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Abstract:

The subcellular spatial distribution of ion channels and
synaptic plasticity-related proteins is dynamic,
nonuniform, and critical for determining the electrical
properties of neurons. How neurons control these
expression patterns is unknown, but is believed to
involve microtubular-based transport. Using
mathematical analysis and numerical simulations, we
show how transport can support these phenomena in
complex neuron morphologies. While the results we

derive are general to any cell type, we examine CA1
pyramidal morphology as a case study, specifically
examining: 1) HCN and K ion channel gradients in
dendrites and 2) spatial expression of plasticity-related
proteins such as Arc. We compare two non-exclusive
models for achieving spatial expression: local versus
global control. For the local-control class, we derive
simple rules that relate the local transport rate along
neurites to the global steady-state distribution of cargo,
and illustrate how this rule can be encoded by a secondmessenger molecule, such as Ca2+. We identify two
strategies that precisely achieve any desired expression
profile. The first distributes cargo uniformly along the
microtubules, and locally captures cargo in proportion to
the target expression level. The second distributes cargo
non-uniformly to match the target expression pattern
and locally releases cargo at a uniform rate. There is
experimental evidence for both of these strategies [1,2].
We also considered a second class of models based on
global control, in which the steady-state distribution of
cargo along the microtubules is not achieved. In this
case, the distribution of cargo might be controlled by
tuning the microtubular transport kinetics to match the
rate of local release/capture of cargo. A major difference
between these two classes of models is that the first can
be locally tuned, while the second must be engineered
from a global level. We suggest that local mechanisms
might be useful to produce flexible trafficking, while
global mechanisms provide efficient solutions for coarse,
rapid transport. We highlight experiments that might
disambiguate between these two cases. References: [1]
Kim S, Martin KC (2015). eLife. 4:e04158 [2] Steward O,
Farris S, Pirbhoy PS, Darnell J, Van Driesche SJ (2015).
Front Mol Neurosci. 7:101
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