
obt ai ned di C@ﬁ[irlsmgf(f @fvgliedd Ny tecaporRituc diseis@lut de,C-@rmimay be at | east

partially pusbfibedoly Sraichall 6 e ﬂﬁfsﬁlwnecoﬁlﬂ%hgmt DRSS il nvent i on

is perforne ein, the term n cou receptor,
and/ or acced¥PSPrigicsed PiehGREFMISsent, in conbi nati on conprise a

bi ol um nesc8BQ ﬁmomean andpan radogpframe nankeding eolypegiis bhalie timention

bi ol um nesc i r-ef I tly attached, nore
preferably ggﬁ %&?eﬂgbﬁm?ﬁgf%Hﬁ%ﬁgﬂg?1ﬁwﬁ&ﬁﬂﬂﬁn§ ¥%%ﬁ$ of the G protein
coupl ed recg QéPTﬂ?S@ﬂf%ﬁ%ﬁoggﬁ@§§@ﬁvpﬁﬁwétule and the acceptor nolecul e
is associatSEQIDnGﬁeﬁabKMUE@Mam@mvéy attached, nore preferably produced as
a fusion prgﬁ T“”Mghnﬁﬁﬁqﬁﬂo tyeOf the G protein coupled receptor or with
an accessorg ecu |o um nescent protein and accessory nol ecul e
may be asso Egﬂ@a“)67ep§WH@WVn%%WB?@ﬁ?@?g§¥%%ﬁﬁéﬁ“mﬁﬁ?e preferably produced
as a fusi onSPQADAN M43 WOpén itchdinsfiirae atcoding hEFenkrigatioeni ts of the G protein
Coup! ed 1 ec8RROMD Ro:ANe ARl IS ACGRIBANETTRLE AR Ryl her Tor &
one of the | um nescent” protelin and acce sory nol ecul e may e aSSOC|ated
preferably E%V@lently attached nore preferably produced as a fusion

pr ot ein, mnSEQ&DSMDG@LOdﬂbFRmHcﬁaﬂﬁ@ﬂbdﬂmﬁﬁ@pﬁﬁd receptor, and the other of
t he bi ol um C ot Yo [ d with an
accessory  T00ns| Nohile. Uin 3AUACEARS ShdcalHl) ALy iTPY dBR ARRRE KR "and
accessory nBIoEéul e pairs may be present in the combination for multiplexing
to detect dSEQeDeﬂD52LganﬁBBREWdwmcbaaﬂehﬁ&axseﬂ$|t|V|ty of the detection
of the sameg e [ efers to
the' bi ol um SEeabnt 07 ot Qe et AP PR bl R BT e O P
speci fi ed ré@i d&ﬁ P%@lwpﬁﬂbteln coupl ed receptor, or subunit thereof This
term al so i BEQUDeSD:bheMaassS R alirehdtgit |i’e’i:bptbll”I]ERET ahdl Mbakksicfasitn p-“o&gei n and/ or
accept or c ed receptor
but does no?§§Qb%«b§con%%HE%ﬁ%é§%al%Rg@ggm%ﬂ% Qﬁgﬁﬁépﬁgﬁﬂgtnbodlnent t he
bi ol umi nesc8hR IPAYR:EP nMowseapo afyerprcinBIceR!el e conpl etel y repl aces the
specified region of the G protein coupled receptor. In another enbodi nent,
sonme, but not all, of the specified region of the G protein coupled
receptor is replaced. In yet another enbodi nent, none of the specified
region of the G protein coupled receptor is replaced. As the skilled
addressee wil| appreciate, the biolum nescent protein or acceptor nolecule
will not be inserted such that it makes the G protein coupled receptor
portion of a polypeptide of the invention incapable of binding the target
conpound to result in a spatial change to the |ocation and/or dipole
orientation of the biolum nescent protein relative to the acceptor

nol ecul e. As used herein, the term"at least a ngjority" of a
specified portion (domain) of a G protein coupled receptor, refers to at

| east 5196 nor e preferably at | east 7596and even nore preferably at | east

~N~\Nn7 L Y L R T R 1. 2 a0



20 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 "povopepnisssst and "protein" are generally used i nPerctizngaaiisy and
refer to a single polypeptide chain which may or may not be nodified by
addi tion of non-am no acid groups. It lfould be understood that such

pol ypepti de chains nmay 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 hBEJIAILED DESCRIRTI®YN OETHE YNUENTTION ypeptide i s determ ned by

GAP (Needle@%ﬂxgﬁddwﬂﬂégguugg%ghmanalyS|s (CCG progran) mnth a gap creation
penal ty=5, and a (ﬁF ﬁlon penal ty=0.3. The uer ence is at |east
efSé fgepiica

25 amino acids i hdletiprd d&rﬁwaﬁar%ficlgmar SceAl ¢ {f6Ms d¥fifences
over a regi berciofshalt be ekst t@bavanhe sarae mdsnindviyr eonpnefle naddrytoodt byeopuelr y
sequence i S, headl m5tﬁe rﬁfc'e %ulhﬁ' 'n‘?di&tuﬁr cflcd Bf%séf?“ﬁs @@l)%ﬁéds al i gns

the two sequences over a on o] am no ac
pref er abl y, POHE Haer'yr Helg @éﬁeeurgloat llrlgag? lﬁeélearﬁrﬁopra@rna@emﬁ%ﬁd h and
the GAP anabipshemiaty)gns the two sequences over a region of at |east 100

ani no aci ds. Evanuaer eupiglenablaeg the ANSHINBRINRAGE o8 BluhRESH250 an no

acids in length an anal ysi s ns t WO sequences over a region

of at | east DBEHORRIGH teghpigues Wéffﬁ rr’orhe pﬁrserterlé%rﬂg?n afen@ard&rﬂ BREANESs al i gns

the two seqwemdmwmr/ceﬁaomehmmdentther &rt.| 8ngt fechniques arcAleseribed aheegilaineda
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and/or acceptor molecule,

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 space 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 herein, the term "comtacting” refors to the addition of g sangple
comprising, or which may comprise, the compound o be detected m a way that the
compound 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
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hydrophobic bilayer interior and two hydrophilic surfaces. The lipid bilayer can be
naturally occurring or artificial. Most preferably, the lipid bilayer is a cellular or bio-
membrane into which a polypeptide defined herein comprising an G protein coupled
receptor is inserted, for example a mammalian, insect, plant or yeast cell membrane,
most preferably of a yeast cell membrane.

As used herein, the term "yeast lipid bilayer" refers to the lipid bilayer being
derived from a yeast cell expressing a polypeptide defined herein comprising an G
protein coupled receptor. The skilled person can readily determine if a lipid bilayer 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 (Trucheart and
Fink, 1989), SNARE complex which comprises the Sso1/2p, Sncip and Sec9p proteins
(Strop et al., 2007), pheromone receptor Ste2p (Celic et 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 purified 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 bichaninescent protein and an acceptor
molecule” means that the bicluminescent protein s associated, preferably covalently
aitached, more preferably produced as a fusion protein, with & subunit of the G protein
coupled receptor or with an accessory molecule, and the acceptor molecule is
associated, preferably covalently attached, more preferably produced as a fusion
protein, with g subunit of the G protein coupled receptor or with an accessory molecule.
The biolursinescent protein and accessory molecule may be associated, preferably
covalently attached, more preferably produced as a fusion protein, with the same or
difforent subunits of the G protein coupled receptor or the same or difforent accessory
molecules. Furthermore, one of the biohmninescent protein and accessory molecule
may be associated, prefersbly covalently attached, more preferably produced as a
fusion protein, with g subunit of the G protein coupled receptor, and the other of the

biohuminescent protein and accessory molecule may be associated with an accessory
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molecule. In addition, multiple bichsminescent protein and accessory molecule pairs
may be present in the combination for multiplexing to detect different ligands, or
increase the sensitivity of the detection of the same ligand.

As used herein, the term “forms part of refers to the bioluminescent protein or
acceptor molecule being located within the specified region of the G protein coupled
receptor, or subunit thereof. This term also includes the possibility that the
bioluminescent protein and/or acceptor molecule is attached to or binds the G protein
coupled receptor but does not form a continuous chain of aming acids.  In one
embodiment, the bioluminescent protein or acceptor molecule completely replaces the
specified region of the G protein coupled receptor. In another embodiment, some, but
not all, of the specified region of the G protein coupled receptor is replaced. In yet
another embodiment, none of the specified region of the G protein coupled receptor is
replaced. As the skilled addressee will appreciate, the bioluminescent protein or
acceptor molecule will not be inserted such that it makes the G protein coupled receptor
portion of a polypeptide of the invention incapable of binding the target compound to
result in a spatial change to the location and/or dipole orientation of the bioluminescent
protein relative to the acceptor molecule.

As used herein, the term "at least a majority" of a specified portion (domain) of
a G protein coupled receptor, refers to at least 51%, more preferably at least 75% and
even more preferably at least 90% of the specified region.

By "substantially purified" or "purified" we mean a polypeptide that has been
separated from one or more lipids, nucleic acids, other polypeptides, or other
contaminating molecules with which it is associated in its native state. It is preferred
that the substantially purified polypeptide is at least 60% free, more preferably at least
75% free, and more preferably at least 90% free from other components with which it
is naturally associated. However, at present there is no evidence that the polypeptides
of the invention exist in nature.

The term "recombinant” in the context of a polypeptide refers to the polypeptide
when produced by a cell, or in a cell-free expression system, in an altered amount or at
an altered rate compared to its native state. In one embodiment, the cell is a cell that
does not naturally produce the polypeptide. However, the cell may be a cell which
comprises a non-endogenous gene that causes an altered, preferably increased, amount
of the polypeptide to be produced. A recombinant polypeptide of the invention
includes polypeptides which have not been separated from other components of the

transgenic (recombinant) cell, or cell-free expression system, in which it is produced,
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and polypeptides produced in such cells or cell-free systems which are subsequently
purified away from at least some other components.

The terms "polypeptide” and "protein" are generally used interchangeably and
refer to a single polypeptide chain which may or may not be modified by addition of
non-amino acid groups. It would be understood that such polypeptide chains may
associate with other polypeptides or proteins or other molecules such as co-factors.
The terms "proteins” and "polypeptides” as used herein also include variants, mutants,
biologically active fragments, modifications, analogous and/or derivatives of the
polypeptides described herein.

The % identity of a polypeptide is determined by GAP (Needleman and
Wunsch, 1970) analysis (GCG program) with a gap creation penalty=5, and a gap
extension penalty=0.3. The query sequence is at least 25 amino acids in length, and the
GAP analysis aligns the two sequences over a region of at least 25 amino acids. More
preferably, the query sequence is at least 50 amino acids in length, and the GAP
analysis aligns the two sequences over a region of at least 50 amino acids. More
preferably, the query sequence is at least 100 amino acids in length and the GAP
analysis aligns the two sequences over a region of at least 100 amino acids. Even more
preferably, the query sequence is at least 250 amino acids in length and the GAP
analysis aligns the two sequences over a region of at least 250 amino acids. Even more
preferably, the GAP analysis aligns the two sequences over their entire length.

As used herein, a "biologically active fragment" is a portion of a polypeptide as
described herein which maintains a defined activity of the full-length polypeptide. For
example, a biologically active fragment of a G protein coupled receptor must be
capable of binding the target compound resulting in a conformational change.
Biologically active fragments can be any size as long as they maintain the defined
activity. Preferably, biologically active fragments are at least 150, more preferably at
least 250 amino acids in length.

As used herein, a "biologically active variant” is a molecule which differs from a
naturally occurring and/or defined molecule by one or more amino acids but maintains
a defined activity, such as defined above for biologically active fragments.
Biologically active variants are typically least 50%, more preferably at least 80%, more
preferably at least 90%, more preferably at least 95%, more preferably at least 97%,
and even more preferably at least 99% identical to the naturally occurring and/or
defined molecule.

With regard to a defined polypeptide or polynucleotide, it will be appreciated
that % identity figures higher than those provided above will encompass preferred
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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%,
more preferably at least 91%, more preferably at least 92%, more preferably at least
93%, more preferably at least 94%, more preferably at least 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 state. In one embodiment, 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
expression 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 herein with the
term "nucleic acid". Polynucleotides of the present invention may possess, 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,
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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 carriers 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 binluminescent profeins i
was suwrprising that functional polypeptides useful 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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function. Bioluminescent proteins with luciferase activity are thus available from a

variety of sources or by a variety of means. Examples of bioluminescent proteins with
luciferase activity may be found in US 5,229,285, 5,219,737, 5,843,746, 5,196,524, and
5,670,356. Two of the most widely used luciferases are: (i) Renilla luciferase (from R.

reniformis), a 35 kDa protein, which uses coclenterazine as a substrate and emits light

at 480 nm (Lorenz et al., 1991); and (ii) Firefly luciferase (from Photinus pyralis), a 61

kDa protein, which uses luciferin as a substrate and emits light at 560 nm (de Wet et

al., 1987).

Table 1. Exemplary bioluminescent proteins.

Species Name Organism MW Emission Substrate
kDax10® | (nm)
Insect FFluc Photinus pyralis ~61 560 D-(—-)-2-(6'-
(North American hydroxybenzot
Firefly) hiazolyl)-A*-
thiazoline-4-
carboxylic
acid,
HBTTCA
(C11HsN>OsS;)
(luciferin)
Insect FF'luc Luciola cruciata 560-590 Luciferin
(Japanese Firefly) (many
mutants)
Insect Phengodid beetles
(railroad worms)
Insect Arachnocampa sp. Luciferin
Insect Orphelia fultoni
(North American
glow worm)
Insect Clluc Pyrophorus 546, 560, Luciferin
plagiophthalamus 578 and
(click beetle) 593
Jellyfish Aequorin Aequorea 44.9 460-470 | Coclenterazine
Sea pansy Rluc Renilla Reniformis 36 430 Coclenterazine
Sea pansy Rluc§ Renilla reniformis 36 487 Coclenterazine
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(modified) (modified) (peak) /Deep Blue C
Sea pansy Rmluc Renilla mullerei 36.1 ~480 Coclenterazine
Sea pansy Renilla kollikeri
Crustacca Vluc Vargula ~62 ~460 coclenterazine
(shimp) hilgendortii *
Crustacca Cypridina 75 460 coclenterazine
(sea firefly) *x
Dinofagellate Gonyaulax 130 ~475 Tetrapyrrole
(marine alga) polyedra
Mollusc Latia 170 500 Enol formate,
(fresh water limpet) terpene,
aldehyde
Hydroid Obelia biscuspidata ~20 ~470 Coclenterazine
Shrimp Oplophorus 31 462 Coclenterazine
gracilorostris
Others Ptluc Ptilosarcus ~490 Coclenterazine
Gluc Gaussia ~20 ~475 Coelenterazine
Plluc Pleuromamma 22.6 ~475 Coclenterazine

Gaussia luciferase (from Gaussia princeps) has been used in biochemical assays
(Verhaegen et al., 2002). Gaussia luciferase is a 20 kDa protein that oxidises
coelenterazine in a rapid reaction resulting in a bright light emission at 470 nm.

Luciferases useful for the present invention have also been characterized from
Anachnocampa sp (WO 2007/019634). These enzymes are about 59 kDa in size and
are ATP-dependent luciferases that catalyze luminescence reactions with emission
spectra within the blue portion of the spectrum.

Alternative, non-luciferase, bioluminescent proteins that can be employed in this
invention are any enzymes which can act on suitable substrates to generate a
luminescent signal. Specific examples of such enzymes are B-galactosidase, laciamase,
horseradish peroxidase, alkaline phophatase, B-glucuronidase and [-glucosidase.
Synthetic luminescent substrates for these enzymes are well known in the art and are
commercially available from companies, such as Tropix Inc. (Bedford, MA, USA).

An example of a peroxidase useful for the present invention is described by
Hushpulian et al. (2007).

In a preferred embodiment, a bioluminescent protein with a small molecular

weight is used to prevent an inhibition of the interaction due to steric hindrance. The
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bioluminescent protein preferably consists of a single polypeptide chain. Also the
bioluminescent proteins preferably do not form oligomers or aggregates. The
bioluminescent proteins Rerilla luciferase, Gaussia luciferase and Firefly luciferase

meet all or most of these criteria.

Substrates

The choice of the substrate can impact on the wavelength and the intensity of
the light generated by the bioluminescent protein.

A widely known substrate is coelenterazine which occurs in cnidarians,
copepods, chaetgnaths, ctenophores, decapod shrimps, mysid shrimps, radiolarians and
some fish taxa (Greer and Szalay, 2002). For Renilla luciferase for example,
coelenterazine analogues/derivatives are available that result in light emission between
418 and 512 nm (Inouye et al., 1997). A coelenterazine analogue/derivative (400A,
DeepBlueC) has been described emitting light at 400 nm with Renilla luciferase (WO
01/46691). Other examples of coclenterazine analogues/derivatives are EnduRen and
ViviRen.

As used herein, the term “luciferin” refers to a class of light-emitting biological
pigments found in organisms capable of bioluminescence, which are oxidised in the
presence of the enzyme luciferase to produce oxyluciferin and energy in the form of
light. Luciferin, or 2-(6-hydroxybenzothiazol-2-yl)-2-thiazoline-4-carboxylic acid, was
first isolated from the firefly Photinus pyralis. Since then, various forms of luciferin
have been discovered and studied from various different organisms, mainly from the
ocean, for example fish and squid, however, many have been identified in land
dwelling organisms, for example, worms, beetles and various other insects (Day et al.,
2004; Viviani, 2002).

There are at least five general types of luciferin, which are each chemically
different and catalysed by chemically and structurally different luciferases that employ
a wide range of different cofactors. First, is firefly luciferin, the substrate of firefly
luciferase, which requires ATP for catalysis (EC 1.13.12.7). Second, is bacterial
luciferin, also found in some squid and fish, that consists of a long chain aldehyde and
a reduced riboflavin phosphate. Bacterial luciferase is FMNH-dependent. Third, is
dinoflagellate luciferin, a tetrapyrrolic chlorophyll derivative found in dinoflagellates
(marine plankton), the organisms responsible for night-time ocean phosphorescence.
Dinoflagellate luciferase catalyses the oxidation of dinoflagellate luciferin and consists
of three identical and catalytically active domains. Fourth, is the imidazolopyrazine
vargulin, which is found in certain ostracods and deep-sea fish, for example,
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Porichthys. Last, is coelanterazine (an imidazolpyrazine), the light-emitter of the
protein aequorin, found in radiolarians, ctenophores, cnidarians, squid, copepods,

chaetognaths, fish and shrimp.

Acceptor Molecules

There are 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), destabilised ECFP (dECFP), destabilised EYFP (dEYFP), HcRed, 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 element
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-electron system: class 5, indole : class 6, imidazole : and class 7,
phenyl.

A naturally occurring acceptor molecule which has been mutated (variants) can
also be useful for the present invention. One example of an engineered system which is
suitable for BRET is a Renilla luciferase and enhanced 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).
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electrostatically, either directly or via a bridge consisting of a positively charged
leucine zipper peptide fused to recombinant protein. The latter binds to a primary
antibody with specificity for the intended target. Alternatively, antibodies, streptavidin,
or other proteins are coupled covalently to the polyacrylate cap of the nanocrystal with
conventional carbodiimide chemistry.

There are colloidal methods to produce nanocrystals, including cadmium
selenide, cadmium sulfide, indium arsenide, and indium phosphide. These quantum
dots can contain as few as 100 to 100,000 atoms within the quantum dot volume, with a
diameter of 10 to 50 atoms. Some quantum dots are small regions of one material
buried in another with a larger band gap. These can be so-called core-shell structures,
for example, with CdSe in the core and ZnS in the shell or from special forms of silica
called ormosil. The larger the dot, the redder (lower energy) its fluorescence spectrum.
Conversely, smaller dots emit bluer (higher energy) light. The coloration is directly
related to the energy levels of the quantum dot. Quantitatively speaking, the bandgap
energy that determines the energy (and hence color) of the fluoresced light is inversely
proportional to the square of the size of the quantum dot. Larger quantum dots have
more energy levels which are more closely spaced. This allows the quantum dot to
absorb photons containing less energy, i.e. those closer to the red end of the spectrum.

In an alternate embodiment, the acceptor molecule is a fluorescent microsphere.
These are typically made from polymers, and contain fluorescent molecules (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
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Table 2. Exemplary BRET bioluminescent proteins and acceptor molecule pairs.

BDP Substrate Substrate Fluorescence | Wavelength of
wavelength acceptor acceptor
eak molecule Ex/Em
FAM
Rluc Coeclenterazine 470nm Fluorescein 490/525nm
Wild type
Rluc Coclenterazine 470nm Acridine 470/550 nm
Wild type yellow
Rluc Coeclenterazine 470nm Nile red 485/525 nm
Wild type
Rluc Coeclenterazine 442nm Lucifer yellow 428/540 nm
cp
Rluc Coclenterazine 400nm Quin-2 365/490 nm
400
Rluc Coeclenterazine 400nm Dansychloride 380/475 nm
400
Firefly Luciferin 560nm Cyanine Cy3 575/605
luciferase
Firefly Luciferin 560nm Texas red 590/615
luciferase

G Protein Coupled Receptors

G protein-coupled receptors (GPCRs) are also known as seven transmembrane
receptors, 7TM receptors, heptahelical receptors, and G protein linked receptors
(GPLR). GPCRs are a large protein family of transmembrane receptors that sense
molecules outside the cell and activate inside signal transduction pathways and,
ultimately, cellular responses. The ligands that bind and activate these receptors

include  light-sensitive  compounds, odors, pheromones, hormones, and
neurotransmitters, and vary in size from small molecules to peptides to large proteins.
GPCRs are involved in many diseases, but are also the target of around half of all
modern medicinal drugs. GPCRs can be grouped into at least 5 classes based on
sequence homology and functional similarity:

Class A rhodopsin-like,

Class B secretin-like,

Class C metabotropic/pheromone,
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Class D fungal pheromone, and

Class E cAMP receptors.

Class A Rhodopsin like receptors include: Amine receptors: Acetylcholine,
Alpha Adrenoceptors, Beta Adrenoceptors, Dopamine, Histamine, Serotonin,
Octopamine, and Trace amine; Peptide receptors: Angiotensin, Bombesin, Bradykinin,
C5a anaphylatoxin, Fmet-leu-phe, APJ like, Interleukin-8, Chemokine receptors (C-C
Chemokine, C-X-C Chemokine, BONZO receptors (CXC6R), C-X3-C Chemokine,
and XC Chemokine), CCK receptors, Endothelin receptors, Melanocortin receptors,
Neuropeptide Y receptors, Neurotensin receptors, Opioid receptors, Somatostatin
receptors, Tachykinin receptors, (Substance P (NK1), Substance K (NK2), Neuromedin
K (NK3), Tachykinin like 1, and Tachykinin like 2), Vasopressin-like receptors
(Vasopressin, Oxytocin, and Conopressin), Galanin like receptors (Galanin,
Allatostatin, and GPCR 54), Proteinase-activated like receptors (e.g., Thrombin),
Orexin & neuropeptide FF, Urotensin II receptors, Adrenomedullin (G10D) receptors,
GPR37/endothelin  B-like receptors, Chemokine receptor-like receptors, and
Neuromedin U receptors; Hormone protein receptors: Follicle stimulating hormone,
Lutropin-choriogonadotropic hormone, Thyrotropin, and Gonadotropin; (Rhod)opsin
receptors; Olfactory receptors; Prostanoid receptors: Prostaglandin, Prostacyclin, and
Thromboxane; Nucleotide-like receptors: Adenosine and Purinoceptors; Cannabis
receptors; Platelet activating factor receptors; Gonadotropin-releasing hormone
receptors; Thyrotropin-releasing hormone & Secretagogue receptors: Thyrotropin-
releasing hormone, Growth hormone secretagogue, and Growth hormone secretagogue
like; Melatonin receptors; Viral receptors; Lysosphingolipid & LPA (EDG) receptors;
Leukotriene B4 receptor: Leukotriene B4 receptor BLT1 and Leukotriene B4 receptor
BLT2; and Class A Orphan/other receptors: Platelet ADP & KIOI receptors, SREB,
Mas proto-oncogene, RDC1, ORPH, LGR like (hormone receptors), GPR, GPR4S5 like,
Cysteinyl leukotriene, Mas-related receptors (MRGs), and GP40 like receptors.

Class B (the secretin-receptor family) of the GPCRs includes receptors for
polypeptide hormones (Calcitonin, Corticotropin releasing factor, Gastric inhibitory
peptide, Glucagon, Glucagon-like peptide-1,-2, Growth hormone-releasing hormone,
Parathyroid hormone, PACAP, Secretin, Vasoactive intestinal polypeptide, Diuretic
hormone, EMR1, Latrophilin), molecules thought to mediate intercellular interactions
at the plasma membrane (Brain-specific angiogenesis inhibitor (BAI)) and a group of
Drosophila proteins (Methuselah-like proteins) that regulate stress responses and

longevity.
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Class C Metabotropic glutamate/pheromone receptors include Metabotropic
glutamate, Metabotropic glutamate group [, Metabotropic glutamate group II,
Metabotropic glutamate group III, Metabotropic glutamate other, Extracellular
calcium-sensing, Putative 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 either 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. Polypeptides of the nvention coraprise G protein coupled recepiors 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 person skilled in the art is gware of suitable technigues
for detecting the orientation of a trapsrnernbrane protein, Such technigues comprise but
are not limiied fo corystallography, NMR-studics, modeling studies as well ag
micrascopy techniques, like imnunoiabeling combined with detergent permeabiiisation
controls for Hght or clectron wmicroscopy preparation, fragment corsplementation
tagging of two polyvpeptides 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 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
embodiment, the odorant receptor is a nematode receptor or biologically active variant
or fragment thereof. In an embodiment, the nematode receptor is a Caenorhabditis
elegans receptor, or biologically active variant or fragment thercof. Examples of
odorant receptors that can be used o produce polypeptides of the invention and/or used

in the methods of the invention are described in Buck and Axel (1991), Robertson
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(1992 and 2001, Alom et al. (2006), Feldmesser (2006), Clender ot al. {20044 and b),
{Flusraan ot ab {2000a, 2000b and 2001, Fuchs ot all {2001, Pilpel and Lancet (16993,
Sharon ot al. (3992), Zozulva ot al. (2001, Nivmura and Nei (2003), Lander ot al
(2¢431), Zhang and Firestein (2002), Youmg et al. (2{{2).  Furthermore, 2
comprehensive ist of odorant receptors are available from the Senselsb websiie
(http://senselab.med.yale.edu).

In other embodiments, the GPCR s a Class B or Class C receptor, with Class C
being more preferred of these two embodiments,

In a particularly preferred embeodiment, the G protein coupled receptor
comprises seven transmembrane domains.

The bioluminescent protein 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). 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 example, 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-terminus 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 biohuminescent 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 alternate embodiment, the acceptor molecule
forms part of the third non-transmembrane loop of the GPCR subunit, and the
biohursinescent protein forms part of the fifth non-transmembrane loop.

In another embodiment, the bicluminescent protein forms part of the first non-
transmembrane 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 bisiuminescent
protein forms part of the third non-transmembrane loop.
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There are alMgHepHEny- p$‘6‘<§r By ravarRapIeEs fte?#lnlﬁkledméhm@uctehelbr%@a@a di¢ and

t opol ogy of pély@mmmﬁ)m@me ORI Vi tolr Ntrgik kr@ing She Fatordx@Pimytatorestiamy use one

or a conbin i predicts
Tenbr ane Spgll}’l&nl:apth%pr O{]/?Xirsl\fplrg(g t H%Enewpg&g%atﬁgq{lé ﬁéﬂsfo}lgg&; %dcte}“h & 992.)

whi ch predi 84itg IPH’@HIbérprI E5HFANS NERBRAR g5rBPlei the polmemm QEedishfan and
Argos, 1997), which predicts secondary structure fromsingle and nultiple
sequences; TMAP (Persson and Argos, 1994), which predicts transinenbrarie
regions of proteins fromnultiply aligned sequences; and ALO N 12 (Klien et
al ., 1984), which predicts transnenbrane regi ons from single sequences.

I n accordance with standard nonencl ature, the nunbering of the

t ransmenbr ane domai ns and non-transmenbrane | oops (dormains) is relative to
the N-term nus of the pol ypeptide. Am no aci d sequence
nutants/varlants of naturally occurrlng G proteln coupled receptors can be

- . o, ..



Am no aci d sequence del etions generally range fromabout 1 to 15 residues,
nore preferably about 1 to 10 residues and typically about 1 to 5

cont i guOUSOReRVIS5IS . Substitution mutants have at PCEaIR0mO0EMN NO
acid residue in the G protein coupled receptor renoved and a different
residue inserted in its place. The sit&s of greatest 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 biological activity. These sites, especially those falling
wthin a Segm&alilceoqﬂecblrecleﬁast art hwubectod ter DNdesttuifftiag | tychompnse ny étbadiyt es, are

preferably ﬁéépﬁl%édtw ‘Pﬂr & [@8?“ 'Pf@(métsc@é?§f§([ ‘ﬁ%‘iﬂ ‘ﬂﬁlta!%&l%ﬁﬁnt §N‘Ahcan

conservative substitutions are shown I n bl e Furth errmre i f
desired, unffaf Scﬁﬁilerﬁid“’é‘é|t‘?}§n18?eséiﬁ%’ﬁlf°ida]i‘er%lﬂf0rﬁ?t%ilﬁ itthay Bgusdldan pe
i nt roduced te nzetisdbsf the utveigionor addition into a pol ypepti de descri bed

herein. Such ampq, nggsarhlﬂg h&ﬁlge lg,le et e 1bdaEbh Sk (Pnuteftirag si hgoner s of

t he common am no acj |am ric aci am n I‘IC aci d,
4- ami nobut y e of t @zmufa?ﬁfh%kﬂewqd&né prgctergtig 'W@ w&ééﬁ??&i aélnted for>_ ami no
i sobutyri c amiatipn daraba nmdlpﬁiledenmmdwall@@rm s@'res}!etg]j hspe(l)rmtlssltieming tiest withr val i ne,
hydr oxypr ol b&gewétﬁfevaﬁa?m&d 810§crey£¢|d | Pmspe dafikhils ﬁﬁlong@eﬁ&ﬁ%aﬁdn :

t-butylglycine, t-b ani ne cl.ne, cyc | ani
13- al ani ne, el GBHy aahwﬁs‘ &) %Féetmaélg? &ﬁ%ﬁ‘ﬁ ra%i% Oh 61 @S i other 1esidugpet hy |

am no aci dsadjfceanmthivibcaardisita aci ds, Na-net hyl am no acids, and am no acid

anal ogues in gengp L a01d segueélél% Qefl&glg\%ﬂfrgﬂ)y\@aé? gnhﬂauorf:(?gg lgfre% H\%s' nvention

are pol ypepti des erentia I.ng or a
synthesis, BOF. prefsvbbnaatww AP resifuessed i)gﬂlca% Y 6‘?Put blt%/%%’;‘%g‘é&‘? &t ua%: et yl ation,
phosphor yI at i on,Suégtitatahi @ntantd diaivy at lcast orenariyio kinwresiguo e diel @ggrblemcki ng

groups, pr OE&% cf\ﬁtﬂe&g%%ﬁM@&%ﬁ’an K AGEN Qi i%E'ér{eHQQthgB‘PJI oI (AL ﬁf‘ her

cel | ul ar nodi f| cat1ons serve ncr ease t

stability aEWtSFrt ippigstdPy Sbptifutgmat lﬁéta%%‘le%élﬁ{“idﬁé“es iqeatfied & impREM TR v
substi t ut i ofsctidd | QihsaditcRes$ irtderest Exeethipd cain ywHsthgdriidulitriredidueAobtaindy freal ; | eu;

ile; gly Ar garfolag stLaYr?s ﬁ&c%&rquéﬁﬁcﬂi %hé%é Bos(it@ns QAaSJ bgfrﬁpc(rgt}lt 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
analogues can be introduced as a substitution or addition into a polypeptide described
hercin. 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 are polypeptides which are
differentially modified during or after synthesis, e.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.



ser An (Q asn; his Au (E) asp Ay (G pro, ala Hs (H) asn; gln lle (I)
| eu; val; ala Leu (L) ile; val; net; ala; phe Lys (K) arg Met (M |eu; phe
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Table 3. Exemplary substitutions.

Original Exemplary
Residue Substitutions
Ala (A) val; leu; ile; gly
Arg (R) lys

Asn (N) gln; his

Asp (D) glu

Cys (O) ser

Gln (Q) asn; his

Glu (E) asp

Gly (G) pro, ala

His (H) asn; gln

lle (I) 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 cell 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



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; net; phe; ala Pol ypepti des descri bed
her ei n cawmokelomsssduced in a variety of ways, including pcoedaebiomeomnd
recovery of reconbi nant pol ypeptides, and chem cal synthesis of the

pol ypeptides. In one enmbodinent, an isdl ated pol ypeptide of the present

I nvention 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 reconbi nant
cell of the present invention. Effective culture conditions include, but
are not | i nmkedidmtio,whedlf €cdli i¥euhwedd &, prbier egolypeptideerfpler @tieneinvgittoand oxygen
condi tions &Rat mRGLMA typRehy RERbHIE JRT AU A tiuA ha®hl SELikYISbIRG M T ef er's

to an ) . .
y nitrogen and phosphate sources, and appropriate salts, minerals, metals and other

nutrients, such as vitamins. Cells of the present invention can be cultured in
conventional fermentation bioreactors, shake flasks, test tubes, microtiter dishes, and
petri plates. Culturing can be carried out at a temperature, pH and oxygen content
appropriate for a recombinant cell. Such culturing conditions are within the expertise

of one of ordinary skill in the art.

Accessory Molecules

An accessory molecule is a protein which is involved in G coupled protein
receptor signalling. Examples include G proteins and arrestins. Any labelled accessory
molecule can be used in the methods of the present invention as long as they directly or
indirectly associate with the G protein coupled receptor (and/or polypeptide defined
herein) and following binding of the compound to the G protein coupled receptor there
is a spatial alteration in the relative position of the two labels to allow for BRET
detection.

The skilled person can readily identify accessory molecules that associate with a
specific G protein coupled receptor using standard techniques in the art.

Details of mutants (variants) described above for G protein coupled receptors
also apply to the accessory molecules.

The bioluminescent protein or acceptor molecule can be located anywhere in the
accessory molecule as long as the accessory molecule is still able to directly or
indirectly bind the receptor, and following binding of a compound of interest a change
in BRET can be detected. In an embodiment, the bioluminescent protein or acceptor
molecule is located at the C-terminus or N-terminus of the accessory molecule. The
accessory molecule indirectly binds the receptor if it requires at least one other
accessory molecule to form a complex with the GPCR, for instance a first accessory
molecule binds the receptor and a second accessory molecule indirectly binds the
receptor by directly binding to the first accessory molecule.

G proteins

G-proteins are a family of proteins involved in second messenger cascades for
intracellular signaling. G proteins function as "molecular switches,” alternating
between an inactive guanosine diphosphate (GDP) bound state and an active guanosine
triphosphate (GTP) bound state. Ultimately, G proteins regulate downstream cell



39 nediumin which a cell is cultured to produce a pol ypeptide of the
present invention. Such mediumtypically conprises an aqueous nedi um havi ng
assi m | abWwe 20avidsss34 ni trogen and phosphat e sources, andPrapmpromomsosalts,
m nerals, nmetals and other nutrients, such as vitamns. Cells of the
present invention can be cultured in cthventional fernentation bioreactors,
shake flasks, test tubes, mcrotiter dishes, and petri plates. Culturing
can be carried out at a tenperature, pH and oxygen content appropriate for
a reconbinant cell. Such culturing conditions are within the expertise of
one of ordinary skill in the art. Accessory Ml ecul es An accessory
nol ecul e i spac@satbyiinitiwtiigodasdagdes af\signelethns ducEic oarwbidel Hofrodmai an al, 62069t or
signal i ng. oRaARhE falif bbslg. G proteins and arrestins. Any |abelled
accessory nol ecule can be used ip the nethods of the present invention as

e ; [
long as they di rHé€H §cotvq qiipgciemiicasdoli BIOFING (e AEMEriHr Gt RPKIEoupl ed
recept or ( anaiaimep odfyrpelpd ndehe diafdet €chrbeimeithgt asredtifadd s peptdinaoiphgl of t he

conpound t o, d.h6,Ganl %Q%H‘iﬁ%?i&f@’;ﬁgﬁe@%d%%@v (}/)(S)sl}ﬁulﬁgagﬁ dnfd1d gr ation in
¢

the relative posifion O e BRET detecti on.

The ski | | edPR&%or0ZakDreRai Psjonegionti fias aupassylyofngral filBeset hdihestssoci at e
with a specpfoteinsGrphomelogous aul piicedpliae@e pitoinit Usumigin teandamerid Scprotemsies in the
art. Bt &l 8ifd! LA GO VAT LA S APTCLLRE daRlRMF Ofn GaBr Q1 €1 N
coupl ed receptors a,{]l SO aﬂp y to the accessory, ecul es. .. .The

bi ol uni nescNPCIHF SH; the resHE CHbECHBRRE ) RIOCHY arecvateategrodifipdmete in the
accessory nbpidgulf@ asarhglaghasrotrin@riaccesgotkin robedts| enay Sbst mlytistalbled, t 0
directly or . ihéi I I : ] bi ndi ng of a
conmpound of p?lmri:ltq gilgtg%l’ %p%hglcﬁlte&e’hﬁﬁfeg%%@%ge@ggn&gf% lékft%\e%c’ilgtg?n an enbodi nent,
the bi ol unmi nesceht thpeiiled addsesseeowibihorvarp | BYERE 1Ay HoRiad PRiciihe A

C-term nus aimidrbehéermuineit G pretcas desslary idenlifegilih acmdihé:s afoc esapieyC.nol ecul e

i rect 1y Dlngs ib091 KEOORYPL § thBLERS Al 1995 B8 Bliennagoessory

nol ecul e to F%rm a co ex W, > r instance a first essory

mol ecul e bi RESdtHeSCARED idH a5 e mamuealiam $oagbuaisohaye hsen diyided ipfgi trwct | y

bi nds t he r éodjdsoGs yi/oliGgeat IG] 2 INedts Rgalt, Q0AN.eC.fddeais apaess onyontolecul e. G
pr ot ei ns r j f.am of ~pr { NS eqy i ond
reasenger ol i iiiliATdA- 6 apt EGEIONY Rt (BoPaRanT

"mol ecul ar SWATEh€E2): JihegemainingoCodesme s BRuiRaivE 1yughosidne #idphosphat e
(GDP) boundO®Rad)edoaind share aafficiést Igumanasi toallbwidgidspiah e ThGTR)schodid, st at e.
Utimtely, r Ot el 1 WRS jnitiating
cascades of Slfséiuglﬁlsélgv%%l rq%n({sx_g ct ?tgﬁGﬁg\tM\%b%g%§%ﬁr?a(g?“ngpgwgg%gn %dgham and
Hamm 2008) genes are exprawsphingplpsets\pb CRAMOSF Y PEWRDY i es of G prot ei ns:
Heterotrineric QGhpr@p aibosi;, GBret dsmedl dsethe Gyedbint, @PCtheppdaatgainctionpr ot ei ns,
that are actj ei . . | pha (a),
beta (p). a%a*‘%;’ﬁm%ﬁi%‘%@ﬁf‘é&nm? UWRES RERRERLSuERG, PRATHREG oY PRt
bel ong to t AURACRRrdel thapiehtto gecudaigihe f@FP&%@%?ergﬁle%@S BFOEIRY. fdhilg the

honol ogous temalidigs G plitAn{taPSUbL 4 rektivtad role iheteatoadnsativar Tiee fong@icdblei ns, and
al so bind GL i 1 N~ Sj dygct: i order to
associ ate wirage BT HGAMBAES b DR, EARRCHEMR BP®I DG ¢ ed
with |ipi ds Subugit. exanpl e heterotrineric G protein subunits may be
nmyristolated, palmtoylated, or prenylated, while snall G proteins may be
prenylated. , ... As the skilled addressee will be aware, there are nany
known G proteins. A nunber of heterotrinmeric G proteins have been
identified in netErBede onoel thkaprretems fou theylesnptien o0 apteipsigpliged 2 oy
genels ( JansastiettedalGPCRE 900, spesifigdin gHosgtorylated ®3) G gﬁﬁ&ﬂcﬁ@leﬁewdw&le
simlarity, i S i a e Vi i.n jlies: Gs,
G/o, & an%ﬁ%ﬁ%&?ﬁ gt H%H%@O%Z%&S%% ,g(f gjéée;érlfgﬁeg?er;eege et%%(ﬁ)_ erg%]rnt hol og of
each of t helnwErvan arHngn qpenshinggAthe fotying cemal frapgueen, Apgstingdindeg) and
GPA- 1)2 ((j G125PCRREEndlediRd thbstgh4thawd RgARBSonGt-a¢thurl hed lﬁi@ﬁ«ro?eﬂ@ﬂy Gabﬁos'bﬁ- 17 and
ODR- 3 on B cloent cl assification. The
conserved Ggltd%%%%ign}%%ﬁ%?hﬁ?ﬁ?e@%%@{%%g%ﬁt@%Ifg are expressed broadly
while 14 of the new Ga genes are expressed in subsets of chenpbsensory

neur ons. The GP subunit, GPB-1, as well as the Gy subunit, GPC 2,
appear to function along with the a subunits in the classic G protein
heterotriner. The remaining GP subunit, GPB-2, is thought to regulate the
function of certain RGS proteins, while the remaining G subunit, GPC1,
has a restricted role in chenpbsensation. The functional difference for nost
G protein pathways in C. el egans, therefore, resides in the a subunit.
Arrestins Arrestins are one of the key proteins for the term nation
of G protein signaling. Activated GPCRs are specifically phosphoryl ated by

. e o v o o, o v



41 Two distinct patterns of an-estin trafficking wwthin the cell have
been delineated resulting in the classification of GPCRs as follows: d ass
A where awpesto/osssateracts with the receptor at the cel PCTwi2ameomnsd does
not endocytose into vesicles, thus showing a transient interaction with the
receptor, and class B in whi ch R-arrestins and receptor traffic together
fromthe cell nenbrane to endocytic vesicles. These two cl asses of
receptors also differ with regard to their affinity for different an-estin
isofornms. In addition, Cass A receptors preferentially bind Ranestin2
whereas class B receptors bind to B-arrestinl and Harrestin2 wth equal
affinity. TRrcadigtgict pettoine dif mgestie ad&icking tWithiruthe oelphdva dpeof dedihentadecept or
fromits copuafife ﬁn@%glnémﬁ%@%@sdgrfeﬁwsn@nﬁ AISRERSI L FARI RO CPOR

si gnal i ng V|a the downstream seco messenger ecul es. | e

t er mi nat i ng“&h FedeEPier 8 hneglssuriagrdut fi‘?FSlS‘Ph‘H’idﬂ“g“Q?SH“? NFGlast @u%%\nwe}ggnm i ng
from GPCRs. afensi@x angheion Ritinthestemer, siel aless dsinadagit Brasrestink iaghrdoeptorg
non-r ecept Of., ¥ rtpgekﬂéf—‘ A ARER 11 rﬁéfﬁ\tt}arfesto%ngocﬁlg VeQEIRY. StrIQA NG QTR exes

with the |nterna zin rece tor nestins “f.un |on as GPCR—regu at ed
scaffol ds f BFeNpPRINoHFeY R eI o Ak Ry ﬁw@ feriapt auestivERIoTBRKY 2. I n
addi ti on, anddisin K$ass M ecgedrs Wrfdrepraty dimisR-afredtin? vehachac yiasscB mecehiorser y, such
as Clathr'nbm@hf@@@&hﬁl%Hﬂ#Qh%&mQQmBngﬁgﬁFﬁ?”plex and Arf-6 and thus

pronote intern zatl.on of receptors hri n-coat ed vesi cl es. An
exanpl e of a nedaPEHENRHIBEIFHls t% theRrrequiling of the rapeplps fom iihregraeSpri mari |y
expressed i protdie, ceakivg dsmpanstgamdesongtization gf GRERHENa e i rhealogdnvatamous
chenosensor d in detecting soluble and volatile odorants.
Over 20 putgtpﬁg&gﬁ giﬁﬁg&%gbe now been identified in the nematode C

el egans. Such an?Bi& ferainafing Gpratele sigopls, raviginding 68 IHErG $6¥ sgpaiem and
support recépthoGPCRY. efonakargpt,i RiarreSingistac ly atlaptdrhiewhieli behg adersoenervi sual
an-estins, yglpa ﬁlas%g PALE ok S:0! {oaflhOBaAlly ChibRRes HlThakmbiRidde

vi sual / sensory su pés. Reco nant I ment t he
present i nv@ﬁ?ﬁt@anr%@F%é%nCéiO? acehbRrizgwatadect&lds IghMeKenadsssuch 2t | east
one i sol at edSEXIHEAANK 3p@hd MU -SOHK - dERKr](?odnngiqunplayrpﬂmBl1deraas vdéscri bed
herein, ins oEe?ﬁ% df%é) e#:{%?fyt}égrﬁ&%'ine%ﬁ@é@l' £ Qlmdeld. é’cﬁﬁﬁr{%b‘h{}'{?z pet hX el eoti de

mol ecul e in vector contadins hetero
pol ynucl eot P%p %q*ﬂ@ MeES ang Hyr PaeTROtE N tGRAER A P%@C@%ﬂaénce%thltnﬁa?ate&r e not
nat ural |y f asivtesadj acent to pol ynucl eoti de nol ecul es of the present

invention and t e)t?ﬂ[’]ngglg ro"i}bi Y £t8dedgf:res\(1ﬁdlsf,& ﬁ]la§r391e%'| %?eﬁ%sh?hléhh n t he

species fromwhic po ynuc eot| e nol ecu are

vector can Bémgi t/rf‘épre ip thRREYOUs| YRS, Ma}@% RSNy rewigR g oferigus and
typically i Shealotsdfrﬁmpﬁﬁmﬁs (isudvedaia destid eablé andIFolstild Ddodfd) Ova 20i rus or a
pl asmi d. P C}at vg-h?regtm% qr\xﬁ&%ﬂgdeﬂﬁﬂéd Meﬁgf\et Hmab AR LR nst ryﬁﬁlharres‘hns

pol ynucl eot pera 10 an expression ve

oper abl y ||n1see<pfeé$eérf§r%1¥quh§léf‘r ﬂlnanuSowsenpawﬁwoeo&epedpé)rrﬂmeeemaéwnnt 0 an

expressi on viaghay td the ¥ehEbmre hosuisthl tahadtink, et patieipatt én bisacibh end visie,

expr essed st cell. As used herein, an expression

vector is ggﬁﬁﬁﬁ§ﬁnE%Agvec or ?ﬂ@?ﬂgs capabl e of transfornlng a host cel

and of effecting expression of a specified pol ynucleotide nol ecul e.

Pref erabl y, Redvenbénapt €sséron vector is al so capable of replicating within the
host cell. EXprggsl e%o}{%?eﬂlf&sthg*g‘l%sé?lgxn%ﬁdaﬁ nc%cf%kégé&ﬁlbﬁla&rve&%}(%yc%t' ¢, and

are typically V|ruses or ion vectors 1 nclude vectors

that functi etmiriseeat leggt roeetlsogé?ﬂéexe&eﬁ%%@@ pipcleordg e@@%gnal?nyn?ewesas

i ncl udi ng i Gesbelsddelidréh,, infdtrgahto ﬁﬂdﬂﬁﬁﬁaﬁym&:oﬁﬂﬂheﬁmpdw pamm@leotigend pl ant

Cel LS o POt Blofell H0Pa! APULA ONSEAN, AR NEHAR I Ao RELAN GG R RA YPEPL de
|n a cell-free expressi on sy M he art.
"Oper abl y | PagReiges, élzat @@e@lwepﬁmerseﬂe@%ﬂbatam nefchatwrly fored adinesasto p

bet \/\ﬁenf t \Aop@ynuaswbedmmcleau@ c&?&h@pré@ngmyerﬂbmncsmgmeﬁe&blyTay@d@&bh Yromi t refers

to the func n t n nt to a

{ranseri be d% S@e@?e ol t%@fﬁ gé}:cf%s ?rfom &1{’}&?&1 {91 hﬁ)clle‘;& ‘8% @r%}aégﬁﬂ%@j gér

codi ng sequence, such as a polynucleotlde defined herein, if it stlnulates

or nodul ates the transcription of the coding sequence in an appropriate
host cell and/or in a cell-free expression system GCenerally, pronoter

transcriptional regulatory elenents that are operably linked to a

transcri bed sequence are physically contiguous to the transcribed sequence,
i.e., they are cis-acting. However, sone transcriptional regul atory

el enents, such as enhancers, need not be physically contiguous or |ocated
in close proximty to the coding sequences whose transcription they

enhance In particular, expre55|on vectors of the present |nvention

T ] I T o o o




Sui tabl e host cells to transforminclude any cell that can be transfornmed
with a pol ynucl eoti de of the present invention. Host cells of the present

i nvent i orweizbtvaissssan be endogenously (i.e., naturally) eapaii2elogoogsnoduci ng
pol ypepti des descri bed herein or can be capabl e of producing such

pol ypeptides after being transformed wid h at |east one pol ynucl eotide

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,

Escheri chi aThBagitdricais be titlst BNraor [BaschisieopikesgoticSpedkpy@icaandiypioddbcet er i a,
Tri chopl usi etﬁ%o@@?@ﬁ(h@@ gﬁedklhgmewgz%hiammlﬁa%h& CRFK cells, Cv-1

cells, COS Vero, ce ) urthgr exanpl es of host

cells are E. coicine Wl??cq iﬁ?ﬁo ment YEEIPT cqaprisesdar PRlguciraEdels) perally

typhi; Sal mmnehl &ptegpb mactoum Thenphuask gerably elinkatl eﬁifesst rai msmcﬁipoﬂcmpt er a

frugi per d %&i&t&gﬁ%@b&h& mt@?ﬁj )qu&sﬁoh'@&rtb&g@' TSN APk asdle R cell's
ar

(e.qg., Particu pre erre s are yeast cells
such as, buts At 19 it PRErsted, where kY %W@,égtoswost e pérswseénh&iem an
Sacchar omyc e@r@elbewecsmae a [0 i B As paetqr thdamse@ipalbla of msfapming] acClivisacdipp.
Recombi nant &J\lﬁr FEARPLAGLSRN AN, 01§§@g3§4&a1 HOWRIRYI ereisréie%]yothe

nuc eot

transf or ned e nol ecu tin or exa

nunber of cemregloweqtttés o SaRalkle é%"tep]é‘é‘“%i”ié |the ms‘?crﬁl nEépli%%‘tn egtors, the
ef fi i ci ency wint lbe whitheh ptdkesetip alr yeultalyetad, | el awl epichies vanuest srapmemideed, t he
ef ficiency gif(ﬁrl@ss%l' \Fé@toish@clﬁ@es a;@éatorst tﬁpﬁﬁﬁ;ﬁcﬁi &. eard‘i—‘re rmgi%ﬁé Eﬁﬁé‘s@mgﬁfﬁd the

eff|C|ency pOSt trans atlon |ca I ons. Reco nant tec ni ques
useful for HREPRELITE MREEks BIeriEH ofn g SR EEE- Arapet-dRimdsans t he
present i nvplaht@fis.i Nedtodef tHetihvearien ceot aldd b dsed td prodwpehepilyrebydd inrki ng
polynucl eot Ffré@% g&gqlﬁésytemhi&ﬂ SRARNY o Mﬁﬁ;no%q? meqﬁir N ntegration of the

pol ynucl eot | 'nf 0 one ‘or ost ce mosones, addition of
vector stabilityOpegbidiaked" taéuwﬂégtﬁrbi@fer%f@esfmﬂetlil6ffi§tl(t5lﬁhlﬁﬁ%twwrt:%in ons of
transcr i pt i onmoenhiiddic stign@lgs MEAY segnpene0 Tepisallyp frereédro s theefuhativaelr S) |

substi tuti op; dau%hshgﬁ)%t‘ ftfaﬁ%%:pﬁ&ﬁlba th sLiahiPng!a ?ﬁﬁ'stcﬁt?é §é QE&%S ﬁ@‘ g,

ri bosone bin sequences) tion o

pol ynuc! eot PHEDI P SEMEE inppersRly fin é‘hﬁ CPﬁ‘t’{}%?ﬂqP‘Eﬂ‘ieatSé}C}b%Sr‘t @%ﬁblﬁiiot‘%’ the
codon usagedefinetl heremoHtit Cigdullatesan ehddbiated éeatanatmiptén sfefielesiigssetiitate in
destabilize ositions
fromcells gé é[?ﬂ?mg[ﬂa'teoﬂo'%t cell and/or '}4'?5:391‘?%(32 Qf;prpﬁ ﬁ)ﬁ%&ét&g %h%all{/??orﬁ&@tp

epeat e es of
freezing anH2HSRERIOAY, regilitﬁlan eri@mnt% Bak e gperally é‘@i“idsw\?ﬁ tnsefiteE SSBAEF i n a
soni cat or dewi plgsichiynegaiduoat it@nhe tthasaided okquende; eirchthey ess, cit-heingddi t i on
of deter genh @Q&gr Ogon?enﬁynggﬁmo%lal%?u‘l%@lga%erhé/nﬁ %achdbsf Elﬁl@ﬁ&% %%ed not tie

centrlfugatlon sever a ures using a varl

gradi ent nmedivaicatn sawiceus i Ig %ilr‘éoﬂ”ealﬂﬂ‘linatb’ tod ﬁtﬁ‘é‘h%g(qulu@&eWhR@r and are
dealt with nmmﬁgmﬁmhmbehmamanple in "Current Protocols in Protein Science"
John E. Caligan; i aul T.
Wngfield, Wle Injﬁgwg‘ %%SIM QQ@OJS L??%g%néquéng?ﬁe/%gﬁgﬁ fe {l r}P menbr ane
extracts, aS%?ﬁSPhét‘ihoﬁS drangchigden ﬁ@tttﬂioﬁeqt@%is epilyl@nwrtﬁrybdem@aer and
Eirir, 2001bngﬁ£lEE@ﬂ¢McheklsmaregMy&eﬂs@mahegﬂbyaﬁeehﬂmmbalwnmamﬁ or
cont Fi § ugat Lonnopa g A T g 5%?%%89%6@%@%%%8%@%5 I SE A
outlined i nPItsHE dnyenooy) Insp’ae&#hbnieyom jagnt mpleae eoltre%eabilmﬁnﬂ%t hod can
be found i nindRdd &2fkeclption c&lﬂﬂ@l’sedﬁﬁh&@dBraﬂd’cﬁpt&JnSd@nﬁMasledl@bbds afOdeqlidiees

0F epar 8L 00l AR TP LA ASLARAS snd B RAGERN Srn RS Sp I IBRASE
many conmer EPROrtaRg ttr@ns'&vathnaﬁplérorl ofreqieﬁtlﬁtSf renghase | Whighe rasntle RRSEPIWNs, f or
exanpl e, Q ag@eiios, {Johalseomoft, asilindykndpeane didotepicRsoKistquerdes s Saitadld ncubat ed
in a hypot Oﬁbl%cgétfohegohtr&a%ﬁh&ge hﬁfh‘d& %ni%h Ofrlgf"bﬁ“c$rﬁro‘i’%&§{e&§“ﬁlai§ added and

the resultin i Sru

I ntact cell Bmcfe@i in aabsitioee ohthe |r%iomawantrfﬁ}1wf B¢ Qﬁ’ﬁ@t inventigne A %@e@f by
centrifugation. The resulting supernatant contains cytosolic proteins and
m cros OM es" ol gi vesicles, and plasma. nenbranes. A |lig-and specific for
nol ecul es on the cell menbrane is added to the supernatant. The |igand
binds to the cell nenbrane vesicles and the |igand--vesicle conplexes are
preci pitated using nagnetic beads that bind to the Iigand. After washi ng,

pl asma nenbrane vesicles are eluted under native conditions and the |ig-and
remai ns bound to the beads. For yeast cells, a commonly used net hod
for preparing ceII nenbranes |s to spheroplast the ceIIs This gi ves high

b - o, .



Pol ypepti des descri bed herein may al so be produced and incorporated into

| i posones by nenbrane reconstitution techniques involving dissociation in
det er gentwQ 2bwldssssed by their reconstitution in the presemaa@2ofo/odgspds and
removal of the detergents. The |iposonme conposition would be adjusted so as
to ensure optinmal orientation and acce$sibility of the pol ypeptides
contained in the |iposones with binding partners (conpounds). Such

adj ustnments to achieve optinal |iposonme conpositions are routine in the
art. Assays for BRET In a preferred enbodi nent, the energy transfer
occurring between the biolum nescent protein and acceptor nolecule is
present ed asucbatapsdriptiedconab] esuéncamut kaoemts siosn skilielbmuhedrtuSrefgralpt i cal
filters (ong,feh, trohec&%ree&%narg lﬁﬂu&ree oA iGN (ARfoA NE BLRGE Rkt he

bi ol um nescent proteln em SSion at sel ect s eclfi.c wavel engt’hs (see
equat i on 1) arthEgpqdenematoderplantiqr gpimal gllsy welgas, but R fiied o0y H&g@eerept or

nol ecul e errmsspmnompsrtp@ns@ ybaptemmga)lambdag bactéropbade Tt @ﬁlauﬁxaagn@hsgwecr fic
filter adapﬁdbi&({nogﬁb%ee@é%a&@n %P@Pcﬁ%f?&moﬁ‘aﬂ' 5 rp]d §1a {&?o‘i’ as the

bi ol um nescen em Ssion i nteénsit em Ssi on ect ed usi ng
a specific PrCfleerIC%éw@aS% GHPEHEISe FHDZETOFHE dIrOPHiErs b Sbfrhuﬁ% r$é‘§j@§nf’mt§r ot ei n).

I't shoul d beubgeadii¢ yrapperex aatdeoidesbhnsegeak bdceldvirus, te@omist zet: Hadect he
optical fil{gfs \JZ&){mEeviﬂQy h&é@&irﬁi fakd ot &;{Q%S p&ﬁ&‘ gfx W%c@:ﬂ%&s

drscrrnlnatron suita or exa ters used in
accor dance WIPRCRIWIHY s¥ehes rrﬁ%ﬁﬁh?@neaéarpr%otrrﬁ} érnrlér SHER 49, PHRHRS, | ong
pass f|Iter&nmshmmvH@aag;%nhmﬁnsmmeﬂhmsbmt@n@nﬁw@hmﬁubmﬁ]bMEpMM&mmmts per
second (CPS f

hu&{? tiffaﬁ%c% lidifednlt s@&r%@é%%?%x)éﬁ § SthéRkdllohe caﬁa'gf‘e %g@@u |p| Cor

passi ng throug rs can be quanti usi ng ei ther

t ube (PMI) Sﬂwéxﬁﬁﬁm@dﬁﬁF’my@ﬁé”ﬁﬂ%ﬁ??@r@@ signals are subsequently used to

cal cul ate BRET ratios and represent energy transfer efficiency. The BRET

ratio incregggeith increasing intensity of the acceptor enmission.

Generally, aratio of the acceptor em ssion intensity over the donor

em ssion i nt ensi4iPthes elaé%mﬁrtr%dhe( REENE Hiygittiog inefydes \mht)érrerlstraas fativasler

expressed |wnhnhekﬂamyemamﬁﬁnmﬂﬂmbhaﬂmr@%&ﬁmﬂSmem90gym@m@maﬂmnh&ﬁdﬂcrency.

The ratio i rarﬁ@ﬁﬁﬁlow kh rp%{}nha%tﬁg%l& SRR Vit LATRNRL G GGy (See Xu
En al e re

et al., 199 er e |cr encl e esent ed
usi ng the |HW@P§eb¥aWh%bo? Hﬁﬁ@?e@#ﬁs§#&ﬁ“knf@%s@%yn%9@r18@0 GF em ssi on
intensity (Seasfomuaioh @eh@ijuesliclide] Butaas®y limatd as traeticaas eleurégordtioasr easi ng

energy transfer., thfidnch SIG 10npa{dls&été5n? altf }%13(0{2)53H‘EtrkqmgltII Rr %%h’coﬂigﬁltée(ﬂW| ght and

em ssion int ensitlies are correct he presence O grou
aut o- | um ne&ERHE anige!WaH eOrs IR teF QY éntOT%f‘%SuéoPligé’étoircmm“ElCﬁ]é‘H@r gisryshade by
subt r act i ngTtahefommids slobmudladtRinsiniofecureasirtae ptesdnheinappioapamt @maavel engt h,

froma cont E;Qlacﬁl%HB fat %FEa%' e ME 19{% o%% gﬂﬂ ?é .{{ﬁ?%th{hoa ‘?ir&h&%klgfo?ﬁm

protein, accep ecu %> inventi on a = BRET
ratio(2) Wnerlefceee%& E‘?ﬁPOlélP@a%I f‘d fl.srfélcr ray@giethat their ability go hejeyRtesseffsensi ty of
t he bi ol um ress@nt protein and acceptor nol ecul e em ssion can al so be

quantified usi “%uﬂaﬂ?ﬂ& géli%'rgttl‘aﬁsf&??@g%lh%ﬁj cﬁﬁ'BQtrgﬁsf&med with a

spectrofluoroneter ode array
detector. UB? W@C&Og%%ﬁthepreﬁrer awert&n Hasecedlio medﬁeselétaﬁveingorpeﬂrebr%d such
t hat bot h bbetindopsesdeite., mmmﬁmyna@mﬂeaﬁpemkm@;mnmqmuhed@ﬁh&ﬂne&up@aks are

det ect ed up (o)

represent t e re?g %Vgiﬁ&mkpgmﬁ %%Qﬁgﬁ%BS%E%bgﬁ %gggggo ca ﬁ?ég t he
ratios, as BUyRuckeH ea%@leel Arpsqribed herpigntostes hpofdh %rreweh@mrrlﬁgcrq ts for
the bi ol um mgseERLpIdICIPIraiuaing atlese Phoproftl ®@EiubEhdréiomnt highgRMRctERIP! €, can

be used to t In an
oo e N Sitbd: ST, ELAE, Al FEBRGTA, LOKET S oty | 0,20
for effecti GeapReecdf] élﬁstaﬁeMsOrmefu%mt&rlrr@'erﬂrlonESérerer@:r Baqilltshi kisiege, the
ener gy transé®haeldcs] poayptérs, VMebesend, eelzch@dmgz BrLy (babehaete Kidky)em ssi on

nuensity. _Lin-vaildk ba.r €RAK I 2RRAT €0l QNS Ryl Dol RrpLdptnat T

order to neasure ener
intensity mfrlrr@atexwakliehg)f Ayt rcalls arec &l ccarl,arIrCBngTﬁr gok staedquatr\we f act

that ideally the acceptor nolecule will emt light only if it absorbs the
light transferred fromthe biol um nescent protein. In this case only one
light filter is necessary. In a rel ated enbodi nent, the

bi ol um nescent protein em ssion alone is suitable for effective detection
and/ or quantification of BRET. In this case, the energy transfer efficiency
is calculated using only the biolum nescent protein em ssion intensity. It
woul d be readily apparent to one skilled in the art that in order to
measur e ener gy transfer ~one can use. the donor enrssron |ntensrty mnthout

o S M r a N o " e



48 the biolum nescent protein there is a correspondi ng decrease in
detect abl e em ssion fromthe biolumnescent protein. In this case only one

i ght filweroimssagessary. In an alternative enbo#CraiRp10ideeosener gy
transfer efficiency is represented using a rationetric nmeasurenment which
only requires one optical filter for t measurenent. In this case, |ight

intensity for the donor or the acceptor is determ ned using the appropriate
optical filter and another neasurenent of the sanples is made w thout the
use of any filter (intensity of the open spectrum. In this latter
measurenent, total |ight output (for all wavelengths) is quantified. Ratio
cal cul at i onSalawecllachgphimdeousiongpleintitien, mthdm'gmltteﬁlamd ArainkoSpddhgrerquat i on

3, only the I f or i q h guat i on
2 only the r%%;%rggl T%M ﬁ!’sza 91 aB %oﬁ%ﬁ&%é&hc Mol ﬁl!y&tﬁé’st (fg) eﬁs (%%RET ot o

er gg g? I's required %E
or = Eo- Ea/ £3[8) C&b- I@a@EdPaHKB#@V 'S Bpst “lﬁd?rEde?éaf?ﬂ %ﬁ]ér"‘% h9%hd Ed are
as defi ned &h@vetoabiackoomscesefy. riegardisulbm Saceharesyan cénatignsiAaydiiospral |
mavelengthsﬁﬁggyagg gppgpm§§§ctrun) It should be readily apparent
t

to one skil e art further equations can be derived from

equations 1 thr dirghminentoPNAy fegiologicsneans be Hisefe £9 VAPIYe SKAFSIVRST Gor rect i ng
for backgroumdﬂhmg&mopnmSﬁmMeamﬂah& eyinssipohating Vet ergiific,ftbe nbmbéuofi nescent

rotein and I . light
DS o SIS Y b B8 LS RO iy, 1o
BRETCount i H&tS RpleRelep ‘hlﬁﬁi‘i qslaéf‘dtr%ﬁésd rifie eWﬁ@P‘éﬁ with ickhrasiiens s a
nicrotiterphamenmslné|&$@b%mnammdhéuﬂﬁmﬁsgemt@oﬂomnﬂﬁﬁmﬂohwdﬁymﬂmskard

| nstrument e &} é{“ubéﬁ?l ¢lr2sR} %QL%Q%'%&%M“&“ ?kle%&‘d

phot onul ti pl1Ter tubes I'n_col nci denc I mnate round noi se,
TopCount enfPB§EesPhige SresNveaitmBrBes bahere tehBEmited o Q%ataﬁ Ysgllé’kért&mtl ng

for noi se rpdymicicotidd omaledudsw aouhighwgpy Nmsiitendpkdnidpadutegraticnr aifi ttl&r pl at es.
The ‘use of ?&Wf‘eoﬁh&%gfebﬁlg iRb 3he8r R ARALS c}ﬁ%bs%ﬂles Gy ﬁ?ﬁ%k'@

negligible cones in various formats, inc
12 det ect or 2RipVrs ﬁlue\m?ﬁsdﬁ plasmisly SIOHTPEoRA O6 (ROdHisatinms f Wﬂ%ﬂptzon ‘@HHP 12
sanpl es, respeds i(¥el yproBesisdeptherBRhhGouen],, subktitetions oometodifehiigns avfai | abl e

i nstrument f Vi i nl and
(Perkin E @%ﬁta%?pﬁ%éiﬁfgﬁclgﬂ% (66 GhORoHE ik Vig S phnte ey L Men)
BRET can be™gificeioned palynvweicatide motesulenaf the aresqs frvetiogto perzaspondrie thee cept or
nol ecul e enu&&nmﬁ@anﬂmﬁmaﬂeﬂabmymkwaemamﬁhapghmﬁﬂﬁfmﬁmbﬂ@eaﬂsaﬂﬁgr nol ecul e
and the biol um nescent protein) or nore. In an enbodi ment of the

i nvention, BRET |s detected using a mcrofluidics device. Mcrofluidics
devi ces conis s¢9noeEldir e only an al i quot of the sanple, generally not
nore than about %88hfdslipr propdegtciaist esnedido: tthe anpkevdiesensal theof the 49
M T oft b 62 o YLAR: (IR CSRCL! ALIFRY Bl IRLin L UHELY i Y JPRENIEL T €

injection via syrlng
| uni nescencémbuuaeaﬁ?lﬁl de i S@@C‘t‘}@‘i @quﬁ; kemeenizaficsthigye ple HEash Pispéicf orm al |

t he necessaa&hﬁﬁE&fﬂaagﬁmomm&naﬁﬁwn&ubmﬂa%mmgbBREﬁdﬁaac&ﬂaﬁﬁﬁh@uan
oot 3 loalth PLANLAY T8 dROLIADLE A% NiS L AYOL MU L HALE, Mnua

handl i ng steps and re m ng experinments.
The ni crof | tfFkniguss gevipmianigythe grlled ‘ﬁorhers?‘@fiflte&?ﬁllt aﬁlthé‘bld%?lk%%?émée Bi ochi p

W th patter n@grdit Croachaninelsteangcicarparchient Galigani Beh 8. dbage Hiwrns. f or
storing a p e ates. The steps of
transferrlnggééluen |a1$%ﬁﬁ% F%%gfagﬁ eﬁ%Vﬂﬁgaﬁ&g&f , or reagents, and

t hen | um nescent Uédb%ﬁtf?‘ét(é PRI o af e aTtS uffﬁ%ug%huwéﬁ%‘ﬁaﬁn%w to the
reaction S|hﬁ&n@@ﬂh@nﬂ@cath&BUEdknIh@ihﬂﬂﬁﬂﬁﬁ@@ﬂﬁﬂ@gbﬁkk&iE&ﬁwmﬁ&d t hen
react with phe.donos, mlecul 65,0 sSUltlng, il WILASSESCR, iGN, youl d be
detected by an et ector” exanple of a ﬂlCFthUI i'cs “devi ce for
det ecti ng |é&ﬁwﬁé§%§e¢w@@ﬁwﬁ@resfer ﬂbéwf%rfisugtiel,eézzg}é?‘v?ﬁ‘?%e% The methophe
present i nvestih@ninCanysbelusee dodudeleateda A daeﬂnpad beduyh @fmampmm@s, _
parti oul arl y, gdaf ant s, Typi cably. -Lhg.o AN L 08 BRI or gani ¢ or
i nor gani ¢ conpoun i"nofgani ¢ gas Phat ba 8t &t &Y by’ cherosensory
odorant receptors of at Ieast one organlsn1 These nay |nclude am ne- and/ or
sul phydyr | - cont ai ni ng conpounds, carboxylic acids, alcohols, aldehydes,

al kanes, al kenes, aromati c conpounds, esters, terpenes or
terpene-derivatives, ethers, CO2 etc. as well as compounds bearing

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

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

i ndi cations may include: The sensory appeal, quality or safety of food and
beverages, pharmaceuticals or related materials. The health, nutritional
or exercise status of humans or ani mals.

and




The presence or absence of hazardous substances, including pathogens. The
progress or status of industrial processes. An environnental contam nation
or state.WOThw/msssigory appeal, quality or safety of perPamad2oforemgrsances or
ot her cosnetics. In a particularly preferred enbodi ment, the conpound only
bi nds the receptor portion of a pol ypeptide described herein. In a
particularly preferred enbodi nent, the pol ypeptide defined herein
conprising an odorant receptor is used in a biosensor to detect a
conpound(s) of 50 interest. A biosensor is a device for the detection of
an anal yte that conbi nes a biol ogi cal conponent with a physi cochem cal

det ect or conpohent fraditont, Wi cakby. apnsissts-pbise blitee pparibsing filorstd yndat | east
one ponpep@ﬁQ@ld@hlned herein conprising a G protein coupled receptor.
Second, a transducer or detector elenent is required, which works in a
physi cocheri cal WA} {%8g: b*‘o’ﬁt"?‘vc%“““%F‘ébf?bé‘ﬁéﬁ%d}“) PEHYFEtFAHBTBFRE t he

si gnal resulitdtings, firomatehle, Uniger aliprornef Plthe: Bompoundronit Kit Heelipeleypept i de
i nto anot he!ncﬁgiggéﬁm thpSonit %@ﬂ%d%%ﬂmmafw, Can Alg: rt@ zﬁﬁ%é ¥ NEasured and

quantified ssoci.at ed el eétronic or S|%q$ rocessor |s
requi red, wHPcH® iﬁ@wﬁ&.*@ﬁl@&%ﬂ PHEEETF Do P TR EREEY off Fnds
user-fri endl:cyi ivdryis, Anlcexaingphier obaaiib meﬂS@Vredlbm\cehm(mgmBREﬂ?m ssud@gcri bed in
Charest et al‘i’(tmci%gio} Dvtaing \vww?h, ﬁ@&;ttbhﬁ{d }UP gfé}(mrl olgt{ %cﬂ:@t mdﬁdﬁ{'}

screening are used for dru overi eve opnent
speci fi cal | FEPREsy eé‘e]tri“é‘i} “’i‘*é‘& Pary *f“ﬁ‘br““d%*f &iit i“aP“t‘*ﬁier‘*aﬁé%fi e Thus, in
this enbOdlﬁEﬁﬁmwhtI$h@h§ﬁﬂﬂﬁﬁﬂtbhﬁi@ﬂhﬁxmam&@tﬁmiﬁSﬁﬂtﬁ&hgﬁﬂ&hﬁyhlnportant

mol ecul e SUE’GPG&&m bi w'?é%ﬁn fr!u M §66, %Q%m%“ i@:gkj ef}ﬁ{ %Enci {oeﬁx%pﬂ;%d asferotinin

receptor, opanlne r@ nﬁ abotropic recéb a GABA
receptor, a™R W@H&Ewer S g e 5%% ‘P‘é%‘éb‘fibtf CO”&?“”&“* é%%?‘k?’f‘di i ke
receptor. remains\Wbtihd w tichieadcope of the present invention are al so nethods
for identifyi ng,a&?aﬁ,@@tzﬁrl%bﬂ& and, @M&»ﬁqeﬁp&w% Bl el aR, which are
capabl e of interac é recep i ch conprise

rotein cou
so-cal | ed hﬁé}ﬁhmﬁoﬁ@ﬁaﬁt et aet ﬁ@hn@tﬁﬁxay L éin féi‘f‘“éi*’rﬁ“f“*ajr t‘hﬁpﬂ%&ff@? whi ch
are known i ipchben @‘Yﬁlax(‘(ﬁpﬁﬂm*ﬂ 1es. 19982 @tideirgauf: gl y 4888 podollibogansttd899)

carried out x_éfﬂ%ig V\ﬁ he &@ﬁﬁg\é\ﬁ mtbbﬁ 36 04 mn, éﬁ@%b%tab%)m B”EIE‘%}&' all'y

avai |l abl e pf ance With the
pr esent mvéﬁtn%‘ﬁ‘—‘ SHF ﬁ%*‘éi AL ET élcﬁ%failPﬁ‘W%% oot %nﬁaen@uwwor escence
readout s Inpmﬁ@ﬂmihﬁ@&@hﬁu&«ﬁ&kﬁﬁ@h@@&ﬂé&S«ﬁ&ﬂdﬁhﬁéﬁpnbﬂb@ﬁm&&L&;wln Pope,

1999) - o be'p Dk nfi SKL! bathupersan waukd hacavass, hie, RGN Buent i on

can al so be exed stem two or _nore g
conpri si ng aibr?fqéirféﬁt 1"@%?36P@idnh*é%%bl“ééf“ﬁﬂe‘ée@t %ﬁaé"érﬂémﬁﬁtsv cfe@“%ﬁlu ©h bind
di fferent conrpoungs:gabach difierantspG@rot®hnifeouph etihe etephie: st abel | ed

Wth a di ffﬁig-t '%L}{Qﬂmgﬁ%ﬁ%ﬂﬁ&% }nﬂ:ﬁg}%% %ﬁ%ﬁa‘f e[}t f%EuP@'zE&#'eﬁuﬁ;”Ch t hat

they enit a f'ér ent to en ectioh
quanti fi cat I"6f¥ @Pm&ﬁfﬁ@ﬁéhﬁj*ﬁ#@éﬁ“&%hpounds 51 EXAMPLES EXAMPLE 1- DUAL
LABELLED BRET ODRril® (QEPR: CONSTRUGTS: MATERIAL SoAND M HERS i fesi gn and

Constructi OBrOQefin Q‘d%lec{‘?&%})thﬁgiaﬁ%zgﬁl 7 q}%&s LARE S B2 used for the present
invention are described it Kaiser et al (200%).

In certain embodiments, & polypeptide of the mvention comprising a GPCR are
embiedded in the lpid bilayer of & liposome proparation,  As used herein, the term
“Hposome” refors 10 8 closed vesicle comprising bilavers of amphiphilic phosphohipids,
for example phosphatidy! ethanolamine and cholesterol. Liposomes can be composed
of  patwrallv-derived  phospholipids  with  ymixed  bpwd chains (Bke
phosphatidylothanclamine), o of  pure  surfactant components like DOPE
(dioleoylphosphatidylethanolamine).

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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the third intracellular loop (IC3) and at the CGterm nus. Two BRET

const r uctwo2010/08884¢ made with; (1) GFP in the m ddl e of PCTCAwEN/BL0Se( h) on
the CGtermnus; (2) ORwth RLuc(h) in the mddle of 1C3 and G-P2on the
C-terninus. The position of the third ¥ntracellular |oop (IC3) was

determ ned usi ng TMAP on The Bi ol ogy Wrkbench a web-based tool for
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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 (emission 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 example, optical filters used in accordance with the present invention 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 quantified using either a photo-multiplier tube (PMT) or a CCD
camera. The quantified signals are 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



Sequence A igo Anneal Tenmp (C) ODR- 10:: GFP 4AA240- 241::RLuc(h) (Cterm
(OCOR) (5') ODR-10::GFP- 1452 F: attBl ODR-10Fonvard AACCATGICGGGAGAATTGIG
(SEQ | D N©D28)0/MBF844 PCT/AU2010/000080
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that reflects energy transfer efficiency. The ratio increases with an increase of energy
transfer efficiency (see Xu et al., 1999).

Energy transfer efficiencies can also be represented using the inverse ratio of
donor emission intensity over acceptor emission intensity (see equation 2). In this case,
ratios decrease with increasing energy transfer efficiency. Prior to performing this
calculation the emission intensities are corrected for the presence of background light
and auto-luminescence of the substrate. This correction is generally made by
subtracting the emission intensity, measured at the appropriate wavelength, from a
control sample containing the substrate but no bioluminescent protein, acceptor
molecule or polypeptide of the invention.

Ed/Ea = BRET ratio 2)
where Ea and Ed are as defined above.

The light intensity of the bioluminescent protein and acceptor molecule
emission can also be quantified using a monochromator-based instrument such as a
spectrofluorometer, a charged coupled device (CCD) camera or a diode array detector.
Using a spectrofluorometer, the emission scan is performed such that both
bioluminescent protein and acceptor molecule emission peaks are detected upon
addition of the substrate. The areas under the peaks represent the relative light
intensities and are used to calculate the ratios, as outlined above. Any instrument
capable of measuring lights for the bioluminescent protein and acceptor molecule from
the same sample, can be used to monitor the BRET system of the present invention.

In an alternative embodiment, the acceptor molecule emission alone is suitable
for effective detection and/or quantification of BRET. In this case, the energy transfer
efficiency is represented using only the acceptor emission intensity. It would be readily
apparent to one skilled in the art that in order to measure energy transfer, one can use
the acceptor emission intensity without making any ratio calculation. This is due to the
fact that ideally the acceptor molecule will emit light only if it absorbs the light
transferred from the bioluminescent protein. 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 case, the energy transfer
efficiency is calculated using only the bioluminescent protein emission intensity. It
would be readily apparent to one skilled in the art that in order to measure encrgy
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



R ODR-10-, M dlI C3GFP' Jt 2R TGTAGCGCTCGCTTGTACAGCTCGTCCAT (SEQ | D NO 24)
(3'") ODR-10 321 F: ODR-10-M dl C3GFP J t 2F GAGCTGTACAAGCGAGCGCTACAGAAACAA
(SEQ | D N©D2B)0/(B7843 R ODR-10- CternRLuc(h)JtR PCT/AU2010/000080
CTTGCTGGTCATCGTCGGAACTTGAGACA (SEQ I D 4'1\;;0 26)

the bioluminescent protein there is a corresponding decrease in detectable emission
from the bioluminescent protein. In this case only one light filter is necessary.

In an alternative embodiment, the energy transfer efficiency is represented using
a ratiometric measurement which only requires one optical filter for the measurement.
In this case, light intensity for the donor or the acceptor is determined using the
appropriate optical filter and another measurement of the samples is made without the
use of any filter (intensity of the open spectrum). In this latter measurement, total light
output (for all wavelengths) is quantified. Ratio calculations are then made using either
equation 3 or 4. For the equation 3, only the optical filter for the acceptor is required.
For the equation 4, only the optical filter for the donor is required.

Ea/Eo-Ea = BRET ratio or = Eo-Ea/Ea 3)

Eo-Ed/Ed = BRET ratio or = Ed/Eo-Ed 4
where Ea and Ed are as defined above and Eo is defined as the emission intensity for all
wavelengths combined (open spectrum).

It should be readily apparent to one skilled in the art that further equations can
be derived from equations 1 through 4. For example, one such derivative involves
correcting for background light present at the emission wavelength for bioluminescent
protein and/or acceptor molecule.

In performing a BRET assay, light emissions can be determined from each well
using the BRETCount. The BRETCount instrument is a modified TopCount, wherein
the TopCount is a microtiterplate scintillation and luminescence counter sold by
Packard Instrument (Meriden, CT). 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 use of opaque
microtiterplates can reduce optical crosstalk to negligible level. TopCount comes in
various formats, including 1, 2, 6 and 12 detectors (PMTs) which allow simultaneous
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 detect 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 a microfluidics
device. Microfluidics devices conveniently require only an aliquot of the sample,
generally not more than about 50 puL, to be transferred to the sample reservoir of the



RLuc(h) (Cterm 949 F: ODR-10- CiernRLuc(h)JtF
CAAGT TCCGACGATGACCAGCAAGGTGTA (SEQ I D NG 27) 56.5 R attB2
RLuc( h) Rewere®/(@FSHACTGCTCGTTCTTCA ( SEQ | D NO 28) (3') PODRUROt0/0BL0s¢ ( h)
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microfluidics device. This is performed either manually or by pneumatic injection via
a syringe, capillary or the like.

An automated luminescence biochip device using microfluidics may be used to
perform all the necessary BRET reaction steps. Automating BRET reactions in a
microfluidic biochip platform is desirable as this avoids multiple manual handling steps
and reduces human time and effort in performing experiments. The microfluidics
device may contain a self-contained disposable biochip with patterned microchannels
and compartments having storage means for storing a plurality of samples, reagents,
and substrates. The steps of transferring sequentially at least one of the samples, or
reagents, and then luminescent 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, terpencs or terpene-derivatives, ecthers, CO, etc. 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.
¢ The health, nutritional or exercise status of humans or animals.
¢ The presence or absence of hazardous substances, including pathogens.
¢ The progress or status of industrial processes.
¢ An environmental contamination or state.
e 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



(Cternm) 1246 F: ODR-10-M dl C3GFP Jt 2F GAGCTGTACAAGCGAGCGCTACAGAAACAA ( SEQ
| D NO 29) 55.3 R attB2 RLuc(h)Reverse GITACTGCTCGITCTTCA (SEQ I D NO 30)
ODR- 10: : GVD-20WABa%14 241:: RLuc(h) (Cterm 2675 PCT/AU2010/000080
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interest. A biosensor is a device for the detection of an analyte that combines a
biological component with a physicochemical detector component. It typically consists
of three parts, firstly at least one polypeptide defined herein comprising a G protein
coupled receptor. Second, a transducer or detector element is required, which works in
a physicochemical way (eg. optical, clectrochemical) that transforms the signal
resulting from the interaction of the compound with the polypeptide into another signal
(i.e. transducers) that can be more easily measured and quantified. Third, an associated
electronic or signal processor is required, which then displays the results of the
interaction in a user-friendly way. An example of a biosensor involving BRET is
described in Charest et al. (2005).

In another embodiment, the methods of screening are used for drug discovery
and/or development. More specifically, the receptor is a target for potential
therapeutics. Thus, in this embodiment it is preferred that the receptor is a clinically
important molecule such as, but not limited to, an adrenergic receptor, a serotinin
receptor, a dopamine receptor, metabotropic/glumtamte receptor, a GABA receptor, a
vomeronasal receptor, a taste receptor, or a secretin-like receptor.

Within the scope of the present invention are also methods for identifying,
characterizing and for screening of molecules which are capable of interacting with an
G protein coupled receptor which comprise so-called high-throughput screening
methods and similar approaches which are known in the art (Spencer, 1998; Oldenburg,
1998; Milligan, 1999) carried out using 96-well, 384-well, 1536-well (and other)
commercially available plates. Further methods to be employed in accordance with the
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.



F: attBl ODR-10Fonvard AACCATGTCGGGAGAATTGTG (SEQ I D NO 31) 53.7 R
att B2 RLuc(h)Reverse GTTACTGCTCGTTCTTCA (SEQ I D NO 32) ODR-
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EXAMPLES
EXAMPLE 1 - DUAL LABELLED BRET ODR-10 (OGPR) CONSTRUCTS
MATERIALS AND METHODS

Design and Construction of Dual Labelled BRET OR Constructs

BRET receptor constructs were generated with BRET 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. The position of the
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. The amino acid sequence
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 ingredients were used with primers ODR-
10XbalF 5’-AGTCTAGAATGTCGGGAGAATTGTGGATTA-3* (SEQ ID 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
from a commercially available plasmid pGFPz—MCS—Rluc(h) (PerkinElmer;
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 5min. Separate components of the constructs were

amplified using overlapping primers.



1669 F: attBl ODR-10Fonvard AACCATGICGGGAGAATTGIG (SEQ I D NO 33) 58 WO
2010/ 085844PCT/ AU2010/ 000080 53 R ODR-10- M dI C3RLue(h)Jt2R
CTGTAGCGOVOGCINESILET TCTTCAG (SEQ | D NG 34) (3') ODR- 1@CT/AU2010/000080
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Table 4, Primers for dual tagged ODR-10 receptor constructs.

Construct Fragment ¢DNA Primers Sequence Oligo
Fragment Anneal
size (bp) Temp (°C)
ODR- (5") ODR-10:GFP. 1452 attBI ODR-10Forward AACCATGTCGGGAGAATTGTG 577
10:GFP @AA240- (SEQ ID NO:23)
241:RLuc(h) (Cterm)
(OGOR)
R: ODR-lO-w TGTAGCGCTCGCTTGTACAGCTCGTCCAT
MidIC3GFP J2R (SEQIDNO:24)
(3") ODR-10 20 ODR-0-MidIC3GEP T |GAGCTGTACAAGCGAGCGCTACAGAAACAA] 573
oF (SEQIDNO:25)
R: ODR-10- CTTGCTGGTCATCGTCGGAACTTGAGACA
CtermRLuc(h)JiR (SEQ IDNO:26)
RLue(h) (Cterm) 949 [F: ODR-10- CAAGTTCCGACGATGACCAGCAAGGTGTA 56.5
CtermRLuc(b)ItF (SEQIDN0O27)
R: attB2 RLuc(h)Reverse GTTACTGCTCGTTCTTCA
(SEQ IDNO2§)
(3)ODR-0:RLuc(t) | 1246 [p. ODR.10-MidIC3GFP TFIGAGCTGTACAAGCGAGCGCTACAGAAACAA] 553
(Cterm) (SEQ ID NO:29)
R: attB2 RLuc(h)Reverse GTTACTGCTCGTTCTTCA
(SEQ ID NO:30)
ODR-10:GFP @AA240- | 2675 [F: atBI ODR-I0Forward AACCATGTCGGGAGAATTGTG 537
241:RLuc(h) (Cterm) (SEQIDNO:31)
R: attB2 RLuc(h)Reverse GTTACTGCTCGTTCTTCA
(SEQ IDNO32)
ODR- (5) ODR-10:RLuc(h) 1669 IF: attB1 ODR-10Forward AACCATGTCGGGAGAATTGTG 58
10::RLuc(hZ@AA240- (SEQ ID NO:33)
241:GFP (Cterm)
(OROG)




321 F: ODR-10- M dl C3RLue( h)Jt 2F AAGAACGAGCAGCGAGCGCTACAGAAACA (SEQ ID
NO 35) 57.9 R ODR-10- Cter nGFP AR CTTGCTCACCATCGTCGGAACTTGAGACA (SEQ I D

NO 36)  vébReo1o(o8ssmn) 723 F: ODR- 10- CternGFP JtF PCT/AU2010/000080
CAAGT TCCGACGAT GGT GAGCAAGGGECGA 53
R: ODR-10- CTGTAGCGCTCGCTGCTCGTTCTTCAG
MidIC3RLuc(h)J2R (SEQ ID NO:34)
(3') ODR-10 320 [F:ODR-10- AAGAACGAGCAGCGAGCGCTACAGAAACA| 579
MidIC3RLuc(h)Ji2F (SEQ ID NO:35)
R: ODR-10-CtermGEP TR | CTTGCTCACCATCGTCGGAACTTGAGACA
(SEQ ID NO:36)
GFP (Cierm) 3 |p. ODR-10-ClomGFP JiF | CAAGTTCCGACGATGGTGAGCAAGGGCGA | 563
(SEQ ID NO:37)
R: attB? GFPLReverse GTTACTTGTACAGCTCGTC
(SEQ ID NO:38)
() Odrl0:GFP (Clerm) | 1030 [F: ODR-I0- AAGAACGAGCAGCGAGCGCTACAGAAACA| 547
MidIC3RLuc(h)Ji2F (SEQ ID NO:39)
R: aitB2 GFP Reverse GTTACTTGTACAGCTCGTC
(SEQ ID NO:40)
Odrl0:RLuc(h@AA240- | 2675 F: attBL ODR-10Forward AACCATGTCGGGAGAATTGTG 530
241:GFP (Cterm) (SEQIDNO41)
R: attB? GFPLReverse GTTACTTGTACAGCTCGTC
(SEQ ID NO42)




(SEQ ID NO:'37) 56.3 R attB2 GFP-Reverse GITACTTGTACAGCTCGTC (SEQ I D
NO 38) (3') Qdr10::GFP- (Cterm) 1030 F: ODR-10- M dl C3RLue(h)Jt 2F
AAGAACGAGZOCOBAGSBETACAGAAACA (SEQ | D NO. 39) 54. 7 PCT/AU2010/000080
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Components were then purified and placed in a paired reaction to denature at
94°C, anneal 52°C (at overlapping primer sites) and extend 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-
DESTS2 (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 (see
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
-3 (WT) (SEQ ID 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 sequencing the OGOR mutant was then subcloned into pYES-

DESTS52 (Invitrogen) using Gateway® technology (5" and 3” 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 OC) until dissolved and filter purify (0.2 um filters) solution.

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

YPD medium - Add 20g of bacteriological peptone, 10g of yeast extract to 1 L of

deionized water. Autoclave for 15 minutes.



R attB2 GFP - Reverse GITACTTGIACAGCTCGIC (SEQ I D NG 40)
Qdr 10: : RLucch) gAA240- 241::GFP- (Cternm) 2675 F. attBl ODR- 10Fonvard
AACCATGTGEBOCABABTSIGTG (SEQ I D NG 41) 53.0 PCT/AU2010/000080
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YPD plates - Add 20g of bacteriological peptone, 10g of yeast extract and 20 g of agar
to 1 L of deionized water. Autoclave for 15 minutes. Following autoclaving add 20
mL of 20 % glucose and pour agar plates.

Yeast Synthetic 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.

Coelenterazine 400a - Dissolve 1 mg of Coelenterazine 400a (Clz400a, Biosynth) in
10.20 mL of pure ethanol to make a 250 uM 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 uL (40 or 400 uL 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 diluted 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



R attB2 GFP-Reverse GITACTTGTACAGCTCGIC (SEQ | D NO 42) 54
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UsT g Gat e rihelbEAIOK 0K 05 130k BolatkBrpikes were | ncluded in original

OGOR sequence) for subsequent expression in cerevisiae. Solution
Preparations 20 % (wy) ducose - Add 20 g of glucose to 100 nlL of
dei oni zed &pessioth@ratocadn hotplate (50 C) until dissolved and filter purify

(1 862mlLamf f ijl ter beisb stin%ﬁ-cr??eg%/ Gl ﬂlﬁaéxfﬁsaggg%sz A@Btk &Qéﬁlc@tﬁt&hsécosg to
(0] (0] er, eal. O a . .un o Al.§SOIl Ved an

il ter pur iy oge IRl slpdireBruaiBhe. Sevvsey)l i GaBes itigd 20 g
of gal act 0g200rpm1.00 L of dei oni zed water, heat on hot-plate (50 C) until
di ssol ved and fTld €D puf ihikyovEight bwlnrd ihe édtainiged! Uthe amountSd ovBiRight at es -
Add 20g of Bact elhaboR] Gl RERIIONGF ol4GY B mY 8R4 %%rlﬁ&ﬁﬁ' R g, of agar
to 1 L of e?lgrni zdélg wat er.  AutocPave for 1B m§nu%1es. ol 1 o&ngklzlg aut ocl avi ng
add 20 nL @fe 20adeygl Aosdimnd pourcmagalr apl tt eslls pelleted at 1500 x g for 5

minutes. The cells were resuspended in 1 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 5

minutes at 4 C. Decant the supernatant and resuspend cells in 1 mL of sterile water.

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 (40C) 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 supernatant was decanted and the
membrane pellet resuspended in 1 mL of D-PBD or 1 x PBS, and left overnight at 4°C
to solubilise.



Yeast Synthetic Drop-Qut Media without Uracil (SCMAU) nedium- Add 6.7 ¢
of yeast nitrogen base w thout am no acids (Product no. Y 0626, Sigma) and
1.92 g ofwopeanrosssmt heti c drop-out nedi a suppl emrent w t [IROIIAU2OBAI0D08) Pr oduct
no. Y 1501) to 1 L of deionized water. Autoclave for 15 m nutes. SCVM U
plates - Add 1.34 g of yeast nitrogefi7base w thout am no acids (Product no.
Y 0626, Sigma), 0.384 g of yeast synthetic drop-out nedia suppl enent

wi t hout uracil (Product no. Y 1501, Signa) and 4 g of agar to 180 niL of

dei oni zed water. Autoclave for 15 m nutes. Follow ng autoclaving add 20 niL
of 20% gl ucose and pour agar plates. 1 x Sodi um phosphate buffer (1 x PBS,
pH 7.4.) - A 10 x stock solution was prepared by dissolving 82.33 g of

sodi um phosph t? i basic, (0.58 M, 23.45g of sodi um phosphate nonobasic
(0.17 M a%@—gﬂ%chl oride (NaCl) in deionized water. The stock

sol ution was diAlit smctral scans xwdPBSeceatlad ivoth ian pliesi-wadine dSpaetraMax M2
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Bi osynth) in ol ution.
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al i quot s ateni8RnCut-feaRast i tute sanples in 100 or 1000 uL (40 or 400 uL
al i quots, respectively) of absolute ethanol to give a concentration of 50
uM COdor ant Preparatl on - A1l %stock solution of the odorants diacetyl,
benzal dehy demultricars sapeDptecteonup in the respective sol vents water,
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Prot ocol  measurerVgdsused p BRIFTo filtertsicior $0-AR B5-8@rwithatle sattespeiting gansylenst
transf or match@chlhdel G¥BRedos), Sigma). A YPD plate was streaked with | NVSCl
(I'nvitrogen) S. cervesiae 56 strain and incubated at 28C for 2-3 days.
Scrape a loop of InVSCL cells fromthe YPD plate into a m crocentrifuge

t ube. ResuRddEhAnadwld Ryotioppl0. 5 nl of transformation buffer (Product code T

0809) and %r)ﬂal@z%oﬁoﬂ%@l}% <Remyge the supernatant, |eaving 50 - 100 uL
of the buffer

Add 10 uL .of non teste (Product
Code D 9156) 1 o1% HECHLDE A ‘ionffflaraa?nst# B%E@sta@%@eptordaﬂm?%%d DNA t0
be st udi ed fhmdsacoed igiensityrof 1@ ssmplorvds detban@I0Rond specwdl s@inATiEl thefdngrle ( pr oduct

code 8966) @ytnVRhEMeed HYGHPBEROR ﬁﬁoréscg&‘érﬁteﬁstltyrm&n%lpﬁiﬁz H{té%rsu)Heat shock
the sanple.for 15 m nut esg{egh(gF 42C heat bl ock. Spin for 3 seconds in a

m crocent r i FAFENERE B %%?‘Ha‘f’%?ni‘ssayﬁésau ‘H“ 681“?%”?“&“%6‘?) uL of
steril e watperducdPhatabbriaGth gtapbnelsG\edicpitatien td floolosterceaintcddtyC G5P° 2- 3 days
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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 uL.

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 pL and included 10 pL of
odorant, receptor protein sample (see ‘Normalization of sample concentration’ section),
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 TopsealTM - A (Packard) with each sample arca
individually sealed. Non odorants samples (water, pyruvate, citric acid, lactic acid)



The 0D600 of the overnight culture was determ ned. The anount of overni ght
culture required to obtain an 0D600 of 0.4 in 30 nL of induction nedium
(SCvM U, wegulmsssase, 2% raffinose) was renoved and t heceauzsiopebdset ed at
1500 x g for 5 mnutes. The cells were resuspended in 1 nL of induction
medi um and i nocul ated into 29 nL of b&duction nmedium Gow 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. we?@ﬁf@;%(a@eciaﬁﬁ a§s‘al9&irﬁl§tt 3Qfloving tlﬁ%ddan%ldﬁ%ﬁ@b&@%re?%&l Althon.
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e soluple

The cells were lLys re -

T orn v dunfie e o S 0T Raird vt ol ilee@ e i SV0S. for 15
m nut es. Fokdoodipaapd: hiodlowing asiditlub lo& Cirr ttacther wicH aas irosealed svhile diesfignat ed t o
13.15 Nl PQlaY GRLRRARS Rdhdd Gss WBhthmERAGT d)ffs’dﬁhﬁleEUl?ﬁ@as@i}Q wikd E@eekAg f uged at

40, 000 rpm Krman t ultr for 1 hour at 4C. The
super nat ant® g’i}i}ﬁgoﬁéﬁ Oé%? ﬁ’r‘?&a’iﬂﬁl s ﬁgfﬁ e@?‘ resuspended in 1 nL of
D-PBD or 1 x PBSRE“andttlbei calmerdwsgehmsmn m@otrmeasmd:djtﬂ ((¢rgission H751Specct r al
Measur ementggy 3t receptor s@llnkle Refdsldl at ST8RTH WEDEPBBGEr AeDBM) ) RnAsRhat @14 eadi ng

e e i gyl LA a0, 2y ot

(Perkin-Elnmer). Fluorescence spectral scans recorded from450 to 600 nm
with an equotsgpb@gnmveength of 420 nm using a 455 nm em ssion cut-off

filter. Slrrult Em ssi on Det Itane s, dual
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m cropl at e respagter CQrBNGNmtﬂiemm):tedSbyrumramgou@oram sgicemratess uveneht s used a
BRET2 filt ebn&@8fratloftlfn 04551%51&9& thHehtehheTﬁ@IovJe@tS&%éﬂn\éﬁorg%@%lv{fa% each
channel (3300/4 t91) nall%/m s Protocol Normalization of Sanple
Concent r at i?31yed firstapd t fie rel ative concentrations of BRET2 tagged
recept or sanpl e4 signwidal d@ﬂeewemeuivntv@nsﬁttt@' apfl EChecadauntdde byvasn-tieteer m ned
from spect nale$a a8 ARt ifd& 83l BrigleU WindQksRP1 zed by the OGOR
fluorescence intensity. To convert GFP2 intensity into concentration
purified GFP2 protein was assayed at different concentrations to produce a
cal i brati oREMAFR rel ati ng concentration to fluorescence intensity. GFP2

proteins \/\qugmgq%ggohgedanggbfg;gu balt affinity chromat ography according to
the supplied rnstructions D TaI i osci ences, C ont

Rearranging t he%li‘q W@Stﬂ'f:tsﬁ’é%dﬂlc?q }iav%aﬁﬁ%%éﬁ d@ﬂyorﬂn%?cfﬁp@r 1?‘%‘??"“ a’?‘“etgﬁl ts in
conver si on tiofd frtraoelkbde dnge anditae il CytetnomeoaiC 8t odirano mecepior éEltgulrerat)ed
concentr at ifgaygf bﬁldﬁlr blv(blﬂlM 1WasouBEftsd QI m@i%és%)ﬁ tﬂerBI@Efz' 1‘31% il g of 100 4.

Sel ectivity Sanal ysi s s carried out qTe V\ﬁ é)lates

(Perki n-El r?aﬁi)accsafarfwmns & TNETBRAS Tt REreEp de i darettidPe tUYYREns ecept or
protei n (OBUREd tloserddgetienut es with 1 1.1, M of each particul ar odorant. The
final vol ume Wa*?helﬁﬁE"ﬂz ant vaMeHSlﬁQd éoﬂox%mg mc%ﬁ&ﬁdﬁrﬁf Od@l‘é%@tfh% I{NI%P ein

sanpl e (see at| 0 e concentrat . PBS (or 1 x
PBS) and 5 4”\41“0 g ztjﬁ Bg?P ds: VM L W%‘éﬁ‘&@%‘%%‘i g?cé‘ﬁa‘Fl véa “tf“é)é‘&r d by
assayi ng aq&nmheimnfe m%ﬁwdmsl ahd ¥iaPBY) (Fighuesi2agnd be Theclatgasticomgeiime t he
96-wel | TMpHmt'e; e beuMel Gpsieab@iid BEoRORIRAIN HndeRRfioAL dF aukdi, each

sanpl e area
P 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
BRET2 tagged receptor in a cell-free assay format.

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



i ndi vidual ly seal ed. Non odorants sanples (water, pyruvate, citric acid,

| actic acid) 58 were prepared and assayed first. Following this odorants
sol uti onswoerw/gsssapared in the fume hood and assayed i nPChmAU2010/000480g
order: 2-butanone, 2,3 - pentanedi one, 2,3- butanediol and diacetyl.

For BRET2 neasurenents Clz400a substf@ate (5 ii,M was added follow ng the
45 mnute incubation tine and the signal recorded using a 0.50s integration
time over a 5 second period. Follow ng addition of O z400a the well was
re-sealed while the signal was recorded to reduce cross-contam nation of
sanpl es. The assays were sequentially carried out in the order the sanples

were added r¢@ok8qwwRhH! (Figurds 3a and b). BREJ rdspds® of ©FHR eliaé®d s@muRRbSsi on

rati o nmeasur ed, as g,(em SSi 0 al; 515.nr.’r%f 0 rdlelf%egt or T{sglan(lrjl eé-gem ssion at
515 nm f or VB-SF%f)O(“ r TEPSOSPRY)'SY (et BV EAR" BHnos BF 8K 1p BP"Sanpl e) -
(emi ssi on abmpdrod rnalf gherigPBB)testagl at both MBS LMBweecnRetmonJbesCuesnls The
OGOR concenbhfhl @B YBR- 1t@cg51@§twglzyqﬂn&scaﬁaﬂe9tyn I\foi@alget&ﬁf’a% pkaicﬁlal?icb%{ﬁmféd@@se .
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al ways assaypdssiigristEK antcelh&Zangbtedt 199451 . A si gnoi dal dose response
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usi n a a rLSmM T .0r OWsS . .an onse .a

Sol o0t bvi D bl St e SR o AT e e T S8R (rEERORSRANSe _ cept or
i nserted wof AP i™M RerepReREne Ky thcein | recator (fodise shdl aP0Yrad &M ERBS of the

_odor ant r eggPpirRo(-~ io"_%QWifqrcia)gg cfal:, 2&53@.0 ghy eddabdineRBY s% éﬂ%n%&!'ﬁ@n cause an
i ncrease in.the BBET rati.o |hf ]%l{fﬁdonor and accept or con@onerﬂ)ts.m)ved apart
Hhe; e o S¥her .

or an incr &AGECPN' Py U CUYIeBYHE L ABYTRHP SLE O8Y
The BRET2 dlihgnaltharfist deaconstegdnftbit tbwmiBRET roonkbriionsysfemCaORitistperio0 nM or 1

11M of the okl @M daghphic@abn A FRIMRL RN quBY U VR & thblkiriag liftranlA&hlaf aci d,
2- but anone, , 2,3 - pent anedi one, 2, 3-butanedi ol and diacetyl (Figures 2a and
b). The | ar§&%f>change in 2.

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 ECsy 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
diacetyl 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 ECsy value 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 et al.,
2008).

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

BRET? components 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).



BRET signal occurred upon incubating OGOR with 11M concentrations of
diacetyl, with a 37.5 % difference in the signal conpared to the sol vent
(wat er) rwopornass{s#i gure 3a). This is the first exanpl ePofi/At2mioi000GSNg

| i gand bi ndi ng using a dual -1 abell ed BRET2 tagged receptor in a cell-free
assay format. 2. The change in the BRET rati o upon addition of both nM
and 11M concentrations of diacetyl to OGOR was significantly different (P >
0.05) to the control 59 response (water) (Figures 3a and b). The response
of OCGOR to diacetyl stinulation was the only response whi ch was
significantly different to the control response conpared to all other

ligands tested ﬁﬁe Rebduchid Wh&MeCH@Ct@@}FrBﬁﬁé SIOerﬁ*ﬁ&ﬁor{ fsib beronfirm
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2 of di aceteyip &;égg%ep,&at t he BRET conponents nove apart upon odor ant
binding. This is the first denonstration that this BRET2 transducti on
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technique with flame ionization detection (GC-FID) (Macciola et al., 2008).
Negati ve CoihikisLsOGRB WhtAbRN (HL 10Y)

The OCOY sequence flanked by Kpnl and X#ol restriction sites was synthesised

by Genscript. The OCOY sequence was inserted into the Kpnl and X#kol sites of the
pENTRI11 vector. These were then recombined into pYES-DESTS52 (Invitrogen) using
Gateway" technology for subsequent expression in S. cerevisize. 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 expression of OCOY in InVSC1

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 pLL with 1 x PBS.



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 woubt)/dsssaunr esponsi ve to diacetyl itself Replaecmpwbm/dodesdi di ne
with a tyrosine at position 110 in the 3' nenbrane spanning residue of
ODR-10 resulted in a strongly defectblve chenotaxis response to diacetyl
(Troenel et al., 1995; Sengupta et al., 1996). 60 The i ntroduction
of a histidine 110 to tyrosine (H1 10Y) nutation to the OGOR construct
reduced the response to 11M concentrations of diacetyl from 32.4% for OGOR
to 4.1% (Figure 5). This reduced response to diacetyl was not significantly
different (P < 0.05) fromthe solvent (water) response indicating the

mut at i on cqﬂ%ﬁégel oss of function. This infers that the response of OGOR
to di acetyl to diacetyl interacting with the ODR-10 receptor and not
non- speci f ilagdnll Reggonge t he BRET2 conponents thensel ves. EXAMPLE 2-
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di fferent (P<]?W§‘) to the ﬁolventh?a El b gs ﬁshovvnto be
more than four f{leRdnedhe CoHEMo)e b hepRCO rlrﬁﬁ’oﬁﬁeaé%t FBi ndfhg t han
OCOy. sindichghysdierenti te tlEroére(tROpter X fagpoRETa ¢asobmpsspanapioged. To
correspondigag 40 RR%uQ4 %raﬁ%éﬂ@%@ﬂéc&fdfe& GIpSR Cifie afd@ftmhh@f Bl Syst em

e e T e e LAt g sy o o
the FRET syst® 1 pr BV dligheye det erdeimed it GeDEFR eissiom (Fusitg asd am| ., 2006)

| i cat ] ng gkl BREER. sy remihsiabifolfy BrGRE 5. | raRE ol Bictnee range

(3.8 - nthe FRET s em The ed transfer
ef fici ency r?SBP S@@@ﬁél@mffﬁb@d P@?fl?%aeds /3%98 Q??I%HEFpGHV‘{ Ffég"éﬁgE | E96HMEd  di acet vl
(111M i nditieatBRE’ alettcSdnain orore hamgae ahan6FIBE e tedtion. fr mmntd\mgyhacetyi with a

Forster di %‘irﬁlﬂﬁgebﬁbDﬁ . e @alltql'fbté%lslo%'E%SBREI-BeS%S{h%rF‘RE'TO&’ét&n Alyigxhi bit a
3% upon a cetyl for

t ransfer eff|C| e

this distafes Khih é@ 97%%@ @%# P Rk W‘elﬁ% lmfgngjvget@rﬁlffgre%&e sui tabl e,
in ter s ofo. Qsetoetfhe cdoulgehbigtHGsD tvglue bHr14tdi e S mearen SENE, nt1l)Sordhst ance
change in tﬂﬂﬁz@&sﬁérﬁ:n?ﬁis l48MGftrates 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.



OCOY Dose Response Curve Foll owi ng the confirmation that the OCOY
response to diacetyl was significantly different to the solvent (water)
response woadondsssgponse was plotted. To generate this daraAERpBODOI@ED scans
were recorded upon the addition of different concentrations of diacetyl
(Figure 7). As the concentration of 62acetyl increased from1l x 10-21 Mto
1 x 10-10 Mthere was a decrease in the YFP em ssion intensity and an
acconpanyi ng increase in CFP emission intensity (Figure 7). Scaling the
OCOY response with respect to the normalized OGOR response curve (Figure 8)
confirmed that BRET2 detection is nore sensitive than FRET detection for
noni toring diacetyl binding by ODR-10. The cal cul ated | og EC50 val ue for
the FRET d [ oSy : t4 ,F M (mean SEM n=5) which is
not signifi 3 zr e calcul ated | og EC50 val ue of
-14. 43 0. MABERMEIAANBEIWETHODS) for the BRET2 system This denopnstrates

E:Ih'?t :E he ODR- 10r@f Td}mtsé’quﬁﬁtretf%htﬁ&g&y}\fcdg %{1@?\@{(1 ir&tr.idﬁf@!l Eﬁes%amsﬁrtﬁﬁesfs@% ~both h
etection systens.inferr at di'ace s specifjca inter ing wi
e CDR- 10 Y Qi A TSR woptret nas retecb RisoREnce! b leheL " Seanpl e
3- DUAL- TAGEEDRSH vactor. (TheERyere MAT ERPALBeND NEFHODSTS2 (InvitPim) THTR sequence
flanked by d¥eQlay@RdnNaddy thesbicyed: 8fprkibR :n YRgr-piab.hesi sed by CGenscript.

The TGIR sequence was inserted into the Ncol and Notl sites of the pENTR11

vector. These were then reconbined into pYES-DEST52 (Invitrogen) using
Gat eway (r) TEdhbgiresgionf or subsequent expression in S. cerevisiae. TGIR

Expr essi on ThelfAfe %R ss%%r@t@@cil Qs REQLBEME e){}ﬁ@ss%ﬁ%@ TR Hhgvexpr ession

of TGTR in InV. s for. ession. The TGIR.caodi S eis

bt ovi ded ad® SEOTRRREPETTDE AL | FEIBHAETSL P CAIaN R B HPoU: ded as
SEQ | D NO 5vhereRETe Amaloysidsseqrreoteos ptovided as SHQIED $38h#2. RET anal ysi s protocol as
described for the OBOR selectivity studies. 1 1.1Mof the |igands pyruvic
acid, citri 2 i ,.el;htyl 1acet ate, acetoin and diacteyl was assayed with 10
nM of TGIR > Bacterial Extract Assays The bacteri al
strain OP50 wasTlgrswwe RET uBlysyerotoagphts dscripeC fov thh OSHBk sategti(iR0OQudignr) . E. col i
strain OP5Q i dsHalibahdypedvicsicRl, ERAdaSO UGS ab@ite, NREBICHR AW Rai N the

| abor at ory Br?e#n.ehr é\%?? wo assays weré perforned using the OP50

bact eri al aygfhwith HaMpf 16 ssay was the addition of 10 ilL of the
bacterial culture or 10 ilL of LB to 10 nM TGIR The second assay required

that 1 nm ol hBQoRBELLE Rl EGHLE AL Was placed in a microcentrifuge tube and
centrifuged at 10000 x for mnute. .10 ilL of the_ superpatan fol |l owi ng
Gocant i ng 1 nto L PRCHAIMER QISANE FiTga iE OB Curhy o S77¢ VB DB 20k dded o
10 nM TGTRipED| E.ownf sigrib @EE@ isi whallyarspd es abwidtsbone tdiecmatede groptiomahe was

fol l ovned agyyopfiorl, N8R 18). anad usdags wBESbdefbrned using THREOPFBARSH| Of TGIR
to the addi t‘g?n g,L 2,0 I [L of Pqu.bactﬂplt Pisglpgr nataint or bacteri al

cul ture in“tB"as"s lbsh?ﬁi‘s%‘é(ﬁ%ﬁ‘%a PPl © Bagtena) cylfiiss o610 KoL) one

(Fi gure 9) .LBSwi lguiMTIGAR. tThe s8tond 2Ray exgeitdothatt lomb of dwaexriddoltantvasm xt ure as

rel eased f o ERODmEUSING ARE AWhcMnd BURARc&Dad 1066ER8G0! N diflfe. BREIZ of at i 0

suggest i ng LAl L0S, S Zs ABSNSIES, IS LU TRu 5800, S B odor ant

was added to 10 nM TGTR. Following bacterial sample addition the same protocol
was followed as for the OGOR RET analysis.

RESULTS

The response of TGTR to the addition of 10 uL of OP50 bacterial supernatant or
bacterial culture in LB was significantly different (P < 0.05) to that of LB alone (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.



A nunber of ligands were tested individually (Figure 10) and both pyruvic
acid and acetoin produced significantly higher BRET2 signals (12" 0.05)
conpar ed wo 20tvsssagponse of TGTR to water. This confirmpCraaroiposshi gand
bi ndi ng the BRET2 conponents nove towards each other. An increase of 20.8%
in the BRET2 signal in response to a6®toin is four tines greater than the
response of the FRET tagged a2A adrenergic receptor to norepinephrine
(Lohse et al., 2003). This is the first denonstration of odorant binding by
the Str112 nemat ode receptor and also the first exanple of nonitoring
odorant bi nding by BRET2 tagged Str112. EXANPLE 4 RECEPTOR CHI MERAS

An CDR- 10 transﬂ%‘ﬁﬁﬂb%ﬁ%&%@t\)&e@e ie&e@ﬁﬂi\ﬂﬁﬁflﬁ BRan@BBM A riVid &ham nus

Cont o) SR @ Japtl R, BRER ?grl%‘" ? 58 b ta@Seéf @ cased in
yeast . Li gaesgomenefi HgTR €gi v oﬁhmném@ élhumbdnedgahldrbmdlagréhe BRE®  t hi s

cassette argdm &%@ bV B As 5&%&1&&@@%@@ 011@@@% A (RSBRSS” Libgang bi ndi ng
by BRET. EXA Qdr 10

GC@E L
| abel | ed wr‘fSIROIﬁFJS a&‘ig_lfl &' “éri%gr‘ﬁ'i‘éer t?@dﬁ? EFSReISC fl?%%ﬁ%?gﬁﬁd %abel | ed
with GFP2 atlrep¢rgicCracenton o snofPEQPhineNGL.0hSy ohedle bepib@sedtmnﬁsseast to

show rec eptd@ﬁloﬁgtﬂagmﬂ’ bc?o?fln't Bhdd#hyBIRE 5T HeRkth @ rec W RRY Alse tRNRIVETHODS
Tr ansf or mant 3%&%5& lEﬂﬂ%]gt' on go{]ﬂl tions A col ony
of transf oreﬁ@ﬁp };‘?9“1 LiE 8 BW(?JPyl dageed etic drop-out nmedium

(SCW Si gma) Iackl ng appropriate nutrients (such as uracil (U), tryptophan

(T)) to selpeiMpPi £LRECEPTCRCHINVERASE! | S With 2% gl ucose for overni ght
at 28C wit h shaki

r 0 nvs - ed .
S Veabest 52 0ar 10 AT 11 [P abSBYD Bace b 1petmsa ¢ 1S TR SEEmigem U £ or
| nvsc 1 exprads¥esng\W21d-C edmir®s Rhalls (Hamds9t WithORREE| tagreflankda pydigDest 52

odr 10- GFP2 c(o'nﬂl\ésﬁtel(lz%)re thnqhé RBRKEH! M&pYors are eXé)ré%gédefn %é?tr nUEaﬁc(lj cult l(” et "
Inin Ej‘t?ﬁlon nmedr um (w

0D600 was det erm ned wer.e sus

20t gal Acr 0SB ETeRS B PRAGEe IFE o STER i Boecusette A AL GrEHodt m |t o
gi ve a fi natceposdan b u®d 4o asTdys Sgandductingdry BREE.ure was i ncubated for 24
hours with shaking at 15C to i nduce fusion receptor expression. The culture
was then p te- red saline
(PBS). Cel I3 : 3 : S buffer just
before the BRETleaQ@dwﬂeth@lanmﬁw GatmmmuwSE(Yéla@{O Colang Ofdol0 1BREFR Assay

F' rst I nvsGyidy @PME WRSC- A é&&ﬁ' TBYNGHTD) LRECASEYes{c@RWeas3 QO KLU or
.p.s in 100 i hrrect xcitation of G-P2 at Ex420nmin a

Whl te 96- \/\é?qeptr?f?:l? megfaélo%’%‘ilﬁ Y0%si ng a SpectraMax M

spectrofl uoroneter (Mol ecular Devices). The Renilla luciferase activity of
t he quanti fmg@Eﬂ{ﬂ\vLsscAﬂgbq&fﬁoggl I's was determ ned by adding luciferin

coel entera ne native ) into a total volume of
100 ill cel+& : : Heasuring | umi nescence

si gnal s i mredi aAeiojfon(yRaﬂ mmfme@easmellsmgﬁmmﬂ)yeast synthbtiy §oip/c@G was

nor mal i sed { Qi@ Nile siinfi) 'la@fcm%:ﬁprbﬂia%@§dt¥1é’nt§éuéﬁ“a\éslﬁ£c/1 top X1§C| /' OR was

nor nal i sed have theé si Y VSC ative
cont rol cSiﬁ t%ﬁ%%ﬁt ﬁ‘)r Hlﬁ%rgcc%m})\%lgg &?}Eﬁ’t’lfhr%@‘%se b%Veg%{%'E FIc Y‘j sity as
I nvscl / CR/ Ghkig ti0ophat SCBREUZT Cel IhVSBasedxpkssaQ/pYesDestSASkialﬁ Rluoeadlur e was

modi fi ed f&;@&tbﬁ%@)dﬂ%ﬂlﬁ?ﬁﬁ&s&b@@@? MW@%P%&& é;!bré%se% G508 1l4. W“' te
m cropl ate t ot al (}éﬁéuma of 100 i

ch sanp
Three bi ol &3{1841111? AdepeindBhtel s s A I%GFIPGS 5 %ﬂeﬁ%gdﬂaml@éﬁaal&% pool ed.
Coel ent er azespectivelpeepBl ueC substrate (Biosynth AG was added at a final

o e T Ty omen bkl Alithd 350043 ”%mﬁwﬂi sfeciRl ipeye Sngn
filter set tlliml?eggow 1Ujs thté n%ai E@' |r?féﬂ?seelﬁfte%dl glea%%&m and
GFP2 |1 ght cehurs siedium) mgwéiﬁ)ﬁm’rpDGDbef BREThis atductimasiltaefwas édubaed foe

di f Fer ence Aol GHArheR: Pcod A ARRT Bl bR EXBLRAS lle Rk Ad GFP2

fusi on proteins an(g (Q %gngesslon at the 51 Eri ﬁlllfl Iusmn
protein al dhf. PEHRISGMISVAREF CMESY EE e PRAPIA'G-Py israsrsating (FS5).1CRk pelicBRET

cor r espondicagbéd Qorkth et -BRETand atspended B Srbuffdr st lorb yhe TBRIOT*(adgapub, 2002) .

[ lum nation of control cells (host strain Invsc 1) that do not express a
Rluc or GFP2 fusion at the sane settings results in detection of cell

aut of | uorescencee. Subtraction of the autofluorescence fromall tested
sanpl es was taken place before BRET ratio val ues were cal cul ated. Crude
Menbr ane Preparation, Sol ubilisation, and I mrunoprecipitation Properly
i nducted yeast cells (G-P2 | evel was not nore than 2 fold over background
of host strain Invscl cells) were washed three tinmes with ice-cold Buffer A
(75 n1\/|tr|s HCl pH7 4 12 n1\/||\/gC12 and 2 mleDTA) and the flnal peIIet was

-~ rrc -~ rrc . o,




65 free (Roche Applied Science)). Then the yeast cells are disrupted using
a French Press and centrifuged for 15 mns at 10,000 x g at 4C. The

super nat awO 20s0868488r acentri fuged for 1 hour at 130000 xPgTavitotorveoqsel | et
was suspended in cold Buffer B. Menbrane protein solubilisation and

i munopr eci pitation procedures were fwdified according to the nethod

descri bed by Ayoub et al. (2002). Crude nenbrane was solubilised with 0.5%
digitonin (Signa) and this m xture was stirred for 3h at 4C.

Non- sol ubi | i sed nmenbrane proteins were renoved by centrifugation at 18, 000
x g for 30 mns at 4C. The digitonin concentration was adjusted to 0.2%
using cold Buffer B and the polyclonal anti-G-P anti bodi es (Sapphire

Bi osci ence r ded to a final dilution of 1:1000.
m—‘lproceed for 12h at 4C with gentle

| mmune conpté it v
agi tation and Plflwﬁ éllVﬁclﬁQ&@Gr M@eqmgﬁghby ORP (iBEny i Y abaeis3 0 dRéd) orcc.jas f i nal

vol ure of 1; 1600 (AGRF axf) HSHREELRMAANDH elrpf af mubald arviierocgal her 6h

W gen e .a er cen |1 O X g,
Spor not antigah R iR R S h shrae Mo el el W lsaRhr 1 & s
m of col d Buicker The(BufilteluciBrasetepogydpyiht opamified Precl/ PRYGEeslinere anal ysed

by assessi n@telhigbd 534 §<§§ngal%1&‘éﬂntd6e1'eﬁle1%z1hél HARR TehS %oﬂc@h@tﬁﬁtsgﬁmrmkb% ng
coelentera%

e s S t Switzer
eua o FamE PR B b SR DatSini GiE Shd Bl el ot opy
Conf ocal i mepes ohmydasly (BelaaenOptres BMGESBEKGHessed odr-10-R uc and odr - 10-

G-P2 after 24 hguiciidevwel h%ah?e\ﬁ@h&rettﬂ@&m%%ﬁ H3dnQiy psrms%u@wg@t l'y only

expressed menbr ane of cel|ls an over.- expr t agged
oar . 10° obsaPvEHORABG oRsRH f ST als sTkr el it By ged i OI0H: of el n.

| ncr easi ng Negatiret ¢amtrok {hvet stpirt)olnat® 1 hwasr gyantihed o hivei ymgecadlhdansityGaP2

over - expr eggis@lorMmEhe cells and aggregated G-P2 particles observed in the
cytosol of the cells (Figure 12). Detection of Constitutive odr-10
digoners in L|V|ng Yeast Cells by BRET2 BRET2 experinent results
shows t hat Mi d Bfy Assansfer was observed in yeast cells

Co- expressing 0ﬂ£sa}1Pro@édﬁ?e @rﬁkdm%iﬁecﬂﬁo&ﬁf 2d biid BE&s BBbo) BiceRducRE if hat

odr-10 forns ne transfer was obtained in
ohe sammr e e TP AR et Bl Pk gl AR e hSRRG Socmafior nernal
cel I's expr ddised bodrgichD-iGdpRndent Gisdet exilli dn ofnd@aed tant utity ear@dpecld. A i goner s
in Living f%%&hte@%ﬂnkshbbeéﬂﬁﬁ’é@%&@ﬂa@ t(ﬁiokﬁf?h AG wid 'a@@éﬁera't sat#pn of

Qdr-10 in the |living st ce s confiT e ressi on
o eoept orbssepedtondo? Gy Gad Gt W%fw%nﬁ stthon Pl Seefait

anti - gr een lithuofflesweree npreoplet mealat (Bj‘dGLdsecadeheﬁsluwmggoptlmlzed filter

Co-i m"runoprsgtghéy %v@lteeﬁ%eh Ugi &@Jsa%emetngm TeMnsszHe(4'i &Sl 1)) raﬁdP e rﬁg‘ﬁg in

Figure 14 indicat 1 ne n_ the ce To rul e out

t he possi b.emwnt@? @8“1) n&l}%gﬁﬁéiﬁiﬂ ‘EV'%&C? %He{ﬁdk%id‘uﬂg?ﬂ?et 0 ftﬁ%f’ﬁmsmn

recept or - i ndépendéinm ofrtoeraeticd Rlipednde@rP2 fusioGpRcianand the cRliission at
fﬁ'emr;UQ?E; Zﬁé B'lﬁf?ﬁ/h%n%’vgg R %@ucfgﬁfedgegro%m a}éﬁé ngRéstts %ges é rEﬁsé{P/lﬁrPZG:I(D g)
or recept or‘m&laﬁé}# Wé@ulltn%‘ tHETSRP ?ﬁﬁ?é@? %ﬁgﬁv‘\ﬁ ‘éesglult“ﬁg?flegb% of

| uci f er ase 1800 KAydup, RAX)r ddoventch obopeanol nglst ogostreinpmesd) dnt dd mdr - 10- GFP2

and odr - 10-RldG 4 RiLOSr ST Eﬁlo‘nsatsﬂig%ﬁlk%t&n@@ rbdiit€ iR el 8F WEIEN
CO- expr essi n“gﬁgodr-lo GFP2 and o r-10- usi o raot ei ns was specific.

EXAMPLE 6- Y CSFPARSSED on of eéc fested samples HBtise a2A
adr ener gi c takec pptobefiSBRHTDaNOy B weasscadntptadeer ed so that t he GFP2 was
inserted into the 3" intracellular loop with its Nterm nus follow ng
Ala250 and it C—term nus adj aézel\ t..ta Ar 72 RLuc. was fused to Val46l in
the C-ter mtAREEFMPRAC LICpalaiol apilisafio GIRRPORECCDIRLON | ded as SEQ I D
NO 54 and encodPmgerypénducteddiag cbnan@F%%sleSEQwa@nm&) than 2 fold Ther

dual - t agge%aﬁ%&&ﬂ& oBhdst ftﬁa‘ﬁ?ﬂ"v&ﬁ%e%{ ‘%ve?é‘x%sﬁﬁéﬁ?ee tihe¥ SAflice- @@ﬁﬁff&%ept ors

b t t t
Vi3 changed] M S BREPH gt} VbR 7 MOBEDERCRIL 9 TeEDUIEREE BRET

ASSAY suspended in Buffer B (Buffer A + protease inhibitor cocktail, complete Mini EDTA-




Conmparison of the cell-free assay systemof the invention to a whole cel
assay system denonstrates that the intensity of the BRET2 signhal was nore

t han fortwotorsssseater, in terns of |ight output when measurew/aomsohe RLuc
channel, for the cell-free assay conpared to the whol e-cell assay (Figure
15). Assaying 1 ul\,/1 of diacetyl résSulted in no significant change (P
0.05) in the BRET2 signal using the whole cell assay, whereas a significant
decrease (P 0.05) of 52 % was observed using a cell-free assay system
(Figure 16). 67 It will be appreciated by persons skilled in the art
t hat numerous variations and/or nodifications may be nmade to the invention
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Detection of Constitutive odr-10 Oligomers in Living Yeast 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 yeast cells expressed odr-10-Rluc and another half cells expressed
odr-10-GFP”,
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EXAMPLE 6 - BRET> TAGGED MOUSE a,, ADRENERGIC RECEPTOR
The mouse 0pa 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 ID NO:53).

The dual-tagged adrenergic receptors are expressed in yeast. These receptors
can be used to monitor ligand binding by the mouse opa adrenergic receptor via
changes in the BRET” ratio.

EXAMPLE 7 - WHOLE-CELL VS CELL-FREE BRET ASSAY
Comparison of the cell-free assay system of the invention to a whole 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, whereas a significant decrease (P < 0.05) of 52 % was observed using a cell-free
assay system (Figure 16).
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i) the biolumescent protein forns part of the third non-transnenbrane | oop
of the subunit, and the acceptor nolecule fornms part of the fifth

non- t r ansSWorbroizses4soop, or ii) the acceptor nol eceCa/Aoromopmnt of
the third non-transnenbrane | oop of the subunit, and the biol um nescent
protein forns part of the fifth non-70ansnenbrane | oop, or iii) the

bi ol um nescent protein fornms part of the first non-transnmenbrane | oop of
the subunit, and the acceptor nolecule forms part of the third

non-transnenbrane | oop, or iv) the acceptor nolecule forns part of
the first non-transnenbrane |oop of the subunit, and the biolum nescent
protein foryBiapando29Cet.Molt Dirg Skin@nrgss.agsgrenbr ane | oop, or v) the

bi ol um nescen ro r part, of .the fifth non-transnenbrane | oop of

t he subuniP?ng%gmi@gQ§g§§ﬂE%@“%%f@gﬁpé forms part of the Cterminus, or

vi) the accoBpteost ahl W ule Bidwummesgarce aofl chérpildmipeseenvonmplearsmendstinpe | oop of
t he subuniumﬂg@gﬁhggym%quﬂb@¢§p@nt protein fornms part of the Cterm nus.

5. The neth f erei n_t. r i_.n coupled receptor conprises
i) a firstggugﬁhfﬁﬁggﬁﬁ?i {nécdhgngﬁ%ﬁhﬁ%ﬁﬁgégnt protein, and ii) a second
subuni t confwungitd RHE) AdbepndvolnGerst 18358, The net hod of claimb5, wherein
i) the biolzymnaRG8RLcRBI02) Rad REKNBscPArd1. of the third non-transnmenbrane

| oop of the, first n cceptor nol ecule fornms part of the
fifth non-%ha%%h%@ﬁﬁ$%@§4-§@5%ﬁé%écond subunit, or ii) the
accept or nloedyd et af. 42418 ) paramedBiok ROt hi-PAl&En- t r ansmenbr ane | oop of the
first subunit, and the biolum nescent protein forns part of the fifth
non-transnenbrane | oop of the second subunit, or iii) the

bi ol um nescent protein forns part of the first non-transnenbrane | oop of
the first subunit, and the acceptor nolecule forns part of the third
non-transnenbrane | oop of the second subunit, or 73 iv) the
acceptor nolecule forns part of the first non-transnenbrane | oop of the
first subunit, and the biolum nescent protein fornms part of the third
non-transnenbrane | oop of the second subunit, or v) the

bi ol um nescent protein fornms part of the fifth non-transnmenbrane | oop of
the first subunit, and the acceptor nolecule fornms part of the C-termnus
of the second subunit, or



vi) the acceptor nolecule forns part of the fifth non-transnenbrane | oop of
the first subunit, and the biolum nescent protein forns part of the
C-term nusoahiwdssssgecond subunit. 7. The met hod of cl ai mPCT/Al2e108506080
i) the G protein coupled receptor conprises a subunit conprising the
bi ol um nescent protein, and the acce%sory nol ecul e conpri ses the acceptor
nol ecul e, or ii) the G protein coupled receptor conprises a subunit
conprising the acceptor nolecule, and the accessory nol ecul e conprises the
bi ol um nescent protein. 8.The nethod of claim11l, wherein the accessory
nol ecul e conprises i) the biolum nescent protein, and ii) the acceptor
nmol ecul e. rTApuget hod of claim 1, wherein the conposition conprises at
| east two accessory nol ecul es, and wherein a first accessory nol ecul e
conprises the biolumnescent protein and a second accessory nol ecul e
conprises tlhe agomgidrof dgbdvgheompeunithige methhddompsoredi ng to any one of
claims 1 to 9, M@&ﬁﬁhﬁﬁh@ﬁn&%Rﬁﬁh%ﬂﬂﬁ@@&ﬂhﬁﬁmbﬁ&ﬂﬂ&%h@'S an odor ant
receptor. 11.The ne holﬁgf %éakgL10H5¥QFrelg)thg(gpgrant.ggﬁ%ptor is a
chordate receptor, ‘“a*héfatdde PFECRHYEYSC '6F P b 8T 6G g iR Blaey 80d ar i ant or
fragment ofwhidlyis crpebleébieding 2. coimgoundt fidd of clai m 11, wherein the odorant
receptor conprises:p) gptionallyiak 1&8t 88 fHReR6ry dnSIBAMENRE IRSIPTRMhEREIY N any one
of SEQ ID %O 1‘t0<§F1a d hh% an a ngiack%}segpgncetmhlc is at
Peast 400 iPGERET BpesTyan iy gpkordpe bt OSHG BOK PG oo

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

molecule when present, in combination comprise a bicluminescent protein and an

acceptor molecule,

i1) simultaneously or sequentially with step i) providing a substrate of the
biohumsinescent protein, and allowing the bichmninescent protein to modify the
substrate,
iii) determining if step ii) modulates bioluminescent resonance energy transfer

(BRET) between the bishuminescent protein and the acceptor molecule,

wherein the spatial location and/or dipole orientation of the bicluminescent profein

rolative 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 thercof, is outside the cell and the C-terminus inside the

cell.

2. The method of claim 1, wherein a subunit of the G protein coupled receptor
which is capable of binding the compound comprises

1) the bicluminescent protein, and

i1) the acceptor molecule,
and wherein the spatial location and/or dipole orientation of the bicluminescent protein

relative o the acceptor molecule is altered when the compound binds the subunit.

3. The method of claim 1, wherein the G protein coupled receptor comprises
1) a first subunit comprising
a) the bicluminescent protein, and
b) the acceptor molecule, and
i) a second subunit which is capable of binding the compound,



74 13. The met hod according to any one of clainms 1 to 12, wherein the
subunit is a chinera of a portion of two or nore different G protein
coupl ed rwoeptoasssmbunits. 14. The nethod of clai m 13, patatR2Iv/00M80 subuni t
conprises the NNtermnus and at least a mpgjority of the first transnenbrane
dormain of a first G protein coupled 72ceptor subunit, at least a majority
of the first non-transnenbrane | oop through to at least a ngjority of the
fifth transmenbrane domain of a second G protein coupled receptor subunit,
and at least a majority of the fifth non-transnmenbrane | oop through to the
C-termnal end of the first G protein coupled receptor subunit. 15. The

met hod of %h@hﬂh%&wh@ﬂﬁﬁﬁu&mh&?mﬁwﬂthﬂe&@%Hmb§§§méB%hbbh@&ﬂkpﬂﬁnﬁthUgh to
at least a of the e domain % % rst(? protein
Coupted r ot Gr st et 1 AETEE VRS R MDY e b fon

non-transn@d@m&ne | oop through to the C-termnal end of a second G protein
coupl ed receptor subunit 16. The nmethod according to any one of clains 1
to 15, mhereln S G protein or an-estin. 17. The
met hod accdr di n gﬁﬁﬁiiﬁ@¥3#“8f h@mfx?% 16, wherein the level of BRET is
i ndi cative of tlheheriewarmwsuamumn forfmst fraet ocfdmibimldoﬂ wmansimembanploep of 18. The
met hod accqkdiyBhif AndihY a@RBtoPhofel@b Timd ph® ofthe MHMSLR AN enRIRlISUH nescent
protein is a luci ferase, a 13-gal actosi dase, a |actamase, a horseradi sh

per oxi dase,”" an al kal i ne phophatase, a 13-gl ucuroni dase or a 13-gl ucosi dase.
19. The net hod ¥the haieptorBplegwie Faging e ef the diifdaroagranimserabrRenvdn of theci f er ase,
a Firefly IsyGinftehmb ehe ﬁoﬁ@ﬁ%ﬁﬂ%@bﬁ%ﬁnEMﬁhf&%@éﬁﬂmQﬁﬂpﬁ&buﬁﬂﬁkmﬁﬁﬁe9'OW/WDfn1
Iumferase1 a click beetle luciferase, a railroad worm | uciferase, a
bacterial I'tR flerase, a Gaussia |uciferase, Aequorin, a Arachnocanpa

| uci ferase, or anﬂwéﬁdghmakhypaﬁ@h@amv@mnawmeﬁwthmagmenmmbmnahyp@ﬁe or
chimera of @\QL@it, TR Be aldBEOLADIcHO forthl BarkBi 1O thiAGEAdhddbiRar@ WopONne  of
claims 1 to 19, wherein the substrate is luciferin, calcium

coel enteraZzine, or a derivative of coelenterazine. 75 21. The nethod
according to aniyf) theecaitor halarsle fone 20, of Wiedireti nonithesreadeptedropi thecul e is a
protein.  Z2uunkhend RlhQG:QfnGlodl P %%-1 fMIB RN NE (RARE RRE-QinshBhBRHE € 1S
green fluorescent protein (GFP), blue fluorescent variant of GFP (BFP),

cyan fluord®®eft variant of GFP (CFP), yellow fluorescent vari ant of GFP
(YFP), enhancedwmm$%@ﬁmﬁ@%&m6mhamc@dnfﬁﬁhﬁEmFﬁﬁhn@nhamc@mbMEPk©E¥FP),

GFPSOST. IR abfhit, TAPRZsccBUolcRSLAN hirhad ECREN( RGP, destabi | | sed
ECFP (dECFP) ablllse

YFP ( dEYFP t HcRed, ed, Red2
t-dimer2, t-di r?é‘f £55¢pt9 ule faraps) Haﬁﬁéﬁerﬁef’é@ﬁ fapymeEEhsan ﬁ@ﬁ?&?fgﬁ
paGFP, Kaedebtmutoan&ilthn 'boiuazitﬁbnyeeqbpﬂcnﬁommwan of g (atebmmbiogi cal |y acti ve
variant or fragnent of any one thereof 23. The nethod according to any one

of clains e acceptor nolecule is a non-protein. 24. The
met hod of ral nﬁ%“%?fjé?%mt ﬁﬁ%{% éPr%’i‘%‘E’Bﬁé r?@%“%’l‘@%%? Fl uor dye,
Bodi py dye, Cy ﬂyéﬁMBMumnewmﬁmmgtﬂahswhmumﬂme@hkheamhe fl uorescent

m crosphere, | ulnyarggg&lg%bmt%& HQE%I%B agge%fglgggﬁg nanocrystal, Marina Bl ue,
Cascade Bl ue, Cascade Yel aci | ue, Oregon G een,

Tet r amet hyl r hodami ne, Rhodanlne, Texas Red rare earth elenent chel ates, or
any conbi na&t i onTlormeteed ofataimeswhéireneof  25. The method according to any one

of claim 1 10 g WLGNcLUIRLDEL GBI AT iR i hapeaMALybAh, ReAYENt i al ly
with step I%:P %Wg provid H? a Fo- act or %gh bi ol unln scent
protei n. LR B B rcEap i ARSI ARG o fiee BEF pactpmEat RiP,
magnesi um loopydehe, sedond'Ssbhinit)\ &H1, cal cium or a conbination of any two or
nore thereof. i1) the acceptor molecule forms part of the third non-transmembrane loop of the
first subunit, and the bichuninescent protein forms part of the fifth non-transmembrane
loop of the second subunit, or

iii) the bicluminescant protein forms part of the first non-transmembrane loop of
the first subunit, and the acceptor molecule forms part of the third non-transmembrane

loop of the second subunit, or



27. The nethod according to any one of clains 1 to 26, wherein the
cell-free conposition was obtai ned by producing the G protein coupl ed
recept or wWo 201wesss#bi nant cell and di srupting the nmenbr aog/Aaf20toeomsel | .

28. The nethod of claim 27, wherein the reconbi nant cell does not produce
any non-endogenous proteins which as3bciate with the G protein coupl ed
receptor. 76 29. The nethod of claim 27 or claim 28, wherein the

reconbi nant cell is a yeast cell. 30.The method according to any one of
claims 1 to 29, wherein the G protein coupled receptor is enbedded in the
|ipid bilayer of a |iposone. 31. The met hod according to any one of clains 1

to 30, wherein favmeraeée@% rﬂo‘ﬁecQFeQI)l%sgﬁg st b klire 1o§@oﬁh@url fied

IR A e

bi ol um nesdepof heseeind sanuitosr an accept or nol ecul e, wherein when expressed

ina cell the Notgs ﬂbﬂiﬁﬁrl@w;ﬁ Bi%tw%yf%ﬁﬁé barl S (RUEifH ﬁ‘& frilﬁm@%giane-m[b@p bhe
ere

C-term nus C ol ype

0y The bi oftmiESRiRE i Uk apstPiob AR B TR et MR Of AN ane
| oop of theuuwiuerit, and the acceptor nolecule forns part of the fifth
non- t r ansmenbr aie th @8R ptoPnolecule forms part of the fifth non-transmembrane loop of the

first subunit, and the hioluwminescent protein forms part of the C-terminus of the second

subunit.

7. The method of claim 1, wherein

i) the G protein coupled receptor comprises a subunit comprising the
biolumninescent protein, and the accessory molecule comprises the acceptor molecule,
or

i1) the G protein coupled receptor comprises a subunit comprising the acceptor

molecule, and the accessory molecule comprises the bicluminescent protein.

8. The method of claim 1, wherein the accessory molecule comprises
1) the hiclaminescent proiein, and

i1) the acceptor molecule.

9. The method of claim 1, wherein the composition comprises at least two
accessory molecules, and wherein a first accessory molecule comprises the
bichurainescont protein and g second accessory molecule comprises the acceptor

molecule.

10.  The method according to any one of claims 1 to 9, wherein the G protein
coupled receptor is an odorant receptor.

11.  The method of claim 10, wherein the odorant receptor is a chordate receptor, a

nematode receptor, or a biologically active variant or fragment of any one thereof.

12.  The method of claim 11, wherein the odorant receptor comprises:

1) an amino acid sequence as provided in any one of SEQ ID NO’s 1 to 6, and

i1) an amino acid sequence which is at least 40% identical to any one or more of
SEQ ID NO:1 to 6.



ii) the acceptor nolecule forns part of the third non-transmenbrane | oop of
the subunit, and the biolum nescent protein forns part of the fifth

non- t r answoerzbrezisssdsoop, or iii) the biol um nesceRCTAIDBI000ASOr NE
part of the first non-transnenbrane | oop of the subunit, and the acceptor
nol ecul e forns part of the third non74ransnenbrane | oop, or iv) the

acceptor nolecule forns part of the first non-transnenbrane | oop of the
subunit, and the bi ol um nescent protein forns part of the third
non-transnenbrane | oop, or v) the biolum nescent protein forns part
of the fifth non-transnmenbrane | oop of the subunit, and the acceptor

nol ecul e forns part of the C-term nus, vi) the acceptor nol ecul e

or
forms part qof the fifth non-transmenbrane.lo t he .sypunit,. and the
bi 01wt nesdant | bIFGPEMHS pOPRENE AN gpehaimy Ln o hegh the'Sinhai ) 1P
bi ol unm nescbmerpoict @irtonorf twher mere dptennt figiretcwlceuifled weeppastbuifts.t he first
non-transnenbrane | oop of the subunit, or 77 viii) the

bi ol um nescent protein,or the acceptor nol ecul e f.or rt .of the third
o e P b §F g £ SHRRT hegpod Lotk TR RAbEH Al feenent
protei n or ltdvea mejosiytad thenfobigombracrhlgramesd opt ofcf firktHe pfaitdin poupled-reaeptos menbr ane

| oop of theusRURN bast @majority of the) ﬁ&h@on@rﬂﬂsﬁi@ﬁﬁ%ﬁ@%h t]ﬂb@%ﬁio_rht%asttbe
acceptor nol ec %, of, t he. su

ie.for ar t he, C-t er,m nus ) uni,t. 34. The
S vpent i aangiittyos ! B8 B neRloptes ot F T Pl b A AR et o ¢ he
accept or nohbwifl @d Adcsivhererity ¢fike Efilanomiraisocabiaon l@pdhronghdiopghd €-

ori entati oRerinal BRI dHRd 1 B BRESNEouBlc@l&Lprof &b@til.ve to the acceptor nol ecule
is altered when the conpound binds the pol ypeptide. 35. A purified and/or

reconmbi nant pol ypeptide for detecting a conpound, the pol ypeptide

conpri sing,15.  The m¢thoof dmelSs whremshesibhiat ¢dvatrisel the St teymiows thredgh ect |y

bi nds an i ng harellaUhgbrity QRRhARE BhnshliBiblant QLALAUST Ofirst 8 réeRrQhLSba coupl ed
receptor, an N al bi ol um .nesc}?n} }PI’ ot ein and/ or. an accgpt or

mol ecul e, 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.

16.  The method according to any one of claims 1 to 15, wherein the accessory

molecule is a G protein or arrestin.

17.  The method according to any one of claims 1 to 16, wherein the level of BRET

is indicative of the relative amount of the compound in the sample.

18.  The method according to any one of claims 1 to 17, wherein the bioluminescent
protein is a luciferase, a P-galactosidase, a laciamase, a horseradish peroxidase, an

alkaline phophatase, a B-glucuronidase or a B-glucosidase.

19.  The method of claim 18, wherein the luciferase is a Renilla luciferase, a Firefly
luciferase, a Coelenterate luciferase, a North American glow worm luciferase, a click
beetle luciferase, a railroad worm luciferase, a bacterial luciferase, a Gaussia luciferase,
Aequorin, a Arachnocampa luciferase, or a biologically active variant or fragment of

any one, or chimera of two or more, thereof.

20.  The method according to any one of claims 1 to 19, wherein the substrate is

luciferin, calcium, coclenterazine, or a derivative of coclenterazine.



wherein when expressed in a cell the NNterm nus of the G protein coupled
receptor, or subunits thereof, is outside the cell and the Cterm nus

i nsi de t woceldossR6. The pol ypepti de according to any oneCofAlhmi00ersd2 t o
35, wherein the G protein coupled receptor is an odorant receptor. 37.The
pol ypepti de of claim 36, wherein the7ddorant receptor is a chordate
receptor, a nematode receptor, or a biologically active variant or fragnent
of any one thereof 38.The pol ypeptide of claim37, wherein the odorant
receptor conprises: i) an am no acid sequence as provided in any one
of SEQIDNOs 1to 6, and ii) an am no acid sequence which is at

| east 40% ixdent Tganetn@d 3RYor@AE 10 ran?%@ RfcladBQ 1l 13 MO Ahdr@n Ghe 3&cplae o
pol ypepti de qc%%rdlng)to any one of claims 32 to 38, wherein the subunit is

a chimera Ot E'Fdi ¢ POFDf two or nore different G protein coupled receptor
subunits. 78 40. The pol ypeptide of claim 39, wherein the subunit

conpri ses the NriehBIhBYS: 3R al, WBash @e FBIcBlok tolQhilct B &rdeh I Blordséans menbr ane

dormain of a fi.r ot.ei n coupl.ed r p subunit, at | east jority
of "the 11 r SHBRCTPRLR e st T ENERP S Mot R wh Rt o
fifth trand@Enbryalhev domgiaeniofaraniselcGhB (BFPY, enkinged OBl EGFP e cmpansed subuni t
and at | eastrpaEORPDhiancQf YENEEYHE OFFRU3T! ARSI TOF2NEFPROBedkdMIAN@h to the

ol ypept | dd g QEGFRF set st al i AECEbD IR E s L due T HE Nebit i nus
t hr ough t o FaRell.e@gtedaDaidgd3r i-tlymen?, ttdumme2{ 120, mRFRIn poeitbpaime RdaitaiGFPof a fir st

G protein a@4RleGHPESEOFPIK SO PRItdin RAAPIRLobiBFSEein? of B B61bLiYalRf adiibe fifth
non-transnmenbrane,. |l 00 tprou hhto {he C-termnal end of a second G protein
coupl ed reéﬁﬂ?ﬁpr@ﬁ%ﬂﬁf?fmyﬂ ¢ &%} sol at ed and/ or exogenous pol ynucl eoti de

encodi ng a pol ypeptide according to any one of clains 32 to 41. 43. A

vector conpii Sifig fagoBAyiiek 89 thfoneTor A 142 20, AdherdiRGny §6&deplor of €l aim

43, mherelthggkﬂggxgg&%gg£lde is operably linked to a pronoter.

24.  The method of claim 23, wherein the acceptor molecule is an 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 element chelates, or any combination or derivatives thereof.

25.  The method according to any one of claims 1 to 24, which further comprises
simultaneously or sequentially with step i) or step ii) providing a co-factor of the

biohurainescont profein

26 The method of cleim 25, wherein the co-facior is ATP, magnesium, oxvgen,

EMINH,, calctom, or a combination of any two or more thereof,

27.  The method according to any one of claims 1 to 26, wherein the cell-free
composition was obtained by producing the G protein coupled receptor in a
recombinant cell and disrupting the membrane of the cell.

28.  The method of claim 27, wherein the recombinant cell does not produce any
non-endogenous proteins which associate with the G protein coupled receptor.



45. A host cell conprising the polynucl eotide of claim42 and/or the vector
of claim43 or claim44. 46. The host cell of claim45 further conprising
t he pol ypeptotsassgor ding to any one of clainms 32 to 41PCTAN20iMw0ds0st cel
of claim45 or claim46 which is a yeast cell. 48. A conposition
conprising the pol ypeptide accordi ng7¢o any one of clainms 32 to 41, the

pol ynucl eotide of claim42, the vector of claim43 or claim44, and/or the
host cell according to any one of clainms 45 to 47. 49. The conposition of
claim 48, wherein the polypeptide is enbedded in a lipid bilayer. 50. A

cell-free conposition conprising; 79 i) the pol ypeptide according to
any one of >l ai k. Bethb® oBAal 236r LRI 8, WhEERI the tdaemBiahREMLI Qgeés% enbedded
inalipid bj Iayer and/ or ii) the polypeptide of claim35 directly
or |nd|recth bound to an intracellular | oop and/or the Ctermnus of a G

protein coupled receptor, wherein the G protein coupled receptor is
enbedded inoa | TR ﬁ'leﬁhbdi AY&hdin@ s aM@ﬁ@bﬁcl\anl g€XRo e&zﬁ&@m'tﬁe & pRkdin t he

N-t erm nus of .t he I ot u ) subunits thereof, is
Dt of de it heStatd e el T BT RE R tiaSomt " "51° The col |- i ree
conposition of claimb50, wherein the lipid bilayer is a yeast |ipid

bilayer. 532. The melhbd bt&RIiFOPES) bhODBr Shinkl AdBEOWRIcifi|tRd Metbd iwWhi ch
further co rlse a subst%%ae of the biolum nescent protein and/or a

co-factor GFCToRE BﬁBEHWFﬂ '6ht protein. 53. A nethod of producing a
cell-free conposition according to any one of claims 50 to 52, the method

conpri si ng 3ebt aAnf)Lﬂgiea &Rl I@&Qﬁflﬁnf‘%ofygﬁﬂ% 1‘89%6?%‘[11%‘ @:ccrﬁllpﬂﬁncf g%éwwﬂ-nd
he ne of claim erein

di srupting tB}p nﬁ rane.of the cells

the cells APEPPUMAEYBPIY%d or |ysed. 55. The method of claim 54, wherein
the cells are |yseubunitoha Erreetein cpudsbiecepsB. and bi osensor conprising a

pol ypepti de aCCi‘?}aFBﬂlﬂm’irfésd%ﬁﬂM%ﬁtah%r ﬁ%‘c@éﬂérﬂﬂol&éﬁleﬂny one Of claims 32 to

41, a host ce cor osition of
i g o RRGEERn 8 B st A DR st s e SRR 8y "o of
clai ns 50 tte GRermiGi¥ insilehetdedd f or screening for a conpound that binds a G
protein coupled receptor, the nmethod conpri sing,

33.  The polypeptide of claim 32, wherein

1) the bicluminescent protein forms part of the third non-transmembrane loop of
the subunit, and the acceptor molecule forms part of the fifth non-transmembrane loop,
or

i1) the acceptor molecule forms part of the third non-transmembrane loop of the
subunit, and the bicluminescent protein forms part of the fifth non-transmembrane
loop, or

iii) the bichuminescent protein forms part of the first non-transmembrane loop of
the subunit, and the acceptor molecule forms part of the third non-transmembrane loop,
or

iv) the acceptor molecule forms part of the first non-transmembrane loop of the
subunit, and the bicluminescent protein forms part of the third non-transmembrane
loop, or

v) the bichuninescent protein forms part of the fifth non-transmembrane loop of
the subunit, and the acceptor molecule forms part of the C-terminus, or

vi) the acceptor molecule forms part of the fifth non-transmembrane loop of the
subunit, and the biotuminescent protein forms part of the C-terminus, or

vii) the biohuminescent protein or the acceptor molecule forms part of the first

non-transmembrane loop of the subunit, or



i) contacting a candidate conpound with a cell-free conposition conprising
a) at least one G protein coupled receptor enbedded in a lipid bilayer, and
whi ch i s wepatwssssft bi ndi ng t he conpound, and PC)Aptovooomsb | y at

| east one accessory nolecule that directly or indirectly binds an
intracellular |oop and/or the Cternfhus of the G protein coupled receptor,
wherein the G protein coupled receptor conprises one or nore subunits that
are the sane or different, and wherein the G protein coupl ed receptor,

and/ or accessory 80 nol ecul e when present, in conbination conprise a

bi ol um nescent protein and an acceptor nol ecul e, i) simultaneously

or sequential | yyiw fn b?{)th%néa)wrgE}Q)ééig'uf‘gle%cc%ﬁé{&?hfo?écﬁlqurn{sﬁﬁrtmf(ﬂ{eqmrdﬂesCent

protein, and ||OWI nescent protein to nodify the substrate,
iii) deter HoRi rﬁ‘ésn?efn gatngﬁoqplo)f%}?&ghf Y ¥s bi ol uni nescent resonance energy

transfer (BRET)ixb8evieenoitkhe«hi wham mebe eeptpr mobiwle derdstrireg ddlsehitior

nmol ecul e, \q{@ﬂ@hgﬂle@lm%@tdfg{@ s@bunBR&T i ndicates that the conpound binds
the G protein c essed i ell the

u recept ar
e o o R O A M Y e R B B |
out si de t hdcrowius ohthd sethveitC-t er m nus i nside the cell. 58. A kit conprising a
polypeptide according to any one of clains 32 to 41, a pol ynucl eoti de of

| ai 42, 3 44 t | d t
ol 2 bR et a0z R orlis Arg B ise DR A6 21 e

conposi t i onthea@centdi m@]equ@, alrr@/wwa‘nalfte whedl deat@n 4nd/oB djpolnudicotatien bfi tbsensor of
claim56. picluminescent protein refaiive to the acceptor molecule is altered when the compound
binds the polypeptide.

35. A purified and/or recombinant polypeptide for detecting a compound, the
polypeptide comprising,

1) an accessory molecule that directly or indirectly binds an intracellular loop
and/or the C-terminus of the G protein coupled receptor, and

i1) a bioluminescent protein and/or an acceptor molecule,
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.

36.  The polypeptide according to any one of claims 32 to 35, wherein the G protein
coupled receptor is an odorant receptor.

37.  The polypeptide of claim 36, wherein the odorant receptor is a chordate
receptor, a nematode receptor, or a biologically active variant or fragment of any one
thereof.

38.  The polypeptide of claim 37, wherein the odorant receptor comprises:

1) an amino acid sequence as provided in any one of SEQ ID NO’s 1 to 6, and

i1) an amino acid sequence which is at least 40% identical to any one or more of
SEQ ID NO:1 to 6.

39.  The polypeptide according to any one of claims 32 to 38, wherein the subunit is
a chimera of a portion of two or more different G protein coupled receptor subunits.
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40.  The polypeptide of claim 39, wherein 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.

41.  The polypeptide of claim 39, wherein 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.

42.  An isolated and/or exogenous polynucleotide encoding a polypeptide according
to any one of claims 32 to 41.

43. A vector comprising the polynucleotide of claim 42.

44.  The vector of claim 43, wherein the polynucleotide is operably linked to a

promoter.

45. A host cell comprising the polynucleotide of claim 42 and/or the vector of claim
43 or claim 44,

46.  The host cell of claim 45 further comprising the polypeptide according to any
one of claims 32 to 41.

47.  The host cell of claim 45 or claim 46 which is a yeast cell.
48. A composition comprising the polypeptide according to any one of claims 32 to
41, the polynucleotide of claim 42, the vector of claim 43 or claim 44, and/or the host

cell according to any one of claims 45 to 47.

49.  The composition of claim 48, wherein the polypeptide is embedded in a lipid
bilayer.

50. A cell-free composition comprising;
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1) the polypeptide according to any one of claims 32 to 34 or 36 to 41, wherein
the polypeptide is embedded in a lipid bilayer, and/or

i1) the polypeptide of claim 35 directly or indirectly bound to an intracellular
loop and/or the C-terminus of a G protein coupled receptor, wherein the G protein
coupled receptor is embedded in a lipid bilayer, 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.

51.  The cell-free composition of claim 50, wherein the lipid bilayer is a yeast lipid
bilayer.

52.  The cell-free composition of claim 50 or claim 51, which further comprises a

substrate of the hichimingscent protein and/or a co-factor of the bioluminescent profein.

53. A method of producing a cell-free composition according to any one of claims
50 to 52, the method comprising obtaining a cell according to any one of claims 45 to

47 and disrupting the membrane of the cells.

54.  The method of claim 53, wherein the cells are permeabilized or lysed.

55.  The method of claim 54, wherein the cells are lysed in a French press.

56. A biosensor comprising a polypeptide according to polypeptide according to any
one of claims 32 to 41, a host cell according to any one of claims 45 to 47, a
composition of claim 48 or claim 49 and/or a cell-free composition according to any

one of claims 50 to 52.

57. A method for screening for a compound that binds a G protein coupled receptor,
the method comprising,
1) contacting a candidate compound 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
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molecule when present, in combination comprise a bichimingscent protein and an
acceptor molecule,

i1) simultaneously or sequentially with step i) providing a substrate of the
biohuminescent profein, and allowing the bichmminescent protein to modify the
substrate,

iii) determining if step ii) modulates bioluminescent resonance energy transfer
(BRET) between the bichuminescent 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 thercof, is outside the cell and the C-terminus inside the
cell.

58. A kit comprising a polypeptide according to any one of claims 32 to 41, a
polynucleotide of claim 42, a vector of claim 43 or claim 44, a host cell according to
any one of claims 45 to 47, a composition of claim 48 or claim 49, a cell-free
composition according to any one of claims 50 to 52, and/or a biosensor of claim 56.



