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Chapter 45: The Nervous System: Structure and Control
Introduction

campbell biology chapter 45 us delves into the intricate world of the nervous
system, a fundamental biological marvel responsible for coordinating actions
and transmitting signals throughout an organism. This chapter explores the
diverse structures and complex functions that enable living beings to
perceive their environment, process information, and respond appropriately.
We will navigate the fundamental building blocks of neural communication, the
specialized cells that form the nervous system, and the elaborate networks
they create. Understanding the nervous system is crucial for comprehending
everything from simple reflexes to sophisticated cognitive processes, making
this chapter a cornerstone of your biology education. We will examine the
organization of nervous systems, from simple nerve nets to complex brains,
and the mechanisms of signal transduction that underpin all neural activity.
The material presented here provides a robust foundation for understanding
animal behavior, sensory perception, and the biological basis of
consciousness.
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The Neuron: The Fundamental Unit of the Nervous
System

The nervous system, at its core, is composed of specialized cells called
neurons. These excitable cells are the primary communicators, transmitting
information through electrical and chemical signals. A typical neuron
possesses a cell body (soma) containing the nucleus and organelles, dendrites
that receive signals from other neurons, and an axon, a long projection that
transmits signals to other cells. The axon is often covered by a myelin
sheath, an insulating layer produced by glial cells, which significantly
speeds up signal transmission. Synapses are the junctions between neurons
where information is passed from one cell to the next, typically via chemical
neurotransmitters.



Structure of a Neuron

The structure of a neuron is uniquely adapted for its function of rapid
information transmission. Dendrites, often highly branched, increase the
surface area available for receiving synaptic inputs from numerous other
neurons. The cell body integrates these incoming signals. The axon hillock,
the region where the axon originates from the cell body, is a critical site
for initiating action potentials. Axons can vary greatly in length, with some
extending over a meter in large animals, facilitating long-distance
communication within the nervous system. The axon terminal, at the end of the
axon, contains synaptic vesicles filled with neurotransmitters.

Glial Cells: Support and More

While neurons are the stars of the show, glial cells play indispensable
supporting roles. These cells are far more numerous than neurons and are
essential for neuronal survival and function. Different types of glial cells
perform distinct tasks. Astrocytes provide metabolic support to neurons,
regulate the extracellular fluid, and contribute to the blood-brain barrier.
Oligodendrocytes and Schwann cells in the central and peripheral nervous
systems, respectively, produce the myelin sheath that insulates axons and
increases conduction velocity. Microglia act as immune cells of the central
nervous system, clearing debris and defending against pathogens. Ependymal
cells line the ventricles of the brain and produce cerebrospinal fluid.

Electrical Signals: Action Potentials

Nerve impulses are essentially electrical signals, and the fundamental event
is the action potential. This rapid, transient change in the membrane
potential of a neuron is an all-or-none phenomenon, meaning it either fires
fully or not at all. The resting potential of a neuron is established by the
differential distribution of ions across the plasma membrane, primarily
sodium (Na+) and potassium (K+) ions, maintained by ion pumps.

The Generation of an Action Potential

An action potential is triggered when a stimulus causes the membrane
potential to reach a threshold level. This threshold is typically around -55
mV. At this point, voltage-gated sodium channels open, allowing a rapid
influx of Na+ ions into the neuron. This influx causes depolarization, where
the membrane potential becomes less negative, quickly reaching a peak
positive value (around +30 mV). Following depolarization, voltage-gated
sodium channels inactivate, and voltage-gated potassium channels open. The



efflux of K+ ions repolarizes the membrane, restoring the negative potential.
A brief period of hyperpolarization may occur as K+ channels close slowly,
making the membrane potential more negative than the resting potential.

Propagation of the Action Potential

Once generated at the axon hillock, the action potential propagates
unidirectionally along the axon. In unmyelinated axons, this propagation
occurs through a process of local depolarization and repolarization, where
the influx of positive ions in one region triggers the opening of voltage-
gated channels in the adjacent region. However, this method is relatively
slow. In myelinated axons, the myelin sheath acts as an electrical insulator,
forcing the action potential to "jump" between gaps in the myelin called
Nodes of Ranvier. This saltatory conduction is significantly faster and more
energy-efficient.

Chemical Signals: Neurotransmitters and
Synaptic Transmission

While electrical signals, action potentials, travel along individual neurons,
communication between neurons at synapses primarily relies on chemical
signals called neurotransmitters. These molecules are released from the
presynaptic neuron and bind to receptors on the postsynaptic neuron, either
exciting or inhibiting its activity.

The Synapse: A Junction for Communication

The synapse is the specialized junction between two neurons, or between a
neuron and an effector cell (like a muscle or gland cell). It typically
consists of a presynaptic terminal, a synaptic cleft (a small gap), and a
postsynaptic membrane. When an action potential arrives at the presynaptic
terminal, it triggers the influx of calcium ions, which causes synaptic
vesicles containing neurotransmitters to fuse with the presynaptic membrane
and release their contents into the synaptic cleft.

Neurotransmitters and Their Receptors

There are numerous types of neurotransmitters, each with specific functions
and associated receptors. Common examples include acetylcholine, which is

involved in muscle contraction and learning; the amino acids glutamate and
GABA, which are the primary excitatory and inhibitory neurotransmitters in



the central nervous system, respectively; and biogenic amines like dopamine,
serotonin, and norepinephrine, which play roles in mood, arousal, and
motivation. Neurotransmitter binding to receptors on the postsynaptic
membrane can cause ion channels to open or close, leading to changes in the
postsynaptic membrane potential. Excitatory neurotransmitters typically cause
depolarization (excitatory postsynaptic potential, or EPSP), while inhibitory
neurotransmitters cause hyperpolarization (inhibitory postsynaptic potential,
or IPSP).

Integration of Signals

A single neuron can receive inputs from hundreds or thousands of other
neurons. The postsynaptic neuron integrates these signals through a process
called summation. Temporal summation occurs when multiple EPSPs or IPSPs from
a single presynaptic neuron arrive at the postsynaptic neuron in rapid
succession. Spatial summation occurs when EPSPs and IPSPs from different
presynaptic neurons arrive at the postsynaptic neuron simultaneously. If the
net effect of these summated potentials reaches the threshold at the axon
hillock, an action potential will be generated in the postsynaptic neuron.

Organization of Nervous Systems

Nervous systems exhibit remarkable diversity in their organization across the
animal kingdom, reflecting evolutionary adaptations to different environments
and lifestyles. From simple nerve nets in cnidarians to highly centralized
and complex brains in vertebrates, the fundamental principle remains the
transmission and processing of information.

Nerve Nets and Radial Symmetry

In radially symmetrical animals like sea anemones and jellyfish, the nervous
system is organized as a nerve net. This diffuse network of neurons spread
throughout the body allows for basic responses to stimuli from any direction.
There is no central control, and signals spread throughout the net, leading
to coordinated movements like contraction of the entire body. While simple,
nerve nets demonstrate the fundamental capacity for neural coordination.

Bilateral Symmetry and Cephalization

The evolution of bilateral symmetry in most animals led to a significant
development: cephalization. This is the concentration of nervous system
structures at the anterior (head) end of an animal, leading to the formation



of a brain. This development is advantageous for active, directed movement,

as it allows for the processing of sensory information from the environment

and the coordination of motor responses in a more centralized and efficient

manner. Bilaterally symmetrical animals typically have a ladder-like nervous
system with a dorsal nerve cord (or cords) and a ventral brain.

The Mammalian Nervous System: Central and
Peripheral Divisions

The mammalian nervous system is highly complex and is broadly divided into
two main components: the central nervous system (CNS) and the peripheral
nervous system (PNS). This division reflects a hierarchical organization for
information processing and transmission.

Central Nervous System (CNS)

The CNS comprises the brain and the spinal cord. The brain is the command
center, responsible for higher-level processing, learning, memory, and
consciousness. It is protected by the skull. The spinal cord acts as a
conduit for information between the brain and the rest of the body, and also
mediates reflexes. The CNS is characterized by its complexity, with billions
of neurons forming intricate circuits that underlie all nervous system
functions. Gray matter, composed of neuron cell bodies and dendrites, and
white matter, composed of myelinated axons, are the two main types of tissue
found in the CNS.

Peripheral Nervous System (PNS)

The PNS consists of all the nerves and ganglia outside of the CNS. Its
primary role is to connect the CNS to the limbs and organs, carrying sensory
information to the CNS and motor commands from the CNS to the effectors. The
PNS is further divided into the somatic nervous system, which controls
voluntary muscle movements, and the autonomic nervous system, which regulates
involuntary bodily functions like heart rate, digestion, and breathing. The
autonomic nervous system is further subdivided into the sympathetic and
parasympathetic divisions, which often have opposing effects on target
organs.

Sensory Reception and Signal Transduction

The nervous system's ability to interact with its environment depends on



sensory receptors that detect stimuli and convert them into electrical
signals. This process is called sensory transduction.

Types of Sensory Receptors

Animals possess a variety of sensory receptors, each specialized to detect a
specific type of stimulus. These include mechanoreceptors (detecting touch,
pressure, sound), chemoreceptors (detecting taste and smell), photoreceptors
(detecting light), thermoreceptors (detecting temperature), and nociceptors
(detecting pain). The diversity of sensory receptors allows organisms to
perceive a wide range of environmental cues.

The Process of Signal Transduction

Signal transduction begins when a stimulus interacts with a sensory receptor.
This interaction causes a change in the receptor's membrane potential, often
a depolarization, known as a receptor potential. If this receptor potential
is strong enough to reach the threshold of an associated sensory neuron, it
will trigger action potentials. These action potentials are then transmitted
along sensory neurons to the CNS for processing. The frequency and pattern of
these action potentials encode information about the stimulus's intensity,
duration, and type.

Processing Sensory Information

Once sensory information reaches the CNS, it undergoes further processing.
This can involve simple reflexes mediated by the spinal cord, or complex
integration in the brain. Different brain regions are specialized for
processing different types of sensory information. For example, the visual
cortex processes visual input, the auditory cortex processes auditory input,
and the somatosensory cortex processes touch, temperature, and pain. This
hierarchical processing allows for sophisticated perception and response to
the environment.

FAQ

Q: What is the primary function of dendrites in a
neuron?

A: Dendrites are the branched extensions of a neuron that receive signals



from other neurons and transmit them towards the cell body.

Q: What is an action potential?

A: An action potential is a rapid, transient electrical signal that travels
along the axon of a neuron, serving as the fundamental unit of nerve impulse
transmission.

Q: What is the role of myelin in nerve impulse
conduction?

A: Myelin is an insulating layer around axons that speeds up the conduction
of action potentials through saltatory conduction, significantly increasing
efficiency.

Q: Can you explain synaptic transmission in simple
terms?

A: Synaptic transmission is the process where a neuron communicates with
another neuron or effector cell by releasing chemical messengers called
neurotransmitters across a small gap called the synapse.

Q: What are the two main divisions of the mammalian
nervous system?

A: The two main divisions are the Central Nervous System (CNS), consisting of
the brain and spinal cord, and the Peripheral Nervous System (PNS), which
includes all nerves outside the CNS.

Q: What is cephalization, and why is it important?

A: Cephalization is the evolutionary trend of concentrating nervous system
structures at the anterior end of an animal, forming a brain, which is
crucial for directed movement and processing sensory information.

Q: How do sensory receptors convert stimuli into
neural signals?

A: Sensory receptors convert specific stimuli (like light, sound, or
chemicals) into electrical signals through a process called sensory
transduction, which can trigger action potentials in sensory neurons.



Q: What is the difference between excitatory and
inhibitory neurotransmitters?

A: Excitatory neurotransmitters increase the likelihood of a postsynaptic
neuron firing an action potential by causing depolarization, while inhibitory
neurotransmitters decrease this likelihood by causing hyperpolarization.
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