KINASE PROFILING & S CREENING
Choosing a Biochemical Assay Platform
INTRODUCTION

Radioisotope Filter Binding

Protein kinases have emerged as a major drug target over the past two

The radioisotope filter binding assay is considered the gold standard for

decades. Since 2001, over 20 kinase inhibitors have been approved for the

kinase profiling. Highly validated for drug discovery16-20 and used to validate

treatment of cancers and inflammatory diseases.1 The market is expected to

non-radiometric assay formats,21 it is the only format that directly detects

continue to grow, with global sales of kinase inhibitor drugs forecasted to

the true product without the use of modified substrates, coupling enzymes,

reach $20 billion in 2015.2

or detection antibodies. Test or control compounds are incubated with

The human kinome comprises 518 known protein kinases and approximately

kinase, substrate, cofactors, and radioisotope-labeled ATP (32P-ɣ-ATP or 33P-

20 lipid kinases. To date most protein kinase inhibitor drugs have targeted

ɣ-ATP). The reaction mixtures are then spotted onto filter papers, which bind

the highly conserved ATP-binding site.3 Though several promiscuous

the radioisotope-labeled catalytic product. Unreacted phosphate is removed

inhibitors have proven effective against cancer cells via the deregulation of

via washing of the filter papers.

multiple kinase-dependent pathways, highly selective drugs are of special

Optimizing the format for HTS applications, Reaction Biology has developed

interest—especially for the treatment of chronic diseases—due to their

the HotSpotSM miniaturized radioisotope filter binding assay platform, which

superior safety profiles.2

allows for rapid and automated screening, while reducing costs and volume

In the push to identify highly selective inhibitors, high-throughput screening

requirements. Any peptide or protein substrate is compatible with this

(HTS) of compounds against comprehensive kinase panels has become the

format.

standard approach for lead discovery.4 To this end, a variety of assay

 Advantages of Radioisotope Filter Binding


Detects the true catalytic product



No substrate modification required



Compatible with protein or peptide substrates

Biochemical kinase assays can be divided into two classes: activity assays and



Homogenous reaction

binding assays. Activity assays directly or indirectly quantify the catalytic



Tolerates fluorescent compounds

platforms have been developed.

COMMON BIOCHEMICAL KINASE ASSAY PLATFORMS

product (i.e., the phosphorylated substrate) and include radiometric,
fluorescence-based, luminescence-based, and mobility shift platforms.
Binding assays quantitatively measure the binding of small molecules to the
ATP-binding site.
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 HTS friendly
 Limitations of Radioisotope Filter Binding
 Radioisotope management


Requires wash step

1

Scintillation Proximity
Like radioisotope filter binding assays, scintillation proximity assays are
activity-based formats utilizing radioisotope-labeled ATP. In this format,
substrate is bound to scintillation beads or scintillant-coated wells. When the
radioisotope is brought into close proximity with the scintillant via binding to
the substrate, scintillation is triggered. Scintillation proximity is a “mix and
read” format involving no wash steps, but substrate modification is required.
 Advantages of Scintillation Proximity


Detects the true catalytic product



Homogenous reaction

 No wash step required
 Limitations of Scintillation Proximity

compounds may cause signal interference, though this concern may be
addressed by performing ratiometric measurements. Due to the constraints
involved in designing substrate sequences for protease-coupled FRET, a
limited number of synthetic substrates are typically used.
 Advantages of FRET


HTS friendly

 Homogenous reaction
 Limitations of FRET


Uses synthetic peptide substrate




Requires counter screening against coupling enzyme
Demonstrates high false positive rate for fluorescent compounds



Substrate requires modification for fluorophore labeling



Radioisotope management

Time-Resolved Fluorescence Resonance Energy Transfer



Substrate requires modification for capture




Difficult to adapt for use with protein substrates
High ATP concentration may interfere with signal-to-noise ratio

reaction mixture, resulting in cleavage of unphosphorylated substrate,

Time-resolved fluorescence resonance energy transfer (TR-FRET) is based on
the same principle as FRET, but uses fluorophores with long decay times,
thereby allowing enzyme kinetics to be measured in real time and avoiding
interference from compounds with short fluorescence lifetimes. TR-FRET
technology has been utilized for both binding assays and activity assays. One
type of activity-based TR-FRET assay employs a peptide substrate labeled
with an acceptor fluorophore, and an anti-phosphopeptide detection
antibody labeled with a donor fluorophore. As a result, only phosphorylated
substrate will exhibit TR-FRET. Due to the challenges of developing specific
detection antibodies, only peptide substrates are compatible with this
format. Another TR-FRET activity assay is based on antibody detection of
ADP.

thereby separating the donor and acceptor fluorophores. Upon excitation,

 Advantages of TR-FRET

Fluorescence Resonance Energy Transfer
Fluorescence resonance energy transfer (FRET) involves transfer of nonradiative energy from a donor fluorophore to a close-proximity acceptor
fluorophore. One type of FRET assay employs a protease-coupled reaction.
In the primary reaction step, synthetic peptide substrate, labeled with donor
and acceptor fluorophores, is incubated with kinase, ATP, and the test or
control compound. In the secondary reaction step, protease is added to the

only uncleaved, phosphorylated substrate will exhibit FRET signal.



HTS friendly

The advantages of FRET are its homogenous format and simple application




Homogenous reaction
Measures real-time kinetics

to HTS. However, this format requires that compounds be screened for
inhibitory action against the coupling enzyme. Additionally, fluorescent
Reaction Biology Corp. (June 2014)
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 Limitations of TR-FRET
 Antibody-based detection
 Demonstrates medium to low false positive rates for fluorescent
compounds
 Substrate requires modification for fluorophore labeling

Luminescence Detection
Luminescence-based assays measure the amount of ATP using luciferase. In
the presence of ATP, luciferase converts luciferin to oxyluciferin, resulting in
emission of light. Though this format can demonstrate low sensitivity with
low ATP concentrations, this effect can be counteracted by using a two-step
detection method involving (1) stopping the kinase reaction and depleting
the remaining ATP, and (2) adding reagent to convert ADP to ATP, which is
measured using the coupled luciferase reaction. Luminescence detection
methods accommodate fluorescent compounds, but require that
compounds be screened for inhibitory activity against luciferase.13, 14
 Advantages of Luminescence Detection
 HTS friendly
 Homogenous reaction
 Accommodates fluorescent compounds
 Limitations of Luminescence Detection
 Requires counter screening against coupling enzyme
 May exhibit low sensitivity at low ATP concentrations

Mobility Shift
Mobility shift assays use fluorophore-labeled substrate and employ
electroporation to separate the more-negatively charged phosphorylated
product from unphosphorylated substrate. Product is quantified by
measuring fluorescence intensity. Because mobility shift platforms are highly
dependent on the charge difference between substrate and product,
specially developed peptide substrates are typically used.

Reaction Biology Corp. (June 2014)

 Advantages of Mobility Shift
 HTS friendly
 Homogenous reaction
 Measures real-time kinetics
 Limitations of Mobility Shift
 Uses peptide substrates only
 Requires special electroporation instrument and analysis
 Substrate requires modification for fluorophore labeling

Competition Binding
Competition binding assays quantify the binding of small molecules to the
kinase active site, rather than measuring catalytic product. Typically, a
standard active site–binding inhibitor is immobilized on a solid support or
conjugated to a tracer molecule. This standard inhibitor competes with the
test compound for binding to the protein kinase domain. Competition
binding assays are performed in the absence of ATP and substrate. Thus,
these assays are generally unable to detect substrate-specific inhibitors,5, 6
compounds that are of special interest for their selectivity7-9 and their
therapeutic potential in tumor cells that are resistant to ATP-competitive
inhibitors.10, 11 Binding assays are also unlikely to detect inhibitors that
interact with domains other than the kinase domain, including the pleckstrin
homology domain, which has emerged as a highly selective anti-cancer
target.12
 Advantages of Competition Binding
 Amenable to partially purified kinases
 Measures binding to inactive kinases
 Limitations of Competition Binding
 Does not measure the catalytic product
 Requires probes or tracer molecules
 ATP and substrate are not used
 Phage-displayed protein may fold differently than the purified
protein
 Does not typically detect inhibitors that are substrate-specific or
bind to domains other than the kinase domain
3

Comparison of Common Kinase Profiling Platforms
Measures
Detects substrateNo counter
catalytic activity specific inhibitors screening required
Radioisotope Filter Binding
Scintillation Proximity
FRET*
TR-FRET†
Luminescence Detection
Mobility Shift
Competition binding







X







X



X
X
X



Accommodates
both peptide and
protein substrates


X
X

X
N/A

No modified
substrates

X
X
X


N/A

*Protease-coupled format
†

Anti-phosphopeptide–based detection format

CONCLUSION

4.

Each platform for kinase profiling and screening has distinct advantages and
limitations. Reaction Biology prefers the radioisotope filter binding platform,

5.

which remains the gold standard for kinase screening and profiling, because
it is a highly validated activity-based platform that directly detects the true
catalytic product, does not use modified substrates or detection antibodies,
does not require counter screening against assay reagents, and is HTS

6.

friendly.

REFERENCES
1.
2.
3.

Cohen, P. and D.R. Alessi, Kinase drug discovery--what's next in
the field? ACS Chem Biol, 2013. 8(1): p. 96-104.
Laufer, S. and J. Bajorath, New frontiers in kinases: second
generation inhibitors. J Med Chem, 2014. 57(6): p. 2167-8.
Anastassiadis, T., et al., Comprehensive assay of kinase catalytic
activity reveals features of kinase inhibitor selectivity. Nat
Biotechnol, 2011. 29(11): p. 1039-45.

Reaction Biology Corp. (June 2014)

7.

8.

9.

10.

Miduturu, C.V., et al., High-throughput kinase profiling: a more
efficient approach toward the discovery of new kinase inhibitors.
Chem Biol, 2011. 18(7): p. 868-79.
Life Technologies technical note: Use of the LanthaScreen Eu
Kinase Binding Assay for Type III kinase inhibitors. 2010;
Available from:
http://tools.lifetechnologies.com/content/sfs/brochures/O091089_KBA_AppNote_TypeIII_Final.pdf.
Hulme, E.C. and M.A. Trevethick, Ligand binding assays at
equilibrium: validation and interpretation. Br J Pharmacol, 2010.
161(6): p. 1219-37.
Han, K.C., S.Y. Kim, and E.G. Yang, Recent advances in designing
substrate-competitive protein kinase inhibitors. Curr Pharm Des,
2012. 18(20): p. 2875-82.
Avrahami, L., et al., GSK-3 inhibition: achieving moderate
efficacy with high selectivity. Biochim Biophys Acta, 2013.
1834(7): p. 1410-4.
Ngoei, K.R., et al., A novel retro-inverso peptide is a preferential
JNK substrate-competitive inhibitor. Int J Biochem Cell Biol,
2013. 45(8): p. 1939-50.
Jatiani, S.S., et al., A Non-ATP-Competitive Dual Inhibitor of JAK2
and BCR-ABL Kinases: Elucidation of a Novel Therapeutic
4

11.
12.

13.

14.

15.
16.

Spectrum Based on Substrate Competitive Inhibition. Genes
Cancer, 2010. 1(4): p. 331-45.
Hassan, A.Q., S.V. Sharma, and M. Warmuth, Allosteric inhibition
of BCR-ABL. Cell Cycle, 2010. 9(18): p. 3710-4.
Joh, E.H., et al., Pleckstrin homology domain of Akt kinase: a
proof of principle for highly specific and effective non-enzymatic
anti-cancer target. PLoS One, 2012. 7(11): p. e50424.
Kashem, M.A., et al., Three mechanistically distinct kinase
assays compared: Measurement of intrinsic ATPase activity
identified the most comprehensive set of ITK inhibitors. J Biomol
Screen, 2007. 12(1): p. 70-83.
Pommereau, A., E. Pap, and A. Kannt, Two simple and generic
antibody-independent kinase assays: comparison of a
bioluminescent and a microfluidic assay format. J Biomol
Screen, 2004. 9(5): p. 409-16.
Handbook of Assay Development in Drug Discovery, ed. L.K.
Minor. 2006, Boca Raton, FL: CRC Press, Taylor & Francis Group.
Uitdehaag, J.C., et al., A guide to picking the most selective
kinase inhibitor tool compounds for pharmacological validation
of drug targets. Br J Pharmacol, 2012. 166(3): p. 858-76.

Reaction Biology Corp. (June 2014)

17.

18.

19.

20.

21.

Hastie, C.J., H.J. McLauchlan, and P. Cohen, Assay of protein
kinases using radiolabeled ATP: a protocol. Nat Protoc, 2006.
1(2): p. 968-71.
Ma, H., S. Deacon, and K. Horiuchi, The challenge of selecting
protein kinase assays for lead discovery optimization. Expert
Opin Drug Discov, 2008. 3(6): p. 607-621.
Lopez-Garcia, L.A., et al., Allosteric regulation of protein kinase
PKCzeta by the N-terminal C1 domain and small compounds to
the PIF-pocket. Chem Biol, 2011. 18(11): p. 1463-73.
Arencibia, J.M., et al., AGC protein kinases: from structural
mechanism of regulation to allosteric drug development for the
treatment of human diseases. Biochim Biophys Acta, 2013.
1834(7): p. 1302-21.
Huss, K.L., P.E. Blonigen, and R.M. Campbell, 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(4): p. 578-84.

5

