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Photochromic Fluorescent Proteins for Cellular Imaging

Atsushi MIYAWAKI

Protein diffusion and transport are dynamically regulated within cells. Here we outline the
development of a monomeric fluorescent protein that displays photochromism. While the protein
absorbs at 503 nm and emits bright green fluorescence, it can be converted by strong irradiation
at 488 nm to a non-fluorescent state absorbing at 390 nm, and can be switched back to the original
emissive state with minimal irradiation at 405 nm. The light-induced conversion between the
bright and dark states can be repeated over 100 times, creating a protein with a molecular
memory usable as a multiple-use read/write medium. These photochromic characteristics provide
an unprecedented technique for studying fast protein dynamics at multiple time points in individ-
ual cells. Through repeated labelling of the same regions, we observed the real-time flow of
mitogen-activated protein kinase across the nuclear envelope, demonstrating that its nucleocyto-
plasmic shuttling rate increased following growth factor stimulation.
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