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Synaptic Transmission in Health and Disease

Background:

Functional robustness of the
human brain relies on complicated
yet extremely coordinated
communications among tons of
neurons. Neurons communicate
via synapses in which fast
exocytosis of the synaptic vesicle
(SV) in response to nervous
stimuli releases chemical
neurotransmitters, such as
glutamate, thereby governing all
human behaviors. Repetitive SV
exocytosis however would
eventually deplete SVs and
disorganize presynaptic plasma
membrane architecture. To
overcome such burdens, SV
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endocytosis immediately occurs
after exocytosis. However, the key
outstanding questions are “how is
exocytosis tightly coupled with
endocytosis?” and “What factor
initiates endocytosis?”

Glutamate is the major excitatory
neurotransmitter. A tight balance
between glutamate release and
reuptake is therefore critical for
keeping extracellular glutamate
low. In a variety of acute and
chronic neurological diseases,
accumulation of extrasynaptic
glutamate has been known to
result in “glutamate-mediated
excitotoxicity” to the nervous
system. Yet it has remained largely



unclear how glutamate-mediated
excitotoxicity can influence the
integrity of neural circuits and
cause nervous system dysfunction.
Approach:

To tackle these puzzles, the group
led by Dr. Chi-Kuang Yao took
advantage of the Drosophila
system, e.g. comprehensive
genetic tools, and combined it
with a variety of microscopies, live
imaging, and electrophysiology.
Outcome and Significance:

Dr. Yao’s team has discovered:

(1) A SV-associated Ca?* channel,
called Flower (Fwe), initiates SV
endocytosis and therefore couples
exocytosis and endocytosis, which
has provided a conceptual
breakthrough for synaptic vesicle
cycling. Future investigations on
understanding spatiotemporal
regulation of activity and
localization of the Flower channel
will be expected to advance our
knowledge of fast and efficient
synaptic transmission underlying
brain computation.

(2) In motor system, glutamate-
mediated excitotoxicity can induce
a circuit-dependent reactive
oxygen species (ROS) feedback
loop to impair proper activities of
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the locomotor circuit and
muscles, ultimately leading to
motor neuron over-excitation,
aberrant neuromuscular junction
growth and strength, and
compromised motor function (the
model depicted in right panel of
figure), . This finding has therefore
opened a new window for
investigating the impacts of
excitotoxicity and ROS on the
nervous system. In addition, our
fly system will be a good animal-
based platform for excitotoxicity
and ROS-related research.
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