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Actin Subunits Assemble Head-to-Tail to Create Flexible, Polar
Filaments

Nucleation Is the Rate-Limiting Step in the Formation of Actin
Filaments

Actin Filaments Have Two Distinct Ends That Grow at Different
Rates

ATP Hydrolysis Within Actin Filaments Leads to Treadmilling at
Steady State

The Functions of Actin Filaments Are Inhibited by Both Polymer-
stabilizing and Polymer-destabilizing Chemicals

Actin-Binding Proteins Influence Filament Dynamics and
Organization

Monomer Availability Controls Actin Filament Assembly

Actin-Nucleating Factors Accelerate Polymerization and
Generate Branched or Straight Filaments

Actin-Filament-Binding Proteins Alter Filament Dynamics

Severing Proteins Regulate Actin Filament Depolymerization

Higher-Order Actin Filament Arrays Influence Cellular
Mechanical Properties and Signaling

Bacteria Can Hijack the Host Actin Cytoskeleton
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MYOSIN AND ACTIN

Actin-Based Motor Proteins Are Members of the Myosin
Superfamily

Myosin Generates Force by Coupling ATP Hydrolysis to
Conformational Changes

Sliding of Myosin Il Along Actin Filaments Causes Muscles
to Contract

A Sudden Rise in Cytosolic Ca2+ Concentration Initiates
Muscle Contraction

Heart Muscle Is a Precisely Engineered Machine

Actin and Myosin Perform a Variety of Functions in Non-Muscle
Cells
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MICROTUBULES

Microtubules Are Hollow Tubes Made of Protofilaments

Microtubules Undergo Dynamic Instability

Microtubule Functions Are Inhibited by Both Polymer-stabilizing
and Polymer-destabilizing Drugs

A Protein Complex Containing y-Tubulin Nucleates Microtubules

Microtubules Emanate from the Centrosome in Animal Cells

Microtubule-Binding Proteins Modulate Filament Dynamics
and Organization

Microtubule Plus-End-Binding Proteins Modulate Microtubule
Dynamics and Attachments

Tubulin-Sequestering and Microtubule-Severing Proteins
Destabilize Microtubules

Two Types of Motor Proteins Move Along Microtubules

Microtubules and Motors Move Organelles and Vesicles

Construction of Complex Microtubule Assemblies Requires
Microtubule Dynamics and Motor Proteins

Motile Cilia and Flagella Are Built from Microtubules and Dyneins

Primary Cilia Perform Important Signaling Functions in
Animal Cells
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INTERMEDIATE FILAMENTS AND SEPTINS

Intermediate Filament Structure Depends on the Lateral Bundling
and Twisting of Coiled-Coils

Intermediate Filaments Impart Mechanical Stability to Animal Cells

Linker Proteins Connect Cytoskeletal Filaments and Bridge the
Nuclear Envelope

Septins Form Filaments That Regulate Cell Polarity
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CELL POLARIZATION AND MIGRATION

Many Cells Can Crawl Across a Solid Substratum
Actin Polymerization Drives Plasma Membrane Protrusion

Lamellipodia Contain All of the Machinery Required for Cell Motility

Myosin Contraction and Cell Adhesion Allow Cells to Pull
Themselves Forward
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Chapter 17 The Cell Cycle

OVERVIEW OF THE CELL CYCLE

The Eukaryotic Cell Cycle Usually Consists of Four Phases
Cell-Cycle Control Is Similar in All Eukaryotes

Cell-Cycle Progression Can Be Studied in Various Ways
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THE CELL-CYCLE CONTROL SYSTEM

The Cell-Cycle Control System Triggers the Major Events of
the Cell Cycle

The Cell-Cycle Control System Depends on Cyclically Activated
Cyclin-Dependent Protein Kinases (Cdks)

Cdk Activity Can Be Suppressed By Inhibitory Phosphorylation
and Cdk Inhibitor Proteins (CKIs)

Regulated Proteolysis Triggers the Metaphase-to-Anaphase
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Cell-Cycle Control Also Depends on Transcriptional Regulation

The Cell-Cycle Control System Functions as a Network of
Biochemical Switches
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S-Cdk Initiates DNA Replication Once Per Cycle

Chromosome Duplication Requires Duplication of Chromatin
Structure

Cohesins Hold Sister Chromatids Together
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MITOSIS

M-Cdk Drives Entry Into Mitosis

Dephosphorylation Activates M-Cdk at the Onset of Mitosis

Condensin Helps Configure Duplicated Chromosomes for
Separation

The Mitotic Spindle Is a Microtubule-Based Machine

Microtubule-Dependent Motor Proteins Govern Spindle
Assembly and Function
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Mitotic Spindle
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Mitotic Chromosomes Promote Bipolar Spindle Assembly
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Bi-orientation Is Achieved by Trial and Error
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Completion of Mitosis
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The Spindle Assembly Checkpoint

Chromosomes Segregate in Anaphase A and B

Segregated Chromosomes Are Packaged in Daughter Nuclei
at Telophase
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CYTOKINESIS

Actin and Myosin Il in the Contractile Ring Generate the Force
for Cytokinesis

Local Activation of RhoA Triggers Assembly and Contraction
of the Contractile Ring

The Microtubules of the Mitotic Spindle Determine the Plane
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THE EXTRACELLULAR MATRIX OF ANIMALS

The Extracellular Matrix Is Made and Oriented by the Cells
Within It

Glycosaminoglycan (GAG) Chains Occupy Large Amounts of
Space and Form Hydrated Gels

Hyaluronan Acts as a Space Filler During Tissue Morphogenesis
and Repair

Proteoglycans Are Composed of GAG Chains Covalently
Linked to a Core Protein

Collagens Are the Major Proteins of the Extracellular Matrix

Secreted Fibril-Associated Collagens Help Organize the Fibrils

Cells Help Organize the Collagen Fibrils They Secrete by
Exerting Tension on the Matrix

Elastin Gives Tissues Their Elasticity

Fibronectin and Other Multidomain Glycoproteins Help
Organize the Matrix

Fibronectin Binds to Integrins

Tension Exerted by Cells Regulates the Assembly of
Fibronectin Fibrils

The Basal Lamina Is a Specialized Form of Extracellular Matrix

Laminin and Type IV Collagen Are Major Components of the
Basal Lamina

Basal Laminae Have Diverse Functions
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Matrix Proteoglycans and Glycoproteins Regulate the
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CELL-MATRIX JUNCTIONS

Integrins Are Transmembrane Heterodimers That Link the
Extracellular Matrix to the Cytoskeleton

Integrin Defects Are Responsible for Many Genetic Diseases

Integrins Can Switch Between an Active and an Inactive
Conformation

Integrins Cluster to Form Strong Adhesions

Extracellular Matrix Attachments Act Through Integrins to
Control Cell Proliferation and Survival

Integrins Recruit Intracellular Signaling Proteins at Sites of
Cell-Matrix Adhesion

Cell-Matrix Adhesions Respond to Mechanical Forces
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THE PLANT CELL WALL

The Composition of the Cell Wall Depends on the Cell Type

The Tensile Strength of the Cell Wall Allows Plant Cells to
Develop Turgor Pressure

The Primary Cell Wall Is Built from Cellulose Microfibrils
Interwoven with a Network of Pectic Polysaccharides

Oriented Cell Wall Deposition Controls Plant Cell Growth

Microtubules Orient Cell Wall Deposition
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Chapter 20 Cancer

CANCER AS A MICROEVOLUTIONARY PROCESS

Cancer Cells Bypass Normal Proliferation Controls and
Colonize Other Tissues

Most Cancers Derive from a Single Abnormal Cell

Cancer Cells Contain Somatic Mutations

A Single Mutation Is Not Enough to Change a Normal Cell
into a Cancer Cell

Cancers Develop Gradually from Increasingly Aberrant Cells

Tumor Progression Involves Successive Rounds of Random
Inherited Change Followed by Natural Selection

Human Cancer Cells Are Genetically Unstable

Cancer Cells Display an Altered Control of Growth

Cancer Cells Have an Altered Sugar Metabolism

Cancer Cells Have an Abnormal Ability to Survive Stress and
DNA Damage

Human Cancer Cells Escape a Built-in Limit to Cell Proliferation

The Tumor Microenvironment Influences Cancer Development
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Cancer Cells Must Survive and Proliferate in a Foreign
Environment

Many Properties Typically Contribute to Cancerous Growth
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CANCER-CRITICAL GENES: HOW THEY ARE FOUND
AND WHAT THEY DO

The Identification of Gain-of-Function and Loss-of-Function
Cancer Mutations Has Traditionally Required Different
Methods

Retroviruses Can Act as Vectors for Oncogenes That Alter Cell
Behavior

Different Searches for Oncogenes Converged on the Same
Gene—Ras

Genes Mutated in Cancer Can Be Made Overactive in Many
Ways

Studies of Rare Hereditary Cancer Syndromes First Identified
Tumor Suppressor Genes

Both Genetic and Epigenetic Mechanisms Can Inactivate
Tumor Suppressor Genes

Systematic Sequencing of Cancer Cell Genomes Has
Transformed Our Understanding of the Disease

Many Cancers Have an Extraordinarily Disrupted Genome

Many Mutations in Tumor Cells are Merely Passengers

About One Percent of the Genes in the Human Genome Are
Cancer-Critical

Disruptions in a Handful of Key Pathways Are Common to
Many Cancers

Mutations in the PI3K/Akt/mTOR Pathway Drive Cancer Cells
to Grow

Mutations in the p53 Pathway Enable Cancer Cells to Survive
and Proliferate Despite Stress and DNA Damage

Genome Instability Takes Different Forms in Different Cancers

Cancers of Specialized Tissues Use Many Different Routes to
Target the Common Core Pathways of Cancer

Studies Using Mice Help to Define the Functions of Cancer-
Critical Genes

Cancers Become More and More Heterogeneous as They
Progress

The Changes in Tumor Cells That Lead to Metastasis Are
Still Largely a Mystery

A Small Population of Cancer Stem Cells May Maintain Many
Tumors

The Cancer Stem-Cell Phenomenon Adds to the Difficulty
of Curing Cancer

Colorectal Cancers Evolve Slowly Via a Succession of Visible
Changes

A Few Key Genetic Lesions Are Common to a Large Fraction
of Colorectal Cancers

Some Colorectal Cancers Have Defects in DNA Mismatch Repair

The Steps of Tumor Progression Can Often Be Correlated
with Specific Mutations
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CANCER PREVENTION AND TREATMENT: PRESENT AND
FUTURE

Epidemiology Reveals That Many Cases of Cancer Are
Preventable

Sensitive Assays Can Detect Those Cancer-Causing Agents
that Damage DNA

Fifty Percent of Cancers Could Be Prevented by Changes
in Lifestyle

Viruses and Other Infections Contribute to a Significant
Proportion of Human Cancers

Cancers of the Uterine Cervix Can Be Prevented by Vaccination
Against Human Papillomavirus

Infectious Agents Can Cause Cancer in a Variety of Ways

The Search for Cancer Cures Is Difficult but Not Hopeless

Traditional Therapies Exploit the Genetic Instability and Loss
of Cell-Cycle Checkpoint Responses in Cancer Cells

New Drugs Can Kill Cancer Cells Selectively by Targeting
Specific Mutations

PARP Inhibitors Kill Cancer Cells That Have Defects in Brcal
or Brca2 Genes

Small Molecules Can Be Designed to Inhibit Specific
Oncogenic Proteins
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Chapter 21 Development of Multicellular
Organisms

OVERVIEW OF DEVELOPMENT

Conserved Mechanisms Establish the Basic Animal Body Plan

The Developmental Potential of Cells Becomes Progressively
Restricted

Cell Memory Underlies Cell Decision-Making

Several Model Organisms Have Been Crucial for Understanding
Development

Genes Involved in Cell-Cell Communication and Transcriptional
Control Are Especially Important for Animal Development

Regulatory DNA Seems Largely Responsible for the Differences
Between Animal Species

Small Numbers of Conserved Cell-Cell Signaling Pathways
Coordinate Spatial Patterning

Through Combinatorial Control and Cell Memory, Simple
Signals Can Generate Complex Patterns
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Graded Effects

Lateral Inhibition Can Generate Patterns of Different Cell Types

Short-Range Activation and Long-Range Inhibition Can
Generate Complex Cellular Patterns

Asymmetric Cell Division Can Also Generate Diversity

Initial Patterns Are Established in Small Fields of Cells and
Refined by Sequential Induction as the Embryo Grows

Developmental Biology Provides Insights into Disease and
Tissue Maintenance
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MECHANISMS OF PATTERN FORMATION

Different Animals Use Different Mechanisms to Establish Their
Primary Axes of Polarization

Studies in Drosophila Have Revealed the Genetic Control
Mechanisms Underlying Development

Egg-Polarity Genes Encode Macromolecules Deposited in the
Egg to Organize the Axes of the Early Drosophila Embryo
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Drosophila Embryo
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Regions

Ilg Genes Are Assembled From Separate Gene Segments
During B Cell Development

Antigen-Driven Somatic Hypermutation Fine-Tunes Antibody
Responses

B Cells Can Switch the Class of Ig They Make

Summary

T CELLS AND MHC PROTEINS

T Cell Receptors (TCRs) Are Ig-like Heterodimers

Activated Dendritic Cells Activate Naive T Cells

T Cells Recognize Foreign Peptides Bound to MHC Proteins

MHC Proteins Are the Most Polymorphic Human Proteins
Known

CD4 and CD8 Co-receptors on T Cells Bind to Invariant Parts
of MHC Proteins

Developing Thymocytes Undergo Negative and Positive Selection

Cytotoxic T Cells Induce Infected Target Cells to Kill Themselves

Effector Helper T Cells Help Activate Other Cells of the Innate
and Adaptive Immune Systems

Naive Helper T Cells Can Differentiate Into Different Types of
Effector T Cells

Both T and B Cells Require Multiple Extracellular Signals For
Activation

Many Cell-Surface Proteins Belong to the Ig Superfamily

Summary
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