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Brenda J. Andrews
Introduction D1 Print this articls
Phespherylation is the most examined post tic ation. This scrutiny reflects the clear influence of phosphorylation on almest every biological pi ¢ 00 P80 oteomic
studies suggest that the majority of proteins comprising eukaryotic proteomes are impacted by phosphorylation. The rapid and reversible nature of phosphory| =2~ a protein
activity, localization, stability, conformation and/or interaction with other proteins. Over the last 15 years, protein kinases have been avidly pursued as potentid 4. .. .. lase activity is
associated with a wide range of diseases, including leukemias, tumours, vascular diseases, diabetes mellitus, and immuneinflammatory disorders * For examp variety of
mutations in kinase-encoding genes are associated with diverse forms of cancer.? and the protein kinase domain is the most common motif found among prot :

In order to define roles for the more than 500 known or predicted protein kinases in the human proteome, we must ageressively continue to link specific p| [} their cognate
kinase and biclogical effect. The identification of phosphoproteins. their sites of phosphorylation. and the accountable kinases has typically been tackled using [ G_—_—G—_<- » vitro kinase
assays, 71 vive labeling, acid analysis. and kinase activity-associated protein purifications. Here we review these oo s more
contemporary and comprehensive methods to identify kinase targets. We begin with a description of techniques that can imply a direct link between a phosphilRMRE e ar kinase and
conchide by summarizing more indirect methods aimed at iluminating kinase function via phenotypic assessment following kinase abatement, either singly or i variables.

. . ¥ Highlighi Terms
Assessing phosphorylation
i Iz virro kinase assays using purified candidate proteins
Due to the established promiscuity of most purified recombinant kinases in the absence of # vivo regulatory constraints, an fro kinase assay is generally ufficient assay
for distinguishing a bowna fide kinase target. Jr kinases may phosphorylate proteins that they swould never encounter i due to a lack of cellular compartment partitioning. Phosphorylation
however demands interaction of that protein with the kinase, and so can place a putative target protein on the roster of potential vo substrates for a particular kinase. In fact, large scale experiments of
this nature can predict the entire spectrum of possible targets for specific kinases (see below) % A typical i virre kinase assay requires incubation of purified kinase and candidate protein with radio-
labeled ATP and technical challenges inchide the ability to purify active kinase, which may rely on upstream activators. free from confounding contaminants. Once phosphorylated substrate is generated,
specific phosphosites can be identified using gel electrophoresis or mass spectrometric approaches (discussed below).
ii Iz vitro phosphorylation of pooled libraries/oriented protein or peptide arrays
Rather than incubate a kinase with a single purified candidate protein, more comprehensive analyses are becoming routine and involve systematic screening of pools of potential substrates, in whole cell
Iysates.2Z on proteome chips.® £ or using phage expression-derived protein libraries 1L The whole cell Iysate typically empl fled altered ¢ (AS) kinase which harbors a
mutated ATP-binding pocket that can accommodate a bulky ATP analogue that is incompatible with the wild—type kinase—this allows for Specxﬂc labeling (with radio-labeled ATP analogue) of direct
substrates of the AS-kinase 2 Briefly. tagged candidate proteins fom pooled extracts are purified. incubated with AS kinase and a radio-labeled analogue. resolved by SDS-polyacrylamide gel
clectrophoresis, transferred to a it and then analyzed for phosph . Tagged protein pools incorporating phosphate are then deconvohited to identify relevant substrates. This
approach has identified targets of the yeast cyclin-dependent kinases (CDKs), Cdc28p® and PhoS5p .~ Variations of the method have bypassed the need for tagged candidate substrate pools. For example,
proteins incorporating a phosphate-label have been identified directly by mass spectrometry of complex cell extracts 22512 Here, success requires an abundant and highly phosphorylated substrate, to allow
detection in the context of the tens of thousands of ather peptides in any given cell extract. An clegant adaptation involves an AS kinase engineered to accept an ATPyS analog, enabling thiophosphorylation
of st ibseauent allcvlation viclds a ester. which cffectivelv tags the substrate for r- by d cr-soecific_ anti Todified substrates can then be ~
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