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Development of super-resolution fluorescence microscopy and single-molecule analysis
of signal transduction mechanism of a receptor protein in cell membrane
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The thrombopoietin (TPO) receptor, Mpl, is a cytokine receptor regulating platelet
production and early hematopoiesis. Although TPO signaling is initiated by phosphorylation of optimally o
riented Mpl dimers, dimerization of Mpl is poorly understood. Here, we describe the regulatory mechanism o
f dimerization of Mpl by single-molecule fluorescence imaging in live cells. Mpl molecules were associated
and dissociated repeatedly on the plasma membrane. As a result, Mpl existed as a mixture of monomers, dim
ers, and oligomers. TPO increased Mpl dimers or oligomers by stabilizing Mpl dimers. The stabilization of
Mpl dimers was dependent on their phosphorylation and an adaptor protein, Shc, suggesting that phosphoryla
ted Mpl dimers were crosslinked by Shc. In contrast, knockdown of Shc, an Mpl transmembrane mutant, influe
nced their phosphorylation. Thus, phosphorylation of Mpl was regulated by the stability of Mpl dimers in a
positive feedback manner.
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