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            Abstract
The activity of the cerebral cortex is thought to depend on the precise relationship between synaptic excitation and inhibition1,2,3,4. In the visual cortex, in particular, intracellular measurements have related response selectivity to coordinated increases in excitation and inhibition5,6,7,8,9. These measurements, however, have all been made during anaesthesia, which strongly influences cortical state10 and therefore sensory processing7,11,12,13,14,15. The synaptic activity that is evoked by visual stimulation during wakefulness is unknown. Here we measured visually evoked responses—and the underlying synaptic conductances—in the visual cortex of anaesthetized and awake mice. Under anaesthesia, responses could be elicited from a large region of visual space16 and were prolonged. During wakefulness, responses were more spatially selective and much briefer. Whole-cell patch-clamp recordings of synaptic conductances5,17 showed a difference in synaptic inhibition between the two conditions. Under anaesthesia, inhibition tracked excitation in amplitude and spatial selectivity. By contrast, during wakefulness, inhibition was much stronger than excitation and had extremely broad spatial selectivity. We conclude that during wakefulness, cortical responses to visual stimulation are dominated by synaptic inhibition, restricting the spatial spread and temporal persistence of neural activity. These results provide a direct glimpse of synaptic mechanisms that control sensory responses in the awake cortex.
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                    Figure 1: 
                        Spontaneous and evoked activity in the anaesthetized and awake visual cortex (V1).
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Figure 2: 
                        Anaesthetized responses are long lasting regardless of cortical state.
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Figure 3: 
                        Responses are spatiotemporally restricted during waking.
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Figure 4: 
                        Visually evoked conductance is dominated by inhibition in awake V1.
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Neural inhibition holds sway in visual cortex
Recordings performed under anaesthesia have invariably described neural activity in the visual cortex as the product of a balance between excitatory and inhibitory currents, and this relationship is thought to determine the selectivity of neurons to visual features. Matteo Carandini and colleagues now compare intracellular measurements of primary visual cortex made in anaesthetized and awake, behaving mice. They find that under anaesthesia, excitation and inhibition are balanced, but in the awake state, inhibition is stronger and occurs for a broader spatial range of stimuli. They conclude that during wakefulness, visual responses are dominated by inhibition, and that this shapes visual selectivity by restricting the temporal and spatial extent of responses.
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