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Figure 15-59 Transient activation of Ras revealed by single-molecule fluorescence resonance energy transfer (FRET).
(A) Schematic drawing of the experimental strategy. Cells of a human cancer cell line are genetically engineered 10 express
a Ras protein that is covalently linked to yellow fluorescent protein (YFP). GTP that is labeled with a red fluorescent dye is
microinjected into some of the cells. The cells are then stimulated with the extracellular signal protein epidermal growth
factor (EGF), and single fluorescent molecules of Ras-YFP at the inner surface of the plasma membrane are followed by
video fluorescence microscopy in individual cells. When a fluorescent Ras-YFP molecule becomes activated, it exchanges
unlabeled GDP for fluorescently labeled GTP; the yellow-green light emitted from the YFP now activates the fluorescent
GTP to emit red light. Thus, the activation of single Ras molecules can be followed by the emission of red fluorescence from
a previously yellow-green fluorescent spot at the plasma membrane. As shown in (B), activated Ras molecules can be
detected after about 30 seconds of EGF stimulation. The red signal peaks at 3-4 minutes and then decreases to baseline by
6 minutes. As Ras-GAP is found to be recruited to the same spots at the plasma membrane as Ras, it presumably plays a
major part in rapidly shutting off the Ras signal. (Modified from H. Murakoshi et al., Proc. Nat! Acad. 5ci. U.S.A.
101:7317-7322, 2004, With permission from National Academy of Sciences.)



