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Comparative analysis of the mechanism underlying synaptic vesicle refilling with
excitatory and inhibitory neurotransmitters
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The mammalian brain consists of two major classes of neurons, glutamatergic
neurons and GABAergic neurons. For sustained synaptic transmission, synaptic vesicles (SVs) are
required to be recycled and refilled with each neurotransmitter using an H+ electrochemical
gradient. However, neither the mechanism nor the kinetics of vesicular refilling with both
neurotransmitters in living neurons have been fully elucidated. To characterize vesicular uptake of
these neurotransmitters into SVs, we monitored luminal pH of GABAergic SVs separately from that of
excitatory glutamatergic SVs in cultured hippocampal neurons. By using a pH sensor optimal for the
SV lumen, we found that GABAergic SVs exhibited an unexpectedly higher resting pH (pH 6.4) than
glutamatergic SVs (pH 5.8). Comparison of luminal pH dynamics in the presence or absence of GABA
uptake revealed GABA/H+ antiport. Furthermore, the kinetics of GABA transport was slower (1 >20s)
than that of glutamate uptake (1 ~7s).
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