PCT/ US98/ 02 A 'VETHOD TO | DENTI FY PLANTPFQGFE?/RES%HAT

FUNCTION IN e SR G PROTEI'N CClJPLED SYSTEMS AND
COVPCSI TI ONS THEREFOR 5 : : _ Fi el d
of Invention’ ' S Th| s invention rel at es to bi oassay
‘techni ques utilizing plant proteins . - expressed in-a host cell
systemto identify, DI

coupl ed .syst em an &@%{)mﬁ %ﬂﬁﬁ%@?f@@#ﬁl A&Eﬂﬁ@{ﬂb‘tl@ n
subunits: : and pl antg m&@%ﬂmgymm nner simlar
to such G protein subunits and protein coupled receptors.

O her enbodi nrents of the inventi oGOMPOSITIONS EFHEREFOR cells

expressing such plant proteins, and especi ally plant G protein subunits,
'vectors #seful for making such cells, and nethods of making and using sane.
Background of the Invention -~ ' . I n ani mal systens,
the actions of many extracellular si gngﬂdoﬂﬂvmtmn - exanpl e: '
neurotransmtters, hornones, odorants-and |ight, are nediated by 20
‘receptors-with seven transrrenbrane domai ns (G protein-coupl ed receptors)
and - . heterotri rre‘f[‘hrs 1gumlluna'elatuslte¢ﬁ0a§%yhleddnql@bsrmnu Plat proteins
proteins (G proteins). ~proteins_are conprised of ree

subunits: a guarfyPressed i @o% heg Qﬁurﬁ.’fﬁﬁ@ tocidenptify, theis ifunctignality in a plant Geprotein-

ooan) 1020 2 ety ok QTpal XN wR B REM Ging o BoRE piRien St
dependi ng on wheindgslardproteins that fE¥ioRin @Batufer ARHIME b Qublie; %&&B‘éﬂb&&s‘%ﬁn |

GDP i s bound, the rotein exists - as a heterotri err]
conpl ex. Wen G pretefro gerpled ineceptors.] Othebemibiodiments of the mhmsﬁqela@é &5 host

| eaving a G[ er r] eﬁ?r&pressmgn}‘)mh alnt : \ﬁmtwhenand Cgsgécrxllly plant G protein subumts

~ vectors useful for making such cells, and methods of making and using same.

| - Background of th_é Invention -
In animal systems, the actions of many extracellular signals, for
-example: neurotransmitters, hormones, odorants and light, are mediated by
20 receptors with seven transmembrane domains (G protein-coupled receptors) and -

| ‘heterotrimeric guanine nucieotide-binding regulatory proteins (G proteins). G
proteins are comprised of three subunits: a guanyl-nucleotide bmdmg o subunit; a

B subunit; and a y subunit. [for 'rje'\“/iew',_seg éonklin, B.R and Bourne, H.R. (1993)

| Cell 73, 63 1-641}. G 'proteins 'c'ycle' between two forms, depending on whether

25 . GDP or GTP is bound to the o subunit. When GDP is bound, the G protein exists
. as a heterotrimer, the Gofy comylex ‘When GTP is bound the o subunit
disassociates, leaving a GPy complex. Importantly, when a GaBy complex
operatively associates with an géi:ivated G protein coupled- receptor in a cell

membrane, the-?ate of exchangé of GTP for bound GDP is increased and, hence,



-operat I vel y associ at es with an acti vat ed G prote| n coupl ed. receptor [ n ay
cell ' wogsml’ane the rate of exchange of GTP for bourck/gE8/02659
increased and, -hence, . WD 98/37413
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the rate of disassociation of the bound d err] subunit fromthe G[err] :
conpl ex the ratenof elisussociation Of e (E:oand]Ge.ubmhumt footh: GherGPy ammgplex
are capable of transmtting a gnhal to downstream el enents of

a variety of si gm:caSﬁ ardeuEes G prhumicansd Gﬁﬁl@mplex are capablerqffgapseniiting a

h f t the b f
i gnal i ng phenoNEMa B aaRmelsmetis B HdaHel o bl Tapfiociifh Bitdiy, Ty
M- gi’ﬁd&ﬁxen?di‘ dcHémelof é@d‘d@%rﬁ% théYasis feY a BuRipheny of ifféredr 648
(1991). I'n plants, there is evidence that a
nunber af plant sgtngm phenomena. Fortaddlmdmhmwmw pae: HAﬁyQohlmam uﬁl’ﬁgamad Mnd

bl ue light- signaling (Warpeha et al I%omero and. Lam
1993; Neuhaus eCazom.andds), LefkowiaAan. Rébt@’é’?h%’@ 6§§ 88 (1991). st ormat al

opening (Fairley-Genot a 991 n b |
Arnmstrong and Bl att, 1995')19 A’rs?gl Qienels‘?gﬁ‘é#de "r%anhs’%actlv fé &gapl%l?t g}gnal
1990) are transductxbﬁ%hﬁa?g ifen A réal REATSILG light 8f éfar & al.,

specifically, in certain of these. . studies, red ?I ght - dependent
responses in tha99bnRomeroianshiamui@f3; Nenkauses i 993), K+ channel regltlmon of

e noeCt:Aﬁchtfoeggéggr{?aﬁgteﬁ%@x?@aeﬁ@%?atA%F%S B 45801 £4 St oishimanads:
found to produc dfiftons o Bl 19§@"§n&%£ﬁts§ge§ n’l'ih&fuﬁh& Ehdibd'G RIYIRRN LRI

and exposing the ore ectr o ’blto

GDPPS or pert Usﬁégillzhécx througEl e-protee@ﬁmmnediatbé OMang;pé@ﬁcally, in certain of these
| i ght -dependent responses. It has al so been .

suggest ed t hat -amdieshragi lightylepsnsient isFpPnseHiin Be dompty mutant aureyy Wél’e measured

et S0 oo et ng. HPREBRRErPREP Lk f K RRbROTRISELIRIRERIC U bt

~shown - 5 . wrﬁaﬁéaubé u@nshhﬁhﬁe aeAVatisit dfVAGEprdtel Rl Weke Touid as gtdaube thehe

pl asma nenbrane of peas. I'n rice, the bindi ng of GIP[err]S to
vesi cles in vit same effects raeamedolb)pcang(phwoomm and exposing th¢ipiafititg red lighey S

decreased bi ndi of au .Thi rel ationshi
hat auxi n_act| Dlestay o nfisogs DIOPAY of horfisti R e SURERYS o, Backing red
addition, there; g ende tresgmr;\s\éfdence for Gprotein nediation of plant

. def ense response gen re 1992, Vera-Estralla et al.
- 1994; Beffa et al., 1995) It has also been suggested that an 1__nh1b1tory G-protein modulates

20 ~ blue light-dependent K+ channel opening on the basis of electrophysiological

| studies.using GTPyS, G_DPBS. and toxins. In separate experiments if-was shown

that blue light can activate a GTP-binding protein in'the plas_ma membrane of peas.

In rice, the binding of GTPYS to vesicles in i:itr_o is increased by auxin, while

binding of GTPYS decreased binding of aux_in.;ThiS binding relationship suggests

25 that auxin activation of a G—proteixi stimulates cell elongation; In additiori there is
.ev1dence for G-protein mediation -of plant defense responses (Legendre et al.,

1992, Vera-Estralla et al., 1994; Beffa et al., 1995)
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Ga-like prote| ns, -having nol ecul ar wei gﬁts close to that of the
ani mal Ga subunits and recogni zed by ant:i bodi es agai nst animal Ga subum ts,

have L qoeen det gelfike pforis Ahifink UHiSkelbr Pefibhs SRS Sthar 6F the

reviews see Ma, 1994 and Kauf n@n, 1994) an hree genes
encodi ng G prot aumaaGmdubnnmssadda‘eeoglﬂmd b}6antxbod1es agniasﬁanimel(ﬂa'Ehbuﬂltsr hhve/vas

cl oned from Arabl sis thaliana (Ma et al. 1990) using :
priners based obe RG glkr‘n@’\&ﬁ qumbsé%m@rérspeaebéﬁomeweﬂmsqwd@ kﬁ%@ndq

o) subun . ol s g ke Aol o s S
characteristic ;afenﬁa‘? 3.0 80wRE SloRéd from Arabzdopszs thﬁﬂgném%t gf? 3?9851% y

with rat G (1-3 bovi ne transducin. Using t opsI

t hal i ana gene aBCR mimés bagdrmssegaenzes krown to bel conmeb«ﬂdrbemmmw(}qimtem -
al ., 1991) and soybean met al., 1995). The Arabi dopsis thaliana tomato
and asyh b@éﬁn&@érﬂiéd@%&%o'&%ha%@%qf dbe) CPRSENSUS fgguences §ox guanine

lant G prot Bot h ;

v oDt ot o han R T, apd hudpetusin BBY o cRbaesAOBP B g Borcins o

based on Sout hejhy Qh@&/s%@tymbﬁn WoRIHE 35t Gl 1-BP8dIBOIRe TRMsBECIAO Using the
present in soybean. Single genes encod| ng G protein [err] subunits ngve

al so been . Arabidopsisithaléthatgenenasai prebe rggndy whiedidpstified incidthanemétdéMis etet o
al.. 1994). The predicte r.ot equences shares 76%|dent|ty
wi th each ot heralanwgll%‘ﬁjd@fh?{‘)fm&‘tﬂ dl, 19%55] The Aﬁ&ﬁ%ﬂﬁ‘i‘-‘a&’ (é“ﬁ?é?@?‘i‘i’ andy r |-
‘subunits. 0 g

[err] subunits 713’ élr?sé%anr%é’?’?fes /éh&l[lﬁy éhg%gﬁa@ﬁge@ (ﬁ;g&%&ﬁsﬁ%m%

mammel i an G [ ermby Yethighly Tonéciedde Both@rabiddpsshidligng énd tdakato DNA appear to
denonstrates that the function of the plant protein is also conserved.

Al t hough have smaihgmea Ibagsidcen Sewtherndyot mﬂlysesatv@lesap menltiple gends oay e
responigs in a nu ase lLvity. of the

respons® to cho‘?rg?eél?d? SpEbeens Single 5?(’?%53'15%e proteir’ rﬁ%@%ﬁ’éﬁ &lionpe

the GIP bi ndi ng:ibRdRORY RASS 4 ,aw&apsrs ikl it (Wewale'i a@vudw)cemespl%émed
indirect. Prior to the work as detail éd herein, the art has fail

‘provi de direct protein sequenceseshagienZ6%t idmntme‘sﬁx eédheotler canduﬂ%yxdehatysm
mechani sm by whi ch they occur ot her systens. In fact, it has

recently been rBppmaligdp TBWH‘A)’F“E’(“HQSI eaders in the field of
R e g o A o e
ones. (i blxélaldﬁ)égo NBat 16Oy . mammalian G o subunits, there is no pubhshed data that
" demonstrates that the function of the plant protein is also conserved. Although
physidlbgical studies implicate G pf_otein mediated respon'ses. in a. number -of
_ .- pathways based on sensitivity of the fesponsb-to cholera or pertussis toxins or the
enhancement of the GTP binding to membranes by specific stimuli, this evidenceis
25 ) indirect. Pnor to the work as detanled herein, the art has failed to provide direct
' | _ev1dence that these effects occur by the same mechamsm by which they occur in
other sySt'erhs’. In fact, it hés récently been repdrt_ed by one 6f the leaders in the field
of plant G-protein rﬁoleculér biology, that it is _."...unlikely that the plant G as are
ﬁxnctiO'nal'homo]ogues of any of the non-plant ones."...(bid. Hong Ma 1994). |
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Pr ot ei n-nedi-at ed si gnal i ng systems are p?’esent in orgam S as .

di vergent as yeast pl ant and man ‘The yeast Sacchar onyces cerevisiae is

utilized as . EH'D ) H%ldyotl gsrélsm' to the ease with
whi ch one can manipul ate t gtem mediaied” Sign glge Y @6@&?&?%@0?’%’@“&%%&
Sacchar onyces C?f\ﬁel‘% Qse%pa[sﬁéﬁgl 2 d’fxﬁnh?ﬁ@gt %tSaccharomﬂ%l’E‘erlﬁQeE xﬁ!ﬁlz@%e.@d

under st andi ng o ogi cal

derpnstrated i narmwdleuﬁarwﬁé efganisﬁ:atnﬁé\m meoéasé wdthewlich @ne ean aidndsulat the
protein structure is such .that nmany heterol ogous proteins can -
substitute for gemstic. goasitution of the yeastoidicoharemyses CF’@V’S%WS’!@ICMHMVQ an

Gerr] B ot of necpvelpeed 5 dsaieh RderBadife of many comple€PRkaied jafivayyy T fas
and Tipper,  D. Jpedd @0dnsiled iffhrherof @Jste ms th ﬁ?tﬁggvcﬂ???deagy?g{s&%%&go%ﬁ

utilizing yeast strains g accommo
functional expr eEadtoR lsf syphathat fhany heterologous [prateinis mnosubstitute Gori flﬂeh-ayéast
advant ages in research involving the identification of plant

proteins that fegqavalentsi n Foit examenle.umammalinha Gon pratpinsemn . fome hhe;grotnmenc

Submry of Cthe PorpelfebHith yeast WY fieins [Kang, Y-S, KaneyJ., Kpgin, Jo Stpdel ] Mape
- present g nventi QﬁH'l'?pJﬁ:l‘rEQtﬁ%@%l 'F,%llhBiblOfO 2582-2590]. Sc&élﬂﬁﬁédsﬁdgggﬁzmags .

pl ant prote| n t hat tions in an intracellular signaling syste
20 G pr geast straias géxmdxcall:y motHtedto gn@dmmgday fmm&nonﬂlluxpresaon of plant G

~acconpl i shed by provi ding host. celll E nucl egt i de segluence
encodi ng the pl BMteipp 6&6‘7 ﬁgl“lﬁcll%‘ adlé%'l‘?&?& I gpsearch involving 'Fb&é entiicatiomot planhy

‘be a plant. prot g%og?lﬁyﬁ&??%&qmﬁfml?ﬁ}&g 5{;1 Gk Ls ms" Such &B@Bb(%ttem coupled

simlar to a G ein su ant protel I S Sus
-bei ng or - system§unctioning in a manner sinlar to a G protein coupled
“receptor that functions in the 25 intracel lular signaling systens of
* manmmal si5;i-nsects (such as manmmalian G protein : coupl ed systens
and insect G protein coupled syste }l%and F In certain
preferred enbodi nents, an endogenogil ?'d"lftd eh& %%ﬁ'ent of a Gprotein
coupl ed - ceI lul'ar signaling pat hway, such as a err] protein
subunit, is rendered inoperative in : : the host cell. The host cell

ist ransf ormed with a nuclAedirstoaspsepfethe epresent divegtionds directed to a method of

. 1dent1fymg a plant protein that funcuons inan mtracellular signaling system such as a | _
© 20 - G protein coupled cellular signaling system. ThlS is accomplished by providing a
host cell with a nucleotide sequence encoding the plant protein it is desired to
identify, which may be a plant pro'te'in. susj)ected of being or ﬁlucﬁoning'in a manner
similar to a G _prot_ein subunit or a plant proteiu that is suspected of being or
-functi'oning.in a manner similar to a G protein coupled réceptor that functio_ns in the
25 intracellular signaling systems of mammals, insects (such as mammalian G protein
coupled systems and insect G protein coupled systems) and the like. In certam
preferred embodiments, an endogenous corollary component of a G protein coupled
cellular s:gnalmg pathway, such as-a Go protein subunit, is rendered moperatlve in

" the host cel] The host cell is transformed with a nucleotlde sequence encodmg the
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PCT/ US98/ 02%@998,37413 = pI ant prot%l nit is desi red to 1 y and
“anal yze, and the transforned host cell is e . allowed to grow under

sui tabl e conditions. The pr esence or absence, and sometimes t he
degree of said i) g@%tei rf?aég,fea%qaexﬁm lafdiahaky70 hnd Rk &aﬁaefo%e&mo&r&n%n
it is S|re to identify has restofed growth to said host -
cell, in the absatowed &f giosunded suitable conditibmge The presence arrabatrice, ddsonidtinges
|nformat|0n it is determined that the tar rotein under
study functi ons thendegres pf saidigrowt by wawﬁfa#an indigatiqn that lan progein it is

ina” G PR R R Ao B e B s B
manner of A Clhdosuil tbuntbipart. From this lﬂo%sﬁ@%q@ 1P e Haf die iger

G[err] may be ren | noperative to identif anal yze

various other corpeenanider stud@ fimaions in a@-ptuidnmpbd&;ellutar signalingbysidrar In
systens that function as G protein coupl ed systens. For exanpl e, the target

protein some cases, ﬂmshn@rpna@eéara@m}dess@ﬂbﬁ@Pmrefewp@ﬁx funefignin as"

ovet ebrod mooapnarphnfyr e apd paicrisp SR ekl of 1 85 ol o,

brotein it is desifedfobfiaR bih¥r tanSGaPsaYy et fﬁndb&umaoﬁéraﬁv@@& @ity ohd 2

15 © manner sim to a G protein coupled receptor.. 1n suc
enbodi ment s, 't hanalyze various othendmgpomss oéGeptoﬂcmocroupbdeﬂtstumd |dre1nﬂacﬁlhlan

i s rendered inoperative qgr is renpov entirely. Thetarg

protein of intesksemsthat fincHgnas§- P"&Ff‘dn £oHpded ?fyﬁteéﬁst Hir esgeple, thearget protein

host cell is tr f

G pr ot ei n- coup) & %baii tﬁﬁ&?oqlé@akgthr%lécgﬁ{) 4ogﬁaeprg¢§§@ﬁ§s ég}’ﬁoﬁf@é}gﬁ&mﬁtoraGﬁy

I n . each of the @bﬂﬁ&xefmim?&t&he@réfeﬁéd ambodinmenis 6f thehfethodogeidiivention,

G protein si gnal i ng pathway may optimally be rendered inoperative and

repl aced - the plantprokein dtist desised to plentify pr%ﬁmt?r@ ok beihg &5 functionéngima t ,

Gerr] subunit, and the lLike cons ruclbs con altﬂl_ng
t

a portibn of th&AaIBet Straiqr H’eral @e(ﬁ’r%tﬁ‘xﬁ‘uﬁ?‘fpl?q@%%fnf Ini “suc

derived portione, ous receptor or receptor-like rd?elﬁ%%lﬂe?eﬂﬁ% erffivd Bxelsp{eﬁ'ﬁﬁgﬂ
invention is di re%téga to ex%r essi onp P vectors alti,ld host cells

t ransf or med wi t lentifely. aThe ¢arpett protesriof tnterest ip irtraducedytaadrthus, in either event, the

desired to identify. Ln certai referred, enbodi nent t cell .
contains a fir s§‘°3t cell is “'anSfomfﬁgt‘g‘F}b? B‘Q%E%ndt‘?ﬁﬁ‘ﬂ‘&?f’? g@t E‘é‘ﬁ’g@?}% g}smt?H'CQHEIG@I es

a protein of .inter suspected of being a protein
conponent t hat % @%%1%%%028% intracel lul ar system
' 20 ~ Ineach of the above embodiments, all or a portion of the endogenous

G protem signaling pathway may optimally be rendered inoperative and replaced

with counterpart plant protems such as a Go. subunit, Gf subunit, and the like, or
chimeric constructs conta.mmg a portion. of the host cell derived subunit fusedtoa

' plant derived portion. - | I

s .- A second aspéct of the 'preSen't invention is directed to expression

| vectors and host cells transformed with the aforementioned target plant protein it is

| desired to identify. In certain preferred _émbodiments, the host cell contains a first
heterologous nu‘cleotidé sequence which encodes a protein of intergst, which is

suspected of being a protein .co_mpbnent that functions in an 'intracellu'lar system,
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such as a Gprotein coupled cellular 'sigsaling system Such nucl eoti de
sequence may encode a G protein-coupled receptor protein, a G

t ei buni t, nt . tein t ' f '
Puncti oning 1 Eahaneld ariripsouelet el SieSelng Py SHBRRElSHa8 Sequence
receptor or G p&PaE'eédEo&éég‘tﬁ” Fotetnlodifblddfrel R hiBleirth STPOALiTRAbNIL i plant

nucl eotide 5 sequence enco or a portion of a-G protein
(such as an [ er ploteih@idt]s suspecket oflfusetivmingip a manner analogousida Geprotdimeoupled -

subunit is plant-derived, at |east in part. Various,chi m‘i{;*c and trineric
hybrid G prot ei receptostor & tpsotginesuiiuntti nin pertain prefsped embrdisents, dhe nuglegtide

i 1ti on. " F I i tain oth i t
I EOUSN o A § OC R e  P DT
G protein:a su-bwﬂe}eiﬁﬁlef@%%@s dﬁa&u&grggaiaqkagﬁﬁlpaﬂpwéi@uschhneﬁcaﬁd&ﬁhéﬁc

yeast G protein or a.nanma protein ferr] subunit. Also within the

cont enpl ati on ohybdi¢ G sivtein thastrucecire rvwitlin dhd osntemplation 9 dhe presentHavaitionar e
t hose transfornmed with a first heterol ogous --rtchI eoti de sequence
whi ch encodes aFpr exasple, in certain other embegiseantyall or g PPHIPDL G‘HF&QH 3 SeBPred

encodes. al | or " &Bisslits bREGPIGHIRP el RrBR e Srbynir i fured i PR Uit
descri bggd above gohf 5t }bk%smS[?]ro%Rfo%rar Rhn@ARRE Geprotein toh SN, © A5 Rvifhys tigm
s yeast, and the expression vectors and transforned cells nmay
useful Iy cont ai rotetniplatidn of the expressiomee@ors| angoest selds descriied bergire arsethose
oS! 11 oned down SERERTId it erarsh REFBIRHGS LERHLS PapFISRoviEh enfodes 3 oy
operatively assqcl i Broteif tor-like protein and a secdh@ ERbAES
and cells utili 3\‘%?35%8%%%%@ E@??égg?plg(;(f)erc g g{ olnegl;?s?%fann ase f ‘may
further contai nssficaEawhiBh &idodes akfdresipowbort of glant derived G Ipeotpinesubumiteas

responsi ve signal transduction pathway of the endogenous yeast host, cell:
from t he " described ponse. & the most prefersd eBPdimeriSths CXRISESIQRENHERY 1S Y5ASY o
ot herwi se i ncreas ensitivity of the; : . T
activation. In E’E&tt f F¥pray'ar rvgato&ch%%itr&pﬁ{ogn_e%cg%léﬁﬁgg'ﬁéggg? %;E&‘fmﬁei Ithlhp

cel | is the hostefepdibgodshBsiRotiaK biisHte complisidg alphefoniotieaieponsiieprdigoteeasd
. SCGL/ GPAL “gene, which'inactivates the yeast Jerr] protein,

“facilitating inaernditatongene posiioned downstream fremethe PHEOIONGHEPRONSIVEPEQMOET t h

the G protein; 2) a nutation af east, gene to - : © inactivate its
. function and en&Bf SP"ETH%"";%%?C‘E@EF'YS{%W%nti nue growi ng in spite of :

- activatjpn of the pheronongyd GSRERSAA el a1iZiARINR Préfeirod yRat BRY¥ssid $5RAT ed
. h | may furthef contain several fnutations_ _éffective to diséonnect the pheromone
responsive signal transductioﬂ'bathway of the endogenous yeast host cell from that
host cell’s natural cell cyclé arrest pathway, or'to otherwise increase sensitivity of the
. response of the cell to activation. In certain preferred embodiments, wherein a yeast
25 cellis the host cell, these mutations include 1) 2 mutation of the yeé_st_SCG_]/GPA].
gene, which inactivates the yeast Go proteir_i, facilitating 'ix;teraction' of the
..heterolo'gous plant protein with the G protein; 2) a mutatibn of a yeast gene to
inactivate its function and ehabié the yeast cell to éontim_xe growing in spite of

activation of the pheromone response signal transduction . pathway, preferred
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enbodi nent s “bei'ng nut at i ons of the_' F-A'Rl" and/ or FUS3 gehes: and, 3) a
mut at i on of a yeast gene, the effect of which is to greatly

I ncrease the sensi,tiyvi . § ' : . L P
r ecept or - depend mb%igf’%{Y}BE %‘8% Hg'f‘_gtfu?f g Bgﬁgr%qrr%]n%ndrjgrsggﬁg ge.ﬁs&?b%g’ b-) L Brutation of _
transduct i-on- patfyay pdieSthe effeet deilich istotdiedtly iagrask the sagitivity SFIR@respdsz0, . -
SGV1, -5 STE%, STE3, ' PI K1, AFR1, MBGh, and SI Gl genes. .

A third aspect aif theecgll ¢sanceptorvdependsnt iastivatione of ¢he pheeosaonenresponse signal
constructs and host cells transforned therew,th conpri.si J K '

nucl eot i de transductign paway, RIFESERA-&FSS i mfe&‘{?ﬁéq‘ﬂg g%s%?z 52%5? SGY1,

functionjng i nﬁWﬁgkgiplﬁ%P#f%SGi andSIGIg%ﬁc%s' ul ar signaling pathway,
it |

and further co I'n "Operative associ at herewith, 10 - a
second nucl eoti de sequenceAMifd) aSpeee S thin pessepy divertion ds - ¢himetic pexpréssionof
t he host cell or functional heterol ogous equival ent, which woul d

be the corol | ar ycofistructs and- host peadisetransfompssh sharewith ctompyising @c fisstanucleetides
may al so contain a third heterol ogous . - _ ucl.eat i de sequence -
conpri sing a phaeapgiceen & Plant prOJRig: WsPegied %&“ﬁ%ﬁ“&&%b"r a & proidin coupled, o
posi tioned downst : ' & V&AL SRciaTof : _
operatively ass&gglg%gpﬂ%ﬁkﬁéﬁmn t gcﬂg@?ﬁg Inl&i:: S ta yeasﬁ 'celﬂﬂe?evtvhﬂé’.
construggs a second nadlébtivdelskquenity whithtenesdesanteati ogdnioas nor-plantpotein of the

di- scussed .above. o _ A productive signal is detected
“in a bioassay -t Hostgell csuhétinpabheterpdogous equivalent,; whicht Wowld dben theesrpBaaug

rotein to the host . cell's sjgnal transductio th - ey
: R fourth aspect --RSP‘CE%O%P‘B?BH%W@H?P&%’?‘%& %ﬂﬁg?%o%\?go?onéag 2 3 third hetsgologous
conpounds to detg e @écﬁgﬁ&écdﬁlpﬁﬁ a%&b&cﬂ:&w&mﬁa&;&ﬂ&m ) al¥icator

receptors. by _ _ asuring effects on cell growt In certain
preferred enbodigenst positiosed cleivrstreans from the pheromdnewgespdniive apromgier ng
grow h mediumto cause, expressign of, he

r ol us. pl.ant '
protei ndS whi ch GREERSHSIyRsSpriated therewith, nhdiestRLDR . epstierll the, constmersy
phase . : ' X : gsrd. t 0 substances
applied to the sﬁpﬁgg%f?ﬁgﬁgﬁa&%mu%gg%gﬁg%ﬁ% pl at es contai ni ng -
~same. Effects on the grow A pfodaetivessignat iscdegpentédink a bioassay througircompling of the -
substances that activate the heterol ogous plant. progtpgljn. asad t he signal
transducti on pattransformedbeicepiegpuspeaiein o host coblssignalirah

act as. o A fourth aspect of the present invention is a method of assaying
20 comj)ounds to determine effects of ligand binding to heterologous plant receptors by
" measuring effects on cell grdwth. In'c.ertain preferred embodiments, host cells are
cultured in appropriate gfowth medium to cause expression of heterologous plant
proteins, which become dispersed in a liquid'mediurh or embedded in a solid phase
medium, such as agar, and then exposed to substances applied to the surface of the-
25 vesicles_of plates contailﬂﬂg ISame.  Effects ori thé growth of qells are expgct_ed
| around substances that activate the heterologous plant _protein and the signal - |
.' transduction pathway. Increaséd growth may be obsgﬁed with substances that act as .

agonists, while decreased growth may be observed with those that act as antagonists.

petionpeth¥d¥es that



agoni st s, V\:hl |l e decreased growt h may -be observed W th those that act as
" ant agoni st S WO 9837413 WD 98/ 37413 = _ . “ PCT/NUS98/02659
PCT/ US98/ 02659— _ S 8 :

The term "G protein coupl ed cel lular si gﬁal i ng syst em as used

it racel furar o bt S b SR e %g{xi@{&”v’m?e?unawm
erern on tno dBApRsc dmpcellr, hBE e A Bertind 36 ATy

the structural f&i’gﬂamg kfurefior® Ugiilar S StheMwelllenovii TharmichRix |G| pidtein-coupled

Jerr]-like, Jerr]-1Tke, and Jerr]-like conplex" inter alia, arelntended'

to include - Treceptor sysiemsnas discussedrheireigsint ther Bwkgmmdepf: ahq)ala%eqnont ands

that function in_ a G protei pl.ed cellul ar. nallng system
~or equivalent i rﬁWPJ%F‘PrH‘F Qf@ﬁ ﬂﬂéﬂ“frﬁbh%lmg%"f [uch a system. %g oclike,

anal ogous to th %_E uﬁ!: B
The term "chi merlm g’s se(f her ei gener&?‘?ffﬁre ée:rgaza are, IEended o include
expressed by a rxﬁs@ﬁelaaambnm&gsmremxﬁmmpesgmtemmmﬁcﬁmixpa G pidtein

Separate fragments of nucl eotide sequences from nore than one
or gani sm or spec:nupl,ed@plhﬂar signaling syStemmorequivalent m;rag:e@ldnemgnalmgesysmmm a
or gani sm or speci es. %’E?fj term i nt erchangabl y with fusion

~protein or constRYmEr °$ﬂ}’5rt‘? Hlem%f%qlﬂlewn%ﬂélemf M 15 i s not
meant toplimt such chi Merige i iding 19b5§'u§@tgh§fé|uﬁg¥nex9fg $fcd 65 Q" BHoBAR"

processes,. it bei ng. underst OO that there may be ot

constructing- sarpressed by a recorifinanranicizbtide sapencpthat is matie })ytJOumg:&fiﬁfdtelCt -
conpri si ng three such separate protein: portions.
The term "het er draggeanss obgucieetiflenseauencesiiom rr@ysetéen {05 PTEYHSM Y] $pegips, or

d | tid t t t f t
el oot o |4 TS B R AR AR -RE! SreARt 6 MO Tk A 55 Bea,
from organi sns ghlfthahfedly Withifusion ?rotem or c@ﬁs’thic@ Bh@hyBYa® protéihlor coidtfct and

marmmal i an, avi an, anphfbian, insec pl ant, and %east ' - shoul d aIL”
be considered hés epbinegatite limit sueh chimerics to those obtained solely through recomibinant '

term *mammal i ?rg@gggesgegte ﬁ! bgﬁarge r&??rtﬁatttgergwayr%‘e%er means of constpling speC| E.'\S

(e g. human,

‘nucl-eotide sequgiiffieridSrefdffiectiRallytd & €6nsthict ESthpHsifAf three such a{é;{;\rﬁ

_ poI ynmers conprising nucleotide bases, w thout linitatron, incl u I n
~appropriate, DNportigmsori ¢ DNA, cDNA, RNA, synt hetic oli gonucl eot i des and
the Tike. The term "heterologous as used herein w1th respect 1o a host cell
20 and nucleotide sequence expressxon constructs and techmques refers to nucleotide
sequences, proteins, and other materials ongmatmg from orgamsms other than that
particular host cell. Thus, mammahan, avian, ampmblan msect plant, and yeast
should all be considered heterologous to one another.
The term "mammalian” as used herein refers m«any mammalian
25 - sp_eeies (e.g. human, mouse, rat, and monkey). _ _
The term nucleotlde sequence” is meant to include all forms of
.lmear polymers compnsmg nucleotide bases, without limitation, including when
appropriate, DNA, genomlc DNA, cDNA RNA, synthetlc ohgonucleoudes and

~“the like. -
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The terns "receptor” or receptor-l I ke & used herein are

i nt er changeabl e and intended to enconpass proteins that are |dent|f|ed as

‘receptors ' or Tl thHAET 1reEepiSr"a of CCRREMor-HRE" 3dsC sk { Rékin are
intended to include subtypes of . proteins, and nutants an

horol ogs her eoﬁnteﬂhanyahl%hnduhtend&;bﬂoe&ﬂ:onbpassmommme&at &re identified asrrecuiitm
sane. One skilled. in_the art will also understand, that .in sone instances,

it may, not beORdBwsBHICHOR a2 (TRREDE: 3k aFc AUes infrnded 4p daglude sYbpRS of e
the POLEINS &t HfiRAd:E Ind ﬁﬁﬁa cgg/'}ﬂtlré(of tangx t\‘ﬁftﬂ‘tﬁeecg{:’l\?%de'r ge@gleam to

i ncl ude truncaPed and ari ant e T

~ Wi thouts | i mi t akh&ling same. One skilled in the art will alsth€nde@stind thab i fnd nﬁﬂﬂces
"downstreant are used herein to refer to 10 the direction of

transcri pti on - énthayr aots bait iegessanyi thatahseﬂmmaecdpmmgetmmd I cachieve the

transl at ed prlor to aglot hgr sequen e| ng referred to as, "upstreant of the -

| atter. “fPOSCS esire ACCOl‘dmﬂ h %BEFOEWE%& pngiude tymcated and
present inventigi. gﬁse{) Fﬁ/enr?ceptori \fvnhbﬁtqﬂﬁ 13 d with a nucleotide

sequence - -encodi ng a arge I'S desire ‘to
identify, characterize, amﬂ @mampbtym" ity " WvAtreRmo gl Bsedkeino THRPES €
of 15 - functioning in a G protein-coupled cellular signaling system or
" the |iWe, suchthesdigection of transcnmmqmmetmlsta@opl withraesagpenge, bmg)transenbed bat
functions in a,_m ei n,cou &%d ﬁfeptors I'n

i ntracel | uar sF@HQF‘iCHQHOBFO Mﬁfféﬁgﬂ%gp% fefigfeaé? S gipstte
plant G protein subunits 1hhRORRINGRSIrR cOREPhAS BE uRtSrees $ibeRtioR el Hgsct{%gﬁhs

~ subunits or |ike conponents may be identified and assayed | n accordance
wi.th the 20  transforteed withcaaﬂmcdmtndesérpxéne&ﬂmodngta tacges pldnt bhateinriebadesired

i nventi on. certain enbodi nents of the methods .
- of the inventi &hidenify, s‘:hal'a‘“erlze and/&égmlm ‘e 4’6’ P@ﬁ‘él@FOtFWotHé‘r it suspecied obr a

portiof of t heﬁﬂ%&ﬁ;ﬁ' ge ac&gﬁecﬁel ul s:g] 9&&&'& tﬁglfﬁlea vg;:‘flel | uI ar

- signall ng pat hway
variety of neanspraumh:ometayrddeﬂnefl@npﬁf:emrmaendweﬁ@m agﬁammﬁ e&lcpf
25 - being an integral conponent in such signaling path Q}/ '
di sruption of BIRipIn coupled receptensdn demengbuaieyignaling, s @qum there faer\@t’cll;]ns DNA -
sequence, and [ ant i sense. t 0..nane
but a few tec hﬁ})%gagaﬁ (?npré)g?? ARUES, Shemsghes or proteins sq’”?ﬁi@@ﬁ%&%dﬁ%h G -
prot ei n- coupl equbiAit R Yike CoRPIABHLs kg be ﬂeﬁmérﬁﬂadsﬁ‘fﬁaeﬁ%bé{ﬂance with the
may be replaced with a corresponding plant G protein-coupled pat hway

20 identification method and constructs of the present invention. _

et

In certain embodm_lents of the methods of the invention, it is
‘desirable to render inoperative all or a portion of the host cell's endogenous G
- protein coupled cellﬁlar-s'ignaling pathwéy'. "This may be accomplish_ed'throﬁgh' '
any of a variety of means, such as by .déletion of the'-endbgendus, gene suspected of
25 being an integral cdmp‘_ohcnt in' such signaling péthway, disruption of .such
-endogenous gene by insertion of a fofeign DNA sequence, and expression of an |
_a;ntisense G protein gene, to name but a few te_chniqués. In certain embod’unenis,
" the endogenous G protein-cotipled pathway coinponent thét_is rendéred _inoberati_ve

may be rgp‘laced with a 'cbr-re_:éponding- plant G protein-coupled pathway
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conponent, of a hybrid construct cont ai ning all or a portion of .a host _
cell's endogenous conponent ,q@r its functional equivalent from
such het erol ogous system fused to_such plant protein. Any DNA

sequence whi ch cesimporeny, of plhybridceonstruct containingplffir: a g afsadhasp cell’s
prepare the constructs of the.inventi.on,. or.e . in. 5 .

suspect ed of f'un?{‘iégﬁ‘?‘f'l’@ CMRAERS 2O lg‘ntﬁ'"&tf??%f gﬂﬁ”@%ﬁtﬁf‘?@ Bek, hetsrolggous
such pl ant e 'hﬂél‘}; fein. TRNA seqberick Whi@fcdde ' :
Ar abi-dopsi s t hal ?yéheé“’ %dﬁ%é\%lﬂﬁél S ggﬁ%t’ Wﬁ& he - Ar abi do_ps?goﬂah%ﬂafnaﬁa
G protein [err] subauitinhay beounsedao@rppartehe) comstrubtsafithe inventoybemeved a protein

protein [err] subunit, naize G protein [err] subunit, as further discussed
in the My et al .suspectedof functiqning assyuchalagt/F erotein supurit. Examples of sich plant
listed on the attached. B hlioaraphy,,.10 P Lo e 11l e
in the art will RROGIPSES der g e PR 9. labidopsis thaliana G prgfPf G Sbyyic
herein that the G pjadlciRalli@ @ prbiid £%u&ﬁﬁ§_tt61ﬁ§tb5G Prcteitf@ Shbedt, soyblar G
“present invention nmay conprise plant subunits, or chinmeric -
-pl'ant/ mammal i an .protein o subunitGaaize iiprdtein fyabanitpisiurthef discyssed uthietMa eval. -
‘trimeric yeast/mammul i an/pl antversions, .- e can determ ne which

configuration i s(1fet®) ang Kimet ab(13gahlisationsas bisied gnithe attached Bibliography. | yj ar -
signaling system by sinpl 0 Glipg yect hep ei .
transfoﬂ&n’ ng host cells, .aﬁa d%ﬁ@é‘ﬁ\lﬁlﬂ% gﬁe%tﬁ%@&%&%ﬁﬂ@b@e@ge fhmgs as
conti nued _ presentedfiéd¥inlthat 68 € Préteing RiséfiP i T nsthtite Md ey SEITHT the
utilized, continued growth of _ said host cell is generally an
i ndi cation that presen®igventien mayososuprisetplant Gorsubuirs, 9y chimeric plant/mammaliand
host cell in plage of the functiopal endogenqus G protein coupled cell.ul ar
20 ~ si gnal PRFUEBHEY é‘%?“/Pi?“EgP‘t % i O SHFEHC @W@%}‘/P Lygrsions.
~protein a subunig,i TSN T~ tof {OHEY: tufdd £310ide upli
especi al |yt hat g‘e‘?i‘%\*}‘é&e‘f?é"rﬁeA“rV%‘B?ggﬁg S tlﬁa?gl)ana%u . &ﬁua@%gp;mg toa
Certai nighi meri cceBupirosighalingosgstemcty shyplyl sonspruotingl eveetons: nase dawghynhérein,
transduction with regard to particul ar heterol ogous r'ecept?g)rés. One skilled
in the - transforming, fiogr egiker and sdatepmIBIng b | RICIEHAS OF (ADSENGS, OF Gentinped
operat’i ve.regi ons_of. 2 ] ) . ' | NGhs '
_operative regi on%roﬁ‘%' eors 8?'3&653{1{6?5%}1 mﬂat&%@%&ggganéeg\%&%&t %@W of

'teachings in thigidhbst cERNs geFMlean iticAionabatahe Chpmteintconstruct is functioning
between  err] subunits and J err] subunit conpl exes or_ G protei n-couqﬁ)l ed

_receptors in said hosi\cell He Placgeafdthe Harrtionak endegenons £& praseineoupladigeliiagngd
H R B , 1993 (3)). : . Th . AC t) ..
Gorr] Mbuni ¢ - CORMIERSOmPIR- « Muoggain Preteihd FRpBtmedly WY S o Gt i

the plant subunit of choice, and especially that derived from Arabidopsis thaliana.

Certain chimeric G protein constructs may also provide enhanced signal -
transduction with regard to particular hete'rblo'gbus receptors. Qne skilled in the
art may prepare useful chin‘ieric constructs by fusing dperati'v_e' regions of

25 " intracellular signaling comﬁoﬁents. ‘Such operative regions may be selected in
accordance with the teachings in this art. Fesexample, the sites of interaction
between Go subunits and Gfy s_ubuhit_ complexes or G protein-coupled receptors
have been described (for review see B. R. Conklin and H. R. Bourne, 1993 (3)).

The sites of interaction between Go. subunit complexes and the GBy subunits have
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been mapped fo the amno termnus of the G prote| n [err] subunlt and
possibly to the : ha2 (a2 helix}! and i1 (insert sequence 1)
regions of the p E%{Finﬂ | R @
subunit cont ai nth e I’%%I on o?mﬁf%f)?%ltnglsﬁf%hgr(; ?%hm&%b%t alﬁa p%SBBBIl% tHe
strongest evidenhe2f(2 helbgrat ilo(inssirt sequierceGl piregions otﬁh@lpeotefxedﬂm ofirboxy
exists. 5 Q her I‘E%I ons that may contain contact points include
the ani ho ter m ntesmimus afiibe protema suburabcqriging e(neawr@frtbgpmnzfméwpmme
sequences that are conseryved |g%_ GlPases

Ci

protei n al pha subgfREe Weyllqe%‘f?h Jﬁerﬁ?ﬂ%’r 2 %l\ & Brotein: cw@gz& rgceptor exists.

protein ferr] CO@%&é’r)‘re Sodtbiif hHGEESbiRY thERHEYhd xiu‘l?,raﬁh'lﬂé
of the yea prot in a subunit” containing t
contact sites w GS rbgmnq&rel:@xygldﬁk are peptldetaqum&smmattak'chnisaNedﬁil IaHCG’EPakes)

[err] subunit. Any DNA sequence which codes for_ a
Jerr] subunit oA ehigjesici§ protsimalpha subunit with enlyncsd Haierastion vatib e yeast &¥

oo et oe e e piiah i SortaRt il P oA L b s88iNe B arming teppins ot W'
‘component s. G pr gi} € AOisd HDbuht conBfinthg 1REsePORY! dchitd si:&emg.greogarboxy

i-nvention 15 I ncl'ude subtypes, and nutants and honol ogs t
 al ong wibh t he ntesindmisicfehe plant G protein cesupumitces encodi ng same. The host
cells may express endogenous %err] and/ or

conpl ex, gr appropriate pl a4y §%§@pﬁ%qwg{%mp§for& Gi@as)}‘b&iﬁtti%rﬁa%w%ﬁ_u @nit
oTSnreeore o o Br S LRUARCHR, b gt ol letherisfudy IR T b e

they woul d be engdedeed gitadtitethe present in@¥Mi®ss inthiding!the Aust Ga11(sS eBdogenous
- reference 22). Het er ol ogous nucl eotide sequences

‘are expressed | nCQmmmmeﬁ (peeiains and subunits useful for praghicingithe present invention

! bl |
const rodB | n wni ERKE bRRsYs L et she BhAR ereot, ope vk Fbblebtiee

i's operably link U710 hER QLI GRS eRBRAVERIOBENGSs'
expression 25 %u&&e%h%@gé%stagﬁ or protein szgugﬁ?coggdn?%ral%%ﬁ&gr@ea

nucl eoti de sequeGfe domplére omapprdpuate plant counterpaﬂtsubﬁnm}mremagf opﬁcmallyg:e
vector systens that may be utilized to obt

n
pl asmi ds” encodi nEPERSTY R SKRESSS etiego ﬁﬁsréh ?‘%D gﬁ’e@sg b H’E?q}ﬂ’éha’bul’la&{eor

ko vt AR oA 4 A

expressikpn vect ogxpressdeterologous Ga (see reference 22).

Heterologous nucleotide sequences are expressed in a host by means
- of an expression "construct” or "vector.” An expression vector is a replicable
" mucleotide construct in which'a nucleotide sequence encoding the protein of interest
is operably linked to suitablé con'trol sequences capable of affecting the expression -
25 of a protéin or protein subunit coded for by'_'the' nucleotide sequence in the intended
host. Examples of cloning vector systems that may be utilizéd to obtain and/or
amplify plasmids encoding the proteins it is desired to express include, but are not -
limited to, microorganisms such _zis-- bacteria transformed with recombinant

~ bacteriophage DNA; plasmid DNA or cosmid DNA expression vectors. Host-
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expressi on systens useful for expressi onl%f the proteins it i-s desired to

express - i ncl ude yeast carrying the reconbinant yeast expression
vectors containing the odi.ng sequepnge; insect cell.systens -
infected with r SSPHeSHARSYSems ysefuk g‘.?re%@%?ﬁ?m% o the proteigy, iy lgréestrgtyéq,expr_ess.

bacul ovi rus) cont ai-ni ' nee: SV s
"t ected with r Bl Mot GrofY B REOHBRAG yord bof@Slon Vetldf Rontining the
nosai ¢ Virus, coding sequededMiisettORHCOHRemS Mifectsd fwith reEbibimint virasekpression

W th reconbi nant plasm'd expression vectors (e.g.,. Ti plasmd)
cont ai ni ng -t he wectory (s.gqubamiovirush conteindng: the coding sequende; planit ealhisysiemsie
codi ng sequence; or aninmal cel| systens infected W{EQ% . ..

r econbi nant vi r iafeeiRe MLLTESAMPURALYITIS EXPEFSSIOR YEROTS (S CYUIAWRT Jnospic Jiyusy,
10 .cont &_Ri-09 Lat.e chephhes ' , :
useful for pract%;aiuﬁﬂgt %benééa}c gii-Est’pre_s nétnel nven@%wﬁﬁgﬁggl S‘nggﬁgg?d
viruses (i ncl udicRerelsioh Setror@ge) Ti ptudmid) containing theteding tsedpienc®dAa nucleic
fragments (i.e., fragnments integratable into the host genone by, L
genetic reconbi meikl coptainihg theccastingrespquensei @4t animal eclhsystems| indegiedh et | y
of - - the host genone, as in the case of a plasnmid, or.nay . -
integrate into FPR@"@@%&B Vigs | expression; (VEGIPES -4 nac{éﬂ‘%wgéssev%m% 'Virus) or
~integrajabl e DNafLagns E':taPlyi egrated nucleotide sequences. VectdrSR@H@ fo¥ pravicingthe
control "systens Capabl® o a]p* éc-t Lng the .expression of the
protein of intepeesentrdvestioctincluden plasmidslamdsises t (in¢lhding e bacterioptmge), and

systemutilized, and are_in operable association with the n@cl eotide
sequence it is integratable DNy dragmentst (. . SLagmants mtegfﬁqégtey‘ﬂic’i e host ggome by

sequences general ly. include 0 I -0l I - el ,
ey al s be. SSMULIAEIENED S The yseik g el At 48 mBCQHIkkperdfRY BF
mRNA ri bosomal . l?li)é‘ﬁbftg%e‘ifohﬂ*? ab8n REOVAsERs, 2 pREmAdPGT piagihtegrate into the genome

ro

sequences’ - whi ch cont the termnation of transcription. DNA regions are
oper abl y5-associ atself, ashiarthe basg ofan integratableANA/fragmerted t o each other. For

exanpl e: . _ a pronoter is operably linked o a ' IeNCce
it controls the transcripti bﬁ“‘?ﬁ‘ﬁ% ;glta%tfé conkrﬁi %éfggngéﬁﬁggﬁtﬁgggﬁ@g _dlé '
binding site'is eQ?Fersﬁ%Y)f kienkBekih O st lafdsel@ase i fecofdante with the vector/hdst
» positioned so as to permt translation. GCenerally, operably |inked neans

- ‘conti guous and, sisteinhailizzdeamt ateciaciperablaassnciation st thg uwgleotidel sequenesaitliihg
- frane. . ' - In_ additjon, a pronoter 'operabhe i.n_-la host
Ccell is one whi desirh express.  Bukapiotie&OBBo] niRauERCes BERSIAIY ofRclidy

r boson% bi ndi %?&ﬁ&io?ﬁ?fa?o%&eﬂ.n I-ﬂwﬂe%xt it may also be appropriate that a sequence

- encoding suitable mRNA ribosomal binding sites be provided, and (optibnally)

sequences which control the termination of transcription.  DNA regions are

operably associated when they are functionaily relatéd to each other. For example:

a promoter is operably linked-toz_a coding sequence if it controls the transcription of

25 - the sequence; a ribo.'s'ome bi_ndihg site is operably li_ﬁked_ to a coding sequence if it
| is positionéd so as to permit translétion. 'Generally, operably linked means
contiguous .and, in the case of léadefsequencés, contiguous and in reading frame. -

| In addition, a promoter operable in a host cell is one which binds

the RNA polymerase of that cell, imd a ribosomal bi_nding site operable in-a host
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cell is one-whith binds the endogenous. rihosones of that cell. Suitable .
- vectors : may in some instances also contain replicon control

sequences (when the, vector.is, . o on-J: c d
from speci es conffgf?sb?‘?-? WIE‘{‘#?S‘PHQS & %‘h‘*&’éag&ﬂ ljl@&sgg{egbgggartesm oguﬁﬁaf Veklol”
- The above- menti opy 39 lﬁéeﬁlﬁﬁt&{&eﬁhﬁ%@hﬁnpfephh&seoﬁmtseqmemes’ Ywhen the vector is
their strength and“speciticitres. Thus, depending on the host/vector system
utilized, any of nen-ittegrating)f whicht ae! derivednfrom ppécies comipatibiesvish ithe intended
el ement s, ~including constitutive and inducible promoters, may be
“used in the expr expression host. vector. For exanple, when cloning in
bacterial systens, pronote ch as : | :
plac, pt Pp, ptac (ptrp Iacﬁ& P?ﬂefﬁ&%fl rs)gpgesalotnhelerpeﬁé‘&i’ﬁﬁésgﬂpﬁg&s%m_
used. | strength and sﬂ)éhﬁtﬂﬁ@ss WA @dpRRdingX 6% ehe! ROStMRELoR' SRIE
used, the expre55|on o? he codlng Sequence rmy be driven by
any of a number ofilizedo rayeof .a famber - of suitable enaaaqrimonvanctlltrq;xslamneclsmnﬁsh

as-the 35S RNA and 19S RNA pronoters of. CawW Sb on (tah
1984, Nature 310irghmlimg gynstigtivenand: M“CB?I%PE?IHORSF% Btk eo‘FS"%W e efoessmn

'EFZE?W U et Al o For SHERIA, when? oo th VAR HRE SRR, pRb BN EL of,
.'224 8388]§43)E NBOQ é%rtmpshﬁ%%& Sﬁ%m?t&grl ?@Wﬁ@m&bﬂd@@bgbﬁgﬁ%gﬁﬁﬁ

hspl7, 3- B(Guuieﬁy et al., 1986, Ml. Cell. Biol. 20 ~ ~  6:559-565)
e e TR ot e W AR T
Peohn; quos. see. e"bSdig Waydicl thiy R AN by e, of A AKLEVE oS, For

Met hods for Pl angxdvipiecwitdpromoters such as&@Biﬁ)RNAAamﬂdaﬁS RNk gsamoteys of32aviVon
VI, pp. 421-463; and Gierson & Core 988, Pl ant Ml e qﬁm%,
Bi ol ogy,152d Ed. (mnmmeteal Lb?ﬁmeatm 3%@11-514), or the Coat protein promoter

cloning in- manmal,| F set(ais .Leé §0§ngﬂv flfe‘)@ed' a*ternauvely, piag

genonme of manmal i onei n

~mamalian vi ruseg &ﬂozers sutigs ﬁﬁeymu mbanit@mtmnsmm ecrommemacwm,asmnm
7. 5K ronoter) nmay be used; when generati ngsce | Iines that

contain- mJI ti pl e3c&il d$80fBroglie et al 1984, Science 224:838-8
e.g., soybean hspl7.5- E or hsp17 3-B (Gurley et al., 1986, Mol. Cell. Biol.
20 6:559-565) may be used. These constructs can be introduced into plant cells using

) or heat shock promoters,

‘Ti plasmids, Ri.....plasmids,- plant virus vectors, di're(;t DNA  transformation,
" biolistics, microinjection, electroporation, etc. For reviews of such techniques see,
“for example, Weissbach & :We'issbach 1988, 'MethodS for Plant Molecular
_ Blology, Academic Press, NY, Sectxon VIIIL, pp. 421-463; and Grierson & Corey,
25 1988, Plant Molecular Biology, 2d Ed., Blackie, London, Ch. 7-9. '

| When cloning in mammalian cell systems, promoters derived from

| the genor_iie ‘of mammalian cells (e.g., metallothionein promoter). or from 3
mainnialian viruses (e.g., the adenovirus late pro'motér; the vaccinia virus 7.5K

. promoter) may be used; when generating cell lines that contain multiple copies of
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SV40-, BPV and EBV-based vectors may be usged with an appropriate o
sel ectabl e marker. I n cases where an adehovirus i.s used as an expression

LTSNS, NIRRT N
promoter and tri &%%é{,]%gn%g&defn cisBdiGefe aﬁ%&l&mvim? is used a8 AN BXpréssfRNRCBRY -

t hen be i nsert ed €novi rus genone by 1n vitro or -invivo
reconbi nation. kgs %b&ingnsegﬁe@enmﬂy ass dighied| tor agi adenofirash aransariptiogétransiation
(e.qg., -~ region El or E3) wll result in a reconbinant virus that
i s viable and capaipblecarhiplex, e.g., the late pEqwmoessaney tripastits, lsadarnsaauence: e ckhiy
‘hosts. . See Logan & Shenk, 1984 .Proc,. ' . t]. ad. . Sci. . (USA)

83 5655-3650) . ANTBATISG GMY, Do pe PR inhs adsoqyinys BRtigme GF B vidbr i)
used. ° see t ion. in-38Ren Bi@tial BEakl vial gehblSd) .z,

79: 7415- 7419:; REeR s, 3{‘“%%’4;"}% S oA pan oo e
1982, ° " redlbRE] HRER) wilt aesultSai a r@mbiAaNtA9RE )that is viable and capable of
An al ternative expression system which could be used_to exprt(la%it’t he

protein of interegptessing the protede in infeatedrhosty, (BeL.s Jeh Logan & d884pPeec,

Cact o 1o axpr e Ntk draargio, (SAP 8148555858 Xiebatle M yudci YOS Rigforer,
frugi pefda cell g,y qufg%zfi@?%y%ﬁ&e&% e, 1982, Proc. Natl. OAGMd. iS¥iO(USA)

non-essential régrons: npl e the pol yhedrin gene) of the virus

~and pl aced under79enriisrBi199 MazketdeiNElY, p884vok. €Y ir¢K. ct9:850a8GH; Pankealipes alhel®82n
pronoter). Successful insertion_of the di ng sequence will result in

i nacti vation 20 Proc. Natl. Agad; fgi. ﬁ&@%‘&?gﬂ)‘gene and production of

non-occl uded reconbi nant - vj L i  ; i . +
pr ot ei naceous coat coded f%{lH@%/&%wge?ggr?ﬁggrsyﬁtﬂaéwﬁgl)wEmillﬁggedg & W@xpress the

reconbi nant Vi r yg8@irPéEinteiesR is Eieihsécl sysitrac tinSpedaph eyseerhy Amiogeapha califdrsica n
whi ch the inserted gene is expressed. (E.g., see Snmth et al.,=
1983, J1sViol. 4mcle8rpolyhedrosis virus Gh¢NRV) s usedra 2 NeCtpto exprass forpign genes.

Cransl at i on of - HECHFERERYNH o ueioplerd Suleiiblis 880 O iR A Shaene mey be
“enti e gene encdlRg AL e o ng. Lo oo
initiation codomndnglacedj amientcosgqliefi@asAcNPV promoter (forjexgmplethe polyhedfdn
gpp_r opriate '.exprp?griiogzg).Vggécggs’ﬁilnngse%ilgril to'f ?l;]eal:oc}iﬁgel gesclluaeglcizeovnvﬁi SR iglaxlnact'ivation
20 - . of the polyhedrin gene and production of non-occluded recombinant virus (i.e.,
| virus lacking the proteinaceous coat coded for by the polyhedrin gene). " These
recombinant viruses are then ﬁsed to infect Spodoptera frugiperda cells in which
the inserted gene is expressed. (Qg_, see’ Smith et al., 1983, J. Viol. 46:584;
Smith, U.S. Patent No. 4,215,051). -~ | |
' .25 o S Specific initiation signals may also be required for efficient
| translation of inserted coding sequences. These signals include the ATG initiation
codon and adjacent sequences. In some cases where the entire gene encoding the
protein of interest. inclﬁdi'ag' its own initiatioﬁ codon and adjacent seQue_ncés, is

inserted into the appropriate expression vector, no additional translational control



VIO 98/ 37413 S o |
PCT/ US98/ 02658 2337413 - o - } 15PCT/US98102559

signals may be needed I n other cases |t1ﬁay be necessary to nodify these
sequences to optimze the expression of a heterol ogous gene in a host )
system 1fgnal§'01¥i§y e nédlie§2SHP MR Eased it/ nihypBé tHeRssRy 1d9ndif) Bibse -
sequence is i nser exogenous transl ational control signals,

i ncl udi ng the ATékquentésatoi optimize ahe expression ®f a heterolopeuspgenei thed. host system.
Furthernore, the_initiatjon codon nust be in_phase with the readi ng

frame of the codFeyVeyEfuihERses ovRaTs ATy 3 aﬂ%‘ll%ﬂ ionthef cadiRg spquenee jin dasarted,

Cbdons can be of SHAPFER ISPkt Winal R lind AT Biag Ot Gt B

synthetig. The epéi E%ﬁﬂé“d’ @urﬁ%ﬁh@&sﬂﬂlnﬁﬁﬁoﬁ%o%ﬁ‘ﬁﬂ%& in ]ghase with the %&@g
inclusion of appropriate transcription enhancer el ements, transcription

term nators, et cfra(neenf Biet cmﬂmgtserpience m&ﬂsurbfmamﬂmonmfahzwmﬂre insert. These
153:516- 544) - . Transformed host cells of the :
present i nvent i oﬁx%geeoeetraeslmtmﬂg@bsmnals and initiatipp-eofons £an bgofagvasiety of

transfected with tr

oahni caee or of R, Fib3RRrCRRIAHEERE. TheMAGESAE HpMssiopmay be pubanced’
protein e URKR B téaRSerijft tc&retmeers .
The vectors and tr)nattrktlo Eié sloxﬁeﬂ%pfcgmsac | osed her ein are Sg%@&ﬁ%ﬁx&%ﬁ telmiln
~host cellbs over wrminhktonsaetge(sed Bpteoleaaly,otQSG Methods in Enzymioll 183KHi6yBtd)c
B e e At el e BRS BeeSiivtelgh aFrcels vhich hae
sequence [ p, .
‘transcriptional /] ransllﬂtéstf?lgrrl\ élt:g% ﬁegi&gggﬁ% 9ot wrﬁﬁﬁé@4%51n§ rec?]hlbcfm“ L

“include in vitroDNX esshinitfues oPbiher mﬁmlbta methedalogy | mdvemp@esmhe protein or protein .
reconbi nati on/ genetic reconbi nation (see Maniatis et ‘al 1989, Mol ecul ar

d oning- A Labor Sbynit qoded for bm%hwﬁlwuﬂglﬁérseﬂ%ﬁ&t%wqu and methodse
. f | [ls
care of st Cob bl Rl gL B2 Rl AR b

By utilizing teciyy aesydl drgh/iioi. Methods which até'well&r@iin totheSNskiNGd i the
with the t eachi ngs as set forth herein, one skilled in.the art 25

may sel ect the ozpttrcanlbe hwsed tmwnstmemmesewpr@smranomymm:muekpnésse@mce :

identif the desired ta l.ant, ot | n, addi tion,
" cell st ?a. n may Eés geieed fo express and #br $ h’@g‘ﬁ‘f {kﬁaé’ g‘i‘ﬂf‘%‘s‘?f‘ﬁﬁlﬂg ciFre

I nserted sequen eoi'n ! iRk vitro recombxﬁrl?cﬁﬁﬁ?steéﬁ]ﬁql%nﬁnd)rzﬂd%

in the specific ashr esire Such nodi fications and
processeag (e.g. recoinbmaagebgenénqomﬁombmanmd@sﬁes Manjiatie etrrpbrtbQﬂQ fMolt-chﬂar :

function Cloning- A Laboratory Manual, Cold Spring Harbor Laboratory, N.Y.). In the:
case of yeast cells, the vecto'rs can also be introduced by _ma-ting cells with yeast of
thé opposite mating type that carry the vector. By utiliiing techniques Wé’I‘I’known '
in the art in conjunction with the'teachings as set forth herein, one skilled in the art
'25 may select the optimal host cell/\rector expression system to express and _identify

the desired target plant proteins. In addition, a host cell strain may be chosen
which modulates the expression of the inserted sequences, or modifies and
processes the gene product in the specific fashion desired. Such modifications and

processing (g.g., cleavage) of Iprotein products may be important for the function
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~of the protéin” Different host cells have characteristic and specific
mechani sms for - the post - trand ati onal proceSS| ng and

T et oo 384 i A8 5o b oo s Sechidms or

proceSSI ng of thgefy g &&lzﬁfdﬁ&ﬁt) c Ce%emﬁﬂaodifﬁbatlbh%femte@k%ﬁpl? fatd .

cells possess ular machinery ¥ ocessi ng

of the prl mary lmes or host systamns can pbe chbsenowy leasurentheacetrediompdidicyiicy iand
of the gene product nmy be used. Such_manmal i an host cells :
i nclude but ar e Breeessingiafcheforaigmpropeincexpprgred. To this end, epfanyotichsst autlek,

293, W38, and-t i ke.

o otuad onor Wi Bfisessuthe. ffular. mastinspy for, propds” prSithiifle It e, primpry
gr ow under suit qmrﬁcﬁ%pgiﬁosﬂaﬂbﬁ 'ﬁasﬁmo%gﬁoryraﬁﬁﬁlo? thé }€né f)H)cfuc Biay be used.
undergo a sel ective C Uuring protoco he” sel ect abl € marker

recombi nant . Such mampiatiamihdstceeiseinslude dus aen oot hm1teldetos@Hﬂ;tVER(BrBHK

allows transfornmed cells to grow tQ ~formcolonies or foci, whlch
in turn can be Mﬂ%ﬁé’d%%melmenes o - The growth

is measured. Growh generat+l}gowlggltﬁgg§t§o&£% ot?efo{‘ gﬂg%lgﬁé%%g%%%tge%ﬂ 15

functions in the intracell naling sys

growh 100 . allo8RAK6ArbW mﬂﬁ'rcsﬁitﬂﬁetgh@ilth éo:ﬂmlseror B@ﬁnﬁﬁg E#RCcdlfs may

growth may al so be assessed and extrapolated to t
ef f ecti veness ' ofuntxgot msejeativel caltiripg prasoel asThenselentatie aiarkdran the recombinant

signal i ng conponent Qr to determne iits functio the intracel |l ul ar
i onal ing <P Basmid el s panen s Sl A Al EREN GRS col T e o
engi neer .cell lig B8R MY EOfoci, which i H¥nSSH ﬁéﬂaomb@%d r&g&ﬂéa mt%”&n"‘ﬂ'xééh

respond to nedi at st gnal transduction, such roteln

- coupl ed signal i rithesgrotvelinis mBaduzed. ed}rowﬁhgﬂml'aim ndicates thaltheltarget plant protein
“cul turi n protocol s, suitable for use wiith a variety hgst cell expression.
syst ens lhay functions lgeth%uwaaqeﬂu@arsazzwn@r Histraw| while, the | ahsemcsr of; growgly

{hi may be usedengally indicates el CRRUHCE. Dine' A BF ERMRSEF o W SEGET™

. sinpl ex virus t hydiestirapolkicdas Qhé Wf&ti%ness of the tar%et fntdrotein 8y 4n 1&?&&11\11&
11: 223), hypoxanhi ne-guani ne phosphori bosyl transferase

.~ (Szybal ska & Sz yskga:labng COMPERENtIRHEQ degprimineals dundatian mJQm igravetiaipr smalmg
-adeni ne ohospt}ﬂ{sl bo I transf er.as 198

220 817) genes cXAchEe M AN antﬁ%equéﬁ'cﬁ%ﬁfﬁ 9 Fn%lBF?r ct?gll limes Which
respectyyel y. Alegpressibiel Iﬂﬁlt?ﬂ?@ﬂehi, %nﬂ QiieH R866hd to mediated signal transduction, such

as G proteih coupled signaling systems. Detailed ‘methodologies for selective

culturing protocols suitable for use with a variety host ceil expression'systems may .
be found in Current Protocols in MalecularBzology [41. | ' |
_' An example of the numerous selectlon sysiems that may - be used,
25 . include but are not limited to, the herpes simplex virus thymidine kinase (Wigler, . -
et al, 1977, Cell 11:223), hypoxanhine-guanine phosphoribosyltransferase
| (Szybalska & Szybalski, 1962, Prbé. Natl. Acad. Sci. USA 48:2026), and adenine
. _'ph'osphoribosyltr_ansferaée (Lowy, et al., 1980, Cell 22:817) g.enes' can be

- employed in tk, hgprt or aprt cells, fespecti_v'el_y. Also, antimetabolite resistance
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.can be used as the basis of selection fqv dhfr.. which confers xesistance to
-mathotrexate (Wgler, et al., 1980, Natl. Acad. Sci. USA 77:3567; O Hare,

et al.  can béLQﬁEd K afe bhs! of éé’lééhons%r dhBA \Zﬁtciﬁggﬁfersn%lstmct‘o |

confers resistance to the am nogl ycoside G4

( Col ber r e- Gar apimethetrexdte (Wigdét] et dl,, NS0, bBtblAcad58c11USPaﬂiﬁ 3567; O'Hare, et al.,
hygro, which confers reS|stancet cin Santerre et al., 1984 Gene
1 30:147,) genes. R84 eRrac, Nathfhqade A8l- %g%%t mw&mlgmgrmumeem the

cescr! DEC: o oeyr ARG it el 23 ST, 1M Brsdtsd "

histinolsin pla Winfdhl briters( HRisRe & Mdrohie 1 c.
Nat1. Acad. Sci qﬁ'égéA 85:8047); rSand oDC (or%hl neH’d((aScaartlrt%%iy ase) %ﬁ Gl

which confers 30cH B tgenese Remn:ntlyhnrldmonmlBélectabledmkebgmekanee beerhddvctibed,
2- (di fI uoronet hyl ) - orni t hing, McConl ogue L., -1987,

In: Current - namel mm@%lm o ﬂ@Fe‘E‘éqﬂSrmEiﬂéW)Qﬁ Wlthasphlsﬁg

Har bor Laborato n

expression syst gynlgglglagowgrc flls. 19 ut1{1§/e Blssgp o iy %lae%gﬁﬁfsgﬁbde amﬁﬂ?ﬁ Il\@élhgq.n
the present i nVQBBSOProcaMtﬁFAﬂ:aHhSE:ﬁf@SR 858047 &1l OUC (SdidhfleSdeRartdxFfase)
variety of yeast cul tures, and suitable expression vectors for transf‘ r m ng

yeast 10 which | sonfere résistance tSeethe. (prpithing. deasrboxylise 4phikior)5 2-
U.S. Patent No. 797..359; P 615,974, U.S.
Patent No. 4, 88(5‘1*?13‘2”“&?‘13)’1)1%5‘1- e, BFE’IO 8\%809}03‘1‘1%84419%%&’8 S Curzensn

No.- 4,865, 989. gagch nl y
used anong the yeasi %EEE?’(%}E gﬁﬂgéﬂrlturgeldng I%lhseprmfeaaﬁbog ;I)‘gg&té%&ggqg

are conmonl y avai | abl e S URdToRtbifEn yeass akpressionyysenoae articiflafl Gsdfiukip- the
See. al so, U S. Patent No. 4, 806, 472 (Klhuveronyces lactis and.

expr essi on- vect BFagtice of the preseptmvemtions jand Arggherpfore preferred fonusohereimndh |

Voot or stmmy conv oy SRt FleuseS. G bl sorpisian eSO tor TitsForga Sease.
2 micron yeast pkifsni@ Rhowi. atseen@gows it CRbI 745,051 ¢L S2 Patent No.
(ARS) which confers on the plasm d the ability to repllcate at hi gh copy

nunber in @ 4,797,35hdJ ﬁeé’@tenééfd 4,6 LhO74nHrS. cPAEGRENY0 s 4R80T WiSi. Flatent
limt the ab-ill h pllcte at onlylowcoy
number in the y ?:L]l 84‘P "ér?c{%t%’rtema{& %’ﬁﬁg{?igﬁ Sacchar omyces cekeyiae 1s
het er ol ogous ;fgeﬁ ef I ) r C
' .term_nat'i on, and a gdg ectﬁgﬂb e % gg%stpo‘hmag?g)r‘;ﬁgﬂa&gr#g) n}%gge He

20 are commonly available, such as Schizosaccharomyces pombe, and the like. See.’

also, U.S. Patent No. 4,806,472 (Kluveromyces lactis and expression vectors
therefore); 4,855.231 (Pichia pastoris and expression vectors therefore)' Inﬂ certnin :
embodunents yeast vectors may contam an ongln of replication from the
| endogenous 2 micron yeast plasmld or an autonomously replicating sequence :
- 25 - (ARS) which confers on the plasmid the ability to replicate at high copy number in
- the yeast cell, centromeric (CEN) sequenees_whic_h imit the ubility of the plasmid
-to replicate at only low copy nuxnber in the yeast cell, a promoter, DNA encoding
~ the heterologous DNA sequences, sequences for polyadenylation and transcription -

termination, and a selectable marker gene Exemplary plasmlds and detailed
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materi al s ard met hods for naki ng and usurm sane are provided in the
EXAMPLES secti on. - . Any pronoter capabl e of
functioning in yeast,K sys sel ected for use. Jqn th
preferred expre@é‘ieﬁﬁlscéﬂét m&'@g ?FH HBasktm%eﬂds BFE 85 85k v1doed the

invention.. Sui tﬁwhmh{g} sequences in yeast vectors .include the

pronoters for | ohi onei n, 3-phosphogl ycer at eki nase (PGK)

[Hitzeman et al., (1980) AnyBp@moter capable of fuhetioniddn . kasnemmtrhty be
glycolytic enzynes [(Hess et al., (1968) J. Adv. ynme Reg. 7,
149: and Hol | anstlestedsfor usg 1r9ﬂe)pre?eoeﬂ@ﬁp@§$19n constagtsnd t@@fcrwllwf the present

ORI L A e L S N S S e A Y
phosphogl ycer at g .. .filifSkein, 3%[&?5&6(;?% cefdBRifise (B IgPHﬁ%&%ﬁQﬁ&ﬁ (1|9%owrm?

_phosphogl ucose I Soner ase, i nase. Suitable vectors and pronoters
for. - @Réml rzsseeovslenprm| gllycollyacfemzyrlnec [@essret dd (196B) JHi Adenan
et al., EPO Publ n. No. 57 QO her praonoters, whi ch have the
addi ti onal advaBozyyee Beg1®, 149: and HQﬂ:&ﬁécﬂf |a|l>t, (6978 dHohemistey b7, 4700« such as
condi tions, are t-he pr

o sotyt oo el HRaRIArs B e, B8 hrorenase  ppnobill! " SAEARE
associ gped Wthd% e dﬁtagdﬂormctms&heg% sEBEsHos MRS "BERELAQE NI ofei n

and phosphat e dehydrogenase, as wel |l as enzynes

responsi bl e forphosphoglycerate malutase.e epydurgm ackmm ut érlosephospirate S Uisbmerasé,he
gal act ose i nduci bl e pronoter, GAL1: Partj cul arlagl ef erred for
use herein are PIRSDREBIUCASAISOMETRATE &P‘é(ﬂll‘éﬂ"kmase “‘tabled’éﬁt;? Bg‘iﬂé‘é‘@%e

ronot.ers.. Final | t -
BI asmds, the t%ﬁeyme['lsO%%z%%*&&ﬂ%ggugg%%%gﬁb?m ghﬁ eglgngeér?éé Enlr)aoy abg% be
ligated into.thRoexps g5l onOwRet promotess] iwhichhdiaee othegadditionali movaﬁﬁgtertffes
to pr ovi de - pol yadenyl ati on and term nation -of the nRNA In
preparilsg the pumssnpuqn ogntrolled by grewpy eonditionsy atetthe 9rqmotsmgm§sfemlcohol
invention, translational injtiation,ites confer .
the most effici dE‘?&?F’ésfsJo%l R s ﬁ?ﬁ éﬁc&égipﬁatg qﬂ%%%at}vﬁ Fﬂ@n@e@ast
~cell [see G ganaslea%H%fﬁl Hitrdgen aikifboliSH/ anShE afoY@rhefoned meldllothioh8in 4nd! 2

. description of suitable translfational.initiation sites]. A particularly
" preferred glyceraldehydeebiphdﬂ)habqﬂehsémgnmgtaS) rwelk @$ \enzymes cespopsible fart

t he present invention
- p . maltose and galactose ut1hzatlon such as the galactose inducible promoter, GALI.

20 .. Particularly preferred for ‘use herein are the PGK, GALJ and alcohol
dehydrogenase (ADH) promoters Fmally, in constructing sultable expression
plasrmds ‘the termination sequences associated with these genes may also be
hgated into the expression vector 3 of the heterologous coding sequences to

| provxde polyadenylatlon and termmatlon of the mRNA. In preparing the preferred

25 expression vectors of the present mventlon, translational initiation sites are chosen
to confer the most efficient expression of a given nucleic acid sequence in the yeast
cell [see Cigan, M. and T.F. Donahue 1987, GENE, Volume 59, pp. 1-18, fora
description of suitable translational initiation sites]. = A particula'rly_ 'preferred.

nucleotide expression vector useful for carrying out the. present invention
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conpri ses such an aforenentloned prom)ter sequence posi ti oned upstreamto '
t he : translational initiation site of the heterol ogous '
nucl eot i de sequegsifipiists @At gn afsrementioned promoteh seqhence, Nsﬁﬁcﬁieﬂ upktrédin to the
desired to express. Particul arly preferred pronoters in_ thi

regard are the QGtanslatoal lmlOAmep}fdhgt @etgrologous nucleotide sequence encodmg forf
a variety of neaps for dete tran

pl ant protein ont§ REDLRS f’ﬁ‘h“c‘%gﬁ ‘\'eeg t@e‘?’ﬁpﬁ sﬁr Oéqrbﬁ 1%@“%‘? gﬂ?ﬂ“"ﬁeﬁ%"h@ﬁ
cell may gms fERasur ement of the _
‘di sassoci ati on 011; g deér}‘rét ?g%?tferr?ﬁd tdino ‘be made t hrough
conventi enal nmechanical di wnypiflaomiechsﬂmamssfor defestingthe effects of the transduced
det ect abl e bi ol ogi cal responses may also |end thensel ves to neasurenent.
One 10 - splent priotdingh @B pr@tsmmlqu:eﬂnbracgnahag systemnfof theohost el moaye

LPS?E??e?LL?EOZ'%v%@%@nge SFAREgnh o B disideiadon & G Im Gk e,
her ei n presente t e
detail in PCT 92‘7 fgg%eb%ﬁg ort %Wikg&t%ﬁ&ﬁ%&gﬁ@%' j However

endogenous detectable bile gicglerspomsesmagaaisd terdy henselves to mdayur%ment One

pheronone and an inability to adapt to 15 - the. presence of :
pher omoi®. For  esushihielogical respanse |ls)ﬂ1e@cﬂm<a% phthe phesempng indpegdemating signal

th funct t t t bl th
devel opnent of cxtrERa SEEEEEISTRE pgheted b by Rkeomgthe RS ke
protein, or- . agsay systerﬁ?hekﬂ?p&&éxﬁ&i thé basiePrensRsofl Whichi i9 (ddcAded Whiflofe
_protein coupl ed reéceptors. nut ati ons e.g. STES50, sgv

ste2, ste3, pi kildetxkgb PCH @ilzlaZfd s set fhethaherein, ssetectesr m@@tions in endccgbheuﬂ
of increasing the sensitivi i.n_the art wll

d
Oder et o TPt Yetst Bhnet g A D Iy PR AR R mEe Al dn iGabily 40 pdapt to
“through 3 the presbiEd P 40 BhentyChy AR e Alubnd B GheeFBk

* of these af or ement enes, i1'ntroduction of nuc

substi tutions.t haithdfigktipn inke yeast \StrhijlsOéxprbssmg the target probdifis Nenables the _ o

i ntroduction of nutations that down-regul-ate their expression, or in
certain 25 devemmeahefe@ctreefeﬁsequetbmfaYé\fef the sftestothe target mmm;

in the STE50 co Q
. not del etion r}?’kéﬂ frﬁec‘ O?ﬁﬁgsm}cﬁ g’ogu | oﬁéﬁehoa Jro{etﬁ?c gd t%ﬁgttgg gﬁ?e(fn
of nutations I n rhﬂﬁuBﬁéé BOSEES) 3pvi} szezssw&tpz@p RS \bER, &ﬂ& uﬁtIShm the similar

" a yeast cell well suited to expression oqu ant proteins, which are able to
functiod@lly resyact of incmasing recssnsitivity @nabxpayaxys()amskllled in the art will

understand that increased sensmv1ty of the assay systems is attained through a
' vanety of mutations, such as deletion of one or more of these aforementioned
genes, .introduction of nucleotxde substitutions that dlsrupt the actlvxty of the
- protein, mtroductxon of mutations that down-regulate their expression, or in certain =
25' ; instances, effecting their overepression. ‘For example, in the STE50 consttuct;
: overekpression of the gene is desired, not deletion of 'the gene. Thus, introduction
| of a constellation of mutations in the mating signal transduction pathway results in
a yeast cell well suited to expression of plant proteins,” which are able to

: functlonally respond inan mtracellular sxgnahng system.
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I n conjuncti.on-with one or nore of the _ézlgove ref erenced nut ati ons, '
a particularly convenient nmethod for detecting the effects of the plant
protein on the cellular signaling systemis to utilize a
conventional genetic indi datonjungserewith one or more ofmmgboweﬁefgmqumutanons

f d enbod h | ded h ;
heter of ogous PSR A e}?@ﬂaémﬂ’% rﬂl %Bﬁgﬁ%eénon the
promoter celi %ra e s9&érﬁafs°{o 91 ARGt SFSdme

oS
pher onone-r espo 5 operat I veI assom at ed

therew th. Wthygyg hnace‘iﬁﬁvﬁf&@hémerﬁb@ﬁﬁmtshme cells are providial withiancadditkmatan
be carried out by nmonitoring the expression of the indicator gene _

in the aell. Anjetefologmsriue{eotidt spOMRNOSDEBNPESND BsPHFOBMOBe5EPOBSiYS prameser
used, 10 o exanpl.es being pronoters drivin

af orenment i oned BAdraswdRlicator gene POSIUPB Srwngze ﬁ%%&any@egpﬁ?{ﬁfngfl?ﬁspomwe |
mHerr] 2, MRAL P%F%AZISF %FCEQ& é’%ﬁ?%ssor:ﬁ %ﬁﬁ%v;mh With such 9@?@1&&@%]5& tﬁé‘d.

the FUS1 gene p oad variety o

i ndi cator genes dE@Hﬂn% &t& B&Ebe cattied oﬁxwfmoﬁﬁorlngﬂmmm$$hn ofitiSindis4to gene
- URA3, N1, CYH2, and LacZ genes. A particularly-

preferred repor tmtheyerie Agy of a vaneszghcmonesreﬁmqsn@dzmw%spws be used,

| f a FUSL |
codi ng. Ybquence SRR BERECPIITRE GVMD AT A0S, i fopypsntionpl AlcRbiofe
reporter constrggsk,ﬁe coﬁtgﬁ% @l ;,,ﬁwe AkoH MEDQ, WMPADCSTES, STEIShne Bured

under pher onone si gnal transduction pat hway.
- Yeast' strains (lpes@promoter, and the BUS1 igege prumwotennbikewise, any oﬁblbeoad)vagremnf

Donel i v +o” o adimton gons Spldhie pred s eagmeten neliany e Y3, gty
f wt
or oferred enboatash CATk SCHz WA 2R P e linfty AR |shofkligine

of . 45 t Qﬁﬁs‘inﬂ:?n@uﬁliiédmﬁ fir§ing tiafikOriptief dontrobeleatenss dHa rmpgeme to
activation by binding of pher onone. Therefore,

transduct i on. cadlS3 prowin coding degyencesa andi replapisng, the orginal F ng .gene with this

gal act osi dase activity generated fromt E |l acZ _

detection of  Teporter cog%}%méﬂ’ Eﬁslﬂﬂtﬁﬁ Fh?%l prédgﬁg ﬁ' e%is!ﬁ scelunder
expressing the %Eoﬂﬁ%ﬁ 205 HePbmone signal trans@fétfon pathway. Yeast strains (his3) -

beaiing this co,nstruc':t' are able to Erow. yobr‘_ly on suppleinented minimal medium

20  lacking histidine, and are sensitive to an inhibitor of the HIS3 .gene product.
_ Activation of gene expression resuits in increased growth on this-medium. In other

- preferred embod-im_eﬁts, pla_Smids carry a .FUSI -lacZ gene fusion. Egpl_'essioh of

these 'gene fusions is stimulated in response to receptor activatioriby binding of
pheromone. Thereforé, s.ignal.,transductiOn can be quantitated by measuring B—_

25 galactosidase acﬁvity generated from the FUSI-lacZ reporter gene, or detection of
_enhanced growth on minimal media in yeast expressing the FUSI-HIS3 reporter

 gene.
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Gt her useful reporter ‘gene constructs, spil | under the control of .

el enents of t he pher onone si gnal - transductlon pat hway, but alternative to
the - ' above-di Scbﬁﬁ&duieﬁﬂofépéﬁeﬁlgéh@'&nstﬁﬁs | P h¥iferS hﬁ"%ﬁtﬁol of
transduced t hrough ot her Ret er 6l ogous effector proteins t

are coexpr essed. eléments xahtileepherpmone signat itransductio pathway, but klﬁmam&eognu&

adenyl yl cycl ase nay permt a yeast strain lagking its own
adenyl yl-cycl ase 2RO¥erdSCHBIesTERRMISTSYSIFIS: AR5 Inyokve $ignals rtm@ceé)mrough other

I f d
Chamer o o, Beerpqpons bR R RRe CoBlAb ke EBLRLERR L B Hhpmor
containi g | ow pptRssio oﬁ@“&deﬁﬂyi’é ke [xﬁﬁf kﬁemﬁtr liiz)y»eazitoﬁtram lackm 1ts own
exanpl e, see Anderson, A et al (1992)( Proc. . . A 89,

3736- 10 - &H@ﬁylgmcycmse die 6o mtatiRn it thensde3s geneorfo snrmveez)) bngulm:on of a
PLC-[err] may permt a yeast .~ strain lacking its, own PLC[(pIc)]
for exanple, sedterplpgousirprotgircoynlodpgtassgun channel may Pepy ageasis e

equence. uhi ch CBJEDW gf et cSMalE ow potaspingy concentration 7k . "Hhe
practice the presgpipid, %S'Kdd@fkonElm%i; 9929@91@& Naﬂyeldaaesrzmrsmgt R934.5

~product of the D. nel anogaster Rutabaga gene and the mamualian subuni

U)

types |40 . 3740} W Isurvivey rorrb)vstrmulamn ofrarigtervlogous Rh@-famayaperndit &. yeast
(1992) Cell 70, 869-872], .and r#émt ants and Fom)l s t hereof , -
al ong with the BUAIR @&E&gc‘ésso‘@ﬂc?éfﬁ ﬁ@@h I example, see R Exrand Kiggggrald-or

_practicing the ty o Any DNA sequence
- whi ch codes for%f%gbrotelgr\g}%?pgeu 1%1335513 435 -4363“0 Survwﬁannel may be used

to practice the present inaaptDNA séutrire @&mﬂi‘ cédear fok eimnadenylyicyclase may be
coupl ed pot assi um channel include G RK1l [Kubo, Y. Reuveny, E., Slesinger,

P. A, Jan, Y. N. usgéhdo papctice the prqssgmnvmm e Exgmplesof- %beylyloygmn iinal ézeul_
for '

' ' ci he prese ntiaon mut a
-t hereof, 15 al ong vﬁrf’ﬁ tﬁéﬁ% b “°ga%é\{$‘§8§ft¥é‘rﬁ982 aﬁ%@b"m d’i‘gn
Any DNA sequenceyihifeh r&AdR Sed, Alang, W‘QSEH&UIWAPGOYQQQ)@MW 869-872! anﬁe
used to practice the present invention. Exanples of phospholipase proteins
~include the D. mnputantsgsosl hwmqbgp/@htgemfe atongiwith tadDNHe sequenfesr erjcoding sanmes
[for revi ew, sgﬁ S. G,, and: Choi KD (1992) J Biol.
. Chem 267 12 392¥hich are useful for practlcmg the present mventl
_ Any DNA sequence which codes for a G protem-gated potassium
20 channel may be used to practice the present invention. Examples of G protein-
coupled potassium channel include GIRK1 [Kubo, Y. Reuveny, E., Slesinger,
P.A., Jan, Y.N., and Jan, L.Y. (1992) Nature 365, 802-806], subunits useful for
pra'cticing'the present invention, and mutants and homologs thereof, along with the
_ DNA sequences encoding same. ' '
25 - ‘Any DNA sequence whlch codes for a phospholipase protein may
be used to practice the present invention. Examples. of phospholipase proteins
include the D. melanogaster norpA gene product and the PLC-B proteins [for

. reVieW, see Rhee, S.G., and Choi, K.D. (1992) _J..Biol. Chem. 267-, 12392-
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12396}:- subtni ts useful for .practicing e present invention, and mutants
and ' honol ogs thereof, al ong th the DNA sequences encoding
sane. cells of the presel

' . T f d h [ o
“invention expred239le SYPRRIE H%ef“lr ?or}spr%Ennangotfxgggrﬁg}t LS eR: dc@&%&‘tsfﬁ?d by

the het erol 0g0uS PILATHMIEN: Gfong willPfhe DNA sequencBs BicdaRfdaniche Pl.ant

protein’'is capa Interaction'wth the other G _ -

proteins of the intracel | Uransfoitgedhost gelis/of thenprdseat Bventidreéxpressuix proteins
‘receptors and 3 - sone effectors, such as adenylyl cyclases and ion
channel s, are i mireprogin nswhbnigheoded for by theyhetesplegoust I];é‘%l ggauensest oi Whemy

al so be associ ated with the nenbrane, as,i

S € .. . C with.G -
protei nss or t he e¥Prestsdo e RIRR B‘F?&%‘B_H%&T’@tleePé?‘g,‘ct’(?flalrwrﬁ%‘%qf[@l the otmer G
menbr ane i pid, | L Lash Péteinl :
the G o p§é|#réo g’? ﬁﬁ‘rﬁﬁ“%ég&?ag?fé“ﬁ%é f)e co'ngleh-r?!tqrp gt ed_.odr%ﬁlﬁl%ta rr gcc%glfq%ﬁlgg?
nenbr anes i ncl ugbf@ effebtors, such as adenglyd optiasesiand rien charinels, arpaintggral angrherane
endosones and secretory vesicles (F. A .. Barr et al., 1992).
| npl ement ati on qiroteins. fEhehplast protein orryt 3ls@ e asagiated, with/the spembyane, asyis the

roceptorl | gand A Wi G proeins o Fre Bl HONR P @RARENSREL. o5 may, e 4y

- plant pypteins 'HHélhtﬁﬁgs' ligm, iiéh AL RRPHRBophatidylinositol- hoptRtpRies! SoaRbfGhe G
proteins may be worked out in detail wth the assistance of this '

. power ful genet i @royit inmhe loefianay be cpncdnitrtesiyon entrasevlatmembranesdnelbdingdhe
appr oach _ to the study of .the functioning and identificati f
conponents of t tfadeplasmicaeticyym, golgi-comp Ieé‘ﬂoiqf’é%sﬂ@cﬁqcﬁﬁﬁogyg‘?sﬁﬁ &"n &
plants;, as well .as %qqerigg ‘i zed approach to . Screening assays .
utilizing the G%’f) ‘el 1 "Coupl ed signal transduction system Once S
the plant intracellular sigipdrmégatiorsifeite ntetheadstand consttucts desdribed erein will

- variety of. - pesticides, herbicides, fungicides and the |ike ma
- be desi ghed, havaciljtatedescription of structusalcanchfunatiopal aspertsPf meeptor-igand an

R t . <, d . . t . ’ . < ) |
adapted 1o 1 eccieEBRRCaORFrRRyah T RF of Psprprotcips BHCANARY HeEfponse

Cidentify, in theyfeidndl andProfiARay 86 WRIrkeS dut Altidd @ith the adsttanck of tis
desired to’ ' study is sinply-inserted into the vectors herein
provi ded, and expmesfibdereric system. Imporapiy.dbe ispstemipsevidesd generalined approash
presented herein also faciljt tificati one EHe bi ands

e .t hy PSP o
for plant G prott@ithe é%‘ﬂbloédhi)%%é‘}’wg‘.g 3 18%9‘1%‘%?H"’%§E&9‘“*’°“¢“‘5 0 otein

20 coupled transduction system in. plants, as well as a generalized approach to -

scrcerﬁng assays utilizing the' G protein coupled signal transduction system. Once

the plant intracellular signaling'sysiém is better understood, any of a variety of

pesticides, herbicides, fungicides and the like Imay be designed,..having novel .

mechanisms of acti_'cvn._, The preSenf invention provides expression constructs and -

25 asséy systems adapfed to ref._eive any of a variety of plant p'rdteins it is des_ired to
identify, in the form of "expression cassettes ". The plant protein it is desired to
study is simply inserted into the vectors herein provided, and expressed in
appropriate host cells. The systems pfesented herein also facilitate the

identification of ligands for plant G prote‘in—coup'léd proteins. In certain assay
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enbodi nents 'of the invention, any: of a vdriety of substances may be

cont act ed ~~ with a host cell expressing the target plant pr ot ei n,

to ascertain. theerﬁéé&‘iﬁﬁ gnsf HeNinvention, anx,pof §Wgﬁ5@n&fesmta519€s fnﬂg MG EbiedeRd

signaling system ances nay

conpounds, * met al wiiNs hostQellieitpressiBs @i@ta@getqﬂﬂlttﬂ"tetein ke, aschmem d'ldlﬁfm of 8ich 5
needs of the user: Suitable assay parameters, such as |ength of

i'nteraction, nedsubstance on the mtra@allluiazwgnaéme systesr. tSuch sy Ges gnay &'ﬂmpnse
constructed in accordance with tec ues tal l utj.lized
the art. Srganic compounds, metal g, peRridss: Prgtoins s 06 1. dbpéding 65 e "
further |IIustra i i
%@ed\égo;{ gﬁé’ éseeé aSSulﬁable atssary gﬁ%ﬁﬁ‘%ﬁs Qhch B le?x%ﬂ??f‘ﬁuér%%ﬁ i

They are not to

EXAVPLE 1 utilized, and other test conditioh® dtetcohsinited\iiehdvorddrte widnedchaiyued
the plant G protein [err] subunit 15 . is.conserved conpared with yeast -

and mammal i an prgenerally walizeddn 8¢ arhe abi | ity of - the plant

G b h h d
opovern Lerr]subuntl o i aRheERt EL SR heffherln N B0Skua obte

yeast SCGL gene., ygﬁtst of the present %ﬂaﬁo ”Tﬁ@}s afe€ 6t o b8 LohbtFudPhd 'ﬁﬂuﬁ@% gfﬁ@y

is regulated thro ransmenbrane receptors

and Ste3g and a {hgvef@on.c G protein internedi ate In 20 © the absense of
mati ng pheronmone, the G protein [err]-subunit, Scg 1, forms a conpl ex

with the [err]-subunits. This associ ation'-represses the activity of the

[err] subunits so : - that the cgll,; i pues to divide. Binding of
‘the mating pheronones a-factor and CEkAIﬁﬂi“??actor to the STE2 and
STE3 receptors, respectively, resul'ts in the dissociation of

- the Gprotel n subunlts actlvatlon of the mating pathway and growth arrest.
25 : Frapdlemermmeamﬂme thesfugietiorcofewhe plant G ipeoteindw gebinit
G prote| n a subunit

: t di b th t

. constitdfively abtGopservad cqxngareg wi OyeaStl e am ﬁ%%rr%’g’?ga%{egggﬁﬁﬁgl?%’é' Qgs
D etzel, C d |

EKaﬁngt Al an p&é’fi{@-@poteﬂx%?gtbbgfx{t é% c %ﬁéﬁt  the o%“l;% defect ﬁﬁ?e%t%\%a}]rpthat

- defect in scgl mstmﬂblwﬂgto“sbemssoaadnmeomm mmmcmgemousmait scﬁGJ @ehesid 0
divide by Sacchafaﬁ:yces‘céréViside the mating pathway is reguhted through two seven- | |

" transmembrane receptors, Ste2 and Sté3, and a trimeric G-protein intermediate. In

20 o the absense of mating phe_rdmoné, the G prote'in a-subunit, Scgl, forms a complex

with the By-subunits. This association represses the activity of the By subunits sO

that the cell continues to divide. Binding' of the mating pheromones a-factor and

a-factor to the STE2 and STE3 receptors, respectively, results in the dissociation

of the G-protein subunits, activation of the mating pathway and growth arrest.

25 . o Haploid yeést cells deficient for the endogenous G protein o subunit
~ do not '_divide' because th'e -lmating pathway is constitutivély activated: The

mammalian G-pfo‘tein o subunits Gots (Dietzel, C. and J. Kurgen. 1987 Cell), Gai2

and G0 (Kang et al., Mol. Celll_'Bio., 1'990)_ are able to complement this growth

defect in scg] mutant yeast sn-‘airis_ and restore the ability of the cells to divide by
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repressing the-activity of ‘the yeast [eﬂﬂ] subunlts In these studies, a
cDNA "encodi ng ' t he plant ‘G protein [err] subuni t (GP[err]l)

-expressed in yeast was able,t

ctio 0 the
yeast G prot ei nT§RE¢SSIn G‘Fﬁ‘f‘@’ °f§-ﬁ%ly?§§§}6?‘éb‘ﬁ’|“8m[ﬂ %eseg&%xes 2BNK codm
ggl’?lﬁéég / 0 2659 the plant G protein o subumt (GPal) expressed' in yeast’ WS% able to form a
MATERI ALS AND Nﬁmcomplexwlththey&@@p’lﬂteﬁﬂﬁ}(ﬁ%ﬁnﬂglaﬂdfd%&)regfdﬁvtms cl oned -
. froma [err] YES Arabi dopsis cDNA library (S. Ellide et al.) by
desi gni ng probes based on the published sequence of -5 t he gene (H.
Ma et al.). The library was screened under strlngent conditions with-
P[err]-tiabeled DNA fragnents as described (Current Protocols 4) and a total

- 32 _ positive clones were identified out of 300,000 plaques. Four
of these were ' purified. To obtain-a plasnd capable of .
repli-cation in yeast and E. ¢oli, phage . DNA was isol ated

(Q agen) and digested with Notl, which releases the plasmd 10
carrying the inserted Arab|d0p5|s cDNA, and religated. The plasm ds

recovered by - this technique (pAC525 and pAC526) are sinmilar to
~the ones that are recovered by site-specific. reconbination
- between the | ox sequences fl anking the plasnmd within ' ~the | anbda

phage sequence, except that there is a duplication of the |ox -
reconbination site. The-identity of the clones was verified by restriction
di gestion 15 and sequence analysis. The two full length GPAl cl ones
that were recovered fr.om "~ the library and used in these
experinents differ in length at the 3' end. pAC525 is - - oriented
so that it can be transcribed fromthe E. coli lac pronoter and pAC526 is
oriented so that it can be transcribed-fromthe yeast GAL1-10 pronpter.



was constrtwoasbmsrermw ng the GPAl cDNA i nsert from pACSZSPW'ﬂdBWon
20 with EcoRl and religating the isal ated cDNA fragment with pYES.
Cl ones were screened to iden2Pfy a plasmid in which t he' cDNA
insert could be transcribed from t he GAL1-10 pronoter, and
pAC527 was | denMAFERIALS AND METHODNA t er-ati-on of the 5 end. and_ _

i ntroduction into different vectors. The two GPAl 25 ' 'cDNAs wer e
cl oned as ‘Sal | -EcoRl fragments into.pGEMBZ to renove the .

A abi dopsi s 5 @fiding &@#%ﬁoﬁéﬁgﬂ%%t&&é@ PPN ESSakdpiaaliccDNA

doubl e- was I nserted to reconstruct the

Ar abi dopsi s -codigigry (S. Ellide et al9€ Q%]xﬁﬁgj prevésamed ba the pmbmhediselmence of
sequence - wi th a polyadeni ne sequence is favored for- -

transl asi on i nithe genoi Mayetaalt). Tnnéxbmmwmmewmd%armw osmdmons with

WD 98/ 37413
'PCT/ US98/ 02659 P*%-labeled DNA fragments as described (Current Protocols 4)and a total 32

ends wer e .CI gneﬁjosit{]vteoflﬁ% e pﬁFﬁlﬁeﬁ GaPRr §6@9€@;B&§$ue-§hq?dﬁlﬂ SP@hE?sleeQHedes

used

5 uFHRET %ﬁ;ﬁ?ﬁé@ I(dfGepliédiion i m Past a.ndaEd colz phage -
TCGACFTCFACF@&,GAGFAAGCCCATTT TT GCA 3'. ‘The - ' second :
ol i gonucl eot i deDNas was dsdiated (Qiagenpand dézﬂﬁtegamthrl&g@r Wmlﬁsﬁseﬂle plasmid -

et O e e e e ol S e
hi s3-[err]200, tﬁlﬁl&%ﬁ,ﬁ@é O@Acszs and pACS26).2 agé Qmﬁf&} t0 Eﬂe%x_xeé@ﬁat A€ etovéred by o

"GPAl/ gpal[err]: rivative Strat agene).

assay  contr ol ssieypRcifis irécUnitsinatiibtarken ﬂledox‘éE@ic(r{ceir ﬂ;u)kmg the plasmid within
Transformants expressing the Arabi dopsis GPAL gene under tGe control of t he

GALI - 10 pr onot edxe(bmoahmsmy%wxmﬁethgfr e 1§ wesupligasionnehttbg lox

W|th2%galactose n r |

oAl h@h 5 8 o0 N O BALOLABEERY SRS Bl
- PACS73)5vere gran gq ce analysis! The'Ero fPRngfEGPAd Mbﬁé& thab wererec@eredRomt
tetrads were plated’on SCura tssf lemented with 0.1 %5-fl uoro

orotic acid to thellibearyfand usérbingthoset ¢xpefimen ehizglength at the 3' end, PACHHRis

Pl as mi d expr essolr?e%tetdhseo Bxla? thar?géltra%scr?bed from the E. coli lac promoter and pAC526 is

oriented so that it can be transcribed from the yeast GAL1-10 promoter. pAC527
_ was constructed by removing the GPAl cDNA insert from pAC525 by digestion
20 W1th EcoRI and religating the isolated cDNA fragment with pYES Clones were
o screened to identify a plasmid in which the cDNA insert could be transcribed from

the GAL1-10 promoter, and pAC527 was identified.

. Alteratlon of the 5’ end and mtroductlon mto dlfferent vectors. The two GPA1 |
25 “ cDNAs were cloned as Sall-EcoRI fragments into pGEMBZ to remove ‘the
. Arabidopsis 5’ end. The plasmlds were digested with Pstl /Sall and a double-
.stranded oligonucleotide was mserted to reconstruct the Arabzdops:s codmg |
sequence and replace the 5° noncoding sequence with a polyademne sequence that :

is favored for translatxon mmatlon in yeast. The GPAl cDNAs w1th modlﬁed 3



Tr ansf or mat | n of - east Yeast wer e transforned usi ng lithium acet ate as _

20 %4’3775 in Methods in Yeast Genetics (M Rose et PCE/USISHRELD) .
Hal o assays "A Single yeast col ony was re@suspended in 200 [err]l sterile
wat er. One _ tenth (20 [err]l) was spread on half of a YPD plate,

20 [err]l of a 1: drlut on ,was on the other half. Three
filter discs vver%ndﬁl"&%rgd: Q}ﬁdé&@rpfﬁiérangps%ﬁﬁ a2 EcoRI fragments; Eheosligonucleotides |

err1) of vater ke 11 i 1 egiglo/ (o k1~ ggkgpyer SLetell of
ate

2[err]gl/ [err]l [err]-fac Pl'at es were

over ni ght . - GAATWWAA&"GGGCTTACTCTGCAGT , ,
PCT/ US98/ 02659 AGAAG  3,, and 5
'RESULTS CGA@WF@@G@AMGWCCATHTWJMTCW@C@t3’8 etppe Of

pl asm.ds_carrying _t he Arabi dopsis ene were introduced Into
a diploitl yeast sgf‘?'éﬂe ‘506‘“5'39‘1?%1}??88 £ st apd §§1§§96§ncnq;mme and -

pAC527 represent two i ndependent cDNA clones that were isolated as phage

from ‘the' Arabi dopsis [err] YES cDNAI|brary, and were
subsequent |y cor¥eust atkains, tt#ssfoiifiations, media THeS&HIJA T3 ;ﬂr?

supra). The GPAl cDNA is expressed under & 't he con ”@PQ y’f‘ﬁ%‘“
yeast GAL 1-10 pHeimtsed in ﬂleshstyd@Mastm@ﬁatWtMata, Hdez40T) 1522206, len2-Al,
contain apprOX| ﬁit%g? 200 b e gg‘ﬁ noncodi n sequence upstream
of st graideHIS) 5 e emvamelcdhgi’msm
the polyAlerr] tQirkiaodda S Nt ai eas -

si ngl e copy duet(to tﬁ %re@él?r’ceqsg?y ac%%% sror‘ﬁgrk% g&%’nﬁbt Xﬂd IY281(°‘)

~ high-1level expr &sansforndntCBdtedsingy SRS rabiddsGOGPAY |
from . daAC526 and AC527g)/| nt o &(?Sto crea rﬂfél%?‘étﬁ 8?1&&%3??% I'n

this set of 15 GALI-10 Rf@lﬁgter {pAE100k agd pASHOO5) ivere gmgrmm YER E\q:plemented

Ar abi dopsi s GPA adeni ne nucl eoti des
were added upst S”elgﬁr?%f &?%“gsgr%'241‘%9&3‘*8%869{"?%%;&!@'%#0{@%6 expressing the GPA1

- translation ini gemd infferithe YSRE! -of The PERApRotbED which the
GPAL CDNA is expressed from Phe con tltut | ve g&gﬁ)ﬂ%’feg

additi dd the gmifEP supplemented with 2% glucose. Yeast tetrads' were plated on SC-ura
supplemented with 0.1% 5-fluoro orotic acid to select for the growth of yeast that

lost the plasmid expressing the plant GPALl gene.

Transformation of yeast Yeast wéfe_ transfomied using lithium acetate as |

20 - described in Methods in Yeast Genetics (M. 'R_ese et al., 1990).

Halo assays A single yeest colony was resu§peﬂded in 200 _pl sterile nvatef. One
tenth (20 ul) was spread on haIf of a YPD plate, 20 ul of a 1:5 dilution was spread
on the other half Three filter discs were placed on each half, spotted with either 5 |

25 ~ ul of water, 5;Ll of 1ug/ul a-factor or 5ul of 2,ug/ yl oc-factor Plates were
_ incubated at 30°C overnight. '



.cDNAs, | acking the Arab| dopsis 5' end but cont ai ning the aden _
upstream 20 WO9BBTA3 of e ATG were subcl oned from pAC572 ané’%ﬁﬂ@%ﬁd

cl oned back Tnto . PXYES. In th;z':;e si ngl e-copy plasm ds,

desi gnat ed pAC1003 and pAC1005, the- GPAl cDNAs are expr essed
under the contro)ség&!- GAL 1-10 pronoter. “Plasmi ds carryi ng :
the Arabi dopsis ncodi ng the Gprotein [err] subunit were 25
~introduced into a diploid yeast strain carryl ng one W ld-type and one -
mut ant copy of t he yeast SCGL gene, which encodes ‘t he yeast .
G protei n a subu@pinplehiértatiophssay strain has a wi |.d-type growth g
phenot ype because tﬁe yeast Gprotel n [err] subunit hind

the [err] subuniTwo dcffmélyéﬁﬁs\péP%SWW@EWQAM'#W’{)QPWRW%“%q’?éluced
yeast cells IE‘EPr rayd’tprﬂég q%g{ Q%lgstlospg d foé@pﬁﬁi@éﬁionsggsa% gés% %

two spores will

PCT/ US98/ 02659 tt dependent cDNA clones that were isolated@s phage from
type yeast gene %ngstz/\xr)ep\fﬁefl (‘:Ne‘lz’rlrnye}t)?{le nmut ant copy of the yeast ggneg al |

spores carry the Arabzdopﬁ.elWESSfDMAdmrms mmgetd’mlbéecpbntﬂppmmn@dpo plasinids

| [err] subunit. The two spores w %’1& gene form -
col oni es, but t HaesMax EEIQWIP-?!]AN%MRIHQW %‘Q’&.’) g@h‘éGPAI ¢cDNA is egpweérmglerl f

the A b' d t I

st e oopel S e bRl AnR Ditar GaF 2P Aok inAR sof BE BRI Tl clomes

Wien t hgg di pl o g/ %@Gﬁmsm dhﬁ 'déquiBe upstream of
transfo(r?med W t dgg\ﬁ?.ﬂﬁ%pﬁ%kﬁ’ﬁdiel??b@ g%py pl asm ds pA%S? g?\d p?A s75eamo

whi ch carry the the adahslathsiadstaAtdon. and dxffer in theelengdafitbe pely Alitalb Thishplasmid

control. ofthe constitutiveP& pronoter, ur spore tetr
recovered. |n edémaiptapgdin Q’%PB\‘S‘P&@ CEBY He &&Sﬁ’ﬁ%‘&f’waig”nﬁ?m@m‘?rﬁﬂg‘?ﬁétam_

t .
@er11 and «ndiphiBl pUREUGRof ERAFESBGLIAS chRkSRd S A0biBRA o
~occurs with the peesi6 B6dpATRTent PPAK BStich pACST2 and pACSTArlnythis set pf |

~partial repression of the mating pathway. Thus, the Arabidopsis Gal
. proteinjis : constmqtsvoe 5t nen- Mnarqgm of the drebidopsis GPAd sanmEs remgvegdand

to forma funct 'Cfl?,@" 19&: rrmcleoudgs were “added upsttr% YpaRt AfE rsl:au‘l.S 99&'&& 1% oi:ﬁmxze

repress their a

translation initiation in _.yeast These are high copy plasm1ds in which the GPAl
cDNA is expressed from the consntutwe PGK promoter. In addition, the GPA1l
_ c¢DNAs, lacking the Arabidopsi‘s 5' end but containing the adenine residues upstream
20 of the ATG. were subcloned from pAC572 and IpAC573 and cloned back ‘into
~ pAYES. In these single-copy plasmids, designated pAC1003 and pAC1005, .the-

| ‘GPA1l EDNAs are expressed under the .c__ontzl'ol.ef the GAL1-10 promoter. ..

Plasmids carrying the Arabidopsis cDNAs encoding the G-protein o subunit were -

25 ~ introduced into a diploid yeast strain carrying one wild-type and one mutant copy of
| the yéast SCG1 gene, which en.codes_ the yeast G-prdtein o subunit. This diploid
.st_rain has a wild-type growth phénotype because the yeasi G-protein o sﬁbUnit binds

o thé By subunits to negatiVély regulate the mating pathway._ When the yeast cells:

" undergo meiosis and four haploid sporcs are formed, two spores will carry the wild-



Tr ansformatlon of the diploi d wi th pI asm ds pAC1003 and pAC 1005 in. V\:hl ch

the “WOSSBEHAL gene with the nodified 5 end is cl oned BGHESIBINRSE |
centromeric-{err] YES plasnid, - 28resulted in the :recovery of two,
three and four spore tetrads. This result was 20 - consistant with the

segregation of a centroneric plasmd in o s ores du;:#% g{ nei osi s,
As descri bed foﬂneétmn%@ndr‘ﬂ%‘@ ]t‘}@’éf}'ﬁ € WS%?BSP?"\%CW ge -

S e ﬁf%é%b%?onf‘ﬁé‘éfe ERCTHARR dht teppBrel )

growth were sna 1 f olomé@rvuemp@ré&g»mﬂﬁrm@@teﬂese 1gkher
di ssection of d:ﬂlfﬁef‘)llﬂgs ca?{rj?l ene ormc and pAC573. This g. t

difference in sigtew |oal}ptfehejmdﬂzdoﬁxsqnutcm Ismlmﬁorglemﬁmcuomircpm&mmth the

si ngl.e-copy, centronere-containingpl asm d t hat SsS protein is produced
than ins5 yeast G-protein By subynEsand gpeess @‘%%P&g’r\@’yparrl ed on hi gh- copy
plasmds. . ) V\D 98/ 37413 . -

PCT/ US98/ 02659 ' 29

Viability of tet ofd'y‘é@it@&ﬁlﬁtﬂefer@@'g@us at the SCG1 locly Was@asfdriedrvitthat
‘the two spores t smal l er colonies in each tetrad are

t hose that are dlﬁ;phigﬂempycplastm& pAEST72 apd pACSTPemitfch ¢aroy thie mwbtdogm)\ﬂHAlNas

OB | s gene RISt tedonol s PR R RS e Sl
- gene. the conpl ene 0 cd e
%r abi dOB)SI s GPATRRRE %Lg\lbga?rrl ?éé’clxdﬂgﬁ'ﬁ%qg@ n‘15 Jgggglrornrnz/slaﬁgearﬁd sﬂgl@éc’fqn i3 most

'URA3 gene that ijfelySBtadse theMtdfiiohBetwean teo Fatiidapsisi rmmyeaatthe eyehs: By
| acking a - functional URA3 gene. Cells that have | ost the

pl asm d carryi ngubssits is makﬂABargmally occurs with ﬂeﬂwash%cg&rmr%pad Eesgita\in
gene can be recovered h atchin el fro tet 0
dontai ning 5. 11 GBPAPRRALEREROT o Bemplng PRHRE, MACE AR Re e ey Fidad

cells g ttﬂ@ﬁlaﬂﬁ?(a?laﬁ Oprotkih &R%bﬁﬂ@é{ isodblé ﬂﬁfdr%ﬁﬂ@ﬁ&lal Eo@pRRIWith
cel l.s that shoul'd grow on are those that have |ost the
- plasm digarryi nghbpéabtﬂﬂmbhﬁﬁ&om@rmnhegmmd o t he Arabi dOpSI S

GPA 1 gene, and do not depend on the Arabidopsis gene for growh.

The ability - to grow on this nmedia is expected to segregate 2:2, since two

- colonies 15 10008 Snd i@wﬁ?% Gﬁi’&ﬁthé“ -
an experiment in %Jfgtgﬁa“?ﬁﬁ%ft&?etdlﬁ%l&%ﬁlﬁgs ca%&% AN as% e A SR

. PACS73 wer e pat @] gsiowith diemedifiedishembis cloned into the dentrbmbri ¢ IOKESrslasmid,

uracil, only two of the patches fromeach tetrad were able to _grow
resulted in the recovery. of two, three and four spore tetrads. is result was
20 consistant with the segregation of a centromeric plasmid into spores during meiosis.

~ As described for tetrads carrying the plasmids pAC572 and pAC573; two large .
colonies were seen in each tetrad and these expressed the Wild-type yeast Scgl |
' protein.' However, the colonies dependenton GPal for growth were smaller than the
~ corresponding colonies seen after dissection of diploids carrying pAC572 ‘and
- 25 " pACS573. This difference in size is préSumably because the GPA1 gene is carriedon a
single-copy, centromere—containingplasnﬁid so that less protein is produced-than in

those colonies expressing the gene carried on high-copy plasmids.



~on.this nedia 'sollg,,r;r?gstrati ng that they carry the wld-type C-OBEEF;H%

yeast SCGL WO'9 : 'gene. These patches corresponded to the two Iar g%r_
colonies in“each tetrad. 20 - . - pepearance of scgl- yeast cells
expressing GPA1 The di fferent colony sizes seen in the tetrads

nost likely reflgcis..a ker i racti . - between the plant
Gp[err] 1l protei ‘ﬁ‘t’lﬁlqﬂ}é\te%ton[%ﬁp?mgﬁgﬁ?ﬁ?g t han occurs w th the yeast

Scgl protein. Thiyg féﬁﬂ'ﬁﬁ’ioﬂ bR G WoXporisdhit foftfied bmbkNerdiohids adach abtrad are
repression of the mat.i ng pat hway, causing the cell's to grow nore
slow y than wil ¢hdsypkatieeadépendenton the Arabidopsis GRtd ryetetpfor gudwsthrwast tested by
yeast cells expressing the_ Arabidopsi

provi ded evi dendetesmppag Whig) ?Qip@ehffﬁg’t %[égé‘.r’g‘#ﬁ%;‘gl‘ﬁ?@ﬁ?%@ﬁ of the plaspaid s ¢

s i m,lar to. Y ( :
that had been efﬁ%mg% the Ard EdeQ;stéﬁAﬁg% %; i}gﬁ]ﬁe %rﬁ#éérg% 3h HG&RS rdggér{leb%d

1er ono

cel | cycle arreghoyelhes arabidbsin &P AlNgene is carried on pWShidd caf¥ing 3t8e wild-type

PCT/ US98/ 02659

characteristic "LHhH&Cg‘énﬁﬂhathslmgy'amh markes forrtradsfarination inthi yshstt dedls daakimgya
pat hway - _had been activated in the absense of .exposure.

a-factor. Howevd&uctionatldRASgene1(eslls that have -lost'thﬁpfaam@ FRITARE g@i@éﬂ@é& geye
[err]-factor, many,of ,these ¢ t al R i 230, ' ' :
buds, This | s coRE A areh A1 AR BerbioBtaty AR fom teads onto

Golerr] iq pr ot ei Rned?a containing?PilhbrodeAickOid{5FOA), a compound that isttitio tapasycells
e

Yeast cells expressing Gp[err]1l were also tested to.- determ ne whet her

mating - . that hahea evilsthiype aopycefuthe WRAMgeneTheamly cyllsahatshowld gpomeoBifone

binds to the yeast ‘10 eceptor, growth arrest .w,ll gur only if a
functi onal T ecepiQ &S fiost thak havs fost iplsmid cartying ot the; YRAS marker dens and ¢
in-activation o : ' glggé i 8 oR&hi QrAmEoRY for growth.
exposing cells It%é‘g)e bg‘(}:’ 3?}@5@‘3 e %ﬁé‘?léﬁ?gcrk‘ﬁ%:hggg Cel | s_mée;rsegeglea?regdmat
two different The ability to glewsor ithismediads ewpeaied foesegnegatoilesincatwonelooies

[err]-factor were spotted on the filter discs, VWen w |l d-t i
‘ yeast céils of tiem gachtetiag cayydhewilddyprxeast 86G1850p-: laangpermepHin ‘6%?5

0Ly R RES S BLGRENTY RS oA

receptor n a subuni ctivated. contr

- using yeast cel 3105 -HOW afid WddilNBnly two of the patchésdfeoraleacie ettradiwene ablgrto\grow
.around the filters because they express the receptor that '

on this media, demonstrating'that they carry the wild—typ_e copy of _th¢ yeast SCG1

| gene. These patches corresponded to the two larger colonies in each tetrad.

20 o . _ _
Appearance of scgl- yeasf cells expressing GPA1 _
The different colony sizes séen in the té_trads most likély reflects a weaker interaction
between the plant Gpal protein and the '_yéast' By subun‘ité than occurs with the yeast
chl protein. This weaker interaction rmght result in only a pértial _re_pre_sﬁon of the -
25 mating pathway, causing the cells to g'ro_w more slowly thah' wild-tjpe yeast cells.

Microscopic observation of yeéSt cells expressing the Arabidopsis Gpal protein
provided evidence supporting this hypothesis. The appeafence of these yeast cells
Waslsimilar to the appearance of wild-type yeast cells that had been exposed tt_>

mating pheromone and had undergbne cell cycle arrest. These cells had the



responds to a-factor, but not to a-factor. 20 . Two i.ndependent
“yeast  transfwWOASBME3 of the a mating type expressing only -t he PCT/US98/02659

Ar abi dopsi s -G protein al pha subunit were3@ested in this assay. In this
case, the growth- ' ~around the discs spotted with [err]-factor was
al so uniform Because growh arrest is not . . - apparent, it is
unlikely that t lebaragtatistitdshingo'Gnorphotesy of qsHs ins whinki the ivdieibthe matingpashway -
functionally with the yeast ,receptor. Yeast cells of. the.a mating type
expr essi ng bot ht}’Q%E’ee“ ctivajedel @E?gse&ﬁﬁl O?ﬁ’émﬁ}”é?ntp Ehaok éf%"{v ’r“?' cgéﬁ?ﬁﬂ s
showed a zone of,. » hetm ; | R} y
W th the hypot hedlEYBEEERRNEE B Qialor many of these CAMS COpiln iR AN dlhed
i nactivated as @ud€SHi$ isotorshheantatitinthedbeervatinethabgtlld baryihg ke Gpsdptbtein IS
not. . _ - WD 98/37413 . o : I

PCT/ US98Y.02659 continuedto grow. C - 31

DI SCUSSI ON ' Previ ous studi.es of the Arabi dopsis thaliana GPAl
gene denmonstrated that it . " encodes a protein that contains all-
known consensusgyﬂggsg?gs for GIP binding 5° - proteins and has.
approxi mat el y 33% honotogy to previously identified G protein a :

- subunits from ofyeast e¢liaekpreBsing rGpoulli were malsoretested Dioo sleteniie avi@thee aghtiddvh
et ' cal.). In spite of the sequence sinmilarity, there is no -
evi dence that t [pheromane genecause growth arrest QneqdBating, pheremenehinds tmthe yeast as

part of a trimeric G protein c lex. To S..: this issue.the
GPAL gele was uSEEPYHER %WE%APF‘EH{ 95456%?%2&?%05&&755%@:0%?&5? % Sdbunit L
| acki ng the endogeneysn fesMitLinCadlivatisn BF Nihk -G BRABIAS Elald'8ssaPs Were p&iforhled ﬁ? .
protein a = subunit results in activation of the matihg pat hway
and | eads ‘to gr expdsimy celisto oi-facios spotted on filter digges lebls avere platgat & swvotdifferent

Ar abi dopsis GPALl gene in thig_ nutant strain afnd ask whet her . . the
pl ant protein i denies, g voddiferentfopgenirationsetasfaciqryvers spatted ongdhe filkepdiscss

d dent o i b f i AT in. : A
conplex wi th tndhen Wiy ealt el oF ¥ n HafinE Tyt drk ExBORluth b b Od B of

~their ag tiVvitygrowth inhibition around the disc occurs because the o-factor binds to the receptor

and the G protein o subunit is activated.” A control using yeast cells of the o mating -
type showed uniform growth around the filters because they express the receptor that

responds to a-factor; but not to a-factor.

20 Two independent yeast _tran'sfdrrﬁénﬁs of the a mating type expressing only the |
| Arabidopsis G protein alpha sﬁbur}it:w_ere tested in this assay. In this case, the growth.
around the discs spotted with a-factor was also uniform. Because growth arrest is not
apparent, it is unlikely that the Arabidopsis G 'protein alpha subunit is able to _couplé
functionally with the yeast reéeptdr. Yeast cells of the a mating tyée expressing both
25 the yeast and the plant G-protein o. subunits showed a zone of reduced growth around
“the disc, consistent with the hypothesis that the yeast G protein o subunit is

ihactivated as a result of the mating pheromone, but the plant o subunitisnot.



- The GPAL - c%m ansformed into a diploid yeast, strain hetp&-pwmsj or
o mJtatlon in the yeast S gene. Dissection of ‘tetrads :

_ -dem)nstrat ed t hat spor es CGétjesm ng only the Arabidopsiis.
GP[err]1l protein were able to give rlse to colonies. 20 - - Because t he
5" noncoding re Ar abi dopsi.s GPAl. gene has a number of
smal | open readlﬁr!gepgglrggpt hat ‘may interfere with translation of the
protein in yeast - - the. 5" end.of the GPA 1 gene was altered to
i ncorporate a sequence that is used nor e efficiently for

transl ation- i ni Preaidusrstbdiey @fisthe Atadidapsis theligna (GRAL gaBE cdamenstiated that it
assay denonstrated that the Arabi dopsi rotein a subunit of
(he anmal 2 encodes B FEUBHHIIEL CORBIPSIALL P ﬁovéeg%sdsws%cekiﬂb e Bt

0 AR R AT

plant G protei nsd&ﬁmbmh{ ﬁttﬁﬁﬂ?ﬁhm , olmiing ehashriohls] Deesophliatand apeasto@es et
wel | - characterized in other systens. - WD 98/ 37413 .
PCT/ US98/ 02659 al.). In spite of the sequence similarity, there is no evidence that the GPA] gene

. | f d f .
e e e SR S e AR RS RS & RibiE oot plPfe. BB g
the yeast [err] ﬂl%?&gﬂ tHeCGPRY %]ene was used for co E‘Pr?éﬁ'fzﬁloﬂfstdﬁi@ssﬁ) 8)ehst din

a-factor resulted In activati the G protefn and growth

arrest jphen t helagkiag theendogérius capmtdmal subuais. Becasserthe albncncm@ﬂthu/@prdtéiﬁa
Ar abi dopsi s G protein a subunit was present. A zone of reduced
“growth was appasubunitaesyliadn gefevation of the mating pathwyay gind deadsdo grawil emmest, it is

a-factor when bot h..proteins |nthe

Thi o resul .t oOuEs Qigrpis e BRBRTR A | Boat PGB rain apd gl pster
~.the yeast or  the plant protexﬁ'x@ﬂile@%%@%ﬁvﬂhmlﬁﬁ' to irésilbre PSS tH i3 FepédiRnt

cells continue to divide because the pl ant a subunit con?lnues
“to couple with ¢rthefability ofth iRt Isprotein tfony a qomptlex with thre fyf sublimits that results
- yeast G protein a subynit, This.result gives credence to the supposition
_that tHere is mrepressmnoftggﬁgqlpylt)é hi.gh degree of specificity in the

interaction between the al pha subunit and . the receptor. 15'
The sl ower growth of yeast cells conpl enent ed by Arabidopsis GP[err]1
conpared The GPAY tDN#hoas texsfoansd irgotahdipjeid yfeagirsatain heterozypets for Iael y

~due to |nconplete repression of
_ mutatlon in the yeast SCG1 gene. Dissection of tetrads demonstrated that spores .

expressing only the Arabzdopszs GPal. protein-were able to give rise 1o colonies.

20 B Because the 5° noncoding_'regi,oxi of ihe Arabidopsis GPAI gene has.a number of
small open reading frames that may interfere with translation of the protein in yeast
the 5' end of the GPA1 gene was altered to incorporate a seqﬁence"that is used more
efficiently for translation initiation by yeast. The results of the .complementation

| | assay demonstrated that the Ardbidbp&is G protein a subuhit, like many of the animal

25 | o subunits that have been tested (see Kang et al., 1990), can form ﬁ.mc_:tional
_complexes. with the yeast By Subuniis. Not only ihe structure, but the function of the
plant G pfot‘ein was highly conserved compared with those that have been well- -

characterizedin other systems.



the activity of the yeast [err] subunits by the Arabidopsis protein. This,
i S support eWd9837413 the observation that the growh rBEWUSIS/26%
conpl ement ed- yeast was dependent on the o, - _ copy -nunber of the

pl asmi d; colonies carrying the GPAl gene on a centromeric 20 - - pl asm d
grew nore slow'y than those carrying the gene on a high-copy 2[err]

pl asm d. I x o o EXAMPLE I | :
Cl oni ng of . Arabi dopsis G protei err ubuni t 25, . . . The .
fol | owi ng ex arrpllggk’cféﬂalyﬁ '%Pgﬁgﬁ’é?‘{)@]c ergy wiﬁeg}?f' 5T is: funstional iaperaction
subunits by co atj gnj ratei - ;
PCT/ USO8/ 0%6 SQWe%éH tld AeBYE G prgtem o subuff &Y .ye‘l_}@gst ofactor receptor.
1. A plant. cDNA EkgusareofiyBastbeltsto@lfbtoraesalted it ssivationofibe G peteinaid gtovah a
yeast . _ pronmoter is transformed into a diploid yeast strain that
i s heter®zygous drmst whenithgtyieast G protein o subunit was preseitobidieb whestheidrabidopsis
- This mutation is_prefer |

bly a di tiop of t : t hat
created by del etq:'rli’ﬁ"tﬁmf‘;i amwalé%%ﬁﬁtl‘o ﬁé",‘e %ﬁgd'?%ggqusﬁwaﬁeﬂfqu‘é?‘t

gene 5 S LAl 4rar 18he. 5 : .
URA3) may be ﬁl@f&ﬁé‘%‘?ﬁ%‘ﬁ%@%&wﬁ?ﬁ? grn&%otﬁ th%ﬁg%%eé{l&ggy g?m{‘k%ﬁ
~diploid yeast stThikResuftdtdgbtherwvitkhathose seen with yeast eellsi exgressing leitherihé yehdtroar y
plasm d. The inportant criteria is that the yeast strainis . . -
honozygous for tplentnGtprotetmoi subuniss, dndieaesthat thecerlls continuater divide broause the
not the ~marker used for selectiagn of transtarmant.s foll.ow
Thtrotud®i on of iAo g gontmues & cpleich ife A RSt VR Bacsmiai b e
diploid strain. ' WS Eralif : credence : ;
could be i nswté?%ﬁ???ﬁ%%%%l‘ﬁgeg%ﬁgm% tgesc[ﬁ%\gz? i lg? ;hrey&?g&é%neggﬁg& s
into a plasm d exsnaktgaihigh dépeed ¥APecificitein theripterathion petaveen tHisNdpha fubmnit and
introduced into.- this strain and the transformants are selected. The
~di pl oi ds there‘?emo&nsf'ornants are sporulated to produce haploid _
spores, and plated onto nedia 15 | acki ng histidine. In.order to grow
on this nmedium- a haploid strain would have to _ S
15 The slower growth of yeast cells complemented by Arabidopsis GPa.l compared

with those expressing the yeast protein is most likely due to incomplete repression of

~ the activity of the yeast By subunits by the Arabidopsis protein. Th_is is supported by
' the obse_rvatidn that the growth rate of _thé complemented yeast was dependent on the |

copy number of the plasmid; colonies can"ying. the GPA1 gene on a centromeric

20 plasmid grew more slowly than those carrying the gene on a high-copy 2 plasmid.
 EXAMPLE I

Cloning of Arabidopsis G protein o subunits
25 | | |
‘The following examples demonstrate approaches for cloning plant G protein o

subunits by complementationin yeast.



.carry the db%s%?ﬁ H S3 gene, and therefore the disrupted ;c-op‘f\_(TMggQ&gsgi_ o

'~ endogenous - . 'SCGl gene, and a 'ﬁjant. gene encoding a functional G-
protein [erf] subunit. _ Because di pl oids woul d-al so groew on
this nedia, it would be useful to include an 20 = . additional narker '
that. i s used to,either. t al nstk: . ' .
di stingui sh bet M&pﬁgb?@#?@hb&%@pp .o?%é%gtﬁé?@\?fssg%H‘é%éﬁ'?(ﬁ;%%;nﬁoé og? BF%Sltd a
s - BRIB6RFNMSHORRE] XA @ipfoia Nedbestil il i liReroBALAl §6t a mutation
resi stance is-a'recessive trait, diploids will not grow if

cycl ohexami de i $n ilrecénddgehous SOGH gandi Thisanutation 15 praferaiiye disruption of the gene

carrying the resistant copy of .the _ge

ne- I d .25 . . 2 A
plant cDNA | i br &8} is ereqind ndﬁlﬁen%.mggﬁg}gﬁﬁ 2edk, 2gd metrn&ln@%sﬁ{e#em% ghea

ratati orf I e esoetlial SiAtRG Ae? Bof U Sy KRR (LR, HIGY, RASY by be

pl asni d . expressisggcifSiepbhding ¥R Both the genotype oBHeldiplvid yedsh etraifiahd the Aiarken
i nduci bl e pronoter. e'straln is maintained'in the WO 98/ 37413
PCT/ US98/ 02659 carried on the cDNA library plasmid. The important criteria is that the y®ast strain is

presence of the_inducer to produce the yeast G protein [,err]. subunit Lor -
Do O e e aRusdior (s meteR i e SROETIUN SRe-op ke GRS 1S P the
transformants. expressi otion of ?Bgf b - -
- plating cells OHP _i'é&ﬁat(‘?ﬁisﬁlgecrtl%neqrrﬁ uceo?ll.n' If3B/ _ g-’j‘hﬁroa%ﬁﬁgget&éc/gPINsA'
expressjghg pl antjbfarp ib&he siaifi Pt éxatnpid)ahid diploidwirain ¢duld betit3dhis3, the wild-
3. This Exanple is simlar to #2 above, except that the wld-type yeast
SCGL gene is  type HIS3 gene aoulil bel insartedhiatqpithg S& Gl gensrandshe,clIN Ackbrany in gloged
URA3 nar ker gene. After i.ntroductian: - of a-plant c Jhbrary,
transformnts ekﬁPe%?qurﬁ“‘? ﬁ’épﬁ?ﬁﬂ%%& HM%F’H”F%’? P %u iﬁaﬂtr %A hlB_rary 15
~sel ected by platy lifito0 hilesiath GRAT MeNirBGsfOmits 2% NeRcREl Y THOSRIERL ! S
that have' 10 tlﬂtp&i&g#olgtto Pﬁe V\nal?ﬂd-_type URA3 gene can .grp\(/:v_ on this ﬁ%di._um
this selects fotrahfferigamsvake sporulated to prafuce Hoploid espbreswiand fplated entprmeediang
a functional plant G protein_[err] subunit and .\a,hi ch ey . hﬁve | ost
" the pl abmid -expﬂmm@sﬂ*ﬁ&’-yﬁh@@ew&’eﬁbm‘s medium, a haploid strain would have to

carry the wild-type HIS3 gene, and therefore the disrupted copy of the endogenbus

SCG1 gene, and a plant gene encoding a functional G protein o subunit.

_ Becéuse di’pldids would a_'lsc.) grow on this media, it wouid be useful to ihclude.an N
20 o additional m.arker that is used _'to either select against growth 6f the diploids or
. distinguish between haploids or diplbids that grow. An appropriate diplo‘id is
heterdzygbﬁs for g:yclohexa'.mide.résistancel”Because resistance is a recessive trait,
diploids will not grow if cyél&hexamide is in¢luded in the media, _and only haploids -
| carrying thé resistant copy of fhe' g‘éne should grow.
’s _ . | -
2. A plaﬁt cDNA libré.ry in Which the cDNAs ai‘e expressed under the control of a
_' yeé,st promoier is transformed intd a haploi'dl ye?st strain which has a m-u’ta_t_ioh in the
genomic copy of SCG1 gene and which ca_rries a plasmid expressing the_WiId-typé

 SCG1 under the control of an inducible promoter.  The strain is maintai_néd in the



EXAVPLE 111 15 S ~ . doni ng of a G prc')t.ei'n- Li nked
Receptor - WO 98/37413 Cloning of a G protein linked receptorP¢HUSEARE59 s
acconpl i shed by first expressing - . -the plant G protein [err]
subunit in the yeast strain, or alternat3dvely, a plant/yeast hybrid

G protein a subunit, which may have a higher affinity for the yeast's
endogenous [ er r presénce of the sinBuedrt 9. proguse chapyeast £ yrratin rees prior to
activation of the ant .receptor. Yeast “wstrains.as dj sclosed in
PCT 95/ 21025 ar SSHPPAMIAN. AAfratodchPaets BiAnt DN AR AR otmants kpressing
protein-1 i nked GECHRRPESN AL M BIEKES BIptarthedeli3iol hliih 1&cRing B8 iAdBlE Al

in the FARL gene. Actli vat the mating pathway does not
lead to cell gr ehdse calls @pressing plant Giprotein o subunits shonld gtovoors thismedias st rai n.
I nstead, the FUS3 pronoter, which is activated when the 25 _ mating

pathway §s activated, is fused to a either a sel ectable nmarker gene, such

as the . W Ld-type Hl eng, .or to a, w sibl e, mrker - such as
lacz. The plant gcﬂﬂwfixamﬁ/lg;s Slmﬁaﬁgﬁogﬁmvﬁfﬁf?ﬂl@g e Teag SGh sme i,
yeast pronoter . ig- it it {shiish Sirfyiidla URA3 marker g8 A2 isttddikfod S
t hen plated on ﬁeﬁﬁ*egr%rnggﬁ?gﬁgw? nighgtﬁe ﬁgand,gﬂ%r- putgltair\?ggl I gand, that .ﬂoxi .
~activates the refaplait cONA libsarparangfarmantsiekpressingithielpdamt Xp protemrt sublihit are -
east cells WO 98/ 37413 = ' - '
>|:/>(:'|'/ US98/ 02659 selected by plating cells on media containing 5-FOA. Since ondysthose cells that have

DD T B S SR P e

to grow (if the o Fpdse keltOWRicMBfexBibssing a fuiivAaliplalt HSRdedin & subliit @Rl Y& | S

t hat appear pi gnentedin the presence of “col oranmetric “Substrate for
[err]-gal (e.g. habélosttha ptasmigpegsessing the yeas3CE] gdd.s growth or .coloration -
S -+ dependent on the presence of the ligand in the medium
- EXAMPLEIII .
15 | - .. Cloning of a G protein-Linked Receptor

Cloning of a G protein linked receptor in yeast is accomplished by first expressing
the plant G p.rbtein o subunit in the yeast strain, or alternatively, a plant/yeast hybrid
_ G protein o subunit, which may have a higher affinity for the yeast’s endogenous By
20 subunits. This couples a yeast -respthe to activation of the plant receptor. . Yeast
R strains:as disclosed in PCT 95/21925 are suitable for the expression ofmaxnfnaii-an G
_ protein-linked receptors, and preferably a strain that cérries_a mﬁtatioxi in the FARI _. |
" gene. Acﬁvation of the mating pathway does not lead to cell growth arrest due to the
_ mutations in this strain. Instead,_t_he FUSﬁ ‘promoter, which is activated when the -
25 matiﬁg pathway is activafed, is fused to a either a selectable marker gene, such asthe
wild-type HIS gene, or to a visible marker gene, such as lacZ. | The plant cDNA -
.libr'a.ry expressed under thé control of a yeast promoter is intmduCed into this strain,
- .~ng@édihe strain is then plated on mediﬁm containing the ligand, or putative ligand, that

“activates the receptor that is being identified in the experiment. The yeast cells
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or conplex i'n 425 Pr QY ShEng ¥ PAES.C Hx& Rasenick, M. 1\?1' a{ﬁ%ﬁgsﬁe?

conpri sing the &Teps
nucl eoti de sequence & olal‘% lupﬂghf%qt GTngmdmgpr%temméle qusgmmf)rp

it is desired to ideqfptglatedpeas.P.N.A US&SS §RAf2ng i noperative all or a
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allowi ng said host c N ﬁi ?mow and . d) measuring said
growt h as an indicatidn t he plant proteln it is

desired to |dent|fy i.s functioni g in sai |, the sepce. of
functional exprédsi oﬁ”@ﬁsstqﬁeA@or yaevg 3@@5@5% n?n‘?)f tne- (1994).

G protein coupled celsolation ef ¢foRAs ﬁgcqshmmmmmmn petideokindipg protein B-subunit
The metisod of O ai m homobogies fimim maizea(Z3B1) amdoﬂrabdopszpl eAGBl).otRroa. Natla
- G'protein subunit. Acad. ScidJSA 91T9854n93580d of Claim 2 wherein the
endogenous conponent. of step b) is a d err] subunit-and said plant

pr oteinit is d$§' regahi. 'sdeﬁéég&ncﬁ”ﬁﬁd Hettafti, X 239965 Preliminary evidence for

. " involvement of GTP-binding proteins in auxin signal transduction i in rice
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Subunit,

orveamdis 'I_'hé. met hod of C-ai m 2. wherein the endo ok
conponent oW&IETHN) s a dJerr] or Gerr] subunit or ‘a 'ﬂréﬁm%ﬁ
conpl ex andsaid plant protein it is desjred to identify ~ - conprises a: .

derr] or Gy-like protein or a Jerr]-I |39e conpl ex. 5. The .
-%-33?33213 ai %%t is%lair%ed%r: 4 wher ei n sai d host cell Is a yea.st gel | .
- PCT/ US98/ 02659 o o o o - 40 6. A
met.hod of identifying a plant protein that is suspected of functioning as
or sinmilar to al.G prAtmethod ofipidentifyiog amplant proteim Hiahis $ispected of ungtioning as
signaling pat hway conprisjng the steps of: . . éa S
provi ding a host cel 9t SHT4IAT %@&@Eﬁlﬁl&@%ﬁl&%&&’%&%ﬁﬁ%@%c H‘é{ﬁ? cellular
protein it is desired Q.1 | f '.Im b L de.host cell has a functional -
G protein subﬂﬁﬁs@nggﬁ%{e@x‘%ém _ ft'h@ st%ﬁb g%b) al l'owi ng sai d host '
cel | to grow under spyitabbvidifiglhthosinéell with a nucleotide sequenéegncodingethetarger
said growth as an indication that the plant protein it is desired to
identify is interacting wplahtpratein @ ipdesirddtoddentidy:t . conpl ex .and t her eby
functioning in said host cell's cellular signali pat h 7.
The method of clai m® whefs@AFriBg IMOPSEANVE 0‘%’(? BHR&H o?aa}rhv\@@ﬂgs{x%qsncomg&
s plant derived. a2 G pEbBi ¢ Chriple Prekedh 81 ¥aftl $85¢ Bl and
protein subunit conpl ex iggs?epe&%lﬁhm msﬁ";EidfPl(-)m the group consisting
essentially of plant G pga@peitsd of béifgaicorollary to the target plant protein; :
o <) allOwing said host cell to grow; and - |
~d)  measuring said growth as an indication that the plant protein it is
" desired to identify is_ﬁl_rxctioning in said host cell, in the absence of
- functional expression of the corollary endogenous component of the

G protein coupled cellular s.ignaling'pathway in said host cell.

2. The method of Claim 1 wherein all or a portion of said plant protein is a

G protein subunit. -

3. The method of Claim2 wherein the endogenous component of step b)isa
Go subunit and said plant protein it is desired to identify comprises a plant Ga
‘subunit. o ' '
' 4 The method of Claim 2 wherein the cndogenous_.componént-of step-b) isa
GB or Gy subunit or a GBy complex and said plant protein it is de_sired' to identify

compris'es aGpor G'y—like'protein'or a GByflike comple_x.:

_ 5. The method of Claims 1, 2, 3, or 4 wherein said host cell is a yeast cell.

- Y



rrarrrralian/pl"ant G protein, chineric yeast/pl ant G protein, and trineric

yeast/ pl ant waesmMizanG prot ei n. ‘9.  The net hod. of cl arml‘/ﬁsm'massl‘h
ssaid G protein-subunit is Jerr]. ~10. The nmethod, of daim9 . .
wherein said host cell is a yeast ceII : 11. A host cell '
transforned in accordance with Claim 7. L 120 A transforned host
cell conprising a first nucl eotide sequéch whi ch codes - for a
gg; g;zllggous Pl ag.t Pr Rtnexé{ﬁoﬁ‘ ?)9 uﬂmtz 0183 g pqglgtl per(tggelu(lj tehaf ?sqsuuiggc%ecl/\gtl' %cnomngye?

PCT/ US98/ 02659 1

codes for all Ororas%rglatrltgna o(l; Pr°£‘3“br°8%‘%1|eﬁ rES?Pp?‘éfémRﬂ‘é"if‘él ﬁ %tcepgg‘gtm@a&‘&gt
of -  pabinval Coniprising the @RPRbEX i s pl ant. derived. L -
The transforned host cell of Oaim 12, wherein said second nucl eoti de

sequetnceI Icodefs flor te g}er rproprdmga:hos@eébwsh afmmlnlatidtesgmnq:e mﬁmgtmeg:lant
essentia 0 an er i a an err chineric
yeast /pl an%/ d efﬂtf’te“hﬁdst‘fe%’ﬁ%floc‘ Bl b/rg‘gleé?lrf‘/sﬁﬁ]%ﬂ celh hag f]p,lctlonal G proteing.
A nucl eot i de ex%é‘sﬁﬁﬁ%i‘ﬁ*l or capabl e of expressing a het er ol ogous pl ant

prote| n in accordance w Taiml3 into a cel | nmenbrane of said host cell.
(b_) allowing said host cell to grow under suitable conditions; and -

()  measuring said growth as an indication that the plant proteln it is
desired to 1dent1fy is mteractmg with sa1d G protein subunit complex and thereby

| __ ﬁmctxomng in said host cell’s cellular s:gnalmg pathway.

7. Thé method of claun 6 wherem at least a portion of saxd G protem complex

is plant derived.

8. The method of Claim.Zawherein said G protein subunit complex is selected
from the group consisting essentially of plant G protein, "'chimEr'ic-
mammalian/plant G protein, chimeric yeast/plant G protein, and trimeric
yeast/plant/mammahanG protem

9.  The method of claim 8 wherein said G protein subunit is. Gar.
10.  The method of Claim 9 wherein said host cell is a yeastcell.

11, A host cell transformed in accordance with Claim 7.

12. A uansformed host cell comprising a first nucleotide sequence which codes

for a heterologou's plant protein and a second mucleotide sequence which

R RO O



15,0 A rLu Ieo expre55| on vect or capabl e of expre55| ng. th 659
' prote| n of w0§8/'9741 . Caim1l in said host cell. ?&Rh%@%{gz

expressian vector of Cl aim.14 or Caim 15 wherein the host.. ceII is a
"~ yeast cell: - A et hod of. a@sayl ng substances to deternine

‘effects of ligand bi %r%dgﬁgﬂotr(%{l rapomon ofa Gprot@ﬁﬁfd?ﬁﬁgﬁ%h&éﬁ%éﬁs?i PhioT -

coupled receptor conp he 's

provi ding a cell"’ thatsam(grﬁgggscmmkigqﬂmtdengems plant G
~protein coupled receptor and further conprises a G proteéin conpl ex

wherein at |least a part of said.G prote| n corrpl ex is plant derived;

b) contacting_a sel ected substance | | ow, i_nt er
“'said substance wWth tHe Hansp ?f{gg p?tts)?jé?lﬁi géoﬁ’l’ }ée&gipe%?écbtsﬁ 0 oﬂélg&d%
_expressed; and t Sihsidt

‘an indication of the sequence CO%S fordae @&%ﬂ&%g %{Tf‘cct)ﬁi %I?hgl&h%ﬁgrgoléogouls@G
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14. A nucleotide eXpression vector capab_le of expressmg a heterologous plant |

~ protein in accordance with Claim 13 into a cell membrano of said host cell.

15. A nucleotide eXpres'sion.l/ector capable of expressing the plant protein of - -

Claim 1 in said host cell.

16. The expression vector of Claim 14 or Claim 15 wherein the hostcellisa

yeast cell.

17. : A meth‘ocl of assa;"ing substances to dete‘rmine effects of ligand bin'ding'to a
_ heterologous plant G protem coupled receptor comprising the steps of:

a) prov1d1ng a cell that expresses saxd heterologous plant G

protein coupled receptor and further compnses a G protein complex

wherein at least a part of said G protein complex is plant derived;

- by contacting a selected substanée to said coll to allow mteractxor_x of
said'sobsttanoe with the heterologous G protein coupled rece'ptor s0

| expressed;and | o o
c). detenmmng ‘the growth of said cells as an indication of the
| modulation of the heterologous G protem coupled receptor by

interaction Wlth said substance.
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18.  The method of Claim 17 wherein said G protein complex comprises plant.
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