BME665/565 – Assignment 1
January 11, 2007

Due: Thursday, January 18th

Purpose: 

1) To consolidate your understanding of the biophysical properties discussed in class.

2) To provide practice using a computational tool (such as Matlab) to test basic hypotheses about the biophysical behavior of neurons.

Deliverables:

Screen shots of the output of your Matlab examples used to test the hypotheses below, together with an explanation of how you set up the experiment and an interpretation of your results. The Word file containing the assignment is available on-line – you can embed your results/answers in that file.

You are encouraged to work together to obtain the results, but you must submit your own writeup, discussion and interpretation of those results.

There are 7 questions. Please submit answers to (at least) 5 of them.

Hypotheses to be tested and related questions to be answered:

1) Test the hypothesis that the action potential is an "all-or-none" event. i.e. that there is a critical level of stimulus that results in an action potential - below that level no action potential is generated, above that level no further change in the amplitude of the action potential occurs. Draw a graph of maximum membrane potential vs. stimulus amplitude.

Related question: Even if the amplitude of the action potential does not change with increasing stimulus amplitude above threshold, do any other characteristics?

2) Test the hypothesis that the frequency (i.e. number per unit time) of action potentials is determined by the stimulus amplitude. Draw a graph of the frequency of action potentials vs. the amplitude of the stimulus.

Hint: To do this, you will have to prolong the duration of the stimulus to 100 ms and use a long (say 90 ms) current pulse stimuli.

3) Test the hypothesis that the density of sodium channels determines the rate of rise and amplitude of the action potential.

4) Test the hypothesis that the density of potassium channels determines the rate at which the action potential falls.

Describe the effect of reducing the Nernst reversal potential for sodium.

5) Test the hypothesis that the current through the voltage-dependent sodium channels reverses when membrane potential exceeds the Nernst reversal potential for sodium ions.

Describe the dependence of the maximal sodium conductance on the testing level of membrane potential

6) Test the hypothesis that prior depolarization inactivates voltage-gated sodium channels. 

Hint: Looking at the behavior of the sodium channels is much easier if you set the potassium conductance to zero. 

7) Test the hypothesis that the potassium channels DO NOT inactivate following prior depolarization.

