EE 546: Biological Frameworks for Engineers
                                                                    Handed out on 2-12-04; due on 2-19-04


Breakthroughs in Biology -- Article #4

ASSIGNMENT


Read “Calcium and the control of synaptic strength by learning” (E. R. Kandel, Nature 293: 697-700, 1981).  This article is not available online, so photocopies will be distributed in class.

We will discuss this article on Thursday, February 19th from 12:00 to 12:50 PM in Room M406 of the EE building.  Be prepared to discuss the questions posed by the Study Guide, and bring any additional questions you have about the article.

STUDY  GUIDE

General background


• In previous assignments, you have been exposed to various pieces of primary literature, i.e., original articles in which scientists report (for the first time) the experiments they performed and the results they obtained.  This week's discussion covers a somewhat different form of scientific writing: secondary literature, also known as review articles.  Review articles generally do not report new findings; rather, they summarize the results of many pieces of already-published primary literature, usually fitting these pieces together into some sort of coherent overall picture.  Secondary literature can thus provide very useful updates on the "bigger picture," especially for people who haven't had the chance to scrutinize the primary literature.


• In lecture, you are about to learn how neurons (the cells of the nervous system) communicate with each other.  It seems obvious that learning and memory must involve some sort of changes in communication between neurons – the synapses – yet it has taken decades of research to identify many of the specific changes involved, and the research continues even today.  Eric Kandel, the author of the assigned review article, was awarded a share of the 2003 Nobel Prize in Physiology or Medicine for his work on the cellular and molecular mechanisms by which memories are formed.

Introduction (Paragraphs 1-4)


• Paragraph 1: “neurone” is a British spelling of “neuron.”  (Kandel is American, but Nature is a British journal.)


• Paragraphs 3 and 4: A synapse – a connection between two cells – consists of a presynaptic neuron and a postsynaptic neuron.  The terms presynaptic and postsynaptic may also be applied to various parts of these neurons; for example, the end of the presynaptic neuron’s axon is called the presynaptic terminal.


• Paragraph 4: Most of Kandel’s own work has been conducted on Aplysia, the lowly sea slug.  Some advantages of using this organism to investigate synaptic plasticity are presented at http://faculty.washington.edu/crowther/Misc/Songs/slugs.shtml.

Four types of synaptic plasticity (Paragraphs 5-8)


• Paragraph 5 mentions the basic mechanism by which a signal is passed from one neuron to another (and also from neurons to muscle cells).   The presynaptic neuron releases a chemical transmitter (neurotransmitter) that binds to receptors on the postsynaptic cell, leading to a change in the ionic currents of the postsynaptic cell.  Make sure you understand this!


• Paragraph 6: What does “tetanic” mean?


• It should be relatively easy to visualize the homosynaptic changes described in Paragraph 6.  Basically, changes within the presynaptic neuron alter the amount of neurotransmitter that it releases.  Heterosynaptic plasticity (Paragraph 7) is a little more complicated.  To get a sense of how it works, go to http://snnap.uth.tmc.edu/images/posters/snnapPost_00.pdf and look at Figure 3B.  Neuron C releases a neurotransmitter that binds at the axon terminal of neuron B, which forms a synapse with neuron A.  In heterosynaptic facilitation, the neurotransmitter from neuron C enhances neurotransmitter release from neuron B, thus leading to larger voltage spikes in neuron A.  (What would the diagram show if it was an illustration of heterosynaptic inhibition?)  Compare this figure to Figure 1a of the Kandel paper, a more detailed diagram of neurons C (top) and B.

Synaptic plasticity and simple forms of learning (Paragraph 9)


• What is the answer to question (1) from the previous paragraph?

Synaptic plasticity and free Ca2+ concentration (Paragraphs 10-14)


• Paragraph 10: Note that, at the time of this article, plasticity was thought to result mostly from changes to the presynaptic neuron.  Since then, a number of postsynaptic changes have been discovered as well.


• Paragraph 11 is very important.  The information in the first part of the paragraph is depicted in a couple of nice animations: 

- http://camel2.conncoll.edu/academics/zoology/courses/zoo202/Nervous/synapse.html

- http://www.tvdsb.on.ca/westmin/science/sbioac/homeo/synapse.htm


• Paragraph 11: How do the mitochondria and endoplasmic reticulum buffer Ca2+ in the presynaptic terminal?


• Paragraph 13: “Voltage-clamp analysis” is an experimental technique that measures transmembrane current while the membrane voltage is held constant.
• Paragraph 14: What evidence did Kandel and colleagues provide to support the idea that intracellular Ca2+ levels control post-tetanic potentiation?  Is this evidence convincing?

Plasticity and Ca2+ influx (Paragraphs 15-16)


• Paragraph 15: How does the “novel mechanism” discussed here differ from the mechanism described in the previous section?


• Paragraph 15: An action potential is essentially the depolarization of an axon caused by an influx of Na+ ions.  This depolarization is short-lived because K+ ions then flow out of the axon, bringing the membrane back to its negative resting potential.  The K+ channels thus influence the length of time that the membrane is depolarized, which in turn affects the behavior of the voltage-gated Ca2+ channels in the axon terminal. 


• Paragraph 16 / Figure 1: Explain the point of Figure 1b.  What sorts of experiments must have been done to arrive at the picture shown here?

Toward a molecular explanation of synaptic plasticity (Paragraphs 17-18)


• Paragraph 18: What is the evidence that cyclic AMP is involved in presynaptic facilitation?  According to Paragraph 18 and Figure 2, what is the cascade of events that leads to increased neurotransmitter release from the presynaptic terminal?  (Recall that a protein kinase is an enzyme that sticks a phosphate (PO4) group into another protein.  This event is called phosphorylation.)

Multiple controls of ionic channels (Paragraphs 19-22)


• Paragraph 19: Note the term “chemically gated channels.”  These are the same as “ligand-gated channels,” the term I’ll use in lecture.


• Paragraph 21: What does the last sentence of this paragraph mean?

Wrap-up


• The table on the upper left-hand side of page 698 is difficult to decipher, since it is not explicitly explained in the text of the paper.  What does it show?  What do the terms “Intrinsic” and “Synaptic” mean here?


• You sit down in a chair, and your butt immediately senses the chair’s soft, padded surface.  You remain seated for a while, but after a short time, you stop noticing the feel of the chair.  Propose a cellular/molecular mechanism that could account for this change in perception.


• A mischievous friend sneaks up behind you and zaps you with a cattle prod.  Shortly thereafter, your significant other comes up from behind you and gives you a light tap on the back.  Although he/she has done this on many other occasions, this time it startles you and you jump two feet into the air.  Propose a cellular/molecular mechanism that could explain your unusual behavior.
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