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Kinases represent attractive targets for drug discovery. Eight small-molecule kinase inhibitors are currently marketed in the
area of oncology, and numerous others are in clinical trials. Characterization of the selectivity profiles of these compounds
is important to target appropriate patient populations and to reduce the potential of toxicity due to off-target effects. The
authors describe the development, validation, and utilization of a biochemical kinase assay panel for the selectivity profiling
of inhibitors. The panel was developed as 29 radiometric Flashplate™ assays, and then an initial 13 were transitioned to a
nonradiometric Caliper mobility shift assay format. Generation of high-quality data from the panel is detailed along with a
comparison of the assay formats. Both assay technologies were found to be suitable for panel screening, but mobility shift
assays yielded higher data quality. The selectivity data generated here should be useful in computational modeling and help
facilitate, in conjunction with sequence and structural information, the rational design of inhibitors with well-defined selectivity
profiles. (Journal of Biomolecular Screening 2009:31-42)
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INTRODUCTION

K INASES REPRESENT A LARGE CLASS of potential drug tar-
gets, a number of which have been heavily pursued by

the pharmaceutical industry in recent years. More than 500 pro-
tein kinases have been identified, and many are linked to dis-
ease processes.1 Eight small-molecule protein kinase inhibitors
are currently on the market in the United States, including suni-
tinib, which was launched in 2006 for the treatment of gas-
trointestinal stromal tumors (GISTs) and advanced kidney
cancer (renal cell carcinoma [RCC]).2 All of these marketed
compounds are anticancer agents, but numerous others are cur-
rently in clinical trials for oncology and nononcology indica-
tions.3 As the applications for kinase inhibitors expand beyond
oncology to other diseases requiring more chronic treatments,
characterizing their selectivity profiles increases in importance
to reduce the potential of adverse side effects. A number of the
marketed inhibitors for oncology have also been associated
with toxicities from off-target effects, despite the fact that their
safety profiles are generally good.4 Overall, information from

selectivity profiling can assist in the selection of optimized lead
compounds that avoid targeting kinases implicated in toxic events.

As knowledge surrounding the molecular basis of disease
continues to grow, the potential to improve efficacy of targeted
therapy expands as well.5 A demonstration of this lies with the
example of anti–epidermal growth factor receptor (EGFR)
therapy and non–small cell lung cancer (NSCLC) (reviewed in
Baselga6). Erlotinib and gefitinib, 2 agents that target EGFR,
were found to be modestly effective against NSCLC in clinical
trials with unselected patient populations.7,8 Specific subsets of
patients in these trials were identified that had a better response
to the therapy, and subsequently, correlations were made
between positive response and mutations in EGFR.9,10 This
illustrates nicely how an understanding of disease mechanisms
and information on drug targets can combine for more effica-
cious treatments. The prospect of rationally designing mole-
cules to inhibit multiple specific targets also exists—for
example, to increase efficacy in complex disease processes
and/or to overcome drug resistance.5 This will likely involve an
intricate balance of inhibiting relevant targets and avoiding
those associated with toxicity. Sunitinib and sorafenib are cur-
rently marketed compounds that are considered to be multitar-
geted kinase inhibitors,11,12 but much work still needs to be
done in the field to more fully define disease pathways, favorable
combinations of targets to inhibit, and mechanisms of toxicity
for the design of optimal therapeutics.13
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Selectivity of small molecules can be assessed using a vari-
ety of methodologies (reviewed in Krishnamurty and Maly14

and Luo15). As the majority of known kinase inhibitors target
the adenosine triphosphate (ATP) binding site, a number of
technologies that measure selectivity in vitro concentrate on
detecting ATP-competitive compounds. One example is a bind-
ing assay using phage display, developed by Ambit (San Diego,
CA). With this method, human kinases are expressed as T7 bac-
teriophage fusions. Immobilized ligands are used to capture the
bacterially expressed kinases by their ATP binding sites, and
unmodified test compounds are assayed for the ability to com-
pete the kinases away from the ligand.16 This method has been
successfully used to profile a number of kinase inhibitors for
selectivity against panels of 119 kinases16 and 317 kinases.17

One advantage to using this technology is the large number of
available kinases, but it may be best used as complementary to
more functional approaches to confirm that any detected bind-
ing is physiologically relevant.

More traditionally, selectivity of compounds has been
assessed using panels of biochemical kinase assays.14 Multiple
vendors provide this kinase selectivity screening as a fee for ser-
vice, with the number of available assays well into the hun-
dreds.18 However, establishing and running a panel of kinase
assays internally offers benefits such as throughput, cost, and
flexibility. In this article, we describe the development and exe-
cution of a 29-kinase assay panel in a radiometric assay format
and the conversion of 13 assays to a nonradiometric mobility
shift format. The 29 kinases include representatives of all the
major branches of the kinome1 in an attempt to capture the most
diversity possible. Assay development and high-throughput
screening (HTS) are detailed with a focus on obtaining high-
quality data from the panel, along with a comparison of assay
formats. Use of this panel to assess the selectivity of kinase
inhibitors should complement other technologies in allowing for
the design of molecules with well-defined selectivity profiles.

MATERIALS AND METHODS

Kinase production, characterization, and assay optimization

Eleven kinases were purchased from Upstate (Millipore,
Billerica, MA): 3 as N-terminal GST tagged (CHK1, FGFR1,
and ERK2), 7 as N-terminal HIS (GSK3β, LCK, ABL, SRC,
PDK1, SGK, and MET), and 1 as N-terminal HIS and GST
(CK2). Three kinases were purchased from Invitrogen
(Carlsbad, CA): 1 as an N-terminal HIS tagged (CDK2 plus N-
terminal HIS CyclinA), 1 C-terminal HIS (NEK2), and 1
untagged (PKCβII). EGFR was purchased from Cell Signaling
Technology (Danvers, MA) as N-terminal HIS and GST
tagged. Fourteen kinases were expressed and purified inter-
nally: 11 N-terminal GST (PKA, p38α, MK2, PAK4, TAOK3,
TRK-A, INSR,VEGFR-2,AKT1, JAK3, and MASK), 2 N-terminal
HIS (IKKβ and AURA), and 1 N-terminal FLAG tagged (IKKi).

All kinases were of human origin with the exception of IKKβ,
which was from rat.

Internally generated GST-tagged proteins were purified
using a Tris buffer system. Subsequent chromatographic steps
were used in some cases to further purify the kinase (e.g., ion
exchange, heparin). For HIS-tagged proteins, standard purifica-
tion was followed by a Q ion exchange chromatography step.
Purity and identity were verified by Western blotting using a
specific antibody (if available), N-terminal sequencing, mass
spectroscopy, and sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS-PAGE). Typical purity for all proteins
was >90%.

Optimization of radiometric assays with respect to activity,
specific peptide substrate identification, reaction buffer condi-
tions, and kinetic characterization of the kinases was performed
using a coupled nicotinamide adenine dinucleotide (NADH)
spectrophotometric assay.19 Caliper assays were optimized in a
similar manner but using the mobility shift assay format.
Peptide substrates for each assay were found by using pub-
lished sequences or an internal peptide library. Reaction buffers
were generally uniform to facilitate running the assays together
in the panel. Buffers typically consisted of HEPES, optimal
divalent cation concentration (Mg2+, Mn2+, or both), detergent
(Brij-35), and dithiothreitol (DTT). For the CK2 assay, 150
mM NaCl was also included in the reaction buffer, and for
PKCβII, 60 μM CaCl2 was added in addition to mixed micelles,
consisting of 10 μg/mL phosphatidylserine (PS) and 50 ng/mL
phorbol 12-myristate 13-acetate (PMA). A number of kinases
also required a preincubation with ATP or ATP plus peptide
substrate to be fully activated before use in the reactions.

Kinase panel screening and compounds

All assays were performed in 384-well polypropylene assay
plates. Five μL of 5× concentration compound in 3.75%
DMSO was first added to the plates; 10 μL of 2.5× enzyme in
1.25× kinase buffer was added, followed by a 15-min preincu-
bation at room temperature; and 10 μL of a 2.5× mixture of
peptide substrate and ATP in 1.25× kinase buffer was added to
initiate the reaction. Each assay was run at the apparent Km

(Km,app) concentration of ATP and at a fixed low concentration
of peptide (typically 6 μM for radiometric assays and 1.5 μM
for mobility shift assays), with an incubation time previously
determined to be within the linear reaction range. Reactions
were stopped by the addition of EDTA to a final concentration
of 20 mM. For percent inhibition screening, compounds were
tested in duplicate at both 10 μM and 1 μM. For IC50 measure-
ments, 11-point dose-response curves were done starting at 30
μM, with 2.5× dilutions. Each plate included 16 full-activity
control wells with no compound along with 16 no-reaction con-
trols in which 20 mM EDTA was added before substrate.

For radiometric assays, tracer amounts of gamma 33P-
labeled ATP were included in the reaction. After reactions were
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stopped, 25 μL was transferred to PerkinElmer (Waltham, MA)
Flashplates™. Plates were then washed with 50 mM HEPES,
soaked for 1 h with 500-μM unlabeled ATP, and rewashed
before reading in a TopCount. For mobility shift assays, after
the reactions were stopped, the plates were read on a Caliper
LC3000 using a 12-sipper chip and separation conditions
that were optimized for each kinase. Product-to-sum ratios,
indicative of percent conversion from substrate to product,
were taken as the assay signal. For each assay, 10% to 30%
conversion was targeted as optimal for reproducible screening
results. Specified compounds were purchased from Biomol
International (Plymouth Meeting, PA). Other compounds
screened were part of Pfizer’s internal compound collection
(Pfizer, New York).

Data analysis

Percent inhibition values were calculated relative to full-
and no-activity controls in the following way: [(F – S)/(F – N)]
*100%, where F = average signal for full-activity controls, S =
signal for sample, and N = average signal for no-activity con-
trols. IC50 values were calculated from dose-response curves
using JavaFitter software. Correlation plots were generated and
assay development data were fit using GraphPad Prism soft-
ware. Heat maps of percent inhibition activity were created
using Spotfire DecisionSite.

For estimated IC50 calculations from percent inhibition val-
ues, data transformation was first done by applying the follow-
ing equation20: IC50 = [(100 – percent inhibition at C)/percent
inhibition at C] * C, where C is the tested compound concen-
tration. Ninety-nine percent inhibition was used for experimen-
tal values >99%, and 5% was used for values <5%. This created
upper and lower limits of 10 nM and 190 μM for calculated
IC50 values, or 8 and 3.7 as the –(log IC50), respectively, as pre-
sented later in Figure 6. In cases where the percent inhibition
was >99% at the 10-μM testing concentration, results from 1
μM were used. Conversely, when percent inhibition was <5%
at the 1-μM testing concentration, results from 10 μM were
used. When percent inhibitions were between 5% and 99% at
the 1-μM testing concentration, the averages of calculated IC50s
from 1 and 10 μM were used.

RESULTS

Kinase selectivity panel development and screening—
radiometric format

As a first step in the establishment of a selectivity screening
panel, an appropriate assay platform was chosen. Ideally, a
uniform high-throughput format should be used for all assays
to facilitate the testing of large numbers of compounds.
PerkinElmer’s Flashplate™ technology, in which 384-well
plates are coated with scintillant and streptavidin, represents a

format that is conducive to panel screening. Provided that the
kinases in question can phosphorylate a biotinylated peptide
substrate, this methodology should work for any given assay. It
is also based on the “gold-standard” method of radiometric
incorporation of 33P from the gamma position of ATP onto a
peptide substrate and detection by scintillation counting, with-
out the need for antibodies. Because the biotinylated peptide is
captured on the plates, wells can also be washed to ensure
detection with less active kinases.

Twenty-nine assays were developed using the Flashplate™
format by performing enzyme titrations, time courses, ATP
Km,app determinations, and reference inhibitor IC50 measure-
ments. Assay development data for 1 kinase (ABL) are shown
in Figure 1. A summary of the ATP Km,app values, required
enzyme concentration for each assay, and peptide sequence
information is also given in Table 1A. Note that some assays
(namely, IKKβ, MET, p38α, and VEGFR-2) required the rela-
tively high enzyme concentration of >50 nM for the assay. This
could be due to a high percentage of inactive enzyme in the
protein preparation, a nonoptimal peptide substrate sequence or
buffer, and/or low intrinsic activity of the kinase. These assays
are inherently less sensitive than those using lower enzyme
concentrations, as the lowest measurable IC50 will be physically
bound by a minimum value of half the active enzyme concen-
tration, assuming 1:1 binding of enzyme and inhibitor (i.e., an
assay with a 100 nM active enzyme concentration could only
yield a theoretical minimum of a 50 nM IC50 value, no matter
how potent the compound).

The 29 kinase assays were collectively used to screen 6
commonly used commercially available kinase inhibitors at a
single concentration in duplicate using a partially automated
workstation approach. Because the intended use of the assays
was predominantly to determine the degree of inhibition by
ATP competitive compounds, they were each screened at the
Km,app concentration of ATP and a set low concentration of pep-
tide. The percent inhibition of each compound relative to the
no-compound control is given in Table 2, and a heat map visual
representation of the data is shown in Figure 2. A signal-to-
background ratio of at least 10 was targeted for reproducible
screening results, and Z′ values for each of the assays were
greater than or equal to 0.6. All data also passed the quality
control measures that were established to ensure high-quality
data (see below).

Panel development in the mobility shift assay format

Because of the environmental and safety concerns associ-
ated with using radioisotopes, a nonradioactive assay format
was investigated for use in the kinase screening panel. Mobility
shift assays were developed for 13 of the 29 kinases using the
Caliper LC3000 “off-chip” methodology, with the intention of
eventually converting the entire panel to this format. Kinase
assays were performed in 384-well plates using fluorescently

Kinase Biochemical Assay Panel Screening

Journal of Biomolecular Screening 14(1); 2009 www.sbsonline.org 33

JBSc326663.qxd  12/17/2008  7:23 PM  Page 33



Card et al.

34 www.sbsonline.org Journal of Biomolecular Screening 14(1); 2009

Table 1. ATP Km,app Values and Required Enzyme Concentrations for Each Kinase
Assay in (A) Radiometric and (B) Mobility Shift Assay Formats

(A) Radiometric Assay (B) Mobility Shift Assay

Enzyme Enzyme 
ATP Km,app Concentration Peptide ATP Km,app Concentration Peptide 

Kinase (μM) (nM) Sequencea (μM) (nM) Sequenceb

ABL 17 ± 8 1 EAIYAAPF 11 ± 2 0.6 EAIYAAPFAKKK
AKKK

AKT1 50 ± 12 12.5 GRPRTSSF 43 ± 2 0.8 GRPRTSSFAEG
AEG

AURA 10 ± 3 4 LRRASLG 8 ± 0.7 3 LRRASLG
CDK2/CycA 37 ± 12 2.5 PKTPKKAK

KL
CHK1 77 ± 9 15 KKKVSRSG

LYRSPSMP
ENLNRPR

CK2 11 ± 4 5 RRRDDDSD
DD

EGFR 4 ± 0.5 7 EEEEYFELV
ERK2 22 ± 7 20 IPTSPITTT

YFFFKKK
FGFR1 191 ± 75 6.25 KKKSPGEY 185 ± 11 6 KKSRGDYMTMQIG

VNIEFG
GSK3β 8 ± 3 6.25 YRRAAVPP

SPSLSRHS
SPHQ(pS)E
DEEE

IKKβ 0.3 ± 0.06 100 GLKKERLL
DDRHDSGL
DSMKDEE

IKKi 0.4 ± 0.05 8 GLKKERLL
DDRHDSGL
DSMKDEE

INSR 42 ± 15 5 KKSRGDYM 64 ± 6 1 KKSRGDYMTMQIG
TMQIG

JAK3 6 ± 1 3 GGEEEEYF
ELVKKKK

LCK 55 ± 12 12.5 KVEKIGEG 13 ± 2 0.3 EGIYGVFLKKK
TYGVVYK

MK2 7 ± 1 1.25 KKKALSRQ 5 ± 0.4 0.3 KKLRRTLSVA
LSVAA

MASK 53 ± 4 10 KRTLRRKR
TLRRKRTL
RR

MET 29 ± 10 50 Ac-RDMYD 17 ± 3 7.5 EAIYAAPFAKKK
KEYYSVHNK

NEK2 3 ± 0.6 2 RFRRSRRMI
PAK4 6 ± 0.6 5 RRKSLVG

(pT)PYWMAPE
PDK1 3 ± 1 30 KTFCGTPE

YLAPEVRR
EPRILSEE
EQEMFRDF
DYIADWC

PKA 20 ± 9 0.25 LRRASLG 4 ± 1 0.07 LRRASLG
PKCβII 94 ± 14 0.25 RFARKGSL

RQKNV
P38α 126 ± 40 100 KRELVEPL 194 ± 24 5 IPTSPITTTYFFFKKK

TPSGEAPN
QALLR

(continued)
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labeled peptide substrate, and the amount of phosphorylated
product was quantified following electrophoretic separation in
the chip. This assay format is expected to yield superior data
quality to radiometric assays because it represents a direct
quantification of percent conversion to product, without arti-
facts associated with indirect measurements. Assay develop-
ment was performed as indicated for the radiometric assays.
ATP Km,app values, required enzyme concentrations, and peptide
sequences for each are summarized in Table 1B. Note that ini-
tial mobility shift assay conditions for the remaining 16 kinase
assays were also successfully determined with the expectation
that these can be converted from the radiometric format as well
(data not shown). Z′ values for the mobility shift assays typi-
cally ranged from 0.8 to 0.9.

Throughput for the mobility shift assay was similar to that
of the radiometric format, as kinase reactions were performed
in the same manner for both. Given that compounds were tested
in 384-well plates (minus 48 control wells) at 2 concentrations
in duplicate, 84 samples can be screened per plate. Assuming 3
compound plates per kinase, one could screen 252 compounds
against 29 kinases (87 total plates) for percent inhibition in 1 to
2 days. Read time on the LC3000 ranged from 10 to 35 min,
depending on the assay. Average read time was approximately
20 min a plate. For the radiometric assays, read time was
approximately 8 min a plate.

General panel screening, validation, and quality control

A number of validation experiments were performed and
controls put in place to ensure that high-quality data were

generated from the kinase assay panel. In general, some impor-
tant overall considerations when running the panel are that (1)
reagent additions and enzymatic reactions proceed as expected,
(2) single-concentration percent inhibition values approximate
the value generated from full IC50 curves, (3) data are repro-
ducible between replicates and on different days, and (4) simi-
lar results are obtained with all assay formats in use. To address
these points, we performed reference IC50 controls for each
kinase in every run, and reproducibility/comparison experi-
ments were conducted. Plate visualization software was also
used to inspect individual well percent inhibition values and
look for trends indicative of liquid handling issues.

Consistency of reference IC50 values for each kinase is an
essential control for running a kinase panel. Variability in the
results can be indicative of altered test conditions such as
increased ATP, incubation time, and so on, and therefore data
should only be acceptable when control IC50s vary less than
approximately 3-fold between different runs of any given assay.
Figure 3 depicts IC50 curves for 3 control compounds in the
AURA assays in both the Caliper and Flashplate™ assay for-
mats. IC50 values are also indicated below the curves to show
the consistency of values between separate assay runs.

To test the reproducibility of results from screening, we
compared percent inhibition values for selected compounds
between replicate samples and also on different days. Two hun-
dred compounds with varying potencies toward ABL were
tested at 1 μM in duplicate in both the ABL radiometric and
mobility shift assays. Values from 1 replicate were plotted
against those from the other replicate from both assay formats,
and the graphs are presented in Figure 4A, B. To investigate

Kinase Biochemical Assay Panel Screening
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Table 1. (continued)

(A) Radiometric Assay (B) Mobility Shift Assay

Enzyme Enzyme 
ATP Km,app Concentration Peptide ATP Km,app Concentration Peptide 

Kinase (μM) (nM) Sequencea (μM) (nM) Sequenceb

SGK 59 ± 5 2 GRPRTSSF 54 ± 3 0.25 GRPRTSSFAEG
AEG

SRC 25 ± 8 3 EGIYGVLF 15 ± 2 0.35 EGIYGVFLKKK
KKK

TAOK3 15 ± 6 40 VDGKEIYN
TIRRK

TRK-A 77 ± 16 40 RRRAAAEE
IYGEI

VEGFR-2 145 ± 46 50 KKKSPGEY 150 ± 17 30 IPTSPITTTYFFFKKK
VNIEFG

Km,app values are averages plus or minus standard deviation for 3 to 6 independent determinations; enzyme concentrations are the minimum required to yield a
robust assay signal at the Km,app concentration of adenosine triphosphate (ATP) within the linear range (normally 60 min).
a. Peptides for the radiometric assay were biotinylated on their N-termini followed by a 6-carbon linker.
b. Peptides for the mobility shift assay were labeled with fluorescein on their N-termini.
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the reproducibility of data in independent experiments, 170
compounds in the ABL mobility shift assay were also tested at
1 μM in duplicate on 2 different days. Average percent inhibi-
tion values from 1 day were plotted against those from the
other, and the result is given in Figure 4C. R2 values for each
of the 3 plots are also shown to indicate the correlation between
the measured values.

Because the assay panel was being run using 2 different for-
mats, it was important to determine whether data obtained from
either are similar. To investigate this, we tested a number of
compounds for percent inhibition at 1 μM in both formats
against a given kinase, and the data were compared. Figure 5
depicts plots of percent inhibition values generated from the
mobility shift assay format versus those from the radiometric
format for 3 kinase assays—namely, ABL, PKA, and LCK.
High R2 values for each plot indicate that the data are highly
correlative.

After a large number of compounds had been tested against
each assay in the panel for both percent inhibition and IC50, it
was possible to evaluate overall data quality and consistency by
correlating measured IC50s to calculated IC50s from percent

inhibition values. For running the panel, the standard method-
ology for percent inhibition screening was to test each sample
in duplicate at both the 1 μM and 10 μM concentration. The
rationale behind this was to ensure productive measurements
for a wide range of inhibitor potencies. Guidelines were created
for calculating estimated IC50s from single concentration
screening, whereby (1) percent inhibition values at the lower
screening concentration were used for compounds yielding
>99% inhibition at the higher concentration, (2) values at the
higher screening concentration were used for compounds yield-
ing <5% inhibition at the lower screening concentration, and
(3) an average of the estimated IC50 values was calculated when
percent inhibition values were between 5% and 99%. With this
in mind, estimated IC50s were calculated for approximately
7500 compound/assay combinations from percent inhibition
screening results and plotted against values measured from full
11-point dose-response curves. The graph depicting these
results is given in Figure 6, including the R2 value from a lin-
ear fit of the data. Compounds that fall within the triangle at the
lower right corner of the plot were over 10-fold more potent in
IC50 measurements compared with percent inhibition. Those in
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FIG. 1. Radiometric assay development data for ABL kinase. (A) Radiometric counts per minute (CPM) measurements as a function of time
for 10 nM (closed circles), 5 nM (triangles), 2.5 nM (squares), and 1.25 nM enzyme (open circles). (B) Rate versus enzyme concentration plot.
(C) Rate versus adenosine triphosphate (ATP) concentration plot for ATP Km,app determination. This plot depicts representative data from 4 Km,app

determinations, and the value is the average plus or minus the standard deviation of the 4.
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the dashed triangle in the upper left corner of the plot were over
10-fold less potent in IC50 measurements compared with per-
cent inhibition.

DISCUSSION

In this study, we have developed, validated, and used a panel
of 29 biochemical kinase screening assays for the selectivity
assessment of compounds. All were initially run in a radiomet-
ric assay format, and then a number were converted to a nonra-
diometric, mobility shift format. Quality control measures for
running a kinase panel were also outlined, and high-quality
screening data were demonstrated as measured by repro-
ducibility (Figs. 3 and 4), a very good data correlation between
the 2 different assay formats (Fig. 5), and ultimately a good
correlation between measured IC50s and those calculated from
percent inhibition data (Fig. 6). The comparison between mea-
sured and calculated IC50s also revealed that few compounds
exhibited a shift of more than 10-fold in potency between per-
cent inhibition and IC50 values (1.9% of total compounds),

implying a low false-positive/negative rate with percent inhibi-
tion screening. This rate may also be vastly overestimated, as
the data set used was not controlled for sources of compound,
the possibility of degradation, or inhibitor solubility.
Nevertheless, good practice for the confirmation of any
selectivity screening result is to ensure that data are repro-
ducible with compounds whose physical properties are well
characterized.

In general, the selectivity profiles obtained here with the
commonly used kinase inhibitors are similar to those reported.
Roscovitine was found to be very selective toward CDK2 in the
panel tested; previous reports using radiometric filter binding21

or a phage display binding assay17 were consistent with these
results. PP1, originally reported as an SRC family inhibitor
with activity against EGFR,22 was found to inhibit SRC, LCK,
ABL, and EGFR with moderate activity against other kinases,
including p38α, which is consistent with earlier reports.21 SP
600125 inhibited a number of kinases, most notably AURA,
CK2, JAK3, and TRK-A. This is in accord with the earlier
panel screening study where Aurora family kinases, CK2, and

Kinase Biochemical Assay Panel Screening
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Table 2. Panel Kinase Inhibition for 6 Compounds

H-8 PP1 Roscovitine SB-203580 SP 600125 Staurosporine 
Kinase (10 μM) (1 μM) (1 μM) (1 μM) (1 μM) (1 μM)

ABL 8 ± 3 85 ± 0 9 ± 2 3 ± 5 37 ± 1 98 ± 1
AKT1 74 ± 2 0 ± 5 –8 ± 2 1 ± 5 7 ± 6 101 ± 0
AURA 2 ± 3 3 ± 7 –1 ± 3 –9 ± 6 81 ± 0 102 ± 0
CDK2/cyclin A 8 ± 1 0 ± 9 75 ± 3 –6 ± 1 31 ± 4 103 ± 1
CHK1 –3 ± 1 –14 ± 6 –13 ± 2 –11 ± 0 7 ± 0 103 ± 0
CK2 4 ± 0 –1 ± 3 2 ± 5 –10 ± 6 71 ± 0 41 ± 1
EGFR 1 ± 1 97 ± 1 5 ± 0 81 ± 2 18 ± 9 101 ± 1
FGFR1 5 ± 0 14 ± 0 –11 ± 1 –7 ± 0 37 ± 0 102 ± 0
GSK3β 7 ± 1 –2 ± 2 –5 ± 7 53 ± 1 16 ± 9 104 ± 1
IKKβ 0 ± 3 –5 ± 15 –4 ± 0 –10 ± 2 22 ± 1 65 ± 2
IKKi –1 ± 5 –10 ± 6 1 ± 2 –8 ± 1 30 ± 9 99 ± 0
INSR –3 ± 6 0 ± 6 1 ± 1 1 ± 2 30 ± 1 102 ± 1
JAK3 –8 ± 2 –16 ± 0 –3 ± 8 –11 ± 9 82 ± 3 106 ± 0
LCK –5 ± 2 87 ± 1 –10 ± 5 7 ± 7 14 ± 0 102 ± 1
ERK2 13 ± 4 14 ± 6 19 ± 5 12 ± 0 22 ± 3 63 ± 1
MK2 –9 ± 2 –4 ± 1 –11 ± 4 –17 ± 10 –11 ± 0 85 ± 0
MASK 2 ± 4 –6 ± 5 –2 ± 4 –16 ± 2 24 ± 10 83 ± 16
MET –11 ± 9 –11 ± 1 –3 ± 6 –7 ± 2 11 ± 1 90 ± 0
NEK2 –7 ± 6 –7 ± 3 –7 ± 3 –6 ± 8 –5 ± 0.2 64 ± 2
PAK4 2 ± 4 3 ± 8 3 ± 1 7 ± 4 36 ± 2 102 ± 0
PDK1 –2 ± 4 –17 ± 8 –13 ± 2 –4 ± 14 40 ± 0 106 ± 0
PKA 96 ± 2 29 ± 5 6 ± 1 18 ± 3 33 ± 9 101 ± 0
PKCβII 18 ± 2 14 ± 3 8 ± 2 24 ± 1 16 ± 1 103 ± 0
p38α 11 ± 2 41 ± 5 5 ± 2 96 ± 0 17 ± 9 65 ± 2
SGK 22 ± 6 1 ± 6 2 ± 4 7 ± 1 50 ± 0 102 ± 0
SRC 6 ± 9 97 ± 1 5 ± 3 17 ± 4 17 ± 5 101 ± 1
TAOK3 13 ± 6 6 ± 8 4 ± 5 16 ± 7 36 ± 12 106 ± 0
TRK-A 10 ± 6 38 ± 2 3 ± 1 4 ± 3 82 ± 1 102 ± 0
VEGFR-2 12 ± 2 57 ± 6 1 ± 4 13 ± 3 53 ± 0 100 ± 1

The testing concentration is indicated below each inhibitor, and values are expressed as percent inhibition (relative to full- and no-activity controls). Values are averages of replicate
measurements, and each experiment was performed in duplicate with similar results.
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SGK1, among others, were also inhibited.21 In this study, SB-
203580 hit p38α, EGFR, and, to a lesser extent, GSK3β. This
also concurs with both the activity and binding panels17,21 in
which the specified kinases were inhibited or showed binding.

Both the radiometric (Flashplate™) assay format and the
Caliper mobility shift format were found to be suitable for bio-
chemical kinase panel screening, but the mobility shift assays
displayed some overall benefits. Logistically, compared with
the radiometric format employed here, mobility shift assays
were easier to perform owing to the lack of radioactivity and
the fact that there are no transfer or washing steps of the plates.
This was especially apparent for kinases with high ATP Km,app

values, where a relatively large amount of radiolabeled ATP
and extensive washing were required for a robust signal in the
radiometric assays. Mobility shift assays worked equally well,
with no wash steps, for all assays regardless of ATP concentra-
tion. A further benefit to the mobility shift assay technology in
general was that on average, less enzyme was required to per-
form the assays. The amount of enzyme required ranged from
1.04× to 41.7× less than the amount required for the radiomet-
ric assays (Table 1). This not only reduces the cost to perform
the assays, but increases their sensitivities as lower IC50 values
can be measured.

With respect to data quality, mobility shift assays may be
expected to yield data with less variability because they directly
quantify the amount of product; this fact was supported by the
data presented here. Replicate correlations using the mobility
shift assay were generally better than those using the radiomet-
ric format (Fig. 4B vs. 4A), especially in the lower range of
inhibition. This implies that variability of results should be less
with the mobility shift format, a fact supported by the smaller
error bars on the IC50 curves shown in Figure 3 (compare 3A
with 3B) and that Z′ values were typically higher for mobility
shift assays in general (0.8 to 0.9 vs. 0.6 to 0.7). Less variabil-
ity should also improve sensitivity because of better repro-
ducibility in the lower range of inhibition. The highly
reproducible data obtained here with the mobility shift assay
support that seen in previous studies with kinase assays23 and
extend the findings to use in panel screening.

Excellent correlation of active compounds was found
between the 2 assay formats used in this study (Fig. 5). This
was the case for assays in which conditions and peptide sub-
strate were the same between the formats (e.g., PKA) but also
in which the peptide substrate and ATP Km,app differed (e.g.,
LCK). The relatively high degree of scatter around the origin in
the LCK radiometric versus mobility shift plot (Fig. 5C) is
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FIG. 3. Reference IC50 curves for the AURA assay. (A) Mobility shift and (B) radiometric assay data for 3 reference compounds. Percent inhi-
bition is relative to full-activity and no-activity controls, and N is the number of times the compound was tested with duplicate measurements.
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ABL kinase assay in (A) radiometric and (B) mobility shift assay format. (C) Variability between measurements on different days for the ABL kinase
mobility shift assay is illustrated by a plot of average percent inhibition values (of duplicates at 1 μM) on day 1 versus day 2. INH, inhibition.
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thought to occur because of the higher variability of radiomet-
ric data in the lower range of inhibition (compare Fig. 4A with
4B; also discussed above). The overall data concordance using
different kinase assay technologies is similar to that seen by
other investigators (e.g., Schröter et al.24 and Huss et al.25) but
disagrees with that seen in a previous study using a tyrosine
kinase for HTS and comparing a scintillation proximity assay
(SPA), homogeneous time-resolved fluorescence resonance
energy transfer (HTR-FRET), and fluorescence polarization
(FP).26 Reasons for this are unknown but may include the fact
that different assay formats, methodologies, and compound
sources were being used. The current study also used a much
smaller subset of compounds in which fluorescence or other
artifacts were less likely to be of issue.

Selectivity screening data have much utility throughout the
drug discovery process for kinase inhibitors. Early on, selectiv-
ity data can assist in the prioritization of series identified in
HTS. Testing multiple analogs against multiple kinases can
reveal structure-activity relationships (SARs) or lack thereof
for kinases in the panel, thus allowing more informed decisions

about which series to pursue for a particular selectivity profile.
In terms of new kinase drug discovery projects, mining selec-
tivity data can be particularly useful for kinases that are already
on the panel, allowing for a quick start on attractive chemical
matter. For inhibitors that already are efficacious, more com-
plete knowledge of their selectivity profiles can suggest new
indications for their use. An illustration of this lies with the dis-
covery that imatinib, a kinase inhibitor originally thought to be
selective toward ABL and PDGFR, also inhibits c-KIT.27 This
discovery led to the use of imatinib in GIST, in which the acti-
vating mutation of c-KIT is common.28

Selectivity data can also be used in conjunction with
sequence and structural information in a chemogenomic, gene
family approach for maximizing the efficiency of kinase
inhibitor discovery.29 Computational methodologies have been
continuously advancing in an effort to model and predict selec-
tivity, reclassify kinases based on inhibitor sensitivities, and
generally understand the molecular determinants of selectivity
(reviewed in Ortiz et al.30 and Rockey and Elcock31). These
approaches, partially powered by selectivity data such as that
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generated in this study, work toward the long-term goal of
rationally designing compounds to have particular selectivity
profiles that will maximize efficacy while minimizing adverse
effects. Recently, we have used selectivity data generated here
to develop quantitative SAR (QSAR) models to predict the
selectivity profiles of 2 series.32

In summary, we have developed and used a panel of bio-
chemical kinase assays for selectivity screening of compounds.
Profiles generated from the panel currently have valuable util-
ity throughout the drug discovery process. Eventually, these
data, used together with other types of selectivity results,
kinase sequence and structural information, and computational
input, can lead to the tailored design of molecules with partic-
ular selectivity profiles.

ACKNOWLEDGMENTS

We acknowledge the contributions of Yan Zhang, Gayatri
Deshmukh, Kim Verdries, and Suzanne Jacques-O’Hagan for
protein characterization and radiometric assay optimization;
Caryl Lane, Rocco Coli, and Lily Yang for protein purifica-
tion; D. Michael Corcoran, Ryan Navratil, and Chris
Hagaman for compound handling; Sergio Rotstein, Peter

Henstock, and Ya Chen for data handling; Daniel Caffrey and
Beth Lunney for panel design; Bridget Cole and Alan Cheng
for data applications; Javier Farinas and Jude Dunne at
Caliper Life Sciences for mobility shift assay optimization;
and Cyrille Kuhn, Ralph Lambalot, and Jessie English for
helpful support.

REFERENCES

1. Manning G, Whyte DB, Martinez R, Hunter T, Sudarsanam S: The protein
kinase complement of the human genome. Science 2002;298:1912-1934.

2. FDA approves new treatment for gastrointestinal and kidney cancer. 2006
[Online]. Retrieved from. http://www.fda.gov/bbs/topics/news/2006/
NEW01302.html

3. http://clinicaltrials.gov/
4. Widakowich C, de Castro G Jr, de Azambuja E, Dinh P, Awada A:

Review: side effects of approved molecular targeted therapies in solid
cancers. Oncologist 2007;12:1443-1455.

5. Garber K: The second wave in kinase cancer drugs. Nat Biotechnol
2006;24:127-130.

6. Baselga J: Targeting tyrosine kinases in cancer: the second wave. Science
2006;312:1175-1178.

7. Shepherd FA, Rodrigues Pereira J, Ciuleanu T, Tan EH, Hirsh V,
Thongprasert S, et al: Erlotinib in previously treated non-small-cell lung
cancer. N Engl J Med 2005;353:123-132.

8. Thatcher N, Chang A, Parikh P, Rodrigues Pereira J, Ciuleanu T, von
Pawel J, et al: Gefitinib plus best supportive care in previously treated
patients with refractory advanced non-small-cell lung cancer: results
from a randomised, placebo-controlled, multicentre study (Iressa Survival
Evaluation in Lung Cancer). Lancet 2005;366:1527-1537.

9. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA,
Brannigan BW, et al: Activating mutations in the epidermal growth factor
receptor underlying responsiveness of non-small-cell lung cancer to gefi-
tinib. N Engl J Med 2004;350:2129-2139.

10. Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, et al: EGFR
mutations in lung cancer: correlation with clinical response to gefitinib
therapy. Science 2004;304:1497-1500.

11. Ahmad T, Eisen T: Kinase inhibition with BAY 43-9006 in renal cell car-
cinoma. Clin Cancer Res 2004;10:6388S-6392S.

12. O’Farrell AM, Abrams TJ, Yuen HA, Ngai TJ, Louie SG, Yee KW, et al:
SU11248 is a novel FLT3 tyrosine kinase inhibitor with potent activity in
vitro and in vivo. Blood 2003;101:3597-3605.

13. Castoldi RE, Pennella G, Saturno GS, Grossi P, Brughera M, Venturi M:
Assessing and managing toxicities induced by kinase inhibitors. Curr
Opin Drug Discov Devel 2007;10:53-57.

14. Krishnamurty R, Maly DJ: Chemical genomic and proteomic methods for
determining kinase inhibitor selectivity. Comb Chem High Throughput
Screen 2007;10:652-666.

15. Luo Y: Selectivity assessment of kinase inhibitors: strategies and chal-
lenges. Curr Opin Mol Ther 2005;7:251-255.

16. Fabian MA, Biggs WH III, Treiber DK, Atteridge CE, Azimioara MD,
Benedetti MG, et al: A small molecule-kinase interaction map for clinical
kinase inhibitors. Nat Biotechnol 2005;23:329-336.

17. Karaman MW, Herrgard S, Treiber DK, Gallant P, Atteridge CE,
Campbell BT, et al: A quantitative analysis of kinase inhibitor selectivity.
Nat Biotechnol 2008;26:127-132.

Kinase Biochemical Assay Panel Screening

Journal of Biomolecular Screening 14(1); 2009 www.sbsonline.org 41

5 6 7 8

5

6

7

8

4

R 2 = 0.768

–log (experimental IC50)

–l
og

 (
ca

lc
ul

at
ed

 I
C

50
)

FIG. 6. Correlation of experimental IC50 values to those calculated
from percent inhibition. Plot of experimental IC50s versus those cal-
culated from percent inhibition values. In total, 7506 data points
(compound + assay combinations) are indicated on the graph.
Triangles depict the approximate areas where experimental IC50 values
were 10 or more times higher (dashed triangle) or lower (solid trian-
gle) than those calculated from percent inhibition. Upper and lower
limits for calculated IC50s were 190 μM and 10 nM (for details, see
Materials and Methods). Upper and lower limits for experimental
IC50s were 30 μM and 3 nM, representing the highest and lowest testing
concentrations.

JBSc326663.qxd  12/17/2008  7:23 PM  Page 41



18. Comley J: Kinase screening and profiling: spoilt for choice. Drug
Discovery World 2006;8:27-50.

19. Schelling P, Folkers G, Scapozza L: A spectrophotometric assay for quan-
titative determination of kcat of herpes simplex virus type 1 thymidine
kinase substrates. Anal Biochem 2001;295:82-87.

20. Ekins S, Gao F, Johnson DL, Kelly KG, Meyer RD: Single point interac-
tion screen to predict IC50. 2001. Patent EP1139267.

21. Bain J, Plater L, Elliott M, Shpiro N, Hastie CJ, McLauchlan H, et al: The
selectivity of protein kinase inhibitors: a further update. Biochem J
2007;408:297-315.

22. Hanke JH, Gardner JP, Dow RL, Changelian PS, Brissette WH, Weringer
EJ, et al: Discovery of a novel, potent, and Src family-selective tyrosine
kinase inhibitor: study of Lck- and FynT-dependent T cell activation. J
Biol Chem 1996;271:695-701.

23. Dunne J, Reardon H, Trinh V, Li E, Farinas J: Comparison of on-chip and
off-chip microfluidic kinase assay formats. Assay Drug Dev Technol
2004;2:121-129.

24. Schröter T, Minond D, Weiser A, Dao C, Habel J, Spicer T, et al:
Comparison of miniaturized time-resolved fluorescence resonance
energy transfer and enzyme-coupled luciferase high-throughput screen-
ing assays to discover inhibitors of Rho-kinase II (ROCK-II). J Biomol
Screen 2008;13:17-28.

25. Huss KL, Blonigen PE, Campbell RM: Development of a Transcreener
kinase assay for protein kinase A and demonstration of concordance of data
with a filter-binding assay format. J Biomol Screen 2007;12:578-584.

26. Sills MA, Weiss D, Pham Q, Schweitzer R, Wu X, Wu JJ: Comparison of
assay technologies for a tyrosine kinase assay generates different results
in high throughput screening. J Biomol Screen 2002;7:191-214.

27. Heinrich MC, Griffith DJ, Druker BJ, Wait CL, Ott KA, Zigler AJ:
Inhibition of c-kit receptor tyrosine kinase activity by STI 571, a selective
tyrosine kinase inhibitor. Blood 2000;96:925-932.

28. Demetri GD, von Mehren M, Blanke CD, Van den Abbeele AD,
Eisenberg B, Roberts PJ, et al: Efficacy and safety of imatinib mesy-
late in advanced gastrointestinal stromal tumors. N Engl J Med 2002;347:
472-480.

29. Harris CJ, Stevens AP: Chemogenomics: structuring the drug discovery
process to gene families. Drug Discov Today 2006;11:880-888.

30. Ortiz AR, Gomez-Puertas P, Leo-Macias A, Lopez-Romero P, Lopez-
Vinas E, Morreale A, et al: Computational approaches to model ligand
selectivity in drug design. Curr Top Med Chem 2006;6:41-55.

31. Rockey WM, Elcock AH: Rapid computational identification of the
targets of protein kinase inhibitors. Curr Opin Drug Discov Devel 2006;9:
326-331.

32. Sciabola S, Stanton RV, Wittkopp S, Wildman S, Moshinsky D, Potluri S,
et al: Predicting kinase selectivity profiles using Free-Wilson QSAR
analysis. J Chem Inf Model. 2008;48:1851-1867.

Address correspondence to:
Deborah J. Moshinsky

Pfizer Research Technology Center
620 Memorial Drive

Cambridge, MA 02139

E-mail: deborah.moshinsky@pfizer.com

Card et al.

42 www.sbsonline.org Journal of Biomolecular Screening 14(1); 2009

JBSc326663.qxd  12/17/2008  7:23 PM  Page 42



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Ornaments
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-Roman
    /AlternateGothicNo2BT-Regular
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /AssemblyLightSSK
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond-Antiqua
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Halbfett
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /Helvetica-Oblique
    /HelvLight
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaMath-Symbol
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


