Role of Actin on Synaptic plasticity in Parallel fibre - Purkinje Neuron
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Abstract

The neuronal plasticity induced by long term depression (LTD) in parallel fibre Purkinje cell synapse has been known to be one of the important mechanisms of motor learning. The molecular mechanisms behind this plasticity are being elucidated at various levels. Cytoskeleton is speculated to have a major role in consolidating synaptic plasticity.
To analyse the role of actin in induction and maintenance of synaptic plasticity pharmacological agents causing both actin depolymerisation and stabilisation were injected intracellularly in Purkinje cells.  Latrunculin A, a f-actin depolymerising agent enhanced the rate and depth of long term depression induced by conjuncive stimulation effected by depolarising Purkinje cells and stimulating   Parallel fibres simultaneously.  Jasplakinolide, an actin stabilizing agent blocked the induction of LTD by the same protocol.
The possiblility that actin depolymerisation as such may be affecting calcium channel activity and thereby modulating the depth of LTD was investigated by recording Calcium current from cells injected with Latrunculin .  It was observed that the Calcium   current amplitude is decreasing after Latrunculin injection over a time period. This has been reported in many other cells even though not well documented in neurons.                  

To study the possibility of the variations in the morphology due to altered stability of actin cytoskeleton affecting neuronal plasticity,   Luciferase yellow was injected along with Latrunculin and the dendritic spines were observed. It was noted that there was no significant change in the morphology of dendritic spines in the given concentration of Latrunculin even after 30 minutes.

The role of actin in another kind of synaptic plasticity – Long term potentiation (LTP) taking place between parallel fibre and Purkinje neuron- was explored.  Preliminary studies indicated that actin depolymerising drug can block the induction of LTP.

The studies undertaken are strongly suggestive that actin filament dynamics has a dominant role to play in the synaptic plasticity between parallel fibres and Purkinje neurons. This finding is in consonance with similar findings in Hippocampus and other parts of brain. The most plausible mechanism of action of f-actin dynamics on synaptic plasticity could be through its effect on AMPA clustering and declustering. This becomes the most likely mechanism because other possibilities like 1. effect on transportation, 2. effect on dendritic morphology and 3. effect on Calcium dynamics,  were ruled out in the experiments done.

