Neuroscience 26
    Exam 1 Part A suggested brief answers                  Spring 2010

1a. NGF: Trophic factor (protein) that stimulates axon growth and cell survival

b. Apoptosis: programmed cell death acting via cell death gene expression

c. TTX: puffer fish poison that blocks Na channels and thus prevents nerve impulses

d. Temporal summation: adding up of postsynaptic potentials evoked in rapid succession at the same synapse

2.a. A synapse with Erev more negative than threshold is inhibitory.  Even though it results in a depolarization when the neuron is at resting potential, this makes it harder for the neuron to depolarize to levels less negative than the Erev, thus making it harder to reach threshold.

b.  In this situation the negative ion would diffuse into the cell if the membrane is permeable to it, making the inside negative; thus its equilibrium potential is negative, not positive.

3.a. A muscle fiber can be innervated by several motor neurons early in development, but only by one motor neuron after maturation.

b. At rest, Na channels are neither activated nor inactivated; during the refractory period they are inactivated but not activated.  

c. Potentials spread passively in dendrites, i.e. they are decremented as they spread; impulses in axons are not decremented as they propagate.

4.a. Expose the developing organism to an altered DNA nucleotide such as tritiated thymidine or bromodeoxyuridine at different developmental stages.  Later locate cells containing the altered nucleotide; these cells must have been still dividing at the time of exposure to label; unlabelled cells must have been postmitotic at the time of exposure.

b. Expose the nerve endings to a tracer such as horseradish peroxidase.  After the tracer has had a chance to travel back to the cell body, prepare slides  of the nervous system and locate the tracer (e.g. if HRP, expose to hydrogen peroxide and chemicals that become colored when exposed to the reaction product).

c. Use functional magnetic resonance imaging, which shows the amount of blood in different parts of the brain, presumably correlated with brain activity.  (Using radioactively labelled 2-deoxyglucose is OK in animals, but requires killing the subject to detect the 2DG - not good for human studies!)

5. Stringer: (ii) childhood susceptibility to seizures.  (ii) Hypotheis: Young animals/people are more affected by the extracellular K+ increase from impulse activity than adults.  Increased [K+]o would depolarize neurons, making them more likely to fire impulses. (iii) Slower clearing of increased [K] and more frequent afterdischarges support the hypothesis; the lower peak [K+]o doesn(t.

Hua et al.: (i) Tendency to fire impulses. (ii) (iii) Neurons that make functional synapses are better at competing for trophic factor released by postsynaptic cells.

Hua et al.: (i) Action potential. (ii) K channels will tend to stabilize the membrane closer to resting potential, making it harder to reach threshold for an impulse.  (iii) Activity promotes making functional synaptic connections which gives the active neuron access to trophic factors.

6. (a) Stimulus just above threshold leads to only a little more Na entering the cell than K leaving, so the resulting further depolarization is small.  Stimulus well above threshold leads to much more Na entering than K leaving, resulting in a larger increase in the depolarization and therefore quicker transition to full action potential. 

(b) Prior hyperpolarization reduces Na inactivation so that when the stimulus is turned off and the membrane returns to resting potential, there is already more Na entering than K leaving so the membrane is above threshold for an impulse, leading to the spontaneous impulse.
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