1 de octubre 2020 Redes Neuronales 2020 Clase 9, parte 1

MODELADO DE NEURONAS. PARTE 1

Integrate - and - Fire
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Figure 1.1 Diagrams of three neurons. (A) A cortical pyramidal cell. These are
the primary excitatory neurons of the cerebral cortex. Pyramidal cell axons branch
locally, sending axon collaterals to synapse with nearby neurons, and also project
more distally to conduct signals to other parts of the brain and nervous system.
(B) A Purkinje cell of the cerebellum. Purkinje cell axons transmit the output of
the cerebellar cortex. (C) A stellate cell of the cerebral cortex. Stellate cells are one
of a large class of interneurons that provide inhibitory input to the neurons of the
cerebral cortex. These figures are magnified about 150-fold. (Drawings from Cajal,
1911; figure from Dowling, 1992.)
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Figure 1.2 (A) An action potential recorded intracellularly from a cultured rat neo-
cortical pyramidal cell. (B) Diagram of a synapse. The axon terminal or bouton
is at the end of the axonal branch seen entering from the top of the figure. It is
filled with synaptic vesicles containing the neurotransmitter that is released when
an action potential arrives from the presynaptic neuron. Transmitter crosses the
synaptic cleft and binds to receptors on the dendritic spine, a process roughly 1
pum long that extends from the dendrite of the postsynaptic neuron. Excitatory
synapses onto cortical pyramidal cells form on dendritic spines as shown here.
Other synapses form directly on the dendrites, axon, or soma of the postsynaptic
neuron. (A recorded by L. Rutherford in the laboratory of G. Turrigiano; B adapted
from Kandel et al., 1991.)
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Gated Na* Gated K*
Channel - 2x Channel - 2x
Na*/K* Leaky K*
Pump - 1x Channel - 2x

Intracellular Concentration

Extracellular Concentration

fon (mM) (mM)
Potassium (K*) 140 5
Sodium (Na®) 15 150
Chloride (CI) 10 120
Large anions (A’), such as 100 Negligible

some proteins, inside the cell

Potassium ions (K*) represented by the square purple models and sodium ions (Na®) represented
as round blue models are the key players in establishing the resting potential. According to the
table above, in most neurons, the concentration of Na* is higher outside the cell while the
concentration of K" is higher inside the cell. Distribute the sodium and potassium ions to illustrate
this observation in the model you have constructed.
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Next, you will simulate the mechanism that produces an action
potential in the axon of the neuron. Follow the steps below to
model this action potential.

Step 1 - Resting state:
The voltage-gated sodium and potassium channels are closed.
Set your voltmeter at -70 mV.

Step 2 - Depolarization:

A stimulus opens the voltage-gated sodium channels and Na*
follows its concentration gradient into the neuron. The influx of Na
causes a depolarization across the cell membrane. An action
potential will be triggered if the depolarization reaches threshold
(often between -40 and -55 mV). Set the voltmeter at threshold.
For the purposes of this activity, we will consider the threshold
potential to be -50 mV.

+

Step 3 - Rising phase of the action potential:

Depolarization opens most of the voltage-gated sodium channels,
while the voltage-gated potassium channels remain closed. Open
the voltage-gated sodium channels and move a few more Na" into
the neuron. Depolarization continues until the inside of the
membrane is positive with respect to the outside (usually +30 mV).
Set the voltmeter at the peak value of the action potential. When
the patch of neuron membrane is generating an action potential
and its voltage-gated sodium channels are open, the neuron
cannot respond to another stimulus no matter how strong.

Step 4 - Falling phase of the action potential:

Voltage-gated sodium channels become inactivated, blocking Na*
inflow. Voltage-gated potassium channels slowly open permitting
K" to follow its concentration gradient out of the cell causing the
voltage across the membrane to fall. Position the voltage-gated
sodium channels to their closed and inactive position. Open the
voltage-gated potassium channel and move the K+ ions out of the
neuron. Demonstrate a fall in voltage due to this ion movement on
the voltmeter. Only a stonger than normal stimulus can reopen the
voltage-gated sodium channels at this time.



5. Hyperpolarization Step 5 - Hyperpolarization:
The voltage-gated sodium channels begin to reset back to their
original position. Move the voltage-gated sodium channels to
WK %ﬁm%* their closed but able to be activated position. The voltage-gated
potassium channels are still open causing the voltage to
undershoot the resting potential. Set the voltmeter to dip below -

70 mV.
6. Repolarization Step 6 - Repolarization:

Repolarization restores resting electrical conditions but does
NOT restore resting ionic conditions. The ion redistribution is

S VHEE P accomplished by the sodium-potassium pump.
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Step 7 - Re-establish the ion distribution:

71 72873 7.4 758&7.6 7.7
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El primer registro directo del curso detallado de un potencial de
accion [Hodgkin y Huxley, 1939] lo lograron Alan Lloyd Hodgkin (1914-

1998, foto izq. en pag. 8) y Andrew Fielding Huxley (nacido en 1917,
der.) en 1939.
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Fig. 1 Schematic representation of an integrate-and-fire neuron with
NEg excitatory (filled circles) and Nj inhibitory (open circles) current
synapses. Each excitatory (inhibitory) synapse receives an input spike
train denoted by Sg k() (Sg.k (¢)). The subthreshold membrane voltage,
v(t), is the sum of the EPSPs and IPSPs, a portion of which is illus-
trated here with the postsynaptic response function of Eq. (9). Output
spikes are é-functions, generated when the membrane potential reaches
threshold






