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We study how background synaptic input modulates the impact of a single excitatory synaptic event on neural responses.  Neurons in vivo are continuously bombarded by a high level of synaptic input that is present even in the absence of a sensory stimulus (Holt et al, 1996, J. Neurophysiol. 75: 1806).  This continuous barrage of background synaptic activity affects neural responses in a number of ways, including increasing response variability and enhancing responsiveness (Ho & Destexhe, 2000, J. Neurophysiol. 84: 1488).  Here we examine, in a slice preparation, how the sensitivity of neural responses to individual synaptic events can be modulated by changing specific characteristics of the background synaptic activity.

We mimic in vivo conditions by using the dynamic clamp to introduce background synaptic activity into in vitro neurons.  This technique, coupled with computational models, allows us to characterize the sensitivity of a neuron to individual excitatory synaptic inputs by measuring the relationship between the magnitude of an evoked EPSP and its effect on firing probability.  We find that simply increasing the overall conductance of a neuron does not increase firing probability, provided that the overall firing rate of the neuron is not changed by the increased conductance.  Only manipulations that change the gain of the neuron affect the change in firing probability associated with an EPSP.  Based on these results, we derive a simple prediction for the probability that a single EPSP evokes a postsynaptic action potential in the presence of in vivo-like background input, as a function of its size.
