Study Questions

(Neurochemistry, Transmitters and receptors, and Learning and Memory)

 
1.
What are the criteria for the identification of a neurotransmitter?

a.
A neurotransmitter must be synthesized and released from neurons.

b.
A neurotransmitter should be released in a chemically identifiable form.

c.
A neurotransmitter applied to the post-synaptic cell should generate the same result as pre-synaptic stimulation.

d.
The effects of the neurotransmitter should be blocked by a known competitive antagonist (and mimicked by a known agonist).

2.
What kind of ACh receptors does the heart muscle use?  Based on what you learned in the course, could you suggest at least two mechanisms by which ACh slows heartbeat?

The heart uses metabotropic, muscarinic Ach receptors.  These receptors are linked to a G-protein that opens potassium channels, hyperpolarizing the membrane and slowing the heart.

3.
What are the differences between clear-core and dense-core vesicles?

Clear-core vesicles are small vesicles that hold neurotransmitters.  Dense-core vesicles are larger vesicles that hold neuropeptides and require high frequency activity to stimulate release.

4.
If you use vesamicol to block the nerve terminal, what would happen to synaptic transmission?

Vesamicol blocks the Ach transporter, which takes choline from the synaptic cleft and brings it back into the pre-synaptic terminal.  Use of vesamicol would inhibit subsequent Ach release, as one of its basic components (choline) would not be recycled.

5.
What would Sarin do the cholinergic synapse?  Why?  

Sarin inhibits Ach-esterase so that Ach will remain in the synaptic cleft

6.
What is the key difference in the life cycle of ACh vs the rest of transmitters?

Once it has had its post-synaptic effect, Ach is broken down in the synaptic cleft rather than being recycled in toto.

7.
What are so special about catecholamines? Where are they located in the brain?

Catecholamines are all synthesized by tyrosine and are contained in distinct neurons.  Catecholamines are present in the brainstem, midbrain, hypothalamus, olfactory bulb and retina.

8.
Why is L-DOPA used to treat Parkinson patients?

L-DOPA is a precursor to dopamine.  L-DOPA can pass the blood brain barrier – unlike dopamine.

9.
What would cocaine do to your brain?

Cocaine is a psychostimulant as it blocks the DA transporter, potentiating the effects of dopamine by keeping it in the synapse longer.

10.
Why is LSD considered a ‘psychedelic’ (mind-manifesting) drug?  

LSD is considered a psychedelic because it has the ability to alter sensory perception.  LSD is structurally similar to serotonin and is believed to act at serotonin synapses by decreasing serotonin neurotransmission, inhibiting it throughout the brain.

11.
A single trip with Ecstasy would deplete nearly 80% of 5-HT in the nerve terminal.  Why is the positive feeling dramatically diminished on the second trip?

Because the core component for 5-HT is tryptophan, which is not endogenous, depletion of 5-HT by a single trip with Ecstasy will leave the brain unable to release much serotonin with subsequent trips.

12.
What is the consequence of long-term abuse of Ecstasy?

Ecstasy is a neurotoxin that destroys serotonergic fibers.

13.
What does Prozac do?

Prozac is a serotonin specific reuptake inhibitor; it potentiates the effects of serotonin neurotransmission.

14.
What are ionotropic receptors? What are metabotropic receptors?  How do they differ from each other?

Ionotropic receptors are directly linked to ion channels.  Activation of ionotropic receptors results in rapid, membrane mediated effects.  Metabotropic receptors are linked to intracellular G-proteins that, upon activation, produce slower, longer term, and amplified effects such as ion channel phosphorylation/dephosphorylation and transcription.

15.
What are nicotinic receptors? What are muscarinic receptors? How do they differ from each other?

Nicotonic receptors are ionotropic Ach receptors found in the brain and muscle.  Nicotine is their agonist.  Muscarinic receptors are metabotropic Ach receptors found in the brain and the heart.  Muscarine is their agonist.

16.
How many subunits are needed to form a functional ionotropic receptor?

Five subunits are needed to form a functional ionotropic receptor.  The exception is the neural nAchR, which requires only two subunits.

17.
What are major differences between NMDA and AMPA receptors?

NMDA and AMPA are both glutamatergic receptors.  Both require glutamate to bind in order to be activated, but NMDA also requires depolarization to remove its magnesium block.

18.
What is Magnesium block in NMDA receptors? How would the cell ‘kick’ out Mg2+?

There is an extracellular magnesium plug, which requires strong depolarization to be repelled if the NMDA receptor is to open.

19.
What is Myasthenia Gravis?  What is its cause?  What are the synaptic physiological phenotypes in MG patients?

MG is an autoimmune disease in which antibodies are made against the nAchR in muscle.  This means the nAchR are not functional and general muscle weakness occurs.

20.
What are the two simplest forms of learning?

Non-associative learning, such as habituation and sensitization, is the simplest forms of learning.

21.
What is associative learning?

Associative learning requires the subject to learn to associate two events.

22.
What did Pavlov do to his dog during learning and memory training?

Pavlov paired a bell with the feeding of his dog so that the ringing of the bell alone could induce salivation in the dog.

23.
What are short-term facilitation, depression, and post-tetanic potentiation?  

These are learning mechanisms in vertebrates.  Facilitation occurs when two or more action potentials arrive at the neuromuscular junction at the same time, leading to more NT release and a greater PSP.

Post-tetanic potentiation is the same as synaptic facilitation but persists longer and always follows tetanic (high frequency) stimulation.

Depression occurs when rapid action potentials occur in succession and the vesicle pool gets depleted so that the next time the neuron is stimulated it elicits a weaker response.

24.
Why did Eric Kandel decide to use a simpler animal (e.g. the sea snail Aplysia Californica) for studies of learning and memory?

Aplysia are used because they have a relatively simple nervous system with large, identifiable neurons that are accessible for various studies.

25.
What are the behavioral responses in habituation? And sensitization?

Habituation is the reduction of a response due to repeated stimulation.  If you repeatedly touch the siphon of Aplysia, the animal will begin to stop withdrawing its gill after awhile.

Sensitization is a process that allows an animal to generalize an aversive response elicited by a noxious stimulus to a variety of other, non-noxious stimuli. If you touch the siphon of the Aplysia and shock the animal’s tail at the same time, the animal will strongly withdraw its gill.  If you then touch the siphon again, the animal will continue to show the strong response even though the noxious stimulus is gone.

26.
What are their corresponding cellular changes?

Habituation is associated with reduced post-synaptic response and sensitization is associated with an enhanced post-synaptic response.

27.
Describe the synaptic events leading to habituation, sensitization, and facilitation resulting from classical conditioning in Aplysia?

In habituation, there is a depression of the sensory neuron glutamatergic synapses following repeated stimulation. Exactly what happens is not known, but it is believed to involve reduced calcium levels in the pre-synaptic sensory neuron.  Reduced calcium entry leads to reduced vesicular release and NT, and therefore, a reduced post-synaptic response.

In sensitization, there is the tail shock that evokes sensitization excites interneurons that release 5-HT onto the sensory neurons of the siphon.  5-HT produces a prolonged enhancement of NT release from the siphon sensory neuron, leading to increased synaptic excitation of the motor neurons.

28.
What is the role of 5-HT in learning and memory in Aplysia? 

Serotonin is involved in activating a 2nd messenger pathway that leads to sensitization in Aplysia.  5-HT activates PKA to phosphorylate K channels and close them (short term sensitization) and it also can activate CREB to increase gene transcription (long term sensitization).

29.
What is monosynaptic depression? What is heterosynaptic facilitation?

Monosynaptic depression is the depression of one synapse – the one between the siphon sensory neuron and the gill motor neuron.

Heterosynaptic facilitation is the activation of an additional synapse (other than the one between the siphon sensory neurons and gill motor neurons).  In the case of Aplysia, the additional synapse is the one from facilitating interneurons onto siphon sensory neurons.

30.
Why is heterosynaptic facilitation activity-dependent?

The facilitating interneurons from the tail stimulus produce a greater pre-synaptic facilitation of the sensory neurons ONLY when sensory neurons are activated immediately after the stimulus to the siphon (conditional stimulus) has caused the sensory neurons to fire an action potential 

31.
What is the second messenger involved in learning and memory in Aplysia?

cAMP, which activates PKA, which phosphorylates K channels to inhibit their function.

32.
What is required for long-term memory formation?

Long term memory formation requires the production of new proteins and PKA function.

33.
What is CREB? What does it do in learning and memory?

CREB is the abbreviation for cAMP response element binding proteins.  These proteins function as transcriptional activators that bind to CRE to regulate synaptic connections. Essentially, phosphorylation of CREB will lead to increased synaptic connections and active zones per contact.

34.
What is the advantage of using Drosophila to study learning and memory? 

Drosophila allow for the study of large populations of animals that can exhibit genetic mutations associated with learning and memory.

35.
What is rutabaga?  What is dunce?  How do they affect learning and memory in flies?

Dunce and rutabaga are mutations in Drosophila that affect learning and memory. Dunce is a mutation in a cAMP phosphodiesterase, which results in higher levels of cAMP and a higher rate of habituation. Rutabaga is a mutation in adenylate cyclase, which results in a reduced rate of cAMP production and a reduced rate of habituation. 

36.
What is the hippocampus?  Why is it considered important for learning and memory?


The hippocampus is a forebrain structure that has been implicated in learning and memory.  Since functional imaging shows that the human hippocampus is activated during certain memory tasks, and that damage to the hippocampus results in an inability to form certain new types of memories, the hippocampus appears to be involved in the formation and retrieval of certain forms of memory.
37.
What is LTP? LTD? 


LTP is long term potentiation or synaptic strengthening.


LTD is long term depression or synaptic weakening.

38.
Why is a synapse considered ‘silent’?  How do you make it ‘loud’?


Silent synapses are glutamatergic ones which show no post-synaptic excitation when they are stimulated.  These synapses are made “loud” by strong depolarization.  This strong depolarization displaces the magnesium block on NMDA receptors, which allows the post-synaptic response to be robust.

39.
What are the molecular mechanisms underlying LTP?


LTP may be induced at a specific synapse by a strong stimulus.  The rise in intracellular calcium in the post-synaptic neuron activates two different kinases; CAM kinase II and PKC.  CAM kinase II seems to be involved in recruiting new AMPA receptors to the post-synaptic membrane as well as phosphorylating existing AMPA receptors, causing them to stay open longer.

40.
What else may occur to a neuron when LTP is formed?


New dendritic spines may also be formed on the post-synaptic receptor when LTP is induced.

41.
How would one enhance the capability of learning and memory? 


Memory enhancement may be genetically engineered via the introduction of the NMDA receptor subunit NR2B, which modulated NMDA channel kinetics.

42.
What are common features of learning and memory between vertebrates and invertebrates? What are the differences?


Learning and long-term memory involve neural plasticity, or the modification of synaptic connections.  In invertebrates, the mechanisms involved in learning and memory tend to be pre-synaptic, while, in vertebrates, the mechanisms tend to be post-synaptic.

http://www.zoology.ubc.ca/~auld/bio455/lecture_index.html (it’s a course just like ours, so pick the lecture notes for the topic you want; all the ones we’ve talked about are in here!)

http://soma.npa.uiuc.edu/courses/physl341/Lec6_small.html (very good/brief summary of neural plasticity, learning and memory)

