| MPROVED KETOREDUCTASE POLYPEPTI DES FOR THE
STEREGSELECTI VE PRODUCTI ON OF () - 3- HYDROXYTHI OLANE 1.
WEROSS3IRE-ERENCES TO RELATED APPLI CATI ONS [ 000RGT/Tk2088/074543
application clains benefit under 35 U.S.C. 119(e) of
application Serial No. 60/957,974, filed August 24,
the contents of which are incorBorated herein b

2007
IDENTIFYING MQLECULES THATNQRULATE PROIEN] PRQT l%!Né&'JlEtRACT%NS USING
di scl osur e r epPROIEASE ATTIVATED REFOREERSIes and uses
of the polypeptides. 3. REFERENCE TO SEQUENCE LI STI NG
TABLE OR COVWPUTER PROGRAM [ 0003] The Sequence Listing
concurrently subnmtted herewith under 37 CF. R 1.821
via EFS-Web in a carpybenr meadpbbenfren (CRF) as file
name 376247-016.txt is herein incorporated by
5 [000n¢fTbrseneantion r¢latss tnmatesaly and nethelde ferrdstarmirgop interhctidneetween

ol SERIS " S R G20 S50 SR 25 SO0 e,

¢.g., BNZWABSMPAINANThBEu1AEs thRenkRl 86 eetGiAs endKREEifi@proteins of interest.
carbonyl reductase class (EC .1.1.1 84) are useful

Deterginatins inyphyel andtopng agitvagian pfa sportoesal sdhdl eanflicgma cell, in
. rre [ r.o ' ner i tr
ot BEoE S SaRRN AL S AL EATRIEILF RS SRRy whor
10 the deaiviithn @rdddkahpeot]ragltaliromhabdyattmugtiackftmethyatns The
catal.yze the reverse reactjon, oxidation of an al coho

detegppatiomganerallytaseurs gping Si3Harmiey Kdtanisrtsr gelhy glso featured as an
g ' f Nndii_

ospef Sty i, LR A R A b Y B A - fre

syst¢re @u b sgsera usiog faaattdicial pasitage onmmin barryirgloceok more reagents of

. nicotinam de adeni di nucl eqti de or reduce
intof S St A A0S SRk ALY GOt HEm s NSk AR 1hRALSS pe cmployed.
is and ni cot i nani dgagdenk et Nueh et Alesid MAG)  or
ni coti nam de adeni ne di nucl eoti de phosphate (NADP) for

[0002h d he gfudzof proteiepudtéionnteidobin, ap dxdipdPi¢ds egy by e identification of
. e tron donors, whiJ e NAD and -NADP,serve a lectron .
ligas g6 G R R arep it afiah i ABn ERFY s hiEe o t&Efe! Aa given
recel®t BfcaddGhamere iditderdbtGe inti FOROENRESS or@BRMelective ligands.

ei ther the phosphorélated or the non-phosphoryl at ed
G-proéein geunded rereptomssGB& R atscknamd assavridernsmgmeyane regowys (7TMR),

. . C i i . .er i
o0 i SR Y SR, B S 8 R g Lo
chara@tddeysh shis wapr goniceers yimt presdiss thatlisterab&ZoMSiampéd, Adveibiers of a
1935; Faber, K., Biotransformtions in_ organic
mCtEdRERPENIY R Kateade. apsungRie foraee Mith theintenbassgy-New
[OOO\% rd’i)ClgsOe?Q 'the"l'b‘lggﬁlclﬂgl dr &4 RrfadOReptbldknodn & RERERand thus arc
184:1-13). Several KRED genes and ‘enzyne sequences
conshdored Hpeme mpploratied pf me@yenmmstmnmngOMaté wwby GPCRs
25 incll%ji%rggﬂesig%gos%sggﬁ% i’ég 0 ] e%? glgco_apg%tle%gzlggﬁg %Iulcl(e)otlicfes, and 1ons.
GPCRRONIQPLBIUERS tShd RN £bRbrs( C8NRABKoATSr 1idR; o LBPShone, and
G.6539734). [0006] In order to circunvent nmany
tasteg Heivtie tiessgimetse ancnpneroespless GPERstahwethp sulj agtal anfensk research, for

k ompounds, ket or educt ases_are bei ng i.ncreasi ngl :
exaniy TR S R RF E SSRGSl e T FET LR o woating
variiBtodnsitibas. 1 aep diug didtbvély sat@eMe havy NEbd8Y SccuflR@s Eor example,

lications can enpl oy whole cells expressing the

ap y .
30 Howaéﬂf,@f alde e agnagl ot aFy 87 d4k é&%hbh%rﬁdtlwt@gﬁ%ever 50% of
' , rifjed enzynes in those instances
nmﬂ%ﬁ%f@h.?%égﬁggdg Cﬁ%#@iple ket or educt ases i n whol e
[000d&]' GBCReULusad herreiie Irgfeadof aag tmdnhieer of eea@RUR istipyerfandly of receptors.
.yield of the desired product. For jn vitro,

Thisyperiamily rrsaragtceized bict s eprABNGRORADBNNand dENB SEHFHE-
enzyme such as gl ucose dehydrogenase (GDH), formate
dehydrogenase etc., is used in conjunction with the
ket or educt ase. Exanpl es usi ng ketoreductases to
generate useful chem cal conpounds include asymetric
reduction of 4-chloroacetoacetate esters (Zhou, J. Am
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reduction of ketothiolanes (WO 2005/ 054491). [0007] It
is desirable to identify other ketoreductase enzynes
WO baw/0gdame be used to carryout conversion of vaPCDUS2008/074543
keto and al dehyde substrates to its correspondi ng
chiral al cohol products. 5. SUWARY [0008] The present
di scl osure provides ketoreductase pol ypeptides having
qﬂg& e reaf e A
EXEHIHE%G?IPJ[G étﬁoécégo{st % cge ggttdrfg%gtt 1?40@6, the RESAT Ir fhodopsin-like
recepﬂoer) 13- dhasd Booqy'smrailrahbe"(theﬂpea’stthe clagf @or étdetabotaqnc glhemate-like"

t.he ot.i des encodi.,ng
receBRy ik g R E s 6 s g e BTGt ge@mily or
EGPGWW]@NBWTM @@ce%@g raeﬁ)bﬁétttﬁ%&&)ﬁﬂyeﬁ@e@at&ptewﬁ&tsl Ags
of the disclosure have an inproved property as
cheroawpsore seceptotshieclnding odpiapt, dastas voinarpnasal dnd glpmomone receptors. As

ket or.ed nes obt ai ne r n1 act
exen iy S RRpe P MR PR de e O BRTRLO Fespiog molecules
descfl'bed bialveygﬂehs esaQﬁch N@tﬂkcaaﬁm&z llﬁS“A Qbaemd)j YS0Y2003); Takeda, ct
D NO 142) in convertlgg t he defi ned

oL, Rk L5 52008 108 (2@@)@%@@%% &fals Bharataseln éB:1256 1272
oS M Shan T PR 0| O YU RO bl Vo501 ome ot
2:00t Reroto8taki2ealy.y, solvent stability, reduced product

i_nhi pi.tjon, or combi nations .t hereof 0009]
[OOOéM)Ibgt ?feﬁteeentrﬁlemﬁetaats @PE%O QP(]B\egﬁtl?t@é‘slS ?foilﬁé’s 1) a GPCR
blndg 'aslfghﬁ’(?w &uSid IbRorARiGHE B g I%I e:t)gﬂ}[ﬂ%ﬂﬁl%la!tlﬂ ‘ﬁ"&'a%de of cellular

he "am no aci resi due corres 0 pOSIt
evetmsf that lead EraedlaagsemwﬁnmgsmfogsEQPl(IRsN@nSducé stgnallsét)& rnc&iulatlng

not an acj.di c..r esi | ut aci d.or aspartic
sciiiof 3 DLt inF Rt miob i OO RTRE TSI TR ghelestide
bindifbprb&id ( G%}oﬁﬁis?j hitd f 8FEAME.- 1d the SN FENHREHINE McStigahf®eceptor

ket or educt ase pol ypeptides of the disclosure have an
complek somabsites senine nodcotidoghickange had disseadiensd theelg poetdinng

heteloR BT a8 O e B PR ST S BB i PSS g gt fora G
proteﬁrcbﬂpese Ggﬁ’d@ﬂn dighaSiogeyaaRRAIGBRtEn siohdineeindrseduct ase

pepti des of the disclosure have an amno acid

[000% ﬁé&h’@e Gaboyng gubupih grd Hisdirthepodimgphavedpoy olguyed to regulate
% % i

w8y P A, S, 000 R LTI . 1

conVIeE)tld}iQI Z2elbbassE@sdabl OGP CRs, SiodploDadVity id ohdored by egtasiring the

omai n t hereof, ch as residues 90-21 1) havi ng_at
Outptlhefd Gdrefge-regplated ﬁgtﬁatph@attlwamz 25, aguiatiogiof g produced
by a@étgr U}H% clh atsor gét']@atsﬁgf @g@%ﬁgﬁ%glrcﬁgg %&f_)ﬁﬁ%‘tlﬁgﬁ%‘to )gPL@Cdcgwty
[000gd ICaannet@n@llL@ prdteindesel egind dhmenttsgn dsheysheséd beem difficult to develop

for ARG GHERB NS TRy REEPLR LRSI St Maieni GG RS gee cqmpled to
diffdr&iR @ﬁt%%@ﬁ‘-@%uﬁé%d@—i?@aﬁ t1@hsdBER PAathNhysl 4I?i'ad1‘31614al Pproddmbased

or a donmmin thereo such as residues 90-21 1, in

assayshire ldcpdndentensi khowvingthe 5 piotadi srpcifeeitknfBhd tgrest proppier, or the assays
reS|due arti cul erln In s

requiIg e gln% Ct%asftetfl quI@l[paéé},S% S goal{% %odlg?etnﬁg ?argc% recﬁcgpor%d a 8glected G

prot€ih cfBEtBr pathWwey. aSdcdnd 8sicduiee GPCRasupatasily 13 sb hﬁgamllrteus express
aci d sequence, or the defined domain or re ion,

many gpghacagus GPE Re (ssardl ariler secsnionrend sgnahing dagigre). Thus the
el LSRR O RREER L0 b SEANS, utrtys BRI ER: oL IR e
targdt &P CRITHI 1 pleamb meaomp carseusofalse posiary at talse negative results, e.g., when

conservative, as. well as a conbin

attorHNE BN \f}é@qleﬁéwsmde@%épﬁaﬁr%@ﬁf@o aci d
substitutions. Various am no acid residue positions
where such changes can be nade are descri bed herein.
[0011] In sone enbodi ments, the ketoreductase
pol ypepti des descri bed herein are capabl e of
stereoselectlvely redu0|ng the substrate to the

o, o S " "
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64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 86, 88, 90,

92, 94, 96, 100, 102, 104, 106, 108, 110, 112, 126,
wa2®9/0180¢ and 134. [0013] In sonme enbodi ment SPCT/L82008/074543

di scl osure provides stereosktl ective ketoreduct ase

pol ypepti des that can reduce the substrate to the

product in greater than about 98% s.e. Exenplary

r | .

[ooogfg%glg@ﬁw%yrét&ﬁ%ﬁw R gﬁ% ggﬁldfggﬁlgéé%%%ﬁg}{ﬁ%l R REHltdlng See,
for cxample, hoitatllseqlien deg/ Sar n&mmmoab) S FdrpudN®, PlgrnBicol. Rev.,

53: 1;2%’ (2@(;1) %ﬁichéé’deé%’ctiégés t%gt' ca%géadgté ’attglgiatigg or g:%am%égfn of the
GPAROQEAH!. ﬁ‘ﬁes%qgﬁmﬁmpﬁrﬂgé@&é’aré ﬁ'&ﬁﬁﬁg bReeREcessive cell stimulation,
ket or educt ase polypeg de can have increased enzymatic
and tpoaniferice y teaqur@ldpémg@ ttocethan gitradeliylpesigred endda couswonding
; q@g A0 reduci ng the defined keto substrate to the
intraGe TR 4Ye "amount of the i nprovement can range from
[0009] Bn Lér¥Rs, BiR@ng BE ¥iBddnEst &84 GPICRY cdbest R3Ein€ Ofid @8N rogducs at the
Mﬁ|dﬁ@g e ketoreductase enzyne, to as nuch as 2 tines,
C tegnipppakthe 1gpepiorwlecaly tobapbosrpantated by GBER kinpss, Amonist-
A Y
cornéfe tél%gn 1- A)gigﬁpeho latg? @ eng?{%g}él}eg%&&% hoeirr}e tin {feﬁm ly members,
e.g.ef EZ’WS(’&D eﬁ(zhtdstlh or ggn{emtﬁxj vﬂl:’li-@lydifzitzm ?ggﬁliate\brtayrestrreidpmr signaling.
rang 0 i mes : Q i mes greate
The PHléiﬂlgt %atmlaglt eeplige of thetiseeniests Cproksings g*E cEghyyaRgeting the receptor
e
For R B L AR T R DSt of an
arrestimpsuwhed fowestivmg tala plygphenyryakGPCRaan deduoa tctanty afdhe target GPCR

in dllﬁ%%éﬁ%@é Wg@%gﬁ%%&éﬁlsglo 81 ?1%1 t he h1 mt Qc%tygth}?of its target is
to bﬁi& to ‘Eh@ 1nt¥a%ellglgr déain ¢ the@PCﬁQher@%ﬁ blgﬁﬂnéﬁme b‘ﬂr?dméé‘lte for the
0, 52, 54, 56, 58, 60 ,
hetermrlrne]gc Gg@otegﬁandggev@@ng g&trac@@ullar qigls fmm acmggmgﬁheﬁpathway
134,

(desgyPizedaty LRt et QS s T SO R s iflgee of the

reccp@y & ¢16mERY 6fltha Ghdnvbrhie AR dizatibd inhé/hlﬂéfg [(e.helathrin-mediated
wi | d-type enzyne, and can reduce the substrate to the

endqsiy ise Which lglrtlé'@ﬁ artcmnpligatign ofithegsogpiordn a peaagiesigle for fusion with
an eHc?dsX{ﬂg mdnggﬁ dﬁq@ tlil:ea%@%t&l ctah%% eﬁtﬂ&J tlifl%%ted Byt 4 %?a%agon (e.g.,

n1ted 0, ypép conpri si € am no
by ly»esiieds) s calﬂfdrew{ﬁﬂon@e plasrﬁE@eh{Brd‘rBWlﬁe,re 8 cad @nceldbain be
22, 24, 26, 30, 32, 38, 42, 44, 46, 50, 52, 56, 58,
actigésd. 64, 66, 68, 70. 74, 76, 78, 80, 82. 86, 88, 90,
[00 I%j]:i Heiligé" vthellgﬁdln% %@a 11% %@Péﬁ%an E)Q 9&'1@10 *rﬁocﬁﬁﬁ@” the interaction
nmbodi rrent s ore uctase pol ypepti des of
betv@m tHedSRER aad errestpr mv‘edlsaSn@cthp hmdchgtaf ligahditat G}B@Rwauﬁes the

are AP ao T ORER, PSSR R e aclle Vi Mg pbaflges” o

any fRmWhédot ¥ Q@ed"\ﬁ}ﬂﬁ’ Eesbécgl?o hﬁé'f@@tfcﬁitd_ﬂb%ﬁméafﬁ%}@r@ﬁﬁlply to some change
ket or educt ase pgﬁy eptides with i mproved st abi
5 qid

in thie pyely thie tiuprosat ¢ inivetiandintesact, popp s ekeresle, a test cornpound or
hgat}c%npﬂ%sgl n cao%?e(ﬁt hoyztﬁgﬁigv%g)zot%%% i %I%)_lgtn g}Gﬁ]sg%lggnCEE%ence
modéthte ﬂiﬁLudé@mel’é%mcﬁﬁg obvo B0lcc@ids. B&,cxbBple/ the pfébenotbof the test
78, 80, 82, 86, 88, 90, 92, 104, 106, 110, 112, 124,
comgwgldlrgqy st{qygﬁr;]l or ﬁnhé@ﬁ@ﬁ ﬂ]@rmtg@'g‘@@q of tthﬁ Ve pg@@m, ‘weaken it, block it,
C [
1nh11%'h ﬁl Ilre]g%érfgé 81 %@ \élrl eés}sm?cﬂ 5% 1{89 ﬂgéeog‘rgér {N%}Z :étg(?ﬂnfagfn%“?ch is detectable, or
ﬂmtanhynmoM&bmhﬁﬁ&ﬂﬁmmthmMmMMﬂodefmnxammhapéhqnmcleotldes
under highly stringent conditions. The pol ynucl eoti de
can include pronoters and other regulatory el enents
useful for expression of the encoded engi neered
ket oreduct ase, and can utilize codons optim zed for
speci fic desired expression systenms. Exenplary
pol ynucl eoti des include, but are not limted to, the
nucleotlde sequences correspondlng to SEQ ID NO 5, 7,

A A A~ A - A — ~ A ~ ~ ~ -
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enzynmes, a single ketoreductase enzyne may be used or,
alternatively, mxtures of two or nore ketoreductase

wepwynesidray be used. [0020] As noted above, tPET/US2008/074543
ket or educt ase enzynes descr4 bed herein are capabl e of
catal yzing the reduction reaction of the keto group in
the conpound of structural formula (I)

[00 lq KeLRhdii ?éﬂk@anc&so 7@}“@} ﬁgﬁﬁlfﬁ?{?fi deag iﬁ&’gp'é@denﬁbf:@%%teins. Thus,

oduct of structura

on 7(1" MB bB}dhyngdeg\jmdhl fodreengn ifs@@a df GA&OE[ID]]S Jredraiteiooprecipitate or to
resent, discl osure

1n1tlz|1t8|a s],géla 15% ?S?ﬁc%dg 1p fhesefli éleg, ar %X:alﬂﬁ)ée, \EBQ f?zad]?%fkyawl% ﬂends Pharm

Scickde3 R8ER)BYELEDX YobT RhPADEF L, IBP@P%%' qCIz Hoi: YWlm/s?fB}M%og 2007
conpri ses contactin or |ncu atlng the substr

whoguketasize dwdmsedmhgqm prd meécrdépendent digvelinspatewaysdsginning at the

T ons su or _redu
st VR IR R L ST s BB o BtiB PRy involve cihera
(}m@ﬂﬁ@ﬂﬂmgaﬁﬁyﬁﬁ this method, the substrate is reduced
product with a stereoneric excess at | east

[OOIQH d; a% rfOIt HaRPEb 0eWBsugenigs of @ AEMRyscdiypierP arpgtin signaling.
t t
Prop‘{k%rlo%l %EI? IE g&%@mgt 35 fjh%ﬁ Pg@g@wﬁ%g%}ﬁ%ﬁo(%ﬂ@?)e@ g?@protem
mgnﬂhgpw&bﬁﬂhd&@%éapemmlm@&m&bﬂthemkﬁn@ﬁmﬁgemasaﬁ@
pol ypepti des conprise am no acid sequences
Barr@&fﬂré%%?fgpéﬁ@ww gEeyspyefpracgcing theyigstagtinvepgiong g - 18,
[00 lgg Ceﬁ%lgn%ﬁ’ng g\%nts%@spoﬁgve RPextRelludf stigfhli 49 gerf@ally%edlated by
46, 48,7 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,
prot@iﬁ-pr(?tél,n 1ﬁﬁracﬁ8ns %pte&ﬁpro%n 1188fact9ﬂ1,s t]Q:Ze;foﬁafla,re 96 greaomterest to cell
2,.10 10 108, 1 0 112, 126, 128, 130, and
physl%ﬁglﬁﬁogﬁ? t‘P‘ﬁ fQ gippitg S%ﬁ iRfsFAcLions Y RIVSS Wik §plitop germuted
StPSUValSs protdiiE AUELES, tdbabdifettl GRMAtTE t8@&keTht BAR porti f
repoabout19 %%g e. mherelnathe ketoredug?gg% pol peb€'$o ons o
the momsen rsgain ﬁctwﬁyn@h@mOdexms@W@sfu@l@n CeRIHIAUYHY teragB@ proteins.

Wehﬁ,set 'ﬁﬁ@?drg@q{e@?a‘t%ﬁlgrb Bo% étégfa(}t%oSﬂs?l%Cl)ﬁ%%éﬁt 7, Nature

MetRSdls, B0g5-38% (20089 2is bfbp%ﬂﬁﬁaﬁlﬁ@ﬁdﬂs&ﬁiﬁtc‘é)nﬁfncﬁ(fﬁ ﬁltﬁﬁhﬂ@@ptlon-
for reducing the substrate to the product, the

coupdebeppEeresypt§Mpeduced to the product at an i nproved

|
[00 lé?tlﬁlsq{nd%gh?ﬁ%élaglegég aﬂané%te é&fﬁ%@g"% %sgt f%%crtlgfgﬂé%mhlbltlon
of GRICRY- Opef ey metHodEQ@volyeh@iohjtoring ﬁ]tc&acrtldnhmth arrestlns in an intact

ket qr educt ase pol ypepti des conprlse am no
cell earpyitasm Hat CHPHIERATHR N g A G et g ijess agproac 1fc§hat 9 knowledge of
G pr@)ée'm ﬂreﬁhw 18 %chsga%y. §éje, é U.80Pat Ko. 73§49 @y ¢ ﬂl%thoﬂdfor Assaying

46, 48, 50, 52, 54, 56, 58, 60, 64, 66, 68, /0,
Proti6-Pr@@jn Blra@on” 88l.cf al.OR¢cc &QU teabD @, refak@r sm@n thla2 nf;qulres
tranwﬁg%ggqpéi:(g%gg % sgigt(g)r%g? Alc{:]% A nggrg qa a é)eptldlc E[ranscrlptlon factor
is cl@diile?i %Fﬁ 4 fIRS pfd’ﬂelh Reheh YRb BRstbifis Blicr@dthahe SQI¥RA %P(Q&n ishch

9 conmpounds. I n sone enbodi nents, the nethods

tranmmme acter (flepd g vatdse Ikmrmr@dnmt ‘Brefaplor 31}@9 preatedishes thpgcporter

func?%g%? ol%ilsgav%rt ";[8 ?ﬁ]ett Illukécq(:l?lts Itogl T:f%? &F nﬁﬁ%%gt él} 1)5 78?%%%%1? ha}/tlern gBecause
the ththe® DRlcpaiRdt sl cription tierh&ed fsdnopdisbls ot é’k%&ip% o platelets,
the antibiotic of structural formula (I11) (i.
artificpl p@cl@g% or URits Sélﬁh Rhlipgsemeptopekictian V@'@ﬁ-&} (v §@5mcles and viral
paﬁﬁﬁgtactlng the substrate of forrmula (1) with any of
e ket oreductases descri bed herein, under reaction
[00160 ke petal.sdisualblreg Dey. Tanndr, tltZrigS(b(rQOOEe)ohmdlmg l’eheNos 5,891,646

trate of st tural fornu I.) to the produc
and éﬁ?@é%r 5116%13;{5# ssgyipg Regepio ﬁtéva r?&ld&%oné‘tr%%ﬂé?'é in Such
formula (11) in stereoneric excess of at |east 70%
80% 90% 95% 96% 97% 98% or 99% or nore can be
used in the preparation of the conpound of fornula
(I'11). 6. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0027]
FIG.I |Ilustrates the roIe of ketoreductases (KRED) in

o o o a1 o, o o r
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[0028] As used herein, the followng terns are
i ntended to have the foll ow ng neani ngs. [0029]
w0 kevosxduct ase” and "KRED' are used interchanperbb008/074543
herein to refer to a pol ypepti de having an enzymatic
capability of reducing a carbonyl group to its
correspondi ng al cohol. Mre specifically, the
MethGhOICHNGL P8, RALORERLL]CS nRSAL IRt NifiofioN b scontly.labeled
capabl e of stereoselectively reducing the conpoung d
arredtmrmuleeuléd i, ths cygoplago td ieiveed respndomthepeld dudiceof measured.

f or mul [),..supra. .The pal i de typically. o
Thesgenetbodtly dihigh opvin deBand LG S meberdentingelocalizarion and
reccfloPH&lvanbh. AR i NEEINi- @by teELIGRE BisS thRediisde a 388 BicREinvolved

di nucl eoti de phosphate”(NADPH) as the reducing agent.
procg@uro thed gt bswsylas! hystbel atfantyiand intetagigen efdthe cehplgmentary enzyme

' i1 . k . | . . .
e TR P b EBE eSS E PP AR5 Fhedsafuced mercton.
Hen&€ gy mb@ed Byrfdry fam fARBippsitiadd #13ing A8 @h auadhdigciation of the

sequence" refers to that GIgo‘rti on of a nucleic acid o
enzymge, gndepepdganed)ligand bindHgo d SInperamioFforoBst @S githe o wer incidence

of iRy and PR i’ thBl MIRERAL e nfetpy seegping woula b

desimbbnpl e, a naturally occurring or wild-type
pol ypepti de ar pol ynucl eoti de _sequence.is a sequence i
(0015 ééélﬁtls oS grigaig fiRat anpHRALES 5%%1115; %P_%ﬁﬁoants have issued
r n [ S e it n :

o e Sl &t o T050] o PRt in
MedmttehE ffsesl Pwil¢rtgsaedl EBoentates Opioed Begepioradbdiated dalabesia” to Bohn et

cid, or polypeptide, refers to material, .qr. . :
ol bty By BB oy eoural e RFIgPaansop hork ihjlipg php amestin
bind¥g it AR aSBEE! P@lishédBtS. BRRnLaRNcARAL fiuskl ad PO/ GURNNEY,

hat woul d not otherw se exist in nature, or is

2003t/abﬁ'7tlfi5é and 29{&%@#@6%@;&@?@8%&@&,&@{3% desfcribgﬂifferent forms of
ssso Ty BABIIHEARTREC T BaER. RaaRs T ShRp o Wemgsy. U

Pat. A0 NB49,07€ hentis LBV géﬁferdll@r' feSuEXPGPER N8iviiRE 68 sdrfdling assays
are not found within the native (non-reconbinant) form
demgnstiafpethe gpporgmnce RhPBER misparafie genes that are ot herw se
i f - .- 10033 " Per:
10013 AF 85 388 kB o UE D EL SR nl B L P SMine AR B8 B
monitotieg elbogeadhynihg heidalation beferificpreeimpanictoinseradtiong) for
pol ynucl eoti des and pol ypepti des, and are determ ned
exarpple LeRPATTREMIR IS PRSP IREY-SYCThiS éﬁ@%—%&%&&e@@l%@poaw& where
the frOfERA rih(ﬁ@&b, WO Yot IMIRELloN i RBrRRITLAR pfgteihﬂ &ncluding receptors in
pol ynucl eofi de or pol ypeptide sequence in the
genacdmpal GBGRs wh adowpareyt compld, sesatidiictorpfis addresketged lomsd need in
h a&v.he. , gaps) as conpared to the reference sequence
¢ i ch does not conprise additions ordel etions) for
optimal alignmentsioiMARYtP TSRUREVERSIONhe per cent age
may be cal cul ated by determ ning the nunber of
[0018bdihe pragentanveptipe hravidss inghshnds éafctameine ifo tagticampased modulates a
spei MR e S BE ol Bt P ORI RE SRR afhron
mecknisMbe bietbggashdrétgnscddycah ittetadt with its Biresundinge Qs dxitasdlular
in the wi ndow of conparison and nultiplying the result .
evergysug as, digand pirdingdo gapcepinr ad @n pEsdyge e Btergeldesnopse with or
with Aot e B, SRR e P Bl R B oY proteins with
portiohe oh deadtsidakthenmuahkiaac.aThub, hmse, loteradinmo oaaivltimeasfodtsion can
occurs in both sequences or a .nuclejc acid baﬁe or . . :
prodyg HHINSETY TPPEPHNiraceRag RENCINPIHCR g cheny Al epnlgdnvolved in
nunber of matched positions, dividing the nunber of
mat ched positions by the total nunber of positions in
t he wi ndow of conparison and rmultiplying the result by
100 to yield the percentage of sequence identity.
Those of skill in the art appreciate that there are

T o o oy o
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BLAST and BLAST 2.0 al gorithns, which are described in
Al tschul et al., 1990, J . M. Biol. 215: 403-410 and
wa\bdogosatic et al ., 1977, Nucleic Acids Res. 3338BcBUSDIS8/074543
respectively. Software for @erform ng BLAST anal yses
is publicly avail able through the National Center for
Bi ot echnol ogy Information website. This algorithm
. | _
mgn%l'ﬁ_hégia;@a%lgc/;.i ‘é?ﬁ? 9?&{&%%&1% hg?ﬁe%\/\%lra ﬁ@ ﬂtfdg 1§‘%ﬂﬂ'1%5\§19 tcpﬁjofe?n protein
interqotgrmyg of enuiepe e Thenitahcteit ey, fmedmmpdrr be bbﬂv\&rély two membrane-bound
ositjve-val ued threshold score T en aI with a )
Protiig deBfeep frdngmprans- AGAPPIF A %ﬁ@ef@g@ dbet*re%cytoplasmlc
protélﬁ§ %’EJ E@né &n@oﬂlmEHQ"ezﬁﬁl‘eg QQZ{OB%QH&?’O%ﬁﬁﬁf @aﬂsﬁfcﬁ&@ @8 ghother
tschul et al, supra). ese ini nei ghbor hood
Orgamiﬁd stiht a5 saicloas, veleasdls réporter mat:tlmwdr@ meducchesgnab Pricfedably a
HSPs n them JThe word hi.ts e
coll- BN Rl ) oo Bl el et (o R Ny B, i brae
fracticis, @fcldah Erabtivhd| @t v& B usgdmBiiuded @f@arﬁﬂ&ag@ckages or units
i ncreased. Cunul ative scores are cal cul ate u3|n% f or
contaiH|ZedIciof nose ERgeprte 8f infgsest, pﬁaﬁla%klmsemm (iiagike padistes and so on.
| >
The Eageé%rgl {?\aenglgg Emﬂ%%??&rh{lgeﬁc; eﬁsék Qillls%ﬁ%egl e n tlQe%t ng @gn&&ptlon 18
neceES)ii'y.aRi:ﬂﬂ)ts aanh thus 6gurne 2pidla osteﬁred agd m&t lbd obthiscdifrooh detl-based or
al cul ate the cumul ati ve score. Ext nsion of the . word
cell-fiop 8Y§HN e ot FCRITRIASPFTENI08,08 SHRAF CHFCIRE Rrofeted CbRHiAERty @ppears
belo®. IT8REE&D Rl%ﬁts f.ad Ilnéregf fllu?&’atfv@ %n@ B? Ab ik dnlifi QR blte§dth of the
maxl mum achi eved val ue;” the cumnul ative score goes t
invepgomdaescribl amilclainnedhereﬁhe accunul ati on of one or m)r e

cor due al.i gnnment ar the en
o013 B GG iehnaet &' e diRed iR A S GO i o least one test
comP&IRINRHIEE SclVurfacd Mitht & 8ds8¢ Efgfb%elﬁ Reint&Bsi trhYkdsy c@sbund can be

speed of the alignnent. The BLASTN program (for
assespad ferots abity dymerelets)activigs obihie @ecﬁemqu snterepioe-gl @ rﬁqtehtor protein.

Exos ot dEn gt ice b Aash Faytbad o ERnyiadlindi Gufstection of

a selte&@d BélP\S@D A28 GHR01 dtSeEmAsligedaluides wahWoT)d @ir@ibladi¥¥olecule or
an expectation (E) of 10, and the BLOSUM62

mol%%lkﬁﬁu wacheamprisc(syde) %Vkléﬁffmlélﬁ avhignereadss a firgRoyotom glinterest,

|
o D50 LB QR s ARy SR L PR Mo
sensﬁmelt@y ptdteasBoBai-hdtiveror @étﬁfamtﬂ)@p@ﬂsn bfia proeca&EGnd (2) a nucleic acid

con3|n oftma e pag e (Accelrys, di son W)
mol?fél Py wivg aa@p@@ ) (aémpakvauc F%g:a hlclpaewfiem gecond
protéﬁ%ﬁ)Q?ﬁlteraétﬁﬁ%lﬁl thQ fRst J)tbfl]qu 1%&%@&1%5%&5&%n@15m§dulator e.g.,a

basi's for a sequence conparison reference sequence
posnmtytetst@oalp@ub@a p@ﬁem, dndr(gka pe;len{luee:melp thiap enendasp peteaae or an

| engt h ne or .pol tide sequence.
acti G ap e Bortig of s REECSe AHLRcBor B I REL§ o8 ST EMtEded by
nucl@ﬂé(ilbﬁic(tlb dl@lo%uf%ﬁ“ é"Q @ﬁd)s‘i’tlxreetéét@ﬁﬁrgohﬁh kiR atdduladd a hRBSh-protein
25 residues in ngt h, | east 50 residues in |ength,
intergetiqrhef ifitgtdst Gb@tvgﬁteh tlof tvechieroteirs| of iiterest) dambe probsppept asdeyed by
addné%,r?f‘:l(;e Ie%a\én\%allg J e%ezgd c?e%t Isu%efcfates of) rep%ft‘ge%%tc 1 a%%nﬁ é)fgtgl%aqu gelﬁs gxpressmg

the ﬁemrseeandtﬂ}aﬁemsef&ueﬂebtamd b&bmem sy i@ byBesSHBEERG SR,
urther conprise a sequence that is

and f
[0028] F é% @rﬁletg@‘i Wé@lﬁng Nt e PEBFdR@Sion saybrpwef a permutable
enzygIge{Tﬁgrgp ng gorgfpg Ty Jga% ﬁl@éra@glf&rfmrﬁg ¥l ng;%hhgtgﬁle OctEtlvatlng
protaieguehagsnehzime u‘sW)amiepmﬂﬁi eatpodes a(ﬂm’ﬂn@protem may be in an
. __"conparj son ndoml o identify and ogpare | oca
1nacp‘éeg§ éha&ca% ﬁféﬁ’é@ gtﬁyrﬁlqaé{?get, e[xel@g% ﬁnzgg}?élc activity associated
enbodi nment s, a "reference sequence" can be based on a
primary am no aci d sequence, where the reference
sequence is a sequence that can have one or nore
changes in the prlnary sequence. For instance, a
reference sequence based on SEQ ID hE)4 haV|ng at the

o o - o \7Z7A A Ir— o . a o
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percent sequence identity, at |east 85 percent
identity and 89 to 95 percent sequence identity, nore
waiswalbsyri@t | east 99 percent sequence identityP@BUS2008/074543
conpared to a reference sequence over a comnparison
wi ndow of at |east 20 residue positions, frequently
over a w ndow of at |east 30-50 residues, whereinthe
w1thr{ﬁé Q&Bflﬁigﬁ)tﬁfl of ERCAnbaRF E%tﬁéﬁ éo?n(_})q‘ﬁl%:éﬂ i%taaftiekﬁ{%orter activating
aring the reference sequence a sequence that
protem chan desctictete e twihon sheofiirs techdl SBccomiSpmteurslmf trot@bt 1ﬁ(&rq@e r Cleaust
| ess of the reference seguence over the w

of
Comeems*a fhag ipdujai WisgeGtiop o &% ahdrmecondppicnls of &Pterest can be
scre&i%ldy Pﬁﬁtabé’(ﬁrﬁpllsﬂlﬁféd &Tts S%{E’&tpéﬁhit@ﬂugh %Bﬁgﬁp‘xﬁt id¥R@&tion of

that two polypeptide sequences, when optimally
molegujaymleed maslubate sedectad Hrh‘@lmp@@mmﬁer@mn@r BESTFI T usi ng

f.aul t [ .. Sh t t .
10038 iR BBl 0 !o% oL PG BB bonbi B i of producing o
readS@AWepE® AURMrideMt inat fokd &ﬂfos&@ctﬁiﬂ&%@ﬂ be SRGIEENCEhe enzyrne can be

|dent|t or nore percent sequence identit
elth@@ém@t%ryna%wt@é aélglg Ch%ed der pesinle. gridcaNpgeHteapey %beuﬂt into
the éggg@% :t%c %tact%aftg hd PB%%%I% gr%ia&a C]i? %rboses&ﬂafjenzyme co%pled with the

utrons rrespo
ﬁmohdbﬂﬁﬁnofﬁhakmve to" when used in the context of the

ering of a given am no acid. or polynucl eotj de.
[002% (EHRE Velyclsazagegphesw, %@éﬁlVﬁgonofﬁeﬁélZY@gﬁswle%O&ﬁ rgay be
englﬁ&‘?@d fn't(?g d%s‘ﬁfeﬁ rh%ﬂ%%ll%@ﬁi% RE Br MG midNE: 9&1&@ nF(ﬂ"@foﬂpﬁcé Jector
or polynucleotide sequerice i s conpared t
nmymeﬁ¢nsmapobnqﬂaﬁ&bthanakheasWﬁﬁddnuﬂmmkﬂmgmdmmnnumh@mmthm
r resj ositipn. of .a ven yner i s designated
can {4 AB SR cLeoy e Rinae G Srie abi bemee i nEpe SRa byt may be
natuPJPl%r REbHRAL, BIHPRI@B é/ tR® §l|eIl\l’a%B sRE istAgint&SH G i ﬂﬁ%ﬂhcleotlde )

thé given am no aci d or pol ynucl eotide sequence
that &xaerriressedagy pamutad am@ymel EOIS@@H@#C @ cleayegs sis nohpativfto the

pro g o it BB o Rl R o SRR BT B St ibang into the host

cell.r RREGIHEY TBHEIIRH IS BRI ahféﬁzfzrﬂ@ a&RAtENSaScavhie RSBy rernovmg a
cases, although the gaps are present, the nunbering

blockme neaddaRiedy Rloprs Giaralypartides @ehangsrcopBeyirtien @b&h%féey
aﬁQ? spect to the reference
raﬂéﬁ ugﬂ%gv?ge %%h&aﬁgﬁ been ali gned. [0039]
[0023;51%11@ oae bmbbdlmehyfeatulr@f@reﬁstlmpmlbpemrdef fer extnnyele an enzyme. The
forpation.in a CE%ni or enzymati c react of one |
“enzypgy AHYSEBRICLYHER DX HeHe: Fer gpesticdiyelt 114y ]%e)ﬁ{ééléwsﬁ% cngineer a
clea?@ sit@lmto ‘Mbeé'n% Q?ecfogﬁl §3Q P&ftea%@ fhat {&o? ﬁht%%' Eﬁrthé Rost cell. The
&vored over the ofh be conpl ete where
cleavageysito may deentelusedvir the éorhmﬁmldlkemhbmﬂe i.e., holds in contact, two
st er eoi are enantio t er eosel ect i vi
portRiS ERFRGY s HEBRAR DRET By 1 oo o et bt “enzyme”.
for e(xﬁﬁb?lec ﬁie'eﬁzﬁﬁ@ Qﬁt‘h%%l@a‘ifage Qf%rrﬁ%%@ﬂﬁﬂl a@lﬁth@ﬂ@el?@?@ bt &1¥Rer species
he sum of t h. I's conmonly alternativeée
and n@trfoumbm theyhest éelzhrqr tl(et qlgﬁvem pije may be p@d@@dt@g@}lsea:sattme
subsfl} 6['1 hloPEL I Pmp AR g.C s orcl:saelr&a 1I a L e[}stl rt]e{lse arre%s nown in the art
UDSHECOr A Rg° Po™Phe 6P i Rej or  énantt om W ‘
or &GiPl¢ em:gd /S{ZHBdrOﬂha@cﬁ@fﬁrl obliee ftraits Fial O c@ﬁ@ﬂ\tddeﬁ[a]mtain activity.
This can also be referred to as stereoneri c excess

The pethatyynecqnat e idprsicat ortboneremyted cnayagt dpevrsdisetsred by

e [IAVA
cloa i PUROSFLETH, M Ll o S 500 B BpR aprsmn s gorispsor n
enzyme Llpavise thiage)maf dlelrm@t tilneaﬁtﬁnetmte bausmganmtwhtdeIEODIfnay allow

wo di astereoners.  [0040] hly stereosel ective
catalyB a0 2oKRE bRe Y é%%n%apg g%tnoafé)q fﬁafb s@iadingor
of converting or reducing the substrate to the
correspondi ng ( )-product Mﬁth at | east about 85%
stereoneri c excess. [0041] "Inproved enzyne property "
refers to a ketoreductase pol ypeptide that exhibits an
|nprovenent |n any enzyme property as conpared to a

Y o - o, o oy o o
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may be affected, including the classical enzyne

properties of K m Vmax or kcat, changes of which can
WO e@d/082916 ncr eased enzymatic activity. | nproveP&nus20081074543

enzyne activity can be fromi about 1.5 tines the

enzymatic activity of the corresponding wld-type

ket oreduct ase enzyne, to as nuch as 2 tines. 5 tines,

[

catalfle OBty A ihEREC pefioh! T peritd ime ik B p fifiner ha
restagecantivitng ket or educt ase or anot her engi neer ed

zgitr red ctase from which the ket.oreduct h d
[00 gb%ﬁ s e %"gﬁgwtf cap Anach¥atr Of &CtleVﬁ{?otH? Rigti¢ig that produces a
readbi}e (QBHIaPERIA ?@e lﬁ@é&ﬁ;ﬂgﬁé‘d aStfe EMM{E@ 08X NsPEdripduMar Y eample,

enzymatic activity in the range of 1.5 to 50 tines or
when a8 expredsti priodess ofjp eatleic acldamolectrde that ccnrhprlq@a r@ntynucleotide

encafFie g R PRAD R S Moyl Rt B ey giitf Sieptfrey
initidti® dc€idlity UENplofabe thAereeaddlang cledldiaNeprotabe st tlcavage

exceed the d| ffusion rate of the substrate, including
SeqUSASE IndpPIrEwiedoFRRItHREIVATIRG PINEBr et i cal  maxi num of the

I
o083 PR b R RGAET 5, OBREERLLY (PR 1A s
of, oaalttrvativelpin thbebkeatosedudidmelcenle] Thavkirdmolyepkyis tHugisiid to
related.to the . di ffusion rate of esubtrates act ed

modyate;proteifs PIeds B ﬂ%ﬁ@&@%@%ﬁeﬁwﬁéyp@%g%%&a Badaotgirprpfey or

r
pepEDARICERTACRA (B s NG BTG BRPRATIGUaRAE
mterabaarge&dﬁm):uhans _rﬁddubnﬁislggmt}mdoﬁolbmld g ,saemt[:‘eoamohad 6y thus
efﬁc&e lg:rggﬁé%egrbggb%%grgo%t gnggli?‘[dlg‘foFgll 100, oégpuiﬁ%d%agygo%ﬁla% protein-
prot&ih @stEGeGor (beBveapBlypep @S @}és%@é”@ﬁﬁﬁég NrsOdndQBEHMBA and B, and

activities are nade using a defined preparation of

s0, velnzlypderasea agétdrme dragssdyntersbianceably deregoredn be maswd:lbbﬁ@ active

repofis SV PR MR BY bihE S opBirel U PEkerS Sokesip o bffing protein
to cdlRRxpresIes thecgifst@lﬁlcb Fa@lﬂg&ﬁwp@fmwwlﬁ%re@tr otein assayed
are determ ned as we as_use of identical expression

[0026 e releetion af peqieing A anddd ts acdasigs cheichiah pairs@f molecules known or

t 0 h
snfGH) B LSl DaR il PPN, 00 SRR, R ROl piis
TTMRthither 4 Gereninyorat( al‘rersﬁd uAlnbthEr afantﬂhelssauhstleét@epmr and a

t he car.respondi.ng product, cent conversion” fers
Disheyeljadebipdlipe rpteipsandrig o8y st ﬁ%&t criaarD vl e e pBichipperates
durlﬁ)g ﬁer%lﬁ Iaélpm@&%tio%d }fkfncé g@teﬁ'@ Qt\eﬁndslﬁ’ %Fé fhiced 1. When cell 1 s

Itions. Thus, enzymatic activity" or
contatacd by pt with oéll a ﬂhett 1oteea3tluon asgeepodnygeeiph bglend amcdblel revealed by

prot?elﬂgr esagg%ﬁsomftgt% E}%Qrtaﬁ-tﬁgg? é?[f(ép%n(f) fglftb?r:rregea?# l%y ‘Ehe reagents of the

insta@IrREREIC 811 dPLH Y RERILI Hh dt RddctdbBd fE@ilhs sim | ar
activity (nore than 60%to 80% f or exan‘pld&)lafter

[0028% Yot anatharexampleas & prasaipek & ot @@rf(seecbon c aab@)“ pfagein B to be

exprasg?& dl(ljgfelﬂzl% r%mﬁo g%ﬁlpqlsg cf é‘oelrn Xafy %Irlglgl]@erl ng pgotein oralf
arredt@tto medeum @&ﬁcaﬁﬂa’tﬂﬁﬂidlﬂ%r bh %hglﬁaérﬁigad ﬂ&poﬁérrﬁcilﬁ{tlng protein to

act|V|tyBJSbqﬂf nmore than e.g 60%to 80% after exposure to
haveagy Wﬁg@l clorrimihghis aef@d §n, fos exruple.dry agavitheenll | Eoligwing
aCtl\Jfﬁ8R Bﬁ 9&%& g%v?tg%q (ﬁan{l EH; g%@%gfécgg%% Zﬁlternlatlvelg endogenous molecules on
the tlmmtoy:llamy apmtamsauhy lasdoetate. Hutaybthtihembodatent) the @rotease and the

period of time (e.g., 0.5-24 hrs) conpared to the

untreated enzyne. [0046] "pH stable" refers to a

ket or educt ase pol ypeptide that maintains simlar

activity (nore than e.g., 60%to 80% after exposure

to high or low pH (e.g., 4.5-6 or 8 to 12) for a

period of tinme (e.qg., 0524 hrs) conpared to the

untreat ed enzyme. [0047] Therrm- and sol vent st able

Y s a o o, o oy 1. i
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acids include L-Thr (T), L-Ser (S), L-Hs (H, L-Gu
(E), L-Asn (N, L-dn (Q, L-Asp (D), L-Lys (K and
wa2080937R) . [ 0050] "Acidic Amino Acid or Resi dpel/US2008/074543
refers to a hydrophilic am%o acid or residue having a
si de chain exhibiting a pK value of |ess than about 6
when the amino acid is included in a peptide or
rep R Pl B oL IR T8 e SIRAEG of el g unit,
extrdoslllilesdomnding hydr ogen i on. Genetically encoded acidic

ino acids include L-Gu (E) and.L-As . [ 0051
100 RIS e R G POl Bk RIS SEThpes B frform a
comﬁé}?iﬂ%@trﬁ@thﬁé QmprRe b%&nmvangqs.an% ﬂ@taﬁthﬁ%d}r QXIYeRistd RAdéntify

value of greater than about 6 when thé am no acid
molg¢ogles tledt dahelataieror @reyept dssecigtonairppssptblyl eAn Bagimple aveiuhbbe the

aci ds.typically have,.posit.ivel arged side chai ns at
fornBb 8 BEH KRS &S MRS RSP Sk BRO SRS S SR,
[0029PMn cdeemBh nfe@hdisrBNE0U §eotbiasdotpRETreRpREd @FPARAINERBhown as

L-Arg (R) and L-Lys (K). [0052] "Polar Am no Acid or
TTMss wirdrtonngs e ysaddrezeip yiieis paigeplly haporastaetivation of dig @BER results

o R R TR L S

initigtingetee@inadng, sshapthgd, opEsinmmdiy chyauchta® BxG ptdiebela B arrestin.
nore cl osely bg one of the atons. Genetically encoded .
Thug, 31 G proseinie8URled EreePRE Kingee qan Astor iy activaggdyeggpfor rpsudigpg in
[ - . . . o
ol sy Ty AR P AR EF ety s
the rs¢apeorc Haiismeotanizint is mgllacohyatvaifoo boroe GPCRs. d etheecirdulnasmnces, the
.zero accor.ding to the nornalized consensus
wctiRA TG ARG Rty SdBr e WHY EPQgiBel g of ah, 1984, 3. NOI .
[0038] Qb-assdeéPmblRnibd drod(RARE bFoAlihproBRmAHREAAYAABNSPGPCR activation,
am no acids include L-Pfo (P), L-1le (1), L-Phe (F),
a sygtenyayas (deyigned toagsayprotein-profsin We,raqlion@an(% topted in 7GR ermuted

nd L: Tyr . 054] "Arpmatic Am no . Acid or si due”
repodf wplel¥s stelhia P bR SR RphsHRRERC Siers calFeh o
lucifeRst/itercHavisag spstéh dGeadraily thhahotaichoidede af al GdsEnddB enolecule
aromati c or heteroaromatic rin CGenetically encoded

foreigh dorthei hosterl g stgppling meehanéen. L%iﬁﬁ @ipim)izes; spyijtangoyp agiption of the
- ) ] ' h i
rerof ey B g e TR Bl Ml o b PRt and honce e

positiv@as dihkirgebras a@ivasg moteealedhae be ohc &sthandoatadmetiicture or one which
éesidue as lt% side chain includes a heteroaéo tic |

can bg AgMufRSri@viFlth A theat Her cPer |58 g o tae vhin FOBRPpicetal of

repo['ftglé%dgﬁ%ﬁy HhefSndhipFA0E Ak e gl?scférﬁl WelicaBER cRRERWhtes tt%e use of a

Constrained amno acid or residue " refers
laters meppomienactevetiol owolaceki dine peimautedh espoetecaptisatirg meldcule minimizes

eonetry. Herei const rai ned resjdues.include L-pro .
sporfO TG e TR e G S LA o Forbxample,in
enzySROMRIndht REG AR ERnIatioR 8Ssads, HIR! AtihMEbYthe MBLymd Fh&A&AL an override

ring. Proline has a constrained geonetry ‘because it

reacds binpiaes vaitlf ihgdargetrmeleewe rligagd of moBe}le brimg-sgrsicagd santhafo
Acid or Residue'.refers to a hydrophehi ¢ am ne acid or
sporfBlByTle=RESH AT ar GF LB Tt ol LY BRefaP el kol herey
contfibyt$i golo GG Hea badkigraimd anthio€ Falsasoshine s SThdpstiiuedd rtpetdpattivating
of electrons shared in conmon by two atons is
Protgja R HEFES! chie bel cegjneared topriydctie gthighwhenstet gmsngblesshe
- . [ n
perm%8 SpHEe BRIl IneIGhu PR Bt (AL Fploby B TR can o
prottas¥aite. (Mg protchdeesitelIprefetablvaik ofdvhihds b uAiqac (il rardlQPEeént or not
“Al.iphatic ino.Acid.or Residue" refers to a
PrespRfdR @1&?&%& e ILRRUAY Baihghe Fapsa PrasATy RS Af themagthed of
hydr ocar bon side chain. Genetically encoded aliphatic
am no acids include L-Ala (A), L-Val (V), L-Leu (L)
and L-11e (1). [0058] "Cysteine" . The am no acid
L-Cys (C is unusual in that it can formdisulfide
bridges with other L-Cys (C) amino acids or other
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present disclosure L-Cys (C) is categorized into its
own uni que group. [0059] "Small Am no Acid or Residue"

WO 2G0e03271®© an ami no acid or residue having a sPCUEUSIvA$/074543
that is conposed of a totallothree or fewer carbon
and/ or heteroatons (excluding the oc-carbon and
hydr ogens). The small am no acids or residues may be

1nteIfe’5{ Eﬁ&é ’P‘I@«{t ?Mde%%qot"ﬁé Ieétﬁl'f@ta{l(ﬁg g@rﬁaﬂ%gllsafeasﬁg aﬁBn 8f intact
acidic sma am no acl s or residues, In accordanc

repovict dctivhenginolceuldedridiiencomsnimiGan dilscpdsitiven.c Sﬂfﬁﬂiﬁcss'rg]hdl is obtained

onlyLlPﬁ| %g%%lgﬁ@sg I Ud‘%y 1n(ﬁ1|c§-m,e r%ea%atoLp(rX%tEﬂ(yD%{h %d%%? 1ve
report'éb’&trtﬁéﬁﬁllg ploRi & ARG s NAdARFathat %%ﬁit di€an adtREQIRal activating

to an amino acid containing a Rydroxyl (-OH) noiety.
or g@rmwtg@atlty;beandww Thydrapxy humbendipndtegpeslmavon acthggrt which can

be by g ety SHonnEPr riin g ekl ra vpd sources can

be ubcFhieds thésctdferbly @lcbRNGEBRIN ihthyt Hbt defis iGHepphaaio Gomprises a
simlar side chains, and thus typically invol ves

pernayiessEepeTier asHY S M HelcEngane vdierain ﬁw ccHmgpeqyapepfar decily tugiferase is
t r
tazeBF bR AT ERNL Cflh 150 TR ST aftPP WAGET 52 or Am2) i
link@hﬂgokﬂet obad®, etﬁ?ﬂﬁﬁr(ﬁfﬁ:\]ﬂ) ‘gﬁbtmﬁé igt:meo na aﬁ@télﬁﬂénﬁlbdllﬁﬂnﬁﬂea permuted
ustltutlons roma nydropni icto yaropniilic
1u01ﬁ$e§ﬁa? BRSSO £ & Asratin oM AT #yd DRY 1858 tlHikeg fyd fgvnstream
I [
prot I OF @ B A DL fbte Pl STRLO O WA drrc S P, richpbPch as o
7TMR suspacnedabf phag iicdependent afl G phating, When ppemats dangineered to express

bomﬁnli-lﬁgﬂ)oéﬂ? 8 %pgerS@%ﬂggg alrcplglpogfcf gleﬂ@{a]%%:g g,léééjg glargétln i Interaction,

recr@PR AR -BRA A E fistihSprofetl oNRE prod@sdR@giBELLIR infhe rmluted
or | can be conservatively rrut ated to either anot

lu01%tasph@d the THBS prpirasoeleavss éhrmpem@qudmclfﬁmsar Eflgstis @i éhe tErEhe
e bel ow sho ary conservati
ComB%‘B]sE’t“ C%‘P? %%Suf%%ﬁiugm&%c%ﬁ%&%?% &CtéYJ}YstEm’tl%ﬂt aBputby
recoh&ft@tich 6fahs LUpSted dbtivOihgOfrofdit, ad thacaQ, tRdludiTtiad Btbohek Active and
t he pol ypeptide with an am no acid with si gnificantly
can gynease # Aefeeibie signal by ¢stiop enwisedablpghstaieseich as pleciferin.
C I e r
[003$1 H‘ﬁ& HMPL&{% ng?ﬁrélgt&g chldﬁp@& I?esérdegel? goo ?H]ies ﬁEth\%rtloh I%?Qleavage
a lemdyatpheaoinene@n, farexampie pmaénzyzmesruNamenmraitfoaethe(ra)zsterns are also
t he structur? of the_peptide backbone in_ the area of
applt‘ﬁé Cs 8 EXARRI$-Gretee %uoreﬁfﬁ%q nraeiny (GH P ey e gged( g) perpwited GEP,
c.g., %I'@lflg%ltﬁ am( gé'a%ﬂgéa' Eeh{ éérveoa[s tﬁ@)e BH@r J%H’vé‘m%f rH%?n aﬁidd[ﬁe reporter.
‘chai n. (5) tron "~ refers to nodif I on
Actibiby poir G)'fprP tsudeasb];/EV enothal pofcasnwith rthermm@mtmmteaherdtsf included

in th RS p RS R R B B BT A Groc B G ot thercby
alloRflgF8arrahgOhc AR p%ﬁda@s AGLAY, GFPUarfi®@ItBe adUaRfRga el Aslf Yhing a

or nore amno acid 5 or nore anm no aci dS, 6 or nore
deteetabla aerpeicd @gn@mgrmwﬁmée aﬁitnmaaﬁlns:leay@gms'lteﬁﬁmeb@mtmduced into

id 15 d
repogtcl:f 131?%601&168 (rir(gr St s?éﬂlﬂcanggltpg urboc ggno ¢ A rﬁrvﬁ%ea reénrﬂgmg from the
prot&iﬁ-ﬂr@teﬂ:ﬁﬂ(@e@fetlbﬂ ¢hch@tslts ﬂufddadsedcrépc&mr Rignalc iM8ltiply cleivapOsites may
20% of the total nunber of am no acids making up the
be intgodagedhiato B FSPRECHEANSEUGtet ai ni ng enzymatic activity

00 200t BB IDNQUE LNRRERIBR: Oy i wher
cleadigeaatede bostiphecd NnFar axampo MﬂllerB’tSJoam)dﬁ@rs off @ienpaigdeptide have
ortions of the ol tide. vari ous enbodi ments
stronj Gontict. SERAHITEAAC d%ﬁ?&é &yg%ﬁ?%@s dedusBe iy Y] 1B cpppted to
be di scontinuous. [0064] "Insertion " refers to
nodi fication to the pol ypeptide by addition of one or
nore am no acids as conpared to a reference

pol ypeptide. In sone enbodi ments, the inproved
englneered ketoreductase enzynes conprlse |nsert|ons

o o o o o . o - s N a S




10

15

20

25

30

t he sequence. Fragnents can be at |east 14 am no acids
| ong, at least 20 am no acids long, at |east 50 am no
w@eiod®3ld7otg or | onger, and up to 70% 80% 90%CPEES%008/074543

98% and 99% of the full-1|dhgth ketoreductase

pol ypepti de. In sone enbodi nents, the full length

ket oreduct ase can be an full length engineered or wld
redub Bl B e o PR b DR Kol Shpept iR grect dus
restargigsghettyant i al | y separated from ot her contam nants

aturally .acconpany, it, e.qg., .protein, |ipjds,
10033 e Ry REPBGT TS oS binsEiei i BuT e ess
trandMrRllaAANBeREE B of, AMOVER, Phamplel bi #&hshlcPiBraf&eEeptors include
natural ly-occurring environnment or expression system
P-adfancygic ravoptor (EPRBA}, argining vasvpsagsin ieip) 2 (AHVEPR g1 BR)eskrotonin

recef{BL IR AT R) A0 BB eSS et G PRY B i€

motiff PrcBEptorsHATCRS), Hyeadifs DQrredcp@r ADRD2PIQPPE BpibRNGcepst (OPRK), or

such, in sone enbodi nents, the inproved ketoreductase

ala-adregenic seaptae(AIARAd 4D atte dMsaIby@edouge reqepoes7re well known in the
n i . e | " f s .
B S R e L
embpdiettats deadribed pe ek /Bplps et presentényention.aFdmdxampty, molecules such as
wei ght bas}s it is nore abung@Pt t han any ot her
al 1

the ippdingrenys fapiaer arrspie (18 pattidyisiadyrongic kit snd iparigins which
are %gﬂf@aﬁgﬁgﬁ?@ahé{ b&ursi RRL @s@fr?_'g@lll b epHF t FE@I)%%Q@&%%QQCGNM 2

ect species conprises at |east’ about
(ESRZrmognbe ahplbhed metbe presént cleations pElod @etepsesgmitidnyofrmpretease
or % wei ght . neral | a subst.antially. pure
sssopiated LG TaBpst PR v Eoraye enEiioe AT rotease.
TEVRLs& sc@QPiEi 14O %cﬁgniﬂgﬁ Site AIAUHErcRPNYS ‘is%orré@g)@oiﬁ@ﬁﬁﬁtpr&fga%s with

or nore, about 95%or nore, and about 98% or nore o '
smalgr| andedatistrod bombrercogpeei rwsotiorpsites.o Otlser wedtedses prea@tserppropriate

in the conposi.tion. ln sone enbqodi nents, the object
for o R3S PR e For S GEBREY HcioB ol o e FFdase cuch
withGOfiN kil 8 teco @ GbIe Seq@amiRothréabidene Purd ot ' é@lean Cut™ ecach with a
. conposition by conventional detgction nmethods) wherein
Six reHUCISAPRILGIAQN WAUSAsINst RycRasiny | arifhya saver ragidygirecognition

sequiRAELE D Blso® RE R Sp Bk b SRS Fhe Bk invention s not
limit@d @o nGt ofaapn Spetefi epronass. Ohitd [gotthar mspeaiveser, Icicasoa® site that
enpodi nents, . the isol at i mproved ket oreduct ases
resuliyin the genegaed or ﬁt%%%gﬁgﬁog}% TN pol ypept i de
QO RO BidtkiR WhidtPRE8htes r?&%%n FndicgAfrhOfhat canSicHSES substrat
[mnhgregﬁ(%%'?%#%rg$§’g%ﬁ%f$ ons Jﬁﬁ%ﬁ' ei%%ﬁﬁugl%iccaéfdsmmrae
to prioged adetentabls sighdle Forsxdamdewthd enzdyheseayodiresKy lok inidmretthyeincrease or
art, . the stability of. hybrids is reflected.in t
decrist {URES e @i &F gﬁ%ﬁﬁwﬁ{c%ﬂf F REVHBYS e ﬁ%ﬁa@%%gﬁm reporter
substriR 4yt 4 bloYogtd, s@cHsRI prétehiS ofindal e tal BBmMR%L WhBse reaction is
strendgth, tenperature, G C content, and the presence
catab(fzectbmmefrqmr@r 20 Thesecong prafeineds ifitgrest may be an inhibitory protein,
suc paglra%%?rgel I%g :élﬂrgs%lﬁlg ?{)]rin?ngon ygilrr_rl%egal}cgtwﬁt?le@ﬁ g%%ot(rﬂgé.{\{{gigtg%&ri]\%jysin response
to liBalddtéptatintatactionl 9B cdMahioblsa Rilzyyoat 00y pb&&iyétel -Thé feporter may
Bolton et al., 1962, Proc. Natl. Acad. Sci. USA
be an gxagzoous @nnearautichas af) galaciogise oy plucifrgse. Fossimplicity,

B T e

activBteociepoitatmydui2ging8ddle B4 Gpdriee ndadkilagihg dratein DB Bporter activating
ucl ei ¢ Aci ds Res 18: 6409- 64 erratu 1991, Nucl ejc
protag; 4 e 011*9%5%5% maleie Sk © Fctérl 05%%93%1 ECPOBGIGEP Wt Tof example,
al ., 1981, In Devel opnental Biology Using Purified
Cenes (Brown et al., eds.), pp. 683-693, Acadenc
Press; and Wetrur, 1991, Crit Rev Biochem Mol Bio
26:227' -259; all publications incorporate herein by
reference). In sonme enbodi nents, the polynucl eotide

o o o " o o
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stringency hybridization" refers generally to
conditions that are about 100C or |ess fromthe
w0 b@posd7ierel ti ng tenperature Tm as det ernm ned PCES20081€74543
solution condition for a ddtined pol ynucl eoti de
sequence. |In sone enbodi nents, a high stringency
condition refers to conditions that permt
- [
the UG ThETR iy PR RO AL ORRe PG RTy RE PP IRARERAS, for cxample,
miglftieneymatidallg ohydr-eukzyinmtinally stuabh ehdnge dn SigBN] Naltlas,at fluorescence

. 65C, it.w.ll.not be stable under high stringenc
stgnglo ook rtisdh e R aEEaT BRI S Ey NS DR by modulate or
actBRL ke fRgr GaRibe provided, for exanpl e,
hybridization in conditions equivalent to 50% '
[00366 Tira mideotidsxsciDeanha ricodingshe firso prot&xr 88FEHe roodifiedRSnatcase

., 42C fol |l,onwed shi in | x.SSPE, . an . 1% .at

intoiggon W HREE o B | b Pt oAby R RBriRy o

replddingCAINGH alr0sTh €Ak dlde RequcBcdyitht di Zinfliglall rBgioX oS8 first protein
containing 0.1% (w.v) SDS at 65C and mashlngw]n Olx

withggmekestit a pefugpceshatonapiss 4p agBr aqty preauchgeghatdiap highenaffinity for

i di j ongdi-t i s I | -
the S A SRR BRI oS 207 e Y F Skl opion oy be
replavct ¢l aatnoleotidd ¥4 ce chladdamihe gorgahinabicyivnalf@Of PRIZ AGTRLI,
refers to any polynucleotide that is introduced into a .
F2Rhés€X€§|2ﬁLb§r}3 @ra%%ﬁét orsh madifisptinns sre ks igdhg gdand are an optional
ﬁmuggbyﬁggﬁﬁghggﬁén&gat are renoved froma host cell
e

subj ec to | aboratory mani pul ati on, and then
[0036¢ Midthatiwd ¢t proatent mvhatsn megl tomprise cohtattGoroplurality of test

optim zed" refers.to changes in the_cqdons of the
com ot G ettty L Speanifos Bogggile may BE contacted by
one Bf BbRI 8 b AIpb¥ndds 8l ahth@ RRIldirRdHt 3 cIr GamitA &Y FRo UiFddrent

the encoded protein is efficiently expressed in the
molepuipanyitnexafacél i arrdegtainsmatimgghifienart rgporéariactivadile nigdecules, both of

whidSHEPEE B8 A DR SPRSin g oo AR50 B Bor BRLARORER Brcporer,
e.g.,GRsIMSIing kehzynSatibRictiviknhe b4l @dRerts@GehdiNer any compounds or
_ particular organisnms i s nonrandom and bi ased t owards
mixtyegstof samapunds drslulats freepecifiqpioteipeRiein iiagelion. akhawgthod may
. r . . e . .
con s ARG L ASESCAER 1, 2, A5 BEHRE i s
cachpegatseinpl widr 8 nsxthavefeeyp gompotels, @rmdyedomshinathdsd feetures.

aggregate protein coding regions of an organisms i
COH@’@HB‘?eﬁéﬁatl 1H€1§6 &@(@% Oﬁmwgt?s OHEOEH 4 MFY| b@d?st%ﬂg%r screened using

' e b :
e D e O pro A 8L uded i am assay
and s@hpaindsd tHabmodnlpredssdiog of M@ 12hnd @rtb€ eratad can bptdentfied and/or

hi gh codon usage,.bi as codons". refers interchangeabl
charpiy o n AR TRH GO 500 h CGREP PRy Y HERapi cach assay
ornﬁ%%&%&ﬂmQQ@hﬁgaﬁgﬁiOns t han ot her codons that code for

the same am no acid. The preferred codons may be o
[003d g esamnenibodimeris athi oreses i waoan pEwgEes iarmeih@ﬁi/ egleermine if a test
com gl.{] e’mgduﬁae[t S gI{e enrl]oers o?fa fc%a it % f yor% (ﬁ%lih%grao ionosroi itnl’est These

|gdly exp?esse geﬁes,plhe goégn ?reque cy in RS

embadigicagairedpeal, dtdatued dbigctirgdi RBiscoafpohé widial (Burality of samples of

organi sm codon frequency in the aggregate protein

S

cellsctbefi hage beqy s fosmed er Barsdecirdguith:s g 2 fBvt nwslers acid melesule
- - f. - f [ ea '
o B o e R ch e e PRI AR Mt BBe soquence
encddarg expavegs sionfor A pratasef andqii) apdlyaddeaide thateweodesn protein which
.determ ning the codon frequency (e.g. , codon usage,.
ac“‘@é%é‘ﬁ%“‘%%h%‘ﬁfﬁﬁx@dc%b%ﬁe e%aléﬁl&a ﬁgldéa%ﬁﬂwn@f@e% Eaa
in specific organisns, including nultivariat analysis,
for exanple, using cluster analysis or correspondence
anal ysis, and the effective nunber of codons used in a
gene (see GCG CodonPreference, CGenetics Conputer G oup
W sconsin Package; CodonW John Peden, University of

oy v - A NN O
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Uber bacher, E. C, 1996, Methods Enzynol. 266: 259-281;
Tiwari et al., 1997, Conput. Appl. Biosci.
wa30020R7240) . [0073] "Control sequence " is dePCTES2008/074543

herein to include all conpddents, which are necessary
or advantageous for the expression of a polynucl eotide
or polypept|de of interest. Each control sequence may

polyﬁﬁcl de\WmQﬁ elﬁc%ﬂ% zggbgBﬁ)d % Eift Whb&! ﬁfe@&dtgn%ﬁﬂﬂﬁg st protein in the

encodi ng a pol ypept i control sequences
presemxelaﬁ tes, tefsebmpoencaof inteirast tsetd bt oycasurbd ade (i sepplgmedgotide which

adenyl ati o ence, opeptide s
encd i BRerve B Ay P Foe e O G RAKe e NERPGLA: it slgtyaee sic
The it Fﬂ‘(ﬁ@ﬁl%ﬁﬂ df¥fer @0 HihBLMst ﬁt@?en?sqmarﬁl’ﬁraﬁ@/%f%%ﬁl%s Then the method

include a pronoter, and transcriptional "and
comprises sletgtinomegd aosﬁtvﬁp 0§ tlgrrapcs*ter Thenacwmerglof ﬁ@qdemb‘efsofrsamples asa

ceteit iR R Lleh ot B PE Bk el O AR aBinsrest i ng
[0038] F&E k&dn@prdthia e ffcRBOMRAEIESanii € Br thRQameei &@h sample. All
regi on of the nucleic acid sequence encodi ng a
samplg$ g Be cormbined gya pornmea rr%ﬂﬁvpgﬂdeb @ﬂé’e‘?ﬁCh sprgplgangyrreanprise a different
r
pair B?F%‘t Qnd"?ecén{ &Z&ftén% aAE:llté £][1\Je 4 n C nf 1‘13‘3;% B? I tslr%gglg E YftPerent
recef)ﬂacle Thlatep@rtgﬂﬁll d gmfn $&Ihpatt 3M9 d;fﬁﬁ)r ﬁMrﬂi theaeporter in other sr':lrnples The
| ynucl eot i de, or pol ypepti de of inter s s the
rmxt@ frqfast%lal@%mdé Mgy WWY E%a@é%én a gwifrgl %Lﬂé%mﬁﬁesuch as
cere&%%lﬁgll ﬂLﬁ@ qﬂﬁf@cﬁogﬁ 95, as %‘&S%af fi de?i(ﬂ 88 SkPRt, plant or
a pol ynucl eot i de and r po I de
hmbapvmmotermsequwce is a nuclelc acid sequence that is
ize a host cell .for .expres |on of
1003857 et okt dor T peragim e s eafﬁ(’ffavﬂ?a@@ pgh transformed
or trigR&A& With (4)RG1URIRTRE EMoRRAMGAARIIRS) ynucleotlde Wthh encodes a

transcrlptlonal control sequences, nedlate t he
first gxqseias@i) @momnualep@dwedleetal ciavage sﬂmfelr @ptotca¥ha portion of a

onot er ucl ei.c. acj Whi
profERes PPy PR iR e BEHe iR P ran SO 1L R Hcodes
protéiRGYHieH NGivaidt 8 Mporter nBated an@ (8} Aneldidadid aiERicaleSyhiah Gomprises,
be obt ai ned fron1genes encadi ng extracel lul ar or

()a ipﬁé’ﬁla@éw(iﬂ wich engpdept pesesd prateia vhiesnpitaecion voh the first protein in
hogt 0
the piELEER AP NSt (it OBt asgren Ml p BORREHENdo which encodes
a prcﬁtedsbj cpgédeof mpawteraeaot a polypdpaide methugreadchetiony dflhi’célds specific for
E{nwof the cofactor (e.g., NADP+ to NADPH). Cofactors
said GleayrgesifChy t he ket or educt ase- cat al yzed reduction of
[OO4R)E Bk %‘i BohUtShd Alfeifh8d hWRAGREFhEhd s@a‘tﬂf He6 RO MPhe genome
e cofactor regeneration system” Cof actor
of a hegeererelt.i Bie @Mstlmambamrhesmtransf@medmr orresfedted with a reporter.

The GER P By S w e o o diEatih ge (HHEmEHamegecptor, for
exarhIE Fﬁ GPCRh ExeRiphsl %nsrﬂ-é?ﬁorﬁﬁ’éc REEA6rs (RICNREAPRBONASNRIEFITR 1 A,
further coggrlse a catalyst, for exanple an enzyne

nmay
(}HﬁﬁﬁaQQBﬁ DRR3t OPBKaby2AERAWe reduction of the oxidized

[0041$ rot%argg RIC é)ér%(:t 9 pYOtt gg ren:%ler g? tearﬁkﬂ_il szg ﬁlt%%é;ﬁlr?lted o a
tobabMtcthrMi‘ear MRERERGLA YRIt¥asc Blitecak MMy ipFotéin @hafttivaideh the

may be used in the nethods descri bed herein. 7.2
ICpOREt #itivalig PIOtCIERRY sy Uegoy PPZYFﬁ%thBF %Cé%monoﬁ BplEade faeproduce a

Y e

usab?%@r deger%gabgéggg%ﬁ Th Séét%{el? ggogée‘lﬁ §’| ve %&%Hp SThe cell may be
a cukarpyte ot alpg)k%fjoeet (gbimrlllhafw séreblhﬁg fork;ﬁlm‘rﬁweut)cadﬁ a eukaryotlc cell will

structu for [).: oxythl | ane
be pyofgried rﬁ%ﬂﬁ ﬂs%ylétﬁ rlmmffl or s% 5%&9 ghe( ﬁme)ﬁua #EEhalt ng

an i nproved property when conpared with the

natural ly-occurring, wld-type KRED enzyne obtai ned

fromL. kefir (SEQID NO4), L. brevis (SEQ ID NG 2)

or L. minor (SEQ IDNO 142), or when conpared with

other englneered ketoreductase enzymes. Enzyne

L r T R o -
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when conpared with other engi neered ketoreductase

enzynes. The ket oreductase pol ypeptides of the
waele@elssus e have the requi rement that the resiBPCEUS2008/074543

corresponding to position 145 of SEQ ID NGO 2 or 4 or

142 is not an acidic residue . In sonme enbodi nents,

t he ketoreductase pol ypepti des have, as conpared to
Bl AL Gt PR bl B0 BE RN SPOHRERS o provi
desicdrghyepdatimdatatqogcy i dse dijsolarymicaclls 8si dusot mhatcls tee

enbodi nents,. t ket or educt as ol ypepti de ve, as
oIy OR Gt The SR PPored BREVREY b Sl dphgiodragnd
chara@eamess of SEQ ID NGO 2 or 4 or 142, at the residue

corresponding to position 145 a serine. [0079] In sone
[0042 B bdirenontsmanbe npegsdoeth brexamhls, @ Agialacwsiddse, a GFP or a luciferase.

ket t ith.i d tivi.t j. . )
The §EEARESEAGRER HhlofisteTRE BT §rFOR K, Rh B Rersase iggeraction
wi Fofsin Le.o b i t i ul

DI ol el st aLSER IRUIL1 e
termjned sreanRitsalirsTpreteanivith ageickotidasseguengsdhitienensics gn amino acid
. ¥ ity ‘

o RS SRS A S TR BRSO PR e
termiires rehien MPag bt rapiactd by amubleoigde dcjusick lendxelingnitie IGtcanihabiygion of,

t he gﬁilled artisan that this initiatiqg met hi_ oni ne

for exawplen & ViIRRY- B& Tl §RL by B BRA6H R C(dho 08 84y

[004??%5 Fls¥nt iﬁ%ﬁoﬁ‘%oﬁl{i‘ri?es ROSH emBbdinfht, gfbv‘{é.i&{ 8f an isolated nucleic

anslation system to generate a mature protein
acid Inand édubginchudinign (i) & adlyngclewtdeivancinenaodsd dpeteil e agmlymucleotide
cid residue sition at whi.ch articular am no, acj.d
encoging helFdyage p %‘iﬁr%‘éte%& %P‘?%E%P?P Emé??s%nﬂf Bolypenyide with a

protSREHENGE, i éWﬁW&l&ﬁiﬁ@ Whike dHR6&Ishh prBtetPR AR adiivates a reporter
~or "position n", ere n refers to the residue '
in a pedkor ather. as\iyeystemh & hamprefoingoiydbe @Bicthbeancadrounf prafeinesuch as is a

residue posi.tien differ t he ket oreduct ases, .
trangrfBhHE BRGHG! Pl RhinbE! o DS Bl TRSRPH{RE Fkpprars include
ADRBZ, AJPREHTREANGHRMY, (RORSTIED2, " BERRK | off SBRAUS . bT1RMirStease or

residue/mnor." In sone enbodi nents, a substitution
portigf oA gipsetcasamaytpe astohagee Stchcars muclenr inplusign dopratopge. As noted

aboxéezgllﬁ lﬂ@tefnn[lgﬁ a%ﬁ{fa{t%;tpg ?ﬁ%ﬂﬁgtgr g{bg grgy ngOt&n hglft gr{‘[&g&§ wfith a substrate

nce, for exa W et or eductase o
to prSEa2d Dxiial 2nd HEQ doDbdGMted os thSHEV Exdiple d42usaed herain. This or
ifferent amino acid residue.is denoted hy the synbol .
anotﬂer--eX?{n@gmﬁtﬂ]W@tmn FpHP SWéewsgk%flg HsdNyRILIOR ftp grgific
emb8§inRpfut ation "to a" type of am no acid. For exanple,
resi due X7 can be nutated glycine "to a" serine
[0044 & shree erBoedimetsube infentidrefcpturassa cxpressadn deodsr eootprising an

o GRE NS PSSR T BB B B s st
(ii) 4 Sstilietotide QMd}}%TﬁE%EQ sitd 30 Pr@@base] NfortiOn 8Ma proteasc or a

argi nine. [0081 I'ynucl eoti de sequence encodi ng
polyppideanoeding ¢ pradease a¢tnatyk endoltiecdupel aseslqosids ovhickf encpdas a protein
.to as "ADH' ar ."al cohpl hydr ogenase” f L, kefir,
whichaciBs EHogfer it CoE o RIS CRRRER Sl Bk
[0043 M1 Sorae€ érdb S BYLIICAS invahBordfeatur &lindsdlstc@andlaidkacid molecule that
accessi on no. AAP94029 3 :33 112056 or SEQID NGO 3 for
comprisqgeffi) 4 polyifiratide gecasddng pproHdn WeaFHEBAFtich MetoaPHer protein in

the iRt o M eyt s b X B AR R {pdPuct ik Bitidepeodes o
prot@mt yeptiddesa preraasnorcapolgaptida withrayeoteade avadity ivbathi iomsecific for

to the reference sequence (e.g., naturally occurring

pol ypepti de or an engi neered pol ypeptide) to result in

an i nproved ketoreductase property. In such

enbodi nents, the nunber of nodifications to the am no

aci d sequence can conprise one or nore am no acids, 2

or nore amno acids, 3 or nore am no acids, 4 or nore

amno acids, 5 or nore amno acids, 6 or nore am no

s o o . o - s A~ o - o . o -
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[0083] In sonme enbodi nents, the nodifications conprise

am no acid substitutions to the reference sequence.
w@wsnsa7ud i ons that can produce an inproved  PCT/US2008/074543

ket or educt ase property may 1be at one or nore am no

acids, 2 or nore amno acids, 3 or nore amno acids, 4

or nore am no acids, 5 or nore am no acids, 6 or nore
h@égvg' #fe pOLGh t 'ﬁ% ¢ ahOnRibit M, 9%h
© acl %?Q%% oepﬁggeogﬁﬁgb el gﬁ%o oP %%H§ﬁ§0é Sfh as an
arredmi ds, up to 10% of the total nunber of am no aci ds,

10%.of . the total.. nunb am no aci ds, to ..

(0048 FhE MRS il HHBGIMET dng B FeerPopigh Egobgypprising an
isolddd Aulgeid AidimdabuRewheh c@ﬁﬂ)ﬂ&sa&) Qﬁol?ﬁuctléb%dé %\Hﬁ&?&fé@des a protein

enzyne sequence. |In sonme enbodi ments, the nunber of
whoseingradtionivothsanother peoteiating ﬂalprsseomctfrarneﬁgombylpbptt@ te rneasured

t
and QDo PLREIREE SR G RR b Tetp et eBoR P Aie RIS specfi
for the 8163.\1@?:%6’ sitd, '551(1 nlicRic deid furtheBbeidg Sperdbli ané‘d tb alprodhofk?,

16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,
[004ﬂ ) @ﬂlt%émmhad@@elﬁrfpwea@|fta%%grt0tq1mpméﬁ@eddﬂry ¢xpeession of: an

1solat§c{)t$l{cfe?g ? I% %g)lféécgﬁe tgatJ chﬁgége ét? QB%&%%&%&? v&kggh W%J 191f0teln (i1) a
polyhicledttic chéodidda clbbyagtBite Zdt,a Fdteastf a p@fiionIF a pdstede or a polypeptide
about 40 am no ac d reS|§ges [0084] In sone

withgipigefcsHY ey, apf ém ApPE e?ft(t?ﬁ’éltlﬁ% el@%@%ﬁﬁ%ﬁ‘ﬂ% Yhich activates a
repo‘Net H-thy P81, 9hd ﬁﬁ%p S&n? Bgérgﬁgrl (E gr%ﬁfo'téiiear 581884 nucleic acid
ket or educt'ase pol ypep th respect to an
moléonbrthatsieclofles; (i3a polynedsaideothivh tncoflera pr@ﬁhmm wmihgscointeraction with
anotggr%{rgt%}% %p({(e;?%%% ng léeasl n(feq;g?%odu blsﬁet rls{él g&%‘.f)émeg an[dt{g) a polynucleotide

whidfedn@b &LUGHraREscRPaMRRRdH 6t hrotcafPPBLEic Fbr the cleavage site.
stereosel ectivey reduci ng the substrate to the product

[004\&] {ihyet opfear cebodigncatse thegnvantior deaturend test ki sedul fabdriermining if a

test 0/ £ ?éq dégqo{ S 8o 1ﬁg%0/ %ﬁ)tesawe% 00/%(% %reé %ng%st/?{lt

cornf)ﬁ‘&ﬁ 5)}16 bAMSENES tﬁéfﬂﬂﬁ)l\xffﬁg?t $scpahe f&tion efdeweha$ea) a nucleic acid
pol ypepti de i s capabl e of stereoselectlvely reduci ng

molqauls whilsk compEses o prlunysiesdide vhigh eneadgsehe B protein (i) 2’
I
poly?%&%(ﬁe Ay (gqlﬁ%( g gEﬁYe{giéeftle %Foroa!r'ﬁkteh%f ngtl%\‘teoq a%?‘otgé)s%?ﬁ%glypeptlde
withKirbdPa e SiEQV D (TN ﬁolgnud[eomfde 1vhizgh eﬂcndmo&mbwmchanmmtes a reporter
t he ketore tase pol ypeptide i s capabl e of
genesindheeidle F‘%‘g @S@étuyler iyt ke gl GBS (B A bymucleotide which
encogEQQ k'&tonWde?elﬁ V&Q‘E)Fé: Bl VERBSd firsE gf‘o@ﬁﬁ it ﬁl%{prés%n@bt of a test
| east about 70% [0086] In sone enbodi nents, the
comgextnolrie thulet Bs&supwl, (Ap@mquiesleofldt wéidicacoddss arpeotaase or a portion of a

hi ghl.y .steregselectiye in t. uct ases can
prot¢sy W&lﬁchtlﬁép%tfbfstor Gieeel ity GoraE e i or holding
eaclﬁd}‘lh')t ardQ¥) hfca8X 6/%s THe Bit hay Eﬁ(&m i#St¥uctions for use.
etoreductase po ypeptides with such” hi gh
Altegragiv dlystl &gtmap coptaimed!lscagingercd so expiess cither ardgth o the fused
nn8n5¥PEE§&QeS conprising the am no aci d sequences
prote st esporiding to SEQID NO 6, 8, 10, 12, 14, 16, 18,
[00420 The Zirst poteidGnaylit a ddmbBdec-bddnd Blrteis; Suck@s a d@nsnibranc
46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
receptgr z$14)art1;q§ﬂar 7;3)6 qf@ranggerng]@ne %:eptggls a@PC@AfA pgglculmo

o Ryi¥lS 0BT KRBy e PR

AVRRA, WiEpitA ,d&d$R B2, CIOR 50 DR ORRK ar A DR Ay dthe psotease, portion of a
conpared to wil pe (SE 4) with respect to

Protease P PRIYPPtige “eﬁlzgrﬁf&tte&caxty Pey pe t(?baéco clphirs uglear gpelusion A
ability of converting the substrate to the product.
Exenpl ary pol ypepti des that are capable of converting
the substrate to the product at a rate that is
i mproved over wild-type, include but are not limted
to polypeptldes conpr|3|ng the antno acid _sequences

o o . NN~ 1 P~ ~ A~ A~ A S
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52, 56, 58, 60, 64, 66, 68, 70, 74, 76, 78, 80, 82,
86, 88, 90, 92, 104, 106, 110, 112, 124, and 134.
WO 0®90327k sone enbodi nents, the ket oreduct asePCT/US2008/074543
pol ypepti des of the disclodere have inproved activity
and stability over wild-type, and can reduce the
substrate to the product in greater than about 95%
. . . e .
PO L P i KRR} e gt B B BARA FaahbleEBrotcase, whieh
acts oprpicicsiably raporteo aaitvating egquendessposive spactdianign by clSEQ@ge. The

repolatgr c’:\gaoe(s@ﬁ%’l@%czdl%%/ﬁicgégélgsig d%técb:cétég (s)i'gi}glzﬁyjﬁg 'cL?gVZeigg)?o'duct. The

secoBd protéin n88: bBB inBBito%robift suchOB.an bi@stinl 1Phe lﬁ’ﬂfﬁa% Bdtther comprise
[0891] In“sone enbodi'nents, the ketoreductases ot the

a scphirge poivn®f an esotaagrhinicdeio ficid erhhetutgwhich coendes & irengriat activating

| east 10 /L of ketaqthiolape, to,th orrespondi |
senc, reRoron dpulrih R ARG ot § 1 el g bR S50 Ay he
nucldétidcae dnemoatﬂgrsaid/ﬁﬁsgpremmaga b8 moddfid tb iRfredsB énteraction with
ket or educt ase pol ypeptide. Exenplary polgfeptldes W th
the sgeirdl rralsibisveht 45y replaging @B or pyt ofthe nyeleofidaegernce of the C

| . A . . ' '
B SAL1 055 RRUPLA s ATL0R0RE] AgRERSIAGEnpgos i i
sequédce wHich Bbs highkr a3nity3Byr tikGsecdhid] prétkin than dd&,tho&0Brigibal, sequence.
The gilegie sSaiensod WAC aueinalzagon way be foacery o islpolidasequence
encogi_g%gﬂ?l]: d t@rrﬁi%‘lf‘regi%’%@,i M asnpl L MOV FES A GERET 3DRT. 10X /1L-8B,

I scl osure are Capabl e of #%du0|ng or converting at
and C€Rsit 100 g/ L of ketothiolane to product in |ess than

hrs (e. 12-20 hr t roomt.enperatu Wi th
00599 1k Seegindlntecgia gy HolloficorBRyLibR Bepbry Biptncde be
implEXRARH &idh RPN PRRI defr Me&ﬁbd&h‘%ﬁm@@ﬁﬁ@ﬂl HedcHiB&d herein. The use of
include, but are not limted to SEQID NO 26, 44, 68,
the aprd "20ar "apd 098 uTlbh soRubetianiph teiteres "wxmmsingr yn the claims

ket oreduct ases. All sequences. bel ow are derived from .,
and S8 FTPRE B ht S DR oS B S L tpspl of rone or
mor&O'atIeadNhed) adloas sr MloRethwh 86c.'S PRRdrk ic@ﬂespﬁﬁ@ih% @6mﬁb‘@nts are

po pti de sequences in Table 2 are encoded the

|
descrﬂad ggﬁh&!@é’éﬁ@réﬁtc\éondmgﬁﬁge&eﬁ@aysg@m@n mwmmsﬁ@g@ﬁ garious
h i . L. e. .
emob 5L 08 OUIRET S, TR s o mespondin clemens

broadlycl eoti de sequence of SEQ ID NO 3. [0094] Table 2 :

Li st of Sequence nd Properties] DENTI FYlI NG MOLECULES
[005F A em& : QNS REEPKEN QR ERA BT apgraqted and

und%%ﬁgg By £6nbldRbER c%ﬁ%?ﬁ%tﬁl@@l%ingﬁ%sé BAVEAPED
0001 h

This invention relates to materi"al s and net hods

accohgranyieg drawingndlt siriudd be tindenstoat, hewnvarpthecthe éslosfing description,

whilk B EE SR vaNB R RS, BE b £ b GSpt Sk eI U} thereor,
is giVBISY) RLL S fihStratinehaGbt OMiftattod0 MinyRILS iSR!, folifications,
proteins of interest. Determnation’involves ' '
additroms andrdrmepresneements o1y df nerdeeptin the sgereeofithe tivertaom wighout
derdf G e AL P RO P 5l PG GRSn "
modiitariens] @dditienagidioratdramgencttack thereof, results from
nodul ati on or |ack of nodul ation. The determ nation
general ly occurs using transforned or transfected
cells, also fe jgvent i on, as
are the agentsggg%§g¥%ﬁ?§ggg®532$ggkgﬁgﬁé ect them A
[005Q¢ The httadhed dsivangsofiora pat of éra preicngspanifization ancli aaé included to
ackage or unit carryi one or. nore r ggents.of
furttfop (R TRt eGFERIASDEE 1S Prosenf i FSLipR k5 DHEVERtEqngmaybe better
| i posone and the like, may al so be enpl oyed. 15
BACKGROUND AND RELATED ART [0002] The study of
protein/protein interaction, as exenplified, e.g., by
the identification of Iigands for receptors, is an
area of great interest. Even when a ligand or |igands

e .
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considered a prinme application of the invention.

Li gands that nodul ate signaling by GPCRs 25 incl ude
whoroaosessq neurotransmitters, peptides, gl ycoprOr/Es188/074543
i pids, nucleotides, and idhs. GPCRs al so are known to
be sense receptors, e.g., receptors for light, odor, a
pheronone, and taste. G ven these diverse and nunerous

r
el a8y R Sk 8 P Rl DR 08 Bt
descaippon ofgpicoifis eatwdfrmntsjpmgmtaalskmfmh in treat| ng varl ous

[OOSgIEdI L nﬁqygﬁ,a %%ﬁ%ﬁg P é;%cover ragrycgge%saeps #{;‘%ﬁgl erreelg a’modulator
4 blﬂi%rﬂm&gie-ass?@dtated? rotelff’z caddnd @0 Qilateﬁﬁ% iftShbtpfie sl protein 2

over 50% of marke drugs act on such receptors.
assofig@d4yith GRERYLr rasdulsted3 eghedsra, penmﬁ@d lmaytlamlort@lﬁbeg pwfein. The

t CR superf ani pt ors. erfa
modh - ERRIRE bFho e Faod F R R RS Ty BRIy b Sxample,
e.g., A d+GkMdEten EXARREEH Of 1nﬁé’tﬁ&?efrﬁ@t@@té¥)b&et MQHMQtellg HUctiddteng protein
not I|mtedto t he cl ass r hodopsi n-1 i ke"
3. A piotssor & aspaseated Wik aprefein'ks degleaviage Mték%is shewepebyesn the two
segrﬁ%gse&itg? ?epg{tglr m&ﬁqﬁ %%ﬁddg Sﬁ}bh%%%gﬁé%e ci 9%%6 peeurs following
1ntememﬁp\t/ﬂ]ﬁ fie hdduladhe sittachedes et Ribteirahid.g/, ar7TMR, the reporter

GF-7TM LNB- 7TM r ecept or s; .adi nectl n recgpt ors and
aCtl‘@@P&P@HelPéEté‘ﬁfydﬁ SCCORTHISHaHbER feyulfing gpt gytectable signal,
repréggﬁgeagg%ﬁ) hate, taste, voneronasal and pheronone

recept exanpl es, the GPCR superfamily in humans
[0054h Elgnde? js bdibgiasnmedic rbprmdnmﬂlon of on@pmpenmprcrmhemmﬂaetson assay of

the Hd@&es (1:1r {ilg%‘[(lj M)é]byo 3AV %%%%)lra?ntfd@gl v 518 tprpi%:&g &A rv&%g)t argint raq@é—]@ %?%rotesacs% 22

attadh@& LiRédets MR Shoddldtof 2084)inadivedt 'réﬂﬁ?t%@ﬁbsoﬁﬁteé IbroteiY2B-carrics an
har macol , 63: 1256 1272 (2003); d usnman, et al

1nac‘@§en@pgrtﬂ&:,or refdrtad @6tivaos 3 200w 1ntea¢qgloz,othg pga;easthZ a$5001ated with

0018..1 8.12 001 005
protif 2 dEaik e siapieh kbt Dot FubE BpobE Rttt i &F groby
allowRlglr@MEangdthedt SFHER: pﬂoﬂﬂﬁ pértiohgantlc 29postSdtiRgtidg protein 3 when the
conformati onal chan thereby 3) stimulating a cascade

modyfatere qngpggs pévtéﬁlt%l t Hgtrepestey a@tbvaéprdh%rﬁ@eeﬁfw ciepenstitution of the
by nodul ating

repopﬂg (|§‘Ilv1f8 g&% al 1 ﬁ%&’ 1‘% e%pa%éﬁtul ar proteins,

[005§§|J€ [‘gua63 s]lftezt&a“ afhemaee oﬁargmlmdmaemuxz}h@etWM&aﬂsirrmhhmle proteins

protein rotei ns) nd b arrest In the case, of
mter@,ctp R eﬁg i< FSES (Guidy L@b{n&raﬁm&eg&e%tthwqamé@brane proteins,
e hatlon
S 5, B S 18 v .
attaahied cumrptoane @ sind as lroaght es proxiroey wsthagtermuted rémrteaad@vator fusion

e .

protfh e Rarrong irabrEne wRlc BRIt st B et fenabled

by tl?bs[&f@%lﬁhfy SNAc ploeeiRl, h@tr@sﬁﬂ’t‘é‘ iTBVRAYES BERIR rORRY Y&t atiflg protein
regul ate various cellular effector proteins, including

3. adenyl yl cycl ase and phospho lipase C (PLC). In

[OOS%E?Y@?&% 5 oﬂo c%% it {eag %§ dov&§jl eﬁ%as lealilﬁ 6,p Cf%a 10 9{) t@% ?%%18?;10@1 for

1denﬁﬁ®dtﬁinmffrﬁgwu@ds&ﬂocﬁlﬂeftﬁ@treéepﬂﬁﬂlbmyhm@tdﬁ ihet@ﬁodlrner forrnation
accunul ati on_of cAMP, produced by adenylyl cycl ase;

Proteigp & 48¢ 33fn thig ¢iagram aie grembaneripwnd @ﬂzjems s?IiOFﬁymSal anfl iﬁ/have been
{ 1, &rgalt
englﬁé'eq;e(fifb éta\réfé%ﬁsé Jg%gg%r a@gg&ég@%ﬂ Ay eg :Vgta{i’ @??tge protease 22. A
moleimi/aezl mpdiilating theenteectei intigre. @, prateiret yndzfcf)r 3 awbos1 akdB83
le, firgt, different GPCRs a
intergety HEmEREae raa%SéanﬁL? EDQIst aecaw%tpgﬁéher% gﬂ&ﬁ%  ghanged signal.
pat hways. Traditional G protein-based assays are
dependent on knowi ng the G protein specificity of the
target receptor, or the assays require engi neering of
the cellular systemto force couple the target
receptor to a sel ect ed G prote| n effector ~pat hvvay

-~ oy o NN NS Y L o o
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and to enforce a tenporal |inkage between an
extracel lul ar signal and the correspondi ng
WO paop@sshd ul ar pat hway. [0009] In general, bi nPCTHYSD8/074543
an agonist to a GPCR caused8serine and threonine
residues at the C termnus of the receptor nolecule to
be phosphoryl ated by GPCR ki nase. Agoni stconpl exed C
Hetér@&fﬂeﬁ%tlo?rb%ﬁ }%Q %%%ak%%@% %Iggé triaﬁlﬁﬂnél rl‘l%ﬁ{oﬂﬁ‘{;erWa{lgn For example, 1
arrestin famly er , aarrestin
and 83 niglarbeesd icnpiEs ofihe cémel mmﬁptnn dut differiog irathe esiocmtlon w1th protease

receptor s The bi ndi n i nhi bit coupli
or regpiEhe Ay LOEDEPF VR e T ONCE SR aF Getiign ofen be used
1ntetrcﬁ‘ 19y 8 @éschﬂé SirRRednk éﬁbbd&ﬁmn{s@fk@/ﬁde&%ndeg radation

or recycling. For exanple, binding of an arrestin,
[005§ ﬂJ E Feuas4 bhawy astexample mUOIalr;g'rmgphnply)team mﬂer@'@@a qfamtracellular

It f t t
proiFE ERIRF AL bl Rk O R P00 e b Ry 3 e TRV,
A p@ﬁlhte‘délrb]lb&fbr attivating hil@ele 435istecabikaibinttRe Ed1Enucleus 40. The reporter
intracel lular domain of the GPCR t hereby bl ocking the
can by legelirgd4n the musleus nengiz beasiopelypentids f@qppaimgian aaielcar localization
peptPJeesﬁ%%' ggggﬁls hélﬁldgén Shﬁnﬁ{l gr(hér?tgghg?/% \{ﬁ‘é NB& 880 41

tranﬂ@@k@no sha eirue yhidrddy inddra@s tiithshd &pbﬂtﬁksggemof t he
eceptor to el enents of the nenbrane |nternaI|zat|on
[005%5 iU P yhques at regensrHed Wetirareatcdiyite HostRrraates)lugifiress fusion
prot&ifé by ?E@Sprbf%ta&r 1H%Eﬂszé‘in' B%rboﬁfroltl&i,eb 1%8&1 19% tHdhroteG QA ER age site.
vesicle foor fusion wth an endos cé at an
Slgmhtdne&nsmr,atlb etheebe powrolable. kT@vcecctdsnfuctl; anegﬂ@pted:dt AIDRB2 is the 2

wcr el PR HRBTan0 WY £07 (FodRh Bl G0 B o I crse inked by X,

the BV k@b - sitk QAR vAIRBREC tdrghal bAtHoNRiR X Rath b @émlet 9, #ginine, R,
GPCR can be said to "nodul ate" the interacti on between

or valing, BPloReasdplar Thsrécangitoted lursferase n@tefltb'hfeasmbﬁ@hvﬁ@ frofn a permuted

CR causes t he arres bind to
tucitglsE R e TR oS S ER bl sl b Priifngin o cell.
Suscepubitityaoescavasc WﬂV%ﬁ‘d&ﬁ@ﬁ%@ﬂhé ﬁ)@@ﬁﬁdeéﬂﬁlﬁd% of eig@Edvage site.

to interaction_or binding, refers sinp % to sone

RLUEhgypged plsewise Waméietlwe&ﬂméﬁ:&%m@f(om h@h Aratst iNenligand was
when, for exanple, a test conpound or |igand
u“mfgkﬁ{éﬁ) ?1 as conpared to how these two proteins
[005i9ﬂ11F%“um:6 shows a@ms&hﬁhﬂﬁﬂucf?ﬁﬁmctlmﬁ il aGPCRApdrumes] luciferase
mere binding of two nol ecul es. For exanpl

t he oo
cell-Brsed @piay usnEitheADRR eaeriefatigchagy o §tne@ﬂ@t€§ @r?l%?ase with different
r
TEERBRIRE ARG B A e Rl TBRONEL A S V.
the Xnpdsifign {righit grapbreThEprotamsevers fosedfto am:slxim é[Hnelxsams of each graph

detectabl e, or th ound may facilitate the
shows $.811D By (s *schtor s 04T BRRIR0 on: [ 001 1] 1 n som
[006@ FEHAS Y INGRSa ddsEMRp s ddhadclihs€ BNueFsH e dJHdRP %ﬂ&j E&PCRPermuted

G proteins. Thus, on 7TMR bi ndi ng of |igand,
lucifgrase sell-hased gssemdn edtragsignidy erhmsfecsed andrmairtiad ¢rapsiently transfected

systce§ nr%gee e%r%éh el}(:eaxlzarln L ta{l}g groteasgnﬁel ) scta%gr?s?r(ragtl vr&}ast J]s%d m CHO
cclIPIBINISCA BRBSUS %@AﬁlﬁEV%nstﬂQ&Méte trabiE10 B, coﬁfanslfected. In the

Pharm 1-12, doi: 10. 1038/ sj % 0707508, 2007 who
rightsgraphatheeells merg %%blwrﬁ@effém@ﬁfﬂt AhoiRiGentiniep bisifersse construct fused
to Aﬁ%hf& W Hl‘éﬁ}’r% br’l%@ﬂec%ﬁ WilEh@ Ak ’Tgﬂig&é&ﬁw’

can |nvo rotelrn an
[006d1 Fegird & shaws amal&lraneGH(H{ pa'nﬁittm knbffemseoerss@. Br'he expression

arrestin. [0 Thus, for exanpl e, wn an

consgcty CoFFgR é@ﬁéﬂfb@naﬂw&w EPPIH %ﬁﬂgﬁtaw wr rﬂaérab%% nt  he protease.
a known antagoni st of the b adrenergic receptor
(ADRB2) and of G protein signaling, was found to be a
partial agonist of b arrestin signaling, activating b
arrestin-initiated pathways, as observed practicing
the |nstant |nvent|on [0013] Cel | S|gnaI|ng events

o o s . o, o o - R o o R o



10

15

20

25

30

reporter systens. [0014] This understanding has led to
al ternate nethods for assaying activation and
wo pdwbbosa7ion of GPCRs. One of these nethods i nvPCT/ES2008/074543
nmonitoring interaction with9arrestins in an intact
cell carrying transcription machinery. An advantage of
this approach is that no know edge of G protein
. ' b
The g%ﬁkg’@%%&é grgwrgs?eﬁ%%ﬁ%l?fe%g gi;clg ﬁgil%%%% %llﬁ gtrhg tr&l%tlon kinetics are
depittat ér ﬂxetgjraph witthDa beehatr (Al ). andedivethoats () e@xchommcebmrdne r

[OO@i ? 3 m %8‘[6 ]Equl{ét?qslbéfr aggﬁg {n% QQ%BI %tpre&peg %8 ré}’rgstln/permuted

enzﬁﬂ@é’b?@ﬁ‘ucﬁtch inf; &ChtQhe XSsite |vﬁﬁé’lf3§}a§ t‘%é}ﬁleﬁﬂif itfafidfcREP Wt Receptor
entvvop{) elns interact. The second protein is a
gEn

ADRB2AEM (1 h¥ anst ao HOneet | lmetsté\bébt egressngporden?3¢ehe, and
fact t.he Ccco eport er function by
transtl?@ﬁ'stba&rgféc‘ieg “flﬂ]et%ﬁﬂ% ngtagﬁ%s% transcription of a
[00638 Fagirebd shovepardveluatiGes P& - Mbeasﬂat fae d% ﬁst@ﬁ@@af;&eatol) (m),
on transcription, the method is_inopera

partigkagaise (N rangieenst plus isogroterenddi X)), ﬁiﬁ@g@@g@é go)@\nd@mopsspemﬁc

endo}%ﬁ&bsﬁ?%e{plt&g‘r%ffggﬁ ons&d %ﬁ%e@l@%&t?ﬂlg’ l&petlekggﬁ?g B%Iééasﬁl]@%%uted
enzyﬁiea/con'ﬁeﬁdm Iﬁﬁditraﬂ&&ﬁly&fhn(sﬂ:@@ﬁ)wﬁf]ﬂDB&ﬁ TIPdt . Nos.
891, 646 and 6,1 é}g 693, "Methods OF Assa ¥h

[OO%E@%} shapysane sy alibionsha OF (R Rerduisragtayi V7 (vasopressin
receﬁd dsn ﬁl@@t@@ﬁ%{%% ?t HHK celfées%'y REnAS PRSIt e

re |str| ution luorescently- labeled arrestin
arrestinl ecmbied liniferdse copttiopt wsmmttaosiantly watséattadeeitipt 32TV construct

cel | rf ace | asur.ed. These hod
and gt A8t KRV ATt R kB chgn b gt o e fhese cels were
testedQLBEM intaké 8brANta dRE /R QTdeAGT WHPSUsBRed, |\1}1tﬁ the 51gnal mediated by
recogni zed by the skilled arti'san that this is

arregiorrpthexthan a pwmmgmhb that can be wayl ai d by t he

i nit interaction e compl ry . .enz .
10063} E4lst 2 9% P ient LRI, PR (FREHHon the right,
DlsodeéRX HERREW ¢ trah Siehtbedanshicedaciti ADRBENGR: tHchBanufacturer’s

met hod suffers fromfalse positi ves ar| sing from
instryeians paa estedi vaith g aprgee (erppyanelol) u;grﬁap@rferenol) (A)anda
e

comph A HElBELAn e Rl Riin ?&V&@Mﬁ%ﬁ%?‘ék%é&ﬁﬁeg@m
(A)regd)any aadapirbbe theoedfi(gh Thu assgih phuiws atrréghio wag covapdrdd to the

be deS| rabl e. [0016] Var.i oé“ ot her US patents, and

mSt%‘éf‘%ﬁl’ 05661@8%‘&"%%@“@%%&]“% WQHHOtF??@%]ea%BB}Sﬁ?%d hegppbination
t

thoredPEUR LN, I MoRRE T o PR PR it andieher

specHiadotingyg. and Pot enti at es Opi oi d Recept or - Medi at ed

(0060 FIGES 12 st b R b Rakee Vo TR Srawtt B U i Sigp agonist

(Sszlafsg)eﬁaﬁ&dtal @9&&an11§dé§gg§ﬁﬁg ggrzgitfﬂligépe%g%g/ i@?sggt entOI
an

88 i'cati ons, such as
[00620 G ayu0d B derBects axpiessi®, copaructibat @ngdn ag ¢@erlacpea§ @sseb@ally full

leng&bfofl gémfg rée”c?ogge{s uo?zlzcz_il%éls r%le i?o\{ged\@g%l%(ﬁ)g%% RIcin t8 d’mdl{ﬁe perrnuted
lucif@ase. MMV % DeQordEnl sxais ipadstactea o -4genad dlucy34-650 bieithg
GPCR activities or screeni % assays dermnst rate the

essepiidlyr full dengtiplucitmase fragaqiite hin t{l@@wppfph% is p peptidsdmtprecomposed
of gggglgl)%ﬁ? RLfiREMpd W@Qﬁéaggge dite a% 2 DAY ag'tﬁkgcgu iR er

or nmonitoring an erm ni ng no ation of
[0068pEadur¢ t5 girovtseinnd/xpmtosd frani angagrta edan@tosintrhodl luést gnqabi@;protein
recept nmedi.at ed physiol o such
interaglfqriy %ﬂp?reg% i %pr%%ww& TasOiter %lﬁ@gaﬂ@&&}gy to the
are not limted to, nenbrane-bound proteins, including
receptors in general, and GPCRs as an i nportant
exanple, is satisfactory for addressing a desired need
in the art. SUVMMARY OF THE | NVENTI ON [ 0018] The
pr esent |nvent|on prOV|des nethods to detern1ne |f a

N a o . o Y . .
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portions on or outside the nenbrane. Thus, diner,
heterodimer or nmultinmer formati on can produce an
WO nioenseale r esponse. | ntracel | ul ar protei n-protBCTUS2008/074543
interactions also can be inavol ved insignaling
cascades. A general schene of the present invention is
appl i cabl e to proteln protein interactions of any
rep D D T e B R fink PR B
dompmoifehermamdlahamww béasapanypindtndiOR ) Medsve erT @ iophasng c

ns, etc e enbodi nent features a cytoplasm.c
serif GG S PRSIt kG FORBRSEE b B naB s g A el T g is a
manﬁﬁalﬁmri&‘%le éﬁﬁ“ﬁﬁrﬁlﬂ rI@[QBP 185 id the @Q‘kD\éE}iI@ﬂmttﬁncBﬁ%gfb%in which
a signa Pre erably a cell-based assay is used ut a
has geippmfyeigdinling stn ThoY pm@s‘p lsefusemistp rﬁl@ ltapsray@s binvérgodeman of

i , ~hucl ear frac
mTQ it 8 B it b osdiRun B ool sSe iR 15y, e
rapa@fy€indindiRg GomeAT KB D, |Khtp@1ﬁ19§1'h 159 dedetDSith,i RQBABEGe binding
virus-li ke particles and so on. The present invention

with; apd bsipes FRR 1L5é and FKRP 139 g presidnibbhisietingin thapemyited reporter
aa“%hggscrlptlon i s necessary. Results can thus be nore
pidly obtained and can be obtained fromcell-based
[006(9ﬂ cheﬂré 16 desicts yis heap configeananalhde pritdipt AQ1 «0f Bs28rere two
especially prefe odi ment s appears bel ow. These
membiedhBA T eceRfoss wéw&dyn? qﬁiﬁm f toirighd) spRBtapsPUslY %ié%sgcwte (right to
left) uILth bin gh% IR.889TRe Qfsal B MBS B%aﬁ@ﬁg i B8 e '&t the two receptors
al ne erein. [0019] One feature provided by t
or irﬂueahnteramoemh@m ettloamor beiﬁsrempmrabmldmglgahd | velaish nraydae the same or
test .co h a face that expresse
diffl, ARGV Bpledis A Fhang B B8h gttt SR HBoags Bo wihout
havih@¥o bihd a@i%hhd 5Ymb&ul R AL WAD! Y Hflé/erﬁf)odlﬁ]l%ntp ﬂfétp%tEas‘éfand

|nterest e.g., a receptor proteln preSS|on of the
pernpﬁ@i @pnrt@factlmqtglr pastiongpfghg ﬁlslonrmgtem@ ard expigsesd at the cell surface or

erte oA GHIRLF Rackie’ GURL A Rl Ny B RE)0 poying
disruptioh @i tnt@aétdd Rk oLy, & hetheNEPoRGMEAS oM it EDBPEHSEHdre

ai a pol nucleotlde mhlch encodes a first protein of
molgaytesy assavidengrfl by decapoliprintionsr less obpigbdli ng a r eport er
o0 BTN eSS B SRS R, 2 CHSNFIT i noron
sepapat telnwhichaapboidealas, inerdt (2) sceomusg@n,ceithet A 1Tbloe Bul 2 can

or nol ecul es ich co rlse(s) (a) a polynucl eotide
carry e dROEHE A ST MeTEETHE BreBpleAcH VaingsRIoteit Eidactheatisay qep detect
spontteh% Fé fn%racﬂfoﬁto? i Qo 151%1@& 1%\% t&l %ﬁgﬁegtvym%'ﬂs 8r induced 1nteract10n

ator, e.g., a positive fest conpound, i's present
whegnaith¢byr bzotlp odcyptorsl tend & Heartdy athidhnogdestha spmobeddterant, aarevidence

ve or activatable tio f a ot ease t is

of el f<r Bf of B, Boblsehibodumiulba bi e 7 Bhnd aemyred
repoﬁél) actll\/mo? poltREs 113 8F the %sﬁ)&ﬁblbte\/r% dr&&tpreRBPAURE celf fidtace or

nmodul ate a protein-protein interaction of interest
exte(ipeefibe artifisl perkage. dibeiaggvased paﬁn@te@lsr@portearﬂ becsulis Gemehe
protenl}%gt T élg B2¥73a agsgécrf?dn fv% cl()er\l)jeg 4n nhge’r p)r(\f(')] %Ig?tgv%?yﬂ %ge’erlei:eé)tor fusion and
the i dcHE Rk petdihEudidr §ﬂ1n@fk§§t SCi e Oineink S cDf anldih&Indgéing event,

and a reporter system as described herein. [0020]
the Iiggnd andyshen Highisrtisdi momEpred 1§ erpisasch oageseondigdin iipthe second cell,
T Gy AR N P oo o B B A hochfbroind cols
whether sponadnkeusantradidtedby pnodremore rseledulas as aviderzy bpa decay,

used as a reporter or reporter activating protein may
dimiatin oo il e of sl PRtCcan be acti vat ed by

cl eavage, for exanple, by enzymatic activity

associatedwith the second protein of interest. Another

option conprises an inactive reporter activating

protein that is activated when the first and second

pr ot e| ns of i nter est I nteract. Thus conpounds that

o, .y . - o I Y L e S . s
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may conprise a polynucl eotide that encodes a sel ected
nmol ecul e as an inactive enzyne that can be activated
wh0000082%6 ng t he i nactive enzyne at a cl eavagePGI/U82008/074543
The cl eavage site may be naturally occurring, but
preferably the cleavage site is engineered into the
pol ynucl eotide so that it is expressed as a pernuted
enHITAILEY PSR F0N OF SAVERRLHX VM A ENISO DRVIERETS
protein o at ce and/or a protein not native to
[007tlh@'hbesstry 0€the pmemnﬁmvd:nt@nsik@ctsqndotemt—motelnemtﬁnsdtlone Without
ternative i ments incl de an en ne acti at
rea gy S EMRER ObgA g MG aEnd erThig gt e Iy initatcd
by tid 1'11%\Mdﬁ9nt Whe RQLY BAPYEE $ntb@c SR e SHAGMO RO ¢ S Pormation of
that they rearrange to activate enzymatic activity.
homp a3y ormaterodioress. etsoasbayedan detsat mtasectians af:ét inggbrane protein with a

| vpe or _exa n .enzyne. The "enzyne"
cyto BRIl T S SRR BB ERFO BT ot NGt GRHITE prelfiy,oThe
assafl@si 1Qb& tlafsI8a@ioRRE R pPotEin@a agclihilissphed ¢ th AR oBkAYI®Within the
recogni zed by a protease that is not native to the

cell. hblag ass@y ¢an dekast viterastiogeol dwe scliresr nsekdgss powite Eithar efiotein A or
f [

B mp T it tors BlaeP kgouls: Eploclie Sy Berf ERAER may or may

not Bbeeseemﬂaeavlagepaisnlﬂe figtthy proteinpheeinenziaoon. f or

anpl e, the enzy qg(MAth a cleavage site nmay be from
[007§ﬂ1§t1ﬁéqmleetqqut%e P SHHFER pags 18 eélgtl%ﬁzsguﬁt%lngdumm #rid and
prot&ﬁ %1"[E1 %%tkns%h lto tlf%rartttstéﬁ &ldeay "ﬁgge SiffeFonP ¥ abif HhQHéJ &ﬁﬁie}méf a
Conservative substitution of one or more amino acid
sent@aasErapaphy eonmps ndetaupasm aadeo as. Knogwaniphe, alsequemte can represent

For ex | e har Si z aromaticit r. ot her
the e B of O8O r o s of caeiryptdp BrRBragrycyrelreteorid
base@ ged pBl‘ifhu@@otidée M bfGthe @nicRE aREAIRBE FaH REbr t@ Y BRiposite molecule
but fmust be altered by cleavage at the cl eavage site.

in a gengkrie avesgeswhtae a me&ypbletlderwemqme ehidhetitecio thﬁmntg@ moalespls without

n ne. ving t.his di sru
reau o NIRRT S AT T ity S e il Blggno€ean be
syn&@fn@hy (iith aaehé Wihd defdrd tOG6 PYolynBelgotiddPer EEHPMI tHO. Bequences can
epti de portlon t hat bl ocks a binding orcatalytlc site

referotp IE@W plovalyrgptides 9 pebingaisotides ororansdlcreefz \Fiaace.gvhen the
e a l

P SEAE S A TE e AR 8L s
domaizik ioy &hﬁcﬁb‘@orpﬁmtsedaﬂ bt hightep 0o fhireselsin a fueadbault martice m/agele

may be. accomplished in the esence of a
exprewmﬁg I‘ﬁb‘ﬁd@i gﬁ‘}ﬂ(@ defAdA S;ﬁfaé‘%tpé@g .uaﬁfsb PRreReen opulging from
e QUELEAURELS TRLEEHLELUB) cGOPRASER, RLIEUS R0kl e o
prot¢ihesukch as theplootagi(s) affa protear thstthats Iaepﬂlarbgttyl off |ftmcarbnerig>ortlons or

activi of .a_ protease,th nlzes and cl
domiisy Bydhouniitfifle |p@ma% é@ B IE Alhe B ITR AT RNA, or
mixtuRRARIESF, ed l!ngﬁtbtiﬁﬂ)r B{a‘lﬁ ?;?olﬂsarﬁe $eGhe ﬁb@acﬁ&@&ﬁﬂh@ instant

of interest interacts mn the irst protein of

invepereprednown in He apk esence of, or alternatively in the

003 REEP S8 e R TR o TP e IFBE b oo

recepot WeRRsiel yfxephides hﬁnﬁdﬁlib IBcep?dSIQb ehdmfH ek @hibeObr instigates a
epti de-peptide interaction (for purposes of
signgfl tglcrggrgqqgﬁnﬁp‘mf@ RPYEHA aﬁ‘@ﬁtling Prefein andeeptionally, a molecule that is
r | at t
dete&tg I aﬁ{fﬁﬂg%glp Lofde 5{1§telpbtzt%f£%d&ng ﬁlgorg%éﬁﬁlce ngftfigeglo(g mreis?/nce in
respm&“}e@ds hﬁdzlﬂy)oftah aetsve&ﬂng praiéing ig., preéfsent. Thyvestliiog signal can be any

Mb] ecul es t hat dul.at e proteinprotein interaction
dete%@ﬁﬁg%‘éep%gy 6@5‘?%&%% HH%‘@F% Raf éga%eéh 8X°2ta“’f3'|1/a§¥ss’é’ﬁd’afametefs

second, A and B, and so, which phrases and terns are

used interchangeably herein) can be neasured by the

active reporter activating nolecule or by adding a

substrate of the active reporter activating protein to

ceIIs expr essi ng the systen1conpr|3|ng the protelns of

a g, F A/ o o g, o, .
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instant invention yielding a discernable and

detectabl e signal. [0027] Yet another exanple is for
WEe@beB2aT1A t 0 be expressed on cell 1 and for prPOL/ESW0B074543

to be expressed on cell 2. 2That can be acconpli shed,

for exanple, by engineering a Gproteinor ab

arrestin to have an extracel |l ul ar domain, or by

CroBIBEESHA PR Rt toL DRIPIEL S 14 BB Pl

that orthanfatpitoteaselor 3 peohitodw apgrtactaniatdangmeated cehdvel mictdar ar other

targ%%}g pgéti(ge:] u§gur‘; aa?cg\ligg@t%ge?%lélwt e&irdg S%L%/ el éﬁejqudg Slri]rg)ougcids. Signal

woultF5Oab &t Sted Lo MArhlon@ IO M IHRIY tard RS ﬂé%i_@h.e ase and
thereporter activating nolecule are configured to be

[007¢% boeeBeRsothe prescsfaxaesisbife, swisitivorandnequireagio prior knowledge of

extracel |l ul ar .domai ns. 1,0028] .In yet, another
the AR e RO SRR A8k Pt B QG Fataggpow P CRs and
can Bdlapplicll G5 entFOINE O 161! IdRidiH o MIIR! A Sodisdd, @hdfvArse agonists
and B. The instant assay can be used to identify
(for peypeeagriiarsy-hAbe fsgey pf thapecsent ipyeatienis AsigrEewmeaho st the assay of
enbl.y. . b : ' : i :
Lee ggaﬁpg ?2%1&1\1/1&%% _%%Iﬁ@ll tg%l\rls‘?rilfét?oél aa s‘ggﬁﬁ{@l{ g?ﬁér %%eglgﬁlg?e%{ﬂlgnuﬁowdes a
moré gnmedia@rnnd [d30&9tadont.conmron nechani sns of G
7proilein-coupled receptors. (GPCRs al so known as 7TMRs,
[0073hiT &R PreseHENENHOR BERY 1458 RSP PRtk apsTg R p3pRY Sudnithap that of
i ' t I i =1L U - of
Lee Ié%%lr’ ‘g@%ﬁ{ P cgi;lse &g? gﬁ% S&)ﬁ]&g ﬁBiéssﬁcin rﬁ% I \?g{jahiﬁ‘iﬁgéatloﬂ of@Meagent to the
nuclsusgpmdl thergtrpatipen, to suphifiagieisigngl. dficnrgaddue can thateforg be proximal to
synergi zi ng, opposi and so on, such as a.G protein
the 130 Biorgn S op ot PPl B SEIBD OGO i 4UBIG bs docs the
assalf bNRSEAGRNIAGEL, BRc Afficaldd ¥RhE Pres&ft eRfcAtion Retdctifgof &creted
phosphoryl ati on of the receptor. The phosphoryl ated '
proteiag elithsr thearshoiterar erotensain tistcytoplasinrmanpgtivase (dignactivate) signal

- Thi hani sm i s, wel | rved f o
fronE e ot B AR L BadmpdS R el Belffogin arcificil

celld, picdkag&tids unist ead with a b arrestin. [0030] To assess
nol ecul es nodul ating protein-protein interaction, such

[00744 Teporesarttinyeatipn i, csacaylbt wafuhder idenifyine analesulesgngdulating any

o BRSHELREPAEHP 1A PRSP PO DRSS et sy g o

intefabiéng Epint ermponens ub ecnsyis togtheam dbletiracs for signal generation. Most
. luciferase/luciferin assay .system Generall t he

priog éBQBt aéfayweelaﬁ?io? S B.{ﬂt_egs(%@@iﬂaasé% Pe |FeLI¥Bra§fi §hMipassays.

AnythQch0S arklihe 0F " Hr AP NG RBENRBLS B ochiRke fﬂs@'@@%ﬁ@é signals. On
spont aneous activation of the reportef nol ecul y ang

the dthertthed ibsinstaet 4ssgnd refidsrobsit gndinegpensivat woilg banglindependent of
hence, fal se positives. The reparter,.activatin .

eny CroBCREASS B ETIR O RS RS oY HGE £y EnRf T aspeltivity and

specifitiigh can be pernmuted to yield an inactive reporter
activating protein which has the potential of reporter

[0074¢ The iprapeniteyentram ppsiyides @dncapie Heassay Presciags faay protein-protein

L T e T
mod0RKiBE Yt Reifinidl 8dudEL6r 1SPOHr AGERUH g pegeiniaslcadt isvefuivalent thereto).
nol ecul e activity, and hence fal se positives. For ) )
An el &f supthisgrpayipated cagian eoniy R arspicalytie sleguaggypie. Protein B is
i ni fAr j: -
fuscl 3t kRl flerdchen BRI 1 ATEER, S8 G¥ Sl 8o g induced by
a thinbmelkalle. Hék vkillsd nesae chrskettitadssgpoithapestrs invention to identify
reassoci ati on of the enzynme fragnments into a
functional nol ecul e occurs, thereby contributing to
hi gher background and/or fal se positives. The pernuted
reporter activating protein of interest can be
engi neered to carry a site which when acted on,
enabl es the pernuted reporter activating nolecule to
forma functional nolecule. That site can be a

oy e — - oy s a Y T T o
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pernmuted reporter activating protein gene wherein the
codi ng sequence for firefly luciferase is tagged onto
w@rooni0sd116 he C term nal end of a GPCR sequencePCHO/2008/074543
arrestin 2 (Ar2 or Arr2) ig3linked to the tobacco etch
virus (TEV) protease gene. In another enbodinment, a
pernuted luciferase is tagged to a b arrestin (Ar or
T o S I e e
be fised @sthi aprowasd andgprotemep car bsfustd estha réfdvicr suspeog pobtah.
ti ng i ndependent of rot ei ns.. When asm ds .
10073 & e S oineae i AR RuF s BoDLIcas eseh pubasgiatable on
interaBidTEWME theGRIRNEVTIh RS Ao, RERp RORESE 1 iRtefest is to produce a
interaction, recruit the Arr2-protease fusion protein
reporter adtvaiproprotesie whabosg aipeinoricdinplecile consrugtadrtoicertain a protease

R - R e T
asschIBRSANded onhb Prgfict hea@RIRGRrich a@RAYAE pal§héptideor BEseBRL That
~about by reconstitution of the reporter activating )
activgy B exgmplenenzymatigrlyeactiy pacpaster pelvasag Pedipiiengen agteon a suitable
r tectab ' y '
subsHlft SR AEOE. Pl for B BRI SF LA Tlp Y 6 B8 (R ipfl. when the
pernyE fidcaine ndlaaolke i lutifeade, twhehwtdak ed @sferra bévlegicildy active
.enzynes. Activation by cleavage is a kno phenonenon,
luCIfﬁEﬁse,gE%}m rasgican &l Aprrewita ﬁl-%&trfg?nafqhés ﬁﬂ%&r@r to produce a
deteSBI SIBaRLEhH SQc ARRlcahte. For exanple, a green
'uorescent protein (G-P) can be used. A pernuted GFP
[007€] dn ancshdBembatlinhenpah¢ sepoear acamgted, prowm searreeores. Heece, that can be
. _reporter activatin rotein and the reporter. Action
viewsq a3 SgF B ALEN By U7 TSROTREGC BYUBE RSB OBl Ry AT SYAREple would be
a GHTE GG Wharcl8dves, el@iel ahdsdndfied d dbtddad 1P iR pendent of a
pol ypepti de cl eaves the pernuted reporter activating
repopiensysiont, seghogst cercagdné thabproaides wilwgferiaarhearierepattertdgtivator is a
lcif%r%duces a signal. GFP carries the advantage of itself
v gﬁ%g a detectable reporter signaling nol ecule.
[008A] Peimnatd mpbiter dctie@agensd tmheC@nstBtddiheadletcmthctingé Or inactive
reporter nol ecul es that do not significantly perturb.
forny. r§p(§tﬁg]ez 1@6@@1@9@1@ this gqj:ﬁlpq)lﬁgy,far Rpactive permuted luciferase
fusid \%se%d?fs@ﬁ&&?ﬁ]]%ﬁi% ﬁ{eﬂﬁ{ike?%etal&ﬁﬂo h&a g%cgl%né%rﬁ gsecqlanged. The
reporter Signal. ipl'e cl'eavage sites nmmy be
original Nacluded fragiment Wwes mepal toehe Caasdinucind thOO3ghal C terminal

Tertiary protein structure can be used. to provide
fragRanicfstaBOYSS P e kTR A REBIRAVHESQENE | aAg g 4ipgclg fuse the
two @fcﬁr-@%e@ kﬁ%ﬁgntﬁ.':ﬁ{teﬁmﬁ' GPORIIBadiVR pP Rt PRRifBfase fusion

t he pol ypeptrde have strong contact, separating these
protgomtithoharrésyin ReTE Vpbotagsetfheors poptem osuliouml adedyegesdbe iradtive

eSSt B Bap ot bttt BRIRES TGRS, Lot pyomanve
strat8&, it pr¥sent RR3BbrsTddasthidicta @POREI v beinlit&d RiSterd®YubBn
a nmenbr ane-bound protein, such as a transnmenbrane

constrageiptvdrich @ prpicasqraePgRtioEsismg lirigoduted mimbgentginaherder of luciferase

sequrglﬁcgele %tl%oéu% \s/f 2110 bc:ajugtgesffe'ﬁg ?ﬁe élgg%%l & %crtle ﬁ%gkgérgét{\@%%za) GPCR-active

pernfigédluoiteasy RsAtpasteinayi{td Rlarrfgtin T ENUSI6 A0 fuSion protein results in
acetyl choline receptor. (CHRM2), chenokine (C-C notif)

cleayageapthsractve pommyed lysifemsarmdmroduseeproinagtpropgiferpgdgments

eY Qf- - i eceptor
resufR i 8P R0, et olin Bl B SR 08 7 kmoun
[008i1h Thhecparter adtivaiige protdie camistesesdcaddrdrh atrmittedprotati@basd reporters

the invention is not limted to the specific

SUChgAHEIP Ha Hicd CHes PR e deiSTass: dhiariamacs i cpsileasyand fluorescent
i nvention. For exanple, nolecules such as the insulin
gromh factor-1 receptor (IG-1R), which is a tyrosine
ki nase, and proteins which are not normally nenbrane
bound, |i ke estrogen receptor 1 (ESR ) and estrogen
receptor 2 (ESR2) may be enpl oyed in the present

oy o oy
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limted to use of any specific protease. The protease
must, however, cleave at a site that results in the
w@emens7edd or altered signal fromthe reporterPC/09843/074543
The protein which activateg4the reporter may be any
enzyme that can act on a substrate to produce a
detectabl e signal. For exanple, the enzyne may
prot?kg Q6L ¥ e Jrig %r@@t{ h‘%( rb&%ﬁ %nﬁr(G@@ Ieﬂ§1@ed roteins, Ftc.
uorescence or them | um nescense or cause a co
contmln&rgg éor eihmpkee@prdt@ﬂytsubsavaget gtamychis, zaTEVojl@ga@a siguithough
a chem cal . whose. reacti o

“ensg D0 S e Eb PO st S TGt Ao B e ited (o
“enzYneb b @& ahy f%ﬁﬁ&%cﬁ@atiﬂ@%r@eﬁrpﬂhﬂt RnQFREM cHal é@m@ﬁs@ﬁhl For
arrestin. Arrestins commonly interact with
exampdilindiag ot sdquestgringn ﬂwp&ms@mwm ingnhel A seldiepnosignal change
|nteract| n. The cell a. eu ryote or a
withg B EORH Rear P e len o RHRL Y g nous
[0082P MRQME MeaturB W€ thedfic@nPingai el p&hildsRubifcrascl Vagihhte CasBe
For sinplicity, "reporter enzyne," is used as an

consgiggicd apiag tdlféffrelst breakéne raints end wathidifderaw evetprping wginng & reduce or
1ncr@a(§5 h%’o?%a% actfv%g/oﬁefsglr lug?&ggeai p{%@y B'P% FG%H{IS%’UJ‘[E(? R fgr%ge actlv c}y by a

n or reporter’ ac
skﬂla@ nohsentah ambg‘m for roteih ehethet tlklaihelerIé@plst at alh m@themlzbal &

reporter oufput. For exa t he re orter enzyme may

Biophysigdies ¢hrh § Opguikatons gﬁ@ &qoﬁ) %96 Peporter signal

[008‘3% Prdtsc €42 %Bﬁn ikt a‘?ﬁﬁ%& kagltby B dlverse sources. ¢.g., bacterla
n-enzymatical |y cause a change in signal, such

yeasf, Iﬁmeﬁaﬁnmecﬁ; mmammal dihe Osgdntidnedrequitrd ptatbasmde psicassqs:ptldes and

ort tens a roteins th dul at
therefRis G Pl e PR aresEh S Brgh ar P Gosaf oAU BB tdhe Present
inveABSIH ESW&RBA P SpEpiiste cfeh&a%‘é sREOfoRh iR dAg rﬁ@géﬁdrzﬁgl da9 be found

i ncrease interaction with the second pr ot el n. “Such
in thadigkiratueceriio rpgociunbwﬂi@guebu Suelr profease ¢leaviage @lttetsetre othpeptldeS of

art of he nucl eot,i
varyffBe88th Ao at 0 alfiiecBb. RS PP FAY Sy BRIRR Seyeh, cigh, nine,
ten dtuﬁdre@hilﬂtea@@qmg‘ceoﬁ hat encodes an ami no acid
uence that has higher affinity for t he second

[0086ﬂ 3@@ Pﬁfmlﬁ%feﬂ)ﬁ’éerd\cflﬁ@tﬁw pr@@m@ﬁ@éw dEp é‘)‘é‘éiﬁbllﬂealtﬁtl’ﬁ?ée protease
clea e ORI B I 6t PN OE B SR Ao BHES Bl o converted to
activR@hRahes ﬁ&lRlcﬂe,aV@éCEEZt bizanﬁiﬁe CUlea@W&teSuﬁ prerprdichizgatd cande

are known in the art and are an optional feature of i
modjtfed tg bg Senitiverdg @R EnpMe %@b@eﬁgnms Rogeugee Eh%dlgﬁrﬂé@sféw the wild
typel IMERBRLAHQBIyTERY c% e' SHE cﬁﬁ)% Aot f@r Q{)M‘El@tlllhlt esbd LESY, such as

compounds mnt urality of sanples of cells or
greatemispeifidiyc gresanplseep‘rﬂryht&eo cleanagetaedisbyn.one or nore

t conpoun I n _anot.her, enbo a cell nit
1008553 e BSHF 5 59 PP IR R kD phouh fPIIEss cleavage
site ﬂl@ﬂﬁ'cﬂﬁv&ﬁ%ﬂ ey hﬁ‘ thablivd @ZoRk aHEPGE "c%ve?%?t IThaf felMlre provides some

nol ecul es, both of which interact wt arrestin.

Slm@@rtﬁ enmdfinle Peptesdyfist dnghesds wyth déffesenti snecn@ma@& ¢apithgn &t on the

s SABBE a8i8 wy R A R RgBMY oY et Ures

[OOS@ﬂ Mﬂfﬁ@l@dﬁd&llﬁ[@ddﬁ a$ HEKhe3 ﬂ@SJﬁ NCHBT Dtetd. Bf Plefita@iyBast cells can be
interaction. The nmet hod nay conprise contacting each

useditagptablashshe Pugiteiprp&oteinripicerction peraBIiSIGRRICT AT VBRI Qs assay.

t

Cellcfpé% 2 1'(11;5] gatg?l%r}ge ﬁ%étg nb%?lgﬂg l:?kggee p}fsgeéltqgulr él;ﬁi@ %Eteg qﬁ%mbrane

prepafaabn I wihis btotckb\hmil-lﬂ@ paﬁlat@nhmsdes tatplcot membﬁanﬂq’yeﬁamtlons,
ested_ or s e g t he resen inventian. Fo

cochléEy Grppiacr oyt GHiGL! 3 A %P Bekaers | am%lg}u@? hipfopisakgembranes to
in an assay and conpounds t hat nodul ate bi nding of the
ligand to the protein can be identified and/or
characterized, as in a conpetition-type assay. Contro
sanpl es may be present in each assay or may be run in
paraIIeI _assays. [0037] In sone enbodlnents the

e T o o o o I T . o
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presence of the test conpound of interest is to be

nmeasured, and (ii) a pol ynucl eoti de which encodes a
wpe@vesses or a pol ypepti de specific for cleaviPQI/ES2008/074543

pol ypepti de at the cleavag@Ssite. The first protein

can differ fromother first proteins in a plurality of

sanpl es. Then the nmethod conprises determn ning

forrﬁaf Etiﬁ’c‘tﬁrx 1 ctaﬁ %nélﬁ&o E'Etfc'h &Jalgp e Ye MBLE on btlcns%llcal entl‘lcﬂ?r such as a

urality of sa termnation o d
tranxmﬁembl’en@promm eOpgantsensn:an bt esalc Blilcxhras tmhsg'entoarrg&hsms in an assay of
The econ rotein

. 1%0038 ﬂég g dlf er ent |qge
INteISS i nc?Pn‘tr HECGefE OF Fragaihthatbens) bs used 1 alAsYe W§§Fsbe
[0085PMRE RRehnk st@y ﬁ@mld& §8Pf @GbRablaRPoRAC hTIﬁi@FG%'Oﬁeﬂ"i@)bne which is
conprise a ditferent pair of first and second
a sulmtnateeﬂonﬁle répartsr amvaveg yroteaelﬁ indemy| Elomeg ibghetcast efcpermuted
. rece rter I, N ive sa
i, gt FHEne pPBRE AT ot EpF AT fied SnfyPUUSRAAG TR o
detcbfalle mﬁrﬁm@éceh@asglgm ﬁR@ptﬁd& chRYe GRAPEIISE O ﬁ)rdi&‘dd)z[r@% that avoids
i n_a biological such as cerebrospinal fl ui

cell [ysisndlor pragerde, @%1? ﬁm@d but@e caberyldermigysrfynaliose pudgg potein (MBP)
is ndt ﬂ%g%?ce%)[( M}%gg‘] Pﬁb@% ol seg n%&%ll%g%%gn?cwhegrﬂ}eglglgrﬁ signal peptide is
remowedefilidrestepcoy bﬂmveai rf&ﬁﬁmhr rast, J@cteriot 1@3@4)@10@4013, 2000.

transfected with ﬁ nucl ei c, aci d nnlegg%e , ,
Henge, @|pifesg © e@mgeasﬂﬁ ar'ng, BEtodedelanmstrrne AL BddBR signpkpeptide as

I J | eavage

taugH{ l%tr&hg? y{gldp%no%ggpdhxp%ﬁgg %Iolhglgct of a gpl?%t %zlalg'e or a
[OO&BQ) [Tjnp eﬁmy den bé gpplisd o4 masrorambealiular loanidn énd trinsdocation of a protein

o bSR3 PPl B SR P
scheﬁﬁ'ﬂ@%%&h%‘e%bo@lﬁﬁ&ft' ses, (i) a polynucleotide which
encodes a second protein whose interaction with the

[0080] dbe ppsentaiyeniipn tdi@tefp‘ioe@@th@@ fof detpeninmgtifl & shptaneelof igterest
nucl.eot i
modyf 3 TaBRaTa 5 dbishy, R SME GG BR s ip. c.0. a receptor,
suchPB|atReRinkaiBratt récplodlwids ) a6dcodd biotdih] fibh kSars@@bdliutar molecule,
for said cleavage site. [0040] One or both of the
anothgjcraapRCcmbrade piteiaand so ﬁaye -Hemembpy §f theawessisfamndy. Oneo

e SRR 105 e ) 1 oo

cukdryotit withotveiconstaigtsbdha fﬂﬁﬁfbﬁﬁﬂ&t neliads parﬁlrt;talualelsmdh c@oding (a)
transmenmprane receptor, for exanp

the f%ﬁfenfﬁtegb yug %ﬁstﬁaé%&e EANC &6GEp105r andi d%)c"i‘ EIIGeVa;&BIS?é?fOY a protease, and

(©) P NMERR nd R £id %M?n C&Bbr‘;m 0%t VAR re C}ﬁ'ftefA.‘Dﬁﬁ fcond construct
[0041] The protease or portion of a protease nay %e,

inchais.fej @duddioweid wiscmatcolessd seednd progein vhascioteedction wiﬁluhe first

profiia S AR B FBC LT e SR el G frotcase o

portﬂiﬁ)bf BBk @R 4 YOB pbhdde el & B#b@&@e @ctﬁ‘#@/&hz&%%@ dnQhe cleavage site of
hjg;o uce a usable or detectable signal. The second
the

moestmucrmg[n sraneembarhnbitts omg opmestre PAtheheonsendts fay beepme stably
oteor a prokaryote, generally for screening
heceutical's, a eukaryotic cell wll be
[00901 E&aﬁfee &f aiCembsditdeat ofghy Gesiti@t fc kovan w@@nlﬁ inn'Fllgalre 1. In

to the eventual target of apharnaceutlcal may

brielpg ,g@]é ilsaqhtzyn?qe thptexpegssesa fast promo@@te@;eﬂ t E}peegrog:rm of interest may
o RS SRS BB RS R BIGHR AR ol o

bindirat @helclse o Ia)hDOﬁdl llgindo M pinapdvet dnegmofs ettfaeh@}\/tﬁmtpe@hde portion that
pr oposed. t y .be useful for scr enln and

assoiEh aatdh? B PN [Oé FUSFSUHR ECSPRRGP 8 rC g gand binding.
exogenous, for exanple, a b galact03|dase a GFP or a
| uci ferase. The nucl eoti de sequence encoding the first
protein may be nodified to increase interaction with
the second protein, e.g., by replacing all or part of
the nucleotlde sequence of the C tern1na| reglon of

. o g, o o o oy o,

1nte%1rate%1I %?i){
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protease activity, and (iii) a polynucl eotide which
encodes a protein which activates a reporter in a cel
wW@ro0oMspII6 assay system The protein may be a PCT/US2008/074543
menbr ane- bound protein, suéh as is a transnenbrane
receptor, for exanple, a GPCR Exenplary transnmenbrane
receptors include ADRB2, AVPR2, HTRI A, CHRMZ2, CCR5,
Pro pr o% ggg}eg%rf%t)? eet(e\a t ogtgg;g%ﬁ??f:ﬁglw r ugpﬂr’%lbgg egadrd?@%@l 1rueglo %Sr%ltutlon of
activityprfob easgmeAs g noathedfesdsov €he tdeengitwtdactiviitiyaffeets tthos@pers of that

t.he regfrter.nay be any protein that interacts wwth a
ProteLeiP I IBCEes U8 -0duce a si gnal and need not be linmited

[0091P ThR %xé@!e AP EF il ROUSDRYs DEEAINEmbH SprdteiRRAHNE Elcavage
exanpl e of the invention is not to be viewed as

enzynayp iermgutedh bicifarasmandonsubstratp deri Iitiferasebo gi, rduditerin] Jibg pjotein “A”
L.n sone enmbadi nent s, e 4 nvention.features, an

may 35 O GBS B S S SRR L GECRy; e N and C

termiRll SO S foMNeClan GO ARitas 88 arldl chn dc Pi@kydWeth QOE VI Brotddis€ Bleavage site
encodes a protein (ii) a polynucleotide encoding a . )

to gucEds dyBlasi e perauted lgpiderases e’ly hegpepanted dirifsrasq apshopars dused with

Ba Lii pol ypepti de encodi ng a protease activity, and

||¢?'a pol ynucl eoti de whi ch encodes a protein which

[009a¢ Pirotgiltl% lczﬁl l{fﬁgl@ffd with b prétBe C Pird[tein &h]danfhbrﬁlmw witleam fhactive
operably linked to a pronoter. [0045] In sone ) L

perngliesbrPRtst agtIvatiig Nrofg it/ BIPtFasaTsPeRitian and plrayagg site (which is

reco gﬁ'i%dal&}?a gfdtgagér?ds@& B HRALINGONR S8 infd the Permuted reporter

ol ynucl eot1 de encoding a protein ose Interactio

actiwatih peri@hh@rotpndt endprotein Berpbwesglnde pafximity.esg., by a third molecule

co nd is.to b asyur.ed, and (ii) .a.polynuc] eotide
tha B Snces et A Eaaa e ekpelBi Pl SOl s g dhasfivgreportr
actix@ﬁh% Eﬁ)@éih B tNd fulioR pR6te4s8aS Brorerhity kdsH1tdMhl fakloh 8f BREGb fFagments of
forthe cleavage site. The protein or the other protein

pernmigd tsporer dctimitingtetgingio geganaratesastive agposiar aativeidng protein activity.
0046] ~The jnventi.on in.sone, enbodi ments al so features
The %%“V&]porfé Saish a@&%‘k%% PEOSHB F?%P%&Ss%‘eﬁ@% F%RTSWI%E g aitd
appa@uslud®s &cuitad1oMabelerc QTR L S86iferin, hsifg PehinRLEdIBVallgble reagents
whi ch encodes a protein whose interaction wi th another
and it ein in the presence of a test conpound is to be
[009‘§§e %tséa'ﬁéﬁ' as }?&eﬁq‘A LarPo PRV GaiE gro%]ys& hAﬁ&%Q@@e?¥,Qhat GPCR
protease or a portion of a proteas Ich1s specific
can bofustheith lagewaged s¢poeter saivatimgiedoadic. aci d further being
operaply linked to a pronoter. [0047] An additional
[0098 il biightent > armaleere Qlaégmé%, fah OB -8t @rpes gy BERIER Entggetion with the
GPCRPBREDRN dHithe ABaya30 k@% @ﬁhﬁgﬁh\%&d R P be e oRALe bound to,
I ncludes, (1) a polynucl eotiade I ch encodes a p?oteln
or in(th¢ praxipiy ph pedteintA denceatcoldicrigase wbeavhgengits. eTHofragments
rotease, a portion of rotease or a I ptide .
recof e 3P B ReHais ¥Eief s Al araRs sty BRuBRER: ifired using o
suitaMtl ©PoRBIBIRSIfdafy RL€ItH bk 6 RRItNRIESC Aell BPRI L [§6até.N
the cell, and further being operably linked to a '
[00951 dhemethodman groduse bracee ngrallsefoe reseptar pistaeysush e &P CRs, which
nw/ingkﬂgg§% &ﬁ& %rQBE n%ﬁleotide whi ch encodes a protein
YWose it BPact Poh W th anot her protein in the presence
[0096] Tac gesdraladthedingshosntif FiiréTe asdpptidabl@péhctdliy)to@PCRs since beta
pol ynucl eoti de whi ch encodes a protease or a portion .
arregyin racrgpcals @ coparaninhenggenan, ey @si 291 pair o& mojquglesthat interact,
o : o .
bindy BecfprcBhES0 pF B TR cr ATl by BRBULAE: Fd so o canbe
usednndid prhetscecafsixei@bthntCinpenoioal n/ protei n i nteracti on of
interest. The test kit conprises one or nore of the
foll owi ng: a separate portion of each of (a) a nucleic
aci d nol ecul e which conprises, a polynucl eoti de which
encodes the first protein (i) a polynucleotide
encodi ng a cl eavage site for a protease, a portion of
a protease or a polypeptide with protease activity,
(ii1) a polynucleotide which encodes a protein which

g, .y o oy o -
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[0049] The first protein may be a nenbrane-bound
protein, such as a transnenbrane receptor. A

w@2oviogaThar type of transnenbrane receptor i s BCTZPER08/EV4543
particul ar transnenbrane prdtein is a GPCR Exenpl ary
transmenbrane receptors include ADRB2, AVPR2, HTRI A,
CHRM2, CCR5, DRD2, OPRK, or ADRAI A. The protease,

Mt :
10092 R Blcs BLAREIRG £6 AFMERBLLRE Rl BOKRERE o pior
knov(\kedgft eﬁa@emf Elﬁpmt@m eouplmlg ibetruac thevcatrest assdyds netpspetific to the

e, an r, exa t ease, i.c ts on L
PRI OBE Gt TR bbb Thgon s CehiEOHagpamay BPGRs in which
the @‘f)%dté’lﬁtcbﬁﬁln%Ypa%V@e@V@ﬂﬁknow TIRAAEHSA pﬁﬁﬁc&%ﬁ‘i@(hate and

nol ecul e which yi él ds a detectable signal by the

phystdlegivaltpercpavetiurcadouThwitibmd tradscpiptiordl amplific®naas in the assay of U.S.
knhi bi ro e' , such as an arrestin. The kit my
Path@r?ﬁé 82%9% 'i% g separate portion of an isolated
[0098Y The hfatc il Chnh@Bodsea | hinablceRe@eing & HroRM hﬁl”ependent phenomena.
activating gene. The reporter activator may,
In thekeml 2} apestin cgn §a labeled syithatde permuied tf@plfterraégeatmgrfeotem A
f r
mol R iR S RAUSRIE AR D B o B I RUGLD, KR
pnﬁ@ﬁ@hﬁbMasSG@ERaﬁmhknkﬁ@hﬁeiBgnahhﬂﬁm;part of the

nucl eoti de sequen the C term nal region o[ sai d
[0099] Tae Pfﬁs%tftélil‘f?nwlﬂ asaa ﬂlétla%%?YQﬂén@@&%@ﬁ%e%P@ﬁ cBIfEbYeE assays
(sucﬁ Bs BUCBOFBR PAHFRANETCE o M’%t&@s@ i ale rtheiar fnfdrftitiol faf:fﬁelrs have to
he second protein than does thée original sequen
rernailihl engagell eotogdédes®oueme enpfms ﬁragtnﬁlttcemlpiamwntamgl @n thﬂaqther hand,
be repl aced by a nucl eoti de sequence encodi n
in the o ‘??F‘ﬁtﬁssaryeﬁ?‘)érPTBtFOf:F% PORES AT 1 PraxjpRy o A%r’iﬁ $ent%3§ﬁl_aftwe
repott&iAivhior &Brendiebdl ro{egpﬁr@f]radtfomp‘értﬁ&@ BRIt @écﬁﬁjreﬁ iPfemain
any met hod or conposition described herein can
assoripfsidderebteice popérly Bégrewtive assany ot her met hod or

101097 BRI 4o e RERRE RR el Gl proldiT oitd fenlh adof ihBondes can be

introdaeditosd et céln Sl el dhfeand/io bvellikﬁoﬁlﬁeﬁﬂfel @ratmlwnelc acid for
may nmean "one,"” but it is also consistent with th

the waeigns PRptiges may ke sngipesred as o gngle axpdecubmer, masa‘rmlnrredeceérserlally or

o818, SRR S PR R SATRORER R i, o

examyglt, tn%tanastaibls tﬂaﬂgmtﬁim pgcdiny afatcdials @dbmihm%ﬁwnbmthe art.
ken together t he vari ous morgrn gs describe th

t
[Oloéiﬂrr S HHRBRING Suremethe Ve PERLENY O POSt rayHeigect %Mae absence of a
ligarRf &18Est cSﬁEQﬁJddTBfﬁesl hd bPRsf crb\ﬁgﬂ)tuh&’ﬂl ahsebcﬁe B&S bRkeins to

appreci ated and un rstoo n consi ere I n
dissquatg, mhangmnrfwmhtlbmeorfodidrwm heysaegranhiptt ithomr iatedactios. In such a

casep i d oF A CREM G SeBVF R ARLE YO el decreases in the
preséitdiof atpoSigivy it Qgp R qgéd'ﬂ?%%osa &crdbein ﬁ&%@tﬁsﬁnatﬁf‘@measurable

numer ous specific det ai | ereof, is given by way of
decrease i theaactivity aintic nfmortelf adtivatingyprotain. Many
[Ol(ﬁz aI? %ul}jl %}Setélll ernr{)og %at | N estu% hsqgé %e}ggrrl] fgo?eg/ i t lﬁlgs to the
transmhn@ﬁc&ptbﬂﬁuhe plrep@et: bNgh AgodiBttHeBves P, it it td hreurRiefstood that

and the invention includes all such substitutions,
SINCRESEFIPESAEE Bi<one Avnsi afinseisina g asveyre Botrdsngisieahensthepg gfreceptor
o o 2 b o RATE “opr oy SR\ GoRlk 98BS imlyed. Any
protéin ehat natbracks dwtma sfeuomd@btaﬂrewmlh siffia¢, altheughatha uaarpﬁm 31 of

the present ventio The i.nvention y be . .
tran%’é?@@?%ﬂ@?%@&l?&aw Eébfeéfrrér?dé 16itigR ée]gr%r%?élraéldé’rsmf@ﬁé%‘elons on

drawi ngs in conmbination wth the detail ed description

of specific enbodi nents presented herein. [0053]

Figure 1 shows a schematic of one enbodi nent of the

appl i cation wherein a nodul ator 4 binds a

pr ot ease- assocrated proteln 1 causrng t he proteln to

T o S . ~ L T Y 1
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activating protein activity is reconstituted,
ultimately resulting in a detectabl e signal,
w0 e@pe3xrnd ed by the light bulb 6. [0054] Fi gurBCRUSBO&074543
di agrammati c representati o#8of one protein-protein
interaction assay of the present invention. A
menbr ane- bound protein 21 with an intracellular
expd%ﬁfétcﬁ’qﬁeere%%)téﬁ 3G HES14BE ﬁﬁ?@%&g%t@ﬁh@.cg@ ggutﬁf @Eep‘%or i#¥d an active
I'nactivated reporter associ protein carrires an
statd. ractheny egmmgdmﬂd&ng ® wrecepgmois het thaohiyvgpoof ‘tﬁndlhlg) ovhich can be

i nferaction r ot ease SSOCIated ein
assayl. dnE SRt Dr e dcerd & (e Toat perin buc P e
antag&{léty 3t B akd Q6 'd@te%ﬁm% ml?erl%tblﬁv@ ki QIR TIRREE ANGEITB Rfstsnd/or

he protein portions of the reporter activating
agmpﬁeﬂeunm®amhewﬂhﬁ@lﬁmeDQtor 4 engages protein 21. The

101035 ER5 TS b R s P R e oo BERGIEHA FrgiocS tor making
and a§ihg WRts@bRCHRRG therb 0S8 dcsdriBud Beldwshows a schemati c
of an enbodi nent where two transnmenbrane proteins

[0104f, Asrveith the mathndedaserabeq herqisdhe Pr@égc@}p W@)argﬁeatures of the invention
t )
can LG RAEQL G TSR, L TRELAN oA, [ Syfbruct having
sequeh@ads eﬁ&&hﬁ?@l.) agr@lein, (15|'ﬂiV cleavage dite gandeiilhe regortet habheitg protein;
to a o%eln 1 and is brou&ﬁr in rOX|n1m% with a ,
the rﬁeﬁ%m@a -dpoPREr g iU lpLRPEH o pigmRranehopad pradein, such
t9n S RGN LEIBY, BRE A0 3R GPERUSAIYSITH
asac %g%ageggﬁfe 8 eggbﬁedagsﬁghgégﬁagln1tyyo eﬁ%m%gesnenmybe
any hyddlysaide dite 8Bosedydtalysig afana’(retalcvmnplmhedi bpfacﬁdmeofraqpotreamof a
activati rotein 0056 ure 3 also c read
pert pioioy 5 D HBlrtt Do Cip T Bt or G SRy SORHDY By G reportor
cleabe%%riﬁdyf ARt ﬂe@ﬂa@en{éﬁ{ Stdiie ?@ﬂ&%ﬁ{fﬁfﬂ gﬂotéﬁlctg REREL report from
honodi'mer or heterodi ner formation ot ei ns nd 33
anothqer meliceuleli dhe thindapagt oae atistead de @mmt@aqmomaemh@epmeowh neptease
and 33 have been engi neered to each include either a
Yot ease 22 or a reporter 3 activated by the protease
[01 08? ThéschR@sidbLoah bentediféd fgthbf@e Oeehiags 6OMe Prdieiss the?; encode
% protein 1 and/or 33. Wen 1 and 33 interact,
havqdly &eéayﬂe@t@@g@rclwr@ﬁonwﬂh dporeeand peteiy aTltﬁrmsdlﬁﬁ@mwan include,
[
o2 g Eihe B9 BBl ECfk A en oA CITED E LOPRER, Wit the C
terménedopdieg rekia@nir 33 RRYMGTRLE vit? PE 0pC €R4 of XCRE/18.a8ind so on. The
recept or, but differing in the assocjation wth i
gengaiegpeERCasy borte &9 Opt;elze franglafion fdimpiofeing ¢fdntergshin a host cell
of ift§PQrter and reporter activator can often be used
I nterchangeably to describe different enbodinents of
[0106hd'hi pueeinition acti @05 The fepguerendy khoptan Wélxczlmwtmlthm the
cwogg\é@&\%l g'%lrgétgér%:aﬁe g_é)u:c Iars] glleglguec egl(s: trﬂlfg{] may b%:]gt ie tﬂat sets a
casch®CMt&tiond HS@etid0 r@s‘ﬂltﬁfgtlh VG bylahotiRr roteﬁliE\fhe @kllled artisan is
pernmuted reporter activating nol'ecule 43 is |ocalized
welliversefien sush|casnadéseasshayoare Wed-stediest edlulag grcthe Fayeahinpled
e nucl eus, usjn on eptide f nctlon
translocatuo ﬁlgpclg,rsuich aSt g%{ allrglﬁmslgceﬁloa S eealaee may’ B0 Qicogpo ggd in the
repoktbg@&fg}mee I1@calizatib@sdRBeEcCh @fﬂktf»ki@iWﬁ)the drhe NHR fusion 41
transl ocates to the nucl eus where it interacts wth
[0107hé yeepust eaptragisisetpscritod saprapnglydes sreghsghich gcodes a protein that
r r C
e SR G By AL TR R byl BTE BERGHERA. T protein may be
an actintdrea canpdatodn, eldnih)bmm Cbrfeyhayt@rdixhd!esmsyhagMC ctspanvsagad so on, or,

morHEESHLE FUERSUARE. BB Qi ORISR Gor AL testn amily are
adrenergic receptor Luc 234-550 and 2-233 are the two
fragments of luciferase |linked by X, the TEV cl eavage
site with a variable Ctermnal amno acid. X can be
serine, S, arginine, R or valine, V, for exanple. The
reconstltuted Iu0|ferase act|V|ty was observed fron1a

T 1 L Y o, . o

act1Vr5
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the X position (right graph). TEV protease was fused

to arrestin. The x-axis of each graph shows a zero
we 200003(7n® agoni st) and | OrM agoni st. [0060] FCTUSBOF074543

shows a dose-dependent resp®nse of luciferase activity

in a GPCR-pernmuted luciferase cell-based assay in

cotransiently transfected and partial transiently

f : ] ef [

oxer A SP LR KREE TR Ak Chrb U s G R PR o LB KR e
sequendds snayBat used, espDRB2vhanctha fickt Arateil B/hatarSRCRIC fThe wenoed part of
h transiently cotra sfgﬁted. In the r%%ht %raﬁ?, t.he de with
these By Barhgnstrugts 5GP IS B SFUERSE P THOL HRFORAEON HpGly pgtide wit
protédds hétﬁv’i‘@f?ﬁlhf‘cﬁ%{srtbl eleatdig geﬁlﬁeﬁge %@%Ar Eiﬁ‘é?_‘&%%i%ﬁc%d%@ 8 the first

transiently transfected wt construct’
const00B0]yidhl grpoeteBactivating protei capahistof yeel GRERlirsetiyrot mdirectly, a
i ferase assay. The expression constructs carried
2'88und to the reporter activator and arrestin 2
[0108P B clv6r, tHiSe PYcdiRiERE chibOdiERhsd ddisdt Sinviethe ifiveatien,eRtdistussed in
transfected into HEK 293 cells. The reaction kinetics
the fgHewgridditiogali ambademeyita provided ekein der dremple Ay ripgase can be fused
' hour J: jacubation. [0062] Figure 9
o p%lé%?éog lf)éitﬁﬁél)r%% ?egﬁé%éw %HO K cell line stably
expressing an arrestin/pernuted enzynme construct
carrying V at the X site which was transiently
Host¢¢llisfected with receptor ADRB2-TEV (left graph) and a
[01 sGRed h%rbﬂeth%tt%sy'cai( PrEISHRY MM eARISaRAy BGsed
transiently transfected wth the receptor-TEV
interchargeablgt Hoptd@88 malFiatporrefel @ = tromee @il feora hath olysaé maght be

obtag%{il’;1 :Aifof?tﬁ%%%{%{fag%ilsgt gghééthgér%g&%g%f\%ﬁgﬁ lls)(ap&? and %ﬁ rsh{)saelquent
gencH RGO i§ tind Sk stadtfithdt A1PProgBBCINEY RotaRABGRNRAMSC 6 UERBRAte br

~ responses in HEK cells stably expressing an '
inadgentans mutdtivas.reateeidorepizdi ffercobaigmy Uldie hasioeetls anagihene bgen engineered

to e%a\r];%g %&?&%ﬁ&)&%’m o%s%@@ﬁ?eé_g;r?ﬁ/h%t[ rgggrg%; v@i[i?rﬁ}rrig)éi:sl% sf’gl?lgfl\%heannacted on

by tHREGHRTQSEVAink §REBINQIT 112 fidgestiselictand i Fl¥Sled &yaBdpiotdase that is
HEK cells stab“¥ transfected with an arrestin/ pernuted

part pfie fifseqmapretcabaisihe sreondeprstuptandicartoryahle masice e eaowpimay be

intrudedr thYe fRPRUI b‘rca{ssﬁf‘s@ iepfi&{%%g nhfy, the agoni st, BAVP,
argi ni ne vasopr essi (Fe gr aph). en those cells

[01 10§ Nanteeadsad] | Wintharadcul tavsraseavagiablic $br, usa ada destde fe Rdeaaynple,

was observed, with the signal diated py . arrestin . .
many &8t eF OPIRERA hreygt BE eRETRR d) wpgﬁﬂkm)ﬁdolﬁemﬁf%ﬂ%@h pehich is an
orgaﬁi;zaﬁ&?ﬁﬁt SV R lan BrAfVESE llgi(i:lg @§1%Qe§a%%pé/eéle'{i@ﬁlat%%.2 Adl dbpropriate

the graph on the right, D veRX HEK T S were
hosttcrimhs detatrhiped bansd efctkatlinghe hrt ABREB2nabe peatort agkbone and the desired

ufacturer's instructions and tested.with an

rosulf A RsBH Llof epstuigr B sk amp o 5on BaguhRiess b BrBPentg ostcell for
replictlorP8¥cnéhyCRERIN at E1PR pbhBF88b1c (or ROtok R§pliceidn A% rRRpression
~the right 'with an agonist (), an inverse agonist (A), .
inclydegbut)aanaotdingitasisp nzacesia, susbrebf cql) (c.grhe cabistgindhidimt:. gpil LE392,

r.i gh t he,4\nst ant f.or.respanse . .
e of A0l PSS RBAPE A% HOSs O AT AT GG PR, arcc
No. eP3B2SNAH S IMIgoesid KC8Y, bagliaflh as Basillusnsibainit; agsolyerat

| eft provided greater discrimnation and higher
entekyhagteriaceag suchas Splmengs jphenyyiga, Searadip GRECCEs, various

- I .

Pse@%@éﬁééegfaggig% %g tw%f%%)lé él&l%[&)ggl 8‘{ cnolcrjﬁl}gé%ﬁgg é@ﬁh&bleaba\é?erlal hosts such as
SURHE oE @inpetémdaple ndé SOLORA@STY GottePesdSTRASIAGENE®] D06ILk). In

Fi gure 14 depicts expression constructs that contain

an overlap of essentially full Iength, but not

conpl ete copies of luciferase joined as taught herein

to produce a pernuted luciferase. CW is a

cytomegal ovi rus pronoter. Luc2-456 and Luc234-550 are

the essentially full length luciferase fragnents. In

this exanple, GSis a peptide |inker conposed of

—— ——— o o o s a I

detetl.‘Au
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has a rapamycin binding site. TEV protease is fused to
t he rapanyci n binding domain of nifTOR, FRB 151. The
WEerasswe reporter activating protein i s fusedP@DUSHBI074543
152, the rapanycin bindi ng3tlomai n of FKBP 12.
Rapanycin 154 reacts with, nediates the binding with
and brings FRB 151 and FKBP 152 into proximty
certa{n? %ﬁ%&&lﬂ%njgnbéc@&la@ ELTULEL o BPQY EI?E3@%%§V B V\%s%a as hOQCRMls for phage
Fi gur ts an assay configurati ere
virugsot ei ns A 21 and B 23 are two nenbrane-bound

i.ch d| eft.tor ont aneously .
o119 E5RsBl3 phPuSiaghovic s Brdsplsytor sfllol sgTenganss v include,
but & aeVlihAed t‘@DH'etQ INE3ant ﬁﬁfﬁ@tu@3 (HE()""@OSP @H:(ﬁ ga!@@ a{nWCPChlZ Other

receptors or induced interaction, where either or
cellsrsacle pt prast dillngr mswtgaﬂml c.anHfR heltsayrewésq fugalblamlt ipdiscretionary

uporfties ISR bisisan S HRBhL Y Bt B kSR i A Betip e Ménded

purpob@adnPhodieell @éaafib@f ccHPydl)and bizahling LabagiapBnhd are known
t he Erotease and pernuted reporter actlvator portions

to onsroftsidll B¢ &% proteins are expressed at the cel
r

01 HEATE" (PR rBludhitts Bkl B o RARH BOG Bl cither o
euk@ﬁotldﬁr@if@fa&'ﬁdlcrlﬁ)sﬁmmpe&tlcm&y be¢ thapi peaneaus fod rrephcatlon or

nmedi at ed by one_or nore .nol ecul es, as  evi denced
exprgwstoqyof the KGHeR i 18 hept qeﬁé&ﬂ@fﬂ@%@%ﬂw an p@@lﬁ@]ﬁpmdg%}lémf? The host

I ]dMPﬁJ 7 n@a@ﬂo

cell %%g %gg‘?@%g@lﬁl dg}l%g}]té%‘;tglaé ate cePI[ gl?lﬁivﬁ’ i cﬁh %Sahg]e b1 nd, tic stem
cellsabascplar n¢pathabial ,amdothamusele, Aglania, T eell, i cellinfondcyte, dic. 17 host

can,carry the rotease 177 r t he r mut e nal
cell G 0% JePies 5t SRerR73ne Fis s il ol oreanism. Cell
incapRANG ANRAH thol MEBSAEE Lt Al atdQiita¥R hAIeh&dy be 8RRt invention
on the two cells or induced interaction mhere ei t her
becagpe &bivh tiepsseiption & it mquared i Qenmcamm ehudiesyecheslls traick asneed blood
rent @f of cell - eII i nteracti on or

celisr bRy St R et k8ot case 197 and

[011B§ IitHe@AntcRPSAthensRat Ak, Bic IRt Ed1PR $nchiBroGhclhfieartitisiaDpackages
proteins are expressed at the cell surface or exterior

and pits; puchaps tippsaines| and yéendike pamisleaclor gxanale. penghutiagtures often
mlmﬁce&osrlﬁlﬁ{ate:ggellr c?rﬁ)lél'tg ﬁle%o?n\hfnlaﬁ y%i(? L et{b%sﬁ‘reil\zgth ?‘IE' gnt&na'ﬁ\%ld
assocl a one anot . ernative
separ@ec epilr orfpasuad)lny feomal tHehsxtdrivt baaeflliny hambpzmtoeloﬁlefr gsud@ire. As
of interest _can be present. in one cell, and the
menfigpgde Pyl aé@%ﬂgl packages ppdwajtsReiud lippsomescorkicafes. pijus-like
aﬂﬁpQLﬁrsggmw%oe%pressed on a second cell or is the
second cell. The assay al so can be configured to
noni tor disruption of interacted receptors and cells,
p twhether spont aneous or nedi ated by one or nore
'8 ecul es, as evidenced by a decay, dininution or |oss
[01 MOfL Thi f@ént@ﬁwetnhsn G&hkléﬁ/%%@ WAL R -PEAPM R okbERT3Y R/_ﬁlc@\i physical
ERAL EXEMPLARY ODI MENTS [ 0071] The assay o
lntertahteoqols &gevin of psepetednindemecreboginands, mhqomotemsnwﬂl eXISt or be

englneerec{ Ct I 2%81\34 télltrs]%yotte %Lﬁr%tltlgg?gr| or d 10 aolv%flfj gfl %‘i‘tll r%porter

oun on Ort €8
actmaﬁhg palypébtmé arftetht BéRhagtdtein fustd@o 8 psayase et E&b@l@ﬁzes a cleavage
i nteractions of nenbrane proteins, e.g., formation of

site Hghe 8 SrEstonoprotest, é}e@w%@fswhquhele&g@ébe FoRArtererciFting polypeptide or
t HOf a nmenbrane protein with a cytoplasmc

enﬂ%&ﬁ?&?ﬂ§b¢%§nassay can detect interactions of two

[0116Y Voith st toptho fiedt peoteinhd i@sesty thedhstdedteat may be, e.g., a naturally
transl ocat i of a protein to |ntracellular pace or

occurgng e gqque RILHN PR VY hashign %%%%%Pri‘itﬁ%&%%% fnembrane-
interactlon of two cells or packages or units. Either
of protein A or B may bind a |ligand, cofactor or other
compound, nol ecul e or substance, which may or may not
be essential or indispensable for the protein-protein
|nteract|on [0072] The term sequence " hes severa

o T TR
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synonynous with a gene and refers to the
pol ynucl eoti de per se or in toto. Sequences can refer
wa 2009/0807v6 dual pol ypepti des or pol ynucl eot i desPCDUS2008/074543
portions thereof. Hence, wild&n the phrase, "sequences
are operably linked," is used, that phrase neans that
i ndi vi dual genes, donmins or transcription units can
J 5%’ 12
bourgii pftdégg%u‘gﬁleot?e 1? %?ﬁg%n%%ru a%‘@géﬁse br. @é'pté(r%)ugﬁ]%bé EPCR, or
any bnhan‘smrsnmmbmneumdp(cs)of artdrestolmmd[@ hhtt nat @eﬂhg dimitekeo, receptor
ati.on, The seguences al so can

tyrodigt Pinihs renitabiint insrotin G g o rRe St g ap forth. Further,

as 1t~°ré"&1@11 ﬁﬁo&n‘f' ﬁla@i? SRRibR( §9pr@felr@ Wilgh&dtRdntiR&le AR rBanner as the full length
plurality of functional portions or domains. As known

firstiproteinesugh activemrpensytudirsigrpges sedh dsheexdgicelbdar dsanain and the

ei t her or RNA or mxtures.thereof, and nethods
A A e T R R
[01lioN Rsanitl Herveihi 9Rh@EkE1&N@Yian, thetpieseaf fnverltd@ iddy Bediised to assay for
exanpl e, Figure 4 shows an assay for nndulateg
intergetiqn,yv ity af ProtaiEnd Ay NOTOMREREN 1B seqRede assTYiAE Stsrarsrbound
recchidf, DS 83 BRCHRNRof BEERACTnd Rl oPUBLEUTEONE s Abmbranc
receptots, mludm@g mnoﬂicelhtmlwddo m@bptoﬂadrésyne lanagek eR:D]Kg tuvatasiIGF1R,
detectabl e and t gg can serve as._a tpgprter such as

sucheas i eridarmaberomah ctor gpcepos SEHER). dHdHdNey grrelated RTKS;
rece@t‘& kéﬂnteythl%gmﬁg kfabdsY @lchag Tf?érﬁfcﬁhﬁhg[ Grdivth P‘aé‘t%lh E?T@F B), activin, or

he resulting signal can be any detectabl
Bone l\@rphqgenétanlgeteﬂm(BMPErESBptyrsocytakmh argptoisnsuch as receptors for the

o5k BRP L DO AP OB iy - COUGSTER GpF adgoss factor

(TNP; l1dptARBEDEIrataAd lohRl rQhORS, whidhr 28 ﬁ@t&%e@s@aﬁﬂy%ﬁﬁhﬂﬁ&embrane-
reporter can be engineered to have a nucleaf or other

bourtda gt asmgtrwnyp@qpmrde(ESBd mné eﬁtmgyetrmgtqn 81(¥PBRL. i lpecach case, the

mer T RETRR B i b PR TRl B ha diects
the dx@&sSiBn of O OHid]cric @i ffsRERSrotcihm cRIaHERE rassay of iaterest, a protease
specific, sensitive, and requires no prior knomﬁed
cleayggeisHe anthi FaNOTFBECticARGPAYPEDIge. Ebipall Mgy berﬁér%%avduvgth a
ed_b C
seco?&ﬁ)ofyﬁ{éﬁ?&w‘e d;0y r%Ee‘tngﬁnﬁ{‘&&‘l nﬁg@%rg&goélocﬁ%s@%n@r@%ﬂ fafion protein
mch&M@gomtammg@mieinrfumdste tlaganicascsthif I@CO@W _and cleaves the cleavage

0 ssay of the present invention is an
site ?ﬁt%?%\f/%r%ﬁ?mo Wén%é%cgy be@mé%le%tt degmay qaﬁiwgm@w&gle
mol R iR %V&lﬁ?{)éﬁ?ﬂaﬂstfé&f&nalﬂmﬁ c'a&%ﬂl@f‘[(s gti@n Qé'tﬁé SQFR, this

I nvéntion p des a nore i medi ate and direct
intemaetagoproteir] MOy 5¢nsithef pr 8HE S rci howerdgyodonprin?) degaiaing polypeptide,

si npl er, and obu ssa m.t han .t hat of
suchgps ThpShofiRie 3 1ot Sue FREoloes S ahimey STt gadehgimine protein
1 (SHe;qw r&thé ERAR D PE&RpioP @erﬁfe/tﬂrebﬁ@s RiHasdsOsich@s e pe i&ivdend BMP
then transcription to anplify the S|gnal The 'r eadout
recepiars. tlh@méffrwtmgm@l}memdermay boa Smadpeeteiptas portisathereporin the case
of cyﬁtol% rec-ght%r eatrs]:%netelg\eérérgtd 1 nerﬁecl)r&% g%?% ter‘f%%lojrll %/?ecepto(r)sn éhls
interaptigd Iﬁ‘ratellroiﬁay’f)e h@%n@lft@&ﬁdhﬁcet BivEativetor bﬁtrﬁiﬁbﬁﬁﬁdtﬁ(lST@fT) protein
secreted proteins. Either the reporter or protease

such ggebutyiobimitadic Stpther Piakk er {aus kKinas (JoKo dyoteingakl ,fJaJé%)r Tyk2;
t

or PABECHESH AR OF IREPARc AR RIBHGRERL A3y o

repo@er amlvamg po@n6] Alssapriethenpeiforvexdtin orhidhsthe spedfeadd gells are

| for identjfyin | ecul es dul ati ng .any
treat53 f@l ant.eﬁrcsfn@rmmi {ﬂr SRRt Reropad &P%@a@éw@flwy Haaggpured at the
an assay using b arrestin, requires two interacting
protein conponents to renain together at all tines for
signal generation. Mst prior GPCR assays are based on
G protein signaling, such as the FLI PR and cAWP
assays. Any nDIecuIes affectlng Ca++ or cANP Ievels

o o, o o I R e "
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fused with a protease. Interaction of protein A and
protein B can be constitutive or induced by a third
worioeosd7ee The skilled artisan can use the assBYT/U820081€74543
present invention to identid¢ynol ecul es that augnment or
perturb protein protein interactions. Alternatively,
protein A can be fused with a protease and protein B
Ysed r
end S0 AR RAREE IR R b EAON e Bt B AP RER R, pteractons
betwiesn dreercvdpitartof |11$teﬂeat aeudtth@mderanmlg\pmwinl aee stimulatedy laedingto cleavage
with the. e second rote ach
of thgfpr(?tﬁiisg rsgg (; %Ct]tVatl?)‘[} B{j géepgrtfe%% vating %rgfqlgf értll}lﬁrgls n turn results in
a mdasBhBle RhiMYe? inSele REFPBH&hAPIECUl e constructed to
contain a protease cleavage site. On cleavage, the o
[01 lﬁ ) chaynvgssnlﬁle hecingpus instudgentiberdyr fmglgpn cmeyrne@abstrate dimerizing
iate on to pro
protelgij SP{nanéé]ést ?é%%r}a:% ga%sgipgtbo‘grp ais%aéie% oglgg% qa 5/10fa al.%Oé{lposne structure,
suchadtal itdsoh® or 8 X80 ligterc@NElyMtdrEcink Yndidul deon diffBRAt &lls, such as an
activating protein then can act on a suitable
antigonPEesenting cqikﬁnd@%ammt@e cgll ,f@ggsrgogﬁe syeh apjael gell a B cell, an NK cell,
ct.ab I
a degc?r'it?c (% Sil ll 810’36(%”9 a mﬁ?@%&e 384 % {fﬁgﬁ S)Fhaes e Eglrs known to the art.
The pfceease dnd protcin Muvdndh praagise addoynidioh siteare u@tblfcem@ebletmat respect to
| uci ferase can_act on a suitabl e substrat such as a
whigh prptegy, €18 4 8 Br 9dtfieh sa%éf aléached er %%%‘H%*Pg in that
case, lum nescence. [0079] In another enbodi ment, the
reporter activating protein is a reporter. Hence, that
Repotars be vi ewed as sel f activation by the reporter
ivatin rotein I e. exanpl | d.be a
01 BBk ety uslifalf GrdiiaGBaSiRE g ALREPR I Sxfonse to
actiiSiTah Al oM@ actindBReRcIeAllc &id FAclds B@Efe@fab@’s%érﬁm)r can be
such as a reagent that provides a luciferin when the
readilp pmitercdge rnavlath@se ¢hanged. uldicketicamearc[mao80io b@etht:céwosely The

orter act e can be con ruc
repogfP RS Sl bR TR o ol RO bt hmi s iR e
causthh Sctt@EHI0 @h& Y in eheGRfdRtdrNBetdciRy 16y FRAhEEisluded fordcsitrine whether
fusion was constructed in which the luciferase am no

¢.g.4dPH camgaeithas srasiatoghd ProAPGERIcIn THEr PRy @Hicr Rpn-enzyme reporter
h
actn%rrﬁlﬁ . %bg%még XLt nap@for g%\églglte{e\?\%éﬂ rm%(/aai ﬁrﬂ%(ﬂ‘]&gd Nﬁgnée, Rnown

repotter mtﬂvuﬁngp‘tdteﬁinspdantbemﬁi B@dﬂ@@atacmlcmsdsepmdme dutierases and
fuse the two order-changed gnents. Interaction of a
0 ofsPROVA ABIOIGE Cﬁéi’ﬁﬁlﬁ%‘g ngé a&%ld@w@ﬁ“ﬁ%ﬂ)eroerl%sqsrrubstrates
1ucﬂigra§5 LasthQ ?(;ﬁ'IEyagégg se fusion protein results in
cl eavage o? t he |nact|ve permuted | uci ferase and
generation of a reconstituted luciferase activity.
[ aIternat|ve strategy, the present inventors

Usi n
P““%@ﬁ%%Fﬂ@?%H@ﬁ SEBTR- active pernuted |uciferase fusion

[0110PPadtEdLES are Wéﬂﬂhﬁﬁc@rﬁé@&@z@ﬁﬁs f1R¢ @Eﬁ"ilé bt pQrbﬁeﬁls aba particular site.
i ntroduced into the original order of |uciferase

One§erqu§ertheSvWThrcm@teeﬂeg?nmflyaccekrﬂveeﬁtfseune mri/clm}brebernagemdues Other
proti":jl C%s! 1;;/1lgltu§8 8}'1%?6&13% aet 50 o%ar.?es a@;ﬁﬁlca }()‘;rto Veegg{%lre apLPEe\}lases

aminfdpeptedses, HU&I tﬁpemrdareer carb@spbptidabdy, SlEppagel pebtilides. The choice
act]ve Egrnuted | uci ferase and produces two inactive

of thepis el testac slitlgdiisan snkied inagbq imitest toe medecuips described herein.
1t is §] KAGRGEn A 'eH} S h%Oe Qltal éfﬁé ﬁofﬁfal aQ@ ese {i&‘gﬁ{}ﬂ cal & used in place

reporter actr protein can
of fublelmg,th @ebtiasod. e$1n:hbaa§ erd:on@pmed eryshesmeéntm aSauesls IAispemﬁc
ciferase; .renilla luciferase, b |actanmas . .
emb@ af bafgiabeccogieh Yiruionglsaicielysign ¢t ﬂ@tea%@iﬁ\gs Oh#asie portion
the green fluorescent proteins (G-P) or DsRed
proteins, etc. containing, for exanple, a proteolytic
cleavage site, such as, a TEV cl eavage site. Al though
"enzynme" is used as a general term the reporter
actlvatlng proteln S not per se Ilnrted to enzynes

e a o o oy g, o, . 1. i Y
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yeast, fungi, plant, insect, mammual etc. Organisns
requi re proteases to process peptides and therefore
W b@9bsoheogi ¢ worl d presents many diverse pr ot BEBES2008/074543
suitable for use in the présent invention. Selection
of appropriate cleavage sites for a desired enzyne
generally can be found in the literature or in product
t [ e
theré?l ggg%gﬁé%té c: %‘v gg r@f}t/?sﬁgte Iglﬁegrt sqg@uagh(; giuéi%&nas alﬁn understood by the
skillad hidisan.t hr ee am no aci ds, four, five, six, seven,
eight, nine, ten or nore amno acids, and so on.
[0084] The pernuted reporter activating protein can
Modtis®ioherpritiaged with alternate protease cl eavage
sites or linked to one or nore inactive
[01294 dhp fipst @nzyrmmayt eanodifind beenhensceits wdding taytheiimteracting protein in

somE BRI AR i€ b REY B sraiptes B3 R Bef R GBLRS Bighf arrestins

mor€& @Y bkt gré R6:QFFIhiZL Bpch 18REUSAMA1atIBALNE tHiIf @hanédddMeraction is
the wild type. Alternatively, the cleavage site can be

medjping 1y Eseretsdomapyr ¢-Be 9ruaﬁer5dzf§rsmlwa@fth@@tnne gefagucadn the C terminal
tail a%?eéfzét a?PF JZ ! 8‘}zén¥ %%%4%_'3*12§§§ CRRY! ami ldak?’egt Q.al., J Biol. Chem.,

so on assay can 0 be’
276.&9@@4‘[)9469hﬁ(ﬂ)1l)ISUI@galms actuh yean@ne )ie c‘]Mat thaathprede@a® @ncoding
cl eavage site that |s converted to _an inactive enz¥ﬁE .
SequaF?ee‘FSG%H%ayclPeéQQ d, sprp 0 FEERaRs e affgvry@%fé & psRbrane’bound protein,
suchseisqpé teebiitdr, %thrﬂ‘fé gfo@élﬁ tPHRIEH MhiC o‘%ﬁdﬁ changes are
fere Specificities can then act o t e active

modﬁhzayums @shd €Sennadalvmglbn nbthermanbrgnadaindgirotein, e.g., a 7TMR, which

may U oD GEISE R Pokfpeta! eic coxs et medetigR AL ehdlarecopig tha has

hlgh@eaﬂfﬁ%ﬁ§l fé&h@@ffnaﬁ’l' 'p?@tefnh ButRfoRl BbPadtietdptdrHiRIAS funefon.
per mut ed reporter actlvatlng protein assay. Cell-free
()

[012519/%11 @dﬁbtl@ta@r dlegwtivelyubhedecogd proteialrhay hesmodifisd émenhance its
ration, .virus

ety For i IS o R s BE S Ay e Bl tations

trun§tiRRAO PG thONSwiaf RO HRAEshd RbRET, c@f taricht@isathat 4rpikeloWA$E€Bind
units or ckages that sinulate blologlcal menbr anes
agonigfasewnigd .E’Pp@étf%ﬁré stahlyrPrdaa pepshesdationrindeniendend mpapner (Kovoor, et
al. J G 1U@R, NS £ AN 8954bﬁ®g395881 ciill éstéé HRYEY %‘?‘ac"f’lc ng rnethods
ransnenbt ane pro gani sns be useg Such®a
knoWﬁﬁﬂ&geﬁlc organi sms, in an assay of interest, or can
contribute cells or reagents that can be used in an
assay of interest. [0087] The instant assay al so
<A$€¥ Byhdgs for a detectable reporter. That reporter is
ne which is a substrate for the reporter activating
(012381 dhepresaft invenepesh sevdesl ceybod mdnise oﬁfafset &brfalgbleionmrddvay to assess

lucif.erase ere er.is a
the gt L DB Lo Rorc P ERSh Ry gl ortigupiEf Hafieh Thixture. A
first lcHAItRGEHEN 68 B @NBdcquétRp Qﬁécﬁﬁng:@ﬂrsb Eolﬁyﬁ&ﬂtﬁ{% eddndhtBRattPto a
provi de an assay that avoids cel ysis.” For exanpl e,
polycrgedtigsenicoding helegwadsory rfort%rrrmenws a @fotml: Pogienisir ﬁd)ph@eptlde
thhpr Ototeease a(:%@ll};%r gl‘glgn?stlts% %815 G ena I._'[)O\AQ l%n t hglgotlcfg‘, ecrilggcﬂng a reporter

uence i's
Wﬂwﬁﬂcatéﬂdﬂ&f eikseesa Isﬁuaﬂi@ﬁﬁtﬁhe&dthe EéqdeﬁEdsQYes@Ibedbre fhsed to
Bacteriol 182(14)4068-4076, 2000. Hence, a protease
produreayiagls. Bitack opgivrepeng fremsdwbiel neviisstansiatedgntoransnglgpolypeptide
I t I
whic! RRln R o, A mBEOBL Rockhol b AlteB0Y Bl BRI
nucle(amieb e/haghphaedr ey netuntade sldiramial progtingd cargapiides. @ngtcond construct

nsl oc t|o .of a protein interaction | ex
insefjg }%@ 4y E5lPSdPas eongn #P@&@mfeogﬁwat)ﬁﬁig a second
Flgure 4 shows a schematic of such an enbodi nment.
[0089] The present invention relates to nethods for
determining if a substance of interest nodul ates
interaction of i) a first protein, such as a
nenbrane bound proteln e.g., a receptor such as a

T I T - o o .
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portion of a protease or a polypeptide with a protease

activity that acts on the cleavage site of the first
w@omwsisared . | n some enbodi nents, one or nore OPCT/HEXE8/074543

constructs may becone stabBy integrated into the

cells. [0090] Features of an enbodi ment of the

i nvention are shown, pictorially, in Figure 1. In

I PR

prot&lﬁ aﬁfé I'chneabolr t%%lénef I?)éésﬁtpé 6&#189 o g@gPﬁff@F %Iﬁ&ﬁﬁnnt T rgg% {)ﬂogeé%/e activity.
Togethed thiee eepent éoiyd baslcpmsay fommafwhdeEanmtnn@b‘l’vyth heandidate agent

?orfgi on rra associ.ate wt onpl ex upon bi ndi ng or
whopeficef an gy e&PBQ}Blﬁdnﬁe]faﬁg%lS SﬂHglftnact ive enzynme is
[012@'] HRGROE, 1R iAvRRBh e QY id RBd takaPSeRCthat §1§e WefBranBSound

first protein of intérest in resporise to a change in
prot¢ingambl abh tiepigr. Brrowdiancoysloby employimgtdifferent isperters, cach of which is

simp ARG e BUTATORB AR n e P SRR RB tingdescribed herein. For

exarhple] thRMGEbe dddempRERABY inhisin@tcBS triféYcdh Tt aifferd eceptor
report of that protein-protein interaction. [0091] Tﬁ

consgglngné dfrsom renerier aeiiveting aobties r by fustiestitfptsphengymes for cach
test IgengétSﬂ gn%ﬁ'}eﬂ%%[m% ftﬁeaé’ %@ﬁy ?’@ %%ciﬂgepcﬁte? %Eﬁ%‘ﬁq%% c;[%e%g{rlénﬁ %ﬁﬁaﬁhe test
compoidéd)n Foﬁexaﬂme hemaynbadésdablerto ldBtefrfi‘lInS ikxaoficele of iiterest activates
first protejn i nt.erest CR. The N and C
a ﬁr%té%ﬁpl%agd 616 It‘bé?tFIé‘Fl%%éf sidsre %éterB%ulggﬁ GERFCERRs dRsuberf
lntellabt%le\glt%ts&oﬁd¥ mgf?ﬁr OLPaRf a%la%%a I :%e 159019@5‘ BERLAI line
an i nactive, per l'uci ferase.
encddirg & ﬁrs‘asaeepter atilcanrst Eepbn&enttlmttﬂg p;votamr euactlu ers I&Z od92¢cond cell
Protein A can be fus with a.protease., Protein C
ine i Fiech PSR <SP PG PO R Rt EBT et 46 g In tha
circith@hReNa GRPREALE BS@tEF 2 Hhéticen ihd ifdt AR VAGRLSH. t ©ne would mix
which'is recognized by a protease fused to the
the tpiogrelilimeipdil ¢he qeswpored of itayestHad deelnior e @ositipoeffeqt on one, with no
e a%ct vat 4.ng protein. Protein A and protein B are
66%0&}]&?1? t'o proximty, e.g., by a third nol ecul e that
[0124PdUL atveatigH B icthafs R liréltit%!; BotB tb Biseyawhéren. smgle palr of
Pr ot eol %/sn s of pernuted inactive reporter act i vati ng .
intergetitesratels 1t peantined. Gt Protocsia Wil berefkirad tyhareig@p t { gujtiplex
assag 154,24 agga E tb\@/%alfr{ea%ﬂ?ﬂlt \sdﬂ%(l %gﬁh@% AR 1% ore than one pair of
ct vatlnél teinto regenera% ¢trve reporte
protéiag 1s\tedt¢d1gmpttﬁxteeusiyad“h1s\mztwbe ddeemalithicd) ¢.y., bfz pfoezphng fore than

T OO .

; f 4
pair Qﬁgrollt(e%h:fés B (ﬁffeliéﬁf t@zglsfé%fﬂgg c%l'}sgt{n!é}?/ R@%ﬁi&ﬂgﬁp %n!fi us%g,rﬁrﬁultaneously,

in o1z rEEptq:ul@toe asod, difibreet type DR Ednsformhat mEPBRpkest be diffsedt well, and

w th ermuted reporter activat,i.n rotei.n.. [0 4 In.
thentp SARSRINEET alell B RS et arBh Q! profbins, such
as, tﬁhgrﬁ&hbﬁnmﬁ@aqﬁ&tb&@ toideRRrhhe VERER: aRieh &Y aféaxﬁldate thbRcule

cl eavage site within perrruted luciferase by T
actnramtr@agéhammdeqectoror in the proximty of, pr ot ein A
[Ol2§$%r % ?stuste% 1rft$r auft u(r:?%sgallygsdf gc\%ﬁ) ﬁerem %gfgg,trbélgn%e ot be, the
samé. NSinfil@lyeme QeIertev\@yst‘dﬂn uSedimdyebd, ®dt mieid Mgt Be, $hi dadtel ig cach sample.

reporter for |uciferase act|V|g% such as a luciferin
After ghetsgapleedr] Sa@plqs #reaPlpgpglan eccepgoiossudings wellsRig migrparray, one or

mor%f_‘)%agcﬁ’ S]\Mén sgregfcl: ; r%aﬁlﬁ‘f ]gc[s&rb‘éftgtg éﬁ%alg%& %? ﬁ’b&*gcr:tfrgg}ot%ﬁl palrs set
omijEQﬁﬁqimﬂegeneral met hod as shown in Figure 1 is

appl i cable generally to GPCRs since beta arrestin

recruitnent is a conmon phenonmenon. However, any pair

of nol ecules that interact, bind, associate and so on

or are suspected of interacting, binding, associating

and so on can be used in the practice of the instant

i nvention.[0097] An exenplified nmethod uses a b

arrestln S|gnaI|ng pathmay and reqU|res no prior

s - o, . I
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In that case, a b arrestin can be |labeled with the
pernmuted reporter activating protein. A nolecule
wGaompesa7ed or known to interact with b arrestiPCDES2008074543
| abel ed with the suitable pfotease, such as a GPCR
that denonstrates b arrestin bias. [0099] The present
i nventi on has advantage over enzyne fragnent
1 eOPOMahdih I h tassay. Atl
o1 TS AP Ry S (AN AR ot . Atlow o
highi qwhemﬁuatibm(dpmlﬂn%rcm Wbatkertthe medwlanoresgalgbdorgror activating) a test
ether to en nme fra t co ene I on
compRg TR R AT A EFUEEAN ChlsA§et BHERuH Gy dnereascs
the AEGHAS IR cE Qanpcrh‘aﬁgé“ A)do&‘f rebftsé @@9@ @ﬁ& as'sREwWARS FigBire 10 may be
reporteér activator is generated, d protein
usedi tntasyeacmodwlaparr. t A ¢ingleapaantoen alsedpaleweldatte@ Femnaiample, the point

i oy St BB RG b e bR E B R eptggmined on

a sta@iBEkaP biey bpﬁ&hﬁﬂﬁu@l? ARARE @ﬁtﬁn@ﬁub@ld @Trr[pl)@bttﬁe‘ﬂoﬂnlﬂil Osudjects to
host cell. Such cell engineering is well known in the

obtajy  sanNple penudatios fﬁe@dfahteh‘élﬂ%' BPRIS ChRisnd devip@gnsheh constant may
be u?&igisrllleq%c?e(#erﬁﬁne% cﬁff@ %’? C@énee]raCI[y dIl%Xlsgserah& ! %d,l'ﬁ(f ?e%st 10% from
I'n ara one he CORStTUuet s can
contb:&pbmmc}rabﬂgt ahﬁﬂlplﬂbﬂcc&ltﬂ@d}&tg cdboonbsone, 5, Bo4, BXan0,s0, 100,
to obtain stable transfectiaon, practicing materials
200,208, HOH deoTg fJiReipTPCR i dhespaf) ﬁ{n@&ef?ntrtﬂ Vélhleéﬁbcl%hf HaY Poe
pred%ﬁéﬁ{lﬁl'&l it Qfotljiéi"%s P%@ | e ?Fed‘e{%hﬁfn%atthtgﬁ%ld ft s‘?ér‘?ﬁzt mb&hla‘uon is
he absence i gand test conpoun I"gand
routlmelyt ctakdulactcd’r@oﬂm dklﬂrlaﬁ aBeIs Elkiﬂgentumcqnnmﬂoe]lansng oype 1 and type 2
dis%00|ate chaqge conformation, or otherw se | essen
errogsas e SiiAtonR SheEsty A EAWES on. In such a case, the
I evel of free, functionally active proteolytic enzyne
in the cell decreases in the presence of a positive
Kitst est conpound, Ieadlng to a decrease in proteolysis,

asurab qrea in the,activity of th .
0130 A8 TFREE AP oS AE R heih g Stnbialigndhaklfgpy be provided
in a RADOHE RBOill Bidls 3PS, th JustabliRosRERAY), Bh®bEmBretdfakic components,
binds to the transmenbrane receptor in the presence of

c.g.,4he ¥rgemb 8t eclls ohhparresent inventiay, prd anycsiditonalpacntstthacae be used in
ype of protein, the assay is

acaﬁ&%ﬁ%é%%ﬁﬁ?ﬁ%x%Hﬁ\%g&ﬁge of receptor nol ecul es, and

[012&p Qhe Sktts hiapdomgribesonrair rhdére soitdbyy alltquemlodonqmsmapﬁ@ﬂ the pfesent

bei ng_i nvol ved rotein that teracts with a
inveaion, gahep%m&nﬁmm f/ g%tfs fhayee P&P]fargéa Hﬂqrwé afyRogs Bdiynyor in
lyophfhz@& ARG a%ﬁcéﬁ'ﬁ‘a{eql rzl%upﬁﬁ@ H&l@etﬁffmt RE St G cBntainer(s) of

eliciting cell, organ and tissue reactions onexposure
the lofs geh@rahﬁwelybtmtudle@t beastooha [vaetl aestttinka, ﬂpske botplict sriage phether

ound .re tor into, an a Furt .
cont§ii g6 ottt siyenl PChiParSd s B dacst Srd i pterapty. suitably
aliqiitiedi Meherbinelt famhoPethan oaY 8smpditnenSie RAOAE &it21s81wiA generally

can be tested in the instant assay. One can determ ne

contalmawgwnds third prethas edditinnal apsigingeinge whivd thheddieonad peraponents
tren

rnaysoc SEP atﬁgr é)cface h ere%gl; V%‘E?t 2 ﬁpnlb?t andiéfo{%né)ao%ontl Stagl be c]prnprlsed

N Fve

in a tinglciconRtet,30ch aelidtli ABo sfpaeblt iddusms hadse prslided. The kits of the

technol ogy for making and using the subject nmatter
presgidnsfion alse vl §areably dndadommepipiion ponsginiget pagepiecontainers in close

r

con R S BRI AL T O En B AL ML B0 B Hlowemolded
plastxamnfohm, contaiddnaeintd Whek tipaddsired ngtsrase tetdined, @longavith printed

construct havi ng sequences encoding i) a protein, ii)
InstrIplions) eavage site, and iii) the reporter activating

protein; the protein may be, for exanple, an

intracellular protein or a nenbrane-bound protein,

such as a transnenbrane receptor, e.g., a nmenber of

the GPCR famly. The cleavage site may be any

hydrolysable S|te whose hydronS|s can be acconpllshed

. o o . o a1
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term nal coding region for AVPR2, AGTRLI, F2PLI, CCR4,
CXCR2/1L-8 and so on. The gene sequences can be
WO e@onizail¢ o optim ze translation of the protei PGI/U8§2008/074543
interest in a host cell of 36nterest. [0106] The
protein that activates the reporter may be a protein
which acts within the cytoplasmor within an
01291 FO0E) g BUAD0RP 08 LY By nblr e R s, the i
solutiexs oilay bagn laqums salntidyy smin&sl%&ﬁerﬂe @tedons sdlhéorskéihg patticularly

usefg\]‘rs ¢§\§$Vgélt %cwq\ﬁgﬁée ts 121%1] %Sﬁo&i@ﬁﬁs gﬁle(ti txdea}rs? or on a solid
suppot@NFharRh sk éid%?%&poﬁéiﬁ@a@%r&n@é&parseﬁd tho@asd, @edlowRidr can be
sequence may be |ncorporate in the reporter enzymne.

recohgsgaiicql batthe(ﬁddStMracsggaldﬁ eolkcmwﬁt is anyibieneg that the s@lv§ntAsuch as
consty
serif B o R P nsag tFRF b o RBF iR atP BR Rppringe
first protein, |eading to sone neasurabl e phenonenon.
The protein may be an activator, a conpetitor, an
Exampl§bbi t or, one t hat provides a synergistic response
. r p
01537585 R IBATE Ahro TTREMR Pl SlmblE e
folloav, daxeaphvchties sheespasibal deymad enliinited fhefeS(o pr ot einis a
GPCR, but other protein encodi ng sequences may be
used, especially when the first protein is not a GPCR
EX%{EQ]second part of these two part constructs encodes
e protease, portion of a protease or a pol ypeptide
[013\A/|] fFizupe bskeasearaatbodimynt thdtiindludstapetouict caveive heciferase whose
orter activyatin in encode the first ..
sctii§RS reeaeatiicd PF arih BT BoGEE b0 4 NP BRSO
cont@hed HRkGh. nghe ﬁfs '_gfottélﬂ RrshdWA i§ Bkl Withd [H6t8s aadiple 1 was
signal. [01 wever, these exenplified enbodi ments
desigediousd TEthr@mseu aqtheifyt fogRgonatitu stives eﬁpmmlterdelumferase as an

ddi ided h
embyieBh e ROl pfIdh . TR RSTE Pl RhERE, B ! Hinactive

pernft@d &lﬁﬁrt& REVAINGGFOG@, Qrtﬂlefh@e kﬁﬁétez@é%é‘ogh@ib@%}ldé&avage site
used herein, the terns "cell, ‘cell line," and "cel

Whlfé1u|5 reroenizedly peraiese fusad & @ﬁ&’mj@alﬂf ynterlqétswanéqiqr@d ity the
e I
tgcg eﬁagrt%re agrlg%ﬁgquw rnne@% fir(se{ ﬂr@& V\%chtlﬁ% 8 coé& ﬁt%elﬁlagsrﬁrought to
proxﬁmﬁg ény thivhimolecule thatyna@duthted the subraetippebetw gentae fitst prugein and the

i s understoaod that all. progeny may not. be identica
Secoaé. @rqtging ErqteRlysis @% RETMUERS el Ras T ETEDHAT I GHEE PEIPIA by the fusion

prot&se §f IBJO%%W #e&b1tsaR theTé'l@a\Jagé For&%% the WY ﬁla??ﬁ%ntlg of gerrnuted reporter
engi neered to express a screenable or selectab
activating prot@n to sygondrete aphvatepyite adsvealngipgmtain Wiemcamtﬁ@f roporter
r.eporter actégatln rotein of the first

. by.
acm&%‘ﬂ% PIUTE PR3t 215ESSET ¥ IRYCBYAE ﬁ%‘gﬁl?téf‘% WA i s part
[0132f Prohisd Raalf@[ra@é fhdcdhstrbied 5 %ﬁﬁ‘dn%ﬁg FikdUClucifdB® N terminal
screenabl e marker or reporter may be introduced to the
amirtpoasidscitol 233 mnéﬁwmmybaremuamda Ay4 teahifkin reyadde drdir, interrupted by a

TE a% rTFerageursefg%enll ll(?n 51{%0r Sl r%%rl éé]i:rg,aﬁ I\‘?(B ‘;)1 ag elalvﬁgk%l a ﬁlé’ glteursegults n

recohkift@ed Actiiey RS p&antciypeifdilet Uthe pesitibe st ¢a@rbe(aﬁir @ﬁi)mo acid that
whi ch is an organj zation that serves as an archive for
dictgtes, TRY Peqipdsqreco 2atign gEHEY ad pligaspgoilcionsy. sy Bigrf hsbeen
d
sho R A P TR U PR, it erdind el 8B tops tother
sitesmf abemledo giﬁtlm&quehcefab;b cax ahql lénctcan Madulanhg &thiet edis Iadtfemtageous
ote host cell for.r gllcatlon of man
to oRjiskigprler ganle A PREUOR APy G pgrenjasrigpess apd brckeraupd activity
and/ or expression include, but are not limted to,
bacteria, such as E. coli (e.g., E coli strain RR,
E. coil LE392, E. coil B, E coli X 1776 (ATCC No.
31537), E. coli WB1 10 (F, l|anbda , prototrophic, ATCC
No. 273325) DH5a, JN&OQ and KC8) baC|II| such as

~ " T - ] o o o o s
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but are not limted to, HeLa, N H3T3, Jurkat, 293

(HEK), COS, CHO, Saos, and PCl2. O her cells such as
wQeasm3red | s or insect cells, e.g., Sf9 cells,PEresabse4543

suitable. It is discretionay upon the skilled artisan

to enploy the host cell he or she wishes to use for

the intended purpose. Many host cells fromvarious

that Qﬁ“&étsn %gig ﬁmﬁs@%a nit S’i‘ﬁe ﬁérﬁ;[ug%ﬂ%?é?és% r%ﬁ{& ?33;0{1/&:@@61)'( is the

particelat emingiagal atdhaly tanphmﬁ)thcr‘ﬁﬁ%ptwephdemlmngmm@t $BQ ID NO:3)

ith eith eukaryati oti c host ,
was et S st @ er b EER 6 HeufraRpr CBLe-brmpped
lucif@reReE, %@RBQ 10é23ulke3y eé%bférssmﬂ_ prshgst cell is not
necessarily an imortalized cell line. The host cell
rmy be froma stemcell culture or a primary cell
Exa ‘ such as henat opoietic stemcells, vascul ar ,
XIQB t ellal . smooth muscle, splenic, T cell, B cell,
[013|3’!P PREMNE aristin 2TV igsdn 1@drhid s &ﬁstf‘tfc@d&ﬁ@eﬂﬂblﬁ t@ba@co etch virus

nprising genetic material from another organism
PYOt@éP V%st0|th%§ps@rm1eu8cﬁf Ruarecstin 2t el RPhbaeragnts wercegengated yd’ CR
£

wsing S BBLRS BEAE PERLLL H0R MSSFOLL RO i
pcDBImmr(H)Ewltﬁ muebmgtledekeeﬂldrsmaﬂwﬁ(Inasrogﬁg abli MdTE@I fusioBrgenes were

? atel ets, are capabl e of %7 in tE resen
subclqfigd i pe‘aNAPdiﬂm th pzeeqip selgs{toa,part¢r Wétr@%?et%t#% -0018).

assay, the host cell is nmeant to include artificial

packages and units, such as |iposones and virus-Iike
Examppletd cl es, for exanple. Such structures often mmc or

1013 ESE RS Bt Gl Wb A RSP B Bl ) and Ar-
TE\P_}?\ﬁﬁrhﬁk (xRS Bn EXFRE prdie BB ercidl MandTBIHINARE. Pbrty-cight hours

her structure. As mentioned, such artificial

afterﬁa%ﬂs&ge@n &Alds weicttesated oy ithder Wnﬂm&t doredl AT @Jtnesé 180pr0teren01, for
P 01, ..
2 holhy BRh PR a ot SR R RS p 2R s LR S fFarlg et

lumih e chécas fehdB/sitey wmbfe@brded PRYE hf@bpliftt Qimigticoficd BadddOWver three-
or suspect ed. In sone enbodi nents, the proteins wll

fold gngrease gy uﬁén@ﬁgwﬁ ety Ve ehepaed isthe psssees Qrizsertarsnoly

1. r |
0135) FipaP RS assp b R LLARES MR ERRVIAG
Arr2-OE¥ppinthealae teh@benteliagin g@ph.ahet@airace weird @trodudelénto cells,

flrst fusion roteln cI eava e of \Nhl ch reI ea es. t he
2 Hansfested .-A.- X084 40 .;-, ) a5, the daty athatwhen

the &%ge glgjcoﬂ‘éﬁns%hﬂe rtﬁecrp ?scston{e%pbﬂtﬁnédu'é %Etl@fvobﬁﬂ Rs@hially no

interest, the first protein nay be, e.g., a naturally
backtmnmndniomg aneerbr lzmeX ok od Vo rAx woted indFigeneed. whict bellispressing the R

Vb en.engineer edto becoime rrerrbraneboudrVFr ef}glg?%ﬁews dose-

depchdedt r@%@ﬁse il lu@lfé)‘as@tabﬁ‘!?lt31 1&1"‘&@%@‘5‘?%&@@ or @ﬁBEft é%ﬁ)réégmg GPCR-
i nterest, including, but not being Iimted'to,

11102%%%-’{3}@1(1/(1%@*5[’% ki nases, receptor seri ne/thr eoni ne
ki nases, cytokine receptors, and so forth. Further, as
it is well known that portions of proteins wll
Exafﬁlpléczti on in the sane manner as the full length first
otein, such active portions of a first protein, such
[013% Figvee B shavacibrt aip ApurcRsreli hpus irpubséon nesied i wiiFigise for assaying

pro AR G 5o Rf ARRRY Rk RERM I oA B o™ "

[01341 TAinsAnDRHZhEE‘fé rfm@ngenermpmslmnplmyncb\eamsltrmgnemsﬁying tobacco
for interact and js not Jimted
etehjvius protease, Ottﬂe ébfé %%Offﬁ@ﬁﬁﬁéﬁed Healﬁlalgﬁ@‘céﬁloargg{w into

such as the GPCRs. For exanpl e, the activity of other
cl asses of transnenbrane receptors, including, but not
limted to: receptor tyrosine kinases (RTKs), such as

| GFI R, such as the epidermal growth factor receptor
(EG_FR) Er bBZ/ HER2/ Neu or reI at ed RTKs ~receptor
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t he expression of a chinmeric or fusion protein
i ncluding the receptor of interest, a protease
wWeb®awsyes site and a reporter activating pol ypeQL/USm®08/074543
The cell may be cotransfect3®d with a second
pol ynucl eotide, e.g., a vector that directs the
expression of a chineric or fusion protein including
I [
P A e 28 SR A QLTI RS ArbaE QUSR] 29 DA ragments
werqgaksitet. byTPr@RﬁJBmgtappnm@rlstecﬁnpﬂam hy husieot thedes. nmay be

[ ed in In ecu , 1 idi.n .
0138p T heRarsath Sntrided hepasel i ietntx A e eoneeepesprion
plasfnﬂi §/a§ &hﬁfr@@t@dl Bﬁﬁﬂﬁ%tfe'nﬁuﬁﬁyu&f%?a%b $ic20fixags BHRe Cstéﬁ'mnus of B

hormol ogy domai n” 2) contai ni ng pol ypeptide, such

arreyincs pHsl Tip¥ peotGisg Plogyagorsita iSENLNGBKodiacheldd ﬂ@gp.qst et al.

Bio G LR BRI R R ke DT e g B ETER pand @

gencdgllyl Mt MnvaRgntBMR] hesigph B &in behh$ amiedodd taltAGugh G and S are common
pol ypeptide nmay be a Smad protein or portion thereof.

aminopucidpopnd e that segy Qieaﬁ@ger@@erﬁtbstvseens}artﬂ and thenX gesiduesn X can
deterlqmtng il aegﬁrig%re?fqmgt%cgrr Ih %1%5 1%%8&11%&5 ﬁt% t anéf lﬂécag% §lea\aage sitc was
inchaketiiv &tleerrﬁﬁteﬁ e ease. pBac:trgrc(tﬁaM]i)i sfpnhal/sdise 1atic haIﬁBe infpirbved by

limted to, Stat]l or Stat?2; ?r Janus klna§ JAK%
mmrﬂr ERUSng §Xpeyimgntatipny Fopexample-use pf pyslinedn$lace of slypine ghthe X

t I :

hyd Bt o IS DER B 1oy EARCRATA | Snf GBI &lons, The fused
fusigrhgme p\elsfcmnﬂédl PeDMAB dlit X wigh & negrsf @t sddetmal thakar (@nvitrogen).

0139 ERERg el Bt e P A sl EBRBE Y B wfaB8voss,

whek@fié TBET te86knitidn deliBedce s ERLTFEIN (EE{%‘HDW Qé) tubtﬁg appropriate

r ecept or of inter est, I nteractions et ween
comneae@ittmrlsmtlomlt@ ef@rtyamghtthhersmrﬁtteetrwf@cﬁgn prelits ererﬁ tagaged with

ity e et v S ap ST SisRineh afs Rty B rhecLo™

(Promgél)l'\zvz!rssadlded tohB cellscand the rélative INBASISE ek enﬁmze@efe@trrded on
regse in reporter activity. [01 17] O her possible

EnVﬂﬁOQth| n %pﬂ@pe@@p@@@lﬁngmg gytl\at(ytwgseqbserved after both 1 hour and 5
hom%qi%, u@sﬁrgﬁﬁﬁmg&ﬂer|2|ng proteins, conponents of
Si gna rans uct1on cascades, component(s) of a
conposite structure, such as a ribosonme or a virus,
intercellular interacting nol ecules on different
Exa@ple|s such as an antigen presenting cell and an
0140TERE §%h L ShESPREHR:indHC 1R85 fcpasd ablity in KR dels stabl
[ ﬁmﬂgle pa dgndr$t c ég®¥% a rrgngcfllte1 5nnacrop ggésa Y
GXpramhmrrdncBeiNdS&tahétralpsn@ttlei enppasing ARG TEY fukien @rdteins. The

rien P R SR B B e SpBE e B3R RIS Bkt and
trand¥éeRpdssiéh & the ATHR -Br otéa@e Yhidnin€a%d cbls.at t ached or
assocl ated. Rep orters é 1%%%Re porters may be any
©ORdue

[014db Stabld eelltlings eétttaﬁ;gesG &a3per AantEVorere generated in

e SRARRRIO LN R 0 A RSP A AR R 12

platd @aniLipofeithine (B ittdkchy ¢ KBKIIS&nd fang®sCHOhele t er s
are neant to be agglled | oosely. The reporter

[014g¢ {n hatnerpemsetven ASbmet phe tﬁvataérrar tﬂutmﬁlygtseﬁe @thss plafecformats
[ TAY I
Wereegg%ﬂﬁg@rée orbtlée f?)?ﬁ‘l tg%ﬁg):ell s?lé't)z}? )ﬂgﬁs‘gggttgleéglgggel cz‘%QRQQ%r Arr-
TEVeterphtaeatitied(derclie pg. welhmt esdsue art’pmuﬂdathdwunﬁamd GIS&tv&dﬂ white
a protein- e|n | racti.on. r non- en
assay @%&‘r etk B9 Hg ﬁa Sellovvige da CB@S WeEdraa iy ensiss
detectabl e signal is produced. Hence, known reporter
activating proteins can be used, such as
gal act osi dases, peroxi dases, luciferases and so on.

Known reporters can be used, such as gal actosi dase
substrates peroxrdases substrates | uci ferase

.y N~ o o o -~ s I .
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enbodi nent is the tobacco etch virus nucl ear inclusion
A protease (TEV), or an active portionthereof. O her
W@ p@ei03i7e6 cl eavage sites for proteases may al sBCDES2008/074543
used, as is understood by Bhe skilled artisan.
Modi fication of Proteins [0120] The first protein may
be nodified to enhance its binding to the interacting
concf%ﬁf?&t?cing ﬁloﬁln % gﬁ/{ﬁﬂp@ gt\/gg{ﬂ@zies%%glt cﬂh%g%%gﬂ%e in 1;1}Hr1 eflzcetelc%lé
medmnm)e &dmlb#@lodmevﬁmtahe gragtSysteaf (Prornega) sponsddi fgamdasuring luciferase

BT TR RN G M Y
reagkﬁtrvﬁ‘&@ 'aﬂ‘d’edrt@ h@dR8ILT Relbhiee fandifdsbdmealunftdy LI(TWr@ Yead%tn EnVision,
. ol. Chem, 274:32248-32257, 1999 and ey,

a rmétﬂabq:l rea]:ier B]OUI Perlgm&hner 2Data v&ﬂ_@eﬂ,ﬁ]@tt@@ AgDanadred )\NlthLE?.LS@/I software.

0140 R s S AR sFpredtng el A Lt EEEER fegecton for

resistdhet eRs@niyen. af fid ioby cBf rebib@nt b iehesdaedre thy Qirguen34v233
such as the receptor, with the protein to which it

eXm@ﬁﬁH@MwEwéﬁﬁﬁﬁf9d5NA§dch changes are nodifications of
the Ctermnal region of the menbrane bound protein,
e.g., a 7TMR, which may involve replacing a portion of

Exaﬁﬁﬂaﬂ th a correspondi ng regi on of another receptor

at has hi gher afflnlty for the bhinding proteln but
[0146‘&)&%%? ril&h%aerte Sevent goserIRansrdoraRertrisRol ipe {319 ling.

t |
S oo P e R PP TR BRIy BT, OO colls
One mgotfeach DRNaYy wemwpilue thetthuasesSayparayeli inadi2peclapltepwitinthe

ncatl or _ot T var of the.secon
Trang s O oo gt pia, Hiaiod RADLSioels cplofied St Rarvestod
fronﬁtgé}ﬁfe%tah%ﬁﬁiéﬂ@t 84 HBRFRAtHTRO Ay @ﬁmlztéoﬁ cihn a
phosp horg ati on-i ndependent nanner (Kovoor, et al., J.

[014Bﬂ dlhe AChbieR34'P238: %@z?sqemmmgmgsyveresmfemdnfgésth@ &DRB2-TEV

racticin art
plastBRf i A5 OedTEmBREE kP ok o e Fats GBSty expressing
ADEBDawVTE{H ﬁablpfeipimm@ Aitrnad-gMVDIIwRErd inapatcd wasSiesHoterenol for
the interaction protei ns when expressed in the

oQf
two Baure. and|BrightntiliO orluplé%rétq igpgant wenprdded Ao peliss tDaserdspendent
ing a first pol ypeptide,
hwﬂg%%%%ﬁﬂﬂg é% ?éﬁgggﬁrgﬁﬁgpggglde encodi ng a cl eavage
S|te for a protease, a protease portion or a

képeptide with a protease activity, which is itself
Exm@B atenated to a pol ynucl eoti de encoding a reporter
0148 £Y, ﬁgﬁ&s &Rah&fon GEHE IPREEPA-Bid 431 RF §epdhia ist,
[ 2 Jﬁﬁces escrib éla?% fused to produce3g sﬁ%ﬁﬁe?p OIS
antagwmacttndcrmelmpleelﬁdwn@pg‘enamecwnmrahspmyesbe transl at ed

o145 0 B B % R BB b A Tev

plasﬁ@hsﬁﬁé’ﬂ@bf&%h@ﬁlﬁ@Qﬂ)(ﬂﬁ@aﬂé@cﬁbn F@ge&r(hﬂ?ﬁi/og%ﬁ} E¥5Q88ht hours after

addi tional proteins or pe A second construct
trangfecsiont eddlsiweroincheatedwohidi iﬁfamt cee«tdn@fah@t}s of bl I roagonish
1soppo? %(nol’lgl%ae a%?n%@léﬁg%% 18%%1(1:210&9 Tic g pagglqlgtnltcdggl%ﬂ éICI)
anta@dirﬁit&@iiﬁ 8651 wWtht200 nh gﬁisbpbteréﬂw%d@geﬂﬁem& (fspllilﬁgc&,me 1-
basi c_assay format when conbined with a candi date

phosphate) f Brandpgengns ERCg@ecipisties o o apd ByahtgLO ™
lucﬁ%&lég Péager[t%a%%h%i N EEells! se '&&?@hkﬁgumw% a%@wg? Essr%gorded on
assdy nore an one menbrane-boun rotein ch as

EnWmohehepsmﬁmnﬁtﬁ@hhaﬁeously by enploylng di fferent
reporters, each of which is stinulated by the
activation of a protein, such as the cl asses of
protei ns described herein. For exanple, this may be
acconplished by mxing cells transfected with
di fferent receptor constructs and different reporter
activating proteins, or by fusing different enzynes
for each test receptor, and neasurlng the activity of

o o oy o S .. ' 1. . a
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the two cell lines, add the conpound of interest, and
| ook for a positive effect on one, with no effect on
wo b@oosttes . [ 0124] The invention in alternate POF/IB1088/074543
rel ates both to assays wher® a single pair of
interacting proteins is exam ned, but also to what
Wil be referred to herein as "nultiplex" assays. Such
[014%251% E£CTB%nE Tﬁ%%lhé’sdof%é a§s?y Wefe! st tar %%ﬁ}ue?%tain@d & FLIPR and
cases, nore than one pair of” proteins Is test
CAMS? aashysa rferdugd:npus TdeeptonBp(hia %Kméalls faed jts Eggnd SH/did not affect

r.vidin t han_one sa s, each. of ich ..
the R E b u T Tartrnot ot raneh e FLOH i o A8F g prpdicS Positive
signhI8t 8% ér@ﬂblpﬁi a[goﬁfst %’éﬁ’érﬁﬂeﬂ% res-EBﬁsed'”lf’HeeﬂaﬁfbH aéonist, BRL37344

transt or ned I's may be conbi ned, and teste
preSSﬁtﬂdjh gmded) tmpqnsel dhe a@tag@wpl(“déSieS 1 oﬂlﬂewdhsqutﬁl@neln but had no

actixjgifior, Rt e et By & PefAC cpr b v in BB o0 (aken in

conjURdtoRUlidt @flcit @ngRkdtie dbtd) feldsabRbethdirbdided BII RisiBie signals.
such as, transnenbrane-based proteins, to determ ne

whet her a Iigand or a candi date nol ecul e activates
Exmﬁg{ggthan one receptor. [0125] The cells used for the
tlplex assays described herein may be, but need not
[01408 Figdulae 14 slitvs a5 emain@td \yheré b@ecrmeped Iw[feﬁyésmmm&dctmhby cloning

ut need not be, sang in ch sanpl e.
ﬁreffmlécg A ¥ @ pina ﬁﬂll&a%\ SRt ‘bséet@hmﬁ G erapahemig, acg{ﬁézﬁ“ to 550
with@STIH |%Jrétez%fe &0 ﬁlOﬁ%fté INLPPEXO {151 'Vefo? & pﬂ{éﬁ% RY 1REferase
scree agal n t possibly thé pIu l'ity of teracting
(luc¥otdsiohwpatussd ®eathe Querminug dftthe €EPEIR, a’d])]éBZ,[tO RtdrateitpGECR-

10 | d t | t bt. th
permited Bt OGS E e DR e 1 s plgspid "9 (N
(0150 mlemtAnﬁagmen\embﬂaegen&ﬂaédrsgdidfahélﬁ@ abfopitt Rk s, or

activatin test conmpound may have no effect.
ADR@%M@;RM%{% ofusioh gehes wers clonedpopidNdé dfDasids a momycm selection
]ﬂmjgz Ses the nodul atory effect can change. A dose
%é kﬁhgégghrve such as shown in Figure 10 may be used
[01 5D CRESESIScellD Shidt At d-0nsfA & Wigh & DFB Niuce 34V £ Sghdb€rr-TEV plasmids
eval uated. For exanple, the point m ght be a
using ppREPEHATHREMoUGR Engice ey ket Hwtarﬁlgfﬁéw%mftﬁbtra@fecﬂon cells were
treatQ@%tﬂ ‘?%ﬁmu{)gﬁ ﬁﬂh ApRenY r%aﬁﬂt %Ipfot&%ﬂ&' Rl G gﬁgﬁt-éiom
ceurml atin a or run I pl'e sanpl es 0
Steadjﬂ-«iﬂr@ﬁM (P$(btbg: @0 tndis bddalrd ahmceﬂils,samtpbletlmmmlﬁéslcmermrtecorded by
val.ue with standard errors ang I ations. nst ant
apprﬁaryats dinyggpencs rﬁa %d%?C@P?ﬁtHf@ I éfaéP afftat Y\i’é‘? served in response
tod@ﬁﬂﬁ&é+&%09ﬁ81B§§éuﬂat'os e.g., at |east 10% f r om
contro re often a nultiple of control, e.g.
[0158bbIRK2D35cli@stal®ly Bxpi@ssidg Afr- 1um4\m3 v sdéded 00 0csiBORe to

1000 i I th ol .
neoryitine T i MY st BRSPS G ASt Her> BB plssion
plasthievRESGFRDIAN . nE&lkFHS@%&Nl@ 1h9es?bﬂd7é' th YgmEUl Atduestve®

routinely calculated by the skilled ar i san taking

into account balancing type 1 and type 2 errors as the

E%ptlon suggests or requires. Kits [0127] Any of the

nposi ti ons descri bed herein and conbi nati ons thereof

[0153R¥Fiduee P3 shovabeddbst Beenédey WilEVRiidverddidgbnishus conpri se,
in suitable container(s), one or nore of the

[01586 Fpbthinpample, HEK IR eccllastably sxpicsvig Aa-lbe2 3082 33 mege fransfected
d

it YA O BB AR o0 B 0 Dl rory-

eighkhdn&s Ayt tmnnﬂacm@e tlenell ivenmineutsitid wivh i ffiréry wote@dtrations of a

comprertng Rkt L3 frobdCes R A APy FraHBAS MREHpO usine

or in Iyophlllzed formor as a concentrate in a

sui tabl e solvent for the solute. The container(s) of
the kits generally will include at |east one vial,
test tube, flask, bottle, syringe or other container,
|nto mhlch a conponent may be placed or has been

o Y T T T | “Alz

Exarng
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confi nenment for commercial sale. Such containers nmay

i nclude injection or blow nol ded plastic or foam
W@oowas21e6 s i nto which the desired vials are reCHUSI®I$/074543

along with printed instructions.[0129] When conponents

of a kit are provided in one and/or nore |iquid

solutions, the liquid solution may be an aqueous
standh lzi%a%] 'forst%l'ho%?s. B3 Iﬁ-rdﬂ@TNaﬂlUﬁerd§e I%Q%éﬁtt Lag a@(fe'dQﬁ cells. Dose-

particularly usetul. wever, the conpdnents of the
depdnidéntriegifdoese priovitydeas @sorded exl Epywded]. sThavis iocreasispleivels of

support. When reagents and/ or conp re provided
R o ARG ¥ R BEHBR BB E UL ElsPeEropyy defined an
invetddqogsidi ti on of a suitable solvent. It is envisioned

thag t he solvent, such as sterile water or a suitable
[01564 1 thes assayh urfvicese agayistichavdseaspinagpuied a$ do atheot ererse agonists. Itis

koo G BT ) iy grsE Ry ane R g TF Chholsdn FERA Tl iy promoting B

arreMi @ Bdihel lhowvatibh bf MYEPK nxeAtet 8N FNWSI 2008 0t000E 4d68mBd]). So the
as limted thereto. Exanple 1 [0131] Figure 1 shows an

assap obBinkesst inKetion s infésntedipénchagti, confpamatigns for G protein-coupled
receig#girferase whose activity is reconstituted by action
EV protease on a TEV protease recognition site
[01560 i edrdest, imdasical astiesyistehst invent agdhista s GRORR behsie as
fused with a protease. Exanple s designed to use
antagsthr bRis ASReCALICIIRYSe 489 ISEoBARt iy bied tegnd ¥ihifjzgthe mactive
BEAMST dPER F @Rt BP HWEEL &b e G5MIEks both stabili
con protein. The seco?ﬁ) prgt@e{ia%,{g)as shoﬁvﬁ, ?s 1lrJSseg vvlgttshO Sabtitze
the iaactivadotn ¥EGPERMt 6¢proepaigratingend vlad progngse ftaeiestin recruitment to
i ferase, rotease r.ecogpition and cl eavage site
the é\#@éﬁo P%‘lvﬁéeca%ﬁfrﬁsé’ﬂlsﬁﬁpa "pPEt¥4%e fused to the protein
of interest was inserted into the pernuted reporter
activating protein. The first protein and the second
Exampplstléi n are brought to proximty by a third nolecul e

t nodul ates the.interaction between the first
101537 S Sha S Resh E S BEbRT RBMFCor yor s of
[01588 1iTthi ekaniph @binvigted RRFELSE wastdnahitbdby féah@h?ng YirdéfRi€luciferase
fusion protease in proximty results in the cleavage
N teframngh #gin jgeidi e 238 agiénicamippl peinmacid23fdpspd By reverse order,
intefBfbct By  REVDhBlcER ok Qi R BRI Tt FERAOEX can be any amino
acidadimivattidgafphstpeisitioo are lhevwasteebaad TRV ploprasprdcagetion affinity and

reagent.s and apparatus. [0132] Per ed |uciferase was .
Clea%se?ﬁ%&%_% PP’é’%‘l‘tF‘iﬁ’gif{%‘ij‘S? 5\4%%3@(33 V1% g%@lsmi fo the C terminus
of tHeEPUREl e AHRB? 3% Hferdte! OGRER -Rdufed 1Gif-Nal i AThORDRB2-

aci ds 234 'to 550 in reverse order, interrupted by a
luc2FEX2 3 otpeassienipésogedi ti on site, ENLYFQX (SEQ I D NO 3).

va at t.hi ite.results in reconst,.tuted .
015G} PRV Stestif e Y ma bR i £oBSRARY tytlfiti ggpageo etch virus
prot&AR AR tROY &R AP rebiil. HNA Ah8ReHtEW R &in8A%R by PCR using

recognition affinity and cl eavage efficiency. Varyin

apprpiats tdveates hoRfa Reloc2idei 233 fesiehgensn »eresubicloacd tﬂspCQNg& 1(+)

w7 LB BT, R 5 Lo i
pcDNBGUI (&) Wwith akicbeih s€lsctioh gkaniageoss Ca #apioongyze, for

exanpl e, incubation tines in the screeni ng process and )
[01 @é@gﬁa&}rﬁllwﬁr%www&ct@fw% @%B%}Hﬁl%‘%igeand Arr-TEV plasmids
usin 30186 SomRF AL LR [REGSFR i MEPhrEh Tels were
treatbthevitiY Withotaephi afeA DRBAggests isb protBEQL) Br Mbod), Beght-GLO™
or S‘tﬁggpg- %?(R'@(%égg%wggéﬂgéat SeLFgL?,glpggga%ive Bﬁl%%éscetn%e was recorded

ADRB2- | uc234X233, expression plasm d. Exanple 2 [0133]

Human b arrestin 2-TEV fusion plasm d was constructed

by fusing tobacco etch virus protease Ato the C

termnus of b arrestin 2. Al DNA fragnents were

generated by PCR using appropriate tenplates.

P NN ANTON NN o o o o s



10

15

20

25

30

after transfection, cells were treated with or w thout

10 nmM ADRB2 agoni st, isoproterenol, for 2 hours,
w®eioghs27@L.O(t m or Steady- G Q(tm) (Pronega) waRCHUSmAS/074543

to the cells, and relative4kum nescence of the |ysates

was recorded by an appropriate |um nescence reader.

Over three fold increase in | um nescence activity was
by e G ey MR Ry A Rpcc geiviy was
obsewvddhn almdprescnboof isdproReciielVp. I n the data represented in

the graph, the constructs were introduced into cells,

but the transfected cells were not exposed to any
Exmgpgqhator._Thus, the data indicate that when the

cl eavage site contains serine, there is sonme
[016d h brguamn b s vesarsulistof agdnusts . eatgnnisalang imordsagkuysio usidg the present

R I N AR S RS T S

and EXPRSRECE 0B GQIHIH antdon RS PRNHOCME Sg S e THE thstant B4 Eprovides
shows dosedependent response of |uciferase activity in
goo¢gerdictaciigY-ent | y or stably expressi ng GPCR uc234V233
and/or Arr-TEV. Exanple 4 [0136] Figure 8 shows that a
5 hour or a 1 hour incubation period is sufficient for
Exa@pkali ng protein-protein interaction. A dose response

relationship iis clearly shown. [0137 ADRB2- T
[0162], §iavie Jebrlespnsty SO R BTEbi terrens Arr-TEV.
The gf&ltﬁ'o@ﬂlet 1ORAGRA, &bR‘Bz\-’l'uEzlﬁw@PQt\%%d% tb Qorkthid the ’TEV'Pifﬂ_rg)ﬁtion site,

ADRB2 and 1 nserting the fusion gene | nt opcDNA3
ENIWEQ®V a CHE Incedle wecd caransfectee withl AWRBLdger34¥a83 and Arr-TEV

s OO e s b LR ot RSPk e e e st
celld Wdrd8katbh §vith BITERSATE ddhcéntRRILAVS CADRWY! f8hREBoproterenol for 2 hours,
Arr-11uc234X233) fysion gene expression plasmd was

Brighofid(} Ut &tcady-Glu3 1 n@Promega) tved afldest thdhaed!s| asiaglaxegBiminescence
ast% HG@ Ca;enp}gyﬁ of b arrg;tin 2. The TEV protease
was [GeIdrd Dd ABPORTRY IBRINEYSC "Efdthel B. Kapust, et al.
Examprci3em cal & Bi ophysi cal Research Communications, 294
(éZOOZ) 949- 955) where E and ? generally are invariant,
[016dhFigure the el neapl syemaatizen Aeta gsiae sublydranstqige calayyigh different
cloa P08 sFETVER, STURA 25 (U e ERDT. Winel 1 fEE R uciferase
constiat®having déffeavatmvedd ditcs enpyndetino sgomestenbodi nent s,
the TEV protease cl eavage site was included in the
pernmuted | uciferase. Background and signal/noise ratio
Exmﬁgglge i nproved by sinple routine experinentation. For
exanpl e, use of a valine in place of glycine at the X
[0164Y Higuiry 6 slsoved agenfsoindTEdd sigsal betevityf @umparing X eyRend X as V. The
ackground.in.s |icatj.ons. The fused fusion gene
resul{arC B A Wi BRAS Y b5 RSl xR myci 1 sel ect i on
[0163RIK s Edampld, pegendd [ucRda9 whEEARBuGEd by rdBhBging firefly luciferase
cotransfected W th plasm ds ADRB2- TEV and '
N teppinal apg 428 3 to whd prd €HernTRY apvevemids 2BrioD8q e reyerse order,
e DR R TSP RIS Tepdtyor g ENFRTER, s oSBT Ebe any

amifd @G hacdictres T bfotoses ecbabeaffinitl Andcfheigerfficiency. V and R
concentrations of ADRB2 agoni st, isoproterenol, for

1
are shayns The peanutet lugiderasy dpaZep X2 hhonsdhyn (used tedbed tegninpeof the
l:1.s, t LV, m Lt:s }
GPCHE K7 A8 LRen GAE O LD RRREATGTARL . MBI -ucosaxass
expressipnngsaaidce activity was observed after both 1 hour
and 5 hours incubation with isoproterenol. Exanple 5
[0140] Figure 9, left panel shows |igand-induced
luci ferase activity in HEK293 cells stably expressing
Arr-1uc234V233 and transiently expressi ng ADRB2- TEV
fusion proteins. The right panel shows stable
expression of the arrestin-reporter activating protein
construct and transient expression of the

——— — e ~1 1~ ~A A A ~: 1.1 I B 1
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were deened acceptable formats. CHO cells stably

expressi ng GPCR-|1 uc234R233 or Arr- TEV were plated at
waooose7eel | s per well in a tissue culture-treBtBUS2008/074543

surface 384-wel| white assay plate (Becton Dickinson).

The follow ng day, cells were treated with

agoni st , concentrat i ons from1l0 nMto O 7 pM (in 3:1

[o16EF 1 s R N W 2T O P p Rl TR Thuctod by fusing
tobat@r etntemm&rpm'@ammncﬁ treds Erlauturs of Bytrresﬁftt ZerAH DidA rfsagofents were
reat nent, nediu ' ra 25 n
zeng8q b PG e S ey ARS8 i Eenes were
subcitileatih pEDNUR 1@@)5\%51 g%earrytlﬁ sér&tt&) mrrtzae(fro%@ﬁw% gertl))aand the
EnVision, a miltil abel reader from Perkin El mer ta

Arr-\'K/ENefupllootgtee@wahwba}mabej/ et DN AR 1 CRIVB & adocimayetectip® imaBfer
HEK29 I ably expressing Arr-1uc234V233 were
(InVﬁ%)ﬁS‘?gf“g%“%f?@@ ection for resistance to neonycin. The
[0167TR OIYTKN deflS wWek A trag Sfdetcd Svifhrtes AMRED-1d234R233 and Arr-TEV
Arr-1uc234V233 expression plasm d vector pcDNA3 . 1.
plasgidssing a@p{qp]_lq‘r@] coprggieial wansfqcype kivy néftersél%lg@n% cgldswere treated

w1th] o?ﬁﬁgﬁeﬁt).e( pér G %B?ﬁ%ﬁl%s Z@P@{g@%hg‘lﬁt%lrévmm §tegc%L bLOTM

(Progﬁ]@)r\aﬁs&{dldbdltcfﬂlﬂ@celﬁ bed re(niere mﬂgnmfesceﬁcdwuﬁ%zeta&cuﬁ&d biyn
the trans fection per WeI{1 1}]%12 wel | tewith the, |
aPPf‘T’Pfafr‘fgt%‘tlFSFe@q@eWeé%s%?{tt 5 Rldt highgrdpeel SB‘P UMY PSR activity was
obscf¥in HYHEEOLPRGDHGIE har vested from trans
fectants under selection with neonycin or zeonycin.
[0145] The Arr-1uc234V233 stabl e expressing cells were
E nlgf ected with the ADRB2- TEV pl asm d using
Xa@B% priate commercial transfection kits. The cells
[0168] @[?ﬂr@ N liNe RXBSIShOEs ARRBRwHEY- AU 3bAB Y ceNPEARRNAY
234V233 were incubated with iSoproterenol for
GXPF@%@IEWZHQ?V and Bri ght - GLO(tn) | uci f erase reagent was

01T B eR U oBR 1S Ny SR T G G e

withSVDWE Vel ag@itidl usitlel [GPo ot tatnite: KGO0 aRsfkectidiCreas®@yinti®ogen). After 48
agoni st, partial agonist, antagonist, and non-specificg¢

houréftae gelioviere incabpies wvlthecgtferﬁgt'e@ncw@mls ¢fEgpoit %a\r% (Arg

s PP AR R i SR s

GLQOMansifeadei reatgeneageatttde(i Itcm veltsr @gse)cpdndettyjuefgite antuirswas
after transfection, cells were incubated with
recog efoa IS icent rati ons of the known agoni st,
i soproterenol; partial agonist BRL37344
(Si gma- Al dri ch); antagonist 1C| 18551 (I1Cl);
Exampledgoni st 1 CI1 18551 with 200 nM of isoproterenol;

01 RO he e SRR PE R PRI biagc il Nl Py

plasﬁ[d ﬁﬁ"‘ﬁg ﬁpﬁécfﬁlmhé‘Q@d(ﬁt‘%ﬁﬁ%cﬁ@@%@&nt‘(ﬁﬁltﬁi&ﬁ}j Aﬂettéh%ehours the cells

Dose- dependent | uciferase activity was recor ded
wer@)mcwds‘@rth Hifferens comswirations it gureeseﬁempl@tl BIWOTh@JrE@QG Bright-
O val ues of assay £, va
GLyliriine S ud ol SRR S Qoo Qs At B e
recoEdE@danﬂﬂE@m cells and its Irgand SIP dr d not affect
the luciferase activity, whereas other assays such as
[017¢] [pthigsgays ARnHerSE ﬁgqgéﬁ‘g Jg@hagy@@; % qq,agoglrs@ nk issknown that some inverse
F I 0
sz B o AT e PRERRLEA: B o SR AR Gunch MBrvation of
MARK€Aantaagbn/eéts, 2003 10@554106 1hh|1h)| $@ﬂlela8@|§r0®ha$£ﬁmilstlnct active
fbut had ? activity alone. Therefore, the instant
confgEaafipns @ &ﬁgetefq “EOUPHIS P ¥Pown in Figure 10 (taken in
conjunction with other conparative data) yields fewer
and reduced fal se positive signals. Exanple 8 [0149]
Fi gure 14 shows an exanple where a pernuted | uciferase
was constructed by cloning firefly luciferase N
term nal am no aci ds 2 to 456 behi nd C term naI am no

I NS A L —p—eN o —— p— oy o e
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ADRB2- | uc234V456 fusion genes were cloned in
pcDNA3. 1(+) with a neonycin sel ection marker
w@ bowios27ogen) . [ 0151] CHO Kl cells were co-tr apsT/E810081074543
wi th ADRB2-1uc234V456 and A#r-TEV plasm ds using
appropriate conmercial transfection kits. Forty-eight
hours after transfection, cells were treated with or
Exmﬁ%EWQUt 10 mM ADRB2 agoni st, isoproterenol, for 2
urs, Bright-G.Q(tm or Steady-GQ(tn) (Pronega) was
[017ad Hexhre bl,ttherighglpasgl showts V&l iatdrseagdouist-pasloesicdvsemspendent
.recorded appropriate | um nescence readers.
iR R N HORENS B ALSEBToT0) Nide TASSFORt i n
[017‘3?@%&&&51@, IHHIEIBNe116 988§, RprossRP et ke 233[Wde dhnsfected
HEK293 cel I's stably expresSing Arr-1uc234V233 were
withs\&2-dEiVeplasroid usagilspefiectemine 2080 mposfactionreagrmo fipeitiogen). After 48
resi stant gene.i s pr.es ed in the Arr=luc234V23
nouly B BUB N B SR SR SR gl oF W SEE BGH oy gro hours
and BRghSPOMY gudiferae 8ot WiSadabs & the dellsEruspldepéhdelibdferase
_Figure 13 shows dose dependency with V2 inverse
activgyorassecorpeignEn¥sendhi s exanpl e, HEK293 cells stably
expressing Arr-1uc234Vv233 were transfected with V2-TEV
pl asm d using Lipofectam ne 2000 transfection reagent
[017@]OnhEi feameds)of thoint yeioghtilltewlr &f the skilledangfse tndigedtnoebe

, ce%Ls were incubated with different concentrations_of ..
reitegateq gy AR 2R ernpake elinys mogidicadensethopb densgtarg from the spirit
andgg%eOﬁggqhggﬁ%gmﬁﬂoﬁntagonist usi ngst andard assays,

of two hours. Bright-GQ(tm luciferase reagent was
[017afl ddlkctfapermes tised Hoos e depends micolporattébnsde@otd micnyironas
recorded on EnVison Il. That is increasing |levels of
| um nescence were observed with increasing anounts of
SRl 21463, nore properly defined an inverse agoni st.
[0155] In this assay, inverse agoni st behaved as an
agoni st, as do other inverse agonists. It is known
that an inverse agonist can block the V2 G protein
signal pathway, while pronoting b arrestin-nedi ated
activation of MAPK (Azzi et al, PNAS, 2003, 100:
11406-1 141 1). So the assay of the present invention
can indicate distinct active conformations for G
protei n-coupl ed receptors. [0156] In contrast, in
cl assi cal assay systens, inverse agonists of GPCRs
behave as antagonists. This is because inverse
agoni sts probably bind to and stabilize the inactive
conformati on of GPCR for G protein signaling. However,
some i nverse agoni sts both stabilize the inactive form
of GPCR for G protein signaling and al so pronote b
arrestin recruitnent to the GPCR to activate a b
arrestin signaling pathway. Exanple 10 [0157] Figure 6
shows agoni st-induced luciferase activity. [0158] In
this exanple, pernuted |uciferase was constructed by
rearranging firefly luciferase Ntermnal amno acid 2
to 233 and C termnal amno acid 234 to 550 in reverse
order, interrupted by a TEV protease recognition site,
ENLYFQX. The position X can be any am no acid. Am no
acids at this position are known to dictate TEV
prot ease recognition affinity and cl eavage efficiency.
The permuted |uciferase (1uc234X233) was then fused to
the Ctermnus of the GPCR, i.e., ADRB2, to generate a
GPCR-pernmuted luciferase, i.e., the ADRB2- |uc234X233
expression plasmd. [0159] Human b arrestin 2-TEV
fusion plasm d was constructed by fusing tobacco etch
virus protease Ato the Ctermnal of b arrestin 2.
DNA fragnments were generated by PCR using appropriate
tenpl ates. GPCR-1uc234X233 fusion genes were subcl oned
in pcDNA3. 1(+) with a neomycin selection narker
(I'nvitrogen) and Arr-TEV fusion gene was subcl oned in
PcDNA3. 1(+) with a zeocin selection marker (Invitrogen

~ 11l A PN NN A N\ rF ~aAa ~ N ~ I~ 171 N Y N
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usi ng appropriate conmercial transfection kits.
Forty-eight hours after transfection, cells were
wo e@ansxiieM th or without 10 mM of ADRB2 agoni SPCT/US2008/074543
i soproterenol, for 2 hours45Bright-GQ(tn) or
Steady-G@Q(tm) (Pronega) was added to the cells, and
relative | um nescence was recordedby appropriate
| um nescence readers. Over a three-fold increase in
| um nescence activity was observed in the presence of
CLAIMpr ot erenol . Exanple 11 [0161] Figure 12 shows
results of agonists, antagoni sts and inverse agonists
using the present invention (Left Panel) and anot her
1. asacthbl @hideRaRal dompbdRd W0 ndkiRlafes $MEMiction of a first protein and a
differentiation and counter effects of agonist,
secoadpedeinicompapitigi nver se agoni st. The instant assay

. rovi des speci f.i tivity. Exanple 12 [0162].
D B Bliba%5e TRBTERR el i il A3 DEhdbin and a second
protéit Gith@ea 3¢ a pRflcadE F'whidrMn sdiderétedsd i9Eaphabr dfefchvin@Aelsavage site in

~ ADRB2-1uc234V233 was nmade to contain the TEV )
said renosighpetivehing prokein Hropy@etivatie-srid reprte agisyaging protein;

. . f. it - 3 and Arr-TEV

i) pl‘éﬂ%@@%ﬁﬁéﬁﬁ%ﬂ%%}%ﬁ@ ly‘ %geﬁ%él}a{rgrgl al transfection

iii) dlotveng faddt prpteab@lotcldmrursidafdaesgetsianaidect i on, cells were

.. treated with different concentrations of ADRB2 agoni st

iv) np%‘?gpag ESNORST sigpgl Teonp 844 ggtlvg;qddﬁ@qr@{ @ftpﬁl}lng protein or said reporter

+ : ; .cells, and

Who%?%?aiy \I/S(e%}%érﬁf@r?, eégC?g ﬁgg,g \j\ga)l/a% V%?%‘?%fﬁa%‘% %Ig%%lg’pr iate

whetaimi nlesige e thereater signéixampliativSof @b plotdtn-groten intetahigon.
ri ght panel sunmarizes data using stably transfected
cells with different cleavage sites. The results are

2. Si Mhb &fetidd SRR whdl€inl s@id rep&aelactiVARINE ProtbMs a reporter.
GPCR- |l uci ferase constructs having diffeéerent cl eavage
sites responded to agonist. Exanple 14 [0164] Figure 6

5 and B8R TR & B R gl R S e

repol@r s@whiimepsterari ed. [0165] In this exanple, pernuted
| uci ferase was constructed by rearranging firefly

luciferase Ntermnal amno acids 2 to 233 and C
t ers | - aci o LD rev
4§ Sk BB AT Soner kol A brb Db BAHER AR Abun to modulare
the fedblledFRIodin heragmi, tvihomrinsatdeony@uad ynailats iatrattiviaf said molecule
. dictates TEV protease recognition affinity and
withspid-RFQGE-BIOFSIR IUGTESHONY and R are shown. The per nut ed
| uci ferase (luc234X233) was then fused to the C
term nus of the GPCR, i.e., ADRB2, to generate the
5. GPTRe petimdgtaddldimcli Wheramehe ieperterADRBImR@4XR2 38 enzyme.
expression plasmd.[0166] In this exanple, human bb
arrestin 2-TEV fusion plasm d was constructed by
6. fughpehdiRRFChift ICRhMbMURe RipeHEARE VA bR & alREMINHS causes a
of b arrestin 2. Al DNA fragnents were generated by
chanpeRf flgpisgecappeope renoeter.enpl at es.  GPCR- | uc234X233
fusi on genes were subcloned in pcDNA3. 1(+) with a
neomyci n sel ection marker (fromlInvitrogen) and the
7. A mhd eMétHddsdfemigen@haaim thelbiest progein lista pemNAhe pldtdh. Wi t h
a zeocin selection marker (lnvitrogen Cat. #43-0018).
[0167] CHO Kl cells were cotransfected with the
Al - Arr-TEV pl asm ds using
8. a%ﬁéﬁéﬁ%gém& transfection kits. After 48
1) a fisup®tcic edrhprisieg & ladtene adpetkemidtivatig piotdiguihd10 M of

... ADRB2 agoni st for 2 hours, Bright-a.Q(tn) or

i) aé‘?@&é%‘%ﬁ%ﬂ?rlwg&%@tﬁ%%ﬁg{ SReHY ot he cel s, and
relative | um nescence units were recorded by
appropriate | um nescence readers. Over three-fold
hi gher | evels of |um nescence activity was observed in
the presence of isoproterenol. Exanple 15 [0168]
Figure 11, the left panel shows results with 8-AVP

o N PN ey pge— g
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[0169] In this exanple, HEK293 cells stably expressing
Arr-1uc234Vv233 were transfected with V2-TEV plasmd
waigiong3dzigpof ect ami ne 2000 transfecti on reagent PCT/US2008/074543
(I'nvitrogen). After 48 hours, the cells were incubated
with different concentrations of agonist 8-AVP (Arg8
vasopressin, a known agoni st of the V2 vasopressin

) SRR B Y OB

wheteure sdie e rgottevadtiyatnasproedioiscetdvaed Bnviesange bl said protease and

R N e TR NG -

activBihp@rdiéiRof ect am ne 2000 transfection reagent
(I'nvitrogen). After 48 hours, the cells were incubated
with different concentrations of inverse agonist for

o aaabastnal e ke Shenstieet B EERGERGR y¥ile

recorded on EnVison Il. [0171] In this assay, the
i nverse agoni st behaves as an agonist. It is known

10. t hdhe spsiem ohgleim 8 velysrin said refopiekisactypated o igaciviateditynal

r 0= j i vation of
rear bt Pty R P RS TR A h AP BIPE)  °5
the assay can assess distinct active conformations of
G protein-cqupl ed receptars. Exanpl e 17 [0172] Figure

11. 11 The gpstemg Plaﬁ%ﬁé’fheg?%’é\%%ld\ﬁiﬁipﬁ‘?ﬁélﬂls%al‘g%ﬁp‘gt’t%?l’é8&E%t& are

menfRSR fdeReRdent luciferase activity by pronmoting b
arrestin interaction wwth a V2 receptor. [0173] In
this exanple, HEK293 cells stably expressing
Arr-1uc234VvV233. e.transfecteq with V2-TEV plasm d .

12. 4o Thg ST PE LR h& bST00 48 SHOTELIS A FoA GEFEPtor pofein.
(I'nvitrogen). After 48 hours, the cells were incubated
with different concentration of inverse agonist for

13. t wd hheystem ofaldingi 2 gheraB gXid rceptae prodaimssea seaaiy ransngasbrane

rama%d?gg%§>the cells. Dose-dependent |uciferase activity

54 }ded on EnVison I1. [0174] O her features of
the invention will be clear to the skilled artisan and
need not be reiterated here. The artisan can nake )

14. y alhe s¥sterp Of lataf ivdiwscippaid prrtease pay @ rasgeHitignredquence having at least

4anﬁﬂ#5&&&and scope of the instant invention. [0175] All
references cited herein are herein incorporated by
reference in entirety. CLAIMS: 1. A nethod to identify
a conmpound that nodul ates interaction of g first i

15 prd @ﬁwt%a% glawp 8 SHETSIR SULIPFOBASAPAT & [SFELNIFPN pRAYGRGS IRyIng at least

5 anfind L4i§¢ protein attached to an inactive reporter
activating protein and a second protein attached to a
protease, wherein said protease is capable of cleaving

a eavage site in.sai.d reporter activati. r ot ei .
16. Pndpeny el viafn QBRI sHEETEER bt Rer g g Sicthaving at feast
6 anlihd a@f@Vi di ng sai d conpound, and optionally a
reporter; iii) allowng said protease to cl eave said
cl eavage site; and iv) nonitoring reporter signal from
17 5SS A S SRR Pt P PEDFU NS Bl i s
7 anfiepediier activating protein; wherein a change in the
reporter signal is indicative of said protein-protein
interaction. 2. The nmethod of claim1 wherein said
18. | SRRE S o LR RehoRLh i proneP i PRBAR et pinfTTEY) protease
fusion protein with said reporter activating protein.
4. The methad of claim1 further. conprising providing
5 HOF SER OF Heth S chuB S F PARB IS BEETHY pr ot ei n
i nteraction, wherein said conmpound nodul at es
interaction of said nolecule with said protein-protein
interaction. 5. The nmethod of claim1 wherein the
reporter activating protein is an enzyne. 6. The
met hod of claim1 wherein the reporter activating

. . . o

19.
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change of fluorescence of the reporter. 7. The nethod
of claim1l wherein the first protein is a nmenbrane
WQ@e@be32116 8. An assay system conprising: i) a PCT/B82008/074543
protein conprising a |laten#7reporter activating
protein; and ii) a second protein conprising a
protease; and optionallyiii) a reporter whose signa
is changed by said reporter activating protein;
wherein said |atent reporter activating proteinis
20. actlheaysem by claine 8 wagecibyaid a¢rdripr stacthsecsantegsstoni. at i on
of said first protein with said second protein all ows
cl eavage of said reporter activating protein. 9. The
21. SYSheWdm 6F alalfh 80 WMk hid eép@rteera Qrdr&n mrarés\é@ftderwotem (GFP).
protein is said reporter. 10. The system of claim
wherein said reporter is activated or inactivated by

2. 1 bk SEPSHEL Fofe 1 RS HSREDHif Fird pRANRANE 58l 55 eH pevirs
menMr@icirbtef@i d first protein, said second protein or

both are nenbrane proteins. 12. The system of claim 11
wherein said menbrane protein is a receptor protein.

23. ;?gpg?ﬁst&x Sk EML P % rﬂe?élﬂ‘séﬁ f%t 1% ?a@él ec:oﬁc? grl.?nt’\tj%t or R%th are

'S a seve ransmne r recep
cytophsmiygbeimsof claim 8 wherein sard protease has a
recogni ti on sequence having at |east 4 am no acids.
15. The systemof claim8 wherein said protease has a
24. 1 eq‘ﬂg bdtdRBr SEAY 95‘ %e%‘[ baﬁ@ fidt ah &850 %oﬁ&kf&elﬁg ht@%gtoglasrmc
e system of claim8 wherein sal t ease
pnnmesognltlon sequence having at |east 6 am no acids.
17. The systemof claim8 wherein said protease has a
recogni ti on sequence having at |east 7 am no acids.
25. 18 ThIBest& oF BIMR R vH i d WoRnhe iphotsial BmpkiodLasErehSrtd:.
t obacco etch virus (TEV) protease 19. The system of
cIa|n18 mhereln said reporter is a luciferin.20. The

26, Y S TRl L 8P 2o SISt BB BRLF ! Bt gponer proen
that vwerleated slaindctmmlmyecrontaet *ithcgidTirftl paoe@sScence protein
(GFP). 22. The systemof claim 11 wherein said first
protein and said second proteln are menbrane proteins.
27. 23 Q?stesrx g% % v(v:ﬂe?él ﬁﬂﬁ&? tég]&ﬁ@é t?atfslorcﬁttrmpotosta?d st protein or
secon pro ein or are oplasm c protel
smdzémnamanameemmndbmﬂmmmmﬁﬁmmhemgmnﬂpard first and said
second proteins are cytoplasmc proteins. 25. The
system of claim8 wherein said second protein
28. COMRE k3&sn BRLMirk 8P WreRlin tra@iockNEn §P'§at1@ms9gr fliRbM AP second
wherein said reporter protein Is a permut § reporter
protgntd diemutleas ciuscadangaoedpaterisremeat. i vat ed by cont act
wWth said first protein. 27. The systemof claim8
wher ei n associ ation requires translocation of said
29. Ti Ik spi@h 8F Blalh 83@16?6115 §eﬁ@@ oRlePbEiald #@te@s&@dﬂlﬁis@ﬁ a nuclear
conpartnent or organelle. . The system of claim27
targethngrpelypepidaas| ocati on of sal d first protein or said
second protein to the nucl eus causes change of
reporter signal. 29. The system of claim8 wherein
30. saiTte k@R&aH LEEIaldh 28 Aihdrddi i@ asgctimQiolypspsddcomiise@basic amino
_targeting polypeptide. 30. The system of claim 29
acidvher ei n sai d targeting pol ypepti de conprises basic
am no aci ds.



