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Through a screening approach, a series of cis-imidazoline analogs have

been discovered which activate the p53 pathway in cancer cells, leading

to cell cycle arrest, apoptosis, and growth inhibition of tumors (Kussie et

al., 1996; Vassilev et al., 2004). [0003] Molecular interactions and the

effects of drugs or other treatments on such
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(57) Abstract: The invention provides a method of detecting the effect of an agent of interest on the interaction between two or
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molecules of interest, which are introduced into a cell. A method for quantifying the effects of an agent of interest or the interaction
between two molecules of interest on cellular constituents or functions in the same cells is also provided. The above inventive
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interactions are currently detected by methods such as in vitro assays

where the interactions between purified molecular components are
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assays where a protein-protein interaktion is directly sensed and reported

(e.g., fluorescence resonance energy transfer (FRET) between two

labeled proteins; incorporation of labeled molecules and detection via
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cycle arrest, apoptosis, and growth inhibition of tumors (Kussie et al., 1996; Vassilev et al.,
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[0003] Molecular interactions and the effects of drugs or other treatments on such
interactions are currently detected by methods such as in vitro assays where the interactions
between purified molecular components are directly measured, two-hybrid systems and
variants thereof, in vivo assays where a protein-protein interaction is directly sensed and
reported (e.g., fluorescence resonance energy transfer (FRET) between two labeled proteins;
incorporation of labeled molecules and detection via antibodies), prediction-based approaches
where libraries of 3D protein structures are scanned for potential protein interaction sites

based on data sets composed of known protein-protein or protein-ligand interaction



to conduct a multiplexed assay which can be utilized to both analyze the
effects of various agents on molecular interactions and measure the

W ™A76ther cellular functions in the same assay. DevelopP§ditt eX085/027919
multiplexed HCS assay which utilizes Hlexible reagents to detect
molecular interactions and their impact on cellular functions would be a
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[0005] The invention provides a method of detecting the effect of an agent
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interaction. The _invention further provides a method for quantifying the
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advantages of the invention, as well as additional inventive features, will
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proteins, or combination thereof is quantified and compared before and

HCS taebnalesyduitizes or anticg)sxstem iaopeayide more detailed information about the

temporal and spatial dynamics of cell constituents and processes, when compared with
standard high throughput screens (Farkas et al., 1993; Giuliano et al.,1997). HCS can be used
‘to conduct a mﬁltiplexed assay which can berutilized to both analyze the effects of various
agents on molecular interactions and measure the effect on other cellular functions in the
same assay. Development of a multiplexed HCS assay which utilizes flexible reagents to
detect molecular interactions and their impact on cellular functions would be a powerful tool

for drug discovery.

BRIEF SUMMARY OF THE INVENTION

[0005] The invention provides a method of detecting the effect of an agent of interest on
the interaction between two or more polypeptides, which are introduced into a cell. The
interaction between the polypeptides, endogenous proteins, or combinations thereof, and the

disruption of said interactions by an agent of interest can be detected and quantified using a



[0007] The polypeptides can comprise, consist of, or consist essentially of
proteins, protein fragments, or protein interaction domains. The

W aWp8ptidés can be prepared by methods known to those oP&HPEREPTRATILI
in the art. For example, the polypeptides can be synthesized using solid
phase polypeptide synthesis techniques (e.g., Fmoc). Alternatively, the
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e.g., using bacterial "or eukaryotic expression systems). Accordingly, to

can babingsrsesdivirgHodsterRs iovedrmepinp Asiatendemainy lnagisatio domain, or
comHYARTHITGRBIP I$INT; A SRAHR RS 5{19@@@%%%tﬁeéyﬁﬁnygﬁﬁfym@@ﬁeq%acuon

be introduced into the cell in accordance with the inventive méthod.
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(or substantially i1solated and/or substantially purified). Accordingly, the
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production. Standard methods of protein purification (e. g., HPLC) can be
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biosensor comprising, consisting of, or consisting essentially of an
interaction domain, a localization domain, a reporter domain, or a
combination tH2rdaIBEIIIERERICARQAN IR AT EANSASNOHeNmore
preferably at least three of the above mentioned domains, which are
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the iMPRRGIPHARYAL RYID CAIdR @gﬁﬁ{é@e@kﬂé M%&%ﬂﬁéﬁ%ﬁ%ﬁb&ﬂ%ﬁ'
patent application 2003/010 or as described in published PC
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proteins, or a combination thereof. [J011] The localization domain can
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localized within the cell to a particular compartment (e.g., nucleus,
the agangleblotresblgi apparatus, endoplasmic reticulum, cell surface,

[0007Y PRSI, PR S ENEb BB Rsist of, or consist essentially of proteins,

protein fragments, or protein interaction domains. The polypeptides can be prepared by
methodé known to those of ordinary skill in the art. For example, the polypeptides can be
synthesized using solid phase polypeptide synthesis techniques (e.g., Fmoc). Alternatively,
the polypeptides can be synthesized using recombinant DNA technology (e.g., using bacterial
or eukaryotic exp.fession systems). Accordingly, to facilitate such methods, the invention
provides genetic vectors (e.g., plasmids) comprising a sequence encoding the polypeptides,
which can be introduced into the cell in accordance with the inventive method. Furthermore,
the invention provides the polypeptide in recombinant form.

[0008] However it is made, the polypeptide can be isolated and/or purified (or
substantially isolated and/or substantially purified). Accordingly, the invention provides the
inventive polypeptide in substantially isolated form. The polypeptide can be isolated from

other polypeptides as a result of solid phase protein synthesis, for example. Alternatively, the



embodiment, the localization domain directs the biosensor to a particular

location in the cell, and upon interaction with one or more polypeptides,
WeaHe@dAtUs proteins, or combinations thereof, the biosensoP{sSIdiRgOf#27919

to a different location in the cell. Upordthe disruption of the interaction by

an agent of interest, the biosensor either redistributes back to the original
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he cell. In addition, the term [ocation can refer to either a specific location
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another embodiment, the inventive method can iriclude multiple
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_ of a specific” protein-protein interaction. In untreated cells, the
des“ﬂiﬂ(fléﬁﬁé?i&iﬂlﬁ%ﬁﬁﬁc shuttling of a first biosensor having a nuclear
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export signal can be tuned by balancing the activities of both localization
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with premgyraere polppePtides erafogsHANRIR e Wi P BbMationdhases; the
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localization domain, which in one embodiment, is a predominately nuclear

partigylarilnsatian [wihs thestelanhicihdomain Ao s dppiairrecinigdbs pebyrgptide to be
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localization signal (NLS). Preferred examples of the localization domain

appagaipspidoniemis reticylup e wekestientpplpsie arefsronsiellp). In one
embcRfleRE WS 1SR AR hiaRRIKARIY BidsRsdd b M Patdicular location in the cell,
QQMGRGSEFEPAAKRAKLDE (SEQ ID NO:2), _ o
and vpesnmtgrstierrrdpene arRgEE pobvoentidrsornslogenqEs PLeteins G ppmkinations
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the reporter domain o , ) )
localization domain, where the binding of one of more molecules interferes with the
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localization ability of at least one of the domains, causing the biosensor to distribute to a
different location within the cell. In addition, the term location can refer to either a specific
location within a cell (e.g., cytoplasm, nucleus, etc.) or it can refer to an even distribution
throughout the cell or several locations within the cell. In another embodiment, the inventive
method can include multiple biosensors having different localization domains. For example,
the interaction between two biosensors can be used to measure the disruption of a specific
protein-protein interaction. In untreated cells, the nuclear-cytoplasmic shuttling of a first
biosensor having a nuclear localization signal that interacts with a second biosensor having a
nuclear export signal can be tuned by balancing the activities of both localization domains
such that the distribution is relatively even throughout the nuclear and cytoplasmic

compartments. When an experimental treatment (e.g., an agent of interest) disrupts the



is fluorescent or luminescent, such as a type of Green Fluorescent Protein

(GFP). Alternatively, the reporter domain can be a small epitope tag, such
WQ 20864434, to allow for better penetration into multiple cellBfaF/US2005/027919

compartments and to enable the use 6f multiple luminescent or

fluorescent labeling molecules. [0014] In some preferred embodiments,
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example includes a first biosensor having the sequence or a portion
the agtisiaortshecpbzmtiondesaipradich pronssmhedunsebdha pisdemspitely nuclear
distriB@iRg the sequence or a portion thereof of HDM2, a protein that interacts

with p53, such that the first and second biosensor interact with each other
[001%ithinPaescsdilyiihedarmdizatiapilonesarosnuae e sORAIStHAE Broswsgts essentially

of a Aﬁ&ﬁ@%@ﬁﬁ&ﬂ&g}ﬁg@@%@ﬁfem@ oSR5SR mﬂ@raﬂfeﬁf&f&&%ﬁhples

examples of the biosensor comprise, consist of, or consist essentially

of thetasabzetitmedpimeniagmpsacrrusistinfieg gaBistesenideldy gfoowmyd the following
sequd i PRARIRG BiHasa U IGERIIGT B I ATHNEI$), NES is from MAPKAP2,

the NLS is from SV40, and the p53'is amino acids 1-131 from human
QQMSBRGHERER4BNIR SdghBRceE GhEDNES 33, RUMVKHHERRHE IBE 15 RIGMEI€SEQ ID

No:aﬁ%ﬁﬂmﬂ@mgﬁé%ﬂ%ﬁéﬁ@ AMRVAEKT EALSVKEET (SEQID
TGG TGAACCGGAACGTGCTGAAGAACACCGGCCTGAAGGAGATC

NO: 5,08 BHBEIQQLGQLTLENLQ (SEQ ID NO:6).
[001% g%%&r@éﬁ&%&ﬁ&ﬁ&ﬁ%éﬁ SHRER L ARESACSH Mt HoSEEALRE allows

detectimEA e Hesemsado the ety any gtakle matbedr refahic e capatstylomain

is ﬂuggﬁ%éﬁﬁninescent, such as a type of Green Fluorescent Protein C(;GFP .
GGCGGCCCTCTGCCCTTCGCCTTCGACATCGTGAGCATCGCCTTCC
Alterpatiyely; dh aggorter domain can be a small epitope tag, such as a myc tag, to allow for

bette Ag%gtg%f%ﬁ fnbfabie oGt CnlpRbhdat G o Chble ffe T iR

luminsgsent oritesssmtdabringeed e s GAACCTGCGGTTCGAGGACGGC

[0012@(3%1 %%Egrw&gé)ﬂﬂ@@d&?&éé R TRt Hendd éah &k og multiple
GACATCCGGAGCGACATCAGCCTGGAGGACGACAAGTTCCACTAC
biosepmwscA@esfayed example includes a first biosensor having the sequence or a portion

theregféﬁ%g@W%%EE%&&%M%@Q&E%B@M&Q&@M@éﬁce ora

portigntlerertd ROMECapsetrindinpinierrevidnmid snednthet lis destrnd sreend

bioseh$PEihfafa& Gith each other within the cell. In addition, each biosensor can contain one
GAGGTGGACCTGCTTGTACAAGCTGGAGAGCGGCAACTACTACAGC
or moreloeahizatiprsdomains, reporter domains, or combinations thereof. Preferred examples

- T
of theﬁ%‘éﬁfé_%%&l&%ﬁ&%&%@ GRERECHERAMP AR ST RN

sequesteICsse ssgecress Al ARE ACematies i BlRess A B CRE 6 78GRI 4), the
NES T%&%APZ, the NLS is from SV40, and the p53 is amino acids 1-131 from
CACGAGACCGCCATCGCCCAGCTGACCACCATCCTGCAAGCCTCTG
human g3 dotherBDM2 sequences, the NES is from Annexin IIL :
[001%2%%@{%%@ Seanende SRFPNEEAESHES-BEDBNSACAGACTC
ATGGTGAACCGGAACGTGCTGAAGAACACCGGCCTGAAGGAGATCATGAGCGCC
AAGGCCAGCGTGGAGGGCATCGTGAACAACCACGTGTTCAGCATGGAGGGCTTC
GGCAAGGGCAACGTGCTGTTCGGCAACCAGCTGATGCAGATCCGGGTGACCAAG
GGCGGCCCTCTGCCCTTCGCCTTCGACATCGTGAGCATCGCCTTCCAGTACGGCA
ACCGGACCTTCACCAAGTATCCCGACGACATCGCCGACTACTTCGTGCAGAGCTT

CCCTGCCGGCTTCTTCTACGAGCGGAACCTGCGGTTCGAGGACGGCGCCATCGTG



CCAGCCGTGTCCTGAAGGAGGACAAGGAACGATGGGAGGATGTCAA

GGAGGAG
WRNGHTCAGTGCCTTGGCCACGATGTGTGTTGACTATGARCATAZPEGHIATITI
GATAAAG 6

AAGATAGAAGACGCATCCCCAAAGAAGAAGCGAAAGGTGCTCGAGA

GACAPEAGSAGCGACATCAGCCTGGAGGACGACAAGTTCCACTACAAGGTGGAG
GCCGCAGTCAGATCETAGCGTCGAGCCCCCTCTGAGTCAGGAAACA

TACEFEEERAAEC GGCTTCCCTAGCAACGGCCCTGTGATGCAGAAGGCCATCCTG
GGC%E%%%%%%&WF&%W%@%&K@WHM@GGGG

GAGEECAPCATRTEATACrA FCEECECACEAFATTEAACAATBETIOACH CATG

AAGELAPREFAC CGGAGCAAGGGCGGCGTGAAGGAGTTCCCTGAGTACCACTTC
AGGTCCAGATGAAGE TCCCAGAATGCCAGAGGCTGCTCCCCGCETG

ATCEACASTISCTGGAGAAGACCTACGTGGAGGAGGGCAGCTTCGTGGAGCAG
CAcé%%%?é@?fﬂf@@é@d&@&%%ﬁ@@ﬁ@@é@%@@%%@cm

CACGAGTORSTSEEPTICALEAMAAEAPAECEAC LGRS ST ELASIECACA
ccAaGEt8PERITGAAGGAGGACAAGGAACGATGGGAGGATGTCAAGGAGGAG
CTTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGTACTCCCCTG
ATGEECACRRECARGATEATFIG 6 NACTECACTIN T S s I ANBEETAAAG
AAGATIG ALE AEAEEe & CER NESAAPREIR ERAR NS REGAGATGGAGGA

MVNRNVLKNTGLKEIMSAKASVEGIVNNHVFSMEGFGKGNVLFGNOLM
GCCOMRMTHE GATCCTAGCGTCGAGCCCCCTCTGAGTCAGGAAACATTITCAGAC

@Aﬂéti(?\%ﬁ%’%%*%(@ﬁ@%@%%(&ﬁ%@i‘é’!‘@é&@éﬁﬁé‘@@f*&b@(’f&@(}cm

TGGATEBBKECHKGEVRENEKE SRS EMOHACSMERSEEGTIINSERABACCC

AGGEYBAYXRGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCGCGTGGCCCCTGC
LESGNYYSCHMKTEYRSKGGVKEFPEYHFIHHRLEKTYVEEGSFVEQH
ACCAGRAGETFCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCTGTCA

TCT RNV ERFRRAARR @ ACHARRYEKE K EEW R I EGleGCTT
ATMCVDYE QIKIKKIEDASPKKKRKVLEMEEPQSDPS

CTTGEAPIEBEGEA6 ARRCAPEICHATIIACEERCACGTACTCCCCTGCCCTCAAC

AAGHPEFMEREERIN VGG EBR B REATRMPAAAPRVAPAPAAPTPAAPAP
APSWPLSSS

[001@PSWWGMWLGMI@@WW§WMRWQ@@LAKTC

MVNREWV RINGEIEIAEINIS ARUSSOR O VIRIMIZ S SRy E CRIERNR. NGNS M IRVTKG

ATGTGCAATACCAACATGTCTGTACCTACTGATGGTGCTGTA
GPLRFATREVSIAFQYGNRTFTKYPDDIADYFVQ SFPAGFFYERNLRFEDGAIVDIRSDI

SLEQQ%@WEWWMTMWWLWK

LESGIYY X AABYETEY REETE CASTHANARE AT R KEHATEANEASEYQLTTI

GKPI&STHEWVEFTRGTSRPQTPLHTSRVLKEDKERWEDVKEEMTSALATMCVDYE
TATCTTGGCCAGTATATTATGACTAAACGATTATATGATGAGAAGCAA

QIKIKK RN WERE Ve FERRQ B VAR SO FFSD WK LPENNVLSPLPSQA

MDD%@%@E@W@%@ﬁﬁﬂﬁﬁ?ﬁ%ﬁ@lﬂﬁﬂﬁﬁ%@x@mmsss

VPS QN BABAEB ARSIV TRCE A KM AEAEERACTTGGT

[0017iGT6@lIEic Acid Sequence of HDM2-NES-m éSE_%ID NO:9)
ATCAGCAGGAATCATCGGA.CTCAGGTA TGTGAGTGAGAACA
ATGEHHABACCAACATGTCTGTACCTACTGATGGTGCTGTAACCACCTCACAGA

‘ TTC%%i@WM@K%WA@@EMW@Eﬁ’f@@KAGTT
ATTAAAGTCTGTTGGTGCACAAAAAGACACTTATACTATGAAAGAGGTTCTTTTT

TATCTTGGCCAGTATATTATGACTAAACGATTATATGATGAGAAGCAACAACATA



CCTTCATCTTCACATTTGGTTTCTAGACCATCTACCTCATCTACTAAG

GAGAGCAAT
WO AGSTEASACAGAAGAAAATTCAGATGAATTATCTGGTGARCHIAZNAN27919
GAAAACG 7

CCACAAATCTGATAGTATTTCCCTTTCCTTTGATGAAAGCCTGGCTCT

TTG T CAAATGATCTTCTAGGAGATTTGTTTGGCGTGCCAAGCTTCTCT
TAAGGGAGATATGTTGTGAAAGAAGCAGTAGCAGTGAATCTACAGGG

GTGAGABAREACAGGAAAATATATACCATGATCTACAGGAACTTGGTAGTAGTC
AATg%é%?g%ﬁﬁﬂaéél@%%@&éﬁ%%ﬂf@ﬁ@ﬂ@%@@TCAC

CTTGEIFERCT AT B AT AT OMSISTA IR TEARCT T GHAGEAER CGAAL

cCT Y EN G ACATTTGGTTTCTAGACCATCTACCTCATCTAGAAGGAGAGCAAT
GAAGATTATAGCCTTAGTGCAAGAAGGACAAGAACTCTCAGATGAAGA

TAGTGAGAREGAAGAAAATTCAGATGAATTATCTGGTGAACGACAAAGAAAACG
cu%@%ﬁéﬁ%%ﬁT@&éf@f&ﬁ%@@ﬁ%@&@ﬂ@ﬁ@&%ﬁ?ﬁﬁGTAA

TAAGKRGAGBE PERAAFT LM IGHETIAGTACRRARECIEGACRPAENCCAT

CGAATEABBATCTTGATGCTGGTGTAAGTGAACATTCAGGTGATTGGTTGGATCA
GAATCCCCCCCTTCCATCACATTGCAACAGATGTTGGGCCCTTCGTG

GGAKEPAGTEECAGATCAGTTTAGTGTAGAATTTGAAGTTGAATCTCTCGACTCA
GA.Ag%ﬁ%?%@@@@TA@@@M@@X@%%@W%&T@A@@M@@TGAG

GTABRAMNETERACECTIA T TRAKEASEEETORS ARGY TECTYGATTEYERIGAAG

AAGARGOMEAAATTTCCTTAGCTGACTATTGGAAATGCACTTICATGCAATGAAAT
ATAGTGAATGATTCCAGAGAGTCATGTGTTGAGGAAAATGATGATAAA
GAARGERERCCTTCCATCACATTGCAACAGATGTTGGGCCCTTCGTGAGAATTGG

CTT%@M%%@MM@MH@@M%@A@G

GAASSRTCANREAGAS AT S I AT A AG AETORT RAAS SEAAAACT
ATAGPAANFEATTCCAGAGAGTCATGTGTTGAGGAAAATGATGATAAAATTACA

AAGACAAAGAAGAGAGTGTGGAATCTAGTTTGCCCCTTAATGCCATT
CAAGREFAGEATCACAAGAAAGTGAAGACTATTCTCAGCCATCAACTTCTAGTA

GCATPAPAIATAGECAGCEN SEALEATEPEA MGG ATTFAE AR Kefers A x e ACCC
AAACAGGA

AAGARASH A ACETTGREATETCERRNE A AL B TAMEALAAEEAAFCTTG

TGTAAPE T CAAGGTCGACCTAAAAATGGTTGCATTGTCCATGGCAAAACAGGA
TGCCCAGTATGTAGACAACCAATTCAAATGATTGTGCTAACTTATTTC
CATCEAFGSCCTGCTTTACATGTGCAAAGAAGCTAAAGAAAAGGAATAAGCCC

TGCé{%@;ﬁé%@@&@w@ﬂﬁ@%éﬁﬂﬁ@%ﬁ%@ﬁﬁﬁ%ﬁmm

CTACEI AL A TAEANA RN OLTEPSHTANEACERTETERATAGELCACC
ccc&él(giglé[%}%&AQQA%%@M@M&@@M@P@&N@&T@@ATACQGG
TTAGICNTNMSVPTDGAVTTSQIPASEQETLVRPKPLLLKLLKSVGAQKDTYT
[0018Y\KEMWEo 4cid Sequence of HDM2-NES-myc (SE

ID NO:10
LGQYIMTKRLYDEKOQQHIVYCSNDLLG PR G Ry TmivRN
MCNITNMSIEEDGAVTTSQIPASEQETLVRPKPLLLKLLKSVGAQKDTY TMKEVLFY

LGQERTHISY REPRUBLYOR QEVKEPRRIYRRPRNEPRVNQQ
RRAISETEENS DELSGERQRKRHKSDSISLSFDESLALCV

ESSIRETSYERNR SIS D QA FEKPRSSHLVSRPS TSSRRRAISETEENS

DEL&HHRRRINSBS EYhE B3 BRI HIse g P RREYYONGVSEHS
YOQAGESDT DSFEEDPEISLADYWKCTSCNEMNPPLP

GDWE R SRR BES RSN S ESEERR I S DEPDE Y@ Y QAGESDT
DSFEEOPESZ W W E SNEMRPPLPSHCNRCWALRENWLPEDK GKDK GEISEKA



KLENSTQAEEGFDVPDCKKTI % TNDSRESCVEENDDI
ITQASQSQESEDYSQPSTSSSII YS

WEDEIWVKEFEREETQDKEESVESSLPLNAIEFPC\TICQGRP RGTRNTRT919
TGHLMACF 8
TCAKKLKKRNKPCPVCRQPIQMNTLTYFPMSTVHEILCKLSLEGVHSTPP

IQEWWEM%VM%AMWM%SQI

Y SSQRISVICRTAREAT ORKEESEE SN E FAB I MIC QB B SeG  HACE A8 MACF
TCAI@IEE&]QI@&CPVCR%PIQMIVLTYFPMSTVHEILCKLSLEGVHSTPPSAE KLISE

TTCCAGCTTCGGA GAGACCCTGGTTAGACCAAAGCCATTGCT
EDLNVEAAGTT

001 TR TC LTSGR A RPADANET GAGDTATAGTATGAAGAGE

ATGTRTEETBCCEACHACACTMTBACTAMOB AT GCISAPRAEALETAACAGA

TTCEAANETAGGAACAAGAGACCCTGGTTAGACCAAAGCCATTGCTTTTGAAGTT
FTGTATATTGTTCAAATGATCTTCTAGGAGATTTOTTTGGCGTGCCAA

ATT AGEGEFTTGGTGCACAAAAAGACACTTATACTATGAAAGAGGTTCTTTTT
TAT%W%@MMTM%%&%%MMMACAM
TTGRATERBONC B AATCATICEERBTC ARG RERTEHISKE X T TECABALCAETCTCT

GTGEABEEBECACAGGAAAATATATACCATGATCTACAGGAACTTGGTAGTAGTC
CTTGAAGGTGGGAGTGATCAAAAGGACCTTGTACAAGAGCTTCAGGA

AATEEFCAGRAATCATCGGACTCAGGTACATCTGTGAGTGAGAACAGGTGTCAC
CTT%g%%ﬁ%&k%%ﬂ&%@%&@@%&@M@@M%RM%GAAA

CCTTREHEACACAGTARCRARRG TeREUG ERAARTEG SO NG AMGCAAT

TAGEAABGACKGAAGAAAATTCAGATGAATTATCTGGTGAACGACAAAGAAAACG
CCACAAATCTGATAGTATTTCCCTTTCCTTTGATGAAAGCCTGGCTCT

CCAGAEATTRAATAGTATTTCCCTTTCCTTTGATGAAAGCCTGGCTCTGTGTGTAA
TAA(E%%}%%%?%@T@T@%@M%&%%@M@@éﬁl&%ﬁ[@&é@é@@§CCAT

CGASTAAFC TR BTG AHE T ERTETANSKBTACATKTL B GTENTTIGEATCA

GGATTESETPACAGATCAGTTTAGTGTAGAATTTGAAGTTGAATCTCTCGACTCA
GGATTCAGTTTCAGATCAGTTTAGTGTAGAATTTGAAGTTGAATCTCT

GAAGSREATAGCCTTAGTGAAGAAGGACAAGAACTCTCAGATGAAGATGATGAG
GTA?éﬁ%%ﬁﬁ@ﬁ@ﬁfﬁ%&ﬁf&%%%&ﬂ@&@ﬂ%@ﬁ%GﬁG

AAGETATAGE ARG TTACTEACTRFSAEE TS DO AGA S FERGAEREVFTEAAAT

GAAMECECAECTTCCATCACATTGCAACAGATGTTGGGCCCTTCGTGAGAATTGG
AAGATCCTGAAATTTCCTTAGCTGACTATTGGAAATGCACTTCATGCA
CTTGHEGMMGATAAAGGGAAAGATAAAGGGGAAATCTCTGAGAAAGCCAAACTG

GAA%@QT@%@&@&K@%@éﬁ@%@%@ﬁ@@ﬁ&@@&%@%@

ATAGTOSSTEAAEEGANACBERAABATARREE @R ETETEABNMET ACA

CAAGATMPEACAATCACAAGAAAGTGAAGACTATTCTCAGCCATCAACTTCTAGTA
GAAAACTCAACACAAGCTGAAGAGGGCTTTGATGTTCCTGATTGTAA

GCAREAREEATAGCAGCCAAGAAGATGTGAAAGAGTTTGAAAGGGAAGAAACCC
MG%%@&%K@%%@MM@%W%M@@K%M&CTTG

TGTEARBETH N SMATCAG AR RS EH AT THEHE KT EELPEmeA GGA

CATCETAFRIACCTGCTTTACATGTGCAAAGAAGCTAAAGAAAAGGAATAAGCCC
GCATTATTTATAGCAGCCAAGAAGATGTGAAAGAGTTTGAAAGGGAA

TGCCOHRAPATS TAGACAACCAATTCAAATGATTGTGCTAACTTATTTCCCCATGT
AAGACAAAGAAGAGAGTGTGGAATCTAGTTTGCCCCTTAATGCCATT
GAACCTTG
TGTGATTTGTCAAGGTCGACCTAAAAATGGTTGCATTGTCCATGGCA
AAACAGGA
CATCTTATGGCCTGCTTTACATGTGCAAAGAAGCTAAAGAAAAGGAAT
AAGCCC




TGCCCAGTATGTAGACAACCAATTCAAATGATTGTGCTAACTTATTTC
CCCATGT WO 21)1)6/017751 PCT/US211115/027919 9

WEAMETCCACGAAATCCTGTGCAAGCTCAGCTTGGAGASTARPGHET919
TCTACACC CCCAAGTGCCTAG [0020] Amino Acid Sequence of
HDM2-NES (SEQ ID NO:12) MCNTNMSVPTDGA

CTAV TG RMAREQEIHYRPKTE A GKPYSARITFINY AN RId T cATTCTACACC
LGQYEWUTKRLYDEKOQHIVYCSNDLLGDLFGVPSFSVKEHRKIYTMIYP

CCCAARRAGEBAG
[ooz(gssD%IéXéE%%EE&%&W@EQ%W&?SHLVSRPSTSSR

RAISETEENS
MCNIBMBERORRRIKS QRIS ERBESY RPERAREICE KRS HGYEFRRBVLEY

LGQY MM QQHTVY CSNDLLGDLFGVPSFSVKEHRKIY TMIYRNLVVVNQQ
GDWLDQDSVSDUFSVEFEVESLDSEDYSLSEEGOELSDEDDEVYQVTV

ESSBASHEFSHYRCHLEGGSDQKDLVQELQEEKPSSSHL VSRPSTSSRRRAISETEENS
DELWY&%@@WM§%WW%BEBK@VSEHS

GD WL S METE BEXKPRED SRS NDBR IS EHESRAGESDT

DSFEFDPREISIOTy WG @R PSR BSEEWME R ENWLPEDK GKDK GEISEKA.
SLPLNAIEPCVICQGRPKNGCIVHGKTGHLMIACF

KLEN S RRAERKRRRI G ICHYNIORRESCVEENDDKITQASQSQESED Y SQPSTSSSIL
yssbEMTRMPIMER PR REYSEINC SR PSAH JORIVRTIHER /MEReE8IMA CF

be used to detect the effect of an agent. The agﬁ:t can be butis not

TCARKSHBNEL SR SHRQ QNN AN BRYSRY EHRufSLehFfoHRASREHS A
[002BliMmutpge iflRAkiGaLRIRYEan YeradiationdR @ et i af28UAE" The agent can

electromagnetic radiation, or radiation from an unstable isotope). [0022

be bufrieé Heriebnfenesamplsneshasricploviueisal ristHbg.feRtRIaRARY tHewulus,
elect/UAIRGHAME HGANALIERY. e ABRUIS S RN aebnldiR dRYE A Sion, or

~method involves_ introducing each molecule of interest individually into a
radiatign HAEr GUMHRING WRRSBIt, then introducing said molecules of interest

[Oozzg‘to AR B B RN DS TR AP RIBAZEP GuiRITF Y e

efore and after the concurrent addition of the molecules. Preferably, at

intergelien bplaveenrid leastdevnaadeqesediniaesb iy mysnitve mefnd involves
introdiSIEF 206 ARG AN MRlRCHIRSHIHNAIS FraC Rl Y KRR A e i1t then

_aportion or mutant thereof. In a preferred embodiment, at least one of the

introdpgiegid Bpistules ol ursdnoct call el sbvatifymerihazgsult, and

compaPRRAARIGIRBEHRE alRFREAHR  HCRRANSAHABIANT tRE ERNEAIRB erably,
thereof For example, the biosensor may contain an interaction domain

at leagh gpmed e alrpierRfideisresiosinRebecRtitlo et M piivpsRicigbly, one of the
moleSARMNALQRS HigieRI{ARZRA AN AP eptidR e HRIRCHERI & In a preferred

interest can be exogenous, endogenous, ora )
embodiment, at least one of the molecules of interest is a biosensor, as described above,

which may contain an interaction, localization, or reporter domain, or a combination thereof.
For example, the biosensor may contain an interaction domain that interacts with a molecule
of interest, endogenous protein, or combinations thereof.

[0023] The polypeptides and/or molecules of interest can be exogenous, endogenous, or a
combination thereof. Exogenous molecules or polypeptides can be introduced into cells‘ by a
variety of transfection and amplification techniques familiar to one of skill in the art. In
addition, the polypeptides or molecules can be can be prepared outside, then introduced into
the cell, which allows for more flexibility in biosensor design such as the use of bright

synthetic site-directed fluorescent dyes that can be used with other modes of fluorescence



combination thereof. Exogenous molecules or polypeptides can be
introduced into cells by a variety of transfection and amplification
Wadhaitides! familiar to one of skill in the art. In addition, the pBfyp&Saeg27919
or molecules can be can be preparedlfutside, then introduced into the
cell, which allows for more flexibility in biosensor design such as the use
imagﬁﬁf%lt{rﬁgﬁtassyﬁg@g&aig%ﬂg&% {M@&PGQEM;%Q DD HRSHMIN Examples
other modes of fluorescence WO 21)1)6/017751 PCT/US211115/027 91
of maghads ipdanfrasiuctiondscieds dusiEaaaiispiieshle wiseEaprrtiansiision with
nansﬁe?pﬁegfﬁtgdsuapa'g' s -aﬁéfﬁi%ﬂl‘é‘ﬁeé&%%m?e%{%ﬁrt@%@l&@, BEERBYICA). Tn

are not limited to electroporation, fusion with transport peptides such as

additien, greophlyneppidesiaprelrfelessianbyermsstcd witbieigdhe agll nder the
trans&ﬂﬂi@ﬂ@l EQEtRﬂ'XPQREHﬁR@ﬂm@ﬁH{QE can be expressed within in the cell
under the transcriptional control of an inducible promoter. [0024 _
[0024Dete dReteciivn gudAntatificAtioneé hrobiassnrers sandes quantified Ly UEHy
ﬂuoré&@ﬁ%é%%ﬁ@é%ﬂé%?%%ﬁ@ﬁ&yf‘ﬁ?&%&%&n@b‘% %ﬁ&t%? ANRRIFAPYifference,
rotational difference, “fluorescence lifetime change, fluorescence solvent
ﬂuor@@_ﬁg_mvlitﬁtﬂn@ @@@gmﬂm%nm%vmyemﬁw%éﬂn@wmm%eaﬁl@nﬁ, or any
other SKEHB & A T96nRRPRiGIEgHoHMeiOdR (e AREEBPIRMEH A8 an be employed

described in Gough et al., 1993, Bastiaens et al.,1999, and Giuliano et al.

as despyisd[gpOopsh stalertd8 b Rpgiame st W andifcatlinne ripls1995.
[o025utomaticaiy-RERRYRdiHRIRG, %@'ﬁ\i%ﬁitfé%ﬁ@ff%lf%’k’éaﬁﬂ%rﬁ&t‘(&%ﬁf%&h‘i@é% using

an array of locations. which contain multiple cells, where multiple cells in
a devicgeFoF granalstihsslevistarambavs R adayceiiosdions pihish kRentpasealiple

cells, WHLRIRRENE VANS LM ARARILAGVEOINERERE Lefi{ M SSHEI RPONEM

_polypeptide within the cells and the luminescence or fluorescence

luminptesigr Seiestgt Figarls o Midrasinn bipingserutaTlnossicspkreporter
polyptiiRiessen Aidluaresse nld aRnttrk LRlReRtids ithis.ampRsificgation

in the cells is measured. The changes induced by the agent or molecule

lumingpesrireisilugreisen HenudtiEan sblearbeng Impassesntpe dineseseds TRERIHE
polypl%BHH@&}ﬁHiﬁ safiecRfidutings ety (MR RSHRMRIgNaTN eI 9 ded by the

east one luminescent or fluorescent reporter polypeptide in a specific

agent|gt spRIacH e Bmeshemhe svtematisaliycad idrve wreissied mstheds include
compEast RSN B NERGRREAL I AESRRRE A RS RAYAEPHAS: I RANGHE Mminescent

specific location in the cells; and comparing a differénce between

or flupreserad sepRrist RObIEda BigiRertiaeptirminthe sellsdetlgpenescent or
fluord UBHISSEEN i ACAYRF SRR TBRQTRE RRAREBERCINTRSREGHE 10581 YRy peptide

the cells and luminescent or fluorescent signal intensity )
in a different specific location in the cells; and comparing a difference between luminescent

or fluorescent signal intensity from the at least one luminescent or fluorescent reporter
polypeptide in a specific location in the cells and luminescent or fluorescent signal intensity
from at least one luminescent or fluorescent reporter polypeptide in a different specific
location in the cells wherein the changes induced by an agent or molecule of interest indicate
an effect of the agent or molecule of interest on the localization of the polypeptide from a
first location in the cells to a second specific location in the cells.

[0026] In a preferred embodiment, the device uses HCS technology. For example, the
technology as described in U.S Patents 6,902,883; 6,727,071; 6,671,624; and 6,620,591 could
be used by one having ordinary skill in the art to detect and quantify the inventive method.
Preferred devices are the ArrayScan and KinticScan HCS Readers (Cellomics, Inc.). High-

content screens can be performed on both live and fixed cells, preferably by using biosensors



from at least one luminescent or fluorescent reporter polypeptide in a

different specific location in the cells wherein the changes induced by an
WQaeetid7 iiblecule of interest indicate an effect of the agent AHGRAISA 037919

interest on the localization of the polypéptide from a first location in the

cells to a second specific location in the cells. [0026] In a preferred

avh%mﬂgwﬂﬁntﬂﬂ%sg%%? HE6idGe i&ﬁﬁg%@gm&%gﬁ%@@ T’tu%}%scent arﬁ@bodies,

__ technology as described in U.S Patents 6,902,883; 6,727,071;6,671,624;
biologitaldigaadsoar swgleicusiddadbyisHionavihyordibaryalghiiyrmd uspof

1umhge%£%ﬁg@%9 ﬁﬂ&%@@éﬁ@&ﬁgym%%ﬂﬁtmadeaﬁﬁ%ﬁfﬁe%\ﬂ% ALSBeLoth fixed

rrayScan and KinticScan HCSReaders (Cellomics, Inc.). High- content

and listsrseh digdncostpetrforasest dn bdditine atvaribes drciaissuprentatiply thyautsimgtically
extra@li 9&?&1@&8{&‘,’%9%&%&%@{9 %%ﬁggﬁg%ﬁ&? Agaaeﬁtgpiogsiﬂ‘l% {Baaé@glor% HCS

] multiple luminescent or fluorescent indicators, luminescent or fluoresce
into aarmgediatsd knelddiegioigetrids, 19°RAkcleic acid hybridization probes. The

(00277211 20] Y AQWIREAH UAINERCENGE A HRIRREERES DASE FeAABA Mg fixed

advanced the development of both fixed ‘and live cell high-content
cells.sEiaemselhasshyisicomptivencuatsist fsouaasisitisrerdiallyorfhancary ekiragelly

livingdrb%itliéltﬂjloaf n@&%{ﬁ@%‘f{&% iﬂﬁ%?%ﬁ&%ﬁ%%&%é& Qﬂﬂlnvglq L é%l%etﬁss and doses

evelop HCS Into an automated tool (Taylor, et al., 1992). In one

beingeﬁm@sijirﬁbﬁmﬂéc@at&mdw{n@@dab_ﬁiﬁdamh_wiﬁé yregornendsiegsured. No
envirdianea! L?orfﬂ%?gﬁﬁg _@eﬁ%&ﬂfﬁ@& _%?te‘f_?ﬁé'ﬁ&ﬁf’ S}faﬁgp ﬂ?&ﬁé@&'%lk{cﬁhhe&

an array of initially living cells in a microtiter plate format, which can be

but opkyzstenimeandiis dgerrslahtioethovemdesrniibrriesdigaodnandmuceic
acid RbIRES5R SR BRACHIC JEAURTES RS MRAS WIRNR SMUECIPEIA for

control of the cells is required after fixation. Spatial information is

manyAygaied cobtbassy sresne. tikhe Hamtion saddahilibgitjens vroamdsnphted, allowing

efficititDRIiasill gpgsesé'ygd nucleic acid hybridization probes that can be
applied to cells makes this an attractive approach for many types of

[0025HelI-b&%é@%b?ééﬁ?hoﬂﬁ@m&%d@&?ﬁiﬁb@mg@w&céﬁwﬁé periomatd dising live
cells. 2l pwa g alfiainnRracessnaicfiessavnd POaRl N, AR ah %HJA&PG{TIR%gtbals

detection and P&u{antificatlon is performed-using live cells. Live cell assays
contajpigribeedssisprstraaeads 288 bosssermedipnas HmerpayvshlirdspassliEnvironmental

contrGPBIAHY @glfg'?e%?,sﬂ.é Eﬁeﬁ’gx%?}ﬁlﬁﬂaigg SanRsh QY&EiHQj s ?e?lﬁ\f?éh%ring

space. Environmental control of the Célls (e.g., temperature, humidity,

measyigEneathBAcgi ey rdlegifrbbealthied thecsbisramtibe Bipadained for multiple
umifYSiROgiae ealih &f MG SEUHENS HPE BRD GRS Jm WiiRlfinescent

biosensors can be used to report changes in biochemical and molecular activities within cells
(Giuliano et al., 1995; Mason, 1993).

[0029] In another preferred embodiment, a multiplexed HCS assay is used to quantify the
effect of an agent of interest on cellular constituents or functions in the same cells, where at
least two molecules that interact are introduced into a cell, the cellular constituent or function
of interest is quantified, the cell is contacted by an agent of interest, after which the cellular
constituent or function of interest is quantified, and the results are compared. A multiplexed
assay also can be used to quantify the effect of the interaction between two molecules of
interest on cellular constituents or functions in the same cells, where the cellular function of
interest is quantified before and after the introduction of the molecules of interest
concurrently to the cell. Multiplex HCS assays use HCS technology as described herein to

conduct multi-parameter analyses that require only a single screening run. For example,



luminescence or fluorescence measurements over time. Fluorescent or

luminescent biosensors can be used to report changes in biochemical
WQaMedEsular activities within cells (Giuliano et al., 1995; MZ§IHUI98(27919

[0029] In another preferred embodiméat, a multiplexed HCS assay is used

to quantify the effect of an agent of interest on cellular constituents or

multiIGH RS B IR AP RubGlissevhar e Al veast dup dogle e sdhgLinteraghiare

introduced into a cell, the cellular constituent or function of interestis
pararpefsFifedetrrnsetimecdiveieteelbyherimaesntler thebiataastier whlepuipe of interest

are p6R/PEAHdEONRIBE IO RGgn Of diBEeSt if-MBIHiRe 1RAb IS ASSHI 1 Seltular
compared. A multiplexed assay also can be used to quantify the effect of

consiifeRitrnbRTipatweR oo eIt SRPptCERs e Ralhe vdasravbsion;

nucleaf fHGi?Még?, %@1&&%&@1'%&&%%&8&%'gh&%ﬂﬁ&gﬁaﬁfeﬂ%‘i@} Other kinase

quantified betore and after the introduction of the molecules of interest
or phespRaiARffitatien BansinHiplcRatre 8cHE8H)B; IBEPTGEPRIEH NsIag)jvaion or

indudRC HPechBRIL RIRHERN I, %ﬂﬁrﬁ{&%ﬁﬁm,rﬁ%@%ﬂ@ A8 and
_ single screening fun. For example, WO 21)1)6 017751'PCT/US211115/0
sze, orremlosorapl Pl R R SSche et MESBiecot dntrmpdot Glament

cytosﬁefashﬁf&aﬁémﬁ@emqu@o&afm%ﬁbee%ﬁmﬁm?pf’o&gaﬁé%lerv&%m the

molecules that interact or molecules of interest are polypeptides. More
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biosepgory, ceBosdioneaHe shiistRG MEmBYRiopBavidessuehbhaaahsse that
comptHREMBUSRIEYRCEr BRI ¥R essentially of the results of the inventive methods

described above. In addition, the database can comprise, consist of, or consist essentially of

information on the interactions of molecules of interest and/or the effects of agents of interest
on such interactions, and relate such information to cellular constituents and functions of
interest. The database can, for example, be created using HCS technology or a multiplexed
HCS assay, and compiling such information collected into a single record. Preferably, the
database is constructed by screening a library for molecules or agents that have an effect on
the interaction between two or more molecules of interest. More preferably, the database is
constructed by screening a library for molecules or agents that disrupt the interaction between
two or more cellular molecules. ‘ ,

[0031] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.



interaction of polypeptides with each other, cellular proteins or functions,
and/or the effect of agents of interest on such interactions. This is most
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digestion, ligation, etc.), cell culture, transfection of cells, protein
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measure a specific protein-protein interaction in living cells. This biosensor
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the HDIV12 protein, which is the human homolog of

with Hisisieig samerss FarElDM2Zn et eiapidha e kspudaeruman A549
tumor cells expressing wild type p53 will produce cells with functional p53-HDM2

complexes distributed in both the cytoplasm and nucleus. Upon treatment with a disruptor of
the p53-HDM2 interaction, the NL.S-p53-GFP construct will redistribute with a nuclear bias.
The cells will be treated with a bioactive green tea polyphenol, epigallocatechin-3-gallate
(EGCGQG), and a cell-permeant p53-protein-derived peptide (Calbiochem) known to bind
tightly (K4 = 46 nM) to MDM2, the mouse homolog of HDM2 (Schon et al., 2002) as well as
causing cytotoxicity over a period of several days in transformed cells (Kanovsky et al.,
2001). The cells will also be treated with a new small molecule inhibitor of the p53-HDM2
interaction, Nutlin-3 (ICso= 90 nM) (Vassilev et al., 2004j, that has recently become
commercially available (Alexis Biochemicals). These inhibitory compounds will act as
competitive inhibitors of the p53-HDM2 interaction, thus inducing a biased shuttling of the
NLS-p53-GFP biosensor into the nucleus. Biosensor pairs containing the combination of
NES and NLS that show the greatest redistribution after treatment with the inhibitory

compounds, quantified using the multiplexed HCS assay described above, will be used in a



of other biosensors. [0034] A eukaryotic expression plasmid that encodes

a fusion protein consisting of an appropriate nuclear localization
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expression vector will encode an appgrbpriate nuclear export sequence

(NES) joined with the coding sequence for HDM2. Co-transfection of the
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parallel development and testing of multiple biosensors has been developed. The first design

of the p53-HDM2 biosensor will involve choosing combinations of NES and NLS structures
that vary in transport activity based on detailed reports correlating particular localization
sequences with their transport activity. Combinations of the sequences SEQ ID NO:1-6 will
be used to prepare the initial biosensors. Kinetic and fixed end point HCS assays provide the
ideal means to quantify the usefulness of each signaling sequence combination. Use of
multiple copies of the same localization sequence could potentially be used to further tune
biosensor localization.

[0037] Characterization of response times of the biological assay system using live cell
kinetic measurements of NLS-p53-GFP nuclear translocation. To develop the p53-HDM2
biosensor and optimize its incorporation into the recently developed multiplexed fixed end

point HCS assay, the time course of the p53-HDM2 complex disruption will be measured in a



A549 cells will be grown in log phase to a density of 2.5 x 10+6 cells per

T-25 flask. The cells will be transfected with a mixture of expression
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flask, using Lipofectamine 2000 transf&ction reagent (Invitrogen). After an
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strongly with another (specific or non-specific) endogenous cytoplasmic protein, then the
likely result will be at least a partial redistribution of the NLS-p53-GFP into the cytoplasm.
In addition, cells will also be transfected to express only the NES-HDM?2 biosensor. If the
inhibitory compounds induce a non-specific or another specific interaction between HDM?2
and another protein, then the resulting redistribution of the NES-HDM2 biosensor using an
antibody against the epitope tag will be measured with the multiplexed HCS assay. Protein-
protein interactions other than the targeted ones detected might involve other relevant protein
binding partners. Thus, as these new binding partners are identified, additional biosensors
will be designed to measure their interactions and the effects experimental treatments have on
them. The growing interactome will be continually mined to identify new potential binding

partners. New biosensors will then be constructed to test these predictions. Furthermore,

multiplex positional biosensors can be created by using distinct compartments to target the



2004). The kinetic analysis will provide several benefits. First, the rate and
extent of biosensor expression will be calculated automatically for each
WQanoditiirig kthe kinetic analysis. These data will be used to o RIS 2HES/027919
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channel of fluorescence or luminescence.
(osteosarcoma).

EXAMPLE 2

[0041] This example demonstrates the construction and optimization of a modular
biosensor to measure classes of protein binding domain interactions in living cells. This
biosensor is constructed to analyze the dynamic complex formation between the src-
homology domain 2 (SH2) and its target molecules within living human cells. The approach
outlined here can, however, be applied to the construction of other biosensors.

[0042] To initiate the design of fluorescent protein biosensors that measure how chemical
compounds modulate the communications between protein interaction domains and their
targets, a biosensor will be constructed based on the interaction of an SH2 domain and its

tyrosine-phosphorylated protein targets. It has been estimated that more than 100 SH2



[0039] Alternative strategy for the transient transfection approach. Double

transient transfection of p53-GFP and HDM2 approach has been used
WQReERKT(fily (Boyd et al., 2000) and the gating capabilities oPHUBESRAR027919

made it possible to use transiently trarfsfected cell populations in large

scale screens. However, in some instances multiple transient transfection
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eir targets; a biosensor will be constructed based on the interaction of

NLS andsi NESaraiSHAdmfeiprdemeprod RN e s sransfesigdistotiuman A431
tumop 881} %ﬂﬁ@ﬂ%&ﬂﬁw&f g@%ﬂ-ﬁ%sg Eﬁ&é&%ﬂ%ﬁﬂ&%} receptor (EGFR). The

PCT/US211115/0279
A431 cells will be stimulated with EGF, and in some cases, also with EGCG. The

intracellular redistribution of the biosensors between the nucleus and the cytoplasm will then
be measured kinetically to determine the time course of the redistribution. The biosensor
containing the NES and NLS combination that shows the greatest redistribution after
stimulation with EGF will be used in the multiplexed HCS assay to further characterize the
response of the system to determine EGF concentrations that reproducibly induce the largest
measurable responses.

[0044] Selection of appropriate NES and NLS structures for biosensor construction.
Combinations of the 6 localization peptide sequences SEQ ID NO:1-6 will be utilized to
prepare 4 initial biosensors. HCS assays will provide the ideal means to quantify the
usefulness of each signaling sequence combination. Thus, the 4 fusion proteins will comprise

molecular components similar to those described in Example 1. Nucleic acids encoding NLS



17 protein interaction domains are encoded by the human genome
(Pawson et al., 2003). Furthermore, a single protein containing an SH2
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0043] A eukaryatic expressi ' [ng a single biosensor
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will be transfected into human A431 tumor cells, which constitutively over

express epidermal growth factoEAMPRAHBGFR). The A431 cells will be

stimulated with EGF, and in some cases, also with EGCG. The
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[00471e utilihedicsensors will be integrated into the multiplexed HCS assay where the
molecular processes measured have physiological connections to the biological activities
measured with the biosensors. When the biosensors are incorporated, the assay will be 4-
color. In addition, the assay will be validated using a published statistical analysis method
based on the Kolmogorov-Smirnov goodness of fit test (Giuliano et al., 2004). Hoechst
33342 is used for DNA content and nuclear morphology measurements, a mouse anti-g-
tubulin primary antibody is used to assess remaining cellular tubulin after detergent
extraction, and anti-phospho-histone H3 primary antibody will be used to measure the
phosphorylation level of histone H3.

[0048] Cell transfection and drug treatment. Expression vectors encoding biosensors will

be transfected into cells as described in Example 1. For drug treatment, transfected cells will

be plated at a density of 6000-8000 cells per well in 384-well microplates. Cells will be



prepare 4 initial biosensors. HCS assays will provide the ideal means to
quantify the usefulness of each signaling sequence combination. Thus,
WoHEW/A18igh proteins will comprise molecular components sif{lArEd2(4649a7919
described in Example 1. Nucleic acid®encoding NLS WO 21)1)6/017751
PCT/US211115/02 7 919 18 and NES combinations will flank
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etains actiyity when expressed in living cells (Kirchner et al., 2003).
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an optivatpfimitbgyomeaspeetnefitbese algagthmsthive been described (Abraham et al.,
2004). The number of cells measured per well is determined by statistical requirements.
[0051] Statistical analysis and screen validation. To determine the significance of the
cellular population response, a Kolmogorov-Smirnov goodness of fit analysis is used (KS
statistic). Briefly, the sample size determines a critical KS statistic value, which when
corrected for variation due to biological heterogeneity, is sufficient to distinguish a
significant biological effect of drug treatment relative to a control sample treated with vehicle
only (Giuliano et al., 2004). Therefore, the KS value will be the determining factor in
deciding if compounds produce a “hit” against one or more of the multiplexed targets, and in
providing a measure of activity that can be used to rank compounds relative to each other.
[0052]  Experimental and biological variability. The second component of assay
validation involves the inherent variability of the cell-based experimental system on a day-to-
day basis. Besides the experimental variability contributed by instrumentation such as liquid

handling robots and microplate readers, the biological variability of the target cells and
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[0055] Tl‘le use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods

described herein can be performed in any suitable order unless otherwise indicated herein or

otherwise clearly contradicted by context. The use of any and all examples, or exemplary
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claims) are to be construed to, cover both the singular and the plural,

unless otherwisdqHRIIHEEMRISIA%r clearly contradicted by context. The
terms "comprising," "hasoglizatisiuginginand "containing” are to be

construed as open-ended terms (i.e., meaning "including, but not Ijmite
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it were individually reciteghbreeiiorAdimethods described herein can be
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26 measuring the cellular location of the biosensor,

b. contacting said cell with an agent of interest and quantifying the
interaction between said polypeptides with each other, with
endogenous proteins, or a combination thereof, by measuring the
cellular location of the biosensor, and

C. comparing the result of step (a) to that of step (b).

2. The method of claim 1, wherein said second polypeptide also is a biosensor
comprising an interaction domain that interacts with polypeptides, endogenous

proteins, or a combination thereof and further comprising a reporter domain.

3. The method of claim 1, wherein a reporter domain comprises a luminescent or

a fluorescent moiety.



language (e.g., "such as") provided herein, is intended merely to better
illuminate the invention and does not pose a limitation on the scope of the
invention unless otherwise claimed. No language in the specification
should be construed as indicating any non-claimed element as essential
to the practice of the invention. 10056] Prgferred embodiments of this
invention are described herein, including the best mode known to the
inventors for carrying out the invention. Variations of those preferred

embodiments may become apparent to those of ordinary skill in the ark
on real REHECHHE B HALEFTBbR oRAETEh JOHEBIR GHIBRRE S g inescent or
artisans gcflaorpioyrsuehistgriations as appropriate, and the inventors

intend for the invention to be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all modifications and
equivalemts ofdgtre ¢ objdaimater iwhirctie thaitledeatapfhnsesthiareioiasg is
permittegafg applicable law. Moreover, any combination of the
above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated herein or

otherwisg clearly confradicted by context..27 CLAIMS What is claimed is;: .
T ot T U e ST A L DA DA FoIVpepices s
interactienakhatedciey dssessing@ flupaygeept de $u thiegstetived iopial phaig:. a.
introducing two or more polypeptides (e.g., a first polypeptide and a

second polypeptide), into a cell under conditions wherein said

palypeptidesmetroaatfveldi reachvbtnen trdotpeacic atesns saidgpolypeptides is
combinatior? t eret?f and wherejn at least sai(il first
ISt

Fiosensay EUREhER g L L IRET e ) N TS R S
p53, HDM2, or a src-homology domain 2 (SH2) that interacts with one or
e T e T S L
polype ptigeseait tveachmoitegro lyjttpades) gesnoneshprbtemprisingombinations
thereof, Q}’ introducing two or more polypeptides (e.g., a first polypeptide and a
second polypeptide), into a cell under conditions wherein said
polypeptides interact with each other, endogenous proteins, or a
combination thereof, and wherein at least said first polypeptide is a
biosensor comprising:
a localization domain;
an interaction domain from p53, HDM2, or a src-homology
domain 2 (SH2); and
a reporter comprising a luminescent or fluorescent moiety,
and quantifying the interaction between said polypeptides with each
other, with endogenous proteins, or combinations thereof, by assessing
a reversible fluorescence or luminescence signal change in the cell,
b. contacting said cell with an agent of interest and quantifying the
interaction between one or more of said polypeptides, one or more of
said endogenous proteins, or combinations thereof by assessing a
fluorescence or luminescence signal change in the cell, and

C. comparing the result of step (a) to that of step (b).



measuring the cellular location of the biosensor, b. contacting said cell
with an agent of interest and quantifying the interaction between said
polypeptides with each other, with endogenous proteins, or a combination
thereof, by measuring the cellular location of the biosensor, and c.
comparing the result of step (a) to that opgtep (b). 2. The method of claim
1, wherein said second polypeptide also is a biosensor comprising an
interaction domain that interacts with polypeptides, endogenous proteins,
or a combination thereof and further comprising a reporter domain. 3. The
method of claim 1, wherein a reporter domain comprises a luminescent or

agluorestraimawiedyofafaih §henmeihadidketain golypeastir alsepou®iosensor
domain comBszes a Iumlnescent Qr. aflﬂ orescent moiety. 5. The method

of claim PBAWRRAL THE TRRTNEEEEL? HIBISEER: hSiEKPISSESRETEIEY-

The method of claim 3, wherein the interaction between said polypeptides
vaIu ed by as n fluorescence or lumine ence signal chan
1 e i PR G U W R e Gy mret) 1S G
polypeptldes Is evaluated by assessrng a fluorescence or luminescence
signal ¢ ethod fo tectrn he effect an a of.interest
ot e i RO LERGALN b R A0 bt SRR Surmlus,
comprisiauieorinteathlictivguive, efeotdval poiyodyst de sadagiom first
polypeptide and a second polypeptide), into a cell under conditions
wherein said polypeptides interact with each other, endogenous proteins,

ona. corﬁbmatwnnmefehﬂrmﬁd\weeeeirsaﬂd Iamttsiai:ddhe:hmalypbmidel sienulus,
biosensor comp rrsrn arza]trop qmam an mte ct{on domain from
W iy e i

p53, HDRW, 8r DR Sé'?éﬁé“) LK reporter

comprising a luminescent or quorescent moiety,
13. A method for quantifying the interaction between at least two molecules of
interest, the method comprising:
a. introducing each molecule of interest individually into a cell, wherein
at least one of said molecules of interest is a biosensor comprising:
a localization domain;
an interaction domain from p53, HDM2, or a src-homology
domain 2 (SH2); and
a reporter comprising a luminescent or a fluorescent moiety,
and quantifying the level of luminescence or fluorescence,
b. introducing said molecules of interest into a cell concurrently and
quantifying the level of luminescence or fluorescence, and

C. comparing the result of step (a) to that of step (b).
14.  The method of claim 13, wherein a molecule of interest is a polypeptide.

15. The method of claim 6, 7, 8, 11 or 12, wherein the interaction is quantified
using fluorescence resonance energy transfer, fluorescence anisotropy,
rotational difference, fluorescence lifetime change, fluorescence solvent

sensitivity, and fluorescence quenching.



and quantifying the interaction between said polypeptides with each

other, with endogenous proteins, or combinations thereof, by assessing a
reversible fluorescence or luminescence signal change in the cell, b.
contacting said cell with an agent of interest and quantifying the
interaction between one or more of said gwlypeptides, one or more of said
endogenous proteins, or combinations thereof by assessing a
fluorescence or luminescence signal change in the cell, and c. comparing
the resulf of ste 0 that i%)ég\’ﬁ? method of claim 8,
bt it R S T R
compnsmngaatlﬂgmmgsg;emme,a fluorescent moiety. 10. The method of
claim 9 where the luminescent or fluorescent moiety is GFP. 11. The
method of claim 1, wherein said agent is a chemical, physical stimulus,

environ nrentaiesltimwﬂslaﬂe‘iﬁmimhstﬁmﬂh@deﬂtﬁqﬂiﬂdeﬂ& dimeyroetbeatiohs
claim 8, w eln said a nt is a

chemical | t |
o e AR R EE B St T IRT 8% & s oaptigps
quantlfylcrgwth]m iindevel timrobetindemiatseast dswﬂum@muteﬁgmhlmasit It one

method risin ntroducing each m Iecule re tyidually .
o ol TIREST o s e SP R RS UL AeLf: Meuring a
blosensdummmwwmugoﬁlocadszauwmenmylDammmoummnﬂiubfmmnt
53, HDM2 src doman 2 orter

P omris A TLE B & HIOIRte Tt oty SR TR pelypeptice
level of Iwnnhmea(spacmoIIdhaumneﬂm&;dblslramddlwmgaaeadlymmlkeutdaag)thanges
interest |nté) eD ncu rentl %Jantf the level OHH n scence

or fluorescengé An ge p% (%g ' eessult o&s%gpwagr?o hat of St& h(%)

14. The method cdtuia)mwﬁmmer&mreﬂnméscemesmgmaterﬂzerhset)afrom at least one

polypeptide. 1? Th%smeen[ Od fo?eas1 ?fe orfer g E“?rﬁ% eCIfCIocation in
interaction is quant usmg uore e res n energy ans

fluorescence anisatetipyo Iumlnescen tor fluorescent signal intensity from at least one
luminescent or fluorescent reporter polypeptide in a different specific
location in the cells; and

b. a difference between luminescent or fluorescent signal intensity from

the at least one luminescent or fluorescent reporter polypeptide in a
specific location in the cells and luminescent or fluorescent signal
intensity from at least one luminescent or fluorescent reporter
polypeptide in a different specific location in the cells wherein the
changes induced by the agent of interest indicate an effect of the agent
of interest on the localization of the polypeptide from a first location in

the cells to a second specific location in the cells.

18. A method for detecting the effect of an agent of interest on cellular
constituents or functions in the same cells, the method comprising:
a. introducing two or more molecules that interact into a cell wherein at
least one of said molecules of interest is a biosensor comprising:

a localization domain;



rotational difference, fluorescence lifetime change, fluorescence solvent
sensitivity, and fluorescence quenching. 30 16. The method of claim 1, 8,
11, or 12, where the interaction is automatically quantified by a device.
17. The method of claim 16, wherein the device provides an array of
locations which contain multiple cells, sgans multiple cells in each of the
locations containing cells to obtain luminescent or fluorescent signals
from at least one luminescent or fluorescent reporter polypeptide within

the cells; measuring a_luminescence or flyorescence intensity of trbe
luminescent or fluoresteHRR AL ARGRA BT TRLP et 1M Ae e atcgromolooy
fluorescent reporter pokypaptid¢Swithiana specific location in the cells; and
automatically calculatin? changes induced h?/ the sEOI pepti{f@a of interest.

I

in one or more of the OIIRAMY: L APFRIBY? IUMIRREESROL? AlSFEEEMolety,
signal intensity £ronuainiéBshg e derike soastinefitior ésastivmeparterest,

polypeptide in a specific location in. the cells to Juminescent or fluprescent
Cional ity HOTAC AR RSO O e e vapland e
polypeptide in adllffrecdrspasficoldtatitionntheaels,aadd b. a difference
between luminescent or fluorescent signal {ntepsity from the at least one
(uminesdent or TUBFELCEH RABSHILP bOT AL T Bl SEBIF location i

the cells and luminescent or fluorescent signal intensity from at least one
luminescent or fluorescent reporter polypeptide in a different.specific
okSion TTEHBREHY Fredrui ThevChat e RS PRV B cerest
indicate an effect of the agent of interest on the localization of the

palypeptide from a first location in the cells to a secopd cific location
OB et EENOR TR TOH e o e ST Iy B G i utes
cellular cbimtéitestruts col fulactonsibodhis safuorctielts, ithinersathedells, the method

comprisin(%ﬁa..introducing two or more molecules that interact into a cell

. C Fising: . . ) )
wherein a Bas't gne of said molecules of interest is a biosensor

comprisiag: a locabdatiogy dachanulecule of interest individually into a cell wherein at
least one of said molecules of interest is a biosensor comprising:
a localization domain;
an interaction domain from p53, HDM2, or a src-homology
domain 2 (SH2); and
reporter comprising a luminescent or a fluorescent moiety,
and quantifying the cellular constituent or function of interest,
b. introducing said molecules of interest into said cell concurrently and
quantifying the cellular constituent or function of interest, and

C. comparing the result of step (a) to that of step (b).
21.  The method of claim 20, wherein a molecule is a polypeptide.

22.  The method of claim 18 or 20, wherein the cellular constituents or functions of
interest are selected from the group consisting of apoptosis; necrosis; cell
cycle regulation; nuclear morphology; cellular DNA content; histone H3
phosphorylation levels; other kinase or phosphatase activities; transcription

factor activation; tumor suppressor activation or induction; organellar



31 an interaction domain from p53, HDM2, or a src-homology domain 2
(SH2); and a reporter comprising a luminescent or a fluorescent moiety,
and quantifying the cellular constituent or function of interest, b. contacting
said cell with an agent of interest and quantifying the cellular constituent
or function of interest, and c. comparing 3he result of step (a) to that of
step (b). 19. The method of claim 18, wherein a molecule is a polypeptide.
20. A method for quantifying the effect of the interaction between two
molecul s of mtererH%} cellula const uents o‘ functions in the same

cells, th LFH%?HBE' Bmye ‘?H%ﬁ A Hal-RSTBIISEE BiReragp size, or

individuahdostsmalqs vengaeiredbriefshenctiof satlonoldeurdmeinielizes Blament
a biosensor %?E%ISIF% a localization domain; an mteractlorl dom

p53, HDRAS AR RO e ot T e gteace

a Iuminemﬂamtrahatﬂelh&ssmm@sgt;ns@redwmﬁym@mbwcﬁﬁutﬁllular
constitu tor function o |nt est ib] |nt alﬁﬂeg% said molecules of intere

into sald B USRLYPL O 5P ESHaN s HpY E8aling anc
function wfnrtedisy, FaNAsammmampg)tbmesult of step (a) to that of step

(b). 21. The method of claim 20, wherein a molecule is a polypeptide. 22.

The method of claim 18 or 20, wherein the cellular constituents or

fuegtionghé nmtresbbodasalecsd4rdm dhejgmheminnhisag@obamﬂmﬂs of

necrosis; eII cler n nuclear L cellular DNA content;
oo e A R A R B RN INT, moe acnvices
transcription factor activation; tumor suppressor activation or induction;
organellar 32 functio mcl%1 mitochondrial oent eroxisome
e T e S A e S S SRR R8R WiRorises
microtubmieredhantenm bdiizatiomunmain.

25. The method of claims 1, 8, 13, 18 or 20, wherein said localization domain is

selected from the group consisting of a NES and NLS.

26.  The method of claims 1, 8, 13, 18 or 20, wherein the localization domain
comprises or consists essentially of an amino acid sequence selected from the
group consisting of

KRTADGSEFESPKKARKVE (SEQ ID NO:1),
QOMGRGSEFEPAAKRAKLDE (SEQ ID NO:2),
QQMGRGSEFESPKKARKVE (SEQ ID NO:3),
NSNELALKLAGLDINKTE (SEQ ID NO:4),
HAEKVAEKLEALSVKEET (SEQ ID NO:5), and
PSTRIQQQLGQLTLENLQ (SEQ ID NO:6).

27. The method of claim 1, 8, 14, 19 or 21, wherein at least one of said
polypeptides comprises a protein and is expressed within in the cell under the

transcriptional control of an inducible promoter.



cytoskeleton; receptor internalization or translocation; cell motility;
protease activation; the heat shock response; exocytosis; endocytosis;
cellular hypertrophy or other shape changes; and gene expression
including coding and non-coding RNAs as well as proteins. 23. The
method of claim 1, 8, 14, 19 or 21, whergm the agent or molecule of
interest disrupts the localization pattern of the biosensor. 24. The method
of claim 23, where one or more of said biosensors comprises more than

one localization domain. 25. The method of claims 1, 8, 13, 18 or_20,

o i LERELHL BTN i e Stk WA ab 05 S S8l o

a NES apelyeftids. id peotiettosliaiddaintbeledl| 43 3o mfddubwl htottie cell.
localization domain comprises or consists essentially of an amino acid

sequence selected from the group consisting of
KBRIADGHEREHhBKEARIKN E, GEQ 10 HQ11 wherein at least one of said

MGRGSEFEPAAKRAKLDE (SEQ JD NO:2),
ggmeﬁg’ﬁﬁgéﬁ&ﬁ@%@@@é%% :3),) NSNELALKLAGLDINKTE
(SEQ ID NO:4), HAEKVAEKLEALSVKEET (SEQ ID NO:5), and
PSTRIQQOLGOLTLENL! ID.NO:6), 27. The method of claim 1, 8,
17000 o 5% AL AT SN, kot b b AR

protein grudyisepridesdseddugbnous theatefalhder the transcriptional control
of an inducible promoter. 33 28. The method of claim 1, 8, 14, 19, or 21,
wherein at least one of said polypeptides is produced outside of the cell
asd.therTimnodtreetondtaiimelc 8|l 1429 9Tdre ethediofatIkgst tw8,0f4aitd or
21, Whereip at I%gst one % sai((ijﬁ@igeptides is exogenous to said cell.
30. The RTXRERISF2A ) gn , 19°0r 21, wherein at least one of said
polypeptides is endogenous to said cell. 31. The method of claim 1, 8, 14,

1320 2Lphergin 8L PRI IE 87 SR129 R PaRHERT A RRE bR
polypeptides has an amino acid sequence encoded by the sequence SEQ ID
NO:7.

33. The method of claim 1, 8, 14, 19 or 21, wherein at least one of said

polypeptides has the sequence SEQ ID NO:8.

34.  The method of claim 1, 8, 14, 19 or 21, wherein at least one of said
polypeptides has an amino acid sequence encoded by the sequence SEQ ID
NO:9.

35. The method of claim 1, 8, 14, 19 or 21, wherein at least one of said
polypeptides has the sequence SEQ ID NO: 10.

36. The method of claim 1, 8, 14, 19 or 21, wherein at least one of said
polypeptides has an amino acid sequence encoded by the sequence SEQ ID
NO: 11.



32. The method of claim 1, 8, 14, 19 or 21, wherein at least one of said
polypeptides has an amino acid sequence encoded by the sequence SEQ
ID NO:7. 33. The method of claim 1, 8, 14, 19 or 21, wherein at least one
of said polypeptides has the sequence SEQ ID NO:8. 34. The method of
claim 1, 8, 14, 19 or 21, wherein at leastggne of said polypeptides has an
amino acid sequence encoded by the sequence SEQ ID NO:9. 35. The
method of claim 1, 8, 14, 19 or 21, wherein at least one of said

palypep quenc : 10. 36. The method of claim
A Ay S o NG b o L
acid seqp@nypemmgda@lthyib@saqwsaqelsmmzNo 11.34 37.The
method of claim 1, 8, 14, 19 or 21, wherein at least one of said

polypeptides has the sequence SEQ ID NO: 12. 38. A method of High
Ca@itent &mmﬁn@KH@ﬁ)Gmmptisingeﬂﬁagmeme)ic@ﬁmistﬁg cheimstiodof any of
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wherein galthingdhiod is repeated using different molecules and/or agents

of interest, whereby the results of said repeated assays are compiled into

a database of quantified comparisons. 40. A biosensor comprising a
paypeptide ombtsiingaayaﬁmlaIIyﬁ $EQ JD2NTB;, 8¢ ZtDvmeilélntﬂ;&idﬂmethod is

nucleic acid @éodmgéhg biose clal 40. 4 ? Pucl ic 01“th
claim 41" ¢GASISHRY'ESY Fa'EF&\ By 2pegis g fgterest, w dHeDy the
results of said repeated assays are complled into a database of quantified

comparisons.

40. A biosensor comprising a polypeptide consisting essentially of SEQ ID NO: 8,
10, or 12.

41.  Anucleic acid encoding the biosensor of claim 40.

42.  The nucleic acid of claim 41, consisting essentially of SEQ ID NO: 7, 9, or 11.





