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Abstract:

Changes in the strengths of synapses drive changes in neuronal computation. The
size of a dendritic spine head is highly correlated with the size of the presynaptic
axon active zone and both are directly related to the strength of the synapse. In an
electron microscopic reconstruction of the hippocampal neuropil, we analyzed the
dimensions of the spine heads, the areas of postsynaptic densities, and the
availability of presynaptic vesicles of neurotransmitter at synapses on CA1 apical
dendrites and found that pairs of dendritic spines on the same dendritic branch
receiving input from a single presynaptic axon are nearly identical in size (CV =
0.083). Despite a small sample size, the relationship is highly significant over a
factor of 60 in spine head sizes, which implies 6 bits of accuracy. This does not
occur for dendritic spines located on different dendrites but synapsing with the
same presynaptic axon. Although there are numerous sources of variability in the
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responses of synapses, including low neurotransmitter release probabilities, the
precision indicated here suggests that the biochemical pathways inside excitatory
hippocampal synapses is tightly controlled and in particular must be able to
average the impact of input spike trains over many minutes. If similar precision is
found at excitatory synapses on pyramidal neurons in the cerebral cortex then the
capacity of the brain to store information may be much higher than previously
thought.
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