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Introduction

Kinases remain an important drug target
class, due to their implication in many diseases.
In-depth studies of their structure and function
have led to the discovery of many kinase
inhibitors that have been successful in the
clinic.1 Although cell-based assays are
increasingly used for kinase screening as they
reflect the complexity of biology closer
mimicking the in vivo situation, biochemical assays remain an advantageous tool in the
development of kinase modulators. Investigating a kinase in a cell-free, biochemical setting
presents advantages in terms of simplicity of implementation and cost of screening strategy. It
provides researchers a method to directly assess the activity of a compound in a pure system,
allowing insights into the mechanism of action of candidate compounds that may be
important to achieve the desired kinase inhibition characteristics and selectivity.
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NOTE

There are several screening strategies one can use when
determining inhibitors for a chosen kinase. One is to monitor
phosphorylated substrate formation. This strategy is specific to the
individual substrate and kinase, and commonly utilizes phosphospecific antibodies to detect the phosphorylated substrate. However,
phospho-specific antibodies can be costly, are not always available,
and their use in an assay requires ample incubation time to bind the
phosphorylated product, resulting in increased total assay time.
A quicker and universal approach is to monitor the ATP
consumption after the kinase assay reaction. easylite-Kinase™ is a
detection reagent that uses luciferin and a luciferase to produce a
luminescent signal in proportion to the amount of ATP remaining
after the kinase reaction has been run (Figure 1). This reagent can
simply be added to any kinase reaction and mixed briefly, stopping
the kinase reaction and triggering the emission of light, which can
be read on a luminescence-detecting microplate reader. In such
a system, kinase inhibitors will prevent ATP consumption by the
kinase, and will generate a positive luminescent read-out.
Luminescence assays have the advantage of being quick and easy
to read without requiring microplate readers with specialized
excitation sources or filters. The luminescence signal produced
generally gives a high signal-to-background ratio, which can
expedite assay development time.
The ease and utility of easylite-Kinase is exemplified in this
application note using the kinase Raf1 (cRaf1). This kinase is
responsible for phosphorylating MEK1 and initiating the MEK-ERK
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cascade. To mimic the kinase’s native substrate, a kinase-inactive
mutant of MEK1 (K97M) was used to ensure that only the desired
active kinase activity was being profiled in the assay. By performing
a series of titrations, the proper concentration of reagents was
determined to generate a robust screening assay.

Materials and Methods
Human Raf1 with activating mutations Y340D/Y341D (ProQinase,
#0792-0000-2) and its substrate MEK1 K79M (ProQinase,
#0785-0000-1) were used. ATP was obtained from SigmaAldrich (#A7699), and a 10 mM stock was prepared in water just
before use. Raf1 was assayed in 70 mM HEPES, pH 7.4, 3 mM
MnCl2, 3 mM MgCl2, 3 µM Sodium Orthovanadate, and 1.2 mM
DTT (“kinase buffer”), as recommended by ProQinase. Kinase
reactions were initiated with the addition of ATP and carried out at
room temperature using a 10 µL kinase reaction volume in a 384well AlphaPlate™. AlphaPlates are light gray plates that combine the
advantages of white plates (high level of luminescence) and black
plates (low levels of well-to-well cross-talk) for optimal luminescence
assay performance. To terminate the kinase reaction at the indicated
time, easylite-Kinase reagent was added in equal volume (10 µL/
well) to the assay plate. The plate was covered, agitated for two
minutes on a plate shaker (1100 rpm), and read on the
VICTOR® Nivo™ (PerkinElmer) using standard luminescence settings.
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Figure 1. easylite-Kinase scheme. A) The initial kinase reaction (composed of the kinase, kinase substrate, and ATP) is run, depleting ATP. easylite-Kinase reagent is added to
the kinase reaction to produce a luminescence signal proportional to the amount of ATP remaining. B) When the test compound inhibits the kinase, ATP remains available
for the luciferase reaction, leading to an increased level of emission of light.
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Kinase and ATP Detection Protocols
The protocol for the Raf1 easylite-Kinase assay is illustrated in
Figure 2. All assays were performed in 384-well AlphaPlates.

Add 2.5 µL MEK1 K79M substrate diluted in kinase buffer

Add 2.5 µL of Raf1 kinase diluted in kinase buffer

Add 5 µL of ATP diluted in kinase buffer

Cover with TopSeal-A and incubate at room temperature

Add 10 µL of reconstituted easylite-Kinase reagent

Shake for 2 minutes at 1100 rpm

Measure luminescence using the VICTOR Nivo plate reader
Figure 2. Protocol for Raf1 easylite-Kinase assay.

Results and Discussion
ATP Standard Curve
To determine the relationship between luminescence (relative
luminescence units, RLU) and ATP concentration, an ATP
standard curve was prepared by serially diluting a stock of ATP in
kinase buffer and adding an equal volume of easylite-Kinase
reagent (Figure 3). It is important to assess the linearity of the
signal with the desired plate type and luminescence microplate
reader. If an ATP standard curve is run alongside the optimized
kinase reaction, the absolute amount of ATP consumed can be
quantified by interpolating from the standard curve. Using the
VICTOR Nivo microplate reader, the linear range of the ATP
detection was found to be 3 nM-100 µM. The entire curve can
also be fit to a non-linear regression, four-parameter logarithmic
fit where the interpolation on the non-linear response area is
better quantified. Depending on the specific quantitation
required for the assay, either linear or non-linear fitting
parameters can be used.
Enzyme Titration and Time Course
To begin the Raf1 kinase assay optimization, four concentrations of
Raf1 enzyme were tested with kinase reaction incubation times
ranging from 10 minutes up to two hours, using fixed substrate
(100 µg/mL MEK1 K97M) and ATP (300 nM ATP) concentrations.
The resulting luminescence signal represents the remaining ATP
from the kinase reaction (Figure 4A). ATP concentrations can be
interpolated from the ATP standard curve, then transformed into
the percentage of ATP consumed in the kinase reaction using
the following equation:
ATP Consumed (%) =100 ×

No Substrate Control – ATP remaining
No Substrate Control

Figure 3. easylite-Kinase ATP Standard curve in a 384-well AlphaPlate measured on
the VICTOR Nivo. Each point tested in triplicate, with average ± SD indicated on
the graph.

In this instance, the “no substrate” control, which accounts for
autophosphorylation of the kinase in the absence of the substrate,
showed a nominal (< 5%) decrease from the ATP-only control.
Reporting the data in this way can help visualize the linear phase of
enzyme turnover (Figure 4B). A concentration of enzyme should be
selected that exhibits linear turnover with robust signal. Performing
a time course experiment ensures selection of conditions where the
enzyme does not deplete either the substrate or ATP and produces
a scenario where product inhibition translates into increased level of
luminescent signal. It also ensures the selection of conditions where
the enzyme remains active at the desired temperature for the
duration of the assay, to avoid unnecessary long kinase reaction
times. For Raf1 assay optimization, the optimal enzyme
concentration selected was 0.3 µg/mL with a reaction time of
20 minutes. This condition consumes nearly 70% of the ATP in
the reaction.
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Figure 4. Raf1 enzyme titration and time course expressed in A) relative
luminescence units (RLU) and B) percent ATP consumed. The indicated Raf1
enzyme concentrations (in the 10 µL kinase reaction) were tested with 100 µg/mL
MEK1 K97M substrate and 300 nM ATP. The kinase reaction was stopped by the
addition of 10 µL easylite-Kinase and luminescence was read on the VICTOR
Nivo microplate reader. Each point tested in triplicate, with average ± SD indicated
on the graph.
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Substrate Titration
A titration of the MEK1 K97M substrate was carried out to
observe the maximum amount of substrate that can be consumed
with the optimized enzyme concentration (Raf1 = 0.3 µg/mL), using
a 20-minute reaction time. The resulting luminescence signal was
transformed to percent ATP consumed, where the apparent
substrate KM can be calculated (Figure 5). Note that the enzyme
reaction does not reach 100% ATP consumption and the apparent
KM is defined as the substrate concentration at ½ the maximum
ATP consumed. Generally, a substrate concentration above the KM is
desired when screening. In this optimization of Raf1, 100 µg/mL
MEK1 K97M substrate was used in further studies.

addition of ATP. Sorafenib was shown to inhibit the Raf1 reaction
with an IC50 = 8.5 nM (Figure 7) which correlates well with the
published value of 6 nM from a γ-33P[ATP] radiometric assay.2
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Figure 5. MEK1 K97M substrate titration performed using 0.3 µg/mL Raf1 and
300 nM ATP for 20 minutes. The maximum ATP consumed is 80%, thus the
apparent KM for MEK1 K97M is 67 µg/mL. Each point tested in triplicate, with
average ± SD indicated on the graph.

ATP Titration
It is equally important to optimize the ATP concentration used in
the kinase reaction. When varying the concentration of ATP,
keeping the Raf1 (0.3 µg/mL) and substrate (100 µg/mL MEK1
K97M) concentrations constant, it can be observed that an ATP
concentration below 1 µM ATP must be selected to obtain the
maximal relative change in luminescence between the reactions
with and without substrate (Figure 6A). Transforming the data to
observe the percent ATP consumed at ATP concentrations below
1 µM gives a hyperbolic curve where the maximum can easily be
determined (Figure 6B). To give the most robust assay signal, it
can be advantageous to use the ATP concentration at which the
maximum depletion is seen. For the Raf1 assay this would
correspond to concentrations > 100 nM ATP.
Inhibitor IC50 Determination
Sorafenib was used as a reference compound to validate the ability
of the assay to detect Raf1 inhibitors. Here, Raf1 (0.3 µg/mL) was
preincubated with sorafenib for 10 minutes in the presence of
MEK1 K97M substrate before initiating the kinase reaction by the
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Figure 6. ATP titration for the Raf1 kinase reaction. Data are presented as A) raw
luminescence values (RLU) or B) percent ATP consumed. Maximum ATP is
consumed when using 100 nM ATP in the kinase reaction. Each point tested in
triplicate, with average ± SD indicated on the graph.

Figure 7. Raf1 inhibition by sorafenib, IC50 = 8.5 nM. Enzyme and sorafenib were
preincubated for 10 minutes prior to initiating the assay.

Signal Stability
While easylite-Kinase creates a stable luminescent signal that can be
immediately measured, signal stability is important when generating
multiple assay plates in a screening capacity. To assess signal stability,
the sorafenib dose response curve was re-read every 10 minutes for
two hours to show how the RLU signal evolves over time (Figure 8).
The IC50 value remained constant (± 3%) over multiple readings for a
two-hour span. The assay maximum and minimum values also
remained constant, only fluctuating 4.5% over the two-hour span.
This stability gives confidence that when screening, the performance
of the assay will not shift or fluctuate greatly over the time it takes to
process multiple plates.

Figure 9. Determination of Z’ value of Raf1 kinase assay.

Conclusion
The easylite-Kinase assay was successfully used to establish a Raf1
inhibition assay fulfilling the needs for high-throughput screening and
IC50 determination. Complete assay optimization was accomplished in
a few quick steps where components of the kinase system, such as
enzyme concentration, incubation time, substrate concentration and
ATP concentration were varied. A known inhibitor of Raf1, sorafenib,
demonstrated inhibition of the kinase assay, with an IC50 value similar
to reported literature values. The resulting assay is robust (Z'> 0.75)
and is suitable for screening if desired.
Figure 8. The signal stability of the Raf1 kinase assay. The sorafenib dose-response
was re-read over 2 hours. Only selected time points have been shown
for clarity.

Assay Robustness
To measure the robustness of this optimized assay, the Z' value was
determined using sorafenib at 50 nM. This concentration is above the
IC90 to ensure almost complete inhibition of the enzyme. The Z' value
was calculated to be 0.76 (Figure 9). The coefficient of variation for
the assay (% CV) was calculated to be 7.6% from 30 control wells.
These metrics support suitability of the assay for high-throughput
screening where inhibitors can be distinguished with confidence from
non-inhibiting molecules.

Based on detection of ATP remaining after the kinase reaction, the
easylite-Kinase assay provides a generic kinase assay that can
potentially be applied to any purified kinase enzyme. The easyliteKinase assay provides a positive signal readout for inhibitors,
avoiding typical potential issues that can result from interfering
compounds where compound interference can be mistakenly
interpreted as true enzyme inhibition. The mix-and-read protocol is
amendable for low- to high-throughput kinase studies, and the
high signal-to-background creates a robust assay window.
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