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under 35 U. S.C. 119(e) of U S. application Serial

No. 60/788,608, filed April 3, 2006, U. S. application
Serial No. 60/879,771, filed January 10, 2007 and
U.S. application Serial No. 60/901, 133, filed February
10 14, 2007, the disclosures of which are incorporated
herein by reference in their entirety. Field of the
Invention This invention relates to the field of

bi ochem cal assays and reagents. Mire 15
specifically, this invention relates to nodified

| uci ferases and to nmethods for their use. Background
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locahzatnon Unllke green ﬂuorescent protein (GFP), which requires up to 30
minutes to form chromophore, the products of luciferases can be detected
immediately upon completion of synthesis of the polypeptide chain (if substrate and
oxygen are also present). In addition, no post-translational modifications are
required for enzymatic activity, and the enzyme contains no prosthetic groups,
bound cofactors, or disulfide bonds. Luciferases are useful reporters in numerous
species and in a wide variety of cells.

Luciferases possess additional features that render them particularly useful
as reporter molecules for biosensing, i.e., molecules which reveal molecular
properties of a system. Biosensors (i.e., sensors which comprise a biological

component) generally function by means of a two-step process: signal generation
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proteinase sites into a Photinus pyralis luciferase cDNA. Two domains of the

luciferase were modified by Waud et al.; one between amino acids 209 and 227 and
the other at the C-terminus, between amino acids 537 and 550. Waud et al. disclose
30 that the mutation of amino acids between residues 209 and 227 reduced

bioluminescent activity to less than 1% of wild-type recombinant, while engineering



addition of a cyclic AMP dependent protein Kkinase
catal ytic subunit to a variant |uciferase

w0 p@monpseat i ng the ki nase recognition sequencePCL/BRABLM®S176

10

15

20

25

30

(SEQID5 NO 1), with a serine at amno acid position
543, resulted in a 30% reduction activity. Al kaline
phosphat ase treatnent restored activity. Waud et al.
further disclose that the biolum nescent activity of
a variant luciferase containing a thronbin
recognition sequence, LVPRES (SEQ ID NO 2), with the
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luciferase formed via intein-mediated splicing maintains it activity even in the

absence of a continuing interaction between the protein partners.



an N-term nal fragnment of DHFR and a C-term nal
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whi ch expressed both fusion proteins. Mchnick et al.

al so descri be another conplenentation approach in

whi ch nested sets of Si nucl ease generated del etions

in the aininoglycoside kinase (AK) gene are introduced
into a | eucine zipper construct, and the resulting

sets of constructs introduced to cells and screened

for 10 AK activity. Wat is needed is an inproved
reconbi nant |uciferase for use as a biosensor, e.g.,

i n det edtprotginciedgmeneorapiemestatiorn dssawisphisstosedingviatheick et al.
in agl. j | ' G 1.ONAAQF .
Do isbtis §216,36 62440430 ol 8B o5 S RHEE R ighnick

s pdescifibea splitamding difiygrofelatpratiugase{DHFR) gyne-UdscGassap inywhich
of ' Thenimyenti V| [ d

et et BT B EN Q5 PR 00N o TR gocn
nofilis¢d wch ﬁ_ﬁwl leudinecipmer agpiensidPHER a_ati\fityr\eésl detagtedahicelks
be\%\icﬁ ek#ﬁjl%ksfeg T roqg%p.o c’c}nrrlniclkue?I { g{sa%gsc%gg Qn %Eera
Reni'lla TUciterase, of a crustacean furt erase, I'ch,
2(0canmpleinentpigsappeeachin whizhoested sets oS lenndl@se génerated deletions
in t. h.as, cAVP, .GGVP, a. kinas a L
phoahe EhinoBEdBELAE (A iche af intddiB&E 1T jegcipgzipper
actangirntdtcand the resnléing seth oficamsirtigts {riedaendrio celts athd screened for
Seﬂt{e;{}ﬁ%t{)f the nodified luciferase is different than

the am no ‘aci d sequence of a correspondi ng unnodifi ed
(nat i veWhat isahetdedas ar impraveireedmbiearg lyciferase f@nise as a biosensor,
lucjferase wt ne or. nmore substitution l.uci f.eras
eEhy SLATE e O Bhes TR0 PRI prbler i, 4Gt
( regnall trefsdoctiom oaphysiplogicaltiaosfoirsationk,ewithta highodegree of

modi f.i-cat i . to an insertion, a
de%g{:l:ﬁgﬁ},'hrgﬂp? B%Pg,%gnstéréhﬁpg{ﬁ ‘on, or any conbination
thereof. I n one enbodi nent, the regions which are

tolerant to nodifi cegul ilo_ngi ng}tlﬁgq §eqlrtlf ace | oops

bet ween secondary st ) eta sheets or

al pha HBhe ineentiohpoovidesrantimpravad igemss prowidal-¢ g pemodified luciferase
g 1 0 ifi i Qns. e..

| b B4 5okl BIrast otti e d iy RSB ePcierase,an
uremtithizbare biciferass fugh as @ RewitVd/lavi ferapy, dya cagstdckan Meifenast, ehich,

SihehdhRURcObe bt difes!of fil UG a5 ¢

20'%%%%‘5 L?ég’gcgg (S‘LBc 5% ¢ gr. .o a Bé’f‘é‘{‘p@ncg 2

| dndser apleosplajassnereslcan/ Tes onesembrexitesdd agtieities. mome

B, n SRR QRLLARA e O hEH1RELUC L LRSS than

sequences at the nodifi‘cation site, thereby yielding
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t I'B%rén@zﬂ,eé]&.', 2 thudMe Ildé%ﬁase with one or more substitutions) luciferase as a
result of one or more modifications at a site (residue) or in a region which is tolerant
to modification, e.g., tolerant to an insertion, a deletion, circular permutation, or any
combination thereof. In one embodiment, the regions which are tolerant to
modification include surface loops between secondary structures, such as beta
sheets or alpha helices, found on the native, wild-type luciferase. One or more

modifications may be internal relative to the N- or C-terminus of the unmodified

luciferase, and/or may be at the N- and/or C-terminus of the unmodified luciferase,
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site or in aregion of a luciferase 5 sequence that is
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include circular pernutation and the introduction

(insertion) of one or nore discreet (isolated)

het er ol ogous am no aci d sequences, at |east one of

which directly or indirectly interacts with a

nol ecul e of interest, and optionally may include the

del etion of one or nore anmino acids, e.g., at a

site(s) or in aregion(s) tolerant to nodification 10

including the N and/or C-term nus of the unnodified
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directly or indirectly interact with a molecule of interest in a circularly permuted

luciferase are at site(s) or in a region(s) tolerant to modification which is/are not at

or near the N-terminal and/or C-terminal residues of the circularly permuted



are independently at or near sequences correspondi ng
to the NNtermnal and/or 5 C-term nal residues of the

weororespendi ng unnodi fied [uciferase, at or neR€T/Uk®07/008176

N-term nal and/or Ctermnal residues of the
circularly pernmuted luciferase, at site(s) or in a
region(s) tolerant to nodification which is/are not at
or near the N terminal and/or Ctermnal residues of
the circularly permuted or noncircularly pernuted
| uci ferase, or any conbination thereof. In one
enbodi nent, the 10 heterol ogous am no aci d sequences
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As described below, in-frame insertions resulting in modified click beetle
luciferases with detectable activity were at residue 21, 25, 117, 358, 376, 379, 398,
399, 400, 401, 402, 403, 405, 406, 407, 409 or 490 of click beetle luciferase,

i.e., those residues and/or regions near those residues are tolerant to modification.



tolerant to nodifications. Additional residues or
regions tolerant to nodification are 5 also described
wegoeitzoskel ow. Thus, a beetle |uciferase nmay bBCT/US2007/008176
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406, 407, 409 or 490, or in a region corresponding to
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250" 10 3h5 8 gt 1heerdiina BEmBRd ik 1dafGor L B51 17
27 Bstanes irchubie 20323, d 13138, aa@.saa,ezgssm 404,081, 4@ i403,e405, 406,
4850‘? Q&Oé% 49(9 or me re %e c%gr S ond n%4§ reosEdu% lfSIttrS gé idue 21 or
| uci f’er ase. oS BonS may be et i ed
by 28] regjdmentl 2 tb u 22 feeg assdseqma mesgduelBS2 ng 362, dor instat@n osidue
se n pro eSl r reqi
10 ?k@ gz?ugsjé/g?g?g%a r?m ue %7fre(381a I §§3 ?m4 orr q% §85 to 495,
as oba tlek beetle buciferaseaof §rt rpsdtmﬂ 87t 4B 75u83, fl@fiaﬁh l44;rl 6G,nl 74,
in t, o cif n
rm?géc’ ull9g;b0t5h£?t5t 933 5235 3ss %E§ igﬁ §16‘35§’§%7‘7 U3, 438990 or 540, or
conpsi mgmntcarmsmndmgm mseiua 239I12,o1eslgue 3xwaBs e.glresidue 32 to 43
in e n a_ nodi.fi hozo
| OSFRka0e] WD LR YERR, e TREULL 761 P8H OERAR 78 o 85,
15 si tesidoe 102 toa126eggo residued2its 1t Dbreresidte 1 16 wOIRGS fesidue 03\9 to
in n Lin a resi,du )
Cogérééj Srescl)cﬁ‘lgqlét_’: t? 263f res C%Q to %g‘; esgl reﬂﬂue 2208 10 228 reélgue 262 to
692733®¢s1cﬁﬂ: 3092q 313, 1éi;;dufb]3]53 tdgm résidue 48630 496D rd9die 535 to

20
0336 8008 Rucitehle, Eokespofitin pédionstheyodidBhifidh Saliggine
36lumfelasa s&tqeen’eé’s msmg} Tor maancxéusrqﬁéhcb (ahZﬂmerltwgiams FGsidmes or
A 91 i due 96 30, t
r e%eg "ﬂg‘%sﬁe‘%] ?e’?"gsu Sg'frfi§° 3% gi em@“d 8a d¢ sé‘%"’usé%e
22®r0t1228w pepBte tORciderase/ fan@n AR dh? 0602 split” the luciferase into

Ren cﬂﬁgl%PUCI gtgégye b%%gﬁ'@gg‘f({ﬁe‘%k’%l%o?ég’iﬁfj‘g“tg%" or pr&em splicing

Coassespondi ng positions may be identified by aligning

luci fer 1n§&qf$ﬁ%ﬁl§e§lﬂr§dl%&s nfn&{lﬁédqasnttﬁ&%gn lucefgrl’ellgen ﬁ:aving at

al i gnne
25| ubhﬂ@nawdlftcah@r antsiteor nodrdgmat/h:oh nsrtagcratm tcempuxﬁya@bn,

asin%iutdﬁ\% btupn&il{rﬁi&gdqg lay a Pe%ﬂﬂgtcgrrésjﬂgnding to residue 2, 30, 31, 42, 45,
46, 68, 69, 90,91, 92,110, 111, 150, 151, 168, 169, 193, 207, 208, 223, 224, 251,
259, 274, or 311 or in a region corresponding to residue 2 to 12, residue 26 to 36,
residue 37 to 47, residue 64 to 74, residue 86 to 97, e.g., residue 90 or 91, residue 96
30 to 116, residue 147 to 157, residue 218 to 234, e.g., residue 223, 234, 228, 229 or



5 luciferase, for an insertion, or to "split" the
luciferase into two nol ecul es that may be enployed in

w@e@vaes2zonpl ementati on or protein splicing aRGHYS2007/008176
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Further included is a nodified crustacean |uciferase,
e.g., a copepod luciferase, having at |east one

nodi fication at a site or in a region which is
tolerant to nodification, including but not limted
to in a region corresponding to residue 43 10 to 53,
residue 63 to 73, residue 79 to 89, residue 95 to 105,
residue 105 to 115, residue 109 to 119, residue 121
to 131 or residue 157 to 168 of a Gaussia |uciferase,
e. 230, osesidht Ot @ 3, ofer RaniYlcal uciderasen GrabarksPoABO 25§43 )0

i due 45 to 55 i due. 79 to. 89 af .a _mat .
oo DR HortFeri rudy R i R g imadio Rofie st niss usine.
i deontristanee] sbyuenad hlignintent progidhes FsBiduesjoeregions i Ingiferase

f t i t . ., 15 Resi
or IS SHBeR iR BFY Br SR VRT & e TSR RER e
rTHMctf&aﬁJ’ﬁirQM&ﬁke&Son 8t toesplito tied Iuciférasd iritoi@omidleculdsehat may

i ferase,. for an in n or dt" the
| s PEPRRE! ineRCig e e e pretein iR SR oyed i n
pr ot ei NFreHEp IreRIzt ad 4 MBdidled prustacedn 1uifdras) ag a&s;ae)de
odi ne t he uci ferase h

dclBUFaEh BRABE FIPES OB OGS aToIt g ddE o5l § FrEBPTIOE folerant
on® rﬁdsd.ﬂwmnammangmud fotrlihiddd téén b Gegiort rfeRpEMINGY to Pesidue 43

o e 630 REarRTteatn B3 eitie i o ok FRe R

anregidué 0091@ M 9s agidan ael whi hordedidat 157 tb ntss bAg Gausdid lciderase,
nmol ecul i nt er.est, nserti.

"ot Ee i aludin e o BitrRmita e tehgue Sbogn or pesighe 79 to

I N8%®6LBinatuey Opfbﬁh&r@z@ﬂdc}’fei‘aﬁé €ofedponiling lpoénhensrmh)e&ﬂdentﬁfed by
i nt erest Hfl?ergs anther nmol ecul e.

e B3 er‘?ﬁﬂl‘l’?F%sdl e 9 &siE S APTICE égg"e?ﬁem programs.
| NReYidues Br re@fond i0h luteise Dldant td modlifidatiod thay B0 emdlbyed as

£ t han about 1000
et L il P e pito R e dn RS LTdg gy the Rciferase
| Nistcaswemoltulesher inhpBe ehploged infFoRantoRisleémemation e ptstéin
abomllt 700 am no acid residues. In one enbodi nent, the
SAIFING ST f er ase with an insertion further
c orrpr i Sla®na edfbbatmam thd mbdicicll woa&mse ﬁasssquednﬂﬂs actﬁntg and
{ﬁtlono émr?ﬁ but.| ess, th g)ut 100,
i n‘§'féf 1p3estion gEgpedqy mofpamigg ackls re BV% “§°”8FP°£H&?g
[ nmﬁg:ﬁhﬁdzmlubﬂm a site ot dllbﬁ&gnoﬁ W}Q&Q&/eﬂaﬁﬁﬁﬂﬁodnﬁcatlon
2007/008 iaventio
pr‘ES U'gé%se'é‘PPéﬁ‘i ) ‘iSf"SEP‘}&?"é‘gb 8&‘%‘?”3&‘&8“‘?‘1&‘.&'%‘8‘?"‘3 with a
rmdofecnﬂd of mtemmj mgle a:amsemse whidhrinclbhd& edghitichSequence for the
er ac

r:r:lgl%cé@f, 0 g]tqdest orr{n«%]“ irec ly11rrt%rﬁct\ﬁﬁv%\nth?ﬁh{ﬂ?qubegﬁgnetgr%lst,ee.gi via

r eanogier otatules do ves edbbdiment) e nivdl fielluei fahse dobprieStan ifdertion
dfl (():"rcn%cl) agt, §, A’}" St, ?0}2%?5@'08,%0?386 or more, but less than about
1000, or any integer in between, amino acid residues. For instance, an insertion of
an IP3 sequence may include about 700 amino acid residues. In one embodiment,
the modified luciferase with an insertion further comprises a deletion of luciferase

sequences, e.g., a deletion of 1 or more, but less than about 100, for instance less

than 50, 40, 30, 20, 10 or 5, or any integer in between, residues.



5 interest, e.g., via another nol ecule. For exanple,
as described hereinbel ow, Iluciferases having a N

w@pa/02052 term nus as well as an i nternal respPCiESTNT/008176

region which are tolerant to nodification were

circularly pernmuted at tol erant residues or regions

and at different tol erant residues or regions, and one

or nore heterol ogous am no acid sequences were

inserted, at |east one of which directly or indirectly

10 interacts with a nolecule of interest. The

resulting nodified luciferase was shown to have an

alteration in detectable activity in the presence of

t he nol &ceresentfodimarttahe gtvention mneides*rd:ianillaﬁyrﬁermuted luciferases
R ol D Ris df deion i FERCEL flabgite Vnith irecty

QOirm@’ans u&thlalmmléﬁrlaeémterm ecd. Jaruhsaaﬂngn which erludes edecogmtxon

Renilla |

di
weres i b FrABET et B e Rlas Rt Dl

5 pr anaeage.gf via aaythki woketlk.e Bort ckampte, gs descridéd tmfemmmﬁ?

%gc]kfg?ag%é}lsasgxtglat g{dﬂ(&'(ﬂ q?%hrtu?ssr?g& f u'@nil.rrx]terpgfaresidue or region_ .
G( highkar€ tdikrinititd (mddificaliéy wekk)cxichVaNyy peimtlte dRatAGIELdrt fk{dbks or
VI T/ S/ [

NW.. 20 EOQO ID.NO. 118), where X is to

%méé‘f“?j §¥g‘ﬁfﬂiﬁﬁ‘ '&’?‘iﬁ%‘ r‘iﬁ“{s\‘% 8%’e§23’8ﬁ’sﬁ“§§’j‘e oLgef %‘I‘“‘f’ﬂ%@“s
t hemoragid sa:qhemcpsewmtm@rtbmdt fdaﬁtaﬁles)fofhidhl”tﬁreicﬂy enindirectly
ol Nt ud bi,ndi .Ssites in
10 BT Y aTTAF Lol ol GaRRE Ry s Shown
( Bashat aflaltera@8)id; deasathbiertivitpin the pteasize of MeBholecule of
Acc§ S|on No. AFI 15480), including Epac 2B, Epac 1,
anE8%c 1A cyclic nucleotide gated i on channel s
such 2 SImmdey:ﬁmﬂpﬂédenmatarlgmeaﬁﬁted/aéeﬂé lagifekdses, circularly

BT B o Gep b AU PG A L on Tucsa) orfggulany

1571 egu’nﬁxtcﬁf &erﬁdkpkﬁcil’ér@ses Stk g alc AMRE 6 cEGMP.bindikBsite were shown to

25

30

ession No

P AT G 7hess ey i B ienceo LA yelspA I B pRAM or
| aBGMPK @ ytelid nudlEétidel Bndingsicks @adfabialthd BxcHeraseé df tikgnvention
protein. Al so described herein, a noncircularly
pe?‘ﬁtvjih &8¢ 30 Renilla luciferase and a non-circularl y
peG(ern)(ﬂﬂdang(ok/ncx(s)(mpan/\r/wm/‘em(mnﬂsxwmvar/s@.W)

o5 B PSSR0 A0 Kol i

c GMEﬁk] iim etiervgresliatlg petwneédiluciferaids of dierigusnaivh yncbetertut &@ not

i A AP Sl RSB Ry cave

pr (Epat)(Bok ienals 2003éhd sex, for,indgidct, NGBI Ac&%ﬁone@ A1 05480),

B RRyRIR . SRR B e Sy R e

cyad hyperpolarization-activated cyclic nucleotide modulated channel (Zagotta et al.,
2003), neuropathy target esterase (Dremier et al., 2003), PKA regulatory type 118
subunit (see, e.g., NCBI Accession No. M124921), e.g., PKA IIBA and PKA IIBB,
PKA regulatory type Ia subunit, e.g., PKA IaA and PKA laB, PKG [1A, PKGIIB,
and catabolite activating protein. Also described herein, a noncircularly permuted
Renilla luciferase and a non-circularly permuted decapod crustecean luciferase

having a cAMP binding site had altered luciferase activity in the present of cAMP.



5 nucl eoti de bindi ng domai n containing |uciferase of
the invention further includes a subcell ul ar

wo ewalizesat i on signal, which is useful to detecPCT/US2007/008176
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subcel lul ar | ocalization and/or concentration of

cyclic nucl eotides. As described hereinbel ow,

| uci ferase biosensors were prepared with insertions

of various sequences representing at |east four
different structural fold 10 classes. In particular,
one of the fold classes participates in the nodul ation
of nunerous enzynes through different small nol ecul e
interactions. Mreover, insertion of an allosteric
doc@MP, bindieg sitesnsefuhat the biaculperly pdrmuttludferasensd ftheraiviention

P ACRORED BRPBHl s Bl  ShE RRR P

clzglmljlems(ﬁl@) ag., %b@pho}/w agulamrpregﬁr?fxggﬁsq)h??ga\i?g@ (PDEs),

n& s DR DR REPTLRSTRG, or A th on Cobifingth Ml

| Ssnuiil dotide brddyngpﬂfnmmﬁ ecdltﬁleingﬂlidl&rdse of the iAvEntion Akther includes a
e e oar iy SR e el wsel S BEGH ebrg b e Hheggon

Namﬁtﬂ cOndemtrationust ¢ydli¢ hm:lmudeyl ar | y per mut ed
s at a site or

| uci feras a east [
a regio ${lgretthe 426"?81’%% lf%%bd?%ep%oaf et prepried \glﬂzo
enigserdatsasf vatoesequéndacich@saiting yat b:ystl tnﬁrrdidae:htr@ruatural fold
het.er ol agou no a i.d ence directly or
B PR e B e R WP et Gt iR Pgdaen of
n umhﬂ:ﬁbms:k&xzyMES th&n@hhﬁﬂferenitbﬁdlll’f&dﬂ&culé Iieradtionsll Bokabver,
'{d l {s«rejlncudes h ﬁlfﬂi‘l dlflcaL ?
i n'é‘r“"h ?’h& *B’lﬁ ORSTC CPRPRLE L Yot g5 Stryiuabontormation upon
d e!bledlmg asothértraolealle tintotalaci fdhise @f tHe-ihe¢ntion wsay®e uséd®to detect
circ [X ernuted |u ra for instance, another
oSl ShiTES e o HhapEER RGO S prottate Wevaasty 1t no
N- and Iel‘ertce,rlmdnasmbbdntdbm aemdiﬁecpmaﬁé@ oMR®GhvEMREA comprises
Iuc erase such r.es corre nding to . .
| o 24TinE S SpaRERlon G G1o R, S B g i
besteqmne obd ctbl’ﬂspbhdleg laciferasea abhafs anGmhiodjzdvalidgpéd luciferase,
the | re3|d 0 bout t.he | ast , e.qg.,.last 15
o eSO in SR NE o8 320 iB e SR pefinthcn cHBlase, 3t teast
C-drerafiwhich ioft 4 he: ardn hesgiamethich mra:lmaﬂtftd; awdifiation, and is
| uci fera 007 0522, PCT/ UsS2007/ 008176 I.n

or EUREAAT A SRR B E AREBpa g o seauence
i nwisickedirgctlyhoe nahtelcﬂy ingeradts avithpfdbr irisegtce, waytlid msteoditie.t hie

[ t than t.he acti of a ¢ ondi ng

et Bl iy e Bhait? et B STy o

t hmaodifichtions,dné¢luding bntoyse lmstedb@uisemﬁn@ﬂﬁi/&f;de&neﬂs iHgerthl 1o the

%\ 1 ile?ré 09 %.,.60% or t han O%
N-or

¢ RAOAC Stin S B ine il e M CE Bt o Paplicine

aonsm¢wmworMeMonwg f atexl nearché NFr asd®C-terminus of the
corresponding unmodified luciferase such as at residues corresponding to residues 1
to about 10 or about 30, or any integer in between, of the N-terminus and/or
corresponding to the last residue or about the last 30, e.g., last 15, or any integer in

between 1 and 30, residues of the C-terminus of the corresponding unmodified

luciferase.

10



is optionally detectable. In another enbodinment, in

t he absence of the nolecule of interest, the activity
wo@Rooav1msell fi ed | uci ferase of the invention i s PCT/US2007/008176

substantially the sane or greater than the activity

of a correspondi ng unnodified luciferase, e.g., the

reporter activity of the nodified luciferase of the

invention is about 1.5-fold, e.g., at 10 |least 2-, 3-

or 5-fold or nore, that of a correspondi ng unnodified

luciferase. In the presence of the nol ecul e of

interest, the activity of the nodified I uciferase of

the invention is detectably altered. For instance, a

det ect al eneadniteidirhéminitie atstnosiof yhd)ﬁolaculabﬂirﬁéresi the activity of

t he resence of t ecul.e of interest
| oS e ori s PRV Bndy ety G et Bk coespating
1 Wmm&aﬂl%ad wqﬂﬁ@t%e nble tepoiter adtilioy of thénfcﬂﬁﬁhd k8 fdradeds about

o0 Bt ﬂw%ﬁﬁf ﬂg%ab S e Moradutters P 100% tha

5 abseme@Tﬁboﬁd’iﬁg ﬁfﬁh@ﬂ?é(ﬁluﬁfferbﬁhlt, ﬂfe&il‘étlwt)ﬂ' Jﬂtuvﬁhnch h’%dlf;l,\?hd luciferase
Si ca roxim 0 e npl ecul e of interest |
P e R R et nlel IR anp b bl ERtitng HRER e polzgule of
I uttitérestahe abriitityrdita lﬁd’tﬁﬁémrubﬂ‘é‘rﬁﬁtfﬂtlikgmh}&ﬁml i§ btfdtantially the
| uci ferase,

decr eas eli tes or
| niRSaR Sieha e noi 45 ERERBOT B et i e, o8- the
FOfe_pﬁvt&rﬁ?theuy af the rrmalmefdj 1edfebesetdfale lﬁﬁ%ﬂl@ﬁ@ﬁibout 1.5- fold e.g., at
e a

luci f eca t ecean
10 pef - t?égfff’g* ‘f’ﬁ’ot a&Pﬂaﬂoegg 8 uamgtf%si frast. In the
| u5t'e§ﬁfcasem&lr?]d1ecﬂlléléﬂ\i’ﬁtd f el?ddsflldlhmftlv&ybﬁtheﬂtﬁhﬂiéﬂ'ﬂh&@&ﬁiﬁﬁﬂhe
uc I T, 1 ucli rerase | resence,
g‘&’ Rifon ‘ﬁaﬁte‘f}éﬁd g‘BF"égs EB‘ inglpnGe: A i’téft}a@F ar?féa‘é‘hg‘e‘%f“v“y ofa
r ehﬁ?iﬁéﬁ liiciferd3e il thBipRE&RRIS tisd igdlatulobf Irlllk‘éifst i dlieedion of at
[ [ senc or. the e t
s B O 0 156 0. e iohiand 00%, St 41 - B Ad. To-fola,
15 amdrmmn QDO-fIRT; ap,odoxffcslusatrwpemAmelhwﬁd tbeRastivitp orh@ modlﬁed
S ce Oor, a ence 0 C cordiln
PR RS e TR e o i P SFIIR B0 st S, g phsigal proximity of
bi theendedule Jmﬁtelrdsve}akh gﬁe@b@ ?wmrmbatmatm présehéinHe modified
C ecul e 0 C onpri s
i s folBs Etttoutint BoRIOHE fR gl i Gare &r dtkdeates,
of elt:hmauem Uemtteﬁfbs tEH adthety qitesmoditied fuctBras& OFciHeﬁgIgplze, a
nucI ri 11 WO 2007/ 1205
20 D5 B o Stheroah T BRe it fadl rbilecmn ARY 4 A reatarly
f ulsarrmmeﬁirueétea nandteRpir & dbga;ﬁ)drﬁﬂﬁbtécleﬁdluhif&"aidﬁ/ﬁﬁ & cAIMP binding
ne or

re.amno.acid.re e N-.term nus
N sr SRR OFBER « ARas S estarin R et SrcaMp
C-hay be dadredsed |ebmupmd ordngreased rélativend tHd lashidescdnt sigAsiaf the
Thus

WS S U B e
25 atcdﬂmepdﬂdir@rmnudst‘ @lrhi:ém aGthbeda ot dscapbd arustededn l@ciferase in the
l upg:riege%cr:ea greabggncte% cJ\Wnt I on.
Accordingly, a modified luciferase of the invention may be employed as a
biosensor.
The invention also provides an isolated nucleic acid molecule

30 (polynucleotide) comprising a nucleic acid sequence encoding a modified luciferase

of the invention. Further provided is an isolated nucleic acid molecule comprising a

1t



Preferably, the presence of one or nore fusion
partners in the fusion protein does not substantially

w@bkdoen2aske det ectabl e activity of the fusion prOL/ERIW07/008176
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relative to a corresponding nodified |uciferase. The

N or Ctermnal fusion partner may be a sequence

used for purification, e.g., a glutathione

S-transferase (GST) or a polyH s 10 sequence, a

sequence intended to alter a property of the nodified
luciferase, e.g., a protein destabilization sequence,

a protein or nucleic acid interaction sequence (e.g,

a bi ndi ng sequence), a subcellular localization

s enpedic agid sequanseggediog fusiingiroteascamprizingpembiifiel haliferase and
di t|n hab e fromone ro i es of. the

S AP S R U TRE R BT T B epprinen

t h:mdﬁ’cusﬁ mmnmwl(ae(:nenmlmlrﬂxses pmmﬁmﬁthedwoli&iddmmfcexsas &hus, as
and 3 usi Onﬁf % N g orterlBroteln t hat

i UGS At h°£rPr? & ”f uE? ?’%"rp 53 loRlupeg,PieLo& more amino

p r :ﬁ:tldsl an thesN-tarafinks zﬁﬂ/oa IC-iePrhinasof @ rodiffeddoct e ase ,of ehegnvention.

t th o .
TR SIS Rere oF oSl mOB RV ahPer e b g ) date o=
C O Isisssitamgj ay Al thé detecaatﬂle s@qugmameeﬂnaed ipRgei rélbbead a

R4 D e St G ot B AL e

a sreqpm:é esedpbopmmcahba,te g.Sa giliufaﬂamsns titahsferakd)@GST) or a polyHis

op PGBt EETEE A B ‘L Bl ARBR TS e e e o2 o

0 mrbmm?azitabgfwﬁmmmempmplno[@n ait r]:dcaﬁs hcitl Iik&erlautﬁxbrf ;eqaéiﬁe (e.g,
era ciferase or a fusio

oroR B R BT AR TR R s Sheaiaig Pjrbas o

| npropxaty which & cnstatgud;hamh éotl @& cvfmdrb prdpmt&e fof ehie, ludiferase in

LR e o SRR FRSF e PSR BaSnf i Ses a modiri
opncuﬁarmtamdra fadiom ]Jﬂitlmr ovhiuhi isl a sppuenp®sein tlﬁit lsrdiffgretitahan the

02/ 16 4 |nve tion
& 18 R, R repeE BRI B ysefdl REa cEa
noftticiréseent pﬁ'chtennfce raa.smgr lﬂélfefrml @n aﬂcﬁtﬁér&dnﬁboﬂfm&h €the invention

I nv sion C&SS?1

n% \} cg) i ex R lgls t
PP €ihg ﬁﬁ'&‘P’e‘F Eg 5 ¥ ESTREEEREBH Hbg 3 firgion protein
Wprsmglmodlﬁemhmfefasé d)IIStha ihVBﬁ)thlf arided muctdic 4di@ fragment which
i nven |on Vi r.u or,.. .
1 SPER 3endaS prosif et by ren ol R Tt ronsis il Bie opiion
nuotiéraseaCiptionailye ophmnz@ﬂ ntitleicianideseljucies, B.gg baash codoh
WO 2007/,120522 PCT/ 1
oS el e [4ate bRirefeSt i Brep b the mogified
c dugifdrgsetor @ dushon prosgul b@hprhﬂ:@ qomdﬁiearlum&paéaérb ymbldykdath the
u%n:?c zﬂ:y(i: mglegul%% fd th%?rg/%re\p 101, ‘as lhose etmelnbg S uence canhl%creasc
Pe RiLTsfe eqr ono

pressi on casse contalns an
Altlsft)stmngﬂll afable sigsal dohlgsiferasel IThe(epgm,lzaaop bﬁk@dlg/lohd:ld sequences

cel {mcb In (e Bt Ned, Ot‘o'r gxa%qjallelr \735“4}/?65451‘ plant or 5

vertebra e ce rmanmali an cel |, including but

not |i ﬂl‘ltemlvdnt;oa aisu mrmludelalt-able cell line that expresses a modified
luciferase, or fusion protein of the invention, as well as an expression cassette
comprising a nucleic acid molecule encoding the modified luciferase or fusion
protein of the invention, and a vecto(e.g., a plasmid, virus, or defective viral

particles) capable of expressing the nucleic acid molecule of the invention in a host

12



human primate, canine, feline, bovine, equine, ovine
or rodent (e.g., rabbit, rat, ferret or nouse) cell

waobkioch2isenpri ses the expressi on cassette or veRrtDUSWN7/008176
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the invention, and a kit which conprises the nucleic

acid nol ecul e, expression cassette, vector, host cel

or nodified luciferase or fusion protein of the

invention. 10 A nodified luciferase of the invention

may be enployed in applications where unnodified

| uci ferases cannot, such as, as a functional reporter

to neasure or detect various conditions or nolecules

of interest, e.g., steroids via insertion of a

hotetb nerefeeabdyttis expresdion g.aSSbl‘tEQ:orﬁmiseis aptoaite, e.gna constltutlve or

estro bi ndi do

pro egagag’lv romloﬂeg’er ep;% ?kedct et'bu%le 3 ?cé‘g%a&ﬁfr{ gﬁ 8?? e,

or emycdimcentl &dnxpkesmbn dzesetw @ntammmmnmé p@myal iAdso provided
bi ndi n SI te. i n

nucl 3 ﬁ z\nat or

OBtk . B Py el Ph o SRR s f s Rrmtenter o

Of va‘tdbﬁdVE’chl R, I’K}n&hhﬁhmﬁdﬁelamcmﬁhg‘ b2 clod lbtﬁitécﬁlfoaﬁlﬁlman non-
risin tan | nseFi rl) i ndi n% s%
TP TR CQ Ui reoym inc;’ %q“é'éfi PV"‘E arfe F%Sige rat? - rat,

VI fer@t br Mose) clt, iwhich ¢’o’1hli]ﬂ'lsa§ therx pllexdiot Easse®E or vector of the

super nat ant nd t activi of. the. nodifie

; ulvERtions and p Ry Q’me&s g abelgiedfid @ﬁeﬂlé% SXRiCSYien cassette,

e. gectorphdst 0€1hbd oditied (e ifefas€or fasioh [Feotgiaiof he, laﬁhﬁon

opti onal,l ve to correspondj n nnmodi fi ed

PPt £ ocaudodifrd it oling BRERTRTRAU R faflBba nappisstions

r edrheredmhf&iﬁ'reﬂdﬁctl%s\a? &abmﬁAMR:h(a&, & adfufnttfdnbEr:’jepﬂifﬁd'lt{)1 imRdsure or
nut ati.ons to. specific o acids to reduce t

o et S e iRl SRRy SRRk St sBr 8 gy asenton of a

WI héraivhe redpior bindhig\site Fonindtahés 2h RYrapeR Bl’iﬂu@fddfaﬂﬂp a Altium
eratlonlnlu nescent acti 25 in the sa

F b PRl 2 SUFE M Hnsesit) B Pich EPRgior Sonegpli

e. fuclectideetih ikkaition®f aa yslpemicidotide Biidingisitef F6ANRance, a vector
|nd| cgl ampunt .of CAMP i

ngfsll;%%ﬁg%ggx efnce o asE COMRrIsy)e aé‘AWnIKQ %ftaé:d\]YIE%mdmg site, or a
exqaedﬂﬁeﬁ guomteraee Bﬁhﬁmﬁﬁlg anl thséxfion oL HANMPEAding a,te;eé meea with a
contacted wth a vector co not er,

" B G- S5 SUMSERE e PO oo R er M o
aciupesatiit A there adicy\of the 3bdifiedilhdiftase Ut theghaprR défecfehfbr

| n(ﬁntl on, whi ch COEIB“ ses an inserti.on ich intera

. 518 CBUSHHD b Drere Tty RS URA peprall elaive o a
t ranebpnidat wehddific! laciféradepdr simdeny mbaifld@12hR s BAGAZ

PCT/ UsS2007/ 00817 I.C ng t he pronoter

R R PRI BAL SARRCh o F TRECROBY Pifons o specific

I unmhe mande to adubetthebmﬂmﬁﬁm)owltnmm) @fa ddﬂf?ohﬁsxqﬂélw&hout

det € ot her g‘o rmdl .

| & er as 5‘"8 g daf?en" hink PMh AbHsFaticadn E‘r‘f"“escem activity

| nsehet sapple, i mktam’et evmrime and/br m:lmvew:d ¢(ﬁ1trlbu @lgeof defllchaving

e su cyc Leotide

ool TR B B SR D SO PPk bt SAMF I 68

destasiphd, nechangé én amount of cAMP related to experimental condition. In one
embodiment, a cell is contacted with a vector comprising a promoter, e.g., a
regulatable or constitutive promoter, and a nucleic acid sequence encoding a
modified luciferase of the invention which comprises an insertion which interacts

with the cyclic nucleotide. In one embodiment, a transfected cell is cultured under
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i nvention thus provides a nethod of detecting the
anount of a cyclic nucleotide. In one enbodinent, the

worea7fizesek | uci ferase is a nodi fi ed ant hozoan | ePET/I8200%@08176

such as a nodified Renilla luciferase. In one

enbodi nent, the nodified anthozoan luciferase is a
circularly pernuted ant hozoan | uciferase such as a 10
circularly pernuted Renilla luciferase. In another
enbodi nent, the nodified anthozoan |uciferase is not
circularly pernmuted. The nodified anthozoan | uciferase
has one or nore heterol ogous am no aci d sequences,
including at |east one which directly or indirectly

i ntendatéans imivhithghaproawtdrendykes trangieatexpréspiop o the modified

e : ,
QuARHEAEE g dprecR 1S ottt CHIHARKGLS 0B MEL i ppother
i nembeditnent, adediforlducifaraaefof thean vemtiah whindngpanprisks @hingertion
tml; : ]gclﬂlé dx%[ﬁétﬁﬁ{}ﬁ\at%i‘:Eg%q{ctr}{xcf%];n&@zﬁﬁl 4 & ﬁe:%uéggdtedeo&avﬁg a cyclic

erase w Suc m no acl

5 sequdentideiag mixedf Wher thedetoent ofdiuhsteenccisideteenmed. The.

10

I n; Q/?Enog. 9%{3%5@& a Fn'%ﬁ}oﬁ%%&joﬁﬂm lt_Fg LiSHATE alcTeR nucleotide.
modi T1 e ecapo crustecean TuGiterase sulh’as 4

nodi f i eth el eophiodimisnt,| the irfodifeed ducifernse imen @0didie) @othosran,

t hﬁlc{ﬂ%&.{ L8H 2086 %%g‘ﬁedgie%sﬁaenc E3deugh LEL Qxfsﬁodis efit, the modified
circurarly perm'Re ecapoa CT Ust ecean luci rerase
suaitheman i fecist sra oircprlypeeuut@bhrahoman dudifetist archses a

In anot el GIRa %teﬁﬁlétmciferr‘ae Mpdlddngd e%g,ﬁié‘ ode, %eu%%)gi%gém

| uCTTerdse s not cireu arﬁey per mut'ed. e'nodiTre

d eagthomban hstemseamol ticculahygsemhted. dhe modifigramthozoan luciferase

het er ol u LN i%g n Lnel udi. n { {east.
one e 28 ife AP b SnBARER Rty el et fR30nicn
rmfliemtily@r a‘xfdixiectﬂ;lehmacts With ta_nmolemﬂbep@ﬁ inendst. Inlbmeambiodiment, the
ac nqinosael%u S%Cr]]l(l:C% B cﬁxre]:ewhxf I %H régd oL affe? 'n%raafc;nevrvitht e molecule of
i nteraction wi the nol'ecu of T htBF O™ Wiih €r goes

15 a monéshnmetigoesd catfamgionalivharyge] whictirim tueh tkers thehuetivity of the

acfuicl\fiﬁrta e, g.fg ,tar}r??dihel:’l& k(fanezil aﬁu%ifcx%ﬁeqwith %ucmoa%i afni1i?1d acid sequence is
Opl ophont s™’uci f er ase WE RCSEERT SN 8% o Ao sequence

i susgfidftaitetta atiedtenid inddrhadioheri ¢ i nteracti ons. 30

Exenpl ayy_am no .aci equ of interest..to fuse .to

= oni fimortEniaaBiis REHRARES fulerdsBi B3hiAkd bdtRa O
cr usttecran udifgcis¢ suchss aohodified Oplophdrus hicifackeidln dmat 14

20 VQ%Q%?A\%%O&% %no%g%&éds%ggoyrcggs élc7e§n | %{fgmgeolts aI cllrrpufaﬁg pér?nuted

25

30

an ent er oki nase sl ot ease cleavage ‘site,
a ddachpod gnstecean hxffases sichras regtulad e permutak@ploph@us luciferase.

c l Elaﬁ\fx%g\%r ?A‘x{)c?dim%ntc ﬁn%%éﬁﬁ%ﬁ&écg@/da%stgée 1ucli3t§rAzis losrno circularly

viral protease suc as a I nNovirus protease cCl eavage

si pemuedSARS npqddﬁl@a_beapadl apestergen Biciferasadias®nd BY/more

pr 9&‘{18@%%08% a%ﬁi}’,ég%dsskﬁ.? ééﬁ%%%@@ing%’égah%n'é'%g&}%}ea@ oP

cyclicC ucl eot 1 de Dbi Ing site, a or none I ndl ng

si indirectl yoatlewictsrwilth ndiolﬁg.u@mfémprest. In one embodiment, the amino acid
sequence is one which, during or after interaction with the molecule of interest,
undergoes a conformational change, which in turn alters the activity of the
luciferase, e.g., a modified Oplophorus luciferase with such an amino acid sequence
is useful to detect allosteric interactions.

Exemplary amino acid sequences of interest to fuse to a modified anthozoan

luciferase or a modified decapod crustacean luciferase of the invention include but

14



such as cal nodulin which is regul ated by EGTA and
Cad 2, a double fusion with sequences that interact

wowdo/izEeh ot her and optionally are nodul at ed PYT/ES2007/008176

exogenous agent, e.g., FKBP and FRB, where rapanycin

i nduces binding and FK506 pronotes dissociation of

bi ndi ng; a domain from PKA-R and a donmain from 10

PKA- C, which nay be regul ated by cAMP, a domain from
SH2 and a domain that is capable of being

phosphoryl ated, which may be regulated by for instance
a tyrosine kinase or a phosphatase; a domain from
14-3-3t and a domain that is capable of being
phasplebligiitad &xian eutérckingsgysitha prega$@alwagt;/siteoc geranpfara
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r eyl preteasepuéloas aeRbmp'heraJrGease'EIﬁangerm,eq SA\RS PREEase
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5fr c:ynhgymalsemﬁa t(lﬁi}'mB};n,te atibohoneeindieg smg lalcakath bipding domain

Cou n’%aclln}o Ofm w?n %qls PeCI Hl aed%r flg d%a Sér%ndo% el]’uswn with

seq Uences mthe sa

enquemmthat iriteractiwithudaah bghepmdnﬂt@dalagnarh mmlamed by an

lu rase or. 20 i f.i d ca crusta

| oEleEpaRGeBL €8 PR, ST AE PR F A& binding ana
heFEﬁ@ﬁ p@mmes@cbq;uaanmqf bitdiogy ahdeineaio fmgﬂt&Aséapubmdmam from

0 ?r F 1\}? ent rg%ué?qed Q%:C/KMPS e%%e rz‘a?ne ro g %ﬁ-{ at om that

erm a termnal residues O

C orsroa}szﬂxbmdf bﬂgngjpﬁmplhdrylatédl \uhuch ergyde, regilated byl ﬁannsnzhxee a
and Giter m

Ci %yér: 3 me masc or a é)hfatase mam fe orpqlzi- -Z'ét( gjl a dfe)maﬁx tgat is

y pernu ges fEP ase,
r egapalnl@:saf bting ephesphotydataﬁ which thay b¢ refgnlavddl b.yl’fot sxanpie, @AMP-

or ar the ter and/ or ..C-term res
theRﬁ P Aemdin from pernu main fhat gscélpabg?ogbe'"gp ShHtated.

15 c owbnch aaydre x'egaﬂaued by fotezaeple a $m—1thmckmabe taeibniacrgfwm
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1] EdrPFolge uc ase @3 I nt %r ac%btWre}gQ Cfd bly meetﬁ] tﬁeécate (MTX)

est6f rov
I demBisMiiXag dmeumfromrgymsa@eaﬁ)sB) mﬁncldmag bé kqgula&rd by

en%du&%% ?ln%oﬁlgv lOCln OrlIca) d%cﬁe %usdon Wq}ler({euﬁé}l%fs %rom t%eg%q'ne

nvermt| on provides a fe det
or dahedier Thue in oireenalsddinuerttythe tircwdanty peroukael antholzmlelmenfctrase or

o e rBbss o BB B eSS P B Dbl e
m lxeltttrp@ggmumcng whideidterplogbussseqeatces arh amiepgldantly at or near
18l Pl g RMEQSFe PRI D0, ARG 8L
be@trteepdnsibig‘ wmagshifiednei ferasti itlcedxean}bc béwasadrg@(m IC-terminal
I & PBéSO& th&ei J\:Aﬁctull \{'Py pemut%d ?&f{cggg Qart] g#&gﬁ%gﬁg gé@é;én?% tgleraant to

| ucif erase, nsertron
r egpdificatipnawhiglk ls‘rmt asw rearfhe hb@nmat ind/g G-tirmirmhtestdoes of the

”ch}cﬁdaﬁi@tﬁeﬂﬂute&r hﬁ:ll}e%g chombmatxon thereof, wherein the two

heterologous amino acid sequence may interact with different molecules of interest.

Further provided are methods of identifying one or more agents that directly
or indirectly modulate a molecule of interest.
In one embodiment, the invention provides a method to detect, or determine

the activity of, a molecule of interest in a cell. The method includes providing a
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i ncl udes an am no aci d sequence which directly or
indirectly interacts with a nolecule of interest

WO edoatizose2 t o t he correspondi ng unnodi fi ed | uci PET/ES®NT7/008176
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The mixture is at about 20C to about 47C, e.g., about
37C to about 45C. Lum nescence in the mxture is then
detected or determ ned, thereby 10 detecting or

determi ning the presence, anount or activity of the

nol ecule in the cell. As described hereinbel ow,

I ncubating a | um nogenic reaction mxture with cells
encoding a luciferase that is a biosensor for cAMP at
physi ol ogi cal tenperatures and/or conditions, e.g.,
abmuﬁnc&'éﬁ]camihon ot et cdfx%r@[ig,a delirwith peédtarchavidlg d nutkeic acid

or to addi.tion of at agent apro.ldgtlvlf. st er
P exetened sompreing oy Segrieadine faME ford raiped g G5sS e a
prmuditied besletlidferse. The modifieddnG firasethat Aeinserdonidlaive
f ticell ul i SmE, .

0 X 4 TRty e o BYashuich TrstioRas S 2 R, o fns
2|Oa Efgigne allucxilEafsé ?éc{&ﬁﬁce&frhlaﬂﬁ tbl’&ﬁ@t td mBa8ifichdnd elhe ihder@on
cllC eetl e UCI, T er ase

C oPFSaBT Aoving B B AR ity B tnd RS R et it o
?laqueeme oDintetesd adlariieab tl(dxmmﬁpcfngﬁ@ Surfmdcﬂtﬁédﬂul:n}ﬂ&hsfee Imhge
uc+ u I.C O
SSHEORAR S IR SEe b AP T T 25

pemlimhed:ethwh ftioy PBure s @i Betdote Al dtEHihat, ﬂerebS'Ubunl t

e IIé &RIIPB) X-ray crystal structurqe }
Rl tesEnan erquigg thegresepse. CPSRY EREIVInEP ‘P%B‘ql%cuem the cell.
r ensiedssedba&.eaemmow | :b&mﬂtmg & Avinbgeni €RdeiRtmBturbalith cells
and st.ick e g{hlj}nary

simlarity between rat
e o e A R SR e
zaemﬂamumm%r Gaﬁcnmrege g/mabafd 3D add/braibout BB Jor alferiod
V\_Dt2007/ 12052$ %(USZOOW 008179 é%ure 5A.
G AUMRTS I ATHHiRLY & iertderyt Ak iasErresRaavesand 3 grpater
expmesisd @ngpl asm d. HSV-TK or T7 pronoters were
utilized to express the circul arl ermJted firefly
| uci f erlseProyided in e i“é%Ofg”e'F‘f’%e"a?f dtshe T {pagrti for imaging in cells
r espadiicelialay orgAfishie, A€l Hsinp4femmale 4 of firefly

luciferase are linked by a Ay/Ser rich 42 am no acid
peptide (SEQ 5 ID NO 196). Figure 5B. Expression

pl asm ds for CPM Fli}ridfﬂ)efs&éip' Goibof the it B (CPM FF
éﬁ%/ ELI Blfl% 6 881 fQI[T'%l 1ggetrt|1(9nrgs(bc?l]:ieg)elrsf tarc lgli(: l:)eoert]Ie luciferase
(amino acid sequence corresponds to SEQ ID NO:3). '
Figure 2. Amino acid sequence of a parental (unmodified) firefly luciferase
(luct+) (SEQ ID NO:210).
Figure 3. Schematic of a luminescent cAMP binding assay with a circularly
permuted luciferase.
Figure 4. PKA regulatory subunit type IIf (RIIBB). X-ray crystal structure
of rat RIIBB amino acids 264-412 (PDB 1CX4). RIIBB is rendered as a red ribbon;
cAMP is rendered as ball and stick. The primary sequence similarity between rat

(amino acids 264-412) and human RIIBB (amino acids 266-414) is 96.6% (program
Megallign, DN AStar).
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encoding RIIPB to be ligated in-frame to generate

pl asm ds that encode CPM FF Luc/RIIPB fusion proteins
wowdo/izge: ous X/'Y peptide Iinker |engths (GSTGADUS2007/008176

corresponds to SEQ ID NGO 122; GSSG corresponds to SEQ

ID NO 197; GSSGGSGGSG corresponds to SEQ I D NO 198,

GSGGSGESSG corresponds to SEQ ID NO 199;

GSSGGSGGESGEEGESEESEESG corresponds to SEQ |1 D NO 200;

and GSGGSGGSGGTSGGESGESSG corresponds to SEQ I D

NO 201). Figure 5C. Epac DNA sequence (SEQ I D NO 15) -

nodi fied for E_coli 15 expression. Figure 5D.

Circularly pernuted Renilla luciferase (CPM hRL)

expr essiFggure @AaﬁilicdladU@enmned fiteflydua@ fgpase SEPNGFF lLat)oaxpression

I | CPM hRL/RL | . Uni que .
oML TR T of B2 PranagiFs v Eh{Tied ™ progtisaheiggutany pemuted
e n (ﬁncﬂ yﬂgcnf&hdeaB manbalidn cgm; edlinilpsates areepdctivel @. ne.hﬁmeacids 544
ode

Wi taﬁé‘h %ﬁregﬁ l% eer%sg&re d% RL/ Iil,‘ullyf Cﬁélf:ﬁ45us' o c% pep 1de%SEQ

316
S5coibaspaddels to SEQ ID NO 122, GSSG corresponds to

SEQ ID NQ  197; .GSSGGESGGSG |
108, | QoD SRR 1 HSIIaY s gy KPS (CPM-
NOFE@Lk/RITPE). @ni§Geconibindtion? oBresifitias E.ekyﬁeehn&eed DNA

d o SEQ I D NO, 196. Fi ureGS PAGE
Zﬁ%ﬁ%@?@r\%ﬁﬂé i PﬁE'e%ef{ paliuns m%rﬁrem lasmidshakgncode CPM-FF

Pr oduRIBB RBioRprétking wltardamouﬁsexmp@ﬁ.dbmkéreeﬂgﬁ@ (o¥reses
wi th cAMP, bi gg H sites. Expression of

10, EPEEsPRIsIsY NG B3 S8Rt gprigssonds F&%EQHQH&@%%f
( Xeesooooosoxoaresp\éna@t)o SEQ D NG:268, GRS @ERG c@ﬁlesrbonds to

Functional characterization

PRI o 190! e a SR S asE S Conperhnd 9 SR IRNO:200;

| eagd Gso«a‘sd@fs@m‘sebsdo@so cSrebpodddto s@@ln:( ¥No2ib1Y=20)
30 am n SSI dues. 17 WO 2007/ 12052
PCT/ usz ‘o%él pac PN icauanse (Ffd @r“&%ﬂéh@ed'@fﬁé?ﬁ%ﬁ{'

15 USkxygedsiMt FF Luc/ RI | PB based cAMP sensors with X/'Y
i nker .en t{ﬁq f (X=4,Y=4), (X=1 0,Y= @g and )
(X=20, Y ? -%Hcglle{lﬁ Pt gnllq;]ugm:réscg PM-hRL) expression
Seblag&udvantdxeoﬁémic&ee %f\lsi&{s Bk CPR1-AREAE REWH FMAS OF
wth 5 XY linker [engths of (X=10,Y=10) am no acid

r e BRE{RIPB)Filnigesscombingiong efresiistiomazymes aljowed BNAy enepding
0 OPENR B Wi FRAEE « LG bistnfi M hRE YR g
20 COfH?tEWlI psoining witkl wdrigas XYY pyptiderlink@Mengthn(BS$TG somresponds to SEQ
ID NO:122; GSSG corresponds to SEQ ID NO:197; GSSGGSGGSG corresponds to
SEQ ID NO:198; GSGGSGGSGGTSGGSGGSSG corresponds to SEQ ID
NO:201). The Gly/Ser rich 42 amino acid peptide corresponds to SEQ ID NO:196.
Figure 6. SDS-PAGE analysis of in vitro transcription/translation products
25  ofcircularly permuted beetle luciferases with cAMP binding sites. Expression of
CPM-FF Luc/RIIBB fusion proteins with X/Y linker lengths of (X=4,Y=4),
(X=10,Y=10), and (X=20,Y=20) amino acid residues.
Figure 7. Functional characterization of CPM-FF Luc/RIIBB based cAMP
sensors with X/Y linker lengths of (X=4,Y=4), (X=10,Y=10), and (X=20,Y=20)

30 amino acid residues.
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containing circularly pernuted Renilla luciferases. 10
Figures 1 | A-B. Measurenent of cAMP concentrations in

wo ywatzs2nf  forskolin treated HEK293 cel | s w PET/USZH07/008176
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different CPM FF Luc/RII PB cAMP biosensors. Figure 1

| C. RLU over time in HEK293 cells transiently
transfected with DNA encoding CPM FF Luc/ Rl | PB based
CAMP | uci ferase biosensor with XY 15 linker |engths
of (X=10, Y=0). Figure 12. Functional characterization
of the CPM FF Luc/RII1 PB cAMP biosensors with XY
linker lengths in the set [2x (x = 0-5), 2y (y = 0-5)]
amno acid residues. Luciferase activity in the

p I es encEigared AabBesecrespohsel EpefimeftMRingl CPIWEFF Luc/RIIBB based

SRR BT b LR 2 L
LE@(ﬂO{,Y%B))(aAMb acgd re3eiuss. Wi t h=X/ }(SI i nker Ioengit hs in
treg i 35es oq@( ?%“VZ‘Y 8?%e Il\ﬁ'gi% f%@%‘%@%@ﬁ%%\% fepREwith

pr XS fiakerdéngliGh XM ¢,AMPO) anhinb lseid regididsnat i ons (10, 2)

and (10 shown. Fi ctiona

char act elgf“)zegp I %'r?"b‘?ge???éls E%M}%Esiyu@/tﬁﬁpﬂ‘éeﬁ%ws yiith CPM- FF

?emw'iﬂﬁﬂ dAlMP(:g\bsgnsB}((Qith Iﬁmgtnh& nbm%thhefl (ge-t 1$),ZR¥?0). 2n
n=1-4{)1, ,.2zn (n = 1- ana, + Z2n. (n =

1-5), Of'sYss hé”*a’%i Homparisgp &% 1‘%‘?’5}' %%fecf’sl\é%’ ibiding sitg

t hemmmgraﬁaumy pERfeIGR N 1h6i8rMes AVP.  Fi gure 15.

Functi onpal racterization of the CPMFE Luc/RI1|] B
CAVP ﬁ%ﬁﬁm hMeAsprement @ %Mﬁ’gﬁ%seqtﬁnpmméﬁ%esﬂ

- Zﬁrikﬁlm tréatéd hEI{Z-b@ celwith two diffe}dnt C@Nﬂ-FFlQlchﬂl%B' CRMP

(n =1-5), 0] amno acid residues. Fold induction in
IdEP‘feéF%e activity in the presence of 100 gM cAMP.

18 WO 200urelid 05 R IPdérdaddia HIIREL/Gits HafHERR ﬁla@éfe&ed with

ari son of dose response experinent using the CP
oI P i

K nseding QPM-FR LucHIRR\Msed e AYH? Wicifprape WJ!\enlsqnm(@r XY
| afileP RenBihs 6EEE=10Y74D) and (X= 10, Y=4) anmino acid

resi dues and the correspondl ng CPM FF | uciferases.
Fi gur esFigma-18. Fenetinmel charactsfizatinseofitess GBNVG EF &xp@iIfifeeAMP

USAIQ&nLJ}E“&B'&/@ ik Héﬁétﬁg ﬁazshg Zzﬁpszgrﬁ & éh‘ 6/51] amino acid

| i nker | engths of
adreidyaess |1dlaégra%9mtlwm ux:tbp PEesSeneA dneh gbsemie ¢ OQudvI RIAM% BlLinker

F'&)&Hb%%tﬂaﬁég% 2 er%lé%}t%{ LwilOS€ response experi ment

usi n stabl e Luc/ Rl | PB cAMP sensors
with w&gvrﬁdkefunceﬂ@ql liharagterizatign ofthg \CRIMFF Luc/RIIBB cAMP

sensors with X/Y linker lengths in the set [2x (x = 0-5), 2y (y = 0-5)] amino acid
residues. Fold induction in luciferase activity in the presence of 100 pM cAMP.
Linker combinations (10, 2) and (10, 6) not shown.

Figure 14. Functional characterization of the CPM-FF Luc/RIIBB cAMP
sensors with X/Y linker lengths in the sets [10, -2n (n = 1-7)}, [10, 2n (n = 1-5)], and
[10 + 2n (n = 1-5), 0] amino acid residues. Luciferase activity in the presence or
absence of 100 uM cAMP.

Figure 15. Functional characterization of the CPM-FF Luc/RIIBB cAMP
sensors with X/Y linker lengths in the sets [10, -2n (n = 1-7)}, [10, 2n (n = 1-5)}, and
[10 + 2n (n = 1-5), 0] amino acid residues. Fold induction in luciferase activity in
the presence of 100 pM cAMP.
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(X=20, Y=20) am no acid residues and the correspondi ng
CPM FF | uciferases. 10 Figure 19. Mnitoring changes

w0 poocAMB2zoncentrati on in HEK293 cells usi ng BCT/US2007/008176

CPM hRL/RI | f 3B cAMP bi osensor with X/ Y linker |engths

of (X=4, Y=20). Figure 20. Sequence of CPM FF Luc

(SEQ ID NO 16). Figure 21. Schematic of CPM FF Luc GAF
constructs. GSTG corresponds to SEQ ID NO 122; GSSG
corresponds to SEQ ID NO 197; GSSGGSGGESG 15

corresponds to SEQ ID NO 198; GSGGSGGESSG corresponds

to SEQ ID NO 199; GSSGGSGGESGCEESGESEESG corresponds

to SEQ I D NGO 200; GSGGSGGSGGTSGGSGEGESSG corresponds to
SEQ | D Riguzd 116 AsRd CohpaksbnRF dosotebpdnke pafetindat using the CPM-

vart ke RIPRE e trsne i K el el i8R Yo and

angxais; arag mﬁfno@ﬂesnﬁuﬂiﬂnﬂft%cé)vrgd@bdhdhﬂmBMLmldMﬁhses
i ncreas'n C tratirons o C or" cAMP for
CPM PP FiBBredEACn SOMRATSOnE SrLresnprsespsFigenuse the CPM-

5 CPM: fElac/RIGB ¢AMP sdhisbis AREHTRO BnkeSiehigths @B (X248 00ar) Sind 0X=20,

NQ 122; GSSG corresponds to I 25
BB a1 A 480 116 RO ROBNE R F ARG S
cor r esppipdfesti8A-BEQohipahkdn oFUBse feSofsSEXpotHdefUishiigiheCPM-

cotiearRek st AN s il R e IpERIe05 Gt Y and

42 (320, B0y ﬂhmﬁaptdi F€idGedrane msﬁ@dﬁ@@FMMUcff&ﬁs'es.

LEGS cor onds to, SE D 202; an W
lOcorresp 'ﬁ&%" g@qrﬁg,\tba%% %‘bgcé’ﬂf@t%on W"’ cells

15
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VandiQgs c@RzNhEE/RJmB cAlMp uméﬁls&smsm 11hﬁertlaegm§xftf{xea0¢~zo)
of CaC 2. or EDTA and EGIA. 19 WO 2007/120522

PCT/ US2Bi8 w98 Brauense gh (& N&EF TAGEPERIRINOGR-es for

modi fi CefguRIR10fSchehbti@bf GPNLEE L&J @m coEktﬂl&se é’s”rG Rbirkbsponds
and fold induction in vitro for

bi RO NA 25 L3 sosrepards tf!uS&Qr'é) &’Q lﬁ%L Qséﬁ’@sr%@%G

| NEWEdshSHUs itd SEQ\m KO¥198PMS BI6IaGSs SA W respoisas SESOISNE): 199;
various sites, |g rq,(a29 Constructs wth an insertion

of CRPPOSEGSOGCH AP &PTrESPORY I REQIIRAG £90%
| UGKBEISTRESGETYIETBEGRE5 SEREsHra@pendsab SEQUVND: 201 ; A& thklae RT

CO Donttol peprids RoMesponds to SES 15 N0:196.

Figure 22. RLU for various CPM-FF Luc GAF constructs in the presence
and absence of cGMP.

Figure 23. Fold induction with increasing concentrations of cGMP or cAMP
for a CPM-FF Luc GAF construct.

Figure 24. Schematic of CPM-FF Luc calcium biosensors. GSTG
corresponds to SEQ ID NO:122; GSSG corresponds to SEQ ID NO:197;
GSSGGSGGSG corresponds to SEQ ID NO:198, GSGGSGGSSG corresponds to
SEQ ID NO:199; GSSGGSGGSGGGSGGSGGSG corresponds to SEQ 1D NO:200;
and GSGGSGGSGGTSGGSGGSSG corresponds to SEQ ID NO:201; the 42 RT
control peptide corresponds to SEQ ID NO:196; LEGSGGGG corresponds to SEQ
ID NO:202; and GGGGSGPW corresponds to SEQ ID NO:203.

Figure 25. RLU for various CPM-FF Luc calcium biosensors in the
presence of CaCl; or EDTA and EGTA.
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Figure 31. Constructs with RII(3Bin a circularly
permuted Renilla luciferase 10 and varying |inker

wo eqogtitis22 Fi gure 32. RLU and fol d i nduction foPCT/0i82007/008176

constructs in Figure 31. Figure 33. Constructs with
RlaB in a circularly pernuted Renilla |uciferase.
Figure 34. RLU and fold induction for the constructs
in Figure 33. Figure 35. Activity test in vitro.
Construct pBFB287 was used for the 91 site. 15

Fol  owi ng expression using the TnT T7 Coupl ed Rabbit
Reti cul ocyte Lysate System 8.5 pL of TNT reaction
was mxed with 8.5 L of 300 mM HEPES/ 200 M t hi our ea
(pH abotigure . Addifbedreindsdor mbdificdtion df adfirefly bddifeAabE

7 oom t oRisare orBLEGR SRR Ay PR vl AR

of bikaalosatphtousattendded to a 96 well plate well in

L or rirs 28 Ep e WS GRS Redar CENERF eGP

5 | ubiosaizeiser vafiduglsites. 36. Activity test in vitro.

Construgt 20132K.44. H6 s used. for. ¢t 91 site:
Fol vt Fleufns et e gn e o P it edbetiridany
Cepéemfuxdd R&dilldlsiferase. 15 L of TNT reaction was

suppl e W st ock . or

nt ed 1. .of 1 AMP 25 .
ooty 1 Bty MheRuand i gt anor fegatiaieis shtyan Figure 29.
t enper aFiguee 3 0CoapAICWiItRREABR id Q cirdhlatly pérmut&d Rénilk luciferase
this mxture wgs then added to 75 ul 1X Renilla Lysis

10 g, pdyarying linker I5aeths oach sanpl e was added to a 96

wel | pl Bigaresd. IRLU ahd ifc]gh 'irmat@c;.amldtheldfabmnwmnn@rwa&
measur ed. usi 00 L of . iL.l.a luci rase assay . .
ot g3 Coimett Wb B b cR T Bogpis) Aenslinluciferase.
constr uBtgsuedjao rR%anna _Z’(gd gm_nsﬁdmt the@OMiruzts ihrrdgtgs BN

was neasur e S escriped.in | qur e ure i
Transi ehiEUEs b bRy it i Fgrgwéfﬁagié%wsed for the 91 site.

15 bi Psltsvsiag expredibnMindd Th R AT ublel/ R4BBAREAICWIBAYLE Lysate

20
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30

O 0 SIS L, 0l 2 SngL e AR, 258 oo
Vemplithibuted @5 atgit 7 3) sdgpldnienteancient 7Ll & mv A VRM &k or
R e e B L S ey 10
bi M$RIkSOFiveily O €achGampleSeas 28816 2960k elpplate well @rtriplicate and
co u qge%ggnc%%ag%e%stggdl\ﬂus':igg h%ch (c:)'f/:\ enipllz ?ﬁc’c? exsaoscr: assay reagent on a
Glomax luminometer.
Figure 36. Activity test in vitro. Construct 201325.44.H6 was used for the 91
site. Following expression using the TnT T7 Coupled Wheat Germ Extract System,
15 pL of TNT reaction was supplemented with 1.5 uL of | mM cAMP stock or
dH,O; reactions were allowed to incubate at room temperature for approximately 10
minutes. 15 pL of this mixture was then added to 75 ul 1X Renilla Lysis Buffer and
20 puL of each sample was added to a 96 well plate well in triplicate and
luminescence was measured using 100 pL of Renilla luciferase assay reagent on a
Glomax luminometer for the 91 and 223 constructs. For the 229 construct, cAMP

induction was measured as described in Figure 35.

Figure 37. Transient transfection data for CPM RLuc cAMP biosensors.

20



Figure 41. Am no acid sequence of an exenplary copepod
luciferase (SEQ 10 I D NO 204; Genbank | D AAG54095).
woe@anzs22. Conparison of the relative responseCDUSA07/008176
CPM FF Luc/RI I (3 CcAM biosensor at roomtenperature
and 37C over time. Figures 43A-B. RLU for a CRE
reporter and a CPMFF Luc/RIIl cAMP biosensor in the
presence of various agonists (A) or antagonists (B) at
room 15 tenperature and 37C. Figure 44. Fold induction
over time with cells stably transfected CPM FF
Luc/RI I (3 and exposed to different anounts of dopani ne
at 37C. Figure 45. RLU versus |og M dopanine at 37C.
Fi gur e FigurePB8®erSrjieinatikofigsifigle stepnssay fora@POR stith HCPM FF Luc
Cé‘ 0 F| ure 47. Potency ranking for various
ant l\élg 5“( 37C. Figure 48. Potency ranking of
agoni Stl&g@rfe 338t - desieinglegsing Ee§olin cofdengration in a CPM FF
Cg((}fzc%?;( M FF Luc/RIT R HEK293 cel |'s stably expressing
BB were stinulated with agoni sts of the
5 endogermgsrebst Data RRoiQIWRT@h Of h HBLPY Of com;idmmme&ra aiurM FF
ne red after 26 minutes incubation at room
%e@grbé“e%rﬁ gure 49. Potency ranking of agonists
of bet aigadren@dge eesp@isepf pirtivslanempdaidOdsind IESPRBFF Luc
Ce&ﬁﬁp}t ably expressing CPM FF Luc/RII B were incubed
h5090hi sts in the presence of 0.033 M
| sopr etEigaeall. Anifb AciEGeqnEAcHBSanB@fiplad coptbb@® lucérase (SEQ

m Afcubat i a enperature. Figure 50.
10 d@;ﬁﬁ@én&S&%ggptéﬁ\ﬁgg@éht GPCR assays with various
30 agorwigiire 422 Copar h/dfkRO FeliveCdspbip T &/ (YN FFFOLuc/R11B
Fi g 51. Congarlson of bi ol gescent GPCR assays
i PV bk sspmsnpertre dtiE 8T UBe cct i on of
i nt r acetipuread3 AIBMREY fona CRERepdrid and EEM\BEHCch/lﬁlﬂ ERBP
CAMP bi ose ari son, of detection wt

di PPEPED d’ﬁ%ﬁegges‘%’ggw%"%ﬁ’a}s% i°R a’i“ﬁ%‘?mt?@? atggom
15 SKa@p&3turaighdcyioan. D) Dopami ne induction. Figure 53.°

Det ectl n of ac ul ar chan [ C el
ot o TOBE 4 BolcRtcu Bheiine dab sells Sy npebried Gpy-Fr
f drucAlE amfﬁpbwms di‘ﬁférbntBhldﬁBts&ﬂdo}dﬂﬁin@ us3 1°cnker

I th 5. Nyc acds nces for
ool oph et e REAPYsa e fuftgrite 23HE

Figure 46. Potency ranking for various agonists at 37°C.

20 Figure 47. Potency ranking for various antagonists at 37°C.

Figure 48. Potency ranking of agonists of beta2-adrenergic receptor using
HEK293/CPM-FF Luc/RIIB. HEK293 cells stably expressing CPM-FF Luc/RIIB
were stimulated with agonists of the endogenous beta-2 adrenergic receptor.
Luminescence was measured after 26 minutes incubation at room temperature.

25 Figure 49. Potency ranking of agonists of beta2-adrenergic receptor using
HEK293. HEK293 cells stably expressing CPM-FF Luc/RIIB were incubed with
antagonists in the presence of 0.033 pM isopreterenol. Luminescence was measured
after 31 minute incubation at room temperature.

Figure 50. Comparison of bioluminescent GPCR assays with various

30 agonists.
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10 constructs thereof (SEQ ID NGs: 205, 206, 207, 208,
209) Figure 56. RLU for Opl ophorus luciferase fusions

WO pooan2ase2 vitro protein conpl enmentati on assayP(RC89007/008176
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30

Fol d i nducti on was determ ned after background

subtraction. Figure 57. SDS-PAGE anal ysis of

Opl ophorus luciferase (OpLuc) fusions. 15 Lane 1)

full length OpLuc; |ane 2) co-expressed 50-FRB and

FKBP-51; |ane 3) 50- FRB; |ane 4) FKBP-51; and | ane 5)

no DNA control. Figure 58. RLU for Opl ophor us

| uciferase fusions in an in vitro PCA. Fold induction

was determ ned after background subtraction. Figure

59. SDSFighéebs larGdmysrisow bf Kipluophacers APGR dstaysseith various

fusions. Lane 1) 20 full |ength OpLuc; |ane 2)

co ML ed 84- FRB and FKBP-85: |ane 3) 84-FRB; |ane

4) FKBPFighie 521 MDdtedtionof imaacélNdarehhigesin cAM@urieh 8CPMRRIWuc/
s in a cell base

f I I f f usi
R FBARP biRen ! ARLB RSt AR S e p R BEpmocers. B)

af F@'&kd]ﬁﬁlk@tﬁdﬁid)ﬁd O Se38agd inﬁﬂctionFl[ng@agﬂne Bhd;bftfoar

Opl opho us I erase - chul r mut ed e fu n

n 25 aREREE 3 (PGGHeR of ppfagetfiler Fpress i eAMEdp oPi WU a CPM
af Reﬁc/bacﬂ@mMdenssthract ion. Figure 62. SDS— PAGE

anal ysi s. | uci ferase r t.ed-
" ke fu '.gaﬁé R P it o SR vaRGLo G Tengths,
go exprEg &QdSS'SNLEJ@Pacaﬂde es D6k, 0,&16,&1@»39 gjgzﬂ%%?«g?sﬁﬁdns
5- FKBP a R
I a‘fﬂé‘sg)'“% ef—ekégsg(? gﬂé&% 2%;25 25&%@? S‘&Zne 8) no DNA
controlF 1g3f} 5% -FRB forl Wﬁplf@rufiﬁa?erﬁfl; fuﬁBTik in&?ﬁn 5)trd’11§l'otein
DNAC ntro u ors uci fe
onntPlonEttEion dss8 (R AN Fofdingisohmer AEleT oy §Ba brgkeround
Fi gibtractfsh. Results with R I betaB CP Opl ophor us
| uci ferase b eft colu
activi t 88 hgq?%? ég&:r Wtys’fsé’rfz?fé" Bﬁﬁq}“a ?“CSQBBH@ fusions.
COLM)ffﬁlNBngilﬁﬁlBLqu %?Q$6@|B£bra@e@smlﬂmfdh 1F(’)I(Bl|’l-54 Rfe 3) 50-
rom t: Wi t as
|| PG Riag 41k AP Biiant Sihq BNA conrol i 11 30 aq
lkl nker [Flgulh_el S3UIRAL16 $or CRIbp VRS llﬂﬁﬂérﬁsei’fgswns in an in vitro PCA. Fold
|n se osphat ase .cqQnst r uct s i de sequences

S B R R A B R TUBPESR o *H yaerasSa
( SEQ | [Fipie 307 )SDS-PAGERNaSISGE Cphip ho Sl Qudi RriYOfdhéhs, Lane 1)
T ErE G Lt B L eRCEK PRI e 5) S¥TRB;
NOaQJ 4) FKBP-85; and lane 5) no DNA control.

Figure 60. RLU for Oplophorus luciferase fusions in a cell based PCA.

N=3. ss=split site. Fold induction was determined after background subtraction.
Figure 61. RLU for Oplophorus luciferase circular permuted-like fusions in
an in vitro PCA. Fold induction was determined after background subtraction.
Figure 62. SDS-PAGE analysis of Oplophorus luciferase circular permuted-
like fusions. Lane 1) full length OpLuc; lane 2) co-expressed 51-FKBP and FRB-
50; lane 3) co-expressed 85-FKBP and FRB-84; lane 4) FRB-50; lane 5) FRB-84;
lane 5) 51-FKBP; lane 7) 85-FKBP; and lane 8) no DNA control.
84-FRB; lane 4) FKBP-85; and lane 5) no DNA control.
Figure 63. CP Oplophorus luciferase based vector.
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10 GSTSGSCK. PGSGEGSEI YGEFGSGGSGGSSG ( SEQ | D NO 272),

GSTSGSCKPGSGEGSEl YGEFGSGGSGGESEEESGESEESSG (SEQ 1D
WONEN02/1B)522 GSTSGSCKPGSGEGSEI YGEFGSGSGGESGGESSG ( SECY/UE2007/008176

NO 274), GSTG (SEQ ID NO 275), GSSGGSGGSG (SEQ I D

NO 276), GSSGGSGGSGGGSGGSGGSG (SEQ | D NO 277), 15

GSGGSGGSGGTSGESGEESSG (SEQ | D NG 278)

GSSCRKRDRLGTLA GGSSGEGESEEEESEE (SEQ | D NO 279) ,

GGSGGSGSSGRKRDRLGTLG GGSSGEGSGEEGSGG (SEQ 1D NGO 280) ,

GSGGSGGSGG (SEQ 1D NGO 281) ,

GSSGGSGGESEEGESGESGSSCGRKRDRLGTLGE GGSSGEESGEEESEE ( SEQ

20 1 D NO 282), RKRDRLGILG GGSSGEGSGEEGESGE (SEQ 1D

NO: 283) FigutdIBSCRESRINRI vt KAT6SEIS CP(Gtgp A dpus\Ndcdérdge based vector.

SGRKRDRLGTLG GSSGS (SEQ I.D NO. 285
g@@éﬁ@ﬁﬂ%ﬁ@%@% (&P tgeng ggipmn from

S GILG S(ﬁ%@ o q’s"rs'%ﬁ‘(‘:é"éé“? go%egsé’)— with 10
Ges KRDRLGTL

S‘%i%@@g?ﬁ%ﬂm&% @g SEQ ID
Sésosé%%&“mmw%ﬁ%& SRpse conanuets, Peptae
| DSYQEETES5 Fpec Biehmips B are: GG%%‘«&%};@Q %@@ :267),
I DENQEEQG}SSGGSQ}(ESGWSEQQQ NO268), tro Fluc

o7 R DBEER R RSt R ERtgNe e dibRipasa, agsa QD

sewmmscsrges@mmmammmw@mm MB276,

10 CePRrsEReRie SFbRERPbebrEosiha ke Bontier 8T,

nGSWSGSCH@GS@EGSEH@GEEGSGGS@BEGGSG&GG%@ (SEG D

R Ek R R s Y i R 3R i w270,
pot;smemsedzelmmqmm) eGSSEGSCWST(SEQ IhRcerTs)ded
Pob BRIt T b s G LB o BoLypept o e

15 of GSG(JSE]GSCB@TSGUSG@SEIB (SEQIppPepLige or fragment

B R A AT R AT e
cOGGSGGSGSSGMKR@@@IIEG@GS&GGGSGGGGSGG (SEQ ID NO:280),

GSGGSGGSGG (SEQ ID NO:281),

GSSGGSGGSGGGSGGSGSSGRKRDRLGTLGIGGSSGGGSGGGGSGG (SEQ

20 ID NO:282), RKRDRLGTLGIGGSSGGGSGGGGSGG (SEQ ID NO:283),
GGSSGRKRDRLGTLGIGGSSG (SEQ ID NO:284),
GGSSGRKRDRLGTLGIGSSGSGGSGG (SEQ ID NO:285),
GGSSGRKRDRLGTLGIGSGGSGGSGGTSGGSGGSSG (SEQ ID NO:287),
GSSGGSGGSGGGSGGSG (SEQ ID NO:288),

25 GGSSGRKRDRLGTLGIGSSGSGGSGGTSGGSGGSSG (SEQ ID NO:289),
GSSGGSGGSGGGRKRDRLGTLGIGGSSGGGSGGGGSGG (SEQ ID NO:290),
GSGGSGGSSG (SEQ ID NO:291),
GSSGGSGGSGGGSGGSGGSGRKRDRLGTLGIGGSSGGGSGGGGSGG (SEQ
ID NO:292), GSGG (SEQ ID N0:293), and GGSGGGGSGG (SEQ ID NO:294).

30 Figure 66. In vitro Fluc serine/threonine kinase assay.

Figure 67A-DDDDDDDDDDDD. Representative nucleic acid sequences.
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nucl eotides in which the 3" position of the pentose of
one nucleotide is joined by a phosphodiester group to

w0 b@78205pnsi ti on of the pentose of the next, aPdI/Us2007/008176

5

whi ch the nucleotide residues (bases) are linked in

speci fic sequence, i.e., a linear order of

nucl eotides. A "polynucleotide", as used herein, is a
nucl eic acid containing a 15 sequence that is greater
t han about 100 nucleotides in length. An

"ol i gonucl eotide"” or "prinmer", as used herein, is a

short pol ynucl eotide or a portion of a

pol ynucl eoti de. An oligonucleotide typically contains
a sequence of about two to about one hundred bases.

The word "ol igo” Is sogﬁgines.useﬂ iz Elgce of the
word "ol i gonucl ecFEEE 5 FCEARYHEIBl ecul es are

saDdfmoohave a "5' termnus" (5 end) and a

-term nus end), because,n cIe
p h osph oﬂ“’eﬁf’f@r ?lﬂﬁ é‘élgé“‘g‘é%‘gﬁ’ » tRY l"8"‘?‘3 cr BuHeigagids:
c aﬁdqoéhdéf' a$ hdPRIYin $efefsith gua&ctala.a BNRSéA RNANihat comprises
nn wucl eoti des. The ﬂ% of . a nucleotlde at whi ch

§ YHIREYES e v o Pé°‘§‘°“8%\P dRolygentidg ogprotein precursor.
S\ﬁrmh é}ﬁiodékuﬁd)lg@i;inde maWble a&’gld-l&i;gtlﬂpd]%e}gﬂﬂ&; la€rpdgirdat thereof (less
I C ew lin e woul. 0 ' car o s its
SR 1Ry, gt eI iph et dihet e foihieth o wplithoor trerignd hereof
gewah Anothér pdlfiRephds yrddihge ﬁiﬁiorf ;ktﬂy;sﬁpdd@OSI ti onhof t hg
-tern1 ecul es are Sal to ave "%’
ends" ‘?}d “"‘%’e‘cé‘ﬁ’cﬁ‘s*'”%@“ isgrenlenthdinkad seqpence of
I eRsdl @Al deOinFiieh el 30 O LM thElBsntdIt oF oHBANGEOtRIE GjotfRalby a
the 5 bhosphat e of one nononucl eoti de pentose rin

i sphasp riggourHe the 5’ pesifjem obthe ipertogofiias pgxbandiim whirh the
di ﬁ&‘?édn@@ r&ﬁcﬁxe@(lﬁg&? RRAMIES [rfdpelilip lgacg,%m Ther ﬁfxﬂéa? ord® of

end ol i gonucl eot | des referre to as

‘ en@!clqomdie% sA5polyhuslgatide’s as useddierdin, ik @dudlge tahé cgntainfng a
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V\QeaQQFc/e i, 5@&&9&%&%&?4 &Qﬁéc?&ud%%q @rﬂ%ﬁ)f Aft "Qli %ofnulcltegtide"

nmononucl eoti de pentose rrng and
3' org'pyilEen’, jas uspdtherdin, nkedlontpcéy@clqghdspﬁm@m ofaa

%%&%ﬁxdmﬁﬂ r(‘)‘l’i%!)miéoqge ﬁ’gﬂ:taﬁ§ RofthiAfa F%i\e“&:%% bout twg to

herein, a nucleic acid nce, even | tern

| agbgut onq;!mngmh@s@oﬂhaevqmi "Qigoy rm@lmﬁﬁimea e,sedahwcmﬁ thgeword
saidligbudidy@e® and 3' ends. In either 5 a linear or
C|rcular DNA nol ecul e, discrete elements are referred

to. as Nutlpg at@pmlr:@m arggaidto ltﬁ‘vetah'é'-tbdoims‘t(ﬁeann aml a
3w ,T I . ct LS th fact ,
D A o WP BTl B oG Rafesteh fricdaB bechP B ne s
DiNvartsinr aaid B! carlSynp bLak pyntoger rinppdfahe andtimaitan@whuelbaidest The

P e g AR

| ceahias rﬁxcld@hdbl psmdr @ﬂmfafpomutzlbalwa iwhgch £8vP inkage would be
However, enhancer el enents can exert their effect even
wheg 3’ carbon is its 3’ terminal nucleotide. A terminal nucleotide, as used herein, is
the nucleotide at the end position of the 3'- or 5'-terminus.
DNA molecules are said to have "5’ ends" and "3’ ends" because
mononucleotides are reacted to make oligonucleotides in a manner such that the 5’
phosphate of one mononucleotide pentose ring is attached to the 3’ oxygen of its

neighbor in one direction via a phosphodiester linkage. Therefore, an end of an

oligonucleotides referred to as the "5’ end" if its 5’ phosphate is not linked to the 3’
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| ocated 3' of the pronoter elenent and the coding
region. Transcription termnation and pol yadenyl ati on

w@e@nates2are | ocated 3' or downstream of the cpdi/ng007/008176

region. The term "codon” as used herein, is a basic
genetic coding unit, consisting of a sequence of
three nucl eoti des that specify a particular amno acid
to be 15 incorporated into a pol ypeptide chain, or a
start or stop signal. The term "coding region"” when
used in reference to structural gene refers to the
nucl eoti de sequences that encode the am no acids
found in the nascent polypeptide as a result of
t 1 anyded loff @ Moabniet¢oRNA pBiRtb & Land T Rh&ad kid" it e 3CHTkBPis not
re ion is bounded on the 5° side by the nucleoti

r Pipkeditoa ATphosphgte Af psibseruent wemi’rmc{epaéweqﬁwmn@ni ne
and on  20Q ybditheRein, 3 1HRIRAY acid SERABNGCOLRA if ﬁné}nal td Margd G,
TC¥? In some cases the coding region is also %
t 0° lmnuplsmdeby palynueleelesde, dlso mayplesaidtdieye 5’ Bhe 3t e@rdn In either

5 " 980Gear oﬁém t[sm %@@%&%&9& %J?.@ats CUTRE-28%0 s&?em%g

sequences y control sequences necess
f ol‘unshanp'rqrdh of thc ﬁd@\fmarepmr' ypa pd:lerdentf, r Dlnis terimindDbgy reflects the

L e R PRREER S 3t 1 SR BPE R DA Snce

t h’&lyplbﬂl)ﬁbto‘ﬁ&)tér&na efilineécdlefete thaediedt RasscapGbd bfef Biked gene
rce, originates froma forei speci es, or,
P el bole

;1 (e iRen g‘&rféa%‘ér oding regiopygre generalliplopated p'riupstream of

10 Moghiefch@elg F&ghen. LG Qe @nAacef @lemem%llésﬁ 8left Gk @ﬁ”e(%rceen when
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knomn to contai n different p%pes of nutations
" ploeaed 3 Fohqpromotes slemepkard the cading regiomt Trepscriptipmermination

S emﬁdgﬁxlﬁldﬂ%éwﬁ%t drg ﬁ)c%ed %I\ﬁll Mrf‘strpﬁ'ﬁ of th%%%h;nl QE%?“

fromthe w 2 sequence. tatrons nay al so
t o i nseFhd tgrm & d@@" mSg@owemwztzasmusz@ﬂmg)ﬁxﬂqwsisﬁng of

d eé ?éqh@rﬁe%ff t@@@nl&?eowgsfthgaﬁ)gaﬁ ?aJn%Br Lﬂ%o %Hﬁ‘il tg Ibg
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As used herein, the term "heterologous” nucleic acid sequence or protein
refers to a sequence that relative to a reference sequence has a different source, e.g.,
originates from a foreign species, or, if from the same species, it may be
substantially modified from the original form.

Nucleic acids are known to contain different types of mutations. A "point"
mutation refers to an alteration in the sequence of a nucleotide at a single base

position from the wild-type sequence. Mutations may also refer to insertion or

25



nucl eic acids of the present invention and include,
for exanple, inosine and 7- deazaguani ne. Those
wa@kiozhizg2i n the art of nucleic acid technol ogyPCHIS2007/008176
determ ne duplex stability enpirically considering a
nunber of variables including, for exanple, the
| ength of the conplenentary sequence, base conposition
and sequence 15 of the oligonucleotide, ionic strength
and i ncidence of m snmatched base pairs. The stability
of a nucleic acid duplex is nmeasured by the nelting
tenperature, or "Tnf. The T. of a particular nucleic
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opTABIRIE: UIedgr5ih of s FompIFRABIaLY pealience. Bsss,fomepsifien and Sequence
15 deesfi tﬁedhg’lﬁxﬁaleald% iotfic &Qn@&%ﬂlﬂ&&e&ﬁe Bﬁﬁﬁsld&&{éb g dbREXRTe. The
ence that dire ase ind to DNA |
S B ot el Ao AP s b B bt e e, 451 T
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ade ation signa na ancer
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s e q uencCEheaBAn dieBGanﬁﬁthIQAﬁmﬁléaﬁc nAeaHs afhybié DR B&uance
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present omi C or RNA for
C et AR A e S e oL s MR P RS A
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ARCESTIE: BRDTPLABSVILYSFY €25 Sﬁ’cat“ 5 <C
25 pol yaderhel taxtmso hetidngnﬁdns veadrt andrigxpbsssioh aeadrias usddiseeein refer
PTQBiA WY RiNA sequences containing a desired coding sequence and appropriate
DNA or RNA sequences necessary for the expression of the operably linked coding
sequence in a particular host organism. Prokaryotic expression vectors include a
promoter, a ribosome binding site, an origin of replication for autonomous

30  replication in a host cell and possibly other sequences, e.g. an optional operator

sequence, optional restriction enzyme sites. A promoter is defined as a DNA
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the coding region of the gene if needed to permt
proper initiation of transcription and/or correct

w@e@mecasseng of the primary RNA transcript. PCT/US2007/008176

Alternatively, the coding region. Qher regul atory

el ements include, but are not Iimted to,

transcription factor binding sites, splicing signals,

pol yadenyl ati on signals, termnation signals 15 and

enhancer el enments. Transcriptional control signals in

eukaryotes conprise "pronoter” and "enhancer"
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R g PR PR R n SRRt i T PSR G P R ox Iy to
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th hu t.onegal ovi rus.
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cont ai n{]_p% sequ ces cl Fﬁ? lse of rovi di ng. bqt h

pr onot er "ANd'R ‘r‘?ﬂ r?8%t|r°fs 2151 fukaryotgs compgise P’L‘,?HE’t“fro

pr Daéihdﬁdir bste@ems. O%hﬁterﬁhrﬁ’ﬁ?lhhn@?@ccﬂnﬁnsﬁ?ﬂﬁhﬁﬁ%a% &rmnl A
as descr the long term na

r eﬁeélgfréces&a? B P ST b proing Pyt Efpeription.

e NPRfMEREr dnd reﬂham)&Seleerﬁﬁs m&ﬁéﬁfsbm&ll’ﬁﬁrﬂ b vafty! B@ eukaryotlc
endo enog 4 or exogenpus"” het rol o I?OLF, d
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R e T RT WT R
range while others are functional in a limited subset of cell types. For example, the
SV40 early gene enhancer is very active in a wide variety of cell types from many
mammalian species and has been widely used for the expression of proteins in
mammalian cells. Two other examples of promoter/enhancer elements active in a
broad range of mammalian cell types are those from the human elongation factor 1
gene and the long terminal repeats of the Rous sarcoma virus; and the human

cytomegalovirus.
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The presence of "splicing signals" on an expression
vector often results in higher |evels of expression

wo@Roorhzoseeconbi nant transcript in eukaryotic hpSI/US2007/008176
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cells. Splicing signals nediate the renoval - of
introns fromthe primary RNA transcript and consi st
of a splice donor and acceptor site. A commonly used
splice donor and 15 acceptor site is the splice
junction fromthe 16S RNA of SV40. Efficient
expression of reconbi nant DNA sequences in eukaryotic
cells requires expression of signals directing the
efficient term nation and polyadenylation of the
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e
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vectorzE%ny al so cont gepllcons
ori gi nsEBEIeRLEIRressiop 9f! reco F‘éf‘t P %eabwe%weewwa'iw A
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replication of
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to, t b,s cell lysates, The term"in vivo"

r éfag,Fgl tFﬁhg o the coding’region of a given gene in the genome. A
heterologous poly(A) signal is one which has been isolated from one gene and
positioned 3’ to another gene. A commonly used heterologous poly(A) signal is the
SV40 poly(A) signal. The SV40 poly(A) signal is contained on a 237 bp BamH

I/Bcl 1 restriction fragment and directs both termination and polyadenylation.

28



natural environment (e.g., an animal or a cell) and to
processes or reaction that occur wthin a natural

wepnornzoseent . The term "expression systent ref BCBUS07/008176
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any assay or systemfor determning 15 (e.g.,
detecting) the expression of a gene of interest. Those
skilled in the field of nolecular biology wll
understand that any of a wi de variety of expression
systens may be used. A wide range of suitable

mammal i an cells are available froma wi de range of
source (e.g., the American Type Culture Collection,

Rockl and, MD). The nethod of transformation or
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det ect Fd 30 The term "wil d- tg@Bapﬁs used herein,

r efdel ey iRnmendeg: Apann b I profgses grgeaction that
Chacroaf:tvﬁhinSatxia&&aDefnvtrbﬁhelgene or gene product isol ated

froma patura 29. WO 2007/ 120522 PCT/ US2007/ 008176

occurri hYf €B0r ‘é’é’r eSA"’wsmeny frlers IR0y, aSSa SY SRR fetermining
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A"or protein (%.g., a detectable product of a reporter gene) or through a
detectable change in the phenotype of a cell expressing the gene of interest.
Expression systems may also comprise assays where a cleavage event or other
nucleic acid or cellular change is detected.

The term "wild-type" as used herein, refers to a gene or gene product that

has the characteristics of that gene or gene product isolated from a naturally
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that is different fromthat in which it is found in
nature. In contrast, non-isolated nucleic acids

W@ 2009/12052NA and RNA) are found in the state thryT/E%1081/008176

10

15

20

25

30

in nature. For exanple, a given DNA sequence (e.g., a

gene) is found on the host cell chronpbsone 15 in

proximty to nei ghboring genes; RNA sequences (e.g., a

speci fic MRNA sequence encodi ng a specific protein),

are found in the cell as a mxture with nunerous

ot her nRNAs that encode a nultitude of proteins.
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phosphorylation). The nucleic acid molecules of the invention may also encode a
variant of a naturally-occurring protein or polypeptide fragment thereof, which has

an amino acid sequence that is at least 85%, 90%, 95% or 99% identical to the
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fusion pol ypeptide or portion of a full-length
functional polypeptide of the invention in the

w@e@sarse2 of an exogenous agent may retain at PEEES2007/008176
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sonme or have substantially the sane activity, or
alternatively lack activity, relative to a

corresponding full 15 length functional pol ypeptide.

Pol ypepti de nol ecul es are said to have an "am no

term nus" (N-termnus) and a "carboxy term nus”
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t echni RRPRES ok cquled are 52190 Haveany apur A gnt (Y- tsrminus)

ofana aDlcabBk P tednldust (S fdrinrits) bdéﬁ@@%ﬁﬁ&ﬂnﬁégm&r&@wé& the
atlve .form of t e protei

el
e ginind EfRYBOf & Sy i iscaciibiesiaHe pa e Paskbope edtbosyl

i rgrem;cds\mgaeam ¥mindadidarkdidisal cﬂheda&isgmatehanﬁl"l aﬁ’.al"aotemmal" in

20

25

30
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N-terminal and C-terminal halves of the polypeptide. The same applies to
C-terminal regions. N-terminal and C-terminal regions may, but need not, include
the amino acid defining the ultimate N-terminus and C-terminus of the polypeptide,
respectively.

The term "recombinant protein" or "recombinant polypeptide” as used herein

refers to a protein molecule expressed from a recombinant DNA molecule. In
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constructing such cell lines are well known in the
art. The words "transformants" or "transfornmed cells"

WO pazis21 he primary transforned cell s deri vedPdT/oso0Ti@8176
originally transformed cell w thout regard to the
nunber of transfers. Al progeny 15 may not be
precisely identical in DNA content, due to deliberate
or inadvertent nutations. Nonethel ess, nutant progeny
that have the same functionality as screened for in
the originally transfornmed cell are included in the
definition of transformants. The term "honol ogy"
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refers to | S
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senadnsfoeted EORT icludeasd prafifryaRntfhabdd Is derivedrdrt fhe t

b e psBet ol Bouebhio PO G af B ea: Pbgroseny
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20 SOPRRISHL 3 HISEERY, WOSAFEREEh Dl 0% B il 200
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53705). Such software matches similar sequences by assigning degrees of

25 homology to various substitutions, deletions, insertions, and other modifications.
Conservative substitutions typically include substitutions within the following
groups: glycine, alanine; valine, isoleucine, leucine; aspartic acid, glutamic acid,
asparagine, glutamine; serine, threonine; lysine, arginine; and phenylalanine,
tyrosine.

30 The term "isolated” when used in relation to a polypeptide, as in "isolated

protein” or "isolated polypeptide" refers to a polypeptide that is identified and
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wherei n the object species conprises at |east about 50

percent (on a nolar basis) of all macronol ecul ar
wapmciias2pr esent. CGeneral ly, a "substantial |y per/e$2007/008176
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of all macronol ecul ar species present in 15 the

conposition, nore preferably nore than about 85%
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the object species is purified to essentia
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As used herein, the term"poly-histidine tract" or
(Ff%“ %0) refers to a nol ecul e conprising two to ten

hi st i dl A€ uﬁéiﬁiedéiﬁs",puﬁ-," GheanParPsjyct Beidsds e p"é(ﬁﬁtmé?lft species

five ten res A pol y- hi i ne tr
10 ¢ herese fifi AP ap'uPFf ek b aauad%vhﬂﬂéﬂmm Fiipfton species
Moinafiel tEmPdkitadh)) AdpéfeiaBBh suBstantiall§. fErific KaKedn is dicBfposition
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25 nmeinding paréner, dapalsie @h inhittings etcOfprotein or polypeptide is produced.

As used herein, the term "poly-histidine tract” or (His tag) refers to a
molecule comprising two to ten histidine residues, €.g., a poly-histidine tract of five
to ten residues. A poly-histidine tract allows the affinity purification of a covalently
linked molecule on an immobilized metal, e.g., nickel, zinc, cobalt or copper,

30  chelate column or through an interaction with another molecule (e.g., an antibody

reactive with the His tag).
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a selective agent (e.g., a herbicide, antibiotic, or
the like), or whether it is sinply a "reporter" trait
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use of particular marker genes. O course, nmany
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M dvietndodeebnniieio acid AnoMcalds-cahgiising modified reporter genes
including, but are not limited to, modifications of a neo gene, a B-gal gene, a gus
gene, a cat gene, a gpt gene, a hyg gene, a hisD gene, a ble gene, a mprt gene, a bar
gene, a nitrilase gene, a galactopyranoside gene, a xylosidase gene, a thymidine
kinase gene, an arabinosidase gene, a mutant acetolactate synthase gene (ALS) or
acetoacid synthase gene (AAS), a methotrexate-resistant dhfr gene, a dalapon
dehalogenase gene, a mutated anthranilate synthase gene that confers resistance to
5-methyl tryptophan (WO 97/26366), an R-locus gene, a B-lactamase gene, a xy/E

gene, an ac-amylase gene, a tyrosinase gene, a luciferase ({uc) gene, (e.g., a Renilla

reniformis luciferase gene, a firefly luciferase gene, or a click beetle luciferase
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S Ser L-serine 151 Ile L-isoleucine L Leu L-Ieucine
T Thr L-threonine V Val L-valine P Pro L-proline 20

w2aoy420522 ysine H His L-histidine Q G n L-glRCHDIEI007/008176
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E Qu L-glutamic acid WTrp L-tryptophan 25 R Arg
L-arginine D Asp L-aspartic acid N Asn L-asparagine

C Cys L-cysteine 30 |. Methods to ldentify Residues or
Regi ons of a Luciferase Wiich Are Tolerant to

Modi fication 35 WD 2007/ 120522 PCT/ US2007/ 008176

Nunmer ous nethods are available to identify sites

and/or regions in a luciferase gene which may be

nodi fied, e.g., disrupted, yet when transcribed and
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S Ser L-serine

I Ile L-isoleucine

L Leu L-leucine

T Thr L-threonine

\" Val L-valine

P Pro L-proline

K Lys L-lysine

H His L-histidine

Q Gin L-glutamine

E Glu L-glutamic acid
w Trp L-tryptophan
R Arg L-arginine

D Asp L-aspartic acid
N Asn L-asparagine
C Cys L-cysteine

I Methods to Identify Residues or Regions of a Luciferase Which Are

Tolerant to Modification
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15 has been cloned and purified to high specific
activity, and carries out transposition w thout the
wme®d/ 1262 host cell factors. Mreover, Tn5 trapPESpUSmN7/008176
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30 antibiotic, e.g., kanamycin, resistance marker. The donor plasmid may be grown in

standard laboratory E. coli strains, and the vector backbone carries a different
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15 by renoving the block to the active site. In the
case of luciferase, the NN and C termni are

waeepanztserd by about 40 angstronms, a di stance ePLi/uUsi0eT008176
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to 5-6 amino acids. GCrcularly pernuted firefly
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Pro(233) and a recognition site for the protease

ent er oki nase whi ch cl eaves on the carboxyl term na

side of 20 Asp(4)Lys (see U. S. published application
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bi mydfdag;vgcgmg Blook talth hct&e@baer?lH rcrhge(tjtﬁnﬁtﬁfer&e,\/tﬁé Neged C-
sensi n omal n, . , e usert u to et ect rote .
 ofPBI e Errted kg 20 SpgRrompra SBtapFn AR S itf 4 aBYino
a 4aildsd LitduldrB e @ firefBf luoifdiades WERAS@pAed)BnBGf which had a

domai ps, domai n ciated wth kinas hosphot ase

act i Npgrmigug at RsplZ e Sadip hew G isTminu AL CIARRN 4 sReggition

pl fekfsi the pratedst @htsiokghabiHwhizt cldalestanit Barbofl i@inal side of

phosphgr yl at i recogni ti on donpi subst r at es;

P RERAL RS BRSRERbeGruGRaphat s351b &nd

gl RCBAE2004/SPZTASRT Thdadhiditn gf e Fhsed indtantpirétsin wisAndeasad

c ANP- ndent i.ndi.ng substrate, | nsP3 recept.or

Sebonf AR e 1 s hetiient [ B Shveromnin LT RR I Rher

apsisens@s inchuded alcazpasd-3 DEV D dicaeagd aira(Figure 3),|aPSW Eleavage

enbodi ne t he Dbi nsor Ad,s usef t

et I Bg A T Ry BNERSEE  shE Shyt S e thritiu fSaln Nouzp 2

PAKhihoaggibdteadeaite e Ram-GRaV alhileucPliod Gln-Gly-Pro (SEQ ID NO:19),
and a SARS virus protease site, e.g., TSAVLQSGFR (SEQ ID NO:20), inserted into
the circularly permuted firefly luciferase or a click beetle luciferase (CP1: R =
Asn401 and CP2: R=Arg223) (see U.S. published application 20050153310 and
PCT/US2004/032705). CP2 has an insertion at a position in click beetle luciferase
which corresponds to position 234 in firefly luciferase. As described hereinbelow,

circularly permuted Renilla lucferases were prepared.
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15 integrin al phavbeta3, IBB of inportin-a, DMCA or

NBD- Ras of CRafl (for Ras activation), binding domain
woRooRaxsRap Rai RBD with Ras prenyl ati on sequePCEUS1007/008176

one enbodi nent, the biosensor detects Pl (4,5)P2 (e.qg.,

usi ng PH PCLdeltal, PH GRPlI), PI(4,5)P2 or PI(4)P

(e.g., PHOCSBP), PI(3,4,5)P3 (e.g., using PH ARNO or

PH BTK, or PH Cytohesin 1), PI(3,4,5)P3 or PI(3,4)P2

(e.g., using PH Akt), PI(3)P 20 (e.g., using

FYVE- EEAl ), or Ca2+ (cytosolic) (e.g., using

cal nodulin, or C2 domain of PKC. In one enbodi nent,

the domain is one with a phosphoryl ated tyrosine

(e.g., ThabisensoAlf tla:ridv&fﬁER)ncliidtaiut dﬂ:trﬂﬂ:hﬁnted to those in which

hagsphor vyl ati on .of ErbBZ rosin
P ARl Bousi Bl SR PR R PRt p@ing doMalh feih as
VK2he thathiRd28 -1 TRIaCegl, hodphsrtyd Hi-i mﬂ birdiirig dtﬁﬁam) of af-17RA,
PKA .Qg., usin D of . ..ph orylati on of
oy i Sining dbRialiba g, G Binaife PorBaf ot 1 ARKSiHg el
5 EZI\/Rtagersamﬁcg’ dgmdinre.d. ﬁﬁieﬁfssﬁx&m:ﬁe%t pﬂitégﬁ ebrifsrmaticgal changes,
Fqs un, ATF2 and_. J or  p65 NFkappa or .. ..
ot B8 DR Bt ey g £ LB B Rrarbist ahenpieRls higding
i nuexmhmamokmswdﬁmdtmﬁle kinase driphogihoaiss attivatlyllélp ) gegulatory
circul.ar] ﬁbé‘ ted |uciferases, which | u0| ferase

sewgﬂeé ePGEILAR cRdaIpne PG g JREP dgmajgeother

BospRbry{atioh decoMiepn Bbmeins &nd QlbFirate So6ihnd t
Fetsti)onlrya t ggi olr1 rrrtrnlres 38 WO 20507g7u1c305212 inR plotein

10 PC??'U@?&(??V‘B@S arfafehipding pegteip dampins RN 0n a cANP-flepgndent

6 Bindifg sabstRdd, huPs raiertok’ee CKIL BDE, Bdtogefec¥itb? lighd binding
seauences that direct i ndi rect | y interact wwth a

BN apPKl 15 almod Hm bindmgslomaingo| ynucl eot i des

and Pr olédtSentboirhdi( aRé bidRersBE s WiP&rs] @ dm:@t é GdPase, e.g., binding
Iuctﬁ rase enco ass n am no acid

B3 maado A BALP, BOEP P Fabinres RaigkeBas dipianCaca2,

15 aCtdtéﬁﬁn}élplﬁvEetaG IBBIEfMAs6EALa, BMCK dr WBD-R24BF CRAS! (for Ras
rotein fragnents thereof, which are reconbinantly or

syﬁ‘it’rYéi’?'b)aﬁ”I“?'"§)?ﬁﬂarl§'s‘?fz‘%’d}RaPH?' IRRD? pith Reas ng'@@ﬂfélﬁe sequspce. In
a HMrﬁlbcﬁﬁimEMCthfe BiR&ERoAd&ecth hf(4 $§*B‘@(ecg u%rn% PH-PCLde]tal PH-
Bﬁ) é\J Iy the same as _th cid sequence of
TPl anBrdPe o PELOSEE) G S A3 S ER-ARNO, or
P eBHLBimhIWHL@y&ihbﬁh @npg(a lal35p16r P18, 4;1&7(@' £ letﬂu@[)mf Akt), PI(3)P
nmeans tnat Se C () ar ge ut
20 \fe-g e‘fﬂ‘?grl:e?{}E%ggAﬁh é%cgwa&f&%e nYSIAE ?‘t!W&’f’i"b‘he?F r G2
acad,mmhy)fef(ct he sequence to which it is relat ed In
genera no a d ,sequences ta tl
O heCt ot d e tend thSon ST et & pReSP RS peeq rine (c.z.
| efmsSre,7Q8b ardﬂmiFk)i lthat etgcts phdspRoBatiof @ Erts Y/ phosPa¥eylation of
0 !
95t§%‘<§)srmenxg rS?c IA natnldté/GFR, activation of MKA2 (e.g., using MK2), cAMP
25 induced phosphorylation, activation of PKA, e.g., using KID of CREG,
phosphorylation of Crkll, e.g., using SH2 domain pTyr peptide, binding of bZIP
transcription factors and REL proteins, e.g., bFos and bJun ATF2 and Jun, or p65
NFkappaB, or microtubule binding, e.g., using kinesin.
Thus, the invention includes luciferase biosensors including circularly
30  permuted luciferases, which luciferase sequence may include deletions of residues

at the original (wild type) N- or C-termini, or both, e.g., deletion of 1 to 3 or more
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15 Honol ogy or identity is often neasured using
sequence analysis software (e.g., Sequence Anal ysis

wedoraznse2 Package of the Cenetics Conputer G oREI/US2007/008176

15

20

25

30

Uni versity of Wsconsin Biotechnol ogy Center, 1710

Uni versity Avenue, Madison, W 53705). Such software

mat ches sim | ar sequences by assigning degrees of

honol ogy to various del etions, substitutions and ot her
nodi fications. The terns 20 "honol ogy" and "identity"

in the context of two or nore nucleic acids or

pol ypepti de sequences, refer to two or nore sequences

or subsequences that are the sane or have a specified
patsiéndisagtheN-tamins aadildo 6es inbue fesidienatcheOttedsifus, Baivell as
are the sa en ¢ ed and aligned for_nmaxi mum
coenuseRtaneely 8 AT RPN e T r SiaE Bhat ed

r dgi on B&nipeas PoBeutisotides any Progdier of 25 sequence
conparison al orLtth or b nu?l al i gnnent. and . .
vi sual | éB‘é“@?”PBh‘.‘C'“ 5P M IR FAr o ERTSIng ¢BY Aginoyacid
oneqnae hih pmtiaesaespay;ﬁ@iigé Eivl\?]@ a 8@EdIsHI6 Bctivig, ¥B1, ch

t est .sequences are ar ed. en usi ng.a, sequence .

o JHRHIEREBh AV P il =3 Rt e s theEe Sdukh e Eeomyinantly
endreytleticallP spnthEsgid! Ghe lucHeRSESH4QBINRS 60D IiddITReSciRFfRe are
d%@%?nated, I f necess and sequence, al gorit hm 30

Y

ry,
AMF YA hstanta @‘edé‘EF ghile aginaReid sRapense R Pam
P &oReEonling GAddEiddIaélferade. A@bt)@&ﬁtﬁ{eidf@c?&iea{mtx@rsﬁbﬁﬂﬂially
be desi gnated. The sequence conparison. al gorithmthen
33hSmOTIS BREanD f%ﬁ‘s%'@‘?ﬁ@‘ggi‘?‘{?mc‘éllﬁf PLYy R npgyehot

PentifN b& el iiRteanddeninstal fegctiofsl aliaity 65the SQMIYAIRAB Which it is
relatixi to the reference ﬁgguence, based on the

progiedmim Bnsrt: RyoamigR ARd Jeausncesargipataptially the sares et

f Gubgaiafy heMbBlckoas thdy 4¢8 8IBast M0%H&endithl, e.gORbve R least 80%,

al i g t of sequences for conparison can be conducted
b;?oﬁggf}b%'dl“’@' SHY-0gy al gorithmof Smith et al. (198

1), by Hdiolbgy'od identititlid GdRBRasarled Qking Bequehce MaREIs@BRWare

et al. (1970), by the search for. simlarity nethod of
i o Sobiends Analylis SPRwag g kres he 414 GEFFHBPBRERT QL2 Bns
ofurdit@siey 6 WcbhdiBidteNRoloBzEEhier .1 7i6\EhfversifihvehidMddison,
[ g§7¥X§%¥ES| CGeneti cs SQItmare Pa%ka e, .Genetics
c:o% oP)- aﬁ?wsrfsn%@}eé ioulappequeRgey Y grsisnipg degseesinf
NidHdlogy tb AR defdlidny, isGblitutibils bith PBE hEdlficALRINBULHRY terms

i npl enent ati ops of these nathepatical al gorithns can
beRQmpIogy and idntiog, 1B 2 coBfPxbot el SRrE BTGB AEIIS PR ne

S %L@Bﬂ&?el ﬁqdi. Hric'dégl ref‘é‘t.IClE)thj\é/_kl)_EB h@i’@ﬁ:ﬁﬁ&d}g@?%—e subB&jubhtes tHitlhre the
are not. limted_to: In the ne progr.am

P LS R PErIe REEPT RRAT ARG SO BRI o7 AHCLAMAAS that are
Calhé da@tfenivieen; contparedldndligheifoaakivains téfespotendéibver a

comparison window or designated region as measured using any number of

sequence comparison algorithms or by manual alignment and visual inspection.
For sequence comparison, typically one sequence acts as a reference
sequence, to which test sequences are compared. When using a sequence
comparison algorithm, test and reference sequences are entered into a computer,
subsequence coordinates are designated, if necessary, and sequence algorithm
program parameters are designated. Default program parameters can be used, or

alternative parameters can be designated. The sequence comparison algorithm then
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15 GAP, BESTFI T, BLAST, FASTA, and TFASTA in the
W sconsi n CGenetics Software Package, Version 8

w@ ao0aitk@kt e from Genetics Conputer G oup (GCGPCBHUS2007/008176
Sci ence Drive, Madison, Wsconsin, USA). Alignnents
usi ng these prograns can be perfornmed using the
default paranmeters. The CLUSTAL programis well
described by Higgins et al. (1988); Hi ggins et al.
(1989); Corpet et al.(1988); Huang 20 et al. (1992);
and Pearson et al. (1994). The ALIGN programis based
on the algorithmof Myers and MIler (1988). The
BLAST programs of Altschul et al. (1990), are based
o ncztlhﬂatads gerpetdem sefjudtae identivesdortht sesh sdquedc@9 tlative to the

f ware for pe rfor(ﬂn ng BLAST anal yses is publicly
av%ﬁ FEBicS P RsHE PRBICEENAPIEIREE f or
Bi ot echmekugy of ailfi ghinteat 6¥equence for comparison are well-known in the art.

http:/ nchi . nl mni h. gov/ 25 Thi s orjthm
(DRl A e fop Cofmbrrisaf 2an fi SRy el bt W loeal
5 ( HixbaoloBy algdfitink by$mah SM{](U 98\0J ?ﬁth@fhohﬁkgtyfhllﬁ‘ﬁrhenttal@nthm of
uen | it mal C
R aa Eriiao T, SLimE PG S AR TP SR B Tl 4 1988),
M?ﬁc&fm%ﬁtbﬁzedsmﬁﬁzrﬁ@wbhsb onjr;aseédagoaiﬂaﬁe(@,eqmmh ITIFﬁTA
rere to .as the nel orno WOr Score thre (0]
%ﬁﬁﬁ?%ﬂn the Wleew? Ee“ﬁﬁ'@% Oﬁanteq’éFk% GesgFnGoRputer

WOG%J’}N 535 86iEnc@D 5, scH) WP or biintdnakl Aignmead saessubD
find I onger HSPs containing them The word hits are
10 ¢ hByPecEfended in both directions al ong each sequence

f or as Campakr iMflembiblidisiof thedOmidReraAfiddl a&aa&ﬁns can be utilized
/ US2007/ 008176 alignnent. score can |§1 Eleas
HICSTPHES ORI PEBICBFE “g Fieiag %“tﬂluﬁ%‘ieﬁﬁe”‘?)b uch implementations

NURcR@E] Klf af P BRGRE to: tdwsnmmmme IPE/Obitd RBBYath (3¢4Ia8le from

zgé\%"‘jl a'er%% e M SrseBR 55?%%33!@%‘ Pf%ﬁr%ﬁggiog)z-m and

15 FOGA&PFTBIES’I‘FE]IF @IS@S{}:I,@W 5a&Ad S@WSiT)!gEnxrfmé ngcdn&fnl@dﬁatu!so
ca the cunuj ati ve SCore te | on O t he
%ﬁ‘%‘ﬁ?‘te ackage, Xersign Bdayailghle drom figpeliey tef fgoup (GCG), 575

CUSME@e'DtYﬁve Mdd%ﬂEWHSI:Sﬁ‘éM gjsfxa)l |§ll§3ﬁﬁ€ﬂkk}’ust|ﬁ&|h€dté§i’6gr§tﬁs can

I TS cnl eve va unmul atl ve

sc ‘?%“’%68?" s g%g%’r“ ‘H@F%Wt%r&e*gﬁciﬁg 5&01?.(8%1‘*51 is3fllof
?E@es@ﬁbdm?emgt@ﬂﬁéﬁ AV Er938 R Higdnd @&Sal. ctwsgqjl C@r@gﬁn?ﬁ(wgs) Huang

e el er se e re n a I T1 0N

20 ca?tn?ir}g?é) eﬂéqﬂéﬁ@e%*ﬂéﬁtlﬁgm A?:?Id on the
alhggdsq:mhulmf Mgeralaﬁ@wﬂerf(wm Thé BASTt prﬁglanarwhytsaﬁn ef al.
t m t t t WO uence
<P et e ey ok ETRERd s Caoeti 51 1y

pr ovi deSbfbyart ier }ﬁkﬂ&ﬁiﬁngﬁlgﬁﬂ aruyses istgubliclyabviitble thivligh the
ovi des, an i ndic

P8R it b Bdsoenfitlogy 1oMioR (pRE (AR S nimnh. gov.

25 n uThie algiofl ehn® invalvies firsh édedti By e gle a’:‘onn‘gﬂahtd:nﬂf}]ﬁ‘zuﬁ’s (H};Ps) by
ﬁnﬁgtgfg}ng os wongs of ler?gtlg Wltn tgg 8ueei"y cs:eq%%hce w%q:lll\ mtﬁer match or
satisfy some positive-valued threshold score T when aligned with a word of the
same length in a database sequence. T is referred to as the neighborhood word score
threshold (Altschul et al., 1990). These initial neighborhood word hits act as seeds

30 for initiating searches to find longer HSPs containing them. The word hits are then

extended in both directions along each sequence for as far as the cumulative
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15 simlar to a reference sequence if the smallest sum
probability in a conparison of the test nucleic acid

w@emoarse2 t o the reference nucl eic acid sequene€r/iS2007/008176

10

15

20

25

30

| ess than about 0.1, nore preferably |ess than about

0.01, and nost preferably |less than about 0.001. To

obt ai n gapped alignnents for conparison purposes,

Gapped BLAST (in 20 BLAST 2.0) can be utilized as

described in Altschul et al. (1997). Alternatively,

PSI - BLAST (in BLAST 2.0) can be used to perform an

iterated search that detects distant rel ationships

bet ween nol ecul es. See Altschul et al., supra. Wen

ut all g'nﬁiehgscoﬂi_dkﬁ'ﬁe ifapped. BumblhtiveSordlahSdalclited dsihg ubi
par anet of the respective ogr ans LAS N

P op Sl Srebgeces ah BRBRe et eRard 5o s i i

25resigack; allhgs BIOASANNIpegilgHcéiedor muﬁiae;atrigdesﬁmuﬂmgg;;c 0).

uses as detgults a wordl ength gg%(gf 1}, an .

exPUATAR? BHE Fgucpes 1 DSCOGNE fAF SgpeBEalcpiaks threupulatiyg

a sc@earmanér&m Tthdwbill Hitslia Bath. difebtior?drt RAfltedGikkn the cumulative

uences, the BLASTP pro ses. as defaults :
oo BRGLror ISPy b ARBk eruis Mas gt Aicvat qalupghe
BLESD IV D e s86@IgoBYtoiRtd d'mq)ed@ﬁ dudnh&adchimélation ok 6hd or more

1989) .. See hti n1 mnih, gov. 30 In

st iiysoring riigus A MER ol e e Bl Keaungs 1 reached,
but for lnaadgmﬁ&eéaaaﬂhm% wea&dnatdqaaace?dmm ﬂieVBLASE algorithm
var,l at | enot e.r enent .of, an

20899 B aﬁ@?fﬁtﬁé& %S"“é'ﬁf‘FYobeé‘tf?ed‘ trve§r:w§cwsec

an@f hEarling cau@gm lebga) SORtE hiiabsdrest' ﬂhhﬂan@ﬁwhaﬁbpﬂae BLAST
at.i ve iations jnclu he s stitution

onser
B hPdp ssTa S A JHRPHEE Yoipfetion of the

I qu@baiwh@rbyrmhm Oatth Hebleent@b hﬁéleotﬂfe drlaﬂmsdlma bdqubn@eB
of o g reS|€$e for, another such.as th

S u‘tS%‘f Pﬁ‘i‘ir ¥ cBrcgr GenfrAmPlenf 195] ayclRic agyd ﬁ‘fqé‘ﬁ’i“i? if gpnsigered
asq@maﬂ 3 aaefeekslce OdquehddifHethalledt savh PAstABIIRRIn A8npdiRon of
lustrative ex ples of conservatlve

SUBE TR Eci ARG P EAERE Ui SR AIcE s oo than
S a{uoneo 1 ahgiepréferably ledsythasbouf8 PA! g init prrf@hbly #¥ Bfan about
& stldlne aspartate to glutamate; cysteine to
sé} glutam ne to asparagine; glutamate to

aspart ar @obt@h}g@ﬁm ﬂ@nﬁbﬁdsifﬂﬁ:orﬂﬁaﬁ&drﬂﬁtﬁﬁosﬁ @Gapped BLAST (in

VIPEASY 5 sn ne R dh ARerbRf o bt (%) Y1 sivsly

arlgSIFBIn,QST ¢inBI2A$ N 2,0) 04n K ﬁﬁedlmb&forﬁﬁhhteﬁaﬁémﬁzafdh that detects
I oSi

(0] SoLeucl ne ne,to,t ) eye
| P G GhonshibR el oo FiolERs Sy ARG bt Wi lizing
t cBIs,esT,rreappw BT mlmAsm aisd deault parasétare of the respective
t rypt oph ani n val i n euci ne. to
| aBr AR e B RO o ikede seqiBreruin RS R e ietinaon be
i rusedit TinBLASONtpragrasd fératucleotide sequences) uses as defaults a
wordlength (W) of 11, an expectation (E) of 10, a cutoff of 100, M=5, N=-4, and a

comparison of both strands. For amino acid sequences, the BLASTP program uses

as defaults a wordlength (W) of 3, an expectation (E) of 10, and the BLOSUMG62

scoring matrix (see Henikoff & Henikoff, 1989). See http://www.ncbi.nlm.nih.gov.
In particular, a polypeptide may be substantially related but for a

conservative variation. A conservative variation denotes the replacement of an
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15 expression in a particular host. As used herein,
optim zation includes codon optimzation as well as,

WO poogakiEeyotic cells, introduction of a Kozak BEUs200%(08176

and/or one or nore introns. Thus, a nucleic acid

nol ecul e may have a codon conposition that differs
fromthat of a wild-type nucleic acid sequence

encodi ng an unnodi fied luciferase at nore than 30%
35% 40% or nore than 45% e.g., 50% 20 55% 60% or
nore of the codons. Preferred codons for use in the
invention are those which are enpl oyed nore
frequently than at | east one other codon for the sane
amaminceatidiresiduabp andther biatog@al g sins har essitiue nBxaiples of

f bl. I I . i n.that
b S SRlt lafin B8 e s AT oG PRTBRLYF 3idhg e =
us &dlducine Clahing, leuciikcsranéthioine fhreaneier, @8 seambsftutidieof one polar

PUEL A kAP S o MBS o BB 5 5520 a8

5 haspattity R&dspor gltamineCod afparapine@id tha kel ARhénMluOfatif® ELamples

codons that are enpl oye e frequently than the & .

or RO AL s PP Lo BIDE pharr o latioh Lo sesinecaiine to

i nlyistie; supataging tagivtamii® bekidliding; higpartattoiithmytede iR to
fre%uentll% i.n_one organ_iém than in anot her. orgapi S idi

r e SUIMEsB RN IRASBIBSIAES QU ATPE L0 PRI YORA Eyproline; histidine
| Nty aguagtie bRRtdniife;aedibscimf to 3hcintr eagas) 1&dink i@t aline or

enpl oys. those codons nore frequently, is expressed in
10 Bt Rint1 95y B SIs estbs o7 Bleiaris Cor RO E 1o e gr

| e?&gleutihagtpﬁeﬁylgraﬁﬁk% t)trllmﬁb, ldmeingx)p h&&ﬁcbtﬂﬂe;&éﬁﬁeﬁlﬁ threonine;

wi | .d-type or .parent nucl ei c aci sequence jn those .
ce MTEomHe o SHRNG IRBUPAINIC (BPS P TATRE R IrEPoPh o Phgylalanine;
t hahlirerte isdlduti@e émleudine. t hose enpl oyed nore frequently

' [, i.le in another .enbodi ment .t he cadons . 5
Lhar e I St erbibenty R R ol P e BN By e fg

15 i Negpridsivitin aPafizilar GOt AN stuyRERREin  GPifELatiof. ifcluddd¢8a8énh

20

25

30

may have . a different set qf ef erred. codo t han
an%’f?f@\za“‘EWewedE a ryofi¢ g !}ﬁ g’é‘?d‘é\“‘ﬁ&n‘g P?‘fﬂzalf sqappRee,
of a/édnerdayndi@i@rons.dThisg s AGdleis atidGholequl €@y hevk £EHORS

t han anot her type af plant. |n. one enbodi nt of the .
| nampeaten thatdifers frop thal ofia Wik OPG AGFIEK a5 ShueHicr pagoding an
ar eniodified dtferaseatphcrt eiaheSd%s; 389) 80% brandr@ ti@sIsPE@.g., 50%,

host, cel,l . Pref d cod f e. g.,. hunan
oSl e LSRR B s SR i
éQ%);e whigh aﬁ?(@mbﬁd mbeffgqétéedklrim)smﬂ (l:;éli_z(éd&ﬁL‘ESothérl’H_?thd for the

ut_are not limted. t ,
(ST SR apidaf'y bt g Sl eno sy Bl ey ot low-
CCagé\b@dons GBa( éagynism Ghbake\fdk Jow-Addge coddns in thEbrganism used to
(1]

() Bl e 0oy SO SO (3] e

( Peadong Reedartaih amling acl@3Q}., thobelsminpraefde khiaé Have three or more
codons,), may include two or more codons that are employed more frequently than
the other (non-preferred) codon(s). The presence of codons in the nucleic acid
molecule that are employed more frequently in one organism than in another

organism results in a nucleic acid molecule which, when introduced into the cells of

the organism that employs those codons more frequently, is expressed in those cells
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“humani zed" synthetic nucleic acid nol ecul es of the
i nvention have a codon conposition which differs from

wa@2mirhizghsey pe nucl ei ¢ aci d sequence by havi ng aPCT/US2007/008176
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15
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30

i ncreased nunber of the preferred human codons, e.g.

C&C, CTG TCT, AGC, ACC, CCA, CCT, CCC, G=C, GIG

ATC, ATT, AAG AAC, CAG CAC, GAG 20 GAC, TAC, TCC,
TTC, or any conbi nation thereof. For exanple, the

nucl eic acid nolecule of the invention may have an

i ncreased nunber of CTG or TTG | euci ne- encodi ng

codons, GIG or GIC vali ne-encodi ng codons, GGC or GGI

gl yci ne- encodi ng codons, ATC or ATT

I Satl adleneel rieat @’\greafengamdﬂ&npresﬁ@ome @UA-tppeodr paeent nucleic acid
encodi n ons,,. CGC or CGI argi ni ne-encodi ng codons,
AquB?m;%ﬁﬂ‘soé?fﬂg 25 encodi ng codons, ACC or ACT
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E:Eﬁfefeﬁﬂga)co %F-lthdag{:}fh %?u?ggiﬂ lbut no l J m g\ e mventlon
( Tite )maj &t of RreaododsGhiCid tffer afmeé Seu jre pﬁﬁérré({lqdbns BTG

val ), , AT 43 07/,120Q 22 PCT/ US20Q7/ 0081
(1 Fsfred fugop ol psbforigd G00QrsdP Paimpealsders PUESRRS) e pjents 3t
( Hkrsown tGARe éx@(d.lg Wadd\et a(lASQQO) 'FAEe)(aTl)p’lé, pri&¥ted RyB3an codons

omepien el BERTR R Rr B o, BT IR RO T ace

of (THrRIICA (Hroy GCR(Pra), GCAQ9A), GEC {0, mIGH(Val), ATC (Ile), ATT

! ’ . , ¢

OleheABR 5 BEC Cah o AG Gl PERS TR Had Atk fag ase)
byracrl (irg}r)phasje(O@b)edeIaer (i) (Wadsstnll.nes903. Thed, padared

ch t hods k
R pa SmRE pRAER s Mlstlse dtanginseRichdtiug Afpdon
aI cqm]ﬁ@ltiod wiiesdiffeayfrort @ valdhtyhe sudeic acid seghience by Bavigg an
ford, Il 11 1
oEBtreRs iicr BHBF B red Pupin Bllons g OB, £ IS aac,
| ahGCataA, ERIGTE, @@@1 @fl‘Ciand‘Cswm’meﬂsA@ KACSCAG, CAC, GAG,
' h Bi

a8 T oy o Cam P Bleal o <GP B Btk aci
t emokiuigof dfe iesnsion maty halve ar{ il@B4jedananter of/C?HG drd@TG leucine-
SYBLER b, BTELIASRC VAAR {28l 8500 BoRULIdSH R Rl
si emgbénglcadcms 1) é?mrsﬁiﬁlhisalesynse-equmgmdbnsz €A ar @Citpeolme-
Ofencgg’ éGbSorl(EH"F ng' gnc%ﬁﬂ?l (Q)%gll;st %q}(l: n:t ’PC? serine-
second e b “Correspor reservol
Wh¢m;hdlog nbdprts, ACCor ACT threonme—encodmg codon GCCor GCT alanine-

encoding codons, or any combination thereof, relative to the wild-type nucleic acid

sequence. Similarly, nucleic acid molecules having an increased number of codons
that are employed more frequently in plants, have a codon composition which
differs from a wild-type nucleic acid sequence by having an increased number of the
plant codons including, but not limited to, CGC (Arg), CTT (Leu), TCT (Ser), TCC
(Ser), ACC (Thr), CCA (Pro), CCT (Pro), GCT (Ser), GGA (Gly), GTG (Val), ATC
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solutions for attaching or anchoring an appropriate
amno acid to the pin's or rod" s tips. By repeating

W@ ®/1205p2 ocess step, e.g., inverting and i nseP€T/DRIDTIENS176
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rod's and pin" s tips into appropriate sol utions,
amno acids are built into desired peptides. In

addi tion, a nunber of avail able FMOC pepti de synthesis
systens are available. For 20 exanple, assenbly of a
pol ypeptide or fragment can be carried out on a solid
support using an Applied Biosystens, Inc. Mdel 431A
aut omat ed peptide synthesizer. Such equi pnment

provi des ready access to the peptides of the

i n(ll’ﬂ),t AT (lle)eAnle(Lysy ANC €8$n)sGANHERR)S cmc mis)s G hEGlug,

A n,be co us
ﬁg\r(’sé[%&;r 'fé éifﬁ?queské%hﬁﬁ:%ﬁ]f Sqrgﬂy 'r'}aeltfs tb%'%f’ ul
wi (Mutrimeetbdl 9§9.d Prefiotddenderes iy differ fqnvléfﬁrcm typed bh€plants
po{j\x,?éjacge?)t mof the invention which encodes a
‘uc

rase may be enployed with other
nucI ei ch:mddLﬁequw pmtgns ordusiai 'pnoeemseaﬁxﬁamemumhnay be

o yePuBbl BBl Pfior Aoy R0 pIR Rl Tuierlle e

C— tethodn Slucl oethods paxetteen &noven th the artkinse die early h960's

sl 1Ty uhi oL SRl PR RRoeShesin s

ZOﬂl—éfc}:ZDﬁ:ﬂﬁchCBl BS2Rfdrd, 003 pp Al 1- X)) imiﬁiaﬁre frecentbybeen employed in

e L L s T R
| nRésedeh knmcmmcamt Sdch rRbin@xekrdiall yadviailable Yabd eatdriy tkits Béve
ther  funct ot el n.sequence uc
bt D B R h RGBT a5 i gy dI8P Smnesicing
f upmitudemmonph@hm of mqluemeexf s "esrC'pdns” all kf whieh are connected

Calttoaal é’ i C ne\ffleﬁl(sHa‘]ng Is,]ysgel;inZ r},ghz al |p}‘3%8%’°dgfrﬁg§gg?ﬁi§tq e%ed

rmaretmmtetl @ntp arstcond|pdate afmd’ﬂﬁ:splmdd&, wells cmagsmm;ire d;ehxah contain
Src nol.o SH2) . donai n ( Sado ,
vy SUORER 5 Bahim p oy SR b A RinG a0 e bin Sorrocrs
prupse By réegrating pediafpraasd ste)iengldnteotighasiihaiytghe dod' s and pin'
tyl n onai ns,are neral ly pept.ide

& 24 G Caopfprialesailiols, 4IRS fifaies p ARG HeteEiRpliacs"m

e egid,ltl@uahurabemfevmiHWMO&wbpode ayrﬁh)dslsckystamparetavalﬂi% For

R R e
p I pipeoh usingyn I&eph&balosyﬂtem éncs Mplepdd iA atarmited peftidehe
[ f finit i ndi
%9[19:&&1?\“ guclpéqgl &?lllgéllé B%WC eg Irf:a aI c%lss % tpflz E%olt@g%] %ﬂﬂ% élventlon

n co , ar ose.
e nather by dipesp syrdiessis @bylsysthedihef a:sh:iﬁbs of fragnskintgthekaramiba coupled

( gl ut at hi one- S-transf erase
%%ﬂ“ﬁ‘!” 3 Qe"hﬁwt%h. one), biotin (which binds

Iil. Fusnon Partners Useful with the Modified Luciferase of the Invention

The polynucleotide of the invention which encodes a modified luciferase
may be employed with other nucleic acid sequences, e.g., a native sequence such as
a cDNA or one which has been manipulated in vitro, e.g., to prepare N-terminal, C-
terminal, or N- and C-terminal fusion proteins, €.g., a fusion with a protein encoded

by a different reporter gene including a selectable marker. Many examples of
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to avidin and strepavidin), and the |like, can also be
used for facilitating purification of the protein of

wo paoenzse2 The affinity domain can be separ at eBCT/D82007/008176

the protein of interest by nethods well known in the
art, including the use of inteins (protein self 20
splicing elenments (Chong et al., 1997). Exenplary
affinity domains include HsV5 (HHHHH) (SEQ I D NO 4),
H sX6 (HHHHHH) (SEQ ID NGO 5), Cinyc (EQKLI SEEDL)
(SEQ ID NO 6), Flag (DYKDDDDK) (SEQ ID NGO 7), SteptTag
(WBHPQFEK) (SEQ I D NO. 8), hemagluttinin, e.g., HA Tag
(YPYDVPDYA) (SEQ ID NO 9), GST, thioredoxin,
c ehuitablzdfesibn patitnegs ate kaowin tdRHE RS ahSE) bdeBfloed inltBg practice of
Phﬁxeh‘h\% EI s-Thr (SEQ ID NGO 11), chitin binding

in, peptl de, T7 peptide, SH2 domain, C-end RNA

t ag, V\Elewmomm mla@ AP lintikBd td Bffinity@baiairsion dthl&g
| bi
oG i s e P AP RGROO AN o RO G181 For

5 e gxampiq larfonktional, prbreomqu@cemayceabdnenﬂuﬁase cialysiy d6indin
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el e fronef IS PN SiRhpratet ok iy sppymatically add

c ablﬁm;ph\até aiofietes wWhptiiidularaiiflo peidd, or idy en(ﬂﬂlé\aéﬂrb Wdhidlogy 2

B e ) g e e e

st fuepinqxbtdmrthatwmmcdu@ bikd3ue | phl@sphb@ﬂ%&fd @ﬂﬂhﬁﬁlc es and

Tlsi on BAMENEP ARG Eecliscll p-Blds SRoTE bR 9 HersLish 2

pr binding parteerge.g., sudhias oa¢ irkibdbiliag] omasblidsuppert. DNA sequences
enbodi,nent e urlflcatl nta is fused t.o
C PPHTR R fite sBiferi aelF il apls Pt bRides. when Rised o
Anthielegpresded proteih, thagboised dbit mﬁrssep lﬂﬁ‘iﬂd:dl@é‘n & thé fdcBinBinant
encoded rt.e ene, udln but re, not
T ARy Kieh aRARS idine R i st ik o kel ihoSe,
C a$equgRdts enco iy pegaae su’thhty thegshiteh biadih glsange.r(wmcﬂ. B to
niLtril ase ene
DD LtioR Srag St GO boRatedtluaes LG iy s
Ki t&aﬂ'lﬁim gnﬁi‘lﬂrepaﬂdﬁhhf},%d IﬁlﬁéSlthéaS&Szgﬁﬂ& usad lﬁiﬂfaﬂgtatmg purification
actate_.synt n AL or. acet oacl 1 .

oy i s Bt e MRSy T a0 B Tk S S alea frort Mheprotein of
gemﬁ:resabjzl aledipds v«ég kabwqg éntsart, @lenﬁmfg&héllﬁeaifeﬂiems (protein self-
anthranilate.s t has at con S S| stance to..
SRR P DA R ey BaemaRy ARy fgpdod fefiee Hsvs
13(-I-II~aIdHHrmSEQ dBMND:49 H(lyXE(IgHHBTHHp(SEQ DINSe gepe, a

oa

( Bk RER o 5Se0 3P O R YRPIIORE G B NLFT Stepirag
ae(dM&HPQFEEm €SEQ ID ND:B), hemaglainiin, ;erg),t}e,i\ Tag €¥BYDMPRY A
gr t {8k
D0 I NCL S O8T, oRrelu g ninfnepouih Ul i o
geNOsl O)herHisiHiodar ESEQ H2 NEd:4b), ehitiabkiding ddnse, S-peptide, T7
SESfhd, Y2 domain, C-end RNA tag, WEAAAREACCRECCARA (SEQ 1D
NO: 12), metal binding domains, e.g., zinc binding domains or calcium binding
domains such as those from calcium-binding proteins, e.g., calmodulin, troponin C,
calcineurin B, myosin light chain, recoverin, S-modulin, visinin, VILIP,
neurocalcin, hippocalcin, frequenin, caltractin, calpain large-subunit, S100 proteins

b

parvalbumin, calbindin Dy, calbindin D,gk, and calretinin, inteins, biotin,
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can be detected as a neans of identifying or selecting
for transforned cells. Exanples include markers which

wepmodzos22 secr et abl e anti gen that can be i dentPET/E882000908176
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anti body interaction, or even secretable enzynmes which
can be detected by their 20 catalytic activity.
Secretable proteins fall into a nunber of classes,
including snmall, diffusible proteins detectable,

e.g., by ELISA, and proteins that are inserted or
trapped in the cell nmenbrane. |V. Vectors and Host

Cells Encoding the Mdified Luciferase or Fusions
Thereof 25 Once a desirable nucleic acid nol ecule
engeshravidia, MpéiDf idpltutitie kibpérasquedtesiand maitese Hirhﬁﬁg?p'lf)tdns In
prepared, . an ex ressi on cassette enco? % ttw; W% difie
| uet gpbgdimeny, ths fysiorn pARtngr IS ASPARERBTETY; i guiiye fusion P“’te“’

noelf, a@tls bUGE T @4gg akd insoreregribadigsbnt E@rpumﬁaﬁfmxﬁag & fused to the N-

nucleic acid nmolecule co a nucleic acid
seﬂrgﬁea“@ﬁég§FH§“@”ﬁ8 qf§£m°g33$?erase is optionally
5 oper abl Xnbtheke&hstod ﬂlsicﬁﬂﬁﬂhéxﬁliridlmleﬁ Q%t&h%&o&ﬁ‘lﬁ%ﬁﬁ@ﬁ-ter
e.g., 30 one or nore enhancers, pr onot er,

t r &1 dingnbitare ot dimitsd t%écﬂférﬁéée 3P-gal g@B?rﬂn&ﬁ‘étgF‘éfm acat
t hgg o n& a9 8éeNa 6B, LaSmpr! BEnd) WGP e, a
acfgén% i %ié&né%:)%%EG WO 2007/ 120522 BCT/ US%OOJ// 008%
exPitrdlasy gsRe.cHBAIC{QRYTangGidp Benien kYRR BCHC. hERIdNe kmase

€. fenc, 4h Blaﬁﬁmlﬂiasg ped, Bﬂutyrﬁﬁ&é?&lactamyﬁtha%ehg@Qt,é)yor acetoacid
i ncl udes a sel ectab mar ker gene, and vect or

i nmsage eenct(@AD) %:@mhosﬁxqtmfeé\s@gt dhft é?neex &ﬁ'ﬁp@ﬂ dghalogenase

pr gés@r ymaqecpﬁiukm&%@sﬁ&a& g&ielthat c&fe%%gmo SDfethyl

Baci | [ us spp., g yl'ococcus spp. and the like, as
mtashaedw 96&2@ @ean R-1pqys 2ot Ad-Betamgsegane aidbeens; an a-

gﬁ.ﬁe} enb Ul ma¥§géxfe arfarfthozoll ﬁﬁ't@rase%‘z?«f) NRRETW.EES Renilla
osac rony es, or a manmalian ce

Pr eéforned lucifieraat eent), @elaegudrincenelea ref Guprescent amtqnm gene, or a

OV%qr'égn ﬂﬁ@t@éc@ﬁt l{)faelir{ %@1 W\JJ&H %mlrp{ﬂcm’seﬁclgbl’e creenable

sim an, and J) ells. Preferred mammal | an cef?

| | maxker geries dee, almena? werhnqbtenqqdmat"qut@)ble aracker O@bpse spggtion

HeJ:a?’n be(a\éiécted%s aels of'ﬁggt?@mg%? gel&tlﬂ?ﬂ?r &ﬂsk&me&g ]Tshe

expression of an encoded nddified erase may %

C oﬁtmlpsamcwe magkerpbieh eegode asadstieblgfantiggy téstsqaa ipejigentified
%%5‘*%?# gmasé@f OF Vil Egcfr%t I %Bgy%éasﬁgmﬁg @‘{'\ &@ec ctod by their

SP@taerrc acrlsnyt Secretgblg proteigs fa@anto a puygebeg of ﬁlamee)secludmg small,

PT &PRLISI rptpfn§fd€{eEt%QleeéJ§ apy RLISA PR 'E%t@iﬁé tHaf Q:‘elh‘?s%ne&)Hnt

are not Imted to, CORStitutive pronoters, e.

vi ¥rappeg inthscell sembetneas CW, SV40 and 15 RSV

Pr AT ey sotoRSndilokt S1sERBIAE BRI MoBHEAPLE S asefor FusioRd)

i nduci bl’'e or repressible pronoier such as the tet

pr onot ekheredfe hsp70 pronoter and a synthetic pronoter

Once a desirable nucleic acid molecule encoding a modified luciferase or a

fusion thereof is prepared, an expression cassette encoding the modified luciferase
or a fusion protein comprising the modified luciferase is prepared. For example, a
nucleic acid molecule comprising a nucleic acid sequence encoding a modified
luciferase is optionally operably linked to transcription regulatory sequences, e.g.,
one or more enhancers, a promoter, a transcription termination sequence or a

combination thereof, to form an expression cassette. The nucleic acid molecule or
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regul ated by CRE. The nucleic acid nol ecul e,
expressi on cassette and/or vector of the invention

worean7hzosent r oduced to a cell by any net hod i ncPamiuszy)7/008176
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but not limted to, calciumnediated transformation,

el ectroporation, mcroinjection, lipofection 20 and
the like. V. Exenplary Uses The nodified I uciferases

or fusions thereof are useful for any purpose
including, but not Iimted to, detecting the anount or
presence of a particular nolecule (a biosensor),
isolating a particular nol ecule, detecting
conformati onal 25 changes in a particular nol ecul e,

e. @cp,resdld)a chspeldd md'y bg ;ntmhoeeﬂho ayeetor, @y, of pl'aﬁﬁ]iidmtviramector

fac hr oughput scr.
actbich iRy sp B Ab e et A B v B dproduced o
pr aﬂleofnndaase dori enmep&pi meSryoﬁdE cébduehtas BYcdlr, SWpJoWyE’@ spp.,

bi SOrs. i NSt a i ed Iu0| erase
D B SRR Sl oSt ining B s el 4 Sk el idtiuding
Vii planqnilcbebi mbRGet), ABERY yedsh) @. i, SAUCRGORGEesr

e SEPRCE A T A

( eb@ine, bypmﬁsﬁmm RR@niné) faa@ue@cﬁuxﬁwﬁpﬁﬁxh@de 8f, siafhi)@nd human

into a codin uenc for a 47
DGR B T is% 7 whe i Aot gitedth, CHReROS,
nmozg3t, @relangvr-e,m}userrSYaemm9Byarﬂthm3mml on of RNAI),

or pro ease, such_as on ence o
par ti cul % SXPrssIen 8f 8 engede od Wﬂg ?‘ﬁs ?‘l‘F‘ Ca5F aly € Cﬁﬂﬁr%l[ffig’ry any
of pro@tep L ASBICE eRprebdien i priarydtic s aﬂ&umeﬁay.c ckls: Preferred

screen for inhibitors, . e.g., rot jtors:
> RO proBilat el b ad st P fo S oa oS, deablg. 7. gal.
s pllae of mgubse prém@ters. UgtfegedeRldtic QﬁoTb‘@fsﬁﬁélﬂ&@ bW 4rB nat
sel ect recaQ nltlon sequence a |
F?‘gﬁ’ F%F‘g‘é‘?’%\g‘é’g“’ﬁ%[&u% Yr P&‘%?‘FW“@T Zsoé)ﬁfff"e S¥A0 and
S emsnvrpe@ﬁotws; i well & tﬁgthl&taﬂléhf—‘&ﬁbt@rs@fe gl Ah REIbIOST xapressmle

plurality (for instance, br ar | ecul es;
s TPt Fuh A5 e tehPoBOHE e 8}70rﬂ5 '@etfr eé? 't‘)FYqﬂ?ﬁ"érPé%'POtef

e x@gula@ﬂ Bl CRIR SThducldic 48d Boleculd] efpRédRioAlcalseitd and/or vector of

eractj.ons v a.co nment on or din
F Gy Pa 5 iQRMedaa 8 A HpaFomER oo BF s b hot lmited
e I’tbodilcﬁﬁxﬂtmecﬂatﬁw traksf@ehatibg, di@tdp6ratibn, GhictoMGEAIAS lifdtection
nsgtéﬁpg%ls contacted with a randomlibrary or

brary of nol ecul es, and nolecul es
I dent i fEeshpMtydzes Nt er act Wit h the i nsertion.

anot her_.enbo rar difi u0|ferases
ot e TR Mite Rscsiar Misvarty Srel v iteBd] iy oy srpose
rrﬁhaodn:ng, bllﬂ mdt lgmdecf ﬂfoeﬂieéédﬂfngfﬂ? afeunt 'oh bﬁ:ge_:ﬂce o€ partticiifiat h

t he nol.e e 1 t | e n. on e odl nent , .

TR PS4 b e Rt e i e e sare, Al Rk dqformgtional
dedhasges i@agartichlﬁr malecull, &/¢.| e ©Ibifdthg, phashdrydftonyor ibdlgation,

r
a'??éiﬂ%at; thrheoSf C?hrgt]:gh%ﬁt'vsl?:reemng eteétfn% protein-protein, protein-

DNA or other protein-based interactions, or selecting or evolving biosensors. For
instance, a modified luciferase or a fusion thereof, is useful to detect, e.g., in an in
vitro or cell-based assay, the amount, presence or activity of a particular kinase (for
example, by inserting a kinase site into a reporter protein), RNAI (e.g., by inserting

a sequence suspected of being recognized by RNAI into a coding sequence for a
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exanpl e, by inserting a cAMP or cGW binding site into
a circularly pernuted luciferase), to screen for

WO ndvh2asezr s or activators, e.g., inhibitors orPCT/US2007/008176
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activators of CcAMP or cGW, inhibitors or activators
of cAMP binding to a cAVP binding site 20 or
inhibitors or activators of G protein coupled
receptors (GPCR), to identify recognition sites or to
detect substrate specificity, e.g., using a nodified
luciferase wth a selected recognition sequence or a
library of nodified luciferases having a plurality of
di fferent sequences with a single nolecule of interest
Or repofériPréteint ¥heh nfinitoring tepoaer acﬁvitj( bft@raajiitioh of RNAI), or
nol ecul es, to select or evolve c or cQ@yP bindin

si pratease, suchgs qng 1 Ageet theprRsance ﬁﬂjc‘”qfh"é’% REPLSASS- Sfich in

al Gipn RiANLABS.MRE PRIScE Of IHRRNViduS or tah @n&diye foSdcRidn for inhibitors,
| ocation and/aor trafficking of nolecules in a cel

as®-&e Protease thiioRs: o, rdeeﬁ%ﬁg%@nitw" SHEL9Tde Hsﬁeftowhm%

W §gtificRy Geeg.| usintSa RodiedRetifer86 wWilhGl deRicR88ecvgnitioh 86duRfice or
prot.ein thereof. |n one embodi nent, a nodi fied

| u%l‘P'é‘Dé%fé“%ﬁﬁ‘il Jusiferagesrhaxiag iRl Bty fdifTgrgnt sgaugpees with a
ModiRgIE hfdlecatho iR fest fea PrRlaBBITE: ihthiRieas fiBraty) lof nidhules; to

recog nition site, that results in an increase in
R py/evolyrcigEsneath OpolpiEs 9ISt ek cRipteges; or to detect

deb@idin-BRortdiA EntNaBERRGEa cohtp 1ML kHRHg, e.g., in an in vitro or
PCT/ US2007/ 008176 or amount of the nol ecul e.

F
exgilppbased rrpreach- dnBBRIFRBOHIMERY: ﬁﬂwﬂfﬁeéduqlfféwwfa%mludes an

Compém&ess RAtacRUEN P ranB&E b of Mtadd b8y oM SIEUHRIs énd
which interact with each other under certajn

comaleerighidentificdsyhich ingrartiuith the drsertipgmin Angthergrbodiment, a

| Ntk SMnodifféd RiciTerasd’ hatinBa pﬁﬁ‘hﬁ’tymeﬁtbng @ cdMeacted with a
phosggorylated and the ot her. donai n

phosisrvanndonegified BicHerMg vHtrtinieraqt itihe Bapgggwdgen&ped In

t héheAdARhért! £mibtiTRE Sudiferast BPARIMAURS Eof, IshBefuVd detect, e.g., in
domai ns in the insertion interact and change the

c ot Briee PosFll-based psayndls smeyt ppeiesics SECARL AT GNP (fer
aNexandphd, ?lhﬁ&énldg 4 HeMIelr eCMIDbiRdRG tsity ity a @frcdIR@y permuted

nodi fied [uciferase. | n another enbodinment, a nodified

| ueKeRsR o Sexven fardrhibitors gEafYRIOTD i Bsii b oaactwafors of
NO¢ RO 2 cGMIB, iiiBTlors b adtBlaffF4IbBc AMP &irtiihStod éMhﬁhdlﬁ)g site

reco nltlon S| |tSIn an i ncrease in _activi

an®f 'gB' brtars %éﬂé\ﬁkﬂrﬁyéﬁ Arofeipsupled resepiges @Prﬁﬁf?etwﬂ@t%v

Pr R&&gEorOdited Pt det &k sitbifate sp&ifidin] eg.u uSing 2\Weodiydd luéhferase

systens are extrenely powerful meth ffor deé?ect ﬂ%

prBt‘BPﬁelﬁ‘f‘S‘? ECRSMHPR “é’é‘Fﬁ“i?r%a wrwegmael fd|Ipct avinga

[ d;ﬂﬁfdllf)b’d)ﬂﬁffél%ﬁt ﬁqea{cdsow&h B%nﬁgﬁlﬁbl\é&dc of Ihterest or a plurallty (for
roteln tein ction e asli

DBt En RLBHE RISy b ibhugivoba sAMP hr VB binding sites,

t r &6 ol dndalf iateighigs: @ DNA- bi ndi ng domai n, which
bi nds 0 a specific DNA se

ence, and ) )
{r anscr T8 RSN AL RFaY sl Ao R mHIPE feirpigssig, docation

and/or trafficking of molecules in a cell, as well as to monitor changes in
microenvironments within a cell, using a modified luciferase or a fusion protein
thereof. In one embodiment, a modified luciferase comprises a recognition site for a
molecule, and when the molecule interacts with the recognition site, that results in

an increase in activity, and so can be employed to detect or determine the presence
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with the basal transcriptional machinery (Sadowski,
1988). A transcriptional activation domain in

wa@s®oaee@ei on wi th a DNA- bi ndi ng donmai n may pr oP@L/BS100E008176
assenbly of RNA polynerase Il conpl exes at the TATA
box and increase 20 transcription. In the CheckMateTM
Manmmal i an Two- Hybrid System (Pronmega Corp., Madi son,
W), the DNA-binding domain and the transcriptiona
activation domain, produced by separate plasm ds, are
cl osely associ ated when one protein ("X') fused to a
DNA- bi ndi ng domain interacts wwth a second protein
("Y") fused to a transcriptional activation domain.
| not hhsuxﬁpst}emxolbﬂtlermtekﬁmmbah\me Rmboointinf: fodhedhndiferase

Y resul.ts in transcrj. of either ar rter
or CORNT3 2P AHFaliRTqrdn soRipining ke domains IR interpst b kg5
Veether um?é&aﬂﬁ c«l’mdy’tﬁﬁﬁ_ ) 1 [rﬁﬁde‘lal miNa8irhéd dofegiodiinrithe insertion
up stream o a nmu | e Ccl.oni re 0
VeEeBRT B e TSR G FUE PR B o] P Loy domain s
5 aCphdsphbLing @cmi Uhdmﬁlgsadxﬁ@m thhapfadédderﬂfﬂld‘dp@fﬂpﬁ@te kinase or
pPBI ND Vector e ress s th

re In .additjon, '
g PR A A R N e 2 conlormation
eneoghe Mbdifi@l TuterbRtredilltingl ih Yin lané@tiad in the daé&hlﬂb Astivaly of the

i nterest are cloned into 3l ND an CT V ctors to.
geﬁ‘é’ld ted | F‘E}E‘if%“’ﬁ Htoé‘?ﬁ%"\kﬁ‘gﬁ‘ef‘hé ’%N'ﬁ g5} 'Ha‘i HESALMRHSes a
20R:Lbgmb6r ditd Yol A Hﬁz&% QQB&H& the aiedédn Dihteraksdw RN thet he
activation domaipn of VP16 spectively. The pGhlu
10 \/e EECBBNifigM filh, ﬁ"ssup? {RAnCiAGraasg |"h Wg‘ys‘?"td gpLe F‘E‘a’rﬂy‘aff todetect
][n b ?ilﬂ:nnl-mg &kae%enwur@hlou?trbr&wmeﬂ Hole@ge.r eam of F)t 22
lre Yy Ucl 1 er.ase ene uc e
f usi on E&ﬁs*tyrba'&sgstag%ﬂﬁc H@’F’%&P@ %fP’g‘Hﬁ‘lﬁﬁﬁ* ?tu’@
Vepmim IpPdtéin mgﬁainérlalnn oBb |a§wel5 ad’ i@nﬁ@]ﬁgr?@gau&%amstnmclved
trans ectlon the ce S S e anou
Re i PRigin:protsip gv%fgféloaﬁdﬁﬁ ?aé?émff twva-@w?'éﬁt* Systemsyis t qt?e'“"d“‘ar
15 Zga&hhlgilﬁﬁﬁﬁdliﬁ th)cnﬂe trh%cﬂbt&ln;tfbd:éﬁlifg g 1m5@¢>|mdmg%ﬁﬁwlt ,8Fhich binds

Sa Ste ronega t. . nt eractj] on
bet %’ﬁc'tsfﬁég?%‘éﬁe‘ﬂ‘é"é‘?e’ aﬁ? irapssepu ?@L&“% goryping which interacts
f UGitAAhCOREL traiséSption8SHAGhfneby(SABoWEIG msye Amrailsdr@inbual
| uci f erase expr.essi aon_over tgspgsgﬁ$ cqontrol s.

notfitivation flomaindp assacigtion With 3 Retpman Q‘aY pm{gote the
V\hmbmg@fc;feimx@dlymeraes] doﬁhpléxleﬁ agthe rrmm Bbix hriiif ih@xlegsfeant

nmodai f.1 catl on na |1 S us to

0 & rgRenprion. a BarhekMas T SifiRmal P ki sieBromega

| uChiperMadisdid, rveI) Ght ©@NA-BAMinfddgiN4nd the trhhk@eigtidial activation
[ The i nvention al so

transcri pti.on activa

or SOTHBPETAY Brara P sIpsclydniosafod isont proten

agen"y )’usedﬁ) £Bpabbiading dondin iaterays Witk aaeawa praéin@"'Y") fused to
ule o terfst such i

| de.
b e tine! puRahen sanaR. I 8 SEhm myrsin e proteins X
25 suaid Enésalts aneadisciiption of either a reporter gene or a selectable marker gene.

In particular, the pBIND Vector contains a yeast GAL4 DNA-binding domain
upstream of a multiple cloning region, and a pACT Vector contains the herpes
simplex virus VP16 activation domain upstream of a multiple cloning region. In -
addition, the pBIND Vector expresses the Renilla reniformis luciferase. The two
30 genes encoding the two potentially interactive proteins of interest are cloned into

pBIND and pACT Vectors to generate fusion proteins with the DNA-binding
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inhibition of a biological or chemi cal activity, where
the alteration may be contingent on the occurrence of

w@2@®pezisti c event, such as activation of a si gp@l/Uus2007/008176

transducti on pat hway, and/or may be manifest only in
particular cell types. A 20 "nodulator" refers to an
agent (naturally occurring or non-naturally

occurring), such as, for exanple, a biologica

macronol ecul e (e.g., nucleic acid, protein, non-
peptide, or organic nolecule), small nol ecules, an
extract made from biological materials such as
bacteria, plants, fungi, or aninmal (particularly
namamhlina:ﬁ)sﬁded asl the activiaisn demaialof 3Py 6 aespectiadeMhe pGSluc

at t ent ti Vi 25 ..
e Brdeity PSRV RRng Bl BRLFmAT 2 AR ATR B picn
bi ol e, Bhpspeas es thedirefly heieassgenc¢lgt). B@PUALS and pVP16

P25l R e ROy 8B e O SRS

5 Th FTwaab khred dB8 after trasfdctibh he cells are IEddl| antl @tie mdurh of Remllq

kn unkno rtlaII known, .Such
oot S En R btz fan Yo Bt Bied men R b I
t eREportee NssBIPRtcm (Febega Cax. #amgag)a Nintdractida bE&Gdeﬁ‘ ﬂ\dlyvo test

30 one or re i hod of the lnventJ S
> nitsies o ORLE A ngY SR Fpgrtnl e Rivsat 5 inttsces i el
c 0 neﬁataﬁaupmsloa lroeeuae deédﬂﬁle 86itRAdI A gqoamda las feQasQJof Me
50 WO 2007/ i‘t“?‘ | / U82007/ 00817% i
anB“’f’b“‘U‘ FEMCRERM P €€ 8‘5 I AP SRR WRiSRdE 1o ?f%‘i‘&m of
a ﬁ'iogﬂ’tthtldnﬂ(atﬂll@emﬁlbﬁ eagment), it ARed /54 DRGEBIhding @BRAIN WKt the

to an kno | ate the target., or ..
COTRHRR AL 1S 1o B (B Retemainalavemends hised o sirgmanringpa
beﬁaﬁﬁkxdﬁﬁMEQ and/ or after contacting with the test
agent . ﬁ I n one enbodi thod i ncl udes

scr eeni hBE PSFRURRAROPTPYILPS = eife s SCTeERInE STABCHS (e} geents)

15 FOEap@Kl&mﬂlrrﬁ).dulaﬂnQﬂ% ®natbNemblecale B iniest@lich as a cyclic

25

30

|de nt _capabl of. nodul ati ng apoptosi s
‘b‘iﬁiﬂﬁé 3'\4‘3351@% e‘ef?&%ﬁ% Prafigne %Prﬁa%%ﬁéghg“ ancement or

asmmxa&e@r amlbl@gaammsmscal ddivity, Wiee tiRtaneshtion elaydes

contactin | e suspecte of containing. a .

C et Bn e Bt e A beifc e, S @ LB o grignal

rmdaﬂsatxém;g pattévalDampenasebaminifdst ynly angarficu@diellitgses. A

ugi f se h a clga%g site.cleavable b

the .

20 ¢ o imaBiRSS iR By BeSr IRBRAy RiFrfad oot tuR i b iging), such

deis €drestample] HBiokigiqal mableﬁm&umxd g altleic R battih®n-
wth the test.a £¥1 in activit ft r ]

oo arg i o Riteh Sall HER s, .S e o Blatgeica

t hmbtcnaislsbztrt B baptanh Qelausts, famgnaordﬁnﬁﬂ i(ﬁﬁ'tld:lﬂanly‘lﬂiaﬁﬁﬂdh‘aﬁ) cells or

an a ent hat t.0Si Accor

0 s, SR e el e RootitalRs BRFHERES by SRrnbari gy

i dahibiitys digcﬁ@mnt gdivdetielor mﬁa{:test) of h bivladied pagessadr processes

r e(ceogg nalg%ngp pesﬁ%gp Enrt]gg%npsrt,%sé?tpaﬁ algonnisét‘, or antagonist) by inclusion in the
screening assays described herein. The activities (or activity) of a modulator may be
known, unknown or partially known. Such modulators can be screened using the
methods of the invention. The term "test agent" refers to an agent to be tested by
one or more screening method(s) of the invention as a putative modulator. Usually,

various predetermined concentrations are used for screening such as 0.01 pM, 0.1
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nodi fied |uciferase protein of the invention and
detecting its activity. This allows one to rapidly
W@ ereaestnr protease activity nodul ators. Ui | PCERUSINT/008176
of the screening system described herein provides a
sensitive and rapid neans to identify agents 20 which
nmodul ate (e.g., inhibit or activate) a protease, for
exanpl e, a caspase famly protease. A nodified
luci ferase protein of the invention is thus useful as
a substrate to study agents or conditions that
nodul ate an interaction between an insertion in the
nodi fied | uciferase protein and a nol ecul e of

| NLRL, a0 uMl EhdPED.6 (U1 ICRhtrolk Bgh indNAB tieOReadBrepnt S18i@taE t the
nodi fi ed Iu0|ferase proteins in which the insertion

i n@PEReROEhe R arent SeTRANSEY iRAtagephiiownsto medulaty thg darget, or

Si E&mpaHsoR o £E5aNPIE (Qh cEMUREGSIr-orddhikin) BURGS, duMRg and/or after
nmol ecul e of interest is a protease, the i nsertion

cofpMpiBg WthibpisstizecBbnt ai ning a cl eavage recognition

5 Sequence, erﬁﬁb@uﬁérﬁttﬁ@%tho& ifed1 G abRetiftE @cﬁ%‘g&ﬁt@ that ‘modulate
- sequence for a protease is a specific amno acid

s e HIRsFTER 2T RES TR AZAMBYY- WifEe ,sw&e@ase@t dursthed glydentifying an agent

Pr edgRelefintodal 2aY aP6p o Proliddl. Yoashdre férﬂNﬁPthé&@es have been
provi des nethods to determ ne the anount 0

pr Btsagiated iwithapepliepis eThy, the meétm ingjudsseontaptinga smmie spspected
nogi édnedniag a%&&@&?ﬁ%&%&@éﬂﬁ?%ﬂ QRBeA& of modulating the

Iu0|ferase pol ypepti de of the invention and neasurlng
0 chegsgess aiCthm eml émé*ef eddvgiferasg havimg @ clrgypge silg cleavable by the

| ugdshRecaTReREDEB] OT tRE mbilifiell ¢EREAOR detliddGn HR@dmbRI before and
anmong ot her things, nonitoring the actjvity of a

pr R £QBtacting With fedest PEtfrafind3qsFass dbactivity afptonfasting with the

| uggdnelsaf@cativelof af Bfent HAP fihiBiRapoftoPahd 4 8&rtdd€ ifiRdidaR e of
of the invention is thus useful as a substrate to

stﬁfﬂ?g"‘ol‘@@ﬁi%a‘b’?‘eﬁﬁ‘?ﬂﬂ“tsfsons that nodul ate an

15 i nt er achkrdingk g\/\ﬁ\@ﬂnﬂznﬁ&& biovideS Heteihg syshinp dicha fo¢ t €
in the nodifie ciferase and a nol ecul e of interest

sutdsnilyingpgegts whichmedulaie theeleaygeselreepenitinicdeayeprg present in a

t hadoditied Whatfefast PRotéih 86 BRGHveRtioR AR Mdte@ing dts aGtY\ﬁ{y' This allows
nucl eoti d or agents or conditions that nodul ate

PRIl gereR dorseless aF Sviivmedhstossy Dtiligaiseiof thesoreening

vvn $ydtenli¢safBed Nékrélh pFovides @ sBAEIVRAINUF8pi erecasmonaémwﬁ ents
articul ar the_ invention contenpl ates nodifi

20 | uB’BFQr‘%%"é‘ l38¢ (5184 iRRIDILAT ftivale) PIRé°‘F?§§e‘?°( prlwaaemég fagnily
CAMBtease.CGVP bi nding site. Thus, when the nol ecul e of
interes% is. CAVP or cGW, the jnventLo provi des a
ot hoa. APEE! ieiteraserpEotsing b Vepian s thi ysefik asgysubstrate to
c Adpigeatshdr cbuﬁmaor&aﬁmlneodayateamnm&tnﬂ beli@ecn A phsertitintif the

5 luciferase i de of the invention
O it BN ol Pl oo P PP fignvention
25 noebnkdreslatesifioliidicd $6ciferasé profeind intwidch théandertvn iGAGdd3&in amino
usz?ch gequéncenPatgs a cllgavage site for an enzyme of interest. Thus, when the
molecule of interest is a protease, the insertion comprises a peptide containing a
cleavage recognition sequence for the protease. A cleavage recognition sequence for
a protease Is a specific amino acid sequence recognized by the protease during
30 proteolytic cleavage. Accordingly, the invention provides methods to determine the

amount of a protease in a sample by contacting the sample with a modified
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things, nonitoring the anpunt or presence of cAMP or
cGW or nolecules that alter the anbunt or presence

wokoocAMB2Dr cGAVWP inside a cell that has the nopd¥/U8H07/008176

| uci ferase. 20 The assays of the invention can be used
to screen drugs to identify conpounds that alter the
anount, for exanple, of cyclic nucleotide or alter the
bi nding of a cyclic nucleotide to a cyclic nucleotide
bi nding site. In one enbodinent, the assay is
performed on a sanple in vitro containing cAVP. A
sanpl e contai ning a known anmount of cCAMP is mxed wth
a nodified luciferase of 25 the invention and with a
t eBicifagsipol ypkpeidaoDihe invehtidhand medshanhgslanged ﬂn\liuil&ra'se activity.
th sa I s.then determned. Then the
e The PRUTSE i3s3 BroteARB e Y inuon SreRcied o APAGE pies
agmmtgsnmymtx&nfgqn@acrtMnytalprétb@e aglidevd deyl th@tlexpRk&s @e modified
A@F the absence of the test agent. A difference
in Eﬁ?gﬁ that the test agent alters the amount of

5 CAIVP Or Inline@Ginihddhent AMRodifiel h&lﬁﬁh@oﬂhﬂ ghivagtisn fs@husdfBeful as a

ne enbodinent, cells .are conditioned or contacted
i PP RS SEBpis s coRIgHs R B 8F Mirar e yeon a cyclc
oAkt ébkidB @indiry site 16 tHRNA6d fi6d ML feraBddid aaholeaae VWBinterest such as
2007/ 2052% P /U82007/088176 bi n |n The cells or
cef F¥ Pidfy assptsOn 5p8 Wons thaty re§RRSS O wgpeunt of a

FOtEychE)ﬁﬁtEl'Bd)tﬁie or ApeRRGr @eﬂldltn&mﬁétenmmtahmeaalea smqwaeceptors

unknown amunt 0 mxed with a nodifie
1o u'é‘f*% AF assecigiedyth H"He%%A‘PNF% Gyeliuclentidntongenteakiops ’ﬁ‘ apicular,

36\159 |u@¢eh$iorl Ekﬁfﬂ(;nﬁlﬂb&l% ﬁ}ddﬂd:fdaaclﬁb&\é %tr&b(mtg & Whith mmerhgietm%

egree o noal 11 ucli 1 eras actl.l vi in ntro

or PikHet 3 &4 o°f§§$6¥§ HInging F¥e 1Ko IS ﬂv%@ekfc@s (of {ftegpst is

E admg@ or tBMP\Ghé MiveitidH protideda Inbﬂhﬂd @@aeta%i?ai&lﬁr@te?ﬁa or the
ase on_a am or rotelrn. . n

s apP T ofsAMPg P MP R 3 grmple PaseRa PTG FORE ath 2 modifed

15 agﬁlcﬂf&tase ;ﬁﬂﬂﬁgﬂﬂaomaﬁukﬂﬁ@ﬂirﬁi théasiify chadBesiRIQifttBe activity.

25

30

unt e materials and conposition for use

. n ‘@%'aoge&iy'%fﬁmlsﬁemtﬂv emfﬁedwegrlen 93 beusss £ amprgefher

f othirdgb emprieRMEakd SocHt or Kalsénce S AMP H IGNRYr GRS Bhat

arr.l er neans cont aj nln nopre cont ai ner
elfRE the amount o preseace p{EANP ot ¢GMY, inside el dagt g he madified

CORtd@@ra&® mnmeans conpri sing one of the separate
20 S SN0 B SeeL 0k FERIA0: o008, 8Lt M enit
podoipdth@nihaiter (iR a@hount, Tort dxampt¥; BT &fclia n\lﬁ@étﬂfe)or@ftert the
IR 90 RSO P R e BTk B T o
W drhbddémént] the @ssaglésperfdemed by atsipleGh bddd ddBtaining cAMP. A
nos%rrlp'lc”éontm%ng a known amount of cAMP is mixed with a modified luciferase of
the invention and with a test agent. The amount of the luciferase activity in the
sample is then determined. Then the amount of activity per mole of cAMP in the
presence of the test agent may be compared with the activity per mole of cAMP in
the absence of the test agent. A difference indicates that the test agent alters the
amount of cAMP or binding of cAMP to the cAMP binding site.
In one embodiment, cells are conditioned or contacted with an agent

suspected of directly or indirectly modulating, for instance, cAMP amount or
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exanples. Exanple | 20 Sites Tolerant to Mdification
in Click Beetle and Firefly Luciferases Positions in

we@bkiock2dseet | e and firefly luciferases that arerP€DUS20aTI008176

lO

15

20

to nodification and certain nodified luciferases are
di sclosed in U S. published application 20050153310
and PCT/ US2004/ 032705, the discl osures of which are

i ncorporated by reference herein (see also Figure 1

and Table 1.) 53 WO 2007/ 120522 PCT/ US2007/ 008176
Table 1 Inserted after ‘Amino Acid in Firefly

Luci ferases % Activity . 7 10 5 121 5-10 233 50-75
267 2 294 3 303 5-10 10 361 3-5 540 15 541 75
Exwinging. THhe cEBs 6F catlslimcult?eé anetl gsdd ahd EAMP Ari@inht &feasited. For
Fusion to

9 AMP is ope of the S .
TP & BN SR RS Sl einciim  upspo d] it STEAME i
t r @angd wath DfodiGelRicifesay 6f de tnvextise Mhk WmolMTicAMP frothe
G— o eJn coupl ed rece r CR). dr.ug dISC ver
A1 5 RS 10 5 PO S isteteiing sl &f Foditigr o
f Useiderase abh{'ﬁjdinad éQﬁuﬁeémHnQdeafddrs@Hp)é dndahd @é@am%echfgular
CPM FF uc 5A- pBFB9, :
BEEPY | 8%12 fign © %ﬂeﬁ??cu('%ggg%ﬁ On &yREX MISERAFEIR OF
Lua.mng?] ;hbt&ih |Iﬁgh6$dhﬁ)lé usylﬁm@nmle@yw&eﬁd&es gaNBFbt&ii iR
site from human E ac an ein directly
ad??V%Fgﬁmﬁym éangéﬁgy gﬁ?@VP%ﬁé“@?udles
S h OWEd Thearhatari stk agd &)rﬁ;ﬁﬁ%itfbnffbxa@&"&ﬂ thef 549 JTHER Y RidA hre
uesg} 7 to 316%5Piqd%$ éﬁgg Ni kol aev,, J. Biol.
cridgaily S5 o5 ae1ReRasEing) 9t a kit Suelvh kit eysycpmPlisha gaggmeans
25colatandhg1 gn& bt Rofetdsh@mee fRhiysach bdreial, ﬂeégg R;EHFJ'}:]E qLJim: tdaén of
n %Faﬁg)ﬁ%ﬁerrrs al'rllls %E)t%{)%&gg ?)rlilg (I>ft the sg/pa?até Ielgments to be use(li'I (1:n the
method. One of the containers comprises a modified luciferase or polynucleotide
(e.g., in the form of a vector) of the invention. A second container may contain a
substrate for the modified luciferase.
The invention will be further described by the following non-limiting

examples.

Example I

Sites Tolerant to Modification in Click Beetle and Firefly Luciferases
Positions in click beetle and firefly luciferases that are tolerant to

modification and certain modified luciferases are disclosed in U.S. published
application 20050153310 and PCT/US2004/032705, the disclosures of which are

incorporated by reference herein (see also Figure 1 and Table 1.)
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Materials and Methods A DNA fragnment encodi ng residues
157-316 of human Epac | was synthesized, which

w0 p@iaeise2 sone sil ent nucl eoti de changes to poP@€nUSBNT/Q08176
increase 30 the expression in E. coli (Figure 50).
Two primers were used to generate a PCR fragnment of
EPACI with Xhoi and Ncol sites at the 5 and 3' ends,
respectively: 5 primer:
at gcct cgagGAAGAAGAACTTCCTGAAGCTG (SEQ I D NO 22) 3
primer: atgccat ggAACTCCATGTTCTTCTAAACGC (SEQ I D NGO 23)
The resulting PCR fragnent was di gested and cl oned
into Xhol and Ncol sites of a 35 circularly pernuted
bed@abk 1 uci f erase construct. The resulting plasmds
expres ! o WO, /[ 12Q52 PCT/ U82007/ OO% 76 .

luci ferdse with EPAC | insert ed bet ween the origgi nal
5N and @ltermni. The correct size of the fusisno

protei n2¥ks verified by TnT cell-free expressism7and

SDS- PAGST Figure 6). This construct was identified as

FF105. %94NA encoding R IB was inserted into a novel

expressB@h vector encoding CPMFF Luc /RII (3B 4.ugi ons
10[ Luc2. 03¢R234-544) -1 i nker X-human R 1 Q (residues3-s

266- 414340 i nker Y-Luc (4-233)]. By using uniques

conbi naf4pns of restriction enzymes, various 75

constructs were generated with RI1(3B fused to CPM FF

Luc wth a variety of XY gefgti Sﬁ l'i nker | engths. 10
Synthesis of a CPM FF Luc on plasmd for
15 subseque@ircilarfethied FatflRLLci3aBe Fisioa\td tARIE BinlithglGteb

f ragnent codin M FF. Luc
R e e AR emo
|1 gaisddction. mmmg@s exitlien@lyl ildpSktaht fbr ggpreein lupled receptor

2 PR v R B hot Gkio Ty T SANP pEGsies were

( Lfised €, clﬁnmﬁg@anﬁnecpﬁ)eﬂy1ﬁd1fe1&ea(¢m-lacms) Fidiresih B)

20 &y e pbPol SRl GEn PR 7 b ¥ asip it sBTRAT. i, one

I‘ | CAMPEP Liucl eAMICBin@ing 4ite fid)on emI&F@3he c AMPWIREn @ite from human

(Bt el i it T SE) 0355, PO fpvious sudies

c r sivtved et aGligld dhalfefiragnesm@ from Humthnt Bpak D Gesilludsha7 6 3\1\63 binds

o ] LSRR, 878 0 DB ERe St LM LS canr
25r elapemg isite fugionlemphshaid itheoB dofmgfr frém thdWmhan FISA rédiil 4t6ry subunit
en ' re.i uded at the 5 and 3' ends to
faé%?ﬁ?a@g@%-gﬁﬁg%hﬁ%r ansfer of this open reading
f r etaribl and didthazal pl asmids (Fl exi vector system
Promega %R ﬁ)agment encoding residues 157-316 of human Epacl was

synthesized, which included some silent nucleotide changes to potentially increase
30  the expression in E. coli (Figure 5C). Two primers were used to generate a PCR

fragment of EPAC1 with Xhol and Ncol sites at the 5' and 3' ends, respectively:

5' primer: atgcctcgagGAAGAAGAACTTGCTGAAGCTG (SEQ ID NO:22)

3' primer: atgccatggAACTCCATGTTCTTCTAAACGC (SEQ ID NO:23)

The resulting PCR fragment was digested and cloned into Xhol and Ncol sites of a

35  circularly permuted beetle luciferase construct. The resulting plasmids expressed a
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55 WD 2007/ 120522 PCT/ US2007/ 008176 Synthesis of

pl asm ds encodi ng CPM FF Luc/ RIIj3B fusion proteins
waweao/120522 | i nker | engt hs of (X=4, Y=4: pBFB9), PCT/US2007/008176

(X=1Q, Y=ICG pBFBI0), and (X=20, Y=20: pBFB11l) am no

acid residues The plasm d DNA construct descri bed

above was digested with unique 5 restriction enzynes

present in the multiple cloning site (MCS) linking the

DNA fragnents encoding Luc2.0 (233-544) and Luc2.0

(4-233) to allow synthesis of CPMFF Luc/RI1(3B

expression constructs with X/ Y |inker |engths of

(X=4,Y=4), (X=10,Y=10), and (X=20,Y=20) anmi no acid

r eﬁliodlfeﬁ firdflyo@SPLbE-, PedrhedaCdrperatidm)Hediferask @it FBACI inserted

fI king.the RIJ (3B dqomain taq_ create pBF =4, Y=4),
A6 Qe poEnab e GrrE Ry PR ech el bs Rptgyoichvas
Syvﬁrmi‘:ﬂIb;:el‘rﬂhﬁzlICMEdeIptkﬁﬁioWdTSDMGE@ighﬂemiﬁr his construct was
e@gwfﬁ s 5 -AAA AAA GIC GAC CGG AAT GTA TGA
GTC ACT GOG-3' (SEQ ID NO 25; BFB51)
5and 5' - BNA &8dimdRIPEGHaGAsNeA ifdd A nbCEl eApfessidd Qec@_r_rencodmg
CCA AAC- 3 B@E@%l D:NO 26; BFB20) were used to_anp dy
R $P¥BFE bu Signr CEu2ob 235 344)-tRkfs Arhumen R ('CS‘ ues
B8 inkde-1R 41283yt BP LAY sﬁlqa@&mtﬂwﬁﬂs € rédtrichion

Sal USacl restriction enzynes and ated into _the )
p aPENMES PRI IS qORStruct YErs LENesated Iwa@rﬁ B hpedg) CAMyEE Lug with

V\n;ba,.}gg)?l){fép\ekc abliipkahgnst ruct was identified as
pBFBY 0 synthesi ze the construct with (X=10, Y=10).

10 | | wthes|scaf atGRM-ET Lugeexprassion plagpnil fan subEGuefiihsadion dRARITIRB

A R e i BB AR R ey

COSOAECs® Fig8EQ0) Baidigested BRB2Z)d1IbY el asdtigated wrthé 8265 bp

g PR R G b1 L 32 P griege PO the BN gl encodes

r emquutarlymvnem;sl megarg of] syritigraic datiferdse (kg .(p RramegaCiivb Fvith
25, 14 :
15 Bs%él“% 2?%‘1?_52@%}&’5‘0?&%% ' bifePHRE ?&)negﬁeggzta%‘% [agamd Syter

: _ S new const ruct
1 0onicheeptiga s i0A@34-3184)etPnant Glyer ich he[(tMciIOJCYi)ZG)233)]

L SR S AP SEE AR TG0 o

Br@3he wﬁquesrestrwim FURA UFEC0 CEACEE opANKEATen TS a8 tOAFert the

o A Tonn. i St PR b e Thoad f
A
o anmpl | ° R §?b r OJ%PR %88% ))(0 & g’% Eﬁ gDT7 or
20 Bd@$§8@gpron1m€rs,rr@mumiy In addition, Sgfl and Pmel restriction enzyme
sites were included at the 5' and 3' ends to facilitate subsequent transfer of this open

reading frame to additional plasmids (Flexi vector system; Promega Corp.).
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56 WD 2007/120522 PCT/ US2007/008176 product was
di gested with BspEl/Smal restriction enzynes and

wo c@atnag2i nto the parent CPM FF Luc expressi orCpUszni/as176

10

20

25

30

(pBFB8) digested with Agel/Nrul. This new construct

was identified as pBFB 11. Expression of CPM FF

Luc/RI I (3B fusion proteins with X/Y |inker |engths of

5 (X=4,Y=4), (X=10,Y=10), and (X=20, Y=20) am no acid

resi dues. The synthesis of fusion proteins of the

predi cted size was confirnmed for the CPMFF

Luc/RIT1f3B fusion proteins with X/Y |inker |engths of

(X=4,Y=4; pBFB9), (X= 10,Y=10; pBFB 10), and

( Xs2Ah 62T, pl B &&bdmmael@cnenm mm&b@ast\hlm X/Y linker
I d

Vi 5rﬁmo'55m1§§,aﬁ¢son Label i ng System (Prorrega Corp ).
Briefl y the follow ng components were assenbl ed

accor di hee plasePNAarsipet slesrribed ahove wias dtassred with awisue
40&5@@&&‘1 asAyniks hedenkt@n B{e rﬂ-lﬂi'i-pl\é\vﬂ:ﬁﬁﬁ ﬁfermylﬁﬂdng the DNA

.8 pL TNT reaction buff nerase 0.4
PRSI e Rer8B 0G5 544 RAE 2 8 B 330 ialmsTaibebs of

G epRi-Fe Lua/RaipB SPpretbidPchitstrdCisRith RIPinkG1éHFRhs oLf (%cf—4,v=4),

Fol |l ow ng i ncubation at 30 C for 1.5 hours,

TNKT 0a%T | Qnang X128 96120k amifogcidapsidpacF i gwe 15 epigts the linkers
"gﬁ%H@@&hHﬁlﬁﬂ ﬁleﬁﬁ%@ﬁ?&alﬁ'\v%% )@41?{%45@%@ 105x=10,

InV|tro en Trans protelns
suﬁgé@wdtﬂ%FB\MiKaBO,z\éﬁﬂm a 25 fluorimager (Typhoon

Vari abl g, B@Hﬁeslm&e&mﬁ@mm&an'@sgéﬁge.eﬁz%ﬁh pjers S-AAA

DensitometTy anal ysi s
i AT GARICEEALPUAIRFTGAUBAR @TEB‘AD@G@nGECc%QT 1CC-3'

o (R NS R A A AR T RE ATA TG ATO
42'1'561(31"51‘ @OMAHQ’@ SBEQIIDAYO: 262 BFBA6) ¢pishBa) toamblEp &¢13B
5 B 91 RSO IS AR O e s
f u@gemeqowmh €aﬂ/§aw redtriction dnzyrkes and ligated into the parent CPM-FF Luc
expression plasmid (pBFB8) digested with Xhol/Sacl. This new construct was
identified as pBFB9.
To synthesize the construct with (X=10,Y=10) linker lengths, primers 5'-
AAA AAA TCC GGA ATG TAT GAA AGC TTT ATT GAG TCA CTG CC-3'
(SEQID NO:211; BFB21) and 5-AAA AAA AGG CCT ACA ATA TCC ATG
TTC GTT CCA AAC-3' (SEQ ID NO:27; BFB22) were used to amplify RIIBB
DNA from ATCC 10625233 (Genbank ID BC075800). The resultant product was
digested with BspEl/Stul restriction enzymes and ligated into the parent CPM-FF
Luc expression plasmid (pBFB8) digested with BspEl/Zral. This new construct was
identified as pBFB10.
To synthesize the construct with (X=20,Y=20) linker lengths, primers 5'-
AAA AAA CCC GGG ATG TAT GAA AGC TTT ATT GAG TCA CTG CC-3'
(SEQ ID NO:28; BFB23) and 5'- AAA AAA TCC GGA CCC AAC AAT ATC
CAT GTT CGT TCC AAA C-3' (SEQ ID NO:29; BFB24) were used to amplify
RIIBB DNA from ATCC 10625233 (Genbank ID BC075800). The resultant
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| engt hs of (X=4, Y=4: pBFB9), (X=10,Y=10; pBFBI O, and
(X=20, Y=20; pBFB 11) am no acid residues Luciferase

W@ewra2asy2 i n t he presence and absence of 100 pRCT/BR807/008176

5

was 5 nmeasured for the CPM FF Luc/ RI1 (3B fusion
proteins with XY linker lengths of (X=4,Y=4: pBFB9),
(X=I 0, Y=10: pBFB10), and (X=20.Y=20: pBFBI |) am no
acid residues followi ng expression using the TNT(r) T7
Coupl ed Reticul ocyte Lysate System (Pronega Corp.).
Briefly, the follow ng conponents were assenbl ed
according to the manufacturer's recommended protocol:
to 400 ng plasmd DNA 10 L Rabbit Retic Extract 0.8 L
TNprodectovasatigdstetifvath BOFY SmaT vespraltipnenase:s @nd ligatadrini® the

acid mi 15 0.4 L rRNasi to 20 L. total .

opirel oM e oA B PR plsisted wipy freihvyg, s
r especonstct was identiffedtaepBEBMEr e i ncubated in the

26 RIS Q) :é;‘! I L UG R O o Gl WILKR 4 & ERE

dH2G-4, ek, oxi=0g] Y=10Y) Bad (00 d 9£20) hethifd A4 RSidaks.F 00M
tenmperature, | pL of sanple was added to 100 L of

Luci f er ABesyntiesigpf fusigyeproteinsf thepredieigd sige wgs ponfirmed for the

SOLPM-PR Lit/RUSDAM i WoielndWith XARidker fflgths bf (RALPVR: sBFRY),

stock or dH2Q) . Lumi nescence was neasured using a '
VetXT 5 Y= oEdiR 1 Q). and (K2 ek @rpBFRIM haningj asig rssidnes; using the

pr @W?@o%‘l}s? ggﬂ%}xt Gérin BRESL St %g&gf{&)ﬁﬁgy gow%%gt?@ Wih the

CPM FF Luc/ usi on prote

10 | eRlypre et Gieealys=in vityEFRojlati¢nEateling: S psterp BPRmMEQ) Cogmi

IS5

20

25

(xﬁﬁgﬂﬁﬁ%ou%ﬁgpmpoﬂ e %@&%sgerm% 9&%@%@ ié anggg%%refs

response o F Luc/RII'RB fusion protel

| | FeRemmeadgstprgtogel: ( X=4, Y=4: pBFB9), (X=10, Y=10: pBFB
10), and (X=20 Y=20 3&%@ ;&) no aci d residues
was neasured foll ow ng expressniuon using the TNT(r) T7
Coupl ed Reticul ocyte LGk dnSyWheatiGern dixtrget Corp. ).

Briefly, the follow ngysg%§ Mer 2004sn5lRe2
PCT/ US2007/ 008176 co og‘ents wer e assenbl ed accordi ng

to the manufacturer's ¢éednhipdederasgs ot ocol :

0.4 pL amino acid mixture

0.4 pL rRNasin

0.4 pL FluoroTect GreenLys label
dH,O to 20 pL total volume

Following incubation at 30 °C for 1.5 hours, 5 pL of TNT reaction was resolved via
SDS-PAGE following the manufacturer's protocol (NuPAGE Novex 4-12% bis-tris
gel, Invitrogen Corp.). Translated proteins were subsequently visualized via
fluorimager (Typhoon Variable Mode Imager, Amersham Biosciences).
Densitometry analysis (ImageQuant, GE Healthcare) indicated that the CPM-FF
Luc/RIIBB fusion proteins with variable X/Y linker lengths were expressed
similarly to the CPM-FF Luc fusion proteins having the 42 amino acid Gly/Ser rich
peptide (pBFB8) and Epacl (FF105).
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2000 ng plasm d DNA 50 L Rabbit Retic Extract 5 4 L

TNT reaction buffer 2 pL T7 polynerase 2 gL am no
wa@edod/1misxture 2 L rRNasin dH20 to 100 L t ot al PeDUS2O87/008176

10 Foll owi ng incubation at 30C for 2 hours, the

respective fusion proteins were incubated wth

varyi ng concentrations of cAMP by conbining 9 L of

TnT(r) reaction with 1 L of cAMP stock sol ution

(final concentrations of 0, 0.01, 0.025, 0. 1, 0.25,

1, 2.5, 10, 25, or 100 gM cAMP). Follow ng incubati on

at room 15 tenperature for > 25 mnutes, 1 pL of

sarrpl e was added to 100 pL of Lumferase Assay

Mmj_mmmm (Turner Bi osystens; program

Bright - ecti.vity of the M FF l ]
fusi on Lrl%eeras% actl\ﬁ;( x%lqure%tz eraq %a?nﬁe k III&‘%W cA]aP was
5( Xm&&k,u?éﬁ]fﬂr thle B}FBA leﬁ:VIRl]@B &wlcdl [Freﬁ:iriilxﬁﬁh Xhe linker lengths of
M F

acmd feesiuehmaowg éioﬁMgs@ﬁ htlﬂglfHeCm\IT®|Tat¢M@yled metmhh)eyte

l'ic nuc tides QW Nng expressi on
0t m‘%%&teﬂﬁ’mew fea"&"& Y’Fsg? f‘(tﬂﬂ MO EAnRSyER (s avere
Syskanbledhcdring €0thp ;ﬁanuﬁemaa‘rhyecotdmeenﬁea g 25
conponents were asse cor to e
10 4@ ‘? B 600

manuf acturer's reconmre 0 ng plasmd
DNA 150 pL Rabbit Retlm,ﬁz\kmﬁﬁtRetikZE,&rafENT reaction

59 VI 20071 12052 PCTIUBEbINOERIHT PBBL 1 RNas - dr2o
to 300 pL total vol un®.4 uL T7 polymerase
0.4 pL. amino acid mixture
15 0.4 pL rRNasin
dH,O to 20 pL total volume

Following incubation at 30°C for 1.5 hours, the respective fusion proteins were
incubated in the presence or absence of 100 uM cAMP by combining 9 uL of

20 TNT® reaction with 1 pL of 1 mM cAMP stock or dH,O. Following incubation for
10 minutes at room temperature, 1 pL of sample was added to 100 pL of Luciferase
Assay Reagent (LAR; Promega Corp.) solution +/- 100 uM cAMP (90 uL LAR +
10 uL 1 mM cAMP stock or dH,0). Luminescence was measured using a Veritas
Microplate Luminometer (Turner Biosystems; program Bright-Glo).

25 Dose response experiment using CPM-FF Luc/RIIBB fusion proteins with X/Y
linker lengths of (X=4.Y=4; pBFB9), (X=10.Y=10; pBFB10), and (X=20.Y=20:

pBFB11) amino acid residues
The cAMP dose response of CPM-FF Luc/RIIBB fusion proteins with X/Y
linker lengths of (X=4.Y=4; pBFB9), (X=10,Y=10; pBFB10), and (X=20,Y=20;
30 pBFBLl1) amino actd residues was measured following expression using the TNT®

T7 Coupled Reticulocyte Lysate System (Promega Corp.). Briefly, the following
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Fol  owi ng i ncubation at 30C for 2.3 hours, the fusion

protein was incubated with 5 varying concentrations
w@RoocAMB22 cGWP, or N6-benzoyl cAMP by conbi ni nBCPUSL007/008176

of TNT(r) reaction with 1 pL of cyclic nucleotide

stock solution (final concentrations of 0, 0.01,

0.025, 0.1, 0.25, 1, 2.5, 10, 25, or 100 pM cAwWP).

Fol | owi ng i ncubation at roomtenperature for > 29

m nutes, 1 pL of sanple was added to 100 pL of

Luci ferase Assay Reagent (LAR, Pronmega Corp.) with the

10 respective concentration of cyclic nucleotide (90

pL LAR + 10 pL cyclic nucleotide stock solution).

L undmpeeatoeeraassenb ke acadding ite theanavafdctueer'siye @ntperate e

Lum rtlorTFt er (Turner Biosystens; program Bright-G o).

ReB19 Protei n ki nase A regul atory subunit type

|1 13( PRKAR2B), has two2608Mg pldsmibiDNIANG sites, A and

B. The cAMP bi ndi ng si B_donai n (RI | 1B) was

used to prepare a Ci rc%&’éi‘%%‘élﬁﬁ%‘f EX®F| uci fer ase
5(CPM FF Luc) with R (8BL T0OPMattion bigferl | (3B) . CPM FF

Luc/ RI'1 (3B fusion protegi EETWI tlh X/'Y linker |lengths of
(X=4, Y=4; pBFB9), (X=10"¥=1F°¥BEE10), and
(X=20, Y=20: pBFB 11) apLamifkchdd iefufdues each showed
an i nduction of [ uci fei ge tIVI ty in the presence 20
of 100 gM cAWP of 23-,%8 48 39-fol d, respectively
(Figure 7). As expect emzm@ loom\motaﬂ:guiua{ei on was seen
for the CPM FF Luc fusion protein having the 42 am no
acid Ay/Ser rich peptide (pBFB8). In addition to
Rl FQIBRving ireubAldn 4030w fa)g 231iohﬁ the r&ptdtive udio\Grd 1 citistrert O

enerate, a. CAMP. sensor (%5 wever, the fold

Hﬁ%‘f%‘%“’ﬁ’h "?‘E{Higfcéf‘%f’s{‘é' %\%‘ﬁ (";Mgg% coiningipl pHENT®
Rl teadBnbaisie d psasTAME Foghisctution (fidbl doacdhu@RbALT 0, 0.01, 0.025,

Lugc/ 3B fu uni que dose
r e@'b@éé ﬁb% Bfaﬁcf ‘%ﬁfﬁﬁf dF&?‘OtVH@q'@?'fbéeP? gloom

15 cowaﬁr@etah&é Ifdim> 1Dmihd4 MpKioTBhmplelvwehsiaBdddchi100 u[(d'_f'[glwf&ase

A l&l ﬁf‘g LHC/RII@BfUSIO protein wth
| i ARBY Reast Lok Fromegy Comprhwith, BCW“‘éﬁﬁoﬁﬁeﬂé@P%“ of cAMP
r e@oduesARhom dLQA{I\ﬂIﬂ sock ﬁﬂhtﬁﬂ) l E}lﬁﬂ/rltefscg:hce bwﬂbmrég%)smg a
0. er cC ucl eotl des | gur e

SoVestab Miropfre utnfprist s aowsea viesway PasHGIS)
G $e:tedt1artwf ferCRMF IRe/RIIPB fiididr profens @ith W/ Y Nink&MEngth of

: er| aI S ,nd bt hods Four humani zed

i E were anmplified from
The selectnvnty of the CPM—FF Luc/RIIBB fusion protein with X/Y linker

length of (X=10,Y=10; pBFB0) amino acid residues for cAMP activation relative

10

to other cyclic nucleotides was measured following expression using the TNT® T7
Coupled Reticulocyte Lysate System (Promega Corp.). Briefly, the following
25 components were assembled according to the manufacturer's recommended
protocol:
6000 ng plasmid DNA
150 uL Rabbit Retic Extract
12 uL TNT reaction buffer
30 6 pL T7 polymerase

6 pL amino acid mixture

59



ei ther pF5RK or phRL-null vectors (Pronega Corp.) and

cloned into the CPMFF 5 Luc fusion protein construct
wWoe2Qozo232D (234-544)-42 amino acid dy/ Ser ri cPCT/US2007/008176

pepti de-Luc2.0 (4-233)] (pBFB8; Figure 5A) to generate

a circularly pernuted Renilla luciferase open reading

frame (CPM hRL) split either between positions

Ser9l /Tyr92 or |1e223/ Pro224 (Figure 5D). The

sequencing prinmers used to generate the four

humani zed Renilla luciferase DNA fragnments were: 10

5' - ATGGECGATCGCCat gt at cgecct cct ggat cact acaag-3' (hRL92

Sgfl; FF273; SEQ ID NO 110);

5' - ATGGECGATCCCCat gectepbgRNasigggaggcaagce- 3' (hRL224

Sof | ; FF277; SEQ I D
5' - gcat CTCGAGccct get cg%’cqlecagd‘étt&aégo@m (hRL311 /
Xhol ; FF294; SEQ ID NGO 112);

IS:'I:E% CGA%}E%’:}%%Q‘Q %gﬁ;&??g&%& aﬁ’%%sclglg protem (Nglgzli'tizcu{)se&d Wwith
55 vﬁﬁ@%ﬁ&éﬁﬁ@@r@m@ CAMR, cmgle,tocﬂ\tégmlge)’d CAMRDLY chﬂlmimg 9 uL
FF2
SRR Rt B L i diea Bl nusieotide stscks solption Gisal prro)
FF&&ﬁcntSEQn:t 6 )O.0u16)25, F(I 1,ree?s, pa2 5510;23,/&/ 10630 canP).
FEF294 sed a e Cterm
£ rEgenbe BeobRisnal Rt witperlie oz P IS o ERRe e vas
92acgibal t@ned pRof LR feddst, Assqls;na;gknw(ejﬂy?, PI:a?Iﬂegar(eapl)tvaﬂ{ the
oduct.s were ri ction
10 B GSHEkVe R Er AR B A TERGE lsofids SR ERRH I hL b i Sftteotice
pr ﬂ}bgd sol@ngt Lmﬁtne(sjce['ltdngs gc:(sﬁza@-tgﬂé)a- ‘4é’riBtasEFBlM'8 iﬂ'g_ﬁﬁtdj ;
er ric tide-lLuc?2. - , digeste
i DGR E B RS progrieh B Opbo5 and  Feovs
FFR%;lmere used to anplify the N termnal fragnments of
the hu nlze IIa Iu0| er.ase -91 and
R 2 DBEE Kopch rRB YTy Sy e TP APRRARFRI ks T cAMP
15 V\Eﬁnﬂdﬂggﬁg ﬂdan‘MB f’rhSQSAMIPBExHu{gGs&E IFiot iheB WMH%QIIBB‘)"was
ligated into the internediate CPM FF Luc hRL

p| ¥ssditelpepars @i cirguipA Rpeyated uciferasoCRMHE M@)MWIBB
A PEPRGRF DRI GRORERE ek o dhe oA AT e s

CROf B4, Nt pBEBS, FrddXe20lr0y pBFBL)
g%{xﬁ}ég Zagldgg%iuells %&%}I sﬁ%@%g aI'n Erﬂﬁgﬁtﬂi g%‘ ?r](;:slél,l a%ﬁwl?%ﬁﬂ{]ﬁéresence

20 Aof @@lice&M}bebﬁ déS-oindHQgtulda r&iﬁect%!b@@igtté 7A1As expected, no
( 3 . ' .
e fdpices 2o ror YR GREERE Loy BB EERGR R nino
20€1d GRISET1cRPEPUB2GB FB3D Sih/Aldition tBB@HﬁB(ﬂ@@cAMﬁ bitdamesite
in bset s of uni.g trict n S
t h%?m%éﬁf:g & lésr%dtrﬁogangfa e pf\é/?%n 9 (IF? EOS% ﬁ/ ver &hecfﬂ]d
peptudends lyeiferasoartivity cheas tdsk ket tﬁoRIIBBhﬁs&RMhEE (Figure 7).

25 Luc/ R g C&AI\WF;‘FS uc?lg{lgB (fl'.l:SIl n ;gr%tgrl? how egea Jn?cic’ulilal c}olsg gesponse

constr
with variable values for the effective concentration for S0% maximal fold induction

(Figure 8A). The CPM-FF Luc/RIIBB fusion protein with X/Y linker length of
(X=10,Y=10; pBFB10) amino acid residues showed enhanced selectivity for
binding to cAMP relative to other cyclic nucleotides (Figure 8B).

30

Example IT1
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encode CPM hRL/RI'I (3B fusions with either X=4, Y=20
(201325.44. H6 (CPMB1); 5 201325.33.C9 (CPM223)), X=10,
w207 2632825, 50. D12 (CPMB1); 201325.54.E2 ( CPr@RBY200D008176
X=10, Y=20 (201325.58.E 11 (CPMB1); 201325.54.E 12
(CPM23)) dy/Ser rich Iinkers fused to the N and
Ctermni of RII(3B, respectively (Figure 5D). In
addition, the full length hRL open reading frame was
cloned into the Sg/1/Pnel sites of the CPM FF Luc
expression plasm d encodi ng Luc2.0 (234-544) 10 42
amno acid Ay/Ser rich peptide-Luc2.0 (4-233)
(201325.50. A7, Figure 5A). One jig purified plasmd
DNA per Gfcghrly\Reahutéd Ronilla Laciferhdes oA MB Bindihd$4E)
reﬁf&ér%‘s%i #Ee%to express the protein products.
Wh reactions were carried out at 30C
for 1 hBour Humahi'md[ﬂ‘e&ﬂl&ﬂﬁﬁfeﬁseBMﬂﬂEﬁeﬁtIMerﬁrﬁﬂ[ﬂéderom

expihst BESRE R pERL I Vestors Fmesa Po Rt i it e CPi-F
5 lCPfoﬁlsldnq:/rRhin(c%Bsw& 23 [Kuc?lg (()23\41;44%(39%!7584&30@ GW/Ser rich
NPRdane 02300 ERERS rikiesATio Briei pakih pagruted
vvaxe;mzrx adifetabdlopdn l’léﬁdl ngd fr5mtB l(CEMIMR Y8R elfﬂ?i BBig&én E&It#ons
covairiee e ol e . SHe et armepoed o
t egqateraaé the dourFmiviemized fﬂe)éﬁlfa]rc]{écr i ﬁfrassibé‘fﬁ Imﬂakinantg ?efree r
10 pe S TOOTRCORIR B uobins eatidinsarrs ki CEREM: seo
( Pr[mmmgal(Dﬁs’#RTGGtRCI)}AWamC&kﬂ@itcﬁégtﬁaﬁ@gﬁ@gﬁahé@3 (hRL224 Sgfl;
C an m Xe
oF b T SR SO L AT bt e frapesrecsc 3 BRbat1 /
i e Oy o T
l“RE'B[ F%P?cﬁ%‘i?%"%% ‘wel | white 25 flat bottom
15 g | ﬁrﬂcmﬂhmdx@gagﬂcaﬁcc&a%gch@ri%ﬁmnagabpfmy SEQ ID
Crrosgh 483 st EB andeetelie  nacrenteaiich, Mgk S

RelFiF2|7I8aSEQc[DfretDaSS) ahdm??sau@m&‘mmt:t& arld EF 2T 94l wiede used
Buf f er

of, Luci.f.era Assa lLus Luci ferase Assay
SUBSPPUPEIRRS SRR fappen: SEufHumantza Readle Tusdtrane POA (WRL
eaa2i3 Nedrld KRIN224-B1 N@edpbaiveRly Fhe kesaltdRt pfodiBemivieie digddded with
Y—4 er BFB41 30, ,Lum nesc nce
20 | S helric R P L PRI Re bert A T rgusion
2%3#6&2@5%@6’1[&&0@7]4@5)&17!6 anline adid GlYBer rdh gepfifle-Luc2.0
zefr ionated on an - el
Ftior el B Fe Y eSS SO AR in G beBar T8 70 86 Fr27s
TVER286 IWGINTUE@G rno aﬁphﬁyl the N/ibﬂﬂihal(ﬁigméﬁ[ﬂc(ﬂthe heagiizedFenilla
r qﬁé’weraes% IjNA?RIQf_,% lnatdqalyL 995? resaprégtlil\l;]e )‘7) Cirhe resultant products
25  were digested with Sacl/Pmel restriction enzymes and ligated into the intermediate
CPM-FF Luc/ hRL plasmid encoding [hRL (92-311 or 224-311)-42 amino acid
Gly/Ser rich peptide-Luc2.0 (4-233)] digested with Sacl/Pmel. This resulted in the

generation of CPM-hRL expression vectors where the circularly permuted hRL

luciferase fragments are fused by a 42 amino acid Gly/Ser rich peptide (identical to
30  the Gly/Ser rich peptide of Figure 5A, 201325.15.A1 (CPM91); 201325.15.B6
(CPM223)). The sequence encoding human RIIBB amino acids 266-414 (Genbank
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5 each construct protein. There was no visible protein
product fromthe "no DNA" sanple. The full length

woeov7hib@21 uci f erase construct (201325.50. A7) recUUS®d7/008176

10

15

20

25

30

in about 100-fold nore | um nescence than the

CPM hRL9I -42aa construct (201325.15. Al) and about

100, 000-fol d nore | um nescence than the CPM hRL223-

42aa construct (201325.15.B6). The RII (3B constructs
CPM hRL91-4aa-RI I RB 10 20aa (201325.44. H6) and

CPM hRL9I - 10aa- R | (3B-20aa (201325. 58. E11) gave nore

| um nescence when incubated with 100 M cAMP t han wat er
(115 to 146- fold and 100-fold, respectively). The

RI 10} BE0G 68K fmas tonePMid1 RIbIES ofltha-uRiqué SBtrictida@nzyme sites that

201325. 33. C9 M hR aa- Rl | (3B-4aa . .
( STt 338 fopialds SRR e 54 P RSP o BEsvinyaly described for
( 203X FF. IfuclI BB IAMH sehsork @Flgurk Sl d"hmsﬂltﬂ-}'é constructs

| um nescence when incubated with 100 cAMP t han
wogspas GRY-RRIRIREh Giions Radh o ther X7 ¥-204301325.44-H6 (CPMO1);

(281133533 @:AOPMEBY, kB8 1y 44891629033 P12 éépleml 20%‘:% 54.E2
CPM hRL223-42aa constructs (201325.15.

ch&a233) or XAND YR8UBRN326:58-Eid (EPMOLN; 29132$ . alagcmzzm |
c oagas&qlicmmw@& Hised T@ﬁ]e@%ﬁ%p%g@ ﬂ%{r {zﬁgss geg,?%gvef!vg(ggm

I'i nkers construct
rmilé) | nrddidioncthe &l length&R20opsn e@émgefr@f-e wAMlonethiato'the

@PL 9B B@‘Eﬂhﬁ"ﬁ‘ﬁ%ﬂr? ABRESBT 6 Q.%ndo%goﬁ’gg L&Qﬁ g (234-544)-

| ess t engt h er ase
C h‘%gemm thi Giader nnb nﬁmdﬁdch@s(ééBB) Qo1 25180 A7 Figumg |5&\).

IV 25 | 38 %k niﬁ&f ;ﬁgénlng rbl@/& pw?mgat@wq'ﬁ@ 8Prox:Pega cat#

Luc/ Rl | MP Biosensors lals an
delrblfod reacieon wes wskd ixenpyess thepsveimpraduate nWheatiGermdn T®

Iyéaems ;ﬂeRl bride t aPSPESBE EnOr ifi ?Aelhp l;g@efoéﬂﬁaafo%&*@

CPM FF Luc usion protern wt
| fatpengs WINA (eromgga ettt SQOm) Bl CRshR porstruetd wess expressed

Eg‘?%%@r(& t-EZ f??&é@hgg?.ft%lﬁ?fﬁh&;ﬂ c'%ﬁnéﬂ%ﬁlhexﬁ‘b’oﬂye'l‘

nega oW NG conponent's
WapBHB#1 lZﬂB@Eg@@%U@ZOOW@&ZﬂBZS x&@r&?)azssieen’bdodﬂ\IA" (negative

In fact : C e t
g B B SRR AE L hi3ed SERTIRRCHUEL B ER M,
DMRr@Begal_caR‘a‘ﬁMZtA, RO inM Bralrcautentrtioh)lor Wfer (Braotegapat#P119C)
bLgnfdGiﬁculbaéed Fdr Rﬂh)ﬁ%@'s 3P foom temperature. Seventy five ul of 1X Renilla

Luciferase Assay Lysis Buffer (5X Renilla Luciferase Assay Lysis Buffer (Promega
cat#E291A) plus water (Promega cat#P 1 19C) was added to the Renilla luciferase
reaction and "no DNA" samples, mixed, and 20 pul of each mixture was added in
triplicate to a 96 well white flat bottom plate. Two pl of the CPM-FF Luc/RIIBB
with X=10, Y=4 linkers sample (pBFB41) was added in triplicate to a 96 well white
flat bottom plate. One hundred pl of Renilla Luciferase Assay Buffer plus 1X
Renilla Luciferase Assay Substrate (Promega Corp.; cat¥# E2820) was added to each
of the Renilla luciferase and "no DNA" wells. One hundred ul of Luciferase Assay
Buffer plus Luciferase Assay Substrate (Promega Corp.; cat# E1500) was added to
each well containing the CPM-FF Luc/RIIBB with X=10, Y=4 linkers (pBFB41).

Luminescence was measured using a Veritas Luminometer. Prior to cAMP
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I L amno acid mxture | L rRNasin dH2Oto 50 pL
total volunme 10 To sinulate the experinental

we@onvditzisens of cAMP neasurenent fol |l owi ng det ePQENS2007/008176

nmedi ated lysis of cells, the follow ng conponents were
m xed at roomtenperature wth final concentrations
of 0, 0.01, 0.025, 0.1, 0.25, 1, 2.5, 10, and 25M
CAMP: 15 0.5 L TNT(r) expressed cAMP sensor 19.5 L
Wheat Germ Extract (Pronmega Corp.; cat# L4140, part#
L411 A) 5 pL cAWP stock solution 25 'L Bright-do
assay reagent (Pronega Corp., cat# E2610) 20 The
assenbl ed reaction was i medi ately m xed and the

| utrictikatigoel Guek ofigacly lysats wassias fraetibratedtonrnERS-PAGE ged a
Tu - | ; t. second
(ToBlestlt ok BIORRIRE v bl be BRR £ BREN BB mce
si Basultsst abi ity and | uni nescence, the reaction

R e e G T o

5 mvedoR Fotdrughprgten. Tikcrewasmgmsihleipnosin patiact fiomdtheiVho DNA”
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H ' ) -9% Ter qi X | SR .

op e P 10 e LB Rl O k) oA ATRduneed

t r st B0 I CRiIvk¢-Raninesc&ick 3B tbAVPM-bR b8 BA2@r nyveuoce
Sypihhesd ' I | ed \Rabbit Reti cul t

Sy oSS, FEA Ll Mol 01dd dqo BRI IR e el PR L 223-
t 042¢a cpeuaici (201%28. UTB6 R MTheaRIdER! comstratts IOPM-hRAOT i4a8-RIIBB-

m ur.e. i [ el i ssayi ng. for_ cAVP

(i By 38t Sl B hob B B3 B pRRdeR a5 1 1 gave
asmade lu@a@ettinke whel incubite AHRAY 00 ARHEAMPRhaISwWaRPEIAB- tobt6-
WD 2007/ 120522 PCT/ US2007/ 008176 was then added to

ei tolband1 98-feld, sespectivelydyiThe,RUBBcongpicts GRMARER 23r4aatRIipB-
in | | @pNOYEM B 1.4 . | -
Fozroatg1 %femi3%§'\g/i3{a??)’ @z;\l;lgl yseszfg II%—E?;R%@%@ g%ﬁb(sn%lr'ég P zfthggﬂ’ M

i nhRL2P3- 10ap{RIH} Br26aan (20 1 385.64.8\WR) gaye 30- 0%l cfokf thorency

a ke O BbAR bk 108 e KAMP U TR ROSRT

25Rerila fuorferksd (201325, YhA)), GRM-bRLAE-4Rar @R032501 504 8), and CPM-

di Akﬂﬁg-iﬂm gérts?rlugts %(1) lléﬁkq 9%61) GIJ rpo? ché:n%gQ\liglt c%d\qs %c%bation
more than 1.3-fold as compared to water. The CPM-FF Luc/RIIBB sensor with
X=10, Y=4 linkers construct (pBFB41) gave 85-90-fold more luminescence in the
presence of cAMP. The "no DNA" reaction had low luminescence (1,000,000-fold
less than full length Renilla luciferase) and did not change with cAMP incubation
(see Figure 10).

Example IV
In vitro Detection of cAMP with CPM-FF Luc/RIIBB cAMP Biosensors

Materials and Methods

To demonstrate the efficacy of cAMP measurement in cell lysates and in the
presence of cell lysis detergents, CPM-FF Luc/RIIBB fusion protein with X/Y linker
lengths of (X=10,Y=10; pBFB10) was expressed using the TNT® T7 Coupled
Reticulocyte Lysate System (Promega Corp.). Briefly, the following components
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Standard curve with cAMP 10 1 nmM cAMP (Pronega) was
diluted into conplete DVEM F12 nedia with 10% FBS

waigiong2@2zoncentrati on range of 0.005 to 50 pMCHNF2007/008176
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where cAMP is serially diluted by 2-fold dilutions.
100 pl of cAWP was mi xed with 100 1 of Honbgeneous
CAMP Lum nescent Assay Reagent. 65 WD 2007/ 120522
PCT/ US2007/ 008176 Results CPM FF Luc/Ri | (3B cAW
sensors functioned in a variety of lysis buffers and
with a variety of luciferase reagents. Furthernore,
the CPM FF Luc/RI I (3B CcAM sensors were enployed in
honogenous assay fornmats for detection of cAMP 5 in
vi weee 4shénghledaccOrdirgltoAhamdnidfictBers fecomavendadl protouistiand

WheRLLHET MBI AC] 5 wigRe, dependent val ues of

luciterase "acti vi evel oped within approxi mately
three mnutes with a 00agpdashdd@®NaOf CAVP det ecti on

between 0.025 to 25 M Figure_9). In an

addi ti onal exanpl e usiér:lsg‘l}grgaé%'f Rﬁ%‘czg’é‘)'arcéagent

formul ation, in vitr detlNT teacticaf buffeP showed a
signal to background rat LqWOf 20 and an EC50 of 10
1.28 pMfor the CPM FF LUd//AIMBB*EAVP sensor with X/ Y
l'i nker | engths of X=1DpLmind gFBddture( Fi gure | 1 A).

Simlarly, using the s i.m zed reagent
formulation, in vitro gg?é}gﬁ%%ﬂ of cCAWP showed a

signal to background rdtiOptodf0 L tbtalasthingen EC50 of 0. 64
Mfor the CPMFF Luc/RII (3B cAMP sensor with XY
linker lengths of (X=10, Y=10) (pBFB 10) (Figure 11
A?jTo Shailgpe dmgé_:mﬁéﬂ?a' b lasadiyiohast dAMP niéis%@n!nhﬂ%nﬂying detergent
advant S:. ol.u escence readout [ reduces

c oM EBR Tin & Pp TSR RpaRUE VotrPed Bt ogimfgmperature
andhith fiealsppacénitiatonsyofiohan 1y @028, 0es 01261 b, 2. R 10¢irmioz WMl c AMP:
the capability of inducing a conformational change.

Exanple V 20 Intracell Det ect,i on,pf Changes in
CAVP Concentr at i oﬁgd‘g‘l ﬁlg?@ﬁWEﬁsedL FFEOB cAWMP
Bi 0sen$oy gL @didat Gerni Brk@adCPlomep® CorpC;Wat#l £140] parBOLA11 A)

in DVEM F12 with HEP uf,f Invitrogen) wth 10%
FBS at 37C with 5% co2¥ §‘A19ﬁg§{‘ﬁcg§°hf‘ﬁ%90¥ encodi ng

t he CPM FRSLUCBRHH{GB aksayechge ANPrdmhepaasp. cavt ER610y Y
linker lengths of (X= 10, Y=0) was transferred to
Fl exi vector pF4K (Fl exi

The assembled reaction was immediately mixed and the luciferase activity was

measured continuously using a Turner 20/20N luminometer at 1 measurement per
second (Tumer Biosystems).

In some experiments, to enhance signal stability and luminescence, the
reaction mixture includes 4 mM luciferin (Promega Bioscience), 2 mM Coenzyme
A (Sigma), 10 mM ATP (Pharmacia), 10 mM DTT (Promega), 16 mM magnesium
sulfate, 150 mM HEPES, pH 8.0 (Fisher), 1% Tergitol N101 (Sigma), 1% Mazu
DF101l, and 1 mM CDTA (Sigma). In vitro translated CPM-FF Luc/RIIBB cAMP
biosensors were synthesized using TnT® Coupled Rabbit Reticulocyte System
(Promega) using | pg of plasmid DNA for 50 pul total reaction volume and added to
the reaction mixture immediately prior to assaying for cAMP (addition of 1 pl of

translated product per 100 pl of assay reagent). 100 pl of assay reagent plus sensor
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vector system Pronmega Corp.). The resultant plasmd
construct (pBFB 141) utilizes an upstream CW

w@e@norese2 f or expression of the associ ated cAMRCT/US2007/008176

10

bi osensor in 30 mammalian cells. 66 WO 2007/120522

PCT/ US2007/ 008176 Transfections Cells were

transfected with Translt(r)-LT 1 Reagent (M RUS) using
0.3 1 Translt(r)-LT 1 reagent and 0.15 g DNA per wel |
of a 96 well plate. Cells were allowed to grow:
over ni ght and were assayed the next day. 5 Mdul ation
of bi osensor Approximately 1 day after transfection,
cells were renoved fromthe incubator and

eqwes thon added to Gith@‘ 0i90tué pHestladuitues. orA 08 i ofik AtylRodiluvéd ih00
m%onb}&l&icfn‘?éduﬁ g1244gd, g2 total of 90 pl of cell
culture plus rans ection reagent to give a fina
co@elbGulterei on of apprOX|nater 5 mM luciferin. Cells
were th [ era at

| east Qg&rtnﬂén)ﬁ't@g%ﬁé§ a’g it nu St pﬁ%{S‘ﬁ{ 256 Well plate and
t egrpemae 60-@0%bemdiucmry inBas ut BWMSF 1af(mvum>gm$ 64£thA6% FBS

we, Mr us 6 as Lu
(B ERREM I N Bk Cellfre Ty v B iR M
p efforskakh (Si gmﬁ)abvhsre\mer @r:tkbbm wia¥) dumedi by\ﬂtﬂolcﬂ&l]d’rﬂons in the
IS renal (Cal Biochem), 50 mM forskolin (Sigm)
&§%$&?Hlﬁg%d (0.1% DVSO, Signma) and | um nescence was

15imuh&hﬂﬂd_&ﬂhLﬁﬂﬂ§usly for about 30 m nutes. After

cel s i i eARTU B ER MRS i b dobe VAT a gia wie

al 10% EBBemngarqohemtrahumamge 0201085 Wwas0 ,t.MamMBaﬁuére dAMP is

cqQ I

LR o kB8NS 190 B Sl et i 100 ot
|§@pne¥amannﬂﬂ%?¢mmamﬂhekAsawﬁh&gamd 0. 1% DMSO was
added to all other sanples. 20 Lum nescence was then
nmeasured continuously for the next half hour. Sanples
were nmeasured in sets of 12 replicates. | Ox stocks of
i sopreterenol, propranolol, forskolin and DMSO were
made in I x PBS (Invitrogen). Results To neasure
changes in the intracellular concentration of CAMP,
HEK 293 25 cells were transiently transfected wth
the CPM FF Luc/RI I PB (X=10, Y=0O pBFB 141) construct
foll owed by treatnent with conmpounds known to increase
the intracellular cAMP concentration through GPCR
activation (isopreterenol, (3-adrenergic receptor
agoni st), decrease intracellular cAMP concentration

t hr ough
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GPCR i nhi bition (propranolol, (3-adrenergic receptor
antagoni st), or increase 30 intracellular cAWP

w@oemcarsent i on t hrough activati on of adenyl at ePCHUBA8T008176

(forskolin). Both isopreterenol and forskolin
treatnment al one increased |ight output 67 WO

2007/ 120522 PCT/ US2007/ 008176 fromtransfected cells
approximately 2-fold, reflecting an increase in
intracellular cAMP concentration (Figure I iC. In
addition, the tenporal response of changes in CcAW
concentration was followed by treating transfected
cells with isoperterenol, propranolol, followed by

f oRshdtsi n (Fi gure | IC) Wld type luciferase and t he

5 CPM FE RI | rot e essin 42

am no act M g‘: Hﬁj ﬁfqrﬂé‘“fﬁ‘ggé@)‘ a\)(é'?‘& Fg'é‘s buffers
tesﬁcednarad,aﬁag\wmmraw&cagém@ F8RANSE, the CPULFF 1Q/10fipB
known nmodul ators of intracellular cAMP concentrati on.

Ex afIfeseysors wers giprlovsst ip romegenams pesay frimats fondajegtipnof cAMP

5a FREbie éB@m% 9X{ m\ E&m mbe Hor %ﬁﬁpne Ll@n\%tma{ QPMaEthose

Luc/ RI'| Based cAMP Sensors A hesi s of plasm ds
en@epsrAent CrRiveFaf lea&rﬂqqcrlBtbé@e@peﬁwhmmxgn@ﬁewhree

LG RS, RS BB A GRO0PA1 3 ave
15(5@!6 F&pin aveadditivinel exiapypdst Usingodn gpPixmized reaggnbformlatipy, in
- Qt@JeteCGBﬁgmﬁﬁlPesﬂSQg gglgn%l gQ@gR}Cnd E%_](.g) fég)oand an CFCSO of

BFB

10 ( xtgsm forpBFBPMlBI;" hu@’l}?dﬂﬂ%/mmﬁezt@d m.w lgpder temgths of

15
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overl £ 1ce, ac red, .
AT A LFIRAT TRy Sk (AT YESRt befaga reasem
ex&imngleoﬁ)m vitraadpventios off eAMeshopicd aigrisl te bacidiround ratio of 11

IB se S rs, Wwth (X=0,Y=0 ..
%F ap | é&;so o{P‘Q ”993 tgnf(' égg/ﬁéyx)ucﬁ{iﬁ @&%’)sens(oaﬁvdfhw linker
( xleih@mm;ﬁm mewﬁld)e(pﬂanm e; erqgu:re gema I'Pliecpradent £ RNTP d&3kdYohas the
nes, dt Iln ) was used to
syﬁ’t‘ AT T 1%6%9% ’E?fi"“‘ %h regyces sompaignd
L e s S peg o
Piein F58e bt ok indiChE A e onral b es | b No
126) pBFBQZ X=0 Y=6 RI| SB- SGGSSG (SEQ I D NO 127)
pBFB93 X=0O, Y=8 RII I B- CI“:SCE%S& &RI,—__Q I D NO 128)

Intracellular Detection of Changes in cAMP Concentration using CPM-FF
Luc/RIIBB cAMP Biosensors

Cell Culture

Cells were cultured in 60 ml in DMEM/F12 with HEPES buffer (Invitrogen)
with 10% FBS at 37°C with 5% COa,.
Plasmids

The ORF encoding the CPM-FF Luc/RIIBB based cAMP biosensor with
X/Y linker lengths of (X=10, Y=0) was transferred to Flexi vector pF4K (Flexi
vector system; Promega Corp.). The resultant plasmid construct (pBFB141) utilizes
an upstream CMYV promoter for expression of the associated cAMP biosensor in

mammalian cells.
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pBFBY94 x=0, Y=l o0 RI | PB- GSGGSGGSSG ( SEQ | D NO 129)
PBFB95 X=2, Y=o GS-RIIPB (SEQ ID NO 130) pBFB96 X=2,

woz7@85R | RB- SG (SEQ I D NGO 131) 68 WO 2007/ 1206R22007/008176

PCT/ US2007/ 008176 pBFB97 X=2, Y=4 GS-RI|fB- GSSG ( SEQ
ID NO 132) pBFB98 X=2, Y=6 GS-RI | PB- SGGSSG (SEQ I D
NO 133) pBFB99 X=2, V=8 GS-RI | P13- GGSGGSSG ( SEQ | D
NO 134)  pBFBI 00 X=2, Y=10 GS-RI | PB- G SGGSGGSSG ( SEQ

| DNO 135) pBFBI O X=4, Y=0 GSTG Rl I pB (SEQ I D NO
136) pBFBI 02 X=4, Y=2 GSTG Rl | PB-SG (SEQ ED NO 137)
pBFB9 X=4, Y=4 GSTG RI | QB- GSSG ( SEQ | DNO 138) pBFBI 03
X=4, Y=6 GSTG Rl | 1B- SGGSSG (SEQ | D NO 139) pBFB104
X=Zran¥eti@@STG Rl | RB- GGSGGSSG (SEQ | D NO 140) pBFB39

= = GS
;J<BI4:BI 55&%'35“8"&? 5 Icr‘%ﬂ%’ "@SGG??%E@%%R%WMA&Y%})W% ul
X=@ran¥r®- 1B (Sagedrlahd bBs Dﬁ@E e Qem@f ab83)ell ;ﬁﬁg Bb@l?s were

X=6, Y=4 GSTGGS-RI || B ID NO _144)
x—B’OWOWFN@mdS%%aY ngtrd@y145) pBFBI 09

5 X=Ftod¥ERosSTkIeSmR] DB- GGSGGSSG (SEQ | D NO 146)  pBFBI

10 %=6, Y=I0 GSIGGS- Rl | PB- GSGGSGGSSG ( SEQ | D NO 147)
PBFBI 14ppregimajely |Gy afsransier e, Ceiiv#io rpmpvetidiom BEBI

Xty ol PR P el KD o i

X=huciferig RESTEERde! Rt 2 it oSPB50E (elRalth® plE tra_‘!ﬁfc):tnonp@ﬁ@ent to

ot el e AR e S B s bR s ey

10 Nonw@}cd 35 BRBR teppexatars, forvat deaSHRBRARSGARET §BRIrUBEQ! Fddm
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me}@é%tﬁg%ggéﬁe%égureée&s gﬁg i‘qc%fe g%elrggxe @S‘{Sglﬁj%
V) BFB41 SSGG

| DVeID! cg@g’_,unpwtgﬂ(g‘ upteq Biosystéms; integration time of 0.5 seconds per

RO SR TR AT O Rl o o

pEPBkelin (Sigma) onnot (NABSIECIBMFD | FBEREESEEESS(nSEQas

| Dn@Qure@ng)\tmuously for about 30 minutes. After 30 minutes, 10 mM propranolol
(Sigma) was added to cells with isopreterenol and 0.1% DMSO was added to all
other samples. Luminescence was then measured continuously for the next 30
minutes. A final addition of 50 uM forskolin was added to the
isopreterenol/propranolol sample and 0.1% DMSO was added to all other samples.
Luminescence was then measured continuously for the next half hour. Samples
were measured in sets of 12 replicates. 10x stocks of isopreterenol, propranolol,
forskolin and DMSO were made in 1x PBS (Invitrogen).
Results

To measure changes in the intracellular concentration of cAMP, HEK 293 -

cells were transiently transfected with the CPM-FF Luc/RIIBB (X=10, Y=0,
pBFB141) construct followed by treatment with compounds known to increase the
intracellular cAMP concentration through GPCR activation (isopreterenol,
[3-adrenergic receptor agonist), decrease intracellular cAMP concentration through
GPCR inhibition (propranolol, B-adrenergic receptor antagonist), or increase
intracellular cAMP concentration through activation of adenylate cyclase

(forskolin). Both isopreterenol and forskolin treatment alone increased light output
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pBFB128 X=10, Y=2 GSSGGSGGSG RI | pB (266-412) (SEQ I D
NO 160) pBFB129 X=10, Y=4 GSSGGSGGSG R | pB (266- 410)

W@ SEQ12B2NO. 161) pBFB 130 X=10, Y=6 PCT/US2007/008176

5

15

20

GSSGGSGGSG ( 266- 408) (SEQ I D NO 162) pBFBI 31 X=1o,
Y=8 GSSGGSGGSG RI | pB (266-406) (SEQ | D NO 163)

PBFB132 X=10, Y=i 0 GSSGGSGGSG RI | JB (266-404) (SEQ I D
NO 164) pBFB133 X=10, Y=-12 GSSGGSGGSG RI | ( 3B

(266-402) (SEQ I DNC 165) 69 WO 2007/ 120522

PCT/ US2007/ 008176 pBFB134 X=10, Y=14 GSSGGSGGSG Rl | PB
(266-400) (SEQ ID NO 166) pBFB 135 X=12, Y=0
GSSGGSGGSGGG Rl | (1B (SEQ 1D NO 167) pBFB 136 X=14, Y=0
GSS@@S@@S@I@S@@IH AppRXIBEEY DAIND, reﬂtﬁ:ﬁhg apaﬁ&aaem IXFrzlcﬁt,llular

- Ta e el A A el By PR s honges i

BEBME’Q:O)(C@@:;atWH: wm@éﬁmﬂkbﬂﬁﬁnﬁ Eﬁ@x&@enol

ds, 266-
oAb B AL AR T I B2 G the
enCBMi-RB mcmH’MB:ElsiouqJanlh%B Resinglthe AYRnEEd Gly/86kidg

‘pepti l rs (X=0, Y= B89) 5 Ta_synthesize the
e o6 B TEDiTorh B seied e Phnpenormed iy kopone iy aaditon of

s elpasvai RoPilhtdRy ofiatrdcslvier eAMPednéentratig.i fy Rl 1 (3B DNA

to generate three separate PCR products. Priner pair

5'- CCT CGA ACA CCG AGC GAC G- 3" (SEQID NGO 31) and

5' - GCA GIG ACT CAA TAA AG(E,ZI;ETE@M ACA TCT TCT TGG

CCT TAA TGA (tSEQ,ID NO_. 18) were used to

gener at o z as a Punctien oEXAY Pentidebinker

TAA G(X: CAA @wﬁ_ r@-wl ﬁl@uclﬂﬂ%@a-gca_ A&Mﬁ@%n@;@ ACT
| 2) a _ b TACA TGT TTT

sqr;zwith

NG asidbi eelhhkbr sate product 2; and priner

pair 5 -.CIG TTT GGA C T ATT. GTA GCC AAA

AAC ATT QERRCRAZR E%@fgg gﬁ“f@é@ﬁ P sengprewithvariable

TOI/J?I’ peptidATinkdrdengdths dfPex 6?60&)} By (ySE@fsb]DﬁlaNsté}xcdmge

used to t t t br ee

ortias SPGREl G B aCr g ABERR, TS, RRFRIB), and

mascﬁubs&;qmmd | 11y) diélggsﬁmdsii&dtdain@gﬁliéé(hﬁl;% é)ELISﬁdidrCPCR RSOE

e S.an | te nt o e rent uc

oASHRE QR spnuliin Handaibielertial Bose et FF swhle

2(@exichangSYDN A digents batwlea plisfitiddaestingCRMOPMLGE/RIIBB based

LUGNEb b8P %6 Vo5 TREQY-Y), [ Res,v=4), (x=6,v=6), (X=8,Y=8),
and (X=10,Y=10) peptide linkers to generate all remaining clones in this set. In
addition, SOE PCR was used to synthesize clones in [10 + 2n (n = 0-5), 0] and [10,
-2n (n = 1-7)] sets (Table 2).

Table 2
pBFB89 X=0,Y=0  RIIBB (SEQ ID NO:124)
pBFBY0 X=0,Y=2 RIIBB-SG (SEQ ID NO:125)
pBFB91 X=0, Y=4 RIIBB-GSSG (SEQ ID NO:126)
pBFB92 X=0,Y=6  RIIBB-SGGSSG (SEQ ID NO:127)
pBFB93 X=0, Y=8 RIIBB-GGSGGSSG (SEQ ID NO:128)
pBFB94 X=0,Y=10 RIBB-GSGGSGGSSG (SEQ ID NO:129)
pBFB9S X=2,Y=0  GS-RIIBB (SEQ ID NO:130)
pBFB96 X=2, Y=2 GS-RIIBB-SG (SEQ ID NO:131)
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(X=2,Y=2: 12BFB96) peptide linker |lengths To
synt hesi ze the construct with peptide |inkers

W@ 2002/1X082) , three separate priner pairs were PSEUS1007/008176
anplify RI1 (3B to generate three separate PCR
products. Priner pair 5 - CCT CGA ACA CCG AGC GAC
C-3 (SEQ ID NO 36; BFB31) and 25 5'-CAA TAA AGC TTT
CAT ACA TCG AGC CCT TCT TGG CCT TAA TGA GAA TCT CG 3
(SEQ ID NO 37; BFB 120) were used to generate product
1; 70 WD 2007/120522 PCT/ US2007/008176 prinmer pair
5'-CGA GAT TCT CAT TAA GCC CAA GAA GGG CTC GAT GTA

. TGA AAG CTT TAT TG 3" (SEQ I D NO 38; BFB 119) and
5' - GFHFBET T AAT x&i, =4 TT IGEBUPRACSSEASHAM AOE1 38T C CAT
GIT 3 [ wer e
used”to %—ener e??ﬁ)duéégﬂ &s@é@é%s;sgé]?ﬁa3 GTTT

5 GBIROTG AAC ATGYGAT WW&G@&GWQM%A@ATT
AAG pBRA(E03"  ( SEQ, WDioNO @O RIBBEG &8ssk (skd i KT 33AT

CAT GTC TGC TCG  AA FB34

used’BlFB’oéener ate® B{r Bdﬁ&f'@@ L@@Béé lﬁg t hr)eemer °

pr ochlB(EBs)zw el dadd,plke f UGSTC-RIPBISGEAREQITDA®EZ137)wWhi ch
SHRsequent by, &ge%sfﬁ;\midk égéé/ééﬁél f»ﬁ’s‘»'iiglct i on

enzynes and ligat’ed into ar ent

expri#§8i%n pl agnf d{'prI%%I)'G &' FEESHF REQIPINGD .

i /pB@thsu s xef, vas pI assw@mmndcsg(ms@(\ﬂﬂ@fm NO:140)
Luc ased C

pept ’IEAnggiFl nkergT éﬁg hs B#Elséést e Co gﬁuc%(g%”
W t [PBEBISi de | Xafkare ()@%“ % RIIBH (SHQ B HO:IANA  AAA
éTAé p%;c%()%csc%é% ET@MGW BBE¥G ASEQED N fub) TGA 15
GAG PEFR! %¢CT c&ﬂ 8&? %‘ﬁﬁsﬁé@‘ﬁé@‘%ﬁg@? @Q“AAC
AG ¥FBFESEQ | D X&5,43¢ RFFGQSRINB-$GGSSE (SBQRUNO:145)

arrpl 11 (3ByL Th pB
eg%gggwth Sal’l Saclqségi(?ﬁlctl oﬁbgﬁg'% EGVVPS%Qd]D NO:146)

I i ga’Pé%I”Pnt o t¥e }Sa‘t"ent W%WLWCGSEQE%%FOQE& NP 47)
(pBRpB8s11dli gest g, w-b h XIsWGEEHBCE-RIZEB i(SEQ By nicheigy s of a

b o5y e 05, PN ael B Pshael (AN agnsor

syntPﬁé%'llze t heXecH¥st r ut Wﬁ&igﬁﬁéﬂ!ﬁlﬁgsﬁﬁn@@%ﬂ) NO:150)
(X=8siE8), DPri Ney ¥-p' - ASTGCEFECRIPEHBCGSEE AEQ btoAST

oo AL D015 S bolbonuC it SeRe g

CCAPpBEH1IACA AT¥:8IGR0AT GSTTESSGHG-RIPB-AAGGRGGSSG (SEQ ID NO:153)

pBFBI117 X=10,Y=0 GSSGGSGGSG-RIIBB (SEQ ID NO:154)

pBFBI118 X=10,Y=2 GSSGGSGGSG-RIIBB-SG (SEQ ID NO:155)

pBFB41 X=10,Y=4 GSSGGSGGSG-RIBB-GSSG (SEQ ID NO:156)
pBFB119 X=10,Y=6 GSSGGSGGSG-RIIPB-SGGSSG (SEQ ID NO:157)
pBFB120 X=10,Y=8 GSSGGSGGSG-RIIBB-GGSGGSSG (SEQ ID NO:158)
pBFB 10 X=10,Y=10 GSSGGSGGSG-RIIBB-GSGGSGGSSG (SEQ ID NO:159)
pBFBi128 X=10,Y=-2 GSSGGSGGSG-RIIBB (266-412) (SEQ ID NO:160)
pBFB129 X=10,Y=4 GSSGGSGGSG-RIIBB (266-410) (SEQ ID NO:161)
pBFB130 X=10,Y=6 GSSGGSGGSG-(266-408) (SEQ ID NO:162)

pBFB131 X=10,Y=8 GSSGGSGGSG-RIIBB (266-406) (SEQ ID NO:163)
pBFB132 X=10, Y=-10 GSSGGSGGSG-RIIBB (266-404) (SEQ ID NO:164)
pBFB133 X=10, Y=-12 GSSGGSGGSG-RIIPB (266-402) (SEQ ID NO:165)
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(SEQ ID NO 116; BFB 126) were used to PCR anplify
RI1 (3B DNA. The resultant product was digested with

w@alorh8aer restriction enzynmes and |igated i ntPCT/082007/008176

10

15

20

25

parent CPM FF Luc expression plasm d (pBFB8) digested
wi th XhoUSacl. v. Synthesis of plasm ds encoding the
remai ning CPM FF Luc/RI'l (3B based cAMP 30 sensors

with peptide linker lengths in the set [2x (x = 0-5)

2y (y 0-5)] 71 WD 2007/120522 PCT/ US2007/ 008176
Xhol / Xbal or Xmml/ Xbal restriction enzyne digests were
perfornmed on plasm ds encodi ng CPM Luc/RII[i B based

CAMP sensors with peptide linker |engths of

( X=QB¥BDY, (X?@Mx%)u (CSSGGSUGSGRAHER (166)'00)(0136 I¥18):166)
and 6510 Y=10r, {1b CAEBCESEasELeRARDIEHBNENEY ™

di gest generates tvvo fra

encoBFRS O t ¥rHi Y %FG?Gﬁpﬁcr%BPBl(ﬁﬁQéP%@ 168)
and pbhgi37Luc2. Q-r; ¥33 fessrEstcsactsedsargps (ﬁE@gmsm:t 169)

CPeF 00 o TR elisoqsti R (o ovoam

234-pBEEI39| | nkeX=2K, Y= ﬂand;FaﬁG(F&G‘éSWﬁ;éFWS(bmmB (SEQ ID NO:171)

RI l§ll%§ cg;l;Qs gn?dg% %3 j)‘:i‘é Jﬂs 2%9—4% Qf@e% P} lﬁ%§0

the srra agrrent)s wer e
Ilgated to the | ar ger fragrrents fromthe 10 various

r esELhhiLdiO% amas, R ALGRsS 5 cPXl- FF%uahimﬂ BasOd CRW@' gds

enco |ng ! _UCI Rl I'T 3B Dased CAVP 'se
{ AL, s et [10 + 2n (n = 1-5), M

PeEE -
To Synt’?@%ﬁas‘ Qh %\@&Wx&l 148 %&j Pﬁdé l“ﬂ(ego M'J(:)FY—O&’ three

Luc/ RI'| ase sensor peptl I'T nk
I ewg{mqte(g(&qerg)a\r& GferfplBIEBtOl@BI)llfYtWEt Pplly Wt gsngraterthree separate

; 0 f N
DobCR prothilPhinis b 52 UPLOW AN ¢EB AGeelc el skl
G@&OC%T apdr65- fﬁ% GRE ACTCApY TMTAWAUG@ GT TAREGG

000010 S T80 S0 8

NGt 4 primeFpaif $8CGANBAE TISEEATOT fA{EaICA NI CATRGTA TGA
AR PG e S B S e T
1 17AAGET TTIFAGTIA AR TAT CT8 TG TCCT FAGAACAT A GSE(SEQ
09 L A S 13,55
pr@@@c%ACvﬁ‘]T@ ICARATIUGTE GAAA AAYE A TTIANG AAG GGC C-3'
B%@Eq BPRO: i shéiscEranrep iiW’iEéA%ftF’gs %Q}Sf ?ég':&k@i ¢88 (SEQ ID

aren CPMF Luc expression 25
d.l@@s&swsm ysigd Bsme%arloducré §)Q& ReBiof ghet theee predugisgielded

enpOfiIN@nsRP M dalicl- WhicRWas 3o RacaHy Wted with Sgfl/xbal
restriction enzymes and ligated into the parent CPM-FF Luc expression plasmid
(pBFB8) digested with Sgfl/Xbal.
i1. Synthesis of a plasmid encoding a CPM-FF Luc/RIIBB based cAMP sensor with
(X=2.Y=2: pBFB96) peptide linker lengths

To synthesize the construct with peptide linkers (X=2,Y=2), three separate

—

primer pairs were used to amplify RIIBB to generate three separate PCR products.
Primer pair 5'- CCT CGA ACA CCG AGC GAC C-3' (SEQ ID NO:36; BFB31) and
5'-CAA TAA AGCTTT CAT ACA TCG AGC CCT TCT TGG CCT TAA TGA
GAA TCT CG-3' (SEQ ID NO:37; BFB120) were used to generate product 1;
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sensor wth peptide |inker [ength (X=14, Y=0; pBFB
136), two separate priner pairs were used to anplify

wWaRR407f13B21 0 generate two separate PCR product sPCRPUS208T/008176

10

15

20

25

30

pair 5'-AAA AAA TCC GGA GGA GGI' TCT GGC ATG TAT GAA

AGC TTT ATT 30 GAG TCA CTG G 3' (SEQ ID NO 45; BFB

143) and 5'-GGEC CCT TCT TAA TGT TTT TGG CTA CAA TAT

CCA TGT TCG TTC CAA ACA G3' (SEQIDNO2 1; 72 WO
2007/ 120522 PCT/ US2007/008176 BFB 118) were used to
generate product 1; priner pair 5 -CIG TTT GGA ACG

AAC ATG GAT ATT GTA GCC AAA AAC ATT AAG AAG &OC C- 3

(SEQ ID NGO 24; BFB 117) and 5' - GIA TCT TAT CAT GIC
TADIMOP MG WEA TAT TED CAD MG 80C BABSGAANGIGS 0TEWGAD GTA

ST EEARGER AT fa e ah e I BhgSHELT crmaaT ot
s gmqﬂéﬁwu}c dngoegtgeidﬁMtﬁc erEgngrrm A CAG-3' (SEQ
ox [ REG M IPLEE o0 B Aot o A mriat peie 630 TTT
TOGE/MARESAAE ATI6 GARAITIGEACIOL T BECRMARACIRTRIAAG

OAREEY AR R6TR0brH o) RERLLIA THR AT Ci%lc tae Tea
WweAAQIEE3’ (SEQrmINI(Dw RBFIRBY)tveere esedrta igéndri® pseiadt Rt SOE PCR
o BNl KA A S St
Cé?gﬁ_sﬁ?ﬁ@tliﬁ%?@b5ﬂ‘est8%ﬂéﬁzyﬂlﬁdmﬁ hgﬂ;ra éﬁ@cltgg'%'zm'g?/l-FF Luc
( SEgSPET %s df(p%ég}- %}tggggg@ ‘0 generate

prmd Serithdsis gfral phsmig ahafodﬁxg-aCEMH'ﬁ'LﬂnE'RmB wséd JkYAPAEksor with
3 (3 . TT AAG AAG G&C G 3' (SEQID

. {17 £ IEELCSREFISTAT CAT GTC TGC TCG AAG
CG- 3 (BEQnUBSWﬁ&OnBEBBW)th t&iellﬁﬁcérst(!x%ﬁ‘:%’),aﬁrﬁners 5'-AAA

FRASA TG Rt ALB TaERA RS T i 7Y AP ra

d| @E@tﬁeﬁfr Gal-3'SBQUB Wahiat BFBSL3)i /0t iSOA AN AWFE G AATC CCT

pres
AT AL PRER T FE iy 20, 0L S8 Ml o
t HEFIDI 243 etk @06 aslPOR ahips AIORNBBONAC /TiRE Iré&Bmh@ﬁ&mc@&&P
epsor with $t|dellnker | ength (X=18, Y=0
1 %estef‘vw“s&gﬁ ol gesition Fn@m*%nd\kg?féd uﬁ@&‘q@fﬁﬁﬂPNfF‘ Luc
RlekBEséion gaﬁmrda(bBFdexged@ar wite XReisproducts.  Pri mer
palr et e TCTGGCGGATCAGGC
I IDXN&\&R DBFB 1 15b5n)epﬁd?éjhrﬁcer @%CCT TCT TAA TGT TTT TGG
CTA CA%”O-I-s%rthesme € cons?Gct wn%n peptufa‘ ?Ankers (X=8,Y=8), primers 5'-AAA
AAA GTC GAC CGG AGG TTC AGG CGG TAT GTA TGA AAG CTT TAT
TGA GTC ACT GC-3' (SEQ ID NO:44; BFB125) and 5'-AAA AAA GAG CTC
CCT CCA GAT CCA CCT ACA ATA TCC ATG TTC GTT CCA AAC AG-3'
(SEQ ID NO:116; BFB126) were used to PCR amplify RIIBB DNA. The resultant

product was digested with Sall/Sacl restriction enzymes and ligated into the parent
CPM-FF Luc expression plasmid (pBFB8) digested with XAol/Sacl.
v. Synthesis of plasmids encoding the remaining CPM-FF Luc/RIIBB based cAMP

sensors with peptide linker lengths in the set [2x (x = 0-5), 2y (v = 0-5)]
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G 3 (SEQ ID NGO 55; BFB 118) were used to generate
product 1; prinmer pair 5 -CIG TTT GGA ACG AAC ATG GAT
WD 78105215CC AAA AAC ATT AAG AAG GCC C 3' ( SBEZT1/DS2007/008176
NO 56; BFB 117) and 5' - GIA TCT TAT CAT GIC TGC 30 TCG
AAG CG 3" (SEQ ID NO 57; BFB34) were used to generate

product 2. SOE PCR of the two products yielded the
full-length PCR product, which was 73 WO 2007/ 120522
PCT/ US2007/ 008176 subsequently digested with
BspEl / Xbal restriction enzynes and ligated into the
parent CPM FF Luc expression plasm d (pBFB8) digested
with BspEl/ Xbal. vii. Synthesis of plasm ds encodi ng
CPM FF Kbd/Xiall 08 BripHXédl reftivEtiaeenzgms dvgests wepepdrfodmed on

i nker. | engths | e 10,, - n = 1-. T
oy RiiRhids SR CPYELRR AR bared <AVR Casgrsirt] brofief s
baksgths AMX=0¥R6) I(XwR I+=2 R (XN4 fYer4)] (Xad6, Yed)t (08, Vi-B) eid
TP s B B LG SR S mamens:
5 1283¥mallenfragepar aicedipg iar@termfnal pmimr:ﬁRHﬁBdlixfler ypnhd dhy
RI .0 generate, two separate PCR product.s. '
oy LAt 503 e SRR e R KBy H e elgments of
TTGedrign3EPadrhid] heNQidghthe BfqBedc2d EncddihgT ucGBQ3GGH4 Thdker X,
TAA T TT.T T GL. TCG TT ACA '
( S TGS Paen TRl To gl 81 deRlsPeR I8 efasds0-S
1; 26y 70+5) peet, th&SmAAET figgrhedtESE A a0 QiTlafgeArdGher@dfom the
10 AAA . CAT TAA GAA CCG,CC-3' (SEQ I D NO 60; BFB 129) and
5 VPR JEIPPRT MR WFSSTae TOG AAG OG- 3' (SEQ I D
NOri6 SyntBisBplasatids etwoding CPOAHFETAICR 1B pised 48 MPsenSEE with
PCRe 91:1 }‘nge Lo br.oduct ) i+e d d_Ii ull -1 ength PCR
pr%ﬁwéﬁgvﬁg“—sﬁg’séqu@éw—w MR LR S@hdlsted with
Sal | | XbBd synetsdsizie alid piasxﬁﬁzymnglame dqumcmm%mbme chP
ar ent M FE.Luc, expressi smj BFB3 i gest e )
P TS B lint N Bleh B2 Pr B BRI, e hottre g b e
15 CPWere lasd¢duo/ariplifs3 BIIBBSe Geandthle tws @(ftﬁlfwtcz RCRIpréducts. Primer pair
N- t.er m na ' j r t = acki
o TV ABER L8 B BlarRRE h T 04 AL st BAS ea
266TG 1D3'($8Q I-D4N|QD¢EB:B_ FR P4D) and $0GSEPECRITE PTAREIGT IdiTT BGG
we, to
o AR s Gt 280 RECTEN SR RER IRoa7; mra1I®)
AANAASTGOACR TR GEIdMCNEGPOOET Paid 5'-CBEQ TDGGYOAEL; AREBATG
1 L]
20 5 R T RRA AT AT AOGRGRERARG RS
2BFBHQ) bl NGHH3; TGFBAIUTATI EC TSGENTCG ARGEIGBESEQ ID
t s LB ir
BN, i RS EER A SRR P e g products

yielded the full-length PCR product, which was subsequently digested with

BspEl/Xbal restriction enzymes and ligated into the parent CPM-FF Luc expression
25  plasmid (pBFBS8) digested with BspEl/Xbal.

To synthesize the plasmid encoding the CPM-FF Luc/RIIBB based cAMP
sensor with peptide linker length (X=14,Y=0; pBFB136), two separate primer pairs
were used to amplify RIIBB to generate two separate PCR products. Primer pair
5'-AAA AAA TCC GGA GGA GGT TCT GGC ATG TAT GAA AGC TTT ATT

30 GAGTCA CTG C-3' (SEQ ID NO:45; BFB143) and 5'-GGC CCT TCT TAA TGT
TTT TGG CTA CAA TAT CCA TGT TCG TTC CAA ACA G-3' (SEQ ID NO:21;
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3' (SEQ ID NO 64; BFB131) and
5' - GTATCTTATCATGTCTGCTCGAAGCG- 3'  (SEQ | D NO: 65;

wW@EB342052kr e used to generate product 2. SOE PER/US200T1@8176

10

15

20

25

30

two products yielded the full-length PCR product,

whi ch was subsequently digested with 30 Sal |l Xbal
restriction enzynes and ligated into the parent CPM FF
Luc expression plasmd (pBFB8) digested with

Xhol | Xbal . 74 WD 2007/ 120522 PCT/ US2007/ 008176 To

synt hesi ze the plasm d encoding the CPM FF Luc/RI| (3B
based cAMP sensor with an N-term nal peptide |inker

| ength of (X=10), lacking a Cterm nal peptide

| i BKBi | 8)werh uiRidit¢ gBharas iprhdast D, pdimtd Paif 30CTGELTHPBERA ACG

R 1B B PATILRE BIPLOPR A ARIMRE AFERAG R ) e o
Pr Neos24: (BB 13) andAAARRAGTOCRBIMCAGGIICAGECEEE KA G' CG-SEQEQ

5 NS84 e S B AR 10 penerate prodest 2 SREBGR A& products

- 3yieldSEQ I N Y PCRIpBodhi3R whisir @assibskguentiyedigestddwith

L T S
COplaghid((PBEB8 DM pér @By itiBBE EI B&)u1.and

vere ULBRVE N RIrg eaciige be CERPRB &y begsAMP
pr seisartveitlypepide nktdnéerigth (%= 16(1g+0) pBRBR3 Py, 6o sdparatéipiéiier pairs
oSy RREF ey RPASR Bhorple b Sehardte BER nepcly, Primer pair
exPrABA IAXT PraseGa GOBRBET TITHEG@EAGA TOA ABG TAT GAA AGC
AR opR TER GIE R Ik RIS BePEA - bl prg rer
PEPAACEG Ti'mn"érGGmgqt EAoﬂlf lT(«X‘:aPB OA, Tgmmzmgr% ci (%AA ATA Gab' (SEQ
I eSl - Q.

PERLNDSS: Hei T w e dedo e BBt L3 6 R G T
anGGiAf ACRl AAGB\UN@A”D AJENET AIGCC WA A @D8C AT RER AAG GGC

R BRI M R A e PG4 TOT TABGAT GG TGS TREAAG

120(}? -3 (REQ ID NO:53; BFB34) were used to generate product 2. SOE PCR of the

< PR Y bRl P P e S supigueny disesta

p'r\mnluBtpEI/Xbpl rasgictipaienzymes and ligated into the parent CPM-FF Luc

e

5 - GTATIOISPATHESAZEHE PEETBIAWGAEe tBé CPBEEF ILc/NDIpEbased cAMP
@ﬁé}l’ »yﬁrp%pHg ﬁjnktep legg{llne(wtlg \prOO H%B 1 §8) t%%seggrgte ;Inmer} pairs
were used to amplify RIIBB to generate two separate PCR products. Primer pair
5'-AAA AAT TCC GGA GGA GGT TCT GGC GGA TCA GGC GGT ATG TAT
GAA AGC TTT ATT GAG TCA CTG C-3' (SEQ ID NO:54; BFB145) and 5-GGC
CCT TCT TAA TGT TTT TGG CTA CAA TAT CCA TGT TCG TTC CAA ACA
G-3' (SEQ ID NO:55; BFBI18) were used to generate product 1; primer pair
5-CTG TTT GGA ACG AAC ATG GAT ATT GTA GCC AAA AAC ATT AAG
AAG GGC C-3' (SEQ ID NO:56; BFB117) and 5'-GTA TCT TAT CAT GTC TGC
TCG AAG CG-3'(SEQ ID NO:57; BFB34) were used to generate product 2. SOE
PCR of the two products yielded the full-length PCR product, which was
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products yielded the full-Iength PCR product, which
was subsequently digested with Sall/Xbal restriction

wepwynes2and |igated into the parent CPM FF LUBCT/US2007/008176

10

15

20

25

30

expression plasmd (pBFB8) digested with Xhol/ Xbal .

30 To synthesize the plasm d encodi ng the CPM FF
Luc/RI I (3B based cAMP sensor with an N-term nal
peptide linker Iength of (X=10), lacking a Ctermni nal
75 WD 2007/ 120522 PCT/ US2007/ 008176 peptide |inker,
with RII(3B residues 266-404 (10, -10; pBFB 132), two
separate prinmer pairs were used to anplify RI1 PB DNA
to generate two separate PCR products. Priner pair

5' subsgént MAGEGBAIGEIBLAGKE NEBE6E lﬁ-eﬁzym‘{sSE@ligﬁleﬂlﬁhté’die

O b Doy e R TR ) digestedyuish AR,

BFBI B36thesie pfplaseids hm@ﬂhlﬂel’ DLodREPBBHasgt ¢ AMIP spidsoFs with

EgﬁAAAACATTAAGAAGG

5 GTATnarérymcaé&eﬂ@Tmﬁﬁwmg fRe CPREQF D.cmmg based cCAMP
O us 0 er r
Dt B IO BT Rof ke T, B 3 Girraphel
V\hpdphdd\:ﬁﬁkes woisie B UG ﬂeyiddd:s?}_ﬁsttﬂd é‘m JL-D; ;5@1:}8 128, &lvo separate primer
restriction _enz ate I'nto the par e
AR e i AEBL ORI RV EP Gt v gebib b pragucts
Xherichqaakr. 5 .ng\ymmm@we:qm amrﬁ crmmqadj OGGTEC-3' (SEQ ID

N NorR: B St GG e T Gr gt SRS B Aoy o

C-TEGTTRCA RO d6-3'(PKRONTD NOi5h; BFB(@ W6 LSHAas generate

oo Lo 3 R Rt bt SRR AT oA Tc ERA Ran

sePATdteA BERA GTG A 3'YSESTDRO: dmaBrFB':i 29) and 5'-GTA TCT TAT

Wﬁ%ﬁg %{53 EEJ&S %'0’6 ‘SE%3|45)WNerOé Zsse;d to generate

5 m@mmmﬁmqmtmw@%émmﬁ%a

NO.79; BFB 138 d to generate product
VESFIP Was s-.k;)éfc*uently di gested w1tL /\%al restnctxon enzymee; and ligated

5 m é_ﬁ@PM(I@D IMFB o Wd ) GARGIOAGH T oD XBal.
an

5 GTATE‘%% the CPNEEF Lycf§HIAB hased cAMP

BFsBasby withran Nise@thiad pestiveriaker Iprgh o€ {X21 O)SGEuﬁ’gchmfenhmel

R B R S e T B i

I §ailrk wWetd W8d @anpRy RSB DNgRicttnkRtOtwWRp AaledR hidWhEE

S P E SR Ol A AAAGTCGACCGGAGGTTCAGGCGGTTC 3 (SEQ ID
NO:62; BFB127) and
5-GGCCCTTCTTAATGTTTTTGGCGTTCGTTCCAAACAGGGCAACTAAC-3'
(SEQ ID NO:63; BFB130) were used to generate product #1; primer pair
S-GTTAGTTGCCCTGTTTGGAACGAACGCCAAAAACATTAAGAAGGGCC-
3' (SEQ ID NO:64; BFB131) and 5'-GTATCTTATCATGTCTGCTCGAAGCG-3'
(SEQ ID NO:65; BFB34) were used to generate product 2. SOE PCR of the two
products yielded the full-length PCR product, which was subsequently digested with
Sall/Xbal restriction enzymes and ligated into the parent CPM-FF Luc expression
plasmid (pBFB8) digested with Xhol/Xbal.
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pl asm d (pBFB8) digested with Xhol/Xbal. To synthesi ze
the plasm d encodi ng the CPM FF Luc/ Rl | PB based cAWP

waengoeosat th an N-term nal peptide |inker | enge¢r/v§2007/008176

5

10

15

20

25

30

(X=10), lacking a CGtermnal 30 peptide linker, with
R20B resi dues 266-400 (10, -14; pBFB 134), two

separate prinmer pairs were used to anplify RI| PB DNA

to generate two separate PCR 76 WD 2007/ 120522

PCT/ US2007/ 008176 products. Primer pair 5 -

AAAAAAGT CGACCGGAGGTTCAGECGGTTC- 3" (SEQ | D NO 82; BFB
127) and 5'
GCCCCTTCTTAATGTTTTTGGCTTCATAGGTAGCGATGITCCTTTTC - 3

( SEQ | DTdiSy18BesiABRR: pladhidwerceding thd GRM d¥FniarcAR BBB bestd sAMP

1; pri £, 5. Lo _ . .
i B sestip e R JERRR X AN R R Gytermina
( SpfptidP liNker8 i th BE B BLEt)duesizb6-408 (10, -6; pPBFB130), two separate primer
5' - GTATCTTATCATGT 3 S | D ) 89
PV IO AT KU A b Bensiis TP S@afte£ER produgts-
::/mV\Bri?]]Bf palst aAA kAAeili" (ICSQCCGUA;?GW@(@AG?EEG/GH‘SMKSEQ ID

[ ch w equently dirgested wit Sal | 1/ Xbal
re@&‘?%ﬁ%ﬁi%s and ligated into the parent CPM FF
Lﬁs'-@@amssﬂconm.&mrmml TGAPREGINATACSGEAACTAACTGTTCTTC
X E ' characteri zati on of, CPM FF.
L Rt R NS TSk R bsr e 6, B FoRs bepflug e P pair
peptGAadAARAGT TG NGCCCTRIMIIGGAGICARAANCA T PAAGAAGGG
of c/Rl ed cAMP sensors with XY
pesgﬁg/}egﬁ%%i\J?%%%%z)&"d[ 2x (x = 0-5), 2y (y 0-5)]
155 LGTATETaIRT GATGYCTGATCGARGRGES'EBEQ IBMHOHs BFB34pwere
cAMP was neasured fo

C oHed S BRRRTR RIOVUPS FIF PERGITHGS (P BRGibricfisd Aol gnath

5) PCRYréduct whifh) ad ibsajeitty digestabwitlo Sal/Xbalrebthietion enzymes

AT el TR B GHEEN, S A 8w

asxeoliteed. according to the manufacturer’s recomrended

protocol, 20,400 10,2557 A U0 A SRRy L e

P O$eyie@T vaisie aly Ndtefrhi nalnpepidalinkidr Mengthlofg X=28), bickingla C-terminal

R D 1akE O RATBE res QL 266204 o, -8; pBFBI31), two separate primer
pairs were used to amplify RIIBB DNA to generate two separate PCR products.
Primer pair 5'- AAAAAAGTCGACCGGAGGTTCAGGCGGTTC-3' (SEQ ID
NO:70; BFB127) and
5'-GGCCCTTCTTAATGTTTTTGGCCAGGGCAACTAACTGTTCTTCATAGG-
3' (SEQ ID NO:71; BFB134) were used to generate product 1; primer pair
5'-CCTATGAAGAACAGTTAGTTGCCCTGGCCAAAAACATTAAGAAGGGC
C-3'(SEQ ID NO:72; BFB135) and 5'-GTATCTTATCATGTCTGCTCGAAGCG-
3'(SEQ ID NO:73; BFB34) were used to generate product 2. SOE PCR of the two
products yielded the full-length PCR product, which was subsequently digested with
Sall/Xbal restriction enzymes and ligated into the parent CPM-FF Luc expression
plasmid (pBFBS) digested with XAol/Xbal.

To synthesize the plasmid encoding the CPM-FF Luc/RIIBB based cAMP

sensor with an N-terminal peptide linker length of (X=10), lacking a C-terminal
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Fol  owi ng i ncubation at 30C for 1.5 hours, the
respective fusion proteins were incubated in the
w@e@sarse2 or absence of 100 M cAMP by conbi ni nBCPUE2001/008176
30 TNT(r) reaction with 1 gL of 1 nM cAWP stock or
dH2O. Fol l owi ng i ncubation for > 15 m nutes at room
tenperature, 1 L of sanple was added to 100 L of
Luci ferase Assay Reagent (LAR Promega Corp.) solution
+/- 100 M cAMP (90 77 WD 2007/ 120522 PCT/ US2007/ 008176
gL LAR + 10 pL 1 mM cAMP stock or dH20O). Lum nescence
was nmeasured using a Veritas M croplate Lum noneter
(Turner Biosystens; programBright-Go). Overall, a
t r pasp]lidwﬁakcnbwhh ‘RéIIBB/\ieBiduMF‘FML(mQJ RO;| (BXB 32 3 itern Sepairdth)

. .
o Bt s aver et 4 Pt pRIRE PR T defeee it sepinee PR
mepduasl Pnimémnm'eaal IACPA e AlGlTﬁimﬂar(Ct D ?SWGGUD(_{NG@WZ) | WIrCks'

n i pker | en i gure . In
adgﬁm%ﬁggﬁo‘%@n%‘ﬂd was ogservedgv\here the fold

) i NSUGGCOCTACTTICATETETE I@CICNACYAW CIGETQT EGATlfl(AQ}(Ef AGCGAT

r |ncea3|n e i nker . -
o SR NG B R 8 Mersuled S aRn S Rt Tt st
CPM(EETCGC/[RIG@B«\”D@&@CGA:AMRCSI?BGMZTG}\MADAWAYH[?%GAAGG
t n(n=1- . .
8@5:(1% (gbéli?rﬁgrﬁ H}%ﬁ;-ﬁ [ = 0-5), 0] amno acid
r SS‘I-(d’D&'SFC}HlT(AIOI O’CG’( BGECACO [@(IA(AG(ICI hg(SfE@HEEEETH TBFB34) were
of 1 sur e rot

10 F RS edteranioou 2 (OE BRI Mo Rpdiet] Brgee e tigngth
S egSR[p]:&Huct . hidhwas s]:b?éqhent[ylrggisgdal With Sall/;\"Ebll] restéitbr] erf2ymes
+ 2n i resi du
xR LB dh porb A SacroxPsstian elpomi (sEMES pidered with
Lyﬁ’b&lﬁ\’bai:‘ystem (Promega Corp.). Briefly, the follow ng

nbl ed ccor di th
TanuT aclt e e SROMAENA SR BESI MR bied cAMP

15 DNéendét withRabliterniReili pepfiid lirdet ler@l@ I (B=L0)] MEking add-tePminal

buffer 0.4 L | ynmer ase am nqQ acid m xture

0. oerids ks Wi RUBR §o 0o o6 i0RI T,k B I ko SFATYC
i nﬁmlaatpaqa wate 20 té Anpilfy TS DINYE td SRR twesehatale TR
P grtos{ncrt]s? I\’Arl1er£1eer pair 5'- AAAAAAGTCGACCGGAGGTTCAGGCGGTTC-3'
(SEQ ID NO:78; BFB127) and
20  5-GGCCCTTCTTAATGTTTTTGGCCTGTTCTTCATAGGTAGCGATGTTCC-3'
(SEQ ID NO:79; BFB138) were used to generate product 1; primer pair
5'-GGAACATCGCTACCTATGAAGAACAGGCCAAAAACATTAAGAAGGGC
C -3'(SEQ ID NO:80; BFB139) and 5-GTATCTTATCATGTCTGCTCGAAGCG-
3'(SEQ ID NO:81; BFB34) were used to generate product 2. SOE PCR of the two
25  products yielded the full-length PCR product, which waé subsequently digested with
Sall/Xbal restriction enzymes and ligated into the parent CPM-FF Luc expression
plasmid (pBFB8) digested with Xhol/Xbal.
To synthesize the plasmid encoding the CPM-FF Luc/RIIBB based cAMP
sensor with an N-terminal peptide linker length of (X=10), lacking a C-terminal
30  peptide linker, with R23B residues 266-400 (10, -14; pBFB134), two separate

primer pairs were used to amplify RIIBB DNA to generate two separate PCR
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i ncubated in the presence or absence of 100 pM cAMP by

conbining 9 L of TNT(r) reaction with 1 gL of 1 nM
we2iP1stserk or dH2O. Fol | owi ng i ncubati on at PODOS2007/008176

tenperature for > 9 mnutes, 1 L of sanple was added

to 100 L of 30 Luciferase Assay Reagent (LAR Pronega

Corp.) solution +/- 100 McAWMP (90 L LAR + 10 gL 1 nM

CAMP stock or dH20). Lum nescence was neasured using

a Veritas Mcroplate Lum noneter (Turner Biosystens;

program Bright-G o). In 78 WD 2007/ 120522

PCT/ US2007/ 008176 general, luciferase activity in the

presence or absence of 100 M cAMP decreased with

[ nﬁbéms' nlg—irﬁert Eimy' nAA AWARG ACGAHCCEGRAGBRCAGLCCRVE FE-3'

{#@1@ %1 o s | acking CG-term nal peptide
t\@ Ure l}) 1 addition, the maximal fold
| rﬂGﬂﬂGﬁT@WMﬁWMﬁFCAWQG@WGMGWFFFTC -3
Lu{%@ gﬁg]%t gf%%‘élﬁ?\q’%l%rt%e ; gte\?\lgrsa’l t oé%cggls rlmer qahr_S'
S pe@AAeA GGAeC ATCGODACDT A’R@@ACHEEBAAMCAWAMMGGGCC—F
. | ,
(e B Rt 4 s AT g el o rchaadhe-
S esE8) IDWNICh S:FxEHEB}leQ vderentksed ®© grfne(alé;prbﬂuct‘la—(SOEbBEB of lﬂe)two
am ng aci ad 5 I e VI
c AR 'éit%glgl%g?he\/#’ﬁ Hergd t gg#zﬁr ?&m é"rhr'r% e?}s S(‘j qI‘(“ﬂgeyecthFesmd with
Lusa/t/#balsesteiciibor drzyies Bmhvgamdfmmrrhds pareR OGP NRIGUL &t expyession
unit. T of a CPMCick Beetle
10 L&%‘Sr@égsgi]&ﬁfsé%drﬁvﬁh?(ﬂ(?ﬁsﬁlbsequent 15 insertion of
Rl B ( BBicfipiff Bbahctégzasipn bAEBMEEF S uc/RIEB traed ¢ AMPasensums with

8:¥%ﬂt h‘gslsql%w Den%d ¥m}(ere[‘eng gd in Exanple X, part A
TATRMM&I@E@%’E@G@&Z&M—GR 9ed 5 with X/Y
4

- AGCCEX ‘ -3 20 (SEQID
15 NO: 87; BhdB2tgse aetivatylis ¢t ;treseacfpﬂndfngsédce o€ LAMP Warhtasured for

- et AT gt caMi bt Pk ek BERR n, o SR & - o
239); 298y =orDNtqloasiig ekppdshich 851hgﬂieCTI(JmmbHD<kupﬁabﬁetlculocyte

B R L R A A

| | gat¢mbled At@rdiRg tmhe aahuaBidrs rédamrﬁ@:BEcBﬁn)otcmop ression

plasm d digested with [/ Xh o give plasmd
20 i hternediate 1. Subseq‘ﬁ)é F§ ng 5' -

10 uL Rabblt Retic Extract

0.8 pL TNT reaction buffer

0.4 uL T7 polymerase

0.4 uL amino acid mixture
25 0.4 pL rRNasin

dH,O0 to 20 puL total volume

Following incubation at 30°C for 1.5 hours, the respective fusion proteins were
incubated in the presence or absence of 100 pM cAMP by combining 9 pL of

30 TNT® reaction with 1 pL of 1 mM cAMP stock or dH,O. Following incubation
for > 15 minutes at room temperature, 1 pL of sample was added to 100 pL of

Luciferase Assay Reagent (LAR; Promega Corp.) solution +/- 100 uM cAMP (90
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AAAAAAGAGCT CCCGT GAAAAGAACGTGATCTACGECC- 3" (SEQ 1D
NO 88; BFB96) and 5'

WRAZMAANBET AGAGT TTAAACAGGGATCAATTGAGTACCCACAC- 3PCT/BEXQ07/008176

I D NO 89; BFB97) were used to anplify the click beetle
equi valent of the firefly 30 luciferase fragnent

encodi ng resi dues 4-233 (click beetle luciferase am no
acids 5 230) from plasm d pCBG68- basi ¢ (Genbank Acc#
AY258593; Pronega Corp). The 79 WD 2007/120522

PCT/ US2007/ 008176 resultant product was digested with
Sacl Xbal restriction enzynes and ligated into plasm-d
internedi ate | described above digested with

Sael LR+ 10BL ISpM béMPsstertk qrldib@).dEumresetinag wePmeasuredusing

A e By o 80 BN Bl SRR Sl

anOneralci tendSvasebsauabwitil @PMHIFF Hesi/RIE3RB lﬁmmn@ﬂr XEX linker

ihestile Ll S P e T

(Sk& ﬂnBasNEédQﬂ theBir82nde orabeerice oALGO A&@CKMCB Vﬁﬂﬁﬂé‘ﬁéSlﬁgZAeptlde

el hsimiio| 17 o ol SseoasAr i Rree s i fold

( Gﬁaﬁbﬁiﬂn df[mcﬁ@&zé 80ty il fre presenéd af 0O G AMP wegeased with

di gested wt a est ri,ction enzynes and
| Bseacing nfpélﬁfﬁeLif& e e ok meet o Luc
( pBF[BEBﬁonaT%ﬁgﬂn&rimﬁmzef ChIeI EB [LB&/RIIIIB!B lvuséchMP]sI&nMnth

15

20

25

30

BFB@OS) Gﬂ@mﬁo aa‘iAﬁesm%és TCC GGA ATG TAT GAA AGC TTT ATT

CT I D NO 9 FB2 1
ool 1 £y erag ity s RPecraee Fspeoss 0% LB R 32
BC&Z&%@&) for the CPNEFH IR/ IIPB AN s&ﬁlﬁSrs vdtlgE&{ Hﬁkdmglctnlgths in the
BspEUSacI restr n. enz g t he .
oA TOCBMOT 1T TSN @ 1 Tk FEEHEE 2y Bob g pino acid
Pl Asidues BilgRmpespikiibn BSpdiheIACT® TZ0CEhplddReiculvdfle Lysate
characteri zati gn of CP%C| ick beetle Luc/R | MB fusi

pr YRS EPrRMega CR@pk | Y thedplovging componepts,werg @sserble

angkcoriddio the-tanIBEBRP} re2binAendéd protdcdRi dues. The CAMP
dose response of CPMc|ick heetl il%)#c/ R I (3B fusion
proteins with XY |iriifQmngriggrd (X=4, Y=4; pBFB54)
and (X=l0, Y=4, PBFB55)l(ﬁﬂLR@bbll?-ﬁ§:&CEﬁ|trzioeSi dues was
gﬁ;lu(ragd fol |l owi ng expd.g\?1 LQp using w erTI\I'I'(r) T7

0.4 pL T7 polymerase

0.4 pL amino acid mixture
0.4 pL rRNasin
dH;O to 20 uL total volume

Following incubation at 30°C for 1 hour, the respective fusion proteins were
incubated in the presence or absence of 100 uM cAMP by combining 9 pL of
TNT® reaction with 1 pL of | mM cAMP stock or dH,O. Following incubation at
room temperature for > 9 minutes, 1 pL of sample was added to 100 pL of
Luciferase Assay Reagent (LAR; Promega Corp.) solution +/- 100 uM cAMP (90
pL LAR + 10 uL 1 mM cAMP stock or dH,0). Luminescence was measured using

a Veritas Microplate Luminometer (Turner Biosystems; program Bright-Glo). In
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Reticul ocyte Lysate System (Prornega Corp.). Briefly,
the foll owi ng conponents were assenbl ed according to

wao b@7iensedf act urers recomrended protocol : 2400 PQI/US2007/008176

10

15

20

25

30

plasm d DNA 60 L Rabbit Retic Extract 30 4.8 pL TNT
reaction buffer 2.4 L T7 polynerase 80 WO 2007/ 120522
PCT/ US2007/ 008176 2.4 pL amino acid mxture 2.4 L
rRNasin dH20O to 120 L total volunme 5 Foll ow ng

i ncubation at 30C for 1.5 hours, the respective fusion
proteins were incubated with varying concentrations
of cAMP by conbining 9 L of TNT(r) reaction with 1 L

of cAMP stock solution (final concentrations of O,
0. generah lgferase @etjvitypinghe presenge gr abpence dOQBM\A:QMﬂ:qecreased

F%ltﬁ’mcp&sﬁg ‘é-%‘hhﬁi {rQ&aﬂB gPBS Grery (et gﬁ%/gg@g CAMP

appr oxi nat e m nut es,
10®n§n_rs bickih@ (I_tmmfrrai pqmmAshshgxs RS ggenth). (Insdditionotire gaaxnmal

R O P e

S Oderl§dro o the ket il 026 €med -7)arsd FroOan(neel 145&)] WS the M@isbt with

BrieghRe by kP Dy vt DD, Hlorearey SEM-ElGRAAR camee

PrRh&dro st thk k& [X() ¥ dn (ﬂleeo) 5),l08 v ma)(l?ﬁaﬂfowﬁxdu&%'ﬁ%ﬂﬁhe
and (X=10, Y=4 m no aci d residues 15 showe

F oo RePUre Pkers LT n S SO T ) aifine s ic AN (Efeure
4.f5)and 5.5, respectively. However, the fold
[ nductl on for the click beetle |uci ferase based CcAM
sensors was |l ess than the fold i nduction of the
firefly luciferase based &&xampleVih; 5|
On%edﬁMQtanﬁséﬁﬂtﬁ d:nﬁcﬁlaﬁ'-}%rrﬂﬁ):d Cchibk BxamL Rif¥ldst asdl the B
CAWP Bi osensor Ut i I I ZI ng C| rcuI arI y Perrruted Firefly
Luci f er ase af2pma3iaf Pl A Regulatory A Tvae, LIS

SUR%@%J&WJ@@M,&@&% [U* _Ja&es%lé;!&%nndffmmgasem

human regu ory subuni ype

I |@$£E2M§:&Hg&mﬁ§§ﬁe)ssi on vector encodi ng CPM FF

Luc/ Rl

Rl a (rzg) %%é;ﬁ%ﬁ%@?g%xé%ﬁ%g%g%ﬁ%‘% uzc&)ggls b %ﬁgﬁﬁfﬁ#&;amme

SyXt preshsproher€PM FF Luc/ Rl aB fusion proteins with

PePAT AR TAPKEEE A TESCEATGGGCGTGACTGTGCTGGTGTATC-3' (SEQ
ID NO:86; BFB94) and 5'-TTTTTTCTCGAGCCGCCGCCAGCTTTTTCGAGG-3'

(SEQ ID NO:87; BFB95) were used to amplify the click beetle equivalent of the

firefly luciferase fragment encoding residues 234-544 (click beetle luciferase amino
acids 231-542) from plasmid pCBG68-basic (Genbank Acc# AY258593; Promega
Corp). The resultant product was digested with Nhel/Xhol restriction enzymes and
ligated into the parent CPM-FF Luc (pBFB8) expression plasmid digested with
Nhel/Xhol to give plasmid intermediate 1. Subsequently, primers 5'-
AAAAAAGAGCTCCGGTGAAAAGAACGTGATCTACGGCC-3' (SEQID
NO:88; BFB96) and 5'-
AAAAAATCTAGAGTTTAAACAGGGATCAATTGAGTACCCACAC-3' (SEQ
ID NO:89; BFB97) were used to amplify the click beetle equivalent of the firefly
luciferase fragment encoding residues 4-233 (click beetle luciferase amino acids 5-
230) from plasmid pCBG68-basic (Genbank Acc# AY258593; Promega Corp). The

79



Y=4: pBFB56) and (X=20, Y=20; pBFB58) ami no acid
resi dues To synthesize the construct with (X=4, Y=4)

WO powRaeoskENngt hs, priners 5 30 PCT/US2007/008176

5

ATATAACT CGAGCGGAATGTATGAGGAATTCCTTAGTAAAGTCTCTATTT

TAG 3' (SEQ I D NO 94; BFB98) and 5'-
AAAAAAGAGCTCCCGACAGACAGTGACACAAAACTGITGTAC- 3" (SEQ 81

WO 2007/ 120522 PCT/ US2007/ 008176 | D NO 95; BFB99)

were used to anplify Rl aB DNA (Genbank Acc# BC036285).
The resul tant product was digested wth XhoUSacl
restriction enzynes and ligated into the parent

CPM FF Luc (pBFB8) expression plasmd digested with

Xh oishi8ant prodiict wgasnti grstd vath S l/gbaktestictiomgrtziymes and ligated into

?%%‘R@é&%#%iﬁ?ﬁ%ﬂ?%@ %‘r&‘fm‘ﬁTTA@ . 3

o B,
(Gea%tmask Acc# 80036285 The resultant pr oduct vvas

| oat edlp Ao e R Tt s pede

pl as d;Tqange:_su:ed AM\T IGTH rrmgam BTTAWTTGAGIC ACT GCC-3'
o B USNGEL: R 60 S AR A ARG SR Bl RedSpcc aTa
Y=28cC @BF&@) Aam B'C(SEQi 1@ N@@'n@lwszo)ﬂoereq%oc&mﬂlfy RIIBB
response of fusion roteins with

10 1 5DNA ke ¢Bﬁ§t1|9§2%%‘33((‘2¢aban*?“2 BG{EPRA®) %des(“!{a‘?@mduct was

15
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30

Y=3{FestpBwRRINAALNRstACHi h enz§MmesMRBli ¥ ITRARE p&Ent CPM-Click
fol | ow ng exg@es& on using the TNT(r) T7 Coupl ed

RePBE&tA Y&t e System (Pronega Corp.). Briefly,
the fol k@\gyrnges%rm@mtrsa maﬁa&eﬂghmeﬁe@m pAfhetsG'-AAA

t he manufacturer's recommended 8rot ocol : 240

pl &Y BASRKTSF 66 ACRADH FCRATE B £4d1CCA /’8‘\6‘% R ID

r eRes: 923@#3@‘0\3 Sﬁd smmmﬂ:m@x&m 2AF d;AArmemmr
m xt ure g sin 25 dH20 to 120 L total volu

PO RA. ¢ REaD! SR aAD N-B: ARB21) sersoised fo amly RIPE DNA
r egBRCATEE 10¥342n (@Eﬁ;ﬁk 75 B¥I78800). The resultant product was

digested with BspELl/Sacl restriction enzymes and ligated into the parent CPM-Click
Beetle Luc (pBFB53) expression plasmid digested with BspEl/Sacl.

B. Functional characterization of CPM-click beetle Luc/RIIBB fusion proteins with
peptide linkers of (X=4, Y=4;: pBFB54) and (X=10, Y=4; pBFB55) amino acid

residues.

The cAMP dose response of CPM-click beetle Luc/RIIBB fusion proteins
with X/Y linker lengths of (X=4,Y=4; pBFB54) and (X=10,Y=4; pBFB55) amino
acid residues was measured following expression using the TNT® T7 Coupled
Reticulocyte Lysate System (Promega Corp.). Briefly, the following components
were assembled according to the manufacturers recommended protocol:

2400 ng plasmid DNA
60 pL Rabbit Retic Extract
4.8 uL TNT reaction buffer
2.4 pL T7 polymerase
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i ncubated with varying concentrations of cAMP by
conbining 9 L of TNT(r) reaction with 1 L of cCAMP

waeemeh26set uti on (final concentrations of 0, 0.BdT/US2007/008176

10

15

20

25

30

0.025, 30 0.1, 0.25, 1, 2.5, 10, 25, and 100 pM cAWP).
Fol l owi ng equilibration at room tenperature for >_ 10
m nutes, | pL of sanple was added to 100 L of

Luci ferase Assay Reagent (LAR;, Pronega Corp.)

sol ution containing the respective 82 WD 2007/ 120522
PCT/ US2007/ 008176 concentration of cAWP (90 pL LAR +
10 pL cAMP stock solution). Lum nescence was neasured
using a Veritas Mcroplate Lum noneter (Turner

Bi osyst erns; program Bt#ghtanGhoycid GRktuFd Luc/ Rl aB
fusion proteins wth [ r. lengths of (X=4, Y=4;
pBFB56) and ( X=20, Y:?OfX"Ilp“éE‘E% am no acid residues
showed 5 fold induct idi® fonl20ydi fotxd aslmnmgct i vity at
100 pM cAWP of 1.8. However, the fold induction for

:: Elg )| Blv\% E’% Pn%]ﬁg%}?n 'tvE?"%%‘éS ? rSSho\gJ@sS thle%gsrspegtg\%r}'usxon pIo e!nqs were

C bas 3ensors

'C omcebumfcawlth) Msryi:n_g c@n&ﬁh&a@d&ﬂs(dﬁc@md]e b)’t a)mbxﬁmrﬁp,ll[eof KNT®

| n ar |
TP B ERE st peRCien (e SenaihSarEho o0 025,
PNAIREMLQ Rzt 00,)an82b yiM tAMR)e Fbll6vihg eﬁymbfmsn at wbma
M Ther mal. St a C expre asm.d

SUBERATAITE for kB Fr s P BRFRE CPBESRPIS vbEhied s 1 QL of
a Limdfenmt AstaiR eagkntqLAR:, Reendgal Garpsalutiniccdnedigiag the respective
Pr one 15 ri 5 . .
PR Ao R AR 2 a0 tos SPAMIPRLgminescence
( Sk63 mExshfadaBingBFB&8)s Midtofdate Luminometer (Turner Biosystems;
TTTITI! T CTTAAC- 3 .

| PREFEPIEREIS) GEVES e prot L R PP T L PR P Y linker
:: ulehgths as(ecaetqgfa/ -3IBRB54phnd (b§=31 22&2242 ;ipBFB5Y) hdikiofacidasadues

r agne ncodi.ng resi dues -
| PPl it Toites st 25 b AR g banaet s
}/\@z‘és;ﬂﬂcg@ély EHoWeldt, thBQ‘d)lhXhtﬁicwiiérg&itrtlh&dllcﬂ%e&lbﬂﬁﬁ%ase&ﬁ@ed

i gat into t rent .Luc ressio
o1 SONP Fetbot iR e (IBNTREP™ o6 e PG based sensors
I ndtalladentratidns t&uhb@igieatd)y, prinmers 5' -
AATTTTGAGCTCCGGTGATAAGAATATTTTATATGGEGCCCGAAC- 3" ( SEQ
25 D NO 100; BFB90) and 5'
AAAAAAT CTAGAGT TTAAACCCCATE At gleSAIT ACCAAAAGTAG 3 ( SEQ

Lgel\lo A Biosomg 1b i IZ'r g |rcu](:ailrlt ?’ermnyted E'}i'eft] hEucnl"erase and the B

domain from the PKA Regulatory Subunit Type I

DNA encoding the B domain from the human PKA regulatory subunit type
Ia (RlaB) was ligated into an expression vector encoding CPM-FF Luc/RlaB
fusions [Luc2.0 (234-544)-linker X-human Rla (residues 245-381)-linker Y-Luc2.0
(4-233)].
A. Synthesis of CPM-FF Luc/RIaB fusion proteins with peptide linkers of (X=4,
Y=4; pBFB56) and (X=20, Y=20; pBFB58) amino acid residues

To synthesize the construct with (X=4,Y=4) linker lengths, primers 5'-
ATATAACTCGAGCGGAATGTATGAGGAATTCCTTAGTAAAGTCTCTATTT
TAG-3' (SEQ ID NO:94; BFB98) and 5'-
AAAAAAGAGCTCCCGACAGACAGTGACACAAAACTGTTGTAC-3' (SEQ
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firefly luciferase fragnment encodi ng residues 4-233
(Utrad o luciferase residues 3- 232). The resultant
w@e@dazts2nas di gested with Sacl/ Xbal restrictiPeI/US2007/008176
enzynmes and 30 ligated into plasmd internediate |
descri bed above digested with Sacl/Xbal. 83 WO
2007/ 120522 PCT/ US2007/ 008176 B. Synthesis of
pl asm ds encodi ng CPM Thermal Stable Luc/RIIPB fusion
" proteins wth peptide |inkers of (X=4 Y=4 pBFB51) and
(X=20 Y=20 pBFB52) am no acid residues To synthesize
the plasm d encoding the CPM Thermal Stable Luc/ Rl (3B
5 fusion protein with (X=4, Y=4) linker |engths,
pr iDBICEO S 'BFBYY) Alk ﬁd:tcﬁﬁ:ﬁ?phmmﬂﬁeﬂlﬁhkwb@#(smwnﬁ

A e T b Ak oA B I e

AAQté%thc ftm Lﬁ@(”pBFmgﬁbreWIEleﬁﬁld digbs&ﬂ'pintlf,yhoI/SacI
RI 1 (3B DNA TCC 10625 75800
e s oo PR iR RS v ok 2O wA0k Hnkeg 'y B 5-
5 Egmtr?m@ocswm@mmmgmad*dcmwi\@hmgacgeg,rzgzgfﬂmc -
/ a pressi on pl asm p
deééﬁggégﬁﬁgg@ Bhﬁéé@t Wi t h Xhol/Sacl. To synthesize
¥ hAApulmmr¢cmwmcEg;A¢mmﬁmAmIcﬁal BIGTGTIDGRACPB(SEQ
usi on ot Wt X=20, Y= e
o Ta R B e N st i R I PR KoL s
%ﬁ%g@h%saltax(tﬁgaubavm%m wﬁFBﬁBD/BﬂpEI aéldnctlon
10 o erszy"tege@ \l@tﬁfqomorgcc arsrzﬁa‘éﬁ@ 'éﬁgc &?}ﬂ engﬁﬁﬁwf'ylasm*d
R HigafledONAR NromATCC 10625233 (Genbank | D BCO75800) .
The result n oroduct () gE t eq mbth Bs-EI/SnaA
re 0 ngl Al Il N O 1\ L d X 0 D 1 cpli
ngaﬁém—@yabi tﬁBFBSH) afik pxems iYe20ppBEB8) Ai€R6 htitd @chidues
above Age C. . Funct.i onal
o = ot TRE AR st ot ShEPMLFF Lol Mo teips with X/
15 f URhiasR )ld?fgﬂ{é%lf %=4 W=£4) pBEBSEYnd (X3R! ¥=00; fBEBb8Y adhino acid
pBFB51) an BFBS am no resi dyes
R e R sened folaans R eemiarer e 2pd 7' CERpled
L ;Rﬁﬁﬂd\l{do@& E%&!é?’ysteﬂf((g?@‘;xf%ao@%rgb Br¥nay, nnJé gjélogﬁﬁlgéd]ﬁp@fents
= = an = =
o pare i ARt Ban R sns rsoRBTAELP ISt g
the TNT(r) T7 Coupl ed24€otrigqpldsaty DNAysate System
(Pronega Corp.). Briefly, . the fgllo conponent s
20 s &L Retioksagy o

wer e assenbl ed accor di rer's
recommended protocol :4.8 uL TNT reaction buffer

2.4 pL T7 polymerase
2.4 ul. amino acid mixture
2.4 nL. rRNasin

25 dH,O0 to 120 pL total volume

Following incubation at 30 °C for 1.5 hours, the respective fusion proteins were
incubated with varying concentrations of cAMP by combining 9 pL of TNT®
reaction with 1 pL of cAMP stock solution (final concentrations of 0, 0.01, 0.025,
30 0.1, 0.25,1, 2.5, 10, 25, and 100 uM cAMP). Following equilibration at room
temperature for > 10 minutes, 1 pL of sample was added to 100 pL of Luciferase

Assay Reagent (LAR; Promega Corp.) solution containing the respective
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2400 ng plasm d DNA 30 60 pL Rabbit Retic Extract 4.8
L TNT reaction buffer 84 WO 2007/120522

w807/ 008176 2.4 pL T7 pol ynerase 2.4 LPEniszmo7/008176

acid mxture 2.4 L rRNasin dH20to 120 L total vol une

5 Follow ng incubation at 30C for 1.5 hours, the
respective fusion proteins were incubated with

varyi ng concentrations of cAVP by conmbining 9 L of

TNT(r) reaction with I pL of cAMP stock sol ution

(final concentrations of 0, 0.01, 0.025, 0.1, 0.25,

1, 2.5, 10, 25, and 100 M cAWP). Fol | ow ng

equi libration at room 10 tenperature for? 19 m nutes,

| ¢ongéntsatinp oEcANE EddalAB 1 DDrbEAMP stack $adutiong. Lypwmaggcence

F:?%S@%esétéﬁ% FETES: (R PTG s
CA;M@g@thkglsdBl@D i GHM -FE &mlﬁé@l@ém@ pracesnsreitts H e linkegilengths

b P 5

f uﬁvild)mdmtmnenmlumftﬂaselai:uxnyaﬂ 100kevt cIAeM@bhs 8ofHoMzeAer, H‘rcéfold

I
R SR SR ANPRESIY R A B o
18RIIBibasedesensorha@ coaiiukratiarsizal0.036 Ml €Figue/1R).| B f usi on
protein with XY linker |engths of X=20. Y=20 am no

acid residues (pBFB52) was unresponsive to CAWP
(Fi gure 18) In both cas@_ﬂ_ﬂe_ﬁol d i nduction in

15

20

25

30

::ORC§mt %Fsio?g SC.ITRM ét ﬂl ‘ uce e)él %«):ssnon AT lg for subsequent

Coinsetidr aﬁRﬂQnggBﬁgﬂlPM Renilla 25 Luciferase/Rl I RB

FEK: 2031 LR s AT P et Yl e smsen

t oCaip-) potbercHnf | uency in DVEM F12 wi th HEPES buffer

(LAY AA5Ot AW TEEERT G cBTEA AR R FeGaTAATACC
(SEQ ID NO:98; BFB88) and 5'-
TTTTTTCTCGAGCCATTGGTGTGTTTTTCTAACATTTGTCTTAAC-3' (SEQ
ID NO:99; BFB89) were used to amplify the UltraGlo luciferase equivalent of the
firefly luciferase fragment encoding residues 234-544 (UltraGlo luciferase residues
233-543). The resultant product was digested with Nhel/Xhol restriction enzymes
and ligated into the parent CPM-FF Luc (pBFB8) expression plasmid digested with
Nhel/Xhol to give plasmid intermediate 1. Subsequently, primers 5'-
AATTTTGAGCTCCGGTGATAAGAATATTTTATATGGGCCCGAAC-3' (SEQ
ID NO:100; BFB90) and 5'-
AAAAAATCTAGAGTTTAAACGGGATTAATTGCGTTACCAAAAGTAG-3
(SEQ ID NO:101; BFB91) were used to amplify the click beetle equivalent of the
firefly luciferase fragment encoding residues 4-233 (UltraGlo luciferase residues 3-
232). The resultant product was digested with Sacl/Xbal restriction enzymes and
ligated into plasmid intermediate 1 described above digested with Sacl/Xbal.
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30 Transfections Cells were transfected with
Translt(r)-LT I Reagent (M RUS) using 0.3 |

wade@ns2asér ) - LT 1 reagent and 0.15 g DNA ( CPM hRLT/B$1003®8176

15X

20

25

30

CAWVP bi osensor with 85 WD 2007/120522

PCT/ US2007/ 008176 X/ Y peptide Iinker |engths of (X=4,
Y=20) (201325.78.E5)) per well of a 96-well plate.
Cells were allowed to grow overni ght and were assayed
the next day. Modul ation of Bi osensor Approximtely |
day after transfection, cells were renoved from

i ncubator 5 and equilibrated to roomtenperature. A
10 | allquot of 600 M EnduRen lee Cel | Substrate

|nﬁm@akﬁmaat roon1tenperature for at Ieast 15
m nut es.. Aft

basel i n”go ﬁ@ég?ﬂzg %%lgsn%l Sépgotdm t?nm(fP?\!fH%r ?dble Luc/RIIBB

scence mere mea
usfisPndproemvweith (Xfet, Y £4)dinker leugthsnqrizbaes S (ADuAmeM\ @TC @GAC

v COREBATGT N A STn) T I RE & R Rae o CE ARG 02

g SBgBY)) arﬂrﬂiAAAJ MWCEQGSAMAWEN Tco]m‘mm IGI'T CCA
or about ut es ure 19
roaatr SSER N BT BFRAGY Sapnds g aprby RERETAS A grom pATCC
f Ol@dﬁbgm (G&{B'évﬂs 113»\/3!(3@7&(&10?L gmgt ﬁﬁ‘luwsm E@d&tamaagi:sm ivdith
for naows er si on esul ts | ut
0§ nSpll/Sael JesthighiAne@pymes MA@P@S&%*& th§ Eﬂﬁ%ﬁk@#@‘g‘aﬁ‘ﬂ gablelue
?Mprﬁb@dn}fﬂl&sg(ﬁfq%ﬂ\me Hé)éi:ﬁﬁ&ﬁibdms tﬁg&%&(:@tﬁﬁ%ﬂ&&ﬂ nker
engths_o = = 0 n
stiml afp awtwsm the, %&B ﬁ*}c?‘fk? W%‘%@Hhemﬂ% L ug/RpIgB
of fusfoargrbeid with (XZEd=10)gikerduhdbg, panﬁrs‘ Pl above AdAGGG

FondtoT AR GaarRaca TATH ks T rrer ol O3y 15N 1 ere2)

XI arftl 9%3\&&@'{5@ GGA COzZARG ,Qarrwrca AT BE‘HTGIB”E a'CC AAA C-
refl Luci ferase and the B domajin fh§§5 CGMF

acf‘ i GERP NP BFRRHauere upgd togm B4 ‘from ATCC

ph @6632.'39% eS4:YaAR BD BE0G IO AThe R tdnt paialuumrdigdated with

cel lul ar second nessenger wth a varie
pher %@qldaqtmftm&lizm@ and diepted a‘l‘tarﬂI‘%/Pai‘?Pt H?M-Thcma‘ Stable

caf dé evfeskiingflastid dBRFB&LSboSY BlgBed with ARUived. of CGW

sensors were prepared by fusing a C|rcular nut ed
f i EefHunctiong, Lacterizatiol AN hermal. Stable Lue/RIT proteins

acid residues
The cAMP dose response of CPM-Thermal Stable Luc/RIIBB fusion
proteins with X/Y linker lengths of (X=4. Y=4; pBFB51) and (X=20, Y=20;

pBFBS52) amino acid residues was measured following expression using the TNT®
T7 Coupled Reticulocyte Lysate System (Promega Corp.). Briefly, the following
components were assembled according to the manufacturer's recommended
protocol:

2400 ng plasmid DNA

60 uL Rabbit Retic Extract

4.8 pL TNT reaction buffer
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30 A. Synthesis of plasm ds encodi ng CPM FF Luc/ &I -B
fusion proteins with peptide |linkers of (X=4. Y=4 and

WX200/1208210) am no acid residues. 86 WO 2007/ 120BR22007/008176

10

15

20

25

30

PCT/ US2007/ 008176 To synthesize the construct with
(X=4,Y=4) linker lengths, prinmers 5

AAAAAACT CGAGCGGATTAAAAAGCGTTCCAACATTCCAG -3' (SEQ I D
NG 106; BFBI51) and 5'
AAAAAAGAGCTCCCAGACAGCTTCAGGTTGECGAAG - 3' (SEQ I D NO
107; 5 BFB 163) were used to anmplify human GKI-B DNA
(Origene, cat # TCl116252; Genbank Acc # NM 006258),
for instance, DNA corresponding to residues 231 to

350 (pBFB 164, pBFB 1654parr72;3)1ymeraae73 (pBFB 171, pBFB
172). The resultant p%% ct_.was . est ed wth
Xhol / Sacl restriction ®h# I?EB"%% ’@té{f ed into the
parent CPM FF Luc exmeﬁalrlmaphasm d (pBFB8) digested
wi th Xhol/Sacl. 10 To t construct with
(X=10, Y=10) |i nker n‘é{zg)s éP.” vglume

AA. AAAATCCGGATTAAAAAGCGT TCCAACATTCCAG 3" (SEQ ID NG
10@01]0\»35@1&5[39)[10&&613@@ for 1.5 hours, the respective fusion proteins were

GACAGCTTCAGGIT
BF‘Bc'ilB’!ﬁ a"M’é’é&"f"iF“Hﬁ'b‘P % ﬁ&&ahy @@é‘é‘“gﬂ&'q‘ QPHW%
(T ﬁkeh@ma?mtc aLL o#cgmaatﬁ%eoéuMam&ler@s tl#tr:blM df(é)?/gm% 0.025,
result S | t W t t U
o3 A IR S AR gt aBeionab e
Iéueré:%e?mrle&&m n9 pliastes, d ;(lpahFﬁ&)plddwwﬁded tdmaoprLCgf Ltllzcléferase
S ra ction C acteri zation o
R Rege e 0k BRmeah Fomi Shitignponta e he FERETNE of
( )%(ﬂmcéfrﬁfh}loﬂﬁﬂc,(;m @OY&;l@ARam 0'@L 3AMP §t6cK blidfon). Luminescence

Luci ferase activi he ence and abse ce of 100
TR e BRI A

Pr srogiafSBHERITGIS). YThd ORPI-Thangl SablefLuc(RApB fﬁs{bh padtdin with
R OR R URE RN AT
Syimtedtionfh (refeasEadtivity at B0 gM oAMPRE 1.5f @l duesv 8)g However, the
CORBPRTY et Se8 TS TILT Pt 25k Mg g or xo20
pl €SP ﬁin%c&ﬂehd%thFB [t\lvzﬁ; unxéspasive t0.cAMP {INgure 18) In
:nelga&Ct | Ol’ésk% € Eo?({ mductﬁon n lZCl eras gct:etlv?g/efor CéMLTP?erpmgPStaa'g le

Luc/RIIBB based cAMP sensors was less than the fold induction of the firefly

luciferase based sensors at concentrations > 0.025 pM (Figure 18).

Example X
Intracellular Detection of Changes in cAMP Concentration using CPM Renilla

Luciferase/RIIBB Biosensor (Forskolin Titration)

Cell Culture

100 pl HEK-293 cells were plated in a 96 well plate and grown to 70-90%
confluency in DMEM/F12 with HEPES buffer (Invitrogen) with 10% FBS at 37°C
with 5% CO,.
Transfections

Cells were transfected with Transit®-LT1 Reagent (MIRUS) using 0.3 pl
Transit®-LT1 reagent and 0.15 pg DNA (CPM-hRL/RIIBB cAMP biosensor with
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30 0.4 L rRNasin dH20to 20 L total volunme 87 WO
2007/ 120522 PCT/ US2007/ 008176 Fol |l ow ng i ncubation at

w@@7Aizm5221 hour, the respective fusion protei NBCTHESM07/008176

5

i ncubated in the presence or absence of 100 pM cGW by
conbining 9 pL of TNT(r) reaction with | pL of 1 nmM
cGW stock or dH2O. Fol |l owi ng i ncubation for 5 > 10

m nutes at roomtenperature, | pL of sanple was added
to 100 PL of Luciferase Assay Reagent (LAR;, Pronega
Corp.) solution +/- 100 pMcGW (90 pL LAR + 10 pL 1
nmM cGWP stock or dH20). Lum nescence was neasured
using a Veritas Mcroplate Lum nometer (Turner

Bi MY ptptide; hn;kenolgngm; H(D@%t YER0) (20 I32S.78(ER) pér kel CofadQ6-Bell
fusjon_protein 4 ker

R GBS sd 1ty and e el BeatRES.
acModulayon of Bitgegbesence of 100 pM CGIVP In addltl on,

the CPM FF Luc/ t
10y 11 neBPrrtRyeRa oy plEests B0 sTutvere oy o cubator
deﬂdcﬁélﬁﬂnlirﬁedi WClobfY 1B8mPeratitd. VA 1Y pil Bli§ude oP6EBENICEndUR eA Qive

M cGVWP. Table 2 pBFB Linker conbi nation RLU with RLU
i Rl SulbrtrapaPecaurzaly ag alded g miatal pf 109 klaf cefl-oyjtureo giygpa final
‘1‘22%1%3%%3;3 ?%3;%015 n(a}%f} 9@) pM’JoQ'lenMﬂg ¢ \l'eer}?enAﬁﬂalbated at

esi s of plasm ds encodi ng CPM FF Luc/ human
pheophigtipeatue eyat B;Ast l(SFPDEms @fﬁﬂéﬂkmm a0RsIFemppratvse,

acbge{ l’?esl:l'lg£9§en§1€11§5 %4?&1 % UCI e%§urg&] GQH%Q96-well Veritas

circu ermute erase construct

10 wi Lhmmgxeméi'ememat aﬁde@ﬂepm\mll dellsewirelthes imBuediweth 0.025

20

25

30

233
en¥ir RAPC ol B o R hanéch (P MR A ane
f oluthineskartce weas ieasured RintiaBowbstynfor abcﬁu@ﬂmlnuﬂcg(fﬁgure 19).
234-544) - ( Li nker - (hu A 549
Y) éiTélg%wgre ip%gsegpl a%&s (W) repglé%ﬁﬁ %9‘ g%flcent}aglog]lnf %ﬁ%&olm ECsgs
huware celobifed UsglgoGgphPasl Rrishrafog &V xhdm/i W an:f.lousﬁal |
€ DI ndil ng units calle F domai ns. nstructs
k %I bi ndi |1 ed GAF d Co

Te nade with X/'Y |inker |engths of (pBFB 167; X=4,
Y—4) ( pBigBt &i8Byt id&eaéed Grom\eell®ransdented with- BNIS Quco)im%(lhe CPM-

resi du i .re.é%. PDE%Q#; d
b SRR AR odeBSer R oS ey e 2220
| nQOQBZSﬂB.Eﬁ) following stimulation with forskolin (Figure 19). Maximal levels of
forskolin induced light output 3.6-fold above that of untreated cells. In addition, the
ECsp of the forskolin response was 0.059 uM (Figure 19).

Example XI
A cGMP Biosensor Utilizing Circularly Permuted Firefly Luciferase and the B

domain from the cGMP activated protein kinase (GKI-B) or human
phosphodiesterase 2A (PDE2A)

cGMP is an important cellular second messenger with a variety of
physiological functions, particularly in the cardiovascular and nervous systems. A
series of cGMP sensors were prepared by fusing a circularly permuted firefly
luciferase to a cGMP binding domain.
A. Synthesis of plasmids encoding CPM-FF Luc/GKI-B fusion proteins with
peptide linkers of (X=4, Y=4) and (X=10, Y=10) amino acid residues.
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| um nescence activity in the presence of 100 pM cGW

for constructs with (pBFB 168; X=10, Y=10) and (pBFB
wag®;y/120820, Y=20) amino acid |inkers, 88 WO 20B71/L2DB2MS176

PCT/ US2007/ 008176 respectively, foll ow ng expression

in vitro using the T7 Coupl ed Reticul ocyte Lysate

System (Figure 22). Mbreover, activation of these

bi osensors by cGW was found to be dose dependent and

sel ective over cAMP in separate experinents follow ng

expression using the T7 Coupl ed Reticul ocyte Lysate

System (pBFB 169; 5 Figure 23). Thus, these cGW

sensors are useful for the detection of changes in

cGW cdnswrihesigeithmcanstrygtiwith (aridY +4)d skebleogtbs poimgers 5'-

wi | e c

con e AR RSB T ARG L TR SRR TR A ?XE’EQ i

exD€r 10 BF8161) ardd’- whol e ani mal i rragl ng st ud| es.

Ex [

bi g‘ggirfg%fz%}l \/\%ﬁéggjg\c’g?@ fClLJ}gE}ng sequences QS BIO 107;
5a BFB¢6B)aavéry usealad aniptify h‘numzef GB(.I-IBJDNV\B(I(B‘%EnEla:W #MECl 16252

3ok steh VB HoC3sT 5 Bisafe RRL Bt O Ripodis 231 o

do3s0 @:@FlBh&# ;fBlTle Gdabcz:umo 308 ¢pBFRE7 10 pBEBN T2)UMhe resultant

bi til t _chi
A0 S PR SR e v
DI CPMNFF m45£pre@m7m|asnﬁd IGHBIFIRS) A\B4sRASHBONAGIMRLE. (Luc2. 0

10 Gar kTR o sl g T oD ke s Bihers 5-
ut ANAZAIATTCOEIGATT ABAAAGCETACL2ACAITACAG@ES! GjSEQ;]HDlNiO: 108;
BO 3 Mef = 4. . - _
B e e N
L UGETHID e 1 @R MAHEA 6t weCaised onsibplife hgm\lairn] ti/]flﬁ c[)))Nug Icpaxge\ﬁe cat
RN T R CN TR IR
15 pBrBR Bep ElpBiAB2victigpBEBymes-mgliligat&ilinto the pateh OOBM2EF lINads e
h 1 10 mM EDTA us
: . %%n%#éﬁff%smli rmX|8>rgfgeF 8‘2&06 egpéggiag‘een for a CFF)’M FF

L@@MMM@enmm of BeM1- FP(tﬁc/GlﬂBEEiYs)l_Q_mhe:ﬁte \Mth—X/Y

RGP ARk, PP R, SHEGEIERS TP

| um nesloenfemsaadtivitytiy therprédeace mdeﬁ;emce of1 0@ AM¢GIMIP was
20 S rm:zlsﬁredrfgrs e Pt ’FFeLucMB hoxsmn pro dind S I)E/kaexy\{gngths of

(X=4,Y=4) and (X=10,Y=10) amino acid residues following expression using the

TNT® T7 Coupled Reticulocyte Lysate System (Promega Corp.). Briefly, the
following components were assembled according to the manufacturer's
recommended protocol:
25 400 ng plasmid DNA
10 uL Rabbit Retic Extract
0.8 pL TNT reaction buffer
0.4 nL. T7 polymerase
0.4 pL amino acid mixture
30 0.4 pL rRNasin
dH,0 to 20 pL total volume
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30 CPM FF Luc/CaM constructs with different XY
peptide linker |engths (pBFB225, pBFB226, pBFB227).

wooorespense was seen for a control construct PEUSIPOZ008176

10

15

20

25

89 WD 2007/ 120522 PCT/ US2007/ 008176 random 42 am no
acid linker or for wld-type firefly luciferase (pBFB8
and pBFB22; Figure 25). These biosensors wll likely
be useful for the detection of changes in cal cium
concentration both in vitro and inside living cells. 5
Exanple XI1l cAWP Bi osensors Using Multiple Sites of
Modi fication in Firefly Luciferase Additional sites
of nodification, such as circular permutation, can be
used 10 for the devel opnent of a firefly luciferase
bi Fid lerRdog incabaion aa3@ANMBr bhoge eoespectiledusion ﬁroMMz’wCre

bi osv.ﬁ*a? m\{\% ?rgeelnyea{)re% s?xicle% e%t\/{f#%?’rtl colnb 'E;HHé 6 pL of

SITNT®UEesctidatwifH LR .ob 1 hedi i B sﬂ)BMoBdHQG Followmg incubation for

o KB auss atapemeearafeot §LGRpRHR 885 B W

huanﬁe%é\Nseg,«ngaitXLMrmnégamrb ) polationye/- 160 aM dSMP (90

LA T ARESCRBT S et BBy R B dburcd using

aCEdVEIh a8 Microphtdlfinofdets glimert Biosysyenish pegram Bright-Glo). The

orkob S P i RT3 Rt Puatpliy <16 B3 Falerd P ESG R bR 2D

% héded eemnqhufaae(amm oy thelsrieshms of100f) MGMP. In

R LRI R T U L P

eapBrofl 72 ) sheeed arss-faid decreasx ol llhdiftﬂ'gset deavityg onthé presénce of 100
whhgg%hkﬁular pernmutation at residue 255, a site was

a sol vent exposed surface | oop bounded by
sennmdary structures such as a beta sheet or alpha

fAr DR £ 1 W

RS NN 4T e

(

exposed surface Ioops may be 75 Mﬂnﬂda@&ﬂable asNs cGdaP
Pa i on SHE A nor 1t + han

elte§BF567r int p?gﬁE|n cor e %¥7gﬁtes that 404938

i NVobBEB 177 aI phagef10pgEa0st r hct ungag,49bi s i s 1,707,449

supported—-by—thetack—oft—activity seen—tforthe

construct with circular pernutation at 255, where

Tyc %thélsayf‘mm%&ocﬁﬁg erMeFBhac/h@inai phbiphodiéstérdsd 24l
te . structs
*#te turns

DNA sequences encoding circularly permuted firefly luciferase constructs

with engineered N- and C-termini at residues 234 and 233, respectively, were fused
to a sequence encoding human PDE2A, which has a different protein fold relative to
the RIIBB domain [Met-(Luc2.0 234-544)-(Linker X)-(human PDE2A 416-549)-
(Linker Y)-(Luc2.0 4-233)-Val]. The cGMP binding domain from human PDE2A
belongs to a large family of small molecule binding units called GAF domains.
Constructs were made with X/Y linker lengths of (pBFB167; X=4, Y=4) (pBFB168;
X=10, Y=10), and (pBFB169; X=20, Y=20) amino acid residues (Figure 21).
PDE2A based biosensors were identified with 2 and 11 fold induction in
luminescence activity in the presence of 100 pM ¢GMP for constructs with
(pBFB168; X=10, Y=10) and (pBFB169; X=20, Y=20) amino acid linkers,
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30 seen in the 1LCl crystal structure. 90 WO
2007/ 120522 PCT/ US2007/ 008176 Fol | om ng expressi on
waigiong2aske TNT T7 Coupl ed Reticul ocyte Lysate ByBUS20)7/608176
nunber of different sites of circular permutation were
identified where |um nescence activity exceeded the
background detection |evels of the |um noneter and
fold inductions in the presence of 100 M cAMP were
greater than two-fold 5 (CPM sites: 37, 47, 75, 83,
107, 144, 160, 188, 225, 233, 242, 268, 308, 358, 377,
403, and 490). In addition, constructs were identified
where the fold induction in |umnescence activity was
gr mapaaﬁvelbamuwmgk&@resmbﬁ I waesiusinp tHeol TiCamiled/ Betiautocyte

val ues great fold Xper.i ment .
enLm S DupE an  Voreder geil b ph R FERbRR s oy SOMP was
ITBFGURAL it@Be BoRIdep&Idak Mﬁ&él@étl\fk&ﬂéﬂttmmgn def(ahdfe pxpninieats

(oo derp s ComtrEREa LS RSyrRer PRbHI0%

5Si Fufer23). pBFB321 (CPM site 225), pBFB322 (CPMsite

SEE’E;gz?BF%%%%Fé%@ Fponsers HapbeSElor BSGIeEET " Jb angia SOMP
P BEGRRSrdtloRVh $itk L afkBthe{cSibschb@si ivill 1iRély bouseful f¥r detecting
val ues) . Follom[W%Ptranskgnt tr@% fectJon W

DNA
en Emg%mtcﬁ%\/ﬂi £0 'tvm(chﬁ Qf USGAD, c&U é:gfture experiments or

X- ety olesSnfdaaGmagidg Ridiés3B- (Luc2. 0 residues 4-Y) - Val
( GSSGGSGGESGEG corresponds to SEQ ID NO 121)

constructs, HEK293 cells were treated with 50 M
forskolin to activate end@wmgle xarienyl ate cycl ase.
Fol  owi ng i ncubati o f0{ 16ga'nut S Iuninescence was
nmeasured fromthe = * Slmme As
predi ct edicidnh BiovéisbBUigere prepared bwusﬁnguetmmedemdmgmlrculaﬂy

20 bi ose i de I|V|n cel | teresti.n
G RS Bl LR i, Bl 4181 G B pebiipes 234 and
5i naiwl |@espetthelyves seqericed bxe;oamgq;raemsiommsahmmm ¢aidum. One
ghest fold induction.

| res .
270ypgt céﬁ'awp‘rlgseva “2%‘29&{] Né%‘éﬂfn‘{’i‘ft °<5‘ 8?1 F‘fﬁ'%gl miscle troponin
Luo (raCR &aniad\MId81 H96RI01098%5 Ddesnmbesi) Her45N) Genbank

e N s R 55 ST - it SRR 5 4 a-233)-
| UMaf]?ﬁrﬂlStﬁl e 6&63& Eﬁﬁﬁch&iﬁhﬂ@oﬂhkdﬁiﬁhz&d lb.&ﬁzhﬁr:hlmndhﬂm (CaM)
t t
T e
ﬁgt?gggmﬁhaiadSﬁaAd&sQnuhed(anema Theélﬁre
aci d pe%%P@ggﬁ%ﬁﬁ@@gwgfaﬁ@§§9§T1§ é@ﬂ%ﬂﬁ %Aﬁf“ng
hRpéptidelIinkdr lamgthowearei edtpressetliial eintol usiogrthdA 7 Boupled R@ticulocyte
Lysate System (pBFB225, pBFB226, pBFB227, pBFB7; Figure 24). Reactions
25  were then supplemented with 10 mM CaCl, or 10 mM EDTA plus 2.5 mM EGTA.

A maximal response was seen for a CPM-FF Luc/CaM biosensor with (X=8, Y=8;
pBFB7), where X = LEGSGGGG (SEQ ID NO:306) and Y = GGGGSGPW (SEQ .
ID NO:307), with a greater than 60 fold reduction in luminescence activity in the
presence of calcium. Similar responses, although of lower magnitude, were seen for
30 CPM-FF Luc/CaM constructs with different X/Y peptide linker lengths (pBFB225,
pBFB226, pBFB227). No response was seen for a control construct having a
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91 WD 2007/ 120522 PCT/ US2007/ 008176 ani no acid
peptide |inker-hRL992-311) (201360.17. A12),

wWhR0(A282) - 10 amino acid peptide |inker-Rl | Bep@Bug2007/008176

10

15

20

25

30

amino acid |inker-hRL(92-311) (201360.17.D7), hRL(1-
91)-42 am no acid peptide |inker-hRL(92-311)
(201325. 165. A2), hRL(1-223)-4 amno acid peptide
i nker-RI I BetaB-4 ami no acid |inker-hRL(224-31 1) 5
(201360. 24. A1), hRL(1-223)-4 am no acid peptide
i nker-RI I BetaB-20 ami no acid |inker-hRL(224-311)
(201360. 24. A10), hRL(1-223)-10 am no acid peptide
linker- RIIBetaB-4 anmino acid |inker-hRL(224-31 1)
( 204860 42 4mGh) acidhRiKet o2 3 Wwillttypa firafly lacifalase €pBFB% and

[ s ,gl Betﬁi 20 am no acid |inker-hRL(224-311)

> 2F , hRL(1-223)-42 am no acid peptide

|'i nker -Ties¢ Bidder3ars)will OikeybE3IR&tul o7 thdetechiBh pfleli2@fys-id calcium

d_pept.| ker.sRL1.Bet aB- 4 ani i d
s ibtn 588 s e +B0TATEE R WA 17229) “a am no

acid peptl de linker- RIIBetaB-20 am no acid

I'i nker - hRL(230-311) (2013@0 54!E é%l hRL( 1- 229) - 42
am no acid peptide |inker =311)

(201325. 165cAB)P Blasensoss Png Maitiile SheswfMedificemaed
fromthe constructs usi ng.. t Iﬁe ngT 17, Coupl ed Weat 15
CGCerm Lysate System 17 ion was m xed
wi t h 17AdditénaB SidesrdfimddHREE62,G0chdd ditviuban peanutgidnadzmiiie used
7. suppl.enent e f 1 nmM cAVP
i B REprBRY ety Bl biofningee se PO reor
t efp@read dABH mr)sen&prp:vasmwmtcei wsingla ¢itdulirlpernietnd muddnt of
ded to [y
¢ g Dt Pash i i Wirmerd sl e ek e bR 2488051
ofGS*@@GBG&;SG@BﬂHtmeLm.msayesr@mmal OSEQ IDINDHR4; RIIPB is
ugi %o tglrb Thed . . )
e By bingins Ao BEPTHTHN ARREY 2O LIpRYin, BE UP mine
Wedcisi2zeguaayl Abmogh@ubns‘u&ctsmaspfeghﬁd ubiAg firefly luciferase

Brerg§éP%§§"()‘}\}-él|F‘%{’] lﬁ%%nui 2ot %tBlgﬁllfg rg%( b craﬂ t%v]éx]il)y-three

hRh{éperdddht cbnshisets wakd Bata@ fra( &%d&iﬂu)sldﬁrp%tem@ Sf thedblowing

Qg%g%@waﬁ@ it Kb St Soitiabias Ripho2re 0 fosigues +

f uY)-Va(GH QG(FEIBGBGGG tittelspanals @ SBQIDI NOt121; Figure 26 lists X/Y

%&FZ”*@" Sonpi) ot R0t of PrenserTB A e

Fummtthmn w(i)dh citclaPpgainuditioh iankesidue 385, lacsitg twas chaen in a solvent
(2:P(f(|\§4?? (?g 50 / A Eéﬂ‘gﬁsgs g%fg@axw)e stsn?crlures SLIC?I as a V\Qeta sheet or alpha

helix, for circular permutation using PDB file 1LCI

(http://www.rcsb.org/pdb/home/home.do). Solvent exposed surface loops may be

more amenable as sites of modification, such as circular permutation, than sites
buried in the protein core or sites that are involved in alpha or beta structures. This
is supported by the lack of activity seen for the construct with circular permutation
at 255, where Tyr255 is a component of an alpha helix that is buried in the protein
core. This collection of constructs represents the majority, but not all, surface turns

seen in the 1LCI crystal structure.
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Constructs encodi ng CPM hRL91 Luc/RI | (3B based cAWP

sensors with variable X/'Y peptide |Iinker |engths were
w@enenztserd (Figure 31). Protein was expressedPdT/om00T@8176

constructs using the TnT T7 Coupl ed Wheat Germ Lysate

System 17 L of TNT reaction was mxed with 17 pL of

300mMM HEPES/ 200 nM 5 t hi ourea (pH about 7.5)

suppl enented with 3.4 ItL of 1 mM cAMP stock or dH2Q

reactions were allowed to i ncubate at roomtenperature

for approximately 10 mnutes. Ten L of each sanple

was added to a 96 well plate well in triplicate and

| um nescence was neasured using 100 gL of Renilla

| uci f er Egdbvasg axpressagersingdhe ANTA bGepléd IR tnmestytr LysAs

325%6 ' M {Wépgﬁgﬁfe 455 gﬁs o?gﬁgtgsr paendctta%n we,geﬁugn 20 wlhere
abltin@gence a8vity ckiaeedé@ theﬂm:kgroam detéatiok daervelsmfsher luotmometer

,t, E%nJ %H&nhlg%%%]? mﬁ?xalglrelse‘%ce 4§ '16 dﬁc %A]%@n»% Eggetg?? ﬂganttbv% fold
5 EXEPRM eitesyV/B7.146, AS d?&l,\/IPO’Bl 144 ellﬁQQtSS,JlZIZS 1238 N2A2CR2 68, BO&Y 338 377,

oSO E 1938 R T Q8

e nmgdnesgerich ectBnd'OWa;i gne:ftcxalmt ﬁEMﬂIﬂ’ifamtﬁlﬁkxmaglwom atiyation

R AT A PR oM B BBt s

( OWagttdnstdrmed k@a ménitoaten eﬂnass(memcthr@:sntﬂ#ﬁng%mw prooester

to gé %ﬁt?%oﬁe@%?{&-)-(Y::egc%ongzz : \I%%F E%%lgg %7@3\% ’s'tvzgéé), pBFB318’

p BICEEM 3ite 359)gpBEBBD) (CPM sitee47r) MBEBIANNCPM sitk 2270/pRIFES22

M S Y P e R RGPl o g
3OV BIEPHS) ATRFBAAS (PO Slﬁa7i)midaiBHB329 (EPM site 83) (see Figure
S uﬂp{o?ﬁe@t@aqu f'crl wuag {Tans%l tranS e cé on w1{h N O ncc()jé_l]%gothe

reacti ons were’'a ACUD
15 ¢ emnenaMsct-éLliairO appnmacma)eegzsqimsmcmmé -RITBB-(pud2.@fesidues

eag qu) §SG (%.Qﬁ?g cgrres Or91533 tW%EJ @? 1 y\ﬁlconstﬂst?, oL

trip |ca e an um neg CNEEONT eSS usi‘ng
ofHR&a% talslwere freartedsmth§9aw fasigdintto acmazte(}rmlngmous adenylate

f gc%yaﬁggeﬁoq[owlxﬁ 1n%{11l93@gm fori IhGF linglu ke% I% 1n65f%c1é I;_vgalﬁ'lt easurecﬁ1 Prom the

nduc eng
i Nidgcell pnpulptorge dAsfpredivtad bk vatiods tonstruts flivtiod& amAMP

20 ?gdﬁgstehg eﬁllrs QR/?’ %fl% uﬂ%&f%gggzgorééleﬁ%xat slbo»\{eﬁl%e hlghest fold

DNaduction inrsgde CWHS wereniot therdmeedngtiicurith B4 highed fld induction in
2 Qg%g /008176 An additional type of
c%%ééi%o en g\/\g?%g istructed using a circularly

Example XTIV
25 ‘A Nonpennuted Renilla Luciferase cAMP Biosensor

As described herein, circularly permuted Renilla luciferase constructs can be
employed as a biosensor. Nonpermuted Renilla luciferase constructs having RIIBB
inserted into siteé tolerant to modification, e.g., between residues 91/92, 223/224 or
229/230, were prepared. Constructs were generated as described above. They are:

30  hRL(1-91)-4 amino acid peptide linker-RIIBetaB-4 amino acid peptide linker-hRL
(92-311) (201360.17.A3), hRL(1-91)-4 amino acid peptide linker-R1IBetaB-20
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pernmuted Renilla luciferase (hRL) and a GAF domai n.
The plasm d DNA construct encoding the follow ng
wo e®i7ozo5pr ot ei n: Met- (hRL 92-311) - PCT/US2007/008176
GSSGGSGGESGEEESEESEESG ( GAF A domai n from Trypanosona
brucei PDE;, 5 Genbank AF 192755 am no aci ds
241- 375) - GSGGSGEGSGGTSGEESGESSG A- (hRL 3-91) - val  (SEQ
ID NO 185) [clone pBFB232]. Foll ow ng expression
using the T7 Coupled Reticul ocyte Lysate System
| um nescence activity was neasured in the presence or
absence of exogenous cAMP. In the presence of CAM,

the neasured activi tg{pvvas 7595 RLU; in the absence of
c/wmnOtahrei peptidalinkgr-hRLPI2-BY 1 1@0 9. o1 P hRIE B! 0gmpep acid

' éétxﬁ@ﬂﬂ@e?)rglér&&ﬁ% z{n%ﬁ%%%ﬂﬁ HnREL ﬁf@i@ztﬁ@ (2@%’5’661701'3{7‘} hRL(1-

I'ns can be used constructs in
geBr4tdnuino efid bﬁmgtﬂdms-hmfﬂ%i? 119 y2H 385. 16248k #Rlﬁh?”) -4

al ifiholali g&gﬁﬁ Wepﬁéfﬁagﬁ 131050 hdld GARE. QNSNS 191 T On

al'so nay provi I'stin
5 ad@@M@;@sAbN BRLENZ2D)HhamirRETiIdReptde linkaiR B3 atafeA emino acid
t r i g
| A p A T 260 YRR R (F228 10 At A doBRlNinker
f oRIIBetaBMgnmowcdthﬂ@ngBLéﬂ‘Mrﬁil 126201860.24.€5). é\RIJ(l R@)le

A T UL VT LR
Us(zogmmzzt E pl)ehISi¢1e223p#2 Mmjntﬁ agd pepideilmk ek 1L.(234-3 1 l)

0 PR A AN SR ARy R v i
pr limker-nRE(2303 1) 2NB60.1AR9), 912%131-22?%68‘5@0R|Cid Btide linker-
o KR ot g e RLEB I 01 G AR, MRt 3809)-42
r eguinataoidypegtidralimker YIRL(BBET b) @/ 375 15.-CRIi(biguze9)414)
showed ﬁ%télﬂ‘%ﬁﬁ?}?per%éﬁg? FU (RESGRRGEs AGhE Wetﬂﬂupf)@o%;rled Wheat

bi nding to 0gous constructs;
15 p r Ot hgsaty stitmulﬁarll gf "ﬁksifnmcelén praemexfnlswﬁks dhpbef 300 mM

g%g»e&% Mo ues'dﬂ-&%b&ﬂ%' J)%L@asm%w@stﬁ 32&3@1 gr ﬁglmmp

|ona eralfl rteen in
c i stock @rdHpOp evagtionsdvero aHowert tosinqubate at esxne tempgoadade fief

L
8ar R iy 5 U BB R e p
2- Wl \atripliGET @1d inriesspenvd vas ane@5ied Bsing|fP0 @R of Renilla luciferase
20 %&?ﬁ] §g}§‘%§ &1%55 @pnds to SEQ ID NO 123).
he ow ng table provi es X/'Y val ues for the
f our t eefhelist! FUdtlimkeoRIIRetaBolixket-ABEPIR-311) proteins-were induced
PG P97 LIS thel APLEA-223)-linker R1IBetaB-linker-hRL(224-311)
proteins were not induced and the hRL(1-229)-linker-RIIBetaB-(230-311) proteins
were induced by about 2 to 9 fold. None of the 42 amino acid linker constructs
25  were induced, nor were the full length Renilla luciferase construct (201325.50.A7)
or the “no DNA?” controls (Figure 30).

Example XV

Light Output and Fold Induction Vary as a Function of X/Y Peptide Linker
30 Lengths for CPM-hRI1.91 Luc/RI1I8B Based cAMP Sensors
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CPMsite X value Y value Cone ID 31 32 30 pBFB276
42 43 41 pBFB277 69 70 68 pBFB278 111 112 Ito

wW@EBBRB27B22 151 152 150 pBFB280- 169 170 168 pBRABZBUS2009®8176

10

15

20

25

30

194 192 pBFB282 208 209 207 pBFB283* 251 252 250
pBFB284 259 260 258 pBFB285 274 275 273 pBFB286 91
92 91 pBFB287 and 201325.44.H6 223 224 223 4
201325.33.C9 229 230 229 201325.86.81 *Note: for
construct pBFB283, the last amino acids at the C

term nal were PFSEFKPD (SEQ I D NO 120) instead of PFK
and no Val was inserted prior to the stop codon. 5
For all but four of these constructs, a site was
chosen Consgusts evardingeRRSERI-H rdcAREPB basd cAMP sinsers|vth

t
P AR AR s Bt itk BBl RO BRIB L), rotin s
( mtdwénhﬁmm nhmaﬂrulmﬁﬂmglbyc ThEAI'TTaC dagprhead %e&ltzﬁ@g:dnaste
su )Fc’ g?lé l%t [ ucft "HI(I'? r%ac (1 an%Ee%S\rrxgrt] gﬁ* éﬁ%% 386(1{’?181:@%?138/200 mM
m]ﬂmfur@&(pHmbpu@ @) suppiel’nenﬂedtlwn}he?r‘tmLaif il om\ AR seick esdeO;‘
cﬁg)ﬁlglwg %]Fovpedqt lencﬂPeﬁg zrlterogrﬁnhtes:m})eer%tutr hal eéllgrgxunrli\/qu/ Y& d

Sra st MTeYes &s
s unpmtdse T ebyltdfeatasknphd wascztddv:d to/a 8€ mllfptnte il irf tripbitaty and

Ulglmfler ASe e wHInst gul’} US\MI f}? Ilc??ucn tagt zlls%n aeta enton a
255 MEGETES WP 255 c% nen aItpha el &

t h@tomax lbmmométern Atsh;hown ot lélgmrecsar bght‘ﬁntwt ami foddt tnidoctiopf
const r,uc

s uYe‘ngg é”‘ nr%(g ke e tﬁ\nltlﬁ)l(f' I;}du%lon ’r?n&cja fro ot aqoul ?7 % ?{flh%he 42
Foamino GEINI IBikbresins@dct, thd fisil 12283h 89&111@2@1&«!53 eondtrmsieand the “no

-0n reV| ousr ar Kaj,hara et al., 2003, Reny
e?ﬁg'% SOnters 5o FC“#E‘éé%%Je? . 2003). The

constructs wer e expressed usi ng the TNT T7 Coupl ed
Reticul ocyte Lysate Syst eﬁ‘x% lerngW

A cAMP Biosensor Utilizing Circularly Permuted Renilla Luciferase and the B

domain from the PKA Regulatory Subunit Type Ia or a GAF domain

DNA encoding the B domain from the human PKA regulatory subunit type
Ia (RIaB) was ligated into an expression vector encoding CPM-hRL91 Luc/RlaB
fusions [hRL (92-311)-linker X-human Rla (residues 245-381)-linker Y-hRL
(1-91)]; (X=4, Y=20; pBFB210), (X=4, Y=4; pBFB211), (X=10, Y=10; pBFB212)
and (X=20, Y=20; pBFB213) (Figure 33). Protein was expressed from the
constructs using the TnT T7 Coupled Wheat Germ Lysate System, 17 pL of TNT
reaction was mixed with 17 pL of 300mM HEPES/200 mM thiourea (pH about 7.5)
supplemented with 3.4 pL of I mM cAMP stock or dH,O; reactions were allowed to
incubate at room temperature for approximately 10 minutes. Ten pL of each sample
was added to a 96 well plate well in triplicate and luminescence was measured using
100 uL of Renilla luciferase assay reagent on a Glomax luminometer. As shown in
Figure 34, light output and fold induction varied with linker length. Fold induction
ranged from about 2.8 to 6.8. The 42 amino acid linker construct (201325.15.A1),
the full length Renilla construct (201325.50.A7) and the “no DNA?” control were not
induced (Figure 34).
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Coupl ed Wheat Germ Extract System and tested in vitro
(Figures 35 and 36). 20 The results indicate that a

woeoeneeosef different sites of circul ar pernut ap@DOS200Z008176

10

15

20

25

30

be used to generate a biosensor such as a cAWP

bi osensor. Alternative sites of «circular pernutation
were identified with uninduced/induced | evels of
activity 95 WO 2007/120522 PCT/ US2007/ 008176 greater
than the initial construct with circular pernutation

at 91 (CPM91). In addition, constructs were
identified where the fold induction in | um nescence
activity was greater than CPM 91. In addition, ow ng

t 0 t he Aseadditianal mpb ubbANﬂybioiensc@RMs%nmmdemi@g@mdlaﬂy

in E al .c et s
e O RO MG, g BN e
| nicedifg theolloAdingifustfomprptefimVidti(hBLO2-31H¢- devel opnent

QK Sl QSRR SHED i SR

Si G&afbanlk AFN92755%@dind acfld)s’ 240- IIﬂ)-IGBGGWGISﬁCﬁRSGﬁlSG@\SSG-A-

th it t : 169 . i nduced-
Gt R TSLAEEE 5P SRR PR s
| uAt Te CrRpRA Retitildety Ly@se simm lﬁmnrﬂe@cahoé activity vaamreasured in
Copst t d d i backb 5

CopL LUELS o e ARl R S RO AR
expeRsdapti(ify’way TSO5tRILY; iashdl\ﬂisbnca$f nAMththcameasured activity

Cr iRt atetntt R ROl sl ot oL Bl T e iope

I edoratifiscali-bdlityd MITBIMRIL( Gidsthicts in the generation of biosensors. This

CoPPESHOERN (Y oLet FReer st <Eealt e Bip ceGtan i

COli¥ifg PaRdsnd i0alSiERaly lﬁrd\!(me dx?t&ict ammn&gem,\tes eXiptBgBRIBT -based

pBFB277, pBFB278, pBFB27 8280 28
ceth ég’ \}s?é?%“iof%’é‘t thay Ay OT’(‘)"’(S For g’ksg F ﬁ‘ %}‘gcf’ ml;l%gg highly
endﬁ@&nauﬁomdﬁmydratrﬁpmﬁsymé &adindmd & Mdengngemfubdtmubcs itis

bt o L SO S TR L Pt

constructs functi oned as cAMP bi osensors i nsi de
living cells. Interestin o uct CPM 31 showed
the highest fold inducti £ ro, hovvever this
was rAMP Besewoes Wsisg Muliie Sies dfidviodié geillala
the light output and fold i nduct| ons shovved sim | ar
trends in v vo [

Aﬁ){ﬁ%% ?)108?1‘\58[‘ vm lI'Cll Lén%uéz)sr?utgfrf OF),?%L ?ucnferase

XVI I |c constructs
pr enanlex:bﬁmarye&hctuhe\dpxe(hklkﬂﬁa my -GSTG-RIIBB-

GSGGSGGSGGTSGGSGGSSG (hRL 2-91)-Val (SEQ ID NO:186; RII3B is the B
cAMP binding domain from human PKA regulatory domain type IIBeta amino

acids 266-414) showed an increase in luminescence activity upon binding to cAMP.
Analogous constructs, either “split” proteins or circularly permuted proteins, can be
generated using Renilla luciferase mutants modified at additional residues. Overall,
fourteen independent circularly permuted constructs were tested encoding fusion
proteins of the following type: Met-(hRL X-311)- GSTG-RIISB-
GSGGSGGSGGTSGGSGGSSG(hRL 2-Y)-Val (GSTG corresponds to SEQ 1D
NO:122; GSGGSGGSGGTSGGSGGSSG corresponds to SEQ ID NO:123). The

following table provides X/Y values for the fourteen constructs.
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of creating biosensors using Gaussia |luciferase (d uc)
| acki ng the seventeen amno acid N-term nal peptide
W0 bav/ 12523 as a secretion signal (Genbank AAGGEOEES2007/008176
am no 30 acids 18-185). Gaussia luciferase with or
wi thout the N-term nal signal peptide has been
reported to give greater light intensity relative to
ot her |uciferases when 96 WO 2007/ 120522
PCT/ US2007/ 008176 neasured fromliving cells (Tannous
et al., 2005; Reny et al., 2006). In addition,
fragnents of G ue have been used in systens of protein
conpl ementation (Que split at am no acid residue

11Ppi&eny et al., 2006); thus, it is likely that due
w [T apipsie anknabl ® varieCi r cUl ar yesigait at i on a@loddIDs
sife or gqher si{es. 53p0 prepare a gpue CAWP pBFB276
bi pSENSOT,, Predi ¢tions 431 protgin segendary| St LBEBITE
We[ & USETEel 0 CITOPSE Varjgus SiTeS of gif Ue CilTCULRER278
pefmutatyp ety (3 Uc - Loo)-TLITTNKEY A)- T NUMBRFR279
Rl tbet aBl.;- !l'uall'r\ BCG?SQB‘Q am g acTt d goesi augs BFB280
2Oy ker [ Sy 187D Tallgs ¥ oM ST bBrEbsl
O ST NN PRl TH 1 4 PR A 111
10b—101 898 20 20! pBFE28%0 135 143 109 4 4 piFRI 5
111 109 2! 10 sBFR204 2330 123|109 2500 pBiERgEBE
29[ a7_4 B5%erpoog 48 38047 15110 opPg7 4o 4BBEBISS
20 # 53 60 67 4245 3prp2do 69289 67 Lo 1BBFB28S
pBFB300 %8 69 67 20 2P%BFB301 84 8% 83 4 4}%‘%@?{““
84/ 85 83 10 10 pBEB303 84 85 83 20 20 pBFBR302VId4> 44 H6
90| 4_4 pPER305 224 223 201325.33.C9
229 230 229 201325.86.B1

*Note: for construct pPBFB283, the last amino acids at the C terminal were
PFSEFKPD (SEQ ID NO:120) instead of PFK and no Val was inserted prior to the

stop codon.

For all but four of these constructs, a site was chosen in a solvent exposed surface

loop for circular permutation using a homology model of Renilla luciferase using

I1BN6 (Rhodococcus sp.) and 2DHD (Xanthobacter autotrophicus) haloalkane

dehalogenase crystal structures as templates. Solvent exposed surface loops may be
10  more amenable as sites of modification, e.g., circular permutation, than sites buried
in the protein core or sites that are involved in alpha or beta structures. This
hypothesis is supported by the lack of activity seen for the ﬁreﬁy luciferase
construct with circular permutation at 255, where Tyr255 is a component of an
alpha helix that is buried in the protein core. This collection of constructs represents
15 some, but not all, of the surface turns seen in the homology model structure. Four
CPM sites: 91, 111, 223 and 229, were chosen based on previous reports (Kaihara et
al., 2003, Remy et al.; 2005 and Paulmurugan et al., 2003). The constructs were
expressed using the TNT T7 Coupled Reticulocyte Lysate System or TnT T7
Coupled Wheat Germ Extract System and tested in vitro (Figures 35 and 36).
20 The results indicate that a number of different sites of circular permutation
can be used to generate a biosensor such as a cCAMP biosensor. Alternative sites of

circular permutation were identified with uninduced/induced levels of activity
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91 92 90 10 10 pBFB306 91 92 90 20 20 pBFB307 114
115 113 4 4 pBFB308 114 1 15 113 10 10 pBFB309 114

wai®743B3220 20 pBFB310 126 127 125 4 4 pBFB31ACT/LH07/008176

10

15

20

25

30

127 125 10 10 pBFB312 126 127 125 20 20 pBFB313 162
163 161 4 4 pBFB314 162 163 161 10 10 pB FB 315 162
163 161 20 20 pBFB316 to Wiere the various |inker
conbi nati ons have the sequences: Table 5 97 WO

2007/ 120522 PCT/ US2007/ 008176 Li nker combi nati on
Sequence (X=4,Y=4) GSTG Rl | betaB-GSSG (SEQ I D NGO 187)
(X=10, Y=10) GSSGGSGGSG R | bet aB- GSGESGESSG (SEQ 1D
NO 188 ( X=20, Y=20) GSSGGCSGCGSGEESGESGESG R | bet aB-

9@?&%%%%&5% darc 2 é;%ﬁbtauoﬁlgt% (EBRf o). In

fof a duc cAMP nay substltute generate
bi askslitiene eenstryets o*teh@demﬁ@c\uh%s th?sfpwgndlmtl@n i fumipgscence

ci adeid tg Cyvall gFJMr ‘ma!n%l’M AT &0 Y&divions o ' (ﬁﬁ%f’iﬂ?e vety eTO\IV Qoluﬁlllty of

circu rmutation I n one copep od e are
| | KBM/S luwb¢m¢xnr¢ssm indy. cobiibe edtiltnbrwé ponstraste avill bg tdsteddor

th f

B ARy AU Aol IS1o BB By oy
dethe devadoproént b6 anm it vitre didsemsar Sls:lhgin alcAMB dstémm rgagent.
events. mg\gtstatﬂs% iHRi%gte Thkr ﬁ%ﬁ?xfbgll ofasqtlg QE%R,BPQS%M%&J diular

fl uorescent yes or aequorin real-tirne nmonitoring
of pérmutagion! AU the sigslbstwaen resibige 69 and2itd kngdow induced and

teghngle l%?b ?v.ﬁ@s aﬁ}squeﬁ])lé gl ih ‘P&mﬂaQ&eﬁé‘é zﬁ:?iuégglgggbout 2

intrace ynam cs. A circularly per
flfOQdOIyIOWmeerase with the allosteric RIIOB cAW

bl ndi NICHAURRER wike BERI-Rl th KVOAS b4 ohe Tp PEATHomERPEBH
which allows for both in vitro expression (T7 promoter) as well as mammalian
expression (CMV promoter). Following transient transfection with DNA encoding
the various Met-(hRL residues X-311)-GSTG-RII3B-
GSGGSGGSGGTSGGSGGSSG-(hRL residues 2-Y)-Val (GSTG corresponds to
SEQ ID NO:122; GSGGSGGSGGTSGGSGGSSG corresponds to SEQ ID NO:123)
constructs (pBFB276, pBFB277, pBFB278, pBFB279, pBFB280, pBFB287),
HEK293 cells were treated with 100 uM forskolin to activate endogenous adenylate
cyclase. Following incubation for 14 minutes, luminescence was measured from the
live cell populations. As predicted, the various constructs functioned as cAMP
biosensors inside living cells. Interestingly, construct CPM 31 showed the highest
fold induction in vitro, however, this was not the case inside cells. However, in
general, the light output and fold inductions showed similar trends in vitro and in

vivo (Figure 37).

Example XVIII
A number of different genetic constructs were prepared to test the possibility

of creating biosensors using Gaussia luciferase (Gluc) lacking the seventeen amino
acid N-terminal peptide that acts as a secretion signal (Genbank AAG54095; amino
acids 18-185). Gaussia luciferase with or without the N-terminal signal peptide has

been reported to give greater light intensity relative to other luciferases when
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15 emtting | um nescence in proportion to the
concentration of cAMP. Live cell, zero- step GPCR
w@swagnssesi ng this sensor all ow the dynanm ¢ deP@mUsIN7/008176
of changes in CcAMP concentration using stable or
transiently transfected cell lines. In addition, it
is possible to devel op a single-step honbgenous assay
format for detection of cAMP in vitro (Figure 38). 20
The ORF from pBFB135, under the class of biosensors
called "CPMFF Luc/RII(3B," was used to generate the
transi ent and stable cells lines described bel ow
These cell lines are called "CP234-Luc/RIIB," "cAW
LuaSanersd from living Seisddrnitoua etial’, 2E0S AdySeab 02006). HokigdidRion,
Cel A BRI T el LB LIS (e
anéphi ateching adid Eesivive |1 1@, Reny ¢t-aEF2006athlLis itvie hleelp ket Sduc will

at 4

quho?hg?a&feg%ﬁf (k)é?'gcglrlﬁr\%hnutétr’% J?%'S]S cor&éerﬁbur s. After

5sti nmul atliogmwepare & G‘lmcslethosehswm predictéons ef pastei) Seddfdary

20 ' 176 ured at 15 pm.nutes '
s B e PR SRR e FECRE v e BBl CE R o
t hifs l@é}&@l@@ﬁé}(&lﬁh&la&@ﬁ&emﬂ Gemaok BLO35800 dntino acid residucs
foLgkal i H € r a Z measurenment, 2 x 104

cel ﬁgg\}\gfghgﬁqé{?g@zdg lp)gergs)well to a 384-well plate and
equiableldr at ed using a sinmilar protocol. Half the plate

was i nduced with 20 5 M forskol an],l t%\lnere[{a e ot her

hal f r &P sitel uhiresdlveedB rb:udnme lg%ur eppB HB#

m nut es er induction ug,png a

 um nomstng. glléﬁol d of §Enduct| o vvas and %éq:gégso
0.83. Si assayl%lvvlth Z'9ggr eat er than ar eP

consi der gogood qlﬁlllty fpd hi gh- t%wroughpu% scr

(HTS), t cAMP lkillosensoo ased aﬁlsay i's

HTS. 10 93 cglls st ab(db expresging t he, opan?

1 receptgig were tg nsi ent tran;?ect ed WI h pI

DNA encodiong CP234; Luc/ RI LB or the,R361 K tantP

mut at i onqﬁgn the cgP bi ndg g dorrme;rg) (CRsteH Vv PB;;;
from pBFE,135 and PBFBL47 respecthvel y). I'ls

pl ated a equi | |ggated W h Iu0|f%r| n- EF

descri be 8above, d conp J7|nds fr a LOP li brigg) 380
(plate 6)g,were adged to 1 3each well (10 - Fol B M
i ncubatign for 5 I nut esgsthe pl giyes ver e ead 'o 03

TECAN GENyos ProTfd | um nogkter. Hijs that o)
identifigq using & lucifgfase repprter gepe ass% B305
(CRE respgnse el egent) arggshown '16 red (Fidgure[f1

g CAVP Bosensor,assay’

Most hit |dent|f £d by t

correl at pé‘ W th tillgs i deny |3f| ed by4 4 gggggg;
114 115 113 10 10 pBFB309
114 115 113 20 20 pBFB310
126 127 125 4 4 pBFB311
126 127 125 10 10 pBFB312
126 127 125 20 20 pBFB313
162 163 161 4 4 pBFB314
162 163 161 10 10 pBFB315
162 163 161 20 20 pBFB316

10
Where the various linker combinations have the sequences:

Table 5
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the CRE-Luc reporter assay, validating the biological
rel evance of the cAMP 20 bi osensor GPCR assay. Cells

wowee/ 121580 pl ated and equilibrated with | ucif erCuERN7/008176

and then after conpound addition, |um nescence was
nmeasured at 40 mi nutes using a A oMaxTM Lum noneter.
The phar macoki netic paraneters of EC50 and | C50 val ues
generated wusing the cAMP bi osensor assay correl ated
well with those reported in the literature 25 using
ot her nethods, again validating the biol ogical

rel evance of the cAMP bi osensor GPCR assay (Figure
40). Responses were also tested in cells incubated at
di f fisnkentombmpweratiures (Fi gure 42)Segn¢hcei th a variety
of | agoxXs4, S(—amd ant agoni GSBG{MillgitaB G$3G. (SHEKEYRO: £87) | s
expressin § CAVP 0sserrsGSGAbB-0saESGA8SG (SEQ ID
pB'FBl%‘I ﬁ{d'l ) 0 |dopami ne DI recepioOri88gre i ncubat ed
Wi luciterin ol 1.5 GYSGEREGEQCHSAGIHEEGLRITBetSH-

37C (KER0-¥G5A0hct ¢d WiSBGEGORGHTIGRBEEYGNISHQ 1D NO: 189)
Responses were 99 WO Z00/7 120527 PCI7USZ00/7 008176

neasured on a |lum noneter. There was a nore rapid and’
dynam Cs&SReRS forlaGlue LARALALS b¥OaRiffdd B g\éﬁérﬁte biosensors for
I ncubat ed under physi ol ogi cal " condi tions, e. 37C
an€thexpolerylss pyng thisssitgtof gireulofepesmyiatipn -t Mor%fply siggsAmegable to
t O RSP AUREESEH dnRlcopdpdltAGRdsy bR lieAMREN W&‘h@xscop@f)od
roomtenperature, there was a sl ovver response 5 with

| oWesiferagerastch as theducifegpredipmmdderidiadregpul for | arge

scal e screening. Figure 44 shows a tine course for

fold induction in cells stably transfected wth the

CAWP LucSensor and cont actzxample KIXi f f erent anounts of
dopani nﬁ/lethUBl@ forr c%ﬁiﬂaﬁéi SPew aEJ&?E czInhﬁv&Vé HﬁE@t ﬁlsde@t‘ﬂﬁm deor

rmnltorlng AMVP ynam cs inlive cel in real

10¢] méracwb»rlze'é@al tﬁt‘ﬁé“qt'% GVends.j Amppg Eheen% s'sq%wﬁtlwa‘t metheds

15

SYﬁéxﬁEhQ&%EEehﬁdﬂe@ of X&iuHﬁB 'f&qezgftlrﬁ@HfBQMgRQ{lﬁp&;\Sllular calcium.
which is rel ati'vel %ﬂconsn stent at different tine

poHewsverFanglpeeus Eehpalogierchave beemlagkipg fithydetetiosof and
F efitlab Q1R ANRP HPkniBY ORiciit Slar RPN Sre 1D Rlci R PRE with the

conpounds are partial agonists. Data for antagoni st
poskgsesyic RIS o) MPsbiagigghomainmfdietgindyinasprf isgggpsor capable of
'—U&ﬁﬁ&?@funﬁﬁ&c@dc@% Bn%pHﬁn%q tTBRYShEnTREM 8 d NP, @fivd RiRzero-
already expressed in the host cell (endogenous
@Ry GPAR wxaymysweithis sersanalinsy thg dypprizgigtesion of dhngss in
eXPARASES OfttaRdn @QB% Biabidiof u&ﬁ&&ﬁm&n@a&eé Eabhues In addition, it
transfected wth e CAMP LucSensor. Foll ow ng

si HfiRosTibIS e et srslgstse hopgenays s forasp gqﬁdﬁ@ctlon of cAMP
re;;,e‘gpgr(l;lgaeg;gljes 48-49 showed the potency ranking of

0 varil ous agonl

25

The ORF from pBFB135, under the class of biosensors called “CPM-FF
Luc/RIIBB,” was used to generate the transient and stable cells lines described
below. These cell lines are called “CP234-Luc/RIIB,” “cAMP LucSensor,”
“LucSensor,” and “FF cAMP Sensor.”

HEK293 cells stably expressing CP234-Luc/RIIB (ORF derived from
pBFB135) were resuspended in complete media and mixed with 5 mM luciferin-EF.
Cells were plated at 1 x 10° cells per well in a 96 well plate and equilibrated to room

temperature for 1.5 hours. After stimulation with forskolin, luminescence was
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and antagoni sts, respectively. 20 A conparison of
t hree bi ol um nescent GPCR assays was conducted. The

wo e®ah2es2f or t hose assays and agoni sts are shoR€ilI/Us2007/008176

5

Figure 50. The results for the three biolum nescent
assays with antagonists are shown in Figure 51. The
rankings for the tested conpounds were the sane in

all three assays. The increased in |um nescence of the
CAMP LucSensor in the presence of 25 cAVWP may be the
result of an increased efficiency in a conformationa
change from "open"” to "closed". HEK293 cells stably
expressing the dopam ne D1 receptor were al so

t r arabwed htyl Strhinnsk @singd GloMaxT Bemindniodd Fhe egultgshowed that
CPMLhRL Luc/ RILj.3B X=4, =2 n t.he CW pr.onot er

(ot sgagsteye besomalyss o485 B TSHRoNraRYe 3 ang

t hen st iFoti4 4t fdastirérhier®) 2 heo* detls skead dl fquotSKlfagB\?raB tood 384-well

OB gt S et AT Arobgiph. SME Bt oG Mpth 20
ZOQKA 1&%&3 WhrkAdSRO 8hePRBAéhairRb dnfldaveld Lnﬂuﬁ&eerhc%lw‘as

response to CANP nodul ation (data not shown £
we Feptutel dA siagice alterindpction using a F EGAN GENjes Prof Y junwometer

Re aﬂe fS1d OMrduStlonAvhd 6l 1 G f2° WESO88 L Sinke bskays maze Qlteat%fqdmn
DNA per flask, allowed to grow over night

asQ i ceriisierreh@oog ayal ity fpr igh- Hﬁ%&hy%%?éee&agg (§#T§é~rlhe cAMP

tr 3abiRel-bAdd asRl lisam&ia8le6MMYSd S fromincubator and
trypsini zed, counted and 10,000 cells per well were

10p] at ed HEKZI3Eelstpblyexprassing the/dnpamise Dilipeptos yerfransiently

15

| NYahdrQAEWithipid3miPPINAES cBlid g €P2B4-1EBARURE Br thi 186 1R Inhutant (a

Substrate. EnduRen Live Cell Substrate (Pronega) was

r eEBrtontin the AMP birgling dovmsin{(RRrglsriyeriempBFB135 and
pr ssmnwde@eme@)e OREWRrelplatdd add QpfiliBrAeE YHhNadifePin-EX as

Cel'l s were then incubated for at |east | hour at
37eewb%@bOtVﬁewdcc@mpean45cfr%eﬁaqP&% ibmpy (plate B} yeie agded to

m 8451101, AT FAIBREA Rindiiation RIS 3G ATAE PoRRRALS el on o
| um nescence were nmeasured usin wel I GloMax TM
LufiEgde GENies PoT™ lueisomeisr- pdits thet 4180 wete|idenfidicd using
in i i

q}é‘f@ A e%grtér e§§s%§393&?g§se fenfr %@Elﬁwﬂ?ﬂ réd (fqgure 39).

Forsko Si gm) am ne
or Mast hlutwdmtef%:d(hy the g MPEtotessQy @aday caﬁélatedrwﬂelytseﬁ@él led by

R dEREY W€ Jepbrtef 3hy wﬁa&ﬁing uteq;.oﬂ, RuUI rei?éQaﬁEeerttﬁescAMP

es were neasured in se ur replicates per

anpl
20 c ohrosenspaBPER assayFor skol i n, Dopan1ne or SKF38393. EC50

25

30

data T epiesefiasolptall Bt &%nlﬁfrst% Wit WG FRER A VR Sfter
cal cul ated usi ng aphPad Prismfor Wndows, Version
4. compound addition, luminescence was measured at 40 minutes using a GloMax™

Luminometer. The pharmacokinetic parameters of ECsg and ICso values generated
using the cAMP biosensor assay correlated well with those reported in the literature
using other methods, again validating the biological relevance of the cAMP
biosensor GPCR assay (Figure 40).

Responses were also tested in cells incubated at different temperatures
(Figure 42) and with a variety of agonists and antagonists (Figure 43). HEK293
cells expressing the cAMP LucSensor (ORF derived from pBFB135) and a
dopamine D1 reccptor were incubated with luciferin for 1.5 hours at room

temperature or 37°C, then contacted with agonist or antagonist. Responses were
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Simlar to the CPMFF Luc/ R I (3B biosensor, the EC50
val ues generated 20 using the CPM hRL Luc/RIlj3B X=4,

woz@d/ipisesensor (201325. 44. H6 and 201325. 78. BBQT/US2007/008176
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20
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correlated well with those reported in the literature
usi ng other nethods, again validating the biologica
rel evance of the cAMP bi osensor GPCR assay (Figure
52A-D). 25 Exanple XX Intracellul ar Detection of
Changes in cAWP Concentration using CPM hRL

Luc/RI'1 (3B cAMP Biosensors Cell Culture Cells were
cultured in 2 nL DVEM F12 wi t h HEPES buffer
(Invitrogen) 30 and 10% FBS at 37C with 5% CO>2 in a 6

Welhkaddtedl éh a BhAscthétsr. Thdre Was A0R0re 1248 d”d dynamic response to
PCT/U82007/008176 Three of the constructs descri bed

i ncamparaiewhen eellzeyese ingubptedunget plysiqlegical candifjpns, e-8.. 37°C

Cha{0Ees,. Of h&AMRLsGR BTE W & IquaIntati vel ) Sinfi R & thyéd aaad for
were: pBFB277, pBFB279 and pBFB287. HEK293 ce

st tpeel wias cAME mg\aema ﬁmmpwp%remr? Epgre was p §'@a/ef Fesppnse
204, 7R3 merlﬂﬁmmr%g%@ wmgay B §RAA ForRR stATR Biréenify.

Transfections HE cells were transfected with
Transit f l|g)1(€L414 shows aélg}ﬁcoewp FQUSFPI quhalongn Eells stably transfected

Tr i il EAMP LucSERBARIH contidied veith dbierenP Bh&Y of aﬁ%&&& The
and pBFBZS?éiltd er well of a 6 well plate. Cells

al Teswlscrhpw t vl fawaww&@ga%fsc&}\é’a dmﬁ@cm%tve cells

dad re1 Qi dr3be? ﬁh@fes@l‘tsﬁ%@éﬁé 4&@9&&&«&&&%&%,&1 paits
after transfection, cells were trg psi ni z

r eS\RysEiRaeficompeund peienexENEhLE relp YF'HEPES?%F‘r%Fferem time
(I pdihds! @%ﬂé 48l X e?&a%a@ggklﬂkﬁflﬁﬂo) eﬁ‘ld&esu&@ fo¥8latious agonists

pl ate at rOX|na er wel
Al mwawwl@t yomacm%s arg|partial &‘é“%‘f -aBpg f%mtaeggglsh@otency
CPaE: ) R<hBWh3BF g@gcpﬁ ated in a 96 well pl ate at 15

appr oxi nat el 000 cells per well. A 10 p.L aliquot
of 600 T RSO SRRt RS prsasitre grodu oS HOPCR

cehitea@ylkpregel 91 ﬂb‘ﬁ@st%elfl E{ bg&fAs &PARY! iAAex@inple is shown using
appr oxi mat el y Endu Cells were then |ncubated

at HE¥E%%rells \sb/&kcewresm bk adigugic repRPtqs R stalydransfected

r K et (A SedsBE URAMoWin@difhi R} pRGIsi R de@Pibed Gor the
roomtenperature for at |east 20 mnutes. After 20

m mRaggne sserien Figurrs 48 i%sheed the potency ranking of various agonists

and antagonists, respectively.

A comparison of three bioluminescent GPCR assays was conducted. The
results for those assays and agonists are shown in Figure 50. The results for the
three bioluminescent assays with antagonists are shown in Figure S1. The rankings
for the tested compounds were the same in all three assays.

The increased in luminescence of the cAMP LucSensor in the presence of
cAMP may be the result of an increased efficiency in a conformational change from
“open” to “closed”.

HEK293 cells stably expressing the dopamine D1 receptor were also
transiently transfected with plasmid DNA encoding CPM-hRL Luc/ RIIBB X=4,
Y=20 under the CMYV promoter (201325.78.ES) or TK promoter (201325.44.H6)
and then stimulated with either forskolin, SKF38393 or dopamine. Wild type
Renilla luciferase and CPM-hRL Luc without the RIIBB domain were also tested
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20 of lum nescence were neasured using a 96 well
Veritas Lum noneter (Turner Biosystens; integration

wao pove/12f520. 5 seconds per well). Cells were thePCT/ns200%08176

10
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with 10 Misopreterenol (Cal Biochem), 50 pM forskolin
(Sigma) or not induced (0.1% DWVSO Sigma) and

| um nescence was neasured continuously for about 30

m nutes. After 30 mnutes, 10 M propranol ol (Sigm)
was added to cells already induced 25 with

i sopreterenol and 0.1 % DVSO was added to all other
sanpl es. Lum nescence was then neasured continuously
for the next 30 mnutes. A final addition of 50 gM

f opsketowd We sp g&s& hﬁcAWﬂﬁ&hﬁe&%ﬂQhét@ hetxhawa). otells were
sanpl e and 0. 1% of her. sanp

e st mglqsh@whn%ggﬂ%dewbsﬁeaenu%gwwngt%m

et AP LT Qe gent SRR 065 PRIACHETERSY raﬁswwtos%%& REr dight and
replicates. | Ox stocks of 30 isopretereno

pr apayaddhenext day.sRpprofinegiely oRBAR RS traaefecting. elksvyepe removed
Wi FBim ikEoarer Bl § sn&&&y 'cBﬁrﬁQ@ﬁ})d ﬁ)"’@bo]céllg B wéhp@e?é@lated ina
2007/ 120522 PCT/ Resul ts To' nmeas :
ch8hyel plate trHéMErqué% él*ﬁﬁﬁabuﬁfern berogen) with dP%‘ﬂ%ﬁmd 60 uM
HEKL &3%n 1664 L8l ‘Qﬁﬁs@rater muﬁ% ILYvet(‘f@fwlﬁﬁﬁt@ drhicBa)twasee

CPM hRL Luc/ RI| &‘ constructs (circularly
pefasapstiuted deOIOfréf BMSQard tvmfgiem preriv Rl cpmplete media to a

| ughfi®bASStratord OF 0AVRId dMis WeRthBR Heubtdd fof @MRRH N GSur at 37°C

known to increase the intracell ul ar cAM

c oprEthen 620lerhtor RPHIGFAPTTRELE- A fER/ I MIgHIS RSHIMEERPERBIS,

a [RehRl ﬁ@fs'h%n%nf&gq%mesceﬂgé)a'b&tr)leasdl%@ ru@i %96 well GloMax™
intracel lular cAMP concentrati on throug

i nkhmindmster at BSspeandspen ek @ngaWeH&ngv@caéwler stocks,

ankadom &ﬁﬁplet@ el bERSEKJIMN (SRMT)| Sk B 83©é\'l'§’1gma) Dopamine
concentration throlugh activation of adenylate cyclase

(f G¥igwa) oot indyesd (j?ol % DOHP R Bigaad) and demmgpespesn Yas measured
tr @&Itﬂ%@&slﬁ‘f& Qﬁodt RoLfiRaRd. Shfhks Q/Hntenﬂéastlkgnﬂ sets of four

t ranst ect ed I's approximately 2-fold, reflecting an

i nreplisates pos CP’i’ﬂeF‘H%tém ofi BorskohDopagriee et $1F38393 ( EConfiata

53} rdsPnt@9 infih QB af?ertuﬁfmﬁ&almJ wSRARGlaled lﬁlﬁ%@%ﬁhpaﬁ Pnsm for
AVP concentration was observed by treating the cel
wi Windeysp Mersierehol , fol | owed by propranolol, foll ovved

by for skphitd? td Ellewm-#&lucn&mﬁ bidsetsoR th&EAVE \muég h@f{e&'&&i

15 using the Renilla luciferase biosensor _was

deHEing W&Pé\ﬂ hRL. BEBB T4 X @9&&59%%&%9@%%%516 and
CPYEI2R Fig 3 lc§x$e1a£b &efl m& oS RpEeAn tRbtante i9hg other

increase in t out in response to |sopreterenol

anweﬂ@%l@aﬁmwat‘gﬂé%m o qgrcgmeéevw)e ofghe g AMP higsepsps GPCR

tr anay @nfdeg sbhappfected cells, a tenporal response to

changes rn cAMP concentrati on was observed by

treating the cells with isoperterenol, followed
Example XX

Intracellular Detection of Changes in cAMP Concentration using CPM-hRL
Luc/RIIBB cAMP Biosensors

Cell Culture
Cells were cultured in 2 mL DMEM/F12 with HEPES buffer (Invitrogen)
and 10% FBS at 37°C with 5% CO; in a 6 well plate.

Plasmids
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20 propranolol, followed by forskolin (Figure 53).
Exanpl e XXI Nonpernuted Firefly Luciferase cAW
wher@saeser s Vari ous nonpernuted firefly | ucif er@wES2007/008176
constructs having RI1 (3B directly 25 inserted into
sites tolerant to nodification, e.g., between residues
233/ 234, 355/359, 82/83, and 307/308, were prepared.
DNA encoding the followi ng fusion proteins was cloned
into vector pF9A: Table 6 pBFB403 Met-(Luc2.0
4-233) - GSTG Rl | bet aB- GSSG- (Luc2. 0 234-544) (SEQ ID
NO 172) pBFB404 Met-(Luc2.0
4- 233) - GSSCGSGGESG R2bet aB- GSGGSGGESSG (Luc2. 0 234-544)
( SEQ | Drn®of thd cEﬁEﬁé@@e@&ibe& li€xXantble XVII were used to detect
4- 233) - GSSCGSGGES GGSCESG- R2bet aB- GSGGSEESGGET SGESGEES
Gntreq:_q!,lélgir ghanges gﬁ%M@gg@:qngalNGsl v) A’lf copsirugjs used were: pBFB277,
2008¢ 32052 RTHUS2 UK AR PR ,%@@pqumkusa
5 % GSTG R | bet aB- GSSG- ( Luc?2.
NG QRS e By 2@/{:}[&(45&@62wg'e also used i m these expenments
5 4- PR GFRASCSGESG R2bet aB- GSGGSGGESSG (Luc2. 0 359- 544)

(SEOTD NO 176) pBFB408 Met-(Luc2.0
4 355) BEECESCEsCGREs GasEasd WRith éraBltBSCEEREsReT msmg

veb el 880 st PN ER Bt g ane ppreas)

( Sﬁﬁ)vlreﬂ] NQ 6Lw8ll phR-BZR wded al{dweddo @row overnight and were assayed
2} GSSEGSGGSG R2bet aB- GSGGSGGSSG (Luc2. 0 83-544)
( FH 9 179) pBFB411 Met - (Luc2. 0
10 4- BQ)HGS GGSG— R2bet aB- GSGGSGGSGGTSGGSGGSSG
- ( LUCZ 83- 5 801_23 %@{5841 % ded
4-307) - @‘\ﬂ“} & y §C¥a("ﬁ &40 ‘?'pf'g’é Irﬁ“s"e" ©
NQnlféssh DNEEBHE B2 Wvith HAREShuBfer (Invitrogen) with 1% FBS and plated in a

PR R0y peRe 1] REET e, bl 8k con

4- BW#a@WWMI&Bd G0 PRESMCSCES
(Luc2. 308-544 NO 183) L .0 =
15 PrARrIGa A  0.000 thk Pt uelh. Anitie 8l AHPTOR 600 kdkERuRen avas
( SERIeERNR N JFP00 AY 6382 Alturdld d16d 2Bnal Joﬁaérﬂuﬁgn of

266- 414 of human PKA regul atory subunit e(¥
( mmaWQMFnQURen Cells were then incubated at 37°C w1th 5% CO,.

After 5 hours, the plate was removed from the incubator and allowed to cool to

room temperature for at least 20 minutes. After 20 minutes, baseline measurements

20 of luminescence were measured using a 96 well Veritas Luminometer (Turner
Biosystems; integration time of 0.5 seconds per well). Cells were then induced with
10 uM isopreterenol (CalBiochem), 50 uM forskolin (Sigma) or not induced (0.1%
DMSO, Sigma) and luminescence was measured continuously for about 30 minutes.
After 30 minutes, 10 uM propranolol (Sigma) was added to cells already induced

25  with isopreterenol and 0.1% DMSO was added to all other samples. Luminescence

. was then measured continuously for the next 30 minutes. A final addition of 50 uM

forskolin was added to the isopreterenol/propranolol sample and 0.1% DMSO was
added to all other samples. Luminescence was then measured continuously for the
next half hour. Samples were measured in sets of 4-6 replicates. 10x stocks of

30 isopreterenol, propranolol, forskolin and DMSO were made in DMEM/F12 with
HEPES buffer (Invitrogen) and 1% FBS.
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Protein was expressed fromthese constructs using the
TnT T7 Coupled Reticulocyte Lysate System Foll ow ng
wexprassenn, 9 L of TNT reaction was nmixed w P¢T/1S1002008176
mM cAMP stock or H2O, and the reactions were all owed
to incubate at roomtenperature for approximtely 15
m nutes. Follow ng incubation, 10 2 L of solution was
aliquoted to individual wells of a 96 well plate in
triplicate. Lum nescence was neasured using a d onmax
| um nonmeter followng injection of 100 L of
Luci ferase Assay Reagent (0.5 second integration
time). The results indicate that cAMP bi osensors can
beRgaitsr at ed by direct insertion of RIIRB into any of

the four. chosen jnserti see F ure
10 bouTo SERER chMGE heh¥ niiat TRid B Selor¥ilye, i 293
t ocetisrveairé aingiaitiyutaasfeciad alithahrap 0PM-hRD Ldnﬂumﬂ EXa)tY=i20)

R VA S S e AN

5 Lutilliotied b§ tediifiinbivith empoinds RAOWR fdIndfeadys AE inttak€lfildricAMP

| uci f er ase C tal.izes OXI dati on
co%?“@ﬁ‘ﬂtfaé'?i“ °Pé1 éﬁf%ﬁ asfivgiiani(5apreterenol, r?a%‘&ﬁ"é“‘?’&'rcrf?‘ﬁ’f"or
(ﬁ'ﬂ#){ BBcredse iftralelkdPar(chBAP camdentrdtivh Fdugh THCKORhibition

udes 27 extra residues which represent a putative
%wra'ml 9E- Toarreio psoptoramtaagsEy oY inoseseantrassfrlageAMP

f Oonx%QEtF;ﬁithE}oug‘?S@MQ&orpéf Jd@ﬁyl%tc%lbéée(f&&cﬁ&) SBQt'Ea|
peptide resulted in about fold increase in the

10 | uspprstezens! ard fogskelin tregtmeptalpnesingreased lighteutpwtyfione transfected
pa&éns%l%&watagr@n@m %deenagssl MeredsdihGeERefiaciAl® PCA.
uc I's active and stab If it 1s present in TnT
c emncmtévéloexmatet 53¢ I‘Eddd@:téﬂ“b a tanpasal|reyppase te chaggge (negAMP
|t od feBRERh S a% ob@&éd' Béﬁt}&?mg' menywlél &f(i‘» h&@nol%howed by

filtration showed that the |l uciferase ressed in

E propranolgl.tfakbesy et %fO%Okm(Iﬁgwé% Pelgetern of cAMB megplatian
150 &@Reﬁhl&tlﬁ&ife*?fsk\aﬁ%&s%ﬁ whs QIQS' daﬂoﬁ‘s@al%% BIEK 203 cells stably

stan ards. MW of the enzyne is 18.7 kD. Therefore, i1t
apm¢sslrltgt€éliM9l-flRééadﬂt%sEbleswﬂath@b@wcdw@ dpukpfold insresse in

r ehgi A8 G R ALREA A8 5RO REmert (BT
t oSidu br tathe traUSIFrHygr@stVad icolls am:malnmp@m@wbpmw UscAMP
I u [
| v Bln iR oHieh SARRIGHEL e 1ML B iddpkictthd] fREhLS
20 peprppeanolobdpldereed bysforskolim(flg®4/535, were prepar ed DNA
encoding the follow ng fusion proteins was cloned
into vector pF5K: 15 Table 7
Example XXI

Nonpermuted Firefly Luciferase cAMP biosensors

Various nonpermuted firefly luciferase constructs having RIIBB directly
25 inserted into sites tolerant to modification, e.g., between residues 233/234, 355/359,
82/83, and 307/308, were prepared. DNA encoding the following fusion proteins
was cloned into vector pF9A:

Table 6

pBFB403 Met-(Luc2.0 4-233)-GSTG-RlIbetaB-GSSG-(Luc2.0 234-544) (SEQ ID NO:172)

Met-(Luc2.0 4-233)-GSSGGSGGSG-R2betaB-GSGGSGGSSG-{Luc2.0 234-544) (SEQ ID

pBFB404 NO:173)

Met-(Luc2.0 4-233)-GSSGGSGGSGGGSGGSGGSG-R2betaB-GSGGSGGSGGTSGGSGGSSG-

PBFBA0S 1 (14c2.0 234-544) (SEQ ID NO:174)

103



pBF B397 Met O Luc 1-50 GSTG R2bet aB- GSSG O Luc
51-169) (SEQ I D NO 190 pBF B398 Met O Luc 1-50

WEBBEEREESG R2bet aB- GSSGGSGGSG O Luc 51-169) (BEQUS07/008176

10

15

20

NO 191) pBF Met - (OpLuc

1- 50) - GSSGESGESGEESGESEESG R2bet aB- GSGESGESGET SGESGESS
G B399 O Luc 51-169 (SEQ ID NO 192 pBF B400 Met O
Luc 1 -84 GSTG R2betaB- GSS O Luc 85-169) (SEQ ID

NO 193 pBF B401 Met- O Luc 1-84

GSSGGSGGSG R2bet aB- GSSGGSGGS O Luc 85-169) (SEQ I D

NO 194) pBF Met - (OpLuc

L 84) - GSSGESGESGEGESGESEESG R2bet aB- GSGESGESGGTSGESGESS

[ $hREds ( el Ge2 8235t 6-Rifpbkd-dJaG Q22 b 3D)sadran B 1N

3?348 Mgl o h-BHdf RS G ETRznb b GG cEEEEE T2 b Beols i (SEQ 1D
Rre™t of va-yie) t he protein (lacking the signal

g pgg,:g],gs Diet- & @2.D 8B8550355GEESEchBcRE:Gs B-REDOBINAIVGCSCGSGGTSGGSGGSSG-
B030246) [ R Pt BFEOMNEdi™ues 266- 414 of human PKA

PO VBB L3S ke BELE, 20 o GENRRRTS VA 5B00)

oteln was expr essed fr qp r:one Ict s using t he

N Tps#aa16C0 Undt- ed:z 0 Rﬁ;cssmbe@qsbazdeysas;@s&ysbew oE@bJap(\&Edﬂ@ NO:179)

presston react

MFRIANP @w@ﬁ?; ‘bff séé?gﬁc?%ees?%%?c”tzi’e&ﬁ SS%SPSS%?TF%%G&SSG‘

25TT1C ature 8#' oxi et et

S SRR e R P ST TR Eﬁg"’a‘ﬁs‘c’fﬂ"“ ORF GEORNHEDT o

BOQ,-0M HERIES 2 pibon & s66sc260RMMEL dHGOLEAR8G-(LUIRS 3@ 85k (beb @
ac'ﬁ reacl™®W?2 and | um nescence was treasured fromthe

E'S %' ti NG| MddleucDb 1-509) dEb b cdEBBs¥EL 30 hbrlisd @b scasaeaTSGGSGESSG-
CT° 082D 0o @osne64) Getboansty addi tion of 100 L of

eniTTa Assay Reagent using a Turner Z07 Z0N

| uktdhEFeetine pyeisiucifenase greaded Ry theuy2. 0 gere (seasGrpbank ID

ar ytjb§i 24 Rifodid1e= fr&llmgﬂza@,m abh@nmﬁp@%B%@mgﬁsFuﬁaﬁitype i
+ 918 pBFB397- 225 pBFB398 + 4,917 pBF - 291

pBrHBaenbanigBEE15800)

Protein was expressed from these constructs using the TnT T7 Coupled
Reticulocyte Lysate System. Following expression, 9 uL of TNT reaction was
mixed with 1 puL I mM cAMP stock or H,O, and the reactions were allowed to
incubate at room temperature for approximately 15 minutes. Following incubation,
2 pL of solution was aliquoted to individual wells of a 96 well plate in triplicate.
Luminescence was measured using a Glomax luminometer following injection of
100 pL of Luciferase Assay Reagent (0.5 second integration time).

The results indicate that cAMP biosensors can be generated by direct
insertion of RIIBB into any of the four chosen insertion sites (see Figure 54). The
results also indicate that sites that are tolerant to circular permutation also appear to

be tolerant to direct insertion to generate viable biosensors.

Example XXII

Nonpermuted and Permuted Oplophorus Luciferase cAMP biosensors

Oplophorus gracilirostris luciferase (OpLuc) catalizes oxidation of
coelentrazine to emit blue light. The mature form of the enzyme is 18.7 kD (169

aa). The original ORF includes 27 extra residues which represent a putative signal
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pBFB399- 356 pBFB400 + 10,369 pBFB400 - 6, 387
pBFB401+ 6, 124 pBFB401 - 2,304 pBFB402 + 62, 264

w@BeB4E22 8,568 FL Opluc + 25,225,870 FL Opl BPECT/US2007/008176

10

15

20

25

23,231,428 No DNA + 120 No DNA- 116 FL Opluc =
expression of residues 28-169 of Genbank BC075800;

addi tion of exogenous cAMP to 50 M fi nal

concentration; no exogenous cAMP was added. 10 O her
vectors include circularly pernutated nmutants of

Opl ophorus luciferase (OpLuc) with a R I (3B domain
cloned into a pF4K-CW plasm d to enabl e expression
under T7 and CW pronoters. Various circularly

pepeptitie tbr seqrbtigh Rensovhliefl thepuasteve(mamgnad: péepide wesulted in about

havj Rl | ted i o .

o B R nebERE € RtbiRisT bR o Slliirerlipklls 5 soe
Fi ;gmﬁ@lzﬁ& areiabRIte usd:iil;zbllila&lﬁ@dr&r(ilﬁ)l’c&spond to am no

i f e RGN gple i Pt Fit 2D Syactorsscon
t hexlllid ﬁk@lﬁﬁm&fve@ @rim@sdeat i DgictivAé Wpon PUATICAiDASG2 filtration

- bt Aol CLE ol Brob e AR kP Epiin o in

Thﬁé ahtpretorgariempslttet Ibetﬂvre@i;n 18 g@?d gplkmx prbﬁ:uﬁmﬁlfdakﬁif MW of the

per mut at e a S shifte or. two a

P ayimeds Tp kbEPhételcRe, Wapntars tap if ernpeiped wiaut e 35 kD

]g r;&f)ern][, et hmaférh@ is hagitadbal &gdiﬁbndbrﬂert Tee aﬂtym‘égemw 5@12\16 at
or t enz occurr.e I N en residues 5 5

LT 23-9 o e Sed eRims do PEireast AU ioon ueed.

pF4K- CWaridifk ndfdrméited O /3Mrodnd lllci'f&]ase@ipﬂlﬁc) constructs having

169] 10-RI'|

p el -e% mi%'gfi l?f@ sﬁﬁ {Qlé??% ct)c[ ogtﬁcg&"_ G&- between residues
p Fsbifs QMW@S, 194 prépited.| DNGBerttoliing tRHot 1WA {Crusion proteins was

cloned into vector pF5K:
Table 7

pBF
B397 | Met(OplLuc 1-50}GSTG-R2betaB-GSSG-(Opl.uc 51-169) (SEQ ID NO:190)

pBF
B398 | Met{(Opluc 1-50>GSSGGSGGSG-R2betaB-GSSGGSGGSGA{OplLuc 51-169) (SEQ ID NO:191)

pBF | Met-(OpLuc 1-50)-GSSGGSGGSGGGSGGSGGSG-R2betaB-GSGGSGGSGGTSGGSGGSSG-
8399 | (OplLuc 51-169) (SEQ ID NO:192)

pBF
B400 | Met{Opluc 1-84)>GSTG-R2betaB-GSSG-(OpLuc 85-169) (SEQ ID NO:193)

pBF
8401 | Met-(OpLuc 1-84)GSSGGSGGSG-R2hetaB-GSSGGSGGSG{Opluc 85-169) (SEQ ID NO:194)

pBF | Met{OpLuc 1-84)-GSSGGSGGSGGGSGGSGGSG-R2betaB-GSGGSGGSGGTSGGSGGSSG-
B402 | (OpLuc 85-169) (SEQ ID NO:195)

Residue ‘1’ in the above table indicates the first residue in the mature form of the
protein (lacking the signal peptide for secretion, residue 28 in Genbank AB030246);
RIIbetaB = residues 266-414 of human PKA regulatory subunit type 11 beta
(Genbank BC075800).

Protein was expressed from these constructs using the TnT T7 Coupled
Reticulocyte Lysate System. Following expression, 9 uL of TNT reaction was
mixed with 1pLL 1mM cAMP stock or H,O, and the reactions were allowed to
incubate at room temperature for approximately |5 minutes. Following incubation,

10 pL of 2x buffer (300 mM HEPES, pH = 8.0, 200 mM thiourea) was added to

each reaction, and luminescence was measured from the resulting 20uL of solution
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WQEDKAGNE [ 113- 169] - 4- RI |

10

15

10 pF4K- CW-[ 85-169]- 1

0-RI1 f3B-10-[ 1-84]-OpLuc
PF4K- OW- [ 85- 169] - 20-RI | [ [
(

RI |

B- 20- [ 1- 84] - OpLuc

B-4-[ 1-112]-OpLuc PCT/US2007/008176
pF4K- CW-[ 113-169]- 1 ORI IPB- 10-[ 1-112]-OplLuc

pF4K- CW-[ 113-169]-20-RI I RB-2

pF4K- CW-[ 135-169]-4-RI I [.3B-4-[1-1341- OpLuc

pF4K- CW-[ 135-169]-10-RI I (3B-10-[ 1-134]-0OpLuc

pF4K- CW-[ 135-169] - 20- Rl | (3B-20-[ 1-134]- OpLuc

pJ15: 4809- OgLuc- 2.7 kb plasmd with cloned full-size
Opl ophorus luciferase ORF (by DNA 2.0) 20 pJ
15:4810-2.6 kb plasmd with the ORF of the mature
Opfdlpb@niyﬁdmmi éfaloasgd. of Binil(a2Assag Rsia@nahsm@@u“hﬂher 230N

et.ed
£ uloFriGobaterth sebeniinfrbeien ials) P BhEs s i i e lowing
Optabiz} pFl K- OgLuc-3.6 kb. ORF of the mature |uciferase
was cloned into pFIK 25 pF 1 K-QpLucDN- 3.6 kb.

I d tli al to pF 1 K-QgLuc except that first four N
te | res| due L rlal et er E 1K ('\r\l ||r\hf" 2 6 kb

3
3
R
I

0-[ 1-112]- OpLuc 15
1

o

| dentical to pF|PoK- zﬁc except 9tlﬁat last threg C
term nal resi due§,Bpg397del et ed Hlilst-OpLucDNDC- .6 kb.

Identical to pFI-&—%ua—axcep:—Lhai—f—l_r-st—i—gm—so
N-terminal and I|&8FB3ARde Cter %A’ resi dues ware

del eted 107 WO 2UjEFBREER522 PCI7 YS90 7/ 0UBI/6
pFVDnK—OgLucS— kb.__Hal 0Tag was fused with thg
ful'l-size I ucifarBFB39%®F pFVDNH3®PShc-4.5 kb. Hal oTag
was fused with u-ﬁB]:@ngne Mat ur ¢ 3sguci ferase 5
pFN6K- opLuc- 3. 6 HQ tag was iintroduced inta
N-term nus of G%FP&FB@Q@ mat ur ¢ 1036Pf er ase Equg
anmounts of CPM ( (3B cTons ts (0. 1T g of
pl asm d per 50 Ii o? 4pgact|on mgjﬁe Figure 64) were
expressed in a raﬁﬁl&‘mie*ti cul octheanT system
(Pronega #L1170) the—T Tt tons—were
conpl ete, cCAWP V\/é’g??(? added to thzzjq‘ﬂ'i nal _concentjrati on
of 0.1 nM and t heBFB4ORIFes wer e |&dckiodi onal |y

pBFB402 - 8,568

FL Opluc + 25,225,870
FL Opluc - 23,231,428
No DNA + 120

No DNA - 116

FL Opluc = expression of residues 28-169 of Genbank BC075800; ‘+’ = addition of
exogenous cAMP to 50 pM final concentration; ‘- = no exogenous cAMP was
added.

Other vectors include circularly permutated mutants of Oplophorus
luciferase (OpLuc) with a RIIBB domain cloned into a pF4K-CMYV plasmid to
enable expression under T7 and CMYV promoters. Various circularly permuted
Oplophorus luciferase (OpLuc) constructs having RIIBB inserted into sites tolerant
to modification were also prepared (CPM OpLuc/RIIBB). See Figure 63. Numbers
in brackets correspond to amino acid residues in the mature form of Oplophorus

luciferase. The integers “4”, “10” and “20” indicate the linkers of corresponding
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i ncubated at roomtenperature for 15 mnutes. The
reactions were diluted ten fold wth Renilla lysis

whedo7azosand | uci ferase activity was neasured i PCRESI00T/608176

5

reagent as recomended (Renilla Luciferase Assay
System #E28 10, Pronega Corp.). Induction of
| uci ferase activity was observed with all four
circularly 15 pernmutated |uciferase constructs (Figure
64). The construct with the luciferase split between
resi dues 84 and 85 denonstrated the highest induction
(about 250 fold). The 20 am no acid |inker supported
the nost efficient folding. The results indicate that
CAMHgihi NeenbarMetcad Vat rgrives atecthddyd & Nh@mingiofchd l@atiferase.
e t dir nsertion of RII (3B into any

PSR U s S oo BB i ity abrm st ptssey opifed for
Pr @t@mmn@&ﬁﬁlreﬁm&al:bmxam;ﬂé] tlﬁ)dpmphﬁfkeu ssd-sici (frabﬁs&to the

| uci ferase useful for

or BEG1 096" BB AN D ARG R e ARG BeHy T by g gesiducs
\A/eﬁba:mmoartaﬂactﬁ&mo@ﬂ’erigao&l@m&sed i ncluded pF3A for in

The' 't PPNV ISP ERIARF 51 5P PRk "N ¢ or m Fre,

i.e., QQMK‘«CMV K 1 Q nker - FRB,
P P CMy51-059) r(ﬁﬂhgk e 2@%&‘1& OpLuc
(51- 170PIHK-CBEY - 1?0)169]“$fRBIIﬁBt@~Eﬁ 501iOpluc FRB - ((AS) 2

ke AN 1009 g ST TR

10 FKBP SeRIK-CMIV 485 69w 0-R OB BWD-PIOSA).RI0R2 2

15

20

25

30

PCT/ US2 t Vect or. Type Description
Figure R} 4&%8&%%%1&% g% @(ﬁFﬁ‘ﬂroﬂ’Iéﬁgt h FL- QpLuc
FL OplLugr 41(2@1%1%1 B(169- @E?EBEBE fhgfcRB- CpLuc
(1-50) FRB-50 01518. 57 KF B N term FRB- OpLuc
(1- 84) HiE-GMV ibll%l@Ml@in PSR- IHRBEPLUC t er m

FKBP- & i?@ @f é@l@ 1812 ?é pF5K FKBP -
Ctermk}é%‘;&’wc € %9 BR: E!Z}Q PF5K N
t er m FREF48pCWVEV( 135059]-4-KRBB5D IFRBL- ChﬂEBBQG pF5K N
term FR %3’ bglg FRBlé 15 pF5K C
term - P&ﬁ%&%{ 58 J’.L‘?d;ﬁ@gé%ﬁ 4 %PEB% pBFB416
pF5K C mmwm Qymo-reﬁﬁgm [1-1B4RBpBa: FKBP
201518. 45,08 JJFSA Full length FL-OpLuc FL OpLuc
pJ15:4809-OgLuc- 2.7 kb plasmid with cloned full-size Oplophorus
luciferase ORF (by DNA 2.0)
pJ15:4810-2.6 kb plasmid with the ORF of the mature Oplophorus luciferase
OREF (27 aa signal peptide was deleted) (by DNA 2.0)
pF1K-OgLucS-3.7 kb. The full-size luciferase ORF was cloned into pF1K
(FL OpLuc)
pF1K-OgLuc-3.6 kb. ORF of the mature luciferase was cloned into pF1K
pF1K-OpLucDN-3.6 kb. Identical to pF1K-OgLuc except that first four N-
terminal residues were deleted
pF1K-OpLucDC-3.6 kb. Identical to pF1K-OgLuc except that last three C-
terminal residues were deleted

pF1K-OpLucDNDC-3.6 kb. Identical to pF1K-OgLuc except that first four

N-terminal and last three C-terminal residues were deleted
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201518. 57. A2 pF3A FRB-N term FRB- OpLuc (1-50) FRB-50
201518. 57_All pF3A FRB-N term FRB- OpLuc (1-84) FRB-84

weom3ads2y. D9 pF3A FKBP - C term FKBP- O Luc 51PQm0S2007/008176

5

FKBP-51 201518.61. H3 pF3A FKBP - C term FKBP- OpLuc
(85-170) FKBP-85 201518.110.4-1 pF3A N term FRB OpLuc
(1-50)- FRB 50- FRB 201518. 104. 04 pF3A N term FRB OpLuc
(1-84)-FRB 84-FRB 201518.129.03 pF3A Cterm - FKBP
OpLuc (51-170) - FKBP 51- FKBP 201518.129.06 pF3A C
term - FKBP OpLuc (85-170) - FKBP 85- FKBP Proteins
were either singly expressed or co-expressed using the
TnT(r) SP6 High-Yield Protein Expression Systemat 30
C for 2pR¥DnK-QglsugSet.4 kbeHalvdagivas fuseed with the Hdlesizd Iuciferase
Pr@gﬁga Corp.). Twenty L |lysate was incubated +/- 1 5
apanycin for 15 mnutes at roomtenperature. Ten
L | ysat pFviBaKdDgluiced!5 kbl HaldTag xvabifiReditithi ORIF efithemhtérel
ﬁiﬁlaced ina 96-well plate well, in triplicate.
¥8%nce was nmeasured by addition of 100 gL
Renl |pF6KLepfier RE kb ASI RYag WisdgestucédiIntoAR)tedminus of ORF of the
bfctoE§ The in vitro results for a split at -
AOHSE®3%51  (50-FRB + FKBP-5 1) are shown in

Fl gur e BuadBagholMeseCPM OBRUGRIIBBAoRRcts (00 (fHip&mid per 50
are shown in Figure 58. Figures 57 and 59 show the

r el ffireactig mixfure; Fagse64) WaTe Sipeadn HiFRPYy Ediculogytgd nil

- / é‘ysfefv\p@"mﬁbgh #lyﬁabye MRS thé TART ké6b1s00at @8mpREe, 4A Vi v as
gures -62 showin vitro. results for the

10 51344%@ ihe %%eﬁm%s’f BimpMiand the mixtyses wteaddigiogally

15

Forncmth@ecﬂatr@om Rerfpeatuf 6215 mhitutds. The réR08M/WER dili&alé fold
size fractjonated on 4-12% SDS- PAGCE. 15 Figure 60

s hwwg Renidlajlysig hyffer,apd {yciferage potiyitypyas measuyred }%Remmezwt as

CetdeSmmoRA (ReilfilfRttbisd ANas Koatadsmedi, F&Hﬁ?h BR.).ng
fragnents or with the individual fragments

Op! opholnductianqtusitesase Arivitg aRabserprhih a1 doyreirspiarisg

OV BérhiutHidd ludifGraset@ntribay/(FEiré 8\/\/5'11@ cbﬁ%@l@i Witk e lﬁﬂﬁ:rase split
plated in a 96-wel| plate at 20,000 cells per

At betyeernsresidugs Sfeand &7 demenstatedthg Pl&?@ﬁ.l@dt@ne@&mt %é&sfold)

adgrsad SminbacrAlidiker apPoASPhYRRZPOATELRORERNg.
PCT/ US2007/ 008176 th%% were allowed to recover

over ni ghe rgpulszndigpte thas ghMipbiosengors g3t bepgneratrg by eithss
I eQR\GEH peRfhutaibrorQirebt hsdR8EH bit FIIBH Grled %ﬁﬁé@mé%ﬁ&)é dh¥$$dnS

buf fer mas added to each sanple and the plate was

20 shigrerHoR gites15 nminutes at 500 rpm 100 L of Renilla

25

30

Luci ferase Assay Reagent was injected into each well
and sanples were nmeasured 5 for 3 sec/well with a 0.5
Second de| ay Example XXTIX

Protein Complementation with Oplophorus Luciferase
To determine sites in Oplophorus luciferase useful for protein

complementation, N- and C-terminal fusions were prepared. Vector backbones
included pF3A for in vitro experiments and pF5K for in cell experiments. The
following constructs were prepared: “N term—FRB”, i.e., OpLuc (1-50 or 1-84) 10
aa G/S linker-FRB, “FKBP — C term”, i.e., FKBP—(G4S)2 linker—OpLuc (51-170 or
85-170), “FRB-N term,” i.e., FRB —(G4S)2 linker—OpLuc (1-50 or 1-84), and

“C term — FKBP,” i.e., OpLuc (51-170 or 85-170) - 10aa G/S linker - FKBP. See

table below.
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Exanple XXIV The CPMfirefly luciferase (FF Luc) and
Renilla luciferase (hRL Luc) were also used as

whr@seeser s t 0 assay ki nase/ phosphat ase acti vi PCEES200TI008176

10

15

a manner simlar 10 to previous biosensors of cAWP,
cAGW, and cal cium various circularly pernmuted (CPM
FF Luc and hRL Luc constructs were nade to detect
phosphoryl ation by tyrosine or serine/threonine

ki nases (phosphoryl ation on the underlined Tyr or Thr
resi dues, respectively, in the constructs descri bed
bel ow). The confornmational change, caused by the

bi ndi ng of the phosphoryl ated peptide sequence with

t e Xenstercher gdecpihdsphopept i de r ecoBedctiption _donsi IFigunsygend

cquge1sas.amaell abFsn | of FulHensthised bi esepsar | ucil f erfds@pluc

aqt P51 §.57. 88 s pFHQ 1 e SN tesmnov el FRB-@plic@f-50)eagent FRB-50

all 201548.5hE€3supksk he FRB-NETMY of FRERGsles (1-pBr haps WRBHB4

enh2M 681 0 O f o P ¢ FKBFaT Gitermar | FKBPPplue(5Ai79e |t o FKBP-51

X201 5 18cP7THRRT] Sk ABR<eh ISP 5. FRBE-Qrine (84d 7@ e ntHBP-85
arjd_oBFB38% t | lnpFSXolmiNeMrERE f or Ophec (1yAhFRE: ki na§@-FRB

20_am8F8236 noy PRk onihE KiFRBse wSpbuc (ﬁ;\gélhd'-rﬂﬂ vl y: 84-FRB

4

peptitBEBYGSTICERTSPESEOMREFSBEE Oalys (P11 AQ): BRBA | or 51-FKBP

YGREFBES0 | IophgK bdele™ GFKRP D BP | 85FKBP
r deT18.A508 oA Lo BUengl. o p o BLiOplucsanpafy  FL OpLuc

v AR5 38, Jpeaa L FREMNIem o ™ FRE-Oplueti 500 o  SERB-50
e T T T A 1 ¥ 0 i M X
Fiia2lt518e7.0d I pE3A | PRBPC ferm ”~ FBE-Obluc (51-120) 4, | FKBP-51

1'5!|é"élfl-rl‘§: JOIHEA\ ’LF'KQE—LH; erm’ = BPX 'é” s_ajp_,): .,n:\:."ﬁ(BP-85
NUChere a5, 0SSR TR GRTPREN O h ot I sot R0 0700950 Fra
WIT 3095 BB 109107 |t FITEN1eddFRE 2 1 & yc Prad) FRBCOUES  8aFRB
51350131k 125 03TCESN PTE R PREEZS) opidlgs 1 To) | Piep BTt esi-Frep
f QToo B 12036 [VEF A PTERPUIrkEr T U8RI A= ofSedeP F T T 5tikap
for generating DI OSENSOrs Inm FF LUC and hRC tUT Were

used for the construction of Kkinase biosensors. These
const r udirateins mereeithee singhydaprgsied pr PCRx pressdd aisio g thefEBn &®) SP6
30yisRt np ioatd ({139 Gl

e Bl R ORGP bl

c oRdufasgursr erotoceli dsomega Garpp F I avepboidb bisete aved indubathdRi/- 1

L =) :
B HANOZRO LS MBSO R AL GERELAY e 1
pBEB* HEPES/thiourea gl 5 ul7 gas placed ing(P6-well plategwell, de giplizag.

arLdm%ﬁ@sc%ec\basy}ﬁéﬁu@ggghatiBﬁ] 6t Wiﬁﬁ iR%?illa ﬁ,gcﬂ'er?asdé Assay
backbone described in anple 11. e follow ng
cdtragsntdRLAR) oy iniggtors. VERe in|vife rasulsy fon Rispldt-at pesiiiens| 0651

f rEQIRM ) FKIBPIXB aredtowhaR F e DO ASPHREY fRBEA5¥a-FRB +
ki nase)-(linker)- (ghospho eptide recognition
)

ddifeirp2) arF shawn ipEigurg 8. digwres i and 9eshawiihg results for the
f rragpaBNe) SDEUPAGE analyses. Five pL -/+ rapamycin lysate was size fractionated

on 4-12% SDS-PAGE. Figures 61-62 show in vitro results for the 5S1-FKBP +
FRB-50 and 85-FKBP + FRB-85 orientations. For the data in Figure 62, 7.5 puL +/-
rapamycin lysate was size fractionated on 4-12% SDS-PAGE. '

Figure 60 shows the in-cell results using HEK-293 cells. HEK-293 cells
were transiently transfected with complimenting fragments or with the individual
fragments of Oplophorus luciferase in a 6-well plate and incubated overnight. The
next day cells were trypsinized and plated in a 96-well plate at 20,000 cells per well.
At the same time 1 uM rapamycin or vehicle (DMSO) was added to the cells and
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Constructs were also made in which the order of the

pepti de phosphoryl ated by the kinase and the
wWEb@spispept i de recogni ti on domai n were sw t chedI/u$1w07/008176

addition, the followng constructs were nmade for the

tyrosi ne ki nase FF Luc biosensor: 10 Met-(short

pepti de phosphoryl ated by ki nase)-(linker

X)-(Luc2.0)-(linker)- (phosphopeptide recognition

domai n)-Val . See Figure 65. Tyrosine Kinase Constructs

1) Met-(Luc2.0 234-544)-GSSG (human Src SH2

domai n) - GSG GSTSGSGKPGSGEGSEI YGEF- ( Li nker Y)-(Luc2.0

4-233)-Val, where Y = 15 GSGGSGGSSG (SEQ I D NG 291),

or tk@(ﬁ@@ﬁmmﬁvérﬁw AR 7°BKF RIB) CA,CThEnext day media

Cor r e?‘%?% & ﬁéé& Iﬁf$ @E@%ﬁ? F&%&Eﬁ%& Aspay [995 huffer was added to

NOe%&)impG aaese plpBFEk&Hakehds 1 sL@hute3@P503 186 L o?)Renilla
ME'%uE YGErﬁsgay gaeg‘%ﬁ@%s( 1;}"&%?66%§éeg%é)@ G.I'{Essxsdlcj-@T?-}‘h@l{erg;av"r)eres lrnceasured
5 CSREGSEERE! (Wt 0.5 sbédnd delay. Or  GSSGGSGGESGEGESEESEESG
(SEQ I'D NO 277). (ElI YGEF corresponds to SEQ
| DNO 296). C ones pBFB 174, 175, 176. 3) Met-( hRL
92- 311) - GSG- ( human Src SHEx AIRBIB XRIVCSG
GSTSGS)GI'%%gE% (Li nT<er X) - GSSG-( hRL 2-91) - Val,
wher e xI2e CBil §&3 ?%%@SF@FW@?G)’R tidadegisese(izbu)vere
NGal2d dged a8 bidsSison e ADS gle{tgéd%dl@tl%g 148G hanner similar
o { AR HR bh e
A- &ZPND FEILOK @hd MXE (Ll @BAstRkE vﬂ'emd@érﬁ)' d’é}ccg Bhosphorylation by
GSTSGSGKPGSGEGSE! YGEF- ( Li nker V) - ( Luc?. Bc{e var,
whifesing ar s reoaing KigsryiPhosphory @@9, dned [T or Thr
NQeZnﬁﬁés, re@f)eclllr&lyWﬂ RO Qc?ﬂslrﬁ@@ AdscRbdd bERPR TS A FRmational

PP, 707 DL SEBe PREtBRPB A BE seuence with e
15 @%WS& dehftQnldom¥a, 239 kause a modulation of the fused

TSGS P CGEGSEI YGEFE corresponds to SEQ | D NO 295).
snrduciferass activity. This represents a novel class of reagents able to

B] mEatake tRS 3&tn{1t§v5ﬁ kefbds, p&AapbAlitl sifh9ncd flerfofph#HeE Sharacteristics

7 74, 375, 376, 377,
3?’% a:tglggg g’mstmg%-’ROET Eased bloeg«z.r?sors3 3, 3

The peptide sequences and recognition domains used for the tyrosine kinase
20  and serine/threonine kinase were, respectively: peptide
GSTSGSGKPGSGEGSEILYGEF (SEQ ID NO:295) or EIYGEF (SEQ ID NO:296)
with phosphopeptide recognition domain human Src SH2 domain (Genbank
NM_005417; aa residues 151-248) and RKRDRLGTLGI (SEQ ID NO:297) with
phosphopeptide recognition domain FHA2 from Rad53p (codon optimized version
25  of the nucleic acid sequence Genbank accession # AY693009 which aligns to bases
1717- 2186; aa residues 573-730 of accession #AAT93028).

The multiple sites for CPM that were previously identified as functional for
generating biosensors in FF Luc and hRL Luc were used for the construction of
kinase biosensors. These constructs were either made using PCR products ligated

30  into unique restriction sites or Splicing by Overlapping Extension PCR (SOE-PCR).
The FF Luc constructs were made in the pF9A backbone and the hRL Luc
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5) Met-( hRL A-311)-(Linker X)-(human Src SH2 domain) -
GSTSGSGKPGSGEGSEI YGEF- (Li nker Y)-(hRL 3-B)-Val, where

wo200788662 (SEQ I D NO 270), GSSGGSGGSG ( SEQ | Dra@u22067/008176

5

15

20

25

30

or 10 GSSGGSGGSGEGSGGSGGESG (SEQ ID NG 277) and Y =

GSSG (SEQ I D NG 270), GSGSGGSGGSSG (SEQ I D NO 299),

or GSGGSGGSGGEGSGEGESEESSG (SEQ | D NG 286) .

( GSTSGSGKPGSCGEGSEI YGEF corresponds to SEQ I D NO 295).
CPMsites [A B] =[92, 91], [42, 41], [111, 110],

[31, 30], [69, 68]. Cones pBFB380, 381, 382, 15 383,
384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394.
Seri ne/ Threoni ne Kinase Constructs 1)

Metor(struct? weke indde) in(the pikeX backbone, except for plasmids pBFB174, 175,

RKI LG - - d53p FHA2 . .
ORIy B o TH TR0 g R HTRE wel? Tadsin g diged
s

(SEQ I D Cb‘“g“(% ade Meb(Lygd Oy NRL Giterminal
GSfoanietnd de%&ﬂh@r)f}@e& B9 kinase)-(linker)- (phosphopeptndc
Lot i
356bnstiudk, weéte hiso Inxd8 in WRi¢h theldradrast tpEhdpade phosgﬁ&yla%a-lby the
338, 339, 340, 341, 342, 343, 344, 345, 346

{cmesenagg tW @lﬁyh%eptlxﬁ(eerlecggymon domain were switched. Inza)ddmon the
RKEIDBWiHE £dns{rideSwekelandetaStit yrodifa kinds Iﬁ*‘ﬂ@c blosensor

dorral g%h $t| [ nkzr IY) !(§h!§R' lé‘g%bﬂ(tﬂa\oﬁ%eégﬁ% 72)0 uc?. O)(E er)-

W(ﬁ@ﬁﬁﬁn d5&In) W aNs &e/Fipure¥6s= GSSG ( SEQ | D
GGSGGSSG (SEQ I D NG 291), or

e-e»u 2d3 eﬂ"’&e.eer- (SEQ I D 30 NO 278).
Ghaafi Gkd samadﬁui)@sﬁﬁQ I D

e S P g by el -

Pﬁﬁsmﬁt@%ﬂ@ ID®®09H), @%%@GMG@@&S(‘@@SG &ZQ 1D

VeRO 0 (G sarcppitte B D WAL e
doma@sm@@@esmF cbiredpehdstb-SHQIIZ NOH293). Clones
B8 b0 4T e AR acise (SEO | D NG 277). ¥ =
6(353(36( BEGER (Dake&0¥)- (LuSS8ESAPG3 (G dnhdd HOSBRYYoman),
where X = GSSG (SEQ ID NO:270), GSSGGSGGSG (SEQ ID NO:276), or
GSSGGSGGSGGGSGGSGGSG (SEQ ID NO:277). (EIYGEF corresponds to SEQ
ID NO:296). Clones pBFB174, 175, 176.
3) Met-( hRL 92-311)-GSG-(human Src SH2 domain)-GSG-
GSTSGSGKPGSGEGSEILYGEF-(Linker X)-GSSG-( hRL 2-91)-Val, where X =
GSSG (SEQ ID NO:270), GSGGSGGSSG (SEQ ID NO:291), or
GSGGSGGSGGGSGGSGGSSG (SEQ ID NO:286).
(GSGGSTSGSGKPGSGEGSEIYGEF corresponds to SEQ ID NO:298). Clones
pBFB228§, 229, 230. '
4) Met-(Luc2.0 A-544)-(Linker X)-(human Src SH2 domain)-
GSTSGSGKPGSGEGSEIYGEF-(Linker Y)-(Luc2.0 4-B)-Val, where X = GSTG
(SEQ ID NO:275), GSSGGSGGSG (SEQ ID NO:276), or
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GSGGESGGSGGTSGESGESSG (SEQ 1D NO 278) .
( GGSSGRKRDRLGTLA  corresponds to SEQ | D NO 303). CPM

wa@paeg208re [A, Bl = [235, 233], [359, 355]. BEI'DOER07/008176

10

15

20

25

30

pBFB417, 418, 419, 420, 421, 422. 10 4) Met-( hRL
A-311)-(linker X)- (Rad53p FHA2 donai n)- GGSSG
RKRDRLGTLA - (i nker Y)-(hRL 3-B), where X = GSGG ( SEQ
I D NO 293), GGSGEGEGSGG (SEQ ID NO 294), or
GSSGGSGGESGEESEESEESG (SEQ D NG 277), Y = GGSSG ( SEQ
I D NO 304), GSSGSGGSGG (SEQ I D NG 305), or
GSGGSGGSGGTSGGSGGESSG (SEQ | D NG 278) .

( GGSSGRKRDRLGTLG 15 corresponds to SEQ I D NO 303).
CRE5SGGSSGHGE@GEBGSBIGSG [SEX IBNO: 2 Dlahd Y12QISSG GEQED

p / 2 In vitro testing of

aqgéééé{’ %ﬁ%%é%ég#ﬁf@gﬁﬁ%lqﬁﬁ%%’emsensor s Constructs

p BEBGESCERAGGSGESEERGC BEY IBNQ:284)8, 419, 422, 22

an i iLtro usi 4 u .

R B RO ROEG R E Rk chPeRaEig s o 245 e sices (4,

BrBE£ [335, 2384, [36D) 355i,1[8§4,B2){00% 303 ]. VEloaessBiBAHEE 869, 370, 371,

acgar di h c er' s recommended protocol:

1 ’ gf%%ﬁ%&%?@%&%ﬁt Retic Extract 2 pL TNT

r _eal;Meon hRUfA£-Bt 1)-@nker M-(Fémnms%mmdi?j: am no gci d

m 0 vol unme, 3

o P R G RSO Gl GgekFop ot Yate et g eissg

f USEQIIPNOL: ZIMSGIRGESGANL(EHE D NO:2 W), @r esence or

ab f . nbi.nAan

(CERaP st ERatebe P RGBSR

r eOtA70)) G8 GSGESGOSSGASERQ D NOIHWY3r2007/ 120522

P I Buffer (40 mM

&&%@S{ﬁ@égégsﬁﬁﬁ%&ﬁ@&@ % M- ATP (50 mM

MY GETSIGEGK PGSGEGNENGE Ftodedpondsng/SEQ HN NOTROJ)dICPM eitles [A,

from 100 I k. diluted inP Lluti f

| 2o ket 4o L LSy Rois o8, Capts pe e, Bipsse,

| 383/ B84, BS5] 38603872 388,PIKB, 314, a9 i,302/n3f 894.0nl y. Sanpl es

5 yer. e hen .i n&lubat Ed at OC for 20 m nutes. Five pL

erine/Thréonine e,Cons .

of L of Luciferase Assay

Rebddett(LUtDRA-Rap tadar Ko+ PKR DRIIGELGH(GHSS GGHSGEEGSEG)-
(Rad53p FHA2 domain)-(linker Y)-(Luc2.04-B), where X = GSSG (SEQ ID
NO:270), GGSGGSGSSG (SEQ ID NO:300), or GSSGGSGGSGGGSGGSGSSG
(SEQ ID NO:301), Y = GSSG (SEQ ID NO:270), GSGGSGGSGG (SEQ ID

- NO:281), or GSGGSGGSGGTSGGSGGSSG (SEQ ID NO:278).
(RKRDRLGTLGIGGSSGGGSGGGGSGG corresponds to SEQ ID NO:283) CPM
sites were [A, B] = [235, 233}, [359, 355], [84, 82}, [309, 307]. Clones pBFB335,
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346.
2) Met-( hRL A-311)-(linker X)- RKRDRLGTLGI-(GGSSGGGSGGGGSGQG)-
(Rad53p FHA2 domain)-(linker Y)-( hRL 3-B), where X = GSSG (SEQ ID
NO:270), GSSGGSGGSGGG (SEQ ID NO:302), or
GSSGGSGGSGGGSGGSGGSG (SEQ ID NO:277), Y = GSSG (SEQ ID NO:270),
GSGGSGGSSG (SEQ ID NO:291), or GSGGSGGSGGTSGGSGGSSG (SEQ ID
NO:278). (RKRDRLGTLGIGGSSGGGSGGGGSGG corresponds to SEQ ID
NO:283). CPM sites were [A, B] =[92, 91], [42, 41], [111, 110], [31, 30), [69, 68].
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and down 4X rapidly to m x. Lum nescence was neasured

using a Turner 20/ 20N | um noneter (Turner Bi osystens,;
w0 2®eazisek i ntegration tinme). Al sanpl es were PCEESMNEWS176

intriplicate. 10 Results Construct pBFB340 showed a

50% decrease in | um nescence plus Aktl/PKB as

conpared to no Aktl/PKB. The control constructs pBFB22

and pBFB8 did not change with Aktl/PKB addition

(Figure 66). The protocol for other Seri ne/ Threonine

ki nase sensors is identical to the one 15 above

except that for the CPM hRL Luc sanples, 5 L of sanple

are added to a 96 well plate + 5 pL 2x Renilla lysis

buftanes pBFBR32A, 3d&t352925H, 354, BSOMGHEPES 58, 3390880, 361, 362, 363,

Thh&’ rea) and 100 pL Renilla Assay Reagent (Prorrega

Cofp.)) is added by injectors using a Veritas

M 6) Motet-Aiue2 I0l¥d 4¥) (b hlear X9n(RAdGBp RHRRaduheain)sSGG83GUTr ed

OB ERE TR P A o L R s BE o

5 g(rjdimgiamorsaaﬂsmm NGTEG?IE) o%iﬁﬁs,ﬁl G@a@smcsmesl _GGtSG (SEQ 1D
R P s bsBpRo SR dhdo i SRk OiandY. or
| uGSGéESCKBSX&GWSGﬁS(KGSS{G’LHH(@[D B{Gﬁg?&)t $GszstsBm lglhbsi RLETOL.GI
PSSP S SEQIPNBLOIL bkt Pesra Bl st 8p5233F 4359, 3551
eéﬁiroasspﬂFBm?, Zm,w;pr@wszngzgil\rr( ré T7r Coupl edri of |

0 (ra) W PR A Rt BB BB o i 58Py Tt o
t hRKRDREGELGI-dirker Y)-¢ aRI3EBY] &hepy Xt=0GHGG (BEQUIPNasIH3g],

puPFEPAEeSHs (SEHROEH 2 bsibotebpebiinsitstiseq

Powouszo,o#ssca (SEQUDaND3042 GS$GBGGSGE (SEQLIDN IRNEDISH or

SR BT OO RARED 1 R Aotk RS AR AR B
15 use:drdspmndSEb SERIIDa<@:308n 0TPMi3iteiwerdeqlAl, B\]\& [4241Rr[0 H,au 0].
fo I orb‘%% !“'f\ff 423’%a%@3g%2 e++1(1) m SEQTST+ 1 mv
'Rer-testm of a subset of Serine/Threonine Kinase sensors

Constructs pBFB335, 336, 338, 339, 340, 417, 418, 419, 422, 22 and 8 were
tested in vitro using TNT® T7 Coupled Reticulocyte Lysate System (Promega

20 Corp.). Briefly, the following components were assembled according to the
manufacturer's recommended protocol:
I pg plasmid DNA
25 pL Rabbit Retic Extract
2 pL TNT reaction buffer
25 I pL T7 polymerase
1 uL amino acid mixture
1 uL rRNasin
dH,O to 50 pL total volume

30 Following incubation at 30°C for 1 hour, the respective fusion proteins were
incubated in the presence or absence of 10 ng Akt1/PKB alpha recombinant enzyme

(Upstate Biotechnology) by combining 2 uL of TNT® reaction with 8 uL water + 4
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0.5 Al c-Src Kinase or water. At 0, 30 and 60 m nutes
after addition of Src Kinase, 10 | aliquots are taken

w@ea74rered at -20 C until assayed. For the CPMFEBES1000008176

5

10
ne

15

20

25

30

10 sanples, 5 gl is transferred to a 96 well plate and

100 ul Luciferase Assay Reagent (LAR; Pronega Corp.)

is added by injectors using a Veritas Mcropl ate

Lum nonet er and | um nescence will be neasured (Turner

Bi osystens; Bright-G o program 3 second integration
time). For the CPM hRL Luc sanples, 5 L of sanple is
added to a 96 well plate + 5 L 2x Renilla lysis buffer

wi t hout detergents 15 (150nM HEPES, 100nM Thi our ea)

andL PR egrtimeBufierd4Aadd MEBSHEMH ()Hr@rdgvam EQ3i%p) ¥ 4i el Sx Mg-
adﬂ% (?d nh\HJ a%g&{%c leﬂ M1 AT +|2&1§5 a?y}'n%ug’dlluted from 100

um nonet er um nescenc was me
B| ne/ybstecksdilubrd lgrﬂKBEidlltmndglfﬁ:n[Z(BnMemRS (7i0) legnvlammm 5%

ti ny [~ | r th

BB OERTIL IR PASRH 2 PR D S S
t eweredhersintaatesiat 30HERR 2D ramdteNl Five3iL3of samblmzasraelded to 100
pl of 1-1.

10&l fég)? mf%?“ﬁ% %’ RL&%?% AR epen%aeggrpﬁgamnm aid pipdélt up
( | andi dqvog@ﬁ)ap*dl&@@/mFBS.urﬁhmgceacewhhmaawradnsﬁ\gcatBdmm 20/20N

. 2.l
e BftEbdrhbg (threr BEGGRIns TR0 il tinfo - Al e yege
armemumd\mdnwlwa@row over ni ght at 37C / 10% CQ2. The
ne gsu?é day the nedia is changed to C02-i ndependent
0.2% FBS to serumstarve the cells. The cells

ar e t heﬁorssltdugt\m&FBHOgihodeéﬁw dghteaset in 30miBe&RA6eGAs

f
eqw [ br attdglé‘ymﬁb[r%% Ex naﬁ%’%%ﬁ?@nef%??g%ns "f‘&ggﬁkki ahd
LueBFRE did-rieFcl{ange mithaAICOPKB additiort (Fegur&66)uc sensors or

60 M Eﬁgtjﬁ ¥ Hredr@le N8 SEM MR
sensor s F’&’CS oSS Sﬁ WESPmHs KBASE G PP L adté“&?a& fo the one
1. &okoexephithaitr Oc CRVIGBL. LS daerpids, 5 pharisamploaseidded to a 96

n sured
TEORY IR Ty b AUSSESORE QUSR5 s,
[ ntQ@g‘thTlmurta) aed 600 AL ReodhdA 3ey Resden) (PadmSgh ((‘.brpl)les(idded by
h CT/ US2 07/ 8176 of
c ZH egtogs:%l &eat e%ZM%r%g?ag?E%nélsng Bt v% ummcsc%‘ﬁeﬁmeasured
Pl @uaice BiddgstemedBright\(ilb prdgaahpd s¢cPmGntegr@tionginkd). fFFialc
c I i hen be a
ng'r%, %(gg{,'{nggg‘lmdl-b dﬁ% Cl%%ﬁ“ gngllﬁlﬁ: HIgLaSG psspy B t?ElAR
Edunpega W Dtst Ep bnOIﬁ autmpdn irod 96 wictlplatecby pijﬂ:ctorp osmg 8 Vetitas
Crifftidglfle Shubilithlb a%.nthescdeneg EELAR1 (rlerlel Bio HASRN Sright-

ree- msnS| ona In s ure orm
Glo program; 3 second mtegratlon time).

The tyrosine kinase sensors are tested as follows: Proteins are expressed in
vitro using TNT® T7 Coupled Reticulocyte Lysate System (Promega Corp.).
Briefly, the following components are assembled according to the manufacturer's
recommended protocol:

1 pg plasmid DNA

25 uL Rabbit Retic Extract
2 uL TNT reaction buffer
1 uL T7 polymerase
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Method 10 1) Obtain the am no acid sequence of the
protein of interest. 2) Use one or nore conputer

w@e@gnznse2t o predict protein structure featur eBCT/081007/008176

aid in the determ nation of suitable split points.
Suitable split points are likely exposed on the
protein surface. Split points that |ie outside of
regul ar secondary structure elenments such as helices
and sheets are less likely to disrupt protein 15
structure and function. Predict surface exposed
protein regions: exposed regions are likely to be
hydrophilic. The distribution of hydrophilic and
hydr ophobi ¢ resi dues alghgmamapmwhﬂwmmsequence
(hydrophobicity plot/sg an be conputed based on
comonl y used hydropho HCi 3Cal es usi ng prograns
avai |l abl e at open acceddQ@® S.Oatistdt:ﬂsro(lmag Pr ot Scal e
fron1the EXPASy proteonics server of the Swi ss

tute of . Bi oi nf,araat i
?gll n ncg)b(gnaosnyat gﬁ / ggcl)r ]gtl?onuf {egg ﬁtlée stll()n ;g'ﬂt&ugsare used in
paﬁ@ pbfingsenreaetionsas fbﬂqwenc@Pmﬁtmhyasncpﬂmkmy QBrO(r&g@COrp )+ 10
Las S Pr edi rot
CTERREE L T e S 2B eare +
ac@.63g c\rbKiinass o( weer. I AB0, mmnE)ﬁPASyutEf aftedaddition 6068tcKinase,

V\B P& f eﬁlqblhttsta (S ernczima s)&grg% %t 2@ % Elgﬁll qSSéf’g’S ggld@gé%’ﬁ Eg Luc

10 ( esaynpld:ﬂsw g;amsfemmmwmwatééndﬂem&ﬁ lLusﬁérhie AshyReagent

15

20

25

30

base the lts from.one or tion

ol ol £ B44di BB SoR s oY BES MicrbRs: us
gr hamhxonrmtr mhd humiihescendeuiciiifbe neasursé qn&ﬁﬂﬂSmé)@&lﬁtsth ght-Glo
accessi on BAB 13776 si dues 28 16 WO
ORI 8 S5 RET Gh Ftsb o R PHNRY, FoS safppiss, § wL of
expogddispddédion I¢egtidplate €5 LL PR ilpElsis Baffetuithout detergents
hydr. based on e. Kyte:Dpolittle
ny P OND PeBEsy 1 ERUErTReE] B DR BTl RPakkeagg: promeea
V\thrIp.)spamieﬂybytlimectbsngmgrae‘ﬁﬁitmﬂdedplﬁﬁmufrﬂm&hﬂgr and
put at.ive surface- ons (

Dol Ferkill fean AP Oirer S %thswsxj%ﬁ é‘ors’goarw@ second
hyidtegpaifohitimejhar acter of a protein. J. Bi ol .
157: 10 982 Pr edi ct 0 econ ruct ure:
use f.SE %Sq?éanrwopg f% |%n aI% qﬁg%‘ﬁg‘ﬂﬁélPRED
( J&Enes/ﬂﬁa'onu(e]lgﬁ&s)e bﬁbsenmmars escsta:ddawlo@tsr HIEK298 and NIH /3T3

pr%ﬁl Spqglﬁd Rui%qegelgp g.P @&e pc_ll_egg? tfzi §.55¢ P&‘i cgﬁs per well in
CO;-independent media (Invitrogen) + 10% FBS. They are then transfected with
Transit®-LT1 Reagent (MIRUS) using 4.2 uL TransIt®-LT1 reagent and 1.4 pg
DNA per well. Cells are allowed to grow overnight at 37°C / 10% CO,. The next
day the media is changed to CO,-independent media + 0.2% FBS to serum-starve
the cells. The cells are then allowed to grow overnight at 37 °C/10% CO,.
Approximately 2 days after transfection, the cells are equilibrated with a final
concentration of 5 mM Luciferin-EF (Promega Corp.) for the FF Luc sensors or 60
puM EnduRen (Promega Corp.) for the CPM hRL Luc sensors. All cells are allowed
to equilibrate for 1.5 hours at 37 °C/ 10%CO,. After 1.5 hours, baseline
measurements of luminescence are measured using a Mithras LB 940 Luminometer

(Berthold Technologies; integration time of 1 second per well) at 37 °C. Next, half

s .



MGuffin LJ, Bryson K, Jones DT). 10 b. JPRED (Cuff
JA, damp Mg, Siddiqui AS, Finlay Mand Barton GJ.

wa2®d1205pr ed: A Consensus Secondary Structure PCT/US2007/008176
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Prediction Server, Bioinformatics 14:892-893). c.
PORTER (G Pol l astri, A MLysaght. "Porter: a new,
accurate server for protein secondary structure
prediction". Bioinformatics, 21(8),1719-20, 15 2005).
d. SCRATCH (G Pol lastri, D Przybylski, B Rost, P

Bal di: Inmproving the prediction of protein secondary
structure in three and ei ght classes using recurrent
neural networks and profiles. Proteins, 47, 228-335,
20&2)1(3 calls aRROPatddvivitly a kinasdadtivaigr sichss RikeectiDérived| Growth

B e R T RN T —

remmhheoxmfy for ticaiert 3t minutasrae3? @@t ure predictions in a
table for conparison. Select suitable split points in
areas that are hydrophilic (low hydrophobicity score)
and |ie outside of pr edi m:ednﬁleﬂwr secondary

st ucture eI
(| . t 07 3
Structure #@sgrGeral RErSHy roleln S

gracilorostris mat ur e Iucrferase Secondary structure
prn@ﬂ@ﬂlon results code is H=helix, E=sheet, C=coil,

—c0|I hobhi ci t edrctro score is >0 for
tie a0 959 SayEnde pIPASRroran CEipBReL st bl 6
s pl)l Usp Ghrﬂbr 1B¥2T0hPated pogfln KB hradidt préteinl seétiRSfeatafes that aid
Vet e TGRS FREE PRt Peip SeRA e Spints are Hely

Hy phelpdsed yn tﬁel@rwbin-sﬁrm& Split pbirtts thaCli€odiside &f @g@aEs&oﬁdary
i lé 2 |s_ltr&::l"lixzrc: ele.rrre.nrs. suél as hellch—aré sgccf_qs e’edesg?r&gzmo élsg.g)t ?ro\gem
H. Cstfucﬁu@ 2RO furldtiOR

Predict surface exposed protein regions: exposed regions are likely to be

hydrophilic. The distribution of hydrophilic and hydrophobic residues along a
protein sequence (hydrophobicity plot/score) can be computed based on
commonly used hydrophobicity scales using programs available at open access
websites (e.g. ProtScale from the ExXPASy proteomics server of the Swiss

Institute of Bioinformatics http://www.expasy.ch/cgi-bin/protscale.pl) and as

part of commercial sequence analysis packages (e.g. Lasergene from
DNASTAR).

Predict protein secondary structure: such programs are available at open
access websites (see list on ExPASy Proteomics Tools website

http://www.expasy.org/tools/#secondary) and as part of commercial sequence

analysis packages (e.g. Lasergene from DNASTAR).

3) Select split points based on the results from one or more prediction methods.

Example

1) Protein sequence: Oplophorus gracilorostris mature luciferase sequence
(Genbank accession BAB13776, residues 28-196).
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HHHC-0.41 -2.36 11 O HHHH-0.77 -2.42 -- -] 12

w@20d7h2d2LC -1.38 -1.36 13 T HH H C -1.72 1. 26PCT/US2007008176
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ACCCC-1.72 -0.82 ---~---- 1I5GCCCC-2.01

-0.82 16 VCCCC-2.01-1.38 17 NCCCC-1.16

-2.44 18 0HHHC-0.66 3.06 19 DHHE-1.24

-1.96 200 HH HHE-1.59 -0.5 21 VH,:; + KHH

: E1.490.5! 22 L H? HHam; rtFl .3 E -1.14 0.5 23
EH"? :Hbn Hu3 HE -0.33 0.12 ( 24 0CCCC-0.03
-0.8256 CCCCO0.27 -0.8 26 GCCCCO0.22 -0.26

2 LH_ HCO0.11 0.28 28 SHHHHMH 0.11 1.12 29

S A I-Preﬁiqt-ls'éﬁ'f?@ exppged pdtein iHegivhs: cilcate per-tgidie hyd®phobicity

FH H~ cotd b%i 3%;2& _K_%'_?e_:gprgﬁtge §§dr§plﬁhicTtyIYs§%ﬂeg':.si'éltggnﬂh!{lc;v}/_;sfzes of 5
H dﬁld 71 WhithBpd@fy thd rangb réco@nend@dot figding pﬁ&tiSS st:ﬁeC
1 0 6oex§§ e% % gl?kél@teg] %giléﬂg 1'7{F‘1 A %1m;;31§ m\éth%dC%or dlsplaymg the
hydropathic character of a protein. J. Mol. Biol. 157:105, 1982).
Predict protein secondary structure: use five different prediclioﬁ algorithms:
a. PSIPRED (Jones DT. (1999) Protein secondary structure prediction
based on position-specific scoring matrices. J. Mol. Biol. 292: 195-202.
McGuffin LJ, Bryson K, Jones DT).
b. JPRED (Cuff JA, Clamp ME, Siddiqui AS, Finlay M and Barton GJ.
1998. Jpred: A Consensus Secondary Structure Prediction Server,
Bioinformatics 14:892-893).
c. PORTER (G Pollastri, A McLysaght. "Porter: a new, accurate server for
protein secondary structure prediction". Bioinformatics, 21(8),1719-20,
2005).
d. SCRATCH (G Pollastri, D Przybylski, B Rost, P Baldi: Improving the
prediction of protein secondary structure in three and eight classes using
recurrent neural networks and profiles. Proteins, 47, 228-335, 2002).
e. PROF (M Ouali, R King: Cascaded multiple classifiers for secondary
structure prediction. Protein Science, 9, 1162-1176, 1999).
3) Compile results of protein structure feature predictions in a table for
comparison. Select suitable split points in areas that are hydrophilic (low
hydrophobicity score) and lie outside of predicted regular secondary structure

elements (helices and sheets). See Table 9 (in three sections below).

Table 9: Compiled structure feature prediction results for Oplophorus gracilorostris
mature luciferase. Secondary structure prediction results code is H=helix, E=sheet,
C=caoil, blank=coil. Hydrophobicity prediction score is >0 for hydrophobic and <0
for hydrophilic areas. Suitable split point examples are marked xxx in rightmost
column.
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10 w H H . H C 041 -238]
11 Q H H H H -0.77] _-242 i
12 ) H H H [ -1.38] -136)
113 T H H _H c -1.72]  -1.26 i
i 14 A c c c c -1.72] -0.82[ i
L 15 G c c c C -201] -082f
| 18 Y c c c c -2.01} -138] |
17 N c c c c -1.16]  -2.44f
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23 E R ST E -0.33] 012
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26 G c c c c 0.22] -0.26
27 L . H c 011] o028
28 S I HE H 041 1142 |
29 S R 0.70] 178
| 30 L H: 117 0.3
{31 F , 147] 082
| 32 Q L 1.74
| 33 A 1.21 09
|34 L &t 177] 148 |
35 G c c c 1.27] 172
36 v c c c 0.78 2.2
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44 v H E E E E 072] 086
45 v E E E E E 0.51 1.5
46 L E E E E E -0.38 22
47 S c c c E -003| o068 _
|48 G c c c c 082 -088]
{_a9 E c c c c -0.08] -1.72
|_s0 N c c c c -0.34]  -08
51 5 c c c v 116} LB xoox
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Thus, split sites for any protein, e.g., one to be used in PCA or one to be used as a
biosensor (insertion of domain directly in-between the split sites or into a circular
5  permuted mutant, circularly permuted at the split sites), in the absence of a three-

dimensional structure, can be selected.
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appar enfbht 0 ﬂ%‘%ﬁ% sgtalg eaSt oﬂféa%’}nto z{ch tﬂ!'eclﬁéem‘mus C-

i nvent i termings,ondothpt i bl e to addl ti onal enbodi nents and
that certain of the details 20 herein may be varied
consi derably w thout departing fromthe basic
pr3-nci plespadynuchetide of/daim 2 whekRPthh@gi @ PESTGegdence, a GST
PCT/ US 8 il SHALMED 1S 1. A

gﬁ%ggé ?g'ojradml ' t in esaeq‘ﬁedlgfel c acid sequence

pol ynu
conpri sing an open

4. The polynucleotide of claim 1 wherein the circularly permuted luciferase
further comprises a deletion of luciferase sequences at sequences
corresponding to the N-terminus and/or C-terminus of the nonpermuted
luciferase.

5. The polynucleotide of claim 4 wherein the deletion at the N-terminus or the
C-terminus is no more than 15 residues of luciferase sequence.

6. The polynucleotide of claim | or 5 wherein the cyclic nucleotide binding site
is at sequences corresponding to the N-terminus and/or C-terminus of the
nonpermuted luciferase.

7. The polynucleotide of claim 1 wherein the cyclic nucleotide binding site is
about 4 to about 200 amino acid residues in length.
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reading frame for a circularly pernuted | uciferase
whi ch conprises a cyclic 5 nucleotide binding site,

wakdoch2dsexi ferase is pernmuted at a site or i n BCT/E§00TI008176

which in a correspondi ng nonpernuted luciferase is
tolerant to nodification, and wherein the activity of
the circularly pernuted luciferase is detectable. 2.
The pol ynucl eotide of claim1l wherein the circularly
permuted | uciferase 10 further conprises a tag of at
| east one amno acid at the N-term nus, C term nus,
or both 3. The pol ynucl eotide of claim2 wherein the

g a PEST sequence, a GST sequence, or a

yhi sTheipelsnucdentida & claips | gvherpfrethg dhojfemask é0a Cdleopteran
cla|n1lhmﬂg{ n the circularly pernuted |uciferase
further conprises a deletion of |uciferase sequences
at sequences corresponding to the N—tenninus and/or
C-perm ifer
ol ynuc | Loy dai P BP SRR BRerchk el HARR: i ciRi ot
N-t er mi hgtfergse erwefire@y funifieiaseis is no nore t han 15
resi dues of |uciferase sequence. 6. The pol ynucl eoti de -
of claim1l or 5 wherein the cyclic nucleotide binding
si 1@ 2%h¢ polmmuctestide nteaint bmhespothe luvifetase iswm anthozoan
N-term pug.aad/ or CGtermnus of the nonpernuted
| uci ferase. 7. The polynucleotide of claiml wherein
the cyclic nucleotide binding site is about 4 to

10 gggf# 1%’3{% &gggﬁéﬁg&%gh&gml%g’%g% a)s/enﬁ é\%%gpf)dlgcnferase
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of claim1 wherein the luciferase is a Col eopteran

lugj fer ol)gnuc-gaﬁdgg{ MQE':C %rlieﬁiﬁhgg c(ilc r*ugieg éﬁpﬁgg site is

the | uci rase 1s a c
firefl yinlaregipe Pas@pmldjng ﬂﬁhesmmﬂ 2/toul, e@idud:éuab 58] residuel70 to

wher ei r‘8§ 1ciugq'0£ % f‘%)g ?duglri 3?% E%% V\e%pdue llég It%s(lj}a re81du]é(%20

11. The pol ynucl eot ereint
| uci f ertagd7, residudRa? tol233) moddeit@ze 313, 12siddd1353 to 408, residue

pol ynu C48§QB '49§ (qures‘f’&u%' 35 Ito W&tea fnrehh fud e%alsle ¢

nucl eot | bin

13. The polynucleotide of claim 1 wherein the cyclic nucleotide binding site is
in a region corresponding to residue 15 to 30, residue 112 to 122, residue

352 to 362, residue 371 to 384, residue 393 to 414, or residue 485 to 495 of a

click beetle luciferase.

14. The polynucleotide of claim 1 wherein the cyclic nucleotide binding site is
in a region corresponding to residue 2 to 12, residue 26 to 47, residue 64 to

74, residue 86 to 116, residue 147 to 157, residue 223 to 234, or residue 301

to 311 of a Renilla luciferase.
15. The polynucleotide of claim 1 wherein the permutation is in a region

corresponding to residue 2 to 12, residue 32 to 53, residue 70 to 88, residue

102 to 126, residue 139 to 165, residue 203 to193, residue 220 to 247,
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in a region corresponding to residue 2 to 12, residue
32 to 53, residue 70 to 88, residue 102 to 126,

WO e®7aes22139 to 165, residue 183 to 203, resi deeT/ERID0LENS176

to 247, residue 262 to 273, residue 303 to 313,

resi due 353 to 408, residue 485 to 495, or residue
535 to 546 of a firefly luciferase. 13. The

pol ynucl eotide of claim 1l wherein the cyclic

nucl eotide binding site is in a region correspondi ng
to residue 15 to 30, residue 112 to 122, residue 20
352 to 362, residue 371 to 384, residue 393 to 414, or
residue 485 to 495 of a «click beetle |uciferase. 14.
The pol sesidok @62 tadZ73pfesluaidfi3 fo ¥We razidue 352 tc408, residue 485 to
nucl eot | L ndi n Lte,d Ln.a, region correspondi ng
to resi %I%% ogrﬁsgufg?ﬂoe%d zfea flfgﬂ%((')ucllfgfas‘?'esi due 64 to

25 74, residue 86 to 116, residue 147 to 157, residue
223.to0 4. or residue 301 0 311 of a Renilla .
Colot o Tidpoifhudignat sgf'ﬁ'm,wi*s&%"a © DETRYtalion it i Eseiam,

5the per carteaporgiing o residwe I'Setgi30nresidaé | ES0IRd] rReidu®352 to 362,

‘residue 2 t 1651 d 3, residue 70 to 88
et dueghe b0t 1 55 30 el aereBigu g Aok Pgetion

203 t o18ktlehesfechse 220 to 247, 124 WD 2007/ 120522
PCT/ US2007/ 008176 residue 262 to 273, residue 303 to
313, residue 353 to 408, residue 485 to 495, or

r eb1.dueThSfolyrmckeblidobf daifri I ehbieid the péefiastion id th a fEgRn

10 POl ynucl eat
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ide.of claim rei.n t nmut ati on i
inareglond %(':n tPergsb‘?)Wcﬁ%nt\éq? ’oref'g'éﬁ’ g‘ﬁg’pffg '?56’?%6,9 to 176,
r esi duereditide 147 ©237, resiguel 23 33341 or r36idue 3016613dUSE 3 REnilla
to 384, L si%ye 393 to 414, or residue 485 to 495 of a
click DEet™® luciferase. 17. The pol ynucl eoti de of
claiml wherein the pernutation is in a region

10
corg espgndi ng to residuye 2 0 47, residue 64 tq 74, .
rol¥ Gue B Ealioe oltfim Evhirsin e siie Riglepininrinding e
234, orbindssaAMB. 301 to 311 of a Renilla |uciferase.
18. The pol ynucl eotide of claim|l wherein the cyclic
nucl eoti de binding site 15 binds cAMP. 19. The
pal9y nucTheqtol yieciegbtidd aff alaitn MWrhéreinrthé byelic atle6tide binding site
nucl eOtbiixgc?sc 'l\r,]pi ng site binds cGW. 20 20. A vector
conprising the pol ynucl eoti de of any one of clains 1
to 19. 21. A host cell conprising the polynucl eotide

: rQOt he A 98&8rrco%pn%{n%|tﬂé g‘(gynucleotide of any one of claims 1 to 19.
21. A host cell comprising the polynucleotide in the vector of claim 20.

22. A circularly permuted luciferase encoded by the polynucleotide of any one

of claims 1 to 19.

23, A method to detect or determine a cyclic nucleotide in a cell, comprising:
a) providing a mixture comprising the host cell of claim 21 or a lysate
thereof, and reagents for a luminescence reaction; and
b) detecting or determining luminescence in the mixture, thereby detecting

or determining the presence or amount of cyclic nucleotide in the cell.
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22. Acircularly pernuted luciferase encoded by the
pol ynucl eoti de of any one 25 of clains | to 19. 23. A

woredohozhsed det ect or determ ne a cyclic nucl eop¢TieSi0n7/608176

cell, conprising: a) providing a m xture conpri sing
the host cell of claim2l1 or a |ysate thereof, and
reagents for a | um nescence reaction; and 30 b)
detecting or determ ning | unm nescence in the m xture,
t hereby detecting or determ ning the presence or
anmount of cyclic nucleotide in the cell. 125 WO
2007/ 120522 PCT/ US2007/ 008176 24. A nethod to detect
or determine a cyclic nucleotide in a sanpl e,
conprising: a) providing a m xture conprising a ,
sappl e ' : X
sagp! aralur@aggar Rl BN iRV LY c'ﬂP&L@tﬂ%éﬁjgsa@BE comprising:

r eagent &) grovidmg agnixture pevprsiega saept sepsctedidf lving cyclic

ggt ef:I_L 'en%é 1dg etB?Elgc}dgér%égﬁmeﬂgic‘i%ﬁagg oi‘ E'Ia{r% gz,nzln)étrgarg%hts fora

51 uci f er hwdnéssengefréacaém;yanduci f er ase. 10 26. The net hod

of clai 4 .0] S a click

beetl e Hi%eg?c?é éggz. ' &n@lﬁ:ﬂ%e#cﬁﬁ% ftﬁc 'ﬁgﬁnﬁrwezs or 24

vvhereinthe luciferase is a Renilla luciferase. 15
The i 4 n_bin

20271 CTRE A B cifiof o STheP Bhoreih MORCFEDsls AHrRy Riciterase.

site results in an increase in |lum nescence. 29. The

wh
10 gg&g 'ﬁn} l% ﬁ'{)ﬁ"ogélla 9% Sr \é(ﬁer\%hamp luclftgras@ls a n(;El'c%% tle
conpri sksiferasel | |ysate or cell fraction. 31. A
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met hod to detect one or nore nodul ators of a G protein
coupl ed receptor, conprising: 25 a) providing a

sa?pl e Eonmpethed nficlaime2bor 2bwhertinshe higifertass istalRenlibsluciferase.
cell of claim2l1 or a |lysate thereof, and reagents

for a lum nescence reaction; and b) detecting or

de2&r nmi Hhemethadohasioe2ter Zéhwtxd:reinstmrq)'hgof S2lic Auctedtidedo the

to dete I f

coupl e orLERE BlidTBii PR BT S inferia o duSintsace
PCT/ US2007/ 008176 a) providing a sanpl e conpri sing
Ongy OF TR Geth&Pbe Sﬁmiwhéﬁ% tﬁelz Ea%*gl@ orXpnses cells.

30. The method of claim 24 wherein the sample comprises a cell lysate or cell
fraction.

31 A method to detect one or more modulators of a G protein coupled receptor,
comprising:

a) providing a sample comprising one or more test agents, the host cell of
claim 21 or a lysate thereof, and reagents for a luminescence reaction; and

b) detecting or determining luminescence in the sample.

32. A method to detect one or more modulators of a G protein coupled receptor,

comprising:
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pernmuted |uciferase of claim22, and reagents for a
| um nescence reaction; and b) detecting or

wa@ledoenmised ng | um nescence in the sanple. 5 33PCHUS2007/008176
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nmet hod to detect one or nore nodulators of a G protein
coupl ed receptor, conprising: a) conparing

| um nescence froma first |um nogenic reaction m xture
conprising one or nore test agents, the host cell of
claim?2l1l or a lysate 10 thereof, and reagents for a

| um nescence reaction to | um nescence froma
correspondi ng -l um nogeni c reaction m xture that does
not contain the one or nore test agents, but includes
t he hos#) previdingfa sampleeddprisingonieys atoge teleagents, the aircularly
reagent r nd b). detecti

or get o er#n%[egqu{:/\ﬁé}}%%%%raﬁé %2 %%Crgé nts nllgcsgﬁl%ce r?aﬁgon
the firad 15 | umi nogenic reactlon n1xture alter t he

| um nesge uni_nogeni reaction

mi xt ur eg)r&lge%{'hgc(a)I‘{f 'I"hnﬁ%élrwglﬁsocgnag Qhel" WiM%geni ¢
reaction m xture. 34. A nethod to det ect one or nore

nogul at Qr oteln cou

CO%%I‘I er?)? eth t%(@ conpari 'ﬂ%rel'ﬁor%%n 8Eg§o‘?rpg’fﬂ %up|ed geceptor,
| um nogempisirgact i on ni xture conprising one or nore

test a e ed. luci.ferase of
claim?2 g%%%ﬁ]ﬁaapélu%lggs%e orfyog? ugmslétr[fé"s"c':‘ QRERC feé“gt&% By

[ um nesmmrsnfgmom mqr@tase%amsdﬁha gottumil bﬁgla‘mh 21 or a lysate
reacti 63 ot cont ai

nore t gtg fg(tgﬁ(? ?ea%%rﬂ% qrr? clIUEL R regftfocf‘lff) z‘r‘ﬂ?e?fgf’?ﬁf(% a

| uci f er@sespindgigdumiigeniz seagtion him&ufeabgemeSnota:Bdtabl) the one or
det ect ' H8reQLst qgén% Bl fn@?)d\é\éqt%t ge%rt ctF:lE 05?13 Ef RL2 lysate thereof,

first l'umnoge reaction m X
[ um nes’mdrrcaegems foheluminstercamactgerand reacti on

m Xt ur g,r e@,{l H"@% ndi n um ng
e B WAL ARy 4 350 v
cl ai s 18hirtoge®4 rededor mxml‘aealmn&ledﬁmn‘ﬁﬁcen&gﬁﬂhsf rst lummogemc
enhanc g.ﬁ n.c drecetor activit 127 WO .
50091 3 36E98h B P 60 e s EpanadE batiopkini fRetipymixture.
one of clainms 31 to 34 wherein t he one or nore agents
Inj)ﬂbltA tei oupl ed rece ity..5 37. The
net hod ec. (?(a s dgtfg 0“% A he et F"la{oﬁse oah pécklte‘r[r'tfro gpled receptor,
agents cammsmgt act ed
a) comparing luminescence from a first luminogenic reaction mixture
comprising one or more test agents, the circularly permuted luciferase of
claim 22, and reagents for a luminescence reaction to luminescence from a
corresponding luminogenic reaction mixture that does not contain the one or
more test agents, but includes the circularly permuted luciferase of claim 22
and the reagents; and
b) detecting or determining whether the agents in the first luminogenic

reaction mixture alter the luminescence in the first luminogenic reaction

mixture relative to the corresponding luminogenic reaction mixture.

35.  The method of any one of claims 31 to 34 wherein the one or more agents

enhance G protein coupled receptor activity.
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with a solid substrate prior to addition of the host
cell or lysate thereof and reagents. 38. The nethod

wo@Roochzise2 32 or 34 wherein the one or nore agePt’BHUS2087/008176
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contacted 10 with a solid substrate prior to addition

of the circularly pernmuted |uciferase and reagents.

39. The nethod of claim 31 or 33 wherein the host cell
expresses a reconbinant G protein coupled receptor.

15 40. A pol ynucl eotide conprising a nucleic acid
sequence conprising an open reading frame for a
circularly pernuted ant hozoan | uciferase optionally
conprising an insertion conprising an am no acid

sequence which directly or indirectly interacts with

gt f%;l ?g’ghegrll}gl‘hod %&"%fé&e’ofmﬁlg Hlt yf WF reg}){é% E’TCSCE“ csér giggnts
sequencehxﬂmﬁlprotsn couﬂleimd:ptmmcmdy.fl cation, and

wherein the insertion is at a different residue or

region in an anthozoan | uciferase sequence that is

t 03’&Br anthe metimodiof cleamt B bor 34 Whergivethe ohcymmbxe@tgérde aefcontacted
claim4 nucl ei ci d.seque enco a '
251 usi St Ao s BHEL B 0 R S R AT Der g and
ant hozozagdnici f erase and a tag of at | east one am no
acid at the NNtermnus, Ctermnus, or both. 42. The

pol ynucl eoti de of claim40 wherein the circularly

pe¥&rut ebhamethod oficlaint &b of ¥ wbecinuthe ber orcoome raigs:ﬁs ar@ contacted
del etio n cl f uenc

corr esp‘glr%fd?l 89 4&%%&? Hi¢ ntglagdﬁ‘ 8?ﬁ%ctlfcu‘%ﬁﬁ gFrmuted luciferase
sequencasl redgeatscor r espondi ng noncircul arly pernuted

ant hozoan | uci ferase. 128 WO 2007/ 120522

PCT/ US2007/ 008176 43. The pol ynucl eoti de of claim42
whi. ei riThdrsettied of ¢laim 3 5oni3 whereintthahost belf eqirelsessa eEombinant
ant hoz ence. 5 44. The

pol ynugﬁgo%t&g' élgéfeé:?%gﬁo wherein the circularly

per mut ed ant hozoan Iu0| ferase further conprises a

CelpL o8l AR RS S8R EAUS0ES N hSh I Shen
pol ynuckabng Gremefforcd carculaillér peheuted Anthbaad dhcdferzsa optsoriatly
nore t f an_.| ue | ferase
sequen:}g)pnpi'gmg‘]laﬁéﬁs%g[ °$‘n%§ p9. %n%(%}' QR},S Cld e%ﬁnﬁwvg}?'%h irectly
t he i ngwnedimetly énteracts sqtb@rm@sculc of m&m%emgn tle geln@utation is

N-ter ma@ u§es%‘g/ dt'in Q}ég%ﬂn%%n%z@anﬁ%&e‘ﬁ Qd dep)ge which is

tolerant to modification, and wherein the insertion is at a different residue or

region in an anthozoan luciferase sequence that is tolerant to modification.

41. The polynucleotide of claim 40 wherein the nucleic acid sequence encodes a
fusion protein comprising the circularly permuted anthozoan luciferase and a

tag of at least one amino acid at the N-terminus, C-terminus, or both.

42. The polynucleotide of claim 40 wherein the circularly permuted anthozoan
luciferase further comprises a deletion of anthozoan luciferase sequences
corresponding to N-terminal and/or C-terminal sequences of a corresponding

noncircularly permuted anthozoan luciferase.
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nonci rcul arly permuted ant hozoan |uciferase. 15 47.
The pol ynucl eotide of claim40 wherein the insertion

WO g00ahbzse2 4 to about 200 ami no aci d resi dues. PEdBUSIINE008176
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pol ynucl eoti de of claim40 wherein the insertionis in
a region 20 corresponding to residue 2 to 12, residue
26 to 47, residue 64 to 74, residue 86 to 116,
residue 147 to 157, residue 223 to 234, or residue 301
to 311 of a noncircularly pernmuted Renilla

| uci ferase. 49. The pol ynucl eotide of claim40 wherein
the pernutation is in a region 25 corresponding to
residue 2 to 12, residue 26 to 47, residue 64 to 74,
residue 86 to 116, residue 147 to 157, residue 223 to
23 or—f.esid 1 a. hongircul arl

bt eBPERFHEIERde bPctdth d2 Sheyin MERGRIGHs B nlore thag 15
t he pol sesido¢sadtanthezadn laniferaseseqiencd.ai ns 40 to 49. 30
51. A host cell conprising the polynucleotide in the
vector of claimb50. 129 WD 2007/ 120522
PCGI4.US2DR/p )R8 L IEGtIdSES cléinmatlwhereth thetinadarbnpdrmaict @anthdeoan

£ o0y Pl RIS 5 M Rl i -
nol ecul ermihali antiéor €Stermimabtoabé Insertionpr i si ng:  a)
providing a m xture conprising the host cell of claim
51 or a lysate thereof, and reagents for a

| u4d. nesTlanmdynue kotidoof clathetdewhertinghe deletidnais nyg more than 15
pernutq%ﬁh&%ufertsg cqqpfises the insertion; and b)
detecti ng of <§e ermoni Hd T HEEREce in the mixture,
thereby detecting 10 or determining the presence or

a nt pf the | ecul £.i.n e.cell. 54, A nmethod to
Gttt Bhe nalulRoREe S AT SE p Pty T e s
sanpl e, conesprpdingito the Miterprimusi afidfog Caterrhinisiofa coreeporiingg

a sanpl e _suspected of .hawin cl.ic 15 nucl eoti de,

t he nDdFPFgﬂﬁ?ﬁ%??g?%gémé¥u%?§¥ﬁﬁg “whi ch conpri ses

the insertion, and reagents for a | um nescence

reacti op: . and h t i.ng, Or, det er m ni | um nescence

S i Rl S SRl e S 865 00

nmodul atapmigo efid zesivhlescul e of interest, 20 conprising:

48. The polynucleotide of claim 40 wherein the insertion is in a region
corresponding to residue 2 to 12, residue 26 to 47, residue 64 to 74, residue
86 to 116, residue 147 to 157, residue 223 to 234, or residue 301 to 311 of a

noncircularly permuted Renilla luciferase.

49, The polynucleotide of claim 40 wherein the permutation is in a region
corresponding to residue 2 to 12, residue 26 to 47, residue 64 to 74, residue
86 to 116, residue 147 to 157, residue 223 to 234, or residue 301 to311l ofa
noncircularly permuted Renilla luciferase.

50. A vector comprising the polynucleotide of any one of claims 40 to 49.

51. A host cell comprising the polynucleotide in the vector of claim 50.
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a) providing a sanple conprising one or nore test
agents, the host cell of claim51 or a |ysate

wo b@razfs22 and reagents for a | um nescence reack¢DOS20aTI0D8176
b) detecting or determ ning | um nescence in the
sanple. 25 56. A nethod to detect one or nore
nmodul ators of a nolecule of interest, conprising: a)
provi di ng a sanpl e conprising one or nore test agents,
the luciferase of claimb52 which conprises the
insertion, and reagents for a |um nescence reaction;
and 30 b) detecting or determ ning |um nescence in the
sanmple. 130 WD 2007/ 120522 PCT/ US2007/ 008176 57. A
pol ynucl eotide conprising a nucleic acid sequence
coRpri sin
uor or AcBolhel BiRel RNt AGarEhy fhe Pinur By BEG anS one
conpr i se§claims4] tod9nucl eoti de binding site relative to
a correspondi ng unnodified beetle |uciferase, wherein
the cyclic nucleotide 5 binding is at a residue or in

Sa b3gi oA methad edsdtéat of dﬁtéﬁrﬁnmmokﬁql&eﬁ ireterabtiif B cel, comprising:

tol eran fIC t|on re|n t e act|V|t of

t he nndg*é éaﬁg%} u%Wanﬁ e |ssﬂ: ?F?HF@I Sé Stite
pol ynuc _t@oe{qf,@d_aéaghta ifon Bimivese edice rdabiors; yletetn the circularly
nUCl eot F%%TUS&{:I%ICI aSSCICtO%pl i§€S tlliegm%t ‘(:)ll:l]e -term nus Of .

the nodffie ee e 1GCPF8Fade! pol ynucl eoti de
of clail &IeMgroedctemnemgymhimsqenm iadhe d:ecttnienmiefegy ﬁétEﬁing

is int e N-termnus 2
' The pol %ﬁ%%“& lflgt&‘e ese ce Y (gf gf egﬁﬂgfe (ieg
aci d sequence further encodes a tag of at |east one

0 a e nus

e uebq lfleih bESMAR o SolsBLeR Rsrettin o SRR St

of clalqmﬁﬁhmm£re|n the nodified beetle Iu0|ferase 20

further | etion of be t f

sequencae)s& Ell-;)fi I N n%lng’g Raror & i ‘gjﬁ ﬁ‘éspe# 5 VEVc‘inléc
15 nucl eot nld:éeomdn,dhnglodtﬂed luddferasd bEclpio ymwhioaabnqbasésfthe

claim 6111 éﬁ‘pgnﬁi réa nts l e:cltllur(r)lg]nescsengo m)[e than 15

resi dues o FURi 47 ér 8% u%ﬁ?%"”?%" 3. The

pol ynucb)e@lteccieg of d@émumnéﬁ:m?nescenda: in e mixahirtl ed beet | e

luciferase further conprises a deletion of beetle

| uci ferase sequences at sequences
55. A method to detect one or more modulators of a molecule of interest,

20 comprising:
a) providing a sample comprising one or more test agents, the host cell of
claim 51 or a lysate thereof, and reagents for a luminescence reaction; and

b) detecting or determining luminescence in the sample.

25 56. A method to detect one or more modulators of a molecule of interest,
comprising:
a) providing a sample comprising one or more test agents, the luciferase of
claim 52 which comprises the insertion, and reagents for a luminescence
reaction; and

30 b) detecting or determining luminescence in the sample.
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corresponding to the N-term nus and/or C-term nus of
the unnodi fied beetle luciferase. 30 131 WO

WQO®7M123522 PCT/ US2007/ 008176 64. The pol ynurdt'BUS200E008176
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of claim63 wherein the deletion at the N-term nus or
the Ctermnus is no nore than 15 resi dues of beetle

| uci ferase sequence. 65. The pol ynucl eoti de of claim

57 wherein the beetle luciferase is a click beetle 5

| uci ferase. 66. The pol ynucl eotide of claim57 wherein
the beetle luciferase is a firefly luciferase. 10 67.
The pol ynucl eotide of claim57 wherein the cyclic

nucl eotide binding site is in a region correspondi ng

t o5T.esi Au:@lyzlutleotick compsiis'uhgea 3i2leictachBsequersdeddmpribing @n open

88, resid 02 to 126 esi

Tos 1o e et Byl BedtucirtateqyhSBiphg Brodied beette
resi dueluamé}asemo%&,sesrze@cdu audedidebidifg siteaziatueto #4185

to 495, or of. a flrefé¥ | uci ferase

15 68, HEHERPRITRBA T R Wbl re rgimey e phentteotie
cyclic lnud.lhgmstat decdiduediriing a ségi¢h in% beetle fucife@k®fequence which is
correspapding to.residue 15'to. res d 12

resi due® E§ gfgoggﬁm“Wég“éﬁgmg?fg?ﬁt?@l %EEPﬂﬂbe%é§gb

t 0 414,luciferaseds detectd3& to 495 of a click beetle

| uci ferase. 20 69. The pol ynucl eoti de of claim57

wherein the cyclic nucleotide binding site binds to
c/AP. TIhe ;ﬂn;empmbwmﬂ dhmtni Stewkdreialtid fpcﬁz nubiesedebihdiRyg site is

cycli cl eotide b| ds to cGW. 71.

Ayvect ortltlla: orpr ST RS flt %8?%‘?15%‘1“83? &56f any one of

cl ai ms 57 to 70. 72 A host cell conprising the
Ia| 30,13 2007/ 120

P% Usod AR %‘ id C'%mﬁﬂvqﬁ"é‘a ‘é"e@t"?‘é np¢leetiderbinding site is

encodednhymlhﬂhabkgﬁﬂmhemkidamﬁﬁnmﬁy one of clains 57
to 70.
60. The polynucleotide of claim 57 wherein the nucleic acid sequence further
encodes a tag of at least one amino acid at the N-terminus, C-terminus, or

both, of the modified beetle luciferase.

61. The polynucleotide of claim 57 wherein the modified beetle luciferase
further comprises a deletion of beetle luciferase sequences N-terminal and/or

C-terminal to the cyclic nucleotide binding site.

62. The polynucleotide of claim 61 wherein the deletion is no more than 15

residues of beetle luciferase sequence.

63. The polynucleotide of claim 57 wherein the modified beetle luciferase
further comprises a deletion of beetle luciferase sequences at sequences
corresponding to the N-terminus and/or C-terminus of the unmodified beetle

luciferase.
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74. A nethod to detect a cyclic nucleotide in a cell,
conprising: a) contacting a 5 cell with the vector of

w@b@7me0822 and b) detecting or determ ning thePEDUB2001/§08176

of the nodified beetle |uciferase encoded by the
vector. 75. A nmethod to detect a cyclic nucleotide in
a sanple, conprising: a) contacting a sanple with the
nodi fied beetle luciferase of claim73; and b) 10
detecting or determning the activity of the nodified
beetle luciferase encoded by the vector. 76. A

pol ynucl eoti de conprising a nucleic acid sequence
conprising an open reading frame for a nodified
antoz odihe polynfideetiste of whaem 6B rwhehen thediefetionl at the N-terminus or the
ant hozo S i an. lnt al..insertion
relati V(;%nttecl-)IH g'h%: gsp?)e@%%ﬁ nigssrﬁglﬁ%e ifoibe%iequf'lqergsegﬁquence
luci ferase, which insertion is at a residue or in a

' h
o850 LB SRR R PR B e

Sinserti bwifemspri ses an anino acid which directly or

indirectly interacts with a nolecule of interest, 20
and wherein the activity of the nodified anthozoan

| u6bf er Abepolynadeecicalbcipim 57 WherkhethpbkytiilatiGgbiedea Gefly
cl ai m 7, \C/}greageel n the insertion is in a region
corresponding to residue 2 to 12, residue 26 to 47,
residue 64 to 74 residue .86 to 116, residue 147 to

du
10358, TR AT e B2 R S bl st

pol ynuclneaotegdm cofresdoadimg ZG residu 2.to 17 Jesidudisio 33¢tdsidue 70 to

So00) 1B ARE AR Ie Honilols? i os i 200, reiauc 20

ant hoz owr247ucsisidee 62 tee230 ekaiub B03 ke3 30 kesiue BBt 438, efsidue
claim?7 r o.d ct..a nol ecul e of
985 8 49§ r|esndueA5§EE toggg a?a glfeefb'elgslmrgict ing a

interest 1n a tel

I5 sanpl e having cells or in vitro

trapscr L qQn/ t L ati,0on and .t he vector. of .
ol S8y TR bR ARG BF bRt BY Mhiteiruend B st bipfloe sic s
nol ecul & aubguontcerres;bndiagmb i@);xddewtn ko) ges&iuedﬂlzetﬁ M2 irésidue

t he act f | ed . | uci

encodedg% b g r\/‘:'gelg 33'}'50 Lh ter5§/l ?%ZEO%QQ %rrreS‘Sue 785 10 495 of a
determdlckg)ettlﬂsluplfemce or armount of the nolecule in

20the sanple. 10

25

30

69. The polynucleotide of claim 57 wherein the cyclic nucleotide binding site
binds to cAMP.

70. The polynucleotide of claim 57 wherein the cyclic nucleotide binding site

binds to cGMP.
71. A vector comprising the polynucleotide of any one of claims 57 to 70.
72. A host cell comprising the vector of claim 71.
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82. A pol ynucl eotide conprising a nucleic acid
sequence conprising an open reading franme for a

woreai7fizese firefly |uciferase, wherein the nodi PCEUS2007/008176
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firefly luciferase conprises an internal insertion
relative to a corresponding unnodified firefly
| uci ferase, which insertion is at a residue or in a
region in 15 a firefly luciferase sequence which is
tolerant to nodification, wherein the insertion
conprises an ami no aci d sequence which directly or
indirectly interacts with a nol ecule of interest
relative to the corresponding unnodified firefly
| ug3.f er Ageodifietibestie heifarastiencaded by thy pofynubleotidethffang dne of
firefly '?&J§F{?@e Is detectable, and wherein the
|nsert|on 1% nét i n a regi on corresponding to 20
reS|due 2 to 12, residue 116 to 126, residue 228 to
re 272 id 289 to 308

358t o BupblRod Bl £55vi sufiuieGp 338 Gripraing’ B3 ccngine o
of a f i tc&lf\lvyh theojetter aiSc&amSBl akd ppdetentinp ﬁﬁﬁetéﬁnmmg the activity
conpri Sj Ci. uen |ng an open
25 r ead?ﬂg f"rogﬁfeed?’c??“e edf’sfel 880‘1‘%%@@% i f er ase,
wherein the nDdIerd f|refly | uci ferase conprises an
i nserti | uci ferase
sezsﬁencg e \7ife o (éyc Slr'i"%l ?%ﬁdf‘%é %ﬁ@?@wg 2)
firefl ycdnmnﬁgaaaeple \mmrthe modified bbéthgiEifdradeast chiiml|78p4id b)
50 cont Nno .aci ues. the re n
nrod 1SR PR R ine i D e BoaiflSee R BRrGH

IS at aensOdeddstteeecdsr.in a region in a firefly

| uci ferase sequence which is tolerant to

nodi fication, wherein the activity of the nodified
fi16ef | yAlpobynheleatide compriding a\WitRi2(hlidlstqbetide comprising an open

Firef Ly orine fapade ARG BRLa 0Rmeah \KERRESpIsAde dagnapid

di f f er emithcabar Raidtrasetoaprisésndinalinertios irélati@stbaues

of the correspondin ifie refly | uciferase,
wher ei "R E’@r"ln ﬁ %gr?ﬂﬁﬁo q“%fher %’B‘C dpsgriion is at a
sequenaesidin afindirégiod Witichlin B&h‘és@GﬁdlMg wWildaypeahodobh a

5 nol e of wher C-term nus, or
N Cor mlitiTerie i RASFAERE ol aliie wikin (he et g ipgisee an
r esi dueamino acid egiichndiccotly esmdnehtrygntemctsrve:sn ﬁluﬁ;léhufbﬁafﬁx&erest

289 t o MG helsdiiPor e ottt Zifotnd Grorss | Hieiapte.

of a firefly | uci ferase 10 84. The poI ynucl eoti de of
m 84,91, 8%01\@3/61@ eo e76rm‘1 |£l| rnef I % luciferase
further  PehPigisRtcs 'f‘ on” 61 'Fi e‘f‘fey“f"h i'P AP
eequen_ccesrestpohémmtmedslduaﬁdcb 02, r&ither26 toall7, tesidubi 64 to 74, residue
I NSertigds 116, residue 147 to 157, residue 223 to 234, or residue 301 to 311 of
Renilla luciferase.

78. A vector comprising the polynucleotide of claim 76 or 77.

79. A host cell comprising the vector of claim 78.
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85. The pol ynucl eotide of claim 84 wherein the
deletion is no nore than 15 15 residues of firefly

wo ewirfizisase sequence. 86. The pol ynucl eoti de oPCT/USI0NT/008176
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82 or 83 wherein the nodified firefly luciferase
further conprises a deletion of firefly |uciferase
sequences at sequences corresponding to the

N-term nus and/or C-termnus of the unnodified firefly
20 luciferase. 87. The polynucl eotide of claim 86
wherein the deletion at the N-term nus or the
Ctermnus is no nore than 15 residues of firefly

| uci ferase sequence. 25 88. A pol ynucl eotide

coBfyr i sAngodifiedigithozpan bicifessgierendal yothp pbBinngeatideaifenim 76
r eadi ng f%pne for a circularly permuted copepod

| uci f er as€ optionally conprising an insertion
conprising an am no acid sequence which directly or

wnhei b 6 P s Melcdu FnEEig ageu Gimering: o

regi on cantatiogpemaplelhacing eelise i6 eqetracriptionNtranslation mlxture
O o @l B Rl Ll S P RSB B b

| uci ferms&csleq»ﬂeneestt hﬂib)Id%tet:l;i)ri@r&iﬂerﬁmuﬁ@diefabﬁﬁty éIthe
135 WD 20 22 P S2007/ 00

pol yn ucﬁ“8g‘g€é &se \m‘adgq? ﬁyﬁ}? "eﬁ'é’ﬁﬁB‘frﬁll’X difeqtiog or
in a regitamisiag msmeswwgr dntbuhesf tHel hofetuledn B sahpid. due

63 to 73, residue 79 to 89, residue 95 to 105,

resi due 105 to 115, residue 109 to 119, residue 121 to

1392.0or A pbmudaalde&zmms&@& ricleit zﬁﬂﬂ&ﬁ]haqdeﬁﬁini)ﬁﬁlﬂg &n open
of. ¢ t he

90. The d
host cele?‘?‘ g‘ e for; $m8alf%§gl{eé}y ugife rg%ﬁwgfrem the modH‘r ed 'firefly

| um neslaeifirase cdMpeisys AniRtemuk inseioh hasateafto alcsrra:ipoahhﬂgt
30C to ab fitﬁ gC }O .t91. Tf}a l{ret had of cl a (gn
wher ei N PIELIreRY ficiferdsg Jyhich ipserign s 5 2 gpsidue or in a region in

det erm mﬁteﬂg: ucdferdse Bequescewkiel isablegdny tccxaadnﬁaﬁtdno%erem the
t her eof l_ts at about 30C. to. about 475 éig @’h S
met hod 'BICRPLTIMPIESHAR PRI AFifsequgnee whishdigeptly,orindirectly
det er miingtdcenwinh a mitéduld df\intefst ralayive e Barrdsponding unmodified
t her eof s, at. about Sq%to about.

ang

47gg 93.,.T t ho

of cl ai He §lu°3ffras% a7 e ACH Y 9 ‘Tmf,’g'lﬁleg i%ég%t 1<’:ﬂ3‘l?§fase

t r ansf de tetectablief dndtwieergia khenindriet is @6t in2region corresponding to
residue 2 to 12, residue 116 to 126, residue 228 to 238, residue 262 to 272,
residue 289 to 308, residue 356 to 366, residue 432 to 442, or residue 535 to

546 of a firefly luciferase.

83. A polynucleotide comprising a nucleic acid sequence comprising an open
reading frame for a modified firefly luciferase, wherein the modified firefly
luciferase comprises an insertion and a fragment of firefly luciferase
sequence relative to a corresponding unmodified firefly luciferase, wherein
the fragment has at least 50 contiguous amino acid residues the
corresponding unmodified firefly luciferase, wherein the insertion is at a
residue or in a region in a firefly luciferase sequence which is tolerant to

modification, wherein the activity of the modified firefly luciferase is
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94. The nethod of claim 74 wherein the cell is stably
transfected with the vector. 95. A nmethod to detect

w@eoodaewmseari ne the presence or activity of a noPEDUE®OT008176

25 interest in a cell, conprising: a) providing a

| um nogenic reaction mxture conprising a cell with a
vector having a nucleic acid sequence conprising an
open reading frane for a nodified |uciferase, wherein
the nodified |uciferase conprises an insertion
relative to a correspondi ng unnodified |uciferase,
which insertion is at a residue or in aregionin a

| uci ferase 30 sequence which is tolerant to

nodi f i catcreased bhaseeond fragnem o€ ﬁrdflynuciﬁmmei se@enc@which

"t or act e PPREB FRR Db bk BBlss o Rt deneot e

nmol ecul eomdspomting emhodibtdfifefly luhcofct'dse, \elﬁh’rélﬁsli)@ﬁhdérﬂGn comprises
unnndifie? L uci ctivity of t

modi fi ed" '6‘3:'}°faé’}a"8“e“§eai’gfi'c‘{e ITof ’é"" 'Qﬁ‘&e‘imél’ f"t‘ftst‘ﬁ

5m xt ur emotecate oflintertest30dd wiveraihahd C4AdrGiingy st Nu)erdﬁﬁlfscafltmg

or detegnhg|Q%Omynerscenc t| ge m xture, thereg%
det ecti nge AAY P APRORY 1A sSSP Nk g ongrgssRonding to
acti vi t yesiuetl Ine taTtd6e easidae 228 td a3 8¢ Risidue 2885 to TT1 révaiua 289 to

beetl o MhATVAFERE T o eTeo ke T e GitiRay furase

wherein the nodified beetle luciferase is a firefly
m 96. wher

I f hod,.of h .
10 ml')ngl 't erezﬁ%%olwuclﬁo&gf: ]gg%lglg%&? Qr @ »c\’/"u?ra? th%glé)fiﬁ"gg f}ref?y luciferase
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| uci f er sther dbniBes T Heletivet dsfditefby lucifaiase Squites Bi-terrhifgl
nodi fie u er as a C|rcularly per nmut ed
Iu0|fer§§g Qi%ﬁm’¥ﬁé‘§59ﬁ8 ‘408t clai m 95 wherein the
|nsert|on is a cycllc nucl eotide binding 20 site.

T neth i,m 9 er ei e.mxture

o8 ner TrERIREBNgE pPUTe R WRSER LB éﬂsﬁlﬂry.s nggnoyg than 15
The met h&duﬂi‘ofd‘lraﬁlyﬂu]:ﬂérayd’ﬁéq&inﬁe.t he | um nescence in
the m xture is conpared to the | um nescence in a

corresponding m xture which |acks the one or nore
t e8d. agEit molynucleotide of claim 82 or 83 wherein the modified firefly luciferase

further comprises a deletion of firefly luciferase sequences at sequences
corresponding to the N-terminus and/or C-terminus of the unmodified firefly

luciferase.

87. The polynucleotide of claim 86 wherein the deletion at the N-terminus or the

C-terminus is no more than 15 residues of firefly luciferase sequence.

88. A polynucleotide comprising a nucleic acid sequence comprising an open
reading frame for a circularly permuted copepod luciferase optionally
comprising an insertion comprising an amino acid sequence which directly
or indirectly interacts with a molecule of interest, wherein the permutation is
at a residue or in a region in a copepod luciferase sequence which is tolerant
to modification, and wherein the insertion is at a different residue or region

in a copepod luciferase sequence that is tolerant to modification.
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103. The nethod of claim95 wherein the mxture is
subj ected to about 5% CO2. 30 137 WO 2007/ 120522

wean/U8BEeD7/ 008176 104. A nethod to identify BCT/H§M®NT/008176
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that directly or indirectly alters the activity of a

het er ol ogous sequence in nodified beetle |uciferase,
conprising: a) contacting a | urninogenic reaction

m xture conprising a cell expressing a nodified
luciferase with one or nore agents, wherein the

nodified 5 luciferase is encoded by a vector having a
nucl ei ¢ aci d sequence conprising an open reading

franme for a nodified luciferase, wherein the nodified

| uci ferase conpri ses a heterol ogous sequence rel ative

t o?& CPhd 051919&%0%%6 4 Hgﬁjll‘ %é \ev(ljneie'ijnct!hf %[an%%ugatiomls Fnha region

het’er ol ogous”sequence Is at a residie or 1N a regron

in a | uxirfespasingstegesadieed Ini S3hrasglut 68 6r Ahtresidue T/ to 89, residue
modi f ! Cég {15 }’ggl%{xgll 05 thF] Sh?ets%ruglleggouﬁﬁ??%%g(i?l to 131 or
conpri ses an am no acl d séquence | ch direct y or

i ndi r ectekidue Ffit7ao 468 of aiGlahsséa hoifeasd.e of i nt er est

relative to the correspondi ng unnodified |uciferase,
wherein the activity of the nodified luciferase is

de®@ct abhemethnd ofiblaine B ot B2 whkveiruthe miktareahos beliitde®0on or
to about 47C. .and . 15 h) identifying,whether the o Ol ~ro
or 6 agut g PR itaRbeck G bl Aty A Eog Hertalgs gLieRL a0
| uci f er@saboutl4?SC. The net hod of claim 104 wherein the
nodified luciferase is a beetle luciferase. 20 106.

The nethod of claim 105 wherein the beetle |uciferase

i s9B fi T ingthbd of £lema3 & whedtvthe hhst crblf daophle) Hetedtiinmorl 05
wherein,the .beetl e, luciferase is a click beetle o
ot f er deiigE Ry 8 B cEhA0Er Ay BefbipdiiSndiiorigat sbout 30°C
wher ei ntotabeutcB’'C. i s stably transfected with the

vector. 109. The nethod of claim 104 wherein the

het er ol ogous sequence is a cyclic 30 nucleotide

bi $&i ngTls method 8B8clwib 20 O/hekHOh2 2elb dEtddGa00r/d edfBilrvalion of

activity, or any combination thereof, is at about 30°C to about 47°C.

93. The method of claim 23, 31, or 33 wherein the host cell is stably transfected

with the polynucleotide.

94, The method of claim 74 wherein the cell is stably transfected with the
vector.

95. A method to detect or determine the presence or activity of a molecule of

interest in a cell, comprising: a) providing a luminogenic reaction mixture
comprising a cell with a vector having a nucleic acid sequence comprising
an open reading frame for a modified luciferase, wherein the modified
luciferase comprises an insertion relative to a corresponding unmodified
luciferase, which insertion is at a residue or in a region in a luciferase
sequence which is tolerant to modification, wherein the insertion comprises

an amino acid sequence which directly or indirectly interacts with a
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110. The nethod of claim 104 wherein the mxture is

subj ected to about 5% C02. 111. The nethod of claim
wO®2000120502% wherein the nodified |uciferase i s BCT/US2007/008176

nodi fied 5 anthozoan luciferase. 112. The

pol ynucl eoti de of claim40 wherein the insertion

i ncludes a peptide substrate for a serine, threonine

or tyrosine kinase. 10 113. The pol ynucl eoti de of

claim 40 wherein the insertion includes a

phosphoseri ne peptide binding domain, a

phosphot hr eoni ne peptide binding donmain, or a

phosphot yrosi ne peptide binding domain. 114. A

pol ynuc imed¢dutteofanterest wiatige & tha comespoadinglumeodifngd Biciferase,

conpri sl reép’ %h%%gﬁwt)&??f tfl% %%h%dﬁ&cn erasI: Pslr,]dc ec?aleeC l{{rlu? \ravhgrcin the

per mut e ucl rerase i'ch conprises & "heterologous

am no aoiigtuseiyataeat 30Cpiaboutd 7eC;papt | de substrate for

uc 1 er SE8etbQingRr SBEaBhune LRE st WIRE miatiie By dsipeting
5in a cooprdgpamdingghepmaseaceatmednt eraicfienashe molaahkeriate cell.

to nodification, and wherein the activity of the ‘

circularly pernuted luciferase 20 is detectable. 115.

A p6l ynUbt ecthoderfetaim 95 syhegeia theutddified ciferasaiqudeete:

conprisﬁqﬁkgg open reading frane for a circularly

pernutedJ GcrTerase which conprises a heterol ogous

am no acid sequence conprising a phosphoserine peptide

25 ,bi ndi d in,,.a osphot hr eonj.pe, pept i de. bi ndi n

10 500 . THE 0N O ol BARIRRA el Bk SR e iretpsfinareny
whi ch | leifesase is pernmuted at a site or in a region
which in a correspondi ng nonpernuted luciferase is
tolerant to nodification, and wherein the activity of
t he8.ci r The arcthodpd chirh @6 whetnin fhemaskfiédsbeadde beifabakeis a3lick

139 WO 7/,1205 PCT/ US2007/ 008176 116. The
polynucF%%Fﬂﬁéggégblain1114 or 115 wherein the
I5luciferase is an anthozoan |luciferase. 117. The

poLynucleoti de .of. cl ai 14.0p 115, rei.n the
I u%iy'f er Jzggeemles od Okf)gféfrp 'gg\,é,e W é?oéié%é%ﬁlge.mﬁ IS a circularly

pol ynucpeotutaiducifempel si ng a nucl ei ¢ aci d sequence

conprising an open reading frame for a nodified

decapod | uciferase, wherein the nodified decapod

| ut0d. er Esemedwd of slaen &6 whessdr the duseation isia EydiRtnutleatdebinding
2o 0f decappd

101.  The method of claim 95 wherein the mixture further comprises one or more

test agents.
25 102. The method of claim 101 wherein the luminescence in the mixture is
compared to the luminescence in a corresponding mixture which lacks the

one or more test agents.

103. The method of claim 95 wherein the mixture is subjected to about 5% CO;.
30
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10 luciferase sequence relative to a correspondi ng
unnodi fi ed decapod |uciferase, wherein the first

wo e@giese2 has at | east 35 contiguous anmi no aci BICT/US2007/008176

resi dues of the correspondi ng unnodified mature

decapod luciferase, wherein the insertionis at a
residue or in aregion in a mture decapod |uciferase
sequence which is tolerant to nodification, wherein

the activity of 15 the nodified decapod | uciferase is

i ncreased by a second fragnent of a decapod

| uci ferase sequence which corresponds to a different

at least 35 contiguous am no acid residues of the
corpéspandithgd tmideutiflyiae dgerd that direaﬂs/aapmctirdcug 'alftcas El&enptivity of
wher ei n nsertion conpr uence

whi ch oP PagrGEREs SRR BPuE e grR, i RETRELI ¢

of i nt erpsonta@hghliOmindgpok yeustideoiitde coanpisingiargll axpressing a

I di:p
rame for ROARETHERESCORaNE o FReRlE bR BeFeaiged

5nodi fied ldaGapeds énmdé(bb)aseemn‘]amngmmmma atidseqatnce

10

insertion relative to a corres

decapod | GCI'PEFRES™ RAT ER mﬁé@P@ SHangﬁnggm?%gF&Jg“ﬁgnﬂm
or in a regodtied lucHenast comgpridecappacroldgoiud ssqasie sEaiiveo a
which is talerant.to erein the .

i nserti on CERROPdLE Y, H‘ggﬁf\eﬂ (Sucé}c?f svél\ﬁ%éh%tgro\l/ﬁﬁo%sequencc 1s at
di rectly crresidak orgotal rygmminaer mciferavd @hu@cmh&muk &)lﬁ'ﬁnt to

i nt er est reI e to respondi ng unnod

mat ur e decapoﬁcal\{'on1 ‘f'telefrg'é’ dhe aeﬁ%fogﬂgg?seﬁeﬂg?%g °°'38??e\7 |aP gmino
of the noacicld sequahee stk dingcily er iadieedtly idetaeGtval £moROule of
140 WO ZOOﬂéggg%%%vPQT USZO&]/O 8176 igo TQe ot
pol ynucl eotrdé F 5 BF TSRS HPRETFT justicqass, sherpin the
has at | eastwntbeof(tbc matlifled dsdifeBise isakitdttubie, ald® Mherlncthe mixture

polynucleotl erein the insertion is
in a regi on § 8‘6tr3rog§g%{ﬁ%a° %27toa?‘§5| due 45 to 55 or

15 r esi dueb)y/ mehof)&% whethcr tmsbchﬂromre agéitcalier tlasetivity f thé

met hod to de ?cefras nore sites tolerant to
nodi fi cation i n StHVE eproteln conprising: 10
identifying in a proteln likely to have a native

st tu i pcl ud econdar

rm?%gcr e{swll(%?’due{s}‘l dﬁP{% & z(?ﬁ‘ ‘ﬁ'gerglé'i g é’aﬁteﬁlci'ém SFasf Iﬁsageege
pr ot ei nluttherttseare in a region having a mgjority of

20 hydrophilic residues, which

25

30

106. The method of claim 105 wherein the beetle luciferase is a firefly luciferase.

107. The method of claim 105 wherein the beetle luciferase is a click beetie

luciferase.

108. The method of claim 95 or 105 wherein the cell is stably transfected with the

vector.

109. The method of claim 104 wherein the heterologous sequence is a cyclic

nucleotide binding site.
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regi on does not likely forma secondary structure in
the native protein structure. 15 141
WO 2007/120522 PCT/US2007/008176

110.

Il

112,

113.

114.

115.

The method of claim 104 wherein the mixture is subjected to about 5% CO,.

The method of claim 95 or 104 wherein the modified luciferase is a modified

anthozoan luciferase.

The polynucleotide of claim 40 wherein the insertion includes a peptide

substrate for a serine, threonine or tyrosine kinase.

The polynucleotide of claim 40 wherein the insertion includes a
phosphoserine peptide binding domain, a phosphothreonine peptide binding

domain, or a phosphotyrosine peptide binding domain.

A polynucleotide comprising a nucleic acid sequence comprising an open
reading frame for a circularly permuted luciferase which comprises a
heterologous amino acid sequence comprising a peptide substrate for a
serine, threonine or tyrosine kinase, which luciferase is permuted at a site or
in a region which in a corresponding nonpermuted luciferase is tolerant to
modification, and wherein the activity of the circularly permuted luciferase

is detectable.

A polynucleotide comprising a nucleic acid sequence comprising an open
reading frame for a circularly permuted luciferase which comprises a
heterologous amino acid sequence comprising a phosphoserine peptide
binding domain, a phosphothreonine peptide binding domain, or a
phosphotyrosine peptide binding domain, which luciferase is permuted at a
site or in a region which in a corresponding nonpermuted luciferase is
tolerant to modification, and wherein the activity of the circularly permuted

luciferase is detectable.
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116.

117.

118.

119.

The polynucleotide of claim 114 or 115 wherein the luciferase is an

anthozoan luciferase.

The polynucleotide of claim 114 or 115 wherein the luciferase is a beetle

luciferase.

A polynucleotide comprising a nucleic acid sequence comprising an open
reading frame for a modified decapod luciferase, wherein the modified
decapod luciferase comprises an insertion and a first fragment of decapod

luciferase sequence relative to a corresponding unmodified decapod

luciferase, wherein the first fragment has at least 35 contiguous amino acid

residues of the corresponding unmodified mature decapod luciferase,
wherein the insertion is at a residue or in a region in a mature decapod
luciferase sequence which is tolerant to modification, wherein the activity of
the modified decapod luciferase is increased by a second fragment of a
decapod luciferase sequence which corresponds to a different at least 35
contiguous amino acid residues of the corresponding unmodified mature
decapod luciferase, wherein the insertion comprises an amino acid sequence

which directly or indirectly interacts with a molecule of interest.

A polynucleotide comprising a nucleic acid sequence comprising an open
reading frame for a modified decapod luciferase, wherein the modified
decapod luciferase comprises an internal insertion relative to a
corresponding unmodified decapod luciferase, which insertion is at a residue
or in a region in a mature decapod luciferase sequence which is tolerant to
modification, wherein the insertion comprises an amino acid sequence which
directly or indirectly interacts with a molecule of interest relative to the
corresponding unmodified mature decapod luciferase, and wherein the

activity of the modified decapod luciferase is detectable.
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The polynucleotide of claim 118 wherein the first fragment has at least 45 to

at least 85 residues.

The polynucleotide of claim 119 wherein the insertion is in a region
corresponding to residue 45 to 55 or residue 79 to 89 of an Oplophorus

luciferase.

A method to determine one or more sites tolerant to modification in a native
protein, comprising:

identifying in a protein likely to have a native structure that includes
secondary structure, one or more residues in the amino acid sequence of the
protein that are in a region having a majority of hydrophilic residues, which
region does not likely form a secondary structure in the native protein

structure.
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