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Preface to the Second Edition

The second edition contains substantial improve-
ments over the first edition. All chapters have been
updated to include recent developments in the field,
and major revisions have been done on the chapters
on Energy Metabolism in the Brain, Molecular Properties
of Ion Channels, Gap Junctions, and Learning and Mem-
ory. In addition, this edition features two new chap-
ters, Information Processing in Neural Networks and
Molecular and Cellular Mechanisms of Neurodegenerative
Disease. Although the first edition covered biochemi-
cal and gene networks in significant detail, little was
included on neural networks. It is the neural net-
works in the brain that collect and process informa-
tion about the external world and about the internal
state of the body and generate motor commands.
Therefore, an understanding of these networks is
essential to understanding the brain and also helps
to put the cellular and molecular processes in per-
spective. However, discussing all of the brain systems
is beyond the scope of a text book on cellular and
molecular neuroscience. Rather, our goal is to
describe the principles of operation of neural net-
works and the key circuit motifs that are common to
many networks. The second new chapter reports on
the progress in the last 20 years on elucidating the

ix

cellular and molecular mechanisms underlying brain
disorders This chapter focuses specifically on amyo-
trophic lateral sclerosis (ALS), Parkinson disease,
and Alzheimer’s disease, and the progress that has
been made and the strategies that have been used to
study and treat the disorders. The fact that all three
diseases are associated with neuronal loss, albeit in
different brain regions and with different neurotrans-
mitter groups, suggests that there may be common
aspects to the degenerative process.

We are once again extremely grateful to Johannes
Menzel at Elsevier for his unfading support and
encouragement throughout the project. Thanks also
to Clare Caruana, Meg Day, Kristi Gomez, Kirsten
Funk, Megan Wickline, and members of the produc-
tion staff. Special thanks to Lorenzo Morales, the
graphic artist on the project, who did an outstanding
job of creating many of the illustrations in the second
edition and restyling all the illustrations for consis-
tency among chapters. He also designed the cover
illustration.

John H. Byrne
James L. Roberts



Preface to the First Edition

The past twenty years have witnessed an expo-
nential increase in the understanding of the nervous
system at all levels of analyses. Perhaps the most
striking developments have been in the understand-
ing of the cell and molecular biology of the neuron.
The field has moved from treating the neuron as a
simple black box that added up impinging synaptic
input to fire an action potential to one in which the
function of nerve cells involves a host of biochemical
and biophysical processes that act synergistically to
process, transmit and store information. In this book,
we have attempted to provide a comprehensive
summary of current knowledge of the morphologi-
cal, biochemical, and biophysical properties of nerve
cells. The book is intended for graduate students,
advanced undergraduate students, and professionals.
The chapters are highly referenced so that readers can
pursue topics of interest in greater detail. We have
also included material on mathematical modeling
approaches to analyze the complex synergistic pro-
cesses underlying the operation and regulation of

nerve cells. These modeling approaches are becoming
increasingly important to facilitate the understanding
of membrane excitability, synaptic transmission, as
well gene and protein networks. The final chapter
in the book illustrates the ways in which the great
strides in understanding the biochemical and bio-
physical properties of nerve cells have led to funda-
mental insights into an important aspect of cognition,
memory.

We are extremely grateful to the many authors
who have contributed to the book, and the support
and encouragement during the two past years of
Jasna Markovac and Johannes Menzel of Academic
Press. We would also like to thank Evangelos Antzou-
latos, Evyatar Av-Ron, Diasinou Fioravanti, Yoshihisa
Kubota, Rong-Yu Liu, Fred Lorenzetii, Riccardo Moz-
zachiodi, Gregg Phares, Travis Rodkey, and Fredy
Reyes for help with editing the chapters.

John H. Byrne
James L. Roberts
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Cellular Components of Nervous Tissue

Patrick R. Hof, Esther A. Nimchinsky, Grahame Kidd,
Luz Claudio, and Bruce D. Trapp

Several types of cellular elements are integrated
to constitute normally functioning brain tissue. The
neuron is the communicating cell, and many neuronal
subtypes are connected to one another via complex
circuitries, usually involving multiple synaptic con-
nections. Neuronal physiology is supported and main-
tained by neuroglial cells, which have highly diverse
and incompletely understood functions. These include
myelination, secretion of trophic factors, maintenance
of the extracellular milieu, and scavenging of molec-
ular and cellular debris from it. Neuroglial cells also
participate in the formation and maintenance of the
blood-brain barrier, a multicomponent structure that
is interposed between the circulatory system and
the brain substance and that serves as the molecular
gateway to brain tissue.

NEURONS

The neuron is a highly specialized cell type and is the
essential cellular element in the central nervous system
(CNS). All neurological processes are dependent on
complex cell-cell interactions between single neurons
and/or groups of related neurons. Neurons can be cate-
gorized according to their size, shape, neurochemical
characteristics, location, and connectivity, which are
important determinants of that particular functional
role of the neuron in the brain. More importantly, neu-
rons form circuits, and these circuits constitute the
_structural basis for brain function. Macrocircuits involve
a population of neurons projecting from one brain
region to another region, and microcircuits reflect the
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local cell—cell interactions within a brain region. The
detailed analysis of these macro- and microcircuits is
an essential step in understanding the neuronal basis
of a given cortical function in the healthy and the dis-
eased brain. Thus, these cellular characteristics allow
us to appreciate the special structural and biochemical
qualities of a neuron in relation to its neighbors and
to place it in the context of a specific neuronal subset,
circuit, or function.

Broadly speaking, therefore, there are five general
categories of neurons: inhibitory neurons that make
local contacts (e.g., GABAergic interneurons in the
cerebral and cerebellar cortex), inhibitory neurons that
make distant contacts (e.g., medium spiny neurons of
the basal ganglia or Purkinje cells of the cerebellar cor-
tex), excitatory neurons that make local contacts (e.g.,
spiny stellate cells of the cerebral cortex), excitatory
neurons that make distant contacts (eg., pyramidal neu-
rons in the cerebral cortex), and neuromodulatory
neurons that influence neurotransmission, often at
large distances. Within these general classes, the struc-
tural variation of neurons is systematic, and careful
analyses of the anatomic features of neurons have
led to various categorizations and to the development
of the concept of cell type. The grouping of neurons
into descriptive cell types (such as chandelier, double
bouquet, or bipolar cells) allows the analysis of popu-
lations of neurons and the linking of specified cellular
characteristics with certain functional roles.

General Features of Neuronal Morphology

Neurons are highly polarized cells, meaning that
they develop distinct subcellular domains that sub-
serve different functions. Morphologically, in a typical
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