
Math 4600: Homework 5
Due: February 15th

1. (computing) Suppose you have a cell with two voltage-gated currents, IT and IK , where

IT = ḡTmh(V − VT )

IK = ḡK(V − VK)

where VT = 0 mV, VK = −70 mV, ḡT and ḡK have similar values. Assume that m is fast activation
variable, with activation curve

m∞(V ) =
1

1 + e(Vhalf,m−V )/βm

and h is a slow inactivation variable, with inactivation curve

h∞(V ) =
1

1 + e−(Vhalf,h−V )/βh

where Vhalf,m = −70 mV, βm = 1 mV, Vhalf,h = −80 mV, and βh = 1 mV.

(a) Plot the activation and inactivation curves of IT . What happens when you vary Vhalf,m? βm?
(b) Suppose the voltage is kept at −70 mV. What would be the approximate values of the currents?

What is the resting potential of this cell?
(c) (extra credit) What will happen if V is brought from rest down to −80 mV, held there for a

while, and then released? Sketch the time courses of m, h, IT , IK and V . This effect is called
post-inhibitory rebound: when a cell is activated (depolarized) by an inhibitory (negative) signal.

2. (computing) Using the files hw5_full_model_script.m and full_beta_cell_ode.m, look at the solu-
tion of the full model (bursting). What does s do during the silent and active phase? Can you estimate
the (lower) value of s where a saddle-node bifurcation happens just by looking at this solution?

3. (computing) For this problem, start with the files hw5_subsystem_script.m and subsystem_beta_cell_ode.m,
though note that the script file will have to be edited heavily to plot the necessary nullclines.

(a) In MATLAB, plot nullclines of the two-dimensional V − n system for s = 0.8. In the same
plot, graph several solutions, with different initial conditions (using provided files) to explore
the stability of the steady state(s). What do you find? Do your findings match the bifurcation
diagram we did in class?

(b) Repeat part (a) for s = 0.2.
(c) Repeat part (a) for s = 0.4.

4. (computing) Using the MATLAB files for the full model (i.e. the files used in problem 1), test the
effect of changing the glucose level. The effect of glucose is to BLOCK the ATP-sensitive potassium
current IK(ATP), so increasing the glucose level in the model corresponds to decreasing the conductance
gK(ATP).

(a) Try gK(ATP) equal 200, 120, and 60. Look at the solution V (t) and explain why the results make
sense in terms of amount of insulin that would be released.

(b) In the s−V plane, plot the s-nullcline, and the Z-shaped curve of the bifurcation diagram (steady
states vs. s as a parameter) for gK(ATP) = 200 and gK(ATP) = 120. Discuss the intersection of the
two curves in each case and how it corresponds to the solution that you found in part (a). Hint:
the Z-shaped curve of the bifurcation diagram can be found by setting dv/dt = 0, solving for s
as a function of V ∗ (steady state value of V ), and recalling that at steady state, n = n∞(V ∗).
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