BRIEF CONTENTS
1 Biochemistry: An Evolving Science 1
2 Protein Composition and Structure 29
3 Exploring Proteins and Proteomes 69
4 DNA, RNA, and the Flow of Genetic

Y 0 N & WV

11
12
13
14
15
16
17
18
19
20

21
22
23

24
25
26

27
28
29
30
31
32

33

34
35
36

Information 113

Exploring Genes and Genomes 145
Exploring Evolution and Bioinformatics 185
Hemoglobin: Portrait of a Protein in Action 207
Enzymes: Basic Concepts and Kinetics 233
Catalytic Strategies 273

Regulatory Strategies 309

Carbohydrates 341

Lipids and Cell Membranes 373

Membrane Channels and Pumps 403
Signal-Transduction Pathways 437
Metabolism: Basic Concepts and Design 463
Glycolysis and Gluconeogenesis 491

The Citric Acid Cycle 541

Oxidative Phosphorylation 573

The Light Reactions of Photosynthesis 619

The Calvin Cycle and the Pentose Phosphate
Pathway 645

Glycogen Metabolism 679
Fatty Acid Metabolism 709

Protein Turnover and Amino Acid
Catabolism 751

The Biosynthesis of Amino Acids 787
Nucleotide Biosynthesis 821

The Biosynthesis of Membrane Lipids and
Steroids 849

The Integration of Metabolism 889

Drug Development 921

DNA Replication, Repair, and Recombination 949
RNA Synthesis and Processing 983

Protein Synthesis 1021

The Control of Gene Expression in
Prokaryotes 1057

The Control of Gene Expression in
Eukaryotes 1075

Sensory Systems 1097 ®
The immune System 1119 @
Molecular Motors 1151 @

Chapters online only

Berg, Jeremy M.
Biochemistry

[EONTENT & ]
PREFACE \Y
CHAPTER 1

Biochemistry: An Evolving Science

1.1 Biochemical Unity Underlies Biological Diversity

1.2 DNA lllustrates the Interplay Between Form and
Function
DNA is constructed from four building blocks
Two single strands of DNA combine to form
a double helix

DNA structure explains heredity and the storage
of information

1.3 Concepts from Chemistry Explain the Properties

of Biological Molecules

The formation of the DNA double helix as a key example

The double helix can form from its component strands

Covalent and noncovalent bonds are important for the
structure and stability of biological molecules

The double helix is an expression of the rules
of chemistry

The laws of thermodynamics govern the behavior
of biochemical systems

Heat is released in the formation of the double helix

Acid-base reactions are central in many
biochemical processes

Acid-base reactions can disrupt the double helix
Buffers regulate pH in organisms and in the laboratory

1.4 The Genomic Revolution is Transforming

Biochemistry, Medicine, and Other Fields

Genome sequencing has transformed biochemistry
and other fields

Environmental factors influence human biochemistry

Genome sequences encode proteins and patterns
of expression
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Visualizing Molecular Structures: Small Molecules

APPENDIX:
Functional Groups

CHAPTER 2
Protein Composition and Structure

2.1 Proteins Are Built from a Repertoire
of 20 Amino Acids

2.2 Primary Structure: Amino Acids Are Linked
by Peptide Bonds to Form Polypeptide Chains
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Proteins have unique amino acid sequences specified
by genes

Polypeptide chains are flexible yet conformationally
restricted

Secondary Structure: Polypeptide Chains Can
Fold into Regular Structures Such As the Alpha
Helix, the Beta Sheet, and Turns and Loops
The alpha helix is a coiled structure stabilized by
intrachain hydrogen bonds
Beta sheets are stabilized by hydrogen bonding
between polypeptide strands
Polypeptide chains can change direction by
making reverse turns and loops

Tertiary Structure: Proteins Can Fold
into Globular or Fibrous Structures

Fibrous proteins provide structural support
for cells and tissues

Quaternary Structure: Polypeptide Chains
Can Assemble into Multisubunit Structures

The Amino Acid Sequence of a Protein
Determines Its Three-Dimensional Structure

Amino acids have different propensities for forming
« helices, 8 sheets, and turns

Protein folding is a highly cooperative process
Proteins fold by progressive stabilization

of intermediates rather than by random search
Prediction of three-dimensional structure

from sequence remains a great challenge
Some proteins are inherently unstructured and

can exist in multiple conformations

Protein misfolding and aggregation are associated
with some neurological diseases

Posttranslational modifications confer new capabilities
to proteins
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Visualizing Molecular Structures: Proteins

CHAPTER 3
Exploring Proteins and Proteomes

3.1

The proteome is the functional representation
of the genome

The Purification of Proteins Is an Essential
First Step in Understanding Their Function
The assay: How do we recognize the protein
we are looking for?
Proteins must be released from the cell to be purified
I’ro_tcins can be purified according to solubility,
size. charge, and binding affinity

Proteins can be separated by gel electrophoresis
and displayed
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3.2

3.3

3.4

3.5

A protein purification scheme can be quantitatively
evaluated .

Ultracentrifugation is valuable for separating
biomolecules and determining their masses

Protein purification can be made easier with the
use of recombinant DNA technology

immunology Provides Important Techniques
with Which to Investigate Proteins
Antibodies to specific proteins can be generated
Monoclonal antibodies with virtually any desired
specificity can be readily prepared
Proteins can be detected and quantified by using
an enzyme-linked immunosorbent assay
Western blotting permits the detection of proteins
separated by gel electrophoresis
Co-immunoprecipitation enables the identification
of binding partners of a protein
Fluorescent markers make the visualization
of proteins in the cell possible

Mass Spectrometry Is a Powerful Technique for the

Identification of Peptides and Proteins
Peptides can be sequenced by mass spectrometry
Proteins can be specifically cleaved into
small peptides to facilitate analysis
Genomic and proteomic methods are complementary

The amino acid sequence of a protein provides
valuable information

Individual proteins can be identified by
mass spectrometry

Peptides Can Be Synthesized by
Automated Solid-Phase Methods

Three-Dimensional Protein Structure
Can Be Determined by X-ray Crystallography,
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NMR Spectroscopy, and Cryo-Electron Microscopy 100

X-ray crystallography reveals three-dimensional
structure in atomic detail

Nuclear magnetic resonance spectroscopy
can reveal the structures of proteins in solution

Cryo-electron microscopy is an emerging method
of protein structure determination
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CHAPTER 4

DNA, RNA, and the Flow of Genetic
Information

4.1 A Nucleic Acid Consists of Four Kinds

of Bases Linked to a Sugar-Phosphate Backbone
RNA and DNA differ in the sugar component
and one of the bases
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a specialized polymerase that carries its own
RNA template

29.4 Many Types of DNA Damage Can Be Repaired

Errors can arise in DNA replication

Bases can be damaged by oxidizing agents,
alkylating agents, and light

DNA damage can be detected and repaired
by a variety of systems

The presence of thymine instead of uracil in
DNA permits the repair of deaminated cytosine

Some genetic diseases are caused by the expansion
of repeats of three nucleotides

Many cancers are caused by the defective repair
of DNA

Many potential carcinogens can be detected
by their mutagenic action on bacteria

29.5 DNA Recombination Plays Important Roles in

Replication, Repair, and Other Processes

RecA can initiate recombination by promoting
strand invasion

Some recombination reactions proceed through
Holliday-junction intermediates
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CHAPTER 30
RNA Synthesis and Processing

RNA synthesis comprises three stages: Initiation,
elongation, and termination

30.1 RNA Polymerases Catalyze Transcription

RNA chains are formed de novo and grow in the
5'-to-3' direction

RNA polymerases backtrack and correct errors

RNA polymerase binds to promoter sites on the
DNA template to initiate transcription

Sigma subunits of RNA polymerase recognize
promoter sites

RNA polymerases must unwind the template double
helix for transcription to take place

Elongation takes place at transcription bubbles that
move along the DNA template

Sequences within the newly transcribed RNA signal
termination
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promoters 1000
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RNA editing changes the proteins encoded by
mRNA 1004
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Small nuclear RNAs in spliceosomes catalyze the
splicing of mRNA precursors 1007
Transcription and processing of mRNA are coupled 1010
Mutations that affect pre-mRNA splicing cause
disease 1010
Most human pre-mRNAs can be spliced in
alternative ways to yield different proteins 1011
30.4 The Discovery of Catalytic RNA Was Revealing
in Regard to Both Mechanism and Evolution 1012
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CHAPTER 31
Protein Synthesis 1021
31.1 Protein Synthesis Requires the Translation
of Nucleotide Sequences into Amino Acid
Sequences 1022
The synthesis of long proteins requires a low error
frequency 1022
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Transfer RNA molecules have a common design 1023
Some transfer RNA molecules recognize more than
one codon because of wobble in base-pairing 1025
31.2 Aminoacy) Transfer RNA Synthetases Read the
Genetic Code 1026
Amino acids are first activated by adenylation 1027
Aminoacyl-tRNA synthetases have highly
discriminating amino acid activation sites 1028
Proofreading by aminoacyl-tRNA synthetases
increases the fidelity of protein synthesis 1029
Synthetases recognize various features of transfer
RNA molecules 1029
Aminoacyl-tRNA synthetases can be divided
into two classes 1030
31.3 The Ribosome Is the Site of Protein Synthesis 1031
Ribosomal RNAs (55, 16S, and 23S tRNA) play
a central role in protein synthesis 1031
Ribosomes have three tRNA-binding sites that
bridge the 30S and 508 subunits 1032
The start signal is usually AUG preceded
by several bases that pair with 165 rRNA 1034
Bactenial protein synthesis is initiated
by formylmethionyl transfer RNA 1035
Formylmethionyl-tRNAis placed in the
P site of the ribosome in the formation
of the 70S initiation complex 1035
Elongation factors deliver aminoacyl-tRNA
to the ribosome 1036
Peptidy! transferase catalyzes peptide-bond
synthesis 1037
The formation of a peptide bond is followed by the
GTP-driven translocation of tRNAs and mRNA 1038
Protein synthesis is terminated by release factors
that read stop codons 1040
31.4 Eukaryotic Protein Synthesis Differs from
Bacterial Protein Synthesis Primarily
in Translation Initiation 1041
Mutations in initiation factor 2 cause a curious
pathological condition 1042
31.5 A Variety of Antibiotics and Toxins Can
Inhibit Protein Synthesis 1043
Some antibiotics inhibit protein synthesis 1043
Diphtheria toxin blocks protein synthesis in
eukaryotes by inhibiting translocation 1044
Some toxins modifiy 28S ribosomal RNA 1045
31.6 Ribosomes Bound to the Endoplasmic Reticulum
Manufacture Secretory and Membrane Proteins 1045
Protetn synthesis begins on ribosomes that are
free in the cytoplasm 1046
Signal sequences mark proteins for translocation
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CHAPTER 32

The Control of Gene Expression
in Prokaryotes

32.1 Many DNA-Binding Proteins Recognize
Specific DNA Sequences

The helix-turn-helix motif is common to many
prokaryotic DNA-binding proteins

32.2 Prokaryotic DNA-Binding Proteins Bind
Specifically to Regulatory Sites in Operons

An operon consists of regulatory elements and
protein-encoding genes

The lac repressor protein in the absence of lactose
binds to the operator and blocks transcription

Ligand binding can induce structural changes
in regulatory proteins

The operon is a common regulatory unit
in prokaryotes

Transcription can be stimulated by proteins that
contact RNA polymerase

32.3 Regulatory Circuits Can Result in Switching
Between Patterns of Gene Expression
The A repressor regulates its own expression

A circuit based on the A repressor and Cro forms
a genetic switch

Many prokaryotic cells release chemical signals
that regulate gene expression in other cells

Biofilms are complex communities of prokaryotes

32.4 Gene Expression Can Be Controlled at
Posttranscriptional Levels

Attenuation is a prokaryotic mechanism for
regulating transcription through the modulation
of nascent RNA secondary structure
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CHAPTER 33

The Control of Gene Expression in Eukaryotes

33.1 Eukaryotic DNA Is Organized into Chromatin
Nucleosomes are complexes of DNA and histones

DNA wraps around histone octamers to form
nucleosomes

33.2 Transcription Factors Bind DNA and Regulate
Transcription Initiation

A range of DNA-binding structures are employed
by eukaryotic DNA-binding proteins
Activation domains interact with other proteins

Multiple transcription factors interact with
eukaryotic regulatory regions
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Enhancers can stimulate transcription in specific
cell types

Induced pluripotent stem cells can be generated
by introducing four transcription factors
into differentiated cells

33.3 The Control of Gene Expression Can Require
Chromatin Remodeling
The methylation of DNA can alter patterns
of gene expression

Steroids and related hydrophobic molecules
pass through membranes and bind
to DNA-binding receptors

Nuclear hormone receptors regulate transcription
by recruiting coactivators to the transcription
complex

Sterotd-hormone receptors are targets for drugs

Chromatin structure is modulated through
covalent modifications of histone tails

Transcriptional repression can be achieved through
histone deacetylation and other modifications

33.4 Eukaryotic Gene Expression Can Be Controlled
at Posttranscriptional Levels
Genes associated with iron metabolism are
translationally regulated in animals

Small RNAS regulate the expression of many
eukaryotic genes
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@© CHAPTER 34
Sensory Systems

34.1 A Wide Variety of Organic Compounds
Are Detected by Olfaction
Olfaction is mediated by an enormous family
of seven-transmembrane-helix receptors
Odorants are decoded by a combinatorial
mechanism

34.2 Taste Is a Combination of Senses That
Function by Different Mechanisms
Sequencing of the human genome led to the
discovery of a large family of 7TM bitter
receptors

A heterodimeric 7TM receptor responds to sweet
compounds

Umami, the taste of glutamate and aspartate,
is mediated by a heterodimeric receptor related
to the sweet receptor

Salty tastes are detected primarily by the passage
of sodium ions through channels

Sour tastes arise from the effects of hydrogen
ions (acids) on channels

34.3 Photoreceptor Molecules in the Eye Detect
Visible Light
Rhodopsin, a specialized 7TM receptor, absorbs
visible light
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Light absorption induces a specific isomerization
of bound 11-cis-retinal

Light-induced lowering of the calcium level
coordinates recovery

Color vision is mediated by three cone receptors
that are homologs of thodopsin

Rearrangements in the genes for the green and red
pigments lead to “color blindness”

Hearing Depends on the Speedy Detection

of Mechanical Stimuli

Hair cells use a connected bundle of stereocilia
to detect tiny motions

Mechanosensory channels have been identified
in Drosophila and vertebrates

Touch Includes the Sensing of Pressure,
Temperature, and Other Factors

Studies of capsaicin reveal a receptor for sensing
high temperatures and other painful stimuli
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® CHAPTER 35

The Immune System

35.1

35.2

35.3

35.4

Innate immunity is an evolutionarily ancient
defense system

The adaptive immune system responds by using
the principles of evolution

Antibodies Possess Distinct Antigen-
Binding and Effector Units

Antibodies Bind Specific Molecules Through
Hypervariable Loops
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The immunoglobulin fold consists of a beta-sandwich

framework with hypervariable loops

X-ray analyses have revealed how antibodies bind
antigens

Large antigens bind antibodies with numerous
Interactions

Diversity Is Generated by Gene

Rearrangements

J (joining) genes and D (diversity) genes increase
antibody diversity

More than 10® antibodies can be formed by
combinatorial association and somatic mutation

The oligomerization of antibodies expressed
on the surfaces of immature B cells triggers
antibody secretion

Different classes of antibodies are formed by the
hopping of Vy; genes

Major-Histocompatibility-Complex Proteins
Present Peptide Antigens on Cell Surfaces for
Recognition by T-Cell Receptors
Peptides presented by MHC proteins occupy

a deep groove flanked by alpha helices
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T-cell receptors are antibody-like proteins
containing variable and constant regions

CD8 on cytotoxic T cells acts in concert with
T-cell receptors

Helper T cells stimulate cells that display foreign
peptides bound to class II MHC proteins

Helper T cells rely on the T-cell receptor and
CD¥4 to recognize foreign peptides on antigen-
presenting cells

MHC proteins are highly diverse

Human immunodeficiency viruses subvert the
immune system by destroying helper T cells

The Immune System Contributes to the

Prevention and the Development

of Human Diseases

T cells are subjected to positive and negative
selection in the thymus

Autoimmune diseases result from the generation
of immune responses against self-antigens

The immune system plays a role in cancer
prevention

Vaccines are a powerful means to prevent
and eradicate disease
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@® CHAPTER 36
Molecular Motors

36.1

Most Molecular-Motor Proteins Are Members

of the P-Loop NTPase Superfamily

Molecular motors are generally oligomeric proteins
with an ATPase core and an extended structure

ATP binding and hydrolysis induce changes

in the conformation and binding affinity of
motor proteins
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Myosins Move Along Actin Filaments

Actin is a polar, self-assembling, dynamic polymer

Moyosin head domains bind to actin filaments

Motions of single motor proteins can be directly
observed

Phosphate release triggers the myosin power stroke

Mouscle is a complex of myosin and actin
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The length of the lever arm determines motor velocity 1162

Kinesin and Dynein Move Along Microtubules
Microtubules are hollow cylindrical polymers
Kinesin motion is highly processive

A Rotary Motor Drives Bacterial Motion
Bacteria swim by rotating their flagella
Proton flow drives bacterial flagellar rotation

Bacterial chemotaxis depends on reversal of the
direction of flagellar rotation
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