JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Versatile Fluorescence Probes of Protein Kinase Activity
Melissa D. Shults, and Barbara Imperiali
J. Am. Chem. Soc., 2003, 125 (47), 14248-14249+ DOI: 10.1021/ja0380502 « Publication Date (Web): 04 November 2003
Downloaded from http://pubs.acs.org on March 30, 2009

phosphopeptide

peptide

Fluorescence Intensity

Wavelength

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 17 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0380502

JIAIC[S

COMMUNICATIONS

Published on Web 11/04/2003

Versatile Fluorescence Probes of Protein Kinase Activity

Melissa D. Shults and Barbara Imperiali*

Department of Chemistry and Department of Biology, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139

Received August 21, 2003; E-mail: imper@mit.edu

Protein kinases play a pivotal role in all aspects of cellular
regulation! This enzyme class constitutes nearly 1 in 50 of all

inase, ATP
—_—

2+
human gene3and its members orchestrate complex and interwoven % Mg
signal transduction pathways. Because of the centrality of protein HO
phosphorylation as a regulatory process, kinase inhibitors are in 1;%
demand as therapeutic agents for many dis€asgsecially cancet.

Sensitive and widely applicable methods for monitoring protein
kinase activity will provide valuable tools to identify inhibitors and
to unravel complex signaling cascades.

Traditional assays for kinase activity monitor product formation B

discontinuously and rely either on radioactive labeling or on the % Mg?* ’ § %
0

use of expensive and specialized biological reagents such as
phosphopeptide-specific antibodies. Continuous fluorescence assays

are ideal, and specific kinase substrates that exhibit large fluores-
cence increases upon phosphorylation will be extremely useful for .?

high-throughput screening of inhibitors or substrates, detection of
activity in cell extracts or enzyme purifications, and, ultimately,
spatial or temporal localization of kinase activity within a cell.
Several assays for monitoring kinase activity continuously have
been reported. Approaches include use of environment-sensitiverigure 1. Schematic representation of fluorescent kinase probes. (A) Design
fluorophores adjacent to the phosphorylated restfygiacement for C-terminal kinase recognition motif. (B) Design for N-terminal kinase
of fluorescence resonance energy transfer (FRET) partners flanking"®c0gnition motif. inset: Structure of Sox amino acid.

a sequence that undergoes a conformational change upon phosgesired kinase. This design requires that only three additional amino
phorylation/ and signaling via metal chelation between the newly 4cids be appended to the recognition sequence. The key feature of
introduced phosphate and an extefnal interna? chelator.  the design is that Mg binding prior to phosphorylation is weak
Unfortunately, a majority of these sensors demonstrate very modest(100 mM < Kp < 300 mM), whereas after phosphorylation affinity
fluorescence changes, which limits their applicability. A notable s augmented (4 mM: Kp < 20 mM) and a considerable proportion
exception is the 1:52.5-fold increase in fluorescence reported in  of phosphopeptide exists in the bound, fluorescent state in the
the probes developed by Lawrence and co-workéridowever, presence of 10 mM M.
these probes, with fluorophores adjacent to the phosphorylated peptide substrates, containing the reporter motif for Protein
residue or very large fluorophores, may interfere with recognition Kinase C (PKC) and cAMP-dependent protein kinase (PKA), as
by, and reactivity with, certain kinases, and therefore there is well as corresponding synthetic product peptides were prepared by
considerable scope for the continued development of novel chemicalFmoc-based solid-phase peptide synthesis. Peptide identities and
approaches for assaying protein kinase activity. purities were confirmed via electrospray mass spectrometry and
Herein, we report the design and use of a versatile kinase activity high-performance liquid chromatography (HPLC) analysis. The
reporter scaffold. We demonstrate that this scaffold functions in increase in fluorescence intensity upon complete phosphorylation
enzyme assays wherein the phosphorylated serine is located on thgvas obtained by comparison of the synthetic phosphorylated and
N- or C-terminus of the kinase recognition motif. In addition, we unphosphorylated peptides (Table 1). A-Bfold increase in
report that the concept may also be applied to peptide sequencesiuorescence intensity is obtained upon phosphorylation with these
that are phosphorylated on either threonine or tyrosine. probes, which is the greatest change thus far for this type of probe.
The key elements of the reporter as well as its ability to function The exact magnitude of the fluorescence increase varies with the
both N- and C-terminal to a kinase recognition motif are depicted substrate, and it is due to the difference in binding affinities for
in Figure 1. The fluorescence signal is generated by the Sox aminoMg?+ present in the reaction mixture between the substrate and
acid'? contained in the reporter motif, which undergoes chelation- product peptides. In general, a larger difference in binding affinities
enhanced fluorescence upon binding 2VigThe Sox residue is results in a larger percent increase in fluorescence intensity.
separated from the residue to be phosphorylated h§-tarn The new probes have been implemented for assaying typical
sequence that preorganizes a binding'siter Mg2*. The S-turn protein kinase substrates. The kinase reactions are monitored with
sequence consists of two amino acids, most generally a proline andexcitation at 360 nm and emission at 485 nm. The fluorophore,
glycine, although the residue other than proline can be an additionalSox, is small, causing minimal perturbation of the substrate
specificity determinant for the kinase. In addition, the reporter affinities, and it is resistant to photobleaching. With typicalag
contains a kinase recognition motif that can be varied to target a concentrations (10 mM), neither substrate nor product peptides are

ﬁ = COzH
: =

OH Sox
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Table 1. Kinetic and Fluorescence Properties of Protein Kinase Substrates Containing Kinase Sensing Motif

Target Phosphorylated Vinax Fluorescence
Kinase Residue Substrate Sequence? K (uM)° (umol/min/mg)P Increase®
PKCy Ser Ac-Sox-Pro-Gly-Ser*-Phe-Arg-Arg-Arg-NH 8.6+ 2.9 59+ 1.9 47096
PKA Ser Ac-Leu-Arg-Arg-Ala-Ser*-Leu-Pro-Sox-NH 1.8+ 0.5 3.7+1.6 3009
PKCy Thr Ac-Sox-Pro-Gly-Thr*-Phe-Arg-Arg-Arg-Nbl 280%
Abl Tyr Ac-Sox-Pro-Gly-lle-Tyr*-Ala-Ala-Pro-Phe-Ala-Lys-Lys-Lys-NH 400%¢

aResidue that is phosphorylated is marked P4y andVmax values were obtained from initial slopes, corrected appropriately for substrate and product
fluorescence. An average of four values from separate Hanes plots is ref@t@desponding kinase assay conditions with 10 mMM@60 nm excitation,
485 nm emissiond Assay conditions: 20 mM HEPES, pH 7.4, 10 mM Mg@.3 mM CaC}, 1 mM ATP, 1 mM DTT, 0.5ug/mL phosphatidylserine, 0.1
ug/mL diacylglycerol, 0.7 nM PKg, 30°C. € From slope (unitg/M) of product and substrate concentration versus fluorescence intén&gyay conditions:
20 mM HEPES, pH 7.4, 10 mM Mggl1 mM ATP, 1 mM DTT, 40 units PKA, 30C. 9 From single peptide solutions (1M).
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