





Question 3: Channel modulation (7.5 points)
A. Consider two neurons, one expressing 5-HT receptors, and the other expressing dopamine receptors.

a. (1 point) The effects of serotonin and dopamine on the neurons are enhanced by cholera
toxin, which prevents inactivation of G protein(s). Explain your conclusions.

b. (1.5 pt) When the experimenter applies serotonin to a neuron, activation of the 5-HT
receptor results in depolarization of a neuron, due to a decreased membrane conductance. Describe/list the
steps that would lead to depolarization of the neuron.

C. (1.5 pt) When dopamine is applied, activation of the D2 dopamine receptor results in
hyperpolarization of the neuron caused by an increased membrane conductance. Describe/list the steps
that would lead to hyperpolarization of the neuron.

B. CaMKII plays an important role in synaptic plasticity.

a. (1 pt) Describe the role of NMDA receptor function in the CaMKII induced synaptic
potentiation. (1 point)

b. (1 point) When the experimenter pharmacologically activates a phosphatase, this
abolishes the induction of LTP by CaMKII. Explain.

C. (1.5 points) Describe details of one additional mechanism by which CaMKII activity
contributes to an enhanced synaptic response.



Question 4.  Synaptic Integration and Plasticity (7.5 points)

A) 1 point What happens when two action potentials travelling along an axon in
opposite directions meet? (explain in 1 or 2 sentences)
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for illustration purposes only

B) 2 pt. The hypothetical neuron shown below has a resting potential of -60 mV and
a spike threshold of -51 mV. The excitatory synapse alone at point B produces a 40 mV
EPSP measured at the synapse. However in this question, the inhibitory neuron fires
simultaneously with the excitatory neuron. The magnitude of the IPSP is always 12 mV
measured at the inhibitory synapse. The length constant A is 100 pum.

inhibitory synapse
(3 possible locations)

Dendrite

200 pm

Excitatory synapse Axon
hillock

Axon

Calculate the membrane potential at the axon hillock at the time of the peak
of the combined simultaneous EPSP/IPSP for four different conditions: the
inhibitory synapse is absent, or it is located at A, B, and C. Also state whether
an action potential is generated. Assume a passive dendrite, direct linear
summation of potentials, and a soma that acts electrically like the dendrite.

The equation V(x) = ™ may also be helpful.

To get full credit, you must show your work.
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C) 1.5 pt The left panel describes the normal situation for an adult neuron, in which
the IPSP hyperpolarizes. Early in development, however, the intracellular CI- is nearly
equal to the extracellular concentration. Draw the early waveform in the panel on the
right. Explain in one or two sentences.
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D) 1.5 pt According to Hebbian principles, synapses increase their efficiency if the
synapse persistently causes the postsynaptic target neuron to generate action potentials.
An often used but not entirely accurate simplification is “neurons that fire together, wire
together.” Actually, the synaptic connection between two neurons is more likely to
strengthen if the presynaptic action potential occurs a few milliseconds before the
postsynaptic neuron fires. This is a common form of spike timing dependent plasticity
(Hebbian STDP). Explain how NMDA receptors could underlie Hebbian STDP.

E) 1.5 pt Applying Hebbian principles to neurons in the rat hippocampus, a
structure with an important role in long-term memory and spatial navigation, we describe
a simple model for memory and learning.

One commonly used learning task is the Morris water maze. A rat is placed in a circular
pool of milky, opaque water. The rat tries to a hidden platform 2 cm below the surface.
Initially, this may take 2 minutes. After five repetitive trials, most rats learn to swim
directly to the platform within 10 seconds.

Now consider the behavior for a rat given phenylcyclohexylpiperidine (PCP), an NMDA
receptor antagonist, prior to his swims in the pool (assuming it targets only the rat
hippocampus). Plot the amount of time to find the platform against increasing trial
number for both the control and PCP-treated rat.
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Question 5 Development (7.5 points)

Disorders of neural migration can cause devastating pathologies. Literally meaning
“smooth brain,” lissencephaly, for example, is a human disorder that presents with a
lack of gyri and sulci. One mouse model of a neural migration disorder is the reeler
mouse. These mice are sometimes used as an animal model for seizures.

A) 1 point In reeler mice, 3H-thymidine has been used to “birthdate” neurons,
because it becomes incorporated into replicating DNA just before cells divide.
Researchers have discovered that layer I (outermost layer) neurons are “born”
earliest, while layer VI (innermost layer) neurons are develop last. How is this
different from typical development?

B) 2 pt A loss-of-function (or “knockout”) mutation in the RELN gene is
responsible for creating the reeler phenotype. reeler mice have two copies of this
homozygous recessive mutation, meaning that they have two alleles with the
mutation and, consequently, no functional reelin protein. During cortical
development, cells in the marginal zone express the reelin protein. As demonstrated

in the figure below, progenitor neurons migrate along radial glia toward this area.
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Reelin is thought to be involved in the termination of migration, wherein neurons
dissociate from the glial process and settle in a particular location. Propose a
chemoaffinity mechanism by which reelin might control this process. (Hint:
Consider the ways in which proteins provide signals during development.)
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C. 2 pt Even after a neuron has migrated to its final location, it is still influenced
by signals in its local environment. Neurotrophins are one class of molecules that
affect neurons at their target site. Choose one neurotrophin and describe its
properties and the mechanism (i.e., signaling pathway) by which it helps determine
whether or not a neuron survives.

D. 2.5 pt Design an experiment that would test whether or not the
neurotrophin you chose in Part C is necessary for neuronal survival.
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