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Structurally Distinct Ends

The Centrosome Is the Major Microtubule-
organizing Center in Animal Cells

Growing Microtubules Display Dynamic
Instability

Dynamic Instability is Driven by GTP Hydrolysis

Microtubule Dynamics Can be Modified by
Drugs

Microtubules Organize the Cell Interior
Motor Proteins Drive Intracellular Transport

Microtubules and Motor Proteins Position
Organelles in the Cytoplasm

Cilia and Flagella Contain Stable Microtubules
Moved by Dynein

ACTIN FILAMENTS

Actin Filaments Are Thin and Flexible
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Actin and Tubulin Polymerize by Similar
Mechanisms

Many Proteins Bind to Actin and Modify
Its Properties

A Cortex Rich in Actin Filaments Underlies the
Plasma Membrane of Most Eukaryotic Cells

Cell Crawling Depends on Cortical Actin

Actin Associates with Myosin to Form
Contractile Structures

Extracellular Signals Can Alter the Arrangement
of Actin Filaments
MUSCLE CONTRACTION

Muscle Contraction Depends on Interacting
Filaments of Actin and Myosin

Actin Filaments Slide Against Myosin Filaments
During Muscle Contraction

Muscle Contraction Is Triggered by a Sudden
Rise in Cytosolic Ca2+

Different Types of Muscle Cells Perform
Different Functions
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Chapter 18
The Cell-Division Cycle

OVERVIEW OF THE CELL CYCLE

The Eukaryotic Cell Cycle Usually Includes Four
Phases

A Cell-Cycle Control System Triggers the Major
Processes of the Cell Cycle

Cell-Cycle Control is Similar in All Eukaryotes

THE CELL-CYCLE CONTROL SYSTEM

The Cell-Cycle Control System Depends on
Cyclically Activated Protein Kinases called
Cdks

Different Cyclin-Cdk Complexes Trigger
Different Steps in the Cell Cycle

Cyclin Concentrations are Regulated by
Transcription and by Proteolysis

The Activity of Cyclin-Cdk Complexes Depends
on Phosphorylation and Dephosphorylation

Cdk Activity Can be Blocked by Cdk Inhibitor
Proteins

The Cell-Cycle Control System Can Pause the
Cycle in Various Ways

Gi PHASE

Cdks are Stably Inactivated in Gi

Mitogens Promote the Production of the Cyclins
that Stimulate Cell Division

DNA Damage Can Temporarily Halt Progression
Through Gi

Cells Can Delay Division for Prolonged Periods
by Entering Specialized Nondividing States

SPHASE
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S-Cdk Initiates DNA Replication and Blocks
Re-Replication

Incomplete Replication Can Arrest the Cell
Cycle in G2

M PHASE

M-Cdk Drives Entry Into M Phase and Mitosis

Cohesins and Condensins Help Configure
Duplicated Chromosomes for Separation

Different Cytoskeletal Assemblies Carry
Out Mitosis and Cytokinesis

M Phase Occurs in Stages

MITOSIS

Centrosomes Duplicate To Help Form the
Two Poles of the Mitotic Spindle

The Mitotic Spindle Starts to Assemble in
Prophase

Chromosomes Attach to the Mitotic Spindle
at Prometaphase

Chromosomes Assist in the Assembly of the
Mitotic Spindle

Chromosomes Line Up at the Spindle Equator
at Metaphase

Proteolysis Triggers Sister-Chromatid Separation
at Anaphase

Chromosomes Segregate During Anaphase

An Unattached Chromosome Will Prevent
Sister-Chromatid Separation

The Nuclear Envelope Re-forms at Telophase

CYTOKINESIS

The Mitotic Spindle Determines the Plane of
Cytoplasmic Cleavage

The Contractile Ring of Animal Cells Is Made
of Actin and Myosin Filaments

Cytokinesis in Plant Cells Involves the
Formation of a New Cell Wall

Membrane-Enclosed Organelles Must Be
Distributed to Daughter Cells When a
Cell Divides
CONTROL OF CELL NUMBERS AND CELL SIZE
Apoptosis Helps Regulate Animal Cell Numbers

Apoptosis Is Mediated by an Intracellular
Proteolytic Cascade

The Intrinsic Apoptotic Death Program Is
Regulated by the Bcl2 Family of Intracellular
Proteins

Extracellular Signals Can Also Induce Apoptosis

Animal Cells Require Extracellular Signals
to Survive, Grow, and Divide

Survival Factors Suppress Apoptosis

Mitogens Stimulate Cell Division by Promoting
Entry into S Phase

Growth Factors Stimulate Cells to Grow

Some Extracellular Signal Proteins Inhibit
Cell Survival, Division, or Growth
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Chapter 19
Sexual Reproduction and the Power
of Genetics

THE BENEFITS OF SEX

Sexual Reproduction Involves Both Diploid and
Haploid Cells

Sexual Reproduction Generates Genetic
Diversity

Sexual Reproduction Gives Organisms a
Competitive Advantage in a Changing
Environment

MEIOSIS AND FERTILIZATION

Meiosis Involves One Round of DNA Replication
Followed by Two Rounds of Cell Division

Meiosis Requires the Pairing of Duplicated
Homologous Chromosomes

Crossing-Over Occurs Between the Duplicated
Maternal and Paternal Chromosomes in Each
Bivalent

Chromosome Pairing and Crossing-Over
Ensure the Proper Segregation of Homologs

The Second Meiotic Division Produces Haploid
Daughter Cells

Haploid Gametes Contain Reassorted Genetic
Information

Meiosis Is Not Flawless

Fertilization Reconstitutes a Complete Diploid
Genome

MENDEL AND THE LAWS OF INHERITANCE

Mendel Studied Traits That Are Inherited in
a Discrete Fashion

Mendel Disproved the Alternative Theories
of Inheritance

Mendels Experiments Revealed the Existence
of Dominant and Recessive Alleles

Each Gamete Carries a Single Allele for Each
Character

Mendel's Law of Segregation Applies to All
Sexually Reproducing Organisms

Alleles for Different Traits Segregate
Independently

The Behavior of Chromosomes During Meiosis
Underlies Mendel's Laws of Inheritance

Even Genes on the Same Chromosome Can
Segregate Independently by Crossing-Over

Mutations in Genes Can Cause a Loss of
Function or a Gain of Function

Each of Us Carries Many Potentially Harmful
Recessive Mutations
GENETICS AS AN EXPERIMENTAL TOOL

The Classical Genetic Approach Begins with
Random Mutagenesis
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Genetic Screens ldentify Mutants Deficient
in Specific Cell Processes

Conditional Mutants Permit the Study of Lethal
Mutations

A Complementation Test Reveals Whether Two
Mutations Are in the Same Gene

Rapid and Cheap DNA Sequencing Has
Revolutionized Human Genetic Studies

Linked Blocks of Polymorphisms Have Been
Passed Down from Our Ancestors

Our Genome Sequences Provide Clues to our
Evolutionary History

Polymorphisms Can Aid the Search for Mutations

Associated with Disease

Genomics Is Accelerating the Discovery of
Rare Mutations that Predispose Us to
Serious Disease
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Chapter 20

Cell Communities: Tissues, Stem Cells,
and Cancer

EXTRACELLULAR MATRIX AND CONNECTIVE
TISSUES

Plant Cells Have Tough External Walls

Cellulose Microfibrils Give the Plant Cell Wall
Its Tensile Strength

Animal Connective Tissues Consist Largely of
Extracellular Matrix

Collagen Provides Tensile Strength in Animal
Connective Tissues

Cells Organize the Collagen That They Secrete

Integrins Couple the Matrix Outside a Cell to
the Cytoskeleton Inside It

Gels of Polysaccharides and Proteins Fill
Spaces and Resist Compression
EPITHELIAL SHEETS AND CELL JUNCTIONS

Epithelial Sheets Are Polarized and Rest on a
Basal Lamina

Tight Junctions Make an Epithelium Leak-
proof and Separate Its Apical and Basal
Surfaces

Cytoskeleton-linked Junctions Bind Epithelial
Cells Robustly to One Another and to the
Basal Lamina

Gap Junctions Allow Cytosolic Inorganic lons
and Small Molecules to Pass from Cell to Cell
TISSUE MAINTENANCE AND RENEWAL

Tissues Are Organized Mixtures of Many
Cell Types

Different Tissues Are Renewed at Different
Rates

Stem Cells Generate a Continuous Supply
of Terminally Differentiated Cells
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Specific Signals Maintain Stem-Cell Populations

Stem Cells Can Be Used to Repair Lost or
Damaged Tissues

Therapeutic Cloning and Reproductive Cloning
Are Very Different Enterprises

Induced Pluripotent Stem Cells Provide a
Convenient Source of Human ES-like Cells

CANCER

Cancer Cells Proliferate, Invade, and Metastasize

Epidemiological Studies Identify Preventable
Causes of Cancer

Cancers Develop by an Accumulation of
Mutations

Cancer Cells Evolve, Giving Them an
Increasingly Competitive Advantage

Two Main Classes of Genes Are Critical for
Cancer: Oncogenes and Tumor Suppressor
Genes

Cancer-causing Mutations Cluster in a Few
Fundamental Pathways

Colorectal Cancer lllustrates How Loss of a
Tumor Suppressor Gene CanlLead to Cancer

An Understanding of Cancer Cell Biology
Opens the Way to New Treatments
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