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Introduction

There is a great clinical need to develop selective,
high affinity kinase inhibitors. While high throughput
kinase activity assays have become readily available,
easy to use and cost-effective, activity-based assays
have significant limitations in terms of both the extent
of target coverage and the type of information they
can provide about compounds. We have developed a
binding assay platform based on Alexa Fluor® 647
conjugated to kinase inhibitor scaffolds that does not
require  substrate or an activated kinase
preparation. Binding of the conjugate to a kinase is
detected by addition of a europium-labeled anti-tag
antibody, which binds specifically to the kinase.
Binding of the tracer and antibody to a kinase results
in a high degree of FRET, whereas displacement of
the tracer with a kinase inhibitor results in a loss of
FRET. This assay can be utilized to explore
activation-state binding selectivity, such as the case of
Gleevec® binding preferentially to the non-activated
form of Abl. Furthermore, this assay can detect
binding of allosteric, non-ATP competitive inhibitors,
such as the IKKpB inhibitor BMS-3455411 and the
allosteric MEK inhibitors, PD98059 and PD0325901.
In addition, this format can be used to develop robust
assays in cases where activity assay development
has proven difficult.

Figure 1 — Principles of the LanthaScreen® Eu
Kinase Binding Assay
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Figure 2 — Broad Kinome Coverage, Validated
Assays and Excellent Data Quality
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Validation experiments were performed with over 200 kinases using the
LanthaScreen® Eu Kinase Binding assay under experimentally determined conditions
with known kinase inhibitors. Z' determinations for these assays are plotted against
the assay window, demonstrating that assay windows greater than 1.5-fold
generated Z' factors greater than 0.5, with the majority of the assay Z' factors
greater than 0.75. Inhibitor IC;, values determined from validation experiments
were compared to ICg, values obtained using Invitrogen's SelectScreen® Activity
assays.
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Figure 3 — Exploring time-dependent Binding.
BIRB 796 Binding to p38 alpha
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Competitive binding experiments were performed with 0.25 nM Kinase and 2 nM Eu-
Anti-His Antibody in a 15 ul assay volume. Assay plates were read immediately and
1, 3 and 19 hours after tracer addition. BIRB 796 binds tightly to both the active and
unactived forms of p38a with ICy, values decreasing over time (data shown for the
unactived kinase). The ICy, values for SB202190, a type | inhibitor, remain constant
over the 19 hour time period. General reference for this platform (1)

Figure 4 — Exploring Inhibitor Off-rates: Well-
characterized inhibitors of EGFR
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The Eu Kinase Binding Assay reagents can be utilized to explore inhibitor off-rates of
compounds. Well-characterized inhibitors of EGFR were pre-incubated with the
kinase for 30 minutes at concentrations such that they would provide >90%
saturation of the kinase, or at a concentration equal to the concentration of the
kinase, whichever is greater. The reactions were then diluted 33-fold in a saturating
concentration of tracer and monitored over time. Raw data (Panel A) were
converted into % of control signal and re-plotted (Panel B). Apparent k values
were determined and correlated well with literature values (2).

Figure 5 — Detection of Non-ATP competitive
inhibitors: BMS 345541 binding to IKKa and 1KKp
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Although the tracers developed for the binding assay utilize scaffolds of ATP-
competitive, type | inhibitors, the assays can detect binding of many non-ATP
competitive compounds such as BMS 345541. Binding assays for IKKoa (CHUK), B
and & were optimized and run with known type | inhibitors and BMS 345541. Data
correlated well to literature values based on activity measurements (3).

Figure 6 — Detection of ATP-competitive, ATP-Non
competitive and ATP-uncompetitive MEK inhibitors
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No ATP +0.5 uM ATP
Staurosporine ATP competitive 12 17
Sunitinib ATP competilve 130 170
PD98059 ATP non-competitive 1160 610
Mek Inhibitor | ATP un-competitive 170 7
PD184352 ATP 2670 2
AZD6244 ATP un-competitive 3180 5

Allosteric inhibitors of MEK1 have been identified that are either non-competitive, or un-
competitive with respect to ATP (the compound binds with higher affinity in the presence of
ATP. ATP titrations were first performed under standard binding assay conditions to
determine ATP,  apparent (data not shown) and the assay tolerance in the presence of 0.5
uM ATP. 100 nM Kinase, 40 nM Biotin-anti His and Eu-Streptavidin were pre-incubated with
20x inhibitor concentrations in the absence or presence of 10 uM ATP for 30 minutes and
then diluted 20-fold into 1X Tracer 236. Assays were incubated an additional 1 h at room
temperature following dilution prior to analysis. ATP-un-competitive compounds demonstrate
a 24-630 fold increase in potency in the presence of 0.5 uM ATP. Data in the presence of
ATP are consistent with reported literature values for activity-based assays (4,5,6). PD9059
is not detected in direct kinase assays as it does not inhibit active kinase but rather prevents
activation of the kinase.
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Figure 7 — Detection of AKT PH-domain dependent
allosteric inhibitor AKT Inhibitor VIII
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Competitive binding experiments were performed with 5 nM Kinase, 2 nM Biotin anti-
His, 2 nM Eu-Streptavidin and 100 nM Tracer in a 15 ul assay volume. For many his-
tagged kinases, we have found that the use of biotinylated anti-His antibody with Eu-
Streptavidin greatly increases the observed assay window. The PH-domain
dependent AKT inhibitor VIII is detected and ICs, values are comparable to literature
values (7).

Figure 8 — Detection of p38a allosteric inhibitor
JX401, but not substrate-specific inhibitor MK2A
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Two known allosteric inhibitors of p38a, JX401 and MK2A inhibitor function by very
different mechanisms. JX401 is an ATP and substrate non-competitive allosteric
inhibitor whereas MK2A inhibitor specifically inhibits phosphorylation of one
substrate, MK2a, while it does not inhibit phosphorylation of MBP or ATF-2 (13,14,
15). As one might expect, because the MK2A inhibitor maintains an active kinase
domain, the tracer is not competed by this compound. This demonstrates that the
binding assay may not detect substrate-specific inhibitors. We also do not detect
displacement of the tracer with GNF-2, an Abl-specific compound which binds to a
myristol binding pocket on the kinase (data not shown, (8)).

Table 1 — Summary of allosteric inhibitors tested

Target Compound Binding assay | Activity based Notes
1Cso (NM) IC,, value (nM)
Abl GNF-2 >10 uM 270 (cellular assay) | Binds to myristoyl binding pocket, ikely
Not active in in vitro holding kinase in inactive confirmation (8)
Kinase assay
AKT1,2,3 | AKT inhibitor VIl | 26, 190, 380 58,210, 2120 PH domain dependent (7)
(AKT i 1/2)
GSK-3p GSK-3p Inhibitor | | 6 uM 2uM TDZD analog, non-competitive with respect
GSK-3p Inhibitor VI | 400 * 1uM foATP (9) .
" Irreversible, non-competitive with respect to
GSK-3B Inhibitor VII | 250 500 ATP (10)
IKBKB BMS345541 490 300 Competes with substrate-derived peptide
inhibitor for IKBKB, Non competitive with
CHUK 5700 4000 rospect AT (3
(IKKa)
&
MEKI PD98059 12uM 300 NM-7 uM Block activation of MEK, non-compefitive with
U0126 20-60 nM (partial) | 65 NM-540 nM respect to ATP (11)
MEKI PD0325901 1+ <1 nM to 20 nM Un-competitive with respect to ATP (4,5,6)
. » “IC50 values determined when binding assay
PD184352 22 67 nM-300 nM performed in presence of 0.5 uM ATP|
MEK inhibitor | 7 12
AZD6244 5* 14
p38a JX401 50 32 Non-competitive with respect to ATP or
- " ibstrate (12)
MK2a Inhibitor >10 uM Substrate specific [ oo o2
MK2a inhibitor is not expected to compete off
(330 nM for MK2a) | yracer as kinase s still active for MPB and
ATF-2 substrates (13,14)
Summary

The LanthaScreen® Eu Kinase binding assay:

* Can be broadly applied to the majority of protein kinases across most

families.
* Can measure binding to all types of kinase inhibitors (Type I, Type I,
and Type lll/allosteric). When the test compound binds to or disrupts
the active site, the compound is detected by displacement of the tracer.

Can utilize both active and inactive forms of protein kinases, and can
therefore detect compounds which bind preferentially to the inactive
form, which might not be detected in activity-based assays.

Can be analyzed over time to explore inhibitors with slower binding
kinetics or set up to analyze inhibitor off-rates.

Does not require substrate (ATP or peptide/protein) and the signal is
specific for the target of interest due to the anti-tag antibody.

Allows flexibility in assay set up, buffer conditions or addition of
substrates or co-factors.

For more information www.invitrogen.com/bindingassay
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