Quantitative phosphoproteomics as a framework for systems biology 
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One of the key challenges of post-genomic research is to elucidate the complexity of biological systems, which to a larger extent is attributed to the concerted interplay of their constitutive proteome, and its regulation by various post translation modifications (PTMs). Reversible protein phosphorylation is one of the most important and well studied PTMs, and plays pivotal role in regulation of many cellular processes including cell cycle, growth, apoptosis and signal transduction pathways. Understanding the molecular basis of these regulatory mechanisms requires global and parallel analysis of various phosphorylation events occurring in a particular cellular context. This knowledge will in turn be derived from large scale proteomics studies for which mass spectrometry (MS) is now the technology of choice. Most of the phosphoproteomics endeavors to date have tried to derive qualitative information related to its identification and localization. With recent advent of state-of-the-art technologies in molecular cell biology, protein mass spectrometry and bioinformatics, it is now feasible to study quantitative and dynamic aspect of the cellular phosphorylation machinery. Here we demonstrate a comprehensive mass spectrometric technology for identification and quantitation of protein phosphorylation sites as a function of extracellular stimulus, time and subcellular localization. By employing a combinatorial methodology of experimental, technological and bioinformatics innovation we detected 6600 phosphorylation sites on 2244 proteins, and their temporal dynamics after stimulating HeLa cells with epidermal growth factor (EGF) and recorded them in the Phosida database. Fourteen percent of phosphorylation sites are modulated at least twofold by EGF and these were further clustered by their temporal profile patterns. Unexpectedly, a majority of proteins contain multiple phosphorylation sites showing different kinetics, suggesting that they possibly serve as channels for signal integration and multiplexing. The dynamic phosphoproteome provides a novel framework for understanding cellular regulation and its manifestation on systemic level.

