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The calyx of Held is a giant glutamatergic synapse located
in the medial nucleus of the trapezoid body (MNTB) of
the mammalian auditory brainstem. It is an important
model system for studying short-term plasticity because
each postsynaptic MNTB neuron receives only one giant
synapse, and it is possible to record both pre- and postsynaptic events simultaneously. Physiological experiments
show that the evoked excitatory postsynaptic current
(EPSC) from the calyx displays a significant depression in
response amplitude during a sustained stimulus train [1].
This observation is the result of interactions between various pre- and postsynaptic components occurring across
multiple time-scales. Hundreds of readily releasable vesicles (RRVP) aggregate at the different active zones on the
presynaptic terminal. The stochastic release of neurotransmitter from the RRVPs (triggered by influx of calcium ions
during action potentials, APs), can exhaust the supply of
vesicles. Simultaneously, the depleted RRVPs are constantly replenished by a large vesicle reserve pool, and this
replenishment is also enhanced by a calcium-dependent
process (mediated by the presynaptic APs). The amplitude
of the presynaptic AP-evoked calcium ion concentration is
affected by inactivation and facilitation of voltage-gated
calcium channels as well as activation of presynaptic
metabotropic glutamate receptors (mGluRs).

In this study we extend our deterministic, multiple timescale model of the calyx of Held [2,3] to a stochastic version. We use information theory to measure the amount
of information transmitted between pre- and postsynaptic
compartments [4]. A series of long, homogeneous Poisson spike trains with mean frequencies up to several hundred Hertz are used to stimulate the calyx model. This
spike train is repeated many times, allowing the calculation of the conditional and unconditional entropy of the
postsynaptic EPSC amplitude in response to presynaptic
interspike intervals (ISI). The mutual information, a
measure of the information content of the postsynaptic
response (EPSC) about the afferent spike train (ISI), is
then computed in terms of conditional and unconditional
entropies.
The results show that the information content in the postsynaptic response is influenced by the degree of variation
of presynaptic calcium ion concentration. Rapid onset
and recovery from facilitation maintains high information transfer rates across the frequency range. Suppression
of calcium transients by slowly recovering inactivation
and mGluR activation results in less information transmission, but prevents depletion of the RRVPs. Fast-acting
postsynaptic receptor desensitisation also contributes to
information transmission, but in a competitive way to
facilitation.
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