EE 546: Biological Frameworks for Engineers
                                                                    Handed out on 2-22-05; due on 2-25-05


Breakthroughs in Biology -- Article #5

ASSIGNMENT


Read “How the size of motoneurones determines their susceptibility to discharge” (H.-R. Lüscher et al., Nature 282: 859-61, 1979).  This article is not available online, so photocopies will be distributed in class along with this handout.

We will discuss this article on Friday, February 25th from 8:30 to 9:20 or 9:30 to 10:20 AM in Room 403 of the EE building.  Be prepared to discuss the questions posed by the Study Guide below, and bring any additional questions you have about the article.

STUDY  GUIDE

General background


• In lecture, you are about to learn how neurons (the cells of the nervous system) communicate with each other and with muscle cells.  A neuron that controls the contraction of muscle cells is called a motor neuron (or motoneuron, or motoneurone).  Each muscle cell is controlled by only one motor neuron, but each motor neuron connects to many muscle cells, collectively referred to as a motor unit.  Thus each muscle consists of many motor units, each of which includes many muscle cells.  The amount of force that a muscle exerts is determined in part by the number of motor units that are activated; low forces only require a few of the motor units to be turned on, whereas maximal forces require the participation of all motor units.

• In the mid-1960s, Elwood Henneman and coworkers discovered that, as you gradually increase the amount of force a muscle exerts, its motor units are generally activated in order of increasing motor neuron size.  This turns out to be a good system because the largest motor neurons control powerful but quick-to-fatigue “fast-twitch” muscle cells.  The strategy of recruiting motor units in order of motor neuron size ensures that the fast-twitch cells are only used when absolutely necessary, such as during a short sprint.  The assigned article – also from Henneman’s lab – addresses the question of, “Why are the largest motor neurons the last ones to be activated?”

Paragraph 1 (Abstract)


• As you saw in a recent homework assignment, cells normally have a negative membrane potential (the interior of a cell is electrically negative relative to the outside).  When a cell receives excitatory input, its membrane depolarizes – i.e., the interior becomes more positive relative to the outside.  This depolarization is known as an excitatory postsynaptic potential (e.p.s.p.).


• How do motor neurons (motoneurones) know when to activate muscle cells?  They receive signals from other neurons -- afferent Ia fibers, in this case.  These fibers are said to have “simple ramifications” in some areas and “extensive arborisations” in others.  Such phrases refer to the degree of branching of the fibers’ axons.  In the figure below, both motor neurons receive input from both afferent Ia fibers, but the top motor neuron receives relatively “direct” connections with few branches, whereas the axons contacting the lower motor neuron show more extensive branching.
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Paragraph 2


• Synaptic boutons are the specific sites at the ends of axons where neurotransmitters (chemicals passed from one neuron to another) are released.

• The medial gastrocnemius is a calf muscle.


• Notice that this paragraph (and much of the article) concerns the propagation of electrical impulses through neurons.  You can think of neurons as being somewhat like wires: they can conduct electrical signals, but these signals will die out if the distance they must travel is too great.
Paragraph 3


• Why do you think input resistance (IR) is an indicator of cell size?

• “Tetanized at 500 s-1” means stimulated 500 times per second.


• Post-tetanic potentiation (p.t.p.) is the phenomenon in which tetanic stimulation of neurons (afferent Ia fibers, in this case) increases their subsequent ability to activate other neurons (motor neurons, in this case).    

Paragraph 4 / Figure 1


• What does p.t.p. tell us about the connections between the neurons studied here?  Why do some motor neurons exhibit much more p.t.p. than others?

Paragraph 5 / Figure 2


• Figure 2 is the key figure of this paper.  If you understand it, you probably understand the essence of the paper.  What is the “take-home message” of this figure?  Can the trends be explained by any alternative hypothesis aside from the one offered by the authors?

• The semitendinosus (referred to in Fig. 2) is a hamstring muscle. 

• Explain the last sentence of this paragraph.

Paragraph 6 / Figure 3


• The halfwidth of an e.p.s.p. is a measure of how long the e.p.s.p. lasts.  Should p.t.p. change the halfwidth of e.p.s.p.s?  Why or why not?

Wrap-up


• Of the two motor neurons pictured on the previous page, which is likely to be activated more often?  Why?


2

