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Icons and Colors in Illustrations

The following symbols and colors are used in this text to help in illustrating structures,
reactions, and biochemical principles.

Elements:

D = Oxygen l:' = Nitrogen Phosphorus D = Sulfur = Carbon

Small molecules and groups, which are common reactants or products in many biochemical reactions,
are symbolized by the following icons:

H,0

1:Nz @ P

Water Carbon dioxide Molecular nitrogen Molecular oxygen Inorganic phosphate (P;)

Icon representing adenosine triphosphate:

ATP
Electrons: @or -] Protons (hydrogen ions): H*
Sugars:

Glucose Galactose Mannose Fructose Ribose
Nucleotides:

= Uracil

I:I = Guanine

Amino acids:

I:| = Non-polar/hydrophobic l:] = Polar/uncharged |:| = Acidic = Basic

Enzymes:

= Cytosine D = Adenine |:l = Thymine

+ - Enzyme activation

o = Enzyme inhibition or inactivation
=
Q'Q: Enzyme = Enzyme Enzyme names are printed in red.
In reactions, blocks of color over parts of molecular structures are used so that discrete parts of the

reaction can be easily followed from one intermediate to another, making it easy to see where the
reactants originate and how the products are produced.
~

Some examples:

(@]
SO y’ . —OH — NH; — COO™
b
Phosphoryl group ) Hydroxyl group Amino group Carboxyl group

Red arrows are used to indicate nucleophilic attack. [\ u

These colors are internally consistent within reactions and are generally consistent
within the scope of a chapter or treatment of a particular topic.

B
Pyrophosphate (PP;)
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Laboratory Tech,niqu,»es»;A

in Biochémi,stfy,

All of our knowledge of biochemistry is the outcome of experiments. For the
most part, this text presents biochemical knowledge as established fact, but stu-
dents should never lose sight of the obligatory connection between scientific
knowledge and its validation by observation and analysis. The path of discovery
by experimental research is often indirect, tortuous, and confounding before
the truth is realized. Laboratory techniques lie at the heart of scientific inquiry,
and many techniques of biochemistry are presented within these pages to
foster a deeper understanding of the biochemical principles and concepts that

they reveal.

Recombinant DNA Techniques

Restriction endonuclease digestion of DNA 331
Restriction mapping 332

Nucleotide sequencing 338

Nucleic acid hybridization 351

Chemical synthesis of oligonucleotides 359

Cloning; recombinant DNA constructions 375
Construction of genomic DNA libraries 382
Screening DNA libraries by colony hybridization 384
Combinatorial libraries of synthetic oligomers 385
mRNA isolation 386

Construction of cDNA libraries 386

Expressed sequence tags 387

Southern blotting 388

Gene chips (DNA microarrays) 390

Protein expression from cDNA inserts 393

Screening protein expression libraries with antibodies 393
Two-hybrid systems to identify protein:protein interactions 395
Reporter gene constructs 396

Polymerase chain reaction (PCR) 396

In vitro mutagenesis 397

Probing the Function of Biomolecules
Plotting enzyme kinetic data 418

Enzyme inhibition 421

Optical trapping to measure molecular forces 530
Isotopic tracers as molecular probes 551
NMR spectroscopy 551

Transgenic animals 927

DNA footprinting 946

Techniques Relevant to Clinical Biochemistry

Gene therapy 398

Tumor diagnosis with positron emission tomography (PET) 600
Glucose monitoring devices 706

Fluoro-substituted analogs as therapeutic agents 874
“Knockout” mice 923

Isolation/Purification of Macromolecules
lon exchange chromatography 97
High-performance liquid chromatography 100
Protein purification protocols 114

Dialysis and ultrafiltration 148

Size exclusion chromatography 148
SDS-polyacrylamide gel electrophoresis 150
Isoelectric focusing 150

Two-dimensional gel electrophoresis 151
Hydrophobic interaction chromatography 151
Affinity chromatography 152
Ultracentrifugation 152

Fractionation of cell extracts by centrifugation 553

Analyzing the Physical and Chemical Properties
of Biomolecules

Titration of weak acids 43

Preparation of buffers 45

The ninhydrin reaction 86

Estimation of protein concentration 113

Amino acid analysis of proteins 114

Amino acid sequence determination 118

Edman degradation 120

Diagonal electrophoresis to reveal S—S bridges 124
Mass spectrometry of proteins 125

Peptide mass fingerprinting 127

Solid-phase peptide synthesis 129

Membrane lipid phase transitions 276

Nucleic acid hydrolysis 326

Density gradient (isopycnic) centrifugation 373
Measurement of standard reduction potentials 642

Biochemistry@Now™ Explore interactive tutorials, animations
based on some of these techniques, and test your knowledge on the
BiochemistryNow Web site at http://chemistry.brookscole.com/ggb3



MBE S M

ESHE HRAEREN A BEAEH B, M RSFTWESR HETHIENE
B e AR SR B AR AR, HAT AR AR HE R BT Y IR 3 AR ANAT BOSTAE M UL 3R
B BRI AR ERE, A TEPTHHRF, R RENESEMNG, &R RAE
B BN B R, RS R AT B E MR RIS G E LR RN NAS T
PHEiTH. HERRALWMER L RBIUT R, 7B ot 2, A R % a2 A
R,

RBREEREIE: (010) 58581897/58581896/58581879

1% H: (010) 82086060

E - mail: dd@hep. com.cn

WA LR AT AR ESRE 45

, BEHHE BRI BRI AE

#B % 100011

W HiEHk FTH S : (010)58581118



F—ABS BRI TR 1
e MR EE 2
K BN 31
EMRGR T 51
HAEMR 76
EEFT: —REEMMAEYEE 103
EHRE: Z, =, %Ll 153
BERMAM R E AR A f 203
fE2%E 247
5 Bzt 267

10 EZHERAZR 309

11 ERREEH 337

12 DNA &®# 375

—#y BEREIAE 404

13 BF—3h % MmE— 405

14 BRI 442

15 W 475

16 .. abF Sk, 51
F=Esy KRERHEEE s

17 RBLEIE 538

18 BEEEMR 578

19 =3RIRIEH 608

20 WA LBERRIL 640

21 JGHEH 674

22 BESE. BEREACHAOEBERRIZE 705

23 feliERS R 738

24 JEEBEYERE 763

25 [EAMEERRE 809

26 BHRWEGHSEHE 853

27 RWEBEREENS T 879
EMEy EEfEE 897 :

28 DNA yfti: Zhl. EHMBRE 898

29 HSRREHRIL I 942

30 HHEBEAK 986

31 EHEREMEM: &, I TAPREM®E 1023

32 MUSMEERERERIfE % 1041

O QI 1 O W & W RN

BEERE  A-1
=5 1-1



Table of Contents

PART |

Molecular Components of Cells 1

1

Chemistry Is the Logic
of Biological Phenomena

1.1

1.2

13

1.4

15

What Are the Distinctive Properties of Living
Systems? 2

What Kinds of Molecules Are Biomolecules? 5
Biomolecules Are Carbon Compounds 5

What Is the Structural Organization

of Complex Biomolecules? 6

Metabolites Are Used to Form the Building Blocks
of Macromolecules 8

Organelles Represent a Higher Order in Biomolecular
Organization 10

Membranes Are Supramolecular Assemblies That Define
the Boundaries of Cells 10

The Unit of Life Is the Cell 10
How Do the Properties of Biomolecules

Reflect Their Fitness to the Living
Condition? 11

Biological Macromolecules and Their Building Blocks
Have a “Sense” or Directionality 11

Biological Macromolecules Are Informational 11

Biomolecules Have Characteristic Three-Dimensional
Architecture 11

Weak Forces Maintain Biological Structure and Determine
Biomolecular Interactions 13

Van der Waals Attractive Forces Play an Important Role
in Biomolecular Interactions 13

Hydrogen Bonds Are Important in Biomolecular
Interactions 14

The Defining Concept of Biochemistry Is “Molecular
Recognition Through Structural Complementarity” 16

Biomolecular Recognition Is Mediated by Weak Chemical
Forces 16

Weak Forces Restrict Organisms to a Narrow Range
of Environmental Conditions 19 =

Enzymes Catalyze Metabolic Reactions 19
What Is the Organization and Structure
of Cells? 19

The Evolution of Early Cells Gave Rise to Eubacteria,
Archaea, and Eukaryotes 19

Prokaryotic Cells Have a Relatively Simple Structural
Organization 22

1.6

The Structural Organization of Eukaryotic Cells Is More
Complex Than That of Prokaryotic Cells 23

What Are Viruses? 24

Summary 29
Problems 29
Further Reading 30

Water: The Medium of Life 31

2:1

2.2

2.3

What Are the Properties of Water? 31

Water Has Unusual Properties 31

Hydrogen Bonding in Water Is Key to Its Properties 31
The Structure of Ice Is Based on H-Bond Formation 32

Molecular Interactions in Liquid Water Are Based
on H Bonds 33

The Solvent Properties of Water Derive from Its Polar
Nature 33

Water Can lonize to Form H* and OH~ 37

What Is pH? 39
Strong Electrolytes Dissociate Completely in Water 40

Weak Electrolytes Are Substances That Dissociate Only
Slightly in Water 40

The Henderson—Hasselbalch Equation Describes
the Dissociation of a Weak Acid In the Presence
of Its Conjugate Base 41

Titration Curves lllustrate the Progressive Dissociation
of a Weak Acid 43

Phosphoric Acid Has Three Dissociable H* 43
What Are Buffers, and What Do They Do? 45

The Phosphate Buffer System Is a Major Intracellular
Buffering System 45




2.4

Dissociation of the Histidine—~Imidazole Group Also Serves
as an Intracellular Buffering System 46

“Good" Buffers Are Buffers Useful Within Physiological
pH Ranges 46

Human Biochemistry: The Bicarbonate Buffer
System of Blood Plasma 47

Human Biochemistry: Blood pH and Respiration 48

Does Water Have a Unique Role in the Fitness
of the Environment? 48

Summary 49
Problems 49
Further Reading 50

3 | Thermodynamics of Biological
Systems 51
3.1 What Are the Basic Concepts
of Thermodynamics? 51
The First Law: The Total Energy of an Isolated System
Is Conserved 51
Enthalpy Is a More Useful Function for Biological
Systems 52
The Second Law: Systems Tend Toward Disorder
and Randomness 54
A Deeper Look: Entropy, Information, and
the Importance of “Negentropy” 55
The Third Law: Why Is “Absolute Zero” So Important? 55
Free Energy Provides a Simple Criterion
for Equilibrium 56
3.2 What Can Thermodynamic Parameters Tell Us
About Biochemical Events? 57
3.3 What Is the Effect of pH on Standard-State
Free Energies? 58
3.4 What Is the Effect of Concentration on Net
Free Energy Changes? 59
3.5 Why Are Coupled Processes Important
to Living Things? 59
3.6 What Are the Characteristics of High-Energy

Biomolecules? 60 .
ATP Is an Intermediate Energy-Shuttle Molecule 63
Group Transfer Potentials Quantify the Reactivity
of Functional Groups 64
A Deeper Look: ATP Changes the
of 10% 65
The Hydrolysis of Phosphoric Acid Anhydrides Is Highly
Favorable 66

K., by a Factor

3.7

3.8

Table of Contents  xiii

7 ""\
”y ‘{) w @

x%wgftt

; %Qsj -
AN

P
ﬂ"

The Hydrolysis A G’ of ATP and ADP Is Greater Than That
of AMP 68

Acetyl Phosphate and 1,3-Bisphosphoglycerate
Are Phosphoric-Carboxylic Anhydrides 69

Enol Phosphates Are Potent Phosphorylating Agents 69
What Are the Complex Equilibria Involved

in ATP Hydrolysis? 71

The AG°’ of Hydrolysis for ATP Is pH-Dependent 71
Metal lons Affect the Free Energy of Hydrolysis of ATP 72
Concentration Affects the Free Energy of Hydrolysis

of ATP 72

What Is the Daily Human Requirement
for ATP? 73

Summary 73
Problems 74
Further Reading 75

Amino Acids 76

4.2

What Are the Structures and Properties
of Amino Acids, the Building Blocks
of Proteins? 76

Typical Amino Acids Contain a Central Tetrahedral Carbon
Atom 76

Amino Acids Can Join via Peptide Bonds 76

There Are 20 Common Amino Acids 77

Several Amino Acids Occur Only Rarely in Proteins 80
Some Amino Acids Are Not Found in Proteins 81
What Are the Acid-Base Properties of Amino
Acids? 82

Amino Acids Are Weak Polyprotic Acids 82

Side Chains of Amino Acids Undergo Characteristic
lonizations 84



Xiv

4.3

4.4

4.5

4.6

Table of Contents

What Reactions Do Amino Acids Undergo? 85

Amino Acids Undergo Typical Carboxyl and Amino Group
Reactions 85

The Ninhydrin Reaction Is Characteristic of Amino
Acids 86

Amino Acid Side Chains Undergo Specific Reactions 87
What Are the Optical and Stereochemical
Properties of Amino Acids? 88

Amino Acids Are Chiral Molecules 88

Critical Developments in Biochemistry: Green
Fluorescent Protein—The “Light Fantastic”
from Jellyfish to Gene Expression 89

Chiral Molecules Are Described by the p,L and R,S Naming
Conventions 91

What Are the Spectroscopic Properties

of Amino Acids? 91

Phenylalanine, Tyrosine, and Tryptophan Absorb
Ultraviolet Light 91

Critical Developments in Biochemistry: Discovery
of Optically Active Molecules and Determination
of Absolute Configuration 92

A Deeper Look: The Murchison Meteorite—
Discovery of Extraterrestrial Handedness 93

Critical Developments in Biochemistry: Rules for
Description of Chiral Centers in the (R,S) System 94

Amino Acids Can Be Characterized by Nuclear Magnetic
Resonance 95

How Are Amino Acid Mixtures Separated
and Analyzed? 96

Amino Acids Can Be Separated by Chromatography 96

lon Exchange Chromatography Separates Amino Acids
on the Basis of Charge 97

Summary 100
Problems 101
Further Reading 102

5 | Proteins: Their Primary Structure
and Biological Functions 103
5.1 What Is the Fundamental Structural Pattern

in Proteins? 103
The Peptide Bond Has Partial Double-Bond Character 103
The Polypeptide Backbone Is Relatively Polar 106

Peptides Can Be Classified According to How Many Amino
Acids They Contain 106

Proteins Are Composed of One or More Polypeptide
Chains 106

The Chemistry of Peptides and Proteins Is Dictated
by the Chemistry of Their Functional Groups 108

5.2

5.3

5.4

5.5

5.6

What Architectural Arrangements Characterize
Protein Structure? 108

Proteins Fall into Three Basic Classes According to Shape
and Solubility 108

Protein Structure Is Described in Terms of Four Levels
of Organization 109

A Protein’s Conformation Can Be Described as Its Overall
Three-Dimensional Structure 111

How Are Proteins Isolated and Purified

from Cells? 112

A Number of Protein Separation Methods Exploit
Differences in Size and Charge 112

A Deeper Look: Estimation of Protein
Concentrations in Solutions of Biological Origin 113

A Typical Protein Purification Scheme Uses a Series
of Separation Methods 114

How Is the Amino Acid Analysis of Proteins
Performed? 114

Acid Hydrolysis Liberates the Amino Acids
of a Protein 114

Chromatographic Methods Are Used to Separate
the Amino Acids 115

The Amino Acid Compositions of Different Proteins
Are Different 115

How Is the Primary Structure of a Protein
Determined? 116

The Sequence of Amino Acids in a Protein
Is Distinctive 116

A Deeper Look: The Virtually Limitless Number
of Different Amino Acid Sequences 117

Both Chemical and Enzymatic Methodologies Are Used
in Protein Sequencing 117

Step 1. Separation of Polypeptide Chains 118
Step 2. Cleavage of Disulfide Bridges 118
Step 3. 118

Steps 4 and 5. Fragmentation of the Polypeptide
Chain 120

Step 6. Reconstruction of the Overall Amino Acid
Sequence 123

Step 7. Location of Disulfide Cross-Bridges 124

The Amino Acid Sequence of a Protein Can Be Determined
by Mass Spectrometry 125

Sequence Databases Contain the Amino Acid Sequences
of a Million Different Proteins 128

Can Polypeptides Be Synthesized
in the Laboratory? 129

Solid-Phase Methods Are Very Useful in Peptide
Synthesis 129



