High speed imaging for green fluorescent proteins
by utilizing multi-point scanning two-photon microscopy
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Two-photon excitation laser scanning fluorescence microscopy (TPLSM) has been widely
used as an analytical method for direct visualization of dynamical molecular and cellular
phenomena in live specimens. This is because of its superior penetration depth and
less-invasiveness in specimens owing to its near-infrared excitation laser wavelength
compared with the wavelength of single-photon excitation-based systems. Although the
TPLSM system is equipped with a spinning-disk confocal scanning unit to improve the
temporal resolution, the insufficient energy of the conventional Titanium-Sapphire (Ti-Sa)
laser source restricts the field of view (FOV) to a narrow region [1]. Therefore, we introduced
a high-peak-power Ytterbium (Yb)-based 1040-nm laser to extend the FOV [2]. This system
provided three and four-dimensional yellow or red fluorophore imaging of a sufficiently deep
and wide region of a live specimen. Furthermore, to visualize the general green fluorophores,
we developed a Neodymium (Nd)-based 920-nm laser light source and introduced it in our
system. This laser source generates high-peak-power pulses instead of lower repetition rates
(Table). In general, such a low-repetition-rate laser cannot be used for high-speed scanning in
a single-point TPLSM because of the laser's short pixel dwell time. In contrast, the
spinning-disk unit scanned a specimen making use of approximately 200 excitation beams,
and the entire FOV could be scanned once for every per half rotation (5 ms at 6,000 rpm) of
the disks, i. e., approximately two million pulses were used for two-photon excitation within
one scan run, resulting in sufficient conditions to acquire a video-rate image. By utilizing the
Nd-based laser, we achieved high-temporal-resolution biological green fluorophore imaging
for calcium oscillation and exocytosis in live pancreatic acinar cells of mouse.

Acknowledgements
This work was supported by JSPS KAKENHI of the Ministry of Education, Culture, Sports,
Science and Technology (MEXT); Nano-Macro Materials, Devices and System Research
Alliance of MEXT; Network Joint Research Center for Materials and Devices of MEXT;
Advanced Bioimaging Support (ABiS) of MEXT and the Brain Mapping by Integrated
Neurotechnologies for Disease Studies (Brain/MINDS) of Japan Agency for Medical
Research and Development (AMED).
References
[1] Shimozawa, T., et al., Proc. Natl. Acad. Sci. U.S.A., 110, 3399-3404 (2013).
[2] Otomo, K., et al., Anal. Sci., 31, 307-313 (2015).

