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Biochemistry: Concepts and Connections

As genomics and informatics revolutionize biomedical science and
health care, we must prepare students for the challenges of the twenty-
first century and ensure their ability to apply quantitative reasoning
skills to the science most fundamental to medicine: biochemistry.

We have written Biochemistry: Concepts and Connections to provide
students with a clear understanding of the chemical logic underlying
the mechanisms, pathways, and processes in living cells. The title re-
inforces our vision for this book—twin emphases upon fundamental
concepts at the expense of lengthy descriptive information, and upon
connections, showing how biochemistry relates to all other life sci-
ences and to practical applications in medicine, agricultural sciences,
environmental sciences, and forensics.

Inspired by our experience as authors of the biochemistry majors’
text, Biochemistry, Fourth Edition, and as teachers of biochemistry
majors’ and mixed-science-majors’ courses, we believe there are several
requirements that a textbook for the mixed-majors’ course must address:

@ The need for students to understand the structure and function of
biological molecules before moving into metabolism and dynamic
aspects of biochemistry.

o The need for students to understand that biochemical concepts
derive from experimental evidence, meaning that the principles
of biochemical techniques must be presented to the greatest ex-
tent possible.

e The need for students to encounter many and diverse real-world
applications of biochemical concepts.

@ The need for students to understand the quantitative basis for
biochemical concepts. The Henderson-Hasselbalch equation,
the quantitative expressions of thermodynamic laws, and the
Michaelis-Menten equation, for example, are not equations to be
memorized and forgotten when the course moves on. The basis
for these and other quantitative statements must be understood
and constantly repeated as biochemical concepts, such as mecha-
nisms of enzyme action, are developed. They are essential to help
students grasp the concepts.

In designing Biochemistry: Concepts and Connections, we have
stayed with the organization that serves us well in our own classroom
experience. The first 10 chapters cover structure and function of bio-
logical molecules, the next 10 deal with intermediary metabolism, and
the final 6 with genetic biochemistry. Our emphasis on biochemistry
as a quantitative science can be seen in Chapters 2 and 3, where we
focus on water, the matrix of life, and bioenergetics. Chapter 4 intro-
duces nucleic acid structure, with a brief introduction to nucleic acid
and protein synthesis—topics covered in much more detail at the end
of the book.

Chapters 11 through 20 deal primarily with intermediary metab-
olism. We cover the major topics in carbohydrate metabolism, lipid
metabolism, and amino acid metabolism in one chapter each (12, 16,
and 18, respectively). Our treatment of cell signaling is a bit uncon-
ventional, since it appears in Chapter 20, well after we present hor-
monal control of carbohydrate and lipid metabolism. However, this
treatment allows more extended presentation of receptors, G proteins,
oncogenes, and neurotransmission. In addition, because cancer often
results from aberrant signaling processes, our placement of the sig-
naling chapter leads fairly naturally into genetic biochemistry, which
follows, beginning in Chapter 21.

With assistance from talented artists, we have built a compelling
visual narrative from the ground up, composed of a wide range of
graphic representations, from macromolecules to cellular structures as
well as reaction mechanisms and metabolic pathways that highlights
and reinforces overarching themes (chemical logic, regulation, inter-
face between chemistry and biology). In addition, novel Foundation
Figures integrate core chemical and biological connections visually,
providing a way to organize the complex and detailed material intel-
lectually, thus making relationships among key concepts clear and
easier to study. “Concept” and “Connection” statements within the
narrative highlight fundamental concepts and real-world applications
of biochemistry.

In Biochemistry: Concepts and Connections, we emphasize our field
as an experimental science by including 15 separate sections, called
Tools of Biochemistry, that highlight the most important research
techniques. We also provide students with end-of-chapter references
(about 12 per chapter), choosing those that would be most appropriate
for our target audience, such as links to Nobel Prize lectures.

We consider end-of-chapter problems to be an indispensable
learning tool and have provided 15 to 25 problems for each chapter.
About half of the problems have brief answers at the end of the book,
with complete answers provided in a separate solutions manual. Addi-
tional tutorials in MasteringChemistry® will help students with some
of the most basic concepts and operations.

Producing a book of this magnitude involves the efforts of dedi-
cated editorial and production teams. We have not had the pleasure of
meeting all of these talented individuals, but we consider them close
friends nonetheless. First, of course, is Jeanne Zalesky, our sponsoring
editor, now Editor-in-Chief, Physical Sciences, who always found a
way to keep us focused on our goal. Coleen Morrison, Program Man-
ager, kept us organized and on schedule, juggling disparate elements
in this complex project. Jay McElroy, Art Development Editor, was
our intermediary with the talented artists at Imagineering, Inc., and
displayed considerable artistic and editorial gifts in his own right.
Over the course of the project, we worked with three experienced de-
velopment editors—Dan Schiller, John Murdzek, and Erica Pantages
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Frost. Their edits, insights, and attention to detail were invaluable. ,
Beth Sweeten, Senior Project Manager, coordinated the production

of the main text and preparation of the Solutions Manual for the end

of-chapter problems. Gary Carlton provided great assistance with '

many of the illustrations. Chris Hess provided the inspiration for the
US edition’s cover illustration, and Stephen Merland helped us locate
much excellent illustrative material. Once the book was in produc-
tion, Francesca Monaco skillfully kept us all on a complex schedule.

The three of us give special thanks to friends and colleagues who
provided unpublished material for us to use as illustrations. These con-
tributors include John S. Olson (Rice University), Jack Benner (New
England BioLabs), Andrew Karplus (Oregon State University), Scott
Delbecq and Rachel Klevit (University of Washington), William Hor-
ton (Oregon Health and Science University), Cory Hamada (Western
Washington University), Nadrian C. Seaman (New York University),
P. Shing Ho (Colorado State University), Catherine Drennan and
Edward Brignole (MIT), John G. Tesmer (University of Michigan),
Katsuhiko Murakami (Penn State University), Alan Cheung (Uni-
versity College London), Joyce Hamlin (University of Virginia), Erik
Johansson (Umed University), Stefano Tiziani, Edward Marcotte, Da-
vid Hoffman, and Robin Gutell (University of Texas at Austin), An-
dreas Martin and Gabriel Lander (University of California, Berkeley),
Dean Sherry and Craig Malloy (University of Texas-Southwestern
Medical Center), and Stephen C. Kowalczykowski (University of Cali-
fornia, Davis).

We are also grateful to the numerous talented biochemists re-
tained by our editors to review our outline, prospectus, chapter drafts,
and solutions to our end-of-chapter problems. Their names and affili-
ations are listed separately.

Our team—authors and editors—put forth great effort to detect
and root out errors and ambiguities. We undertook an arduous process
of editing and revising several drafts of each chapter in manuscript
stage, as well as copyediting, proofreading, and accuracy reviewing
multiple rounds of page proofs in an effort to ensure the highest level
of quality control.

Throughout this process, as in our previous writing, we have been
most grateful for the patience, good judgment, and emotional support
provided by our wives—Maureen Appling, Yvonne Anthony-Cabhill,
and Kate Mathews. We expect them to be as relieved as we are to see
this project draw to a close, and hope that they can share our pleasure
at the completed product.

Dean R. Appling
Spencer J. Anthony-Cahill
Christopher K. Mathews

Reviewers

The following reviewers provided valuable feedback on the manu-
script at various stages throughout the wiring process:

Paul D. Adams, University of Arkansas
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y when they became avail-
able to mvmlgxmvs shortly after World War I1. Radioisotopes ex-
tend—by orders of magnitude—the sensitivity with which chemical
species can be detected. Traditional chemical analysis can detect and
quantify molecules in the micromole (107 mole) or nanomole (107
mole) range. A compound that is “labeled,” containing one or more
atoms of a radioisotope, can be detected in picomole (10~ mole) or
even femtomole (10”'* mole) amounts. Radiolabeled compounds are
called tracers because they allow an investigator to follow specific
chemical or biochemical transformations in the presence of a huge
excess of nonradioactive material.

Isotopes are different forms of the same element, so they have dif-
ferent atomic weights but the same atomic number. Thus, the chemical
properties of the different isotopes of a particular element are virtually
identical. Isotopic forms of an element exist naturally, and substances
enriched in rare isotopes can be isolated and purified from natural
sources. Most of the isotopes used in biochemistry, however, are
produced in nuclear reactors. Simple chemical compounds produced
in such reactors are then converted to radiolabeled biochemicals by
chemical and enzymatic synthesis.

Although radioisotopes are still commonly used in biochemis-
try, stable isotopes are also used as tracers. For example, the two rare
isotopes of hydrogen include a stable isotope (deuterium, *H) and a
radioactive Isotope (tritium, *H). Of the many uses of stable isotopes
in biochemical research, we mention three applications here.

« First, incorporation of a stable isotope often increases the den-
sity of a material because the rare Isotopes usually have higher
atomic weights than their more abundant counterparts. This
difference presents a way to separate labeled from nonlabeled

compounds physically; as in the Meselson-Stahl experiment on
DNA replication (see Chapter 4).

«+ Second, compounds labeled with stable isotopes, particularly **C,
are widely used in nuclear magnetic resonance studies of molecu-
lar structure and dynamics (see Tools of Biochemistry 64).

« Third, stable isotopes are used to study reaction mechanisms.
‘The “isotope rate effect” refers to the effect on reaction rate of
replacing an atom by a heavy isotope. As discussed in Chapter
8, this effect helps to identify rate-limiting steps in enzyme-
catalyzed reactions. TABLE 11B.1 lists information about the
isotopes, both stable and radioactive, that have found the great-
est use in biochemistry.

The Nature of Radioactive Decay

‘The atomic nucleus of an unstable element can decay, giving rise to
ane or more of the three types of ionizing radiation: a-, -, and y-
rays. Only B- and y-emitting radioisotopes are used in biochemical
research; the most useful are listed in TABLE 11B.1. A B-ray is an emit-
ted electron, and a y-ray is a high-energy photon. Most biochemical
uses of radioisotopes involve B emitters.

Radioactive decay is a first-order kinetic process. The probability
that a given atomic nucleus will decay is affected neither by the num-
ber of preceding decay events that have occurred nor by interaction
with other radioactive nuclei. Rather, it is an intrinsic property of that
nucleus. Thus, the number of decay events occurring in a given time
interval is related only to the number of radioactive atoms present.
‘This phenomenon gives rise to the law of radioactive decay:

N=Ne™

TABLE 11B.1 Some Useful Isotopes in Bioch ry

Isatope Stable or Radioactive Emission
2H Stable B

H Radioactive B

o) Stable

el Radioactive B

N Stable

i) Stable

%Na Radioactive B(and y)
P Stable

%p Radioactive B

g Radioactive B

“Ca Radioactive B

“Fe Radioactive B(andy)
Ll Radioactive B (and y)

“MeV = million electron volts

Half-Life Maximum Energy (MeV*)
12.3 years 0.018
5730 years 0.155
15 hours. 1.39
|
14.3 days 1.7
87 days 0.167
163 days | 0.254
45 days 0.46,0.27
8days 0.335, 0.608

i
{
i
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where N, is the number of radioactive atoms at time zero, N is the
number remaining at time #, and A Is a radioactive decay constant for
a particular isotope, related to the intrinsic instability of that isotope.
According to this equation, the fraction of nuclei in a population that
decays within a given time interval is constant, For this reason, a
more convenient parameter than the decay constant A is the half-life,
£y the time required for half of the nuclei tn a sample to decay. The
half-life is equal to ~In 0.5/ or +0.693/A. The half-life, like A, is an
intrinsic property of a given radioisotope (see Table 11B.1).

“The basic unit of radioactive decay is the carie (Ci). This unit is
defined as an amount of radioactivity equivalent to that in 1 g of

di ifically, 2.22X 10 per minute (dpm).
The most widely used method for measuring B-emissions is liquid
scintillation counting. The sample is dissolved or suspended in an
ntatning one or two fl; ent organi
or fluors, A B-particie emitted from the sample has a high probabilty of
hitting a molecule of the solvent. This contact excites the solvent mol-
ecule, boosting an electron to a higher energy level. When that electron
returns to the ground state, a photon of light is emitted. The photon is
absorbed by a molecule of the fluor, which in turn becomes excited. A
ier detects the d for each di:

comem it to an electrical signal, which is recorded and counted.

Nuclear Magnetic Resonance

In recent years, nuclear magnetic resonance (NMR) spectroscopy
has become widely available for noninvasive monitoring of intact
cells and organs. As explained in ‘Tools of Biochemistry 6A,
compounds containing certain atomic nuclei can be identified
from an NMR spectrum, which measures shifts in the frequency of
absorbed electromagnetic radiation. A researcher can determine an
NMR spectrum of whole cells, or of organs or tissues in an intact
plant or animal. NMR has even become a powerful noninvasive
diagnostic tool, referred to as magnetic resonance imaging (MRI)
in the medical arena.

For the most part, macromolecular components do not contrib-
ute to the spectram, nor do compounds that are present at less than
about 0.5 mM, The nuclei most commonly used in this in vivo tech-
niqueare 'H, *'P, and "*C (Table 11B.1). FIGURE 11B.1 shows *'P NMR
spectra that represent components in the human forearm muscle. The
five major peaks d to the p nuclei in orthoph
phate (P), creatine phosphate,and the three phosphates of ATP.
Because peak area is proportional to concentration, the energy status
of intact cells can be determined. For example, an energy-rich muscle
has lots of creatine phosphate, whereas a fatigued muscle uses up
most of its creatine phosphate in order to maintain ATP levels (note
also the accumulation of AMP—peak 6—in the third scan). NMR is
finding wide applicability in monitoring recovery from heart attacks,
in which cellular ischemia (insufficient oxygenation) damages cells
by reducing ATP content. NMR can also be used to study metabolite
compartmentation, flux rates through major metabolic pathways, and
intracellular pH.

ATP y-phosphate
/ f ATP a-phosphate
ATP B-phosphate

(a) Before exercise.

A

(b) 30 seconds into a 2 minute exercise period.

Phospho-
monoesters)

() At the end of exercise.

The effect of anaerobic exercise

on *'P NMR spectra of human forearm
muscle. Peak areas are proportional to
Intraceliular concentrations, See Tools of
Blochemistry 84 for the interpretation of
INMR spectra. Courtesy of Dean Sherry, Craig
Mailoy and Jimin Ren of University of Texas-
Southwestern Medical Center,

_iJdu i

5 0 -5 -10 -15
ppm
(d) Ten minutes after exercise.

Tools of Biochemistry emphasize our field as an experimental science and highlight the
most important research techniques relevant to students today.
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FIGURE | Biomolecules: Structure and Function
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| Lipids are water-insoluble biomolecules that include
§ phospholipids, steroids, and fatty acids. Cell
Btk membranes are largely composed of bilayers of
hea ipids. A

monomer contains two long aliphatic chalns linked to |
a glycerol-3-phosphate backbone via an ester
| linkage, and a polar group such as choline
| connected to the phosphoryl group. The aliphatic
tails interact with sach ther to form the hydrophobic
| bilayer. while the polar head groups interact with the
{aty acics | 0UeRUS enviranmens on either side of the csll
| membrane
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organic functional groups stich as esters, amides, alcohols, disulfides and
matic rings. A central theme of biochemistry is that function is determined by
structure. The cellular funictions of these various classes of molecules are dictated by
heir structures and the organic functional groups they contain,
g

cell division, Although extremely %

Proteins perform a wide range of cellular functions

and are macromolscules containing one or more

polypsptide chains. These polypeptices are polymers of
| avamino acids linked together via

amide, or peptide,

bonds, Three of the 20

common a-amino acids =
are shown at right; each amino

acid contains an amine group and
a carboxylic acid functional group.
| The order of amino acid residues
a polypeptide dictates its folding
| Into a specific and highly complex
structure, such as the protein
ubiguitin shown to the right.
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Foundation Figures integrate core chemical and biological connections visually and provide a way to
organize the complex and detailed material intellectually, thus making relationships among key concepts

clear and easier to study.

Biomolecules: Structure and Function 78
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Regulation of Enzyme Activity 304

Enzyme Kinetics and Drug Action 398
Intermediary Metabolism 510

Cell Signaling and Protein Regulation 682
Antibody Diversity and Use as Therapeutics
844
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BIOCHEMISTRY: CONCEPTS AND CONNECTIONS engages students in the rapidly evolving field
of biochemistry, better preparing them for the challenges of 21st century science through quantitative
reasoning skills and a rich, chemical perspective on biological processes.

Visually
compelling
chapter openers
~show the
relevancy of the
material to draw
students into
biochemistry at
every turn.

This concise first edition teaches mixed-science

majors the chemical logic underlying the mechanisms,
pathways, and processes in living cells through ground-
breaking biochemical art and a clear narrative which
illustrates biochemistry’s relation to all other life sciences.
Integration of biochemistry’s experimental underpinnings
alongside modern techniques, encourages students to
consider how their understanding of biochemistry can, and
will, contribute to solving problems in medicine, agricultural
sciences, environmental sciences, and forensics.

The text is fully integrated with MasteringChemistry® to
provide support for students before, during, and after class.
Highlights include interactive animations and tutorials
based on the textbook’s biochemical art program.

Amino Acid and Nitrogen
Metabolism
Chapter 16

18,1 Utilization of Inorganic Nitrogen:
The Nitrogen Cycle

Utilization of Ammonia:
Biogenesis of Organic Nitrogen

.3 The Nitrogen Economy and
Protein Turnover

K
Coenzymes Involved in Nitrogen
Metabolism

.5 Amino Acid Degradation and
Metabolism of Nitrogenous End
Products :

. Pathways of Amino Acid
Degradation
.7 Amino Acid Biosynthesis.

Amino Acids as Biosynthetic
Precursors.

rogen-rich heferocylic
d after the Greek pteron.
tral coenzyme in aming



AN INNOVATIVE VISUAL NARRATIVE TEACHES BIOCHEMICAL
DETAILS while reinforcing over-arching themes of chemical logic,
regulation, and the interface between chemistry and biology to help
students see the bigger picture.

W Figure 3.10: Bioenergetic calculations mapped to three-dimensional
structures create a visual and mathematical overview of selected
cellular processes. Integrated text explains specifics of how the

equations are linked

to physical elements
within a cell.

Newly synthesized protein ———

~ Messenger RNA

i : ; . e Metabolic reactions
Ribosomal synthesis : e : AG = AG”+ ATING
of a typical protein = =

Surface
charge

Electron transport
AG = —nFAE® + RTINQ

Isoelectric point
(pl) =68

Figure 2.18: Several layers of information (surface charge, pH, and how A
the charges are distributed across a three-dimensional protein) are
combined in an easy to follow format to explain the effect of pH on overall
surface charge. Annotations reinforce the major concepts.



< Figure 11.2: Major biochemical themes such as
intermediary metabolism are presented as carefully
designed reference charts connecting relevant
concepts from multiple chapters. These flow
. : charts enable students to visualize the big picture
SN and think about relationships while referring to
: chapter text for detailed descriptions.

Glyceraldehyde-
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Figure 14.12: Detailed molecular models lend interest
and realism to microscopic processes. Here, proteins
in the inner mitochondrial membrane give context
- Ve — to electron flow in a portion of the respiratory chain.
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INTERACTIVE FOUNDATION FIGURES integrate core chemical and biological connections
visually and provide a way to organize highly complex and detailed material, making

biochemistry more manageable, understandable, and easier to synthesize. These figures will
have dedicated questions for use in class via Learning Catalytics™ and will also be assignable in
MasteringChemistry® as step-wise animations with follow-up assessment.

FOUNDATION FIGURE | cell Signaling and Protein Regulation

CELL SIGNALING AND PROTEIN REGULATION

Integrating signaling and metabolism. This figure shows how different inputs, each acting via
a different signaling mechanism, can regulate metabolism in a liver cell. The dual function
enzyme 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase (PFK2/FBPase?2) is a key
regulator of glycolysis and gluconeogenesis (see Chapter 12). Blood glucose levels are
maintained by signaling cascades initiated by the hormones insulin and glucagon (see
Chapters 17 and 20), which regulate PFK2/FBPase?2 activity by dephosphorylation and
phosphorylation, respectively. In addition, transcriptional regulation of PFK2/FBPase2 (and
other glycolytic enzymes) by the HIF-1a transcription factor allows for increased glycolysis
during hypoxic conditions. We see here one example of how metabolism can be adjusted in
response to different conditions by different signaling mechanisms. Similar kinds of signal
integration lead to the appropriate regulation of all the activities in a cell, and coordination of
functions across the entire organism.

mﬁ

HIF-1a

HIF-1a is a transcription factor. Normally, HIF-1e is broken down by ubiquitination
and proteosomal degradation. However, in hypoxic conditions, signaling through
a receptor tyrosine kinase (RTK) pathway leads to inactivation of the machinery
that degrades HIF-1a. This pathway is particularly relevant in the formation of
tumors, when cancer cells do not have sufficient blood supply, and overcome
these hypOXlC conditions by m"reasmg gl yco\ysws via the HIF-1a patrwvay

Transcription
HIF-1a is transported into the nucleus, where it can factors
increase the transcription of its target genes, some / HIF-18
of which are enzymes of glycolysis. Thus, under s
hypoxic conditions, the cell can meet its energy M«w/ —
demands by increasing glycolysis. M
M’ Other effects o
Nuclear (eg. transcription) | ™
import /
Increase . | GLYCOLYSIS .. Decrease

» D
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, wehive), glycolysis is snmulared
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Folding
Translation & ™ P
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A\, gluconeogenesis is stimulated.

Decrease Y |GLUCONEOGENESIS' < | casc

Glucose J{»—- GLYCOGENOLY‘




MasteringChemistry® for Biochemistry

MasteringChemistry® for Biochemistry provides select end-of-chapter problems
and feedback-enriched tutorial problems, animations, and interactive figures to
deepen your understanding of complex topics while practicing
problem solving.

SULIN
Under conditions of high blood glucose, the pancreatic B-cells secrete the hormone insulin. Insulin binds to its receptor
on the liver cell, causing autophosphorylation and activation of the receptor. Activation of the insulin signaling pathway
(section 20.3) leads to activation of two main proteins— pAKT, and Ras. Dephosphorylated PFK2/FBPase? increases
glycolysis while decreasing gluconeogenesis (see Chapter 12). These two activities of insulin (increased glucose
§ fransport into cells, and increased glucose utilization) result in an overall decrease in the levels of blood glucose.

s

PAKT activation has several
cellular effects, one of which  p13K

GLUT4 ‘% is the increased transport of

Increased GLUT4 leads the GLUT4 transporter onto

{o increased uptake of E . the cell surface.
glucase nlo the cells. | s

8
&

Ras activation leads to
MAPK signaling, which
causes upregulation of
certain genes and
dephosphoryiation of
PFKZ/FBFase2.

MAPK
signaling

GLUCAGON
When blood glucose levels are low, liver cells are stimulated to secrete
glucose by upregulating glucose release from glycogen and the reciprocal
regulation of gluconeogenesis and glycolysis. Low blood glucose levels lead
to secretion of the hormone glucagon. Glucagon acts via a seven
transmembrane G protein-coupled receptor to ultimately activate protein
kinase A (PKA) by increasing levels of the second messenger cAMP
(section 20.2). PKA then phosphorylates PFK2/FBPase2, resulting in
decreased glycolysis and increased gluconeogenesis. PKA also stimulates
(Via phosphorylase b kinase) phosphorylation of the enzyme phosphorylase b,
leading to increased glycogenolysis (see Chapter 12). The glucose produced
by gluconeogenesis and glycogenolysis is then transported into the blood to
& maintain blood glucose levels.

o

" R ——

Activated PKA
catalytic subunit

Activated PKA
regulatory subunit

phophorylase a




New MasteringChemistry for Biochemistry provides interactive animations and tutorials based
on the textbook’s biochemical art program and Foundation Figures helping students visualize
complex processes, test conceptual understanding, apply what they have learned to novel
scenarios, and practice quantitative reasoning.

Ensure students arrive ready to learn by assigning educationally effective content before
class, and encourage critical thinking and retention with in-class resources such as Learning
Catalytics. Students can further master concepts after class through traditional homework
assignments that provide hints and answer-specific feedback. The Mastering gradebook
records scores for all automatically graded assignments while diagnostic tools give instructors
access to rich data to assess student understanding and misconceptions.

Mastering brings learning full circle by continuously adapting to each student and making
learning more personal than ever—before, during, and after class.

Signed in a5 Lee Ann Dottor, instr READING QUIZZES

READING QUIZZES give instructors
B Naacing Cussiion 7 [l the opportunity to assign reading and
test students on their comprehension of
chapter content.

PartA

Incorrect; Try Again

A prion i

DYNAMIC STUDY MODULES

DYNAMIC STUDY MODULES (DSMs) enable
your students to study the required organic
chemistry and fundamental biochemistry ‘ . el ‘
concepts effectively on their own in order to . b ] s
"be better prepared for higher-order learning g [
in class. These modules can be completed ‘
on smartphones, tablets, or computers and
assignments will automatically be synced to the
MasteringChemistry Gradebook.




wwsamssswss LEARNING CATALYTICS

NEW! Learning Catalytics™ is a student engagement,
assessment, and classroom intelligence system allowing
students to use their smartphones, tablets, or laptops to
respond to questions in class. Questions focused on the
eight Foundation Figures, as well as key biochemistry
concepts throughout the text help students visualize and
analyze complex biochemical processes in the classroom.

learning catalytics

Volume added

CLASS
STUDENT TUTORIALS

MasteringChemistry® for Biochemistry provides
feedback-enriched tutorial problems, animations,
and interactive figures to deepen your understanding
of complex topics while practicing problem solving.

honds),
default. Include

iew [nsert Atom

Transamination

07+ "0~

alanine oxaloa
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Problem 24.1
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i o END-OF-CHAPTER PROBLEMS
(Moo : i FROM THE TEXTBOOK

Selected end of chapter problems
within the textbook are available within
MasteringChemistry® and can be
automatically graded and assigned for
homework or practice.
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BIOCHEMISTRY: CONCEPTS AND CONNECTIONS provides an integrated
teaching and learning package of support material for both students and professors.

Resource

Solutions Manual

MasteringChemistry®
www.masteringchemistry.com

Pearson eText

within MasteringChemistry®

TestGen Test Bank

Instructor Resource Materials

Instructor or
Student Resource

Instructor

Student &
Instructor

Student

Instructor

Instructor

Description

Prepared by Dean Appling, Spencer Anthony-Cahill,
and Chris Mathews, the solutions manual includes
worked-out answers and solutions for problems in the
text. Available for download on the Pearson catalog
page for Biochemistry: Concepts and Connections at
www.pearsonglobaleditions.com/Appling

MasteringChemistry from Pearson is the leading online
teaching and learning system designed to improve
results by engaging students before, during, and after
class with powerful content.

Biochemistry: Concepts and Connections features

a Pearson eText within MasteringChemistry. The
Pearson eText offers students the power to create
notes, highlight text in different colors, create
bookmarks, zoom, and view single or multiple pages.

Prepared by Kathryn Stowell, this resource includes
more than 550 questions in multiple-choice, matching,
true/false, and short answer format. Test bank
problems are linked to textbook-specific learning
outcomes as well as MCAT-associated outcomes.
Available for download on the Pearson catalog page
for Biochemistry: Concepts and Connections at
www.pearsonglobaleditions.com/Appling

Includes all the art, photos, and tables from the book
in JPEG format, as well as Lecture powerpoints, for
use in classroom projection or when creating study
materials and tests. Available for download on the
Pearson catalog page for Biochemistry: Concepts
and Connections at www.pearsonglobaleditions.com/

Appling
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