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(57) ABSTRACT

The present invention involves the pooling of multiple high
content cell-based screening assays, and carrying out a
primary screen in a one or more channels of a fluorescence
detection device, which drastically increases the number of
simultaneous high content cell-based screening events that
can be carried out. Subsequent deconvolution of primary
screen “hits” (ie: those wells or locations on an array of
locations in which the one or more test compounds caused
a change in the fluorescence signal(s) from the fluorescent
reporter molecules in the cells) enables much more rapid
generation of high content cell screening data than was
previously possible, and at significantly reduced costs.
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Figure 1

Multiple Plate, 4 Fluorescent Reporter Molecules (F1-F4),
1 Reporter Set (R1)
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Figure 2

Multlple Plate, 4 Fluorescent Reporter Molecules (F1-F4),
2 Reporter Sets (R1,R2)
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Figure 3

Smgle Plate, 3 Fluorescent Reporter Molecules (F1-F3),
1 Reporter Set (R1)
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Figure 4

Traditional Method
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METHODS TO INCREASE THE CAPACITY OF
HIGH CONTENT CELL-BASED SCREENING
ASSAYS

CROSS REFERENCE

[0001] This application claims priority to U.S. Provisional
Patent Application 60/274,969 filed Mar. 12, 2001.

FIELD OF THE INVENTION

[0002] The present invention related to the fields of drug
discovery, cell biology, and molecular biology.

BACKGROUND OF THE INVENTION

[0003] Drug discovery is a long, multiple step process
involving identification of specific disease targets, develop-
ment of an assay based on a specific target, validation of the
assay, optimization and automation of the assay to produce
a screen, high throughput screening of compound libraries
using the assay to identify “hits”, hit validation, and hit
compound optimization. The output of this process is a lead
compound that goes into pre-clinical studies and, if vali-
dated, eventually into clinical trials. In this process, the
screening phase is distinct from the assay development
phases, and involves testing compound efficacy in living
biological systems.

[0004] Historically, drug discovery is a slow and costly
process, spanning numerous years and consuming hundreds
of millions of dollars per drug created. Developments in the
areas of genomics, proteomics, and high throughput screen-
ing have resulted in increased capacity and efficiency in the
areas of target identification, structure-function predictions,
and volume of compounds screened. Significant advances in
automated DNA sequencing, PCR application, positional
cloning, hybridization arrays, and bioinformatics have
greatly increased the number of genes (and gene fragments)
encoding potential drug screening targets. However, the
basic scheme for drug screening remains the same.

[0005] The next level of biological complexity is the cell,
and sophisticated automated methods for cell-based screen-
ing based on imaging of fluorescent reporter molecules in
cells have recently been developed. (See, for example, U.S.
Pat. Nos. 5,989,835 and 6,103,479, as well as published PCT
application nos. WO 98/38490, WO 00/03246, WO
00/17643, WO 00/26408, WO 00/50872, WO/00/70342,
WO 00/17624, and WO/00/60356.) The process of imple-
menting such cell-based assays is also referred to as high
content screening (“HCS”), and addresses a need for more
detailed information about the temporal-spatial dynamics of
cell constituents and processes, and how they are affected by
potential drug candidates.

[0006] HCS automates the extraction of multicolor lumi-
nescence information derived from specific luminescence-
based reagents incorporated into cells (Giuliano and Taylor
(1995), Curr. Op. Cell Biol. 7:4; Giuliano et al. (1995) Ann.
Rev. Biophys. Biomol. Struct. 24:405). Cells are analyzed
using an optical system that can measure spatial, as well as
temporal dynamics. (Farkas et al. (1993) Ann. Rev. Physiol.
55:785; Giuliano et al. (1990) In Optical Microscopy for
Biology. B. Herman and K. Jacobson (eds.), pp. 543-557.
Wiley-Liss, New York; Hahn et al (1992) Nature 359:736;
Waggoner et al. (1996) Hum. Pathol. 27:494). The concept
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is to treat each cell as a “well” that has spatial and temporal
information on the activities of the labeled constituents.

[0007] HCS can be performed on living or fixed cells,
using a variety of labeled reporter molecules, such as
antibodies, biological ligands, nucleic acid hybridization
probes, and multicolor luminescent indicators and “biosen-
sors.” The choice of fixed or live cell screens depends on the
specific cell-based assay required.

[0008] The results obtained from HCS provide more rel-
evant information about a drug candidate’s potential effect
on cells than is available from genomic or proteomic meth-
ods, and can dramatically reduce costs in animal testing,
while increasing the speed of new drug development.

[0009] While HCS can be combined on a single platform
with high throughput screening (HTS) (see, for example,
U.S. Pat. Nos. 5,989,835 and 6,103,479, as well as published
PCT application no. WO 98/38490), methods that further
increase the throughput capabilities of high content cell-
based drug screening would be of great value to the art. The
average “hit” rate (i.e.: detection of a positive response) in
most viable high content cell-based screens ranges from
0.1% to 1.0% of compounds screened. Therefore, the vast
majority of wells screened in a microplate format yield a
negative response, necessitating the screening of a large
number of wells to detect a response of interest, which
significantly impacts the capacity requirements of such high
content cell-based screening assays. Thus, methods that
increase the capacity to provide high content information on
the effect of a test compound on cellular events of interest,
while maintaining the “hit” rate, would provide a tremen-
dous increase in the utility of high content cell based
screens.

SUMMARY OF THE INVENTION

[0010] The present invention fulfills the need in the art for
methods to increase the capacity to provide high content
information on the effect of a test compound on cellular
events of interest, while maintaining the “hit” rate, and
dramatically reduce the cost and time required to carry out
high content cell-based screening, and is further applicable
to methods for high throughput screening of a variety of
biological targets.

[0011] In one aspect, methods are provided for increasing
the throughput of high content cell based screening assays,
comprising:

[0012] a) providing at least a first array of locations that
contain multiple cells, wherein the cells comprise a first
reporter set, wherein the first reporter set comprises at least
a first fluorescent reporter molecule and a second fluorescent
reporter molecule, wherein the fluorescent reporter mol-
ecules in the first reporter set

[0013]
[0014]

[0015] iii) emit fluorescence at wavelengths detectable
in at least a first channel of a fluorescence detection
device;

1) report on different cellular events;

ii) exhibit phenotypically similar behavior; and

[0016] b) conducting a primary screen that comprises
imaging the at least first array of locations in high content
mode to obtain fluorescent signals in the first channel from
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the fluorescent reporter molecules in the first reporter set,
wherein the imaging occurs either before, after, and/or
simultaneously with contacting of the at least first array of
locations with one or more test compounds;

[0017] c¢) detecting test compound induced changes in the
fluorescent signals from the fluorescent reporter molecules
in the first reporter set, wherein a test compound induced
change in the fluorescent signals indicates an effect of the
one or more test compounds on one or more cellular event(s)
reported on by the fluorescent reporter molecules in the first
reporter set; and

[0018] d) deconvolving the test compound induced
changes, wherein the deconvolving comprises conducting
one or more secondary screens.

[0019] In a preferred embodiment, at least one of the
secondary screens comprises a method selected from the
group consisting of:

[0020] 1) screening positive locations on the first array
of locations in which test compound induced changes
were detected in the primary screen, and optionally
screening one or more control locations on the first
array of locations, wherein the cells in the positive
locations and any control locations to be screened in the
secondary screen are further contacted with two or
more further fluorescent reporter molecules that are
optically distinguishable from each other and from the
fluorescent reporter molecules in the first reporter set,
wherein at least one of the further fluorescent reporter
molecules reports on the same cellular event as the first
fluorescent reporter molecule, and wherein at least one
of the further fluorescent reporter molecules reports on
the same cellular event as the second fluorescent
reporter molecule; and

[0021] ii) screening an at least second array of locations
and an at least third array of locations that contain
multiple cells, wherein the cells on the at least second
array of locations comprise the first fluorescent reporter
molecule and not the second fluorescent reporter mol-
ecule; and wherein the cells on the at least third array
of locations comprise the second fluorescent reporter
molecule and not the first fluorescent reporter mol-
ecule; wherein the deconvolving comprises contacting
the at least second array of locations and the at least
third array of locations with only those test compounds
that produced test compound induced changes during
the primary screen, and optionally with one or more
control compounds.

[0022] In a further embodiment, the first reporter set
comprises three or more fluorescent reporter molecules. In
this embodiment, deconvolving can comprise either partially
or completely deconvolving the effect of the one or more test
compounds on the cellular events reported on by the fluo-
rescent reporter molecules in the first reporter set.

[0023] In another embodiment, the cells further comprise
at least a second reporter set, wherein the at least second
reporter set comprises at least a third fluorescent reporter
molecule and a fourth fluorescent reporter molecule,
wherein the fluorescent reporter molecules in the second
reporter set
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[0024] i) report on different cellular events;
[0025] ii) exhibit phenotypically similar behavior; and
[0026] iii) emit fluorescence at wavelengths detectable

in at least a second channel of a fluorescence detection
device;

[0027] wherein the primary screen further comprises
imaging the at least first array of locations in high content
mode to obtain fluorescent signals in the second channel
from the fluorescent reporter molecules in the second
reporter set; and

[0028] wherein the detecting further comprises detecting
test compound induced changes in the fluorescent signals
from the fluorescent reporter molecules in the second
reporter set, wherein test compound induced changes in the
fluorescent signals from the fluorescent reporter molecules
in the second reporter set indicate an effect of the one or
more test compounds on one or more cellular events
reported on by the at least second reporter set.

[0029] In this embodiment, deconvolving can comprise
either partially or completely deconvolving the effect of the
one or more test compounds on the cellular events reported
on by the fluorescent reporter molecules in the first reporter
set and the second reporter set.

BRIEF DESCRIPTION OF THE FIGURES

[0030] FIG. 1 is a schematic example of results obtained
when using a single reporter set with four fluorescent
reporter molecules, and deconvolving on a separate array of
locations.

[0031] FIG. 2 is a schematic example of results obtained
when using two reporter sets with two fluorescent reporter
molecules in each reporter set, and deconvolving on a
separate array of locations.

[0032] FIG. 3 is a schematic example of results obtained
when using a single reporter set with 3 fluorescent reporter
molecules, and partially deconvolving on the same array of
locations as was used for the primary screen.

[0033] FIG. 4 is a schematic demonstration of potential
timesaving, relative to standard high content cell-based
screening, of an embodiment of the methods of the invention
wherein the cells comprise a single reporter set consisting of
4 fluorescent reporter molecules.

[0034] FIG. 5 is a bar graph demonstrating that both
NFKkB and ERK specific translocations can be observed in
response to TNF and PMA in the green channel, while
anisomysin has no effect on translocation in the green
channel over negative controls.

[0035] FIG. 6 is a bar graph demonstrating an increase in
translocation for p38 and c-jun in response to PMA and
anisomysin but not TNF in the red channel.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] The present invention involves the pooling of mul-
tiple high content cell-based screening assays, and carrying
out a primary screen in one or more channels of a fluores-
cence detection device, which drastically increases the num-
ber of simultaneous high content cell-based screening events
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that can be carried out. Subsequent deconvolution of pri-
mary screen “hits” (ie: those wells or locations on an array
of'locations in which the one or more test compounds caused
a change in the fluorescence signal(s) from the fluorescent
reporter molecules in the cells) enables much more rapid
generation of high content cell screening data than was
previously possible, and at significantly reduced costs.

[0037] Inone aspect, the present invention provides meth-
ods for increasing the throughput of high content cell based
screening assays, comprising:

[0038] a) providing at least a first array of locations that
contain multiple cells, wherein the cells comprise a first
reporter set, wherein the first reporter set comprises at least
a first fluorescent reporter molecule and a second fluorescent
reporter molecule, wherein the fluorescent reporter mol-
ecules in the first reporter set

[0039] 1) report on different cellular events;
[0040] ii) exhibit phenotypically similar behavior; and
[0041] iii) emit fluorescence at wavelengths detectable

in at least a first channel of a fluorescence detection
device;

[0042] b) conducting a primary screen that comprises
imaging the at least first array of locations in high content
mode to obtain fluorescent signals in the first channel from
the fluorescent reporter molecules in the first reporter set,
wherein the imaging occurs either before, after, and/or
simultaneously with contacting of the at least first array of
locations with one or more test compounds;

[0043] c¢) detecting test compound induced changes in the
fluorescent signals from the fluorescent reporter molecules
in the first reporter set, wherein a test compound induced
change in the fluorescent signals indicates an effect of the
one or more test compounds on one or more cellular event(s)
reported on by the fluorescent reporter molecules in the first
reporter set; and

[0044] d) deconvolving the test compound induced
changes, wherein the deconvolving comprises conducting
one or more secondary screens.

[0045] 1In a preferred embodiment, at least one of the
secondary screens comprises a method selected from the
group consisting of:

[0046] 1) screening positive locations on the first array
of locations in which test compound induced changes
were detected in the primary screen, and optionally
screening one or more control locations on the first
array of locations, wherein the cells in the positive
locations and any control locations to be screened in the
secondary screen are further contacted with two or
more further fluorescent reporter molecules that are
optically distinguishable from each other and from the
fluorescent reporter molecules in the first reporter set,
wherein at least one of the further fluorescent reporter
molecules reports on the same cellular event as the first
fluorescent reporter molecule, and wherein at least one
of the further fluorescent reporter molecules reports on
the same cellular event as the second fluorescent
reporter molecule; and

[0047] ii) screening an at least second array of locations
and an at least third array of locations that contain
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multiple cells, wherein the cells on the at least second
array of locations comprise the first fluorescent reporter
molecule and not the second fluorescent reporter mol-
ecule; and wherein the cells on the at least third array
of locations comprise the second fluorescent reporter
molecule and not the first fluorescent reporter mol-
ecule; wherein the deconvolving comprises contacting
the at least second array of locations and the at least
third array of locations with only those test compounds
that produced test compound induced changes during
the primary screen, and optionally with one or more
control compounds.

[0048] The use of deconvolution greatly decreases the
time and expense of simultaneously identifying the effect of
a given test compound or compounds on a number of
different cellular events.

[0049] As used herein, an “array” includes any substrate,
or portion of such a substrate, on which multiple locations
of cells can be attached, including but not limited to micro-
plates with any number of wells, slides, chambered slides,
chemically or physically patterned substrates, and microw-
ells on a microplate, as described in U.S. Pat. No. 6,103,479,
incorporated by reference herein in its entirety. Thus, an
array of locations could, for example, be a 96 well micro-
plate, as is standard in the art; it could also be some
subsection of a 96 well microplate, such as 1, 4, 8, 16, 32,
or 48 wells on a 96 well microplate. Thus, in embodiments
of the invention when more than one array of locations are
used, recitation of a “second array of locations,” etc.,
encompasses both the situation where the first and second
array of locations (or second and third array of locations,
etc.) are on different substrates, such as two separate micro-
plates, and also encompasses the situation wherein the first
array of locations is a one portion of a substrate, such as a
microplate, while the second array of locations is a separate
portion of the same microplate.

[0050] As used herein, the cells on an “array of locations”
can comprise a homogenous population of cells with respect
to reporter set, or can comprise multiple cell populations,
wherein each cell population comprises a different reporter
set, in order to further increase the capability of the high
content screen.

[0051] As used herein, “control locations” can be loca-
tions without cells (for example, media plus one or more test
compounds only), or locations with cells that have been
treated in such a way as to provide a control for the
interpretation of the assay results (for example, cells not
treated with any test compound; cells treated with a control
compound of some sort (such as a known activator or
inhibitor of the cellular event being assayed), etc.).

[0052] As used herein, the phrase “the cells comprise a
first reporter set” means that individual fluorescent reporter
molecules may be expressed by transfected cells or added to
the cells via non-mechanical modes including, but not
limited to, diffusion, facilitated or active transport, signal-
sequence-mediated transport, and endocytotic or pinocytotic
uptake; or combinations thereof, at any time during the
screening assay. Mechanical bulk loading methods, which
are well known in the art, can also be used to load fluores-
cent probes into living cells (Barber et al. (1996), Neuro-
science Letters 207:17-20; Bright et al. (1996), Cytometry
24:226-233; McNeil (1989) in Methods in Cell Biology, Vol.
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29, Taylor and Wang (eds.), pp. 153-173). These methods
include, but are not limited to, electroporation and other
mechanical methods such as scrape-loading, bead-loading,
impact-loading, syringe-loading, hypertonic and hypotonic
loading. Additionally, cells can be genetically engineered to
express fluorescent reporter molecules, such as green fluo-
rescent protein (GFP), coupled to a protein of interest
(Chalfie and Prasher U.S. Pat. No. 5,491,084; Cubitt et al.
(1995), Trends in Biochemical Science 20:448-455). Fluo-
rescently labeled antibodies are particularly useful reporter
molecules, due to their high degree of specificity for attach-
ing to a single molecular target in a mixture of molecules as
complex as a cell. The fluorescent reporter molecules that a
given cell possesses may all be introduced to the cells via the
same technique, or via any combination of such techniques.

[0053] There is a continually growing family of fluores-
cent reagents that are used to measure the temporal and
spatial distribution, content, and activity of intracellular
ions, metabolites, macromolecules, and organelles. Classes
of these fluorescent reporter molecules include, but are not
limited to, fluorescently labeled biomolecules, such as pro-
teins, phospholipids, nucleic acid hybridizing probes, anti-
bodies, and small molecules. Once in the cell, the fluorescent
reporter molecules accumulate at their target domain as a
result of specific and high affinity interactions with the target
domain (either directly or indirectly, through another mol-
ecule) or other modes of molecular targeting such as signal-
sequence-mediated transport.

[0054] As used herein, “changes” in the fluorescent sig-
nals that are detected include, but are not limited to, the
broad classes of changes in fluorescence intensity, changes
in fluorescence spatial distribution, and spectral shifting.
Changes in fluorescence intensity include, but are not lim-
ited to, increase or decrease of fluorescence intensity, and
changes in the ratio of fluorescence intensity relative to a
control sample, a different cellular compartment, or relative
to the same cell at different time points. Changes in fluo-
rescence spatial distribution include any redistribution in the
cell, or changes in distribution ratios of the fluorescent
reporter molecules, either between different cellular com-
partments in the same cell at different time points, or relative
to a control sample. “Spectral shifting” means a change in
the fluorescence emission profile of a fluorescent reporter
molecule including but not limited to changes occurring as
a result of fluorescent resonance energy transfer (FRET) and
fluorescence lifetime measurements (FLM).

[0055] As used herein, the term “reporter set” means two
or more fluorescent reporter molecules that

[0056]
[0057]

[0058] iii) emit fluorescence at wavelengths detectable
in at least a first channel of a fluorescence detection
device.

1) report on different cellular events;

ii) exhibit phenotypically similar behavior; and

[0059] As used herein, the term “cellular event” means a
cellular response that can be reported on by a detectable
reporter molecule, such as a fluorescent reporter molecule.
Non-limiting examples of such cellular responses include,
but are not limited to, translocation of a cellular factor
(including, but not limited to, proteins, nucleic acids, and
lipids) between one part of the cell and another (including,
but not limited to, between organelles and other specialized
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cell structures, such as between cytoplasm-nucleus, cyto-
plasm-cell membrane, cell membrane-nucleus, endoplasmic
reticulum-golgi, organelles and cellular polymeric networks,
such as microtubules, intermediate filaments, and actin
filaments, etc.), changes in the mass of a cell structure
(including but not limited to organelles, polymeric networks,
such as microtubules, intermediate filaments, and actin
filaments), changes in the structural characteristics of a cell
structure (including but not limited to changes in the degree
of polymerization of a cell structure; changes in the integrity
of a cell structure, etc.), changes in the activity of a cellular
factor (including but not limited to enzymatic activation,
expression, and other modifications), and changes in envi-
ronment of a reporter molecule (including, but not limited
to, changes in pH environment, ionic environment (Ca™*,
K*, Na*, etc.), and lipid environment). The fluorescent
reporter molecule can directly report on the cellular event
(for example, a primary antibody binding to a transcription
factor that is being assayed for translocation from the
cytoplasm to the nucleus), or may indirectly report on the
cellular event (for example, a secondary antibody binding to
the antibody binding to a transcription factor that is being
assayed for translocation from the cytoplasm to the nucleus).

[0060] “Different” cellular events refer to non-identical
events. Thus, two fluorescent reporter molecules that each
report on translocation of c-jun from the cytoplasm to the
nucleus do not report on “different cellular events”, while if
one fluorescent reporter molecule reports on c-jun translo-
cation from the cytoplasm to the nucleus, while a second
fluorescent reporter molecule reports on translocation of
c-fos from the cytoplasm to the nucleus, then the two
reporters report on different cellular events. Alternatively,
the second fluorescent reporter molecule may report on viral
infection, so long as it and the first fluorescent reporter
molecule exhibit phenotypically similar behavior in the cell,
as defined below. Thus, more than one specific cellular event
is being reported on by each reporter set, providing for
parallel analysis of multiple cellular events in a single
primary screen. As discussed further below, the cells may
comprise more than one reporter set, and each reporter set
may comprise any number of such different fluorescent
reporter molecules, so long as they fulfill the further require-
ments set out below.

[0061] That two or more fluorescent reporter molecules in
a single reporter set exhibit “phenotypically similar behav-
ior” in the cell means that the two or more fluorescent
reporter molecules occupy a similar space in the cell (for
example, they are each predominately non-nuclear and cyto-
plasmic) and move in a similar way in the cell (for example,
upon activation they predominately move to the nucleus), so
that they can be analyzed simultaneously by an appropriate
image analysis method. For example, a first fluorescent
reporter molecule reports on c-jun activation by translocat-
ing from the cytoplasm to the nucleus upon activation, while
a second fluorescent reporter molecule reports on viral
infection by translocating from the cytoplasm to the nucleus
upon viral infection. Since both fluorescent reporter mol-
ecules move from the cytoplasm to the nucleus upon appro-
priate stimulation, they exhibit “phenotypically similar
behavior”, and can be simultaneously analyzed by an image
analysis method that measures translocation of a fluorescent
reporter molecule between the cytoplasm and nucleus of the
cells. One of skill in the art will recognize that similar
reporter sets of phenotypically similar fluorescent reporter
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molecules (including those with more than two fluorescent
reporter molecules) can be designed for any type of trans-
location, mass detection, structural characteristic detection,
and environment sensing, as discussed in more detail below.

[0062] As used herein, “emit fluorescence at wavelengths
detectable in at least a first channel of a fluorescence
detection device” means that the different fluorescent
reporter molecules in the first reporter set emit fluorescence
within the wavelength cut-off range of the filter set used to
collect fluorescence for a particular channel. One or more of
the reporters in a single reporter set may also emit fluores-
cence outside the wavelength cut-off range, so long as it
does significantly not bleed through (contaminate) other
channels that are also being used to measure fluorescence
either from fluorescent reporter molecules in other reporter
sets, or from other fluorescence reporters used to deconvolve
the results of the primary screen or to identify specific
cellular structures for the purposes of specific high content
screening assays (such as the use of a nuclear stain to
identify individual cells, when so desired). This phrase does
not mean that the fluorescent reporter molecules in the first
reporter set do not emit fluorescence outside of the first
channel cut-off.

[0063] In another embodiment, the cells further comprise
at least a second reporter set, wherein the at least second
reporter set comprises at least a third fluorescent reporter
molecule and a fourth fluorescent reporter molecule,
wherein the fluorescent reporter molecules in the second
reporter set

[0064] 1) report on different cellular events;
[0065] ii) exhibit phenotypically similar behavior; and
[0066] iii) emit fluorescence at wavelengths detectable

in at least a second channel of a fluorescence detection
device;

[0067] wherein the primary screen further comprises
imaging the at least first array of locations in high content
mode to obtain fluorescent signals in the second channel
from the fluorescent reporter molecules in the second
reporter set; and

[0068] wherein the detecting further comprises detecting
test compound induced changes in the fluorescent signals
from the fluorescent reporter molecules in the second
reporter set, wherein test compound induced changes in the
fluorescent signals from the fluorescent reporter molecules
in the second reporter set indicate an effect of the one or
more test compounds on one or more cellular event(s)
reported on by the at least second reporter set.

[0069] Thus, when multiple reporter sets are used, each
reporter set is imaged in a different channel of the fluores-
cence detection device. Thus, the fluorescent reporter mol-
ecules in the first reporter set must be “optically distinguish-
able” from the fluorescent reporter molecules in the second
reporter set. As used herein, “optically distinguishable” or
“spectrally distinguishable” means that fluorescent signals
from more than one fluorescent reporter molecule are dis-
tinguishable from each other. Preferably, the optically dis-
tinguishable reporter molecules do not emit fluorescence at
overlapping wavelengths. However, where a first fluorescent
reporter molecule has overlapping wavelengths of fluores-
cence emission with a second fluorescent reporter molecule,
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such overlapping is acceptable, so long as the fluorescent
signals from the first fluorescent reporter molecule do not
obscure the detectable signals from the second fluorescent
reporter molecule in the channel for detecting fluorescence
emission from the second fluorescent reporter molecule.

[0070] In a preferred embodiment, each reporter set emits
fluorescence at wavelengths not detectable in the channel
used to image the fluorescent signals from the other reporter
set. Any number of different reporter sets can be used in the
methods of the present invention, so long as the fluorescence
emission from the different sets can be imaged in separate,
non-overlapping channels as described above.

[0071] In a preferred embodiment, reporter sets are
designed to analyze several parts of a cellular pathway with
the same reporter set, so that a “hit” could identify a pathway
affected by the test compound, and deconvolution can be
used to identify the step in the pathway that the test
compound affected.

[0072] As used herein, “imaging in high content mode”
means detection of fluorescence signals at subcellular reso-
lution, wherein the cellular localization of the fluorescence
signals is determined. Such a high content mode image
comprises a digital representation of the fluorescent signals
from the fluorescent reporter molecules, and does not require
a specific arrangement or display of the digital representa-
tion. In preferred embodiments, well known formats for
such “images” are employed, including but not limited to
.dib, tiff, jpg, .bmp. In further preferred embodiments, the
images are analyzed algorithmically, and/or displayed to
provide a visual representation of the image.

[0073] The one or more test compounds can be of any
nature, including, but not limited to, chemical and biological
compounds and environmental samples. The one or more
test compounds may also comprise a plurality of com-
pounds, including but not limited to combinatorial chemical
libraries and natural compound libraries. Contacting of the
cells with the one or more test compounds can occur before,
after, and/or simultaneously with imaging of the cells,
depending on the assay design. For example, in order to
carry out kinetic screening, it is necessary to image the cells
at multiple time points, and the user may acquire such
images before, at the time of, and after contacting of the cells
with the test compound.

[0074] As used herein, the term “primary screen” refers to
the screen in which the cumulative response to the test
compound of all of the fluorescent reporter molecules in the
reporter sets are determined, with no distinction being made
as to the relative contribution of any of the individual
fluorescent reporter molecule responses.

[0075] Thus, the cumulative effect of the one or more test
compounds on all of the fluorescent reporter molecules in
the reporter sets is determined in the primary screen. In some
cases, no further screening is necessary. For example, such
information is particularly useful where it is desired to
determine if a test compound produces a given phenotypic
event, but it is not necessary to identify the specific cellular
event that the test compound acts on. In one non-limiting
example, if it was desired to identify a test compound that
affected a specific cell signaling pathway, then one could
design a reporter set consisting of three fluorescent reporter
molecules that reported on activation of three different
transcription factors in the specific cell signaling pathway,
wherein activation of the signaling pathway induced trans-
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location of one or more of the transcription factors to the
nucleus from the cytoplasm. Upon contact with an activating
test compound, the array of locations would be imaged to
identify translocation of fluorescent signals from the cyto-
plasm to the nucleus, and an activator of the specific cell
signaling pathway would thus be identified.

[0076] As used herein, the term “deconvolve” or “decon-
volving” means performing one or more secondary assays to
determine which of the individual fluorescent reporter mol-
ecules in a reporter set were affected by the one or more test
compounds that produced an effect in the primary screen
(the “active test compound(s)”). Deconvolving can be car-
ried out on the same array of locations as the primary screen,
or can be carried out on one or more array(s) of locations
other than the at least first array of locations on which the
primary screen was conducted. In either case, control loca-
tions and control test compounds can optionally be
employed.

[0077] When individual wells on the at least first array of
locations are contacted with more than one test compound,
deconvolving can also comprise a two dimensional decon-
volution, comprising deconvolving the effects of each indi-
vidual test compound used to contact positive locations on
the primary screen, as well as determining which of the
individual fluorescent reporter molecules in a reporter set
were affected by the test compounds in the primary screen.

[0078] If deconvolving is carried out on fixed cells and on
the same array of locations as the primary screen, then it is
not required to contact the cells again with the one or more
test compounds that were active in the primary screen. If
deconvolving is carried out on live cells and on the same
array of locations as the primary screen, then it may be
necessary to contact the cells again with the one or more test
compounds that were active in the primary screen, depend-
ing on the amount of time elapsed between the primary
screen and the secondary screen(s), as well as the duration
of'the response assayed in the primary screen. If deconvolv-
ing is carried out on a different array of locations than the
primary screen, it is necessary to contact the cells to be
screened in the secondary screen(s) with the one or more test
compounds that were active in the primary screen.

[0079] Deconvolution can be carried out in many ways,
including but not limited to:

[0080] 1. Complete deconvolution completely separates
the effect of the one or more test compounds on each of the
cellular events reported on by the fluorescent reporter mol-
ecules in the primary screen.

[0081] a. All secondary screens carried out on new
arrays of locations: A separate array of locations con-
taining cells is provided for each fluorescent reporter
molecule in a reporter set, wherein the cells in each
individual array of locations possesses only one of the
fluorescent reporter molecules from a given reporter
set. For example, if in the primary screen the cells
possess three fluorescent reporter molecules (A, B, and
C) in a single reporter set, then in the secondary screen,
three different arrays of locations (1, 2, and 3) are used,
each array of locations containing cells with only one
of the reporters (For example, cells on array of loca-
tions 1 possess reporter A, cells on array of locations 2
possess reporter B, and cells on array of locations 3
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possess reporter C). Thus, a different secondary screen
is conducted, and different images are obtained, for
each fluorescent reporter molecule, with all screens
being carried out on different arrays of locations than
the one on which the primary screen was conducted.

[0082] For example, one embodiment of complete decon-
volving using all secondary screens carried out on separate
arrays of locations from the primary screen, when the cells
possess a single reporter set of two fluorescent reporter
molecules, comprises:

[0083] A) providing at least a second array of locations
that contain multiple cells, wherein the cells on the at least
second array of locations comprise the first fluorescent
reporter molecule and not the second fluorescent reporter
molecule;

[0084] B) providing at least a third array of locations that
contain multiple cells, wherein the cells on the at least third
array of locations comprise the second fluorescent reporter
molecule and not the first fluorescent reporter molecule;

[0085] C) imaging the at least second array of locations
and the at least third array of locations in high content mode
to obtain fluorescent signals from the first fluorescent
reporter molecule on the at least second array of locations
and fluorescent signals from the second fluorescent reporter
molecule on the at least third array of locations, wherein the
imaging occurs either before, after, and/or simultaneously
with contacting of the at least second array of locations and
the at least third array of locations with one or more active
test compounds that produced test compound induced
changes during the primary screen, and optionally with one
or more control compounds; and

[0086] D) detecting active test compound induced changes
in the fluorescent signals from the first fluorescent reporter
molecule on at least second array of locations and/or the
fluorescent signals from the second fluorescent reporter
molecule on the at least third array of locations, wherein an
active test compound induced change in the fluorescent
signals from the first fluorescent reporter molecule on the at
least second array of locations indicates an effect of the one
or more active test compounds on the cellular event reported
on by the first fluorescent reporter molecule, and wherein an
active test compound induced change in the fluorescent
signals from the second fluorescent reporter molecule on the
at least third array of locations indicates an effect of the one
or more active test compounds on the cellular event reported
on by the second fluorescent reporter molecule.

[0087] 1If the cells possess a single reporter set of three
different fluorescent reporter molecules, one embodiment of
complete deconvolution on new arrays of locations com-
prises:

[0088] A) providing at least a second array of locations
that contain multiple cells, wherein the cells on the at least
second array of locations comprise the first fluorescent
reporter molecule and not the second fluorescent reporter
molecule or the third fluorescent reporter molecule;

[0089] B) providing at least a third array of locations that
contain multiple cells, wherein the cells on the at least third
array of locations comprise the second fluorescent reporter
molecule and not the first fluorescent reporter molecule or
the third fluorescent reporter molecule;
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[0090] C) providing at least a fourth array of locations that
contain multiple cells, wherein the cells on the at least fourth
array of locations comprise the third fluorescent reporter
molecule and not the first fluorescent reporter molecule or
the second fluorescent reporter molecule;

[0091] D) imaging the at least second array of locations,
the at least third array of locations, and the at least fourth
array of locations in high content mode to obtain fluorescent
signals from the first fluorescent reporter molecule on the at
least second array of locations, fluorescent signals from the
second fluorescent reporter molecule on the at least third
array of locations, and fluorescent signals from the third
fluorescent reporter molecule on the at least fourth array of
locations, wherein the imaging occurs either before, after,
and/or simultaneously with contacting of the at least second
array of locations, the at least third array of locations, and
the at least fourth array of locations with one or more active
test compounds that produced test compound induced
changes during the primary screen, and optionally with one
or more controls; and

[0092] E) detecting active test compound induced changes
in the fluorescent signals from the first fluorescent reporter
molecule on the at least second array of locations, the second
fluorescent reporter molecule on the at least third array of
locations, and/or the third fluorescent reporter molecule on
the at least fourth array of locations, wherein an active test
compound induced change in the fluorescent signals from
the first fluorescent reporter molecule on the at least second
array of locations indicates an effect of the one or more
active test compounds on the cellular event reported on by
the first fluorescent reporter molecule, wherein an active test
compound induced change in the fluorescent signals from
the second fluorescent reporter molecule on the at least third
array of locations indicates an effect of the one or more
active test compounds on the cellular event reported on by
the second fluorescent reporter molecule, and wherein an
active test compound induced change in the fluorescent
signals from the third fluorescent reporter molecule on the at
least fourth array of locations indicates an effect of the one
or more active test compounds on the cellular event reported
on by the third fluorescent reporter molecule.

[0093] An example of complete deconvolution on a sepa-
rate array of locations when the cells comprise a single
reporter set of 4 fluorescent reporter molecules (F1-F4) is
shown in FIG. 1. The primary screen is conducted in this
example on a 96 well plate (the first array of locations), with
a hit at location D4. The test compound or compounds used
at location D4 in the primary screen is/are then used to
screen separate arrays of locations, wherein the cells in any
location comprise only one of F1-F4 (or none, such as in
optional control wells). The cells in each well are different
with respect to fluorescent reporter molecule, and thus each
well constitutes a separate “array of locations”. In this
example, four separate arrays of locations are used, wherein
each array of locations consists of a single well, and each
array of locations is on a single microplate. If the primary
screen had yielded two hits, then the secondary screening
would have involved 2 different wells for each cell type (ie:
two F1 wells, each with one of the two compounds that were
identified as hits, etc.) In this case, there would still have
been four arrays of locations, with each array consisting of
two wells (e.g.: the two F1 wells make up a second array of
locations, etc.)
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[0094] If the cells possess two reporter sets of two differ-
ent fluorescent reporter molecules, one embodiment of com-
plete deconvolution on new arrays of locations comprises:

[0095] A) providing at least a second array of locations
that contain multiple cells, wherein the cells on the at least
second array of locations comprise the first fluorescent
reporter molecule and not the second fluorescent reporter
molecule, the third fluorescent reporter molecule, or the
fourth fluorescent reporter molecule;

[0096] B) providing at least a third array of locations that
contain multiple cells, wherein the cells on the at least third
array of locations comprise the second fluorescent reporter
molecule and not the first fluorescent reporter molecule, the
third fluorescent reporter molecule, or the fourth fluorescent
reporter molecule;

[0097] C) providing at least a fourth array of locations that
contain multiple cells, wherein the cells on the at least fourth
array of locations comprise the third fluorescent reporter
molecule and not the first fluorescent reporter molecule, the
second fluorescent reporter molecule, or the fourth fluores-
cent reporter molecule;

[0098] D) providing at least a fifth array of locations that
contain multiple cells, wherein the cells on the at least fifth
array of locations comprise the fourth fluorescent reporter
molecule and not the first fluorescent reporter molecule, the
second fluorescent reporter molecule, or the third fluorescent
reporter molecule;

[0099] E) imaging the at least second array of locations,
the at least third array of locations, the at least fourth array
of locations, and the at least fifth array of locations in high
content mode to obtain fluorescent signals from the first
fluorescent reporter molecule on the at least second array of
locations, fluorescent signals from the second fluorescent
reporter molecule on the at least third array of locations,
fluorescent signals from the third fluorescent reporter mol-
ecule on the at least fourth array of locations, and fluorescent
signals from the fourth fluorescent reporter molecule on the
at least fifth array of locations, wherein the imaging occurs
either before, after, and/or simultaneously with contacting of
the at least second array of locations, the at least third array
of locations, the at least fourth array of locations, and the at
least fifth array of locations with one or more active test
compounds that produced test compound induced changes
during the primary screen, and optionally with one or more
control compounds; and

[0100] F) detecting active test compound induced changes
in the fluorescent signals from the first fluorescent reporter
molecule on the at least second array of locations, the second
fluorescent reporter molecule on the at least third array of
locations, the third fluorescent reporter molecule on the at
least fourth array of locations, and/or the fourth fluorescent
reporter molecule on the at least fifth array of locations,
wherein an active test compound induced change in the
fluorescent signals from the first fluorescent reporter mol-
ecule on the at least second array of locations indicates an
effect of the one or more active test compounds on the
cellular event reported on by the first fluorescent reporter
molecule, wherein an active test compound induced change
in the fluorescent signals from the second fluorescent
reporter molecule on the at least third array of locations
indicates an effect of the one or more active test compounds
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on the cellular event reported on by the second fluorescent
reporter molecule, wherein an active test compound induced
change in the fluorescent signals from the third fluorescent
reporter molecule on the at least fourth array of locations
indicates an effect of the one or more active test compounds
on the cellular event reported on by the third fluorescent
reporter molecule, and wherein an active test compound
induced change in the fluorescent signals from the fourth
fluorescent reporter molecule on the at least fifth array of
locations indicates an effect of the one or more active test
compounds on the cellular event reported on by the fourth
fluorescent reporter molecule.

[0101] Similar deconvolving methods can be designed for
any number of reporter sets with any number of fluorescent
reporter molecules in a reporter set, based on appropriate
selection of fluorescent reporter molecules and filter sets, as
described above.

[0102] b. All secondary screens carried out on same
array of locations as the primary screen: In this embodi-
ment, a second round of screening on the same array is
conducted, thus necessitating that one be able to dis-
tinguish the results of the primary screen from the
results of the secondary screen. For example, if the
primary screen utilized an array with cells that had been
contacted with fluorescent reporter molecules compris-
ing antibodies A, B, and C, where A was produced in
sheep, B was produced in rabbits, and C was produced
in mice, then the secondary screen could involve con-
tacting the same cells with three new fluorescent
reporter molecules comprising antibodies D, E, and F,
where D specifically recognized sheep antibodies, E
specifically recognized rabbit antibodies, and F specifi-
cally recognized mouse antibodies, and wherein D, E,
and F were spectrally distinguishable. Alternatively,
some type of specific tertiary staining that would yield
spectrally distinguishable fluorescent reporter mol-
ecules D, E, and F can be used. Thus, on a single array,
one could carry out both the primary and the secondary
screens, further increasing the speed and efficiency of
the method.

[0103] For example, one embodiment of complete decon-
volving using all secondary screens carried out on the same
array of locations as the primary screen, when the cells
possess a single reporter set of two fluorescent reporter
molecules, comprises:

[0104] A) contacting the cells in only positive locations on
the at least first array of locations in which a test compound
induced change was detected, and optionally control loca-
tions, with at least a third fluorescent reporter molecule and
a fourth fluorescent reporter molecule, wherein the third
fluorescent reporter and the fourth fluorescent molecule are
optically distinguishable from each other and from the first
fluorescent reporter molecule and the second fluorescent
reporter molecule, and wherein the third fluorescent reporter
molecule reports on the same cellular event as the first
fluorescent reporter molecule, and wherein the fourth fluo-
rescent reporter molecule reports on the same cellular event
as the second fluorescent reporter molecule;

[0105] B) imaging the positive locations on the at least
first array of locations, and optionally control locations, in
high content mode to obtain fluorescent signals from the
third fluorescent reporter molecule and the fourth fluorescent
reporter molecule; and
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[0106] C) detecting active test compound induced changes
in the fluorescent signals from the third fluorescent reporter
molecule and/or the fluorescent signals from the fourth
fluorescent reporter molecule, wherein an active test com-
pound induced change in the fluorescent signals from the
third fluorescent reporter molecule indicates an effect of the
one or more active test compounds on the cellular event
reported on by the first fluorescent reporter molecule, and
wherein an active test compound induced change in the
fluorescent signals from the at least fourth fluorescent
reporter molecule indicates an effect of the one or more
active test compounds on the cellular event reported on by
the second fluorescent reporter molecule.

[0107] If the cells possess a single reporter set of three
different fluorescent reporter molecules, one embodiment of
complete deconvolution on the same array of locations as
the primary screen comprises:

[0108] A) contacting the cells in only positive locations on
the at least first array of locations in which a test compound
induced change was detected, and optionally control loca-
tions, with at least a fourth fluorescent reporter molecule, a
fifth fluorescent reporter molecule, and a sixth fluorescent
reporter molecule, wherein the fourth fluorescent reporter
molecule, the fifth fluorescent reporter molecule, and the
sixth fluorescent reporter molecule are optically distinguish-
able from each other and from the fluorescent reporter
molecules in the first reporter set, and wherein the fourth
fluorescent reporter molecule reports on the same cellular
event as the first fluorescent reporter molecule, wherein the
fifth fluorescent reporter molecule reports on the same
cellular event as the second fluorescent reporter molecule,
and wherein the sixth fluorescent reporter molecule reports
on the same cellular event as the third fluorescent reporter
molecule;

[0109] B) imaging the positive locations on the at least
first array of locations, and optionally control locations, in
high content mode to obtain fluorescent signals from the
fourth fluorescent reporter molecule, the fifth fluorescent
reporter molecule, and the sixth fluorescent reporter mol-
ecule; and

[0110] C) detecting active test compound induced changes
in the fluorescent signals from the fourth fluorescent reporter
molecule, the fluorescent signals from the fifth fluorescent
reporter molecule, and/or the fluorescent signals from the
sixth fluorescent reporter molecule, wherein an active test
compound induced change in the fluorescent signals from
the fourth fluorescent reporter molecule indicates an effect
of the one or more active test compounds on the cellular
event reported on by the first fluorescent reporter molecule,
wherein an active test compound induced change in the
fluorescent signals from the fifth fluorescent reporter mol-
ecule indicates an effect of the one or more active test
compounds on the cellular event reported on by the second
fluorescent reporter molecule, and wherein an active test
compound induced change in the fluorescent signals from
the sixth fluorescent reporter molecule indicates an effect of
the one or more active test compounds on the cellular event
reported on by the third fluorescent reporter molecule.

[0111] Ifthe cells possess two reporter sets of two different
fluorescent reporter molecules each, one embodiment of
complete deconvolution on the same array of locations as
the primary screen comprises:






