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Neurons in Action:  Action Potential Tutorials.

PART 1:  ION CURRENTS DURING AN ACTION POTENTIAL.

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 “Action Potential”.

Read the instructions on pages 21 and 22 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 22 for “inserting a stimulating electrode” and launching the Voltage vs Time Plot.

Press Reset and Run on the Run Control panel and produce an action potential (red line on Voltage vs. Time plot).  Note that the membrane potential initially depolarized with the stimulus (green line) but does not repolarize after the stimulus ends.  Since the stimulus has caused the membrane to depolarize above the threshold voltage, an action potential begins.

Referring to your class notes, describe what ion currents cause the depolarizing and repolarizing legs of the action potential?

On the P&G Manager panel, click on the button for patch parameters.  A new panel will come up.

What will happen to the driving force on sodium ions if you increase the concentration of sodium outside the cell.  Why?

What will happen to the sodium current if you increase the concentration of sodium outside the cell?

What will happen to the height of the action potential if you increase the concentration of sodium outside the cell?

Will the action potential rise more slowly or more quickly if you increase the concentration of sodium outside the cell?  Explain your answer.

Test your prediction.  First move the cursor to the Voltage vs. Time plot and right click on the mouse.  This will bring up a pull-down menu.  Highlight “Keep Lines”.  This will allow you to superimpose a new action potential on the one that is already there.  Now increase the extracellular sodium concentration in the Patch Parameters panel from 140mM to 400mM.  Do your predictions match the results?
On the Patch Parameters panel are two buttons, one for Na channel density and one for K channel density.  What would happen to the Na conductance if you decreased the Na channel density?
Run your own experiment!  Pick another parameter to change on the Patch Parameter panel and predict how this change would affect the action potential.  Explain your prediction here:

Run the simulation.  Do your predictions match the results?

PART II:  ACTION POTENTIAL THRESHOLD.

Return to the Neurons in Action home page.  In the large righthand window, click on word, “thresholds”.  This will bring up a new tutorial, the Patch Threshold Tutorial.  Read the instructions on page 33 of the manual.  You should bring up the P&G Manager panel, the Run Control panel, and the Stimulus Control Panel (Stimulus Electrode Panel).  By clicking on IClamp in the Stimulus Electrode Panel, you will bring up the buttons that you will need to change the parameters of the stimulus.

Note that the default value for the Stimulus Amplitude is 2.4nA.  (See the button under IClamp pulse in the Stimulus Electrode panel).  This means that when you run the simulation, the stimulating electrode will pass 2.4nanoamps of depolarizing current into the simulated neuron.

Run the simulation by pressing Reset and Run in the Run Control panel.  Do you see an action potential?  Why or why not?

Now increase the amount of current that you pass through your stimulating electrode using the amplitude button in the Stimulus Electrode panel.  How many nA of current do you need to pass through your stimulating electrode to produce an action potential?

In the lab on the crayfish ventral nerve cord, you stimulated action potentials in crayfish giant fibers.  What part of the lab experiments is roughly analogous to what you just did with this simulation?
In the simulation you just ran, the stimulus current lasted for 15 ms.  (See the duration button under IClamp pulse in the Stimulus Electrode panel.)  However, most synaptic input from one neuron onto another produces a current that lasts only about 0.1 or 0.2 ms.  So let’s change the stimulus duration to 0.1 ms using the duration button.  Run the simulation.  Do you see an action potential?
Now, increase the stimulus current amplitude until an action potential is produced.  What is the amplitude of the stimulus current necessary to produce an action potential?
How does this threshold stimulus current compare to the current necessary to elicit an action potential when the stimulus current was 15ms, not 1 ms?  Why do you see this difference?

Now, increase the stimulus current duration to 0.2ms.  Decrease the stimulus amplitude and determine the threshold stimulus current necessary to just elicit an action potential.  

How does the threshold current at 0.2ms compare to the threshold current at 0.1ms?

In the disease myasthenia gravis, the motoneuron cannot deliver enough neurotransmitter (acetylcholine) to produce a synaptic current large enough to elicit an action potential and contraction in the muscle cell.  Thus, patients with this disease have trouble moving.  One treatment for myasthenia gravis is to give the patients a drug (physostigmine) that prolongs the action of the neurotransmitter on the muscle cell, that is, increases the duration of the synaptic current produced by the neuron in the muscle cell.  From the exercise that you just completed, you should see how a small increase in the duration of the synaptic current produced by the motoneuron on the muscle cell could produce a big decrease in the amplitude of the synaptic current necessary to elicit an action potential in the muscle cell.

PART III:  REFRACTORY PERIOD FOLLOWING AN ACTION POTENTIAL.   

Go back to the Neurons in Action home page.  On the large, righthand panel, click on the work “refractoriness” to bring up the Patch Refractoriness Tutorial.

Follow the instructions on pages 37 and 38 of the manual.  Bring up the P&G Manager, Run Control, and the two Stimulus Electrode panels.  Click on IClamp in each of the Stimulus Electrode panels to bring up the menus with the stimulus current parameters.  Note that the stimulus current duration is 0.1ms.  This is quite short but resembles the duration of a synaptic current produced by one neuron onto another.  Note that the stimulus amplitude is 125nA.  From the exercises in Part I and II, you should realize that these are large, suprathreshold current amplitudes.  By suprathreshold, I mean that these stimulus currents should be plenty large enough to elicit an action potential in the simulated neuron.  Note that the delay is set at 0ms for stimulus 1 and 10 ms for stimulus 2.  This means that the first pulse is delivered at time = 0 sec while the second pulse is delivered 10msec later.

Run the simulation.  You will have delivered two stimulus pulses to the neuron.  Does an action potential follow each pulse?  Why or why not?

What delay do you need between pulses to elicit a second action potential following the second stimulus pulse? 

If you increase the stimulus current amplitude, would you need a shorter or longer delay between the two pulses to elicit an action potential following each pulse?

Test your prediction by changing the stimulus amplitude.  Record here the stimulus amplitude of your choosing and the minimum delay needed to elicit an action potential following each stimulus pulse.

What specific exercise in the crayfish ventral nerve cord lab resembles these simulated exercises?

Recall from your class notes what determines the absolute and relative refractory periods of a neuron.  In the P&G Manager panel, click on “Patch Parameters”.  This should bring up a new panel.  In this panel, increase the Na conductance of the membrane by changing the Na channel density.  Record here what you did to increase Na conductance.
Will this increase in Na conductance change the duration of the refractory period of the simulated neuron?  Why or why not?

Now, determine the minimum delay between the pulses necessary to elicit an action potential following each pulse.  Record that value here:

Did your prediction match the results?

