BME665/565 – Notes on Assignment 1
Overall: Most people provided a good explanation of why they saw the results they did. On a test, an answer without such an explanation would be insufficient for a passing grade.
Also, the questions were mis-numbered, so that part of question 6 appeared as a second part of question 5, and part of question 5 appeared as the second half of question 4. So… if you answered all of 4, you answered part of 5 too!


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 action potential amplitude 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?

The expected behavior of a typical HH neuron (using parameters from class) is that as current is injected, sodium channels are activated – if enough current is injected, lots of sodium flows into the neuron and a spike occurs. The all-or-none behavior is predictable from the Hodgkin-Huxley equations – once the membrane is depolarized to a certain level (by the current injection), the sodium channels become activated and the currents start to flow into the cell, further depolarized the neuron and creating a positive feedback loop. Below that level, we are “off the curve”, so to speak – the membrane potential is not sufficient to cause sodium to flow into the cell. 
Most people who answered this question confirmed the “all-or-none” property of the action potential by injecting currents of different sizes into a typical HH neuron and plotting the maximum membrane potential that results. A number of people also noted that the delay to onset of the action potential is shortened by increasing the magnitude of the current. Some people noted that at very large injected currents, there is actually quite a large increase in the magnitude of the action potential; physiologically this would probably nuke the neuron, and is an artifact of the HH model. 
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.

If the membrane potential is held high by injected current over a longer time period, then the interaction between the sodium activation, sodium inactivation, and potassium channels will result in spiking. After the spike, the outward flow of potassium (due to the voltage-dependent potassium channels characterized by n in our HH equations) allow the neuron to re-polarize, helped by inactivation of the sodium channels. Because there is still an injected current, however, the sodium channels again become activated during this re-polarization and the cycle begins again.  

Everybody managed to produce a spike train in which the frequency of spikes increased as the magnitude of the injected current increased. A few people also noted that the magnitude of spikes decreased at high spike rates. Few people actually provided the requested plot of the frequency of action potentials vs. the amplitude of the stimulus.
3) Test the hypothesis that the density of sodium channels determines the rate of rise and amplitude of the action potential.

More sodium channels means that sodium can get into the cell faster – and results in a steeper slope on the rise rate of the action potential. It also means that the driving force of sodium into the cell is greater. Because the time constant for the potassium activation is slower than that of sodium, more sodium gets into the cell before the potassium starts flowing out; this increases the amplitude of the action potential (to some extent).
Everybody successfully reproduced the result by changing  
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but some people failed to explain why that tested the hypothesis. 

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.

The voltage-dependent potassium channel activation results in potassium flowing out of the neuron, which re-polarizes the neuron. More potassium channels would increase the rate at which the potassium can flow, thereby increasing the rate at which the action potential falls. 

This question was answered quite well, although again, some people failed to explain their results. 
The reversal potential part of the question belonged with (5), below. Reducing the Nernst reversal potential for sodium affects the amplitude of the spike. This is because the reversal potential determines the point of equilibrium for the ions – the driving force of Na reverses at this value. 

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 [sic] level of membrane potential

As mentioned in the answer for (4), the reversal potential determines the point of equilibrium for the ions. 
Again, the second half of this question (about maximal sodium conductance) belonged with (6), below. This question wasn’t clear to some people – we actually wanted to know how the resting membrane potential interacts with the maximum flow of sodium through the membrane. (This question is closely related to question 6). As the resting potential of the membrane is increased, sodium inactivation occurs, and sodium conductance therefore decreases. 
6) Test the hypothesis that prior depolarization inactivates voltage-gated sodium channels 

Hint 1: Looking at the behavior of the sodium channels is much easier if you set the potassium conductance to zero. 
If you voltage clamp the neuron to a new (depolarized) resting potential, from the plot of the voltage dependency of the sodium inactivation parameter h, you can see that h will reduce to 0 (as would be expected from the h∞ curve for this parameter). Remember that h is the Na inactivation parameter – the probability that the “ball” doesn’t block the sodium channel (as described in class). As voltage increases, h(0 and the sodium channels inactivate.
7) Test the hypothesis that the potassium channels DO NOT inactivate following prior depolarization.

First of all, the potassium channel we have been dealing with as part of HH does not have an inactivation mechanism. Although it is voltage-gated, we would not expect to see the potassium channels to inactivate unless the membrane potential were so low that n reached 0. When we depolarize the resting membrane potential, we would not expect to see any inactivation as n reached steady state – in contrast, because there is a higher probability of K channels opening at higher membrane potentials, we would expect to see an increase in n at steady state. Again, you could voltage clamp the neuron and examine the time course of n to demonstrate this effect.
Very few people answered questions 6 and 7.
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