
METHODS FOR THE DETECTION OF MOLECULAR INTERACTIONS
WITHIN CELLS CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of
U.S. Provisional Patent Application No. 60/598,177
filed August 2, 2004, the entirety of which is
incorporated herein by reference thereto. BACKGROUND
OF THE INVENTION [0002] Interactions among molecules
such as proteins and their role in regulating overall
cellular functions are fundamental to biochemistry.
Protein-protein interactions, as well as protein
interactions with other molecules such as nucleic
acids, carbohydrates, and lipids have been recognized
as important drug targets (Arkin et al., 2004; Chene,
2004; Toogood, 2002). Such interactions can be
correlated, directly or indirectly, to a variety of
intracellular events, including signal transduction,
metabolism, cell motility, apoptosis, cell cycle
regulation, nuclear morphology, cellular DNA content,
microtubule-cytoskeleton stability, and histone
phosphorylation. For example, the interaction between
oncogene MDM2 and the p53 tumor suppressor protein
negatively modulates the transcriptional activity and
stability of p53. Overexpression of MDM2, found in
many human tumors, effectively impairs p53 function.
Inhibition of the MDM2-r53 interaction can stabilize
p53 and may offer a novel strategy for treating
cancer. 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 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
interactionstructures, and protein tagging and
purification of protein-protein complexes followed by
mass spectroscopy analysis (Bantscheff et al., 2004;
Bauer et al., 2003; Zhu et al., 2003). These methods,
however, have numerous disadvantages. For example, low
sensitivity of detection, large time requirements for
assays, the need to construct multiple chimeric
proteins, the inability to monitor molecular binding
and its effects in live cells, and the need for
specialized and expensive equipment are all
limitations on current detection methods. See, for
example, United States patents 6,902,883, 6,727,071,
6,671,624, 6,620,591, 6,518,021, United States patent
application publications 2003/0040012, 2003/0104479,
2003/0143634, 2004//0018504, international patent
publication WO 03/012068, and Rubinfeld et al. Thus,
improved reagents and methods for detecting and
measuring molecular binding events and their effects
on other cellular functions are needed. [0004] The
development of reagents and assays with the ability to
measure molecular binding in a live cell would
represent a significant advance in the field. Chimeric
proteins 



having detectable signals could be used to quantify
molecular binding events and link those events to
other cellular constituents and functions. In
addition, high content screening (HCS) technology
could be utilized to screen and analyze large numbers
of molecular interactions in both live and fixed
endpoint assays in cells. HCS assays automate the
extraction of multicolor fluorescence information
derived from specific fluorescence-based reagents
incorporated into cells (Abraham et al., 2004;
Giuliano et al., 1997; Giuliano et al., 2003b). HCS
technology utilizes an optical system to provide 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 multiplexed assay which can be utilized
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 avariety of methods
involving luminescence or fluorescence. One or more of
the polypeptides can be biosensors having an
interaction domain, detection domain, localization
domain, or combinations thereof. The invention also
provides a method for quantifying the interaction
between at least two molecules of interest, which are
introduced into a cell, where at least one of the
molecules has a reporter function which can be used to
quantify the interaction. The invention further
provides a method for quantifying the effect of an
agent of interest or the interaction between two
molecules of interest on cellular constituents or
functions in the same cells. The above inventive
methods can be automatically quantified by a device,
such as a HCS device. In addition, any of the above
methods can be utilized to create a database of
quantified comparisons. These and other advantages of
the invention, as well as additional inventive
features, will be apparent from the description of the
invention provided herein. DETAILED DESCRIPTION OF THE
INVENTION [0006] This invention provides a method for
detecting the effect of an agent of interest on the
interaction between two or more polypeptides. The
inventive method involves introducing two or more
polypeptides into a cell under conditions wherein the
polypeptides interact with each other, endogenous
proteins, or a combination thereof. The cell is then
contacted by the agent of interest, and the
interaction between the polypeptides, endogenous
proteins, or combination thereof is quantified and
compared before and after the addition of the agent of
interest. [0007] The polypeptides can comprise,
consist of, or consist essentially of proteins,
protein fragments, or protein interaction domains. The
polypeptides can be prepared by methods 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 expression 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, thepolypeptide can be
substantially isolated from other proteins after cell
lysis from recombinant production. Standard methods of
protein purification (e.g., HPLC) can be employed to
substantially purify the inventive polypeptide. [0009]
One or more of the polypeptides for use in the
inventive method can be a biosensor comprising,
consisting of, or consisting essentially of an
interaction domain, a localization domain, a reporter
domain, or a combination thereof. A biosensor can
consist of at least one, more preferably at least
three of the above mentioned domains, which are
desirably operably linked. [0010] In some preferred
embodiments, the biosensor polypeptide can be as
described in United States published patent
application 2003/0104479 or as described in published
PCT application WO 03/012068. The interaction domain
can encode a sequence which interacts with one or more
polypeptides, endogenous proteins, or a combination
thereof. [0011] The localization domain can encode a
sequence that directs the polypeptide to a particular
location within the cell. Such domain, for example,
can cause the polypeptide to be localized within the
cell to a particular compartment (e.g., nucleus,
nucleolus, Golgi apparatus, endoplasmic reticulum,
cell surface, cytoplasm, or other organelle). In one
embodiment, the localization domain directs the
biosensor to a particular location in the cell, and
upon interaction with one or more polypeptides,
endogenous proteins, or combinations thereof, the
biosensor is directed to a different location in the
cell. Upon the disruption of the interaction by an
agent of interest, the biosensor either redistributes
back to the original location, or to a new location.
In another embodiment, the biosensor can have more
than one localization domain, where the binding of one
of more molecules interferes with the 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 theinteraction between
both biosensors, the first biosensor redistributes in
the cell according to the activity of its localization
domain, which in one embodiment, is a predominately
nuclear distribution. 



[0012] Preferably, the localization domain comprises,
consists of, or consists essentially of a nuclear
export signal (NES) or a nuclear localization signal
(NLS). Preferred examples of the localization domain
comprise, consist of, or consist essentially of one of
the following sequences: KRTADGSEFESPKKARKVE (SEQ ID
NO:1), QQMGRGSEFEPAAHRAEXDE (SEQ ID NO:2),
QQMGRGSEFESPKKARKVE (SEQ ID NO:3), NSNELALKLAGLDINKTE
(SEQ ID NO:4), HAEKVAEKLEALSVKEET (SEQ ID NO:5), or
PSTRIQQQLGQLTLENLQ (SEQ ID NO:6). [0013] In another
embodiment, the polypeptide includes a reporter
domain, which allows detection of the biosensor in the
cell via any suitable method. Preferably, the reporter
domain is fluorescent or luminescent, such as a type
of Green Fluorescent Protein (GFP). Alternatively, the
reporter domain can be a small epitope tag, such as a
myc tag, to allow for better penetration into multiple
cellular compartments and to enable the use of
multiple luminescent or fluorescent labeling
molecules. [0014] In some preferred embodiments, the
inventive method can employ multiple biosensors. A
preferred example includes a first biosensor having
the sequence or a portion thereof of the p53 tumor
suppressor protein, and a second biosensor having 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 within the cell. In
addition, each biosensor can contain one or more
localization domains, reporter domains, or
combinations thereof. Preferred examples of the p53
biosensor comprise, consist of, or consist essentially
of one of the following sequences. In the p53
sequences, the GFP is humanized Ptilosarcus GFP (US
6,780,974), the NES is from MAPKAP2, the NLS is from
SV40, and the r53 is amino acids 1-131 from human p53.
In the HDM2 sequences, the NES is from Annexin II.
[0015] Nucleic Acid Sequence ofGFP-NES-NLS-p53 (SEQ ID
NO:7)
ATGGTGAACCGGAACGTGCTGAAGAACACCGGCCTGAAGGAGATCATGAGCGCC
AAGGCCAGCGTGGAGGGCATCGTGAACAACCACGTGTTCAGCATGGAGGGCTTC
GGCAAGGGCAACGTGCTGTTCGGCAACCAGCTGATGCAGATCCGGGTGACCAAG
GGCGGCCCTCTGCCCTTCGCCTTCGACATCGTGAGCATCGCCTTCCAGTACGGC
A
ACCGGACCTTCACCAAGTATCCCGACGACATCGCCGACTACTTCGTGCAGAGCT
T
CCCTGCCGGCTTCTTCTACGAGCGGAACCTGCGGTTCGAGGACGGCGCCATCGT
GGACATCCGGAGCGACATCAGCCTGGAGGACGACAAGTTCCACTACAAGGTGGA
G
TACCGCGGCAACGGCTTCCCTAGCAACGGCCCTGTGATGCAGAAGGCCATCCTG
GGCATGGAGCCCAGCTTCGAGGTGGTGTACATGAACAGCGGCGTGCTGGTGGGC
GAGGTGGACCTGGTGTACAAGCTGGAGAGCGGCAACTACTACAGCTGCCACATG
AAGACCTTCTACCGGAGCAAGGGCGGCGTGAAGGAGTTCCCTGAGTACCACTTC
ATCCACCACCGGCTGGAGAAGACCTACGTGGAGGAGGGCAGCTTCGTGGAGCAG
CACGAGACCGCCATCGCCCAGCTGACCACCATCGGCAAGCCTCTGGGCAGCCTG
CACGAGTGGGTGGAATTCACGCGTGGTACCTCTAGACCTCAGACTCCACTGCAC
A
CCAGCCGTGTCCTGAAGGAGGACAAGGAACGATGGGAGGATGTCAAGGAGGAG
ATGACCAGTGCCTTGGCCACGATGTGTGTTGACTATGAGCAGATCAAGATAAAG
AAGATAGAAGACGCATCCCCAAAGAAGAAGCGAAAGGTGCTCGAGATGGAGGA
GCCGCAGTCAGATCCTAGCGTCGAGCCCCCTCTGAGTCAGGAAACATTTTCAGA
C
CTATGGAAACTACTTCCTGAAAACAACGTTCTGTCCCCCTTGCCGTCCCAAGCA
A 



TGGATGATTTGATGCTGTCCCCGGACGATATTGAACAATGGTTCACTGAAGACC
C
AGGTCCAGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCGCGTGGCCCCTGC
ACCAGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCTGTC
A
TCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTTTCCGTCTGGGC
TT
CTTGCATTCTGGGACAGCCAAGTCTGTGACTTGCACGTACTCCCCTGCCCTCAA
C AAGATGTTTTGCCAACTGGCCAAGACCTGCTAA [0016] Amino Acid
Sequence ofGFP-NES-NLS-p53 (SEQ ID NO:8)
MVNRNVLKNTGLKEIMSAKASVEGIVNlrVFSMEGFGKGNVLFGNQLMQIRVTK
G
GPLPFAFDIVSIAFQYGNRTFTKYPDDIADYFVQSFPAGFFYERNLRFEDGAIV
DIRSDI
SLEDDKFHYKVEYRGNGFPSNGPVMQKAILGMEPSFEVVYMNSGVLVGEVDLVY
K
LESGNYYSCHMKTFYRSKGGVKEFPEYHFIHHRLEKTYVEEGSFVEQHETAIAQ
LTTI
GKPLGSLHEWVEFTRGTSRPQTPLHTSRVLKEDKERWEDVKEEMTSALATMCVD
YE
QIKIKKIEDASPKKKRKVLEMEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSP
LPSQA
MDDLMLSPDDIEQWFTEDPGPDEAPRMPEAAPRVAPAPAAPTPAAPAPAPSWPL
SSS WSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLAKTC
[0017] Nucleic Acid Sequence of HDM2-NES-myc (SEQ ID
NO:9)
ATGTGCAATACCAACATGTCTGTACCTACTGATGGTGCTGTAACCACCTCACAG
A
TTCCAGCTTCGGAACAAGAGACCCTGGTTAGACCAAAGCCATTGCTTTTGAAGT
T
ATTAAAGTCTGTTGGTGCACAAAAAGACACTTATACTATGAAAGAGGTTCTTTT
T
TATCTTGGCCAGTATATTATGACTAAACGATTATATGATGAGAAGCAACAACAT
ATTGTATATTGTTCAAATGATCTTCTAGGAGATTTGTTTGGCGTGCCAAGCTTC
TCT
GTGAAAGAGCACAGGAAAATATATACCATGATCTACAGGAACTTGGTAGTAGTC
AATCAGCAGGAATCATCGGACTCAGGTACATCTGTGAGTGAGAACAGGTGTCAC
CTTGAAGGTGGGAGTGATCAAAAGGACCTTGTACAAGAGCTTCAGGAAGAGAAA
CCTTCATCTTCACATTTGGTTTCTAGACCATCTACCTCATCTAGAAGGAGAGCA
AT
TAGTGAGACAGAAGAAAATTCAGATGAATTATCTGGTGAACGACAAAGAAAACG
CCACAAATCTGATAGTATTTCCCTTTCCTTTGATGAAAGCCTGGCTCTGTGTGT
AA
TAAGGGAGATATGTTGTGAAAGAAGCAGTAGCAGTGAATCTACAGGGACGCCAT
CGAATCCGGATCTTGATGCTGGTGTAAGTGAACATTCAGGTGATTGGTTGGATC
A
GGATTCAGTTTCAGATCAGTTTAGTGTAGAATTTGAAGTTGAATCTCTCGACTC
A
GAAGATTATAGCCTTAGTGAAGAAGGACAAGAACTCTCAGATGAAGATGATGAG
GTATATCAAGTTACTGTGTATCAGGCAGGGGAGAGTGATACAGATTCATTTGAA
G
AAGATCCTGAAATTTCCTTAGCTGACTATTGGAAATGCACTTCATGCAATGAAA
T
GAATCCCCCCCTTCCATCACATTGCAACAGATGTTGGGCCCTTCGTGAGAATTG
G
CTTCCTGAAGATAAAGGGAAAGATAAAGGGGAAATCTCTGAGAAAGCCAAACTG
GAAAACTCAACACAAGCTGAAGAGGGCTTTGATGTTCCTGATTGTAAAAAAACT
ATAGTGAATGATTCCAGAGAGTCATGTGTTGAGGAAAATGATGATAAAATTACA
CAAGCTTCACAATCACAAGAAAGTGAAGACTATTCTCAGCCATCAACTTCTAGT
A
GCATTATTTATAGCAGCCAAGAAGATGTGAAAGAGTTTGAAAGGGAAGAAACCC
AAGACAAAGAAGAGAGTGTGGAATCTAGTTTGCCCCTTAATGCCATTGAACCTT
G
TGTGATTTGTCAAGGTCGACCTAAAAATGGTTGCATTGTCCATGGCAAAACAGG
A
CATCTTATGGCCTGCTTTACATGTGCAAAGAAGCTAAAGAAAAGGAATAAGCCC
TGCCCAGTATGTAGACAACCAATTCAAATGATTGTGCTAACTTATTTCCCCATG
T 



CTACTGTCCACGAAATCCTGTGCAAGCTCAGCTTGGAGGGTGTTCATTCTACAC
C
CCCAAGTGCCGAACAAAAACTCATCTCAGAAGAGGATCTGAATATGCATACCGG
TTAG [0018] Amino Acid Sequence ofHDM2-NES-myc (SEQ ID
NO:10)
MCNTNMSVPTDGAVTTSQIPASEQETLVRPKPLLLKLLKSVGAQKDTYTMKEVL
FY
LGQYIMTKRLYDEKQQHIVYCSNDLLGDLFGVPSFSVKEHRKIYTMIYRNLVWN
QQ
ESSDSGTSVSENRCHLEGGSDQKDLVQELQEEKPSSSHLVSPvPSTSSRRPvAI
SETEENS
DELSGERQRKRHKSDSISLSFDESLALCVIREICCERSSSSESTGTPSNPDLDA
GVSEHS
GDWLDQDSVSDQFSVEFEVESLDSEDYSLSEEGQELSDEDDEVYQVTVYQAGES
DT
DSFEEDPEISLADYWKCTSCNEMNPPLPSHCNRCWALRENWLPEDKGKDKGEIS
EKAKLENSTQAEEGFDVPDCKKTIVNDSRESCVEENDDKITQASQSQESEDYSQ
PSTSSSII
YSSQEDVKEFEREETQDKEESVESSLPLNAIEPCVICQGRPKNGCIVHGKTGHL
MACF
TCAKKXKKRNKPCPVCRQPIQMIVLTYFPMSTVHEILCKLSLEGVHSTPPSAEQ
KLISE EDLNMHTG [0019] Nucleic Acid Sequence ofHDM2-NES
(SEQ ID NO:11)
ATGTGCAATACCAACATGTCTGTACCTACTGATGGTGCTGTAACCACCTCACAG
A
TTCCAGCTTCGGAACAAGAGACCCTGGTTAGACCAAAGCCATTGCTTTTGAAGT
T
ATTAAAGTCTGTTGGTGCACAAAAAGACACTTATACTATGAAAGAGGTTCTTTT
T
TATCTTGGCCAGTATATTATGACTAAACGATTATATGATGAGAAGCAACAACAT
A
TTGTATATTGTTCAAATGATCTTCTAGGAGATTTGTTTGGCGTGCCAAGCTTCT
CT
GTGAAAGAGCACAGGAAAATATATACCATGATCTACAGGAACTTGGTAGTAGTC
AATCAGCAGGAATCATCGGACTCAGGTACATCTGTGAGTGAGAACAGGTGTCAC
CTTGAAGGTGGGAGTGATCAAAAGGACCTTGTACAAGAGCTTCAGGAAGAGAAA
CCTTCATCTTCACATTTGGTTTCTAGACCATCTACCTCATCTAGAAGGAGAGCA
AT
TAGTGAGACAGAAGAAAATTCAGATGAATTATCTGGTGAACGACAAAGAAAACG
CCACAAATCTGATAGTATTTCCCTTTCCTTTGATGAAAGCCTGGCTCTGTGTGT
AA
TAAGGGAGATATGTTGTGAAAGAAGCAGTAGCAGTGAATCTACAGGGACGCCAT
CGAATCCGGATCTTGATGCTGGTGTAAGTGAACATTCAGGTGATTGGTTGGATC
A
GGATTCAGTTTCAGATCAGTTTAGTGTAGAATTTGAAGTTGAATCTCTCGACTC
A
GAAGATTATAGCCTTAGTGAAGAAGGACAAGAACTCTCAGATGAAGATGATGAG
GTATATCAAGTTACTGTGTATCAGGCAGGGGAGAGTGATACAGATTCATTTGAA
G
AAGATCCTGAAATTTCCTTAGCTGACTATTGGAAATGCACTTCATGCAATGAAA
T
GAATCCCCCCCTTCCATCACATTGCAACAGATGTTGGGCCCTTCGTGAGAATTG
G
CTTCCTGAAGATAAAGGGAAAGATAAAGGGGAAATCTCTGAGAAAGCCAAACTG
GAAAACTCAACACAAGCTGAAGAGGGCTTTGATGTTCCTGATTGTAAAAAAACT
ATAGTGAATGATTCCAGAGAGTCATGTGTTGAGGAAAATGATGATAAAATTACA
CAAGCTTCACAATCACAAGAAAGTGAAGACTATTCTCAGCCATCAACTTCTAGT
A
GCATTATTTATAGCAGCCAAGAAGATGTGAAAGAGTTTGAAAGGGAAGAAACCC
AAGACAAAGAAGAGAGTGTGGAATCTAGTTTGCCCCTTAATGCCATTGAACCTT
G
TGTGATTTGTCAAGGTCGACCTAAAAATGGTTGCATTGTCCATGGCAAAACAGG
A
CATCTTATGGCCTGCTTTACATGTGCAAAGAAGCTAAAGAAAAGGAATAAGCCC
TGCCCAGTATGTAGACAACCAATTCAAATGATTGTGCTAACTTATTTCCCCATG
TCTACTGTCCACGAAATCCTGTGCAAGCTCAGCTTGGAGGGTGTTCATTCTACA
CC CCCAAGTGCCTAG 



[0020] Amino Acid Sequence ofHDM2-NES (SEQ ID NO:12)
MCNTNMSVPTDGAVTTSQIPASEQETLVRPKPLLLKLLKSVGAQKDTYTMKEVL
FY
LGQYIMTKRLYDEKQQHIVYCSMDLLGDLFGWSFSVKEHRKIYTMIYRNLVVVN
QQ
ESSDSGTSVSENRCHLEGGSDQKDLVQELQEEKPSSSHLVSRPSTSSRRRAISE
TEENS
DELSGERQRKRHKSDSISLSFDESLALCVIREICCERSSSSESTGTPSNPDLDA
GVSEHS
GDWLDQDSVSDQFSVEFEVESLDSEDYSLSEEGQELSDEDDEVYQVTVYQAGES
DT
DSFEEDPEISLADYWKCTSCNEMNPPLPSHCNRCWALRENWLPEDKGKDKGEIS
EKA
KLENSTQAEEGFDVPDCKKTIVNDSRESCVEENDDKITQASQSQESEDYSQPST
SSSII
YSSQEDVKEFEREETQDKEESVESSLPLNAIEPCVICQGRPKNGCIVHGKTGHL
MACF
TCAKKLKKRNKPCPVCRQPIQMIVLTYFPMSTVHEILCKLSLEGVHSTPPSA
[0021] The inventive method can be used to detect the
effect of an agent. The agent can be but is not
limited to, for example, a chemical, physical
stimulus, environmental stimulus, electrical stimulus,
or radiation (e.g., heat, light, or other
electromagnetic radiation, or radiation from an
unstable isotope). [0022] In other embodiments, this
invention provides a method for quantifying the
interaction between at least two molecules of
interest. The inventive method involves introducing
each molecule of interest individually into a cell and
quantifying the result, then introducing said
molecules of interest into a cell concurrently,
quantifying the result, and comparing the results
before and after the concurrent addition of the
molecules. Preferably, at least one of the molecules
of interest is a polypeptide. Even more preferably,
one of the molecules is the src-homology domain 2
(SH2), or a portion or mutant thereof. In a preferred
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
fluorescenceimaging such as steady-state anisotropy
that can be easily incorporated into HCS. Examples of
methods of introduction include but are not limited to
electroporation, fusion with transport peptides such
as tat, and high-speed opto-injection (Cyntellect, San
Diego, CA). In addition, the polypeptides or molecules
can be expressed within in the cell under the
transcriptional control of an inducible promoter.
[0024] Detection and quantification of the biosensors
can be quantified by using fluorescence resonance
energy transfer, fluorescence anisotropy, rotational
difference, fluorescence lifetime change, fluorescence
solvent sensitivity, fluorescence quenching, or any
other method known to one of skill in the art. The
above detection methods can be employed as described
in Gough et al., 1993, Bastiaens et al.,1999, and
Giuliano et al. 1995. [0025] In preferred embodiments,
the quantification step is automatically achieved
using a device. For example, the device can have an
array of locations which contain multiple 



cells, where multiple cells in each of the locations
containing cells are scanned to obtain luminescent or
fluorescent signals from at least one luminescent or
fluorescent reporter polypeptide within the cells and
the luminescence or fluorescence intensity of the
luminescent or fluorescent signals from at least one
luminescent or fluorescent reporter polypeptide within
a specific location in the cells is measured. The
changes induced by the agent or molecule of interest
can be automatically calculated. Two preferred methods
include comparing a ratio of luminescent or
fluorescent signal intensity from at least one
luminescent or fluorescent reporter polypeptide in a
specific location in the cells to luminescent or
fluorescent signal intensity from at least one
luminescent or fluorescent reporter polypeptide 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.). Highcontent screens can be
performed on both live and fixed cells, preferably by
using biosensorshaving multiple luminescent or
fluorescent indicators, luminescent or fluorescent
antibodies, biological ligands, or nucleic acid
hybridization probes. The availability and use of
luminescence or fluorescence-based reagents has
advanced the development of both fixed and live cell
high-content screens. In addition, advances in
instrumentation to automatically extract multicolor,
high-content information has recently made it possible
to develop HCS into an automated tool (Taylor, et al.,
1992). [0027] In one embodiment, the detection and
quantification can be performed using fixed cells.
Fixed cell assays comprise, consist of, or consist
essentially of an array of initially living cells in a
microtiter plate format, which can be treated with
various agentss and doses being tested. The cells can
then be fixed, labeled with specific reagents, and
measured. No environmental control of the cells is
required after fixation. Spatial information is
acquired, but only at one time point. The availability
of thousands of antibodies, ligands and nucleic acid
hybridization probes that can be applied to cells
makes this an attractive approach for many types of
cell-based screens. The fixation and labeling steps
can be automated, allowing efficient processing of
assays. [0028] In another embodment, the detection and
quantification is performed using live cells. Live
cell assays are more sophisticated and powerful, since
an array of living cells containing the desired
reagents can be screened over time, as well as space.
Environmental control of the cells (e.g., temperature,
humidity, and carbon dioxide) is required during
measurement, since the physiological health of the
cells must be maintained for multiple luminescence or
fluorescence measurements over time. Fluorescent or
luminescent 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,multicolor fluorescence or luminescence can be
used to detect and analyze multiple parameters at the
same time. Preferably, the molecules that interact or
molecules of interest are polypeptides. More
preferably, at least one of the molecules is a
biosensor. The cellular constituents or functions can
be, for example, 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 functions including mitochondrial
potential, peroxisome number and size, or endosomal
pH; organization of the actin, microtubule, or
intermediate filament 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. Detection of
various cellular constituents or functions of interest
can be accomplished by using any luminescent or
fluorescent reagent which allows detection of the
constituent or function of interest, such as those
described in DeBiasio et al., 1996, Giuliano et al.,
1995, and Heim et al, 1996. [0030] The inventive
method can produce a database of information
concerning the interaction of polypeptides with each
other, cellular proteins or functions, and/or the
effect of agents of interest on such interactions.
This is most efficiently achieved wherein the
inventive method is repeated or conducted with
multiple iterations, for example using different
biosensors, cells, and/or agents of interest. The
invention provides such a database that comprises,
consists of, or consists 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.EXAMPLE 1 



[0032] Many procedures discussed herein, such as
luminescence and/or fluorescence tagging and
detection, PCR, vector construction, including direct
cloning techniques (including DNA extraction,
isolation, restriction digestion, ligation, etc.),
cell culture, transfection of cells, protein
expression and purification, and HCS assays are
techniques routinely performed by one of ordinary
skill in the art (see generally Sambrook et al.,
Molecular Cloning, A Laboratory Manual, Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY 1989).
[0033] This example demonstrates the construction and
optimization of a modular biosensor to measure a
specific protein-protein interaction in living cells.
This biosensor is constructed to analyze the dynamic
complex formation between the p53 tumor suppressor
protein and its major intracellular binding partner,
the HDM2 protein, which is the human homolog of MDM2.
The approach outlined here can, however, be applied to
the construction of other biosensors. [0034] A
eukaryotic expression plasmid that encodes a fusion
protein consisting of an appropriate nuclear
localization sequence (NLS), the p53 protein, and GFP
is constructed. A separate expression vector will
encode an appropriate nuclear export sequence (NES)
joined with the coding sequence for HDM2.
Co-transfection of the two plasmids into human 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
NLS-p53-GFP construct will redistribute with a nuclear
bias. The cells will be treated with a bioactive green
tea polyphenol, epigallocatechin-3-gallate (EGCG), and
a cell-permeant p53-protein-derived peptide
(Calbiochem) known to bind tightly (Kd = 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 (IC50= 90 nM) (Vassilev et al., 2004), 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 akinetic HCS assay to
further characterize the response of the system to
determine inhibitory compound concentrations and
treatment times that reproducibly induce the largest
responses. [0035] Preparation of cells expressing
NLS-p53-GFP and NES-HDM2. To produce cells expressing
biosensors, the strategy for the transient double
transfection of mammalian cells with p53-GFP and HDM2
described by Boyd et al. (2000) will be followed.
Briefly, cDNA encoding the appropriate NLS and wild
type p53 will be cloned upstream of GFP in a pEGFP/Nl
vector (Clontech). The necessary amplification will be
carried out using PCR with primers encoding Pstl and
BamHI endonuclease sites. HDM2 cDNA (Chen et al.,
1994) will be fused with an appropriate NES and
inserted into a pcDNA3. 1 expression vector
(Invitrogen), which, like the pEGFP/Nl vector, is
under the control of the CMV promoter. A549 cells will
be grown in log phase to a density of 2.5 x 1O+6 cells
per T-25 flask. The cells will be transfected with a
mixture of expression plasmids encoding the
NLS-p53-GFP 



and NES-HDM2 at 2 mg per T-25 flask, using
Lipofectamine 2000 transfection reagent (Invitrogen).
After an 18-24 hour incubation, the transfected cells
will be trypsinized and plated at 6000-8000 cells per
well in a collagen I coated 384-well microplate
(Falcon #3962). Some of the cells will be labeled at
this point using an antibody against HDM2 (Upstate) to
ensure that both the NLS-p53-GFP and NES-HDM2 are
expressed in the transfected cells. Cells at this
stage are ready for use in either live cell kinetic or
fixed end point HCS assays. [0036] Selection of
appropriate NES and NLS structuresfor biosensor
construction. Each new positional biosensor will have
specific requirements for the nuclear-cytoplasmic
shuttling components (Giuliano et al., 2003a), but an
automated processes that permits the 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 Idnetic measurements
ofNLS-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 alive cell kinetic HCS
mode (Abraham et al., 2004). Cells expressing
NLS-p53-GFP and NES-HDM2 will be treated with
different concentrations of inhibitory compounds and
the time course of the intracellular redistribution of
the NLS-p53-GFP will be measured over a time period of
24 hours after treatment using a KineticScan HCS
reader (Cellomics, Inc.). This instrument
automatically makes multiple measurements of the
cytoplasm-nuclear distribution of NLS-p53-GFP while
maintaining the health of the cells (Abraham et al.,
2004). The kinetic analysis will provide several
benefits. First, the rate and extent of biosensor
expression will be calculated automatically for each
cell during the kinetic analysis. These data will be
used to optimize the transfection efficiency. Second,
the kinetic analysis will allow a direct assessment of
the effect that biosensor expression itself has on
multiple aspects of cell health. Finally, the
quantitative results of these experiments (e.g.,
concentrations of inhibitory compounds that disrupt
the p53-HDM2 interaction over a specified time period)
will facilitate the incorporation of the biosensor
into the multiplexed HCS assay. Compound library
screening then can proceed directly. [0038]
Identification of possible non-specific or "other"
protein interactions. If experimental cell treatments
induce measurable cytoplasm to nuclear translocation
of the biosensors, then confirmatory assays will be
performed to test for non-specific or "other" protein
interactions. In the case of the p53-HDM2 biosensor,
cells will be transfected to express only the
NLS-p53-GFP biosensor. The unpaired NLS-p53-GFP
biosensor will be predominately distributed in the
cell nucleus. If the experimental treatment induces a
non specific interaction between p53 and another
protein, or if the NLS-p53-GFP interacts 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-HDM2 biosensor. If the inhibitory
compounds induce a non-specific or another specific
interaction between HDM2 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.
Proteinprotein 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 thebinding
partner constructs (e.g., cytoplasm-nucleus,
cytoplasm-plasma membrane, etc.) with a single channel
of fluorescence or luminescence. [0039] Alternative
strategy for the transient transfection approach.
Double transient transfection of p53-GFP and HDM2
approach has been used successfully (Boyd et al, 2000)
and the gating capabilities of HCS have made it
possible to use transiently transfected cell
populations in large scale screens. However, in some
instances multiple transient transfection may not be
not sufficient. Thus, an alternative strategy for the
preparation of cellular reagents can be pursued.
Clonal cell lines stably overexpressing both
components of the biosensor will be prepared using
automated liquid handling robots and HCS analyses.
These cell lines can be a panel consisting of multiple
tumor types comprised of populations of cells
substantially uniformly expressing the biosensor
components throughout at least 10 passages. While it
is believed that the transient transfection approach
will be sufficient for the proof of principle
experiments proposed here, this alternative strategy
for cell-based reagent preparation will be exercised
when necessary or required for commercialization.
[0040] Alternative tumor cell types. Human tumor cell
line A549 has previously shown utility in HCS assays
and expresses wild type p53 protein, thus it will be
the initial cell line used. If this cell line is
inadequate, however, due to low transfection
efficiency, poor kinetic response, severe toxicity, or
other factors, additional cell lines will be tested.
The first alternative cell lines will be those that
are p53 protein null in case the background expression
of p53 protein is the cause of a poor response. These
alternative human tumor cell lines will be MDA-MB-435
(breast carcinoma), H1299 (non-small cell lung
cancer), and Saos-2 (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 srchomology
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
SH2protein interaction domains are encoded by the
human genome (Pawson et al, 2003). 



Furthermore, a single protein containing an SH2 domain
(-100 amino acids) can itself potentially interact
with many other proteins, including membrane bound
receptors, soluble enzymes, and cytoskeletal proteins.
The human cell maintains thousands of SH2-dependent
protein-protein interactions thus forming the
foundation of a crucial signaling nexus and an optimal
target for drag modulation. A biosensor will be
designed to measure the dynamic interactions between
an SH2 domain, isolated from the c-src kinase, and its
target molecules within living human cells. For
example, the SH2 domain biosensor can be used to
measure the stimulation of a receptor tyrosine kinase.
Ligand binding by the receptor initiates a cascade of
processes that result in the appearance of a large
number of SH2 domain binding sites. The fluorescent or
luminescent SH2 domain biosensor responds by binding
to these newly available sites in the cytoplasm,
shifting the equilibrium distribution of the biosensor
toward the cytoplasmic compartment. Thus, the ratio
between the cytoplasmic concentration of the biosensor
and its nuclear concentration will become
significantly larger upon receptor stimulation. An HCS
assay can be used to quantify changes in the
cytoplasm-nuclear distribution ratio, permitting the
effects of chemical compounds to be screened on a
large scale. This approach will produce a qualified
set of compounds with the capability of modulating
molecular processes under the regulation of SH2
protein interaction domains. [0043] A eukaryotic
expression plasmid encoding a single biosensor
consisting of an NLS and an NES, an SH2 protein
domain, and a GFP will be transfected into human A43 1
tumor cells, which constitutively over express
epidermal growth factor receptor (EGFR). The A43 1
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
NLSand NES combinations will flank sequences encoding
the SH2 and GFP domains. The SH2 domain will be
encoded using the ppbOSrc SH2 domain (corresponding to
amino acids 142- 251), which has already been used to
produce a GFP chimera that retains activity when
expressed in living cells (Kirchner et al., 2003).
[0045] Characterization of response times of the
biological assay system using live cell kinetic
measurements of SH2 protein domain activation will
beperformed. As described in Example 1, the SH2
biosensor will be validated by measuring the time
course of ligandinduced redistribution of the
biosensor in a live cell kinetic HCS mode. Briefly,
cells expressing the SH2 biosensor variants will be
treated with 100 ng/ml EGF and the time course of
intracellular redistribution of each of the biosensor
types will be measured every minute over a time course
of 1 hour (Yamazaki et al., 2002). The quantitative
results of these 



experiments will facilitate the incorporation of the
biosensor into the multiplexed HCS assay. Compound
screening will proceed immediately thereafter. EXAMPLE
3 [0046] This example demonstrates the integration of
the biosensors into a validated, multiplexed HCS assay
that defines the effects compounds have on molecular
interactions while placing them in the context of a
multi-featured phenotype. Measurements of nuclear
morphology, cellular DNA content,
microtubule-stability, and histone H3 phosphorylation
level can be made. The assay will be demonstrated by
screening a library of 500-1000 compounds for
modulators of target protein-protein interactions.
[0047] The biosensors 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-b-
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 beexposed to drugs for 24
hours after the addition of concentrated stocks of all
drugs to microplates using an automated liquid
handling system (Biomek(r) 2000; Beckman-Coulter,
Inc., Fullerton, CA). [0049] Immunofluorescence
labeling using automated liquid handling. After drug
treatment, the cells are fixed and their nuclei
labeled (Giuliano et al., 2004). Next, 0.5% (w/w)
Triton X-IOO is added and incubated for 5 minutes at
room temperature to detergent extract a fraction of
the soluble cellular components including destabilized
tubulin. The wells are washed with HBSS followed by
the addition of a primary antibody solution containing
mouse anti-a-tubulin and rabbit anti-phospho-histone
H3. After a 1 hour incubation at room temperature, the
microplate wells are washed with HBSS followed by the
addition of a secondary antibody solution containing
Cy3-labeled donkey anti-mouse and Cy5-labeled donkey
anti-rabbit antibodies. After 1 hour incubation at
room temperature, the microplate wells are washed with
HBSS and stored until HCS. [0050] HCS process. HCS is
performed with an ArrayScan(r) HCS Reader with the
Compartmental Analysis BioApplication Software coupled
to Cellomics(r) Store and the vHCS(tm) Discovery
Toolbox (Cellomics, Inc.; Pittsburgh, PA). The
instrument is used to scan multiple optical fields,
each with multiplexed fluorescence or luminescence,
within the wells of the microplate. The BioApplication
software produces more than thirty numerical feature
values such as subcellular object intensities, shapes,
and location for each cell within an optical field.
Some aspects of these algorithms have 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 andseveral of the irnmunoreagents
dominate the reproducibility of the entire screening
platform. To address biological variability in a
practical way, strict standard operating procedures
will be maintained with respect to cell handling and
reagent procurement and preparation. An assay will
therefore be considered validated if it returns
results with the same level of statistical
significance, as described above, after three separate
trials. [0053] Alternative HCS assayparameters. The
HCS assay parameters chosen for the initial design
complement the cellular processes that will be
measured with the biosenors described in Examples 1
and 2. Nevertheless, the inherent flexibility of the
assay system allows for facile swapping of other
reagents that report on different sets of
physiological parameters. The multiplexed HCS assay
may be designed with a bias toward transcription
factor activation to highlight the connections between
biosensor activity and gene expression. The
alternative HCS assay could involve measurement of the
activation of NF-kB, ATF-2, NFAT, or one or more of
the STAT family members of transcription factors.
Furthermore, biosensor activity could be measured in
combination with the activation of three stress
kinases JNK, r38 MAPK, and ERK. [0054] All references,
including publications, patent applications, and
patents, cited herein, including the following list,
are hereby incorporated by reference to the same
extent as if each reference were individually and
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812. [0055] The 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 exemplarylanguage (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.
[0056] Preferred 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 art upon reading the
foregoing description. The inventors expect skilled
artisans to employ such variations 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 equivalents of the subject matter recited in the
claims appended hereto as permitted by 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 



otherwise clearly contradicted by context.CLAIMS: 1. A
method for detecting the effect of an agent of
interest on the interaction between two or more
polypeptides, the method comprising: a. 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 an interaction domain that
interacts with one or more polypeptides, endogenous
proteins, or a combination thereof and further
comprising a reporter domain, and quantifying the
interaction between one or more of said polypeptides,
one or more of said endogenous proteins, or
combinations thereof, b. contacting said cell with an
agent of interest and quantifying the interaction
between said polypeptides, endogenous proteins, or a
combination thereof, 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 fluorescent moiety. 4. The
method of claim 2, wherein a reporter domain comprises
a luminescent or fluorescent moiety. 5. The method of
claim 3 or 4 where the luminescent or fluorescent
moiety is GFP. 6. The method of claim 3, wherein the
interaction between said polypeptides is evaluated by
assessing a fluorescence or luminescence signal
change. 7. The method of claim 4, wherein the
interaction between said polypeptides is evaluated by
assessing a fluorescence or luminescence signal
change. 8. A method for detecting the effect of an
agent of interest on the interaction between two or
more polypeptides, the method comprising: a.
introducing two or more polypeptides (e.g., a first
polypeptide and a second polypeptide), into a cell
under conditions wherein said polypeptides
interactwith each other, endogenous proteins, or a
combination thereof, and wherein at least said first
polypeptide is a biosensor comprising a reporter
comprising a luminescent or fluorescent moiety, and
quantifying the interaction between one or more of
said polypeptides, one or more of said endogenous
proteins, or combinations thereof by assessing a
reversible fluorescence or luminescence signal change,
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, and c.
comparing the result of step (a) to that of step (b).
9. The method of claim 8, wherein said second
polypeptide also is a biosensor comprising a reporter
comprising a luminescent or fluorescent moiety. 



10. The method of claim 9 where the luminescent or
fluorescent moiety is GFP 11. The method of claim 8 or
9, wherein said first and/or said second polypeptide
further comprises an interaction domain that interacts
with one or more of said polypeptides, one or more of
said endogenous proteins, or combinations thereof. 12.
The method of claim 1, wherein said agent is a
chemical, physical stimulus, environmental stimulus,
electrical stimulus, or radiation. 13. The method of
claim 8, wherein said agent is a chemical, physical
stimulus, environmental stimulus, electrical stimulus,
or radiation. 14. 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 comprises a
reporter comprising a luminescent or 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).15. The method of claim 14, where one of the
molecules of interest is SH2. 16. The method of claim
14, wherein a molecule of interest is a polypeptide.
17. The method of claim 16, wherein the polypeptide
further comprises an interaction domain that interacts
with one or more of said polypeptides, one or more of
said endogenous proteins, or combinations thereof. 18.
The method of claim 6, 7 8, 12, or 13, wherein the
interaction is quantified using fluorescence resonance
energy transfer, fluorescence anisotropy, rotational
difference, fluorescence lifetime change, fluorescence
solvent sensitivity, and fluorescence quenching. 19.
The method of claim 1, 8, 12, or 13, where the
interaction is automatically quantified by a device.
20. The method of claim 19, wherein the device
provides an array of locations which contain multiple
cells, scans 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 fluorescence intensity of the
luminescent or fluorescent signals from at least one
luminescent or fluorescent reporter polypeptide within
a specific location in the cells; and automatically
calculating changes induced by the polypeptide of
interest in one or mpre of the following: a. a ratio
of luminescent or fluorescent signal intensity from at
least one luminescent or fluorescent reporter
polypeptide in a specific location in the cells to
luminescent or 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.21. 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 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 the result of step (a) to
that of step (b). 22. The method of claim 21, wherein
a molecule is a polypeptide. 23. A method for
quantifying the effect of the interaction between two
molecules of interest on cellular constituents or
functions in the same cells, the method comprising: a.
introducing each molecule of interest individually
into a cell 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). 24. The method of claim 23, wherein
a molecule is a polypeptide. 25. The method of claim 2
1 or 23, 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 functions including mitochondrial
potential, peroxisome number and size, or endosomal
pH; organization of the actin, microtubule, or
intermediate filament 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. 26. The
method of claim 1, 8, 16, 22 or 24, wherein one or
more of said polypeptides comprises a localization
domain which causes said polypeptide to be expressed
witha specific localization pattern in the cell, and
the agent of interest disrupts said localization
pattern. 27. The method of claim 26, where one or more
of said polypeptides contains more than one
localization domain. 28. The method of claim 26, where
said localization domain is selected from the group
consisting of a NES and NLS. 29. The method of claim
26, wherein the localization domain comprises or
consists essentially of an amino acid sequence
selected from the group consisting of
KRTADGSEFESPKKARKVE (SEQ IDNO:1), QQMGRGSEFEPAAKRAKLDE
(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).
30. The method of claim 1, 8, 16, 22, or 24, wherein
at least one of said polypeptides comprises a protein,
protein fragment, or protein interaction domain. 31.
The method of claim 1, 8, 16, 22, or 24,, 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. 32.
The method of claim 1, 8, 16, 22, or 24, wherein at
least one of said polypeptides is produced outside of
the cell and then introduced into the cell. 33. The
method of claim 1, 8, 16, 22, or 24, wherein at least
one of said polypeptides is exogenous to said cell.
34. The method of claim 1, 8, 16, 22, or 24, wherein
at least one of said polypeptides is endogenous to
said cell. 35. The method of claim 1, 8, 16, 22, or
24, wherein at least two of said polypeptides are p53
and HDM2. 36. The method of claim 1, 8, 16, 22, or 24,
wherein at least one of said polypeptides has the
sequence SEQ ID NO:7. 37. The method of claim 1, 8,
16, 22, or 24, wherein at least one of said
polypeptides has the sequence SEQ ID NO:8.38. The
method of claim 1 8 16, 22, or 24, wherein at least
one of said polypeptides has the sequence SEQ IDNO:9.
39. The method of claim 1, 8, 16, 22, or 24, wherein
at least one of said polypeptides has the sequence SEQ
ID NO: 10. 40. The method of claim 1, 8, 16, 22, or
24, wherein at least one of said polypeptides has the
sequence SEQ ID NO: 11. 41. The method of claim 1, 8,
16, 22, or 24, wherein at least one of said
polypeptides has the sequence SEQ ID NO: 12. 42. A
method of High Content Screening (HCS) comprising the
method of any of claims 1, 8, 12, 13, 21, or 23,
wherein the measurements are taken using HCS
techniques. 43. The method of any of claims 1, 8, 12,
13, 21, or 23, wherein said method 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. 44. A database
created using the method of claim 43. 45. The database
of claim 44, comprising information on the
interactions of molecules of interest with other
molecules or agents and relating said interactions to
additional cellular constituents and functions in the
cells. 46. The database of claim 44, which is
constructed by screening a library for molecules or
agents that have an effect on the interaction between
two or more molecules of interest. 47. The database of
claim 44, which is constructed by screening a library
for molecules or agents that disrupt the interaction
between two or more cellular molecules. 48. A
biosensor comprising a polypeptide comprising a
sequence of amino acids comprising SEQ ID NO: 8, 10,
or 12. 



49. A nucleic acid encoding the biosensor of claim 48.
50. The nucleic acid of claim 49, which comprises a
DNA sequence comprising SEQ ID NO: 7, 9, or
11.SEQUENCE LISTING <110> Cellutnen Taylor, D .
Lansing Giuliano, Ken <120> METHODS FOR THE DETECTION
OF MOLECULAR INTERACTIONS WITHIN CELLS <130> 238138
<150> US 60/598,177 <151> 2004-08-02 <160> 12 <170>
Patentln version 3.3 <210> 1 <211> 19 <212> PRT <213>
Artificial <220> <223> Nuclear Localization Signal
<400> 1 Lys Arg Thr Ala Asp Gly ser Gl u Phe Gl u ser
Pro Lys Lys Ala Arg 1 5 10 15 Lys VaI Gl u <210> 2
<211> 20 <212> PRT <213> Artifi cial <220> <223>
Nuclear Localization Signal <400> 2 Gi n Gi n Met Gly
Arg Gly ser Gl u Phe Gl u Pro Ala Ala Lys Arg Ala 1 5
10 1 5 Lys Leu Asp Gl u 20 <210> 3 <211> 19 <212> PRT
<213> Artifi cial <220> <223> Nuclear Localization
Signal <400> 3Gi n G n Met Gl y Arg Gl y ser Gl u Phe
Gl u Ser Pro Lys Lys Ala Arg 1 5 10 1 5 Lys VaI Gl u 



<210> 4 <211> 18 <212> PRT <213> Artificial <220>
<223> Nuclear Export Signal <400> 4 Asn Ser Asn Gl u
Leu Al a Leu Lys Leu Ala Gl y Leu Asp l i e Asn Lys 1
5 10 15 Thr Gl u <210> 5 <211> 18 <212> PRT <213>
Artificial <220> <223> Nuclear Export Signal <400> 5
Hi s Ala Gl u Lys VaI Ala Gl u Lys Leu Gl u Ala Leu
Ser VaI Lys Gl u 1 5 10 15 Gl u Thr <210> 6 <211> 18
<212> PRT <213> Artificial <220> <223> Nuclear Export
Signal <400> 6 Pro ser Thr Arg l i e Gi n Gin Gin Leu
Gly Gin Leu Thr Leu Glu Asn 1 5 10 15 Leu Gi n <210>
7<211> 1338 <212> DNA <213> Artifi cial <220> <223>
Nucleic acid sequence encoding GFP-NES-NLS-p53 <400> 7
atggtgaacc ggaacgtgct gaagaacacc ggcctgaagg agatcatgag
cgccaaggcc 60 agcgtggagg gcatcgtgaa caaccacgtg
ttcagcatgg agggcttcgg caagggcaac 120 gtgctgttcg
gcaaccagct gatgcagatc cgggtgacca agggcggccc tctgcccttc
180 gccttcgaca tcgtgagcat cgccttccag tacggcaacc
ggaccttcac caagtatccc 240 gacgacatcg ccgactactt
cgtgcagagc ttccctgccg gcttcttcta cgagcggaac 300
ctgcggttcg aggacggcgc catcgtggac atccggagcg acatcagcct
ggaggacgac 360 



aagttccact acaaggtgga gtaccgcggc aacggcttcc ctagcaacgg
ccctgtgatg 420 cagaaggcca tcctgggcat ggagcccagc
ttcgaggtgg tgtacatgaa cagcggcgtg 480 ctggtgggcg
aggtggacct ggtgtacaag ctggagagcg gcaactacta cagctgccac
540 atgaagacct tctaccggag caagggcggc gtgaaggagt
tccctgagta ccacttcatc 600 caccaccggc tggagaagac
ctacgtggag gagggcagct tcgtggagca gcacgagacc 660
gccatcgccc agctgaccac catcggcaag cctctgggca gcctgcacga
gtgggtggaa 720 ttcacgcgtg gtacctctag acctcagact
ccactgcaca ccagccgtgt cctgaaggag 780 gacaaggaac
gatgggagga tgtcaaggag gagatgacca gtgccttggc cacgatgtgt
840 gttgactatg agcagatcaa gataaagaag atagaagacg
catccccaaa gaagaagcga 900 aaggtgctcg agatggagga
gccgcagtca gatcctagcg tcgagccccc tctgagtcag 960
gaaacatttt cagacctatg gaaactactt cctgaaaaca acgttctgtc
ccccttgccg 1020 tcccaagcaa tggatgattt gatgctgtcc
ccggacgata ttgaacaatg gttcactgaa 1080 gacccaggtc
cagatgaagc tcccagaatg ccagaggctg ctccccgcgt ggcccctgca
1140 ccagcagctc ctacaccggc ggcccctgca ccagccccct
cctggcccct gtcatcttct 1200 gtcccttccc agaaaaccta
ccagggcagc tacggtttcc gtctgggctt cttgcattct 1260
gggacagcca agtctgtgac ttgcacgtac tcccctgccc tcaacaagat
gttttgccaa 1320 ctggccaaga cctgctaa 1338 <210> 8 <211>
445 <212> PRT <213> Artificial <220> <223> Amino Acid
Sequence of GFP-NES-NLS-p53<400> 8 Met VaI Asn Arg Asn
VaI Leu Lys Asn Thr G y Leu Lys Gl U lie Met 1 5 10 1
5 Ser Al a Lys Ala Ser VaI Gl u Gl y lie VaI Asn Asn
Hi s val Phe Ser 20 25 30 Met Glu Gl y Phe Gl y Lys Gl
y Asn VaI Leu Phe Gl y Asn Gin Leu Met 35 40 45 Gi n l
i e Arg VaI Thr Lys Gly Gly Pro Leu Pro Phe Ala Phe
Asp l i e 50 55 60 VaI Ser lie Al a Phe Gin Tyr Gly
Asn Arg Thr Phe Thr Lys Tyr Pro 65 70 75 80 Asp Asp
lie Al a Asp Tyr Phe VaI Gin Ser Phe Pro Ala Gly Phe
Phe 85 90 95 Tyr Glu Arg Asn Leu Arg Phe Glu Asp Gly
Ala lie VaI Asp lie Arg 100 105 110 Ser Asp l i e Ser
Leu Gl u Asp Asp Lys Phe Hi s Tyr Lys VaI Gl u Tyr 115
120 125 Arg Gly Asn Gly Phe Pro Ser Asn Gly Pro VaI
Met Gin Lys Ala lie 130 135 140 Leu Gly Met Gl u Pro
Ser Phe Gl u VaI VaI Tyr Met Asn Ser Gly VaI 



145 150 155 160 Leu VaI Gly Gl u VaI Asp Leu VaI Tyr
Lys Leu Gl u Ser Gly Asn Tyr 165 170 175 Tyr ser Cys
Hi s Met Lys Thr Phe Tyr Arg Ser Lys Gly Gly VaI Lys
180 185 190 Glu Phe Pro Gl u Tyr Hi s Phe lie Hi s Hi
s Arg Leu Glu Lys Thr Tyr 195 200 205 val Gl u Gl u
Gly ser Phe VaI Glu Gin Hi s Gl u Thr Ala l i e Ala
Gin 210 215 220 Leu Thr Thr l i e Gly Lys Pro Leu Gly
Ser Leu Hi s Gl u Trp VaI Glu 225 230 235 240 Phe Thr
Arg Gly Thr Ser Arg Pro Gin Thr Pro Leu Hi s Thr Ser
ArgZ45 250 255 VaI Leu Lys G lu Asp Lys G lu Arg Trp G
lu Asp VaI Lys G lu G lu Met 260 265 270 Thr ser Ala
Leu Ala Thr Met cys VaI Asp Tyr G lu Gin lie Lys lie
275 280 285 Lys Lys lie G lu Asp Ala ser pro Lys Lys
Lys Arg Lys VaI Leu G lu 290 295 300 Met G lu Glu Pro
Gin Ser Asp Pro Ser VaI G lu Pro Pro Leu Ser Gin 305
310 315 320 Gl u Thr Phe Ser Asp Leu Trp Lys Leu Leu
Pro Gl u Asn Asn VaI Leu 325 330 335 Ser Pro Leu Pro
Ser Gin Ala Met Asp Asp Leu Met Leu Ser Pro Asp 340
345 350 Asp lie Glu Gin Trp Phe Thr Glu Asp Pro Gly
Pro Asp Glu Ala Pro 355 360 365 Arg Met Pro Glu Ala
Ala Pro Arg VaI Ala Pro Ala Pro Ala Ala Pro 370 375
380 Thr Pro Ala Ala Pro Ala Pro Ala Pro Ser Trp Pro
Leu Ser Ser Ser 385 390 395 400 VaI Pro Ser Gin Lys
Thr Tyr Gin Gly Ser Tyr Gly Phe Arg Leu Gly 405 410
415 Phe Leu His ser Gly Thr Ala Lys ser VaI Thr cys
Thr Tyr Ser Pro 420 425 430 Ala Leu Asn Lys Met Phe
cys Gin Leu Ala Lys Thr Cys 435 440 445 <210> 9 <211>
1590 <212> DNA <213> Artificial <220> <223> Nucl ei c
Acid Sequence encoding HDM2-NES-inyc 



<400> 9 atgtgcaata ccaacatgtc tgtacctact gatggtgctg
taaccacctc acagattcca 60 gcttcggaac aagagaccct
ggttagacca aagccattgc ttttgaagtt attaaagtct
120gttggtgcac aaaaagacac ttatactatg aaagaggttc
ttttttatct tggccagtat 180 attatgacta aacgattata
tgatgagaag caacaacata ttgtatattg ttcaaatgat 240
cttctaggag atttgtttgg cgtgccaagc ttctctgtga aagagcacag
gaaaatatat 300 accatgatct acaggaactt ggtagtagtc
aatcagcagg aatcatcgga ctcaggtaca 360 tctgtgagtg
agaacaggtg tcaccttgaa ggtgggagtg atcaaaagga ccttgtacaa
420 gagcttcagg aagagaaacc ttcatcttca catttggttt
ctagaccatc tacctcatct 480 agaaggagag caattagtga
gacagaagaa aattcagatg aattatctgg tgaacgacaa 540
agaaaacgcc acaaatctga tagtatttcc ctttcctttg atgaaagcct
ggctctgtgt 600 gtaataaggg agatatgttg tgaaagaagc
agtagcagtg aatctacagg gacgccatcg 660 aatccggatc
ttgatgctgg tgtaagtgaa cattcaggtg attggttgga tcaggattca
720 gtttcagatc agtttagtgt agaatttgaa gttgaatctc
tcgactcaga agattatagc 780 cttagtgaag aaggacaaga
actctcagat gaagatgatg aggtatatca agttactgtg 840
tatcaggcag gggagagtga tacagattca tttgaagaag atcctgaaat
ttccttagct 900 gactattgga aatgcacttc atgcaatgaa
atgaatcccc cccttccatc acattgcaac 960 agatgttggg
cccttcgtga gaattggctt cctgaagata aagggaaaga taaaggggaa
1020 atctctgaga aagccaaact ggaaaactca acacaagctg
aagagggctt tgatgttcct 1080 gattgtaaaa aaactatagt
gaatgattcc agagagtcat gtgttgagga aaatgatgat 1140
aaaattacac aagcttcaca atcacaagaa agtgaagact attctcagcc
atcaacttct 1200 agtagcatta tttatagcag ccaagaagat
gtgaaagagt ttgaaaggga agaaacccaa 1260 gacaaagaag
agagtgtgga atctagtttg ccccttaatg ccattgaacc ttgtgtgatt
1320 tgtcaaggtc gacctaaaaa tggttgcatt gtccatggca
aaacaggaca tcttatggcc 1380 tgctttacat gtgcaaagaa
gctaaagaaa aggaataagc cctgcccagt atgtagacaa 1440
ccaattcaaa tgattgtgct aacttatttc cccatgtcta ctgtccacga
aatcctgtgc 1500 aagctcagct tggagggtgt tcattctaca
cccccaagtg ccgaacaaaa actcatctca 1560 gaagaggatc
tgaatatgca taccggttag 1590 <210> 10 <211> 529 <212>
PRT <213> Artificial <220> <223> Amino Acid Sequence
of HDM2-NES~myc <400> 10 Met cys Asn Thr Asn Met ser
VaT Pro Thr Asp Gly Ala VaI Thr ThrI 10 1 5 Ser Gin H
e Pro Ala Ser Glu Gin G lu Thr Leu VaI Arg pro Lys Pro
20 25 30 Leu Leu Leu Lys Leu Leu Lys Ser VaI Gly Ala
Gin Lys Asp Thr Tyr 35 40 45 Thr Met Lys G lu val Leu
Phe Tyr Leu Gly Gin Tyr lie Met Thr Lys 50 55 60 Arg
Leu Tyr Asp G lu Lys Gin Gin His lie VaI Tyr Cys Ser
Asn Asp 



65 70 75 80 Leu Leu Gly Asp Leu Phe Gly VaI Pro Ser
Phe Ser VaI Lys Glu His 85 90 95 Arg Lys lie Tyr Thr
Met lie Tyr Arg Asn Leu VaI VaI VaI Asn Gin 100 105
110 Gin Glu Ser ser Asp ser Gly Thr ser VaI ser Glu
Asn Arg cys His 115 120 125 Leu Glu Gly Gly Ser Asp
Gin Lys Asp Leu VaI Gin Glu Leu Gin Glu 130 135 140
Glu Lys Pro Ser Ser Ser His Leu VaI Ser Arg Pro Ser
Thr Ser ser 145 150 155 160 Arg Arg Arg Ala lie ser
Glu Thr Glu Glu Asn ser Asp Glu Leu ser 165 170 175
Gly Glu Arg Gin Arg Lys Arg His Lys ser Asp ser lie
ser Leu ser 180 185 190 Phe Asp Glu Ser Leu Ala Leu
cys VaI lie Arg Glu lie cys Cys Glu 195 200 205 Arg
Ser Ser Ser Ser Glu ser Thr Gly Thr Pro ser Asn Pro
Asp Leu 210 215 220 Asp Ala Gly VaI Ser Glu His Ser
Gly Asp Trp Leu Asp Gin Asp Ser 225 230 235 240 val
ser Asp Gin Phe ser VaI Glu Phe Glu VaI Glu Ser Leu
Asp Ser 245 250 255GiU Asp iyr ser Leu ser G lu G lu
Gly Gin Glu Leu Ser Asp G lu Asp 260 265 270 Asp Glu
VaI Tyr Gin VaI Thr val Tyr Gin Ala Gly Glu ser Asp
Thr 275 280 285 Asp Ser Phe Glu Glu Asp Pro Glu lie
ser Leu Ala Asp Tyr Trp Lys 290 295 300 cys Thr ser
cys Asn Glu Met Asn Pro Pro Leu Pro ser His cys Asn
305 310 315 320 Arg Cys Trp Ala Leu Arg Glu Asn Trp
Leu Pro Glu Asp Lys Gly Lys 325 330 335 Asp Lys Gly
Glu lie Ser Glu Lys Ala Lys Leu Glu Asn ser Thr Gin
340 345 350 Ala Glu Glu Gly Phe Asp VaI Pro Asp Cys
Lys Lys Thr lie VaI Asn 355 360 365 Asp Ser Arg Glu
ser Cys VaI Glu Glu Asn Asp Asp Lys lie Thr Gin 370
375 380 Ala Ser Gin Ser Gin Glu ser Glu Asp Tyr Ser
Gin Pro ser Thr Ser 385 390 395 400 Ser Ser lie lie
Tyr Ser ser Gin Glu Asp VaI Lys Glu Phe Glu Arg 405
410 415 



Glu Glu Thr Gin Asp Lys Glu Glu ser VaI Glu ser ser
Leu Pro Leu 420 425 430 Asn Ala lie Glu Pro Cys VaI
lie Cys Gin Gly Arg Pro Lys Asn Gly 435 440 445 Cys
lie VaI His Gly Lys Thr Gly His Leu Met Ala cys Phe
Thr cys 450 455 460 Ala Lys Lys Leu Lys Lys Arg Asn
Lys Pro cys Pro VaI Cys Arg Gin 465 470 475 480 Pro
lie Gin Met lie VaI Leu Thr Tyr Phe Pro Met ser Thr
VaI His 485 490 495 Glu lie Leu cys Lys Leu Ser Leu
Glu Gly VaI His Ser Thr Pro Pro 500 505 510ser Ala G
lu Gin Lys Leu lie Ser G lu G lu Asp Leu Asn Met His
Thr 515 520 525 G ly <210> 11 <211> 1545 <212> DNA
<213> Artificial <220> <223> Nucl eic Acid Sequence
encodi ng HDM2-NES <400> 11 atgtgcaata ccaacatgtc
tgtacctact gatggtgctg taaccacctc acagattcca 60
gcttcggaac aagagaccct ggttagacca aagccattgc ttttgaagtt
attaaagtct 120 gttggtgcac aaaaagacac ttatactatg
aaagaggttc ttttttatct tggccagtat 180 attatgacta
aacgattata tgatgagaag caacaacata ttgtatattg ttcaaatgat
240 cttctaggag atttgtttgg cgtgccaagc ttctctgtga
aagagcacag gaaaatatat 300 accatgatct acaggaactt
ggtagtagtc aatcagcagg aatcatcgga ctcaggtaca 360
tctgtgagtg agaacaggtg tcaccttgaa ggtgggagtg atcaaaagga
ccttgtacaa 420 gagcttcagg aagagaaacc ttcatcttca
catttggttt ctagaccatc tacctcatct 480 agaaggagag
caattagtga gacagaagaa aattcagatg aattatctgg tgaacgacaa
540 agaaaacgcc acaaatctga tagtatttcc ctttcctttg
atgaaagcct ggctctgtgt 600 gtaataaggg agatatgttg
tgaaagaagc agtagcagtg aatctacagg gacgccatcg 660
aatccggatc ttgatgctgg tgtaagtgaa cattcaggtg attggttgga
tcaggattca 720 gtttcagatc agtttagtgt agaatttgaa
gttgaatctc tcgactcaga agattatagc 780 cttagtgaag
aaggacaaga actctcagat gaagatgatg aggtatatca agttactgtg
840 tatcaggcag gggagagtga tacagattca tttgaagaag
atcctgaaat ttccttagct 900 gactattgga aatgcacttc
atgcaatgaa atgaatcccc cccttccatc acattgcaac 960
agatgttggg cccttcgtga gaattggctt cctgaagata aagggaaaga
taaaggggaa 1020 atctctgaga aagccaaact ggaaaactca
acacaagctg aagagggctt tgatgttcct 1080 gattgtaaaa
aaactatagt gaatgattcc agagagtcat gtgttgagga aaatgatgat
1140 aaaattacac aagcttcaca atcacaagaa agtgaagact
attctcagcc atcaacttct 1200 agtagcatta tttatagcag
ccaagaagat gtgaaagagt ttgaaaggga agaaacccaa 1260 



gacaaagaag agagtgtgga atctagtttg ccccttaatg ccattgaacc
ttgtgtgatt 1320 tgtcaaggtc gacctaaaaa tggttgcatt
gtccatggca aaacaggaca tcttatggcc 1380tgctttacat
gtgcaaagaa gctaaagaaa aggaataagc cctgcccagt atgtagacaa
1440 ccaattcaaa tgattgtgct aacttatttc cccatgtcta
ctgtccacga aatcctgtgc 1500 aagctcagct tggagggtgt
tcattctaca cccccaagtg cctag 1545 <210> 12 <211> 514
<212> PRT <213> Artificial <220> <223> Amino Acid
Sequence of HDM2-NES <400> 12 Met cys Asn Thr Asn Met
Ser VaI Pro Thr Asp Gly Ala VaI Thr Thr 1 5 10 15 ser
Gin lie Pro Ala Ser Glu Gin Glu Thr Leu VaI Arg Pro
Lys Pro 20 25 30 Leu Leu Leu Lys Leu Leu Lys Ser VaI
Gly Ala Gi n Lys Asp Thr Tyr 35 40 45 Thr Met Lys Gl u
VaI Leu Phe Tyr Leu Gly Gin Tyr lie Met Thr Lys 50 55
60 Arg Leu Tyr Asp Glu Lys Gin Gin His lie VaI Tyr Cys
Ser Asn Asp 65 70 75 80 Leu Leu Gly Asp Leu Phe Gly
VaI Pro ser Phe Ser VaI Lys Glu His 85 90 95 Arg Lys
lie Tyr Thr Met lie Tyr Arg Asn Leu val VaI VaI Asn
Gin 100 105 110 Gin Glu ser ser Asp ser Gly Thr ser
VaI Ser Glu Asn Arg cys His 115 120 125 Leu Glu Gly
Gly ser Asp Gin Lys Asp Leu VaI Gin Glu Leu Gin Glu
130 135 140 Glu Lys Pro ser ser ser His Leu VaI Ser
Arg Pro ser Thr Ser Ser 145 150 155 160 Arg Arg Arg
Ala l i e Ser Gl u Thr Glu Glu Asn Ser Asp Gl u Leu
Ser 165 170 175 Gly Gl u Arg Gi n Arg Lys Arg His Lys
Ser Asp Ser lie Ser Leu serIBU 185 190 Phe Asp G lu
Ser Leu Ala Leu cys VaI lie Arg G lu lie Cys cys G lu
195 200 205 Arg Ser Ser Ser Ser G lu Ser Thr Gly Thr
Pro Ser Asn Pro Asp Leu 210 215 220 Asp Ala Gly VaI
Ser Glu His Ser Gly Asp Trp Leu Asp Gin Asp ser 225
230 235 240 VaI Ser Asp Gin Phe Ser val Glu Phe Glu
VaI Glu ser Leu Asp ser 245 250 255 



Glu Asp Tyr ser Leu ser Glu Glu Gly Gin Glu Leu ser
Asp Glu Asp 260 265 270 Asp Glu VaI Tyr Gin VaI Thr
VaI Tyr Gin Ala Gly Glu Ser Asp Thr 275 280 285 Asp
Ser Phe Glu Glu Asp Pro Glu lie ser Leu Ala Asp Tyr
Trp Lys 290 295 300 Cys Thr Ser Cys Asn Glu Met Asn
Pro Pro Leu Pro Ser His Cys Asn 305 310 315 320 Arg
Cys Trp Ala Leu Arg Glu Asn Trp Leu Pro Glu Asp Lys
Gly Lys 325 330 335 Asp Lys Gly Glu lie ser Glu Lys
Ala Lys Leu Glu Asn Ser Thr Gin 340 345 350 Ala Glu
Glu Gly Phe Asp VaI Pro Asp cys Lys Lys Thr lie VaI
Asn 355 360 365 Asp Ser Arg Glu ser cys VaI Glu Glu
Asn Asp Asp Lys lie Thr Gin 370 375 380 Ala Ser Gin
Ser Gin Glu Ser Glu Asp Tyr ser Gin Pro ser Thr ser
385 390 395 400 Ser Ser lie lie Tyr Ser ser Gin Glu
Asp VaI Lys Glu Phe Glu Arg 405 410 415 Glu Glu Thr
Gin Asp Lys Glu Glu Ser VaI Glu Ser ser Leu Pro Leu
420 425 430Asn Ala H e Glu Pro cys VaI lie cys Gin Gly
Arg Pro Lys Asn Gly 435 440 445 Cys lie VaI His Gly
Lys Thr Gly His Leu Met Ala Cys Phe Thr Cys 450 455
460 Ala Lys Lys Leu Lys Lys Arg Asn Lys Pro Cys Pro
VaI cys Arg Gin 465 470 475 480 Pro lie Gin Met lie
val Leu Thr Tyr Phe Pro Met ser Thr VaI His 485 490
495 Glu lie Leu Cys Lys Leu ser Leu Glu Gly VaI His
Ser Thr Pro Pro 500 505 510 Ser Ala 


