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i nvertebrates. BACKGROUND 10 It has been estinated that as many as one in
three humans is infected by one or nore species of parasitic helmnth

(flatworms and roundworms). HERLNOF FHEANVERTIONt a -chronic and
continuing threat to the health of |ivestock and conpanion animals; their

abundance and resi sta‘hearesmtarmmebmaimcmgﬂnm@lyt@ﬁmtelwebwmnmmrm mal
agriculture in cgertain eneron Despite the preval ence

hel mi n? h- cERFSRIar-Hke pabymuceptides an ahd&fsaweHeqsrmﬁ@tHatsrﬁygf Bxedggﬁracvﬁvs
control | ekt ibpopBRG i %*&osat"% Al ol e 30% RpSAREPLE nefiolosical |

qui te di st pétslityforeradnisens, @gund\»memtdsnerrat odes) and differ markedly in
neur omuscul ar anat oy and physi ol ogy. Only a subset of one class of drugs
(sonme of the benzim dazol es) shows activity against 20 both flatworns and

roundworms. The diversity anong th ies that threaten the

heal th of man, |ivestock, crops, ﬁ&@é@(?ﬁg@fenvi ronment al ni ches,
presenps a chal | enge jias bé‘énf é%hhﬁtefthéf%man?ragaﬂe hAaRRe hﬂh%aﬁ@i%ﬁn%teﬁ'b@ onest
organi sns. G protein-coupled receptors (i.e., GPCRs) forma vast

super f ami | pr giore spcies of ﬁ)anaeltldepmh s(ﬂmwcuinsaarei mmdworrnsh Helmirdhd glsal |
animal cells and are characterize ext.racel | L{I| ar

! c % e faau A R S T b
donai n, a CFRGRIAGNEOME ARM canbppmeleshtaf edl’}ﬁjé YEslpCs AWE FYRREMAB AR Rt ur e
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are sonetinmes also re red to as seven transnenbra receptors.
These sev ancdrmmmmnhmm& Despite tig: pteddleree bl helmintht cansed diseasgditllosEaownd
three i ntragel | ul

dormi 5. TRESURVHREBYOPRY: BBF HTGFRICHM (1B BETEL S ONLTE B PADTE
| Toands) . o MMl Bl TLr Dort ons have a rol 6-1 h recogni zi ng-and
conmuni cét_l ng with d@mbﬂmr(plafmemmths}MreoawbhﬁionMyO Hhid8 aB&in2t ArakhLthe004
roundworms (nematodes) and differ markedly in neuromuscular anatomy and physiology.
Only a subset of one class of drugs (some of the benzimidazoles) shows activity against
20  both flatworms and roundworms. The diversity among the animal species that threaten the
health of man, livestock, crops, and sensitive environmental niches, presents a challenge to
efforts toc mount broad-based attacks on the pest organisms.
G protein-coupled receptors (i.e., GPCRs) form a vast superfamily of cell
surface receptors which are present in virtually all animal cells and are characterized by an
25 amino-terminal extracellular domain, a carboxy-terminal intracellular domain, and a
serpentine structure that passes through the cell membrane seven times. Hence, such
receptors are sometimes also referred 1o as seven transmembrane (7TM) receptors. These
seven transmembrane domains define three extracellular loops and three intracellular loops,
in addition to the amino- and carboxy-terminal domains. The extracellular portions of the
30 receptor have a role in recognizing and binding one or more extracellular binding partners

(e.g., ligands), whereas the intracellular portions have a role in recognizing and

communicating with downstream effector molecules.



PCT/ US00/ 32225 The G protein-coupled receptors bind a vari et%/2 }f I2i ands

I ncl udi NGy 1&5%531 I ons, hornones, chenokines, neuropeptides UL 200
neurotransmtters, nucleotides, |ipids, odorants, and everPGIHBIM8I3225Not
surprisingly, the GPCRs are inportant in the normal (and sonetines the
aberrant) function of many cell types. [See generally Strosberg, Eur. J.
Bi ochem, 196: 5 1-10 (1991) and Bolan et al., BiochemJ., 322: 1-18
(1997).] Wien a specidf | i 1 ' ht ndi ng. receptor, the
ligand typically sti%%gtgerg fqﬁg°‘$e1§g'%f%5r‘8‘tsé’“§’c‘f‘?%t32‘9@'3"‘&%52‘8?‘1“?6'%C“{C’“’“

het er ot 1 i BRd, RoBhGHksiheR kiR dedfopRbiidtisbuF REMSAItREY nikI S RIES) 1ibids IR Fhd))
that is coupled to the intracellular portion or region of the receptor.

The G pr otandryen phdatoma Notisngpmsimighys the SPGRadretmparamn i the hormahfdrelsohetinict hi n

t he cell % ei t her f;ti mul ating or, inhibiting 10 the activity of that
ef fector ribf aesiTant) fepelen o mant ¢sll tipgse dSeweenerdly Stoshergnbnral Biegherns 96

h i | | S; , | h i [
Enzyes 1 hat0 (1S ahdBRGARIAR BiochBR Ty o2, ¥ E1980RL Wbl R R Pt
nol ecul es 1AM Pcorephdiak retepidth @sPNgsrR @Pd:an'y agnalinee el recédlol B hdivakal
this sequence of events that an extracellular [|igand stimulus exerts

i nt r acel | wpagific hetayelsiménicogusninge Wigkeaside: mndog pt sydatpecpotein {G Faothin) Shatush

recept or has_jt,s, _own .char eristic prinar ructure, expr.ession .pattern,
|+ gand bi riatRis ey P PEEIRIE nartiot of regah VL ibe ispiogy henD Totedb 1BF 1 he

vital rol arffsmitsRrsPdil iy SPRICRS FI6aINE Rfthid ﬂﬁe%&‘?b?@ﬁﬁ@%@iiﬁﬁidﬁ%gé}é?ﬁﬁ g

cells and their environnent, such receptors are attractive ta

t her aput i the actntityr afghati edfectosmblebulig sSThdse effector mateules imohdegaabPateichelase,
activation . of sych receptors are 20, known. For receptors having a kngwn
i gand, t ROCSRRAIPEPSS i‘%‘:%"f“nﬁ’joé}dﬂ‘ AHCYS %azﬁein’ Bholipgjesiaze enzypee that
speci fical iy j,06)vEE ThClieN BrodGEHH GF 1 bl it i i

| i gand. Thus, GBCRS%SE{SV\PYF%OM se%gsg%%t%%élwgfys%égggre@%%?%e?ho g l\h{g)srqml
treating itnphedphtitecars diacygbycerdl.nfitds throngh thisissqdeine af evants diay anextracellular

I nvertebrate pests, including both ecto- and endo-parasites. However, such
met hods mJégangd SUERIES exerigiiBEaceliulaschanges tapeeks a §f pioteiniceypled sereptos. Fash 25

0 a5 SEARENG: SRS U RSB NDSELR Sa BBl AR AR

4- 15 ami noprafilefand inttaeeliilby effdedr svsteml argel 'y, if not exclusively, found in
i nvertebrate animals_such as helmnths is a class of neuropeptides known
as FMRFam de r el at edBpeqyse afdBe yital ole of{5 pradgin-cpypled reveptoppin dieicogmnmidgRiani de
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intervention, and drugs that activate or antagonize the activation of such receptors are
20  known. For receptors having a known ligand, the identification of agonists or antagonists
may be sought specifically for mimicking, enhancing or inhibiting the action of the ligand. '
Thus, GPCRs show promise as potential targets of methods for treating infestations and/or
infections caused by a vanety of invertebrate pests, including both ecto- and endo-parasites.
However, such methods must be able to discriminate the GPCRs of the invertebrate pest
25 organmisms from the GPCRs found in those species of plants and vertebrate antmals upon
whom the pests prey.
A large famly of peptides (typically 4-15 amino acids in length) that is
largely, if not exclusively, found in invertebrate animals such as helminths is a class of

neuropeptides known as FMRFamide related peptides (i.e., FaRPs). The prototypical

30  FMRFamide peptides are so named because of the “FMRF” amino acid sequence, including
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PCT/ US00/ 32225 t he consensus "RF" sequence, at their C-termi 2i2 VA

neur opepti des, these nolecules are involved in vital biological rocesses
requi ri ngWOMBEHB| ed neuronuscul ar activity. Al though sonBCT/USE0/52225
neurotransmtters and neuronodul ators (including neuropeptides) have been
shown to function as ligands for receptors, to date there has been no
identification of a FaRP neuropeptide as a ligand of a GPCR Because of

the toxic @otential‘gﬁgroad-sgfptrun1 hem. cal arasitiéid S, th?rel exists
a need in PREOWDSUoI T SPYUNEE B BES AT e dpAB RSP S ﬁbef? fispules are
interferi %v%}'\lg@ tiReyikd fg log}’c%L rQlesiar FMlridgn¥ShtIRIh &R omUENIA: activity.
hel m nt hs and 1 nsects mntﬁo t rmng hogt plfant and ani mal species, "as
wel | as thgitgsudhisomenairotransiittert A8@hABoRBdlblor R diREBukpRPH R PRE e BebVARY

OF THE | NVENTI ON_The present invention generally relates to materjals and
nmet hods f oshowmdo fungrigeesdigands for fesepintse [ atttherethiap besndiogdenticappnelaald of

pest ipvertebrateg. By..praovidi mat eri al s and nmet hods for nodul ati ng the
activity o?ﬂ¥W§@Pﬁ%ﬁﬁ%P@“@#E%éﬂﬁﬁﬁo|ved in 5 neuronuscul ar activity, the
i nvention provides apbikadiiteabxidpoleRid Bf boad-ByRtAiftheifcAdBarbsiti€idsy, kitdre

that can mnimze the del eteri ous consequences to non-pest species of

ani mal s, éxisth adéstdgn theerart fastargetdd Wslopicalsteapaieiofisetectvely iderdermeg with thedide al .
One aspect of the ipyentiqQn is a screenin t hod for identifyi candi dat e
anti -5 nver £t O RATHON VSR eS Hith s FABUPIT AR GreY Ehaps PR ine By A

i nvertebra -1l I : isavol ved i n neuronuscul ar functioning
including,sﬁﬁgfgﬁﬁ#%ggﬁa %¥t§§%g%%@PF@g receptor to a ligand, typically a
peptige |igand, and signal transduction. The nethod conprises the steps of
(a) contacting a test conmpound with a conposition, wherein the conposition
contains a GPCR-li ke receptor encoded by a pol ynucl eoti de having a sequence
selected f r o mthe group consisting of SEQID NCS: 1, 3, 5, 7, 9, 11, 13,
15, 17, 19, 21, 23, 15 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 104,

106, 108, 110, 112, 114, 116, 176 and 178, or a pol ynucl eotide hybridi zing
to the GPCR-1ike receptor under stringent conditions of hybridizing at 42C
in a solution conprising 50% formam de, 1% SDS, | M NaC, 10% dextran

sul fate, and washing twice for 30 mnutes at 60C in a wash sol ution
conprising 0.1 X SSC and 1% SDS; and (b) measuring the activity of the
GPCR-1i ke receptor in the 20 presence and absence of the test conpound. In
preferred enbodi nents, the screening nethod includes a receptor, or
fragnent-, variant or derivative thereof, having a sequence set



forth in SEQID NCs: 7, 21, 25, 35, 43, 45,105,107, 109,111, Qiiﬁn 2@@5 117,
177 and % ﬂﬁsgsgne of ordinary skill in the art would recqgiize,’ e
above-descrl%e nmet hod can be practiced with a variety of CPROP/3RI2S
receptors. For exanple, the GPCR- 25 like receptor used in the screening
met hod may be encoded by a pol ynucl eotide having a sequence set forth in
any one of SEQ I D NCS: 43, 21, 45, 35, 7, 106, and 104. As noted above,

such GPCR-1i ke receptors m%lﬂﬁg{fﬁﬁ‘i’ bl?;fﬁ |§ﬂ]§6§3ys designed to
g bi

measure a GPCR-1like receptdr activity, Includi ing activity.

Expressly contenpl at qleresent M6 BESerflly iResSHy MaRkHAR R Mefo8P B thei ng
a GPCR-like receptor encoded by a 30 pol ynucl eoti de conprising a sequence

set forth targeSEQntddianhotIvidindital pelngickd powagses of pest -idve2@btts. 2BY prowding
01/ 38533 PCT/ USPO/ 3222 sequence sel ected fromthe grou nsj sti ng .of
SEQ | D Noghgigna ea}nfﬁeﬂ,e%@g? faﬂa@fgﬂ}mg eAEIHLY A "Bféﬁsgfa@ g‘rﬂ’??% nyolvgg in
GPCR- | & ke . 0 til: J

forth 3 n’ JERFRLRaERAGHE IO A6 SRS HERRA oI RgIERRT, D&t
GPCR- | i ke ¢@meptiat capinimee the JeRugivas coieqhaices té Ron-pestSpetibDoNERiZdhisand

the peptide conprises a sequence selected fromthe group consisting of SEQ
| D NCS: 78, ngbudinggmag.ps veefl asgdantggnd thgenvirommentzn geng®. 122, 123, 97, 85,

110, 150, 160, 161 168 FFeLRRedventiss £ alkineet ortgiag attica >

GPCR- | i ke #fT-piveAELaRTR6EAOE tRatERUEHRDdT ffdre adtiitidd of ih iAkEteHARICPER FiRE 2
peptide conprising a sequence selected fromthe group 10 consisting of SEQ

| D NOB) 86, recagor myelvedgn nep®museylar fipgtioning ingloding18g., birgiing ¢83 GRER-like 35,
136, 137, 87 39, 91. 141 and.83. In.yeif another.e di nt., t GPCR-I,i ke
eceptor EBPT 18 TeBiynE A pertide e abb iR geaeRlion . e rred
CONPri Si NGedinSPRY RE Steps - Ss)t Eshthctg 4 RSt ERvRUNAAH 8 lbRPoSitiomEEhdBinNGS: 99,
97, 96,'77, 82, 81, 87, 100, 92, 80, 98, 120, 121, 79 and 84. In still

anot her entaupositinn cantanGFGRCR- lidee reesptortencodedipynipobmucledtideshaying aseqeaice

forth in SEQ I ) 7, and a peptide [ S] a.sequence se e r t he
gr oup cons?%qt%gy‘gptgﬁaqubc ?tg}gp%héyz&gdﬁ, g% ’751’124156’3%’1%86&%1
92, 199, apd 2889 31Yeh snathes AMEOAISTROL, 10BY 268,95 02117 11681 TERRPI Y,
conprising a séquence sel’ected fromthe grolup consisting of SEQ I'D NO' 106
and a pept oz pclynpelestidechybrisdexne tockhe SBPER tHdek refapoon under giriaggnt conslitgdnsnd of
SEQ I D NCs; 80,..92, 98, 100, 120,121, 79, 84,136, 87 and 86. 20 Still

2ot her onYBIHERG ShANE BrbHInEhEE BSIS ¢ eapaenids: 1SS nt ShReGH 10%

. | e d an 5
NG 104 andaan salfal el SR e R T bR RS S Loll i) orihicifo
consi st i NngXo$SCRRd! BLNWE;84hd &), mEBuridf)@he dciityleflthe GEECR ke rkcéptorSin, the6,

150, %g 1 gligénc]e-ea?fd z?bjébnc]éGOGf th]éstje-stac%?np]b?lzﬂ. In preferred embodiments, the screening
method includes a receptor, or fragment, variant or denvative thereof, having a sequence set .

forthin SEQ ID NOS: 7, 21, 25, 35, 43,45,105,107,109,111, 113,115,117, 177 and 179.

As one of ordinary skill in the art would recognize, the above-described

method can be practiced with a variety of GPCR-like receptors. For example, the GPCR-

25 like receptor used in the screening method may be encoded by a polynucleotide having a

sequence set forth in any one of SEQ ID NOS:43, 21, 45, 35, 7, 106, and 104. As noted

above, such GPCR-like receptors may be used in screening assays designed to measure a

GPCR-like receptor activity, ihc]uding binding activity. Expressly contemplated are

embodiments of the screening method comprising a GPCR-like receptor encoded by a

30 polynucleotide comprising a sequence set forth in SEQ ID NO:43 and a peptide comprising
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Anot her aspect of the invention is a method of identifying any jy 2
anti-invertebrate 25 nodulator of an activity of an invertebrate CR-1i ke
receptor WEhP8S3hg the following steps: (a) contacting aPCEAS0¥3RBHuUNd
and a conposition, wherein the conmposition contains a GPCR-|ike receptor
selected fromthe group consisting of polypeptides encoded by a

pol ynucl eoti de having a sequence selected fromthe group consisting of SEQ

IDNOs: 1, 3, 5, 7, 9 1, 13, 15, 17, .19, 9,~ 31, , 35,
57, 3o, 41n Sépyendstelegiéa Tl herusaih sopbisyips of SEQ EINGSSs W8y 85t ol 115

pol ynucl eof j.dei Wb Heshd be; PRk ideepheceptor 5 22 JUL 2004 WO
01/ 38533 PCI]l?rL@J'éOO’ %2%5 lﬂﬁde@ t‘s‘trei ngent coﬁ%‘i tions of hybridizing at 42C in

a sol uti on eacuded byianwlaiifddoadabavide the sthénbSset Totth NaSEQ DANQA8XS paivided.
sul fate, and washing twice for 30 minutes at 60Cin a wash solution |,
conpri si nginenmalicrssveambadigemsthedp CBriel rgcapipriapmnsises & sequente £t fph ite

h | h : d (b ' h I Vi f .
ePaR [ Tke SERIBIS0AIRg BRI AE colpliscstredieDEh teued ritm Mt onistihiiSr
Modul at or Sseggoi NeRtisl hekoass st arpeninds, 1 hed3 abd er3( 67,85, 83, nor a@ge or

decrease) a GPCR-like'receptor function, such as a binding property of a
recept or 093,88, att34yPEyOG U8R, HS, B4Hn66.el 50, hEHi8aL BB, 31§09, 16GASHUIER b8 or

menbrane | ocaljzatiopn. The gonposition contain an isolated GPCR-I|ike
Feceptor: Sl 16 Tapten groadiBeRORBTR B GRERE GNP o Ress 1 FSRUSTECED or
in associ a . : )

ooy anc. - B aamnt o TF Do el paieR Conlsng} s Riched S ioR e PR
receptlor hestisisging of SEID MNOS86ehLie N8, 881 26,00270128) 13802 180300, 833,22, 26,
36, 44, 105, 107, 109, 111, 113, 115, 117, 177 or 179. Prefe epti des
are  neur obsbilnes TaBhI9D kA Shindie it e srabo ey TG BRFSFRIN |y
of neur opept.d | r 1 HEN ldes
havi ng an gﬁﬁ%&gcﬁ %%E%%C%Legﬁggé@eﬁgg%gdﬂﬁgcﬁgﬁﬁ @E?tgfr;%{)g&ggnm stglgﬁ E:l(l;]{‘;'I tg!SEQ
| D NOS: 77sélededhfidmlth8 gidup.colbietingpd i REQ IDNO$E9, 996,117, 82, HB7,d68, 92, 80,
neuropeptides that are attached to a | abel, such as a radiol abel (

C . e.g.,
'2'1, 35598326, 135P9 agdiR4. In sl giothez embadimgnb the GPERskke we&?ﬁtw&mgs a
| abel ,,<an 1.C | {. ' el ' ' ts
of ¢ ndSrot Fs st Rain S0 BYNG.7EHE BB collifling dbelffficP e RUITRE
yeast gr oWghoupeonsistirfy sTSEQ IDINDGS 24108, 93] R08E5279,B4¢ 87,86, 80,02 390; 45P)ES.
assay, a CAWP assay, an_inosjitol triphosphate assay, a diacyl gl ycerol
assay, an Asteenther erabodimentinyolves éﬁﬁ’é‘éi ke 5ecepior EPIMPRSIAS dpqeepee selected

e o AP R M GBS PR Ay ebgp
arachi doni groafthe proupRensimSSREQ IF NOS:2102) 9gyi 60, 120181 f 7% 34, 106, 3 PARIKE. as
wel | as ot her binding
20 Still another one of the many embodiments of this aspect of the invention involves a GPCR-
like receptor comprising a sequence set forth in SEQ ID NO:104 and a peptide comprising
a sequence selected from the group consisting of SEQ ID NOS:80, 92, 98, 100, 120, 121,
79, 84, 136, 87, 86, 150, 151, 133, 165, 91, 166, 131 and 167.
Another aspect of the invention is amethod of identifying an anti-invertebrate
25 modulator of an activity of an invertebrate GPCR-like receptor comprising the following
steps: {a) contacting a test compound and a composition, wherein the composition contains
a GPCR-like receptor selected from the group consisting of polypeptides encoded by a
po]ynucleﬁtidc having a sequence selected from the group consisting of SEQID NOS: 1, 3,
5,7,9,11,13,15,17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 104, 106, 108,
30 110,112,114,116, 176 and 178, or a polynucleotide hybnidizing to the GPCR-like receptor
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25 or function-based assays of GPCR activity that are generaf ZyJikrigiin in
the art. In several of these enbodi nents, the invention conprehends the
i ncl usi on™&M58835%30f the G proteins known in the art, suchP&I/USHY82228,15,
or chimeric Ggi5, Ggq , Ggo5, or Ggz5. In another aspect of the invention, a
met hod of identifying a candidate anti- invertebrate nodulator is provided.
The met hod conprises the steps of. (a) contacting a test 30 conpound and a

conposition,, wherein the.co s|t.i.on ¢ i.ns a CR-|i ke. receptor 6.22 JUL
2008 o 01t bBur DR bunEReatis B sBiiRncrmet rine S0 eBad i om
the group pamEHSH MONSE), § 69EDERFanRA MBUSAERRHISS twich 806 OB 8OXE iS5t
forth in SEQIDNCs: 1, 3, 5, 7, 9, 11, 13, 15,717, 19, 21, 23, 25, 27,

29, 31, 33wasitsoliibn cdtnpriging GLB X 8SC a@4% IS, optidBally idthe bidencklof,a pepide 176

and 178, and _ pql ynucl eotides hybridizing tqo the rece tor%(gﬁl nucl eot i des
under st r i pigher lgandipt the recegtorsanddy hmeaguin g theactiryof the HRER dike gepeptor in

cOM 1 3 10y %L1 ARE iR b MM A9 FLEAN LI B i

. €1
washi ng t es a a Wwasn Ssol utlon conp

SSC and | %h@Dalter (289 iddddask A8Nddcfeaké)n BPORSTikE edmRpion Fuhditn, Bhdias h Bifiing
interacts with the conposition as a candidate anti-invertebrate nodul ator.
I n a pref epropeiteabadeeaptar, ort dreactpotyysnok a8 61 prdeinroedinted signal GRERUrlidm® or

receptor co i ses a,sequenge selected fromthe 10.grQu isting of SEQ
| D NGs: 7, MEOraDE Tocaization. (e Coppositiopmay sntaim 30 sblated (R ke reepfor,
179. Anot hgterRaRERL tHfcolfpRsitidendy Qtdi? a GPTEE MRE r&epiod @hdsh¥ibiiéh #ith, ez,
anti-invertebrate™ .agent conprising the follow ng steps: (a) identifying a

nmodul #@ or arsintagt ¢dibometipodiond esdr askaaderabreue ; Piebdnthygrefeoted embbtienentef the or
and an invertehrate_tissue; and (.c).neasuring.l5 the response _of

et cbr PR Lot RGP LRSI s ilo i iR feid Seraen L Pt g SEQU §os:
thereby id | Hyl h ry{18S tyt r at gh
any invert g’gjétbg’ j?i%é ngmngb;l ggg’ulslga]?jnl’ ]? E’ei %—{ep ﬁgd%rqg:gés}gﬁ?ﬁgagrg%ﬂ%srﬁg

ti ssue sounasgepeptideshddrivied tfihem amcrtebrasascind indnde ferfpdRA fantijypef ofurcpeptidéd. e

[ nvertebra]tPe tissue i s neuronmuscular tissye, e.g. in _isolated forg or
remai ni ng FAtgeagypreferesd apg inKertebrate ngypropgphidesdiaving an Ayung 2o seauense gelrste
The 2Qcant k-] r ! Iy | Si f se
agent & 1 aborl FEER B aNEUIEQTD RORPYTIbh R TR RS sifodtlof 2

i nvent i on. invention' eth@aecheasgeptides thet drozeshediv Plabvl sieh a8 armtiblabelf(ag., 11,
treating a{; Jzn\éﬁ:rgebrate conprising the step of contacting the

i nvert ebr at & Wt 1> dbiadlueggssengeabsl fachemiiemingseence lgiel.anpsaymistlabel and an

i dentified. ds described herein. A biologically effective 25 .
anount of %%%%5@%&?5 an anmpunt that is sufficient to i nduce a desired

response in the In various embodiments of the method, the assay may take the form of an 1on
20 flux assay, a yeast growth assay, a non-hydrolyzable GTP assay such as a [*S)-GTPYS
assay, a cAMP assay, an inositol triphosphate assay, a diacylglycerol assay, an Aequorin )
assay, a Luciferase assay, a FLIPR assay for intracellular Ca** concentration, a mitogenesis
assay, a MAP Kinase activity assay, an arachidonic acid release assay (e.g., using {*HJ-
arachidonic acid), and an assay for extracellular acidification rates, as well as other binding
25 or function-based assays of GPCR activity that are generally known in the art. In several of
these embodiments, the invention comprehends the inclusion of any of the G proteins known

in the art, such as G, , G,,s, or chimeric G,, G_.;, G

gi5s Tgssr Ugos, OT qus-

In another aspect of the invention, a method of identifying a candidate anti-
invertebrate modulator is provided. The method comprises the steps of; (a) contacting a test

30  compound and a composition, wherein the composition contains a GPCR-like receptor
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treated invertebrate. Thus, a biologically effective anmount2ofiajmpdul at or
may be the amount that |nterferes wi th physi ol ogl cal act|V|t/¥J of the
treated i WPHEEate in a non-lethal manner (i.e., a bi osPal/ é“%%z%gtt) or
in a lethal manner (i.e., a biocidal effect). A preferred nodulator for
use in the treatnent nethods is an inhibitor of GPCR-Iike receptor
activity. 30 The invention is not limted to particular nmeans for

?ﬁi,le\r/te reul %tntg c?eﬁiﬁfd:ﬁuplé)?%ﬁrgleoﬁq/ esﬁ ec&e%ro%ﬁl%ﬁagp&% %H{]‘%gﬂ ce tonP QT}énhi%Fgg( 34225
conpri si “%abl‘rﬁ: J@\%ﬂﬂéxﬁ%%t foMhiCYEED NESIEIR] $e7,8011 Arsowem ag I@ﬂCQB afs, phe

inventionis dra to nmet hods of producing an’invertebrate GPCR-1i ke
recept or cxmpnj 33,185, 8Ne3d, alll 43y 44, s045096( H)S,ilAOubEY, ilhd, hlfsdl]()(aaddéBJ aﬂd5 at

a tenperature of at | east_about 35C; owerin eratur
ot boutpalPTleadeq BybrUHES 10 g redspiaepehIF e S ABREONIREST PO o
nts, the te

embodi ge ¢ pibridizing ai: figtglrélrseﬁnt rormf:om %ml\ég@Oe/j f&rﬂlaﬂﬂﬁé '?Ph/é %Epﬁr q%cﬂlé@ln IU%' ng

no nor I's may

i ncubat ed. @etxniaﬁgmﬂtéltaﬁﬂ %sﬁlhgﬂﬂée foh@@nﬂtbﬂbﬂat%ﬁ@ irfa Wash sallinefrpemptmngom at
| east about 37C the tenperature al so maybe | owered rE%ond 30C, for_ exanple

to at rmstXﬂSQ@ﬁl"/aSDSuﬁnd (9 @lentifying & tespanpaind i pi € onintergssy WitBtheor  at
nost 24C. I n sone enbodi,nents botht e i ncyhatipn te
rai sed abofRENPSHICHAT %??é‘dﬁéerﬁ@r'&t"ﬁ‘i’%’r S\Hé‘r‘i"‘x e %R’E eyoondd‘q'g%

met hod of gy édﬁﬁe%ﬁcd % E@?’@E—@lke@&ﬁtdr 'cBﬁﬁ@&eﬁﬁeﬁhcﬁ&)ﬁefeﬂfeﬂffﬂj’m thc

conpri se recovering the ke receptor, which be native or
r econ0 nangroup consiging.of SEQ lﬂ:hN@ﬁt @ﬂhﬂ? 3fe46e4;i)\1@5,e1(97b h09.Ad ack13cé13.d17¢cel |
15 portions menbranes) obtained as a result of cell lysis, or in

| sol at ed fb?‘)(n"f"d%}?)? of a wde variety of cells may be used as source cells,

such as cells deri ve%nP{hgms hémvgﬂmﬁhéﬂh%%doﬁﬁbﬂiﬂﬁ%% afi§-1fvertebrate

i nsects), nollusks m nt nd ot hers is anticipated that this
met hod of - ﬁgeﬁxdmompgsmg(}ﬁeﬁ‘ollowmgr steppt(@) identifeingi x miainlajorsusing dhe onathed

r econbi nant productlon of GPCR-1i ke, receptors us non-i nvertebrat e
cel I's, sucfessaberhanoyrs (hcondactige thegnogplatp ‘BYF’%?S%(S tés&Hf),ragﬁéﬁdgcasurmg

Conposlgt ' OB { g%%&mé LeY éhe nﬁl‘\'f?ﬂ ylstgﬁééj Lgf%tlﬁ% dasl Q O%f‘mnﬁ‘%? n¥hionREulkd Scnwty,

GPCR-I'i'ke rec ors i cri bed herein.
modul at Or StHekebiyhigeritifyia g theoditdibbastananticinveteprat agintnAttabugit anyanmbrgtmhi ch

b K d int tid f nat GPCR: |
recept or- | hmadRay 8@3%%3@ thhanaene. pB%Eeq'ere&‘%wé peRe FouREBaruAS and
GPCR-1i ke rocq Ft 8‘&%‘?’%‘?’ ﬁ%& g?:fita% ttsQlf‘e i$ BeGromRRNAS s,

function agnsgc ors corrp t lve, uncorrpet It1ve an non-
conpet i ti vablh& form oRfdm ARy ifdsesiifidh)wieh pa) o kllj ofah énveRebtatd drgamsgnefhor

activity. For

20 anti-invertebrate agents, and compositions comprising one of those agents, identified by this

. method constitute et another aspect of the invention.
In a related aspect, the invention provides a method for treating an
invertebrate comprising the step of contacting the invertebrate with a biologically effective
. amount of a modulator identified by the methods described herein. A biologically effective
25 amount of 2 modulator is an amount that is sufficient to induce a desired response in the
treated invertebrate. Thus, a biologically effective amount of a modulator may be the
amount that interferes with physiological activity of the treated invertebrate in 2 non-lethal
_ manner (i.e., a biostatic effect) or in a lethal manner (i.e., 2 biocidal effect). A preferred

- modulator for use in the treatment methods is an inhibitor of GPCR-like receptor activity.

30  The invention is not limited to particular means for delivering the modulator to an
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exanpl e, such nodul ators may be conpounds or conpositions that;ang;agonists
or ant ag%@% ?J | igand binding to a GPCR-1i ke receptor, a l/ﬂgtg{i G

ef fectors 3 , or conpounds (or conpositions) that aff YOSWE2L8S i nat e
activity of GPCR-1ike receptors 30 through direct action on the receptor or

an effect introduced downstream of the receptor in, 8 WD 01/38533 22 JUL
2004 PCT/ US00/ 32225 e _g., a signal cascade. In addition, nodul ators

accor di Ng. f@eh{itale AT RLnIBH RifiRUPRUB YRe cRhpdiRRohloAilfhe fieiol Hafdi” er ©

with the expressioh I’ ke receptor, hroug Iting
transcri pt ivdithGhay kedéiNAr@d. transl ation of the correspondi ng nRNA.
Expression of the GPCR-li ke receptor can be nonitored by any nethods known
in the art, includi ng\Bthessaspest ofl b ianentiesi i drawmgtopoieihoids d| preducing an

I | . anti bodi .the GPCR-1ik . t h . bl ot | ¥Si
or quant | t UFRDTAIGRCR ke TeaeEion BB OB g sy ngSI Ry QP CRBIE < BPE e  or
primersg Q%t%g@ﬁﬁa‘f\ﬂe%?%ﬁgﬁ?ﬁb&ftﬁ@ (ﬁ%&ﬁhgﬁweﬁ% Bfaflire B8 fost dbout 26°C;

parti cul ar, ators t Interfere wt he expressi on of gene products
i ncl ude anhnd &¢dsectiptherGRTCR dikiedeepand I virensreashddivaents itke wopptaresnayy t o
t he gene sequences. The 10 invention further enbraces podul ators that

af fect t heb€ Yaiigdde ppiimize REPAYsHAR UHPSBYBIOEE BAD FQIkine EXRASHRSIEATIOnL FeT RmAle

formati on gf | Leot i da- di | ' i t
ovont i on e Bl BADUEiRAbAEE atchBelfitel Fiphlrthal Bgu 350 T alBmpdrifiye ofat
be obt ai negtabtrabbut 30 (i e perateSalsamiy Blopleidd beyand BOIC, dsr exhmplead at most
extracts, or non-natural sources such as small nolecule libraries,

i ncl udOng 29%C, 3t mnst 28°ofat mash? 4 3 mest 2 Enptaestahy Fod@hawst H°Cs Inisgmgr y

constructign nd peptide.libraries. Preferre ti t eqan
am no aci demgg‘%mfﬁ’ sepgoetﬁe%’F e’%c ra(k)'%‘nﬁttﬁrenpgrragltyff) %'3ﬁ§t|pes t“ﬂ%egdr g?‘ﬁ%E%g%%&th%B
22, 26, 36tenfbrattHlowkAfig mal@Rtend byonll3H°Cl Tthe dtfod df prodiicidg &h indentbrere

aspect of the invention I's drawn to an isolated GPCR-1i1ke receptor

conpri si ngGRGRetjkie ressptozmaytfurthércomprise resovenng be SRER ke secepon winchowy 2,
4, 6, 8, 1 0 12,14 .16.18, 20, 22 24 26 28 30 a2,34 .38, 40,
42, 44, 46, gié‘%&"‘i@’? f’e“féﬁ’,mdf‘h‘? ongix. ﬁ%,‘e"f‘i‘?,’ mydy be Igcqvered in Eﬁ%quﬁga"ﬁ s
and f rlesgmeBaﬁiohbgé.g.ofmenﬁfrﬁﬁe%ga&%esggetréyhﬁ JTRER 1ysi€ @ fNE6RIeagbrrhOAng dfa SEQ
ID NOS: 8, 22, 26,°36, 44, 105, 107, 109, 111, 113, 115, 117, 177 and 179.
Vari ants amddé vagpneof sell§ maporR-isek es seuepcalss sudt as pelkt derwad froonmammals,

bi ol ogi cal or..i nmunal ogi cal ptoper.t f .the cogpate CR-lLi.ke rec r.,
and are at 2@ gﬂgaﬁoqlagpg?%gg—g-,gggﬁtg):xg u?"égl%‘ilmfg, S, 3hd PHhgEy hé%?n"ﬂpa?%e{@?t 30,
at | east 4Ghis flerhSRSE F%’uci‘% ad GPER-1BE reBdpibiCR Hartdhlarff sui8@ %6 theSReorAbinkMast
90, at least 100, at least I25, at least 150, "at least 175, at |east 200,
at | east 2pducttn bEGPCR2EKe reatptbmasingpb;inwtridbeats telB)ychals napamaliBR®lis.at
| east 350, at |east 375, at |east 400,  at ..

20 ¢ invention also comprehends compositions of matter, such as amodulator

of an activity of the GPCR-like receptors identified by the methods described herein. The )

- modulators of the invention exhibit a variety of chemical structures, which can be generally
grouped into non-peptide mimetics of natural GPCR-like receptor ligands, peptide and non-
peptide allosteric effectors of GPCR-like receptors, and peptides and non-peptide

25 . compounds that function as activators or inhibitors (competitive, uncompetitive and non-

_ competitive) (e.g., antibody products) of an ultimate GPCR-like receptor activity. For
example, such modulators may be compounds or compositions that are agonists or
antagonists of ligand binding to a GPCR-like receptor, allosteric effectors thereof, or
compounds (or compositions) that affect the ultimate activity of GPCR-like receptors

30  through direct action on the receptor or an effect introduced downstream of the receptor in,
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| east 425, or at |east 450 amino acids in length. Fragnentg)speejfically

I ncl ude GPCR. domai ns of the receptors. Biological activities of -GPCR-11i ke
receptorswgc%@ﬁﬁ%g to the 30 invention include, but are nBtTUSEIRRE ¢ o,

t he binding of a natural or an unnatural |igand, as 9 22 JUL 2004 WO
01/ 38533 PCT/ US00/ 32225 wel | as any one of the functional activities of
GPCRs known in the art. Oher non-limting exanples of GPCR activities

i ncl ude transnenbrane._si gnal i LQus for Leh vl

or ot o1 - adobot BT Regadh 3 20di08 Faodt bR pearngly pEERihtey BRGNS

bi ndi ng of o WaTHoHRDNES HAD I rAMEE SvithtaE 8Rbreskesr thargpemmmes?té@@ia{drmbhgﬂ; or
bi ndi ng of accessory 5 proteins or polypeptides unrelated to known G

prot ei ns. iMhditinyteartstiptical cfoheDOIA ogsanalatips of the edirgspbyding mENA dBxpmsserli ng a
GPCR-1ike receptaor. Such polynycl eotjdes may be sel ected.fromthe group.
consi st i ngeighe C{)PSR'é'keﬁﬁﬂe?ﬁchaé i'B%'“E%?Ff)PY §'¥¥1’§’cﬁ‘°ﬁﬂ§‘i‘%%’? f'H@‘eg‘éthEH&r'ﬂ"g

2 o0 87 SBesbiRlanalis st SERORGIS ooy RS ik ek Hktiter 2,
42, 44, A465r NiBfherh ®lot ah@Bsis bt lquadtl@tive pblymkrase tiiain resedod TBCRY nsihgdiirebld he

nucl eoti de sequences set forth in SEQID NCS._ 1, 3, 5, 7, 9, 11, 13, 15,
17, 19, - 21probes opprimers based on the sequence of the GPCR-like receptor gene. In particular, -

27,29, 31, 33, 35,37,39,41,43 45, 104..106, 108,.110,.112. 1 ' d..l ;
and (b) amﬁaﬁ%miltg%tt ?’Hé‘% igﬂlg'h%ar PEPERon, f geme o%’?ﬂﬂglgig ng 11,131? ¢ h‘?]ghse“zg) '
stri ngenCYpél?nﬁél'&)tfH@%h@rfﬂfﬁzynﬁﬁ thitCarB Aoynpleheniryde Bt defs -sefuenopd. ar Yhe

conditions of high stringency are provided below. 15 Such polynucl eotides
al so ilfic] unkwemoin/fnberonbrdess modilators that affegt the dranscripion of geneggguctsokthe 5t

| east 98%. at | east 99% or._at |east .99. 9% ugnce ,i.dentit 0_el.f he

pol ynuc!| eofVgaticry ?Hﬁ%c%e (ﬁ?@@"&?éﬂi qlﬁof"ﬁ'iie@@gifgﬁ‘ftgdlt?éﬁ iﬁ'"lg;l}/"( fo.r@s{,‘&gEg’gD
NGS: 1, 3, invention dbes hdt redifict the sovrees for sujtable modulators, which may be obtained from
17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 104, 106, 108, 110, 112, 114,

116, 176 natdral E8)rces such aa plaritymiviabor injeeralrextidits goranoBRERuTa] keureescuiph @8

i Si f th X : ' ' J i st |.e.
COTDr el O o R0 e SIS Sease e b RSB URRSE IR b

20, 22, %4 Zg%%%%sﬁ‘g%@bﬂ IRd ﬁ%tﬂﬁl% Peftled pe 'Zlg lfé'cggtlorslﬂa]ve ahhfhind ddd

117, 1 ny one the pubiicly available algorithns (e.g., the
BLAST! pr ogequsned SlEejed from thogpapiconsistgefiREQ IrNOSE, 32.226,i36, 4bt186n ®i. ng

the degree of sequence simlarit (i ncluding appropriate penalties for gap
i ntroduct i 8%)111alb}.dfér Hi 13{785?{7?'hm is the BLAST 25 al gorithminpl enented

at the GenBank websi t@om?ﬁgétcggf @H%Weﬁﬁg? %‘;ﬂrﬁxbﬁ _td&% iiSQIFt%'d GOk 8ike ré@ptor

Bi ot echnol ogy | nformation WWW. NC m ni h. gov[ BLAST/) using
def aul t pacempising.a siqaky Seletted fiotiethe fgrodhenisistiegiof SEQTRYNOS: pad.t6i 8] 16, or
Mot Ty oehemh o b /56,55 54 56, 38550, 30 4458, 1480 44,46, 105, 107, 109, 111, 113,
115, 117, 177, and 179, and variants and fragments thereof. Preferred receptors have
sequences set forth in SEQ ID NOS: 8, 22, 26, 36, 44, 105, 107, 109, 111, ] 13,115,117,
177 and 179. Variants and fragments of GPCR-like receptors retain at least one biological
or immunological property of the cognate GPCR-like receptor, and are at least 10, at least
25 15, at least 20, at least 25, at least 30, at least 40, at least 50, at least 60, at least 70, at least
80, at least 90, at least 100, at least 125, at least 150, at least 175, at ieast 200, at least 225,
at least 250, at least 275, at least 300, at least 325, at least 350, at least 375, at least 400, at
feast 425, or at least 450 amino acids in length. Fragments specifically include GPCR
domains of the receptors. Biological activities of GPCR-hke receptors accordi.ng to the

30  invention include, but are not limited to, the binding of a natural or an unnatura] ligand, as
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sense pol ynucl eotide which specifically hybridizes to the gdnldf¥dnt of one
or nore / &ﬁ above-descri bed pol ynucl eotides. In rel ated asgects, t he
i nvention'conprehends 10 . ~ M. 7004 WD 01/ 38533 PCT/ USO0PETNGE2Por 5
conprising these pol ynucl eotides preferably operably Iinked to expression
control sequences, including expression vectors, as well as non-native host
cells transfornmed or transfected with a pol ynucl eotide in accordance with

(1 | et R Pip o, 5] BRGNS R St RSO

the i nventi on. 've aced

by the i nvanhiphs of GRCRISHLFBEIRIE Bahsmehbane 6RnSling SEVRHER! fopms, WHR1ERkY S
HEK293 cel |l s), insect cells (e.qg., Drosophila mel anogaster S2 cells,
Spodopt er anfolygiCopnotkan SfsOciadn and/ddi the etertieh bin infleerse ovet Gprotemdsinding lof
cells (e.g.,. E. colj) and helmnthic cells. The suitability of a

parti cul arV3TicHf gugpidy QECISOW{%% tragtmemprang decsiigafinse afi PiRdgef ARFERSONHN
w | | pe W HWE | ucl eotide of 10 the

[ nven'?"lSa on'n&r?%hst%}c’%e#h%%g @E‘i}hﬂgﬁgﬁg}aﬁ%ﬁsﬁgw ransformation or

transfection. Prefer Taéinhagiona@olpsovitiés anddcifedifolgitpRitige @icodingAIGPCR-like
mai ntai ni ng the introduced polynucleotide and wll present a m ni num of

obst acl es- 1eeemerop Aysk irginupleatifes mayphe seledted Hiwm the graupncansistingedt é8) 2o a

geneti cal IO%O nodi f it%g . i nvertoebratle S r’rPri sing_a pol ynucl eot}g}e encodi ng a
het er ol ogdtRd SLRNIFIEEMPEETIS 3 puclze ‘f"e."'é‘."?"‘ier%{‘r%g‘é’%e‘)“ya"é’ed%s 4 52830 e or
conpr i si NgsequeRes bdtFarkth WEEQ B NGBS /9, §9)20ENS 04) 18 18, 200814, k6, X8e3€ 01201
(e.g., an insertional disruption or deletion of the gene) . The GPCR-Ti ke
recepldr edbddi B8 Hhdd. #hyobe058X97etCRd 141 1130A bd117.eM8| and &7S (naludmertbe or

may be overexpressed or underexpr Rrefer I nye r f

gener at i onn'%f?é%“géﬁﬁ‘ﬂe@‘éﬁslSﬁgﬁ’ﬁﬁilgisﬁfﬁgal{rﬁgrrg’ qei Qﬁkﬁﬁeﬁgp , ﬁ‘rglhg’rﬁsnt hs.
20 Yet anojfeb REB8CEs Ak, 391Q11 4 QB! (9] 106 198210, | P2, d130N@S 116, JRRUAGHESNd OF
det ermi ni ng ‘neurol ogi cal abnornmalities associatéd with abérrant GPCR-1i ke

receptor &dtpelytyclediide whindthybddizepesief ¢canditiops pEkighstengéreype teenmplenzand

optionally antity, of a - | i ke receptor polynucl eotide acco gin to
the i nvent PiOHC BRIV @%f@@é’rﬁgﬁ&mwﬁwfﬁﬁaﬁ'ﬁ ﬂFPﬁF%F’%}HPY\?Fé elod '
GPCR- h& ke ' TR d.t Ur e
t he s:%)%ci fISC po ]%utf}: eg%ﬁ%‘gﬂg}dﬁggl Qpegtelbgggsqé%t '%'E]ell n\lléeyﬁ{ ?%%3 at |g%§dﬂ§§§g
measur enenatsleas \P8LE ap drakio? 9% dbr an ldast WCH%eegqaencs identityswl cithed atpoddwivekeptide

cell cultures. In a related aspect, .the invention contenmpl ates methods for

di agnosi ngSequRRgdiztipssd dn thersegueaes GRing (:4n SHRENNGS: (ed g, > Sabhells 13ukh as
P, TP, 055 6l 511315 9145 CToqtok . 1 R0
176 and 178) or to a polynucleotide encoding a GPCR-like receptor comprising one of the
20 sequences disclosed in the sequence listing (i.e., SEQID NOS: 2,4, 6, 8, 10, 12, 14, 16, 18,
20,22, 24, 26,28, 30,32, 34, 36, 38, 40,42, 44,46, 105,107,109,111, 113, 115,117,177, )
and 179). Any one ofthe publicly available algorithms (e.g., the BLASTI program of GCG)
for comparing sequences may be used in determining the degree of sequence similanty
(including appropriate penalties for gap introductions). A preferred algorithm isthe BLAST
25 algorithm implemented at the GenBank website under the auspices of the National Center
for Biotechnology Information
(http://www .ncbi.nlm.nih.gov/BLAST/) using default parameters. A polynucleotide of
the invention may be partially or wholly chemically synthesized and embraces an anti-

sense polynucleotide which specifically hybridizes to the complement of one or more of

30  the above-described polynucleotides. In related aspects, the invention comprehends
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22 JUL 2004 WO 01/ 38533 PCT/ US00/ 32225 an environment using’a$gdléific

nmeasur ene f ol ynucl eoti de or polypeptide according Lhyention.
Anot her agﬁ)e@llssg?sot he invention is directed to treatnent n%?ﬂ‘?}ﬂ@?mﬁﬁg
i nvention contenpl ates nethods of killing or inhibiting the viability of

I nvertebrates 5 using the nodul ators descri bed above or identified as
descri bed above, including antibodies and anti sense pol ynucl eoti des. Such

hods i ncl ud hods . f | ' ' - Lnf ecti d
rechods LA TR IR RIS s RNy SRS Ao s cause

- endo- par asidri sé%s[u\éﬁéés?ﬁw&fng@iﬁ%@si@ﬁ‘de@tbr@?ﬁs WAl BRhorhhtieIHost cr ticul arly
those ailnments relating to aberrant neurol ogi cal functioning, are treated

by adni ni strasforgietGoraransietiodwithd polphuckotide ; znsouiancowith thowuertiapror a
GPCR-1i ke receptor polynucleotjde, or.. GPCR-li.ke receptor, to.a,cell. tissue,
organi sm st esl ragsipmngd ordran e?@@:i‘?’ﬁﬁhcfh‘éeéth{ﬁ(g\lﬂﬁ ml"?f“[)%e ‘%llﬁ ?‘."mlbgee”aé’?”esuch
modul ators_i 1 i Em)sj Pl Ien htic

i nf ect |Bon ?[{sd}écwﬁat%ﬁﬁg{n% l(fu(:a gb i -br%c va itg?% nélﬁc)lrlr? ér%l{l@? at| onr}ﬂfz{eng‘l%!mns known
in 15 the @id, 608 cligi CROI N, HEIIVel s itsbetraziie . &.¢ Blrbsopllh ewidnogalter e. , a
| evel of activity capable of deleteriously affecting at |east ope

bi ol ogi cal Spreise Spodsipterafueinsrde SO0elipolighgesralshivegst cells, bactpaalicels (fathi sn)

activity | evel,.of dul.at qr., ~di rectl . indirectl ' or
et or 5 G @0 eBRT ey aBe SRy ARl kel nor BB RAPARENTR 0L
addi ti onal ,@epemts withdh@tvemiOSH] dpehd En tHR\Ditity @6 inMdducd € polyRucI2&idepiTar ent
to those skilled in the art upon consideration of the follow ng detail ed

descr ilpt i othedhvaritienpntefthe cadbbyarydaiowarneans of iraesfprmativmi o drangeqton. ED

DESCRI PTI THE PREFERRE NVBODI Th t .l ' h |
aspect s, c?ﬁ%fg: ¢ S&ﬁgrss%ﬂﬁﬁqaﬁﬁbwgﬁggagg%éghea\lsfﬁ{’]%th:fggﬁﬁé/ug?{feb?:tt ZE\C/;er :
pr ot ei n- coyPhRGLIERKRPNAN! pibYehth inprisaR] & obstacTed®é pRIpagaidnd W de variety

il
of pest organisns that affect the health of humans and ot her ani mals such
as donestic pets andirddthezespeckof the inventiomis diteatet 40 a gaeetically orodifiedcoupl ed

DO s e G RDbE S ARG TR g o=
Bl{?ggggg' g%%bﬁ%ﬁé}% RSB bsdvdlor k8mbhSing 36 84t th ' Ratibe pde VO
encoding a GPCR-like receptor {e.g., an insertional disruption or deletion of the gene) .
The GPCR-like receptor encoding gene may be expressed at normal levels for that gene
or may be overexpressed or underexpressed. A preferred invertebrate for generation of
genetically modified organisms is a member of the helminths.
20 Yet another aspect of the invention is drawn to diagnostic methods for
determining neurological abnormalities associated with aberrant GPCR-like receptor
activity. Such methods specifically measure the presence, and optionally quantity, of a
GPCR-like receptor polynucleotide according to the invention or the presence, and
optionally quantity or activity, of a GPCR-like receptor. Any method known in the art
25  may be used to measure the specific polynucleotides or polypeptides of the invention,
and measurements may be performed on intact organisms, isolated tissues, or cell
cultures. In a related aspect, the invention contemplates methods for diagnosing
invertebrate infestation of an organism (e.g., mammals such as humans, mammalian

livestock, other vertebrates such as fish, and non-pest invertebrates such as molluscs) or
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PCT/ US00/ 32225 Moreover, these receptors are found only in ¢gyeidilébrat es,
so t hat | . modul ators are safe for use around, humaﬂéT J as
their pet%@,%ﬁsjsgstock, and crops. A "GPCR-like receptor” is am%@{%@@pt i de
receptor exhibiting the structural characteristics of G protein-coupled
receptors (GPCRs), i_e., an N-term nal extracellular 5 region, conprising
several |oop-like domains (typically three), a transnmenbrane region

conpri sing sev I ' A 39:‘?9 Iceofidk bR b6 grpentine

di spositi ‘},?“Vél%@ﬁegﬁn?ﬁﬁ?rggégﬁﬁﬁ ar lrrg'algon&% np }dsCFEng sevgrgjpe‘:ﬁo%p-l I ke
domai ns ( LaddkdAe to/tHeMiestion. | nvertebrate neuropeptides show prof ound
neuronuscul ar effects and FaRPs represent the largest famly of such

neur opept i des: known Anotheataspecnof thaRPrenlign i ditggtedrorreatment methedsed hgept i de. ™

A "FMRFam de," in turn, is a relatiyely snal.l. ti.de,.. typically having
2- 15 am nomanionconsRplaigs estbadsal s r intiuitin§ ik gy ot PrEfben no
acids. (F t | - i . . hit - .

neur oBhys’fh{gF%bh%c'g{)algP @é%@és%ﬁ%f%{)rog@ BFL‘%He' l%‘% gé‘g"?sg’ﬁgﬁi%é’% ’o]l?pc)lg ln|‘gn a cl ass
of neur opephtistRisestanatanfise@e polyhiicléstiiesi Soctamethiogaittdude metRBERbor trkang

receptors. A "nodulator” is an effector of a GPCR-like receptor function,
whi ch 15 infestaithmstand/opinfastinns sruSH &Y S varshyeo | inyaatebsate peia nduding hothy

nb , and_sjagnal _tr uction, S ' '
Change | neRReaLiRPrRatfr; it 1y af yiibead ORBCAHIA) B ERY, daficalarp, 2
vari ous gyt diineh@ reldfhe R dbtesnt WikdlogieslRaaétidron® ey e b®by diaisteriih

pol ypepti des of the invention, "synthesized," as used herein and understood
in tH® ar abiolpgitaixeffestiveamount el ingdelaior, GBCR pdst iegedorpdmnectegtid opur el v

chem cal , yosed [ o, 20 matic, nmethods.. "Wolly:' t hesj

sequences Cﬁ’i"é%ﬁ%r%%‘%&%@éé&“eeﬁﬁww %?"VIEWnééﬁ\ém %gr%g jq%g%gﬁcﬂvn
“partial | yy g\t hesi zed sequences enbrace those wherein only portions of
the resulting polynucl eotide or polypeptide were produced by chem cal

means. The present iUseaxftsicinmodolatiode m thaprdpasatioared 2 medicaraent joy tyaatibg eot i des
(e.g., DNA sequepnces and RNA transcri,pts, bo sense.and conpl.enent.ary
anti sense Pé’fals‘ét’ﬁd%t%cn%‘siagﬂ ?P&F@étﬁﬁi-ée"w ‘PP‘FZTPBB? j'e%lﬁg%c}?‘r? i

| nvertsebr r.QLfivle fPERVR 2 HRESRLAE A ANRGPOL YN ULt drdeEvisf caphiSle

i nven Sfonq#cﬁc tde ggnﬂg%%g DNA, acﬁ‘[‘;ﬁ:l\élx?,E and yDNA tlhagI has cbeen chteyr?i EcJaI |y

synt hesi zed deleterdoatly affiecting gdedst oftebiokigicaDbivcess daflreparasitenon moregenenllyes t he

protein coding regiqon for, a _.polypeptide of .the inventigon and includes
al lelic vafRRRHOTEIEFRLICUVILY Iexel ﬂf yagulTediescdlyPr Bgreotly; 1o aRasHE 4 genes,

T 2004 Wl SRS hbARE A BE - haRepkuicol i, underoo one - 19 22

Numerous additional aspects and advantages of the invention will become

20  apparent to those skilled in the art upon consideration of the following detailed

description of the preferred embodiments of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention has several aspects, one of which is modulating the
25 activity of invertebrate G protein-coupled receptors, which is useful in controlling a wide
variety of pest organisms that affect the health of humans and other animals such as
domestic pets and livestock, as well as plants. The G protein-coupled receptors typically
transduce signals involved in the neurophysiological functioning of the target mvertebrates

and interference with that functioning frequently proves fatal to the target organism.

12 -



or nore splicing events wherein intron (i.e., non-coding rggi,ﬁg?@m of the
transcripts are renpved, or "spliced out." RNA transcripts t can be
spliced bYOMBEBdati ve nechani sns, and therefore be subj eRETIUSWERY 2l of
di fferent RNA sequences but still encode the sane polypeptide, are
referred to in the art as splice variants. Splice variants therefore are 5
encoded by the sane original genom c DNA sequences but arise fromdistinct
MRNA transcripts found in at |eas 9 nons:

ne cell .. Byway of limtin
exampl e, - AL HieSh drcrRiraare JpUTh Y 4y ST A e o Re R BF MRS e of
the parti ' ' ' ik d: L R |l ow. Table I SE
I DNaﬁeW)r %éﬁoﬁezggg'ﬁ%gﬁ]?%rﬁséh@g?é;tﬁ#%&%ﬁllggg%%n%&oggp del etion bet weQen
nucl eoti des 594-595 ¢f “GPCRHikeYerdptGCHEIPERYpélide Feokptap edieibitingahe Stedongeh
nucl eoti des 594-595 of SEQ | D NO 3; addition of nucleotides 868-912 of SEQ
ID NO 3 5CharcRrIstruafG mosimeounied racepfort (GPCRSI! &f ansNaermpnploegracgiiiat i on

O o2 P LRy iEL a8 o0 S o SR Dbty S b o
addi tion alonmrishifttheQbn SN doriGhirr ke @in DYl seRfenBRIdiBpIIANY, hites
173-174 of SEQ 1D NG 7; deletion of 12 bp bBetween nucl eotides 1115-1116 of
SEQ | D NOah iBCREMCRE 2edidd cEinpasing sealilvopiikadorsaine fioipiofilyShige).D NO 9;
delet on of 52 o bejtecr, el col deg 1,00 SER R0 Srnd PPy 5
o Dot et oby Sl Bl & EF p g ol o SFake et yeer
syst emd us etF MIRFasnittecrelatas pepiitie.’t oA t'AMRIPNde, ab@drnny a sysivein sisat peptide,
related USt?rEIicglcl))/f %Sv%th 42&-31 S(a%iigé hcigg,?ﬁﬁzgc}?e%ra{ l%gft?l?rg:g o t?le Ii:”)ol\luli'Jﬁstatle)d'amino acids
(FMRF) at its C-terminus. Generally, FaRPs exhibit neurophysiological effects and are
therefore properly grouped in a class of neuropeptides that frequently function as ligands of
GPCR-like receptors. A “modulator” is an effector of a GPCR-like receptor function, which
15 include the binding of one or more ligands, localization to a membrane, and signal
transduction. Signal transduction may involve achange in the relative affinities of a GPCR-
_ associated G protein for various guanidylate nucleotides. With respect to polynucleotides
- and polypeptides of the invention, "synthesized," as used herein and understood in the art,
refers to polynucleotides or polypeptides produced by purely chemical, as opposed to

20  enzymatic, methods. "Wholly" synthesized sequences are therefore produced entirely by

o chemical means, and "partially” synthesized sequences embrace those wherein only portions
of the resulting polynucleotide or polypeptide were produced by chemical means.

The present invention provides purified and isolated polynucleotides (e.g.,

DNA sequences and RNA transcripts, both sense and complementary antisense strands,

25  including splice variants thereof) encoding invertebrate G protein-coupled receptors. DNA
polynucleotides of the invention include genomic DNA, ¢cDNA, and DNA that has been
chemically synthesized in whole or in part.

Genomic DNA of the invention comprises the protein coding region for a
polypeptide of the invention and includes allelic variants thereof. It is widely understood

30 that, for many genes, genomic DNA is transcribed into RNA transcripts that undergo one

- 13-



- 14 WD 01/38533 22 JUL 2004 PCT/ US00/ 32225 SEQ 1DNameWriripgh 1004

NGsequen ' nce(s) 17CEGPCR18aY54E2A. del etion of 58

nucl eot i Sg{gbil'@%éflo% of ISEQID NO 17; deletion of 32 b%é@é@ﬁﬁq

nucl eotides 1331- 1332 of SEQ ID NO 17 106CEGPCR19. 1Y58(8a. 1

104CEGPCR19. 2Y58CG8a. 2 114CEGPCR24aY59H 11A La-01 116CEGPCR24bY59H 1A
1.a-02 Allelic variants are nodified forns of a wild-type gene sequence,
the nodifj L QIy: L ' f : | nat 1 o0y | f -

seqr egat | Shiart SRHGRE HEAE Wt AMRERE TR, RO FodithsS DY OBRAREPIS 47 1 o,
Allelic vedmhaedser ‘spheedwutd RNPErHea@Rs thak €anle spREddbylaltgrratioe fifeb Rghisms,
sequences (as opposed to non-naturally occurring variants which arise from
in vitro aehthewmfare bersubjeshe ramovall afalifenept BNAnstquensys buicsullancpds b samie

I nvention so conprehends, cDNA . that is obtained through reve

transcri pPPRRERIIdCA ATIGAETRR (i ihs AT A SRERSYATHES: noRiCeiriants @%%597"? ¥&

recepikors ‘bsz“r‘h' el ofididr! i r '§é’?§o§%‘?%is‘€ ef mRNA
conpl gnen?%éo?ggt ang%![aoep‘%f%%éeg%ﬁqécb%%%g@%{l%nﬂggnm . In Igddl tionto
CDNA f or merandcripifopmd inraulzhaohe das Byemt offioadirhiting Erdbhge) seasrabphbakments
vari ants, Freferre,d cDNAs according to the invention include those

pol ynucl e8f thgdavention ate chagiergedbyeneitheparighinmicyyagapisedesiiedindable seo

I D NCS: 13, 1,1 and 21. These sequences differ from sequences in the
VWor mpep dat Abase that exhibit some sinil arity thereto, as shown in Table
2. 20 Table 2 25 SEQ | DW or npep Table 1
10 SEQ
ID . Wormpep
NO Name sequence | Difference(s)
i CEGPCR1a' | AC7.1 94 bp deletion between nucleotides 594-595 of SEQ
ID NO:1

3 CEGPCRIf AC7.1 94 bp deletion between nucleotides 594-595 of SEQ
- ID NO:3; addition of nucleotides 868-912 of SEQ ID
NO:3

15 5 CEGPCRI12c | F41E7.3 | 90 bp addition at 5’ end of SEQ 1D NO:5; deletion of
52 bp between nucleotides 173-174 of SEQ ID NO:5;
deletion of 6 bp between nucleotides 1115-1116 of
SEQ ID NQO:5

7 CEGPCR12h | F41E7.3 90 bp addition at 5’ end of SEQ ID NO:7; deletion of
52 bp between nucleotides 173-174 of SEQ ID NO:7;
deletion of 12 bp between nucleotides 1115-1116 of
SEQ ID NO:7 '

9 CEGPCR12u | F41E7.3 | 90 bp addition at 5” end of SEQ ID NO:9; deletion of
52 bp between nucleotides 173-174 of SEQ ID NO:9

11 CEGPCRI12v |F41E7.3 | 90 bp addition at 5’ end of SEQ D NO:11; deletion
of 52 bp between nucleotides 173-174 of SEQ ID
NO:11; addition of 97 bp between nucleotides 1115-
1212 of SEQ ID NO:11

' The “CEGPCR” labeling system used herein corresponds to the “PNU” labeling
system used in related USSN 60/162,523 (e.g., CEGPCRa corresponds to PNU1a).

-14 -



NONanesequenceDi fference(s) CEGPCRIa -15 5 10 15 WO 01/ 38573§ JUL 2004

PCT/ US00/ 32225 SEQ | DNameWbr npep NOsequenceDi fference(s) cegpcrl ia, f),
cegpcr4, YOYYEE833 cegperil, cegperl2(c,h, u,v), cegpci 13, ng ¥/32225
cegpcrl 8, cegpcrl9(L,S) , cegpcr22, cegpcr24(a,b) 21CEGPCRACL6D6. 2del eti on
of 55 bp between nucl eotides 1070- 1071 of SEQ ID NO 21 CEGPCRS CEGPCR11
CEGPCR12c CEGPCR12h CEGPCR12u CEGPCR12v 13CEGPCRI 3TO5AI. 1del etion of 85 bp

l tidac ZEO_7CA £ oA 1NN 19 A+ £_99p 1 bat
bet ween nueteoti-des—+53—+5 O—oCQ T o NO— Lo, —attt o0 —=z0—pBpP—pet et

nucl eot i dgsSERQ6- 1152 of SEQ ID NO L3

D Name Wormpep
NO sequence | Difference(s)

17 CEGPCRI18z | Y54E2A. | deletion of 58 bp between nucleotides 1089-1090 of
1 SEQ ID NO:17; deletion of 32 bp between
nucleotides 1331- 1332 of SEQ ID NO:17

106 | CEGPCRI19.1 | Y58G8a.l
1104 | CEGPCR19.2 | Y58G8a.2

114 | CEGPCR24a | Y59H11A
1.a-01]

5 116 | CEGPCR24b | Y59HI11A
1.a-02

Allelic variants are modified forms of a wild-type gene sequence, the

:modiﬁcation resulting from recombinartion during chromosomal segregation or exposure to

conditions which give rise to genetic mutation. Allelic variants, ike wild type genes, are

10 naturally occurring sequences (as opposed to non-naturally occurring variants which arise
. from in vitro manipulation), and are also comprehended by the invention.

The mvention also comprehends cDNA that is obtained through reverse

_-transcription of an RNA polynucleotide encoding invertebrate GPCR-like receptors

(conventionally followed by second strand synthesis of a complementary strand to provide

15  adouble-stranded DNA). In addition to cDNA forms of the polynucleotides identified in

Table 1 as splice variants, preferred cDNAs according to the invention include those
polynucleotides having sequences selected from the group consisting of SEQ 1D NOS: 13,
15 and 21. These sequences differ from sequences in the Wormpep database that exhibit

some similarity thereto, as shown in Table 2.

20
Table 2
SEQ
Eo Name :Z:Ei? Difference(s)
25 CEGPCR!a

-}5-



15CEGPCRI 4ZC412. 1del etion of 92 bp between nucl eotides 1277

NO 15

A
110CEGP .

PCT/ US00/ 32225 SEQ | DWor npep NONanesequenceDi f f er ence(s)
116CEGPCR24bY59H11A L. b Preferred DNA sequences encodi ng invertebrate

A2, am/@f SEQ I D
AYS4E2A 1 a 106CEGPCRLO. 1Y58G8a. 1 104CEGPQRIG S Mo ga 2
114CEGPCR24aY59H1I A L. a -16 WO 0113853FQ7HS09(32225004

GPCR-1i ke receptor poI ypeptldes are set out in SEQID NGs: 1, 3, 5 7, 9,
11, 13, 1577192t —287 2527929, 5313373537,
39, 41, 43, 4558Q4] 106, 108, 110, 112, 114 1 16, 176 and 178. A preferred of
the i nventfimn conprises a w&hq)e@tranded mol ecul e (for exanple, the
nmol ecul e ' gﬂ}é‘ﬁé of th s&ﬁ%g@ce D$@dred [N i n the above-referenced SEQ
I D NCs, alle R e D - i or
"conpl enengt ") h%eopqlga geq ence unalbi guously deduci bl e from one of tlhose
sequences, | accor dohgrat 0 Wafson- Cri ck| base 10 pairing rules for DNA). Also
preferred-:jare o|: gcgol ynu¢l eoti des pncodi ng one of the invertebrate
GPCR-1i ke [recept 0 quypep|des of SEQ ID NGs: 2, 4, 6, 8, 10, 12,. 14,16,
18, 20, 22, 24, °8B3g 30, 32, 34,36, 38, 40, 42,44, 46,105, 107,109,
111, 113, 115 19egperd 2ED, and 179 wh| ch may differ in sequence fromthe¢ -
correspondi ng pb‘ﬂy)\ucleotles of SEQQID NGs: 1, 3, 5, 7, 9, 11, 13,15} 17,
19, 21, 23, 25,|&gpud9, 31f 33, 35, B7, 39, 41, 43, 45, 104, 15 106, 108,
110, 112, {114, Nddepcld6 and 178 by virtue of the well-known degeneracy |of
the universal pengtiig cod¢. The invention further enbraces invertebrate
speci es (preferag,_l 19 erﬁﬁh and inpect) honol ogs of the disclosed
GPCR-| i ke {DNAs. éﬁ? Dl ogs, sofretinmes referred to as "orthologs,|" in
0 0 0 0% 4
general shjare at cegp 34(31)5)/(; at |east|40% at |east 45% at |east 50% at
21 CEGPCR4 Cl16D6.2 deletion of 55 bp between nucleotides 1070-
1071 of SEQ ID NO:21
CEGPCRS
CEGPCR11
5 CEGPCR12c
CEGPCR12h
CEGPCR12u
CEGPCRI12v
113 CEGPCR13 TO5A1.1 deletion of 85 bp between nucleotides 753-754 .
of SEQ ID NO:13; addition of 226 bp between )
nucleotides 926-1152 of SEQ ID NO:13
10 |15 |CEGPCR14 |ZC412.1 | deletion of 92 bp between nucleotides 1277-
1278 of SEQ ID NO:15
17 CEGPCR18a | Y54E2A.l
a
106 | CEGPCRI19.1 | Y58GR8a.l
104 | CEGPCR19.2" | Y58GBa.2
110 | CEGPCR22 | C06G4.5
15 114 [ CEGPCR24a | YS9HI1A
L.a

-16 -



20 |l east 60% at |east 65% at |least 70% at |east 75% at Zlfﬁ‘@i_tgﬂﬁp% at

| east 859% _at h st 90% at |east 95% at |east 98% or at least 99%
simlari t@"’\?a‘{’ "“Che DNA sequences disclosed herein. PerceﬁFTwm%
"simlarity" with respect to polynucl eotides of the invention is defined
herein as the percentage of nucl eotide bases in the candi date sequence that
are identical to nucleotides in the relevant sequences set forth in the
sequence Istifg—betow—25rafter—atigning—the—sequences and—TntroductT
gaps, if n&\€ssary, to achjeve the Xi mum percent sequence identity.
Preferred{fipr ¢onparative begiifipe nal yses is the BLAST -17 WO 01/ 385B3
PCT/ USO0/ 3 5 |g¥&Ye am ava L&Q.Bﬁcfr r]b@g_‘% kfpl emented with defaul t

par amet er 9 | <0 preferredt s the las all bt ogram—avait-able—f rom-NcB
The pol ynughgottilegpegygrcpyisnfjon gatii on provi ded by the invention nmake
possi bl e ljarge [scal e exprepgion of gn encoded pol ypepti de by techni que
well knowtiand !l 5 routinell/ i i i . i
invention also pernmt identification and isolation of polynucleotides
encodi ng related GPCR-l.i k pept i , .Such a f Ikt L O
allelic variants an%ﬁe&eﬁew%ﬁﬁéﬁb?ﬂcﬁgmg inr%\an%brtagecgjnff%‘gys&i 'lr%gﬁ%utgﬁ ng
Sout her n Wbti&@ér@@ét%uh%lt@maﬂd}@m 3a0d, by1 RaRyrenasm, ohai 3 26 ez 29pn
(PCR). Exanples of related polynucl eotides include polynucl eoti des

‘encodihig pdl, $peit Bded9, Bdnl, 4§03, 186,t198, 110,11 A%chlde bt 86 amtRES. o areferred

structural rel ated | ypepti.des shari ng one or re- bi ol ogi cal

i munol ogi llc)ﬁlA °flatﬁ8/"6¥£’ﬁﬁij( g?’%‘ﬁf 15%%@‘5’3’1}7 g@a#ﬁﬁ%g@?@&gyamﬁ%ﬁf neiequle
genes encogyih o/ dTitRe QuEREPEQIONR irf the bbSvdictét o8 S EGPIRNOz a8 0/¢ Sthhge
identified by “Sout hern and/or PCR analysis and are useful in nethods of

t he i nventdcomplereemtaintmdlebele dthe ‘Knowodingestrand? he“complernprtd) biving e selusbrdsed
GPCR- encodi ng ,DNAs al e ossi hl.e, through use of 15 ut her.

ybr 1 di ¢ VEb By hdedudBleEeh e ol s sreae Ararde by WIS petcques,
the pgentyf 'ngghne@ £ DRANOMA 5o [hé¥esred Ued ofier PoRAUEIRG (ISR cSHRE ¥88 i¥lthe

control regulatory sequences such as pronoters,” operators, enhancers,
r epr essor sinvenebrart IGRCR-&etextpoypolypeplicies e BSEQEMN O 2t heb, 8110, 12, 14,16, 18,

o dotect thaerhasi 1 Be%ar & 38 Dt Bl bl s ke g T
di scl osur eaﬁaﬁﬁi @hﬁh n?ayfdf{(fér-ih%e@ﬁcpﬁiowe 'ceﬁkép@ﬁdiﬁ S8 finlSleb iR of SeCRiTs
poly es‘m I I a

GPCR-1i ke pepti es re l'y aval | able’to the Wworker of ordinary
skill in tNesart3, sever,11pds$6p1%E 107 20g128n2s,@7, 23 1f 83,135, 8Rgi%h41, 43, 45, 104,
pol ynucl eoti des. The invention therefore provides f nments of

nver 88br a1@, EBEA Mhdbai N, by AErEdrs dusdun st the piel qiovmalksenaracyiof the ng

preferably , 25,50, or 75 consecutive nucleotides of a
pol ynucl eo@g%ljs%%%aﬁ%&g% an invertebrate GPCR

The invention further embraces invertebrate species (preferably helminth and

insect) homologs of the disclosed GPCR-like DNAs. Species homologs, sometimesreferred
to as “orthologs,” in general share at least 35%, at least 40%, at least 45%, at least 50%, at
20 Jeast 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 98%, or at least 99% similarity with the DNA sequences disclosed
herein. Percent sequence “‘similarity” with respect to polynucleotides of the invention is
defined herein as the percentage of nucleotide bases in the candidate sequence that are
identical to nucleotides in the relevant sequences set forth in the sequence listing below,
25 after aligning the sequences and introducing gaps, if necessary, to achieve the maximum

percent sequence identity. Preferred for comparative sequence analyses is the BLAST

217 -



Fragment pol ynucl eoti des contenpl ated by the invention encodge. ! 2004

I mmunol ogy ctive peptides capable of interacting wt 1fic
anti - @C%bgzrﬁl}i%% ies, as well as domains of GPCRs. The @Eﬁég’gﬁ%ﬁ? (i.e.,

the N-term nal extracellular donmain, one or nore of the three
extracel lul ar | oop domai ns, one or nore of the seven 30 transnmenbrane
domai ns, one or nore of the three intracellular |oop donmains, or the C -18

WO 01/38533 2 2 JUL 2004 UsS00/ 32 rd nal _intracell ul ar. dojain) of
{ver t obr e EB R aEom G TR T B Tl prra il Mol e SRR U
Table 6, bghauw pfidihmla9Bgble fbnfegrEnt pol ynucl eotides ‘can be |inked to
pol ynucl eoti des encodi ng het erol ogous pol ypeptides, e.g., for producing

variants that are fTisé polyprdesidesequente affemsiby prévidghmnthe polephorchakes des
of the inventjon conprise sequenges unique to gpﬁﬁpf t he di scl| osed
GPCR- encodosybledaigsrcels cxprrasion gf ar erdRd privasptle d@?hn'wegn*fe§1 o mgsht or

moder a¢ el %Plﬁt‘('ijﬁeésl?gﬁgg%ﬁ%ﬁgﬂ%éatagtf?g%p%ﬂl:%oé&es%f{he'iﬁ%ﬁg&g@%@;%r}é{r}Digélﬂiﬁcati?g and

pol ynucl eo cl-osed I nvertebra ragmen

t hereof ) agslatiért dfopolp@hdtévtides Qincagisg RO GPCR-MRE $IPERP1IIEY| yubhicisetid de
fragments of genom c sequences 10 of the invention conprise not only.
sequences aferementiored alsle yamangs snskfiperies barnolaps &y welldwendechsiquenmciuding

hone 1 1 ancTeaREd SRR I RRleE B P e N e RaRE R P et P!
i nventi on @rQale8pOnALABS s iddMiRBIVIHERUBIGREQTRAII Feptid hohdoRipokisioWhe

pol ynucl eoti des, and can be identified through wuse of alignnent prograns
rout i el y invértebrasd GRCR$handsstructuzaldy relatbd pelypeptiles sharinglsing or mqsebialegies,

dat ab .S | i zabl e f Sout her. |
hybr i di zat PERANOIoGFYer PYSICAT FRoRErien af TGP CRe- A Ve PR Basies GRrading ona
to which g, BRinsHet3esduE fo thililsk1od¥PGPERE Ban ATEY BEHEAERIIIbY SSufterr 4h@/dr PCROL | ON

can be labeled in a manner that permts their detection, including

r adi oact i vanalysisuowdese @sefinl armiethody ofitheciny erisioni degeriredphemt Kmomwjedgeloddbe des
are particularly usefu]. as pr for . .de lon of . 20 full-1ength

ver tebr sgueasereh e dlissdosoh (SPCRrengeang 1%t Al ek rascPbls: LEBTEY 4eh s

t her ep§ LARATE i Do U dedridies hé hat
are ugged %&é@{nelc ﬁ(th%‘riet pr @ﬁ%ﬁ?“ﬁ@%ﬁ}%ﬁgﬁh e tencodi nge anldﬁke

i nvert ebr adentifRG@Roh iof gencmeNA sepqhgpepenading GPCBsegrdssiodebpice! regulatry ons

in a polynucl eotide sequence encodi n&)ﬁsuch a pol ypeptide. The invention
al so enbr SXYETISRASUER RSP AtFS e PPEB ’eewlq’i%@“%&pm‘g/ﬁﬁﬁfiraﬁ AORR ¢

T e MBS AR B A MR iy
sequences @edys to detect the capacity of cells to express an invertebrate GPCR.

20 The disclosure herein of a full-length polynucleotide encoding invertebrate
GPCR-like polypeptides makes readily available to the worker of ordinary skill in the art
every possible fragment of the full-length polynucleotides. The invention therefore provides
fragments of invertebrate GPCR-encoding polynucleotides comprising at least 14-15, and
preferably at least 18, 20, 25, 50, or 75 consecutive nucleotides of a polynucleotide encoding

25 an invertebrate GPCR.

Fragment polynucleotides contemplated by the invention encode
immunologically active peptides capable of interacting with specific anti-GPCR antibodies,
as well as domains of GPCRs. The GPCR domains (i.e., the N-terminal extracellular

domain, one or more of the three extracellular loop domains, one or more of the seven

30 transmembrane domains, one or more of the three intracellular loop domains, or the C-
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forth in SEQID NGs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 21,%??4”%@% 27, 29,
31, 33, 35, 37,.39, 41, 43, 45, 104, 106, 108, 110, 112, , , 176 and
178. ExeMPAI3Bdnditi ons of high stringency are as fol | onBET/HS#¥I25 at i on
at 30 42Cin a solution (i.e., a hybridization solution) conprising 50%
formam de, 1% SDS, 1 -19 22 JUL 2004 WO 01/38533 M NaCl, 10% Dext r an

sul fate, and washing twice for 30 mnutes at 60C in a wash sol ution

i Si 0..1 X SSC d 1%SpDS.. It i t i th t that . .
Ol 1 onderBiinal oirane] Gt doraginy AGaN eyt Ral T e doted Hefbio d haeeriasd i8n of

t enper at un r t ' [ | |, et
ol Eds. PRy Sah) Table pFBN EQPRAERS i BENFIERIGE G Be RIS - D
6.0.3 to Gofynhbleolibidi dnic6dihi hoRrdlogdisiyol Wepadespa gl qoflplodotifg eamantdehat are
enpirically determ ned or precisely calcul ated based on the length and the
per cent agdusipn PIRIRIA®Si ne/ cyt osi ne (GC) base pairing of the probe. The

hybri di zati on condi ti ops ,¢can. be al cul gt ed. as . descri hed in Sanbrook, et
o e ) vl eculPieryea rament Pl SRRy D PesRF R Bor
Labor at or YonbguRS8 onERk theMEdIHR A TP ORenc g X&{dén&és?&%? theRffore hl/Bridizé (nd&-

9.51. The invention also provides a purifired and isolated invertebrate
GPCR- | i ke highdy y steipgerd e oe nmoderdtehy sinpgeny nenpidgainsdenbyf (fée Tspeehcdlyi) to
Presently preferred is a. pol ptide c risi one of the anm.no,acid
sequences P9 “8[‘1"9“8?? %E@‘Fé"ﬁ@ﬁ’?eé‘,mﬁf‘g@, te @%&%6‘?1'1 ,gflﬁni%‘,ﬁerfgb apg nobts

24, 26, 28’po c@%tidg’s‘%é:cg?cﬁn Sthet PR 4 Pt ucmﬁge ]&Ql%vneﬁtg%f ﬁéﬁ'o]n ic%éqlkilig’es 115,
117, 177, "'and 1/9, and spetCi es honol ogs ereof. The 1 nvention al so

enbr atles o tKeRfiRritiok eompliyeaapbnlyscqrenoaanidyye tathBhiddiag regidne butfatsorfraghentyr oup

consisting of :. (a) the DNA sequence set out in any ope of SEQ |D NOs: 1,
3, 5 7, ®f tm,fuli@%ngﬂsfieqr??cel@?m?ﬂ,fr%,mtrm g58ulaigry @ﬂongasendgfy, O%ﬂ nay 41,

43,45, 10 1 ' 0gs

t her eof ; ;hr'la(?l@%d Sé%éshgfﬁgulfee en%%%‘?ﬂ%lﬁéc&%ggp %lzﬁtg@glgﬁnelﬁ%%gé S?:qtéﬁt ait‘3 20

hybri di zeshnghsequendt coimpartisef to ptidekadven polyinicidotides, andeandy identifibeé thobidhof

(a). The invention further enbraces_polypeptides that have at | east about

99% at | eawe ohplgnment proggams roukigely mibized Wobg arse.£-ethose BBLRIvVagsls mpublicast

about S0%,
1

;
" oast  Zoourafyse Bpbe s Suck 3iuehes ARTeRP M pizabE frofh S nEBRa I

and/ or honamaBgys todetehfineied Muniset of agpeins ofgenoafic ONA towhieh a@olynReeatalet
am no acid 25 sequence "identity" with respect to the preferred ,
pol ypept i cesl kb - iRphanclegtidesolthe imegtion sare be 1absledia agasnnsh thay Bewitsani no

acid residues ,in the.candi dat.e sequence that are_jd ' l with the
e dbee. 1 HEF deleldl At Bldfo R RO SHEFesk O arlf Sl RERE bR 1 11 10
sequences and i ntr OFkagnBSt EAtucldotidBese paRicklarkysefiil aSPRbEONR T ABteL HBHDS

percent sequence identity, and not )
full-length invertebrate GPCR-like polynucleotides, or other polynucleotide fragments

thereof. One or more fragment polynucleotides canbe included inkits that are used 1o detect
the presence of a polynucleotide encoding an invertebrate GPCR-like receptor polypeptide,
or used to detect variations in a polynucieotide sequence encoding such a polypeptide.
The invention also embraces DNAs encoding invertebrate GPCR-like
25 polypeptides that hybridize under conditions of moderate or high stringency to the
non-coding strand, or complement, of a polynucleotide comprising one of the sequences set
forthin SEQID NOs: 1,3,5,7.9, 11,13, 15, 17,19 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41,43,45,104,100,108,110,112,114,116, 176 and 178.
Exemplary conditions of high stringency are as follows: hybndizanon at

30  42°Cin a solution (i.e., a hybridization solution) comprising 50% formamide, 1% SDS, 1
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consi dering any conservative substitutions as part of the se? e,gfz
I dentity. _ Percent sequence 30 "honol ogy" wth respect to the zr“ Wb ed

pol ypept iWOD1I5PBhe invention is defined herein as -20 22 JUL 2004 WD
01/ 38533 PCT/ US00/ 32225 the percentage of amino acid residues in the

candi dat e sequence that are identical with the residues in one of the
GPCR-1i ke receptor polypeptide sequences after aligning the sequences and

i nt roduci S,k fn Necessary, to _achieve the nmaxi num cent segyence
dent: ty, MNIRET0% DRBRR SRR anft S0 B Ga o0 RN RAFCERE et HIFES
t he seque ' | i ¥ tyi RO | , out
e O R S L L U
natural ismiegeneradne beehthiswedr desugh . vimtibe ofhegmperdtine apdt hefdrz ad, sdlut

are preferably produced by reconbinant procedures involving host cells of
t he i nventoopgentation-asidescripsddn Pusvhedtes abfEds. h Brotacolsin Maleswlar Biolegy, folmengt h

I ti i gl 0gi,cal i f t [ ant 0 th f _which
ot a1 spatipy & Bpar gD ehpros O iR b dg ded iadiond it pPRAriem 8 haEne Sy 1 se
GPCR- | i ke QalnyRaRillytRtaiahus g‘ﬁé‘bﬁe@)} Ch1ANAPbaseB bR (1l led IR asP@eipblRftagt of -
naturally encoded) amno acids is ‘deleted or replaced or wherein one or

nmor e non- gecosingcytasing (GChbasespasmeg atithedrotiel ) Tha bybodizatios sonditiong cay beror e

of the biological aciivities or i nol ogi cal racteristic ecific for
he GPCR. 1G4RITIER apssoriis o SamiP Rk gt 1o Slaiedfae fiognead BBETerd | or
bi ol ogi calnafid Ve spking MarbdrERbbiakdty PRYAEAE ISPRing Hardo? IR iyRel frse) ippn
variants -also incl l?g,em%ragrrént S Iaac I ng porti gnggof a GPCR- I kgpj hop
pol ypHpt i dedhet9.83sential for biological activity, and insertion variants

e e T Do e RS LD M AP T kg Rl pRsplde o

Coroer o R A4iaay ' ORI AT A s 1

char gedD Bpdiypeptide cainpriking ovié ¥f (Hehuatihb Qrid sEqiiceZsed bt i @GEBQ ID NOs : 2, 4, 6,

8,10,12,14,16,18, 20,22, 24,26, 28, 30, 32, 34, 36, 38,40,42, 44, 46,105, 107, 109, 111,

15 113, 115,117, 177, and 179, and species homologs thereof. The invention also embraces

a GPCR-like polypeptide encoded by a DNA selected from the group consisting of : (a) the

DNA sequence set out in any one of SEQIDNOs: 1, 3,5,7,9, 11,13, 15,17, 19, 21, 23,

25,27,29, 31,33, 35,37,39,41,43,45,104, 106, 108,110,112, 114,116, 176 and 178 and

species homologs thereof; and (b) a DNA molecule encoding a GPCR-like gene product that

20 hybridizes under conditions of moderate or high stringency to the DNA of (a). The
invention further embraces polypeptides that have at least about 99%,at least about 5%, at )

least about 90%, at least about 85%, at least about 80%, at least about 75%, at least about

70%, at least about 65%, at least about 60%, at Jeast about 55%, and at least about 50%

identity and/or homology to the preferred polypeptides of the invention. Percent amino acid

25 sequence “identity” with respect to the preferred polypeptides of the invention is defined

herein as the percentage of amino acid residues in the candidate sequence that are identical

with the residues in the GPCR-like gene product sequence after aligning both sequences and

introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not

considering any conservative substitutions as part of the sequence identity. Percent sequence

30  “homology” with respect to the preferred polypeptides of the invention is defined herein as

-20-



WO 01/ 38533 Table 4 Conservative Substitutions Il 5SI DE CHAIN!i 7004

CHARACTERI ST, NO ACI D Non-pol ar (hydrophobic) AL I VP A Aliphatic: F
WY B. A%&é‘%@wloc Sul fur-containing: MD. Borderline: GC@H@QQ’P%@& pol ar

S TYOS5A Hydroxyl: NQB. Amides: CC. Sulfhydryl: D. Borderline:
Positively Charged (Basic): K R H Negatively Charged (Acidic): DE 20
PCT/ US00/ 32225 Vari ant GPCR-1i ke polypeptides i ncl ude those wherein
conservati subst i t tions ve .been jntr tion o

pol ynuel ed e S S I sk Ly IR e e A I e SRR Y
substi tutiQaauédy f RE OaﬂtlﬁeéﬁC’R ke r@ebiok Bo If){ggaﬁaé ¥e§én@é§ aRe 24l %—ﬁno the

according to their relat physi cal prope and be de i nedl a3 set
out in Tadeheerites Gk etrodbchg/APel IBnedeswgey, idaclieNd the meakiMancperddit sddifkhce
(PCT/ GB96/ 02197 filed 916196).) Alternatively, conservative am no acids
can be grodpaiysandalspicaasidenngauy AergRIative SUBHUHENS A5DaBH thepanyansntdenplt h

FEIC L CME M S I s S PO T
' GPCR polypeptides of the invention may be isolated from natural
vertebrate cell sources or may be chemically synthesized, but are preferably produced by
recombinant procedures involving host cells of the invention. GPCR-like gene products of
the invention may be full-length polypeptides, biclogically active fragments, or variants
10 thereof which retain specific biological or immunological activity. Vanants may comprise
GPCR-like polypeptide analogs wherein one or more of the specified (i.e., naturally
encoded) amino acids is deleted or replaced or wherein one or more non-specified amino
acids are added: (1) without loss of one or more of the biological activities or immunological
characteristics specific for the GPCR-like receptor; or (2) with specific disablement of a
15 particular biological activity of the GPCR-hke polypeptide. Contemplated deletion vanants
also include fragments lacking portions of a GPCR-like polypeptide not essential for
- biological activity, and insertion variants include fusion polypeptides in which the wild-type

 GPCR-like polypeptide or fragment thereof has been fused to another polypeptide.

20 Table 3

* Conservative Substitutions J -

SIDE CHAIN CHARACTERISTIC AMINO ACID
Aliphatic  Non-polar GAPILV
25 Polar - uncharged CSTMNQ
Polar - charged DEKR
Aromatic HFWY
Other NQDE

30
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gene products, i.e., wherein |eaderor signal sequences are remved having
addi ti ona{wﬁm g3 termnal residues. GPCR-1ike gene products having an
addi ti onal met'hionine residue at position -1 are cont enpl ZCIAS083223F ¢
GPCR-|i ke receptors having additional nethionine and |ysine residues at
positions -2 and -1. Variants of these types are particularly useful for 35
reconbi nant protein production in bacterial cell types. Variants ofthe
invention also include gene products-ﬁ@)‘; gl n am no term nal sequences
derived from ot her proteins have been 2 JUL 2004 WD 01/38533
PCT/ US00/ 32225 i ntroduced, as @iservativédibdfibutiotRMPri si ng am no ternm nal
sequences that are not found in naturally occurring proteins. Another
conponent useful in sone #@W identifying nmodul ators of GPCR-1ike
receptor activity, descrj is a class of neuroBeptides t hat
includks 5 FaRPs. The &3k 3E1G | ar ge AMINOAECID hept i des t hat
typically function as neurot rar’l@dﬁ pdiler(hyﬂfbphhlac) nvertebrate nervous system
The FaRPs that are associated wi th athegghaeurophysi pliagpcal functions
general ly are about four to about nigne,agipe. acid ﬁ,sydues in length and
i ncl uq§ a CGtermnal amno acid segg rmtlf of %I’OI’YBII c)-X-R Fam de,

i

where X is typicallyM L, | or V ontaggy es 20.999-1019 (1999),
which :10 is incorporated byreferen qpderti e7ent| recfy However, peptides
that are exceptions to this r uBchaiged-polap contenpl ated by the invention,
particularly those that are co-encodedlysitordRP pré&clidsor genes or those
that share the characteristics of cBnfAmidesrg pepti &&Q. Al so contenplated
by thks i nvention are neuropeptide variSudhgdryi:ncl udimg FaRP variants,
peptides exhibiting an RYanm de notpf ,Bsgghigbher peptides such as

retro-inverso neuropeptides ( ggsmve’l} dﬁ {%9%}8; % Rgyt he D stereoi soners

of amno acids in a sequence t V. ref erence FaRP) For
exanple a retro-inverso varian g%%d,é@ly &B)L}?d be FD-RD- ' MD- FD- AD.

Neur opepti des such as FaRPs have been found in a wide variety of

i nvertebrates, including arthropods such as insects (e.g., |locusts and

flies such as 20 Drosophila) and |obsters, nollusks such as the snail

Lymaea stagnali s, aWi@EIGP@Rhﬁkesmnﬂypegﬁd@elimdheshc(se &herdih  @nég@nive A
Schj st osonma mansoni ) _and

igg tm od::g ° mﬁ%ﬂﬁfﬁﬁgﬁg t‘?uﬁsﬁg HH{ e”‘é‘wﬁfﬁi d'a"dl?lﬁ?tﬁ}“rrﬁf i BAlynkeeetidesgencoding

e BRI R R CABMTC LB B0 B3

provi2fes anohassid acatdiontwthereviatal phaSickiguperfies stdgmte deFNES as ¥dicahirar e

exanpl es QlIab}e@(.3 (§ée?§$0c9)f7/0g%g§ %%gg E(I) d;?usbhlélﬁgifl\l;lllarclhq 3, P9r9a7’c(tPIC%889é/%g] Sii'/'r,“i/i(lacr:',lt on.
9/6/96).) Alternatively, conservative amino acids can be grouped as defined in Lehninger,
[Biochemistry, Second Edition; Worth Publishers, Inc. NY:NY (1975), pp.71-77] as set out )
in Table 4.

30 Variant GPCR-like polypeptides of the invention include mature GPCR-like

gene products, i.e., wherein leader or signal sequences are removed, having additional amino
terminal residues. GPCR-like gene products having an additional methionine residue at
position -1 are contemplated, as are GPCR-like receptors having additional methionine and
lysine residues at positions -2 and -1. Variants of these types are particularly useful for

35 recombinant protein production in bacterial cell types. Variants of the invention also include

gene products wherein amino terminal sequences derived from other proteins have been
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WO 01/38533 Table 5 2 2 JUL 2004 PCT/US00/32225 C. el egansgz 'ULID‘UL

FNI RFam dee_d pepti des (FaRPs) and encodi ng genes 5 10
GENEANDST Y YPEPTH) ES PREDI CTED CHROMOSOMECHARACTERI fﬁﬁfl#&&ﬁﬁ%%ﬂﬁzow

GENE NUMBER FLP- 1SDPNFLRFaKI ?NFMRYa SADPNFLRFaAGSDPNFLPFa SQPNFLRFa
SQPNFLRFaASGDPNFLRFa ASGDPNFLRFaSDPNFLRFa AAADPNFLRFaAAADPNFLRFa SADPNFLRFa
KPNFLRFa FL P— 2 L RC;EPI RFa SPREPTRFa F' LP-3SPLGTMRFa TPLGTVR. Fa SAEPFGTN4 RFa

NPENDTPFGT EDALFI l\/RFa DGNAPEGTMVRFa EEPLGTVRES SADDSAP hng(Jj
NPLGTMVRFa 'r—“ FIRES A PTRATPIREBR ’F‘il’—*&"‘ﬁ?&ﬂ%#’lc AGREPREANA 1M

natural]y occurring protems.

Another component useful in some methods for identifying modulators of
GPCR-like receptor activity, describéd below, is a class of neuropeptides that includes
5  FaRPs. The FaRPs comprise a large family of peptides that typically function as
neurotransmitters in the invertebrate nervous system. The FaRPs that are associated with
these neurophysiological functions generally are about four to about nine amino acid
residues in length and include a2 C-terminal amino acid sequence motif of (aromatic)-X-R-
Famide, where X is typicailyM, L, 1 or V. Day et al., Peptides 20:999-1019 (1999), which
10 isincorporated by reference in its entirety. However, peptides that are exceptions to this rule
are also contemplated by the invention, particularly those that are co-encoded on FaRP
precursor genes or those that share the characteristics of conforming peptides. Also
contemplated by the invention are neuropeptide variants, including FaRP variants, peptides
exhibiting an RYamide motif, and other peptides such as retro-inverso neuropeptides (e.g.,
15  FaRPs comprising the D stereoisomers of amino acids in a sequence that is reversed from
areference FaRP). For example aretro-inverso vanant of A -F,-M,-R,-F, would be F-R-

' Mp-Fp-Ap. |
' Neuropeptides such as FaRPs have been found in a wide variety of
invertebrates, including arthropods such as insects (e.g., locusts and flies such as
20  Drosophila) and lobsters, moltusks such as the snail Lymnaea stagnalis, and helminths such
. as nematodes (e.g., C. elegans, A. suum, Haemonchus contortus), trematodes (e.g.,
Schistosoma mansoni) and cestodes, among others, including Manduca. Information
relating to the structure, function, and structure-function relationships of these neuropeptides
is known in the art [Day ef al. (1999)]. Table 5 below provides a classification of several
25 known C. elegans FaRPs, which are examples of the class of neuropeptides useful in

practicing the invention.
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FLP- 6KSAYMRFa(6 copi es) KSAYMRF2 FLP-7(2 copies) TPMORSSMVRIFg| (OB,copi es)
SPNQQSSNV@@, SAMR Fa SPMDRSKMVRFa FLP- 83 copi es) KNEF| RFa .
FLP- 9KPSFVRFa(?2 copi es) KPSFVRFa FLP-10-T QPKARS -24 22 JUFPCdeogg2s

01/ 38533 5 10 PCT/US00/ 32225 FLP- 11AMRNALVRFa ASGGVRNALVRFa NGAPQPFVRFa
FLP-1 2RNKFEF1RFa FLP- 1. 3SDRPTRAMDSPLIRFa (2 copi es) AADGAPLI RFa (2 copi es)
APEASPFI RFa ASPSAPLI RFa SPSA VPLTRFa SAAAPLI RFa ASSAPLI RFa FLP-14(4 copi es)
KHEYLRFa FLP- 15GGPQGPLRFa GPSGPLRFa FLﬁ%\gngTFVRFa GQTFVRFa FLP-17(2

copi es) KSAFVRFa KSQYI RFa FLP- 18DF. DGAMPGVIRFa DMPGVLRFa KSVPGVLRFa

C. elegans FMRFamide-related peptides (FaRPs) and encoding genes

GENE AND STRUCTURALLY PEPTIDES PREDICTED
CHROMOSOME | CHARACTERIZED FaRPs FROM GENE
5 NUMBER

FLP-1 SDPNFLRFa KPNFMRYa
' SADPNFLRFa AGSDPNFLRFa
SQPNFLRFa
SQPNFLRFa , ASGDPNFLRFz
ASGDPNFLRFa SDPNFLRFa
AAADPNFLRFa AAADPNFLRFa
SADPNFLRFa
KPNFLRFa

FLP-2 LRGEPIRFa
SPREPIRFa

FLP-3 SPLGTMRFa
TPLGTMRFa
SAEPFGTMRFa
NPENDTPFGTMRFa
ASEDALFGTMRFa
EDGNAPFGTMRFa
EAEEPLGTMRFa
SADDSAPFGTMRFa
NPLGTMRFa

FLP4 PTFIRFa
ASPSFIRFa

10 FLP-5 APKPKFI1RFa
: AGAKFIRFa
GAKFIRFa

FLP-6 KSAYMRFa (6 copies) KSAYMRFa

FLP-7 (2 copies) TPMQRSSMVRFa
(3 copies) SPMQRSSMVRFa
SPMERSAMVRFa
SPMDRSKMVRFa

FLP-8 ( 3 copies) KNEFIRFa
FLP-9 KPSFVRFa (2 copies) KPSFVRFa
15 FLP-10 QPKARSGYIRFa
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SVPGVLRFa ElI PGVLRFa SEVPGVLRFa DVPGVLRFa SVPGVLRFa OTHERTKEGDELRIfeH

PUTATI VEA

SILVRFa FLP GENESDYDFVRFa DGFVRFa AFFKNVLRFa " a"

means am de.

Further cNYQ8HPP? zation of the structure- function rel ati JHSHUYS/38325 15

neur opept i des,

an no aci d-

scan

such as FaRPs,
readily acconplished by one of ordi nary skill
m)dlflcatlons (e g.

i
al ani ne-s

n the art.
can),

For exanpl e,
in which each resi

that are enbraced by the invention may be

due

accomplished by one of ordinary skill in the art. For example, amino acid-scan

modifications (e.g., alanine-scan), in which each residue is sequentially replaced with
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i s sequent fatty Teptrated wth—2522—3—2004WEo—6338533—PCH-USB832225
anot her anm no adildP-duich as|al anine are avail ablle. Additi onaﬂlMRNﬁgLVRFat he
know edge |n the art (seejgenerally, Geary et @l., 199RKGGMRNALVRFa
nodi fi cati pns to known neufopeptides (e.g., o)
term nal dplet+en—ef—enre—of—BFre—aR-ho—aci-ds,
term nal agditi q:uaﬁzr esi dpes, involves no nore than routi NneRRNKFEFIRFa
exper i ment gtor—Suech——varants—of—FaRPs—and—+etatet—retopeptades—ar¢
anong the | neur diigpliBdes cpntenpl ated for use i|n the SPRPAEAMDSHIERFa
aneﬂti on. Ehg G;CR—I | lI;edr ageptor pol ypfep]ti des jand gf?g @Mgﬁp@ﬂgﬂg( ed
the nefhods described pbove are useful in gssays
GI%CR-I i ke feceptor activifies, including bindijng );;a tér?lJr r&?%ﬁrﬁkpgd)
bi ndi ng. Assays contenpl ated by the 10 i nventian incl ude bo?ﬁgmgﬁ :
assays and| activity assays| these assays may be performed i S it f onal
‘or high thfoughput formats| GPCR-like receptor factivity is cepAdddIBEa
i ncludi ng fhe binding of ahy binding partner, sjuch as a |igaA&SASY.IRERI| as
t he propagption__aof any trhansnenbrane signal (€. g., st mul at| on of . a_G
protein or i nf| J@dcd4on the flux of an ion acrloss a HB-F&tor'
screens arg desi i to identify stimulatory 15 and/ or |nh| g S.
The solrcep for ‘%g? ﬁtl al hgents to be screened include nat g ﬂi &S,
such as a ge extract (e. invertebrate cellls including, Rihi t ed
to, FLP-16 AQTFVRFa
GQTFVRFa
FLP-17 (2 copies) KSAFVRFa
KSQYIRFa
FLP-18 DFDGAMPGVLRFa
DMPGVLRFa
KSVPGVLRFa
SVPGVLRFa
EIPGVLRFa
SEVPGVLRFa
DVPGVLRFa
SVPGVLRFa
OTHER TKFQDFLRFa
10 PUTATIVE AMRNSLVRFa
FLP GENES DYDFVRFa
DGFVRFa
AFFKNVLRFa
“a” means amide.
_ Further characterization of the structure-function relationships of
15 neuropeptides, such as FaRPs, that are embraced by the invention may be readily



bacterial, fungal, algal, and plant cells) and synthetic gdurldedlt such as
chem cal g@g d i braries. For proteins with known actiyv éﬁﬁ% function
assays ars i shed based on the activity, and a Iargep 32535
potential agents are screened for the ability 20 to either stinulate or
inhibit the activity. Binding assays are used to detect GPCR-like receptor
bi nding activity to neuropept I de or non-peptidic ligands. Both functional
and b|nd|n

ai ¢ 0
Sereenst BTOBSRENG gl SUEl by e R BAIER s Bt A RRER I 1 °
cont enpl air?esara(seyhéﬂetrm;ﬁc@&nﬁei 2RY B9, s'iaem ﬁﬂa.mﬁohéﬂwom n&@o&e@hﬂ@ tors of

| i gand binding to"GPCR-Ti ke“receptors. In one exanple, the

recept or (&g FaRiPs)las 2iedineemhi ion teemaed] ideletion bfiose & mdrengniparat ey asiwelhssessed
in the presence and absence of a candi date nodul ator such as an inhibitor
conmpound. theiniemeal ﬁéfem%ﬁéﬂ'eon PhEeSIAES1BYP s noBATS: than ttme| | ke r ecept or
and its bindin rtn S o)

prese%ce SheF %"g%éoen oucg c%n Ot?q:amElaﬁd?‘g%tgégg&oﬁgéﬂj\ééﬁpﬁJn"qoed er assay,

an i nhi bi rn@ﬁrogépﬂd@@ebmémgmtsﬂSfoauseqﬁnﬁyﬂfétﬁdaabfdﬁqﬁeaﬁ@sa bi ndi ng between 1
-26 WO 01/38533 22 JUL 2004 PCT/ US00/ 32225 the GPCR-like receptor and its

bi ndi ng partner. AndiltedsP@Rrikengreptaspolypsptyddsirnd Ingeropaptidespreduceh bpthe he

di - hybri d wh : :
| Iclen%/| 1[ : e&?%s @F&%{H%Sﬁb%‘?e afe b‘&%‘t ﬂﬁgg@fis rg’tpgﬁhﬂa{g%[éfoﬁgggr@%&@%%ﬁ actions is
tr ansf ect gelmhﬁéé ifc®hding Qﬁamgd@%eﬁ@cgﬂ [P binaiHee ANsHabniimilied bkt i on

I ncl ude any 5 chem cal corrpounds i ncl udi ng l'ibraries of chem cal
conpdénds invEntor incheledothubindingaissaydiahd ectenty dssdys athesssasgaysdniyobe peréormed

| brar i s pjveRtionsl a7 highapraneni: grimags CPERAESRE GRS 5 SFtE BRar | es
conpri sed; @?mﬁgﬁﬁ%mgbf%sbmmnggﬁm&eﬂ &%H;Qeasn@hd%mau &s (R IppspHeBtion

Chem cal es constst of random chem cal uctures, or ana ogs of
known co mmﬁ anyltansoensbraneoggnad {e.g.0 simulation b0 at(hmtctdmoeuﬁhmncd oretheifluxeaf as

"hits" "l.eads" i d h b
dor | ved-{ ABISMAFETA MBTBIIEL MaruIeias SFiaGHs A1 AES RS QyARHaY SEBIED o
chemstry., PB%} unﬁé,m%g i 'fﬂé%%?de@%ma;\i;ﬁ ﬁ Lgéeh | Q% QleelbE iRARAANIIE

ani rral S, ants, I ne organi sns to create m xtures for
screeni ng sbyrces(, kﬁch ziﬂmklrﬁxa*actqla gandvaebrae telininaudingpbiitmoft dintitedao) , pl ant
or marine mcroorganlsm; or 15 extraction of plants or. marine

or gani sns. bagigtigly finggl. aleghang PBP&F?]B% apd eYIRRAIC SRR Sl 38 cheryRaly | posonal
peptides, AN MR LiRkSs (P BrORIA ¥nQRGE i unblis §8hys f@kes@bliduew. see

based on the activity, and a large number of potential agents are screened for the ability
20 to either stimulate or inhibit the activity. Binding assays are used to detect GPCR-like
receptor binding activity to neuropeptide or non-peptidic ligands. Both functional and
binding assays of GPCR-like receptor activity are readily adapted to screens for
modulators such as inhibitory compounds.
The invention contemplates a multitude of assays to screen and identify
25 inhibitors of ligand binding to GPCR-like receptors. In one example, the GPCR-like
receptor is immobilized and interaction with a binding partner is assessed in the presence
and absence of a candidate modulator such as an inhibitor compound. In another
example, interaction between the GPCR-like receptor and its binding partner is assessed
in a solution assay, both in the presence and absence of a candidate inhibitor compound.

30  In either assay, an inhibitor is identified as a compound that decreases binding between

-26-



Sci ence 282:63-68 (1998). Conbinatorial libraries are corrpgszeg:lﬂozf[]ml arge
nunber s O\Ty (ﬁéggsl des, oligonucleotides, or organic conpounds_as m xtu
These |i bV dre relativel y easy to prepare by traditi BHEWSBQ{%%FPM ed
synt hesi s net hods, PCR, cloning, or 20 synthetic nethods. O particular

I nterest are non-peptide conbinatorial libraries. Still other libraries of
I nterest include peptide, protein, pept i dom netic, nulti par allel synthetic

col | ection nat or i al Y tid brar revi ew of
conbi nat orh%b?)% ESCPRIOn ARy 'I%? g‘r“ﬁ =‘e°§n agg%fh olnt plf‘ﬁe §%5€yl{ﬂ/"é’tlvcs Acurr.
Opin. Bi oteGhig) ofﬁeﬁgk Bid assg}%@em mﬁﬂﬁmdr%@?m&nnﬁﬁmmteﬁ&ms shr ough
use of the various gl’l es described herein 25 permts nodification of

t he candi daémifiddiby defeaxion b€agdsitive signaliimiazeans foemed patratsfeaéd hdsecell.hi t " to
nodul ate activity. Candi date nodul ators contenpl ated by the invention can

be desi gned and |nc@@ﬂ%ﬂi{f:@)mﬁ’SPB‘qféFﬁ%‘e@P'%ﬁ’%WWﬁ"ﬂ)‘éﬁ“ﬁ'ﬁér’@md&s‘i%lI as

chinmerjc, or fusion r eof din A ein
br oadl§  erfdemil comoa i BsiRine Woaes o sherma CoBiphRl Mhm A a NERPe
neur opept i fere et fiBHakies used Tor 1AL T i fichiti sinidl iBREeGledGHulABR, meiidag: (Jll;lL
2004 WO 01/38533 PCT/ US00/ 32225 pol ycl onal anti bodi es, single chain

ant i bodi esc;heuinaﬁabramea,r(ﬂb tmdtaéprodum likraes, @n@[?)tcpmbymtwai librariels gamnpysed
humani zed @CFOC“ es, é]t' bodi es, and ‘{'}E ntar deter m ni n

g on- ( COPTeRIRaR PERdend OBRUECH T of diseAl RelEEREh oremm LTI ads Oty
and/ or any @nlahamcagstﬁeﬂﬂ@m?ﬁmn | SkrpR&Cdo fohly, of 8RAGE Fothpaunds

pol ypepti of the I nvention antibody fragments, and nmodified compounds
conpr i8i nghatalmrleﬂnedyuktnhﬁedms ‘thita¥ oa'r‘leadsﬁmpnepdmgfdu&coflw stieensesgme ki on

product of the identjfi GPCRI ene. A nunber of assays are.known in
Phelart hubichama Hhalrrivey SOMCANEE Prostin Gniam Pt H P IeDE THS ot wi fh
a GPCR-1ik hods
ot donti f@} %&g\g nlg{lta.gg?g gtsl?lﬁ')(ﬁesaérg cHfi€htidhs of ﬁm@crﬁ&rgaﬁ)éﬂa@m&nalsnplﬁﬁg

tors described herein, or in nethods for

i denti fyi ngr mmend ériganisias mdypehdre dsed uog:aemisnmitumsmdehhlg hryeo(é))t or. Assays
t hat neasure binding O interagction of corrpCfunds wiih tar I’OtEI(Q)

i ncl ude asisapenteten and exsrachien, okbyoHs iR seikAlantorPHANPe FHCH Eﬁ TR} or

Lo ratger lbliofet PRASIorMabFlPearirY RehPPlarod ROy SRTEARCADEL 21 e

spray NnasSn&PHbbsonst ppytidds] dnmnbarnat-natufuly qebysingpthessod. Rood ;ﬂvnemalscc
met hods, capillary el ectrophoresis assags and two-hybri d assays. e such

screeni ng SeeresRE2H36RMA9E) dombmatasiahipragies preicosipossdyahigegemymbers o

_ peptides, oligonucleotides, or organic compounds as a mixture. These libraries are

relatively easy to prepare by traditional automated synthesis methods, PCR, cloning, or
20  synthetic methods. Of particular interest are non-peptide combinatorial libraries. Still
other libraries of interest include peptide, protein, peptidomimetic, multiparallel synthetic
collection, recombinatorial, and polypeptide libraries. For a review of combinatorial
chemistry and libraries created therefrom, see Myers, Curr. Opin. Biotechnol. 8:701-707
(1997). Identification of modulators through use of the various hbraries described herein
25  permits modification of the candidate “hit” (or “lead”) to optimize the capacity of the
“hit” to modulate activity.
Candidate modulators contemplated by the invention can be designed and
include soluble forms of binding partners, as well as chimeric, or fusion, proteins thereof.
A “binding partner” as used herein broadly encompasses non-peptide modulators,

30  peptide modulators (e.g., neuropeptide variants), antibodies (inciuding monoclonal and
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target protein is described in U S. Patent No. 5,585,277, ipnceypppated
herei n by ce. This nethod relies on the principle that proteins
general | ywrecg‘lhz:{thg%s a mixture of folded 20 and unfol ded st at&d/USQfyd222s
continually alternate between the two states. Wen a test ligand binds to
the folded formof a target protein (i.e., when the test ligand is a |ligand
of the target protein), the target protein nolecul e bound by the |igand
remains in_i T the folded ta rotein is present to

ts fold tate. , t
a greater %"QF@%‘E"‘?FHEE@ESSP@@% ’g"sno?"_hﬁ’ofl@%c’_“P?ré‘é%ﬂ%ﬂﬂreéh bi nds the target
protein, tHiamcliOndIMEsRBTRYMRBbOdie@ huhRARdd aﬁi}o idn@had BfioRids! 4@nd to the

target protein can be determ ned by any ne whi ch di st1nguishes between

t he fol deccommlemertohyddaersiiningegién (QBR)-arafRt aptibbdied) incliing atapdud@s of t he
target protein need not be known in order for this ass&y to be perforned.
1C:
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69: 1683- 1d8BCR1gE7genej ncor porat ed herein by reference- This technique
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for binding to the tA2rgEEdeseEasays arg ke iy theartthatrap ddenify ehemyes! pr ot ei n
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s P ](cag:t r ?s c d’g@%oﬁ;ﬁ%’i’%‘f”&éﬁﬂﬁ FEe%féqp’éed%%quf‘B? EE‘WE‘% &#ﬁ#ﬁé’k\ﬁ@rfﬁp‘é’ﬁe A§PAYEL est
affinity r 4 c .

nol ecul e ITi %rxgri gg.ﬁ?ﬂgﬁl Ioﬁé@%%tb ﬁ‘\’/"e?‘;g’“l‘ ugﬁﬁﬁvﬁ}t&‘fn EHI [}n}? e?r%g##lg{l}é;&g?ﬁ%ﬁt

eval uat ed idendify eotappunds thet inhibit unfeldingtondemtinratidn 9Y s tagetgestein, bsdys thafi el ds
et at., Nature, 340: 243- ﬁGW%QBQ), and _Fields et at., Trends in Genetics,
10: 286- 29FPHIEAP MRS Brat R dn 43¢ Profews supaghoaifingx pitrafilsgtiondoliewsde.  The

Luo prot ei Ha A PP eSOty PR mlfo Tk PO O S O FRIET, 1

to a 15 krapillapy eltetroploiresinissay@hd tob-Hybridietsatieat e domai ns or resi dues
critical for an interaction. Variations on this nethodol ogy have been
devel oped to clone gEPREsuehsreeanegnethpri idgntiidingcibindiagof test beande e #f y

0eptL e e B RAaCER 5105 PNy EHEED. sl IRG i

- This method relies on the principle that proteins generally exist as a mixture of folded

20 and unfolded states, and continually alternate between the two states. When a test ligand
binds to the folded form of a target protein (i.e., when the test ligand is a ligand of the '
target protein), the target protein molecule bound by the ligand remains in its folded
state. Thus, the folded target protein is present to a greater extent in the presence of a test
ligand which binds the target protein, than in the absence of a ligand. Binding of the

25 ligand to the target protein can be determined by any method which distinguishes
between the folded and unfolded states of the target protein. The function of the target
protein need not be known in order for this assay to be performed. Virtually any agent
can be assessed by this method as a test ligand, including, but not limited to, metals,
polypeptides, proteins, lipids, polysaccharides, potynucleotides and small organic

30 molecules.
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transcription activation domain into close proximty wth ﬁy%mndi ng

domain that 20 binds to an upstream activation sequence ( ég{v f
reporter ﬁ@r?éf”ﬁ:fd is generally perforned in yeast. The Eg Sﬁ%ﬁgﬁ es the

construction of two hybrid genes encoding (1) a DNA-binding domain that is
fused to a first protein and (2) an activation domain fused to a second
protein. The DNA-bi nding domain targets the first hybrid protein to the

UAS of the reporter gene; ho r,. because. nost iprote' ns l.ack,an.act.ivation
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bi nd to a &CRalzed by HPI€psmt pneumaficallyrassisted letactrospraya(i¢rnsiray) 198i2¢4eIE| eot i de
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variety of Fi%!c%teq 'aﬂ,STregﬂgin' eﬂeﬁcﬂqto:ﬁ?ﬁ%ﬂllgg%,s%tﬁ of YhidhR¥iricRgpdrateat i ty or
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reporter gene is nonitored as different test agents are addtgd tot
system Thbindingprateansefo identifypeptidesithat bigdtera protsin, and tpscgeen foe drues: THe| ack
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transcription activation domain into close proximity with a DNA binding domain that

20  binds to an upstream activation sequence (UAS) of a reporter gene, and is gener2lly

‘ performed in yeast. The assay requires the construction of two hybrid genes encoding (1)
a DNA-binding domain that is fused to a first protein and (2) an activation domain fused
to a second protein. The DNA-binding domain targets the first hybrid protein to the
UAS of the reporter gene; however, because most proteins lack an activation domain,

25 this DNA-binding hybrid protein does not activate transcription of the reporter gene. The
second hybrid protein, which contains the activation domain, cannot by itself activate
expression of the reporter gene because it does not bind the UAS. However, when both

hybrid proteins are present, the noncovalent interaction of the first and second proteins

tethers the activation domain to the UAS, activating transcription of the reporter gene.
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for their effect on neuromuscular function using in vivo OZ ﬁ ZI VO
systens. wohgkasred evaluation nethod exposes the candid t2 %I ators to
A. suum neuronuscul ar strips and records neuromuscul ar acPCH UL ve
to control strips exposed to conpounds other than the candi date nodul at or
under investigation. OQher nethods of screening for 25 nodul ators are
described in the follow ng exanples, and still other screening nethods are

Fovent lon will be - UHBETEE %w?f?ﬁﬁoﬁttﬁ%ﬁﬁ%ﬁéﬁaf‘eaﬁﬁﬁ?:s?wm@n|a6&§1§3wands
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receptors; Exanple 2 provides an anal’ysis of "th

encodi ng phatsies thet bptdapshd mctma danhexstayab idergify potdinethdt Bind39 a IGTRCRY es
such as regions and domai ns; npl e, 3 di scloses GPCR-1i ke receptor -30 1 1
JUL 1604 ViEETERIPERS ﬁ@mswregﬁﬁz@swmommnhé@ entioding t@ﬂanﬁif&mh&escrl bes

fo i dant | FerBistel Baghtf 1 £2ERER proreins 3RBR 1S nBME dosail med bk 6 °
descri bes aambﬁ,aa:hage fiutnteh 6f hetHd gdries aédhczéﬁce&mg ANRFERhEseEh :ﬂ’Eﬂo'téiﬁ fused

receptors, as well as the cloning and characterization of receptors.
5 Exanpl et® a@@mahgn gemancre moldécﬂe-'umcmsed i theasslyaJgpiely,ahe Srendor npep

dat ab t t h t 10 ded b
the ¢ of iR ThBhaReTby aftof ortoeRbEr BhaBesl ShOA R RBE PN OGP he
Sanger Celibfdy,Wilth &AchQeédHdiRole! MW SPfRERIN BMn & me%&%gb%gﬂ&%) b0)

Wornmpep versions 13 (2/13/98) through 23 (re ease Septe
Thi s 18at aﬂhsﬁ‘esyg'sm isiapplicaby, ta30vide oranetm of pcplemmﬂ it isalotieveronca8&astbi ce

vari ants. m s wer e. accessed throu h ACEDB
(Rel ease 5%% Zg’ezg?nm?%’é?‘ﬂﬁp%ggﬁ‘f 'é‘&é%"&tﬁg’d YStER 15 Ed usi ng
DI 0gT Nt &S thd\Wh A0 iftcFRALAD R0 RSN BHE: Qf the
Codi ng Regi on via PCR St ar:daerd nol ectﬁ ogy rtne %%&é’gw\}\agge per f or med
as descri budracionsAnsyutrigker teanseriptionHd producPractatom®RNA thdy e bt aspeRiedlyogy

John WI e & .Sons (1 20 Based on the database anal yses descri bed
above, ﬂ@Fﬁﬂé’%’Wﬁ&rF@ 4t or genes were chosen for PCR

;m;'v:lz'egaf 7o SRR TR SR o B 85000

interact with another protein or nucleic acid, the two-hybrid assay can be used to detect
agents' that interfere with the binding interaction. Expression of the reporter gene is
monitored as different test agents are added to the system. The presence of an inhibitory
agent, for example, results in lack of or reduction in a reporter signal.

20 The candidate modulators identified by the initial screens are evaluated
for their effect on neuromuscular function using in vivo or ex vivo systems. A preferred ‘
evaluation method exposes the candidate modulators to 4. suum neuromuscular strips
and records neuromuscular activity relative to control strips exposed to compounds other
than the candidate modulator under investigation. Other methods of screening for

25 modulators are described in the following examples, and still other screening methods
are well known in the art. Other aspects and advantages of the present invention will be
understood upon consideration of the following illustrative examples. Example 1
describes the cloning of GPCR-like receptors; Example 2 provides an analysis of the
polynucleotide sequences encoding those receptors in the context of their structural

30 features such as regions and domains; Example 3 discloses GPCR-like receptor
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incorporate an optimzed translation initiation sequence (Kopzgk, efal .,

Nucl . Aci aﬁb‘ﬁ?ﬁ 15(20):8125-8148 (1987)) around the initiator nethionine
codon and (oG porate a 25 unique restriction site at tRETESOWARR2S or
subsequent |inearization of the PCR-anplified fragnments. The ExpandTM Hi gh
Fidelity PCR System (Boehringer-Mannheim Corp., Indianapolis, IN),
including a mxture of Tag and Pwo DNA pol yneri ses, was used for the PCR
experinents. Reaction volumes of 100 41 gont ained 2.6 Units of enzyne m x

(" Uni t s" dePAPHSa'OByHdSS: Expppiedt gescniss aphBedieni oo RE Rl igoentars;, Examplepand TM

HF 30 buff ' -300: Of j . 2. 1d. ..

(appr oxi mﬁéryeﬁgvngswgg%f '@@ﬁﬁ%’@gﬁ&ggfﬁrﬁ%%a%geﬂ EngéWB%S DNA
tenpl ate pEﬁ@ﬁﬂlaEidéﬁdeieagﬁrbbﬂﬁs Beihevderdfidati e ctingidAtOGRCRLIEIRNScipedS, t he
products of a first-strand cDNA synthesis reaction (heat-inactivated after
conpl et i onds welhasathg zlogingand nharasterizafion ek eeceptanscr i pt ase (G BCO- BRL,
Gai t hegsburg, MD) with random hexaners to prine the synthesis using a
preparation of total C. elegans RNA as 5 tenplate. PCR anplifications were
perfornmed in a Perkin-El mer 9600 themﬁﬁmgr using the follow ng
conditions: 2 mnutes at 94C, 30 cycles of 15 seconds at 94C, 30 seconds
at 50C, 2 Gilomingef GPCHROCikeaReceptdrisnal i ncubation at 70C for 7 m nutes. PCR

products re e! ecE rophoresed t hrough 0. 8% agarose/ TAE gel s and vi sualized
usi ng et hdiu EGE2C 0 Anplified PCR products were cloned using the

pCR2.1 TA-tailed vectpt § € el (&3 i e
exci sed fromthe agarose 05’(‘??%15 g%ﬁg&guﬁ‘ﬁ"#@%ﬁ'@&??ﬁé 1quﬂuz] C é%ﬂﬁ%ﬁ@eﬁ(% agen,
Val entda, &wpdedbythci(drldgensctémmite, waiddn thae kndissgdwasiobiaimed daboegh thet h t he

recomrendati ons_of the Su%ﬁlgi er (Stratagene). _Ligation reactions were
transf or BRE Gentre Wepisite M A uHpeianger-acaii/Rrojgets/( | elegansgn WEMPSP | at es

containin = - 3¢ i,RAd = fi o= r S| -qal ). Wite
col oni es avee?selm[’l)él)gg?%%}qé%g%‘ r%gdg%%irse{l E&%@gésrgﬁtégﬁﬁf %{Eﬁseda%g’ﬁgreéﬁrgﬁb e size
insert by 9,430comRnceqbentés)inciudaiy IMBApiisOlariahen (P elegaaligehoffd BYRN) . TO
facilitate subsequent expression studies, all cloned receptors were

subcl oned SeARNCER WersasReIsehrenaly ACEDEh(Rejease 8YS3 $@R3. The databasemeere) . Two
i L f d Yy . t
0 geotea GetcHeghRy Banlffl o HEERAs Bl VbR PR GCEMERIRRS o

sequence simlarity to Wrnpep AC7.1) or EcoR (clones CEGPCR3 (Wbrnpep
Cl10C6. 2), CEGPCRY SW}rrrpe C39E6. 6), CEGPCR8 (Wornmpep C50F7.1), CEGPCR9
(Wor mpep B6G3. Jubclormmpotihe Koding RemprmpRCR each

Standard molecular biology techniques were performed as described in

Ausubel, et al. (Eds.), Protocols in Molecular Biology, John Wiley & Sons (1994).

20  Based on the database analyses described above, 22 condidate GPCR-like receptor genes
were chosen for PCR amplification. The sequences of primers used for PCR
amplification are provided in SEQ ID NOS: 47-76. PCR primers were designed to
incorporate an optimized translation initiation sequence (Kozak er al., Nucl. Acids Res.
15(20):8125-8148 (1987)) around the initiator methionine codon and to incorporate a

25  unique restriction site at the 3' end for subsequent linearization of the PCR-amplified
fragments. The Expand™ High Fidelity PCR System (Bo¢hringer-Mannheim Corp.,
Indianapolis, IN), including a mixture of Taq and Pwo DNA polymerases, was used for
the PCR experiments. Reaction volumes of 100 pl contained 2.6 Units of enzyme mix
(“Units”defined by the supplier), 200 puM of each standard dNTP, 1X Expand™ HF

30  buffer with 15 mM MgCl,, 300 nM of each primer, and 2 pl (approximately 10 ng) of a
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havi ng sone sequence simlarity to Wrnpep F41E7.3), CEGP IEBJ@Lh?BHﬂ ng sone

25 seque i) arity to Wornpep TO5A1. 1), and CEGPCRI S (

CA9A9. 7)?&?01%35%;“ ction endonucl eases were purchased fromi PRd
Bi ol abs (Beverly, MA) and were used according to the manufacturer's
instructions. Follow ng digestion, the |inear vector and the GPCR-1i ke

recept or sequences were isolated from 1% TAE agarose gels and purified
[ | ck I t ti Ki ] o kl@at | t 30
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endonuc| eraadomiexpIETssto pEMe e SYRtheEUINERR PEPaATORe Fie th\%‘ Rios:
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CEcchy, (St oP R By ot epaa oy s Bpk-EYRes PG Ay
CEGPCRI f ysihofife folowhtia condRasnsUBavhutanst SECPIR0yc14sRAGREShda b 94LEGBOR1 2u,
(SEQ ID NOS:™ 29, 7 and 9) Xbal. 10 Exanple 2 Analysis of the GPCR-Like

Recept or Smgudnate°ONAnfinates pCRPCL and & Simbl inewhatiph at p9 @ for drpuiesnfCRhe
expected insert size were sequenced  ng _Bi dye term patQr.chem stry
(PE- App | BEPBFS e Effctioptioseed s nenely 0 Sehgergrre i KR P 30 Vil B bireona

sequencer «hidiR wbmigeaquences were 15 assenbl ed usi ng Sequencher software

(GeneCodes, Ann Arbor, M) and conpared against the expected sequence as
predilét ed from Wor npepplified RCBf prodrectowersidiented weingCROPCRR KeT Adaidggh veetoss ones

ehooded. cibrinsske Tefulln 6140 S Aol Sttt A i Uik HEAse 288 RAvi ng. o

%0 CraporPi e in QINIBEKLIBER QHEHZVSlendif, OR). LIS sl opiert EPCRL 2
CEGPCRI 3, pEiffcintdd i, acasrdandeGRitiR3arecoramiendations of thi fshpplick (Stnatagameknces f ound
CEGPCRs, | EHEPORFEACIOREPErS TSI amep P Sl DRI E S EdRETA OGS have
SequgRCces gia%m:%niﬂni E%r%pﬁégﬁgﬂg%-ggﬂéﬁyk@-%)—é‘llbct%osﬁ&ke(}@hgﬂe“fh%m‘ l'i ke

receptor sequences e
colonies were picked and examined for the presence of the appropriate size insert by a

‘commercial mini-prep DNA isolation procedure (Qiagen). To facilitate subsequent
expression studies, all cloned receptors were subcloned into the marnmalian expression
vector, pCR3.1 (Stratagene). Two microgram aliquots of vector and each GPCR-like
20 receptor clone were digested using either BstXI (clones CEGPCR1a, CEGPCRI{; each
showing some sequence similarity to Wormpep AC7.1) or EcoRlI {clones CEGPCR3
(Wormpep C10C6.2), CEGPCR7 (Wormpep C39E6.6), CEGPCR8 (Wormpep
C50F7.1), CEGPCR9 (Wormpep C56G3.1), CEGPCR12h and CEGPCRI12u (each
having some sequence similarity to Wormpep F41E7.3), CEGPCR13 (having some
25 sequence similarity to Wormpep T05A1.1), and CEGPCR1S (Wormpep C49A9.7)).
Restriction endonucleases were purchased from New England Biolabs (Beverly, MA)
and were used according to the manufacturer's instructions. Following digestion, the
linear vector and the GPCR-like receptor sequences were isolated from 1% TAE agarose
gels and purified using a QIAquick gel extraction kit (Qiagen). Ligation reactions were

30  performed at 14°C for 16 hours and contained 100 ng vector DNA, 100 ng GPCR-like
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structural characteristics of GPCRs. Each coding region eng;ﬁﬁﬂ‘@ ven
hydr ophobj ¢ stretches of am no acids consistent with tran

domai ns, MRS Acteristic N terminal extracel lul ar dorra?ﬁ?’%"?"é’r%? nal
cytoplasm c domain and both extracellular and intracellular |oops. Table 6
|ists the endpoints of all seven transmenbrane domains in 30 each of the 22
GPCR-1i ke receptors. In identifying the transrrenbrane domai ns, -33 22 JUL

2004 WO 01/ 38 P / 00 5 nore ver erm extracel | ul ar
donmai ns ar'@s @T‘f)i\gttﬁ H/B‘ﬁﬁf\f’e\ Qﬁas(et( Qelérf%ﬁcf ”t“HE’ g?ﬁs Sa¥Y'8 sequence
to the st | odits ml ﬁ@f’r [ 1 ul ar
| oop domai nsp%T%%ﬁz'r%% Qﬂfgﬁ?,@&g{kglrt d%Mﬁte?ﬁfaﬁ]g 3538% 4 I{frﬁg t he
start of SShcients wdneidendfiaf afiliNsdrooti¢reatidnadeterafincdty] resteisiecéndoaliyleasen

Tabl e 6), the three 5 intracellular lOOFP domains (the end of 1TMto the
start of canysiss feHewerCBGRERY2 apdCEGFAR | Hﬁmm NERY 1tamd 38hdigIETM t o

it rackl | Uf BEPEAIRCERECKT 0 IR0 o A b BT ISR

Sequence) N2 JeBcﬁan CEGEER £D (§8Q3ID RONBYIH, MJM:TMT&E@P‘@W (SEQ ID

srv+endst art endSt anendstartendstartendstartendS| anend

CEGPCRI a4 7R 08318012l B¢l ahd SEGFTRR A2GRCR 988 2rid CEGPCR12y, (SEQ ID NOS:
CEGPCRI f 47 3731099]?%%@32161181213233277297313336

" CEGPCR2426 158178204224320340351374
CEGPCR326506288100121140160196216252272285308
CEGPCR420526490102123142162192212256276293316
CEGPCIR®40647610211413515417421223227 Fasle 228
CCGPCR61236487485106126146178198229249263286
CEGPCR7275488ks515(0f the LPGRLike Receptad Seauenses

CEGPCRB3054669210412

t th ted i It
CEGPCROSI 75871131251%‘jl %%@7}% éé 36;{3%0363@&'""15 containing the expected inse
CEGPCRI | 25#196 Mete 9dqiiehhsigiBiz1§e 4§2 erdadér T hemistry (PE Applied Biosystems,

Foster City, CA) on an ABI 377 automated DNA sequencer. Complete sequences were

15 assembled using Sequencher software (GeneCodes, Ann Arbor, MI) and compared
against the expected sequence as predicted from Wormpep. Each of the 22 putative

- GPCR-like receptor clones appeared to contain a full-length coding region, although
--some of the encoded GPCR-like receptor sequences could not be confirmed as having a
sequence reported in the Wormpep database. In particular, clones CEGPCR1a,

20 CEGPCRIf, CEGPCR4, CEGPCR12¢, CEGPCR12h, CEGPCR12u, CEGPCR12v,

! CEGPCR13, CEGPCR14, and CEGPCR18a are known to differ from sequences found
in the Wormpep database (see Tables 1 and 2, above), while clones CEGPCRS,
CEGPCR6, CEGPCR10, CEGPCR11, CEGPCR19 and CEGPCR20 are not known to
have sequences found in the Wormpep database.

25 : All 22 of the cloned GPCR-like receptor sequences exhibited the
structural charactenstics of GPCRs. Each coding region encoded seven hydrophobic
stretches of amino acids consistent with transmembrane domains, the characteristic N-
terminal extracellular domain, C-terminal cytoplasmic domain and both extracetlular and
intracellular loops. Table 6 lists the endpoints of all seven transmembrane domains in

30 each of the 22 GPCR-like receptors. In identifying the transmembrane domains,
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CEGPCR12¢386274100112133157177207227255275291314 29
CEGPCRlZQg@@%%%%gOl12133157177207227255275291314 UL 200k
CEGPCR12U 0112133157177207227255275291314 PCT/US00/32225
CEGPCR12v386274100. 112133157177207227255275291314

CEGPCRI 327516389101122141161190210276296320343

CEGPCRI 430546591103124143163198218254274299322

CEGPCR 62 SATRGT IS o Tl 3G UBE €578 i fecively identiied e tar of the

CEGPCRI 73
N

CEGPCR19. £568@HRIht 3aG0As4ine (1O 2RBEIEN 13 Me3tdid 67 3TM, the end of 4TM to the
CEGPCRI 9. 2568092118130151170190228248287307324347
CEGDCR204§BI|§7C§15§ M and3be sud pHoTRNgsbadan 9833 M gespectively, in Table 6), the three

252 H50E 010 RO LR GAR I SR 1R s 82 SaE0T 2T, the end of 3TM o the

CEGDCR232%M 1dntihd 246 3R TIP3 O A0 36 6310 respectwely, in Table 6), and the
CEGPCR24a5! 7587113128149170189223243279299316339 CEG

PCR24b51743Ennied stngeihgaodonan{the zod gézmm:gthaend/\hfeﬁs atroy agid sepente). SEQ
| D NOS. Exanple 3 Reconbi nant Expression of GPCR-Li ke Receptors

Reconbi nant pCR3. 1 clones encoding invertebrate GPCR-1i ke receptors 45
were transformed into wild-type CHO Kiraprid s and functional expression was

achieved _using a tenperat urg sntt i ncubation protocol. The CHO- K1 cells
IN 7 AMI o T2 o THEA ht A hak ~ TV Cdr P?'Mﬁ —H MR
wer e Bul t fir e at O I TR I Tk AT U A e L gt T ,..ale saﬁvm P I DMEM.
medi um supptementcdr M N eNEati- ST sV aLied] 1281 B 0% M8z JC (35 €],
FBS), 10 < " dedt bl cii® lawH! 211l peral 1160 34806 2131 § 23900 1311395336
! , 3T 17766 ) 2 o4 Hie™ [ 337, 1 158 178 | 204 224 | 320 1 330 1. 35T . 374
PCT/ US00/ 3 TQTTRS S SOIL|T &t JOER [Tood L hhl$  isd) |OkoVE 15 O[THE ETQ—DNEWI pedruiR
Addi tﬁsonaj _LEEEEPCR\‘ orl 2§ hébatst olnge  Qtiot :\Ngy r iz grest [manep ff e [ 370 2% He nedi um
. | .CEGPCRS . |, 40 [ 64 76 | 802 | 114, § 135 b, 154 L 174 | 2 32 [ 272 9 .
was forti fTEﬁiE‘gRK\" T REO SR S IOF S| (T Tos ) 126 Pihe 1%5' %s 5T |2éCE %1 vt %s%' '
r econbi naipice 1:x] gnels seonesal neing 22 (PERI[ipKle 12 e apl ors 29| NYs |
Li pofect AMERFCREy (hope b 54 o 66 b p2.1 1109 125 1 146 | 966 L 194, 1 219 | 244 | 264 { 283 306
porxgr C) rb YO 5 s YO % N N Pre ¥7 T T 9e7 (Y 239 258 | 330 | 350 | 368 391
CEGPCRII 23 49 6 $2 99 120 139 159 189 208 246 266 186 g
CEGPCRI2¢ a8 62 74 100 112 133 157 177 207 227 255 275 291 14
CEGPCRI12h 38 62 74 100D 112 133 157 177 207 127 255 275 281 314
CEGPCRI12u 38 62 74 100 112 133 157 177 207 227 255 275 291 34
25 CEGPCRI2v 38 | 62 74 | 200 ) .02 | 33 | 157 {177 1 207 | 227 | 255 | 235 | 9 31a
CEGPCRI3 27 51 63 9 101 122 141 161 190 210 276 296 320 143
CEGPCR14 30 54 [ $1 103 124 143 163 198 218 254 274 299 22
CEGPCR15 62 B6 98 124 136 157 176 196 235 255 285 305 321 344
CEGPCR1é 28 53 65 9 103 124 143 163 193 213 250 270 287 319
30 CEGPCRI? 36 &0 72 o8 HO 13t 150 170 220 240 274 294 306 129
CEGPCRI8a 10 14 46 T2 34 J05 126 146 185 205 282 302 320 343
CEGPCR19.1 56 20 9 118 130 151 170 190 228 248 287 347 124 a7
CEGPCR19.2 56 30 92 118 130 151 170 190 228 248 287 kliz) 124 147
CEGPCR20 44 68 % 105 117 138 159 175 215 235 283 303 23 46
35 CEGPCR2) 76 100 112 138 151 172 193 213 249 269 136 3156 373 396
CEGPCR22 55 79 95 121 132 153 173 193 233 253 179 2199 319 342
CEGPCR23 21 45 o4 90 101 i22 142 162 203 223 2459 269 287 3]0
CEGPCR24a 5t 75 g7 113 128 149 170 189 223 243 279 299 36 339
CEGPCR24b 51 75 87 113 128 149 170 189 223 243 279 259 316 319

40  Where “SIN” refers to SEQ ID NOS.

Example 3
Recombinant Expression of GPCR-Like Receptors
Recombinant pCR3.1 clones encoding invertebrate GPCR-like receptors
45 were transformed into wild-type CHO-K 1 cells and functional expression was achieved
using a temperature-shift incubation protocol. The CHO-K1 cells were cultured at 37°C
in a humidified atmosphere of 5% CO, in air in DMEM medium supplemented with 10%

heat-inactivated fetal bovine serum (i.e., FBS), 10 pg/ml gentamicin, and 0.1 mM
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5 manufacturer's instructions. Briefly, CHOKI cells were pj.@k%jmp 10 cm
sterile tissue culture dishes (Corning d ass Wrks, Com ng, and were

i ncubat edeif"f"?s”?%e pl ates showed about 50-60% confl uent FR$0/3p22S
separate plastic tubes, PLUS (20 I/plate; Life Technol ogies) was added to
0.75 m/plate of reconbinant plasmd DNA in Opti MEM (5 g/plate; G bco/BRL -
Li fe Technol ogi es), m xed and i ncubated at room 10 tenperature for 15

m nutes. Separately, Lipofect AMNE (30 |/plate) was m xed with 0.75 m
Opt i MEM anag%agﬁ'ailﬁ“ﬂ?@cb‘ﬁégéb‘fﬁﬂ%ﬂeMM_(’JS"W\“HM@“Qﬁ-ﬂ% ffubat ed at

t e ] e di.um .4 hen.replaced with
Corum 11 o fentaors o rehmberultth Sty ec ity SHC, e R A BRI ZEARCT 0 A
conpl ex WaSIERBSYpiirey Cellt Rerdiraiststddlvih fcbRibaiag) %@Rgl._lféwff‘e‘d cBRAldiyg i nto
the medium 15 followed by a 3 hour incubation at 37Cin 5% CO2. At"this

time, the RPGRmKosesepiopPNeMesiag LipofectAMBNE (PEUNE M sserdialinacamdiaigno tig 20%
FBS (6.5 m/pl at and i ncubatian ntjnued at 37C.in 5% CO2, After a
total of Z?aﬁﬂﬁlr‘;g}r%{ts lgs/t&lcpﬂn%%ne%@%g FEd? AT §‘CSBBI19(9€HSW'FH‘5€%1)I ete
DVEM nedi ugy g didht ' E ; I call re
noved to aghi ncub%?%ﬁtdr%é&%tgiigﬁg%o g{s‘ g@é&%ﬁé@%ﬁﬁ'ﬁ@%?@ “Eﬁ"ﬁg}g ere of
5% CO, in showedldbmui He-G0%t domfluemtrgrowtie dnfseparata pidrit tibes) LU @holslste;

typically at e | qwer tenperature_indicated above. A plasm d encoding
‘Green F ugfféglléémﬁ?ﬁ‘ﬁﬁ)éﬁ’% 3@F“?‘£‘.°,0-@!",'/1’113‘@%’&38?@5”%@]@%@6 BYA 1r ansi ent

GFP o _gall i fect] - d
the sane coRmTra (S TlbiEty, SRR S Eif TEERIbRlEs) BRSO thABay R Rorh D25

assesdOexptegsiratore foe hd raness. v&eparnelgphipeftcfAMINE (3NaTgated v aCitkedWvitiel | s.
Transf ect e cel{ were washed once with ice-cold Dul becco’s phaosphat e-
but fer ed s Qi77el PptMEM padidded thfheese-commlaes N A/PLATmEHerestliBC kel
scraped in : f ef. | frommul-tiple
pl at es mréﬁggﬁﬁeﬁﬁgrgﬁ ?%'Z%{@f@ugsé eggﬁ E%dﬁ iﬁ‘g‘%@ﬁqﬁ%‘ rr%pﬁaﬁf %r‘s%ttgt 4C. The

cel | pel | eservasfrectamsdction nesdiun (DMEMOS ehl/pRkte) ZEhe IINAMITUS LipilectAMINE "M
EGTA, 5 mM EDTA). Convenient aliquots were snap-frozen in liquid nitrogen

and st or edc@mplex(yas thgn added e thieiplates HeS wdiplatehand sinedheenslyi inedhemedigs, WO

01/ 38533 2 4 . / 12 i~fug at ..500 .x .0r 5 mnutes
at 4C511::§ 0 pé ]foe% ngcq %Pgﬁé&{uﬁ’%g?%éé%ﬁg‘f‘% Hméiqgﬂfﬁé‘?%a{}gdﬁe%@ &t rifuged
at 47,000 xugplémentddwithroirpset@ DMIEM ﬁb@iuﬂﬂﬂataaﬁlﬁ%ae% FHS (@»ﬁ%mﬁ%ﬁ%@nce
w th TEE, . resuspended in 20 nM HEPES, pH 7.4, 100 nM NaCl', 10 My 2,

nlM EDTA {( Heshghigniveseontingedat378Gand% G0 Afienatatal cf24hoBrsiat377€ | indd
- CQ,, the medium was replaced with complete DMEM medium fortified with 10 mM

1

" HEPES (10 ml/plate) and the cells were moved to an incubator maintained at 28-30°C in

20 ahumidified atmosphere of 5% CO, in air. The incubation continued for an additional

j 24 hours, typically at the lower temperature indicated above. A plasmid encoding Green
Fluorescent Protein (i.e., GFP, 4 pg/plate) was used for transient GFP expression in
CHO-K1 cells to estimate the transfection yields under the same conditions as used for
GPCR-like receptor polynucleotides.

25 To assess expression, membranes were prepared from transfected CHO-
K1 cells. Transfected cells were washed once with ice-cold Dulbecco’s phosphate-
buffered saline (i.e., PBS), 5 ml per 10 cm plate, and the cells were scraped into 5 mi of
the same buffer. Cell suspensions from multiple plates were combined and centrifuged
at 500 x g for 10 minutes at 4°C. The cell pellet was reconstituted in ice-cold TEE (25

30 mM Tns,pH 7.4, 5 mM EGTA, 5 mM EDTA). Convenient aliquots were snap-frozen in

liquid nitrogen and stored at -70°C. Afier thawing, the cells were homogenized and
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5 frozen in liquid nitrogen. Menbrane aliquots were stored gt} 47010
Menbr ane Wﬁ&gﬁ concentration was determ ned using the BCA Protein Assay
0 I

Reagent f ce (Rockford, Illinois), with bovine ser FRTAVSFRHS(i . e,
BSA) as a standard. Expression of the reconbinant GPCR-1i ke receptors was
assessed using a function-based [35S] GTPyS assay, which is described in
greater detail in Exanple 5F, 10 below. In general, the post-transfection

cater getai . | gener . !
ot ot ) o AURERPRLS AT  ECH BG4 B leidile FREUMIPRESEIE AN o1 1 e
study of tQrReaedPWed cERiiRidelkae 47 868 R 05 30 FRARERS 400 TIRERMBAHE m%t

CEGPCR12c (exhi biting sonme sequence simlarity to Wrnpep F41E/7. 3), and
CEGPCR7 ( Vwaspaghed3mies woih, TEEmenspemied in 20 atMHEPESNpHr7ad, U0@ meidNaCi, 00
resulted in 134%lgni ficant_ increases in the expression levels of all three

recept or s. MM Pyl ERTA (rssrorhubisr), distribusedhingo almuptssofd)-8d - Qmbengo screen

for neyropgensl ' ' | i s bi ndi tond-Nvigrtebrate . .
GPeR | Pk AR Ll b s Tblane o3RRS B SO s Wit isEsip
whi ch i dentédcgniign-waddeeramegt Wi the BE A Prdtein0NRa P Refidne flogiPiepept i de
(e.g., FaRP) ligands, GPCR-likc receptors binding to neuropeptide |igands

havi ng 20 faril Hlirgis) with besinespamns glhpmins (isf, BShk es patanidadl ar | i gands,
and EC50 (nM val ues._As_.sho in the t uch I jgands were.identified
for CEoPCRS. | CaPORe EXPRREsiEng! The cieamippart JeccplarpYa OB,

CEGPCRIZY, GG Bhded [ SHOREFY Bcky, Hith (GHEECRAN B axalhd ol i 51 hese

receptors have been identified as neuropeptide aRP) receptors. 25
CEGPCRS, ChelpeRin sOREHECRS pogRERGRIzon aerthcOBGROREBbatemdempeatatute ledab abl y

L LT T i35 e e
PDVDHVFL RFggttAiftlel §Ex@y{o}?&hﬁ§ c1dfldd GROR- Nt b EEUPES f\ﬁEQnﬂwéB &Mdce. 2y,

)
respectively, when cé mbranes were prepared fromcells transfected and
30 mai nt ai REGPAIR IZECextbitingsomasequeacet snplanigy wr W oshpép F4ERB)Cagdt hour s

[358] Gy SCHONIL WO TEPeRS PECIBEnesi i haghe eSS s TFHIEAd case
Of _t 1q s CECRERhoARng 4348 T 16 ehrch i R 1draN IhAR e eBF! 20he CBYBSEERLI ©

(370 1nc {1 oNsS were perfor ee tinmes. No st atron o
GL GPRPL RFaitestabé¢d g x annsl el 6 B o 4s 3BS| usddPioScheendon geusasepthde ¢inichding F4R#®) of

these experinents.while in_the third one, a 1.4 fold elevated [31S] GIPyS
bi ndi ng Wg g@@é@}%@ 1o invertebrate GPCR-%kc receptors. The results are prcsentecg in Tz];lb}espy

8-13, below, which identify GPCR-like receptors binding to one or more neuropeptide

(e.g., FaRP) ligands, GPCR-like receptors binding to neuropeptide ligands having

20 specified structures, the sources of those particular ligands, and EC,, (nM) values. As
shown in the tables, such ligands were identified for CEGPCR3, CEGPCR4, CEGPCRS, !
CEGPCR7, CEGPCRI12¢c, CEGPCRI12h, CEGPCR12u, CEGPCR12v, CEGPCR16,
CEGPCR19.1, and CEGPCR19.2, and on that basis these receptors have been identified
as neuropeptide (FaRP) receptors.

25 CEGPCR3, CEGPCR4, CEGPCRS5, CEGPCR12¢c and CEGPCR16 were
not detectably activated by their matched ligands, GNSFLRFamide (SEQ ID NQO:88),
PDVDHVFLRFamide (SEQ ID NO:94), GLGPRPLRFamide {SEQ ID NO:86),
PDVDHVFLRFamide (SEQ ID NO: 94), and ASEDALFGTMRFamide (SEQ ID NO:
77), respectively, when cell membranes were prepared from cells transfected and

30  maintained at 37°C. In contrast, a temperature shift to 28°C 24 hours afler transfection

resulted in significant stimulation of ligand-induced [*>’S]JGTPyS binding.
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5 The extent of this stinulation was, however, considerably ? LIz t han
the sti ' Ln activity achieved by using the coolin :P ot ocol
(2.6 forﬁbgfog\ggﬁs?on in activity). Thus, the tenperature g’(’)‘g\ﬂ?ﬁ ¥322%0as

i mportant for the functional expression of C. elegans GPCRs expressed in
manmal i an cells. In contrast, the responses of the human D2 receptor
control to its ligand, dopam ne, were the sane regardl ess of the

et vi ty vas dot bot d8 (et of s RSP BaRlos bt B s ot qoed S
nunber of (GRAREPIITEIEPinclbfond Wt i ithed thidltigRt! RS dikdlladdifof the
t enper at ur e-dependent GPCR-1i ke receptor activity was specific to the

cl oned r edHpGRRBLRBarhider(wo)-eriahuaed[*ENGRPlyiSkandiag eyt detected e hual bfithesdhos e
receptors identified. 15 in Table 6, are screengd agai nst the invertebrate
neur opept iC8RF MerHE MhHe igythedhipd pagast -4 feld eleyated fepl@HPyhamdimngomasyigeorded.t he

i nvertgebrate -Like . receptors will be activated .0 Qr- re .

nour opopt BT pHES S i Mot e el Saer ndtRe Bl

Exanpl e 51acﬁﬂﬁ)hao@1$evfeb%%ﬁﬁ¥$h@§&ﬁj‘ﬁg (28 OPpRomES (2.6 O 1B heeRER- Li ke

Receptors Standard techni ques are enployed to generate polyclonal or
monoc| onalThugth¢ rmpesaturegdopimshifPers impoatantfos pheofupstienad expregpeameefate usef ul

e A L0 0 LSSl
Labor at or \naVeBejsbr co?ﬁr‘é@fﬁjitslfﬂ%%{)d?ﬂbpaﬁﬂﬁg, wat tRGafRTBO4rdles\NeMYhe Baks feeind

Spring Harbor Laboratory (19 , Harlow et al. (Eds), Antibodies A
Labor H or yrovaenlatsed. ddbrdoBen; nortenierdsore-depbudent ogptoCadtivigpyasrdgtdatadovhen NY

1988). | nbodi , nbi GPCR-J.i k l. i d [
Col T hent B EI07 rEGRIOA PRI s ERPOBEy AR TREL gt B Eoroies Bclifing JaRFSy  © '
gener ate tfiticiHel (RAThE fempdiardidbeidct) GPRQTkERptoP BtivAly AR BelfiBd s

havi ng am no aci'd sequences corresponding to an | nmunogénic portion of a
GPCR- | i ke cleancdpemptere. g., 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, -37 WO
01/38533 22 JUL 2004, PCT/ US00/ 5.17, 18, 19, 20, or nore am.po..acids)
are used as anti gen.MbEPETS tec‘ggé S ﬁ%rﬁdnc@ﬁlﬁg%eﬁﬁ?%‘mﬁ ?‘f’gﬁg of

GPCR- {4 ke j} aGHRIe FeehEE hihel AV aRbrdet f Eanel liHbiagi E’x?z{fy‘ﬂ?@ & €
pr ef erred.” The ar’ltall%gsecn may %Jé m xe WItFL‘I anelgﬁf’ﬁant’lor g1h|nﬁke to ashapten
t 0 i ncr eassexpericdabyt epclodnedf the invieakhratedBRCR Al revspoarks vidbeantiviiedibes,
chinmeric (e.g., 5 humani zed) anti bodi es, fra]%)ment,s of anti bodies, and all
ot her f or rRR€&F Mose pggageptldes of the class mcluding FaRPs, using an assay disclosed 1n

Example 5, such as the GTPyS assay.

20 Example 4
i Antibodies to GPCR-Like Receptors
Standard techniques are employed to generate polyclonal or monoclonal

antibodies to the GPCR-like receptors, and to generate useful antigen-binding fragments
thereof or variants thereof. Such protocols can be found, for example, in Sambrook et

25 al., Molecular Cloning: a Laboratory Manual. Second Edition, Cold Spring Harbor,
New York: Cold Spring Harbor Laboratory (1989); Harlow et al. (Eds), Antibodies A
Laboratory Manual, Cold Spring Harbor Laboratory; Cold Spring Harbor , NY (1988).
In one embodiment, recombinant GPCR-like polypeptides (or cells or cell membranes
containing such polypeptides) are used as antigens to generate the antibodies. In another

30  embodiment, one or more peptides having amino acid sequences corresponding to an

immunogenic portion of a GPCR-like receptor {e.g., 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
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nol ecul es di sclosed herein are referred to collectively as ti ﬂy
products. wig offsdsy¢! onal or Mnocl onal Anti bodi es As one exé?{:}l'g?@ pr ot ocol ,
a reconbi nant GPCR-1i ke pol ypeptide or a 10 synthetic fraghehUSedr28of is
used to inmuni ze a nouse for generation of nonoclonal antibodies (or

| arger manmmal , such as a rabbit, for polyclonal antibodies). To increase
antigenicity, peptides are conjugated to Keyhol e Lynpet Henobcyanin

(Pierce), pcqgrgi - rer',s recompda ions. For_an initial
i nj ection, the a%{%bég%ﬂ}og@gn&J g ﬁ(i?sié VSeris RPEgRgTep BEEPoRd)ngvant and

i nj ected sextmotlhrieopsrtipns 6 GPORENNeteSemtbrst Lan : ks ddi ti onal
aliquots of GPCR-like receptor anti genﬂagé r?ull S%ﬁy%@ﬁ@ﬁ%ﬁﬁ? regﬂﬁﬂ' S

| nconpl et PRHPRS, AFft Prefraradn| Tdetantigerumay bameiaed iwith aRrabpiatirtifiRed d'Rhafi@Pst er
i nj ection, m sanpl e i.s tak fromthe i munized mce and assayed by
st ern blté)’f‘l‘“‘?f?{lgé a&ﬁ??ﬁwﬂaem?&%mw and maeneglossl antihediesyehimereaiele. wi th a
GPCR- |5 ke mphathes) affbodie€ F4Bnk | qounized ani pal s be used as a
pol ycl onal antisera or uséd To égrsgégﬁ%‘%e p%@%ﬁc?ﬁ'ﬁf @Mioggéi‘@%dyt hat

recogni ze molepdes Hisklpsedbapinore refbrrat addiéetively hdnibB ¢ Broali&ssacri ficed and
their spleens are renoved for generation of nonoclonal™ " antibodies. To
gener ate nonocl onal antibodies, the spleens are placed in 10 Ml serumfree

RPM 1640, and gi ngl Péﬁfiohals&%?ﬁ'&il@pﬁ ?artﬁ flog med by grinding the spl eens

in 25 serumfree RPM™ 164U, suppf errer 2 MM L-glutam ne, 1 nM sodium

pyruvate, 100 Unit sAslonpexérsplahy grotoRBH akr@bnYiSih i Cﬁi(fl@-g’&gggﬁ)ggptgd}%w:x)

(a bCﬁ Cana a?.. The cell suspensions are filtered an
cent r1% ugS¥PBRUS frasment thererfisdised tosimmnnize @ anouRPNr. gefibrptioe yf gonbdake) f r om

th [ -Bak. ) epared in.a simlar nner  and _used as a
Foeder 1y DuboRgs for Tn3er Aafhnfl ARRR B n rbeR RosPalitioral pisios) wFe mesoss 30
(FBS ( Hyclantigerieibgpepridésese corjGgated-@URByhdi E}%getf}%n%é%ﬁ@ ég%&ge pazciﬁfrﬂi'ﬁgg A

fusion, are centrifuged and washed as well.
PCT/ US00/ 32 Siesmanniaetytris seqeppendations. UBdramsinitiabingetion,aht antiderTs bh8lsified

i i d .m i d,-wi t -1 | d trif d, dth
Sumornat anif Fredhss CHAEk BiNabl sl eie subetiGne oty imgalind ing o e
t ube,15and tRregweeks, 34GitRRS alﬁ@@ts(o?@.%(fl@-lﬂ% r%égépfdgtﬁﬁﬁ&& qggﬁrgjap%@edt with =

(Boehringer-Mannheim is stirred into t
addi ti on &feundisipcempleterinjuvanttand égjbcted subdveaneebdls Pricr 6 e findl4@8deaNd
. L . ; .
resuspend ’ﬂeét%é"’ %IFS’MU Cont;?l'eri]é tr&ﬂenlg /?nFtES" 100. pM sodi um hypoxanthine, 0.4 M

ani nopt er | m Sam ¢ immunized mice and assayed by Western blot
to confirm the presence of antibodies that immunoreact with a GPCR-like polypeptide.
- Serum from the immunized animals may be used as a polycional antisera or used to
20  isolate polyclonal antibodies that recognize a GPCR-like receptor. Alternatively, the
mice are sacrificed and their spleens are removed for generation of monoclonal J
antibodies.
To generate monoclonal antibodies, the spleens are placed in 10 ml
serum-free RPMI 1640, and single-cell suspensions are formed by grinding the spleens in
25 serum-free RPMI 1640, supplemented with 2 mM L-glutamine, 1 mM sodium pyruvate,
100 Units/m] penicillin, and 100 pg/m} streptomycin (RPMI) (Gibco, Canada). The cell
suspensions are filtered and washed by centrifugation and resuspended in serum-free
RPMI. Thymocytes taken from three naive Balb/c mice are prepared 1n a similar manner
and used as a Feeder Layer. NS-1 myeloma cells, kept in log phase in RPMI with 10%
30 (FBS (Hyclone Laboratories, Inc., Logan, Utah) for three days prior to fusion, ar
centrifuged and washed as well. '
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thym dine (HAT) (G bco), 25 Units/m 1L-6 (Boehri nger-l\/annhgrzrm amd 1.5 x
10 thyrrggqégﬂ_%and plated into 10 Corning flat-bottom9 -vveh tissue
culture pl *Toni ng, Coming New York). 10 On days 2, 4 PCRP3E26er the
fusion, 100 I of nediumis renoved from the wells of the fusion plates and

replaced with fresh nedium On day 8, the fusions are screened by ELI SA,
testing for the presence of nouse IgG that binds to a GPCR-1i ke receptor

pol ypepti de. Sel ected. fusion rre further cloned by dilution until.

nonocl onal cul tures- Brpéﬁ‘E}EFi'ég%‘i?q‘@ Bustansy ?N@"P@H%éPB‘rlLEHW’HB'&F sugg gre

obt ai ned. SRR = rahigd ' ks e

D spl ay G%%n@ﬁeke rergglgfc g?-?%gﬂ%ér?@lji P‘?\’gﬁgrﬁﬁ ﬂ‘%&‘?@g‘f"gﬁ%‘gzﬂ‘gf Ca)ﬂ('aé; e phage
di spl ay t epéilet tpudislodgeahbampping sies e canid 2l 613 72C) BEG 1600 @0% inHI®RIM

Ant i bodi es, %gj) : 155-168 (1997); Hogj%ﬁnboom ~TIBTECH, 15:62-70 (1997); and
Rader el aHEPES,PH 8.0y (Boekyinger-Manmheumms stiredsingpthepghet; fodlowed byithe of whi ch

are ingorp . € refer anpl e, .anti bady variable regions in

t he fo_?m o?étﬁ{é%rg?f%éun@nfesem‘i ﬁﬁéﬁgﬁgﬁr’r@faéel&%{f’ ﬁelﬁgédgpaggﬁqw?ega 'Inused_ to
the am no ReMIidaHinthg i 5%FES)1100: N RediGm AypRkafRiAk, 024 QMEhMinoptdrin, F3RMESSi ON
of the fusion protein and incorporation thereof into the mature phage coat
resul ts i nthymadiae (HAM) {Gihso), RAtUptsépkli-6 fRochningbrbianoieimhand 1.5 Fiice and
contain thg 25 gengt.i c terial codi nq the antibody. A phage |ibrary
compri s ng R aRRYEsRY el S| o LGEERuRE far ol DRl ssin AHE RS ary i o
screened f arorfdReRCbiigy NeeepdRy.- speci fic phage-antibodi es using | abeled or
I mobi | 1 zed GPCR-1i ke Tteceptor as antigen-probe. 30 C. GPCR-11i ke

Receptl@r - Neut r al i zi nénadays Bodliapd & aftenthir fasiog eHl0onlAfimedien isGR@RvEd kem
receptor-neutralizing.antibodies, arge nerated in.transgenic, ani mals, such
e, oot adaalar Brepiod b Hehmedionk; OF drn e Rty - 39
VIO 01/ 38533 reched by 1094 18T 1058 328256 o Bl R idd9B) @PERBiigggemann
et al., Curr. Opin. Biofechnol. 8:455-58 (1997) " Transgenic mce carrying
V- gene segmreepter polypeptidei Selectod fugjonsadre furtheankbned py destionqurttihmonbelansigenes
in their | hoi d ti ssue, . | nized with a GPCR-1i ke pol ypepti de
conposi tio FW°€B‘?W%H’E*F’§?§R'SR;{E?FE'$ ARfibadresragcoftainedy by i domas are
genergked 5 fromB cells of the inmmnized nmice using conventional protocols

and screened to identify hybridomas secreting anti-GPCR-1i ke receptor
anti bodi es (e.gB, as GRRAikbBdceptor-Neutralizing Antibodjes from Phage Displa

GPCR-like receptor-neutralizing antibodies are generated by phage
:display techniques such as those described in Aujame et al., Human Antibodies,
8(4):155-168 (1997); Hoogenboom, T/BTECH, 15:62-70 (1997); and Rader et al.,, Curr.
20 Opin. Biotechnol., 8:503-508 (1997), all of which are incorporated by reference. For
i example, antibody variable regions in the form of Fab fragments or linked single chain
Fv fragments are fused to the amino terminus of filamentous phage minor coat protein
plll. Expression of the fusion protein and incorporation thereof into the mature phage
coat results in phage particles that present an antibody on their surface and contain the
25 genetic material encoding the antibody. A phage library comprising such constructs 1s
expressed 1n bacteria, and the hibrary is screened for GPCR-like receptor-specific

phage-antibodies using labeled or immobilized GPCR-like receptor as antigen-probe.

C. GPCR-like Receptor-Neutralizing Antibodies from Transgenic Animals
30 GPCR-like receptor-neutralizing antibodies are generated in transgenic

amimals, such as mice, essentially as described in Bruggemann et al., Immunol. Today
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above). Exanple 5 10 Assays to identify Mdulators of GPCR-Lpke Receptor

Activity 0 g al approaches exist for the discovery of ve" conpounds
t hat are-%len Ing partners for receptors, especially @%_P@yﬁmazgﬁme

general approaches is conpatible with high throughput screening (i.e.,
HTS) formats, which are preferred formats for identifying |igands and
ot her binding partners of GPCR-like receptor 15 pol ypeptides, such as

nodul at or s rg¢ept 1\ The fifst appr.oacgh invol ve {ng the
bi ndi ng of * Z@%’r?gg:m%l 998%%,““&"%%6%@&‘ f’abeé‘l"é'da it %]%{e‘??’é'&(- (ﬁezgsoseﬁ (57},
prepar at i oTrdtgéni€ afit@edtfyidd 1V -gene Sindnts %e'ﬁ%‘liné eHREEUrRi AR bhd BxfreSRHHARET
based on expression of the gene encoding the receptor, typically ina
het er ol ogotransgenescim thaihbympheabtitsueant imyshizad withad GEER: like podppegsideon of a
reconbi nant GPCR. and is the .presently 20 preferred systemfor binding
assays.  ThECBBEBHieR Hps Seimtenal HETualzaiod Proipsctn Bybrgacres are generaledpt or

bi ndi ng pan { . LWl ecept or,
whi ch ey BSY BT LoaEiy Tk ERey LEERA bl bl kg Riebut § SO0R O ¢
and el evat edentifCleylirifonns téoreting andicGBERL e detédbmantibodits (£808s 8éseribsehi ch
interfere with_agoni st binding, thereby reducing the |evel of receptor
activity. ABOY&r i ndi ng assays, reconbinant 25 systens are the presently
preferred fornms for function-based assays. 22 JUL 2004 WD 01/ 38533

PCT/ US00/ 32225 Receptor bindi ng assays (RBA) as HTS systens for drug
discovery The literature is replete vEtdmpwdml es of the use of

radi ol abel ed ligands in HIS binding assays for drug discovery (see
Wlid@s, mssaysredderily Medulnagrsnd GPCRIGKy Regoplorativity al ., J. Nat. Prod.

56:441-455 (1993) f i ot | i.ble 5 t f |
ant hel mi nti f: corr%aou(rjlr s&%ﬁ% 385”8?%{%3?@%P{ogﬁi%%‘gcqevﬁq-ﬁ%%ﬁg‘?eﬁﬁou%ﬁﬂg’iﬁs
(Ceary et ate bindiQ Phrindie ¥\ teEepidisicsy&idIBGPORS. Fadit8fthe RehdrhCapprddchied isssue

from parasitic nematodes, is difficult 'to acquire and native nematode
ti ssue bi ngpmgatie aith gl throughpukdcreepinig @ d , HIS) Hinsnass ovhiske atelyoeftendi t y of

t it ipt . ti is. .typi I 1 | th f d
el §an (T (B RIEE RESE sl Sther Bing el By of B HGR S T90R035 19963 )
Q her jseas Blgpﬁﬂﬁes,rﬁﬁﬁpﬁﬁﬁﬁfaﬂ&&eﬁkﬂﬁér aﬁ:’ii%lit?.r ﬁ"im@rﬁrrﬁqP %acmol\;&ndi ng

assays include better specificity (higher relatijive pur and ability to
gener ate Imaageingtbea binsling ofradoreywiroligamd) prefezably tdbeledovitts o mdidabdlTechnol ogy

LR AN RN A R
the art. Seghressisd 6fhe gene encoding the receptor, typicaily in a heterologous system. The
recombinant system involves the expression of a recombinant GPCR, and is the presently
20  preferred system for binding assays. The second approach to the identification of GPCR-
like receptor binding partners involves the measurement of the activity of the receptor, )
which may be influenced by either the binding of ligands that are agonists, and elevate
receptor activity, or by the binding of antagonists, which interfere with agonist binding,
thereby reducing the level of receptor activity. As for binding assays, recombinant

25 systems are the presently preferred forms for function-based assays.
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15 include bacteria (Strosberg et al., Trends in Pharm Sci.l A3/198008
(1992)), 3 sgg?usch, Trends in Biotech. 15.487-494 (1992)]), sever al
ki nds of IMEed™el1s (Vanden Broeck, Intl. Rev. Cytol. 1E£THOBERS
(1996)), anphibian cells (Jayaw ckrene et al., Curr. Opin. Biotechnol.
8:629-634 (1997)) and several manmalian cell lines (CHO HEK293, COCS,
etc.; see Gerhardt el al., Eur. J. Pharmacol. 334:1-23 (1997); WIson et

al., Brit., J.. ObPhéa\ macol o 1 998) ) ... These exanpl es do not
precl ude tFe-BSES=REARRAYS Wi 49114 2 SYSICTRS QT LIS HACOVERY ems, i ncl udi ng cel |
| ines obtained from naERiRsas i I Vidlddblesd el LIATSA -
expressed in one of the descrilbg? re(;onbi ﬁ?nq[s systém%cgdﬁggggggggg) or HTS

bi ndi ng as#eli$S bmdingpssayst foodrugidistol try (skef Wilhdm25MVkd. dResdRel Nl It i B1&88ASse t he
correspondi ng neur og}ept i de &re.ag. FaRP) that activates it. The identified
pepti de i s{19%hsS¥eetiopme:#l.s iNapProd, $61A61-483 6193) fasseviamhglt inaiso pessihle ni t ed

to, "' , : A . 99 N "S.ar 2P, t hods
that ade vl ErERdGEne B bBRiNiCqrhoymad Wikagio ibelst) Bandsin Ty biing
peptides nmetedne (Galgleedl. ,NPo9R| Hokb@amaiRt hegstodehitdhcdpstichRAY tisdle R scent
derivative (Baindur et al., Drug Dev. Res. 33:373-398 (1994); 30 Rogers,

Drug Di sc. pAratty nematwdes) 6041 ficad2p pequiredindanstive aethatgde tissysdanding agshys round

expr easi ngTone-stiRER TSRl B Bk B0 R e R ETer 1801 BSsorepuialfi i ant
protei n cafphaligahrR6eed thakfoind 3% AlfnrhdliadNRs s (?ﬁc\(xﬁ?ﬁln, ol andarLivRYS

including filtration of the receptor-Iligand conplex to separate bound
| i gandOf r oiri3:52bbEAR (199aNd Othrireasens that @8ombBastieneptomstaraprefericdddy HTS

Al ternative. net hods i.ncl yde a cintill.ation proxim SS SPA) or a
l beny at & OB edsss gk e Peut esibisy (b Bhir Ptk B b SRR adeayatn o

I., Dr ' &,Iﬁp.gep@é.-' : : igORT ni ng
g: 285- 23% ?{ 9&?)1). B?ﬁ;lrgi ng O@&gﬁﬂiﬁ?ﬁ%ﬂg«%&%ﬁ%@ﬁﬁéghﬁ%ﬁ%éﬁggggg?éﬁzﬁﬁ
vari ous ways, i ncl udidngariehuelhetarelogeussystegys are avasioble foFeEpREssicli ofect

-spectrophot of l uoronetri c anal ysts. of bound |igand, or fl uorescence

pol ar | zat | BOPDEENT FSERIPE and ol fcpgwn fq hose et inithe ity SUE SEIEmE Doy
1:92- 9% (18280 badi@rid(Sti8ERG: 38 SBEnEOARLP .§&9Y§95-‘9§€tﬁ9é2)?, edst P RisdB

bi ndi ng assay or screen. A“peptide I1gand screening assay that mneasures

| i gand bi ndlrangs iroBmtechui 3:487-45GAGRY/)), keverad kapk of irsectaretls (FandentBreedknvent i on

51 LhEReS AT o Sl ok B b of LT .
extended by;QnnNof. S'4H0084 (196 B LikPsevesil Hiifamalian cell lines (CHO, HEK293, COS,
etc.; see Gerhardt et al., Eur. J. Pharmacol. 334:1-23 (1997); Wilson et al., Brit. J.
20 Pharmacol. 125:1387-1392 (1998)). These exampi«s do not preclude the use of other
possible cell expression systems, including cell lines obtained from nematodes (WO
98/37177).
A C. elegans orphan GPCR expressed in one of the described
recombinant systems can be used for HTS binding assays in conjunction with its defined
25 ligand, in this case the corresponding neuropeptide (e.g., FaRP) that activates it. The
identified peptide is labeled with a suitable radioisotope, including, but not limited to, '’
(preferred; see Geary et al., 1999), *H, *°S or *2P, by methods that are well known to those
skilled in the art. Alternatively, the peptides may be labeled by well-known methods
with a suitable fluorescent derivative (Baindur et al., Drug Dev. Res. 33:373-398 (1994);
30  Rogers, Drug Disc. Today 2:156-160 (1997)). Radioactive ligand specifically bound to

the receptor in membrane preparations made from the cell line expressing the
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15 | odi nati on of the peptide is acconplished using a standarzd? ghll @@qam ne T
procedur ey to a2 mnm glass vial are 10 VI of a 1 nM wat ‘# utlon
of the Flpl% pep 10 p 1 of 0.1M(pH 7.99) sodi um pho

1.0 nC [1251] SOdI umiodi de and 5 1 of a 2 ng/m chloram ne T soI utlon
(in the phosphate buffer). The m xture is vortexed for 60 seconds and the
reaction is stopped by the addition of 25 1 of a 5 ng/m sol ution of 20
sodi um et pho uf ... The.m xtu t he ect ed to
PLC g adtentoineat BreifaRAE R BT I btk st e o SybAL et BEhms & 15
cm col umMinciliagh éﬁftﬁﬁbﬁ@fﬂ\éﬁ%&dt&-ﬂ %Qoﬂﬁq’ex?’lg%bﬁdrﬁlte Hohﬁ@hé@r{cpfr&’ﬂ 20% A and
80% B at tinme 25 m nutes NH4 acetate In water = 0.1M NH4

acet at e i nunmuad ligand (‘@PrBﬁhisﬁD%] SWeat)'lademl f 1998)r atlermasivd niihvdds indtudeca
Sanpl es are co | ected into 0.25 capture buffer 25 (O | M sodium
phosphat e #ifil ‘Oﬂnﬂfﬂx‘@“@/@s%ﬂ/ﬁﬁé)%@ﬂw hﬁﬁqmablnlwhﬁhmmm@n%m and

Nbrioi odo - JEGEGI RO BB PR 41T HTRED 1 ) BFY i Pt | Pebyad® P L0
M nut es anBidnhs. §¢reblingS:283P792001 DOEY e Bndlfo PFhorkstefk idandd canRdut&A@Binf of

use in the assay are derived fromcells stably transfected 30 with a
GPCR- | i ke Yatoustysephding flupressanaeranersy trnsfer (BRETkdiredt cel s are grown in

10 di shes,.t f '

Cat +/ N2 - S oSG e D gy gt ien g W55 Rygisitent af'p)'aazatwp % 1 of
the same brbigs, 1909} mnac.ﬂr@.hheﬁaqﬁu@mue@r& Deﬁxugafzm;{ ﬁgp g,

m nut es) , resuspended in 25 nM Tris, pH 7 nivi EDTA pH 7.5

(TEE) 10and frozen inA bupdutt aﬂia;yrtbgehas pm\teamscﬁuhw abipl} hindire dssayeorescreen. |
honogeni zed using a enl zer nil TEE e of cells),
and centrifuged at 1D Sged rr$ ﬁ‘a{B‘ePﬂ‘r‘?‘Eﬁ/’ GE’F@E“%WCP unbr oken
cells. ThesmMp@Rem@%eﬂaﬁ ﬁaardlﬁg Rt Eﬂvfeﬂﬁ&si 1saéxe%91199(§)u§?n§flfngdl |

mnutes to isolate the nenbrane fraction, and the nmenbrane pé
washed onc€. eﬁegdm'ﬁﬂﬁl&p@tlded@aaqiemdnodlﬁbd ﬁdehga:hnﬁlpbs péptidlenM HEPES, pH

opt | onal | yYPNGEKLRRamieg SPG R Ny IR s evtanged By B irmb roripe eotiog:

Al'i qugts o 91%% t - 70C
ar eqt qgv\edioc‘%ga%'d?r?l@% nEig ﬁﬂ%?ﬂc}% nto assa @P? )eéf‘anggél s‘gﬁagreeg bel ow.
The pept i dAddedysora2 m:lrgmlvuﬁg aes Byl ofsa § ﬁMdetertsethtioy ol shee Klf:l@ﬁem/&iel 1(phbt es

Mlllpore fil.tration plat FB Qp ass fibher type
B, catal oggﬂﬁméﬁggg M‘Ff‘?, haF”r'EHfE‘Fn P@é‘ékﬁqgﬁllm@ﬂﬁb@gid&rﬂedéﬁ liof@t ed
using a Mbide hioramine T solunon (in the phosphate buffer). The mixture is vortexed for 60

seconds and the reaction is stopped by the addition of 25 pl of a 5 mg/ml solution of
20  sodium metabisulfite in phosphate buffer. The mixture is then subjected to HPLC
gradient fractionation by injecting it onto a Vydac C18 (0.45 x 15 cm) column. The ’
gradient used is 70% A and 30% B at time zero to 20% A and 80% B at time 25 minutes
(A = 0.1M NHy acetate in water; B = 0.1M NHy acetate in water 40%: CH3CN 60%,
v/v). The flow rate is 1.0 ml/minute. Sampies are collected into 0.25 ml capture buffer
25 (O.1M sodium phosphate buffer with 0.5% bovine serum albﬁmin, 0.1% Tnton X100
and 0.05% Tween 20) at 30 second intervals from t = 8 to t = 20 minutes. Monoiodo
YDVPGVLRFamide (SEQ ID NO:119) typically elutes at t = 11 minutes and the yield is
approximately 100 uCi in 0.75 ml.
Membranes for use in the assay are derived from cells stably transfected
30  with a GPCR-like receptor expression construct. The transfected cells are grown in 10

cm dishes to subconfluence, rinsed once with 5 ml of ice-cold Ca**/Mg?*- free PBS, and
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Mul tiscreeno sol vent resistant manifold (catal og nunber MAVM®O60R ). Each

replicate ssay is contained in a single well and h une of
Wt olhsd m\z@ééﬁﬁ est

100 ul contalning .5 ug protein (preparation described ab

group contains two replicates. For each test conpound, one group i S run
with ['251] YDVPGVLRFam de (SEQ ID NO 119) 20 only to determ ne total

bi ndi ng, and one group is run with | M (or as designated) concentration of

h d,[." ), d . , f
non- speci  REABHIORSS OF R SPERTET GAi o5 PFISpLRY bonvsficalien 00T Sat e i s
a5, 1ol ovsminaseesiiskhti 020 M TEPER 7305 WMAEEZLs bAFED 1 737 U

al bum n, pH 7.4)’ test conpound (mad p 1n assay buf

[ 1251 ] YDVRGWEE-amd trez¢rSEQiquidl iNGogdrl 9Afientha%ims er\tellsi bfe@omogestzeR iingn e
suspensi onpglié'? ssay buffer). The_ addition of the nenbrane suspension

initiates %i nizsnanedw WeE eer platead el amgirepinfugeadsat 41000 ganfor 5
tenperature: £226) .50 bﬁ)(}/%i%dgmﬁro?kgn%ﬂsme I ncubation each plate is placed
o) an 5

on the filtratiron mani vacuum’’'s applied, pulling the liquid

through the filter (trhehbinggeshtd Supefiassis@dirifasd ﬁ@bgﬁ@b&gﬁvfcﬁ%ﬁﬁiﬁbé&” on
the filters in each well. For washing, the vacuum 30 is rel eased and 200 tl

assay buf f@riselateihe aembsansalzactinn) andithe swinansypelletis prasbent orae vafh THE and
vacuum ' Thij shi I.S..repeat ed. .t wi e t of shes ach .
‘replicat e_)r.8§13sf "W@f}‘%‘gg&g“;&‘ (?@P%ﬂﬁ%# @08&%‘2‘%%3&I ]Irbdﬂmg{?\és i ng,
the pl asti @M BYETAYOTKE YebidBertRd FGhibian &Y ar 8ol itRzES il IRJRY ﬁfim%,@ﬂ and N
plate is placed in a bottomsealed Mcrobeta' (r) scintillation ¢ounting

cassel@e (Heredlapg70°Gumidusa450- 105). Twenty five gl of scintillant is added
to each well and the plate is | aced on a rotary shaker at 80 rpm for one
hour and then all ometﬁ\q'[qéfo?iqfcﬁ'\]/g\”m%j?ﬂe.s o 38 CFH%CEQLWDdtweﬁPbTe is
count ed i n7EeCMreiRARdR hombgiHizdd Ad BMuE@HRD Sésay Blfer R dbeReei fic

bi nding is subtracted from.gt kllg mean t ot afm{’)i nsg?,ng teo ;‘;ilésé gpeci fic binding
for both the standaiflic pyidedidani acrceling Sy WiadiGtatddity) userod 96heeliliplateswns .

Response- d GPCR HTS systens 10 It s well kn that activation of

het er ol ogg@iﬁ%&@!}%’egﬂ p?‘bﬁ%‘é’ﬂ p?"ﬁes @bc?ﬁ?ﬂ?ﬁéﬁ’tﬁg?&!‘l‘sé ef Re Bs s2taleg,

vari efy of oBhsdrOdiATEN C ; ' | lggﬁgg - G

pr ot ei ns e]>1<pr esrsed in (?%g@ﬁgg?@cne%m ggﬁ?éé%l%ﬁﬁg%a{n%d to ﬁggjggyeesul ts in
exchange oMultisgran®BplventreGitBniahardfdid (oitaigg sumberdv ANMOG6GRIDUBREE One can

use a radioacti vg non- hgdrol _y%(?bl e derivative of GIP, such as [35S] GTPyS,
to measur e"RECHE RIS ASTAY 15 FOMRBAT 1 2 sigslervell anddiss grvolymseek K0G ulgongning Eyr |

f o B;gf |h.e[~'3y u% ?ﬁgﬁtﬁg\g%ﬁgrsatﬁé&t%g%;o% %ejﬁgaﬂ 28 #55 LdtkAnLht e PHch&. TRgsUr e

each test compound, one group is run with ['*1]YDVPGVLRFamide (SEQ ID NO:119)

20  only to determine total binding, and one group is run with 1 pM (or as designated)
concentration of the test compound and [”5I]YDVPGVLRFamide (SEQ ID NO:119; for
non-specific -binding). The order of adding reagents for each replicate is as follows:
assay buffer (20 mM HEPES, 10 mM MgCl,, 1% bovine serum albumin, pH 7.4) test
compound (made up in assay buffer), ['*I]YDVPGVLRFamide (SEQ ID NO:119; in

25 assay buffer) and membrane suspension (in assay buffer). The addition of the membrane
suspension initiates the binding reaction which is run for 30 minutes at room temperature
(22°C). Following the 30 minute incubation each plate is placed on the filtration
manifold and vacuum is applied, pulling the liquid through the filter (the liquid is
discarded) and catching the protein on the filters in each well. For washing, the vacoum

30 1sreleased and 200 pl assay buffer is added to each well followed by reapplication of the

vacuum. This washing is repeated twice more (total of 3 washes for each replicate).
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receptor by decreasing binding of GIP ["S] in the presence % ,a known
agoni st . % 98§Eftei ns required for functional expression He{'df ol ogous
GPCRs  can D&Y  ve constituents of the host cell or can HRETH$GIAed

t hrough wel | - known 20 reconbi nant technol ogy. The G proteins can be intact
or chineric. Oten, a nearly wuniversally conpetent G protein (e.g., G 16)
Is used to couple any given receptor to a detectable response pathway. G
protein ac%i \{ation rﬁsul s in.the stinulation or ighi ition of other
native prof 8lAYINENASAING. the Alasis fOYRIING HKibA updersidroherrnAlpte it wapysd and
Exanpl es o - 0] q 5 1 : : L, t he
25 1ol | owi 1 HHag iobBeabingRorlolE R CriYo it REGulile caile By, 10y
nutrient i AumbgerisoiG)| Twengi heqred syiatiintGehdded (Fashohel]l A8Phepiabanges in
intracellular Ca" concentration as neasured by fluorescent dyes (Mirphy et
al _, Curr. plagehon proteryshaleir at 80 gprndor one: howp andthep 208y to §it averpigbbnthe
changegs ca | so Qe ed to monitor |jgand- 4 nduced changes in nenbrane

pot ent P al ?ﬂ"ﬁﬁ‘ﬂw %#ﬁ%ﬁlﬁﬂg '%?ﬁ"’ﬁ#‘&uﬂ%ﬁﬁ?gﬁas ?tgfﬁtlgﬂic?‘é'%% JI%O"‘FG? s has
been descr g&ma Bihdin3 68 SubRdERE FoM (e TREMARIRT bilinglto yield sfRicHPbindmg BFN NI
1:75-80 (1996)). Mel anophores prepared from Xenopus |l aevis show a

| i gand- depbotdight standa®d Y DYPEBDELRPandide, 2EQAD WO/4T500 B222kncwange i n

pi gnent organi zation in response to heterol ogous GPCR activation; this
response is adaptable to HTS formats (Jayaw ckrenne et al., 1997). Assays
are al so ' )| asd ment of common second nessengers,

I ncl udi ng g\é dn@@% ggg?]%(?lbn%[sﬁ Yéfg]%and arachidonic acid. Set forth in the
fol | oMdng subsect i ondt amellknexarthitacyivitionodfi ererdlaged: resspays ekpressedant i f yi ng

nodul at or s (ag%ni sts and antagoni sts) of . GPCR-1i ke receptor activity.
Anong t he FRSQMP:AAGE Systamsresulis1p @ vagebrafibiclasipy responees, whickage sypacallyt ur al

i d . t ; i i f.
natural 11 aane &) GRRGehEERPie R (M RSL e PRORAT AR GRCR PRy
conpounds eedhangelof hound GR forabTRat 2 bimdingssiteronftheo@ subunitpdiye tarkese a

combi natorial libraries; and/or synthetic 10 conpounds identified by high

t hr oughput raségastixe. fendivdrglysakie desivatiygioleRRBy such 3¢ By SIETPySadvmepsive he art .
Al | . e ¥ b
GPer ke Bneoln AUoRy GhEreckiNBe | Bl 51 %, KMol D5 46500 ¥ 09

pat hol ogi cel998) Mscan Avachse tHIS bindiigivIRcaskiRan ability dfnbdgohists @b to thed
antagoni st nodul ators are useful for up-regulating and down-regul ating
GPCR- | i ke rasepior by degreasing hindipg of &JFl1S] v the presenee efa knowr pgasistat e

e om0 O Sl Ay g e 3ble o ) Bl s

can be native constituents of the host cell or can be introduced through well-known

.20  recombinant technology. The G proteins can be intact or chimeric. Often, a nearly
universally competent G protein (e.g., G,,;;) is used to couple any given receptor to a )
detectable response pathway. G protein activation results in the stmulation or inhibition
of other native proteins, events that can be linked to a measurable response.

Examples of such biological responses include, but are not limited to, the
25 following responses: the ability to survive in the absence of a limiting nutrient in
specifically engineered yeast cells (Pausch, 1997); changes in intracellular Ca**
concentration as measured by fluorescent dyes (Murphy ez al., Curr. Opin. in Drug Disc.
& Dev. 1:192-199 (1998)). Fluorescence changes can also be used to monitor ligand-
induced changes in membrane potential or intracellular pH; an automated system suitable
30 for HTS has been described for these purposes (Schroeder et al., J. Biomol. Screening
"1:75-80 (1996)). Melanophores prepared from Xenopus laevis show a ligand-dependent
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used to deliver a therapeutic conpound or a label to cells that/expiess a
GPCR-like_ re }or (e.g., by attaching the conmpound or |abel to the

bi ndi ng p‘gﬂﬂg’s?.-" The assays nmmy be perfornmed using singl ECH{HSEY/PIARS
nodul ators; they may al so be perforned using a 20 known agoni st in

conmbi nation wth candi date antagonists (or visa versa). A CcAM Assays In
one type of assay, |evels of cyclic adenosi ne nonophosphate (CAMP) are
nmeasured | ecept or-transfecte e been exposed to

GPCR- |.i ketr cells tr’\%g Eav _
25 candi da{]@"%m'ﬁf’%}’ TEABERIIPRSD TEPGRS8 NP equaEP GB alikatipty g een
descri bed | ‘e A § : : L.Lell ation,
37: 279 (19%%'3‘%&%?5593@%%,&“&%? ?&ﬁ‘%‘i“ﬁ g&?@%gg{&%%%-‘gﬁyg&%% . Dool ey
et al., J.awfablefohExpeasirementof, coBBid¢?3ecdidbmbdsenidrddndindmpd ABSBy ge et al .,
J. Bionol. Screening, 2(4):235-40 ('1997)0“] An exenplary protocol for such
an assay, Rhaspioiapsipgrsipdprachidonisacidacestiferth Bnthe feliayring susestionssiy f r om 30

NENT" Life Science. Products,. | S t.forth bel - -45 22 JUL,2004 .

o1/ 38533 PP IS 4R R0l T i RbbahefndMor Gedisn st agéanitiEhet
(e.g., a cEMNARalike teaéﬁt@m&isﬁy.gmﬁaﬁze,%@%hula&@uﬁ@hm_deml%@b deyer ci al
expression vector, such as pzeoSVZ (lnvitrogen, San D ego, ), and

transi ent | gssaysaane hatwrad igantd eongirunds of thareteptor; Pnthelic aoHioys arel desivasvespiknown
met hods, such t he transfecti.on,.reagent FUGENE G 5 (,Boehri nger- Mannhei m
and the ¢ ireLBer s BeSs PR RRERPHe R opmrtRRy Tt araeotng, JEHVE
transf ect egoGHEueal AtibBliRs SERHRCaniBbPy-1iRE cRbWRIoHaMisr AR 2h8%r HnthéiRk:

Fl ashPl ate(r) assay kit, which are coated with solid scintillant to which
anti séba toompimdsadenbbed bpbighdhroughput scrsening lof librames;veat lothexdibrarmeded wi t h

ildt t fect l]s.,. | th I '
Var | ous” anbRs 2oe ay AL makTaRE U3 vin S s ke epiirs 48 Brbfrng o |
standard CifeXgfyifg GPOR- IR Soliptid CORRRMIASNPI& (83d98r iaghdific pilpoted,n each

2!
well, with water  and/ or conpound-free nedi um d(i %Sent serving as a control.
Aft er tr eapatbolbgicabpiivBoses, aud|other hutposescinawal iattbe am). t Agompsgtlang ahtagomighct |y 15
m nutes at rqom tenperature. The assay, i s tern nat he addition of
"ot 's buf  BedRBHrS PR SER T 351 ENIaes G (RbeEbis AR PRI PR EPI count cd
using)g Paghprd ASPCAYDH TE MGt BRhebThe iRRb G SnsSaldMr ihfeBlidbf MAHURE
Unl abé ed cé;%gfro thegll ys"Z% cel hg or fromstan all-rld%) conpet es’ w th t he
fi xed anmoumtimald, plan&dr|th&éivitoharena nGPGRelkereckptorttonding ppitadre alsd nsdydredar d

curve is constructed, and cAWVP val ues for the ynknowns are I..ned by
i nt er pol at P¥H.10 d@&%g@&ﬂ#ﬂﬁ%@&@@w&m ?abmp ce @g‘aat B¥PIESSR @ﬁ&i@h%

response t fecEpBP Y. ,eb); Qaa%h{nﬁ%e compound or label to the binding partner). The assays

may be performed using single putative modulators; they may also be performed using a

20 known agonist in combination with candidate antagonists (or visa versa).

A cAMP Assays
In one type of assay, levels of cyclic adenosine monophosphate (cAMP)

are measured in GPCR-like receptor-transfected cells that have been exposed to

25 candidate modulator compounds. Protocols for cAMP assays have been described in the
literature. [See, e.g., Sutherland et al., Circulation, 37:279 (1968); Frandsen, et al., Life
Sciences, 18:529-541 (1976); Dooley et al., J. Pharm. & Exp. Therap., 283(2):735-41
(1997); and George et al., J. Biomol. Screening, 2(4):235-40 (1997).] An exemplary
protocol for such an assay, using an Adenylyl Cyclase Activation FlashPlate® Assay from

30 NEN™ Life Science Products, is set forth below.
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20 conpound are indicative of GPCR-1ike receptor nodul atindg &gdbl ¥0ty.
Modul ato&?’@l}ggssact as agonists at receptors which couple to the G
subtype 0 proteins will stinulate production of cAWP, PCTAHNE%S a
measurabl e 3-10 fold i ncrease. Agonists OF receptors which couple to the
G,,, subtype of G proteins wll inhibit forskolin-stinmulated cAW
production, |eading to a neasurabl e decrease of 50-100% Modul ators that

act as inverse 25 oni St | .everse these effects, at r tors that are
ei ther constitutively“a ttﬁ?/gpﬁi'rlg%f‘b’lc%@f)reﬁ"dz@g Wﬂcea(ﬁﬁnias@.sgﬁr Aeguorin
Assays | NnasklkRelenbiic DN 19388 JoraSAY% a éb%ﬁé@brc(a?eg resSiIV &Rdr! Slehake

transiently co- 30 transfected with both a CR- | iﬁe recept or expression

const r uctpzae®Va (lngisigencian Bego, €AY aad sranbienthhwhryiecaedinte Ghmasidarhster | n t he

presence (Sf th‘f 6gf tor coelenterazine, } -46 WO 01/38533 PCT/ US0Q/ 32225
apoaequor? YR RO sells using kuown prethads,sul at thedeansfestion teagens FolGENWEl to t he

amoury o pok AL b A0\ BRI e SRS R ERARBELELY, 00T

. inse .
P. H and 'Lee, uori n neasure opl as &&%tal ci um

1 n: M CorTreatandfeCied THIOGehH BleteeddHnto 106 96-welBhidtbateSal fieFnshPlar®act i cal
Approach. Oxford: | RL Press (1991); Stables 5 et al., Analytical
Bi ocheni s¥$ay ki svhichiarg coged vathrsolid spintiHemigp avidch sutiseraHg cABID kasteen

Fl uor esc rebes and.,Research Chemcal s; Sixth edition. :

Mol ecul a?’%ﬂrbggrsgﬁrg%’)b.ofnﬁ "Helrg%%reé?(e : dep&wﬁiiw,(uﬁtr@?ﬁﬁ!ﬁﬁngé@pt or is
subcl onedihsi Welld\h tHeYNE rédedle VRKBLESRbAILs BEEARIP RASERY Sol(iblY fdruedfn. San
Diego, CA) and transiently 10 co-transfected along with a construct that

encolis tomeatyp grséamdardguveipoaequor i n (Mol ecul ar Probes, Eugene, OR) into
CHO cel I s using the transfection reagent F E .6 (,Boehringer-Mannhei m
and the transfection pPof'8to es‘pﬁ”&?ﬂ‘}&g& T aﬂ%\{ﬁrt!ﬂﬁlﬁgﬁ ‘P_r?g“etﬂc‘]’?’ﬁ’ wit

Al t er nat iwgkdandldi®o dJfle MEERRIMNueltRYrife SUPESRARA At Relifrfzh:, 1 and

transfected into cells using Lipofect AMNE PLUS , as descri bed above.
15 The calAMPas diowgd oragcurhulateia thocells fat ex3iedy il A niiEles @GoonoleBiRErature.

Toini ¢ e R R R e oy of s Gttiar pon e ot Bheled AAMIhe andi uin
i s changegdtue plat%rig%ﬁrgﬁtgu%/ghﬂgg A E&qw\é@g%}mfc%\giggﬁnﬁwoﬁcm ar

Probes, Eugene, OR), s are culture or t I'tional hours
at 37C. Qebuhtsr.abslabbled cAME difoedthierlpsed 26114 (ve fpnasendaisgoipREEN1(hGheco/ BRL) ,

washed, af?x%dra(ransolljx?l seorﬁﬁ'gh-%g\l\%g géroa%(t)ibg )lfl!)c?lfnrgto il‘.l?e plate. A standard curve is

constructed, and cAMP values for the unknowns are obtained by interpolation.
Changes in intracellular cAMP level of the cells in response to exposure to a test

20 compound are indicative of GPCR-like receptor modulating activity. Modulators that act
as agonists at receptors which couple to the G, subtype of G proteins will stimulate
production of cAMP, leading to a measurable 3-10 fold increase. Agonists OF receptors
which couple to the G;,, subtype of G proteins will inhibit forskolin-stimulated cAMP
production, leading to a measurable decrease of 50-100%. Modulators that act as inverse

25 agonists will reverse these effects at receptors that are either constitutively active or

activated by known agonists.

B. Aequorin_Assays

In another function based assay, cells (e.g., CHO cells) are transiently co-
30  transfected with both a GPCR-like receptor expression construct and a construct that

encodes the photoprotein apoaquorin. In the presence of the cofactor coelenterazine,
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serumfree DVEM Dilutions of candidate GPCR-1i ke receptor nodul ator drugs
are prepared in.serumfree DVEM and di spensed into wells of an opaque

96- wel | agvs%l?/“f?lséﬁe 50 pllwell. Plates are | oaded onto arPOWYSORBERBt it er
pl ate |l um nometer (Dynex 25 Technol ogies, Inc., Chantilly, VA). The
instrument is programmed to dispense a 50 V1 cell suspension into each
well, one well at a tinme, and immediately read | um nescence for 15
seconds. Dose-res ﬁe curves for. the nodul ator candi dates are constructed

usi ng the 2RGAEGIUIIIT ¢E agnraskrablsy lumaRgscencg Kiat 4t RRPTIGBAIO thearaouy ef
anal yzed wj tu*ﬂ el digh %ghﬁsmg?'ffb% ¢ cﬂﬁn.egéé% rggﬂé}gg)c?toﬂsb&gtp?ﬂ.' %ﬁaﬁkgrj &nd ECS0

val ues are Ob al neg um ne cause ugs are

consi der ed“quiioemtm&gum‘mdﬁ%ﬂ FP126nd€ ek ChiiunMog! W@C@:Fn&"acﬂ(h@ AR@CobBSId
agoni sts at receptors which couple to the Gg subtype of G proteins give an

i ncrease | RH.AdswWdiiagsCalinn: 4 Brea®olApmenii)I08id-IRE Pressi( 9 gditgdesof up
to 100fo|d Modu t hat. act_as ts, w e th
effect Jat Ftledd é‘“f}f’é‘t" Eﬁ”é"“@’tzﬁg' tﬁ%@(f@&?%ﬂ @a”&@f‘f’vépoﬁy%{@?%‘ffed by
known agonfjoseschn: Adbbd GIPREFEALCASlicAENSHI SRR, EfenTH GABREGRN

| uci f erase provides another useful tool for assaylng ators of

GPCR- | i ke Pabep(i®96pftivity. Cells (e.g., CHO cells or COS 7 cells) are
,transiently co-transfected with both, aGPCR—I i ke receptor expressi on

const r uct (e.g., a &peneexsmplaydsiyer GRGRyhkesoopter inanbslepehinteghe b ego,
CA)) and a. érir?}?:%hﬂfﬂ RBsibh Yedior H‘%Ho%‘&z (ﬂwéé’%ﬁf%rgﬁféﬁﬁeéﬁ FRMSRLE9i On

downstreamfroma transcription factor respons el enent
( CRE) ,10AP- do-nansfuﬁed( Hondeadth Sto3iractithg eheodeeclﬁ);blmtq:ro&ﬁuﬂidﬁdqﬁmnt he G,
subt ype of lorotel ns | eads to_increases in MP, activating the CRE

transcri pt {alecplat BWobaﬁcquéwQthgtq GH&WléwnsﬁhwaQSﬁ@npu EfamentiuGENE e
A t bi | ead
o or oduct D or0erhfer MERERERD Sof WERrRoh nothl BEVARN The SOBEALRARS | o2

activates Menﬁﬁvalyme Mlﬂ(eaétseptdr midydﬂ: subclonedinidpCRS Ul dnidn@nifected

expression _of the luciferase gene, ssion levels of luciferase reflect
the act i vty §HQ celisusing LipptecthAMINE %ve?ﬁ descritgdabge@ier al |y Geor ge et

ot ol 3 G ent. pi Dk cFp e ﬁm%ﬁﬁbﬁr%’g*ﬁﬂ* e Pl B, £y 20"

activity megithersbiaMD)aupyleinénieaasit Bibe fetal iiinesefum, 1 HV iRliafime AR aY
reagents that are commercially available from Prorrega 20 (Madi son, W). In

one exenpl Mnits/mpspicilimand 4 0lng/m} sreptemyain,ias which4imne theunedipm igirhanaed tot
- serum-free DMEM containing 5 pM coelenterazine (Molecular Probes, Eugene, OR),

and the cells are cultured for two additional hours at 37°C. Cells are then detached from
20  the plate using VERSEN (Gibco/BR1.), washed, and resuspended at 200,000 celis/m] in
! serum-free DMEM.
Dilutions of candidate GPCR-like receptor modulator drugs are prepared
in serum-free DMEM and dispensed into wells of an opaque 96-well assay plate, 50
ul/well. Plates are loaded onto an MLX microtiter plate luminometer (Dynex
25 Technologies, Inc., Chantilly, VA). The instrument is programmed to dispense a 50 p}
cell suspension into each well, one well at a time, and immediately read luminescence for
15 seconds. Dose-response curves for the modulator candidates are constructed using the
area under the curve for each light signal peak. Data are analyzed with SlideWrite, using
the equation for 1-site ligand, and EC,, values are obtained. Changes in luminescence
30  caused by the drugs are considered indicative of modulatory activity. Modulators that act

as agonists at receptors which couple to the G, subtype of G proteins give an increase in
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a density of 100,000 cells/well one day prior to transfectlaﬂ? ﬁng ul tured
at 37C |W0%§43(G bco/ BRL, Gaithersburg, MD) suppl enented fet al
bovi ne serum mv gl utam ne, 10 Units/m penicillin and P

streptomycin. Cells are transiently 25 co-transfected with both a GPCR—Iike
receptor expression construct and a reporter construct containing the

| uci ferase gene. The reporter plasmds CRE-luciferase, AP-1-luciferase and

Tt anst ect 1BTRAEFSERE 3o RHA B Mpdiiatba T et S Siggbiberse s
( Boehr i ng&effechaivebetds. thdt akd GMePEorsbifuteR K9k oPAQNRY IG]OR\J?I egBERgUCt

insert. Cells 30 transfected with the réporter construct alone are used as
a control. Twenty-four hours after transfection, cells are washed once
wi t h phosphat e bu fer ed sal | ne (PBS) -48 WO 01/ 38533 22 JUL 2004

PCT/ US00/ 8222 5Lugiterase Reparter GenecAssakr ym free DMEM i s then added to the

cell sz either al one e capdi date nodul ators and
t he isel s are i ncubg;fi Qﬁf“{‘?{%&e&? che#a@e %%ﬁ%eﬁr ot %\ésreg\ﬂfl?cg or %Séﬂ‘ggi:\

washed on@editatohs &OEPCRHikeRBSprdrchcliyaRdCEYs (Ag,e @Hd deh196r oS i@éhs;, ax%f IySI S
buffer/well (fromthe |uciferase assay kit, Pronmega, Mdison, W 5

i ncubat i ofaEsEANtlY SorHansiesied yuth beshe we aeesptot Bxpression cdmstrigatge zu s m xed

with 50 | e sol uti ite 96-well plate,
and t he I(arr)nénte)ﬁ%eer%% torgin plzgéi%\/é ﬁ%geg?%’ %f"ol%eﬁo @&ﬁéf}@hmerfﬁw&fcr oBet a
scinti || avhieR lm@udswmmasse%am@qag%ﬁrdo(v%ré:ﬁs@ﬁomirﬁﬁgeﬁ?ﬁén faSRr Ldififer DUT 9,
MD). Differences in |umnescence in the presence versus the absence of a

candl@at ethasddMBrrespontegleroend (@RE),l ABtilc at NFexibf Agondst tanding tareceptotsy . |
Receptors that .are her tut v active. or tivated b ni sts
typical ly oé’lp% tgthe 96)5"}53 Og%? PrafeaRy fﬁﬁ& %f‘“?rﬁ?ﬁcﬁﬂ'é a‘&‘b‘ﬁ’b‘&ﬂé‘é (Eg%cel l's
transf ectteﬂuswtibmem&erfs@nﬁmgenexﬁe% oﬂ\{iae'mcﬂtee@fgr @f it bﬂﬁhﬁ Uer se

agoni sts wi |l reverse this effect. 15 D. Intracel |um rreas renment
usi ng FLJIPchﬁge}sledmthmG auelypabﬁﬁ matetisupradsay praivatien andiatydglyceaobgni zed
I ndi cat or G pro couple tor ctivity d such, assays can be
enpl oyed tpﬁ %FE%%@SP cmllfﬂlfﬁ%;t B’PEC o"'lc Gﬁ@?‘ i Ades 1108 NI} \Q%FWEEQURWF actersy
exanpd e, CHMAEH SxpitAlnbrifan essi on
construct are E ate§ at na dﬁens?]tff/\r%%c?&fcx 1% éﬂﬁcel's&m‘fﬁql n ggccﬁg}?{i

bl ack- wal aoedaﬁ)cﬁr statuls optram@ahpgewmltd V{See gempnaity Georgs ed @t dolitnadpescent

signal s t, océlﬁ ‘t%;k% % The cells_are incubated for 60 mnutes at 37C
in nodi f| K 6@e§‘"§B 43 (1997h ead Statgwae! gl CuoggniQpiniongnd 1 g/ L
gl ucose %fo@ch;ﬂ(ﬂogy, 6: 574-81 (1995).] Luciferase activity may be quantitatively measured

using, e.g., luciferase assay reagents that are commercially available from Promega
20 (Madison, WT).
In one exemplary assay, CHO cells are plated in 24-well culture dishes at )
a density of 100,000 cells/well one day prior to transfection and cultured at 37°C in
DMEM (Gibco/BRL, Gaithersburg, MD) supplemented with 10% fetal bovine serum, 2
mM glutamine, 10 Units/ml penicillin and 10 pg/ml streptomycin. Cells are transiently
25 co-transfected with both a GPCR-like receptor expression construct and a reporter
construct containing the luciferase gene. The reporter plasmids CRE-luciferase,
AP-1-luciferase and NF-xB-luciferase may be purchased from Stratagene (LaJolla, CA).
Transfections are performed using FuGENE- 6 transfection reagent
(Boehringer-Mannheim), following the protocol provided in the product insert. Cells
30 transfected with the reporter construct alone are used as a control. Twenty-four hours

after transfection, cells are washed once with phosphate buffered saline (PBS)
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addition of 2.5 nM probenecid (Si gna Chem cal Co.) and one of f,%lrll’ G%al cium
i ndi cat or gﬁga _&EI uo-3TM AM Fl uo-4TM AM Cal ci um G eenTM 1 _,gM 3@ Oregon
G eenTM 488 BA5TA-1 AM) at a concentration of 4 M Pl at RCHPE0HMed
once with nodified DO PBS without 1% fetal bovine serum and incubated for
10 mnutes at 37C to renove residual dye fromthe cellular nenbrane. In
addition, a series of washes with nodified D PBS is perforned i mediately

by Che. addpte-YRTBEA 75y oM Rt TUERE B tiaaddBe St col el fgeeln, or
it : U : 0 IP (4
W Fl uor eShannite i S fe RN SRPREL UL RS el e B 4 ¢

01/ 38533 2houtdl THefxhfieCENd b V/aSRitincanviay ig@8o kRS andKeéd By iherdaitioh®d nm
[ See, e.g., Kuntzweiler et al., Dru? Devel opnment _Research, 44 1%: 14- 20
(1998) .1 THEO R of bysistiydfer/wesll depmcthe fuckarase assamkitsRromega, Madigert WhheAfiterngt h

of expqQsure S,. 0. ec. Basal fluorescenc f |l s was neasured. for 20
second p‘ri"?)erll\{%fI %o%ﬁjdﬁ?irﬂwug "§6’8H1 tgﬂpe'ﬁﬁ?’ I?rﬁﬁgﬁ%‘?ﬁsmﬁhﬁ ‘%’E}bg?&@t ed
fromthe 5sﬁl9§ﬁ%‘§ﬂut$drgﬂﬁ$meg-ﬁzﬁl SbdquEWhiE B8l wéIPpaRAGH B 16 nescence is
approxi mately 200 seconds, taking Treadings every two seconds. The cal cium

i onophor e aead inFrediaichyamseWiaHaccombdd! UAH 0 MignoBiet2@0f abow end aseinestentevel s.
In general, activated CRs increase the cal.cium signal approximately

10- 15% ab0\98“‘515%_@%H@egﬁqutﬁéﬁéﬁeﬁqrgg@ési s Assay In mtogenesis _
assays, the ability objfepdidatiEmiREs NS Rflﬁeﬁafesbﬁ&%?sl.@rthe Lh &Y §r SPCR- 1 ke

receptor-nediated cell growmh is determned: |[See, e.g., Lainess et al.,

Jour ndi0 of cRhdidate cnddudptoraudnpexpé rieriadicati veldfenahaatingetivitg. 7 R8deptdrs Tt ade
(1993).] For exanple, .CHO. cells.stabl]y expressing a, GPCR-li ke receptor are
Soedent | nt G B CABPRGkel S e or 22 i AL P PSR BBy Eb1A S AR I TG
37C i n DVEMfrw 9 f ' '

cells are rlglk\gl%{é e%ﬂ%%@&vﬁ%&?&cgﬁ?ﬁ ?%H?JB%EW% ﬂ%‘)# ?ner%?g}éﬁ]g&%y@é%ﬁ%r esh
DVEM or DiiEviaciastiaverseagonisksneithrenesoteneffécs. added along with 20 | DVEM

cont ai ni ng varying concentrations of one or nore test conpounds diluted in
serumfree nedium As controls, sone wells on each plate receive 20

ser umyfsr ee y medi : WY hpim cont ai ni ng 10% f et al
bovi nesser tlj)rh %@%Eﬁ%ﬂmﬂa fh SR iE L (ﬁwsfect ed with the vector
al one al so may serve @sangesinlintraellulaf tacinmilevels aref ibthed rdcdghiaed indicator of
pC/well of [3H.-thymdine is added to the wells and cells are incubated

for an addiQ Proten-coupled receptor activityrang sugh pssayy ean he grmplayedsig assay for
modulators of GPCR-like receptor activity. For example, CHO cells stably transfected

- with a GPCR-like receptor expression construct are plated at a density of 4 x 10*

20 cells/well in Packard black-wailed 96-well plates specially designed 1o isolate fluorescent
signals to individual wells. The cells are incubated for 60 minutes at 37°C in modified
Dulbecco's PBS (D-PBS), containing 36 mg/L pyruvate and 1 g/L glucose with the
addition of 2.5 mM probenecid (Sigma Chemical Co.) and one of four calcium indicator
dyes (Fluo-3™ AM, Fluo-4™ AM, Calcium Green™-1 AM, or Oregon Green™ 488

25 BAPTA-1 AM) at a concentration of 4 uM. Plates are washed once with modified D-
PBS without 1% fetal bovine serum and incubated for 10 minutes at 37°C to remove
residual dye from the cellular membrane. In addition, a series of washes with modified
D-PBS is performed immediately prior to activation of the calcium response.

Calcium response is initiated by the addition of one or more candidate

30  receptor agonist compounds, or a positive control such as a calcium ionophore A23187

(10 uM), or ATP (4 pM). Fluorescence is measured by Molecular Device's FLIPR with
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and harvested onto filter mats with a cell harvester (Tonteg} J@pgﬂﬂ%he
filters \ﬁb?lﬁ%ﬂ?t ed in 25 a Betaplate counter. The incorporation of

[3H -thym dine in serumfree test wells is conpared to t hBCFASHY#22%5chi eved
in cells stinulated with serum Use of nmultiple concentrations of test
conpounds permts creation and anal ysis of dose-response curves using the
non-1linear, |east squares fit equation. A=Bx [ (D+ Q] + Gwhere Ais

the per f rum.sti mul at.i on; is t xi.jmal ef fect m nus basel i ne;
O s Fhe ke 1 M RGorH AR EN: 581 S Bim B B sGuihioe Hraelermen e

mexi mal  eb@pth, MNaRLe JCTROE. i '

optim zation. - SOF\%\D Ot%? 395%:; ]2%‘.9?}125(%{,)%; %S%T%}%ES%FO g%&%a%gégﬁ* %tgsamti hat bi nd
to the rdbelengh oferpeupewned.dtmsdcn BasaddhiofSelndelvf ekl was mieaadédfor a0i on i nto

cells, show g u&jto 80% of the response to serum Antagonists that bind
Lo the r SEEBISPIOR I iomATasomst, &k Fnar A2OOR. 208 VanisuRiraetahBom thejoni st by

up ta 10Q9 Fiora: | ndl ause G pr.ot ej.n-coupl .receptors
Si gngl t%?/%ag?'? sl?%?%'i@@?ﬂﬁé@ %gﬁ%?%@glg#gg&ev\ﬁ%sgprgéﬂqﬁ}g]ty?olﬂﬁs%qr@é’gl $/ cDP
bi ndi ng aeudidpsdvenyteioSecdmizs MheaRIum®{onoph&i@iand AP ffeaBohetMiigh yzabl e GIP
anal og [35S] GTPYS in the presence and absence of 10 putative nodul ators

provi des Stgnak H¥re pbasiedasdinedevelodin ganeralastivaled GP(Rsdacreaseghe caioimd , et
al ., Neurgophar nacal o w0 l69- 8 998).], I n one exenplary assay, cells
stably trsggﬁgf‘ag:g.?oex m@#&l(ﬁl&é&qu&;@ée}wgé@%br expressi on construct are

grown in 10 cm dishes to subconfluence, rinsed once with 5 m of ice-cold
Cat /Myl+- free PBS, and scraped into 5 m of the same buffer. 15 Cells are

pel |1& ed Boy citegenesimAissay (500 x g, 5 ninutes), resuspended in 25 nM Tris,
pH 7.5, 5 nM EDTA,, 5. EDTA H 7.5 (TEE), and frozen in |jquid nitrogen.
After thaw ng, thé"B@ﬁMggnﬁsF%éﬁﬁ&%H’&rﬁbéﬁﬁotg?ﬁbgéeB&éﬁ@g’rﬁ%ﬁaﬁ?ﬁfer (one

m  TEE pgfihibk GPER-Ake feRbpot-midled &1 @bwﬂgs%dde?ém&maﬂ%ée,gz.%%jﬁegwut es to
renove nucl ei and unbroken cells. The honbgenate supernatant rs centrifuged
at 20, 00@/. xJayriadrof Pharmaeeniesy arRDEperingatcdtiGetdpeutienB6 2B 15721 (0993)dnd t he

(20" o rEBEetariple Ol ahReeressing aGRF whks oaep o eIsPApd e el
r esugpe ggﬁﬂes@ FiieAR85 fSRIDORL /WA SR gPod-d S RCThIDERD Wit 3% Phdapt - 70C
serum for 48 hours, at which time the cells are rinsed twice with serum-free DMEM.

After rinsing, 80 ul of fresh DMEM, or DMEM containing a known mitogen, is added
along with 20 ul DMEM containing varying concentrations of one or more test
compounds diluted in serum-free medium. As controls, some wells on each plate receive
20 serum-free medium alone, and some receive medium containing 10% fetal bovine serum.
Untransfected celis or cells transfected with the vector alone also may serve as controls. '
After culture for 16-18 hours, 1 pCi/well of [*H}-thymidine is added to the
wells and celis are incubated for an additional 2 hours at 37°C. The cells are trypsinized
and harvested onto filter mats with a cell harvester (Tomtec) and the fiiters are counted in
25 a Betaplate counter. The incorporation of [*H]-thymidine in serum-free test wells is
compared to the results achieved in cells stimulated with serum. Use of muitiple
concentrations of test compounds permits creation and analysis of dose-response curves
using the non-linear, least squares fit equation: A =B x [C/ (D + C)] + G where A is the
percent of serum stimulation; B is the maximal effect minus baseline; C is the EC,y; D is
30 the concentration of the compound; and G is the maximal effect. Parameters B, C and G

are determined by Simplex optimization.
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Al'iquots of cell nenbranes prepared as descri bed above and 52[95‘995[]@} - 25
70C were Y;\ﬁgss gom)geni zed, and diluted into buffer containin v
HEPES, pHY 4?51 mM MyCi 21 1 nM EDTA, and 100 nM NaCl at PCTABSOBRIFat i on
of 10-50 Vg/m . Reaction mxtures were prepared in 96-well pol ypropyl ene
plate, Nunc. Twenty mcroliters of a | OX putative nodul ator conpound
(including but not limted to potential peptide |igands) solution or a
wat er control (20 RI), 18 2. M GDP (0.11 m 10 30 Mfinal co niratjon),
and a menbrane prepar TSN \]Ré‘rl%’”?ln‘ég'ﬁ rﬁcf?ﬂmﬁlaéec@‘d’eﬁﬁ‘?dit%H’.C’eaﬁgiﬁ‘ﬂhﬂ"'d‘“e

| ator/liga i %k 0 ' room
A mﬁ‘%‘?g&%@%@fﬁ%@%“ﬁﬂﬁﬁ% {o¥erdeh ?”ﬁ%’ﬁ?ﬁgha‘

pl at f or m amthd toele Eeemenwdhinhixdt thd stimalahios aegpl with 2&nbivh agonisnosime

5-0 (3" Sbtohi o) triphosphate (NEN, 600-1200 G /nmol, [35S]-GIPyS), was
added to aﬂ Péxi nat el y 40,000 cpm 0.2 m, or a final concentration of 100
pM Pl ates with the incubation mxtures (0.2 m/well total) were incubated
at roomtenperature for 5 45 mnutes. Reaction m xture aliquots, 0.175 m
each, were R hen [¥§ IR« Bediigw&aypretreated (100 I/ well wash buffer)
96-well FB MultiScreen filter plates (MIlipore). Menbranes were
subsequent |y washed tHfeuseG pisteinicotpled peptors signad dirduginmtrapelfflanG (10  niv

HEPES, pH 7.4.. 10, mV MGl 2 h t] d filtered. Aft
the i act Ridtind &nME 8PN hlties (BT GRRT PnbinE o poRees FsburpRemior v+ ac)
was added Bulidd\6f the nbn-By@S1yHEEIE CHBARIL AN 1GIPRESH thdprésehbd b atdmQ of

M crobeta counter (Wallac) for one mnute per well. positive controls,
menbr difes fPrstverodoiatars provides pnether indisatog ofimodaltatateptivity ef Sey peg. 2KowBR)

receptor, r reated with 1 d l.pe,in 0.025% ascorbic acid (100 M
dopalron' ne f\igﬁ%[re’ "i‘*&ﬁ%"é’ﬁ‘(’f’ém‘f‘%’%%‘} 39‘1\&?“@%@????]; bi ndi ng WasS me\a!suredI i n.( t he
presence of 100 M cohd ofTREmpRe 2465, éaigts,fa%gﬁﬁqsfféc@éamﬁa@cgi.-nk 5 Each

u

treatnment was typically carried out“in triplicate. Ligand-induce
st i mul at i omeaspiof BHBECETASnbirnetianggevs iei Preesdisbesae sabcomfiiengel snsed dnke basal

activity wt. o.l Lgand de Each at ment S run either i
triplicat e,W'H’r?méﬂ* %5'(98 oh &S]dﬁﬁqeiﬁcétf@“ggﬁ%%ﬂ'ﬁ% mlafthy S%n@"fﬁ% cul at ed
as means +icel g hRAERd S eAtingRASion g g%’s Hﬁﬂﬁ&g?ﬂé&%‘ﬁén&é&rintﬂa%m Tris, pH
receptor/ligand systens -were anal yzed 20 usi ng non-11 near |east squares
SAS nodel , M, BMMEBTA, 5 xnM/EIKOA+pE)7.5 (MBE) anbBezenriedigoitsetrogen eAfisrer e
anal yzed usjn Péhs m]EsGr hPad Software, Inc. San D ego, CA) __and the
fol | owi ng PEdhic §°1% apoheBRgPIzeE dsing ag3eunsmhemogenizarfone By TER per plate
Ori gi nal 1y.ofbhif) GhRXenesiad 209906 ¥5HN 53Rindtes YO FdrmSVeducits 7Y uRGoRUS G lls.
The homogenate supematant is centrifuged at 20,000 x g for 20 minutes
20 toisolate the membrane fraction, and the membrane pellet is washed once with TEE and
| resuspended m binding buffer (20 mM HEPES, pH 7.5, 150 mM NaCl, 10 mM MgCl,, 1
mM EDTA). The resuspended menibranes can be frozen in liquid nitrogen and stored at
~70°C until use.
Aliquots of cell membranes prepared as described above and stored at -
25 70°C were thawed, homogenized, and diluted into buffer containing 20 mM HEPES, pH
7.4, 10 mM MgCl,, 1 mM EDTA, and 100 mM NaCl at a concentration of 10-50 pg/ml.
Reaction mixtures were prepared in 96-well polypropylene plate, Nunc. Twenty
microliters of a 10X putative modulator compound (including but not limited to
potential peptide ligands) solution or a water control (20 k1), 18.2 M GDP (0.11 ml, 10
30 pM final concentration), and a membrane preparation were mixed and placed on ice.

The modulator/ligand-GDP-membrane mixtures were incubated for 20 minutes at room
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agoni st-driven stinulation reveal ed by the GIPyS assay refl ergsyeagly
events i n\?&ﬁlﬂ%% GPCR activation cascade, regardless of further activation
pat hways of “various down stream signaling events. This appeB€¥/UseaeLAal |y
useful for the assessnent of possible activation of orphan GPCRs (i.e.,
GPCRs havi ng unknown functions and unknown signaling pathways). The GTPyS
assay was carried out with nenbranes prepared from CHO cells transiently

t fect 1t h DNA di el CRs ' 96-wel | 30

it Ser coiaeeio i SRk Battomt 50 Tioh ersed sevics afa fsampleopln

MITi inefsr_ Bonh; | S K I
Fecogn e CEORERS ool h. TEM IS RRARES (e Y200 pirlols D P B0 st 05

Gy class ohddsdpoappionamatelyC:0,Q00epmA0iZzal,icon fams synceh@arsh &M 08 pht! PRites
readout, was used as .well to evaluate putative &g-coupl ed orphan GPCRs

transi ent | Yithe dcabation migtaresi? mlavelkiotal) waresinewlatest at abort terosarataredE t 0
28C t eper . shift and to,.incu the .cells for an additional

24- 48 ?Bur g& %'r?qu %)\rll\g? ?célﬁglmﬁxglgéﬁp%lfo(i%més@r eAeh, WaEe themBersieTidan® shift was
. - - : hift,
i pl enent egreBéald@yTe0 @iven wakRbsftagobaven ﬂ%mﬁ?}éaﬁ ﬁﬁtwﬁg@&ws !

expression of functional receptor could not be detected.
recept or wiisnibsenes were sebsequéntiytweashby twe tmas winkp. 2 el idel @ alash abdre10) |

hcubated PO EPERBELT 4 10701 MeGh perara Gb fopr andeeuwadiispech berahe  onal
24 hours 1fsi @%gﬁ%&%gbﬁéﬁa&%ﬁﬁmaﬁ% \HI}BI@Z\S%FWQQ V&ﬂfacﬁgpgfdgg 88% (‘iheby

preparation. CE mat ched w th el'egans peptides en

f 1 pl 5,10GGPaiaRs RFerélstal¢d=@scaBRd in ) Trind 1 GFGRRLIIBelBuAECPN aH2] f6\ne A
Manduca pepti de, GN%ELRF- NH?. éECSO 7900 nM, _al so activated the CEGPCR3
receptor, SWBEEPeRyvell Asposiline sontFlsmergbuoes Gpm CHE\gels stably expressing a

det er m ned Lees .on-t data, 15
W | dent § qopdTERe it ZrrE) RABHS Lt eREP bt mAPRS SRR 1 J528% 90 % 5
Recept or Pepcorbec hdid {MOISEN] ddpapene fisalaonodningtionC, NOKXSRUR: binding was

CEGPCR3GGPQGPLRF: NH, 85C. el eg%ansl flpl5s ((}SE | DGPSGPLRF- NH289C
el egans/ fl faspEed in, bepmgpnce of 100 uM cold GTPyS and was subtracted from the total.

15 Each treatment was typically carried out in triplicate.

Ligand-induced stimulation of [*S}GTPyS binding was expressed as a
multiple of the basal activity with no ligand added. Each treatment was run either in
-triplicate, or, on occasion in duplicate and bindings (cpm) were calculated as means +/-
standard deviations. Dose-response curves for the receptor/ligand systems were analyzed
20 using a non-hnear least squares SAS mode), with y= B, X/(K, + X). Other dose-
response curves were analyzed using Prism (GraphPad Software, Inc. San Diego, CA) ’
and the following equation y= Bottom + (Top ~ Bottom)/ (1 + 10\€, X)),
Originally, the GTPyS assay was chosen as a functional assay because
agonist-driven stimulation revealed by the GTPyS assay reflects early events in the
25  GPCR activation cascade, regardless of further activation pathways of various down-
strearn signaling events. This appears especially useful for the assessment of possible
activation of orphan GPCRs (i.e., GPCRs having unknown functions and unknown
signaling pathways). The GTPyS assay was carried out with membranes prepared from
CHO cells transiently transfected with DNA encoding C. elegans GPCRs using a 96-well
30 MultiScreen G/FB filter plates and a MultiScreen vacuum manifold (Millipore) for
filtration. Because the GTPyS assay is known to poorly recognize GPCRs coupled to the
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NO 44) GNSFLRF- NH288Manduca- - 8M CEGPCR7GLGPRPLRF- NH286A. sdi€uiiil (AF9) / ( SEQ
| DC el egaggqjﬁf i8921) NO 26) [ 1] Y- LGPRPLRF- NH2118Synt heti ¢ AF9- 200- 250 nM
analo In Yi&si? peptide ligands were identified for the RCHOEORA2225
receptor, as revealed in Table 7. One peptide bears the sequence
GLGPRPLRF- NH2 (AF9)' (EC50 207 nM. It is worth noting that

[ 1] YALGPRPLRF- NH2, representing an AF9 analog N 30 terminally extended with
a 3-iodo- Tér 5esi gﬁg@' was al s, actjive (EC50 237 nM._The -53 WO 01/38533 22
JUL 2004 PEFIATEEHIFORING g/icd | YABYIZalan a5say, based[or adAHFR readaus wzs usedes t hi s

analog is | b Aol adi oL aodi nat ed) f.orm,i s useful
2o s br obe PO phe Blfivt PiaiRled brptel G oRS Wh BB BRCREkd8RTHO i)
assays. ThelCHERGER4ssentiaiotise Wa°@ 44 RYa RehpeyarsR\RAAIshiRERIdItd ShdubBiagls . as
5 determ ned using the GIPyS assay (Table 8). To performthe assays, CHO

cel | s wer ecelisdetanadditiens! d4<AStovedion hmetional redeplarenpestionfThessmpemnigre

CEGP . The,C. el egans | des _encoded.on {|.nl8 were the nost potent
(EG50 O 1 MR R Eh R hovTap e ar oo < A thobine 'cmnsrure dew bt
peptides, WidrbsshindiT ARGHAACRAATOLAWY ndi®elddfected ! €9ans FLP18  peptides
(all having the sane sequence, PGVLRF-NH2, at their Ctermni). In addition
10 to the FLP18 FaRPThe £HGRCERS yeceftopwps fodmd 16 be avtikatddtyestverahpeptidebr at e
speci es ( nd%cz,{_ | gbster, |ocust, Drosophila), also activated this

recept or. ﬁgﬁé‘F 3hle 7)yas detepmingd & the GTRyS assearhipesechamsissosany celwers i n

the high n t ' bAar n ... Bas on..the 0 lLues, we
denti £ eo ERUReElpr 22 N 432 ey tepibE; §3\H§d Py Bﬂé‘?‘gﬁi}‘ﬁi 3435815, 0" s own
in Tabbe 8inchbarida Gk DYRCYEfdFe dharvéatiad fdrSmé@mblahe prépasiiby. CEAPCRT wis
extended fipl8 analog (SEQ ID NO 119, EC50 = 8), was essentially as potent

E
as its par@atchepuphitye C. s Reptigas encpided by ifind 5 igGPRSGRIRE-NER (EQi g2

affinity bjndi o T V| LREA N (S I.D NO 80, / CHO
menbr anes aﬁ% dtp;?ed Pléﬁ%ﬁa}go ﬁ%ﬁﬁra%? &E@e)ﬁ,‘ E@qgﬁgap?pﬁgl)p %%5&?‘%@] RFE- NH2
(SEQ | D NO79uhligy), iatsonibtivense etht @EGRURDR ceftbE fafeftalith Q?meﬁépﬁﬂdﬁam@z-fw a
hi gh t hroughput bi ndi ng assay as a 20 screen for nodulator’s of the

| i gand- r eclptenthannthat deterroimed Strahe two CTalogensdimisepeptidess Basdtadr thegpadtd, des,

vari ous anal QC(IZJS of
we identified CEGPCR3 as the receptor for fIp15 peptides. '

Table 7
Receptor Peptide ligand SEQID Species of origin EC,
NO range

20 CEGPCR3 GGPQGPLRF-NH, 85 C. elegans/fipl5

(SEQ ID GPSGPLRF-NH, 89 C. elegansifip15 150 —400 nM
] NOG:44)

GNSFLRF-NH, 88 Manduca ~8uM

CEGPCR7 GLGPRPLRF-NH, 86 A. suum (AF9)/

(SEQID C.elegans (fip21)
25 NO:26) [IY°-GLGPRPLRF-NH, | 118 Synthetic AF9 ~200-250 nM

analog

In addition, peptide ligands were identified for the CEGPCR?7 receptor, as
revealed in Table 7. One peptide bears the sequence GLGPRPLRF-NH, (AF9) (EC,,
207 nM). It is worth noting that [I]Y°GLGPRPLRF-NH,, representing an AF9 analog N-
30 termunally extended with a 3-iodo-Tyr residue, was also active (EC,, 237 nM). The
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DVPGVLRF- NH2 t hat acted as agoni sts of the CEGPCR4 receptor in“ CHO cel | s.
Most  of Wﬁem rshetic .peptides were very active (EC50s in glgnedhéﬂﬂbm)l ar
range in the S assay, and 1C50s in the | ow nanonol ar PERGS09/3222He
conpetition binding assay). The C 25 terminal tetrapeptide VLRF-NH2 was
considerably |l ess potent with an EC50 of about 4 mcronolar in the GIPyS
assay, and an | C50 of about 400 nMin the conpetition binding assay. In

|, 1009- - | fi i de anal ogs, particularly those disclosed
%EP gi”rjl‘ (e!rggam:{;é{ﬁcg}% g}’ﬁffﬂxmﬁg'@%%%g@éﬁfﬂa% ISANARER!ISt 3nd,Hp iﬁ}h;glfg?)gssays
d b i I \ far il 2 \ 3
BT/ U0/ 3553 SR agéﬂ% ﬁ:?fgﬂss? c%e%%p%%?%é%#ﬁé%? I‘J’%%%szd%%&%'\g% P 7 2o C,
range- | DthiOoghmit scmngieg (HTE) agaysT Py Sassay assay CEGPCR4DVPGVLRF- NH280C.

el egarrs/ Jlpi S (SQ 1DKSVPGVLRF- NH292C. el egons/J1p18 o
NO gz) SEVPGVLRF- NH29Bke CEGRERAreepigy versavtearedRby siverad peptide legpands,/a3l pl 8

WD, 51 0 ARIUR R o GRS Boer ) Teptontimsstin GHERBART suum

LT, MR8 b 0 BT NG ey o

NO. 22) PDVERRIeRRaNfI S ere thstmost potend(BE 458 -190Be Iow| Dalirasse) PR Yery potent

quVD'_NFLl\?N%ré\I sHe%%?a s l.';‘l?.?tgm peptides, with high sequence homology to the C. elegans FLP18
peptides (all having the same sequence, PGVLRF-NH,, at their C-termini). In addition

10 to the FLP18 FaRPs, a battery of peptides from different invertebrate species (Manduca,
lobster, locust, Drosophila), also activated this receptor. The latter were, however,
significantly less potent (EC,s in the high nanomolar to micromolar range). Based on
the EC,, values, we identified CEGPCRA4 as the receptor for C. elegans fIp18 peptides.
As shown in Table 8, [lodoY]DVPGVLRF-NH,, which is a N-terminally iodo-Tyr-

15 ‘extended fIp/8 analog (SEQ ID NO:119, EC,, = 8), was essentially as potent as its parent
peptide, DVPGVLRF-NH,. This finding, as well as high affinity binding of ['*I-
Y]DVPGVLRF-NH, (SEQ ID NO:80) to the CEGPCR4/CHO membranes (Kd in the
subnanomolar range), showed that ['*-Y]DVPGVLRF-NH, (SEQ ID NO:119) is an
excellent probe, preferably radioiodinated, for a high throughput binding assay as a

20 screen for modulators of the ligand-receptor interaction.

Shown in Table 8 are the synthetic peptides, various analogs of
DVPGVLRF-NH3 that acted as agonists of the CEGPCR4 receptor in CHO cells. Most
of the synthetic peptides were very active (ECys in the nanomolar range in the GTPyS
assay, and ICys in the low nanomolar range in the competition binding assay). The C-

25 terminal tetrapeptide VLRF-NH2 was considerably less potent with an EC,, of about 4
micromolar in the GTPyS assay, and an IC50 of about 400 nM in the competition

- binding assay. In general, iodo-Tyr-modified peptide analogs, particularly those
disclosed herein (e.g., Table 8), represent good potential probes for binding assays and

may be conventently labeled with 1.
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(I euconyosuppressin)’

el egaus/ J1p3 { SE
NO 22) SAE’E?@%"

AM or

1LNI eRF- NH, 90synt heti ¢ CEGPCR4SPLGT

| DSDNFMRF- NH2122Dr osophi | a PDNFMRF- NH2123
3NH297C. el egans/ Jl p3 GGPQGPLRF- NH285C. el yaumusoodim:S- 10
El VFHQ SPI FFRF- NH283C. el egarrs/ J1pl4hi gher50-500 M

N2 AR C.

osophlla

TDVDHVFLRF- NH2101Dr osophi | a TNRNFLRF- NH2 ( Lobst er 102Lobst er peptide 11)C.
el egarrs/J1pll NGAP PFVRF- NH93 CEGPCRAVLRF- NH2152synt hetic-4 4M 0.4 pM ( SEQ

I D NG 22) WD 01/38533 22 JUL 2004 PCT/ US00/ 32225 ECS"

1CR

range-

Recept or Pepti de |i gandSEQ SpeC| es of r’habkle8 binding I D NOorigi nGTPyS assay

SERFNH2154-NO ’)’)\ PO RE

400

: NEH2155
VP R N REoRE | Rk e o O ﬁg\‘?[i‘\rﬂfsi{‘ﬁfiﬁgifvl DVPGVERS- NHp 168t ange—
nM 1- 60 nM ID NO | origin range- binding
GTPyS assay
assay
CEGPCR4 | DVPGVLRF-NH, 80 C. elegansifipi8
(SEQ ID KSVPGVLRF-NH, 92 C. elegansifipl8
5 NO:22) SEVPGVLRF-NH, 98 C. elegans/fip18
SVPGVLRF-NH, 100 C. elegans/fip!8
DFDGAMPGVLRF-NH, 120 C. elegans/fipl8
EIPGVLRF-NH, 17 C. elegans/fip!8 ~5-80 nM 0.5-10 nM
AVPGVLRF-NH, (AF3) 79 A. surm
GDVPGVLRF-NH, (AF4) | 84 A. suum
GMPGVLRF-NH, (AF20) 87 A. suum
ASPSFIRF-NH, 78 C. elegans/fip4
CEGPCR4 | GNSFLRF-NH, 88 Manduca
(SEQ ID KPNFLRF-NH, 91 C. elegans/flp!
NO:23) PDV.DHVFLRF-NH2 04 Locust ~0.4 .9 uM 60-900 uM
(SchistoFLRFa)
pQDVDHVFLRF-NH, 95 Locust
(leucomyosuppressin)’
ILNIcRF-NH, 90 synthetic
CEGPCR4 | SPLGTMRF-NH, 143 C. elegans/fip3
10 ° (SEQID SDNFMRF-NH, 122 Drosophila
! PDNFMRF-NH, 123 Drosophila
NO:22) SAEPFGTMRF-NH, 97 C. elegans/fip3
GGPQGPLRF-NH, 85 C. elegans/fipl5 ~10 uM or
EIVFHQISPIFFRF-NH, 83 C. elegans/flipl4 higher 50-500 uM
TDVDHVFLRF-NH, 101 Drosophila
TNRNFLRF-NH, (Lobster 102 Lobster
peptide 11) C. elegans/flpl ]
NGAPQPFVRF-NH, 93
CEGPCR4 | VLRF-NH, 152 synthetic ~4 uM ~0.4 pM
(SEQID
NO:22)
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3- 1 odo- Y- DVPGVLRF- 119Synt heti ¢ NH2pepti des Y- VPGVLRF- NH2159 7
NH2161 Y- PGVLRF- NH2162 3-1 odo- Y- PGVLRF-

3-1 odo- Y-

LRF- NH21 G%P@{

cells in the [35S] GTPyS assay,

s’

60

Y- GVLRF-NH, 5 Eval uation of CEGPCR5 expr d¥skHsS10322350

as descri bed above, yiel ded several

act

NN 6 v

ive

peptide ligands, as shown in Table 9. A peptide |igand desi gnated AF9
(whi ch al so binds CEGPCR7, see above) bearing the sequence G.GPRPLRF- NH2
(SEQ | D Ng-86) ST npstpotentract-vrator—(EC—HR—the—tlewnRanorplar
range) o:‘\q(%&@&gg %r#ﬁg?\éﬁag‘é ext endi i A:§pe637§§n | odo- T?F-‘"lo t 859 B8 at| it
N-term nus, [iodoY]-CG.GPRPLRF- NH2 ((3BQQ Pefigln 118), |wasasgrout | Bddingf ol d
| ess potent (EC50 fpange of 176-273(nM, but was actijve th tnsoavserve as
ligand in bindingf assays designedijto identify nodul ators.” Baséd on the
GIPyS assay results, the C. elegaps CEGPCRS was idgnti#sswd as an AF9
orflp2l peptide refceptor. 22 JUL 2004 WO 01138533 PQT/ US00/ 32R25 Table [9 5
10 Receptar I.del, peci es off originEC ,, Tange NO
CEGPCR5GL t‘Fjllilgl\l—& q’le] B6C. el egd?‘r”s(t /p21), A -1-10 ti M (SEQ | Dst ai 1
NO 46) CEGRERISYGLGPRPGRERINNHL25f ) '|Js#41-19 anal og ( SEQ
| O i odoY] GDRPLRFI-D%%, ]%%L,deo) ] AF9;anal og NO 46) GYSFLRF- NH288Manduccg
YLRF- NH, 126%@2¢h 9 FIL -NH, 127Lobpst'er FLRF- NH21287r emat oda- 80- 800 n
VPGVLRF-NH, 156
Ac-VPGVLRF-NH, 157
DVPGVLRF-NH, 80
Y-DVPGVLRF-NH, 158 ~5-400nM | ~1-60 nM
3-lodo-Y-DVPGVLRF- 119 Synthetic
NH, peptides
Y-VPGVLRF-NH, 159
3-lodo-Y-VPGVLRF- 160
NH, 161
Y-PGVLRF-NH, 162
3-lodo-Y-PGVLRF-NH, | 163
Y-GVLRF-NH, 164
3-lodo-Y-GVLRF-NH,
5 Evaluation of CEGPCRS expressed in CHO cells in the [**S]GTPyS assay,
as described above, yielded several active peptide ligands, as shown in Table 9. A
peptide ligand designated AF9 (which also binds CEGPCR?7, see above) bearing the
sequence GLGPRPLRF-NH, (SEQ ID NO:86) was the most potent activator (EC,, in
the low nanomolar range) of CEGPCRS. An analog extending AF9 by an iodo-Tyr
10 residue at its N-terminus, {iodoY]-GLGPRPLRF-NH, (SEQ ID NO:118), was about 200-

fold less potent (EC,, range of 176-273 nM), but was active enough to serve as a ligand

in binding assays designed to identify modulators. Based on the GTPYS assay results, the

C. elegans CEGPCRS was identified as an AF9 or fIp2! peptide receptor.
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FVMRF- NH, 129Mol | usca TNRNFLRF- NH2102Lobst er DPSFLRF- NH2131Marydugcag

SVPGVLRF-

el egans (1f p18) CEGPCR5AGPRFI RF- NN, 133A suum ( SEQ

I DKSVPGVL@{? ‘ﬁ]&g%c el egans (f7p18) NO 46) KPNFLRY- NH, 135C. &®C&J&6/33225% pl )
ARGPQLRLRF- NH, 136L. decem i neata Yl RF-NH2137Tr emat oda GVWGVLRF- NH287A. suum
AGAKFI RF- NH2139C. el egans (tips)-1 - 8 M KPNFLRF-N}1291C el egans (flpl)
KHEYLRF- NH2141C el egans (JI p14) EI VFHQ SPI FFRF- NH283C el egans (17pl14) The
CEGPRC3, was

CEGPCR16 receptor,

expressed in CHO c

s

s descri bed for

al so used in a ['SS] GTPyS assay to sc or peptide Iigands whi ch 15
resul ted ifMRecdpeor! debdpiiaeal 1 on of peptl GRBIFNSIR o Yigh TE - Cevage T T p3
gene. O tlhe pepti des i nvestigated, tlhe Fl p3 peptidesS were e“nost ppt ent
acti vator° ’J""' e EC50 ak of-100- 330 _nM D nn'r ewort hy
' gand |5 [ EOERpLB 8%?%”&@ NN RF-| S (SEaieesler)vo0| ECS008Mea M,
which is cqsp@ mbl e or nore potent| than,|&ha -57 22 JU. 2004 WO
01/ 38533 "RCT/ US00/ 32225 F1p3 peptides |in act)vati ng CEGPCR 6; nost of f[he
ot her Flp : ides were either ingctive pr had an EC50[in the high
nanor nol arj GE6PLBo nj ¥EL@RRTURFNIRge. Tgbke 10| F*7469 Reegpt or BequenceSEQ
Speci es of ) ar angle HBR TR, I B ,gﬁGP(RI,@SPL . 99C. Pl egansfl p3 [ SEQ
| DSAEPFGTI\/FQE%{I&; 970, ol ega nsP‘F'F A il
NO:46) GNSFL 88 Manducca
YLRF-NH, 126 Leech
SDRNFLRF-NH, 127 Lobster
FLRF-NH, 128 Trematoda ~80- 800 nM
FMRF-NH, 129 Mollusca
TNRNFLRF-NH, 102 Lobster
DPSFLRF-NH, 131 Manducceu
SVPGVLRF-NH, 100 C. elegans (fip18)
CEGPCRS AGPRFIRF-NH, 133 A suum
10 (SEQID KSVPGVLRF-NH, 92 C. elegans (fIp18)
NO:46) KPNFLRY-NH, 135 C. elegans (flpl)
ARGPQLRLRF-NH, 136 L. decemlineata
YIRF-NH 137 Trematoda
GMPGVLRF-NH, 87 A. suum )
AGAKFIRF-NH, 139 C. elegans (fp5) ~1-8puM
KPNFLRF-NH, 91 C. elegans (fip!)
KHEYLRF-NH, 141 C. elegans (fipi4)
EIVFHQISPIFFRF-NH, 83 C. elegans (fipl4)
The CEGPCR16 receptor, expressed in CHO cells as described for
CEGPRC3, was also used in a [>S]GTPyS assay to screen for peptide ligands, which
15 resulted in the identification of peptides encoded by the C. elegans flp3 gene. Of the

peptides investigated, the Flp3 peptides were the most potent activators (Table 10), with
EC,, values of 100-330 nM. One noteworthy ligand is the Flp18 peptide, SVPGVLREF-
NH, (SEQ ID NO:100, EC,, = 64 nM), which is comparable to, or more potent than, the
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NO: 36) SADDSAPFGTMVRF- NHZ96C. el egans fl p3 ASEDALFGTMRF- NH277C..vel-dans fl p3
EDGNAPFGTVRF- 2C. elegans fl p360 - 300 nM EAEEPLGTMRF- . el egans
flp3 GVPC%E&I!HEHQ-‘@ ( AF20) 87A. suum SVPGVLRF-N |, 100C. el eggﬁg%gﬁ%mg
CEGPCRI 6KSVPGVLRF- N1i , 92C. el egansi p18 ( SEQ | DDVPGVLRF- NH280C. el egans

fl p18 NO 36) SEVPGVLRF- NHz98C. el egans flp |18 DFDGAMPGVLRF- NH, 120C. el egans
flpl8- 0.7 - 4.6 pM ElI PGVLRF- NHZ121C. el egans fl pl 8 AVPGVLRF- NH2 ( AF3) 79A

suum GDVP - AF4) 84A. i 2h . .re or,...and the.rel ated
bl ce vartiEhpentdsy o Ag fias PO, Sigst b6 bl s s R ot e sed
in CHO celihg&1ide ot Rad@RAEC t?ﬁﬂhé Righ GakéiRERr &R winiRForblat LGTPyS assays to
screen for peptide Ilgands. The results presented in Table 11,
specifically presented for CEGPCR12h, apply to all CEGPCRI2 isoforns. As

shown therein, the nost active peptide |igand was schi stoFLRFam de and its
N-termnally iodinated derivative, ex'ﬁi"b'iet i0ng EC50 val ues of 330 nM and

478 nM r i pectTVvelly. Candirdate peptide 11 dgwg ! b&iek'ﬁ’fble‘j at SM—207\WO
01/ 38583 Tatkeptarl 5 Skquedd JUL 2004 PCT/ USO0/ 32225 Recept or Fell.j cege
sequenceSEQ | DSpeciles.of originEC. - range NO 1D NO { origin
CEGPCR12h P¥EORTRIRA-SUHCIMRENS t - 300- 500 ( SEQ®I D( $¢ht'e BHPRE-NN2) nM NO: B) |
I' JYPDVDHVH I §3E6; IdiH2 1C)§ACEP!HGTM(U-’CDTH[, fi eg) BFgDYEﬂ-ﬂngEbNI'd}. digbkymsophi | a
D | sucomjaRRRr esqi HPRESTMRY s ° > © PHSSER) ¢ lguns 2
ASEDALFGTMREF-NH, 77 C. elegans fip3
EDGNAPFGTMRF-NH, 82 C. elegans flp3 ~ 60 - 300 nM
EAEEPLGTMRF-NH, 81 C. elegans flp3
GMPGVLRF-NH, (AF20) 87 A. suim
SVPGVLRF-NH, 100 C. elegans fipl 8
CEGPCR16 | KSVPGVLRF-NH, 92 C. elegans flpl8
10 (SEQID DVPGVLRF-NH, ' 80 C. elegans flp18
NO:36) SEVPGVLRF-NH, 28 C. elegans flp18
DFDGAMPGVLRF-NH, 120 C elegans fipf8 | ~0.7-4.6 uyM
EIPGVLRF-NH, 121 C. elegans flpI 8
AVPGVLRF-NH, (AF3) 79 A. suum
GDVPGVLRF-NH, (AF4) 84 A. suum

The CEGPCRI12h receptor, and the related splice variant isoforms

CEGPCRI12¢c, CEGPCR12u, and CEGPCR12v were expressed in CHO cells as

15  described for CEGPRC3 and used in [**S]GTPyS assays to screen for peptide ligands.
The results presented in Table 11, specifically presented for CEGPCR12h, apply to all
CEGPCR12 isoforms. As shown therein, the most active peptide ligand was
schistoFLRFamide and its N-terminally iodinated denvative, exhibiting EC,, values of
330 nM and 478 nM, respectively. Candidate peptide ligands were tested at 5 pM.

20
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NO: 8) TDVDHVFLRF- NH, 101C. el egans (dromyosuppressin) GG GPL
NH, (AF3)79A. suum ( SEQ | DGDVPGVLRF- NH, (
7A. suum GLGPRPLRF- NH2 ( AF9) 86C. el egans PCA/U58p81238s

CEGPCRI 2
NO. 8) GWP

(ST

suurmacti ve at DVPGVLRF- NH280C el egans/fl p185 uM KSVPGVLRF- NH, 92C
el egans/ f pl8 SVPGVLRF- NH, 100C el e ans/ 18 + pQ denotes pyroglutamc acid
expressed in CHO cells,

resi due.
wer e

using a cal ci um nobi | i zati on assay (FI2p

provi des

herein. T
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i medi at el
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+ pQ denotes pyroglutamic acid residue.

The CEGPCR19.1 and CEGPCR19.2 receptors, expressed in CHO cells, were

subjected to screens for peptide ligands (present at 10 uM each) using a calcium

mobilization assay (FLl'PR). This calcium flux assay provides an alternative to the use of

other screening assays disclosed herein. The assay, known in the art, was performed on

transiently transfected CHO cells that had been incubated for 24 hours at 37°C

immediately following transfection, followed by a 48-hour period at 28°C. Cells were
then loaded with 4 M Fluo-3 and 2.5 mM probenecid for caicium signaling (FLIPR)
analysis. The results shown in Table 12 indicate that CEGPCR19.1 was activated by

Flp18 peptides and some structuraily similar A. suum peptides (identical C-terminal
sequences of PGVLRF-NH,). EC, values for CEGPCR19.1 binding of Flp18 peptides,
and AF3 and AF4 peptides, ranged from 20-100 nM (similar EC,, values were observed

for CEGPCR19.2, described below). The results support the conclusion that
CEGPCR19.1 is either an isoform of, or closely related to, the CEGPCRA4 receptor

59 -



Tabl e 12 10 15 ReceptorPepti de sequenceSEQ Speci es of ori gi r}@(j& range 1D
NO CEGPCRIg, ég LRF- NH280C el egans/ f| p18 ( SEQ | DKEVPGVLRF-<NH2g 218l

el egansl f | p? 1 107) SEVPGVLRF- NH298C. el egansl | p18 SVPGVLRPCRNM30GER22S

el egansftpl 8--30 - 100 nM DFDGAMPGVLRF- NH2120C. el egans/f 1p18

El PGVLRF- NH2121C. el egans/fl pl8 AVPGVLRF- NH2 ( AF3) 79A. suum GDVPGVLRF- NH2

(AF4) 84A. suum CEGPCR19. 1ARCPQLRLRF- NH2136L. decenl i neata ( SEQ

C.-200 -1500

W ol o ancP ot ey EEORI 1 A EEECRY uhe ity sumeinssaspotesae,

range NOor h&illmngG?Gﬂ,%-p%ﬂlsﬁfﬁ

| DKSVPGVLRF- NH, 9

18 EI PO/LRE N 121C. ol eq
GDVPGVL RF- R e samme)reppdesdthetac
| DC. el 8 ang)uf peptfifts not identified as activators of CEGPCR19.2 (SEQ ID NOS:91, 99, 131,

133, 150 and 151), as shown in Table 13.

C. el egans/fl plSM‘I\I_%B

SVPGVL RF- NEEGRIZR B).2,gwinish fd  3pL&0vatanndf CECEGMAGML Rias

ans/flpl 8 AVPGVLRF- NH. (AF3) 79A. suu
brapdRES

IREIHRP svrw lHes fyeop@baddisondld, 2 SE Q

RV Q¢

R e Bt SRR B ED g s aomies

-c&l%li Geasady | P

Table 12
Receptor Peptide sequence SEQ Species of origin EC,, range
1D NO
10 CEGPCR19.1 | DVPGVLRF-NH, 80 C. elegans/fipi8
(SEQID KSVPGVLRF-NH, 92 C. elegans/fip18
NO:107) SEVPGVLRF-NH, 98 C. elegans/flp18
SVPGVLRF-NR, 100 C. elegans/flpi8 30 - 100 nM
DFDGAMPGVLRF-NH, 120 C. elegans/fip) 8
EIPGVLRF-NH, ' 121 C. elegans/fip! 8
AVYPGVLRF-NH, (AF3) 79 A. suum
GDVPGVLRF-NH, (AF4) 84 A. suum
CEGPCR19.1 | ARGPQLRLRF-NH, 136 L. decemlineata
(SEQ 1D GMPGVLRF-NH, 87 A. suum
15 NO:107) GLGPRPLRF-NH, (AF9) 36 A. suum, C. ~200 -1500 nM
elegans/fip2 ]
Table 13
Receptor Peptide sequence SEQID | Species of ECy,range
NO origin
CEGPCR19. | DVPGVLRF-NH, 80 C. elegans/fipi8
20 2(SEQID KSVPGVLRF-NH, 92 C. elegansifipl8
NO:105) SEVPGVLRF-NH, 98 C. elegans/fip18
SVPGVLRF-NH, 100 C. elegans/fip18 ~20-70 nM
DFDGAMPGVLRF-NH, 120 C. elegans/flp18
EIPGVLRF-NH, 121 C. elegans/fip18
AVPGVLRF-NH, (AF3) 79 A. suum
GDVPGVLRF-NH, (AF4) B4 A. suum
CEGPCR1S5. | GLGPRPLRF-NH, (AF9) 86 A. suumn,
2(SEQID C.elegans/fip21
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WO 01/38533 22 JUL 2004 PCT/ US00/ 32225 Recept or Pepti de sequenceSEQ

Speci es OW@S ge NOorigin NO 105) AEGLSSPLI RF- NH, 150A. sud1} 'Llﬂﬂia 5 pM
FDRDFM HF-"NH, A. suum AGPRFI RF- NH2133A. suum GVPGVLRF- NER@7Esnsensn ARGP
LRLRF- NH, 136L. decenl i neata CEGPCRI 9. KPNFJRF- NH, ( PF4) 165P. redivivus 2
(SEQ I D1: PNFLRF- NH. , 91C. el egans/ Ji pl pepti des active NO

105) SQDNFLRF NH. 166C. el egans/fplat 10 i M SPLGTMRF- NH, 99C el egans/ fl p3
DPSFLRF- NN 3Heretie g EOPNFLRE—NH-167H-—contortus 5 G MR Kinase Actiyity
Assay Eval REERT of | e Eeseanense ot | vi tyl Y50 | Precies@lr essilng £GPORe| i ké
recept or rovide apother assay to identnéy modﬁgi.ators off GPCR-11i ke
pol ypept i deN@d¥Ivi t y AEGESEALIRIBNY, , Laj i|ness ef salum  JOUT Al 0§ ¢ PRgHITACO! 0gy

and Experipental Therg LGSy 267(3): 15[r3-81 (1993); and Boulton|el
al., Cell,| 65 663-75 E?ggﬁ%}ml n one err‘f)sgdl ne %t’”‘"’CHO celll s stably
RFIRENH:ecept or |dBPé sepdeami nto 6{wel| plates af a

174

transfected with a (
density of{ 70, 000 ce=|dwc}/\QRh:]\ﬁLi3 hour s |:rg'7or tp,the, assay| During this
time, the cells are mured at’ 37C i n IDVEM nedi um suppl ¢nented with 10%
fetal bovilhe—serum RN o 1n 190 t of brideqamtiviee] ||i n_and 10 g/ 15

streptonycigEdP%li}‘Zb  RPNFIRFNELBEAY o £ or] 681 un £.oedvdm9 holirs prior to the
addition o Z(SEQlllfmI KIPBFLIBONHL he assay,| dihe cetlegg@rﬁp,tr at s b hivired| um

al one or g con yput ative ni r the positive contro
phorbol nyfri stoyl a g?ﬁ%‘e % PMA) , %ﬁg t hie CB@&‘[”P@P far |nc‘ljt5%1t"éd at | 37C

for varying tines. §P%QWEH§ reacti or},99t he pt.ategmsigse pl aced 20 on i e,

the mediunpis aspir appdrLrgagyt he cells q@p r|n,§, gyth 1 im of ice-cold PBS
containing 1 nM EDTA, m]greaf"ter, 200 lfcl celll Tysis buffer (12.5 nmM MOPS,
pH 7. 3, LQ LRF-NH, 157 H. contorius

5

G. MAP Kinase Actjvity Assay

Evaluation of MAP Kinase activity in cells expressing a GPCR-like receptor
provide another assay to identify modulators of GPCR-like polypeptide activity. [See,
e.g., Lajiness et al., Journal of Pharmacology and Experimental Therapeutics, 267(3):

10 1573-81 (1993); and Boulton et al., Cell, 65: 663-75 (1991).]

In one embodiment, CHO cells stably transfected with a GPCR-like receptor
are seeded into 6-well plates at a density of 70,000 cells/well 48 hours prior to the assay.
During this time, the cells are cultured at 37°C in DMEM medium supplemented with
10% fetal bovine serum, 2 mM glutamine, 10 *Jnits/m] penicillin and 10 pg/ml

15 streptomycin. The cells are starved for sérum for 1-2 hours prior to the addition of
stimulants.

For the assay, the cells are treated with medium alone or medium containing a
putative agonist, or the positive control phorbol myristbyl acetate (i.e., PMA), and the -
cells are incubated at 37°C for varying times. To stop the reaction, the plates are placed

20 on ice, the medium is aspirated, and the cells are rinsed with 1 m! of ice-cold PBS ‘
containing | mM EDTA. Thereafter, 200 pl cell lysis buffer (12.5 mM MOPS, pH 7.3,
12.5 mM B-glycerophosphate, 7.5 mM MgCl,, 0.5 mM EGTA, 0.5 mM sodium
vanadate, 1 mM benzamidine, 1 mM dithiothreitol, 10 pg/m} leupeptin, 10 pg/ml
aprotinin, 2 pg/ml pepstatin A, and 1 pM okadaic acid) is added to the cells. The cells
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12.5 nmM [ 3-gl ycerophosphate, 7.5 nM MgC z, 0.5 nM EGTA, 0.3 nMIs@ohi um
vanadat e, gogihsgpzam dine, 1 nMdithiothreitol, 10 4g/m |eupeptin, 10
Rg/m aprotinin, 2 jig/mM pepstatin A, and | pM okadai ¢ acPel/Up#/gafed to
the cells. The cells -61 22 JUL 2004 WO 01/ 38533 PCT/ US00/ 32225 are scraped
fromthe plates and honogeni zed by 10 passages through a 23 3/4 needl e.

The cytosol fraction is then prepared by centrifugation at 53,000 rpm for

i xed wi ¢ RO kPR Brletes FRT bRt bl sbbiaet® Bt b nedinor ogy.
nc. N Y. Thaogtoi Plich il ther SRATE by A, R0 ng%sg@g@mgggﬁ% 1@ a final

specific activity of-2000 cp rn ato esarrples
are incubated for ABiqu'otuﬁSeIS) paltcoﬁ&ﬁ;mgm{s Kepotdinsf BABoRlBORRLDYiIS PEARF NY

201 on 2 %lgf x\h n P81 phosphocel 1 u lose paper. The filter squares
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are subt r aitt @thtflvelamé bE25TRL cmokaﬁ@mlaeéan\%weéhﬁsﬁﬂhﬂés% 3oRE bade The
cytosolic extract fromeach well is used as a separate point. Protein

concent r at Te3fpidongrage %PE?MW‘%‘!& 20 whan Dembip W hatroaeP8il plxssphyce(IBlose Rad) .
Agoni st ac t rece L. s.expect ed t inup to a five-
fold incr f:l\é?l TR{;&&&' ‘I‘%%r ﬁ\?ﬁf@fou‘f @‘gﬁﬁeigés’g%@ HIdoihg sepasgs are

ant agoni st counddal by hcﬁxﬁhﬂséﬂhﬂﬂﬁlicﬂﬂiﬂe@tr&%ﬂz Fﬁslﬁeaenl sBfid emc&ﬁoa}e Hcubhielts has
been observed to potentiate arachidonic acid rel éase 1n cel provi di ng
yet ah®t he‘r"“h%’éfMﬁPé% glet;strﬁls ipeptidiy and thepof frGAGRedel samplezaepiubtractad o t V.

S ant Ph | 39 364-9 (1991
For 20" ex AN A Seeitso T4t he b ot SRR TRR CORRbENoE o CPUrRrl R

recept or em;aagggl fe tr Pedted t ity of
15, 000 cel | s/ wel Is%g g{é}?m | nte C%nmn%ﬁg?fn%}esupp h}eeﬁt g% ﬁ%tbﬁﬁdi%%/gﬁ‘ﬁ
bovi ne serassgy @xmﬁagl)ummeactm@nom the kevlepoe is ©ipletied t@rsdult  gofod five-

streptony for at 37C heforg, use. Cells of each well are |abeled
by i ncubat# Ech MAF R mam‘&"&c$@5€ww&hm@% antagaistes G / mol )

at 0.pstLCG/n in | m DMEM supplenented with 10 nM HEPES, pH 7.5, and
0.5% fatty- aC| d-free bovine serumal bumn for 2 hours at 37C. The cells are
then was H@C{M A01d1RetlJEfas¢ he sanme buffer. Candi date nodul ator
corrpounds_ are add’?gc actwanon o? GP%%% hsaglr;ﬁgenbougsfer?/gd tg i)gtgr?trlate arachidonic acid
release in cells, providing yet another useful assay for modulators of GPCR-like receptor
activity. [See, e.g., Kanterman et al., Molecular Pharmacology, 39: 364-9 (1991).] For
20 example, CHO celis that are stably transfected with a GPCR-like receptor expression
construct are plated in 24-well plates at a density of 15,000 cells/weil and grown in !
DMEM medium supplemented with 10% fetal bovine serum, 2 mM glutamine, 10
Units/m! penicillin and 10 pg/ml streptomycin for 48 hours at 37°C before use. Cells of
each well are labeled by incubation with {*H}-arachidonic acid (Amersham Corp., 210
25 Ci/mmo}) at 0.5 pCi/ml in 1 m] DMEM supplemented with 10 mM HEPES, pH 7.5, and
0.5% fatty-acid-free bovine serum albumin for 2 hours at 37°C. The cells are then
washed twice with 1 ml of the same buffer.
Candidate modulator compounds are added in 1 ml of the same buffer, either
alone or containing 10 pM ATP as a positive control and the cells are mncubated at 37°C
30 for 30 minutes. Buffer alone and mock-transfected cells are used as controls. Samples

(0.5 ml) from each well are counted by liguid scintillation spectroscopy. Agonists which
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al one or containing 10 M ATP as a positive control and the7 ?e,li, Li ﬂgre
i ncubat edvﬁg%@&g:’% for 30 mnutes. Buffer alone and nock- al Q cted
cells are B controls. Sanples (0.5 m) from each wel PCIAES08B825ed by
liquid scintillation spectroscopy. Agonists which -62 22 JUL 2004 WO

01/ 38533 PCT/ US00/ 32225 activate the receptor will lead to potentiation of
the ATP-stinul ated release of ['H -arachidonic acid. This potentiation is

bl ocked by_ant agoni sts. . .1. tracel.lular. Acidification Rate 5 In yet
anot her as%cgv,atetg(ﬁ‘éreé’FP‘@&f”éﬁéqaﬁéﬁPﬁﬁeP%‘%dﬁ%ﬁ k’?"@f“l@@:ﬁ'?qsf’(éf recept or
activity apg)astakRaidadoniabl o s in pHinduced by
t he putat iaf\je] nodul a%oré. ?2{32?e@ﬁaﬁ?ﬁnﬁﬁcﬁk%&‘éﬁﬁrgﬁ?@ﬂggurnal of

Phar macol ogi cal and Toxi col ogi cal Methods, 40(1): 47-5d' (1998).] CHO
cells transfected with a GPCR-1i ke receptor expression construct are 10
seeded i ntb Extragellules Agidifisation Rate| ecul ar Devices Corp.) at 4 x 105

Il's/ in DME | ted with 10%fetal bovi m
Cgl ot amne, 10 o T ARoBOERRE o etk gl g o aters OF SRR i seotet |
are i ncubaicifitiyfard isyedasli Hohidiring EraeluP¥ockiel Hf pBhmdiRE By tfPddiarg! | ul ar

acidification rates are neasured using a Cytosensor 15 m crophysi oneter
( Mol ecul armpawlatoss, [Serye.3.. Duhlopea ps.uloaroupg Panendootméd! und Gotibelogikahsor

chanbers of, t.he nj cropbysi r and the chanbers are perfused with r.unning
buf f er (bi%’é?’ﬁgﬁa%f)f QZ@[@%@uppl emented with 4 nM L-gl utani ne, 10
Units/m  peni ci | OHD celifd Mafsiloted s @W-ﬂke{#?ﬂ d%gsgioﬂtcoﬁstmcpﬂer ate of

100 I /mnute. Agonists or other agents are rnto the running buffer
and pé®f usseddedhmea ghmen 28pssizcopd (Moldculap BehiceDloipnget dac i’ @eHsegoind punp
cycl e, th%-R iS run {ear 3,% &%con s .and is off for the remaining 22
seconds. Eﬁ*ﬁs&pp mentediitth L0 B detplhoving serum Zomdd L-glatsanne A 0jUmisaabr ded
during th v ﬁﬁg% A LSy sl e o
seconds tgpéshtygirlﬁl’%%dem?lg%ﬁ%ﬁﬁe. E’é rat gﬁlg?regg%ahﬁééﬁ%ﬁiuqﬁﬁ?z S’ﬁ'{rali ng
buf f er dur$hd Of foe 2Adoorsdi ng tine is cal cul ated by the Cytosoft program

Changes in the rajes oh ég -..acidification are calcul ated by subtracting
the baseline val uEX{RHHUET aFIdHCapn FaieRare HicaSUreRbUSIG @ fVHASENSOFMedi at el y

bef or g5 addy fér%ﬁknﬁ%l%u]Wi%t@o%.&mﬂ&%pgﬁle?ﬁgp%tloa egg&onﬁé’;\sur enent

obt ai ned after a nodul at or didate. sel ec i NSt runent

det ect s 6lsenkbrptHambets.of Mbelmiatphiysiontaér andthashafdey &t pediiset MEtH RBATHgOT
acidification as

Lgsul t di ntbu kg_cré&grslet iﬁ? the rate of extdr acel | ul aIE- 1 di (
npar ed t¥PHgR4LIC #tp fTes DMEM pupplrreended with AimM L-gitaminss HoHeis/md bl ocked
by modul at ;%n?ciﬂm, b p@}}ﬁl ﬁﬁtp?d?ltl)?cgl% %%l@l I%CI) at a flow rate of 100 pl/minute.
Agonists or other agents are diluted into the running buffer and perfused through a
20 second fluid path. Nuring each 60-second pump cycle, the pump is run for 38 seconds
and is off for the remaining 22 seconds. The pH of the running buffer in the sensor
chamber is recorded during the cycle from 43-58 seconds, and the pump is re-started at
60 seconds 1o start the next cycle. The rate of acidification of the running buffer during
the recording time is calculated by the Cytosoft program. Changes in the rates of
25" acidification are calculated by subtracting the baseline value (the average of four rate
measurements immediately before addition of modulator candidates) from the highest
rate measurement obtained after addition of a modulator candidate. The selected
instrument detects 61 mV/pH unit. Modulators that act as agonists at the receptor result
In an increase in the rate of extracellular acidification as compared to the rate in the
30  absence of agonist. This response is blocked by modulators which act as antagonists at

the receptor.
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the receptor. -63 22 JUL 2004 WO 01/ 38533 PCT/ US00/ 32225 Exafplle H:To avoid
I npedi mentygo b BBsEd by potential artifacts of PCR-based cl oning,

al ternative approaches to the cloning of neuropeptide (e.g. FCHHSR)32225
receptors was devel oped- By increasing the versatility of the cloning
approach, FaRP receptors having desired relationships (e.g., particular

| evel s of primary, or structural, sequence simlarity or identity, comon
activities, or related sources) coul (é,fbe t@)rﬁet ed. For exanple, targeted
neuropeptide (e.g., FaRP) receptors "&Hf'p ibit 70% 75% 80% 85% 90%

95% 99% 99.9% Bb 296idIRedinEntAinigoked B NG ceptors mght

be selected frominvertebrates, f rﬁgﬁei njéggl{egﬁﬂf‘aﬁ)%f;@ﬁ)g?%ﬁéﬁ eBSEW@%r ns,
from par t i THAMEAIVE FRREPackEsvp the cdening af neuropemitefag!, iFﬁRP?fecEﬂme,ypr m

speci es, s%gl,-e g{% §,.or varitgnts. The identification of several authentic
neur opept i de ?’%a %r‘@‘%{gﬁ’@r € ¥Fishlityof she ¢enioriapproachiiReRBrrateptors having

bi oi nf ®r meddstred fdlatadriRBins $e. ' f cconfirned receptors wth the C

el egans dat abase shoul 4 gﬁ%ﬁ@?ﬂ?%&%ﬂ@f@ﬂ’@ﬁSg\mﬂ@ iSEAYIRgE similarity

neur opept i ¥adentdy.aommonen adtivitiasgomglabaRBur QS PEG Be tdrbdEN BE-
| dentifi cqti of the C, elegans 15 neuropegt I de ?ec%ptorgﬁr% El%beOssi ble a

simlar 'apS?gt%gengeﬂgqpﬁaméﬁ (6 TP mRasptPTs mightsthibit 7(D6,CESORE0%, 8506 d00FRN

dat abases.gsbheyone gueghe e f o Lk | ..of .20 cloned receptors are |listed,
i ncluding all’ of the ’rtzrcgebpgtggj; él%e]x nl%iE\J?onéh%ﬁabﬂ‘?tqde"\‘?%‘fpéoréfmgh‘rﬁq sected to the

conf i r med frenrinepebtitatefromamis, FOAEMAORSd rdinfAbdhs, ﬁﬂﬁn [gagﬁtg.!l%rzrﬁgﬁd-

bi oi nformati c anal yseg using the current databases a em cal
i nf or it | oN°AT £°15F% SE HoBParpsanpundriiorm speties;tsubispefies oapumss Lat er

rel eases of the 3 . . were searched in a manner simlar to that
descri bed above }Pfc??ap elfﬁgl{l?‘@f%"%f’\@*@é‘f NgHoRAPLds KRR RTeceptars plsor s.

Wor npep . modlkea pessibila nodigbnaldi SHRPMABc R e QY &@%ﬁ-% I e eganger Centre
web site. The 25 database was searched usigﬁ%\l\ﬁgl:_A .()%,o?g‘}riés]c e§Ime EQJF.,
Nucl . Aci d4URbS C. ieany datatmse shipid piddo The identificdtivaws additiohfgatfopeptide

neur opept i ecept ors, ( CEGPCR3,. . CEGPCR4, CEGPCR5, CEGPCR?,
CEGPCIORllcz)crg{g\(%l'%@%ﬁ%ﬁHE@1 @%{&:fg%ors. Yisee the idepiificptapref y C. gleganposi t e

BLASTI 5s c o meunvpsptidesesdptars niake Bbissie 8 sisfa’ | g at the product
of the "e"_val lﬁ\ﬁ; fromall of Eii'?he sear cﬁes%gc%cg%ﬁl é’?l}y%ga{pggséﬁ't’f}?ﬂgdﬁ@l ease
118 of GedPepprhylaand buman dutabasesr al sear ches agai nst public
The sequences of a total of 20 cloned receptors are listed, including all of the
- receptors exhibiting high levels of similarity to the confirmed neuroepeptide (FaRP)

- Teceptors. Finally, the results of bioinformatic analyses using the current databases and
20  biochemical information are presented.
Bioinformatic selection of receptors )
Later releases of the Wormpep database were searched in a manner similar to
that described above for the initial identification of candidate receptors. Wormpep
releases through Wormpep 23 were downloaded from the Sanger Centre web site. The
25 database was searched using BLAST 2.0, Altschul e al., Nucl. Acids Res. 25(17):3389-
402 (1997), with known C. elegans neuropeptide (e.g., FaRP) receptors (CEGPCR3,
CEGPCR4, CEGPCRS, CEGPCR?7, CEGPCRI12¢, CEGPCR12h, CEGPCR12u,
CEGPCR12v, and CEGPCRI16). A composite BLAST score was assembled from these
searches by calculating the product of the *“e” values from all of the searches for a given
30

receptor. Release 118 of GenPept was used for general searches against public

sequences and as a source of sequences used for the phylogenetic analyses. Alignments
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sequences and as a source of sequences used for the phyl oggnzep@pg[)gagnal yses.
Al i gnnent ﬁY(%) fl%g 322 JUL 2004 WO 01/ 38533 PCT/ US00/ 32225 and phyl ogeneti c
rel ati ons g IS8 prepared using the AlignX (Custal W Thd®giguseose22sal .,
Nucl . Acids Res. 22(22):4673-30 (1994)) alignnment program (Vector NT]

suite, Informax, N. Bethesda, MD)_ Cloning of receptors 5 Receptors were
cl oned using PCR techniques. Initially, the predicted sequence was used to
desi gn PCR ri mer incorporated the C. el egans

npll:[ji)hr'ﬂ?rs.1 tThel 5 PCR

initiator MG W IFRIGEBONHHPS BErePTepaed usiag hectiligwf{ Glisakyz Akompson erNucl .
Aci ds Res. 44 z . ' i o | | tajned a
restriction ’%lﬁgiﬁaigfﬂgﬁgﬁ%éz% aSmZ%é‘W F@ﬁp Elt’nﬁgF 5%%@3?8?‘35@%6?1 e to
sinpli fy | htfemax; DdBethiesta, D). 10 cRNA for injection studies. If the initial
approach using prinmers designed to the predicted sequence did not readily
produce a PeuIng BhIRCEPtOBS i f the predicted sequence was obviously in error

i ydged by al | i th ot her . then eit chaored PCR
Cppr onoh Cused - s RERBERS it Mofid Bing kR Wotel e Bibaf, o oradett: onal
primer desigeeRiRast OSRS @Cﬁ%ki%s.%i’@dl@‘gﬁqw} c%mc%li_t@d i}[%h(t”t act

g er r

clone. Typically, a PCR product was obtal ned usi elt
E}(zl y rrgr als: eelegans Elkll’ﬂﬁtoﬁ withii EireoptBilizls@St mmnsllagﬁ;tmlgiﬁbﬁi(Kg&m.:,Mucﬂ.he

pand . 3 oehr | ndi anapolis, IN. PCR priner.
equences gﬁ@s %e%'ggﬁ%dg%??ﬁ'qyﬁ@g@q%c}e%qﬁ RiERGUSU|ly gontpined g destpetionyf f | xes
added to aerFyMRRitERGRoRtHNR WREI ' h OO Y fi&lont
forward and reve?se primer pai r1?91]?_L%%%qé%#&?%@?@ﬂﬁgypﬁogLécgiolnoogf was

ei thedOa f¢RNA for ingastion BNdiesynt hesi s reaction (using random hexamers to

prime synthesis fyrom.a.preparation of total C e{ogl?lans RNA) or a C. el egans
cDNA |ibrary in PEIUEYE PRRroagh,pipg pRmers dsyigped obaPrlicied sequencesiiénel si on

reacti on ORadilyEpiuceCOPIR hird |4 ' JNi 3. ZAP_XR. | anbda
vector (Str gt a}gene_,C La Jolp?:%@c%g r@%@%?ﬂﬁ%ééﬁ&%ﬁ%&&%gﬁg 5@505F35ducts
ver e typi ciadged yealignmenf witl otheir P CR)ohient kither @lnintkoreQPE@Feapprofth giseda, CA)

i et Ty ERROOK o CRPERA G GFORGRaTk O G ApRmendesimparatch (sce
cont ai il NObd|éNG) RROIPBE IEobBRE HalELiGd" €Pared by a mni-prep DNA
i sol ation procedure (Q agent?ﬁandl wer e seéquenced usi ng Bi gDye dye
terninator cheni sTypicallpFa ROR preduct was obtained using either XL rTth polymerase
(Perkin-Elmer Applied Biosystems, Foster City, CA) or the Expand HF mix (Boehringer
Mannheim, Indianapolis, IN). PCR primer sequences are presented in the sequence
listing, with “f” and “r” suffixes added to a given GPCR clone designation to
20 unambiguously refer to forward and reverse primer pairs. The DNA template for the
reaction was either a first strand cDNA synthesis reaction (using random hexamers to
prime synthesis from a preparation of total C. elegans RNA) or a C. elegans cDNA
library in pBluescript, constructed by performing an in vive excision reaction on a cDNA
commercial library constructed in a Uni-ZAP XR lambda vector (Stratagene, La JolHa,
25 CA, catalog number 937006). PCR products were typically gel-purified using QlAquick
columns (Qiagen, Valencia, CA) and either cloned directly into pCR3.1 (Invitrogen,
Carlsbad, CA), or indirecﬁy through an initial cloning step into pCR2.1. Plasmids
containing the appropriate inserts were prepared by a mini-prep DNA isolation procedure
(Qiagen) and were sequenced using BigDye dye terminator chemistry (PE Applied
30 Biosystems, Foster City, CA) on an ABI 377 automated DNA sequencer, as described

above. Complete sequences were assembled using Sequencher software (Version 3.0,
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30 Biosystens, Foster Cty, CA) on an ABlI 377 autonmated DN@ sggt@zper, as
descri beqY 99%33 Conpl et e sequences were assenbl ed usi ng gq‘t&' neter

sof twar e \Veradh 3.0, -65 WD 01/38533 2 2 JUL 2004 PCT/ UBSBIS®2225
GeneCodes, Ann Arbor, M) and conpared agai nst the expected sequence :
predicted from the Wrnpep database. C oning CEGPCR2 CEGPCR2 (SEQ I D NO
176) was cloned using PCR The tenplate for the 5 reaction was a plasmd
l'ibrary of- C gans ,c solated frogman in vivo excision of.a

conmer ci aheyeg'\géae%i gBPéa‘rB?N@»gﬁﬂ" S%Wg?rrgﬁégilas‘it € EXRgied sapieRes predicipd from
St r at agengqe WarmpePHtabase”r) according to the manufacturer's instructions.
The PCR reaction was perfornmed using the Expand HF kit (Boehringer

Mannhei m QlonkingrGIPGPICR2 IN) and contai ned: 0.5M each prinmer, 150 nM dNTPs,

0.5mM d 2, d it d 10 Hgh Fidelit i X. The PCR

react i olv?\ was ggr rqi:éé}] éﬁé (§E5Xal%§ﬂanpalt7é@é\'ﬁgclm%%@&xbs%&?ﬁzﬁgwrgnmﬁ(mfw SIW owi ng
di ti : . . 30. d 72C f 2

Conot s O Peacin S48 Blasflia fBfark OF O BEEUNA i8iied Mom i EE BicRgon S O

Car | sbad, céinevasllyseadiable 1iHreNecédirugel iba Unl-zod RER iR dSeitaddib A PCR2. 1.
The ligation mxture was transforned into E. coli DH5a, and transforned

cel | s weréolis GAdaseordingtoghe mpnufagirer’s/insicrteps.hdhe PERsicresiom wasansf or mant s
for the presence of the. ap I. L.nser Purified. pl asm 4. .DNA was

obt ai ned 3§'i%§ré"eéj ér)ﬁmrﬁ ‘@'6%‘8“@@ g‘@éﬂﬁ@“&'@%é@@&%@ﬁ?&@ﬁ 1(%glaﬂgm' ds were
sequenced chgtaitgd dPS N eaH R REr, 5@ AMENTPE RS mPPRIdCad Blgosy shiBxpah@st er

Gty, CA and an automated sequencer (ABI 377). Aclone wth an’intact
open 10eadithgh Fidghty enaymeimixi e PRI resgben wasdariind oupioRN\BtBatageny usi ng 20

EcoRlI . Xhg) ,was,used t ermne the orjentati of. insert fra S.

C oni ng Cgﬁhwiﬂdﬁ&%%f%g ¥INg Copeiiogs %@5&5?50333561{35?5‘! ??C_PW&’ g@gﬁ?é’it of
CEGPCR2,  ypisBébnds,/2°CH0E2 hiiiea BHoWedb$ 207 1drONRinuddd £ raniignskiat egy.
Hi ndl H was used to deternmine the orientation of inserts. 25 Cflonl ng

CEGPCR23 {hwitogen) Gaylabed. &bk pas nsegrGRimR Shenged-pairidied P GR progutctisto@CR2.2gans
cDNA lagm d. li.brary as tenpl ate. . The ) tion was, set, up, using 0.5M
cach pri e igaien Rtiros TR BrTie ROk Fol Lgr. 270 Mersiormed caere

pol ynBr as ¢entilGed I8¢ B‘EBlon?@;’tF’R oA sEreBf trhAS BB Rarltd f? thepriétdhcEbFRE 9600

Thermal Cycler using the follow ng
appropriate insert. Purifted plasmid DNA was obtained using a mini-prep procedure

{Qiagen Valencia, CA). Plasmids were sequenced using dye terminator chemistry (PE
Applied Biosystems, Foster City, CA) and an automated sequencer (ABI 377). A clone
with an intact open reading frame was obtained and subcloned into pCDONA3.1(+) using
20 EeoR1. Xhol was used to determine the orientation of insert fragments.
Cloning CEGPCR21 J
CEGPCR21 was cloned as described above in the context of CEGPCR2, using
the same template, PCR conditions, and cloning strategy. HindIII was used to determine
the orientation of inserts.
25  Cloning CEGPCR23
The C. elegans receptor CEGPCR23 was cloned using the C. elegans cDNA
plasmid library as template. The PCR reaction was set up using 0.5pM each primer, 200
pM dNTPs, 1.15mM Mg(OAc),, and 4 units rTth DNA polymerase, XL. The PCR
reactions were performed in a Perkin-Elmer 9600 Thermal Cycler using the following
30 program: 25 cycles at 94°C for 30 seconds, 50°C for 10 minutes, and 72°C for 10
' minutes. The resulting PCR product was gel-purified, cloned into pCR2.1, and
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30 program 25 cycles at 94C for 30 seconds, 50C for 10 m nutes, and 72C
for 10 @thlg%s The resulting PCR product was gel-purified,? &ijoligid into
pCR2. 1, ahd ™~ 0 01/38533 22 JUL 2004 PCT/ US00/ 32225 pr 86AGH0es2H E.
coli DH5a. Plasmi d DNA was isolated and verified by sequencing. An intact
cl one was sel ected and subcloned into pCDNA3.1 (+) (invitrogen) using

Bst XI. Subclones with inserts in the correct orientation were identified
usi ng BanHl / An anchored PCR approach was used to

obtain thé"‘%ﬁ%%_rlltlé?éi"" Eadl b@%“?EcEGD@%_E%A maéméﬂt%mm@méela@pg@ed to.
e i i 4 Pkl Yiserisd eBARRIARR g e PRASIT R M Beus o BXP ™

nonf unct i Gubklonklswitd ihdeas it doRlecttrieitition kN §dentified udRE B.HH BN ACC TCT
CAA ATC CCA T-3'; SEQID NO 17 1) and T7/M 13 reverse 10 vector primers,

al ong wi t ClonmgECBGRYR22 cDNA plasmid library, a PCR product was
successfully obtajned.th rresponded to the correct 3' end. Using that

i nformation, a réwhoﬁgyggi%?“&%émﬂﬁiﬁiddﬁ taim the fogwgct ¢nds dof unction with
the initiatEGPCRER BitbBI primGETHRA&i e FTRLMBERT mANNEr to
CEGPCR23. Tenpl ate and chlmconditiorll ﬁ%@@%‘?ﬁﬁaﬁalﬁlgﬁawég& except

that the RERepments asng tidsedeem3aDprinesywatietheadhitiadTarfiing pomeaconfmmedha f or 5
m nut es, d_ 7 for 10 m nutes. The__resulting PCR product was directly

cl oned i nt'®® PCRER PIMEEvEHTineg tiprghs Usingdhe iema! PRGSO HadClsed to
obtain t h?rﬁﬂ«h@hcﬁf‘ﬁhf CAA ﬂ?é@#-r-gmswﬂb NG TF &1?3%@&%}?5' zed.
t 0 pr e

PCR experi nments usi ng ese I nterna ners w Phictar o F | anki ng
pri net® comtior panhets)atong weitiBthe €N @leghnd ¢PNAONAsHRISIHrAGDs PER prsdwit @disct ed.

Using an internal priper (SCNL60 - 5'- CCAGAGCTCATCAAA- ACTCAAGAAT-3'; SEQ
| D NO: 172)sug6r3stetly phtamed dliat copesnondest toghe gamrect 33 eathgUsingithatinferraatian, agans

oM ol 4 g RS s SR USRI i BRIBLRES Al o
that 25 i GBGPERR2D Was shemasloréd iRGRiMNANMRInneS(NCEGPCRE 3. Template and PCR
TTACAATTTAAAACTAGGTGCTTCT- 3" ; SEQ D NO 174) was designed and used in
conj unct i GANHORS WEke idpRtidablo GEGPER23y exvep! thaEBPERR meogramhinelusleddBd usi ng
et el xRt 440 LRSI b S LA T Y o
i ncl uded 2Zésuttyrtd PCR profdEwia® dirdéily cioned into pCR3.1.
Cloning CEGPCR4
An anchored PCR approach was used to obtain the correct ends for
CEGPCR4. Internal primers were synthesized. PCR experiments using these internal
20  primers with the initial flanking primers confirmed that the 3’ end of the cDNA was
incorrectly predicted. Using an internal primer (SCN160 - 5’-CCAGAGCTCATCAAA-
ACTCAAGAAT-3’; SEQ ID NO:172) and T7/M13 reverse vector primers, along with
the C. elegans cDNA plasmid library, a PCR product was successfully obtained that
corresponded to the correct 3’ end, extending beyond the stop codon. Using that
25  information, a new 3’ PCR primer (SCN189, §5'-
TTACAATTTAAAACTAGGTGCTTCT-3"; SEQ ID NO:174) was designed and used in
conjunction with the initial 5° PCR primer. CEGPCR4 was then cloned using identical
conditions to CEGPCR23, except that the template was derived from a first strand cDNA
synthesis of C. elegans mRNA and the PCR program included 25 cycles at 94°C for 15

30 seconds, 60°C for 5 minutes, and 72°C for 10 minutes. The PCR product was cloned

-67 -



30 seconds 60C for 5 minutes, and 72C for 10 minutes. The Pd?ﬂjf'bdﬁli(ct was
cl oned - 004 WO 01/ 38533 PCT/ US00/ 32225 initiall E);RZ 1, and
subcl oned I nt 3%%4 3. | (+) using EcoR, and clones with i‘ﬁtﬁlSE TrET
orientation were found using digestion with Sacl. d oni ng CEGPCR5 CEGPCRS
was cl oned using the sanme PCR reaction conmponents as 5 CEGPCR22 and fi rst
strand cDNA as tenplate. PCR conditions were: 35 cycles at 94C for

Seconce Sl SR TEARE gl P LN 2R PRISHERAEES
pr oduct V\@Sn@ét@ﬁﬁdtat@hﬁﬁﬁ-é|f%numsﬁ1g1%noh \,\amdgddansforrred into E col i

DH5a. Clones were identified by colony PCR Plasm ds were isol ated,
purified, GaningddBGRERSas described above. 10 O oning CEGPCRI19. 1 The short

splice variant of CEGPCR19, was Ioned ng conditions identical to

tE\ose descri bed f%éégégéd@c Mdrisingd Eﬁ‘@é’b?&gﬁ' gqnog CBBROATBT PYi zat i on

step fsor | I s@nt of
p fsor tdyshERes %gt‘lftﬁ'ré?gtralg %Q%SWS%@%%%JH s WEH: %Oés)}é:@%eggfll(g

cl one CEGPCRI 9 was oned usi ng con entlca tot
f or CEGPCRGL, 30decbndd) 608R daptt minutes, aad EB5C foy b Oiniina@t.i Dhe reattégmsivadre t:ine:eBCR
reaction. CI oni ng. CEGPCR1a and CEGPCRLf _The cI oning of the two splice

i sof or ms -Gt mm' @3@96#‘?@@&193’%"& Hde resyl @eodygbyas clopgse i niti al
cl ones Welfre &RShle W’&ﬂﬁf‘%{e a‘gltt dSo?e@Hﬁ&%eree#én%?fégm t he
receptors wer suc essfu y anmpl | oned Fgnisnto o -t Re

sequences celopg PR dPlabmiidsobdre isolated Eplnhﬁeﬂ,cume%m@béd &l describedsibotdlat
cont al ned an initiator ATGin a nore conventional |ocation than within the
firsti®rafdepiegGREPGCRIT-bn. Subsequent rel eases of the database included a

| onger ACT. 1 sequgiog, %‘%ﬁeécﬁwaﬁ& Pk ERGPER el Bileahid oMo P! ce

vari ants). Using sequence romt a new prinmer

( SCN- 199, 1&mucmmﬁﬁmﬁﬁ%eﬁcepu&6} 4 SO hyblidations
designed and additional clones were isolated (using the identical
pr ocedur estepdar e BidRreactiggr  described in the precedi ng exanpl es for

CEGPCR!) - @1oning CEGPCR19.2

15 The long splice variant of cione CEGPCR19 was cloned using conditions
identical to those described for CEGPCRS, with the exception of a 55°C hybridization
step for the PCR reaction.
Cloning CEGPCRI1a and CEGPCRIf

The cloning of the two splice isoforms of CEGPCR1 were described in the

20  examples above. Those initial clones were based on the Wormpep 1 3-predicted
sequence. Although the receptors were successfully amplified and cloned, alignment of )
the sequences suggested that other vanant clones might also exist that contained an
imtiator ATG in a more conventional location than within the first transmembrane
region. Subseque-nt releases of the database included a longer AC7.1 sequence

25 corresponding to CEGPCRI (but still not the splice variants). Using that new sequence
from the Wormpep database, a new primer (SCN-199, 5'-
GCCGCCATGAACTTTTCGGCCACCGATTCGA-3"; SEQ ID NO:175) was designed
and additional clones were isolated (using the identical procedures and 3° PCR primer

descnbed in the preceding examples for CEGPCR1).
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2 2 JUL 2004 WO 01/3833 PCT/ US00/ 32225 C oni ng CEGPCRI 2c, CE@I?%?@M and
CEGPCR12u "g‘i’,;saa to CEGPCRI, alignnent of the initially anplified clones
for CEGP Géfgest ed that additional variants m ght exi 2CT/USN0/B1m2Scase
of CEGPCR] 2, it was anticipated that variants encodi ng pol ypepti des havi ng
additional N-termnal 5 sequence would be identified. Using the rational
primer design approach, PCR priners were designed for several potential

. Pri .DEL 5' - TGT- CGAATGATCTCGTGCCTTCAG-3', SEQ I D
ﬁg)nim) r; r%‘HEIC&‘%EE%A&%CE%%A%M Q@QCMZNO 70; using PCR °
conditions as desgih#isdecHcrER:]Hi hh@ht@ﬂ}ﬁ%i f. . yﬁ”ﬁﬂﬁo{?}é }CEQE%I 2) were

then used to anplitfy the Tonger Vversion. ned 10

di rectly i GEGPRBHR sheaestetbthar iduesbraboattants Might bxine s iR Gsd Of CEEFCRT25:
CEGPCRI 2h, and.CEGPCR12u were obtai ned. The C. el egans Wrnpep 23 dat abase

was sear ch®as ticpptes thatvariapts qnoapding polypemides havingladditionsdt Nl e riesl

25(17) = 3389; S w.th, the. si t] C el

nefjr ogjfépt i %@ﬁ?%cé&&?@aogﬁewpggg’pﬂg’rﬂéIt ?%%P“&w& ?PFEE%eﬂhﬁe:g%%SH@“E!EGDCRZ
CEGPCR12¢, we@R6rsh %for@gﬁ?mmia%n@i’ﬁ&e{?g- ERRD e figrt he

e-values fromthese searches, a conposite B score was calcul ated. Using
this appr 0@ ARGHTETGTCGCCTT R34 1SEQUE NO:$73rand theord dinan X IPFCR gsinepf t he

C. el egans These r ptors. i ncl ude t he above-six confirned

neur opept i @ﬁ %; ’r‘és&'b%? @ﬁs",‘m%’ﬂanm@d forthpamyizl angpdmeRen of CEGPCR19

(bot h CECREREPCR 129 wandih %n&)l' J—y\ |t onal group of

receptors fell i_ntg a se%r%)@%i e '1@%20%§%0HCF§32’§%&§&%2\&5 ‘%ﬁ%ﬁgg:Rl

( Bot h1QEGREiRictly intnd CRAGP@Ri¢scribed HERERIHact CESRIBRIf0SGE GEERRERASE GBER 1 2h,

| DNO 178), %[1(;1' CE@%SES BLABST, éorrpari sons agai nst the GenBank dat abase

showed t hat"4HEY BSYeET OES al so likely peptide receptors, although

t hey have not yetTheer ' Li anme e receptors
e YESWU‘I:I]?%J 2%%&( ﬁ’?%%‘?ﬁ% E‘F%gﬁg‘[‘@g'r EQ)

usi ng CLUSTALW shows that the receptors

char act er i tliscBuloér alh Nusk\Aeidst Resn 25 THBI8LIGBYTIONY)) Ok ith BREP! SirFentlyl Kiphwdi Ng
hi gher deg&e s of simlarjty throu?h t he transnenbrane regi ons and very few

absol ut el y-cOREEY PEWOPERT (6 - ((RBP) secertorely B ERCRS, SHEGPERAAEGPCRS, Bi 0]
12018, LonCHead) Lkt ool Lpepesh, Rl g PR R PR
3TM e. g. ,Usinghte ¢-malhéefréin@RERIsearaing, a dorhp&ste BIDEES savfdwadificuihen. Utg
CEGPCRI 8a,and 18b, sequences., -69

this approach, a group of 11 receptors was discernable from the rest of the C. elegans

GPCRs. These receptors include the above-six confirmed neuropeptide (FaRP)

receptors, and CEGPCR13, CEGPCR17, CEGPCR14, CEGPCR19 (both CEGPCR19.1

20 and CEGPCR19.2), and CEGPCR11. An additional group of receptors fell into a second
tier. This group included CEGPCR20, CEGPCR1 (Both CEGPCR!a and CEGPCRI1Y),
CEGPCR15, CEGPCR18a, CEGPCR25 (SEQ ID NO:178), and CEGPCR3. BLAST
comparisons against the GenBank database showed that these receptors were also likely
peptide receptors, although they have not yet been matched to ]igahds.

25 : An alignment of the receptors using CLUSTALW shows that the receptors
exhibit the classic characteristics of the seven transmembrane family of receptors,
including higher degrees of similarity through the transmembrane regions and very few
absolutely conserved residues (for a review see Probst et al., Cell Biol 1 1(1):1-20 '
(1992)). The only unusual feature for the receptors is a few atypical amino acids in the

30 conserved ‘DRY’ motif immediately following 3TM, e.g., ‘"HEF’ in the CEGPCR1a and
1f sequences and ‘DKF’ for the CEGPCR18a and 18b sequences.
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WO 01/38533 22 JUL 2004 PCT/US00/32225 The C. el egans recep or | RN al so
be cl aSS|‘fN|qea!3§§ sNg a phyl ogeneti c approach. Figure 1 shows an aI| nment
of the C egant GPCRs described above resulting froma REI/E3/32225

phyl ogenetic analysis. This analysis showed that ten of the el even nenbers
of the above-nentioned famly of receptors, including the neuropeptide
receptors identified 5 to date, fall into two distinct groups. The only

other 1 e0optor S Al ! Ak Th ISR PO NB a6 by + ScbOmuc EBREEE  ang
DGPCR2 T eFi@@ieOr ShofwWsQii amgﬁﬁxemmfi tHe d/\etegé%ecpeke %é&;b@@ 'afab&e”i%amﬁgf&ym{ zbe

DnGPCRI receptor has a neuropeptide (i.e., FaRP) ligand his an sis also
showed thavpmh@lwmgmdtlc aredysst This maémsmvmdahatdem of thekldvieg metrtbeBLAST

anal ysis t to fall to.classes with_other known neuropeptide

rece)|c/)tS ors. the ?Eé{fdﬂfm ‘?ﬂfd&@tﬁg@@ﬁﬂs fW‘tﬂ‘%tl}eH}e@F%P’i‘%mg?RgWﬁ idgriifieghe L.
staghati s [ (4 197 205
(100753 ° ot B el BA FERRIRIordu X TR ofly o rebitb @B e icdd e
recept or (aFe nee"GRAL 1 OB receptor flet Dsknaea Sic%(nafi) (&5 hZecbritd $86) )aceﬁth? apdoNnoXxys

calcitrans (stab e fly) “tachykinin-like receptor 15 (Cuerrero,
Annal s N Y EM@PCS&mndélmG?,@ Tegeptayy fiom Rresopbile. oWeffmveaeqcmhcmfmmd li ke

tide f { Bi.ol (2000;
nd the  CIERDRGRERT Seéepfi Bag nroBtopio (3 FlbRldiie £175)15' (1802)

e have recent Iy deeﬂsly&ls gldo Ehoweed st the@eddierdF (Nalbhfls Rcdpors FRAPIHede
(i_e.., FaRP i gand. This group is separate, and contains only

i nver iQpr 48 SE@@plweﬁéend@m faﬂlsxnmyggssgs wath|opher kingwachenwpepdeorcepiersebr at e

cRepche arGECRERIHR CREPCRs Bl B SEIREReing Wp i i Por afii: o, ¢ he
vert ebr at Qrﬂi\@ldﬁx@kte&b]ﬂof ECRPEOAIS J. ﬁe&b'sléit !37(4?‘/(1’ WAL (lmgepva{eu.etsbb hiis

chol ecystokinin receptors contains the C. elegans receptor Y39A3B.5. The
recept or CREhRRIItatLY peptidet(an BFgmuiqdlgwdhte&ﬁmpngT anisen &rads §piNedrasai.ecept or

19( 23) - 2ao B GRS Tk OBk Bl Edfbibns(SipiE ) teéry%é’@i‘é’a{e%{tsgt atin
pept i g | i@uefero, EESPARLSs Yoyi ARLS sef%mrmbupl @ng)re FeEp Pfcﬁ%rl @d

several vertebrate ofphan receptors, nost close tot C usters
cont ai ni ndikepeptide fnom eatdptick GHolyes, aniah, Inseat pialrBiol (20601 lmpres))emﬂlthg

(and CECPOPBI S8 AEPOR 0 ity BRob e egi 19?@4?{)39%2}&? P FSPOS of
or oty o BRI kst LRl ke VAL Shpb dpepliclSd. FYRP flangt MMELBAR, . |

separate, and contains only invertebrate receptors, but 1s most closely related to the

20 vertebrate family of neurokinin (NK-1,2,3) receptors. The C. elegans receptors
CEGPCR6 and CEGPCRI15 are in a group distinct from, but related to, the vertebrate '
ﬂeurokinin receptors. A cluster containing a variety of cholecystokinin receptors
contains the C. elegans receptor Y39A3B.5. The receptor CEGPCR20 falls into a group
containing the Drosophila receptor for an allatostatin-related peptide (Birgul er al.,

25  EMBO Joumnal 18(21):5892-900 (1999)) and DmGPCRA4, both of which recognize
allatostatin peptide ligands. CEGPCRI8 variants are included in a group containing
several vertebrate orphan receptors, most closely related to the clusters containing
bombesin receptors, galanin receptors, gastrin releasing peptide receptors and the above
mentioned allatostatin receptors. CEGPCRS (and CEGPCR21) cannot obviously be

30 lhinked to any particular group of receptors, being most closely related to a broad cluster

containing a variety of receptors, including some falling outside the domain of those
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-70 22 JUL 2004 WD 01138533 PCT/ US000/ 32225 receptors recodni zilnglbepti de
| i gands ( rotonin receptors, opsins). The receptors CEGPCR9,
CEGPCR23 g?ﬂ’%&é&mz are all listed in a small group apar PCTABAYE22Yr oup
containing a variety of receptors with peptide |igands, including
somatostatin, galanin, and bonbesin receptors. BLAST results are slightly
in contrast with these 5 results for CEGPCRI, listing the highest scoring

hits for this.rece r.as NPY-t.ype, receptors. BLAST results_indicate the
five hi ghaeredrSFERERIRSARNAG ¥R (R0 SBioRi™ cepiBroPIPD: e TAERBYS C

el egans r eceEPERS, CEGHHABE, fid R32 5B i E'#HT% ' ol I owi ng
those are a series of vertebra%éggnat gg%%ﬂlﬂ(é%hndp%g%% -0 ?ég?ﬂ%%é%eptors.
10 The recgptpeantaemg avasietoo lrstepyors evidr pdptid lighefsi Avludid sdpeaesdatn the use

of PCR The firs strat,eg%qgi nvol ved the sinple design of PCR primers using
the predi cEAM™ApAROTDSEB Recersrs. t REASBarsulisire slightly in eprtrast POR theseduct was

not ob{ ai_ ' i S L QF on_t.he, hasi s, .of the predjcted
sequernce, qg%nl{éﬁ%ﬂ;?}%a{ii\geﬁf gl%tf)r @8%?%31 ﬁrs"é%hﬁ%?odigllséﬁceﬁg\ﬂlaﬁgyghpﬁers. The
failure i metdpeorsNBLAST feGitsaixpiehleTBOtiSe Waest Bcdiml saichys QUSEGPCRIE and
inability of the gene Pl’edl ction software to accurately predict the ends

of the GPEREGBGREAaEsal athpyGnelegansirecentorp (e HI A &R S AGH HO3. 2cT@RBkG) buices f or
th GP . Q.. f th f the. ded
ot ei nsanasdilel ARG A KL Bhfes o vBirenriBioRro i Sl ePpappived

sequences.retéptgene cases the alignnment showed that a product that did
anpl i fa/ by PCR had been inaccurately 20 predicted, e.g., show ng an
initi 8 or ATG t hatheggseniprsiere cloned psing stvechl strItekiesgil brsedbe the useof r ect | y

redi cted d ally b iL.nhpai nted by t e of internal PCR
Bri rrler s, c'afT ggh\ﬁt#ﬁiﬁﬁg%%‘é?ﬁ?gh%ﬂ@#ﬁ}%ﬁ&i@g%@ﬁrﬁﬁmg theassligiett i on
Wi th the oyDNARSuentd 8k GPEICRIPEISEPW Rere WP phdtust Wi A5IBMAiAL udhfyy POR

prinmers were designed. Taking into account the possible open readihg
frames, pduanes desigrdonthe bagsphie predicted sepiefics, pn altémative dpprédeh wasesuned

Correcl SSUTRCT i RSLIER Ml THOBYE ET RABER el SyaLIest ced and
was ex4 re@bﬁéa]ﬁb‘&fé&giﬁ&inabﬂi@ﬁ Hht 3@nd ﬂ'eailchbﬁ’ Rofridhe Q&&g@g&%@%&gg{ theBnds

anplification. Based on conparisons of cloned cDNAs to sequences,
1 | of 22 oftRCBPCRssqnencept Aligseentarftispredicedt aminb moid séduanpepfoniee

G e A R e AL R
proteins. biaek dfuchlorder Rk &4l HRe ABRF RHANBGuIRED M sbme cases the
alignment showed that a product that did amplify by PCR had been inaccurately
20  predicted, e.g., showing an initiator ATG that was within the predicted 1TM region. The
incorrectly predicted end could usually be pinpointed by the use of internal PCR primers,
located within a conserved and unspliced region, in conjunction with the original
flanking PCR primers. Using this information, new PCR primers were designed. Taking
into account the possible open reading frames, potential mRNA processing sites, and
25 proximity to the presumed correct sequence, a series of alternative PCR primers were
synthesized and tested. This rational prirﬁcr design approach, although labor-intensive,
was extremely successful, resulting in a high rate of successful PCR amplification.
Based on comparisons of cloned cDNAs to predicted sequences, 11 of 22
GPCR-like receptor sequences selected from Wormpep were incorrectly predicted. As
30 would be expected, most of these errors have occurred in the prediction of the N- and C-

termim of the encoded proteins. Although an anchored PCR approach has been
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22 JUL 2004 WO 01/38533 PCT/ US00/ 32225 successful in obtainihg.tthé&iends of
an i ncorrggt| edicted GPCR-like receptor in a couple of _cases, .the
rational ﬁioﬁé?ﬁéesi gn approach, although | aborious, has hggT’i’gﬂ‘[ﬁ:zﬁz% gher
success rate. Phyl ogenetic anal yses can be used to specul ate on possible
functions for the 5 receptors. It should be noted that there are nunerous
nmet hods and vari ables that can be wused to build phyl ogenetic

rel ati onshi ps. i h h.t result s .described .herej re based .on one
net hod Th&H%?Bﬁde'f] "jﬁgmrﬁt}g? en ccfftd’él 'ReETe 5?%‘5%@‘%0@0%&@5‘2@? ideveral
met hods agguﬂ%_ro@’!dss%,' @R atiinaPPiiineoes @mhyﬁe@upﬁmpfiayﬁhg%@ﬁmcm th
all methods "giving very simlar results, especiall'y with regards to the
overal | r eliglier ensbipatobserved 10 for the confirned neuropeptide (e.g.,

FaRP) receptors. At this point in tinme, a total of six .C elegans receptors
and two Drosophi |Bhylogesehic analyssacen bewsediasearalite en pesybisdpactigas ?crfa{h&a)

| i gands. Phyl ogenetic al yses.of . t I i ptors,
al ong%svi t He%%ip?&f)'f ﬁtshgu@e%ﬁt%gﬂed?tgﬁtcth?gct}g%ﬁl)lpgmlﬁ%g{'}ﬂ‘e()%@gﬂ'gl(’?@a%)d%ttg%acéggg show

that all qfsed Remfiid P B8SMSHEARILINSKIPR! AltBoi@Ythd eestiitd oRAbddhéroipeirdBased Thi s
group contains an additronal five C. el egans receptors éCEGPCRlS,

CEGPCRI 4, opEGRERitied ThdmpEaPart 9 Nuch fidiSHERCRAG2PH6 ThER (1%4))esgyerai ed t o

have FaRP |igands.. The only other receptorns within this gro re.t

D osophi | etk o HedrRaE iiiiet bk Py hdiaed KD af iedolB

l'i gand ( Dgip ' iPFechide 1 the oveRUNBlatiSndhigslobdéved Tensen
et al., J. ﬁegg}ggc]ﬁmfgfezsgl)@ggqeffa??ago (ef998)).eThe G?Ldenreceptorehas
been 10 nkddr the canfirmed acurapépidadegopalRP) teeptorshonol ogue (an RFanlide). The

hyl ti lysi.s woul d predict that it |0 h RP, Li gand.
The. aroupi ng of 1 e paipbiBBe a6t aE Sk iR Belloragn P R ebie o ns

no known E5ER foshetiftipeh ﬁ&@mam liBafRRPh{ReeRR falgs\dfdi Ng a
rel ativel yﬁéép‘rﬁ%?%e Pat e- g‘g@‘? ifoi (? target. 25 hlg ot herS(C. el eSa?lg recept or

t hat receithed. a/dgugharstDrasophila recepbrdSlongwith pHad theapepGEGREREceptorshm the
receptor falls into a group that_is highly ted to the roup, cont ai ni ng
confir med RubRe d@@@éﬁﬁ%&?}” @éggf%%a éﬁ%\?@’,“ %ﬁ@?%&?tﬂﬁégax heegrﬂﬁbéodand hunan
orexincre : | i | QRRichA CCABSA tofSREEGPCRRS, anal ysis
woul dps re?ﬁ?%tﬂ%ﬁ T(%%:p dl?)hggfs%] gr oupedﬁg\n@th tp%le eﬁ%@e rgghept ors.” 30
Anot her grOBGPGR 1ReCEGROR T, laad OCEGROR 1Nt endc€EGPCRIS ) vkat afe erpe@edéd egans
neur opepti de receptors. This group includes the C el egans recegtors
CEGDCR24a,havyfaRP ligands. The only other receptors within this group are two Drosop 1la

receptors, one of which has been confirmed to have a FaRP ligand (DmGPCR1), and a

single receptor from L. stagnalis (GRL105) (Tensen et al., J. Neurosci. 18(23):9812-21 '

20 (1998)). The GRL10S receptor has been linked to a L. stagnalis neuropeptide Y

homologue (an RFamide). The phylogenetic analysis would predict that it may also have )
a FaRP ligand. The grouping of these invertebrate receptors in a category that contains

no known vertebrate receptors is consistent with FaRP receptors providing a relatively
invertebrate-specific target.

25 : The other C. elegans receptor that received a high score in the BLAST
analyses was CEGPCR11. This receptor falis into a group that is'highly related to the
group containing confirmed FaRP receptors, described above, and includes the dog and
human orexin receptors. Slight alterations in the conditions used in the analysis would
resuit in CEGPCRI11 being grouped with the above receptors.

30 Another group of receptors that is of interest is derived from C. elegans
neuropeptide receptors. This group includes the C. elegans receptors CEGPCR24a,

-72 -



WO 01138533 22 JUL2004 PCT/ US00/ 32225 CEGPCR24b, and CEGPCRI». ;I':he%quecent
I dentifi C%’]Rﬂ“{%ﬁ a FaRP ligand for the Drosophila receptor , also
| ocat ed wi'thi ?s group of receptors, increases the int®CIESDEI2_ese C
el egans receptors. Two clones (CEGPCR6 and CEGPCR20) included in the table
have yet to be 5 anplified. These clones do not PCR-anplify using priners
designed fromthe predicted sequences in Wrnpep. It is very likely that

The’ P oF BRI abEFRCHGR, PR REet Faibsnumotict akiisnddbetbel 11 od i n

t he grou | hESh-verifi FaRP receptors.
CRCPURD0 oPeoBRRR Lo} D GPORENIFIHIE Wb s Ebbn R eirRbG e tos

gal ani n 10intgesgpt these G blzginomoghedsa al | at ostatin-1i ke peptide receptor
(Birgul el al., ENBO Journal 185 21):5892-900 (1999)), the Drosophila
“gal anin' recept of MosHones{ CHGPC CBG8LCRR0Y mehgled OO Yak(le hapaekt asb¢ gned

by h I . | CR4, .whi h ly b
cont i 1ved FeP RS TRSERIEE ab SEPRCRaMAILD S poltesqsninet Bpriine Pesien

series of {eguendesphWornpept RO abiySikeRCBR RHeSor (A & 1t ins of 1 jon, is
expected 15 that CEGPCR20 recognﬂyzesggtﬁ al Iea?rosta’ti nﬁ]‘leb@ngggﬁe%@%ﬁnd.

CEGPCR6 f alSI'8eqrrfcBy gredigted; pAhthewinohoBGRCRItar cICBBRORESE reCGEhERlre nand t wo

~Drosophil a - r Wth the recent di.scoyery thaf one of the Drosophila
receptors ?lé%gtgérﬁ @etﬁe %roﬁgﬁgr?‘:ieﬁ‘é’ﬁ%t, at ?%éﬁ"éeqoéeﬁ?é’ﬁ’é&%ﬁﬁ# ECERO™S-n this

group of rEBEPURD erBasoditha MAAY KRR ehBrsARk IncihdPink LRI ERIGA]Firlh - | 1 ke

receptors do not appear 20 to have highly simlar sequences 1 n other

or gani @ s, TeseRiprsathe\voserthilatadistoatatingikepeptide ndooproraBircubaen; BMBOIBRmMAY

| ower |eve < AT [ .G, 55%  60% 65% 7Q% 75% _80% 85% and

pr ef er abl yiﬁaﬁ-s@%é‘g@?%d%%asmﬁﬂé AR TSERjordeneeg &, BBRE ty to a

GPCR- | i ke 265¢EPYTD6 ZXA0DY (1 'd%ﬁ%&ﬁm' li e

cont enpl at e?i[{b]?t he@ ior?géﬁ%nor?. nal ogoﬁ??&?@%é&ﬁrgé&é%n%?g%)ecn}ls'

r ecept or - ewbishihagresenynbrensoniidesed REbecsnhidditidnabDEdsophiG0MatdBhiin rZé%ﬁor,75%
9.

80% 85% 90% and eferably 95% 98% 99% _and nore preferably 5%
simlarit y"“{%o“9 #1159 Pgﬁﬂj‘é PE@PFJe”&SE‘&’FSJ%"d’*WéT Bi2spd oy ths ipformpiéen, it expegted

det er ;§ neGheSCRGPEM0GE ' 8oL | ' t.  with the
BLAST ol gor st hor e D aeechntis af aipBlia@ RE PR MERRACEBPLRE AT nct'
(http:// werowpibe witnCEGRCRAw/ GEGBURILS, CEGPOR 1 defraluivo IdEspHElagEseptdisi Ng
preferred.w‘l'tg\ﬁﬁe rece(gtor seguences,. are anticipated to be 30 useful in a
variety of "&OlreieEnt fﬁovﬁ'%fﬁﬂl‘g‘,e qfithg Rrosepfiila reerptora reopamizes HaRP ligaed,mor e
particul arthireTRAVEHWRE inteREEM A FEHHGIEEHIGIOW NY some similarity to the

i nvertebrate -73
Based on analyses to date, the invertebrate GPCR-like receptors do not appear

20 to have highly similar sequences in other organisms, such as vertebrates and plants.
However, receptors bearing lower levels of similarity, e.g., 55%, 60%, 65%, 70%, 75%,
80%, 85%, and preferably 90%, 95%, 98%, 99% and more preferably 99.5% similarity to
a GPCR-like receptor amino acid sequence disclosed herein are also contemplated by the
invention. Analogously, the invention comprehends receptor-encoding polynucleotides

25 exhibiting 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, and preferably 95%, 98%. 99%
and more preferably 99.5% similarity to a polynucleotide disclosed herein. Similarities
can be determined using any of a variety of algorithms known in the art, with the BLAST
algorithm impiemented at the GenBank website (http:/!www.ncbi.nlﬁl.nih.gov/BLAST/),
using default parameters, being preferred. These receptor sequences are anticipated to be

30 useful in a variety of contexts. For example, it is expected that vertebrate, and more

particularly mammalian, receptor sequences showing some similarity to the invertebrate
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22 JUL 2004 WD 01/ 38533 PCT/ US00/ 32225 GPCR-ti ke receptors wyl i hgg,usef ul
i n diagnosing, and treating, a variety of neurological ailnments or

condi ti oweQ 0T/B8533 ol | owi ng cl ones (deposit nunbers indi cat eRCT/USD0/32225
parenthetically) were deposited with the ARS Patent Culture Collection,
1815 North University Street, Peoria, 5 Illinois 61604 on Novenber 3,
2000: CEGPCRI a (UC20129 NRRL B-3036 1), CEGPCRI f (UC20130 NRRL B-30362),
CEGPCR3 (UC20132 NRRL B-30364), CEGPCR4 (UC20133 NRRL B-30365), CEGPCR5
(UC24134 KRRIR-Bk8e&sHors wilBEP@R (UdRgreEnSIRRd 128086 M arie CREFERIPEIH0136
NRRL B 30368), CEGPCR9 (UC20137 NRRL B-30369), CEGPCR12c (UC20138 NRRL
B- 30370),BQWCEEGP€R1@H0T%C20139 NRRL B-30371), CEGPCR12u (UC20140 NRRL

B- 30372) On Nove r . : i - ; ieted wWith the
ars pat et Gl ¢S ey tidhes Bonibhi bR IpEls 0 BRSO HET .
(UC20142 BepR38dith REARCREfek SR BoBe3RB8 38 15 NoGR CRiter{ity(RPdat APB1130384) ,
CEGPCR16 (UC20145 B-30385), CEGPCRL7 (UC20146 B-30386).. CEGPCR18a 15

(UC20547 BiBoBs1H04 ordRorIdep3 (20000 ESPERIa14H201eR $-3030j020149 B-

Cecpckys (B @S MR B ERGRGR thrdinh R B,

i nventi on (gssERa (020130 NEYEL B3B1268), i CEGRCRSIUC20a34NWRRE BrB03&Rpect ed to

occur to those skilled in the art. 20 Conseggentl only such linmtations as

appear i n UBGPGRPEUER0125 HNRRL Bn30a6d),KEGPERS( 0186 SNRRL.Fht308A8). 22 JuL

GPoR. |1 e GhisRGRS (UCBORE! il B R epd CEPRZR L2015 MR Bh Y. e
conpoypd "@[E@P(g%&ﬂl’?@ébéiﬁ‘NIM&eBejd?:ﬁﬁiGtGF@RW%'(EJCQ@IMJONRR'IS_ BS3G372).
invertebrate -1T7ke receptor selected fromthe gr_ou% consi sting of
pol ypept i dmsNenembledl (hR060,plod followirgxtloues wereideposrd willBhriARSY Patenty

B e ki MARek ity AR AR AT m B IREHGRaRE BB bers
nash’sol uti e R B B B, R D P the |
activity fEGRCH1GPOR2014E B-8038H) CEGRCRAZ (PG4 A6 B-30386), CEGPCR18a
15 (UC20147 B-30387), CEGPCR19.2 (UC20148 B-30388), CEGPCR19.1 (UC20149 B-
30389), CEGPCR21 (UC20150 B-30390), CEGPCR22 (UC20151 B-30391), and
CEGPCR23 (UC20152 B-30392).

Numerous modifications and variations in the invention as set forth in the

above illustrative examples are expected to occur to those skilled in the art.
20  Consequently only such limitations as appear in the appended claims should be placed on

the invention. )
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and absence of said test conpound. 2_ A nethod according to claim1 wherein
"said GPCR-1ike receptor is a fragment of SEQ 1D NO 1 having at |east one
bi ol ogi cal activity of said GPCR pol ypeptide, e.g. the binding of a |igand
or the propagation of a transnmenbrane signal. 3. A nethod according to
claiml| wherein the GPCR-1i ke receptor conprises SEQID NO 2. 4. A nethod
according to any preceding claim which conprises an ion flux assay, a
yeast growt h assay a non-hydrol yzabl e GIP assay, a cAMP assay, an inositol
tri phosphate assay or a diacylglycerol assay. 5. A nethaod qgc?@i ng to any
preceding claim wherein the conposition further corrpri7sz=gs“b protein,
e.g. Gatti, Gals, Ggds, 955, &Q0S, and g25. -75 22 JUL 2004 6. A nethod
according to any preceding claim wherein the conposition further
conprises a peptide that binds to the GPCR-| ake receptor. 7. A nethod
according to claim6 wherein the peptide is attached to a |abel, e.g. a
fluorescent labs.:, a radioactive |abel, a chem |umnescent |abel, an
enzym c | abel or an i munogenic |abel. 8. The nethod according to any

pr ece8LAdMS ai m wherein the nodulator is an inhibitor of GPCR-1ike
receptor activity. 9. A nodul ator identified by a method according to any
precedi ng cl al A rhéthod bfidentifying amdnﬂim@fh@aﬂiﬁiﬁﬁ%?ﬂﬂtlﬂiﬂ@t& pepti de
has a sequence__sel.ect eﬂ.@{lromthe group consisting of SEQID : 85, 86,

88, 89, and 19BPPRSINg ke fplouWEstePSdentifying an anti-invertebrate agent
conprising the follow ng steps: (a) identifying a nodul ator according to
claiml; (b) contagying Sabstadiid SUonBdind it NSRRI vhERMEIg and (C)
measuring the response of said invertebrate tissue, 'wherein the response
is selected from t FRMPPBUGN eUMRIISES pih iveftebraigrGIF CR ilikeak¢aptorasebbcted frapmtiecul ar

activity, thereby | tif ¥ i | ator an gnti-invertebr agent,
12. A nethod accor gllq) ?%'8 ¢ I(%yl%':tp%i Oﬁfgjp%ggseepﬁoq«ﬁ})ﬁ arﬁ@?’?'é‘ﬂ?og{dg }:’tal"’é"é'talﬁ:‘e(? s
hel minth or neur oniBdD:ar ortd palyguclebdide Apbiadien thete@hirdee drinyerd coRAiNOAs
according to claim]13 or claiml14. -76 o

of hybndizing at 42EC in a solution comprising 50% formamide, 1%.SDS, 1

M NaCl, 10% dextran sulfate, and washing twice for 30 minutes at 60EC in a

wash solution comprising 0.1 X SSC and 1% SDS; and

(b) measuring the activity of said GPCR-like receptor in the presence

and absence of said test compound.

2. A method according to claim 1 wherein said GPCR-like receptor is a
fragment of SEQ ID NO:1 having at least one viological activity of said GPCR

polypeptide, e.g. the binding of a ligand or the propagation of a transmembrane

signal.

3. A method according to claim 1 wherein the GPCR-like receptor comprises
SEQ ID NO: 2.

4, A method according to any preceding claim, which comprises an ion flux

assay, a yeast growth assay a non-hydrolyzable GTP assay, a cAMP assay, an

inositol triphosphate assay or a diacylglycerol assay.

5. A method according to any preceding claim, wherein the composition

further comprises a G-protein, e.8. Gaie, Gais, Gqos, Gass, Gqos, and Ggas.
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22 'JUL 2004 14. A nethod of detecting an invertebrate GPCR-1i ke receptor
conprising the follow ng steps: (a) incubating a source cell at a
tenperature of at |east about 35EC, (b) lowering the tenperature to at
nost about 26EC, and (c) detecting said GPCR-1i ke receptor. 15. A nethod
according to claim 16 wherein said cell is incubated at a tenperature of
at | east about 37EC and/or the tenperatures of step (b) is at nost 28EC
16. A method according to claim 16 or claim1l7, wherein the cell is a

manmmal i an cell ‘and an insect cell. 17. A nmethod accordin ny of clains
16 to 18, wherein the cell conprises a non-native pol yﬁaol’ljédgkde
conprising a nucl eotide sequence encoding an invertebrate GPCR-|1i ke
receptor. 18. A nethod according to any of clainms 16 to 19, further
conprising recovering the GRCP-1ike recept or. 19. A nethod according to

cl ai m 20, V\,herelnthe recoverin |se sis. of the cell. 20. An

i sol at ed GPCRO| i ke réc@ 6&’8 E‘%%%P ‘é W}?Iemltﬁc PIBPOFN

pol ynucl eot i dfurﬁi%? egﬁiaé &Kﬁbnh&ct%RBQGPC(RQﬁPE febfi@ra sequence
encodi ng a polypept % acc?3 ng to claim?22, e.g., Q{DNO 1. 22. A

vector conprising a polynucl eotide according to clai m 23 -77 2 2 JUL 2004
23. A vector &ccordi ﬁgrntS@OdlamQﬂhzgtOmlmmﬁW}!ﬁremt@mpélésﬁ%ﬂtwb@i@ra@hﬁ,the

pol ynucl eotide is erab nke res c 24.- A
host cell traf$t 6Pp+§lg8%ﬁp Ya}’éngf%d?aé% bﬁi(gc\ge@ gqumgeg%? |br%%g alm 25.
25. A host celidbep&C@y idinnehdgenic e 26, which is selected from marrmal ian
cells, insect cells, yeast cells, helmnthic cells and bacterial cells,

e.g. a COscell, a CHO cell, an BEK293 cell h| la, cell, an.insect
Sf9 cell, an Pnsect Hihgmethodageprding topny precss ’i“gé’g‘ erein the modulator is an

inhibitor of GPCR-like receptor activity.
5. A modulator identified by a method according to any preceding claim.

10. The method according to claim 11 wherein said peptide has a sequence
selected from the group consisting of SEQ ID NOS:85, 86, 88, 89, and 1138.

11. A method of identifying an anti-invertebrate agent comprising the
following steps:

(a) identifying a modulator according to claim 1;

(b) cf}ntacting said modulator and an invertebrate tissue; and

(c) measuring the response of said invertebrate tissue, wherein the

response is selected from the group consisting of neural signaling and neuromuscular
activity, thereby identifying said modulator as an anti-invertebrate agent,

12. A method according to claim 13, wherein the invertebrate tissue is

helminth or neuromuscular tissue.

13. An agent identified by a method according to claim 13 or claim 14.
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14. A method of detecting an invertebrate GPCR-like receptor comprising
the following steps:
(a) incubating a source cell at a temperature of at Jeast about 35EC;
L) lowering the temperature to at most about 26EC; and
{c) detecting said GPCR-hke receptor.
15. A method according to claim 16 wherein said cell is incubated at a

temperature of at least about 37EC and/or the temperatures of step (b) is at most
28EC. |

16. A method according to claim 16 or claim 17, wherein the cell isa

mammalian cell and an insect cell.

17. A method according to any of claims 16 to 18, wherein the cell comprises
a non-native polynucleotide comprising a nucleotide sequence encoding an

invertebrate GPCR-like receptor.

18. A method according to any of claims 16 to 19, further comprising
recovering the GRCP-like receptor.

19. A method according to claim 20, wherein the recovering comprises lysis
of the cell.

20. An isolated GPCR-like receptor comprising SEQ ID NO:2.

21. An isolated polynucleotide encoding 2 GPCR-like receptor, comprising a

sequence encoding a polypeptide according to claim 22, e.g., SEQ ID NO: 1.

22, A vector comprising a polynucleotide according to claim 23.
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23. A vector according to claim 24, which is an expression vector and the

polynucleotide is operably linked to an expression control sequence.
24, A host cell transformed or transfected with a vector according to claim 25.

25, A host cell according to claim 26, which is selected from mammalian
cells, insect cells, yeast cells, helminthic cells and bacterial cells, e.g. a COS cell, a
CHO cell, an HEK293 cell, a Drosophila cell, an insect S{9 cell, an insect High-5

cell or an E. coli cell.
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