
 

Researchers discover synaptic logic for
connections between two brain hemispheres
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(A) The structural markers for callosal (Ruby2sm-Flag) and intra-cortical
(synaptophysin-mCherry) axonal terminals were expressed through a viral
approach. The same dendritic segment that underwent functional mapping was
reimaged with confocal microscopy post-tissue expansion. Cyan lines, references
for comparison.(B) Left: the pictured dendritic segment was imaged after
histological staining. Fluorophores targeted callosal axons (blue), intra-cortical
boutons (yellow), dendritic spines (green), and postsynaptic densities (red).
Right: four example spines receiving callosal (top two) or intra-cortical (bottom
two) synaptic inputs. Scale bars are provided both in physical size post-expansion
(gray) and back-calculation with expansion factor (white).(C) The relationship of
the distance between spines in a pair and orientation preference is analyzed in a
similar way as in Figure 2. Consistent with results from high-throughput
CRASM, callosal spines are more likely to cluster with the intra-cortical spines
with similar orientation preference (n = 131 callosal spine pairs; n = 923 intra-
cortical spine pairs; n = 298 callosal/intra-cortical pairs, 52 dendrites, 6 mice).
Error bars represent SEM. ?p 

Researchers at the Max Planck Florida Institute for Neuroscience have
developed a new combination of technologies that allows them to identify the
functional properties of individual synapses that link the two hemispheres and
determine how they are arranged within a neuron's dendritic field.

Each of the 20 billion neurons in the cerebral cortex receives thousands of 
synaptic connections from other neurons, forming complex neural networks that
make sensation, perception, movement, and higher cognitive functions possible.
Ultimately the function of these networks depends on events that occur within a
neuron's dendrite— extensions from the neuron's cell body that resemble
branches of a tree and receive synaptic connections from the axons of other
neurons, A critical piece of the puzzle of cortical networks that continues to
challenge neuroscientists is understanding the functional organization of
synapses within a neuron's dendritic field. This requires determining the
functional properties of the synaptic inputs a neuron receives (what they are
communicating), the source of the inputs (where they are coming from), and
how they are arranged within the dendrite. In a new article in Neuron, MPFI
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researchers detail how they recently devised new methods to answer these
questions, revealing a functional order to the arrangement of distant and local
synaptic inputs within a neuron's dendritic field that may play an important role
in coordinating network activity.

Graduate student Kuo-Sheng Lee, along with other members of the Fitzpatrick
lab, explored this question in the mouse visual cortex by mapping the synaptic
inputs that link the two cortical hemispheres via a fiber bundle called the corpus
callosum. This pathway is thought to play a critical role in coordinating the
activity of the two cerebral hemispheres, and, for the visual system, unifying our
binocular view of the world. They developed an approach that would permit
them to visualize the individual dendritic spines of a neuron (small dendritic
specializations that receive excitatory synaptic inputs), characterize their
functional properties, and determine whether they receive callosal inputs.

To visualize the activity of individual dendritic spines, Lee et al., used an
advanced imaging technique that relies on calcium signals that are detected as
changes in fluorescence. By watching the dendritic spines 'light up' with activity
in the living brain, they could present different visual stimuli to the animal and
determine which was most effective. The dendritic spines, like most of the cells
in visual cortex, respond selectively to the orientation of edges in the visual
scene, so this was the functional property they chose to define for each spine.
Then to determine whether a spine received synaptic input from the callosum,
Lee et al. used direct stimulation of the other hemisphere and looked to see
which of the dendritic spines would light up. Having found that a small
percentage of spines were reliably and consistently activated by stimulating
callosal inputs, then they were ready to address how are they were arranged
within the dendritic field.

One interesting possibility was that the callosal inputs with similar orientation
preference might be clustered together within the dendritic field. Previous results
had provided evidence for clustering of synaptic inputs by functional properties
and suggested that coactivation of clustered inputs could amplify their impact on
the neuron's response. But, when they performed the analysis, they found that
close pairs of spines receiving callosal input were no more likely to have similar
orientation preference than a random distribution of the spines within the
dendritic field. Then they considered another possibility. Perhaps the callosal
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spines were clustered with non-callosal spines with the same orientation
preference, bringing spines with distant and local inputs that have similar
orientation preference into close proximity on the dendrite. When they took
pairs of close spines, one a callosal recipient and the other non-callosal recipient,
and examined the orientation preference of the pairs, they were excited to find
that they were they more similar to each other than would be expected by
chance.

Lee et al. recognized that their conclusions would be strengthened if they could
confirm the functional evidence for orderly local and callosal connectivity with
another experimental approach: defining the synaptic connections anatomically.
To accomplish this, they used a novel technique called expansion microscopy to
anatomically visualize the nanoscale synaptic contacts with conventional light
microscopy. The results were consistent with the functional stimulation results,
demonstrating that callosal inputs and local inputs (derived from the region right
around the targeted neuron) that exhibit similar or¬ientation preference are
clustered within the dendritic field.

These observations put the concept of functional clustering into a whole new
context: 'birds of a feather flock together' and 'opposites attract'. Functional
clustering represents a fine scale spatial pattern of specificity in connections
within the dendritic field that can bring together inputs that have similar
properties and are derived from different networks. Combined with the evidence
that functional clustering of spines in the dendritic field can amplify their impact
on neuronal response, neurons in the visual cortex could use this strategy to
generate robust responses to orientation-matched inputs from the two
hemispheres, contributing to a seamless perception of the visual world. A similar
structure may apply to callosal connections that link other areas of the cortex, a
fine-scale organization of synapses within the dendrites of individual neurons
that has ramifications for large-scale network function.

  More information: Kuo-Sheng Lee et al, Functional Synaptic Architecture of
Callosal Inputs in Mouse Primary Visual Cortex, Neuron (2019). DOI:
10.1016/j.neuron.2018.12.005
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