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Mechanism underlying gliotransmitter release from cultured astrocytes

Hae Ung Lee!, Shigeyuki Namiki®, Kenji Tanaka'?, Kishio Furuya®>%, Hongtao Liu’, Masahiro Sokabe®>%, Kenzo Hirose?,

Yasunobu Okada'’, Kazuhiro Ikenaka'?

(1. Division of Neurobiology and Bioinformatics, National Institute for Physiological Sciences, Okazaki, Japan

2.The Graduate University of Advanced Studies

3.Department of Neurobiology, * Graduate School of Medicine, University of Tokyo*+ Tokyo* Japan.

4. International Cooperative Research Project/Solution Oriented Research for Science and Technology,
Cell-Mechanosensing Project, Japan Science and Technology Agency, Nagoya, Japan

5. Department of Physiology, Nagoya University Graduate School of Medicine, Nagoya, Japan

6. Department of Molecular Physiology, National Institute for Physiological Sciences, Okazaki, Japan
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Recently, it has revealed that astrocytes sense and integrate synaptic activity and, depending on intracellular Ca2+ levels,
release gliotransmitters that have feedback actions on neurons. Although these reports provided clues that astrocytes are the
active components in the brain, they did not analyze the temporal and spatial pattern of gliotransmitters release from
astrocytes. To examine the release of ATP and glutamate, we applied imaging techniques visualizing ATP and glutamate
released from astrocytes. Luciferin-luciferase solution was applied to the extracellular fluid of astrocytes to visualize ATP
release. To visualize glutamate release, glutamate optic sensor was applied. This specific probe for detecting glutamate is a
hybrid molecule consisting of glutamate-binding protein (extracellular domain of AMPA receptor) and a small-molecule
fluorescent dye. We successfully observed ATP or glutamate release from astrocytes and applied these technologies to
observe spatio-temporal pattern of gliotransmitters release. By ATP stimulation, intracellular calcium elevation was
observed in all astrocytes. However, under the same condition, only few astrocytes (ca. 3~7%) released glutamate. A
similar phenomenon was observed in glutamate-evoked ATP release from astrocytes; even though all astrocytes showed
increased intracellular calcium levels, small proportion of astrocytes released ATP by glutamate stimulation (ca. 1%). Our
experiments revealed that intracellular calcium elevation was not enough to evoke gliotransmitter release. For the first time,
glitransmitter release was successfully visualized and the mechanisms of gliotransmitter release were revealed through
these imaging technologies.
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Identification and functional analysis of a novel LewisX-synthesizing a1,3- fucosyltransferase gene in
neural precursor cells.

Akhilesh Kumar

LewisX (LeX) or stage specific embryonic antigen-1 (SSEA-1), is an important carbohydrate moiety expressed in
undifferentiated embryonic stem cells, 8-cell to blastocyst stages in mouse embryo, in primordial germ cells, neural
precursor cells and embryonic carcinoma cells. LeX expression is developmentally regulated in brain and is thought to play
a role in cell-cell recognition, neurite outgrowth and neuronal migration during embryonic brain development. To analyze
the functional role of LeX determinant in neurogenesis it is necessary to characterize the al,3-fucosyltransferase

enzyme(s) involved in its synthesis in neural precursor cells.

Immunohistochemistry and in situ hybridization have revealed the co-expression of a novel al,3-fucosyltransferase
enzyme, fucosyltransferase 10 (FUT10) with LeX epitope in germinal zones around the lateral ventricle in mice embryonic
brain. Further, the combinations of in vitro fucosyltransferase assay and high-performance liquid chromatography (HPLC)
analysis have confirmed the o1,3-fucosyltransferase activity of FUT10 on some specific N-glycan bearing glycoprotein(s).
In vitro fucosyltransferase assay revealed that FUT10 can synthesize LeX on bisecting sugar chain bearing glycoprotein(s)
from Neuro2a cell lystae but not on pure lacto-N-neotetraose or PA-labeled bisecting sugar chains. Thus, FUT10

essentially requires the presence of substrate N-glycan bearing protein(s) for synthesizing LeX.

In addition, in vivo loss-of-function studies using RNA interference (RNAI) targeting FUT10 were done. miRNA vectors
or control vectors were coelectroporated with an green fluorescent protein (GFP) reporter in utero into the lateral ventricle
at embryonic day 14.5 to transfect neural precursor cells of ventricular zone; the distribution of transfected cells were
analyzed at embryonic day 17.5. This approach revealed the significance of FUT10 in embryonic brain development. A
control miRNA with no effect on FUT10 expression has no effect on the distribution of transfected cells. In contrast,
miRNAs that can suppress FUT10 expression showed mislocalization of GFP labelled cells, with essentially most of the
transfected cells remain localized in ventricular zone, subventricular zone and intermediate zone. This defect is rescued by
in utero electroporation of FUT10 expression construct along with the effective miRNA, confirming that FUT10 is crucial

for the normal embryonic brain development.
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