2008 BME intro. 
Assignment 3 –Answer
1) 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. 
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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? 
  ENa = 25 X ln (460/50) = 55.48 mV
  EK = 25 X ln (10/240) = -79.45 mV

  ECl = 25 X ln (600/70) = -53.71 mV

  Vm = -69.09 mV

  Approximately same result

c) In the Maximal Conductances Window, reduce G(K) to 0.1mS. Click on the Run Button. What happens to the resting potential? Why? 
  The resting potential increases to -32.8mV, because the portion of K is reduced in Goldman Eq.
d) Now, set G(Na) to 0. Click on Run. What happens to the resting potential? Why? 
  The resting potential decreases to -62.3mV, because the portion of Na is reduced in Goldman Eq.
e) Now set G(Cl) to 0. Click on Run. What happens to the resting potential? Why? 
  The resting potential decreases to -79.5mV, because only K ion is permeable. 
f) Increase G(K) back to initial value of 1.5mS. Click on Run. What happens to the resting potential? Why? 
  The resting potential is still -79.5mV, because the Goldman Eq. which remains only K ion is same with the Nernst Eq. of K ion. In that case it is independent to the GK.

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? 
  EK = 25 X ln (10/240) = -79.45 mV

  The result is almost same with f)

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? 
  The resting potential increases to -57.6mV according to the Nernst Eq.
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)? 
  40mM

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)? 
  According to the Eq, the condition of zero membrane potential is [Na+]I = [Na+]o

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. 
	Stimulus strength(uA)
	Steady potential(mV)
	Amplitude of depolarization(mV)

	10
	-50.8
	10

	20
	-40.8
	20

	30
	-30.8
	30

	40
	-20.8
	40

	80
	18.4
	79


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? 
  R is almost 1kohm. G is almost 1mS. (The plot is omitted.)

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? 
  GNa + GK + GCl = 1 mS. same.
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? 
  About 1ms

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? 
  The amplitude of depolarization decreases to 26.9mV, and the time constant is 0.33ms.
  Because the amplitude of depolarization is inversely proportional to the conductance.

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?  
  Threshold stimulus strength 18.5uA

  Maximum membrane voltage is 44.5mV

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 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. 
    Increase of Na channel activation, Increase of maximal of Na conductance

Increase of [Na]o, Decrease of [Na]i

Decrease of K channel activation, Increase of K channel inactivation, 

Decrease of maximal of K conductance, Decrease of maximal of Cl conductance 

4) Refractory period. 

Determine the duration of the refractory period as follows. 

Set all Ionic Concentrations back to their original values by pressing the Default button. 


Select the '2 pulses' option from the Mode Menu and set the time bar to 4 msec using the Time Bar option under the Edit menu on the menu bar.  

Adjust pulse #1 so that it is 40 uAmperes in amplitude and 0.5 msec in duration. 

Next click on the Pulse # button in the APSIM window (at lower left side of screen above current pulse scroll bars) until the label on the current pulse scroll bar reads 'Pulse 2'.

Next set the pulse 2 Stimulus Strength to 100 uAmps and its Duration to 0.5 msec.

Now click on the Pulse # button until the current scroll bar label reads Interpulse Interval. Start with an interpulse interval of 5 msec. 

Now click on the Run button. What happens? 
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Keep increasing the interpulse interval in steps of 1 msec until you elicit an action potential with the second pulse. 

Now further refine your measurements of the refractory period to 0.2 msec increments. What is the value of the refractory period (in units of msec)? 
6.8ms

What controls the duration of the refractory period? (Hint: try opening the Membrane Conductances and/or Channel Gates windows).

Increase of Na channel inactivation or Na channel activation or K channel activation.

Decrease of K maximal conductance
( Decrease of refractory period

