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Mastering Campbell Biology Chapter 49: Nervous System Structure and Function

campbell biology chapter 49 questions us are crucial for students seeking a deep understanding of the intricate
workings of the nervous system. This chapter delves into the fundamental principles governing how organisms
sense their environment, process information, and generate responses. We will explore the diverse structures of
nervous systems, from simple nerve nets to complex brains, and examine the cellular and molecular mechanisms
that underpin neuronal communication. Key topics include the neuron's structure and function, electrical
signaling, synaptic transmission, and the organization of nervous systems into central and peripheral
components. Understanding these concepts is vital for grasping the biological basis of behavior, sensation, and
motor control. This comprehensive guide aims to equip students with the knowledge and insights needed to
confidently tackle any questions related to Chapter 49 of Campbell Biology.
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Nervous System Evolution and Diversity

The evolution of nervous systems represents a pivotal development in the history of life, enabling organisms to
interact with their surroundings more effectively and adapt to changing environments. The simplest forms of
nervous organization are seen in radially symmetric animals like cnidarians, which possess a diffuse nerve net.
This network of neurons allows for basic responses to stimuli, such as coordinated contractions for
movement or feeding. As organisms evolved, particularly with the emergence of bilateral symmetry and
cephalization, more complex nervous systems arose, concentrating nerve cells in a central region to form a
brain.

This progression highlights a trend towards increasing centralization and specialization of neural tissue.
Invertebrates exhibit a wide range of nervous system architectures. For instance, annelids and arthropods
possess a ventral nerve cord with segmental ganglia, while mollusks show variations, with some having
complex brains and others simpler ganglia. The diversity in nervous system structure reflects the varied
ecological niches and behavioral repertoires of different animal groups, underscoring the adaptive significance
of neural organization in survival and reproduction. Understanding this evolutionary trajectory is
fundamental to appreciating the underlying principles of neural function.

The Neuron: Structure and Function

The fundamental unit of the nervous system is the neuron, a specialized cell designed for transmitting
information through electrical and chemical signals. A typical neuron consists of a cell body (soma), which
contains the nucleus and organelles; dendrites, which are branched extensions that receive signals from other
neurons; and an axon, a single, long projection that transmits signals to other cells. The axon terminal, at the
end of the axon, is responsible for releasing neurotransmitters to communicate with the next cell.

The unique structure of the neuron is intricately linked to its function. Dendrites, with their extensive
branching, maximize the surface area for receiving synaptic input. The axon, often covered in a myelin sheath



formed by glial cells, acts as an efficient conductor of electrical impulses, known as action potentials. The
axon terminal's specialized machinery for neurotransmitter synthesis, storage, and release is critical for
synaptic transmission, enabling communication between neurons and with effector cells like muscles and glands.
The intricate interplay of these structural components allows for the complex processing of information
within the nervous system.

The Axon and Myelination

The axon is the primary conduit for transmitting nerve impulses away from the neuron's cell body. Its length
can vary dramatically, from microscopic to several feet in large mammals. The efficiency of signal transmission
along the axon is significantly enhanced by myelination, a process where glial cells wrap around the axon,
forming a fatty insulating layer. In the peripheral nervous system, Schwann cells provide myelin, while in the
central nervous system, oligodendrocytes perform this function. This insulation is not continuous; rather, it is
interrupted at regular intervals by gaps called nodes of Ranvier. These nodes are crucial for the rapid
propagation of action potentials through a process known as saltatory conduction, where the electrical
signal "jumps" from one node to the next, dramatically increasing conduction velocity.

Glial Cells and Their Roles

While neurons are the primary signaling cells, glial cells, or glia, are essential supporting cells within the
nervous system. They outnumber neurons and perform a variety of critical functions. Astrocytes, a type of
glial cell, provide structural support, regulate the chemical environment of neurons by controlling ion
concentrations and neurotransmitter levels, and contribute to the formation of the blood-brain barrier, which
protects the central nervous system. Oligodendrocytes and Schwann cells, as mentioned, are responsible for
myelination. Microglia act as immune cells within the central nervous system, clearing debris and defending
against pathogens. Ependymal cells line the ventricles of the brain and produce cerebrospinal fluid, which
cushions and nourishes the brain and spinal cord.

Electrical Signaling in Neurons

Neurons communicate using electrical and chemical signals. The resting potential of a neuron is a state of
electrical charge difference across the plasma membrane, typically around -70 millivolts (mV), with the
interior of the cell being more negative than the exterior. This resting potential is maintained by the differential
distribution of ions, primarily sodium (Na+) and potassium (K+), across the membrane, as well as the action of
the sodium-potassium pump. When a neuron receives a stimulus, it can undergo changes in membrane potential.

If the stimulus causes the membrane potential to become less negative, it is called depolarization. If the
depolarization reaches a threshold level, an action potential is generated. An action potential is a rapid,
transient change in membrane potential that travels down the axon. It involves a rapid influx of Na+ ions
causing depolarization, followed by an efflux of K+ ions causing repolarization and a brief period of
hyperpolarization. This all-or-none event ensures reliable signal transmission along the axon.

Resting Potential

The resting membrane potential is established and maintained by several factors. The plasma membrane is
selectively permeable to ions, with potassium ions being more permeable at rest due to the presence of leak
channels. The concentration gradients of Na+ and K+ across the membrane are maintained by the sodium-
potassium pump, which actively transports three Na+ ions out of the cell for every two K+ ions pumped into



the cell. This creates an electrochemical gradient that favors the movement of K+ out of the cell,
contributing to the negative charge inside. The presence of negatively charged organic molecules within the cell
also contributes to the resting potential.

Action Potentials

An action potential is initiated when a stimulus causes sufficient depolarization to reach the threshold
potential. This threshold is typically around -55 mV. Once the threshold is reached, voltage-gated sodium
channels open rapidly, leading to a massive influx of Na+ ions. This influx causes the membrane potential to
rapidly reverse, becoming positive (depolarization). Shortly after, the voltage-gated sodium channels
inactivate, and voltage-gated potassium channels open, allowing K+ ions to flow out of the cell. This efflux
of positive charge repolarizes the membrane, returning it towards the resting potential. In some cases, the efflux
of K+ can cause the membrane potential to become more negative than the resting potential, a phenomenon known
as hyperpolarization, before it eventually returns to the resting level.

Synaptic Transmission

Synaptic transmission is the process by which a neuron communicates with another neuron or with an effector
cell at a synapse. A synapse is a specialized junction where the axon terminal of one neuron (the presynaptic
neuron) comes into close proximity with the dendrite or cell body of another neuron (the postsynaptic neuron)
or an effector cell. The majority of synapses in the nervous system are chemical synapses, which utilize
neurotransmitters to convey signals across the synaptic cleft, the small gap between the presynaptic and
postsynaptic membranes.

When an action potential arrives at the axon terminal of the presynaptic neuron, it triggers the opening of
voltage-gated calcium channels. The influx of Ca2+ ions into the presynaptic terminal causes synaptic
vesicles, which contain neurotransmitters, to fuse with the presynaptic membrane and release their contents
into the synaptic cleft. These neurotransmitters then diffuse across the cleft and bind to specific receptors on
the postsynaptic membrane. This binding event can lead to the opening or closing of ion channels in the
postsynaptic neuron, altering its membrane potential and influencing whether it will fire its own action
potential.

Excitatory and Inhibitory Synapses

Neurotransmitters can have either excitatory or inhibitory effects on the postsynaptic neuron, depending on the
type of receptor and the ion channels they activate. Excitatory neurotransmitters, such as glutamate,
typically cause depolarization of the postsynaptic membrane by opening channels that allow the influx of
positive ions like Na+. This depolarization moves the membrane potential closer to the threshold for firing an
action potential, making the postsynaptic neuron more likely to fire. Inhibitory neurotransmitters, such as
GABA, typically cause hyperpolarization of the postsynaptic membrane by opening channels that allow the
influx of negative ions like chloride (Cl-) or the efflux of positive ions like potassium (K+).

This hyperpolarization moves the membrane potential further away from the threshold, making it less likely for
the postsynaptic neuron to fire an action potential. The net effect on a postsynaptic neuron depends on the
summation of all excitatory and inhibitory inputs it receives from multiple presynaptic neurons. This
integration of signals allows for complex information processing within neural circuits.



Neurotransmitter Systems

There are numerous neurotransmitters, each with specific roles and distributions within the nervous system.
Some common neurotransmitters include acetylcholine, which plays roles in muscle contraction and memory;
dopamine, involved in reward, motivation, and motor control; serotonin, associated with mood, sleep, and
appetite; norepinephrine, involved in the fight-or-flight response and attention; and glutamate and GABA, the
primary excitatory and inhibitory neurotransmitters, respectively, in the central nervous system. The diversity
of neurotransmitters and their receptors allows for a wide range of signaling within the nervous system,
enabling the complex behaviors and functions we observe.

Organization of Nervous Systems

Nervous systems are organized hierarchically, allowing for efficient processing of sensory information and
generation of appropriate motor commands. At the broadest level, the nervous system is divided into the
central nervous system (CNS) and the peripheral nervous system (PNS). The CNS consists of the brain and
spinal cord, which are the integration and command centers of the body. The PNS comprises all the nervous
tissue outside the CNS, connecting the CNS to the rest of the body.

Within the CNS, different regions are specialized for distinct functions. The spinal cord acts as a conduit for
information between the brain and the rest of the body and also controls reflexes. The brain, with its complex
structures like the cerebrum, cerebellum, and brainstem, is responsible for higher-level functions such as
consciousness, cognition, memory, and coordinated movement. This hierarchical organization ensures that
sensory information is processed systematically and that appropriate responses are generated efficiently.

The Peripheral Nervous System

The peripheral nervous system (PNS) acts as the communication network linking the CNS to every part of the
body. It is comprised of nerves and ganglia. Nerves are bundles of axons, and ganglia are clusters of neuron cell
bodies. The PNS can be further divided into sensory (afferent) and motor (efferent) divisions. The sensory
division transmits information from sensory receptors in the body to the CNS, informing it about the internal
and external environment. The motor division carries signals from the CNS to effector organs, such as muscles
and glands, to produce a response.

The motor division of the PNS is further subdivided into the somatic nervous system, which controls
voluntary movements of skeletal muscles, and the autonomic nervous system, which regulates involuntary
functions of internal organs, blood vessels, and glands. The autonomic nervous system itself is divided into the
sympathetic and parasympathetic divisions, which often have opposing effects on target organs to maintain
homeostasis.

Somatic Nervous System

The somatic nervous system is responsible for voluntary control over skeletal muscles. Sensory neurons in
the somatic system transmit information from sensory receptors in the skin, muscles, and joints to the CNS,
providing awareness of touch, pain, temperature, and body position. Motor neurons of the somatic system
originate in the CNS and extend to skeletal muscles, where they release acetylcholine, causing muscle
contraction. The rapid and precise nature of somatic motor control is essential for movement and interaction
with the environment.



Autonomic Nervous System

The autonomic nervous system (ANS) regulates involuntary bodily functions, maintaining homeostasis. It
controls smooth muscle, cardiac muscle, and glands. The ANS is divided into two main branches: the
sympathetic and parasympathetic nervous systems. The sympathetic division is typically activated during
stressful or exciting situations, preparing the body for "fight or flight." It increases heart rate, blood
pressure, and respiration, and diverts blood flow to muscles. The parasympathetic division, on the other hand,
promotes "rest and digest" activities, slowing heart rate, increasing digestive activity, and conserving energy.

The Central Nervous System

The central nervous system (CNS), composed of the brain and spinal cord, is the processing hub of the nervous
system. The brain is the most complex organ in the body, responsible for a vast array of functions, including
perception, thought, emotion, memory, and voluntary movement. The spinal cord serves as a pathway for
sensory information to reach the brain and for motor commands to descend from the brain to the rest of the
body. It also mediates reflexes, which are rapid, involuntary responses to stimuli.

Within the brain, distinct regions are specialized for different tasks. The brainstem connects the cerebrum and
cerebellum to the spinal cord and controls vital functions such as breathing, heart rate, and sleep-wake
cycles. The cerebellum plays a crucial role in coordinating movement, balance, and posture. The cerebrum, the
largest part of the brain, is responsible for higher-level cognitive functions and is divided into two hemispheres,
each with four lobes: the frontal, parietal, temporal, and occipital lobes, each with specialized roles in
processing information and generating behavior.

The Brainstem

The brainstem is the stalk-like structure that connects the cerebrum and cerebellum to the spinal cord. It
consists of the midbrain, pons, and medulla oblongata. The medulla oblongata is vital for regulating essential
autonomic functions such as breathing, heart rate, blood pressure, and digestion. The pons relays information
between the cerebrum and the cerebellum and plays a role in sleep and arousal. The midbrain is involved in visual
and auditory reflexes, as well as motor control. Damage to the brainstem can have severe, often fatal,
consequences due to its control over these life-sustaining processes.

The Cerebellum

The cerebellum, located at the back of the brain, below the cerebrum, is crucial for motor control. It receives
sensory information from the spinal cord and other parts of the brain regarding the body's position and
movement. The cerebellum integrates this information to fine-tune motor commands, ensuring smooth,
coordinated, and precise movements. It is also involved in learning motor skills, such as riding a bicycle or
playing a musical instrument, and plays a role in balance and posture. Damage to the cerebellum can result in
uncoordinated movements, tremors, and difficulty with balance.

The Cerebrum

The cerebrum is the largest and most complex part of the human brain, responsible for higher-level cognitive
functions, including consciousness, learning, memory, language, and voluntary movement. It is divided into two
cerebral hemispheres, left and right, which are connected by a bundle of nerve fibers called the corpus callosum.



Each hemisphere is further divided into four lobes: the frontal lobe, responsible for executive functions, planning,
and personality; the parietal lobe, involved in processing sensory information, spatial awareness, and
navigation; the temporal lobe, crucial for auditory processing, memory, and language comprehension; and the
occipital lobe, primarily dedicated to visual processing. The cerebral cortex, the outer layer of the cerebrum,
is highly folded, increasing its surface area and the number of neurons it can accommodate, which is essential
for complex cognitive abilities.

The Spinal Cord

The spinal cord is a long, cylindrical structure extending from the brainstem down the back. It serves as the
primary pathway for nerve impulses to travel between the brain and the rest of the body. Sensory information
from the body travels up the spinal cord to the brain, and motor commands from the brain travel down the
spinal cord to the muscles and glands. The spinal cord also contains neural circuits that control reflexes,
which are rapid, involuntary responses to stimuli that do not require direct input from the brain. These
reflexes, such as the knee-jerk reflex, help protect the body from injury and maintain posture.

---

Q: What are the primary functions of the nervous system?
A: The primary functions of the nervous system are to sense stimuli from the internal and external environment,
process this information, and generate appropriate responses. This includes coordinating bodily functions,
enabling movement, facilitating learning and memory, and mediating behavior.

Q: How do neurons transmit signals electrically?
A: Neurons transmit signals electrically through action potentials. When a neuron is stimulated, its membrane
potential changes. If it reaches a threshold, voltage-gated ion channels open, causing a rapid influx of ions
(like sodium) followed by an efflux of ions (like potassium), creating an electrical impulse that travels down
the axon.

Q: What is the difference between a chemical and electrical synapse?
A: At a chemical synapse, communication occurs via the release of neurotransmitters from the presynaptic
neuron into the synaptic cleft, which then bind to receptors on the postsynaptic neuron. At an electrical
synapse, ions flow directly from one neuron to another through gap junctions, allowing for rapid,
bidirectional communication.

Q: What is the role of myelin in nerve impulse transmission?
A: Myelin is an insulating layer around axons formed by glial cells. It speeds up the transmission of nerve
impulses through a process called saltatory conduction, where the action potential jumps between gaps in the
myelin sheath called nodes of Ranvier, significantly increasing conduction velocity.

Q: What are the main divisions of the peripheral nervous system?
A: The peripheral nervous system is divided into the sensory (afferent) division, which carries information from
sensory receptors to the CNS, and the motor (efferent) division, which carries signals from the CNS to effector
organs. The motor division is further divided into the somatic nervous system (voluntary control) and the
autonomic nervous system (involuntary control).



Q: What are the two main branches of the autonomic nervous system, and
what are their general roles?
A: The two main branches of the autonomic nervous system are the sympathetic and parasympathetic nervous
systems. The sympathetic division is associated with the "fight or flight" response, preparing the body for
action, while the parasympathetic division is associated with "rest and digest" activities, promoting energy
conservation and maintenance.

Q: What are the key structures of the central nervous system?
A: The central nervous system consists of the brain and the spinal cord. The brain is further divided into the
cerebrum, cerebellum, and brainstem, each with specialized functions.

Q: How does the cerebrum contribute to cognitive functions?
A: The cerebrum, particularly its outer layer, the cerebral cortex, is responsible for higher-level cognitive
functions such as learning, memory, language, consciousness, and complex thought processes. Its extensive
neural networks and regional specializations enable these sophisticated abilities.
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