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Proposal (250 words):

Introduction: Our group and collaborators have recently discovered a new type of structural plasticity in the
brain between axons — the structure through which neurons propagate electrical signals — and the myelin
coverage of axons — the structure that ensures the speedy, reliable, and energetically efficient propagation of
those signals. Experimental evidence suggests that this newly identified form of plasticity is important in
learning, for instance for the coordination of fine motor tasks, and can be induced or modulated by external
interventions such as transcranial magnetic stimulation.

Hypothesis and Objectives: This project will investigate in computational biology simulations, the biophysics
underlying this new form of plasticity.

Setting and Methods: We will investigate the role of potassium channels located underneath the myelin
coverage at juxtaparanodes. We will test the hypothesis that changes in the volume of the periaxonal space
affect the degree of coupling between parallel myelinated axons. We will also ask how this structural plasticity
can shape information flow in neural networks by simulating its effects on the propagation failure of neurons’
electrical signals, and on the time course of these signals. Finally, we will investigate a possible link between
this new form of structural plasticity and the metabolic coupling of axons and myelin sheaths. The project will
make extensive use of MATLAB, COMSOL and NEURON packages, and will involve collaborators in Hobart,
Tasmania, and Prague, Czech Repubilic.

Impact: The project addresses a new form of neural plasticity, and will have a profound impact on our
understanding of learning in the brain, but also potentially on the design of new types of machine learning

algorithms in spiking neural networks.

Requirements candidate: Highly motivated student with good English communication skills, and proactive and
resolute attitude. The project requires good programming skills and an interest for the complexity and diversity
of the brain’s heterocellular population. The ideal candidate would have a foundation in computational
neuroscience, and some computational skills, preferably in MATLAB or COMSOL. Applicants with other profiles
are still welcome if the applicant can make a case for being able to catch up in programming and computational
aspects. Prior participation to the Neuromatch Academy would be highly appreciated.
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