Buffering of mutations in hippocampal neuronal networks
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Hebb’s postulate for the storage of information in cell assemblies linked by dynamic synapses is the dominant theory linking neuronal cell biology to learning, memory and behaviour. While much work has provided a detailed picture of long term changes in efficacy at individual synapses, much less is known about the processes governing the formation of stable cell assemblies. In this study we have explored this by using multi-electrode arrays (MEA) to record the spontaneous network activity from primary cultures of wild-type and null mutant embryonic hippocampal neurons as they develop over a 4 week period.  We show that synchronous burst firing in ensembles of neurons is a stable emergent property of neuronal networks that is highly robust to genetic and pharmacological disruptions. Hippocampal MEA-cultures show a stereotypical developmental progression in activity toward highly synchronised networks and this mode of firing ultimately develops in mature cultures despite severe perturbations of the network. Although highly sensitive during the growth phase of the network, the manifestation of synchronous activity in mature cultures is robust to genomic variation between inbred mouse strains, chronic pharmacological blockade of the NMDA receptor, complete ablation of spontaneous network activity, genetic deletion of the GluR1 AMPA receptor subunit, and genetic deletions or modifications of several synaptic molecules belonging to a variety of functional classes. Our results suggest that mature neuronal networks have a high capacity for buffering the effects of genetic and pharmacological perturbations. This network buffering is a novel form of plasticity providing both resilience to the brain and a mechanism for masking and harbouring deleterious mutations that might later be exposed under environmental stress.

