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New laser light sources developed in Tohoku University for multi-photon excitation and
STED have been reinstalled in Hokkaido University last fiscal year. Verification tests of
these light sources using optical phantoms were then carried out for the evaluation of the
super-resolution: First, the long-term stability of both multi-photon excitation and STED
laser light sources were examined and verified. Next, after the light sources were combined
to the biological light microscopy existing, we verified such the performance that the delay
time between the STED laser pulse and the multiphoton excitation pulse was precisely
controllable at the focal plane at a sub-nano second level. This function enabled us to

measure STED effects and their delay-time dependencies quantitatively, which was
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thought to be one of superiorities of the pulsed STED method proposed in the project. Next,
we searched for fluorescent dyes or fluorescent proteins exhibiting superior STED effects
comprehensively. Finally, we determined several superior candidates of fluorescent dyes and
fluorescent proteins for two-photon STED microscopy utilizing these newly-developed semi-conductor
based laser light sources.

On the other hand, we continuously examined fundamental properties related to penetration depth in
living brains were examined. By using the methods developed in this project, we analyzed laser focal
properties in living mouse brains under various conditions. As a result, we have successfully severed
neural fibers in living mouse brains at ~500 micrometer depth from the brain surface at most, and
observed events occurring after serving for a long time. We also examined the laser illumination time
required for severing a neural fiber and its depth dependency comprehensively. For visualizing events
and effects occurring after such ablations in living mouse brains, and performed real-time in vivo Ca**
imaging of astrocytes within deeper layers in the living mouse brain. On the other hand, we showed
that the wavefront manipulation of the excitation laser beam was considerably effective for deep
observations. Indeed, we constructed new useful liquid crystal devices compensating for coma, or
astigmatisms. Finally, by combing these techniques and the multiphoton excitation laser source newly
developed in Tohoku University, we succeeded in in vivo imaging of neural activities both in the
hippocampal CA1 and the neocortical layer V areas.

Tohoku University has a world-top-class technology for developing electrically controllable
laser light sources with high stability of operation. On the basis of this technology, we
developed near-infrared pulse laser for multiphoton excitation and red pulse laser for
STED, and successfully controlled synchronized operations of these two semi-conductor
baser lasers. In Hokkaido University, we confirmed that this laser system was
implemented such the function required for two-photon deep imaging of mouse brain as
well as for inducing super-resolution effects by red STED light pulses. We next packed the
function for controlling such synchronized operations into the single box consisting of the
light source system. Moreover, we examined and tried to realize an idea to increase the
laser power of the 650nm red sub-second light pulses by one order of magnitude compared
to the direct emission from LD. The basic idea was to obtain SHG signals from 1300 nm
sub-nano second light pulses generated by LD. We thus realized STED light pulses

successfully as expected.
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