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Question 1

a) Pictured below is a neuron obtained from your TA. Surprisingly, the microscopic
structure of your TA’s neuron mimics that of a generalized human neuron .  Label the
neuron components marked with arrows and draw an arrow along the axon to indicate
impulse direction of the route traveled by a nerve impulse.
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Question 1 continued

b) In a neuron, where do the signals from the excitatory and inhibitory synapses get

summed up in the decision to fire an action potential? (Circle the correct one.)

Cell Body Axon Hillock Myelin Sheath Nerve Terminal Synaptic Vesicle Synaptic Cleft

Shown below is a plot of the membrane potential at a single point on an axon as a function
of time as an action potential travels down that axon.
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c) For each of the four time points indicated (A-D), fill in the following: the stage of the
action potential, the status of the sodium and potassium channels, and the ion flux
through each channel at the point along the axon where the potential is being measured.

(For the potassium channels give the answers for the voltage-gated type.)
Please use the terms provided.

    Time Point
A B C D

Stage of action potential

Voltage-gated Na+ Channel
status

(Open or Closed/Inactive)

Voltage-gated K+ Channel
status

(Closed, Open)

Na+ Flow
through Na+ Channel

(Into axon, Zero, Out of axon)

K+ Flow
through K+ Channel

(Into axon, Zero, Out of axon)

d) What role do the Na+/K+ ATP-driven pumps (present in neuronal cell membranes) play
in maintaining the resting potential?

e) Consider an experimental injection of a number of positive ions into the axonal
cytoplasm of a neuron.  Explain how the voltage-sensitive sodium (Na+) channels initiate
an action potential in response to this injection.

f) In many cells there are two types of potassium (K+) channels present in the axonal
membrane.  What is the role of each type of K+ channel, with regard to the membrane
potential?

g) The voltage-sensitive sodium channel has an inactivated state, in which the channel is
not only closed, but also unable to open in response to depolarization.  When does the
channel shift into this conformation?  What effect does this have on the direction of
propagation of the action potential?
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Question 1 continued
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c) For each of the four time points indicated (A-D), fill in the following: the stage of the
action potential, the status of the sodium and potassium channels, and the ion flux
through each channel at the point along the axon where the potential is being measured.

(For the potassium channels give the answers for the voltage-gated type.)
Please use the terms provided.

    Time Point
A B C D

Stage of action potential

Voltage-gated Na+ Channel
status

(Open or Closed/Inactive)

Voltage-gated K+ Channel
status

(Closed, Open)

Na+ Flow
through Na+ Channel

(Into axon, Zero, Out of axon)

K+ Flow
through K+ Channel

(Into axon, Zero, Out of axon)

A B C D

Stage of action potential Resting potential Depolarization Repolarization Hyperpolarization

Voltage-gated Na+ Channel status
(Open or Closed/Inactive) Closed/inactive Open Closed/inactive Closed/inactive

Voltage-gated K+ Channel status
(Closed, Open) Closed Closed Open Open

Na+ Flow

through Na+ Channel
(Into axon, Zero, Out of axon)

Zero Into Axon Zero Zero

K+ Flow

through K+ Channel
(Into axon, Zero, Out of axon)

Zero Zero Out of Axon Zero

d) What role do the Na+/K+ ATP-driven pumps (present in neuronal cell membranes) play
in maintaining the resting potential?

The sodium/potassium pump maintains the sodium and potassium ion concentration gradients across the
plasma membrane.

e) Consider an experimental injection of a number of positive ions into the axonal
cytoplasm of a neuron.  Explain how the voltage-sensitive sodium (Na+) channels initiate
an action potential in response to this injection.
If the injection results in a depolarization above threshold, many sodium channels open, allowing a local
influx of sodium ions--which causes a depolarization of the axon sufficient to initiate an action potential.
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f) In many cells there are two types of potassium (K+) channels present in the axonal
membrane.  What is the role of each type of K+ channel, with regard to the membrane
potential?
The resting K+ channel (which is always open) results in a basal leak of potassium ions out of the cell,
creating a negative membrane potential (the resting potential).  The voltage-sensitive K+ channel opens in
the latter stage of the action potential, accelerating repolarization across the membrane.

g) The voltage-sensitive sodium channel has an inactivated state, in which the channel is
not only closed, but also unable to open in response to depolarization.  When does the
channel shift into this conformation?  What effect does this have on the direction of
propagation of the action potential?
The sodium channels spontaneously inactivate after being open briefly; allowing subsequent repolarization
of the membrane to occur.  Since the refractory period of the sodium channels prevents the action
potential from moving in the direction from which it came, it can progress in only one direction down the
axon.

Question 2

A. You have some drugs that affect neurotransmission, and you wish to determine what

steps they are likely to affect.

In a Petri dish culture of neurons, you depolarize a pre-synaptic cell with an electrode

and you observe a resulting action potential in that pre-synaptic cell. This step is the

same regardless of whether drugs are added. However, the effect on the post-synaptic

cell varies.

Additions What you see in post-synaptic cell...

No drug
You see a slight depolarization in the post-synaptic cell followed by

no action potential in the post-synaptic cell.

Drug 1
You see a large depolarization in the post-synaptic cell followed by an

action potential in the post-synaptic cell

Drug 2
You see no depolarization in the post-synaptic cell and

no action potential in the post-synaptic cell

c) For the following, complete the statement with the letter(s) from the list below.
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