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PROPAGATION OF ACTION POTENTIALS:

PART 1: UNMYELINATED AXON TUTORIAL.

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 “unmyelinated” under the Axons section.

Read the instructions on page 58 of the manual.  When you get to the “Start the Simulation” button, click on it and bring up the Panel and Graph Manager Panel and Run Control panels. Press the Reset and Run button and observe the action potential produced.

Draw the experimental configuration ie the axon and the placement of the stimulating and recording electrodes.

Right-click on the Voltage vs. Time graph and highlight “keep lines”.  

In the Run Control Panel, change the temperature from the default value of 6.3 degrees to 25 degrees.  Now press Reset and Run and observe the action potential.

How has the amplitude and duration of the action potential changed at the warmer temperature?  Explain these changes.  (Hint:  Think about the changes in the magnitude of the underlying sodium and potassium currents as the axon is warmed.)

Now click on the Voltage vs. Time, Dual Trace graph in the Panel and Graph Manager Panel.  Now, we have one stimulating and two recording electrodes in the axon. 

In the Voltage vs. Time Dual Trace graph, the “red” recording electrode is placed 0.1 of the total distance down the axon.  Since the axon is 8mm long, this distance is 0.1 times 8mm or 0.8mm down the axon.  The second “black” recording electrode is 0.9 of the way down the axon.  How far is this in mm?  How far apart are the two electrodes?

Using the above information for electrode placement, draw the experimental configuration ie draw the axon and the placement of the stimulating and recording electrodes.

Press Reset and Run and observe two action potentials on the Voltage vs. Time, Dual Trace graph.  Measure the time at which each action potential reaches its peak.  With this information and the information on the distance (in mm) between the two recording electrodes, calculate the conduction velocity of the action potential down this axon in mm/msec.  Show your calculations.

What do you think would happen to the conduction velocity of the axon if it had a smaller diameter?  Explain.

Now, test your prediction.  In the Panel and Graph Manager Panel, click on the Axon Parameters tab.  Then in the Axon Parameters panel, reduce the axon diameter from the default value of 500M to 200M.  Press Reset and Run, and calculate the conduction velocity.  Did the velocity change and how?

The axon you are simulating here is the squid giant axon.  Its diameter is 500M or 0.5mm ie a very, large axon.  How does the conduction velocity that you calculated for this axon compare with the conduction velocity you recorded and measured for the giant fibers of the crayfish?  The crayfish giant fiber conduction velocity was about 2mm/msec.  Which axon, squid or crayfish, do you think is bigger?  Why?
PART II:  MYELINATED AXON TUTORIAL.

First, close all the panels in the previous tutorial.

Open the Myelinated Axon Tutorial.  Read page 62 of the manual.

Using your lecture notes, describe how myelination increases AP conduction velocity.  Define node and internode.

Draw the axon with nodes and internodes as described in this tutorial. 

In the Panel and Graph Manager Panel, click on Voltage vs. Time, Dual Traces.  Press Reset and Run.  You should see two action potential recorded by recording electrodes that are 8mm apart.  Measure the time for each action potential to reach its peak and, with this information, calculate the conduction velocity of this axon.  Show your calculations.

This axon is 10M in diameter and myelinated.  It represents a myelinated axon in a frog.    How does its diameter and conduction velocity compare to that of the squid axon measured in the previous tutorial?

In the Panel and Graph Manager Panel, change the number of myelin wraps from the default value of 150 to 75.  Now, press Reset and Run and calculate the conduction velocity.  Show your calculations.  How does a reduction in the number of myelin wraps affect conduction velocity?

PART III.  PARTIAL DEMYLINATION TUTORIAL.

First, close all the panel windows for the previous tutorial.

Then open the Partial Demyelination tutorial.  Read page 66 and the top half of page 67 of the manual.

Draw the experimental set-up described in the tutorial.  Draw the partially demylinated axon with the nodes and internodes.  Include the placement of the stimulating and recording electrodes.

In the Panel and Graph Manager Panel, click on the buttons for the Voltage vs. Time and Voltage vs. Space graphs.  Then click on “Stimulus ‘Trode in Bare Axon’.  Now, the axon is being stimulated in its unmyelinated region.  Press Reset and Run.  In the Voltage vs. Time graph, you should see three APs, two of which are close together.  Why are the second and third APs so much closer together in time than the first AP?

If you look at the Voltage vs. Space graph, you will see a movie of the change in voltage down the axon as the AP propagates down the axon.  This graph is measuring voltage over space, not time.  Look carefully, does the AP propagate at the same speed down the whole axon.  Describe and explain your observations.

Close the Stimulus Control Panel.  This will remove the stimulating electrode from the unmyelinated region of the axon.  Now, place the stimulating electrode in node 4 of the myelinated region of the axon.  To do this, click on “Stimulus ‘Trode in Node [4]” button in the Panel and Graph Manager Panel.

Draw the new experimental set-up including the placement of the stimulating and recording electrodes in the partially myelinated axon.  Indicate what regions of the axon are myelinated and what regions are not.

Now, press Reset and Run and observe the Voltage vs. Time graph.  Why do you only see two APs even though you have three recording electrodes in the axon?  (Remember that the APs are color-coded.  The color refers to the position of the recording electrode.  Remember also that you are stimulating the axon at the opposite end from where you stimulated in the previous exercise.)

Let’s figure out why the AP fails in the unmyelinated region of the axon by answering the following questions:

In which region, unmyelinated or myelinated, is the capacitance of the membrane greater?  Explain.

In which region will it take more current and more time to charge up (depolarize) the membrane to its threshold value?  Explain.

The AP propagates via the flow of current coming from the patch of membrane that just produced an AP.  The inward sodium current produced by the AP in a given patch of membrane causes the movement of positive charge down the axon which will depolarize the next patch of membrane to a voltage more positive than threshold, and, thus, cause an AP in the next patch of membrane.  Which region, unmyelinated or myelinated, will need more current flow coming into it before it can generate an AP?  Explain.
Does this help explain your observations seen when the stimulating electrode was in the myelinated portion of the axon?  Be honest.

In the first tutorial in this assignment, the Unmyelinated Axon Tutorial, you recorded APs produced by an axon at two different temperatures.  Go back and look at that data.  How did temperature affected the amplitude and duration of the action potential?
If an AP is briefer and of less magnitude, will the amount of sodium current generated by it be more or less?  Will that AP cause more of less current flow down the axon to depolarize the next patch of membrane?  Explain.

Now make a prediction.  Patients with multiple sclerosis have axons that are partially demyelinated just like the simulated axon in this tutorial.  Would you expect warming or cooling the axon to improve the likelihood of AP propagation down the whole axon?  Explain.

Now, test your prediction.  In the Run Control Panel, change the temperature from the default value of 25.2 degrees to 21 degrees.  Press Reset and Run.  What happens?

(Actually, a drop in temperature from only 25.2 to 25.1 will cause AP propagation in the unmyelinated portion of the axon.)

These experiments were run at around 25 degrees Centigrade because they simulated the behavior of a cold-blooded frog axon, not warm-blooded human axons.  But the same effect of small temperature changes can be seen in humans.  What then do you think could happen to AP propagation in a human with multiple sclerosis who has been exercising vigorously?  

Now, think once again about how APs are propagated down axons.  Do you think a drug that partially blocks the delayed rectifier potassium channels would help or hurt AP propagation in patients with multiple sclerosis.  Why or why not?

