2009 BME intro. Assignment 3 
2009-03-26
Your name:             ID#:             Department: 
Note: Only Hand written reports are accepted. You do not have to repeat the questions in your reports.
I. Using the APSIM program, answer the following questions: 

Passive properties of the membrane: Resting Potential. 

Use the Mode Menu to switch to the Passive Mode of the program. This simulates a membrane with resting (non-gated) Na, K, and Cl channels and membrane capacitance. Click on the Run button in the APSIM Window to calculate the resting potential. You should get a value of -69.1mV. 

a) Open the Ionic Concentrations window from the Edit Menu. Write down the values of the ionic concentrations for each ion. 

Now open up the Maximal Conductances Window from the Edit Menu. 

b) Knowing that at rest, there is no net current, calculate the resting membrane potential (Vm): 

Vm=(GK*EK + GNa*ENa + GCl*ECl)/(GK+GNa+GCl). 

Does the calculated resting potential agree with what you measured? 

c) In the Maximal Conductances Window, reduce G(K) to 0.1mS. Click on the Run Button. What happens to the resting potential? Why? 

d) Now, set G(Na) to 0. Click on Run. What happens to the resting potential? Why? 

e) Now set G(Cl) to 0. Click on Run. What happens to the resting potential? Why? 

f) Increase G(K) back to initial value of 1.5mS. Click on Run. What happens to the resting potential? Why? 

g) Now open up the Ionic Concentrations dialog from the Edit Menu. Click on the Potassium button. Look at the values of the external, [K]o, and the internal, [K]i, potassium concentrations. Use the Nernst Equation to calculate the potassium equilibrium potential EK. How does this compare to the resting potential? 

h) Now increase external potassium, [K]o, to 24mM (using the External Conc. scroll bar). Recalculate EK. Click on Run. What happens to the resting potential? Why? 

i) If the internal potassium concentration, [K]i, is changed to 400mM, what value must the external potassium, [K]o, be in order for the membrane potential to stay the same (as in part h above)? 

j) If the potassium and chloride conductances (G(K), G(Cl)) are set to zero, and the sodium conductance G(Na) is 2mS, what values for internal and external sodium concentration will make the membrane potential zero (0mV)? 
2) Passive properties of the membrane: Input resistance and time constant. 

Change all values back to their default settings (you can do this by simply quitting the program and restarting it).  Switch to the Passive Mode.  Then in the Maximal Conductances Window change G(K) to 0.7mS. 

In the APSIM window change Stimulus Strength to 10 microAmps and Duration to 5msec. Click on Run. 

Now increase Stimulus Strength to 20, then 30, then 40, and finally 80 microAmps, clicking Run after each change. 

a) Open the Measure window to measure the amplitude of the depolarization (the difference between the steady potential reached just before the end of the current stimulus and the resting potential) in response to each current stimulus. Write down the values that you measure. 

b) Using a graphing program or graph paper, plot the relation between current stimulus strength and membrane depolarization. Put the current on the X-axis and the change in voltage on the Y-axis. The slope of the line is the input resistance of the membrane (what is it?) What is the conductance of the membrane? 

c) Add up the values of G(Na), G(K), and G(Cl) in the Maximal Conductances Window. How does this compare to the measured value of conductance? 

d) Measure the time it takes for the membrane voltage to reach 63% of its final value (time zero is defined to be the start of the current pulse). This is the membrane time constant. What is its value? 

e) Now Click on the Clear button to erase the APSIM screen. Keep the stimulus strength at 80microAmps. Now TRIPLE ALL of the conductance values in the Maximal Conductances Window. Click Run again. What happens to the size of the depolarization? What is the new value of the membrane time constant? Why? 

3) Action potential threshold. 

a) Set all parameters to Default Values. Change the Mode to Active Membrane. Change the value of Stimulus Strength until no action potential is elicited. Increase until you find the threshold value. What is the amount of current (to the nearest 0.1microAmp)? What is the voltage of the membrane at threshold? . 

b) Change any of parameters in the model of neuron and find two ways to lower the threshold. (That is to make it fire an action potential with a lower stimulus strength). Explain why those parameters decreased threshold.  Note: Increasing the strength or the duration of the current stimulus does not cause a change in threshold. 

II. Let's think about more advanced model:
In the class, we learned the Hodgkin-Huxley model equation as the following:
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In this model, current according to a specific ion channel is proportional to the membrane potential when the conductivity is assumed to be constant (i.e., g (V - E) where g is the conductivity per unit area, V is the membrane potential, and E is the equilibrium potential that depends on the ion species). Now, let us discuss bit more advanced current equation through the following model.
(1) Derive an ion current density using the Nernst-Planck equation.
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Einstein relation in the electrical conduction: [image: image5.png]



where
J: current density,
D: diffusion constant,
q: charge of ion, 
NA: Avogadro's number,
C: mole concentration of ion,
u: electrical mobility,
ϕ: electrical potential,
kB: Boltzmann constant,
T: absolute temperature,
d: thickness of the membrane,
CI: intracellular ion concentration,
CO: extracellular ion concentration,
V: membrane potential defined by the conventional way.
Useful assumptions:
(i) the electric field is constant so that the transmembrane potential varies linearly across the membrane;
and (ii) the ion current density is constant across the membrane (incompressible fluid).
(2) Derive the equilibrium potential (also known as the Nernst potential; V when J = 0) from your answer.
* The result obtained would show that the current equation in the Hodgkin-Huxley model (g(V-E)) can be a good linear approximation of the realistic ion current.
d





CI





CO





ϕ = 0





ϕ = V





J








