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In this dissertation, 1 summarized the development of optical microscopy techniques that provide high
spatial resolution and image contrast in the observation of thick specimens especially using nonlinear
excitation by visible light and adaptive optics in confocal microscopy

I developed a slit-scanning confocal microscope using visible-wavelength two—photon excitation
(v2PE) to realize high speed and high spatial resolution in hyperspectral fluorescence imaging. The
use of v2PE provided high spatial resolution owing to the 2" order nonlinearity of the fluorescence
emission. In addition, simultaneous excitation of multiple fluorescent proteins using a single
excitation wavelength was realized in the slit-scanning confocal microscopy with detecting spectral
information which helps to distinguish the species of fluorescent proteins. The exposure time was up
to 1 ms per line which corresponds to about 2 ps per pixel in a point scanning system. I succeeded in
simultaneous multi-color fluorescence imaging of living HelLa cells expressing multiple fluorescent
proteins in their intracellular structures

I also investigated light-material interactions that induce higher—order nonlinearity through v2PE
to improve spatial resolution. Using saturated two—-photon excitation, 4th order nonlinearity was
induced in the excitation—emission relation of fluorescent dyes. The resolution improvement by the
nonlinear response was confirmed in imaging of Hela cells with expressing ATTO Rho6G on actin
filaments. The use of reversibly photo—switchable fluorescent protein (RSFP) with v2PE was also
examined. 1 used v2PE to activate RSFPs and one-photon excitation to detect the fluorescence signal,
where absorption three photons to generate a signal photon, resulting in granting 3" order
nonlinearity in the excitation and emission relation. I confirmed that several species of RSFPs can be
activated by v2PE in the wavelength range of 530-560 nm. I applied the nonlinear activation technique
in confocal imaging of living HelLa cells and confirmed the improvement of the spatial resolution in
three dimensions that corresponds to the theoretical estimation

Aperture correlation microscopy using sensor—less adaptive optics was developed to simultaneously
realize high speed and 3D spatial resolution in confocal microscopy to observe thick specimens. The
observations of neuromuscular junctions and egg chambers of drosophila were performed with and without
aberration correction. The comparison of the images clearly showed the improvement of the signal
amount and the spatial resolution in observation of the thick samples

I also developed a system to evaluate the characteristics of RSFPs, such as the nonlinearity in
fluorescence emission, the switching speed, and the emission spectra. An optical system equipped with
CW lasers with several wavelengths and a femtosecond pulsed laser with a wavelength-tunable within the
range of 350-2500 nm were developed to measure the activation and emission properties of fluorescence
proteins. Time-resolved measurement of fluorescence responses at a frequency of 1MHz at each pixel was
achieved by modulating the laser intensities and programmable gating of fluorescence spectrum
detection. Thousands of species of RSFPs were measured by the system and found RSFPs showing the 4th

order nonlinearity under the excitation of 560 nm pulsed laser.
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