
 

Unconventional connections: How inhibition
hones cortical selectivity
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Subthreshold direction selectivity is inherited from synaptic conductances when
co-tuned. Differential tuning of excitation (Ge) and inhibition (Gi) can
preferentially suppress excitation and enhance subthreshold selectivity. With
differential tuning, inhibition can be either bidirectional or oppositely tunned for
direction relative to excitation. Credit: Max Planck Florida Institute for
Neuroscience

Our brains do a remarkable job of encoding visual information about the
world around us, providing an almost instantaneous report about rapidly

1/5



 

changing conditions that is critical for guiding our behavior. Integral to
the brain's encoding mechanism is the presence of neurons that respond
selectively to specific visual features, generating electrical activity that
reliably signals properties such as the orientation of edges, their position
in space, and their direction of motion. By using new tools to probe the
principles of connectivity that neural circuits use to generate selective
responses, scientists at the Max Planck Florida Institute for
Neuroscience are gaining a host of new insights into the fundamental
mechanisms underlying brain function.

Understanding how neural circuits build response selectivity poses an
enormous challenge since a single neuron receives thousands of synaptic
inputs derived from other neurons and these inputs can differ in their
response properties and how they can affect the neuron. Some inputs are
excitatory, making the neuron more likely to generate an electrical
signal, while others are inhibitory, reducing the likelihood that the
neuron generates a signal. Somehow a neuron integrates all of these
excitatory and inhibitory synaptic inputs to generate responses that are
selective, a mysterious 'input/output transform' that has been the subject
of intense research interest.

Previous studies have suggested that there are some simple rules that
govern excitatory and inhibitory functional connections. A prominent
rule that has emerged for excitatory connections is the notion "like
connects with like." For example, in the visual cortex, neurons that
respond selectively to a particular direction of motion are thought to
receive their excitatory inputs from other neurons that respond
selectively to the same direction of motion. An equally important rule
has been postulated for inhibitory inputs: the idea that the properties of
the inhibitory inputs a neuron receives match the properties of its
excitatory inputs. Because of the "matching rule", inhibitory inputs are
thought to adjust the strength of the excitatory inputs, but not to alter the
selectivity conveyed to the neuron by its excitatory inputs.
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Now in a recent publication in Nature, researchers in David Fitzpatrick's
Lab, Daniel Wilson, Ph.D., and Benjamin Scholl, Ph.D., have
accumulated multiple lines of evidence that challenge both of these
principles, providing a new perspective on how circuits in visual cortex
employ excitation and inhibition to generate neuronal responses that are
selective for an object's direction of motion.

MPFI researchers first needed a better picture of the direction selectivity
supplied by a neuron's excitatory synaptic inputs. To do this they used in
vivo two-photon microscopy to characterize the direction selectivity of
individual excitatory synaptic inputs onto the dendrites of a neuron,
comparing this with the neuron's overall direction preference.
Surprisingly, what they discovered goes against the grain of traditional
thinking. Although, many of the synapses aligned with the overall
directional preference of the neuron, a large number were found to
respond best to the opposite (null) direction of motion, a pattern of
connectivity that contrasts sharply with "like connects with like" rule.
They also noticed a conspicuous mismatch between the strength of a
neuron's direction selectivity, and that predicted by its excitatory
synaptic inputs. The degree of direction selectivity that the neurons
exhibited was significantly greater than what would have been expected
from such a broad range of excitatory inputs.

To further probe the factor(s) responsible for this puzzling difference
between the neuron's excitatory inputs and its output, they turned to a
different set of experiments using in vivo whole-cell patch-clamp
electrophysiology. This technique makes it possible to measure the total
sum of synaptic inputs contributing to a neuron's response and to
compare the contribution of excitatory and inhibitory synaptic inputs.
The results for the excitatory inputs were consistent with the two-photon
imaging data confirming a significant amount of excitatory input for
both the preferred and the null direction of motion. The results for
inhibition provided the team with another challenge to traditional
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thinking and a potential explanation for the puzzling input/output
difference: In fact, the tuning of the inhibitory inputs did not match the
excitatory inputs. For many neurons the strength of inhibition was
greatest for the null direction of motion, suggesting that excitatory
synaptic inputs to the null direction were being selectively dampened
through inhibition.

These findings predict that cortical inhibitory neurons make a substantial
number of synaptic inputs to excitatory neurons that prefer the opposite
direction of motion. The researchers applied two novel approaches to
examine this question, first charting the anatomical connections of
functionally defined inhibitory neurons, and then using optogenetics
(selectively activating inhibitory neurons with light) to map the source of
inhibitory inputs to single excitatory neurons. In tandem, these
techniques confirmed that inhibitory connections to excitatory neurons
often originated from neurons that preferred the opposite direction of
motion.

Beyond disentangling the mechanism responsible for direction
selectivity, these discoveries emphasize the flexible ways in which neural
circuits can integrate excitatory and inhibitory inputs to build the variety
of selective response properties critical for neural coding. Like doesn't
always connect with like and excitation doesn't always match inhibition,
but you can count on brain circuits to have evolved the combination of
inputs necessary to ensure high levels of functional performance.

  More information: Daniel E. Wilson et al, Differential tuning of
excitation and inhibition shapes direction selectivity in ferret visual
cortex, Nature (2018). DOI: 10.1038/s41586-018-0354-1
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