Lab module: Oscillations

Click on “Tutorial 5: Synaptic Connections” in the Main Menu.

Go to part 3: Network simulator
1.  Click “Continue” to move onto the next model.

2.  This tool allows you to build a custom neural network, complete with synapses, gap junctions, and current clamps.  The following tasks will introduce just a few neat properties – feel free to experiment and develop interesting networks of your own.
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Task 1) The role of neurons as coincidence detectors is one of constant interest to neurobiologists.  To examine the properties of such a system, we can construct a small model network which emulates one found in a living system.  First, get neurons 1 and 2 to spike out of phase with differing frequencies.  The easiest way to do this is to give both of them stimuli of constant amplitude.  Try giving neuron 1 a 100ms stimulus pulse with an amplitude of 1 nA, and neuron 2 a 100ms stimulus pulse with an amplitude of 2 nA.  Next, attach both neuron 1 and neuron 2 to neuron 3, with a synaptic strength of 0.005.  Run the simulation, and you should find that neuron 3 only spikes when neurons 1 and 2 spike simultaneously.  Now, use the tools available to find out how “coincident” neurons 1 and 2 must be in order to elicit a spike from neuron 3.  Vary the amplitudes of the injected stimuli in order to alter the frequencies of firing, and try to find the tolerance of simultaneity for this particular coincident detector.  How can this tolerance be increased or decreased?

Task 2) Oscillations are one of the most widely studied property of neural networks today.  One common oscillating system consists of two neurons attached via reciprocal excitatory and inhibitory synapses.  To mimic this type of system, connect neuron 1 to neuron 2, give the synapse a strength of 0.005, and decrease the synapse threshold to –71 mV (in essence, creating a graded synapse).  Now connect neuron 2 to neuron 1, give the synapse a strength of 0.025, decrease the synapse threshold to –69 mV, and lower the synaptic reversal potential to –90 mV (this is now an inhibitory synapse).  Run the simulation.  How can you increase and decrease the frequency of these oscillations?  [image: image2.wmf]0
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What about the amplitude? 

Can you make the two neurons synchronize if they are spiking? Make the graded synapse into a non-graded synapse (i.e. set the synaptic threshold to zero). Increase the input amplitude to the excitatory neuron to make the neuron fire in response. What happens to the second neuron? Can these neurons synchronize? 

Bonus. Can you built an oscillatory system with two neurons that inhibit each other? Give parameters, frequency and so on. What main difference do you observe? 
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Figure 5.1: A coincidence detecting network.
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Figure 5.2: An oscillating network.
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