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Search for optimum two-photon excitation method with suppressed photobleaching of
fluorescent proteins
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Based on the measurement of the photobleaching action spectra of fluorescent
proteins with nonlinear Fourier-transform spectroscopy, we found that the photobleaching occurs through
excited-state absorption following two-photon excitation from the ground state. An unidentified dark
state with a longer lifetime may be the initial state for excited-state absorption besides the triplet
excited state. Then, the adaptive control method was applied to modulate the spectral amplitude and phase
of excitation pulses maximizing the two-photon excited fluorescence while suppressing the photobleaching.
As a result, the spectral amplitude was optimized to avoid the peak of the photobleaching spectra
supporting the result of spectroscopic measurements.
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