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COVPCSI TI ONS AND METHODS FOR CONTROLLI NG | NSECTS
RELATED TO THE OCTOPAM NE RECEPTOR FI ELD OF THE

wo DMENTIOBN The present invention relates to coPQDURZI®5/009223
conpositions and nmethod for controlling insects.
BACKGROUND OF THE | NVENTI ON Ani mal s have chenpsensory
@W?WI@N@AND M&MUSWFOR @NFIFRG)E%IIN@ !NSI%CTS
array o v quqg &0 OE PaRGRi or a
responsgggiﬁgﬁg ehaV|g$g? stdaéggﬂﬁgve een conduct ed
to understand the genetics of these systens. The

lays a crucial role in the survival
FTEI&L@%@Q?@%@??@@EE@? species, particularly in insects.

E Ié[?fg %?Péglﬁfﬁﬁegt?osﬁr%lﬁ%\s/ ?onc%{lﬁgul'llr ;0%3{%35}9&%%{3 g{rﬁthaflhfgr controlling

. bi ogeni ¢ am ne, octopam ne, has a promnent role in

mseCiSnsects and other invertebrates as it is involved in
the regulation of nmultiple physiological events, for
exanpl e, effects on nuscul ar systens, sensory organs,
endocrine tissues as well as |earning and behavi or

BACE%?E%QHQH%F@EﬂﬁH%%EHFQONn | arge anounts in the nervous
systens of species representing the phylum Arthropoda,
i el Ao FHemeteARE L 1| RROERIOAEIARTY SEHLURT tREEECOs idareg array of
broad spectrum of biological roles in insects acting

envirgrmenta) @@p@l@,rggwg@ﬁntgtb@he}wqq@ teseeseodanydishavioral studies have been
neuronodul ator. OA exerts its effects through .

condyaaddp gaddarasndihe gengtics|of Hisse wygferns.cThesdaeforst sygierbilaysen crucial role
bound receptors that belong to the famly of Gprotein

in thecwiypvad and meigjsnaics of FRARS partigylarhniaisests of GPCRs share
the common notif of seven transnenbrane (TM domains.
Whdogeaic@RiRsissrva 6 newaradnitdeperdiontgpdaator rale inythe obmdory system.
the protein to which it binds, changes in

The Hiogen@@editey betopacoms dad a ommast role i ibR]s a@dDthepinviedtlrates as it is
often take place. Since changes in intracellular

involveMe g refulaiivief onitpaZphysiviegiclevemns toresmmpiel gffdcaumdnuscular
cellular responses to biogenic amne treatnents (e.g.,

system€lseiisoni srgardomanirie tiswed apeati as écargigCant, behbdyr ayaopasmet (OA)
to functionallyclassify receptor subtypes. As a result

occur®@fin leReRnahts Wathe agtyvousRystaaed flspdciss repfddehtiyvit phyam Arthropoda,
ei ther be elevated or reduced. The cellul ar response

inclu@ihg tetclagsck Bhse@8 aNCilukaces PORI Hak & bfddd fectriin@itaedid@¥dl roles in
between the receptor and the G protein (See e.g.,

insecfs4gRidBAhelsotrfdlids: SR0hofmonSeitthduZontadulatdd YA exerts its effects
"Diversity and selectivity of receptor-G protein

throub R r@d &G {oh Yith at RAA YoRBMsLO S BB hne OMhERIAFRABEs Hd BebROio the
and Gudermann T, Schoneberg T, Schultz G 1997,

family GHBG bR M uABE SIS FBELs) CRMM elsYof BIPCH UM the common motif
%,r ansduction via pr ot ei n-coupl ed receptors,” Annu

of se\%%\{rahﬁﬂén%'gfﬂ& (%1\/9 dom3@9- 427, both of which are
he

I ncor porate etn by this reference). Wen the
receptor binds to Gs-type

When a GPCR is activated, depending on its type and the protein to which it binds,
changes in intracellular concentrations of cAMP, Ca®" or both often take place. Since changes in
intracellular levels of cAMP or Ca®" are the most commonly found cellular responses to biogenic

amine treatments (e.g., serotonin, dopamine, octopamine, etc.), they are used to functionally
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protein, the activated Gas subunit will interact with
adenylyl cyclase (AC) in the plasma nenbrane. This
WO e@d®92006 an i ncrease of AC activity and produRCT/08200$/009223
CAMP from ATP. Several biogenic am ne receptors are
al so known to inhibit AC activity. This effec-t is
classifyrestegtoietiblyped. Mtserragitiocd GPOR dckieatioaciapioalulev dAMP levels can either
inhibitory Gprotein (G). Interaction of ACwth
be elevatddi ov addeckdCaAlhe sellmlamirdspomye stiricily retibyorcthepetifsitywi ihteractiomn
bi ndi ng of activated Gas subunits and trtereby
betwednthe€ret @t@ainiticlG AGteaC(Sey ati GnderAant Nealifatnnesl, Schdtz GS 1996,
activated by several biogenic am ne receptors results
“Diverisify @drseBetivafy of Pdce@eet Ipkttéh iftéractioh &\Vaing ReV Bhafihhgbol Toxico 1 36:
scenario the am ne-activated receptor binds to G

429-49%% gtPGuderrh&nof, Sti@ebag @, $aditt . (HOe“Rn&ional @ E@uctural
Gudermann et al., 1996 and Gudermann et al ., 1997).

\compl&h%/ of si2fdl dAIBSticHAsH Q-pRtBHRbESedicpidr©” ARk RV N:&LE2 0: 399-

phosphol i pase C (PLC) activity. The enzyne hydrolyzes

427, b@th%?m%fcﬁgl% Ma‘t@d"lﬁ&ﬁ 8 ﬁms 1@?&9&1@5})atW9éﬁlthé"1@§ép¥c9|blnds to Gs-type
5- bi sphosphate which gi\ e s rise to two second

proten{"ﬁésa@%%d%&s%ﬁbtﬁﬂqm9”'\961 aﬁf\{nﬁ{ a[dgfb)ng c?&aé%f(AbE?h d&l Rla§1 o4

recep ors, the cal C|un1c anne e’1I's ope
membt aﬁ? 1?%?(&&0 %112518 eta{%l s L/ﬁ]yc‘ Md q?zfuc 1%?&?:@%?? 8%8 VILIJ al
binding to nenbers of Iarge fan1|y of Ca2+-bindi g
e%’?d tfl§geﬁ{?:da( nffe GbdpRS %ux 2SO Rh&vA 1ol ifbLiE REVERiHC 19 e'ﬁ%@t is

annel activities. tiple Insect specles ave

medw&%{i1 'Ig# tnngeg%tlgf? of't'ﬂ? Gl t@ln\gltﬁ ﬁﬁlb%’[b@/ gxlfo? C({CLE qﬁtte}agﬁgn @t‘?@c with

0gl ca ar acteris am ne

activat%ien%gp;ugﬁfﬁts n%sﬁgl&ey%cg{ﬂptﬁgs Gf?tﬁ bﬂ eg%ctmgi '(ﬁc@ Q\ﬂ}umt% IHId theereby

can coc ave provi Insi ght
anﬂh%swm¥@ﬁ9 Qg%ﬁand second nessenger5|gnallng of
octop ani fie rough octopanlne receptors. For exanple
ctlvate

AT Bt h 1?&15???%?? PL RSy °§ené°paé1&lil‘?e%‘°*°eﬁ¥‘ﬁﬁ RUFBAgse of
intraceip b el S S LS OE BF 16 S S Lo LB Garotegs of
the Gq?%%@ﬁv Z%ee%igg'éw% SRTa™ < h S e 9. e

rgposed of g tar nvertebrate pesticides
actlvatﬁﬁl F’Hq/ﬁ 6?1&1‘}?? Iéqnd fooarn ISBW‘%&W@W]QLI@S? 5Pl X a}gtm V. The enzyrme
For mam di ne-1i ke chem cal s have been found t
hydrolyzes 8 e brre BN dya¥Tats: Bhoghbptidpinosite] %‘@Snba%p&ref@ vevch giv es rise
sodi um sensitive octopamine in certain insects; for
to two gscaRdHMEssergses IPP ARG reltep bindlingiof B te iF scentorasthe palimm
denethylchlor|d5neforn1mere found to target the
channed peis pegrienes aid ginal i rrdpapreinipelje eyifondasie dian’ iPrARIA B YtehiIcds in the
i ncludi ng Periplaneta aneri.cana. To provide insight
regulaion of mang celbdar ganctipnscytbapstng tnencagrers oflasga haily 06GH dHbingimg
used as potential insecticides, structure function
proteiranad/ysdschavmtiobien eprynfate peidn mhetnhel activities.
2- (arylimno)oxazolidines and 2- (substituted
BdnlzipleamseciapecResdreczimen nilzed o welgatadd the birdedissd fiinotionefared
the octopam ne sensitive adenylate cyclase in certain
pharmaceldgial ¢chafdetetigtlcanBiciopamibrel reaptors, Nyndesrvathelteripianeiatanteais=ana
been suggest ed
(American cockroach) have provided insight into the pharmacology and second messengex
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that one site of action for the insecticidal activity
of plant essential oils against Periplaneta anericana
WO 3005/02200€t opam nergi ¢ system and that oct opamP@BUS2005/009223
receptors may be targeted by these conpounds, as
described in Enan, E., 2001, "Insecticidal activity of
signadisg ehtdteglamaiel tsrougicdcoppamineeegporss iFoesxagfplea ottppamilie I@sripen found
Bi ochem Physiol. C Toxicol. Pharmacol . 130, 325-327,
to actvhitecdilendate ngadasp ar &itenl chidy mithis kpeciehi Burthefmenreg mc@pamine has been
I dentifying plant essential oils and conbi nations
found tean@edse ifvaivdl mphiospheiet incerthin@bllsiinthiggpetivd. ty i S
particul arly desirable given that many such conpounds
do not produce unwanted or harnful affects on humans,
otAwethe actbprling gie cystsn isdalieved td i umiquk aninsertebioepsriplogy, this
identifying the nost effective plant essential oils
pathveaychas bedni pnaios@ins offlier ekt foe vertebmte pasticdessathgotdnanl fanidw
use of tedious screening nethods, which, given the
vertebi@ gt toxitifgh Eornedmipihedike eieshdald lake Bdch Soumddo POSSdpaltnergic agonists
conbi nations thereof, is a substantially inpossible

and iAIEBIK thBSipRUE BE soli ek @ndivetochspaflidenin tdtRirdihdectsOfor &mple, the
i nproved net hod for screening conpounds and

form&RIARR PedticRRS cHiOdin IS RLindR Mk lchiBEdimékdrin. v AORY tdHrget the
THE PRESENT | NVENTI ON The present invention addresses

octogaﬂl%e%%g.\éﬁng' sietdyfih 6 alf iﬁbér%ﬁﬁtesﬁﬁ&ucﬁﬁ%‘PE;%?Za&Ya americana. To
N

provi g a scréening nmethod for identifying conpounds

proviéé! gls%ﬁmﬁ%stilé jié%ﬂ;%_otf B&Bpa"f\{iﬁe %OT]E@ thaY Boul1NBEGed Qé:’wt&@ilal insecticides,
agent's; a screening nethod tor identifying conpounds

strucﬁ@ﬁlﬁ&{m%ﬁ;d%oe Hévetblaéﬁ pe‘?fo?m&jf &/ﬁlﬁ:ﬁj(e}gﬁgﬁ@g%%gz%ﬁgfiﬂ@sceinfdiZQ

i nsect cont agent's; conpounds ositions

(subsjgélg%dat}eﬁgdetlﬁigw-%d 5 zpl?l{eg ﬁﬂjeggrd %&cﬂ%’gﬁn of ﬁ!eloc{og%hg@e sensitive

essing topam ne Treceptor; and Iso

wen . FUBEIE LTS ARG PESFEL RELEN, T g

thar EHHEIIGR A e A%<t R Q51 AR - BEL SEMERSS- L0

anerind R B SRR P SR Sl BhnS o B s

oA LRI S Db OB PR S i

stes SSELL L nedh, £ L3, @311 ggment. of g he tpanstgted

hmm§$%§§ fﬁ%&&%QEégggﬁgé ?%RF gcg}fsng gggaahxgered 1
through 7; Figure 3A is saturation binding curve of
gééohjnbine to P@ﬂga% wher e t.ot

e Ayt S SO Al G df - spgrolling activiey
is palgglillp ng%sggalgéivéla a-tl{%z%)ggglggc’ql}a ggqférgiggllotf érgdtlt%le rt]lgxlzvanx%ec[ osr harmful

affects on humans, other animal species, and certain plants. However, identifying the most

1ochem, B

effective plant essential oils and combinations thereof requires random selection and use of
tedious screening methods, which, given the vast number of plant essential oils and possible

combinations thereof, is a substantially impossible task.



Figure 3B is saturation binding curve of 3H yohi nbine
to OAMB, where total binding is designated by the
W@ quane®ie nonspeci fi c binding is designated byPthes2005/009223
triangle, and specific binding is designated by the
inverted triangle; Figure 4 is a hydropathy profile of
Pis smal, thdré 13 atrfeed inrtha o anpeoatd mithad f¢riv)eemiugbenedinds and
lthrough 7;Figure 5 depicts the simlarity between
composiibaafineet editkol ytiaity.ne receptors from different
i nsect species; Figure 6 is a graph depicting the
change of intracellular cAWMP |l evels in HEK-293 cells
expressing Pa oai in response to treatnent with
various concentrations of either octopam ne (OA) or
tyramne (TA); and Figures 7 is a graph depicting the
change in intracellular calciumlevels in HEK-293
cells expressing Pa oai in response to treatnment with
either 100 ii M octopam ne (OA) or 100 ii Mtyram ne
(TA); Figure 8 is a bar graph depicting the change in
intracel lular cAMP | evel s i n HEK-293 expressi ng Pa oa
in response to treatnent with 0, 100 nM or 1 nM
octopam ne (OA) in the presence and absence of 20 nmM
BAPTA/ AM a cal ciumchelator; Figure 9 is a bar graph
depi cting the cAMP response to octopan ne through Pa
oai and QAMB expressed in HEK-293 cells where the
cells expressing either receptor are treated with 10
mM oct opam ne and the | evel of cAWMP is determ ned;
Figures 10A and 10B are graphs depicting the cal ci um
response to octopam ne through Pa oai and OAMB,
respectively, expressed in HEK-293 cells; Figure 1 1
Is a depiction of the chem cal structures of p-cynene
[ met hyl (I met hyl et hyl ) benzene], eugenol
[ 2- met hoxy- 4- (2- propenyl ) phenol ], trans-anethole
[ 1- met hoxy-4- (I -propenyl)benzene], cinnam c al coho
[ 3- phenyl - 2-propen-1-o0l], a-terpineol [p-nmenth-I-en-8-
ol], nmethyl salicylate [2-hydroxybenzoic acid nethyl
ester], 2-phenylethyl propionate, and geranio
[3,7-di nethyl-2,6-octadien-1-0l]; Figure 12 is a bar
graph depicting the effect of certain plant essentia
oils on specific binding of 3H yohinbine to Pa oai and
OAMB; Figure 13 is a bar graph depicting the effect of
certain plant essential oils on cAWP |levels in HEK-293
cells expressing either Pa oai or OAMB; andFi gures
14A- 14F are graphs depicting the effect of certain
pl ant essential oils on intracellular calcium][Ca2+]
| evel s in HEK-293 cells either transfected wth Pa oa
or OAMB
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention includes: a screening nmethod for identifying
wa@eowpoeeds and conpositions that are ef fecti veP€TEsIN5/009223
control agents; a screening nethod for identifying
conmpounds and conpositions that are effective
SUVBMIARYEOF TIHEE PRESENTSEEXVENTION 0ol agents; conpounds and
conpositions isolated fromthe screeni ng et hods;

t remeyfreehtcavenabil addraaes theaibdvd idertidice groblealseand oftetslby providing a
nol ecul e sequences. The present invention includes: an
screeh®@ hadtied riekRifging ool Ladlcempaainan dat M efitction GRele Sontrol

a protein that binds a biogenic amne, resulting in

agenSARERPingMndtdrBCAbAt Y iAE cERYuRM nd tbRpsitRihs GAMEe eferive

or both, having a nucl eotide sequence of SEQID NO 1
spec19§—slﬁcfffc5}19§3@tmonﬁm afl&iid; ¥t d(ﬁd§ HRIBRADoAHs oAU IAIthR Bereening
am no aci d sequence of SEQ ID NO 2, or a fragnent or

methgg EMBfirhel %xlslgﬁﬁl%% oct@ﬁhn'uﬁ@le@élﬁ& AHIGE A6 ﬂfc’le‘i’c m R61bGe
having at |east about 30%simlarity to

Sequé]lldg%eotlde sequence of SEQ ID NO 1, mhereln the

I sol ated nucleic acid nol ecul e encodes a protein,
resulting in changes in intracellular concentrations
of cAMP, Ca2+, or both; an isolated nucleic acid

DES ﬁffﬂ),]%(ﬁ;:rrggl W'f')ﬁ\lé ast about 30%sinmilarity to

€ nuc sequence of SEQ ID NO 1, wherein the
anl‘lgLﬁg 1 1? Qltl:a }ggnsr’len oé ¥et181€1%1c acl F(?L%E% z}%r tl%gra%ilg{eg tanenn% acid

hav sequence o

sequisE FBT Oca.laooqﬁﬁi?ﬁ@ﬁ%e‘h%{@%rﬁéﬁg %j@ﬁ ot i hZ"LZ&ﬁgnce of
aipur AP ﬁ@eﬂeﬂ@@& i Seéﬁg%gté@grpapfaépﬁﬁé!@ﬁcgﬁawﬁ%“‘ﬁgeven

OCa 1. SE .1 an
putatiyje; tlg’lﬂ%?ﬂl rplﬁa cgo r@ms éﬁ}/lg\o%ﬁﬁ 1e§|+:161 plﬁnl%@c{ ﬁthir%lgﬁqst;l}e stop codons (SC)
provided in_ Figure 1B. Fragments and derivatives of
“mhﬂﬁﬁ¢§@aﬂgﬂeé§myﬁﬁmmQMQﬂW} 5¢% ansmenbr ane domai ns (TM
and 6. Fragnents and derlvatlves of the sequences
naFygléﬁ 8|lwbahgf1@?nt@>€ Hepregslatpdpmping geld spvpneeanf B oaTRi 3EQ [D NO: 2
ortions upstreamof TM 2, or portions downstream of
and GAMP qﬁf@%?@y@nﬁ Wik BR 65V6R PRPtEE tranemerpliane domgins 41 M) gyerlined
cells |nclud|ng a DNA vector having a nucleic acid
and ryietpaesd dehiopgiSEQ I D NO' 1; a strain of cells expressing
an octopam ne receptor cloned froman insect species
of Figure 8Ads saturatiant briding @i vec@| Heyobinpriesste iPagaawhere total binding is
oct opam ne receptor cloned from Peripl aneta Aneri cana
desigh®ad bpihe)sguaess hongpesifisfbindihg is designated diy ity teia@ioard specific binding
havi ng an am no aci d sequence of SEQ ID NO 2, or
is dedigreagpuignyttbe mverthdrtiiargte; ves t her eof, wherein the
fragnments or derivatives thereof bind octopam ne; a
stFigira 38fis salrhttonchuptiessirvegp faH-yobindpand KA VB Cedrototal binding is
cl oned from Drosophil a nel anogaster (OAMB); a strain
desigihted 8Y ki squqree sGisp@ifec lpnditeis dedignated dpy alre teiangle aacspdeific binding
sequence of SEQ ID NO 3, or fragnents or derivatives
is dedip@nRIdy, thaviee@ddnriddgee; f ragnment s or derivatives thereof
bi nd octopam ne. The transfected cells may be
mepTpRk 438 a BRlrb@tiB profils 8€Pa oa| with the transmembrane domains (TM)

numbered 1 through 7;
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cells; for exanple, they may be African green nonkey
ki dney COS-7 cells (COS-7 cells) or human enbryonic
whe@sey20203 cells (HEK-293 cells). The presentPCT/US2005/009223
i nvention also includes a screening nethod of using a
cell line expressing an octopam ne receptor to
i déatre B ylegiotpieushdgaray betwespegiphmoresind tysmiae eceftdre Gomvdfferent
i nsect control agents. For exanple, the octopan ne
insect geeipg;or expressed by the cell line may be Pa oai ; or
have an ami no acid sequence of SEQ ID NO 2, or
f rragure Btisa giapldédpiotiat iheepaigoer avbcelwae tAMR (Vs in HEK-293 cells
fragments or derivatives thereof bind octopam ne. The
eXpre@§1ﬁ§ Bba,iifl Y&Pd1sO b @datiflent With tralesis dontehtudion0df eitBérdgtopamine (OA)
multiple cell lines, wherein the cell lines are
m¢wﬁﬁgﬁqﬁggugg W th octopam ne receptors fromdifferent
i nsect species of interest, to identify conpounds and

canpRed iscangsaghfb@blcaﬁgethsfsﬁﬁg& IMBtrsRBRheR e aRERVEL ;i HEK-293 cells
insect control agents. For exanple, a cell line

expreS$iR 9§ 54,18 18 901@@%0 Bt Gah kitler n@O BMRIcRPah RS (GRMVE 100 nM
cou be used to screen conpounds and conpositions
'Wﬁmg vﬂg.lnsect control activity which is specific to
er aneta Anericana or to Drosophila nel anogaster.

n%LHE %%@anll ﬁr&%% a@w} gg Hﬁtﬁﬁel‘ﬁﬂmgwgvéyﬁ HEK-293

ositions vin to contro rget

expresgc’]ﬁ%?é ?m ir 1'6!5‘@&158 & e%HQe%% with g/ Ro o 1%?'993? o#c?@%m%e @Ag in the

e screenlh me

plesen% ernla lbsence ar gl t%ﬁx'ﬁ%%ﬂﬂ? aceglgi/ugalrch%ﬂ{gp ositions may

econpoun t are regarded as safe

e SRR AP P 08T B o o
n-tar and that they are .
oM G e BT hesl® ShematBls pneapE Ry SRR Pheated wit 10
pesticide registration requirenments. The compounds
KM ogioppr@ine @Bt WF?@@%“%? g”ﬁW@%ent i nvention include
certain plant essential oils identified using the
sdHgEes sk B pse g@phq@pﬁpl%t@ﬁpalplﬁqlé BPPRss to qepamine through Pa
compounds and conpositions of the present invention
oa; aphRMGB, respseliely, pypresardge tiihg2%¥reedet opani ne recept or,
resulting in a disruptive change in the |ntraceIIuIar
| digirs 1bis acgrpiRtioCabthe olrentient biruches Qurqyosessnathyl(1-
simplicity, the terminsect has been and shall be used
methylathy)bdnzend], aupémo! Rapbtheat4-Gaprobowbyleanol]i ttansheghade Pemethoxy-4-
understood that the terminsect refers, not only to
(1-propedelbenizeteiitcirmbhsiic d@hal [@ehanyde;prognviad], camwepileoK@-menth-1-en-8-
i nvertebrates. Also for pur poses of this application,

ol], ntéﬂeyltsﬁrdsn td DI EfoxGMLGiIOhcid siRly] esteef, prhélﬁlldﬂ%@?fdpidﬁgte,oa[nd
I'ling an insect. The present invention is further

gelaﬂléll[ystdha&tﬁ D¥-obheieh9ldjowi ng specific but non-liniting
exanpl es. MPLE 1 PREPARATI ON OF STABLY TRANSFECTED

YAI(\P/IEKISIE LLFlellli gl?_ ?)%qctﬁ@ﬁheze?i?ec@&,lebrt&ﬁ bﬁx% Mehtihl oils on specific

binding of *H-yohimbine to Pa oa; and OAMB;

Figure 13 is a bar graph depicting the effect of certain plant essential oils on cAMP levels

in HEK-293 cells expressing either Pa oa; or OAMB; and
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A. | SOLATI ON OF A cDNA ENCODI NG A G PROTEI N- COUPLED
RECEPTOR FROM PERI PLANETAAMERI CANA G pr ot ei n- coupl ed
wo ew@sptoie frominsects and a tick that are  PCT/US2005/009223
denonstrated to be octopani ne receptors or have
significant DNA simlarity to known octopam ne
r eCigptesridAalid aad grgpisdiepisiingthe hidegp plotgraimpRNASSential diks)on
The foll ow ng degenerate ol i gonucl eoti des are desi gned
intrabeldat coleivnh[G” 31 et HEK-T9 hrrdlsreitisr tiansfeCEN)witdl Pa oa; or OAMB.
ol i gonucl eoti de 5TACAAGCTT T C, T)TGHC, T) (G T
(A C G T)CC(A C. GDITCIT 3 (SEQID NG 4), and
TMWI | oligonucl eotide 5 CATGCGGCCCCT TT(A. C, G T)
DETAYLEL) DESCRIPTION OF TARAINVENBHONCC(A. OAGCCA3 (SEQ ID
NO 5). The underlined sequence corresponds to the TM
r eGhopgsent i@erdiMdn\thelmleb:goseteehiag hiethed condeatifsngecomipaeidsland
site and the TM VIl oligonucl eotide contains a Notl
comﬁd')sﬁtﬁ)nfs ki Kien@retthe ilsWbiseauangass; a SatalingMihdd PMdeerying
eads of m xed sex adult Anerican cockroaches that

comP&M@s hitecoiiosifiBaLh 4ed SadtilSsppEiePspe@tlc i¥ect control agents; compounds
ultracentrifugati on through cesiumchloride, as

and sitlRad isb Bte@Hon Ok Ber8dnidt metl&isBracRend sdif heS 284 150R89 nucleic
(1979), and is reverse transcri bed i nto cDNA usi ng

acid IR RexAs®Rr s and nurine |eukema virus reverse
transcri ptase (Applied Biosystens, Foster Cty, CA).

Th?h@ﬁﬂeﬁ’éﬁ‘? fl@&ﬁloﬁhﬁdh&leﬁ %quleg&l 1(1P E@ao d%n(ﬂ@&ﬁé%eﬂ%c@a/hlch encodes

hi s ¢cDNA using Anpli Taq pol ynmerase (Appl

a pr élﬁ %l?a% bR bﬁggm& BﬁmI Mltbr%r]g %Jn%rﬁ%h ﬁlﬂl%gé‘lﬁl a?%ﬂcgﬁt?aﬁ%ﬁs of

I nal concentiations 0 e reaction

CAI\ﬁD 2t bpgﬁh %ngggg%l i%eg glpc%%%géggb%é gr o@%ﬁ%ﬁm%?& derivative

out

thex&% Qﬂ(%/g@%lﬂl/&?g a% k&)lo%dl aé?fgclJ§eq§el1ge Sf §E8%H%R%u% orlyf%%meXt or %Bn lvattlve
thereé)%;oa&tlse?%eéj nuc% % ?Cl% [e{:ﬁalong flavm r 0 y é?é% 51 llél aalt)étg ?e Iaucleotide

and

Seq”\(l’m‘gtehoigggge# ILIE' gzd“jl{\‘?l‘bgl‘%thediﬁate‘ﬂ %I'C a§%é?‘§g°élg q‘“t?&?]dgﬁéé PEE™
resu(inﬁa(fl}e?&gt qgg{gr%\é\%]%l egesce atlgﬁs? %‘\EC I%Mn[% élt g o?ll\%gbgﬂgﬁto éead nucleic
acidFRRAeH| 4G E P PLP R (% SBUFURT R ERBRE g aE ID NO:

ot her species, 5 and 3' rapid anplifi catl on of cDNA
L, W’é?ﬁ%l@ ﬂemeﬁfulaﬁlécoserwﬂ?@an% FEGPIPIHRY agipieet | W@lbwo acid
nmplification system (Cl ontech, Palo Alto
Sequ%qeﬂf ARPQRRNPs 251 @ figg@gntror é?hl\taave‘aqhelmands@ léﬁl%d Ryclsig acid
t he head of Perjplaneta anmericana using an oligo-dT
molegBlewing s nyeleotidsscqrenti HSEG B NQ: brose Gegnent Andariyhiyn thereof,
Bi osci ences, Piscataway, NJ). The poly(A) RNA is used
wheggin ﬂlemﬂle&v@ enppdene PRINIEdgsianated Ba pzhaﬁE@ Ddﬂ@ohandeﬂiQ IIHNO: 2 are

for production of 5° and 3' RACE cDNA as per the
showrgin¢igementa Figure 1A and SEQ ID NO: 1 is also provided in Figure 1B. Fragments

and derivatives of the sequences shall include transmembrane domains (TM) 3, 5 and 6.
Fragments and derivatives of the sequences may exclude, for example, portions upstream of TM

1, portions upstream of TM 2, or portions downstream of TM 7.
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i nstructions. The gene specific oligonucl eotides used
for the RACE PCR are 5 RACE oligonucl eotide
WG 2@ACTABCCCAGCCAGAAGAGGACGGAGAAGS' (SEQ | D NCrCBYS20851009223

3" RACE ol igonucl eoti de
5' GCTGECTGCCGTTCTTCACCATGTACCTGES' (SEQ ID NGO 7). 5
RACEE aesdni3nvddfiCk ago incheleaastraihaf cells émbtdingrasDiAeeetacluving a
about 50 ml and consist of about 2.5 m of the

nucldi€sdie sdqubie @PRBQITDACO 1108 strauboftde19expraxdih®an bdiepageiareceptor cloned
speci fic oligonucl eotide and the additional RACE

fromGANRLASPREdes TGhteidbNg stAGkY 8Ne B pZesHing MIBUGRM RS e@plor ERAed from
manuf act urer (Contech). The cycling conditions for

PeriplBfet@ AmBA 0804 traBbofCee ] PPk zﬂbrﬂteﬁlﬂﬁav QY tan@i¥eacid
ell]%:yc | e; mabout ag4 Ch about 20 s, aboﬁgt 72 C, ag%ut 3 mn

sequélﬂé o?@QtIDfN(y@ 4 ?rh%ﬁent@@‘%ﬁ%@ﬁescme@&o%er@ﬂ tRe fr ?gh’i%%s or

0 C, about out 72 C, about m n for about

derwfa%é@ tl?e)fﬁdgﬁﬁld &Q)%Hltnu%é' g&au‘f"pp&t %&)lésu@g’@éﬂmp@tﬁm@1e@e*ﬂ%“:loned

about 32 cycl es

fromm% h]lg 17797c1;79£1%% (é%l\fg)n Et?arm @P{%HE %Slﬁ%/ g g%tem ?ﬁ/mg an amino

X1 rat pro uct rIs ge puri

acid %\glvénh:g of Sﬁgﬁbl Nd)e_g o\“%a@gengb(ﬁ a%ﬁ%wg ﬁu&%@ﬁ&«h&% t? eﬁ‘%%nents or

rase®an ar arréters o

derlvag\ée& ttheéff%%:d %:g]o ?unféa%r 6‘%@ 91%15’1" cpe%d:%lYS 1&1%bbeaip n cglbs or.tmsect
colsy 5 Rt Toad y A ey SRR Rhey 5\0?17905?% o3P

uct . ating wth ethanol,
hum%)“e%’%@ﬁ%‘ﬂ%l ﬁey'gég’l%?ﬂﬁ@ﬁ?%&? ? 8%“55 | (Applied Biosystens),
| nﬂagdgw?qeﬁbmgqntlgg%g ﬁ}; d%ng %c?eeg%ggilet lolthl%n 8615?;}5 e?;&%ssing an
praoduct is |igated i nto pBK-RSV Stra agene%ﬁt hat has
octollfugi grgete iypoxgpainds e aering ’IUQEP LA IPPH Y Iagegt control
Ampli Taqg . The insert is sequenced on both strands by
agenigy FoRELEES MG ieBeae lwos%wém tydhq searitre mr/ Pa oay; or have
Cancer Center). The c I|n conditions for th RACE
an arpiag @eil GpAUERE HBSHR 1Y %@E‘P@I‘ts A deriy %}F"e%’éﬁpf d‘ﬁ’élem the
cycl e; about 94 C, about 5 s, about 72 C, about 3 nin
fragraesits eitslstivatives theeopE biad octabamipe.04 C, about 5 s, about 70
C, about 10 s, about 72 C, about 3 mn for about five
Cy"Elhee}gpseaU@mntign algp inghulas a mehod abwsing mdtigle celblaes. Wigergn the cell
about 72 C, about 3 mn for about 32 cycles; and about
linesage i@ nsbed with®@ctpipaming recaplotstirann diffgyeot ivscthwweppoefiinteresi to identify
this reaction is A-tailed, subcloned and sequenced as
comffamndg dne ompRABEhsphas drectfectB/e sEENESRATII NNt JdHECCREMNS. For
READI NG FRAME FOR OCTOPAM NE RECEPTOR (Pa oai )
exanfpld, g@alll iheadpraieiag s g @nd azelplind gxptehen®PANB eaxd bgused to screen
franme are a sense oligonucl eotide 5'
com AT AT oA CACEASAEREHES A TEAACTVAE whidh SEetiBc NOPer@Y gneta
and an anti sense oligonucl eotide 5 GCTTCTAGA
AmeribaNaCT DRI LA dG 3' (SEQ I D NO 9)

The present invention also includes compounds and compositions having the ability to
control target insects, which compounds and/or compositions are identified using the screening

methods of the present invention. These compounds and/or compositions may include
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Sequences corresponding to the open reading frane are
underlined The sense oligonucl eotide contains an EcoRl
WO e®@s09Wié on site and the anti sense ol i gonucl eRCT/U820851009223
Xbal restriction site These oligonucl eoti des are used
in a polynerase chain reaction that included the
comppuiRiGEateBNEnas! tegadédisssater( FRUENDpoydsemesdng thighthey do not
Engl and Bi ol abs, Beverly, MA). The product is
prodigemaivemed oi Intiafill h&eqps ashinchng Aobothérvidnithrget(ahimvil spreoigeand that they
Li fe Technol ogi es, Carlsbad, CA) at the EcoRl and Xba
are exedgit fioat the Ensirdrésenah fraefue Agetty’sTAPA) pdstisite tbgissation
desi gnat edpAc- Pa oai For nmanmalian cell expression, a
requilezents. SkhEGEMEOINS alhdﬂ@ﬁfoh@dsui@ismﬁﬂﬁ pB&sagénvention include certain plant
ol i gonucl eot i de
essenBia ARG TiE NG F a0 AGENREAS LT MEGAACKEGTAGRiISh. (SEQ | D
NO 10) and an internal antisense oligonucleotide that

Col‘l{ea:joﬂx%o@lﬁls)éndl BdmSdsitions ofth&EHSEEANKIHGACEINESPTsechs b mg an

ID NO 11) The sense ol igonucl eotide contains an

octopﬁlntu?e EO&%R, @bdIS %;M%l cﬁﬁﬁﬁt%%bﬂg@ i€ Fhtlabel AP RIVYITBT @WP Ca** or
chain reaction t i ncl udes pAc-Pa o0aj as tenplate

both. am YRS RS HTRIC R 8hd 28 m{seg $6d bdest allld"'ﬁl%ﬁ'b@ qseﬁtthlg%%ut this
d Xtiol sites into pAc- Pa oai, in which

apphgano{l 203&5}%; ﬂg;,h(gtg&)& ul?d'égstgga(%hatftl{ez%?ﬁﬂgecp@f@s %@?&ly to insects, but

uct 1s sequence e entireé op

also t%)%?a%hﬁrgsdfle[erg&ﬁ I#C?ll&? %ga?];gﬂsro@r%ug%oge ’ ?@ﬁ?gp;ﬁ 1caé188,F\‘;fle term
e PR Y g s o
S %%E&@&ﬁk%@@%@%f %%nggciﬁggt}{l n-(l.;nl_!lﬁmiting

Dk sophi | anel anogast er head cDNA phage library GHis

eXanBitai ned t hrough the Berkel ey Drosophila Genone
Project Cww. fruitfly.org ) Phage DNA is purified from
this library using a liquid culture |ysate as
described in Lech, Current Protocols in Ml ecular
Bi ol ogy John Wley & Sons, Inc., pp. 1 (2001)
A i gonucl eoti des designed to anplify the open reading
frame of Drosophil anel anogaster QAMB consi st of the
sense oligonucl eotide 5
CAGGAATTCGCCACCATGAATGAAACAGAGT CCGAGGATCTC 3" (SEQ ID
NO 1T) and the antisense oligonucleotide 5
AATGCGECCGC TCAGCTGAAGTICCACGCCCTCG 3" (SEQ I D NO: 13)
Sequences corresponding to the open reading frane are
underlined A Kozak sequence is included in the sense
ol i gonucl eotide In addition, the 5 oligonucleotide
i ncludes an EcoRl restriction site and the 3"
ol i gonucl eotide a Notl site For anplification by the
pol ynmerase chain reaction, about 200 ng of the GH
library DNA is used as tenplate with about 0.5 nM of
each ol igonucl eotide and VENT DNA pol yner ase
(Newkngl and Bi ol abs) . Cycling conditions are about 95
C, about 5 mn for about one cycle; about 95 C, about
30 s and about 70 C, about 1.5 min for about 40
cycl es; and about 70 C, about 10




10

15

20

25

m n for about one cycle. The product is digested with
EcoRI and Notl, ligated into pCDNA3 and sequenced on
whoedok/oston@nds by aut omated fl uorescent DNA seqRENTSI005/009223
(Vanderbilt Cancer Center). D. |1SOLATI ON OF cDNA
ENCCODI NG OCTOPAM NE RECEPTOR (Pa oa,) A pol ynerase
chain reaction with degeBEAMBLBIi gonucl eoti des
corresponding to regions of TMVI and TM VI of
PREBURATIQN iGie STABILAUTRANSHFEG FRD COSSHCHLS. LENESadi HEK-293
I sol at e an GERPLLAXNES WIYHIOCTORPAMBYE 8#F CERIDR Nt
of cDNA from the head of Periplaneta anericana. This
cDNA fragnment is used to design gene specific
A. Ol i ISOIUATEONIGIRA JDNAFNCOPING & GRROTENGICOCENADHECEPTOR

the correspondi FR@AFEERPLBAGE AN RTEMNOD gener at es
overl apping 5 and 3 segnents that include the

original cDNA fragnent fromTM VI to TM VII indicating

t eprotdpgomiMdreodpit@s famandetand hdclstineare MfonsiFiied ©DNA

i ncl udes an approxi mately 1887 nucl eoti de open readi ng
octophin@idee @aptbrdor 1aive signifidiit OGS kiati Reltyr 16 Ghoms odiépiididdéceptors are

accessi on nunber is AY333178) . The predicted

ahgnéﬂstdg&hb begﬁe@xﬁj DN A StarlfVRS etiRdfoDywmg degentlafBigshiRRotides are
codon, indicating that the 5 end of the open reading

demgﬁécﬂﬁ?ed &n thixcdidgRent My ahaﬁelﬁ@al& Yihaeohiteogfe oded
protein will be full Iength. is cDNA and encoded

5’ TA@EA%@’FT?GFC dgssanat Bdcbe Qdalc G, Thecapend: "ﬁ@@‘@m‘sf (fsﬁfﬂem NO:
encodes a protein of approxinately 628 am no ac

4), anvamtm VAT Bﬁg&h&%@@a&@tﬁ@@t@@d@@@ﬁ%@@ THE. QL‘*@AQ@) (A GITAGA

Hydr opat hy anal ysis by the nmet hod described in Kyte et
C.G ﬂccl(éé C)AMHCA i9bo BN 5508t a&%?de(li‘r%@%équeﬂ&tc&l@sp&ﬂda‘#&We ™
nine am nd aci ds i ndi cates about seven
potential transmenbrane spanning domains . In
addition, a protein BLAST search finds simlarity of
Pa oai to the rhodopsin famly of 7 transnmenbrane G
PrGE §NIVaQUBh AL I doBEERINRH S LCOMLAT HRGnWMH IV Vtm(ﬁlgonucleotlde

conserved donmai n dat abaseThe BLAST anal ysis al so

contal 1{§qll\9ﬁf §& fPa%kﬁll 'the TI@I Sgﬁt E’lCC%I g%{agmoﬁtﬂ{i Fh%rhe Q)%{Bke sex adult

am ne receptor I one ove ers O

Amerﬁﬁ?@c&ﬁ Q&rhgs ‘Ehg%aQ/Q K ﬂtem?ge efxc éd 5 ?}/6291 e#kfg J‘fﬁﬁ@ ZIOH through

omal NS e seven

cesiui ocfl%nd%e shdég rlf%lgﬁg{ @% ag%nl‘l ‘z?lrc‘al %@i’&'ﬁ%ﬁlsﬁgS 4052:93 t%t Fd is
rever O%Baé%c[{ﬂ:feld égttﬁgﬁg{:ﬂogs?nc! 1%%(%%1 &;ta]lcnreﬁsrgnd I?rﬁn 1fner: Peulg%mas(urus reverse

regio

aster oai
tor

wans G ERP O GG Rs o P nbft%’rq:’&/ Bl PR Bt R s
L S SO B O L B v
% i dent | 7% i dent t
B AR I, Tt
ramne receptors Tr'LOC frrom Locust a m&’]ﬁtor|a and

95 C-,W)?ouﬁ 8“1" If(arﬁbgl‘tc%lﬁ 'Syﬁlqz a’lb%ﬁgn%,gaégtﬁép @@ab about 2 min, about

conservati on between Pa oa OAMB and Lym
72 °C, about 30 s for about three cycles; about 95 °C. about 45 s, about 55 C a’bout 2 min: about

72 °C, about 30 s for about 37 cycles; and about 72 "C, about 10 min for about one cycle,

10
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greatest within the TM domai ns, as shown in Figure 2.
The regions of lowest simlarity anong these three
wW@e@soep0%6 are in the ami no term nus extendi ng PET/OSING/009223
" 1, extracellular loop 2 (between TM IV and V),
intracellular |oop 3 (between TMV and VI) and the
C @rdaioxty bret digedstedd witloHi-oll agd VoA ¥id ligaked. intGBIK-KSN. THREagene, La
AND TRANSFECTTON OF CELLS Cell culture reagents may be
Jolla,@)ailimerds £ reqstSinggeandlcdmpaiad (Stnowh@ahs, by EYrching thasNCBI database
ot herwi se indicated African green nonkey kidney COS-7
with ©€Blst gograuman enbryoni ¢ ki dney (HEK)-293 cells are
obt ai ned from Ameri can Type Culture Col |l ection
(Manassas, VA). COS-7 cells are grown in Dul becco's
ma@i dbiadicthEagtresponding cDNA( fabauippdoximgrelyl 10¢ aseédide &Agnment with the
about 10% fetal bovine serum HEK-293 cells are grown
highebtsirhdrbeeCoctspaniiak fet@PorEaghnedtier BPeticd) 3’ (@A 0 Utapidgimplification of
gl ucose/ 1), about 5% fetal bovine serum and about 5%

cDNASNRIRACED late Seefouit Btk thy SRR RO RAEWH DN 8mplification system
suppl enmented with about 100 U penicillin G nm, about

(Clon%eQQ FHlb 816 COAPMPGI(AS RNAGE frephed Frol: tdfl RELASBRAE! 86 Ghdhead of
B/m ) except durlng Li pof ect am ne 2000

Periphdr@fatRsit b Ssikd RPSIBGLANI I AR #dndaRtdctuMEM protb®At mersham
may be obtained fromlnvitrogen Life Technol ogi es

BioscidnBld PR&FawEHANT) CER o @) Rl leéd' é%@éhﬁ% |11Ythe RACE reverse

transfected ‘usi ng Li pofectamne 2 s are
transcmﬁggm? Féa@tforf"ﬁ? Hltodgtct'r:bn)Sf ¥ Oghdc’ge lIi/@C]P @lf)Ng' a3 Bm( @ Qllél tluf'éélll 'er’s
I n about n  growt di um w t hout antibiotics

mstlutﬁfﬁld’ﬁ%ef%g{eg &lﬁa%%g&ﬁ%atg us%@ %(%A@,'E%g& 1@99@
oligot 2 e%éeﬁ/ﬁ%éﬂ?%@%@é@ﬁ &%?gA@ogEd'm NO: 6), and 3’

e cells after” an
rRacBRRLGHRIAL Y RO LB IR R (RO ETBES . 5
ik PR, R B R AL A FOE P Bt 25
ot TR b AL 5t P b e s
o LSS R e R Mg e
oA T B ST B SR P o

I ncubatJd on at roomtenperature, the approximately 500
CYClembOB‘T94s€b 8P R0 s cabadided Ct #Pogkt mdn fog a’am% fiye Fyeledi %ﬁut 94 C, about
Cells are split about 24 h after transfection into
20 s, ghogil h Grabpd [Osntboihihg abrtis non orpgoutdivg cxgless alast i “C. about
(Medi agech Inc., Heradon, VA). Conal lines are
20 5, shelub6d ol abpet [4ssaBputi7E GF abeits 8 ib foraRprtadsyees: wid apout 72 °C, about
whol e cell binding by incubating about 500,000 cells
10 minfordbouitonerdyclshosphat e buf fered sal i ne (PBS; 137
mMvWNadcl, 2.7 M KA, 10 mM Na2HPO4, 1.4 mM KH2PO4 (pH
7.4)) Mﬁth about 2 ii M 3H yohi nbi ne for about 30 mn
atArappiprimately, 1.¢lkp pepdugtds g5d plugficspng yurghentapiplifiedhpsingrfhe same

washed with PBS, and then transferred to scintillation \
oligonucleotides, Advantage 2 polymerase and cycling parameters of about 95 'C, about 3 min for

about one cycle; about 94 °C, about 20 s, about 68 "C, about 10 s, about 72 °C, about 3 min for
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vials. Nonspecific binding is determ ned by incl uding
about 50 mM phentolam ne in the binding reaction. F.
WEEBeE@90Ys OF CELLS LI NES TRANSFECTED W TH OCT QRAMUBER05/009223
RECEPTORS FOR SCREENI NG COVPOUNDS AND COWVPCSI Tl ONS FOR
OCTOPAM NE RECEPTOR | NTERACTI ONAI'l steps are perforned
aboutat5 carbles) tandlat©ud 72 o6, aboe 10ehih Soraabeutirae vede o faciligteoMHigation, the
nmedi a by scraping fromthe di shes and then rinsing
produdi BRewiled bihpreBipitdines witl ¢tharmaf, eesogrending g s PER BudfGutl (Applied
| OOQg for about 3 mn, washed with PBS and centrifuged
Biosya@ais)) 2 Tind Mgl 1 5 1aid dIPpmd ded U Aniplidaq pérd: [hinp dlcdbating at about
buffer (10 "M Tris-Cl (pH 7.4)), incubated on ice for
72 “CabpatoutllB MinNThaRAR|yrsdidt i $ipaned MtOpRISRIAOEHGRgene) that has been
honogeni zer and tight glass pestle (Kontes d ass Co.,

digestdR@IhaSAsths aT-tWilddusaleQUITPLEd BtiIRBE THEGhRI ieQuenced on both
pell eted by centrifngation at about 600y for about 5

strand9 ) alidhaSdRRIOIGEARIDN A sédReMEW aaddb ket fasarg). at
about 30,000g for about 30 min to pellet a crude
menbrane fraction The pellet is suspended, in binding

bufht @fclind Qomdtidiid Br Bt 3° RAUW Mifion eRHbSutdl) CRIBLEI Min for about
concentration is determ ned by the Bradford assay

one cy&b:QbRad4Lab®oat O] Bsut HECCANOES3 mieor MITDAN8E 1681 Bout 94 °C,

rozen on dry ice and stored at about -75 Cin

about® 4, AR 50 AAbagoNi Shud M D LeIeDinGin 28V BES AL yAkE abdied °c,
from Sigma- Aldrich (St Louis, M)). Cctopamine is the

aboutrg X&6but @R LSt 1Qf Mt 2L IORGN: BGnin 'fbl'%@@ﬁt@ic?@leéﬁnd about 72 °C,
obtai ned from Perkin Elnmer Life Sciences (BoSton, M)
abouﬁg‘)ﬂ%ﬁ 0BG obierb%fegmespl&ﬁ{cg QAR @ea\g@léslhlsap&gg%ggwrgg Ry

rane protein in about ndi ng

' seque%@%f@ioch{@’m& Okt 27 C while shaking at about 100
rpm

eactions are termnated by addition of about 3 m
ice cold binding buffer and filtered over G-/ C filters
(What man I nternational, Midstone, England) that have
been soaked for about 30 min in about 0.3%
pol yet hyl enimne (Signma-Aldrich) Filters are rinsed
Boai IGINERARON oF THERYPEN 1eE AVING FRANVIEIGR OCTOPAMINE
determ nation of K anﬁE@moﬁ(p@&qu of 3H yohi nbi ne
Is used fromabout 0.5 to 50 nM and about 50 mM
phentol am ne is used as a conpetitor to determ ne
NQH ReEIdotiBediisRd |tc5‘Qnﬂi(lfﬁl_@fétC%Em'e{ai@iné;fnal&faréjé §ch&d @bnucleotide 5°
| i gands, about 2 nM 3 Hyohinbine is used with a

CAGEARNTETAREA QG ANGE GO TTeOMDEA LERT ARt (SBRUBSNO! BMAA%h antisense
to 100%  conpetition Binding data 1s anal yzed by

oligoﬁl%gﬂﬁiti%@eﬁr&ﬁ?ﬁé?%ﬁmk@&”ﬁ@GN&@FC?ééAT@CﬁT@CﬁW?qS E6IBRO: 9)

ego, CA) For pharmacol ogi cal bi ndi ng

Sequ&fé@secrcjrrgﬁ{%(?i}l% E’@Fh%%tpen reiaéipg ﬁ%ﬁl@ %fee@d&rl‘in%ug sést l)l?gomfcleotide

transi e S ec_ 1 on. rane ra_ct! ons are
cons 158 YEB B B S SR Mt st o

. 3A The Kd i ific bindi ,
otieoctogfil i P %y B Pl ATy En G TR=44 8 mAGE s
t el {i f t| f cos- 7
remp R VBN R RE Rl IR Rt R TPy cnAs do ot
denonstrate

The product is subcloned into the plasmid pAc5.1/V5-His (Invitrogen Life Technologies,

Carlsbad, CA) at the EcoRI and Xbal restriction sites and sequenced This plasmid is designated

12
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specific binding. The high affinity binding of
3H yohi nbine by Pa oai indicate that this is a
wa osatdoes | | gand to be used for conpetition bi Pdi/ng2005/009223
experinments. The octopam ne receptor QAMCB from
Dr osopha nel anogaster is anplified by the pol ynerase
pAc-Falwai Fof eatinatin ceBakpreationnn Kuizaldsaqgermnad insdred whihfa sense
3H yohi nbine is performed with OAMB expressed in COS-7
oligofilebtide 13 CHTRNVAT TCGET QIGA BEA GHIOA (MEGaGd TRMEA ACECTAG 3’ (SEQ
determ ned to be about 43.0 nM and about 8.04 pnol/nyg,
ID NOEDpesd invigleyhal £018806¢ bliboteiclbiidb thg cohiaths aryelste 5°
bi ogenic amnes is utilized to determ ne the

TreRbEGoG0TeG AcsApotrent i(sEQnptumal 1) | Tigaeske BigofRceBdelontains an
Referring now to Table A, bel ow, DL-COctopam ne has the

EcoR} Qﬁé’eﬁﬁesgoﬁg%gwéot@g’s a3€ 4 ih Qrpogﬂle%b chdh ké&\é\@&l tB¥% includes pAc-Pa
tyram ne (‘about .0 M. The decreasing order of

0ay as‘i‘énflﬂlﬁb b¥d {/ENT Fyr&la‘gg eﬂ'lecpr@dﬁc‘f‘EstnéeﬁedDQttE}BRMﬂ%?ol sites into pAc-
ram ne > am ne > serotonin. The binding

Paoaf OJr Jw?fhfl 'tl%%oir m?cﬁﬁgpfmﬁd angr ﬁa)éﬁﬁm REeBE& LRHEITT H@ﬁ roduct is

I'S receptor. K, (nean standard devi ati on)

sequeg(f,egoﬁ:i‘?g?g]%? n ?Eﬁgl %\ﬂéﬁ{‘@fg gl,gfu Qb M 1@‘!0%(%%@)& (Iﬁigl%g%en Life

out respectively.
S T,
Techno ltle% ?ﬁ"l’s%?ds t‘rRt) gﬁgcr(r)]t_l%g 355‘952 5{1}%&5}‘1{%‘&? d?gd ﬁ"ias dﬂ%’mlg hs c@ggnated
mne for Pa oai , and for OQAMB, the affinity of
pCDI\(&)%{g 8% ne is about 4.1 -fold hi gher than tyrani ne,
i ndi catl ng that octopamne is the |likely endogenous
ligand for Pa oai.Phentolamne 0.023 0.009 M anserin
0.048 0.013 Metoclopramne 4.76 1.32 Table A ln

@dd' tAﬁﬁ*L I@&T@N %'iﬂ)%‘ﬁﬁélé)bﬁn@& OF NOABAAN 6CTOPAMINE
(ﬁﬁeﬁﬁ RO Fﬂ?nbﬁb%ﬂﬁlﬁAWQEJé@iSTER

cI aSSI y| ng t ese receptors, antagonists nmay be used
to anal yze the effects of octopam ne on adenyl ate

lee 5Es0pfild Mbitoghle G IRDN phage ﬁBlra? GNEE ¥8amed thrdaf the
henocyt es of Periplaneta anericana phar macol ogi cal

Berle’J ok lﬁlfg‘ Ggl%ﬁ?é lﬂgﬁgt Rw FRitARbrd SPlﬁEe DRESR purified from this library

t agoni reference to Tlable A 1 n order of

usmg%ﬁ@[xﬁlacﬁitﬁ‘tg Zﬁ&fe al Hés% 1béchfx IRERA U nObrofoldls ATVARRILSER1deS, John

or pronmazli entolamné > manserrn >

BB 3 P BRI SRR B sy oo
Dr osor%%%fz me{ana%as%%h% é?sqé ?Hw%ﬁsg %Hé@ﬁlcfégﬁf 3§\n 1887

en rea

CAGQ%@%@_ ?@A%@;ﬁéﬁ@g%éﬁéﬁwﬁﬂ%f $> o IBNo: 12) and

the antisense oligonucleotide 5° AATGCGGCCGCTCAGCTGAAGTCCACGCCCTCG 3° (SEQ

ID NO: 13). Sequences corresponding to the open reading frame are underlined A Kozak
sequence is included in the sense oligonucleotide In addition, the 5” oligonucleotide includes an

EcoRI restriction site and the 3 oligonucleotide a No#/ site,

For amplification by the polymerase chain reaction, about 200 ng of the GH library DNA

is used as template with about 0.5 pM of each oligonucleotide and VENT DNA polymerase (New
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to Figure IB, the predicted initiation codon (M is
preceded by an in-frame stop codon (SC). This
wo pasoatoes t hat the 5° end of the open readi ngPET/ERB05/809223

included in the cDNA and that the encoded protein
woul d be full length. Wth reference to Figure 4,

Engldny riciga) IGychmadopditisndare thvart A8t Guadoatfs it for gt one cycle; about
Doolittle with a window of 9 ami no acids indicates

95 "Ct it 300 HdW\EUTDCE, sdbaricssmimhfor aboman cymds; inddbodt 70 'C, about 10
potential transmenbrane scanni ng domains. See Kyte and

min GOt dnk @ycld 982 prolucthi®digesBedWwith £¢oRI,and MorIlli@Red iAto pCDNA3 and
phyl ogeni ¢ conpari son of invertebrate biogenic am ne

sequénBeRHREL HRAAYEHCR iR MERbEescHR DN bdyueNUiE @ndddrail@dncer
sequences share ~ 45%simlarity, which is illustrated

Centdr) Figure 5. Pa oai clusters with octopam ne and
tyram ne receptors fromdifferent insect species.
Simlarity betweenthese receptors is analyzed using
BLAST search and cal cul ated based on protein alignnment
bsi NGSONATTOR opfcbwal ENROIINEO PPOPAMINE RECEFAOR (P2 0a()
reference for conparisons with other receptors. Wth
reference to Figure 2, protein alignnent indicates
sequence conservation between Pa oai and OAMB i s
griepdleatrase dhhinnedctien witladepepafateaizoniatmitidss ofifvjondifib & regions of
regions of lolvest simlarity anong these two proteins

TM raad TVl Vief ardvivaslly edepriificdso ceogiagriok regepitort & ubbdLto isolate an
extracel lul ar I oop2 between TM4 and TMb, intracell ul ar

apprdx@ffielh 0 heeteoTidd/Fagnnsht INMD A doh thetaadbabBeripetmaiaimericana. This
following TM7. EXAMPLE 3 EFFECTS OF TREATMENT W TH

cDNOGRERAMVINEON deigh SerXPRESSh NonTitEot{ded (PAMINEE the full-length cDNA
RECEPTO R (Ta oa A EFFECT OF TREATMENT ON [ cAVP]

of thel U@l@@bnﬁ iﬁg %mWﬂSA@E fiam&@bl gédeeat®ptlappaipoiitand@0segments that
EK- 2 cells are plated i n about 1m nedia with

mclu@@lﬁb‘ br @nﬁ PN ACH ISt bR tras el eb Vvl indht @ Shds€ s€ments originate

4.5 cnP) For cell treatment, the media is

ﬁom?i hﬁl@%ﬁglAa'Tge é@l@ﬂtlllclﬁ'ﬂes B B@péﬁﬂbi ﬁaWWW%Q@IeHMe' (%Wl @B8g frame

e test reéagent i s added | s ar'e i ncubat ed at

and Sa by 3 gﬁlaﬁéﬁ&e@@&%@e&%nﬂh@e%ﬁ&q ndfiGer E’@@YB 33 lt7|3f Mhe pr edl cted

asplrate s are I ncubated wth about 70% et hanol

1111t1a{19 { o%lb 158311%:6 (:nga%{q nz?-l?rg Esto%Q:ogon Tlﬁﬁca‘t“lﬁg lt}}élc e 5d§|lpa ﬁhé §pen

en t per nat ant renove

1ead1né£ff Q Jr}é ls 11%0%%&& B 1915 ¥PBRAS nd T&ﬁ u?é‘é?a‘d!?& gﬁ;&mgﬁ%ll be £ 'ilh f‘:én%[h,nThis

etern1ne y using a c |ng pr ot

cDN%agg]%rfcgged Ss%l}{%le des K1 laasggy system (Amer sham

& manufacturer's instructions .
To test the effects of cal ci um chel ati on on cAMP

I
5% s B O b B S i B s«
or d ﬁj Q
pledlfztggmole{n?lal%g 8%3%06156%5@ [%e g—# cgﬂltl atnta F g??ﬁoe lll’lfﬁt &?de%egté ibed in
Kyte e?c\z/le lJ ST\/Iol B101 e15§eﬁ)%nlq>2 mﬁ)e 138! a ¥ MPW dt about nine amino acids indicates
about seven potential transmembrane spanning domains, In addition, a protein BLAST search

finds similarity of Pa oa; to the rhodopsin family of 7 transmembrane G protein-coupled receptors

contained within the conserved domain database.
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brain, thoracic ganglion and henocytes from
Peri pl aneta anericana. To determ ne which second
wore®seymes si gnal i ng pat hways oct opam ne coul dref/U8m05/009223
through the Pa oai receptor, HEK-293 cells are stably
transfected with pCDNA3-Pa oai or pCDNA3 wi t hout an
i TaeBLASY aaalgsinils®indicatet Peeoag,anpsils idlk:-13 @Bhec blopsiic amine
nei t her DL-octopam ne nor tyram ne at concentrations
receptops, 1\ meftered 106yl anbai oM CRsshiretht eahsonmotiAb Seven
| evel s. A clone transfected with pCDNA3-Pa oai having
transrenfibr@de (MO Glofiaths bOA theftGsetem BitajneIVD3, Feanid$ dlpeied e binding
for second nessenger anal ysis. Both octopam ne and
sites. lQOnRIAtdAG0 Pfo@ei@l{/i% deBintdEheaBe, Pahe, isaie) slogdly ffER toAMB, an
these cells in a dose dependent manner, as shown in

octopEﬁlQlH 'i&e@tor frdf eheEERP®, DRIsopiR nRidno pastNdan dyfy ba&MMEtopamine
medi ated i ncreases in cAVP are about 1.62 and 97. 7mM

recepfo?ﬁ@ﬁctﬁé M&IdndiPry )ﬁ?;@t@&)@)z%a%t SRR i Harkp il R eBRted with

han tyramne in the cA response as a Statistically

verteb?étg BiA hd:réﬁgrsgll: %5&@1% %ndl ﬂv eo%%fmﬁg fecbRsR! Ptjo%‘ﬁ?&hgnmfgt

about detected with about

1nd1cdg%\%%tc108%%tﬁ% 14/6}5’81%5211 Jt% éAbmlﬂ%Aﬁ@ tlc!aptoirga 9;’1 ) and b Sutt27%

concentration W t 10 nMtyrarine Is a
identigal %cp b@ﬁ@{ae ﬁl?ﬁ%%@j t%ra i r%%g{o?ﬁf ﬂ”l qu@ Fﬂro ("r§ k{%déftzt lgéﬁcwn}fa and Tyr-Dro
from 590s8§1n }ar naglal%%%%% ?@c&% g%?%fh%ﬂ(ﬁﬂgeﬁ% {1??&%% S(?IAg/Irl]Baﬂld m oay, Is

I
greatesg\é/},ththecf a%ﬁgg as% ovvch 18%% A ARBL QX 18&t o%lléé\ivest %_DL% axfltg/l afong

an “approxinat
rease for.

these g}r%e 1581?*118 raﬁ:éa %}e r'im}uho teglglé%s eﬁ(}éeggi 1 1@3&%{!} ﬁ N exg%%g glsﬁgaé oga}y@etween
3R B S R o T RRE g B A cBO S BB i

’Hﬂ\hé appears that the Pa oai receptor is an octopam ne

ceptor, the Pa oai receptor may be targeted to
effect a disruptive change in intracellular |evels of
cAMP, controlled targeting of the receptor allows for

the P Bai ﬁﬁ@p?ﬂﬂﬁﬁ@ﬂ AR TR RGN B RRTTRc”

SRR s W s YA AL, B

levels in cells, about 24-ho irs before c

otheryise ddifeter, ABisen goen mev%ey kilex PP ofills 2pd laweﬂl ‘?“ﬁbli?ﬁ_c kidney
media with 0.8 qg 418/i L_into nmulti-dishes

(HEKg§ celfs@re tigiped; from dwsrisan e Ciiere apql?cfa@bﬁl\ila&%sas arfy. COS-7
Ink PBS with 300 mM I BMX and t he test reagent

cells argl genayn icBulbscey’ %‘“P‘i‘i@@l‘bﬁ‘t‘?&is aedigpdebegr 52$)ng?%€/ 1&?%? gbRat 10%
PBS is then aspirated. Cells are incubated with 70%

fetal vingrsotut SIEK:2$90gHs are grovan igdialbequees gwdified dleglgsypeddum gabout 1g
centrifuged and then the supernatant is renoved and

glucoka/iphlicut Yédetrldoning Hersm. and hleoub pduAY befreaifiseruin Boffetypes of media
extract is determ ned by using a cAMP bi ndi ng proteln

are supplemettee wikiabaWPOBUpeniaklingodyaboyist @hng Araptostygim/m! and about 0.25

Bi osci ences, Piscataway, NJ) as per the manufacturer's
ng animhsteriuintB/m@gxcept during Lipofectamine 2000 transfections.
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To determ ne Ca2+ levels in the cells, HEK-293 cells
are washed once with Hank s bal anced salt solution
w@ 1@F/09d0idNaCl , 5.4 mM KCl, 0.3 nM Na2HPO4, 0. 4P@iVIUS2005/009223
KH2PO4, 4.2 InMNaHCO 3, 1 nM Cad , 1nmM MgSO4, and 5.6
p Mglucose (pH 7.4)) (HBSS). Cells are collected by
s tipmiiictagnisn2l 0draed OpsPéEidd dicdia nadyohetob#506d0BEN delifregeniLife
in HBSS with about 5 mM Fura-2 AM (Si gma- Al drich).
TechriGtdgies (Gartsbady€1)aCOH-Tatllsdro iinsB it Ctriisfe cadibusingllipofectamine 2000
dark, centrifuged, suspended in HBSS at about 750, 000
Cells ﬁlelpllﬁéchdt abaud 15set)’ bels peadidi (@bourgasut)dnabbs 1A ml growth medium
spectrofl uoremeter with Felix software from Photon
withohemkipotiegye Hat wraatrafatiol Eavdehagl,iabbes 30N)LipSFedtSBithe 2000 in
for the fluorescence neasurenents and data col |l ection.

about @Gh CPRIMEM DR dReEs mieTaiklabaitad o @3REE DA Lin about 1 ml Opti-
intracellular calciumlevels in cultured henocytes of

MEMMBh&G@S 9Padlled & the Solls Atsr@n approXiRAREYIE i feMation at room
Perlplaneta ameri cana, octopam ne lead to an increase

tempdr@tule MR defb alehhRBASPRARMEmIAAChrepdrki®hny Am fo'llo{x/ﬁ%ﬁu -dnSfection.
increases Iin calciumin these cells as wel e
ability of both octopam ne and tyramne to nodul ate

CRbLIANR I sRicBorsibf HIFE-1BHe 112 B5oue | QNO° EXIRIiRa6dUT.SHAI @aivth
is determ ned. Neither about 10 mM oct opam ne nor

medlzﬁbf?ﬁgut ARt ¥ dManBREHsAh Rt lodn*RER! da Ib@fm@ﬁ&.ﬁfeumn For
| evels in control HEK-293 cells transfected with

tr ansf@%oh@%l@p@&tdﬁﬁ@ﬁGOO iHQMBY BT abol¥PeD LﬁWItMt@@I H‘leMum This

octopam ne 1s added to the Pa oai expressi ng HEK-2

is mn%ﬁ iy abButA R 191 N8 DRESH abblit 58 5la<9ﬁlmmf mE@LG %mea §n

ected, as s own in Figure 7. I'n these sane ceI

appro?ﬂfbltjélﬁ 39 Pmméﬁ(ﬁl{aﬂm AN (919%51p@1%{u1 éTngeUa{ ?’@o@m‘n% ul Pl” Qﬁutmn is

as S gure

addecttﬁ%gl?s 1ﬁq|srlgﬁe cﬁ%h églﬁjsl atlé 'ﬂlaéboﬁ fﬁe‘l ﬂ‘tullﬁ@cctlo 1@1?[}% %?(;vﬂﬁ media

concen ratlon oTf octopam ne

contaLFmrg a out%SS mg%dﬁ%%u {alfle/l? A %\}fe%%a%ecp rf'llc qye%cﬁ | a?b&%f allrg)lepMe

rease |ntrace
select\flz\@g{ egsay% of gécrezp,'tgl %{% gsmr} W% Wl(}lgg“{' l?m gllg%é/ a1ccu:bﬁ ngba)pout 500,000
s 0 SRR B B o L PR o
N@Iﬂ%@ ééﬂéamﬂ B354 Gl RV Ry R i PG T tbpu i v about

the cCAVP assay in tha n a oximately_ 10 o
27°C; ‘ﬁfélsélé%lée”F‘if?dPW%iﬁﬁ 5at@an%3éﬁ?f%ﬁﬂ? EHSa n%?"etaﬂ%“ g&ﬁml“aﬂon
10 nM octopam ne is required to glveaS|mIar | evel
vials. é\fonmggkﬁ@ﬂ@@m% dgtgl@ﬁnedqaty 11Wg@othﬂ§gtul}4r@emglaagpe m lhe binding
receptor is an octopamnine receptor, the Pa oai
react1@’@30eptor may be targeted to effect a disruptive change
in intracellular levels of Ca2+, controlled targe ting

| BTG DS i IS Yl D
HREGER ﬁ AENDSARIE €O ?BVON FOR

i nsect contr@pT&RAMI K REGEFFORINEERAC BN

i ncrease both cAMP and cal ci umin HEK-293 ceIIs
expressing Pa
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oai and the calciumincrease is detected i medi ately
upon octopam ne addition. As such, tine possibility
WO b@s/ogmieci umis | eading to a secondary i ncreaBeT/UR2005/009223

CAMP | evels in the cells expressing Pa oai is tested.
The intracel lular calciumchel ator BAPTA/AMis used.
BARTA ANk capperialmadtat 2bun € er dndoe) Cetloare hinvedtéd tnhgowth media by
increase in free intracellular cal ciumwhen about 1 nV

scrapidg@tf@patiic d&hésanadde dinsing dilies RathP@S- EXPEetIS sten@ntFded at about
Cct opam ne-nedi ated changes in cAVP levels are

1000£ RMRBdLRd nhifl, WABeARGEPBSarRiNGntpifi@se Agkn dhe abdidre 2@psided in ice
BAPTA/ AM cAMP | evel s following treatnent with elther

cold l@*ﬁ@téhwlﬂ@feﬁq% ey ageiat (pH 7)) OatRRETLA e BSabRt L0 A%, and lysed
basal cAMP | evels, are not foun d to be statlstlcally

dli i< B Hoe hWAGLRRE: dnB tibh 1BHERNE B RicsREIBRRNEEVREIaAD tl
umng(gl%w BAPgl'1 %% ag.g &%ﬂ% [ E|gu?e gﬂ Thi s |nd|cgtegu®“”]

aboutt 1ok oRé@eNhéléira?@&ﬁetb@ bf AMRiBYAtBR 5%@{@ dobg fdrea%uhtt 5Smfnr om
direct coupling of Pa oai to a Gprotein that leads to

superﬂ%ﬁﬂtY@&éc&tﬁc@&d%@ﬁﬂﬁ é@& & aﬁ&ﬁ h 8860g ﬁpgﬁﬁ%d Bn lgtsasdl Qde

Pa oal 1 n HEK-2 I's a good for adenyl ate

meml%lgé ﬁ’%gogmﬁg Ip & s'u%a%ﬁ«%ﬁj AU dir gl buh}glr 8@gllth’—thSSCf gﬁﬁ@tl\%Clz (pH

I nes 'y expressi ng the Pa oal

7.4)). rﬁ&gﬁ)ltcg{lceﬂﬁ Qtfo 1s (ﬁa?e{lmﬁ{"eﬁ %g ﬂ{eqﬁa 9&9??10%%@%&&01165 Hercules,

I ons I nsect ontro act I VI

o SRR SR SR LT A B L L

radi ol i gand blndlng studi es, the binding of

3 '7&1%%% 1gglaﬂ Jﬁgnﬁ@sna?g‘ oﬁtg‘iﬁécﬁjﬂﬁg S%%%W&%E?&P% é\/r[nO).

expr S|ng octopamiie re

Octop%nqg OR 3‘8682&@41 %&gg?csfg% -o%to%%%&%rﬁgohilgﬁi%e % gb(ig%d ﬁ&g Perkin

nsec I 0C
mel; lé]ife 5% %cgs E%%tghg\gégcigaﬁ%ﬂrf}lt i1 216 rlgb%fogélﬁ% H\gﬁ ragPtlt 7. % 15 P,g
meml:frgri?ecpe}%{egﬁg:elgc}uﬁ%SrQF;%Rﬁ)aing@Eﬁ:r Py %b%ﬁ% 1?1 a?%%(')tﬁ g:? ﬁg wthlle shaking at
oS30 "B SRS TR S RS s wrrvs
ﬁlterqgl ayex @%&f W I}fﬂaalglggqiw%&ﬁiﬁ\%ﬁ%}%bggﬁédﬁ §lgaf§ %g@f L'%glgnsoaked for
conmpetitor to determ ne nonsp eC|H
aboutcﬁ@tr@mﬁsl AoUKP-Sgrpobethylsaine(>iama-f ﬂsm %Tﬁ’fsrﬁff’ ﬁésquagﬂg &jth about
a concentration range of octopara ine that gives
3 ml bxp@ﬁg buty. foods eesrpuration 6hk ad@-gpa fangs Ry bl 1 used from

mol e receptor/ rotein OAR species 28.4
about(thM‘@(ﬁ(Ogngw meml\@rlrlgntgu;m@ez@%lspgg% C(Bnpetltgl to determine

nonspecific binding To determine K, of different ligands, about 2 nM *H-yohimbine is used with
a concentration range of competitor that gives from 0% to 100% competition, Binding data is

analyzed by nonlinear regression using the software GraphPad Prism (San Diego, CA),

For pharmacological binding experiments, Pa oay, is expressed in COS-7 cells by transient

transfection. Membrane fractions are analyzed to determine total, nonspecific and specific
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Wth reference to Figure 9, OA (10 nmM increases the
| evel of cCAMP in HEK-293 cells permanently expressing
wWe@Raoke9208AMB or Pa oai . Wth reference to Fi geeBESHO¥009223
and 10B, OA (10mM increases the level [Ca2+Ji in
HEK-293 cell's permanently expressing either CAMB or Pa
bindingeli *H-yohirariee, bEK0293n dégurs 38x Ahe aiand) Bei, tihrespediicieipdiog are
are incubated for 30s before the addition of 10 nM
determinet! epleraboe A3@A)M aildgbartrldwWw pnmitnkixeprbieii redgectingdy .Clsfembrane
addition of the amne. The fluorescence ratio
fractioheff i TOSETcelE @BAsENAY ttadnbetetivith eBhO FITINASQo hbtideBnstrate
plotted to indicate changes in [Ca2+) j levels. These

specifi¢ BﬁﬂﬁQS&?ﬁe 1@$@aﬂmdy BhRlhd s’ Bu@hihbige GAR 6§ indichgedadalyis is a
the insignificant changes in cAWP level and [Ca2+J in

su1tab1@ﬁ%a{n§ td B@tﬁb@ﬁ e e pMcidh BdiBgBperiMRaL0r then treat ed

Wi nv CA da?a not shown). EXAMPLE 5 EFFECTS OF
TREAMENT W TH PLAI\IT ESSENTI AL O LS ON CELLS EXPRESSI NG
T 0S¥ &AM NEpt SRESEIOR oD B i R K oQastdFae@n BITRE by the

isolated from COS-7 cells expressing the receptor are

polymeiR@ndi feab@Ge Fafkatidh Nslhdigy sialdisesitiatidybifEibiA9% eeblnged with
are used for cAMP and [ Ca2+] studies. Plant essentia

OAMB:’éxlpﬁassddﬁﬂ; Codingi, 9% SMBRA® Figure 3B. The Ky and By are determined to be
[ met hyl (I-nethylethyl)benzene] eugenol

about 43% 151‘@%[?@%%1198 62p1119f/1ﬁ%,eﬁ¥ﬂ))9090‘990| ], trans-anethole
[1-nmethoxy-4-(I-propenyl)benzene], cinnam c al coho
[3 phenyl - 2- propen-1-o0l], a-terpineo
[RmipRH-Hindihs ‘&tl@l@hoﬁﬂﬁcﬁ@éhm&ﬁhhé’é}li é‘ﬂil&ed to determine the affinities for
[ 2- hydr oxybenzoi ¢ acid nethyl esterj, 2-phenylethyl

potentlglrlﬁﬁirﬁqéﬁlﬁis o Pgl o€ RBFEBhg now to Table A, below, DL-Octopamine has the
[3,7-di methyl -2, 6-octadien-1-ol], are obtai ned from

lowest ®; [ahoft8™ O fof V\§§ 'Il AJRYEBd b%)‘alﬁlﬂg doeataD (5. TRSREkasing

cont r ol act|V|ty he chemcal structures of these

t EiL gue
e P AP At b G . e

bmdmé %fgﬁﬁf@?fo%&&aa%gé 5@%8929111?@ ]@.l%%lﬁte?l{’lll M 4 lu§‘ e@ﬁt&qpﬂF% éféjllean +

resence an nce o Free structura

standal!ta)[acfgaw thlﬁ%f ﬁc‘:;t&)p%mn?e And'@%gﬁ{ RE @ﬂﬁh\qéiarev\éy ﬁ& 2”({) |M§ gl‘ic? Qbout

nsect activi
33.8+ Qggibﬁﬂggsgg%w%ly t | (ﬁ)/nath%{é alt‘e sllmﬁéll o\éfénl%arugé’lcp for pa Lody I The affinity

oroorbygy e TR, Palhi LA ALK
t t Th f L d
octopaty e o %P—E@sﬁ@wﬁyﬁ Risurisars PrratispauERdhfie
absence of test chemical. Specific binding is
e“doge@SW‘%lﬁﬁaB@g’dPWa'det erm ni ng nonspecific binding with 50
nvt ested pl ant essential oils and subtractlng

nonspeci fi c pindi froemtotal rg—W-Hh reference
to Figure 12, dep é? q soeC|f|chr ng of
3H yohi nbi ne| Biogdec devive and] OAMB, whi | e eugenol and
ci nnam c al cphpbpHgseease the bipdingof 3k yohi mbine
to membranes| Tyramine 31.0+1.9

Dopamine 56.6+ 8.0

Serotonin 774 +£11.6

Antagonist .

Chlorprom azine ~0.012 4 0.003
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expressing either Pa oai or OAMB as conpared to the
correspondi ng control, trans-anethol e decreases the
w@kbogobdondi ne bi nding activity to only Pa Ga 1PCT/1S1085/009223
al so found that eugenol and trans-anethole are nore
potent inhibitors against Pa oai than OAMB, while
ci nnani ¢ al cohfenfofanringy e pot ent0.@Jai W9 OAMB t han Pa
oai . The dat pMsuggmst ed i nsect).&Bect.e$ di fif erences in
recept or bi ndj Mgtoclopresponse t o 4fdrot.8% penoi ds. B.
EFFECTS OF TREATMENT ON [ TAMeJA Fi gure 13 depicts the
effect of certain plant essential oils on cAWP | evels
in HEK-293 cells expressing either Pa Ga 1 or QAMB.
HEK- 293 cell s stably expressing either receptor are
t Tieadddtdbnwb tuking 6@ afifiity Bictapeahitdreceptdrefonr stific@stgchists as a
pl ant essential oils (50 mMV) on basal cAWP |evels is
methateds clasilyinktigen ket @) anteporsitgmiy becwad toyandiges thas@s:td dfe
CAWVP level (24% in cells expressing Pa oai but
octop@ihing b layeri@ad 8@BeclatiMPinl tBy Brhin| vena el detre@xflr @8 SbAgcytes of
CAMB. A 22% increase in cAVP level in cells expressing
PeripfohbB diferkn A pirh 8SRRRSEprofletis @ILIBPA for P4 b, (50: e
trans-anethole. G nnam c al cohol (50 mV induces

antagShist@hWilhnefeRaAsE0I Tabe AV bravelf dedledBRt Rffe@l | thep@dalesof tie.
EFFECT OF TREATMENT ON | NTRACELLULAR CALCI U

antagiF8S bl AATHENaAife ARG RS SmNE etlilseGRRBRS I0pAN]i§a2+] in
oct opam ne receptor-expressing cells in response to 25
mM of tested plant essential oils is nediated
specifically through the receptor, cellstransfected
with an enpty plasmd (pCDNA3) are treated with either
test chemi cals or solvent only and changes in [Ca2+]
are nonitored. In cell spxsavisfEeted with an enpty
pl asm d, none of the test chem cals induce renarkable
STRUGTIRALIFEATHARES O EL.ONED A VEREITAN € OGKROACIH OCTOPAMINE
treated with the sol RICEPTaRAPaoh,)Shown). On the
ot her hand, changes in [Ca2+ j level in cells
eXjbe @8 saingPled bhet63GaVBidrindtades aj 1387 melspolepert gadiag frame and
chem cals is remarkably high. Figures 14A-14F, depict
5’ and aunthhdatd eiioos nrerfoch al Kighed 1A, FBgud SEQIDA@nNId W#B)gference
eugenol (Figures 14C and 14D), and t-anethole (Figures
to FighdEl ek drédi)ted imitiation acdeh (M) & precatiel byrm [iGa2rhe jstop evdingSC). This
in HEK-293 cells either transfected with Pa oai or
indicAtt\Bat tIdE3<-e38 3 the bb&h Biding fandia irethdédin tRODNAand that theencoded
addition of 25 mvtested agents. The arrow in the
proteﬁﬂvgdmcese fundézad es addition of tested agents. The
fluorescence ratio determ ned fromexcitation with 340
nmand 380 nmis plotted to indicate transient
i Neitierseencd t§ Badredt, hydrepadiynal@aniey @k ngthod bAKge and Doolittle with
[Ca2+J] in cells expressing OAMB i s nore pronounced
a wintihvaof ¢ hai@esids mdicatek shaethiprsegiehttghitas fa cdmmBagedf iV potential
increased [Ca + ] level in cells expressing OAMB,
transiiéIR@nd &anning domains. See Kyte and Doolittle, 1982, J. Mol. Biol. 157, 105-132. A

phylogenic comparison of invertebrate biogenic amine receptor sequences reveals that both

OAMB and Pa oa; sequences share ~ 45% similarity, which is illustrated in Figure 5. Pa oa;

clusters with octopamine and tyramine receptors from different insect species. Similarity between
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al cohol is the nost potent agent tested in this
exanpl e, followed by eugenol and trans-anethole. In
wa@elos®9mipr essi ng Pa oai , eugenol is the nostP@EDUSINNG/009223
agent tested in this exanple, followed by cinnamc
al cohol then trans-anethol e.. The data suggest that
these reebguitis aalyped tigBIOAST Cadhdng cdl@vated based on protein alignment using
chem cal - dependent. Wil e application of octopam ne
DNASTARU6RSae Prgiane dPpé# idudéd dsraaelieadd fheknpariscdd wetBGher Feceptors.
[ Ca2+J) level, as shown in Figure 9, the peaked [Ca2+J]
j level is slower in onset and has a | onger recovery
tWitferefar@ice td higie3, piote)n dlignih &8 poligeted @eqhereatombivatidit between Pa
tested plant essential oils. In cells expressi ng QAVB,
oa; andGEMBG ARkt Withih @ ZrhdimenfdyRlk dbifa HIBSTOMS.ThodregionNaMb west
al cohol is slower than the other two chemcals. In Pa

5 similarRRAmEXHER IO PrE@hd de inttheeanhiAE fefBBRus dteh g tuko TM IN extracellular
response to trans-anethole is slower than eugenol and

loop2 BetwRAMING IS intrabBiSar I§dpDeicth TaAY afd TR itRG:affoxy termini
bot h cl oned octopan1ne receptors to different second
vaOWl gsenger signaling varies with the chem cal used. D.
SUMVARY OF THE EFFECTS OF TREATMENT W TH CERTAI N PLANT
ESSENTI AL O LSThe present exanple studies the
nol ecul ar interaction gkAnepnt 3essential oils with
octopami ne receptors fromdifferent insect species.
Based on the characteristic features of octopam ne

EFFEETSPO B IMRE A DHMEATEWITH O CTORPAMINIEADE CELS EXIPRESSING THE

10 exanpl e char acoenmoresvinel RECEPI BC@adha,pasi s for
i nsect species differences I n response to plant

essential oils. Although transanethol e does not have a
significant effect on binding to CAMB whil e eugenol
and ci nnamA al EFRFECTIOF (IIREAFMENT 0N MAMP]
trans-anethol e i ncreases cAMP | evel (Figure 13) and
[T@zaty-fouj hquFs phiere sellleatmenty Bhout RPGUYA HBAMBI3 THisgiee plated in about
findi ngs suggest that, in the case of trans-anethole,
1mlme@mmmhmhmemébngéﬁlwbmmﬁemUMhmﬂhhﬁn@dbagéaﬂwﬂmé5mhé)chmﬂ
receptor is not critical for the activation of
15  treatmesit, gleahedig)ischopiratesitané about © nORRB.witbrabdue 300 jlel B dnd the test
whi | e both eugenol and cinnanic al cohol decrease the
reagentik BéHed gCalbtary/intybated abPebooicd7 C%lgilbbelt 2@ )nin,cnt yheeRBfein dien
decreases CAMP | evel s through this receptor (Figure
aspiratdB LellHawencabated Wigls £boti Ve Ereamot fok 8 bioniclr ke asedofitGa@ +]}. The cellular
through Pa oai and OAMB (Fi gures 14A- 14F). The data
debris HesmAfice@hthédht setnardad ik Bmovéd Had Grplilidyd to dryness. The amount
trans-anethol e and cinnam c alcohol is not primarily

of cAMIOMEhEEktiabr i€ Y@bininddUslusial b dAMPYSHE Mg préteiafRdaths ‘HhatMP
it is coupled to I P3-system which activates the

20  Biotralf %ls%as%ﬁeﬁf(A%?sﬁam PiSsckh @) ds PhEhORhanvtRELSE s iMGFucMeds DB test the
oai by eugenol is found to be coupled to both

effects %ﬁ@aﬂ&ihlﬁtcﬁelﬁﬁ&ﬂ S MPe 18Rk Jeﬁ’?’ér@@n&dﬁtéﬂnﬁ'ﬂi dBut 20 p1vi
cascades. Therefore, the current changes in cellular

BAPT{.{%?\? ?@aﬁ@i%cl?eﬂgﬁﬁéﬁenh% Lh ?(ﬁfa @Apfoﬁ fﬁboﬁﬁﬁﬁ%ﬂ Blor@tHeSiddition of
ering by only a single hydroxyl group or nethoxy
thewmg£%# sin their chemcal structure are capable of

| eréntially
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coupling each octopam ne receptor to different second
nmessenger systens. The data al so suggest that,
wa@edoswgdoion of single GPCR such as Pa oai or QAYBUSI08§009223
potentially couple to nultiple second nessenger
systenms. Thus, a single receptor may have a different
pRetapanoledgs beh dpnofsirhted thaperat yelo of thhisedond messaiger cAMP in
nmessenger systemis activated. The variability of the
brain,tth@ndoparigtiom end legiooytss faomal PREip/eratn aierafantdl oaicrramd wGdkBecond
m ght determ ne the selectivity of tested
messeiRaGi@aReNeitidsays betogaidid donh, aff:ornBenylathe @a odfre@ptot, &IBK-293
transmenbrane notifs and the variability ofthe
cells drOERBIG BlahdfbAdd WRIOPSDNABHPE 0gN@HLONZS wihaansh ¥WBisti@ontrol In the
di scrim nate anong the various Goprotein subtypes upon

contrd] HER D8N M dethdrasit-6clopamine @i BeiRing &t coRéddtrgfidhs up to about 100
al i gnnent i ndi cate that the regions of | owest

uM hd didifdant SFRNRAGAMIERGI$ WO proteins are in the am no
term nus extending into TM, extracellular |oop2
bet ween TM4 and TMb, |ntraceIIuIar | oop between TMb
andclJibiraBcttd & itk ACDBY -Ractamh&vingf OhikOvdetigic DMAingfd Ty ehimbine
2). On the other hand, protein alignnment indicates

is sele%@ﬂli@rr‘é'é@olﬂ‘}ﬂ&%n\géﬁdn@l@s@ Hone&opRaieaind &Rsh AMB abk to increase the
greatest within the transnenbrane domains (TMs).

levels@f'e‘wﬁfhfmﬁhég@&lglﬂ_ XdJﬁ%@éﬂ@1ﬁ%th$BS@WﬁﬂW1éd}§gcﬂ1e ECsgs for
CIES Toxicity bioassay against the wild type

the o%@mnhaylaﬁh@m%@%d%créasys iARAMARE hisAN 1 6P&KT PaGIv,i S

perfornmed to address insect species specificity in

1especgﬁl%§)({ﬁ$<ﬁ)e(§5\’;hgt&gﬁea?hﬁ‘e R hRR ﬁ)(ﬁéﬂ% &h 'tﬁlunﬁlb irSth@BAMPQesponse as a

the cellular changes in Pa oai and

statlstegsg‘gfgs%ﬁ ﬂical{{ri’l‘lf@éa‘?e nQ RROFE bﬁ%;] fe(@%%‘a@@ 4%"1&&5& ctrA?\ﬁ’ls)qgﬁlst

scorre eWItht elr I nsect

detectagt 1a%gc}1 18/?8 y g)l i Eﬂ)@???%ﬁ”}oﬁ gn B&?BJ@U\QP' S

ase gical
conce&ﬁ?‘t Vgl%‘l: %1%’3& t)bal}nn 1s CHh10 ot%:/do nllon %Al\/pﬁ%({ & e#o dc:&Wc)t statistically

w3 B S Bl %@n@&@“@vﬁ?@a@&agﬁa@u E&@%ﬁ@aﬂ? pjsnen
B ] D, FBal

increBBaY" Sk SOk 20oB é?ﬁﬂ:“igﬁ%w?*?@? cgpiedh

approlé{;]gaéaxpl F ~5old mcé:lazﬁdp( gﬁb ergglgg gﬁ%ﬂ %f)Bfeﬁ)té(H%art% PARERILE: ;Increase for
trans- anet hol e [ I-nethox - H E nyl%benz?q

aboutdliOf wihiyEaBIng Gy : these i’?ﬁ@'ﬁ%e pst B’f‘%ﬁ‘é AL anceé’ t&r pi neol

nth-|-en nmet hyl sal i cy]
phosg[}py@pgg(rﬁféﬁlzlg}t@ Ig&@% tl?‘?e‘tlﬁﬁse%@ﬁél\'f 1s etﬁﬂ)@ﬁg)q t9ibR )t}lpou gh activation
propi onate, and geraniol [3,7-dinmethyl-2, 6-
of ad@wmyéhsq 2% Juch.at @peast HAHBHP S P ﬁ?ceptf)yw@ﬁ@ﬁtpwm %@EOI the
Haven, CT) and tested for insect control activity
Pa oag Ieeenteranashy taweeiad ésetioet a diayrive shpss ﬁa@traqeélll%tékeverlwﬁ%MP
in Figure 11. Acetonic solutions of plant essenti al _
contrefiadgargeténgmf dhsareestiton Adp Ve forf inpesheontrelandie ael lres stelfly expressing
each, that give from 10% - 100% nortality, are applied
the Pdoyamcmptoalnaa belised 4 §coren c@opaungs andepomppsitesder ipdegteontrol activity.
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the sane volune (0.5 m/insect) of acetone.
Replicates, with 5 insects per replicate, are used for
weawk/ogoncentrati on. The nortality is cal cul at Bdr/R82005/009223
hours after treatnment. Data are subjected to probit
analysis to determ ne LD50 val ue for each conpound.
See Fi ey, EF¥FELCT OFAREARNEINS iGN cAMIP BND [CLHnbr i dge
Uni versity Press, London, pg. 333. To determ ne
Thdtteening dMBde lrdnicelts/ dotibidalm vre beboegligreain@n, GARPO0 HEK-
systemis involved in the toxicity of tested plant
293 celbsiseplbtedin oinlLsyedaowitp fnmpeGAgthdasiosnmititdsies (4.aem2). For cell
Drosophi |l a nel anogaster strain is topically treated
treatmew, the maedikois espaeteii vad &ntl RRS witle 306 tud fB Medand et ocagemtl icladded.
type strain. For this study, the LD50 val ues of eight
Cells aretrvabaep&r3ot @ fop Lantin,easd ertPBS|is thdrsaspipatey. nE¢lB, arcciugael ,with
trans-anet hol e, cinnam c al cohol, a-terpineol, nethyl
70% etifedbi foy | abg,at PIEOY T ballulap d€pis G arerifiasd agkthanihe k)peataent is
determ ned against wild type as descri bed above and
removeR@hd §opHBLLdlt® diyhea! ThOemaGk SPAMTCinthd eifact ik ddtyrnfikddl By using a
fly. Controls are treated with the sane volunme (0.5

cAMP Bihdihk Blot fr8@eh O ANIRERRAL @&shl Y¥ydtdn CANekhah thsdidnces,
hour after treatnent. Multiple replicates and 5 flies

PiscataR&y, NI§ R jcp et Rcuied if@hctlong bi oassay of each
chemical. Data are subjected to probit analysis to
determ ne LDso value for each chem cal. See Finney,

18 ddternliae det edvaishiethe REIBCHERDRG €81s@id fahensas with Hank’s
response to plant essential oil nonoterpenoids, the

balanced @k §d1it¥onQ 3 TRM RACY, FRRN KMCDI fd1 Na, 1Y £0 HindaAK H,PO,, 4.2
against fruit fly and Anerican cockroach. Based on the

mM NeGRIGUL ahg P9 n¥al 4, SRS NG hRBLEPE 7.8)) (FIBER)CCells are
al cohol is the most toxic chen1ca| tes.ed i'n the .
collectdPtRPRLaBing biP e SusheRRd FHLbLY50 DB RAL/MPid ABEYRENbME 1M

fly strarn, followed by eugenol (LD 50 = 1.90 ng/fly),

Fura-2 %Eggstlélggl gf?gﬁ}a%h? 6 bRkt B QB 37 W) for LN RkN ﬂ.h? dark,

about 2/7-fold nore toxic agains

centrift@%:rcg rnsgﬁa%ﬂde% Qf Fﬁg‘%@%@abto'a@%o%oﬂ Q@ﬁpg &1 gh%&%g Ifo gégcium measurements A

-‘anet ho respectively.” term ne
spectroﬁ@&%llﬂgtrer &vrt]l?F %s%ax%%isﬂﬁneﬁﬂ %1%6‘%1%%10:%2 ?11‘[%181&1&1& %a%‘encevi lle,
certarn p1an? essential ol 1l nonot erpenords. Fruit
. fligs,carrying the iav mutations, which are highly
N0 is s B bl iges e e AR SBeE " 21, esdl Vare
used in parallel with wld type fruit fly strain in

Qgg)g%%ﬁli,e%é% %egﬁ Ig%)l,ﬁgxfsm(tea ?031{‘10 u?;elgﬁg “t’t%éﬁ%%‘ﬁ‘gcﬁﬁ}@ ieﬁgl?m Suttured

rans- ane e an
ionate is., Ly, i e
v RG0S B P SRR DRl 1 g

lead to %g&%ﬁ%@%ﬁ@é t%}%l}r?gﬁ{a%;v:vlg?r]} lgcfeg/% L\;v_ell(l: ge%égelan@#g%eeﬁsis} & cri]%% iinS these
o 35 B8 055 BB S A0 DB DB RGBT 99 e e
293 cloﬁg %}!g%«lfsg{ng %gﬁglglfe ag%:r?ni%ﬁlggg#l]eg :fw.e%)ld.?t I%XLH\;I %gt%lngging %ct)ro %{E l%euM

tyramine modulates intracellular calcium levels in control HEK-293 cells transfected with

pCDNA3 lacking an insert. However, when about 100 ;mM octopamine is added to the Pa oa,
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activity. The data al so suggests that the insecticida
activity of cinnamc al cohol, eugenol, transanethole
war@sAsphenyet hyl propionate i s mediated throuptm/UE®05/009223

oct opam ne/ oct opami ne receptor system Fromthese data
it can be concluded that the increase in the

expresdipSIEEK 1208 délls, apdpidMhdryasein inliestulahentivalssicteesdyl as shdwnoim Figure
the deficiency of octopam ne synthesis in iav nutants

7. In tHe€GaS QellsPiBoRt t MpaNtyienihe dedshionayddiee hhakdilelat celdonpakes, as
agai nst the toxic effect of these chemcals. As

ﬂwwnﬁﬁﬂ@h@ned above, the toxicity data denonstrates
significant differences between the toxicity of the
tested chem cal s agai nst each insect (Table C). The
trextingiof hestodngined 4 addiisomanaint @tn@dordiiidicukes mige the baveseencen tration
the two insects in response to each chem cal. The

of octopih€ tHayintkdksas agadeNslar vilditn teveB iQaHduOt MR aAVraeineutfand to
(iav) fruit fly suggests that the toxicity of cinnamc

increas8 i@@bQular GAlEGIRMONheR R ohdeARoARERRRL 1 LS Hraadhat Bdestddr TUgh
oct opam ne/ oct opam ne receptors system Anong certain

increas®d GhtraRLIRIM: cRREANGY @outOlol M beSpLEin@LR MBSkt 100 ByrehimdbRS to a
of fruit fly only the toxicity of 2-phenylethyl

sumlar@é\)@p bOMRE G hich idBAEAhSOhE HeRUEN L RELRRAM dRRed BCBBLONS nVE
Coll'ectively the data suggest a correl ati on between

octopalﬁﬂel ’Pﬁl?f:e[s&:lpi@ @Qﬁﬁu Mattog’?éﬁrféﬁ LthQhe &WP 3iy RltRRtn approxim ately

essentl a In the present exanple,

100—f0ﬁn1|?&a%91n tzlta[nlﬁ?et dd a@enﬁ%cﬁ\%‘o%&%{i RSadit 1@)I e Bct@ﬁéﬂé Is %q uir ed to

rpenoil ds agal nst "W type fruit suggest
features required for
gveaﬁﬁl&QEﬂ¥_re§3 #% i nteraction. Anong these features
are the presence and | ocation of a hydroxyl group, and

@}sssﬁéri: iy P&{%H& tﬁ%a@%o@iﬁ%ﬂ@ 4 ol &Hﬁne r Q:gtorr atHé‘Pe%aq ¥dc eptor

toxic enonstrates thnat cyc Ic alco

may bentgrggttgh kLo QPAMY e%flﬁlggl?l{ ﬁ:txg&)ﬁlu feba Foﬂ%’e contlolled tal geting of

erpenoi ds s clic a co s and

the rec%%?l foxfzvls ‘t;o? se& cHn %cf ha118 %Epc%ff Ii]ig dsj ﬁ?ﬂb fe?cpgsstu?% tﬂ? ﬁa 04y recePto T may
ne rin For

er m ned presence an
X Ithough t he
tm‘“ﬂgﬁéﬂgP?%m&@Pm%’Pﬁ&%nWEH“%%gl"“eg aﬂ&%%%ﬁ?Y benzene,
trans-anethol, contain the same spacing group (-COCH )

%‘ct(ﬁ)%%iil ;9 H)uﬁd ﬂ)nig%l g'ase Fzgtﬁ Qg?&hi % }% célcutﬂﬁﬁq-fﬁbfz%sce?ﬂ's fe?;{jrgising Pa

gal ns S an trans-ane

oa andt dbgdg.illfll}’l 1nc1ea§e g dBt%btec?m@l%hattﬂy égmwf)am d@%&@é l A éu%lll GPe

er ences vveen se uences
pos51b1®¥y tE%[ g jum 15 ﬂegﬁ f ggsgg geﬁgnsdgrynlgEl%%ﬁ%l%g@g[?gééﬁ%In(lj 1l Eﬁ‘sce(?qsn essing
e R

M is ’?ﬂugcg‘fodﬂlgpléﬁgﬁgc?eqs%n ?11t1aagﬁl xrl]e?rlcy%ca,l F eé1faIB8chyl é.ﬁ\ﬂ %tggﬂmlne is
ai nst Drosophil a | anogast er f|
added @35%%4 @ ?ﬁ%lf’sst%é?e‘& OsisRRE s rried %@1%%5\34 Pty gprnpared
as_hydroxyl group, and differe rou
in the ignep ancrkuanyasd *bort 20 bt BAZERAN oMb 4R Go oo P e win
essential oils through octopam ne receptor. Q* * *
either about 100 nM or about 1 pM ocfopamine, as well as basal cAMP levels, are not foun d to be

statistically different, whether in the absence or presence of about 20 uM BAPTA/AM, as shown
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It will be apparent to those skilled in the art that
various nodifications and variations can be nade in
WO b@spemsent i nventi on without departing from peiEUSOP@9223

or spirit of the invention. It is intended thatthe
Speci fication and Exanpl e be considered as exenpl ary

in Figueen8. YT hisaindicatiext thatniesineteabe irocANAibY otthpansioomsuldbrepiinett coupling
of the invention. The references and publications

of Pa o&iitd @G refeidi thatadads thaciivation pbadeh@ste bgrlae mikying the expression of Pa
reference. Unless otherw se indicated, all nunbers

oay in HBIQPLEB&II8G ghbdmbdd] foe adafylata gt Rel-modidatepmegetdn es thidafh this
as reaction conditions, and so forth used in the

receptopR@EhE bE1Pkided Bab lﬁéﬂ;ﬂﬁsﬁ@th@lﬂdoaﬂ RbSr RER] f0P sdd&ring compounds
under st ood as bei ng nDdlfled in all instances by the

and cothfésifiond BR titsect cOREQBEH unl ess indicated to the
contrary, the nunerica paraneters set forth in the
Specification, Exanple, and Clains are 0O
approxi mati ons that may vary dependi ng upon the
desired properties sought to be determ ned by the
present invention. CLAIMS What is clained is: 1. A
strain of cells conpri EXAMBLEMA vector having a
nucl ei ¢ acid sequence consisting essentially of SEQ ID

REQ¥PTOR BINDING ANDAITHANGESSN cAMP ANBINTRAGRHdr BILAR 6% IN

cell s are RBSPONSH TO @€ TOPKNINE TBREASMBNTA strain of
cell's expressing a protein having the anino acid
Foyudintigandfbigig sumigache Dinding o H-yelgjmbine tomenbrcinea isolased from
t hereof, wherein the fragnent or derivative thereof

COS-7 lnblﬂmlsapmsting)mam end dctopamsierrateptoo fOARIB) SroexBroegahifynelanogaster
protein having the am no acid sequence of SEQ I D NO

Are peornjedb SedlRiclsif niad Bnanf 2006) InsecoBiocheni. e, Binh84,qim tihe21, which
cells are COS-7 cells or HEK-293 cells. 6. A strain of

is incorpSiated headid Sy tfs réfedén@9 Ihe @hth Shexpin dableBydeamanstedtes that the affinity
having the am no acid sequence of SEQID NO 3. 7. An

of Pa ohSteltiad ied@ionghat & aboacli. Hlfondhigia kin SROMBN RadiengadiFigdiag using *H-
protein that binds a biogenic amne, resulting in

yohim WAl §eForiidd b ifef®einbdd @resSifnNeigRt sitkkt RNsa; of OBANVB, Foadr,
or both, having a nucleic acid sequence consi sting

deter mﬁﬁﬁ@(ﬂéﬂ I@J an¥ BRf, DFRd & *NGohimbife isAsdit @€ 0l5€o 86 n Bl aineN58,1M
wherein the protein has an amino acid sequence

phentofz‘aﬁlnlz%I i8 hiidd%s @%&ﬁfﬂé 1t Vet@nidEnidecNObinding. THRlcicsfias Bt
nucl ei ¢ acid nol ecul e sequence having at | east about

octoparathed 43 (07 %Ry dninibihOis A5 \111@5 zl\anéntraﬂ&elraﬁgerbfto'a@)pﬂﬁlu'?ecﬂ’lhtegwes from
encodes a protein that binds a biogenic am ne,
| kg N changes in intracellular concentrations
Ot0106?%5n%P Ca2+, or both.

OAR Species Kd Bmax Ki
(nM) (pmole receptor/mg protein) (LM)
OAR species 28.4 11.80 13.30
OAMB 43.0 8.04 8.20
Table B

With reference to Figure 9, OA (10 uM) incfeases the level of cAMP in HEK-293 cells

permanently expressing either OAMB or Pa oa;. With reference to Figures 10A and 10B, OA (10

24



10

15

20

25

10. The isolated nucleic acid nolecule of claim9,
wherein the nol ecul e encodes an oct opan ne receptor.
wda 2005016 sol at ed nucl ei ¢ acid nol ecul e of cl aP@T/L182005/009223
wherein the nol ecul e encodes a protein having an am no
aci d sequence consisting essentially of SEQ ID NO 2,
pM) inBleaids tHeaGFR[Ta>qf indEIK-Y2Y deVie périan@aly exréssindreith&ad AVBdor Pa oa;,
nucl ei c acid nol ecul e sequence of SEQID NGO 1, or a

where HERGIBNE11OxpHREiHY GiltleY RedpiR hRGheub Mg 1631305 bétreTRY 1iklof of 10
encodes an octopam ne receptor. 13. The isol ated

pM oc‘{(}ﬁ?hﬁg %Oﬁ?.i PhdBRGGHkR f%fureg lilﬁliic@pe} 2ddi P&ﬁh@mﬁiﬂ@._ The fluorescence
ecul'e encodes a prot el n having the am no acli d
ratio d¢ egrﬂll’lll%%cf?omc’ gp% 't];t(?ornt \?i.thI ?42%%%3 %r(g%lﬁ%%&)l%?edqg in%icfa{eacggl?g%g il]o[ltaz—‘-]i

rrvative ereo A | screeni ng
levels. glg{g?e&ilfl]{;}g?seg gl%?elrdéal eﬁgagﬁéhgcbg Q%%gtéciggé giﬁlsﬁlgsgéliriiﬁcéntachan ges in
rotein ving the anm no. acid sequence of SEQ | D NO
cAMP S dCR b it oIl (AR GEPONER B TR UL Hoitd OA

fragment or derivative binds a biogenic am ne; adding
(data ngigshgwBbnpounds and/ or conpositions to the cells;
andneasuring the effects of the conpounds and/or
conpositions. 15. The method of claim 14, wherein the
step of neasuring the effects of the conpounds and/ or
conmposi tions includes #XAMPLEJ the binding affinity
of sai d conpounds and/or conpositions to the receptor.
16E FHHEC T O HRIBAVHINT WIS ;..4‘:.5,.'@!4.! HiAd O S ON CELLS
conpri si ng XBRES nd HEGQE & QAN ENE RE/CERNR S| t i ons
having an affinity for the receptor. 17. The nethod of
dh diinexpmplaapiembranes ipdated Bpm GHOSTR adlserprgssingdhercpaterargsed
t he conpounds and/or conpositions includes: extracting
for recgpiomtinding wihdies asANEKap agHs @asetl fhr oklPrad Ko Tlsstudies. Plant
determining the intracellular cAVMP and/or Ca2+ |evels;
essentialmdls ciotpding:ngcyntese methyddehéthylethy Bimrengh @nganoldd amethoxy-4-(2-
levels in cells treated with said conpounds and/ or
propengbphpasi] ttrapnsndtlml¢ Hemethexyale @l propeay) ootk ed ndhhamic@d@hol [3-
levels in untreated cells. 18. The nethod of claim17,
phenylangtopéldi-bi] onadrpivied Orpichtai Ing:-8-618) Bethy! Bglicyupatydsxybenzoic acid
and/ or conpositions, the treatnment with which, causes
methyl@®seNan@Rery bty bfopoahtt, nd geid 3gndlmethyCa8-bclagéel 1 Sol], 4R.
A nmet hod of screeni ng conpounds and/ or conpositions

obtainddffor® PRG ICBEmRREG dst BaveRSEPtang @dteti Pbr iAdetd dbhdd activity. The
conpri si ng:

chemical structures of these compounds are set forth in Figure 11.

A. RECEPTOR BINDING ACTIVITY
The binding activity of *H-yohimbine to men‘xbranes expressing Pa oa; or OAMB is
performed in the presence and absence of three structurally related plant essential oil
monoterpenoids, which are selected based on their insecticidal activity, the absence or presence
and location of the hydroxyl group and a spacing group within the molecule. Membrane protein

(10 pg) expressing Pa oa; is incubated with 4 nM *H-yohimbine in the presence and absence of 50

25
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providing first cells expressing a first octopam ne
receptor cloned froma first insect
wap@sioesHef - i nterest; providing second cell s erRQET/ESE0HI223
a second oct opam ne receptor cloned froma second
i nsect species-of-interest; adding said conpounds
pM o EHd 18t cCEOMBALS Thé §HaSifit activitg if dalcalateang tHehBfiseno betweel daints in
andneasuring the effects of ‘the conpounds and/ or

the px‘é@éﬂé@ §1'1ct ARBRe 0BRst chERicHE tSB&ﬁ'ﬂ@Lfnn&h%is%l%QlateWB? dekimihing
step of neasurlng the effects of the conpounds and/or

nonsr?e?{m%lléﬁullé){&ﬁ% :SJ ﬂgs i /%@ﬁlg%&ﬁt%g ?ﬁ%ﬁghﬁ%h?% el%;nléﬂe@ 11 E%méhng
ﬁmnggg 6 ond receptor. 21. The nmet hod of claim 20, and
q H%Ily conpr|3|ng selectlng conpounds and/ or

o:}g&gfef%llﬁxgcn %g tenlgsgep %g %}%ler c%l 1ad1n& %3ﬁ 1Mbu%9to ?L oa; and
oL R R L Lk kl?ws{‘l? o e

tr el Lul ar and/ or 2+ fromth flr
eXpreéa%% e Bi pEor G i ?ﬁl%rfgﬁ%tmwas@aﬁ g gl i dnefol
and/ or, Ca2+ | evel s; ring the cha
decrepsfs e &1y higping Jwﬁi“&ﬁﬁ}v&?/ t@? P Bellgs A {ad fiaeeenol and
cells and the second cell 23. The nethod of claim
transapethglg @reaa@r.etpp@ﬁfaiﬂvlylt%wqS&E’an@% theg QP Yy 1%%&%@001101 is
and/ or conpositions, the treatment with which, causes
mOl‘eaJOG‘éE@&aéﬁ?BéW fho Pe pran d e i suseesipdanseat speciesalifberaisay wrreceptor
Ca2+ levels in one of the cells. 24. The method of
bindigg & 1espPYse iptmeaneterpeneids-of t he oct opani ne receptors has
an am no acid sequence of SEQID NO 2, or a fragnment
or derivative thereof. 25. The nethod of claim 24,
wherei n one of the octopam ne receptors has an am no
aci d sequends of EBEECID WOIREATMENTI QN Jere¥P] or
derivative thereof. 26. A nethod of testing the
efffigot 43 dépictothpelivd of omtaoellirg esssatiadl oMedrhadMP levels in HEK-293
conprising:providing cells expressing a protein having
cells thgeamgrithadladasedueviBe HEK-SBQdIDsthldy e2presimgaitharagpeptot are
or derivative therof, wherei.n the fragnent or
treatédiewitly 340 M IBMKisndahdodfegestitestaarplae ssadidl sigs (SN on basal cAMP
conpounds and/or conpositions to the cells; and
leveli/Raskh8g the effects of the conpounds and/ or
conpositions. 27. A method of testing the effects of

Ciq{[g gfq mgglghlhéanu ae&emm@g/xmnweu BB in QIO HESGe Pa oa;

I essi first oct opam ne recept or
f
but sfgghqp edg‘,c ES%Hlégon \‘?‘etl fr{ {8§ g)%ar %ggg b%%ﬂ]gs 'ezbtgﬁ/:’jﬁate?se in cAMP level in

cells %%grg t 2 M%nlf C}ufgég{rr]eg)ofc’lsee%o ﬂgatment Wlhl (50 nM) trans-anethole. Cinnamic

alcohol (50 uM) induces slight increase in cAMP level in both cell models.

C. EFFECT OF TREATMENT ON INTRACELLULAR CALCIUM
MOBILIZATION

To address whether changes in [Ca®*]; in octopamine receptor-expressing cells in response

to 25 uM of tested plant essential oils is mediated specifically through the receptor, cells
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addi ng sai d conpounds and/or conpositions to the first
and the second cells; and neasuring the effects of the
wa@eopomede and/ or conpositions. 28. A report prPOTUSEOS/009223
by a nethod, conprising: providing cells expressing a
protein having the am no acid sequence of SEQ I D NO
transfRéte®@tvith ah emgtyeMsnid (pdENAB taieecatedevitif sithuttest efiemitaieor solvent
fragnent or derivative binds a biogenic am ne; adding
only &l HaGREROMIAHS; e e bififor€i0 NP Odls tiafyTectddowitthen coglty lasndidthone of the
measuring the effects of the conpounds and/ or
test cRRNBAS iddu@8mark3ble Ahdn@@0h [CHTPBEIEh ddyhpareBBlith@ells treated with the
conprising: providing first cells expressing a first
solveRQHARABI hewhecept or cloned froma first insect
speci es-of -interest; provi ding second cells expressing

a (HEGO BHhePRAPHIIRE if RGERUNE! &l ceMefpldsams @ths€ORMB or Pa oa; in
i nsect species-of-interest; adding said conpounds

respofétdo st SRIRON & kansidb® Hie fiblsd 12041t REpiser LIk hamic
and neasuring the effects of the compounds and/ or

alcohglgq‘tﬁ)%hg%st 14QN%d 138), efodnOIRRMAL 1@@‘2{1@[419)9%341&&191@ (Fi@fires 14E and

l'ing 1nsects identified by a ne ,

el nas D Y 1 . . . .
0 AL L R BRI AL By o
OAM{% ?ﬁ@gﬁ% gcg sda?'er: }n\éﬁq;al%)e?{iefort %% rbgifmFﬁ tﬁgngz%]ll otrggg étfa/f %&Q&E Qéen%.r The

i'nds a ogenic a
conmpounds and/or conposjtions to.the cells; and . ]
arrov AR IR ST 1EE08 CLie e G UG G determined fom
_conmpasitions. 31. A coppound and/ or conposi ti on, f.0r
excitaSROTEN 140K SR E F GISHed Pitesiony Mansivat OB hir SilRgLS

providing first cells expressing a first octopam ne
r é&f‘é{ﬁfﬁé‘y, chppgss i fGag dnim cotls express & QAMB is more pronounced than changes
) speci es-of -interest; providing second cells expressing .
in cells axprasting BeodpBarcdeniuewptCac i dvebinepbrxaresdedAgMB. cinnamic
I nsect species-of-interest; adding said conpounds
alcohghid sy mes PSR age g rigstaddn thieexpmplst fogﬁw% hecugriob ! teasagethole.
and neasuring the effects of the conpounds and/or
In celdoanposshing Bmsai Eptgangl isltby pst poBROEEY! tesiflia thds aampfe. followed by
60 554968. ST25. t xt SEQUENCE LI STI NG
cinnamic alcohol then trans-anethole. The data suggest that elevation pattern of [Ca2+]i levels is

chemical-dependent. While application of octopamine induces an immediate but transient peak (~
20 sec) in [Ca2+]i level, as shown in Figure 9, the peaked [Ca2+]i level i; slower in onset and has a
longer recovery time (more than 3 min) in response to treatment with tested plant essential oils.

In cells expressing OAMB, the increase in [Ca*']; level in response to cinnamic alcohol is
slower than the other two chemicals. In Pa oa;-expressing cells, the increase in [Ca®*]; in
response to trans-anethole is slower than eugenol and cinnamic alcohol. Thus, the efficacy of
coupling of both cloned octopamine receptors to different second messenger signaling varies with

the chemical used.

D. SUMMARY OF THE EFFECTS OF TREATMENT WITH CERTAIN PLANT
ESSENTIAL OILS
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<110> Vanderbilt University Enan, Essam <120>
COVPCSI TI ONS AND METHODS FOR CONTROLLI NG | NSECTS
WOREWADED1ITO THE OCTOPAM NE RECEPTOR <130> C/ MEPCT/US2005/009223

11672N/ 031981 <150> US 60/ 554, 968 <151> 2004-03-19

<150> US 10/ 832, 022 <151> 2004-04-26 <150> US

60/ 465, 320 <151> 2003-04-24 <150> US 60/532, 503 <151>

2003 Ar2sedtexabfpb>stiddies<icroleRdara nibtactionent plaohesEnBaldilt Ouith 1

<211> 2330 <212> DNA <213> Peri pl aneta aneri cana <400>
octofantig@faagdis roandifggat indectdpbden el @nthadiadabesistic features of

aattgagtct gaagaattcc 60 atatcgtgac tggtgctggc

octomtig€ ARt Rbrs fafAgkoag chbgacet hodtuigagaeega@lelhbracterizes certain
gttat gaacg ctagcacttg ctccgetctg ctggagcagg tcgect ggga

moldcOREBAEIsABE inddPspet BAliERRGtesGE FbF@ECOpIMEELERFLIIB. Although trans-
at caacgt ca tggtcatcgt cggcaactgc 240 ot cgt cat cg

anetfd10868 16t Rave ALBATEhAGRAGE Lbafisdto OAM B AHAQBuhdIGhY eRmh@nic
300 gtgtcgctgg ccgtcgectga tctcatggtg ggactcgecg

lcofidl @b PLiE G125 3E ARG ARAVinb IGIOMR Pl IcVef BREBE B)Gnd [Ca™); (Figur
A e e bacat ol g ot meat et g ot togeaaty adgne [Cah (Figures

14A9@P9ﬁ1&£%9 DANMBIGREQIMdMES GRbE: tiflt, ARGE tak OF HasGALBLIECbhic
ggaccgctac 480 gtggccgtca cgcgtccecgt cacgtatcct

interAOALERTLL ndt& 59k eGERBH0 B ne3fQitfchiGat ho&@ ation of si naling
gagt gt gggt cctgagcttc gtgatctgct tcccgeccget ggtcggcet ggg

dow@ 9396&11’1 to OAMB.

On the other hand, while both eugenol and cinnamic alcohol decrease the binding activity
to Pa oa; (Figure 12), only eugenol decreases cAMP levelS through this receptor (Figure 13).
However, these two chemicals increase [Ca®']; through Pa oa; and OAMB (Figures 14A-14F).
The data demonstrates that activation of Pa oa; by trans-anethole and cinnamic alcohol is not
primarily coupled to cyclic nucleotide system. It appears that it is coupled to [P3-system, which
activates the release of Ca>" ions from internal stores. Activation of Pa oa; by eugenol is found to
be coupled to both adenylate cyclase/cAMP and IP3/Ca*" signaling cascades. Therefore, the
current changes in cellular responses suggest that tested plant essential oils differing by only a
single hydroxyl group or methoxy group in their chemical structure are capable of differentially
coupling each octopamine receptor to different second messenger systems. The data also suggest
that, activation of single GPCR such as Pa oa; or OAMB, may potentially couple to multiple
second messenger systems. Thus, a single receptor may have a different pharmacological profile
depending on which second messenger system is activated. The variability of the transmembrane

regions and N-termini of Pa oa; and OAMB might determine the selectivity of tested

monoterpenoids. In addition, conservation of certain transmembrane motifs and the variability of
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aaagacaaac gagaggaccc tcccagcaac agcagcggat ctctctttgg
gt ctcggccc 660 ctcaccccac cgccggcact acaggttccg
w@easoglogec cctggatctg tgagctgacg 720 aacgacgcBgr/usS2005/009223
gctatgtggt gtactccgcg ctagggtcct tctacctccc catgctagtg
780 atgttgttct tctactggcg catataccgc gccgcagtgc
the iRG3slGAGACEHs aggiaahainaba 84 @nd OgQgs td discriptate asaneahe various G-
gggctcgcgt accat cggca accgcttcga cgagcaacgt 900

prote@i £86/ped GondRainanacan «gea awagegendigéLt cggt ga tgecggecacgg
gccgacgccg 960Enan (11672N. 031981) conversion of

6 0p R A4 Bn At ROindi¥ite GGOGE Stk of BivegGagitaitgahadeadtwo proteins
gt cacagaga cgagcctggc cagcagtgcg 1020 tgcgggtcgce

are it 98 AERECHENIECOAGANEGntb VALY SAeA0l 11 5ASEH Betieck TROLME TALS,
1080 cgcctcacgc gctcctccac cagacgcagc aacaagccca

intradFiaBY Hop d8tvicdh FRACIAME AR BE CABGIIGHIAFATHAMETIA7 (Figure 2). On
cat ggccggc agcaacaacg gtggggtgcc ctcctcatcg 1200

the oﬁ1%f3ﬁ‘ﬂd?&%’E”eilﬁgl%ﬁlteﬁﬁﬂ@ic&@@&ﬁﬁéﬁ@@@on&ér%ﬂbﬁtb%eﬁPé &£ GRd BAMB is

-cccaggactc 12 tattctgttc actattccaa tggcggccgce
greatgﬁ g&%ﬁﬁx & ttral(fsglie‘ﬁ%%&t(ﬁm%ﬁlg gﬁqg)c ga 1320 gat ccgaact
gccacctccg ggtgacggga tctcgcctgg cgtctcacaa ccgccgaggc
1380 agcagcgtcc gacgccgcag cagtact gac agcacgctga
cgcctggcgc tgcgcagcag 1440 ttgctggaag acaaggat ct
gtccccgtca ccgactttcg acgaaagsige ¢9t cggcgaag 1500
cccaagctga tctccaggat ggfgaaaacdgc aacat caaag cgcaggtcaa

gcgct t HegaraOTRE ARG A AINIYC ERIAIN 1886¢at SIISCIES
attatagtag gcggcttcat cgtgigcigg ctaccgitc

t CP&G@tyAiGasSBtgaintiaBawde &t Ch-&oghirOgabidgesatr TLatcas&idan
1680 ctcttctccg tecctcecttctg gctgggectat tgcaactctg

cockfdadll 3RHEm I8 addradsansedt LA iBGREA fdith liRre@Fchdd@asktdin plant essential
ccgattcgct ttcaagagga tcatctgcag gtgtttttgc 1800

oils HA9598830Re HEARGARIGAuBAGAAGRTAP: bs IAE DAGAR 8 PHOAIIB - Esponse
cgacggctcc 1860 cagctcggag cacgaggccc tgaacccggt

to tréaf SR AR A AIRAIHAIFE SRR BRI IRR0I ARE AGHERIC

agtat cctca caact cggta ggagaggaca gcgaccaagg caacgatgga

1980, sh5ARARNGS agg,ta@&%@&rﬁ%qsa&ggseaﬁ%ﬁq@a@a&‘a%ological Supply
agggcagggt tcgttgcctg 40 agagaccaga gagtcctccg

Comg%gfg(%glgglgfongﬁgggPﬁ&%&rrﬁﬂgﬁ}egl%{i@e @%8 bl ﬁlatzéﬂ)g)it low locomotor

tccaga ctcégtgcctg cggtct g gagggt cact

3L 538: 50001850 LOREREAATBRUE i o
tcttt 1 .

smShof 308 TPARAG FEEE BB P BB s

stocldBAAPARA), 2330 <210> 2 ‘

Plant essential oils, including: p-cymene [ﬁlethyl(1—methylethyl)benzene], eugenol [2-

methoxy-4-(2-propenyl)phenol], trans-anethole tl¥111et110xy—4—(1—propenyl)benzene], cinnamic
alcohol [3-phenyl-2-propen-1-ol], o-terpineol [p-menth-1-en-8-ol], methyl salicylate [2-
hydroxybenzoic acid methyl ester], 2-phenylethyl p?opionate, and geraniol {3,7-dimethyl-2.6-
octadien-1-ol], are obtained from City Chemical (West Haven, CT) and tested for insect control

activity. The chemical structures of these compounds are set forth in Figure 11.
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<211> 628 <212> PRT <213> Peri pl aneta anericana <400>
2 Met Arg Asp A y Val Met Asn Ala Ser Thr Cys Ser Al
w@2s09d0eel G u 1 5 10 15 G n Val Ala Trp AspP@EpSin®009223

@ yLeul i e Al aser . Leu Val Vval Leu 20 25 30Enan
(11672N . 031981) conversion of 60-554968 . ST25 . txt
Lettetonit dohitiogs &5fanvasseltidt oNgdre prepared Mal diffbreyt cAseengations of each,
Leu Val | i e Ala 35 40 4 5 Ala Val Phe Met Ser Ser

that giseSfrdse WORAI-g 088 mdfedlityl lare applied BUofiba abplicatorb CdnfroB @re\edated with
ser Leu Al a Val Ala Asp Leu Met Val G y Leu Ala Val

the sdu@vdfiRe @05 Bindech oBhcchine. BeplicAtesavilths inddcs et raplidéad, akjheed for

Lys Val Trp | i e Phe Gy Asp Val 85 90 95 Trp Cys Ser
each tdiRerifafiohe¥hPmartMal isharuMedd 2impuilvRfe@atnidnt. Bhia a®Qlbjected to
100 105 110 I i e Leu Asn Leu cys Al al i e ser Leu

probifRiysGo B¥ErnMad LBLAvaNRIforldath ddmpokd®. dedFiMiey, 70, Mabit Analysis,
Thr "Tyr Pro Ser I1e Met Ser Ser Ay Arg Ala Lys Leu

34 Bd 38R et 4fhiveBlty Préss L8N, Pey3dal Trp Val Leu ser Phe
=~ val | i e Cys Phe Pro Pro 145 150 155 160 Leu Val Qy

[
Trp Lys Asp Lys Arg A u Asp Pro Pro ser Asn ser ser

16% def@mintoviiditer %roc@hinﬁ@%c@gymﬁs Fecdpter @AQ0LRY sylsin is involved
Pro Pro Pro Ala Leu G n 180 185 190 Val Pro Ala Pro

in the%%icg% gf tE6tBd blaht RseaM o, détdp@MinERYNtASTS ERt ad) So¥opkiia
melanogaster strain is topically treated with a dose equivalent to the determined LDsp for wild
type strain. For this study, the LDso values of eight monoterpenoid plant essential oils (p-cymene,
eugenol, trans-anethole, cinnamic alcohol, a~terpineol, methyl salicylate, phenylethyl propionate,
and geraniol) are d,etermined against wild type as described above and being used to treat the
octopamine mutant (iav) fruit fly. Controls are treated with the same volume (0.5 ul/fly) of
acetone. The mortality is calculated 24 hour after treatment. Multiple replicates and 5 flies per
replicate are used for the bioassay of each chemical. Data are subjected to probit analysis to

determine LDsg value for each chemical. See Finnéy; 1971.

To determine insect species differences in response to plant essential oil monoterpenoids, the
toxicity of certain monoterpenoids is determined against fruit fly and American cockroach. Based
on the calculated LDso values, shown in Table C, cinnamic alcohol is the most toxic chemical
tested in the example (LDsg = 1.65 pg/fly) against wild type fruit fly strain, followed by eugenol
(LDso = 1.90 pg/fly), and trans-anethole (LDso = 6.00 pg/fly). Eugenol is about 2-fold and about
27-fold more toxic against American cockroach than cinnamic alcohol and trans-anethole,

respectively.

LDsy, Lig/insect

Plant essential oil D. melanogaster I P. Americana
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Tyr Val Val Tyr ser Al a Leu Ay ser Phe Tyr Leu Pro
Met Leu Val 210 215 220 Met Leu Phe Phe Tyr Trp Arg
wo 2@3509201Arg Ala Al a Val G n Thr Thr 225 230 PGBUS05/009223

Arg Alal i e Asn G n Gy Phe Arg Thr Thr Lys Ay ser
Arg Thr | i e 245 250 255 Ay Asn Arg Phe Asp A u G
n Arg Leu Thr Leu|Arg | i e H s Arg d|y 260 265 270

ACHhnahye fiehoBer Val Met Argi.éd s Ay Pro Thr Pro9Bro
Pro Ser ser 275 280 285Enan (11672N . (031981)

convepgdnen of 60- 554968 . SI@b .txt ser G n G n4Asp
Ser ser val Thr G u Thr Ser Leu Ala ser ser Ala 290

29P300ndysie Ay ser Pro serg&er Gy Ala Thr ser 1360
ser Ala Val Lys ser 305 310 315 320 Pra d u Cys G n

Arg Ceu ThrArg Ser Ser THL,Iy@ Arg Ser Asn LyS 325

330 335 Pro |l i e Lys | i e Ser val ser Tyr Pro Ser
Ser Asp Ala | i e Cys Met 340 345 350 Ala Gy Ser Asn

A%n deteymideywhthler fRe © AS0A RSpystesmanedirtes thetoxRitp oAsmtaBGfant essential
360 365 Ser Ser Lys Lys ser Ser Phe ser Ser Ser Ser
oil mguoterp¥moidRy Huitilies baryiidle 3wmBBnTywhiSeare YeghlyHuseptibe to the
Ser Asn Ay Gy Arg @ u Ala Thr Ser Ser Val 385 390
octop@BRime4@odyd p-Aeg,.90¢ ushd ¢n AsalldPrvith Adld tepestiiil flysstiaguin Aiegroxicity
val Thr Ay Ser Arg 405 410 415 Leu Al a Ser H s Asn
bioassA Geshr BhdAoXicHE bf SeManiahicAidl, Aholt@nSeietdis and 20 Aethy!
430 Thr Asp ser Thr Leu Thr Pro Ay Al a Ala G n G n

propidste s @&mdaalily AsRaddSvifd Ghed4e topically applied to the iav strain, as shown in

Table D.
Wild/type %Mortality at LDsg of wild/type
Chemical name LDsp values Drosophila melanogaster strain
(ng/tly) Wild/type iav
cinnamic alcohol 1.65 30.0% 80.0%
eugenol 1.90 53.3% 80.0%
trans-anethole 6.00 40.0% 100.0%
methyl salicylate 7.50 40.0% 46.6%
geraniol 10.50 60.0% 60.0%
o-terpineol 13.00 46.6% 60.0%
2-phenylethyl propionate 14.50 53.3% 80.0%
p-cymene 25.0’0‘ 40.0% 40.0%
Table D
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Lys Asp Leu Ser Pro Ser pro Thr Phe Asp Asp ser Ay

Ser Al a Lys 450 455 460 Pro Lys Leu | i e ser Arg Met
wW@Rasy®1Arg Asn lie Lys Ala G n Val 465 470 BTBUER05/009223

Lys Arg Phe Arg Met G u Thr Lys Al a Al a Lys Thr Leu

Gy |l i el i e 485 490 495 val dy Ay Phe | i e Val

CYowid, thetdtidy of tBhactbheniké synbtekis Tyés dotaff@dthe 30¥ocityldd p-cymene,
Val Arg Ala Phe cys Q u Asp Cs | i e H s H s Leu

methyt8MicHRR, SR ge¥aiold Jlfq_he@?(Qe RScuerHt BesubpdtsladoriSlayion ydtween agents
cys Asn Ser Ala | i Asn Pro Cys | i e Tyr 530 535

mducﬁx%@@ﬂﬁ & chaded ﬁNzlone@3@4&%re§ﬁﬁ@/&ﬁ@aﬁﬂ1ﬁéc@%§5ﬂﬁﬁ§r insecticidal
t xt a Leu Phe ser Lys Asp Phe Arg Phe A a Phe

act1v1® ¥ h@ﬁ&a alsb s %_éesﬂs tifat ﬁﬁéstns%ét@u@ﬁ Qctm 0P 6i8naMid afo¥Bol F@enol, trans-
lie Lys Lys rArgAspTrp/iIa

aneth%@%ncg?-gh%}gthg e é{ogatéqﬂﬂgslés’t%@%g%@g ggzqgo?ﬁfn;@ggﬂa&ﬁH receptor

systet .Ogroa)%m$r dHta Ealﬂlgeoco§a[ldé%stﬂat’%ﬁ\fmég'se-g@he%se&lc%al 51:‘[&%? of these

Asn ser Asp ser

Chel‘l'llgili bgsu fr @i g!]e’%ﬁgl?l llgylgfrlbgg)%%l% llg%gllt %ISo é] op hlﬁ ﬁ,[dm.A{’)&Iagéﬁ ow

0“"%{&1&6 S Fslsﬁga%rbg LE1a91> to 001 € gﬁmglihfy t i< efgct 3t tifede cl(gm[&lals

As mentioned above, the toxicity data demonstrates significant differences between the
toxicity of the tested chemicals against each insecf (Table C). The toxicity data also demonstrates
differences between the two insects in response to each chemical. The toxicity data against wild
type and octopamine mutant (iav) fruit fly suggests that the toxicity of cinnamic alcohol, eugenol
and trans-anethol is mediated through octopamine/octopamine receptors system. Among certain
other plant essential oils tested against both strains of fruit fly only the toxicity of 2-phenylethyl
propionate is mediated through octopamine receptors. Collectively the data suggest a correlation

between cellular changes and toxicity of certain plant essential oils.

In the present example, chemical-structure relationships of plant essential oil monoterpenoids
against wild type fruit fly suggest certain structu;*dl features required for chemical-receptor
interaction. Among these features are the presence and location of a hydroxyl group, and a
spacing group such as methoxy group. The rank order of toxicity demonstrates that cyclic
alcohols and phenolic compounds are more toxic than other monoterpenoids such as acyclic
alcohols and esters. The efficacy of each compound is found to be determined by the presence
and location of the spacing group on the benzene ring. For example, although the phenolic

derivative, eugenol, and propenyl benzene, trans-anethol, contain the same spacing group (-
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151015 d u Pro Ala Asn Leul i e Ser Leu Al a Val

Leu d u Phel i e Asn Val 20 25 30 Leu Val | i e Ay
w@kgoshswieys Leu val lie Al a Al a Val Phe cysPGRUSEH5/009223
40 45 Asn Lys Leu Arg Ser Val Thr Asn Phe Phe | i e

Val Asn Leu Al a Val 50 55 60 Ala Asp Leu Leu Val Qy
OCH{) en pAditonvhhnd e tespcol vPlyeeugenol A Hfollth mote ox8Be7i0st ikl tgee flies than
@ u Val Phe Lys Val Trp | i e Phe Ay Asp Leu Trp cys
trans-Aieghdle (FigudtlparSaBlk Ob Leu Al a Val Asp Val Trp Met Cys
Thr Al a Ser | i e Leu Asn Leu Cys 100 105 110 Al a |
L sienrbaty, the simAlagiticArag d Dyfferedes Bdtaeanaotl Pa oaiagd PAMB adquences are
Thr Tyr 115 120 125Enan (11672N . 031981) conversion

deter@ini@Fefid9 i8he toHtRD diffdréicePsresin plant ewerltiat oib@bndibrpenoids.
Lys Lys Ala Lys ser Leul i e Al ad y | i e 130 135

AdditdhRIIy ifhpedhs th&uhS&topdgineheeptod m&ligysth&ligedticlaFiopd:ds of
Val A y Trp Lys 145 150 155 ' 160 Asp G n Lys Al a

cumaM@(J altdh8l, ShgeRolPhths BRkthbYe anBnOphlefetdl] propisihtd indSinTakt, thé Boxicity
175 Leu Tyr Tyr | i e Thr Thr Met Ser Ser Ser @ wu

of oc—tég)gwg é/gre]t@ Gt ?ro%ﬁ%zlﬁﬁ'el%’%%a&@ﬁﬂyl HrthSith S Bt aé%éaré that e Bﬁé§ence of

|'a Ser Leu Pro Pro Ser

an ele%s?gnegétgvegroLﬁ)ﬁh&heafclﬁé)(ié%'ﬂ 51%9! @5 lag@ré’ﬁt I}%/arcn%o@éq?/%lgeerrequ11'ed
for th& g%ec?&gia,.rzﬁ:%wg/ p.llz},lllt egsen 13?1 %&ugkp&o’“%ﬁm?%e 5r 2_3|_gr

Thr Al a Ser ser Ser

It will be apparent to those skilled in the art that various modifications and variations can
be made in the present invention without dep;arting.‘from the scope or spirit of the invention. It is
intended that the Specification and Example be oohéidered as exemplary only, and not intended to
limit the scope and spirit of the invention. The 1'eléi'exlces and publications cited herein are
incorporated herein by this reference.

Unless otherwise indicated, all numbers expressing quantities of ingredients, properties
such as reaction conditions, and so forth used in the Specification, Examples, and Claims are to be
understood as being modified in all instances by the term “about.” Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the Specification, Example, and Claims are
approximations that may vary depending upon the desired properties sought to be determined by

the present invention.
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245 250 255 Ser Thr Thr @ u Thr G u Met Asp Leu Asp
Leul i e Asn Al a Pro Pro 260 265 270 G n Asn Arg
w@e@s@20me Thr | i e Ser Ay Ser Cys Pro Trp LYyBCRYS20@5/009223

u 275 280 285 Leu Thr Asn Asp Arg Ay Tyr Val Leu Tyr

ser Ala Leu Ay ser Phe 290 295 300 Tyr | i e Pro Met
CLAIRB® Val Met Leu Phe Phe Tyr Trp Arg | i e Tyr Arg 305

310 315 320 Al a Al a Val Arg Thr Thr Arg Ala | i e
What Asohifded 3: @y Phe Lys Thr Thr 325 330 335 Lys Ay Ser

Pro Arg Gu Ser Ay Asn Asn Arg Val Asp A u Ser G n

340 345 @50 ok &dils borhprisidgelDAAGvdctdr hevild a audig aéid teqde e

Pro Cys Ser Thr Pro G n Arg 355 360 365 Thr Pro Leu
consishiRl edahtiatly oSSH@ID Med: 1Ser Ser Thr Leu ser Val Asn

Ser Enan (11672N .031981) conversion of 60-554968 .

ST25 .txt 370 375 380 Asn Ay Ay Ay Ay @y Ala Vval

A a Ser Ay Leu Ay Ala ser Thr 385 390 395 400 G u

Asp Hi T du@th Poellk (BeMintl ,\’Wﬂ&@lnﬁﬁ@céﬂﬁ SreAT QS -Al cal 1T i I-IE?I@-"? 93 cells.

Met Arg 405 410 415 Val Cys Arg G n Arg H s @ u Lys

val Al al i e Lys Val Ser Phe Pro 420 425 430 Ser Ser

@ u Asn Val Leu Asp la Ay G n G n Pro G n Ala

i?; Pr@ sé;iﬁ o?éeQIS %%pﬁe%jng% gg{e%ﬁlgvﬁlg\ﬁ?éfé%mg %ad§&gle§rc%:of SEQ ID

L o R e T

Octopgmﬁle. u Thr Ay Leu Ser Thr Thr ser Leu

4. A strain of cells expressing a protein having the amino acid sequence of SEQ ID
NO: 2. !

5. The strain of cells of claim 4, wherein the cells are COS-7 cells or HEK-293 cells.

6. A strain of COS-7 cells or HEK-293 cells expressing a protein having the amino

acid sequence of SEQ ID NO: 3.
7. An isolated nucleic acid molecule sequence encoding a protein that binds a
biogenic amine, resulting in changes in intracellular concentrations of cAMP, Ca®", or both,

having a nucleic acid sequence consisting essentially of SEQ ID NO: 1.

8. A molecule of claim 7, wherein the protein has an amino acid sequence consisting

essentially of SEQ ID NO: 2.

34



10

15

20

25

485 490 495 Ser Al a Lys Lys Arg Ala Ay Lys Arg Ser
Al a Lys Phe G n Val Lys 500 505 510 Arg Phe Arg Met
wW@Roos/0Tdone Lys Al a Ala Lys Thr | i e Al a |ie PCT/US2008009223

515 520 525 Gy Ay Phe | i e Val cys Trp Leu Pro phe

Phe Thr Met Tyr Leu lie 530 535 540 Arg Al a Phe Cys

Asp H's Cys | i e G n Pro Thr Val Phe Ser Val Leu 545

550 555 560 Phe Trp Leu Gy Tyr cys Asn Ser Al al i e

Asn Fr an Melatddin@cldiy acifimadechEbsefudhcS I&vingeat idalateabBet 3086 similarity to
G u Phe Arg !l i e Al a Phe Lys Arg | i e Val Cys Arg

SEQ BBRO05 85+ By sokalileGysoddid pAtgn Bt bidtlya Bbgert gnidlk, rasulting in
ser A u Asn Phe G n Met 595 600 605 1 i e Al a Ala

changf¥ B idhrelngsr Midenddtions Bf AMP, @a"Thur bBihe H s Lys Thr | i
e 610 615 620Enan (11672N . 031981) conversion of

60- 554968 . ST25 . txt Ser Ay Cys ser Asp Asp Ay G u
Ay Val Asp Phe Ser 625 630 635 <210> 4 <211> 26 <212>

DNA <2332 Mk hilcldid acdd mEREAR oF 2R3 9 I hIAR YR 88t lEencodes an
<220> <221> msc_feature <222> (12) ..(12) <223> n at

octopRRfk i @ftol2 Ccan be ¢ or t <220>

11. The isolated nucleic acid molecule of claim 10, wherein the molecule encodes a
protein having an amino acid sequence consisting essentially of SEQ ID NO: 2, or a fragment or

derivative thereof.

12.  Anisolated nucleic acid molecule sequence of SEQ ID NO: 1, or a fragment or

derivative thereof, wherein the molecule encodes an octopamine receptor.

13. The isolated nucleic acid molecule of claim 12, wherein the molecule encodes a
protein having the amino acid sequence set forth in SEQ ID NO: 2, or a fragment or derivative

thereof.

14. A method of screening compounds and/or compositions for insect control activity,
comprising:
providing cells expressing a protein having the amino acid sequence of SEQ ID
NO: 2; or a fragment or derivative therof, wherein the fragment or derivative binds a biogenic

amine;

adding said compounds and/or compositions to the cells; and

35



10

15

20

25

<221> m scfeature <222> (16) ..(16) <223> n at
position 16 can be c or t <220> <221> m scfeature
WE2299%017) . . (17) <223> n at position 17 can PET/YSIN5/009223

<220> <221> misc_ feature <222> (18).. (18) <223> n

at position 18 can be a, ¢, gor t <220> <221>

m sc_ freatuing tle222cts (2thg comfd@ids aR2Z3eompatitipesi ti on 21

can be a, ¢, g or t <400> 4 tacaagcttt gntggnnncc

nttctt 26 <210> 5 <211> 29 <212> DNA <213> Artifici al

<220> <223> A igonucl eotide <220> <221> m sc_ feature

<232> ([h&)nethof dBYlaisP R wheretthgasp bf MBashribg tharffe@s af the C

, g or t <220> <221> m sc_feature <222> (16) ..(16)
compounds and/or compositions includes measuring the binding affinity of said compounds

and/or compositions to the receptor.

16.  The method of claim 15, and additionally comprising: selecting compounds and/or

compositions having an affinity for the receptor.

17.  The method of claim 14, wherein the.step of measuring the effects of the
compounds and/or compositions includes: extracting intracellular cAMP and/or Ca®" from the
cells; determining the intracellular cAMP and/or Ca®* levels; and comparing the intracellular
cAMP and/or Ca?" levels in cells treated with said compounds and/or compositions to the

intracellular cAMP and/or Ca" levels in untreated cells.

18.  The method of claim 17, and additionally comprising: selecting compounds and/or

compositions, the treatment with which, causes a change in intracellular cAMP and/or Ca*" levels.

19. A method of screening compounds' and/or compositions for species-specific insect
control activity, comprising:
providing first cells expressing a first octopamine receptor cloned from a first
insect species-of-interest;
providing second cells expressing a second octopamine receptor cloned from a
second insect species-of-interest;

adding said compounds and/or compositions to the first and the second cells; and
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<223> n at position 16 can be a or c <220> <221> i ni
sc_ featureEnan (11672N .031981) conversi on of
W@SHEIBE . ST25 .txt <222> (17) . . (17) <22BCT/OSBNS/009223
position 17 can be a or ¢ <220> <221> mi sc_ feature
<222> (18) ..(18) <223> n at position 18 can be a or g
<220> m2a&hringnhe sffectd dfabanotps@dd@andt tompdsigns<223> n
at position 21 can be a, ¢, g or t <220> <221>
m sc_feature <222> (24) ..(24) <223> n at position 24
can be a o r c <400> 5 catgcggccg ctttnnnnta nccnagcca
290<219ke Mrethdd dfxiadn 1920 Rereitie stZplePmNstilifd 16 affect?@Qre
<223> digonucl eoti de <400> 6 cagtagccca gccagaagag
comp8@Ig AU mPOsitichb e lnbesBddstr i tiedtedind Mhnity of said compounds

and/or compositions to the first and the second receptor.

21. The method of claim 20, and additionally comprising: selecting compounds and/or

compositions having a desired relative affinity for one of the receptors.

22. The method of claim 19, wherein the step of measuring the effects of the
compounds and/or compositions includes: extracting intracellular cAMP and/or Ca® from the
first and the second cells; determining the intracellular cAMP and/or Ca®" levels; and comparing

the change in intracellular cAMP and/or Ca** levels in the first cells and the second cells.
23.  The method of claim 22, and additionally comprising: selecting compounds and/or
compositions, the treatment with which, causes a desired relative change in intracellular cAMP

and/or Ca2" levels in one of the cells.

24.  The method of claim 19, wherein one of the octopamine receptors has an amino

acid sequence of SEQ ID NO: 2, or a fragment or derivative thereof.

25. The method of claim 24, wherein one of the octopamine receptors has an amino

acid sequence of SEQ ID NO: 3, or a fragment or derivative thereof.

26. A method of testing the effects of compounds on cells, said method comprising:
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<213> Artificial <220> <223> digonucl eoti de <400> 7
gctggctgec gttcttcacc atgtacctgg 30 <210> 8 <211> 35
WE2W2M9MMINA <213> Artificial <220> <223> ol i gonect/estonsen9223
<400> 8 caggaattca tgagggacgg ggttatgaac gctag 35
<210> 9 <211> 34 <212> DNA <213> Artificial Enan
( 1167 2ptovid8ip281Y expomsieg sproteinhabis BE4068 acidSEgEnct sf SEQ [D
<220> <223> ol i gonucl eoti de <400> 9 gcttctagat
NO: X ac e frggagt ocogatiteahaol) whereddthe Zhfmerit@r d@ivhtiveliindPd Ringenic
DNA <213> Artificial <220> <223> ol igonucl eotide <400>
amine}l0 acagaattcg ccaccatgag ggacggggtt atgaacgcta g 41
<210> 11
adding said compounds and/or compositions to the cells; and

5 measuring the effects of the compounds and/or compositions.

27. A method of testing the effects of compounds on cells, said method comprising:
providing first cells expressing a first octopamine receptor cloned from a first insect species-of-
interest;

10 providing second cells expressing.a s‘econd octopamine receptor cloned from a
second insect species-of-interest; o
adding said compounds and/or compositions to the first and the second cells; and

measuring the effects of the compounds and/or compositions.

15 28. A report produced by a method, comprising:
providing cells expressing a protein having the amino acid sequence of SEQ ID
NO: 2; or a fragment or derivative therof, wherein the fragment or derivative binds a biogenic
amine;
adding said compounds and/or compositions to the cells; and

20 measuring the effects of the compounds and/or compositions.
29. A report produced by a method, comprising:

providing first cells expressing a first octopamine receptor cloned from a first

insect species-of-interest;
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<211> 21 <212> DNA <213> Artificial <220> <223>
A igonucel oti de <400> 11 ttgacggcgc tcgaggacgt c 21

WO 2008092026 <211> 42 <212> DNA <213> Artificial RCRO$2005/009223
<223> digonucel oti de <400> 12 caggaattcg ccaccat gaa
t gaaacagag tgcgaggatc tc 42 <210> 13 <211> 33 <212>
DNA <2j@widAgtsedandicells expi2@ing<22@nd adatgpamire] reapialelonddfom a
13 aat gcggccg ctcagctgaa gtccacgccc teg 33

second insect species-of-interest;
adding said compounds and/or compositions to the first and the second cells; and

measuring the effects of the compounds and/or compositions.

30. A compound and/or composition for controlling insects identified by a method,
comprising:
providing cells expressing a protein having the amino acid sequence of SEQ ID
NO: 2; or a fragment or derivative therof, wherein the fragiment or derivative binds a biogenic
10  amine;
adding said compounds and/or compositions to the cells; and

measuring the effects of the compounds and/or compositions.

31. A compound and/or composition for controlling insects identified by a method
15  comprising:
providing first cells expressing a first octopamine receptor cloned from a first
insect species-of-interest;
providing second cells expressing a second octopamine receptor cloned from a
second insect species-of-interest;
20 adding said compounds and/or compositions to the first and the second cells; and

measuring the effects of the compounds and/or compositions.
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