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Development of LacZ-activatable and retention axon tracer

By using our molecular design strategy based on the mechanism of intra-molecular
spirocyclization, we developed dual color axon fluorescent tracers that exhibit strong
fluorescence and generate electrophiles which bind to intracellular protein only when activated
byB-galactosidase in lacZ-positive cells. Further, as we applied these developed probes to the
fixed brain slice, we could visualize the complicated neuronal morphology such as axons, spines
and dendrites of the lacZ expressing neuron, and confirmed that we could use GFP or RFP as
fluorescent makers which are frequently used fluorescent protein for fluorescence imaging of
brains.
Development of SNAP-tag-activatable fluorescent probes for calcium ion and fluorescent probes
for super resolution imaging

We designed and developed a novel fluorescent probe for calcium ion which can be labeled to
SNAP-tag, by introducing SNAP-tag ligand and calcium chelator into red fluorescent Si-
rhodamine scaffold. As we evaluated the optical properties of the synthesized probe in vitro, it
was confirmed that it has reactivity to the purified SNAP-tag protein and shows a fluorescence
increase upon binding to calcium ion.

We aimed at expanding color variation of our spontaneously blinking fluorophores for super-
resolution imaging, and we successfully prepared a candidate derivative which can be excitable
with 488 nm laser by optimizing intramolecular nucleophiles, 10th atom and amino- substituents

of xanthene ring (electrophiles). By using this derivative, we confirmed that super - resolution
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images of microtubules in fixed cells can be constructed under mild conditions without adding
additives such as thiols and oxygen scavengers. Furthermore, we performed super-resolution
imaging after immunostaining presynaptic terminal (VGIuT1) and posterior terminal (GluR1) in
the primary cultures of murine hippocampal neurons with super-resolution imaging probes in two
colors. As a result, clusters of VGIuT1 and GluR1 were closely related which are presumed to be
a synapses structure, demonstrating the usefulness for accurate identification of synaptic
positions.
3. In vivo evaluation of the developed probes
In vivo performance was evaluated by intracerebroventricular administration of the developed
lacZ-activatable and retention fluorescent probes to mice in which lacZ was expressed only in the
cerebral cortex by in utero electroporation. By fluorescence imaging of the brain slices made after
perfusion fixation, it was confirmed that it is possible to perform in vivo fluorescent staining of
cell body, axon and dendrite of lacZ expressing neuron near the site of local administration with
high specificity and high signal-to-noise ratio. Moreover, we could observe fine structure such as
spine with sufficient brightness by two-photon fluorescence microscopy, suggesting that in vivo
imaging by using our probes could be feasible in the future.
4. Comprehensive promotion of the projects
By presenting research results at the annual progress report meetings and group meetings, we
discussed with program director, program officer, project leader, and group members about how

to promote the whole project and contribute to development of core technichnology.
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