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Problem 1. Synaptic integration (1.5 points)

A. (0.9 point) Inhibition
Many inhibitory synapses ithe CNSutilize GABAa and glycinereceptorsBoth GABAA and
glycinereceptorchannelsre permeable tGI ions.

a. Calculatehe Nernst potential for Cions Ec;, at 25C. Consultheionic concentrations
on slide 5 of lecture 1.

b. Resting membrane potentials of neurons are sometiossto Ec;. When this is the
case, how doehie membrane voltage changeiily GABAA receptos areactivated?

Consider a neuron receiving two excitatory inputs as shown bé&lmracesat theright show
the membrangotentialin the somawithout inhibition.

i) excitatory input Iis stimulated alone

i) excitatory input 1 & 2arestimulated

c¢. For each traceaedraw the trace, then superimpose the traa&lh\BAergicinputis
active at location Aduring the excitatory stimuli.

d. For each traceedraw the trace, then superimpose the traggsABAergicinputis
activeat locationB during the excitatory stimuli.
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B. (0.6 point) Active dendrites

The figure below shows simultaneous recordings of memipatentialfrom the soma and
dendrite wheniheaction potentiais induced by current injection intbe soma panelA shows
recording sitesandpanelB shows membrane voltage

a. Redraw the demdic traces; then superimpotige dendritic voltage trace during action
potentialsin a mutant animal that lack3dendriticO voltaggmtedNa" channels Explain.
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time

b. What is Spike Timing Dependent Plasticity, STDP?

¢. How might backpropagating spikes, duedendritic sodium channelmfluencesynaptic
plasticity?



Problem 2. NMDA receptors and plasticity (1.5 points)

Recall from lecture the “Ca’* hypothesis for control of synaptic plasticity” which holds that the
direction of activity-dependent long term changes in synaptic strength (i.e. LTP vs. LTD) is
determined by the level and the timing of Ca** influx into postsynaptic spines when the NMDA
receptor is activated.

Note the following experimental observations about NMDA receptors:

Receptors containing 2 NR1 subunits and 2 NR2A subunits (NR1/2A) show the
following activation and deactivation kinetics:

NR1/2A

B Y

In contrast, receptors containing 2 NR1 subunits and 2 NR2B subunits (NR1/2B) show
the following activation and deactivation kinetics:

NR1/2B

EC,, is the effective concentration for activating 50% of the receptors.
NR1/2A receptors have an ECs, value for glutamate of 4.8 uM.
NR1/2B receptors have an ECs, value for glutamate of 1.8 uM.



Consider the following hypothetical situation:

Equal numbers of NR1/2A receptors and NR1/2B receptors are randomly distributed in the
postsynaptic membrane of synapses in a brain area. Recordings from the synapses in this brain
area display frequency-dependent synaptic plasticity as described by Graph 1.

A stimulus at a frequency < 5 Hz produces L'TD.

A stimulus at a frequency > 5 Hz produces LTP.

A 5 Hz tetanic stimulus produces no change in synaptic strength.

Therefore, 5 Hz is referred to as the “cross-over frequency” for this synapse.

A

Graph 1. The ordinate represents synaptic
LTP strength, and the abscissa represents
frequency of a brief tetanic stimulation.
>

Frequency

A. (0.8 pt) If all of the NR1/2A receptors were changed to NR1/2B receptors, what change
would you expect in the crossover frequency for the synapse? Explain.

B. (0.7 pt) If, instead, all of the NR1/2B receptors were changed to NR1/2A receptors, now
what change would you expect in the crossover frequency for the synapse? Explain.



Problem 3. GPCRs (1.5 points)
A. (0.6 point)

a. G proteincoupled receptors activate G proteins by reducing the strength of GDP binding.
This results in rapid dissociation of bound GDP, which is then replaced Byw@iich is
present in the cytosol in much higher concentrations than GDP. What consequences
would result from a mutation in the subunit of a G protein that caused its affinity for
GDP to be reduced without significantly changing its affinity for GTP?

b. Compare the effects of this mutation with the effects of cholera toxin.

c. Describe how the mechanism of pertussis toxin differs from the mechanism of cholera
toxin on GPCRs. Describe how several subsequent actions cause prolonged neuronal
activaton.

B. (0.4 point)

a. You have traced a G protein pathway to two events:
When you stimulate the presynaptic neuwndrile activating the GPCRnore transmitter is
released.
You observe phosphorylation of & hannel in the presynaptic neuron.
Explain your hypothesis for linking these two results.

b. You have traced another G protein pathway to two events:
When you stimulate the pathwyr several dayghe target neuron expresses 3 dozen genes
more strongly than in the absence of stimutatio
You find that he receptor activates Gq.
Explain your hypothesis for linking these two results.

C. (0.5 point)

The phenotype of Down syndrome (DS) may be a consequence of overexpressed genes in an
extra chromosome 21. One such gene is KcnjB&sivhich encodes the G protasoupled

inward rectifying K channel subunit 2 (GIRK2). The DS mouse model, Ts65Dn, overexpresses
GIRK2 throughout the brain, particularly in the hippocampus. Increased expression of GIRK2
containing channels has functiomainsequences that likely affect the balance between
excitatory and inhibitory neuronal transmission.

a. Beginning with appearance of GABA near GABreceptors, describe how GIRK current
is activated in a neuron.

b. What role do GIRK channels play meuronal function?



¢. RGS4 is a GTPase activating protein. What effect do RGS proteins have on GIRK channel
activity? Redraw the trace below, and superimpose changes due to RGSA4.

d. What would be the effect on GIRK activity if a nrtigdrolyzable GP analogue, GTF5,

wereinjected into the cell? Redraw the trace below, and superimpose changes due to
GTP S. DonOt forget possible changes that could occur before GABA is applied.

GABA
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