Biochemistry

Y

A Second Edition
-
-, W
* Reginald H. Garrett
e Charles M. Grisham

fi 3 A A
o R B i

£
&

- - Y
7 DA A

v

o EmEREWMRH

e Higher Education Press



HENSEHEFRAERF
- BESMEBEGRFHEAS

Biochemistry
UMY B

Second Edition
Reginald H. Garrett
University of Virginia

Charles M. Grisham

University of Virginia

2 W F W H R4t

Higher Education Press




E<. 01-2002-3758

=]

First published by Harcourt, a division of Thomson Learning.

All Rights Reserved.

Authorized Bilingual Edition by Thomson Learning and HEP. No part of this book may be
reproduced in any form without the express written permission of Thomson Learning and HEP.

Biochemistry, 2nd ed.

By Reginald H. Garrett, Charles M. Grisham
Copyright © 1999, 1995, by Harcourt, Inc.

All rights reserved. No part of this publication may by reproduced or transmitted in any form or by
any means, electronic, mechanical, including photocopy, recording or any information storage and

retrieval system without permission in writing from the publisher.

Requests for permission to make copies of any part of the work should be mailed to the following
address: Permissions Department, Harcourt, Inc., 6277 Sea Harbor Drive, Orlando, FL

32887-67777.

BB EMEF R (CIP) K18

H Y14k ¥ = Biochemistry / () M8 (Garrett, R.H. ), (36)¥ B EEMGrisham, C.M.)

.2 GEEA) . - dbat: & HEHEF AL, 2002, 11

ISBN 7-04-011448-8

[ 1O O . EWkS - 8H -5 V.Q5

o [ AR AR B CIP A 7 (2002) 8 074647 &

® W E A

HEG T

Biochemistry, Second Edition

Reginald H. Garrett, Charles M. Grisham

HAEZEAT =S8E B

# M AEEWABKYMEE SS S

BB 4RES 100009

% H 010-64014048

g W RS RATE

B R dbashsCEIRIT

FF & 889x 1240
En ¥ 80.75
¥ # 2300000

1/16

RIEEDHY

BRf

RBREN

kR
£
E

i

xR

"

#h

AN R, (BT, B ST SRR s, 3 ) I I S 1 DI R e

BRI MBI

010 — 64054588
800 — 810 — 0598

http: /www. hep. edu. cn

http: // www. hep. com. cn

2002 4E 11 HEE 1 M
2002 4 11 HA 1 IEDRY)

100.00 st



i hR BT B

B 5o M 21 ) HEFD A SR A RIBISERL, ARl 21 B4 2B LRk
Bl EVRF AR ZE B B B R L O AR R A W b B R R X R R
25 . BUBAH S A RS A-EFFRZANER, Xt E2REEEM R KiEEEKE™ HKFE
BEWEMEERRE. EHRFEBRET N EERYRESEHEERELRKFNES
BB ANA .

b, BERAE CKTMEEFFKRAIRHETE RERERERBOETEL [#8
(2001) 4 SXHIHRY, MEFREANRERS. sHENFEREEM, XPEER
. FaRlEERERE. BREAMEER. T ERRERME AT L EES e H . B
REERLR BRI ERREM . AR FEHE G T 2001 £ 11 AREEFERFENHR
HTRT “XTIHR ‘BIIMEGBELNBFHEAL #EETENEM”, FHENT Ed
FHFREM TR TAE

HEHE WAL EAME AR E BT T RS A, FREREHEFEREYH
ZE5TEH¥ESZRSNEREE TR T FIHBIMF LB E3M KA BEERHBIM R
LI, FHME NIRRT TR, RUET RENFIHEEMBE . £ 3RRA,
Hil# A O 2MET Pearson Education, McGraw-Hill, John Wiley & Sons, Blackwell
Science, Thomson Learning, Cambridge University Press, Lippincott Williams & Wilkins
SRR 13 PR EIR, FRMEE RS . AREDE. BIEE. MEVE.
ARE. R, MERY. REEVE. BH%5EEE. S TEYY. BEEYFES.
XEHM AR UTRA: (1) FdEMEARIE 2 £HRKN, RITRBT ERKROERFE
B, @B LEERT 2, BAESURERRARE; (2) AAERH, RigEP, 4aWEHE, #A
—EREERN B, FREET: Q) BEEX. £5, BHFRBHERE, XAR™EN
Rlagdt, BXHR, SECHEBMAR: (4) BSE%. % ToEEEREEXRNFEN
E. HPIORHCALEHEBREGHEAEE “BEIMBLEGRZHER B

Zps|hEER, N Tib¥EXHE, R XELFEFIRRBERREMNER, &
MZES B AR RREME, —FRXARARE, BARERMREESN, H—HbEHHM
WEHREBEAERN R, URSEIRESHARE. FE, EERETE.

SEESMETEGREREA PR RA —TMKHMNEATE, Bk, BINEORE X
LREBARZREEHNOELMRY, WEEFHEAERTNE, FEREFHFHREE
Rl B R, BEREIE: 010-68344002, E-mail #bfk: lifesciences-hep@x263. net.

5 HF AL
2002 % 11 A



EIMAFEGRFEFAS

(REEDE#)
Biochemistry (2nd ed.) A Y4k 2 |
Cell and Molecular Biology (3rd ed.) TFHRAEY
Essentials of Genetics (4th ed.) yusgE o8 Sh
Microbiology (5th ed.) MEDE
Ecology: concepts and applications (2nd ed.) AR
Roitt s Essential Immunology (10th ed.) Roitt Rz 2 A
Neuroscience: Exploring the Brain (2nd ed.) LRy e
Essential Developmental Biology RE DR
Understanding Human Anatomy and Physiology (4th ed.) N AH %
Gene Cloning and DNA Analysis (4th ed.) Zt K 72 [ F1 DNA 4347
Principles of Gene Manipulation (6th ed.) R R
An Introduction to Genetic Engineering (2nd ed.) BETESI®

Essential Biology HEYEFR



Abbreviations for Amino Acids

Alanine Ala A Leucine Leu L
.Arginine Arg R Lysine Lys X
Asparagine Asn N Methionine Met M
Aspartate Asp D Phenylalanine Phe F
Cysteine Cys C Proline Pro P
Glutamate Glu E Serine Ser S
Glutamine Gln Q Threonine Thr T
Glycine Gly G Tryptophan Trp w
Histidine His H Tyrosine Tyr Y
Isoleucine Ile I Valine Val \%
The Standard Genetic Code

AAA Lysine CAA Glutamine GAA Glutamate UAA stop

AAC Asparagine CAC Histidine GAC Aspartate UAC Tyrosine
AAG Lysine CAG Glutamine GAG Glutamate UAG stop

AAU Asparagine CAU Histidine GAU Aspartate UAU Tyrosine

ACA Threonine CCAa Proline GCA Alanine UCA Serine

ACC Threonine cCC Proline GCC Alanine ucc Serine

ACG Threonine CCG Proline GCG Alanine UCG Serine

ACU Threonine CCuU Proline GCU Alanine ucu Serine

AGA Arginine CGA Arginine GGA Glycine UGA stop

AGC Serine CGC Arginine GGC Glycine UGC Cysteine
AGG Arginine CGG Arginine GGG Glycine UGG Tryptophan
AGU Serine CGU Arginine GGU Glycine UuGU Cysteine
AUA Isoleucine CUA Leucine GUA Valine UUA Leucine

AUC Isoleucine CuUC Leucine GUC Valine UucC Phenylalanine
AUG Methionine* CUG Leucine GUG Valine uuG Leucine

AUU Isoleucine CuU Leucine GUU Valine Uuu Phenylalanine

-*AUG also serves as the principal initiation codon.

N



Physical Constants

Name Symbol SI Units cgs Units

Avogadro’s number N 6.022187 x 10%*/mol 6.022187 x 10?/mol
Boltzmann constant k 1.38066 x 10~2*J/K 1.88066 x 107'® erg/K
Curie Gi 3.7 x 10 d/s 8.7 x 10'%d/s

Electron charge
Faraday constant
Gas constant*
Gravity acceleration
Light speed
(vacuum)
Planck’s constant h

o or W@ o

1.602177 X 107! coulombt
96485 J/V - mol

8.31451 J/K - mol

9.80665 m /s

2.99792 x 10® m/s

6.626075 x 107 ] - 5

4.80321 X 10710 esu
9.6485 x 10" erg/V * mol
8.31451 X 107 erg/K - mol
980.665 cm/s*

2.99792 x 10'° cm/s

6.626075 X 10 ¥ erg - 5

* Other values of R: 1.9872 cal/K - mol = 0.082 liter - amm/K - mol
41 coulomb = 1J/V

Conversion Factors

Energy: 1 Joule = 107 ergs = 0.239 cal
1 cal = 4.184 Joule
Length: Inm =10A=1x ""cm
Mass: 1 kg =1000g =221b
1lb=4536¢g

Pressure: 1 atm = 760 torr = 14.696 psi

1 torr = 1 mm Hg

Temperature: K = °C + 273

C = (5/9)(°F — 32)

Volume: 1 liter =1 X 1072 m® = 1000 cm®

Useful Equations

The Henderson—Hasselbalch Equation
pH = pKs + log({A”]/[HA])

The Michaelis—-Menten Equation
v = Vinax[S1/ (K + [8])

Temperature Dependence of the Equilibrium Constant
AH’° = —Rd(In K.q4)/d(1/T)

Free Energy Change under Non-Standard-State Conditions
AG ='AG’ + RT In ([C][D}/[Al[B])

Free Energy Change and Standard Reduction Potential
AG®” = —nFA%;
Reduction Potentials in a Redox Reaction
A%, = €.(acceptor) — €. (donor)
The Proton-Motive Force
Ap = A¥ — (2.3RT/%)ApH
Passive Diffusion of a Charged Species
AG = Gy ~ G, = RT In(Cy/C;) + ZFAY




Synopsis of Icon and Color Use in Illustrations

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

Elements:
- = Oxygen - = Nitrogen - = Phosphorus = Carbon
Small molecules and groups, which are common reactants or products in many biochemical reactions,
are symbolized by the following icons:

- o ~ o e

Water Carbon dioxide Molecular nitrogen Molecular oxygen Inorganic phosphate (P;)
Icon representing adenosinetriphosphate:
Electrons: @ or @ Protons (hydrogen ions): .
Sugars:

Glucose Galactose Mannose Fructose
Nucleotides:
= Cytosine Adenine = Thymine = Uracil
= Non-polar/hydrophobic = Polar/uncharged = Acidic = Basic

Enzymes:
-+ = Enzyme activation

© = Enzyme inhibition or inactivation
“ = 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 and it is easy to see where the
reactants originate and how the products are produced.

Some examples:

—OH
Phosphoryl group Hydroxyl group Amino group Carboxyl group
Red arrows are used to indicate nucleophilic attack. § \/

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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What Your Colleagues Are Saying About
Garrett & Grisham’s BIOCHEMISTRY

SECOND EDITION

“I have been partial towards Garrett and Grisham ever since
1 first looked through it. My opinion is that it is an excellent
lextbook, that is, overall, extremely well-umtten. The single-
most strength of the book is iis abilily to serve as a textbook
in a two-semester comprehensive course in biochemistry, as
well as for a one-semester course that serves mostly pre-pro-
fessional students.”

Mike REDDY, University of Wisconsin, Milwaukee

“The strengths of this book are its readability and lots of
tllustrations. Overall, I think this is an excellent text.”

Jupy CaLuis, University of California, Davis

“I use Garrett and Grisham and have used it since its intro-
duction. I look for a high level of coverage of the major top-
ics in biochemistry and the book fills that requirement.”

WiLLiAM M. ScoviLL, Bowling Green State University

“Based on the chapters that I have read, I would say that
the overall quality of this book is high. It would seem appro-
pmiate for use in either an upper level undergraduate course
or a entry level graduate course.”

SIDNEY R. KUSHNER, University of Georgia

“ Well organized and clear. The illustrations are good, pro-
viding relevance to humans in addition to useful informa-
tion. The special topics (the akee tree, migratory birds, desert
animals) are interesting and entertaining.

Mary LUCKEY, San Francisco State University

The examples of enzyme mechanisms of aspartic proteases, in
Chapter 16, specifically HIV-1 protease, and the corre-
sponding protease inhibitors [are] extremely current. Also, the
mention of TPA as an agent to promote the breakdown of
clots in heart-attack patients is an interesting human appli-
cation.

LEIGH A. PLESNIAK, University of San Diego

“The chapter on enzyme mechanisms is outstanding. The
authors are to be congratulated for a superb job with a dif-
Sicult subject. . . . HIV protease and aspartic protease exam-
ples are outstanding! The use of current, interesting, and
relevant examples throughout the text is great.”

CHARLEs B. GrissoM, University of Utah

“ My overall impression of this book is extremely positive, and
I am quite impressed with the efforts of Garrett and Grisham.
The text provides students with an in-depth look into the tra-
ditional areas of biochemistry in a very readable format wzth
outstanding illustrations and graphics.”

RusseLL KEeRR, Florida Atlantic University

“I found the book to be very readable and pitched at the level
of understanding that 1 ask from my students. I appreciated
the inclusion of a chapter on molecular motors and cytoskele-
tal fundamentals, as 1 have used this topic in my class.”

STEVEN M. THEG, University of California, Davis

“Biochemistry, second edition, by Garrett and Grisham is a
very thorough, extremely well illustrated presentation of the
essentials of biochemistry. It is appropriate for upper-level
undergraduate courses and contains many examples that stu-
dents will find both interesting and illuminating.”

CHARLES E. Marz, University of [llinois, Urbana-Champaign

“Chapter 30 on DNA replication and repair . . . is very cur-
rent and talks about some of the most important questions
that are currently being resolved by scientists studying DNA
replication. ‘ '

Marc S. WoLp, University of lowa College of Medicine

“The manuscript contains timely revisions. . . . [A] good
combination of descriptive factorology and atomic structures,
interspersed with some quantitative aspects.”

Gary R. KUNKEL, Texas A&M University
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New To This Edition

We are grateful to the many users of the first edition and
our panel of reviewers for their positive comments and rec-
ommendations. Various changes incorporated into this sec-
ond edition stem from their enthusiasm for this book.

® The complete text is incorporated into a single volume.
We accomplished this economy by selective editing and
distillation of the material. Chapter 34 includes many
essential elements of molecular cell biology.

¢ A whole new category of Human Biochemistry boxes has
been added to emphasize the biomedical basis of various
diseases and clinical disorders. Students pursuing careers
in the biomedical sciences will find these of particular
interest.

¢ We have also added many new A Deeper Look and Critical
Development boxes. These boxes—124 in all—bring bio-
chemistry home to students, deepening and enriching
their understanding of the subject.

¢ Much of the artwork has been modified to reflect recent
advances.

¢ New molecular graphics prepared by Michael Sabat at the
University of Virginia have been added to help students
better understand protein structure.

e Individual chapters have been modified as follows:

Chapter 3: Covers thermodynamics (formerly covered
in Chapter 15) and “energy-rich” compounds

Chapter 6: Describes Rose and Srinivasan’s computer
algorithm to predict the tertiary structure of proteins
from their amino acid sequences. Protein folding and
tertiary structure prediction remain a major intellec-
tual frontier in molecular biology

Chapters 9 and 10: Present membranes and cell sur-
faces and the new paradigms for the structures of pore-
forming toxins and transport proteins

Chapter 12: Includes the recently solved atomic struc-
ture of nuclesomes complexed with DNA

Chapter 13: Describes experimental protocols for func-
tional genomics and the construction and screening of
combinatorial libraries

Chapter 15: Presents glycogen phosphorylase as a par-
adigm for the major concepts in enzyme regulation:
allosteric control and covalent modification through
reversible phorphorylation

Chapter 17: A brand-new chapter, Molecular Motors
describes protein assemblies involved in movements at
the cellular and subcellular levels

Chapter 18: Now covers human nutrition as well as an
introduction to metabolism

Chapter 20: Considers the intriguing possibility that,
early in biological evolution, the citric acid cycle ran in
reverse to drive reductive CQO, fixation

Chapter 21: Presents the newly revealed atomic struc-
tures of Complex III (the cytochrome bc; complex) and
Complex IV (cytochrome oxidase)

Chapter 22: Covers the newly solved crystal structure
of Photosystem I

Chapter 26: Features the crystal structure of the No-fix-
ing enzyme nitrogenase

Chapter 28: Placed appropriately at the end of the sec-
tion on metabolism, this chapter includes an integrated
systems analysis view of metabolism

Chapter 29: Highlights the molecular model for recom-
bination at the Holliday junction

Chapter 30: Offers the latest insights into the repli-
some, the molecular machine that replicates DNA

Chapter 31: Reveals our enhanced understanding of
the assembly of RNA polymerase and reviews the prop-
erties of DNA-binding proteins that serve as transcrip-
tion regulators

Chapter 32: Focuses on the conceptual basis for the
“second genetic code™ the highly specific recognition
of the appropriate amino acid and tRNA substrates by
aminoacyl-tRNA synthetases

Chapter 33: Graphically depicts ribosome structure and
function, the role of chaperones as participants in pro-
tein folding, the importance of proteolysis in protein
level regulation, and the role of ubiquitination and the
26S proteasome degradation
Chapter 34: This Special Topic chapter (highlighted by
separate pagination) reviews the mechanisms by which
cells interpret and respond to hormones, neurotrans-
mitters and light. The role of scaffold proteins in the
assembly of heteromeric signaling complexes is also
thoroughly introduced.
Our Interactive Biochemistry CD-ROM (available packaged
with the text), developed by Charles Grisham, includes
many 3-D protein graphics, virtual reality animations, and
interactive exercises.

This icon ( o) indicates various subjects throughout the
text that are keyed to the CD-ROM.
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“Dreface

Scientiﬁc understanding of the molecular nature of life is growing at an
astounding rate. Significantly, society is the prime beneficiary of this increased
understanding. Cures for diseases, better public health, remediations for envi-
ronmental pollution, and the development of cheaper and safer natural prod-
ucts are just a few practical benefits of this knowledge.

In addition, this expansion of information fuels, in the words of Thomas
Jefferson, “the illimitable freedom of the human mind.” Scientists can use the tools of
biochemistry and motlecular biology to explore all aspects of an organism—
from basic questions about its chemical composition, through inquiries into
the complexities of its metabolism, its differentiation and development, to
analysis of its evolution and even its behavior. Biochemistry is a science whose
boundaries now encompass all aspects of biology, from molecules to cells, to
organisms, to medicine, and to ecology.

As the explication of natural phenomena rests more and more on bio-
chemistry, its inclusion in undergraduate and graduate curricula in biology,
chemistry, and the health sciences becomes imperative. And the challenge to
authors and instructors is a formidable one: how to familiarize students with
the essential features of modern biochemistry in an introductory course or
textbook.

Fortunately, the increased scope of knowledge allows scientists to make
generalizations connecting the biochemical properties of living systems with
the character of their constituent molecules. As a consequence, these gener-
alizations, validated by repetitive examples, emerge in time as principles of bio-
chemistry, principles that are useful in discerning and describing new rela-
tionships between diverse biomolecular functions and in predicting the
mechanisms underlying newly discovered biomolecular processes.

This biochemistry textbook is designed to communicate the fundamental
principles governing the structure, function, and interactions of biological mol-
ecules to students encountering biochemistry for the first time. We aim to bring
an appreciation of the science of biochemistry to a broad audience that
includes undergraduates majoring in biology, chemistry, or premedical pro-
grams, as well as medical students and graduate students in the various health
sciences for whom biochemistry is an important route to understanding human
physiology.

We are both biochemists, but one of us is in a biology department, and
the other is in a chemistry department. Undoubtedly, our approaches to bio-
chemistry are influenced by the academic perspectives of our respective disci-
plines. We believe, however, that our collaboration on this textbook represents
a melding of our perspectives that will provide new dimensions of apprecia-
tion and understanding for all students.
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3.6
residues

Features and Organization

The organizational approach we have taken in this textbook is traditional in
that it builds from the simple to the complex. Part I, Molecular Components
of Cells, creates a continuum between biochemistry and the prerequisite course
in organic chemistry that should precede it. This section starts with the basics—
the structure and hierarchical organization of biomolecular structures in cells
(Chapter 1) and the central role of water as the solvent of life (Chapter 2).
Chapter 3, Thermodynamics of Biological Systems presents fundamental thermo-
dynamic relationships useful for understanding the energetics of cellular
metabolism. The thermodynamics of protein folding is illustrated as an apt
example for the relative contributions of enthalpy and entropy changes to free
energy changes in biological systems. This chapter also discusses the particu-
lar chemical features of ATP and other biomolecules that make these substances
effective as cellular energy carriers.

Chapter 4: Amino Acids begins our survey of biomolecules by describing
the structure and chemistry of these substances that serve as the monomeric
units of proteins. Chapters 5 and 6: Proteins—Their Biological Functions and
Primary Structure and Proteins—Secondary, Tertiary, and Quaternary Structure are
devoted to a fresh and comprehensive description of the molecular anatomy
of proteins, illustrated by a gallery of ribbon diagrams and space-filling com-
puter graphics that capture the diversity of these structurally most sophisticated
of all the biological macromolecules.

Chapter 7: Carbohydrates and Chapter 8: Lipids describe the structure and
chemistry of these great classes of biomolecules, allowing an in-depth explo-
ration of the structure, chemistry, and function of the architectural features
that define cellular boundaries in Chapter 9: Membranes and Cell Surfaces.
Highlights of Chapter 9 include the structural chemistry of lipid-anchored
membrane proteins and the complex proteoglycan structures that adorn cell
surfaces. Chapter 10: Membrane Transport then addresses the intriguing ques-
tion of how cells acquire nutrients and dispose of waste despite their enclosure
within otherwise impermeable envelopes.

Chapter 11: Nucleotides and Nucleic Acids describes the chemistry of
nucleotides and the organization of these units into the polymeric macromole-
cules, ribonucleic acid and deoxyribonucleic acid (RNA and DNA). Chapter
12: Structure of Nucleic Acids is highlighted by an explanation of the structural
order in the various forms of the DNA double helix (the ABZs of DNA struc-
ture). A chapter on recombinant DNA technology (Chapter 13: Recombinant
DNA: Cloning and Creation of Chimeric Genes) is provided at this point in the text
to familiarize students with the basic concepts and applications of this method-
ology. This technology is one of the newest tools available to biochemical
research, and its enormous success in illuminating the relationships between
genetic information, biomolecular structure, and biomolecular function is
unparalleled. Some instructors might prefer to present lipids and carbohy-
drates after a discussion of nucleotides and nucleic acids, and these chapters
have been written so that this alternative sequence of presentation will go
smoothly. The chapters of Part I, like all the chapters in this text, feature Text
Boxes of three kinds: Human Biochemistry, A Deeper Look, and Critical
Developments in Biochemistry. These text boxes focus on aspects of medical
biochemistry or delve a little deeper into selected topics or experimental obser-
vations, drawing the student into a greater appreciation for the relevance, logic,
and historical context of significant biochemical advances.

Part II, Protein Dynamics, begins with a quantitative but easily grasped
discussion of the kinetics of enzyme-catalyzed reactions (Chapter 14). Also
described are the exciting new discoveries of catalytic roles for certain RNA



molecules (so-called ribozymes) and the purposeful design of antibodies with
catalytic properties (dubbed abzymes). Chapter 15: Enzyme Specificity and
Regulation reviews mechanisms by which enzymes—and hence metabolic
processes—are regulated. Highlights of this chapter include a close scrutiny of
structure-function relationships in glycogen phosphorylase and its regulation
by allosteric mechanisms and reversible phosphorylation. The atomic structure
of this paradigm of allosteric enzymes has been solved by x-ray crystallography,
and the details of its structure provide fundamental insights into the catalytic
and regulatory properties of enzymes. This chapter concludes with a special
focus on hemoglobin and its allosteric properties.

Chapter 16: Mechanisms of Enzyme Action presents the basic physicochemi-
cal principles of transition-state stabilization that underlie the catalytic power
of enzymes. It also examines a gallery of enzyme mechanisms, including the
well-studied serine proteases and aspartic proteases. This latter class includes
the clinically important HIV aspartic protease (HIV is the causative agent in
AIDS). Chapter 17: Molecular Motors collects in one chapter a discussion of mo-
lecular motors—protein complexes that transduce chemical energy into the
mechanics of movement. Included here is a discussion of the structure and
function of muscle, as well as other systems of movement, such as the move-
ment of cilia, vesicle and organelle transport within cells by kinesin and dynein,
and the novel rotating mechanism by which flagella impart motion to cells.

Part III, Metabolism and Its Regulation, encompassing Chapters 18 through
28, describes the metabolic pathways that orchestrate the synthetic and degrada-
tive chemistry of life. Emphasis is placed on the chemical logic of intermedi-
ary metabolism. Chapter 18: Metabolism: An Overview points out the basic sim-
ilarities in metabolism that unite all forms of life and gives a survey of nutrition
and the underlying principles of metabolism, with particular emphasis on the
role of vitamins as coenzymes. The fundamental aspects of catabolic metabo-
lism are described in Chapter 19: Glycolysis, Chapter 20: The Tricarboxylic Acid
Cycle, and Chapter 21: Electron Transport and Oxidative Phosphorylation. The con-
temporary view that energy coupling in mitochondria is probably nonstoi-
chiometric, yielding a P/O ratio of 2.5 rather than the traditionally held value
of 3.0, is a pertinent feature of Chapter 21.

The photosynthetic processes that provide the energy and fundamental
carbohydrate synthesis upon which virtually all life depends are described in
Chapter 22: Photosynthesis. Focal points of this chapter include the exciting new
descriptions of the molecular structure of photosynthetic reaction centers and
the mechanism and regulation of ribulose bisphosphate carboxylase. Chapter
23: Gluconeogenests, Glycogen Metabolism, and the Pentose Phosphate Pathwayincludes
a detailed discussion of carbohydrate metabolism beyond glycolysis and stresses
the interconnections and interrelationships between the different pathways of
carbohydrate conversion. A two-chapter discussion of lipid metabolism follows.
Chapter 24: Fatty Acid Catabolism describes the pathways of fatty acid oxidation,
whereas Chapter 25: Lipid Biosynthesis details the novel properties of acetyl-CoA
carboxylase, which catalyzes the principal regulated step in fatty acid biosyn-
thesis, and lays out the metabolic pathways for synthesis of cholesterol and the
biologically active lipids (eicosanoids and steroid hormones).

Chapter 26: Nitrogen Acquisition and Amino Acid Metabolism gives greater
emphasis than similar chapters in other textbooks to the biological acquisition
of inorganic nitrogen from the inanimate environment and examines the path-
ways for degradation and biosynthesis of amino acids. Chapter 27: The Synthesis
and Degradation of Nucleotides profiles purine and pyrimidine metabolism and
spotlights the biochemical basis of genetic defects in these pathways and the
potential for pharmacological intervention to control unwanted cell prolifer-
ation, such as occurs in cancer or microbial infections. Chapter 28: Metabolic
Integration and the Unidirectionality of Pathways is unique among textbook chapters
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xxviii  Preface

in defining the essentially unidirectional nature of metabolic pathways and the
stoichiometric role of ATP in driving vital processes that are thermodynami-
cally unfavorable. This chapter also reveals the interlocking logic of metabolic
pathways and the metabolic relationships between the various major organs of
the human body.

Part IV, Information Transfer, addresses the storage and transmission of
genetic information in organisms, as well as mechanisms by which organisms
interpret and respond to chemical and physical information coming from the
environment. The historical documentation of DNA molecules as the reposi-
tory of inheritable information is presented in Chapter 29: DNA: Genetic
Information, Recombination, and Mutation, along with the latest discoveries unrav-
eling the molecular mechanisms underlying genetic recombination. Chapter
30: DNA Replication and Repair treats the biochemistry involved in the mainte-
nance and the replication of genetic information for transmission to daughter
cells, accenting exciting new information on the complex enzymatic choreog-
raphy of DNA replication. Chapter 31: Transcription and the Regulation of Gene
Expression then characterizes the means by which DNA-encoded information is
expressed through synthesis of RNA and how expression of this information is
regulated. Highlights of this chapter include the molecular structure and mech-
anism of RNA polymerase and the DNA-binding transcription factors that mod-
ulate its activity.

Chapter 32: The Genetic Code recounts the biochemical approaches that
“cracked” the genetic code and describes the molecular events that underlie
the “second” genetic code—how aminoacyl-tRNA synthetases uniquely recog-
nize their specific tRNA acceptors. Chapter 33: Protein Synthesis and Degradation
presents the structure and function of ribosomes, with emphasis on the inter-
esting new realization that 238 rRNA is the peptidyl transferase enzyme respon-
sible for peptide bond formation. This chapter also discusses the new appre-
ciation of heat-shock proteins as molecular chaperones in the proper folding
of proteins, and the emerging importance of protein degradation as a means
to regulate cellular levels of specific proteins.

Chapter 34: The Reception and Transmission of Extracellular Information pulls
together an up-to-date perspective on the rapidly changing field of cellular sig-
naling and stresses the information transfer aspects involved in the interpre-
tation of environmental information, with coverage of hormone action, signal
transduction cascades, membrane receptors, oncogenes, tumor Suppressor
genes, sensory transduction and neurotransmission, and the biochemistry of
neurological disorders.
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