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10 It has been estimated that as nany as one in three humans is infected by
one or nore species of parasitic helmnth (flatwornms and roundworns).
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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 to 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 to 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.



i ons, hornones, chenokines, neuropeptides, neurotransmtters, nucleotides,
| i pi ds, odorants, and even photons. Not surprisingly, the GPCRs are

i nport antw® n1/84383 nornal (and sonetinmes the aberrant) funecT@ro222sany cel l
types. [See generally Strosberg, Eur. J. Biochem, 196: 5 1-10 (1991) and
Bohm et al., BiochemJ., 322: 1-18 (1997).] Wen a specific |ligand binds
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and/or infections caused by a variety of invertebrate pests, including
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pest s]pr e¥uctetdpidifaé AWy ciakacReRtit fedafylspétand, Expréssioh patitmoligad emding
length) that is largely, if not exclusively, found in invertebrate aninals
such as herofilatand intsacgllelapeidectdr sysierir opept i des known as FMRFami de rel at ed

peptides (i.e., FaRRs). Th rototyprcal .30 F md eptide - nanmed
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neur opepti des, these nolecules are involved in vital biological processes

requi ri ng interveniad, eeid rugsotnat sciivare eicartgganyze 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 variety of invertebrate pests, including both ecto- and endo-parasites.

However, such methods must be able to discriminate the GPCRs of the invertebrate pest

25 organisms from the GPCRs found in those species of plants and vertebrate animals upon
whom the pests prey.

A large family 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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Al t hough some neurotransm tters and neuronodul ators (i ncluding

neur opepti des) have been shown to function as |ligands for receptors, to
date t hewveohasssbeen no identification of a FaRP 5 neuropeprivde/ag2sa | i gand
of a GPCR Because ofthe toxic potential ofbroad-spectrum chem cal
parasiticides, there exists a need in the art for targeted biol ogicals
capabl e of selectively interfering with the life <cycle of harnfu

invertebrates such as _helm nths and insects w thout harm ng host plant and
ani mal spdis @asengus viRE| seqycnage ab HIFT onerENE: AonearenePbidgsz Hisasmplerr iesalsy 32225
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pr ocesses Alfhopglsdonigneardrabsaitess anByepiomed diatogs (ifthidig reusopaptitiestavetisenf or

nodul ating the activity of invertebrate GPCRs involved in 5 neuronuscul ar
act i vity, Shewn fofyrgiionghliganslyferascertons. & drie hare hap pedondendificalen efadiekfe pest
contr%I t%@&oﬁﬁﬂt@%?%??%&i&ﬁng% et eri ous consequences to non-pest species
of ani'mal s, clG |nggnan, as well as plants and the environment in
general . One aspect BetadsbefthanogRipoatihldf Broadsgenumghemidadghrigiticidebemmiel yi ng

candidate anti-invertebrate nodul ators that affect one or nore activities
of an i nvéxskmgedindport for kasgetabbipkagigissrPiieof sglegtively HesrFsmgsw th the life
functioning.ingl udi : i ndi - i - i gand,
typi cai 1y ool BN T rotes Pl Biumby R 4Tk SEnS GRERMBE RS R ol bBTC
the st eps afinial 6Pocies0i el hdi@e @ntiggimaonpound with a conposition, wherein
the conposition contains a GPCR-1i ke receptor encoded by a pol ynucl eoti de
havi " a sequence selected fromthe group consisting of SEQ ID NOS: 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 hybridizing to the GPCR-1i ke receptor under stringent
conditions of hybridizing at 42C in a solution conprising 50% f ormam de,
1% SDS, 1 M NaCl, 10% dextran sulfate, and washing twi ce for 30 m nutes at
60' C in a wash solution conprising 0.1 X SSC and 1% SDS; and (b) neasuring
the activity of the GPCR-1ike receptor in the 20 presence and absence of
the test conpound. In preferred enbodi nents, the screening method 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, 113,
115, 117, 177 and 179. As one of ordinary skill in the art would recognize,
t he above-descri bed



met hod can be practiced with a variety of GPCR-li ke receptors. For exanpl e,
the GPCR- 25 |like receptor used in the screening nethod nay be encoded by a
pol ynucl eod bdsssbavi ng a sequence set forth in any one of BEQURW/INES: 43, 21,
45, 35, 7, 106, and 104. As noted above, such GPCR-li ke receptors nay be
used in screening assays designed to neasure a GPCR-|ike receptor
activity, including binding activity. Expressly contenplated are

enbodi ments of the screening nethod comprising a GPCR-1ike receptor encoded
by a 30 pol ynucl eotide comiMMRY @5%@1&5 TNt h in SEQ I D NO 43 and

a peptide conprisin : , I from
the group consi sti nghgfp\pgﬁ%g{nggﬁié: ggg{dg{gqgé]g%%églﬁgﬁ gﬁég?’%ﬂ\?ﬁgﬁgf ﬁlq:t he
pepti de bigrdaed dntbdiackRGRth vkl BielgthbDprocenendegksbinvartgiohignudyqadvideghavi ng
t he sequence set forth in SEQID NO 43 is provided. 1In an alternatjve

enbodi nentmaterids apbrethads feeawdulsiing dhppstbaly of dugidrde GRERs sYolvsdnin 5 SEQ

consi St i ngeuPARe Rl BT RLSTAGy Brogfif g 5B GEbREGH | Rk E R R,
122, 123, ¢8rtrol8hat &3, hdlmiR2he A3letcBidus 9dnse§dencS3to 1Rh-pekbpeclds Df ahbrals, 155,

156, 157, 80, 158, 119, 159, 160, 161,162,163 and 164. Another enbodi nent
i nvol ves anaBpiRe Makeasrealbgstiants anbie SNRigoENGE HugHeElset forth in SEQ ID

NO 45 and a peptide conprisi. ce . :

Consi sting of SEQ | SR EBor Pt REECREhEE a1 RELNGGCLBg e
100, 133, af@-invekidbratelid®duldidrb th& &ffedidDe oPrhorcladfividiasloBid.invdnteprite @AORNIEE
enbodi ment, the GPCR-like receptor conprises a sequence set forth in SEQ

| D NG035 agrgpier pyst Yedendshpnmusculgr funstioniag decluding.«cg ebinding afiangh g

consisting of. . S I : 7 1 (18 8 .92 ,
120, 121, gefﬁpté’ﬁ§9§4Egﬁl}l‘§’s?g’u?‘?aﬂ@aan8?‘ﬁ§re i Sdug‘%le%#,“alt %aensé;g%ﬂfll i Etég%eegé%?or
conpri ses camphs&aHLeREE oS &h) Edhtddiingn ©EQonpoikll witind cempaiidrdevieaipiliesi ng a
sequence selected. fromthe group consisti ng of SEQ I D NOS: 94, 103, 95,
101, 85, rompegtiognigesa GBCReKe regpiorgpepdeddy 2 pyypueRiids&AVIBEBSHUFBIR

i nvol ves a_GPCR-.| i receptor .co Sl q | ectied, ~ f e
group cons??lg‘ftleﬁémoKﬁ%ﬁ%upﬁ%ﬁﬁtf@g}}?@ gﬂgg)&? ﬁdgesgg?ﬁﬁﬁsﬁiég’al 7§é8’8§h22’

sel ectsed 26 pmobhel, BR303M 370BS 43t 4RAHSOT0HEQS) MSNOD,802, P2, 198,176Q0d 1780,
121, 79, 84, 136, 87 and 86. 20 Still another one of the many enbodi nents
of this aspedolwiciepide hybydiingte thaeh GRdikg rapprr undgestingeapicerdiighprl si ng

C oo Bl b SRR RGBS R R GE FETLY M S8R5
79, 84, 13@xtrélVsulf@R, aniabashihgtwick3sh 30MRnuted dt60266n a ash ndich@émpAsiagoar
aspect of the invention is a nethod of identifying an anti-invertebrate
X SSC and 1% SDS; and (b) measuring the activity of the GPCR-like receptor in the
20 presence and absence of the test compound. In preferred embodiments, the screening
method includes a receptor, or fragment, variant or derivative thereof, having a sequence set .
forth in 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, ihcluding 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

_4-



25 nodul ator of an activity of an invertebrate GPCR-1i ke receptor
conprising the following steps: (a) contacting a test conpound and a
conposi t ivomp1/84383 ei n t he conposition contains a GPCR-|i KeCT/@s@pt2015
selected fromthe group consisting of. polypeptides encoded by a

pol ynucl eoti de having a sequence sel ected fromthe group consisting of SEQ
IDNCS: 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, 11 6, 176 and :
pol ynucl eBtFHEHy BHIFUFS fing Hs ronp epeiiing RE%E@%{@&%&\% %&/@gg%%@ o
PCT/ USOO 34269 %@%%%%eo); 098 ?@ﬁ %;%%%% hybridi zing at 42Cin a

sol ution conpri si or mam 1 M NaCl, 10% Dextran sul fate,

and washi ngicbdddasy af;QﬂyﬁﬁldaShﬂblh@\Sn@the&@@dnﬁe gt foveisin SEX) UD NS4S Gnypoiviskdg 0. 1
X SSC and 1% SDS, optionally in the 1Eresence of a peptide or other |igand
of the redept siernang qehodimaatyficdaPe élkﬁéﬁ‘iewotrfoﬁ]ﬂ’“ﬁ‘ﬁea ggaernei ket dcidpt or

D> e RECPRIGE ANNRSERIR. 8 m@,@&ﬁerc}%ﬁ%@%?emﬁ R AR Bl of

i denti fl e St conpou ., I ncrease Or ecrea e

GPCR- | i ke SEECEPNOS: f84ng 180084, s5Ugh 985160, b2mdi7mgl 43pn 2neaes Y7085, 831 B@:lep)OZ),r or
an activity such as G protein-nmedi ated signal transduction or menbra

| ocal i zat 9888, Phe9%: 8 i1t5?>01r§3rrh§/4 dohtlatn i 8PsbiSat EY 1&BAR0; i Kle lpécleéét or;
al ternati Vecll ¥64% tRnot%%@r%ﬁ%ﬁm%& 02{1 EFFR 1?k %%té)ljoélﬁsﬂ{”%ﬁﬁp‘; SQHUérEe set

associ at i Sn W suc

menbr ane. fdﬁﬂe&esEQyItpm @ raad aepréwde empsisol 4 fmuemt da:mdtedsfeora tW@lepl ke
receptor having an amno acid sequence set fort 26,

36, 44 1@susistipg of SR 0 NOS:86.31181 185, 881 ¥26, 11?7 b?r8 i%l ré?lerlp%dl%ée% des
are neurqgsp‘é‘ggfeﬁ g drlggqﬂ f1£ Md §§§ h&sen%%d@ﬁ HOEPEREIEAR @M | Y

of neurope |tul’ar y prefe are invertebrate neuropeptides

havi ng an cambrsesacicdusgguentstisil SEQLD NO: :fsrmmabeptgfeoamlmnfgu estdqlagncm:f SEQ
I D NOS: 77-103 and 118-151. The net hods of vention enb

neur opept iseleged fram the erogpreaasisting of SEQ HP)BIIOS %%c?ﬁ %@; 3 $?a(§|10$7a69@ 92, 80,
(e 9. 1250 | 23)5?‘21 $8nd 210 ¥ anofhel | MBB&%%S{‘ﬁge(IEE@ﬁ'hkeare SRRACbughgRscence

| abel , ’Iabe I Amunogeni ¢ n various e ment s

of thﬁS mets ncé%ﬁfcﬁ‘ﬁﬁﬁ% N@Eaﬁ&@pé@ﬁﬁb@&pﬁﬁmg@@eq&ﬁcd‘ detheﬂSfﬁﬁly thea
yeast grow h assay, a non- Hgdrolg[{ zabl e GIP ass such as

- GTPyS
assay, a GAMP cagsst}ng APBQ ADBISs b@ﬂaﬁ%é éyS7 26, @,oa%{, g9 f@g,ag .
f
:’iﬁts ?Zlcel | JﬁA ggu ezr Lemb rglirg%?t 15}/(:?19% a g%'i’%‘%?%ﬁi rﬁeg:ésﬁlbto?c éﬁﬁlﬁg §%ﬁ% selected

activity gendthe ﬁﬂlp%bﬂﬁmr%QWS(EQaﬂ) NOVIQ%Q!@&@ Ip@ﬁtﬁb}bo(rﬁ;r@mg assqurgcd &Hcfed
ar achi doni ¢ aci § and an assay for extracellular acidification rates,
wel | as otﬁmthbgmpﬁgnﬁglwfﬁﬁﬁbmNﬁsbﬁé)s% 98 KRy B2 1 2 GPER R d 89 \317ta-9d§ﬁat are

generfd Ly St1 %\r/lvcr}thlernor;[eh?th%rl%lanylerr]nbso Yier ?s otq}tns 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 a method 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
polynucleetide having a sequence selected from the group consisting of SEQ ID 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 hybridizing to the GPCR-like receptor
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t hese enbodi nents, the invention conprehends the inclusion of any of the G
proteins knowmmn in the art, such as &(,6, G,s, or chinmeric &;s, &gss,
Ggos, or W3gyaw34583 anot her aspect of the invention, a nmethoBcDUSedeis fyi ng a
candidate anti- invertebrate nodul ator is provided. The nethod conprises
the steps of: (a) contacting a test 30 conpound and a conposition, wherein
the conposition contains a GPCR-1ike receptor 6 WD 01/ 38533 PCT/ USOQ 32225

encoded by a pol ynucl eotide selected fromthe group consis ceptor
pol ynucl edPfdedmeaBhrrRdiignsiJuBHEBINSSE 44 61 i SPR‘“SEGP“’B”N&S%%gfo‘i%“a“@ &7, 9,

1, 550 51 8 s, B pCPr iy Sy oy Bt 45

hybri di zi ngish soltifien cen@pding 0 pot $RGzhedtd SBS, ambanlls i thagentnceofidiptptales of 5
hybridi zing at 42C in a solution corrprlsm O%for C%) %II%SD 1. M
NaCl, 109%0°f gt hwd%wﬁ@p%aﬂ%@mewm Cflésrtyg tRslike recgiies i a
wash | u I i t est
compound tPae OG5 RRe o e FoSinBR, N EHRors o ied RO RS

anti -i nvenhghitat @ eOdiieadeosr. dddicade)ps EfPIR-Elle ecdepthir rfemdtiont bech g30d ymumgeot i de
encodi ng the GPCR—I i ke receptor conprises_a sequence sel ect ed fromthe 10
group condreRertigl e reserten oy Nogetivaty sigh as s prajeinggediaisd sygyal traggductiqnoor 171
113, 115, 7 hod of
dent i Tyi Aplorene EaRRoh he ERBbOGHPRRG thnflin b MU HRGOILE A ePRE 4 2)
i dentifyi n@emativdyltid omptsitivg: mbecomedih aGPCRSike irdvegtoaoassociftinn widnteget i ng

t he nodul ator and an invertebrate tissue; measuring 15 the response
of thE) i nvenrtagical er eqlaqrbon.sug asyolprprage gﬁ@ls?rﬁé’ Belered F‘Bg?félﬁﬁﬂ'éro

activity, agent .
A though SRGLERA GHACHKE ol AR IBMUARO he BSeARAMNE! rrBiPSEOIDAIOHS
preferr ed 8 D3,S265 36044,06S, BOE IIOQJ Mt s, |Jsd117,nyéatrs.79APrefeeapbartides ymae of
suitable invertebrate tissue is neurormscul ar tissue

i sol
form or rRaioRERIKle HeraloEomatnysiteRrates %&rl{lclue’r th&lﬁaRpofa“ag( qfﬁk?éwelbtf%ﬁ
or gani sm one
of “those Agam Rt EMERERNE nAERRacARGEATRRRI LR AR SR 01
of thes i n\femi il@ngrol candi@ingt RISBQEBCNOSE e-1i08 vt 1 18n1 1t oVhelawthadsref tieed f or
treating an invertebrate conprising the step of contacting the

i nver t ebr dbeeniipr pmbrase BeusgPepAldes/that 4re attgohed t%bﬁt sush aga raskiRlpbsl 672>
identifiedsdypsth th cr I f 5
anmount of iagjmf))du Elﬁ |usosr%18%8§m)lh]£€fd€}%%wh§1 1%%19 ?Acgllée%% th E(l:%%gé (fl(eeasnlzr ed
response iifintunegerdi¢ RBEled i nvertebrate. Thus, a biol ogi cal I y effective

amount of a nodul ator may be the
In various embodiments of the method, the assay may take the form of an ton

1251

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 [*H]-
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 G4, G,;5, or chimeric G5, Ges, Gyos, OF G5

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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anount that interferes with physiological activity of the treated
invertebrate in a non-lethal manner (i.e., a biostatic effect) or in a

| et hal nawvmer/3gsB3 e., a biocidal effect). A preferred nodeCaUSE0/F2025 use in
the treatnment nethods is an inhibitor of GPCR-1ike receptor activity. 30
The invention is not Iimted to particular nmeans for delivering the

nodul ator to an 7 WD 01/ 38533 PCT/ USOQ 32225 invertebrate, nor is the
invention linmted as to the conposjtions conprisi.ng %he nodul at or 'ﬁgiCh
may be deFRSPEEdhy 2 pplyRyrdtotds pleqleiron M rAYRFRNSIHNE St 1ar iy POEMHBIEALYS of
pr oduci ng ol r i e o} I $i f ol Iawhfg
steps:(a)h?ﬂgﬁES% ﬁgggkggﬁwsggggﬁ¢#ﬁgéagqggtgéggggﬁﬂ?%qgfhz?lfg%é?wggout
35C, (b) bowver idng3s, By, Bemienal urse 104 G, MOKt] labold, 126 16aNd6 aod 1d&taadt i ng
the GPCR-1i ke receptor. In various enbodi nents, the tenperatures nay . be
vari ed toP@bpl‘ﬁ?Q‘éPeEMW&@ﬁnéﬁo thei reepriRs Rebriclertides Bder sangsebepidiaitsli on.
For exanp N d¢s: i %%gﬁﬂ t i hag,about
35C, )é%. g. ?‘%‘P%‘ﬁ%é‘f% &? lenr%%/()hgfo f %@ﬁggn%gso(ﬁ% f ; 'Ei ﬁ’el %g?p%rlg}qgﬁaéélé s{) maybe

| ower ed bayanh saie, ndrvRkiagpliee f@ 3aminmss ath0°Q@ &G wadh sohisivn 28Gprigihg st
27C, at nost 26C, at nost 25C or_ at nost 24C. In sone enbodi nents, both
the i ncubat$¥nandhpsDst 1ind (Megesiyingpdelcapprundshat bkl te prantepasiipuitithgr

| oweri ng : - - r Aduci j bprat e
PR 11 e T BTSN & SRS e il B R By AEN RO QLA NERERONE P,

whi ch nmay poludlastideeenosdifig aRNBPORATkeireceptdrGompritéiea segaamicaricomy fiven the
recovered in intact cells, cell 15 portions (e.qg., menbranes) obtained as a
resul0 of gewp|consisting of YEQ I NE: dt £ 26 o3 A3 A 18?, W7, {i%é 1 LdiBetlp, 4 7cel | s
may be us@97g§ ﬁﬂyrce cells, such as cells derived from nmanmal s,

anphi bi ans, ar% ropods (e.g., insects), nollusks, helmnths, and others. It
is anticipated that Aroftiesaspedtbotie tivefticvdsiempghod oGRER: lyinken aecapenebras
particularly suited to the reconbi nant  production of GPCR-1ike receptors
usi ng non2gy eonanisiigetheefollewing sips s(aradeniiyng & g1odulatoy gusmige thenshiadon

et vi by GreTHeT EECT Pkt fARg e R Sbr it PRI O Bealing,

hereims. The redpshst Af QRS imvkrtehiatel i) td O meardishinhligg vahbwbinusdulahwnivitg)
structures, which can be generally grouped into non-peptide mmetics of
nat ur al GHerehyiikentifping pheonodulyanasan apEpny eTtebsre agmvh- Abqighday Hivesshiale ¢
effectors .of GPCRilike receptors, a i - pept.i 25 C ounds
Chat 1 unctiro B0 Beer g PoRE Magthdt, ePPuRy BrRen ARle BOQCRCRY IR B AR TaIP2 0

non- conpeisettsV@h d@nplary Bpkiobadyabpy iaderedbsite tbsu@ns tédromaidalddichel tkein
receptor activity. For exanple, such nodul ators nmay be conpounds or
conposi t i dredatehirmar ecragiRing &t assemation with part, or all, of an invertebrate organism. The

20 anti-invertebrate agents, and compositions comprising one of those agents, identified by this
.method constitute yet 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 a 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 a non-lethal

. manner (i.e., a biostatic effect) or in a lethal manner (i.e., a 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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antagoni sts of ligand binding to a GPCR-1ike receptor, allosteric effectors
thereof, or conpounds (or conpositions) that affect the ultimate activity
of GPCR- Iwdrel/ssseept ors 30 through direct action on the repepUsoo/R25aN
effect introduced downstream of the receptor in, 8 WO 01/ 38533

PCT/ USOQO 32225 e.g., a signal cascade. In addition, nodulators according to
the i nvention naybe conpounds or conpositions that interfere with the
expression of a GPCR-1i ke receptor, either through inhibitip

transcri pthvsHelypte; By ipRhs 1pyentipg hayiedas ip Be cPRgoy P?Se‘?ﬁmﬁtﬂl}%g“%ﬂwﬂ.ulamf
Expressiowhﬁﬁnﬂygég%f - |1 ke receptor can be nonitored by any net hods known
in the art, including stern bl ot anal ysis using polyclonal or

monocl onal anti bodi esiotier tdsgecCCRh¢ iikentiec eptdoawn oo nidoliddsesfhpiodotingrral ysi s
or quantitative POl nerase chain reaction QPCR) usi ng sui.tabl e robes or
primers bHYEHHAHECRAkGasreRopFORME IR0 liopé’éngr%%ﬁg)df““ﬁ’éﬁggw rcece

parti cul aty » (fRAMNAL 8F & 1LRAILMLLL B) S bl (hORBERAGEH A& aliERgeRE Oduct s

i nclude anti-sense polynucleotides and ribozyne at are conplenentary to
t he gene aed|(tgderstinglihe GRCR-mte Ricemor. f nrvahiens enbedicests/thd tdnayievatsret inaty
affect the transcription of gene products of the invention through the

f or mat i onbevaridite epliaIZeHrodueion ysirgnodneTeithandpulg XReFgEHA G b or eypEnple,

| nventi onydoghs DAY bE GRIDLES ol o SAMFRERulcPlhat UbbBsec Tl Rk SRS MY
be obt ai ne Fom > Ratural  Sources such as pl ant, ani mal” or mnera

extracts,. lqkt adoi-ITaCtithe tersgaiitaelouedy bedowaigd bbydnd 36T fer dxiabipdr to@smost

i ncludi ng _the products of conbi natorial chem cal qﬁfroaches to. 15 library

constlOuct 28 ahApshehG ?émlOFtb?ﬂaopi’ gldnogb2@ferdt 3Pshentl Pfert F’é?é%‘fo&* SIS an
. . ' . | pU e I e
55 "6 5EmbSHGES o e Lfhiq i AR RS AN Gole DT

aspect of tdnfyeratineabivieng ndy dx teidibéyonad0t(S.oTad mdthcBGRplodkeng e eptedebrate

conprising a sequence selected fromthe group consisting of SEC%JE NOS: 2,
4, 6, 8, 'CR-hjge gepeptor may further comprise recovering the GPCR-likeTeceptor, which may

14, 16, 18, %gﬁﬁvegﬁla?e%é%nﬁ% Blor] én.%fh%%é‘ébgcﬁa?gbé‘@eéb@@m&qg iix}tg&’ceii},lcellll?”

115, 117, and varTant's an nts thereo referred
r ecepitsor s pbae@s (Sefhrehtbesmeseibtiined & d rRs\BECT ddll INGS: or8n isBBitedBrm3@\nydf,a 105,
107, 109, 111, 113, 115, 117, 177 and 179. Variants and fragments of
GPCR- | i ke Wide satady 6f pelisanay he upesaastsonre osllolsogh @arcelloderivisthiiosh smasls,

property qf 0 e - r : ast
T L e S T R W R S B

| east 60, tdé nle@ast off frod@ding @ THCR-BRe rétkplot &SparBfulardy sdiedsd tHdd@corabinkeast
125, at least 150, at |east 175, at |east 200, at |east 225, at |east 250,
at | east Prsluchen pffGBERITE regepiarenging masinvgrehragsellgsuch agmangmaliancells. ot

| east

speci 2f0400’ at |eas tThé%%ﬁnﬁén 'zﬁgo Jo?(?p%heﬁg’é)coﬁmogﬁioﬁ%fq§at{.ep, shmtalﬁﬂodﬁiw nts

ically include
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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dormai ns of the receptors. Biological activities of GPCR-li ke receptors
according to the 30 invention include, but are not limted to, the binding
of a nat wa@b1/a8s3;an unnatural |igand, as 9 WO 01/ 38533 PCTPUBOSHB2225 wel |
as any one of the functional activities of GPCRs known in the art. O her
non-limting exanples of GPCR activities include transnmenbrane signaling
of various forns, which may involve G protein association and/or the
exertion of an influence over. G protein bindin f. various guanidyl ate
nucl eot i dé<: A 1ARSARIIEF-dRaddiber @%t%}rﬁ,ac%f ‘B%%’dﬁﬁtj‘VS‘f“%ﬁ@é@&Pwoénﬂ ’
pr ot ei ns i I aiins L I al so
provi des %C@g%?@g{te t@%?‘?ﬁ‘&%‘ﬁé‘gpl gtegl?\ljé%?l ngfqa@ﬁgg%g!ﬁaﬁﬁ%eghﬁ’e%gﬁf g]trrd.)L ]uch
pol ynucl ediHibieag rayschptisedftt BINA sxamnsheogo OhpcaonpostingugROFA . (Bypression

pol ynucl eoti de_conpri sing a nucl eoti de sequence encodi ng. any one of . the.
ami no aci @f thedaRfeRdie reetptgrorantpej ondtorsd by ppygnethodgkngyvir y) thy grt, msluding 16,

18, 2Q, 2 - i - 3t 7,
105, i1 Yron pERaydiie e oty hportiom P e g o R s
set fort h ok NoBhEEN BloNGRalysik, ordjuabtitaifye Polythtrasd haid beacign (ACOR) <ing A8tabR5, -
27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 104, 106, 108, 110, 112, 114, 116,
176, and Prabes onptimersphased b thntranersei dhaiPER-Wmrecer ok genisndB PR EHET i ons
of high strj Y 1 0 enen : p i )

Exenpl ar yt'%défr%?fﬂ}lgotrl?épé*lg F%hwgdthr :ﬁ%gtgx crggséérrg%gr v%gcr}%}ghﬁ(g% ol\gvau% a%gcsﬁnse

pol ynucl epbiydesestided andclibudemes|tiaiuat eotiptiesentdiatto akbigond sejuechest B at
| east 95% at | east 98% at |east 99% or at |east. 99. 9% sequence identity

to either naveﬁawﬂg@%@tlmges mediianedhaialiestdhe drapseripHen ShgRIEMERIUCISHY
oS3, 5oy e fhmafion by okibondrteoiiiaicfed i ey Bripaoh: e 27, o

and 178) aiivehtiomdsnpntestietthe deuressdoriuiigble {ddCRtdrt leehiclemapbeobtammrosi ng
one of the 20 sequences disclosed in the sequence listing (i.e., SEQID

NOS: 2, 41na’(511ral gourges sqp@,as plant grimgpor mineral extracts, or non-natural sources such as

20, 22, 24, 26, 34 .36 . 4 : ; 7,
177" ana TGyt ytiich upifadls b ipatets dPRmitladia bl dhprddhes
BLASTIS pr ograytoististiion, ahdpeptienidiirity. Pagereniqeptidaiechsotsdade amadaibeicid ni ng

t he degree of sequence simlarity (including a&p riate genal ties for gap

i nt r oduct iseksnce swlgstest fsom depe goyp epRiFANE ST SFE) Bl @239552%260 ¢:t44ml 9 hdPénent ed
at the Ge']%énhlvfpiiltlsi H@d?m {nhﬁgauspi ces of the National Center for
on p

Bi ot echnol’ogy | nf orma I www. ncbi . nl m ni h. gov/ BLAST/) usi ng

defaul t parameters. AnoBrvspict €aht B efion ik AeavwrventisdaedaPdReliparebémbd y or
whol Iy chemically synthesized and enbraces an anti- sense Cgso)l nucl eoti de
whi ch™ speéPfipeainy shgusnce pelecied Gomtbe erpwplcenesingstt SFL2IINQR % 40f: 8, 10,

20 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, and variants and fragments thereof. Preferred receptors have
sequences set forth in SEQ ID NOS: 8, 22, 26, 36, 44, 105, 107, 109, 111, 113, 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 least 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
least 425, or at least 450 amino acids in length. Fragments specifically include GPCR
domains of the receptors. Biological activities of GPCR-like receptors according to the

30 invention include, but are not limited to, the binding of a natural or an unnatural ligand, as
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30 the above-described pol ynucl eotides. In related aspects, the invention
conprehends -10 WD 01/ 38533 PCT/ USOQ 32225 vectors conprising these

pol ynucl oo bdsss3pr ef erably operably |inked to expressi on PCDUSE0E2225
sequences, including expression vectors, as well as non-native host cells
transforned or transfected with a pol ynucl eotide in accordance with the
invention or a host cell transforned or transfected with a vector of the
invention. Al suitable native 5 and non-native haost cells are enbraced by
the i nventielms apyienafitheyfunaienyl ety af §PGRs kpowngaptheds). | Qtherciqn-lag|tng,
HEK293 cel | s i cells (e. I La 1 2 I

Spodopt er gxﬁm}?}ﬁ? %er aR é‘%‘%bwtzcesl(‘ 'chlgdﬁ—tllrégf%&é% &'t g‘)g%b@g)gtg ﬁ?:%ﬁ If%[?ébggit%g rn ?ag I
cells (e. gnvolveG pERéih hssabratibehid/of the exdrabh 6f anfikAu&itk badi G bioyeinbirling of
particular cell tor use as a host cell in accordance with the invention
Wi || depenariens guraidylite inugleptddshiapgnerabang dpsphzdtiosptor fundng of gregergory

i nventid on _into the . cell. by a no ne f transformation or
transéectPB @“%?%‘%ﬁ%@hd%dEFaégﬁﬁ%wﬁfYTEﬁ‘8%1Se capabl e of stably

mai nt ai ni ng the i nt madusestiondMoproatieninidatadsbiMucleofideasesdinga GPORAIK® of
obstacles to propagation. Another aspect of the invention is directed to a
genet i cal Iscentodi fSusl pdlynpsteodeamaycompelegthdrom s groupl ©8ssERe eficBditng a

oo O B R LT RES FuclepRad Seonce LRBIAENEL R ARSI BROVE O

conprisin@ I've gene enco I'ke receptor
(e.9., anskqRfEdsiseiratth & SEQRDINDS O, 406 £ DOIR, 0of, tshes,@ene), 24, 26The, 3BPER- | i ke
receptor encodi ng gene may be expressed at normal |evels for that gene or
may b overeXpr8sé@di2of4. it éPaxitiededd 1Al I3 df &4 FBd T nst t Ehlingledipg the
generation of .geneticall di fJ i i r . of ehmi nt hs.
20 Yet anSPﬁg?tl%ssﬁg%ﬁncg% S%Rogﬁjl IH\%‘;&? Pgnmlﬁg 1drg’g§m7§?’g‘l lgi? g’gl(ra?(bé?’l 1cgt’ rargt%(bgén f or

det er m ni ng neal 013095 cErl 3abnosaralsi 104306996 C1 1A eI, Wi 4,1 18pEeTE; amt 1T8YCRdl | ke
receptor activity. Such met hods specifically nmeasure the presence, and

opt i onal | yb)auehnieigotidsiwhich hegbmizes wder eandtans o P Bl siting@6Y ffbe eRBRIEHERy t o

the inventi.qn or th esenc an opti.onal |y . quant i - J V4 of a
GPCR- | i ke Of B?éﬁﬁ%??l%ﬂﬁ@e ?1@?}1 ﬁﬁd‘eﬂ}? i Clgrrll(ilﬁﬂ L off g%zgmlrl%&x%grre g(g\éa%/doge\r{r%vgs ure
the speci fdueh pelyMRUEItRIBE hid6 tncPideRRIIpHRERbii @S hafexhid@ dt Neast (oot leadt 5%,
measurenents nmay be performed on intact organisnms, isolated tissues, or

cel | cul atiteast 98%, ai least 9%cbras prast 99-PHescrwnsnidephiticori@apr apbsudBetsds f or
O oS g R SHASRIILE ST L0 SRl IR 571 ofPTTRLE B80T, 25
i nvertebrategy sucks as 1obbuncs), 1 3713, 41, 43, 45, 104, 106, 108, 110, 112, 114, 116,
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 of the publicly available algorithms (e.g., the BLASTI program of GCG)
for comparing sequences may be used in determining the degree of sequence similarity
(including appropriate penalties for gap introductions). A preferred algorithm is the 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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WO 01/ 38533 PCT/ USOQ 32225 an environnment using a specific neasurenent of a
pol ynucl eoti de or polypeptide according to the invention. Another aspect

of the iwent/38383is directed to treatnment methods. The | POBUBNE2225
contenpl ates nethods of killing or inhibiting the viability of
invertebrates 5 using the nodul ators descri bed above or identified as
descri bed above, including antibodies and anti sense pol ynucl eoti des. Such

met hods i nclude nmethods for treating infestations and/or infections caused
by a vari 8e§oisrompisingdhasapalypedeaiides prferab igreigbly nked & exprgpsion

endo- par asj t.es. i et f h her j & articularly
t hose ail rgréérh{oz Sfr:@eé?%shgmt{g%ébeé(ﬁ%ﬂ? ﬁggcl}ér?ltgl %gviv%g?ﬁ?ddln@%tilvgﬁﬁeﬁzcze“gr e treated
by adm ni ghestbmgedldt trnbieole@giital potyreicfeedtié ieacaomiande with eheripdinkiah or a

GPCR-1i ke receptor polynucleotide or GPCR-like receptor to a cell, tissue,

or gani sm hest celhiiangamasst oryensigeted et arstor ioh giginveniionn & lguitablediativg  such
nodul ators_in_the. prieparation { 3 : i parasi tic
i nf ect% i ona?%n%q'ggtl‘%ohr?t% fg?ﬁ) ngee%négra%d\r@%ée:ﬁ{/@ gtiao é?rﬁléﬁhgg }rng I oarlllaﬁé:gl?gnens known

in 15 the@st CaseccaYalHochs, IHEKEII aedik), tnsbhreseipeuit.| Dadsoyhiaf helahbysidri . ., a
| evel of activity capable of deleteriously affecting at |east one

bi ol ogi caB2pelds psdatiers fiywiresia 819 eHs.nbigh- ) aFsy cellsgbacieripbeglisde gani sm
activity level, of ,a, modul ator di rectl r . indi {te or
pest . o €ordn SRPORILn PR s LB ofh rhREMAEEU Ky S G BRE BN RE 10

addi t i onakcs@eet S/ithnHe BRVANSIAGRSIPEnd Biethenbany kommtiotilde Hgdnpimeleode appar ent
to those skilled in the art upon consideration of the follow ng detail ed
descrliOpt i #e invention iptodheeql by anyikagwmangags of transdormplien of HANSTEStPR LED

DESCRI PTI OF THE. PREFERRED .ENBCD The .pr I ipn has several
aspect s, ﬁeeferé?d }\}\%Slt S?TFSl Vgllﬁnagsd)u eactafg?:l%g/f%hge[ébl%g? aélgtfl ?]\?I?% © 64]}/0?1%%(% ebrate G

pr ot ei n- CQURhEEHtRIAMNIOVH  pra¥ddhiChmimmused bsiables @npropadatiog. @ wi de variety
of pest organisns that affect the health of humans and ot her aninmals such
as donestic pets adehotheyasnesicdd thamvartqn iggirgetahiosa gamsticalygnredifipth- coupl ed

FeoepLOr S L XALAAI NSNS BleANL SydoRlRl Ve bbb e e ARk RL 00! ca

functi oni Y, rates a erencé w

f unctijsoni 5@ { r@ggend) ¥ dBdcaived al de @k cbptififg b ai@Rficibg ank aMive gede WO 01/ 38533
PCT/ US00/ 2%25 Mor eover, these receptors are found only in invertebrates,

so that spewidinga GBER-hkoreseriorde.gsahandegiongt diseipbionar Aglekeisof thagwne) | as
their pet The ldP\ﬁelf-tli%g Iéécegt%g egcroaﬁlsg' 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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A "GPCR-like receptor” is a pol ypeptide receptor exhibiting the structural
characteristics of G protein-coupled receptors (GPCRs), i.e., an Nterm nal
extracel Iwbar/38533 r egi on, conprising several |oop-I|ike donpCTvEs¢u3gpiscal |y
three), a transnenbrane regi on conprising seven transnmenbrane domai ns
arranged in a typical serpentine disposition, and an intracellular region
conprising several |oop-like domains (typically three). Invertebrate’

neur opepti des show prof ound neuronuscul ar effects and FaRPs represent the

| ar gest f anEpyirapment u$ing e SpespROMPHETKNO A2 Polyaugieotids or paigpeptids 5 10
"FMRFam de-rel.at thh@%?\;einﬁe' " A "FMRFam de," in turn, is arelatively small '
pepti de, a?(i?ﬁﬁ'(@%cfy havi '8”'4- 15 am no acids, that natches at |east three of
the four listed anm pgoRrdspecl FVRENvaitidnlis dFedted 0 theidmeitanahedsl YheFaRPs
exhi bit neurophysiol ogical effects and are therefore properly grouped in a
cl ass of mewnopepiteaplateh metliads gliklingorfiphibitingrthagiabilyaabigvetebraecRr. | i ke
receptors. A "nodulator" is.a ffect.qr a Lj k e t function,
whi ch >15 PHEB Lthfemf’?lfgatBfsn%%sﬁrbbegfa%fﬁ‘r/leeord?enr%ﬁeg afgg%%ﬁ- g%i 4 %\J(’?aﬁll%glg I|{g’on to a
nmenbr ane, aaibdsdsdinalanti§dhedpslyeid@iidesS YRBImdthaRSHUGEE RHFEY fdrMiealivg a
change in the relative affinities of a GPCR- associated G protein for

vari ous girdpstalidnataedionifessions eansedpy h vereelp o€ invegehsatepssie] isgtfigg dothand

pol ypeptides of, the inventiqn, hesi zed, ", as_used. i der st ood
in the arfs Pt %{ag'ﬁaéasb%ff'y%J‘éqngg}%/%ggla&anpglﬂg%'élrblt'? g 3151[%%%’0‘%5%%3%& purely
chem cal , yase aRRESE JelhOn2@ HBZEXTRELGIogiR] RelSonin¥Wet kitates Y bivaFiigethg
sequences are therefore produced entirely by chem cal neans, and

" par tilal | wbigggicalbséffestive emaened s neadviatere GPREs EkowrseripPhpdbpyeieotide 6hs - of

means. - ThOisRBRTerRoERt o Rl Rty e OSBRI cotf e

(e.qg., DiNNMseguences and RNA transcripts, both sense and conpl enentary
anti sense strands, 25 including splice variants thereof) encoding
i nvertebrate G prot &isa-of sugh medylaterspn drespremiai pgorfymmediesnend der tefatinge

i nvention incl.ude. genom C nd. t hat .ha en 1 I
synt hesi zé’afaF‘HC\NFFS?‘éO“o‘F afsﬁ cﬂﬂqgmpp%%ndﬁi@n%f 3$m{nﬁsgral§lﬁ€ge ‘PS@%%%SZS t he
protejsn coell HParkkaGhidIbId gdeﬁverppdhyﬂasmticdﬁy effedtive (i AVERVEIUT adfivty uphildes

allelic variants thereof. It is widely understood 30 that, for many genes,
genoni ¢ DhAdélsteripasly effedsing at feast cRRIAIGlpZind rogsssoft hparaviisder geregsacraiy Wo

01/ 38533 PCT/ US00Q/ 32225 ar. npr licl events wherein intron (i.e.,
non- codi ng" P 8t She™ 2) Cﬁ@“g&é{%s%t%iIB?%‘H%P%_dlrfgﬁb?féa(,h_r%c?ly"tgpal I?a(r:aesq °Sut. " RNA
transcri phssit fiab af @Avienrialta&Reiali vkl BedhtavRe BBSRANI s,  and therefore be
subject to renoval of different RNA sequences but still encode the sane
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 amimals 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 invertebrates

and interference with that functioning frequently proves fatal to the target organism.
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pol ypeptide, are referred to in the art as splice variants. Splice variants
therefore are 5 encoded by the sane origi nal genom c DNA sequences but
arise frovodi/sgsshct mMRNA transcripts found in at | east opeTwsddz2Byway of
non-limting exanple, several enbodinments of the invention are
characterized by one of the particular splice variants identified in Table
1, below Table 1 SEQ | DNamreWbr npep NGOsequenceDi fference(s) | CEGPCRI

a' AC7.194 bp del etion between nucl eoti des 594-595 of SEQ.BDNQ 1 3CEGPCRI

f ACT. 194 Bprericstties rerepinseareriaicketly deivsnehraigs sgihagsesSify Nedelalosyget i on

end of Se0T Bo artapEher s RIS DA G PREe 17717 of 'sEQ 1D

NG 5; deletion of 6 ApGPERUEIEITettdEas & felspdplilb réctftor ofhiGEQ ke Michiral
7CEGPCR12hF41E7. 390 bp addition at 5 end of SEQ ID NO 7; deletion of 52 bp
bet ween nadrageiidies of wapretan-geupdectyaceptRrs (B3P (s et -0t the‘llyn%‘pexﬁré?%‘iﬂ

nucl eqtides.1115-1116 of I L o E 3 |t at 5
end o SEE?%“B"N&Wf‘%%]§|SSY‘?§§‘SO8B lggdé’b’%tﬁe%t ﬁgt égnéiﬁutﬁﬂeg%ﬁ Se}‘sfn‘%‘?g’?%ileg@nsm ID
NO 9 11CECHapIQME e raddndimbrastdddrains &tanfed @ndygital SaQehtiheNBpoditiongeldet i on

of 52 bp between nucl eotides 173-174 of SEQ ID NGO 11; addition of 97 bp
bet ween natliEHcEihdar regios comprising sevsrah lpep- ks domaing(typicallytthese). cEGPCR!

R v
represent the largest family of such neuropeptides known to date. A “FaRP” is a
10 “FMRFamide-related peptide.” A “FMRFamide,” in turn, is a relatively small peptide,
typically having 4-15 amino acids, that matches at least three of the four listed amino acids
(FMREF) 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 a change 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
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-



WO 01/ 38533 5 PCT/ USQQ 32225 SEQ | DWwbnnpep NONamesequenceDi fference(s)
17CEGPCR18aY54E2A. del eti on of 58 bp between nucl eoti des 1089-1090 of 1SEQ

| D NO 17;wadel/ats8opn of 32 bp between nucl eotides 1331- 133PCcDUS®ERNISD NO. 17
106CEGPCR19. 1Y58G8a. 1 104CEGPCR19. 2Y58@a. 2 114CEGPCR24aY59H11A La-01
116CEGPCR24bY59H11A La-02 Allelic variants are nodified forns of a

w | d-type gene sequence, the nodification resulting fromreconbination
during chronosomal segregation or exposure to  conditions which give rise
to geneti €F MAQEPIHANG AV MECREHT INdions(E-e) inee-cpiiing TESpRS) qurfls tragseipipare
naturally (gt c ; - g i:

Vari ant s TSR SRR I A R SRR bR p P GRS RN,

conpr ehendgdtiRt fbldeisavjedttb edmovidl of ditfeaitiR0A at@enaspt alibadsde MdAsatkat i s
obt ai ned through reverse transcription of an RNA pol ynucl eoti de encodi ng

i nver t ebr aekPEPTR, Piekislared dptiBrige aftcasnsrdise ivarHants-y ﬁbw Fapnthyhseomnercst r and
synthesis_of a.conple tar t rQv| - ) .
h addrt SRR FNR PR Rgihef e R @b fed Bl OB FRRPIENRTY
splice vafhadtipts HERfigariedt GRINAY. BYGRIYGIf Agn-limifikeexamyinidveral embddidentshose
pol ynucl eoti des havi ng sequences selected fromthe group consisti r%g of SEQ
| D NOS: 18ftheimyestign or¢ charpetgiazesdyyoan ebthegirticalar splisvaiaglividesiqdinlighle

Wr npep dzilt@ ase that exhibit some simlarity thereto, as shown in Table
2. 20 Tabl2°2°%5 SEQ | DWr npep

Table 1
10 SEQ

ID Wormpep

NO Name sequence | Difference(s)

1 CEGPCR1a' | AC7.1 94 bp deletion between nucleotides 594-595 of SEQ
ID NO:1

3 CEGPCRI1f 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 CEGPCR12c | F41E7.3 90 bp addition at 5’ end of SEQ ID 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 NO: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 CEGPCR12v | F41E7.3 90 bp addition at 5* end of SEQ ID 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., CEGPCR1a corresponds to PNU1a).

-14 -



NONanmesequenceDi fference(s) CEGPCR 1 a - 15 5 10 15 WO 01/38533

PCT/ USOQ 32225 SEQ | DNanmeWbnnpep NOsequenceDi fference(s) cegper | (a,f),
cegpcr 4, wegpsss’d3 cegpcerll, cegperl 2(c,h, u,v), cegpcrl 3, pcrgpawids
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 CEGPCR5 CEGPCR11

CEGPCR12c CEGPCR12h CEGPCR12u CEGPCR12v 13CEGPCR13TO5Al. 1del etion of 85 bp
bet ween nucleotides 753-754 of SEQ 1D NO-13; addi-tionof 226 bp-between

o T

SEQ
1D Wormpep
NO Name sequence | Difference(s)

17 CEGPCR18a | YS4E2A. | 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 | Y59H11A
1.a-02

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

.modiﬁcation resulting from recombina}ion during chromosomal segregation or exposure to

conditions which give rise to genetic mutation. Allelic variants, like 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 invention 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 ID 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
f\IDO Name ;Zc(]):;lpceep Difference(s)
25 CEGPCRI1a

- 15 -



nucl eoti des 926-1152 of SEQ I D NO 13 15CEGPCRI 4ZC412. 1del etion of 92 bp

bet ween nucl eotides 1277- 1278 of SEQ I D NGO 15 17CEGPCR18aY54E2A. 1 a
106CEGPCWO o11¥5838a. 1 104CEGPCRI 9. 2' Y58CBa. 2 110CEGPCR22(CPE130SH)/32225
114CEGPCR24aY59H11A L. a -16 WD 01/ 38533 PCT/ USOCQO 32225 SEQ | DWor npep
NONanesequenceDi fference(s) 116CEGPCR24bY59H11A L. b Preferred DNA sequences
encodi ng invertebrate GPCR-1i ke receptor polypeptides are set out in SEQ
IDNOs: 135 -7 9 11 13 15 17 19 21 23 925 927 99 5 31 33
35, 37, 3Pgpdl} 43, 45, 1()4 106, 108, 110, 112, 114 116 176 and 178. A
preferred Ic:]fg the inve rwblqlg,? rdprl ses a doubl e stranded nol ecul e |(for
exanple, t nphNeggl e ha off ences set forth in the
abO\r/rg-ref erenced SEQ 1 D NOS SQ&G D.fﬁe%lﬁggymnp! enentary mplecule (It he
"non-codi.ng str @éﬁm@gﬂ )rrpl ement ") having a sequence unanbi guously
deduci bl e| from 9% t‘hose sequencles, according to Watson-Crick basg 10
pairing rules Allso preferired are ot her polynucl eotides encqdi ng
one of the im%?glpg ate GPCR- | i ke [receptor polypeptides of SEQ I D NOs: 2,
4, 6, 8, 0, 1p°°%Patllys 18 20, 2p, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 105ceeper2(albo| 111, 113, 115, 117, 177, and 179 which may -
differ in sequ=nc’és fromthe correspondi ng pol ynucl eot| des of SEQ I D [NGs:
1, 3, 5, V, 9,|&dgpedl3, 15| 17, 19, 1, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 104cegpor1u06, 108, 110, 112, 114, 116, 176 and 178 by virtjue of
t he wel | - known g@@@ﬂgg acy|of the upniversal genetic code. The inventilon
further efroracegedyameqt gprate species (preferably helmnth and

, cegper22,
cegpcr24(a,b)

21 CEGPCR4 Cl6D6.2 deletion of 55 bp between nucleotides 1070-
1071 of SEQ ID NO:21

CEGPCR5
CEGPCR11
5 CEGPCR12¢

CEGPCR12h

CEGPCR12u

CEGPCR12v

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 7C412.1 deletion of 92 bp between nucleotides 1277-
1278 of SEQ ID NO:15

17 CEGPCR18a | Y54E2A.1
a

106 | CEGPCR19.1 | Y58GS8a.l

104 | CEGPCR19.2"| Y58G8a.2
110 | CEGPCR22 C06G4.5

15 114 | CEGPCR24a | Y59HI11A
L.a
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i nsect) honol ogs of the disclosed GPCR-1i ke DNAs. Species honvol ogs,
sonetines referred to as "orthologs," in general share at |east 35% at

| east 40%o0at/3d58nst 45% at | east 50% at 20 | east 60% arCT/Eaew3285% at

| east 70% at |east 75% at |east 80% at |east 85% at |east 90% at

| east 95% at |east 98% or at |east 9996sinilarity wi th the DNA sequences
di scl osed herein. Percent sequence "simlarity" with respect to

p0| ynuc| eotides of the invention i defined herein as the percent age of
nucl eoti degpgses in the candidate ﬂequence that are identical to
nucl eoti d in|the relevant\V ges set forth in the sequence |istijng
bel ow, 25| g er Namiegni n n ~and troducin aps, if necegsar
to achievegth nnxi%un1gotfgﬁﬁpaz ﬁgﬁﬁgﬂFﬁéﬂ ty Prgfgrppd,fnr Y
conparatiy (fe Fg@&emgq gegthArhe BLAST -17 WD 01/ 38533 PCT/ US00/ 32225
program ayai lrnp emgnted with default paraneters. Al sg
preferrediis the Blastall~program-available from NCBL—The polynucteoti de
sequence infornation provided by the invention makes p055|ble | arge scal e

expression of an engode d;%lwge?%go?t?cegy {cggﬁgeﬂwérﬁ l%’r\ﬁe G%@L‘k\'\?kcar}gcelpisor

routinely practiced in art e I nvention

permt i dﬁ@n‘y‘:éprﬁi@& hmeecrud in SQQaDINJ@s -af 3pnl7yaucl, edtisdes, Wnzbdizngs,r2ql 29,ed
GPCR- 1 i ke epti des, such as the aforementi oned allelic varlants and

speci és hé 30 8, 37b§79v€él, 3,130\t tl BN g LIS li%dllﬁdilr?glmsmﬁlt]ﬁér A B
Nor t her n ation, an 0 Ies
of rel at edﬁé%l{ ;(/)ﬁh}z:el 18{6 ntlgn CO% lI‘%es‘pedép/u:)ﬁﬁz {/%ﬁ%dg@@ Oé%cél?e oeg&“‘gp?cﬁ%e rrr)lgir()e?

honol ogougatifig bheofllle séqweﬁctee b&tabeh FRGRab@rdresdrériced SEQ IDYN O] atdredvith the
pol ypepti des sharing one or nore biol ogical i mmunol ogji cal , and/ or

physi cal peoplenentasy quchbs(@eGPGMOdmﬁ\ﬁérﬂt“éb?fatCQ“@&%@ OrfEyHIgRySeaBERRCei ns

honol ogous_to the disc 5 and/ or
PCR anal nan%%“%ls ée Sk ? uji-r(gﬁ C{‘ CF & %(r%gltellrll{éi gﬁggykﬂy Ee
Know1@dge paiting heles S‘GQDNK)E A)fsotﬂi@feﬁhe& QahOSﬁh@r @%amms ragcdams()@a sf)thmkes
possi bl e, through use of 15 Sout hern hybridi zati on, rase chai

reacti on {IPERybra{eP GRHke rmqnmﬁp@@mmrdqusSEQ H%NQsd%,rﬂt ﬁ;& dgt}2@,1,4,01f6 b%nomhc
DNA
cedonges, §0cp 0 CFR oipLes) 60 GO 1L ASHLRE P 2GR 97U

as pronot ’repressors, €r ‘regul a

sequences g eyMwhiththg dffer mB@J]l)@iibl@ fremitthél B@rr&boﬂidlﬁ‘g pdilyﬁwwdml’cle@bﬁSEQSD
useful in hybridization assays to detect the capacity of cells to expres

an i nvert ®ksat 63,GPTR), 120131H&, U, 48} Vs dPe2hdr et 3d)f33a3§stﬁ7| 3Petigth, 45,104,
Do el bl ose D2 i VB Ry Ss ST 8 arﬁ&gevéggge“gg‘g?ﬁféh%ad' Y

fragment ghiveRal ddaklic LRIt h polynucleotldes. The i nvention therefore

provi des . ‘ .
The invention further embraces invertebrate species (preferably helminth and

insect) homologs of the disclosed GPCR-like DNAs. Species homologs, sometimes referred
to as “orthologs,” in general share at least 35%, at least 40%, at least 45%, at least 50%, at
20 least 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
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fragnents of invertebrate GPCR-encodi ng pol ynucl eoti des conprising at | east
14-15, and preferably at |east 18, 20, 25, 50, or 75 consecutive

nucl eot i de@ 0088533 pol ynucl eoti de encodi ng 25 an invertebr et BUSRER225Fr agnent
pol ynucl eoti des contenpl ated by the invention encode inmunologically
active peptides capable of interacting with specific anti-GPCR anti bodi es,
as well as domains of GPCRs. The GPCR donains (i.e., the N-term nal

extracel lular domain, one or nore of the three extracel|ular |oop donains,
one or noPLHEM pilablefeem SICE riawdvesitedatish dolalt paramstess: ohIsprsrederestd i He t hr ee

intracel lylar .l oop domai.ns, .or C -18 WO 01/ 38533 PCT/ US00/ 32225
t er mi nal ilér#‘fSFaéli:%PEﬁfna‘?v’HSl?sTlﬁif‘r?jn%’p‘%ll‘nvertebrate GPCRs di scl osed herein are

characterized in EXaEpbBndclohticeRiddc®intO@hmn proltilled BNGE Mventidid mgrant
pol ynucl eoti des can be li'nked to polynucleotides encodi ng het erol ogous

pol ypept i gessjble layge sdadsr cxpresdiopioh gn waeddsd pelyphitidedryetectinigies nvabr lgosinad 5
Preferably, fragnment pol ynucleotides..of e.invention conpri sequences
uniq_ué_to¥%‘m§'c fr?ﬁ@egvggT%ﬁéﬁﬁ 98@%&@Hﬁ&“§@§8%%%%%?“§ﬁ8mﬁhg?% ore
hybri di ze j@ndeh ohip8RhicieblidRoaRbdinE fRMer WrRdN-Iikk ! pAIgRMtideOnaLh i @ngmeonl y
(i.e., "specifically™) to polynucleotides encoding a disclosed .

i nver t ebr afwerGRCRNEdalldlicagriants snd speciephmalads, hytvellknopsltgahnguepncidyng

encodi ng qQt her GP Pol cleotide fra nts of genomnc se ces 10 of
the i nventPBleRaRpe Seey P betaenbaR e g d era bRy TRIRA. bu
al so fraggeRised fiydeeotibd indIBAdlyRRRYEAGRNERTIhY Sy ehadRshBIbRIFBus to the
regul atory regions, and/or other non- transl ated sequences. Seguences

uni quid t o ipertygbratd @BCReesd stfudtirelly relatad polypeptisles sleastgi onglsir enore hrodegienl,
sequence conparjson, to.other.known pol cl eotides,, and. can be identified
Chrough. GSENGPIoRAbARKRL Pipisel BieRBaDT Hors CHEMR Julen ety pioding
those made aval héahbBgbd tBURIdikIoked SPARRLLalSBARARETed bPYHtheRGMEREBERAl SO
are recogni zabl e from Sout hern hybridization analyses to determ ne the

nurber of ahalggsend sreofsefyémomethoBhaf the Wwherdienadeseribedielavot Kaewlagige lof the
hybri di ze. Pol ynucl eoti des o e inyentign can be | abel.ed i.n a.manner that
permits tsﬁ‘BiePX%lé?f s fthﬁﬂ,osqdn{;‘}){ig'l’%o laaﬁ%ﬁéf iassg,mglfﬁonro&@g}nﬁm%duseen% matic
| abel jsng. s%ﬁ@ﬁggd}?oﬁle%uw%wér%%mﬁ%eaea&gammgaﬂcyomé%u{ma&hmq@@@w or

u

detection of | -length invertebrate GPCR-Ti ke pol ynucl eotides, or
ot her pol ydmntifiegtidnoe genagePNg seghences Enc@degPEBrexptassigmepntrol regulatory

pol ynucl eoti des can be included in kits that are used t&){éehect tt}e
presence GFIE"HSI Wﬁ‘c?serc?”Eféterén(?BEﬁaWés’a NFEb 1 EBreat e ol Cf Se§UNERL or
pol ypept i dgyuenOs N6 ift Be 98T BAInMAOiEd STR ihPerfioR Al eHkésERI Indibs@aMeRT e
encodi ng such a pol ypepti de.

assays 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 invertecbrate 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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The invention al so enbraces DNAs encoding invertebrate GPCR-Iike 25

pol ypepti des that hybridi ze under conditions of noderate or high stringency
to the mooouseddng strand, or conplenment, of a pol ynucl eoPCO®S@AIPIS Si ng
one of the sequences set forth in SEQID NGs: 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. Exenplary conditions of high stringency
are as follows: hybridization at 30 42C.in a solution

hybr i di zatgremnas gitEes bgr dommnniod i HgrsomerGR Ry disglesedfwset b  chiragigrigd in
01/ 38533 2 | 109 | i ice f
30 ot o e AP EGRatt R bR, rHRIGRRL Rlltols boh BRIk e |1

i s under sheRAudIBotide eddddirtgter6adiid p&Nseptiics @l Mat prkluciag Vhngandyt s@n be
achi eved t hrough variation of tenperature and buffer, or salt

concent r affisen prateingescri bed in Ausubel, et cal. (Eds.), Protocols in

Mol ecul ar Bi ol ogy, John Ll e sSons ) - -3

Nbdif%cations in hy%Fgéantﬁ%ﬁx%§ﬁ§ﬁ¥?8%é§%§ﬁﬁ‘@£m¥%§?¥%%%ﬁ?&eggﬁéPﬁ?ned or

preci sel yugajuetd ahesk thagrdioss GRER-anglheangudnbes, ped arrdfagehybfidize under
guanosi ne/ cytosine (GC) base pairing of the probe. The hybridization

condi t i ongighih swengesh| wunzderkiely slaseentbeenditiorsawbbodke. etspesificallyEds. )

Mol ecul ar oni,ng: , A Lahor at or nual i rbor ry
press: CoPUaRFeRarRaMe ol st B Repgi UG RRO B flregPaRi Al

i nvent i on palyafclpsté R dmgBihdfGRORANPolye@idiidd fiagwents @i aienichéqichédse

pol ypepti de encoded by a pol ynucl eotide of the invention. Presently

pr ef difr ed of the invepiaongeaprisgaotontirenusnsgs wheueds thelsediagiagsrna b sOdHgBIESs set
OUtin'SE%ItDH%I: %’ d1ec8 egedégb inygns, regulatory regions.a other non-

12, 14, 16, 78 Bp Ubledgth sgdusges dertyeds Fomginggns, gegulatary rrgiongsany ohgon®h11, 15
113, 115, trhddlated deGueRd SedBenceichigReeipeBnhicedidegsfthbkenfon aldrecdgnimblel on

al so enbraces a CR-1i ke pol ypepti de encoded by a DNA selected fromthe

group condlirsughsgqesince cqmaparispreto qings kaevyn pplyeudeatidgsangd pandgydatdedthramh | p

NGs: 1, 3, 5 , 9 11, 13, 1 7....19,.2 3 5,27 . . 5, 37,
30, 41, ayseeiengin gy atine bt iy 47 i%a,gloier%‘”“%%%"ail%eé‘ﬁg"blg&peci es
homol18gs tEfieaef dat@iddes DJuch JRertrs ey e RBSAEIDBY: RofFSdRtihdrk @ygadigatiphoduct
that 20 hybridi zes under conditions of noderate or high stringency to the

DNA of (apnal¥ses to detsreming hanembetndifragmsntoé serporig PApA taekich Raplyradleotide | east
about 99% at, .| past ahout 95%, at ..l east .about,90% ), .at | east about 85% at
fooat aboindebits *Pehycteaiied bt wsiniinBE2as b3 ilcath guRAREr FRDHmIR Y
65% at | gastdaheuh, i99%1in?tradi@mtve,aﬂnw&scé%%nmﬁyﬁbﬁé Rasling@bout 50%

identity and/or honology to the preferred pol ypeptides of the invention.
Percent ami no acid Fragment polynucleotides are particularly useful as probes for detection of

20 full-length invertebrate GPCR-like polynucleotides, or other polynucleotide fragments
thereof. One or more fragment polynucleotides can be included in kits that are used to detect
the presence of a polynucleotide encoding an invertebrate GPCR-like receptor polypeptide,
or used to detect variations in a polynucleotide 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, 106, 108, 110, 112, 114, 116, 176 and 178.

Exemplary conditions of high stringency are as follows: hybridization at

30 42°C in a solution (i.e., a hybridization solution) comprising 50% formamide, 1% SDS, 1
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25 sequence "identity" with respect to the preferred pol ypeptides of the
invention is defined herein as the percentage of am no acid residues in
t he candivi@be3ssezjuence that are identical wth the resi dperuson/2ns
GPCR-| i ke gene product sequence after aligning both sequences and

i ntroduci ng gaps, if necessary, to achi eve the maxi num percent sequence
identity, and not considering any conservative substitutions as part of

the sequence identity. Percent sequence 30 "honol ogy" with respect to the
pr ef er r ed MpYRGhd Y4 [aedrappulidie and washing Hvice fp HBHCHE 08 g Wagpopon

01738533 PGT ﬁ’g@%ﬁﬁg@%ﬂ@ 1RRISEN AqRqof wﬁm{gﬁe%%f%éE&ﬁfi%ﬁ%f%ﬁli%znﬁ]te

candidate se are’ i ical mﬁf residues in one o
GPCR- | i kestrggedyolap Mey REMtVade txeqgenceatial ter tapegnumg atdebuffeeqoenats and

i ntroduci ng gaps, if necessary, to achi eve the maxi num percent sequence
i dentity, confgntptea, apdesiraeadiipg uamiel s dEdar ﬁwb@&i@&ﬁ‘l&m&ﬂw of
t he sequenge i ti 5 vap hNe I I: e def | et out
i TaBlos TS R H9Sga S hent Gl PR P B b AES B o

natural ba¥gbirRANAEGe®Ehéd GQuEGasy @llcurmyd basce be ficdadgdtly asy/iht bestmegs ofout
are preferably produced b reconbi nant procedures invaol ving host cells of
t he i nvengharwsingRgRsine K@% dage privagiet hegirobe hEhg kxpeidizaan candiBenst G be| engt h

pol ypepti des i.ologically. agtive frag i 10 ich
retain sp@%f?pgx%%bgﬁﬁ?é% o mP%%ﬂnb%ﬁ%ﬁga Ske oled b? 13nind. ATl npri se

GPCR- | i ke MpptudpeRld SIRinHadrB@S_abbetel PraseCea SpEhE Hafbok,eve Neek (1089), pp.. €. |
naturally encoded) amno acids is deleted or replaced or wherein one or
mor e IRon- 8p€dprPidd ami no acids are added: (1) without |oss of one or nore

or e lon- §960pPiTd amino acids are added: (1) without loss or
The GPOR 11 ke T eceprdF uspigfiso pERHEZa B RR! s ARpATIAeBbRERGRERNS 0 ) o

bi ol ogi caloBptptidet ¥ncdlied Be LPERMbLEIKSqROLY BEPiivEationCorRresentiptpeefeted @4 iaon
variants also include fragnents |acking portions of a GPCR-|ike
pol ypept i telyneptidesoaprisiig ohgof thsi asniggiaeidscaanres o outdn FEQENOSG#: ¢afi ant s

el ude 1ol P15 BSRLAASS mpBieh, tho ) ot 4e%, OB ke pehupse de or
Consersvat i1ye, 19ubst7 gt i Has 7h, Sld¥pe&thdinSlopRNeToR Biid AMMING AJ Enbraces
Ali phaticNon-pofarG AP | L V 25Polar - uncharged CS T MN Q
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 95%, 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 least 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
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Pol ar - chargedD E K R AromaticH F WY OherN Q D E 30 WO 01/ 38533

PCT/ USOQ 32225 Tabl e 4 Conservative Substitutions 11 5 10 15 20 SIDE CHAIN
CHARACTERV®#1/68588M NO ACI D Non-pol ar (hydrophobic) A Alipopwsay32ges. | V P
B. Aromatic: F WY C. Sulfur-containing: M D. Borderline: G
Uncharged-polar A Hydroxyl: STY B. Amdes: NQ C Sulfhydryl: C D
Borderline: G Positively Charged (Basic): KR H Negatively Charged
(Acidic): DE Variant GPCR-1ike pol ypeptides include those wherein,

conser vat fheereresntise pf aminorasidigsiduesda ihs Gnd ddisssauage Hdpeil eatticalnvigh the

nser vat g eristBse Pl ol e dalsced By sk i e e
Cundti tut FORLES/E WL he, DR KRR LGP b Beh e Pl BReos IR kRl e

accor di ngséq@ehidigiahd igt@tRth pgagg,iiﬁaécep@raqp% hélgsveathd neaimbe @defehneguasceset
out in Table 3. (See, WD 97/09433, page 10, published March 13, 1997
( PCT/ GB96idsp97andfalqocgnsid i rsly cynsapvatirprabisyiatigns asprg ef (hasearsnearilenitaci ds

o, 75,9 PABRS B8 SR PP oo BESBET G, Second 0t on

GPCR polypeptides of the invention may be isolated from natural

invertebrate 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, biologically active fragments, or variants

10 thereof which retain specific biological or immunological activity. Variants 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-like polypeptide. Contemplated deletion variants
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 I -

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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30 Variant GPCR-Iike pol ypeptides of the invention include mature GPCR-I1i ke
gene products, i. e., wherein |eader or signal sequences are renoved,

havi ng addovi/aesas amino termnal residues. GPCR-1i ke geneCcpusaux2ezs havi ng
an additional nethionine residue at position -1 are contenplated, as are
GPCR-1i 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

i nvention also include gene productslaetei n amino term nal sequences
derived from other proteins h?XﬁseP&ﬁWe's%%smt%ys:ﬁ%B. PCT/ USOQ 32225

i ntroduced, as well as variants conprising amno term nal sequences that
are not found in naturalli]aoccurri ng proteins. Another conponent useful in

some nethods for identifyPhBEddMytors of GPCR Iike receptor activity,
descridbed below, is a &éﬁﬂﬂﬁ&l&&@pti des AMINO Acdes 5 FaRPs. The
FaRPs conprise a |large fam |y wbnpept (tdasophbeic) t ypi cal |y function as
neurotransmtters in the invertebrateangraeus systemivipe FaRPs that are
associ ated with these neurophysiolpghgal.functi ogsygeneral |y are about

f our too about nine amno acid resi UES il La&%r‘? nd include a Cterm nal
am no acid sequence notif of (aro 'iﬁ -9&-119{-. antge, where X is typically
M L, | or V. Day et al., Peptides 2099854619 (1999), which 10 is

i ncorporated by reference in i4%¥haiged-Pely. However, peptides that are
exceptions to this rule are also dontlzdprdi ed by She i nventi on,
particularly those that are co-encdlefmidesFaRP pr™e€&ursor genes or those
t hat hare the characteristics of confdfivdng: pepticCles. Al so contenpl ated
by the invention are neuropeptide varBafdksinei ncl uding FaRP vari ants,

pepti des exhibiting an Ryam %sﬁﬂkgfcha eufiey: peprtides such as

retro-inverso neuropeptides (8g&mi Chai3Es (KQARK-SENg the D stereoi soners
of amino acids in a seguence th%l}ljrev rsgﬁ ?B’?)m a reference FaRP). For

exanple a retro-inverso variant of AL-FL-M R _-FL woul d be FD-RD

MD- FAD  Neur opeptides such as FaRPs have been found in a wi de variety of
invertebrates, including arthropods such as insects (e.g., .| ocusts and
flies such as 20 Dr okwighi IGHCRrAke| polspentides rm‘FlP@%ktbO%?ud‘a]ea%nt%S%rH%‘{e

Lymaea st agnal.i s nd hel m nt hs syc as od el A.
suum Haeﬁﬁa‘%@ﬁ‘ﬂ‘sonéo t*Sr tb_ﬁ?} ,lnir@%#og%sm@gﬂ%g&én ﬁ%ﬁipé&ggglﬁ%%ﬁﬁngxg%? and
cest odes, p3RRBSREBAKSinveAEd ! QongerMRNA WSSt tltithe hi¥aédoghized Blthé drng clagsifyhe
structure, function, and structure-function relationships of these

neur oifept iadeeo adids doaoning te theierelated pinesjcab progertics 20¢ 031 be dufisied asseiONbN

provides g, gl as3ltd GRS b0 3, 36 (P bublished March 13, 1997 (PCT/GB96/02197, filed
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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25 known C. el egans FaRPs, which are exanples of the class of

neur opepti des useful in practicing the invention. WO 01/ 38533 Table 5
PCT/ USOOM3Q@BR38583 el egans FMRFam de-rel ated pepti des (Fa. RPFUsevit2sncodi ng
genes 5 10 15 GENE ANDSTRUCTURALLYPEPTI DES PREDI CTED

CHROMOSOVECHARACTERI ZED FaRPsFROM GENE NUMBER FLP- 1SDPNFLRFaKPNFMRYa
SADPNFLRFaAGSDPNFLRFa SQPNFLRFa SQPNFLRFaASCDPNFLRFa ASGDPNFLRFaSDPNFLRFa
AAADPNFLRFaAAADPNFLRFa SADPNFLRFa KPNFLRFa FLP- 2LRGEPI RFa SPREPI RFa

FLP- 3SPLGMUREHCeRPROT RS v S ARBRIGTVIRIS I NERD TGV REH CASE B! pesTRifgund in

EDGNAPFGT mﬁ%“%lgg%g Il\)/rRolfgnSSADDSAPFGF MRFa NPLGTMRFa FLP-4PTFI RFa ASPSFI RFa

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 a C-terminal amino acid sequence motif of (aromatic)-X-R-

Famide, where X is typically M, L, I or V. Day et al., Peptides 20:999-1019 (1999), which

10 is incorporated 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 a retro-inverso variant of A, -F, -M, -R, -F, would be Fj-R,;-
M,-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, mollusks 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 et 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- 5APKPKFI RFa AGAKFI RFa GAKFI RFa FLP- 6KSAYMRFa( 6 copi es) KSAYMRFa FLP-7(2
copi es) TPMOQRSSMWRFa (3 copies) SPMQRSSWRFa SPMERSAMVRFa SPNVDRSKMWRFa

FLP- 8(3 onopoE3$3KNEFI RFa FLP- 9KPSFVRFa(2 copi es) KPSFVRFaPCT/US00/32225

FLP- 10QPKARSGYI RFa -24 WD 01/38533 5 10 PCT/ US00/ 32225 FLP- 11AMRNALVRFa
ASGGVRNALVRFa NGAPQPFVRFa FLP-1 2RNKFEFI RFa FLP-|1 3SDRPTRAMDSPL1RFa (2

copi es) AADGAPLI RFa (2 copi es) APEASPFI RFa ASPSAPLI RFa SPSAVPLI RFa

SAAAPLI RFa ASSAPLI RFa FLP-14(4 copi es) KHEYLRFa FLP- 15GGPQGPLRFa GPSGPLRFa
FLP- 16AQTFVRFa GQTFVRFa FLP-17(2 copi e KSAFVRFa

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 ASGDPNFLRFa
ASGDPNFLRFa SDPNFLRFa
AAADPNFLRFa AAADPNFLRFa
SADPNFLRFa
KPNFLRFa

FLP-2 LRGEPIRFa
SPREPIRFa

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

FLP-4 PTFIRFa
ASPSFIRFa

10 FLP-5 APKPKFIRFa
‘ 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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KSQYl RFa FLP- 18DFDGAMPGVLRFa DMPGVLRFa KSVPGVLRFa SVPGVLRFa ElI PGVLRFa
SEVPGVLRFa DVPGVLRFa SVPGVLRFa OTHERTKFQDFLRFa PUTATI VEAMRNSLVRFa FLP

GENESDYDMWURPa3363-VRFa AFFKNVLRFa " a"
of the structure-function relationships of

FaRPs,

one of ordi nary skil

nodi fi cat j
Mt h -pﬁﬁ)l/\DOl/B

repl aced

al ani ne af
generally
(e.g., Fa
acids, as

ons (n g-

al ani-nhe- Cf‘ﬂn\

means ami

in the art. For exanple,

n—which

15 neur opepti des,
that are enbraced by the invention may be readily acconplished by

de. Furt her pechasaciers z

such as

ani no aci d-scan

e

avai |l abl e.

Ceary et al.,

A

8533 PCT/USOO/32225 8
ditionally, given the
1999), such nodifi cati

Ad

ba ]
oo TT—1

ch TQCI{‘IIID |c segue
\4\1“ |

anot her am naMVeEoHALYREA
> know edgeGEMRIUAE VR
lons to kn?&@Aﬁ@EF@@%ﬁ?

3t | on—of —one or

l'.

RPs) as the inte

wel | ggp.1ihe in

rnal or termnal delet
ternal or term nal ad

o —C—&rT

Idi tion of requ@ggEFuunv

rortr na B o
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no nore than

related n
t he met ho
neur opept
f or nodul
(e.qg., |i
bot h bi nd
conventio
defined a
as well a

10

15

EUr opgfiR-U®s ar e
is of the invent

perrentat+on—Sueh—
anong the neuropept
i on.

The GPCR-1ike rd

vaf I a.IIL D UI rar\ra allu

i des CIIDRPTRAMBSPLIRTau
cept @rcopitky RAPIG AlRSTRaTAd

ation

ally
as
(see
i des
AHNO
ol ves

se-in

assays
art ner
ude:
d
is
|gand,

in

des produced byl the nethods descrlted ahovg @gﬁAp§ggp¢ngpa
at ors of GPCR-like receptor activitile ncludln @@hp
gjand) binding. Assays contenpl ated by the 10 inv
ng assays and ﬂctivity assays; these assays nay%%; tﬂgpe
nal or high throughput formats. GPCR{li ke recepto
5 including thel bi nding of any bindilng partner,
5 Lhe Fq_rlgﬁ)é?gat 'on (4 copies) KHEYLRFa
FLP-15 GGPQGPLRFa
GPSGPLRFa
FLP-16 AQTFVRFa
GQTFVRFa
FLP-17 (2 copies) KSAFVRFa
KSQYIRFa
FLP-18 DFDGAMPGVLRFa
DMPGVLRFa
KSVPGVLRFa
SVPGVLRFa
EIPGVLRFa
SEVPGVLRFa
DVPGVLRFa
SVPGVLRFa
OTHER TKFQDFLRFa
PUTATIVE AMRNSLVRFa
FLP GENES DYDFVRFa
DGFVRFa
AFFKNVLRFa

(13 ,’

means amide.

Further characterization of the structure-function relationships of

neuropeptides, such as FaRPs, that are embraced by the invention may be readily

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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of any transnenbrane signal (e.g., stinulation of a G protein or influence
on the flux of an ion across a nenbrane). Modul ator screens are desi gned
to identiwgossssaul at ory 15 and/or inhibitory agents. The BODWUS@$32b23
potential agents to be screened include natural sources, such as a cell
extract (e.g., invertebrate cells including, but not limted to,

bacterial, fungal, algal, and plant cells) and synthetic sources, such as
chem cal conpound libraries. For proteins with known activity, function
assays ar @nelSeratninglaeid sughngetlaone pisavaidabls i Additignmdlyagivan g kightrsiee o
potential ,agents are screened. for abi | it. I 1l nul.ate or

i nhi bit tﬁ]éeg%{;{sle?/g?nﬁasl%f ﬁ&?‘%&t ?113’5152?2)?5?% rﬂgggdw%tgonég? gﬁ@&@&ﬁ%& recept or

bi ndi ng agf LYFhYPS)Qs RRUKRBEP b Bemafal BEBHREM ddiot nldrg amnétso acBRf ks fened i onal
and binding assays of GPCR-like receptor activity are readily adapted to
screens f dlre intasehhloateomenas adchtiers of tehidbes, orvplves np srelhanTeinenvent i on

contenpl ates a |.tityde of assays . tg,screen. and identify 25 inhibitors of
i gand bi ﬁiﬁ?ﬁﬁ“%ﬁ“kﬂ_ﬁc%?‘ﬁ‘ e RBRCHE GREPS i rSEaéede‘%eaﬁgpﬁeB%‘detShaée e2eid Pee

recept or ingudopBRidich t&RempALkdi B @eas ihdfethbddof@hdinvehtich. part ner is assessed
in the presence and absence of a candi date nodul ator such as an inhibitor

conmpound. | n anot heThe &PdiHpllise récapter aelypemidoeanerayrensptidraroduded by dicept or

and its binding partner is assessed in sol uti on poth in the
presence é‘hegh%%éjgﬁcé egf’b%’ecaéﬁﬂ?%‘gtlg PR %’lr frbordui%%f)é}ﬁﬁ?.%k?ﬁ? K°8@'her assay,
an i nhi bi tefyitiss, ifantind biadindpas ROURENOHNAGdifE CABATESotEmplattd heksveen - 26
WO 01/ 385331\8&/ USOO/13§22125n%E>3 ra%céRgEf)l i%gn r)ecep;t%r anz its blglndi r?b partner.
Anot hidx  cdmteatiph schule dothdlyiniing ebspgs and aoligity asseym these agsaydinanpoperéorasday

wherein an_inhibitor of. protein/protejn A ractions is. .identifi.ed by

det ecti on 1‘6?0%65{6%%5 nggitﬁﬂﬁhﬂuggomkar@%'ﬁﬁ "SEPOF 3%%‘?‘*@’6? g%é W& cell .

Candi dat e iﬁ@}ﬁi&hgttferbsmﬁ@%wﬂsﬁ wh@fg BYrtddASsucRYeMib Y, hOwENde tRtofugatigi cal
[

conpounds, including libraries of chem cal conpounds. There are a nunber of
di f f er ent of by tirisesmbsay signal (e, staewlatidn efa G eroten o iwflyenae pr thel flix of

nodul ators, .including: (1 em.cal libraries nat ur al. duct
librari es,ahé?fhac(r%s)s adﬂ%ﬁrﬂ%\?)oﬁ\g%&l?tlobfcé?‘?négrep%ﬁwgégdgeggyfgﬁﬁéa%rﬁept i des,
ol i gopyucl ealiiod ahitAlorPEEAR THIRLEGYS B5% pofdnBAll Hahts kd BE ré@ed GMSdeSTat@il
random chem cal structures, or anal ogs of known conpounds, or anal ogs of

conpounds sé@rceshatchrsaecel @stagt de gt ifviegtidbrate ceHs instuding, bheraidimited tpr i or dr ug
di scovery screen erived frorrhnat ural products or

f rom non- &*F_?t@a% egfn@lg{ﬁ&%ﬁ‘%d %YFI t;%i“résa glngit‘)?g’ﬂ'l &g SPUrRESt A AS B‘P%‘ﬁ%& libraries
i S SO e 0 GRILATRy TN ) 6 B, s gan <
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
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fernmentation and extraction of broths fromsoil, plant or marine

m croorgani sns or (2) 15 extraction of plants or marine organi sns. Natural
product Wooassses i ncl ude pol yketides, non-ribosomal pepPCTES)0/RNZS
variants (non-naturally occurring) thereof: For a review, see Science
282: 63-68 (1998). Conbinatorial libraries are conposed of |arge nunbers of
pepti des, oligonucl eotides, or organic conpounds as a m xture. These
libraries are relatively easy to prepare by traditional automated

synt hesi s th%BSJIkCPmpKUIaOﬁ|11ﬁ@mdéj‘rg rmmsy i ietherccopantvgsd asspy myp{ve&al ar

interest are non onblntorla arle rari es of
interest i ﬁé’c}th‘)& fglé‘% HH/Z)H% '1Issc%/ erem an %nhdt()) T of ?Oteln}r%ﬁ)tfnnl ter %FIO lg

e synthetlc

col I ecti Omenﬁﬁé&ﬁpuaaétm@ o@iﬁde @@hmﬁmttm@folmbd af traﬁ;fecharho@,t detivi ew of
conbi natorial chemstry c]) | ibraries created therefrom see Mers, Curr.

Qpi n. Biotechnol . 8C30<.1Ld?@TnOCKU1€9@$)COHtI6@@iﬂt¢¢b)cﬁ@lll@)wntwn istdeansr s t hr ough
use of_ the various |ibrari i de her e icati orf. of

the candi abrBes ipmooBs nEueS i EET S n ) FEelEuE oA hafitbo

modul at e aatdrMitliprarfedRedRt ﬁlerrﬂéiﬂifﬁh@é&o%ﬁﬁl%]e@&l@%&wm&@ iheMeng| gr) can
be designed and include soluble forms of binding partners, as we I

chi meri ¢, chemicaisitariespt2mefung mmébﬁraﬂe%amﬂ)(ﬁ@pm@lmﬂaﬁébm@%cm@eﬁeﬁer ein

b dl t :
neur opept PRETAR IRRLLSH O BTb501S PR S HE HEnach SRR oo
081 53855, Tl O o oy Aot S S A MEAD a0 b,

chinmeric anti bodi es, blfunctlonal%blspeC|f|c ant i bodi es, humani zed
ant i bodi ethat havrelreeanddnbidi es hitshdr “l@@msp Inepnewt dmg difepearyrereeny, somy o

(CDR) - graf an% dle i ncl ud e CDR and/ or
anti gen- bi* h%]g OI‘%\,H?t B gEFtIS PW%\A@&%‘?& Sémal\leg ©BoTVSepti de of
the i nventhQfkiry. aNTatL@ﬂq%oJJcﬂEHf%HE§are%Bﬂedﬁﬂﬂé b1 BELreERALNE SnFERATH Pl Fitd) g

anti body domains that are immunospecific for the expression product of the

i dentifiedr n@@ﬂotgakﬁnge’dech axe negrblorcreste modnses fenserdenma®yi flx he art that

can identi.f m ca d,t i.nteract wi CR-11i ke
receptor. f@ﬁ@ﬁggggéf} € t ngézggmths i‘ﬁnfs%‘? pé??ir?f)%nnfz W‘%P%ng&org

i dentjisf yi @ﬂr%’%@o@ﬁlaﬁts@%rﬁfe%éan%%crNhﬁﬁ"al:j)? dﬂcﬂhb@.ﬁeé ichiat Peg&etide,
identifying specific neuropeptide |igands of a GPCR-1ike receptor. Assays

t hat measuope-ribosathal@eptiddsparel wciants inaf-ngoraby eadaTing thelteaf gt apPOeYi $98
t hat inhibit unfol di

| ud
denat ur at Porien 2o L) of e R REEL D r e compar sl ReipBORTE o hat bi na
to target ppsfes] dfzohéiostats afrforgintdcdthgdualid hd 4 AlttaRe. FTdlcbON®Eries 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 libraries 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 (including monoclonal and
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15 by ion spray mass spectroscopy/ HPLC nmet hods or ot her physical and

anal yti cal nethods, capillary electrophoresis assays and two-hybrid
assays. One@owsssk3 screening nethod to identify direct bindPamyusdéo/rexst
ligands to a target protein is described in U S. Patent No. 5,585, 277,

i ncorporated herein by reference. This nethod relies on the principle that
proteins generally exist as a mxture of folded 20 and unfol ded states, and
continually alternate between the two states. Wen a test ligand binds to
t he fol degolyelontlgmtihodias, gezleprhatredmibpdies chimpgrerantirediegst [ igand is a |igand

of the target. prot.ein t he t.arget protei | ecul e bound. by the |igand
renains i 'fﬁ?célog%l?bd%Dcfcélcaat"é‘.%oélﬁ% ,umt"ﬁlgeﬁﬁ S’I]tgjé)gpetsglpbné?n %n(r?'l(}j!’ glle% d o esent to
a greater c&xpRRentay d8mAHRSEBESn CEDR)-bRSked ahfigRne, WRihdiogouhlie tar get

protein, than in the absence of a ligand. Binding of the 25 l'igand to the
t ar get pr othedhringage G®Rdatddomantigen-bindmgyseauemhesd whidhcipedfisalhnigeoasines?  bet ween

targed - pPRRBIIeLd gy En el SR rufnPH sollueds Bl RRor mod.
Virtual |y ,/i6d9@etainsQRA RIS eeEpediOYortthd &phBkRdADréfuchot @8 iddntifiadd,
including, but not limted to, netals, polypeptides, proteins, |ipids,

pol ysacch&fi(Rebske poleynucl eoti des and smal|l organic 30 nol ecul es. -28 WO

01/ 38533 PCT/ USQQ 32225 Anot.her nethod for identifying li.gands of a target
orotern i o descri bed: MAMOGRLAGr Meknarh T waar hesedenibOdRERedsof ( 1687)

i ncor por at&pbaidgitkht Bind B8R 1R BGE: witl RGP ARARA QAR 0B CSIRANSs49 afi daku®r | al
libraries of 20-30 agents at a time in solution phase for binding to the
t ar getd pr darexampligenmsthpdsief idemitfying cadidate mpdulapyrs tlefcnibed kerggpariat ed from 5

other library c n b Lnpl e menhrane washi he ecificall

el ect ed UGS I BOST Hueabe e el on et Pl F OB e sRSRt AFdy

l'i ber at edtffz Righd?€ bindIedr iRfeRicBbMof @Mthboanad WaRGarbdt prblefasandudRsaiBitheal | y
assisted el ectrospray (1on spray) ionization mass spectroscopy. This

pr ocedur e ideatifictosnpaubdaithat imbriplomdeldmgwardhanatimatign efie tasget afdteing asgaysitbat t he
target protein, and i articularly useful, for, snall l.ecule libraries. 10
Aol Sttt et B ity Bkt S e SRy MR B oIELL oo ¢ 1
yeastyst wopDyhy 4p¢aysaﬁ§§ses$géli€o%s§|ﬂmd CndthSs @3 offer BhysicalNatd/irfilyt240néhodL 46

(1989), and Fields et al rends in CGenetics, 10:286-292 (1994), both of
whi ch ar ecambayptacabplibreheassays dng twefhgbadessaysThe t wo- hybrid systemis a

genellc aseay {or Uelcet g, LOLST SelbonschabiRen bhe RSl Ml 0o
Pagfarela(r:]t iogarﬁ.gé”ftp%t@ﬁtis d&crib8d FRDISNBRER: MO R8T idcBFIoPHESh&GEinttyGelerdiE. an
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 1n 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, polynucleotides and small organic

30 molecules.
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Variations on this nethodol ogy have been devel oped to cl one genes that
encode DNA binding proteins, to identify peptides that bind to a protein,
and to sween3fses drugs. The two-hybrid system exploits parus@wineisy of a
pair of interacting proteins to bring a transcription activation domain
into close proximty with a DNA binding domain that 20 binds to an upstream
activation sequence (UAS) of a reporter gene, and is generally perforned
in yeast. The assay requires the construction of two hybrid genes encodi ng
(1) a DNA-bi ndi ng doetienmehwd fpsideuislyhalizands ¢frastergst protdim 1sstederitzey! ian

activation.d | n fuse 0 a 5¢ in.. The 1 bi ndi ng .donai n
targets t legﬁgﬁt? ”ﬁy%‘P?‘dCbFrBt’g?ﬁ%ggﬂtGEL?f%,&gl%cfor?(ﬁgé@gﬁrﬂ'{'%-:DF%&erﬁ’éc;e' however ,
because Msts (BEHRM RicRErebRCONMINAELAMArARR oFQ0BONedd at diime PNv1RiiBpmge hybr i d
protein does not activate transcription of the reporter gene. The second

hybrid pr érdiimdingn thi tazgettpadtaig. tAgentschatband orihelangdt proteiarnoiephiatddt fsan f

activate xpr.ession of the repaorter .gene becau it dees, no i,nd the UAS.
Covevar . GIMERBGOAOMHE o RER PP aey BT MeseeiBr bR e |

interacti apQiuidsheatfald BlaiRAGnSIRE ANEr RE QhiReRentll BbBALR fidie tl%cthifgg‘éﬁﬁﬂo%i‘n domai n
to the UAS, activating transcription of the reporter gene. -29 WO 01/ 38533

PCT/ USOQ 32® 2miyded by tHRLG amtpricomattaltyssigedrRlecirkspray@epsry)iignigationown and

no ligands are known tgo .bind the gene .product, the yeast two- i.d assay

Can be syt eeetety iR pBeaiie Ras BrRacT B R HRbRE A M s cay t o
identify %&B@la’ﬂ%tb%&n?&ld&qsb&i@ulﬁ sefli f6€ sth&IE B Rule IMrafidsagnment t her eof ,

a fusion pol ynucleotide encoding both a GPCR-1ike 5 receptor or fragnent

(i. €0, a first protAdieratizely, chhdmgigianertivosraicrevalmgted endiegetly using the

ot el 1 aEtP By R0 FR 2l - BPucan2Ana 6L e 1\ he
assay. Typigay ézm,mﬁd%@aﬁtic@mmhmm%m%ﬂowhﬁﬁ%r@fncﬂ%wmenbers of

a total cDNA or genomic DNA fusion library, with each second protein
codi ng r ehem petefyerfoas dtie two-thibridsystanais ogendadradsay for detEhiing wyeraaions s

[ i bl t i d /ari et f . tei it i T . t
o Cho. Betren Yo B o e holypepriis aC el et i ety BraseaF B BREESS! U s
hi ghl)s  seRskh itpi/cffeiﬁ!%‘fl ift&Bstd&it 18 Cleliht CAGRAhOBSrefilics @NRA B al Ynt&h&tfIn.

met hods; even transient interactions may trigger transcription to produce
a st abl e MaNatiotsain thesmmdskododqmydtardbyert devebipad sxiclone ganes that brecode pi¥A er

protein. 15 ln addition, V\,gen th g -| i ke receptor or fr nt thereof is
nown to Db HEiTs FHSHUY RERGr GDIP SAUF S EVLEGIecE A CHES hyBr |
assay canpehyeedsistnfelfGits thadbiityPof M@dir bThRFCBRE pWitdils f iy Ndi ng
i nteraction. pression of the reporter gene is
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 1s generally
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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nonitored as different test agents are added to the system The presence of
an inhibitory agent, for exanple, results in lack of or reduction in a
reporter 0 gnads33 20 The candi date nodul ators identified bpctrisonizeis al
screens are evaluated for their effect on neuronuscular function using in
Vivo or ex vivo systens. A preferred evaluation nethod exposes the

candi date nodul ators to A suum neuronuscul ar strips and records
neuronuscul ar activity relative to control strips exposed to conpounds
other than the candVltatthe frvdupmebihe GrR{GR-likavesspiogiturénowoenepo Hedksds of

screening fqr 25 dul ators ar escrib in.the follow.n anpl.es, and
still ot hé‘fqu’(‘i’?’véletﬁ}%ﬁﬁ] tﬁ%tg?f&cfgogléf?’etﬁ%ﬁS?&Wd&%bq(ﬁasfwecag\rgte.Lgiﬂeﬁéapnéls‘%ect s and
advant age?r&éi_n& DRt PhESSNe rbdpRRL 1P Wshy tdi@entHP Pestsihe ot bipa@to & REIRIer ati on
of the following illustrative exanples.” Exanple 1 describes the cloning of

GPCR- | i ke like cepptor, oy fiEgmap] ther2ofp dudietesolsmucienidy shepdaig hdie a (F8IRNke| eot i de

ot unos LGERORE! TlTORE dno Bontarsiel i D SemiB s By L °°
receptor 338:¥0 aolgnlgg%ﬁﬁx%ep gﬂﬁﬁ@eﬁ@s?e%éh SXFYIBES @iffefdntiHcBSd ploxanphsed 4

descri bes antibodies to GPCR-li ke receptors; ample 5 provides a variety
of assays td an adiatiof gomadatcprodecedfandp@Renddkie thesaseqyt dryperatlyathe yecondd

Exanpl e 6 descr.i bes approaches to the identifi ion of capdidate GPCR-Iike
recept or sProtga lmopd%f@?}f ERCRY = Bﬁaaf'oé%tcg)ﬁ‘é gt OR8¢ Bg\{ﬁ 5t %cept or s.
5 Exanpl e b apiéicAkeddR 'rd-tbilﬁ%oﬁﬁlg?rg i8f Beinb fuded iR M8t SRR MBNE VOr npep
dat abase, containing all of the predicted protein sequences 10 encoded by

the GO el Ghanysigernionpylicabledo anvidheaesty plpfotesns, webit dhniierertngchssengl t he
Sanger Centre Web site (http:/ . sanger ..ac. uk/.Praj ects/ C el.egans/) .
Vor mpep - JapS ey br s s B SeGEH icy abliive ShES Rt "S0b0)
Thi s dat akgagicomtidhn detedk IntdBLHMHR eV ARE BORARS metitfels UslieR Graddiéntspl i ce
variants. C el egans genom c DNA sequences were accessed through ACEDB

(Rel ease WBSradtigiB)mayThiggddtaabaiptionie pwduse s stablemelRiNAritatreanibp uéngatedlyusi ng
prograns fromthe Wsconsin Package GCG prograns. B. Subcl oning of the
Codi ng Re&iaBﬂ]at\?iiéO?ﬂ t@?%?ﬁaﬁ?fd’fﬂé cul ar biol ogy techni ques were perforned

3‘3 hﬁel\%: |r ie Seg 'Sg . A?%ggﬁd)i tiior?,tw}ﬁh thd GHERLlikd¥eOdRGVrFrdgthelYPineyt arknBalte gy,
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 A. 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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20 Based on the database anal yses descri bed above, 22 candi date GPCR-1i ke
receptor genes were chosen for PCR anplification. The sequences of priners
used for WRORI/3888pl i fication are provided in SEQ | D NOS: 4FeT/®S00RCRpri mers
were designed to incorporate an optimzed translation initiation sequence
(Kozak et al., Nucl. Acids Res. 15(20):8125-8148 (1987)) around the
initiator nethionine codon and to incorporate a 25 unique restriction site
at the 3' end for subsequent |inearization of the PCR-anplified fragnents.
The Expandfivesdiaprstilieks ExaypRCRIGysbesranti Bobips orfgRER Nikenpesprargdigmple 5

| ndi anapolis, IN), .including a.m xtur f Ta . DNA pol.yner.ases, was
used for pf%édeﬁéﬁagﬁtﬁfé)lfiaﬁsé%g?'dﬁgg&,{’?oﬁﬁﬂ\%F ﬁﬁg?&gﬁ'm’i\%ﬁc?ptg'&ﬁk'aﬁeggaz. 6
Units of eRZMpR dWescrikesdBbioacift AR fichorbRhibte. GROR- 1 @éceped)
standard dNTP, 1X Expand HF 30 buffer with 15 nM Mgd 2, 300 nM of each
priner, amsiwglllas (remborong anet dlayactddizaig)n off sugh r@epteB. 01/ 38533 PCT/ USOQ' 32225
DNA tenpl ate preparation, described bel ow. DNA tenplate preparations were
t he roducts of a first-strand cDNA synthesis reaction (heat-inactivated
after conpletion) catalyzed by SupqngaidiPy reverse transcriptase

(@ BCO BRL, Gaithersburg, MD) with random hexamers to prine the synthesis
usi ng a pdesngof GPCR-Liike Receptorsl egans RNA as 5 tenplate. PCR
anplifications _were erfgr med in a Perkin-El nmer 9600 thernocycler using
the foll mﬁi-ng Q&F@ﬁﬁ%&ﬁ% 2 mnutes at 94C, 30 cycles of 15 seconds at 94C,

30 seconds at 50C, T3cfWoMiRD d%iabzggéorﬁﬂﬂing allioT@the pregRalr&Binakquitesf or 7
m nutes. PCR products were el ectrophoresed through 0.8% agar ose/ TAE gel s

and Vilsualnoeldd by ithegC. adeduing igemni, ondddi. thes sidjssi WasebtPaR! growhdhe wer e

cl oned using t .1.TA-tailed vectors Stratagene, la,Jolla CA). PCR
bt oduct s watee CePE ST RL G e e BT i Rned NPT Aqui ck
colums (QRERAL13 Y8h 08} Mrodgh)23 %Q%H@@%Eﬁ@&x{ O0G0)VIHR dafBiktQbmBEs i n
accordance wth the recormmendati ons of the supplier (Stratagene). Ligation

react i ons 19@8@protcamsfqoenves imakading=388csplice RiBats c Grplegent gevemicsDNAD pl at ed on
LB 15 pl ates contai ni ng 5-brono-4- - 3-1 |, ( 35 |.act opyr anosi de
(X-gal). Wﬂ%éceséﬁrﬁﬁ?"g?eﬁ\g}r@g@? g&&@@ﬁﬁe]?ﬁ‘é eézéng%‘gﬁﬁqﬁé%ge‘ﬁ%g of the
appr oy i algySiedSnil RERIPulR¥d Bsin PRITRING Rm M WiRioRRn Pk IR @@t lrpmgrﬁﬁp.c edure
(Qagen). To facilitate subsequent” expression studies, all cloned
receptors were subcloned into the mammal i an expression vector, pCR3.1
(Strat age&e). % Jjots of vector and each GPCR-like 20
recept or ¢l one=w»e L H Bst XI (cl ones CEGPCRIa, CEGPCRIf;

each Standard molecular biology techniques were performed as described in

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

20 Based on the database analyses described above, 22 candidate 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 ef 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 (Boehringer-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 uM 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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show ng sone sequence simlarity to Wornpep AC7.1) or EcoRl (clones CEGPCR3
(Wor npep C1QOC6. 2), CEGPCR7 (Wornpep C39E6.6), CEGPCR8 (Wrnpep C50F7.1),
CEGPCR9 W@énnpsaps C56G3. 1), CEGPCR12h and CEGPCR12u (each PORVSONB2325TE
sequence simlarity to Wrnpep F41E7.3), CEGPCR13 (having sone 25 seqguence
simlarity to Wornpep TO5A1.1), and CEGPCR15 (Wornpep C49A9.7)).
Restriction endonucl eases were purchased from New Engl and Bi ol abs (Beverly,
MA) and were used according to the manufacturer's instructions. Follow ng
di gest i on DNAéemplptggagpavationodesanbed tedovGPORA fekwl3te pegpatitioseyaeibes wer e

i sol ated from 1%.TAE agar 9s gel s and rified. usin Aqui ck agel
extract i oﬁ“lé’i"ftseéai‘g%tff’%a“@?@% W%r}eélgéﬂ%g%hb% g agﬁvag%cf?tgrrﬁeﬁp%%g Yac for 16
hours and .gaRbai eGupePSoritl réiRedeQfanRMtast QQIBCO BIOR- GaikRrsbdzs, WD PHtB8533
PCT/ USCO §22§,5 ilﬂ}ge‘#t DI\rIrAFgénd I ljl;lllgt%TaA? | i gase (Bloerrwi ﬁgger pI\/‘éznnhei n.

Pl asni ds werdem hpxepargde ednierthEsyrdldsis usingai prepimaon efietnl Cs elegars RMan@s

ified i ) .col. . Subcl ) i tifi d i
Pl entat Sl FRGERP G HEET prret i Snnn o i RO CheBR B o
CEGPCRI a agd m%%g(c%ﬁ@tﬂo@s:'@inultes%’ﬂdél@BO e b s sokdGRORSC aynd
CEGPCR8, (SEO 1D NOS: 43 and 27) Aval: CEGPCR7. (SEQ 1D NO 25) BarHi;

CEGPCRI 3, s¢@®EG 4tDORICy 2 Blinkenat] 10PE) ardl 4 final GRGPERIN at 70SE@1 Dmimes3)PCR
BanmHUBgI Tl ; and CECGP CEGPCR12h CEGP , (SEQ I.D NOS; .29, 7 and
5) xbal . PR HTE CISrRharsE e Bt AL %Si%%ﬁ%?u"ééa‘h%%%s DNA
from pCR2 ¢thidigmUrbinfient pl asm ds contai ning the expected insert size were
sequenced using BigDye dye term nator chem stry (PE Applied Bi osystens,
Fosteld City, CA) onAmmpliRid BX7R paduotsarteseiciDhl waeg b pbR2. Chpladedvestitiences

Compar od (SGHFSREE: oo ekt EHRGEhE Rk R e PR Bt e B Eaen of
the 22 putpaﬁhy&usigéﬁqﬁﬁimcélﬁﬁﬁmgﬁgsﬂ,mc@p@@@r e6hbolidn ¢eRtidhwére

full -1 ength codi ng region, althoug sone of the encoded GPCR-1i ke receptor
sequences pedointtdiotactsedansaiithntbd recominzenidaigong of dhepupplier (Strplogenedl i n t he

T B L LRTES ST B R Ly G
oS O 48 D3 onto % ol ot 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 mammalian expression
vector, pCR3.1 (Stratagene). Two microgram aliquots of vector and each GPCR-like
20 receptor clone were digested using either BstXI (clones CEGPCR1a, CEGPCRI1f; each
showing some sequence similarity to Wormpep AC7.1) or EcoRI (clones CEGPCR3
(Wormpep C10C6.2), CEGPCR7 (Wormpep C39E6.6), CEGPCRS8 (Wormpep
C50F7.1), CEGPCR9 (Wormpep C56G3.1), CEGPCR12h and CEGPCR12u (each
having some sequence similarity to Wormpep F41E7.3), CEGPCR13 (having some
25 sequence similarity to Wormpep TO5A1.1), and CEGPCR15 (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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CEGPCR6, CEGPCR10, CEGPCRI 1, CEGPCR19 and CEGPCR20 are not known to have
sequences found in the Wrnpep database. 25 Al 22 of the cloned GPCR-1i ke
recept or ve@quassses exhi bited the structural characteristPCHUSH0/IBPBRS. Each
codi ng regi on encoded seven hydrophobic stretches of am no acids
consistent wth transnenbrane domains, the characteristic N term nal
extracel lular domain, C-termnal cytoplasm c domain and both extracel |l ul ar

and intracellular |oops. Table 6 |lists the endpoints of all seven
t r ansmenbimasié Ddbhrandd Umt BODaHE hgase (Bachrmzeigdamheine Plageissrese | n

identifying th rans ra onai ns,,. - 33 01/ 38533 RCT/ 132225

nor eover, p%qggq‘igc{ er 'C%glrmg%;]ﬁgg%{rﬁm 1§?latcf§r?3¥\§§”é?(gusé?$ %@t’? egl%g%lnalént ified
(the stargusfloddd8ver@cARA&FATY iRQGGIGRtion deh®mSdeanty redtriéthd dnldbsiclease
transnmenbrane domain), the three extracellular |oop domains (the end of

2TM t 0 t hanadysay as foflo@TNEGREReénanbEEGPURIS (BEQ IDsNESt 1 gnd 8 inHl; t he end

Cht racel | GESPGDHRaPRES (SREBENE s Rt Bl SRR pe end o
3TMto t hﬁlo:ﬁ)aﬁcbq@ft;) FﬁMC@% éSB@ BNGOaR) BIMIY g itdne, stePtrof, (SEMID

respectively, ‘in Table 6), the Ctermnal intracellular domain (the
end of 7TNQ:3) BireH¥Rd/Thfand RECRGRH CHGRLCR BYuandcel GPTRBPw (BEQODINO20 25 30

35 SINTM TVBT TMBTMZ
st art endr g%d%"tdaér\{tn%’%startendstartendstartendstartend

CEGPCRI a4771109121142161181213233262282298321
CEGPCRI f4771P109121142161181213233277297313336
CEGPQUR242661041161371581782042243203408%1824

CEGPCR3265088100 1 96216252272285308
CEGPCR428gﬁ'éﬁ‘/éth‘éﬂ%@g‘%é%éﬁ&“éé% 18285%16 C
EGPCR54064761021141 9647 R23 gmgﬁﬁggﬁg&ids containing the expected insert

CEGPCR61236487485106126146178198229249263 _ _
size were sequenced using BigDye dye terminator chemistry (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, CEGPCR12c, CEGPCR12h, CEGPCR12u, CEGPCR12yv,
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 characteristics 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 extracellular 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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CEGPCR727516389101122141161192212278298322345
CEGPCR830546692104125146166194214244264283306

CEGPCRI5 WG 87156531 25146167187239259330350368391 PCT/US00/32225
CEGPCRI | 2549618799120139159189209246266286309
CEGPCR12¢386274100112133157177207227255275291314

CEGPCRI 2b386274100112133157177207227255275291314

CEGPCRI 2u386274100112133157177207227255275291314

CEGPCRI 2v 3860741, 0le N 2 e3@inslexacd ippy Aosnppspeeffacsively identified (the start of the

CecPart 430845614 O8RS IS ER 50 £ B g Branc domain. the thee

CEGPCRI 5623622114 Rob2A6MAafE e nd 95 28HBOIRE 43ASICTM, the end of 4TM to the
EGPCRI 629536591103124143163193213250270287310

CEGPCRI 736807298 M@ng theourg 2302 fothe spoudeddarespectively, in Table 6), the three

CEGPCR10. TABBOUATIETA 01811706095 ROHRIAT S 49745 7TM: the end of STM to the

CEGPCR19. 206879214 843 odnkiiitE902 2334 8@ F B2 4dépkctively, in Table 6), and the
CEGPCR20446879105117138159179215235283303323346

CEGPCR2| 7 €1@0nal 38ascilira Hogrig®aoaead 7634 63%R 394 ofthepaino acid sequence).
R22557995121132153173193233253279299319342
CEGPCR2321456490101122142162203223249269287310 CEGPC
R24a517587113128149170189223243279299%3:41889

CEGP 4h517587113128149170189223243279299316339 40 \Were "SI N' rpf ers to
L ot b I s T M L TMa T TS~ TS
SEQ I'D NOB. EXanphe 8o Restifhimeant presSianr ot Poeh- feafearnt ons
Reconbi nantespRRR3 [ Tdl onéSsiencedl ng [1mviend eprat es@GPER [ k¢ :egcepfloryr 45
were transfisetilg !l #elg il 8+ o 21TV WA AT et omaltedbresdioh was
_ PERPF ST B s T 7 AT PGS T B REHE TS TH P, TEAPTESS O
achi eved [USPRY @ tegnpel atur es JNios 1| imNjCUHdAl (s Pl ¢k | blag HW Kis cel | s
LESERSt |32 53 4 & B pPildi% idd lat B Bher'® of2 50250l a29%], 316
Wer e ul t pEeltat 37Cn—d-hdfi diHhdd-atHesherE -0 2592000 Phas ahr—HR—DVEM
nmedi um sSuppicERENTE0 [Wed T &0%0 74 Nead [T iFkaCtids VALEN Hsel ak [DOVINe [Sef UM d . €. ,
FBS), 10 QLiECRyent @i & 63;mr¥9(' e BANADD 1 1285212 | BT/ 12800 2R A2 2%5
! YCEGPCRE "] 36 1 54,17 66 704 | 125 | 146 | 166 1,194 |,214 | 244, | 264 |. 283 |, . 306
nonesxent I'dicra@T NMOsACHOS £70 913 EpEgn EtE DVEM BET RO AUt aid T3, 1 or
CEGPCRI11 25 49 61 87 99 120 139 159 189 209 246 266 286 309
CEGPCR12¢ 38 62 74 100 112 133 157 177 207 227 255 275 291 314
CEGPCRI12h 38 62 74 100 112 133 157 177 207 227 255 275 291 314
CEGPCR12u 38 62 74 100 112 133 157 177 207 227 255 275 291 314
25 CEGPCRI12v 38 62 74 100 - 112 133 157 177 207 227 255 275 291 314
CEGPCR13 27 51 63 89 101 122 141 161 190 210 276 296 320 343
CEGPCR14 30 54 65 91 103 124 143 163 198 218 254 274 299 322
CEGPCRI5 62 86 98 124 136 157 176 196 235 255 285 305 321 344
CEGPCR16 29 53 65 91 103 124 143 163 193 213 250 270 287 310
30 CEGPCRI17 36 60 72 98 110 131 150 170 220 240 274 294 306 329
CEGPCR18a 10 34 46 72 84 105 126 146 185 205 282 302 320 343
CEGPCR19.1 56 80 92 118 130 151 170 190 228 248 287 307 324 347
CEGPCR19.2 56 80 92 118 130 151 170 190 228 248 287 307 324 347
CEGPCR20 44 68 79 105 117 138 159 179 215 235 283 303 323 346
35 CEGPCR2I 76 | 100 | 112 | 138 | 150 | 172 | 193 | 213 | 249 | 269 | 336 | 356 | 373 396
CEGPCR22 55 79 95 121 132 153 173 193 233 253 279 299 319 342
CEGPCR23 21 45 64 90 101 122 142 162 203 223 249 269 287 310
CEGPCR24a 51 75 87 113 128 149 170 189 223 243 279 299 316 339
CEGPCR24b 51 75 87 113 128 149 170 189 223 243 279 299 316 339

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-K1 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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i ncubations at tenperatures |ower than 37C, the nmediumwas fortified with
10 MM HEPES (pH 7.4). Cells were transfected with reconbi nant pCR3. 1

cl ones combai/siseyy GPCR-11i ke receptor DNAs, using Lipof ecP@&MUBIED/R2IISTM
essentially according to the 5 manufacturer's instructions. Briefly, CHOKI
cells were plated on 10 cmsterile tissue culture dishes (Corning 4d ass
Wor ks, Corning, NY) and were incubated until the plates showed about

50- 60% conf | uent Prowt h. In separate plastic tubes, PLUS (20 I|/plate; Life
Technol oginesgssemig] aedcids L gFs campiitaPMBY! mediwibiAiditonsllashi d DNA in

ti MEM (5 l ate:. G bco/ B - Life -Technol ogi es 1. nd ~ ncubat ed at
o 10" iR G iR T a3 7EE P Ry QT Hos SBES AR RELCF oF 2L
was m xed REES (p8 7.8). MCeMiveEMndfdtca dd 80ret & binentCR T D BRhex&mhtHNAL PLUS

m xture and incubated at roomtenperature for 15 mnutes. The culture
medi um wa$RGRAike egsepioeBNAs hsine rlupe feetdd VB REPSCEY icasentialdy aner(dbheEw| the

m/plate). Th : PLUS- Li pot.ect. Al onpl ex hen,added..t o the pl ates
(1.5 %(pﬂ%&“éfa‘?%%‘ %*84“8,‘ %}fg?h?/%/‘#ggf’ﬁgc Sdﬁvifﬁ]%%i%o‘}g‘??%&é”%@ssé'es hour

i ncubat i oRyRfre Aldhed (CRIMER assAVoRI Sofni® N YHRA R UMAS shppheprrRied W th
conpl et e DVEM medi um confai ni ng 20% FBS (6.5 ni/ plate) and incubation was

cont i nued shewg7®ouh> G BeRnfin¢nterovatht dn a¢paite plastiotubes, BLUSACO indpbes; CO2,

t he medi um. epl aced with co t medi.um fortif.i ith 10 nmv
e o U e LRSS Sl PR RN SIS ABRAMD 10 T,
28-30C i n GRivebyB G fihedcacansaher fe %clﬁ%c@%?,irﬂix@@i Bnd TREbAEEMABEMON
continued for an additional 24 hours, typically at the |ower tenperature
i ndi cldt ed tethparatureXopl asriwes n¥apdiate)y,d&ripetact AMING 69odmlatpy wesinrkediwith | GFP,
4 g/ pl ate)

estimate tohagﬁ‘?q Qﬁ@?‘&@? ira?)‘i 5@{%@:@ Qgeﬁ?ﬁi E?%%&gi @h@g/ghﬂ]& I%’F‘%‘fg 3 é?ﬁ lggﬁgﬁ?or

GPCR- | i ke af RioaPlRipeRAlrY MetCl s8R tiueas The 2uilete AERINEH wa RS EHIaked WHRITDr anes wer e
prepared fromtransfected CHO Kl cells. Transfected cells were washed once

Wit h i ce- cetuth-Be¢ asfestion predsn DMENIUT fdiplade)s dlhe AN APLA)S-LRRGICIABIINE per

10 | at d t | d, i 5. of  th buffer. Cell
susponai onepfrrandfet ot i BeSURLAD Byl i Brneaenty T Emetbg 00 oy
for 1y m rib'ﬂ&i‘ecﬂ;ydff@go%ﬁ%%{ibn REloetinWas COSC ARHil ikl elle nitdigBwagl d TEE (25

30 MM Tris, pH 7.4, A, 5 mM EDTA). Conveni ent aliquots were
snap- f r ozenpplementedwith cnimptasgPMEMdnediomednining 8¢ TS @S mialitaigndt he

cel s ver s Mormgenized ang ;35.46 0) 36530, T LSonts2as eyt uge o
CO,, the medium was replaced with complete DMEM medium fortified with 10 mM
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
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 Tris, pH 7.4, 5 mM EGTA, 5 mM EDTA). Convenient aliquots were snap-frozen in

liquid nitrogen and stored at -70°C. After thawing, the cells were homogenized and
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supernatant was centrifuged at 47,000 x g for 30 mnutes at 4C. The
menbrane pellet was washed once with TEE, resuspended in 20 mM HEPES, pH
7.4, 100wdoMes3B3 10 M Mg 2, 1 nM EDTA (assay buffer), pdi/gseodzetsed i nto
aliquots of 0.5-1.0 mM, and 5 frozen in liquid nitrogen. Menbrane aliquots
were stored at -70C. Menbrane protein concentration was determ ned using
the BCA Protein Assay Reagent from Pierce (Rockford, Illinois), wth
bovine serum al bumn (i.e., BSA) as a standard. Expression of the

r econbi naKentGRERd pi K ¥ gderpt Bririgin 436 sepeked nudpirgdambrakse celbn-Bes ed
35S] GTPyS ass whi ch .i.s de hhed i eat er tai kol | , 10
botone 1| 5 SGeTam N tER AT 0TS &0 B I SRR £3°¢, Tk DR T

t enper at ukgs heghddorzt @il TERNtsuspETdease30 M GEIPES, 3 e 4GPERmIM kaCtLaoept or
activity. Mre specifically, a controlled study of three cloned GPCR-1i ke
receptors ,mME”@E@ﬁ?J N e (assaadeiifey), distiberdreealigestioh 0 hg ndomid sequence

simlarity to Wornpep. F41E7 and.. GPCR7 r P .0 -

_dem)ngt ra&r_é)ée'f ﬁlgfql?(ﬁgltrtogﬂbe 5%@?%“%31685%? G srtér\sé\gla% ?Sﬁ%@%r?%en?rfo feé%nt

i ncreases chfcehiti M PELESRInd BRI Sthe B brdidih @8 siERERERN Bom Pi@cSTPYS assay
described in Exanpl e 5F was al so used to screen for neuropeptide (including

FaRP) | i ¢Beddoddi Hiihgig), vathibeymetsetwnnalbuePCRel, B )r escepaisiasd. The results are

presented in Tables_ 8-13, bel,ow, i.ch i i GPCR-1i ke receptors
bi nding to one or m?ixgreﬁ@ﬁ?8@@}?{?@%%%}W!ﬁ’%fecﬂgg%snvﬁ%s,as Ejif‘ﬁ“}gea
recept or s fichighbasdd]* SEUTPPS RisaglaviitiganiscrivaviingredRr 8paiiid Eesmplersyct ur es,

t he sources of those particular |igands, and EC50 (nM values. As shown in
t he tldbl edelosudh genggalnths past-sansteetion fdagtiorom igRdRIRS tengraror4ed TEGPCRS,

CEGPCR7, CEGRCR12. CEGPCR12 . GPCR12v, GPCR CEGPCR19. 1,
and CEGPCREY! f,antalﬁﬁregsf?sflhg? 6‘23 1%@@%&%&’38{ By %\P/{a\yfe%% Bé%er?%i%c?g*ﬁ fied as

neur opept icggirdlfzalkidy T eRpé lofied &P CREFIRGRBS:pt 6 EBHCREEGRpep CECEER),2C and
CEGPCR16 were not detectably activated by their nmatched |i gands,

GNSFL RFami@GR Sk d (BxINGit g some pBypRkAsiRFariyde W SEQeply4E78))and
ASEDALFGT I 6 P BEEP I 50 6)y Jymonbiasa e o R e see o st B e

prepayed [ DMGa] insrehdcd Ms RGBS 1301 TRLN tRtHRAcmbrs3 The GTPEPMsEAST, a
tenperature shift to 28C 24 hours after transfection resulted in

si gni f i canescsibedrinl Bxanopie 6F wasgénodispththusseasn [faosucmRrpSihiindidigs FaBB) WD

,([) E-{aﬁSfS ggt ﬁlggé&gjmﬁ%lgé glflg%zﬁebtrg{g G‘i’%ﬁﬁligg retcct,]f)atorcsl.E q:l;%?gs:u‘l&t‘ls:%res rgé[e%{g'd i %jatles
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, CEGPCR12¢c, CEGPCR12h, CEGPCR12u, CEGPCR12v, CEGPCRI16,
CEGPCR19.1, and CEGPCR19.2, and on that basis these receptors have been identified
as neuropeptide (FaRP) receptors.

25 CEGPCR3, CEGPCR4, CEGPCRS, CEGPCR12c and CEGPCR16 were
not detectably activated by their matched ligands, GNSFLRFamide (SEQ ID NO:88),
PDVDHVFLRFamide (SEQ ID NO:94), GLGPRPLRFamide (SEQ ID NO:86),
PDVDHVFLRFamide (SEQ ID NO: 94), and ASEDALFGTMRFamide (SEQ 1D 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 after transfection

resulted in significant stimulation of ligand-induced [**S]GTPyS binding.
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tenperature (37C) incubations were perforned three tinmes. No stinulation of
the GLGPRPLRFam de (AF9)-induced [35S] GTPyS bi ndi ng was detected in two of
these ewpevi/sssats while in the third one, a 1.4 fold el evaredoy2353] GTPyS
bi ndi ng was recorded. 5 The extent of this stinulation was, however,
considerably smaller than the stinmulation in activity achieved by using
the cooling (28C) protocol (2.6 fold elevation in activity). Thus, the
tenmperature downshift was inportant for the functional expression of C

el egans GPCRs expr edst¢ dase oretherRECRE RIeAFE systemceht trastectignsend sgapttides of

the human, D2 rec control to its |i d, .dopani ne, re t sane
regardl es éenaﬁer‘”ttﬂrg?? %g‘;?s‘f‘%@{agl%s oA 4 ér?%]&‘%ﬁﬂ[f’g &g Sl\/trﬁoeg%l\ﬁ?tlonnooglﬁe

t enper at U GeDEgRMidE & BPLRHuAAl PYiGYPYEBBindRiarisaitiashann thbef theg r ecept or
control was exposed to a nunber of neuropeptides, including FaRPs,

i ndi cat i ngxpevatentshehitlembe dtiut ercde perfabitle@rd 1S]GEPY & baing wascrerarded: was
specific the clpned receptors. Al invertebrate CGPCR-]ike receptors,
i ncl udi ngtrgﬁ(%t ntr%tjéglﬁtsgP@?q%d’gﬁ‘ﬁSf l?oevﬁeveﬁgop%d@fgtayén%}lerat@ Q‘g rsgngEaglogé%i nst
the inver bahrigtLhResd BPEAhKE HR00liRE(288E NEofRBY (FARIS cleldtionl i a6EBGL ed t hat
each one of the invertebrate GPCR-Ti ke receptors will be activated by one

or nore ndhnepepegpesitwt doweshiftass inpettandiferghE ARRE onal skprgsaen elsGay

di scl osed | le 5, h the GT. . .20 Exanpl Ant i bodi
Lo GPOR. LFEE B PP S P AR el Rean ap s RO ySho L e glfie pipan "o o
pol ycl onalpatcdpiieehRBRl itsag;tah&%b%irkpwm&h@&% T kiR ds8 6 £DE Aafisfe@itsh L O

|

generate useful antigen-binding fragnments thereof or variants thereof.
Such Igr ot pud®! vsed. beorearendio ttmperriasrderendent r&epinr dokvist wandeggcted whitrecul ar

Cl oni ng: t . S Edi t.i Col d i b Ne

Vork: "ol oy HSER BUR A5 FIRGrY RTINS Lar TSRt e HE) SRR  bod es
A Labor aggfidatiNeivalhe €RIperaRREdBSendBAPPCR AR radePior actAtytwaRipesific atHeor ,  NY
(1988). I n one enbodi nent, reconbi nant GPCR-1i ke pol ypeptides (or cells or

cel | menbchlmedreceptntsai ni ng such pol ypeptides) are used as antigens to
generate the antibodj.es. | n 30 _enbodi nent.. one or re.peptides
havi ng anino acid s%ﬁ‘é’ﬁ%@’@Sﬁ@gﬁaﬁ?ﬁp?ﬁs’ H}?puq‘?ﬁﬁ?ﬂ%egrgﬁ%’gorﬁé(%flghﬁ&iof a
GPCR-14 ke if e08P%04re EreBnod daint th8 inv%rtgﬂr@t’e nkdropéptidebSinciiftingkPanylaRPs31t VO

01/ 38533 PCT/ USCO 32225 17,” 18, 19, 20, or nore am no acids) are used as
anti gen. Repipeced thab eachspenditmginvatebestt GRER-likd wacepsorstwibirhs agfivagriomy | i ke

receptors, especially hydrophilic extracellular . . .
P one of more neu¥0pe\]§t1despo'}ltﬂle glass mclu&ng IFaf{ﬁs, using an assay disclosed in

Example 5, such as the GTPyS assay.

20 Example 4
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,

-37-



portions, are preferred. The antigen may be m xed wth an adjuvant or

| inked to a hapten to increase antibody production. Polyclonal and
nonocl onavo ansssbkodi es, chineric (e.g., 5 hunmanized) anti bonDsa&y3222sagnent s
of antibodies, and all other forns of antibody nolecules disclosed herein
are referred to collectively as anti body products. A Polyclonal or

Monocl onal Anti bodi es As one exenplary protocol, a reconbi nant GPCR-1i ke
pol ypeptide or a 10 synthetic fragnment thereof is used to inmunize a nouse
f or gener &7i &n |Bf2Gronowroamaino aguls) de dekas antigkar Brptidespgareesponslijhtoas a

rabbit, for _palyclonal anti i,es). To increa ntigenici eptides are
conj ugat ea“{%e%%%? 1011%/?];;(2? 8%29@55}7%8?%?’(%’%@@)‘1@? hg'rc%xgraééqugﬁt he .
nmanuf act upgitiofs, € prerendatiine At gdnQhay@he mibtdd with AMABEEn08s liiked te8thagen S
emulsified wth Freund' s Conplete Adjuvant and injected subcutaneously. At
i nt er val stoincteags andibody prodeetione dledyclenddipnd meadclenal guidhosiass chgpere (4-&e
receptor antigen,are enulsified wi.th., Ereund s, | cqnglet Adj wvant and
injecéeq gﬂ%&%@%ﬂé@ﬁg?@gi;?gWFWP8f?ﬂ£”Pﬁﬁa‘“B%B?Bg}o P%?§%¥$é3, a serum
sanpl e i s plodeRtsidh RBstd Berk MO tF@E I CB1180H cBSSANBBodMprdskern bl ot to
confirmthe presence of antibodies that inmnoreact with a GPCR-1i ke

pol ypeptide. Serumfromthe imunized animals may be used as a pol ycl onal

antisera or used toP2 | so] at ohgc na nti bodi es that recognize a
GPCR- | i ke recegtor. RS RPe& are sacrificed and their

spl eens are renpved fQhe3RB8HREY $1OtRb1, AREREA AR GPEAR-1iROFHI19eptilie cganer at e
nonocl onal anti bodies, the spleens are placed in 10 Ml serumfree RPM

1640,10and swithgjlcefragmidnt thesged isised ¢o ammufige aeepusy faggenefitin efieorgsiaehs in 25
erumfree RPM 164 | emented with.2.nM L-gl ufanmne, 1 A sodi um

oyr Uvat o STGUISPL B9 TRRHTE: TR s & sohpia 68 ryseong] ARbPErpe T rRRR

(G beco, Capadaloity] p&tiees hre c%ﬁ%@ﬁ@éi&ﬂéy@l@L%bétﬂ&%c%ﬂﬁn‘(‘Bi%ﬂ:@}j, abdording

centrifugation and resuspended in serumfree RPM. ynocytes taken from
t hr ee nai tethBandnufactireds raeanperdioes] For an igitial ingactipmriheantiggnds eseldified a

Feed L = NS- | ells, t.in | h in.RPM . with 10% 30
(FBS. ( hy crafiiF et Crgp PR Sivest and Glitoied wibSeRetias, il adetapdsPodd o
fusi op, afifee GEAL hddigsithl ﬁﬁ%o%ﬂ@mﬁﬂi%éﬁgéeptdr%ﬁti £ L38RARIRETH USOD 32225

To produce hybridoma fusions, spleen ce romthe i munized mce are
conmbi ned WraundNScongdéte Adandntantinjetiedsdbcusardondly Bugrdo ke Gnal bogstas pi r at ed.

2-28%? ielnl 7t ch!'\t/{o%f a isesrul(lei ssalm?)ijegi%gakgx f}o?lpﬁlier}gmguql?ze%untl)i%é asd' gssgyemby%es?fzr% bFl)o G 1500
to confirm the presence of antibodies that immunoreact with a GPCR-like polypeptide.
Serum from the immunized animals may be used as a polyclonal 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
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/ml penicillin, and 100 pg/ml 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 in 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, are

centrifuged and washed as well.

- 38 -



HEPES, pH 8.0) (Boehringer-Mannheim is stirred into the pellet, followed
by the 5 addition of serumfree RPM . Thereafter, the cells are centrifuged
and resuspendssi3in RPM containing 15% FBS, 100 M sodi unraypecteareisi ne, 0.4
M am nopterin, 16 M thym dine (HAT) (G bco), 25 Units/m 1L-6
(Boehringer-Mannheim and 1.5 x 10' thynocytes/m and plated into 10
Corning flat-bottom 96-well tissue culture plates (Corning, Com ng New
York). 10 On days 2, 4, and 6 after the fusion, 100 | of nmediumis renoved
from the wells of tTherddist brbriloataclysigng splesh selisdrein the npBYHZefBicGHe On day
8, the fusions are reened , ting far ft. e nouse
"G that - BPRADed T EEORET R B, sh OB i S B ERE IR Bl e are
further change diylodiddsy t@ﬁbiﬂ%tﬂd tub® BA¢ b oRiadf 37eCIPEE BXHONE0RUGI73GnM
anti-GPCR-1ike receptor antibodies are obtained. 15 B. GPCR-like

Recept or - RERESapHA. Og BaghningstMaanheisvhiPsiars iniosthe agilet.dpitmyed Rethe

recept.or - ral } zi td-hogdi ted by.ph i_spl t.echni
Guch de + AGUEOSRLERPHARMIME, iR SRS R e N PR SR g T o5 T °
(1997); Heegerbaamind | BEEES, 100 u82sofurh 198 antiane oRpERr arghopterin, @4ENM. 20

] i
Qpi n. Biotechnol., 8:503-508 (1597), al | "of which are incorporated by
r ef er encethyRodine xHAy) €Giban), 26 diytsinalriLab(Bochaggardanmhetieantddr ik d0° Fab

fragnments or |inpk si,ngl e, .chaj Fv f nt s,are,f.used to the am no
ter ot nus. ey GvE Bt AL B I Cemina SR HEREP S R e RS Cel Berle SN OF ¢ e
fusion proténhgatdrmifEREROrgk).on thereof into the mature phage coat

results in phage particles that present an anti body on their surface and
cont didn the 25 geneQncdaya?et.iandl 6aficothedusiomd 0Amt pboggiunnsperagecd frgrpar y

conprising su nstructs is expressed i.n bacteri n he.library is
scr eened rw%g(ﬂ%?]i‘? {%'élopépiaéﬁsta&d-r 1@8%%%1*‘?“ hﬁﬂ“arblgélﬁﬁ]t ?%%g‘?yggstﬂﬁesfuﬁlﬁg gﬁ%l ed or
I mobi |1 Zgge&REBYIRIKSAL RSB PF tiRréfrhé ISMMPIRIEG tBA binds FPCRACK ke
Receptor-Neutral i zing Antibodies from Transgenic Aninals GPCR-Iike

r ecept or - resaptonpolzpengidanSeloetad &ssicns argybmdienelened by dilwios gat] moaeglordls, such
as mce, essentially as d I bed in Bruggeman . .al., I mmunol. Today -39
WO 01/ 3855‘31%%@@%6%7‘%?‘5??%#(5% ?@iﬁt@rf"ﬁ%@g& a%?nog’aaé?e(?ggenann et al., Carr.
Opi n.1sBi ot echnol . 8:455-58 (1997). Transgenic mce carrying V-gene
segnents in germine configuration, and e pre_ssidng the transgenes in their

| ynphoi d tissu8;, ar &@HGRn

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, TIBTECH, 15:62-70 (1997); and Rader et al., Curr.

20 Opin. Biotechnol., 8:503-508 (1997), all of which are incorporated by reference. For
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 is
expressed in bacteria, and the library 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

animals, such as mice, essentially as described in Bruggemann et al., Immunol. Today
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conposition using conventional imrunization protocols. Hybridonmas are
generated 5 fromB cells of the immunized m ce using conventional protocols
and screaved1/ss333 i dentify hybridomas secreting anti- GPCR- PCR@ESoe2215t OF

anti bodies (e.g., as described above). Exanple 5 10 Assays to ldentify
Modul at ors of GPCR-Li ke Receptor Activity Two general approaches exist for
the di scovery of novel conpounds that are binding partners for receptors,
especially GPCRs. Each of the general approaches is conpatible with high

t hr oughput! 762 B8&R17 H§096) aed Brugesmnanp et § 1 i zap@c/mcé.?gﬁ%as (¥ hats for
identifyi | i gands_ and ot her binding partners of -GPCR-1i ke [ or 15

pol ypepti %@Sg%u%ﬂméescaﬁé’m 'th\)esseG’f“eg%sclgSf o maecctoln\t;lg?r% Oq’haggf f‘grggsl?@p%‘reoach
invol ves aRaSHEI iRGhdiPEntphbRi MBufardinkh@ved WBRAGPOR-Bke hakbyptldebel ed wi th
a radiolabel, to a preparation that contains the receptor, either found in
native ti semgositiolbegegicanyeniext swinirandn prhwcgen&lybridompngretghecrpted ept or

typically _.in a heterol ogous. system .The reconbi nant,systeminvolves the
expr essi on 8t Eéeﬁ%%%tﬁﬁ?‘ﬂ%fllzé@ﬁew?Oéwf%téonﬁ %ré)g%f)lsﬁédcrﬁ% ePred system
for bi ndi RgENaFSRIRIdoMAS s&RARHIAnBRPPORAIKelrBch MR ah@liISdHidsf (b GAtas @BscRibePCR- | i ke
receptor bindi'ng partners involves the neasurenent of the activity of the
recept or, abewd)ch may be influenced by either the binding of |igands that
are agoni sts, and elevate receptor activity, or by the binding of

ant agoni sts, which interfere with agoni st binding, thereby reducing the
level of receptor activity. As for hingiglesassays, reconbinant 25 systems
are the presently preferred forns for function-based assays. WO 01/ 38533
PCT/ US00/ 22825 tRddepifyMbdwldiarg o SFOR-1(iRBRecepto-AStiviyst ens for drug

di scovery The literature is.replete w.th exanples of .the use of

r adi ol abel ed 1i gands "9 %Fn%a%‘%ﬂ%‘i%ﬁ%e)ﬁgt 89ﬁ’efdbsi9°?ﬁr¥§fﬂ%eé89@?9ur(d§él§at

Wi ams, oNeglndiReParti@Y forkdce fb?sl, %ﬁfeciaﬁl?@dRs. JRATAB @inedll apprdachbids. Prod.

56:441-455 (1993) for review). is also possible 5 to screen for novel

ant hel m ncompatdrp suthdsgiwihrénghpui ssteghivigdde.| Hy&hEwmiats, MiiShisiraipiefgredscr eens
(Ceary et al., 1999). However,, native .nematode ti rticylarly tissue
from par Jmﬁt%éﬁéq%{l%‘&mﬁgqngé a?‘f‘?t:hﬁ{eﬁ”fg'f’gp il Pgagﬁg"ﬁ% feﬁ?%%renat ode

ti ssug bi ndiRepRReaNsh 88 fodMAford\t lecpidrt REvART T sPAGAGRMA ihavelensi ty of
receptor sites in these preparations is typically mich |ower than found in
nmanmal i an mdaswinesth¢ Tindmesdie, knetvndigand Raeigsibtyolabgyd withhiradigibel, 8288( 1996) ) .

O her reasons that, reconbi nant receptors are preferred for S bindi
asoays. | nerRAESRLIAFORRIS PG TP Rt 7D FRVUSstF Pt BASCAAR abi 1ty to

generate expression of the gene encoding the receptor, typically 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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| arge anounts of receptor material (see Hodgson, Bio/ Technol ogy 10: 973-980
(1992)). A variety of heterologous systens are avail able for expression of
reconbi navo or/a8sept ors and are well known to those skill edp€Tvusénes22zst . Such

systens 15 include bacteria (Strosberg et al., Trends in Pharm Sci.
13:95-98 (1992)), yeast (Pausch, Trends in Biotech. 15:487-494 (1997)),
several kinds of insect cells (Vanden Broeck, Intl. Rev. Cytol.

164: 189- 268 (1996) .

arrphl b| an ceIIs (Jayawi ckrene et al., Curr. Opin.
A (RBA Jnits A-.-~'"‘/ gldiggaverd| | | i nes (CHO,

HEK293, COS, etc. ee Cerhar dt t ol

(1997); W/ son et alﬁl %@?tf're lﬁrepé‘% ge}%‘@ esoiﬂ? gggaaﬁlﬁﬁb f?ég%*ﬁ’f These
exanpl es gpHMShiRILEhIGR fbh@rt'gs(ﬁsc@f/erﬁ) QBWilRASS INKE ReE ReveX pr1@3 i8N
systens, including cell lines obtained from nemat odes (WO 98/37177 A C

el egans of 994N S@%Fmaaxcﬁnéséé‘datl Prodn%6:é41-¢ he(1§48s)hor tﬁé/dew)r é&@rﬁﬂﬁomﬁ@b yst ens

b df d 25
Fand, T B 1o g HuhagPES e Rat REb BfabRallibddy it rigueRa s,
act i vat es sérbens (Baryle 8NL19DD L A HO B r it 8 nbaRBHE Hssie ! fhr@c18aHy @RLE from
radi oi sotope, including, but not limted to, 1251 (preferred; see Ceary et

al ., 1999paragHc ngBFodes, BB ffidut tretqitbsand rativeanenatedd tissnohimding askrys ere

killed t h tivel ti
wel | - knowdotearited gt HTSTRENE e iRy SrBRti et DS D8R Rt ot a1
Drug Dev. tResily3dich iswaABark IR8d)in mdthnBARA tiSsuchX Migbnkhsdh; e R IRY¥ragitol&f, 160

(1997)). Radi oactl ve ligand specifically bound to the receptor in nmenbrane
pr epdlat i dh3:SARUE23% OiROONe bt reasonethekiscensbinagt re¢aptors arameomed §83EIS

PCT/ US00/ 5 nb t f
Coveral PR eaageidy et et TenF SRIEr Pl ALEREIEHEHE compt ex
to separ ajgobaHpchté bg@eéh&rIﬁaﬂenmbém@dgsbﬂama/«evxﬁdwm 971:8%0 (@wpt nam et

al ., 1993). AI ternative nethods include a scintillation proximty assay
(SPA) or a FlashPl attevdretywefhaterolagpetsysiguls aseparlabli dor €IX9r®SIQhﬁécessary

(B:\lg ﬁgramé‘?eég’??ﬂrﬁ&t %eﬁﬁlggfszaé‘g afel‘gggﬁow% Oﬁtgg?]iégs 31)1? %?}lul?ﬁ’ Cﬁ" ﬁyFtSQﬁds can be

det eqtsed iifpudédfabRHaE f(ms%ergl AIGJ. UticRds ﬂ‘nlpﬂafrﬁss&nrae9sagg(g>gz§)r a8s{ @auédhRET) ,
direct spectrophotofluororetric anal yS|s of bound ligand, or fluorescence

pol ar i zat iToend§ seBiotdRhg &F:437-#99 T 99, bgve@likimds O)Smﬁect ICﬁllﬁV(@lle Broeck, Dev.
L 92097 LIl Ao M R o iR LBN R R R TR, oo
l'igand bi pghBchnoP 89629-634 (1997)) and several mammalian 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 examples 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, '*’I
(preferred; see Geary et al., 1999), *H, **S or *’P, 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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suitable GPCR-1i ke receptor according to the invention is exenplified using
a nodified C. elegans Flpl8 peptide |igand. The nodified C. elegans Flpl 8
pepti de, wODVRS RFan de (SEQ I D NO 147), is extended bypanwuBbawxrers nal
tyrosi ne residue. 15 lodination of the peptide is acconplished using a
standard chloramne T procedure. Added to a 2 ml glass vial are 10 | of a
1 MM water solution of the Flpl8 peptide, 10| of 0.1M (pH 7.99) sodium
phosphate buffer, 1.0 M [125]] sodiumiodide and 51 of a 2 ng/ni

chl or am neecTmbgiant piofei( can bm@ﬂt?ﬂﬁ‘tﬁs@ﬁﬂ% 35’69?3 l@rO)ﬂC of prveral stapdasd Maysor t exed
for sec d.the_reacti dd| f 251 of a5
my/ n1 soI Ulcﬁbdﬁn%?ﬂfﬁog% }\ﬁrﬁe%&’zﬁﬂig&ﬁ ei( ﬁo% (‘)‘rsag Oy §g ¥ PromI'he m xture
is then suppsstedah® (Wikiémsorosq méetﬁa&ﬂ@zJzzorlapspmrlfahmmeeﬁéthm ihélu@io a
Vydac C18 (0.45 x 15 cm col um. The gradient used is 70% A and 30% B at

time zer OSQIOUIZEQ%W@FIUHWEB (8PA) preFlashRintg foemat iif )NhithUELquWBUQGe% ate in

wat er ; cetate i n_wat [V flowrate
is 1.0 m}lﬂ?%ﬁisgfy A el E)B‘fgllgléfe‘g f?eﬁcg%g%ﬂgq?ﬁg)céﬁf u?e b ffer 25 (0.

I M sodi U”B%]ﬁ@Pbé’&@mh?sz%B 290t nodRy P OB iRaMc e fRBfddEaneliBais Ran Be ddfkedied tron X100
and 0. 05% Tween 20) at 30 second intervals fromt = 8 tot = 20 m nutes.

Monoi odo  vMVRAyRFariudmg(fBE@staciendregjransfpl ERATY, &rgt es at t = 11 m nut es
and the vyi

the assay aeonip JRRORH ra¥ "L Pafid sl & LR BensGPl A @ ChCR | ke

receptor R’é@ér@SﬁJWnHﬂW@M WSin. 1;[|Bﬂu§[)§’d%5&®é\ﬁd 291 g 998y. grown in 10 cm
di shes to subconfl uence, rinsed once with m of ice-cold Cat-}/My"- free

PBS, 1&nd -42 WO 01/ %mel@msawmlagmsemmweaafmlé Hndihg afsay hl'eSOS%ﬂﬁfe

buffer. Cells are pellet entrifugati 500 X

resuspended in 25 n%rﬁ‘?ﬂ“gie hﬁg\“gscéeengl rﬁ%? [5%1’5?5%9? E%aﬂésb Bﬁnglltl%a (TEE), and
frozen i nghitf dPORLARGRBeptdY deBbrdin3avitittinvéMRnGe bten@iR QIR ISNbEEE USi Ng a
Dounce honobgeni zer (one nil TEE per plate of cells), and centrifuged at

1,000 x g0 eleg@sFlIni &gcrésletlxgamcérrﬁhemudcﬁ@ C.aalegann birdRaepiedd. | s. The

homDgenat ¢ SRSLIR AR SHER NP5 AN P T
TEE and  [&ansRaNTek D@rﬁnee noicBSmprdhee fisia (asm}o{hhﬁ%ﬁ%rarmﬂeﬁ océ&@e mM Nadl ,

10 M MC121 1 MM E The resuspended nenbranes are optionally frozen
in |iquidAdded sged malrgllass v(ul stediOgdl ofifa 1-mAYOwatet sdlutigreof the FiplStpspiade, d8ul

menbr anes oP()?Rf?Ep‘ig7g§) de grgllpgosph% e (tafe ridO thQr f_}ﬂf‘l]asodlum 1odide and 5 pl of a
2 mg/ml chloramine T solution (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. Samples are collected into 0.25 ml capture buffer

25 (O.1M sodium phosphate buffer with 0.5% bovine serum albﬁmin, 0.1% Triton 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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70C are thawed, honogeni zed, and diluted into assay buffer as described

bel ow. The peptide |igand screening assay is facilitated by use of 96-well
plates MoObi/pssse Multiscreen(r) filtration plates (FB oprqnesdr/22M gl ass
fiber type B, catalog 15 nunber MAFBNOB50). Protein reaction products are
collected using a MIlipore Miultiscreen(r) solvent resistant manifold

(cat al og nunmber MAVMX60OR ). Each replicate of the assay is contained in a
single well and has a volune of 100 ul containing 5 ug protein

( pr epar at s@APstr T e af Hisoeey bubae Hodlbgre prllstgs orentifngationd>9&pki Tat es. For
each test co und, on [ QUP. A ,Sr.F un. W YDOVPG 1 EQ I D NO
119) 20 SHP{/&E% ol alPerdara 20 B Ty Pﬁé}}ﬂfngg?S ‘éfﬁﬁg'éﬁé‘*’ér'%upﬁ.g?mrﬁﬁ&ﬁs th I M (or

as design | a6@NBLEH halguRMiabed eA k@IhawiaB AL 0l 19436 hbrhdBdni2daNR@YlRFam de
(SEQ I D Ng.rE%))lQ; for notr?-speci %i ¢ bi ndi ng) .gptilﬂ'he order of adding reagents

for each Dephé¢chareogesizas(dngintlGig: peradatap! prlls).eand comrifingefigPEE00 1@ fad Mydl 2,

| % bovi ne _ser.um al bum n H7.4 est .. conpound (rmade up in assay buffer),
[125I]5YDV5t§Wf;tEﬁ:n?<’:?rﬁeﬁlgvf gﬁ“({)glaﬁdlﬂﬁgﬁo%%?e]isn 25 assay buffer) and nenbrane

suspension (in ?SS?Wh@%f)fn%génateﬂ\}%eﬁﬂ%ﬁ isQRn@ffuddaeut DB IDO *NEfor SYERANSS ON
initiates the binding reaction ichis run for 30 mnutes at room

t enper at uteisolaR2y meRgirirswirasgion rad3e miembraneipsbetb avaghrdemet withaibE #nd pl aced

the filtrati ) i.fold i i | ] t li gui
Shrough t FEven e inTERUNE BRI SN HBES, 300, F wit bebh Joui meBbel's on
the filtepaiEDEAEhrElbuspERled WashbrBiths AkdISptidaHY Fodéh indiqurl §a8ch afad 200 |
assay buffer is added to each well followed by reapplication of the

vacuu® ThiosedwisHihguritd usepeat ed twice nore (total of 3 washes for each
replicate). -43 WO Q1/38533 PCT/ USOQ 32225 FEol | .ow | shing, the plastic
covering on the undél§i'ge ng:el ch?ﬁl%ﬁf“gf Brfipgfeflé’ﬁg\‘?%ﬁl%g%\é\@ovteﬁgg6105?(§ati s pl aced
in a bottgrcserlirsivid, %@J@g&a&é afCdinitbd ndd hRRy GRS Bs£iBsSBEILR. (cat al og
nunber 1450-105). Twenty five of scintillant is added to each well and

the plate is placedhemeptidedigang sgheriieg assay Bdaciptatdddry waef Aouvellarates hen

|l owed toQ, sit ni ght e ~The. 5 fol | owi ng d t | i ted i
M cr opet apttinset VR MR eRes GHLHaIRY nuM ABs Bbs ibc Ereige " °
subt r@ct edufibemMiArBNGEBH0)L qirademiemi'gﬂql\?é&&myé £t doses fsig Himdpsg for  both

the standard ( YDVPGVLRFam de, SEQ | 147) and the unknowns.
Response- badtstr@CROMES rsyistartpari(bld (catadogwetthbddMYMAIEOR st Eacit i on of

R N AN o TN T S T
protei ns exprRsRfptdpatdtion Aekibe&hbsve) ABRM 18t dpbuplidAehifOwd EhlidRtdsesdl ts in
each test compound, one group is run with ['**I]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 ['*’I]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 vacuum
30 is released 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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exchange of bound GDP for GIP at a binding site on the G subunit; one can
use a radioactive, non-hydrolyzable derivative of GIP, such as [35S] GIP1S,
t o measumveo bb3d33ndi ng of an agonist to the receptor. (Seiperwsav3als., Eur
J. Biochem 255:369-382 (1998).) One can also use this binding to neasure
the ability of antagonists to bind to the receptor by decreasing binding
of GIP [35S] in the presence of a known agonist. The G proteins required
for functional expression of heterol ogous GPCRs can be native constituents
of the ho¥&pllewing washingnthpelashe oo @nithe widghsidaedf caglhplate i ocmeed i nant

t echnol ogy. e.G prot.ei ns.can be ,i.nt agt . @r.__chi,neri c. ten, .a N |
universal%?lg%ﬁﬁ%?ﬁﬁ%*%a Pg?@ﬁﬁaggpg@?ﬁﬁgiéfmgggﬁgﬁﬁmPgﬁ%gﬁ%?%(§%$ké¥ven
receptor themBer d%be%ﬁb‘r@eﬁ@m@ NS 6f BAAINGRY is dddBd f @R waftand @id gateriesul ts in
the stinmulation or inhibition of other native proteins, events that can be
| i nked t ophcedasarethiyshalss poem Bramglhesr afd thewtllbyas] togitoapmightpdhees

i ncl ude, are not, limted t the, 25 f@llow.ng responses; the ability

to _suSvi VE&’W‘P%QE% cits 1%$011£9qdi lﬁiatq\df%é%t rsicgmlaﬁ cos‘%'gecfi ﬁ?‘%éﬂ‘ﬁag} not

engi neer ed, &eRsbingk iSsubBastss FomlB8 flean GhaNGBSink o ViBld speaikit bidfindr

concentration as neasured by fluorescent dyes ( rth et al., Curr. Opin.
T

in Drug Dbsth th&st@edard (YDRYPGMIR{ah@ide)JEQ HP hY:d4 Demddhe helngssiscan al so be
used to nonitor |igand- induced changes in nmenbrane potential or
intracellular pH, an automated system suitable 30 for HTS has been
descri bedgl@bonsH88RIRWEAOSAS dySeHsoeder et al., J. Bionol. Screening
1:75-80 (I996)). Mel anophores prepared from Xenopus | aevis show a

| i gan®- dependent - 44t in@ell khg®B3Bat RATY SO Beerdogova mefepiors ¢Xpgersert in

organi zation in response to heterol ogous GPCR activation:. this ,response is
adapt abl e rffc8"1bd*§"$ @f%f'?&?ssr efugtﬁﬂ%ﬁ/ivéﬂ?tg %ggg)tlogo“:a_l f esf@’és‘ff’.wwgnlg ays y%tlfaéfyal o)

avai | abl e pfdfatdd 16y GBRSIHING BRPHEssRH i1f AIRTHIB: &S ORGoMBSHANAL iSa GPTH 1dhRUnCAVP,
phosphoi nosi ti des and arachi donic acid. Set forth in the follow ng

subsect i orschange &f touadSIRR {orfGIR af obindiagsie as thp/s Fubpnit;dwsichn Ysawy
nodul at ors {agani sts .and.an ni sts GPCR- | i ceptor _activity.
Anpng ther’arfﬁ‘a%ﬁé{?’d]rog'}{yﬂﬁ)[lﬂ@b%Q%BVFtd‘é%?ﬁT%cfu%ast fﬁﬁg&ﬁﬁ gtgﬂeag?rg nat ﬁr al
l'i gand coppRy £ aghhigt LAREREMtor. SERIfRe L] &1, 3! 10BFoABR. gisy.3sRtsNves of

natural |igands; antibodies, antibody fragments, and/or antibody-Iike
conpounds (H¥8).y €dine dan@itsonae thismbindimgi th oatiasgre thre Fhilaipnodantagerdsts ka kiad to the

combinatorial |j|braries; and/or { Lc,10 conpounds identifjed by high
t hr oughpuf©SRIE ﬁpﬁﬁeﬁnal;n&(ﬂag Pé@ﬂéﬁgﬁ&%#’“f*@ iagglowl?r?g%ls{n thg artg'.J .
Al nodul ators that i el GRER dehiited BF BRIcAbSal 3%t g&&gyﬁhe&&mogwseeptkyi ng

[~
GPCR-| i ke pol ypeptides in tissue sanples (e.g., for diagnostic purposes,
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,,¢) 1s used to couple any given receptor to a
detectable response pathway. G protein activation results in the stimulation 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 et 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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pat hol ogi cal purposes, and ot her purposes known in the art). Agonist and
ant agoni st nodul ators are useful for up-regulating and down-regul ati ng
GPCR-| i kavoevssssdr 15 activity, respectively, to treat inreTUsSvRLE

i nfestations and/or infections of man, other aninmals, plants or the
environment. GPCR-Iike receptor binding partners also may be used to
deliver a therapeutic conpound or a label to cells that express a GPCR-1i ke
receptor (e.g., by attaching the conpound or |abel to the binding partner).
The assayshangayn benpat peensetiasingesponsiglodesielagtus ol aratasios; thishey may

al so be perforned using a no oni-st_in Lhatipn_wth ndi dat e
ant agoni slrESSpf”?ﬁ'e '%?‘gaé)t%?gerté)ﬁ? S g?m\c%%\g%&%vsl%%m? ﬁtcfgggb?_ pe‘&)sg?y Saasreé%@? | evel s of
cyclic adgpgsbnefortrRoRARsRARME GMYFdn sedbfd MRSRHERE ihdludRERAMIKe
receptor-transfected cells that have been exposed to 25 candi date nodul at or

conpounds phespbpesitides and asabRlomisayd  Hetverthsethe daboring sebseetiangare
literature. ee, .e.g.,. Sutherland. et ..al., C.rculation, 37:279 (1968).:

Fr andden. S, fuf ot duedr EhuBuem g ifigh s iy Alfed oY
Pharm & BHER-TREF&@Bptor 2&%%) Afsdiedthe nlol8RT0rs tianchnGROHEE fRId 1 thesed .  Bi onol .
Screening, 2(4):235-40 (1997).] An exenplary protocol for such an assay,

usi ng an Askepyirgna@yd|ligeed ponparads ofithelregshiratyethelic Asdags dndoleri3ativENTM Li f e

Sci ence Products, (s set forth, bel ow -45 01/.38533., PCT/ USQQ; 32225
i of Ly, erEtpeeds Rl odied Ao Rs B amels g g En Ry ke S ORBRR s (eh v
i ntronl es$0geRRMaF at¥Otick dr HURCARIBEEY-1iRE CorfbiGATHBY IedratiesS ¥iMd/65SneHti¥ect or
such as pzeoSV2 (Invitrogen, San Diego, CA), and transiently transfected

i nt o IGhi neswpplandstidentifiel fy yighChiopgbeytissrearing gt kbravies; rad kBys libwgieh as t he
transfection reagent, F NE 6.5 (Boghr,i -.Mannhei and .t transfection
prot ocol pPOVIELES;aH- t@gglﬁgﬁl&[?& ﬁﬁag@é‘fltdﬂﬂgg ferc%tg%?eaé? gﬁf% cells are
seeded | nli&niiksﬁng‘?@;?_@\fd-iikmcqm?haéseﬁ tRbud Hgnptdsqe BRIfat Bhgnosti@pepysdsi t, whi ch

are coated with solid scintillant to which anti Sera to cAMP has been

bound. Fopatholngitat pirposssrandwashdr pugrosessigmaadinihe artwiAgonisy ped prtagemasisf ect ed)

CHO cel | s. her wel | n the plate recei ve var.i ous nts of CcAMP
standard SSIUA'YR afeo‘fseﬁ% goriut?'re a ’P%ﬁ’fcﬁc\odv %reggﬂagﬁ@gﬁggrec&tgr or nore
t est GoNPQS, ?ésﬁe@@@@?tott%at IR cABrh& ihRsBAGHY AR)0r infébtidhs ofdhat, ofted/ or

conpound-free ‘nediunidiluent serving as a control. After treatnent, CcAW
i s al | onedninmlsetantadrgheenvironheent eGPERfldre reseptarbyndite parterealsamay bom

E:gmjg{ ﬂ';[ ﬁEJl(saletQ;B%le%}ztggréhg%f&%émp%%}lg gr 2? Yabgﬂg ce sd tlh%% (g(rp])reosfs aldﬁéﬁ-l&lélf Fer
receptor (e.g., by attaching the 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 ef 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 NENTM [ife Science Products, is set forth below.
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15 and the plate is counted using a Packard Topcount TM 96-wel | m cropl ate
scintillation counter. Unlabeled cAMP fromthe Iysed cells (or from

st andardsyooosgiet es with the fixed amounts of ['251]-cAMRCT@R0EARISOOAY
bound to the plate. A standard curve is constructed, and cAWP val ues for
t he unknowns are obtained by interpolation. Changes in intracellular cAWP
| evel of the cells in response to exposure to a test 20 conpound are

i ndicative of GPCR-1ike receptor nodul ating activity. Mdulators that act
as agoni sts at rece&”@ﬂ%t\hhﬁ%@&'hlﬁ%feéeﬂtéf‘%Q‘i’@]é(}e%?nﬂe)ﬁf)é-aéPD@/})Pbt eins will
stinmulate. pr | on i to 5 f | nCcrease.
Agoni st s Orngegggéﬂé)(r?nslcgv%‘%@%@ g%éd(g]?eg lﬁ% at‘i%’é‘%@%%{ﬁ%g%]s@ Q)é Sgl%lgfq gei ns wll

i nhi bit f eraleoid Mmatrbgan, 85eDiEAMPA),IIhA daaEib @Iy trarBdiedd nfodCindre dniistdd e
decrease of 50-100% Modul ators that act as inverse 25 agonists wll

reverse t el (Eif@keedls asing koeyn arethadsatuch pethsitiapslecighsegant FRGENE Gct i ve or

activated by known aggnists.. B Ae rin Assays |. r i.on based
assay:% cep? %Chflggéwa%ﬁlﬁl%li?rfdsgegra Ié&%gcf gﬂ&@% (ﬁ)P r%vt)lgecggl%?grnosdpégﬁ%(ﬁt'm th both

a GPCR-| i kge BRTRHET CEXPEAR Sdite8QIRI0 HE D63 Biceap1siks Ufthe FR@hPlagficodes the
phot oprot ei n apoaquorin. In the presence of the cofactor coel enterazine,

-46 WO 01288388, WOTh ak0e322eith sphdaemtidantio wihich aiserago gAY hasticen

| um nescence t is proportiopal to e .amount aof intra

(vt opt ashogyt i Safel Biht he0E s sRed-1Fy AR ThoR oAb RS LI eisy

" Aequor i n O1Ra Skl 8 FRRkSplafe reydi @PY ARk Gmbi@e of eARIPUTindard sdVesar flopgde 4. G and
Cobbold P.H., eds., Cellular Calcium A Practical Approach. Oxford:IRL

Pr esslO( 199iEptingse sfgndasd sue. al ., Anal ytical Biochemistry, 252: 115-26
(1997); and Haugl an neIRO’. I;’n E%gﬁ‘g(’?’(&)ﬁugfﬂ&, r'élaﬁf%rt%ct ng lﬁrig?%g‘%lﬂ]m search

Chem cals. Sixth edition. ecul a f obes n one

exenpl ary wass aid/ofcsisdimdL i@ rhedieRf@uchtSeBURCAONShtioNt A fithReat@ORYTEr Ci al
expression vector pzeoSV2 (Ilnvitrogen, San D egg, CA) and transiently 10

co-t r ansf eAMRisalllowgd i¢ adeumudase v the eellstfhnexasty nuf§e atyRemdpnperaiuse.

apoaequor i Mol ecul ar Pr.ob Jgen -nt o CHO calsl.s i e

t ransf ect :Tgﬁ(afsgébsetﬁfmlﬁﬁ %ﬁ?ﬁ%a(ﬁég)éhﬁlﬁsg@qf rr?ﬁﬂtglml £ ngslf1 ﬁe}f‘?%@f ection
prot ogol ph@MHeRsle iTtdulRdRIsP@ U ack it AlobeounfiM @F-Rallinvietoplaté EeniBRGBn] | ke
receptor may be subcloned into pCR3.1 and transfected into CHO cells using

Li pof ect AMEerPLigAtVlcdagA ME<earn iesdl ysadoells (orSromhatadards) cameetgamititeal for 24
hours at 1Z(eCd Iarrr]101|?r|1\{sE M‘ E'QI]%:A%?@IGI‘ antibody bound to the 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

ilo
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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Gai t hersburg, MD) supplenmented with 10% fetal bovine serum 2 nM gl utam ne,
10 Units/m penicillin and 10 g/m streptonycin, at which tine the nedi um
i s changadobo3ssserum free DVEM containing 5 M coel ent er azpaeUbMx2225ul ar
Probes, Eugene, OR), and the cells are cultured for two additional hours
at 37C. Cells are then detached from 20 the plate using VERSEN (G bco/BRL),
washed, and resuspended at 200,000 cells/m in serumfree DVEM Dilutions
of candidate GPCR-li ke receptor nmodul ator drugs are prepared in serumfree
DVEM and dpessevaredvilheroit wahdasuigbledwmiissesues Got \w@ropoadensy tpthgpmousiof | /wel | .

I I d . i i I '
Technol ogr il ENeRadia e CYRHR. ¢ eRePl B tiREPE Sl SR o

di spense aagfudrin &lshreflSRETTY AP ldsil OfréaEdciwgl In: MyEriRLL I8t add CobBld and
i medi ately read | um nescence for 15 seconds. Dose-response curves for the

nmodul at or PddnedsdaCedilar €akcomst4 Beraidalugipnenahn Ox fardsR Lubiges (1P B); Stables f or

each i ght signal peak. t.a arge,anal i.th ideWit g, ,uSI he
equat iPon Ieb‘r‘ll" -’legfléfllfzIfl@@(IIDF?II’Sté’hg%%@%'%ﬁggﬁ’ ﬁ?%ﬁISBéIﬁIYaiéIiﬁ &'ﬁﬁ%%é In
| um nescengR,3Rc#aSBEs M kR8a/H UTRndes. R daid Buphe Rl wbigduldiodul at ory
activity. Mdulators that act as agonists at receptors which couple to the

Gq subt yp&rafes GY96dt ei ns give an increase in -47 WO 01/ 38533 PCT/ US00/ 32225
| um nescence of up i’I) 100 folld. Nbdm@I’@I]{S II hat i\ct. a 'nvgr.stetaegoni sts
will reverse this & PREPRPIFEAERY ot G HRAINCAPERTREIABIET (RS vel y
active or cgabieV @il pRYsikNOWIoBHRPS $1 $invizogbilWahaviass depaididhsiche Assay S

The photoprotein luciferase provides another useful tool for assaying for
nmodul it or so-ofangRIRI hliokg Widcegneiruc chat gngogdes thelphetopeotgin apgmaueri | s or COS 7

N Lent| -t f .t h_.bot.h -1k
g)e( pr Z)s s ?LMIJQIII@I;? h&%ef’ﬁuég?e’ %&%&ﬁgfgl? E%B%Ihc?rt%n%ggg%rb%@genI Fﬁ@lﬁ rogen,
San Di ego ¢ (B6dnriRRAMANhERRY) bR tHeaRmkicdGén ;tnwﬁic@hpﬂonmlea e thedrodiet mesrase

codi ng region downstreamfroma transcription factor, either 10 the
CAMP- 1 es pevisemativelyethe GRCAE)ike AReptor oray RE-swt®longgantotCRA. hdidhianséectadc ept or s

coupled to t ubt 0 I Leads to i.ncreases in CAMWP,

activati néntPEﬁi(%?s ‘W%BPI%%II%?@E ’aaﬁglse?‘:é@’ﬁfitaﬁ%‘@e'i n expression of the
| uci fgy ase gene. Agqmk gtiLirBdhneel Gor 248RAR ABTCADMEM (GibdoBI&Y, subt ype of
G proteins leads to production of diacylglycerol that activates protein

ki nase C, Gaitheiwburgs MiBtseppleimentagwitho07NFetalBovmanssein, gtihbhelfaotier 4015
o g R g0 el L LETC P RE SRR ER bR 2% s
gener al |y s&aoi §6 BMEL-conthth®8uMEoelenterazine (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/BRL), washed, and resuspended at 200,000 cells/ml 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 pl
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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Bi onol ecul ar Screening, 2(4): 235-40 (1997); and Stratowa et al., Current
Opinion in Biotechnol ogy, 6: 574-81 (1995).] Luciferase activity may be
guantit atwoel/gssaeasured using, e.g., luciferase assay repQEUS®/D2bE are
comercially available from Promega 20 (Madi son, W). In one exenpl ary
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 37C in
DMVEM (G bco/ BRL, Gaithersburg, MD) supplemented with 10% fetal bovine
serum 2 luﬁwngsl;qgtuaamfne) to 100 Gnlilt MQﬂulqmemtla:atlattmsla‘mﬂselfcgoml_gl\hﬂlrsweqdﬂl@rrycu n.

Cells are i ent 5 co-.transf ept
expr essi oﬁ}%(gﬁzfﬁpﬁ%tf)%éﬁﬁ ae ?’g bfY! fﬁ‘thSHsalci ued” %%W?tﬁﬁﬁao‘tvﬂélg?%%?ferase
gene. The reporter plasn ds CRE—I uci ferase, AP-1-luciferase and

NF- KB- | uci ferase nay be purchased from Stratagene (LaJdolla, CA).

Tr ansf ect Cons dweifgase ysENGENE- 6 transfecti on reagent

(Boehr.i nger - Mannheim, follo t roto ovi d in the r od

insert. Cells 30 trg}lgpé‘&t%@wwaﬁfgﬁégp@db eﬁé‘P‘%%‘?Ffﬁ& lécl’rcﬂsi yéﬂg’eoﬁsed as
a control moliweéryof@peRhm&H&ce@&t&tw&yaeaflse@ an0GRs §r @08 Masibpdeonce
with phosphate buffered saline (PBS) -48 WO 01/ 38533 PCT/ US00/ 32225

pr e- war netranoeBFGo-Berstarcvath BVEMGRCR Hidn rengdod expresshan eabinect é¢.gher aI one

trol th di dat | at dth | |
| neubat ed CHERs e fespipr Fozmors (i nerarban 2o sl o8 & RagREerBied wi ¢
ice-cold mlﬁlﬂgluhé’ssdaﬂcﬁ%aﬁl%dﬁ%q’eéﬂoﬁQloQ/fnstréaQerbmoj trAng&ti Sﬁlﬁ%étgf lewtd (from

the luciferase assay kit, Pronega, Madi son, . After i ncubat’i on for 15
m nutl®s atherczdePtresmeseadzlunent (EBED AP-1t heNlels%t Agmsstr’mmbdgwltebﬁmSI

substrate solutio nan o white 96- | plate, .a he

U nesceftelrblo Pe GRS Brdten At fdeaSh i T alnalits wilhe

scinti || atl,Reranen L‘défﬂr'&ﬁ@ SRNRRg i S Riod Vahé Akfelads béndMNHofist GidindabSbur g,
MD). Differences in |unm nescence in the presence versus the absence of a 10

candi dat e revepiorsatapleddorfuBcsuatypeiofidh rateinsdeats toprhduatiomef datylglydeyol
Receptors that.are either caons uti.vel c ivated b oni sts
t ypi (F:)al I yﬂ&t@‘é“vzft@%e‘flg?‘%asgﬁ ﬁ@f%&%‘%}ﬁm F‘el"ﬁén\f éi‘@e%éaﬁ%ﬁﬁg?%ﬁﬂ ?‘% cells

transfsect %iumntghn ERSresSROSMRE mﬁ&%s@%eee ExMRAUbAI R ofqlk@ferﬁe&emt fhaverse
agoni sts w |l reverse this effect I ntracel | ul ar cal ci um nmeasur enent

usi ng FLI PRivGhangesusiof thedigradie evdras. [6&13 gemmall)eﬁedrge erd., dovonhkof r ecogni zed

Ieg.g: g;a/.'égr tBbOrﬁ%lgGﬂ,@grf(? eiee%r?gogw)e%g 2& ?1%59{ Itr\aﬁot a et a? dcﬁ#%‘t C%)Szrszzaoxs can be

Biotechnology, 6: 574-81 (1995).] Luciferase activity may be quantitatively measured

using, e.g., luciferase assay reagents that are commercially available from Promega
20 (Madison, WI).
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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nmodul ators of GPCR-like receptor activity. For exanple, CHO cells stably
transfected wth a GPCR-Ii ke receptor expression construct are plated at a
density o¥041/385394 20 cells/well in Packard bl ack-wal | ed PE6Fraesbdd/32pisat es
specially designed to isolate fluorescent signals to individual wells. The
cells are incubated for 60 mnutes at 37C in nodified Dul becco's PBS
(D-PBS), containing 36 ng/L pyruvate and 1 g/L glucose with the addition
of 2.5 nM probenecid gSi ma Chemi cal Co.) and one of four cal ciumindicator

dyes (Fl upre3wmmad toR7te- damvmafipe BMEVUpitansddaMorthasg!ssithey degnicanisdhT™ 488

25 BAPTA-1 AM at trati f 4 M. P o ith
modi 11 ed 0 bl HEE AR PR Bbrsmutns v B P RARER S COR Y it s

at 37C t ohb@RDRerchR& EIRlardiyeshka oRtd Wih ¢@lddid aBSrmatysaney tHendadiintdfon, a
series of washes with nodified D PBS is perforned inmedi atel\g{ﬂpri or to

acti vat i on00fl ehlesis nEewiwelt Hopo theducifhipssi ageayrlet Boomsesas Madisoni WiedAB§r t he

ddi ti f i dat 30 t i_st.
posi t Pve dsubrGr ou g HeiE Eap g TP anbinar e R IR R 1 SRRV BR SRR G .
FI uor escep@idafe JSFRARDM (BN MR BGpadic WRNE S&wellIfpdtERNWiIthdlunftPesV@1é 38533
PCT/ USQQ 32225 an argon | aser, excitation at 488 rim [See, e.g

Kunt zwei | ezadgmnesgliately pnaghV Ddace nagsiek 50 esseBete lieing Agtion: an@zlu@gaeg@g@) .1 The
F-stop for the t.ect or camer s set .5 and the length of exposure
was 0.4 rrg%%r?er_égz%}ﬁm?ﬁrﬁgpg@gt&ﬁg%ﬁg{sﬁ)&g,ﬁ\iDias measured for 20 seconds
prior to addition ofpipBRAttn ItMiRescehiceARIBrescdiael viRes thelabieacs 6ca from the 5
response signal. The calciumsignal is neasured for approxinmatel 200

secords, taididage modaldlargempoendsare wislieatiyeo pd sodTlaging agtoiliymBesepisdhat ashd ATP

i ncrease t cal cium  signal 200% ahove baseli.ne | evels.,, ner.al

acti vat ed EBERENS I ek ecRger el by A BRE DR va e A0 PGSR o
basel i ne gfgfdhescdfceleonatcdlds REI BandisRM Wikh meté%gmegfer& AsrEaModitlxersabi 1 ity
of candi date nodul ators to induce or inhibit CR-11ke receptor-nediat ed
cel | growthat aet adenearsei agenists[vBHacvesseghis effgri. ness et  al., Journal of

Phar macol ogy and Experinental Therapeutics, 267(3): 1573-81 (1993).] For
exanple, CHO cells stably expressing a GPCR-1i ke receptor are seeded into

96-walsl , 1P Pl BiescPlilaPc MBI hdhs@en2R0%iserl PRl | and grown at 37C in DVEM
with 10% fetal calf serumfor 48 hours, at which tine the cells are rinsed

twice with serumfr&haliEnn intpacelbrlandafesim devedOare ghothér reeagmivebiENGater ofDVEM
cont ai ni ng, a known nitoge i S. adde |l ong with 20 M cont ai ni ng
varyi ng c%@ﬁ‘?'&??‘g]ﬁireg?pq%aé%&ﬁ i) éu‘?’bﬁs%'s tah e emplloye 0 assay lorf

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-walled 96-well plates specially designed to 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 uM). Fluorescence is measured by Molecular Device's FLIPR with
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conpounds diluted in serumfree nedium As controls, sone wells on each

pl ate receive 20 serumfree. nedium al one, and sone recei ve nedi um

cont ai ni mgo 20%sBxt al bovi ne serum Untransfected cel |l s orPCT@®R00£32225
transfected with the vector alone also nay serve as controls. After
culture for 16-18 hours, 1 C/well of [3H -thymdine is added to the wells
and cells are incubated for an additional 2 hours at 37C. The cells are
trypsinized and harvested onto filter mats with a cell harvester (Tontec)
and the fiahpeos lasee csotmpadt #88 N5 [deReraiutavalsuat dr Drradeveeprgdr ati on

of [3H -thym dine in se f est welkls is conmpared h ts

achi eved %%Seé’éT/T 24@) i %é@@é&?ﬁft@%ﬁ“ﬁﬁ#r?J%%%S?C it opt \@té'gs %:%%%%%? Ill'il(!iati ons of
test compewndsstRer Bifosueveatl. #hsa B aARYS Este@le (FRERs (vas RRASEeL ok ¥@S  USi Ng
the non-linear, |east squares fit equation. A=Bx [C (D + Q] + G where

A is the spendepiordd addtiomos aganistadi Bror A2 3187 14nd wassuhwidcted fremither nus
baseline; Cis the 0; .is 30 the concentration of,t conpound: and G
T the makrRRTesl e Thasacine! §m@SaE ne Bt XiuReb RS aRe e ox

opti m zat kQRings 50er¥\QvQ 33888 3TRCIN A RphdR MANT B tiferddb@theanéirh0 t he
receptor are expected to increase [3H -thym dine incorporation into cells,
show ng upignal 0% dfove thesalios pevstse In gersaaluantivaied AgHrRsnsreaseathe cdemh t o t he

receptor will. inhibit Jmulation.seen with a known agonist by up to
100% 5 F?‘W%‘S@P@T‘Wgeéﬁh@dF%@%%%VS%&GMWG pr ot ei n- coupl ed receptors
signal through intracellular G proteins whose activity involves GIP/ GOP
bi ndi ng and hydrol ysis, neasurenent of binding of the non-hydrolyzable GIP
anal df [ 3ES] GTMi®denedihhssayesence and absence of 10 putative nodul ators

rovid ther indicat f modul ator..activity. [S 0., Kowa], et
o e aphar wacor S o8t BB B4 800 Hhbe Bt mal R el
stably traiabieCPeR-Mkd fRecéptbPidiated@ell rgﬁﬁﬁﬁﬁ@ﬁet@%qﬂﬁ&ﬁSﬂSQB,hé?%ﬂ%jfﬂé?st erar e
o}

grown in 10 cm di shes to subconfluence, rinsed once w't i ce-cold
Cat +/ My2, ¥i., foaueenlPBBharamvtobngy apd dExperineBabd hepbpaties, S47E) DU B (1983)Cel | s

Il eted b i f i 500 . . . i
Tris o gxatugicib oy eaE e i ekestvint 1op LRkt oy A FREB AR B hat o™
ni trogen. pffidses a dExli@{‘j%‘gégé)O@ Baupetl %@é@WFQU@anZ@MEM iWlth BOYRBMCAIL

honogeni zer (one m er plate of cells), and centrifuged at 1,000 x g
for 5 mi nstes foo48 bowseat whittetimanik eahlbaskased evics with serum-free DMEM.

After rinsing, 80 pl of fresh DMEM, or DMEM containing a known mitogen, is added
along with 20 pl 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 cells or cells transfected with the vector alone also may serve as controls.
After culture for 16-18 hours, 1 uCi/well of [*’H]-thymidine is added to the
wells and cells 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 filters 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 multiple
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 1s the
percent of serum stimulation; B is the maximal effect minus baseline; C is the ECg; D 1s
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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The honbgenate supernatant is centrifuged at 20,000 x g for 20 m nutes 20
to isolate the nenbrane fraction, and the nenbrane pellet is washed once
wi t h TEEveedi/3gsesuspended i n binding buffer (20 nM HEPES, POFHUS0083222850 nivi
NaCl, 10 nM MyC1l2, 1 nM EDTA). The resuspended nenbranes can be frozen in
liquid nitrogen and stored at -70C until use. Aliquots of cell nmenbranes
prepared as descri bed above and stored at - 25 70C were thawed,

honogeni zed, and diluted into buffer containing 20 nM HEPES, pH 7.4, 10 nM
MyCl21 1 mM EDTA, addonss th biadio the repepionaisrekpeaiecb 1b¢reass (Htl-gymidine
Reaction m xtures were prepared in - ol.vpr | ene pl . .
Twenty i &P Olr?etéornsm{(’?fcegs’l S%%Wb’hg( Wt tio\9/82) %%tb gefsgér{lpsce g%%rﬂﬂld ri]tg%ﬁ]ﬁ%%%{:but not
limted t @indo8tigiict& oD@t inddid theaneshtiswkdehivamm @kn(ﬁvﬂ\@go@istﬁgﬂf) k@l (20 1),
18.2 MGP (0.11 m, 10 30 Mfinal concentration), and a nmenbrane

prepar ati dA0%ere mi xed and placed on ice. The :
nmodul gt or/ | i gand- GDP- nenbrane m xtures were incubated for 20 m nutes at
room -51 WO 01/ 38533 PCT/ US00/ 32225 tenperature on a shaki ng pl atform and

t hen pl aced on [FSR;TPAS BR@heS e, 20 i guanosine 5 -0 (3[355]thio)
triphosphate ( ! -1 nmol ; 358]-GTPySL, was added to

appr oxi mat el y 40, 00Becprse 6 protdin-cowpled fecepiprssigmeethrqughiiatiacstlulaoG pM Pl at es

ith the incubati i xt 0. .| .tot . bat ed
Fenper at uPB T gs St B R EOY b E b G oS P Lo
were then bﬁr{cﬁ‘ﬁ%%fqhé 86h-hpdiBlyz18 [ EadRb(1ROGTLYE k] thepsdieiel dn@absd6e vEI | FB

Multi Screen filter plates (MIlipore). Menbranes were subsequently washed

t hr eel® i npstakiive moduRBrsprovides endttieniadisaton of mpdyla©r aghiIERES, egH Kowal, 10 nM
MyCl 2) per |l each ti and.,vagu f'%t red. After the |ast wash,

Super m x &)W’ra’%&g@%gé'fﬁﬁ?gyagfoﬂﬁfmlg_b b | /wel I, Wallac) was added and
the 10 plates were $§8h&ekeaiiflarsAusilyCebils BtaBlykfdnkiested 4ith MGPCRDEE count er
(Wallac) for one mnmnute per well. As positive controls, menbranes from CHO

cel | s st alvtogpex pxmsssiancoastruciarggpwminé0 cyplistes to pbconidesage.gmsedere t r eat ed

Concent 1 st M RpiseSplke ol iredd uadd ssreasipise BT Breblfe o 100 w
col d (GTPy $andrefR el bl cagtiBhatibR 3dheg t Phdutes). Tedlpdhded aRL STRIM TWRSpH

typically carried out in triplicate. Ligand-i n%fuced stinmulation of
[ 35S] GTPy S.%iSmiMgD s S exyridBadpR Y- s(TER) anddezenfn ligd batsegenaddievi ty with

PO 9N e EaCh 41 BB R LU SN B LB SR R0
of cells), and centrifuged at 1,000 x g for 5 minutes to remove nuclei and unbroken cells.
The homogenate supernatant is centrifuged at 20,000 x g for 20 minutes
20 to isolate the membrane fraction, and the membrane pellet is washed once with TEE and
resuspended in 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 pl), 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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standard devi ati ons. Dose-response curves for the receptor/ligand systens
were anal yzed 20 using a non-linear |east squares SAS nodel, with y= Bmax
X/ (Kd + Xyoos4ses dose- response curves were anal yzed usi pQr/BsednisG aphPad
Software, Inc. San Diego, CA) and the following equation y = Bottom + (Top
- Bottom/ (1 + 1 OLCS0 x ) Oiginally, the GIPyS assay was chosen as a
functional assay because agonist-driven stinulation revealed by the GIPyS
assay reflects early events in the 25 GPCR activation cascade, regardless
of f urt hetemperatyigtdngnshpkitngwiairafandahsngrlacedsviricas t Te saphspgnls 2hy! event s.

Thi s appears especjal.ly-useful . forn . OBSd ctj.yation
of or phan SPEREER Ol iR e gt NS RO AR BB R  rha

si gnal i ng @@ddhvayshxinldiely GORYS cBESRY nBs Lakdlicecentihtion &l UMD BNES
prepared from cells transiently transfected with DNA encodi ng C

el egans GRORshe dichbatpngsixety (03DmivmetlitSeh eeate Geprted pirepmpeapEatusgh®ra

Mul ti Scre vacuum mani fol.d (Ml1ipo for Jfiltration. Because the GIPyS
assay§i s EEW”W‘J gEHPY “}lété‘geg?‘“qiggeé’gg "@gﬁﬂ}’évc? 't @Te{lﬁ%@fgﬁe §O01/ 38533
PCT/ USO00/ 32225116 @p%eiPlvash RIMREPISicll FBIerhRi Stdn! fileabieR (MEBpYre)pased on
a FLIPR readout, was used as well to evaluate putative Gg-coupl ed orphan

GPCRs t r aMinghranas weranstiseaueat]y iwaslaedChioe tiseds|veith .25 waldceede masmbufifey (l8e a

37C to 28C. t t d ift..and to.incubate the cekls for.an

addi ti onal‘nl\gmiéﬁ z'4f g(}fmmﬁ}gh{;%’ﬁlgﬁgf WF%S%%} ype 3%%V%C§l§fnéﬁf.ter#1e1&{tgrrr%lgr ature
5 shift was: vag, ‘S'ilﬁéﬁrﬁﬁi O%@iph&%‘érsféinﬁflﬁtﬁfn ﬂﬁi@'@g epve0Walid) hawhdddieand the
tenperature downshift, expression of functional receptor could not be

det ecltled. plRites CECRERS! arslceopnisd imad riflwuhd Ot Midsebest equptar éWablgc)deveircal pept i de

| i gands (Table 7 det er.mi ned_in the GIPyS e hamst
cor| o oo gt pldue S AP SRSt AL miehbresfital SR sl PRSP AT E cg by
an additi Qﬁ%llop&ﬂin!aqweszcégg PGt et tedatcdBitD e havialop@inineha0\RSY ng for

was

126
menbr ane preparation. CR3 mat ched with two C._ el egans pepti des

encoded bysdorlpi¢ 8¢id GEFQEM @Ppankiz {iRCsonceaationy) NencpepSchidmawi® (EC50 422
CetPCRa T SRS T Bp By 1 08 Hbrecy amot 1 worrdrdfoRdhikThan that
det er§ negbpfredtient Was GpicehPEANS bitid Bifiratd des. Based on these data, 15
we identified CEGPCR3 as the receptor for flpl5 peptides. Table 7 20 25
Ligand-induced stimulation of [**S]JGTPyS 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-linear least squares SAS model, 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%€5¢, ).
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-
stream 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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Recept or Pepti de |igandSEQ | DSpeci es of origi nECso NOrange

CEGPCR3GGPQGPLRF- NH, 85C. el egans/ J1p15 ( SEQ | DGPSGPLRF- NHZ89C.

el egans/ W@bbiHes - 400 nM NO 44) GNSFLRF- NHZ88Manduca- 8M PCT/US00/32225
CEGPCR7G.GPRPLRF- NHZ86A. suum (AF9)/ (SEQ I DC. el egans (f7p21)

NG 26) [ 1] Y- G.GPRPLRF- NHZ118Synt heti ¢ AF9- 200- 250 nM anal og I n addition,
peptide ligands were identified for the CEGPCR7 receptor, as revealed in
Table 7. One peptide bears the sequence GLPPRPLRF-NH2 (AF9)*(EC50 207 nM.
It is wor Qe ghession§-presting, pCAEIGIRPLINENNERY, baspd @gérﬁhmé repdonFyaahsdsy N 30

term nal | tended wth a 3-iodo-Tyr resjdue, was..als |V 0 237
oy e YT 0EPH5 Bl B 888 DR kTR QhaRR B FRTARs
i ndi cat es ctifatt Wi Sscnfial 8Gisk & 3a7C RUIEYCSEmPBdturt Bowadlelt @d td @cgbate the
radi oi odinated) formis useful as a probe for binding assays, including
hi gh- t hr eelishipnen sddieenril 34-48HD8)s fas Bagkonal eseBGROREssKwe éPe mpREaitigct i vat ed
by several, pepti.de,ligan as et ern ne i the GIPyS assayv.(Table

. To peF'?‘@r‘ﬁ?Stlﬁg’l%\g%g‘ifg,& oy %‘Zﬁrﬁ’éall\slé?téon' %ﬁ@g&g{gﬁpﬁ? eﬁa@r rdPBélglylgbove in
t he cont extpelsi@ssEhObneH RSt colliEndebe@bRORAS peptides encoded on flpl8
were the nost potent (EC50 's in the low nMrange). Also very potent were
several A suum pepflihd€EGRGR hreaepbr wegivand ¢ boaaivetpyd bysetdid peptidd egans

FLPI 8 pti Il having.th PGVLRF- NH2, at .t hei
C-tr i i e TaFEY-on QE6PTISeY L DRLETRS SRPCI S BArPERy oW BeTaEs 11 om
di fferent i RYSLY B AR USPLAS7EE afidRAERIon, TORSW&I by hiPsHEonaPP PRARYT | @) ,

al so activated this receptor. The latter were, however, significantly |ess
pot ent0 ( EGx@bation 4tRE°@ibgforaeibimpyeating ormantoant preparange) CEGRERA vas  t he

e T e STl i BT B i R B 184718

N-term na i ) NBX T e 8 B = 8),
was essenti Iaingqjazs-%%lf%ﬁtl\ﬁ%s ?]?(?5'3 qﬁgl?g/g?t A@g’?h?f’%ﬂéﬁg%g}vrﬁ%%ﬁ hi@éo

findi ng, &90waM), dso ditiyhtedf the AIBGP QR hetceygom hlbek 2Gth a pMtEMRGYLRAMNZ{ISEQ | D
NG 80) to the CEGPCR4/ CHO nenbranes (Kd in the )
lower than that determined for the two C. elegans flp15 peptides. Based on these data,

15 we identified CEGPCR3 as the receptor for flp15 peptides.

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

20 CEGPCR3 GGPQGPLRF-NH, 85 C. elegans/flpl5

(SEQID GPSGPLRF-NH, 89 C. elegansifipl5 150 400 nM

NO:44)

GNSFLRF-NH, 88 Manduca ~8uM

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

(SEQID C.elegans (flp21)
25 NO:26) {ITY°-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 [[]Y°GLGPRPLRF-NH,, representing an AF9 analog N-
30  terminally extended with a 3-iodo-Tyr residue, was also active (ECy, 237 nM). The
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subnanonol ar range), showed that [125]1-Y] DVPGVLRF-NH2 (SEQ ID NO 119) is
an excellent probe, preferably radioiodinated, for a high throughput

bi ndi ng a®eay3$s33 a 20 screen for nodul ators of the |igandrerus@iize?s
interaction. Shown in Table 8 are the synthetic peptides, various anal ogs
of DVPGVLRF-NH2 that acted as agonists of the CEGPCR4 receptor in CHO
cells. Most of the synthetic peptides were very active (EC50s in the
nanonol ar range in the GIPyS assay, and |1C50s in the | ow nanonol ar range
in the cofwetiondlgativinefi by AE8 aydicataHbatchpsingleg s dmmtgonist prgaeptabgled v RF- NH2

was consi derably .l ess potent w an E of. about 4 .m.craomlar in the
GIPyS assg§?’gﬁﬁ”% nﬁ@%d%g?l%%%hpaﬁ@@“&%ﬁpﬁbWﬁ@gééﬁﬁ%f??véﬁggﬁﬁﬁding assay.
| n gener akhroh @@t IrEenimAifTHdsgpt i de anal ogs, particularly those

di scl osed herein (e.g., Table 8), represent good potential probes for

bi ndi ng assays and iy OFGR(GM eaatriat s dciiyeted dywptanal peptide ligande 8538533
PCT/ USOQ 32225. Tabl e 5 ece eptide |igandSEQSpecies of ECSAO CS"
range= | D RI@BP%“@& Hf‘aﬁg&-%ﬁw}@% a>‘é§fl%§7§a8§s ay Paré%%fgtﬁé&%g‘%{’/ﬁ%{?ﬁﬁﬁ NHZ80C.
el egans/ f | pl 8 { Q. J VPR RereNoRE&G a@%@%ﬁ@ﬁéf’é{@&he C. elegans peptides

NO 22) SEVPGVLRF- NH298C. el egans/flpl 8 SV RF- NH2100C. el egans/ftl p18
DFDGAMPGVeRFodkizh ZIPCS wetethansisi fqdd (ECRGIA REhKIHAE ilDrangt)e gelne ¥ arypo&nG- 80
nMD. 5- 10 nM AVPGVLRF- NHZ ( AE3) 79A.. .scum GDVPGVLRF- NH2 ( AF4) 84A. m
GVPGVLRF- Ni¢* i@ﬂﬁf@&“ gpAIM %@&Jﬂﬂ?%@@dﬁ#@%ﬁﬁ@@%%&}éﬂ% ép%{egans FLPY

CEGPCRAGNBE Rfes NTPRRMANAE Sané SEReh BTN, 94 theifCaORNANT IPhddition

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 (ECs,s in the high nanomolar to micromolar range). Based on
the EC,, values, we identified CEGPCR4 as the receptor for C. elegans flp18 peptides.
As shown in Table 8, [lodoY]DVPGVLRF-NH,, which is a N-terminally iodo-Tyr-

15  ‘extended flpi8 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 ['*I-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-NH) that acted as agonists of the CEGPCR4 receptor in CHO cells. Most
of the synthetic peptides were very active (ECs,s in the nanomolar range in the GTPyS
assay, and IC,s 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 conveniently labeled with '*1..
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PDVDHVFLRF- NHZ94Locust-0. 4 -

9 pMs0-900 M NO. 22) (Schi st oFLRFa)

pQOVDHVFLRF- NH, 95Locust (| eucomyosuppressi n)# | LNl eRF- NHZ90synt heti c
CEGPCRASM @ VB¥53NH2143C. el egans/ fl p3 ( SEQ | DSDNFMRF- NHZ1PeDusea2kisl a
PDNFMRF- NHZ123Dr osophi | a NO 22) SAEPFGTMRF- NH297C. el egans/ fl p3

El VFHQ SPI FFRF- NH283C.

el egans/ f1 pl 4hi gher 50- 500 M TDVDHVFLRF- NH2101Dr osophi | a TNRNFLRF- NH2

GGPQGPLRF- NHZ85C. el egans/fl p15-10 pM or

(Lobst er102Lobster pcptide I1)C el e%gns/prI I
CEGPCRAVLRF- NHZ152synt hetic-4 p. M0

NGAPQPFVRF- NH93
¢ BEQ 1 D NO. 22) WD 01/ 38533

PCT/ US00/ 82225

range- bin
| DAc- GVLRF

10

fepol s Regias Eﬁaa,&g'y'gcassagw s’dec.arég SR Sﬁﬁ ﬁglékf% By
- NHZ154 ID NO | origin range- binding
GTPyS assay
assay
CEGPCR4 DVPGVLRF-NH, 80 C. elegans/fipl§
(SEQID KSVPGVLRF-NH, 92 C. elegans/fipi8
NO:22) SEVPGVLRF-NH, 98 C. elegans/fip18
SVPGVLRF-NH, 100 C. elegans/fip!8
DFDGAMPGVLRF-NH, 120 C. elegans/fipl8
EIPGVLRF-NH, 171 C. elegans/fip18 ~5-80 nM 0.5-10 nM
AVPGVLRF-NH, (AF3) 79 A. suum
GDVPGVLRF-NH, (AF4) 84 A. suum
GMPGVLRF-NH, (AF20) 87 A. suum
ASPSFIRF-NH, 78 C. elegans/flp4
CEGPCR4 | GNSFLRF-NH, 88 Manduca
(SEQ D KPNFLRF-NH, 91 C. elegans/fipl
PDVDHVFLRF-NH, 94 Locust ~0.4 -9 uM 60-900 uM
NO:22) (SchistoFLRFa)
pQDVDHVFLRF-NH, 95 Locust
(leucomyosuppressin)*
ILNIeRF-NH, 90 synthetic
CEGPCR4 | SPLGTMRF-NH, 143 C. elegans/flp3
(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/fipi4 higher 50-500 uM
TDVDHVFLRF-NH, 101 Drosophila
TNRNFLRF-NH, (Lobster 102 Lobster
peptide 11) C. elegans/fipl]
NGAPQPFVRF-NH, 93
CEGPCR4 | VLRF-NH, 152 synthetic ~4 uM ~0.4 uM
(SEQ D
NO:22)
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NO: 22) PGVLRF- NH, 155 VPGVLRF- NHZ156 Ac- VPGVLRF- NHZ157 DVPGVLRF- NHZ80
Y- DVPGVLRF- NH2158-5 - 400 nM 1- 60 nM 3-1 odo- Y- DVPGVLRF- 119Synt heti c
NHZ2pept i dea 038¢RGVLRF- NHZ159 3- 1 odo- Y- VPGVLRF- 160 NH2161 NMePGHoRRZ214H2162
3-1 odo- Y- PGVLRF- NH2163 Y- GVLRF- NH2164 3-1 odo- Y- GVLRF-NH2 5 Eval uation of

CEGPCR5 expressed in CHO cells in the [35S] GTPyS assay,

as

descri bed

above, yielded several active peptide |igands, as shown in Table 9. A
peptide |igand designated AF9 (which also binds CEGPCRZ,__see above) bearing
the sequeResPa GPRAIREUNPY ( SEQ | BERO BWecitied t he | moskCspot driCatierval or
(EC50 in |the I ow nanonol ar range) iIpNOCEGRGERS. An anakage-extiendingg AFD by
an lodo-Tyr 10 residue at its N-term nus, [iodoY]-GLGERE%BF-NEZ,(SEQ D NO
118), was|about 200- fold | ess pofent (EC50 range of 7873 nﬁﬁ, but | was
active enpugh to serve as a ligand in pinding assays aesigned to ideptify
nodul ator$. Based{on the GIPyS assay results, the |C el egans CEGPCR5| was
identified as an AF9 orflI p2l peptide receptor. WO (01738533 lable 9 5 (10
PCT/USCE¥3§§§g3ﬁE:§HPB?5§ptideSEQ ﬂﬁBpecies of origi nEC51 rgnge NO
CEGPCR5 G GRRBLRF- Nie-GVARBNBEC. el egans(f 1 p2/), A -1-10 nM (SEQ | Dsuaap
NO 46 .
NO:22) PGVLRF-NH, 155
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-VPGVLRE- 160
NH, 161
Y-PGVLRF-NH, 162
3-lodo-Y-PGVLRF-NH, | 163
Y-GVLRF-NH, 164
3-Iodo-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 (ECs, in

the low nanomolar range) of CEGPCRS. An analog extending AF9 by an iodo-Tyr

10

residue at its N-terminus, [10doY]-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.

-5
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CEGPCRSYGLGPRPLRF- NH2125[ 1] AF9 anal og ( SEQ
| D[ i odoY] G.GPRPLRF- NHZ118[ i odoYJAF9 anal og NO 46) GNSFLRF- NH288Manducca

YLRF- NH, 2@ hess583 SDRNFLRF- NH2127Lobst er

FMRF- NHZ129Mbl | usca TNRNFLRF- NH2102Lobst er
SVPGVLRF- NH, 100C. el egans (1fpl18) CEGPCRS5AGPRFI RF- NH, 133A suum ( SEQ
| DKSVPGVLRF- NH292C. el egans (f7p/8) NO 46) KPNFLRY- NH2135C. el egans (1l pl)
ARGPQLRLRF- NH2136L. decem i neata Yl RF- NHZlS?Trel nat oda GVPGVLRF- NH287A.

suurn AGAKFI RF- NH2139C. el egans (f7p51)"‘1b1!e

DPSFLRF- NH2131Manducca

FLRF- NHZ128Tr emat pdBUS@Y/32830 nM

8 M KPNFLRF- NH291C. el egans

(flpl) KHEﬁlE@Oplrm 4 iSa.et egans (1 pl“siFd:l'DV FSERR- ZBWS
(f7pl4) TIi eceptor, expressed in ceI | S as descri bed for
CEGPRC3, was-also uysed in a [359] ("‘TD\[dN_%(SS@‘l t o screen for peptide lijgands,
which 15 | 65GP¢Rd i| (GFLORBPHEINE (M Dat i joif of peftcdsdrehdoded by '1HE C
el egansfl pgsmgme. O the peptides investigated, the Fl p3| peptides were the
nost potemt activatjors (Table 10), with ECo0 val ues of 1p0-330 nM ane
not ewdr t hy NOi4gand ijs the F1pl8 peptide, SVPGVLRF- NH2 (SEQ 1D NO 100,| EC50
= 64 nM, |@AGBERS s |CGIHORRBIRENHO, or n¥fe poféhtovidas, the -57 WO 01/38533
PCT/ US00/ 38 oFl P3 [BeRLEOeSRPLRFARL | Viatikng :Eg‘-:}?@qu@(mgpgt of the other Flp
18 peptide re elther i nactive or had an{ EC50° in the hjgh nanornoljar to
| ow mi crof notagy rand®SHEbNE: 10 5 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 Manducca
SVPGVLRF-NH, 100 C. elegans (flp18)
CEGPCRS AGPRFIRF-NH, 133 A suum
10 (SEQID KSVPGVLRF-NH, 92 C. elegans (flp18)
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 (flp3) ~1-8uM
KPNFLRF-NH, 91 C. elegans (flpl)
KHEYLRF-NH, 141 C. elegans (flp14)
EIVFHQISPIFFRF-NH, 83 C. elegans (flpl4)

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, SVPGVLRE-
NH, (SEQ ID NO:100, EC,, = 64 nM), which is comparable to, or more potent than, the
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10 Recept or SequenceSEQ Speci es of EC5"range I D NOorigin
CEGPCR16SPLGTVRF- NH299C. el egans fl p3 (SEQ | DSAEPFGTMRF- NH, 97C. el egans
fl p3 NO 360 8ABBSAPFGTVRF- NH296C. el egansf| p3 ASEDALFGTVRFPOHEZING222 egans
fl p3 EDGNAPFGTMRF- NHZ82C. el egans fl p3- 60 - 300 nM EAEEPLGTMRF- NH281C.

el egansfl p3 GVWPGVLRF- NH2 ( AF20) 87A. suum SVPGVLRF- NH2100C. el egans fl pl8
CEGPCRI 6KSVPGVLRF- NH, 92C. el egans fl pl8 (SEQ | DDVPGVLRF- NH280C. el egans

f1 p18 NO 36) SEVPGVLRF- NHZ98C. el e 18
flp18- 0.¥Ip3 mpadwwepWMQﬁE@m

suum GDVPGVL

splice vat

ReEie PG

ans

flp

tor

18 DFDGAMPGVLRF- NHZ120C. el egans
h@mast é@@ﬁ@“ﬁf bird 8 mep@lasrrerfrghqr AF3) 79A.
@&&E@éﬂmm %@@ﬁmlcron (6]

and the rel ated
@%Zv wer e expressed

in CHO cells as 15 descrl bed for CEGPRC3 and used in [35S] GTPyS assays to

screen for peptide |igands.
speci fically pr esent ed for CEGPCRthTﬂhprIOy to al |

shown t he
N-t er i na
478 nM r
01/ 38533

10

15

20

The results presented in Table 11,
CEGPCRI 2 isoforms. As

(J.L’(TV—U }JC}JLI UC I i

[l O | e |
CRrair uc

srm_ther most a0 ASpeE il Sto
Yeept@dli NptQderder i vati ve, exhi bitfing EC Pues afECX3RgenM
pspectively. Candidate peptide |ijghn¥a |weigin t ested at 5 M
TEBFRCRIS BSPLGTMEFNIS00/ 32225 99 C. elegans fip3
(SEQID SAEPFGTMRF-NH, 97 C. elegans fIp3
NO:36) SADDSAPFGTMRF-NH, 96 C. elegans flp3
ASEDALFGTMRF-NH, 77 C. elegans flp3
EDGNAPFGTMRF-NH, 82 C. elegans flp3 ~ 60 - 300 oM
EAEEPLGTMRF-NH, 81 C. elegans flp3
GMPGVLRF-NH, (AF20) 87 A. suum
SVPGVLRF-NH, 100 C. elegans flp18
CEGPCR16 | KSVPGVLRF-NH, 92 C. elegans flp18
(SEQID DVPGVLRF-NH, 80 C. elegans flp18
NO:36) SEVPGVLRF-NH, 98 C. elegans flpl8
DFDGAMPGVLRF-NH, 120 C. elegans flpl18 | ~0.7-4.6 uyM
EIPGVLRF-NH, 121 C. elegans flp18
AVPGVLRF-NH, (AF3) 79 A. suum
GDVPGVLRF-NH, (AF4) 84 A. suum

nd its
and
0 WO

The CEGPCR12h receptor, and the related splice variant isoforms
CEGPCR12c, CEGPCR12u, and CEGPCR12v were expressed in CHO cells as
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 derivative, exhibiting EC,, values of

330 nM and 478 nM, respectively. Candidate peptide ligands were tested at 5 uM.
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Recept or Pepti de sequenceSEQ | DSpeci es of ori gi nEC,

range NO

CEGPCR12hPDVDHVFLRF- NH294Locust - 300- 500 ( SEQ | D( Schi st oFLRF- NH, ) nM NO 8) [
| ] YPDVDHWO RF3988#103Locust (nodi fi ed) FDDYGHLRF- NH, 180Dr oBOpWR60232225
CEGPCR12hpQDVDHVFLRF- NH295Locust - 1. 5-3. 0 pM ( SEQ
| D( | eucoi nyosuppr essi n) +Dr osophi | a NO 8) TDVDHVFLRF- NH, 101C. el egans
(dronyosuppressi n) GGEPQGPLRF- NH85 CEGPCRI 2hAVPGVLRF- NH2 ( AF3) 79A. suum ( SEQ
| DGDVPGVLRF- NH2 ( AF4) 84A. suwn NO: 8) GWGVLRF- NH, 87A. scum GLGPRPLRF- NHZ

(AF9) 86C. el egans, A. Peptides suunacifable ldt DVPGVLRF- NH280C. el egans/f 1p185

pM KSVPGV]

P _NLIDOSYC

al acranc Q\./D,

yil

NI

£ 1
|

2926 elegans -8 SYPEA RS T HIHIORC o et e 20 TR ta il
denot es py??';cge\)\fﬁrt am cPC t(':‘{égc "€ST due. The CEJ 9. %b%%’r&(g@éémlg?? ki ceptors,
expressedlin CHO calls, were 15 subject®® tao sgreens for peptide |ligands
(present AFEGRLRIRE o EYPHYSIRGNE: cal ci um| fbbi | i zateewt assay (FLPRRY Thi s
cal cium f| weoapsay |Rs@utdes-am,)al ternative to the use of other wscreening
assays di scl gsed harej , known in the art, erforned agn
transi%ent Vogﬁansfeéﬁﬁp%ﬁ%ﬂgZﬁ?' hat halt?jg been iLﬁ%“ﬁttS'él\f;\ge%f(?fd?or 24 hourls at
37C imrediately fqlHDOMAHIREMNGRST ecti on] 180l | owedrisyphda 48- hour peri od at
28C. Cel | sCgP@R 12D |ty DHYZURIEAN t h 4 M Fbuo- 3 anddew@. 5 nM pr pbengeid |f or
calciums libhg ([RLLR palysis. The results shown,in Taple 12 indicate
t hat CEGPC%%% 1 vvasﬁaétog%oas‘fl@d bny F1p18|pepti deg angM@%ne structurallly
sinilar A NO®m pedtTHEEVE-BENE: cal Gt et nal  |{e€t@hces of | PGVLRF- NHZ) .
EC50 val ues for CEGRGRhLGsdppisigli ng of Flpl8 peptli des, and AF3 and AR4
pepti des, |ranged fr - ) aAM (sim | af ;EC50 vdl ues were obperved 25 for
CEGPCR19. PrdeSehi %};%i%ggiﬂ?ﬁ restt 1§9§>uppw t 1. g conctusiom that
CEGPCR19. 1 1S elthgr an iso ofgn o}, or ¢losely related to, the CEGPCR4
receptlor | (SEQID GDVPGVLRF-NH, (AF4) 84 A. suum

NO:8) GMPGVLRF-NH, 87 A. suum
GLGPRPLRF-NH, (AF9) 86 C. elegans, A. Peptides
suum active at
DVPGVLRF-NH, 80 C. elegans/fip18 5 uM
KSVPGVLRF-NH, 92 C. elegans/fipl8
SVPGVLRF-NH, 100 C. elegans/flp18

15

20

25

+ 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 (FLIPR). 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 calcium signaling (FLIPR)

analysis. The results shown in Table 12 indicate that CEGPCR19.1 was activated by

Flp18 peptides and some structurally 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
CEGPCRI19.1 1s either an isoform of, or closely related to, the CEGPCR4 receptor
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-59 WO 01/ 38533 PCT/ US00/ 32225 because both CEGPCR19.1 and CEGPCR4 were

activated by the sane Flpl8 peptides as

wel |

as by A sw m peptides

sharing avdogbsseegree of simlarity with those Flp 18 peppPCT®S00/32225
CEGPCR19. 2, which is a splice variant of CEGPCR19.1, was activated (cal ci um

assay)

several additional

A

CEGPCR19. 2 (SEQ I D NCS: 91, 99, 131, _ .
13. Tabl e bgguugobath CREFUR bt Pend CHEOPSSfunpre ashatshlacihe save Firlidgientdss asr ange

| D NO CEGP

9. 1DVPGVL RF-
el egans/ f "5 8" R 67 "6RRS

by the sane peptides that activated CEGPCR19.1, as well
5 suutn peptides not

133, 150 and 151),

280G clegans/ L] pds

egans

as by
identified as activators of
as shown in Table

ey BB R R

el egans/ f ik G301 9.2, 3a0c M DEINAMRERYMRIF-QHdPECRO. 1 el RgR0sdtEd hiium assay)
El PGVLRF- NH, 121C. el egans/f1pl18 AVPGVLRF- NH2 ( AF3) 79A. swum GDVPGVLRF- NH2

( AF4) 84A. by thmaCEGRERIS. tha
1DGVPGVLRF- NH287A 07
nM el an§7“"2fepl‘§38is ggt%g]crggeé&é)@ﬁ

GPRPL
eia=E)

range NOOMiYi %0 and 151), as shown in Table 13.

RepPaitel REGRGRIS6N. as well esrby pevgrad addgbonal 4.

Frab it NS b

- 1500
EC, ,

Table 12
Receptor Peptide sequence SEQ Species of origin EC,, range
ID 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-NH, 100 C. elegans/flpi8 ~30 - 100 nM
DFDGAMPGVLRF-NH, 120 C. elegans/fipi8
EIPGVLRF-NH, ' 121 C. elegans/flpl8
AVPGVLRF-NH, (AF3) 79 A. suum
GDVPGVLRF-NH, (AF4) 84 A. suum
CEGPCR19.1 | ARGPQLRLRF-NH, 136 L. decemlineata
(SEQID GMPGVLRF-NH, 87 A. suum
15 NO:107) GLGPRPLRF-NH, (AF9) 86 A. suum, C. ~200 -1500 nM
elegans/flp21
Table 13
Receptor Peptide sequence SEQ ID | Species of EC, range
NO origin
CEGPCR19. | DVPGVLRF-NH, 80 C. elegans/flp18
20 2 (SEQID KSVPGVLRF-NH, 92 C. elegans/flp18
NO:105) SEVPGVLRF-NH, 98 C. elegans/fip18
SVPGVLRF-NH, 100 C. elegans/fip18 ~20-70 nM
DFDGAMPGVLRF-NH, 120 C. elegans/fip18
EIPGVLRF-NH, 121 C. elegans/flpl8
AVPGVLRF-NH, (AF3) 79 A. suum
GDVPGVLRF-NH, (AF4) 84 A. suum
CEGPCR19. | GLGPRPLRI-NH, (AF9) 86 A. suun,
2 (SEQID C.elegans/fip21

- 60 -



CEGPCR19. DVPGVLRF- NH280C. el egans/f1pl18 2 ( SEQ | DKSVPGVLRF- NH292C.
el egans/fl pl 8 NO 105) SEVPGVLRF- NHZ98C. el egans/f1p18 SVPGVLRF- NH2100C.
el egans/ W@bB3&63 70 nM DFDGAMPGVLRF- NH2120C. el egans/ f 1p1BCT/US00/32225

El PGVLRF- NHZ121C. el egans/ fl p18 AVPGVLRF-NH, (AF3) 79A. suuni

GDVPGVLRF- NH,

(AF4) 84A. swum CEGPCRI 9. GLGPRPLRF- NH2 ( AF9) 86A. swum 2 (SEQ I DC. el e ans/
21 -60 WO 01/ 38533 PCT/ US00/ 32225 Recept or Pepti de sequenceSEQ | D Speci es of

EC60 range_NOon in NO 105) AFA SSPLI RE- NH2150A__sown-0 6 - 5 pM
FDRDFVHF- NBeeeBten, o spiidcAGPRICE RF- NH2133KQ 18U aipacievbGVL RF- NHES7RMES cum ARGP
LRLRF- NH, 136L. decenl i neata CEGPCR19. KR\-| RA-dwidin ( PF4) 165P. redi vivus 2
( SEQ | DKPNKRIosNHz 9 14EGc1ekmgminsAf | pl peptisdes |acthwe NO ~0.6 -5 uM
105) SQPNFILRF- NHz 166 | flplat 1 SHL I -1} 99C. el egans/|fl p3
DPSFLRF- NH2131NandU(%é)R§Q§%%L 2. NH, 167+.q {é/lont ﬂ‘“’” MAP Ki nase Act|ivity
Assay Eval uation of| MERFI§FRdSe acti vi ty3in ce‘l st""expressi ng a GPCR-lilke
receptor |provide anahfgfirasady to idenyify impdylators pf GPCR-1ike
ol ypepti de activit See
gndygxger- e act Vi Z&RAP&LRLRICNHgm/ LaJ |1516ess eLt deaclemlme(\llntl)ur nal of Phar necol ogy
CEGPCR19. | KPNFIRF-NH, (PF4)  ° T 6s P. redivivus
2 (SEQID KPNFLRF-NH, 91 C. elegans/fipl peptides active
NO:105) SQPNFLRF-NH, 166 C. elegans/fip! at 10 uM
SPLGTMREF-NH, 99 C. elegans/fip3
DPSFLRF-NH, 131 Manduca
LQPNFLRF-NH, 167 H. contortus
5

G. MAP Kinase Activity 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):
1573-81 (1993); and Boulton et al., Cell, 65: 663-75 (1991).]
In one embodiment, CHO cells stably transfected with a GPCR-like receptor

10

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

15

10% fetal bovine serum, 2 mM glutamine, 10 Units/ml penicillin and 10 pg/ml

streptomycin. The cells are starved for serum 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 -

20

cells are incubated at 37°C for varying times. To stop the reaction, the plates are placed

on ice, the medium is aspirated, and the cells are rinsed with 1 ml of ice-cold PBS
containing 1 mM EDTA. Thereafter, 200 pl cell lysis buffer (12.5 mM MOPS, pH 7.3,
12.5 mM f-glycerophosphate, 7.5 mM MgCl,, 0.5 mM EGTA, 0.5 mM sodium

vanadate, | mM benzamidine, 1 mM dithiothreitol, 10 pg/ml 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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10 1573-81 (1993); and Boulton et al., Cell, 65: 663-75 (1991).] In one
enbodi nent, CHO cells stably transfected with a GPCR-1i ke receptor are
seeded i woo63ssed | plates at a density of 70,000 cell s/ webPCT/A800225S pri or
to the assay. During this time, the cells are cultured at 37C in DVEM
medi um suppl enented with 10% fetal bovine serum 2 nmM gl utam ne, 10
Units/m penicillin and 10 jig/m 15 streptomycin. The cells are starved
for serumfor 1-2 hours prior to the addition of stimulants. For the
assay, theresetdpsd foe the elatecdndiemostitizashhyal bpassages Hegugin 2doAdicadlag a

put ative agoni st. Oor .the positive,contro hor | rist e (i.e.,
by . and TRV Py vy SIRuSbeR Rt S (e L RS 0o e
reaction, the pl aliRgoR(s-10/AcektadthOnsi te bsUR g naisgd wvahaduvand t he
cells are rinsed V\nﬁtﬁ 1( m %f ige- cggllndu%%éo glggf?idni ng 1 nM EDTA.

Ther Faf t e MARKGubsteatt Peptidsi (4 PRIFAIGHRR 10pBataRiguersolqe, g N.Y)zng SgaM
3- . .MyC .5 .MM EGI, 0.5 mM. i d ;|
ot Dertoant i AR T, Gk RAPLIRErY e 6 i aperite sERBRT 2000 YRPARRY©

apr ot i ni nip 2tV REPSE R LN The saiflcd aM iakasidddCions inthhutes aestdedaddo the cel I's.
The cells -61 WO 01/ 38533 PCT/ US00/ 32225 are scraped fromthe plates and

honpgeni zedichynsle papsaiiesspolimgighnan2cg] of Whettiaa P81 Hhesrhpcelsdpsef r act i on

is then prepar centrifugation.at 53, 000 15 m.utes. Ali t

(- 10°1 " bR ahe Rl SRalcs sHARihaT i BoupShapds &MTh 0RO Tl Soihentie Mk
Subst r at e cfightd Beli§HESIREERRN JPRSFRESH B R{uPGNHR L ABYolic! dx@racts reYinutard 50 M
5 [y-32P] ATP, (NEN, 3000 C/mmol) diluted to a final specific activity of

2000 1®pn prtbbut MARK swhtstthtepeplides and theSpin, frath ¢hesasphplss arcsubiiatdsbiied for 5

m nutes at, 30C, d reacti.ons to d spotting, 20 1 on cpg _of

What man P ‘B??SE%ﬂ%B’éﬁ? SOVigy esaésg@f‘? p#ﬁge'f ﬂ{‘? Ossozﬁﬁggggag?ogl \e/\?é’g’%egp Tn four
changes of;sdd4stH3RMratcadtht! PRotSALBHEM i Ghs FOURERRINEY bY b AYé BindiigHrbteinat | on
spectroscopy. Equival ent cytosolic extracts are incubated 10 wi thout MAPK

subst r at e apept{BideRadind gohist agsivatioed thhesseptonispixpscted o readt maptted ffveom t he

t ched . ith bst e. ide. Th t | i tract f h
vl | s oaBaraets i aAR Ty Bhisiiereson b Sl P het er m ned by

a dyesbinding protein assay (Bio-Rad). Agonist activation of the receptor
is expected to result in up to a five- fold increase in MAPK enzyne
acti vity. Hrfit§ AranhidemireAcid Rifleasked by antagoni sts. 15 H [ 3H] Arachi donic

Acid Release The activation of GPCRs has been observed to potentiate 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 cells that are stably transfected with a GPCR-like receptor expression
construct are plated in 24-well plates at a density of 15,000 cells/well and grown in
DMEM medium supplemented with 10% fetal bovine serum, 2 mM glutamine, 10
Units/ml 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/mmol) at 0.5 pCi/ml in 1 ml 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 incubated 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 liquid scintillation spectroscopy. Agonists which
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The activation of GPCRs has been observed to potentiate arachi donic acid
release in cells, providing yet another useful assay for nodul ators of
GPCR-| i kavoevssssdr activity. [See, e.g., Kanterman et al PCT/Nbboe2edsar

Phar macol ogy, 39: 364-9 (1991).] For 20 exanple, CHO cells that are stably
transfected with a GPCR-1i ke receptor expression construct are plated in
24-wel |l plates at a density of 15,000 cells/well and grown in DVEM nedi um
suppl emented with 10% fetal bovine serum 2 nmMglutamine, 10 Units/mn

peni ci | | i Actaiaée the regeptor stk dgad dorpelentidtion o thendiiPstimmlaatrelasorle use. Cel | s

of each | ], are.| abel e . incubation, wth [3H-arachi donic acid (Anmersham
Cor p. , Z\i\gd]?%m%(io%ﬂ‘gaﬂ('é.pgteﬁﬁ%rﬂn P P\ygf{(?ﬂg Ogﬁggspl enented with 10 niM

HEPES, pH 7.5, and 0.5%fatty-acid-free bovine serumal bumn for 2 hours
at 37C. The cells are then washed twice with 1 ml of the same buffer.
Candi dat e lL.mbdirbeslnfar Agidificairpn Bate added in 1 ml of the sane buffer, either

ar
al one _.or containing 10 M ATP as, a posi t.i ve..contr,0] ., and cells are
houbdred ot 2yt thy sl b aBeRidr ol 8 kBl O ERE REfKd Re B
cel I's are ussd A6 aSHIH SoniRAMR! REadDubir Ghangts Rpreactucveby thapatLioent ed by
liquid scintillation spectroscopy. Agonists which -62 WO 01/ 38533

PCT/ US00/ 3r@Rbitaet [Seat @2t Panlopee pt .ofoumid! bf Peedacelogorwéand dexienogital he

ATP-stinulated, r ) f H] - arachi donic acid. This potentiation is
bl ocked b eé’%ﬁdé’g%ér{?):?@.sgl(}g@t]r acellular Acidification Rate 5 In yet

anot her assay, tgi@téiRCHmsREtcAW it 4 GECROEIY REQItSr XlprdskiciRebhde@ct geept or
activity are assayed by nonitoring extracellul ar changes in pH induced by

the pt at ssaded miel? mrocapsulSaps (MoteculaDDaviegs €orpalat 4 xJ Kl cakds/cuprin

Phar macol agi and Toxi.col ogi Met hods - 47-55 .J CHO cells
transf ect gﬁdgﬁt Wprje@f&%-dl Wit 9(:2 %?J‘E%{ RPIRSS nggzlor%@ %6%‘%&3% ‘Jt( J[i?%%ts seeded
into 12 mpegaimstilaBd $URS/hMHeBhRin. DEnd @88 afedhdubhtedtin 4hiX mt@Rinc &l I73CaHP i n
DVEM suppl enented with 10% fetal” bovine serum 2 nM L-glutamne, 10

Units/m Spe@DgidriZ4rhouesad 10 g/ ml streptonmycin. The cells are incubated in
t hi s nmedi um at 3§Ct in I % f gr 24 hours. Extracel hg/{oarnsaci dification
rates are measur ed 8 Iylr 2GR an s A5 LY TSt dretBF Pl ecul ar
Devi cigs  CafiBrophysidifetc @It SUDS i@ TP ROTEe wfib%@letchss ars heied b anber s of
the m crophysioneter and the chanbers are perfused with running buffer
( bi car bonatrsof ¢hegmbphEM theippdrephiystosatteniand the ¢hivmibersl ane aenifused with rupming/ m
buffer (bicarbonate free DMEM supplemented with 4 mM L-glutamine, 10 Units/ml
penicillin, 10 pg/ml streptomycin, 26 mM NaCl) 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. During 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 to 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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penicillin, 10 g/m streptonycin, 26 MM NaCl) at a flow rate of 100

| /m nute. Agonists or other agents are diluted into the running buffer and
per fused wanossghs a 20 second fluid path. During each 60-sepcDoudogmzeys cycl e,
the punp is run for 38 seconds and is off for the remaining 22 seconds.
The pH of the running buffer in the sensor chanber is recorded during the
cycle from43-58 seconds, and the punp is re-started at 60 seconds to
start the next cycle. The rate of acidification of the running buffer
during the recording time is cal culfa@plp9 the Cytosoft program Changes

KRHRCE R % A N e R L

basel i ne val ue (the ave r rrllle before

addi tion @ftermehs - Q;Facﬁ@ﬁ@itldzaél@ﬁh%Bfﬁéﬂrb}b@)ti_ﬂbQ&]g?.,SFaRIP)a’é&pltﬂi“@WzlEe_rTEnt
obtai ned after addition of a nodul ator candi date. The sel ected i nstrunent

det ects 6deyalpnsd Byiincreaterithgtversstikitypt theceloning appyarcdy EaRl rechptopsd@ptdor
result. in an,ncrease in the rate,of, extracellular acjdificatio

compared H6TCACAFUEENR € e PIYCRBE iRt TEPREEN oL p et Sl onea
by nodul abprcﬁsnm(gl,x@dinmﬁ a@fvifet, URMNtE] Souddes) Ed18d hEGERAT -For@2adffle01/ 38533
PCT/ US00/ 32225 anple 6 To avoi d inpedi nents inposed b otenti al

: ! 1T p
artif act s tasgetpCrewappdide (ani FeRP) racapterp atighiexhippr K4 éso. 88”7 8&%s PR ng of

neur opept | 2 Jan obaRP, ept Qr s, wWas evel oped. By increasin he
Versatini Py opSnes alion: nyPShathlit Bl MR e Mg SR e

rel ati onsioRsinlertébrate ot FiEAE, Y BhE afd r@UndDBEdhs, BOEmSfaktiGildtralnd-sequence
simlarity or identity, common activities, or related sources) could be

t ar geltled. Woom gerempdrdrom partigelae tousduy @pegitccigs spb-specicsraRPaktécept or s m ght

exhibit 70% 75%.,80% ..85% 90Q9% 5%. 99% 99. 9% 99% simlarity;
0, the t ar got dirdcruBElon bt hegeen s FF k) PR ™ o

i nsects, (@B posdibie midr@m@mmﬁﬁ@csEtrrﬁa%)i@@r@mpurasbnb@u&mr&QdWe Qgener a,
or from partl cul ar round-worm Specl es, sub-specles or varl ants. The

i denti fi catithghe 6f eksgyerdatabase shenldi aid relhe aprapiicaon Hapdiiopddepropertidd so

k i bl e addi tj.onal_ bi oi nf i cs_strategies, i f
Cont:  mod HEREEr arLidiy PR 1o, TkarSe 3l BB P IRT " fhe
i dentjisf i cabhr@peRideadedhiorPmake POULAPL Pl ke approsnisticSothéritalapaies dinbiakg

receptors. Likew se, the identification of the C. elegans 15 neuropeptide
r ecept or s Dragophposed himammdatabeisésar approach using -ot her dat abases, incl uding

D osophi | 2 and R e a2 P IENEE S ot (WA el RO boE
receptors exhibiting high levels of similarity to the confirmed neuroepeptide (FaRP)
receptors. 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 ef al., Nucl. Acids Res. 25(17):3389-
402 (1997), with known C. elegans neuropeptide (e.g., FaRP) receptors (CEGPCR3,
CEGPCR4, CEGPCRS, CEGPCR7, CEGPCR12¢, CEGPCR12h, CEGPCR12u,
CEGPCR12v, and CEGPCR16). 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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receptors exhibiting high levels of simlarity to the confirned

neur oepeptide (FaRP) receptors. Finally, the results of bioinformatic

anal yses wabnggsshe current databases and 20 bi ochem cal pPoaf/oseme2ezn ar e
presented. Bioinformatic selection of receptors Later rel eases of the

Wor npep dat abase were searched in a manner simlar to that described above
for the initial identification of candi date receptors. Wrnpep releases

t hrough Wornpep 23 were downl oaded fromthe Sanger Centre web site. The 25
dat abase WasPldesredralaionghiBt ASE IFemredasing g AlEnXg(Clustaiyo| Thompiseis e/Re s .

Fecept or s A itrcy e Rizalt el PR PEUBRRRS Sl on
CEGPCRL2U Infof ERBAhes@) WIGEGPCR16) . A conposite BLAST score was assenbl ed

fromthese searches by calculating the product of the "e" values from al
of the se&ileniag of seceptagbven 30 receptor. Rel ease 118 of GenPept was used

for general searcghes . agai nst, publi.c uences and. SQUY. of sequences
used Por the phyReGEHET rierepgPeuie RERIrTBites "Bl Bepighas

PCT/ USO0/ 32@rRRccaRSs RBY kO@RNS PCR Ip@inddd. ONS S’ FECRVBFi @iePInePpofed ik Y t he
AlignX (Clustal W Thonpson et al., Nucl. Acids Res. 22(22):4673-80 (1994))

al i gnnent efsgary iamaforect@winim as gptirized p newranaletednegipe (hezdaM.- Mpcl- A oni ng

of receptars Re 0, oned j PCR techniques. . lnitially, the
ot ed o 6d R REn A DEER5 S (0 Balieoh b B APEN St 8B RisTony

i ncor por atRnkd@teGot coiltBdaNsithii the ddceptofIdquehdetb RindplifO PAtePra@ettidn of
untransl ated regi on (Kozak, M., Nucl. Acids Res. 15(20):8125-48 (1987).

The 30 PCRRPVA feeinjectivalstudiecsont ai ned a restriction enzyne site not
contai ned within e.r.eceptor sequence to,Si jfy later production of 10
(y;ttﬂg ﬂrﬂﬁz;l:l ea%prqaf;}? P%gg PHmErs aquI ”QA lo t)éﬁ pred.lcrt]egd3 s&?;uélnc% dl({d"n(g%.

CRNA for injecti _ _ pr oa usi riners desi gned
to the pregidaypebdueslt POREyAHGLNGHf tHe@Reliitt¥d PiREhtEar® JBORRIyadUEbr (a0r 1 the

predi cted sequence was obviously in error (as judged b§>alignnent W th
ot her GPCRedged biehgmmerti evithariher{choReXdl thearithgrpncaelored BeR appiragle Susedil 1y f or

was fol | ottt phea R TR cBEPSRED) T pri e (P ORIl o g™
obt ai ped %%io%“%jsffmfweéuoroﬁahh polntaecRee.  (Perkin-El mer Applied Biosystens,
Foster Gity, ) or the Expand HF m x (Boehri nger
Typically, a PCR product 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 vivo excision reaction on a cDNA
commercial library constructed in a Uni-ZAP XR lambda vector (Stratagene, La Jolla,
25 CA, catalog number 937006). PCR products were typically gel-purified using QIAquick
columns (Qiagen, Valencia, CA) and either cloned directly into pCR3.1 (Invitrogen,
Carlsbad, CA), or indirectly 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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Mannhei m | ndianapolis, IN. PCR prinmer sequences are presented in the
sequence listing, with "f"and "r" suffixes added to a given GPCR cl one
desi gnat ivom01/88529 unanbi guously refer to forward and revePERURINITRIS pairs.
The DNA tenplate for the reaction was either a first strand cDNA synt hesis
reaction (using random hexaners to prime synthesis froma preparation of
total C. elegans RNA) or a C. elegans cDNA |ibrary in pBluescript,
constructed b erformng an in vivo excision reaction on a cDNA

comer ci alGelnﬁé@fgerSyAe@ Askarudtibend eompapyd agzimst R ek pgebrdsequRics pradstehiregene,

La Jolla, 2 cat.al,og nunber 937006). PCR products were typically
gel - puri fiﬂéeg“ﬁ??lﬁ%n %j%?ci‘g?'ck colums (Q agen, Valencia, CA) and either

cl oned di (@6hiny COGPCRER3. 1 (I nvitrogen, Carlsbad, CA), or indirectly
through an initial cloning step into pCR2. 1. Plasnm ds containing the

appropri at e i nseGEGRER2 (D@ pamee: 1B9) waslonedprses BN Thetemnlya fgrtdeedur e

(Q agen) and,.were sequen usi i we termmnator .chem str.

hopl T od 0-RBEy S ARDNRRERR e ey TSRO R 133 20 (L OREY RSB
sequencer ¢omsnctasisy 1 fable JBOIS (coamiial 8 :SEHUEAR OR VEJt6r; 868QFHeeTa USi Ng
Sequencher software (Version 3.0, -65 WO 01/38533 PCT/ US00/ 32225 CGeneCodes,

Ann Ar bor Jolla, CAargcordingde ¢k mgaifagtret B énsexpewsed hedgiherreetign weli ct ed from

o ng. PORPERE SR ERBeEhE R (Padiiesn v iaau e Babapts Aoy “ o
el egans ClRbaint@! 8581 EdcBPrdfer] IEMMMANGI 650M M@, sMBRGitaEkyanavai | abl e

library (constructed in a Uni-ZAP XR vector; Stratagene, La Jolla, CA)
accorldl ng High Fidelityeanasmae mux e The PCRoerdioni v sarrFdeoubaRe PEalegsnsn was

erforned i ng,the.Expa HE kit (Boehr,.nger i | ndi an ks, |
Pt Ceont Eohafics Girn R it ing pond RNt MO ek fih 8038 ke 1Y
Expand 10 3bisgébnlds, P Clyr ERAmiTes, Bllowelig PER foenaiih@ss. VAT ALabhingditout in a

Stratagene Robocycler, using the follow ng conditions: 30 cycles at 95C
for 30 sedbwimges(Crisbad, D) wescusad & clppOhe gel-purnfieiul €8 predsict wierCR3-172C f or

5 m nutes..A TA.cloning kit nvitr n l.sbad,, CA} wa ed to clone
the gel - iR FRENTHAR R gtbcEntrEeb o o Tt FrrstorhRd etifeYuhe |

t r ansfsor mggknkifit® uSing & @blonPIHER meihdd id anednQrdiBbreahts FToMBE Brebénde@EMel f i ed
using a colony PCR nethod to screen transformants for the presence of the

appr opr i atappiopsatetinseRu Pufified plasmshDN ADNAs ehisinedbtsing e aniospiey psoassivre- pr ep
F ;?ﬁ?ﬁ;{ gI(anggl?ng/EPe Vlgl( é,gjl ﬁlasncl"ﬁ?s'welzr)é: ggq@er?csedvl\g{n?g dsy%geur(ranquﬁgr c Se}nrllgryd&%
Applied Biosystems, Foster City, CA) and an automated sequencer (ABI 377). A clone
with an intact open reading frame was obtained and subcloned into pCDNA3.1(+) using
20 EcoRI1. Xhol was used to determine the orientation of insert fragments.
Cloning CEGPCR21
CEGPCR21 was cloned as described above in the context of CEGPCR2, using
the same template, PCR conditions, and cloning strategy. HindIIl 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
uM 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, S0°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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Applied Biosystens, Foster Cty, CA) and an autonmated sequencer (ABI 377).
A clone wth an intact open reading frame was obtained and subcl oned into
pCDNA3. 1(W ousssayy 20 EcoRI. Ahol was used to determ ne thecoOUs@2215 on of
insert fragnents. C oning CEGPCR21 CEGPCR21 was cl oned as descri bed above
in the context of CEGPCR2, using the sane tenplate, PCR conditions, and
cloning strategy. Hi ndlH was used to determne the orientation of inserts.
25 C oning CEGPCR23 The C. el egans receptor CEGPCR23 was cl oned using the
C. el egansroppiited pl AswiidHor £iasnad DNRplagiselatathandPER icd Ry sEDENAS- set up

usi ng 0.5N each pri mer 00 . M.dNIPs. .1.15 and 4 unit Tth DNA
pol yner asé& '{act é?‘_ﬂ’ée ﬁé?ge%?cgeé‘c%dﬁmd%epénB’&%‘S{%ég%%%&gw%%eiﬁ N'EP r?’é’r)h%oo
Ther mal  Cgab@bnddshinginkaies hhd QM ILorkh AN AT A6 GBS Bak mior 30
seconds, 50C for 10 m nutes, and 72C for 10 m nutes. e resulting PCR

product w&domep GHGPCRE3, cloned into pCR2. 1, and -66 WO 01/38533
PCT/ US00/ 32225 propagated. in E. coli DHoa . Plasm.,d DNA was i.sol ated and
veri fi§ed by sequés‘ﬁ]c&l'ﬁgf’regxgk ?ﬁpé??tCL&aBﬁléeC{AESObzaéP gbe_tcé)ﬁre%edl%iga%c! oned into
PCDNA3. 1( tedHIWIL ragem) pHileROw B2 d&digncdI8hkd OScomaihing M$R1LECRN t he

correct orientation were identified using BanHl/Bglll. Coning CEGPCR22 5
An anchor espdPORépingthhsevasmas pdmess with Hierinitiabflednngptmersgonfioned GRGPCR22.

Internal pri wer e desi dto t .exon.containin P eri nents
Lol e et Tk R FaShIItH Rt Ao P SR ot s EN oer oA 8kP T 1
that the13dT R&B RGOECT\w@sA ROt @@%Tgﬂasmr@im:lw arld P ERN8Ireiridrer (SCN
162 - 5 -ACG TTT AAG AGC TCT CAA ATC CCA T-3' ;  SEQ I D NG 171) and . T7/ ML3
reverlde 10ecstecpronensyiloeg with sheofige/aganh cDNA plasreldegzary, & DR pbduntivds| i brary,

PCR product ||y obtai ned that 10 t t
5 Pond Ut otHRes Rt hare oAt OB T Ao RASA dPEhAFSRG sed
in conj ungty,an P@H}B}iﬁé%a\g%{%égig%d and MERiPEdBiction GREPGR2AtWesS PAReprisepned in

a simlar manner to ) .TeerI'ate and"PCR conditions were 1Identical
t 0 CEGPCREEGRGR2Dwas than cloned PCRsiprloymammdr e CEGRCRLS. 1Bemplate @ad BERO4AC f or

RN RN S RN e TR

15 cycles at 94°C for 15 seconds, 55°C for 5 minutes, and 72°C for 10 minutes. The
resulting PCR product was directly cloned 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 -



An anchored PCR approach was used to obtain the correct ends for CEGPCR4.

Internal priners were synthesized. PCR experinents using these internal 20
prinmers wohsssesinitial flanking primers confirmed that paeUSty/eezs of the
CcDNA was incorrectly predicted. Using an internal primer (SCN160 -

5' - CCAGAGCTCATCAAA- ACTCAAGAAT-3'; SEQ ID NGO 172) and T7/ ML3 reverse vector
primers, along with the C elegans cDNA plasmd |ibrary, a PCR product was
successfully obtained that corresponded to the correct 3' end, extending

beyond t h&nidalbpnesdon!. andisneslensdtintepGLN 8 )i wing ZeoRdyvand clgperwirhi ther
(SCN189, §5' - TTA TTTAAAAfCIAaGGI TCI-3 o I D NO 174) was designed and
used in g%?ﬁ%%%@ﬁonvﬁvf: ¥ PHE lilsﬁli]c%@%ﬂg% “Beé%(pgrl'i mer. CEGPCR4 was then

cl oned usiOMhihg€@BGRERS conditions to CEGPCR23, except that the tenplate
was derived froma first strand cDNA synthesis of C el egans nRNA and the
PCR program i ncl Gd&d’ S wygetlegedgsigyite sone PERIGaG 0BEREPONGVEAF or 5 mi nut es,

and 72C f j,nutes.. The P r oduc | an -67 W0, 01/ 385330
per USoo) SESEERIA TRy iae SO Rl R CR SRAE o eSO % g
EcoRl, angrgoaeesndd 40vCLBES nfinkitegGhd 92I@RIrali IMue! €hé RIaBEbHsSIdrg calirigest i on

wi th Sacl. O oning CEGPCRS CEGPCRS was cl oned using the same PCR reaction
conponent suids afPegacRimer Yeitthtima cyder ay reminaBCRenprlugt was gdomedcondi ti ons

i os. e Paain R anf e RRAIRET O Pk W0 BRE8 o

cycler. TB&lohePER! iMsnRERwefaeMated WS fiel OliRieqabinc L hd Jestriticd 4pEIRS. 1 and
transfornmed into E. coli DH5a. Clones were identified by colony PCR

Pl asni0ds twderdng £HGPER19durifi ed, and sequenced as descri bed above. 10

Cl oni ng CEGPCR19..1 The. short splice vari cl one 1 9 cl oned
using condi ti onsT}llFalé‘m prear V?ngtﬁgglé)nagg?}{%g{dg Y%%H&‘E%%%?’%d’\t@’%%% he
except i onidhtiéal 29 hoby BéscH beRior UEGRIRER Wi the laec%gﬁn bEASOI®Aybridi ANy
CEGPCRI 9.2 15 The |long splice variant of clone GPCR19 was cl oned using

condi t i onstep ifefethe PERI reedionhose descri bed for CEGPCR5, with the exception of
?:ESGSDgth]}/brC'lgﬂiﬁgtdEo(EPCﬁtlﬁﬁ for the PCR reaction. C oning CEGPCRla and

15 The long splice variant of clone 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 CEGPCRI1f
The cloning of the two splice isoforms of CEGPCR1 were described in the

20 examples above. Those initial clones were based on the Wormpep 13-predicted
sequence. Although the receptors were successfully amplified and cloned, alignment of
the sequences suggested that other variant clones might also exist that contained an
mitiator ATG in a more conventional location than within the first transmembrane
region. Subsequent releases of the database included a longer AC7.1 sequence

25 corresponding to CEGPCRI1 (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

described in the preceding examples for CEGPCR1).

- 68 -



The cloning of the two splice isoforns of CEGPCRL were described in the 20
exanpl es above. Those initial clones were based on the Wrnpep 13-predicted
sequence w@bti/bsssgh t he receptors were successful ly anpli f PedusonB2eisoned,

al i gnnment of the sequences suggested that other variant clones mght also
exi st that contained an initiator ATGin a nore conventional |ocation than
within the first transnmenbrane region. Subsequent rel eases of the database

included a | onger AC7.1 sequence 25 corresponding to CEGPCRI (but still not
the spli c&lvlamlgéﬂﬁ@?CRD@F;@EGH’&ERWWWB&QJE&BSRWPomthe Wor npep dat abase, a

new primer (SCN 1midzdr|5t i W%gnmg{t ofxmﬁ%ﬂ&%@ﬁ ?EQ ID NGO 175)

[
was designed an S Were 150 9'denti cal

procedur e EGRCRI 2 \%geﬂéd e ad @SRl Vaestd Mighbexifr a6 i dage 6XERBPER 1D Oi
CEGPCRL). WD 01/38533 PCT/ USOQ 32225 O oni ng CEGPCRL2c, CEGPCRL2h, and

CEGPCR12u was mﬂl@lpatﬁ(bﬂ@ti@@ms engpdigamehypepsides having B@dlmna} I\hWﬁmITai ed cl ones

f ted,t hat | h
of - ceaPoRESTIENEE Mg PR agerTisas Do Al kPR Bt trtnySEGr DSBS havi ng
addi t i onalye\: §&figheaFbr s'évéﬁ(%&tﬂ@rﬁ%l wRdHsd Pb@lelrmm d@@@qdmearat i onal

primer design approach, rimers were designed or several potenti al
exons. Pr @f:‘m\@@ﬂﬁﬁ&( CCM@GA X OBTEHIFHGAGCR prigeQ | D

NO 173 ! PCR dit

N Goony + RSROMB O g POR ShaRion B ssbibat o R S BT B o sed o
anpl i fy tleedrORer Wt giefhised foanfIRy PHOdHESr veRSorC I THREWCR Brddiut©6id dordat 0
PCR3.1 as descri bed above. |Intact versions for CEGPCR12c, CEGPCR12h, and

CEGPARL2u diveetdy intst BCR2d as Thecribed abaxgardatautsiersiers oBCEGPARIZe, WBSPERARBhed
usi ng BLAST ﬁré@ tschul, et al., Nucl. Acids Res. 25(17):3389-402
(1997)), QOGP PRI known  C. el egans neuropeptide (e.g., FaRP)
receptors (CEGPCR% (CfEBRAW el &%dat&@s@%@ﬁ’@&?ebe@%@ﬁ@@@&ﬂ CEGPCR12h,
CEGPCR12u, CEGPCR12v, and CEGP Usi ng the e-values fromthese

sear ches, (éltmiwbc%ak SVRILASTds Bes. éﬂzﬁé 3389 602 6t9%0d)), with tlep six higendlydmosah, a

f t bl
Chore. s SleEGETI P T e 110 Feas GreCEGRe CREEChAar e ( Fare)
receptsor s,cramRCREEHKGP SR 1 SLECHEHTR | HECRCHER | LECRTRLR 10004 @E@@Rl@? 120
and CEGPCR19.2), ‘and CEGPCRI 1. An additional group of recept ors fell into

a second Usimgthe Thiakieg fronpthesecieantbes, CEARERI G, BIOESPORITe (B chlcURERCRIsingand

CEGPCRIT) '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 CEGPCR1a and CEGPCR1f{),
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 ligands.

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 11(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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CEGPCRI 5, CEGPCR18a, CEGPCR25 (SEQ ID NG 178), and CEGPCR3. BLAST

conpari sons agai nst the GenBank dat abase showed that these receptors were
al so |i kevgoi/gsspd | de receptors, although they have not yepCh®sew/araisched to
| i gands. 25 An alignnment of the receptors using CLUSTALW shows that the
receptors exhibit the classic characteristics of the seven transnmenbrane
famly of receptors, including higher degrees of simlarity through the
transmenbrane regi ons and very few absolutely conserved residues (for a
revi ew see Probsthhe(C. glegansgsréptap 6an 43¢ b§ .cl:@wéed rsron2 phyloganstiomRiodfius ual

feature f@r th eceptars is i C i i nserved
O or PO Pl S PRl bl v
sequences tg@ichl pPibgedetit ahdigsi CEGRCRGRi agbwedhhaeetientesleverb@eMBe b 38533

PCT/ US00/ 32225 e C. elegans receptors can also be classified using a

phyl ogenetheabappmsashned famghyrod receptlessninciuling thgmepioperifdetraeeptors kleaifies GPCRs

described abgve. resul ti froma i cal nhyl ogenet,i na LS. . This
anal y35 IS %gé){%afa{] Ilnlit? t‘f’%ﬁg lfl(_zttgﬁ(éupesl rérégr? nrﬁoﬁggrrg’c%?ors Elﬁgfaa lgtoéﬁ(!ﬁsgrﬁr?@ﬁed
fam |y of afe6epGRLS0S rBedpusifien Lenieuiapent (Heint @eBPiONPY @edptdd) apd 5 to
date, fall into two distinct groups. The only other receptors that fall

i nto theséhegPBGFE R ansl Pm&PCER) reogptons droap Poesophidin Werake eageritysgpmairngd (an
i nvertebrate NPY r tor).and the Drr(%P 1 a receptors from
Dr osophi | g‘?a‘%\t@ QMCreeﬁ%ﬂt?fmcaSﬁfrﬁeFWBap 1@3?"? %%%%1 receptor has a

neuropeptide (i . €his mARRS aldodhbeed At hedbINdSics oR TS BleshRWESEptdigitrofntBe SECONd
tier of C. elegans receptors fromthe 10 BLAST analysis tends to fall into

cl assiéds WBLAADE iralysiciengs tadull tveplassge withoslr dkngwn nemEoparidedeePEEPCR24 f al |

into an i i n ith.-the L. stagnalis | okinin receptor (Cox
of oo IR L A CEORERI I8 alim SRS itk TOK ek

car di oexcilﬁath&ﬁmnp@&gm%é)am REanMNderdstigand): 11 erees a9 ems enseendls. , J.
Neurosci. = 18(23):9812-21 (1998)), the Stonoxys calcitrans (stable fly)

>t achyki nicardideettatpryqeptids (anREamidg hgand) recepior (Tamaen & al, Jr Nedgesgl- Sci .

814: 310-1 aoro,for a |eucokinin- 41ike t fromcattle

i ok (roi nee e 2T (BREEE sefouf sr R 0060 s o dEubfRkiRy e iBrons

receptsor [Glerr@b, BD., AshalsBU. AcGlESE:. AGT1D) 1 B992))( 4R9&ptor 1€ ahaeskinarent |y

identified this last receptor as having a neur]ggegtl de (i.e., FaRP) ligand.
P

Thi s gr oupikp geptidsfaenaceltle inkl (Belmeai afg/. olisgetiMe B0a0enpeesepand &1e but s
st <o thiaheRa el 12, 20 11 S AT B RN 12,9
di stinct fambicdttis (a8 REGRora haling aVRUIPEHPdi.e., FaRP) ligand. This group is
separate, and contains only invertebrate receptors, but is most closely related to the
20 vertebrate family of neurokinin (NK-1,2,3) receptors. The C. elegans receptors
CEGPCR6 and CEGPCRIS5 are in a group distinct from, but related to, the vertebrate
heurokinin 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 et al.,
25 EMBO Journal 18(21):5892-900 (1999)) and DmGPCRA4, both of which recognize
allatostatin peptide ligands. CEGPCR18 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 linked 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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neurokinin receptors. A cluster containing a variety of chol ecystokinin
receptors contains the C. elegans receptor Y39A3B.5. The receptor CEGPCR20
falls intwoal/agseaip containing the Drosophila receptor foPCHEUIS00/32225
allatostatin-related peptide (Birgul et al., 25 EMBO Journal
18(21):5892-900 (1999)) and DnGPCR4, both of which recognize allatostatin
peptide |ligands. CEGPCR18 variants are included in a group containing
several vertebrate orphan receptors, nost closely related to the clusters
cont ai ni ngecebonbissdgniziag pentsted!Sand (i FerodQBHIERIOTy 8BTS n The FreaRtoHy

(and cecrain S AR oRer BUer st o 1 Fude B SRR kb BRI aup of

recept or s,or Qi RAiNEE a hieg @y rdcBpdtsaditi ?e@id@ﬂi@@ﬁhsgliddﬁfdﬂfg soRfids@dtitl Ng a
variety of receptors, including sone falling outside the domain of those

-70 WO 01/23B5B3arCTIMISE0Y 3eanersr &t loresulisearo glightlyng cortpast wethithegands (e. g. ,

serotanin recept ins). .The receptors. CR9, CEGP and CEGPCR22
are al |Irw§a?qrgfl§6g§§§,l hsg‘}’&t]}behl_gﬁgersf s“_t%flgﬁ]%éts %QE{SE‘GFSGC’SBH’{ af E& ﬁ‘gtygevari ety of
recept or s p¥ichRr EMLAGE rbduidifcatd el inNghe$ITBH ASIaichBs to UBGRORD2 agdd
bonmbesi n receptors. BLAST results are slightly in contrast wwth these 5

resul ts f &E@EGRERYe allioghdrifg efdganhiegémdens (¥ ¢ bo AR ShC#3CT.r TQHP10) betept or  as
NPY-type .rec rs.. BLAST results .indi cate the five hi st _scorinng

ot chob t P EEEBG) BN eEpeRas P e e e a0 SRl
(Y116A8B. Becephd 3. 2, TO2D1.6), but immediately follow ng those are a
series of vertebrate somatostatin and kappa-opioid receptors. 10 The
receptlors were clldneccentirnyerselared|useigrsavasgli stotegiss] albbasedionthetuse ofise of

PCR. The fjrst. stra i nvol.ved the sinple design .of PCR priners using the
pr edi ct ed ﬁd&%@%@d@ﬁ%@dwﬂﬁ%ﬂéﬁﬁﬂ?ﬁ? Hgsd%téggﬁ‘;\gé’f 1negs Wé){?lﬁ 6’8?92?6%5 not
obt ai ned WHINW seqRehdBEIIhAEPLRIGH casts WiRrPABCR Fg%ddch_@za@ﬁ@tcﬁwéiﬁéh s@ggience, an
alternative approach was wused to design new PCR prinmers. The failure in

t he initi arinRERlesigned omért asigsend thébpregigied sbquendu @ntaemhve appsddchtwasof t he

gene predictjon, softwar o.accurately predict.t nds_.of the GPCR
sequences.s 'iogdr?ﬁlﬁﬂf‘e‘e{fﬁ{%“f?ﬁésdiﬁ{eg‘]a‘){‘gﬁi"hﬂ‘%‘iﬂapﬁ%}g&éﬂ?}‘é’&e‘?t%W‘? he GPCRs
of t em 5 evegliedi &g 1&tHeQhsbili§ ¥ the LM pRdidthhR BRASrOD abh\Ra@RCsEEE: tE Gh®I N
sequences ~woul'd be much | onger that any of the other aligned sequences. In

some case®ftheeGPGERIsgmrennts. shlggnatent hbthe prosidelianinolaid sggderngapfartie by PCR had
been i nac ely 20 predicted, e.g., show n initiator ATG that was
o thi n s ne s b drda G hETE. Sanate PhDBFPELITYE BrodRl Dot B iRt
usual I'y D& RiIMPOIIER thrg¥r tbCanyST 18 oth&H Bighed sddebhdlS | Bdotae 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 prilﬁer 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-

termini of the encoded proteins. Although an anchored PCR approach has been
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| ocated within a conserved and unspliced region, in conjunction wth the
original flanking PCR priners. Using this information, new PCR priners
wer e desivgmen3ssIaki ng into account the possible open reaBCTySéwReEss,
potential mRNA processing sites, and 25 proximty to the presuned correct
sequence, a series of alternative PCR priners were synthesized and tested.
This rational prinmer design approach, although | abor-intensive, was
extrenely successful, resulting in a high rate of successful PCR

anpl i fi casispssiiBas ebtagnng besady elomgnesreetly neadi SENAB CRol sy reeRpéered asequences,

11 of 22 GPCR-}like receptor sequences select f rom \\or np re
i ncor r ect FOURT BTt On%ﬁrlwgﬁﬁ%gl%]eap&opaggtaggq,ouérl?)gﬂ[b “or"% ﬁge)sslﬁz{%earlpg?hs have

occurred h%hgxhﬁlcpésgditg_ti on of the N and C termni of the encoded
pr ot ei ns. t hough an anchored PCR approach has been -71 WO 01/38533
PCT/ US00/ 32225 sibylesefatic apalyssscan hé Agpditpspestitiée of papsibladwictiens foy thr edi ct ed

GPCR- i ke recept in coupl,e. of cases, the rationa rimer, design
appr oach, reﬁF?tﬂE%BLS}loéfﬂ)@?? %‘35, lhﬁ& SHFHC BURETOHS nﬁﬁ&%@éﬁ%@ ggsas tlrl")f‘;l!tc_%l.1 B
Phyl ogene{i t@%ﬂll&?ﬁ?]o 1B eIt ARBEWIATE r@NItPastHBEENdHinGEd Ba3sd f or
the 5 receptors. It should be noted that there are nunerous nethods and

vari abl es ot hat methedbehompsen et @., Blicl. dgpdsyR &g @ H@2)- 40 Te8 &t 98 A hseperal Al t hough

the results .described herein based n one net hod Thonmps e l.,

ol ot ieEh Shd Bt or B dRls ymeted Bird T RaGd TR iRt | ons
of phyl ogeRgtd FerpBimhiVas 8SsuntsRpdciMEShitigRLeds toMheldvatall remtibiRdss obkarv D very
simlar results, especially with regards to the overall relationships
obseried fargh¢ eonfirmed mewiopeptisis (aguFoRBprecedorse. g., FaRP) receptors. At this
point intime, a,otal of.six C. elegans,receptors and osaphi | a
receptors have bé\éﬁh‘ﬁﬁf’%g’dtl?l% %‘8??#8%%?‘? &8¢ aﬁﬁ?pt?ﬁsﬁﬁag@? Brﬁhsfpglé%neti c
anal yses @cepfoRehabe bebiESRRBe@hdfdpepiid (FARPE RSN PhylBbaRec vhilksealok of the
peptidergic receptors in the public databases, show that all of the C

el egans FHRAC radegaps ond Dnespphida xgeenipiedelate wishetlloéthe prntidergicaegeptaniinthas an

additional fiv . el egan ept or CEGP, GP 4, CEGRCR17, and

oEapoRT. publie et il ATEPHRL. elesn G tscefay SRR TR g, | Tho

only @t heIfogre%ﬁpmrs%rc}{ﬂptwnghn%smnﬁadaﬁ%m AV EC T MBy dk PSRpldkd Cgl}s)qmps,or s, one
(0]

of which has been confirne ave a FaRP |igand (DGR , and a single
recept or OESHACR 14 CHE{ROIRE7, @@RCEIRCR ehamhCEtPAIR 19.2) thateteraxpedted to

16(25): 001221, 0 000 e CoLICE Locap oL s Seen ket fo s L
woul d predicghiotBhe bt wHRY 12t 8&nt@B%Brmed to have a FaRP ligand (DmGPCR1), and a
single receptor from L. stagnalis (GRL105) (Tensen et al., J. Neurosct. 18(23):9812-21

20 (1998)). The GRL105 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 falls 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
result in CEGPCR11 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,
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a FaRP ligand. The grouping of these invertebrate receptors in a category
that contains no known vertebrate receptors is consistent with FaRP

recept or sv@oosdsas ng a relatively invertebrate-specific tpeyEs00/2225The
other C. elegans receptor that received a high score in the BLAST analyses
was CEGPCRL 1. This receptor falls into a group that is'highly related to
the group containing confirmed FaRP receptors, described above, and

i ncl udes the dog and human orexin rec,eq%tors. Slight alterations in the

condi t i on§EGFERI4b, ebCERAECR sThegesat iqeasfication of eEaPeiygand fuithyy gr ouped

wth the ove, recept.ors. ot her fo.r t Qr.s g f.Lnterest
is deri veg)l%?sro(?mltrec ‘?tgbéﬂlsé&]]ggra SS?B‘E%‘@%‘&@&B‘F%?@% %?%e%g’?%d%a?%% H%es t he
C. el egansniE@6ER NS CCEEPMRZdeeptord2 WO 01/ 38533 PCT/ US00/ 32225 CEGPCR24b,

and CEGPCRI. The recent 1dentification of a FaRP ligand for the Drosophila

recept or DnGPCR6 Twal dondsdCECRERA andi GEGRCR 28} inalydest inrthe tplohaye yehiorbgases

the interest. . ese,C ele recept or.s. Two cl] ones, { CEGPCR6

CEGPCR20) PRUT e R clones Foird Svaty Trde Ba s Uit FEH PTREIEN ones
do not F’CEecﬁggﬁéésfiyw&mwFpmmé@ 1iatesi tBneshef sruBti, RE therteahial eCthesagsRBCes in
Wornmpep. It is very likely that one, or both, of the termni of these

cl ones i ss inperosctlzerédicipd edt dediane glithe rreeptopelonigy theserreeamirre weed odti ng,

t hese receptors were not .classified in.th r-0 o] tors that

cont ai ned® aﬁ%ﬁ?? P e%Orllpfolfé%feﬁtgﬁﬁhﬁ‘teccoé’f)at‘%erdgthg ﬁé%ﬁ%@gﬁeﬁ? Wth a fanily
of recept @EGEIRI0 %r@ﬁfys“&iﬁh bITEmNe6t RBERDA tBaliAdide the vESeAE @hknint he
Drosophila allatostatin-like peptide rece&or (Birgul et al., EMBO Journal

18( 2110 589&<pOCs, (IDWFyphilardladsiet opikeipaptidraicesntor (Birgelegsudr EMEHR Jeurnal |

BBRC 269 91 (i gand si.gned by h | 0 t osophil a
recept or %%ﬁ?ﬁ9%ﬁgﬁbﬂa®eﬁ8?ﬁﬁ9 %éaélﬁnc %efp%mrrg&'g%toalbreﬁg a[%\z:addi ti onal

Dr osophi | asgf1h-at 8%t@bd0) (L&AREQERed BYKbiRol8EY, IRSDRfsopIalare@pRitadmGPCR4agnal i s
receptors. %daged or$ th(ps( lgﬁl?orn%ﬁ on, is _e%:)ect ed Si% thrgt pCE_(';‘F‘CIR’ZO

r ecogni zesvhagh lads|regendy hednreonfikmegophd ateadditipmatiDraspeiplard]afastatia rpeppEpra

grouping wi th CEGPCRIla, Il,R%EGPCRf GPCR15, and two. Drpsophil a rec ors.

Weh the PRAEATIETA00 R Hac che oM DEARas s PRRERIHE PRSI os
FaRP |lsi gamght CHAMRI®20 ®cderifRanatatobh8h 8kt pbitideNigandr CEBPORG ROSRORS. Based
on anal yses to date, the invertebrate GPCIg i ke receptors do not appear 20

to have higghipingswith CEGR&Rjre 6EEP GRI foC ReP Cirl§aaridsting, Drogerhilageseptarabr at es
ggodﬁ) pgg&;t %%%la /5'?1%‘9/%%%%2 gigé)gv%%ptthg{ osnebo%ei: Bgoslogk\{\ﬁg relcéap\{grls %ec%fgnlsziesng 13318’ tlié:‘:m(f -9
there is a renewed interest in this group of receptors.
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 implemented at the GenBank website (http://www.ncbi.nlrh.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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80% 85% and preferably 90% 95% 98% 99% and nore preferably 99.5%
simlarity to a GPCR-like receptor am no acid sequence di sclosed herein
are al sowont/asspd at ed by the invention. Anal ogously, thePCTVWE0WI2015
conprehends receptor-encodi ng pol ynucl eotides 25 exhibiting 55% 60% 65%
70% 75% 80% 85% 90% and preferably 95% 98% 99% and nore preferably
99.5%simlarity to a polynucleotide disclosed herein. Simlarities can be
determ ned using any of a variety of algorithms known in the art, with the
BLAST al @BQRrhh@ reﬁmt@wewiléﬂ ugeful WedicpoBmEKaEliing a variety of neurological
(http:// ﬁ:t Conm nih. gov/ BLAST/), using default parameters, being
preferreda] nfﬁ §8rrec qngr sequences are anticipated to be 30 useful in a

vari ety of contexhs follin€ei® @epdsit nusiRiPiaaicedd phehthéacdishnate, and nore
particularly mammalian, receptor sequences showing some simlarity to the

i nvertebr émsuetiswmthABSB’amp@urytus IRoPE l&bﬁzﬁorﬁllé@w@&léwtme@ Rgorip, be

usef ul nd tr e ail nents or
cond v onlin R BT PNBRE i nelst sl | G Bh O RL o .

par ent het C@@jﬁcﬁlf\(@@omﬁmm a8d30¥6bh GE@P@!@(B@Q@M QRRIUBS 0804, ect i on,
1815 North University Street, Peori a, IIl1inois 61604 on Novenber 3,

2000: CEGPERIPLRACIOAMG3 NRRR LEB- SOM)CE@EQB@MU& BEIORRD BRRIO0B- 30362) ,

CEGPCR3 CEGPCRS
(uc:20134( 3@%@5%&?0%@%%%@&?@%&%@@ (UC20136
NRRL B_3088&PCR 7(@@@30?@3'—(156;3@3@% UCEGPRNRRI( BGIB1883

B- 30370), 10 R (UC20139 NRRL B-30371), CEGPCRL2U R L

B- 303712) . CEGPCPR)l\l’élrﬁbféﬁoiw NRRID B-303 1).6TEGRCRG2e (WiFal 40e BT Hd with

the ARS P t on: CEGPCR CEGPCR13
(UC20142 B H@é‘é@%i?‘%&ﬂﬁ%ﬁ'ﬁnﬁ ‘§6r§é’l§5’éutgé @E%Aﬁ%?%%% B- 30384) ,
CEGPCR16 CM&%I%&QQ&&}PC@E@@%M@%@%@) @EﬁﬂﬂﬁﬁDa (UEERER1Ba 15
(UC20147 B-30387), CEGPCR19.2 (UC20148 B- 30388 CEGPCR19 UC20149 13-

30389), CBOSCRAEGRCRA4SUCE0B38630383EGHFROR] @Z®J44BBS7(§)§§ and

CEGPCR23 ) f in the
i nventi on&%@{(‘?ﬁﬁgﬁ ?ﬁ%b@@@f’@% tﬁ%tb %Q%'gg%pqaétébgﬁg%ect ed to
occurysto ttb@@@lzﬁkati(mﬂ CHATRCRIY.2 (20261135 B3BRR), CEGHOR BUC (UCRMI4oaBi ons  as
appear in the appended ¢l ai ms should be placed on the invention.

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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WO 01/ 38533 PCT/ US00/ 32225 WHAT 1S CLAIMED I'S: 5 10 A nethod of identifying
a nodul ator of an activity of a GPCR-like receptor conprising the

foll ow NnGv@DBEEES33 (a) contacting a test conpound with a coppDestw/nms wherein
said conposition conprises an invertebrate GPCR-Ii ke receptor sel ected
from the group consisting of polypeptides encoded by a pol ynucl eoti de

havi ng a sequence selected fromthe group consisting of SEQ ID NCS:. 1, 3,
5 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41,
43, 45, 10ATI86;LABEEDISO, 112, 114, 116, 176 and 178, or a

pol ynucl eot de, hybry dLaEASc 38k CRORbLY BoLPRERLL HRdR She | ngent

condi tions of “hybri utron conpris or mam de,

1% SDS, 1 M Na&kptol 09mpigsihg &R fslviakGiep@nd washing twi ce for 30 mnutes at
60C in a wash soﬁ)uti on conprising 0.1 X SSC and 1% SDS; and (b) measuring

the activity of sai (R)GPCRonthKmgradessempoiid wHE aspawesitien,IBheaeid saldsence of

sai d test conpound. 2. The nethod accordi t ihm 1 wherein.saj

GPCR- fji ke receptor FgmBOSI??%WISG%?n 3“’85%%21%&%@'&@5%6 g’\rnser%ad%cfh?@ast one
bi ol ogi cal activityyefgrsap SonsERER PR IYyRPRdESecod&l By a dHI§miBRédIAE hacigghadi ng
to claim1l wherein thega?%i Vi ty%;)?pgﬂal d GPCR-1i ke lg;};ece tor is the gi ndi ng
of a ligand. 4. The semehessetestedrithinnthetgroe ednyistingpePBRADINGS abit3, vi T4P; of

said GPCR-1i ke 25 rec r-Jsqothe,pr { Qn S r i gnal .
5. The nethod accor &?hgao?g lcilz?’réll 2&11%9?2?%%3gildgwé{tglh%'{j%?s@g?e@gigﬁf rom
the group consistingogfio8n1iMN12,1u%, BRSAY6 add YPAD aPoBMhiflcasay, a non-
hydrol yzabl e GIP assay, a cAMP assay, an inositol triphosphate assay, and a
30 dildcyl gl ycerol abséydxzmg';cp Wbl GPCReBRIrePeMpUSTE gpingant sondrhiensdt hod
according to claim %yl\)l\r@cﬁgl%lg It Eﬁl&n(gos%%tljolnkc%n{p%%len%tﬁ% formamide, 1% SDS, 1

M NaCl, 10% dextran sulfate, and washing twice for 30 minutes at 60°C

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

15 and absence of said test compound.

2. The method according to claim 1 wherein said GPCR-like receptor is a
fragment of a GPCR polypeptide having at least one biological activity of said
GPCR polypeptide.

20
3. The method according to claim 1 wherein the activity of said GPCR-like

receptor is the binding of a ligand.

4. The method according to claim 1 wherein the activity of said GPCR-like

25 receptor is the propagation of a transmembrane signal.

5. The method according to claim 1 wherein said method is selected from

the group consisting of an ion flux assay, a yeast growth assay, a non-

hydrolyzable GTP assay, a cAMP assay, an inositol triphosphate assay, and a
30 diacylglycerol assay.
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conprises an am no aci d sequence selected fromthe group consisting of SEQ
ID NOCs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 400 on:,s3344, 46, 105, 107, 109, 111, 113, 115, 11F¢cT/UR0W/aexk 179. 5
7. The method according to claim1l wherein said GPCR-1i ke receptor
conprises an am no aci d sequence selected fromthe group consisting of SEQ
ID NOs: 8, 22, 26, 36, 44, 105, 107, 109, 111, 113, 115, 117, 177 and 179.
10 8. The method according to claim1 wherein said conposition further
conpri ses a G Ppr ot eilhe n@thophscordingdel cle® drvhaigintsai d G RE Ryl Bevipepirn sai d

G protein is selected fram th s NSESE 0 ' e : s5,
Gg05, and GqZSSO@%}ITﬁ .a“fﬁlé"orr%ct‘??% “%3%05?5%{3%8%&08“31%%%13"@’S'ér & ﬁf %%@315 =
conposi tion fuNG®R, 4cOmpIDses 14 1weps,ixbe2t et 2bj28dS0132, Saj 36, GBCR, Ui ke
receptor. 11. The nethod according to claim 10 wherein said GPCR-1i ke
receptor is 2684eHcdadd By, dolyiddc] ot dd /Hapiddot he sequence set forth
in SEQ ID NG 43. 12. The nethod according to claim 1l wherein wherein said
pepti de has a sequence selected fromthe group consisting of SEQ ID

NGS: 85, 86, 887 89, TABehetHokBaccardinkIo clbilg 1NRhdI6H saIOGPOR Niketreceplari m 10
wherein said GPCR-1i ke receptor is encoded by a pol ynucl eotide having the

sequence set fepmprisas agE@in@addseuenceseleTied fram Hsdrawaremndisiag 0bSERdPm 13

wher ei n wher ei i 0 Lde h 3 e |, ect fr t he group
consi sting of S ITDPRR: 78 #4805 367 B T8 1L e bri3a883 Ther 200 B2225
92, 98, 100, 120, 171, 143, 122, 123, 97, 85, 83, 101, 102, 93, 88, 91, 94,
93, 90, 152, 153, 154, 155, 156, 157, 80, 158, 119, 159, 160, 161, 162,
163 dfid 164. 18. Th&hmmetlol ascerdmgitaglaim lovhgranselidgdearnesitios dinghecPCR- | i ke
receptor is 5 encodedngg%/) a '%0| ynucl eoti de having the sequence set forth in
SEQ I D NO 45. I®"PHHE méPhoE according to claim 15 wherein wherein said
peptide has a sequence selected fromthe group consisting of SEQ ID

NCS: 86, 118, 125, 88, 126, 127, 128, 129, 102, 131, 100, 133, 92, 135,

136, 137, 87, 939, Ghe nieghiodgagdording to claim 8 wherein said G-protein is selected from

the group consisting of G5, Gqi5, Ggass Ggsss Ggos» aNd Gps-
15
10. The method according to claim 1 wherein said composition further

comprises a peptide that binds to said GPCR-like receptor.

1. The method according to claim 10 wherein said GPCR-like receptor 1s
20 encoded by a polynucleotide having the sequence set forth in SEQ ID NO:43.

12. The method according to claim 11 wherein wherein said peptide has a
sequence selected from the group consisting of SEQ ID NOS:85, 86, 88, 89, and
118.

25
13. The method according to claim 10 wherein said GPCR~1ike receptor is

encoded by a polynucleotide having the sequence set forth in SEQ ID NO:21.

14. The method according to claim 13 wherein wherein said peptide has a

30 sequence selected from the group consisting of SEQ ID NOS:78, 79, 80, 84, 87,
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10 83. 17. The nmethod according to claim 10 wherein said GPCR-1i ke receptor
is encoded by a pol ynucl eoti de having the sequence set forth in SEQ ID

NO 35. 13a81/388B® net hod according to claim17 wherei n whperURIERLZE pepti de
has a sequence selected fromthe group consisting of SEQ I D NOCS: 99, 97,

96, 77, 82, 81, 87, 100, 92, 80, 98, 120, 121, 79 and 84. 19. The net hod
according to claim 10 wherein said GPCR-li ke receptor is 20 encoded by a

pol ynucl eoti de havi ng t he sequence set forth in SEQID NO 7. 20. The net hod
accordi ng to cPai 8. 190,28 &7 h Idhelei 2547 d8p St | Yle 1ARD3a88.sHgleriBe99el ect ed

fromthe group i,St . f, SE ;9 3 101, o, 09, 84, 87,
86. 50, o9 1005 Ina 1kt 138 P %gomﬁ%ﬁ@o%ﬁ%@%ef%%B%le‘c?%mherein

said GPCR-1i ke receptor is encoded by a pol ynucl eoti de having the sequence
set forth in SEQ ID NO 106. 22. The nethod according to claim2l wherein
wherei n said pépti ddhhasctipd BQorlenpiesdemslé)l whareid spiddak CRdikgrengptos dhsi st i ng

of SEQ I D NCs: 80, 92, 98, .100, .120 .1 79, 84, 136 . , 3 - (7 WD
01/ 36535 PO LSBtKBEYy pféY““?ﬁ%“‘?lT%?%‘}%z‘éEé%qr“ﬁil%eggeE i SEARI N 17 s
GPCR-1i ke receptor is encoded by a pol ynucl eoti de having the sequence set
forth in SEQ 1D NO 104. 24. The nethod according to claim23 wherein
wherein said pépti ddhhasethod BcewlingtnctiwelSerhaseinfwhenein said geptigs vensi st i ng
of SEQ ID NCS: 80, 92, 98 0 120, 121, .79, &7, : 151,
133, 165, o1, TENeRGeild el meEOum R SRS AT A 0
wherein said peptide has 129, 7 1913001335 9gussC 3 eBecded3g,ram4hadgr oup
consisting of SEQ ID NOS: 77-103 and 118 10 151. 26. The net hod accordi ng
to cl i m 10 wh&Bein said neuropeptide is attached to a |label. 15 27. The
met hod according to claim 10 wherein said | abel is selected fromthe group
consisting of a fluorescence |abel, a radioactive |abel, a

chem | um nescenge IaB@hothacRBANIE 16 dlAREI0 WhdtciARald GRORIRRIrecepafed . 28.
The met hod accor di ng to claim1l wherein said nodulator is an inhibitor of
encoded by a polynucleotide having the sequence set forth in SEQ ID NO:35.

15 18. The method according to claim 17 wherein wherein said peptide has a
sequence selected from the group consisting of SEQ ID NOS:99, 97, 96, 77, 82,
81, 87, 100, 92, 80, 98, 120, 121, 79 and 84.

19. The method according to claim 10 wherein said GPCR-like receptor is
20 encoded by a polynucleotide having the sequence set forth in SEQ ID NO:7.

20.  The method according to claim 19 wherein wherein said peptide has a
sequence selected from the group consisting of SEQ ID NOS:94, 103, 95, 101,
85,79, 84, 87, 86, 80, 92, 100 and 180.

25
21.  The method according to claim 10 wherein said GPCR-like receptor 1s
encoded by a polynucleotide having the sequence set forth in SEQ ID NO:106.
22. The method according to claim 21 wherein wherein said peptide has a
30 sequence selected from the group consisting of SEQ ID NOS:80, 92, 98, 100,

120, 121, 79, 84, 136, 87 and 86.
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20 said GPCR-like receptor activity. 29. The nodul ator identified accordi ng
to the method of claiml1l. 30. A conposition conprising the nodul ator

accordi ngvoo1/a845a3 m 29. 25 31. A nethod of identifying a cradivdari22s
anti-invertebrate nodul ator conprising the steps of. (a) contacting a test
conpound and a conposition, wherein the conposition conprises a GPCR-1i ke
receptor encoded by a polynucleotide selected fromthe group consisting of
receptor pol ynucl eotides 30 having a sequence set forth in SEQ ID NOCS: 1,

3, 5 7, 9, 1123.13, Themellipd apgordmp to ckgn 195vhepgin spd GR{IR-likg recgptor 57, 39,

41, 43, 45, 104 0 108, 110,.112 .1 116, -7 .0 )
AeT Uaon 322250 0pEe8 iy f?@,”“éﬁ%‘“%é]a%ﬁi‘#%%ﬁqﬁﬁ%c§ Sﬁ%\ﬁﬁ P SEEPR 05104,
receptor pol ynucl eotides wunder stringent conditions of hybridizing at 42C

in a solution conprising 50% formam de, 1% SDS, | M NaCl, 10% Dextran
sul fate, and waéhi nghe metdwdfageording taicluimas vetergo@hereiasaid vpptiisihas Ron

conprising 0.1 X SSC and 1% SDS ; and (b) .5 i i, E WA, ound
Chat Binde to SHUFCPREIES ot Mot somptcs bf SRR 08 Dnof 3, EUIPo"
anti-invertebrabg 199t 840136, 82, 86Ths0,MBUhoTE 266 ar1dilfg 1139 el abm 31 wherein
t he pol ynucl eotide encdding said GPCR-|ike receptor conprises a sequence
sel ected fromthe group consisting 10 of SEQ ID NCS: 7, 21, 25, 35, 43,
105, 107, 109, 111, 113, 115, 117, 177.a 179. 33. A.met hod of. .
i denti fying anzintijﬁﬂg§PF’HP&Pé“gﬁgﬁ%”@gﬂﬁWFg?ﬂéa@ﬁﬁp1&%@?3ﬂfﬂﬁ?%?%%sg 15
(a) identifying.ReiRddlRicari@s R FbiPcdmRisEh@bNMSEQ IBANOB) 72003 acd i1Rg sai d
nodul at or and an invertebrate tissue; and (c) neasuring the response of
sai d lionvert ebr dbk ti ssue, wherein the response is selected fromthe group
consi sting of neural signaling and neuronmuscul ar activity, thereby
identifying said nmodulator as an anti- invertebrate agent. 34. The nethod
according to chgi m 3@ WREHdI RcSirf th RKAHTIORN R EIn shidSHéBropeptiab 8Eiched f rom
the group consisting of helmnth tissues and insect tissues.

to a label.

15 27. The method according to claim 10 wherein said label is selected from the
group consisting of a fluorescence label, a radioactive label, a chemiluminescence

label, an enzymic label and an immunogenic label.

28. The method according to claim 1 wherein said modulator is an inhibitor of
20 said GPCR-like receptor activity.

29. The modulator identified according to the method of claim 1.

30. A composition comprising the modulator according to claim 29.
25

31. A method of identifying a candidate anti-invertebrate modulator

comprising the steps of: (a) contacting a test compound and a composition,
wherein the composition comprises a GPCR-like receptor encoded by a
polynucleotide selected from the group consisting of receptor polynucleotides
30 having a sequence set forth in SEQ ID 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, 110, 112, 114, 116,
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25 35. The nmethod according to claim 33 wherein said invertebrate tissue is
neur onmuscul ar tissue. 36. An agent identified according to claim33. 30 37.
A conposiwoon3ssedrpri si ng the agent according to clai m 35. PeToSWB208 38533
PCT/ US00/ 32225 5 38. A nethod of producing an invertebrate GPPCR-1i ke
receptor conprising the follow ng steps: (a) incubating a source cell at a
tenperature of at |east about 35C, (b) lowering the tenperature to at npst
about 26C;, and gc) detecting said GPCR-|i ke receptor. 39. The nethod
according to clldf and873mad ephnsdpefides hybridizipg tutned egerter BOlYPhsodidat ur e of
at | east about 37C. 10 40, e -accordjRg - [ i said
tenperature is ”P%%s}rg]&e?toconé?'o%ngﬁn)gg’ou mgz%‘éz gi}] gfﬁ%ﬁﬁg}fﬁ%ﬁy}ggégp(&i ng to
cl ai m 38 wher eifsinfaiide, 04 BDISS 1 32NCl 804 Deffrdr ifa@, arPwasHisd Stit1Hrad a
manmal i an cell and an insect cell. 15 42. The nethod according to claim 38
wherei n said r soovies prfp°stiep veshpeluges comprging o 5 abH avd| 1’ SB3 ; arhé)met hod

according to clai m43 erein sai L1, conprises. a.non .20 nat..ve

pol yn%_cl eot i delcgeél r’?%%{vﬂeﬁ %{)mn%oéﬁngg}faﬁﬁlendgg%gglﬁ eéaczsn‘(’:vg is%l C&H]pfﬂbg? ebr ate
GPCR- | i ke receph@iidatd4nti-TRertembafdodgsaer ding to claim 38 further conprising
recovering said GPCR-like receptor. 25 30 45. An isolated GPCR-Ii ke
receptor conprising an am no acid sequence selected fromthe group

consi sting of QIDNGS,. 20 4 6. 8,,10,,.12 14 .16, 18, 20, 22. 24 26,
28, 30, 39, 343736, 48O apsordie gkt hqy it pctingt 10y

177 and 179. - 88ld GPCR-like receptor comprises a sequence selected from the group consisting

10 of SEQ ID NOS: 7, 21, 25, 35, 43,105, 107,109, 111, 113, 115, 117, 177 and
179.
33. A method of identifying an anti-invertebrate agent comprising the

following steps:
15 (a) identifying a modulator according to claim 1;
(b) contacting said modulator and an invertebrate tissue; and
(© 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-

20 invertebrate agent.

34, The method according to claim 33 wherein said invertebrate tissue is

selected from the group consisting of helminth tissues and insect tissues.

25 35. The method according to claim 33 wherein said invertebrate tissue is

neuromuscular tissue.

36. An agent identified according to claim 33.

30 37. A composition comprising the agent according to claim 35.
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WO 01/ 38533 PCT/ US00/ 32225 46. The isolated GPCR-1i ke receptor according to
claim45, wherein said receptor conprises an am no acid sequence sel ected
from t he woougssednsi sting of SEQ ID NOCS: 8, 22, 26, 36, BdT/U$@%222507, 109,
11 1, 113, 115, 117, 177 and 179. 5 47. An isol ated pol ynucl eoti de encodi ng
a GPCR-like receptor selected from the group consisting of a
pol ynucl eoti de conprising a sequence encoding the polypeptide according to
claim45. 48. The pol ynucl eoti de according to claima47, wherein said
pol ynucl eot i de380 conpeihedef arodugingde e1vseratedeP ERIket AP SApPESASI st i ng
of SEQ ID NOS: o1, o 3o Bio i 90 11, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, 33, 35, 37, éB, A H> 45 104, 106, 108, 110, 112, 114, 116, 176 and
178. 49. The pol ynugd)eot iitabaarod shuag defl a€h BdniPedfurewdter Rant auB5°C,
pol ynucl eotide 15 conprises a sequence selected fromthe group consisting
of SEQ ID Nos: 7, 2fb) 25lovegingsBe tepmgyratyrgdo atypgst abagf 26f¢pandi 14, 116, 176
and 178. 50. A vector, conpri.sing. l.ynucl eoti de according to claim47.
20 51.5 The vector ag@ordgﬁtﬁc?nog %f%?ﬁ]cggh%nrg?e ?%r' said vector is an
expression vector and said polynucleotide is operably linked to a
pol ynucl eotide conprising an expression control sequence. 52. A non-native
host cel | trangPor nBdie orcthadaesdrdanecta clgimi Stweerppisgidifell epticulated® aaccor di ng
to claim47. 53. A QOst a?llt%%angggﬁned or transfected with the expression
vector accor di AP TEE Uit B 2°N5 1738533 PCT/ US00/ 32225 54. The host cel
according to claim 38 wherein said host cell is selected from the group
consi sting of mammalian cells, insect cells, yeast cells, helmnthic
cel 1 0 and bact@ri aTheaethpd Beggingrheldipsy wedrein seiddempergturdisdpwuensd 1
herein said host _cell i | ected from the group consisting of a COS cell
RS oG e

a CHO cell, an? a Drosophila S2 cell, an insect Sf9 cell, an
insect High-5 cell, and an E. coli cell.
41.  The method according to claim 38 wherein said cell is selected from the

group consisting of a mammalian cell and an insect cell.
15
42. The method according to claim 38 wherein said recovering step comprises

lysis of said cell.

43, The method according to claim 43 wherein said cell comprises a non-
20 native polynucleotide comprising a nucleotide sequence encoding an invertebrate

GPCR-like receptor.

44,  The method according to claim 38 further comprising recovering said
GPCR-like receptor.

25
45.  Anisolated GPCR-like receptor comprising an amino acid sequence
selected from the group consisting of SEQ 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, 113, 115,
117, 177 and 179.

30
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40. The 1solated GPCR-like receptor according to claim 45, wherein said
receptor comprises an amino acid sequence selected from the group consisting of

SEQ ID NOS: 8, 22, 26, 36, 44, 105, 107, 109, 111, 113, 115, 117, 177 and 179.

47. An isolated polynucleotide encoding a GPCR-like receptor selected from
the group consisting of a polynucleotide comprising a sequence encoding the

polypeptide according to claim 45.

48. The polynucleotide according to claim 47, wherein said polynucleotide
comprises a sequence selected from the group consisting of SEQ ID NOS: 1, 3, 5,
7,9,11,11,13,15,17,19, 21, 23, 25,27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 104,
106, 108, 110, 112, 114, 116, 176 and 178.

49. The polynucleotide according to claim 48, wherein said polynucleotide
comprises a sequence selected from the group consisting of SEQ ID NOS: 7, 21,
25,35,43,104, 106,108,110, 112,114,116, 176 and 178.

50. A vector comprising the polynucleotide according to claim 47.

51. The vector according to claim 50 wherein said vector is an expression
vector and said polynucleotide is operably linked to a polynucleotide comprising

an expression control sequence.

52. A non-native host cell transformed or transfected with the polynucleotide

according to claim 47.

53. A host cell transformed or transfected with the expression vector

according to claim 51.
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54. The host cell according to claim 38 wherein said host cell is selected from
the group consisting of mammalian cells, insect cells, yeast cells, helminthic

cells, and bacterial cells.
55.  The host cell according to claim 54 herein said host cell is selected from

the group consisting of a COS cell, a CHO cell, an HEK293 cell, a Drosophila S2

cell, an insect S19 cell, an insect High-5 cell, and an E. coli cell.
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