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NEURONS IN ACTION: PASSIVE AXON TUTORIAL

PART 1:  THE AXON LENGTH (OR SPACE) CONSTANT:

When you are on the Neurons in Action home page, press the tab for 

Start Neurolab.

A new window will come up with the Contents on the left side of the screen.  Click once on “Passive” under Axons.

Read the instructions on pages 51 and 52 of the manual.  When you get to the “Start the Simulation” button, click on it and bring up the P&G Manager and Run Control panels.  Be sure, then, to follow carefully the instructions on page 52 for “inserting the electrode” and “launching the first graph”.

In these experiments, you will use one stimulating electrode to pass current into the axon and you will record from four different locations on the axon.  In order to make sure that you understand the experimental configuration, draw here the axon and the different electrodes.  Label the electrodes.

Run the simulation by pressing the Reset and Run button in the Run Control panel.  On the Voltage vs Time plot, you will see red, blue, and green voltage trace lines.  What do these lines represent?

Why is the red line at a greater amplitude than the green or blue line?

Why don’t you see the black voltage trace line at all?

In which trace (red, green or blue) does the voltage rise more quickly?  Why do you think this is the case?

Go to page 53 of the manual and try the simulation under the heading “Observe the voltage change spreading along the axon.”  Describe and explain what are you seeing on the Voltage vs Space graph (Spatial distribution of voltage) as you run the simulation.
Using the Voltage vs Space graph, you can now measure the length constant of this axon.  The length constant tells you how far voltage will spread along the axon before it decays away.  An axon will a large length constant will allow voltage to spread further along it than an axon with a small length constant.

Since voltage decays down an axon exponentially, you can calculate the length constant by measuring the distance over which the initial voltage decays to 1/e or 37% of its initial value.  The length constant is a measure of distance.  At one length constant down the axon, the voltage will be 37% of the initial value while at two length constants, the voltage will be 37% of 37% of the initial value.

To measure the length constant of this simulated axon, set the Total # (ms) button on the Run Control panel to 19ms.  This will cause the Voltage vs Space movie to run for 19msec after the stimulus.  After 19 msec, the voltage across the membrane will have increased and reached a steady state value.  You can see this by looking at the Voltage vs Time plot.

You will determine the length constant in three steps:

Step 1: Determine the membrane voltage at the stimulus site.  Go back to the Voltage vs Space plot.  Place the mouse pointer at the very beginning of the trace ie at distance along axon = 0.  This is the point where the stimulating voltage was applied.  Now click on the mouse to bring up the X and Y values at that point.  X (distance along axon from stimulating electrode) should be 0 and Y (membrane voltage at this point on the axon) should read approximately 207.4mV.

Step 2: Calculate what the membrane voltage should be at one length constant down the axon.  At a distance of one length constant down the axon, what would the membrane voltage be if the membrane voltage at the stimulus site is 207.4mV?  Show your calculations.

Step 3:  Measure the distance from the stimulating electrode to the point on the axon where the membrane voltage is the value calculated for the membrane voltage at one length constant down the axon.  Now move the mouse cursor down the voltage trace in the Voltage vs. Space plot until you reach the membrane voltage that should be present at one length constant down the axon.  You may not be able to hit the voltage value precisely but get as close to it as you can.  What is the X value here?  This X value should be the length constant.
PART II: HOW DOES CHANGING AXON MEMBRANE RESISTANCE AFFECT THE LENGTH CONSTANT?

Now, we will change the properties of the axon and determine if these changes affect the length constant.

Refer back to your class notes.  What is the formula for the length constant in terms of rm and ri?

What does rm and ri stand for?

What would happen if you decrease rm by 4-fold?  Would the length constant increase or decrease and by how much?  Show your calculations.

Now, let’s test this prediction i.e.  What would happen to the length constant if the membrane resistance decreased by 4-fold?

In the P&G Manager panel, click on the Axon Parameters button.  Note the button that says “Leakage Conductance”.  This refers to the membrane conductance.  

What is the relationship between membrane conductance and membrane resistance?

On the Axon Parameters panel, increase the membrane conductance by 4-fold ie from 0.0003 to 0.0012mho/cm2.  What does this do to the membrane resistance?
Now run the simulation by pressing the Reset and Run button on the Run Control panel.  Look at the Voltage vs. Space graph.  First, you may notice that the membrane voltage that results from the stimulus has a smaller amplitude than in Part 1.  Why is this the case?

Now, determine the new length constant.  Step 1:  Measure the membrane voltage (Y value) at the point of stimulation (ie at X = 0). 

Step 2: Determine the membrane voltage at one length constant down the axon.  Show your calculations here.

Step 3: Determine the location down the axon (X value) where the membrane voltage (Y value) is at or close to your calculated value for membrane voltage at one length constant down the axon.  This is your new length constant.

Does this value for the length constant agree with your predictions?

PART III: HOW DOES CHANGING AXON DIAMETER AFFECT THE LENGTH CONSTANT?

We have manipulated rm and seen a change in the length constant.  Now let’s manipulate ri.  What would be the effect on ri of increasing the axon diameter four-fold?
What would be the effect on the length constant of increasing the axon diameter four-fold?  (Think about the formula for the length constant).  Show your calculations.

Now let’s test this prediction ie. What would be the effect on the length constant of increasing the axon diameter by four-fold?

In the Passive Axon Parameters panel, increase the axon diameter four-fold.

Restore the leakage conductance to the default value of 0.0003 mho/cm2.

An axon with a larger diameter takes more current to depolarize it just as a bigger bathtub requires more water to get the water level to reach a certain height.  So, we will inject more current into this bigger axon through the stimulating electrode by clicking on the I Clamp diamond in the Stimulus Control panel.  Now locate the amplitude button in this panel.  This sets the amplitude of the stimulus pulse.  Change the amplitude value from 30 to 240nA.

Now, you are ready to test your prediction.  Run the simulation by pressing the Reset and Run button on the Run Control panel.  Look at the Voltage vs. Space graph.

Now, determine the new length constant.  Step 1: Measure the membrane voltage (Y value) at the point of stimulation (ie at X = 0). 

Step 2: Determine the membrane voltage at one length constant down the axon.  Show your calculations here.

Step 3: Determine the location down the axon (X value) when the membrane voltage (Y value) is at or close to your calculated value for membrane voltage at one length constant down the axon.  This is your new length constant.

Does this value for the length constant agree with your predictions?

PART 1V:  DOES A CHANGE IN MEMBRANE CAPACITANCE AFFECT THE LENGTH CONSTANT?

What does membrane capacitance mean?

Once again, consider the formula for the length constant.  Would you expect a change in membrane capacitance to affect the length constant?  Why or why not?
Now, let’s test your prediction.

First, reset the axon diameter and stimulus amplitude to the default values.

Now, in the Axon Parameters panel, double the membrane capacitance by increasing its value from 1 F/cm2 to 2 F/cm2.

Write down here the value for the length constant that you calculated in Part I of this exercise.  

Now, re-determine the length constant for this axon.  Show your calculations.

Do the results match your prediction of how membrane capacitance should affect the axon length constant?

What “constant” is affected by the membrane capacitance?

PART V:  INJECTING CURRENT IN THE MIDDLE OF THE AXON.

In all the simulations thus far, you have stimulated the axon at one end of the axon.  What would the voltage changes look like if the stimulating electrode was placed in the middle of the axon while the recording electrodes stayed where they were?  Draw a picture of this electrode configuration and predict what the steady state membrane voltages would look like at the different recording sites after you stimulated the axon.
Now, test your prediction.

Restore all values in the various panels to the default values.

Run the simulation by pressing the Reset and Run button in the Run Control panel and observe the voltage changes in the Voltage vs Space and the Voltage vs. Time graphs.  Do your observations match your predictions?
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