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Abstract

Regulated phosphorylation by protein tyrosine kinases (PTKs) such as c-Abl, is critical to cellular
homeostasis. In turn, once deregulated as in the Chronic Myeloid Leukemia (CML) fusion protein
Ber-Abl, PTKs can promote cancer onset and progression. The dramatic success of the Ber-Abl
inhibitor imatinib as therapy for CML has inspired interest in other PTKSs as targets for cancer drug
discovery. Here we report a novel PTK activity and inhibition screening method using hydrogel-
immobilized peptide substrates. Using acrylate crosslinkers, we tether peptides via terminal cysteines
to thiol-presenting hydrogels in 96-well plates. These surfaces display low background and high
reproducibility, allowing semi-quantitative detection of peptide phosphorylation by recombinant c-
Abl or by Ber-Abl activity in cell extracts using traditional anti-phosphotyrosine immunodetection
and chemifluorescence. The capabilities of this assay were demonstrated by performing model
screens for inhibition with several commercially available PTK inhibitors and a collection of
pyridopyrimidine Src/Abl dual inhibitors. This assay provides a practical method to measure the
activity of a single kinase present in a whole cell lysate with high sensitivity and specificity as a
valuable means for efficient small molecule screening.
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Introduction

Phosphorylation by tyrosine kinases is a crucial signaling mechanism in pathways that control
cellular development and proliferation. Consequently, these signals are normally tightly

regulated by the cell and aberrant expression or activity of these kinases can have devastating
results. For example, the c-Abl kinase signals at critical points in the growth and differentiation
of hematopoetic cells. The Ph1l reciprocal translocation of chromosomes 9 and 22 [1] results
in the fusion gene BCR-ABL [2]. In the Bcr-Abl gene product, the autoinhibitory domain of
c-Abl is replaced with the amino terminal dimerization domain of Ber [3,4], thereby disrupting
the normal regulation of the kinase. As a result, Ber-Abl displays constitutive protein tyrosine
kinase activity towards c-Abl substrates. The resulting deregulation of proliferation and
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survival signals in hematopoietic stem cells predisposes to incomplete myeloid differentiation
and Chronic Myeloid Leukemia (CML) [5].

The finding that Bcr-Abl activity underlies the CML phenotype rationalized a search for small
molecule inhibitors of the Abl kinase as potential drugs. A pioneering research effort by Druker
and colleagues revealed that imatinib mesylate (IM) (also called CGP57148B or ST1571) could
inhibit Ber-Abl kinase activity, eliminate circulating CML cells and induce durable remission
in chronic phase CML patients, leading to the first approved tyrosine kinase inhibitor drug
(sold as Gleevec, Novartis) [6]. However, a significant fraction of chronic phase patients
develop imatinib resistance and patients in advanced stages of CML typically fail to respond
to imatinib at all. Chronic phase resistance is usually associated with point mutations in the
Abl kinase catalytic domain that antagonize imatinib binding, but can also be a result of BCR-
ABL gene amplification [7,8]. In the face of increased incidence of resistance to imatinib, two
second generation agents have been approved, the 2-phenylaminopyrimidine AMN107
(Nilotinib, sold as Tasigna, Novartis) [9] and the 2-aminothiazole BMS-354825 (Dasatinib,
sold as Sprycel, Bristol-Myers Squibb) [10]. Other agents remain under preclinical
development and/or in clinical trials [11-17]. Several highly promising compounds that remain
under study in the laboratory come from the pyrido-pyrimidine class of dual Src/Abl tyrosine
kinase inhibitors, the best characterized of which are PD173955 [18], PD180970 [19] and
PD166326 [20-22].

To expand CML drug development efforts and discover new lead compounds to combat or
circumvent resistance requires efficient, biologically-relevant kinase assays, such as methods
to detect Ber-Abl activity in vivo. In turn, there is a clear need for Ber-Abl kinase assays for
clinical use where they could facilitate CML diagnosis, disease monitoring, detection of
imatinib resistance, and selection of second-line therapy. Kinase assays designed to address
these challenges must be reproducible, specific and robust. The ideal for these assays would
be to measure the endogenous kinase activity in living cells or cell lysates. However, it can be
challenging to follow the activity of a single kinase in such complex samples.

Conventional kinase assays based on detecting incorporation of the terminal phosphate from
ATP-y-32p, -33p or -355 (thiophosphate) are subject to artifacts such as nucleotide dilution and
hydrolysis in cell lysate. While immunodetection with phospho-amino acid or phospho-peptide
specific antibodies can obviate the need for radioactive tracers, phosphorylated proteins in cell
extracts can produce confounding background signals. Here, solid-phase (heterogeneous)
kinase assays with immobilized substrates have clear advantages. In typical solid-phase
enzyme-linked immunosorbent assays (ELISA), an exogenously prepared protein or peptide
substrate is captured on the surface of a 96-well plate either before or after being treated with
akinase. The phosphorylated substrate can be probed with a phospho-specific primary antibody
and an enzyme-conjugated secondary antibody to detect phosphorylation [23]. ELISA-format
kinase assays are particularly suitable for medium-throughput targeted-library screens,
secondary screens, and as a follow-up to medicinal chemistry [24,25].

However, reproducibly tethering peptides or proteins onto surfaces so that they remain
accessible to the kinase is not always straightforward, as their diverse chemical properties can
lead to unanticipated interactions with surfaces [26-29]. Yet, the surfaces must be well
passivated as non-specific adsorption of phosphorylated proteins from kinase reactions and/or
cell lysate can cause background and obscure the signal. A number of approaches have been
used to immobilize peptides and proteins to surfaces for kinase assays, including peptide
synthesis in situ [30,31], direct covalent attachment to aldehydic surfaces [32], use of biotin
or epitope tags to attach to functionalized surfaces [33], covalent attachment by native chemical
ligation of amino-terminal cysteines to activated glass [34], covalent or adsorptive attachment
to self-assembled monolayers of alkanethiols on gold surfaces [35], and co-polymerization into
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polyacrylamide gel pads [36]. While each of these approaches has advantages, as yet, no simple
method that displays a high density and accessibility of substrate, resistance to non-specific
protein adsorption, simple detection and high mechanical and chemical stability has been
described. Each of these criteria needs to be met to ensure sensitivity, specificity and
reproducibility in real-world applications such as multiwell screening.

Inthe method described here, we report a strategy for covalentimmobilization of peptide kinase
substrates in an acrylamide hydrogel in a 96-well plate format. Using the Abl kinase substrate
“Abltide” (CEAIYAAPFAKKK) [37] attached to the acrylamide surface through conjugate
Michael addition chemistry, we analyzed the activities and responses to small molecule drugs
of recombinant c-Abl and Bcr-Abl present in the human erythroleukemia cell line K562.
Phosphorylated Abltide was detected in an ELISA-style manner using an anti-phosphotyrosine
antibody, a horseradish-peroxidase conjugated secondary antibody and chemifluorescent
detection.

Materials and Methods

Cell culture

Chemicals were obtained from Sigma-Aldrich (St. Louis, MO, U.S.A.) unless otherwise
specified.

K562 cells [38] were cultured at 37 C and 5% CO, in RPMI-1640 medium containing 10%
(v/v) heat-inactivated fetal bovine serum, 1% (v/v) penicillin/streptomycin, and 4 mM L-
glutamine.

Cell extract preparation

Whole cell lysates were prepared in PhosphoSafe Extraction Reagent (Novagen, San Diego,
CA, U.S.A)). Briefly, cells were washed with ice-cold PBS and incubated in 50 ul PhosphoSafe
per 106 cells on ice for 20 min, briefly agitated with a vortex mixer, and centrifuged at 4°C for
10 min at 16,000 x g. The supernatant was collected and analyzed by Bradford assay using
Coomassie Protein Assay Reagent (Bio-Rad Laboratories, Hercules, CA, U.S.A)).

Kinase inhibitors

Imatinib mesylate (Novartis, East Hanover, NJ, U.S.A.) was kindly provided by Dr. Wendy
Stock (University of Chicago, Chicago, IL). AG957 and Genestein were purchased from
Calbiochem (San Diego, CA, U.S.A.). The Screen-Well™ Kinase Inhibitor Library, a set of
80 ATP-competitive kinase inhibitors, was purchased from BioMol (Plymouth Meeting, PA,
U.S.A)). All the compounds were dissolved and further diluted in dimethyl sulfoxide (DMSO).

PD166326, PD173955, and PD180970 and a focused compound library of 24 other pyrido[2,3-
d]pyrimidine-7-one class multi-targeted kinase inhibitors were synthesized using methods
developed by Klutchko et al. [39] and Boschelli et al. [40]. In short, a variety of aniline and
amine derivatives were coupled with 6-(2,6-dichloro-phenyl)-2-methanesulfonyl-8-
methyl-8H-pyrido [2,3-d] pyrimidin-7-one to generate a focused library.

Peptide synthesis and yield

The Cys-Abltide substrate peptide (Cys-AT), CEAIYAAPFAKKK, and the Cys-Abl SH3
ligand (Cys-AL), CGGAPTYSPPPPPLL, were synthesized using solid-phase Fmoc chemistry
on a Prelude Parallel Peptide Synthesizer (Protein Technologies, Tucson, AZ, U.S.A.). The
synthesized peptides were purified using a C18 reverse phase column on an Agilent 1200 series
LC/MS (Santa Clara, CA, U.S.A.) and analyzed with an Applied Biosystems 4700 MALDI
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TOF/TOF MS (Foster City, CA, U.S.A.). The lyophilized peptides were dissolved in H,O and
concentrations were determined using Beers’ Law from absorbance at 280 nm.

Immobilization of peptides

We adapted the ez-rays™ hydrogel multiwell plates from Matrix Technologies (Hudson, NH,
U.S.A)) to immobilize our cysteine-labeled peptides on the surface. The ez-rays surface is a
copolymer of acrylamide crosslinked with cystamine bisacrylamide which can be reduced to
present reactive thiols for covalent immobilization of biomolecules [41]. Working at room
temperature (24°C), the hydrogel surfaces were activated using 50 ul per well of 50 mM tris
(2-carboxyethyl)phosphine (TCEP) for 30 min. The plates were washed three times with H,O
in an ELx 405 plate washer (BioTek Instruments, Winooski, VT, U.S.A.). Activated hydrogel
was next functionalized using 50 pl per well of 25 mM bisacrylamide or a Sartomer (Exton,
PA, U.S.A.) water soluble acrylate linker in 100 mM NaHCOs, pH 8.4 for 30 min followed
by three washes with H,O. The remaining unreacted thiol groups were blocked with 50 ul per
well of 2 M sodium acrylate in 100 mM Na,COg3, pH 10.0, for 30 min and washed three times
with H,0. The peptides were diluted in 100 mM NaHCO3 pH 8.4 at the indicated
concentrations and 25 pul per well was added to the acrylamide-activated hydrogel surface for
1 h. Water soluble acrylates were kindly provided by Sartomer.

Kinase assays and immunodetection

The standard assay conditions are as follows. The surfaces were blocked against residual non-
specific protein adsorption using 10% (w/v) BSA in 50 mM Tris, pH 7.5 for 1 h. The
immobilized peptides were then subjected to kinase assays with 25 ug cell extract at 37 C or
0.005 U recombinant c-Abl (Upstate, Charlottesville, VA, U.S.A.) at 30 C in 50 pl kinase buffer
(10 uM ATP, 50 mM Tris pH 7.5, 10 mM MgCl,, 1 mM DTT, 1 mM EDTA, 0.01% Brij 35
(v/v) and 1X complete protease inhibitor cocktail (Roche, Mannheim, Germany)). After the
kinase reaction, the plate was washed six times with 2% SDS (w/v) in Tris-buffered saline (20
mM Tris, 137 mM NaCl, pH 7.6) in the ELx 405 plate washer.

Surfaces were further blocked for immunodetection with 10% BSA (w/v) in TBS-T (50 pl per
well, 20 mM Tris, 137 mM NacCl, 0.1% Tween (v/v), pH 7.6) at 4°C for 1 h, followed by
incubation with 50 pl per well of 1:1000 4G10 mouse anti-phosphotyrosine monoclonal
antibody (Millipore, Billerica, MA, U.S.A.) in 5% BSA (w/v) in TBS-T for 1 h at 4°C. Plates
were washed three times with TBS-Tand incubated with 50 pl per well of 1:2000 horseradish
peroxidase (HRP) conjugated sheep anti-mouse 1gG secondary antibody (Amersham,
Piscataway, NJ, U.S.A.) in 5% BSA (w/v) in TBS-T for 30 min at 4°C followed by three washes
with TBS-T.

For chemiluminiscent detection, SuperSignal West Pico chemiluminescent reagent (Pierce,
Rockford, IL, U.S.A.) was added to the plates (50 pul per well) and the glass-bottom hydrogel
plate was exposed to autoradiography film (Phenix, Hayward, CA, U.S.A.). The films were
scanned using a ScanMaker 6800 (Microtek, Hsinchu, Taiwan) and quantitated with Quantity
One software. For chemifluorescent detection, Amplex Red (Invitrogen, Carlsbad, CA, U.S.A.)
was added to the plates (100 pl per well, 50 pM Amplex Red reagent, 1 mM H,0, in 50 mM
sodium phosphate, pH 7.5). Fluorescence of Amplex Red reactivity was scanned by a Bio-Rad
Molecular Imager FX with excitation wavelength 532 nm and emission wavelength 590 nm
and quantified with Quantity One software.

Statistical analysis of assay dynamic range and reproducibility

For statistical analysis of assay performance, the density of each well was determined with
Quantity One software (BioRad) and the fluorescence reading was normalized by dividing by
the mean of the negative controls (100 uM imatinib). The ratio of signal-to-background was
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calculated by: ((Xpos)/( Xneg))- The signal-to-noise ratio was calculated as: ((Xpos- Xneg)/
(oneg))- The Z-factor, a dimensionless statistic representing both dynamic range and variability
across multiple samples, was calculated with the formula: (1-((3cpos+30neg)/(Xpos-Xneg)))
[42]. A Z-factor of 1.0 represents ideal performance, but ones greater than 0.5 are considered
adequate for screening assays.

Development of kinase assays with hydrogel-immobilized peptide substrates in 96-well

plates

To detect c-Abl and Ber-Abl activity, we covalently crosslinked Cys-AT

(CEAIY AAPFAKKK), the synthetic substrate peptide Abltide [37] bearing an amino-terminal
cysteine, to an ez-rays hydrogel surface by two Michael addition conjugations (Fig. 1). We
used ez-rays, a glass substrate coated with a surface film of polyacrylamide crosslinked with
cystamine bisacrylamide, yielding a hydrogel with a high density of embedded disulfide bonds.
Reducing agents such as TCEP generate free thiol groups that can be functionalized via reaction
with alkylating agents or conjugate (Michael) addition.

In our initial studies, Cys-AT was immobilized on the hydrogel surface via bisacrylamide and
reacted with K562 lysate. The phosphorylated peptide was detected with anti-phosphotyrosine
antibody, horseradish-peroxidase conjugated secondary antibody and chemiluminiscence. The
background signal from no substrate peptide was very low and phosphorylation signal
increased with peptide concentration (Fig. 2A, left). We then optimized a number of factors
affecting sensitivity and background in the kinase assay. Combining Cys-AL
(CGGAPTYSPPPPPLL), a high affinity peptide ligand for the Abl SH3 domain [43], with the
Cys-AT improved assay sensitivity, presumably by recruiting the kinase to the surface (Fig.
S1). We then evaluated several Sartomer bis-, tri-, and tetra-acrylate polyethylene glycol (PEG)
crosslinkers (Fig. 2B) as a means to increase the concentration and/or accessibility of Cys-AT
and Cys-AL on the hydrogel surface. The branched PEG linkers all gave superior results to
bisacrylamide but SR415 yielded the strongest phosphorylation signal without compromising
the apparent signal to noise ratio (Fig. 2A, right). Consistent with these results, compared to
bisacrylamide, SR415 markedly increased the density of peptide on the hydrogel surface (Fig.
S2). Comparison of detection methods demonstrated higher sensitivity for chemiluminiscence
but superior reproducibility and linearity for chemifluorescence, particularly for Amplex Red,
an HRP substrate that yields a red fluorescent product (data not shown).

Combining SR415 tethering with Amplex Red detection, we observed that Cys-AT with Cys-
AL vyielded an increased phosphorylation signal over Cys-AT alone (Fig. 2C). Significantly,
even though Cys-AL contains a tyrosine, little or no phosphorylation was measured after
incubation with lysate. Under these conditions, recombinant c-Abl gave a maximum signal
after 1 h with 0.005 U (0.05 pl) of enzyme at 30°C (Fig. 3A). K562 extracts (i.e. Ber-Abl
activity) gave the highest signal after 30 min with 25 pug of cell lysate at 37°C (Fig. 3B). The
control wells lacking c-Abl or Ber-Abl kinase, lacking peptides, or empty except Amplex Red
all gave little or no signal. While c-Abl without added ATP displayed similarly low
background, the negative control lacking additional ATP in the Bcr-Abl reaction displayed
substrate phosphorylation, likely reflecting cellular ATP present in the cell extract. From these
results 10 uM added ATP, 0.05 mM Cys-AT and Cys-AL, 30 min incubation, 0.05 ul c-Abl
at 30°C or 25 ug K562 extract at 37°C, and Amplex Red detection were established as the
standard conditions.

To characterize the assay, we examined the reproducibility of phosphorylation from well to
well. Using imatinib to fully inhibit Bcr-Abl activity in K562 cell lysate, we quantitated
fluorescence in 32 wells to which 0 (fully active) or 100 uM (fully inhibited) imatinib was
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added. These data yielded a signal to background of 15.3, a signal to noise of 82.8 and a Z-
factor [42] of 0.74 (Fig. 4). These values represent satisfactory performance for a biochemical
screening assay.

Model drug screens using this kinase assay

We examined this kinase assay as a tool to compare small molecule kinase inhibitors in a model
screen using K562 cell lysate. The kinase reaction was found to be tolerant of DMSO up to a
final concentration of 10% (v/v, not shown). The effects of six well-characterized tyrosine
kinase inhibitors were assayed in a dilution series from 1 mM to 10 nM (Fig. 5). The highest
potency was observed for the pyridopyrimidine dual Src/Abl inhibitors PD166326, PD173955
and PD180970. The apparent ICsq, the concentration at which phosphorylation was decreased
by 50%, was in the nanomolar range in each case. The first generation chronic myeloid
leukemia therapeutic agent imatinib yielded a micromolar 1Csq while the tyrphostin AG957
yielded an ICxgq in the millimolar range. The general tyrosine kinase inhibitor genestein was
comparable to AG957 in this assay. The relative potency and ICgq observed for the six
compounds was generally consistent with literature values [20,44].

As a further demonstration of the assay as a tool for compound screening, we examined
representative compounds from a focused library of structurally-related pyridopyrimidine Src/
Abl kinase inhibitors. Pyridopyrimidine compounds are well-characterized and their structure-
activity relationships have been studied at length [21,45,46]. These analyses have shown that
the substitution of the amino group on the carbon at position 2 (C-2) significantly affects the
inhibitory activity. Several of the most potent pyridopyrimidine inhibitors such as PD166326,
PD173955, PD173958, PD173956 and PD180970 all share a secondary aniline substitution at
C-2. These compounds all yielded an apparent ICsg of 100 nM or less for inhibition of Bcr-
Abl in K562 extracts in this assay (Figs. 5 and 6). From a focused library of pyrido[2,3-d]
pyrimidine-7-ones that explored variously substituted anilines at C-2, five compounds,
DV2-43, DV2-47, DV-87, DV2-273, and DV2-289, also displayed apparent 1Cgg values of
100 nM or less (Fig. 6). Of these DV2-43 and DV2-289 appeared to have the greatest activity.
DV2-287, which lacks the aniline substitution at C-2, scored as a weaker inhibitor. DVV2-103
which has a tertiary alkyl substituted amine, displayed no inhibition even at 1 uM. Further
applications of this assay, including a screen of all 27 pyridopyrimidine compounds from this
focused library (Fig. S3) and a screen of 80 kinase inhibitors in the presence of imatinib
sensitization, are provided in Supplementary Data (Fig. S4 and Table S1).

Discussion

Our strategy for covalently tethering peptide substrates to acrylamide hydrogels offers several
advantages. Background due to non-specific protein binding can be a significant confounding
factor in antibody-based detection. Acrylamide hydrogels can passivate the glass surface and
provide lower non-specific protein adsorption than poly-L-lysine or aldehydic surfaces [36,
47]. Immobilization of substrates for solid-phase assays can also present challenges. The
attachment chemistry described here is simple and reproducible, allowing straightforward,
modular immobilization of peptides in a controlled orientation via cysteine. Multi-functional
PEG linkers such as SR415 increased sensitivity by providing higher functionalization density
without losing surface passivation.

We demonstrated that adding a recruitment peptide along with substrate enhanced substrate
phosphorylation by Bcr-Abl kinase. We also showed that the assay provides a tool for rapidly
and reproducibly screening small molecules for Ber-Abl inhibition. This general approach
should be readily adaptable to other protein tyrosine kinases for which sensitive and specific
peptide substrates and affinity domain ligands have been identified.
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In conclusion, we have demonstrated a kinase assay to measure the activity and inhibition of
either Ber-Abl from a cell extract or recombinant c-Abl using peptides immobilized in a
hydrogel-coated 96-well plate. The chemistry employed for linking the peptide substrates to
the hydrogel is simple and robust. The practicality of the method should make it useful for
analysis of kinase activities in whole cell lysates and characterizing new small molecule
tyrosine kinase inhibitors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Basic strategy for immobilization, kinase reaction and immunodetection. Peptides are tethered
to a hydrogel in multiwell plates via multivalent crosslinkers, subjected to phosphorylation by
kinases, and then interrogated with anti-phosphotyrosine antibody and secondary antibody-
horseradish peroxidase conjugate with detection by chemifluorescence.
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Fig. 2.

Phosphorylation of peptides by K562 lysates. (A, left) A titration of Cys-Abltide was attached
to the surface in duplicate at the indicated concentrations, reacted with 25 png K562 cell lysate,
and detected by antibody and chemiluminiscent reagents as described in Materials and
Methods. (A, right) The hydrogel surface was activated and then linked with different bis-, tri-,
and tetra-acrylates. Cys-Abltide (Cys-AT) and Cys-Abl ligand (Cys-AL) were added ina 1:1
ratio at 0.25, 0.1, 0.05, 0.02, 0.01 and 0.005 mM. The kinase assay was performed as described
in Materials and Methods with detection by chemiluminiscence. (B) Chemical structures of
bisacrylamide and the Sartomer bis-, tri-, and tetra-acrylates: SR344, polyethylene glycol (400)
diacrylate; SR415, ethoxylated (20) trimethylolpropane triacrylate; SR499, ethoxylated (6)
trimethylolpropane triacrylate; SR494, ethoxylated (5) pentaerythritol tetraacrylate; SR295,
pentaerythritol tetraacrylate. (C) After activation and SR415 attachment, the wells were treated
with the peptides (Cys-AT alone, Cys-AL alone and Cys-AT/Cys-AL combined) in duplicate
at the indicated concentrations. The kinase reactions and immunodetection with
chemifluorescence were performed as described in Materials and Methods. Image shows
accumulation of resorufin, the fluorescent Amplex Red reaction product, proportional to
relative phosphorylation in each well.
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Fig. 3.

Dependence of kinase reaction on reaction time and kinase amount. Peptides (0.05 mM of Cys-
AT and Cys-AL) were tethered to hydrogels in wells as describe in Materials and Methods.
(A) Recombinant c-Abl: Kinase reactions were performed with 0.005, 0.01, 0.025, 0.04 and
0.05 pl c-Abl (0.1U/pl) in kinase buffer for 5, 15, 30, and 60 min. (B) K562 lysate: Kinase
reactions were performed with 5, 10, 25, 40, or 50 pg of K562 cell lysate in kinase buffer for
5, 15, 30, or 60 min. Each panel shows a scan of Amplex Red reaction product on the top and
a plot of total well fluorescence on the bottom. Control wells on the right are pairs of mock
reactions lacking kinase (c-Abl or Ber-Abl), lacking peptides, lacking ATP, or empty wells to
which the Amplex Red detection reagent was added.
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Evaluation of well-to-well consistency within the assay. (A) The kinase assay was performed
using the standard assay conditions with or without 100 uM imatinib as negative and positive
controls. (B) Plot of fluorescence intensity of wells after 30 min incubation with Amplex Red.
Relative intensity was determined by dividing total well fluorescence by the mean intensity of
the wells containing 100 uM imatinib. The signal to background, signal to noise, and Z-factor
were calculated as described in Materials and Methods.
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Fig. 5.

Model screen with known inhibitors. The kinase assay was performed with K562 lysates using
the standard assay conditions in the presence of inhibitors at varying concentrations (102 to
108 uM).
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Model structure-activity screen of ten pyridopyrimidine compounds and controls. The kinase
assay was performed with K562 lysates using the standard assay conditions with varying

concentrations of each inhibitor (1 to 1000 nM).
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