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The spatial resolution in optical microscopy is subject to the diffraction limit of light. This
classical limitation is overcome in fluorescence microscopy by using saturation or photoswitching
effects in optical transitions of fluorescent molecules. Although these techniques offer significant
improvement of the spatial resolution in biological imaging, these methods can only be applied to
limited samples such as a thin sample or a surface. The development of a technique that can be
utilized to observe a wide range of diverse biological samples still remains a challenge.

In this dissertation, I discuss a technique to improve the spatial resolution of fluorescence
microscopy by using saturation phenomena in the fluorescence emission of probe molecules.
The nonlinear fluorescence response is induced by saturating the molecular population at the
excitation state. The molecules are excited by modulated laser light to extract the nonlinear
fluorescence signal that contributes to construction of a high-resolution image. For this purpose,
I built a laser scanning confocal microscope combined with the saturated excitation (SAX) and
observed biological samples. The observation results confirmed the improvement of the spatial
resolution in three dimensions beyond the diffraction limit.

Next, I discuss the use of fluorescence nanodiamonds for a photostable fluorescent probe.
Biological samples with nanodiamonds did not show any photobleaching effect in repetitive
observations by SAX microscopy. The high photostability of the nanodiamonds allows us to
introduce a highly intense excitation light to induce a high nonlinear fluorescence response by
saturated excitation and exhibit the 4th-order nonlinear response in fluorescence emission.

The saturation effect is also observed in two-photon excitation and applied to the improvement
of spatial resolution in two-photon fluorescence microscopy. Fluorescence beads were excited by
modulated laser light to induce and extract high-order nonlinear fluorescence response, and the
improvement of the spatial resolution in three-dimensions was confirmed. This result indicates
that SAX microscopy can be applied for high resolution imaging of deep tissues.

The development of a fluorescence molecule for improving the spatial resolution is also

discussed. I developed a molecule consisting of two fluorophores and a linker, which shows
nonlinear fluorescence response under multiple single-photon excitation. I confirmed that the
molecule shows 2nd order nonlinear fluorescence response by measuring the fluorescence
intensity with various excitation intensity. The result indicates that this molecule has the potential
to push the spatial resolution beyond the diffraction limit in conventional confocal fluorescence
microscopy.
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