Cellular Biophysics & Modeling

Lecture 13

the Morris-Lecar phase plane
excitability and oscillations
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the Morris-Lecar model
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Morris-Lecar nullclines - numerically calculated by XPP
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Morris-Lecar nullclines - numerically calculated by XPP
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Excitability in
the Morris-Lecar Model



Type 2 excitability in the Morris-Lecar model
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Type 2 excitability in the Morris-Lecar model

0.5 I I I I/ I I I
B // .
w-nullcline
0.4 | i
03 | _
0.2 i
" V-nullcline
0.1 . )
0.1 1 " action potentials :
021 of various amplitfudes
60  -40 =20 0 20 40 60

V (mV)



Figure 1: Response of the Morris-Lecar excitable system, equations (4-6), to a
brief current pulse. For these parameters (see Appendix A), the system has a
unique stable rest state, V = —61 mV, w = .015. The line w = @ is shown
lightly dashed. Four different stimuli lead to an instantaneous displacement of
V from V to Vj (values of V4 are shown alongside the curves in A). A shows
the time course of the voltage. Notice that intermediate responses are possible
with some stimuli: the threshold is graded; firing occurs with finite latency. B
shows trajectories in the V — w phase plane; nullclines are shown dashed and
intersect only once. The effect of a stimulus is to displace the initial condition
horizontally from rest.



Excitability in
the Morris-Lecar Model
with separated time scales for
voltage (fast) and
K channel gating (slow)



Changing parameters so that K channels are very slow
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Type 2 Oscillations in
the Morris-Lecar Model



Morris-Lecar nullclines - change with lapp
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...when the equilibrium occurs outside the “knees” of
the voltage nullcline, the equilibrium is stable.

...when the equilibrium occurs inside the “knees” of
the voltage nullcline, the equilibrium can be either
stable or unstable.
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Type 2 Oscillations in
the Morris-Lecar Model
with separated time scales for
voltage (fast) and
K channel gating (slow)
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Explanation what is observed in phase plane
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When K channels are very slow,

...the equilibrium is stable when the
equilibrium occurs outside the “knees”
of the voltage nullcline, and

...the equilibrium is unstable when the
equilibrium occurs inside the “knees” of

the voltage nullcline.

This is illustrated in the following slides.
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a hew type of bistability...
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Slow passage through
Hopf bifurcations
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Starting from stable equilibrium
lapp increases through a supercritical Hopf bifurcation
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Starting from stable equilibrium
lapp increases through a subcritical Hopf bifurcation
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type |
excitability and oscillations

in the Morris-Lecar model

voltage-dependent time
constant for activation of
the potassium channels
changed to transition from
type 2 to type |

A (m\f)



sub-critical applied current - type | excitability
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saddle points have stable and unstable manifolds

PPLANE Phase Plane
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stable manifold of saddle is a separatrix
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stable manifold of saddle is a separatrix
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type | excitability type 2 excitability
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Figure 2.50. a. Class 1 neurons have action potentials of fixed amplitude. b. Class
2 neurons can have action potentials of arbitrary small amplitude.



type | excitability type 2 excitability
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FIGURE 4.2. a. All-or-none action potentials in the Insp+/k-model (4.1,4.2)
with hlgh-threshold K™ current. b. Failure to generate all-or-none action poten-
tials in the Ina,p+Ix-model with low-threshold K™ current.



type |
oscillations

in the phase plane



unstable manifold of saddle is also a separatrix
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Type | oscillations with lapp = critical
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f*saddle-hode

saddle-nade on invariant circle (SNIC) bifurcation
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Passage through SNIC bifurcation
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bifurcation diagrams showing emergence of oscillations

SNIC bifurcation Hopf bifurcation
“saddle-node on an invariant (sub-critical)
circle”




