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Vestibulo-ocular reflex (VOR)

By OpenStax College [CC BY 3.0 (http:
//creativecommons.org/licenses/by/3.0)], via
Wikimedia Commons

The VOR involves
neurons in the medial
vestibular nucleus (MVN)

MVN neurons show
plasticity (to correct for
retinal slip)

Excitatory input from
vestibular organs,
inhibitory input from the
cerebellum

No dendritic spines!
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Regulation of MVN neurons

Synaptic plasticity arises from proximity of inhibitory (hyperpolarising) and
excitatory inputs.

McElvain et al. Neuron, 2010.
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NMDAR-dependent LTP - a simplistic view
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Multi-scale model of hyperpolarisation-gated plasticity

Xie et al. bioRxiv 418228,
2018

Yubin Xie, Edinburgh

Marcel Kazmierczyk,
Edinburgh

Bruce Graham, Stirling

Mayank Dutia, Edinburgh
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Multi-scale model of hyperpolarisation-gated plasticity
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Multi-scale modelling framework

NEURON model based on Quadroni and Knopfel, J Neurophysiol,
1994

COPASI model based on Li et al., PLoS ONE, 2012
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Model reproduces bistability in response to Calcium

AMPA receptor activation Bistability of kinases and
phosphatases
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Hyperpolarisation followed by stimulation leads to larger
Ca2+ influx than stimulation alone. LVACC are key to this.
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Hyperpolarisation + stimulation activates AMPARs;
stimulation alone reduces AMPAR activation.
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Plasticity depends on hyperpolarisation strength.
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Plasticity depends on the duration of hyperpolarisation.
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Plasticity depends on the relative timing of
hyperpolarisation and stimulation.
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Take-home messages

We can build models that bridge scales (electrical and chemical) to
get a deeper insight into synaptic plasticity.

Hyperpolarisation-gated synaptic plasticity depends on LVACC activity
and the balance between kinases and phosphatases.

Hyperpolarisation-gated synaptic plasticity depends non-linearly on
the strength, duration, and timing of the hyperpolarising stimulus.
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Please read our preprint!
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