Neurons, Sense Organs,
and Nervous Systems

Chapter Outline

34.1 - Nervous Systems Are Composed of Neurons and Glial Cells

34.2 — Neurons Generate Electric Signals by Controlling lon Distributions

34.3 - Neurons Communicate with Other Cells at Synapses

34.4 - Sensory Processes Provide Information on an Animal’s External Environment and Internal Status
34.5 - Neurons Are Organized into Nervous Systems

Homeostasis, the dynamic maintenance of optimal
conditions, requires sensors and effectors that regulate
controlled variables, such as blood pressure. Chemical
signaling via hormones is one major signaling route
for cellular communication to maintain homeostasis.
The other route is the nervous system, discussed here.

While exploring the operations of the brain is a
worthy and fun activity, the understanding of
individual cells, the neurons, along with the glial
cells that support neuronal metabolism, is important
to comprehending the overall system. You should
find that much of this material is an application of
material you have previously learned. You will once
again see cellular organelles, membrane structure
and function, the sodium-potassium pump, and
membrane potentials serving important biological
functions. This material is challenging to learn, but
spending some time to meet this challenge will open
many doors of biological understanding to you.

Chapter 34 includes components of Big Idea 2, Big
Idea 3, and Big Idea 4. The specific parts of the AP
Biology curriculum covering Big Idea 2: Biological
systems utilize free energy and molecular building
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blocks to grow, to reproduce, and to maintain
dynamic homeostasis, include:

® 2.B.1: Cell membranes are selectively permeable
due to their structure.

® 2.C.2: Organisms respond to changes in their
external environments.

The specific parts covering Big Idea 3: Living systems
store, retrieve, transmit, and respond to information
essential to life processes, include:

° 3.D.2: Cells communicate with each other through
direct contact with other cells or from a distance via
chemical signaling.

® 3.E.2: Animals have nervous systems that detect
external and internal signals, transmit and integrate
information, and produce responses.

The specific parts addressing Big Idea 4: Biological
systems interact, and these systems and their
interactions possess complex properties, include:

° 4.B.2: Cooperative interactions within organisms
promote efficiency in the use of energy and matter.
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1. Describe the difference between a nerve and a neuron.

2. Describe how a neuron’s axon hillock acts as the decision point for whether or not the neuron will
undergo an action potential to communicate with its target.

3. Discuss the relative abundance of glial cells and neurons in the brain, and describe two functions of
glial cells.
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4. Explain how a “resting” neuron comes to have more sodium ions outside the cell than in the cytosol and
to have more potassium ions inside the cell than in the extracellular fluid.

5. Explain what is meant by the term threshold in describing neuronal function.

6. The ions considered in studying excitable membranes contribute to the “electrochemical gradient” along
the neuronal membrane. Discuss the meanings of “electro-” and “-chemical” gradients.

7. Describe how two or more graded potentials can be added together.
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8. Describe how the refractory period makes it impossible for two or more action potentials to be added
together.

9. Explain why the concept of threshold does not apply to graded potentials.

10. Explain how the concept of threshold applies to action potentials.

11. Label the graph below with each of the following:
(A) Peak of increased sodium permeability
(B) Threshold for an action potential
(C) Resting membrane potential

(D) Hyperpolarization (undershoot)
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12. Certain cells in the heart have a “sodium leak” channel that allows sodium ions to leak into the cytosol.
Describe what this leak does to membrane potential. Because these cells can fire action potentials, include
the concept of threshold in your answer.
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13. For a motor neuron that releases acetylcholine, describe the connection between the arrival of an action
potential at the axon terminal and its release of acetylcholine.

14. Speculate on how the “acetylcholine message” is terminated in the neuromuscular junction.
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15. Compare the activity of an olfactory neuron, as it samples odorant molecules in the nasal cavity, to
chemical communication at a synapse.

16. Assume that learning involves changes in the effectiveness of synaptic communication. Given that
assumption, predict how learning may correspond more closely to changes in metabotropic receptors

(G protein-linked receptors) than to changes in ionotropic receptors (ligand-gated ion channels). Define
the activity of each in your answer.

Concept 34.4 explores the sensory abilities of animals. In the process of sensory transduction, sense organs convert
environmental stimuli to changes in the membrane potentials of sensory neurons, leading to information processing
in the nervous system, and possible changes in behavior and physiology.

Sensory organs, such as the nose, ears, and eyes, allow animals to collect, filter, and magnify the many stimuli
encountered from moment to moment. The sensory cells are called chemoreceptors, mechanoreceptors, and
photoreceptors. In addition to sensing the outside world, sensory cells monitor the internal environment in key
locations, including oxygen concentration in the blood and body temperature.

The arrival of stimuli at sensory cells leads to changes in their membrane potentials, a process called sensory
transduction. In this manner, sensory-transducing cells are analogous to dendritic membranes that receive chemical
neurotransmitter molecules. Changes in membrane potential are due to the movement of ions across the membranes
of the sensory cells/neurons, resulting in graded potentials. To reiterate the focus on sensory reception, these graded
potentials are often called receptor potentials. Depending on the sensory modality involved, the receptor potentials
can lead to action potentials, which allow for smelling, or graded-potentials that alter neurotransmitter release, which
allow for vision and hearing. In both cases, the next neuron in the pathway is altered in its activity, and so on along the
pathway into the central nervous system, leading to organismal responses. This contributes to homeostatic regulation.

Mechanoreceptor neurons respond to stretching and deformation of their membranes by altering transmembrane
ion traffic, thus generating receptor potentials and initiating transduction. Amon g their many roles, some
mechanoreceptor mechanisms are part of a system that adjusts the strength of muscle contraction so that it can move

accurately match load requirements. Mechanoreceptor mechanisms also underlie hearing (audition) and vestibular
functions (balance and eye movements).
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17. Ligand-gated channels open or close when a chemical signal binds to the receptor protein associated
with the channel. Another class of channels opens or closes in response to mechanical stimulation, such as
the physical deformation of the cell in response to external pressure. Propose the transduction mechanism
for a sensory process that is due to the operation of mechanically gated ion channels, and identify the type
of sensory information provided by that sense.

18. An individual olfactory neuron in a dog’s nasal cavity will likely express only one of more than 1,000
odorant-receptor genes, yet it seems dogs are capable of distinguish hundreds of thousands of different
odorants. Discuss some possible mechanisms by which this diverse sampling capability might occur.

19. “The world is one gigantic synapse,” wrote one olfactory biologist. Describe the meaning of this
statement using principles of synaptic communication.

20. Describe the anatomical and functional relationships between the tympanic membrane; the incus,
malleus, and stapes; and the cochlear fluid.
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21. “Ringing” noises in the ears are not uncommon after a blow to the head. Describe how physical jostling
of the hearing apparatus can lead to the perception of sound that does not really exist.

22. As you fill a pail with water, you manage to hold it steady under the faucet even as the mass of the

filling pail becomes greater and greater. Describe the sensory feedback system that adjusts the strength of
skeletal muscle contraction to match the load of the filling bucket.

23. Describe how the exposure of a rod to a brief flash of light affects its membrane potential and the
release of its neurotransmitter.

24. Explain how and why colors are vivid in daylight but dull and grayish at night.

25. Describe what you would expect to see in examinin

g the rods and cones in nocturnal owls compared to
birds that are diurnal in behavioral activity.
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26. A tumor damaged the bones in a patient’s middle
ear on the left side of her head, impairing her sense of
hearing. After the tumor was removed, the audiologist
tested the patient’s ability to hear by placmg a tuning
fork near the left pinna, and then again while touching
the vibrating tuning fork to the left side of the patient’s
forehead. The patient could hear the tuning fork better
when it was touching her forehead. When the unaffected
right ear was tested, the tuning fork was heard more
clearly when it was placed near the right pinna than
when it was placed on the right side of the forehead.
Refer to the diagram to the right to explain these
observations.
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28. Describe the functional differences between sensor

y and motor neurons. Give an example of the
stimulus or organ controlled by each.

29. Describe how the following changes in the activity of the autonomic nervous system affect heart rate.
Include as many anatomical and neurochemical details as you can.

a. Increased activity in the sympathetic division:

b. Increased activity in the parasympathetic division:

30. Discuss the general princip

les that speaking uses a different part of the brain than does understanding
and responding to words.
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Science Practices & Inquiry

an use representations and models to communicat
roblems. More specifically, we focus on Science Prac |
nodels to analyze situations or solve problems qualitative

ramework, there are seven Science Practices. In thi

In Question 31, you will evaluate a model of a synapse and describe how nervous systems transmit
information (Learning Objective 3.45).

31. Respond to each of the following prompts, using the following terms: graded potential, threshold, and
action potential. Assume that the four axon terminals shown in the drawing represent excitatory synapses.
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a. Explain how graph A represents spatial summation.
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b. Explain how graph B represents temporal summation.

c. Add a fifth inhibitory axon terminal to the diagram, close to the axon hillock, and discuss the effect
of its simultaneous activity with attainment of threshold.




