Proteomic analysis of embryonic stem cells: stemness and phosphorylation
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Embryonic stem (ES) cells hold the promise to revolutionize future reparative medicine with the development of stem cell-based therapies. This potential centers on the intrinsic ability of stem cells to proliferate and then differentiate upon appropriate stimulation. In order to harness this potential it is critical to characterize the proteome including determining which protein isoforms and post-translational modifications such as phosphorylation are present. As a starting point, we created cellular database for three mouse embryonic stem cells, R1, D3 and EG using data derived from genomic (SAGE) and proteomic analysis. The latter data was obtained using two different but synergistic proteomic technologies: 2-dimensional gel electrophoresis (pH 4-7 and 6-11) and 2-dimensional liquid chromatography (PF2D, which separates proteins base on pI and hydrophobicity).  This combination allows one to identify specific isoforms and/or post-translational modified proteins while maximizing proteome coverage.  Collectively, over 1350 non-redundant proteins were identified from cellular extracts, including the important the transcription factor, SOX. Of these, >100 protein had unknown cellular functions (novel) while > 200 proteins were present in two or more protein spots or reversed phase fractions suggesting a basal level of modification in proliferating cells.  The quantity of mRNA correlated with the protein levels for the 50 most abundant proteins (e.g. cytoskeleton) but this relationship became less robust with the lower abundant cellular proteins (primarily those involved in protein synthesis). Furthermore, upon initiation of differentiation due to serum withdrawal there was an increase in the number modified proteins. This included the phosphorylation of several transcription factors which preceded increased levels of these transcription factors by 24 hours.   Taken together this data suggests the embryonic stem cell proteome is regulated at both the transcription and post-translational levels.  
