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UBI QUI TI N LI GASE ASSAYS AND RELATED REAGENTS RELATED
APPLI CATI ONS Thi s application clainms the benefit of

w@eooen06d799 of U. S. Provisional Application nunbeCT/US2005/043812
60/ 632,317 filed Decenber 1, 2004; U.S. Provisiona
Application nunber 60/632,048 fil ed Decenber 1, 2004;
U.S. Provisional Application nunber 60/640,710 filed
Decenber 30, 2004; and U.S.__ Provisjonal lication
number SRIQBSTINA4GAIRASEANSUANY FELAGEHS) REAGENTS
teachings of the referenced Applications are
i ncorporated herein by reference in their entirety.
RE@%&&@;#EP iﬁ ﬁﬁ&guitin-nediated prot eol ysis system
'5"%5 y for the selective, controlled
degr aatapphcaioni JMifmdGRe betlefit oPpOORIyRE U.S. Brivadived iApplication
cells. Uoiquitin nodification of_a variety of protein
nyrbefeb®63d.3 W AlechPeganberi s 0940 -Anbravisionah Mpdicatin number
t4 s : [
5 B4 Bl Do RS LY o Ao e Eicn i om0 /ed0,710

findd D&lenberBO,a20H4; end bt SrBrpvikiongleApslicatioh nuinbes 60650,944 filed
and DNA 5

epair, and_therefore, .the ubjqguyit]. t.
PRl (1088 IHESt Ho b FERL hRPlisplions i dcomorated
hgkﬁﬁ@ﬁgﬂ?&ﬁkgﬁﬂxﬁm&ﬁyﬁ%ng oncogenesi s, inflammation,

in CNS

vira ection, sorders, and netabolic

dysfunction. One major function of the

ubi quitin-nmedi ated systemis to control the halflives
BofCICEGROWNID proteins. The half-life of different

protei ns, can, ran

[ e froma f.ew minutes to several_.days
hnd dhR HRRYincBRGAEERRIYEIS ST fig DG PN ADY L Y B
sEltitlvis! & RN @ BErS MM on YT IR A Blu16OR s Suk @Fotl@Edlls A8 biquitin
the stage o? the cell-cycle. Targeted proteins

medifaration nfja sefiey of pwtde taracta within the celd isiamoytanhinguymber of

t he i ons .of a ubi quiti.n-dependent praot
bt srLE g0 e R ERP SOOI L aa op eBiif pell
cfle aRodiBORRRIdrde] RiTskcaetopeas vitigenesit 6f bdkaneg) andyDNA
residue of ubiquitin and a specific |lysyl residue in |,
repai, anbiéeredere, the abisuitin syrtes hns deer yuplicaesin thepaihegpnesis of
ubi qui t.i n-activati . . : RE .
oot SRR MR LGl ) ftfithefhuion, virgl infection, CNS
dgsggu%ian@ﬁadbbﬁéylyﬁumh I tolnjitt er e;:ogni tifon pr otbei ns
s). Followi ng the_ |inpkage of _t i rst, iquitijn
chai @peduript {gatpn piohe sy }nome%{éalﬂ/%tf?w lﬁgkﬁog’gm{ {5 hal-
1954 SENRHE Brdté(iﬁé.nﬁesﬂaﬂﬁife %?H{f&r&ft F Q6P L&Y 1AHS bm a fow
conjugated noiety to formmnulti-ubiquitin chains.
n98i{és fibscRe@DINsend e ugatconsidahblybiegendingion thempebttuan

RS el LB B SFPE BB B 4

T S d DB sAnddRothid delddtive degradation, presumably through the actions
of a ubiquitin-dependent proteosome, are covalently tagged with ubiquitin through the
formation of an isopeptide bond between the C-terminal glycyl residue of ubiquitin
and a specific lysyl residue in the substrate protein. This process is catalyzed by a
ubiquitin-activating enzyme (E1) and a ubiquitin-conjugating enzyme (E2), and may
also require auxiliary substrate recognition proteins (E3s). Following the linkage of
the first ubiquitin chain, additional molecules of ubiquitin may be attached to lysine

side chains of the previously conjugated moiety to form multi-ubiquitin chains.
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and an internal cysteine residue of an El enzyne.
Activated ubiquitin is then transferred to a specific

W@ y®bo607189 on one of several E2 enzynes. Fi nal | pCT/URBS®043812
E2 enzynes donate ubiquitin to protein substrates.
Substrates are recogni zed either directly by
ubi qui tin-conjugated enzynmes or by associ ated

substTiRt®n L@ﬁ@&nbﬁ UHGuih % Blofdin sitifafed i RluRl-88p pRIceS. In an
known as ubiquitin ligases. In addition to the

ingigiak Al Bdiea@mdynwem@ thloﬁstelt ﬂﬁé@@lﬂdéoeawwrthb 93 tgfminus of ubiquitin
{

A3l GG BLRTFY ctBfls M BB niglin indyenand

tranafetred &6 Mﬁﬁmﬁ%m cﬁﬁ&ﬁe&ﬁ'@ﬂ%@lﬂﬂ SleRytet YFih Ay, these E2

ubi quitin. See, et Drug Di scovery in

epm@n%qka@rq umqmag Uy a@éﬁly s%&fmtﬁaﬁubsmte%erfgyeogmsd sither

e e L R

proteimd sthBiESqireteins Sabo kix8(Bas utd@ditid figastune 2003.

e S SRR it KBS i i

ﬁ%@%ﬁﬁ%@i@i‘éﬁ%ﬁ@e RAF Motk W%%?@' bél‘yhé}ﬁideQ erY- y@sa&m% acids)

deconj ugati on nmachi nery are a simlar
amd%adéw‘wmhdﬁ%md 526 Iseqwgcealdemiv ity abiqutine Begs wee. (Wong et

20 B Y S T TS P oA PSR AGRS, BRIAE - 3654, August

1009 2SEw arfee® STIRh§t 436 IA Subertirili 87 Brotél Maké: ltﬁﬁqﬁltm SUMO
 east 530 human jgenes t hat encode enzynes res Eons

andrRadeed Vipsifion Taredsdiioskiu gt i28(0)0f2 LS dupe £ O%rAlthough
Lﬁ?('pﬂ{i'r'% ';ljn'lci1 éic'h;l%l',ﬁﬁ.{ t?ﬁ-?lk gfmé‘ih Ego?ifr?eéf egt% dlt& rglt Fet%/\gfgxs ical

(foﬁheé‘Qufeh@ds taytd dadtereqiinandisincasorugtidn bad dsymjuation mabhlnery,
E2- E3 pair appears to recogni zle a distinct set of ]
they sharas signils pas&e@%meﬂaﬂms@a(% Véng gastivatine ey (E1), 2

ERNARES SR () R, AR L lcE el pioin 5

#i8sterrasd Hegdseped by the presence of HECT, RING finger,

PHD or, U-box ,dona The d
o e R APTEHAR b e o A AR e
2&{%@?& ox?s%le?& c%ﬁﬁfghﬁé&%xﬁf ddL‘Bhﬁgéﬁcﬁfoﬁib&{mﬁ@ 6f ubigsitin-like

rom | arge ltineric COITp exes @]%
Ianaquhwdlfms; Poe,i g, W@mtgleé&l ,csrlpll\PfS)muRlﬁldﬁmf s eflect their roles

RRer P, S e B -2 b S pE R Belobpears o,
fboBlife $URGHA s6IITRENERF sUBREMEE Foe egamploltht semel B0 bh eonJunctlon
m nute or MDM2) in which all necessary functions are

Wﬁbdpf@j@l@it@@ M I§CRBzZ el siss plsHates. Jdishuisan genome encodes 391
PSR E Pl hs AN gutkenati s beetur oo

neous uorescence
oM BRh3. Woagd étQﬂJ;rEuprEdfheai(mmixﬂlsanedﬁalﬂeahé lnteraation aféheEd path the

E2. E3s encompass a broad spectrum of molecular architectures ranging from large

multimeric complexes (e.g., anaphase promoting complex or APC), in which E2
binding, substrate recognition, and regulatory functions reside in separate subunits, to
relatively simple single component enzyme (e.g., murine double minute or MDM2) in

which all necessary functions are incorporated into one polypeptide.
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a high throughput tine-resolved fluorescence resonance
energy transfer assay for TRAF6 ubiquitin

w@oelogosr7Bzat i on. (Hong, C. A et al. Assay DrupCDES2005/043812

Technol . 2003 Feb; 1( 1 Pt 2): 175-80.) Simlarly,
Roche devel oped an assay for P53 ubiquitination using
the sane technique. (Yabuki, N et al. Conb Chem Hi gh

Thr ouDbipttiorSef @ﬁutdﬁﬁ@ulﬁ‘ﬁitloﬂkﬁ)s bggﬁpéﬁor}ned using homogeneous
Addi ti fv(fa f{qo an ELI SA nethod for an

eS8 Fraesnsh (HEREY platforme skori ewempby TRlagm Inc. developed

495
High IR e Bk GfuorRSncchedshint P AR hrans o any for
TRAES mplquglmpoxms:ezmnl c@mgj Cpat awmayubmgmv Te@id1. 2003

ALY P 28 14-66) P B eyl opedmcabamsetor P55 ubiquitnation
WaR0hE sa8é Yochhiqué. S(Y@E‘ul@ %e&tal Gorhhe glhsf?%gﬁ M&@Sﬁj&mem

provi de assay systens and reagents asuri
]6399&%2%59(27&8th @ddltwmalbrr al’thESA utsitopdi foi m E3 Ia&toub1qu1tmat10n

PR o G R o EES Pl Nl ¢ Pt

mﬂ72@ggents for evaluatlng the attachnment of
ubiquitin or a ubiquitin-like protein to a second
protein, resulting in a decrease in the rotationa
§ﬁ$ﬁﬁgﬂhof the ubiquitin or ubiquitin-Ilike

pol ypepti de. One or nore physical characteristics of

t he uhs tdrtant Rigulairg wdchrishkend¥i gy diversybidlgical pathways,
1gasured in order to detect, changes in rotational

e Ad Ygriinyliksmsotemn medifcaansiyplemspressat navehiargathin the
tRdarH %?Hishﬁhe% OA&O?(ﬁﬁégﬁt & eﬁltacgﬂé t 8%%80%%&'0 ﬁmgxlel%l% Asay

emtted by a or esc iquitin pro
syteins ed redgants Ve meammg; thecapwadmm of pbiqaitinze dthestadiguitin-like

t he _.ubi quitin has.a h.d e of, rotational freedom
(Eflﬁré tg?ﬂf‘%‘?‘fsdﬁ‘éqemﬁr S}Zﬁ? BXUELS which occurs when

the umeodis&bgﬂueﬁroef&ak YERERAnbiBods SRGRAENR Bt 8dluatind8he

emtted |i econes | ncreasingly isotropic
a(ttpdnramtzaé glqui]thusc a qu@néﬂ;c prrgemh@apmoad iprateinpresolting in a

h | bel ed t
syl BThE 1t Beob iGRE PRt R i Rl b, one
R ASSL ?hysléaﬂ chagseststiceef dﬁgﬂﬁ’@lﬁl@ oMﬁlb@ﬁtlhflﬁ(e'pﬂ&@irﬁﬂay be

ubi qui it n has becone conjugated to other proteins.
nreasyredin aedep fedgtes) changsp pi josationalyleedpes ﬂlembymewﬁmg a
t
HOBAH P bR L6y Bl BB e g
entittedbe a dliotpscdnitly lﬁbtdleﬁhuﬂl@atm preciaavitl bprrelaﬁvely eniﬁd')ﬂrd)plc

S BEEL T ot GPBLIBSRL 05, S5 L, 32
rﬁﬁ f) eg@blg:&féﬂg%eg rxzdﬁ@h gUéL%%/ nglallrl] ﬁlﬁe i (ﬂru\ﬁ@f? thoﬂﬁl%afm)fo a
sﬁd;mxdrprphm, ¢heosmittpd hgkntrlmsememrmseaanglysscﬂmpm ¢pblaanzed) Thus, by
detecting the polarization of light emitted by a fluorescently labeled ubiquitin protein
(“fluorescence polarization”, or “FP”), it is possible to assess the degree to which the
labeled ubiquitin has become conjugated to other proteins. This principle may be
applied regardless of whether the ubiquitin is attached to a different second protein or

whether the ubiquitin forms a chain of one or more ubiquitin molecules. The same

principle will also apply for ubiquitin-like polypeptides as well as polypeptides that
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fluorescent protein) or indirectly (e.g., by binding
to a | abel ed anti body or other |abel ed binding

wWEe@bo60739 Additionally, |abeling may be perf oP@BUS2005/043812

before or after any enzymatic reaction. For exanple, a
reacti on designed to generate ubiquitin-target protein
conj ugates may be perfor med wi th unl abel ed ubi quitin,
wnd pbRab @ﬁfrﬁ&laﬁfs EMHER b MRgimY-1e fAehRE
aftgragfgl addi ng % quoregcentIy Ig%ﬁ?eﬁggﬁmybikbded
dircily delg.» A @om@g@ta,qn tag fivveoghoree byatipoessioh ak iadhgion with a

B B RSB0 P BB S gl Bl T S
labéle@bimdirtproteaf). |A£ﬂdﬁlcﬁﬁlljd Nhtdiak eshy Y gedfolinBd 8Efore or after any

ubi qui.tin-1ike_pol ypepti de, and changes in rotationa
W@@@ W%P@OIPIBE@LP(X@HIP aaealctl%d@smeé 0 gemdrafg ubjypitin-target
t t
%&ﬁ%@es g&foxj{r%d g@fh %egeziglgomlﬁu? Jlﬁ the degree of

mngugaabn ngaytueele&tctwldfréamardgﬁy adchﬁg ) glmbfesmmlgrllsmm anitioUb
rotein, resyltjng in a decrease_in_the

d
%aia&? a5 Bl B ASBh P G CERLE D oy
QesAkd bpd, hie fe‘?{eﬁ’erﬂﬂ?ﬁl rg o0 HaRhoBls out using a

refers to eptide that ctan bind a o yubi quitin
ratiaiofi 1aCodledemlab|elegrué:mm) ombutpatmrsh&d poblpaﬁmm/ aficbchanges in

AR b T s e Bl BB gaion
pol yuR Geatn 43 Pe(ﬂ‘ ee GidklofiRe hRRRIS thetihd B Ghll Yea%énts for evaluating
indirectly w | uor ophore, such as XL665. Light

félmattacémnﬂmy ofa fﬁtcoem@gn @Ieme;at thﬂo@p@l@d Protadgresuligng in a decrease in
t%e ?{E@Sﬁa} zliu gillj i) e edso ee'i] m tl 9&? %fe c%b%é %8%119 tﬂ% {form

SOUT0pT e Honsp

‘fl’@@ gheeRgbhe@n rﬁbﬁr’@ ﬁtpoh@Sptaiel"thgfbaﬁ Qg{cﬁﬁp@&ublqumn cham
rotational freedom_ As the rotational freedom

@@@P@&ﬂ@atef\)ﬁr b ugRddapssagAR P HbiGEHED fatign oBadigRt protein.
o Ce%amgﬁg’ ﬁ)ot%:lﬁs | 4aaLepARS. eﬂldslﬁ&eﬁg ﬁ%r{aﬁieogﬁﬁ)?%%?ﬁ They can

yubiquitin’ chain
bekbeted dlraﬂbaaandugécylyl veitt a ﬂmrophcpreJ such _ae KL.66Thilsght bsitted by

+ Pgreacsatisty iaperaationdaat 146R o6 p Sratrsceny fubled s5a
?x%?e?ﬁ klif, bteofe3§§ nzsctnfsgﬁoﬂg WREPS1RiMMA) GReh t}% tje |itﬁﬁ’1 element

ecognition ele has becone conj ugat ed 0
Jasat lepndegrse ofircdiatiopal fredsliopui Ag uhatr@tdtlmahﬁ@ﬁdmn dbweases which

I ET T N I LT AR -

gfchragta@blﬁmdmﬁﬁ ge6i9thd anRea SSht BdBmes mcb@aﬁlgmsafopm
ubi quitin to forn1po|y-ub|qU|t|n chains or to form

okgsizesde sThwist by deteciingdhe pelatiestion oAligh geitted by edlusrasagntly
%ﬁelgg ré/co 1%10%%?6%6%?'19% ‘05&5’1% ?cgasis!es@ BQ& r% {63&6%9%%&; 1??1eéed

gat1on of u

=30 @ﬁtmxy blémeﬁﬁhashﬁc&ﬁg Z@ﬁﬁgﬂecﬂb@l@&lﬂ@t&ﬂbysuﬂh asur ed
t hrough, neasurenent of formation of poly-ubiquitin
Pombiquigipated proteins.

In certain aspects, the disclosure provides methods for assaying E3
ubiquitination activity by using measures of rotational freedom to assess the
conjugation of ubiquitin to form poly-ubiquitin chains or to form complexes with a
target protein. A target protein may be poly- or mono-ubiquitinated. In those

instances where conjugation of ubiquitin is dependent on E3, the E3 activity may be
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conjugation of a ubiquitin to an E3 of interest (e.g.,

aut oubi qui tination) or conjugation of a ubiquitin to
w@arooEBewwabhst rate protein of interest. Partici pptT/082005/043812

other proteins in ubiquitin conjugation nmay be

evaluated simlarly. In certain enbodi nents, the assay

may enploy fluorescently | abel ed ubiquitin. For

@HF%!I? mehdtr&Eiht SR BERALLTBNS Sorati O ;ﬁﬁ}f :8BtguMin chains or
d ubiquitin-and other conponents
Qdmngatmm of s ybigeitinde en iSedf interest (€ ,eaua)®uchntanhatlonhor conjugation

nbod h A
e BRI S oyt nif LR R Bt pRit et i nroteins in
@guitn ol akAtbnuhhyme évamat&mmhaﬂszl ed and unl abel ed

ubifquitin are initial g i ncubated in conditions that .
f aci | Integttaintanebadanenis.itbhasey mey quiploshilearpjoagdy beled ubiquitin,

5 Spolf b5 Bt ST Blpre AR PRELBTHl b e
@Un@pdneﬁt@ lolf eeaibeghiti@ Bybodth Yird e t@Erexe AGighal. y}rwa;rtqm tin

chai ns, hybrid chains _that contain fluorescently
mw@@nt@ﬁha aprlication elaignioriearthad thh gmplays @&eﬁéw@mlﬁlgﬁled
B o PR LEBEER: Snbabel Loy A MY ety
‘o anad mg:oﬁﬂmoneﬂm'efabﬂyatb tizefordatidn efinbiquitin corjegaest (e g with

B e TR A
hsghipat égéjm%ﬁ)era@&i ﬁﬁd&ﬁly‘ 1ﬂ éﬁﬁﬁ'ﬁ-ugﬁhitﬁf@iamé , Bybridchains

or an and ubi qul tin
thet mmepn lﬂderescsendwﬂdmﬂ@duhl@lltlh @remnthqylmd hdzge subssneantly
ubl ctlay %901‘ eﬂ}ﬁhﬁ? I@izﬁze 1|oB O?rége% §t§glg ot gcr?(?ll?g t, ﬁf‘e present

%ﬂﬂﬁﬁoﬂ\telldtes‘% GhethodeMsloyiab luedstdatly labelod umdimm pt dedect
becones bound to a high nol ecul ar wei ght, E3_or

m@@oﬂpaman@t@d EAelwenideguitor prasmIs.dR éPli‘ia”(l gibrlinggns, labeled
g&gﬁ‘ftﬁg %?1 yﬁ%mfo%’é‘édl%ﬁﬁ LR33P Eﬂt@csfe?t (%nﬁd bﬂio‘i‘{any Bh %@ del B2

ecul e or anti e em ssion of

lb.l‘iﬁa%ﬁ Eupresg Q\:btaleﬁfulbﬁimﬁirepblwbnpqde lts attaclsedcbe sios BB, lnybeid

eading to a | ow uorescence arl 1 0 |
Eaahton WapaED & SYPIE P BN G DOt L SRS oy A nigh
8116 #Qg?lﬁquatﬁ)‘ﬁ ﬁgﬁ%lp&ﬁ Vﬁeﬂg'léﬁéléd' Lﬂn(ﬁﬁtm Folgpepude

|qU| ke pol ypeptide to a second pol ypep
Beddm boayd tzmmlrghsmolecaﬂm weightrFp artie incotporaton iito £ bisin

et G st PERRHRER A L7 FRBHaHn oL HE 1 BREBIR By o.2. 2 smal

Bﬂ%lé/d%ﬁ%ﬂ a‘ijﬁbf)@}?@ﬁé Hﬁlsﬁﬁn%ﬁmutﬁ@dc@ﬁl}kﬂbbélb‘dl tbiquitin is
ol ypeptide 1 ndicates that the ubiquitin Eol ypepti de

nspaimedglaa@ng toa dovs Suoresconot peleptatiga sigmk ubi qui tin

i ¢ G et Fipsto Bl roul i fods A0 PO IRLR me"
%thqgattdnrbﬂmmd&euﬂ ot gsiemintikedelypepiidgtofd mommmude A

pol ari zation aluating the rotational freed {
method may comprise: evaluating the rotational freedom o ub1qu1t1n polypeptide in a

mixture, wherein a decrease in rotational freedom of the ubiquitin polypeptide relative
to unconjugated ubiquitin polypeptide indicates that the ubiquitin polypeptide is
conjugated to a second polypeptide. The ubiquitin may be labeled directly (e.g., with
a fluorophore) or indirectly. The rotational freedom of the labeled ubiquitin may be

detected by detecting fluorescence polarization. Evaluating the rotational freedom of
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9877665 2. DOCubi quitin pol ypeptide in a m xture may

conprise: a) providing a m xture conprising an E3
waibiogosdt7sn | i gase, and a ubi quitin pol ypepti depCENS2003/043812

detecting the rotational freedomof the ubiquitin

pol ypeptide. The m xture may further conprise a

substrate of the E3 ubiquitin |ligase and may al so

utﬁ@ﬁmi b&Kpaptidelin anfixane dy comptikara) pﬁividiﬁlg a afiRtupe Eothstesing

for use with ubi U|t|nI|ke pol ypeptides. In certain

anggheliuitingdigase a@@ ﬂ@bwénwémea&l@e ABd 90 deteetingiBe sotaiiongl
| t
gl YeE MG oy ttb O, T ety Aokl dobprRE A fbdhore
ofithe B3 nbijuitireligeepnd siapglsd hempasegat Ep mdl ein B2a8dn#ar methods
fluorescently | abel ed, H‘g‘ ch%lt in, the attachnment of the
arg gravidsd %qu‘f’]tﬂi‘ RDYBitingfke; @’@Ptlﬂﬁ‘sot ein by detecting
fl U%ec%&e%% %i]'ié &b Rbe %Qeemﬁewde omte&ﬁfgtthe bttachment
conpri se an ypept i de and an E2 pol ypeptid

ofarbiyudtin anulﬁtlulpnlrl;kpqqmuenheto a‘lfaxgewrpm tAnmerth@d ey compnse
tly | |l ed wi.th fl h
L

u‘tﬁéilﬁhﬁ" tAe hifachihdhd o Phe et dSbedhids toXhPEdpkbtpi Sk By delecting
bl -b protein or a PEM3-1ike protein, or a Fortlon

ﬂmdrescemfe poﬂmzaitlgn uthmlxtumnwfurttmcqﬂm@ pJypepbide, and

o i3t BPBE Rtk E ol bep Y Ol REGHEh el ety abeted

with 8 €lubrdphBrediick fas ﬁa6ﬁsd&eomﬁbhﬂdlrﬂemmbﬁally, the target protein is
mul timerization_of ubi qwtm% The éﬁ& m i ncl ude
arhiB3 pratei eretashROTHI Ripisie @ cbbb atﬂt?liﬂﬁf agFMl133 PGy Or 8
i6n Hle ?é’df i id 1?619&5%1’?1 2 gt]'téﬁﬁfrfehmf K SreRRALY &?eﬂf‘duﬂﬁﬁn to the

n certalin aspec osure provides net
tafgl:lt prdﬂ@ﬂhmafwbe”tgatel:técb ahd ﬁxenmxgeltrpiotehamayrbd ubiguiin 1tself (in which

ubi t t t t
B T e
la% gﬁ’ 5&? In‘ﬁaﬂ&e@uﬂﬂ ﬁfthﬁr RimAIPbbAdark @%\h@é&iﬁ)} ufd Wt uBiquitin-

orescently | abeled ubiquitin; and b)

llh@pcﬂgpepm@ess he attachnent of | abel ed ub| quitin to the

protein fluorescen olar| at |

D B et S SACFRSPRE A ol ok pbtgapres:
céﬂlﬂ&ﬁﬁ%ﬁﬁ%&lﬂﬁle@ﬁﬁléﬁhhﬁﬁbﬂbr bcb}ﬁu%aai@ﬁh@d ubljuititi-likeprotein) of
the presence of the conpound tered, relative to

a targetfprefisine sh areteodonhneamptisco ) HPVIIME 3 BBEMESonBrignethe
i n.the abs n
bR Bl SRR o B RSl pPMOScos o
1dbeRA tub{uéith tofthe prateid QQYfR@S@ceme foblasizetsoeindbe presence and
pol ari zati on maylndlﬁatet t he test

SRR 50 (5] SBUROCB AP E iU HFOP oo T HEPUA g febeled
uﬁgﬂﬁfnﬁﬁgﬁyﬁﬁs&}% af {lé%%hfbguﬁ@ié a'lt@f@d“r@ltaﬁvé fathe ﬁﬁ@re&&?ﬁ:e

urtrn conjugation. In certain
pﬁl&ﬁﬁﬁttcﬁl, oﬂthelahblleq tubtqluttm ie thié ahsenctqnﬂ thfb@ls’fe@anlhd,eﬁ test

u L tggtgl%g ﬁgt%s : l%qgl%natp o of tlhe p{r]c& in is 1d%rr1]t1tE % ’lshlill 3 Rerease
n ﬂuorescence polarization may indicate that the test compound inhibits ubiquitin
conjugation, while an increase in fluorescence polarization may indicate that the test
compound promotes ubiquitin conjugation. In certain aspects, the ubiquitin is directly
labeled with a fluorophore. The target protein may be an E3, such as a POSH protein,
a cbl-b protein or a PEM-3-like protein, or a portion thereof that is ubiquitinated. The
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a cbl-b protein or a PEM 3-1ike protein, or a portion

thereof that is ubiquitinated. The 9877665
WQ200606t78chment of nore than one ubi quitin toPehEs2005/043812

target protein nmay be detected, and the target protein

may be ubiquitin itself (in which case the nethod

detects nultinerization of ubiquitin). The m xture may
aftavhineieotmbie thab ehevbiquitn tmtlebsigettbrotwimgomiay ba detébted, and the

m xture nmay conprise.an .E2 and/or an El i.mlar

e RS gy B BORER (RS Gasuiind e dtt GEeR AP Re

itk BRI SF ubi 'aitﬁg.r TRE hiASREGEP inchiiR bHSRbASH RS unlabeled
provi des net hods of evaluating the conjugation of a

ubdgiuigini. t The-thixikee pasiyyjospprisden £8 and/ioeen Fd. Piotilap aysthade aren
nmet may c lse: eval yati the rotational freedom

pﬂ)fw%gi]dfaﬂ}l%/q ‘ﬁﬁﬁ&@%@f%@ﬁ?ﬂ&gﬁgﬁ a mxture, wherein a
decr eRs&tdif aggeb@] he ankldsireeroviiaf méthedd bl eydivating theke

pol ypeptide relative to unconjugated ubiquitin-Tike
cojugam ofgaibigtindike solynentiderie agpsandinolypsptifie A method may

ol ypeptide.:is | o | i-de. T
BT B NS0 AN AIR) Rl Br RESREHIR BRI e
“]gﬁr@ra a dwféﬁsteﬁn frd|>tutgdsr|@p (l;:eecg)_)m of tthie rmbli@ftm-liy? pcﬂgpqi_tiéle melhtive to

reedom of the | abeled ubiquitin-li L ypept.l de may ..
ugeoregaied @aqund%@empﬁ@ﬁ#qqla@%@& dre ﬁi@%&“ﬁﬁ‘i@hﬁ Bpfypeptide
BN S BRolh ek, ThadpmAp Rt bR bl
diviexttyufeez. cwith nifkionaphard) og aslire¢tly. protatomal fisedomrefihetlaeled

Blaudir DR epoRbrbite e et e R RE st sk foftggston

E%'aﬁlaﬁ?l% detBekiond fdR8omeirabiqanal-litd gadesptiat it Hmixture may
ubrquitin-l1ike polypeptide. The mXxture may further

comppisess @) providieg a atixtursfcontpsisingeligase frrotayn Hhat mediafeske

ol epti.de .be.sel .fr . GONSy ienak:,-
BRURERE 1%, e 5P Gl Ve iR 00 bt
I&B%l)gkﬁti&e@ h@bNda@saretthe rdtitndl Seddosusfthp nbiguitimslike
met hods” of detecting the attachnment of ubjqui.ti n-ITj ke
obimepes | Bes s arouBRGRT g OUBITRS & AUPRTHRGRS Hajigass. 1he

ONpL1 S8 . s
G s PRy ATt e PR boldnilo? DS,
BLI1IgUSUMO1,ikavpal SPRD3,PGihendtiPathment of the

| abel ed ubjquitin-like polypeptide to the.target

pr ot dRSeRgindgpe Fifgh 1O UBBEHEBISUIOdS PE AR PUE the gtachment
6 - ' in] | briie: ddBing,

TSI TR ph LA oS gL Aot SaRAIhPRIL S a3

iniatrhixéur® commprigihg the tafbeepataim atthe Anorstcenty iabteleénlbw@tm-hke

ubi qui.tin-1ike. pol ti 0.t he. t ar get [

0 B B S S GG B gy e
&Q‘eﬂ%;‘ A8edtidsaTRREXBRR PollRizallE THY @utireindy fuether comprise a
pol ypeptide may be selected fromthe group consistin
Iigase NERPaytide SEhS ubUMD-likepmmpertidenpy bealicgdy lahglgd with a
Iﬁfo%phopaeThe attachment of more than one ubiquitin-like polypeptide to the target
protein may be detected, and the target protein may itself be a ubiquitin-like
polypeptide. The ubiquitin-like polypeptide may be selected from the group
consisting of: NEDDS, ISG15, SUMO1, SUMO2, SUMO3, APG12, and APG8. The

mixture may further comprise unlabeled ubiquitin-like polypeptide.
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m xture may further conprise unlabel ed ubiquitin-Iike

pol ypepti de. 98776d5 2. DOCl n certain aspects, the
wale®eloessy e provi des met hods for identifyi ng aPCEEE2005/043812

conmpound t hat nodul ates conjugation of a

ubi qui tin-like polypeptide to a target protein. A

met hod may conprise a)providing a m xture conprising

the tTREgelin ps bt@lﬂnea[sdloau&lpwﬁ@&%ahba foR RRhA test
ubi quitin- Illfjé polypeptld , and b) det%ctlng gm%gaem

cerpaihibaimedulptsy edraezation g aulbmultukbkqnmlymmda dea tapget

| t .
N T
andma ﬂhbm@ﬂgéﬁbb&dpﬂil@mlﬂ-&kb polypéptidesahEbpdetstting the attachment

uitin-lik e pol ypeptide 1n the presence of the
ﬁ@h%@ﬁ KRBy sk eplyPepaia iq (e Pf‘&eliﬂl’%’ flyagescerceqpdasization in the

pfé@érﬂ:'é'aﬁétab%cé’f)f %h@t%%sg é@’ﬁé&glduah%i dlf o #rhd ftlﬁ?ﬁghér%&dﬂﬁdzqﬁon

in the absence o oun
of fbaﬂabtdﬁﬁﬂkaqwsndlknpobmbpm mfthd‘ fresenbe gfiiticicomipoked is altered

e B Sork S eh e Sha T eBmaBh e oplpeide in
lﬁra‘%&m@ Qf HeStbitROnRbundNEER cohpSint thMula‘c‘ééJ ugation of the
SUMX®, APGL2, and APGS. In certain aspects,

ub{lﬂgémdslmmlmapud@i tosthadar pes gpsotaimds l@agﬁnd sTh@ublqultm-hke

oA A GLESORELL e Kl Bt B0 s,

SUDIQR SUMGC) ARG I9eeahdpGabel ed protein (a recognition
el ement) that binds the ubiquitin or binds the target

pr ot & sertajihpspRcisethe Bisclopitg nravidestraethodscandireagents fanevaluating

HRURUMS] t%@ﬁtn Wﬁﬁ'f‘to aht %{Q}g{eﬁf %ﬁ‘{%ﬁélﬂ ]a+1 ﬁﬁgxlaggoﬁj%tg'gé& faBeled

cones 1nto cC € proxi uorescen

ubigbtinethd sesecond Ipbee@proteitiéa @bogntdamptlemeht) teat binds thieeubiquitin
(such as an E3)

) t t t
of PR MBS 5BFE B WP O = R fSPUib i ok pienal

VPSR SR an At Uk ons by BT ATET

flnorgscebiipdabetddese&d prhwimt Anahersmtple fin b meixhuab edmpprising a target

i.quitin t b tected. th
Rl N LT A,
eﬁbﬁ?&%@}ﬂtaﬂ)tﬁldt muérbgé@ﬁtﬁsrasatedi xndlmszl (86bhaRtanDOB65 -1abeled
whi ch E@ca y occur when both are bound to the

agodyhthat binds Bieth3p Hhebtagienent of éheflalmiecb@b;qmmyo Itlmfé @9@!1 be

SR LIS SRR o S o LT e

flnexesuzarly tbeiAr@yibbdy mﬂﬁcﬂi’ willtRp BB becubiwheh @b’c}h/are bb&ld to the
interaction between a fluorescently |abeled ubiquitin

Eandha mieraehiesaess,the dbereserngla| quléhlwlﬁn B dpprgscently

3
laBEIQH %h\nlg/ mﬁl (t?’?c‘ nes%gzr?.t Wfoa%%aﬂ;ﬁﬁétl ar eotlbe?l Ikﬂ? lf@s%eﬁc%
resoncasnagy ahysfl - FREE) eSlmE&rlypﬂmhdtemuethmbled by

ﬁgrle?fgg y gﬁlbre]:g\%ig{ t&fg{“iqlh gncf ahéuorescent y abefeld%%ijyu%lcﬁlrlt?ﬁqog?hsng
protein, such as S5a, TAB2, or TAB3, that is bound to the polyubiquitin conjugated to
the target protein, such as a polyubiquitinated E3, could be evaluated by TR-FRET.
In certain aspects, the disclosure provides methods of evaluating the
conjugation of a recognition element to a second polypeptide. A method may

comprise: evaluating the rotational freedom of the recognition element in a mixture,

9877665 2.D0C
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conjugation of a recognition elenent to a second
pol ypepti de. A nethod may conprise: evaluating the

wo eaoanswoaal freedom of the recognition el enent PCTIUS2005/043812

m xture, 987766S 2. DOOwherein a decrease in rotationa
freedom of the recognition elenment relative to
unconj ugat ed recognition elenent indicates that the
Wheltebgin dedrease éh mrtmivinal Feadonj mfghe szbopuitian skamadrelative to
t.ide. The recogni nt may. be | abel ed
RnbRER G apnon g Rl it B REsecaRR iR Flegtent  conugated
tofme@bh@ l(ypéﬁtﬂed QR Ycolhifioh RRA B9 BRI lddofrelF (BEL with a
be detected by detecting fluoreScence
ﬂp@noahfprz)a@n mdlrecElyaIRmtmgl frécslonefahe dabsledfreeenitionaiement may

LS540} b, OB TPk, A6 YA AR S B o

of Radgrikeh eb@snitihtlaasikeEs nagfcompribé: Qig pkdvidi@E a mixture comprising
ubi quitin-like polypeptide to a substrate protein), a

a ugaS&L{a prafeig tha @F‘?ﬂéﬁt?ﬁ aitaphment,of jaybigiin et ulaﬁmtla-hke

PSEAARAL PR AT eSS AL s L0

recogritien elenrent; iaaé bpdstedisigrthd mtafonhhiteddogastthe fdvegnition
B G T e R T —

clREREChSy bl E@e&e@ﬁbmﬁé Srof F,%hsqaﬁlgf@f §54 SI‘A9§% qu §AHNY

the attachnment of ubiqditfn or a-ubiquitin
pol yheqzmiadeaspccta, thadigelosye prasiides ntethedshdleteaing the attachment

of CPRGHR S 3B o oo 14 i GRS 14 fhetndd may
cRAbRERb g, ANl LORPRBIRLthY tar 25 Bk REin! GGG ok AN

el'ement, the attachnent of the |abel ed recognition
uligmitiarliketnolynieptide agée flyorsseintlydgbaded @é@gmtgon element, the

atg%:% fetﬂg Fab@f)ed%éoéﬁ}t 0B err-gefﬁ? t({ﬁ%’létté:{‘rggt Cfggﬁém 15‘)( Ii{lg({tmg

ﬂﬁﬁﬂeydéﬁ@é pdl&ni@ﬁénb Q‘h@ lnilﬁ’@lté tal Glretlee doxwphkb &ligase polypeptlde
fluorophore. The target protein pay an_E3, suc

The p@emtlﬁrléfedqoaypeaﬂé%mw bg ﬁgﬁ%tbhlabeleéwniém Buqrpphore. "rhe target
n?)“[é?ﬁ Blabelin S Qﬁ’c;ht ésoa.nl)(t)@lﬁ CQbint B @ %1 b gro ah QFhE’EM‘tSQﬂce

he attachnment of nore t nonéu Itin
proodiy,pe@tpotigort thetdo€ that tsgibl quitictted. riThwqttabhmeltﬁtoeF chare thaarvahe

R N NS R T R —

S H PRy be Th
S S i a5 g v

regegEtion salemet oy bb sslorted ﬁpm\/ch@l ewupepohsisting aft S5a, TAB2, and
Tié%%ntifyi ng a test conpound that nodul ates conjugation
a ubiquitin polypeptide to a target protein. A

met hﬁﬂcdmm SPBTE,| tEE dRE10PIre Yl dg nRetHddst fof RleARFIY Sichy
thetarg protein, ubiquitin, and a fluorescent

coraprandd atémﬂgmt@s esmingatipeAf 2 u‘élﬂaltm)pcdnme@atm focp targst protein.
%%%tﬁé@ﬁ'ﬁg ns@% SILC Sgld %F;ol?lﬂ!tﬁlle c%m @fﬁ%%e {aggett r13?01:e1n,

ence rzatl
ubiquitin, and a fluorescently labeled recognition element; and b) detecting the

attachment of labeled recognition element to the protein by fluorescence polarization
in the presence and absence of the test compound, wherein if the fluorescence
polarization of the labeled recognition element in the presence of the compound is

altered relative to the fluorescence polarization of the labeled recognition element in

9877665_2.DOC



10

15

20

25

30

in the presence and absence of the test conpound,
wherein if the fluorescence pol arization of the

wo aweloed3y ecogni tion el enent in the presence oPCT/N82005/043812

conmpound is altered relative to the fluorescence
pol ari zation of the |abeled recognition elenent in
9877665 2. DOCt he absence of the test conpound, a test

thembstied of tatiedToOkhaies ace@smb&gﬁbmrthﬁmbdnﬁatepb&ijﬁgduan of the
to the target ?roteln is identified. The recognition

BbigHiinto Hhg tapgst pofein tSeléemtrfmqh ﬂih@ regogniopsiement iy befselected
cts, the
tlhg?ﬁr%g %9%\%} oS mctl ng attachnent

f b t t hod
Son;r nidrlaloRe e %?sﬁfog&rn%z%ﬁas 2efl0T BF (Gt fiag attachment of
tlbiggiin for @tt@i%ét paotéinuorAeSﬁ@m&d ¥ndy2B&h ?Hsé" bde%éluhgnm anghixture
a fl uaor escent | abel ed recogni tion e errent

SRR Hhe E‘Fgeﬁ peoteig @) Bepretsenily ﬂﬂhﬁ?leﬂdlhlmetln,aargisa fluorescently

BEBES. Bty ) PR 10,0 SRSLLBOEE i o e e

erotbem ﬂwt@etewtmgl ah h)ﬁtpﬁ.llt sighalsekreat the flibeceadly Rbelgdubig@itin comes

el e In ¢certain egbodlnents the fluorescently

ok & Oéa PRSI Vit dae Hyprepgent wfpbéaeledrﬁ‘@os@tlsmelegm%a@ certain
b trh

e R o b B Bl PRET: e et igual

may dhwidreos rednetthrcini thm mtanmbre)f lthd Atoracent sigha feone itheefuorescent

| or e n of fluorescent.light at the
Fisfisite flabir e ARe eruer iR bERe i ctdisCiint Spdior re
EhRsioh YIRS FRNt 'I'i%hteﬁlih@ Idnat Whﬁiléﬂ'@%ﬂ‘?&ﬁ&t&&g@;@ @haracteristic
m xture may further conprise a |igase pol ypeptidé. The

gbthqlﬂuomcmyncﬂecldft that id the Iaacmptoefd Thietrhixgure m&yrf@pthm@mpnse a

Bl a8vesbrigh: e/ JHREHE Sl < dRad’ R R ggonore

DetiafalBNthetdyophord ey bakeefptae knd@aptsudﬂ as btﬁroﬁﬁaht élyptate. The
aspects, the antibody is directly |abeled wt

chagm@% glsmentpay be@ptanghedy tp, the Faget nedynegtidant In egslain aspects,
e be e

13 58 B AL A LRy TR QR e Ao

kel Bi XL &b dhhamndgnitidin elenﬁnognayﬁalecseleededrfmm thesgroup consisting

ipdire | abe with a fluor ent apel . The, .
I %’eﬁlﬁl hg&%e I SE4in SR Sigenss B FPseBttignnslegent is
ﬁfﬁhre@tlypfa%l@& Rifa Audtbddedr bb&© TRE ¥r8LthroRin ﬁa? ‘Bg}ah 3, such as a

theredf that is ubiquitinat ed. The~attachnen of nore
POSH proteinba qbih—b pmtbmk«u P BEMpadikedwotemn, tdrer ptmtlgatthereof that is

R R i o 30 b i B D b o

@E%B@Qir@f@ﬁht Say bR&ctRtAS nd Phe/ RLRY Ip6teinSmay itself be a ub1qu1t1n—11ke
yubi quitinated E3. hi certain aspects, the

mlypmlsier & mrm/erdb@dlmeng, the dergeti pollyRgptde misatodyibiquitinated B3,
ubi qui n I r ou h
met ho Sé %sggé{ rfven 135’1%31!&?% oglééreg két:ér,ico prpsgr{% faP%lgc? ubiquitin

el fessIs1gtapleoist d@ﬁylﬁg b6t the a1etidds o thednVaaifieh eth some

reco&;nl tion el ement
embodiments, the d1sclosure provides kits, comprising a labeled recognition element

and buffers suitable for carrying out the methods of the invention. In yet other
embodiments, the disclosure provides kits, comprising a labeled ubiquitin, a labeled
recognition element, and buffers suitable for carrying out the methods of the

invention. Optionally, the recognition element is an antibody, such as a monocional

5_2.
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and buffers suitable for carrying out the nethods of
the invention. In yet other enbodi nents, the

wale®eloassy e provi des kits, conprising a | abel eBCT/US2005/043812

ubiquitin, a |abeled recognition elenment, and buffers
suitable for carrying out the nethods of the

invention. Optionally, the recognition elenent is an
affibddy0 dy sorfblembasinfntE) RGOt RTIARER 1P s REIRNESAIRY eroup
In sone enbaodinents, the recognition elenent is
cepsigimged Spp.ohhBheangrlodB3.consi sting of Ssa, TAB2, and

TAB3.: LJ: 1) under.st ood fromthe
descﬁug( %rgérga{)oei OW. 9%&@%&&1@%&9&&%@@ %WGS
Figure 1 is a schematic depicting an assay for E3
bound Lquitination chain formation according to
ﬁﬁ%@F@M&%@%@F &H D%WMG§ is a schematic .
R, £l Dnehade Sloh i o {55 RO B HRLAYLONIBE AhaG 0T i
formation ebending ¢o thepresennigventioassay for nono
aut oybi qui.ti nati.on formation, accordjng. to the present .
FIERRAL] BIFICRRGT AEPISf NG Ass S ok dier ONBBIAUT g om hais daggration
abQkdiRg ky tRipddbeht iARdHtRA, chain formation according to
t he g(esent invention. Figure 5 is a bar graph
Fegupe 8 19 agphamebprgeni¢tégnarbassayeton ntono autoubsiugination formation

[ i, nation._assays. A) Background Control is
a%%y@ﬁéﬁ%@ﬁpg§equg¥%§@ence obtained in paralle
FigheeDad 4 heidatib Beflicthil arBssAtHod poluBiduitindfbh Bikih Sormati
dggl?e_rm ned by TR%FRE% The conjpuggtiiqon of wubi cl1ui tmimﬁalon
agqoyding tethe Preseigpyemti®ont he bi ndi ng of anti - hPOSH

T R L N S
assagslA) Kackgound Controlis dyiehained ko floedes@ncelehtemed dnparallel
. USj S5a. D DESCRI PTI, ON THE | NVENTI ON_| n
1@3@?9%@@@@%@@%&%@% s dpigramet §y kKBS - Ahe

- t - - | - . - H [1] 9 n .
oSHTRERISBRATL MBS ML Bl bidosrt iy
taggkd Z& 1665 deng the tewalumosharésantootledei pporainifyy whibbrllofvsttine

| ed. U, Ubl, i tion. t | ypeptid
rRET iRy apfir « RLUBERRb L P ROR D Sepe ruESTe
to a reagent of the invention that is a pol ypeptide

that can bind a poly-ubiquitin chain (dimer or
DFTALED DESCRARTIAN L HHEINYERTION T pol y- ubi qui ti n

O T8 Lin hebe BT 8 RAG! S0 SHARMITEN  rmpb ifons

Ub5 cognition elemen
efnblogdglabeled ubiqoitih(EUb VY abigoitiallider (8B @freddzAitidd,clement

Ubl 501, recognition elenent is .
polypeptides to evaluate the rotational freedom of the labeled Ub, Ubl, or recognition
element polypeptide. As used herein, the term “recognition element” refers to a
reagent of the invention that is a polypeptide that can bind a poly-ubiquitin chain
(dimer or greater) or can be used to assay for poly-ubiquitin formation. In certain
preferred embodiments, the Ub, Ubl, or recognition element is labeled with a
fluorophore, and the rotational freedom of the Ub, Ubl, or recognition element is
evaluated by fluorescence polarization. The Ub, Ubl, or recognition element
polypeptide may be bound to the label (directly labeled) or may bind to a second

molecule which is itself bound to the label (indirectly labeled).

65_2.
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eval uated by fluorescence polarization. The Ub, Ubl,
or recognition el enent pol ypeptide may be bound to the
wo awelosq7ad rect |y | abel ed) or may bind to a secpemUS2005/043812
nol ecul e which is itself bound to the | abel
(indirectly | abel ed). 9877665_2. DOCFl uor escence
pol ari zation ("FP") or anisotropy is a highly
senginldri@ e it fddiZhabn fePerés Agsotldpy 4 RighBrshsifiveedivd for
of Ub, Ubl, or recognition el enment pol ypeptides .
dewmcting diemetational fiwedama 98 Wb, Uhly entqcegnitipn elopept polpragptides

flyoresgcent mmlecul.e i j ' i ]
soxgifPaSs Bl Bt o TR, b E FithsRo B bt ifhe kil
wiftl XBélafitedgsht forges, thdi@oRoulketrdll ehiigfitorbsent 1sght in a fixed plane,
pol ari zed, provided that the nEI ecyle is fi xe& [

o ifhe eniRSHEAPE S, sltseRolried WEVidsH S melepypitikyedin space.
rotati t ' in ) : b nd g
HT b 8B e e IRLIBE b TAPERaire AN ABEL I bl e
in @hidhhie Mabestdddighaissmitted naritstwith thoretaiiomaf thd inidlemilotalso

e TR Bchaie bk IRl R R s o
nulg;b Lufdthe Plah@ 8f ﬁfé%&&ﬁiﬁg $bRteed iifglg!ah_rihg tigyexicited stae, Beht is

erent plane fromthat of the rnitial _excitation.
enRReisd at edifferdne plant frostthil efdhe indéal cacitatioge Reptatqdy the emitted

depol ari.zed. The. fast.er,the | egul i :
RGeS et RS RageT arre el oo baabERel fsolyton, e
méﬂe%?slaﬁ% 1Y, GCaHversE9t Ale@Rowd tifohulebull rotates i aiation, the
depol arized, or the nore polarized it is. gﬁég@%?r ee
lessalephlatined; low e ere dolasiredtati Bag ¢agrerdeye FSEFRCS
e.qg., a.vertj 0 i ' [
erpariap aBb Ve bl S e £ § PEHERT A B R e s UREiclped o
thHﬁidb@litPr%f tiERioréssentlyf labdled foleonkes Thattis, jif thalflloesscently labeled

| | , the) [jttl dth
melseles Al g he LAY SIS PP S SRS FPas BRED ¢ o
P tl%}?zeﬁxv{;iitﬂ 1%%1%)&9 ootlg@ Rcital¥n g%%.r]?y‘; tonttast, {#@e fluorescently labeled
T y fa el eof nol

orescen cules are small, they rotate
molectlesrhieasnialis they rotatechr thimebledasiért anvthe esulteng qrpighed light is

R R s

I B8 Rum WYess 19931 od¥e Maklsdsiin Fidodescemediutgrization,
S égﬁg%gi]ﬁon, Pa?}SSera Corp, Madison Ws.). The

Pypolesr Carpt MadisoaWie.)( P) for a given nolecule is

pro tional .to the L.e' s " ' Lo ion

P! rothe pitagzaion vl Pofot i Gnipolb Rt #RRbrabRAIE R | ©

oRlcaled "rdthipeiah carelangl tmef obthe3n{clint affiiaa jt.takdsehe molecule to
small er the rotational correl aﬁi on

] tige, the faster. .
raféfe throngieat angloehi®ed’, (Iaadiaphel ee%%aﬂﬁbﬁgrw%aﬁl% Roplafion
.be pobserv ' . . ;
o8, B 0y il o MG Spappl il ned T
1:P@drand Aedtional cirtelation timins drevdolverbe aolasnle rotaédsasiad the more

time is related to, vjscaqsi h). sol ute, t erat.ur
ATy SRR s R
abOhAL 'té?ﬁﬁ:lrature (T), molar volume (V), and the gas constant (R). The rotational
correlation time is generally calculated according to the following formula:

Rotational Correlation Time = (3nV)/(RT)

As can be seen from the above equation, if temperature and viscosity are

maintained constant, then the rotational relaxation time, and therefore, the
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correlation tine is generally cal culated according to
the following fornmula: Rotational Correlation Tine =
W@ 3Wep6(7BT) As can be seen fromthe above equaP@DnS200$/043812
tenperature and viscosity are naintai ned constant,
then the rotational relaxation tine, and therefore,
the 9877665 2. DOCpol ari zation value, is directly

p(flﬁllﬁahﬁﬂ vhRel tig Qire8 yeettel to\d tioRcuRE oolutien glocordimgly, the
arger the nolecul’e, the higher its fluorescent

laygsk st molerdl, thahigher inuoreseort akmzation ¥alypeAndspny feel, the
ul e t zation
e e T
i s cabfdihlay, ekl ﬂﬁcbregzeh&wpcﬂmizlaumn feyef Broaichmtedrsargthe fgllowing
is the intensity of emssion |ight parallel to the

fosmwlat ati on pl ane, and |- - is the intensity of
em ssion |ight perpendigul /tI | tatl on pl ane.
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corfthincqsiseknt physitahinformation wilidiearest foampringdnacrnflegHar
cgrgi)ﬁeg fg}?rﬁ]atl%fn %rwglg%tﬂng ts 1%?5& TR 1Rt pd1RkzaReh Fhd Snikdteopy and

ion of rization or anisotropy or other
eithéH paddn@dteradantbeaisele@rsvaluafe Kat Refoomab tcf ] é@d@tmncﬁf t he

| abel ed Ub, Ubl |
“Phoisreseenelerguion; Pt SANGHSde Fisg) reefl SPER %Al
pﬁﬁ?‘f‘e‘{jeﬁﬁatﬁ%hﬁﬁs fhe chféﬁfaﬁ&‘f 8P§h|e3bola@ﬁ§ﬂ1&ﬂoms%$ﬂéb? or other

turn, is related to the_size
ifdivdteced the dagbmmﬁl)otacblfona]ffeeeﬁbmdrféh%]@hﬁleéHh UL, or eqogaition
ei)erformance f fluorescent binding assays, a

gy BRYBARYYP- | abel ed nol ecule, e.g., ubiquitin, a

ubi g Wlﬁéﬁsdeh@p@%%ﬁ@%ﬁ@&o@ isirglated to aRtspeeinat veltich 2
having a relatively fast rotational correl atl on tI{TE
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ankigen, (ettsdmageasrelaﬁléfelé(rfés} retaiengl gorxplation tie: s pEcd igPipdip 2
1302er hl%fdcuféaggl ¥ E3€, hERGH G HiHUMRIS X r&¥éFior bdin, antibody, etc.,

which has a slower rotational correlation time. The binding of the small labeled
molecule to the larger molecule increases the rotational correlation time (decreases
the amount of rotation) of the labeled species, namely the labeled complex over that
of the free unbound labeled molecule. This has a corresponding effect on the level of
polarization that is detectable. Specifically, the labeled complex presents much
higher fluorescence polarization than the unbound, labeled molecule. Thus, when a

fluorescently labeled Ub polypeptide, for example, binds to a target protein such as
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of the free unbound | abel ed nol ecule. This has a
correspondi ng effect on the | evel of polarization that
wo 300d@669 abl e. Specifically, the |abel ed conpP@rUS2005/043812
presents nuch hi gher fluorescence polarization than
t he unbound, | abel ed nol ecul e. Thus, when a
fluorescently | abel ed Ub pol ypeptide, for exanple,
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enhancer of the reaction. These Screenlng assays are

thenmrfperéqécbfomdzﬂge mu@bbmfgbffmnmnmnd$ feftherengrially or in
t d
oG TROI e 6 P isIEF bRu e b e B hus slrthedolon'st

ift@agt i on of interest. In performng screening assays

accor di nlg to certain enbodi nents of the subject
appl lzpegRing seecningassEEtaspRIdEIg tp ﬁﬁﬁten@m@dments of the

s%ﬁ? ﬁgﬁctsatﬁﬁ éJg f(ﬁ g%teﬂ@&l' 181‘1'1b1t51.l§ GMCQI%%%%B&’PQH‘&P%H’ the

I'on o eaction mxture 1s conpa
flubeesenes polagzaivth dliservactaf miitdre és emhpaahingthe gesserice and

a@%ﬁ%& SRR P IHETER It PR i Terpigyompotnds
e?fec’t O ERSBiRIES BRcBoRbf infbR! FOF Skabfpl&3n 8kl gri¥deh¥e of
b i

| uorescence pofarization wll decrease, as nore
irthilsitgrs bAB2 betiivityh tiguiitorescecepobasieation will ﬁ@re&sea@ﬁ .more free,

RBSHREHRRRP B e el C BB Fat b Sy W
r&QTRh 8X 8 ré3R6 irl @8 FlubFRBenct poRIEAIdADh ol dbn@flexdarR8 ek free,
in the assay. In another enbodinment, for exanple,

labetedothimnitin aye pressot agbepishy Iabel ed Ub to a target

pr ot C%notﬁ mbo%hrﬁ%%o}r ? oé@ﬁghﬁu? &%r[?ﬁ%?gcérﬂlxlgﬁeled%

abse presence’ o npoun

t€ 9 tirgQlpréemh, ihtasFQRH, riaalﬂ@mi to rpeecrmed in melamenca ankd presence
fl uorescence polarlzatlon measur enents are ga
oa tP&thmBP“PH% (9-& v cogfrol Biddest cpmbagans, Respaaiive dand

e e e e T R A S A
ubiqaitmaﬁus & @sicaydaloatro zambimatiohs.t Bempounds that inhibit POSH
autoubiquitination can thus be identified as those that cause a depolarization of the
test combination relative to the control combination.

Fluorescence polarization measurements have long been a valuable
biophysical research tool for investigating processes such as membrane lipid mobility,
myosin reorientation and protein—protein interactions at the molecular level.

Immunoassays that have been developed and used extensively for clinical diagnostics
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test conbination relative to the control conbination

Fl uorescence pol ari zati on neasurenents have | ong been
wa@20aloeierd e bi ophysi cal research tool for i nveBCT/gs10051043812

processes such as nenbrane lipid nobility, myosin
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a(q“ﬁ ?%Q%éﬁna%ﬁkugh%‘éalz erac ions, (Rusinova E, et al,

2002)FP IsRisedtoudesdniige ﬁetfarofesaﬁltiyflalaeléd stadlesoiidtilebinds to a
ﬁnall nol ecul e binds tQ a nuch_l arger binding
taeé indierelsculs syph pHFHFRIbdR fIsisc add gequence, an
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PublieB10bSYe63 8/ HIP6pRGT |pmlhhczcmn\m0%// 1836 5PCP@Tiblication WO

BPoRED' s Papiooga ol vssPuph: oxboaRand gz e

d12R, 3975 OFP 888 a4 Bebrl el & &&tBinkiRe iffa ﬁlJrééé@ﬁt%sﬁﬁalTeh ¥ompound
I"abél ed conpound is degraded or digested or if

is Hegradssomrsigaptedaméf afuorssasoily bbeked md@crqmsanwpwrﬁwd igio a
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advantage of FP is that it can be utilized in

homoderestyaniase a&EP issthatrit ean b wiHizediblynpaancews aseayisngich as

I,
PR oA TRl O RERESL B B AR -
tinme, d&ﬂcﬂlyﬁmﬁoidtloneldd p\hﬁrs&t thPaked for ah iimmobilized phase. Polarization

values can be measured repeatedly and after the addition of reagents since measuring

the samples is rapid and does not destroy the sample.

Fluorescence Polarization can be used to provide a direct, nearly instantaneous
measure of a tracer’s bound/free ratio. FP experiments are generally done in solution
without solid supports, allowing true equilibrium analysis down to the low picomolar

range. FP measurements do not usually adulterate samples, so they can be treated and
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val ues can be neasured repeatedly and after the
addi tion of reagents since neasuring the sanples is

wo apodeErsdl does not destroy the sanple. Fl uor eBCENSE05/043812

Pol ari zation can be used to provide a direct, nearly
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A relatively small fluorescent compound, e.g., a labeled ubiquitin, generally
emits relatively depolarized fluorescence when it is excited by polarized excitation
light. This is generally due to the faster rotational diffusion or "spin" of these smaller
molecules. Larger molecules on the other hand have slower spin and thus are more

likely to emit relatively polarized fluorescence when excited by a polarized excitation

light source. Typically, the detected fluorescence polarization, or P value, provides a
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Application No. WD 98/00231, which is incorporated
herein by reference. Arelatively small fluorescent
W@ ovposnTd9 e.g., a | abeled ubiquitin, general | pCEIB1085/043812

rel atively depol arized fluorescence when it is excited

by pol arized excitation light. This is generally due

to the faster rotational diffusion or "spin" of these
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dnfigkiGiat ITs Ghe bhgliaTRYAeRncE Dok @188 ABBesdARE Emk@'@]bs,

is bound to the | arger nolecule, e.g., as the ratio o
e mage flepadanized dhe emmigpions thesmallen reawdatration value.

[ [ . ner.al.lLy reported as e.ratio .
B PhLRE PP T B RO gk SBR[,
dohiparies esag ecseits, shé polaritabioh Relus YP) B thdres®ionl I d6ephined.
em ssions. Thus, the smaller the difference between
Thedwstipp gbbeudditasesspicss-8n dssogiatpd withthepohdon, is determined

Aepol arized the emi ssions, the smaller the
pol ari zati on val ue. Conversely, nore polarized
em ssions yield | arger nuBRire®PsPy)/@ -d;) uded to above,

in c [ SsS results, .the l.ari zation lue (P) .
wiire P the Bl R rooaugd dRgCS AT I8 ﬁbﬁé’ ellge @ﬁ%@fs species.
TRYNEe bbUAZARMERARS cafi t use PESHLIRbRiIE q\ﬁahﬂtaﬁk}g nRAbWERBnt of

is determned as: Fb =(P-Pf)/(Pb - Pf) where P is the
the xagiopé pofduchie subsirede, sylwed enss hagddteRhined or ircalRady hwereaif the

he free s es. T t he pol arization. val ue can be
R o 5% CoRBERUE Brw e i RaB PR R PR G SR 38 notea
dbavd, @n@tarPmeskied tHeProthstisrinRl podhRIabticHBudtescence polarization,
determined or is already aware of the P value for

usgihe didfeyenise hatydenbled twarks andngiration of the amonniiedproduct
A &L{%E@atively, as noted above, one can neasure the
pre-reaction and post reaction fluorescence

pol arfhedt valtke sdreésng ahlindiditbf effthecactiat vkiaterédie. .V Mdicating
&2‘ i ndi cati on of the anount of prodyct produced. The P
theareun of prlugispraduseddiQge a1 aBpy Ferstipa iquasitfiighle, one can use

585 o A GRS RA Bl e
busipartiselarly for screening of potential inhibitors or enhancers of the reaction of
interest. This is typically useful in screening compound libraries against
pharmacologically relevant targets that utilize one or more of the reactions described
herein, e.g., attachment of ubiquitin or Ubl polypeptides to a protein of interest, such
as POSH.

Although generally described in terms of detection of fluorescent polarization,

it will be readily appreciated that a variety of detection schemes may be employed

9877665_2.DOC
- 17



10

15

20

25

30

that assay in a nunber of different applications,
i ncl udi ng for exanpl e diagnostics, but particularly

wo e0o6®6r7eeni ng of potential inhibitors or enhaPrCEUS200$/043812
the reaction of interest. This is typically useful in
screeni ng conpound | i braries agai nst pharnmacol ogically
relevant targets that utilize one or nore of the
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oR Q)&eﬂarlﬁas @%&&S&&ﬁ@ﬁﬂ éL?Yﬁ' &é@é@?lﬁgmmhénv%ﬂea&lwg Aigcovery
p%gf‘s‘%gso M98 hBIt&ﬁeéJgf chle’mlcal %m@@&ﬁﬂ Rid %&ﬁra@f v&eRRhed against

peptrde. Specific applications to which the assays
plmirmlabrdogme&;erﬁlevapﬁhrgﬁtst iTesatargetunay meluldeactdptors lenkijmgs,

totsttee sof tenti.al phar eutical

ttciae B e By oS P SRR ER St Have been
d&eﬁséd bed, aBovaplidiel HexaRRbeal PaftnPABHIGEESH NG 0 98/00231,
di scovery processes, large libraries of chem cal

whishpe inedrpozated @@ﬂ@r@l referenseeened agai nst

phar nacol ogi cal | vant. t Th .

i ncl OV,e‘éa%l ea&a&s?ste%ﬂt?y % 1n ;%(9% n&oth? %%&ttl Oﬁ%ﬁhﬁ if0fdes a
rdattich refeptadle. et MetebtoB 61 mm@g syﬁaﬁyssdlap&ea ﬁdfaeﬁﬁ thehee

been descri bed. See, e.g., Published International )
repeptasle apgpiithinsensnry Nemmamiation ob e reqaniacis- iLhe phrase "within
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system for use practicing the present invent
themedeptiete s atseabe iable to e&ceh@acﬁaeﬂcuhrd@nebfrmn that receptacle In the
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t [ |

SRR ricaloR (AR el il T RIR01s SRPTHR ARy
prozimalito ¢he weptarle tebentivel, €. g»:,dl@sesp@ntb@nabl age transngtied toethe

d&e&o ] %or agéq%%tesdegec?lon of 8{&% Isl%ﬁals elcyp?ca y thls empioys a lens, optical

train or other detection element, e.g., a CCD, that is focused upon a relevant portion
of the receptacle to efficiently gather and record these optical signals.

A detector is typically connected to an appropriate data storage and/or analysis
unit, e.g., a computer or other processor, which is generally capable of storing,

analyzing and displaying the obtained data from the receptacle in a user
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case of optical detectors, e.g., fluorescence or
fluorescence pol ari zati on detectors, sensory
wae@eomai7eat i on typically nmeans that the detectBPeT/US2005/043812
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pos [ tAlsmsed)herehletheeremptmtd mantalie datas&atlety ofefogns Kdrzxample,

| at Th t icall
b el a2 B Stk A6 e REHieR el EBs CuleBo o HR1R! Y
AERESEY, Ih8 r&RPERIM ST S A dapllaW sitHalReldRhECAbRIbr in the

zone. The detector used in accordance with the pr esent
comoxirafian nntegatadluidicisysten ilhat gapledes vge gemeee flaidiceshenndds,

n pol ari zati on of reagents in the detection
C%%%@%§§S§IQ%5 herein, the receptacle may take on a

vari et ymbédlﬁmntmelaﬁﬁg tcedaegtio of flneresemep palatiationy theenethods
sinpl e reaction vessel, well, tube, cuvette, or the

apd gsterns qfelhn REGSTRSIventip typisadyr ey ueoRa Fhsrarinitaclexel of
FAGERILdnBE ?oﬁﬁa&@%ﬁe RS mBl %s QEeﬁuﬁ a‘}f g GO EXIE iRterest.

an Integfate Ic systemthat Includes one or nore
Afslsuchj ian apprprietesictectiambystan ortypieelly itdézed|to deffiverdiateprlsrized

Ao LI 00, Lo detechlon of 1 ldior excence  RoLant £2LL AN system

t};p\fcf%ill‘ﬁ/%%f)éfatre%} d’etéb@@ﬂu&eﬁ%ﬁtr@ﬁlsélanst #A8t dr8 ¥Rt in the same plane of
| uorescence pol arization of the reaction mxture as a

theqmlmzedfexmlmmd@ht,lauch flopreseant pmissionpemitiadhn agane other than
te d n systemis typically utilized to

t}l?p@%efoetjﬁﬁ? S’fcé%b 5}5\9 Led from depol ari zed enitted

f | uoiRGERRMBle SN BLatibY spRaakd Diuorssieicapsletifgich @etector that

r(\@ﬁtem]rgﬁplcalIy separately detects fl uorescent

des iadigbt savaee, avhichegrnertagas light et aparapriglogxsitafion wgvelength
IE LGRS S S AN SRRt oL RO ot o RIS
c@lmeﬁtaigihomdrdzghiuch as lasers, laser dlodes, and the like are preferred because
of the highly polarized nature of the light produced thereby. The excitation light is
directed through an optional polarizing filter, which passes only light in one plane,
e.g., polarized light. The polarized excitation light is then directed through an optical
train, e.g., dichroic mirror and microscope objective (and optionally, a reference beam
splitter), which focuses the polarized light onto the sample receptacle in which the

sample to be assayed is disposed.
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One exanple of a detection systemis a fluorescence

pol ari zati on detector that includes a |light source,
wokioslegener at es |ight at an appropriate excit BCT/082005/043812

wavel ength for the fluorescent conpounds that are

present in the assay system Typically, coherent |ight

sources, such as |asers, laser diodes, and the I|ike

are 94|
or e PURRELERS RGRNSRnthe UiFoh ool HRLAL 250 (B B
otjectied, @dd ﬂinc@erghacﬂmhmpgh dreadwlpoicamrmr,n\ghjfoh lpheses thatenttied
asses only |Jj one . pl ane, . | arized |ight.
f@ﬂ&@%ﬁ‘&ﬁs And e E dhe fiegiRd Fxgistion Gty e ey sspatating the two. The
chiitiQUBkbraftefdrlit Gfdn difedied ’thl%u a bgdn‘i BpiRter WHetd e I?d?gon of the

m croscope objective (and optionally, a referenc eam
ﬂslprascetnec s divdstedrihfoygh gdilter tat flitraonz Suoresaghte that is it e plane

Rl ERy Pl & el Pt B oo e et R o

fedratdck dnfohefirsChgii@etcetr. BhebtherfdHAMOY thh BueRkeGEE i/sepassed
and directed back through the dichroic mrror, whi

thyaughes fiftpthat iltere guirthe @ﬂ@@&@n@@hﬂm Pegtendictiar fthide plane of the

{c@é&tﬁ{}ggﬁ%%ﬁg ﬁt??gaﬂail&%uoréslagl{c% 1°Eh %ﬁ‘& il c%ehe%t

orescence I's rec
abelnetiva sspbdts, tadveawdspiietenia eulmllttttedJWlthfa Iioﬂ}&zﬁlthWaﬁsqﬂmﬁ, e.g.,a

d h fil fi
8 ey o e Toh et deritoabors Thsredvtestongre
tﬁéﬁ%ﬁkﬁﬁ%&%ﬁdﬁ@ afi ‘ﬁgfoghh@'}eédr@é}tor ?ﬁ%e@of %El% thBBght signal is

per pendicul ar fluore nce onto a first
retordadtand or Phaeessetl @s sggont inogreasér clerhaal helowr @homﬂtlplﬁr tubes

(PR3 Bt et tyade i B Redors B+ o aalififasion ofhe i

1k bﬁtdtﬂéi liglhgaétectgisfa@é? bptithally sda Exﬁih' ABlphblodydes, e Misslike.
onto a second |i ght detector. In alternative aspect s,

a bedhe slptepw s typisally peniled fo@cbommuker o1 pBieaprogessgr, hidteh
<FBL% PR B oy SR BOBbR MRl

copheahd yaloepbradatiodaectapprderimiicahs sraouttef polarization from
processor where the light signal is recaorded and or

ther GEwis dapagiovisr, tb@?omwtarrtémc@#y Hstuges sy @Fprogramming
ﬁ‘f Erﬁjvéé dﬁt t tﬁé"ﬁ Srebde gﬁT RensiBES ?Qﬁr@Eﬁ‘M‘ M}e%ﬁ&%fl{ @%ectors

tors or the quantification o
el g;\zfef paralln] tand phpendicyliat fldetsehor. The fleomptdnoa aitbr;sltyse‘dlxen

@%ﬁ?@ﬁfﬁa& S iRt o sidases e g kpe. One

fﬂ'a OF8EAI ¥ EsmpPRoAH gﬁiv&f@}mh%réauétio&ht detectors, and
|nc udes approprlate pr ogr a npare the val ues

from each detector to d@féWﬁﬁﬁy?ﬂ nt of

RN EP by Brebbtiy iR B BolF Lé FOBLSARAE i cr

pbREiRAtURShiaSof the dbtet ey hbtahasC FRE cmﬁp@telsdétb@ﬁnég :1E
each of the different detectors, ., for parallel

flaaepsesarcp palarizationy valyior eaesrtion Ofﬁéelﬁﬁtu dremdhaipelarization
vhﬂlte GHE 'ba%d'u?)oltl |ﬁ“r;enpolarlza’uon values for free and bound fluorescence, the

computer calculates the ratio of bound to free fluorescence. Alternatively, the

polarization values pre and post reaction are compared and a polarization difference
(AP) is determined. The calculated polarization differences may then be used as

absolute values, e.g., to identify potential effectors of a particular reaction, or they

9877665_2.DOC 20



10

15

20

25

30

conpared for each of the detectors to yield a
fluorescence pol ari zati on val ue. One exanple of such a

W@ 0vpAsi73dn i s given by the equation: P [1|]| -PeCFILUFZ005/043812

[]|] + 1J-] C as shown above, except including a
correction factor (C), which corrects for polarization
bi as of the detecting instrunent. The conputer

A dnkiRsed ﬂ%oidﬂi%&?&%&%cﬁso&ﬁélh% A B0 Ye@leﬁjc% f%o&vﬂe

reaction of interest. From ar za 1on val e and
ntdabléf@ts epohanpess pf.)tha reacéivn of mt@cbsj;am drder t6 qaantih dhdleueihs
r cal cul ates the ratlo of

t
AR EE SR oF BECehtion Rpitieni veatyeophompound.

pol arfixaaipl @I Rk RN R Bat A RAKEd E@@&Eﬂnﬂﬁe ﬂﬁ@re&%‘ﬁ@@r ed
and a polarization difference (DP) is determ ne

pelarization r@dh?;meﬁxoda af the presetifappbeation inelyde theMdaeon® 26100

t POy ent |
ei i ec? Igére? Og?ﬁ/a 18'12?' Stgﬁgg\'ﬁ%ﬁg?@ b{%ar Yojugior @?‘f%@sﬂnd
anmmmylehﬂammiadsﬁd to polarization differences
obtained in the presence of . known i nhi bitors or

enhaf@etStagt chodiaciis.i e Syrmafion el ubiqugin rc@applexss may be
npéaa%afgﬁ dlRrdrsRh tQa‘ icwa' Bich Rk %ﬂa@&eggﬂfquﬁ fsNGbeled

reacti I nt erest ya particular’ co
\behamﬁlrsEsiahﬁl and she destred sotiphix patnebée.gis @d)SlFbpdlgpqﬂfﬁert& target

DplBERTE) Spape BSPR feheLiabO HEotSBIRg o 9 gepnd label interact
WileH W SERRE ﬁtd:’&béhr_llbréi‘ﬁﬁ1gr‘to§§f§&ﬁ:@aﬁ|a‘i‘t%fetdr 9%%{1) In %‘R@T the first

Utra Evolution (Tecan),” and Anal yst AD ['ecul ar
am\ﬂeczoed)labdlm angefitcapphoessh oBharfmmetion hépbb’nhlﬂmtmnc(mﬁplexes may

oS R R Y SR BLPSein n

intadaed Q@)o‘ﬁ/l tibimutibh I 8F 4 apstbugetid NGedlesiol €dSC PaRhEXPublication
pol ypeptide or target pol ypeptide)

289200&8@&3% Pﬁgwﬂaugwbmw bg iselpievedHt Rarfprmiieg 41 insraciiyg assay,
s&&cﬁrﬁ{]%l'? ti? lsollumn? 59&/%11%}? dﬁl@cﬁy iff %@@éﬂ)‘ﬁ ?%%E?nm%e such as

proxi'm roduce an ered Sl

tHe ]P@SHapaJdiy}EptIdmdr ﬂa@ebslyﬁephdfel soeahlyguesiablehe.g., with a specific
qui.tin conpl exes may be Tglerformad

formati on of pol yubi
a qu'aﬁmrn\gameg év%‘@oseoﬁ@ﬁf p@wﬁe@@eﬁt $ta)d Yhe reasdipa anay be
pEib At sd1B@dn b %@%‘ggé@%ﬂlg&@é]tmt 1319 fisdated, along with any

poI yubi qutin (see, e. t Pu catl on
p2lp2Rik20 8@h. a$-l|u@tq1mthr othgh pxet assagiated mthl theetdgged polypeptide.

RGPS Pl e PO oo o oS et e 1 1 he

m xture, such as the POSH pol ypeptide or target

pol y pepirésdence Besofatbel Bnddsl Ttdndkk §FRBTYbascdi dsba be used
specific antibody or via a tag such as biotin, FLA

i éﬁt?ml@ﬁ icgmplex Bimmatjon. ¢ Risloreseant mpreqvdss lweﬂr;geﬂtrs drepd eprission
alzﬁ? l(_?%%llt%ﬁtnﬁgbgﬁgrly Chelt 399 %go&%k Y Pdib s%epJOQHnlgy ijchs 8£§%§3’ther can

exhibit FRET. The fluorescent molecules are chosen such that the emission spectrum
of one of the molecules (the donor molecule) overlaps with the excitation spectrum of
the other molecule (the acceptor molecule). The donor molecule is excited by light of
appropriate intensity within the donor's excitation spectrum. The donor then emits the
absorbed energy as fluorescent light. The fluorescent energy it produces is quenched
by the acceptor molecule. FRET can be manifested as a reduction in the intensity of

the fluorescent signal from the donor, reduction in the lifetime of its excited state,

9877665_2.DOC 271



10

15

20

25

30

pol ypepti des, such as ubiquitin, that are associ ated
with the tagged pol ypeptide. Proteins nmay al so be
WO e®oelogEad by SDS- PAGE for detection. FluorescemCEUS2005/043812
Resonance Energy Transfer (FRET)-based assays may be
used to determ ne conplex formation. Fluorescent
nol ecul es having the proper em ssion and excitation

o . o . .
fRETheisil of fiphhidftinl G k| RBE: RaSULbY (thier ABies)
charaeteribiis efi thelahcdptat When dind flsbomcap quoteiny pliysomadly ofeparate,
t he | ecul es. (t he donor I 0 I .t.h the
FRIGPRET 6 HBPL i SRPrREodier THSRERE! SSPHALD)
acceptor nol ecule). The donor nolecule is excited by

|'i ghtorQfxaRPRY, @RSy tfRIokdREQR ProiéinMst dkiclied bS 1EBOQE rdughly 425 -
excitation spectrum_ The donor then em ts the absorbed
450 men wyiavelsngth and ewdts tight inghe ragr @ #6¢ 0S84 BEht Yeliesy ghoregcent

roduces., i n e I R
et e i DUPL G B0 SE BIRE Y e ARt 27 50g o 1
thédewiol proteRsCaBs ipladed i lsofution) thbeydoand yelled Ubioreeide may be
the lifetinme ofpits excited state, 9877665 2. DOC .
separaielyl wisuatieednilogiensr &f thete Biogrests are §preedinte flose proximity

W{tlﬁ HAS othaY ﬁ{eeﬂ\&#e‘%eéthgg\ﬁrﬁ%ﬂgﬁ§ Sher€d By FReEr. | $he 61uph light

€ accepfor. uorescent proteins physically
enSiepdbatGEP WRETe sisbaetidyaY EP dhdrirsremitted asryeBbwilightt dlis means

U S. Patent No. 5,981 200).. F |
oA e doe RO PO A6 TSR M By 7 ghe et SRy ey
enzigcgé ;%gfllui@ SPAYIS ENRLN aRd theBRIbW HhgRVhibh is Mt nbARAE @fmulated

500" nm “Yel l ow fl uorescent protein is _excited by
at|thightavalength, ghpreatipincressed  HREANS tepiceldy miogheredtbysmsasuring

500 | £ these.t t ei . i 1 T
gL R T P RO BB S Sl DR Jp b WRetaion
raMb R e 86hor HAWRMESlatink 4 ReREbdtwoerPtHet @inas-calitted tigltteahd the

into close proximty wth each othe_r,_the,fligre .
acpemipeemitied light.| Whenghe dpeer/asgentedomissing r#iQIsIHel is not

emtted i R —emt
oGle sttt Hulesdy JETE? e 2, 10 UGB SEY,  WPen the
dcﬁfoﬁr:nhdogpttbd ethiliisﬁbﬂ gt isf\lbwwé\md "Jégxﬂ.gbbcémﬁﬂg Ryl thééwe yauerescent

emtted light is great]|y reduce nd. t he yel |l ow | i
pripfishanedinrse e RaLly It fhis maped the inige I%IB\P&?‘%%"&[ %,%St and

[ : ET is typically nonitored by
Séﬁé%(gé@?’hgﬁdﬁg%pect%j%ﬁgf emtted light in response to

st i nlhabcanrenct f [ARFT aisn cahses ghe ifluardseance difefemefof tthge donor

donor and.calculating.a ratio.between th .
IRBeERP P GES SRS EREEE B PP Ceaht Lletiis faipe measured
usffe 9 tEdhei RN ACHRRERENRMfEHIE Amb ik QedhBioltieg FL VK[V erveer

s not occurring and the two fl uorescent gr oteins are

etnal (200Q) Swencer H0: ni6y-15Me Bauhie o hof:999t dedfisrosc. 193: 36;
VAR SR LAY PR, B B QS v
FIBVING#a hhnebédit @valpb®n TiRbyvaRprichnhs st thendhderstanding that the

donor fluorescent moiety exists in only a limited number of states each with a distinct

fluorescence lifetime. Quantitative maps of each state can be generated on a pixel-by-
pixel basis.

In certain embodiments, the methods of the invention employ time-resolved
fluorescence resonance energy transfer (TR-FRET). TR-FRET is based on the

proximity of a donor label (such as europium chelate) and an acceptor label (such as
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second pol ypeptide may be neasured. The occurrence of

FRET al so causes the fluorescence lifetine of the
wa@lemwen6d7Buor escent noi ety to decrease. This cheomEesions/043812

fluorescence lifetinme can be neasured using a

techni que termed fluorescence lifetine inmging

technol ogy (FLIM (Verveer et al. (2000) Sci ence 290:

allé}og'gr %;fa@l) @ﬁféh @gg b %bté\%{a%g‘?&re %%%ﬁ_cl%ﬁ'g%qgﬁéacﬁon.

Thanscitsd &:nmgyhcmﬂ‘ mﬁeEufohela&nai yrangferrdée. Byl a d@headivdive les@rance
devel o ese al gorithnms use.the un er st.andi ng..t hat
CHGTRY faaﬁgqr me@m%% etgt A ACEIRIOTe XY é‘f‘é 4 A ?}T‘ul @Stanqq gﬁl’&%‘f&sceﬁt
lm‘{?ﬁ’é% cRilateé 3HiBS 168 téx<‘:’?’t<=,tdhst@tedllﬁartlh{%a%tarfe' t‘}’/ﬁfcﬁﬁfv %6& to avoid

fetime. Quantitative maps of each staté can
mtg:efcmn@a exsghby shirktvedgpistion fieng iagceptar mglpctdesnexcﬂed directly

nts he net hods of the invention enpl oy
Ia ?HﬁaQEESW%%% 15{dr escence resonance energy transfer

TR- FRET RET b d
donSrorsieT (utreals” ereiss SuEn A AeyE TR SR dedutn e vse
ofla %hﬁﬁﬁfene%rﬁ %ﬁ&@@@w%h@ﬁ&o@ sp&idORAYTRENBBIN ML the acceptor

ve been brought together by a specific binding
speaesc Winem. tefbinen exd iftuetesesin dapelast moleeulps) astspughs ite proximity,

enb S EbE hoOe  EET R s snd o
deBie8dcARL Bondt! HQSrBSeRY TiRBé TR dCert hidrale sanvibb hrehdrig a time-
excited state lifetinmes are typically used to avoid
reolvadithemmeéhce caused by short-Ilived emission from
acceptor nolecules excited directly rather than by
enerlgcettaiaresfredim@ts dhe duenseceah l;aba%@wr & ewppigmegyptate, and

I tabl e use in.TR- u
0§ SgfEroe itk APl i epvar e APt Rt Bine A el 19500
phl Eé&ﬁﬁ%@e@ﬁ kn8omiddX1assept or speci es. \When terbium and
| uor'escein | abel ed nol ecul es are brought into

pr OWI@ET%aseﬁrh%E%bé rﬁé}aﬁ§ 16840 fadeBShaBbRERafALE ROcefree assays.

i ncrease I n accéptor fluorescence and a decrease in
FRIgTbasell assayssare rmleenamee@ehfghtibm@lghmﬁtscmeQMI rlethgfs b@ludmg
read in

e
F lpq)fgsqep%g Y?é‘?‘f{ 8?@%8 m&é‘ﬁ uoges*éenlt Salrn%l?ln et f%g?at e, ‘an
t he TlUQESRHRINH clbBBRb eROERRE @i thendAhddB@ffiiceidivention can be

t W&S&S&QW&M%@EQSS 65 deprevn aediat lpdaped (o
flyg ggsgygce éﬁ%:lo fgmﬁg%ce&%s&draal%ﬁa &C&&dﬁl% y, td &8ays of the

assays are a
inhérgiontdan 6 gbiormeic dgending omehhitgs off teg udiizigg different detection
Fl uorescence Activated Cell, Sortl&g)%nqlflu rescent
teehumgies nigclyding; seingitlpqn prgp{%% assay (SPA), chemo luminescence,

fluorescence intensity (FLINT) as well as TR-FRET and FRET.

In certain aspects, the present invention provides methods and systems relating

to ubiquitin and ubiquitin-like protein modification systems. A ubiquitinated protein
substrate is a protein complex comprising ubiquitin covalently attached to the protein
substrate. Therefore, the invention provides methods and systems that utilize a
ubiquitination machinery and identify specific protein substrates that are ubiquitinated
by the machinery, and methods and systems are based on the ubiquitination

machinery- or E3-mediated protein-protein interaction between ubiquitin (or another
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The recognition el enents enployed in the nethods of

the invention can be tagged by different types of tags
walewesndi7ayg on the detection nmethod to be used PET/yS2005/043812

fl uorescence, cheno | um nescence, or radioactivity).

Accordingly, the assays of the invention can be

perforned, depending on the type of tag, utilizing

fbitdih en@ntie i e Bikeb G YAl : -
R o e Hs AL AP G WS described herein may
be yprdnieseliee the intrredivndreteednn kns ¥3(dadl NRovas swilrhte, or to

- AS AR Tcand FRET. I.n certagjn aspects, the present _
Rl 5 6 QU PSSR AL RISES it s JaParieaty BF de-Fgdieesd protein-
prolsin teriatti @N@esofibhdréif thd ke HsQASR Hd TR ginfleﬂlg @Itilgagﬁte or ternary
s¥stens. A ubiquitinated protein substrate 1s a
PISHOR MR dlatc BApackiig @s ubi guime wa/l?tasntheyﬁrotein-protein
: rotein.substrate.. There t he,
mﬁ%@%@ﬁg}ﬁﬁg rlé%ﬁ es {r@tqﬁglél% “angdt §%lllaéﬂlsmpﬂ’g{eghPF‘?tFI?eS“QStmte-
Caithain unt¢thodst aehsyseahy deeyibed derette Bilel fuvth&P SGitdbi e 1 bR high
sub?lt rates that are ubi qui tinated by the machinery,
TRIOMERRUY GRS 9y s examplar do bidsatifiorpretein substrates “subject to
higHhd dn@td hi B E3- nedi at ed
m%?%?g?%#g?gﬂgﬁﬁﬂﬁﬁgéggﬁﬁf%ﬁ%betmeen ubiquitin (or
anot her 9877665 2. DOC 23protein nodifier) and its
pr ot ¥etrallyesenming ubiquiiawics EUbfetshsed hetemicefdieth et@ndant 76

w85 S BB B o S el S o e
Ubr pélgpeptidd Isnbieir@brizet by Sa N@HREyLB@kink gbﬁﬁimgég@ee%at is

proteinprotein interaction described herei'n nay
acgivated RytAKR tora highienpriey thipl-pstertinteemodiatedn naeactipn ottelyaed by a

{ X | actin an_en . catalyzes the .
UBAERY S S B e iRl U RIREREEEE 1o § Bt Bo peprie
vialbh Guoptptivetiead betwezh thd adtiviitedReibok $Adrnith@ & b and the epsilon-

substrate fert ai'n met hods and systens descri bed _
APBP FTMDaPled fsierasidugis) ihe Prejeiagmbeiete. iihih trensfoLrshpives the

' : ' j profein.substrates.

2cBOH R UBoor) (atify Miblnfice \ctl ST Ila PRORGHE SRR, 2hary
subsfdhté ireetgndion daflilr dighse GER)UactivigesubitguUbimodidied " ddbstrate is
has us]Sd (ger | r%&glrs 1o an abundant 76 am no acid

FERY aligehat B)&“% TeHER: 398> FoOP TPfarRsss beopmen g subgtyate for
coBiPeREMOLdFCthe elTbSepdiRntUBrRUIYRE %dcgﬁlefys vARA] 3AEddsZ68n Ub
. by a carboxy-termnal glycine residue that 1s
1sepepiidase eenzipne AR woll aashpuptecdyler gyottins ovhiestae subunits of the

' iate.in a reactiop. catalyz by .a
Pr%}%%sg)%ﬁ?\%gtqs%% lhg]ﬁi?i] ﬁﬁe feﬁn) u tllbc?rieahﬂ%(al_l@ﬁ wighin its scope all
knbwvarsfwesll eduhidedifddbsikhfotic LM HORBIS S kA e or inyertebrate

] sopeptide bond between the activated carboxy-term nus

origin. (Jfxagmles ab Ubppolypentiden@s gefsmgd dp her¢ipsinplade the human Ub
j i.Nn QL gin strate. This transfe
TN LI T T TSR pe—
(GEgBanklAcdensiom Nambesd: AMMO869, 404303) a¢ WeB Wb Sllledtifalents. Another
recognition or Ub |ligase (E3) activities. The
ex%p%afbg@og@%qq%seref@red to herein 1s murine Ub which is encoded by
the murine Ub nucleic acid coding sequence (GenBank Accession Number: X5 1730).

The term “ubiquitin-like” or “Ubl” protein modifiers as used herein refer to
the group of small proteins that are subject to conjugation machinery similar to that

for ubiquitination. Examples of Ubl protein modifiers include NEDDS, ISG15,
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thereby altered in biological function, and, in sone

i nst ances, becones a substrate for conponents of the
wabeodepadent proteol ytic nmachi nery whi ch i ncl pdpESinos/3812

Ub i sopeptidase enzynes as well as proteolytic

protei ns which ar e subunits of the proteasone. As used

herein t he term ubi quitin® or Ub includes withinits

fi] t
0 m)Fogs d(Fﬁv ert e {5?'1 %’?&Pégl *Q%Eéd %1%%%5 yguplrg advell as

i hver
ofEealipl pmoteih nhlkdlﬁa’s )ypem hedilsntifed: @freesxaﬁq:alé of B&ipdlypeptide as

oG e ‘o A SR Ghes g%}f{?gaé%ﬁ}’im FAC MBS SmisC,
e?a‘ﬁ?@&%hf%ﬁ iR by%%%n@@ﬂ:% ity 1R él‘?la&daséql?énce (GenBank

equi'val ents. Anot hér exanpl e of ypeptide as
Acedseion Numleer i¥ME00946D)mur i ne Ub which is encoded by
the nurine Ub nucl ei c acid codi ng sequence (GenBank

Acce L on Nunber : 730) .. The ter [ y

" T BPPATR it vl B e (8 by s o
a&rsﬁﬁihé}ft foreh boxﬁjﬁgétﬁinfb‘i ubhiitirkien &;alahm@fy to
conjugation machinery simlar to that for

ubi qui tination. Exanples of Ubl protein nodifiers

i ncl éa@swlémsm thedernt’ reguepyigpelometrofgrs tg yrpageni pithe

i ag% LIS toflﬁf) E%%e[ ﬁlﬁr %a{nicfnﬁcg nggllnglslﬁﬁ cﬂéln or éé{f)ﬁ@used to
assdg frtrlp‘oilyequmtmeﬁoanmicm Becagniin gehype ptcilusﬂe ﬁm’ example S5a,

Zofort AGhared 11 oocoSaiohieinci e hENER ebotPitss s en

b ORIrRIER Ak Jﬁﬁ@e%gru@ﬁéﬂnfa@&iu@ﬂﬁéx BBaRYognition
Accessi on Nunber: NM 00946 The present 1| nvention

elrinsot mohxdemmxeslonﬁemub@dm autE3oprot9m spelngROLY. thatis
ﬁlgg suffl | ent for Ub conjugation or ubiquitination
P h used herein, the term"recognition

| " f t t _of t
SS%@&@G@E@% eosdifionetens slS, T EERDIR S P TAB2
A @TARS. mﬁﬁna{rgtraﬁ%am (1@96})93(39)\Jbz7<2913t29 ﬂesfc@ibB’Eiﬂc%pude

Recogni tion el enents 1 nclud exanpl e, Sba, ZnFs,
cTABRX famutinABA. persidogima qomplet @amhqurrae%y fitralingdie 2.0 mM of

t d t nd
B AreR st eoniarine & A e oS0 A G P b v
de@staudien dainRERaE. It pastideFotiyation vaill f68n pf ©pHirtngisglfbm 3.5-
as POSH, that is polyubiquitinated: As_noted above,

455 disgmiatipo Af @crréwéﬁ gan hopniered Py NMRa Hitiguitingigd prafgias are
B S0 AR s SR B i
sitapfits dCodisient it X pftﬁéasb préfmlmdfobyuhstraueaaﬁtw@;ed ®2.0
pgi\)/rlug{gyffg%ﬂ@g}eseg% ;t}qlugt?rgtc %n ti1 IZQé pgotéaasé:L O1(s)/ose SJective or po%yu%lqultm
species and has little apparent affinity for ubiquitin monomers (Deveraux, Q., et al.
(1994) J. Biol.Chem. 269, 7059-7061:2; Deveraux, Q., et al. (1996) Proc. Natl. Acad.
Sci. U. S. A. 93, 861-866; Baboshina, O. V., and Haas, A. L. (1996) J. Biol. Chem.
271, 2823-2831;3). S5a is currently the only subunit of the 19 S regulatory complex
shown to bind polyubiquitin chains, and recent experiments suggest that polyubiquitin
chain recognition by the 26 S protease is substantially similar to recognition by
isolated S5a.2. Thus, S5a provides a general model for studying recognition of
polyubiquitin. S5a contains two independent polyubiquitin binding sites whose
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deuterated sodi um acetate. Zinc peptide formation wl|
format a pHranging from3.5- 4.5. Fornmation of

wa@ eovploeor3zan be nonitored by NVMR  Ubi qui ti nat eBICT/US2005/043812
proteins are degraded by the protease 26S, an enzyne
conpl ex that contains 30 or nore unique subunits.
Consistent with 26 S protease preference for

B e Sy U 0 O 58 T s

aporoyintatejyi30raminp eciide dongresid hassephtatdded yayshiatesvening fosidiesy

AT T
lz{éég Qﬁ% srﬁilpﬁdoe Bl%ﬁhs, eACAthy- Bl LeulAlaLevhan@ this Bhtler® Bssential
aboshi na, O

oshina, O V., and Haas, A L. (1996) J . Biol.
f@Hunding phiquit re3(Peirik et gbd 9P8) HiF Veht279. Npel B §) pp. 5461—
s Jﬁgnit of the 19 S reqgul atory conplex shown to bind
pol‘yubi quitin chai ns, and recent experinments suggest
t hat 73ed ¥inpéraionidine (Ardish areengnon, i relatibyly tsheall2frofsin motifs that
rotease is substantiially simlar to recognition bé/ s
Pldraunsiomssar morer g 10W5 A ZBY JPMAHs PIeyBhacapsHseapgRce of

. 1 ¢ atin S . .
AR A ERCSHALD PN W SRS it
(98Mg6621.2(200K) 2 BielChemek/’ai262M-GhL34)c olnsaddiieh &ombreg role as
hi .euk ti 5a h | Th it . .
DSBS Ricardese Zas Davacriaay Brg: I h bR Rolsimpprotein
aﬁg &)ir&t:iﬁﬁ Yi?ﬂi Rferi&Rind U 1asERE nbi Behdats & dck ckE10iREINSN Protein-

rophobic residues that forman alternating pattern i
anly lizegetionsd Bread lindidie tichRING famigy of ZnFs that are involved in

eu-Al a- Leu- Al a- Ley,. d thi rn.ls:e | Al r
B Re oo CREb R bR S G TAZ
MBIPHIZ d8maide. SMcheGJ,s cPBl. (Z02)54(BR8F)-5) Zi nc finger
domai ns (ZnFs) are comon, relatively small protein
notifs that fold around one, or, more, zi nc i%n

. s. Zn IF
donai FBp aed drAB3 (ebRia 1Epising dgyRiKek Tpfhe activation of NF-kappaB
e - . - C- : . . ;T

et e A
gIrambiRiln cRAAL QAR Yighlyrcomskdived zinc fioge@nF) domaing Yutations
oo 8 (PBER RO i P LF b P, T ARG BN Forbbiguitn
' ' . f t t

%h)%ﬁq%&%ﬁ%@%iﬁi er%élbr%%(fﬁg? r%gn?%nlgﬁ)gfggﬂ 2ns.o j;Il'ﬁese i ncl ude

t he RINGf_arrin of ZnFs that are involved in | )
ubi quRtdogaitionrslgmenteesployehia thamethods of theripyengipn jalsp daclude

rotein conpl exes, Ll : . [ n £
Pt S T B s PO Rl o v of e
t@%@@ﬁl‘o@éinﬁﬂi’ér@ihﬁﬁe tafy pyeiniinor ey bepolyabiqoitinafed. For
NF- kappaB and | KK) are receptors that %& bee?3 shown
exantpln @ rprashiiosrRlementynayba Lwppeslens! py to an B3 protetn, such

b3 Skl £4 J ' § FXSHTELI0HD 16865) or

FUHELBEL Ll i U ol w69
Cbl-b. In certain embodiments, the methods described herein employ an antibody that
binds to a native epitope of the target protein. By “native epitope” is meant an
epitope that is present in a naturally occurring protein, as distinguished from, for
example, an epitope tag fused to a protein. For example, a recognition element

includes an antibody specific for a native epitope of an E3 protein, such as an SH3

domain of a POSH polypeptide.
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of the ZnF domai n abolish the ability of TAB2 and TAB3
to bind pol yubiquitin chains (Kanayama et al. (2004)

wa 30065863%548) . Recognition el ements enpl oyed i PCT/082005/043812

nmet hods of the invention also include antibodies (or
ot her target-specific binding proteins) that recognize
an epitope of a target protein, wherein the target

prot eing fefim UntiBBYy BE uBQ] YHREAW Iﬂt&fﬂ%&q iﬁ&ﬁd«ﬁ%%g&eﬁts fhereof
recognition el enent may be a nonoc onal antt bo to an
vEgclparstadsorspesifictilyarsaivgl with pheof e subjetidargenpolypeptides, which

AP 08 AR b e A RO A 0 Bl v
cBeveRitiBn gl Tpdiaigues afd tHebPabi dnidécrdtingd $orl1@ilRy RftHe\@me marmer as
epi tope of the target %YOIEIH. By "native epitope" is
dggozibed a3poxp| fop prhqlp aantibediss.esEott examplen i(@hal frggments can be
occurrin rotein, as distinguished from_ for exanple,
el BB s Hibad rEUmpontth o TH TebH BRI Hagment can be

recognition gl nt .incl.udes, an tl body,s ific for }
g B0 e ol E brigatS s DS RR 130 iyt P B tgefy anibody is
falehaRi idteditied &R bygpesificd 8ingRBohARH Sand. EXXncAB THRI hehhized
anti body as used herein is intended to include

molegyasnbaying effedly (i rregtercdyreotidp senferred by at leastt onee CDR
b0 oD, Slinkar, 3 Bh st BOOSln R BEPRLPGSy IS bobbrics o

labet bttadied sherato dnd dblagnbatdeticiedi(8g.,ahdVsbil candé a radioisotope,
t echni ques and the fragnments screepned for utility in
fugeeseentomaAHSh CHyRRIEFHBE CABBIE) or whol e

anti bodi es. For exanple, F(ab)2 fragnents can be

genergkagdmp ymr(ﬁ‘@iﬂn&)ﬂ?t%iﬁgﬁ %acﬂ@ﬂefy”pﬁp‘ﬁjb‘fhouiﬂ_xlfﬁion machinery”

resulting F(ab)2 fragne an be treated to reduce
agliused hengen afendgess gwuprafdproteimawhichafynetiisin tiseATRBrdependent

at ibody (is furt i ded to incl.ude,bispecific
o8R8 2t et eI ot HbFRER st BRGNS r® 1BREfipp ESeompasses:
Bhavrfesfwfhich frnsferin thet AFSSY-tB@hMRIERYEHE o€ U & UBHindY a high
at least one CDR region of the antibody. In preferred

cpersy dhied inlsrmediate it pb TP -Hepandent teaetsiy ik ergymgse(the LTBC
gﬁmg{)szl‘:&ﬁfiht LR gx%dﬁﬁé'-@b/b%l %@t JELLEL ﬁgagg g%ghaﬁ%ﬁis-mmm

can be a radioi SOt Ope, ﬁorescéﬁ
it ernyetigate whivizyoteaLd Ubasrt Gb1) dondh & & subistrateb amdthédlb moiety (in a

conj.ygat.ion machinery" or_"ubiquitination nmachi pery”.
paky-lj&lg%wtlﬁ&% FraplPDy &r 38 B3gAed ;sfléo SpPEBICHSY ftilitate the
trfa.?mlébpﬁl hdgivta{éﬁ W br BBPaREGTTe ﬁ‘&h‘a&%%]&”a mnﬁ‘{?@ﬂ&fe@lﬁe or to
of Ub or Ubl s. The t us

to substrate proteins. erm-t
apotbanphseretbl Bloignzg st ofvki mhyubi@nshd ehamt Abe term “Ub or Ubl

cEBEY RO o HbaRareey MaAAwS.taiE Jarsn € furher meant
t6 BRI kiedviEMetBs diitheselgl&ilpsaRNRS) as BLEMekibRRSY 'gllfinhave

the El-S-Ub/Ubl activated conjugate into an E2S-Ub/ U
yet to be discovered or characterized but which are sufficiently related by homology

to known Ub or Ubl conjugation enzymes so as to allow an individual skilled in the
art to readily identify it as a member of this group. The term as used herein is meant
to include novel Ub activating enzymes (E2s) which have yet to be discovered as well
as those which function in the activation and conjugation of Ubl or Ub-related

polypeptides to their substrates and to poly-Ubl or poly-Ub-related protein chains.

9877665_2.DOC 27



10

15

20

25

30

i nternmedi ate which acts as a Ub or Ubl donor to a
substrate, another Ub noiety (in a poly-ubiquitination

WO e@etss) , or an E3; and the E3 enzynes whi ChPCT/US2005/043812

facilitate the transfer of an activated Ub or Ubl
nol ecule froman E2 to a substrate nolecule or to
another Ub or Ubl noiety as part of a pol yubiquitin

chai mssehiglly ahiE3Whaphe kil if QRUtHERI ARy SRGE 'd?b%[&é%d fbrein. For
u EU|t|nat|on machinery as used herein, Is

Wonigret| aligdiselpges lf@wbnleme of E5%: RA66PHD, FECHsand U-

0 LS mhl ve vy be .di scovered
bg¥- clillar ac{}esﬁlig(z;lg? (fn%’ %& &P gorgﬁf(%gc,l a@‘i’? FHajivE SPUgiRg VBjants),
1160 FEIDD gib dl 455 KB 0 ¥ me tHébHEGInJSI!&Qﬁdsb a3 RBZHMBS asd ti&S U-box

to allow an individual skilled in the art to readlly
SFl?fé‘l‘Fﬁl 18yispiormgs Yetrhthsdrevor3 uomtgmg o6 igpformsemey bendigsovered. As

S 7B e 6B o
Edsthathio seffidiént to nedtd mblquumnhﬂlml ofCd bwmﬁ;tramrprata:m An E3 may also

con ati o of Ubl, or Iat ed p peptjdes to their
oGkt 2ouchanons Boyemyber Sapngts b ePaaERa pr o o1 n
chai ns. 9877665 2.DOC 27Essentially any E3 may be used

i N mehegmAe df S FH3er udé SEHRSRENBEY Bid s s @fxﬁgﬁﬁ\?entlon is
n? et al. discloses four subcl asses of E3s:

(Blexety OfAYHB dyosins)TiveleR 2E! saquences snd prajeins e@cod@@thereby

lﬂga%{ eG4, BrRGL GLANT 48 SRAEIA0, BIdA0kAYe deRSitination.
PO pﬂ’dﬁns plagl atrbR ibvhakmatubtlodssrolen trafickingsand Yetier significant
ot her new E3 proteins or_isoforns nay be di scover ed.

bilogjead praegssdsn For pranple #OBH may actpy t;bmﬁ ty jo trafficking of
cbﬁ]xkfeglgse %a{t%@&ﬁ@%sre%%(e q?tdﬁn}ga L e@rbeﬁoglJélatanhspamcularly

I Clen 0 nedi ate a substrat
hpmah eiPOSEHN 463 despnhdzcsomcd?liﬂ’l petem)rmltﬂlbanbmnéWOOS/O%WlAZ

%opl .y%ec%gigcgr%gé{)m@%}&)hpol %ﬁ%é@??@%@%ﬁ {agﬂ cation no.

W@y@@gwmolg§95CBH (Plenty O SH3 dommins) nucleic acid
sequences and ‘protei ns encoded thereby. POSH conprises
a R NBodwiedgyi and‘idemdidy’goes “amslahf}i’rme;fmat ¢al sequence similarity

' t t
bR oo ReP B T ey P Rt S ahRlsFulef fbPPlog can be
defefhP@l OB} cHMPERSS @Sposhidh BXedtR! SquifdeHvARY Bey benalighed for

assen‘olé or trafficking of conplexes that nedi ate
Puinoass eletampasisonalpicraday.uuel cgmpmns véitlobqaede geing ths well-

%W f@;@“ﬁp rdl %gﬁftlﬁlé xgiwp 1 J"e} }%ﬁgg%%@%% 15 %gghpled by

thEa'iﬁf) Ba&d du‘\anﬁl@cp ﬁhdp &telnoﬂhe Prﬁoler.BsO Q&lﬁ@ﬂlﬁk&% 914)that posmon A
ogy" "identity" simlarity" refer
dsgrse @fd@l%@lﬁgy a?ﬁselyﬂﬁ*@vvﬁeﬂe@% betpesryauclgic mwnces is a

FARioR WEHR! FurAGd SrIRMBEM! & SnatdIRHPLEGYtERE alFositions shared by the

nucleic acid sequences. A degree of identity of amino acid sequences is a function of

H

the number of identical amino acids at positions shared by the amino acid sequences.
A degree of homology or similarity of amino acid sequences is a function of the
number of amino acids, i.e. structurally related, at positions shared by the amino acid
sequences. An “unrelated” or “nonhomologous™ sequence shares less than 40 %
identity, though preferably less than 25 % identity, with one of the E3 sequences of

the present invention.
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determ ned by conparing a position in each sequence

whi ch may be aligned for purposes of conparison.
w@e@bosEhld y, such conparisons will be nmade usi PQI/UR®05/043812

wel | known BLAST al gorithm Wen a position in the

conpared sequence is occupied by the sanme base or

am no acid, then the nolecules are identical at that

POSI 1t1vpiL. b&g&%il%aﬁre&%ltﬂy uitler %eﬂhilnad'ifctuﬁqs?aﬁlces it may be

identity between "nucleic acid sequences is a funcfion
adyantageous oripegvidd honielogs ofibn &8 ardile b Hh! pelyperside e seatgnition

osi tions.shared the nycl ei.c acid seguence
cIRBBE B ARG ¥ st Al oGty BRLBE el When, e, the
E$ 6nThi UK faldoN@dnipHEee in hddsHEB1E bfAdgiddliab@viEidShedt cell of the
_positions shared by the am no aci d sequences. A degree

ingentipgrol gy 28r E3i ofi Udr bt JURf desitiedoframi thes aguaturely i escurring

. o - of ) ¢ e _
R 90bs Wit WG B ARl oFy v s
redative 6 eqUBR@eSUb An Ublndeivall €tbm alic hoRrdiBNScagds polypeptides.
sequence shares |l ess than 40 % identity, though
Apsafiselbilie s EhanUss ddhldetndi T5rosmition clseend] arprjatepded to
t invention. 9877665 2. DOC ~It
m&?ﬁﬁﬁggﬁggﬁé?gPﬁ§B%%%?Eciated that, under certain
ci rcunstances, it may be advantageous to provide
honoHogwlagk afreaEB ofrtheisubjectUpibupit|pphypspiides ean be generated by

recognition element of the invention. .For ex I
o RE s Sty S 8 Uil RatE o ageS e, SER1o,
inBbpRrAQITRAT S8 b3IN réfBRAGE MRdie, Riedrvgl Cetlricast méitods t10 dreate

host cell of the invention. Thus, an E3 or Ub or Ubl
pelspipiidd hpmetagshe nonnatural |y occurring honol ogs may

be used to practice the present invention with fewer

si de Se » E e . OFs I I

fr omT %g&%{ast J;rrgt{ef}{,/ 0 (c’:lg?el ng %8 y[gg%tlc% e%.g usEE 1ht%?cﬂangeably
héemoritinngleyring tvea parenprodied, The'tebms refdohd pdlyareds of amino acid of

"recggni ion el enment” are intengg% fo enco

ass such ;
abi78EGg $he RRWEIST MasdiolRsgs O PraRECH: Bmavee é’&‘?‘ﬁﬁf’d amino
adHOURA b Ig@ wﬁgérrgg@éd mrpﬁn&%efd@tﬁmsexn@éa@igs@ﬁ%a Saturally

such as dis e point nutation(s), or "by _
ot r biyic atteryRntioND0 82 1 &ymplac otipdfide etondy faririatipy, glycosylation,

ref erence herein, d ribes.varioys,.nethads to, create
S SRR Y 4l PhPRRoTYinth pr dephosphét il Also
incRRIeY AR 88" dciigtiorPaR poliPepided deaRehih®bes 6N ade aldlygs of an
herein when referring to a gene product. The terns
amigfoe acido (ipolugings sfonfexampli weradiral agugo |askls) has vredl as other
e |j r or branched, it may conprise
nﬁ@g%gﬁéﬁ“%%ﬁ%&“é%?%g, and it may be interrupted by
non-amno acids. It also may be nodified naturally or
by i Aleused terein, tHeotermxanplels adids ulefardeo lpolyhucleotides such as
Dfl\&r,rrgr{d’ ovrv]ﬁerg la%%?osp}{lja?é In%%hucleic acid (RNA). The term should also be
understood to include analogs of either RNA or DNA made from nucleotide analogs,
and, as applicable to the embodiment being described, single (sense or antisense) and

double-stranded polynucleotides.

For convenience, certain terms employed in the specification, examples, and

appended claims are collected here. Unless defined otherwise, all technical and
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nyri stoyl ation, acetylation, alkylation,

phosphoryl ati on or dephosphorylation. Al so included
wowvdaokioan7she definition are pol ypepti des cont ai PETIYSIINE043812

or nore anal ogs of an am no acid (including, for

exanpl e, unnatural am no acids) as well as other

nodi fications known in the art. As used herein, the

c%%&fﬁc t@xgﬁg eﬁ H%Fén‘i‘ ha&@fh%rsﬁmte%& %%Céoﬂ%bﬂs}n?%%o.ﬁsoy one

propriate, ri elrc ac
oﬂ&ﬂnﬁwyﬁmﬂhoﬂkdﬂabsdnﬁeﬂwmﬂemﬂtmdﬂkmgslnclude anal ogs
of either RNA or DNA made from nucl eoti de anal ogs,
an d, ThS aBRidsi‘@ihhe “b@’ ileaisedresdi®teldrab Ree &R 36 hhid?€than one
ngle (sense or antlsense) and doubl e- st randed

(1|@e| t9 it deash opelerf the gramppyatieaiobiret of s prsicls, palepss context clearly
f
i herlbe? 16y SRS U1 XEtol Do pn SATRL eaIhORBRRCGH more

thahlont ehrintal and 9877665 2 .DOC 2 9scientific terns
used herein have the sane neani ng as comonly

undeTsé eesh ‘Biyclading ofs ussdhdrainyto hdah) andrs bkl itekcHaBgeably with,
whi ch th| S i nventl on belongs. The articles "a" and

thephrasg“gclpsing pgmet Hmited f&fer to one or to nore than
one (i.e., to at least one) of the granmatical object
of t Hbe derni &8 is upddebareindatasan, @néas psed; intirelwngeably with, the

ot her ment " means one
teé@eﬁﬁwpr mun srconi&f%(gﬁlegﬁg@%lcgaﬁ%an%e& g term "incl udi ng"

| S Upeeortiai elbodifieBadh astBflcdiiprisee ﬁ)rhﬂiﬁ@ii ﬁﬁﬁﬂﬁgﬂ&bﬁmsmg a

with, the phrase "i ncl udi ng but not ]Iﬁl The
POSEHRpolpeptids, apdipolupatide gad ﬁ@%mce flabfled feigftin. Optionaily

Y

tﬂe%]jﬁét)‘f‘(l? %G ﬁ?e}syan}’ﬁn déblg% gd% t%g 19 :Ehne» ngg‘rﬁ{ugl%ﬁmpnses a
tﬁ@i@dlypepﬁ@e Mdlasmaéyompnmmts@sthé rmxtuwgnay beé setlented to provide

et R RO A U Dion S RGP oL REb S, fpgor fore

off? %?ﬁétg ©% panieterPRby B@ REiceled aneh apPOSPRlHiYuitin @offuXitss, €2-
conprises a target pol ypeptide. Additional conponents

ubi‘qutthﬁthmexttatsg &emlqubmnsaeﬂém*getdaoﬂxpepm@sru@auﬁwmlw The

C 3 n% 1% g\é\édzﬁh?éélgso }ﬂsj‘:lugfél tdege%{pgl?a%g{q of gl%e p6§ %ﬁ% T absence of
tﬂ@éﬁ%fecﬂsf &%dctidn (8.HS PORSI- ﬁ’ﬁ@lrhmbE%btqumrg @ﬂ:] )u | qtlamtat%
ubi quitin thi oesters, free ubi quitin and

nPabYp @ﬁthmncumt glithe isrbjeeiasidstestion, Pra maélﬁwatw@c @éftulat}ogl of
used here n

tlberprg%eglg?f & E)ser*c 1%0&1%( f%%@&l?ﬁ?ﬁ%%ﬂ@%técglﬁn ol;asg@ En BIEREEEN of

offebipartaBiefsé.t T tebrR - “d&b@tﬂ fifdlides eltecsrbuatlm whanein ﬂhﬂiSllhjeCt of
nmeasure of the anpunt of the subject det ection,

dgtegbemisdstarmmeddabe abssat bW ihd lvel o? sensit1vity. Detéction may
comprise detection of a label (e.g., fluorescent label, radioisotope label, and other

described below), resolution and identification by size (e.g., SDS-PAGE, mass
spectroscopy), purification and detection, and other methods that, in view of this
specification, will be available to one of skill in the art. For instance, radioisotope
labeling may be measured by scintillation counting, or by densitometry after exposure
to a photographic emulsion, or by using a device such as a Phosphorimager. Likewise,
densitometry may be used to measure bound ubiquitin following a reaction with an

enzyme label substrate that produces an opaque product when an enzyme label is
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the presence, absence or anount of the subject of
detection, based on the detection of other paraneters.
wab@eter7a " det ect™ i ncl udes the situation wherBCTIUS10685/043812

subj ect of detection is determ ned to be absent or
bel ow the |l evel of sensitivity. Detection may conprise
detection of a label (e.g., fluorescent | abel,

i @i t ; ' T
e o, e O S I BRP IR Otitbiouiin
cradigatspect roscopy), purification and detection, and
ot her nmethods that, in view of this specification,

wi || vai t ne of skil.l in t.he art, For ..
st AR S8 LhPRerl, AN Rd o b sy O 2l Sprisine o
POSHbblybéptidena wgelbbn@e%tme dd akeifdetofM@elad widigfin. Optionally
exposure to a photographi c emul sjon, or by using a
g e sqrEpTises 3 Phardieior? pelypertideiapd eptenally the mixture
i ; . . . houn L qQuiti
TR LU TR RE S, Ay TBRT L BRI B e
stleeted pr prduriescoaditiopa cpsispend dathtthaviigquisinatbsizyftie taage|
is 98776(55 2. DOC 30used. In sone enbodi nents, an
pag@agﬁ r@m YRR SRR o Marapsiss H@Wﬂaﬁ@rww» such as POSH-
n ¥ I " ses
PRI £ MRS RS SIAL, SO,
etrdodmients; lay pegatyicdmpaines detsting e tefget pdlmpendidetwbguiitin n.

tionally the m. xture conprises an El and/q N
BN Ents o i PR Bl R e i te g ine BOSHbiquitn
cEuglequi tin thioester. Additional conponents of the

mxture may be selected to provide conditions

consi stent with the ubiquitination of the targ&t

pol y pepessaedesoribedpbays meaydte wked iy ¢ Genine gramaloadenty agents
FREARISER SR in A A7 arY DB blipidk ISP ES Wiquitn
Izt dA seeting assansd i genaaldy invelvedddiagtaitery aptre t¢ engef the

agg%%gﬁ(g%t@; grearg}gﬁl)tggl‘ls%%é[]yc%%gl]gg %tsaes'a%s:s gtd%?%t?qe-#éated activity of a
POk Ugrbglﬁdcfé nflﬁgi&dfﬂéi‘&gsg JBRcRATRY stlesfint Bady BRQWR BBipared
be uSed’| e h

a screening say to identify agents”that
toaduitdtle referebée UA Siitebletefitrentcanay i anyassdy mnp@SHously, in

ol tjd t 3 ubiquitin i A '
B Shl Sy e et A et RSB B Weroue
APeevibustiisBRANRARIRY Shsele FMe REHHBENATE F¥n&igISthe B&Eponents
t0 assess a ubiquitin-related activity of a P

qel Sme@m@ﬁs.aym@upa mardeadded i_ncp@vevédmonsistantgﬁqlﬁsg@ﬁ joygrall
BRPRLS B s dRer TR DRt AR08 P LIRS cxfipote, i

dReakial dnfodahentatiemal batdediiblesto pheircabite d@anst.agént and the E3
suitabl e reference may al so be an aver agte of previ ous

(rgadha RABHiolRePHA®, Eillonied bysemenag thetestagenfiand agdition of
&ﬁé}%%ﬁllpohaﬁs ?oom%ttﬁ‘e assay. In this manner, the effects of the agent

solely on the POSH polypeptide may be assessed. In certain embodiments, a

screening assay for an antiviral agent employs a target polypeptide comprising an L

domain, and preferably an HIV L domain.

In certain embodiments, an assay is performed in a high-throughput format.
For example, one of the components of a mixture may be affixed to a solid substrate

and one or more of the other components is labeled. For example, the POSH
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of a screening assay m xture nmay be added in any order
consistent with the overall activity to be assessed,
whioeoer78®i N vari ati ons nmay be preferred. For PXEDPL085/043812
in certain enbodinments, it may be desirable to
pre-incubate the test agent and the E3 (e.g., the POSH
pol ypeptide), followed by renoving the test agent and
alpbpti t h . hi .
PO bOUSEd OTRRNGD. e SOTR AL B B gl
lmmlmfgdﬁélpﬁlﬁﬁ eAnEy and Fissesseih sdiutlolf; atlditha: POSH-ubiquitin

eeni n ssa for_an antiyiral agent
GRS riefiop Bued 5GP a bt Sne St Epreaone
uBfEfleeddaiBdIEd uiiGuitth nk d@féﬂﬁﬁg"the 'uqu%?cﬁf @hfyemains bound. Other
enbodi nents, an assay is performed 1n a

Vhﬁlﬁﬁmﬁ Hray hgtised. Hosexamplerbe amonntdfaibiauitin of solition may be
g@?nents of a mxture may be affixed to a solid

su Strate and one or nore of the other conponents is

| abel ed. For exanple, the POSH 9877665 2. DOC

31poly perpiin eiabodiyneh®, tifefubicitin B 18betdd; bt digtitNoBiadiectly.

et MG E 0k, WS B UL, Lo L selutl on, and,
E@Hnuﬁiaﬁiﬂ tth@a&%ﬁh&@@tf%r 1%{(} nggpdﬁé’regrﬁngﬁ@%raﬁgnéks

washi ng th& sol | ace unconpfe
desebibedabays cariait embortimaats ety enng)lojn enady moret taggedhatlabeled

iR 5, T RO T CORITEHSES B e DG PGP omef the
tal%gg&?él?ﬁeptide Aetrag Fhdy &nf&eg td"RBilRate hﬁ&hﬁﬁ:‘nﬂb’f S ?aype?pude toa

eled, either directly or indirectl This typically
sufgcene flapeld sssrpeaamp mablida rapetiss thab faciliteterrapid ietartion obfhe

f
AR BRSSPI Mol Bt e
eﬁll&q}e&agsfiﬁﬁtt b neaenja e o flehinsl mtﬁmiﬂs)u vadllechafactaized antibody).
or | abel ed protejns. "tag" is nmeant to
BIWH}YEP&@H% P@‘(Yipé%ﬁ(%eﬁéiwﬁ%@q“f’lﬁéP’éGWI@ 3 lavge ambsr of

¥ ?’hﬁtglg?ge&%rg B%dﬁl‘?]fl’é‘ﬂtga«&}lﬁ@-}‘ea@ﬁvéj o‘i—rea 1ve ¢ agens, for

attac nrent 0 epti de oasur
thd tammylatm afpaoitints muicihdé axdés nnnbehyd—rstet katbolkghic bmﬂatsee

ittt S0 eayeriobee crpe P atetancl QURE RbS. derehy tp@rgprated by

rﬁ@ﬂeﬁ&p% El@ﬁﬁylﬁtiééfsul‘?’éh%té' @aﬁ@ela}(ta&iéﬁ'tf) b eth AR taet aeb Rt via
a wel | -characterized anti body). Biofinylation of

awdirw:r@ptepfdeshn Simghily lerlerge nuinber eldzappinylatianireaggats are also
nunber of biotinylation agents are known, i ncl uding
k&?ﬁwﬁ‘e- reactive and thiol-reactive agents, for the
bi oti nyl ati on of proteins, nucleic acids,

car bahy@iaiesubiganipaxitvithgapizgse. Iﬁaq)rsﬂéﬁea efmb@diment, E1 is
Mol ecul ar Probes Catal og, Haugland, 6th Ed. 1996

capablef trapsisrpe Ehigwtipyo %E&I@r?d@efemé eBbPAYReat.dtl forms a high
e@#g§ hﬁ@i%?tercl?d’ﬁdt{%ﬂ?ﬁﬁlaﬁﬁﬁgth%f%b? "Qét%hﬁé“ Rk 'ﬁglqﬁﬁiﬂ? ANt i o

ubiquitin carrier enzyme (also known as a ubiquitin conjugating enzyme). In a
preferred embodiment, ubiquitin is transferred from E1 to E2. In a preferred
embodiment, the transfer results in a thiolester bond formed between B2 and
ubiquitin. In a preferred embodiment, E2 is capable of transferring ubiquitin to a
POSH polypeptide.
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avidin or streptavidin. Simlarly, a |large nunber of

hapt enyl ati on reagents are also known. An "EI" is a
wa@ibiogosdt7Bn activating enzynme. In a preferred PCT/US2005/043812

enbodi nent, El is capable of transferring ubiquitin to

an E2. In a preferred enbodi ment, El fornms a high

ener gy thi ol ester bond with ubiquitin, thereby

"act [ ' [

2B AN SR [POSA poERcplh, B2 i s

bamgytere)bead, opiiopal bf with He sesistovicenafia tag. Uillpwiitg Hgation, the beads

mph B8 R FE R OBk oo il Be SolyafuS A rereasived. Ina
pReriwdembadinad, P@SHlﬁol);ﬁéptldlé’hs%oﬁﬁ&foe&eraﬁgalﬁi‘@ﬁe @bfﬁgﬁmon used

E2 is capable of transferrin uitin to a
ingldgplapeled @blqggwés@lszermm@zmntm cadls with hpumbublqultm may

L LT s ——

suh iss hnieecrifeddn UaS). pakedt hgplcagon BEaNoo09/04Ne1heddseh ¥Breby
be separated fromthe unbound ubi quitin and the bound

mﬁw.'pemt%q in ipenbiprtie dlhe) anoynh pEh g a i@y eamniBeR be pegiyred.
pol ypeptide is bound to beads and the conposition used
i ncl t
beads S T ey G o i shEmey DO aRel oy of
exfdmple essesivg {hectffeetofstie tast hgembon kmgtu;sFﬂéE)y—statcramd@r endpoint
thod for such use are described in U S. patent
é%ﬁr?a& P*on Ser. No. 09/047,1 19, which is hereby
incorporated in its entirety. The anount of bound

ubi q¥hé teimp@iEntshEMhdearvR8 a9 thixtuesdproGileEhéreih MSEBY ,
the effect of a test agent may be assessed by, for

canrbinpd B vaiyiaes ggiongtst e mpfasied eatbOﬂﬁ@emeénﬂqla@@ kar Egn
cérﬁ‘hegg{t%cgﬁmqlﬁ 18)31{33601?%)%% ta?Q %Q{W%QQR&EBB o?%rofnhg3 to 200 )0, ne per 100

arl ous assay
miroNiet edctiar ﬁﬂllitldﬂi)OﬂiIﬁ)n@.anﬁll nedsedrat ¥ dinyl mcaﬂmbh f fiom 1

B g 1) Ticro gD R CHOR RRPOTSHACH AT & fnal
égeﬁ@rél b8 160 BE per A MGoiatks k@étldil%ﬁiﬂoﬁ”m%% pefcRibly

t1 onal is u final concentration of from
10-56 cmg&‘p@r ih@O pmrom@ﬂraacctmmmqlmtmn freapteforedsmhbadiment, POSH

PSPPSR ol Bl TSRS

nﬁ@()ﬁtepfe%@(g@gymm}p 50 ng per 100 m croI iter reaction -
solution. In a preferred enbodi ment, POSH pol ypepti de

is conbined at a final concentration of from1l ng to . .

500 Rigngrally, PoassAycristute & prepaed pops 9dhYRIiUGHuitin ligase activity
af@&e&b%"@&lﬁn th £§§§§9’. t(l%\ﬁ)é{ayy,eth'isswﬁf PR 1IGHeAToARERY Hich as
50 — 200 mM salt (e g., NaCl, KCl), pH of between S and 9, and preferably between 6

and 8. Such conditions may be optimized through trial and error. Incubations may be

performed at any temperature which facilitates optimal activity, typically between 4
and 40°C. Incubation periods are selected for optimum activity, but may also be
optimized to facilitate rapid high through put screening. Typically between 0.5 and
1.5 hours will be sufficient. A variety of other reagents may be included in the
compositions. These include reagents like salts, solvents, buffers, neutral proteins, e.g.
albumin, detergents, etc. which may be used to facilitate optimal ubiquitination

enzyme activity and/or reduce non-specific or background interactions. Also reagents
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and/ or ubiquitination activity. Generally, this wll
be physi ol ogi cal conditions, such as 50 - 200 nM sal't

w@ e00g/ogo7BCl , KCl ), pH of between 5 and 9, andPCT/US2005/043812
preferably between 6 and 8. Such conditions may be
optim zed through trial and error. Incubations may be
perfornmed at any tenperature which facilitates opti nal
et dthériise iinpRbFathb LIReINp P it ALY, 40 as lp?&tls'%@tihlﬂﬂitors,
periods are selected for optinumiactivity, but may
rcksspmhgplornian@anicrobiad e gérts, gtce magphaiuseid ghhe drmmpogitions twill

' . Typi cal |l y.between 0.5 5 hours will be
SRRy iRl Ry R GRS CRDE T e s orenagis
Ay bbeddudripasy biden that feskes Uiduide iERRALH By bi KRimizes
salts, solvents, buffers, neutral proteins, e.g.
idPwifigerion beandiyiate Bodulaier cligisiin paye BEcbgBbodiment, ubiquitin i

L : oLl L . _ iy,
Bl Pl Sl (e AL OBy BT P ublebingtign
dlzgmes.dage niternat preehed eBodidizht) abiqither wireddédiprareésction
t effi.ciency of the assay,. suc S. protease . .

?'ﬁ%r BPlEPY, 2 9?@91%5?3‘8°q1‘ﬁﬂPbﬁsttW’s‘%‘ﬂﬁ€anﬁWE‘f B rdgition of the
WgtiSatid izymP®Y be used. The conpositions will also
preterably include adenosine tri-phosphate (ATP). The

m xture of conponents may be added in any order that
pr onolnegeneral, questiagentithpl slecraases ¢ NGPIbubigpitinnielagss] activity may

i dent,ifi cat.i candi.dat e ul ator eff.ects hi a
SR i PO R ARR ARG, TRAE 3 e B itrdiseds POSH
iRqEtihelatedfabavitpflayibe @fed th timalre PO Hefddbtidoi vavo. t Aeest

ubiquitination enzynes. In an alternate preferred .
ageBbaRYB A Modifindyfior Bsnini vavey edsi tyed ditipnpfiadwediapbabisupeigty,

' candi date nodul ator is then added,
%Cugﬂi%v\hggst%@ addition of the ubiquitination enzynes. hi

general, a test agent that decreases a POSH
ubi quTé perforah AP essags tthe/UbyUbipyr tveogrition tlementypdypepRdSkH

it L b BT U OB 08
whil TS h & FROGH, TRABRIHIQNE Providee bgl%v&t, gﬁi SUREBRIUFRECER labels

nodi fied for use in vivo, e. addition of a

g., by .
it dpeoyphictiyolismissdyare slse Avalksblerio dwtse of skil) ip#hefask m FP
assay t he Ubl,. or. r.ecognition.elenent .
pol yp@%‘?@@&r}fﬁuwﬁfﬂ%@%ﬁﬁﬁ V%F%%"éﬁ’%}f tlhgﬁ tigpde fluorescein,
fidstRirRS Yo chyaleh, $hédatiné (Pevii8 Wlakr Chius), E9R.OCH3, GBBINTYS,
known in the art. Exanples areEgr ovi ded bel ow,

éﬁégs@y},&ﬁw& (Aroprekaseintl exaaikads Arre HpaePreacaIGrgen,
HEFONEDE P AP L AOREE LAl e
@rivaiingd oftftudiésdeinebarbradiddzekacounearing bysimdrueifer Yallow,
ootz (e 6 et Cotusl 00 Qi S S
A&V Fn6 R es may be found in the Handbook of Fluorescent Probes and
Research Chemicals (2000, Molecular Probes, Inc.), along with methodologies for
modifying polypeptides with such moieties.

Exemplary proteins that fluoresce when combined with a fluorescent moiety
include, yellow fluorescent protein from Vibrio fischeri (Baldwin et al. (1990)
Biochemistry 29:5509-15), peridinin-chlorophyl! a binding protein from the

dinoflagellate Symbiodinium sp. (Morris et al. (1994) Plant Molecular Biology
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i ndocyani ne green, malachite green, BOD PY, dansyl,
tetra-nethyl rhodam ne, and derivatives of

wo bweewsei n, benzoxadi oazol e, counarin, eosi NPCT/USIN®043812

Yel | ow, pyridyl oxazol e and rhodam ne. A nunber of
these and many other exenplary fluorescent noieties
may be found in the Handbook of Fluorescent Probes and

Bos o217 @GR A ol AORom Mok 6 U Ao RERRE Suckl A e chococeus

al ong wi t h net hodol ogi es

At phmcwtmm @td }dsfcoﬁwemrrp{\ﬁﬂbanks ot ﬂl (1998 NAtBib] CREMASLER:1226-
uor escent, _nol i ncl ude,

%/Agr | JSW?R“’% “éer%‘H’Ee @%‘E‘Se PR¢L E’rﬁthPIBPhX#? ardhgatious phycobilins,

feBpdcdvéln, Stildrescédk¥30hciBiochem stry 29:5509-1 5),
peridini n-chl orophyll a binding protein fromthe

d| nof Flagesseeat @béymﬁ;m@m ibaiacapngdish¢dvby exirgessingad polydddd} as a
4: 673:.77
e ppYBSik £BleRicP ot 8 Pl BhBfs e Protidt ated

ﬁsmﬁ@meishpmmuﬁd othefcoecl HAERE! Fkdhpl BRYROS YR
%Wlbanks et al. (1993) J Biol Gﬁe}?nargggrlzzlg%% s'Include

REVEY §AGEHS akthe éa?ﬁnrfélomsswﬂgote@éﬁlfa’o af Aeqsioir wr\ofthytkzl
‘@al"i"d?l‘#s hay b@Hﬁ%IRP%%ﬁHH& Y a{;ee(fiﬁgl%'hk é’fcn)éu?x? grbd/%?nﬁgon

l'uorescent ¢ ctors uorescen
mdmnﬂ:@rmwarmptsearp nbest lsgclathpatahw)ﬁ@ldr@er @pedr Frdéd, aAd may

h fl t f e
Pt B sPurnisd GomsaiTs Fm YEP apd R, resspatively).
F06vefdcheprofcd® BEY BE §LBS- attkXRARD ?6%@%{%&%& %8&%[ a variety of

proteins include the many varia

qo|v abnfe@dewncwm ﬂlnkzé@,ﬁ)lcluﬂln.ge@m @xamplw pﬁpﬁde honds (e.g.,
ter e di ff er ent.
G At AT BTN SR SR
o@hphﬁﬁ tRdredasprb of Hﬁbrets&%.’b’ %@eﬂl&p BEED. 2 PRRAK 5 B50us; and
ear bl ue, ow or redeéé’er med BFP, CFP,
SEE.& déﬁﬁ@476e@g)@%mé%sper Flabl 88D &rane pt 0629923 dridein ot ol
t t t
@D WA LIRS DA VPSR GE Wl QU8 Bet Bhofichem.
Rhoaotibls, 35:8@&803@ Theiitset GB ((982) @@pfpessdcmn aBhyBidIYSIBITT-85;
ro{dFe % m cal cross-1inking and
fﬁrﬂ t@@%‘? asﬁl‘ﬁ‘icﬁzggubﬁ 8. For exan‘pl es of
fl «“@f » 4
5, %;ﬂ%%gl% 6, t@g%ﬁa ! %%%fli %tgﬁﬂltgr asher %?0% ﬁ%y%zof%lﬁﬁl
e@emtdhat]oml bedetea3d i in blebswp sysidm, spdi 8tjor I@Kmﬂplej\latthout limitation,

A SA,, 91:
i B PRSoHAY, (RO baA 459 o soHt aDairigteag etc. A

b(1c3-18 §18i1 Oﬁ&’é’l@btakﬁé e6he Meakb¥i$ ERlnt that @fﬁnée?s SreaslPivlé Fxl'bp%tty ofa
00) Science 290: 1585-88. The term "out pu

bé.‘Pngﬂ&iﬂ systgmafcgeeﬂemale wethaviugeidatios, Hglyabsdrbarmeyat a certain

in_an

L T AL XN T—

moiety in the system, electrical resistance/capacitance etc., which event is conditional

on another, possibly non-measurable or less easily measurable property of interest of
the biological system, for example, without limitation, the presence or absence of an
interaction between two proteins. Preferably, the change in the measurable property
brought about by the biologically detectable event is large compared to natural
variations in the measurable property of the system. Alternatively, other biological

functions may be induced and detected following oligomerization, including
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in a transcription-based yeast two hybrid assay, a
split ubiquitin assay, etc. A biologically detectable
we@aeaTeans an event that changes a neasur abl BCT/US2005/043812
property of a biological system for exanple, wthout
limtation, [ight absorbance at a certain wavel ength,
light em ssion after stinulation, presence/absence of
A O, SR S Bl Rofndif, FOF pRAShE Rer SCifikchifkutation
secondkiry nodafication arttlbelizatps sk dalcytosisnediesdgnatiap) wotein

| es eaS|I measur ert interest o
degreagn o5 it e, cHlbpioBHanEreto1g) nepies BhavFstypel size.
ShdtebiBl o%&%ﬂ%n@m%ﬁé‘l@@ﬁ@c&ﬁm@l@d tbs}ta%ﬁety Srifeet MQPcéﬁé’@

prot el Preferably, the changé in the neasurab
npamachﬁﬂgmctgmiarab@wtlemsomge mﬂhogdwaluaypr@@u@csmab pe

is |lar ared to ur al var|a|0n3|nt
LR i GRS 2P o el Aokt GIGeRD el Wl
pﬁ)ttéh@é a@tivalyQiagf btk Bedyntifie rodYioh depenidemash abanid sssscltaﬁ@h
foll ow ng oligonerization, including 9S77665_ 2. DOC

Abmdpaemiay 2raved fos pssopigtion oHGRretems oI WepRiPTRIOteB Associated
w%ﬁﬂ%)?e ! (f'};c ansgggc:y?ltn+soa%alcd£e alq%t bloﬁllultﬁlﬁft%%lg)gﬁ@éné elnzymes.

ocall zatlon’ ~excoc
signal ing, protein degradation or inactivation, cel

vi abiThk tuye of ﬂigﬂb@bﬁ(fbraﬂaﬂﬂtdeﬂv&l ﬂgnnoﬁ\caqmoreatvéqtoﬁehas

e, Such bi | |
ryoliiopiaey Teseeidh SBe Fa A TAT ULt fedAE oA PR SRes.
Bk bRUb@mAR I duRS-iARRAE Rbade Wbrhiprided @'ﬂﬂo%&@ént protein.

protei ns such as protein kinase or phosphatase
The igont togpencedncedinga foviesany protsis pybejenad én-Femevyithya gene

r ot ease ﬂoac%tﬁll \él’llﬁ%fﬁﬁe?t 2% 6&?12 Igﬁf&%ﬁ%g'ﬁﬁe ra%ﬁ%é &dired fusion

pRStEN gi‘@dtfc@& whsh aGeAtd o A a}@r@[?lﬂit@ bﬂ&eﬁ&idnhveatdi' eEcﬁ'pﬁ@ance
pr otein associated with the ce

cl e, cl
suitable viestdas irzpdieds, plamidsipf thg mnesaﬁ Zféﬁrrﬂ@d @}ﬁf%%%

dgulisﬂgch[{ﬂﬁsgnﬁ e@g%&q{éﬁr o%s?x%l@% p?g[;a'é:ar ghg& ﬁl%lﬁﬁig UHH & C-derived

pthliéd RF e%éssm’ﬂ agublarydilcaletigi snah apE oeds sAesumbnr of vectors
Feertain e

odi nents, the output-jnduci eptid
e@@ﬁ&fﬂ%@@@éﬁﬁﬁmd}f&@&bﬂnﬁm BROLFIRS Iyrastg dHE S endiP24, YIPS,
ﬁpﬂd YiPs59 éﬁ gﬁﬁ 1p;r £2b @1051 dbﬂ%pfe@él@ﬁ dettibroé ﬁs’ﬂﬁﬁ in the
W't encadi ng 't

a gen pr ot e| Interest, e.qg.
indBoduictiblo bf galelip epistets mmoﬁ' t:dzmvzdws |($esdfoﬁr @sammlemeaeh ﬁt al,

Qe s Erpemorial Mt atlgetisroe FaRregRh MM RSS2 A Alomic
ﬂ%ﬁl\ﬁ dsér 1&55;;0?? gf?e%reﬁm&nﬁ EPchRfbd PhasibEE expression

Ive EX-derived plasm ds,
vre&“ﬁwcemhmln betdh mbleesmtmsseamcpw faeilitaje theprapaspien pithe vector

s

duR ¢ Bant ’lﬂfe%EN)@Udng)EszwAI/l’r_dOE pREEMVICSS V28R BV 2neo,

YI P5, YEP5 1, YEP52 and YRP 17 are cl chﬂg and
SR et T2y BRE Ve PSS Y FY - plg-nco and pHyg derived Vectors are

examples of mammalian expression vectors suitable for transfection of eukaryotic

cells. Alternatively, derivatives of viruses such as the bovine papilloma virus (BPV-
1), or Epstein-Barr virus (pHEBo, pREP-derived and p205) can be used for transient
expression of proteins in eukaryotic cells. The various methods employed in the

preparation of the plasmids and transformation of host organisms are well known in
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i ntroduction of genetic constructs into S. cerevisiae
(see, for exanple, Broach et al, (1983) in
waExwensaTent al Mani pul ati on of Gene Expressi on, P€riUSI05/043812
I nouye Academi c Press, p. 83, incorporated by
reference herein). Preferred mammal i an expression
vectors contain both prokaryotic sequences to
| 0 .
thE 2 ELL B A0 ApRSich suihs nBolAkRin . fRFefibRue
cedls ssexgdl assgmdral recembarapbpriocedets, see MblecwoDRAirdH,

c | / neo C ., S\V2ant, V2neo, V2- dhf .
Lo i S Rk e B ng R bk saing
HY®6F Ditoraosy PreadNbES) OlaptBR & hh@ 7 expressi on vectors

suitable for transfection of eukaryotic cells.

Al t eFeraganulls; pademerase chaig redetioh rarsesndeventary oligonucleotides

RS RE B ¥kt (Rl ERGEL bbadthd 15 e
flidragtentcplot@n,p5 ©86 300 Ghe BEMS SdgdEndeNcdtdspbiding o €1 bfotein of

. The various nethods enployed in the preparation of the
infrest i liRnatinely, the s3reg ipgkniawesgnal be psadr igpnpieer apelyegleotide
se I éopregﬁoaaﬁ%s’eezth%oge%%ﬂﬁ ﬁgt{gin é:eg]t{le&cteh?rorsyl ttoaag anultiple
Xpression systens tor bo rokaryoti c and eukaryotic
clogihf Site afametpresiongentor dlior vinsdrtio@of a peceduees ens®iing the
Mol.ecyl.ar Conjng A Lﬁbg&ftor Manual , 2nd Ed., ed, b
Pratiih e JRtersst { B O RRHCIRRHGES CPSH PRFTESBPRHYS g the rTuordscent
priofdad rs@rgﬁf&‘e RS Somp A8 DdafehimRt GhdediRicBMudnbes i@include cloning
exanpl e, polynerase chain reaction or conplenentary
sitebj diokers) emnsatipgiomaynd drapsiptioy adittabor nayidiee termination  signals,
| ynugl eot.i de sequence corresponding to the
hﬁ%ﬂ%&%ﬁ%? ]CE?%}E@ﬁ, 5 or 3' to the gene sequence
corresponding to the protein of interest.
Al t egfaidl\eehinplds tE FRRPRCAR PRGtERIN @fe RRywibé theemh. Yowell-known
engi neer a pol ynucl eoti de sequence corresponding to
exaerle phia faeresent projeia; ip theapplivg (B dergied rom §pegies of the genus
AE%lotréa? !s&itﬁhf Aeldorah LRida. e B4R ﬁb&QHW@F@r({I%\%‘)@Ff’Pﬁom
I'nsertion of a‘'gene sequence éencoding the protern o
Akdqiceeesittoribie atq@sitivns b8-67iod ¢hesgeadieted @rincny esyranatidisegnence.
the fluorescent protein sequence may conprise

addi tj onal . nucl eqti de sequences to. include cl.onin

51 t othe e Brofeins, A€ A FiebaH IRFGITERAHEY SOFBRRC 2 WIGEP or a
frh G &t A drOS¥ BRYaA gch &hidiaNREd OBl SAeRBdcencd Ablli ng and

purification tags. Several exanples of fluorescent

proteins are known in the art. A well-known exanpl e of

a f | oY Ratent INQ St ;084 desetiesiihe nge o3P sy 4 Disdpgiad eporter.

ies. pof t nus .. Aequor, '
e Rk aRbue 0% BRSPS e R R, 150 265
3¢LHUCh &Y eIChID PhatocBerat Plaaashibl. 0(19985 68 7(4df 631h€) used wild type
predi cted prinmary am no acid, sequence. The | abele )
(3H BRI IR (w&}’tffnebwrtb%ﬁfudaweﬁmsbﬁerﬁwt@%fﬂéwpsaéeaa gfgpency

oPWtGFP as a reporter for use in mammalian cells. Consequently, significant effort

has been expended to produce variant mutated forms of GFP with properties more

suitable for use as an intracellular reporter.

A number of mutated forms of GFP with altered spectral properties have been
described. A variant-GFP (Heim et al. (1994) Proc. Natl. Acad. Sci. 91, 12501)

contains a Y66H mutation which blue-shifts the excitation and emission spectrum of
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fragment thereof that can generate a detectable

fluorescence signal. U S Patent No. 5,491, 084
waleme06d78s t he use of GFP as a bi ol ogi cal repoPCEUS2005/043812

Early applications of GFP as a biol ogical reporter

(Chalfie et al. Science, (1994), 263, 802-5; Chalfie,

et al, Photochem Photobiol., (1995), 62 (4), 651-6)

S i | at i : t tiudi
P G s e e STk PP o KRR i Gpifom
muetagenesis podt sbséquentusdedtivnnfomriaightiess elvhish contain the mutations

v rBR e Lo 730 2RO e Tt BB Tle, Wefpr DRI ( groduce

mOR EriGhitABtRsibRin Pﬁnﬁt 8811s381atif {RREEFR LAY td BRR%EEhe thermo-
nunber of nutated Tornms of GFP with altered spectral

tojsranse of ipeafeinafplding shheddaybld matant A W3AATSHTSGrras(daserveéto be
I 99 . d,. [ w 1250 i
orfihues b e ot halind B8 smeR Y e BRERRFER G Duan

exBifiSSd BlieshiErraxaitaiordBeako GRS .2PIEXE 9d L hie7D1 88 dedtribes variant
W96/ 27675 descri bes two variant G-Ps, obtai ned by
GFBm sdgom thegaming acidnig RasHicug L gnecedingethe gomgphore has been
Cahin . - ¢ A O _
nfpiAbofotie H Ho608 4 MuddRel SRR, K807 MAfne include
F64a, pe4duEst Anideidd E64ntwitk P64l being the ppdfandd matation. These
relative to G-P.and to increase.th her not ol erance.
mgen{sreteif aﬁﬁ@ﬁ%ﬂ&?mﬁwa% éntﬁ%&lfé(rﬂ_ef fﬁvf&“i\%ﬁg@%‘gﬂhw
ShPPRE ek &S af bANSRIn thBfihat RE4NTFFARLs KRALBORh Y yield an
the single V 163A nutant alone. This nmutant exhibits a
appraxémste §-fald insmehseain dnonsecsnce Bt 37 Watdweatto sborter chromophore
6t 172,188 describes variant GFPs wherein the am no
MAWFROPAE, it i on 1 precedi ng the chronmophore has been
mut ated to provide an increase of fluorescence

i Nt eIAs bdditioSue hthdu kiagico Afitdmic loddenfedly, defiddd cofibfations of
F64G and F64L, with F64L being the preferred nutvﬂ}i on. .
mytgEges daserindsabpwe 3 tarichy of VetiBak GRYS AveibeeR eedied; iy gontain

twWobE an)%% %&a{tiofélls %iiﬁé{ﬁfsﬂ}‘; @elgéteﬁ%%lﬁd}%gfssﬁgﬂseﬁgb%ge 4h€ other

eXCl on an em SSi1 0 maxi1 nma. een
metadons, had yiktidsek tapprbiatitedéarftagedus popedss dfithe individual

fluorescence at 37 QC dye to shorter chro hor e .
miigligRe g GFPAUPReS, DIYFIRJHAE (FSPReROR HBY SPAGYAL HRRReLPESs Waich are
sugt%@ Oy a8l NGBV BN SIEM! BT teR fin Madn@hhPRScARS LS. b@flent No.

ove, a variety of variant-G-Ps have been created |
6,004,648 disnloassnGFe woth impreveduflearcssascedand fddiag edhgracteristics at

3 ’?nﬁ'JE E‘(t;i{ %&{iﬁ,%?&etagﬁ i%lg%ggﬁ.g‘%i l{%gl?‘caglﬁ’bq%/ﬁé %?%léloéa@\% ?ﬁt ageous

properties of the individual nutations to produce a

pr ot §ig) PichiINEXRTEE 7P esatibesuslGE flabregieapgrotdie BHR) ch
are suited to use as a sensitive biological reporter

canfpinige il a0 e Y66 H andsY 1454t mptatigps. This1s referred to as BEP,

because it emits blue fluorescence by UV excitation (R. Heim et al. Curr. Biol.
(1996), 6,178-182 ; R. Heim et al. Proc. Natl. Acad. Sci. USA, (1994), 91,12501-
12504). However, this BFP was very dim and it experienced severe photo-bleaching
as compared to green fluorescent protein. U.S. Patent No. 6,194,548 describes a
further BFP containing the F64L, Y66H, Y145F and L236R substitutions. This patent
also discloses a mutant containing: F64L, Y66H, Y145F, V163A, S175G, and L236R.
Further mutants are described comprising the Y66H, Y145F, V163A and S175G
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6, 194, 548 di scl oses GFPs with inproved fluorescence
and folding characteristics at 37 0OC that contain, at

wo e@sio78he changes F64L and V163A and S175G RLTBUS2005/043812
Patent No. 5,777,079 describes a blue fluorescent
protein (BFP) containing F64L, S65T, Y66H and Y145F
mutations. This is referred to as BFP, because it

i ey o oSG AN gL B o

arPdescribbihied S65ACaM. Y L. Tisée mut:A9dre nfike pR&OSabI2 2vkhose

However s BE % dimand it experienced
d?%%de‘n%g?%@tmté\g’cma’ (giqv'corrpar ed to green

fluorescent protein. U S. Patent No. 6,194, 548

descwidBn2 80 deiibe 8RB veL RhanBied AR afiR4L of W8 fluorescent

Y145F and L236R substitutions. This patent also .
pratost (BER) ard muelaiet acidmthat sheaste e@imeeredeBEPs yhigrexhibit more

. the an d ' .
182 S G T BRSO i
spRoifa 684t 100G MleAtdxpressed ANtbntiendibddus A6H: teamsbratures
Y145F nmut ati ons. Further ogtl onal nutations ar

a9y 3P Getnphaperpitahat Aoyt 390 Tk ispariciilan ORI 29786 grovides

Ci | i 8 . {13 29
Qe 5P ol B b B EEH (ElcTeblot of T Silkustf (BrPs)
andehaweat iceBslao flubleseentt uiateis arote giatde éhan (HAFIBY BIFRY previously
nucl% c acids that encode engi neered BFPs which
desgbash t nore stable fluorescence properties and have
di fferent excitation spectra and/or em ssion spectra
rel atVo®06027 GERcMban £xps188681d graeﬁgna&@ml OBGHS Aequorea
cells at tenperatures above 30 0C, and when excited at
capbieiceBY O Aworaseenh and inpwrfhworesyay Iostatg 61 gedvatiyes ohaglelP, as
fluorescent. protei t hat u el I ]
wi B B ehe P o}t e RIaRCadl, defbgpitdhs!” THL Fhrase
“filcdeNcesChacsin’t hrbnd § pioteih Saakd Eubkessent,hag., of nByRxhibit low,
previous]y descri bed. W003062270 .descrjbes a colorl ess .
mpdigiteion, nfpnerFIUATPssAI e JOOR dradighipl| Bl eiaht @ the appropriate
o - . . I 1
o B Al S Bl OO0 20 2 apb Yl WIS the
flmrescehcelmacacterisdoposied thanaised filmnpthedsterdtfibm of B8 enmore amino
protein" ns a.protein that i.s fluaorescent, . .e.g., |
o geruiins 0T BURCoietid AIGFOM 1t BREE FIoACOCEHERe. disbtich, the
fHhéreadhaloRind WA 061270 dol 1R iR Rbicfs8h &g hibd fliflescence
wavel ength. The proteins disclosed in W03062270 are )
onlfrdizen residuies that aétebyf thewselyeeas intrinsicalduass,iistiteyptapbemetyrosine

e T T e e i,
prAEIROwWREH1HQEIcEHE arf¥Rs Froh sorthé 8irfidtiiRr iaShe ProtihQidrtBan the

of W003062270 do not include proteins that exhibit
aliqvgsbeeifedsiagle amino acid resides; e.g., it arises from an interaction of two or

more amino acid residues.

Accordingly, fusion proteins of the present invention may comprise a BFP,

selected from the variants described above.

Fusion proteins of the present invention may comprise for example, an acGFP

or mutant acGFP polypeptide, as described in WOO03/062270 and a second
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only fromresidues that act by thenselves as intrinsic
fiuors, i.e., tryptophan, tyrosine and phenyl al ani ne.

wWo e@boed39 t he fl uorescent proteins of W030622FO0T/a28805/043812
fluorescent proteins whose fluorescence arises from
sonme structure in the protein other than the
above-specified single amno acid resides; e.g., it

piiadfied YR EOUHISEL BRYBRSh A SLaRE & HTOSATHE andior
CL i@ i @R (B GROyRptide. BFP, sel ected fromthe

vari ants described above. Fusion proteins of the
present inventjion may conpri.se fo

. | e, P
or mtvaRetyRigHer ﬁgqgfggﬁ{le}yd@’ mg]gdchg@ﬁ? § agr}lp]ga stgy(r:.cﬁlese
in}@@%@ga%g%gﬁk@ RE@ nSREAPELtERY 665 %lb%n@%e@e%géﬁté/, RePhhO8e used

or a prey peptide) fused in-frame at the
to\fati¢itate optimalnotoiein-grotdie bmdmgsandfor r¢rbice oGmEpPecific or background

I [de. A 4 f h.
RO RSRASGeva 5 Sty SHLEDe SBERA Eprovcss

8RR i clohdeanBidlibs, amtBuikfoblal REGHE RS mas-18-used. Mbgintixture of
etergents, etc that are used to facilitate_ optinal

cqmpareints-aue eddsidrin sy ardes thanmyosides Serbereqytsilp bujding lgubations
background inter Lons. a ' dhe t
SRR DAL 5L 0 B e PR B mcaion
pBUEdsQRS Selédiéd foir bptiSumedttivity,duo hiaglalsadenipimistdto facilitabrerapid
used. The m xture of conponents are added in any order
highethrquebpitdeEep®e. t he requi site binding. |ncubations

are performed at any suitabl e tenperature, typi calléqu%{ .
bet wisn agphentionovitt bel mersaadiymndersiadsbraieéerensede theylollowing

for optipum actiyit v, Vi . .1} :
cxpie s g et Bitho F s PR ARRHLILARE dtin aspects
A0 R SRkAemts Vo1 khedd @roventeapitiadiidny atidereshobdnthbyded to limit the
reference to the follow ng exanples, which are

applidatiged nerely for purposes of illustration of

certain aspects and enbodi nents of the present
BRVMPEEHICATIONMd are not intended to limit the

@E&X{ﬁ?ﬁhon. EXEMPLI FI CATI ON EXAMPLE | 1) Enzymatic
: orescent | abeled ubiquitin (with or with out

coldl pahfidtit isf@fp: anhrdsoai Habetal ibiquigmc(wicn obwiitheputvgald
El,” E2 and E3 for 30 minutes at f370(: Ei e]g%r ncgﬁb%nr %
pol y-ubliuji) are ineubiated iByreredan RUIeE Y. Eh-die t1OH- 18
read r'nﬂm%s%%?d@l yst

2) Formation of poly-ubiquitin chains

3) Readout step: reaction is read in a FP analyst

4) polarization calculation (mP)

Materials:
A.) ubiquitin (1-5 ng) (Sigma);

B.) fluorescent labeled ubiquitin (0.1-5 ng) (Boston biochem or in-house

production)

C.) Reaction buffer (40 mM Hepes-NaOH, pH 7.5, 1 mM DTT, 2 mM
ATP, 5 mM MgCl2),
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4) polarization calculation (nP) Materials: A)
ubiquitin (1-5 ng) (Sigma); B.) fluorescent |abeled

waikiogosdt7sn (0. 1-5 ng) (Boston bi ochem or i n- hoRPGEUS2005/043812

production) C.) Reaction buffer (40 mM Hepes-NaCH, pH
7.5, 1 MM DTT, 2 mM ATP, 5 nM MyCl12), 9877665 2. DOC
40D.) Reconbinant ElI (4-10 ng), E ) E2 (I-50 ng), F.)

E3 I JReINMhardt @ (3006@)m nutes at 370C. G) 0.5 M EDTA
Pr ocedure: 1) fluorescéent |abeled ubiquitin, with or

%t cold ubiquitin, are incubated in reacti on
2(§-5%ngk, E2 and E3 for 30-60 ninutes at 370C .
2) Reactions were stopped with 0.5 M EDTA. 3) Readout

STIIE:E} ;’la for 3P }ﬁ%ﬁgl%g?gél on formation assay:

t|c cent | abel ed ubiquitin
S |ncubated in reactlon buffer with El, E2 and E3 for
30 Gy BoMEDRA 370C. 6) Formation of nono ubiquitin E3
7) Readout step: reaction is read in a FP anal yst 8)
¢?§ @lgatlon calculation (nP) Materials: H)
Utent I abel ed ubiquitin (0.1-5 ng) (Boston

i ochem ifdreddsst C eact u (40
oy Hepes- NaOH, pH %ws%%dltunﬁ%ﬂ hiae ‘*”%“g ol

MyC12), J. ‘)bl‘RBE@n@”P riagwbared lp4eacm10nd®u;ffet< Wit2E{) E30 ng),
and E3 for 30-60 minutes at 37°C .
2) Reactions were stopped with 0.5 M EDTA.
3) Readout in FP analyzer .

Monoubiquitination formation assay:
STEPS
5) Enzymatic step: fluorescent labeled ubiquitin is incubated in reaction
buffer with E1, E2 and E3 for 30 minutes at 370C.
6) Formation of mono ubiquitin E3
7) Readout step: reaction is read in a FP analyst

8) polarization calculation (mP)

Materials;

H.) fluorescent labeled ubiquitin (0.1-5 ng) (Boston biochem, in-house

production)

I.) Reaction buffer (40 mM Hepes-NaOH, pH 7.5, 1 mM DTT, 2 mM
ATP, 5 mM MgCl2),

J.) Recombinant E1 (4-10 ng),
K.)E2 (1-50 ng),
L.) E3 (1-100ng) for 30-60 minutes at 370C.

M.)0.5M EDTA
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L.) E3 (1-1O0ng) for 30-60 mnutes at 370C. M)O0.5M

EDTA 9877665 2. DOCProcedure: 1) fluorescent | abel ed
wa@ikiogosd78n i s i ncubated in reaction buffer w tPCEUS2082043812

and E3 for 30-60 minutes at 370C. 2) Reactions were

stopped with 0.5M EDTA. Readout in FP anal yzer Gener al

remarks for FP assays 1. fluorescent |abeled ubiquitin

| Pritetifei N @ 96-1512 well plate with a final vol une

up to 200ul 2. Incubations perforned at 370C for 30-60
Dm nut es 3fludtkssept dabeledsubigeitinats xubatad iomeatidn

The- i nt ool Mo HICE L Tl R GR i Sy Hrat co

2)experl MenRk addtivns aferefsﬁ)ﬁp‘éd GathoubtedTRp (P )

h élll é g(l-L- 1-T-c))/ (CL[[-1]]c)+g(l-i-

| Readqut 1ph anﬁlp/zqnd |- - =emission intensities of the
tracer with the enission polarization parallel and
per pendi cul ar to the excitation polarization I|]|c and

| [d eneralaneeke forl FP maygi es of parallel and
per pendl cular to the excitation polarization from
cont r oll- ofluetesqest labeled nbiu oy is @éx%ﬁlt%%@ Lokt yelltin. o=

conpensatf%gféy‘x,@g%%alwgg%ltd 2dourAssay enploying a

fl uorescent ed recognition eI ement: Ubiquitin
is init alﬂcybait'rws:paifmmedqat B7E! for BR-Gndinatdsar get E3.

After |t| isin orated ran i nt row ng
ol yubouths iPRaRnicad: Fe kPR Bah ST b e i
recogniti @&eﬂlﬁé@% thé ﬂ%ﬁﬁ%ﬂore@iahébs T%B%tegﬁﬁbﬁ' n
attached fluorescently |abel eml[)eptl de are forned and

are subsememnd?mwuib@ewu c\pSEmeRialfy4) . Exanpl e
of poly U|t nlaﬁ Jqon chain recognition assay using
f1 uor estethc® BSMAId at i on: 9877665 _2. DOC 4 29)

Enzymat I gﬂeyh ((gplnaﬁg«lm H-6)/ (e gg- jcyeagsd on
buf f er ,
IH and —L =emission intensities of the tracer with the emission
polarization parallel and perpendicular to the excitation polarization
Ilc and Ijlc = emission intensities of parallel and perpendicular to the
excitation polarization from control of wells containing free control
ubiquitin.

g= compensation factor

EXAMPLE 11

1. Assay employing a fluorescently labeled recognition element:

Ubiquitin is initially incubated with E1, E2 and a target E3. After ubiquitin is
incorporated randomly into growing polyubiquitin chains, the fluorescently labeled
recognition element is added. Chains that contain attached fluorescently labeled

peptide are formed and are subsequently measured by FP. (See Fig.4).

Example of polyubiquitination chain recognition assay using fluorescence

polarization:
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and E3 for 30-60 mnutes at 370C. 10) Formation of
pol y-ubiquitin chains 11) Addition of Recognition

web@amai739 12) Detection step- dependi ng on typerCDUS1088043812

Materials: N.) tagged ubiquitin (1-10) nM (wll be
added when using TRET/ FRET assays); O.) ubiquitin
(1-100nM P.) Reaction buffer (40 nM

T - . 7 . i . ; 5
VS ik i iR R B ST
nM,_S. -1 Todo-Recognition el enent (to be
det earna%3e§?3 %gc'gdlu%ég:at ﬁ Jbiquitin is incubated in
reaction buffer with E1, E2 and E3 for 30 m nutes at
3%%"%“%8@??1@’?}11’%3‘1‘5%%3“?% added. 3) Readout

Exanpl es of recognition el ement sequences (protein and
pébﬁ@@;wngéwmgmnmmsaanpl e of S5a and Sba
peptides f SBA gi|5292161|ref| NP_002801. 1| proteasone
203 DeteetiaiPstep- depending o4 tysodfasgn 1 [ Hono sapi ens]
MWLESTMCVDNSEYMRNGDFL PTRLQAQQRDAVNI VCHSKTRSNPENNVGL

| TLAM Gia\kelidid:PDTGRI LSKLHTVQPKGKI TFCTGE RVAHLAL KHRQGKN
HKMRI | AFVGSPVEDNEKDL VKXAKRL KKEKVNVDI MFGEEEVNTEKL TAFV
NTLNGKDGTGSHLVTVPPGPSLADALI SSPI LAGEGGAM.G.GASDFEFGVDP

i SRR SR B TR, SRR AR SRR

DTSE%@%}%EDDYDVNQDPEF L QSVLENLPGVDPNNEAI RNAMGSLASQATKD

0.) ubiquitin (1-100nM)

P.) Reaction buffer (40 mM TRIS-Cl/Hepes-NaOH, pH 7.5, 1 mM DTT, 2

mM ATP, 5 mM MgCl,),
Q.) Recombinant E1 (5-50 nM),
R.) E2 (25-200 nM),
S.) E3 (1-10nM),
T.) Recognition element (to be determined)

Procedure:

1) Ubiquitin is incubated in reaction buffer with E1, E2
and E3 for 30 minutes at 37°C.

2) Reaction element is added.

3) Readout

Examples of recognition element sequences (protein and peptide):
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GKKDKKEEDKK Name: Length Pos Seq: 5a2 45 263-307

MT1 SQQREFGRTGLPDLSSMI'XEEQ AYAMQVSLQGAEFGQAESAD 5a2b 31
wWQ @688 3EFCRTGLPDLSSMIEEEQ AYAMQVSELQGAE TAB3 PCT/US2005/043812

>gi | 22749541 |refl NP_690000. 11 TAKI -binding protein

3 isoform1 [Hono sapi ens]

MAQSSPQLDI QVLHDL RQRFPEI PEGVVSQCM. QNNNNL EACCRAL SQESSK
EM::?(%EXHSS?QQB@W @%@d@s NLGE HSPSSYHPGDGAQLNGGRTLVHSSSD

GHI DPQHAAGKQLI CL PHSAPAVVAATPNYNPFFMNEQNRSAATPPSQPP
SEIPSSMITGVNPSAMQGPSPPPPPPSYNVHI PRYSTNPI TVTVSQNLPSGQTVP

Eélgg éﬁ’%ﬁ?%ﬁ%ﬁ’(ﬁl Y1 RQTSQSSSGRQTPQSTPWSSPQGPVPHYSQR

ﬂe&‘éﬁfh@@f%@mm&kﬁ%&’ﬁ’i ?@HQVQPSQLGHI
FI\/PPSPSTTPPHPY PSY HSVAYLPYTASSL SKGSMKKI El TVEPS

MOYEHESTAYINIQBHSNS E WTMHQ@BSWMWWGL
L N B L R R T R VRS TS T R VAL AL BROGEN

HRIMRIIAFVGSPVEDNEKDLVKLAKRLKKEKVNVDIINFGEEEVNTEKLTAFV
SVf f GSGGEKGSHKY! SSSSGSDDYAYT%)AWRNERLA%KL EKE
NELNGHRERGWHEY SOBEFGVDP

S W&Wﬂﬂwwﬁ%ﬁ@ﬁﬁ%@%&m
WP BARLQPRUERYAAS ADIDASSAM

AT -

GW@EWNCDSCT FLNHPALNRCEQCEI\/PRYT B3a 2 9
PVWNCDSCTFLNHPALNKCEQCEMPRYT Exanpl es of plasm ds for

production of ubiquitin binding fusion proteins: 1.

Mamé:i f BengthquiPbs n bi ndi n@eqegi on from ubi quitin

bi nding proteins a. from TAB2 anplify codons 540-693

séz fromsTAB3szanpt i f yrtonEreRISh4pI/AENTEEEQEADNCBEAQGAEFGQAESAD
anplify codons 196-241, 263-307 or 196- 307.

5a2b 31 269-299 EFGRTGLPDLSSMTEEEQIAYAMQOMSLQGAE

TAB3

>gi|22749541|refNP_690000.1|

TAK1-binding protein 3 isoform 1 [Homo sapiens]
MAQSSPQLDIQVLHDLRQRFPEIPEGVVSQCMLQNNNNLEACCRALSQESSK
YLYMEYHSPDDNRMNRNRLLHINLGIHSPSSYHPGDGAQLNGGRTLVHSSSD
GHIDPQHAAGKQLICLVQEPHSAPAVVAATPNYNPFFMNEQNRSAATPPSQPP
QQPSSMQTGMNPSAMQGPSPPPPPPSYMHIPRYSTNPITVTVSQNLPSGQTVP
RALQILPQIPSNLYGSPGSIYIRQTSQSSSGRQTPQSTPWQSSPQGPVPHYSQRP
LPVYPHQQNYQPSQYSPKQQQIPQSAYHSPPPSQCPSPFSSPQHQVQPSQLGHI
FMPPSPSTTPPHPYQQGPPSYQKQGSHSVAYLPYTASSLSKGSMKKIEITVEPS
QRPGTAINRSPSPISNQPSPRNQHSLYTATTPPSSSPSRGISSQPKPPFSVNPVYIT
YTQPTGPSCTPSPSPRVIPNPTTVFKITVGRATTENLLNLVDQEERSAAPEPIQPI
SVIPGSGGEKGSHKYQRSSSSGSDDYAYTQALLLHQRARMERLAKQLKLEKE
ELERLKSEVNGMEHDLMQRRLRRVSCTTAIPTPEEMTRLRSMNRQLQINVDC
TLKEVDLLQSRGNFDPKAMNNFYDNIEPGPVVPPKPSKKDSSDPCTIERKARR
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2. Cone in frame with the coding sequence for GST

pGEX system (from Anmer shem Pharmacia), or a poly
whe@biosi7ae t ag pETsystem (from Novagen) or anoP¢EUS108§043812

which allows protein affinity purification. 3.

Introduce plasmd into bacterial cells such as E. coli

BL21 4. I nduce protein expression harvest cells and

]ISZ”SBT%‘Q ﬂ“ﬁfm'ﬂ?fft R PRI ShEBE PR Ab s e

El\@ﬁa&ﬂ" The recognition el ement may be a
pepti de or a protein. Ubiquitinis initially incubated
with El, E2 and a target E3. After ubiquitinis
Nawaor pneﬂ td random geg. Nt 0 growi ng poly-ubiquitin
chai ns, e fluorescently | abel ed recognltlon peptlde

BS ad@i@d Chai ns thaéstr@@ﬂﬁﬂj ﬁDﬁYTE@ or rre%é PAI&\TRCEQCEMPRYT

ubi quitin and | abel ed pepti e are

Bdbseguent | y measur eghrbyy, E%FIW E%FL&\&%ALFI\H&N.; m})i:' YT

Assay enpl oyi ng radi oact| recogn
mgeptigde: Ubiquitin 'Gipbvﬁ ﬁéC%E‘LMiPIAEME%R%t h EI E2

and a tested E3. After ubiquitin I's incorporated
randomy into grow ng poly-ubiquitin chains, the

| abel ed recognition peptide is added. Chains that
E?)%ﬁ@i n%iramt ached radipacti ve:‘% | abel ed peptide are

asypids dox, praduction wf ybignitie yinglingfysion proteins:

9877665 2.DOC 4 5EXAMPLE |1l In vitro

ls e ALy whigvitindinding regiamfremgbtuhiROSiHding proteins

Sel f - ubaqlﬁmmﬂ“éﬂim;vlﬁy@edmsrﬁmwmy honbgenous
ti me- r eb.olficen TAB3amesifgrodonsesSdranRce ener gy transfer

assay (dRHREBSa akliife osidagabs0nl ofe3utliTati g Crypt ate
to hPOSH a&qg. t he binding of anti-hPOSH antibody tagged

XLH6T16hd iﬁ%én'ﬂ;‘e leef dIULRNRERS fb{’é}@l‘ RIS (Y
10 Sl e &y a%ﬁalg Y i
h P(B'T!I 8‘5 Iotr 'aﬂ& L1%1"Oca aé ro)év(s OIS i (‘d_‘on.p H

& Blas ICElinm ) 2} econbi nant

C
5 (ln fprmeﬁéeree%mﬁa rest silg and pﬁnfzy PIOWH) and
ubi qui tin- cryptate (2 ng) (AS b| o International) for

: Q%Iﬁof@séegt!% lganed

jmgﬁlﬂonoldrﬂmtreactl on mxture for a further 45 m nutes

i ncuhati on m t eg{%er ature. Em ssion at_ 620 nm and
665 nRFTEOLRLich el ¥be@,ncpids pihprateimglbiguitimis dnitially

ifdulREE@SSAITTE ERead et Sh#k h@?fn%
The generation of hm%SH- ubi qullf %ﬁﬁ’ﬁgr ypt S%Bﬂt&ﬂfaﬁﬁamly into
growing poly-ubiquitin chains, the fluorescently labeled recognition peptide is added.

Chains that contain attached fluorescent ubiquitin and labeled peptide are formed and
are subsequently measured by TRET, FRET, or FLINT.

3. Assay emploving radioactively labeled recognition peptide:

Ubiquitin is initially incubated with E1, E2 and a tested E3. After ubiquitin is
incorporated randomly into growing poly-ubiquitin chains, the labeled recognition
peptide is added. Chains that contain attached radioactively labeled peptide are

formed and are subsequently measured by SPA.
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adducts was then determ ned by cal cul ating the
fl uorescence resonance energy transfer (FRET= DF)

waigioaget7Be fol | owi ng fornula: DF= [ (S665/ S620 PCT/US2005/043812

B665/ B620) / (C665/ C620 - B665 B 6 O] where: S actual
fl uorescence, B= Fluorescence obtained in parallel
i ncubation without hPOSH, C= Fl uorescence obt ai ned.

Materials: U') Europiumcryptate ubiquitin
EWEF@/) ubiquitin ( 1InM W) Reaction buffer (20
Innmmas&lsumg,ulmﬁtlanaf witadgeHPOBH 2 M ATP, 5 nM Myd  2),

gé? Igl(angaw} 15 %e?@glhé’é@y%oﬁgggoétt%glved%}qescence
reaﬁ&ﬁg@éﬁér%tr%s?&edgﬁaﬁ@ﬁ @Tﬁl Heth gn_g%ﬂoﬁéﬁﬁ%tm cr tate to

detection 1s determned in t gen
hROBHE ane ¢ bue@lmg lofi ente 5O Beantibsdntegged Eheohring ﬂwstﬁver

oGRS fived srebier S HistitonRang bR rdiguta GooR' 362
mbmcbswﬂ%hmﬁueﬁtabu%m}‘@@ﬁ% im&mwtbdqﬁ rédd€ion buffer
(4p| gchal n and bi ndi ng of the S5A wi bring the two

BenesNaOHcply Fida énMrilHT T2 @é@)ﬂ’l’nﬁ anl¥ M§612) with

I C T [\e
re olgﬁrfélg}%tuﬁr‘lle(%)q{l}lb?l{na o g (jil%\}l IFEI né)eagﬁtedrll) lt‘iﬁ)e&gga eg ng)
(cas bﬁte&ﬁéﬂnb@c(\haa)ﬁbv 80 ﬁﬁﬁuté@atmi’(ut Rsacaionam& st&fRd GaTh oM
to the Reaction m xture., After 30 .m nutes

BB dusht-BROSH- Kbor (e dipts APORM) Wastheriadtx kos Teacien
m?ltﬁ’l)e fgf ﬁﬂ’w r ﬁ@?ﬁ&@@m@%ﬁn%@r&oﬁ?teﬁﬁ%ﬁtﬁ&n ERiXdisH & 620 nm
or a er 4

m nut es 1 ncubation room
artdedidarm twas @btakirddssfico ex catiatiGi? 8t 38 ren ch 6 85oreseonesreader

oftdhun vt elBeph e erirst i ey CSHRb BRAEr So i
aﬁifut RRERHUPIQS R ih& Gy ¥b Ak AHE abRsY@se I’é@@l"ﬂance energy

erm ned by cal culating the fluorescence resonance
tramséor (FRETaAF) esing FRECEOMNngfeinmgat he fol | owi ng for nul a:
EQ AF= [(S665/ S620- B665/ B620)/ (C665/ C620 -

ABF oed e B e Ko B p oaR@n) PREGD S oA apBisence: B-

hPCBhyorescence obtained in parallel incubation without hPOSH, C= Fluorescence

obtained.
EXAMPLE IV
Materials:
U.) Europium cryptate ubiquitin (11 nM)
V.) ubiquitin (11nM)
W.) Reaction buffer (20 mM TRIS-CL, pH 7.2, 0.1 mM DTT, 2 mM

ATP, 5 mM MgCl,),

X.) Recombinant E1 (10 nM),
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Control = Fluorescence obtained. Results are depicted
in Figure 5. hi Figure 5(A), Background Control is

waledsnai7aed as Fl uorescence obtai ned i n paral | BET/US2005/043812

i ncubation without E3 (Bin Egl). In Figure 5(B)
autoubiqgitination is determ ned by TR-FRET. The
conjugation of ubiquitin cryptate to hPOSH and the

bi m}immf nti-hPOSH anti body tagged XL665 bring the
two “fl uorophores into close proximty, which allows
the FRET reaction to occur. In Figure 5 (C) polychain

fo [ | . descr;i bed above.
98%@2%@?gy@§%gg%kgg$£%ﬁ§?$%§¢BY RE&ERENCE AU
publ i cati ons and patents nentioned herein are hereby

I ngqrpor ated by..referen ' ir entirety as if each
i n%g\‘/fduallfeﬁﬁ%[ﬁ%%?ﬁ nggs%g%iﬂﬁo%%@ specifically and
i ndividually indicated to be incorporated by

rg%%re ce., In.case, of conflict, the present _

appty Carip Satection is tpsngungdyn us pxAmenle R hameaenpus dineresolved
RORLE . " . . he
subj eegltIce f%ven?éiélgn gl‘; g\égi%ﬁ%%tgﬁ;ﬁ !gl sC 'osed&ﬁl:isul‘gzdlnsr%lfl Of he
ublguitin gpptetefandabiquntin ito pblyshaiatis deectedlusing an S5A tagged to

ULy RS, ShA Do ok TR AL 552 v
bﬁﬁ? itlfé\/mfﬂdd%ﬁlo?&e(‘%fﬁtﬁéhﬁcpﬁL%Q? e cek@y ﬂ&nﬁﬂ,%;ﬁ Dows

ful | scope of the invention should be determ ne
theeFRAEICleropetiarhle ascw. nko magsorey ubiquiiinatien activilyl reegepeare

eqU4 t apd Lhe specifhbgcati.0 | on i.th,_such
oed SRR B8 o) MBS e AR s T MR oO
Revalonahixngel Afeic 90jmigades loubdtioa inroeiw tbinPerafiry PARLICHT-
to a _second polypeptide, the nethod conprising:
Xyl (G blﬁb(ﬁoﬁﬂ\/{{‘d@&th% addedstp dearsastism mixtergifes further 45

PRy T S o s
obriretliafter ¢xwitaticoa]j IxJatre th afiicresdence RadstIRDIB Yigar, BMG

i hdicat es t the ubiquiti |.ypeptide is conjugated
LebetRldin hia eptind! nBOSHHD HB T Rsm Rt dndicy Wik then
QAREESLE b BEICHALiAY i fud K .

A L T e s s G
ufing dodivllowirtghferrhalael ed ubi quitin i s detected by

etecting fluorescence polarization. 4. The nethod of
Eglla i‘\%ﬂ[,(gﬁm%qﬂ@i“ ﬁﬁﬁéﬁ%@@/&&ﬁ( §eo ndBssBaol Bhgre: Prasdsi of

ubi quitin polypeptide in a mxture conprises: a)
flvpwicdcnPaFvoxsoenee obtauredsn paralel iEQuhatibn wiithont hNRQGHE e,

and a ubiquitin
Control = Fluorescence obtained.

Results are depicted in Figure 5. In Figure 5(A), Background Control is
determined as Fluorescence obtained in parallel incubation without E3 (B in Eql). In
Figure 5(B), autoubigitination is determined by TR-FRET. The conjugation of
ubiquitin cryptate to hPOSH and the binding of anti-hPOSH antibody tagged XL665
bring the two fluorophores into close proximity, which allows the FRET reaction to

occur. In Figure 5 (C), polychain formation detection by S5a as described above.
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pol ypepti de; and b) detecting the rotational freedom
of the ubiquitin polypeptide. 5. The nethod of claim

wd 2006060789 N the m xture further conprises a subSI/I81085/043812
of the E3 ubiquitin Iigase. 6. The nmethod of claim 4,
wherein the mxture further conprises an El and an E2.
7. The nethod of claim 3, wherein the ubiquitinis

' h h hod of
DR P By RIEERERCE ophor o i < sl ected Trom t he
et nill BPsPlofO R paleht SRRl " BROREMY ettt by

reffdenckOin théie enetiosh Wieaclh aidividual WiBT&itiontdgatint &L EPEdifically
of ., mpr.e than one ubiquitin to the target E};oteln IS

anfe indéidupllyrindicateredp Rydingprrpiréask by yefatgnee 1 és cascoppemilict, the
A S S R e R

conprising the target protein and a fluorescently
| abel ed ubiquitin; and b) detecting the attachnment of
Ebg]t}gl fquitin to the protein by fluorescence
ft n in the presence and absence of the test
compound, wherein if the fluorescence oI arizatjon of
the MBI waciisi grhadiments of e Jeck deenben @Fﬁe%wttguﬁlaclosed
EhRTe ¥Rontie ifilierafild AL RGEREEI RO AMAF VaPRtions of
hér? fltttl% {bgngglsg%ﬁﬁ%a 1%trjlllt |1n1!&'|6€rrat1 lﬁi Esencecof t he ? 1ons
theoimpentivah, wil besime am:ammtctottheete skilded @t 8w art upon rev1ew of this

ubi qui.tination qf. th r ot i dent i 12
SHEUSHGOD AR B iams RRBNe: o Tl SOGR: o HE vaia ffigud be
dét@lkh? 6@ bWiréBredcd o PRk CalodS withBeifRi1N D E@ fof @h@ilvalents, and

1, wherein the target protein is an E3. 14. The
th%ph@ﬂcaifoncalanmtil,suvht@areﬂmnﬁ he target protein is

sel ected fromthe group consisting of: a polypeptide

conprising a portion of POSH that is ubiquitinated, a

pol ypeptide conprising a portion of cbl-b that is

ubi qui ti nated, and a pol ypeptide conprising a portion

of PEM 3-like that is ubiquitinated. 15. The nethod of

claim1l, wherein the mxture further conprises an E2.
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16. The nmethod of claim 25, wherein the m xture

further conprises an El. 17. A nethod of detecting the
wa@tdaaoborent of ubiquitin to a target protein, PCT/US2005/043812

conprising: detecting, in a mxture conprising the

target protein, a fluorescently | abeled ubiquitin, and

a fluorescently | abel ed recognition elenment, the

attachment of the | abeled ubiquitin to the target

EMpy detecting an output signal when the
fluorescently | abeled ubiquitin comes into close
Ior oxi Avinesthed efevahating ther eoningatioty of abiqedinr pdpeppiitie ¢na second

I T e e
1RVYepERé ifle. mikbire, WRerdR! H@dcreiseChabomtibhal MERILRI Bf HHCubiquitin

recognition el ement is selected fromthe group o
rodyreptide Frlative:to ggeonjqgRtl ubigeitin Asb/peptide MHisates that theoiibiquitin

PRI B PO SESAL Y 20
2. The method of claim 1, wherein the ubiquitin is labeled with a fluorophore.

3. The method of claim 2, wherein the rotational freedom of the labeled ubiquitin

is detected by detecting fluorescence polarization.

4. The method of claim 1, wherein evaluating the rotational freedom of ubiquitin

polypeptide in a mixture comprises:

a) providing a mixture comprising an E3 ubiquitin ligase, and a ubiquitin

polypeptide; and

b) detecting the rotational freedom of the ubiquitin polypeptide.

5. The method of claim 4, wherein the mixture further comprises a substrate of
the E3 ubiquitin ligase.

6. The method of claim 4, wherein the mixture further comprises an E1 and an
E2.

7. The method of claim 3, wherein the ubiquitin is directly labeled with a

fluorophore.

8. The method of claim 3, wherein the fluorophore is selected from the group

consisting of: fluorescein and rhodamine.
9. The method of claim 3, wherein the target protein is an E3.

10.  The method of claim 3, wherein the attachment of more than one ubiquitin to

the target protein is detected.

11. A method of identifying a test compound that modulates ubiquitination of a

target protein, comprising:
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a) providing a mixture comprising the target protein and a fluorescently

labeled ubiquitin; and

b) detecting the attachment of labeled ubiquitin to the protein by

fluorescence polarization in the presence and absence of the test compound,

wherein if the fluorescence polarization of the labeled ubiquitin in the
presence of the compound is altered relative to the fluorescence polarization of the
labeled ubiquitin in the absence of the test compound, a test compound that modulates

ubiquitination of the protein is identified.

12. The method of claim 11, wherein the ubiquitin is directly labeled with a

fluorophore.
13.  The method of claim 11, wherein the target protein is an E3.

14, The method of claim 11, wherein the target protein is selected from the group
consisting of: a polypeptide comprising a portion of POSH that is ubiquitinated, a
polypeptide comprising a portion of cbl-b that is ubiquitinated, and a polypeptide
comprising a portion of PEM-3-like that is ubiquitinated.

15.  The method of claim 11, wherein the mixture further comprises an E2.

16.  The method of claim 25, wherein the mixture further comprises an E1.

~17. A method of detecting the attachment of ubiquitin to a target protein,

comprising: detecting, in a mixture comprising the target protein, a fluorescently
labeled ubiquitin, and a fluorescently labeled recognition element, the attachment of
the labeled ubiquitin to the target protein by detecting an output signal when the
fluorescently labeled ubiquitin comes into close proximity with the fluorescently

labeled recognition element.

18.  The method of claim 17, wherein the recognition element is an antibody to the
target polypeptide.
19.  The method of claim 17, wherein the recognition element is selected from the

group consisting of: S5a, TAB2, and TAB3.

20.  The method of claim 17, wherein the fluorescently labeled polypeptides
exhibit FRET.
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