Neuron practical – Summer of Spikes: Learning and oscillations
Dec. 10, 2009
The point of this practical is to enable you to download and use the program Neuron, which is accessible at the following website: http://www.neuron.yale.edu/neuron/ 
Goals of the practical:
Produce an action potential using a single point neuron and plot current and voltage changes that can occur in this neuron.
Examine how changes in temperature, channel conductances, resistance, and capacitance can alter the shape and form of the action potential.
Build a ‘neuron’ with a soma, a dendrite, and an axon and have it produce a spike.  Examine how you can ‘break’ the system using various conductances.  Can you make a neuron spike without the use of sodium or potassium?
Import a pyramidal cell or import a modelled neuron of your choice from ModelDB http://senselab.med.yale.edu/modeldb/  and display  the neuron in Neuron
Change the response properties of the neuron to explore why the neuron produces its responses. For example:  What properties of the neuron can you change to get it to not spike?  Can you cause it to oscillate?  What properties of the neuron allow it to produce a spike?
Place an ‘input’ into your neuron.  What happens when you place one or multiple synapses along the same branch?  What about along different branches?
Finally, if we have time, we can ‘wire’ together three spiking neurons with mutually inhibitory and/or excitatory connections.  Can you get the neurons to spike in an oscillatory manner?
Many of these goals are exploratory and are purely for you to be able to learn the basic properties of neurons.  There will be specific goals (listed below) which we will ask you to achieve within the two hour time period, but many of the above questions are to allow you to explore the many variables affecting spiking to examine how a neuron can work.
Background: Neuron began as a tool to model individual brain cells, with a focus on the level of individual channels in the membrane up to the level of the dendritic and axonal branches of a neuron.  The program has the capability to build relatively small networks, but its strength is as a tool to understand how a neuron can be built using basic components.  
Programming: As it stands, Neuron is written in a programming language called ‘hoc’ and, lately, they are incorporating it into python.  It is not recommended to learn ‘hoc’ if you can avoid it.  For this practical, we’ll mainly be using the graphic user interfaces (GUIs) provided with the Neuron package.



Exercises
1.  Produce an action potential using a single point neuron and plot current and voltage changes that can occur in this neuron.
First, while the computer you’re using in the laboratory likely has Neuron, it is worthwhile to check the website for additional information which is also where you can download the latest version: http://www.neuron.yale.edu/neuron/
Open neuron by double-clicking on  in the Neuron folder.  What opens is a series of windows, which can look somewhat like this:

For this first exercise, most, if not all, of the programming is already done for you.  You can just select the “Patch: HH channels” option in the Neuron Demonstrations window.  It will call up several windows, including a blue dot with a line and two graphs.  Hit the ‘Init and Run’ button in the RunControl window and you’ll get something like this:

And, now, you have your first spike! 
Next, we need to know what we are looking at.  Here is another screenshot (in Windows Vista), with the layout of Neuron when you select the Patch:HH button.  It contains a plot of voltage over time, current over time, an example of the cell soma, a temperature control window, and a run window.  These can all be used to control the action potential (indicated by a star) as well as examine the results (indicated by a blue asterisk (*)).

Then, hit the Init & Run button.  You will see an action potential in the Graph[0] plot with the voltage over time values plotted like this:

If you want to then examine how different treatments could alter the action potential, then right click on the plot and select ‘Keep lines’.

Then, adjust the temperature in the Temperature window and hit Init & Run and observe the changed action potential spike.

2.  Examine how changes in temperature, channel conductances, resistance, and capacitance can alter the shape and form of the action potential.
Explore the parameters to produce an action potential.  One easy step is to observe how changes in temperature can alter the production of a spike in an isolated ‘soma’.  Since these are all biochemical processes, changes in temperature would of course alter the time course of the action potential. 
Next, to alter the mechanisms that produce the action potential, you can go to Tools>Distributed Mechanisms>Managers>Homogeneous Spec (see below).  

Another window will open entitled ‘ShowMechanism.  In this window, you can select from the MechType menu some options for changing capacitance, conductance, calcium channels (i.e. cachan), hh  channels  (Hodgkin-Huxley type channels), and numerous other parameters.  
Examine this parameter space.  Change the capacitance and run the program.  What happens to the action potential?  What if you change the ionic balance of potassium (K) or sodium (Na)?  

Even with this demonstration file, you can insert different conductances into the soma.  To add or remove different ion conductances or ion pumps, go to Tools>Distributed Mechanisms>Managers>Inserter.  A window will come up like this:  
Where you can add different types of conductances, channels, and pumps to the soma to produce changes in the spikes.  Can you produce a spike without Hodkin-Huxley type sodium and potassium channels?
Also, what happens when you change the input current?  Select the ‘IClamp’ option in the I/V Clamp Electrode window and change the amount of current or the delay of the timing of the injected current and observe what happens to the action potential.

 3. Build a ‘neuron’ with a soma, a dendrite, and an axon and have it produce a spike.  Examine how you can ‘break’ the system using various conductances.  
Go to Build>CellBuilder and a new window opens: 
 Where you can create your own ‘cell’, with a dendrite, and axon, and a soma.  It is essentially point and click, though you do need to specify the names so that you can then use them when describing the units.  Here, the cell with a dendrite, axon, and soma were created.  
[image: ]
These pieces now require an axial resistance (Ra), channels, conductances, and other specific functions.  Select the areas and include what channels and information each bit will need to produce a spiking neuron.
[image: ]
Now, as long as you have the ‘Continuous Create’ box checked, Neuron can then use this ‘model neuron’.  
In addition to making a neuron, it would be handy to record from the cell.  Go to Graph>Voltage axis.  A graph plot will appear.  You can select what you plot by selecting ‘Plot what?’ in the right-click menu in the window.  Since you specified the names of the areas of your neuron, you can select what types of information of these areas you would like to plot.  [image: ]
For example, to plot the dendrite (dend), double click on dend and then select v(0.5) to measure voltage half-way through the dendrite.  This option will show up in the plot (below).  To change the colour, try the Colour/Brush option in the right-click menu.
[image: ]
Now, if you want to record from your neuron and produce a spike with stimulation, you need to inject some current.  You can do this by going to Tools>Point Processes>Managers>Electrode.  A window will open which allows you to select IClamp (current injection) and inject a certain amount of current to your cell.  Press Init & Run and find out if you built a functional neuron!
4.  Import a pyramidal cell or import a modelled neuron of your choice from ModelDB http://senselab.med.yale.edu/modeldb/  and display the neuron in Neuron
When modelling neurons with Neuron, one thing to keep in mind is that it utilizes the compartmental model of a neuron, which is basically making the assumption that the cells is made up of a series of compartments in the form of tubes which can be added together to build an entire dendritic tree.  These compartments contain the assumptions of the equivalent circuit model of the cell membrane, which is illustrated below:
[image: ]
Therefore, a pyramidal cortical neuron modelled in the Neuron system can look like this:
[image: ] can be, when zoomed in, look like this:
[image: ], which is basically a series of tubes, with a basic schematic layout which looks like this:
[image: ]

To then import your cell, just select the Pyramidal option in the Demonstrations window.  Look at the cell in the shape and point process manager windows.  Select 3D rotate, and look at the neuron.  You can also download other models at ModelDB.  Please ask if you need any help with this!
5. Change the response properties of the neuron to explore why the neuron produces its responses. For example:  What properties of the neuron can you change to get it to not spike?  Can you cause it to oscillate?  What properties of the neuron allow it to produce a spike?
Just as you had injected current (iClamp) or altered the properties of the cell, try to induce a spike in your model pyramidal cell.  In the Point Processor Manager window, select a branch or an area of the cell you are interested in, which should be lit in red after you select the area.  Then, go to the ‘Select Point Process’ button and add current to the area you selected, which can be in the form of a synapse (AlphaSynapse, ExpSyn, etc.) or simple current input (IClamp).  Change the parameters to input enough current to produce a spike and plot it using the Graph>Plot Voltage function.

[image: ]
Also, can you modify the branches and add or remove channels and conductances to produce different responses?  Again, after selecting the Tools>Distributed Mechanisms>Managers option, you should see something like this.  You can select different pieces of the neuron and alter their composition.  What happens when you add hh-type channels to dendrites?  How does the calcium pump change anything?
[image: ]
6. Place an ‘input’ into your neuron.  What happens when you place one or multiple synapses along the same branch?  What about along different branches?
Just as mentioned above, you can add ‘synapses’ to a cell.  Select the target areas of the cell in Point ProcessManager and add a synapse.  Add several more with certain levels and ask how placement and branching patterns can change the soma response.
7. Finally, we can examine a ‘wired’ together ten spiking neurons in an interconnected network.  Can you get the neurons to spike in an oscillatory manner?
The Synchronizing net Demonstration is useful for examining how the firing properties of interconnected cells can affect one another.  Select the Synchronizing net tool and you end up with two extra windows.  One will plot the rasterplot of the spike times of the neurons in the network.  The other window allows you to adjust connection strength (or weight), timing information, and other parameters to examine how the neural net can produce synchronous or asynchronous activity.  
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