Role of Ubiquitin proteosome pathway on synthetic activity and plasticity in parallel fiber purkinje cells synapse in cerebellar cortex
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Abstract

LTD taking place in the Parallel Fiber Purkinje Cell (PF-PC) synapse has been implicated as the basis of Cerebellar Learning and Memory.  Even though LTD is well established both in vivo and in Culture, the molecular mechanism of it is yet to be fully understood. Several possible mechanisms are proposed and it is possible that they act in concert and no single pathway is exclusive.
     Activation of several kinases (PKC / MAPK / ERK) followed by Phosphorylation of several synaptic proteins occurs during LTD and depression is due to reduction of membrane AMPA receptors in the active zone of post synapse. But the mechanism by which AMPA receptor population is decreased is not well understood. One possible mechanism is increased rate of Clathrin-mediated endocytosis . Other mechanism may be reduction in the amount of possible “Slot Proteins”, which anchors the AMPA receptors in post synapse.
     Ubiquitin Proteasome Pathway (UPP) on the other hand is an energy driven, temporally specific and tightly regulated mechanism of intracellular protein degradation. It has been found to have important role in the development of neuronal connection, maintenance of synaptic transmission and synaptic plasticity. Many cell surface receptors are found to be degraded by UPP (e.g. GluR1, in C. elegans and also GABAA). There are in vivo behavioral study showing evidence that UPP is necessary for memory formation.
    In the current study, electrophysiological experiments were carried out in presence of several drug to explore the possible role and the mechanism by which UPP interacts with LTD. Proteasome inhibitors (Epoxomicin and Lactacystin) were found to block LTD. Furthermore it was found that Proteasome inhibitors partially blocks the PKC and PP2A inhibitor induced LTD. On study of the role of UPP on constitutive recycling of AMPA receptors Proteasome Inhibitor was co injected with Tetanus Toxin(TeTx) and it was found that  Protaeasome inhibitor increases the TeTx induced depression.
    The present study provides us some interesting results about the role of UPP in synaptic plasticity but it needs to be confirmed by biochemical, immunocytochemical and in vivo experiments. The data shows that UPP plays an active role on induction of LTD, and it shares some common pathway with PKC / PP2A inhibitor induced LTD. The data also suggests that UPP has some active role in maintenance of synaptic activity. Possibly due to inherent dynamicity of synapse, Proteasome mediated degradation is active even in rest and during induction of LTD, the target proteins are altered so as to bring about the change in the synapse. Recently activation of immediate early genes (Jun B) and new protein synthesis are also found to be necessary for LTD induction. Thus it strongly suggests that local synaptic changes mediated by 2nd Messenger Cascade as well as regulated new protein synthesis and degradation in harmony contributes to LTD and thus essentially learning. 
