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Preliminaries

Preliminaries

Synchronization everywhere:

Fireflies flashing, animal populations in connected habitats,
suspended bridges, marching bands, synchronized swimming.
electronic devices, parallel computing, music, flash photography,
metronomes, telecommunication, power grids, heartbeat and
breathing, paddling in lobster and shrimp, stomatogastric nervous
systems of crustaceans, brain activity (memory, perception, sleep,
seizures, Parkinson’s, depression, schizophrenia), and much, much
more.
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100 Coupled Neurons
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Preliminaries

Pair of Neurons

We are interested in understanding, in the context of
synchronization, the effect that connected neurons have on
each other.

A

YV

The system we look at consists of two neurons reciprocally
coupled, via gap junction and chemical synapse. This pair is
present in many neuronal networks, particularly in central
pattern generators, and therefore are biologically relevant.

Lets first meet the single neuron.
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Single Neuron

Neurons are electrically excitable cells comprised
basically of soma, axon and dendrites.

Single identified neuron in the stomatogastric ganglion of the crab, after
being stained with fluorescent dye (The ISU Crab Lab).
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Membrane

The electrical excitability of the neuron depends on the structure of its

semipermeable membrane, separating the cell interior from the extracellular
liquid, and functions as a capacitor. The membrane contains channels which are
represented by resistors. Nernst potentials due to the difference in ion

concentrations are represented by batteries.
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Model Equations

Huber-Braun Model Equations
a) Membrane potential V:
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where C is the membrane capacitance, and the main currents are
/. 0084~V — Vg) and | g;a;(V — V.) with sd. sr. The
synaptic currentis /.,,, and /, — g,(V — V,) is the leakage current.
b) Activation functions a; with / =/
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where o considers thermal effects, a, .. are activation function in the
continuous state, and ; are time constants;

c) Activation function a.;:
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where » and k are related to ions Ca?*, efc.
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Model Equations

Huber-Braun Model Equations
a) Membrane potential V:
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where C is the membrane capacitance, and the main currents are
. Jd8d~(V — Vg4) and | giai(V — V) with . The
synaptlc currentis /.., and |, — g,(V — V,) is the Ieakage current.
b) Activation functlons a; with / =
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where « considers thermal effects, 4, are activation function in the
continuous state, and ; are time constants;
c) Activation function as,:

where » and k are related to ions Ca?*, efc.




Spiking Patterns
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Firing Rate & Modulation

Firing Frequency
Single neuron color map for firing patterns and corresponding
firing rates as a function of the synaptic input /sy, and the
conductance ggq.
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Firing Rate & Modulation

Modulation
Single tonic neuron forced by a sinusoidal function responds in

different ways depending upon the amplitude and the frequency

of the forcing function.
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Gap Junction & Synapse

Synapse
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Two Coupled Neurons
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Gap Junction & Synapse
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Gap Junction & Synapse

transmitter release
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Gap Junction & Synapse

Summary

1. Synchronization is everywhere, prominently in neurological
systems.

2. We study synchronization (or lack of) in a pair of neurons
reciprocally coupled via gap junction and chemical
synapse.

. The neuron model equations we use possess a rich
dynamics, are physiologically meaningful and capable of
generating a wide range of spiking patterns and
frequencies.

. The neuronal pair of interest here is of biological relevance,
and in the cases we have studied for inhibitory coupling.
strong enough coupling knocks down the slower neuron.
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