Chapter 48

Neurons, Synapses, and
Signaling



e
Overview: Lines of Communication

A The cone snail kills prey with
venom that disables neurons

A Neurons are nerve cells that
transfer information within
the body

A Neurons use two types of
signals to communicate:
electrical signals (long-
distance) and chemical
signals (short-distance)
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A Interpreting signals in the nervous system
Involves sorting a complex set of paths and
connections

A Processing of information takes place in simple
clusters of neurons called ganglia or a more
complex organization of neurons called a brain
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Concept 48.1: Neuron organization and
structure reflect function in information
transfer

A The squid possesses extremely large nerve cells
and has played a crucial role in the discovery of
how neurons transmit signals
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Figure 48.2
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Introduction to Information Processing

A Nervous systems process information in three
stages: sensory input, integration, and motor
output
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A Sensors detect external stimuli and internal
conditions and transmit information along
Sensory neurons

A Sensory information is sent to the brain or
ganglia, where interneurons integrate the
Information

A Motor output leaves the brain or ganglia via
motor neurons, which trigger muscle or gland
activity
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A Many animals have a complex nervous system
that consists of

I A central nervous system (CNS) where
Integration takes place; this includes the brain
and a nerve cord

I A peripheral nervous system (PNS), which
carries information into and out of the CNS

I The neurons of the PNS, when bundled
together, form nerves
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Figure 48.3
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Neuron Structure and Function

AMost of a neuronodscebr ga
body

A Most neurons have dendrites, highly branched
extensions that receive signals from other
neurons

A The axon is typically a much longer extension
that transmits signals to other cells at synapses

A The cone-shaped base of an axon is called the
axon hillock
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Figure 48.4
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A The synaptic terminal of one axon passes
Information across the synapse in the form of
chemical messengers called neurotransmitters

A A synapse is a junction between an axon and
another cell

A Information is transmitted from a presynaptic
cell (a neuron) to a postsynaptic cell (a
neuron, muscle, or gland cell)

A Most neurons are nourished or insulated by
cells called glia
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Figure 48.5
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Figure 48.6
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Concept 48.2: lon pumps and ion channels
establish the resting potential of a neuron

A Every cell has a voltage (difference in electrical
charge) across its plasma membrane called a
membrane potential

A The resting potential is the membrane potential
of a neuron not sending signals

A Changes in membrane potential act as signals,
transmitting and processing information
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Formation of the Resting Potential

A In a mammalian neuron at resting potential, the
concentration of K* is highest inside the cell,
while the concentration of Na* is highest outside
the cell

A Sodium-potassium pumps use the energy of
ATP to maintain these K* and Na* gradients
across the plasma membrane

A These concentration gradients represent
chemical potential energy
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A The opening of ion channels in the plasma
membrane converts chemical potential to electrical
potential

A A neuron at resting potential contains many open
K* channels and fewer open Na* channels; K*
diffuses out of the cell

A The resulting buildup of negative charge within the
neuron Is the major source of membrane potential
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Table 48.1

Table 48.1 lon Concentrations Inside and Outside
of Mammalian Neurons
Intracellular Extracellular
Concentration Concentration
lon (mM) (mM)

Potassium (K™) 140 3
Sodium (Na™) 15 150
Chloride (CI™) 10 120
Large anions (A”) inside 100 (not applicable)
cell, such as proteins
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Figure 48.7
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