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Polysaccharides	365	3.	coli	[in	the	terms	commonly	associated	with	computer	memories,	the	genome	(genetic	complement)	in	each	human	36.	These	online	resources	are	designed	to	enhance	student	understanding	of	biochemistry.	Smith,	Brigham	Young	University	Jason	D.	Besides	inhabiting	our	familiar	temperate	and	aerobic	environment,	certain
types	of	bacteria	may	thrive	in	or	even	require	conditions	that	are	hostile	to	eukaryotes	such	as	unusual	chemical	environments,	high	temperatures	(as	high	as	130ЊC),	and	lack	of	oxygen.	We	earnestly	hope	that	the	readers	of	the	fourth	edition	will	continue	this	practice.	Biochemistry:	A	Prologue	Ribosome	E.	The	Unique	Properties	of	Carbon	B.
Blood	Clotting	2.	(a)	Stained	to	show	internal	structure.	How	is	genetic	information	expressed	and	how	is	it	transmitted	to	future	cell	generations?	The	Endoplasmic	Reticulum	and	the	Golgi	Apparatus	Function	to	Modify	Membrane-Bound	and	Secretory	Proteins	The	most	extensive	membrane	in	the	cell,	which	was	discovered	in	1945	by	Keith	Porter,
forms	a	labyrinthine	compartment	named	the	endoplasmic	reticulum.	Therefore,	life,	as	are	many	other	complex	phenomena,	is	perhaps	impossible	to	define	in	a	precise	fashion.	ORGANIZATION	AND	COVERAGE	As	the	information	explosion	in	biochemistry	has	been	occurring,	teachers	have	been	exploring	more	active	learning	methods	such	as
problem-based	learning,	discovery-based	learning,	and	cooperative	learning.	Compare,	for	example,	the	architectures	of	the	various	human	cells	drawn	in	Fig.	Structure	of	E.	Conformational	changes	in	citrate	synthase	Figure	21-18	806	Animated	Figure	Reactions	of	the	citric	acid	cycle	Figure	21-25	816	Animated	Figure	22	Electron	Transport	and
Oxidative	Phosphorylation	Guided	Exploration	Animated	Figure	Amphibolic	functions	of	the	citric	acid	cycle	Figure	21-26	818	Guided	Exploration	19.	EF-Tu	in	its	complexes	with	GDP	and	GMPPNP	Figure	32-48	1381	Interactive	Exercise	46.	However,	as	will	become	obvious	as	you	read	further,	in	all	cases,	our	knowledge,	extensive	as	it	is,	is	dwarfed
by	our	ignorance.	Double	Helical	Structures	1145	2.	The	interactive	computer	graphics	diagrams	that	are	presented	on	the	website	that	accompanies	this	textbook	are	either	Jmol	images	or	Kinemages.	Eukaryotes	Eukarya	Animals	Archaea	Fungi	Slime	molds	Bacteria	Halophiles	Purple	bacteria	Cyanobacteria	Plants	Ciliates	Flagellates	7	Figure	1-4
Phylogenetic	tree.	We	have	thus	written	a	textbook	that	permits	teachers	to	direct	their	students	to	areas	of	content	that	can	be	explored	outside	of	class	as	well	as	providing	material	for	in-class	discussion.	Much	of	the	art	in	this	fourth	edition	of	Biochemistry	is	the	creative	legacy	of	the	drawings	made	for	its	first	and	second	editions	by	John	and
Bette	Woolsey	and	Patrick	Lane	of	J/B	Woolsey	Associates.	Electron	Transport	828	3.	coli	Section	30-3C	1193	Interactive	Exercise	34.	III.	Homo	sapiens	(human	beings),	for	example,	may	contain	100,000	different	types	of	molecules,	although	only	a	small	fraction	of	them	have	been	characterized.	The	nucleus	of	most	eukaryotic	cells	contains	at	least
one	dark-staining	body	known	as	the	nucleolus,	which	is	the	site	of	ribosomal	assembly.	xiv	Contents	3.	Folding	Accessory	Proteins	290	3.	[After	a	drawing	by	David	Goodsell,	UCLA.]	subcellular	organelles	(e.g.,	Fig.	Photoautotrophs	are	autotrophs	that	obtain	energy	via	photosynthesis	(Chapter	24),	a	process	in	which	light	energy	powers	the	transfer
of	electrons	from	inorganic	donors	to	CO2	yielding	carbohydrates	[(CH2O)n].	Although	living	organisms,	as	we	have	seen,	are	enormously	diverse	in	their	macroscopic	properties,	there	is	a	Living	things	are	enormously	complex.As	indicated	in	Section	1-1A,	even	the	relatively	simple	E.	Human	leptin	Figure	27-7	1098	Animated	Figure	The	metabolic
pathway	for	the	de	novo	biosynthesis	of	IMP	Figure	28-2	1108	Animated	Figure	Control	network	for	the	purine	biosynthesis	pathway	Figure	28-5	1113	Animated	Figure	Metabolic	pathway	for	the	de	novo	synthesis	of	UMP	Figure	28-7	1115	Animated	Figure	Regulation	of	pyrimidine	biosynthesis	Figure	28-11	1118	Interactive	Exercise	28.	Enzyme
Kinetics	487	3.	It	contains	chromosomal	segments	bearing	multiple	copies	of	genes	specifying	ribosomal	RNA.	[a	and	d:	K.G.	Murti/Visuals	Unlimited;	b:	M.	Rather,	we	list	what	we	have	found	to	be	the	most	useful	reviews	and	monographs	on	the	various	subjects	covered	in	each	chapter.	The	Urea	Cycle	1025	3.	Perhaps	the	early	eukaryotes,	which
according	to	Woese’s	evidence	evolved	from	a	primordial	life-form,	were	relatively	unsuccessful	and	hence	rare.	Kinemages:	A	set	of	22	exercises	comprising	55	threedimensional	images	of	selected	protein	and	nucleic	acids	that	can	be	manipulated	by	users	as	suggested	by	accompanying	text.	N-terminal	domain	of	434	phage	repressor	in	complex
with	a	20-bp	dsDNA	containing	its	target	sequence	Figure	31-32	1289	Kinemage	Exercise	18-1.	B-DNA	Figure	5-11	89	Kinemage	Exercise	2-2,	17-2.	Eukaryotes,	which	may	be	multicellular	as	well	as	unicellular,	are	vastly	more	complex	than	prokaryotes.	Since	the	third	edition	of	Biochemistry	was	published,	the	number	of	known	genome	sequences
has	increased	by	over	10-fold	and	the	goal	of	personalized	medicine	to	determine	the	genome	sequence	of	each	individual	seems	to	be	within	reach.	Prokaryotic	Classification	2	Eukaryotes	A.	Fibrous	Proteins	232	3.	coli	by	density	gradient	ultracentrifugation	Figure	5-13	91	Animated	Figure	UV	absorbance	spectra	of	the	nucleic	acid	bases	and	DNA
Figure	5-15	92	Animated	Figure	Example	of	a	DNA	melting	curve	Figure	5-16	93	Guided	Exploration	1:	Overview	of	transcription	and	translation	Section	5-4	95	Guided	Exploration	2:	Regulation	of	gene	expression	by	the	lac	repressor	system	Figure	5-25	97	Animated	Figure	Construction	of	a	recombinant	DNA	molecule	Figure	5-44	109	Animated
Figure	Cloning	of	foreign	DNA	in		phages	3:	PCR	and	site-directed	mutagenesis	Site-directed	mutagenesis	Figure	5-47	111	Guided	Exploration	Animated	Figure	Section	5-5F	Figure	5-55	114	119	6	Techniques	Animated	Figure	An	enzyme-linked	immunosorbent	assay	(ELISA)	Figure	6-1	132	of	Protein	and	Nucleic	Acid	Purification	Animated	Figure
Animated	Figure	Ion	exchange	chromatography	using	stepwise	elution	Gel	filtration	chromatography	Figure	6-6	Figure	6-9	136	139	7	Covalent	Guided	Exploration	4:	Protein	sequence	determination	Section	7-1	164	Structures	of	Proteins	and	Nucleic	Acids	Animated	Figure	Animated	Figure	Figure	7-4	Figure	7-6	167	171	Section	7-2A	176	Guided
Exploration	The	Edman	degradation	The	amino	acid	sequence	of	a	polypeptide	chain	is	determined	by	comparing	the	sequence	of	two	sets	of	mutually	overlapping	peptide	fragments	5:	DNA	sequence	determination	by	the	chainterminator	method	6:	Bioinformatics	Section	7-4	194	Kinemage	Exercise	3-1.	c.	Bioinformatics:	An	Introduction	194	5.
Mycoplasmas	lack	the	rigid	cell	wall	of	other	prokaryotes.	The	Glycolytic	Pathway	593	2.	Discussions	of	both	the	synthesis	and	the	degradation	of	lipids	have	been	placed	in	a	single	chapter	(Chapter	25),	as	have	the	analogous	discussions	of	amino	acids	(Chapter	26)	and	nucleotides	(Chapter	28).	CONTENTS	Guide	to	Media	Resources	xvi	PA	R	T	4.
Biosynthesis	of	Nucleotide	Coenzymes	CHAPTER	32	Translation	1260	1136	Cellular	Function	W-1	1.	(b)	Stained	to	reveal	flagella	and	pili.	They	are	called	out	in	the	text	with	a	red	mouse	icon	or	margin	note.	37.	The	principles	of	both	prokaryotic	and	eukaryotic	molecular	biology	are	expanded	from	their	introduction	in	Chapter	5	in	sequential
chapters	on	DNA	replication,	repair	and	recombination	(Chapter	30),	transcription	(Chapter	31),	and	translation	(Chapter	32).	For	instance,	crystals	may	grow	larger	when	immersed	in	a	supersaturated	solution	of	the	crystalline	material.	Sci.	DNA	supercoiling	Section	29-3	1158	Interactive	Exercise	30	DNA	17-3	Nucleotide	sugar	conformations
Guided	Exploration	32.	Consequently,	these	organisms	are	usually	assigned	a	fourth	eukaryotic	kingdom,	the	Protista.	The	enormity	of	the	biochemical	research	literature	prevents	us	from	giving	all	but	a	few	of	the	most	seminal	research	reports.	Bioinformatics,	an	only	recently	coined	word,	has	come	to	dominate	the	way	that	many	aspects	of
biochemistry	are	conceived	and	practiced.	What	are	the	control	mechanisms	that	coordinate	the	myriad	biochemical	reactions	that	take	place	in	cells	and	in	organisms?	Conformational	Diseases:	Amyloids	and	Prions	309	6.	The	unity	of	life	and	its	variation	through	evolution	is	a	second	dominant	theme	running	through	the	text.	Light	Reactions	903	3.
beit	extremely	slow-growing	colonies	of	chemolithotrophs	that	live	as	far	as	5	kilometers	underground	and	whose	aggregate	biomass	appears	to	rival	that	of	surface-dwelling	organisms.	Post-Transcriptional	Processing	1047	1301	1338	1.	They	are	the	smallest	of	all	living	cells	(as	small	as	0.12	m	in	diameter,	Fig.	Gram-positive	and	gram-negative
bacteria	are	distinguished	according	to	whether	or	not	they	take	up	gram	stain	(a	procedure	developed	in	1884	by	Christian	Gram	in	which	heat-fixed	cells	are	successively	treated	with	the	dye	crystal	violet	and	iodine	and	then	destained	with	either	ethanol	or	acetone).	These	questions	can	also	be	used	by	instructors	as	prelecture	questions	that	help
gauge	students	knowledge	of	overall	concepts	while	addressing	common	misconceptions.	Natl.	Voet	Charlotte	W.	These	are	all	keyed	to	figures	or	sections	in	the	text.	Some	bacteria	further	encase	themselves	in	a	gelatinous	polysaccharide	capsule	that	protects	them	from	the	defenses	of	higher	organisms.	Prokaryotic	Classification	The	traditional
methods	of	taxonomy	(the	science	of	biological	classification),	which	are	based	largely	on	the	anatomical	comparisons	of	both	contemporary	and	fossil	organisms,	are	essentially	inapplicable	to	prokaryotes.	The	relatively	high	concentration	of	solutes	inside	a	plant	vacuole	causes	it	to	take	up	water	osmotically,	thereby	raising	its	internal	pressure.
Viruses	(Chapter	33)	are	then	considered	as	paradigms	of	more	complex	cellular	functions,	followed	by	discussions	of	eukaryotic	gene	expression	(Chapter	34).	Synthesis	of	Purine	Ribonucleotides	1107	2.	At	any	rate,	there	are	few	organic	compounds	that	cannot	be	metabolized	by	some	prokaryotic	organism.	However,	further	sequence
determinations	have	revealed	that	the	Eukarya	share	sequence	similarities	with	the	Archaea	that	they	do	not	share	with	the	Bacteria.	Solubilities	of	Proteins	133	3.	HIV-1	reverse	transcriptase	Figure	30-48	1209	Animated	Figure	The	Holliday	model	of	homologous	recombination	between	homologous	DNA	duplexes	Figure	30-67	1226	23.	Hemoglobin
and	myoglobin	Figure	10-13	334	Kinemage	Exercise	6-4.	Mitochondria	Are	the	Site	of	Oxidative	Metabolism	Figure	1-7	Scanning	electron	micrograph	of	a	fibroblast.	VOET	Swarthmore	College	JOHN	WILEY	&	SONS,	INC.	Jencks,	Brandeis	University	Charles	Shopsis,	Adelphi	University	Mary	Ellen	Jones,	University	of	North	Carolina	Marvin	A.	In
2008,	we	launched	a	Corporate	Citizenship	Initiative,	a	global	effort	to	address	the	environmental,	social,	economic,	and	ethical	challenges	we	face	in	our	business.	Calmodulin	complex	with	its	target	polypeptide	Figure	18-19	657	20.	The	paper	in	this	book	was	manufactured	by	a	mill	whose	forest	management	programs	include	sustained	yield	-
harvesting	of	its	timberlands.	[Courtesy	of	Guenther	Albrecht-Buehler,	Northwestern	University.]	cell	specifies	around	800	megabytes	of	information—about	200	times	the	information	content	of	this	text].	10.	Borders,	Jr.,	The	College	of	Wooster	Kenneth	Brown,	University	of	Texas	at	Arlington	Larry	G.	Students	who	lack	these	prerequisites	are
advised	to	consult	the	appropriate	introductory	textbooks	in	those	subjects.	The	resulting	immature	ribosomes	are	then	exported	to	the	cytosol,	where	their	assembly	is	completed.	Jmol	is	a	browser-independent	interface	for	manipulating	structures	in	three	dimensions,	and	structures	are	paired	with	questions	designed	to	facilitate	comprehension	of
concepts.	This	is	because	the	relatively	simple	cell	structures	of	prokaryotes,	including	those	of	ancient	bacteria	as	revealed	by	their	microfossil	remnants,	provide	little	indication	of	their	phylogenetic	relationships	(phylogenesis:	evolutionary	development).	The	atomic	coordinates	of	most	of	the	proteins	and	nucleic	acids	that	we	have	drawn	for	use	in
this	textbook	were	obtained	from	the	Protein	Data	Bank	(PDB),	which	is	administered	by	the	Research	Collaboratory	for	Structural	Bioinformatics	(RCSB).	Cellular	Architecture	Eukaryotic	cells,	like	prokaryotes,	are	bounded	by	a	plasma	membrane.	Biochemistry	is	the	study	of	life	on	the	molecular	level.	1-2).	Indeed,	these	techniques	make	it	possible
to	place	these	relationships	on	a	quantitative	basis,	and	thus	to	construct	a	phylogenetically	based	classification	system	for	prokaryotes.	Eukaryotes	Figure	1-11	Evolutionary	tree	indicating	the	lines	of	descent	of	cellular	life	on	Earth.	A	fourth	theme	is	that	biochemistry	has	important	medical	consequences.	These	are	1.	V.	Chloroplasts	901	2.
Schliwa/Visuals	Unlimited;	c:	courtesy	of	Mary	Osborn,	Max	Planck	Institute	for	Biophysical	Chemistry,	Göttingen,	Germany.]	38.	The	Watson–Crick	base	pairs	Figure	5-12	89	Animated	Figure	Demonstration	of	the	semiconservative	nature	of	DNA	replication	in	E.	Reading	a	Research	Article	It	is	usually	easy	to	decide	whether	or	not	something	is
alive.	The	thylakoid	uses	chlorophyll-trapped	light	energy	to	generate	ATP,	which	is	used	in	the	stroma	to	drive	biosynthetic	reactions	forming	carbohydrates	and	other	products	(Chapter	24).	Finally,	although	we	have	made	every	effort	to	make	this	text	error	free,	we	are	under	no	illusions	that	we	have	done	so.	f.	DNA-binding	domain	of	p53	in
complex	with	its	target	DNA	Figure	34-113	Interactive	Exercise	58.	Metabolism:	A	discussion	of	how	living	things	synthesize	and	degrade	carbohydrates,	lipids,	amino	acids,	and	nucleotides	with	emphasis	on	energy	generation	and	consumption.	In	addition,	a	printed	Solutions	Manual	containing	detailed	solutions	for	all	of	the	textbook’s	end-of-
chapter	problems	is	available	for	purchase.	Many	of	the	products	synthesized	in	the	endoplasmic	reticulum	are	eventually	transported	to	the	Golgi	The	mitochondria	(Greek:	mitos,	thread	ϩ	chondros,	granule)	are	the	site	of	cellular	respiration	(aerobic	metabolism)	in	almost	all	eukaryotes.	In	contrast,	the	complexity	of	eukaryotes,	which	renders	them
larger	and	more	slowly	growing	than	prokaryotes,	gives	them	the	competitive	Figure	1-5	Schematic	diagram	of	an	animal	cell	accompanied	by	electron	micrographs	of	its	organelles.	Nucleic	Acid	Sequencing	176	3.	This	nitrogen	fixation	capacity	gives	them	the	simplest	nutritional	33.	Glycolysis	(Chapter	17),	glycogen	metabolism	(Chapter	18),	the
citric	acid	cycle	(Chapter	21),	and	electron	transport	and	oxidative	phosphorylation	(Chapter	22)	are	detailed	as	models	of	general	metabolic	pathways	with	emphasis	placed	on	many	of	the	catalytic	and	control	mechanisms	of	the	enzymes	involved.	Later	they	diverge	in	both	of	these	properties.	F1–ATP	synthase	Figure	22-38	854	Energy-dependent
binding	change	mechanism	for	ATP	synthesis	by	proton-translocating	ATP	synthase	Figure	22-42	857	Animated	Figure	Schematic	diagram	depicting	the	coordinated	control	Figure	22-49	of	glycolysis	and	the	citric	acid	cycle	by	ATP,	ADP,	AMP,	Pi,	Ca2ϩ,	and	the	[NADH]/[NADϩ]	ratio	(the	vertical	arrows	indicate	increases	in	this	ratio)	863	Animated
Figure	Transport	of	PEP	and	oxaloacetate	from	the	mitochondrion	to	the	cytosol	Figure	23-7	877	Animated	Figure	Pathways	of	gluconeogenesis	and	glycolysis	Figure	23-8	878	Animated	Figure	The	Cori	cycle	Figure	23-10	880	Animated	Figure	Pathway	of	dolichol-PP-oligosaccharide	synthesis	Figure	23-16	884	Animated	Figure	Energy	diagram
indicating	the	electronic	states	of	chlorophyll	and	their	most	important	modes	of	interconversion	Figure	24-4	905	Interactive	Exercise	20.	Cytochromes	c	Figure	8-42	247	Kinemage	Exercise	3-2.	13.	ix	The	old	adage	that	you	learn	a	subject	best	by	teaching	it	simply	indicates	that	learning	is	an	active	rather	than	a	passive	process.	Viral	Genetics	5	The
Origin	of	Life	A.	Powell,	Clemson	University	Scott	Gilbert,	Swarthmore	College	Alan	R.	Much	of	its	internal	variability	arises	from	the	action	of	the	cytoskeleton,	an	extensive	array	of	filaments	that	gives	the	cell	its	shape	and	the	ability	to	move	and	is	responsible	for	the	arrangement	and	internal	motions	of	its	organelles	(Fig.	The	amount	of	genetic
information	carried	by	eukaryotes	is	enormous;	for	example,	a	human	cell	has	over	700	times	the	DNA	of	E.	Engrailed	protein	homeodomain	in	complex	with	its	target	DNA	Figure	34-104	Interactive	Exercise	56.	For	example,	hereditary	information	is	encoded	and	expressed	in	an	almost	identical	manner	in	all	cellular	life.	Mechanisms	of	Enzyme
Action:	An	introduction	to	the	properties,	reaction	kinetics,	and	catalytic	mechanisms	of	enzymes.	Allosteric	Regulation	347	APPENDIX:	Derivation	of	Symmetry	Model	Equations	354	CHAPTER	11	Sugars	and	Polysaccharides	359	1.	Of	course,	a	given	organism	may	not	have	all	of	these	traits.	Life	CHAPTER	1	Prokaryotes	A.	The	large	size	of
eukaryotic	cells	results	in	their	surface-to-volume	ratios	being	much	smaller	than	those	of	prokaryotes	(the	surface	area	of	an	object	increases	as	the	square	of	its	radius,	whereas	volume	does	so	as	the	cube).	The	microfilaments	are	ϳ90-Å-diameter	fibers	that	consist	of	the	protein	actin.	Guide	to	Media	Resources	xxiii	Chapter	Media	Type	Title	26
Amino	Acid	Metabolism	Animated	Figure	The	mechanism	of	PLP-dependent	enzyme-catalyzed	Figure	26-2	transamination	1021	Animated	Figure	The	glucose–alanine	cycle	Figure	26-3	1022	Animated	Figure	The	urea	cycle	Figure	26-7	1027	Interactive	Exercise	25.	A	mouse	antibody	(Chapter	35)	Chapter	35	Molecular	Physiology	Media	Type	25.
GCN4	leucine	zipper	motif	Figure	34-64	Interactive	Exercise	53.	15.	Nitrogen	Fixation	1078	1.	❤	�	DOWNLOAD	NOW	❤	�	,	download	texts	Fundamentals	Biochemistry	4th	edition					Topics	Biochemistry,	Biomolecule	Collection	opensource	Language	English			Fundamentals	Biochemistry	4th	edition	Donald	Voet	Judith	G.	Furthermore,	the	chloroplast’s
inner	membrane	space,	the	stroma,	is	similar	to	the	mitochondrial	matrix	in	that	it	contains	many	soluble	enzymes.	Chemical	Equilibria	58	APPENDIX:	Concentration	Dependence	of	Free	Energy	61	PA	R	T	221	221	2.	At	this	point	in	our	hierarchical	descent,	we	enter	the	biochemical	realm	since	organelles	consist	of	supramolecular	assemblies,	such
as	membranes	or	fibers,	that	are	organized	clusters	of	macromolecules	(polymeric	molecules	with	molecular	masses	from	thousands	of	daltons	on	up).	The	group	I	intron	from	Tetrahymena	thermophila	Figure	31-55	1309	Interactive	Exercise	Chapter	43.	Gluconeogenesis	871	2.	Chapters	33,	34,	and	35	are	available	on	the	Book	Companion	Site
(www.wiley.com/college/voet)	with	the	same	appearance	and	level	of	detail	as	the	chapters	in	the	printed	textbook.	Cellular	Architecture	B.	Acad.	•	Test	Bank	by	Marilee	Benore,	University	of	Michigan–	Dearborn,	Dearborn,	Michigan,	and	Robert	Kane,	Baylor	University,	Waco,	Texas,	has	over	1000	questions	containing	a	variety	of	question	types
(multiple	choice,	matching,	fill	in	the	blank,	and	short	answer).	Although	prokaryotes	lack	the	membranous	subcellular	organelles	characteristic	of	eukaryotes	(Section	1-2),	their	plasma	membranes	may	be	infolded	to	form	multilayered	structures	known	as	mesosomes.	Hageman,	New	Mexico	State	University	Thomas	I.	8	Chapter	1.	Special	thanks	to
Alyson	Rentrop,	our	Associate	Editor,	who	coordinated	and	managed	an	exceptional	supplements	package,	and	to	Tom	Kulesa,	Senior	Media	Editor,	and	Marc	Wezdecki,	Media	Editor,	who	substantially	improved	and	developed	the	media	resources.	Form	and	Function	B.	Of	course	they	need	an	energy	source	to	do	so	as	well	as	to	power	their	other
functions.	Since	all	the	matter	that	enters	or	leaves	a	cell	must	somehow	pass	through	its	plasma	membrane,	the	surface	areas	of	many	eukaryotic	cells	are	increased	by	numerous	projections	and/or	invaginations	(Fig.	HEW	lysozyme	in	complex	with	(NAG)6	Figure	15-10	518	Kinemage	Exercise	9.	This	remarkable	expansion	of	our	knowledge,	the
work	of	many	thousands	of	talented	and	dedicated	scientists,	has	been	characterized	by	numerous	new	paradigms,	as	well	as	an	enormous	enrichment	of	almost	every	aspect	of	the	field.	Nucleotides	and	Nucleic	Acids	82	DNA	Is	the	Carrier	of	Genetic	Information	Double	Helical	DNA	88	Gene	Expression	and	Replication:	An	Overview	95	5.	3
BIOCHEMISTRY:	A	PROLOGUE	Biochemistry,	as	the	name	implies,	is	the	chemistry	of	life.	1-5).	Photosynthetic	reaction	center	Figure	24-11,	24-12	910,	911	Guided	Exploration	22:	Two-center	photosynthesis	(Z-scheme)	overview	Section	24-2C	913	Interactive	Exercise	22.	Furumo,	Eastern	Illinois	University	Gary	L.	Introduction	and	Background:	An
introductory	chapter	followed	by	chapters	that	review	the	properties	of	aqueous	solutions	and	the	elements	of	thermodynamics.	The	eukaryote-supplied	nutrients	consumed	by	the	bacteria	were	presumably	repaid	severalfold	by	the	highly	efficient	oxidative	metabolism	that	the	bacteria	conferred	on	the	eukaryote.	1.	BIOCHEMISTRY	2.	Figure	33-45
1463	48.	This	is	followed	by	an	outline	of	biochemistry,	a	review	of	genetics,	a	discussion	of	the	origin	of	life,	and	finally,	an	introduction	to	the	biochemical	literature.	Indeed,	scarcely	a	day	passes	without	the	report	of	a	biomedical	discovery	that	benefits	a	significant	portion	of	humanity.	Structure	of	a	complex	carbohydrate	Figure	11-32	379	Guided
Exploration	11:	Membrane	structure	and	the	fluid	mosaic	model	Figures	12-15,	12-16,	12-20	396,	397,	400	Kinemage	Exercise	8-1.Bacteriorhodopsin	Figure	12-25	403	Kinemage	Exercise	8-2.	We	therefore	frequently	illustrate	biochemical	principles	by	examples	of	normal	and	abnormal	human	physiology	and	discuss	the	mechanisms	of	action	of	a
variety	drugs.	Since	living	things	are	composed	of	inanimate	molecules,	life,	at	its	most	basic	level,	is	a	biochemical	phenomenon.	Supercoiled	DNA	1.	1-1):	spheroidal	(cocci),	rodlike	(bacilli),	and	helically	coiled	(spirilla),	but	all	have	the	same	general	design	(Fig.	1-4	indicates.	The	answers	to	the	problems	are	worked	out	in	detail	in	the	Solutions
Manual	for	this	text.	4	Chapter	1.	Metabolic	Pathways	559	2.	Raushel,	Texas	A&M	University	James	H.	3.	Motility:	Muscles,	Vesicle	Transport,	Cilia,	and	Flagella	I-1	1151	1158	CHAPTER	30	DNA	Replication,	Repair,	and	Recombination	1173	1.	69,	Benjamin	(1976).	The	upper	painting,	which	was	drawn	by	Irving	Geis	in	collaboration	with	Richard
Dickerson,	was	designed	to	show	the	influence	of	amino	acid	side	chains	on	the	protein’s	three-dimensional	folding	pattern.	This	book	is	printed	on	acid-free	paper.	They	are	estimated	to	represent	about	half	of	Earth’s	biomass.	The	GCN4	bZIP	region	in	complex	with	its	target	DNA	Figure	34-65	Interactive	Exercise	54.	Lipoproteins	418	449	1.	coli
GlnRS	�	tRNAGln	�	ATP	Figure	32-17	1353	Interactive	Exercise	44.	Kinemages	are	displayed	by	the	program	KiNG,	which	was	written	and	generously	provided	by	David	C.	x	Preface	Case	Studies:	A	set	of	33	case	studies	by	Kathleen	Cornely,	Providence	College,	Providence,	Rhode	Island,	use	problem-based	learning	to	promote	understanding	of
biochemical	concepts.	coli	and	named	after	its	discoverer,	Theodor	Escherich)	is	the	32.	Chemical	Synthesis	of	Polypeptides	205	6.	Return	instructions	and	a	free	of	charge	return	shipping	label	are	available	at	www.wiley.com/go/returnlabel.	Light-harvesting	complex	LH2	Figure	24-8	907	Interactive	Exercise	21.	NEW	TO	THIS	EDITION	Since	the
third	edition	of	Biochemistry	was	published	in	2004,	the	field	of	biochemistry	has	continued	its	phenomenal	and	rapidly	accelerating	growth.	Moreover,	the	rapid	reproductive	rate	of	prokaryotes	(optimally	Ͻ20	min	per	cell	division	for	many	species)	permits	them	to	take	advantage	of	transiently	favorable	conditions,	and	3	31.	Chapter	20	also	contains
a	discussion	of	neurotransmission	because	it	is	intimately	involved	with	membrane	transport.	Chemical	Evolution	C.	The	subsequent	extension	of	allosteric	theory	to	enzymology	in	Chapter	13	is	then	a	straightforward	matter.	This	textbook	is	a	distillation	of	our	experiences	in	teaching	undergraduate	and	graduate	students	at	the	University	of
Pennsylvania	and	Swarthmore	College	and	is	intended	to	provide	such	students	with	a	thorough	grounding	in	biochemistry.	Hemoglobin	and	Myoglobin	Function	2.	e.	Amino	Acid	Biosynthesis	1064	6.	However,	recent	evidence	indicates	that	ϳ40%	of	the	microorganisms	in	the	oceans	are	Archaea,	and	hence	they	may	be	the	most	common	form	of	life
on	Earth.	D-Glucopyranose	Figure	11-5,	11-7	362,	363	Kinemage	Exercise	7-2.	coli	cell	contains	3	to	6	thousand	different	types	of	molecules,	including	proteins,	nucleic	acids,	polysaccharides,	lipids,	and	various	small	molecules	and	ions	(Table	1-1).	Price,	University	of	Michigan	Guido	Guidotti,	Harvard	University	Paul	Price,	University	of	California	at
San	Diego	James	H.	Thermodynamics	of	Phosphate	Compounds	578	5.	Ferredoxin–NADPϩ	reductase	Figure	24-28	924	Animated	Figure	The	Calvin	cycle	Figure	24-31	929	Animated	Figure	24	Title	Animated	Figure	23	Other	Pathways	of	Carbohydrate	Metabolism	Media	Type	Interactive	Exercise	Chapter	Probable	mechanism	of	the	carboxylation
reaction	catalyzed	with	RuBP	carboxylase	Figure	24-34	931	Animated	Figure	The	-oxidation	pathway	of	fatty	acyl-CoA	Figure	25-12	947	Interactive	Exercise	23.	The	bacterium	Escherichia	coli	(abbreviated	E.	Medium-chain	acyl-CoA	dehydrogenase	from	pig	liver	mitochondria	in	complex	with	octanoyl-CoA	Figure	25-13	948	Interactive	Exercise	24.
Metabolic	Breakdown	of	Individual	Amino	Acids	1029	4.	How	do	proteins	work;	that	is,	what	are	the	molecular	mechanisms	of	enzymatic	catalysis,	how	do	receptors	recognize	and	bind	specific	molecules,	and	what	are	the	intramolecular	and	intermolecular	mechanisms	by	which	receptors	transmit	information	concerning	their	binding	states?
Biological	Structures	The	elucidation	of	the	mechanism	of	cellular	differentiation	in	eukaryotes	is	one	of	the	major	long-range	goals	of	modern	biochemistry.	Photosynthetic	reaction	center	(RC)	from	Rb.	sphaeroides	Figure	24-11	910	Kinemage	Exercise	8-2.	Major	Pathways	and	Strategies	of	Energy	Metabolism:	A	Summary	1088	2.	The	Cytoskeleton
Organizes	the	Cytosol	The	cytosol,	far	from	being	a	homogeneous	solution,	is	a	highly	organized	gel	that	can	vary	significantly	in	its	composition	throughout	the	cell.	Used	by	permission.]	advantage	in	stable	environments	with	limited	resources	(Fig.	11.	Biological	Structures	B.	For	example,	mules,	which	are	obviously	alive,	rarely	reproduce.	The
cytoplasm,	which	occupies	the	middle	region	of	the	drawing,	is	predominantly	filled	with	ribosomes	engaged	in	protein	synthesis	(Section	32-3).	Protein	Structure	Prediction	and	Design	278	302	4.	However,	the	inner	chloroplast	membrane	is	not	folded	Figure	1-9	Drawing	of	a	plant	cell	accompanied	by	electron	micrographs	of	its	organelles.	We	have
chosen	this	order	so	that	students	will	not	feel	that	proteins	are	somehow	“pulled	out	of	a	hat.”	Nevertheless,	Chapter	6	has	been	written	as	a	resource	chapter	to	be	consulted	repeatedly	as	the	need	arises.	This	page	intentionally	left	blank	30.	Without	creativity,	however,	these	tools	have	little	use.	Eukaryotes	and	prokaryotes	have	developed
according	to	fundamentally	different	evolutionary	strategies.	14	Chapter	1.	This	observation	supports	the	classical	notion	that	eukaryotes	are	descended	from	a	highly	developed	prokaryote,	possibly	a	mycoplasma.	1-11).	16	Chapter	1.	482	2.	The	reverse	of	endocytosis,	a	process	termed	exocytosis,	is	a	common	eukaryotic	secretory	mechanism.	The
earliest	known	microfossils	of	eukaryotes	date	from	ϳ1.4	billion	years	ago,	some	2.4	billion	years	after	life	arose.	Thus,	we	are	particularly	grateful	to	the	many	readers	of	previous	editions,	students	and	faculty	alike,	who	have	taken	the	trouble	to	write	us	with	suggestions	on	how	to	improve	the	textbook	and	to	point	out	errors	they	have	found.	This
book	was	typeset	in	10/12	Times	Ten	Roman	at	Aptara®,	Inc.	Deoxy	myoglobin	Figure	8-39	245	Interactive	Exercise	3.	T.	There	are	two	major	classifications	of	cells:	the	eukaryotes	(Greek:	eu,	good	or	true	ϩ	karyon,	kernel	or	nut),	which	have	a	membraneenclosed	nucleus	encapsulating	their	DNA	(deoxyribonucleic	acid);	and	the	prokaryotes	(Greek:
pro,	before),	which	lack	this	organelle.	B.	Glycogen	Figure	18-2	640	Kinemage	Exercise	14-2,	14-3.	Techniques	of	protein	purification	are	described	in	a	separate	chapter	(Chapter	6)	that	precedes	the	discussions	of	protein	structure	and	function.	Although	science	is	widely	portrayed	as	an	impersonal	subject,	it	is,	in	fact,	a	discipline	shaped	through
the	often	idiosyncratic	efforts	of	individual	scientists.	Student	and	Instructor	Resources	9.	Sucrose	Figure	11-13	367	Kinemage	Exercise	7-3.		pleated	sheets	Figure	8-44	249	Interactive	Exercise	5.	First	Law	of	Thermodynamics:	Energy	Is	Conserved	52	2.	Cells	of	this	normal	inhabitant	of	the	higher	mammalian	colon	(Fig.	Expression	and	Transmission
of	Genetic	Information:	An	expansion	of	the	discussion	of	nucleic	acid	structure	that	is	given	in	Part	II	followed	by	an	exposition	of	both	prokaryotic	and	eukaryotic	molecular	biology.	1-6).	Basic	thermodynamic	principles—	enthalpy,	entropy,	free	energy,	and	equilibrium—are	discussed	in	Chapter	3	because	these	subjects	are	prerequisites	for
understanding	structural	biochemistry,	enzyme	mechanisms,	and	kinetics.	coli	cell	contains	some	3	to	6	thousand	different	compounds,	most	of	which	are	unique	to	E.	Life	into	cristae.	Properties	of	Lipid	Aggregates	386	393	135	xiii	13.	Many	bacterial	cells	bear	one	or	more	whiplike	appendages	known	as	flagella,	which	are	used	for	locomotion
(Section	35-3I).	Tobacco	Mosaic	Virus	W-3	Icosahedral	Viruses	W-8	Bacteriophage		W-20	Influenza	Virus	W-40	*CHAPTER	34	Eukaryotic	Gene	Expression	1.	Bishop,	Bucknell	University	Robert	Blankenshop,	Arizona	State	University	Charles	L.	Eicosanoid	Metabolism:	Prostaglandins,	5.	The	root	of	the	tree	represents	the	last	common	ancestor	of	all
life	on	Earth.	Evaluation	copies	are	provided	to	qualified	academics	and	professionals	for	review	purposes	only,	for	use	in	their	courses	during	the	next	academic	year.	Indeed,	these	early	embryos	are	similar	in	size	and	anatomy	even	though	their	respective	adult	forms	are	vastly	different	in	these	characteristics.	Each	question	is	rated	by	difficulty.
Bacterial	Genetics	E.	For	example,	skin	in	higher	animals	contains	an	extensive	network	of	intermediate	filaments	made	of	the	protein	keratin	(Section	8-2A),	which	is	largely	(a)	(b)	(c)	(d)	Figure	1-8	Immunofluorescence	micrographs	showing	cytoskeletal	components.	Mendelian	Inheritance	C.	Enzymes	of	Replication	1176	*Chapters	33,	34,	and	35
are	available	on	our	book	companion	website,	www.wiley.com/college/voet.	7,	128	(1982).	The	enzymes	that	catalyze	the	reactions	of	respiration	are	components	of	either	the	gel-like	matrix	or	the	inner	mitochondrial	membrane.	When	continuing	in	its	tradition	of	presenting	balanced	and	total	policy	that	is	clearly	written	and	associated	with	human
health	and	illness,	Fundamentals	of	Biochemistry,	5e	integrates	new	pedagogy	and	improved	graphics	offering	a	pathway	for	student	learning.	Life	Peroxisomes	(also	known	as	microbodies)	are	membrane-enclosed	organelles,	typically	0.5	m	in	diameter,	that	contain	oxidative	enzymes.They	are	so	named	because	some	peroxisomal	reactions	generate
hydrogen	peroxide	(H2O2),	a	reactive	substance	that	is	either	utilized	in	the	enzymatic	oxidation	of	other	substances	or	degraded	through	a	disproportionation	reaction	catalyzed	by	the	enzyme	catalase:	2	H2O2	¡	2	H2O	ϩ	O2	It	is	thought	that	peroxisomes	function	to	protect	sensitive	cell	components	from	oxidative	attack	by	H2O2.	Human	cyclin-
dependent	kinase	2	(Cdk2)	Figure	34-109	Interactive	Exercise	57.	Jaworski,	Miami	University	Allen	Scism,	Central	Missouri	State	University	William	P.	Voet	STUDENT	AND	INSTRUCTOR	RESOURCES	The	Book	Companion	Site	for	Biochemistry	(www.wiley.com/college/voet)	provides	online	resources	for	both	students	and	instructors.	Experimental
Approaches	to	the	Study	of	Metabolism	569	4.	Life	Gill	pouches	remarkable	similarity	in	their	biochemistry	that	provides	a	unifying	theme	with	which	to	study	them.	The	insulin	receptor	Figure	19-28	702	Animated	Figure	The	Ras-activated	MAP	kinase	cascade	Figure	19-40	712	Animated	Figure	Role	of	PIP2	in	intracellular	signaling	Figure	19-54	726
Animated	Figure	Alternating	conformation	model	for	glucose	transport	Figure	20-10	751	Animated	Figure	Regulation	of	glucose	uptake	in	muscle	and	fat	cells	Figure	20-11	751	Interactive	Exercise	14.	A	flagellum	(lower	right)	is	driven	by	a	motor	anchored	in	the	inner	membrane	(Section	35-3I).	Repressor–DNA	interactions	Figure	31-32	1289
Interactive	Exercise	40.	Eukaryotic	Replication	975	xv	1190	1201	7.	We	assume	that	students	who	use	this	textbook	have	had	the	equivalent	of	one	year	of	college	chemistry	and	sufficient	organic	chemistry	so	that	they	are	familiar	with	basic	principles	and	nomenclature.	Lysosomes	and	Peroxisomes	Are	Containers	of	Degradative	Enzymes
Lysosomes,	which	were	discovered	in	1949	by	Christian	de	Duve,	are	organelles	bounded	by	a	single	membrane	that	are	of	variable	size	and	morphology,	although	most	have	diameters	in	the	range	0.1	to	0.8	m.	Cytological	investigations	have	revealed	that	lysosomes	form	by	budding	from	the	Golgi	apparatus.	Oxidation–Reduction	Reactions	583	6.
Chromatographic	Separations	129	CHAPTER	12	Lipids	and	Membranes	1.	Techniques	of	nucleic	acid	purification	are	also	discussed	in	that	chapter	for	the	abovedescribed	reasons.	THEMES	In	writing	this	textbook	we	have	emphasized	several	themes.	Indeed,	these	advances	have	affected	our	everyday	lives	in	that	they	have	changed	the	way	that
medicine	is	practiced,	the	way	that	we	protect	our	own	health,	and	the	way	in	which	food	is	produced.	Much	of	this	text	is	concerned	with	the	manner	in	which	living	organisms	exhibit	these	properties.	Schistosoma	mansoni	hammerhead	ribozyme	Figure	31-57	1311	Guided	Exploration	26:	The	structure	of	tRNA	Section	32-2A,	B	1345,	1346	Kinemage
Exercise	19-1,	19-2.	Inhibition	492	4.	Collagen	Figure	8-26	235	Kinemage	Exercise	Figure	8-29,	8-30	237	Kinemage	Exercise	6-1.	Control	of	Glycogen	Metabolism	PA	R	T	4.	Facultative	anaerobes	such	as	E.	In	this	way	we	deal	with	the	widespread	concern	that	these	novel	methods	of	stimulating	student	learning	tend	to	significantly	diminish	course
content.	This	organization	permits	us	to	cover	the	major	areas	of	biochemistry	in	a	logical	and	coherent	fashion.Yet,	modern	biochemistry	is	a	subject	of	such	enormous	scope	that	to	maintain	a	relatively	even	depth	of	coverage	throughout	the	text,	we	include	more	material	than	most	one-year	biochemistry	courses	will	cover	in	detail.	Certain	plants
contain	a	specialized	type	of	peroxisome,	the	glyoxysome,	so	named	because	it	is	the	site	of	a	series	of	reactions	that	are	collectively	termed	the	glyoxylate	pathway	(Section	23-2).	Students	should	realize,	however,	that	most	of	the	work	described	could	not	have	been	done	without	the	dedicated	and	often	indispensable	efforts	of	numerous	coworkers.
Structure	of	calmodulin	Figure	18-17,	18-18	656	Kinemage	Exercise	16-2.	Transfer	RNA	and	Its	Aminoacylation	CHAPTER	27	Energy	Metabolism:	3.	Life	Figure	1-14	Example	of	the	hierarchical	organization	of	biological	structures.	Pynadath,	Kent	State	University	Lowell	Hager,	University	of	Illinois	at	Urbana–Champaign	Frank	M.	Structural
overview	of	a	trypsin/inhibitor	complex	Figure	15-19	528	Guided	Exploration	12:	The	catalytic	mechanism	of	serine	proteases	Section	15-3C	531	Kinemage	Exercise	10-2.	1-7).	The	third	major	cytoskeletal	component,	the	intermediate	filaments,	are	protein	fibers	that	are	100	to	150	Å	in	diameter.	Life	conversely,	the	ability	of	many	bacteria	to	form
resistant	spores	allows	them	to	survive	adverse	conditions.	Synthesis	of	Pyrimidine	Ribonucleotides	1114	3.	PREFACE	Biochemistry	is	a	field	of	enormous	fascination	and	utility,	arising,	no	doubt,	from	our	own	self-interest.	Further	advances	in	this	rapidly	expanding	field	of	knowledge	will	no	doubt	lead	to	even	more	spectacular	gains	in	our	ability	to
understand	nature	and	to	control	our	destinies.	•	Classroom	Response	Questions	(“clicker	questions”)	by	Rachel	Milner	and	Adrienne	Wright,	University	of	Alberta,	Edmonton,	Alberta,	Canada,	are	interactive	questions	for	classroom	response	systems,	to	facilitate	classroom	participation	and	discussion.	The	programs	of	growth,	differentiation,	and
development	followed	by	multicellular	animals	(the	metazoa)	in	their	transformation	from	fertilized	ova	to	adult	organisms	provide	a	remarkable	indication	of	this	evolutionary	history.	Section	1-3.	3	Biochemistry:	A	Prologue	A.	New	and	improved	methodologies	such	as	DNA	microarrays,	rapid	DNA	sequencing,	RNAi,	cryoelectron	microscopy,	mass
spectrometry,	single	molecule	techniques,	and	robotic	devices	are	now	routinely	used	in	the	laboratory	to	answer	questions	that	seemed	entirely	out	of	reach	a	decade	ago.	12	Chapter	1.	Lysozyme	Figure	15-10,	15-12,	15-14,	518,	519,	521	Animated	Figure	Chair	and	half-chair	conformations	Figure	15-11	519	Kinemage	Exercise	10-1.	Methylmalonyl-
CoA	mutase	Figure	25-22	955	Animated	Figure	Comparison	of	fatty	acid		oxidation	and	fatty	acid	biosynthesis	Reaction	cycle	for	the	biosynthesis	of	fatty	acids	Figure	25-29	962	Figure	25-32	964	Figure	25-60	986	Photosynthesis	25	Lipid	Metabolism	Animated	Figure	Animated	Figure	LDL	receptor-mediated	endocytosis	in	mammalian	cells	22.
Max(22-113)	dimer	in	complex	with	its	target	DNA	Figure	34-66	Interactive	Exercise	55.	Bioinformatics	Exercises:	A	set	of	exercises	cover	the	contents	and	uses	of	databases	related	to	nucleic	acids,	protein	sequences,	protein	structures,	enzyme	inhibition,	and	other	topics.	Triose	phosphate	isomerase	Figure	8-19	231	Kinemage	Exercise	3-4.	8.	coli,
and	living	things	in	general,	contain	only	a	few	different	types	of	macromolecules:	proteins	(Greek:	proteios,	of	first	importance;	a	term	coined	in	1838	by	Jacob	Berzelius),	nucleic	acids,	and	polysaccharides	(Greek:	sakcharon,	sugar).	Phospholipid	and	Glycolipid	Metabolism	1004	6.	Adenosine	deaminase	Figure	28-24	1131	Guided	Exploration	23:
DNA	structures	Section	29-1	1145	Kinemage	Exercise	17-1,	17-4,	17-5,	17-6.	In	fact,	eukaryotic	structure	and	function	are	more	complex	than	those	of	prokaryotes	at	all	levels	of	organization,	from	the	molecular	level	on	up.	Hyaluronic	acid	Figure	11-21	371	Kinemage	Exercise	Chapter	7-4.	Integration	and	Organ	Specialization	1088	1.	Eukaryotes	9
apparatus	(named	after	Camillo	Golgi,	who	first	described	it	in	1898),	a	stack	of	flattened	membranous	sacs	in	which	these	products	are	further	processed	(Section	23-3B).	Control	of	ATP	Production	IV	METABOLISM	789	Metabolic	Sources	of	Acetyl-Coenzyme	A	Enzymes	of	the	Citric	Acid	Cycle	806	Regulation	of	the	Citric	Acid	Cycle	815	The
Amphibolic	Nature	of	the	Citric	Acid	Cycle	817	1.	Fermentation:	The	Anaerobic	Fate	of	Pyruvate	614	4.	There	is	no	separate	chapter	on	coenzymes.	In	the	most	widespread	form	of	photosynthesis,	the	electron	donor	in	the	light-driven	reaction	sequence	is	H2O.	Nucleotide	Degradation	1130	5.	Form	and	Function	Prokaryotes	are	the	most	numerous
and	widespread	organisms	on	Earth.	The	Nucleus	Contains	the	Cell’s	DNA	The	nucleus,	the	eukaryotic	cell’s	most	conspicuous	organelle,	is	the	repository	of	its	genetic	information.	Evolutionary	comparison	of	trypsin,	chymotrypsin,	and	subtilisin	Figure	15-22	531	14	Rates	of	Enzymatic	Reactions	15	Enzymatic	Catalysis	19.	In	the	most	widely	used
prokaryotic	classification	scheme,	the	prokaryotae	(also	known	as	monera)	have	two	divisions:	the	cyanobacteria	and	the	bacteria.	Cholesterol	Metabolism	3.	has	been	a	valued	source	of	knowledge	and	understanding	for	more	than	200	years,	helping	people	around	the	world	meet	their	needs	and	fulfill	their	aspirations.	GUIDE	TO	MEDIA
RESOURCES	The	book	website	(www.wiley.com/college/voet)	offers	the	following	resources	to	enhance	student	understanding	of	biochemistry.	14.	5.	These	observations	led	to	the	now	widely	accepted	hypothesis	championed	by	Lynn	Margulis	that	mitochondria	evolved	from	originally	freeliving	gram-negative	aerobic	bacteria,	which	formed	a
symbiotic	relationship	with	a	primordial	anaerobic	eukaryote.	Guided	Explorations:	30	self-contained	presentations,	many	with	narration,	employ	extensive	animated	com-	puter	graphics	to	enhance	student	understanding	of	key	topics.	Guide	to	Media	Resources	xix	Chapter	Media	Type	Title	Text	Reference	Page	13	Introduction	to	Enzymes	Animated
Figure	The	rate	of	the	reaction	catalyzed	by	ATCase	as	a	function	of	aspartate	concentration	Figure	13-5	475	Kinemage	Exercise	11-1.	By	the	analysis	of	ribosomal	RNA	sequences,	Carl	Woese	showed	that	a	group	of	prokaryotes	he	named	the	Archaea	(also	known	as	the	archaebacteria)	are	as	distantly	related	to	the	other	prokaryotes,	the	Bacteria
(also	called	the	eubacteria),	as	both	of	these	groups	are	to	the	Eukarya	(the	eukaryotes).	and	printed	and	bound	by	Courier/Kendallville.	[After	Wheelis,	M.L.,	Kandler,	O.,	and	Woese,	C.R.,	Proc.	Complex	III	Figure	22-23	840	Interactive	Exercise	18.	Chromosome	Structure	2.	940	Lipid	Digestion,	Absorption,	and	Transport	Fatty	Acid	Oxidation	945
Ketone	Bodies	959	Fatty	Acid	Biosynthesis	961	940	14.	Conversely,	inanimate	matter	may	exhibit	some	lifelike	properties.	Presumably	this	quantity	of	genetic	information	approaches	the	minimum	amount	necessary	to	specify	the	essential	metabolic	machinery	required	for	cellular	life.	Downum,	Florida	International	University	William	A.	This	chapter
introduces	allosteric	theory	to	explain	the	cooperative	nature	of	hemoglobin	oxygen	binding.	Amino	Acids	as	Biosynthetic	Precursors	5.	Acknowledgments	Paul	Fitzpatrick,	Texas	A&M	University	Scott	Moore,	Boston	University	Robert	Fletterick,	University	of	California	at	San	Francisco	Harry	F.	Cycle	Overview	506	Catalytic	Mechanisms	506
Lysozyme	517	Serine	Proteases	525	Drug	Design	539	2.	“Hot	wire”	DNA	illuminated	by	its	helix	axis.	Interactive	Exercises:	58	molecular	structures	from	the	text	have	been	rendered	in	Jmol	by	Stephen	Rouse.	The	differences	between	eukaryotes	and	modern	prokaryotes,	however,	are	so	profound	as	to	render	this	hypothesis	improbable.	7.	2
EUKARYOTES	Eukaryotic	cells	are	generally	10	to	100	m	in	diameter	and	thus	have	a	thousand	to	a	million	times	the	volume	of	typical	prokaryotes.	Apparently	chloroplasts,	much	like	mitochondria,	evolved	from	an	ancient	cyanobacterium	that	took	up	symbiotic	residence	in	an	ancestral	nonphotosynthetic	eukaryote.	Nevertheless,	the	basic
organization	of	the	fourth	edition	remains	the	same	as	that	of	the	third	edition.	Pratt			DOWNLOAD	OPTIONS	download	1	file	ABBYY	GZ	download	download	1	file	DAISY	download	For	print-disabled	users	download	1	file	EPUB	download	download	1	file	.	The	Amino	Acids	of	Proteins	2.	The	text	is	organized	into	five	parts:	I.	1-12).	xviii	Guide	to	Media
Resources	Title	Text	Reference	Page	Oxygen-dissociation	curves	of	Mb	and	of	Hb	in	whole	blood	Figure	10-3	326	Animated	Figure	The	effects	of	BPG	and	CO2,	both	separately	and	combined,	on	hemoglobin’s	O2-dissociation	curve	compared	with	that	of	whole	blood	(red	curve)	Figure	10-8	330	Kinemage	Exercise	6-1.	Joan	Kalkut,	our	Editor,	skillfully
organized	and	managed	the	entire	project.	coli	cell	magnified	around	one	millionfold.	The	order	in	which	the	subject	matter	of	the	text	is	presented	more	or	less	parallels	that	of	most	biochemistry	courses.	Guide	to	Media	Resources	xxv	Title	Text	Reference	Page	Interactive	Exercise	33	Viruses:	Paradigms	for	Interactive	Exercise	Cellular	Functions
47.	Oxidative	Phosphorylation	4.	Both	types	of	organisms	are	well	adapted	to	their	respective	lifestyles.	Glycoproteins	373	CHAPTER	6	Techniques	of	Protein	and	Nucleic	Acid	Purifications	1.	a.	This	is	because	their	varied	and	often	highly	adaptable	metabolisms	suit	them	to	an	enormous	variety	of	habitats.	Protein	Isolation	129	2.	Spirillum	a.	X-ray
structure	of	E.	A	spirochete	Anabaena	(a	cyanobacterium)	Escherichia	coli	Large	Bacillus	Staphylococcus	Rickettsia	Three	species	of	Mycoplasma	10	µm	Figure	1-1	Scale	drawings	of	some	prokaryotic	cells.	These	exercises,	written	by	Paul	Craig,	Rochester	Institute	of	Technology,	Rochester,	New	York,	use	real	data	sets,	pose	specific	questions,	and
prompt	students	to	obtain	information	from	online	databases	and	to	access	the	software	tools	for	analyzing	such	data.	Section	1-2.	IV.	The	Mitochondrion	PA	R	T	671	Hormones	671	Heterotrimeric	G	Proteins	688	Tyrosine	Kinase–Based	Signaling	699	The	Phosphoinositide	Cascade	725	Membranes	482	1.	Conformational	changes	in	ATCase	Figure	13-9
478	Guided	Exploration	12:	Michaelis–Menten	kinetics,	Lineweaver-Burk	plots,	and	enzyme	inhibition	Section	14-2	487	Animated	Figure	Progress	curves	for	the	components	of	a	simple	Michaelis–Menten	reaction	Figure	14-7	488	Animated	Figure	Plot	of	the	initial	velocity	vo	of	a	simple	Michaelis–Menten	reaction	versus	the	substrate	concentration
[S]	Figure	14-8	489	Animated	Figure	A	double-reciprocal	(Lineweaver–Burk)	plot	Figure	14-9	490	Animated	Figure	Lineweaver–Burk	plot	of	the	competitively	inhibited	Michaelis–Menten	enzyme	described	by	Fig.	Cell	Differentiation	PA	R	T	*CHAPTER	35	Molecular	Physiology	V	EXPRESSION	AND	TRANSMISSION	OF	GENETIC	INFORMATION	1143
CHAPTER	29	Nucleic	Acid	I	NDEX	Structures	1145	1.	The	extra	effort	the	student	must	make	in	following	such	a	treatment,	we	believe,	is	handsomely	repaid	since	it	engenders	the	critical	attitudes	required	for	success	in	any	scientific	endeavor.	Thermodynamics	of	Life	586	CHAPTER	17	Glycolysis	CHAPTER	24	Photosynthesis	901	1.	Biosynthesis	of
Oligosaccharides	and	Glycoproteins	880	4.	Hemoglobin	structure	Figure	10-15,	10-16	336	Animated	Figure	Triggering	mechanism	for	the	T	S	R	transition	of	Hb	Figure	10-16	336	Kinemage	Exercise	6-5.	Scott	Champney,	East	Tennessee	State	University	Paul	F.	It	is	not	size,	however,	but	a	profusion	of	membrane-enclosed	organelles,	each	with	a
specialized	34.	Only	by	thinking	long	and	hard	for	themselves	can	students	make	a	body	of	knowledge	truly	their	own.	Although	biochemistry	is	a	highly	diverse	field,	it	is	largely	concerned	with	a	limited	number	of	interrelated	issues.	Chemical	Evolution	185	CHAPTER	2	Aqueous	Solutions	A	Review	CHAPTER	7	Covalent	Structures	of	Proteins	and
Nucleic	Acids	Prokaryotes	3	Eukaryotes	6	Biochemistry:	A	Prologue	14	Genetics:	A	Review	19	The	Origin	of	Life	28	The	Biochemical	Literature	34	1.	Consideration	of	membrane	transport	(Chapter	20)	precedes	that	of	mitochondrially	based	metabolic	pathways	such	as	the	citric	acid	cycle,	electron	transport,	and	oxidative	phosphorylation.	Meyer,
California	State	University	at	Fullerton	Ronald	Montelaro,	Louisiana	State	University	William	Sweeney,	Hunter	College	John	Tooze,	European	Molecular	Biology	Organization	Mary	Lynn	Trawick,	Baylor	University	Francis	Vella,	University	of	Saskatchewan	Harold	White,	University	of	Delaware	William	Widger,	University	of	Houston	Ken	Willeford,
Mississippi	State	University	Lauren	Williams,	Georgia	Institute	of	Technology	Jeffery	T.	Moreover,	the	eukaryotic	definition	of	a	species	as	a	population	that	can	interbreed	is	meaningless	for	the	asexually	reproducing	prokaryotes.	Thus,	as	Fig.	Certain	bacteria	also	have	filamentous	projections	named	pili,	some	types	of	which	function	as	conduits	for
DNA	during	sexual	conjugation	(a	process	in	which	DNA	is	transferred	from	one	cell	to	another;	prokaryotes	usually	reproduce	by	binary	fission)	or	aid	in	the	attachment	of	the	bacterium	to	a	host	organism’s	cells.	The	great	variation	in	properties	observed	among	macromolecules	of	each	type	largely	arises	from	the	enormous	number	of	ways	its
monomeric	units	can	be	arranged	and,	in	many	cases,	derivatized.	The		repressor.	They	are	all	keyed	to	figures	or	sections	in	the	text	and	called	out	in	the	text	with	a	red	mouse	icon	.	Guide	to	Media	Resources	xxi	Chapter	Media	Type	Title	Text	Reference	Page	19	Signal	Transduction	Interactive	Exercise	11.	No	part	of	this	publication	may	be
reproduced,	stored	in	a	retrieval	system	or	transmitted	in	any	form	or	by	any	means,	electronic,	mechanical,	photocopying	recording,	scanning	or	otherwise,	except	as	permitted	under	Sections	107	or	108	of	the	1976	United	States	Copyright	Act,	without	either	the	prior	written	permission	of	the	Publisher	or	authorization	through	payment	of	the



appropriate	per-copy	fee	to	the	Copyright	Clearance	Center,	222	Rosewood	Drive,	Danvers,	MA	01923,	(978)	750-8400,	fax	(978)	646-8600.	Each	case	presents	data	from	the	literature	and	asks	questions	that	require	students	to	apply	principles	to	novel	situations	often	involving	topics	from	multiple	chapters	in	the	textbook.	This	page	intentionally	left
blank	26.	For	example,	the	number	of	known	protein	and	nucleic	acid	structures	as	determined	by	X-ray	and	NMR	techniques	has	increased	by	over	3-fold.	Human	growth	hormone	(hGH)	in	complex	with	two	molecules	of	its	receptor’s	extracellular	domain	(hGHbp)	Figure	19-10	684	Guided	Exploration	16:	Mechanisms	of	hormone	signaling	involving
the	adenylate	cyclase	system	Section	19-2A	688	Interactive	Exercise	12.	Chloroplasts	Are	the	Site	of	Photosynthesis	in	Plants	39.	b.	Metabolic	aspects	of	thermodynamics—the	thermodynamics	of	phosphate	compounds	and	oxidation–reduction	reactions—are	presented	in	Chapter	16	since	knowledge	of	these	subjects	is	not	required	until	the	chapters
that	follow.	Figure	1-10	Drawings	of	some	human	cells.	Yeast	GAL4	DNA-binding	domain	in	complex	with	its	target	DNA	Figure	34-63	Kinemage	Exercise	21-1.	Consequently,	the	conventional	prokaryotic	classification	schemes	are	rather	arbitrary	and	lack	the	implied	evolutionary	relationships	of	the	eukaryotic	classification	scheme	(Section	1-2B).
Eaton,	National	Institutes	of	Health	David	Eisenberg,	University	of	California	at	Los	Angeles	Jeffrey	Evans,	University	of	Southern	Mississippi	David	Fahrney,	Colorado	State	University	10.	Membrane	Assembly	and	Protein	Targeting	5.	A	large	portion	of	this	organelle,	called	the	rough	endoplasmic	reticulum,	is	studded	with	ribosomes	that	are
engaged	in	the	synthesis	of	proteins	that	are	either	membrane-bound	or	destined	for	secretion.	The	␣	helix	Figure	8-11,	8-12	226,	227	and	Buffers	4	Amino	Acids	Guided	Exploration	8	ThreeDimensional	Structures	of	Proteins	xvi	16.	We	wish	especially	to	thank	those	colleagues	who	reviewed	this	textbook,	in	both	its	current	and	earlier	editions,	and
provided	us	with	their	prudent	advice:	Joseph	Babitch,	Texas	Christian	University	E.J.	Berhman,	Ohio	State	University	Karl	D.	The	figures	and	tables	are	also	available	for	importing	individually	as	jpeg	files	from	the	Wiley	Image	Gallery.	Expression	and	Transmission	of	Genetic	Information	4	Genetics:	A	Review	A.	coli	trp	repressor–operator–
tryptophan	complex	Figure	31-34	1290	Interactive	Exercise	41.	The	latter	are	further	subdivided	into	19	parts	based	on	their	various	distinguishing	characteristics,	most	notably	cell	structure,	metabolic	behavior,	and	staining	properties.	Comparison	of	chymotrypsin	with	chymotrypsinogen	Figure	15-28	538	Interactive	Exercise	17	Glycolysis	Media
Type	Kinemage	Exercise	Chapter	7.	They	form	the	sup-	portive	framework	that	guides	the	movements	of	organelles	within	a	cell.	Suzanne	Ingrao,	our	Production	Coordinator,	skillfully	managed	the	production	of	the	textbook.	This	information	is	encoded	in	the	base	sequences	of	DNA	molecules	that	form	the	discrete	number	of	chromosomes
characteristic	of	each	species.	Conformational	changes	in	glycogen	phosphorylase	Figure	18-11	649	Guided	Exploration	16:	Control	of	glycogen	breakdown	Figure	18-14	652	Animated	Figure	Schematic	diagram	of	the	major	enzymatic	modification/demodification	systems	involved	in	the	control	of	glycogen	metabolism	in	muscle	Figure	18-14	652
Interactive	Exercise	10.	Human	ubiquitin	Figure	32-75	1409	24.	Glyceraldehyde-3-phosphate	dehydrogenase	Figure	8-45	249	Animated	Figure	ing,	Dynamics,	and	Structural	Evolution	Title	Guided	Exploration	Guided	Exploration	9	Protein	Fold-	Media	Type	Animated	Figure	Chapter	Some	possible	symmetries	of	proteins	with	identical	protomers
Figure	8-65	268	Animated	Figure	Reactions	catalyzed	by	protein	disulfide	isomerase	(PDI)	Figure	9-15	290	Guided	Exploration	10:	Protein	Evolution	Section	8-6A	316	5-1.	Such	observations	led	Ernst	Haeckel	to	formulate	his	famous	(although	overstated)	dictum:	Ontogeny	recapitulates	phylogeny	(ontogeny:	biological	development).	Heterotrophs
(Greek:	hetero,	other)	obtain	energy	through	the	oxidation	of	organic	compounds	and	hence	are	ultimately	dependent	on	autotrophs	for	these	substances.	A	simpler	classification	scheme,	which	is	based	on	cell	wall	properties,	distinguishes	three	major	types	of	prokaryotes:	the	mycoplasmas,	the	gram-positive	bacteria,	and	the	gram-negative	bacteria.
Chapter	Media	Type	Title	Text	Reference	Page	2	Acids,	Bases,	Animated	Figure	Acid-base	titration	curves	of	1-L	solutions	of	1M	acetic	acid,	H2POϪ,	and	NHϩ	by	a	strong	base	4	4	Figure	2-11	47	Animated	Figure	Titration	curve	of	a	1-L	solution	of	1M	H3PO4	Figure	2-13	49	Animated	Figure	Titration	curve	of	glycine	Figure	4-6	72	5	Nucleic	Acids,
Kinemage	Exercise	2.1.	B-DNA	Figure	5-11	89	Gene	Expression,	and	Recombinant	DNA	Technology	Interactive	Exercise	1.	Heterotrimetric	G	protein	Figure	19-19	694	Guided	Exploration	17.	Kuchta,	University	of	Colorado,	Boulder	Thomas	Laue,	University	of	New	Hampshire	Albert	Light,	Purdue	University	Dennis	Lohr,	Arizona	State	University
Larry	Louters,	Calvin	College	Robert	D.	Yet,	successfully	working	out	such	problems	can	be	one	of	the	most	rewarding	aspects	of	the	learning	process.	Hammons,	Swarthmore	College	xi	Ivan	Rayment,	University	of	Wisconsin	John	Ohlsson,	University	of	Colorado	Edward	Harris,	Texas	A&M	University	Frederick	Rudolph,	Rice	University	Angela
Hoffman,	University	of	Portland	Raghupathy	Sarma,	State	University	of	New	York	at	Stony	Brook	Ralph	A.	Norman	Horowitz,	however,	proposed	a	useful	set	of	criteria	for	living	systems:	Life	possesses	the	properties	of	replication,	catalysis,	and	mutability.	Donald	Voet	Judith	G.	Microfilaments,	as	do	microtubules,	have	a	mechanically	supportive
function.	Plant	Cells	Are	Enclosed	by	Rigid	Cell	Walls	Plant	cells	(Fig.	RNA	Polymerase	1265	3.	On	the	basis	of	a	number	of	fundamental	biochemical	traits	that	differ	among	the	Archaea,	the	Bacteria,	and	the	Eukarya,	but	that	are	common	within	each	group,	Woese	proposed	that	these	groups	of	organisms	constitute	the	three	primary	urkingdoms	or
domains	of	evolutionary	descent	(rather	than	the	traditional	division	into	prokaryotes	and	eukaryotes).	The	most	conspicuous	cytoskeletal	components,	the	microtubules,	are	ϳ250-Å-diameter	tubes	that	are	composed	of	the	protein	tubulin	(Section	35-3G).	Lysosomes,	which	are	essentially	membranous	bags	containing	a	large	variety	of	hydrolytic
enzymes,	function	to	digest	materials	ingested	by	endocytosis	and	to	recycle	cellular	components	(Section	32-6).	12.	Structure	of	ATCase	Figure	13-7,	13-9	476,	478	Kinemage	Exercise	11-2.	Human	carbonic	anhydrase	Figure	8-41	(also	Figure	15-5)	246	(also	512)	Interactive	Exercise	4.	Founded	in	1807,	John	Wiley	&	Sons,	Inc.	DNA	Methylation	and
Trinucleotide	1213	Repeat	Expansions	1246	CHAPTER	26	Amino	Acid	Metabolism	1019	CHAPTER	31	Transcription	1.	Chemical	Kinetics	647	666	CHAPTER	20	Transport	through	CHAPTER	14	Rates	of	Enzymatic	Reactions	638	845	862	CHAPTER	16	Introduction	to	CHAPTER	23	Other	Pathways	of	Metabolism	Carbohydrate	Metabolism	559	1.	Gordon
Whaley,	University	of	Texas;	chloroplast:	Courtesy	of	Lewis	Shumway,	College	of	Eastern	Utah;	amyloplast:	Biophoto	Associates;	endoplasmic	reticulum:	Biophoto	Associates/Photo	Researchers.]	g.	This	introductory	chapter	therefore	begins	with	a	synopsis	of	the	biological	realm.	Ferrodoxin	Figure	22-16	835	Interactive	Exercise	17.	In	fact,	several
modern	nonphotosynthetic	eukaryotes	have	just	such	a	symbiotic	relationship	with	authentic	cyanobacteria.	Protein	kinase	A	(PKA)	Figure	18-15	654	Kinemage	Exercise	16-1.	Concepts	of	metabolic	control	are	presented	in	the	chapters	on	glycolysis	(Chapter	17)	and	glycogen	metabolism	(Chapter	18)	through	the	consideration	of	flux	generation,
allosteric	regulation,	substrate	cycles,	covalent	enzyme	modification,	cyclic	cascades,	and	a	discussion	of	metabolic	control	analysis.We	feel	that	these	concepts	are	best	understood	when	studied	in	metabolic	context	rather	than	as	independent	topics.	(Note	that	biological	classification	schemes	are	for	the	convenience	of	biologists;	nature	is	rarely
neatly	categorized.)	Figure	1-11	is	a	phylogenetic	tree	for	eukaryotes.	Biomolecules:	A	description	of	the	structures	and	functions	of	proteins,	nucleic	acids,	carbohydrates,	and	lipids.	RNAP	II	elongation	complex	Figure	31-22	1279	Interactive	Exercise	38.	Immunity	3.	Guide	to	Media	Resources	xvii	Text	Reference	Page	The	right-handed	␣	helix	Figure
8-11	226	8:	Hydrogen	bonding	in		sheets	9:	Secondary	structures	in	proteins	Section	8-1C	Section	8-1C	229	229	Kinemage	Exercise	3-3.	The	Glyoxylate	Cycle	880	3.	Jmol	is	a	free,	open	source,	interactive,	Web	browser	applet	for	manipulating	molecules	in	three	dimensions.	Chromosomal	Theory	of	Inheritance	D.	Abnormal	Hemoglobins	341
CHAPTER	5	Nucleic	Acids,	Gene	Expression,	and	Recombinant	DNA	Technology	82	1.	The	late	Irving	Geis	provided	us	with	his	extraordinary	molecular	art	and	gave	freely	of	his	wise	counsel.	789	792	CHAPTER	22	Electron	Transport	and	Oxidative	Phosphorylation	557	823	823	2.	9.	Outside	of	the	United	States,	please	contact	your	local
representative.	8.	The	significance	of	such	studies	is	greatly	enhanced	if	they	1	PROKARYOTES	It	has	long	been	recognized	that	life	is	based	on	morphological	units	known	as	cells.	PrattPublisher:	WileyISBN-10:	9781118918401Year:	2016Language:	EnglishFile	size:	53.59	MBFile	format:	PDF	Fundamentals	of	Biochemistry:	Life	at	the	Molecular
Level	5th	Edition	Pdf	Book	Description:	Voet,	Voet	and	Pratt’s	Principles	of	Biochemistry,	5th	Edition	addresses	the	big	advances	in	biochemistry,	particularly	in	the	fields	of	atomic	chemistry	and	chemistry,	by	providing	a	solid	biochemical	foundation	that	is	suspended	in	chemistry	to	prepare	students	for	the	scientific	challenges	of	the	future.	Only
after	they	had	developed	some	of	the	complex	organelles	described	in	the	following	section	did	they	become	common	enough	to	generate	significant	fossil	remains.	Regulation	of	Fatty	Acid	Metabolism	6.	Dark	Reactions	926	593	1.	This,	however,	is	not	the	case.	Metabolic	Processes	C.	Rather,	the	stroma	encloses	a	third	membrane	system	that	forms
interconnected	stacks	of	disklike	sacs	called	thylakoids,	which	contain	the	photosynthetic	pigment	chlorophyll.	3.	A	eukaryotic	cell	typically	contains	on	the	order	of	2000	mitochondria,	which	occupy	roughly	one-fifth	of	its	total	cell	volume.	Human	welfare,	particularly	its	medical	and	nutritional	aspects,	has	been	vastly	improved	by	our	rapidly
growing	understanding	of	biochemistry.	The	principles	illustrated	in	these	chapters	are	reiterated	in	somewhat	less	detail	in	the	other	chapters	of	Part	IV.	DNA	Replication:	An	Overview	1173	2.	However,	several	aspects	of	the	textbook’s	organization	deserve	comment:	1.	Rights	owned	by	HHMI.	Three-zinc	finger	segment	of	Zif268	in	complex	with	its
target	DNA	Figure	34-62	Interactive	Exercise	51.	The	KcsA	Kϩ	channel	Figure	20-13	754	20	Transport	through	Membranes	21	Citric	Acid	Cycle	18:	Citric	acid	cycle	overview	Section	21-1	789	Regulation	of	the	citric	acid	cycle	Figure	21-1	790	Interactive	Exercise	15.	Phylogeny	and	Differentiation	One	of	the	most	remarkable	characteristics	of
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macromolecule.	All	rights	reserved.	Copyright	©	Elsevier	Biomedical	Press,	1982.	Glycogen	Synthesis	644	3.	Figure	1-2	Schematic	diagram	of	a	prokaryotic	cell.	More	conspicuously,	however,	actin	and	myosin	are	the	major	protein	components	of	muscle	(Section	35-3A).	One	might	therefore	suppose	that	to	obtain	a	coherent	biochemical
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Metabolism	630	1.	How	are	biological	molecules	and	assemblies	synthesized?	Obligate	aerobes	(which	include	animals)	must	utilize	O2,	whereas	anaerobes	employ	oxidizing	agents	such	as	sulfate	(sulfate-reducing	bacteria)	or	nitrate	(denitrifying	bacteria).	Protein	Stability	259	5.	[Nucleus:	Tektoff-RM,	CNRI/Photo	Researchers;	rough	endoplasmic
reticulum:	Pietro	M.	Life	requirements	of	all	organisms:	With	the	exception	of	their	need	for	small	amounts	of	minerals,	they	can	literally	live	on	sunlight	and	air.	It	is	therefore	erroneous	to	consider	prokaryotes	as	evolutionarily	primitive	with	respect	to	eukaryotes.	Butler,	Purdue	University	Carol	Caparelli,	Fox	Chase	Cancer	Center	W.	The	site	of
photosynthesis	is	an	organelle	known	as	the	chloroplast,	which,	although	generally	several	times	larger	than	a	mitochondrion,	resembles	it	in	that	both	organelles	have	an	inner	and	an	outer	membrane.	Prokaryotes	Have	Relatively	Simple	Anatomies	Prokaryotes,	which	were	first	observed	in	1683	by	the	inventor	of	the	microscope,	Antonie	van
Leeuwenhoek,	have	sizes	that	are	mostly	in	the	range	1	to	10	m.They	have	one	of	three	basic	shapes	(Fig.	The	␣	helix	Figure	8-43	248	Kinemage	Exercise	3-3.	Primary	Structure	Determination	of	Proteins	2.	1-1)	and	possess	ϳ20%	of	the	DNA	of	an	E.	Monosaccharides	359	2.	(a)	An	osteocyte	(bone	cell),	(b)	a	sperm,	(c)	a	pancreatic	acinar	cell	(which
secretes	digestive	enzymes),	and	(d)	a	neuron	(nerve	cell).	In	a	living	cell,	the	remaining	space	in	the	cytoplasm	would	be	crowded	with	smaller	molecules	and	water	(a	water	molecule	would	be	about	the	size	of	the	period	at	the	end	of	this	sentence).	The	relative	structural	simplicity	of	many	unicellular	eukaryotes,	however,	makes	their	classification
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following	which	the	Eukarya	diverged	from	the	Archaea,	as	the	phylogenetic	tree	in	Fig.	Contents	5.	d.	download	download	1	file...	The	Cro	protein	dimer	in	its	complex	with	its	target	DNA	Figure	33-46	1463	34	Eukaryotic	Gene	Expression	Interactive	Exercise	49.	VP	&	Publisher	Kaye	Pace	Associate	Publisher	&	Editor	Petra	Recta	Sponsoring	Editor
Joan	Kalkut	Editorial	Assistant	Yelena	Zolotorevskaya/Patrick	White	Marketing	Manager	Kristine	Ruff	Production	Manager	Dorothy	Sinclair	Production	Editor	Sandra	Dumas	Senior	Designer	Madelyn	Lesure	Senior	Illustration	Editor	Anna	Melhorn	Executive	Media	Editor	Thomas	Kulesa	Media	Editor	Marc	Wedzecki	Photo	Department	Manager	Hilary
Newman	Photo	Researcher	Elyse	Rieder	Production	Management	Services	Ingrao	Associates	Cover	and	part	opening	art:	Illustrations,	Irving	Geis,	Images	from	Irving	Geis	Collection/Howard	Hughes	Medical	Institute.	Prokaryotes,	which	comprise	the	various	types	of	bacteria,	have	relatively	simple	structures	and	are	invariably	unicellular	(although
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Glycolysis	overview	Animated	Figure	PFK	activity	versus	F6P	concentration	Figure	17-33	627	Kinemage	Exercise	14-1.	Control	of	Expression	4.	Control	of	Transcription	in	Prokaryotes	1283	4.	Yeast	topoisomerase	II	Figure	29-30	1168	Interactive	Exercise	33.	Hence	most	modern	eukaryotes	are	genetic	“mongrels”	in	that	they	simultaneously	have
nuclear,	mitochondrial,	and	in	the	case	of	plants,	chloroplast	lines	of	descent.	It	is	based	on	the	program	RasMol	by	Roger	Sayle,	which	was	generously	made	publicly	available.	Properties	of	Water	156	CHAPTER	10	Hemoglobin:	Protein	67	Function	in	Microcosm	78	1.	Certainly	one	of	the	most	striking	characteristics	of	life	on	earth	is	its	enormous
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dihydrofolate	reductase	Figure	28-22	1129	Interactive	Exercise	30.	Class	I	ribonucleotide	reductase	from	E.	Forces	Stabilizing	Nucleic	Acid	Structures	3.	Lipids	(Greek:	lipos,	fat),	the	fourth	major	class	of	biological	molecules,	are	too	small	to	be	classified	as	macromolecules	but	also	have	a	modular	construction	(Section	12-1).	We	have	split	our
presentation	of	thermodynamics	between	two	chapters.	For	example,	all	vertebrates	exhibit	gill-like	pouches	in	their	early	embryonic	stages,	which	presumably	reflect	their	common	fish	ancestry	(Fig.	Binding	of	BPG	to	deoxyHb	Figure	10-21	341	Kinemage	Exercise	7-1.	1-13).	Metabolic	Adaptation	1101	CHAPTER	28	Nucleotide	Metabolism	1107	1.
Conformational	changes	at	hemoglobin’s	␣1–2	interface	Figure	10-17	337	Kinemage	Exercise	6-3.	Not	to	be	reproduced	without	permission.	Prokaryotes	(a)	5	(b)	Figure	1-3	Electron	micrographs	of	E.	Furthermore,	through	their	interactions	with	the	protein	myosin,	microfilaments	form	contractile	assemblies	that	are	responsible	for	many	types	of
intracellular	movements	such	as	cytoplasmic	streaming	and	the	formation	of	cellular	protuberances	or	invaginations.		Pleated	sheets	Figure	8-16,	8-17,	8-18	229,	230,	231	Animated	Figure		Pleated	sheets	Figure	8-16	229	Interactive	Exercise	2.	Bisubstrate	Reactions	497	APPENDIX:	Derivations	of	Michaelis–Menten	Equation	Variants	501	CHAPTER
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EditionAuthor:	Donald	Voet,	Judith	G.	Deoxy	myoglobin	Figure	10-11,	10-12	332,	333	Kinemage	Exercise	6-2,	6-3.	We	also	assume	that	students	have	taken	a	one-year	college	course	in	general	biology	in	which	elementary	biochemical	concepts	were	discussed.	Chapter	5	(Nucleic	Acids,	Gene	Expression,	and	Recombinant	DNA	Technology)	introduces
molecular	biology	early	in	the	narrative	in	response	to	the	central	role	that	recombinant	DNA	technology	has	come	to	play	in	modern	biochemistry.	Cells	were	treated	with	antibodies	raised	against	(a)	tubulin,	(b)	actin,	(c)	keratin,	and	(d)	vimentin	(a	protein	constituent	of	a	type	of	intermediate	filament)	and	then	stained	with	fluorescently	labeled
antibodies	that	bound	to	the	foregoing	antibodies.	Bovine	heart	cytochrome	c	oxidase	Figure	22-24	842	Animated	Figure	Coupling	of	electron	transport	(green	arrow)	and	ATP	synthesis	Figure	22-29	846	Guided	Exploration	20:	The	Q	cycle	Section	22-3Be	847	Guided	Exploration	21:	F1F0–ATP	synthase	and	the	binding	change	mechanism	Section	22-
3C	852	21.	The	nuclear	envelope	consists	of	a	double	membrane	that	is	perforated	by	numerous	ϳ90-Å-wide	pores	that	regulate	the	flow	of	proteins	and	RNA	between	the	nucleus	and	the	cytoplasm.	Glucocorticoid	receptor	(GR)	DNA-binding	domain	in	complex	with	its	target	DNA	Figure	34-62	Interactive	Exercise	52.	E.	Cytochromes	c	Figure	9-41
317	Kinemage	Exercise	17.	Fish	Salamander	Chick	Human	Figure	1-12	Embryonic	development	of	a	fish,	an	amphibian	(salamander),	a	bird	(chick),	and	a	mammal	(human).	BRIEF	CONTENTS	Guide	to	Media	Resources	xvi	PA	R	T	1	2	3	PA	R	T	4	5	6	7	8	9	10	11	12	PA	R	T	13	14	15	PA	R	T	16	17	18	19	20	21	22	23	24	25	26	27	28	PA	R	T	29	30	31	32	33
34	35	xii	I	INTRODUCTION	AND	BACKGROUND	Life	3	Aqueous	Solutions	40	Thermodynamic	Principles:	A	Review	II	BIOMOLECULES	1	52	65	Amino	Acids	67	Nucleic	Acids,	Gene	Expression,	and	Recombinant	DNA	Technology	Techniques	of	Protein	and	Nucleic	Acid	Purifications	129	Covalent	Structures	of	Proteins	and	Nucleic	Acids	163	Three-
Dimensional	Structures	of	Proteins	221	Protein	Folding,	Dynamics,	and	Structural	Evolution	278	Hemoglobin:	Protein	Function	in	Microcosm	323	Sugars	and	Polysaccharides	359	Lipids	and	Membranes	386	III	MECHANISMS	OF	ENZYME	ACTION	Introduction	to	Enzymes	469	Rates	of	Enzymatic	Reactions	Enzymatic	Catalysis	506	IV	METABOLISM
467	482	557	Introduction	to	Metabolism	559	Glycolysis	593	Glycogen	Metabolism	638	Signal	Transduction	671	Transport	through	Membranes	744	Citric	Acid	Cycle	789	Electron	Transport	and	Oxidative	Phosphorylation	823	Other	Pathways	of	Carbohydrate	Metabolism	871	Photosynthesis	901	Lipid	Metabolism	940	Amino	Acid	Metabolism	1019
Energy	Metabolism:	Integration	and	Organ	Specialization	Nucleotide	Metabolism	1107	V	82	1088	EXPRESSION	AND	TRANSMISSION	OF	GENETIC	INFORMATION	Nucleic	Acid	Structures	1145	DNA	Replication,	Repair,	and	Recombination	1173	Transcription	1260	Translation	1338	Viruses:	Paradigms	for	Cellular	Function	W-1	Eukaryotic	Gene
Expression	W-53	Molecular	Physiology	(Chapters	33–35	are	available	on	our	website,	www.wiley.com/college/voet)	1143	12.	The	Genetic	Code	1338	2.	The	cytoplasm	also	contains	numerous	species	of	RNA	(ribonucleic	acid),	a	variety	of	soluble	enzymes	(proteins	that	catalyze	specific	reactions),	and	many	thousands	of	250-Å-diameter	particles	known
as	ribosomes,	which	are	the	sites	of	protein	synthesis.	Obligate	anaerobes,	in	contrast,	are	poisoned	by	the	presence	of	O2.	The	development,	in	recent	decades,	of	techniques	for	determining	amino	acid	sequences	in	proteins	(Section	7-1)	and	base	sequences	in	nucleic	acids	(Section	7-2A)	has	provided	abundant	indications	as	to	the	genealogical
relationships	between	organisms.	The	formulation	of	this	concept	is	generally	attributed	to	an	1838	paper	by	Matthias	Schleiden	and	Theodor	Schwann,	but	its	origins	may	be	traced	to	the	seventeenth	century	observations	of	early	microscopists	such	as	Robert	Hooke.	In	this	text,	we	shall	refer	to	the	molecular	mass	of	a	particle	rather	than	to	its
molecular	weight.	Free	Energy:	The	Indicator	of	Spontaneity	4.	Amino	Acid	Deamination	1019	2.	Compounding	this	problem	is	the	observation	that	prokaryotes	exhibit	little	correlation	between	form	and	metabolic	function.	TATA-binding	protein	(TBP)	Figure	34-53	Interactive	Exercise	50.	Indeed,	much	of	the	subject	matter	of	this	text	deals	with	the
biochemistry	of	E.	Electrophoresis	146	5.	Very	long	cilia,	such	as	sperm	tails,	are	termed	flagella	(prokaryotic	flagella,	which	are	composed	of	the	protein	flagellin,	are	quite	different	from	and	unrelated	to	those	of	eukaryotes).	The	manual	can	be	an	effective	learning	tool,	however,	only	if	the	student	makes	a	serious	effort	to	solve	a	problem	before
looking	up	its	answer.	Human	carbonic	anhydrase	Figure	15-5	512	Animated	Figure	Reaction	coordinate	diagrams	for	a	hypothetical	enzymatically	catalyzed	reaction	involving	a	single	substrate	(blue)	and	the	corresponding	uncatalyzed	reaction	(red)	Figure	15-7	516	Interactive	Exercise	6.	Lynch,	University	of	Lowell	Harold	G.	Noller,	University	of
California	at	Santa	Cruz	Norbert	C.	Cook,	The	University	of	Oklahoma	Glenn	Cunningham,	University	of	Central	Florida	Eugene	Davidson,	Georgetown	University	Don	Dennis,	University	of	Delaware	Walter	A.	Glycogen	Storage	Diseases	III	MECHANISMS	OF	ENZYME	ACTION	467	CHAPTER	13	Introduction	to	Enzymes	1.	11	storage	depots	for
nutrients,	wastes,	and	specialized	materials	such	as	pigments.	Prokaryotic	Replication	973	4.	1-15	indicates,	proteins	are	polymers	of	amino	acids	(Section	4-1B),	nucleic	acids	are	polymers	of	nucleotides	(Section	5-1),	and	polysaccharides	are	polymers	of	sugars	(Section	11-2).	It	reminds	us	that	biochemistry	is	a	process	that	is	driven	by	the	creativity
of	the	human	mind.	14-11	Figure	14-12	494	Animated	Figure	Lineweaver–Burk	plot	of	a	simple	Michaelis–Menten	enzyme	in	the	presence	of	uncompetitive	inhibitor	Figure	14-13	495	Animated	Figure	Lineweaver–Burk	plot	of	a	simple	Michaelis–Menten	enzyme	in	the	presence	of	a	mixed	inhibitor	Figure	14-14	496	Interactive	Exercise	3.	Its	DNA,
which	has	a	molecular	mass	of	2.5	ϫ	109	daltons	(D),*	encodes	ϳ4300	proteins	(of	which	only	ϳ60	to	70%	have	been	identified),	although,	typically,	only	ϳ2600	different	proteins	are	present	in	a	cell	at	any	given	time.	Glycogen	Breakdown	638	2.	typhimurium	Figure	26-64	1078	Interactive	Exercise	26.	The	right	side	of	the	drawing	shows	the
multilayered	cell	wall	and	membrane,	decorated	on	its	exterior	surface	with	lipopolysaccharides	(Section	11-3Bc).	The	lower	painting,	also	made	by	Geis,	is	of	cytochrome	c	illuminated	by	its	single	iron	atom	in	which	its	hydrophobic	side	chains	are	drawn	in	green.These	paintings	were	made	in	the	1970s,	vi	when	only	a	handful	of	protein	structures
were	known	(around	70,000	are	now	known)	and	the	personal	computers	that	we	presently	use	to	visualize	them	were	many	years	in	the	future.	These	new	teaching	and	vii	7.	coli	(Fig.	Lipid	Classification	386	2.	FOR	INSTRUCTORS	•	PowerPoint	Slides	of	all	the	figures	and	tables	in	the	text	are	optimized	with	bold	leader	lines	and	large	labels	for
classroom	projection.	Kahn,	University	of	Maryland	Thomas	Sneider,	Colorado	State	University	Tokuji	Kimura,	Wayne	State	University	Jochanan	Stenish,	Western	Michigan	University	Barrie	Kitto,	University	of	Texas	at	Austin	Phyllis	Strauss,	Northeastern	University	Daniel	J.	Mechanisms	of	hormone	signaling	involving	the	receptor	tyrosine	kinase
system	Section	19-3	699	Interactive	Exercise	13.	Higher	organisms	have	a	correspondingly	greater	complexity.	In	a	more	primitive	form	of	photosynthesis,	substances	such	as	H2,	H2S,	thiosulfate,	or	organic	compounds	are	the	electron	donors	in	light-driven	reactions	such	as	n	CO2	ϩ	2n	H2S	¡	CH2On	ϩ	n	H2O	ϩ	2n	S	The	purple	and	the	green
photosynthetic	bacteria	that	carry	out	these	processes	occupy	such	oxygen-free	habitats	as	shallow	muddy	ponds	in	which	H2S	is	generated	by	rotting	organic	matter.	The	mitochondrion,	as	the	electron	microscopic	studies	of	George	Palade	and	Fritjof	Sjöstrand	first	revealed,	has	two	membranes:	a	smooth	outer	membrane	and	a	highly	folded	inner
membrane	whose	invaginations	are	termed	cristae	(Latin:	crests).	The	Reactions	of	Glycolysis	595	3.	“Nonstandard”	Amino	Acids	164	4.	This	hypothesis	is	corroborated	by	the	observation	that	the	amoeba	Pelomyxa	palustris,	one	of	the	few	eukaryotes	that	lack	mitochondria,	permanently	harbors	aerobic	bacteria	in	such	a	symbiotic	relationship.	These
cell	walls,	whose	major	component	is	the	fibrous	polysaccharide	cellulose	(Section	11-2C),	account	for	the	structural	strength	of	plants.	Requests	to	the	Publisher	for	permission	should	be	addressed	to	the	Permissions	Department,	John	Wiley	&	Sons,	Inc.,	111	River	Street,	Hoboken,	NJ	07030-5774,	(201)	748-6011,	fax	(201)	748-6008.	These	copies
are	licensed	and	may	not	be	sold	or	transferred	to	a	third	party.	Structural	Evolution	316	II	BIOMOLECULES	65	CHAPTER	4	Amino	Acids	67	1.	At	early	stages	they	are	similar	in	both	size	and	anatomy	(the	top	drawings	have	around	the	same	scale),	although	it	is	now	known	that	their	similarites	are	not	as	great	as	these	classic	drawings	indicate.
[After	Haeckel,	E.,	Anthropogenie	oder	Entwickelungsgeschichte	des	Menschen,	Engelmann	(1874).]	5.	Richardson,	who	also	wrote	and	provided	the	program	PREKIN,	which	we	used	to	help	generate	the	Kinemages.	Quaternary	Structure	266	APPENDIX:	Viewing	Stereo	Pictures	271	CHAPTER	9	Protein	Folding,	Dynamics,	57	and	Structural
Evolution	278	1.	Moreover,	the	series	of	biochemical	reactions,	which	are	termed	metabolic	pathways,	as	well	as	the	structures	of	the	enzymes	that	catalyze	them	are,	for	many	basic	processes,	nearly	identical	from	organism	to	organism.	Chapter	10	describes	the	properties	of	hemoglobin	in	detail	so	as	to	illustrate	concretely	the	preceding
discussions	of	protein	structure	and	function.	These	cytoplasmic	organelles,	which	are	large	enough	to	have	been	discovered	by	nineteenth	century	cytologists,	vary	in	their	size	and	shape	but	are	often	ellipsoidal	with	dimensions	of	around	1.0	ϫ	2.0	m—much	like	a	bacterium.	Prokaryotes	Employ	a	Wide	Variety	of	Metabolic	Energy	Sources	The
nutritional	requirements	of	the	prokaryotes	are	enormously	varied.	Autotrophs	(Greek:	autos,	self	ϩ	trophikos,	to	feed)	can	synthesize	all	their	cellular	constituents	from	simple	molecules	such	as	H2O,	CO2,	NH3,	and	H2S.	A	transition	state	analog	bound	to	chymotrypsin	Figure	15-25	534	Kinemage	Exercise	10-4.	Energy	metabolism	is	summarized
and	integrated	in	terms	of	organ	specialization	in	Chapter	27,	following	the	descriptions	of	carbohydrate,	lipid,	and	amino	acid	metabolism.	Conformational	changes	in	yeast	hexokinase	on	binding	glucose	Figure	17-5	598	Animated	Figure	Enzymatic	mechanism	of	Class	I	aldolase	Figure	17-9	602	Interactive	Exercise	2.	Connie	Parks,	our	copy	editor,
put	the	final	polish	on	the	manuscript	and	eliminated	large	numbers	of	grammatical	and	typographical	errors.	Many	organisms	can	partially	metabolize	various	organic	compounds	in	intramolecular	oxidation–reduction	processes	known	as	fermentation.	Photosynthetic	reaction	center	Figure	12-26	404	Kinemage	Exercise	8-3.	In	contrast	to	the	case
with	microtubules	and	microfilaments,	the	proteins	forming	intermediate	filaments	vary	greatly	in	size	and	composition,	both	among	the	different	cell	types	within	a	given	organism	and	among	the	corresponding	cell	types	in	different	organisms.	Altogether	an	E.	This	“family	tree”	indicates	the	evolutionary	relationships	among	the	three	domains	of
life.	6.	Phillips/	Visuals	Unlimited;	mitochondrion:	CNRI/Photo	Researchers;	lysosome:	Biophoto	Associates/Photo	Researchers.]	35.	Thus	eukaryotic	cells	can	engulf	and	digest	food	particles	such	as	bacteria,	whereas	prokaryotes	are	limited	to	the	absorption	of	individual	nutrient	molecules.	Electron	transport	and	oxidative	phosphorylation	overview
Section	22-2B	829	Animated	Figure	The	mitochondrial	electron-transport	chain	Figure	22-14	834	Interactive	Exercise	16.	Acids,	Bases,	and	Buffers	163	1.	Molecular	Cloning	104	323	85	323	4.	1-3)	are	typically	2-m-long	rods	that	are	1	m	in	diameter	and	weigh	ϳ2	ϫ	10Ϫ12	g.	As	Table	1-1	indicates,	E.	Chromosomes	B.	Martinson,	University	of
California	at	Los	Angeles	Michael	Mendenhall,	University	of	Kentucky	Sabeeha	Merchant,	University	of	California	at	Los	Angeles	Christopher	R.	Vacuoles	function	as	One	of	the	definitive	characteristics	of	plants	is	their	ability	to	carry	out	photosynthesis.	The	cells	of	most	prokaryotic	species	are	surrounded	by	a	rigid,	30to	250-Å-thick	polysaccharide
cell	wall	that	mainly	functions	to	protect	the	cell	from	mechanical	injury	and	to	prevent	it	from	bursting	in	media	more	osmotically	dilute	than	its	contents.	KiNG	(Kinemage,	Next	Generation)	is	an	interactive	system	for	three-dimensional	vector	graphics	that	runs	on	Windows,	Mac	OS	X,	and	Linux/Unix	systems.	coli.	Madelyn	Lesure	designed	the
book’s	typography	and	cover.	A.	The	Archaea	initially	appeared	to	constitute	three	different	kinds	of	unusual	organisms:	the	methanogens,	obligate	anaerobes	that	produce	methane	(marsh	gas)	by	the	reduction	of	CO2	with	H2;	the	halobacteria,	which	can	live	only	in	concentrated	brine	solutions	(Ͼ2M	NaCl);	and	certain	thermoacidophiles,	organisms
that	inhabit	acidic	hot	springs	(ϳ90ЊC	and	pH	Ͻ	2).	For	our	grandchildren:	Maya,	Leo,	Cora,	and	Elisabeth	5.	Few	of	the	problems	are	trivial	and	some	of	them	(particularly	those	marked	with	an	asterisk)	are	quite	difficult.	Pyruvate	decarboxylase	in	complex	with	its	TPP	cofactor	Figure	17-28	617	Kinemage	Exercise	13-1,	13-2.	[a:	CNRI/Photo
Researchers;	b:	Courtesy	of	Howard	Berg,	Harvard	University.]	biologically	most	well-characterized	organism	as	a	result	of	its	intensive	biochemical	and	genetic	study	over	the	past	70	years.	Yet,	biochemical	research	has	amply	demonstrated	that	all	living	things	are	closely	related	at	the	molecular	level.	4.	coli	met	repressor–SAM–operator	complex
Figure	31-35	1291	Interactive	Exercise	42.	Motta	&	Tomonori	Naguro/Photo	Researchers,	Inc.	coli	Figure	28-12	1120	Interactive	Exercise	29.	This	page	intentionally	left	blank	28.	Mitochondria	are	bacteria-like	in	more	than	size	and	shape.	The	bifunctional	enzyme	tryptophan	synthase	from	S.	Schimmel,	The	Scripps	Research	Institute	Eileen	Jaffe,
Fox	Chase	Cancer	Center	Thomas	Schleich,	University	of	California	at	Santa	Cruz	Jan	G.	This	geometrical	constraint,	coupled	with	the	fact	that	many	essential	enzymes	are	membrane	associated,	partially	rationalizes	the	large	amounts	of	intracellular	membranes	in	eukaryotes	(the	plasma	membrane	typically	constitutes	Ͻ10%	of	the	membrane	in	a
eukaryotic	cell).	A	vacuole	is	a	membrane-enclosed	space	filled	with	fluid.	13	41.	Hilary	Newman	and	Elyse	Rieder	acquired	many	of	the	photographs	in	the	textbook	and	kept	track	of	all	of	them.	10	9	8	7	6	5	4	3	2	1	4.	Anatomical	and	cytological	studies	have	shown	that	multicellular	organisms	are	organizations	of	organs,	which	are	made	of	tissues
consisting	of	cells,	composed	of	42.	Ultracentrifugation	152	I	6.	viii	Preface	learning	techniques	involve	more	interaction	among	students	and	teachers	and,	most	importantly,	require	more	inclass	time.	The	problems	we	provide	at	the	end	of	each	chapter	are	therefore	designed	to	make	students	think	rather	than	to	merely	regurgitate	poorly
assimilated	and	rapidly	forgotten	information.	6	Chapter	1.	The	prokaryotic	cytoplasm	(cell	contents)	is	by	no	means	a	homogeneous	soup.	89,	2931	(1992).]	Gram-positives	Methanococcus	Thermoproteus	Microsporidiae	Flavobacteria	function,	that	best	characterizes	eukaryotic	cells	(Fig.	Chloroplasts,	as	do	mitochondria,	contain	their	own	DNA,
RNA,	and	ribosomes,	and	they	reproduce	by	fission.	1-9)	contain	all	of	the	previously	described	organelles.	Kosman,	State	University	of	New	York	at	Buffalo	JoAnne	Stubbe,	Massachusetts	Institute	of	Technology	Robert	D.	Gram-negative	bacteria	possess	a	complex	outer	membrane	that	surrounds	their	cell	wall	and	excludes	gram	stain,	whereas	gram-
positive	bacteria	lack	such	a	membrane	(Section	11-3B).	Second	Law	of	Thermodynamics:	The	Universe	Tends	Toward	Maximum	Disorder	54	3.	1-14).	Our	visualization	tools	have	developed	from	pen,	ink,	and	colored	pencils	to	sophisticated	computers	and	software.	The	chromosomes	consist	of	chromatin,	a	complex	of	DNA	and	protein.	A	Tutorial	for
using	Jmol	is	also	provided.	and	Golgi	apparatus:	Secchi-Lecaque/Roussel-UCLAF/CNRI/Photo	Researchers,	Inc.;	smooth	endoplasmic	reticulum:	David	M.	Among	the	issues	we	are	addressing	are	carbon	impact,	paper	specifications	and	procurement,	ethical	conduct	within	our	business	and	among	our	vendors,	and	community	and	charitable	support.
The	Pentose	Phosphate	Pathway	892	562	3.	Likewise,	the	state	of	knowledge	has	exploded	in	such	subdisciplines	as	eukaryotic	and	prokaryotic	molecular	biology,	metabolic	control,	protein	folding,	electron	transport,	membrane	transport,	immunology,	signal	transduction,	etc.	Some	species	of	cyanobacteria	have	the	ability	to	convert	N2	from	the
atmosphere	to	organic	nitrogen	compounds.	Horse	heart	cytochrome	c	Figure	8-42	247	Kinemage	Exercise	5-1.	It	therefore	bridges	the	gap	between	chemistry,	the	study	of	the	structures	and	interactions	of	atoms	and	molecules,	and	biology,	the	study	of	the	structures	and	interactions	of	cells	and	organisms.	We	have	included	lists	of	references	at	the
end	of	every	chapter	to	provide	students	with	starting	points	for	independent	biochemical	explorations.	Such	systems	permit	organisms	to	maintain	relatively	constant	internal	environments,	to	respond	rapidly	to	external	stimuli,	and	to	grow	and	differentiate.	In	this	manner,	the	idea	of	the	compartmentalization	of	biological	processes	can	be	easily
assimilated.	They	are	essentially	large	molecular	aggregates.)	This	section	is	a	discussion	of	prokaryotes.	They	are	bounded,	as	are	all	cells,	by	an	ϳ70-Å-thick	cell	membrane	(plasma	membrane),	which	consists	of	a	lipid	bilayer	containing	embedded	proteins	that	control	the	passage	of	molecules	in	and	out	of	the	cell	and	catalyze	a	variety	of	reactions.
469	Historical	Perspective	469	Substrate	Specificity	470	Coenzymes	473	Regulation	of	Enzymatic	Activity	474	A	Primer	of	Enzyme	Nomenclature	479	1.	Moreover,	the	quality	and	complexity	of	these	structures,	which	include	numerous	membrane	proteins,	has	significantly	improved,	thereby	providing	enormous	advances	in	our	understanding	of
structural	biochemistry.	Moreover,	portions	of	the	plasma	membrane	often	bud	inward,	in	a	process	known	as	endocytosis,	so	that	the	cell	surrounds	portions	of	the	external	medium.	This	depth	of	coverage,	we	feel,	is	one	of	the	strengths	of	this	book;	it	permits	the	instructor	to	teach	a	course	of	his/her	own	design	and	yet	provide	the	student	with	a
resource	on	biochemical	subjects	not	emphasized	in	the	course.	The	smooth	endoplasmic	reticulum,	which	is	devoid	of	ribosomes,	is	the	site	of	lipid	synthesis.	HIV-1	protease	Figure	15-38	548	Guided	Exploration	Section	17-2	595	Degradation	of	glucose	via	the	glycolytic	pathway	Figure	17-3	596	Interactive	Exercise	8.	Wong,	University	of	Toronto
Beulah	M.	Secondary	Structure	CHAPTER	3	Thermodynamic	Principles:	52	1.	Structure	and	Mechanism	331	3.	How	do	cells	and	organisms	grow,	differentiate,	and	reproduce?	The	left	side	of	the	drawing	contains	a	dense	tangle	of	DNA	in	complex	with	specific	proteins.	xxii	Guide	to	Media	Resources	Text	Reference	Page	19.	CAP–cAMP–dsDNA
complex	Figure	31-31	1287	Guided	Exploration	30:	Transcription	factor–DNA	interactions	Section	31-3Da	1288	Interactive	Exercise	39.	Human	PCNA	Figure	30-42	1204	Interactive	Exercise	36.	They	also	have	several	additional	features,	the	most	conspicuous	of	which	is	a	rigid	cell	wall	that	lies	outside	the	plasma	membrane.	Catalytic	(C)	subunit	of
mouse	protein	kinase	A	(PKA)	Figure	18-15	654	Kinemage	Exercise	15-1.	The	Rise	of	Living	Systems	6	The	Biochemical	Literature	A.	Optical	Activity	73	3.	A	10-bp	RNA–DNA	hybrid	helix	Figure	29-4	1151	27	Energy	Text	Reference	Page	Metabolism:	Integration	and	Organ	Specialization	28	Nucleotide	Metabolism	29	Nucleic	Acid	Structures	Kinemage
Exercise	Replication,	Repair,	and	Recombination	Figure	29-8	1153	24.	Voet,	Charlotte	W.	coli	Proteins	mRNA	15	Lipopolysaccharide	tRNA	DNA	Phospholipid	Lipoprotein	Peptidoglycan	Flagellum	Figure	1-13	Simulated	cross	section	of	an	E.	Structure	of	yeast	tRNAPhe	19-3.	Animated	Figures:	67	figures	from	the	text,	illustrating	various	concepts,
techniques,	and	processes,	are	presented	as	brief	animations	to	facilitate	learning.	[Plasmodesma:	Courtesy	of	Hilton	Mollenhauer,	USDA;	nucleus:	Courtesy	of	Myron	Ledbetter,	Brookhaven	National	Laboratory;	Golgi	apparatus:	Courtesy	of	W.	Likewise,	the	burgeoning	field	of	bioinformatics	is	discussed	in	a	separate	section	of	Chapter	7.	Section	1-
1.	We	have	responded	to	this	challenge	by	presenting	the	subject	matter	of	biochemistry	as	thoroughly	and	accurately	as	we	can	so	as	to	provide	students	and	instructors	alike	with	this	information	as	they	explore	various	innovative	learning	strategies.	Thus	protein	synthesis	occurs	almost	entirely	in	the	cytosol.	ϱ	Copyright	©	2011,	2004,	1995,	1990
by	Donald	Voet,	Judith	G	Voet.	coli	Tus	protein	in	complex	with	a	15-bp	Ter-containing	DNA	Figure	30-37	1199	Interactive	Exercise	35.	One	of	the	central	questions	in	biochemistry	is	how	biological	structures	are	formed.
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