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The superior colliculus (SC), a layered midbrain structure, functions as a crucial integrative center for orienting
behaviors such as saccadic eye movements. Lateral connections within this map have been proposed to mediate
temporal and spatial competition among multiple visual stimuli that can simultaneously appear within different
locations of the visual field. Many models of these interactions in the SC commonly assume that the strength of
the local neuronal connections depends on the distance between neurons. Furthermore, they propose that
short-range excitation and a long-range inhibition shapes the distribution of neural activity in the SC map in a
winner-take-all fashion.

To test these models, we prepared horizontal slices which preserved the local architecture of the topographical
map and recorded postsynaptic responses from non-GABAergic cells using the whole-cell current-clamp
recording technique. Horizontal slices, composed of stratum griseum superficiale (SGS) and stratum opticum
(SO), were obtained from 16-20 postnatal-day GAD67-GFP knock-in mice. We stimulated various locations in
the SO with an 8x8 electrodes array grid (150 um interelectrode space) in order to mimic the visual input to the
SGS layer.

We have found short-range excitation surrounded by long-range inhibition in the local circuits of the SGS layer.
When excitatory and inhibitory interactions were separated and compared with voltage-clamp recordings at
different holding potentials, inhibition exhibited a delayed onset and longer duration than the excitation. The
differences in the temporal characteristics of the excitatory and inhibitory responses contributed to a
center-surround receptive field map in the superficial layer. We conclude that local lateral interactions in the
SGS layer play a key role in the competition of visual input in the SC local circuit proposed by the models for
target selection process of saccadic eye movements.
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