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Annual Research Highlights

(1)“A method of controlling neural axon guidance by
external light”

To generate an artificial control of the axon outgrowth of
nerve cells, we developed a tool in which the photoreceptor
protein CRY?2 is fused with a neuronal axon guide receptor
(DCC). This tool was expressed in primary cultured nerve cells
and only a portion of the growth cone at the tip of the axon was
irradiated with light. As a result, the axon elongated and guided
to the direction of light irradiation. In addition, by expressing this
tool in nerve cells in a C. elegans and irradiating light, the axon
outgrowth direction was induced like the cultured cells. From
these results, we concluded that this method is effective not only
in cultured cells but also in living organisms to manipulate the
elongation of nerve axons by photo-induced receptor clustering
(1.(1)-2) Sci. Rep., 6, 23976 (2016)).

(2) “A visualization probe for non-coding RNA TERRA and
its single molecule analysis in living cells”

To elucidate the molecular mechanism of a non-coding RNA,
TERRA, which is a transcription product of the telomere region
at the end of chromosomes, a fluorescent probe was developed.
The probe consists of an RNA binding protein domain
PUM-HD which was mutated to bind to the telomere-repeat
region of TERRA selectively and split fluorescent protein
fragments. When the probe molecules bind to TERRA in
tandem, fluorescent protein reconstitution occurs between
adjacent probes and fluorescence appears. A telomere marker
protein TRF1 and hnRNPA1 which is a telomere related protein
are also fluorescently labeled and expressed in living cells, and
simultaneous single molecule observation was performed using
a total internal reflection fluorescence microscope. As a result,
specific localization of TERRA in the region about 1 pm away
from telomere and hnRNPA1 recruitment into the region was
observed. This result suggested the molecular mechanism of
TERRA function expression mechanism, that is, TERRA uptake
hnRNPA1, which is originally contained in RNP complex on
telomeres, resulting in promotion of telomere length recovery
(1.(1)-3) Sci. Rep. 6, 38910 (2016).

(3) “Development of a probe to visualize Smac releasing
from mitochondria caused by cell death”

We developed a probe to visualize the release of molecules
from mitochondria to cytosol in the apoptotic process after
ultraviolet light stimulation. This probe used two split fluorescent
proteins GFPqy1-10 and GFP.y11, which show spontaneous
reconstruction. GFPqy11 was fused to Smac, which is a protein
released from mitochondria, and localized in mitochondria.
GFPyl-10 was expressed in the cytoplasm. When

mitochondrial release occurs, Smac-GFPyy11 was released into
the cytoplasm, and fluorescence of GFPy was observed by
spontaneous reconstruction. Cells expressing this probe were
irradiated with ultraviolet light and observed through time-lapse
fluorescence microscopy. Smac release from mitochondria
gradually proceeded 2 hours after stimulation, and the cell death
was observed in 8 to 10 hours after the stimulation. We also
succeeded in visualizing apoptotic cells in zebrafish using the
developed probe. (1.(1)-5) Anal. Chem., 88, 838(2016)).

(4)“Super resolution imaging of molecular cluster
formation on mitochondrial outer membrane”

As cells undergo apoptosis after ultraviolet light stimulation,
molecular release from mitochondria occurs. We performed
superresolution imaging of molecular clusters on the outer
membrane of mitochondria, which is thought to cause this
molecular release. A major molecule in the cluster, Bak, was
fused with a photoconversion fluorescent protein mEos3.2, and
was observed through photo activated localization microscopy
(PALM) method. As a result, Bak forms clusters of about 200
nm or smaller in diameter on the outer membrane of
mitochondria. In addition, regardless of the size of the clusters,
the molecular density of Bak in the cluster was almost constant.
Since pore-like structures, which are required for mitochondrial
release, were not observed, aggregation of Bak possibly disturbs
the structure of the outer membrane of mitochondria and
promotes release of molecules from mitochondria.
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Fig. 1. Images of mitochondria (Wide-field) and mEos3-Bak (Wide-field,
PALM and Localization). Mitochondria were visualized by MitoTracker
Deep Red dye. Magnified images in the boxed regions are shown in lower
panels. An arrowhead indicates a Bak cluster. Scale bars: 3 um (top) or
500 nm (bottom).

1.(1)-1) Sci. Rep.,6, 27505 (2016).
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