CONTENTS OVERVIEW

Ascorbic acid.

Fart I The Position of Biochemistry in the Sciences 1 Intervicw: fohn R, Riordan 2
Chapter I The Context of Biochemistry 5]

Chapter 2 The Organization of Cells 25

Chapter 3 Water, Hydrogen Bonding, pH, and Buffers 42

\ i
!.\.'.IIIL,

Part IT The Molecular Nature of Cellular Components 63 Interview: Sidney Altman 64
Chapter 4 The Molecules of Life 65

Chapter 3 Amine Acids and Peptides T4

Chapter 6 Carbohydrates Qi

Chapter 7 Lipids 194

xiii



iy COMTENTS OVERVIEW

Inz.-_-n.-inu_'jn_»‘:mw Stuble 146

Part III The Dynamic Aspects of Biochemical Reactions
Chapter 8 Energy Requirements for Life: Thermodynamics
Chapter 8 The Three-Dimensional Structure of Proteins

Interchapter A Experimental Methods for Determining Protein
Structure

Chapter 10 The Behavior of Proteins: Enzymes

Chapter 11 The Dwnamics of Membrane Structure

Part [V Metabolism

Chapter 12 Metabolism and Electron Transfer

Chapter 13 Glycolysis: Anaerobic Oxidation of Glucose

Chapter 14 The Citric Acid Cycle :

Chapter 15 Electron Transport and Oxidative Phosphorylation
Chapter 16 Lipid Metabolism

Chapter 17 Photosynthesis

Chapter 18 The Metabolism of Nitrogen

Interchapter B The Anabolism of Nitrogen-Containing Compounds

Chapter 189 Summary al Metabolism

Part V. The Workings of the Genetic Code
Chapter 20 The Structure of Nucleic Acids
Chapter 21 Biosynthesis of Nucleic Acids
Chapter 22 The Biosynthesis of Proteins
Answers  A-]

Phota Credits P~

Glossary  G-1
Index  1-1

197
213
254

27H
204
545
450
391
427
4549
491

529
554
aRd

5949



W GONTENTS

Mimosa blossom and foliage,
Loulsiana,

Chapter 1 The Context of Biochemistry [ . ysitio
I.I  Some Basic Themes 7  of Biochemistry i
1.2 Origins of Life H  Sciences 1
L3 Development of Cells 17 Interview: John R Riordan 2

Chaptier 2 The Organization of Cells 25
21 Prokaryotes and Eukaryotes: Differences in Levels of
Organization 21
2.2 Prokaryotic Cells 28
2.3  BEukaryotic Cells 20
2.4 The Five-Kingdom Classification System A6
2.5  Are There Life Forms Other Than Prokaryvotes and LEukaryotess 37
2.6 Endosymbiotic Theory of the Origin of Eukaryotes a8
Chapter 3 Water, Hydrogen Bonding, pH, and Buffers 42
3.1 The Polar Nature of the Water Molecvle 45
3.2 The Hydrogen Bond 47
3.3 Acids and Bases A1
34 The Self-Dissociation of Water and the pH Scale Al
Box 3.1 The Henderson-Hasselbaleh Equation 53
3.5 Titration Curves 54
3.6  Buffers A5
Box 3.2 Some Physiological Consequences of Blood Buffering 57

X



WVl CONTENTS

‘t I The Chapter 4 The Molecules of Life 68

Maolecular Nature of 4.1 The Importance of Functional Groups in Biochemistry 69
Cellular Components 63 4.2 Amino Acids Pl
Interview: Sidney Altman 64 4.%  Monosaccharides 72
4.4 The Structure of Nucleic Acid Monomers 5
4.5 Lipids 75
Chapter 5 Amino Acids and Peptides 79

5.1 Amineo Acids, Their General Formula and Three-Dimensional
Struciure A0
5.2 The Structures ane Properties of the Individual Amino Acids B
6.9  Titration Curves of the Amino Acids B2h
b4 The P:*pti{]r Bond a8
5.5 Some Small Peptides of Physiological Interest G
Box 5.1 Aspartame, the Sweet Peptide 94
Box 5.2 Peptide Hormenes 93
Chapter 6 Carbohydrates 96
6.1 Monosaccharides: Structure and Stereochemistry a7
f.2  Reactions of Monosaccharides 114
6.3 Oligosaccharides 110
Box 6.1 Lactose Intolerance - 112
.4 Polysaccharides 112
6.5  Glycoproteins 132

Box 6.2 Glycoproteins, Blood Transfusions, and Cell-Cell

Recognition 23

A dose of the peptide hormone
melanotropin evident on the black
frog.




CONTENTS vl

Glycine: an aming acid and possibly a
neurotransmitler.

Chapter 7 Lipids 126
7.1 The Definition of a Lipid 127
7.2 The Chemical Nature of Various Types af Lipicls 127
Box 7.0 Myelin and Muitipie Sclerosis 132
7.3 Lipid-Soluble Vitamins 134
Box 7.2 The Chemistry of Vision 138
74 Prostaglandins and Leukorrienes 141
Chapier 8 Energy Requirements for Life: Thermodynamics 150 Part IIT The
8.1 Energy and Change 151 Dynamic Aspects of
8.2 The Criterion for Spontancity 152 Biochemical Reactions 145
8.3 Swandard States and the Standard Free Energy Change 153 Intervicw: fodnee Siube Tda
8.4 A Modified Standard State for Biochemical Applications 154
8.5 Thermodynamics and Life 155
8.6 (Optional) Hydrophobic Interactions: A Case Study in
Thermodynamics 5151
Chapier @ The Three-Dimensional Structure of Proteins 164
9.1 Interplay of the Forces That Determine Protein Structure 165
9.2 The Determination of J.]r'i.rlli']'l':r' Structure 171
13 Secondary Structure of Proteins 176
94 Tertiary Structure of Proteins 182
9.5 Cuaternary Structure of Proteins 186
Box 9.1 Abnormal Hemoglohins 123

Interchapter A Experimental Methods for Determining Protein

Structure 197
Al Separation of Amine Adids: The Mode of Operation of an

Amino Acid .-"sn:!|].-'n;|' 195
A2 Separation of Peptides 2005
AA Tsolation of Proteins 207

Ad N-Terminal and C-Terminal Amino Acids 900



S CONTENTS

Chapter 10 The Behavior of Proteins: Enzymes 213
111  Enrymes Are Biological Catalysis 214
10,2 Catalysis: Kinetic vs. Thermodynamic Aspects of Reactions 214
10,3 Enzyme Kinetics 216
10.4 The Transition State in Enzymatic Reactions 218
10.5  Two Examples of Enzyme-Catalyzed Reactions 219
106 The Michaelis-Menten Approach to Enzyme Kinetics 221
10.7  Inhibitien of Enzymatic Reactions 227
10,8 The Michaelis-Menten Model Does Not Describe the

Behavior of Allosteric Enzymes 230
10.9  Maodels for the Behavior of Allosteric Enzymes 2534
10,10 Zymogens: The Basis of Another Type of Control

Mechanism in Enzyme Action 234
10,11 Acrive Site Events in Enzymes: A Look at Reaction

Mechamsms 240
10.12  Types of Catalytic Mechanisms 246
10,13 Coenzymes 248

Chapter 11 The Dynamics of Membrane Structure 254
11.1  The Nature of Biological Membranes 255
11.2 Membrane Proteins 259
11.3 The Fluid Mosaic Model of Membrane Structure 2610
11.4 Membrane Function 262
11.5 A Case Study in Membrane Behavior: The Neuromuscular

Junction 2iifi

rt IV Metabolism 273 Chapter 12 Metabolism and Electron Transfer 278
Interview: Penzy Lu 274 12.1 The Nature of Metabolizsm 274
122 The Nature of Oxidation and Reducticn 279

12,3 Biologically Important Oxidanion-Reduction Reactions 281

Citric acid.




i CONTENTS

Lecithin.

12.4  Coupling of Production and Use of Energy 284
12,5 Metabolism Proceeds in Stages: The Role of Coenzyme A in
Activation Processes 2HT
Chapter 13 Glycolysis: Anaerobic Oxidation of Glucose 293
131 An Overview of the Glycolytic Pathway 204
132 Reactions of Glyeolysis 1: Conversion of Glucose to
Glyeeraldehyde 3-Phosphate 207
155 Reactions of Glycolysis [1: Glyceraldehyde B-Phosphate to
Lactate 304
154 Energy Considerations in Glycolysis 312
3.5 Some Reactions Related to the Main Glycolytic Pathway 314
Box I3.1 Fetal Alcohkol Syndrome 317
136 The Pentose Phosphate Pathway—An Alternate Pathway for
Glucose Metahalism 517
Box 13.2  The Pentose Phosphate Pathway and Hemolytic
Anemia 335
157 Gluconeogenesis 527
Chapter 14 The Citric Acid Cycle 335
I4.1  The Role of the Gitric Acid Cycle in Metabolism 3546
14.2 Overview of the Citrie Acid Cycle 387
1.3 Individual Reactions of the Citric Acid Cycle G40
144 Energetics and Control of the Citric Acid Cyele 352
145 The Glyoxylate Cycle: A Related Pathway 455
4.4 A Final Note 56
Chapter 15 Electron Transport and Oxidative Phosphorylation 359
15.1 'T'he Role of Electron Transport in Metabolism 360
152 Standard Reduction Potentials 362
15,3 Standard Potentials and Energetics of Biochemical
Oidation-Beduction Reactions 363

15.4  Electron Transport from NADH to Os Requires Three
Membrane-Bound Complexes 365



i CONTENTS

Lecithin.

12.4  Coupling of Production and Use of Energy 284
12,5 Metabolism Proceeds in Stages: The Role of Coenzyme A in
Activation Processes 2HT
Chapter 13 Glycolysis: Anaerobic Oxidation of Glucose 293
131 An Overview of the Glycolytic Pathway 204
132 Reactions of Glyeolysis 1: Conversion of Glucose to
Glyeeraldehyde 3-Phosphate 207
155 Reactions of Glycolysis [1: Glyceraldehyde B-Phosphate to
Lactate 304
154 Energy Considerations in Glycolysis 312
3.5 Some Reactions Related to the Main Glycolytic Pathway 314
Box I3.1 Fetal Alcohkol Syndrome 317
136 The Pentose Phosphate Pathway—An Alternate Pathway for
Glucose Metahalism 517
Box 13.2  The Pentose Phosphate Pathway and Hemolytic
Anemia 335
157 Gluconeogenesis 527
Chapter 14 The Citric Acid Cycle 335
I4.1  The Role of the Gitric Acid Cycle in Metabolism 3546
14.2 Overview of the Citrie Acid Cycle 387
1.3 Individual Reactions of the Citric Acid Cycle G40
144 Energetics and Control of the Citric Acid Cyele 352
145 The Glyoxylate Cycle: A Related Pathway 455
4.4 A Final Note 56
Chapter 15 Electron Transport and Oxidative Phosphorylation 359
15.1 'T'he Role of Electron Transport in Metabolism 360
152 Standard Reduction Potentials 362
15,3 Standard Potentials and Energetics of Biochemical
Oidation-Beduction Reactions 363

15.4  Electron Transport from NADH to Os Requires Three
Membrane-Bound Complexes 365



CONTENTS

nlesterol

15.5 The Coupling of Oxidation to l*hmi]ﬂlm';.llad.'urﬂ
15.6 The Mechanism of Coupling in Oxidative Phosphorylation

Box 15.1 Brown Adipose Tissue: A Case of Useful Inefficiency
15.7 Cyrochromes and Other Iru-n-(_'.nT:lt;!'m'iug Proteins of Electron

lransport

15.8 Respi:'nlor}' Inhibitors Block the Flow of Elecirons in Electron

Transport

15.9 Shuttle Mechanisms Mediate Transport of Metabaolites
between Mitochondma ancd {:}-[thlﬁ]'ﬂ

15.10 The ATP Yield from f_'.:)TnT_ﬂ:'h-: Oxidation of Glucose

Chapter 16 Lipid Metabolism

16.1 The Metabolism of Lipids Provides Pathways for the
Generation and Storage of Energy

16.2 Catabolism of Lipids

16.3 The Energy Yield from the Oxidation of Fatty Acids

16.4 Some Additional Reactions in the Oxidation of Fatry Acids

16.6 The Formation of “Ketone Bodies"”

16.6 The Anabolism of Fauty Acids

16.7 The Anabolism of Acylglycerols and Compound Lipids

Box 16.1 Tay-Sachs Disease
16.8 The Anabolism of Cholesteral

Chapter 17 Photosynthesis
17.1  The Reactions of Photosynthesis
17.2 ‘:]!lﬂ!'“pl;{.‘ilh anl {:h]uruph'_.'“s
Box 17.1 The Relationship Between Wavelength and Energy
of Light

371
375
379

380

82

384
386

391

592
392
396
298
400
401
408
413
414

427
428
429

433



CONTENTS

17.3  The Reactions of Photosystems 1 and 11 435
17.4 A Proton Gradient Drives the Production of ATP in
Photosynthesis 459
17.5 A Comparison of Photosynthesis With and Without Oxygen:
Evolutionary Implications 442
176 The Dark Reaction of Photosynthesis: Path of Carbon 443
177 An Alernate Pathway for Carbon Dioxide Fixation 453
Chapter 18 The Metabolism of Nitrogen 459
18.1  An Overview of Nitrogen Metabolism 460
18.2  Nitrogen Fixation 462
185 Feedback Control; A Unilying Theme in Nitrogen Metaholism 465
184 The Metabolism of Amine Acids: Anabalism 464
18.5  Essential Amino Acids 471
186 The Anabolism of Porphyrins 472
Box 18.1 Inborn Errors of Metabolism Involving Amine Acids
and Their Derivatives 474
18.7 Catabolism of Amine Acids; The Urea Cyele 475
15,8 Purine Mucleotide Metabolism: The Anabolism of Purine
Mucleonides 477
18.9 Catabolic Reactions of Purine Nocleotides 480
Box 18.2 Lesch-Nyhan Syndrome 482
L&.10  Pyrimidine Nucleotide Metabolism: Anabolism and
Catabolism ARG
18.11 "The Reduction of Ribonucleotides to Deoxyribonucleotides 486
18.12 The Conversion of dUDP 1o dTTP 4188

Interchapter B The Anabolism of Nitrogen-Containing Compounds 491

B.1  Glutamate as a Precursor of Proline and Arginine 4492
B.2 The Aspartate Family 4492
B3 The Pyruvare Family 4497

L-tryptophan,



xxii CONTENTS

Part ¥V The

Workings of the

Genetic Code 529
Interview; Jaequeline K. Barton 330

DMA fibers,

B.4 The Aromatic Aming Acids
B.h Histidine Biosynthesis
B.6 The Anabolic Pathway [or IMP

Chapter 189 Summary of Metabolism
19.1  All Metabaolic Pathways Are Helated
19.2  The Citric Acid Cyele in Catabolism
19.3  The Citric Acid Cyele in Anabolism
19.4 Hormones and Second Messengers
19.5 A Final Look at Uses and Sources of Metabolic Energy

Chapter 20 The Structure of Nucleic Acids
20.1 Levels of Structure in Nucleic Acids
20.2 The Covalent Structure of Polynucleotides
20.% The Structure of DNA
20.4 The Three Kinds of RNA and Their Structures
20.5 Determination of the Primary Structure of Nucleic Acids
20.6 Recombinant DNA
Box 20.1 The Maxam-Gilbert Method for DNA Sequencing
20.7 Denaturation of DNA

Chapter 21 Biosynthesis of Nucleic Acids
21.1 The Flow of Genetic Information in the Cell
21.2 The Replication of DNA: Some General Considerations
21.8 The DNA Polvmerase Reaction
21.4 DNA Replication Requires the Combined Action of Several
Enzymes
Box 21.1 A Summary for DNA Replication in Frokaryotes

498
498
502

505
Bl
A06
A09
Al4
522

534
535
535
541
544
hhd
Rl
562
hGh

5G4
a70
71
a74

577
580




Y CONTENTS XXiii

21.6  Proofreading and Repair 580
216 Modificarion of DNA after Replication RS
Box 21.2  The Sanger Method for Sequencing DNA 584
21.7  The Replication of DNA in Eukaryotes 584
21,8 Some Aspects of DNA Recombination hEG
219 RNA Biosynthesis: Transcription of the Genetic Message hRY
2110 Post-Transcriptional Modification of RNA 591
Chapter 22 The Biosynthesis of Proteins 599
221 The Translation of the Genetic Message: Protein Biosynthesis 600
22,2 Amino Acid Activarion 601
22,5 Chain Initation 602
22,4 Chain Elongation G4
285 Chain Termination 607
286 Posi-Translational Modification of Proteins 608
22,7 Polysomes and the Simultaneous Production of Several Copies of
the Same Polypeptide GO%
228 The Genetic Code G10
229 Genetic Regulation of 'I'I"¢1|I$:::'i]_11i:1.|1 and Translation fild
Box 22.1 The Body’s Defenses: The Immune System 618

Answers A-l
Photo Credits P-1
Glossary  G-1
Index I-1



