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Description
HIGH THROUGHPUT METHOD FOR SCREENING CANDIDATE
GCOMPOUNDS FOR BIOLCGICAL ACGTIVITY

Technicaf Figl
The present invention pertains generally to a high throughput methed
for soreening candidata compounds for biclogical activity. ‘Mure particularly,
the present invention periains to a high fhroughput method for screening
candidate compounds for biologicel aclivity that employs a subsirate
comprising the targel of interest.

Table of Abbreviations

A - wavelength

7T™ - 7 transmembrane

AC - adenylyl syclase

BSA - povine serum albumin

cAMP - cyulic AMP

GFM - condiiioned fibroblast {or frag) media
CHG - Chinese hamstar ovary

CRE(s) - cAMP response element(s)

GRH - corticotrophin releasing factor
CRHRA - corticotrophin releasing factor receptor
DMEM/F12 - Duibecco’s modified Eagle’s medium
DMS0 T dimethyl sulfoxide

EDTA - ethylenediaminstefraacstic acid
ELIBA - enzyme-linked immunosorbent assay
FBS - fetal bovine serum

GFP - green fluorescent protain-

GPCR - G protein coupled receptor

GLP-1 - glucagen-like peptide-1

FLIPR - fivorescence Jmaging plate reader
HDR - high density replicaior

JP 2004-503249 A 2004.2.5
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HEK - human embryonic kidnay
HTS - high throughput screening
1% - Leibovitz-15 medium
LiP - low melting point
5 MC1R - melanocortin-1 receptor
MDS - mathods development software
i, - mimde{s}
mi - milliliser(s)
mRNA - meassanger RNA
10 alSH - alpha melanocyte stimulating hormone
[NDP]-tMSH - 4-L-norleucine-7-D-phenylalanine-
alpha melanocyte stimutating hormcne
nl - nanolier(s) '
PES - phosphate buffered saline
15 PD - pigment dispersion
PLE - phospholipase &
RT-PCR - reverse transcription polymarase
chain reaction
S0P - standard operating procedure
20 Tl - {no! command language
TPA - phorbol 12-myristate 13-acetais
uv - ultraviotet
WT - wild type
25 Background Art
The advent of combinatorial chemistry techniques has enabled the
synthesis of large numbers of compounds that have potential as therapeutic
agents. However, assays that can repidly and accurately identiy those
candidate compounds having pharmacological activity have lagged behind the
30 pace of synlhesis. As a resulf, many pharmaceutical companies possess vast

libraries of candidate compounds that have nol been screensd for

pharmacolagical activity.
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3

A PIN toal system is a commercially available system that is typically
used to ifransfer 98 or 384 samples from a reservoir o a receplacle.
Currently, PIN too! technology is applied in DNA/RNA spotting on membranes.
A representative PIN tool system, along with a description of the use of the
davice lo transfer samples to a 384-weli plate, Is disclosed by Brant,
“Multiplexed Nanolifer Transfer for High Throughput Drug Screening Using the
BIOMEK® 2000 and the High Density Replicating Tool', Journal of
Biomolectiar Screening, Val. 2(2), {(1997), published by Beckman Industries,
Inc., Biotechnologles Development Center, Fullerton, California.

U.S. Patent No. 5,601,922 issued to Lemer et al. on February 11, 1997
(Bunsen Rush Laboratories, Inc. of Newtan, Massachusells) discloses peplide
liprary formats and method relating therato.  The appilication of synthetic
peplide library beads onfo an agarose layer averlayed on celis fo delect
functional responses is disclosed.

U.5. Patent No. 5,976,813 issued November 2, 1893 to Beutel ef al.
{assignes Abboll Laboratories of Abbot Park, llinois) discloses a confinuous
format high throughput screening assay. The disclosed assay employs at
least ong porpus mairix upon which each of more than 86 samples of distinct
samples of subsiances is depostled in the assay. In a celi-based embodiment
of the assay, ceils expressing a receptor of inlerest are grown or plated on a
cell matrix. A porous malrix is prepared such that a labeled ligand for the
receptor is dispensed-onto of into the matrix. Test sompounds or samples are
then dispensed directly onio the ligand or cell matrix, or alternatively or or into
another matrix. In this case, the sample matrix is brought in contact with the
ligand matrix thereby allowing the sample to diffuse inte the ligand matrix.
Afier a sultable incubation period the figand matrix is brought into contact with
tha cell matrix, preferably on the non-cell side of the matrix and the ligand and
sample contact and react with the receptor by diffusion. Thus, the cell-based
embediment reguiras the preparation of a separate cel! matrix.

Despite the disclosure of the foregoing documents, there remains
substantial roorn for the development of kaproved high throughput screening
methods for pharmacologically active cendidate compounds, parficularly for
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use with liquid samples andfor for use in a celi-based assay. A method for
screening candidate compounds for pharmacological activity against a variety
of targets thus rapresents e long felt and continuing need in the art.

Suminary of the Invention

A method for screening candidate compounds for an abiliy to modulate
the biclogical activity of a target is disclosed. The method comprises
providing a substrate comprising a target and an indicator, the subsirate
adapted for receiving a pluraiity of candidate compounds; contacting the
substrate with a plurality of candidate compound samples in a manner
wherein an identity of each candidale compoung can be determinsd and
wherein the candidate compounds in the candidate compound sampies
interact with the target in the substrate; detecting a signal, the signal protuced
by ihe indicator vpon inferaction between the fargei and a candidate
compound; and idenfifying a candidate compound as a madulator of the
biological activity of the target based upen an amount of signal produced,

in an altemative embodiment, a method for screening cancidate
compounds for an ability to medulate the biological activity of a target is
discipsed. The method comprises providing a substrate comprising a target
ard an indicator, the subsitate adapied for receiving 2 plurality of candidale
compeunds; contacting the subsirate with & plurality of liquid candidate
compound samples 1o form & predetermined pattem of candidate compourd
samples on the substrate, whereby the candidate compounds in the candidate
compound samples interaci with the farget in the substrate within the
predetermined pattern; detecting a signa! within the predefermined patiern,
the signa) produced by the indicator upon interaction between the target and a
candidate compound; and identifying a candidate compound as a modulator
of ihe biclogical aclivity of the target based upon an amount of sigral
produced as comparad to a control sample.

In an alternative embodiment, the methed comprises:  praviding a
subsivate comprising a matrix, an indicator and a pluraliy of cells expressing
the targst, wherein the plurality of cells are suspended in the substrate, and

POT/USOLAME3

JP 2004-503249 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(48)

WO 0146597 PCTIUSOTIHES

10

15

20

25

30

-5~

wherein the subsfrate is adapisd for receiving a plurality of candidate
compaunds; contacting the substrate with a plurality of candidate compound
samples in & manner wherein an identity of each candidate compeund ¢an be
determined, and wherein the candidate compounds within the candidate
compaound samples interact with the target within the subslrate; detecting &
signal producad by the indicator upon interaction betwsen ine target and &
candidate compound, and identifying a candidale compound &s & modulator
of the biological activily of the target based upon an amount of sighal
produced as compared to a control sampla. In this embodiment, the cells
preferably somprise mammalian cefls.

Accordingly, it is an object of the present invention to provide a nevel
assay meihod for screening candidate compounds for an abiiity to moduiate
the binlogical aclivity of a target.  The object is achieved in whole or in part by
the present inventian.

An phisct of the invention having been stated hereinabove, ofher
objects will become evident as the description proceeds when taken in
cannection with the accampanying Drawings and Laboratory Exemples as
hest described herein below.

Brief Description of the Drawings
Figure 1 is a schematic drawing of 7TM receptor signal transduclion in

Xenopus melanophores.

Figure 2A is a block diagram of a systern suitable for use in the assay
method of the present invention.

Figure 2B is a schematic drawing depicing an order for applying
candldate compaunds to a destination plate for use in the assay method of the
present invantion.

Figure 3 is a flow chart depicting steps for analyzing images generated
in accordance with the assay method of the present invantion.

Figure 4 a schematic dlagram of GPCR activation of GRE response

slements driving transcription of tuciferase.
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Figures 5A and 5B depict agarcse lawns containing CHO-6xCRE-luc”
cells expressing MC1 receptor, which were treated with the concentrations of
4-1-nofeucine-7-D-phenylalaning-alpha melanocyte  stimulating  hormone
INDP}-aMSH (top row in Figure 5A; + in Figure 5B}, glucagon-like peplide-1
{GLP-1} (7-38) (middle row in Figure 5A; W in Figure 9B), or corticotraphin
releasing factor {CRH) (boettom row in Figure 5A; A in Figure 5B} as
described in Examptes 7-10. Figure 5A shows the image and Figure 58 is a
graphical representation of the concentrafion response curves for each
peptide. The trays were incubated for 4 hours at 37°C before addition of
LUCLITE PLUS™ resgent and subsegquent imaging on the VIEWLUX®
camera. The response was calculated by subtracting the background z values
from the z valuas for the area where peptide was deliverad.

Figures 6A and 6B depict agarose lawns containing CHO-6xCRE-{uc”
cells expressing glucagon-lke peptide-1 {GLP-1) receptor, which were irealed
with ihe congentratons of {NDP]-«MSH tap row in Figure 6A; + in Figure
BB), GLP-1 (7-36} (middie row in Figure 6A; M in Figure 6B), or CRH (hoftom
row in Flgure 6A; A in Figure 6B) as describad in Examples 7-10. Figure 6A
shows the image and Figure 6B is a graphical representation of the
concentration respanse curves for each peptide. The trays were incubated for
4 hours at 37°C before addition LUCLITE PLUS™ reagent and subseguent
imaging on the VIEWLUX® camera. The response was caloulated. by
subtracting the background z values from the z values for the area where
papfide was dsliverad,

Figures TA and 7B depict agarpse lawns contaiming CHO-BxCRE-luc”
cells expressing corticeérophin releasing facior receptor {CRH1R), which were
treated with the indicated concenirations of [NDP-=MSH {fop row in Figure
7A; + n Figure 7B), GLP-1 {7-36} (middle row in Figure 7A; W in Figure 7B),
of CRH {bottom row in Figure 7A; A in Figure 7B} as described in Examples
7-10. Figure 7A shows the image and Figure 78 {5 a graphical representation
of the conceniraiion response curves for each peplide. The frays were
incubated for 4 hours at 37°C before addition of LUCLITE PLLIS™ reagent
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and subsequent imaging on the VIEWLUX® camers. The response was
calculated by subbracting the background z values from fhe 2 values for the
area where peplide was delivered.

Figures BA and BB depict agarose lawns containing CHO-6XCRE-uc”
cells expressing MC1 receptor, (GLP-1 receptor and CRHAR, which were
mixed together and plated in a single lawn. The cells were treated with the
cencentrations of {(NDPLaMSH (fop row in Figure. 8A; + in Figure 88), GLP-
1 (7-36} (middle row in Figure 8A; W in Figure 8B), or CRH (bottom row in
Figure 8A; A in Figure 8B} as descrbed in Examples 7-10. Figure 8A shows
the image and Figure 88 is a graphical representation of the concentration
respanse clrves for each peptide. The trays were incubated far 4 hours at
37°C befora addition of LUGLITE PLUS™ reagent and subsequent imaging cn
the VIEWLUX® camera. The response was calculated by sublracting the
background z values from the z values for the area where peptide was
delivared,

Figure 3 is a graphical representation of the concentration response
curves for agarcse lawns cantaining CHO-8xCRE-uc” cells expressing MG1
receptor, which were exposed to ulfraviolet light (A = 365 nin) for the indicated
times, i.e. 4 = 0 Minules (Min.), B = 4 Min, A= 8Min, X =16 Min., + = 24
Min., and * = 32 Min. The lawns were then treated with the [NDPJ-«MSH as

in Figuras 5A and 5B. The irays were ncubated for 4 hours at 37°C before
addiion of LUCLITE PLUS™ reagent and subsequent imaging on the
VIEWLUX® camera. The response was calculaied by subiracting the
background z values from the z values for the area where peplide was
delivered.

Figures 10A through 10E depict images of besds containing
melanotortin-1 recaptor IMC1R) agonlst peptide 1 {5 beads on bottom lsft) or
peptide 2 {5 heads on bottom right), which were inserted into agarose lawns
cantaining CHO-BxCRE-uc" cells expressing MCIR.  The trays were {hen
exposed to UV light {A = 365 nm) far §, 8.5, 1, &, or 10 minutes {Figures 10A-
10E, respectively).  The lawn was treated with [NDPToMSH at the came
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concentrafions as in Figure §A (fop row). The trays were incubated for 4
hours st 37°C befors additon of LUCLITE PLUS™ reagent and subsequent
imaging on the VIEWLUX® camera.

Figure 11A is a line graph representation of the [NDP}a-MSH
concentration curve from Figure 19E.

Figure 11B is & graphical representation of the average luminescence
of the & beads described above for Figures 10A-10E. Each time paint (¢ =
peptie 1; M = peplide 2)) is shown. The response was calculated by
subtracting the background z vajus for the [2wn from the z value for each area
to which the bead was applied.

Figure 2 is a threg-dimensional representation of the dats from the 10-
minute time point shown in Figure 10E. Z values are calculated as described
herein below.

Figures 134 and 13B depict beads containing peplide 1 and 2, which
were mixed with the agarose and cells before the lawn was powred. The
hardened lawn containing the cells and beads was then exposed to UV tight
{x = 365 nm} for 10 minutes. The frays wera incubated for 4 hours at 37°C
before addition of LUCLITE PLUS™ reagent and subsequent imaging on the
VIEWLUX® camera.  The image is shown in Figura 13A and a contour graph
is shown in Figure 12B.

Figure 14 is a graphical representation of the concentvalion response
curves for agarosa lawns containing CHO-BxCRE-uc” cells expressing MC1
receplor, which were plated in white (#) or clear (M) OMNI PLATE® frays and
were treated with the concentrations of [NDPRaMSH. The tays were
inctibated for 4 hours at 37°C before addition of LUCLITE PLUS™ reagent
and subsequeni imaging on the VIEWLUX® camera. The response was
calculated by sublracting the hackground z values from the Z values for the
area where peplide was delivered,
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Detailed Deseription of the Invention

A method for screening candidate compounds for an ability fo
medulate the biologica! activity of a target is disclesed.  The method
comprises providing a substrate pomprising a target and an indicator, the
substrate adapted for recsiving a plurality of candldate compounds; contasting
the subsirate with a plurality of candidate compound samples in & manner
wharein an idenlity of each candidate compound can be determined and
wherein the candidate compounds in the candidate compound samples
inferact with the tavget in the substrate; detecting a signal, the signal produced
by the indicator upen interaction between the farget and & candidate
compound; and identifying a candidate compound as a modulator of the
biclogical activity of the target based upon an amount of signal produced as
compared to a control sample,

In one alternative smbodimert, the method comprises providing a
substrate comprising a target and an ingicator, the substrate adapted for
receiving a plurality of candidate compounds; contacting the suhstrate with a
plurality of liquid candidate compound sampies to form a predeterminad
pattem of candidate compound samples on the substrate, whersby the
candidate compounds in the candidate compound samples interact with the
farget In the substrate within the predetermined patiern; detecling a signal
within the predetermined pattern, the signal produced by the indicator upon
interaction between ihe target and a candidate compound; and identifying a
camndidate compound as a modulator of the biolagical activity of the iarget
based upon an amount of signal preduced as compared ko a control sample.

In another altemaiive embodiment, the method comprises: providing a
substrate comprising a matrix, an indicator and a plurality of celis expressing
the targst, wherain the plurality of cells are suspended in the substrate, and
wherein the subsirate is adapled for receiving a plurality of candidate
compounds; contacting the substrate with a plurality of candidate compound
samples in a manner wherein an idenfity of each candidate compound can be
determined, and wherein the candidate compounds within the candidate
compound samples interact with the target within the substrate; detecting a

JP 2004-503249 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(53)

WO 0146597 PCTIUSOTIHES

20

25

30

-10-

signat praduced by the indicator upon inferaction between ihe target and a
candidate compound; and identifying @ candidate compound as a modulater
of the biological activity of ine target based upon an amount of signal
produced as compared ko a control sample. )

Fallowing long-standing patent {aw convention, the terms “a” and “an”
mean "ane er mare” when used in this application, including the ¢laims.

1._General Consideratians

A reporter gene conetruct typically comprises a piasmid conlaining an
inducible promoter element that controls the expression of a readily
measurable enzyme aclivity or other pratein (the reporter gene). The reporier
gene ilself typically has a unique activity or structure fo enable it to be
disitnguished from other proteins ihat are present. The activity of the reporter
gene product or the messanger RMA {mRMNA) for the reporier gene can
provide an indirect measursment of the transcripiional activity of the promater
sequence. The inducible promotor element is inactive or weakiy active with
respect to transcription untl the transcriptian facior(s) that bind io and activate
the promoter are themselves activated as a consequence of receplor
mediated signal transduction. The activated promoter drives the transcription
of the reporter gene, which is then gquantified by assaying the mRNA, the
prodein product itself through fluorescence or other properties, or most
commonly, the enzymatic acivity of the protein product. Examples of reporter
genes include but are not limiled to firefly luciferase, Renilla luciferase SEAP,
B-galactosidase, aequoin, and green flucrescent proteln (GFP). See lapar
and_Rees, (2000} in Kenakin, T., Angus, JL.A. (eds.), Tha Phatmacolegy of
Fungtional, Biochemical, and Revombinant Receplor Systems, Handhbook of
Experimental Pharmacofogy, Springer-Verlag, Heidelberg, Vol. 148:381-412,
far & raview of reporter geng systems and their use in pharmacology.

Reporter gene assays are used for identification of igands for targets
of inferest in high throughput sereening (HTS) campaigns and for secondary
pharmacological profiling of compounds. Target proteins include but are not
limited to G protein-coupied receptors (GPCRSs), nuclear receptors, kinases,
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proteases, ion channels, 1-transmembrane proteins and any ather protein that
modulates  signal trensduction  pathways. Vittually any signaling event
regulated by a target profein can be assessed using reporter gene systems.
For inslance, repotter genes have been used o assess the pharmacology of
GPCRs that couple 1o Gas, Gog o Goy (Stratowa el al., {19585a) Curr. Opin.
Biotechnol. 6:574-681; lgnar and Rees, {2000) In Kenakin, T., Angus, JA
(eds.), The Pharmacology of Funclional, Biochemical, and Recombinant
Roceptor Systems, Handbook of Experimemtal Pharmacoiogy, Springer-
Verlag, Heidelberg, Yol. 148:391-412). Medulafion of infracellular cyclic AMP
(cAMP) by Goe-linked receplors can be assessed using CAMP response
slaments (CREs) (Himmier et al,, (1993) Cur. Opin. Bictechnol. 6:574-6581).
Griginked receptor-mediated regulation of protein kinase C-dependent
signafing events can be measured using phorbol 12-myristate 13-acetate
(TFA) response elemenis {Weyer et al., (1993) Receptors Channels 1:193-
200; Shrafowa et al. (1995b) J. Recepi. Signal Transdust. Res. 15:617-630}
and Gag or Goy-linked receptor moduiation of mitegen-activated protein kinase
regulation can be assessed through use of Gald/elk-1 or Gald/sapia reporter
systems. Bevan et al., (1998) Neuroreport 9:2703-2708.

In one embodiment, the present invention discloses for the first time a
method that provides a substrate comprising a matrix and a plurality of cells
exprassing a target and a reporter gene, The plurality of cells is suspended in
the substrate, and fhe subsirate is adapted for receiving a plurality of
candidate compounds. The substrale is contacted with a plurality of
candidate compound samples in @ manner wherein an ideniity of each
candidate compound can be deiarmined. The candidate compounds within
ihe candidate compound samples interact with the target within the subsirate,
and upon interaction between the target and a candidate compound, & signal
produced by the reperter gene is detected. A candidate compound is
identified 85 a modulator of the biological activity of the target based upon an
amount of signal producad, and the amount of signal is preferably compared

0 a control sample.
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Il. Assay Meihods

In a preferred embodiment, the assay melhod of the present invention
partains 10 a "well-less” approach to the rapid screening of a large number of
candidate compaunds for activity in the moduiation of a target. The term
“wellless” is meant to refer to the preparation and use of & substate
comprising the targei or the indicator, or bath, for receiving the candidate
compounds to e sareened. The substrate can vary in size, shape and
composition, as disclosed herein. A predetermined pattern can be
eslablished on the substrate preferably through the use of an automated
system, such as a PIN toof system. The use of a PIN too! facilitates the
astablishment of ihe predstermined patiem and, in tum, the precetermined
pattern facilitates the defection of 2 response to an interaciion belween &
candidate compound gnd a target.

The term “candidate compound” is meant to refer to any compound
wherein the characterization of the compound's ability fo modulate the
binlogical activity of a target is desired. "Modulate” is intended to mean an
increase, decrease, or other alteration of any or all biclogical aclivities or
properiies of a target.

Representative candidate compounds include xencbiotics such as
drugs and other therepeutic agents, carcinogens and environmental
pollutants, natural products, peplides and extracts, as well as endobiofics
such as steroids, fatly acids and prostaglondins. Other sxamples of candidate
compounds that can be investigated by the assay method of the present
invantion inciude, but are not restricted o, agonists and antagonists for cell
membrane receplors and nuclear receptors, toxing and venoms, viral
epitopes, hormenes (e.q., opioid peptides, steroids, ete.), hommane receplors,
peplides, enzymes, enzyme substrates, co-factors, lécting, sugars,
oligonuclectides or nucleic acids, ofigosaccharides, proteins, and menoclonal
antibadies.

Liguid candidate compound samples are prefeired for use in the assay
method of the present invention. Significandly, as compared to standard well-
based technigues, only a small volume of the liquid for each candidate

JP 2004-503249 A 2004.2.5
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compound is required for use In the present assay methed. For example, a
10 nanoifter (nt) sample, as opposed to a 10 microfiter {UL) sample as
typically required in a weli-based system, can be used in accordance with the
present invention. Moreover, there are more candidate compounds cumently
availabla in liquid form. Thus, the assay method of the present invenfion can
he used to seresn many more -comizounds as cempared fo prier arf systems,
suich as those bassd on well-format screens.

In another embodiment, candidate compounds are disposed an the
subshate by midng heads conjugaled to candidate compounds with the
substrate and calls. It is also possible to establish a peptide library using the
bead format so that inferaction of a peptide with & receptor can also be
screened.

Candidate compounds are coded o beads in a conventional manner.
To intigle the assay the beads are preferably exposed to a light source,
proferably an ultraviolet (UV) light source, so as fo pholocleave the
compounds from the beads and sause diffusion of the compounds inio
substrate. Preferably, the beads are loaded into an emply iray as a mixture
with the cells in molten substrate (e.g., agarose) so that the bDeads are
maintzined at a single location. It is then possile te pick the bead and
decode the compound if a signal assaciated with the bead is detected. Beads
are Inaded onte the substrate in & beads-per-sguare millimeter approach. It is
thus typically possible to include approximately 100,000 bsads in a single
1,536-format fray.

The substrate provided in accordance with the assay method of the
present Jnvention comprises 2 snatrix component upon of within which
candidate compounds can be deposited. The matrix component can
comprise any suitable material. In a preferred embodiment, agarcse is
employed as a matrix component in the substrate. Optionally, a fow melting
agarose available from GibcoBRL of Gaithersburg, Maryland is used to
prepare the substrate.  Low melting point agarosa solidifies at room

temperature such fhat cells can be mixed into the agarose without a
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defrimental effect on viability. Low melting point agarose is also employed in
some embodiments of the present invention fo facilitate drying.

While agarose is a prefarred malrix component of the substrate, other
suitahls matrix components, whether natural, synthetic or combinations
thereof, as would be apparent to one of ordinary skill in the ari after reviewing
the disclosure of the present invention, can be used to make the subshate.
For example, other biological mafrix matertals, inciuding but not jimited fo
collagen, laminin and the basement mernbrane detived biological call eulturs
subsirate sold under the registered trademark MATRIGEL® by Collaborative
Biomedical Products, Inc. of Bedford, Massachusetts, can be used to make
the substrate. Synthetic polymer substrate materials also can be used io
make the substrate.

_In & preferred embodiment variavles assaclated with the preparation of
the substrate are closely monitored. For example, size, solidificalion flme,
drying time and humidity are monitered in preparing and maintaining the
subsirate. Representative monitoring steps are disclosed in the Exampies
presented below. The substrate is aiso preferably formed or prepared on orin
a solid support, such as a slandard size or custom open format assay tray (for
exampla, the top of or inside of a lid of a standard 1,536-well assay tray) fo
assure that the surface area of fhe substrate s sufficient to accept a
pradetermined pattemn that accommodates the preferred 1,536 samples. A
custormized tray ar other support can also be used, whereln the Toetprint of the
tray is preferably large enough to accommodate 1,536 samples. Preferred
outer dimensions for the footprini of a customized tray are 2,365 cenlimefers
{om) by 5.025 om, The growth area far the customized tray is 94 square cm.
The customized tray can he purchased from Malge Nunc Intemational of
Rochester, New York and Napervie, linois under the registerad trademark
OMNI PLATE®  Preferably, the sclid support, e.g. OMNI PLATE® tray, is
colored to facilitate detection of the signal. More preferably, the color of the
solid support is whife.

In an altemative ambodiment, 2,600 spois of liquid, including candidate
compounds and conirols, are established in the predetemmined paitem on the
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substrate using an automated system as described herein.  Thus, an aspect
of the method of the present invention is to provide a substrate of a size
sufficient to accommodate within the predetermined pattern on the substrale
any desired multiplier of the number of pins availeble for use in fransfering
candidate compounds from a source plate or reservoir or of any desired
muitiphier of the number of candidates compounds available for transfer from a
source plate ¢r reservoir. The multiplier can range, for exampie, from 1 1o 25,
inchuding preferably 2, 4, 8, 16, 20 and 25, e.q, 4 X 96 = 384, 4 X 384 =1,536;
4 x 1,636 = 8,144; and 25 X 384 = §,600.

In a preferred embodiment, the substrate comprises a reclangle or
squara. However, any subslrate shape suitable for a particular assay and as
would be apparent to one of ordinary skill in the arl afier reviewing the
disclosure presented herein can be implemented. Thus, for example, the
substrate can comprise & triangular, circular, trapezaidal, oval ar any other
suitable gsometrical shape. In fhe case af a circular of round substrate, a
petri dish can be vsed to form the subsirate.

In ohe embodiment of the present invention wherein ceflls are employed
in the substrate, cells are poured onto an assay piate lid or other support.
QOplionally, the lid or support can be regled with a composition that impraves
adhesien, such as that sold undar the rademark CELL-TAK® by Collaborative
Biomedical Produsts, Inc. of Bedford, Massachusetts. Celis should preferably
complately cover the enfire surface of the lid or support fo form a lawn or fayer
of cells on the lid. The cell lzwn is placed on & leveled surface and a matrix
companent, such as agarose as disclosed abave, is then poured over the cell
law, preferably after the cells have adhered to the surface. The substrale is
allowed 1o sot up for a time sufficient to solidify and dry the matrix so that
candidate compounds can be loaded. in one embodiment, the substrate is
sikewed 1o set up for 45 minutes. Thus, the matrix compenent forms a layer
over the cell lawn and, in accordance with one embodiment of the present
invention, the substrate comyptises two layers, & cell layer and a matrix layer.
However, in an alternative embaodiment, the cells can be mixed through the
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mainx component and in this case, the subsirate comprises a single layer of
cells and matrix.

In another embodiment, the cells can be mixed through the matrix
component and in this case, the subsirale comprises a single layer of cells
and matrix. In the cass of a suspension of cells in mairix, the suspension can
he poured onto a support, sUGh as & tray sold under the registered irademark
OMNI PLATE® by Nalge Nunc International. Prefarably, the support or tray
comprises & white plastic to enhance the ability to detect a signal.

In an embodiment of the prasent invention wherain cells era suspended
throughout the substrate, it is preferred that the agarose remain solid at 37°C.
Agarcse concenirafions ranging from 0.75% fo 1.5%, induding 1.0% and
1.25%, are preferably employed in the substrate. For exemple, cells can be
diluted in & medium and then a 2X concentration of ihe dasired end
concentration of matrix medium is mixed with the celis in the medium, Thus, If
a 10-millilier sample of suspended cells is pravided, 30 milliliters (mb) of 2%
agarose is added to the cells, and 20 millliters of 1% agarose comprising the
celis is produced. Volumes of agarcse preferably range from 5 mL ta 50 mL,
more preferably from about 5 mL to about 20 ml. More preferred volumes
are 10 mb, 15 mL or 20 mL, wik 12 mL comprising a most preferred volume.
Celis can be present in tofal numbers ranging from about 0.5 fo about 10
milkon per 1 mL of matix (e.g. agaross). Prefarably, cells are present in
numbers ranging from about 1.5 to about 3.6 milion per 1 mL of matix (e.g.
agarose). About 2.5 million cells per 7 ml. of mabix {e.0. agarase), L.e. 25
million cells per 1Q mlL of malrix, are maore preferred in terms of signal and cell
cuilture effort.

Tha substrate =lso comprises a larget. The temm "target” is meant fo
refar to any chemical or biological entity having a biclogical activity for which
the identiication of an agent that modulates the biclogical activity is desirable.
Multiple targets can be included in & substrale. Targets can be naturally
oocuring or menmade melecules. Alsp, they can be employed in their
unattered state or as aggregates with other spectes. Targets can be attached,
covalently or non<covalently, to a2 binding member, either directly or via a
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specific binding substance. In a cellbased embodiment of the present
invention, the target can be expressed by the cells and preferatly, the cells
are transfected to express the target. Indeed, cells can be transfected with
multipie largeis, and the screening of 1, 2, 3, 4 or'more fargels in a single
effort is an aspect of the present inveniion. Additionally, different cells that
express different targels can be employed in accordance with the present
invention. Examples of targsts which can he screened in the assay method of
the present invention include, buf are net resticted fo, antibodies, cell
membrane receptars, nuclear recéptors, moneglonal anfibodies and antisera
reactive with specific antigenic determinants (such as on viruses, cells or
other materials). drugs, oiigonucleotides ar nucleic ackds, peptides, cofaciors,
lectins, sugars, polysaccharides, cells, cellular membranes, and ovganelies.

The substrate further comprises an indicator that identifies modulation
of the biglogical activity of a target by @ cangidate compound. The term
“indicator’ is meant fo refer fo a chemica) species or compound that is readily
detectable using a standard detection techniqua, such as dark versus light
detection, fluorescence or chemiluminescence spactrophofomneiry, scintillation
spectroscopy, chromatography, liquid chromatography/imass speciroscopy
(LC/MS), colorimetry, and the fike. Representative indicator compounds thus
inciude, but are not limited ta. flusrogenic or fluorescent compounds,
chemilumingscent cempounds, colorimetric compaunds, UVVIS absorbing
compounds, radicnuclides and combinations theracf. A csll provided within
the substrate can express the indicator, such as via a reporter gene, or the
indicator can be provided in or added to the substrata. Representative
reporier gene systems include a luciferase-CRE system; an NFAT-uciferase
system; and/or a GAL4-ELK1 Iuciferase systam.

Qptionally, the indicator is produced by expression of the reporier gene
and reaction of the reporter gene product with & signal development reagent
{e.5. STEADY-GLC® reagent avallable from Promega Corporalion of
Madison, Wisconsin or LUCLITE PLUS™ reagent described in the Laboratory
Examples presented below) in the matrix.  In fhis cass, the method can
comiprige the steps of incubating the substrate for a predetermined time at a
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predetermines lemperaiure; and contaeting the subsirate with a signal
development reagent after the incubating step, whereby the indicator is
proguced by expression of the reperter gene and reaction of the reporter gene
product with the signal development reagent. Representative “predetarmined
times" and “predetermined temperafures’ are disclosed in ihe Examples
prosented below. By way of general summary, a representative
predelermined time is that amount of time sufficient for expression of the
reportar gene so that a sufficient concentration of reporter gene product is
present in the substrate to react with the signal development reagent.
Generally, a prefered predefermined fime ranges from 2 hours 10 & hours,
mare preferably from about 4 to about 6 hours. A preferred predelermined
femperature can comprise a temperature at which the cells in the substrate
grow well and carry out cellufar processes in a normal manner, e g. 37°G for
most celis, including mammalien cells. A prefered  predetermined
envirenment can comprise 8%5% axygen (O2) and 5% carbon diaxide (CO2) In
a humiditied environment. Opticnally, cells are lysed as necessary to permif
andfor faciitate interact between fhe reperier gene product and the signal
development reagent.

Any suitable call can be used in a cell-based assay of the present
invention. Representalive cells include but are not iimited to mammalian cefls,
such as Chinese hamster ovary {CHO) cells and human embryonic kidney
{HEK) 293 cells; other vertebrate celis, such as meianophores from Xenopus
laevis; insect celis; plant cells; hacterial cells; and fungal cells, such as yeast
cells. Combinaiions of any of the foregoing cells can be used in a celi-based
assay of the present invention, including but not fimited fo combingtions of
mammalian cells. Optionally, when combinations of differont colls are
amployed, the differant celis cen express different targets in accordance with
the ptesent invention. Cell lines can be mixed together and dose response
curves have been observed to be similar to one cell line plated alone.

In an embodiment of ihe present inventive method that employs
candidate compounds conjugaied to beads, CHO cells are preferred over
melanophares in that GHO cells are believed to be less sansitive than
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melancphores o UV light, which is iypically used to cleave ihe compounds
from the beads. More UV light can thus he applied to provide more efficient
cleavage. As discussed in the Laboratery Examples, UV light exposure does
not seem o affect signal unil approximately 18 minutes of exposure.
Maximal slgnal is obtained by about 4 hours after agenist addition, (ie. a
preferred "predatermined time”). Signal read over a period of 18 hours in the
VIEWLUX® camara systemn remains completely stable for at least 3 hours and
gecreases over time after that.

Continuing with this embediment of the present invention, the
transfected CHO cells were diluted in a madium and then & 2X concentration
of the desired end concentration of matrix medium is mixed with the cells in
the medium. For example, if 2 10-milliliier sample of suspended cells is
provided, 10 milliliters of 2% agarose is added to the cells. Thus, 20 milliliters
of 1% agarose comprising the calls is produced. This suspension was then
poured onfe @ support, such as OMNI PLATE® tray sold by Naige Nunc
Internaticnal Inc. Prefarably, tha OMNI PLATE® fray comprises a white plastic
fa ennhance the abilify to detect a signal.

When agarose is used as & matrix medium, it is preferred that the
agarose semain solid at 37°C.  After the agesrose cools and hardens, the
assay for modulafer compounds of receptors of interest is inifiated by:

1 adding compounds using a 86 or 384 well nail tool; or

2) adding campounds photoiinked o beads to a fray in molten

substrate mixed wih cells and exposing the lawn to UV light to

cleava compound from the bead.
Preferably, the ceils are incubaled in agarose for a predetermined time
(preferably about four (4) - six (6) hours) after initiating the assay by addition
of the compounds. After a predetermined fime. again preferably about 4-8
nours, LUCLITE PLUS™ reagent (e stabilized glow system cantaining luciferin
for deteclion of luciferase activily — available from Packard of Meridian,
Connecticut) is poured on top of the lawn, allowing lysls of ihe cells in the
agarcse and penetration of luciferin subsiraie into the agarose. Thus, the
indicator is produced by expression of ithe reporter gene and reaciion of the
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reporter gens product with a signel development reagent (e.g. LUCLITE
PLUS™ reagent) in the matrix. The signal has been observed to remain
steady for at least 18 hours after addition of the subsirate solution. Signal is
delected using a VIEWLUX® camera system availzble from Wallac Oy
Corporation, Turku, Finland, or any CCD camera that is or can be cooled 1o
just greater than about -20°C.

Thus, the signal can ke detscisd by acquiing an image of the
substrate. Optionally, e image of the substrate can also be acquired by
foausing the signal from the substrate an a CCD camera chip via a telecentric
lens. The defacting of the signai can further comprise digifizing the image,
overaying the Image with a grid comprising a plurality of grid uniis and
defermining an average gray infensily value by scanning each of a
predetermined number of grid units arpund the signal and averaging a gray
intensity valug of each grd unit in the predetermined number of grid units.
The term “predetermined number” as used with respect to grid units refers to
any suitable number of grid units {e.g. individual boxes or rectangies within
the grid) upcn which an average gray intensity value can be determined with a
reasonable level of confidence. The average gray intensity value represents
the z value far a given signal. Optionally, the method can further comprises
recording x and v co-ordinates for the signal on the substrats,  Suitable
software packages for imaging fuminescent or other light-hased signals are
available, and inglude the ROBOIMAGE™ sofiware package (Glaxo
SmithKline, Inc., Research Triangle Park, North Carolina, USA), as well as
ADOBE® PHOTOSHOP® package with FOVIA PRO™ add in (Adobs Systerns
Incorparated, San Jose, Galifornia, JSA) and IMAGE PRO® PLUS package
{Media Cybernatics, L.P., Silver Spring, Marvand, USA).

Other limits can optionally be imposed on signal characleristics {o
eliminate background neise and to fadilitate identfication and guantification of
signal. Signal characteristics include diameter, infensity, circuiarity, concavity
and volume, which are determined as describad below. Volums and diameter
of a signal can also be increased or decreased to facilitate corresgondence
betwsen the number of rectangles availzble in the grid and the number of
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separate signals. For example, minimum volume and diameter can be
eslablished to minimize noise and the like. An operator can alsc manually
add other signals upan visual inspection of the fray and upon defining a
diameter in pixels.

By way of additional example, volume can be determined by slicing
each signal in a serial of paraflel chovds one pixe! apart. Volume is the
summation of area under each chord. Diameter can be calculaled as the
square root of {(4%areafm). Intensity can be calcutated as volume divided by
area. Circularity can be calculated as Am/{diameter X dameter). Concavity
can be defined as maximum indention for the small, enclosed convax region.

When cells are emplbyeﬂ, a varieiy of indicator systems can also be
used, For example, E. cofi can be fransfected with a vector that encodes the
\uciferase protein. In this case, biclogical activity modulation is detected by a
comparison of dark versus light in the predetermined pattern. Additionally. 2
FLIPR {flucrescence imaging plate reader, available from Molecular Devices
of Sunnyvale, California) system can be used to detect calcium transfer via
fluorescent dyes. In the calcium flucrescence sysiem calcium that is reteased
by a cell imparts changs in fluorescence ihat can be detecied. The celia
themselves can also act as indicators, in that the detection of pigment
aggregation/dispersion, cell outgrowth, cell replication, cell death and
combinations thereof can be employed.

In a cel-based ambodiment of the assey method of the present
Invention, cells can be transfected with multiple targets. The largets are
chosen 8o thet, to the extent possible, inferaclions between the targets are
avoided. Additiapaly, uniransfected comntrol cells are included within the
assay methods, so that apparently posilive “hits” that are actually associated
with endagenous molecules expressed by the cells can be excluded.

Thus, in a one embodiment, calls are suspanded in the substrale and
candidate campounds are disposed on the iawn using a PIN tool approach or
by mixing beads conjugated to candidate compounds with celis and substrate
and pouring the mixture info & tray or ofther suitable article in which a lawn can
be formed. Preferably the cefls, in addition o expressing a target recaptor,
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also include a reparter gene system such that transcription of the reporter
gene is operably associaied with inferaction of a candidate compound with the
target receptor. It is possible to use different reporier systems that are
associated with differept receptors.  This enables the screening of multiple
receptors in a single effert.  Prefermed receplors incliude G protein-coupled
receptors and it is thus poasible to identify inferastions with different receptors
by coupling the different recepiors with different reporter genes. In a more
prefernad embodimant, all 7TM recepiors are screened in a singte effort.

Preferably, antagonist compounds are screening in a bead-based
embadiment of the present invention. In screening antagonist compounds,
one plates the cells mixed with beads comprising antagonist compounds, and
allows ihe lawn fo barden. The lawn is exposed to UV light and after a
desirad or predetermined tme (e.g. 15, 30, 45 or 60 minutes), a receptor
agonist added to the surface of the iawn, such as (bu! not limited to) by
pouring a solution of agonist on the lawn. Areas of substantially no signal, as
can be determinad, for example, using the z value calcuiations disclesed
herein above, are observed if the ¢candidate compound possesses antagonist
activity.

The assay method of the present invention s applicable to any targel
fion channel, nuclear receptor, kinase, protease, efc} in combination with a
suitable reporter gene consfruct. Variance of the transcriptional respense
element driving the production of the report gene product will confer response
16 diffsrent types of targeis. As noted above, tha CRE-luciferase, GALAEK-1-
luciferase, and NF-AT luciferase systems, which respond to Gs, GifGg or Gg-
linked GPCRs, respectively, are representative reporter gene sysfems.

Referring now to Figure 1, melanophares from Xenopus faevis are
preferred cells in that they can be transfoected with & variely of torgst
molecules (for example, a transmembrane 7TM target molecule 7TM} whils
maintzining their pigment response characteristics. Xenopus mefanophores
respond to external siimuli by translocating melanin granuled within the cells.
For example, pigment dispersion PD can be affected via aclivation of adenyiyl
cyciase AG or phospholipase C PLC, while pigment aggregation (not shown
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in Figure 1) results frem the inhitition of adenylyl eyclase AC. Mslanopheres
contain & wide range of Go- and Gp-proteins, e.g. Gs and Gy (shown in
Figure 1}, and Gy and G, {rot shown in Figure 1} which can couple with a
foreign 7TM receptor 7TM for modulation via 2 ligand L.

in one embodiment of the present Invention, Xanapus melanophoras
are poured onlo an assay plate lid. Ceils should praferably completely cover
the entire suface of the lid to form a lawn or layer of cells on the lid. Then,
the pigment in the cells is aggregated by adding metatonin to the cell lawn.
The cell lawn is placed on = leveled surface, and agarose is then poured over
the cell lawn and the plate is allowed to set for 46 minuies. Thus, the agarose
forms a tayer over the cell Jawn and in accordance with ene embodiment of
the present inveniion, the substrate comprises two layers, 2 cell layer and an
agarose layer.

Cancidate compounds can then loaded onlo the agarose layer using a
PiN tool or other tool or using beads as described herein and an image of the
plate is taken at ime=0. Images are then recorded again at preselected
interval over a specified time periad, i.e. a predetermined or preselected Bme
period for evajuation as disclosed heretn below.

The assey method of the present invention can then further comprise
figoding the substrate with a known ligand for a iarget expressed by the
melanaphores 1 the substrate in an effort to induce & change in pigment, i.e.
pigment dispersion or pigmant aggregafion. Indead, in a melanophore assay,
both antagonist candidate compounds and agonist candidate compaunds can
cause either pigment dispersion or pigment aggregation; depending on the
target being screened. Images are fhen recorded. These sfeps are taken to
avaluate whether one of the candidate compounds modulates {i.e., inhibits or
promotes, agentzes or antagonizes) the interaction between the known ligand
and the target.

Since both states of intracellular pigment distribution (dispersion or
aggregation) are easily defectable, numercus receptors, Including 7TM
receplors. can he studisd by monidering ligand-mediated  pigment
transtacation. Therefore, a recombinant melanophore provides a powerful
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toal for drug discovery research and is preferred for use in the assay of the
present invention. Preferred targets also couple o the same signaling system
{mefanosome dispersion of aggregation) in metanophores and therefore, i
combined, activation of any one receptor will net interfere with the activation of
another recapter by the same or different compound.

In other cell lines, antagonists are screened in @ manner analogous to
that set forlh above with respect to melanophores. For example, the substrate
can be contacted with a ligand for the target after loading the candidate
compounds.  The candidate compounds interact with the farget in the
presence of the ligand and = signal is detected. The signal is produced, or not
produced, by the indicator upon blocking an interaction belween the target
and the ligand by the candidate compound. The candidale compound is thus
idenfified by a candidale compound as an antagonist of the blolagical activity
of the target based upon an amount of signal as compared 1o a control
sample. Far example, & darker area in a substrate comprising a luminescent
indicator ¢an indicate that z reporter gene that is expresses a luminescent
gene product is not being exprassed.

Refering now ta Figure 4, a schematic diagram of GPCR activation of
CRE response elements driving transeription of iuciferase in a mammalian celt
MG is presented. As shown in Figure 4, mammalian cell MC comprises
plasma membrane PM, a G-coupled protein receptor GPCR hound withire
plasma membrane PM, adenylyl oyclase AG bound within plasma membrane
PM, cAMP response element CRER, protein kinase A PK-A, and a vecior
censtruct VG. Vector canstruct VG comprises CRE motif CREm (TGACGTCA
- SEQ 1D NO:3), a minimal promoter MP, and a luciferase reporter gene LRG.
In representative embodiment of an assay methad of the present invention, &
candidate compound agonist AGT contacts mammalian cell MC and interacts
wilh a plasma membrane PM-bound G-coupled protsin receptor GPGR, which
in Wwm aciivates adenylyl cyclase AG via G protein sublnit Gas.  Adenylyl
cyclase AG interacts with cyclic AMP ¢AMP, which then interacts with protein
kinase A PK-A and cydic AMP response element GREB through its
requiatoryfcatalyic cascade REG-CAT io activate transcription TS of vector
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construct VG, Luciferase LUG is thus produced by transcription TS and
translation TL of luciferase reporier gene LRG in vecior construct VC.  After
cell lysis and adminstration of signal dovelopment reagent (collectively
roferanced as CLA In Figure 4) as disciosed herein with respect to & preferred
embodiment of the present invention, a Yight signal LS is detected.

Continuing with Figure 4, activation of Goy proteins causes inhibtion aof
adenylyl cyclase AC. Thus, in accordance with the present invention, ane can
assay for agonists of Ga-toupled receptors by Iooking at ar inhibition of the
stimulglion of adenylyl cyclase AC by forskolin FIX. In this embodiment, the
subsirate comprising the receptors is incubated with & candidate compound or
compounds for a desired time (e.g. 30 minutes} and then forskelin FK is
added.

A celkfree assay method 's also provided in accordance with the
present invention, By the term “cell free” it is meant that the subsirate does
not include cells and that the target, the indicator and the candidste
compound are provided in a reaction medium within the subsirate or are
loaded onto the substrate in the predetermined patiern so that an interaction
betwaen the target, the candidate cornpound, the indicator or other provided
reagent can be detecled. A prefefred example of a cell-free assay comprises
an enzyme-linked immunosorbent assay (ELISA}.

The term “predetermined pafler™ ks used hergin for convenience o
refer to any patiern that facilitztes the localization of a signal produced by lha
interaction of a candidate compound with a target molecule fo thereby
characteriza the candidate compeaund's ability to modulate the target.

In a preferred smbodiment, the predstermined paftern comprises a
rectanguiar patiern of “spots” or *touches”™ on the substrate. Rectangular
pattems are preferred for convenience in that commetrcially availabie tools,
such as a PIN foal, are amenable for use In establishing such a pattern.
However, any predetermined pattern suitable for a particular assay and as
would be apparent to ohe of ordinary skill in the art after reviewing the
disclosure presented herein can be implemented. Thus, for example, the
predetermined pattern can comprise a tiangufar, circular, frepezoidal, square,
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oval, or any other suitable geometricat pallern. Moreover, as described in
detall below, al of the available locations for a “spot” or a “touch” need not be
employed in a predetermined pattem of the present Invention. Beads
corjugated to candidate compounds Gan also be loaded in a predetermined
pattem.

The predstermined paltern facilitates the Iocalization of candidate
compound "touches” or "spots” on e substrate so that the identity of a
candidate compound at a parficular "touch” or "spot” can be eslablished. An
image of the subsirate having the predstermined pattern is recorded, and
subtle changes in the target and the indicator are detecled, preferably using
the imaging sleps disclosed hereinbelow. Preferably, in the case of a
rectangular pattem, a rectangular grid patiem is imposed on the substrate in
the imaging steps described herein. More preferably, the rectangular grid
pattern further comprises 1,536 rectangles that correspond te and provide
spot focations for deposifing candidate compounds and perfinent control
samples on the substrate, and provide the subsequent imaging of the same.
Responses are detected in a timely manner so that any consequences of
diffusion of the sample In the sybstrate is avalded.

In a preferred embodiment, 1,636 spots of liquid, including candidate
tompounds and controls, are established in he predetermined paltem on the
substrate using an automated systern as described herein. In an allernaiive
embodiment, 9,600 spots of liguid, including candidate compounds and
cantrols, are established in the predetermined pattern on the substrate using
an automated system as described herein. Thus, an aspect of the method of
the present invention is the accommodation within the predetermined patiem
of any desired muttiplier of the number of pins available for use in transfering
candidale compounds from 8 sopurce plate or reservoir or of any desired
mulfiplier of the number of candidates compounds available for transfer from a
source plate or reservoir. The multiplier can range, for example, from 1 to 25,
including preferably 2, 4, 8, 16, 20 and 26, e.g. 4 X 96 = 384, 4 X 384 =1,536;
4 % 1,536 = 6,144, and 25 X 384 = 9,600.
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In ancther aliemative embodiment, 4,280 candidate compounds and 32
slandards are spolied on the substrate. In this embodiment, eight {8) colurnns
near the right or left edge of the substrate are reserved for the reference
standards to facilitate comparison of the reference standards te the candidate
compounds. Each column includes 32 possible spot locations. Hence, from a
staring number of 1,536 spols, a reduction of 8 columns, each column
comprising 32 spot locations, resulfs in a capacity of 1,280 spot tocations for
candidate compounds. The reference siandards are atso preferably loaded
onta the substrate sa that at least one empty spot lecation is adlacent to each
reference  standard both vertically and' horizontally to again faciktate
comparison of the reference atandards to the candidate compounds. The
temn "predetermined pattern” as used herein is thus alsp meant to encompass
this approach for loading candidate compounds.

Manual systems can also be empioyed. A prefarred manual system
can be used with 384 samples, including candidate compounds and controls.
In view of these numbers of samples and in view of lhe oplion of screening
mulliple targeis al once, the high throughput aspecis of the present assay
method are believed to be apparent. Indeed, it is envisioned that over
300,000 compounds (with controls) per day can be screened using the
method of the present invention, if desired.

The assay of the present invention is also preferred for screening
hiological fargets that have heen identified to be of therapeutio value, but have
been sereenad against >100,000 molecules without identifying eny leads nor
many, if any, potential modutatars.

IIl._Assay Sysfem
Refamming now to Figures 2A, 2B and 3, wherein like referance
rumerals refer lo like pars ihroughout, & preferred system for use in the
assay of the present invention is depicted, as is a flow chart associated with a
preferred imaging technique employed in the system of ihe present invention.
Referring parlicutarly to Figure 2A, the system of the present invention
is referred to generally at 0. In a prefered embodiment, system 10
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comprises cenfral processing unit {CPUY 12, destination plates 14, plate
holders 116, plate conveyer 18, scanning stage 20, camera 22, arm 24, PIN
foo! 26, PIM tocl storage area 28, wash stabon 30, fan 32, and source plate
4. Arm 24 comprises a PIN tool 28 having a plurality of pins, which is used
to deposit candidate compounds onto the subsirale in accordance with the
methods of the prasent invention as described hergin. Optionally, system 10
can further comprise an incubatar and wash station 30 can further comprise a
biotiing siation (not shown in Figure 2A).

Complete versions of system 19 that are suitable for use in the
methods of the present invention are commercially availzble from Beckman
Couiter, Inc. of Fullerton, California and are sold under the trademark
SAGIAN™. A suitable PIM tool system is commercially avaitabie from
Beckman Coulter, Ing. of Fullerton, California. and is sold under the registersd
frademark BIOMEK® 2000. PIN iool systems are preferred for use In the
transfer of candidate compounds from 384-well source plates to & 1,536 spot
capacity dastination piate. A MULTIMEK™ 98 automated 86-channel pipettar
(atso available from Beckman Goulter, Inc. of Fullerton, Califomia) car be
used in the transfer of candidate compeunds from 86-well source plates to a
384 spot capacity destination plate.

Conlinuing with reference o Figure 2A, GPU 12 scaloulates and
transmits appropriate cantrol signais for all components of PIN tool system 10.
A control protocel is established, for example, using a computer program file
written in Tel language and subseguently executed by conirol software
employed by commercially available PIN toal systems, such as the BIOMEK?
BIOWORKS™ and BIDSCRIPT™ software employed in the BIOMEK® 2000
system referenced herein. The Tcl program file containe the x, y and z
coordinates along with other values for system movements in a machine
language format. Thus, the Tel program file provides variables that ara input
inte GPU 12 and that are used by the contral software to generate instructions
that are executed by CPU 12 as discussed in the following description
Accordingly, references to inpuls received, values and procedures
established, and movements cantrolled by CPU 12 wili be understoed ta refer
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to the Tecl program file as executed by and through the control softwars
program or programs provided in CPU 12. In a preferred embodiment, controf
signals are processed for four source plates of candidate compounds that are
deposited into two assay plates for use in the assay of the present invention.
Continuing with reference to Figure 2A, locations in terms of x, y and z
coordinates for arm 24 and PIN teal 28 are input into CPU 12 (as is an
inclusive valus for the amount of liguid dispensed and aspirated by PIN tool
26). The number of source plates 34 is input infa CPU 12, as is the localion of
each source plate 34 in an x and y plane. A safe moving height (j.e., a height
ihat facilitates clearance of structures within system 40} for arms 24 and PIN
torl 26 is established by the Tel pragram file that is executed by GPU 12, as is
the height of the top of the source plates 34 and the aspiration depth for
obtaining compound selution from a source plate. A typical aspiration depth
for a standard 384-well source plate 34 is about 266 millimetars (mm).
Continuing with refersnce to Figure 2A, a Iosalion for a destination
plate 14, which supparts the substrate and is caried on plate heider 16, is
established in the x and y plane, as is the {op height and dispense depth for
destination plaie 14. Destinglion plale 14 ¢an be a desfination plate of &
oontrol plate prepared as described herein. The dispensing depth for a plate
that can accept 384 pins as compared to a plate that can accept 95 pins can
vary. Further, for an embodiment that employs a lid of an assay plate as
scaffalding for the substrate, a depth of about 267 mm is established,
Confinuing with reference to Figure 2A, the location of wash stations 30
in the X and ¥ plane are input ints CPU 12. The depth of each wash slatian 30
is assumead to be the same, and a z value for wash station 30 is thus also
inpui inte CPU 12. A wash procedure is established, wherein PIN tool 26 is
maved tc wash stations 30 via arm 24 and confrol sigrals from CPU 2. The
wash procedure is established in CPU 12 by defining the location of a wash
station 30 and providing the height of PIN tool 26 along with the location of the
top and bottom of individual wash stations 30 and number of wash dips. The
number of wash stations 30 1o be employed and the numbar of up-and-down
cycles (or dips) into a wash station 30 are also input into CPU 12, The wash
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pracedure is looped according to the number of fimes the pins of PIN tool 26
are io be washad. For example, tree wash up-and-down cycles can be used
and thus, the wash procedure is looped three Hmes. FIN ool 26 is then
moved by CPU 12 to fan 32 for drying using the X and y coordinates for fan 32
and a safe 7. coordinafe path along which to move PIN tool 26,

Continuing with referance fo Figure 2A, the procedure for transferring
compounds from source plates 34 to destination plates 14 is established in
CPU 12 by identifying the x and y locations of source plates 34 and of
destination plates 14, along with the depth for depoesiliing compounds onto
destination plates 14. Transfers between source plates 34 and destination
plates 14 are controlled by CPU 12 using the appropriate coordinates.
Farticularly, x and y coordinates for source plates 34 are used, along with a z
safe cecordinate for PIN too! 26. Additionally, the X and y coordinates are
provided for destination plates 14, slong with ihe appropriate depth of FIN tool
26 for dispensing compounds from source pletes 34 onfo destination plates
14. In a preferred embodiment, the liguid candidate compound samples touch
the surface of the substrate on destination plates 14, but PIN tool 26 doss not
contact the substrate.

Referring now fo Figures 2A and 2B, in a preferred embodiment, the
compound transter protocol is repeated for quadrants Qi - @4 of a destination
plate 14. Quadrants Q1 - Q4 are essentially square or rectangular and are of
substantially the same size. Amn 24 is controlled by CPLU 12 sg that a first set
of pin tauches ocours in quadrant Q1; a second set of pin fouches occurs in
guadrant Q2, g third set of pin fouches ogours in quadrart Q3; and a fourth set
of pin touches occurs in quadrant Q4. In this embodiment, each set of pin
touches comprises 384 individual pin touchas so that 1,536 fouches are
provided within quadranis Q1-Q4, The touches of the individual pins thus
provide the predetermined patiern. Arm 24 is also contrelled by CPU 12 so
that the pins of PIN tool 26 are washed at wash stations 30 then dried al fan
32 as described above betwesn touches of quadrants Q1 - Q4 and so that the
pins of PIN 100l 26 communicate with source plates 34 after tho washes hut
hefore each touch of destinalion plate 14. The compound iransfer and
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washing procedures are repeated as necessary unlil all desired compounds
are transfered from source plates 34 to destination plates 4.

Continuing with reference to Figure ZA only, afer completing
compound fransfers and final washes, PIN iool 26 is then refurned by GPU 12
to a storage area 28 using x and y coordinates for PIN tool storage area 28,
elong with a 7 safe coordinate for PIN tool 26, Variables established for the x,
y and z locations of source plates 34, destination plates 14, storage locafion
28, wash stations 30, fans 32 are unset in CPU 12 so that the system 10 can
be used in a subseguent application.

Continuing with reference to Figure 2A, following compound fransfer,
destination plates 14 are immediately ransferred to the scanning siage 20 via
conveyor 18 or manually. Images are coliected at pre-selected intervals (e.g.,
5 minutes) using a CCTY camera 22 (e.g., Model 14 available from Kodak of
Rochester, New York} with the lens of approximately §0 mm focal length set
on aperiure F22 or other suitable setiing. A representative camera that can
also be usad is 2 digitai CCD camera seld under ihe Fademark MICROMAX™
by S8DR Clinical Technology - Princeton Instruments of Micdle Cove, New
South Walos, Australia.  Another representative camera system is the
VIEWLUX® camera sysfem available from Wallac Oy Caorporation, Turku,
Finland.

Confinuing with reference to Figure 2A, images are recorded as an
average of mudtiple acquisitions {e.g., five frames). Additional sets of plates
14 can be added to seanning stage 20 during image collection. Test and
control destinalion plates 14 can be scarned in any order but are preferably
altemately scanned in scanning stage 20. Once images have heen recorded
vp 1o a final {&.g., 3¢ minute) time point for the final set of fest plates, the
scanning schedule is stopped and all images are closed, such as by using a
“dose all" feature in & Microsoft Windows® aperaling sysiem. The recorded
images are precessed by CPU 112 as deseribed hereinbelow.

Referring now to Figure 3, an imaging protocol for use in the system 10
of the present invention is referrad to generaily as 116. In box 112, images
are coliected for test and contral plates &t time=0, and then in box 114,
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images are collected for test and control plates at a first pre-selected intervals
{e.g., 5 minutes), Box 116 in Figure 3 depicis optimization of exposure time
using 200/milliseconds (ms) a3 a starting polnt and using one 1est plate and
one contrgl plate 1o give z values of approximately 80% of max gray scale,
also refered to herein as gray intensity or gray intensity scale for an 8 bit
image. A z value refers to gray scele for an 8-bit image, which ranges from 0
te 265. Establishing a z valug of approximately 80% of max gray scale for an
& bit image for dark spots avelds overexposing the image to a "white out” and
provides for a more readily detectable difference. Thus, where gray scale
valuss can range from ¢ fo 255, the exposure is sef fo give z values of
approximalely 200, For light spots, = is established at approximately 20%
above minimum gray scale.

Trus, the signa! can be delegted by acquiing an image of the
substrate. Optionally, the image of the substrate can alsp be acquired by
focusing the signal from the subsirate a CCD camera chip via a telecentric
lens. In this case the detecting of the signal further comprises digifizing the
image, overlaying the image with a grid comprising a plurality of grid units and
determining an average gray intensily value by scanning each of a
predetermined number of grid units around the signal and averaging a gray
intensity value of cach grid wnit in the predetermined number of grid units.
The term “predetemmined number a5 used with respect to grld unils refers o
any suitable number of grid units (e.g. individual boxes or rectangles within
the grid) upon which an average gray intensity vafue can be determined with a
reasonable |evel of canfidence. Optionally, the method can further comprises
recording x and y co-crdinates for the signal on the substrate.

Gontinuing with Figure 3, box 118 provides for callecting images at
addifional pre-selected intervals (e.g., 5 minutes) over a pre-cateminad total
fime pedod {e.g., 30 minutes) and box 120 provides for saving all images by
mslablishing a path and file name where the images are saved under an
appropriate heading, such as “raw images”. A flle hame format can be set up
as follows: Mnx_date{mardalyr)a{first experiment that date) wherein x equals
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the number of targets screenad on that date or wherein x equals the name of
the target.

Caontinuing with reference to Figure 3, in box 122, the zero minute
image of a spot on & scannad test plate is subtracted from a 30-minuie image
to increase contrast. In box 124, e grid of 1,536 rectangles is added to
identify pin touches, and in box 426, pin touches or “spots” are identified by
enahling an aperator command, preferably a “find spofs” command.  In box
128, lmits are imposed on spet characterstics to eliminate batkground noise
and to facilitate identification and guaniificaion of spots. Spot characteristics
include diameter, intensity, circularity, concavity and uc;tume, which are
determined as described below, Volumme and diameter of the spais can also
be increased or decreased jo facilitate correspondence between the number
of rectangies avafiable in the grig and the number of spois.  For example,
minimum volume and diameter can be esiablished to minimize noise and fhe
lika, Box 130 provides thatif any spols are missed by a "find spots” command
(i.e. Yas, spots were missed - referred 1o as Y in Figure 3), the cperator can
manualy add the spots in box 132 upon visual inspection of the plate and
upon defining a diameter in pixels and adding a circle. I no spois are missed
{reforred to as N in Figure 3), tmaging proceeds directly ta box 134.

Continuing with refererce to Figure 3, in box 134, images cblained
from fest and control plates are compared and in box 136, positive *hits” gra
identified by imposing the grid comprising 1,536 rectangles over the image of
the plate, rotating the image as necessary using the grid to line up pin
touches, andg setting the gray scale to improve confrast. The plates are
imaged, gray scale adjusted and a threshold level for 'a posilive hit for a
modulater compound of the target within the test plate is set. Positive spols
on test plates are analyzed while spots found on both test and control plates
are deemsd endogenous hits and are not further analyzed. In box 138,
positive "hils” are identified by correlaling the position of the hit in the grid
comprising 1,538 rectangles to the candidate compound deposited in that
posiiion. {0 box 440, the images are saved inlo an appropriate file or can
opticnally be archived onto an optical disk or CD.  In box 142, image
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information is exported to appropriste word procassing, spreadsheet or other
saflware for arganization and presentation.

In a preferred embodiment, volume is determined by slicing each spot
in a serial of parallel chords one pixel apart. Volume is the summation of area
under each chard. Diameter of a spot is calculated as the square root of
(4*areaim). Intensity is caloulated as volume divided by area, Cirsularity is
calculzted ss dn/(diameter X diameter). Concavity js definet as maximum
indention for the small, enclosed convex region.

Any unusad images are deleted, as are any greater than 3¢-minute
images present in memory. Then, the camera/plate cantrol and imaging
procedure is activaled as set forth above. Suitabie WINDOWS® cparating
system driven commands can be provided, such as “fite”, “open” and “image".
The term ‘reference” cen be enabled fo sefect a reference image from

mMemory.

V. Latoratory Examples
The following Laboratory Examples have been included io ilustrate

preferred modes of the invention. Certain aspects of the foflowing Laboratory
Examples are deseribed in terms of lechniques and procedures found or
contemplated by the present inveniors to work well in the practice of the
nvention. These Laboratory Examples are exemplified through the use of
standard laboratory practicas of the inventors. In light of the present
disclosure and the general levei of skill in the art, those of skill will appreciate
that the following Laboratory Examples are intended ta be representative only
and that numerous changes, mogifications and alterations can be empicyed
without departing from the spirit and scope of the invention.
Materials and Methods Used in Laboratory Examples 1-6
Vectars Encoding Targa

Cbtain cDNA in pJG3.6 vector, described in Graminski, G. F, et al., J.
Biol. Chern. {1993} 268:5957-5964, or other suifsble vector) for each farget
that is to be transfected. If several receptors are being transfected
simuitaneously, optimal concentrations of stock solutions usually range from
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5-10 mg/ml. Aiso, hefore a screening is started on a compound set, it is
recommendad to have enough larget enceding cDNA on hand to compiate the
antire compound set (for a 300K compound set, typically a range of 10-2¢ mg,
depending on the receptor}.
Other Materials and Reagents

CFM : Conditioned Fibroblast {or Frog) Media.

0.7X Trypsin/EDTA : Gibco BRL Cat # 26300-054, purchased as 1X
stock.

0.7X PBS, pH 7.3 Prapared as 10X slock as: 80g/ll. NaCl, 2 gil.
KHaPOy, 11.5 gl NaasHPC4, 2.0 g/l KCL

0.7X electroporation grade PBS, pH 7.0: same as PBS above except
pH adjustad to pH 7.0

0.7X L15/6.1% BSA: Cat¥ B2799, SigmalAldrich Chemical Co. of St
Louis, Missouri.

DMSO: Catg D8779, SigmalAidrich Chemicat Co. of St Louis,
Missourt.

Melatonin: Cat # M5250, SigmafAtdrich Chemnical Co. of $i. Louis,
Missouri.

800 mL Electroporation Cuveties: Medel # 58017-900, VWR Scientific
Praducts of West Chester, Pernsyivania.

275-cm’ tissue culture flask: Mode! # 3000, Costar of Cneonta, New
York.

15 mi. and 50 mL conical centrifuge tubes

Elactroporatar: ELECTRO CELL MANIPULATOR™, Model BT 600,
BTX of San Diego, California.

Cenirifuge:  SORVALL RT8000D™, Kendro Laboratory Products,
Newton, Conneclicut.

SEAPLADQUE® agarase: Cat# 50491, FMC Corporation of Phifadelphia,
Pennsyivania. .

Lide (for assay plate sold under the registered irademark OMNI
PLATE®). Ref# SPO-161181, Nalge Nunc International of Rochester, New
York and Naperville, lllirois
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L15 wio BSA: Catit L-5520, Sigma Chemical Go. of St. Louis, Missouri.

Example 1
Electroporation of Melanophoeres for Transient

Regeplor Expression (DAY 01)

Ore fo two hours prior to trypsinization, ptace 40 mbL of fresh
conditioned fibroblast {or frog) medium (GFM) onta 226 om® flasks of
melanophores ta he tranafected. Wash each %ask with & ml. 0.7X PBS, ph
7.4, and aspirate. Add 5 mL 0.7X Trypsin/EDTA to each flask and let sit 3-6
minutes. Shake flask to disladge cells and add 10 mL CFM fo each flask.

Transfer contents of each flask into 50 mi conical centrifuge {ubes.
Spin 800 rpm for 5 min at RT. Aspirate media and pool pellets into ene §¢ mL
conical ceniifuge tube using CFM.  Count cells fo obtain a given
concentration.  Spin fube at 900 rpm for 5 minuies. Aspirate CFM and
resuspend in 40 mL 0.7X PBS, pH 7.4. Spin 900 rpm for § minutes. Agpirate
PES and resuspend pellet in cold electroporaticn grade 0.7X PBS, pH 7.0 1o a
final concentration of 15 X 10° cells/ml.  Add 800 L resuspended cells to
cold microfuge tube containing mixture of cDNA. Incubata an ice far 20 min,

mixing gently twice during incubation.

Transfer cDNA/ceY solution fo cold a 800 UL electroporation cuvette
{wha infroducing bubbles). Electroporate at 500V, B25 mF, 720 ohms. Using
a Pasteur pipetie, immediately transfer slectroporated cells o 30-40 mL of
CFM. Place calls into 225 cm® flasks {2 cuvettes per flask) in a final volume of
45 mi. CFM. Place cells on flat bench for ~3 hours, Aspirate media and
replace wiih frash CFM. Place cells In incubator for ~24 hours.

Exarnple 2
Preparation of Cell Plates (DAY 02
Wagsh each flask with 5 mL 6.7X PBS, pH 7.4, and aspirate. Add 5 mL
0.7X Trypsin/EDTA to each flask and let sit 2-3 minules. Sheke flask to
dislodge cells end add 10 mL CFM fo each flask. Transfer sontents of each
flagk into 50 mL corjcal centrifuge tubas, Spin at 900 rpm for 5 min at roam
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temperalure.  Aspirate media and pool pellets into one 50 mbL conical
cenlrifuge tube using CFM. Count cells. Remove enough celis to make one
46 well plate (for quality contraly at 30,000 cells par 100 pL per well. Prepare
screen plates as described below.

Divide remaining cells among 50 ml conical tubes such that there are
about 1-30 X 10° cells in 27 mL CFM per tube. Mix the tubes by inversion but
avoid creation of bubbles if possible. Gently pour the cefis from one tube into
a assay plate lid {celis should praferably cormplately cover the entire surface of
the lid). Place the next lid to-be filled on top of the lid just filed.

Repeat the above procedure unlil all tubes are empty. Place an emply
lid an top of the last lid filled. Repeat the above steps using control cells (e.g.,
PTH1-3-30 celis), making the same number of assay plate lids and one 86
well plate (for guality control). Allow the lids and plates to sit on a fiat bench at
ambiont temperafures (e.g., 25°C) for ~2 hours. Place lids and 96 wel! plates
in an airlight container and place in incubator for overnight (about 15-24

hours).

Example 3
Quaiity Control Platas (DAY 03

Prepare 50 mL of melanophore assay buffer containing 5nM Melatonin.

Serial diule peptides (naturai ligands for receptors being screened) as
follows: Transfer 2 pL aliquots of 100 M siocks of each peplide to &
separale 1.5 mL microcentifuge tube. Add 958 pL melanophore assay
buffer/5SnM melatonin to each tube and vertex. Transfer 20 pl of each to
separate wells of a 96 well round bottorn plate by placing the first peptide into
well A1 of the 96-well plate, second peptide into AZ, efc... Add 180 pL
malanophare assay buffer/Sni malatorin fo these same welis. Add 137 pL to
wells B1-B8, B2-B8, etc..., as far over an the 86-well plate as done for the 20
|L transfers ahove. Mix row A. Transfer 83 pl from row A to row B and mix.
Transfer 63 pL from row B to row C and mix. Continue this serial diution afl

the way down the plate.
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The working concentrations (2X) when the above dilufions are
completed are as follows:

Row A 20 nh Row 200 pM
Row B G632 nM Row F 83.2pM
Row C 2nM Row G 20 pM

Row D 632 pM Row H 6.32 pM

Aspirate GFM from contral 96-well plate. Add 50 pb 0.7 L15/0.1% BSA
buffer containing 5 nM melatenin. et plates sit 1-2 hours at room
temperature. Read plates on SLT SPECTRA? plate reader (available from
Kellmorgen Corporation of Wallham, Massachusetts), Add 3¢ ul. from serial
dilution plate to each well. Incubate 1 hour. Read plate on SLT SPECTRA®
plate reader.

Example 4
Prepgration of Cell Plates for Receiving Compounds (DAY 43}

Waigh out 125 g of SEAPLAQUE® agarose into a 125 mlL heavy
walled bote. Add 100 mL of L.15 (Leibovitz) medium wio BSA and heat in a
microwave oven, uncapped at a LOW setting for about 15-18 min. The final
soltion shauld show complete dissowition of the agarose as a clear solution.
Place this in & waler bath pre-heated to 42°C, Place 2 or 4 mlL of agarose
info 50 mL polypropylene tubes and keep them in the water bath at 42°C, The
rnumber of tubes should equal the number of plates to be prepared.

Make up 200 ml of raom temperature 0.7X L15/0.1% BSA cenlaining
18 nM melatonin. Carefully pour off the media on the lids prepared above
(one at a time), remove excess media and place the lid on a level surface.
Transfer 40 mL of the 0.7X L15/0.1% BSA/EnM rmefatonin to a one of the 50
mL tubes conigining 2 ml. agarose with a pipette (praferred msthod) or & mb
of the 0.7X L15/0.1% BSA/E nM melatonin to ane of the 50 mi. tubes
containing 4 mL agarose. Use the pipeite as & sliring rod while dispensing
the 0.7 L15/0.1% BSA/8nM metatonin.

immediately and carefully pour the 12 ml. mixfure onto a assay plate lid

ensuring fhat entire bottom of the lid is covered. Pop any bubbles with a dry

JP 2004-503249 A 2004.2.5

POT/USOLAME3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

el

(82)

WO 0146597

~39-

needle. Repeat the above steps for each plate. Let assay plate lids sit at
roomn temperature for 45 minutes. After 45 mimutes, place the assay plats lids
in & 95% humidified incubator (24°C) for storage untit time for compaound
addition. These platas should be functional up te 12 hours.

Example §
Preparation of Candidete Campound Source Plates

For each lid made cantaining transfeeted cells, remove from the freezer
four 384-well source plates containing liquid candidate cormpound samples.
Remove lids and any seal that may be on the plates, Place plates in stacks of
four {plates should be kept in order using, for example, order of execudion and
plaie numbers). Prepare sufficient 1uM «MSH in melanophore assay buffer
to allow for 10 uliwell into 2 columns of every fourth drug plate. These
columns provide coentrol samples for the test plates.

The plates are marked hy pipetting 10 pL of the above-rsferencad 1 M
aMSH solution inte columns 22 and 24 of all the 384-well plates on top of
each stack. Mark the end of sach plate that received the 1 M aMSH with an
S {standard). The plates can alsa ba marked by pipetting 10 uL. of the above-
noted 1pM oMSH salution into columns 21 and 23 of all the 384 well plates on
tottom of each stack, and marking the end of each plale that received the
aM8H with an 8. One plate in every stack of four should now contain aMSH,
Make sure the order of the plates does not change at any time.

Example &
Compound Transfer and Assay
The Beckman BIOMEK® 2000 System is used to fransfer test
compounds from 4 different 364-well source plates onto to 2 melanophore-
containing substrates using the BIOMEX® High-Density Replicating (HDR) PIN
tool {Beckman part number 267618 -384 HDR). The HCR FIN toof contains
384 fresfloating pins, which are either Posts or Nails. Posis transfer
approximately 50-7¢ nL of each compound; nails transfer 10-20 nl. The
program for compound transfer is written in Tool Command Language (Tci),
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which provides the x, y and z coordinates for the x, y and Z movements of the
arm of the Beckman BIOMEK® system. Al plates are positioned to the back
right of the plate holder.
Wash stations are loaded with 50 mL DMSQ, 50 mL water and 60 mL
5 ethanct to rinse ping thoroughly. The wash station also includes a blotting
station containing a double thickness of paper lowel placed inside & resarvoir.
Al plates are pasitioned back and to the right of the plate holder. Transfers
oato a fest plate are in fha order (See also Figure 2B).
13
10 24
For GsiGq agonists of the 7TM receptors expressed by the
melanophores, darker spots devetop on the gray cell lawn over time, directiy
befow the HDR pin louches. ¥mages are colflecled at S-minute intervals using
a CCD camera scanning siage setup (image station) as described herein
15 above. Image collection and analysis are caried out according o the
scanning stage layout of Table 1.
Tadlet,

Scanning_Stage Layout

A3 Tesi Plate 2

L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

Al TestPlate 1

AZ Controf Plate 1

B1 Control Plate 2

B2 Test Plate 3

B3 Conirol Plate 3

C1 Test Plate 4

€2 Control Plate 4

C3Test Plate 5

&1 Conirol Plaie 5

D2 Test Plate 6

D3 Control Plate 6

20

25

Cnce imagss are recorded up o = 30-minute fimepoint for the final et
of test plates, the schedule was stopped and all images were closed using the
"Close Al" command in the imaging system.

Examples 7-10
Mammalian Lawn Reporter Assays
Chinese hamster ovary (CHO) cells were Iransfected with a 6xCRE-
lucHerasereporler gens. A stable host call line was seleciad, info which
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cloned human receptors were transfected. Stable cell lines expressing these
receptors weare selected for screening purposes.

Materials Employed in Examples 7-10

T-225 Hissue cutture flasks (#3001} were obtained from Corning Costar
of Cambridge, Massachusetts. DMEM/F12  (#311038-021), Fetal Bovine
Serum  (FBS) (#16740-071), L-glutarmine  (#25030-081), 0.05% irypsin
(#25600-054), Dulbaceo's phosphate-buffered saline (PBS) {#4180-144) and
LMP Agarose (#5517UB) were purchased from Gibco BRI of Gaithersburg,
Marytand. EX-CELL™ 301 Medium (#14331-79P) was from JRH BioSclences
of Lenexa, Kahsas. LUCLITE PLUS™ LucHerase Reporler Gene Assay Kit
[#6016065) was purchased from Packard Instrument Company of Meviden,
Connecticut. Chinese hamstar ovary (CHOC-K1) cells were obtained from the
American Type Culture Collection of Manassas, Virginia. Human GLP-1 (7-
36) (#6795} and buman CRF peplide (1-41) {#2435) were obtained from
Bachem of King of Prusaia, Pennsylvania. 4-L-noreucine-7-D-phenylalanine-
alpha melanocyle sfimulating hormane ([NDF]-aMSH, #8764} was oblained
from Sigma Chemical Go. of 8t. Lauis, Missouri. Cleat and opague white
DOMNI PLATE® trays (altered footprinl to sccommodate HER pin tool as
disclosed harein above) were purchased from Nalge Nunc infernational Inc.
A high-density replicating {HDR) iool, which has ninety-six 0015-inch
diameler transfer ping (#309089), was purchased from Beckman of Fullerfon,
Calfornia, UV famp contralled by an AB-M H-1000 power supply box and an
AB-M exposure control was purchased from ABM Inc. (San Jose, Caiifomia).
VIEWLUX® camera was from Wallac Oy Corporation, Turku, Finland.

Exampta 7
Mulfipla Receptor Assay
Cell lines expressing bath a reparter gene and a G protein-coupled
regeplor (GFCR) were assayed for resgonse to agonist in an agarose lawn
format. A cell line expressing a GPCR was plated by itself, and several cell
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lines expressing different GPCRs ware mixed together to evaluate whether
agonisis for several receptors can be assayed simulianecusly.

A reporter gene host cell line stably expressing a reporier construct
comprising 6 cyclic AMP response slements (GRESs) driving the expression of
lucifarase (6xCRE-luciferase’™) was generated as describad by Goetz ef al.,
(2000) J. Biomolec. Scraening 5:377-384.  The fulldength cDNAs for
melanocortin-i receplor (MC1R} (GenBank Accession # X65634} and
corticotrophin releasing fastor receptor (CRHR1) (GenBark Accession #
X72304) were obtained by reverse transcription polymerase chain reaction
(RT-PCR) and were subcloned inlo the expression vector, pCDNA3
{Invitrogen, Gatlsbad, California). The fullength cDMNA for human glucagon-
like peptide-1 (BLP-1) receptor (GenBank Agcession # U10037) was provided
by Dr. Joseph Dillan (Tufis University) and was subcloned into pCDNA3.
Stable CHO-BXCRE-luc’ cell lines expressing MC1R, CRHR1 or GLP-1
recepiors were generated via eleciroporation as described by Goetz et al.,
{2000) J. Biomoloc. Screening 5:377-384.  The sfable cell Wnes were
propagated in T-22§ tissue cultura flasks in complete medium (OMEM/F12
containing 5% FBS and 2 mM Lglutamine).

Thres days bafore assay, he cefls ware harvesled using 0.05% trypsin,
washed and resuspended in EX-CELL™ 301 medium containing 5% FBS and
2 mM alutamine at a concentration between 1 ta 3 X1 0* cells/ml. The cell
suspension was placed in spin flasks and was propagated in suspension at
37°C, 5% GO in & tissue culture incubator.  Eighteen hours before assay,
cells were removed from suspension by centifugation and were resuspsnded
in serum-ree EX-CELL™ 301 medum containing 2% glutamine al a
congsntration between 5%10° 1o 1.5X10% cellsfml.

1.5 grams of LMP agarcse ware dissoivad in 100 ml of assay mediym
(ZMEMIF12 medium containing 2% glutamine) in a microwave oven. The
agarose was placed in 2 47°C water bath unil use.  The cells were collecled
from suspension culture and were re-suspended in 60 ml of assay medium for
determination of quantity of cells. The cell suspension was then further
dilled to a final concentration of 254107 cells6 mi, The 6 mi of cell

JP 2004-503249 A 2004.2.5
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suspension and the mslted agarose were mixed at 1:1 viv and the mixture
was then immediately poured into a white OMNI PLATE® tray. In expariments
where 3 celis lines were mixed logetier in a lawn, the concentration was
25x107 cells/2 ml for each cell ling resulting n & fotal of 6 mi of cell
suspension when the lines were compined. The agarose lawn of cells was
then allowed to salidify al room temperature.

Solutions of peptides were then deliverad 1o the lawn using a HDR 96-
pin tool that delivers approximately 10 nanoliters () of solution. After the
addition of peptids, the IaMs are incubated at 37°C. 5% COz in a fissue
cullure incubator for 4 hours. 10 ml of a i:t mixture of LUCLITE PLUS™
reagent and PBS containing 1 mM CaCle! 1 mM MgCle was added fo each
OMNI PLATE® tray at room termparature under subdued light conditions. After
10 minutes, the excess liguid on top of the agarose lawn was removed.
Luminescence was detected using a VIEWLUX® camera.

Images were acguired by fogusing luminescent fight from the CMNI
PLATE® tray, for 90 seconds, anto a CCD camera chip via a telecentnic lans.
Digilized images were downloaded to a compuler for image analysis using the
ROBOIMAGE™ image analysis software package. Briefly, a 50 x 75 cell grid
was superimposed on the image and the average gray intensity value grid unit
is transferred info a Microsoft EXCEL® spreadsheet. The gray intensity was
determined by scanning each grid unit {o determine where the highest point in
the region was located. The surrounding @ grid units were averaged and this
represented the z value for a given luminescent signal.  The x and y co-
ordinates  were recorded to facilitais the production of graphical

representations of the data.

The response of CHO-BXCRE-luc® cells expressing MC1, GLP-1 or
CRH1 receplors to [NDPlMSH {1-13), GLP-1 {7-36), and CRH (1-41) is
shown in Figures 5A-TB. Figures 5A, 6A, and 7A depic! the image of
luminescenca emanating from the locations where solution-contzining peptide
was defiverad o the surface of the lawn.  Rows 1, 2 and 3 {top to botlom of
plate} contain concentration curves for [INDP[-o-MSH, GLP-1, and CRH,
raspectively.  Approximately 10 ranaliters {nl) of sojutions sontaining, from
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left to right, 5x10™ M, 1.5x10° M, 5x10°, 1.5x10°7 M, 8x10°% M, and 1.5x10° M
peptide was dispensed to the surface of the agarose lawn using the HOR pin
tool. A concentration-response curve of luminescence activity was oniy
ohsarved when peptide was applied o the cell line expressing the appropriate
recepior {e.g. GLP-1 peptide io the cell line exprassing GLP-1 receptor). Note
that the area of luminescence decreased with increasing size of the peptide,
which cou'd be atirbuted to decreased diffusion of the larger peptides.

Figures 5B, 6B, and 7B are lne graph representaions of the
cancentrations curves for sach peptide. The responsa values were calculated
by subtracting the background z values for the lawn from the z values for the
area where peptide was delivared.  These data support the use of a lawn
format of cell lines stably expressing boih & GPCR and a reporer gene
construct in the assay for GPGR agonists. ‘

Figures 8A and 8B depict the data obtained by mixing togsther the
three stahie cell lines expressing the MC1, GLPV1 ar CRH receptors,  The
concentraiiondespense curve data obfained with the cell mixture was very
similar to the data shown in Figures 54-78. Thus, stable cell Enes expressing
a reparter gene and GPCRs can be mixed together in a {awn format for the
simuianeocus assay of GPCR agonists.

Exampis &
Bead-Based Assay

Agonists for GPCRs were assayed using beads to which peptides o
compounds are attached by a photolinker. Theé beads were eliher mixed in
the agarose or were applied to the surface of the lawn. The attached
compound or peptide was cleavet by exposure to UY light. '

Cell cuiture and assay methods wera as described in Example 3.
Hexamer peplides were IInked o 200 micrometer TENTAGEL™ microsphere
beads {polystyrere core with TENTAGEL™ pegs - avallable from Rapp
Polymere GmbH of Tobingsn, Germany) by a phofocleavable linker. Two
peptides were fested for validation purposas: Peptide 1 - Ac-NH-Ser-Val-dHis-
dPhe-Arg-Trp (SEQ ID NO:t) and Peplide 2 - Ac-WH-val-Ala-dHis-dPhe-Arg-

JP 2004-503249 A 2004.2.5
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Tyr (SEQ (D NO:2). Beads were added to the agarose lawn either by pushing
the bead into the agarose with forceps or by suspending the beads in the
melted agarose/cell mixiure. Peptides were cleaved jrom the beads by
sxposire ta ultraviolat Iight using a UV famp sef at 365 nm wavefength (1).

A fime course of the effect of ultraviolet light exposure (i = 365 nm) on
the responsa of a call line expressing a reporter gene construct and the MG1
receptor o increasing concertrations of [NDPl-«-MSH is shown in Figure 9.
The peplide concentrations and delivety were the same as described in
Example 1. UV light exposure up fo 32 minutes did not significantly affect the
response to the peptide.

A time course of defivery of MG1R agonist peplides 1 and 2, which
were linked {0 beads {described in methods), to a lawn of CHO-SCRE-luc™-
MC1R cells is shown in Figures 10A-10E. The pepiides were cleaved from
the beads by increasing the time of UV sp;posure. Figures 10A-10E depict UV
exposure for 0, 0.5, 1, 3, and 10 minutes, respeciively. A cancentration-
response curve for of [NDPl-c-M3H was run in row 1 on each lawn &t the
same concentrations as in Figure 9. Five (5) beads each of peptide 1 and 2
were pushed into the agarase layer with forceps. Peplide 1 and 2 were on the
lefi and ight of each lawn, respeciively.

Figure 114 is a ine graph representation of the averags luminescence
of the 5 beads at each lime point. The response was caloulaied by
subtracling the background z value far the lawn from the z value for each area
ta which the bead was applied. The magnitude of response is dictated by
boih the response of the reporter cell line and the amount of peptide thet can
be released from the beads. Both peptide 1 and 2 are full agonists for MCTR
when tested in 8 well-based reporier agsay so both peptides are capable of
gliciting a response similar to [NDPT-o-MSH.

Figure 11A is a line graph representation of the [NDPl<-MBH
concentration curve from Figure 10E.  The maximal response value was
approximaiely 25. The response (o both peplides * and 2 began to plateau at
the 3-minute time point {Figure 118) when the response value was well below
the maximal response to [NDPJ-a-MSH (Figure 11A). Thus, the plateau in the
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magnitude of response is largely dependent o the amount of peptide that can
be released from these parficular beads. In the case of peptide 1, Ihe
maximal response could have aiso been dependent on the maximal response
of the reporier gene system; however, this is certainly not the case for peptide
2. Figure 12 is a threa-dimensional represeniatich of the data from the 10-
minute time point.  The shaded bands from the top fo battom of each cone
represent the weakening of aignal as the pepfide diffuses away fram the initial
point of delivery.

Figure 13A depicls an exparimsnt in which peplide 1 and 2 beads were
mixed with the agarose and cells before the lawn was poured. The hardened
lawn containing the cells and beads was then exposed to UV light for 10
minutes. The areas of Iun'-\inescanoe were the areas that contained beads.
Figure 13B shows a contour graph of this data. Using this typs of
mpresentation facilitates location of the center of the area of luminescence,
and therefore, the location of the bead containing active peplide, which ¢an be
picked for ratests and confirmation. Thess data support the assay of
compounds or peplides fhal are deliversd by ralease from heads.
Furihermore, the beads can either be applied to the lawn or mixed fegether
with the agarose and cells prior to pouring the lawn.

Example 8
Evaluation of White OMNI PLATE® Trays
Opaque white OM~I PLATE® trays specially designed for the lawn
assay as described in methods were compared with commercially available
clear OMNI PLATE® trays. The white trays were produced by adding tifznium
dioxide to the virgin polystyrene resin. As shown in Figure 14, it was
observed that the signai to noise ratio was vastly improved using the white
trays versus the clear trays. Thus, ihe white trays were used in Examples 7

and 8 above.
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Example 10
Evaluation of LUCLITE™ Reagent

The quasfion of wheiher the LUGLITE™ reagent might cause some
breakdown of the compounds or cades linked to beads was raised. To
addrass this guestion. the following experiment was performed.

The beads that contain a phenyl acetic acid capped analyiisal construct
comprising a code porfion (unique ratio of isolopically labeled amino acids)
and a compound portion were tested. The beads with constructs finked to
them were incubated for 0 minutes, 10 mirutes, 1 hour, 2 hours-and overnight
with diluted LUGLITE™ reagent (1:1 LUCLITE™ reagent:PBS). The beads
were then treated with OMF for 5 minufes. The construct was then released
from the beads with trifluoroacetic acid and trethylsilane. By mass
spectrometry analysis it was determined thai thal the LUCLITE™
solution did not affect the integrity of either the code or caompound portion of

reagent

the consfruct.

This Example indicatas that there is a long window of time bebween
when the LUGLITE™ reagent is added and when the beads need te be picked
out of the iawn after the rays have been imaged.
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used as a basis for pricrity in respect of any subsequent application. The
olaims of such subsequent application can be directed to any feature of
combination of features described herein. They can fake &he farm of product,
corposition, process or use daims and can include, by way of example and
without limitation, one or more of the following claims.

it will be understood that various details of the invention can be
changed without departing from the scope of the invention. Furthermore, the
foregoing description is for the purpesae of itustration only, and not for the
purpase of limitation—the invention being defined by the claims.
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CLAIMS
What is ciaimed is:
1. A mathod for screening candidate compounds far an abllity to

10

20

25

30

modutate the biclogical activity of & target, the method comprising:

fa)  providing a substrate comprising a larget and an indicator, the
substrate adapted for receiing a pluraity of candidate
compounds;

(b}  coptacting the substrate with a pluralify of candidaie compound
samgles in a manner wherein an identity of each candidate
compound can be determined and wherein the candidale
compounds in the candidate compourki sampies interact with
the {arget in the substrate;

fc)  detecling a signal, the signal produced by the indicater upon
interaction between ihe target and a candidate compound; and

{d) identifiying & cendidaie compound as a modulator of the
bictogical activity of the targst based upon an amount of signal
prodused as compsared to a contrel sample.

2. The methad of claim 1, wherein the subsfrate further compriges
a matrix selecled from the group consisfing of a biological matrix
medium, a synthetic matrix madium, and combinations thereof,

3. The method of claim 2, wherein the biological matrix medium
further comprising & material selecied from e group consisting of
agarase, collager, laminin, basement membrane-derived complex,
derivatives thereof, and sombinations ihereof.

4. The method of claim 3, wherem the agarose is low-melt

agarnse.

5. The method of claim 1, wherein the indicator is selected from the
group consisting of a flucrogenic compound, a fluorescent compeund,

JP 2004-503249 A 2004.2.5
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a chamiluminescent compound, a colorimetric compound, a

radiolabeled compound and combinations thereof.

G, The method of claim 1, wherein the subsirate further comprises
a cefl.

I. The method of clain 8, whergin the celi expresses the target,
the indicator, or both the 1arget and the indicator.

&. The method of claim 7, wherein fhe cell expresses two or more
fargets.

9. The method of claim &, wheraln the cell is selecied from the
group consisting of a Xenopus melanocyte, 2 mammalian cell, a
bacterial cell, g fungal cell and combinations thereof.

10.  The method of claim 9, further comprising a combination of cells,
wharein each cell within the combination of cells expresses ore or
mere targets.

11.  The method of claim 7, further comprising:

{a}  contacting the substrate with & ligand for the target after loading
the candidate compounds, whereby the candidate compounds
interaci with the target in the presence of ihe ligand within the
predetermined pattern;

(b}  detecting a signal within the predeiermined paftern, the signal
produced by the indicaler upon blocking of an interaction
between the targst and the ligand; and

{) identfing & candidate compound as a modulglor of the
biological activity of the target based upon an amount of signal
preduced as compared to & conlrol sample.
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12.  The method of claim 6, further comprising a plurality of cells,
wherain the cells are mixed throughout the substrate.

13.  The method of claim 6, futther comprising a pluralify of cells,

wherein the cells form a layer in the subsirate.

14,  The method of claim 13, wherein the substrate further comprises.
a matrix layer formed on the layer of cells in the substrate, wherein the
matrix layer is positioned to receive the plurality of candidate

compound samples.

15,  The method of claim 14, wherein the mairix layer comprisss a
matrix selected from the group consisting of a biclogical matrix
medium, a synthetic matrx medium, and combinations thereof,

16.  The mathod of claim 15, wherein the biological matrix medium
futher comprising a malerial selectsd from the group consisting of
agaross, collagen, laminin, basement membrane-derived coraplax,
derivatives thereof, and comhinations thereof.

17.  The method of claim 16, wherein the agarose is low-melt

agarose.

18.  The methad of glainy 1, wherain ihe substrate comprises a cell-

free substrale.

9.  The method of claim 1, whersin the candidate compeunds are
conjugated to baads, and the method furiher comprisas cleaving the
candidate compounds frem the beads.

23, The method of claim 19, wherein the candidate compounds are
dleaved from the beads by exposing the beads to ultraviolst light.
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21, The method of claim 20, wherein e beads are contacted with
the substrate by mixing the beads with the cells and the matrix and
pouring the mixture of beads, matrix and cells aonlo a supper, to
thereby form the substrate on the support.

22, The method of claim 1, wherein the plurality of candidate
compound samples comprises liquid candidate compound samples.

23, The method of claim 1, wherein the plurality of figuic candidate
compound samples comprises a number equivalent to a multiplier of a
number of liquid candidate compound samples available from a source.

24,  The method of giaim 23, wherein the multiplier is a number
ranging from 1 to 25,

25.  The meihod of claim 24, wherein the number of liquid candidate
compound samples avaitable from the source is 96, 384 or 1,536,

26, The method of claim 1, wherein the plurality of liquid candidate
compound samples comprises at least about 384 liguid candidate
compound samples.

27, The method of claim 1, whereln the plurality of liquid candidale
compound samples comprises at least about 1,280 liquid candidate

compount samples.

28.  The method of claim 1, wherein the plurality of liquid candidate
compoung samples comprises at Jaast about 1,636 liquid candidate

compound samples.
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29.  The methoo of claim 1, wherein the signal Is detected at a
piurality of time points after contacting the substrate with the plurality of
liquid candidate compound sampies.

30. The method of ¢faim 29, wherein the step of identifying a
candidate compound as a maodulator of fhe biclogical activity of the
larget comprises & subtraction of a signal produced by the candidate
compound at an initial time point from a signal produced by the
candidata compound at a final time paint,

31.  The method of claim 1, whersein the amount of signal praduced
by a candidate compound is evaluated by analyzing a diamater of the
signal, a volume of the signal, an area of the signal, a concavity of the
signal, a circularity of the signal or combinations thereof.

32.  The method of claim 1, wherein the substrate is contacted with
tha plurality of liquid candidate compeund samples whereby the liquid
candidate compound samples touch the surface of the substrate and &
tool used to place the liguid candidate compound samples proximate to
the substrate doss not contact ihe substraie

33.  The method of claim 1, whergin tha subsiraie is contacted with
the plurality of liguid candidate compound samples whereby the liquid
candidate cornpound samples and a lool used to defiver the liquid
candidale compound samples to the substrate each contact the
substrate.

34, A method for screening sandidale compounds for an ability to

modulate the biological activity of 2 target, the method comprising:

(a) providing a substrate comprising & cell that expresses the target
and comprising an indicator, the subsirate adapied for receiving
at least about 384 candidale compounds;
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(b) contacting the substrate with a plurality of liquid candidate
compound samples to form e predetemmined pattem  af
candidate compourd samples on the subsirate, wheraby the
candidate compounds within the candidale compound samples
interact with the target within the predetermined patierm;

(c} deiscling a signal within the predetermined paitern, the signal
produced by the indicator upan interaction between ithe target
and a candidate compound; and

{¢) identifying & candidale compound as a modulator of the
biological activity of the target based upon an amount of signal
produced as compared g a conirol sample.

35.  The method of claim 34, wherein the substrate further comprises
a mairix selected from the group consisfing of a biological matrix
mediurn, a synthatic matrix medium, and combinations thereof.

36. The method of claim 35, wherein the biolagical matrix medium
further comprising a material selected from the group consisting of
agarose, collagen, laminin, basement membrane-deiived complex,
derivalives thereof, and compinations thereof.

37. The method of claim 38, whersin the agarose is low-melt
agarass,

38. The method of claim 34, wherein the indicater is selectad from
the group consisting of a fluorogenic compound, a fiuotescent
compound, a chemiluminescent compountd, a celorimedric compourd, &
radiolabeled compaund and combinations thereof.

30,  The method of claim 34, whersin the cell expresses the farget,
the indicator, or both the target and the indicator.
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40.  The method of claim 38, wherein the cell expresses two or more

targets.

41,  The method of claim 34, wherein the cell is selected from the
group consisting of a Xepopus malanocyte, a mammalian celf, a
bacterigl cell, & fungal cell and combinations thereof.

42, The method of claim 34, further comprising a combination of
salls, wherein each cell within the combination of cells expresses one
or maore targets.

43, The methad of claim 34, further comprising:

fa)  contacting the substrate with a ligand for the farget after loading
the candidale compaounds, whereby the candidate compounds
interact wilh the farget in the presence of the ligand within the
predetermined pattern;

{b} dotecting a signal within the predetermined patiem, the signal
produced by ihe indicaior upon blocking of an interaclion
between the target and the ligand; and

{c) identifing a candidate compound as a modulaior of lhe
bivlaglcal activity of the targst based upon an amount of signal

produced as compared to a contral sample.

44.  ‘The methed of claim 34, furlher comprising a plurality of cefis,
wherein the cells are mixed throughout the substrate.

45.  The method of daim 34, further comprising a plurafity of cells,
wherein the celis form a layer in the substrata.

48.  The method of claim 45, wherein the substrate further comprises
a matrix tayer formed on the layer of cells in the substrate, wharein the
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malrix fayer is posifioned 10 receive the plurality of candidate
compound samples.

47.  The method of claim 45, wherein the malrix layer comprises a
matrix sefected from the group consisting of a biolegical matrix
miedium, a synthetic mairix madiim, and combinations thereof.

48, The method of claim 47, whersin the biclegical matrix medium
further comprising a material selected from the group consisting of
agarose, collagen, laminin, basement membrane-derived complex,
detivatives thereof, end combinafions therest.

49, The method of claim 48, wherein the agarose is low-mei
agarose.

50.  The method of claim 34, wherein the plurality of liguid candidate
compound samples comprises a number squivalent ta & multiplier of a
number of liquid candidaie campound samples availabie from a source.

81,  The method of claim 50, wherein the multiplier is 2 number
ranging from 1 fo 26.

§2.  The method of claim 50, wheren the number of liquid candidate
compound samples available from the source is 88, 384 or 1,536.

53, The method of claim 34, wherein the plurality of fiquid candidaie
compound samples comprises at leest about 384 fquid cendidate

cempound samples.

54.  The method of claim 34, wherein the plurality of liquid candidaie
cempound samgples comprises al least gbhout 4,280 liquid candidate
compeund samples.
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55, The method of claim 34, whereln the plurality of liquid candidate
compound samples comprises at [easl about 1,536 liguid candidate

compound samples.

56. The method of cleim 34, whersin the signal is detected at a
plurality of time points after contacling the substrate with the plurality of
liquid candidate cempound sampies.

&7, The method of claim 56, wherein the step of identifying a
candidate compound as 2 modulator of the biclogical activity of the
target comprises a subfraction of a signal produced by the candidate
compound at an inital time- point from & signal produced by the
candidale compound af afinal time point.

58,  The method of claim 34, wherein the amount of signal produced
by a candidate compound is evaluated by analyzing a diameter of fhe
sighal, a volume of the signal, an area of the signal, a concavity of the
signal, & creularity of the signal or combinations thereof.

59.  The method of claim 34, wherein the substrate is contacied with
the plurality of liguid candidate compound samples whereby the liguid
candidate cormpound sampies touch the surface of the substrate and a
tool used ta place the liquid candidate compound samples proximate to
the subsirate doss not contast the substrate.

60, The method of claim 34, wherein the subsfraie is contacted with
the plurality of liquid candidale compound samples whereby the liquid
candidate compound samples and a tool used to deliver the liquid
candidate compound samples to the subsirale each confact fhe
substrate.
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61. A method for screening candidate compounds for an ability to

madulate the biological activity of a target, the method comprising:

{a) providing & subsirate comprising a plurality of cells forming a
layer in the substrate, where the cells express the target, the
substrate further comprising an indicator, the subsirate adapted
for receiving ai least about 1,536 candidate compounds;

(o) contacting the substrate with a pluralily of liguid candidate
compound samples to form a predetermined paltern of
candidate compound samples on the substrale, whereby the
candidate compounds within the candidate compound samples
interact with the target within the predetermined pattern;

(¢}  detecling a signat within the predetermined patiern, the signal
produced by the indicator upon interaction between the target
znd a candidate compound; and

(d) identifying a candidate compound as a modulzior of the
binlogical activity of the target based upon an amount of signal
produced as eompared to a control sampla.

§2. The methog of claim 61, wherein the substrate further comprises
a matrix layer foermed on the layer of cells in the substrate, wherein the
matrix layer s posiioned {0 receive the pluraliy of cendidale
compound samples.

63, The method of claim 62, wherein the matrix fayer comprises a,
matrix selected from the group consisting of a biological matrix
medium, a synthetic mafri medium, and combinations thereof.

64. The mathod of claim 63, wherein the biclogical matix medium
further tomprising a material selected from the group consisting of
agarose, coliagen, laminin, basement membrane-derived complex,
derivatives thereof, and combinations thereof.
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65.  The melhod of ¢aim 64, whereln the agarose is low-melt

agarnse.

§6.  The method of claim 64, whersin the indicator is selested from
the group consisting of & fiuorogenic compound, a flucrescent
compound, & chemiluminestent compound, a colorimetric compound, a
radiolabeled compound and combinations thereof.

67, The method of claim 61, wherain the cells express both the
target and the indicator.

68.  The method of claimm 83, wherein the cell expresses two or more
targets.

69. The method of claim 61, wherein the cells are selected from the
group consisting of a Xenopus melanccyle, a mammalian celi, a
bacterial cefi, a fungal cell and combinations thereof.

70.  The method of claim 68, further comprising a combination of
cells, wherain each cefl within the combination of cells expresses one

or more fargets.

71.  Tne method of ciaim 61, further comprising:

(a} contadling the substrate with a ligard for the targe? after loading
the candidate compounds, whersby the candidaie compounds
interact with the targat in the presence of the ligand within the
predetermined pattern;

(b) detectng a sigral within the predetermined pattem, the signal
produced by the indicator upon biocking of an interaction
between ihe target and the ligand; and
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(c) identifying a cendidate compound as a modulator of the
biological activity of the target kased upon an amount of signal
produced as compared o a contro! sample.

72, The method of claim 61, wherein the plurality of fiquid candidate
compound samples comprises a number equivalent fo a mulliplier of a
number of fiquid candidate compound samales available from a sourca.

73,  The method of claim 72, wherein the multiplier is 2 number

ranging from 1 to 25.

74.  The method of claim 72, wherein the number of liguid candidate
compound samples available from the source is 96, 384 or 1,538,

75, The methad of claim 81, wherein the plurality of liquid candidate
compound samples comprises af least about 384 liquid candidate
compound samples.

76. The method of claim 61, wherein the plurality of liguid candidate
compound samples comprises at lgast about 1,280 lquid candidate

compound samples,

77.  The melhod of ciaim 61, wherein the plurality of liquid candidate
compound samplas comprises at least about 1,636 liguid candidate
compound samples.

78. The method of cfaim 61, wherein the signal is detected at a
plurality of time points after contacting the substrate with the plurality of
tiquid candidate compound samples.

79.  The method of claim 73, whersin the step of identifying a
candidate compound as a modulafor of the bialogical activity of the
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target comprises a subtraction of a signal produced by the candidate
sompound at an initial fime point from a signal praduced by the
candidate compound at a final time poirt.

B0. The method of cisim €1, wherein the amount of signal produced
by a candidate compound is evaluated by analyzing a diametar of the
signal, a volume of the sional, an area of the signal, a concavity of the
signal, a circularity of the signal or combinations thereof.

81.  The method of ciaim 81, wherein the subsirate is contacled with
the plurality of liquid candidate compound samples whereby the liquid
candidate compound samples touch the surface of the substrate and a
ool used to place the liquid candidate compound samples proximate to
the substrate does nof contact the subsirate.

82. The method of ciaim 61, whersin the subsirate is sonlacied with
the: plurality of liquid candidate compound samples whereby the liquid
candidate compound samples and a tool usad to defiver the Hquid
candidate compound samples to the substrate each contact the

substrate.

B3. A method far screening candidaie compounds for an ability 1o

modulate the biclogical aclivity of a target, fiie method comprising:

{a) providing 2 subsirate comprising a matrix, an indicator and &
plurality of cells expressing a farget, wherein the plurality of
cells are suspended in the substrate, and wherein the substrate
is adapted for receiving a plurality of candidate compounds;

by contacing the subsirale with a plurality of candidate compound
samples in a manner wherein an identily of each candidate
compound can be defermined, and wherein the candidate
compounds within the candidate compound samples interact
with the target within the substrate;
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(¢) detecting a signal produced by the indicator upon interaction
beiween the target and a candidate compound, and

(d) identifying a candidate compound as a modulater of the
biologicai activity of the target based upon an amount of signal
produced.

84,  The method of claim 83, wherain the malrix furlher comprises a
material selecied from the group consisting of agarose, collagen,
laminin, basement membrane-derived complex, derivalives thereof,
and combinations thereof.

85 The method of claim 83, wherein the indicator is selecied from
the group consisting of a fluorogenic compound, a fuorescent
compound, & chemiluminescent compound, a colarimeiric compound,
4 radiclabeled compound and combinatinns thereof,

86. The method of claim 83, wherein the indicator is a reporter gene
expressed in the cell, the reporter gene expressing a detectabie gane
product,

87. The method of claim 86, wherein the indicator is preduced by
expression of the reporter gens and reaction of the reporter gene
product with a signal development reagent in the matrix.

88.  The method of claim 83, whergin the csfls are mammalian cefls.

89. The method of claim 83, wherein the cell expresses two or more
targets.

80, The method of claim 83, furiher comprising a combination of
Identical or different cells, wherein each celi within the combination of
celis expresses one or more targets.
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G1. The method of ciaim 80, further comprising a combination of
identical ar different cells, wherain eaeh cell within the combination of

cells expresses cne or more fargets, and ons or more reporter genes.

82.  The method of claim 21, wherein the substrate further comprises
a solid support that is colored ta facilitate detection of the signal.

83.  The methed of claim 82, wherein the color of the solid support is

white.

4. The method of claim 83, wherein the candidaie compounds are
conjugated to beads, and the method further comprises cleaving the
candidate compounds from the beads.

95.  The method of ciaim 94, wherein the candidate compounds are
cleaved from the beads by exposing the beads to ultraviolet light.

95. The method of claim 85, wherain the beads are contacted with
the substrate by mixing the heads with the cells and the matrix and
pouring the mixture of beads, matix and celis onic a support, 1o
thereby form the substrate on the support.

97 The method of claim 96, further comprising the steps of:

@) incubating the substrate for a predetermined time at a
pradetermined temperature; and

(b)  contacting the substrate with a signal development reagent after
the incubating of step (a), whereby the indicator is produced by
expression of the reporter gene and reaction of the reporter
gens product with the signal development reagent.
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98. The method of claim 83, wherein the plurality of candidate
cormpound samples comprise liquid candidate compound samples,

99, The method of claim 83, wherein the signal is detected by
acquiring an image of the subsirate.

100. The method of claim 99, wherein the image of the signal is
acquired by focusing the signal from the substrate on a CCD camera

chip via a telecentric lens

104. The method of claim 99, wherein the detecling of the signal

" further comprises:

@) digitizing the image;

(b)  cveraying the Image with a grid comprising a plurality of grid
units, and

) determining an average aray intensity value by scanning sach
of = predetermined number of grid units around the signal and
averaging a gray intensity value of each grid unit in the
predetermined number of grid units.
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