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GFR	can	be	estimated	by	measuring	the	clearance	of	a	polysaccharide	inulin	which	is	neither	secreted	nor	reabsorbed	in	the	renal	tubules.	Mutations	in	the	HFE	gene	and	some	others	can	impair	the	synthesis	of	hepcidin,	which	in	turn	leads	to	the	excessive	expression	of	ferroportin	at	the	cell	surface	of	intestinal	cells	and	macrophages,	increased
iron	egress.	Neonatal	Jaundice.	Osmotic	pressure	controls	the	movement	of	water	between	compartments.	A	gradual	increase	in	2,3-BPG	typically	occurs	in	response	to	chronic	hypoxia.	Biochemical	tests	cannot	distinguish	between	these	two	possibilities,	which	generally	have	radically	different	causes;	imaging	techniques	such	as	ultrasound	are
more	helpful.	The	neonatal	Bartter’s	syndrome	is	linked	to	a	mutation	in	the	furosemide-sensitive	sodium–potassium–chloride	cotransporter	gene	(SLC12A2)	or	the	thick	ascending	limb	potassium	channel	gene	(ROMK/KCNJ1).	Step	3:	The	IEF	gel	is	placed	horizontally	on	the	top	of	a	slab	gel.	These	different	viewpoints	on	conformational	changes	in
multiple-subunit	proteins	are	discussed	further	in	the	section	on	allosteric	enzymes	in	Chapter	6.	An	increase	in	ECF	osmolality	stimulates	secretion	of	vasopressin	and	leads	to	increased	renal	water	reabsorption.	the	concentration	of	a	protein	in	solution,	based	on	spectrophotometry.	The	total	concentration	of	cations	in	plasma	is	about	150 mmol/L,
of	which	sodium	constitutes	approximately	140 mmol/L	and	potassium	4 mmol/L.	37.5).	The	tertiary	structure	of	a	protein	is	stabilized	by	interactions	between	side	chain	functional	groups:	covalent	disulfide	bonds,	hydrogen	bonds,	salt	bridges,	and	hydrophobic	interactions	(Fig.	Smooth	muscle	can	respond	to	both	neural	and	circulating	factors.
doi:10.1101/cshperspect.a023507.	It	has	been	proposed	that	the	relative	chemical	inertness	of	glucose	is	the	reason	for	its	evolutionary	selection	as	blood	sugar.	AQP2	and	AQP3	are	present	in	the	collecting	ducts	of	the	kidney	and	are	regulated	by	vasopressin.	■	Describe	the	metabolism	of	bilirubin	and	the	main	types	of	jaundice.	NH2	glutamine
(Gln,	Q)	—	—	8	NH	—CH2—CH2—CH2—CH2—NH2	CH2	CH2	CH2	NH	C	NH	*The	three-letter	and	single-letter	abbreviations	in	common	use	are	given	in	parentheses.	Phosphatidylcholine,	phosphatidylserine,	phosphatidylethanolamine,	and	phosphatidylinositol.	Hydrogen	atoms	of	the	OH,	NH,	or	SH	group	(hydrogen	donors)	interact	with	electron
pairs	of	the	acceptor	atoms	such	as	O,	N,	or	S.	The	loss	of	motor	neurons	appears	to	cause	the	substantial	(>40%)	loss	in	the	muscle	fiber	number,	which	is	the	primary	determinant	of	age-dependent	sarcopenia,	and	is	accompanied	by	an	increase	in	motor	unit	size	and	a	decrease	in	fine	motor	skill.	The	β-subunit	stabilizes	the	enzyme’s	conformation,
and	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	mmol/L	140	the	γ-subunit	plays	a	minor	regulatory	role	in	some	tissues.	NO	signals	via	guanylate	cyclase	and	cyclic	GMP.	Bernal,	W.,	Jalan,	R.,	Quaglia,	A.,	et al.	This	increases	when	the	glomeruli	are	damaged:	significant	proteinuria	is	an	important	sign	of	renal	disease.	Highly	oxidative	muscle
has	a	higher	capillary	density	than	glycolytic	muscle,	and	muscle	capillary	density	increases	with	endurance	exercise	training.	Distances	are	shown	in	nanometers	(nm).	5.6	Noncovalent	bonds	differ	in	deoxygenated	and	oxygenated	hemoglobin.	2.1	Structure	of	an	amino	acid.	Clinicians	are	primarily	concerned	with	the	overall	risk	so	that	appropriate
preventive	measures	and	treatments	can	be	devised.	Renin	secretion	is	also	stimulated	by	norepinephrine	and	prostaglandin	E2.	In	the	fed	state,	the	active	pathways	are	glycolysis,	glycogen	synthesis,	lipogenesis,	and	protein	synthesis,	rejuvenating	tissues	and	storing	the	excess	of	metabolic	fuel.	2.14	SDS-PAGE.	34.9)	■	Intrahepatic:	impaired
hepatic	metabolism	or	secretion	of	bilirubin	(Fig.	519	520	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	There	are	a	number	of	genetic	disorders	that	impair	bilirubin	conjugation	or	secretion	Gilbert’s	syndrome	affects	up	to	5%	of	the	population	and	causes	a	mild	unconjugated	hyperbilirubinemia	that	is	harmless	and	asymptomatic.	By	use	of	a	large
volume	of	external	buffer,	with	occasional	buffer	replacement,	the	protein	will	eventually	be	exchanged	into	the	external	buffer	solution.	The	synthesized	fibrous	cap	provides	a	degree	of	protection	of	the	plaque	content	from	thrombosis.	Ethanol	may	cause	excessive	fat	deposition	in	the	liver	(alcoholic	steatosis),	and	this	may	progress	to	hepatitis	513
514	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	H	H3C	Acetaminophen	Glucuronide	ester	N	O	Sulfur	ester	OH	Cytochrome	P-450	H	H3C	Conjugation	with	glutathione	or	N-acetyl	cysteine	N	O	O	N-acetyl	benzoquinoneimine	(NABQI)	Free-radicalmediated	cytotoxicity	Fig.	According	to	the	World	Health	Organization,	the	number	of	people	with
hypertension	worldwide	increased	from	600	million	in	1980	to	1	billion	in	2008.	Phospholipids	Phospholipids	are	the	major	lipids	in	biological	membranes	Phospholipids	are	polar	lipids	derived	from	phosphatidic	acid	(1,2-diacyl-glycerol-3-phosphate;	see	Fig.	■	It	is	extensively	involved	in	the	synthesis	and	catabolism	of	carbohydrates,	lipids,	and
proteins.	CHAPTER	1 Introduction	Phosphatidyl	inositol	Glycoproteins,	sialic	acid,	gangliosides	Sphingomyelin	Glucose	Glycosaminoglycans	Phosphatidyl	choline	Glycogen	Lipoproteins	Triglycerides	Pentose	phosphate	pathway	Pentose	phosphate	Glycerol-3-P	Creatine	and	creatine	phosphate	Alanine	Pyruvate	Amino	acids	Steroids	oxaloacetate
Cholesterol	Pyrimidines	Purines	Amino	acids	Uric	acid	Oxaloacetate	Nucleic	acids	Ketone	bodies	Fatty	acids	Acetyl	CoA	Catecholamines	Malate	TCA	cycle	Fumarate	Enzymes	Bile	acids	Nitric	oxide	Eicosanoids	Citrate	Glutamate	Isocitrate	α–ketoglutarate	GABA	Succinyl	CoA	Proteins	Transcription	factors,	signaling	molecules	Urea	cycle	Heme	FADH2
NADH+H+	Urea	Respiratory	chain	Structural	elements	Immune	system	Hormones,	growth	factors	and	cytokines	Coagulation	factors	FP	Q	cyt	b	cyt	c	cyt	a	ATP	ATP	Hemoglobin	myoglobin	Bilirubin	O2	H	2O	ATP	Fig.	The	third	acute	porphyria	is	variegate	porphyria,	the	clinical	manifestations	of	which	are	very	similar	to	those	of	AIC.	The	binding	of	a
specific	binding	protein	to	the	iron-response	element	(IRE)	of	the	mRNA	of	iron-responsive	genes	can	alter	the	translation	of	the	mRNA	into	functioning	proteins	in	different	ways.	However,	the	unsaturated	fatty	acids	in	margarine	are	mostly	the	unnatural	trans-fatty	acids	formed	during	the	partial	hydrogenation	of	vegetable	oils.	BODY	WATER
COMPARTMENTS	Approximately	two-thirds	of	total	body	water	is	in	the	intracellular	fluid	(ICF),	and	one-third	remains	in	the	extracellular	fluid	(ECF).	Removal	of	nitrogen	The	urea	cycle	is	essential	for	the	removal	of	nitrogen	generated	by	amino	acid	metabolism	Catabolism	of	amino	acids	generates	ammonia	(NH3)	and	ammonium	ions	(NH4+).
Disorders	of	thyroid	function	Hyperthyroidism	Hyperthyroidism,	also	described	as	an	“overactive	thyroid,”	is	the	excessive	production	and	secretion	of	thyroid	hormones	and	is	caused	by	a	number	of	conditions	(Table	27.4)	Hypothyroidism	Hypothyroidism,	also	described	as	an	“underactive	thyroid,”	is	thyroid	hormone	deficiency	Laboratory
investigations	of	thyroid	function	Serum	TSH	is	typically	used	as	a	first-line	screen	for	thyroid	disease;	an	fT4	may	also	be	requested	if	there	is	a	strong	clinical	suspicion	of	thyroid	disease	or	if	there	is	an	indication	to	consider	pituitary	disease	The	hypothalamic–pituitary–adrenal	axis	Corticotropin-releasing	hormone	(CRH)	Adrenocorticotropic
hormone	(ACTH)	ACTH	(also	termed	corticotropin)	is	a	39–amino	acid	polypeptide	that	is	synthesized	from	a	241–amino	acid	precursor	molecule,	pro-opiomelanocortin	(POMC)	ACTH	circulates	unbound	in	plasma,	and	its	half-life	is	approximately	10	min	Anatomy	and	biochemistry	of	the	adrenal	gland	Biosynthesis	of	cortisol	Cortisol,	a	steroid
hormone	and	the	major	glucocorticoid	synthesized	and	secreted	by	the	human	adrenal	cortex,	is	synthesized	and	released	as	required	Actions	of	cortisol	There	are	four	broad	areas	of	cortisol	action:	negative	feedback	to	the	hypothalamus	and	anterior	pituitary,	metabolic	homeostasis,	fluid/electrolyte	homeostasis,	and
antiinflammatory/immunosuppressive	effects	Cortisol	has	multiple	actions	in	adipose	tissue,	acting	to	induce	lipogenic	genes	and	adipose	endocrine	function	Cortisol	has	a	weak	mineralocorticoid	action,	and	the	mineralocorticoid	receptor	binds	aldosterone	and	cortisol	with	equal	affinity	Disorders	of	cortisol	secretion	Adrenal	hypofunction
Adrenocortical	insufficiency	may	be	due	to	primary	adrenal	pathology	or	secondary	to	anterior	pituitary	failure	to	produce	ACTH	Primary	adrenal	insufficiency	The	identification	of	cortisol	deficiency	can	be	clinically	challenging,	particularly	in	the	early	stages	of	the	disease,	because	some	common	presenting	features	are	nonspecific	(Table	27.7)
Adrenal	insufficiency	may	result	from	genetic	conditions	caused	by	defects	in	steroid	biosynthesis	Secondary	adrenal	insufficiency	Adrenal	hyperfunction	Hypercortisolism	Diagnosis	of	Cushing	syndrome	Measurement	of	plasma	ACTH	in	the	presence	of	hypercortisolemia	is	used	to	determine	whether	cortisol	production	is	ACTH-driven	rather	than
autonomous	Hyperaldosteronism	The	hypothalamo–pituitary–gonadal	axis	Gonadotropin-releasing	hormone	(GnRH)	GnRH	is	essential	for	secretion	of	FSH	and	LH	Follicle-stimulating	hormone	(FSH)	and	luteinizing	hormone	(LH)	The	pituitary	gland	produces	the	gonadotropins	FSH	and	LH,	critical	to	gonadal	reproductive	function	in	both	males	and
females	Action	of	gonadotropins	on	the	testes	Androgens	Biochemical	actions	of	testosterone	in	the	male	Testosterone	is	an	anabolic	hormone	and	increases	muscle	mass	by	stimulating	protein	synthesis	(Fig.	They	consist	of	the	trachea,	large	and	small	bronchi,	and	even	smaller	bronchioles	(Fig.	36.4).	Disaccharides,	oligosaccharides,	and
polysaccharides	Sugars	are	linked	to	one	another	by	glycosidic	bonds	to	form	complex	glycans	Carbohydrates	are	commonly	linked	to	one	another	by	glycosidic	bonds	to	form	disaccharides,	trisaccharides,	oligosaccharides,	and	polysaccharides.	offers	an	explanation	for	the	persistence	of	HbS	in	the	gene	pool.	MUSCLE	ENERGY	METABOLISM
Energy	resources	in	the	muscle	cell	Muscle	is	the	primary	site	of	glucose	disposal	(uptake	from	the	circulation)	in	the	body	and	is	thus	a	natural	target	for	treatment	of	the	hyperglycemia	of	diabetes.	of	calcium	from	the	SR	into	the	sarcoplasm.	ECF	consists	of	interstitial	fluid	and	lymph	(15%	body	weight),	plasma	(3%	body	weight),	and	the	so-called
transcellular	fluids,	which	include	gastrointestinal	fluid,	urine,	and	cerebrospinal	fluid	(Fig.	Other	mutations	disrupt	LDL-receptor	recycling	to	the	plasma	membrane.	Many	DDIs	are	well	recognized.	Three	of	the	18	cytochrome	P-450	gene	families	share	the	responsibility	for	drug	metabolism	The	human	cytochrome	P-450	(CYP)	superfamily	is	made
up	of	18	families	and	43	subfamilies	containing	57	genes	and	59	pseudogenes.	To	some	extent,	muscle	glycogen	can	be	spared	and	performance	time	increased	during	long-term,	vigorous	physical	activity	by	increasing	the	availability	of	circulating	glucose,	either	by	gluconeogenesis	or	by	carbohydrate	ingestion	(e.g.,	bread	or	Gatorade®).	Because	its
concentration	in	urine	varies	with	the	dilution	of	the	urine,	levels	of	metabolites	in	random	urine	samples	are	often	normalized	to	the	urinary	concentration	of	creatinine.	Hemoglobin	is	a	tetrameric	protein	(Chapter	5),	and	beef	heart	mitochondrial	ATPase	has	10	protomers	(Chapter	8).	In	addition	to	substantial	updates,	we	have	changed	the
structure	of	the	book,	aiming	to	provide	a	clearer	perspective	on	the	entire	field.	Consider	purifying	a	protein	mixture	containing	albumin	and	immunoglobulin.	Nursing	Research,	63,	375–385.	20,500	Genes	30,000	Proteins	52,000	Metabolites	Fig.	Vasopressin–VR	complex	Luminal	membrane	CLINICAL	BOX	HYPERALDOSTERONISM	IS	A	COMMON
FINDING	IN	HYPERTENSION	Primary	hyperaldosteronism	occurs	as	a	result	of	abnormal	adrenal	activity	and	is	rare.	Alternative	hydrolysis	procedures	may	be	used	for	measurement	of	tryptophan,	whereas	cysteine	and	cystine	may	be	converted	to	an	acid-stable	cysteic	acid	prior	to	hydrolysis.	Dominiczak,	M.	However,	when	the	sodium	content	of
the	lost	fluid	is	less	than	that	of	plasma	(e.g.,	sweat),	dehydration	may	be	accompanied	by	hypernatremia.	Alimentary	Pharmacology	and	Therapeutics,	26(Suppl.	E.	Packaging	of	hemoglobin	in	liposomes	or	nanocapsules,	producing	artificial	red	blood	cells,	is	also	a	promising	technology	because	this	limits	the	escape	of	Hb	into	extravascular	spaces.
How	does	an	atherosclerotic	plaque	rupture?	Thus	the	overall	response	to	water	excess	is	increased	loss	of	sodium	and	water	in	urine.	Cells	throughout	the	body	are	critically	dependent	on	electrical	and	chemical	potentials	across	membranes	for	nerve	transmission,	muscle	contraction,	nutrient	transport,	and	the	maintenance	of	cell	volume.	The	tests
commonly	include	measurements	of	the	following:	■	Bilirubin	■	Albumin	■	Aspartate	aminotransferase	(AST)	and	alanine	aminotransferase	(ALT)	■	Alkaline	phosphatase	(ALP)	■	γ-Glutamyl	transpeptidase	(GGT)	Transaminases	AST	and	ALT	are	involved	in	the	interconversion	of	amino	and	keto	acids	and	are	required	for	metabolism	of	proteins	and
carbohydrates	(Chapter	15).	Bicarbonate	buffer	remains	at	equilibrium	with	atmospheric	air	The	key	concept	is	that	the	bicarbonate	buffer	is	an	open	system.	Twelve	months	later,	his	triglycerides	were	2.5 mmol/L	(227 mg/dL),	cholesterol	was	4.8 mmol/L	(186 mg/dL),	and	HDL-C	was	1.2 mmol/L	(46 mg/	dL).	Hb	mutants,	or	hemoglobinopathies,	are
usually	named	after	the	location	(hospital,	city,	or	geographical	region)	in	which	the	abnormal	protein	was	first	identified.	We	also	expand	our	presentation	of	Cellular	Signaling	and	Growth	and	their	links	to	aging	and	cancer.	The	titration	is	complete	at	a	pH	of	about	12,	at	which	point	the	predominant	form	of	alanine	is	the	unprotonated,	anionic
form:	CH3	H2N	CH	COO–	The	pH	at	which	a	molecule	has	no	net	charge	is	known	as	its	isoelectric	point,	pI.	However,	the	patient	with	liver	disease	of	a	severity	sufficient	to	disrupt	its	normal	metabolism	can	be	critically	unwell.	We	have	placed	this	sketch	by	Marek	Dominiczak	here	to	remind	ourselves	that	one	should	always	see	learning
biochemistry	in	the	context	of	this	future	role.	anion	but	also	sulfate	and	organic	anions	such	as	lactate,	citrate,	pyruvate,	acetoacetate,	and	β-hydroxybutyrate.	The	ratio	of	pyranose:furanose	forms	of	fructose	in	aqueous	solution	is	~3 : 1.	Physiologic	calculations	yield	values	of	a	tracheal	pO2	of	86 mmHg	(sea	level,	149),	an	alveolar	pO2	of	50 mmHg
(sea	level,	105),	and	an	arterial	pO2	of	45 mmHg	(sea	level,	100).	Woreta,	T.	These	amino	acids	are	sometimes	found	at	the	active	sites	of	catalytic	proteins,	enzymes	(Chapter	6).	Plasma	120	100	80	60	40	20	0	Na+	K+	Ca2+	Mg2+	mmol/L	140	Cl–	HCO3–	Other	Intracellular	fluid	120	Pi	100	80	Proteins	60	40	Organic	anions	20	0	Na+	K+	Ca2+	Mg2+
Cl–	HCO3–	Other	Fig.	overview	of	the	primary,	secondary,	tertiary,	and	quaternary	structures	of	a	tetrameric	protein.	It	is	also	inversely	related	to	the	plasma	HDL-C.	34.5).	Some	hormones	appear	to	alter	the	Na+/K+-ATPase	activity	by	changing	the	enzyme’s	affinity	for	sodium;	for	instance,	angiotensin	II	and	insulin	increase	the	affinity.	The	infant
was	treated	successfully	by	intravenous	administration	of	methylene	blue	(1–2 mg/kg)	that	serves	to	accelerate	indirectly	the	enzymatic	reduction	of	metHb	to	normal	(ferrous)	Hb	by	NADPH	metHb	reductase,	which	is	normally	a	minor	pathway	for	conversion	of	metHb	to	Hb.	Comment	MetHb	is	formed	when	the	ferrous	iron	of	heme	is	oxidized	to
ferric	iron;	it	is	produced	spontaneously	at	a	low	rate	and	more	rapidly	in	the	presence	of	certain	drugs,	nitrites,	and	aniline	dyes.	The	smaller	the	protein,	the	more	readily	it	exchanges	into	polymer	beads,	whereas	larger	proteins	may	be	completely	excluded.	During	preparation	of	the	fifth	edition,	we	sought	to	improve	the	quality	of	explanation	of
complex	concepts.	Aldosterone	causes	an	increased	renal	reabsorption	of	sodium	and	water	retention,	thereby	increasing	extracellular	fluid	volume	and	edema.	Conversely,	in	conditions	of	iron	deficiency,	there	is	an	increase	in	the	synthesis	of	the	transferrin-receptor	protein,	which	is	involved	in	the	uptake	of	iron.	All	this	disrupts	the	structure	of	the
arterial	wall:	the	newly	formed	plaque	starts	to	protrude	into	the	lumen	of	the	artery,	obstructing	the	flow	of	blood.	2.15)	can	be	recovered	from	the	gel	for	analysis.	Comment	Xanthelasma	may	occur	in	individuals	with	completely	normal	lipid	levels.	Determination	of	the	primary	structure	of	proteins	Historically,	analysis	of	protein	sequence	was
carried	out	by	chemical	methods;	today,	both	sequence	analysis	and	protein	identification	are	performed	by	mass	spectrometry	Information	on	the	primary	sequence	of	a	protein	is	essential	for	understanding	its	functional	properties,	the	identification	of	19	CHAPTER	2 	Amino	Acids	and	Proteins	Step	1	Homogenization	/	extraction	pH=4	pH=7
Difference	in	pI	Salting-out	/	dialysis	and	concentration	Step	2	Ion-exchange	and	gel	filtration	chromatography	Step	3	SDS-PAGE	Difference	in	MW	Proteolytic	degradation	Peptide	purification	and	sequencing	Step	4	Difference	in	MW	pH=4	Fig.	The	protonated	form	of	imidazole	is	called	an	imidazolium	ion.	These	patients	also	have	high	plasma
cholesterol.	The	sequence	of	overlapping	peptides	is	then	used	to	obtain	the	primary	structure	of	the	protein.	The	Na+/K+-ATPase	is	subject	to	regulation	by	a	number	of	hormones,	including	aldosterone	The	Na+/K+-ATPase	has	three	subunits.	CH3	PEPTIDES	AND	PROTEINS	NH2	+	OH–	CH3	+	An	alanine	solution	(Fig.	On	examination,	the	patient
had	tendon	xanthomata	on	his	hands	and	Achilles	tendons.	Thus	low	blood	pH	(acidemia)	is	generally	associated	with	hyperkalemia,	and	high	blood	pH	(alkalemia)	is	associated	with	hypokalemia	(Fig.	It	increases	the	expression	of	LPL	and	of	apoAI	and	apoAII,	and	it	reduces	the	expression	of	the	apoCIII	gene.	In	contrast	to	the	L-amino	acids,	nearly
all	sugars	found	in	the	body	have	the	D	configuration.	For	alanine,	it	is	calculated	as	follows:	pK	a1	+	pK	a2	(2.4	+	9.8)	pI	=	=	=	6	.1	2	2	CHAPTER	2 	Amino	Acids	and	Proteins	R1	R2	R1	H2N	–	CH	–	COOH	+	H2N	–	CH	–	COOH	R2	O	H2N	–	CH	–	C	–	NH	–	CH	–	COOH	H2O	Amino	acids	Dipeptide	Fig.	Normally,	H2CO3	concentration	is	very	low,	about
0.0017 mmol/L.	Growth	of	the	plaque	is	accelerated	by	cycles	of	plaque	mini-ruptures	and	thrombosis.	Compared	with	the	atmospheric	air,	pCO2	in	the	alveolar	air	is	slightly	higher	and	pO2	slightly	lower	(this	is	due	to	the	water	vapor	pressure).	Nature	Medicine,	21,	1406–1415.	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	Endothelium
controls	vasodilatation	by	secreting	nitric	oxide	Endothelium	also	controls	vasodilatation	and	vasoconstriction	and	thus	regulates	blood	flow.	The	urine	is	also	tested	for	the	presence	of	leukocytes	and	various	crystals	and	deposits.	Borissoff,	J.	Typical	absorption	spectra	of	aromatic	amino	acids	and	a	protein	are	shown	in	Fig.	35.10	Renin–angiotensin
system.	The	aromatic	amino	acids	are	responsible	for	the	ultraviolet	absorption	of	most	proteins,	which	have	absorption	maxima	~280 nm.	Lipid	cannot	provide	a	substrate	for	gluconeogenesis.	Blood	leaving	the	liver	enters	the	systemic	venous	system	in	the	hepatic	vein.	Both	techniques	can	be	applied	directly	to	proteins	or	peptides	recovered	from
SDS-PAGE	or	two-dimensional	electrophoresis	(IEF	plus	SDS-PAGE).	In	hemolytic	anemia,	urine	may	contain	free	hemoglobin	and	urobilinogen.	However,	factors	such	as	the	inflammatory	phenomena	may	affect	serum	cystatin	C	concentration.	(B)	As	a	result	of	the	conformational	changes	that	accompany	the	transition	to	the	oxygenated	R	state,	the
distance	between	Asp	and	Trp	is	now	too	large,	but	the	distance	between	Asp	and	Asn	is	compatible	with	the	formation	of	a	new	hydrogen	bond.	Heme	is	a	porphyrin,	a	cyclic	compound	that	contains	four	pyrrole	rings	linked	together	by	methenyl	bridges.	They	primarily	lower	plasma	LDL.	The	resulting	triple-stranded	molecule	is	referred	to	as
tropocollagen.	Sodium	transport	systems	in	the	renal	tubules	Sodium	reabsorption	occurs	along	the	nephron,	with	the	exception	of	the	descending	limb	of	the	loop	of	Henle	(Fig.	mitochondria;	ALT	is	also	found	in	the	cytoplasm.	A	polymorphism	of	CYP2C19,	again	leading	to	extensive	and	poor	metabolizer	phenotypes,	affects	the	metabolism	of	the
proton-pump	inhibitor	drugs	used	in	gastroesophageal	reflux	disease	and	the	effectiveness	of	treatment	(Chapter	4).	■	Disease	processes	often	cause	the	patient	to	present	with	jaundice	due	to	hyperbilirubinemia.	Affinity	chromatography	Amino	acid	(aliphatic,	aromatic,	hydrophobic,	acidic,	basic,	neutral)	Ammonium	sulfate	precipitation	Buffer
Chaotropic	agent	Denaturation	Dialysis	Domain	Edman	degradation	Epimer	Gel	filtration	chromatography	α-Helix	Henderson–Hasselbalch	equation	Ion	exchange	chromatography	Nuclear	magnetic	resonance	spectroscopy	Peptide	pKa	β-Pleated	sheet	Posttranslational	modification	Prion	Protein	(purification,	characterization)	Protein	structure
(primary,	secondary,	tertiary,	quaternary)	Proteome	Stereoisomer	Ultrafiltration	X-ray	crystallography	7.e1	CHAPTER	2 	Amino	Acids	and	Proteins	Hydrogen	atom	Table	2.1	20	amino	acids	found	in	proteins*	 	Basic	amino	group	H2N	C	Acidic	carboxyl	group	COOH	R	Amino	acids	Structure	of	R	moiety	Aliphatic	amino	acids	glycine	(Gly,	G)	alanine
(Ala,	A)	valine	(Val,	V)	—CH3	CH3	—H	—	H	—CH	—	CH3	CH3	—	leucine	(Leu,	L)	Side	chain	—	—CH2—CH	Image	O	O–	able	e	sup	Non	os	rimp	+	H	3N	H	HO	—	—CH—CH2—CH3	Sulfur-containing	amino	acids	cysteine	(Cys,	C)	methionine	(Met,	M)	Aromatic	amino	acids	phenylalanine	(Phe,	F)	O	O–	+	NH3	H	Mirror	image	Mirror	plane	CH3	CH3	—
CH2—SH	—CH2—CH2—S—CH3	—CH2—	tyrosine	(Tyr,	Y)	—CH2—	tryptophan	(Trp,	W)	—CH2	—OH	—	Fig.	After	the	release	of	ADP,	there	is	conformational	change	from	E1-P	to	E2-P.	A	purified	protein	preparation	can	be	readily	analyzed	for	homogeneity	on	SDS-PAGE	by	staining	with	dyes,	such	as	Coomassie	Blue,	or	with	a	silver	staining
technique,	as	shown	in	Fig.	Describe	the	water	movements	between	ECF	and	ICF	that	take	place	in	water	deprivation.	Urobilin	(stercobilin)	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	NADPH	+	H+	–	P-450–Fe3+	Drug	drug	NADPH:	cytochrome	P-450	reductase	NADP+	P-450–Fe3+	Drug–OH	–	P-450–Fe2+	drug	Cytochrome	P-450	hydroxylase	P-
450–	Fe3+	drug–OH	–	O2	–	P-450–Fe2+	drug–O2	2H+	H2O	Fig.	34.9	Prehepatic	(hemolytic)	jaundice.	Comment	This	patient	had	mildly	impaired	renal	function	and	raised	blood	pressure	as	a	result	of	glomerular	damage	from	diabetes.	Arginine	is	the	most	basic	amino	acid	(pKa	≈	13),	and	its	guanidine	group	exists	as	a	protonated	guanidinium	ion	at
pH	7.	Prot,	protein.	Approximately	80%	of	the	filtrate	is	reabsorbed	in	the	proximal	tubule.	It	forms	long	filamentous	polymers	that	readily	precipitate,	distorting	erythrocyte	morphology	to	the	characteristic	sickle	shape.	Creatine	is	synthesized	from	glycine	and	arginine	precursors.	Phenyl	isothiocyanate	(PITC)	converts	the	N-terminal	amino	group	of
the	immobilized	peptide	to	a	phenylthiocarbamyl	(PTC)	amino	acid	derivative	in	alkaline	solution.	The	result	is	increased	sodium	reabsorption.	Impaired	clearance	of	ammonia	causes	brain	damage	The	urea	cycle	is	the	major	route	by	which	waste	nitrogen	is	excreted;	it	is	described	in	Chapter	15.	Journal	of	the	American	College	of	Cardiology,	56.	The
algorithm	is	based	on	age,	presence	of	diabetes,	smoking,	systolic	blood	pressure,	and	total	cholesterol	and	HDL-C	concentrations.	ACE	blockers	are	also	extensively	used	in	the	treatment	of	heart	failure.	The	production	of	these	proteins	is	stimulated	by	proinflammatory	cytokines	released	by	macrophages,	and	of	these,	interleukin-1	Table	34.1
Functions	of	hepatic	parenchymal	cells	and	their	disturbances	in	liver	disease	 	Function	Plasma	markers	of	impairment	Heme	catabolism	↑Bilirubin	Carbohydrate	metabolism	↓Glucose	Protein	synthesis	↓Albumin	Prolonged	prothrombin	time	Protein	catabolism	↑Ammonia	↓Urea	Lipid	metabolism	↑Triglycerides,	↑cholesterol	Drug	metabolism
Altered	biological	half-time	of	a	drug	Bile	acid	metabolism	↑Bile	acids	Endocrine	male	breast	enlargement	poor	gonadal	function	loss	of	body	hair	testicular	atrophy	Cardiovascular	ankle	swelling	(fluid	retention)	Central	nervous	system	lethargy	confusion	coma	Skin	jaundice	bruises	scratch	marks	Gastrointestinal	enlarged	liver	abdominal	swelling
(ascites)	dilated	esophageal	veins	Fig.	1.1	Human	genes,	proteins,	and	metabolites.	Approximately	30	amino	acids	participate	in	the	noncovalent	interactions	that	characterize	the	deoxygenated	and	oxygenated	Hb	conformations.	bFGF,	basic	fibroblast	growth	factor;	CD36,	cluster	of	differentiation	36;	DAMP,	damage	associated	molecular-pattern;
IFNγ,	interferon-γ;	IGF-1,	insulin-like	growth	factor	1;	ICAM-1,	intracellular	cell-adhesion	molecule	1;	IL-1β,	interleukin	1β;	oxLDL,	oxidized	LDL;	MCP-1,	monocyte	chemoattractant	protein	1;	NO,	nitric	oxide;	PDGF,	platelet-derived	growth	factor;	TNFβ,	tumor	necrosis	factor-β;	TNFα,	tumor	necrosis	factor-α;	EGF,	epidermal	growth	factor;	TGFβ,
transforming	growth	factor-β;	VCAM-1,	vascular	cell-adhesion	molecule	1.	CLINICAL	TEST	BOX	REDUCING	SUGAR	ASSAY	FOR	BLOOD	GLUCOSE	The	original	assays	for	blood	glucose	measured	the	reducing	activity	of	blood.	After	20	minutes,	the	spasms	ceased,	feeling	returned	to	her	fingers,	and	the	lightheadedness	resolved.	The	hepatocellular
damage	worsens	over	the	first	72 h	but	may	improve	spontaneously	after	that	as	a	result	of	regeneration	of	hepatocytes.	Blood	and	Hb	are	now	exposed	to	a	low	pCO2,	and	through	mass	action,	the	carbamino	adduct	formation	is	reversed,	and	binding	of	O2	is	again	favored.	Hb	is	an	allosteric	protein;	its	affinity	for	O2	is	regulated	by	small	molecules
Bohr	effect	Hb	is	one	of	the	best-studied	examples	of	an	allosteric	protein.	Fast-glycolytic	muscle	fibers	undergo	more	protein	loss	than	slow-oxidative	muscle	fibers.	Obstruction	of	the	bile	duct	does	not	allow	passage	of	bile	to	the	gut.	Patients	are	classified	as	ultra-rapid,	extensive,	intermediate,	and	poor	metabolizers	of	debrisoquine.	We	have	also
changed	the	narrative,	dividing	the	book	into	several	large	thematic	blocks:	Molecules	and	Cells,	Metabolism,	Molecular	Basis	of	Inheritance,	Cellular	Signaling	and	Growth,	Fuels	and	Nutrients,	Specialized	Tissues	and	Their	Function,	and	Blood	and	Immunity.	These	actions	are	counteracted	by	the	stimulation	of	the	AT2	receptors,	which	causes
vasodilatation	through	stimulation	of	NO	production,	promotes	sodium	loss,	and	inhibits	vascular	smooth	muscle	cell	proliferation.	533	534	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	H2O	A	Glycan	Integration	of	water	and	sodium	homeostasis	Handling	of	sodium	and	water	is	subject	to	integrated	control	by	aldosterone	and	vasopressin	H2O
H2O	B	Plasma	membrane	Normally,	despite	variations	in	fluid	intake,	plasma	osmolality	is	maintained	within	narrow	limits	(280–295 mmol/kg	H2O).	Lactose	(milk	sugar);	sucrose	(table	sugar);	maltose	and	isomaltose,	disaccharides	formed	on	degradation	of	starch;	and	repeating	disaccharide	units	of	cellulose	(from	wood)	and	hyaluronic	acid	(from
vertebral	disks).	PCSK9	inhibitors	are	monoclonal	antibodies	against	proprotein	convertase	subtilisin/kexin	type	9.	This	muscle	type	has	the	ability	to	sustain	low-intensity	contractions	for	long	periods.	These	reagents	are	called	denaturants	or	chaotropic	agents.	Thus	the	microenvironment	of	an	exercising	muscle	profoundly	favors	a	more	efficient
release	of	Hb-bound	O2	to	the	surrounding	tissue.	Only	traces	of	protein	are	normally	detectable	in	the	urine.	Approximately	3%	of	US	hospital	admissions	are	linked	to	drug–drug	interactions,	and	a	Dutch	study	reported	values	as	high	as	8.4%.	Water	reabsorption	regulated	by	vasopressin	takes	place	in	the	collecting	duct.	Amino	acids	are	visualized
by	post-column	reaction	with	a	fluorogenic	compound,	such	as	o-phthalaldehyde.	(C)	The	tertiary	structure	illustrates	the	three-dimensional	conformation	of	a	subunit	of	the	protein,	and	the	quaternary	structure	(D)	indicates	the	assembly	of	multiple	polypeptide	chains	into	an	intact,	tetrameric	protein.	isoleucine	(Ile,	I)	NH	OH	Imino	acid	proline	(Pro,
P)	N	L-serine	Fig.	As	Hb	binds	O2,	protons	dissociate	from	selected	weak-acid	functions;	conversely,	in	acidic	media,	protonation	of	the	conjugate	bases	inhibits	O2	binding	During	their	circulation	between	pulmonary	alveoli	and	peripheral	tissue	capillaries,	erythrocytes	encounter	markedly	different	conditions	of	pO2	and	pH.	R,	side	chain	of	amino
acids	that	extend	outward	from	the	helix.	The	labeled	proteins	are	mixed,	then	fractionated	by	2D-PAGE	(see	Fig.	Thus,	proBNP	(1–76)	reaches	higher	levels	in	cardiac	failure	than	BNP	32.	2.7B),	but	in	the	opposite	direction,	they	form	an	antiparallel	structure.	Kaushal,	PhD	Professor	of	Biochemistry	and	Associate	Dean	Touro	University	California
College	of	Osteopathic	Medicine	Vallejo,	CA,	USA	Professor	of	Medicine	University	of	Arkansas	for	Medical	Sciences;	Research	Career	Scientist	Central	Arkansas	Veterans	Healthcare	System	Little	Rock,	AR,	USA	Margaret	M.	5.9	Normal	and	abnormal	hemoglobins	can	be	separated	by	electrophoretic	and	chromatographic	methods.	We	comment	on
the	role	of	the	kidney	in	maintaining	water	and	electrolyte	balance	and	describe	the	use	of	blood	and	urine	testing	in	clinical	practice.	2.6).	The	SR	is	a	continuous,	tubular	compartment	in	close	association	with	the	myofibrils.	Moreover,	their	higher	level	of	HbF	is	more	sensitive	to	oxidants	compared	with	HbA.	Note	that	the	diagnostic	cutoff	points
and	recommended	treatments	change	and	are	periodically	updated	by	the	relevant	professional	organizations.	Comment	Prions	appear	to	be	composed	only	of	PrPSc	(scrapie	form)	molecules,	which	are	abnormal	conformers	of	the	normal,	hostencoded	protein.	Glucose	(blood	sugar)	is	the	only	sugar	that	exists	in	the	body	in	free	form;	lactose	and
sucrose	are	important	dietary	disaccharides.	The	amount	and	quality	of	food	we	consume	have	a	significant	impact	on	our	health	-	malnutrition,	on	the	one	hand,	and	obesity	and	diabetes,	on	the	other,	are	currently	major	public	health	issues	worldwide.	These	two	classes	of	compounds	differ	significantly	in	physical	and	chemical	properties.	In	normal
adults,	the	daily	load	of	bilirubin	is	250–350 mg.	FURTHER	READING	Atkins,	P.	Gut	and	Liver,	10,	27–36.	In	iron	deficiency,	the	IRE-binding	protein	binds	the	ferritin	mRNA,	prevents	translation	of	ferritin,	and	binds	the	transferrin-receptor	mRNA	and	prevents	its	degradation.	They	transmit	the	depolarizing	nerve	impulse	to	terminal	regions	of	the
SR,	coordinating	calcium	release	and	contraction	of	the	myofibril.	Low	plasma	albumin	concentration	occurs	commonly	in	liver	disease.	A	decrease	in	NO	production	contributes	to	arterial	hypertension.	6.	They	stimulate	the	LPL,	decrease	plasma	triglyceride	concentrations,	and	increase	the	concentration	of	HDL-C.	Thrombosis	(Chapter	41)
contributes	to	plaque	maturation	and	destabilization.	When	ammonium	sulfate,	one	of	the	most	soluble	salts,	is	added	to	a	solution	of	a	protein,	some	proteins	precipitate	at	a	given	salt	concentration,	whereas	others	do	not.	The	New	England	Journal	of	Medicine,	342,	1581–1589.	It	is	important	to	correctly	diagnose	pheochromocytoma	because	it	can
be	surgically	removed	(See	also	Chapter	26).	34.5	Normal	bilirubin	metabolism.	2,	Glasgow,	1997,	Glasgow	University.	There	are,	on	average,	3.6	amino	acid	residues	per	turn	of	the	helix,	and	the	helix	winds	in	a	right-handed	(clockwise)	manner	in	almost	all	proteins	(Fig.	This	physiologic	jaundice	is	caused	by	temporary	inefficiency	in	bilirubin
conjugation	and	resolves	in	the	first	10	days.	Tropocollagen	molecules	self-assemble	into	collagen	fibrils	and	are	packed	together	to	form	collagen	fibers.	JAMA:	The	Journal	of	the	American	Medical	Association,	311,	507–520.	This	causes	the	individual	to	experience	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	CLINICAL	BOX	A	22-YEAR-OLD
WOMAN	WHO	TOOK	AN	ACETAMINOPHEN	OVERDOSE	A	22-year-old	woman	was	admitted	to	hospital	in	a	semiconscious	state.	Muscle	consists	of	two	types	of	striated	muscle	cells:	Fast-glycolytic	and	slow-oxidative	fibers	Striated	muscle	cells	are	generally	classified	by	their	physiologic	contractile	properties	(fast	versus	slow)	and	primary	type	of
metabolism	(oxidative	versus	glycolytic).	Despite	treatment	with	intravenous	colloid	and	blood,	he	showed	persistent	oliguria	(urine	output	5–10 mL/h;	oliguria	is	<	20 mL/h).	The	condition	is	known	as	Tangier	disease.	The	source	of	the	proteins	is	commonly	blood	or	tissues	or	microbial	cells	such	as	bacteria	and	yeast.	Membrane	depolarization
activates	voltage-dependent	Ca2+channels.	These	disks	are	specialized	forms	of	cell	junctions,	ion	channels	that	allow	passage	ions	between	cells,	which	in	this	case	allow	the	depolarization	wave	to	pass	from	cell	to	cell	uninterrupted.	The	cleaved	peptides	are	then	subjected	to	RP-HPLC	to	purify	the	peptide	fragments,	then	sequenced	on	an
automated	protein	sequencer	using	the	Edman	degradation	technique	(Fig.	Clinical	Chemistry	and	Laboratory	Medicine,	36,	133–136.	Hereditary	hemochromatosis	is	a	genetically	determined	disorder	of	iron	metabolism	Hemochromatosis	is	the	most	common	inherited	disease	in	Northern	Europeans.	Maintaining	or	preventing	severe	body	weight
loss	in	many	disease	states	can	improve	patient	treatment	options,	survival	rates,	and	quality	of	life.	This	is	sensed	by	the	osmoreceptors,	which	suppress	vasopressin.	The	β-pleated	sheet	If	the	H-bonds	are	formed	laterally	between	peptide	bonds,	the	polypeptide	sequences	become	arrayed	parallel	or	antiparallel	to	one	another	in	what	is	commonly
called	a	β-pleated	sheet.	In	what	way	does	endothelial	dysfunction	contribute	to	atherosclerosis?	This	chapter	describes	the	specialized	metabolic	functions	of	the	liver	and	the	abnormalities	that	occur	in	liver	disease.	This	“dilutes”	the	ECF	and	leads	to	a	decrease	in	osmolality.	Glucose	and	urea	also	contribute	to	plasma	osmolality.	Although	muscle
stores	more	glycogen	than	the	liver,	it	has	no	glucose-6-phosphatase	and	therefore	cannot	directly	contribute	glucose	to	the	blood.	It	results	in	extremely	high	VLDL,	chylomicrons,	and	plasma	triglycerides.	27.10)	Testosterone	deficiency	in	males	Endocrine	failure	of	the	testes	may	be	primary,	due	to	trauma	or	inflammation	of	the	testes,	for	example,
or	secondary,	due	to	a	failure	of	the	hypothalamus	or	pituitary	Gonadal	dysgenesis	in	the	male	Klinefelter	syndrome,	which	is	most	commonly	caused	by	the	acquisition	of	one	extra	copy	of	the	X	chromosome	in	each	cell	(karyotype	47,	XXY),	has	a	prevalence	of	1	in	500–1000	of	all	phenotypic	males	Androgen	excess	in	the	male	Hyperandrogenism	due
to	testicular	androgen	excess	may	cause	precocious	puberty	Actions	of	FSH	and	LH	on	the	ovary	In	the	mature	female,	there	are	cyclic	changes	in	the	hypothalamic–pituitary–gonadal	axis	orchestrated	by	the	GnRH	pulse	generator	Inhibin	and	the	ovary	Granulosa	cells	secrete	inhibin,	a	heterodimeric	glycoprotein	composed	of	an	α-subunit	linked	by	a
disulfide	bridge	to	one	of	two	homologous	β-subunits	Gonadotropins	and	pregnancy	After	successful	implantation	of	a	fertilized	ovum,	maintenance	of	the	corpus	luteum	and	progesterone	production	is	vital	to	ensure	progression	of	development	Gonadotropins	and	menopause	Ovarian	follicles	become	depleted	of	oocytes	after	30–40	years	of	ovulatory
cycles,	and	normal	pregnancy	is	no	longer	possible	Estrogens	and	progesterone:	Actions	of	steroid	hormones	in	the	female	Aside	from	their	role	in	the	menstrual	cycle,	the	female	sex	steroids	have	additional	roles	The	growth	hormone	axis	Growth	hormone–releasing	hormone	(GHRH)	GHRH	is	a	44–amino	acid	peptide	synthesized	in	the	arcuate	and
ventromedial	hypothalamic	nuclei	of	the	hypothalamus	Ghrelin	is	a	28–amino	acid	peptide	hormone	with	a	fatty	acid	chain	that	is	also	a	potent	inducer	of	GH	secretion	Somatostatin	Somatostatin	(sometimes	referred	to	as	growth	hormone–inhibiting	hormone	[GHIH])	is	synthesized	in	the	paraventricular	and	ventromedial	nuclei	of	the	hypothalamus
Somatostatin	suppresses	the	release	of	the	gastrointestinal	hormones	gastrin,	cholecystokinin,	vasoactive	intestinal	peptide	(VIP),	gastric	inhibitory	polypeptide,	insulin,	and	glucagon	Growth	hormone	(GH)	GH	release	is	episodic	and	under	the	influence	of	the	hypothalamus,	with	approximately	two-thirds	of	total	24-h	GH	secretion	occurring	at	night
GH	is	synthesized	by	the	somatotropic	cells	of	the	anterior	pituitary	and	stored	within	granules	The	overall	action	of	GH	is	to	promote	growth	of	bone,	cartilage,	and	soft	tissue	Insulin-like	growth	factor-1	(IGF-1)	Measurement	of	IGF-1	has	clinical	utility	as	an	indicator	of	integrated	GH	activity	Clinical	disorders	of	GH	secretion	Clinically	significant
GH	excess	or	deficiency	is	relatively	uncommon	and	can	be	difficult	to	diagnose	Growth	hormone	deficiency	Childhood	GH	deficiency	is	a	possible	cause	for	short	stature	Growth	hormone	excess	Excess	GH	secretion	is	most	commonly	due	to	a	pituitary	tumor	The	prolactin	axis	Prolactin	and	dopamine	Prolactin	is	a	198–amino	acid	polypeptide
hormone	secreted	solely	by	lactotrope	cells	of	the	anterior	pituitary	Dopamine	stimulates	D2	receptors	to	inhibit	adenylyl	cyclase	and	thereby	inhibit	prolactin	synthesis	and	secretion	Disorders	of	prolactin	secretion	Pathologic	hyperprolactinemia	Extreme	hyperprolactinemia	is	highly	suggestive	of	a	prolactinoma	in	patients	not	taking
antidopaminergic	drugs	Macroprolactin	is	prolactin	bound	to	antibody	circulating	as	a	complex	and	may	be	detected	by	some	prolactin	assays	resulting	in	a	high	measured	serum	prolactin	concentration	Endocrine	systems	not	considered	in	this	chapter	Summary	Further	reading	Relevant	websites	More	Clinical	Cases	Abbreviations28	Cellular
Homeostasis	Abstract	Keywords	Learning	objectives	Introduction	Development	and	survival	of	multicellular	organisms	such	as	human	beings	are	reliant	on	the	appropriate	regulation	of	growth,	differentiation,	and	death	of	individual	cell	types	to	maintain	the	integrity	of	the	organism	Research	in	transformed	cancerous	cells	has	highlighted	important
mechanisms	that	regulate	cellular	growth	and	cell	division	in	normal	cells	Cell	cycle	Individual	cells	multiply	by	duplicating	their	contents	and	then	dividing	into	two	daughter	cells	In	recent	years,	extensive	research	of	the	cell	cycle	has	defined	a	number	of	key	control	points	The	G0	phase	is	a	form	of	the	resting	state,	or	quiescence,	in	which	cells
reside	until	they	receive	appropriate	signals	-	for	example,	from	growth	factors	-	stimulating	them	to	re-enter	and	progress	through	the	cell	cycle	Regulation	of	cell	proliferation	and	growth:	Growth	factors	Cells	of	a	multicellular	organism	have	to	receive	positive	signals	in	order	to	grow	and	divide	In	most	cell	types,	proliferation	is	controlled	by
signals	generated	from	a	specific	combination	of	growth	factors	rather	than	stimulation	by	a	single	growth	factor	Growth	factors	bind	to	specific	cell-surface	receptors	Growth	factors	selectively	initiate	signaling	cascades	Growth	factors	selectively	initiate	signaling	cascades	by	binding	to	their	receptors	Epidermal	growth	factor	receptor	(EGFR)
signaling	Upon	ligand	binding,	the	EGFR	activates	signals	through	Ras/Raf/MAPK-	and	PI3K/Akt/mTor-mediated	signaling	cascades	Signaling	cascade	involving	Ras	GTPase	is	important	in	regulating	cell	division	mTORC-1	and	mTORC-2	complexes	integrate	mitogen	and	nutrient	signals	Although	the	signaling	pathways	just	described	are	linear,	a
significant	amount	of	cross-talk	occurs	among	these	cascade	elements	Cytokine	receptor	signaling	Cytokines	are	growth	factors	that	mainly	coordinate	the	development	of	hematopoietic	cells	and	the	immune	response,	although	they	also	have	multiple	effects	on	non-hematopoietic	cell	types	Janus	kinases	(JAK)	link	the	hematopoietic	receptors	with
the	downstream	signaling	and	gene	transcription	Regulation	of	the	cell	cycle	Cyclin-dependent	kinase	(CDK)	family	and	cyclins	regulate	cell-cycle	transition	points	Mitogenesis	Mitogenic	signals	activated	by	growth	factors	exert	their	effects	between	the	onset	of	the	G1	phase	and	a	point	late	in	the	G1	phase,	called	the	restriction	point	Monitoring	for
DNA	damage	Molecular	checkpoints	that	mediate	appropriate	progression	through	the	cell	cycle	sense	problems	that	may	occur	during	DNA	synthesis	and	chromosome	segregation	In	the	case	of	damage	occurring,	the	DNA	damage	checkpoints	sense	alterations	and	activate	signaling	pathways	that	mediate	DNA	repair	The	tumor-suppressor	protein
p53	is	predominantly	a	DNA-damage-sensing	protein	that	monitors	DNA	damage	throughout	the	cell	cycle	A	p53-independent	pathway	involving	the	INK4	family	of	proteins	can	also	induce	cell-cycle	arrest	in	the	G1	phase	in	response	to	DNA	damage	Cell	death	Cell	death	is	a	fundamentally	important	part	of	a	cell’s	life	cycle,	and	appropriate
regulation	of	this	process	is	critical	to	maintaining	the	homeostatic	regulation	of	a	multicellular	organism	Apoptosis	Apoptosis	is	initiated	and	executed	through	either	perturbation	of	intracellular	homeostasis	by	intrinsic	(mitochondrial)	or	extrinsic	(e.g.,	Fas,	TNFR)	pathways	Caspases	Caspases	are	cysteine	proteases	with	aspartate	substrate
specificity	IAP	gene	family:	its	main	function	is	to	inhibit	apoptosis	The	Bcl-2	gene	family	is	composed	of	structurally	related	proteins	that	form	homo-	or	heterodimers	and	act	as	positive	or	negative	regulators	of	apoptosis	There	are	alternative	routes	to	apoptosis	Autophagy	Autophagy	is	a	process	that	degrades	cellular	components,	in	which	a	part	of
cytoplasm	is	engulfed	by	a	specific	membrane	and	the	contents	are	degraded	by	lysosomal	enzymes	Autophagy	is	induced	by	a	variety	of	stress	stimuli,	including	nutrient	and	energy	stress	as	well	as	hypoxia,	oxidative	stress,	infections,	ER	stress,	and	mitochondrial	damage	Cancer	Cells	that	develop	mutations	affecting	normal	regulation	of	the	cell
cycle	are	able	to	undergo	unchecked	proliferation,	resulting	in	a	loss	of	homeostatic	regulation	and	the	development	of	a	tumor	or	neoplasm	In	the	majority	of	cases,	a	single	mutation	is	not	sufficient	to	convert	a	healthy	cell	to	a	cancer	cell;	several	rare	mutations	have	to	occur	together	Mutations	need	to	occur	in	the	appropriate	cells	to	enable	the
neoplasm	to	develop,	indicating	that	cell	context	has	an	important	bearing	on	the	type	of	cancer	that	subsequently	develops	Mutations	that	lead	to	the	expression	of	established	oncogenes	do	not	necessarily	lead	to	the	development	of	cancer	if	they	occur	in	nonsusceptible	cells	Tumor	promoters:	Oncogenes	Oncogenes	were	first	identified	as	viral
genes	that	infect	normal	cells	and	transform	them	into	tumor	cells	The	key	to	understanding	cell	transformation	lies	in	the	mutation	of	a	normal	cellular	gene	that	controls	cell	growth	Most	human	tumors	are	nonviral	in	origin	and	arise	from	spontaneous	or	induced	mutations	Whole-exome/genome	sequencing	of	individual	patients,	utilized	to
determine	the	specific	mutational	landscape	within	cancer	subtypes,	has	enabled	links	to	be	established	between	seemingly	diverse	cancers	that	result	from	similar	genetic	mutations	Tumor-suppressor	genes:	Subversion	of	the	cell	cycle	p53:	Guardian	of	the	genome	Phosphatase	and	Tensin	homologue	(PTEN)	The	tumor	suppressor	PTEN	is	one	of
the	most	commonly	inactivated	proteins	in	sporadic	cancer	Summary	Further	reading	Relevant	websites	Abbreviations29	Aging	Abstract	Keywords	Learning	objectives	Introduction	Aging	may	be	defined	as	the	time-dependent	deterioration	in	function	of	an	organism	Aging	of	complex	systems	The	Hayflick	limit:	Replicative	senescence	The	replicative
capacity	of	cells	decreases	with	age	Mathematical	models	of	aging	In	poikilotherms,	the	rate	of	aging	is	correlated	with	temperature,	physical	activity,	and	metabolic	rate	Theories	of	aging	Theories	of	aging	can	be	divided	into	two	general	categories:	Biological	and	chemical	The	free-radical	theory	of	aging	The	free-radical	theory	of	aging	is	the	most
widely	accepted	theory	of	aging	Mitochondrial	theories	of	aging	Mitochondrial	DNA	is	particularly	susceptible	to	oxidative	damage	Genetic	models	of	increased	lifespan	The	effect	of	genetics	on	longevity	is	readily	apparent	in	animal	models	Antiaging	interventions:	what	works	and	what	doesn’t	Antioxidant	supplements	Antioxidant	supplements	may
improve	health	but	do	not	increase	lifespan	Calorie	restriction	Caloric	restriction	is	the	only	regimen	known	to	increase	lifespan	in	animals	Caloric	restriction	delays	the	onset	of	age-related	diseases,	including	cancer	Summary	Further	reading	Relevant	websites	Aging	resources	and	links:	Abbreviations30	Digestion	and	Absorption	of	Nutrients
Abstract	Keywords	Learning	objectives	Introduction	Water	and	electrolyte	handling	in	the	gastrointestinal	tract	Handling	of	electrolytes	and	water	by	the	GI	tract	is	one	of	its	main	functions	A	large	volume	of	fluid	is	secreted	and	reabsorbed	by	the	GI	tract	Electrolytes	are	secreted	by	the	salivary	glands,	stomach,	and	pancreas	Impaired	intestinal
function	leads	to	potentially	serious	disorders	of	fluid–electrolyte	and	acid–base	balance	Mechanisms	of	water	and	electrolyte	transport	in	the	intestine	Sodium-potassium	ATPase	is	the	driving	force	for	transport	processes	in	the	enterocytes	Sodium	cotransporters	are	a	common	mode	of	intestinal	transport	Other	modes	of	sodium	transport	include
electroneutral	and	electrogenic	transport	Chloride	transport:	Cystic	fibrosis	transmembrane	conductance	regulator	(CFTR)	Potassium	absorption	and	potassium	secretion	in	the	colon	are	aided	by	different	potassium	channels	Reabsorption	of	short-chain	fatty	acids	occurs	together	with	bicarbonate	secretion	Aquaporins	control	colonic	water
reabsorption	Intestinal	secretions	differ	in	their	pH	Components	of	digestion	Digestion	is	a	sequential	series	of	processes	There	is	considerable	functional	reserve	in	all	aspects	of	digestion	and	absorption	Digestive	enzymes	and	zymogens	Most	digestive	enzymes	are	secreted	as	inactive	precursors	All	digestive	enzymes	are	hydrolases	Digestion	and
absorption	of	carbohydrates	Dietary	carbohydrates	enter	the	GI	tract	as	mono-,	di-,	and	polysaccharides	Disaccharides	and	polysaccharides	require	hydrolytic	cleavage	into	monosaccharides	before	absorption	Disaccharidases	are	inducible,	with	the	exception	of	lactase	Active	and	passive	transport	systems	transfer	monosaccharides	across	the	brush-
border	membrane	Glucose,	fructose,	and	galactose	are	the	primary	monosaccharides	generated	by	digestion	of	dietary	carbohydrates	There	are	at	least	two	carrier-mediated	transport	mechanisms	for	monosaccharides	Digestion	and	absorption	of	lipids	Fats	need	to	be	emulsified	before	digestion	Bile	salts	and	pancreatic	enzymes	act	on	the	lipid
emulsion	in	the	duodenum	Bile	salts	are	essential	for	solubilizing	lipids	during	the	digestive	process	The	fate	of	fatty	acids	depends	on	their	chain	length	Triacylglycerol	synthesis	requires	activation	of	fatty	acids	Digestion	and	absorption	of	proteins	Proteins	are	hydrolyzed	by	peptidases	Protein	digestion	begins	in	the	stomach	Proteolytic	enzymes	are
released	from	the	pancreas	as	inactive	zymogens	Pancreatic	proteases	cleave	peptide	bonds	in	different	locations	in	a	protein	Final	digestion	of	peptides	depends	on	peptidases	present	in	small	intestine	Summary	Further	reading	Relevant	websites	Abbreviations31	Glucose	Homeostasis	and	Fuel	Metabolism	Abstract	Keywords	Learning	objectives
Introduction	The	most	important	energy	substrates	are	glucose	and	fatty	acids	Metabolism	is	geared	toward	safeguarding	continuous	glucose	supply;	glucose	is	being	stored	as	glycogen	and	can	also	be	synthesized	from	non-carbohydrate	compounds	Fatty	acids	are	the	primary	energy	source	during	prolonged	fasting	and	prolonged	exercise;	large
amounts	of	fatty	acids	are	stored	as	triacylglycerols	Amino	acids	become	a	fuel	after	conversion	to	glucose	Organs	and	tissues	differ	in	their	handling	of	fuels	Glucose	homeostasis	Insulin	and	the	counterregulatory	hormones	control	fuel	metabolism	Insulin	Insulin	secretion	is	controlled	by	glucose	metabolism	in	the	β-cell	Insulin	acts	through	a
membrane	receptor	that	triggers	multiple	intracellular	signaling	pathways;	intracellular	insulin	signaling	occurs	through	complex	cascades	of	phosphorylation	reactions	The	IRS-PI3K-Akt	signaling	pathway	controls	the	metabolic	effects	of	insulin	The	GRB2-SOS-Ras-MAPK	signaling	pathway	has	mitogenic	effects	The	PI3K-independent	pathway
stimulates	glucose	transport	Metabolic	effects	of	insulin	Insulin	stimulates	glucose	transport	across	the	cell	membrane	Insulin	resistance:	A	key	concept	in	glucose	homeostasis	The	most	important	cause	of	insulin	resistance	is	defective	insulin	signaling	(Table	31.2)	Glucagon	and	other	antiinsulin	hormones	Glucagon	and	other	antiinsulin
(counterregulatory)	hormones	increase	plasma	glucose	concentration	by	stimulating	glycogenolysis	and	gluconeogenesis	Epinephrine	acts	on	liver	and	muscle	Incretin	hormones	Incretin	hormones	are	secreted	by	the	gut	and	potentiate	insulin	secretion	The	feed–fast	cycle	Human	metabolism	oscillates	between	the	fed	state	and	the	fasting	state;	the
molar	ratio	of	insulin	to	glucagon	in	plasma	depends	on	which	pattern	of	metabolism	is	present	Insulin	and	glucagon	switch	genes	on	and	off	during	feed–fast	cycle	Metabolism	in	the	fed	state	Metabolism	in	fed	state	is	geared	toward	energy	production	and	storage	Metabolism	in	the	fasting	state	Liver	switches	from	a	glucose-utilizing	to	a	glucose-
producing	organ	The	three	key	substrates	for	gluconeogenesis	are	lactate,	alanine,	and	glycerol	Prolonged	fasting	(starvation)	Metabolic	response	to	stress	The	metabolic	response	to	stress	mobilizes	energy	substrates	from	all	available	sources;	during	stress,	metabolism	is	driven	by	the	antiinsulin	hormones	The	stress	response	includes	insulin
resistance	Diabetes	mellitus	Diabetes	is	a	disorder	of	fuel	metabolism	characterized	by	hyperglycemia	and	(later)	by	vascular	damage	Type	1	diabetes	is	an	autoimmune	disease	Susceptibility	to	type	1	diabetes	is	inherited	Type	2	diabetes	develops	when	β	cells	fail	to	compensate	for	existing	insulin	resistance	Genetic	predisposition	and	obesity	are	the
most	important	risk	factors	for	type	2	diabetes	Heritability	of	type	2	diabetes	is	greater	than	50%	In	type	2	diabetes,	ketoacidosis	is	rare	Metabolism	in	diabetes	In	poorly	controlled	diabetes,	metabolic	decompensation	leads	to	ketoacidosis	Key	features	of	diabetic	ketoacidosis	are	hyperglycemia,	ketonuria,	dehydration,	and	metabolic	acidosis
Diabetes,	obesity,	and	hypertension	are	linked	with	cardiovascular	disease	Late	vascular	complications	of	diabetes	mellitus	Oxidative	stress,	advanced	glycation	(glycoxidation)	end	products,	and	activity	of	the	polyol	pathway	contribute	to	the	development	of	complications	Increased	activity	of	the	polyol	pathway	is	associated	with	diabetic	neuropathy
and	ocular	cataracts	Hypoglycemia	Hypoglycemia	is	the	most	common	acute	complication	of	diabetes	Laboratory	assessment	of	fuel	metabolism	Diagnosis	and	monitoring	of	patients	with	diabetes	mellitus	The	key	diagnostic	tests	for	diabetes	are	measurements	of	plasma	glucose	and	glycated	hemoglobin	concentration	A	continuum	exists	between
normal,	prediabetic,	and	diabetic	states	Oral	glucose	tolerance	test	(OGTT)	assesses	blood	glucose	response	to	a	carbohydrate	load	The	glycated	hemoglobin	(HbA1c)	concentration	reflects	average	concentration	of	plasma	glucose	HbA1c	is	used	to	diagnose	diabetes	and	to	monitor	glycemic	control	Urine	glucose	is	not	a	diagnostic	test	for	diabetes
Ketone	bodies	in	the	urine	of	a	diabetic	person	signify	metabolic	decompensation	Urinary	albumin	excretion	is	important	in	the	assessment	of	diabetic	nephropathy	Increased	plasma	lactate	indicates	inadequate	tissue	oxygenation	Treating	diabetes	Keeping	glycemia	close	to	normal	prevents	development	of	diabetic	complications	Lifestyle
modification	is	the	mainstay	of	diabetes	prevention	and	treatment	Patients	with	type	1	diabetes	are	treated	with	insulin	Standard	insulin	treatment	protocols	involve	daily	subcutaneous	injections	throughout	life	Emergency	treatment	of	diabetic	ketoacidosis	includes	intravenous	insulin,	rehydration,	and	potassium	supplementation	Patients	with	type	2
diabetes	are	treated	with	oral	hypoglycemic	drugs,	but	some	may	also	require	insulin	Antidiabetic	drugs	Biguanides	and	thiazolidinediones	sensitize	the	peripheral	tissues	to	insulin	Sulfonylureas,	meglitinides,	and	drugs	affecting	the	incretin	system	stimulate	insulin	secretion	GLP-1	receptor	agonists	and	DPP-4	inhibitors	affect	the	incretin	system
Acarbose	decreases	the	availability	of	glucose	Sodium-glucose	cotransporter	2	(SGLT2)	inhibitors	decrease	glucose	reabsorption	in	the	kidney	Bariatric	surgery	is	used	as	an	option	for	diabetes	treatment	in	severely	obese	people	Summary	Further	reading	Relevant	websites	Abbreviations32	Nutrients	and	Diets	Abstract	Keywords	Learning	objectives
Introduction	Nutritional	status	is	determined	by	biological,	psychologic,	and	social	factors	Basic	definitions	Main	classes	of	nutrients	Carbohydrates	The	glycemic	index	and	glycemic	load	provide	quantitative	and	qualitative	insight	into	the	handling	of	carbohydrate-containing	foods	Proteins	Fats	Fats	are	divided	into	saturated	and	unsaturated	(the
latter	being	either	mono-	or	polyunsaturated)	Oleic	acid	(ω-9)	is	the	only	significant	dietary	monounsaturated	fatty	acid	Polyunsaturated	fatty	acids	include	ω-3	and	ω-6	acids	Essential	nutrients	Essential	(limiting)	nutrients	are	these	that	cannot	be	synthesized	in	the	human	body	Some	plant	proteins	are	relatively	deficient	in	essential	amino	acids,
whereas	animal	proteins	usually	contain	a	balanced	mixture	Essential	fatty	acids	(EFA)	are	linoleic	acid	and	α-linolenic	acid	Vitamins	and	trace	metals	are	important	for	the	catalysis	of	chemical	reactions	Healthy	eating	Current	dietary	recommendations	for	general	population	focus	on	a	balanced	diet	Regulation	of	food	intake	Food	intake	is	controlled
by	hunger	(a	desire	to	eat)	and	appetite	(a	desire	for	a	particular	food)	The	hypothalamus	and	brainstem	translate	the	information	about	energy	balance	into	eating	behavior	Energy	balance	Adipose	tissue	is	an	active	endocrine	organ	Leptin	regulates	adipose	tissue	mass	and	responds	to	the	energy	status	Adiponectin	increases	insulin	sensitivity;	its
lack	leads	to	insulin	resistance	Adipose	tissue	also	secretes	proinflammatory	cytokines	AMP-stimulated	kinase	(AMPK)	is	a	cellular	energy	sensor	AMPK	stimulates	energy-producing	(catabolic)	pathways	and	suppresses	energy-utilizing	(anabolic)	ones.	2.5	Structure	of	a	peptide	bond.	Bruising	from	delivery,	infection,	or	poor	fluid	intake	may
exaggerate	the	hyperbilirubinemia.	Patients	with	cachexia	are	frequently	unable	to	tolerate	radiation	or	chemotherapy	and	have	higher	morbidity	and	mortality.	What	water	and	electrolyte	disorders	would	you	expect	in	chronic	diarrhea?	NAFLD	occurs	in	40%	of	patients	with	the	so-called	metabolic	syndrome,	in	which	central	overweight	due	to	the
accumulation	of	visceral	fat	leads	to	insulin	resistance,	hypertension,	dyslipidemia,	and	hepatic	steatosis.	An	increase	in	ECF	osmolality	draws	water	from	the	cells	and	leads	to	cellular	dehydration.	It	results	in	a	reduced	activity	of	the	LDL	receptor.	It	is	not	secreted	by	the	tubules,	and	although	it	is	reabsorbed,	it	is	subsequently	catabolized	and
therefore	does	not	return	to	plasma.	Patients	with	apoAI	deficiency	present	with	low	HDL-C	accompanied	by	xanthelasma,	corneal	clouding,	and	arteriosclerosis.	For	fully	cooperative	binding,	n	is	equal	to	the	number	of	sites	(four	in	Hb),	an	indication	that	binding	at	one	site	maximally	enhances	binding	at	other	sites	in	the	same	molecule.	Despite
these	two	seemingly	contradictory	characteristics,	the	body	manages	to	maintain	its	internal	environment	for	decades.	Mammalian	cells	possess	several	proteolytic	systems.	The	key	process	leading	to	plaque	rupture	is	digestion	of	the	collagenous	matrix	of	the	plaque	cap.	Therefore	an	accumulation	of	the	hydrogen	ion	in	the	plasma	(acidemia)	and
the	consequent	entry	of	excess	of	hydrogen	ion	into	cells	increase	plasma	potassium	concentration.	The	causative	gene	ATP7B	encodes	a	coppertransporting	P-type	ATPase.	Patton,	PhD	Robert	Semple,	PhD,	FRCP	Associate	Professor	Department	of	Pathology,	Microbiology	and	Immunology	University	of	South	Carolina	School	of	Medicine	Columbia,
SC,	USA	Reader	in	Endocrinology	and	Metabolism	Wellcome	Trust	Senior	Research	Fellow	in	Clinical	Science;	Honorary	Consultant	Physician	University	of	Cambridge	Metabolic	Research	Laboratories	Wellcome	Trust-MRC	Institute	of	Metabolic	Science;	National	Institute	for	Health	Research	Cambridge	Biomedical	Research	Centre	Cambridge,	UK
Verica	Paunovic,	PhD	Research	Associate	Institute	of	Microbiology	and	Immunology	School	of	Medicine	University	of	Belgrade	Belgrade,	Serbia	Georgia	Perona-Wright,	PhD,	MA,	BA	Senior	Lecturer	Institute	of	Infection,	Immunity	and	Inflammation	College	of	Medical,	Veterinary	and	Life	Sciences	University	of	Glasgow	Glasgow,	Scotland,	UK	Andrew
R.	Diarrhea	is	an	important	cause.	2.4)	illustrates	that	alanine	has	minimal	buffering	capacity	at	its	pI	and	maximal	buffering	capacity	at	a	pH	equal	to	its	pKa1	or	pKa2.	Perhaps	this	is	an	evolutionary	response	to	deal	with	the	fact	that	lactate,	produced	by	glycolysis,	is	more	acidic	and	less	diffusible	than	CO2.	laboratory.	Their	time-dependent	decline
leads	to	aging,	and	their	failure	causes	age-related	diseases	such	as	neurodegenerative	diseases	and	cancer.	These	linear	projections	of	carbohydrate	structures	are	known	as	Fischer	projections.	Risk	factors	for	coronary	disease:	The	time	for	a	paradigm	shift?	Urine	microalbumin:	less	than	3.5 mg/mmol	creatinine.	Lancet,	369,	1208–1219.	CHAPTER
37 	Muscle:	Energy	Metabolism,	Contraction,	and	Exercise	Cardiac	muscle	is	striated	and	contracts	rhythmically	under	involuntary	control.	Slow	muscle	uses	fatty	acid	oxidation	for	ATP	synthesis,	which	requires	mitochondria.	However,	biopsy	of	the	liver	may	be	necessary	for	diagnosis.	This	has	provided	new	insights	into	the	pathogenesis	of	cancer
and	has	enabled	new	therapies	for	a	range	of	diseases.	Epidemiologic	data	indicate	that	5%	of	patients	with	SCD	can	expect	to	experience	3–10	episodes	of	severe	pain	annually.	PPARγ	influences	energy	homeostasis	and	adipose	tissue	differentiation,	and	it	improves	insulin	sensitivity.	These	anatomical	arrangements	facilitate	the	exchange	of
metabolites	between	hepatocytes	and	plasma,	allow	the	hepatocytes	to	receive	an	arterial	supply,	and	permit	the	excretory	products	from	hepatocyte	metabolism	destined	for	biliary	excretion	to	enter	the	biliary	ducts.	Patients	with	FH	have	very	high	plasma	cholesterol	and	LDL-C	concentrations.	About	75%	of	all	bilirubin	is	derived	from	the
breakdown	of	hemoglobin	from	senescent	red	blood	cells,	which	are	phagocytosed	by	mononuclear	cells	of	the	spleen,	bone	marrow,	and	liver	(reticuloendothelial	cells).	Dyslipidaemia.	Recent	insights	into	the	cellular	biology	of	atherosclerosis.	These	proteins,	termed	chaperones,	include	“heat	shock”	proteins,	such	as	HSP	60	and	HSP	70,	and	protein
disulfide	isomerases.	CLINICAL	BOX	PRESENCE	OF	XANTHELASMA	DOES	NOT	NECESSARILY	INDICATE	DYSLIPIDEMIA	A	28-year-old	woman	developed	unsightly	yellow	marks	around	both	eyes	(xanthelasma).	Baynes,	PhD	Carolina	Distinguished	Professor	Emeritus	Department	of	Pharmacology,	Physiology	and	Neuroscience	University	of	South
Carolina	School	of	Medicine	Columbia,	SC,	USA	Hanna	Bielarczyk,	PhD	Assistant	Professor	and	Chair	Department	of	Laboratory	Medicine	Medical	University	of	Gdańsk	Gdańsk,	Poland	Iain	Broom,	DSc,	MBChB,	FRCPath,	FRCP	(Glas),	FRCPE	Professor	Emeritus	of	Metabolic	Medicine	Aberdeen	Centre	for	Energy	Regulation	and	Obesity	University	of
Aberdeen	Aberdeen,	Scotland,	UK	Wayne	E.	Stercobilinogen	is	oxidized	to	stercobilin	(otherwise	known	as	fecal	urobilin),	which	is	colored;	stercobilin	is	mainly	responsible	for	the	color	of	feces.	In	diseases	of	fructose	and	galactose	metabolism,	such	as	hereditary	fructose	intolerance	or	galactosemia	(Chapter	17),	these	assays	could	yield	positive
results,	creating	the	false	impression	of	diabetes.	The	activity	of	eNOS	is	controlled	by	the	intracellular	calcium	concentration.	3.3	Linear	and	cyclic	representations	of	glucose	and	fructose.	The	other	important	molecule	is	glucose,	although	at	its	normal	plasma	concentration	(5.0 mmol/L;	90 mg/dL),	it	does	not	contribute	much	to	total	plasma
osmolality.	Another	commonly	used	classification	is	phenotypic,	which	simply	divides	dyslipidemias	into	hypercholesterolemia,	hypertriglyceridemia,	and	mixed	dyslipidemia.	Because	the	binding	of	SDS	is	proportional	to	the	length	of	the	peptide	chain,	each	protein	molecule	has	the	same	mass-to-charge	ratio,	and	the	relative	mobility	of	the	protein	in
the	polyacrylamide	matrix	is	proportional	to	the	molecular	mass	of	the	polypeptide	chain.	Monitoring	of	arterial	pO2	and	pCO2	on	oxygen	treatment	is	mandatory.	Familial	dyslipidemia	is	associated	with	early	coronary	disease.	Sugars	are	classified	into	the	D	or	L	family	based	on	the	configuration	around	the	highest	numbered	asymmetric	center	(Fig.
Depending	on	the	skeletal	muscle,	titin	may	account	for	more	than	half	of	the	passive	tension	of	the	muscle	and	contributes	a	springlike	property	to	the	sarcomere	-	when	a	muscle	is	stretched,	potential	energy	is	stored	in	the	PEVK	domain,	which	re-coils	during	relaxation.	In	this	book,	we	cross	these	borders	frequently,	both	in	the	text	and	in	clinical
boxes.	Age	In	elderly	people,	age	and	gender	alone	may	determine	the	high	risk.	Role	of	the	proteasome	in	ethanol-induced	liver	pathology.	The	upper	panel	shows	main	sources	of	potassium	loss.	Not	surprisingly,	mutations	of	the	gene	encoding	δ-globin	are	without	clinical	consequence.	However,	at	higher	work	intensities,	oxygen	availability	for
lipid	catabolism	can	become	limiting,	and	subsequently,	the	muscle	work	rate	decreases.	2.16.	Oxaloacetate	is	required	to	maintain	the	activity	of	the	TCA	cycle,	for	condensation	with	acetyl-CoA	derived	from	fats.	The	references	and	websites	listed	at	the	end	of	the	chapters	will	expand	on	what	has	been	learned,	should	you	wish	to	look	for	more
details.	Valine	on	the	mutant	β-globin	subunit	fits	into	a	complementary	pocket	(sometimes	called	a	sticky	patch)	formed	on	the	β-globin	subunit	of	a	deoxygenated	Hb	molecule,	a	pocket	that	becomes	exposed	only	upon	the	release	of	bound	O2	in	tissue	capillaries.	LPL	deficiency	is	associated	with	the	risk	of	pancreatitis	(Chapter	30)	precipitated	by
the	very	high	triacylglycerol	concentration.	B	cells	also	participate:	circulating	IgG	and	IgM-type	antibodies	against	oxidized	LDL	have	been	identified	in	plasma.	The	respiratory	center	in	the	brainstem	controls	respiration	rate	Ventilation	rate	is	influenced	by	partial	pressures	of	oxygen	(pO2)	and	carbon	dioxide	(pCO2).	Posttranscriptional	processing
of	ribonucleic	acids	Pre-rRNA	and	pre-tRNA	rRNAs	and	tRNAs	are	synthesized	as	larger	precursors	(pre-RNAs)	that	are	processed	to	yield	mature	transcripts	(Fig.	The	generated	cGMP	acts	on	PKC	and	on	phosphodiesterases,	regulating	cAMP	synthesis.	The	liver	also	synthesizes	most	of	the	plasma	α-	and	β-globulins.	Refer	back	to	this	figure	as	you
progress	in	your	studies,	and	you	will	notice	how	your	understanding	of	biochemistry	improves.	Oxidized	LDL	remains	a	candidate	antigen	that	could	be	responsible	for	the	inflammatory	reaction	in	atherogenesis.	The	airways	are	“tubes”	of	progressively	decreasing	diameter.	Unconjugated	and	conjugated	bilirubin	can	be	distinguished	in	the
laboratory	as	so-called	indirect	and	direct	bilirubin.	They	increase	the	availability	of	the	LDL	receptor	and	can	decrease	LDL-C	by	50%–60%.	Both	human	proteins	share	only	about	25%	sequence	identity	with	Mb	and	Hb.	Yet	all	key	elements	of	the	globin	fold	are	present:	the	three-over-three	α-helix	sandwich;	the	proximal	and	distal	His	residues;	and
a	hydrophobic,	heme-containing	pocket.	Hyponatremia.	One	studies	biochemistry	to	understand	the	interplay	of	nutrition,	metabolism,	and	genetics	in	health	and	disease:	let’s	start	here	with	the	shortest	possible	overview	of	the	field	The	human	organism	is,	on	the	one	hand,	a	tightly	controlled,	integrated,	and	self-contained	metabolic	system.
Stereochemistry:	Configuration	at	the	α-carbon	and	D-	and	L-isomers	INTRODUCTION	Proteins	are	major	structural	and	functional	polymers	in	living	systems	Proteins	have	a	broad	range	of	activities,	including	catalysis	of	metabolic	reactions	and	transport	of	vitamins,	minerals,	oxygen,	and	fuels.	Although	plasma	activities	of	liver	enzymes	are
markers	of	liver	disease,	they	do	not	exactly	reflect	the	function	of	the	liver.	Drug	metabolism	proceeds	in	two	phases	Phase	I	is	the	addition	of	a	polar	group:	the	polarity	of	the	drug	is	increased	by	its	oxidation	or	hydroxylation,	catalyzed	by	a	family	of	microsomal	enzymes	known	collectively	as	cytochrome	P-450	oxidases.	This	will	require	you	to
make	decisions	on	diagnosis	and	treatment.	Polar	side	chains	can	be	involved	in	hydrogen	bonding	to	water	and	to	other	polar	groups	and	are	usually	located	on	the	surface	of	the	protein.	Both	are	located	in	the	515	516	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	Table	34.2	Laboratory	tests	used	in	differential	diagnosis	of	jaundice	 	Test
Prehepatic	Intrahepatic	Posthepatic	Bilirubin	Increased	Increased	Increased	Conjugated	bilirubin	Absent	Increased	Increased	AST	and	ALT	Normal	Increased	Normal	ALP	Normal	Normal	Increased	Urine	bilirubin	Absent	Present	Present	Urine	urobilinogen	Present	Present	Absent	Reference	ranges	for	liver	function	tests:	AST	(aspartate
aminotransferase),	men	15–40 U/L,	women	13–35 U/L;	ALT	(alanine	aminotransferase),	men	10–40 U/L,	women	7–35 U/L;	ALP	(alkaline	phosphatase),	50–140 U/L:	ALP	is	physiologically	elevated	in	children	and	adolescents;	bilirubin	3-16 µmol/L	(0.18–0.94 mg/dL);	GGT	(γ-glutamyl	transpeptidase	men	<	90 U/L,	women	<	50 U/L.	Patients	can	develop
multiorgan	dysfunction,	including	cirrhosis	of	the	liver.	A	substantial	supply	of	amino	acids	is	required	as	substrates	for	this	increase	in	hepatic	protein	synthesis,	and	these	amino	acids	are	derived	from	the	proteolysis	of	skeletal	muscle.	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	Portal	tract	(hepatic	artery,	portal	vein,	bile	duct)	Central	hepatic
vein	Hepatocyte	Interlobular	bile	duct	Hepatocytes	Sinusoid	Portal	vein	Bile	canaliculus	Hepatic	artery	Hepatocyte	Central	hepatic	vein	Fig.	Lancet,	388,	706–716.	Because	the	increase	in	hsCRP	is	independent	of	plasma	LDL-C	concentration,	this	measurement	enhances	cardiovascular	risk	assessment.	However,	the	concentration	of	most	ions	is
measured	after	the	sampled	blood	has	been	allowed	to	clot	(i.e.,	using	serum).	pH=7	Arg	His	Lys	NH3	SDS	PAGE	Asn	Thr	Ser	Glu	Gly	Ala	Val	Met	Ile	Leu	Tyr	Phe	IEF	Relative	fluorescence	20	0	20	40	60	80	100	Retention	time	(min)	Fig.	2.11	illustrates	the	dialysis	of	proteins.	Their	plasma	concentrations	change	in	hepatic	disease	and	in	systemic
illness;	in	the	latter	case,	these	changes	form	part	of	the	acute-phase	response.	We	are	grateful	to	all	our	clinical	colleagues	and	doctors	in	training	for	their	insight,	discussions,	and	sharing	of	their	clinical	experience.	■	The	liver	has	a	central	role	in	the	detoxification	of	drugs.	Cardiac	muscle	is	also	more	responsive	to	hormonal	regulation.	The
amino	acid	sequences	of	different	mammalian	PrPCs	are	similar,	and	the	conformation	of	the	protein	is	virtually	the	same	in	all	mammalian	species.	Hemoglobin	buffers	the	hydrogen	ion	derived	from	carbonic	acid.	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	Jaundice	Hemolysis	Jaundice	can	be	pre-,	post,	or	intrahepatic	Jaundice	is	clinically
obvious	when	plasma	bilirubin	concentrations	exceed	50 µmol/L	(3 mg/dL).	As	creatine	phosphate	stores	are	depleted,	the	muscle	becomes	unable	to	sustain	the	high	force	output,	and	contractile	force	rapidly	declines.	Tertiary	structure	of	proteins	The	tertiary	structure	of	a	protein	is	determined	by	interactions	between	side	chain	functional	groups,
including	disulfide	bonds,	hydrogen	bonds,	salt	bridges,	and	hydrophobic	interactions	The	three-dimensional,	folded,	and	biologically	active	conformation	of	a	protein	is	referred	to	as	its	tertiary	structure.	A	critical	consequence	of	the	conformational	differences	between	the	T	and	R	states	is	that	deoxygenated	Hb	preferentially	interacts	with	the
negatively	charged	2,3-BPG.	Cellular	uptake	of	remnant	particles	and	the	LDL	is	either	impaired	(heterozygous	FH)	or	completely	inhibited	(very	rare	homozygous	FH).	Conditions	that	primarily	affect	the	cholesterol	distribution	stage.	Higher-order	structures	are	formed	by	hydrogen	bonds	between	backbone	carbonyl	and	amide	groups	(secondary
structure),	by	hydrophobic	interactions,	by	salt	bridges	and	covalent	bonds	between	the	side	chains	of	amino	acids	(tertiary	structure),	and	by	noncovalent	association	of	multiple	polypeptide	chains	to	form	polymeric	proteins	(quaternary	structure).	New	England	Journal	of	Medicine,	351,	1163–1164.	It	was	important	to	carry	out	liver	imaging	tests	to
find	the	site	of	the	obstruction;	the	absence	of	pain	suggested	that	gallstones	were	not	the	cause.	525	526	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	E1-P	E1	E2-P	Na+	P	Mg	ATP	Na	E1	K+	K+	Na+	2+	E2	P	+	Pi	K+	ADP	Fig.	The	preferred	conformation	for	glucose	is	the	β-anomer	(~65%),	in	which	the	hydroxyl	group	on	C-1	is	oriented
equatorial	to	the	ring.	The	bicarbonate	buffer	minimizes	changes	in	hydrogen	ion	concentration	when	acid	is	added	to	the	blood.	CH2OH	D-Fructofuranose	D-Fructose	H	CH2OH	HO	HO	H	H	D-Fructopyranose	H	CH2OH	O	H	H	HO	HO	OH	OH	α-D-Glucopyranose	H	H	O	H	OH	OH	H	β-D-Glucopyranose	may	be	attached	to	proteins	or	lipids	to	form



glycoconjugates	(glycoproteins	or	glycolipids,	respectively).	Ludmerer,	K.	In	general,	hyperventilation	may	be	triggered	by	hypoxemia,	pulmonary	and	cardiac	diseases,	metabolic	disorders,	pharmacologic	agents,	and	anxiety.	The	most	abundant	plasma	anions	are	chloride	and	bicarbonate,	with	average	concentrations	of	100 mmol/L	and	25 mmol/L,
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essential	for	antigen-dependent	T-cell	activation	Zona	fasciculata	Zona	glomerulosa	Zona	reticularis	CHAPTER	1 	Introduction	John	W.	The	reason	you	learn	basic	science,	including	biochemistry,	is	to	hone	your	clinical	thinking	so	that	these	decisions	are	better.	Her	glycemic	control	was	poor,	and	glycated	hemoglobin	(HbA1c)	was	9%	(75 mmol/
mol).	The	influx	of	Ca2+	from	the	SR	to	the	sarcoplasm	initiates	cross-bridge	formation	and	excitation–contraction	coupling	(see	Fig.	Puy,	H.,	&	Gouya,	L.	It	receives	venous	blood	from	the	intestine;	thus	all	of	the	products	of	digestion,	including	drugs	and	other	xenobiotics	taken	orally,	reach	it	and	may	be	further	metabolized	before	entering	the
systemic	circulation.	At	the	final	stage,	iron	(Fe2+)	is	added	by	ferrochelatase	to	protoporphyrin	IX	to	form	heme.	Atherogenesis	is	initiated	by	endothelial	damage	Endothelium	can	be	functionally	damaged	over	time	by	the	presence	of	CVD	risk	factors	such	as	hypercholesterolemia,	hypertension,	components	of	the	cigarette	smoke,	and	a
highsaturated-fat	diet	and	also	by	diabetes	mellitus	and	obesity	(Fig.	H.,	&	ten	Cate,	H.	Generally,	serum	potassium	concentrations	above	6.0 mmol/L	and	below	2.5 mmol/L	are	regarded	as	emergencies.	Some	lipids	are	distributed	asymmetrically	in	the	membrane;	for	example,	phosphatidylserine	(PS)	and	phosphatidylethanolamine	(PE)	are	enriched
on	the	inside,	and	phosphatidylcholine	(PC)	and	sphingomyelin	on	the	outside,	of	the	red	blood	cell	membrane.	36.3).	Oxford,	UK:	Oxford	University	Press.	More	commonly,	red	cells	are	hemolyzed	extravascularly,	within	phagocytes,	and	hemoglobin	is	converted	to	bilirubin,	which	is	unconjugated.	■	The	linear	sequence	of	the	amino	acids	constitutes
the	primary	structure	of	the	protein.	Obesity	and	diabetes	lead	to	dyslipidemia	caused	by	increased	VLDL	production.	In	contrast	to	the	α-helical	structure	of	other	proteins,	collagen	forms	a	left-handed	helical	structure	with	three	residues	per	turn.	Porphyrias	are	classified	as	hepatic	or	erythropoietic,	depending	on	the	primary	organ	affected.	37.5
Side	view	of	the	transverse	tubular	network	in	skeletal	muscle	cells.	SUMMARY	■	Proteins	are	macromolecules	formed	by	polymerization	of	amino	acids.	In	the	African	American	population	in	the	United	States,	SCD	affects	90,000–100,000	individuals,	a	frequency	of	0.2%;	heterozygous,	mostly	asymptomatic	carriers	number	8%	in	this	population.
The	nonpolar	hydrophobic	residues	are	usually	buried	in	the	hydrophobic	interior,	or	core,	of	a	protein	and	are	out	of	contact	with	water.	He	had	evidence	of	shock	with	hypotension	and	tachycardia,	a	fractured	skull,	and	multiple	injuries	to	his	limbs.	(2012).	She	had	smoked	20	cigarettes	a	day	for	the	previous	25	years	and	reported	frequent	attacks
of	“winter	bronchitis.”	Blood	gas	measurements	revealed	a	pO2	of	6 kPa	(45 mmHg),	pCO2	of	8.4 kPa	(53 mmHg),	and	pH	7.35	(hydrogen	ion	concentration	51 nmol/L);	bicarbonate	concentration	was	35 mmol.	Taken	in	the	usual	therapeutic	dose,	it	is	eliminated	by	conjugation	with	glucuronic	acid	or	sulfate,	which	are	then	excreted	through	the
kidney.	In	this	case,	calcium	triggers	contraction	by	binding	to	calmodulin	and	activating	myosin	light	chain	kinase,	which	then	phosphorylates	myosin.	A	decrease	in	the	plasma	volume	also	leads	to	water	retention	through	stimulation	of	the	pressure-sensitive	receptors	(baroreceptors)	in	the	juxtaglomerular	apparatus.	At	this	arterial	partial	pressure
of	O2,	Hb	saturation	is	only	81%	(see	Fig.	Her	pCO2	was	high,	and	therefore	her	ventilation	was	dependent	on	the	hypoxic	drive.	In	order	to	equalize	osmotic	pressures,	water	always	moves	from	a	compartment	with	lower	osmolality	(lower	concentration	of	dissolved	molecules)	to	the	one	with	higher	osmolality	(Fig.	This	may	be	due	to	excess	alcohol
intake,	in	which	case	there	may	also	be	enlarged	red	blood	cells	(macrocytosis)	and	an	increased	serum	uric	acid	concentration.	At	4000 m,	the	barometric	pressure	is	460 mmHg,	leading	to	an	ambient	partial	pressure	of	O2	of	96 mmHg	(sea	level,	160).	The	details	of	this	reorganization	are	summarized	in	Chapter	1.	Mayo	Clinic	Proceedings.	Note
that	changes	in	the	plasma	potassium	concentration	are	also	associated	with	acid–base	disorders:	alkalosis	leads	to	hypokalemia	and	acidosis	to	hyperkalemia	(Chapter	36).	It	also	yields	other	angiotensin	peptides.	2.16	Strategy	for	protein	purification.	a	significant	number	of	other	commonly	used	drugs	so	that	“debrisoquine	polymorphism”	remains
clinically	significant.	Sarcopenia	has	also	been	linked	to	age-induced	systemic	changes	to	the	endocrine,	cardiovascular,	and	immune	systems,	whose	functions	are	all	critical	for	the	maintenance	of	skeletal	muscle	mass.	Uric	acid	excretion	depends	mainly	on	endogenous	purine	degradation,	but	it	might	be	elevated	on	a	purine-rich	diet.	Blood
pressure	was	mildly	raised	at	145/88 mmHg.	A	quantitative	measurement	of	albumin	in	urine	revealed	protein	concentration	of	5 mg/mmol	creatinine,	indicating	microalbuminuria.	The	distal	HisE7,	serving	as	the	sixth	ligand,	must	be	displaced	to	permit	binding	of	O2.	The	acidic	protonated	form	reacts	with	added	base,	and	the	basic	unprotonated
form	neutralizes	added	acid,	shown	as	follows	for	an	amino	compound:	+	OH–	CH3	2.4	<	pH	<	9.8	NH+	H3N	CH	COOH	∼	∼	CH3	H2N	CH	COO–	At	the	mid-point	in	the	overall	titration	(pH	6.1)	the	zwitterion	is	the	predominant	form	of	the	amino	acid	in	solution.	M.,	Sullivan,	W.,	et al.	Body	water	homeostasis:	Clinical	disorders	of	urinary	dilution	and
concentration.	For	efficient	ATP	synthesis,	there	is	a	continuing,	but	poorly	understood,	requirement	for	a	basal	level	of	glycogen	metabolism,	even	when	glucose	is	available	from	plasma	and	when	fats	are	the	primary	source	of	muscle	energy.	Finally,	to	highlight	the	practical	points,	we	summarize	causes	of	hyper-	and	hyponatremia	and	hyper-	and
hypokalemia.	The	glucose	transporter	GLUT-4	is	moved	to	the	cell	surface	not	only	in	response	to	insulin	or	pharmaceuticals	but	also	in	response	to	cellular	energy	status	and	by	muscle	contractions.	Because	its	intracellular	concentration	is	much	higher,	a	relatively	minor	shift	of	potassium	between	the	ECF	and	ICF	results	in	major	changes	in	its
serum	concentration.	The	condition	went	into	remission	after	treatment	with	a	glucocorticoid.	Intracellular	buffering	in	acidosis	Plasma	Erythrocyte	Tissue	buffering	in	acidosis	can	lead	to	plasma	[K+]	Prot–	Important:	low	blood	pH	(academia)	is	generally	associated	with	hyperkalemia,	and	high	blood	pH	(alkalemia)	is	associated	with	hypokalemia.
CLINICAL	TEST	BOX	ASSESSMENT	OF	RENAL	FUNCTION	Serum	Creatinine	and	Urea	Are	First-Line	Tests	in	the	Diagnosis	of	Renal	Disease	Renal	clearance	is	the	volume	of	plasma	(in	milliliters)	that	the	kidney	clears	of	a	given	substance	every	minute.	They	express	several	receptors,	including	scavenger	receptors,	CD36,	and	toll-like
(patternrecognition)	receptors.	The	treatments	include	endocrine	interventions	with	male	or	female	sex	hormone	replacement	therapy	as	well	as	growth	hormone	therapy.	Therapeutically,	a	sulfhydryl	compound,	N-acetylcysteine	(NAC),	is	routinely	used	as	an	antidote	in	acetaminophen	poisoning.	The	widely	cited	prevalence	figure	of	1 : 30,000	for
Wilson’s	disease	with	a	heterozygous	ATP7B	mutation	carrier	frequency	of	1 : 90	was	estimated	before	the	identification	of	ATP7B	as	the	causative	gene.	Muscle	fiber	innervation	by	spinal	motor	neurons	is	critical	to	both	development	and	maintenance	of	muscle	fibers	(cells).	In	the	middle	of	the	interface	between	the	two	αβ	heterodimers	are	the
residues	Asp94(α)	on	the	α1-globin	of	one	heterodimer	and	Trp37(β)	and	Asn102(β)	on	the	β2-globin	of	the	other	heterodimer	(see	dashed	oval	in	Fig.	The	dose	of	the	immunosuppressant	ciclosporin	may	need	to	be	reduced	by	up	to	75%	if	the	patient	also	takes	the	antifungal	drug	ketoconazole	(see	Wilkinson	in	Further	Reading)	to	avoid	adverse
clinical	reactions.	In	clinical	practice,	we	use	the	creatinine	clearance	instead.	Approximate	values	in	an	average	adult	person	are	given.	RELEVANT	WEBSITES	MedlinePlus	-	Liver	Diseases:	Lab	Tests	Online	-	Liver	Disease:	conditions/liver-disease/	Lab	Tests	Online	-	Liver	Function	Tests:	labtestsonline.org.uk/understanding/	analytes/liver-panel/
PharmGKB	-	The	Pharmacogenomics	Knowledgebase:	https://	www.pharmgkb.org/	MORE	CLINICAL	CASES	Please	refer	to	Appendix	2	for	more	cases	relevant	to	this	chapter.	lysine	(Lys,	K)	arginine	(Arg,	R)	NH2	–CH2—COOH	—CH2–CH2—COOH	CH2	N	Aromatic	amino	acids	O	—CH2—CH2	—C	—	Alanine,	valine,	leucine,	and	isoleucine,	referred	to
as	aliphatic	amino	acids,	have	saturated	hydrocarbons	as	side	chains.	Several	recent	studies	suggest	additional	options	for	the	patient	and	physician:	continuous	intravenous	infusion	of	nonsteroidal	anti-inflammatory	drugs	and	continuous	epidural	administration	of	local	anesthetics	and	opioid	analgesics	effectively	decreased	pain	that	was
unresponsive	to	conventional	measures.	At	lower	temperatures,	it	interferes	with	fatty	acid	chain	associations	and	increases	fluidity,	but	at	higher	temperatures,	it	tends	to	limit	disorder	and	decrease	fluidity.	I.,	Spronk,	H.	K.	Proteins	present	in	both	proteomes	will	appear	as	yellow	spots,	whereas	unique	proteins	will	be	red	or	green,	respectively	(see
Chapter	24).	Prothrombin	synthesis,	assessed	by	prothrombin	time	(PT),	is	a	better	indicator	of	liver	synthetic	function.	The	resolution	of	this	issue	is	complicated	by	the	fact	that	various	forms	of	margarine	-	for	example,	soft-spread	and	hard-block	types	-	vary	significantly	in	their	content	of	trans-fatty	acids.	Asparagine	and	glutamine	have	amide-
bearing	side	chains.	Intravenous	fluid	therapy	in	adult	inpatients.	Development	of	these	antibodies	followed	the	observation	that	people	with	rare	gain-of-function	mutations	in	the	PCSK9	gene	had	hypercholesterolemia	and	suffered	from	premature	ASCVD.	Raoufinia,	R.,	Mota,	A.,	Keyhanvar,	N.,	et al.	This	structure	is	determined	by	hydrogen	bond
interactions	between	the	carbonyl	oxygen	group	of	one	peptide	bond	and	the	amide	hydrogen	of	another	nearby	peptide	bond.	To	calculate	the	overall	risk,	they	use	algorithms	based	on	data	from	large,	long-term	epidemiologic	studies.	Faísca,	P.	(B)	This	trace	illustrates	high-pressure	liquid	chromatography	(HPLC)	with	a	cation-exchanger	solid
phase,	a	technique	capable	of	separating	and	quantifying	more	than	40	hemoglobins.	Characteristic	palmar	xanthomata	are	present.	To	provide	relief	to	the	patient,	nonnarcotic,	narcotic,	and	adjuvant	analgesics	are	used	alone	or	in	combination.	Ribose,	the	pentose	sugar	in	ribonucleic	acid	(RNA);	2-deoxyribose,	the	deoxypentose	in	DNA;	glucuronic
acid,	an	acidic	sugar	formed	by	oxidation	of	C-6	of	glucose;	gluconic	acid,	an	acidic	sugar	formed	by	oxidation	of	C-1	of	glucose,	shown	in	the	δ-lactone	form;	glucosamine,	an	amino	sugar;	N-acetylglucosamine,	an	acetylated	amino	sugar;	glucose6-phosphate,	a	phosphate	ester	of	glucose,	an	intermediate	in	glucose	metabolism;	sorbitol,	a	polyol
formed	on	reduction	of	glucose.	2.15).	Carbohydrates	are	hydrophilic;	the	smaller	carbohydrates	(sugars)	are	soluble	in	aqueous	solution,	whereas	large	polymers	such	as	starch	or	cellulose	form	colloidal	dispersions	or	are	insoluble.	If	this	excretory	process	is	impaired	and	the	patient	becomes	jaundiced,	some	conjugated	bilirubin	may	be	excreted	in
the	urine,	which	is	then	characteristically	dark	in	color.	Familial	dysbetalipoproteinemia,	previously	known	as	type	III	hyperlipidemia,	is	caused	by	a	mutation	in	the	apoE	gene,	yielding	apoE	isoform	with	low	affinity	for	the	LDL	receptor.	The	movement	of	sodium	leads	to	reabsorption	of	water.	This	technique	is	frequently	used	for	protein	purification
and	for	desalting	protein	solutions.	Water	deficit	(dehydration)	decreases	plasma	volume,	renal	blood	flow,	and	GFR	NH2	COOH	H2O	Fig.	Jaundice	is	a	clinically	important	sign	to	the	presence	of	significant	liver	disease.	Classification	of	amino	acids	based	on	the	polarity	of	the	amino	acid	side	chains	Table	2.2	depicts	the	functional	groups	of	amino
acids	and	their	polarity	(hydrophilicity).	Daily	excretion	of	ammonia	and	phosphate	depends	on	hydrogen	ion	excretion	in	urine	(Chapter	36).	Serine,	threonine,	and	asparagine	are	the	primary	sites	of	linkage	of	sugars	to	proteins,	forming	glycoproteins	(Chapter	17).	M.	Oxidation	of	the	sugar	reduces	cupric	ion	(blue-green	color)	to	cuprous	ion
(orange-red	color)	in	solution.	501	502	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	Familial	hypercholesterolemia	is	a	monogenic	disorder	caused	by	a	mutation	in	the	gene	coding	for	the	LDL	receptor.	Hypertension	is	associated	with	an	increased	risk	of	stroke	and	myocardial	infarction.	In	the	past	decade,	bioinformatics,	genome-wide
association	studies,	and	epigenetics	have	provided	truly	fascinating	insights	into	the	complexity	of	genetic	regulatory	networks.	Genetic	deficiency	of	α1-antitrypsin	presents	in	infancy	as	liver	disease	or	in	adulthood	as	lung	disease	caused	by	elastase-mediated	tissue	destruction	-	early-onset	lung	disease	and	liver	cirrhosis.	NMR	spectroscopy	is
commonly	used	for	structural	analysis	of	small	organic	compounds,	but	high-field	NMR	is	also	useful	for	determination	of	the	structure	of	a	protein	in	solution	and	complements	information	obtained	by	X-ray	crystallography.	This	classification	has	been	superseded	by	the	genetic	one	(Table	33.5).	Creatinine	Is	Derived	From	Skeletal	Muscle
Phosphocreatine	(Fig.	Drugs	used	in	the	treatment	of	hypertension	include	diuretics,	drugs	blocking	adrenoreceptors,	inhibitors	of	the	angiotensin-converting	enzyme,	and	the	antagonists	of	angiotensin	AT1	receptors.	The	discoverers	of	protein	ubiquinylation	were	awarded	the	Nobel	Prize	in	chemistry	in	2003.	This	technique	uses	finely	packed
micron-size	beads	and	requires	high	pressure	for	efficient	elution,	but	it	yields	high-resolution	separations.	ACTIVE	LEARNING	1.	Diuretics	are	important	in	the	treatment	of	edema	associated	with	circulatory	problems	such	as	heart	failure,	in	which	impaired	cardiac	function	may	lead	to	a	severe	breathlessness	caused	by	pulmonary	edema.	It	is	also
involved	in	the	assembly	of	lipoproteins	and	in	cholesterol	metabolism.	The	formation	and	breakdown	of	SNO-Hb	are	sensitive	to	pO2;	NO	is	released	from	Hb	in	response	to	hypoxia	or	on	conversion	to	the	T	state,	for	example,	in	venous	capillaries,	where	it	induces	vasodilation	and	increased	blood	flow.	This	proliferation	and	differentiation	process
can	be	reproduced	ex	vivo.	Because	muscle	loss	is	a	contributing	factor	to	morbidity	and	mortality	of	patients	and	affects	long-term	recovery	outcomes,	it	is	essential	to	consider	methods	of	attenuating	the	muscle	loss	associated	with	sepsis.	This	book	and	the	individual	contributions	contained	in	it	are	protected	under	copyright	by	the	Publisher	(other
than	as	may	be	noted	herein).	Of	these,	CYP3A4	is	responsible	for	most	metabolic	transformations,	but	mounting	evidence	demonstrates	that	CYP2B6	plays	a	much	larger	role	in	human	drug	metabolism	than	was	previously	believed.	However,	approximately	25%	of	patients	experience	a	subtherapeutic	antiplatelet	response	to	clopidogrel.	The	liver
also	has	an	excretory	function,	in	which	metabolic	waste	products	are	secreted	into	a	branching	system	of	ducts	known	as	the	biliary	tree,	which	in	turn	drains	into	the	duodenum;	the	biliary	constituents	are	then	excreted	in	feces.	Our	text	is	shorter	than	many	of	the	heavy	tomes	in	our	discipline,	and	it	focuses	on	explanation	of	key	concepts	and
relationships	that	we	hope	you	will	retain	in	your	recall	memory	and	use	in	your	future	clinical	practice.	In	fact,	most	of	the	body’s	energy	is	consumed	to	generate	heat	for	homeotherms	and	to	maintain	ion	and	metabolite	gradients	across	membranes.	CLINICAL	BOX	LIFESTYLE	CHANGE	IMPROVES	PLASMA	LIPID	PROFILE	A	57-year-old	man	was
referred	to	the	lipid	clinic	because	of	hypertriglyceridemia.	The	plasma	membrane	separates	the	intracellular	and	extracellular	fluid	The	main	cation	in	the	ICF	is	potassium,	present	in	a	concentration	of	about	110 mmol/L.	Both	carbohydrates	and	lipids	may	be	bound	covalently	or	noncovalently	to	proteins	(glycoproteins,	glycolipids,	lipoproteins)	and
have	important	structural	and	regulatory	functions,	which	are	elaborated	in	later	chapters.	32.8.)	315	316	CHAPTER	23 	Regulation	of	Gene	Expression:	Basic	Mechanisms	Table	23.3	Examples	of	types	of	restriction	of	biallelic	genes	in	humans	 	Genomic	imprinting	Parent-of-origin	expression	of	specific	(	scavenger	receptor	BI	route.	In	the	United
States,	there	are	2	million	cases	of	adverse	drug	reactions	annually,	including	100,000	deaths.	(2006).	Acidic	amino	acids	Aspartic	and	glutamic	acids	contain	carboxylic	acids	on	their	side	chains	and	are	ionized	at	pH	7	and,	as	a	result,	carry	negative	charges	on	their	β-	and	γ-carboxyl	groups,	respectively.	As	a	group,	their	functional	concentration
can	be	readily	assessed	in	the	hematology	laboratory	by	measuring	the	prothrombin	time	(PT;	Chapter	41).	Bartter’s	syndrome	is	a	group	of	inherited	defects	in	ion	transport	along	the	thick	ascending	limb	of	the	loop	of	Henle.	The	most	anionic	(acidic)	amino	acids	elute	first,	followed	by	the	neutral	and	basic	amino	acids.	Table	33.5	The	most
important	genetically	determined	dyslipidemias	 	Dyslipidemia	Frequency	/inheritance	Defect	Plasma	lipid	pattern	Increased	cardiovascula	risk	Familial	hypercholesterolemia	1 : 500	Autosomal	dominant	LDL-receptor	deficiency	or	functional	impairment	Hypercholesterolemia	or	mixed	hyperlipidemia	(IIa	or	IIb)	Yes	Familial	combined	hyperlipidemia
1 : 50	Autosomal	dominant	Overproduction	of	apoB100	Hypercholesterolemia	or	mixed	hyperlipidemia	(IIa	or	IIb)	Characteristically	variable	patterns	in	different	family	members	Yes	Familial	dysbetalipoproteinemia	(type	III	hyperlipidemia)	1 : 5000	Autosomal	recessive	Presence	of	APO	E2/E2	genotype	Defective	remnant	binding	to	LDL	receptor
Mixed	hyperlipidemia	Yes	Mixed	hyperlipidemia:	plasma	cholesterol	and	plasma	triglyceride	concentration	are	both	increased.	Thiazolidinediones,	antidiabetic	drugs,	activate	PPAR	γ.	Through	long-range	conformational	effects,	they	alter	the	ligand-	or	substrate-binding	affinity	of	the	protein.	Water	is	also	lost	through	the	lungs,	sweat,	and	feces:	this
is	known	as	“insensible	loss”	and	in	normal	circumstances	amounts	to	approximately	500 mL	daily	(Fig.	Powell,	L.	Dominiczak	and	Mirosława	Szczepańska-Konkel	LEARNING	OBJECTIVES	After	reading	this	chapter,	you	should	be	able	to:	■	Describe	the	body	water	compartments	in	the	adult	and	the	composition	of	the	main	body	fluids.	Meteoritic
amino	acids:	Diversity	in	compositions	reflects	parent	body	histories.	A	protein	mixture	is	applied	to	the	column	and	then	the	components	are	eluted	by	either	isocratic	or	gradient	chromatography.	The	ester	bond	of	triglycerides	and	other	glycerolipids	is	also	readily	hydrolyzed	in	vitro	by	a	strong	base,	such	as	NaOH,	forming	glycerol	and	free	fatty
acids.	98.	34.4	Degradation	of	heme	to	bilirubin.	In	this	case,	the	reaction	is	said	to	be	a	spontaneous,	or	exergonic,	reaction,	and	the	free	energy	of	this	reaction	is	defined	as	negative	-	that	is,	ΔG 	300 µg/L,	and	the	diagnosis	of	hereditary	hemochromatosis	was	suspected.	Partially	hydrogenated	oils	are	more	stable	than	the	natural	oils	during
heating;	when	used	for	deep-frying,	they	need	to	be	changed	less	frequently.	■	Describe	how	osmolality	changes	induce	movement	of	water	between	the	extracellular	and	intracellular	space.	Comment	The	patient	had	acute	hepatic	failure,	most	probably	caused	by	acetaminophen	poisoning.	In	addition	to	the	strings	of	chemical	reactions	that	have
been	the	essence	of	biochemistry	since	its	inception,	we	now	recognize	the	sequences	(cascades)	of	interacting	signaling	molecules	that	complement	these	reactions	and	are	essential	to	their	control.	In	the	mature	plaque	(Fig.	Hypoxia	can	also	lead	to	overperfusion	of	vascular	beds,	endothelial	leakage,	and	edema.	Bagot,	BSc,	MBBS,	MD,	MRCP,
FRCPath	Marek	H.	Jaundice	in	the	first	24 h	of	life	is	abnormal	and	requires	investigation	to	exclude	hemolysis,	as	does	jaundice	that	presents	later	or	persists	after	10	days.	Her	cholesterol	was	5.0 mmol/L	(192 mg/dL),	triglycerides	were	0.7 mmol/L	(64 mg/dL),	and	her	HDL-C	was	1.4 mmol/L	(53 mg/dL).	We	have	also	expanded	the	index	to	provide
more	comprehensive	access	to	topics	discussed	in	the	text.	NH2	HOOC	C	O	H	O	N	C	CH2	N	COOH	H	SH	Fig.	5.9).	Gel	filtration	chromatography	separates	proteins	on	the	basis	of	size	Gel	filtration,	or	gel-permeation,	chromatography	uses	a	column	of	insoluble	but	highly	hydrated	polymers,	such	as	dex	tran,	agarose,	or	polyacrylamide.	In	a	steady
state,	the	intake	of	water	equals	its	loss.	The	New	England	Journal	of	Medicine,	364(18),	1746–1760.	R	R	N	H	in	complex	biological	mixtures.	33.5	Laboratory	diagnosis	of	dyslipidemias.	Cyclization	of	sugars	Except	for	the	trioses,	sugars	exist	primarily	in	cyclic	conformations.	The	progression	of	infectious	prion	diseases	appears	to	involve	an
interaction	between	PrPC	and	PrPSc	that	induces	a	conformational	change	of	the	α-helix-rich	PrPC	to	the	β-pleated	sheet–rich	conformer	of	PrPSc.	PrPSc-derived	prion	disease	may	be	genetic	or	infectious.	Biological	membranes	also	contain	another	important	amphipathic	lipid:	cholesterol,	a	flat,	rigid	hydrophobic	molecule	with	a	polar	hydroxyl
group	(see	Fig.	Comment	The	patient	has	asymptomatic	liver	disease.	36.5	Control	of	the	respiratory	rate	by	pCO2	and	pO2.	Differences	in	linkage	of	sugars	make	a	big	difference	in	metabolism	and	nutrition	Amylose,	a	component	of	starch,	is	an	α-1→4-linked	linear	glucan,	whereas	cellulose	is	a	β-1→4-linked	linear	glucan.	2.10	Primary,	secondary,
tertiary,	and	quaternary	structures.	The	lungs	control	the	exchange	of	carbon	dioxide	and	oxygen	between	the	blood	and	the	atmosphere,	the	erythrocytes	transport	these	gases	between	the	lungs	and	tissues,	and	the	kidneys	control	plasma	bicarbonate	synthesis	and	the	excretion	of	the	hydrogen	ion.	Increased	concentrations	(more	than	50 µmol/L,
or	3 mg/dL)	can	be	recognized	clinically	because	at	this	concentration	or	more,	bilirubin	imparts	a	yellow	color	to	the	skin	and	conjunctivae	known	clinically	as	jaundice,	or	icterus.	In	plasma,	free	amino	acids	are	usually	found	at	10–100 µmol/L,	including	many	that	are	not	found	in	protein.	A.,	Oparil,	S.,	Carter,	B.	The	genome	underpins	it	all	The
genome	provides	the	mechanism	for	conservation	and	transfer	of	genetic	information	through	regulation	of	the	expression	of	constituent	genes	and	control	of	protein	synthesis.	SUMMARY	■	The	liver	plays	a	central	role	in	human	metabolism.	Dominiczak	BIOCHEMISTRY	AND	CLINICAL	MEDICINE:	INTRODUCTION	AND	OVERVIEW	Biochemistry	is
constantly	changing	Research	into	the	human	genome	and	particularly	gene	regulation	has	been	one	of	the	main	drivers	of	medical	progress	for	some	time	now.	Impaired	renal	function	Family	history	of	premature	ASCVD	Positive	family	history	of	premature	CVD	increases	the	calculated	risk	by	a	factor	of	1.7–2.0.	High	plasma	apoB	Low	plasma	apoA
Newer	studies	show	that	prediction	of	risk	based	on	apolipoproteins	is	better	than	that	based	on	cholesterol	concentration.	35.3	Ions	present	in	the	plasma	and	in	the	intracellular	fluid.	It	also	admits	inflammatory	cells	into	the	vascular	wall.	Bilirubin	in	plasma	is	increased	due	to	an	increase	in	the	conjugated	fraction.	A	question	bank	for	self-
assessment	and	many	more	resources	are	available	at	the	Elsevier	website,	www.studentconsult.com,	to	which	the	reader	is	referred.	To	understand	the	Bohr	effect	at	the	level	of	protein	structure	and	to	appreciate	the	role	of	H+	as	a	heterotropic	allosteric	effector,	it	is	important	to	recall	that	Hb	is	a	highly	charged	molecule.	The	effect	is
particularly	evident	in	so-called	lesion-prone	areas,	which	are	usually	located	either	at	branching	points	or	curving	sections	of	the	arteries.	The	structure	of	the	enzyme	includes	the	α-catalytic	subunit,	which	possesses	the	Na-,	K-,	and	ATP-binding	sites	and	also	several	phosphorylation	sites.	Indeed,	HbS	has	been	studied	biochemically,	biophysically,
and	genetically	for	more	than	50	years,	making	SCD	the	paradigm	of	a	molecular	disease.	These	assays	work	because	glucose,	at	5-mM	concentration,	is	the	major	reducing	substance	in	the	blood.	In	the	arterial	part	of	the	capillaries,	the	hydrostatic	pressure	prevails	over	the	oncotic	pressure,	thus	pushing	out	water	and	low-molecular-weight
compounds,	including	nutrients,	into	the	extravascular	space.	Arterial	pH	is	also	increased	during	hyperventilation,	leading	to	a	higher	affinity	of	Hb	for	O2.	The	risk	steeply	increases	when	total	plasma	cholesterol	concentration	increases	above	5.2 mmol/L	(200 mg/dL).	33.6.	Inflammatory	activity	destabilizes	the	plaque,	making	it	prone	to	rupture
Dying	foam	cells	can	be	removed	by	efferocytosis	(a	phagocytic	removal)	or	can	undergo	necrosis	and	release	their	lipids,	which	enlarge	lipid	pools	within	the	intima.	Hydrogen	bonds	are	commonly	0.27–0.31 nm	in	length.	Contact	between	the	two	αβ	heterodimers	(see	Fig.	depends	on	the	differential	migration	of	dissolved	solutes	through	gels	that
have	pores	of	defined	sizes.	Sulfur-containing	amino	acids	Cysteine	and	its	oxidized	form,	cystine,	are	sulfur-containing	amino	acids	characterized	by	low	polarity.	This	process	is	further	intensified	by	a	decrease	in	NO	production,	which	promotes	vasoconstriction.	Crigler–Najjar	syndrome,	which	is	the	result	of	a	complete	absence	or	marked	reduction
in	bilirubin	conjugation,	causes	severe	unconjugated	hyperbilirubinemia	that	presents	at	birth;	when	the	enzyme	is	completely	absent,	the	condition	is	fatal.	Cholesterol	is	found	in	all	biomembranes	and	acts	as	a	modulator	of	membrane	fluidity.	For	example,	there	is	compelling	evidence	showing	that	Val1(α)	is	relevant	to	the	Bohr	effect	only	in	the
presence	of	Cl−.	There	are	commercially	available	gels	made	from	polymer	beads	Gel	filtration	(molecular	sieving)	Fig.	Bannerjee,	Heart	of	England	NHS	Foundation	Trust	UK.	35.6).	Reducing	sugar	assays	do	not	distinguish	glucose	from	other	reducing	sugars,	such	as	fructose	or	galactose.	cAMP,	in	turn,	activates	protein	kinase	A	(PKA).	New
insights	into	prebiotic	chemistry	from	Stanley	Miller’s	spark	discharge	experiments.	Another	requirement	for	continuous	adaptation	is	changes	in	dietary	sodium	and	potassium.	As	exercise	continues,	epinephrine	contributes	to	activation	of	hepatic	gluconeogenesis,	providing	an	exogenous	source	of	glucose	for	muscle.	In	the	distal	tubule,	the
reabsorption	of	sodium	ions	involves	sodium–chloride	cotransporter	(NCC),	which	is	thiazide-sensitive.	Comparison	of	the	primary	structures	of	the	β-	and	γ-	polypeptides	reveals	a	replacement	of	His143β	by	Ser	in	γ-globin	(see	Fig.	Mutations	in	the	gene	coding	for	apoB	can	also	lead	to	low	VLDL	and,	consequently,	low	LDL	concentrations.	Similar	to
the	remnant	particles,	they	are	small	enough	to	enter	the	arterial	wall.	Hb	has	a	considerably	lower	affinity	for	O2,	reflected	in	a	P50	of	27	±	2 mmHg	compared	with	myoglobin	(P50 =	4 mmHg).	It	is	practically	important	that	when	an	excess	of	hydrogen	ion	is	present	in	the	plasma,	it	enters	cells	in	exchange	for	potassium	ion.	There	is	continuing
debate	among	nutritionists	about	the	health	benefits	of	butter	versus	margarine	in	foods.	Functionally,	these	two	adult	hemoglobins	are	indistinguishable.	Purification	of	a	protein	involves	a	sequence	of	steps	in	which	contaminating	proteins	are	removed	based	on	differences	in	size,	charge,	and	hydrophobicity.	With	an	increase	in	the	erythrocyte
concentration	of	any	of	three	allosteric	effectors	-	H+,	CO2,	or	2,3-bisphosphoglycerate	(2,3-BPG)	-	the	curve	shifts	to	the	right	(position	B),	indicating	a	decreased	affinity	for	O2	(increase	in	P50	value).	Urine	urobilinogen	is	increased.	Heterozygotes	occur	in	1%	of	the	population.	2.13	illustrates	the	principle	of	ion-exchange	chromatography.	Kidney
Metabolic	component	pH	~	[HCO–2]	pCO2	Lungs	Respiratory	component	Fig.	1.1).	Butter	is	rich	in	both	cholesterol	and	triglycerides	containing	saturated	fatty	acids,	both	of	which	are	dietary	risk	factors	for	atherosclerosis.	Obesity,	diabetes,	atherosclerosis,	and	cardiovascular	disease,	on	the	one	hand,	and	malnutrition	and	nutritional	deficiencies,
on	the	other,	are	major	global	health	concerns.	James,	P.	The	plaque,	which	is	cell-poor	and	collagen-rich,	is	relatively	stable	and	grows	slowly	over	the	years.	Here	we	also	discuss	metabolism	of	foreign	substances,	including	therapeutic	drugs.	Glyceryl	trinitrate,	a	drug	commonly	used	to	relieve	chest	pain	caused	by	inadequate	oxygen	supply	to	the
heart	muscle	(angina	pectoris),	dilates	coronary	arteries	by	stimulating	NO	release.	The	20	amino	acids	in	proteins	encoded	by	DNA	are	listed	in	Table	2.1	and	are	classified	according	to	their	side	chain	functional	groups.	Nonfasting	plasma	triglyceride	concentration	(reflecting	an	increase	in	atherogenic	lipoprotein	remnants)	has	been	linked	to	the
risk	of	ASCVD.	The	last	section,	Blood	and	Immunity,	describes	the	body	defense	mechanisms	of	hemostasis	(blood	coagulation)	and	the	immune	response	and	the	impact	of	inflammation	and	oxidative	stress.	Clinical	Chemistry	and	Laboratory	Medicine,	39,	907–919.	Contribution	of	biochemistry	to	medicine:	Medical	biochemistry	and	clinical
biochemistry.	Although	it	has	a	large	functional	reserve,	those	diseases	that	significantly	impair	hepatic	function	can	lead	to	severe	clinical	sequelae,	as	evidenced	by	jaundice,	bleeding,	and	impaired	brain	function.	A	high-fat	diet	also	affects	both	stages	of	lipoprotein	metabolism.	Dyslipidemias	are	also	simply	classified	as	hypercholesterolemia,
hypertriglyceridemia,	or	mixed	dyslipidemia.	Lactic	acid	is	produced	during	anaerobic	glycolysis,	and	its	concentration	in	plasma	is	the	hallmark	of	hypoxia.	Subsequently,	in	the	cytosol,	two	molecules	of	5-ALA	condense	to	form	a	molecule	containing	a	pyrrole	ring,	porphobilinogen	(PBG).	Most	of	the	metabolic	processes	in	the	kidneys	are	aerobic,
and	consequently,	their	oxygen	consumption	is	high:	it	approximately	equals	that	of	the	cardiac	muscle,	and	is	three	times	greater	than	that	of	the	brain.	The	energy	systems	that	synthesize	ATP	are	not	equivalent	and	directly	affect	the	amount	and	duration	of	power	output	from	the	contracting	muscle.	Carver,	PhD	Professor	and	Chair	Department	of
Cell	Biology	and	Anatomy	University	of	South	Carolina	School	of	Medicine	Columbia,	SC,	USA	David	Church,	BMedSci	(Hons),	MSc,	MRCP	Clinical	Research	Fellow	Honorary	Specialty	Registrar	University	of	Cambridge	Metabolic	Research	Laboratories	Wellcome	Trust-MRC	Institute	of	Metabolic	Science;	National	Institute	for	Health	Research
Cambridge	Biomedical	Research	Centre;	Department	of	Clinical	Biochemistry	and	Immunology	Addenbrooke’s	Hospital	Cambridge,	UK	Alan	D.	Portal	tracts	at	the	“corners”	of	these	polyhedrons	contain	branches	of	the	portal	vein,	hepatic	artery,	and	interlobular	bile	ducts.	The	lungs	control	the	gas	exchange	with	the	atmospheric	air.	NH2	CHAPTER
2 	Amino	Acids	and	Proteins	Reversible	phosphorylation	of	the	hydroxyl	group	of	tyrosine	in	some	enzymes	is	important	in	the	regulation	of	metabolic	pathways.	Another	dimension	of	new	knowledge	is	the	growing	understanding	of	links	between	metabolism	and	diseases	that	are	related	to	nutrition,	lifestyle,	and	environment.	the	family	to	which	the
protein	belongs,	and	the	characterization	of	mutant	proteins	that	cause	disease.	36.2	The	bicarbonate	buffer.	Fibrates	act	through	PPARα	transcription	factor	PCSK9	inhibitors	are	the	newest	class	of	cholesterol-lowering	drugs	Derivatives	of	fibric	acid	(fibrates)	are	agonists	of	the	transcription	factor	PPARα.	There	are	metabolic	and	genetic	disorders
that	result	from	collagen	abnormalities.	Adverse	effects	are	not	uncommon	with	HBOCs.	Increased	vasoconstriction	with	subsequent	hypertension	occurs	a	result	of	increased	binding	of	nitric	oxide	(NO),	an	endogenous	regulator	of	vasodilation,	by	extracellular	Hb.	Other	problems	include	increased	heme	oxidation	to	metHb,	elevated	iron	deposition
in	tissues,	gastrointestinal	distress,	neurotoxicity,	and	interference	with	diagnostic	measurements.	Under	most	circumstances,	the	rightward	shift	has	an	insignificant	effect	on	the	O2	saturation	of	Hb	in	the	lungs.	Plasma	and	urine	bilirubin	is	elevated	due	to	an	increase	in	the	conjugated	fraction.	Postgraduate	Medical	Journal,	92,	223–234.	(B)	The
protein	is	retained	in	the	dialysis	tube,	whereas	salts	will	exchange	through	the	membrane.	34.3).	(2)	When	muscle	is	stimulated,	calcium	enters	the	sarcoplasm	through	voltage-gated	calcium	channels	(Chapter	4).	Vasopressin	regulates	osmolality	by	adjusting	the	volume	of	body	water,	responding	to	both	osmotic	and	volume	signals.	Vasopressin	and
aquaporins	Vasopressin	regulates	water	reabsorption	by	the	kidneys	The	posterior	pituitary	hormone	vasopressin	(also	known	as	the	antidiuretic	hormone	[ADH])	controls	the	reabsorption	CLINICAL	TEST	BOX	DIAGNOSTIC	USE	OF	THE	BRAIN	NATRIURETIC	PEPTIDE	(BNP)	PROPEPTIDES	The	BNP	propeptides	are	present	in	plasma	in	equimolar
amounts	to	the	active	species.	A	better	index	of	hepatocyte	synthetic	function	is	the	production	of	the	coagulation	factors	II,	VII,	IX,	and	X	All	the	coagulation	factors	undergo	posttranslational	γ-carbo	xylation	of	specific	glutamyl	residues,	allowing	them	to	bind	calcium.	Oxygenated	Hb,	upon	entering	this	environment,	will	acquire	some	“excess”
protons	and	shift	toward	the	T	state,	promoting	the	release	of	O2	for	uptake	by	tissues	for	aerobic	metabolism.	When	the	H+	concentration	in	the	system	increases,	the	bicarbonate	component	of	the	buffer	accepts	(H+),	forming	carbonic	acid,	which	is	subsequently	converted	into	CO2	and	H2O	in	the	reaction	catalyzed	by	carbonic	anhydrase:	H	+	+
HCO3−		H2CO3		CO2	+	H2O	CHAPTER	36 	The	Lung	and	the	Regulation	of	Hydrogen	Ion	Concentration	(Acid–Base	Balance)	At	the	first	stage,	the	bicarbonate	concentration	decreases	and	pCO2	increases.	The	cation	exchanger,	carboxymethylcellulose	(R–O–CH2–COO–),	and	anion	exchanger,	diethylaminoethyl	[(DEAE)	cellulose	[R–O–C2H4–NH+
(C2H5)2],	are	frequently	used	for	the	purification	of	proteins.	Disorders	of	sodium	concentration	are	clinically	important	and	are	closely	associated	with	water	balance,	in	a	way	sometimes	not	easy	to	disentangle.	There	is	no	basement	membrane	between	the	endothelial	cells	and	the	hepatocytes.	Further,	applications	of	recombinant	DNA	technology
have	revolutionized	the	work	of	clinical	laboratories	and	have	recently	provided	novel	tools	for	editing	the	genome.	Metabolism	of	sulfur-containing	amino	acids	and	phosphorus-containing	compounds	generates	inorganic	acids.	Wilson’s	disease	and	other	neurological	copper	disorders.	To	achieve	this,	individuals	need	to	become	committed	to
changing	their	lifestyles	and,	in	particular,	to	maintaining	the	change	over	a	prolonged	period	of	time.	Physical	examination	showed	mild	tachycardia	and	a	raised	jugular	venous	pressure.	A	conformational	change	in	the	hinge	regions	of	myosin	occurs	after	cross-bridge	formation,	providing	the	power	stroke	for	muscle	contraction	(Fig.	M.,
Cederbaum,	A.	All	these	developments	have	changed	the	way	we	look	at	metabolism.	This	is	known	as	the	oncotic	pressure,	and	it	retains	water	in	the	vascular	bed.	Deficiency	of	α1-antitrypsin	presents	in	infancy	as	liver	disease	or	in	adulthood	as	lung	disease	α1-Antitrypsin	is	a	member	of	the	serpin	family	of	serine	protease	inhibitors,	and	contrary
to	its	name,	its	predominant	target	is	macrophage-derived	elastase.	Jones	LEARNING	OBJECTIVES	After	reading	this	chapter,	you	should	be	able	to:	■	Discuss	the	role	of	the	liver	in	carbohydrate	metabolism	and,	in	particular,	its	role	in	endogenous	glucose	production.	The	net	production	of	nonvolatile	acids	is	around	50 mmol/24 h.	CHAPTER	5 
Oxygen	Transport	CLINICAL	BOX	ANALGESIC	TREATMENT	OF	SICKLE	CELL	VASOOCCLUSIVE	CRISES	Acute	vasoocclusive	crises	are	the	most	common	problem	reported	by	individuals	with	sickle	cell	disease	(SCD);	they	are	also	the	most	frequent	reason	for	emergency	room	treatment	and	hospital	admission.	At	pH	7,	the	“zwitterion”	+H3N–
CH2–COO−	is	the	dominant	species	of	glycine	in	solution,	and	the	overall	molecule	is	therefore	electrically	neutral.	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	Lumen	Macrophage-rich	plaque	shoulder	vulnerable	to	fissuring	Lipid	pool	Fibrous	cap:	matrix	(collagen)	T	cells,	activated	VSMC	Thrombus	Endothelium	Plaque	center	(lipid
pool)	Foam	cells	Cholesterol	crystals	Intima	Cholesteryl	esters	Necrotic	cells	Activated	macrophages	Lipid	pool	(detail)	Fig.	Inhibitors	of	intestinal	absorption	bind	bile	acids	and	inhibit	cholesterol	transporter	Inhibitors	of	intestinal	absorption	of	cholesterol	include	older	drugs,	the	bile	acid–binding	resins,	that	are	now	rarely	used.	35.6	Water
redistribution	caused	by	changes	in	osmolality.	O	H2N-CH-C	Ser	Leu	Thr	Ser	Leu	Thr	Peptide	CH3	N	C	S	C	HN-CH-C	PITC	O	NH	S	PTC	derivative	CH3	Acid	hydrolysis	(Ser)	PTH	Ala	O	+	H2N-CH-C	Leu	Thr	CH2	OH	Fig.	Cygb	is	thought	to	function	as	an	enzyme	cofactor,	supplying	O2	for	the	hydroxylation	of	Pro	and	Lys	side	chains	in	some	proteins.
Durrington,	P.	Surfactant	decreases	the	surface	tension	of	the	alveoli.	Once	purified,	for	the	determination	of	its	amino	acid	composition,	a	protein	is	subjected	to	hydrolysis,	commonly	in	6 mol/L	HCl	at	110°C	in	a	sealed	and	evacuated	tube	for	24–48 h.	557	558	CHAPTER	37 	Muscle:	Energy	Metabolism,	Contraction,	and	Exercise	In	this	context,
exercise	draws	glucose	from	the	blood	and,	in	effect,	counters	hyperglycemia	in	diabetes	-	exercise,	in	this	context,	is	good	medicine.	Alanine	has	a	relatively	simple	structure,	a	side	chain	methyl	group,	whereas	valine,	leucine	and	isoleucine	have	isopropyl,	sec-	and	iso-butyl	groups.	Smoking	Hypertension	High	plasma	total	cholesterol	High	LDL-
cholesterol	Low	plasma	HDL-cholesterol	Diabetes	mellitus	CVD	is	the	main	cause	of	death	in	diabetes.	Arterial	hypertension	has	been	classified	as	“essential”	(primary)	or	“secondary.”	A	cause	of	essential	hypertension	has	not	yet	been	identified,	although	it	is	known	to	involve	multiple	genetic	and	environmental	factors,	including	neural,	endocrine,
and	metabolic	components.	The	proteome	is	tissue	and	cell	specific,	and	it	changes	during	development	and	in	response	to	hormonal	signaling	and	environmental	stresses.	Fibrillin,	found	in	the	fibers	that	support	the	lens,	is	rich	in	cysteine	residues.	Inflammation	and	Immune	System.	ADVANCED	CONCEPT	BOX	LENS	DISLOCATION	IN
HOMOCYSTINURIA	(INCIDENCE:	1	IN	200,000)	The	most	common	ocular	manifestation	of	homocystinuria,	a	defect	in	sulfur	amino	acid	metabolism	(Chapter	15),	is	lens	dislocation	occurring	around	age	10	years.	5	6	CHAPTER	1 Introduction	RELEVANT	WEBSITES	ABBREVIATIONS	Human	Metabolome	Database	(HMDB),	version	3.6:	Human
Proteome	Map:	Overview	of	the	Human	Genome	Project,	NIH	National	Human	Genome	Research	Institute:	-human-genome-project/	Acetyl-CoA	ATP	Cyt	a,	b,	c	DNA	FAD/FADH2	FP	GABA	Glycerol-3-P	NAD+/NADH	Q	RNA	TCA	cycle	Acetyl-Coenzyme	A	Adenosine	triphosphate	Cytochrome	a,	cytochrome	b,	cytochrome	c	Deoxyribonucleic	acid	Flavin
adenine	dinucleotide	(oxidized/reduced)	Flavoprotein	γ-Aminobutyric	acid	Glycerol-3-phosphate	Nicotinamide	adenine	dinucleotide	(oxidized/	reduced)	Ubiquinone/ubiquinol	Ribonucleic	acid	Tricarboxylic	acid	cycle	CHAPTER	2 	Amino	Acids	and	Proteins	Ryoji	Nagai	and	Naoyuki	Taniguchi	LEARNING	OBJECTIVES	AMINO	ACIDS	After	reading	this
chapter,	you	should	be	able	to:	Amino	acids	are	the	building	blocks	of	proteins	■	Classify	the	amino	acids	based	on	their	chemical	structure	and	charge.	The	Edman	degradation	technique	is	largely	of	historical	interest.	An	increase	in	serum	creatinine	concentration	reflects	the	decrease	in	GFR:	serum	creatinine	concentration	doubles	when	the	GFR
decreases	by	50%.	Foam	cells	continue	to	secrete	proinflammatory	cytokines.	The	concentrations	of	creatinine	in	serum	(PCre)	and	urine	(UCre)	are	measured	first.	The	side	chains	of	the	amino	acids	contribute	charge,	polarity,	and	hydrophobicity	to	proteins.	Michie,	PhD	Reader	in	Molecular	Lymphopoiesis	Institute	of	Cancer	Sciences	University	of
Glasgow	Glasgow,	Scotland,	UK	Ryoji	Nagai,	PhD	Associate	Professor	Laboratory	of	Food	and	Regulation	Biology	School	of	Agriculture	Tokai	University	Kumamoto,	Japan	List	of	Contributors	Jeffrey	R.	She	was	asymptomatic	and	had	a	good	exercise	tolerance.	The	principles	of	lipid	testing	in	clinical	practice	are	summarized	in	Fig.	They	may	be
saturated	or	unsaturated,	the	latter	containing	one	to	five	double	bonds,	all	in	cis	geometry.	(2007).	Activated	T	cells	secrete	IFNγ	and	proinflammatory	cytokines	that	further	induce	macrophages	to	release	MMPs	and	inhibit	VSMC	collagen	synthesis,	further	weakening	the	plaque	cap.	Symptoms	of	alcohol	intolerance	are	exploited	to	reinforce
abstinence	Both	ADH	and	ALDH	are	subject	to	genetic	polymorphisms,	which	have	been	investigated	as	a	potential	inherited	basis	of	susceptibility	to	alcoholism	and	ALD.	Parenterally	administered	opioids	are	frequently	used	for	the	treatment	of	severe	pain	in	vasoocclusive	crises.	The	Edman	degradation	method	sequentially	removes	one	residue	at
a	time	from	the	amino	end	of	a	peptide.	Scurvy,	osteogenesis	imperfecta	(Chapter	19),	and	Ehlers–Danlos	syndrome	result	from	defects	in	collagen	synthesis	and/or	crosslinking.	2.18).	They	also	cause	neuropsychiatric	symptoms.	The	fluid	mosaic	model	describes	the	role	of	phospholipids,	integral	and	membrane	proteins,	and	other	lipids	in	the
structure	and	function	of	biological	membranes.	In	neonates,	509	510	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	inherited	defects	of	any	of	the	enzymes	of	the	urea	cycle	lead	to	hyperammonemia,	which	impairs	the	function	of	the	brain,	causing	encephalopathy.	Statins	inhibit	HMG-CoA	reductase	Statins,	such	as	simvastatin,	pravastatin,
atorvastatin,	and	rosuvastatin,	are	competitive	inhibitors	of	HMG-CoA	reductase,	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	the	rate-limiting	enzyme	in	cholesterol	synthesis.	As	described	previously	(see	Fig.	The	liposomal	surface	membrane	is	a	pliant,	mobile,	and	flexible	structure	at	body	temperature.	(A)	A	protein	solution	with	salts
is	placed	in	a	dialysis	tube	in	a	beaker	and	dialyzed	with	stirring	against	an	appropriate	buffer.	This	disease	in	sheep	and	goats	is	designated	as	scrapie	and	in	cows	as	spongiform	encephalopathy	(mad	cow	disease).	Cholestatic	disease	Cholestasis	is	the	clinical	term	for	biliary	obstruction,	which	may	occur	in	the	small	bile	ducts	in	the	liver	itself	or	in
the	larger	extrahepatic	ducts.	The	respiratory	center	in	the	brainstem	has	chemoreceptors	sensitive	to	pCO2	and	to	pH.	(2015).	3.6),	either	oils	(liquid)	or	fats	(solid).	Also,	the	pathway	is	inhibited	by	metallic	lead	at	the	stage	of	porphobilinogen	synthase.	Abetalipoproteinemia	is	very	rare	and	results	from	the	mutation	of	the	gene	coding	for	the
microsomal	transfer	protein	(MTP),	which	is	involved	in	the	cellular	assembly	of	VLDL.	The	chapters	covering	nutrition,	water	and	electrolytes,	acid–base	balance,	and	specialized	tissues	and	their	functions	are	fundamentally	interdisciplinary	and	address	several	such	crossover	issues.	We	regularly	top	up	our	fuel	(consume	food)	and	water	and	take
up	oxygen	from	inspired	air	to	use	for	oxidative	metabolism	(which	is,	in	fact,	a	chain	of	low-temperature	combustion	reactions).	American	medical	education	100	years	after	the	Flexner	Report.	The	tentative	cause	of	the	acute	toxic	methemoglobinemia	was	found	to	be	well	water	contaminated	by	a	nitrate/nitrite	concentration	of	34 mg/L.	35.8).
Elsewhere	along	this	interface,	other	bonds	are	created	and	broken.	Formation	of	small	thrombi	contributes	to	plaque	instability	and	accelerates	its	growth.	R.,	Greenberg,	A.,	et al.	The	osmolality	of	the	glomerular	filtrate	is	about	300 mmol/L.	The	hydrophilicity	of	bilirubin	is	increased	by	esterification,	usually	known	as	conjugation,	of	one	or	both	of
its	carboxylic	acid	side	chains	with	glucuronic	acid,	xylose,	or	ribose.	Muscle	protein	breakdown	and	amino	acid	release	into	the	blood	are	similar	to	starvation.	Such	compensatory	increases	have	also	been	described	in	cigarette	smokers	and	on	adaptation	to	high	altitudes.	This	reaction	is	catalyzed	by	5-ALA	synthase,	located	in	mitochondria,	and	is
rate	limiting	in	heme	synthesis.	The	natriuretic	peptides	Natriuretic	peptides	promote	sodium	excretion	and	decrease	the	blood	pressure.	The	Lancet.	unprotonated	N-terminal	amino	groups	of	the	globin	polypeptides	to	form	carbamino	adducts:	Hb	–	NH2	+	CO2		Hb	–	NHCOO	−	+	H	+	This	transient	covalent	chemical	modification	of	Hb	is	not	only	a
specialized	example	of	allosteric	control,	resulting	in	a	stabilization	of	deoxygenated	Hb;	it	also	represents	one	form	of	transport	of	CO2	to	the	lungs	for	clearance	from	the	body.	A	different	mechanism	operates	in	the	distal	tubule,	where	sodium	reabsorption	is	stimulated	by	aldosterone	and	is	coupled	with	the	secretion	of	hydrogen	and	potassium
ions.	However,	the	hydrogen	ion	enters	cells	in	exchange	for	potassium.	The	Na+/K+-ATPase	is	the	major	determinant	of	cytoplasmic	sodium	concentration.	35.13	Water	and	sodium	metabolism	are	closely	interrelated.	Blood	sinusoids	arise	from	the	terminal	branches	of	the	portal	vein	and	interconnect	and	interweave	through	the	hepatocytes	before
joining	the	central	lobular	vein,	which	in	turn	eventually	flows	into	the	hepatic	vein.	3.3,	glucose	exists	largely	in	nonreactive,	inert,	cyclic	hemiacetal	conformations,	99.99%	in	aqueous	solution	at	pH	7.4	and	37°C.	3.2	Structures	of	hexoses:	D-	and	L-glucose,	D-mannose,	D-galactose	and	D-fructose.	Hydrophobic	side	chains	contribute	to	protein
folding	by	hydrophobic	interactions	and	are	located	primarily	in	the	core	of	the	protein	or	on	surfaces	involved	in	interactions	with	other	proteins.	The	inhibition	of	this	enzyme	results	in	a	decrease	in	intracellular	cholesterol	concentration.	5.7	Allosteric	effectors	decrease	the	oxygen	affinity	of	hemoglobin.	Infants	are	particularly	vulnerable	to
methemoglobinemia	because	their	level	of	NADH-cytochrome	b5	reductase	is	half	that	of	adults.	Tissues	perform	specialized	functions	Specialized	tissue	functions	include	muscle	contraction;	nerve	conduction;	bone	formation;	immune	surveillance;	hormonal	signaling;	maintenance	of	pH,	fluid,	and	electrolyte	balance;	and	detoxification	of	foreign
substances.	Review	the	importance	of	protein	misfolding	and	deposition	in	tissues	in	age-related	chronic	diseases.	Also,	pH	and	partial	pressure	of	carbon	dioxide	(pCO2)	affect	the	shape	of	the	hemoglobin	saturation	curve,	and	thus	tissue	oxygenation	(Chapter	5).	Biochemistry:	emerging	topics	Biochemistry	and	the	practice	of	medicine	Map	of	the
book	Biochemistry:	overview	1.e1	CHAPTER	1 Introduction	Inducers	Proteins/Cytokines	Hormones	Fig.	liver	and	secreted	into	the	plasma	as	VLDL	(see	Clinical	Box	in	Chapter	32,	p.	Conversely,	drugs	that	form	a	relatively	stable	complex	with	a	particular	cytochrome	P-450	inhibit	the	metabolism	of	other	drugs	that	are	normally	substrates	for	that
cytochrome.	559	560	CHAPTER	37 	Muscle:	Energy	Metabolism,	Contraction,	and	Exercise	CLINICAL	BOX	MUSCLE-WASTING	SYNDROMES	Many	patients	with	conditions	that	include	HIV/AIDS	and	colon	and	other	cancers	experience	severe	body	weight	loss,	a	condition	known	as	cachexia.	Homocysteine,	a	metabolic	intermediate	and	homolog	of
cysteine,	can	disrupt	these	bonds	by	homocysteine-dependent	disulfide	exchange.	2.7A).	During	its	return	to	the	lungs,	blood	transports	two	forms	of	CO2:	carbamino-Hb	and	the	H2CO3/HCO3−	acid–	conjugate	base	pair.	■	LDL	are	cholesterol-rich	lipoproteins	generated	from	the	VLDL	remnants.	The	accumulation	of	aggregates	of	misfolded	protein
contributes	to	the	development	of	pathology	in	these	diseases.	There	are	other	acids	derived	from	sources	other	than	CO2,	and	these	are	known	as	nonvolatile;	by	definition,	they	cannot	be	removed	through	the	lungs	and	must	be	excreted	via	the	kidney.	The	pharmacologic	antagonist	of	aldosterone	is	the	diuretic	spironolactone.	17	CHAPTER	2 
Amino	Acids	and	Proteins	designated	as	dextran	(Sephadex	series),	polyacrylamide	(Bio-Gel	P	series),	and	agarose	(Sepharose	series),	respectively.	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	CLINICAL	BOX	A	65-YEAR-OLD	MAN	WITH	JAUNDICE	AND	NO	ABDOMINAL	SYMPTOMS:	THE	SIGNIFICANCE	OF	ADULT	JAUNDICE	A	65-year-old	man
was	admitted	to	the	hospital	because	of	jaundice.	Here	is	a	bird’s-eye	view	of	the	field,	focusing	on	metabolism	and	bioenergetics.	Angiotensin	I	is	further	converted	into	angiotensin	II	by	the	angiotensin-converting	enzyme	(ACE).	Assessment	of	water	and	electrolyte	status	in	clinical	practice	To	assess	water	and	electrolyte	balance	in	a	patient,	the
following	measurements	are	required	in	addition	to	the	physical	examination	and	medical	history:	■	Serum	electrolyte	concentrations:	sodium,	potassium,	chloride,	and	bicarbonate	concentrations	■	Serum	urea	(blood	urea	nitrogen)	and	creatinine	■	Urine	volume,	osmolality,	and	sodium	concentration	■	Serum	osmolality	■	Fluid	balance	chart:	a
daily	record	of	fluid	intake	and	loss	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	ACTIVE	LEARNING	1.	For	protein	crystallization,	the	most	frequently	used	method	is	the	hanging	drop	method,	which	involves	the	use	of	a	simple	apparatus	that	permits	a	small	portion	of	a	protein	solution	(typically	a	10-µL	droplet	containing	0.5–1.0 mg/protein)
to	evaporate	gradually	to	reach	the	saturation	point	at	which	the	protein	begins	to	crystallize.	This	decrease	(Chapter	14)	increases	the	expression	of	LDL	receptors	on	the	cell	membrane.	■	Chylomicrons,	VLDL,	and	remnant	lipoproteins	are	part	of	the	organism’s	fuel	distribution	network.	Different	soluble	proteins	will	move	at	different	rates	in	the
electrical	field,	depending	on	their	charge-to-mass	ratio.	Carbohydrates	and	lipids	are	our	primary	sources	of	energy,	but	our	nutritional	requirements	also	include	amino	acids	(components	of	proteins),	inorganic	molecules	3	4	CHAPTER	1 Introduction	(sodium,	calcium,	potassium,	chloride,	bicarbonate,	phos	phate,	and	others),	and	micronutrients	-
vitamins	and	trace	elements.	By	taking	advantage	of	differences	in	their	solubility,	size,	charge,	and	ligand-binding	properties,	proteins	can	be	purified	to	homogeneity	using	various	chromatographic	and	electrophoretic	techniques.	The	amino	acid	sequence	in	collagen	is	generally	a	repeating	tripeptide	unit,	Gly-Xaa-Pro	or	Gly-Xaa-Hyp,	where	Xaa
can	be	any	amino	acid;	Hyp	=	hydroxyproline.	Fatty	acids	and	phospholipids	in	the	LDL	are	subject	to	oxidation	by	macrophages	expressing	a	range	of	oxidizing	enzymes,	including	lipoxygenases,	myeloperoxidase,	and	NADPH	oxidases.	Specialist	investigations	include	detailed	analysis	of	urinary	amino	acids,	hormones,	and	other	metabolites.	All	of
this	is	summarized	in	Fig.	A	standard	observation	in	muscle	subjected	to	increased	contractile	demands	is	an	elevation	in	oxidative	enzyme	activity.	Urinary	excretion	of	sodium,	potassium,	and	chloride	reflects	their	intake.	However,	because	urea	is	the	end	product	of	protein	catabolism,	its	level	in	plasma	is	also	dependent	on	factors	such	as	the
dietary	protein	intake	and	the	rate	of	tissue	breakdown.	CLINICAL	BOX	INHERITED	NEPHRON	TRANSPORT	DISORDERS	Gitelman’s	syndrome	is	a	result	of	inactivating	mutations	in	the	gene	encoding	the	thiazide-sensitive	sodium–chloride	cotransporter	(gene	SLC12A3).	The	adult	kidney	filters	around	180 g	of	glucose	per	day.	O2	affinity	is	lower	in
the	T	state	and	higher	in	the	R	state.	It	also	controls	cell	hydration	and	its	volume.	Vasopressin	controls	the	aquaporin	2	(AQP2)	water	channel.	(B)	The	parallel	β-sheet	secondary	structure.	Explain	the	role	of	the	renin–angiotensin	system	in	the	maintenance	of	sodium	and	water	balance.	Drugs	are	often	administered	in	cocktails	and	clinically
important	drug–drug	interactions	(DDI)	can	occur	when	drugs	that	share	a	common	CYP	metabolic	fate	are	coadministered.	Seminars	in	clinical	biochemistry,	Glasgow,	1997,	Glasgow	University	Press.)	CHAPTER	36 	The	Lung	and	the	Regulation	of	Hydrogen	Ion	Concentration	(Acid–Base	Balance)	LUNGS:	THE	GAS	EXCHANGE	The	lungs	supply
oxygen	necessary	for	tissue	metabolism	and	remove	the	generated	CO2	Approximately	10,000 L	of	air	passes	through	the	lungs	of	an	average	person	each	day.	The	severity	and	duration	of	the	pain	dictate	the	most	appropriate	analgesic	regimen.	Importantly,	a	quick	correction	of	hyponatremia	and	hypernatremia	can	exacerbate	neurologic	symptoms;
therefore	it	is	crucial	that	the	therapy	proceeds	at	an	appropriate	pace	(see	Further	Reading).	Ammonia	is	generated	in	the	kidney	by	deamination	of	glutamine,	and	glutamate	and	is	excreted	as	the	ammonium	ion.	Hyperbilirubinemia	is	the	result	of	an	imbalance	between	its	production	and	excretion.	Fig.	We	are	also	grateful	to	students	and
academics	from	universities	around	the	world	who	continue	to	provide	us	with	comments,	suggestions,	and	criticisms.	It	is	called	a	volatile	acid.	The	amount	of	inulin	filtered	from	plasma	(i.e.,	its	plasma	concentration,	Pin,	multiplied	by	GFR)	equals	the	amount	recovered	in	the	urine	(i.e.,	its	urinary	concentration,	Uin,	multiplied	by	the	urine
formation	rate,	V	):	Pin	×	GFR	=	Uin	×	V	(1)	From	this,	we	calculate	the	GFR:	GFR	=	Uin	×	V	Pin	(2)	The	average	GFR	is	120 mL/min	in	men	and	100 mL/min	in	women.	Her	bicarbonate	concentration	was	also	increased	as	a	result	of	metabolic	compensation	of	respiratory	acidosis.	When	we	look	at	metabolism,	in	addition	to	the	strings	of	chemical
reactions,	we	now	consider	the	cascades	of	signaling	molecules	that	control	these	reactions.	Familial	combined	hyperlipidemia	is	characterized	by	an	overproduction	of	apoB100	rather	than	the	receptor	impairment.	The	importance	of	2,3-BPG	as	a	negative	allosteric	effector	is	underscored	by	observations	that	its	concentration	in	the	erythrocyte
changes	in	response	to	various	physiologic	and	pathologic	conditions.	Cardiac	muscle,	which	is	continuously	contracting,	has	many	contractile	and	metabolic	characteristics	that	are	similar	to	those	of	slow-oxidative	skeletal	muscle.	(A)	An	α-helical	secondary	structure.	The	molecular	structures	of	deoxygenated	and	partially	and	fully	ligated	Hb	have
been	studied	extensively	by	a	broad	range	of	thermodynamic	and	kinetic	techniques,	yet	progress	toward	reconciling	inconsistencies	among	classic	and	more	recent	models	has	been	slow.	There	are	more	than	25,000	deaths	associated	with	liver	disease	in	the	United	States	annually,	and	40%	of	these	are	linked	to	alcoholic	cirrhosis	(see	Donohue	in
Further	Reading).	Because	both	water	deficiency	and	water	excess	impair	the	function	of	organs	and	tissues,	the	intake	and	loss	of	water	are	subject	to	complex	regulation.	Symptoms	of	hypoxia	include	shortness	of	breath,	rapid	heart	rate,	headache,	nausea,	anorexia,	and	sleep	disturbance.	In	patients	with	respiratory	failure,	it	is	also	an	essential
guide	to	oxygen	therapy	and	assisted	ventilation.	This	phenomenon	is	known	as	idiosyncratic	drug	toxicity	and	may	be	due	to	a	genetic	or	immunologic	cause.	Currently	there	is	no	treatment	for	spinal	motor	neuron	loss.	the	source	of	energy	for	transport	of	many	substances.	2.2	Enantiomers.	They	also	synthesize	extracellular	collagen,	depositing	it	in
the	growing	plaque,	which	forms	the	fibrous	cap.	Glycine	(Gly)	and	proline	(Pro)	residues	often	occur	in	β-turns	on	the	surface	of	globular	proteins.	34.3	The	pathway	of	heme	synthesis.	AQP1	is	expressed	in	the	proximal	tubules	and	in	the	descending	loop	of	Henle	and	is	not	under	vasopressin	control.	This	is	always	abnormal	and	is	likely	to	indicate
an	inborn	error	of	metabolism	or	structural	defects	of	the	bile	ducts.	A	protein	hydrolysate	is	applied	to	the	cation-exchange	column	in	a	dilute	buffer	at	acidic	pH	(~3.0),	at	which	all	amino	acids	are	positively	charged.	To	calculate	creatinine	clearance,	one	needs	a	sample	of	blood	and	also	urine	collected	over	24 h.	The	electrochemical	gradient	drives
the	passive	movement	of	electrolytes	through	ion	channels	For	most	cells,	the	membrane	potential	ranges	from	50	to	90 mV,	being	negative	inside	the	cell.	Proteins	rich	in	polar	amino	acids	are	more	water	soluble.	This	book	has	now	served	the	global	student	community	for	19	years.	Oxygen	delivery	to	muscle	is	affected	by	the	red	blood	cell	and
hemoglobin	concentrations	in	blood,	the	number	of	capillaries	within	the	muscle,	and	heart	pump	capacity.	51	52	CHAPTER	5 	Oxygen	Transport	Table	5.1	Classification	and	examples	of	hemoglobinopathies	 	Classification	Common	name	Mutation	Frequency	Biochemical	changes	Clinical	consequences	Abnormal	solubility	HbC	Glu	→Lys	Common
Intracellular	crystallization	of	oxygenated	protein;	increased	erythrocyte	fragility	Mild	hemolytic	anemia;	splenomegaly	(enlarged	spleen)	Decreased	O2	affinity	Hb	Titusville	Asp94(α)→Asn	Very	rare	Heterodimer	interface	altered	to	stabilize	T	state;	decreased	cooperativity	Mild	cyanosis	(blue-purple	skin	coloration	from	deoxygenated	blood)
Increased	O2	affinity	Hb	Helsinki	Lys82(β)→Met	Very	rare	Reduced	binding	of	2,3-BPG	in	T	state	Mild	polycythemia	(increased	erythrocyte	count)	Ferric	heme	(methemoglobin)	HbM	Boston	His58(α)→Tyr	Occasional	Altered	heme	pocket	(mutation	of	distal	His)	Cyanosis	of	skin	and	mucous	membranes;	decreased	Bohr	effect	Unstable	protein	Hb	Gun
Hill	Δβ91–95	Very	rare	Misfolding	caused	by	loss	of	Leu	in	heme	pocket	and	shorter	helix	Formation	of	Heinz	bodies	(inclusions	of	denatured	Hb);	jaundice	(yellow	coloration	of	integument	and	sclera);	pigmented	urine	Abnormal	synthesis	Hb	Constant	Spring	Tyr142(α)→Gln	Very	rare	Loss	of	termination	codon;	decreased	mRNA	stability	α-
Thalassemia	(hemolytic	anemia,	splenomegaly	and	jaundice)	6(β)	Hemoglobinopathies	are	usually	classified	according	to	the	most	prominent	change	to	the	protein’s	structure,	function,	or	regulation.	It	hydrolyzes	one	ATP	molecule,	and	the	released	energy	drives	the	transfer	of	three	sodium	ions	from	the	cell	to	the	outside	and	two	potassium	ions
from	the	outside	into	the	cell	(Fig.	Daily	urea	excretion	also	reflects	nutritional	status	and	strongly	depends	on	protein	intake.	Ngb	appears	to	be	comparable	to	Mb,	mediating	the	delivery	of	O2	to	retinal	mitochondria.	Impairment	of	this	function	is	linked	to	the	pathophysiology	of	chronic	diarrhea	and	hypertension,	respectively.	Hepatic	steatosis	can
be	readily	diagnosed	by	ultrasonography	of	the	liver	when	one	sees	a	uniform	increased	echogenicity	(Fig.	Suspecting	hyperventilation,	a	health-care	worker	began	to	reassure	the	student	and	helped	her	recover	by	getting	her	to	breathe	into	a	paper	bag.	Eight	of	these	aldohexoses	are	D-sugars.	The	kidney	both	has	the	ability	to	synthesize	glucose6-
phosphate	de	novo	by	gluconeogenesis	and	has	glucose6-phosphatase	activity,	but	quantitatively,	it	contributes	much	less	than	the	liver.	(5)	and	(7),	it	is	apparent	that	the	extent	of	protonation	of	acidic	and	basic	functional	groups,	and	therefore	the	net	charge	of	an	amino	acid,	will	vary	with	the	pKa	of	11	12	CHAPTER	2 	Amino	Acids	and	Proteins	the
functional	group	and	the	pH	of	the	solution.	Possession	of	the	ALDH22	allele,	which	encodes	an	enzyme	with	reduced	catalytic	activity,	leads	to	increased	plasma	concentrations	of	acetaldehyde	after	the	ingestion	of	alcohol.	4.4),	this	stimulus	leads	to	depolarization	of	the	electrochemical	gradient	across	the	muscle	plasma	membrane	(sarcolemma).	■
Comment	on	clinical	conditions	associated	with	disturbances	of	the	acid–base	balance.	Collagens	are	a	major	component	of	connective	tissue	such	as	cartilage,	tendons,	the	organic	matrix	of	bones,	and	the	cornea	of	the	eye.	DRUG	METABOLISM	The	low	substrate	specificity	of	some	hepatic	enzymes	produces	a	wide-ranging	capability	for	drug
metabolism	Most	drugs	are	metabolized	in	the	liver.	Keep	in	mind	that	Medical	Biochemistry	is	not	designed	to	be	a	review	text	or	resource	for	preparation	for	multiple-choice	exams.	If	the	polypeptide	chains	run	in	the	same	direction,	they	form	a	parallel	β-sheet	(Fig.	Clinically,	this	can	be	observed	as	hyperventilation.	Complete	characterization	of
the	structure	of	a	protein	includes	amino	acid	analysis,	determination	of	the	sequence	of	amino	acids	by	Edman	degradation	or	mass	spectrometry,	and	determination	of	the	three-dimensional	structure	of	the	protein	by	nuclear	magnetic	spectroscopy	or	x-ray	crystallography.	This	patient	was	immediately	given	an	intravenous	thrombolytic	treatment.
NH2	HN	NH3+	NH	COO–	CH2	S-adenosyl	Ornithine	methionine	Guanidoacetate	COO–	Glycine	Short-duration,	high-power	output	contractions	NH2	C	Arginine	CH2	ATP	is	used	for	muscle	contraction	Three	ATPases	are	required	for	muscle	contraction:	Na+/K+ATPase,	Ca2+-ATPase,	and	myosin-ATPase.	When	a	current	is	applied	to	molecules	in
dilute	buffers,	those	with	a	net	negative	charge	at	the	selected	pH	migrate	toward	the	anode,	and	those	with	a	net	positive	charge	migrate	toward	the	cathode.	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	Normal	osmolality	CLINICAL	BOX	EDEMA	RESULTS	FROM	A	LOSS	OF	PROTEIN	ECF	ICF	H2O	H2O	Increased	ECF	osmolality	Decreased
ECF	osmolality	ECF	ECF	H2O	H2O	Water	moves	from	ICF	to	ECF	Water	moves	from	ECF	to	ICF	An	8-year-old	girl	was	referred	to	a	nephrologist	after	it	had	been	noticed	that	her	face	was	puffy	and	her	ankles	became	swollen	over	a	period	of	about	2	weeks.	The	characteristic	clinical	sequelae	of	severe	liver	disease	include	a	yellow	pigmentation	of
the	skin	(jaundice);	ready	bruising	and	profuse	bleeding,	commonly	from	varicosities	of	the	esophageal	vasculature	due	to	increased	pressure	in	the	portal	circulation;	abdominal	distension	due	to	the	accumulation	of	fluid	(ascites);	and	an	altered	consciousness	level	(hepatic	encephalopathy;	Fig.	Apolipoproteins:	Metabolic	role	and	clinical
biochemistry	applications.	There	is	also	another	transporter,	a	high-affinity,	low-capacity	SGLT1,	which	is	predominant	in	the	brush	border	of	the	small	intestine	but	is	also	present	in	the	proximal	tubule.	Non-protein	amino	acids	and	neurodegeneration:	The	enemy	within.	This	is	almost	30-fold	greater	than	its	concentration	in	the	ECF	and	in	plasma
(4 mmol/L).	Blood	acetaminophen	may	be	undetectable	if	the	patient	first	comes	to	medical	attention	more	than	24 h	after	an	overdose.	35.5).	34.6	Role	of	the	cytochrome	P-450	system	in	the	metabolism	of	drugs.	The	amino	acid	units	in	a	peptide	chain	are	referred	to	as	amino	acid	residues.	Retrieved	from	content/338/6110/1042.full.	34.2).	34.1
Clinical	features	of	severe	liver	disease.	A	protein	applied	to	the	system	will	be	either	positively	or	negatively	charged,	depending	on	its	amino	acid	composition	and	the	ambient	pH.	The	more	common	secondary	hyperaldosteronism	is	due	to	an	increased	secretion	of	renin.	We	pay	particular	attention	to	the	neurohormonal	regulation	of	water	and
electrolyte	balance	and	describe	the	role	of	the	renin–angiotensin–aldosterone	system	and	the	actions	of	vasopressin	(antidiuretic	hormone).	LIPIDS	Lipids	are	found	primarily	in	three	compartments	in	the	body:	plasma,	adipose	tissue,	and	biological	membranes	This	introduction	focuses	on	the	structure	of	fatty	acids	(the	simplest	form	of	lipids,	found
primarily	in	plasma),	27	28	CHAPTER	3 	Carbohydrates	and	Lipids	HOCH2	O	OH	HO	OH	H	HOCH2	O	OH	OH	H	OH	Ribose	2-Deoxyribose	COOH	O	CH2OH	O	OH	H	OH	HO	O	OH	OH	OH	Glucuronic	acid	Gluconic	acid	(lactone	form)	CH2OH	O	CH2OH	O	HO	H	OH	OH	NH2	Glucosamine	OH	H	HO	O	NH	C	CH3	N-acetylglucosamine	OH	O	CH2OH	O–	P
CH2O	O	HO	OH	OH	O–	H	OH	H	C	OH	HO	C	H	H	C	OH	H	C	OH	CH2OH	Glucose6-phosphate	Sorbitol	Fig.	Once	they	lodge	in	the	intima,	this	protection	is	removed.	Creatine-P	is	unstable	and	undergoes	slow,	spontaneous	degradation	to	Pi	and	creatinine,	the	cyclic	anhydride	form	of	creatine,	which	is	excreted	from	the	muscle	cell	into	plasma	and
then	into	urine.	(4)	The	uptake	of	calcium	from	the	sarcoplasm	and	binding	of	ATP	to	myosin	leads	to	dissociation	of	the	actomyosin	cross-bridge.	The	β-turn,	or	β-bend,	refers	to	the	segment	in	which	the	polypeptide	abruptly	reverses	direction.	Ultrafiltration	has	largely	replaced	dialysis	for	purification	of	proteins.	unpleasant	flushing	and	sweating,
which	discourages	alcohol	abuse.	The	most	frequent	dyslipidemia	(known	as	the	common	hypercholesterolemia)	is	polygenic	and	is	a	result	of	the	combined	effect	of	genetic	and	environmental	factors.	■	Its	biochemical	function	is	assessed	in	clinical	practice	using	a	panel	of	blood	tests	called	liver	function	tests,	abnormalities	of	which	can	point	to
disease	affecting	the	hepatocellular	or	biliary	systems.	Methionine	is	the	third	sulfur-containing	amino	acid	and	contains	a	nonpolar	methyl	thioether	group	in	its	side	chain.	The	influx	of	Ca2+	into	the	sarcoplasm	triggers	both	actin–myosin	interactions	and	myosin-ATPase	activity,	leading	to	muscle	contraction.	However,	CYP2D6	also	metabolizes	Red



blood	cells	normally	destroyed	in	the	spleen	N	Fe2+	N	N	COOH	Unconjugated	bilirubin	complexed	with	albumin	Blood	Bilirubin	uptake	COOH	+	02	+	NADPH	+	H	Fe3+	Conjugation	of	bilirubin	with	glucuronic	acid	Heme	oxygenase	NADP+	+	H2O	Liver	Gut	CO2	Biliverdin	Conjugated	bilirubin	Biliverdin	reductase	HO2C	Urobilinogen	HO2C	Kidney
Feces	O	N	H	N	H	N	H	Bilirubin	Fig.	For	this	reason,	it	is	called	the	“respiratory	component	of	the	acid–base	balance.”	Conversely,	plasma	bicarbonate	concentration	is	controlled	by	the	kidneys	and	erythrocytes,	and	consequently,	it	is	called	the	“metabolic	component	of	the	acid–base	balance”	(Fig.	Creatinine	is	derived	from	the	skeletal	muscle
phosphocreatine.	2.9	Three-dimensional	structure	of	a	dimeric	protein.	The	absorption	coefficient	of	proteins	is	often	expressed	as	E1%	(10 mg/mL	solution).	O	O	R2	–	C	–	O	O	R2	–	C	–	O	H	CH2	–	O	–	C	–	R1	C	H	O	O	CH2	–	O	–	P	–	O–	CH2	–	O	–	C	–	R3	O–	Triglyceride	Phosphatidic	acid	CH2	–	O	–	CH2	–(CH2)14CH3	O	CH3	–	C	–	O	Triacylglycerols
(triglycerides)	C	H	O	+	CH2	–	O	–	P	–	O	–	CH2CH2N(CH3)	O–	Triglycerides	are	the	storage	form	of	lipids	in	adipose	tissue	Fatty	acids	in	plant	and	animal	tissues	are	commonly	esterified	to	glycerol,	forming	a	triacylglycerol	(triglyceride;	Fig.	Comment	The	scientific	evidence	is	clear	that	most	older	individuals	can	increase	muscle	strength	and	mass
with	a	regular	resistance	exercise	program.	Combined	with	the	fact	that	most	drugs	are	effective	in	only	25%–60%	of	patients	to	whom	they	are	prescribed,	this	makes	research	into	individual	response	to	drugs	absolutely	essential.	Urine	excretion	rate	(V;	mL/	min)	is	calculated	by	dividing	the	urine	volume	by	the	collection	time.	These	are	polar	but
uncharged	under	physiologic	conditions.	The	Brønsted–Lowry	definition	of	an	acid	is	“a	molecular	species	that	has	a	tendency	to	lose	a	hydrogen	ion,	forming	a	conjugate	base.”	and	dissolved	CO2	(theoretically	all	dissolved	CO2	could	eventually	convert	into	H2CO3),	this	component	of	the	bicarbonate	buffer	can	be	taken	as	equal	to	the	sum	of	the
H2CO3	and	the	dissolved	CO2.	Albumin	is	the	most	abundant	protein	in	the	blood	and	is	synthesized	exclusively	by	the	liver	(Chapter	40).	4.4);	the	influx	of	extracellular	calcium	enhances	Ca2+	release	from	the	SR.	ADVANCED	CONCEPT	BOX	COLLAGEN	Human	genetic	defects	involving	collagen	illustrate	the	close	relationship	between	amino	acid
sequence	and	three-dimensional	structure.	Macrophages	continue	to	secrete	cytokines,	growth	factors,	adhesion	molecules,	and	MMPs.	This	attracts	T	cells	and	facilitates	their	activation	to	effector	cells.	This	avoids	spontaneous	formation	of	inter-	or	intramolecular	disulfides	during	analyses.	Nonalcoholic	fatty	liver	disease	(NAFLD)	is	increasingly
recognized	as	a	cause	of	isolated	abnormalities	in	serum	transaminase	concentrations.	3.6	Structure	of	four	lipids	with	significantly	different	biological	functions.	Compounds	such	as	urea	and	guanidine	hydrochloride	block	these	interactions	and	cause	denaturation,	or	loss	of	secondary	and	tertiary	structure,	when	present	at	high	concentrations	-	for
example,	8 mol/L	urea.	Tabas,	I.,	García-Cardeña,	G.,	&	Owens,	G.	Alternatively,	the	plasma	activity	of	another	enzyme,	such	as	γ-glutamyl	transpeptidase	(GGT),	which	also	originates	in	the	biliary	tract,	may	be	measured	and	used	to	confirm	the	hepatic	origin	for	a	raised	serum	ALP	activity.	The	polyunsaturated	fatty	acids	are	commonly	classified
into	two	groups,	ω-3	and	ω-6	fatty	acids,	depending	on	whether	the	first	double	bond	appears	three	or	six	carbons	from	the	terminal	methyl	group.	Under	normal	circumstances,	the	stimulus	for	ventilation	is	the	increase	in	pCO2	or	decrease	in	pH	and	not	the	pO2	However,	if	the	pO2	falls	and	hypoxia	develops,	the	pO2	begins	to	control	the
ventilation	rate	through	a	set	of	receptors	located	in	the	carotid	bodies	in	the	aortic	arch.	Salt,	PhD	Senior	Lecturer	Institute	of	Cardiovascular	and	Medical	Sciences	University	of	Glasgow	Glasgow,	Scotland,	UK	Yee	Ping	Teoh,	FRCPATH,	MRCP,	MBBS	Consultant	in	Chemical	Pathology	Biochemistry	Department	Wrexham	Maelor	Hospital	Wrexham,
UK	Robert	W.	The	remaining	nitrogen	enters	the	portal	vein	either	as	ammonia	or	as	alanine,	both	of	which	are	used	by	the	liver	for	the	synthesis	of	urea	(Chapter	15).	Rodgers,	K.	The	most	important	ions	in	plasma	are	sodium,	potassium,	calcium,	chloride,	phosphate,	and	bicarbonate.	Both	severe	hypernatremia	and	hyponatremia	cause	neurologic
symptoms	In	hyponatremia,	the	symptoms	are	predominantly	related	to	hypoosmolality	and	consequent	brain	swelling.	Comment	Genetic	testing	was	undertaken	to	screen	for	causes	of	hyperlipidemia,	and	the	report	revealed	a	heterozygous	mutation	in	the	lipoprotein	lipase	(LPL)	gene,	consistent	with	a	diagnosis	of	Cardiovascular	risk	is	strongly
related	to	plasma	concentrations	of	total	cholesterol	and	LDL-C.	35.2	Daily	water	balance	in	an	adult	person.	Glycine,	which	has	only	a	hydrogen	side	chain,	is	also	included	in	this	group.	Excitation–contraction	coupling:	Muscle	membrane	depolarization	T	tubules	transmit	electrochemical	signals	for	efficient	muscle	contraction	spans	half	the	length	of
the	sarcomere,	with	its	N-terminus	anchored	to	the	Z-line	and	its	C-terminus	anchored	to	the	thick	filament	at	the	M-line.	Approximately	80%	of	filtered	sodium	is	actively	reabsorbed	in	the	proximal	tubule,	where	molecules	such	as	amino	acids	and	phosphate	are	also	reabsorbed.	of	water	in	the	collecting	ducts	of	the	kidney	by	regulation	of	the
membrane	water	channels,	aquaporins.	L.	–	O	P	O	NH	HN	H3C	This	young	man	developed	acute	renal	failure	due	to	acute	tubular	necrosis	as	a	consequence	of	hypovolemic	shock.	In	this	way,	proteins	are	gradually	eluted	from	the	column	and	are	separated	based	on	their	pI.	NABQI	can	cause	a	free	radical–mediated	peroxidation	of	membrane	lipids
and	consequently	lead	to	hepatocellular	damage,	which	may	be	sufficiently	serious	to	lead	to	fulminant	hepatic	failure	and	the	patient’s	death.	There	is	also	a	companion	publication,	Medical	Biochemistry	Flash	Cards,	which	provides	a	means	for	quick	review.	However,	a	drug	may	be	toxic	in	some	individuals	at	concentrations	normally	tolerated	by
most	other	patients.	Postprandial	elevation	of	plasma	triglycerides	is	particularly	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	CLINICAL	BOX	PLASMA	LIPID	CONCENTRATIONS	ARE	AN	ESSENTIAL	COMPONENT	OF	CARDIOVASCULAR	RISK	ASSESSMENT	According	to	the	US	National	Cholesterol	Education	Program	Adult
Treatment	Panel	III	(ATP	III),	a	desirable	level	of	total	cholesterol	is	below	5.2 mmol/L	(200 mg/dL),	and	the	optimal	level	of	LDL-C	is	below	2.6 mmol/L	(100 mg/dL).	SUMMARY	■	Both	a	deficit	of	body	water	(dehydration)	and	its	excess	(overhydration)	cause	potentially	serious	clinical	problems.	These	cells	are	“determined”	into	the	muscle	lineage,
hence	becoming	myoblasts.	We	believe	that	a	textbook	should	provide	a	core	education	essential	for	a	doctor	in	clinical	practice	but	it	should	also	flag	emerging	topics	that	are	likely	to	become	fundamental	in	the	foreseeable	future.	Rupture	of	the	cap	stimulates	thrombus	formation.	BNP	32	was	isolated	from	the	porcine	brain,	thus	the	name.	Gene
switching	on	chromosome	11	causes	HbF	to	decrease	shortly	after	birth.	VSMC	present	in	the	most	vulnerable	edge	regions	of	the	plaque	may	also	undergo	apoptosis.	If	plasma	bilirubin	concentrations	are	judged	to	be	too	high,	phototherapy	with	blue-white	light,	which	isomerizes	bilirubin	to	more	soluble	pigments	that	might	be	excreted	with	bile,
or	exchange	blood	transfusion	to	remove	the	excess	bilirubin,	is	necessary	to	avoid	kernicterus.	The	coloring	of	the	two	striated	muscle	types	readily	distinguishes	them.	Ultrafiltration	can	be	used	to	concentrate	protein	solutions	or	to	accomplish	dialysis	by	continuous	replacement	of	buffer	in	the	retentate	compartment.	It	regulates	extracellular
volume	and	vascular	tone	and	controls	renal	transport	of	sodium	and	potassium.	In	addition,	DAMPs	and	oxidized	apoB	are	taken	up	by	the	antigen-presenting	cells,	such	as	dendritic	499	500	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	cells,	and	they	activate	T-helper	cells	present	in	atherosclerotic	lesions,	initiating	the	adaptive
immune	response.	35.2).	Outline	how	the	liver	processes	bilirubin,	and	describe	the	biochemical	causes	of	hyperbilirubinemia	(jaundice)	and	its	classification.	Histidine	(pKa	≈	6)	has	an	imidazole	ring	as	the	side	chain	and	functions	as	a	general	acid–base	catalyst	in	many	enzymes.	The	general	mechanism	of	contraction	of	heart	muscle	is	similar	to
that	in	skeletal	muscle;	however,	the	sarcoplasmic	reticulum	is	less	developed	in	the	heart,	and	the	transverse	tubule	network	is	more	developed.	Apart	from	describing	the	core	of	basic	science,	we	continue	to	emphasize	the	contribution	of	biochemistry	to	the	understanding	of	major	global	health	problems	such	as	diabetes	mellitus,	obesity,
malnutrition,	and	atherosclerotic	cardiovascular	disease.	At	rest	or	at	low	intensities	of	physical	work,	oxygen	is	readily	available,	and	the	aerobic	oxidation	of	lipid	predominates	as	the	main	source	of	ATP	synthesis.	Allosteric	proteins	are	typically	multiple-subunit	proteins.	Hyponatremia	can	be	caused	by	an	excessive	intake	of	water,	as	in	compulsive
water	drinking,	or	(most	frequently)	by	water	retention,	as	happens	in	SIADH.	Although	the	myosin–ADP–Pi	complex	has	a	high	affinity	for	actin,	binding	of	myosin	to	actin	is	inhibited	by	tropomyosin,	which	blocks	the	myosin-binding	site	on	actin	at	low	calcium	concentrations.	2.3	Ultraviolet	absorption	spectra	of	the	aromatic	amino	acids	and	bovine
serum	albumin.	New	England	Journal	of	Medicine,	355,	1339–1344.	■	It	is	involved	in	the	metabolism	of	bilirubin	derived	from	the	catabolism	of	heme.	This	leads	to	activation	and	proliferation	of	the	arterial	smooth	muscle	cells	and	to	remodeling	of	the	arterial	wall.	This	procedure	is	particularly	useful	for	removal	of	(NH4)2SO4	or	other	salts	during
protein	purification	because	the	salts	will	interfere	with	the	purification	of	proteins	by	ion-exchange	chromatography	(see	following	discussion).	Retrieved	from	assets/downloads/standard-tube-map.pdf.	■	Explain	why	sodium/potassium	ATPase	is	essential	for	cell	ion	transport.	For	reference	ranges,	see	Table	34.2.	GENOMICS	OF	LIVER	DISEASE
Several	hepatic	diseases	arise	due	to	single-gene	disorders.	This	group	of	tests	is	usually,	and	incorrectly,	described	as	liver	“function”	tests.	Advanced	lesions	may	also	calcify.	Therefore	it	must	be	further	metabolized	before	excretion	(Fig.	Higher	myosin-ATPase	activity	increases	cross-bridge	cycling,	which	allows	for	an	increased	rate	of
contraction.	Complement	factors	also	promote	the	phagocytosis	of	foreign	molecules.	To	understand	how	the	side	chains	affect	the	charge	on	proteins,	it	is	worth	recalling	the	Henderson–	Hasselbalch	(H-H)	equation.	Normally,	migration	of	inflammatory	cells	into	tissues	is	initiated	by	an	antigen	or	trauma.	Otherwise,	a	24-h	collection	would	be
required	to	assess	daily	excretion	of	a	metabolite.	Different	myosin	isoforms	have	varying	levels	of	ATPase	activity,	with	fast	muscles	having	higher	rates	of	myosin-ATPase	activity.	Biological	membranes	partition	metabolic	pathways	into	different	cellular	compartments.	The	prion	diseases,	also	known	as	transmissible	spongiform	encephalopathies,
are	neurodegenerative	diseases	that	affect	both	humans	and	animals.	Further,	the	participation	of	the	Val1(α)	groups	in	the	chloride-dependent	Bohr	effect	is	strongly	modulated	by	CO2	because	of	the	formation	of	CO2	(carbamino)	adducts	of	Hb	(described	later	in	the	chapter).	Sodium	and	chloride	ions	are	reabsorbed	also	in	the	ascending	limb	of
the	loop	of	Henle.	■	Describe	ubiquitin-mediated	mechanisms	of	proteolysis.	The	majority	of	cardiovascular	diseases	are	polygenic.	Hydrogen	bonds	between	“backbone”	amide	NH	and	C=O	groups	stabilize	the	α-helix.	During	preparation	of	the	fifth	edition,	we	have	sought	to	improve	the	quality	of	explanation	of	complex	concepts.	Some	stercobilin
may	be	reabsorbed	from	the	gut	and	can	then	be	reexcreted	by	either	the	liver	or	the	kidneys.	Failure	to	suppress	vasopressin	adequately	results	in	the	inability	to	dilute	urine	below	the	osmolality	of	plasma.	■	Discuss	the	links	between	sodium	and	water	homeostasis.	33.8	shows	how	different	abnormalities	affect	lipoprotein	metabolism.	35.8	The
nephron	and	its	major	transport	sites.	Among	other	effects,	this	hepatic	metabolism	usually	increases	the	hydrophilicity	of	drugs	and	therefore	their	ability	to	be	excreted	by	the	kidneys	or	in	bile.	The	eluates	are	monitored	by	ultraviolet	absorption,	refractive	index,	or	fluorescence.	Three	commonly	used	techniques	provide	sufficient	resolution	to
separate	Hb	variants	differing	in	a	single	charge	from	HbA:	electrophoresis,	isoelectric	focusing,	and	ion-exchange	chromatography.	Monocytes	transform	into	resident	macrophages	Monocytes	transform	into	macrophages	under	the	influence	of	inflammatory	cytokines	such	as	tumor	necrosis	factor-α	(TNFα),	granulocyte-macrophage	colony-
stimulating	factor,	and	monocyte	colony-stimulating	factor	1	(MCSF-1),	secreted	by	the	endothelial	cells	and	the	VSMC,	and	interferon-γ	secreted	by	T-helper	cells.	3.2)	is	the	only	ketohexose	present	in	significant	concentration	in	our	diet	or	in	the	body.	Hypokalemia,	on	the	other	hand,	may	prolong	the	PR	intervals,	cause	peaked	P-waves,	flatten	the
T-waves,	and	cause	prominent	U-waves.	Fatty	acids	exist	in	free	form	and	as	components	of	more	complex	lipids	As	summarized	in	Table	3.2,	most	fatty	acids	are	long,	straightchain	alkanoic	acids,	commonly	with	16	or	18	carbons.	causing	hypernatremia.	Ionization	state	of	an	amino	acid	Amino	acids	are	amphoteric	molecules	-	they	have	both	basic
and	acidic	groups	Monoamino	and	monocarboxylic	acids	are	ionized	in	different	ways	in	solution,	depending	on	the	solution’s	pH.	■	Purification	and	characterization	of	proteins	are	essential	for	elucidating	their	structure	and	function.	As	little	as	1 µg	of	protein	can	be	digested	with	trypsin	in	situ,	then	extracted	from	the	gel	and	identified	based	on
the	amino	acid	sequence	of	its	peptides.	thus	their	designation	as	allosteric	(other	site)	effectors.	■	Outline	the	general	features	of	the	fluid	mosaic	model	of	the	structure	of	biological	membranes.	CLINICAL	TEST	BOX	ASSAY	OF	CREATINE	TO	ASSESS	RENAL	FUNCTION	AND	URINE	DILUTION	Because	creatine	phosphate	concentration	is
relatively	constant	per	unit	muscle	mass,	the	production	of	creatinine	(Fig.	ADVANCED	CONCEPT	BOX	A	MINUTE	INCREASE	IN	PLASMA	CONCENTRATION	OF	C-REACTIVE	PROTEIN	REFLECTS	CHRONIC	LOW-GRADE	INFLAMMATION	ASSOCIATED	WITH	ATHEROGENESIS	C-reactive	protein	(CRP)	is	synthesized	in	the	liver	and	also	in	the
VSMC	and	the	endothelial	cells	in	response	to	stimulation	by	proinflammatory	cytokines.	Each	edition	has	provided	a	snapshot	of	a	constantly	changing	field.	Importantly,	weight	loss	decreases	VLDL	secretion.	23.8	Regulation	of	mRNA	translation	by	iron	status.	Therefore	the	molecular	mass	of	most	proteins	is	between	5500	and	220,000 Da.	Amino
acid	side	chains	contribute	both	charge	and	hydrophobicity	to	proteins	The	amino	acid	composition	of	a	peptide	chain	has	a	profound	effect	on	its	physical	and	chemical	properties.	The	neuromuscular	junction	is	a	special	structural	feature	of	skeletal	muscle	that	is	not	found	in	cardiac	or	smooth	muscle.	PTH,	angiotensin	II,	norepinephrine,	and
dopamine	trigger	G-protein-mediated	activation	of	phospholipase	C,	which	in	turn	activates	protein	kinase	C	(PKC).	Comment	This	man	presents	with	symptoms	and	signs	of	cardiac	failure.	Pharmacogenomics	studies	the	effects	of	genetic	heterogeneity	on	drug	responsiveness	Because	the	liver	plays	a	central	role	in	drug	metabolism,	the
pharmacogenomics	of	some	hepatic	drug-metabolizing	enzymes,	specifically	the	cytochrome	P-450	oxidases,	is	clinically	very	relevant.	Haemochromatosis.	(See	also	Fig.	Loss	of	50%	of	nephrons	results	in	an	approximate	doubling	of	serum	creatinine	concentration.	The	renal	clearance	of	inulin	is	equal	to	the	GFR.	These	resources	are	conveniently
hyperlinked	to	topics	in	biochemistry.	Journal	of	Clinical	Investigation,	101,	79–85.	Conversely,	when	ECF	osmolality	decreases,	water	moves	into	the	cells,	and	this	may	cause	cell	edema.	Working	muscles	not	only	produce	the	allosteric	effectors	H+	and	CO2	as	by-products	of	aerobic	metabolism	but	also	liberate	heat.	The	altered	ratio	of	NADH/
NAD+	after	ethanol	further	promotes	the	reduction	of	pyruvate	to	lactate	and	creates	the	potential	for	the	development	of	lactic	acidosis.	To	permit	glycolysis	to	continue	unchecked,	NADH	is	oxidized	to	NAD+	via	the	mechanism	of	pyruvate	reduction	to	lactate,	with	NADH	being	oxidized	to	NAD+.	(Adapted	with	permission	from	Hutchinson	AS.
Pharmaceutical	treatments	targeting	muscle	have	had	varying	degrees	of	success	and	are	usually	limited	by	side	effects.	Urine	composition	is	summarized	in	Table	35.1.	Urine	volume	can	vary	from	0.5 L	to	more	than	10.0 L	of	urine	daily.	He	was	treated	with	intravenous	fluids,	predominantly	in	the	form	of	5%	dextrose,	to	replace	the	water	deficit.
Short-term	regulation	involves	either	direct	effects	on	the	kinetic	properties	of	the	enzyme	or	its	translocation	between	the	plasma	membrane	and	intracellular	sites.	Xanthomata	seems	to	be	rarer	than	in	patients	with	FH.	The	“posttranslational”	modifications	are	performed	by	processing	enzymes	in	the	endoplasmic	reticulum,	Golgi	apparatus,
secretory	granules,	and	extracellular	space.	2.8).	The	cis-double	bonds	place	a	kink	in	the	linear	structure	of	the	fatty	acid	chain,	interfering	with	close	packing,	therefore	requiring	a	lower	temperature	for	freezing	(i.e.,	they	have	a	lower	melting	point).	The	color	yield	produced	is	directly	proportional	to	the	glucose	content	of	the	sample.	A.	Myoblasts
exit	the	cell	cycle	and	differentiate	(fusing	together)	into	a	mature	multinucleated	muscle	cell.	Macrophages	themselves	produce	proinflammatory	cytokines,	interleukin	1β	(IL-1β),	IL-6,	and	TNFα,	as	well	as	a	range	of	chemotactic	cytokines	(chemokines).	Heme	controls	the	rate	of	its	synthesis	by	feedback	inhibition	of	5-ALA	synthase	(Fig.	Half-
maximal	activation	of	the	enzyme	by	intracellular	sodium	occurs	at	sodium	concentration	of	10 mM,	which	is	often	above	the	steady-state	concentration.	Other	sodium	cotransporters	transport	amino	acids	and	phosphate	(Chapter	30).	The	acute-phase	proteins	have	a	number	of	different	functions.	Sodium	is	a	major	contributor	to	the	osmolality	in	the
ECF	and	a	determinant	of	the	distribution	of	water	between	ECF	and	ICF.	An	occlusion	may	cause	myocardial	497	498	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	Step	1:	Total	cholesterol	fasting	or	nonfasting	Step	2:	Fasting	lipid	profile:	Total	cholesterol	Total	triglycerides	HDL-cholesterol	Apolipoprotein	B	Apolipoprotein	A	CVD	risk
factors	Lesion-prone	areas	(disturbed	blood	flow)	A	Lipid	and	lipoprotein	testing	Calculation	of	ApoB/A	ratio	E-selectin	Endothelium	Lipoprotein	retention	Calculations:	Total	cholesterol/HDL-cholesterol	ratio	LDL-cholesterol	Monocyte	adhesion	OXLDL	VCAM-1	NO	CRP	IL-6	IL-1β	MCP-1	TGFα	Scavenger	receptor	type	A	MCSF	Cell	migration	CD	36
Monocyte	transformation	into	macrophage	B	Calculation	of	the	plasma	LDL-cholesterol	concentration:	Note	that	this	formula	is	not	valid	if	triglycerides	>4.66	mmol/L	(>400	mg/dL)	Fig.	34.11	Posthepatic	jaundice.	E.,	Hilgers,	K.	Pitt,	PhD	Professor	of	Pharmaceutical	Chemistry	and	Chemical	Biology	Life	and	Health	Sciences	Aston	University
Birmingham,	UK	L.	NO	is	synthesized	from	L-arginine	by	the	endothelial	NO	synthase	(eNOS).	Higher	levels	of	Na+/K+-ATPase	activity	are	found	in	fast-contracting	muscles,	and	increased	Na+/K+-ATPase	pump	density	is	an	important	adaptation	to	exercise.	The	entry	of	sodium	into	tubular	cells	is	passive.	He	had	poor	tissue	turgor,	dry	mouth,	and
tachycardia,	and	he	was	hypotensive.	R.	IEF	is	used	in	conjunction	with	SDS-PAGE	for	two-dimensional	gel	electrophoresis	(Fig.	35.7	Oncotic	and	hydrostatic	pressures	determine	the	movement	of	fluid	between	plasma	and	interstitial	fluid.	PrPC	has	a	high	α-helical	content	and	is	devoid	of	β-pleated	sheets,	whereas	PrPSc	has	a	high	β-pleated	sheet
content.	Anomer	Carbohydrate	Cellulose	Fluid	mosaic	model	Glycogen	Glycosidic	bond	Lactose	Membrane	protein:	integral,	peripheral,	transmembrane	Phospholipid	Starch	Sucrose	Triglyceride	26	CHAPTER	3 	Carbohydrates	and	Lipids	to	form	Schiff	base	(imine)	adducts	and	crosslinks	during	fixation	of	tissues.	This	slows	conduction	and	increases
the	socalled	refractory	period.	Creatine	is	synthesized	from	arginine	and	glycine	and	is	phosphorylated	reversibly	to	creatine-P	by	the	enzyme	creatine	(phospho)kinase	(CK	or	CPK;	Fig.	A	further	decline	in	force	occurs	as	pyruvate	and	lactate	gradually	accumulate	in	the	contracting	muscle,	resulting	in	a	decrease	in	muscle	pH.	There	are	several
classes	of	drugs	that	lower	plasma	cholesterol	concentration.	Proteins	are	synthesized	as	a	sequence	of	amino	acids	linked	together	in	a	linear	polyamide	(polypeptide)	structure,	but	they	assume	complex	three-dimensional	shapes	in	performing	their	functions.	The	main	anions	in	the	ICF	are	proteins	and	phosphate	(Fig.	CA	+	−			CO2	+	H2O			
H2CO3		H	+	HCO3	The	kidneys	regulate	bicarbonate	reabsorption	and	synthesis,	and	the	erythrocytes	adjust	bicarbonate	concentration	in	response	to	changes	in	pCO2.	Whereas	stable	fibrous	plaques	cause	a	slowly	progressing	angina,	the	disruption	of	an	unstable,	highly	cellular	plaque	leads	to	acute	clinical	events	such	as	a	myocardial	infarction.
On	the	other	hand,	it	is	a	system	that	is	open	and	communicates	with	its	environment.	It	is	pleated	because	the	carbon–carbon	(C–C)	bonds	are	tetrahedral	and	cannot	exist	in	a	planar	configuration.	Glucose	is	the	most	important	fuel	for	the	brain;	therefore	maintaining	its	concentration	in	plasma	is	essential	for	survival.	The	increased	ALP	and
normal	AST	concentrations	were	consistent	with	this,	and	the	absence	of	urobilin	in	the	urine	indicated	that	the	biliary	tract	was	obstructed.	Vasopressin	release	is	also	stimulated	by	a	larger	than	10%	decrease	in	the	circulating	volume.	Under	normal	conditions,	the	kidneys	form	1–2	liters	of	urine	per	day.	INTRODUCTION	Water	and	electrolytes	are
constantly	exchanged	with	the	environment	Water	is	essential	for	survival	and,	in	an	adult	person,	accounts	for	approximately	60%	of	the	body	weight.	However,	when	its	concentration	increases	in	diabetes,	it	makes	a	significant	contribution,	causes	water	shifts,	and	leads	to	osmotic	symptoms	such	as	polyuria	(Chapter	31).	Cardiolipin
(diphosphatidyl	glycerol)	is	a	significant	component	of	the	mitochondrial	inner	membrane,	whereas	sphingomyelin,	phosphatidylserine,	and	cholesterol	are	enriched	in	the	plasma	membrane	(see	Table	3.3).	ADVANCED	CONCEPT	BOX	POSTTRANSLATIONAL	MODIFICATIONS	OF	PROTEINS	Most	proteins	undergo	some	form	of	enzymatic
modification	after	the	synthesis	of	the	peptide	chain.	(B)	Calculation	of	plasma	LDLcholesterol	concentration.	If	the	biliary	excretion	of	conjugated	bilirubin	is	impaired	by	a	disease	that	obstructs	the	flow	of	bile	into	the	intestine	(obstructive	jaundice),	no	stercoblinogen/	stercobilin	is	formed,	and	the	feces	is	pale	in	color.	Lancet,	386,	1576–1578.
ADVANCED	CONCEPT	BOX	THE	INFORMATION	CONTENT	OF	COMPLEX	GLYCANS	Sugars	are	attached	to	each	other	in	glycosidic	linkages	between	a	hemiacetal	carbon	of	one	sugar	and	a	hydroxyl	group	of	another	sugar.	There	was	no	family	history	of	early	coronary	disease.	Fast-glycolytic	muscle	used	for	burst	activity	is	white	in	appearance
(like	chicken	breast	-	chickens	squawk	a	lot,	but	cannot	fly	far!)	because	of	less	blood	flow,	lower	mitochondrial	density,	and	decreased	myoglobin	content	compared	with	slow-twitch	oxidative	muscle,	which	is	red.	Thus,	in	iron	deficiency,	ferritin	concentrations	are	low,	and	transferrin-receptor	concentrations	are	high.	■	Movement	of	water	between
the	lumen	of	a	blood	vessel	and	the	interstitial	fluid	is	controlled	by	the	osmotic	and	hydrostatic	pressures.	Cells	protect	themselves	against	changes	in	volume	An	increase	in	the	intracellular	concentration	of	sodium	stimulates	the	Na+/K+-ATPase,	which	extrudes	sodium	from	the	cell.	Table	2.1	lists	the	structures	of	the	R	groups.	The	osmolality	of
urine	varies	from	about	50–1200 mmol/L.	H.,	&	Caslake,	M.	The	presence	of	microalbuminuria	predicts	future	overt	diabetic	nephropathy.	The	hyperbilirubinemia	is	unconjugated	in	nature;	if	severe,	it	may	require	phototherapy	(ultraviolet	light	to	photoisomerize	bilirubin	into	a	nontoxic	form)	or	exchange	blood	transfusion	to	prevent	damage	to	the
brain	(kernicterus).	PPARs	are	important	targets	of	drug	action.	3.2	imply	that	aldose	sugars	have	a	chemically	reactive,	easily	oxidizable,	electrophilic,	aldehyde	residue.	■	The	renin–angiotensin–aldosterone	system	is	the	principal	regulator	of	blood	pressure	and	vascular	tone.	Muscles	subjected	to	continual	contractile	activity,	such	as	postural
muscles,	have	more	mitochondria	than	infrequently	contracted	muscle.	Acute	intermittent	porphyria	(AIC)	is	caused	by	the	deficiency	of	hydroxymethylbilane	synthase,	an	enzyme	converting	PBG	to	a	linear	tetrapyrrole;	in	this	disorder,	the	concentrations	of	5-ALA	and	PBG	increase	in	the	plasma	and	urine.	Normal	creatinine	concentration	in	plasma
is	about	20–80 mmol/L	(0.23–0.90 mg/dL).	Impaired	fasting	glucose	Interferon	(IFN-α,	IFN-β,	and	IFNγ)	Immunoglobulin	Immunoglobulin	(IgG,	IgA,	IgM,	IgD,	and	IgE)	Insulin-like	growth	factor	IGF-binding	proteins	Immunoglobulin	G	Impaired	glucose	tolerance	Indian	hedgehog,	a	signaling	protein	NFκB	kinase	Interleukin	(IL-1,	IL-6,	etc.)
Immobilized	metal	affinity	chromatography	Inner	mitochondrial	membrane	Inosine	monophosphate	Intermembrane	space	International	Normalized	Ratio	Inositol	1,4,5-trisphosphate	Inositol	trisphosphate	Inositol-1,4.5-trisphosphate	Isopentenyl	diphosphate	Insulin	receptor	Iron	response	element	Internal	ribosomal	entry	site	Abbreviations	IRI	IRS
ITAM/ITIM	IU	JAK	JAK/STAT	JNK	kb	KCC1	KCCT	KIP2	KIT	KLF	Km	LACI	LBBB	LC3	LCAT	LC-MS	LDH	LDL	LFA-1	LH	LMWH	lncRNA	LPL	LPLAT	LPS	LRP5	LSC	LT	LTA	LXR	M	MAC-1	MAG	MALT	Man-6-P	MAO	MAOI	MAPK	MAS	Mb	MBL	MCH	MCL	MCP	MCP-1	M-CSF	MCV	MDA	Ischemic	reperfusion	injury	Insulin	receptor	substrate
Immunoreceptor	tyrosine	activation/	inhibition	motif	International	unit	Janus	kinase	Janus	kinase/signal	transducer	and	activator	of	transcription	C-Jun	terminal	kinase	Kilobase	K+	and	Cl−	cotransporter	Kaolin–cephalin	clotting	time,	APTT	57-kDa	inhibitor	of	cyclin–CDK	complexes	Tyrosine	kinase	3	genes	Kruppel-like	factor	Michaelis	constant
Lipoprotein-associated	coagulation	inhibitor	Left	bundle	branch	block	Microtubule-associated	protein	light	chain	3	Lecithin:cholesterol	acyltransferase	Liquid	chromatography/mass	spectrometry	Lactate	dehydrogenase	Low-density	lipoprotein(s)	Lymphocyte	function–associated	antigen	1	Luteinizing	hormone	Low-molecular-weight	heparin	Long	non-
coding	RNA	Lipoprotein	lipase	Lysophospholipid	acyltransferase	Lipopolysaccharide	LDL-receptor-related	protein	5	Laser-scanning	cytometry	Leukotriene	Light	transmission	aggregometry	Liver	X	receptors	Mitosis	Macrophage	adhesion	molecule	1	Monoacylglycerol	Mucosa-associated	lymphoid	tissues	Mannose-6-phosphate	Monoamine	oxidase
Monoamine	oxidase	inhibitor	Mitogen-activated	protein	kinase	Angiotensin	1–7	receptor	Myoglobin	Mannose-binding	lectin	Melanin-concentrating	hormone	Mantle	cell	lymphoma	Multicatalytic	protease	Monocyte	chemoattractant	protein	1	Monocyte-colony	stimulating	factor	Mean	corpuscular	volume	Malondialdehyde	MDRD	MEK	MET	metHb
MetSO	MGO	MHC	miRNA	MIT	MMP	MMP	MODY	MPO	MRI	MRM	mRNA	MRP	MS	MSH	MSLP	mtDNA	MTHFR	mTOR	mTORC-1	and	mTORC-2	mTORC	MTP	MudPIT	MWCO	Myc	N5MeTHF	N5-N10-THF	NAA	NABQI	NAC	NAD+/NADH	NADP+	NADPH	NAFLD	NCC	ncRNA	NEFA	NeuAc	NFAT2	NFκB	NGF	NGS	Modification	of	diet	in	renal	disease
study	Mitogen-activated	protein	kinase.	These	bonds	can	be	reduced	by	enzymes	or	reducing	agents,	such	as	2-mercaptoethanol	or	dithiothreitol,	to	form	cysteine	residues.	Numbers	are	approximate.	Drug-induced	liver	injury.	They	are	present	in	the	endoplasmic	reticulum.	Excitation–contraction	coupling:	The	calcium	trigger	The	calcium	content	of
the	sarcoplasm	is	normally	very	low,	10-7	mol/L	or	less,	but	increases	rapidly	by	more	than	100-fold	in	response	to	neural	stimulation.	The	risk	of	fibrosis	can	be	calculated	from	a	variety	of	laboratory	parameters,	and	those	at	highest	risk	may	have	a	specialized	liver	scan	to	identify	fibrotic	changes	noninvasively.	Liver	damage	in	patients	who	abuse
alcohol	may	arise	from	the	toxicity	of	acetaldehyde,	which	forms	Schiff	base	adducts	with	other	macromolecules.	Fatty	acids	are	long-chain	alkanoic	acids;	unsaturated	fatty	acids	contain	one	or	more	cis-double	bonds.	The	muscle	type	is	closely	related	to	muscle	function	in	skeletal	muscle,	and	this	comparison	can	easily	be	seen	with	muscles	whose
contraction	is	for	infrequent-burst	activities	versus	muscles	used	continuously	for	maintaining	posture	(antigravity).	Note	that	many	signaling	proteins	are	also	enzymes.	Small	peptides	from	such	a	gel	are	sequenced	by	mass	spectrometry,	permitting	the	identification	of	the	protein.	Note	that	in	the	United	States,	blood	urea	nitrogen	(BUN)
measurement	is	used	instead	of	serum	urea.	SNO-Hb	is	the	product	of	S-nitrosylation	of	the	Cys93β	side	chains	of	Hb.	These	Cys	thiol	groups	can	accept	NO	by	transfer	from	intracellular	S-nitrosoglutathione	or	from	heme-bound	NO	(nitrosyl-Hb).	The	impaired	function	of	the	left	ventricle	leads	to	a	decreased	blood	flow	through	the	kidney,	activation
of	the	renin–angiotensin	system,	and	stimulation	of	aldosterone	secretion.	As	intracellular	calcium	levels	decrease,	the	number	of	active	cross-bridges	also	decreases,	and	muscle	contractile	force	declines.	Sepsis	results	in	severe	muscle	mass	loss,	and	patients	with	low	muscle	mass	are	more	likely	to	die	of	sepsis.	Other	hemoglobinopathies	More	than
1000	mutations	in	the	genes	encoding	the	α-	and	β-globin	polypeptides	have	been	documented	As	with	most	mutational	events,	most	lead	to	few,	if	any,	clinical	problems.	Genetic	techniques	can	identify	individuals	with	a	propensity	to	develop	a	disease	or	confirm	the	diagnosis	in	affected	persons.	eGFR:	see	Appendix	1	Urea	is	a	major	contributor	to
urine	nitrogen	excretion.	Triglycerides	are	storage	fats.	Another	minor	Hb	is	fetal	Hb	(HbF);	its	subunits	are	αglobin	and	γ-globin.	Plasma	urea	increases	in	renal	failure,	but	because	it	freely	crosses	cell	membranes,	it	does	not	contribute	to	water	movement	between	ECF	and	ICF.	Decreased	ATP	availability	or	inhibition	of	any	of	these	ATPases	will
cause	a	decrease	in	muscle-force	production.	Intriguingly,	no	specific	antigen	capable	of	initiating	atherogenesis	has	been	identified.	It	has	been	largely	superseded	by	the	genetic	classification.	This	process	involves	oxygen	consumption,	or	respiration,	by	which	the	organism	oxidizes	NADH	and	FADH2	in	the	mitochondrial	electron	transport	chain
(ETC)	to	produce	a	hydrogen	ion	gradient	across	the	inner	mitochondrial	membrane.	Conversely,	it	seems	that	a	concentration	above	1.6 mmol/L	(60 mg/dL)	provides	some	protection	against	coronary	disease.	CLINICAL	BOX	CREUTZFELDT–JAKOB	DISEASE	A	56-year-old	male	cattle	rancher	presented	with	epileptic	cramps	and	dementia	and	was
diagnosed	as	having	Creutzfeldt–Jakob	disease,	a	human	prion	disease.	HbA2	accounts	for	2%–3%	of	the	total	and	has	an	α2δ2	polypeptide	composition.	FURTHER	READING	Agrawal,	S.,	Dhiman,	R.	Moreover,	these	cells	lose	water,	become	fragile,	and	have	a	considerably	shorter	life	span,	leading	to	hemolysis	and	anemia	(hemolytic	anemia).	Wijnen,
P.	PRINCIPLES	OF	TREATMENT	OF	DYSLIPIDEMIAS	Management	of	dyslipidemias	combines	lifestyle	measures	and	drug	treatment	Effective	cardiovascular	prevention	needs	an	approach	that	combines	lifestyle	modification	(smoking	cessation,	diet,	and	regular	exercise)	with	drug	treatment	of	dyslipidemia,	hypertension,	and	diabetes.	CHAPTER
35 	Water	and	Electrolytes	Homeostasis	Na+/Cl–	cotransporter	in	the	distal	tubule,	and	the	epithelial	sodium	channel	in	the	renal	collecting	duct.	2.12	describes	the	principle	of	gel	filtration.	This	structure	reflects	the	overall	shape	of	the	molecule	and	generally	consists	of	several	smaller	folded	units	termed	domains.	The	two	main	ones	are	the	atrial
natriuretic	peptide	(ANP)	and	the	brain	natriuretic	peptide	(BNP).	Comment	Alveolar	hyperventilation	is	an	abnormally	rapid,	deep,	and	prolonged	breathing	pattern	that	leads	to	respiratory	alkalosis	-	that	is,	a	profound	decrease	in	pCO2	and	an	increase	in	blood	pH	that	can	be	attributed	to	an	increased	loss	of	CO2	from	the	body.	The	SR	is	rich	in
Ca2+-ATPase,	which	maintains	cytosolic	calcium	in	the	sarcoplasm	at	submicromolar	(~10-7	mol/L)	concentrations.	Force	will	then	decline	to	a	level	that	can	be	maintained	by	the	aerobic	metabolism	of	fatty	acids.	Posthepatic	jaundice	is	caused	by	obstruction	of	the	biliary	tree	In	this	posthepatic	jaundice,	the	plasma	bilirubin	is	conjugated,	and
other	biliary	metabolites,	such	as	bile	acids,	accumulate	in	the	plasma.	The	normal	Hill	coefficient	for	adult	Hb	(n	=	2.7)	reflects	strongly	cooperative	ligand	binding.	The	weight	loss	in	cachexia	is	associated	with	the	loss	of	both	muscle	and	adipose	tissue.	CLINICAL	BOX	ARTERIAL	HYPERTENSION	IS	A	COMMON	DISEASE	Hypertension	is
inappropriately	increased	arterial	blood	pressure.	2.7	Protein	secondary	structural	motifs.	Symptoms	include	recurrent	attacks	of	acute	pancreatitis	and	fat-filled	spots	known	as	“eruptive	xanthomata.”	The	extremely	high	cholesterol	concentration	in	this	patient	is	related	to	the	large	number	of	chylomicrons	present,	rather	than	to	the	LDL.
Hydrophobic	interactions	HC	CH2	CH3	CH3	Phe	CH3	Leu	Fig.	2.3.	Neutral	polar	amino	acids	Neutral	polar	amino	acids	contain	hydroxyl	or	amide	side	chain	groups.	Another	important	one	is	hemoglobin.	35.3).	(A)	In	the	deoxygenated	T	state,	the	distance	between	the	Asp	and	Trp	residues	favors	a	hydrogen	bond,	whereas	the	distance	between	Asp
and	Asn	is	too	great.	Vasopressin	binds	to	its	receptor	(VR),	and	through	G-proteins,	(Gp)	stimulates	the	production	of	cAMP,	which,	in	turn,	activates	protein	kinase	A	(PKA).	Atherogenesis	is	mediated	by	cytokines,	chemokines,	and	growth	factors	and	adhesion	molecules	generated	by	endothelial	cells,	macrophages,	T	lymphocytes,	and	VSMC.
Advanced	Pharmaceutical	Bulletin,	6,	495–507.	Water	excess	increases	plasma	volume,	renal	blood	flow,	and	GFR	Aquaporins	are	membrane	channel	proteins	which	transport	water	The	aquaporin	water	channel	is	illustrated	in	Fig.	Slow-oxidative	fibers	atrophy	preferentially	during	muscle	disuse.	Three	porphyrias	are	known	as	acute	porphyrias	and
can	be	a	cause	of	emergency	admissions	to	hospital	with	abdominal	pain	(which	needs	to	be	differentiated	from	various	surgical	causes).	The	transverse	tubules	are	extensions	of	the	sarcolemma	around	the	Z-line.	When	the	allosteric	effector	is	different	from	the	ligand	whose	binding	is	altered,	the	process	is	termed	heterotropic	(e.g.,	the	effect	of	H+
[pH]	on	the	P50	for	oxygen	binding	to	Hb).	Sickled	erythrocytes	exhibit	less	deformability.	We	discuss	the	role	of	the	bicarbonate	buffer	in	maintaining	blood	pH,	oxygen	and	carbon	dioxide	exchange	in	the	lungs,	and	the	production	and	retention	of	bicarbonate	by	the	kidneys.	Hydrophobic	interactions	between	protein	surfaces	then	lead	to
aggregation	and	precipitation	of	the	protein.	Substrate	availability	limits	human	skeletal	muscle	oxidative	ATP	regeneration	at	the	onset	of	ischemic	exercise.	For	instance,	poor	metabolizers	are	more	likely	than	other	individuals	to	experience	drug	toxicity,	and	they	are	less	likely	to	gain	benefit	from	the	analgesic	codeine,	a	prodrug	that	is
metabolized	by	CYP2D6	to	morphine,	the	active	drug.	Other	inherited	diseases	of	bilirubin	metabolism	are	rare.	They	have	different	optical	rotations	but	equilibrate	over	a	period	of	hours	in	aqueous	solution	to	form	the	equilibrium	mixture	of	65 : 35	β:α	anomers.	The	patient	had	been	vigorously	exercising	in	an	attempt	to	relieve	the	stress	of
forthcoming	examinations	when	she	suddenly	began	to	experience	forced,	rapid	breathing.	Tissue	factor,	a	transmembrane	cytokine	receptor	and	the	primary	physiologic	trigger	of	the	coagulation	cascade	(Chapter	41),	may	be	expressed	in	the	plaque	VSMC	and	macrophages.	INTRODUCTION	Carbohydrates	and	lipids	are	major	sources	of	energy
and	are	stored	in	the	body	as	glycogen	and	triglycerides	(fat)	This	short	chapter,	which	is	largely	an	overview	of	collegiate	studies,	describes	the	structure	of	carbohydrates	and	lipids	found	in	the	diet	and	in	tissues.	1.3	Medical	Biochemistry,	fifth	edition:	Map	of	the	book.	Although	debrisoquine	is	now	obsolete,	the	CYP2D6	polymorphism	is	relevant
for	some	drugs	used	in	cardiac	and	psychiatric	practice.	This	technique	is	sufficiently	sensitive	that	proteins	separated	by	2D-PAGE	(Fig.	Notices	Practitioners	and	researchers	must	always	rely	on	their	own	experience	and	knowledge	in	evaluating	and	using	any	information,	methods,	compounds	or	experiments	described	herein.	Comment	Collagen
contains	35%	Gly,	11%	Ala,	and	21%	Pro	plus	Hyp	(hydroxyproline).	AT1	receptor	is	blocked	by	e.g.	losartan	and	AT2	receptor	by	saralasin.	Several	other	indices	are	also	computed;	they	include	the	total	amount	of	buffers	in	the	blood	(the	buffer	base)	and	the	difference	between	the	desired	(normal)	amount	of	buffers	in	the	blood	and	the	actual
amount	(base	excess).	We	have	also	updated	literature	and	web	references	throughout	the	textbook.	The	segments	of	each	tubule	(starting	from	the	glomerular	end)	are	known	as	the	proximal	tubule,	the	loop	of	Henle,	the	distal	tubule,	and	the	collecting	duct.	Na+/K+-ATPase	is	activated	by	sodium	and	ATP.	Thus	an	increased	concentration	of	H+
(decreased	pH)	favors	an	increased	P50	(lower	affinity)	for	O2	binding	to	Hb,	equivalent	to	an	H+-dependent	shift	of	Hb	from	the	R	to	the	T	state.	We	also	better	understand	the	links	between	metabolism	and	nutrition-	and	lifestyledependent	diseases,	such	as	obesity,	diabetes,	atherosclerosis,	and	cardiovascular	disease.	35.14).	35.11	Vasopressin
regulates	water	reabsorption	in	the	collecting	duct.	O	CH2	–	O	–	C	–	R1	Platelet-activating	factor	(PAF)	HO	Cholesterol	Fig.	The	liver	is	the	largest	organ	in	the	body	and	has	a	substantial	reserve	metabolic	capacity	Mild	liver	disease	may	cause	no	symptoms	and	be	evident	only	if	biochemical	changes	consequent	upon	that	disease	are	detected	when	a
blood	sample	is	analyzed	in	the	clinical	The	liver	is	the	largest	solid	organ	in	the	body	and,	in	adults,	weighs	about	1500 g.	Transformed	VSMC	further	perpetuate	the	inflammatory	response	by	secreting	IL-1,	TNFα,	and	adhesion	molecules.	The	substrates	for	gluconeogenesis	are	derived	from	lactate	released	by	glycolysis	in	the	peripheral	tissues	and
from	hepatic	deamination	of	amino	acids	(mainly	alanine)	generated	from	the	proteolysis	of	skeletal	muscle	(Chapter	31).	Kitagawa.	The	origin	of	this	progressive	pain	involves	altered	rheologic	and	hematologic	properties	of	erythrocytes	attributable	to	HbS	polymerization	and	aggregation.	Ethanol	oxidation	alters	the	redox	potential	of	the	hepatocyte
Ethanol	oxidation	results	in	the	increased	ratio	of	NADH	to	NAD+	within	the	hepatic	parenchymal	cells.	Determination	of	purity	and	molecular	weight	of	proteins	Polyacrylamide	gel	electrophoresis	in	sodium	dodecylsulfate	can	be	used	to	separate	proteins	based	on	charge	Electrophoresis	can	be	used	for	the	separation	of	a	wide	variety	of	charged
molecules,	including	amino	acids,	polypeptides,	proteins,	and	DNA.	ADVANCED	CONCEPT	BOX	PEROXISOME	PROLIFERATORACTIVATED	RECEPTORS	CONTROL	CARBOHYDRATE	AND	LIPID	METABOLISM	Peroxisome	proliferator-activated	receptors	(PPAR)	belong	to	the	superfamily	of	nuclear	receptors	that	function	as	transcription	factors.
Because	of	their	side	chain	functional	groups,	all	proteins	become	more	positively	charged	at	acidic	pH	and	more	negatively	charged	at	basic	pH.	Conversely,	a	decrease	in	any	of	the	allosteric	effectors	shifts	the	curve	to	the	left	(position	A).	Similarly,	poorly	controlled	Potassium	intake:	Diet	ICF	K+=	110	mmol/L	Potassium	loss:	Serum	potassium
concentration	(mmol/L)	6.0	ECF	Reference	range	=	3.5–5.0	mmol/L	Urine	Intestinal	fluid	(in	diarrhea)	Postoperative	surgical	drainage	Danger	(hyperkalemia)	5.0	4.0	Reference	range	3.0	2.0	Danger	(hypokalemia)	1.0	0	Fig.	CYP2D6	is	responsible	for	the	metabolism	of	more	than	100	pharmaceuticals,	and	a	polymorphism	of	this	enzyme	is	responsible
for	the	long-established	variation	in	the	metabolism	of	debrisoquine,	mentioned	earlier.	The	effectiveness	and	safety	of	drug	therapy,	particularly	in	elderly	patients	or	those	with	renal	or	hepatic	diseases	as	comorbidities,	and	in	patients	whose	metabolic	capacity	is	diminished,	is	currently	a	major	problem.	Biliary	excretion	is	also	the	only	route	by
which	cholesterol	can	be	eliminated	from	the	body.	It	is	replenished	not	only	by	the	action	of	CK	but	also	by	adenylate	kinase	(myokinase)	as	follows:	Creatine	(Cr)	phosphokinase:	CrP	+	ADP	→	Cr	+	ATP	Metabolite	concentration	(mmol/kg	dry	weight)	Metabolite	Resting	27	3 min	26	Creatine-P	78	27	7	Creatine	37	88	115	Lactate	5	8	13	408	350	282
ATP	Glycogen	8 min	19	These	experiments	were	conducted	during	ischemic	exercise,	which	exacerbates	the	decline	in	ATP	concentration.	Excessive	sodium	intake	or	impaired	elimination	might	lead	to	hypertension.	Cardiac	muscle	is	well	perfused	with	blood,	is	rich	in	mitochondria,	and	relies	largely	on	oxidative	metabolism	of	circulating	fatty	acids.
Spironolactone,	a	potassium-sparing	diuretic,	is	a	competitive	inhibitor	of	aldosterone:	it	inhibits	sodium–potassium	exchange	in	the	distal	tubules	and	decreases	potassium	excretion.	Each	amino	acid	represents	nonsuperimposable	mirror	images.	N	H	O	Urine	Fig.	It	may	increase	several-fold	when	its	constituent	anions	accumulate	-	for	example,	in
renal	failure,	diabetic	ketoacidosis,	or	some	cases	of	poisoning	(e.g.,	with	ethylene	glycol	or	methanol).	He	was	admitted	to	the	emergency	department.	Table	36.3	shows	the	pO2	and	pCO2	in	the	lungs.	Accordingly,	a	right	shift	in	the	ligand-saturation	curve	occurs	as	pCO2	increases.	Wilkinson,	G.	Initial	identification	of	a	mutation	often	involves
electrophoretic	or	chromatographic	analysis,	as	shown	in	Fig.	Sinusoids	are	lined	by	two	cell	types.	■	HDL	mediate	reverse	cholesterol	transport	(e.g.,	removal	of	cholesterol	from	the	peripheral	cells	and	its	transport	to	the	liver).	Tryptophan	has	a	greater	absorption	in	this	region	than	phenylalanine	or	tyrosine.	The	ubiquitin–proteasome	pathway
(Chapter	22)	is	currently	a	target	for	drugs	in	development	to	inhibit	muscle	loss	during	sepsis.	519)	Liver	Conjugated	bilirubin	Gut	Conjugated	bilirubin	Prehepatic	hyperbilirubinemia	results	from	excess	production	of	bilirubin	caused	by	hemolysis	or	a	genetic	abnormality	in	the	hepatic	uptake	of	unconjugated	bilirubin	Urobilinogen	Kidney
Hemolysis	is	usually	the	result	of	immune	disease,	the	presence	of	structurally	abnormal	red	cells,	or	the	breakdown	of	extravasated	blood.	Basic	amino	acids	The	side	chains	of	lysine	and	arginine	are	fully	protonated	at	neutral	pH	and,	therefore,	positively	charged.	The	direct	benefit	of	this	structural	and	functional	change	in	the	HbF	isoform	is	a
more	efficient	transfer	of	O2	from	maternal	HbA	to	fetal	Hb	(see	Fig.	The	main	body	water	compartments	are	the	intracellular	fluid	(ICF)	and	the	extracellular	fluid	(ECF).	Hyperaldosteronism	also	leads	to	hypokalemia.	GSH	is	the	major	peptide	present	in	the	cell.	The	electrochemical	gradient	is	3	Na+	+	+	+	+	+	+	+	+	+	+	Cell	membrane
Cytoplasm	+	+	+	+	+	+	+	+	+	+	β	α	α	-	-	-	-	-	-	-	-	-	-	[Na+]	130	mM	β	-	-	-	-	-	-	-	-	-	-	V	60–90	mV	2K+	ATP	ADP	Fig.	Recent	research	makes	it	quite	clear	that	the	plasma	concentration	of	triacylglycerols	(triglycerides)	also	contributes	familial	lipoprotein	lipase	deficiency	(LPLD).	The	pCO2	is	the	respiratory	component	of	acid–base	balance,	and
bicarbonate	concentration	is	the	metabolic	component.	(2000).	The	structure	positioned	between	the	glomerulus	and	distal	tubule	known	as	the	juxtaglomerular	apparatus	includes	the	cells	of	the	macula	densa	that	serve	as	sodium	sensors	and	site	of	renin	secretion.	Carbon	dioxide	dissolves	in	water,	forming	carbonic	acid,	which	in	turn	dissociates
releasing	hydrogen	ion.	Mature	atherosclerotic	plaque.	The	muscle	content	and	activity	of	hexokinase	also	increase	with	exercise,	both	acutely	(~3 h	after	one	session)	and	chronically	(after	several	weeks	of	training).	First,	the	cells	or	tissues	are	disrupted	by	grinding	or	homogenization	in	buffered	isotonic	solutions,	commonly	at	physiologic	pH	and
at	4°C	to	minimize	protein	denaturation	during	purification.	In	addition	to	the	basic	sugar	structures	just	discussed,	a	number	of	other	common	sugar	structures	are	presented	in	Fig.	BAYNES,	PhD	Carolina	Distinguished	Professor	Emeritus	Department	of	Pharmacology,	Physiology	and	Neuroscience	University	of	South	Carolina	School	of	Medicine
Columbia,	SC,	USA	MAREK	H.	Dominiczak©	Your	medical	studies	culminate	in	becoming	a	resident,	where	you	will	be	in	a	position	to	help	patients	by	solving	clinical	problems.	The	spectrum	of	expressed	proteins	and	the	control	of	their	temporal	expression	during	development,	adaptation,	and	aging	are	responsible	for	our	protein	makeup,	our
proteome.	Inhibition	of	proteasome	activity	may	also	lead	to	increased	apoptosis	(Chapter	28),	a	feature	of	alcoholic	liver	disease	(ALD).	Any	variability	in	these	genes	may	lead	to	interindividual	differences	in	response	to	that	drug.	To	get	a	better	insight	into	behavior	of	abnormal	constituents,	a	calculation	of	AG	adjusted	for	albumin	and	lactate
concentration	has	been	suggested	(see	papers	by	Hawfield	and	DuBose	and	by	Kellum	in	Further	Reading).	Acetyl-CoA	is	oxidized	to	carbon	dioxide	and	reduces	the	important	coenzymes	nicotinamide	adenine	dinucleotide	(NAD+)	and	flavin	adenine	dinucleotide	(FAD).	The	risk	of	hypoglycemia	is	further	increased	in	alcoholics	when,	because	of	poor
nutrition,	they	have	low	hepatic	glycogen	stores.	The	mode	of	inheritance	of	FH	is	autosomal	dominant,	so	there	usually	is	a	prominent	family	history	of	early	ASCVD	disease	(i.e.,	symptoms	occurring	in	a	man	younger	than	55	years	of	age	or	a	woman	younger	than	65	years	of	age).	Cellular	basis	of	atherogenesis	Cells	enter	vascular	intima	Adhering
monocytes	are	stimulated	by	the	monocyte	chemoattractant	protein	1	(MCP-1)	to	cross	the	endothelium	and	lodge	in	the	intima.	Hereditary	coproporphyria	is	due	to	a	defect	in	the	conversion	of	coproporphyrinogen	III	to	protoporphyrinogen	III	(coprooxidase).	Mass	spectrometry	analysis	of	blood,	urine,	and	tissues	is	now	being	applied	for	clinical
diagnosis.	Oxidized	LDL	further	stimulates	expression	of	VCAM-1	and	MCP-1	in	the	endothelium,	maintaining	the	influx	of	cells	into	the	intima;	it	is	also	mitogenic	for	macrophages.	Transition	between	these	states	is	accompanied	by	the	breaking	of	existing	noncovalent	bonds	and	formation	of	new	ones	at	the	heterodimer	interfaces	(Fig.	With
decreased	[CO2]	and	[H+],	two	allosteric	effectors	of	O2	binding	and	release,	the	affinity	of	Hb	for	O2	increases	sufficiently	to	reduce	the	efficiency	of	delivery	of	O2	to	peripheral	tissues,	including	the	central	nervous	system.	4.	pI.	Thus	higher	calcium	levels	increase	muscle	contractile	CLINICAL	BOX	MALIGNANT	HYPERTHERMIA	About	1	in
150,000	patients	treated	with	halothane	(gaseous	halocarbon)	anesthesia	or	muscle	relaxants	responds	with	excessive	skeletal	muscle	rigidity	and	severe	hyperthermia	with	a	rapid	onset,	up	to	2°C	(4°F)	within	1 h.	Besides	the	basic	erosion	of	quality	of	life,	loss	of	skeletal	muscle	mass	also	increases	the	risk	of	mortality	and	morbidity.	Hemoglobin
subunits	may	assume	two	different	conformations	that	differ	in	O2	affinity	The	mechanism	underlying	the	cooperativity	in	oxygen	binding	by	hemoglobin	involves	a	shift	between	two	conformational	states	of	the	hemoglobin	molecule	that	differ	in	oxygen	affinity.	Cold	Spring	Harbor	Perspectives	in	Medicine.	Salisbury,	D.,	&	Bronas,	U.	It	is	essential	to
integrate	the	new	developments	into	everyday	practice.	curve	to	the	right,	thereby	facilitating	the	release	of	more	O2	to	tissues.	Baynes	LEARNING	OBJECTIVES	CARBOHYDRATES	After	reading	this	chapter,	you	should	be	able	to:	Nomenclature	and	structure	of	simple	sugars	■	Describe	the	structure	and	nomenclature	of	carbohydrates.	All	amino
acids	in	proteins	are	of	the	L-configuration	because	proteins	are	biosynthesized	by	enzymes	that	insert	only	L-amino	acids	into	the	peptide	chains.	Like	chromatography,	electrophoresis	may	be	used	for	preparative	fractionation	of	proteins	at	physiologic	pH.	Nicotinamide	adenine	dinucleotide	(NAD+)	is	the	cofactor	for	both	these	oxidations,	being
reduced	to	NADH.	■	Describe	gas	exchange	in	the	lungs.	Table	34.3	Causes	of	jaundice	 	Type	Cause	Clinical	example	Frequency	Prehepatic	Hemolysis	Autoimmune	Abnormal	hemoglobin	Uncommon	Depends	on	region	Intrahepatic	Infection	Chemical/drug	Hepatitis	A,	B,	C	Acetaminophen	Alcohol	Gilbert’s	syndrome	Crigler–Najjar	syndrome	Dubin–
Johnson	syndrome	Rotor’s	syndrome	Wilson’s	disease	α1-antitrypsin	Chronic	active	hepatitis	Physiologic	Common/very	common	Common	Common	1	in	20	Very	rare	Very	rare	Very	rare	1	in	200,000	1	in	1000	with	genotype	Uncommon/rare	Very	common	Drugs	Primary	biliary	cirrhosis	Cholangitis	Gallstones	Pancreatic	tumor	Cholangiocarcinoma
Common	Uncommon	Common	Very	common	Uncommon	Rare	Genetic	errors:	bilirubin	metabolism	Genetic	errors:	synthesis	of	specific	proteins	Autoimmune	Neonatal	Posthepatic	Intrahepatic	bile	ducts	blockage	Extrahepatic	bile	ducts	blockage	517	518	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	Red	blood	cell	Red	blood	cell	Unconjugated
bilirubin	bound	to	albumin	Blood	Unconjugated	bilirubin	bound	to	albumin	Blood	Bilirubin	uptake	Bilirubin	uptake	Conjugated	bilirubin	Conjugated	bilirubin	Conjugated	bilirubin	Liver	Liver	Gut	Duodenum	Conjugated	bilirubin	+	+	Urobilinogen	Kidney	Kidney	Feces	Urobilin	(stercobilin)	Fig.	It	is	an	autosomal	recessive	disorder.	It	promotes
detoxification	of	NABQI	by	the	glutathione	pathway	and	also	scavenges	free	radicals.	The	reference	value	for	urinary	protein	excretion	is	less	than	0.15g/day.	It	can	also	be	caused	by	excessive	administration	of	sodium	salts	(e.g.,	sodium	bicarbonate	infused	during	resuscitation).	2.14).	The	muscle	degradation	pathway	is	activated	by	the	inflammatory
cytokines	such	as	IL-6	and	TNF-α	caused	by	the	uncontrolled	immune	response.	As	before,	we	remain	convinced	that	the	biochemistry	of	water,	electrolyte,	and	acid–base	balance	is	as	important	for	future	clinicians	as	are	the	key	metabolic	pathways	and	thus	deserves	more	emphasis	in	the	biochemistry	curriculum.	35.12.	Measuring	urinary
osmolality	assesses	the	concentrating	capacity	of	the	kidney.	Tyrosine	has	a	weakly	acidic	hydroxyl	group	and	may	be	located	on	the	surface	of	proteins.	■	Body	water	balance	is	closely	linked	to	the	balance	of	dissolved	ions	(electrolytes),	the	most	important	of	which	are	sodium	and	potassium.	Lysyl	endopeptidase	is	also	frequently	used	to	cleave	at
the	C-terminal	side	of	lysine.	Another	characteristic	of	alkalosis	is	a	decreased	level	of	ionized	calcium	in	plasma,	a	situation	that	contributes	to	muscle	spasms	and	cramps.	To	the	fullest	extent	of	the	law,	no	responsibility	is	assumed	by	Elsevier,	authors,	editors	or	contributors	for	any	injury	and/or	damage	to	persons	or	property	as	a	matter	of
products	liability,	negligence	or	otherwise,	or	from	any	use	or	operation	of	any	methods,	products,	instructions,	or	ideas	contained	in	the	material	herein.	pH	>	9.8	COO–	cation	BUFFERS	Buffers	are	solutions	that	minimize	a	change	in	[H+]	(i.e.,	pH)	on	addition	of	acid	or	base.	During	the	first	15–30 min	of	exercise,	there	is	a	gradual	shift	from
glycogenolysis	and	glycolysis	to	aerobic	metabolism	of	fatty	acids.	Actions	of	the	effectors	that	modulate	O2	affinity	appear	to	be	additive.	Thyroid-stimulating	hormone	(TSH)	TSH	is	a	glycoprotein	heterodimer	consisting	of	an	α-	and	β-subunit	and	is	about	15%	carbohydrate	by	weight	Thyroxine	(T4)	and	triiodothyronine	(T3)	Actions	of	thyroid
hormones	Metabolic	effects	of	thyroid	hormones	Thyroid	hormones	increase	metabolic	rate,	with	increased	oxygen	consumption	and	heat	production	Developmental	effects	of	thyroid	hormones	The	thyroid	hormones	have	a	critical	effect	on	normal	skeletal	and	central	nervous	system	development	Mechanism	of	action	of	thyroid	hormones	Thyroid
hormones	exert	their	effects	via	nuclear	receptors.	Most	ammonia	is	detoxified	at	its	site	of	formation,	by	amidation	of	glutamate	to	glutamine,	which	is	mainly	derived	from	muscle	and	is	used	as	an	energy	source	by	the	enterocytes.	The	high	pO2	in	the	lungs	promotes	ligand	saturation	and	forces	protons	from	the	Hb	molecule	to	stabilize	the	R	state.
Patients	may	deny	alcohol	abuse.	A	synthetic	analogue	of	vasopressin,	desmopressin,	is	used	in	the	treatment	of	diabetes	insipidus.	Protein	and	low-molecular-mass	compounds	are	separated	by	dialysis	on	the	basis	of	size.	Methods	in	Molecular	Biology,	1558,	3–39.	Several	models	have	been	developed	to	describe	the	transition	between	the	T	and	R
states	of	Hb.	At	one	extreme	is	a	CHAPTER	5 	Oxygen	Transport	model	in	which	each	Hb	subunit	sequentially	responds	to	O2	binding	with	a	conformational	change,	thereby	permitting	hybrid	intermediates	of	the	T	and	R	states.	The	biochemical	plasticity	and	proliferative	capacity	of	muscle	make	this	possible.	LCAT	deficiency	is	known	as	fish-eye
disease.	On	the	surface	of	the	deoxygenated	Hb	tetramer	where	the	two	β-globins	(purple)	interact,	there	is	a	cleft	formed	by	the	N-terminal	amino	acid	residue	(Val1(β))	and	the	side	chains	of	His2(β),	Lys82(β),	and	His143(β)	(stick	models).	Also,	the	shift	in	the	NADH/	NAD+	ratio	inhibits	β-oxidation	of	fatty	acids	and	promotes	triglyceride	synthesis:
excess	triglycerides	are	deposited	in	the	Fig.	Triglycerides	were	6.0 mmol/L	(545 mg/dL),	cholesterol	was	5.0 mmol/L	(192 mg/dL),	and	HDL-C	was	1.0 mmol/L	(39 mg/	dL).	The	rotation	of	plane-polarized	light	may	be	dextrorotatory	(+)	or	levorotatory	(−).	The	plaque	“cap”	contains	collagenous	matrix	synthesized	by	VSMC.	Loop	diuretics,	such	as
frusemide,	inhibit	sodium	reabsorption	in	the	ascending	loop	of	Henle.	Lancet,	373,	492–501.	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	CLINICAL	BOX	DIAGNOSIS	OF	FAMILIAL	HYPERCHOLESTEROLEMIA	The	Simon	Broome	criteria	for	the	diagnosis	of	definite	FH	used	in	the	UK	are	as	follows:	•	Plasma	total	cholesterol	above
7.5 mmol/L	(290 mg/dL)	or	LDL-cholesterol	above	4.9 mmol/L	(189 mg/dL)	in	an	adult	•	Total	cholesterol	above	6.7 mmol/L	or	4.0 mmol/L	(154 mg/	dL)	in	a	child	under	16	plus:	•	Tendon	xanthomata	in	a	patient	or	first-degree	relative	(parent,	sibling,	child)	or	in	a	second-degree	relative	(grandparent,	uncle,	aunt)	or:	•	DNA-based	evidence	of	an	LDL
receptor	mutation,	familialdefective	apoB100	Comment	Currently,	genetic	screening	to	support	the	diagnosis	of	FH	involves	searching	for	mutations	of	the	LDL-receptor	gene;	one	is	the	sequence1637G>A,	which	results	in	the	substitution	of	glycine	by	aspartic	acid	(Gly546Asp).	In	contrast,	two	identical	amino	acids,	such	as	two	alanines,	can	only
form	one	dipeptide,	alanyl-alanine.	Note:	1	unit	of	alcohol	is	one	measure	(60 mL)	of	liquor,	one	glass	(170 mL)	of	wine,	or	a	half-pint	(284 mL)	of	beer.	However,	at	low	pO2,	the	ventilation	rate	is	controlled	by	pO2-sensitive	peripheral	receptors	in	the	carotid	bodies	and	in	the	aortic	arch.	There	is	one	CYP2D6	genetic	locus,	and	individuals	may	have
two,	one,	or	no	functional	alleles	corresponding	to	extensive,	intermediate,	and	poor	metabolizers,	respectively;	gene	multiplication	can	lead	to	three	functional	alleles	and	the	ultra-rapid	metabolizer	phenotype.	36.1).	In	humans,	triglycerides	are	stored	in	solid	form	in	adipose	tissue	as	fat.	The	concentrations	of	ANP	and	BNP	are	increased	in	heart
failure.	The	risk	of	hepatotoxicity	can	be	reliably	predicted	from	measurement	of	the	plasma	concentration	of	acetaminophen	in	relation	to	the	time	that	has	elapsed	since	the	overdose,	and	NAC	can	be	given	to	patients	who	are	at	risk	of	liver	damage.	(A)	Aromatic	amino	acids	such	as	tryptophan,	tyrosine,	and	phenylalanine	have	absorbance	maxima
at	260–280 nm.	PURIFICATION	AND	CHARACTERIZATION	OF	PROTEINS	Protein	purification	is	a	multistep	process,	based	on	protein	size,	charge,	solubility,	and	ligand	binding	catalytic	subunits.	Initially,	the	damage	is	functional	rather	than	structural.	The	most	severe	form	is	high-altitude	cerebral	edema	(2%	incidence),	a	potentially	fatal
condition	characterized	by	ataxia	and	other	neuromuscular	and	neurologic	problems.	35.10.	Aquaporins	in	clinical	medicine.	Renin	secretion	is	regulated	by	pathways	involving	G-protein-coupled	receptors,	adenylate	cyclase,	PKA,	and	cAMP-responsive	binding	protein	(CREB).	■	Understand	the	basic	mechanisms	of	hepatic	drug	metabolism	and
hepatotoxicity	of	drugs	and	alcohol.	The	Ngb	polypeptide	has	151	amino	acid	residues	(16,933 Da),	whereas	Cygb	contains	190	residues	(21,405 Da),	with	“extensions”	of	20	amino	acids	at	both	the	N-	and	C-termini	(see	Fig.	Reference	values	are	as	follows:	Sodium:	135–145 mmol/L	Potassium:	3.5–5.0 mmol/L	Bicarbonate:	20–25 mmol/L	Urea:	2.5–
6.5 mmol/L	(16.2–39 mg/dL)	Blood	urea	nitrogen	(BUN):	2.5–6.5 mmol/L	(7.5–18.2 mg/dL)	Aldosterone	regulates	sodium	and	potassium	homeostasis	Aldosterone	is	a	mineralocorticosteroid	hormone	produced	in	the	adrenal	cortex	(Chapter	14).	The	principle	of	the	separation	may	be	based	on	the	charge,	size,	or	hydrophobicity	of	proteins.	VSMC
migrate	into	the	intima	and	undergo	phenotypic	switching,	transforming	into	myofibroblast-like	cells.	36.5).	In	states	of	iron	excess,	the	reverse	process	occurs,	and	translation	of	ferritin	mRNA	increases,	whereas	transferrin-receptor	mRNA	undergoes	degradation,	serum	ferritin	concentrations	are	high,	and	transferrin-receptor	concentrations	are
low	(Fig.	Conditions	that	affect	both	stages	of	lipoprotein	metabolism.	The	chromatogram	on	the	right	shows	a	theoretical	fractionation	of	three	proteins,	Pr1–Pr3,	of	decreasing	molecular	weight.	■	Define	and	classify	acidosis	and	alkalosis.	Thus	fats	are	a	mixture	of	many	different	triglycerides.	Similarly,	in	the	pulmonary	capillaries,	erythrocyte
carbonic	anhydrase	converts	H2CO3	to	CO2	and	H2O,	which	are	expired	into	the	atmosphere	(see	Chapter	36).	The	capillary	vessel	wall	separates	plasma	and	the	interstitial	fluid	The	capillary	wall	separates	plasma	from	the	interstitial	fluid	and	is	freely	permeable	to	water	and	electrolytes	but	not	to	proteins.	Overview	of	albumin	and	its	purification
methods.	Low-intensity,	long-duration	contractions	Fatty	acids	are	the	major	source	of	energy	in	muscle	during	prolonged	exercise	The	availability	and	utilization	of	oxygen	in	working	muscle	are	major	limitations	for	maintaining	continuous	physical	activity.	In	complete	obstruction,	urobilinogen	and	urobilin	are	absent	from	urine	because	there	can
be	no	intestinal	conversion	of	bilirubin	to	urobilinogen/urobilin,	and	hence	no	renal	excretion	of	reabsorbed	urobilinogen/urobilin.	Pharmaceutical	treatments	have	also	been	examined	for	individuals	who	cannot	regularly	exercise.	C.,	Blackmond,	D.	34.2	Structure	of	the	liver.	503	504	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	Intestine
Increased	dietary	fat	VLDL	B100	Diabetes	mellitus	(common),	LPL	deficiency	(rare)	Chylomicrons	Peripheral	cells	VLDL	Fuel	distribution	stage	Diabetes	mellitus	Obesity	Familial	combined	dyslipidemia	Alcohol	excess	LPL	Diabetes	mellitus	(common),	LPL	deficiency	(rare)	Familial	dysbetalipoproteinemia	Liver	LRP	High	cholesterol	diet	Artery	lesion-
prone	areas	LDL	HTGL	Familial	hypercholesterolemia	(FH)	Cholesterol	distribution	stage	LDL-R	Peripheral	cells	LDL-R	Familial	hypercholesterolemia	(FH)	Fig.	The	concentration	of	sodium	is	only	10 mmol/L.	CLINICAL	BOX	POOR	ORAL	FLUID	INTAKE	LEADS	TO	DEHYDRATION	An	80-year-old	man	had	been	admitted	to	the	hospital	after	being
found	lying	on	the	floor	at	home	after	suffering	acute	stroke.	The	sarcoplasmic	reticulum,	a	specialized	organelle	derived	from	the	smooth	endoplasmic	reticulum,	is	rich	in	a	Ca2+-binding	protein,	calsequestrin,	and	serves	as	the	site	of	calcium	sequestration	inside	the	cell.	Table	3.2	Structure	and	melting	point	of	naturally	occurring	fatty	acids	in	the
body	 	Carbon	atoms	Chemical	formula	Systematic	name	Common	name	Melting	point	(°C)	Saturated	fatty	acids	12	12 : 0	CH3(CH2)10COOH	n-dodecanoic	Lauric	44	14	14 : 0	CH3(CH2)12COOH	n-tetradecanoic	Myristic	54	16	16 : 0	CH3(CH2)14COOH	n-hexadecanoic	Palmitic	63	18	18 : 0	CH3(CH2)16COOH	n-octadecanoic	Stearic	70	20	20 : 0
CH3(CH2)18COOH	n-eicosanoic	Arachidic	77	Unsaturated	fatty	acids	16	16 : 1;	ω-7,	Δ9	CH3(CH2)5CH=CH(CH2)7COOH	Palmitoleic	−0.5	18	18 : 1;	ω-9,	Δ	CH3(CH2)7CH=CH(CH2)7COOH	Oleic	13	18	18 : 2;	ω-6,	Δ	CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH	Linoleic	−5	18	18 : 3;	ω-3,	Δ	CH3CH2CH=CHCH2CH=CHCH2CH=CH(CH2)7COOH
Linolenic	−11	20	20 : 4;	ω-6,	Δ	CH3(CH2)4CH=CHCH2CH=CHCH2CH=CHCH2CH=CH(CH2)3COOH	Arachidonic	−50	9	9,12	9,12,15	5,8,11,14	For	unsaturated	fatty	acids,	the	ω	designation	indicates	the	location	of	the	first	double	bond	from	the	methyl	end	of	the	molecule;	the	Δ	superscripts	indicate	the	location	of	the	double	bonds	from	the
carboxyl	end	of	the	molecule.	21	22	CHAPTER	2 	Amino	Acids	and	Proteins	ADVANCED	CONCEPT	BOX	PROTEIN	FOLDING	For	proteins	to	function	properly,	they	must	fold	into	the	correct	shape,	or	conformation.	Long-duration	contractile	activity	requires	adequate	oxygen	delivery	and	the	capacity	for	the	muscle	to	utilize	the	oxygen	delivered.
ATHEROSCLEROSIS	ASCVD	is	presently	the	most	frequent	cause	of	death	in	the	world;	ischemic	heart	disease	and	cerebrovascular	disease	are	together	responsible	for	23.6%	of	all	deaths	worldwide	(WHO	2011).	Annual	Review	of	Medicine,	63,	303–316.	Chronic	hypernatremia	can	also	lead	to	encephalopathy.	The	classic	definition	of	a
carbohydrate	is	a	polyhydroxy	aldehyde,	or	ketone	The	simplest	carbohydrates,	having	two	hydroxyl	groups,	are	glyceraldehyde	and	dihydroxyacetone	(Fig.	Angiotensin	I	in	turn	becomes	a	substrate	for	peptidyl-dipeptidase	A	(angiotensin-converting	enzyme	[ACE]),	which	removes	two	amino	acids,	producing	angiotensin	II.	Consequently,	in	the
United	States,	the	Food	and	Drug	Administration	(FDA)	has	recently	changed	clopidogrel	prescribing	information	to	highlight	the	impact	of	CYP2C19	genotype	on	the	clinical	response	to	clopidogrel.	At	a	point	intermediate	between	pKa1	and	pKa2,	alanine	has	a	net	zero	charge.	Maintenance	of	stable	pH	is	essential	because	it	affects	ionization	of
proteins	(Chapter	2)	and,	consequently,	the	conformation	of	proteins,	which	in	turn	affects	the	activity	of	enzymes	and	other	biologically	active	molecules	such	as	ion	channels.	CEs,	cholesteryl	esters;	LCAT,	lecithin:	cholesterol	acyltransferase;	CETP,	cholesterol	ester	transfer	protein;	HTGL,	hepatic	triglyceride	lipase.	In	the	fetus,	AFP	appears	to
serve	physiologic	functions	similar	to	those	performed	by	albumin	in	the	adult;	furthermore,	by	the	end	of	the	first	year	of	life,	AFP	in	the	plasma	is	entirely	replaced	by	albumin.	Determination	of	the	three-dimensional	structure	of	proteins	X-ray	crystallography	and	nuclear	magnetic	resonance	(NMR)	spectroscopy	are	usually	used	for	determination	of
the	three-dimensional	structure	of	proteins	X-ray	crystallography	depends	on	the	diffraction	of	X-rays	by	the	electrons	of	the	atoms	constituting	the	molecule.	Serum	potassium	concentration	is	maintained	within	narrow	limits.	F.	There	are	20	different	α-L-amino	acids	in	proteins,	linked	by	peptide	bonds.	Plasma	proteins	and	membrane	receptors	are
endocytosed	and	then	hydrolyzed	by	acid	proteases	within	the	lysosomes.	The	third	(γ)	subunit	plays	a	minor	regulatory	role	in	some	tissues.	■	Na+/K+-ATPase	is	essential	for	maintenance	of	ion	gradients	between	the	cell	and	its	surroundings,	electrical	potential,	and	the	performance	of	the	cellular	ion	transport	system.	CHAPTER	3 	Carbohydrates
and	Lipids	H	CH2OH	O	C	H	C	OH	O	OH	H	OH	OH	H	C	OH	HO	C	H	H	C	OH	H	C	OH	CH2OH	O	OH	HO	OH	H	OH	CH2OH	D-Glucofuranose	D-Glucose	D-Glucopyranose	CH2OH	HOCH2	O	HO	CH2OH	OH	OH	C	O	H	C	OH	O	HO	C	H	HO	H	C	OH	HO	CH2OH	OH	OH	Fig.	Gastric	juice	Loss	of	fluid	that	has	an	electrolyte	content	similar	to	that	of	plasma
leads	to	dehydration	with	normal	serum	electrolyte	concentrations.	Dry	air	Alveoli	Systemic	arteries	Tissue	pO2	21.2	(39)	13.7	(98)	12.0	(90)	5.3	(40)	pCO2	50%.	Each	purified	protein	has	a	distinct	molecular	absorption	coefficient	at	around	280 nm,	depending	on	its	content	of	aromatic	amino	acids.	At	this	point,	muscle	glycogenolysis	becomes	a
major	source	of	energy.	Seventy	five	CYP2D6	allelic	variants	have	been	identified,	and	pharmacogenetic	techniques	can	identify	the	metabolizer	phenotype,	thereby	predicting	clinical	response	to	treatment.	Alcohol-use	disorders.	477).	Yet	this	highly	reactive	molecule,	also	known	as	endothelium-derived	relaxing	factor	(EDRF),	is	synthesized	in
endothelial	cells	and	participates	in	normal	vascular	physiology,	including	vasodilation	(smooth	muscle),	hemostasis	(platelet),	and	adhesion	molecule	expression	(endothelial	cell).	In	the	plasma,	the	LDL	particles	are	protected	against	oxidation	by	antioxidants	such	as	vitamin	C	and	β-carotene.	PPARα	stimulates	fatty	acid	catabolism,	ketogenesis,	and
gluconeogenesis.	In	general,	most	proteins	larger	than	50 kDa	consist	of	more	than	one	chain	and	are	referred	to	as	dimeric,	trimeric,	or	multimeric	proteins.	When	there	is	water	excess,	production	of	renin	is	suppressed.	Cellular	actions	of	angiotensins	are	mediated	by	angiotensin	receptors	type	1	(AT1),	type	2	(AT2),	and	MAS	receptors	that	bind
angiotensin	(1–7).	On	titration	to	acidic	pH,	the	α-amino	and	carboxyl	groups	are	protonated,	yielding	the	cation	+H3N–CH2–	COOH,	whereas	titration	with	alkali	yields	the	anionic	H2N–CH2–COO−	species:	+	H3N	CH	2	COOH	H+	+	H3N	CH2	COO–	OH–	H2N	CH2	COO–	pKa	values	for	the	α-amino	and	α-carboxyl	groups	and	side	chains	of	acidic	and
basic	amino	acids	are	shown	in	Table	2.3.	The	overall	charge	on	a	protein	depends	on	the	contribution	from	basic	(positive	charge)	and	acidic	(negative	charge)	amino	acids,	but	the	actual	charge	on	the	protein	varies	with	the	pH	of	the	solution.	Comment	About	50%	of	normal	babies	become	jaundiced	after	birth.	CLINICAL	TEST	BOX
CONCENTRATION	OF	IONS	IN	PLASMA	AND	SERUM	All	physiologic	phenomena	occur	in	plasma,	and	therefore	discussion	of	physiologic	or	pathologic	conditions	relates	to	plasma	concentrations	of	ions.	Thus	the	creatinine	concentration	in	urine,	normally	about	1 mg/mL,	can	be	used	to	correct	for	urine	dilution,	and	urinary	amino	acid
concentration	is	commonly	expressed	as	µmol/g	creatinine.	Classification	of	amino	acids	based	on	chemical	structure	of	their	side	chains	The	properties	of	each	amino	acid	are	dependent	on	its	side	chain	(–R),	which	determines	the	structure	and	function	of	proteins	and	the	electrical	charge	of	the	molecule.	In	contrast,	in	the	venous	part	of
capillaries,	oncotic	pressure	prevails,	and	fluid	is	drawn	back	into	the	vascular	lumen	(Fig.	They	also	develop	amyloidosis.	ABBREVIATIONS	ADH	AFP	AIC	5-ALA	ALD	ALDH	ALP	ALT	AST	CNS	Alcohol	dehydrogenase	α-fetoprotein	Acute	intermittent	porphyria	5-aminolevulinate	Alcoholic	liver	disease	Aldehyde	dehydrogenase	Alkaline	phosphatase
Alanine	aminotransferase	Aspartate	aminotransferase	Central	nervous	system	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	CRP	DDI	DILI	GGT	IL-1,	IL-6,	IL-8	JAK/STAT	MCP-1	NABQI	NAC	C-reactive	protein	Drug–drug	interaction	Drug-induced	liver	injury	γ-glutamyl	transpeptidase	Interleukins	Janus	kinase/signal	transducer	and	activator	of
transcription	Monocyte-chemoattractant	protein-1	N-acetyl	benzoquinoneimine	N-acetylcysteine	NAD+	NAFLD	NFκB,	NF-κB	PBG	PT	PXR	TNF	UPS	Nicotinamide	adenine	dinucleotide	Nonalcoholic	fatty	liver	disease	Nuclear	factor	kappa-light-chain-enhancer	of	activated	B	cells	Porphobilinogen	Pprothrombin	time	Pregnane	X	receptor	Tumor
necrosis	factor	Ubiquitin–proteasome	system	521	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	Marek	H.	There	was	a	strong	family	history	of	coronary	heart	disease	(his	father	had	a	coronary	bypass	graft	at	the	age	of	40,	and	his	paternal	grandfather	died	of	myocardial	infarction	in	his	early	50s).	At	this	pH,	the	protein	has	no	net	charge	or
charge–	charge	repulsion	between	subunits.	Research	into	the	human	genome	has	now	been	complemented	by	investigations	of	the	transcriptome,	the	proteome,	and	the	metabolome	and	an	enormous	expansion	of	knowledge	about	cellular	signaling	systems.	Disulfide	bonds	2.	Proteostasis	and	aging.	Carbohydrate	metabolism	is	important	as	a	source
of	pyruvate,	which	is	converted	to	oxaloacetate	by	the	anaplerotic	pyruvate	carboxylase	reaction.	Increased	urine	urobilinogen.	The	modifications	include	proteolytic	cleavage,	glycosylation,	lipation,	and	phosphorylation.	Although	controlling	the	inflammatory	response	and	eradicating	the	pathogen	is	the	primary	therapeutic	goal,	skeletal	muscle
plays	an	important	role	in	patient	prognosis.	Schmieder,	R.	(3)	Release	of	Pi,	then	ADP,	from	myosin	during	the	interaction	with	actin	is	accompanied	by	a	major	conformational	change	in	myosin,	producing	the	“power	stroke,”	which	moves	the	actin	chain	about	10 nm	(100 Å)	in	the	direction	opposite	the	myosin	chain,	increasing	their	overlap	and
causing	muscle	contraction.	Hemoglobin	is	an	important	extracellular	protein	buffer.	About	10%	of	the	US	population	carries	the	gene	for	hereditary	hemochromatosis,	but	only	homozygotes	are	affected	with	the	disease.	Biochemistry	has	fuzzy	borders	Biochemistry	is	not	a	discipline	with	clear	borders.	Ribbon,	stick,	and	space-filling	models	are
shown.	Data	are	adapted	from	Timmons,	J.	2.1):	■	■	■	■	A	basic	amino	group	(–NH2)	An	acidic	carboxyl	group	(–COOH)	A	hydrogen	atom	(–H)	A	distinctive	side	chain	(–R)	One	of	the	20	amino	acids,	proline,	is	not	an	α-amino	acid	but	an	α-imino	acid	(see	following	discussion).	However,	because	the	X-ray	diffraction	caused	by	an	individual	molecule
is	weak,	the	protein	must	exist	in	the	form	of	a	well-ordered	crystal,	in	which	each	molecule	has	the	same	conformation	in	a	specific	position	and	orientation	on	a	three-dimensional	lattice.	Except	for	glycine,	four	different	groups	are	attached	to	the	α-carbon	of	an	amino	acid.	This	imino	acid	forces	a	“bend”	in	a	polypeptide	chain,	sometimes	causing
abrupt	changes	in	the	direction	of	the	chain.	Pheochromocytomas	are	catecholamine-secreting	tumors	that	cause	hypertension	in	about	0.1%	of	hypertensive	patients.	His	cholesterol	concentration	decreased	to	4.8 mmol/L	(185 mg/dL)	and	triglyceride	to	1.7 mmol/L,	with	HDL-C	increasing	to	1.1 mmol/L	(42 mg/dL).	This	dyslipidemia	presents	with
variable	plasma	lipid	patterns	(either	with	hypercholesterolemia	alone	or	hypercholesterolemia	with	hypertriglyceridemia).	Kruppel-like	factors	(KLF2,	KLF4)	control	the	antiatherogenic/antiinflammatory	program,	and	NFκB	controls	the	proinflammatory	program.	Cu,Zn-superoxide	dismutase	has	a	dimeric	structure,	with	a	monomer	molecular	mass
of	16,000 Da.	Each	subunit	consists	of	eight	antiparallel	β-sheets	called	a	β-barrel	structure,	in	analogy	with	geometric	motifs	found	on	Native	American	and	Greek	weaving	and	pottery.	Quaternary	structure	of	Cu,Zn-superoxide	dismutase	from	spinach.	Steroids,	such	as	cholesterol,	and	(glyco)sphingolipids	are	mentioned	in	the	context	of	biological
membranes,	but	these	lipids	and	others,	such	as	plasmalogens,	polyisoprenoids,	and	eicosanoids,	are	addressed	in	detail	in	later	chapters.	Ferritin	is	a	protein	that	sequesters	and	stores	iron	in	the	cytoplasm,	and	less	is	needed	in	times	of	iron	deficiency.	As	muscle	metabolism	becomes	anaerobic,	lacticacidemia	and	acidosis	may	also	develop.	G.,	et al.
Our	patient	was	reassured	and	referred	for	cosmetic	surgery.	The	curve	shows	the	number	of	equivalents	of	NaOH	consumed	by	alanine	while	titrating	the	solution	from	pH	0	to	pH	12.	Carbohydrates	may	be	linked	to	proteins	and	lipids,	forming	glycoconjugates:	glycoproteins	and	glycolipids.	Skeletal	muscle	cells	are	terminally	differentiated,	but
skeletal	muscle	contains	a	small	population	(	5.4).	Annals	of	Clinical	Biochemistry,	48,	498–515.	Atherogenesis	involves	lipid	deposition	in	the	subendothelial	layer	of	the	arterial	wall	(intima).	Normally,	there	is	a	balance	between	synthetic	programs	controlled	by	two	sets	of	transcription	factors	acting	as	transcriptional	integrators.	(1998).	BODY
BUFFER	SYSTEMS:	RESPIRATORY	AND	METABOLIC	COMPONENTS	OF	THE	ACID–BASE	BALANCE	Blood	and	tissues	contain	buffer	systems	that	minimize	changes	in	hydrogen	ion	concentration	The	main	buffer	system	that	neutralizes	hydrogen	ions	released	from	cells	is	the	bicarbonate	buffer.	*Osmolality	will	decrease	if	the	degree	of	water
retention	is	relatively	greater	than	that	of	sodium	retention.	Both	PKA	and	PKC	affect	Na+/K+-ATPase	by	serine	phosphorylation	of	its	α-subunit.	Renal	function	started	to	recover	after	2	weeks	with	an	initial	increase	in	urine	volume,	the	so-called	diuretic	phase.	Unsaturated	fatty	acids	account	for	about	two-thirds	of	all	fatty	acids	in	the	body;	oleate



and	palmitate	account	for	about	one-half	and	one-quarter	of	total	fatty	acids,	respectively.	Increasing	temperature	will	also	shift	the	curve	to	the	right.	An	echocardiogram	demonstrated	impaired	systolic	function	of	the	left	ventricle.	Frost,	P.	Phospholipids	are	amphipathic	glycerolipids	containing	a	C-3	phosphodiester,	linking	a	diglyceride	to	an
amino	compound	-	usually	choline,	ethanolamine,	or	serine.	By	selecting	the	proper	molecular-weight	cut-off	value	(MWCO;	pore	size)	for	the	filter,	the	membranes	will	allow	solvent	and	lower-molecular-weight	solutes	to	pass	through	the	membrane,	forming	the	filtrate,	while	retaining	higher-molecular-weight	proteins	in	the	retentate	solution.	There
is	an	increase	in	urine	bilirubin	because	unconjugated	bilirubin	is	insoluble	in	water.	BUN	was	21.9 mmol/L	(61.3	mg/dL).	Elbein,	PhD	(deceased)	Professor	and	Chair	Department	of	Biochemistry	and	Molecular	Biology	University	of	Arkansas	for	Medical	Sciences	Little	Rock,	AR,	USA	Norma	Frizzell,	PhD	Associate	Professor	Department	of
Pharmacology,	Physiology	and	Neuroscience	University	of	South	Carolina	School	of	Medicine	Columbia,	SC,	USA	Junichi	Fujii,	PhD	Professor	Department	of	Biochemistry	and	Molecular	Biology	Graduate	School	of	Science,	Yamagata	University	Yamagata,	Japan	J.	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	CLINICAL	BOX	DIURETICS	ARE
USED	FOR	TREATMENT	OF	EDEMA,	CARDIAC	FAILURE,	AND	HYPERTENSION	Diuretics	are	drugs	that	stimulate	water	and	sodium	excretion.	The	biliary	component	of	the	liver	comprises	the	gallbladder	and	bile	ducts.	The	hepatic	parenchymal	cells,	the	hepatocytes,	have	an	immensely	broad	range	of	synthetic	and	catabolic	functions,	which	are
summarized	in	Table	34.1.	This	chapter	describes	the	specialized	metabolic	functions	of	the	liver	and	the	abnormalities	that	occur	in	liver	disease.	2.6	Structure	of	glutathione.	Reference	values	for	pH,	pCO2,	and	O2	are	given	in	Table	36.2.	HPO42–	HProt–	H+	H+	K+	K+	H2PO–4	Erythrocyte	Table	36.2	Reference	ranges	for	blood	gas	results	 	A. 
Reference	ranges*	Arterial	+	Intracellular	buffering	in	alkalosis	Tissue	buffering	in	alkalosis	can	lead	to	plasma	[K+]	HProt–	[H	]	35–45 	mmol/L	pH	7.35–7.45	pCO2	4.6–6.0	 kPa	(35–45 mmHg)	4.8–6.7 	kPa	(36–50 mmHg)	pO2	10.5–13.5	 kPa	(79–101 mmHg)	4.0–6.7	 kPa	(30–50 mmHg)	23–30	 mmol/L	22–29 mmol/L	Bicarbonate	H2PO4–	H+	Prot–	K+	B. 
Comparison	of	conventional	and	SI	units	of	hydrogen	ion	concentration	H+	K+	HPO42–	Fig.	Stability	of	subcellular	structures	and	activities	of	enzymes	depend	on	adequate	hydration,	and	the	maintenance	of	ion	gradients	and	electrical	potential	across	membranes	is	essential	for	muscle	contraction,	nerve	conduction,	and	secretory	processes
(Chapter	4).	Compare	the	composition	of	VLDL	and	LDL.	However,	the	Bohr	effect	on	concentrated	HbS	is	more	pronounced,	leading	to	a	greater	release	of	O2	in	the	capillaries	and	increased	propensity	for	sickling.	Long-term	muscle	performance	(stamina)	depends	on	levels	of	muscle	glycogen	Fats	burn	in	the	flame	of	carbohydrates;	glycogen	is
required	for	efficient	metabolism	of	lipids	in	muscle	Marathon	runners	typically	“hit	the	wall”	when	muscle	glycogen	reaches	a	critically	low	level.	Particles	with	a	diameter	greater	than	approximately	60–80 nm	penetrate	the	endothelium	either	through	junctions	between	the	endothelial	cells	or	by	transgressing	the	cells	themselves	and	then	lodge	in
the	intima.	The	combined	effects	results	in	cell	death	in	hepatic	and	brain	tissue	as	well	as	other	organs.	Experimental	Neurology,	253,	192–196.	DOMINICZAK,	MD,	Dr	Hab	Med,	FRCPath,	FRCP	(Glas)	Hon	Professor	of	Clinical	Biochemistry	and	Medical	Humanities	College	of	Medical,	Veterinary	and	Life	Sciences	University	of	Glasgow	Glasgow,
Scotland,	UK	Docent	in	Laboratory	Medicine	University	of	Turku	Turku,	Finland	Consultant	Biochemist	Clinical	Biochemistry	Service	National	Health	Service	(NHS)	Greater	Glasgow	and	Clyde	Gartnavel	General	Hospital	Glasgow,	Scotland,	UK	Caption:	Resident2.	Common	conditions	such	as	diabetes	mellitus,	obesity,	and	atherosclerotic
cardiovascular	disease	that	are	currently	major	public	health	issues	result	from	impairment	of	fuel	transport	and	metabolism.	Another	important	adaptive	mechanism	is	polycythemia,	an	increase	in	erythrocyte	concentration	that	results	from	erythropoietin	stimulation	of	bone	marrow	cells.	Ultimately,	impaired	vasomotor	responses	in	arterioles	and
adhesive	interactions	between	sickled	erythrocytes	and	endothelial	cells	in	postcapillary	venules	restrict	blood	flow	to	tissues	throughout	the	body.	Supportive	therapy	involves	cooling,	administration	of	oxygen,	correction	of	blood	pH	and	electrolyte	imbalances,	and	also	the	treatment	of	cardiac	abnormalities.	The	pyranose	forms	account	for	more
than	99%	of	total	glucose	in	solution.	34.10	Intrahepatic	jaundice.	35.12	Aquaporin	water	channel.	The	β-pleated	sheet	is	an	extended	structure	as	opposed	to	the	coiled	α-helix.	J.,	&	Madias,	N.	They	are	important	markers	of	heart	failure	Vasopressin	and	aquaporins	Vasopressin	regulates	water	reabsorption	by	the	kidneys	Aquaporins	are	membrane
channel	proteins	which	transport	water	Defects	in	vasopressin	secretion	and	defective	aquaporins	cause	diabetes	insipidus	Integration	of	water	and	sodium	homeostasis	Handling	of	sodium	and	water	is	subject	to	integrated	control	by	aldosterone	and	vasopressin	Water	deficit	(dehydration)	decreases	plasma	volume,	renal	blood	flow,	and	GFR	Water
excess	increases	plasma	volume,	renal	blood	flow,	and	GFR	Plasma	sodium	concentration	Disorders	of	plasma	sodium	concentration	are	closely	linked	to	dehydration	and	overhydration	Clinical	abnormalities	that	develop	after	excessive	fluid	loss	depend	on	the	ionic	composition	of	the	lost	fluid	Hypernatremia	is	most	commonly	associated	with
dehydration	Both	severe	hypernatremia	and	hyponatremia	cause	neurologic	symptoms	Plasma	potassium	concentration	Disorders	of	plasma	potassium	concentration	carry	the	risk	of	cardiac	arrhythmias	Monitoring	plasma	potassium	concentration	is	fundamentally	important	Assessment	of	water	and	electrolyte	status	in	clinical	practice	Summary
Further	reading	Relevant	websites	More	Clinical	Cases	Abbreviations36	The	Lung	and	the	Regulation	of	Hydrogen	Ion	Concentration	(Acid–Base	Balance)	Abstract	Keywords	Learning	objectives	Introduction	Metabolism	generates	acids	Maintaining	the	acid–base	balance	involves	the	lungs,	erythrocytes,	and	the	kidneys	Clinical	relevance	Body	buffer
systems:	respiratory	and	metabolic	components	of	the	acid–base	balance	Blood	and	tissues	contain	buffer	systems	that	minimize	changes	in	hydrogen	ion	concentration	Bicarbonate	buffer	remains	at	equilibrium	with	atmospheric	air	Bicarbonate	is	generated	in	erythrocytes	and	renal	tubules	Respiratory	and	metabolic	components	of	the	acid–base
balance	are	interlinked	Intracellular	buffering	Inside	cells,	hydrogen	ion	is	buffered	by	proteins	and	phosphates	Lungs:	the	gas	exchange	The	lungs	supply	oxygen	necessary	for	tissue	metabolism	and	remove	the	generated	CO2	The	respiratory	center	in	the	brainstem	controls	respiration	rate	Ventilation	and	lung	perfusion	together	determine	gas
exchange	Different	combinations	of	disturbed	ventilation	and	perfusion	may	occur	Handling	of	carbon	dioxide	by	erythrocytes	Erythrocytes	transport	CO2	to	the	lungs	in	a	“fixed”	form	-	as	bicarbonate	Bicarbonate	handling	by	the	kidneys	Distal	tubules	generate	new	bicarbonate	and	excrete	hydrogen	Ammonia	generated	by	glutaminase	reaction
participates	in	the	excretion	of	hydrogen	ion	Disorders	of	the	acid–base	balance	Classification	of	the	acid–base	disorders	There	are	four	main	disorders	of	acid–base	balance	The	lungs	and	kidneys	work	in	a	concerted	way	to	minimize	changes	in	plasma	pH	Acidosis	Respiratory	acidosis	occurs	most	often	in	lung	disease	and	results	from	decreased
ventilation	Metabolic	acidosis	results	from	excessive	production	or	inefficient	metabolism	or	excretion,	of	nonvolatile	acids	Rare	renal	tubular	acidoses	are	characterized	by	impaired	bicarbonate	reabsorption	and	hydrogen	ion	secretion	Alkalosis	Alkalosis	is	rarer	than	acidosis	Mixed	acid–base	disorders	Summary	Further	reading	Relevant	websites
Abbreviations37	Muscle	Abstract	Keywords	Learning	objectives	Introduction	There	are	three	types	of	muscle:	skeletal,	cardiac,	and	smooth	muscle	-	each	with	a	unique	physiologic	role	Muscle	structure	The	sarcomere:	The	functional	contractile	unit	of	muscle	The	thick	and	thin	filaments	Actin	and	myosin	account	for	more	than	75%	of	muscle	protein
Sarcomere	proteins	Myosin	Interaction	between	actin	and	myosin	during	muscle	contraction	is	dependent	on	cytoplasmic	Ca++	concentration	Actin	Tropomyosin	and	troponins	Troponins	modulate	the	interaction	between	actin	and	myosin	Titin	Titin	modulates	the	passive	tension	of	muscle	The	contractile	process	The	sliding-filament	model	of	muscle
contraction	The	sliding-filament	model	describes	how	a	series	of	chemical	and	structural	changes	in	the	actomyosin	complex	can	induce	sarcomere	shortening	Excitation–contraction	coupling:	Muscle	membrane	depolarization	T	tubules	transmit	electrochemical	signals	for	efficient	muscle	contraction	Excitation–contraction	coupling:	The	calcium
trigger	Muscle	energy	metabolism	Energy	resources	in	the	muscle	cell	ATP	is	used	for	muscle	contraction	Short-duration,	high-power	output	contractions	Creatine	phosphate	is	a	high-energy	phosphate	buffer	used	for	rapid	regeneration	of	ATP	in	muscle	Low-intensity,	long-duration	contractions	Fatty	acids	are	the	major	source	of	energy	in	muscle
during	prolonged	exercise	Long-term	muscle	performance	(stamina)	depends	on	levels	of	muscle	glycogen	Fats	burn	in	the	flame	of	carbohydrates;	glycogen	is	required	for	efficient	metabolism	of	lipids	in	muscle	Muscle	consists	of	two	types	of	striated	muscle	cells:	Fast-glycolytic	and	slow-oxidative	fibers	Tissue	engineering	and	replacement	of
muscle	Effect	of	exercise	Strength	or	resistance	training	increases	muscle	mass	Endurance,	or	aerobic,	training	increases	the	oxidative	metabolic	capacity	of	muscle	Summary	Further	reading	Relevant	websites	Muscular	dystrophies:	Animations:	More	Clinical	Cases	Abbreviations38	Bone	Metabolism	and	Calcium	Homeostasis	Abstract	Keywords
Learning	objectives	Introduction	Cellular	role	of	calcium	Entry	of	calcium	into	cytoplasm	is	an	important	biological	signal	Bone	structure	and	bone	remodeling	Bone	is	a	specialized	connective	tissue	that,	along	with	cartilage,	forms	the	skeletal	system	Bone	growth	Several	signaling	pathways	are	relevant	to	bone	growth	Bone	remodeling	Bone
constantly	changes	its	structure	through	remodeling	Osteoblasts	are	bone-forming	cells	Osteoclasts	are	bone-resorbing	cells	RANK	prepares	the	osteoclast	to	resorb	bone	Local	factors	and	PTH	contribute	to	osteoclast	activation	Bone	markers	Calcium	homeostasis	Calcium	in	plasma	Calcium	is	present	in	the	circulation	in	three	forms	Parathyroid
hormone	(PTH)	PTH	is	the	main	regulator	of	calcium	homeostasis	PTH	binds	to	a	specific	receptor	and	acts	through	cyclic	adenosine	monophosphate	(cAMP)	Calcitonin	Calcitonin	inhibits	bone	resorption	Vitamin	D	Vitamin	D	is	synthesized	in	the	skin	by	ultraviolet	(UV)	radiation	Calcidiol	is	the	storage	form	of	vitamin	D	Calcitriol	is	the	most	potent
form	of	vitamin	D	Calcitriol	increases	the	absorption	of	calcium	and	phosphate	from	the	gut	Intestinal	absorption	and	renal	excretion	of	calcium	Calcium	is	absorbed	in	the	small	intestine	and	is	excreted	in	urine	and	feces	Calcium	is	excreted	through	the	kidney	Several	other	hormones	affect	bone	metabolism	and	calcium	homeostasis	Disorders	of
calcium	metabolism	Hypercalcemia	Hypercalcemia	is	most	commonly	caused	by	primary	hyperparathyroidism	or	by	malignancy	Primary	hyperparathyroidism	is	common	Hypercalcemia	occurs	in	advanced	malignant	disease	and	is	usually	a	poor	prognostic	sign	Hypercalcemia	can	also	be	caused	by	overtreatment	with	vitamin	D	Hypocalcemia
Hypocalcemia	is	common	in	clinical	practice	Hypocalcemia	may	result	from	abnormal	vitamin	D	metabolism	Rickets	Rickets	can	also	develop	as	a	result	of	phosphate	deficiency	Enhanced	phosphate	reabsorption	may	result	in	ectopic	calcification	Osteoporosis	Osteoporosis	is	a	common	age-related	disease	of	bone	Paget’s	disease	of	bone	is
characterized	by	areas	of	accelerated	bone	turnover	Summary	Further	reading	Abbreviations39	Neurochemistry	Abstract	Keywords	Learning	objectives	Introduction	Brain	and	peripheral	nerve	The	blood–brain	barrier	The	term	blood–brain	barrier	(BBB)	is	a	slight	misnomer	in	that	the	“barrier”	is	not	absolute	but	relative:	its	permeability	depends	on
the	size	of	the	molecule	in	question	There	are	six	sources	of	the	CSF	Cells	of	the	nervous	system	Neurons	The	significant	features	of	neurons	are	their	length,	their	many	interconnections,	and	the	fact	that	they	do	not	divide	postpartum	Because	of	their	great	length,	neurons	depend	on	an	efficient	system	of	axonal	transport	Neurotransmission	is	an
energy-demanding	process	Neuroglial	structures	Astrocytes	and	oligodendrocytes	comprise	the	neuroglial	structures	Synaptic	transmission	One	of	the	unique	chemical	characteristics	of	the	brain	is	the	massively	high	density	of	synapses	between	different	neurons	Synaptic	transmission	involves	the	recycling	of	membrane	components	Types	of
synapse	Cholinergic	transmission	The	best-studied	neurotransmitter	is	acetylcholine	Catecholamine	transmission	Glutamate:	Glutamatergic	transmission	Depending	on	the	brain	region,	50–80%	of	the	neuronal	population	is	glutamatergic	γ-Aminobutyric	acid	(GABA):	GABA-ergic	transmission	GABA	is	the	chief	inhibitory	neurotransmitter	in	the	brain
Ion	channels	Even	at	rest,	the	neuron	is	working	to	pump	ions	along	ionic	gradients	Calcium	ions	have	an	important	role	in	the	synchronization	of	neuronal	activity	Mechanism	of	vision	The	mechanism	by	which	the	human	eye	can	detect	a	single	photon	of	light	provides	a	fascinating	example	of	the	chemical	processes	underlying	neuronal	function
Summary	Further	reading	Abbreviations40	Blood	and	Plasma	Proteins	Abstract	Keywords	Learning	objectives	Introduction	Plasma	is	an	important	“window”	on	metabolism	Chemical	measurements	require	serum	or	plasma	Clinical	laboratories	perform	a	large	number	of	biochemical	analyses	on	body	fluids	to	provide	answers	to	specific	clinical
questions	Hospital	laboratories	rely	on	automation,	robotics,	and	information	technology	Formed	elements	of	blood	Hematopoiesis	Erythrocytes	do	not	possess	nuclei	and	intracellular	organelles	Leukocytes	protect	the	body	from	infection	Thrombocytes	are	fragments	derived	from	megakaryocytes	Plasma	proteins	Albumin	serves	as	an	osmotic
regulator	and	is	a	major	transport	protein	Albumin	transports	fatty	acids,	bilirubin,	and	drugs	Proteins	that	transport	metal	ions	Transferrin	transports	iron	Ferritin	is	the	major	iron	storage	protein	found	in	almost	all	cells	of	the	body	Ceruloplasmin	is	the	major	transport	protein	for	copper	Immunoglobulins	Immunoglobulins	are	proteins	produced	in
response	to	foreign	substances	(antigens)	Immunoglobulins	share	a	common	Y-shaped	structure	of	two	heavy	and	two	light	chains	Major	classes	of	immunoglobulins	IgG,	the	most	abundant	immunoglobulin,	protects	tissue	spaces	and	freely	crosses	the	placenta	IgA	is	found	in	secretions	and	presents	an	antiseptic	barrier	that	protects	mucosal
surfaces	IgM	is	confined	to	the	intravascular	space	and	helps	eliminate	circulating	antigens	and	microorganisms	Minor	classes	of	immunoglobulins	IgD	is	the	surface	receptor	in	B	lymphocytes	IgE	binds	antigens	and	promotes	release	of	vasoactive	amines	from	mast	cells	Monoclonal	immunoglobulin	synthesis	is	a	result	of	benign	or	malignant
transformation	of	B	cells	The	acute-phase	response	The	acute-phase	response	is	a	nonspecific	response	to	tissue	injury	or	infection	C-reactive	protein	(CRP)	is	a	major	component	of	the	acute-phase	response	and	a	marker	of	bacterial	infection	High-sensitivity	CRP	assay	is	used	in	the	assessment	of	cardiovascular	risk	Biomarkers	A	biomarker	is	a
substance	or	a	characteristic	that	is	measured	as	an	indicator	of	normal	or	pathologic	processes	Metabolomics	explores	patterns	of	small	molecules	Summary	Further	reading	Relevant	websites	Abbreviations41	Hemostasis	and	Thrombosis	Abstract	Keywords	Learning	objectives	Introduction	Hemostasis	Hemostasis	means	“the	arrest	of	bleeding”
Hemostasis	requires	the	coordinated	function	of	blood	vessels,	platelets,	coagulation	factors,	and	the	fibrinolytic	system	The	lysis	of	fibrin	is	as	important	to	health	as	its	formation	The	vessel	wall	Vascular	injury	plays	a	key	role	in	initiating	local	formation	of	the	platelet–fibrin	plug	and	in	its	subsequent	removal	by	the	fibrinolytic	system	Normal
endothelium	has	an	antithrombotic	surface	Endothelial	damage	exposes	blood	to	tissue	factor	and	to	collagen	Exposure	of	flowing	blood	to	collagen	as	a	result	of	endothelial	damage	also	stimulates	platelet	activation	Collagen	plays	a	key	role	in	the	structure	and	hemostatic	function	of	small	blood	vessels	Platelets	and	platelet-related	bleeding
disorders	Blood	platelets	form	the	initial	hemostatic	plug	in	small	vessels	and	the	initial	thrombus	in	arteries	and	veins	Congenital	defects	in	platelet	adhesion/aggregation	can	cause	lifelong	excessive	bleeding	Acquired	disorders	may	be	caused	by	defective	formation	and	excessive	destruction	or	consumption	of	platelets	Antiplatelet	drugs	are	used	in
the	prevention	or	treatment	of	arterial	thrombosis	Coagulation	Blood	coagulation	factors	interact	to	form	the	secondary,	fibrin-rich	hemostatic	plug	in	small	vessels	and	the	secondary	fibrin	thrombus	in	arteries	and	veins	The	coagulation	cascade	The	status	of	the	intrinsic,	extrinsic,	and	final	common	pathway	is	assessed	by	specific	laboratory	tests
Congenital	deficiencies	of	coagulation	factors	(I–XIII)	result	in	excessive	bleeding	Activated	partial	thromboplastin	time	(APTT)	assesses	the	intrinsic	pathway	Prothrombin	time	assesses	the	extrinsic	pathway	Thrombin	clotting	time	assesses	the	final	common	pathway	The	term	“final	common	pathway”	refers	to	the	conversion	of	prothrombin	to
thrombin	via	Xa,	with	Va	acting	as	a	cofactor	Several	assays	assess	platelet	function	Thrombin	Thrombin	converts	circulating	fibrinogen	to	fibrin	and	activates	factor	XIII,	which	crosslinks	the	fibrin,	forming	a	clot	Thrombin	has	a	central	role	in	hemostasis	Thrombin	inhibitors	have	been	developed	as	anticoagulant	drugs	Coagulation	inhibitors	are
essential	to	prevent	excessive	thrombin	formation	and	thrombosis	Fibrinolysis	The	fibrinolytic	system	acts	to	limit	excessive	formation	of	fibrin	through	plasmin-mediated	fibrinolysis	Plasmin	inhibitors	prevent	excessive	fibrinolytic	activity	Summary	Further	reading	Relevant	websites	Abbreviations42	Oxidative	Stress	and	Inflammation	Abstract
Keywords	Learning	objectives	Introduction	At	body	temperature,	oxygen	is	a	relatively	sluggish	oxidant	The	inertness	of	oxygen	Oxygen	is	activated	by	transition	metal	ions,	such	as	iron	or	copper,	in	the	active	site	of	metalloenzymes	Reactive	oxygen	species	and	oxidative	stress	ROS	are	reactive,	strongly	oxidizing	forms	of	oxygen	Reactive	nitrogen
species	(RNS)	and	nitrosative	stress	Peroxynitrite	is	a	strongly	oxidizing	reactive	nitrogen	species	The	nature	of	oxygen	radical	damage	The	hydroxyl	radical	is	the	most	reactive	and	damaging	ROS	Antioxidant	defenses	There	are	several	levels	of	protection	against	oxidative	damage	Our	first	line	of	defense	against	oxidative	damage	is	sequestration	or
chelation	of	redox-active	metal	ions	Vitamin	C	is	the	outstanding	antioxidant	in	biological	systems	Glutathionylation	of	proteins	-	protection	against	ROS	under	stress	The	beneficial	effects	of	reactive	oxygen	species	ROS	are	essential	for	many	metabolic	and	signaling	pathways	Summary	Further	reading	Relevant	websites	Abbreviations43	The	Immune
Response	Abstract	Keywords	Learning	objectives	Introduction	Three	layers	of	immune	protection	The	first	line	of	defense	is	the	anatomical	and	physiologic	barriers	of	the	body	The	second	line	of	defense	is	innate	immunity	The	third	level	of	defense	is	the	adaptive	immune	response	The	innate	immune	response	When	activated,	the	innate	response
can	present	as	an	inflammatory	response	Cells	of	the	innate	response	Neutrophils	and	monocytes	are	recruited	to	sites	of	infection	Monocytes	transform	into	macrophages,	which	are	the	“trash	can”	of	the	immune	response	Neutrophils	and	macrophages	use	their	receptors	to	recognize	attacking	microbes	There	are	several	main	categories	of	pattern
recognition	receptors,	classified	according	to	location	and	function	PRRs	are	used	by	innate	immune	cells	to	trigger	many	of	their	functions	NOD-like	receptors	are	located	in	the	cytoplasm	Inflammatory	mediators	contribute	to	the	immune	response	Cytokines	Cytokines	are	soluble	mediators	of	inflammatory	and	immune	responses	Cytokines	in	the
innate	immune	response	The	complement	system	Activated	complement	proteins	contribute	to	pathogen	killing	Adhesion	molecules	Adhesion	molecules	mediate	adhesion	between	cells	Dendritic	cells	link	the	innate	and	adaptive	immune	responses	Antigen-presenting	cells	(APC)	are	specialized	cells	that	display	microbial	antigens	on	their	surface	to
initiate	the	adaptive	immune	response	through	activation	of	T	cells	Adaptive	immune	response	Specificity	of	the	response	is	achieved	through	unique	receptors	that	recognize	antigen	T	and	B	lymphocytes	have	distinct	cell-surface	markers	that	can	assist	in	assigning	their	identification	B	and	T	lymphocytes	are	activated	by	recognition	of	antigen	and
through	costimulatory	molecules	Molecules	involved	in	antigen	recognition	Antigen	is	recognized	by	specific	receptors	on	T	and	B	cells	Another	group	of	surface	receptors	on	T	and	B	cells	binds	to	the	costimulatory	molecules	on	APCs	The	T-cell	antigen	receptor	The	T-cell	antigen	receptor	is	termed	the	T-cell	receptor	(TCR),	and	it	is	complexed	with
CD3	Major	histocompatibility	complex	The	MHC	proteins	are	the	display	units	that	present	antigen	in	a	way	that	T	cells	can	recognize	against	a	background	of	self	The	MHC	complex	of	genes	is	grouped	into	three	regions,	termed	class	I,	II,	and	III	MHC	class	I	genes	are	organized	into	several	loci,	the	most	important	of	which	are	termed	HLA-A,	HLA-
B,	and	HLA-C	MHC	class	II	genes	are	HLA-DR,	HLA-DQ,	HLA-DM,	and	HLA-DP	The	B-cell	antigen	receptor	The	B-cell	antigen	receptor	(BCR)	is	a	membrane	form	of	the	immunoglobulin	molecules	found	circulating	in	serum	There	is	an	almost	infinite	range	of	possibilities	for	antibody	specificities	Thymic	education	and	self-tolerance	help	distinguish
between	self	and	non-self	The	adaptive	immune	response	needs	time	to	develop	and	remembers	what	it	sees	The	adaptive	response	is	an	integrated	response	Atypical	lymphocytes	Lymphoid	tissues	Primary	(central)	lymphoid	tissues	Maturation	of	most	B	cells	occurs	within	the	bone	marrow	T-lymphocyte	progenitors	travel	to	the	thymus,	where	they
develop	into	T	lymphocytes	Secondary	lymphoid	tissues	Within	the	lymph	node,	the	T-cell	area	is	the	paracortex,	and	the	B-cell	areas	are	the	follicular	areas	of	the	medulla	The	spleen	contains	nonlymphoid	tissue	(the	red	pulp)	as	well	as	lymphoid	areas,	the	white	pulp	MALT	comprises	the	lymphoid	elements	adjacent	to	the	mucosal	surfaces
Elimination	of	pathogens	by	the	adaptive	immune	response	On	binding	to	the	antigen,	lymphocytes	differentiate	into	progeny	with	either	an	effector	or	a	memory	function	Clonal	selection	creates	clones	of	identical	cells	with	unique	antigen	specificity	Immunologic	memory	distinguishes	the	adaptive	immune	response	from	the	innate	response	Effector
T	cells	T	helper	cell	subsets:	TH1/TH2,	TH17,	TFH,	and	T	regulatory	(Treg)	TH1/TH2	cells	TH17	cells	T	follicular	helper	(TFH)	T	regulatory	cells	(Treg)	CD8+	cytotoxic	T	cells	(CTL)	kill	infected	cells	The	adaptive	humoral	immune	response	Humoral	immune	responses	are	characterized	by	the	release	of	antibodies	from	fully	matured	plasma	cells	B-
cell	subsets	are	involved	in	the	humoral	immune	response	Antibodies	illustrate	the	capability	of	the	immune	system	for	diversity	The	terms	antibody,	gamma	globulin,	and	immunoglobulin	are	synonymous	Antibodies	are	good	examples	of	how	function	is	intimately	related	to	structure	Activation	of	the	complement	system	is	one	of	the	most	important
antibody	functions	Vaccination	Vaccination	has	probably	been	the	single	most	beneficial	application	developed	to	harness	the	immune	response	Failure	of	the	immune	response	Autoimmunity	is	normally	prevented	by	thymic	education;	a	breakdown	in	the	processes	may	lead	to	autoimmune	disease	When	there	is	too	much	of	a	good	thing:
hypersensitivity	When	the	response	doesn’t	develop	correctly:	immunodeficiency	Harnessing	the	power	of	antibodies	for	immunotherapy	Summary	Further	reading	AbbreviationsAppendix	1	Selected	Clinical	Laboratory	Reference	Ranges	Reference	ranges	Reference	ranges	are	values	of	a	given	substance	(analyte)	obtained	in	a	reference	population
(usually	a	group	of	healthy	individuals)	Distribution	of	values	within	the	reference	population	When	data	from	a	large	cohort	of	healthy	subjects	fit	a	Gaussian	distribution,	the	reference	limits	are	defined	as	two	standard	deviations	above	and	below	the	mean	Interpretation	of	laboratory	results	in	individual	persons	The	interpretation	of	results	of
laboratory	tests	is	based	on	comparison	with	reference	values	Clinical	decision	limits	In	some	cases,	instead	of	reference	values,	clinical	decision	limits	are	the	basis	for	interpretation	Significant	change	in	serial	results	Final	notes	and	cautions	when	using	reference	intervals	Abbreviations	Further	reading	Relevant	websitesAppendix	2	More	Clinical
Cases	Chapter	7	Vitamins	and	minerals	Joint	pain	and	abnormal	liver	function	tests:	Hereditary	hemochromatosis	Chapter	14	Biosynthesis	of	cholesterol	and	steroids	Hirsutism	and	irregular	periods:	Nonclassical	congenital	adrenal	hyperplasia	A	72-year-old	woman	with	hypersecretion	of	androgens:	Leydig	cell	tumor	A	30-year-old	man	with
gynecomastia:	Klinefelter’s	syndrome	Chapter	27	Biochemical	endocrinology	A	71-year-old	woman	with	hypothyroidism	and	seizure:	Myxoedema	coma	A	28-year-old	woman	with	headache	and	blurred	vision:	Acromegaly	A	32-year-woman	with	an	elevated	prolactin:	Macroprolactin	Pituitary	hCG	production	can	result	in	a	positive	pregnancy	test	in
postmenopausal	women	Primary	hypothyroidism	can	cause	an	increased	prolactin	Incidental	finding	of	a	prolactin-secreting	tumor	Chapter	33	Lipoprotein	metabolism	and	atherogenesis	Recurrent	pancreatitis	and	severe	mixed	hyperlipidemia:	Lipoprotein	lipase	deficiency	Chapter	34	Role	of	the	liver	in	metabolism	Glandular	fever	can	cause
abnormal	liver	function	tests	Chapter	35	Water	and	electrolyte	homeostasis	A	case	of	lithium-induced	diabetes	insipidus	A	42-year-old	man	with	a	long	history	of	hypertension:	Primary	aldosteronism	Chapter	37	Muscle:	energy	metabolism	and	contraction	exercise	Rhabdomyolysis	as	a	consequence	of	muscle	ischemia	Citation	preview	Medical
BIOCHEMISTRY	FIFTH	EDITION	JOHN	W.	BILIRUBIN	METABOLISM	Excess	bilirubin	causes	jaundice	Bilirubin	is	the	catabolic	product	of	heme.	37.6	Synthesis	and	degradation	of	creatine	phosphate	(creatineP).	Comment	on	the	role	of	Na+/K+-ATPase	in	maintaining	the	ion	gradients	across	cell	membranes.	Drug	induced	liver	injury:	Pattern
recognition	and	future	directions.	In	neonates,	transient	jaundice	is	common,	particularly	in	premature	infants,	and	is	due	to	immaturity	of	the	enzymes	involved	in	bilirubin	conjugation.	We	then	use	the	energy	generated	from	metabolism	to	perform	work	and	maintain	body	temperature.	CHAPTER	1 Introduction	Molecules	and	cells	Proteins
Carbohydrates	Lipids	Composite	molecules	Metabolism	Oxygen	transport	Enzymes	and	coenzymes	Bioenergetics	Glycolysis	Tricarboxylic	acid	cycle	Lipid	metabolism	Glucose	production	Steroid	metabolism	Amino	acids	and	nucleotides	Glycoconjugates	Fuels,	nutrients	and	minerals	Digestion	&	absorption	Glucose	homeostasis	Nutrition	Lipoproteins
Core	text	Supplementary	features	Inheritance	DNA	RNA	Protein	synthesis	and	turnover	Regulation	of	gene	expression	The	-	omics	Inborn	errors	of	metabolism	Specialized	tissues	Liver	Water,	electrolyte	Kidney	and	acid	base	Lungs	Muscle	balance	Bone	Nervous	system	Signaling	and	growth	Receptors	Signal	transduction	Neurotransmission
Endocrinology	Cellular	homeostasis:	Growth	and	cancer	Aging	Blood	&	Immunity	Plasma	proteins	Hemostasis	&	thrombosis	Oxidative	stress	and	inflammation	immune	response	Malnutrition	Obesity	Diabetes	Atherosclerotic	cardiovascular	disease	Clinical	boxes:	Case	histories	Advanced	concept	boxes	Clinical	test	boxes	Fig.	Comment	The	cause	of
the	proteinuria	was	damage	to	the	renal	filtration	barrier.	Conjugated	bilirubin	in	the	gut	is	catabolized	by	bacteria	to	form	stercobilinogen,	also	known	as	fecal	urobilinogen,	which	is	colorless.	The	protein	of	interest	will	be	selectively	and	specifically	bound	to	the	ligand,	whereas	the	others	wash	through	the	column.	One	must	be	careful	when
treating	such	patients	with	high	concentrations	of	oxygen	because	the	increased	pO2	may	remove	the	hypoxic	drive	and	cause	respiratory	depression.	Glycogen,	starch,	and	cellulose	are	homoglucan	polymers.	The	patient’s	serum	measurements	revealed	sodium	140 	mmol/L,	potassium	3.5 mmol/L,	protein	34	(normal	35–45)	g/dL,	creatinine	80 µmol/L
(0.90 mg/dL),	urea	7.5 mmol/L	(45 mg/dL),	and	BUN	7.5 mmol/l	(21 mg/dL).	Actively	contracting	muscle	relies	on	the	rapid	resynthesis	of	ATP	from	ADP.	Plasma	osmolality	decreases.	Larger	proteins	such	as	immunoglobulins	appear	in	the	urine	when	the	damage	is	more	extensive:	the	immunoglobulin	light	chains	(the	Bence	Jones	protein)	are	present
in	urine	in	multiple	myeloma	(Chapter	40).	Evaluation	of	abnormal	liver	function	tests.	In	genetic	forms	of	methemoglobinemia,	mutation	of	either	the	proximal	or	the	distal	His	to	Tyr	makes	the	heme	iron	more	susceptible	to	oxidation	(see	Table	5.1).	■	Describe	the	pathway	of	heme	synthesis.	This	conformational	change,	the	relaxation	of	the	high-
energy	form	of	myosin,	is	accompanied	by	dissociation	of	ADP	and	Pi.	After	the	stroke	is	completed,	the	binding	and	hydrolysis	of	ATP	restore	the	high-energy	conformation.	There	is	a	strong	physiologic	correlation	between	pCO2	and	the	O2	affinity	of	Hb.	CO2	is	a	major	product	of	mitochondrial	oxidation	and,	like	H+,	is	particularly	abundant	in
metabolically	active	tissues.	Proteomics	is	defined	as	the	qualitative	and	quantitative	comparison	of	proteomes	under	different	conditions.	This	genetic	disease	results	from	the	excessive	or	prolonged	release	of	Ca2+	from	the	sarcoplasmic	reticulum	(SR),	most	commonly	the	result	of	mutations	in	the	gene(s)	that	code	for	the	Ca2+-release	channels
within	the	SR.	However,	administering	inulin	intravenously	every	time	one	wants	to	assess	the	GFR	is	impractical.	Clinical	abnormalities	that	develop	after	excessive	fluid	loss	depend	on	the	ionic	composition	of	the	lost	fluid	For	instance,	sweat	contains	less	sodium	than	extracellular	fluid;	therefore	excessive	sweating	leads	to	a	predominant	loss	of
water	and	“concentrates”	sodium	in	the	extracellular	fluid,	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	ECF	osmolality	Circulating	volume	Table	35.2	Electrolyte	content	of	the	body	fluids	 	Sodium	(mmol/L)	Potassium	(mmol/L)	Bicarbonate	(mmol/L)	Chloride	(mmol/L)	140	4	25	100	Small	intestinal	fluid	140	10	Variable	70	Feces	in	diarrhea
50–140	30–70	20–80	Variable	Bile,	pleural,	and	peritoneal	fluids	140	5	40	100	Sweat	12	10	—	12	Renal	blood	flow	Plasma	Stimulation	of	osmoreceptors	in	central	nervous	system	Stimulation	of	baroreceptors	and	Cl–	sensing	in	the	distal	tubule	(juxtaglomerular	apparatus)	Renin	Thirst	Vasopressin	release	Angiotensin	II	Aldosterone	Water	intake	Renal
water	reabsorption	Sodium	retention	Circulating	volume	ECF	osmolality*	Fig.	Disulfide	bonds	between	these	residues	are	required	for	the	crosslinking	and	stabilization	of	protein	and	lens	structure.	It	will	enter	plasma	in	exchange	for	potassium,	decreasing	plasma	potassium.	Some	patients	develop	lipid	deposits	on	hand	and	knee	tendons	and
particularly	on	the	Achilles	tendon:	these	are	known	as	xanthomata	and	are	diagnostic	for	the	disorder.	Skeletal,	cardiac,	and	smooth	muscle	differ	in	their	mechanism	of	neural	stimulation	and	have	different	structural	adaptations	for	propagating	the	depolarization.	With	other	wasting	diseases,	research	in	animal	models	has	demonstrated	that
inhibition	of	inflammatory	signaling	can	inhibit	wasting.	When	writing	the	peptide	sequence,	one	uses	either	the	three-letter	or	the	one-letter	abbreviations	for	amino	acids,	such	as	Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu	CH3	COO–	anion	zwitterion	pKa2	=	9.8	8	6	pI	=	6.1	4	2	pKa1	=	2.4	0	1.0	0.5	1.5	2.0	OH–	equivalent	Fig.	Step	2:	Each	protein
migrates	to	a	position	in	the	gel	corresponding	to	its	isoelectric	point	(pI).	1.2).	They	illustrate	the	rapid	decline	in	creatine-P	and	the	increase	in	lactate	from	anaerobic	glycolysis	of	muscle	glycogen.	There	is	now	substantial	evidence	that	postprandial	lipemia	may	play	a	role	in	atherogenesis.	Lipoprotein	lipase	deficiency	is	very	rare.	It	can	be
inhibited	by	grapefruit	juice,	which	contains	a	substance	known	as	naringin,	N	or	by	the	antibiotic	ciprofloxacin.	Prothrombin	time	In	liver	disease,	the	synthetic	functions	of	the	hepatocytes	are	likely	to	be	affected,	and	so	the	patient	would	be	expected	to	have	a	prolonged	prothrombin	time	(Chapter	41)	and	low	serum	albumin	concentration.	This
facilitates	extracellular	delivery	of	sodium	and	the	binding	of	extracellular	potassium.	Of	all	the	D-sugars	in	the	world,	D-glucose	exists	to	the	greatest	extent	in	these	cyclic	conformations,	making	it	the	least	oxidizable	and	least	reactive	with	protein.	CHAPTER	2 	Amino	Acids	and	Proteins	Table	2.3	pKa	values	for	ionizable	groups	in	proteins	 	Group
Acid	(protonated	form)	(conjugate	acid)	H+	+	base	(unprotonated	form)	(conjugate	base)	pKa	terminal	carboxyl	residue	(α-carboxyl)	–COOH	(carboxylic	acid)	–COO−	+	H+	(carboxylate)	3.0–5.5	aspartic	acid	(β-carboxyl)	–COOH	–COO−	+	H+	3.9	glutamic	acid	(γ-carboxyl)	–COOH	–COO−	+	H+	4.3	6.0	histidine	(imidazole)	HN	N	NH	NH	H
(imidazolium)	(imidazole)	terminal	amino	(α-amino)	–NH3+	(ammonium)	–NH+	+	H+	(amine)	8.0	cysteine	(sulfhydryl)	–SH	(thiol)	–S−	+	H+	(thiolate)	8.3	tyrosine	(phenolic	hydroxyl)	OH	O	(phenol)	(phenolate)	–NH2	+	H+	+	lysine	(ε-amino)	–NH3	arginine	(guanidino)	NH	C	10.1	H	NH2	NH2	NH	C	NH2	NH2	(guanidinium)	10.5	12.5	H	(guanidino)
Actual	pKa	values	may	vary	by	several	pH	units,	depending	on	temperature,	buffer,	ligand	binding,	and	especially	neighboring	functional	groups	in	the	protein.	Mass	spectrometry	is	more	commonly	used	today	to	obtain	both	the	molecular	mass	and	sequence	of	polypeptides	simultaneously	(Chapter	24).	Serum	measurements	revealed	the	following:
sodium	150 mmol/L,	potassium	5.2 mmol/L,	bicarbonate	35 mmol/L,	urea	19 mmol/L	(90.3 mg/dL),	BUN	19.0 mmol/L	(42 mg/dL),	and	creatinine	110 µmol/L	(1.13 mg/dL).	Disorders	of	plasma	sodium–causes,	consequences,	and	correction.	Comment	In	conditions	of	iron	excess	-	for	example,	hemochromatosis	there	is	an	increase	in	the	synthesis	of
ferritin,	an	iron-binding	and	storage	protein.	A	buffer	solution,	containing	a	weak	acid	or	weak	base	and	a	counter-ion,	has	maximal	buffering	capacity	at	its	pKa	-	that	is,	when	the	acidic	and	basic	forms	are	present	at	equal	concentrations.	Following	hydrolysis,	the	free	amino	acids	are	separated	on	an	automated	amino	acid	analyzer	using	an	ion-
exchange	column	or,	following	pre-column	derivatization	with	colored	or	fluorescent	reagents,	by	reversed-phase	high-performance	(hydrophobic	surface)	liquid	chromatography	(RP-HPLC).	Heales,	PhD,	FRCPath	Walter	Kolch,	MD	Professor,	Director,	Systems	Biology	Ireland	University	College	Dublin	Belfield,	Dublin,	Ireland	Professor	of	Clinical
Chemistry	Neurometabolic	Unit,	National	Hospital	Queen	Square	and	Laboratory	Medicine	Great	Ormond	Street	Hospital	London,	UK	Matthew	C.	Contribution	to	the	Etiology	of	Atherosclerosis.	Two	different	sugars,	such	as	glucose	and	galactose,	can	be	linked	either	glucose	→	galactose	or	galactose	→	glucose,	and	these	two	disaccharides	can	have
a	total	of	20	different	isomers.	Hemoglobin	variants	More	than	95%	of	the	Hb	found	in	adult	humans	is	HbA,	with	the	α2β2	globin	subunit	composition.	Measurements	of	urobilinogen	and	bilirubin	help	to	assess	liver	function	(Chapter	34).	This	occurs	on	the	background	of	endothelial	damage,	and	it	initiates	inflammatory	reaction	(Chapters	42	and
43).	Creatinine	is	eliminated	in	urine	at	a	relatively	constant	amount	per	hour,	primarily	by	glomerular	filtration	and	to	a	lesser	extent	by	tubular	secretion.	G.	Kupffer	cells,	the	second	type	of	sinusoidal	cells,	are	mononuclear	phagocytes;	they	are	generally	found	in	the	gaps	between	endothelial	cells.	2),	211–219.	Although	oxygen	is	essential	for
aerobic	metabolism,	it	can	also	cause	oxidative	stress	and	widespread	tissue	damage	during	inflammation.	The	first	is	vascular	endothelial	cells,	which	are	loosely	connected	one	with	another,	leaving	numerous	gaps.	Water	enters	cells	passively	with	the	reabsorbed	sodium.	Cirrhosis	is	the	result	of	chronic	hepatitis	and	is	characterized
microscopically	by	fibrosis	of	the	hepatic	lobules.	Although	the	chemistry	is	complex,	the	reaction	is	thought	to	yield	a	labile	intermediate	nitrosyl-metHb(ferric)	that	can	readily	transfer	NO	to	Cys93(β)	on	oxygenated	Hb.	ADVANCED	CONCEPT	BOX	ACUTE	MOUNTAIN	SICKNESS	-	TOO	HIGH,	TOO	FAST	Acute	mountain	sickness	(AMS)	develops	in
individuals	who	ascend	rapidly	to	ambient	conditions	of	hypobaric	oxygen.	Ammonia	is	toxic,	particularly	to	the	central	nervous	system	(CNS).	BIOCHEMICAL	TESTS	OF	LIVER	FUNCTION	Clinical	laboratories	offer	a	panel	of	measurements	on	plasma	or	serum	specimens	(Table	34.2).	Amino	acids	with	side	chain	acidic	(Glu,	Asp)	or	basic	(Lys,	His,
Arg)	groups	will	confer	charge	and	buffering	capacity	to	a	protein.	Another	test	used	to	assess	kidney	function	is	the	measurement	of	serum	urea	concentration.	It	is	a	relatively	common	cause	of	premature	myocardial	infarctions.	What	are	the	most	common	causes	of	hyperkalemia?	Ethanol	is	oxidized	in	the	liver,	mainly	by	alcohol	dehydrogenase
(ADH),	to	form	acetaldehyde,	which	is	in	turn	oxidized	by	aldehyde	dehydrogenase	(ALDH)	to	acetate.	Two	glucose	residues	can	be	linked	in	many	different	linkages	(i.e.,	α1,2;	α1,3;	α1,4;	α1,6;	β1,2;	β1,3;	β1,4;	β1,6;	α,α1,1;	α,β1,1;	β,β1,1)	to	give	11	different	disaccharides,	each	with	different	chemical	and	biological	properties.	They	bind	to	G-protein-
linked	receptors:	the	A-type	receptors	are	located	predominantly	in	the	endothelial	cells	and	the	B-type	receptors	in	the	brain.	This	increases	plasma	potassium	concentration.	Chen,	C.,	Huang,	H.,	&	Wu,	C.	The	mirror-image	pair	of	amino	acids.	34.10)	■	Posthepatic:	obstruction	to	biliary	excretion	(Fig.	Similarly,	although	the	fructopyranose
conformations	are	the	primary	forms	of	fructose	in	aqueous	solution,	most	of	the	fructose	metabolism	proceeds	from	the	furanose	conformation.	Spinal	motor	neurons	decrease	in	number	with	advancing	age,	possibly	because	of	cumulative	oxidative	damage	to	these	postmitotic	cells.	Mixtures	of	proteins	can	be	separated	by	ion-exchange
chromatography	according	to	their	net	charges.	The	most	widely	used	one	was	derived	from	the	Framingham	Study	data	generated	in	the	United	States.	NO	is	released	by	exchange	from	SNO-Hb	to	Cys	side	chains	of	anion	exchanger	1,	an	erythrocyte	membrane	protein	that	can	then	deliver	NO	to	the	plasma.	Water	is	obtained	from	the	diet	and	from
oxidative	metabolism,	and	it	is	lost	through	the	kidneys,	skin,	lungs,	and	intestine.	Thus	its	loss,	such	as	happens	in	severe	diarrhea,	would	result	in	dehydration	and	hypokalemia,	but	plasma	sodium	concentration	would	usually	remain	close	to	normal	(Table	35.2).	When	a	person	takes	any	of	the	inhibitory	substances,	normal	substrates	for	CYP1A2
are	metabolized	more	slowly,	and	their	plasma	levels	increase.	DYSLIPIDEMIAS	Defects	in	lipoprotein	metabolism	lead	to	disorders	known	as	dyslipidemias,	synonymously	but	less	accurately	called	hyperlipidemias.	We	acknowledge	the	contribution	of	scholars	who	participated	in	the	writing	of	previous	editions	of	Medical	Biochemistry:	Gary	A
Bannon,	Graham	Beastall,	Robert	Best,	James	A	Carson,	Alex	Farrell	(deceased),	William	D	Fraser,	Helen	S	Goodridge,	D	Margaret	Hunt,	Andrew	Jamieson,	W	Stephen	Kistler,	Utkarsh	V	Kulkarni,	Edward	J	Thompson,	and	A	Michael	Wallace	(deceased).	VSMC,	vascular	smooth	muscle	cell.	The	most	important	of	them	is	the	sodium–potassium	ATPase
(Na+/K+-	ATPase),	also	referred	to	as	the	sodium–potassium	pump	(Fig.	Updated	literature	and	web	references	will	facilitate	further	study.	The	minimum	volume	necessary	to	remove	the	products	of	metabolism	(mainly	nitrogen,	excreted	as	urea)	is	approximately	0.5 L/24 h.	Because	of	the	lack	of	a	glucose-6-phosphate	transporter	and	glucose-6-
phosphatase	activity,	muscle	glucose	is	not	available	to	replenish	blood	glucose,	as	occurs	after	glycogenolysis	or	gluconeogenesis	in	liver.	The	rate	of	muscle	repolarization	is	affected	by	both	the	rate	and	density	of	these	pumps.	We	also	changed	the	narrative,	dividing	the	book	into	several	large	thematic	blocks.	The	artificial	forms	have	O2	affinity
(P50)	in	the	range	16–38 mmHg,	compared	to	~27 mM	for	Hb,	but	they	usually	have	diminished	cooperativity	(n	=	1.3–2.1)	and	Bohr	effects.	Learner-centered	medical	education.	The	stability	of	the	contracted	state	is	maintained	by	multiple	and	continuous	Ca2+-dependent	actin–myosin	interactions	so	slippage	is	minimized	until	calcium	is	removed
from	the	sarcoplasm,	allowing	dissociation	of	the	actomyosin	complex	and	muscle	relaxation.	The	protein-to-lipid	ratio	also	differs	among	various	biomembranes,	ranging	from	about	80%	(dry	weight)	lipid	in	the	myelin	sheath	that	insulates	nerve	cells	to	about	20%	lipid	31	32	CHAPTER	3 	Carbohydrates	and	Lipids	Table	3.3	Phospholipid	composition
of	organelle	membranes	from	rat	liver	 	Mitochondria	Microsomes	Lysosomes	Plasma	membrane	Nuclear	membrane	Golgi	membrane	Cardiolipin	18	1	1	1	4	1	Phosphatidylethanolamine	35	22	14	23	13	20	Phosphatidylcholine	40	58	40	39	55	50	Phosphatidylinositol	5	10	5	8	10	12	Phosphatidylserine	1	2	2	9	3	6	Phosphatidic	acid	–	1	1	1	2	 1,	the
equation	for	ligand	binding	describes	a	sigmoid	(S-shaped)	curve	(see	Fig.	The	heart	is	more	dependent	on,	and	actually	requires,	extracellular	calcium	for	its	contractile	response	(see	Fig.	The	melting	point	of	fatty	acids,	as	well	as	that	of	more	complex	lipids,	increases	with	the	chain	length	of	the	fatty	acid	but	decreases	with	the	number	of	double
bonds.	First	edition	1999	Second	edition	2005	Third	edition	2009	Fourth	edition	2014	Fifth	edition	2019	The	right	of	John	W	Baynes	and	Marek	H	Dominiczak	to	be	identified	as	author(s)	of	this	work	has	been	asserted	by	them	in	accordance	with	the	Copyright,	Designs	and	Patents	Act	1988.	Response	to	an	acute	insult	is	associated	with	wide-ranging
changes	in	liver	protein	synthesis	“Acute-phase	response”	is	a	term	encompassing	all	the	systemic	changes	that	occur	in	response	to	infection	or	inflammation	(Chapter	40).	Discuss	the	merits	of	this	technique	with	respect	to	specificity,	sensitivity,	throughput,	and	breadth	of	analysis,	including	proteomic	analysis	for	diagnostic	purposes.	This	can
deregulate	the	hepatocyte	signaling	system	by	inhibiting	the	Janus	kinase	/	signal	transducer	and	activator	of	transcription	(JAK/STAT)	signaling	pathway,	which	is	involved	in	the	acute-phase	response,	antiviral	defense,	and	hepatic	repair	(Chapter	25).	Insensible	loss	can	increase	substantially	in	high	temperatures,	during	intensive	exercise,	and	also
as	a	result	of	fever.	AMP	also	allosterically	CHAPTER	37 	Muscle:	Energy	Metabolism,	Contraction,	and	Exercise	activates	muscle	phosphorylase	and	phosphofructokinase-1,	accelerating	glycolysis	from	muscle	glycogen	(see	Chapter	12).	Powerful	antioxidant	defenses	exist	to	protect	cells	and	tissues	from	the	damaging	effects	of	reactive	oxygen.
When	the	zigzag	polypeptide	chains	are	arranged	side	by	side,	they	form	a	structure	resembling	a	series	of	pleats.	Depending	on	metabolic	conditions,	the	liver	can	either	take	up	or	produce	glucose	The	liver	possesses	glucose-6-phosphatase,	which	permits	the	release	of	free	glucose	to	the	blood.	The	best-described	example	of	such	polymorphism	is
that	of	the	P-450	cytochrome	CYP2D6,	which	was	recognized	initially	in	the	5%–10%	of	normal	individuals	who	were	noted	to	be	slow	to	hydroxylate	debrisoquine,	a	now	little-used	blood	pressure–lowering	drug.	Serine	and	threonine	contain	hydroxyl	groups.	Because	water	follows	the	movement	of	sodium,	the	ion	gradient	generated	by	the	Na+/K+-
ATPase	is	critical	for	water	absorption	in	the	intestine	and	for	its	reabsorption	in	kidneys.	3.	This	preferential	loss	of	fast-glycolytic	fibers	with	wasting	is	the	opposite	of	what	is	seen	in	muscle	with	extended	periods	of	disuse	(disuse	atrophy).	When	a	charge	is	applied	to	the	solution,	the	ampholytes	self-organize	into	a	stable	pH	gradient.	535	536
CHAPTER	35 	Water	and	Electrolytes	Homeostasis	Hypernatremia	is	most	commonly	associated	with	dehydration	An	increased	sodium	concentration	(hypernatremia)	means	that	the	extracellular	fluid	is	being	“concentrated”	(due	to	water	loss).	(Top)	There	are	four	cyclic	conformations	of	glucose,	in	equilibrium	with	the	linear	form:	α-	and	β-
glucopyranose	and	α-	and	β-glucofuranose.	Humans	adapt	to	high	altitude	(acclimatization)	by	several	mechanisms.	All	of	these	amino	acids	are	hydrophobic	in	nature.	CLINICAL	BOX	FAMILIAL	HYPERCHOLESTEROLEMIA	IS	A	CAUSE	OF	EARLY	MYOCARDIAL	INFARCTIONS	Table	33.4	Phenotypic	classification	of	dyslipidemias	 	Dyslipidemia
type	(Fredrickson)	Increased	electrophoretic	fraction	(lipoprotein	type)	Increased	cholesterol	Increased	triglycerides	I	Chylomicrons	Yes	Yes	IIa	Beta	(LDL)	Yes	No	IIb	Pre-beta	and	beta	(VLDL	and	LDL)	Yes	Yes	III	“Broad	beta”	band	(IDL)	Yes	Yes	IV	Pre-beta	(VLDL)	No	Yes	V	Pre-beta	(VLDL)	plus	chylomicrons	Yes	Yes	On	electrophoresis,	the	α-
lipoproteins	(HDL)	migrate	farthest	toward	the	anode	([+]	electrode),	followed	by	the	pre-β-lipoproteins	(VLDL)	and	the	β-lipoproteins	(LDL).	35.9)	An	increase	in	serum	creatinine	concentration	reflects	the	decrease	in	GFR.	3.8):	phosphatidylserine	and	phosphatidylinositol	are	anionic,	whereas	phosphatidylcholine	and	phosphatidylethanolamine	are
zwitterionic	at	physiologic	pH	and	have	no	net	charge.	35.9	Serum	urea	and	creatinine	concentrations.	COOH	Neutral	amino	acids	serine	(Ser,	S)	threonine	(Thr,	T)	—CH2—OH	—CH—OH	CH3	asparagine	(Asn,	N)	—	—	D-serine	—	O	—	—CH2	—C	Aliphatic	amino	acids	Acidic	amino	acids	aspartic	acid	(Asp,	D)	glutamic	acid	(Glu,	E)	Basic	amino	acids
histidine	(His,	H)	Phenylalanine,	tyrosine,	and	tryptophan	have	aromatic	side	chains	The	nonpolar	aliphatic	and	aromatic	amino	acids	are	normally	buried	in	the	protein	core	and	are	involved	in	hydrophobic	interactions	with	one	another.	The	energy	in	this	electrochemical	gradient	is	then	transformed	into	the	chemical	energy	of	adenosine
triphosphate	(ATP).	Dominiczak	and	Mirosława	Szczepań	ska-Konkel	LEARNING	OBJECTIVES	After	reading	this	chapter,	you	should	be	able	to:	■	Explain	the	nature	of	the	bicarbonate	buffer.	The	arrows	indicate	direction	of	water	movement.	The	squiggly	bonds	to	H	and	OH	from	C-1,	the	anomeric	carbon,	indicate	indeterminate	geometry	and
represent	either	the	α	or	the	β	anomer.	Acute	on	chronic	liver	failure.	Analysis	of	arterial	blood	revealed	a	chocolate	brown	color,	a	normal	pO2,	an	O2	saturation	of	60%,	and	a	metHb	(ferric-heme)	level	of	35%.	Typically,	the	pain	crisis	resolves	within	5–7	days,	but	a	severe	crisis	may	cause	pain	that	persists	for	weeks.	Mild	acid	treatment	removes
the	first	amino	acid	as	the	phenylthiohydantoin	(PTH)	derivative,	which	is	identified	by	HPLC.	Unlike	skeletal	muscle,	neural	input	to	smooth	muscle	innervates	bundles	of	smooth	muscle	cells	that	cause	both	phasic	(rhythmic)	and	tonic	(sustained)	contractions	of	the	tissue.	A	denaturing	detergent,	sodium	dodecylsulfate	(SDS),	is	commonly	used	in	a
polyacrylamide	gel	electrophoresis	(PAGE)	system	to	separate	and	resolve	protein	subunits	according	to	molecular	weight.	Note	that	some	laboratories	express	urea	concentration	as	blood	urea	nitrogen	(BUN).	Their	water-impermeable	structure	is	dotted	with	an	array	of	“doors	and	gates”	(membrane	transporters)	and	“locks”	that	accept	a	variety	of
keys,	including	hormones	and	cytokines	that	initiate	intracellular	signaling	cascades.	3.1).	The	adult	human	liver	in	the	fasting	state	releases	around	9 g	of	glucose	each	hour	to	the	blood	to	maintain	the	bloodglucose	concentration.	Nitric	oxide	donors,	such	as	amyl	nitrite	and	nitroglycerin,	used	for	the	treatment	of	angina,	relax	vascular	smooth
muscles,	increasing	the	flow	of	blood	to	cardiac	muscle.	Phosphatidylcholine	(lecithin),	for	example,	usually	contains	palmitic	acid	or	stearic	acid	at	its	sn-1	position	and	an	18-carbon,	unsaturated	fatty	acid	(e.g.,	oleic,	linoleic,	or	linolenic)	at	its	sn-2	position.	(See	also	the	discussion	of	iron	metabolism	and	hemochromatosis	in	Chapter	32.)	Iron	status:
deficiency	Iron-response	element	Translated	sequence	Inactive	IRE-BP	IRE-BP	Inactive	Active	IRE-BP	IRE-BP	Active	Transferrin	receptor	5´	mRNA	PolyA	PolyA	Prevented	mRNA	degradation	PolyA	Ferritin	H-chain	mRNA	5´	untranslated	region	3´	untranslated	sequence	5´	5´	5´	PolyA	Inhibited	translation	of	ferritin	mRNA	Fig.	Note	that	the
cyclization	reaction	creates	a	new	asymmetric	center	at	C-1,	which	is	known	as	the	anomeric	carbon.	Apo,	apolipoprotein.	The	balance	between	acidic	and	basic	side	chains	in	a	protein	determines	its	isoelectric	point	(pI)	and	net	charge	in	solution.	3.7	Structure	of	the	major	phospholipids	of	animal	cell	membranes.	Two	opposite-charged	amino	acids,
such	as	glutamate	with	a	γ-carboxyl	group	and	lysine	with	an	ε-amino	group,	may	form	a	salt	bridge,	primarily	on	the	surface	of	proteins	(see	Fig.	Glucose	homeostasis	is	regulated	by	the	hormones	that	coordinate	metabolic	activities	among	cells	and	organs	-	primarily	insulin	and	glucagon	but	also	epinephrine	and	cortisol.	Courtesy	of	Dr.	Y.
Disorders	of	plasma	sodium	concentration	are	closely	linked	to	dehydration	and	overhydration	The	plasma	sodium	concentration	is	135–145 mmol/l	(mEq/L).	In	the	liver,	the	concentration	of	GSH	is	~5 mmol/L.	Aldosterone	regulates	the	Na+/K+-ATPase	in	both	the	long	and	short	term.	Proteins,	carbohydrates,	and	lipids	are	the	major	structural
components	of	the	body	Proteins	are	building	blocks	and	catalysts;	as	structural	units,	they	form	the	“architectural”	framework	of	tissues;	as	enzymes,	together	with	helper	molecules	(coenzymes	and	cofactors),	they	catalyze	biochemical	reactions.	An	unstable	plaque	has	fewer	VSMC	and	contains	an	increased	number	of	macrophages,	which	reside
preferentially	at	plaque	cap	edges.	Renal	biopsy	showed	the	so-called	minimal	change	disease,	with	the	urinary	protein	loss	causing,	in	turn,	hypoalbuminemia	and	a	decrease	in	the	plasma	oncotic	pressure.	Metabolites	Receptors,	signaling	proteins	Transducers	Transcription	factors	Target	Outputs	(	or	)	Genome	Feedback	loops	2	Structural	proteins
Transporters	Enzymes	Hormones	neurochemistry	chapter	and,	especially,	update	the	chapters	on	DNA,	RNA,	and	the	regulation	of	gene	expression.	(2003).	IEF	is	conducted	in	a	microchannel	or	gel	containing	a	stabilized	pH	gradient,	formed	by	ampholytes,	which	are	zwitterionic	species	with	a	range	of	isoelectric	points.	CLINICAL	TEST	BOX
LABORATORY	ASSESSMENT	OF	ACID–BASE	BALANCE	The	“blood	gas	measurement”	is	an	important	first-line	laboratory	investigation.	This	is	particularly	important	in	the	brain,	where	the	potential	for	volume	expansion	is	limited	by	the	skull,	and	in	the	renal	medulla,	which	can	be	exposed	to	hyperosmotic	environment.	(2005).	This	leads	to	gross
elevation	of	plasma	LDL	concentrations.	Gradients	created	by	the	Na+/K+-ATPase	enable	other	(passive)	transport	processes	in	the	cell,	where	sodium	is	transported	along	the	created	concentration	gradient.	Jones,	MA,	MB,	BChir,	DPhil,	FRCP,	FRCPath	Consultant	Physician	and	Divisional	Director	Heart	of	England	NHS	Foundation	Trust	Bordesley
Green	East	Birmingham,	UK	Fredrik	Karpe,	MD,	PhD	Professor	of	Metabolic	Medicine	Oxford	Centre	for	Diabetes,	Endocrinology	and	Metabolism	Radcliffe	Department	of	Medicine	University	of	Oxford	Oxford,	UK	Associate	Professor	Department	of	Physical	Therapy	Duquesne	University	Pittsburgh,	PA,	USA	Clinical	Senior	Lecturer	and	Honorary
Consultant	in	Metabolic	Medicine	Institute	of	Cardiovascular	and	Medical	Sciences	University	of	Glasgow	Glasgow,	Scotland,	UK	Masatomo	Maeda,	PhD	Professor	of	Molecular	Biology	Department	of	Molecular	Biology	School	of	Pharmacy	Iwate	Medical	University	Iwate,	Japan	Teresita	Menini,	MD,	MS	Professor	and	Assistant	Dean	Touro	University
California	College	of	Osteopathic	Medicine	Vallejo,	CA,	USA	Alison	M.	It	should	be	emphasized	that	the	allosteric	effector	is,	in	fact,	CO2,	not	HCO3−:	CO2	forms	a	reversible	covalent	bond	with	the	2-3-Bisphoglycerate	(2,3-BPG),	an	intermediate	in	carbohydrate	metabolism,	is	an	important	allosteric	effector	of	Hb	2,3-BPG	is	synthesized	in	human
erythrocytes	in	a	one-step	shunt	from	the	glycolytic	pathway	(Chapter	9).	It	is	characterized	by	HDL	deficiency	and	also	by	corneal	clouding,	nephropathy,	and	hemolytic	anemia.	See	also	Chapter	31.	The	most	abundant	amino	acid	in	urine	is	glycine,	which	is	present	as	400–2000 mg/g	creatinine.	A	sodiumrich	diet	is	a	recognized	factor	in	the
development	of	hypertension.	Mannose	is	the	C-2	epimer,	and	galactose	the	C-4	epimer,	of	glucose;	epimers	differ	at	only	one	stereogenic	center.	The	key	point	is	that	because	of	the	equilibrium	between	H2CO3	539	CHAPTER	36 	The	Lung	and	the	Regulation	of	Hydrogen	Ion	Concentration	(Acid–Base	Balance)	539.e1	Abstract	Keywords	This
chapter	describes	mechanisms	that	control	the	hydrogen	ion	concentration	(pH)	of	the	body	fluids,	or	the	acid–base	balance.	β-Amyloid	prions	and	the	pathobiology	of	Alzheimer’s	disease.	Moreover,	the	kidneys	do	not	store	glycogen.	Finally,	the	alcohol-induced	decrease	in	proteasome	activity	may	lead	to	the	accumulation	of	protein	in	the	liver,
which	in	turn	causes	liver	enlargement	(hepatomegaly;	common	in	ALD).	The	transmission	of	depolarization	through	the	highly	branched	T-tubule	network,	which	interacts	closely	with	the	SR,	leads	to	rapid,	concerted	release	555	556	CHAPTER	37 	Muscle:	Energy	Metabolism,	Contraction,	and	Exercise	1	F-actin	Tropomyosin	Troponins	M	Z	ADP	Pi
Ca2+	2	Glycogen	granules	Cross-bridge	formation	Release	of	ADP	+	Pi	“power	stroke”	T-tubule	ADP	M	Z	Ca2+	Sarcomere	contraction	Fig.	Comment	Bronchioles	Aortic	arch	baroreceptors	mechanism	at	pO2	below	8 kPa	(60 mmHg).	Plasma	potassium	concentration	Disorders	of	plasma	potassium	concentration	carry	the	risk	of	cardiac	arrhythmias
The	normal	plasma	concentration	of	potassium	is	3.5–	5.0 mmol/L	(mEq/;	Fig.	SELECTED	TOPICS	Interaction	of	hemoglobin	with	nitric	oxide	Nitric	oxide,	a	potent	vasodilator,	is	stored	on	Hb	as	S-nitrosoHb	(SNO-Hb)	Nitric	oxide	(NO)	is	a	gaseous	free	radical	capable	of	oxidative	modification	(nitration,	nitrosation,	nitrosylation)	of	biological
macromolecules.	The	liposome	is	a	model	for	the	structure	of	a	biological	membrane,	a	bilayer	of	polar	lipids	with	the	polar	faces	exposed	to	the	aqueous	environment	and	the	fatty	acid	side	chains	buried	in	the	oily,	hydrophobic	interior	of	the	Platelet-activating	factor	(PAF;	see	Fig.	It	binds	to	the	cytosolic	receptor	in	the	epithelial	cells,	principally	in
the	renal	collecting	ducts.	The	mean	molecular	mass	of	an	amino	acid	residue	is	about	110	dalton	units	(Da).	pCO2:	Respiratory	alkalosis	pCO2:	Respiratory	acidosis	H2CO3	→	H	+	+	HCO3−	CO2	+	H2O	→	H2CO3	[HCO3–]:	Metabolic	alkalosis	HCO3–	pCO2	Acidosis	Alkalosis	A	process	that	results	in	a	decrease	of	blood	pH	(	[H+])	A	process	that
results	in	an	increase	of	blood	pH	(	[H+])	Bicarbonate	is	generated	in	erythrocytes	and	renal	tubules	Erythrocytes	and	renal	tubular	cells	contain	a	zinc-containing	enzyme,	carbonic	anhydrase	(CA),	that	converts	dissolved	CO2	into	carbonic	acid.	This	pH	is	called	its	isoelectric	point,	pI	(Fig.	In	Dominiczak	MH,	editor.	The	lungs,	kidneys,	and
erythrocytes	contribute	to	the	maintenance	of	the	acid–base	balance.	This	array	of	positive	charges	does	not	exist	in	oxygenated	Hb.	In	fetal	Hb	(HbF),	His143(β)	is	replaced	by	a	Ser	residue.	Common	features	also	include	impaired	growth,	increased	susceptibility	to	infections,	and	multiple-organ	damage.	The	depolarization	is	passed	cell	to	cell	along
membrane	structures	called	intercalated	disks.	Collagens	are	the	most	abundant	protein	family	in	the	mammalian	body,	representing	about	a	third	of	body	protein.	Hyperventilation	is	a	critical	short-term	response	that	serves	to	decrease	alveolar	pCO2	and,	in	turn,	increase	alveolar	pO2.	Comment	The	patient	had	a	history	typical	of	obstructive
jaundice.	Proteins	are	commonly	purified	by	ion-exchange,	gel	filtration,	and	affinity	chromatography	techniques,	and	their	purity	is	assessed	by	electrophoresis	and	isoelectric	focusing.	Generation	of	inflammatory	cytokines	and	adhesion	molecules	also	stimulates	the	exit	of	T	leukocytes	and	neutrophils	from	plasma	and	their	activation	in	the	intima.
The	chapter	is	illustrated	by	relevant	clinical	examples.	Clinical	symptoms	include	polyuria	and	polydipsia,	and	there	is	also	hypokalemia	and	alkalosis.	As	outlined	in	Chapters	17–19,	carbohydrates	bound	to	proteins	and	lipids	in	cell	membranes	can	serve	as	recognition	signals	for	both	cell–cell	and	cell–pathogen	interactions.	At	pH	7.5,	albumin,	with
a	pI	of	4.8,	is	negatively	charged;	immunoglobulin,	with	a	pI	~8.0,	is	positively	charged.	2.9	illustrates	the	structure	of	the	dimeric	protein	Cu,Zn-superoxide	dismutase.	Several	isoforms	of	α1-antitrypsin	exist	as	a	result	of	allelic	variation	of	the	AA1T	gene:	the	normal	isoform	is	known	as	M,	and	the	two	common	defective	isoforms	as	S	and	Z;	the	null
allele	produces	no	α1-antitrypsin.	Side	chains	of	amino	acids	determine	the	charge,	polarity,	and	hydrophobicity	of	proteins	and	also	participate	in	intra-	and	interchain	crosslinks.	Increased	plasma	iron	is	deposited	in	hepatic,	pancreatic,	endocrine,	and	cardiac	cells,	causing	parenchymal	damage	because	iron	catalyzes	the	production	of	reactive
oxygen	species.	H	O	H	H	C	C	O	H	HO	C	H	H	C	OH	HO	C	OH	HO	C	H	H	OH	HO	C	H	H	OH	HO	C	H	H	C	C	CH2OH	D-Glucose	CH2OH	L-Glucose	O	CH2OH	C	C	C	H	C	HO	H	H	O	H	C	OH	OH	HO	C	H	C	OH	HO	C	C	OH	H	C	CH2OH	D-Mannose	C	O	HO	C	H	H	H	C	OH	OH	H	C	OH	CH2OH	D-Galactose	CH2OH	D-Fructose	Fig.	Another	protective	mechanism
is	the	intracellular	generation	of	osmotically	active	substances	(osmolytes)	such	as	glutamate,	taurine,	myoinositol,	or	sorbitol.	Reference	values	are	as	follows:	1.	2014	evidence-based	guideline	for	the	management	of	high	blood	pressure	in	adults:	Report	from	the	panel	members	appointed	to	the	eighth	joint	national	committee	(JNC	8).	Genotyping	of
cytochromes	P-450	to	identify	gene-relevant	polymorphisms	may	become	more	common	in	an	attempt	to	personalize	an	individual’s	response	to	a	particular	drug.	It	becomes	more	permeable	to	lipoproteins,	which	deposit	in	the	intima.	Acid–base	balance	Carbonic	anhydrase	Excretion	of	hydrogen	ion	Gas	exchange	Metabolic	acidosis	Metabolic
alkalosis	Respiratory	acidosis	Respiratory	alkalosis	Transport	of	carbon	dioxide	540	CHAPTER	36 	The	Lung	and	the	Regulation	of	Hydrogen	Ion	Concentration	(Acid–Base	Balance)	Renal	tubule	Expired	air	CO2	+	H2O	Urine	CO2	+	H2O	CO2	HCO3	Bicarbonate	reabsorption	H2CO3	H2CO3	H+	Lung	H+	HCO3–	Urinary	excretion	of	H+	HCO3–	Fig.
They	are	important	markers	of	heart	failure	A	family	of	peptides	known	as	the	natriuretic	peptides	is	involved	in	the	regulation	of	fluid	volume.	Reference	values	are	as	follows:	Sodium:	135–145 mmol/L	Potassium:	3.5–5.0 mmol/L	Bicarbonate:	20–25 mmol/L	Urea:	2.5–6.5 mmol/L	(16.2–39 mg/dL),	Blood	urea	nitrogen	(BUN):	2.5–6.5 mmol/L	(7.5–
18.2 mg/	dL)	Creatinine:	20–80 µmol/L	(0.28–0.90 mg/dL)	Comment	This	patient	presents	with	dehydration,	indicated	by	the	high	sodium	and	urea	values	and	mildly	elevated	creatinine.	2.2.	The	two	amino	acid	configurations	are	called	D	(for	dextro,	meaning	“right”)	and	L	(for	levo,	meaning	“left”).	2.5).	Distribution	of	water	between	plasma	and
interstitial	fluid	is	determined	by	the	oncotic	pressure	exerted	by	plasma	proteins.	The	loss	of	body	weight	is	often	independent	of	caloric	intake	and	is	not	just	akin	to	starvation;	appetite	stimulants	alone	are	often	not	effective.	Glucose	is	the	only	sugar	found	to	a	significant	extent	as	a	free	sugar	(blood	sugar)	in	the	body.	Muscle	is	derived	from
proliferating	cells	that	originate	in	the	mesenchyme	germ	layer	in	the	developing	embryo.	It	becomes	the	dominant	CO2	O2	Bronchi	Trachea	Alveoli	Blood	Heart	Ventilation	and	lung	perfusion	together	determine	gas	exchange	The	pulmonary	arteries	carry	deoxygenated	blood	from	the	periphery,	through	the	right	ventricle,	to	the	pulmonary	alveoli.
Hyponatremia	observed	in	athletes	during	intense	exercise	results	from	supplementing	water	during	a	dehydrating	exercise	in	the	form	of	hypotonic	drinks,	thus	“diluting”	the	ECF.	However,	glucose	is	relatively	resistant	to	oxidation	and	does	not	react	rapidly	with	protein.	As	with	gel-permeation	chromatography,	proteins	can	be	separated	from	one
another	based	on	small	differences	in	their	−	+	−	−	+	+	+	Protein	mixture	+	−	+	+	+	+	+	+	+	+	+	−	+	+	−	+	+	−	+	+	+	−	−	+	+	−	+	+	18	+	−	−	+	+	+	−	+	+	Beads	with	positive	charge	Positively	charged	protein	flows	through	column	+	+	+	+	+	+	+	+	Fig.	This	poses	new	challenges	for	the	student	of	biochemistry,	who	needs	to	face	a	novel	and
complex	protein	terminology.	In	the	ionized	state,	these	amino	acids	are	referred	to	as	aspartate	and	glutamate,	respectively.	In	renal	failure,	urine	output	falls,	and	this	leads	to	an	increase	in	plasma	urea	and	creatinine	concentrations.	The	Fehling	and	Benedict	assays	use	alkaline	cupric	salt	solutions.	Proteins	rich	in	aliphatic	or	aromatic	amino
groups	are	relatively	insoluble	in	water	and	are	likely	to	be	found	in	cell	membranes.	Proteins	with	different	molecular	sizes	are	separated	by	gel	filtration	based	on	their	relative	size.	For	alanine,	which	has	two	functional	groups	with	pKa	=	2.4	and	9.8,	respectively	(Fig.	LPLD	is	a	very	rare,	inherited	condition	that	disrupts	the	normal	breakdown	of
fats	in	the	body.	A	current	working	hypothesis	is	that	common	variants,	occurring	with	a	frequency	below	5%,	are	important	in	the	pathophysiology	of	polygenic	diseases.	xiii	To	inspirational	academics	Inquisitive	students	And	all	those	who	want	to	be	good	doctors	Preface	Medical	Biochemistry	has	now	served	the	global	medical	student	community
for	19	years.	When	there	is	water	deficit	(dehydration),	the	decrease	in	renal	blood	flow	stimulates	the	renin–angiotensin–aldosterone	system.	9	10	CHAPTER	2 	Amino	Acids	and	Proteins	Table	2.2	Summary	of	the	functional	groups	of	amino	acids	and	their	polarity	 	Amino	acids	Functional	group	Hydrophilic	(polar)	or	hydrophobic	(nonpolar)
Examples	acidic	carboxyl,	–COOH	polar	Asp,	Glu	basic	amine,	–NH2	imidazole	guanidino	polar	polar	polar	Lys	His	Arg	neutral	glycine,	–H	amides,	–CONH2	hydroxyl,	–OH	sulfhydryl,	–SH	nonpolar	polar	polar	nonpolar	Gly	Asn,	Gln	Ser,	Thr,	Cys	aliphatic	hydrocarbon	nonpolar	Ala,	Val,	Leu,	Ile,	Met,	Pro	aromatic	C-rings	nonpolar	Phe,	Trp,	Tyr	a
primary	amino	group	(NH2)	attached	to	the	terminal	ε-carbon	of	the	side	chain.	Skeletal	muscle	contraction	is	initiated	by	neuronal	stimulation	at	the	neuromuscular	endplate.	A	typical	elution	pattern	of	amino	acids	in	a	purified	protein	is	shown	in	Fig.	Polysaccharides	composed	of	a	single	sugar	are	termed	homoglycans,	whereas	those	with	complex
compositions	are	termed	heteroglycans.	Anti-inflammatory	medication	is	also	employed	to	allow	individuals	to	participate	in	physical	activity	programs.	Calcium-channel	blockers	used	for	the	treatment	of	hypertension,	such	as	nifedipine,	inhibit	the	flow	of	Ca2+	into	the	SR,	thereby	limiting	the	force	of	contraction	of	cardiac	myocytes.	Most	of	the
metabolic	activities	associated	with	the	cytochrome	P-450	superfamily	takes	place	in	the	liver,	but	these	enzymes	are	also	present	in	the	epithelium	of	the	small	intestine.	In	the	5th	edition,	we	are	delighted	to	welcome	new	contributors:	David	Church,	Edel	Hyland,	Susan	Johnston,	Simon	Pope,	Teresita	Menini,	and	Georgia	Perona-Wright.	The	most
common	cause	of	severe	hyperkalemia	is	renal	failure;	in	this	condition,	the	nonfunctioning	kidney	cannot	excrete	enough	potassium	in	the	urine.	M.,	&	Troughton,	R.	Potassium	is	the	main	intracellular	cation,	and	the	main	anions	are	phosphates	and	proteins.	Several	HBOCs	have	progressed	through	clinical	evaluation,	and	some	are	used	in	medical
procedures	in	some	countries.	5.5)	is	stabilized	by	a	mixture	of	hydrogen	and	electrostatic	bonds.	The	normal	endothelial	surface	is	strongly	PDGF	IL-1β	bFGF	TNFα	TGFβ	Myofibroblast	Necrosis	LDL	(mg/dL)	=	[	Total	cholesterol	]	–	[	HDL-cholesterol	]	–	[	Triglycerides/5	]	LDL	(mmol/L)	=	[	Total	cholesterol	]	–	[	HDL-cholesterol	]	–	[	Triglycerides/2.22
]	EGF	IGF-1	IFNδ	Step	3:	Ultracentrifugation-based	analysis:	VLDL-cholesterol	LDL-cholesterol	HDL-cholesterol	the	Friedewald	formula	ICAM-1	DAMPS	Th	cell	activation	VSMC	activation	OXLDL	Foam	cell	VSMC	PDGF	IGF-1	TGFα	PDGF	TGFβ	bFGF	EGF	Fig.	ADVANCED	CONCEPT	BOX	HIGH-PERFORMANCE	LIQUID	CHROMATOGRAPHY	(HPLC)
HPLC	is	a	powerful	chromatographic	technique	for	high-resolution	separation	of	proteins,	peptides,	and	amino	acids.	The	latter	may	lead	to	cirrhosis,	as	may	alcohol-induced	liver	disease.	Lancet,	375,	924–937.	The	New	England	Journal	of	Medicine,	356,	2064–2072.	The	liver	synthesizes	a	number	of	acute-phase	proteins,	which	have	been	defined	as
those	whose	plasma	concentrations	change	by	more	than	25%	within	a	week	of	the	onset	of	an	inflammatory	or	infective	process.	Further	research	is	necessary	before	this	approach	is	widely	applied	to	human	populations.	FURTHER	READING	Bada,	J.	It	refers	to	a	population	aged	34–74	years	without	ASCVD	at	baseline.	The	antiplatelet	drug
clopidogrel	is	given	together	with	aspirin	in	patients	with	coronary	artery	disease	after	a	revascularization	procedure.	The	pK	of	the	bicarbonate	buffer	is	6.1.	Let’s	insert	the	actual	concentrations	of	buffer	components	into	the	preceding	equation:	pH	=	6.1	+	log(24	1.2)	=	7.40	Thus	the	normal	concentration	of	bicarbonate	and	normal	partial	pressure
of	CO2	correspond	to	pH	7.40	(hydrogen	ion	concentration	40 nmol/L).	A	porous	support,	such	as	paper,	cellulose	acetate,	or	a	polymeric	gel,	is	commonly	used	to	minimize	diffusion	and	convection.	5.5).	It	is	a	resource	for	your	clinical	career.	Thus	the	overall	response	to	water	deficit	is	sodium	and	water	retention	(Fig.	Our	inspiration	to	change	and
improve	this	text	comes	from	the	problems,	questions,	and	decisions	that	arise	in	our	everyday	clinical	practice,	in	the	outpatient	clinics,	and	on	the	hospital	wards.	The	CO2	is	removed,	and	plasma	pCO2	decreases.	Bilirubin	produced	by	the	catabolism	of	heme	in	the	reticuloendothelial	cells	is	transported	in	plasma	bound	to	albumin.	If	the	primary
change	is	in	pCO2,	the	disorder	is	called	respiratory,	and	if	the	primary	change	is	in	plasma	bicarbonate,	it	is	called	metabolic.	Hypothalamic	osmoreceptors	respond	to	very	small	(approximately	1%)	increases	in	plasma	osmolality,	stimulating	both	vasopressin	secretion	and	thirst.	Ultrasound	showed	dilatation	of	the	common	bile	duct,	and	a
computed	tomography	scan	showed	a	solid	mass	in	the	pancreas	with	probable	metastatic	deposits	in	the	liver	and	paraaortic	lymph	nodes.	As	a	result,	sugars	have	the	potential	to	provide	a	great	deal	of	chemical	information.	This	prevents	the	degradation	of	the	mRNA	and	thus	increases	the	amount	of	transferrin	receptor	that	can	be	made	(left),
thus	increasing	the	amount	of	iron	that	the	receptor	can	deliver	to	the	cell.	5.6).	3.3).	The	latter	can	also	be	formed	from	angiotensin	II	by	endopeptidases.	Defects	in	vasopressin	secretion	and	defective	aquaporins	cause	diabetes	insipidus	Plasma	sodium	concentration	Vasopressin	deficiency	causes	the	condition	known	as	diabetes	insipidus.	The	PKA
in	turn	phosphorylates	aquaporin	2	(AQP2),	stimulating	its	translocation	to	the	cell	membrane,	thus	increasing	water	reabsorption	in	the	collecting	duct.	Familial	defective	apolipoprotein	B	(FDB)	is	caused	by	a	mutation	of	the	apoB100	molecule	that	impairs	its	binding	to	the	receptor.	An	osmotic	diuresis	may	be	induced	by	the	administration	of	the
sugar	alcohol	mannitol.	Protein	sequencing	and	identification	is	currently	done	by	electrospray	ionization	liquid	chromatography	tandem	mass	spectrometry	(HPLC-ESI-MS/MS;	Chapter	24).	CHAPTER	2 	Amino	Acids	and	Proteins	Isoelectric	focusing	(IEF)	Protein	S	S	SDS	S	IEF	resolves	proteins	based	on	their	isoelectric	point	S	SDS	+	reducing
reagent	S	H	B	C	D	H	S	A	E	Difference	in	MW	Positive	electrode	A	B	C	D	E	250	→	150	→	100	→	75	→	50	→	37	→	25	→	20	→	Fig.	Proteins	may	also	be	precipitated	from	solution	by	adjusting	the	pH.	In	contrast	to	Mb	and	Hb,	Ngb	and	Cygb	contain	hexacoordinate	hemes	for	both	the	Fe2+	and	the	Fe3+	valency	states.	In	addition	to	analgesia,	oxygen
therapy	and	fluid	management	are	also	initiated.	The	endothelium	loses	its	cell-repellent	quality.	B.	The	amino	acids	are	then	eluted	by	a	gradient	of	increasing	pH	and	salt	concentrations.	33.5.	Overall	CVD	risk	is	calculated	using	risk	calculators	Lipid	factors	significantly	contribute	to	the	overall	risk	of	atherosclerotic	cardiovascular	disease	(ASCVD)
but	are	not	the	only	risk	factors.	Schuckit,	M.	Fatty	acids	triglycerides	(the	storage	form	of	lipids,	found	primarily	in	adipose	tissue),	and	phospholipids	(the	major	class	of	membrane	lipids	in	all	cells).	The	pKa	of	this	group	shifts	from	8.00	in	deoxygenated	Hb	to	7.25	in	oxygenated	Hb	in	the	presence	of	a	physiologic	concentration	of	Cl−
(≈100 mmol/L).	Numerous	proteins	assist	other	proteins	in	the	folding	process.	The	chylomicrons	remain	at	the	cathodic	end,	at	the	origin	of	the	electrophoretic	strip.	■	It	synthesizes	an	array	of	acute-phase	proteins	in	response	to	inflammation	and	infection,	and	laboratory	measurements	of	such	proteins	are	clinically	useful	in	monitoring	disease
progress.	One	millimole	of	a	substance	dissolved	in	1 kg	H2O	at	38°C	exerts	an	osmotic	pressure	of	approximately	19 mmHg.	Normally	the	average	concentration	of	all	osmotically	active	substances	in	the	ECF	and	ICF	is	identical,	290 mmol/kg	H2O.	The	hemostatic	system	as	a	modulator	of	atherosclerosis.	Negatively	charged	protein	binds	to
positively	charged	beads,	and	positively	charged	protein	flows	through	the	column.	ALCOHOL	Alcohol	excess	is	a	major	cause	of	liver	disease	Excess	intake	of	ethyl	alcohol	(ethanol)	is	a	common	cause	of	liver	disease.	The	role	of	ion	gradients	in	nerve	transmission	is	described	in	Chapter	26.	Examples	of	amino	acid	side	chain	interactions
contributing	to	tertiary	structure.	If	the	mixture	is	applied	to	a	DEAE-cellulose	column	at	pH	7.0,	the	albumin	sticks	to	the	positively	charged	column,	whereas	the	immunoglobulin	passes	through	the	column.	Data	based	on	Human	Genome	Project,	Human	Proteome	Map,	and	Human	Metabolome	Database	(see	websites).	Separation	of	these	and	other
Hb	variants	in	the	clinical	laboratory	is	performed	by	electrophoretic	and	chromatographic	analyses	(Fig.	Only	three	of	these	are	found	in	significant	amounts	in	the	body:	glucose	(blood	sugar)	and	mannose	and	galactose	in	the	form	of	metabolic	intermediates,	or	glycoconjugates	(see	Fig.	(B)	A	bovine	serum	albumin	solution	(1 mg	dissolved	in	1 mL
of	water)	has	an	absorbance	of	0.67	at	280 nm	using	a	1-cm	cuvette.	Differences	in	osmolality	drive	movement	of	water	between	ICF	and	ECF	A	primary	change	in	the	concentration	of	osmotically	active	ions	in	either	ECF	or	ICF	creates	a	gradient	of	osmotic	pressure,	which	leads	to	the	movement	of	water.	Red	cell	substitutes	are	transfusion
alternatives	that	are	potentially	useful	during	major	surgical	procedures	and	hemorrhagic	shock	emergencies.	Treatment	of	malignant	hyperthermia	includes	use	of	muscle	relaxants	(e.g.,	dantrolene,	an	inhibitor	of	the	ryanodine-sensitive	Ca2+-channel)	to	inhibit	Ca2+	release	from	the	SR.	Liver	function	tests	showed	bilirubin	230 µmol/L
(13.5 mg/dL),	AST	32 U/L,	and	ALP	550 U/L.	ABBREVIATIONS	ACE	ADH	AG	ANP	AQP	AT1,	AT2	BNP	BUN	bw	CNS	CREB	ECF	eGFR	ENaC	GFR	ICF	MAS	NCC	NKCC2	PKA	PKC	PTH	ROS	SIADH	VSMC	Angiotensin-converting	enzyme	Antidiuretic	hormone,	vasopressin	Anion	gap	Atrial	natriuretic	peptide	Aquaporin	Angiotensin	receptors	Brain
natriuretic	peptide	Blood	urea	nitrogen	Body	weight	Central	nervous	system	cAMP-responsive	binding	protein,	transcription	factor	Extracellular	fluid	Estimated	glomerular	filtration	rate	Amiloride-sensitive	calcium	channel	Glomerular	filtration	rate	Intracellular	fluid	Angiotensin	1–7	receptor	Sodium–chloride	co-transporter	Sodium–potassium–
chloride	co-transporter	Protein	kinase	A	Protein	kinase	C	Parathyroid	hormone	Reactive	oxygen	species	Syndrome	of	inappropriate	antidiuretic	hormone	expression	Vascular	smooth	muscle	cells	537	CHAPTER	36 	The	Lung	and	the	Regulation	of	Hydrogen	Ion	Concentration	(Acid–Base	Balance)	Marek	H.	The	mutation	is	Glu6(β)→Val:	a	surface-



localized	charged	amino	acid	is	replaced	by	a	hydrophobic	residue.	The	head	group	of	myosin	chains	contains	bound	ADP	and	Pi	and	is	extended	from	the	axis	of	the	myosin	helix	in	a	high-energy	conformation.	Their	original,	now	outdated,	classification	into	types	I	to	V	was	based	on	the	electrophoretic	behavior	of	lipoproteins	(Table	33.4).	lipids	and
emulsifying	dietary	fat	to	facilitate	its	digestion.	Cholesterol–	phospholipid	mixtures	have	properties	intermediate	between	the	gel	and	liquid	crystalline	states	of	the	pure	phospholipids;	they	form	stable	but	supple	membrane	structures.	Assessment	of	cardiovascular	risk	involves	measurements	of	several	lipid	parameters	and	identification	other	risk
factors,	such	as	hypertension,	smoking,	and	the	presence	of	diabetes.	Plateletactivating	factor,	a	mediator	of	inflammation,	is	an	unusual	phospholipid,	with	a	lipid	alcohol	rather	than	an	esterified	lipid	at	the	sn-1	position,	an	acetyl	group	at	sn-2,	and	phosphorylcholine	esterified	at	the	sn-3	position.	Such	a	high	metabolic	activity	is	required	to
maintain	tubular	reabsorption;	about	70%	of	the	oxygen	consumed	by	the	kidney	is	used	to	support	active	sodium	transport,	which	in	turn	determines	reabsorption	of	glucose	and	amino	acids.	3.5	shows	the	structure	of	several	common	disaccharides	in	our	diet:	lactose	(milk	sugar);	sucrose	(table	sugar);	maltose	and	isomaltase	(products	of	digestion
of	starch);	cellobiose,	which	is	obtained	on	hydrolysis	of	cellulose;	and	hyaluronic	acid.	(n.d.).	CHAPTER	3 	Carbohydrates	and	Lipids	HO	CH2OH	O	CH2OH	O	O	OH	OH	OH	OH	CH2OH	O	HO	OH	OH	HO	O	CH2OH	O	OH	OH	HO	O	OH	OH	Glc	α1→	6	Glc	Isomaltose	CH2OH	COOH	O	O	OH	OH	O	OH	OH	CH2OH	O	O	OH	O	HO	Glc	α1→	4	Glc	Maltose
CH2OH	O	CH2OH	OH	CH2	OH	OH	OH	HO	Glc	α1→	2α	Fru	Sucrose	CH2OH	O	OH	O	O	OH	Gal	β1→	4	Glc	Lactose	CH2OH	O	HOCH2	OH	O	n	(	Glc	β1→4	Glc	)n	Cellulose	OH	HO	O	O	OH	NHAc	n	(	4GlcUA	β1→	3-GlcNAcβ1	)	n	Hyaluronic	acid	Fig.	These	techniques	allow	the	measurement	of	as	little	as	1 pmol	of	each	amino	acid.	In	allergic	persons,	cells
involved	in	the	immune	response	become	coated	with	immunoglobulin	E	(IgE)	molecules	that	are	specific	for	a	particular	antigen	or	allergen,	such	as	pollen	or	insect	venom.	Secondary	structure	of	proteins	The	secondary	structure	of	a	protein	is	determined	by	hydrogen	bond	interactions	between	backbone	carbonyl	and	amide	groups	The	secondary
structure	of	a	protein	refers	to	the	local	structure	of	the	polypeptide	chain.	Inflammatory	signaling	induced	by	the	disease	process	can	activate	muscle	protein	degradation,	inhibit	muscle	protein	synthesis,	and	induce	adipose	tissue	lipolysis.	3.2).	The	kidneys	reabsorb	filtered	bicarbonate	in	the	proximal	tubules	and	generate	new	bicarbonate	in	the
distal	tubules,	where	there	is	a	net	secretion	of	hydrogen	ion.	However,	carbohydrates	can	also	be	linked	to	both	proteins	and	lipids,	forming	complex	structures	(glycoconjugates)	essential	for	cellsignaling	systems	and	processes	such	as	cell	adhesion	and	immunity.	Lipids	vary	in	size	but	rarely	exceed	2 kDa	in	molecular	mass;	they	are	insoluble	in
water	but	soluble	in	organic	solvents.	Proteins	that	are	tightly	bound	to	other	biomolecules	or	membranes	may	be	solubilized	using	organic	solvent	or	detergent.	(A)	Aquaporin	1	is	a	multisubunit	water	channel.	Defective	suppression	of	vasopressin	is	known	as	known	as	the	syndrome	of	inappropriate	antidiuretic	hormone	secretion	(SIADH)	and	leads
to	water	retention.	Serum	activity	of	ALT	and	AST	increases	in	liver	disease	(ALT	is	the	more	sensitive	measurement	due	to	its	cytoplasmic	location).	Conversely,	the	plaque,	which	is	cell-rich	and	collagen-poor,	becomes	unstable	and	may	rupture.	Chemical	variables,	such	as	pH,	oxygen	tension,	and	inorganic	ion	and	buffer	concentrations,	define	the
homeostatic	environment	in	which	metabolism	takes	place.	The	mirror-image	stereoisomers	are	called	enantiomers.	ATP	Binding	of	ATP	4	M	Z	ATP	Contractile	unit	Sarcoplasmic	reticulum	ADP	Pi	3	Mitochondria	Influx	of	Ca2+	M	Pi	Sarcolemma	High-energy	conformation	of	myosin-ADP-Pi	in	resting,	relaxed	muscle	Contracted	sarcomere,	low-energy
conformation	Fig.	On	the	EKG,	hyperkalemia	leads	to	the	loss	of	P-waves,	characteristic	tall	peaked	T-waves,	and	widened	QRS	complexes.	This	leads	to	accumulation	of	remnant	particles,	and	there	is	an	increase	in	both	plasma	cholesterol	and	triglycerides.	Drug	metabolism	and	variability	among	patients	in	drug	response.	Transmission	or
reflectance	measurements	are	made	in	a	translucent	tissue	site	with	reasonable	blood	flow	commonly	a	finger,	toe,	or	ear	of	adults	and	children	or	a	foot	or	hand	of	infants.	All	natriuretic	peptides	have	a	ring-type	structure	due	to	the	presence	of	a	disulfide	bond.	The	β-anomer	is	the	most	stable	form	of	glucose	because	all	of	the	hydroxyl	groups,
which	are	bulkier	than	hydrogen,	are	oriented	equatorially	in	the	plane	of	the	ring,	minimizing	steric	interactions.	As	shown	in	Fig.	eGFR	is	used	for	classification,	screening,	and	monitoring	of	chronic	kidney	disease.	Ion-exchange	chromatography	Affinity	chromatography	Proteins	bind	to	ion-exchange	matrices	based	on	charge–charge	interactions
When	a	charged	ion	or	molecule	with	one	or	more	positive	charges	exchanges	with	another	positively	charged	component	bound	to	a	negatively	charged	immobilized	phase,	the	process	is	called	cation	exchange.	It	also	has	an	important	role	in	regulating	cell	volume	and	calcium	levels	through	the	Na+/H+	and	Na+/Ca2+exchangers.	No	part	of	this
publication	may	be	reproduced	or	transmitted	in	any	form	or	by	any	means,	electronic	or	mechanical,	including	photocopying,	recording,	or	any	information	storage	and	retrieval	system,	without	permission	in	writing	from	the	publisher.	This	occurs	in	chronic,	age-related	diseases,	such	as	Alzheimer’s	disease,	amyotrophic	lateral	sclerosis,	and
Parkinson’s	disease.	Thus,	in	the	discussion	of	laboratory	results,	we	often	mention	serum	values	(Chapter	40).	STRUCTURE	OF	BIOMEMBRANES	Eukaryotic	cells	have	a	plasma	membrane	and	intracellular	membranes	that	define	compartments	with	specialized	functions	Cellular	and	organelle	membranes	differ	significantly	in	protein	and	lipid
composition	(Table	3.3).	Quaternary	structure	of	proteins	The	quaternary	structure	of	multisubunit	proteins	is	determined	by	covalent	and	noncovalent	interactions	between	the	subunit	surfaces	Quaternary	structure	refers	to	a	complex,	or	an	assembly,	of	two	or	more	separate	peptide	chains	that	are	held	together	by	noncovalent	or,	in	some	cases,
covalent	interactions.	This	classification	has	been	developed	by	Fredrickson	and	adopted	by	the	WHO;	it	is	based	on	the	electrophoretic	separation	of	serum	lipoproteins.	Several	studies	have	reported	that	carriers	of	the	CYP2C19	variant	allele	exhibit	a	significantly	lower	capacity	to	transform	clopidogrel	to	its	active	metabolite	and	are	therefore	at
significantly	higher	risk	of	adverse	cardiovascular	events.	This	site	consists	of	eight	cationic	groups,	sufficient	to	bind	with	high	affinity	one	molecule	of	2,3-BPG	(ball-and-stick	model;	phosphorus,	orange),	a	molecule	with	five	anionic	groups	at	physiologic	pH.	M.,	Drent,	M.,	et al.	Dipeptides	such	as	carnosine,	β-alanyl-L-histidine,	and	anserine	(β-
alanyl-Nmethylhistidine)	are	also	present	at	significant	concentrations	in	tissues	and	are	thought	to	provide	protection	against	reactive	oxygen	species	(Chapter	42).	It	also	has	the	ability	to	metabolize,	and	so	detoxify,	an	infinitely	wide	range	of	xenobiotics.	Another	equally	rare	sulfur	amino	acid	disorder,	sulfite	oxidase	deficiency,	is	also	associated
with	lens	dislocation	by	a	similar	mechanism	(usually	presenting	at	birth	with	early	refractory	convulsions).	The	New	England	Journal	of	Medicine,	372,	55–65.	This	is	pancreatic	cancer,	and	because	the	tumor	may	arise	in	the	body	of	the	pancreas	and	not	initially	obstruct	biliary	drainage,	it	can	be	clinically	inapparent	and	metastasize	before
symptoms	develop.	2.8	Elements	of	tertiary	structure	of	proteins.	Retrieved	from	http://	www.eolss.net.sample-chapters/c17/e6-58-10-12.pdf.	In	order	for	depolarization	to	occur	again,	sodium	must	be	actively	pumped	out	of	the	cytosol	by	Na+/K+-ATPase	pumps	located	in	the	sarcolemma.	TNF	and	IL-1,	again,	are	involved	by	stimulating	the
breakdown	of	specific	intracellular	proteins	by	the	ubiquitin–proteasome	system	(see	following	discussion).	What	is	chemistry?	The	functions	of	these	minor	globins	remain	elusive.	Mobilization	of	lipids	during	gluconeogenesis	Carbohydrate	and	lipid	metabolism	are	coordinately	regulated	by	hormone	action	during	the	feed–fast	cycle	Regulation	of
ketogenesis	Ketogenesis	is	activated	in	concert	with	gluconeogenesis	during	fasting	and	starvation	Summary	Further	reading	Relevant	websites	Abbreviations12	Biosynthesis	and	Storage	of	Carbohydrate	in	Liver	and	Muscle	Abstract	Keywords	Learning	objectives	Introduction	Hepatic	glycogenolysis	and	gluconeogenesis	are	required	for	maintenance
of	normal	blood	glucose	concentration	Glycogen	is	stored	in	muscle	for	use	in	energy	metabolism	Structure	of	glycogen	Glycogen,	a	highly	branched	glucan,	is	the	storage	form	of	glucose	in	tissues	Pathway	of	glycogenesis	from	blood	glucose	in	the	liver	Glycogenesis	is	activated	in	the	liver	and	muscle	after	a	meal	Pathway	of	glycogenolysis	in	the
liver	Hepatic	glycogen	phosphorylase	provides	for	rapid	release	of	glucose	into	the	blood	during	the	postabsorptive	state	Hormonal	regulation	of	hepatic	glycogenolysis	Three	hormones	(insulin,	glucagon,	and	cortisol)	counterregulate	glycogenolysis	and	glycogenesis	Mechanism	of	action	of	glucagon	Glucagon	activates	glycogenolysis	during	the
postabsorptive	state	Glycogenolysis	and	glycogenesis	are	counterregulated	by	protein	kinase	A,	which	activates	phosphorylase	and	inhibits	glycogen	synthase	Mobilization	of	hepatic	glycogen	by	epinephrine	Epinephrine	activates	glycogenolysis	during	stress,	increasing	blood	glucose	concentration	Glycogenolysis	in	muscle	Muscle	lacks	a	glucagon
receptor	and	glucose-6-phosphatase;	it	is	not	a	source	of	blood	sugar	during	hypoglycemia	Regulation	of	glycogenesis	Insulin	opposes	the	action	of	glucagon	and	stimulates	gluconeogenesis	Gluconeogenesis	Gluconeogenesis	is	required	to	maintain	blood	glucose	during	fasting	and	starvation	Gluconeogenesis	from	lactate	Gluconeogenesis	uses	lactate,
amino	acids,	and	glycerol	as	substrates	for	synthesis	of	glucose;	fatty	acids	provide	the	energy	Gluconeogenesis	from	amino	acids	and	glycerol	Glucose	cannot	be	synthesized	from	fatty	acids!	Regulation	of	gluconeogenesis	Fructose-2,6-bisphosphate	allosterically	counterregulates	glycolysis	and	gluconeogenesis	Conversion	of	fructose	and	galactose	to
glucose	Summary	Further	reading	Relevant	websites	Abbreviations13	Biosynthesis	and	Storage	of	Fatty	Acids	Abstract	Keywords	Learning	objectives	Introduction	Fatty	acid	synthesis	Fatty	acids	are	synthesized	from	acetyl-CoA	The	preparatory	stage:	Acetyl-CoA	carboxylase	Carboxylation	of	acetyl-CoA	to	malonyl-CoA	is	the	committed	step	of	fatty
acid	synthesis	Acetyl-CoA	carboxylase	is	subject	to	strict	regulation	Dietary	carbohydrate	and	fat	intake	also	controls	acetyl-CoA	carboxylase	Synthesizing	a	fatty	acid	chain:	Fatty	acid	synthase	Fatty	acid	synthase	builds	the	fatty	acid	molecule	up	to	16-carbon	length	Alteration	in	the	amount	of	enzyme	protein	is	affected	by	the	nutritional	state	The
malate	shuttle	Malate	shuttle	allows	recruitment	of	two-carbon	units	from	the	mitochondrion	to	the	cytoplasm	Fatty	acid	elongation	Elongation	of	a	fatty	acid	chain	beyond	16-carbon	length	requires	another	set	of	enzymes	Desaturation	of	fatty	acids	Desaturation	reactions	require	molecular	oxygen	Essential	fatty	acids	The	ω-3	and	ω-6	fatty	acids	(or
their	precursors)	must	be	supplied	with	diet	Storage	and	transport	of	fatty	acids:	synthesis	of	triacylglycerols	(Triglycerides)	Fatty	acids	derived	from	endogenous	synthesis	or	from	the	diet	are	stored	and	transported	as	triacylglycerols	known	also	as	triglycerides	Triacylglycerols	produced	in	the	liver	on	the	smooth	endoplasmic	reticulum	can	only	be
transiently	stored	Regulation	of	total	body	fat	stores	Adipose	tissue	is	an	active	endocrine	organ	Summary	Further	reading	Abbreviations14	Biosynthesis	of	Cholesterol	and	Steroids	Abstract	Keywords	Learning	objectives	Introduction	Cholesterol	is	essential	for	cell	structure	and	function	Plasma	cholesterol	concentration	depends	on	endogenous
cholesterol	synthesis	and	on	its	dietary	intake	Humans	cannot	metabolize	the	sterol	structure	The	cholesterol	molecule	Cholesterol	increases	membrane	fluidity	Cholesterol	is	esterified	within	cells	and	in	plasma	Cholesterol	is	absorbed	in	the	intestine	by	specific	transporters	Biosynthesis	of	cholesterol	Cholesterol	is	synthesized	from	acetyl-coenzyme
A	The	first	committed	step	in	the	pathway	of	cholesterol	synthesis	is	the	formation	of	mevalonic	acid	The	rate-limiting	enzyme	in	the	pathway	is	HMG-CoA	reductase	Farnesyl	pyrophosphate	is	made	up	of	three	isoprene	units	Squalene	is	a	linear	molecule	capable	of	a	ring	formation	Squalene	cyclizes	to	lanosterol	Final	stages	of	cholesterol
biosynthesis	occur	on	a	carrier	protein	Oxidation	of	the	cholesterol	side	chain	yields	oxysterols	Plant	sterols	and	cholesterol	precursors	are	markers	of	cholesterol	absorption	and	metabolism	Regulation	of	cellular	cholesterol	content	Cells	acquire	cholesterol	from	de	novo	synthesis	and	through	external	supply	Synthesis	of	cholesterol	de	novo	and
delivery	by	lipoproteins	are	reciprocally	related	Sterol	regulatory	element-binding	proteins	(SREBP)	are	transcriptional	regulators	of	cholesterol	synthesis	HMG-CoA	reductase	regulation	by	cholesterol	involves	enzyme	degradation	SREBPs	have	wide-ranging	effects	on	the	synthesis	of	cholesterol	and	fatty	acids	SREBP1c	can	be	activated	by	liver	X
receptors	in	response	to	oxysterols	SREBP1c	regulates	cholesterol	efflux	from	cells	SREBP1c	regulates	fatty	acid	synthesis	Statins	inhibit	HMG-CoA	reductase	Cholesterol	elimination:	the	bile	acids	Liver	removes	cholesterol	either	in	a	free	form	or	as	bile	acids	Primary	bile	acids	are	synthesized	in	the	liver	Liver	X	receptors	participate	in	bile
synthesis	and	secretion	Secondary	bile	acids	are	synthesized	in	the	intestine	Bile	acids	assist	the	digestion	of	dietary	fat	Bile	acids	recirculate	to	the	liver	Cholesterol	is	excreted	in	the	feces	Cholestyramine	is	a	bile	acid–binding	resin	that	has	been	used	to	lower	plasma	cholesterol	Steroid	hormones	Cholesterol	is	the	precursor	of	all	steroid	hormones
Biosynthesis	of	the	steroid	hormones	Synthesis	of	steroid	hormones	occurs	in	three	organs:	adrenal	cortex,	testis,	and	ovary	Steroidogenesis	is	controlled	by	cytochrome	P450	monooxygenases	Corticosteroids	In	the	adrenal	glands,	the	zona	fasciculata	and	zona	reticularis	are	places	of	synthesis	of	cortisol	and	adrenal	androgens;	the	outer	layer	(zona
glomerulosa)	synthesizes	aldosterone	Androgens	Conversion	of	corticosteroids	into	androgens	requires	the	C17–20	split	and	addition	of	17α-hydroxyl	group	Estrogens	Conversion	of	androgens	into	estrogens	involves	removal	of	the	methyl	group	at	C-19	Mechanism	of	action	of	steroid	hormones	Steroid	hormones	act	via	nuclear	receptors	Vitamin	D
Elimination	of	steroid	hormones	Summary	Further	reading	Relevant	websites	More	Clinical	Cases	Abbreviations15	Biosynthesis	and	Degradation	of	Amino	Acids	Abstract	Keywords	Learning	objectives	Introduction	Amino	acids	are	a	source	of	energy	from	the	diet	and	during	fasting	Metabolism	of	dietary	and	endogenous	proteins	Relationship	to
central	metabolism	Muscle	protein	and	adipose	lipids	are	consumed	to	support	gluconeogenesis	during	fasting	and	starvation	Digestion	and	absorption	of	dietary	protein	Turnover	of	endogenous	proteins	Amino	acid	degradation	Amino	acids	destined	for	energy	metabolism	must	be	deaminated	to	yield	the	carbon	skeleton	Nitrogen	atoms	are
incorporated	into	urea	from	two	sources:	glutamate	and	aspartate	The	central	role	of	glutamine	Ammonia	is	detoxified	by	incorporation	into	glutamine,	then	eventually	into	urea	The	urea	cycle	and	its	relationship	to	central	metabolism	The	urea	cycle	is	a	hepatic	pathway	for	disposal	of	excess	nitrogen	The	urea	cycle	is	split	between	the	mitochondrial
matrix	and	the	cytosol	Regulation	of	the	urea	cycle	N-acetylglutamate	(and	indirectly,	arginine)	is	an	essential	allosteric	regulator	of	the	urea	cycle	The	concept	of	nitrogen	balance	A	careful	balance	is	maintained	between	nitrogen	ingestion	and	secretion	Metabolism	of	the	carbon	skeletons	of	amino	acids	Metabolism	of	amino	acids	interfaces	with
carbohydrate	and	lipid	metabolism	Amino	acids	may	be	either	glucogenic	or	ketogenic	Metabolism	of	the	carbon	skeletons	of	selected	amino	acids	The	20	amino	acids	are	metabolized	by	complex	pathways	to	various	intermediates	in	carbohydrate	and	lipid	metabolism	Biosynthesis	of	amino	acids	Evolution	has	left	our	species	without	the	ability	to
synthesize	almost	half	the	amino	acids	required	for	the	synthesis	of	proteins	and	other	biomolecules	Amino	acids	are	precursors	of	many	essential	compounds	Inherited	diseases	of	amino	acid	metabolism	Phenylketonuria	(PKU)	Alkaptonuria	(black	urine	disease)	Maple	syrup	urine	disease	(MSUD)	Summary	Further	reading	Relevant	websites	Urea
cycle	disorders:	Abbreviations16	Biosynthesis	and	Degradation	of	Nucleotides	Abstract	Keywords	Learning	Objectives	Introduction	Purines	and	pyrimidines	Nucleotides	are	formed	from	three	components:	a	nitrogenous	base,	a	five-carbon	sugar,	and	phosphate	Purine	metabolism	De	novo	synthesis	of	the	purine	ring:	Synthesis	of	inosine
monophosphate	(IMP)	Purines	and	pyrimidines	are	synthesized	by	both	de	novo	and	salvage	pathways	Synthesis	of	ATP	and	GTP	from	IMP	Salvage	pathways	for	purine	nucleotide	biosynthesis	Purine	and	uric	acid	metabolism	in	humans	Sources	and	disposal	of	uric	acid	Uric	acid	is	the	end	product	of	purine	catabolism	in	humans	Endogenous
formation	of	uric	acid	Hyperuricemia	and	gout	Most	persons	with	hyperuricemia	remain	asymptomatic	throughout	life,	but	there	is	no	gout	without	hyperuricemia	Pyrimidine	metabolism	De	novo	pathway	Metabolic	channeling	by	multienzymes	improves	efficiency	Pyrimidine	salvage	pathways	Formation	of	deoxynucleotides	Ribonucleotide	reductase
Ribonucleotide	reductase	catalyzes	reduction	of	ribose	to	deoxyribose	in	nucleotides	for	the	synthesis	of	DNA	A	unique	pathway	to	thymidine	triphosphate	Thymine	is	synthesized	by	a	complex	reaction	pathway,	providing	many	opportunities	for	chemotherapy	De	novo	nucleotide	metabolism	is	highly	regulated	Ribonucleotide	reductase	is	the	allosteric
enzyme	that	coordinates	a	balanced	supply	of	deoxynucleotides	for	synthesis	of	DNA	Ribonucleotide	reductase	coordinates	the	biosynthesis	of	all	four	deoxynucleotides	Catabolism	of	pyrimidine	nucleotides	Summary	Further	reading	Relevant	websites	SCIDS:	Abbreviations17	Complex	Carbohydrates	Abstract	Keywords	Learning	objectives
Introduction	Glycoconjugates	include	glycoproteins,	proteoglycans,	and	glycolipids	Structures	and	linkages	Sugars	are	attached	to	specific	amino	acids	in	proteins	N-glycans	have	either	“high-mannose”	or	“complex”	structures	built	on	a	common	core	General	structures	of	glycoproteins	Structure–function	relationships	in	mucin	glycoproteins
Interconversions	of	dietary	sugars	Cells	can	use	glucose	to	make	all	the	other	sugars	they	need	Formation	of	galactose,	mannose,	and	fucose	from	glucose	Metabolism	of	galactose	Metabolism	of	fructose	Fructose	accounts	for	about	half	the	sugar	in	both	sucrose	(table	sugar)	and	high-fructose	corn	syrup	Other	pathways	of	sugar	nucleotide
metabolism	UDP-GlcUA	GDP-Man	and	GDP-Fuc	Amino	sugars	Fru-6-P	is	the	precursor	of	amino	sugars	Sialic	acid	Biosynthesis	of	oligosaccharides	N-glycan	assembly	begins	in	the	endoplasmic	reticulum	Intermediate	processing	continues	in	the	endoplasmic	reticulum	(ER)	and	Golgi	apparatus	O-glycans	O-glycans	are	synthesized	in	the	Golgi
apparatus	Functions	of	the	oligosaccharide	chains	of	glycoproteins	N-glycans	have	an	important	role	in	protein	folding	Oligosaccharides	containing	Man-6-P	target	lysosomal	enzymes	to	the	lysosome	The	oligosaccharide	chains	of	glycoproteins	generally	increase	the	solubility	and	stability	of	proteins	Sugars	are	involved	in	chemical	recognition
interactions	with	lectins	Summary	Further	reading	Relevant	websites	Abbreviations18	Complex	Lipids	Abstract	Keywords	Learning	objectives	Introduction	Synthesis	and	turnover	of	glycerophospholipids	Synthesis	of	glycerophospholipids	De	novo	pathway	Phospholipids	are	in	a	constant	state	of	synthesis,	turnover,	and	remodeling	Remodeling
pathway	Turnover	of	phospholipids	Sphingolipids	Structure	and	biosynthesis	of	sphingosine	Sphingomyelin	Sphingomyelin	is	the	only	sphingolipid	that	contains	phosphate	and	is	the	major	phospholipid	in	the	myelin	sheath	of	nerves	Glycolipids	Structure	and	nomenclature	of	gangliosides	Gangliosides	are	glycosphingolipids	containing	sialic	(N-
acetylneuraminic)	acid	Lysosomal	storage	diseases	resulting	from	defects	in	glycolipid	degradation	ABO	blood	group	antigens	Summary	Further	reading	Relevant	websites	Abbreviations19	The	Extracellular	Matrix	Abstract	Keywords	Learning	Objectives	Introduction	Collagens	Collagens	are	the	major	proteins	in	the	ECM	Triple-helical	structure	of
collagens	The	left-handed	triple-helical	structure	of	collagen	is	unique	among	proteins	Fibril-forming	collagens	Fibrillar	collagens	provide	tensile	strength	to	tendons,	ligaments,	and	skin	Nonfibrillar	collagens	Nonfibrillar,	lattice-forming	collagens	are	major	structural	components	of	basement	membranes	Synthesis	and	posttranslational	modification
of	collagens	Collagen	synthesis	begins	in	the	rough	endoplasmic	reticulum	(RER)	Procollagen	is	finally	modified	to	collagen	in	the	Golgi	apparatus	Noncollagenous	proteins	in	the	extracellular	matrix	Elastin	Weak	hydrophobic	interactions	between	valine	residues	permit	the	flexibility	and	extensibility	of	elastin	Other	major	ECM	glycoproteins
Fibronectin	and	laminin	have	multiple	binding	sites	for	ECM	proteins	and	proteoglycans	Proteoglycans	Structure	of	proteoglycans	Glycosaminoglycans	are	the	polysaccharide	components	of	proteoglycans	Synthesis	and	degradation	of	proteoglycans	The	structure	of	glycosaminoglycans	is	determined	by	the	cell’s	complement	of	glycosyl	and
sulfotransferases	Defects	of	proteoglycan	degradation	lead	to	mucopolysaccharidoses	Functions	of	the	proteoglycans	Communication	of	cells	with	the	extracellular	matrix	Integrins	are	plasma	membrane	proteins	that	bind	to	and	transmit	mechanical	signals	between	the	ECM	and	intracellular	proteins	Summary	Further	reading	Relevant	websites
Mucopolysaccharidoses:	Abbreviations20	Deoxyribonucleic	Acid	Abstract	Keywords	Learning	objectives	Introduction	Structure	of	deoxyribonucleic	acid	DNA	is	an	antiparallel	dimer	of	nucleic	acid	strands	Watson	and	Crick	model	of	DNA	Three-dimensional	DNA	Alternative	forms	of	DNA	may	help	to	regulate	gene	expression	Separated	DNA	strands
can	reassociate	to	form	duplex	DNA	Complementary	strands	of	DNA	spontaneously	hybridize	to	form	helical	structures	The	human	genome	Satellite	DNA	Mitochondrial	DNA	The	mitochondrial	genome	is	small	in	size,	is	circular,	and	encodes	relatively	few	proteins	DNA	is	compacted	into	chromosomes	Chromosomes	are	compact,	highly	organized
forms	of	DNA	Chromatin	contains	DNA,	RNA,	and	protein,	plus	inorganic	and	organic	counterions	Nucleosomes	are	the	building	blocks	of	chromatin	Telomeres	The	cell	cycle	in	eukaryotes	DNA	replication	DNA	is	replicated	by	separating	and	copying	the	strands	DNA	replication	DNA	synthesis	proceeds	in	opposite	directions	along	the	leading	and
lagging	strands	of	the	template	DNA	Eukaryotes	stringently	regulate	DNA	replication	DNA	repair	There	are	typically	more	than	10,000	modifications	of	DNA	per	cell	per	day	Multiple	enzymatic	pathways	repair	a	wide	range	of	chemical	modifications	of	DNA	UV	light	produces	thymine	dimers:	nucleotide	excision	repair	Deamination:	Excision	repair
Depurination	Strand	breaks	Mismatch	repair	8-Oxo-2′-deoxyguanosine	Recombinant	DNA	technology	DNA	sequencing,	hybridization,	and	cloning	are	fundamental	techniques	of	genetic	engineering	Principles	of	molecular	hybridization	Hybridization	is	based	on	the	annealing	properties	of	DNA	For	molecular	hybridization,	it	is	essential	that	the	probe
and	target	are	initially	single	stranded	Formation	of	probe–target	heteroduplexes	is	key	to	the	usefulness	of	molecular	hybridization	The	stability	of	a	nucleic	acid	duplex	can	be	assessed	by	determining	its	melting	temperature	(Tm)	Probes	must	have	a	label	to	be	identified	Southern	blots	are	the	prototype	for	methods	that	use	specific	hybridization
probes	to	identify	sequences	in	DNA	or	RNA	Restriction	enzymes:	Use	of	restriction	enzymes	to	analyze	genomic	DNA	Restriction	enzymes	cleave	DNA	at	specific	nucleotide	sequences	DNA	fragments,	blotted	onto	a	solid	gel	phase,	are	used	as	a	template	for	exposure	to	a	range	of	molecular	probes	Restriction-fragment-length	polymorphisms	(RFLP)
and	single-nucleotide	polymorphisms	(SNP)	Analysis	of	restriction	fragment	length	may	be	used	to	detect	a	mutation	or	polymorphism	in	a	gene	Cloning	of	DNA	Cell-based	cloning	Bacterial	plasmids	are	bioengineered	to	optimize	their	use	as	vectors	Future	directions	Summary	Further	reading	Relevant	websites	Abbreviations21	Ribonucleic	Acid
Abstract	Keywords	Learning	objectives	Introduction	Transcription	is	defined	as	the	synthesis	of	a	ribonucleic	acid	(RNA)	molecule	using	deoxyribonucleic	acid	(DNA)	as	a	template	Molecular	anatomy	of	ribonucleic	acid	molecules	In	contrast	to	DNA,	RNAs	are	single	stranded	and	contain	uracil	instead	of	thymine	rRNAs:	the	ribosomal	RNAs	tRNA:	the
molecular	cloverleaf	mRNA:	prokaryotic	and	eukaryotic	mRNAs	differ	significantly	in	structure	and	processing	Ribonucleic	acid	polymerases	RNA	polymerases	transcribe	defined	segments	of	DNA	into	RNA	with	a	high	degree	of	selectivity	and	specificity	Each	eukaryotic	polymerase	specializes	in	transcription	of	one	class	of	RNA	Messenger
ribonucleic	acid:	transcription	Transcription	is	a	dynamic	process	involving	interaction	of	enzymes	with	DNA	to	produce	RNA	molecules	Initiation	Initiation	begins	with	site-specific	interaction	of	the	RNA	polymerase	with	DNA	Elongation	Elongation	is	the	process	by	which	single	nucleotides	are	added	to	the	growing	RNA	chain	Termination
Termination	of	transcription	is	catalyzed	by	multiple	mechanisms	in	both	prokaryotes	and	eukaryotes.	The	enzyme	consists	of	two	main	subunits	-	the	catalytic	subunit	(α),	which	contains	phosphorylation	sites,	and	the	structural	subunit	(β).	23.8).	The	vast	majority	of	peripheral	tissue	CO2,	however,	is	hydrated	by	erythrocyte	carbonic	anhydrase	to
carbonic	acid	(H2CO3),	a	weak	acid	that	dissociates	partially	to	H+	and	HCO3−:	CO2	+	H2O		H2CO3	enzyme-catalyzed	reaction	H2CO3		H	+	+	HCO3−	spontaneous	dissociation	Interestingly,	from	both	carbamino	adduct	formation	and	hydration/dissociation	reactions	involving	CO2,	an	additional	pool	of	protons	is	generated.	As	NaOH	is	added,
these	two	groups	are	titrated.	After	initial	difficulties,	he	eventually	managed	to	lose	7 kg	of	weight	over	6	months,	he	cut	drinking	to	below	20	units	per	week,	and	he	started	to	exercise	regularly.	Donohue,	T.	This	enzyme	uses	ATP	to	transport	sodium	and	potassium	against	their	concentration	gradients.	Conversely,	when	there	is	a	decrease	in
plasma	hydrogen	ion,	and	thus	bicarbonate	excess,	hydrogen	ion	will	be	supplied	from	cells.	As	glycogen	stores	become	depleted,	proteins	are	sacrificed	to	make	glucose	through	gluconeogenesis,	guaranteeing	a	constant	supply,	while	other	biosynthetic	pathways	are	slowed	down.	33.6	Atherogenesis.	Mutations	in	one	region	of	titin	may	cause	a
genetic	disease	of	the	heart	(e.g.,	hypertrophic	cardiomyopathy),	whereas	a	mutation	elsewhere	in	the	gene	causes	a	disease	of	skeletal	muscle	only	(e.g.,	limb	girdle	muscular	dystrophy).	35.4	Na+/K+-ATPase	(the	sodium–potassium	pump)	generates	transmembrane	potential	and	ion	concentration	gradients	across	the	cell	membrane.	UNESCO
encyclopedia	of	life	support	systems	(UNESCO-EOLSS).	Human	serum	immunoglobulins	are	precipitable	by	33%–40%	saturated	(NH4)2SO4,	whereas	albumin	remains	soluble.	Conversely,	a	decrease	in	pCO2	-	resulting,	for	instance,	from	hyperventilation	in	an	asthmatic	attack	-	leads	to	increased	renal	bicarbonate	excretion.	The	smallest	unit	is
referred	to	as	a	monomer,	or	subunit.	The	actions	of	angiotensin	(1–7),	which	acts	through	the	so-called	MAS	receptor	(it	may	also	bind	to	AT1	and	AT2),	also	seem	to	be	cardioprotective.	Trypsin	cleaves	peptide	bonds	on	the	C-terminal	side	of	arginine	and	lysine	residues,	provided	the	next	residue	is	not	proline.	Leise,	M.	Review	article:	The
prevalence	and	clinical	relevance	of	cytochrome	P-450	polymorphisms.	Both	high	and	low	concentrations	of	potassium	(hyperkalemia	and	hypokalemia,	respectively)	affect	the	cardiac	muscle,	cause	arrhythmias,	and	can	be	life-threatening.	ALA,	5-aminolevulinate;	PBG,	porphobilinogen.	Contractions	at	or	near	maximal	power	levels	depend	on	high
myosinATPase	activity	and	rapid	ATP	resynthesis	by	substrate-level	phosphorylation	using	the	high-energy	compound	creatine	phosphate	(creatine-P).	Hydrogen	bonds	between	the	“backbone”	amide	NH	and	C=O	groups	stabilize	the	helix.	It	yields	pyruvate,	setting	the	stage	for	oxidative	metabolism	in	the	mitochondria.	36.2).	Three	types	of	artificial
O2	carriers	have	been	investigated:	Hb-based	oxygen	carrier	(HBOC),	liposome-	or	nanoparticleencapsulated	Hb,	and	perfluorocarbon	emulsions.	Disulfide	bonds	are	also	formed	between	two	polypeptide	chains	(interchain	disulfide	bond),	forming	covalent	protein	dimers.	Ion	movements	and	transport	systems	Water	diffuses	freely	across	most	cell
membranes,	but	the	movement	of	ions	and	neutral	molecules	is	restricted;	Na+/	K+-ATPase	maintains	the	sodium	and	potassium	gradients	across	the	cell	membrane	Small	molecules	are	transported	across	cell	membranes	by	specific	transport	proteins,	ion	pumps,	and	ion	channels.	The	upper	panel	shows	the	conversion	of	muscle	phosphocreatine	to
creatinine.	This	is	called	pharmacomechanical	coupling	and	is	the	basis	for	many	drugs	that	target	smooth	muscle	contraction	or	relaxation.	G.,	Goldsmith,	S.	Viral	infections,	CLINICAL	BOX	A	SEEMINGLY	HEALTHY	45-YEAROLD	MAN	WITH	ABNORMAL	TRANSAMINASES	A	45-year-old	businessman	had	a	routine	medical	examination,	at	which	he
was	found	to	have	a	slightly	enlarged	liver.	This	technique	is	particularly	useful	for	the	fractionation	of	complex	mixtures	of	proteins	for	proteomic	analysis.	Lipids	such	as	cholesterol	and	phospholipids,	form	the	backbone	of	biological	membranes.	Clinical	relevance	Understanding	acid–base	balance	has	a	general	relevance	to	medical	practice	because
its	abnormalities	underline	many	disorders	across	clinical	specialties.	The	level	of	creatine-P	in	resting	muscle	is	several-fold	higher	than	that	of	ATP	(Table	37.3).	The	pKa	of	the	α-COOH	group	is	2.4,	whereas	that	of	the	α-NH3+	group	is	9.8.	At	very	low	pH,	the	predominant	ion	species	of	alanine	is	the	fully	protonated,	cationic	form:	CH3	H3N	CH
COOH	At	the	mid-point	in	the	first	stage	of	the	titration	(pH	2.4),	equimolar	concentrations	of	proton	donor	and	proton	acceptor	species	are	present,	providing	good	buffering	power.	Aldosterone	Angiotensin	Antidiuretic	hormone	Hyperkalemia	Dehydration	Hypokalemia	Hyponatremia	Hypernatremia	Renin	Vasopressin	Water	balance	524	CHAPTER
35 	Water	and	Electrolytes	Homeostasis	3Na+	Active	transport	(mL)	1200	Drink	500	Food	Metabolism	300	Plasma	ICF	40%	bw	Potassium	=	110	mmol/L	Sodium	=	10	mmol/L	2K+	Water	intake	2	L	per	day	ECF	20%	bw	Interstitial	fluid	Na+	Na+	K+	K+	Passive	movement	Cell	membrane	Na+	glucose	(passive	transport)	Capillary	wall	Plasma	proteins
Sodium	=	140	mmol/L	Potassium	=	4	mmol/L	Fig.	This	in	turn	leads	to	increased	cellular	uptake	of	LDL	and,	consequently,	to	a	lower	plasma	cholesterol.	Sucrose	and	gluconic	acid	are	nonreducing	sugars	(see	Figs	3.4	and	3.5),	lacking	a	terminal	aldehyde	group,	and	yield	a	negative	reaction	in	reducing	sugar	assays.	Protein	bioinformatics	databases
and	resources.	(A)	The	primary	structure	is	composed	of	a	linear	sequence	of	amino	acid	residues	of	proteins.	Note	the	role	of	oxidized	lipids	in	the	formation	of	lipid-laden	(foam)	cells.	For	albumin,	E1%280 	nm = 6.7.	Although	proteins	vary	in	their	Trp,	Tyr,	and	Phe	content,	measurements	of	absorbance	at	280 nm	are	useful	for	estimating	protein
concentration	in	solutions.	Adenylate	kinase:2	ADP		ATP	+	AMP	Creatine	phosphate	stores	decline	rapidly	during	the	first	minute	of	high-power-output	muscle	contraction.	REGULATION	OF	WATER	AND	ELECTROLYTE	BALANCE	Renin,	angiotensin,	and	aldosterone	The	Renin–angiotensin	system	controls	blood	pressure	and	the	vascular	tone	Renin
is	a	protease	produced	principally	in	the	juxtaglomerular	apparatus	of	the	kidney;	it	is	released	in	response	to	a	decreased	renal	perfusion	pressure	(decreased	delivery	of	Na+	to	the	cluster	of	cells	in	the	renal	tubule	known	as	macula	densa).	In	Europe,	the	Systematic	Coronary	Risk	Evaluation	(SCORE)	and	the	Prospective	Cardiovascular	Munster
Study	(PROCAM)	algorithms	are	used.	The	final	stages	of	the	pathway	occur	again	in	the	mitochondria,	where	a	series	of	decarboxylation	and	oxidation	of	side	chains	in	uroporphyrinogen	III	yield	protoporphyrin	IX.	Mechanisms	and	Methods	of	Assessment.	Protein	degradation	by	the	ubiquitin–	proteasome	system	Ubiquitin	marks	intracellular
proteins	for	proteasomal	degradation	Hepatic	protein	turnover	is	highly	regulated,	which	allows	metabolic	pathways	to	adapt	to	changing	physiologic	circumstances.	Starch	forms	a	colloidal	suspension	in	water,	whereas	cellulose	is	insoluble;	starch	is	pasty,	whereas	cellulose	is	fibrous;	starch	is	digestible,	whereas	cellulose	is	indigestible	by	humans;
starch	is	a	food,	rich	in	calories,	whereas	cellulose	is	roughage.	Dysfunctional	endothelium	increases	expression	of	celladhesion	molecules	(CAMS)	that	include	glycoproteins	known	as	selectins	and	the	vascular	cell-adhesion	molecule	1	(VCAM-1),	which	promotes	adhesion	of	monocytes	and	T	lymphocytes	to	endothelium.	CLINICAL	BOX	A	3-DAY-OLD
NEONATE	WHO	DEVELOPED	JAUNDICE:	THE	SIGNIFICANCE	OF	NEONATAL	JAUNDICE	A	normal-term	baby	developed	jaundice	on	the	third	day	of	life,	with	a	bilirubin	concentration	of	150 µmol/L	(8.8 mg/dL),	predominantly	of	the	indirect	form.	Each	individual	fiber	is	innervated	by	only	one	motor	nerve,	and	all	the	fibers	innervated	by	one	nerve
are	defined	as	a	motor	unit.	Tests	revealed	bilirubin	15 µmol/L	(0.9 mg/dL),	AST	434 U/L,	ALT	198 U/L,	ALP	300 U/L,	GGT	950 U/L,	and	albumin	40 g/L	(4 g/	dL).	It	is	synthesized	in	the	hypothalamus	and	is	transported	along	axons	to	the	posterior	pituitary.	34.8).	Refer	back	to	it	as	you	study	the	following	chapters,	and	see	how	your	perspective	on
biochemistry	broadens.	Remnant	uptake	is	also	impaired.	The	term	“hepatic	failure”	denotes	a	clinical	condition	in	which	the	biochemical	function	of	the	liver	is	severely,	and	potentially	fatally,	compromised.	Therefore	assessment	of	water	and	electrolyte	balance	is	an	important	part	of	clinical	examination.	They	are	also	essential	for	maintaining	the
acid–base	balance	(Chapter	36).	©	2019,	Elsevier	Limited.	Measurement	of	acetaminophen	is	one	the	toxicologic	tests	offered	on	an	emergency	basis	by	clinical	laboratories.	Intracellular	proteins,	on	the	other	hand,	are	degraded	within	structures	known	as	proteasomes	by	the	so-called	ubiquitin–	proteasome	system	(UPS;	Chapter	22).	2.17
Chromatogram	from	an	amino	acid	analysis	by	cationexchange	chromatography.	Erythrocytes	contain	an	NADH-cytochrome	b5	reductase,	or	NADH	diaphorase,	that	is	responsible	for	the	majority	of	metHb	reduction.	As	you	learn	about	metabolism,	you’ll	gain	the	knowledge	of	the	key	inherited	metabolic	errors	and	their	effects.	However,	different
molecular	pathways	are	involved;	increasing	nutrition	or	protein	intake	is	not	effective	because	anabolic	signaling	pathways	are	not	responsive.	They	decrease	plasma	cholesterol	concentration	by	interrupting	the	recirculation	of	cholesterol	from	the	intestine	and	increasing	its	excretion.	36.1	Acid–base	balance.	Normal	ranges	of	O2	measured	in
pulmonary	and	peripheral-tissue	capillaries	are	indicated	by	shaded	areas.	Eventually,	remodeling	of	the	arterial	wall	takes	place	as	a	result	of	migration	and	proliferation	of	vascular	smooth	muscle	cells	(VSMC)	and	new	vessel	formation	(angiogenesis).	Blood	pH	depends	on	the	ratio	of	plasma	bicarbonate	to	the	partial	pressure	of	carbon	dioxide
(pCO2).	Increased	intracellular	calcium	activates	more	cross-bridges	and	causes	sarcomere	shortening	through	activation	of	myosinATPase.	The	dynamics	of	blood	flow	in	these	areas	damage	the	endothelial	cells.	Note	the	multiple	activation	paths	that	perpetuate	the	inflammatory	response.	Phosphatidic	acid	is	a	metabolic	precursor	of	both
triglycerides	and	phospholipids	(see	Fig.	29	30	CHAPTER	3 	Carbohydrates	and	Lipids	Fatty	acids	with	a	single	double	bond	are	described	as	monounsaturated,	and	those	with	two	or	more	double	bonds	are	described	as	polyunsaturated	fatty	acids.	At	the	end	of	the	bronchioles,	there	are	pulmonary	alveoli	-	structures	lined	with	endothelium	and
covered	with	a	film	of	surfactant,	the	main	component	of	which	is	dipalmitoyl	phosphatidylcholine.	21.6)	Ribozymes	Pre-mRNA	processing	Eukaryotic	mRNAs	have	longer	half-lives	than	prokaryotic	mRNAs	because	of	protective	modifications	at	their	5′	and	3′	ends	The	spliceosome	joins	exons	from	pre-mRNA	to	form	a	mature	mRNA	Alternative
splicing	produces	multiple	mRNAs	from	a	single	pre-mRNA	transcript	Editosomes	modify	the	nucleotide	sequence	of	mature	mRNAs	Selective	degradation	or	inactivation	of	mRNA	Micro-RNAs,	siRNA,	RNAi,	and	RISC	miRNAs	si-RNAs	Interferon	activates	additional	pathways	that	inhibit	proliferation	of	RNA	viruses	Summary	Further	reading	Relevant
websites	RNA	polymerase:	Spliceosome	and	alternative	splicing:	micro-RNA	and	RNAi:	Macular	degeneration:	The	RNA	world:	Abbreviations22	Protein	Synthesis	and	Turnover	Abstract	Keywords	Learning	objectives	Introduction	Translation	is	the	process	by	which	the	information	encoded	in	an	mRNA	is	translated	into	the	primary	structure	of	a
protein	The	genetic	code	The	genetic	code	is	degenerate	and	not	quite	universal	The	machinery	of	protein	synthesis	The	ribosome	is	a	multistep	assembly	line	for	protein	synthesis	Each	amino	acid	has	a	specific	synthetase	that	attaches	it	to	all	the	tRNAs	that	encode	it	Some	flexibility	in	base	pairing	occurs	at	the	3′	base	of	the	mRNA	codon	How	does
the	ribosome	know	where	to	begin	protein	synthesis?	Deep	sequencing	(sequencing	a	genome	a	large	number	of	times	to	minimize	the	error	rate)	in	patients	of	African	descent	identified	two	variants	of	the	proprotein	convertase	subtilisin/kexin	type	9	(PCSK9,	gene	coding	for	a	serine	protease)	gene	responsible	for	low	lipid	levels	and	a	decreased	risk
of	myocardial	infarction.	These	modifications	facilitate	purification	and	sterilization,	and	they	minimize	toxicity	and	immunogenicity.	Proteins	also	play	a	fundamental	role	in	the	transfer	of	information	(signaling)	at	both	the	cell	and	the	entire-organism	level,	processes	that	are	essential	for	the	function	of	DNA	and	the	regulation	of	gene	expression.
Sodium	is	reabsorbed	through	specific	ion	channels	located	on	the	luminal	membrane,	in	exchange	for	the	hydrogen	ion,	and	in	cotransport	with	glucose,	amino	acids,	phosphate,	and	other	anions.	This	technique	uses	pressure	to	force	a	solution	through	a	semipermeable	membrane	of	a	defined,	homogeneous	pore	size.	Oxygen	is	essential	for	energy
production	but	can	also	be	toxic	During	aerobic	metabolism,	pyruvate,	the	end	product	of	anaerobic	glycolysis,	is	transformed	into	acetyl	coenzyme	A	(acetyl-CoA),	the	common	intermediate	in	the	metabolism	of	carbohydrates,	lipids,	and	amino	acids.	Such	problems	arise	within	the	first	48 h	of	life	and	inevitably	are	made	worse	by	proteinrich	foods
such	as	milk.	It	also	generates	metabolites	that	are	the	starting	points	for	the	synthesis	of	amino	acids,	proteins,	lipids,	and	nucleic	acids.	■	Describe	the	elements	of	the	primary,	secondary,	tertiary,	and	quaternary	structure	of	proteins.	Based	on	diffraction	of	a	collimated	beam	of	electrons,	the	distribution	of	the	electron	density,	and	thus	the
location	of	atoms,	in	the	crystal	can	be	calculated	to	determine	the	structure	of	the	protein.	A	single	molecule	of	2,3-BPG	binds	to	this	site.	Dill,	K.	The	depolarization,	caused	by	an	influx	of	Na+,	propagates	rapidly	along	the	sarcolemma	membrane	and	signals	a	voltage-gated	calcium	release	from	the	sarcoplasmic	reticulum	(SR),	a	membrane-bound,
calcium-sequestering	compartment	inside	the	muscle	cell.	This	led	to	edema.	The	hepatic	drugmetabolizing	systems	must	be	able	to	deal	with	an	infinite	range	of	molecules	that	could	be	encountered	after	ingestion	or	administration;	this	is	achieved	by	the	responsible	enzymes	involved	having	low	substrate	specificity.	The	phosphate	acts	as	a
bridging	diester,	linking	the	diacylglyceride	to	a	polar,	nitrogenous	compound,	most	frequently	choline,	ethanolamine,	or	serine	(Fig.	Further,	through	its	Student	Consult	program,	Elsevier	provides	links	to	expanded	discussions	in	textbooks	in	anatomy,	cell	biology,	microbiology,	physiology,	pharmacology,	immunology,	pathology,	and	clinical
chemistry.	Monitoring	plasma	potassium	concentration	is	fundamentally	important	Plasma	potassium	concentration	below	2.5 mmol/L	or	3	above	6.0 mmol/L	is	dangerous	(Fig.	The	most	important	vasodilatory	substance	is	nitric	oxide,	also	known	as	the	endothelium-derived	relaxing	factor	(EDRF).	However,	in	patients	with	metabolic	acidosis	(pH	<
7.35	or	H+	above	45 nmol/L,	after	fluid	resuscitation),	markedly	increased	prothrombin	time	(>100 s),	or	serum	creatinine	>	300 µmol/L	(3.4 mg/dL),	mortality	is	on	the	order	of	90%,	and	liver	transplantation	may	be	necessary.	This	can	also	be	a	result	of	alcohol	abuse;	however,	in	contrast	to	diabetes,	alcohol,	while	raising	VLDL,	also	raises	the	HDL
concentration.	Vasopressin	also	regulates	expression	of	the	AQP2	gene.	It	maintains	concentration	gradients	and	electrical	potential	across	membranes	(it	is	electrogenic).	The	bound	protein	can	then	be	eluted	by	a	high	salt	concentration,	by	mild	denaturation,	or	by	a	soluble	form	of	the	ligand	or	ligand	analogs.	Gel	filtration	chromatography	A	Small
molecules	pass	through	slowly	Glass	container	Dialysis	tube	Stirring	bar	Magnetic	stirrer	Pr2	Pr3	A280	Elution	volume	Gel	polymer	beads	Large	molecules	pass	through	quickly	1	5	Fraction	number	After	dialysis	Buffer	Protein	solution	Pr1	B	Before	dialysis	10	Salt	Fig.	Except	for	glycine,	all	amino	acids	contain	at	least	one	asymmetric	carbon	atom
(the	α-carbon	atom),	giving	two	isomers	that	are	optically	active	(i.e.,	they	can	rotate	plane-polarized	light).	Step	4:	The	proteins	are	separated	by	SDS-PAGE	according	to	their	molecular	weight.	The	protein-folding	problem,	50	years	on.	Generally,	AT1	receptor	activation	has	effects	that	promote	cardiovascular	disease:	stimulation	of	inflammatory
phenomena,	deposition	of	extracellular	matrix,	generation	of	reactive	oxygen	species	(ROS),	and	prothrombotic	effects.	Suppression	of	vasopressin	secretion	results	in	the	production	of	diluted	urine.	Sodium	does	not	cross	the	blood–brain	barrier,	and	thus	hyponatremia	and	hypoosmolality	cause	ingress	of	fluid	into	the	brain.	Respiratory	and
metabolic	components	of	the	acid–base	balance	are	interlinked	The	respiratory	and	metabolic	components	of	the	acid–base	balance	are	closely	interdependent:	one	tends	to	compensate	for	the	changes	in	the	other.	The	Journal	of	Cell	Biology,	209,	13–22.	2010	ACCF/AHA	Guideline	for	Assessment	of	Cardiovascular	Risk	in	Asymptomatic	Adults.	Water
and	sodium	losses	are	frequently	concomitant,	and	whether	they	will	result	in	hypo-	or	hypernatremia	depends	on	the	relative	degree	of	sodium	and	water	loss.	ATP,	adenosine	triphosphate;	cyt,	cytochrome;	FAD/FADH2,	flavin	adenine	dinucleotide	(oxidized/reduced);	FP,	flavoprotein;	GABA,	γ-aminobutyric	acid;	glycerol-3-P,	glycerol-3-phosphate;
NAD+/NADH,	nicotinamide	adenine	dinucleotide	(oxidized/reduced);	Q,	ubiquinone/ubiquinol;	TCA	cucle,	tricarboxylic	acid	cycle.	The	inverse	process	is	called	anion	exchange.	Creatinine	is	an	amino	acid	derived	largely	from	muscle	and	is	excreted	in	relatively	constant	amounts	per	unit	body	mass	per	day.	The	signaling	pathway	includes	two	guanyl
cyclases,	one	of	them	being	stimulated	by	NO.	Biological	membranes	compartmentalize	cellular	functions	and	mediate	ion	and	metabolite	transport,	signal	transduction	and	cellular	interactions.	membrane.	Maximal	aerobic	power	is	about	20%	of	the	initial	maximal	power	output,	and	about	50%–60%	of	maximal	aerobic	power	can	be	sustained	for
long	periods	of	time.	Neurology,	14,	103–113.	57	58	CHAPTER	5 	Oxygen	Transport	Sickle	cell	disease:	A	common	hemoglobinopathy	In	sickle	cell	disease	(SCD),	distortion	of	erythrocyte	structure	(sickling)	limits	capillary	blood	flow	Clinically,	an	individual	with	SCD	presents	with	intermittent	episodes	of	hemolytic	anemia,	resulting	from	chronic
lysis	of	red	cells,	and	painful	vasoocclusive	crises.	CO2	generated	in	tissues	is	transported	in	plasma	as	bicarbonate;	the	erythrocyte	hemoglobin	contributes	to	CO2	transport.	FS,	Newborn	with	sickle	cell	disease;	SC,	Double	heterozygote	child	with	sickle	cell–like	disease;	AS,	Child	with	sickle	cell	trait;	SS,	Adult	with	sickle	cell	disease;	AF,	Normal
neonate.	Proteins	fold	into	complex	three-dimensional	structures	with	characteristic	helical,	pleated	sheet,	and	domain	structures,	determined	by	covalent	crosslinking,	hydrogen	bonds,	salt	bridges,	and	hydrophobic	interactions	between	amino	acid	side	chains;	multimeric	proteins	may	be	formed	by	association	of	monomeric	units.	35.11).	For
instance,	CYP1A2	metabolizes,	among	others,	caffeine	and	theophylline.	Affinity	chromatography	purifies	proteins	based	on	ligand	interactions	Affinity	chromatography	is	a	convenient	and	specific	method	for	the	purification	of	proteins.	In	contrast,	HbS,	when	deoxygenated,	is	less	soluble	and	has	a	more	hydrophobic	surface.	Beads	that	have
positively	charged	groups	attached	are	called	anion	exchangers,	whereas	those	having	negatively	charged	groups	are	cation	exchangers.	2.4	Titration	of	amino	acid.	These	threecarbon	sugars	are	trioses;	the	suffix	-ose	designates	a	sugar.	The	amino	acid	residue	having	a	free	amino	group	at	one	end	of	the	peptide,	Asp,	is	called	the	N-terminal	amino
acid	(amino	terminus),	whereas	the	residue	having	a	free	carboxyl	group	at	the	other	end,	Leu,	is	called	the	C-terminal	amino	acid	(carboxyl	terminus).	Increased	serum	enzyme	activities	signify	hepatocyte	damage	(see	also	Table	34.2).	At	the	opposite	extreme	is	a	model	in	which	all	four	subunits	switch	concertedly;	hybrid	states	are	forbidden,	and
binding	of	O2	to	one	subunit	shifts	the	equilibrium	of	all	subunits	from	the	T	to	the	R	state	simultaneously.	High	dietary	intake	of	saturated	fats	affects	LDL	concentration.	We	describe	the	disorders	of	the	acid–base	balance:	metabolic	and	respiratory	alkalosis	and	metabolic	and	respiratory	acidosis.	Glycogen	is	the	storage	form	of	glucose	in	skeletal
muscle,	and	its	muscle	concentration	can	be	manipulated	by	diet	-	for	example,	by	carbohydrate	loading	before	a	marathon	run.	■	Outline	changes	in	the	hepatic	protein	synthesis	that	take	place	during	the	acute-phase	reaction.	Plasma	LDL	concentration	can	decrease	by	approximately	15%	when	a	person	consistently	follows	a	low-cholesterol	diet.
Pyruvate	is	the	end	product	of	glycolysis,	and	this	oxidative	pathway	also	reduces	NAD+	to	NADH.	In	dilute	solution,	HbS	has	interactions	with	O2	(P50	value,	Hill	coefficient)	that	are	similar	to	those	for	HbA.	Sodium	is	the	most	important	determinant	of	ECF	osmolality.	Both	low	(hypokalemia)	and	high	(hyperkalemia)	concentrations	are	dangerous
because	potassium	affects	the	contractility	of	heart	muscle.	Measurements	are	performed	on	a	sample	of	arterial	blood,	usually	taken	from	the	radial	artery.	CLINICAL	BOX	RECURRENT	PANCREATITIS	AND	SEVERE	MIXED	HYPERLIPIDEMIA:	LIPOPROTEIN	LIPASE	DEFICIENCY	A	46-year-old	man	was	referred	to	the	lipid	clinic	with	a	history	of
recurrent	pancreatitis	and	a	markedly	mixed	hyperlipidemia	with	an	elevated	total	cholesterol	of	25.8 mmol/L	(996 mg/dL)	and	triglycerides	>	100 mmol/L	(8850 mg/dL).	2.11	Dialysis	of	proteins.	ANALYSIS	OF	PROTEIN	STRUCTURE	The	typical	steps	in	the	purification	of	a	protein	are	summarized	in	Fig.	Table	33.3	The	main	and	emerging
cardiovascular	risk	factors	 	Risk	factor	Comment	Male	sex	Cardiovascular	risk	between	sexes	equalizes	in	postmenopausal	women.	■	VLDL	mediate	the	transport	of	endogenously	synthesized	triacylglycerols.	Thus	ATP	concentration	remains	relatively	constant	during	the	initial	stages	of	exercise.	Aldosterone	stimulates	both	ENaC	expression	and
the	activity	of	the	Na+/K+-ATPase	(Fig.	Also,	platelet	binding	to	circulating	cells	leads	to	leukocyte	activation.	This	figure	depicts	an	anion-exchange	column.	Finally,	there	is	new	vessel	formation.	The	receptor	is	coupled	to	G-proteins	and	activates	PKA.	We	wrote	Medical	Biochemistry	because	we	are	convinced	that	understanding	biochemistry	helps
in	the	practice	of	medicine.	Recent	progress	in	understanding	cellular	signaling	systems	has	improved	our	insight	into	cell	growth	and	repair	mechanisms.	Advance	online	publication.	Ellison,	D.	Fast-glycolytic	fibers	also	have	increased	glycogen	stores	and	lower	fat	content;	they	rely	on	glycogen	and	anaerobic	glycolysis	for	short	bursts	of	contraction
when	additional	muscle	force	is	required,	such	as	in	the	fight-or-flight	stress	response.	These	can	develop	at	altitudes	of	2000 m	(25%	incidence)	and	higher	to	4000 m	or	more	(50%	incidence).	The	diseases	are	characterized	by	the	accumulation	of	an	abnormal	isoform	of	a	host-encoded	protein,	prion	protein-cellular	form	(PrPC),	in	affected	brains.
Multiple	electrostatic	interactions	stabilize	the	complex	between	the	polyanionic	effector	and	deoxygenated	Hb.	The	cleft	is	too	narrow	in	fully	oxygenated	Hb	to	accommodate	2,3-BPG.	A	newer	drug,	ezetimibe,	inhibits	the	intestinal	cholesterol	transporter,	the	Niemann–Pick	C1-like	1	(NPC1L1)	Omega-3	fatty	acids	lower	plasma	triglyceride
concentration	A	substantial	decrease	in	plasma	triglyceride	concentration	can	be	achieved	by	treatment	with	omega-3	fatty	acids,	present	in	fish	oil.	The	most	striking	functional	difference	between	HbF	and	HbA	is	its	decreased	sensitivity	to	2,3-BPG.	2.4),	the	net	charge	varies	with	pH,	from	+1	to	−1.	Lysine,	aspartic	acid,	glutamic	acid,	tyrosine,	and
histidine	also	can	serve	as	both	donors	and	acceptors	in	the	formation	of	ion	pairs	(salt	bridges).	The	ethanolinduced	decrease	in	proteasome	activity	prevents	the	degradation	of	CYP2E1,	which	is	involved	in	peroxidation	reactions;	this	increases	oxidative	stress	and	may	be	another	factor	contributing	to	ALD.	Lacking	direct	neural	contact,	cardiac
myocytes	propagate	depolarization	from	a	single	node,	the	SA	node,	throughout	the	myocardium.	In	the	β-conformation,	the	backbone	of	the	polypeptide	chain	is	extended	into	a	zigzag	structure.	■	Chylomicrons	mediate	transport	of	dietary	triacylglycerols.	When	the	primary	disorder	is	respiratory	-	for	instance,	severe	chronic	obstructive	airway
disease	(COAD)	-	and	leads	to	accumulation	of	CO2,	there	is	a	compensatory	increase	in	bicarbonate	reabsorption	by	the	kidney.	Episodes	of	vasoocclusive	pain	are	unpredictable	and	are	often	excruciating	and	incapacitating.	■	Main	regulators	of	water	and	electrolyte	balance	are	vasopressin	(water)	and	aldosterone	(sodium	and	potassium).	It	is	the
final	product	of	protein	catabolism	in	humans.	More	than	90	allelic	variants	of	the	AA1T	gene	at	the	so-called	proteinase	inhibitor	(Pi)	locus	have	been	described,	the	majority	of	which	do	not	affect	plasma	levels	or	activity	of	AA1T.	Protein	purification-precipitation	Protein	purification	is	based	on	differences	in	a	protein’s	solubility,	size,	charge,	and
binding	properties	The	solubility	of	a	protein	may	be	increased	by	the	addition	of	salt	at	a	low	concentration	(salting	in)	or	decreased	by	high	salt	concentration	(salting	out).	Part	of	the	pathway	is	located	in	the	mitochondria	and	part	in	the	cytosol,	as	shown.	Elsila,	J.	Pencil	on	paper	by	Marek	H.	The	systemic	arterial	circulation	supplies	the
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enzymes	Enzymatic	reactions	Factors	affecting	enzymatic	reactions	Effect	of	temperature	Enzymes	have	an	optimum	temperature	at	which	they	function	most	efficiently	Effect	of	pH	Every	enzyme	has	a	pH	optimum	because	ionizable	amino	acids,	such	as	histidine,	glutamate,	and	cysteine,	participate	in	the	catalytic	reactions	Definition	of	enzyme
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coenzymes	Helper	molecules,	referred	to	as	coenzymes,	play	an	essential	part	in	many	enzyme-catalyzed	reactions	Enzyme	kinetics	The	Michaelis–Menten	equation:	A	simple	model	of	enzyme	catalysis	Enzyme	reactions	are	multistep	in	nature	and	comprise	several	partial	reactions	Analysis	of	the	previous	equations	indicates	that	the	Michaelis
constant,	Km,	is	expressed	in	units	of	concentration	and	corresponds	to	the	substrate	concentration	at	which	v	is	50%	of	the	maximum	velocity	-	that	is,	and	v	=	Vmax/2	(Fig.	Perhaps	the	most	exciting	sign	of	progress	is	the	ever-increasing	relevance	of	basic	science	to	the	practice	of	medicine,	expressed	in	new	drugs	targeting	biochemical	regulatory
and	metabolic	pathways	and	in	new	concepts	that	both	change	and	supplement	our	approaches	to	everyday	clinical	challenges.	The	interplay	of	cells	participating	in	atherogenesis	and	their	secretory	products	is	summarized	in	Fig.	Two	regions	of	a	single	polypeptide	chain,	remote	from	each	other	in	the	sequence,	may	be	covalently	linked	through	a
disulfide	bond	(intrachain	disulfide	bond).	13	14	CHAPTER	2 	Amino	Acids	and	Proteins	B	A	O	C	N	H	O	R	O	C	C	C	N	H	R	C	N	N	O	H	C	C	N	H	C	C	C	R	C	H	O	N	C	H	C	C	R	C	C	H	C	R	C	H	O	N	H	C	H	O	H	C	C	C	N	C	N	O	N	C	N	H	O	N	N	O	C	O	C	H	O	C	O	C	C	O	H	R	R	N	C	N	C	H	O	N	Hydrogen	bond	Hydrogen	bond	Fig.	Suppression	of	vasopressin
secretion	leads	to	the	urinary	loss	of	water.	Protease	inhibitors,	such	as	α1-antitrypsin	and	α1-antichymotrypsin,	inhibit	proteolytic	enzymes.	These	two	polysaccharides	differ	only	in	the	anomeric	linkage	between	glucose	subunits,	but	they	are	very	different	molecules.	It	may	help	to	structure	your	study	or	revision.	5.7).	HEME	SYNTHESIS	Heme	is	a
constituent	of	hemoglobin,	myoglobin,	and	cytochromes	Heme	is	synthesized	in	most	cells	of	the	body.	A.,	&	Alqahtani,	S.	The	amino	acid	has	a	net	zero	charge	at	this	pH	-	the	negative	charge	of	the	carboxylate	ion	being	neutralized	by	the	positive	charge	of	the	ammonium	group.	The	drugs	that	induce	induction	or	repression	of	CYP3A	enzymes	often
act	through	the	nuclear	receptor	mechanism.	Adsorbed	proteins	are	commonly	eluted	with	a	gradient	formed	from	two	or	more	solutions	with	different	pH	and/or	salt	concentrations.	Newly	formed	vessels	facilitate	hemorrhages	within	the	formed	plaques.	Wilson’s	disease	is	a	condition	associated	with	damage	to	both	the	liver	and	the	CNS.
Practically	all	of	it	is	reabsorbed	in	the	kidney	tubules;	90%	of	it	is	reabsorbed	in	the	proximal	tubule	by	a	low-affinity,	highcapacity	SGLT2	transporter.	A	peptide	chain	consisting	of	three	amino	acid	residues	is	called	a	tripeptide	-	for	example,	glutathione	in	Fig.	The	protein	preparation	is	usually	treated	with	both	SDS	and	a	thiol	reagent,	such	as	β-
mercaptoethanol,	to	reduce	disulfide	bonds.	(B)	Each	of	the	two	monomers	has	two	tandem	repeat	structures,	each	consisting	of	three	membrane-spanning	regions	and	connecting	loops	embedded	in	the	membrane.	For	each	molecule	of	hydrolyzed	ATP,	the	Na+/K+-ATPase	moves	two	potassium	ions	into	the	cell	and	three	sodium	ions	out	of	the	cell.
Excessive	release	of	Ca2+	leads	to	a	prolonged	increase	in	sarcoplasmic	Ca2+	concentration.	The	Medical	Clinics	of	North	America,	98,	1–16.	The	resulting	increased	intracellular	Na+	concentration	leads	to	a	decreased	extrusion	of	calcium,	which	in	turn	causes	the	positive	inotropic	effect	associated	with	the	drug.	Proteins	are	an	important	part	of
the	buffering	capacity	of	cells	and	biological	fluids,	including	blood.	Note	how	much	water	enters	and	leaves	the	gastrointestinal	tract	daily;	this	explains	why	severe	diarrhea	quickly	leads	to	dehydration.	ADVANCED	CONCEPT	BOX	THE	PORPHYRIAS	Defects	in	the	heme	synthetic	pathway	lead	to	rare	disorders	known	as	porphyrias.	I.,	&	French,	S.
Treatment	with	statins	decreases	plasma	cholesterol	concentration	by	30%–60%	and	decreases	the	risk	of	future	cardiovascular	events	by	20%–30%.	These	differences	in	structure	may	seem	unimportant,	but	in	fact,	some	metabolic	pathways	use	one	anomer	but	not	the	other,	and	vice	versa.	34.7).	In	the	capillary	bed,	particularly	in	metabolically
active	tissues,	the	pH	is	slightly	lower	due	to	the	production	of	acidic	metabolites,	such	as	lactate.	In	the	homozygous	individual	with	SCD	(HbS/HbS),	the	complex	process	of	nucleation	and	polymerization	occurs	rapidly,	producing	about	10%	of	circulating	erythrocytes	that	are	sickled.	It	is	expressed	in	all	nucleated	cells	and	is	produced	at	a	constant
rate.	Carbonic	acid	dissociates,	yielding	hydrogen	and	bicarbonate	ions:	Fig.	Eq.	(2)	can	be	rearranged	to	give	(3)	[HA	]	[H	]	=	K	a	×	−	[A	]	+	Eq.	(3)	can	be	expressed	in	terms	of	a	negative	logarithm:	(4)	–	log[H	+	]	=	−	log	K	a	–	log	[HA	]	[A	−	]	Because	pH	is	the	negative	logarithm	of	[H+]	(i.e.,	−log[H+]),	and	pKa	equals	the	negative	logarithm	of
the	dissociation	constant	for	a	weak	acid	(i.e.,	−logKa),	the	Henderson–	Hasselbalch	Eq.	(5)	can	be	developed	and	used	for	analysis	of	acid–base	equilibrium	systems:	(5)	pH	=	pK	a	+	log	[A	−	]	[HA	]	For	a	weak	base,	such	as	an	amine,	the	dissociation	reaction	can	be	written	as	(6)	RNH3+		H	+	+	RNH2	and	the	Henderson–Hasselbalch	equation
becomes	(7)	pH	=	pK	a	+	log	[RNH2	]	[RNH3+	]	From	Eqs.	Phosphatidylethanolamine	(cephalin)	usually	has	a	longer-chain	polyunsaturated	fatty	acid	at	the	sn-2	position,	such	as	arachidonic	acid.	A	decreased	sodium	concentration	(hyponatremia)	usually	indicates	that	the	extracellular	fluid	is	being	“diluted”	(due	to	an	excess	of	water).	Vasopressin
controls	water	reabsorption	in	the	collecting	ducts	of	the	kidney.	1.4,	a	complex	scheme	that	resembles	the	plan	of	the	London	Tube	(see	Further	reading).	Proteins	are	generally	least	soluble	at	their	isoelectric	point	(pI).	Rawitch,	PhD	Vice	Chancellor	Emeritus	Emeritus	Professor	of	Biochemistry	and	Molecular	Biology	University	of	Kansas	Medical
Center	Kansas	City,	KS,	USA	Ian	P.	The	antigen(s)	could	be	infectious	agents	or	molecules	generated	in	the	course	of	oxidation,	or	DAMPs	generated	during	cell	necrosis.	Troponins	are	not	expressed	in	smooth	muscle.	Sterns,	R.	See	text	for	details.	3.7).	The	ratio	shifts	as	a	function	of	temperature,	pH,	salt	concentration,	and	other	factors.	Discuss
biochemical	tests	used	by	the	clinical	laboratory	in	the	investigation	of	liver	disease.	When	these	individuals	are	reexposed	to	that	antigen,	antigen–IgE	complexes	form	on	the	surface	of	the	inflammatory	cells	and	activate	the	synthesis	and	release	of	PAF.	Sodium	enters	the	cell	along	its	concentration	gradient,	cotransporting	other	molecules
passively.	His	cholesterol	was	10.0 mmol/L	(390 mg/dL),	triglycerides	were	2.0 mmol/L	(182 mg/dL),	and	HDL-C	1.0	was	mmol/L	(38 mg/dL).	The	ability	to	scan	the	entire	genome	and	the	information	obtained	by	genomics,	proteomics,	and	metabolomics	provide	new	insights	into	gene	regulation,	protein	synthesis,	and	metabolism.	Proteins	contain
between	50	and	2000	amino	acid	residues.	VSMC,	vascular	smooth	muscle	cells;	CNS,	central	nervous	system;	ROS,	reactive	oxygen	species.	However,	when	glucose	concentration	increases	in	diabetes,	its	contribution	to	osmolality	becomes	significant.	Because	pyruvate	is	a	substrate	for	hepatic	gluconeogenesis,	there	is	also	a	risk	of	hypoglycemia.
Δ,	deletion	mutant.	He	suffered	from	type	2	diabetes	mellitus	secondary	to	chronic	pancreatitis.	Chemical	Society	Reviews,	42,	2186–2196.	2013):	guidelines/in-develop/cholesterol-in-adults	National	Cholesterol	Education	Program	High	Blood	Cholesterol	ATP	III	Guidelines	At-A-Glance	Quick	Desk	Reference:	files/docs/guidelines/atglance.pdf	MORE
CLINICAL	CASES	ACTIVE	LEARNING	1.	Glycerol	itself	does	not	have	a	chiral	carbon,	but	the	numbering	is	standardized	using	the	stereochemical	numbering	(sn)	system,	which	places	the	hydroxyl	group	of	C-2	on	the	left;	thus	all	glycerolipids	are	derived	from	L-glycerol	(see	Fig.	It	is	now	accepted	that	the	cholesterol	concentration	that	should	be
achieved	with	treatment	needs	to	be	the	lowest	in	people	who	are	at	the	greatest	risk	of	cardiovascular	events,	such	as	individuals	with	several	risk	factors	or	those	who	already	have	ASCVD,	diabetes,	or	renal	disease.	The	renin–angiotensin	system	is	a	target	for	two	major	classes	of	hypotensive	drugs:	ACE	blockers	(e.g.,	ramipril,	enalapril)	and	AT1-
receptor	antagonists	(e.g.,	losartan).	The	Bohr	effect	is	most	53	54	CHAPTER	5 	Oxygen	Transport	readily	described	as	a	right	shift	in	the	O2	saturation	curve	with	decreasing	pH.	The	intensity	of	treatment	depends	on	the	overall	risk.	The	name	refers	to	its	binding	to	the	capsular	(C)	polysaccharide	of	bacteria	such	as	Streptococcus	pneumoniae,	by
which	it	mediates	their	clearance.	Reversible	phosphorylation	of	peripheral	serine	and	threonine	residues	of	enzymes	is	also	involved	in	regulation	of	energy	metabolism	and	fuel	storage	in	the	body	(Chapter	12).	The	net	effect	of	treatment	with	diuretics	is	increased	urine	volume	and	loss	of	sodium	and	water.	There	is	increased	production	of	VLDL
and,	consequently,	increased	generation	of	LDL.	Myosin–ADP–Pi	binds	to	actin,	forming	a	cross-bridge.	Each	has	side	chain	atoms	capable	of	noncovalent	interactions.	Migration	of	vascular	smooth	muscle	cells	changes	the	structure	of	the	vascular	wall	Cytokines	and	growth	factors	secreted	by	endothelial	cells	and	activated	macrophages	(platelet-
derived	growth	factor	[PDGF],	epidermal	growth	factor	[EGF],	insulin-like	growth	factor	1	[IGF-1],	and	TGFβ)	activate	the	VSMC	in	the	arterial	media.	This	designation	is	also	commonly	included	in	the	name	of	the	sugar;	thus	D(+)glucose	or	D(−)-fructose	indicates	that	the	D	form	of	glucose	is	dextrorotatory,	whereas	the	D	form	of	fructose	is
levorotatory.	In	the	thin	ascending	limb	of	the	loop	of	Henle,	the	sodium	ions	move	into	the	cell	via	sodium–potassium–chloride	cotransporter	(known	as	NKCC2),	which	can	be	inhibited	by	frusemide.	Within	cells,	the	hydrogen	ion	is	neutralized	by	intracellular	buffers,	mainly	proteins	and	phosphates	(Table	36.1	and	Chapter	2).	These	two	quaternary
conformations	are	known	as	the	T	(tense)	and	R	(relaxed)	states,	respectively.	■	Discuss	the	role	of	the	liver	in	lipid	metabolism.	Also	shown	is	the	elution	profile	of	Hb	G	Philadelphia	(Asn68(α)→Lys),	a	common	but	benign	variant	that	co-migrates	with	HbS	on	electrophoresis.	Adhesion	is	further	facilitated	by	β3-integrins,	transmembrane	proteins
that	bind	ligands	such	as	collagen.	CREB,	a	transcription	factor,	recruits	its	coactivators	and	binds	to	cAMP-responsive	element	in	the	renin	gene	promoter,	initiating	transcription.	Glucose	(present	in	blood	in	a	pure	form	and	stored	in	the	form	of	glycogen)	is	metabolized	through	glycolysis,	a	universal	non-oxygen-requiring	(anaerobic)	pathway	for



energy	production.	S.	Generally,	drug	metabolites	are	less	pharmacologically	active	than	the	parent	drugs;	however,	some	drugs	are	inactive	when	administered	but	are	converted	to	their	active	forms	as	a	result	of	liver	metabolism	(pro-drugs).	Like	the	Tube,	with	its	many	stations,	biochemistry	is	navigable	with	a	good	map;	don’t	be	intimidated	by
the	many	as-yet	unfamiliar	terms.	Upon	application	of	a	current,	the	protein	will	move	toward	either	the	anode	or	cathode	until	it	encounters	that	part	of	the	system	that	corresponds	to	its	pI,	where	the	protein	has	no	charge	and	will	cease	to	migrate.	In	the	dysfunctional	endothelium,	the	KLF	factors	become	suppressed,	and	the	NFκB	predominates.
For	instance,	the	phosphorylcholine	group	found	in	oxidized	LDL	is	also	a	component	of	the	capsular	polysaccharide	of	bacteria.	Under	these	conditions,	tryptophan,	cysteine,	and	most	of	the	cystine	are	destroyed,	and	glutamine	and	asparagine	are	quantitatively	deaminated	to	give	glutamate	and	aspartate,	respectively.	Like	triglycerides,	the
glycerophospholipids	contain	a	spectrum	of	fatty	acids	at	the	sn-1	and	sn-2	positions,	but	the	sn-3	position	is	occupied	by	phosphate	esterified	to	an	amino	compound.	The	ATP	is	hydrolyzed,	and	the	free	energy	of	hydrolysis	of	ATP	is	conserved	as	the	high-energy	conformation	of	myosin,	setting	the	stage	for	continued	muscle	contraction	in	response
to	the	next	surge	in	Ca2+	concentration	in	the	sarcoplasm.	Some	proteins	make	up	the	structure	of	tissues;	others	function	in	nerve	transmission,	muscle	contraction,	and	cell	motility,	with	still	others	in	blood	clotting	and	immunologic	defenses	and	as	hormones	and	regulatory	molecules.	When	an	allosteric	effector	affects	its	own	binding	to	the
protein	(at	other	sites),	the	process	is	termed	homotropic	(e.g.,	the	effect	of	binding	of	O2	at	one	site	on	Hb	enhances	the	affinity	for	binding	of	O2	to	other	sites	on	Hb).	Clinical	signs	include	characteristic	rash-like	skin	xanthomata.	Conversely,	when	the	H+	concentration	decreases,	the	carbonic	acid	component	of	the	buffer	will	dissociate	to	supply
H+:	[HCO–3]:	Metabolic	acidosis	pH~	The	ventilation	rate	will	decrease,	retaining	CO2	to	increase	the	pCO2,	thus	normalizing	the	bicarbonate/pCO2	ratio:	Looking	at	the	Henderson–Hasselbalch	equation,	we	see	that	its	denominator	(pCO2)	is	controlled	by	the	lungs.	Lanes	B,	C,	D,	and	E	show	results	of	SDS-PAGE	analysis	of	a	protein	at	various
stages	of	purification:	B,	total	protein	isolate;	C,	ammonium	sulfate	precipitate;	D,	fraction	from	gel-permeation	chromatography;	E,	purified	protein	from	ion-exchange	chromatography.	BILE	ACIDS	AND	CHOLESTEROL	METABOLISM	Bile	acids	are	key	elements	in	fat	metabolism	Bile	acids	are	synthesized	in	the	hepatocytes	and	have	a	detergent-
like	effect	in	the	intestinal	lumen,	solubilizing	biliary	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	5-ALA	O	O	C	2	H2C	O–	+	O	+	2	H3N	C	O–	O	–O	H2C	C	5-ALA	synthase	C	H2C	+	CH2	Glycine	SCoA	Succinyl-CoA	O	R1	R2	O	C	N	2+	N	Fe	R3	N	R2	N	HC	Protoporphyrin	IX	Protoporphyrinogen	IX	Porphobilinogen	synthase	+	NH3	R1	CH	Mi	to	c	h	d	on	l
ri	a	R3	R1	Heme	2CO2	O	m	b	em	ran	e	R1	OOC	H2N	N	H	R2	4	PBG	H	2C	4	CO2	CH2	NH	R1	NH	R3	H	N	R1	=	CH3	R2	=	CH2	–	CH2	–	COO–	R3	=	CH2	–	CH2	–	COO–	R1	=	CH3	R2	=	CH	=	CH2	R3	=	CH2	–	CH2	–	COO–	4	NH+4	R1	HN	H2O	R2	2HC	Coproporphyrinogen	III	2	COO–	–	CH2	NH3	–	CH	R1	Fe2+	+	–	Lead	2	H2O	CH2	CH2	HC
Ferrochelatase	O–	C	2	CoA	2	CO2	H	CH2	C	CH	5-ALA	O	CH2	R3	R1	Uroporphyrinogen	III	R1	=	CH2	–	COO–	R2	=	CH2	–	CH2	–	COO–	R3	=	CH2	–	CH2	–	COO–	6H+	Mitochondrion	Cytosol	Fig.	Raised	triglycerides	are	often	present	from	childhood,	but	the	condition	may	not	be	diagnosed	until	adulthood.	(2013).	Clopidogrel	is	a	prodrug	that	undergoes
hepatic	biotransformation	by	CYP2C19	into	its	active	metabolite.	37.6)	is	relatively	constant	during	the	day.	Haque,	T.,	Sasolomi,	E.,	&	Hayashi,	P.	It	activates	monocytes,	macrophages,	endothelial	cells,	and	platelets	to	secrete	inflammatory	mediators	such	as	CD40	ligand	(CD40L),	a	member	of	TNF	family	that,	after	binding	to	antigen-presenting
cells,	further	amplifies	secretion	of	MMPs,	cytokines,	and	adhesion	molecules.	Conversely,	monomeric	Ngb	exhibits	a	pH-dependent	O2	affinity.	Monocytes	also	secrete	matrix	metalloproteinase	9	(MMP-9,	a	protease),	which	further	facilitates	their	migration.	The	side	chains	of	tryptophan	and	arginine	serve	as	hydrogen	donors,	whereas	asparagine,
glutamine,	serine,	and	threonine	can	serve	as	both	hydrogen	donors	and	acceptors.	They	play	a	fundamental	role	in	ion	and	metabolite	transport	and	in	signal	transduction,	both	within	individual	cells	and	between	cells.	This	activates	the	renin–angiotensin	system	and	secretion	of	aldosterone.	Binding	of	these	molecules	to	macrophage	receptors
activates	the	NFκB	pathway	and	thus	upregulates	the	cytokine,	chemokine,	and	adhesion	molecule	response,	enhancing	and	perpetuating	inflammation.	When	the	primary	problem	is	metabolic	(e.g.,	diabetic	ketoacidosis),	a	decrease	in	bicarbonate	concentration	stimulates	the	respiratory	center	to	increase	ventilation	rate.	Alkaline	phosphatase	ALP
is	synthesized	both	by	the	biliary	tract	and	by	bone,	and	in	pregnancy	by	the	placenta,	but	these	tissues	contain	different	ALP	isoenzymes.	Associations	between	a	disease	and	common	variants	across	the	entire	genome	are	investigated	using	genomewide	association	studies	(GWAS).	(Bottom)	Stereochemical	representations	of	the	chair	forms	of	α-
and	β-glucopyranose.	Margarine	contains	no	cholesterol	and	is	richer	in	unsaturated	fatty	acids.	Proteins	have	evolved	so	that	one	conformation	is	more	favorable	than	all	others:	the	native	state.	Such	complexes	upregulate	CYP3	synthesis	by	binding	to	response	elements	in	the	gene	promoter.	All	sections	of	the	book	are	strongly	interrelated.	Like
saturated	fatty	acids,	trans-fatty	acids	are	atherogenic,	suggesting	that	there	are	comparable	risks	associated	with	the	consumption	of	butter	or	margarine.	Such	pathological	processes	may	be	congenital	due	to	enzyme	defects	or	excess	deposition	of	metals,	or	they	may	be	acquired,	most	commonly	due	to	viral	infections	or	the	effects	of	drugs	or
other	xenobiotics.	It	is	then	cleaved	into	a	smaller	98–amino	acid	N-terminal	peptide	and	the	biologically	active	28–amino	acid	ANP.	Allosteric	effectors	are	small	molecules	that	bind	to	proteins	at	sites	that	are	spatially	distinct	from	the	ligand-binding	sites,	Acidic	pH	(protons)	decreases	the	O2	affinity	of	Hb	The	O2	affinity	of	Hb	is	exquisitely
sensitive	to	pH,	a	phenomenon	known	as	the	Bohr	effect.	In	both	conditions,	large	amounts	of	dilute	urine	are	excreted,	leading	to	dehydration.	The	glucuronide	diester	is	the	major	conjugate,	and	its	formation	is	catalyzed	by	the	uridine	diphosphate	(UDP)glucuronyl	transferase.	■	Describe	the	principles	of	ion-exchange,	gel	filtration,	and	affinity
chromatography	and	electrophoresis	and	isoelectric	focusing,	and	describe	their	application	in	protein	isolation	and	characterization.	ACS	Central	Science,	22,	370–379.	529	530	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	CLINICAL	BOX	A	25-YEAR-OLD	MAN	ADMITTED	AFTER	A	MOTORCYCLE	ACCIDENT:	ACUTE	RENAL	FAILURE	Table
35.1	Daily	excretion	of	nitrogen	compounds	and	main	ions	in	urine	(mmol/24 h)	 	Urea	Uric	acid	Creatinine	Ammonia	250–500	1–5	7–15	30–50	Sodium	Potassium	Chloride	Phosphate	100–250	30–100	150–250	15–40	A	25-year-old	man	was	admitted	to	the	hospital	unconscious	after	a	motorcycle	accident.	The	cause	of	sarcopenia	appears	to	be	related
to	gradual	decreases	in	physical	activity	and	loss	of	regenerative	capacity.	Its	plasma	solubility	coefficient	is	0.23	if	pCO2	is	measured	in	kPa	(0.03	if	pCO2	is	measured	in	mmHg;	1 kPa	=	7.5 mmHg	or	1 mmHg	=	0.133 kPa).	In	fact,	it	is	not	possible	to	understand	or	solve	a	clinical	problem	without	crossing	interdisciplinary	borders.	Phase	II	is
conjugation:	cytoplasmic	enzymes	conjugate	the	functional	groups	introduced	in	the	first-phase	reactions,	most	often	by	glucuronidation	or	sulfation	but	also	by	acetylation	and	methylation.	HN	C	COO–	CH3	N	CH2	Creatine	ATP	ADP	Creatine	(phospho)kinase	O	HN	NH	O	C	P	O–	Pi	H	N	HN	O	O–	COO–	H3	C	N	CH2	N	(slow,	nonenzymatic)	H3C
Creatine	phosphate	Creatinine	Fig.	Table	37.3	Changes	in	energy	resources	in	working	muscle:	Concentrations	of	energy	metabolites	in	human	leg	muscle	during	bicycle	exercise	 	Creatine	phosphate	is	a	high-energy	phosphate	buffer	used	for	rapid	regeneration	of	ATP	in	muscle	A	metabolic	reality	for	skeletal	muscle	is	that	high	force	output	can
only	be	maintained	for	a	short	period	of	time.	Recovery	of	serine	and	threonine	is	incomplete	and	decreases	with	increasing	time	of	hydrolysis.	And	two	different	amino	acids	(e.g.,	alanine	and	glycine)	can	only	form	two	dipeptides	(e.g.,	alanyl-glycine	and	glycyl-alanine).	On	the	third	day,	his	serum	creatinine	concentration	had	risen	to	300 µmol/L
(3.9 mg/dL),	and	his	urea	concentration	was	21.9 mmol/L	(132 mg/dL).	The	origin	of	the	ALP	may	be	determined	from	the	isoenzyme	pattern.	1.3	shows	our	Map	of	the	Book	and	illustrates	the	integration	of	biochemical	topics	in	a	broader	biological	context.	Another	mutation	of	the	APOB	gene,	Arg3527Gln,	has	been	found	in	5%–7%	of	FH	patients,	as
well	as	a	less	frequent	mutation	of	the	PCSK9	gene,	Asp374Tyr.	It	is	the	propeptides	that	are	measured	in	clinical	laboratories.	Their	contribution	is	normally	small	because	they	are	present	in	plasma	in	relatively	low	molar	concentrations	(about	5 mmol/L	each).	This	observation	represents	an	example	of	a	selective	advantage	that	the	HbA/HbS
heterozygote	exhibits	over	either	the	HbA/HbA	normal	or	the	HbS/HbS	homozygote	and	probably	CLINICAL	BOX	ACQUIRED	METHEMOGLOBINEMIA	In	a	rural	region	of	the	state,	a	4-month-old	infant	was	seen	at	the	local	emergency	room	for	episodes	of	seizures,	breathing	difficulty,	and	vomiting.	■	Distinguish	between	reducing	and	nonreducing
sugars.	Lipids	gradually	become	the	major	source	of	energy	in	muscle	during	long-term,	lower-intensity	exercise	when	oxygen	is	not	limiting.	Potassium–hydrogen	ion	exchange.	As	with	fructose,	the	keto	group	is	located	at	C-2	of	the	sugar,	and	the	remaining	carbons	have	the	same	geometry	as	the	parent	aldose	sugar.	Glyceraldehyde	is	an	aldose,
and	dihydroxyacetone	is	a	ketose	sugar.	Each	amide	carbonyl	group	is	hydrogen-bonded	to	the	amide	hydrogen	of	a	peptide	bond	that	is	four	residues	away	along	the	same	chain.	PPARs	form	dimers	with	retinoid	X	receptor	(RXR);	the	dimers	subsequently	bind	to	response	elements	in	the	promoter	regions	of	target	genes.	Dialysis	and	ultrafiltration
Small	molecules,	such	as	salts,	can	be	removed	from	protein	solutions	by	dialysis	or	ultrafiltration	Dialysis	is	performed	by	adding	the	protein–salt	solution	to	a	semipermeable	membrane	tube	(commonly	a	nitrocellulose	or	collodion	membrane).	Watts,	J.	(2009).	Peptide	hormones	such	as	vasopressin	and	PTH	that	act	through	G-protein-coupled
receptors	and	adenylyl	cyclase,	which	generates	cAMP.	The	“crude	extract”	containing	organelles	such	as	nuclei,	mitochondria,	lysosomes,	microsomes,	and	cytosolic	fractions	can	then	be	fractionated	by	high-speed	centrifugation,	or	ultracentrifugation.	Finally,	the	progress	in	neurochemistry	is	facilitating	a	better	grasp	of	the	science	underpinning
mental	health	problems.	Other	porphyrias,	such	as	porphyria	cutanea	tarda,	present	clinically	as	the	sensitivity	of	skin	to	light	(photosensitivity),	which	may	cause	disfiguration	and	scarring.	Then	four	PBG	molecules	combine	to	form	a	linear	tetrapyrrole	compound,	which	cyclizes	to	yield	uroporphyrinogen	III	and	then	coproporphyrinogen	III.	Even	a
minimal	amount	of	albumin	in	the	urine	(microalbuminuria)	predicts	the	development	of	diabetic	nephropathy	(Chapter	31).	Consequently,	two	of	the	cationic	groups	that	participate	in	the	binding	of	the	anionic	allosteric	effector	are	no	longer	available	(see	Fig.	Mass	spectrometry	is	a	powerful	tool	for	detecting	such	modifications	based	on
differences	in	molecular	mass	(see	Chapter	24).	Most	proteins	will	precipitate	from	an	80%	saturated	(NH4)2SO4	solution.	Knotted	proteins:	A	tangled	tale	of	structural	biology.	However,	the	IRE-BP	also	binds	to	the	5′	end	of	the	ferritin	mRNA	and	prevents	its	translation	(right).	5.	Additional	tests	are	required	for	a	definitive	diagnosis.	In	the	fasting
state,	when	hepatic	glycogen	stores	are	exhausted,	hepatic	gluconeogenesis	is	critical	to	maintaining	adequate	blood-glucose	concentrations	as	a	fuel	for	those	organs,	principally	the	brain,	that	are	obligatorily	dependent	on	glucose	as	a	source	of	energy.	Alastair	Gracie,	PhD	BSc	(Hons)	Senior	University	Teacher	School	of	Medicine,	Dentistry	and
Nursing	College	of	Medical,	Veterinary	and	Life	Sciences	University	of	Glasgow	Glasgow,	Scotland,	UK	ix	x	List	of	Contributors	Alejandro	Gugliucci,	MD,	PhD	Gur	P.	Free	amino	acids	fractionated	by	ion-exchange	chromatography	are	detected	by	post-column	reaction	with	a	chromogenic	or	fluorogenic	reagent,	such	as	ninhydrin	or	dansyl	chloride,
Edman’s	reagent	(see	following	discussion),	or	o-phthalaldehyde.	High	lp(a)	Refines	risk	assessment	High	hsCRP/fibrinogen	Refine	risk	assessment	Low	adiponectin	Important	in	obesity	and	diabetes	Central	obesity	Sedentary	lifestyle	Increased	carotid	intima-media	thickness	Social	deprivation	Autoimmune	inflammatory	conditions	(rheumatoid
arthritis,	SLE,	psoriasis)	The	highlighted	risk	factors	are	used	in	most	CVD	risk	algorithms.	It	may	be	a	result	of	a	single	adrenal	tumor,	adenoma	(Conn’s	syndrome).	■	Identify	the	major	classes	of	lipids	in	our	bodies	and	in	our	diet.	2.	Other	ethanol-induced	phenomena	include	increased	secretion	of	chemokines	(including	IL-8	and
monocytechemoattractant	protein-1,	MCP-1;	Chapter	33)	by	hepatocytes,	leading	to	liver	infiltration	by	neutrophils.	The	creatinine	clearance	is	then	calculated	according	to	the	formula:	Creatinine	clearance	=	UCre	×	V	PCre	Estimated	GFR	In	current	practice,	the	estimated	GFR	(eGFR)	values	are	calculated	from	serum	creatinine	concentration
using	formulas	that	include	factors	such	as	age,	gender,	weight,	and	race.	(2017).	35.5	Catalytic	function	of	the	Na+/K+-ATPase.	Increases	in	plasma	creatinine	concentration	are	commonly	used	as	an	indicator	of	renal	failure.	The	molecular	mass	and	purity	of	a	protein,	and	its	subunit	composition,	can	be	determined	by	SDS-PAGE.	FURTHER
READING	Adrogue,	H.	The	extent	of	oxidation	in	Hb	tetramers	can	range	from	one	heme	group	to	all	four.	33.5.	For	current	recommendations	on	statin	treatment,	see	the	Further	Reading	section.	Muscle	oxygen	utilization	is	also	directly	related	to	the	number	and	size	of	muscle	mitochondria.	They	can	be	stored	in	tissues	as	glycogen	and
triglycerides.	There	are	about	300	amino	acids	present	in	various	animal,	plant,	and	microbial	systems,	but	only	20	amino	acids	are	coded	by	DNA	to	appear	in	proteins.	For	example,	cAMP-dependent	protein	kinases	phosphorylate	transport	proteins	and	Tn-I,	mediating	changes	in	the	force	of	contraction	in	response	to	epinephrine.	TISSUE
ENGINEERING	AND	REPLACEMENT	OF	MUSCLE	As	the	field	of	tissue	engineering	research,	muscle	tissue	is	at	the	forefront	of	experiments	to	grow	an	organ	outside	the	human	body.	Serum	concentration	of	creatinine	is	20–80 mmol/L	(0.28–0.90 mg/dL).	During	chronic	hypoxia	(decreased	pO2)	secondary	to	pulmonary	disease,	anemia,	or	shock,
the	level	of	2,3-BPG	increases.	34.6.	There	are	18	cytochrome	P-450	gene	families,	of	which	3,	designated	CYP1,	CYP2,	and	CYP3,	are	responsible	for	most	of	the	phase	I	drug	metabolism.	PKA	phosphorylates	cytoplasmic	AQP2	and	induces	its	translocation	to	the	cell	membrane,	increasing	capacity	for	water	transport.	35.9)	Although	some	creatinine
is	reabsorbed	in	the	renal	tubules,	this	is	compensated	by	an	equivalent	tubular	secretion,	and	thus	the	clearance	of	creatinine	is	similar	to	that	of	inulin	(i.e.,	is	a	good	approximation	of	the	GFR).	3.6).	Lysine	contains	1.0	1.0	Absorbance	Tryptophan	0.8	0.8	0.6	0.6	0.4	0.4	Albumin	Tyrosine	0.2	A	0.0	0.2	Phenylalanine	240	260	280	Wavelength	(nm)	B
0.0	200	250	350	300	Wavelength	(nm)	Fig.	We	hope	that	these	will	strengthen	the	link	between	biochemistry	and	clinical	medicine	and	provide	a	stronger	foundation	for	clinical	problem	solving.	H.	ADVANCED	CONCEPT	BOX	SARCOPENIA	Sarcopenia,	the	loss	of	skeletal	muscle	mass,	develops	gradually	in	humans	after	the	fifth	decade	of	life	and
can	lead	to	frailty	and	loss	of	functional	capacity.	Cardiac	muscle	cells	thus	act	as	a	functional	syncytium,	whereas	in	skeletal	muscle,	each	cell	must	receive	nerve	input	to	contract.	2,3-BPG	with	HbF	is	weaker,	resulting	in	an	increased	affinity	for	O2	(P50	of	19 mmHg	for	HbF	compared	with	27 mmHg	for	HbA)	and	a	greater	stabilization	of	the
oxygenated	R	state.	Minute	changes	in	this	environment	-	for	example,	just	a	few	degrees’	change	in	body	temperature	-	can	be	life-threatening.	We	start	with	Molecules	and	Cells	and	move	on	to	Metabolism,	the	core	of	biochemistry.	eGFR	was	22 mL/min/1.73 m2.	The	question	we	asked	ourselves	many	times	during	the	writing	process	was,	“How
could	this	piece	of	information	improve	your	clinical	reasoning?”	Throughout	the	text,	we	highlight	the	clinical	issues	that	a	physician	encounters	at	the	bedside	and	link	them	to	basic	concepts.	The	arterial	wall	itself	consists	of	three	layers:	the	subendothelial	layer	(the	intima);	the	middle	layer,	the	media,	which	contains	VSMC;	and	the	outer	layer,
the	adventitia,	composed	of	looser	connective	tissue	and	containing	relevant	nerves.	When	phospholipids	are	dispersed	in	aqueous	solution,	they	spontaneously	form	lamellar	structures,	and	under	suitable	conditions,	they	organize	into	extended	bilayer	structures	-	not	only	lamellar	structures	but	also	closed	vesicular	structures	termed	liposomes.
CLINICAL	BOX	RENIN–ANGIOTENSIN–	ALDOSTERONE	SYSTEM	AND	CARDIAC	FAILURE	A	65-year-old	man	with	a	previous	anterior	myocardial	infarction	presented	with	increasing	fatigue,	shortness	of	breath,	and	ankle	edema.	Atherogenesis	is	a	process	that	leads	to	the	narrowing,	or	a	sudden	complete	occlusion,	of	the	arterial	lumen.	■
Deciphering	the	primary	and	three-dimensional	structures	of	a	protein	by	chemical	methods,	mass	spectrometry,	X-ray	crystallographic	analysis,	and	NMR	spectroscopy	leads	to	an	understanding	of	structure–	function	relationships	in	proteins.	2.17.	A.,	et al.	A	protein	kinase	that	activates	MAPK	Metabolic	equivalent	of	task	Methemoglobin	(Fe+3)
Methionine	sulfoxide	Methylglyoxal	Major	histocompatibility	complex	MicroRNA	Monoiodotyrosine	Matrix	metalloproteinase	Mitochondrial	membrane	potential	Maturity-onset	diabetes	of	the	young	Myeloperoxidase	Magnetic	resonance	imaging	Multiple	reaction	monitoring	Messenger	RNA	Multidrug	resistance-associated	protein	Mass	spectrometry
Melanocyte	stimulating	hormone	Maximum	lifespan	potential	Mitochondrial	DNA	5,10-methylenetetrahydrofolate	reductase	Mechanistic	target	of	rapamycin;	a	serine/	threonine	protein	kinase	mTor	complexes	Mammalian	target	of	rapamycin	complex	Microsomal	transfer	protein	Multidimensional	protein	identification	technology	Molecular	weight
cut-off	Transcription	factor	5-methyl	tetrahydrofolate	N5-N10-tetrahydrofolate	N-acetyl-l-aspartate	N-acetyl	benzoquinoneimine	N-acetylcysteine	Nicotinamide	adenine	dinucleotide	(oxidized/reduced)	Nicotinamide	adenine	dinucleotide	phosphate	Nicotinamide	dinucleotide	phosphate	(reduced)	Nonalcoholic	fatty	liver	disease	Sodium–chloride	co-
transporter	Non-coding	RNA	Nonesterified	fatty	acid	Neuraminic	(sialic)	acid	Transcription	factor;	nuclear	factor	of	activated	T	cells-2	Nuclear	factor	kappa-light-chain-enhancer	of	activated	B	cell	Nerve	growth	factor	Next	generation	sequencing	xxiii	xxiv	Abbreviations	NHE	NIDDM	NK	NKCC1	NKCC2	NKH	NLR	NMDA	NMR	NO	NOS	NPC1L1	NPY
nt	NTX	OAA	OGTT	OI	OMM	ONDST	OPG	OSF-1	o-Tyr	P1CP	P1NP	p38	p53	p62	PA	PAF	PAGE	PAI-1	PAMP	PAPS	PAR2	PBG	PC	PC	PCD	PCI	pCO2	PCP	PCR	PCSK9	PDE	PDGF	PDH	PDK1	PE	PECAM-1	PEM	PEP	PEPCK	PEST	Sodium/hydrogen	exchanger	Noninsulin-dependent	diabetes	mellitus	Natural	killer	cells	Na+	K+	and	Cλ−	cotransporter
Sodium–potassium–chloride	co-transporter	Non-ketotic	hyperglycinemia	NOD-like	receptor	N-methyl-d-aspartate	Nuclear	magnetic	resonance	Nitric	oxide	Nitric	oxide	synthase	Niemann–Pick	C1-like	protein.	A	P-450	cytochrome,	CYP2E1,	also	contributes	to	ethanol	oxidation	but	is	quantitatively	less	important	than	the	ADH–ALDH	pathway.	It	is
stored	there	before	being	further	processed	and	released.	Deybach	J-C:	Porphyrias.	Most	of	the	energy	in	biological	systems	is	obtained	by	oxidative	phosphorylation.	35.7).	The	albumin:creatinine	ratio	in	a	random	urine	sample,	an	indicator	of	protein	filtration	selectivity	of	the	glomerulus,	is	used	as	a	measure	of	the	microalbuminuria	to	assess	the
progression	of	diabetic	nephropathy	(see	also	Chapter	31).	Instead,	the	charge	on	the	protein	is	dependent	primarily	on	the	side	chain	functional	groups	of	amino	acids,	plus	a	minor	contribution	from	the	amino	and	carboxyl	groups	of	the	terminal	amino	acids.	Fru,	fructose;	Gal,	galactose;	Glc,	glucose;	GlcNAc,	N-acetylglucosamine;	GlcUA,	glucuronic
acid.	BMJ	(Clinical	Research	Ed.),	350,	g7620.	(IL-1),	IL-6,	and	tumor	necrosis	factor	(TNF)	have	a	central	role.	Skeletal	muscle	cramping	is	a	nonvoluntary	muscle	contraction	resulting	from	alterations	in	neuromuscular	control	and/or	from	electrolyte	imbalances	after	excessive	fluid	loss,	typically	during	intense	exercise	in	hot,	humid	conditions.	They
are	classified	according	to	the	type	of	structural	change	and	altered	function	and	the	resulting	clinical	characteristics	(see	Tables	5.1	and	5.2).	We	now	have	even	more	clinical	cases	throughout	the	book,	plus	additional	cases	in	Appendix	2.	Actions	of	PPARα	and	PPARγ	are	antiinflammatory.	Harnett,	PhD	Professor	of	Immune	Signalling	Institute	of
Infection,	Immunity	and	Inflammation	University	of	Glasgow	Glasgow,	Scotland,	UK	Simon	J.	Proline,	a	cyclic	imino	acid	Proline	is	different	from	other	amino	acids	in	that	its	side	chain	pyrrolidine	ring	includes	both	the	α-amino	group	and	the	α-carbon.	For	reference	ranges,	see	Table	34.2	and	Appendix	1.	Improvements	in	the	fifth	edition	This	book
has	now	served	the	global	student	community	for	19	years.	Neuroglobin	and	cytoglobin:	Minor	mammalian	hemoglobins	Two	other	globins	have	recently	been	identified	in	humans	Neuroglobin	(Ngb)	is	expressed	primarily	in	the	central	nervous	system	and	some	endocrine	tissues;	cytoglobin	(Cygb)	is	ubiquitously	expressed,	primarily	in	cells	of
fibroblast	origin.	Induction	and	competitive	inhibition	of	cytochrome	P-450	enzymes	underpin	mechanisms	of	drug	interactions	Hepatic	synthesis	of	cytochromes	P-450	is	induced	by	certain	drugs	and	other	xenobiotic	agents	that	increase	the	rate	of	the	phase	I	reactions.	Mutations	in	the	vasopressin	receptor	and	AQP2	gene	lead	to	different	types	of
nephrogenic	diabetes	insipidus.	LIVER	AND	PROTEIN	METABOLISM	Most	plasma	proteins	are	synthesized	in	the	liver	Hepatocellular	disease	may	alter	protein	synthesis	both	quantitatively	and	qualitatively.	Intrahepatic	jaundice	reflects	a	generalized	hepatocyte	dysfunction	In	this	condition,	hyperbilirubinemia	is	usually	accompanied	by	other
abnormalities	in	biochemical	markers	of	hepatocellular	function.	In	the	Specialized	Tissues	and	Their	Function	section,	we	describe	the	tissue	environment	and	address	the	function	of	the	liver,	muscle,	and	the	brain.	A	textbook	is	a	snapshot	of	rapidly	changing	knowledge	A	doctor	is	constantly	exposed	to	new	developments	in	clinical	medicine	as	he
or	she	gains	practical	clinical	experience.	CLINICAL	TEST	BOX	SEPARATION	OF	HEMOGLOBIN	VARIANTS	AND	MUTANTS:	DIAGNOSIS	OF	HEMOGLOBINOPATHIES	The	mobility	of	a	protein	during	electrophoresis	or	chromatography	is	determined	by	its	charge	and	interaction	with	the	matrix.	Conditions	associated	with	high	plasma	HDL
concentration	Deficiency	of	CETP	leads	to	high	HDL.	The	enzyme	γ-glutamyl	transpeptidase	is	involved	in	the	metabolism	of	glutathione	and	is	a	plasma	biomarker	for	some	liver	diseases,	including	hepatocellular	carcinoma	and	alcoholic	liver	disease.	We	believe	that	such	an	approach	provides	knowledge	based	on	understanding	and	not	only	on	facts
-	the	essence	of	a	cutting-edge	education.	In	the	fasting	state,	the	direction	of	metabolism	reverses:	glycogen	and	lipid	stores	are	degraded	through	glycogenolysis	and	lipolysis,	providing	a	constant	stream	of	substrates	for	energy	production.	As	before,	we	welcome	comments,	criticisms,	and	suggestions	from	our	readers.	Conglomerates	of	such	cells
form	fatty	streaks.	Increased	utilization	of	fatty	acids	during	early	stages	of	exercise	is	an	important	training	adaptation	to	regular	vigorous	physical	activity	-	it	serves	to	spare	glycogen	stores.	■	Measurements	of	natriuretic	peptides	help	diagnose	cardiac	failure.	■	Describe	the	types	of	bonds	in	lipids	and	their	sensitivity	to	saponification.	On	the
other	hand,	low	serum	potassium	usually	results	from	losses,	either	renal	or	gastrointestinal.	Serum	urea:	2.5–6.5 mmol/L	(16.2–39 mg/dL)	3.	Plasma	LDL	concentration	can	be	increased	due	to	increased	generation	(by	HTGL-mediated	digestion	of	VLDL	remnants)	or	due	to	impaired	cellular	uptake	or	receptor	binding.	ADVANCED	CONCEPT	BOX
GENETICS	OF	ATHEROSCLEROSIS	Genes	coding	for	the	LDL	receptors,	apolipoproteins,	and	LRP6	are	currently	the	only	ones	that	have	been	directly	linked	with	atherosclerotic	disorders.	Venous	Conventional	units:	pH	6.8	SI	units:	[H+]	nmol/L	160	7.1	80	7.4	40	7.7	20	*The	measured	values	in	“blood	gases”	are	pH,	pCO2	,	and	pO2	;	the
bicarbonate	concentration	is	calculated	from	pH	and	pCO2	values;	pH	below	7.0	or	above	7.7	is	life	threatening.	When	dissolved	in	water,	alanine	exists	as	a	dipolar	ion,	or	zwitterion,	in	which	the	carboxyl	group	is	unprotonated	(–COO−)	and	the	amino	group	is	protonated	(–NH3+).	The	Hill	coefficient,	determined	experimentally,	is	a	measure	of
cooperativity	among	ligand-binding	sites	-	that	is,	the	extent	to	which	the	binding	of	O2	to	one	subunit	influences	the	affinity	of	O2	to	other	subunits.	37.4	Proposed	stages	in	muscle	contraction,	according	to	the	sliding-filament	model.	The	rate	of	muscle	relaxation	is	directly	related	to	SR	Ca2+-ATPase	activity.	A	primary	increase	in	pCO2	or	a
decrease	in	plasma	bicarbonate	concentration	can	lead	to	acidosis.	Aldosterone	causes	sodium	retention	and	an	increase	in	potassium	excretion.	Verkman,	A.	Conversely,	a	deficit	of	hydrogen	ion	in	plasma	(alkalemia)	may	lead	to	a	low	plasma	potassium	concentration.	(Top)	Step	1:	Sample	containing	proteins	is	applied	to	a	cylindrical	isoelectric-
focusing	gel	within	the	pH	gradient.	3.6)	contains	an	acetyl	group	at	C-2	of	glycerol	and	a	saturated	18-carbon	alkyl	ether	group	linked	to	the	hydroxyl	group	at	C-1,	rather	than	the	usual	long-chain	fatty	acids	of	phosphatidylcholine.	In	addition,	lysosomal	proteases	(cathepsins)	help	degrade	collagen	and	elastin.	More	than	500	ATP7B	mutations	have
now	been	identified.	pCO2	regulates	the	ventilation	rate	through	central	chemoreceptors	in	the	brainstem.	The	commonly	used	lipid-lowering	drugs,	derivatives	of	fibric	acid	(fibrates),	activate	PPARα.	Interestingly,	fish	oil	preparations	are	also	antiarrhythmic,	particularly	in	patients	who	have	already	suffered	myocardial	infarction.	A	porous
chromatography	column	matrix	is	derivatized	with	a	ligand	that	interacts	with,	or	binds	to,	a	specific	protein	in	a	complex	mixture.	35.14	Potassium	balance.	The	progress	in	neurochemistry	begins	to	allow	a	better	grasp	of	the	science	underpinning	mental	health.	We	get	rid	of	(exhale	or	excrete)	carbon	dioxide,	water,	and	nitrogenous	waste.	diabetes
can	present	with	either	hypokalemia	or,	more	rarely,	hyperkalemia	(Chapter	31).	Ethanol	consumption	also	affects	the	ubiquitin	system	of	protein	degradation	(Chapter	22).	The	gels	vary	in	pore	size,	and	one	can	choose	the	gel	filtration	materials	according	to	the	molecular-weight-fractionation	range	desired.	The	conversion	of	PrPC	into	PrPSc
involves	a	profound	conformational	change.	At	metabolic	steady	state,	urinary	excretion	of	nitrogen	compounds	strictly	depends	on	kidney	function.	When	the	LDL	binds	to	the	receptor,	PCSK9	channels	the	LDL:LDL	receptor	complex	toward	degradation	rather	than	recycling.	Thirst	is	also	suppressed,	decreasing	water	intake.	At	one	end	of	the
twofold	symmetry	axis	within	the	quaternary	structure	of	Hb,	there	is	a	shallow	cleft	defined	by	cationic	amino	acids	of	the	juxtaposed	β-globin	subunits	(Fig.	Renin	converts	angiotensinogen	into	angiotensin	I.	CLASSIFICATION	OF	LIVER	DISORDERS	Hepatocellular	disease	Inflammatory	disease	of	the	liver	is	termed	hepatitis	and	may	be	of	short
(acute)	or	long	(chronic)	duration.	The	steepest	slope	of	the	saturation	curve	for	Hb	lies	in	a	range	of	pO2	that	is	found	in	most	tissues	(see	Fig.	Renin	cleaves	a	10–amino	acid	peptide,	angiotensin	I,	from	the	circulating	glycoprotein	angiotensinogen.	There	was	no	abdominal	pain,	but	he	had	noticed	dark	urine	and	pale	stools.	Citrulline,	for	example,	is
a	metabolite	of	L-arginine	and	a	product	of	nitric	oxide	synthase,	an	enzyme	that	produces	nitric	oxide,	an	important	vasoactive	signaling	molecule.	W.	Endothelial	dysfunction	precedes	the	formation	of	atherosclerotic	lesions.	In	clinical	practice,	the	rest	of	the	anions	are,	for	the	purposes	of	electrolyte	balance,	considered	together,	constituting	the
so-called	anion	gap	(AG),	which	is	calculated	as	follows:	AG	=	(Na	+	+	K	+	)	−	(Cl	−	+	HCO3−	)	The	anion	gap	(in	a	healthy	person,	approximately	10 mmol/	L)	includes	mostly	negatively	charged	albumin	and	phosphate	523	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	523.e1	Abstract	Keywords	Patients	with	abnormal	plasma	sodium	and
potassium	concentrations,	and	also	those	with	dehydration	or	overhydration,	are	commonly	seen	in	clinical	practice	across	medical	and	surgical	specialties.	Vasopressin	antagonists	such	as	tolvaptan	can	be	used	as	adjuncts	in	the	treatment	of	severe	hyponatremia.	Of	these,	CYP1A2,	CYP3A4,	CYP2B6,	CYP2C9,	CYP2C19,	CYP2D6,	and	CYP2E1	are
responsible	for	approximately	90%	of	drug	metabolism.	Although	it	accounts	for	no	more	than	1%	of	adult	Hb,	HbF	predominates	in	the	fetus	during	the	second	and	third	trimesters	of	gestation	and	in	the	neonate.	K.,	&	Limdi,	J.	The	UPS	is	important	in	the	activation	of	the	NFκB	proinflammatory	pathway,	and	the	function	of	UPS	is	modified	by
reactive	oxygen	species	(Chapter	42).	O2	interaction	with	Hb	is	regulated	by	allosteric	effectors.	The	CO2	produced	in	the	course	of	metabolism	diffuses	through	cell	membranes	and	dissolves	in	plasma.	Glycoconjugates	(glycoproteins,	glycolipids,	and	proteoglycans)	are	needed	for	tissue	organization	and	cell-to-cell	communications.	Importantly,
digoxin,	the	cardiac	glycoside	used	in	the	treatment	of	heart	failure	and	atrial	fibrillation,	inhibits	the	Na+/K+-ATPase.	Energy	expenditure	Basal	metabolic	rate	is	the	energy	expenditure	required	to	maintain	body	function	at	complete	rest	In	health,	physical	activity	is	the	most	important	changeable	component	of	energy	expenditure	Nutrigenomics
Genotype	influences	plasma	concentrations	of	nutrients	Nutrition,	life	cycle,	and	metabolic	adaptation	Pregnancy	is	an	example	of	metabolic	adaptation	termed	expansive	adaptation	Nutrient	intake	changes	during	the	life	cycle	assessing	nutrition	Dietary	intake	is	not	easy	to	assess	Assessing	the	nutritional	status	of	an	individual	Dietary	history
should	include	more	than	the	details	of	food	intake	Simplified	assessment	of	nutritional	status	Body	weight	and	the	body	mass	index	Biochemical	markers	of	nutritional	status	Urinary	nitrogen	excretion	helps	assess	nitrogen	balance	Specific	plasma	proteins	are	used	as	markers	of	nutritional	status	Full	assessment	involves	measurements	of	vitamins
and	trace	metals	Other	laboratory	tests	provide	information	complementing	nutritional	assessment	Obesity	Obesity	has	emerged	as	a	major	health	problem	worldwide	Genetic	regulation	of	food	intake	and	energy	expenditure	Obesity	is	associated	with	an	increased	risk	of	medical	and	surgical	problems	Attempting	weight	loss	to	reverse	the
consequences	of	obesity	To	lose	weight,	one	needs	to	change	the	balance	between	energy	intake	and	expenditure	-	that	is,	between	food	intake	and	physical	activity	Malnutrition	Malnutrition	is	a	gradual	decline	in	nutritional	status,	which	leads	to	a	decrease	in	functional	capacity	and	to	other	complications	Markers	of	malnutrition	risk	There	are	two
types	of	protein–calorie	malnutrition:	marasmus	and	kwashiorkor	Refeeding	syndrome	develops	as	a	consequence	of	inappropriate	feeding	of	a	malnourished	person	Syndromes	related	to	malnutrition	Frailty	is	a	multisystem	deterioration	associated	with	age	Cachexia	is	weight	loss	predominantly	related	to	disease	Nutritional	support	Enteral
nutrition	entails	feeding	a	person	through	special	tubes	placed	in	the	stomach	or	jejunum	Total	parenteral	nutrition	is	appropriate	when	the	gastrointestinal	tract	does	not	function	because	of,	for	instance,	intestinal	obstruction	or	when	large	parts	of	it	have	been	surgically	removed	The	effectiveness	of	nutritional	support	using	TPN	depends	on	the
cause	of	weight	loss	Summary	Further	reading	Relevant	websites	Abbreviations33	Lipoprotein	Metabolism	and	Atherogenesis	Abstract	Keywords	Learning	objectives	Introduction	Lipoproteins	distribute	triacylglycerols	and	cholesterol	between	the	intestine	and	liver,	on	the	one	hand,	and	peripheral	tissues,	on	the	other	Nature	of	lipoproteins
Lipoproteins	are	clusters	of	hydrophilic,	hydrophobic,	and	amphipathic	molecules	Lipoproteins	differ	in	size	and	density	Apolipoproteins	Apolipoproteins	are	proteins	present	in	lipoprotein	particles;	they	fulfill	structural	and	metabolic	functions	Lipoprotein	receptors	The	LDL	receptor	is	regulated	by	the	intracellular	cholesterol	concentration
Scavenger	receptors	are	nonspecific	and	nonregulated	Enzymes	and	lipid	transfer	proteins	Pathways	of	lipoprotein	metabolism	Lipoproteins	fulfill	a	dual	function:	distribution	of	triacylglycerols	and	cholesterol	delivery	to	cells	Lipoprotein	metabolism:	The	fuel	distribution	stage	In	the	fed	state,	triglycerides	are	delivered	from	the	intestine	to	the
periphery	by	chylomicrons;	chylomicron	remnants	form	after	triacylglycerols	are	removed	Triglycerides	synthesized	in	the	liver	are	transported	to	the	periphery	by	the	VLDL;	this	happens	in	both	fed	and	fasting	states	Lipoprotein	metabolism:	The	cholesterol	delivery	stage	Cholesterol	present	in	the	remnant	particles	and	in	the	LDL	is	transported	to
the	liver	Plasma	lipoprotein	cholesterol	forms	an	extracellular	pool	available	to	cells	Reverse	cholesterol	transport	HDL	particles	remove	cholesterol	from	cells	HDL	take	cholesterol	out	of	cells	Transfer	of	cholesterol	from	HDL	to	triglyceride-rich	particles	is	the	principal	route	of	cholesterol	transport	in	humans	The	concept	of	cardiovascular	risk
Cardiovascular	risk	means	the	probability	of	an	ASCVD	event	Overall	CVD	risk	is	calculated	using	risk	calculators	Atherosclerosis	Atherogenesis:	The	role	of	vascular	endothelium	Normal	endothelium	has	anticoagulant	and	antiadhesion	properties	Endothelium	controls	vasodilatation	by	secreting	nitric	oxide	Atherogenesis	is	initiated	by	endothelial
damage	Atherogenesis:	Contribution	of	retained	lipoproteins	Dysfunctional	endothelium	facilitates	entry	and	retention	of	lipoproteins	in	the	intima	Cellular	basis	of	atherogenesis	Cells	enter	vascular	intima	Monocytes	transform	into	resident	macrophages	Oxidized	lipoproteins	are	taken	up	by	macrophages	Migration	of	vascular	smooth	muscle	cells
changes	the	structure	of	the	vascular	wall	Inflammatory	activity	destabilizes	the	plaque,	making	it	prone	to	rupture	Atherogenesis:	The	role	of	thrombosis	Platelets	stimulate	thrombotic	phenomena	in	the	plaques	Dyslipidemias	Conditions	associated	with	low	HDL	concentration	Conditions	associated	with	high	plasma	HDL	concentration	Principles	of
treatment	of	dyslipidemias	Management	of	dyslipidemias	combines	lifestyle	measures	and	drug	treatment	Statins	inhibit	HMG-CoA	reductase	Fibrates	act	through	PPARα	transcription	factor	Inhibitors	of	intestinal	absorption	bind	bile	acids	and	inhibit	cholesterol	transporter	Omega-3	fatty	acids	lower	plasma	triglyceride	concentration	PCSK9
inhibitors	are	the	newest	class	of	cholesterol-lowering	drugs	Summary	Further	reading	Relevant	websites	More	clinical	cases	Abbreviations34	Role	of	the	Liver	in	Metabolism	Abstract	Keywords	Learning	objectives	Introduction	The	liver	is	the	largest	organ	in	the	body	and	has	a	substantial	reserve	metabolic	capacity	Structure	of	the	liver	Structure	of
the	liver	facilitates	exchange	of	metabolites	between	hepatocytes	and	plasma	Liver	and	carbohydrate	metabolism	The	liver	plays	a	central	role	in	glucose	metabolism,	specifically	in	maintaining	the	circulating	concentration	of	glucose	Depending	on	metabolic	conditions,	the	liver	can	either	take	up	or	produce	glucose	Liver	and	protein	metabolism
Most	plasma	proteins	are	synthesized	in	the	liver	A	better	index	of	hepatocyte	synthetic	function	is	the	production	of	the	coagulation	factors	II,	VII,	IX,	and	X	Response	to	an	acute	insult	is	associated	with	wide-ranging	changes	in	liver	protein	synthesis	Protein	degradation	by	the	ubiquitin–proteasome	system	Ubiquitin	marks	intracellular	proteins	for
proteasomal	degradation	Removal	of	nitrogen	The	urea	cycle	is	essential	for	the	removal	of	nitrogen	generated	by	amino	acid	metabolism	Impaired	clearance	of	ammonia	causes	brain	damage	Heme	synthesis	Heme	is	a	constituent	of	hemoglobin,	myoglobin,	and	cytochromes	Bilirubin	metabolism	Excess	bilirubin	causes	jaundice	Bilirubin	is
metabolized	by	the	hepatocytes	and	excreted	in	bile	Bile	acids	and	cholesterol	metabolism	Bile	acids	are	key	elements	in	fat	metabolism	Drug	metabolism	The	low	substrate	specificity	of	some	hepatic	enzymes	produces	a	wide-ranging	capability	for	drug	metabolism	Drug	metabolism	proceeds	in	two	phases	Three	of	the	18	cytochrome	P-450	gene
families	share	the	responsibility	for	drug	metabolism	Induction	and	competitive	inhibition	of	cytochrome	P-450	enzymes	underpin	mechanisms	of	drug	interactions	Cytochrome	P-450	gene	polymorphisms	determine	the	response	to	many	drugs	Drug	hepatotoxicity	Drugs	that	exert	their	toxic	effects	on	the	liver	may	do	so	through	the	hepatic
production	of	a	toxic	metabolite	The	commonly	used	drug	acetaminophen	(paracetamol)	is	hepatotoxic	in	excess	Alcohol	Alcohol	excess	is	a	major	cause	of	liver	disease	Ethanol	oxidation	alters	the	redox	potential	of	the	hepatocyte	Symptoms	of	alcohol	intolerance	are	exploited	to	reinforce	abstinence	Pharmacogenomics	The	response	to	any	particular
drug	is	influenced	by	the	drug’s	kinetic	properties	(pharmacokinetics)	and	its	effects	(pharmacodynamics)	Pharmacogenomics	studies	the	effects	of	genetic	heterogeneity	on	drug	responsiveness	Biochemical	tests	of	liver	function	Transaminases	Prothrombin	time	Alkaline	phosphatase	Classification	of	liver	disorders	Hepatocellular	disease	Cholestatic
disease	Jaundice	Jaundice	can	be	pre-,	post,	or	intrahepatic	Prehepatic	hyperbilirubinemia	results	from	excess	production	of	bilirubin	caused	by	hemolysis	or	a	genetic	abnormality	in	the	hepatic	uptake	of	unconjugated	bilirubin	Intrahepatic	jaundice	reflects	a	generalized	hepatocyte	dysfunction	Posthepatic	jaundice	is	caused	by	obstruction	of	the
biliary	tree	Genomics	of	liver	disease	Hereditary	hemochromatosis	is	a	genetically	determined	disorder	of	iron	metabolism	Wilson’s	disease	is	a	condition	associated	with	liver	and	CNS	damage;	it	results	from	abnormal	tissue	copper	disposition	Deficiency	of	α1-antitrypsin	presents	in	infancy	as	liver	disease	or	in	adulthood	as	lung	disease	Liver	cancer
is	associated	with	particularly	high	plasma	concentrations	of	α-fetoprotein	There	are	a	number	of	genetic	disorders	that	impair	bilirubin	conjugation	or	secretion	Summary	Further	reading	Relevant	websites	More	clinical	cases	Abbreviations35	Water	and	Electrolytes	Homeostasis	Abstract	Keywords	Learning	objectives	Introduction	Water	and
electrolytes	are	constantly	exchanged	with	the	environment	Body	water	compartments	The	body	exchanges	water	with	the	environment	The	capillary	vessel	wall	separates	plasma	and	the	interstitial	fluid	The	plasma	membrane	separates	the	intracellular	and	extracellular	fluid	Ion	movements	and	transport	systems	Water	diffuses	freely	across	most
cell	membranes,	but	the	movement	of	ions	and	neutral	molecules	is	restricted;	Na+/K+-ATPase	maintains	the	sodium	and	potassium	gradients	across	the	cell	membrane	The	Na+/K+-ATPase	is	subject	to	regulation	by	a	number	of	hormones,	including	aldosterone	The	electrochemical	gradient	drives	the	passive	movement	of	electrolytes	through	ion
channels	Cells	protect	themselves	against	changes	in	volume	The	role	of	osmotic	pressure	in	fluid	shifts	between	ECF	and	ICF	Osmolality	depends	on	the	concentration	of	molecules	in	water	Differences	in	osmolality	drive	movement	of	water	between	ICF	and	ECF	Balance	between	the	oncotic	and	hydrostatic	pressures	is	fundamental	for	the
circulation	of	substrates	and	nutrients	Role	of	the	kidneys	in	water	and	electrolyte	balance	Sodium	transport	systems	in	the	renal	tubules	Regulation	of	water	and	electrolyte	balance	Renin,	angiotensin,	and	aldosterone	The	Renin–angiotensin	system	controls	blood	pressure	and	the	vascular	tone	Angiotensin	receptors	are	important	in	the
pathogenesis	of	cardiovascular	disease	Aldosterone	regulates	sodium	and	potassium	homeostasis	The	natriuretic	peptides	Natriuretic	peptides	promote	sodium	excretion	and	decrease	the	blood	pressure.	Intracellular	buffers	are	primarily	proteins	and	phosphates.	3.4.	These	sugars,	deoxysugars,	aminosugars,	and	sugar	acids,	are	found	primarily	in
oligomeric	or	polymeric	structures	in	the	body	(e.g.,	ribose	in	RNA	and	deoxyribose	in	DNA),	or	they	Table	3.1	Classification	of	carbohydrates	by	length	of	the	carbon	chain	 	Number	of	carbons	Name	Examples	in	human	biology	Three	Triose	Glyceraldehyde,	dihydroxyacetone	Four	Tetrose	Erythrose	Five	Pentose	Ribose,	ribulose,*	xylose,	xylulose,*
deoxyribose	Six	Hexose	Glucose,	mannose,	galactose,	fucose,	fructose	Seven	Heptose	Sedoheptulose*	Eight	Octose	None	Nine	Nonose	Neuraminic	(sialic)	acid	*The	syllable	ul	indicates	that	the	sugar	is	a	ketose;	the	formal	name	for	fructose	would	be	gluculose.	Why	does	a	low	concentration	of	albumin	in	plasma	lead	to	edema?	The	dissociation
constant	(Ka)	of	a	weak	acid	is	defined	as	the	equilibrium	constant	for	the	dissociation	reaction	(1)	of	the	acid:	(2)	[H	+	][	A	−	]	Ka	=	[HA	]	The	hydrogen	ion	concentration	[H+]	of	a	solution	of	a	weak	acid	can	then	be	calculated	as	follows.	Except	during	extreme	physical	exertion,	the	heterozygous	individual	appears	normal.	Although	many	of	these
mutants	have	predictable	phenotypes,	others	are	surprisingly	pleiotropic	in	their	impacts	on	multiple	properties	of	the	Hb	molecule.	On	the	other	hand,	lipid	deposits	in	the	tendons	(tendon	xanthomata)	are	always	diagnostic	of	a	familial	lipid	disorder.	D.,	Poterucha,	J.	Kostek,	PhD,	FACSM,	HFS	George	M.	Clinical	Chemistry,	58,	62–71.	Give	examples
of	interactions	between	different	cell	types	in	atherogenesis.	NABQI	may	be	detoxified	by	conjugation	with	glutathione,	but	in	acetaminophen	overdose,	glutathione	stores	also	become	exhausted,	and	hepatotoxicity	ensues	(Fig.	force	until	saturation	is	reached.	(2001).	Microvascular	dysfunction	is	precipitated	by	an	inflammatory	response,	indicated
by	elevation	of	plasma	acute-phase	proteins.	This	is	followed	by	extrusion	of	water	and	protects	the	cell	from	volume	changes.	It	expresses	the	relationship	between	pH	and	the	components	of	the	buffer:	pH	=	pK	+	log([	bicarbonate	]	pCO2	×	0.23)	The	equation	demonstrates	that	blood	pH	is	determined	by	the	ratio	between	the	concentration	of
plasma	bicarbonate	(the	“base”	component	of	the	buffer)	and	the	concentration	of	dissolved	CO2	(the	“acid”	component,	because	it	converts	to	carbonic	acid).	They	combine	with	nuclear	receptors	(i.e.,	in	the	case	of	CYP3A4,	the	pregnane	X	receptor	[PXR]),	which	then	form	heterodimers	with	retinoid	X	receptors	(Chapter	14).	33.7	Atherosclerotic
plaque.	We	then	focus	on	Fuels	and	Nutrients,	discussing	the	gastrointestinal	tract,	glucose	and	lipoprotein	absorption,	and	metabolism	and	linking	the	underlying	biochemistry	to	major	public	health	issues.	This	rapid	technique	will	tentatively	identify	HbS	and	HbC,	two	common	mutant	hemoglobins	in	the	African	American	population.	35.13).	These
measurements	are	particularly	useful	for	excluding	heart	failure	in	patients	who	present	with	nonspecific	symptoms	such	as	shortness	of	breath.	Chronic	hepatitis,	defined	as	inflammation	persisting	for	more	than	6	months,	may	also	be	due	to	the	hepatitis	B	and	C	viruses,	alcohol,	and	immunologic	diseases,	in	which	the	body	produces	antibodies
against	its	own	tissues	(autoimmune	diseases;	Chapter	43).	However,	because	the	CO2	is	eliminated	through	the	lungs,	the	bicarbonate/pCO2	ratio	is	subsequently	brought	back	toward	normal.	Prefixes	and	examples	of	longer-chain	sugars	are	shown	in	Table	3.1.	Numbering	of	the	carbons	begins	from	the	end	containing	the	aldehyde,	or	ketone,
functional	group.	SUMMARY	■	Lipoproteins	transport	hydrophobic	lipids	between	organs	and	tissues.	To	convert	urea	(mg/dL)	to	BUN	(mg/dL),	multiply	by	0.467.	Note	that	L-glucose	is	the	mirror	image	of	D-glucose	(i.e.,	the	geometry	at	all	of	the	asymmetric	centers	is	reversed).	Drugs	that	inhibit	ACE	are	now	extensively	used	in	the	treatment	of
hypertension	and	heart	failure.	Oxidation	of	LDL	also	generates	damage-associated	molecular	patterns	(DAMP),	small	protein	molecules	that	perpetuate	inflammation.	Throughout	the	book,	you	will	find	Clinical	Boxes	and	Clinical	Test	Boxes,	which	integrate	basic	science	with	clinical	practice,	and	Advanced	Concept	Boxes	that	expand	on	selected
issues.	NICE	Clinical	Guidelines,	no.	Cholesterol	is	less	polar	than	phospholipids;	the	hydroxyl	group	tends	to	be	on	the	membrane	surface,	while	the	polycyclic	system	intercalates	between	the	fatty	acid	chains	of	phospholipids.	Sodium	chloride,	in	a	concentration	close	to	0.9%	(thus	“physiologic	saline”),	is	the	main	ionic	component	of	the
extracellular	fluid.	Disulfiram,	a	drug	that	inhibits	ALDH,	also	causes	these	symptoms	when	alcohol	is	taken	and	may	be	given	to	reinforce	abstinence	from	alcohol.	The	sensitivity	of	O2	saturation	to	H+	is	known	as	the	Bohr	effect.	E.,	Aponte,	J.	Atherogenesis:	The	role	of	thrombosis	Platelets	stimulate	thrombotic	phenomena	in	the	plaques	Initial
adhesion	of	platelets	to	the	vascular	wall	occurs	through	platelet	glycoprotein	receptors	for	von	Willebrand	factor	and	fibrinogen.	FH	carries	a	high	risk	of	premature	coronary	disease,	and	heterozygotes	may	suffer	heart	attacks	as	early	as	the	third	or	fourth	decade	of	life.	The	body	exchanges	water	with	the	environment	The	main	source	of	water	is
oral	intake,	and	the	main	source	of	its	loss	is	urine	excretion.	Thrombin	continues	to	be	generated	in	the	plaques.	Conjugated	bilirubin	is	water	soluble	and	may	be	secreted	by	the	hepatocyte	into	the	biliary	canaliculi.	This	is	possible	because	the	Na+/K+-ATPase	maintains	low	sodium	concentration	in	the	cytoplasm.	The	narrow	columns	are	packed
with	a	noncompressible	matrix	of	fine	silica	beads	coated	with	a	thin	layer	of	a	stationary	phase.	■	Explain	the	role	of	albumin	in	the	movement	of	water	between	plasma	and	interstitial	space,	including	the	consequences	of	proteinuria.	It	is	often	associated	with	an	elevation	in	serum	levels	of	the	transaminase	enzymes	released	by	damaged	hepatic
parenchymal	cells.	Homozygous	individuals	are	generally	normotensive.	Larger	molecules	are	retarded	in	the	gel	matrix,	whereas	the	smaller	ones	move	more	rapidly.	These	cyclic	structures	are	known	as	Haworth	projections;	by	convention,	groups	to	the	right	in	Fischer	projections	are	shown	below	the	ring,	and	groups	to	the	left	are	shown	above
the	ring.	In	the	alveolar	capillaries,	the	blood	accepts	oxygen,	which	diffuses	through	the	alveolar	wall	from	the	inspired	air;	at	the	same	time,	the	CO2	diffuses	from	the	blood	into	the	alveoli	and	is	expired.	Describe	the	function	of	the	liver	in	protein	synthesis	and	in	the	systemic	response	to	inflammation.	Conversely,	an	increase	in	plasma
bicarbonate	leads	to	a	decrease	in	the	ventilation	rate	and	to	CO2	retention.	The	diffusion	rate	of	gases	is	determined	by	the	difference	in	partial	pressures	between	alveolar	air	and	blood.	A	number	of	other	phospholipid	structures	with	special	functions	are	introduced	in	later	chapters.	Skeletal	muscle	contraction	is	volitional,	and	fibers	are
innervated	by	motor	nerve	endplates	that	originate	in	the	spinal	cord;	acetylcholine	functions	as	the	neurotransmitter	(see	Chapter	26).	The	cytochrome	P-450	enzymes	are	hemecontaining	proteins	that	colocalize	with	NADPH:cytochrome	P-450	reductase.	HbA	remains	a	true	solute	at	rather	high	concentrations,	largely	as	a	result	of	a	polar	exterior
surface	that	is	compatible	and	nonreactive	with	nearby	Hb	molecules.	For	reference	ranges,	see	Table	35.2.	particularly	hepatitis	A	and	E,	are	common	infectious	causes	of	acute	hepatitis,	whereas	alcohol	and	acetaminophen	are	the	most	common	toxicologic	causes,	and	metabolic	syndrome	is	now	a	very	common	cause.	They	are	degraded	to	glycerol
and	fatty	acids	in	response	to	hormonal	signals,	then	released	into	plasma	for	metabolism	in	other	tissues,	primarily	muscle	and	liver.	Diagnosis,	evaluation,	and	treatment	of	hyponatremia:	expert	panel	recommendations.	■	Describe	the	respiratory	and	metabolic	components	of	the	acid–base	balance.	PPARβ/δ	is	involved	in	the	control	of	cell
proliferation	and	differentiation	and	in	fatty	acid	catabolism.	1.2	Integrated	view	of	regulatory	loops	between	signalling	proteins,	enzymes,	genome,	and	metabolism.	In	spite	of	the	amount	of	hydrogen	ion	produced,	its	blood	concentration	(often	expressed	as	a	negative	logarithm	of	the	concentration,	the	pH)	is	remarkably	constant:	it	remains
between	35	and	45 nmol/L	(pH	7.35–7.45).	Familial	dysbetalipoproteinemia	leads	to	an	increased	remnant	concentration	because	of	the	impaired	uptake	caused	by	the	mutation	in	apoE.	This	mutation	is	present	in	about	10%	of	Northern	Europeans,	and	so	1	in	100	would	be	homozygous	and	may	develop	iron	overload.	ECF	ICF	Gastrointestinal	tract
7L	per	day	Plasma	Water	loss	2	L	per	day	(mL)	Urine	1200	Expired	air	500	Sweat	200	Feces	100	Fig.	The	infant’s	skin	and	mucous	membranes	were	bluish,	indicating	cyanosis.	Aldehydes	such	as	formaldehyde	or	glutaraldehyde	react	rapidly	with	amino	groups	in	protein	25	CHAPTER	3 	Carbohydrates	and	Lipids	25.e1	Abstract	Keywords
Carbohydrates	(sugars)	and	lipids	are	the	major	sources	of	energy	in	our	diet	and	are	stored	in	our	bodies	as	glycogen	and	fats.	Calcium	binding	to	Tn-C	causes	a	conformational	change	in	Tn-I,	which	is	transmitted	through	Tn-T	to	tropomyosin.	Conditions	associated	with	low	HDL	concentration	Low	plasma	HDL	can	result	from	mutations	in	genes
coding	for	apoA1,	ABCA1	transporter,	and	LCAT.	HBOCs	are	hemoglobins	derived	from	allogeneic,	xenogeneic,	or	recombinant	sources	that	have	been	modified	by	polymerization,	crosslinkage,	or	conjugation.	The	catalytic	subunit	of	the	Na+/K+-ATPase	can	be	phosphorylated	(E1-P	and	E2-P)	and	dephosphorylated	(E1	and	E2),	and	the
phosphorylation	status	changes	its	conformation	and	affinity	toward	substrates.	Epigenetics,	the	study	of	gene	regulation	caused	by	modification	of	DNA	function	by	means	other	than	changes	in	its	nucleotide	sequence,	provides	deeper	insight	into	the	regulation	of	gene	expression.	by	2-mercaptoethanol	and	then	treated	with	iodoacetate	to	form
carboxymethylcysteine	residues.	2.6.	By	convention,	the	amino	terminus	(N-terminus)	is	taken	as	the	first	residue,	and	the	sequence	of	amino	acids	is	written	from	left	to	right.	Renal	failure	leads	to	a	decrease	in	urine	volume	and	creatinine	clearance	and	to	an	increase	in	serum	urea	and	creatinine.	Table	36.3	Partial	pressures	of	oxygen	and	carbon
dioxide	in	atmospheric	air,	lung	alveoli,	and	the	blood,	kPa	(mmHg)	 	Tissues	Fig.	Kaushik,	S.,	&	Cuervo,	A.	There	are	four	possible	D-ketohexoses;	fructose	(fruit	sugar;	see	Fig.	infarction	(if	the	blockage	is	in	a	coronary	artery),	stroke	(blockage	in	an	artery	supplying	the	brain),	or	peripheral	vascular	disease	(blockage	in	leg	arteries;	this	leads	to
characteristic	pain	that	occurs	during	walking,	with	fast	relief	on	stopping,	known	as	intermittent	claudication).	Whereas	a	decreased	concentration	of	HDL-C	is	associated	with	an	increased	risk	for	cardiovascular	disease	(CVD),	a	high	plasma	concentration	of	HDL-C	seems	to	be	protective.	A	reduction	in	plasma	oncotic	pressure,	caused	by	low
plasma	albumin	concentration,	results	in	the	movement	of	fluid	into	the	extravascular	space:	this	is	observable	as	edema.	The	molar	absorption	coefficient	of	a	protein	is	useful	in	determining	ADVANCED	CONCEPT	BOX	NONPROTEIN	AMINO	ACIDS	Measurement	of	abnormal	amino	acids	or	elevated	concentrations	of	amino	acids	in	urine
(aminoaciduria)	is	useful	for	clinical	diagnosis	(see	Chapter	15).	Cooke,	M.,	Irby,	D.	The	classic	Bartter’s	syndrome	results	from	chloride	channel	gene	(CLCNKB)	mutation.	Our	thanks	go	to	Nani	Clansey,	Senior	Development	Editor,	whose	expertise	and	enthusiasm	steered	the	project	through;	to	Madelene	Hyde,	who	formulated	the	strategy;	to
Jeremy	Bowes	for	his	contribution	to	the	initial	stages	of	this	edition;	and	to	Beula	Christopher,	who	gave	the	book	its	final	form.	All	rights	reserved.	The	potential	for	DILI	to	be	responsible	for	an	individual’s	hepatic	dysfunction	may	therefore	not	be	obvious	if	it	is	not	a	recognized	toxic	effect	of	the	drug,	and	the	routine	biochemical	liver	function
tests	are	unhelpful.	2.15	Two-dimensional	gel	electrophoresis.	In	parallel,	an	increase	in	the	plasma	osmolality	caused	by	water	deficit	stimulates	vasopressin,	with	a	consequent	decrease	in	the	urine	volume.	Hemoglobin	is	discussed	in	Chapter	5.	National	Collaborating	Centre	for	Women’s	and	Children’s	Health	(UK)	(2010).	Smooth	muscle	can	also
be	induced	to	depolarize	by	ligand–receptor	interactions	at	the	sarcolemma.	2.4).	More	recently,	an	even	lower	LDL-C	level	of	1.8	(70 mg/dL)	has	been	used	as	a	cutoff	point	for	treatment	in	persons	with	an	elevated	risk	of	ASCVD	(see	Further	Reading).	Body	movement,	radiated	ambient	light,	elevated	bilirubin,	and	artificial	or	painted	fingernails	can
interfere	with	pulse	oximetry.	Atherogenesis	involves	endothelial	dysfunction;	deposition	of	lipids	in	the	arterial	intima;	migration	and	activation	of	inflammatory	cells;	continuing	low-grade	inflammatory	reaction,	migration,	and	activation	(phenotypic	switching)	of	VSMC;	activation	of	both	innate	and	adaptive	immune	systems;	and	thrombosis.	Hb,
hemoglobin.	Blood	urea	nitrogen	(BUN):	2.5–6.5 mmol/L	(7.5–18.2 	mg/dL)	4.	Effect	of	2,3-bisphosphoglycerate	Effects	of	CO2	and	temperature	Like	H+,	CO2	is	increased	in	venous	capillaries	and	is	a	negative	allosteric	effector	of	the	O2	affinity	of	Hb	Closely	related	to	the	Bohr	effect	is	the	ability	of	CO2	to	alter	the	O2	affinity	of	Hb.	The	increase	in
pCO2	in	venous	capillaries	decreases	the	affinity	of	Hb	for	O2.	Richards,	A.	Dominiczak,	MD,	Dr	Hab	Med,	FRCPath,	FRCP	(Glas)	Consultant	Haematologist	Department	of	Haematology,	Glasgow	Royal	Infirmary	Glasgow,	Scotland,	UK	Hon	Professor	of	Clinical	Biochemistry	and	Medical	Humanities	College	of	Medical,	Veterinary	and	Life	Sciences
University	of	Glasgow	Glasgow,	Scotland,	UK;	Docent	in	Laboratory	Medicine	University	of	Turku,	Turku,	Finland;	Consultant	Biochemist	Clinical	Biochemistry	Service	National	Health	Service	(NHS)	Greater	Glasgow	and	Clyde	Gartnavel	General	Hospital	Glasgow,	Scotland,	UK	John	W.	ADVANCED	CONCEPT	BOX	GLUTATHIONE	Glutathione	(GSH)
is	a	tripeptide	with	the	sequence	γ-glutamylcysteinyl-glycine	(Fig.	The	latter	process	induces	dephosphorylation	of	E2-P	and	potassium	release	into	the	intracellular	compartment.	The	desirable	level	of	systolic	blood	pressure	is	below	140 mmHg	and	diastolic	pressure	90 mmHg	(optimal	values	are	lower	still,	below	120/80 mmHg).	J.	HDL-C
concentration	below	1 mmol/L	(40 g/dL)	in	men	or	1.2 mmol/L	(47 mg/dL)	in	women	is	regarded	as	low.	He	seemed	perfectly	well.	However,	the	intracellular	concentration	of	ATP	does	not	change	dramatically	during	exercise.	In	the	heterozygous	individual	(HbA/HbS,	sickle	cell	trait),	the	kinetics	of	sickling	are	decreased	by	at	least	a	factor	of	1000,
thereby	accounting	for	the	asymptomatic	nature	of	this	genotype.	C.,	&	Prusiner,	S.	ANP	and	BNP	are	secreted	in	response	to	atrial	stretch	and	to	ventricular	volume	overload.	2.13	Fractionation	of	proteins	by	charge:	ion-exchange	chromatography.	In	the	absence	of	cooperativity,	even	with	multiple	sites,	the	Hill	coefficient	would	be	1	-	that	is,
binding	of	one	molecule	of	O2	would	not	influence	the	binding	of	other	molecules.	To	convert	urea	(mmol/L)	to	BUN	(mmol/L),	multiply	by	1.0.	To	convert	urea	(mmol/L)	to	BUN	(mg/dL),	multiply	by	2.8.	Serum	Cystatin	C	Concentration	Is	Another	Marker	of	the	GFR	Cystatin	C	is	a	122-amino	acid,	13-kDa	protein	belonging	to	the	family	of	cysteine
proteinase	inhibitors.	Here	we	describe	factors	regulating	intake	and	loss	of	water	and	electrolytes.	Each	kidney	consists	of	approximately	1	million	nephrons	composed	of	glomerulus	and	an	excretory	tubule	(Fig.	W.,	Seckington,	R.	Small	particles,	such	as	the	remnants	and	the	LDL,	enter	the	vascular	wall	when	the	endothelium	is	damaged.	■
Describe	factors	affecting	plasma	potassium	concentration,	and	describe	the	clinical	consequences	of	hyperkalemia	and	hypokalemia.	It	is	synthesized	from	glycine	and	succinyl-coenzyme	A,	which	condense	to	form	5-aminolevulinate	(5-ALA).	Another	form	of	angiotensin,	angiotensin	1–9,	is	formed	by	an	isoform	of	ACE	(ACE2)	and	is	subsequently
degraded	to	angiotensin	1–7.	Myocardial	infarction	was	confirmed	by	EKG	changes	and	by	high	cardiac	troponin	concentration	in	plasma.	Cystatin	C	is	freely	filtered	through	the	glomerulus.	33.6	outlines	processes	involved	in	atherogenesis.	Occasionally,	double	heterozygotes	are	identified	(e.g.,	HbSC;	see	Fig.	With	few	exceptions,	Hb	variants	are
inherited	as	autosomal	recessive	traits.	P.,	et al.	What	are	the	differences	between	the	transport	to	the	peripheral	tissues	of	dietary	triacylglycerols	and	the	triacylglycerols	synthesized	in	the	liver?	AQP2	+	Short	term	Active	PKA	cAMP	Longer	term	AQP2	AQP2	AQP2	synthesis	+	AQP2	gene	transcription	ATP	Ca2+	Gp	Basolateral	membrane	Nucleus
Fig.	xvii	Abbreviations	1,25(OH)2D3	1,3-BPG	17-OHP	2,3-BPG	4E-BP1	5-ALA	5-HIAA	5-HT	8-oxoG	α-MSH	A1AT	AADC	ABC	ABCA1,	ABCG5,	G8,	A1,	G1,	and	G4	Abl	ACAT	ACAT	ACC1,	ACC2	ACD	ACE	Acetyl-CoA	ACh	ACP	ACTH	AD	ADA	ADAR	ADH	ADH	AE	AFP	AG	AGE	AGPAT2	AHA	AHF	AI	AIC	Akt	ALD	ALDH	ALE	1,25-dihydroxycholecalciferol,
calcitriol	1,3-bisphosphoglycerate	17-hydroxyprogesterone	2,3-bisphosphoglycerate	eIF4E-binding	protein	1	5-aminolevulinate	5-hydroxyindoleacetic	acid	5-hydroxytryptamine,	serotonin	8-oxo-2′-deoxyguanosine	Melanocortin	Alpha-1	antitrypsin	Aromatic	amino	acid	decarboxylase	ATP	binding	cassette	ATP-binding	cassette	transporters	Nonreceptor
protein	tyrosine	kinase	Acyl-CoA:	acyl-cholesterol	transferase	Cholesterol	acyltransferase	Acetyl-CoA	carboxylase	Autophagic	cell	death	(autophagy)	Angiotensin-converting	enzyme	Acetyl-coenzyme	A	Acetylcholine	Acyl	carrier	protein	Adrenocorticotropic	hormone	Alzheimer’s	disease	American	Diabetes	Association	Adenosine	deaminase	acting	on
RNA	Alcohol	dehydrogenase	Antidiuretic	hormone,	vasopressin	Anion	exchanger	α-fetoprotein	Anion	gap	Advanced	glycation	(glycoxidation)	end	products	Acylglycerol	acyltransferase	2	American	Heart	Association	Antihemophilic	factor	Adequate	Intake	Acute	intermittent	porphyria	Protein	kinase	Alcoholic	liver	disease	Aldehyde	dehydrogenase
Advanced	lipoxidation	end-products	ALL	ALP	ALPS	ALT	AML	AMPA	AMPK	ANP	AP-1	APAF1	APC	APC	apoA	apoB	apoB100/apoB48	apoC	ApoE	APP	APRT	APTT	AQP	ARDS	ARE	ASCVD	AST	AT1,	AT2	ATCase	ATF	ATG	ATM	ATP	III	ATP	ATR	AUC	AVP	AZT	BAD	Bak	BAX	Acute	lymphoblastic	leukemia	Alkaline	phosphatase	Autoimmune
lymphoproliferative	syndrome	Alanine	aminotransferase	Acute	myeloid	leukemia	α-amino-3-hydroxy-5-methyl-4isoxazolepropionic	acid	AMP-activated	protein	kinase;	AMP-dependent	protein	kinase	Atrial	natriuretic	peptide	Activator	protein-1	Apoptotic	protease	activating	factor	1	Anaphase-promoting	complex	Antigen-presenting	cell	Apolipoprotein	A
Apolipoprotein	B	Apolipoprotein	B	Apolipoprotein	C	Apolipoprotein	E	Amyloid	precursor	protein	Adenosine	phosphoribosyl	transferase	Activated	partial	thromboplastin	time	Aquaporin	Acute	respiratory	distress	syndrome	Antioxidant	response	element	Atherosclerotic	cardiovascular	disease	Aspartate	aminotransferase	Angiotensin	receptors	Aspartate
transcarbamoylase	Activation	transcription	factor	Autophagy-related	gene	Ataxia-telangiectasia	mutated,	checkpoint	kinase	National	Cholesterol	Education	Treatment	Panel	III	Adenosine	triphosphate	Ataxia-telangiectasia	Rad3–related	checkpoint	kinase,	CHK1	and	CHK2	Area	under	the	curve	Arginine	vasopressin	Azidothymidine	Bcl-2-associated
death	promoter	Bcl-2	homologous	antagonist/killer	Bcl-2-associated	X	protein	xix	xx	Abbreviations	BBB	Bcl-2	BCR	BCR	BH-3	BH4	BMI	BMR	BNP	BrdU	Btk	BUN	bw	C1q,	C1r,	C1s,	and	C2–C9	C3G	CA	CAD	CAH	CAK	CaM	cAMP	cAMP	CAMS	CAP	CAT	CBG	Cbl	CD	CD4+	CD40L	CD8+	CDG	CDK	CDKIs	cDNA	CDP	CDP-DAG	CE	CEA	CETP	CF	CFDA	SE
Blood–brain	barrier	B-cell	lymphoma	protein	2;	Bcl-2	family	members	include	prosurvival	family	members	(Bcl-2,	Bcl-xL,	Bcl-W,	Mcl-1);	proapoptotic	BAX/BAK	family,	and	proapoptotic	BH-3-only	proteins	(BIM,	Bid,	PUMA,	NOXA,	BAD,	BIK)	B-cell	receptor	Breakpoint	cluster	region	Interacting-domain	death	agonist	Tetrahydrobiopterin	Body	mass
index	Basal	metabolic	rate	Brain	natriuretic	peptide	Bromodeoxyuridine	A	protein	tyrosine	kinase	Blood	urea	nitrogen	Body	weight	Complement	components	Guanyl	nucleotide	exchange	factor	Carbonic	anhydrase	Carbamoyl	phosphate	synthetaseAspartate	transcarbamoylaseDihydroorotase	Congenital	adrenal	hyperplasia	CDK-activating	complex,
composed	of	CDK7,	cyclin	H,	and	MAT1	(ménage	a	trois)	Calmodulin	Adenosine	3′,5′-cyclic	monophosphate	Cyclic	adenosine	monophosphate	Cell	adhesion	molecules	Cbl-associated	protein	Catalase	Cortisol-binding	globulin	(also	known	as	transcortin)	Adaptor	protein	in	insulin	signaling	pathway	Cluster	of	differentiation	system;	cell	surface
molecules	T	helper	cells	(TH)	CD40	ligand	Cytotoxic	T	lymphocyte	(CTL)	Congenital	disease	of	glycosylation	Cyclin-dependent	kinase	Cyclin-dependent	kinase	inhibitory	proteins	Complementary	DNA	Cytidine	diphosphate	CDP-diacylglycerol	Cholesterol	ester	Carcinoembryonic	antigen	Cholesterol	ester	transfer	protein	Cystic	fibrosis	Carboxy-
fluoresceindiacetate	succinimidyl	ester	cFLIP	CFTR	CGD	CGH	cGMP	cGMP	CH	ChAT	ChIP	ChIP-on-chip	ChIPseq	CHK1	CK	CK-MB	CL	CLL	CLR	CMA	CML	CML	CMP-NeuAc	CMP-PA	CNS	COAD	CoA-SH	COHb	COMT	CpG	CPS	CPT-I,	CPT-II	CRBP	CREB	CRH	cRNA	CRP	CSC	CSF	CT	CT	CTD	CTL	CTX	Cyt	a,	b,	c	DAG	Modulator	of	FADD,	Fas-
associated	death	domain	Cystic	fibrosis	transmembrane	conductance	regulator	Chronic	granulomatous	disease	Comparative	genome	hybridization	Cyclic	guanosine	3′5′-monophosphate	Cyclic	guanosine	monophosphate	Constant	heavy	fragment;	antigen-binding	sequence	domains	Choline	acetyltransferase	Chromatin	immunoprecipitation
Combination	chromatin	immunoprecipitation	and	microarray	technology	Combination	chromatin	immunoprecipitation	and	RNAseq	technology	CHK2,	checkpoint	kinases	Creatine	(phospho)kinase	MB	fraction	of	creatine	kinase	Constant	light,	fragment;	antigen-binding	sequence	domains	Chronic	lymphocytic	leukemia	C-type	lectin	receptors
Chromosomal	microarray	analysis	Chronic	myeloid	leukemia	Ne-(carboxymethyl)lysine	CDP-neuraminic	(sialic)	acid	Cytosine	monophosphate-phosphatidic	acid	Central	nervous	system	Chronic	obstructive	airway	disease	Acetyl-coenzyme	A	Carboxyhemoglobin	Catecholamine-O-methyltransferase	Cystine-guanine	dinucleotide	Carbamoyl	phosphate
synthetase	Carnitine	palmitoyl	transferase	I	and	II	Cytosolic	retinol-binding	proteins	cAMP	response	element-binding	protein	Corticotropin-releasing	hormone;	Corticoliberin	Complementary	RNA	C-reactive	protein	Cancer	stem	cell	Cerebrospinal	fluid	Computed	(computerized)	tomography	scan	Computerized	tomography	C-terminal	domain	Cytotoxic
T	lymphocytes	(CD8+	cells)	Carboxy-terminal	telopeptide	Cytochrome	a,	cytochrome	b,	cytochrome	c	Diacylglycerol	Abbreviations	DAMPs	DAPI	DAT	DC	DCCT	DD	DDI	DED	DEXA	DGAT	DHAP	DHEA	DHEAS	DHT	DIC	DILI	DISC	DIT	DLDH	DLTA	DMP	DNA	DNL	DNP	Dol	DPP-4	DPPC	DRI	dsRNA	DTI	DVT	E2F	EAR	EBNA1	ECF	ECM	EDRF	EDTA	eEF
EFA	EGF	EGFR	eGFR	eIF	EMSA	ENaC	ENaC	eNOS	EPA	Epacs	ER	ERAD	eRF	Damage-associated	molecular	patterns	4′-6′-diamidino-2-phenylindole	Dopamine	transporter	Dendritic	cell	Diabetes	Control	and	Complications	Trial	Death	domain	Drug–drug	interaction	Death	effector	domain	Dual-energy	X-ray	absorptiometry	Diacylglycerol
acyltransferase	Dihydroxyacetone	phosphate	Dehydroepiandrosterone	Dehydroepiandrosterone	sulfate	Dihydrotestosterone	Disseminated	intravascular	coagulation	Drug-induced	liver	injury	Death-inducing	signaling	complex	Diiodotyrosine	Dihydrolipoyl	dehydrogenase	Dihydrolipoyl	transacetylase	Dentin	matrix	protein	Deoxyribonucleic	acid	De	novo
lipogenesis	Dinitrophenol	Dolichol	Dipeptidyl	peptidase-4	Dipalmitoylphosphatidylcholine	Dietary	Reference	Intakes	Double	stranded	RNA	Direct	thrombin	inhibitor	Deep	vein	thrombosis	Family	of	transcription	factors	Estimated	Average	Requirement	The	Epstein–Barr	virus	nuclear	antigen	1	Extracellular	fluid	Extracellular	matrix	Endothelium-
derived	relaxing	factor	(nitric	oxide)	Ethylenediaminetetraacetic	acid	Eukaryotic	elongation	factor	Essential	fatty	acid	Epidermal	growth	factor	Epidermal	growth	factor	receptor	Estimated	glomerular	filtration	rate	Eukaryotic	initiation	factor	Electrophoretic	mobility	shift	assay	Amiloride-sensitive	calcium	channel	Epithelial	sodium	channel
Endothelial	nitric	oxide	synthase	Eicosapentaenoic	acid	Exchange	proteins	directly	activated	by	cAMP	Endoplasmic	reticulum	ER-associated	degradation	pathway	Eukaryotic	releasing	factor	complex	ERK	1	and	2	ESR	ETC	FAD/FADH2	FADD	FasL	Fc	FcγR	FDB	FDPs	FGF	FGFR3	FH	FIRKO	FISH	FMN	FOXA2	FOXO	FOXP3	FP	FRTA	Fru-1,6-BP	Fru-
1,6-BPase	Fru-1,6-BPase	Fru-1-P	Fru-2,6-BP	Fru-2,6-BPase	Fru-6-P	FSF	FSH	fT3	and	fT4	FVII	FXR	Fyn	G0	G1	G2	G6PDH	GABA	GAD	GAG	Gal	Gal-1-P	GALD-3-P	GalNAc	Extracellular-signal	regulated	kinases;	two	isoforms	of	MEK	kinase	that	activate	MAPK	Erythrocyte	sedimentation	rate	Electron	transport	chain	Flavin	adenine	dinucleotide
(oxidized/reduced)	Fas-associated	death	domain	(Fas,	death	receptor,	TNF	family	member)	Fas	ligand	“Fragment	constant”	of	immunoglobulin	molecule	Fc-γ	receptor	(receptor	for	immunoglobulin	G)	Familial	defective	apolipoprotein	B	Fibrin	degradation	products	Fibroblast	growth	factor	Fibroblast	growth	factor	receptor	3	Familial
hypercholesterolemia	Adipose	tissue	(fat)	insulin	receptor	knockout	Fluorescence	in	situ	hybridization	Flavin	mononucleotide	Transcription	factor,	also	known	as	HNF-3B	Forkhead	box	O	proteins;	transcription	factors	belonging	to	the	forkhead	family	(contain	proteins	designated	FOXA	to	FOXR)	Transcription	factor	Flavoprotein	Free	radical	theory	of
aging	Fructose-1,6-bisphosphate	Fructose	1,6-biphosphatase	Fructose-1,6-bisphosphatase	Fructose-1-phosphate	Fructose	2,6-biphosphate	Fructose-2,6-bisphosphatase	Fructose-6-phosphate	Fibrin-stabilizing	factor	Follicle-stimulating	hormone	Free	T3	and	free	T4	Factor	VII	Farnesyl	X	receptor	Nonreceptor	protein	tyrosine	kinase	Resting,	or
quiescent,	phase	Interval	between	M	and	S	phases	Interval	between	S	and	M	phases	Glucose-6-phosphate	dehydrogenase	γ-Aminobutyric	acid	Glutamic	acid	decarboxylase	Glycosaminoglycan	Galactose	Galactose-1-phosphate	Glyceraldehyde-3-phosphate	N-acetylgalactosamine	xxi	xxii	Abbreviations	GAPDH	GAPs	GAS	GC-MS	GCS	GDM	GDP-Fuc
GDP-Man	GFAP	GFR	GGT	GH	GHRH	GI	GI	GIP	GK	Glc	Glc-6-P	Glc-6-Pase	GlcNAc	GlcNH2	GlcUA	GLP-1	GLUT	Glycerol-3-P	GnRH	GPCR	GPI	GPIb-IX,	GPIIb-IIIa	GPx	Grb2	GSH	GSSG	GTPase	GWAS	Hb	HbA	HbA1c	HbF	HbS	hCG	HCL	hCS-A,	hCS-B,	hCS-L,	and	hGH-V	HDL	HFE	HGF	hGH	HGP	HGPRT	HIT	Glyceraldehyde-3-phosphate	dehydrogenase
GTPase-activating	protein	Gamma	interferon	activation	site	Gas	chromatography–mass	spectrometry	Glycine	cleavage	systems	Gestational	diabetes	mellitus	Guanosine	diphosphate	fucose	Guanosine	diphosphate	mannose	Glial	fibrillary	acidic	protein	Glomerular	filtration	rate	γ-glutamyl	transpeptidase	Growth	hormone	Growth	hormone–releasing
hormone	Gastrointestinal	(tract)	Glycemic	index	Gastric	inhibitory	peptide	Glucokinase	Glucose	Glucose-6-phosphate	Glucose-6-phosphatase	N-acetylglucosamine	Glucosamine	Glucuronic	acid	Glucagon-like	peptide-1	Glucose	transporter	Glycerol-3-phosphate	Gonadotropin-releasing	hormone	G-protein	coupled	receptor	Glycosylphosphatidylinositol
anchor	Platelet	membrane	glycoprotein	receptors	Glutathione	peroxidase	Growth	factor	receptor-bound	protein	2,	adapter	molecule	Glutathione	(reduced)	Glutathione	(oxidized)	Guanosine	triphosphatase	Genome-wide	association	study	Hemoglobin	Adult	(normal)	hemoglobin	Hemoglobin	A1c,	glycated	hemoglobin	Fetal	hemoglobin	Sickle	Cell
hemoglobin	Human	chorionic	gonadotrophin	Hairy	cell	leukemia	Human	somatomammotropin	(GH)	genes	High-density	lipoprotein(s)	Hereditary	hemochromatosis	protein	Hepatocyte	growth	factor	Human	growth	hormone	Human	genome	project	Hypoxanthine-guanine	phosphoribosyl	transferase	Heparin-induced	thrombocytopenia	HIV	HLA	HLA-
DR,	HLA-DQ,	HLA-DM	and	HLA-DP	HMDB	HMG-CoA	HMG-CoA	HMGR	HMWK	HNE	HNF1A,	HNF1B	hnRNA	HPLC	HRE	HRG	HSP	HSV	HTGL	HVA	IAP	ICAM-1	ICF	IDDM	IDL	IdUA	IEF	IF	IFCC	IFG	IFN	Ig	Ig	IGF	IGFBP	IgG	IGT	Ihh	IKK	IL	IMAC	IMM	IMP	IMS	INR	IP3	IP3	IP3	IPP	IR	IRE	IRES	Human	immunodeficiency	virus	Human	leukocyte	antigen
MHC	class	II	genes	Human	Metabolome	Database	3-hydroxy-3-methylglutaryl-CoA	Hydroxymethylglutaryl-CoA	HMG-CoA	reductase	High-molecular-weight	kininogen	Hydroxynonenal	Transcription	factors	Hetergeneous	nuclear	RNA	High-performance	liquid	chromatography	Hormone	response	element	Histidine-rich	glycoprotein	Heat	shock	protein
Herpes	simplex	virus	Hepatic	triglyceride	lipase	Homovanillic	acid	Inhibitor	of	apoptosis	gene	family	Intercellular	adhesion	molecule	1	(CD54)	Intracellular	fluid	Insulin-dependent	diabetes	mellitus	Intermediate-density	lipoprotein(s)	Iduronic	acid	Isoelectric	focusing	Intrinsic	factor	International	Federation	of	Clinical	Chemistry	and	Laboratory
Medicine.	Minute	increases	in	the	plasma	concentration	of	CRP	can	be	detected	using	a	highly	sensitive	(hs)	analytical	method	able	to	measure	concentrations	below	10 mg/L.	More	recent	studies	suggest	a	considerably	higher	prevalence	of	1 : 1500–1 : 3000	based	on	measurements	of	plasma	ceruloplasmin,	a	copper-containing	plasma	protein.	Thus
relatively	small	changes	in	pO2	will	result	in	considerably	larger	changes	in	the	interaction	of	Hb	with	O2.	ROLE	OF	THE	KIDNEYS	IN	WATER	AND	ELECTROLYTE	BALANCE	The	kidneys	play	a	key	role	in	the	regulation	of	volume	and	composition	of	ECF	due	to	their	ability	to	regulate	excretion	of	ions	and	water.	They	are	also	necessary	to	stabilize
the	extracellular	Hb	tetramers;	otherwise,	the	hemoglobin	dissociates	into	dimers	and	monomers	in	plasma	and	is	excreted	in	urine.	Between	5%	and	10%	of	the	total	CO2	content	of	blood	exists	as	carbamino	adducts.	This	patient	was	successfully	treated	with	28%	oxygen	(for	reference	ranges,	refer	to	Table	36.2).	The	reaction	sequence	catalyzed	by
these	enzymes	is	shown	511	512	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	in	Fig.	■	Describe	various	types	of	glycosidic	bonds	in	oligosaccharides	and	polysaccharides.	Overhydration	is	usually	accompanied	by	hyponatremia.	A	B	Deoxy	T	state	Tense	Low	affinity	β2	Asn102	Asp94	O	Oxy	R	state	Relaxed	High	affinity	O	Asn102	O	H2N	0.57	O	0.30
Asp94	H2N	O	O	HN	α1	β2	0.28	0.38	α1	HN	Fig.	From	the	biochemistry	perspective,	perhaps	the	most	exciting	development	in	the	last	few	years	has	been	the	expansion	of	knowledge	about	proteins	participating	in	the	transfer	of	external	metabolic	signals	to	intracellular	pathways	and	to	and	from	the	genome	as	well	as	the	role	of	these	networks	in
the	regulation	of	cell	division	and	growth	(Fig.	They	may	reflect	chronic	low-grade	inflammation	in	the	vascular	wall.	of	tubular	cells.	Use	of	natriuretic	peptides	to	guide	and	monitor	heart	failure	therapy.	A	low	concentration	of	aldosterone	allows	urinary	sodium	loss.	They	are	also	essential	in	the	treatment	of	hypertension.	Amino	acids	with	charged,
polar,	or	hydrophilic	side	chains	are	usually	exposed	on	the	surface	of	proteins.	Tube	map.	This	has	also	provided	new	insights	into	the	pathogenesis	of	cancer	and	enabled	new	therapies	for	a	range	of	diseases.	During	hepatic	regeneration	and	proliferation,	AFP	is	again	synthesized;	thus	high	plasma	concentrations	of	AFP	are	observed	in	liver



cancer.	The	equation	describing	the	behavior	of	the	bicarbonate	buffer	is	the	Henderson–Hasselbalch	equation	(see	also	Chapter	2).	The	E1	form	exhibits	high	affinity	toward	ATP,	magnesium,	and	sodium	and	low	affinity	toward	potassium,	whereas	the	E2	form	has	a	high	affinity	for	potassium	and	low	affinity	for	sodium.	This	introductory	chapter
contains	The	Map	of	the	Book	and	the	shortest-possible	overview	of	the	entire	biochemistry	field	on	just	a	few	pages.	THE	CONTRACTILE	PROCESS	The	sliding-filament	model	of	muscle	contraction	The	sliding-filament	model	describes	how	a	series	of	chemical	and	structural	changes	in	the	actomyosin	complex	can	induce	sarcomere	shortening	The
contractile	response	depends	on	reversible,	Ca2+-dependent	cross-bridge	formation	between	the	myosin	head	and	its	binding	site	on	actin.	In	both	cases,	the	RNA	molecules	themselves	are	unchanged,	and	there	is	no	change	in	the	synthesis	of	the	respective	mRNAs.	However,	both	the	ferritin	mRNA	and	the	transferrin-receptor	mRNA	contain	a
specific	sequence	known	as	the	iron-response	element	(IRE),	a	specific	IRE-binding	protein	that	can	bind	to	mRNA.	H.,	&	Berl,	T.	The	preferred	structure	in	solution,	β-glucopyranose,	has	all	of	the	hydroxyl	groups,	including	the	anomeric	hydroxyl	group,	in	equatorial	positions	around	the	ring,	minimizing	steric	interactions.	Similarly,	proANP	(1–98)
has	a	longer	half-life	in	plasma	than	biologically	active	1–28	ANP	and	therefore	is	present	in	the	circulation	in	higher	concentrations.	H.,	&	Kaler,	S.	Red	arc,	short	a-helix.	The	driving	force	for	the	reabsorption	of	sodium	and	other	solutes	is	the	electrochemical	gradient	generated	by	the	Na+/K+-ATPase	in	the	basolateral	membrane	527	528
CHAPTER	35 	Water	and	Electrolytes	Homeostasis	Distal	convoluted	tubule	Glomerulus	Proximal	tubule	Sodium	Potassium	Chloride	Phosphate	Glucose	Amino	acids	Bicarbonate	H2O	H2O	Descending	thin	limb	Sodium,	potassium	and	hydrogen	+	ion	exchange	K	H+	Na+	Aldosterone	H2O	In	the	collecting	duct,	the	sodium	ions	are	reabsorbed	by
amiloride-sensitive	sodium	channel	(ENaC).	Respiratory	center	Brain	Low	O2	High	CO2	This	patient	presented	with	an	exacerbation	of	chronic	obstructive	airway	disease	(COAD)	and	respiratory	acidosis.	An	aldohexose,	such	as	glucose,	contains	four	asymmetric	centers,	so	that	there	are	16	(24)	possible	stereoisomers,	depending	on	whether	each	of
the	four	carbons	has	the	D	or	L	configuration	(see	Fig.	Identification	of	specific	amino	acid	residues	of	the	α-	and	β-globins	that	participate	in	the	Bohr	effect	is	complicated	by	differential	interactions	of	other	charged	solutes	with	deoxyand	oxy-Hb.	Thus	a	preferential	binding	of	a	given	anion	(i.e.,	Cl−	and/or	organic	phosphates)	to	deoxygenated	Hb
involves	the	alteration	of	the	pKa	of	some	cationic	groups,	thereby	contributing	to	the	overall	observed	Bohr	effect.	The	liver	plays	important	roles	in	carbohydrate,	lipid,	and	amino	acid	metabolism;	in	the	synthesis	and	breakdown	of	plasma	proteins;	and	in	the	storage	of	vitamins	and	metals.	PCSK9	is	a	serine	protease	that	binds	to	the	LDL	receptor.
3.4	Examples	of	various	types	of	sugars	found	in	human	tissues.	This	changes	with	age:	it	is	about	75%	in	the	newborn	and	decreases	to	below	50%	in	the	elderly.	The	normal	urine	glucose	concentration	is	equal	to	or	below	0.8 mmol/L	(15 mg/dL).	The	α-	and	β-anomers	of	glucose	can	be	isolated	in	pure	form	by	selective	crystallization	from	aqueous
and	organic	solvents.	protein	in	the	intestinal	brush	border,	and	lowers	total	cholesterol	by	approximately	20%.	See	also	Chapter	30.	33.7),	the	lipid	pool	is	surrounded	by	foam	cells,	lymphocytes,	and	VSMC	that	have	migrated	into	the	intima.	Stools	are	characteristically	pale	in	color,	and	urobilinogen	is	absent	from	urine	(see	also	Table	34.2).	This
chapter	ends	with	a	description	of	the	fluid	mosaic	model	of	biological	membranes,	which	describes	how	protein,	carbohydrates,	and	lipids	are	integrated	into	the	structure	of	biological	membranes	that	surround	the	cell	and	compartmentalize	cellular	functions.	Evaluation	of	abnormal	liver	tests.	(Bottom)	Typical	example	of	2D-PAGE.	In	contrast,
slow-oxidative	fibers	in	postural	muscles	(and	in	goose	breast	-	geese	are	migratory	birds)	are	well	perfused	with	blood	and	rich	in	mitochondria	and	myoglobin.	Schrier,	R.	The	renin–angiotensin	system	is	illustrated	in	Fig.	Checking	the	patient’s	fluid	balance	is	one	of	the	essential	daily	routines	on	medical	and	surgical	wards.	Marfan’s	syndrome,	also
associated	with	lens	dislocation,	is	associated	with	mutations	in	the	fibrillin	gene	(Chapter	19).	This	is	known	as	the	hypoxic	drive	(Fig.	The	α-helix	The	α-helix	is	a	rodlike	structure	with	the	peptide	chain	tightly	coiled	and	the	side	chains	of	amino	acid	residues	extending	outward	from	the	axis	of	the	spiral.	Statins	also	seem	to	decrease	inflammatory
phenomena	in	the	arterial	wall.	Courtesy	Dr.	A.	To	convert	urea	(mmol/L)	to	BUN	(mg/dl),	multiply	by	2.8.	To	convert	creatinine	from	umol/l	to	mg/dL,	multiply	by	0.0113.	34.4).	The	myofibrillar	proteins	are	most	susceptible,	and	3-methylhistidine,	a	posttranslationally	modified	amino	acid	found	in	actin	and	myosin,	is	increased	in	blood	and	urine	as	a
result	of	protein	turnover.	The	man	was	treated	by	regular	phlebotomy	until	his	serum	ferritin	was	<	20 µg/L	(normal	value	30–200 µg/L),	at	which	point	the	phlebotomy	interval	was	increased	to	maintain	the	serum	ferritin	concentration	at	<	50 µg/L.	After	oxygenation,	the	blood	flows	through	pulmonary	veins	to	the	left	atrium.	One	of	the	best
defenses	against	sarcopenia	is	regular	exercise	in	order	to	maintain	muscle	mass	during	middle	age.	The	biochemical	tests	show	evidence	of	hepatocellular	damage.	Varying	the	extent	of	crosslinking	of	the	polyacrylamide	gel	provides	selectivity	for	proteins	of	different	molecular	weights.	INTRODUCTION	Metabolism	generates	acids	Cellular
metabolism	generates	carbon	dioxide.	Teaching	and	training	laboratory	professionals	for	the	21st	century.	Within	1	week	of	acclimatization,	the	Hb	concentration	can	increase	by	as	much	as	20%	to	provide	near-normal	arterial	O2	content.	The	synthesis	of	individual	proteins	is	controlled	by	information	encoded	in	deoxyribonucleic	acid	(DNA)	and
transcribed	into	ribonucleic	acid	(RNA),	which	is	then	translated	into	peptides	that	fold	into	functional	protein	molecules.	Helmkamp,	Jr.,	PhD	Jennifer	Logue,	MBChB,	MRCP,	MD,	FRCPath	Emeritus	Professor	of	Biochemistry	Department	of	Biochemistry	and	Molecular	Biology	University	of	Kansas	School	of	Medicine	Kansas	City,	KS,	USA	Koichi
Honke,	MD,	PhD	Professor	of	Biochemistry	Department	of	Biochemistry	Kochi	University	Medical	School	Kochi,	Japan	Edel	M.	Muscle	rigidity	results	from	Ca2+-dependent	consumption	of	ATP,	and	hyperthermia	results	from	increased	metabolism	to	replenish	the	ATP.	Even	though	the	bonding	energy	is	lower	than	that	of	covalent	bonds,	hydrogen
bonds	play	a	pivotal	role	in	the	stabilization	of	protein	molecules.	(1)	In	resting,	relaxed	muscle,	calcium	concentration	is	~107	mol/L.	L.,	et al.	In	one	approach	to	analyzing	the	proteome	of	a	cell,	proteins	are	extracted	and	subjected	to	two-dimensional	(2D)	polyacrylamide	gel	electrophoresis	(2DPAGE).	The	liver	is	the	main	nonerythrocyte	source	of
its	synthesis.	It	also	promotes	aldosterone	release	and	vascular	smooth	muscle	proliferation	through	the	activation	of	AT1	receptors	that	signal	through	G-proteins	and	phospholipase	C.	ADVANCED	CONCEPT	BOX	BUTTER	OR	MARGARINE?	When	the	tube	is	immersed	in	a	dilute	CHAPTER	2 	Amino	Acids	and	Proteins	buffer	solution,	small
molecules	will	pass	through,	but	large	protein	molecules	will	be	retained	in	the	tube,	depending	on	the	pore	size	of	the	dialysis	membrane.	A	32-year-old	man	who	smoked	heavily	developed	sudden	crushing	chest	pain.	Conditions	that	primarily	affect	the	fuel	distribution	stage.	2.4)	has	maximal	buffering	capacity	at	pH	2.4	and	9.8	-	that	is,	at	the	pKa
of	the	carboxyl	and	amino	groups,	respectively.	Atherogenesis:	The	role	of	vascular	endothelium	Normal	endothelium	has	anticoagulant	and	antiadhesion	properties	The	lumen	of	a	healthy	artery	is	lined	by	a	confluent	layer	of	endothelial	cells.	The	linear	sugar	structures	shown	in	Fig.	Increased	plasma	concentrations	of	other	proinflammatory
molecules,	such	as	IL-6	and	serum	amyloid	A,	have	also	been	linked	to	coronary	heart	disease.	Hypernatremia	is	most	commonly	associated	with	dehydration	due	to	decreased	intake	of	water	(as	in	sick	elderly	persons	unable	to	drink	enough)	or	excess	loss	of	water,	such	as	in	diarrhea,	vomiting,	or	diabetes	(osmotic	diuresis	is	the	cause	in	diabetes).
(A)	The	measurement	of	plasma	lipids	and	apolipoproteins.	2.14.	When	iron	is	deficient,	the	IRE-binding	protein	(IRE-BP)	is	activated	and	can	bind	to	the	3′	end	of	the	mRNA	for	the	transferrin	receptor.	Thornburg,	PhD	Professor	of	Biochemistry	Department	of	Biochemistry,	Biophysics	and	Molecular	Biology	Iowa	State	University	Ames,	IA,	USA	xi
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Pro,	Glu,	Val,	and	Lys)	that	contributes	to	passive	myocardial	and	skeletal	muscle	tension	and	a	kinase	domain	that	participates	in	intracellular	signaling.	Vitamin	E	Vitamin	E	is	a	membrane	antioxidant	Fat	malabsorption	reduces	vitamin	E	absorption	Vitamin	K	Vitamin	K	is	necessary	for	blood	clotting	Vitamin	K	deficiency	causes	bleeding	disorders
Premature	infants	are	at	particular	risk	of	deficiency	and	may	develop	hemorrhagic	disease	of	the	newborn	Inhibitors	of	vitamin	K	action	are	valuable	antithrombotic	drugs	Water-soluble	vitamins	Vitamin	B	and	vitamin	C	are	water	soluble	B-complex	vitamins	B-complex	vitamins	are	essential	for	normal	metabolism	and	serve	as	coenzymes	in	many
reactions	in	carbohydrate,	fat,	and	protein	metabolism	Vitamin	B1	(thiamine)	is	essential	for	carbohydrate	metabolism	Beriberi	was	the	first-discovered	deficiency	disease	Thiamine	deficiency	is	associated	with	alcoholism	Vitamin	B2	(riboflavin)	is	required	for	FMN	and	FAD	synthesis	Vitamin	B3	(niacin)	is	required	for	NAD+	and	NADP+	synthesis
Severe	niacin	deficiency	results	in	dermatitis,	diarrhea,	and	dementia	Vitamin	B6	(pyridoxine)	participates	in	carbohydrate	and	lipid	metabolism	and	is	particularly	important	for	amino	acid	metabolism	Pyridoxine	requirements	increase	with	high	protein	intake	Pyridoxine	deficiency	causes	neurologic	symptoms	and	anemia	Vitamin	B7	(biotin)
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is	one	of	the	commonest	vitamin	deficiencies	Folate	deficiency	in	adults	causes	megaloblastic	anemia	Adequate	intake	of	folate	around	conception	is	essential	Vitamin	B12	forms	part	of	the	heme	structure	Vitamin	B12	requires	the	intrinsic	factor	for	its	absorption	Vitamin	B12	is	only	present	in	animal	products	Vitamin	B12	deficiency	causes
pernicious	anemia	The	function	of	vitamin	B12	needs	to	be	considered	together	with	folate	Vitamin	B12	must	be	supplemented	during	folate	treatment	Pantothenic	acid	Pantothenic	acid	is	widely	distributed	in	animals	and	plants	Vitamin	C	Humans	cannot	synthesize	ascorbic	acid;	therefore	it	is	an	essential	nutrient	Vitamin	C	deficiency	causes	scurvy
and	compromises	immune	function	Dietary	supplementation	of	vitamins	The	benefits	of	vitamin	supplementation	in	cancer	and	cardiovascular	disease	are	uncertain	Vitamin	supplementation	can	be	harmful	Fruit	and	vegetables	are	the	best	sources	of	vitamins	Minerals	Major	minerals	present	in	the	human	body	are	sodium,	potassium,	chloride,
calcium,	phosphate,	and	magnesium	Iron	metabolism	Iron	is	important	in	the	transfer	of	molecular	oxygen	Iron	is	transported	in	plasma	bound	to	transferrin	Erythrocyte	content	of	iron	affects	its	absorption	from	the	intestine	Iron	deficiency	causes	anemia	Zinc	metabolism	Zinc	is	a	trace	element	contained	in	approximately	100	enzymes	associated
with	carbohydrate	and	energy	metabolism,	protein	synthesis	and	degradation,	and	nucleic	acid	synthesis	Zinc	shares	transport	mechanisms	with	copper	and	iron	in	the	gut	Zinc	deficiency	is	common	Zinc	deficiency	affects	growth,	skin	integrity,	and	wound	healing	Zinc	supplements	are	used	in	the	treatment	of	diarrhea	in	children	Copper	metabolism
Copper	scavenges	superoxide	and	other	reactive	oxygen	species	Pathways	of	copper	metabolism	are	shared	with	other	metals	Rare	copper	deficiency	leads	to	anemia;	skin	and	hair	may	also	be	affected	Copper	excess	causes	liver	cirrhosis	Selenium	Selenium	is	present	in	all	cells	as	amino	acids	selenomethionine	and	selenocysteine	Selenium	status
may	influence	the	risk	of	many	chronic	conditions	Other	metals	Summary	Further	reading	Relevant	websites	More	Clinical	Cases	Abbreviations8	Bioenergetics	and	Oxidative	Metabolism	Abstract	Keywords	Learning	objectives	Introduction	ATP	is	the	central	metabolic	currency	Oxidation	as	a	source	of	energy	Energy	content	of	foods	The	basal
metabolic	rate	(BMR)	The	BMR	is	a	measure	of	the	total	daily	energy	expenditure	by	the	body	at	rest	Stages	of	fuel	oxidation	Free	energy	The	direction	of	a	reaction	depends	on	the	difference	between	the	free	energy	of	reactants	and	products	The	free	energy	of	metabolic	reactions	is	related	to	their	equilibrium	constants	by	the	Gibbs’	equation
Conservation	of	energy	by	coupling	of	reactions	to	hydrolysis	of	atp	ATP	is	a	product	of	catabolic	reactions	and	a	driver	of	biosynthetic	reactions	Mitochondrial	synthesis	of	adenosine	triphosphate	from	reduced	coenzymes	Oxidative	phosphorylation	is	the	mechanism	by	which	energy	derived	from	fuel	oxidation	is	conserved	in	the	form	of	ATP
Transduction	of	energy	from	reduced	coenzymes	to	high-energy	phosphate	NAD+,	FAD,	and	FMN	are	the	major	redox	coenzymes	The	mitochondrial	electron	transport	system	The	mitochondrial	electron	transport	chain	transfers	electrons	in	a	defined	multistep	sequence	from	reduced	nucleotides	to	oxygen	Electrons	are	funneled	into	the	electron
transport	chain	by	several	flavoproteins	Flavoproteins	contain	FAD	or	FMN	prosthetic	groups	Transfer	of	electrons	from	NADH	into	mitochondria	Electron	shuttles	Electron	shuttles	are	required	for	mitochondrial	oxidation	of	NADH	produced	in	the	cytoplasmic	compartment	Ubiquinone	(coenzyme	Q10)	Ubiquinone	transfers	electrons	from
flavoproteins	to	complex	III	Complex	III:	cytochrome	c	reductase	Complex	III	accepts	electrons	from	ubiquinone	and	pumps	four	hydrogen	ions	across	the	inner	mitochondrial	membrane	Cytochrome	c	Cytochrome	c	is	a	peripheral	membrane	protein,	shuttling	electrons	from	complex	III	to	complex	IV	Complex	IV	Complex	IV,	at	the	end	of	the	electron
transport	chain,	transfers	electrons	to	oxygen,	producing	water	Synthesis	of	adenosine	triphosphate:	the	chemiosmotic	hypothesis	The	ATP	synthase	complex	(complex	V)	is	an	example	of	rotary	catalysis	P	:	O	ratios	“Respiratory	control”	is	the	dependence	of	oxygen	uptake	by	mitochondria	on	the	availability	of	ADP	Uncouplers	Uncouplers	and
uncoupling	proteins	are	thermogenic	Uncoupling	proteins	(UCP)	Inhibitors	of	oxidative	metabolism	Electron	transport	system	inhibitors	Rotenone	inhibits	complex	I	(NADH–Q	reductase)	Antimycin	A	inhibits	complex	III	(QH2–cytochrome	c	reductase)	Cyanide	and	carbon	monoxide	inhibit	complex	IV	Oligomycin	inhibits	ATP	synthase	Inhibitors	of	the
ADP–ATP	translocase	Regulation	of	oxidative	phosphorylation	Respiratory	control	and	feedback	regulation	ADP	is	the	key	feedback	regulator	of	oxidative	phosphorylation	Regulation	by	covalent	modification	and	allosteric	effectors	(ATP–ADP)	Regulation	by	thyroid	hormones	Mitochondrial	permeability	transition	pore	(MPTP)	Summary	Further
reading	Relevant	websites	Movies:	Animations:	Other	resources:	Abbreviations9	Anaerobic	Metabolism	of	Carbohydrates	in	the	Red	Blood	Cell	Abstract	Keywords	Learning	objectives	Introduction	Glycolysis	is	the	central	pathway	of	glucose	metabolism	in	all	cells	Pyruvate,	a	three-carbon	carboxylic	acid,	is	the	end	product	of	anaerobic	glycolysis;	2
moles	of	pyruvate	are	formed	per	mole	of	glucose	The	erythrocyte	The	erythrocyte,	or	red	blood	cell,	relies	exclusively	on	blood	glucose	as	a	metabolic	fuel	Glycolysis	Overview	Pyruvate	is	the	end	product	of	anaerobic	glycolysis	The	investment	stage	of	glycolysis	Glucose-6-phosphate	Fructose-6-phosphate	The	splitting	stage	of	glycolysis	Fructose-1,6-
BP	is	cleaved	in	the	middle	by	a	reverse	aldol	reaction	The	yield	stage	of	glycolysis:	Synthesis	of	ATP	by	substrate-level	phosphorylation	The	yield	stage	of	glycolysis	produces	4	moles	of	ATP,	yielding	a	net	of	2	moles	of	ATP	per	mole	of	glucose	converted	into	lactate	Glyceraldehyde-3-phosphate	dehydrogenase	(GAPDH)	GAPDH	catalyzes	a	redox
reaction,	forming	a	high-energy	acyl	phosphate	compound	Substrate-level	phosphorylation	Substrate-level	phosphorylation	produces	ATP	from	another	high-energy	phosphate	compound	Phosphoglycerate	kinase	and	pyruvate	kinase	catalyze	substrate-level	phosphorylation	reactions	Lactate	dehydrogenase	(LDH)	LDH	regenerates	NAD+	consumed	in
the	GAPDH	reaction,	producing	lactate,	the	end	product	of	anaerobic	glycolysis	Fermentation	Fermentation	is	a	general	term	for	anaerobic	metabolism	of	glucose,	usually	applied	to	unicellular	organisms	Regulation	of	glycolysis	in	erythrocytes	Hexokinase	Phosphofructokinase-1	(PFK-1)	PFK-1	is	the	primary	site	of	regulation	of	glycolysis	Pyruvate
kinase	(PK)	Characteristics	of	regulatory	enzymes	Regulatory	enzymes	are	rate-limiting	steps	in	metabolic	pathways	Synthesis	of	2,3-bisphosphoglycerate	(2,3-BPG)	2,3-BPG	is	a	negative	allosteric	effector	of	the	oxygen	affinity	of	hemoglobin	The	pentose	phosphate	pathway	Overview	The	pentose	phosphate	pathway	is	divided	into	an	irreversible
redox	stage,	which	yields	both	NADPH	and	pentose	phosphates,	and	a	reversible	interconversion	stage,	in	which	excess	pentose	phosphates	are	recycled	into	glycolytic	intermediates	NADPH	is	a	major	product	of	the	pentose	phosphate	pathway	in	all	cells	The	redox	stage	of	the	pentose	phosphate	pathway:	Synthesis	of	NADPH	NADPH	is	synthesized
by	two	dehydrogenases	in	the	first	and	third	reactions	of	the	pentose	phosphate	pathway	The	interconversion	stage	of	the	pentose	phosphate	pathway	Excess	pentose	phosphates	are	converted	to	Fru-6-P	and	glyceraldehyde-3-P	in	the	interconversion	stage	of	the	pentose	phosphate	pathway	Antioxidant	function	of	the	pentose	phosphate	pathway	The
pentose	phosphate	pathway	protects	against	oxidative	damage	in	the	red	cell	Summary	Further	reading	Relevant	websites	Abbreviations10	The	Tricarboxylic	Acid	Cycle	Abstract	Keywords	Learning	objectives	Introduction	Functions	of	the	tricarboxylic	acid	cycle	Four	oxidative	steps	provide	free	energy	for	ATP	synthesis	The	TCA	cycle	provides	a
common	ground	for	interconversion	of	fuels	and	metabolites	Acetyl-CoA	is	a	common	product	of	many	catabolic	pathways	The	TCA	cycle	is	located	in	the	mitochondrial	matrix	Pyruvate	carboxylase	Pyruvate	may	be	directly	converted	to	four	different	metabolites	The	pyruvate	dehydrogenase	complex	Enzymes	and	reactions	of	the	tricarboxylic	acid
cycle	The	TCA	cycle	is	a	sequence	of	reactions	for	oxidation	of	acetyl-CoA	to	CO2	and	reduced	nucleotides	Citrate	synthase	Aconitase	Isocitrate	dehydrogenase	and	α-ketoglutarate	dehydrogenase	Succinyl-CoA	synthetase	Succinate	dehydrogenase	Fumarase	Malate	dehydrogenase	Energy	yield	from	the	tricarboxylic	acid	cycle	Anaplerotic	(“building
up”)	reactions	Regulation	of	the	tricarboxylic	acid	cycle	Pyruvate	dehydrogenase	and	isocitrate	dehydrogenase	regulate	TCA	cycle	activity	Deficiencies	in	tricarboxylic	acid–cycle	enzymes	Summary	Further	reading	Relevant	websites	TCA	cycle	animations:	Abbreviations11	Oxidative	Metabolism	of	Lipids	in	Liver	and	Muscle	Abstract	Keywords
Learning	objectives	Introduction	Fats	are	normally	the	major	source	of	energy	in	liver	and	muscle	and	in	most	other	tissues,	with	two	major	exceptions:	brain	and	red	cells	Activation	of	fatty	acids	for	transport	into	the	mitochondrion	Fatty	acids	are	activated	by	formation	of	a	high-energy	thioester	bond	with	coenzyme	A	The	length	of	the	fatty	acid
dictates	where	it	is	activated	to	CoA	The	carnitine	shuttle	The	carnitine	shuttle	bypasses	the	impermeability	of	the	mitochondrial	membrane	to	coenzyme	A	Oxidation	of	fatty	acids	Mitochondrial	β-oxidation	Oxidation	of	the	β-carbon	(C-3)	facilitates	sequential	cleavage	of	acetyl	units	from	the	carboxyl	end	of	fatty	acids	Peroxisomal	catabolism	of	fatty
acids	Alternative	pathways	of	oxidation	of	fatty	acids	Unsaturated	fatty	acids	yield	less	FADH2	when	they	are	oxidized	Odd-chain	fatty	acids	produce	succinyl-CoA	from	propionyl-CoA	α-Oxidation	initiates	oxidation	of	branched-chain	fatty	acids	to	acetyl-CoA	and	propionyl-CoA	Ketogenesis,	a	metabolic	pathway	unique	to	liver	Ketogenesis	in	fasting
and	starvation	Ketogenesis	is	a	pathway	for	regenerating	CoA	from	excess	acetyl-CoA	What	does	the	liver	do	with	the	excess	acetyl-CoA	that	accumulates	in	fasting	or	starvation?	Normally,	at	pCO2	of	5.3 kPa	and	dissolved	CO2	concentration	of	1.2 mmol/L,	the	plasma	bicarbonate	concentration	is	about	24 mmol/L.	We	finish	with	a	description	of	the
physician’s	approach	to	a	patient	with	a	suspected	fluid	and	electrolyte	disorder.	Subsequently,	he	underwent	coronary	artery	bypass	grafting	and	was	treated	with	lipid-lowering	drugs.	26.1)	Nitric	oxide	gas	In	autonomic	and	enteric	nerves,	nitric	oxide	(NO)	is	produced	from	arginine	by	the	tetrahydrobiopterin-dependent	nitric	oxide	synthases	NO	is
not	stored	in	vesicles	but	released	directly	into	the	extracellular	space	Other	small	molecules	ATP	and	other	purine-containing	molecules	derived	from	it	are	now	known	to	have	transmitter	functions	The	study	of	histamine	in	nerves	is	complicated	by	the	large	amounts	that	are	present	in	mast	cells	Peptides	Many	peptides	act	as	neurotransmitters
Many	neuropeptides	belong	to	a	multigene	family	Neuropeptides	can	act	as	neuromodulators	Summary	Further	reading	Relevant	websites	Abbreviations27	Biochemical	Endocrinology	Abstract	Keywords	Learning	objectives	Introduction	Hormones	There	are	endocrine,	paracrine,	and	autocrine	hormones	Classification	of	hormones	Structurally,
hormones	may	be	modified	amino	acids,	peptides,	glycoproteins,	or	steroids	Principles	of	hormone	action	Regulation	of	hormone	production	Hormone	systems	are	typically	controlled	by	feedback	mechanisms	Hormone	degradation	and	clearance	The	inactivation	of	hormones	is	key	to	their	function	as	controllers	of	homeostasis	Laboratory	assessment
of	hormone	action	Measurement	of	hormones	in	blood	and	fluids	(e.g.,	urine	and	saliva)	forms	part	of	the	assessment	of	hormone	action	and	endocrine	axes	Hormone	day	profiles,	stimulation	tests,	and	suppression	tests	Isolated	measurements	of	hormones	that	exhibit	circadian	rhythm,	such	as	cortisol	and	growth	hormone	are	of	limited	value
Endocrine	laboratory	In	the	clinical	laboratory,	hormone	levels	in	blood	and	urine	are	usually	measured	using	immunoassay	or	mass	spectrometry	(MS)	Causes	of	endocrine	disease	Autoimmunity	and	neoplasia	Loss	of	functioning	endocrine	tissue	may	be	the	result	of	destruction	due	to	autoimmunity	or	neoplasia	Endocrine	neoplastic	disease	may	be
benign	or	malignant	Exogenous	hormone	administration	Hormone	therapy	may	result	in	clinical	problems	attributable	to	excess	hormone	administration,	loss	of	physiologic	pulsatility,	or	loss	of	diurnal	rhythm	The	hypothalamus	and	the	pituitary	gland	Structure	Hypothalamic	regulation	of	the	pituitary	Both	the	anterior	and	posterior	pituitary	are
under	the	influence	of	the	hypothalamus	Anterior	pituitary	The	hypothalamus	secretes	hormones	that	may	stimulate	or	inhibit	the	release	of	hormones	from	the	anterior	pituitary	Posterior	pituitary	Oxytocin	and	vasopressin	are	two	peptide	hormones	synthesized	in	the	cell	bodies	of	the	hypothalamic	neurons	that	are	subsequently	secreted	by	the
posterior	pituitary	Thyroid	function:	the	hypothalamic–pituitary–thyroid	axis	Thyrotropin-releasing	hormone	(TRH)	TRH	(also	known	as	thyreoliberin),	a	tripeptide	synthesized	in	the	peptidergic	hypothalamic	nuclei	and	transported	to	the	anterior	pituitary	via	the	portal	circulation,	stimulates	TSH	synthesis	and	secretion.	Saturated	ammonium	sulfate
is	about	4.1 mol/L.	Many	proteins	also	contain	modified	amino	acids	and	accessory	components,	termed	prosthetic	groups.	3.7,	other	important	membrane	lipids	include	cardiolipin,	sphingolipids	(sphingomyelin	and	glycolipids),	and	cholesterol,	which	are	described	in	detail	in	later	chapters.	These	isomers,	referred	to	as	stereoisomers	or	enantiomers,
are	said	to	be	chiral,	a	word	derived	from	the	Greek	word	meaning	“hand.”	Such	isomers	are	nonsuperimposable	mirror	images	and	are	analogous	to	left	and	right	hands,	as	shown	in	Fig.	pH	<	2.4	NH+	3	HC	COOH	pH	12	Amino	acids	and	proteins	are	excellent	buffers	under	physiological	conditions	10	RNH3+	+	OH	−		RNH2	+	H2O	RNH2	+	H	
RNH3	+	3	HC	+	H+	HC	+	H+	Primary	structure	of	proteins	The	primary	structure	of	a	protein	is	the	linear	sequence	of	its	amino	acids	In	proteins,	the	carboxyl	group	of	one	amino	acid	is	linked	to	the	amino	group	of	the	next	amino	acid,	forming	an	amide	(peptide)	bond;	water	is	eliminated	during	the	reaction	(Fig.	Another	remarkable	process
within	the	erythrocyte	is	the	allosterically	regulated	conversion	of	nitrite	(NO2−)	to	NO,	a	reaction	performed	by	deoxygenated	Hb.	This	intrinsic	“nitrite	reductase”	activity	takes	advantage	of	the	moderate	NO2−	concentration	in	the	erythrocyte	(up	to	0.3 µmol/L).	This	algorithm	does	not	take	into	account	a	family	history	of	early	cardiovascular
disease.	Two	barriers	are	important	for	the	understanding	of	water	and	electrolyte	movements	between	different	compartments:	the	wall	of	the	capillary	blood	vessel	and	the	cell	membrane.	Alanine	contains	two	ionizable	groups:	an	α-carboxyl	group	and	an	α-amino	group.	The	volume	of	hemolysate	required	( 1),	the	conversion	A	→	B	is	favorable	-
that	is,	the	reaction	tends	to	move	forward	from	a	standard	state	in	which	A	and	B	are	present	at	equal	concentrations.	Individual	protein	spots	are	identified	by	staining,	then	extracted	and	digested	with	proteases.	Then	we	address	the	Molecular	Basis	of	Inheritance,	discussing	DNA,	RNA,	protein	synthesis,	regulation	of	gene	expression,	and	the
systemic	approaches:	genomics,	proteomics,	and	metabolomics.	The	chapter	content	is	illustrated	by	relevant	clinical	case	histories.	34.8	An	ultrasound	scan	of	a	liver	showing	steatosis.	It	links	seamlessly	to	fields	such	as	cell	biology,	anatomy,	physiology,	and	pathology.	Angiotensin	receptors	are	important	in	the	pathogenesis	of	cardiovascular
disease	Angiotensin	II	binds	to	receptors	on	the	tubular	and	renal	vascular	cells.	1.4	Biochemistry:	All	in	one.	2.18	Steps	in	Edman	degradation.	Biochemists	call	ATP	the	“common	currency	of	metabolism”	because	it	allows	energy	produced	by	fuel	metabolism	to	be	used	for	work,	transport,	and	biosynthesis.	5.1).	(2016).	Oxidized	lipoproteins	are
taken	up	by	macrophages	Activated	macrophages	respond	to	cytokines	secreted	by	the	endothelium	and	the	VSMC.	The	overall	result	is	increased	sodium	reabsorption	and	increased	excretion	of	potassium	and	hydrogen	ions.	There	is	also	a	substantial	amount	of	magnesium	in	cells.	We	describe	the	role	of	the	Na+/K+-ATPase	in	maintaining	cellular
hydration	and	ion	content	as	well	as	its	effect	on	other	cellular	ion	transport	systems.	Because	of	rapid	advances	in	the	medical	sciences,	in	particular,	independent	verification	of	diagnoses	and	drug	dosages	should	be	made.	The	net	result	is	a	greater	stabilization	of	the	deoxygenated,	low-affinity	T	state	and	a	further	shift	of	the	saturation	His2	β1
His143	β2	+	Val1	+	–	–	+	Lys82	+	–	+	2,3-BPG	+	–	Lys82	–	Val1	+	+	His143	His2	2,3-BPG	O–	O	O	O–	C	P	O	CH	CH2	O	P	O	O–	Fig.	34.11	and	Box	on	p.	Comment	This	patient	has	familial	hypercholesterolemia	(FH),	an	autosomal	dominant	disorder	characterized	by	a	decreased	number	of	LDL	receptors.	The	lipid	center	and	fibrous	cap	are	the	main
parts	of	the	mature	atherosclerotic	plaque,	which	emerges	from	the	structurally	remodeled	vascular	wall.	Atherogenesis:	Contribution	of	retained	lipoproteins	Dysfunctional	endothelium	facilitates	entry	and	retention	of	lipoproteins	in	the	intima	Retention	of	lipoproteins	in	the	intima	is	the	central	event	of	atherogenesis.	Carbohydrates	and	lipids	as
monomers	or	relatively	simple	polymers	are	our	major	energy	sources.	There	are,	however,	several	hundred	mutations	that	give	rise	to	abnormal	Hb	with	pathologic	phenotypes.	The	macrophages	degrade	the	matrix	of	the	plaque	cap.	No	acetaminophen	was	found	in	her	plasma.	For	reasons	that	remain	to	be	elucidated,	heterozygosity	is	associated
with	an	increased	resistance	to	malaria,	which	is	caused	by	the	infectious	agent	Plasmodium	falciparum	in	the	erythrocyte.	mmHg	Hyd	ros	Oncotic	pressure	tati	cp	res	sur	e	Oncotic	pressure	exceeds	hydrostatic	pressure	Hydrostatic	pressure	exceeds	oncotic	pressure	Blood	vessel	length	Filtration	Arterial	end	Reabsorption	Capillary	Venous	end	Fig.
There	is	an	increased	concentration	of	plasma	total	bilirubin	due	to	excess	of	the	unconjugated	fraction	(see	also	Table	34.2).	Peripheral	tissue	1.00	CLINICAL	TEST	BOX	PULSE	OXIMETRY	A	(R)	0.50	B	(T)	[H+]	[CO2]	[2,3-BPG]	0.25	0.0	0	20	40	P50	values	60	80	100	120	pO2	(mmHg)	Fig.	He	was	obese,	drank	30	units	of	alcohol	per	week,	and	led	a
sedentary	lifestyle.	Unless	treated	rapidly,	cardiac	abnormalities	may	be	lifethreatening;	mortality	from	this	condition	exceeds	10%.	■	Atherosclerotic	plaque	disrupts	the	structure	of	the	arterial	wall	and	narrows	the	lumen	of	the	affected	artery.	Despite	the	additional	expense,	the	food	and	food-service	industries	have	gradually	shifted	to	the	use	of
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publisher’s	policy	is	to	use	paper	manufactured	from	sustainable	forests	Printed	in	China	Last	digit	is	the	print	number: 9 8 7 6 5 4 3 2 1	List	of	Contributors	Catherine	N.	In	striated	muscle,	T-tubule	depolarization	opens	the	Ca2+	channels	in	the	SR	(see	Fig.	34.1).	What	only	a	few	years	ago	was	theory	and	speculation	is	now	a	part	of	the
toolkit	used	during	ward	rounds	and	in	case	conferences.	(A)	This	panel	shows	cellulose	acetate	electrophoresis	(pH	8.4)	of	blood	samples	obtained	for	neonatal	screening.	RELEVANT	WEBSITES	Medline	Plus	-	Water	and	Electrolyte	Balance:	medlineplus/fluidandelectrolytebalance.html	British	Consensus	Guidelines	on	Intravenous	Fluid	Therapy	for
Adult	Surgical	Patients	2011:	MORE	CLINICAL	CASES	Please	refer	to	Appendix	2	for	more	cases	relevant	to	this	chapter.	The	biochemical	abnormalities	include	hypochloremic	metabolic	alkalosis,	hypokalemia,	hypocalciuria,	and	sometimes	hypomagnesemia.	There	is	no	better	way	to	continue	making	this	a	better	text.	Knowledge	of	the	properties	of
these	side	chains	is	important	for	understanding	methods	of	analysis,	purification,	and	identification	of	proteins.	■	Explain	the	meaning	of	the	terms	pKa	and	pI	as	they	apply	to	amino	acids	and	proteins.	Henderson–Hasselbalch	equation	and	pKa	The	H-H	equation	describes	the	titration	of	an	amino	acid	and	can	be	used	to	predict	the	net	charge	and
isoelectric	point	of	a	protein	The	general	dissociation	of	a	weak	acid,	such	as	a	carboxylic	acid,	is	given	by	the	following	equation:	(1)	HA		H	+	+	A	−	where	HA	is	the	protonated	form	(conjugate	acid,	or	associated	form),	and	A−	is	the	unprotonated	form	(conjugate	base,	or	dissociated	form).	The	baby	was	otherwise	well.	Three	of	these	helices	wrap
around	one	another	with	a	right-handed	twist.	The	MB	isoform	is	enriched	in	cardiac	tissue.	Last	but	not	least,	the	key	to	success	of	the	whole	project	has	been,	of	course,	the	Elsevier	team.	Verbalis,	J.	In	2D-differential	gel	electrophoresis	(DIGE),	two	proteomes	may	be	compared	by	labeling	their	proteins	with	different	fluorescent	dyes	(e.g.,	red	and
green).	Under	physiologic	conditions,	HbA	exhibits	a	highly	cooperative	O2	saturation	curve.	In	striated	muscle,	depolarization	is	transmitted	into	the	muscle	fiber	by	invaginations	of	the	plasma	membrane,	called	transverse	tubules	(T	tubules;	Fig.	It	may	also	be	caused	by	a	large	loss	of	sodium	in	chronic	diarrhea	and	vomiting	or	(rarely)	by
aldosterone	deficiency	in	Addison’s	disease.	He	subsequently	underwent	emergency	hemofiltration.	Predictably,	the	interaction	of	CHAPTER	5 	Oxygen	Transport	CLINICAL	BOX	A	STUDENT	WITH	HYPERVENTILATION,	NUMBNESS,	AND	DIZZINESS	A	college	student	with	severe	muscle	spasms	in	her	arms,	numbness	in	her	extremities,	some
dizziness,	and	respiratory	difficulty	was	brought	to	the	student	health	center.	The	latter	two	also	stimulate	fibroblast	growth	and	the	production	of	connective	tissue	required	for	the	repair	and	resolution	of	the	injury.	Lung	ventilation	and	lung	perfusion	are	main	factors	controlling	gas	exchange.	Liver	cancer	is	associated	with	particularly	high	plasma
concentrations	of	α-fetoprotein	α-Fetoprotein	(AFP)	and	albumin	have	considerable	sequence	homology	and	appear	to	have	evolved	by	reduplication	of	a	single	ancestral	gene.	This	topic	is	important	for	the	clinician	because	disorders	of	the	acid–base	balance	are	common	across	medical	and	surgical	specialties.	The	atherogenecity	of	lipoprotein
particles	depends	on	their	size.	She	had	been	found	with	a	suicide	note	and	empty	acetaminophen	containers.	Larger	molecules	flow	more	rapidly	through	this	column,	leading	to	fractionation	on	the	basis	of	molecular	size.	The	recognition	of	molecules	by	scavenger	receptors	is	part	of	the	innate	immune	response	(Chapter	43).	or	D-R-V-Y-I-H-P-F-H-L
(see	Table	2.1);	this	peptide	is	angiotensin,	a	peptide	hormone	that	affects	blood	pressure.	Bile	acid	metabolism	is	described	in	Chapter	14.	Myosin	phosphorylation	enhances	myosin–actin	interaction.	Energy	systems	that	synthesize	ATP	for	muscle	contraction	include	the	creatine	phosphate	shuttle,	anaerobic	glycolysis	from	plasma	glucose	or
glycogen,	and	aerobic	metabolism	of	glucose	and	fatty	acids	via	oxidative	phosphorylation.	The	SGLT	transporters,	for	instance,	cotransport	sodium	and	glucose.	Cytochrome	P-450	gene	polymorphisms	determine	the	response	to	many	drugs	Allelic	variation	that	affects	the	catalytic	activity	of	a	cytochrome	P-450	also	affects	the	pharmacologic	activity
of	drugs.	When	glucose	cyclizes	to	a	hemiacetal,	it	may	form	a	furanose	or	pyranose	ring	structure,	named	after	the	fiveand	six-carbon	cyclic	ethers,	furan	and	pyran	(see	Fig.	(2011).	To	facilitate	familiarity	with	new	terminologies	and	acronyms	currently	abundant	in	the	scientific	slang,	in	this	edition	we	have	provided	an	easily	accessible	list	of
abbreviations	in	each	chapter.	Tissue	factor	complexes	with	coagulation	factor	VII	(FVII),	and	this	induces	cell	signaling	through	the	protease-activated	receptor	2	(PAR2),	stimulating	a	range	of	events,	including	monocyte	chemotaxis,	VSMC	migration	and	proliferation,	angiogenesis,	and	apoptosis.	Bilirubin	is	metabolized	by	the	hepatocytes	and
excreted	in	bile	Whereas	biliverdin	is	water	soluble,	bilirubin,	paradoxically,	is	not.	However,	the	immediate	cause	of	myocardial	infarction	is	not	the	slow	growth	of	the	plaque	but	its	sudden	rupture.	STRUCTURE	OF	THE	LIVER	Structure	of	the	liver	facilitates	exchange	of	metabolites	between	hepatocytes	and	plasma	INTRODUCTION	The	liver	has	a
central	role	in	metabolism	because	of	both	its	anatomic	placement	and	its	many	biochemical	functions.	Cleavage	by	chemical	reagents	such	as	cyanogen	bromide	is	also	useful;	cyanogen	bromide	cleaves	on	the	C-terminal	side	of	methionine	residues.	Triglycerides	isolated	from	natural	sources	are	not	pure	compounds	but	mixtures	of	molecules	with
different	fatty	acid	composition	(e.g.,	1-palmitoyl,	2-oleyl,	3-linoleoyl-L-glycerol),	where	the	distribution	and	type	of	fatty	acids	vary	from	molecule	to	molecule.	The	pKa	values	of	these	weak	acids	differ	sufficiently	between	the	deoxygenated	and	oxygenated	forms	of	Hb	to	cause	the	uptake	of	1.2–2.4	protons	by	the	deoxygenated,	compared	with	the
oxygenated,	tetramer.	Because	the	binding	of	O2	to	heme	is	an	exothermic	process,	the	O2	affinity	of	Hb	decreases	with	increasing	temperature.	It	is	caused	by	a	dinucleotide	polymorphism	in	the	TATA	box	promoter	of	the	bilirubin	UDP-glucuronyl	transferase	gene	that	impairs	the	hepatic	uptake	of	unconjugated	bilirubin.	The	pH	at	the	mid-point	of
this	stage	is	9.8,	equal	to	the	pKa	for	the	–NH3+	group.	505	506	CHAPTER	33 	Lipoprotein	Metabolism	and	Atherogenesis	■	ASCVD	includes	coronary	heart	disease,	stroke,	and	peripheral	vascular	disease.	Journal	of	the	American	Society	of	Nephrology,	17,	1820–1832.	37.6).	Most	important	is	familial	hypercholesterolemia	(FH),	where	an	impaired
uptake	is	caused	by	mutations	in	the	LDL	receptor	gene.	Thus	at	the	normal	pCO2	of	5.3 kPa	(40 mmHg),	the	concentration	of	dissolved	CO2	(dCO2)	is	dCO2	(mmol	L)	=	5.3	kPa	×	0.23	=	1.2	mmol	L	The	CO2	equilibrates	with	carbonic	acid	H2CO3	in	plasma	in	the	course	of	a	slow,	nonenzymatic	reaction.	Wilson’s	disease	is	a	condition	associated	with
liver	and	CNS	damage;	it	results	from	abnormal	tissue	copper	disposition	Wilson’s	disease	is	a	monogenic,	autosomal	recessive	inhe	rited	condition.	Increased	intracellular	copper	levels	lead	to	oxidative	stress	and	free-radical	formation	as	well	as	mitochondrial	dysfunction	arising	independently	of	oxidative	stress.	Because	of	their	asymmetric	centers,
sugars	are	optically	active	compounds.	These	are	protons	that	become	available	to	participate	in	the	Bohr	effect	and	facilitate	O2–CO2	exchange.	3.1	Structures	of	the	trioses:	D-	and	L-glyceraldehyde	(aldoses)	and	dihydroxyacetone	(a	ketose).	When	lifestyle	measures	fail	to	correct	the	abnormalities,	one	resorts	to	drug	treatment.	Alcoholism,	Clinical
and	Experimental	Research,	31,	1446–1459.	Thus	we	continue	to	expand	the	1	CHAPTER	1 Introduction	Abstract	Keywords	Biochemistry	has	changed	again.	Movement	of	tropomyosin	exposes	the	myosin-binding	site	on	actin.	It	is,	however,	a	poor	index	of	hepatic	synthetic	function	because	in	systemic	illness	(which	often	accompanies	hepatic
disease),	there	is	an	increased	vascular	endothelial	permeability	that	allows	the	leakage	of	albumin	into	the	interstitial	space.	The	gradient	of	sodium	and	potassium	concentrations	between	ICF	and	ECF	is	maintained	across	cell	membranes	by	the	Na+/K+-ATPase.	Natriuretic	peptides	increase	sodium	excretion	and	decrease	the	blood	pressure.	A	rat
liver	homogenate	was	fractionated	by	2D-PAGE,	and	proteins	were	detected	by	silver	staining.	This	process	is	known	as	saponification;	one	of	the	products,	the	sodium	salt	of	the	fatty	acid,	is	soap.	Excess	VLDL	causes	a	consequent	increase	in	LDL	generation.	A	range	of	chemical	techniques	is	used	to	isolate	and	characterize	proteins	by	a	variety	of
criteria,	including	mass,	charge,	and	three-dimensional	structure.	Drug	hepatotoxicity	Drugs	that	exert	their	toxic	effects	on	the	liver	may	do	so	through	the	hepatic	production	of	a	toxic	metabolite	Drug-induced	liver	injury	(DILI)	may	occur	in	all	individuals	exposed	to	a	sufficient	concentration	of	a	particular	drug.	William	Stillway,	PhD	Emeritus
Professor	of	Biochemistry	and	Molecular	Biology	Department	of	Biochemistry	and	Molecular	Biology	Medical	University	of	South	Carolina	Charleston,	SC,	USA	Mirosława	Szczepan´ska-Konkel,	PhD	Emeritus	Professor	of	Clinical	Chemistry	Department	of	Clinical	Chemistry	Medical	University	of	Gdańsk	Gdańsk,	Poland	Andrzej	Szutowicz,	MD,	PhD
Professor,	Department	of	Laboratory	Medicine	Medical	University	of	Gdańsk	Gdańsk,	Poland	Simon	Pope,	PhD	Naoyuki	Taniguchi,	MD,	PhD	Clinical	Biochemist	Neurometabolic	Unit	National	Hospital	UCLH	Foundation	Trust	London,	UK	Group	Director,	Systems	Glycobiology	Group	RIKEN	Advanced	Science	Institute	Saitama,	Japan	Matthew	Priest,
MB,	ChB,	FRCP	(Glas)	Consultant	Gastroenterologist	and	Honorary	Senior	Lecturer	NHS	Greater	Glasgow	and	Clyde	and	University	of	Glasgow	Glasgow,	Scotland,	UK	Allen	B.	There	are	two	types	of	secondary	structure:	the	α-helix	and	the	β-pleated	sheet.	This	technique,	and	a	complementary	technique	called	matrix-assisted	laser	desorption
ionization-time	of	flight	(MALDI-TOF)	MS/MS	(Chapter	24),	can	be	applied	for	determination	of	the	molecular	weight	of	intact	proteins	and	for	sequence	analysis	of	peptides,	leading	to	unambiguous	identification	of	a	protein.	Feces	Urobilin	(stercobilin)	Urine	Fig.	How	does	the	liver	metabolize	drugs?	Purification	is	monitored	by	SDS-PAGE	(see	Fig.
Approximately	75%	of	its	blood	flow	is	supplied	by	the	portal	vein,	which	drains	blood	from	the	intestine.	Sodium	dodecylsulfate	(SDS)	polyacrylamide	gel	electrophoresis	(PAGE)	is	used	to	separate	proteins	on	the	basis	of	their	molecular	weights.	The	Z	and	S	variants	are	most	frequently	associated	with	AA1T	deficiency,	and	both	are	due	to	point
mutations	that	can	also	be	detected	by	polymerase	chain	reaction	(PCR)	assays.	3.5	Structures	of	common	disaccharides	and	polysaccharides.	7	CHAPTER	2 	Amino	Acids	and	Proteins	Abstract	Keywords	Proteins	are	macromolecules	composed	of	a	linear	sequence	of	up	to	21	different	alpha-L-amino	acids	joined	by	peptide	(amide)	bonds.	The
transmembrane	difference	in	sodium	concentration	(ΔNa+)	and	transmembrane	voltage	difference	(ΔV)	are	shown	on	the	right.	Bilirubin	Cytochrome	P-450	Drug–drug	interactions	Drug-induced	liver	injury	Intermediary	metabolism	Jaundice	Liver	function	tests	Pharmacogenomics	508	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	LIVER	AND
CARBOHYDRATE	METABOLISM	The	liver	plays	a	central	role	in	glucose	metabolism,	specifically	in	maintaining	the	circulating	concentration	of	glucose	The	function	of	the	liver	in	glucose	metabolism	(see	also	Chapters	12	and	31)	depends	on	its	ability	both	to	store	a	supply	of	glucose	in	a	polymerized	form	as	glycogen	and	also	to	synthesize	glucose
de	novo	from	noncarbohydrate	sources,	principally	amino	acids	derived	from	the	catabolism	of	the	body’s	proteins,	through	gluconeogenesis.	To	characterize	a	protein,	it	is	first	necessary	to	purify	the	protein	by	separating	it	from	other	components	15	16	CHAPTER	2 	Amino	Acids	and	Proteins	C	A	H	H	O	H	H	O	H	N—C—C—N—C—C—N—	R	R	O	B	C
N	H	R	O	C	C	O	C	N	H	R	C	N	C	N	H	C	O	C	R	N	H	O	C	H	C	O	O	N	C	H	C	C	H2N	D	R	Fig.	Water	and	electrolyte	disorders	are	common	in	clinical	practice.	Salt	bridges	O	−	Glu	−	C	−	O	+	NH3	−	Lys	Val	CH3	H3C	4.	■	Identify	the	major	carbohydrates	in	our	bodies	and	in	our	diet.	The	O2-binding	affinity	of	Hb	is	affected	positively	by	O2	as	well	as	a
number	of	chemically	diverse	allosteric	effectors,	including	H+,	CO2,	and	2,3-bisphosphoglycerate	(2,3-BPG;	Fig.	H	O	H	H	O	OH	HO	CH2OH	H	CH2OH	C	CH2OH	CH2OH	D(+)	Glyceraldehyde	O	Dihydroxyacetone	L(-)	Glyceraldehyde	Fig.	These	interactions	lead	to	horizontal	shifts	in	the	O2	binding	curves	(see	Fig.	M.,	Op	den	Buijsch,	R.	The	ε-amino
group	of	lysine	has	a	pKa	≈	11.	Its	serum	concentration	is	not	significantly	affected	by	age,	and	therefore	it	is	a	preferential	marker	of	GFR	in	children.	J.,	&	Talwalkar,	J.	Affected	patients	often	suffer	repeated	incidents	of	pancreatitis.	Science,	338,	1042–1046.	Because	scavenger	receptors	are	not	feedback	regulated	by	intracellular	cholesterol
concentration,	the	macrophages	engorge	themselves	with	oxidized	lipids	and	take	the	appearance	of	foam	cells.	Consequently,	the	O2-carrying	capacity	of	arterial	blood	decreases	to	160 mL/L	(sea	level,	198).	Unconjugated	bilirubin	is	toxic	to	the	immature	brain	and	causes	a	condition	known	as	kernicterus.	PHARMACOGENOMICS	The	response	to
any	particular	drug	is	influenced	by	the	drug’s	kinetic	properties	(pharmacokinetics)	and	its	effects	(pharmacodynamics)	An	individual’s	response	to	a	drug	can	be	influenced	by	genes	that	code	for	drug-metabolizing	enzymes,	receptors,	and	transporters.	Many	multisubunit	proteins	are	composed	of	different	kinds	of	functional	subunits,	such	as	the
regulatory	and	CHAPTER	2 	Amino	Acids	and	Proteins	1.	This	results	in	the	suppression	of	urinary	sodium	excretion	and	in	water	retention.	bw,	body	weight.	Chronic	alcohol	consumption	decreases	proteasome	activity.	It	is	balanced	by	the	hydrostatic	pressure,	which	forces	fluid	out	of	the	capillaries.	34.7	Metabolism	of	acetaminophen
(paracetamol).	Transverse	tubules	are	invaginations	of	the	sarcolemma,	which	are	connected	to	the	sarcoplasmic	reticulum	(SR)	by	protein	channels.	Intravascular	hemolysis	results	in	the	release	of	hemoglobin	into	the	plasma,	where	it	is	either	oxidized	to	methemoglobin	(Chapter	5)	or	complexed	with	haptoglobin.	This	precipitates	sudden,	and
sometimes	catastrophic,	clinical	events.	ECF	includes	interstitial	fluid	and	plasma.	(Middle)	The	linear	and	cyclic	forms	of	fructose.	(2004).	This	response	is	reinforced	by	the	stimulation	of	thirst.	Balance	between	the	oncotic	and	hydrostatic	pressures	is	fundamental	for	the	circulation	of	substrates	and	nutrients	Proteins,	particularly	albumin,	exert
osmotic	pressure	in	the	plasma	(about	3.32 kPa;	25 mmHg).	It	is	a	major	mediator	of	hypersensitivity	reactions,	acute	inflammatory	reactions,	and	anaphylactic	shock,	and	it	affects	the	permeability	properties	of	membranes,	increasing	platelet	aggregation	and	causing	cardiovascular	and	pulmonary	changes,	including	edema	and	hypotension.
Excessive	secretion	of	vasopressin	could	be	due	to	intracranial	disease	and	also	occurs	after	a	major	trauma,	infection,	or	surgery	and	in	malignant	disease.	A	decrease	in	pCO2	or	an	increase	in	plasma	bicarbonate	can	lead	to	alkalosis.	Dubin–Johnson	and	Rotor’s	syndromes	impair	biliary	secretion	of	conjugated	bilirubin	and	therefore	cause
conjugated	hyperbilirubinemia,	which	is	usually	mild.	Oxidized	apoB100	binds	to	the	scavenger	receptors	rather	than	to	the	LDL	receptor.	Computational	and	Structural	Biotechnology	Journal,	13,	459–468.	Acetyl-CoA	enters	the	central	metabolic	engine	of	the	cell,	the	tricarboxylic	acid	(TCA)	cycle	located	in	mitochondria.	For	current
recommendations,	consult	the	websites	of	organizations	listed	in	the	Relevant	Websites	section.	The	glucose	that	enters	the	muscle	cell	is	trapped	as	glucose-6-phosphate	and	is	routed	to	glycogenesis	or	glycolysis.	important	in	persons	with	diabetes	mellitus	and	insulin	resistance.	This	causes	an	increase	in	intracellular	calcium	concentration
(Chapter	4).	The	ring	structure	of	heme	is	oxidatively	cleaved	to	biliverdin	by	heme	oxygenase,	a	P-450	cytochrome	(see	following	discussion).	Amides	are	neutral	compounds,	so	the	amide	backbone	of	a	protein,	including	the	α-amino	and	α-carboxyl	groups	from	which	it	is	formed,	does	not	contribute	to	the	charge	of	the	protein.	Lane	A	contains
standard	proteins	with	known	molecular	masses	(indicated	in	kDa	on	the	left).	Accordingly,	small	changes	in	the	cytoplasmic	sodium	can	have	large	effects	on	its	activity.	Although	the	exact	mechanisms	inducing	wasting	are	not	certain,	prime	candidates	with	many	wasting	syndromes	involve	systemic	inflammatory	signaling	by	cytokines,	such	as
TNF-α	and	IL-6.	Tests	revealed	aspartate	aminotransferase	(AST)	5500 U/L,	alkaline	phosphatase	(ALP)	125 U/L,	bilirubin	70 µmol/L	(4.1 mg/dL),	prothrombin	time	120 s	(reference	range	10–15 s),	creatinine	350 µmol/L	(4.0 mg/dL;	reference	range	44–80 µmol/L,	0.50–0.90 mg/dL),	glucose	2.6 mmol/L	(47 mg/dL;	reference	range	4.0–6.0 mmol/L,	72–
109 mg/dL),	and	blood	pH	7.10	(reference	range	7.35–7.45;	this	equals	to	80 nmol/L	H+	with	reference	range	35–45 nmol/L).	Isoforms	of	actin	and	myosin	are	also	found	in	the	cytoskeleton	of	nonmuscle	cells,	where	they	have	roles	in	diverse	processes	such	as	cell	migration,	vesicle	transport	during	endocytosis	and	exocytosis,	maintenance	or
changing	of	cell	shape,	and	anchorage	of	intracellular	proteins	to	the	plasma	membrane.	Binding	proteins,	opsonins	such	as	C-reactive	protein	(CRP),	bind	to	macromolecules	released	by	damaged	tissue	or	infective	agents	and	promote	their	phagocytosis	(Chapter	43).	It	constricts	vascular	smooth	muscle,	thereby	increasing	blood	pressure	and
reducing	renal	blood	flow	and	glomerular	filtration	rate.	Proteins	rich	in	lysine	and	arginine	are	basic	in	solution	and	have	a	positive	charge	at	neutral	pH,	whereas	acidic	proteins,	rich	in	aspartate	and	glutamate,	are	acidic	and	have	a	negative	charge.	ALLOSTERIC	MODULATION	OF	THE	OXYGEN	AFFINITY	OF	HEMOGLOBIN	Allosteric	proteins
and	effectors	Lung	A	B	0.75	O2	saturation	(Y)	Pulse	oximetry	(pulse-ox)	is	a	noninvasive	method	of	estimating	the	oxygen	saturation	of	arterial	Hb.	Two	physical	principles	are	involved:	first,	the	visible	and	infrared	spectral	characteristics	of	oxy-	and	deoxy-Hb	are	different;	second,	arterial	blood	flow	has	a	pulsatile	component	that	results	from	volume
changes	with	each	heartbeat.	The	gas	exchange	takes	place	in	the	alveoli.	5.8	2,3-Bisphosphoglycerate	binds	preferentially	to	deoxygenated	hemoglobin.	CK	is	a	dimeric	protein	and	exists	as	three	isozymes:	the	MM	(skeletal	muscle),	BB	(brain),	and	MB	isoforms.	Metabolism	continuously	cycles	between	fasting	and	posteating	modes	The	direction	of
the	main	pathways	of	carbohydrate	and	lipid	metabolism	changes	in	response	to	food	intake.	The	name	of	the	more	complex	structures	includes	not	only	the	name	of	the	component	sugars	but	also	the	ring	conformation	of	the	sugars,	the	anomeric	configuration	of	the	linkage	between	sugars,	the	site	of	attachment	of	one	sugar	to	another,	and	the
nature	of	the	atom	involved	in	the	linkage	-	usually	an	oxygen	or	O-glycosidic	bond,	sometimes	a	nitrogen	or	N-glycosidic	bond.	An	identical	alignment	of	residues	and	noncovalent	interactions	is	found	between	the	α2-	and	β1-globin	monomers.	■	Describe	the	assessment	of	a	dehydrated	patient.	FURTHER	READING	A	Report	of	the	American	College
of	Cardiology	Foundation/American	Heart	Association	Task	Force	on	Practice	Guidelines.	Serum	creatinine:	20–80 µmol/L	(0.23–0.90 mg/dL)	2.	It	is	suggested	that	CRP	<	1 mg/dL	signifies	low	CVD	risk,	whereas	CRP	>	3 mg/L	is	associated	with	high	risk	of	coronary	disease.	541	542	CHAPTER	36 	The	Lung	and	the	Regulation	of	Hydrogen	Ion
Concentration	(Acid–Base	Balance)	Intracellular	buffering	CLINICAL	BOX	ACID–BASE	DISORDERS	AFFECT	PLASMA	POTASSIUM	CONCENTRATION	Inside	cells,	hydrogen	ion	is	buffered	by	proteins	and	phosphates	The	two	main	intracellular	buffers	are	proteins	and	phosphates,	and	the	buffering	is	governed	by	the	HPO42−/H2PO4−	and	protein/
protein-H	ratios.	Measurement	of	urine	glucose	and	ketones	is	important	in	the	assessment	of	glycemic	control	in	diabetic	patients	(Chapter	31).	Intraindividual	variability	in	the	alleles	for	the	cytochrome	P-450	family	of	enzymes,	which	have	the	main	role	in	drug	metabolism,	are	important	in	effecting	the	pharmacokinetics	of	therapeutically
administered	drugs	and	in	drug–drug	interactions.	The	photodetector	and	microprocessor	of	the	pulse	oximeter	permit	a	calculation	of	oxygen	saturation	(SpO2	=	peripheral	capillary	oxygen	saturation)	that	typically	correlates	within	4%–6%	of	the	value	found	by	arterial	blood	gas	analysis.	Biliverdin	is,	in	turn,	enzymatically	reduced	to	bilirubin	(Fig.
37.4).	The	double	bonds	are	not	conjugated	but	separated	by	methylene	groups.	Bandmann,	O.,	Weiss,	K.	Other	causes,	such	as	chronic	viral	infection	of	the	liver	or	an	autoimmune	active	chronic	hepatitis,	can	be	detected	by	blood	tests.	36.4	Intracellular	buffers:	proteins	and	phosphates.	Goose	breast,	which	powers	long,	migratory	flights,	is	a	fairly
fatty	and	dark	meat	compared	with	chicken	breast,	and	it	has	many	characteristics	of	cardiac	muscle.	In	Clinical	Practice,	Serum	Urea	and	Creatinine	Are	First-Line	Tests	in	the	Diagnosis	of	Renal	Failure	(Fig.	2.10	is	an	The	complete	characterization	of	a	protein	requires	its	purification	and	determination	of	its	complete	primary,	secondary,	and
tertiary	structure	and,	for	a	multimeric	protein,	its	quaternary	structure.	They	no	longer	move	freely	through	the	microvasculature	and	often	block	blood	flow,	especially	in	the	spleen	and	joints.	The	clinical	features	are	pale-colored	stools,	caused	by	the	absence	of	fecal	bilirubin	and	urobilin,	and	dark	urine	as	a	result	of	the	presence	of	water-soluble
conjugated	bilirubin.	Hyland,	PhD	Lecturer	in	Biochemistry	School	of	Biological	Sciences	Queen’s	University	Belfast	Belfast,	Northern	Ireland,	UK	Susan	Johnston,	BSc,	MSc,	FRCPath	Clinical	Biochemist	Clinical	Biochemistry	Service	National	Health	Service	(NHS)	Greater	Glasgow	and	Clyde	Glasgow,	Scotland,	UK	Alan	F.	The	term	atherothrombosis
is	sometimes	used	to	emphasize	this.	Were	it	not	for	the	high	erythrocyte	concentration	of	2,3-BPG	(~4 mmol/L),	the	O2	saturation	curve	of	Hb	would	approach	that	of	Mb!	CHAPTER	5 	Oxygen	Transport	ADVANCED	CONCEPT	BOX	ARTIFICIAL	HEMOGLOBINS	The	supply-and-demand	curves	for	whole	blood	and	packed	red	cell	availability	and
utilization	point	to	an	impending	crisis	and	the	need	to	develop	alternatives.	The	causes	of	jaundice	(Table	34.3)	are	conventionally	classified	as	follows:	Blood	Unconjugated	bilirubin	Bilirubin	uptake	■	Prehepatic:	increased	production	or	impaired	hepatic	uptake	of	bilirubin	(Fig.	CHAPTER	3 	Carbohydrates	and	Lipids	Polar	head	groups	Choline	CH3
+	–	CH2	–	CH2	–	N	–	CH3	–	–	O	–	O	=	P	–	O–	–	CH3	–	O	ADVANCED	CONCEPT	BOX	PLATELET-ACTIVATING	FACTOR	AND	HYPERSENSITIVITY	Serine	Glycerol	+	–	CH2	–	CH	–	NH3	_	COO	–	–	CH2	–	CH	–	CH2	–	=–	=–	O	O	O	O	C	C	Ethanolamine	cis-double	bond	Stearic	acid	Hydrophobic	fatty	acid	tails	Oleic	acid	+	–	CH2	–	CH2	–	NH3	Polar	head
groups	OH	OH	O	HO	OH	OH	Inositol	Fig.	5.9	for	HbSC,	a	double	heterozygous	genotype	associated	with	a	sickle	cell	disease–like	phenotype.	London:	RCOG	Press.	In	the	5th	edition	our	aim	remains,	as	before,	to	provide	a	biochemical	foundation	for	the	study	of	clinical	medicine—with	down-to-earth	practical	relevance.	Different	porphyrias	are
caused	by	deficiencies	of	different	enzymes	in	the	biosynthetic	pathway,	starting	from	5-ALA	synthase	and	ending	with	ferrochelatase.	Dipstick	test	for	urine	protein	yielded	a	strongly	positive	(++++)	result,	and	measurement	in	a	24-h	collection	showed	protein	excretion	of	7.00 g/day.	Calculating	the	anion	gap	focuses	physician’s	thinking	on	these
conditions.	F.,	Schlaich,	M.	In	the	industrialized	countries,	approximately	30%	of	people	have	undesirably	high	plasma	cholesterol	concentrations.	HbA1c:	desirable	value	on	treatment	below	7%	(53 mmol/	mol).	The	titration	curve	of	alanine	by	NaOH	(Fig.	In	addition,	the	liver	has	the	predominant	role	in	metabolizing	and	thereby	allowing	the
excretion	of	drugs.	6.4)	Use	of	the	Lineweaver–Burk	and	Eadie–Hofstee	plots	Alternative	graphical	analyses	permit	more	accurate	determination	of	the	Km	and	Vmax	of	an	enzyme	Lineweaver–Burk	plot	Eadie–Hofstee	plot	Mechanism	of	enzyme	action	Enzymatic	reactions	involve	functional	groups	on	amino	acid	side	chains,	coenzymes,	substrates,
and	products	Enzyme	inhibition	Competitive	inhibitors	cause	an	apparent	increase	in	Km	without	changing	Vmax	Uncompetitive	inhibitors	cause	an	apparent	decrease	in	Vmax	Noncompetitive	inhibitors	may	bind	to	sites	outside	the	active	site	and	alter	both	the	Km	and	the	Vmax	of	the	enzyme	Many	drugs	and	poisons	irreversibly	inhibit	enzymes
Regulation	of	enzyme	activity	There	are	multiple	complementary	mechanisms	for	regulation	of	enzyme	activity	Proteolytic	activation	of	digestive	enzymes	Some	enzymes	are	stored	in	subcellular	organelles	or	compartments	in	an	inactive	precursor	form	Allosteric	regulation	of	rate-limiting	enzymes	in	metabolic	pathways	Allosteric	enzymes	display
sigmoidal,	rather	than	hyperbolic,	plots	of	reaction	rate	versus	substrate	concentration	Positive	and	negative	cooperativity	Enzymatic	measurement	of	blood	glucose	The	glucose	oxidase/peroxidase	assay	In	clinical	laboratories,	most	compounds	are	measured	by	automated	enzymatic	methods	Reagent	strips	and	glucometers	People	with	diabetes
normally	monitor	their	blood	glucose	several	times	a	day	using	reagent	strips	or	glucose	meters	Kinetic	assays	Kinetic	assays	are	more	rapid	than	endpoint	assays	Summary	Further	reading	Relevant	websites	Abbreviations7	Vitamins	and	Minerals	Abstract	Keywords	Learning	objectives	Introduction	Vitamins	and	trace	elements	are	micronutrients
essential	for	metabolism	Fat-soluble	and	water-soluble	vitamins	Fat-soluble	vitamins	Fat-soluble	vitamins	are	stored	in	tissues	Vitamin	A	Vitamin	A	is	stored	in	the	liver	and	needs	to	be	transported	to	its	sites	of	action	Vitamin	A	deficiency	presents	as	night	blindness	Severe	vitamin	A	deficiency	leads	to	permanent	blindness	Vitamin	A	is	toxic	in	excess
Vitamin	D	Vitamin	D	is	toxic	in	excess.	The	presence	of	myoglobin	is	a	marker	of	muscle	damage	(rhabdomyolysis).	Calcium	entry	into	muscle,	in	addition	to	its	role	in	activation	of	myosin-ATPase-dependent	contraction,	also	leads	to	the	formation	of	a	Ca2+–calmodulin	complex,	which	activates	phosphorylase	kinase,	catalyzing	the	conversion	of
phosphorylase	b	to	phosphorylase	a.	Hydrogen	bonds	Cys	−	S	−	S	−	Cys	O	=	C	–	Gln	Ser	−	O	−	H	NH2	3.	Urine	Analysis	Provides	Clinically	Important	Information	Urine	analysis	(urinalysis)	in	clinical	laboratories	includes	testing	for	the	presence	of	protein,	glucose,	ketone	bodies,	bilirubin,	and	urobilinogen	and	for	traces	of	blood.	(2010).	In	addition
to	providing	core	information,	we	also	suggest	directions	for	further	study.	Electrophoretic	and	chromatographic	separations	of	Hb	are	illustrated	in	Fig.	Those	with	ABCA1	mutations,	apart	from	low	plasma	HDL-C,	have	large,	orange-colored	tonsils	and	present	with	hepatosplenomegaly,	peripheral	neuropathy,	and	thrombocytopenia.	Cysteine	plays
an	important	role	in	the	stabilization	of	protein	structure	because	it	can	participate	in	the	formation	of	a	disulfide	bond	with	other	cysteine	residues	to	form	cystine	residues,	crosslinking	protein	chains	and	stabilizing	protein	structure.	Urine	Fig.	Molecular	engineering	of	human	Hb,	now	under	way	in	a	number	of	laboratories,	seeks	to	improve	the	O2
binding	and	allosteric	properties	of	HBOCs	and	minimize	the	side	effects.	Proteomics	is	an	emerging	field	that	studies	the	full	range	of	expression	of	proteins	in	a	cell	or	organism	and	changes	in	protein	expression	in	response	to	growth,	hormones,	stress,	and	aging.	and	finally	fibrosis	(known	as	cirrhosis),	which	in	turn	leads	to	liver	failure.	The
hepatic	uptake	of	bilirubin	is	mediated	by	a	membrane	carrier	and	may	be	competitively	inhibited	by	other	organic	anions.	Whereas	muscle	contraction	is	triggered	by	increased	calcium,	muscle	relaxation	is	dependent	on	calcium	being	actively	pumped	back	into	the	SR.	RELEVANT	WEBSITES	Heart	UK	-	Diagnostic	Criteria	for	Familial
Hypercholesterolemia	Using	Simon	Broome	Register:	AS04_Diagnostic.pdf	Framingham	Heart	Study:	European	Society	of	Cardiology	Clinical	Practice	Guidelines	–	Dyslipidaemias	2016	(Management	of):	Clinical-Practice-Guidelines/Dyslipidaemias-Management-of	Third	Report	of	the	National	Cholesterol	Education	Program	(NCEP)	Expert	Panel	on
Detection,	Evaluation,	and	Treatment	of	High	Blood	Cholesterol	in	Adults	(Adult	Treatment	Panel	III)	-	Final	Report:	pubmed/12485966	Please	refer	to	Appendix	2	for	more	cases	relevant	to	this	chapter.	Adapted	with	permission	from	Dominiczak	MH,	editor:	Seminars	in	Clinical	Biochemistry,	ed.	In	the	T	state,	interactions	between	the	heterodimers
are	stronger;	in	the	R	state,	these	noncovalent	bonds	are,	in	summation,	weaker.	The	New	England	Journal	of	Medicine,	352,	2211–2221.	Motor	unit	control	and	synchronization	is	the	basis	for	coordinated	whole-muscle	contraction.	The	jargon	term	“blood	gases”	means	the	measurements	of	pO2,	pCO2,	and	pH	(or	hydrogen	ion	concentration),	from
which	the	concentration	of	bicarbonate	is	calculated	using	the	Henderson–Hasselbalch	equation.	Molecular	mimicry	could	exist	between	such	putative	antigen(s)	and	the	exogenous	pathogens	(Chapter	43).	FH	carries	a	high	risk	of	early	cardiovascular	disease.	Discuss	how	the	anatomic	position	and	structure	of	the	liver	allow	it	to	absorb	and
metabolize	lipids,	proteins,	and	carbohydrates,	as	well	as	xenobiotics,	from	the	intestine	before	releasing	such	molecules	or	their	derivatives	to	the	systemic	circulation.	Keto	acids	(acetoacetic	and	β-hydroxybutyric	acid)	are	important	in	diabetes	(Chapter	31).	The	role	of	osmotic	pressure	in	fluid	shifts	between	ECF	and	ICF	Osmolality	depends	on	the
concentration	of	molecules	in	water	Osmotic	pressure	is	proportional	to	the	molal	concentration	of	a	solution.	Although	several	mutations	can	lead	to	the	hemochromatosis	clinical	phenotype,	the	most	frequently	seen	mutation	is	in	the	HFE	gene	leading	to	a	p.Cys282Tyr	substitution.	GSH	plays	a	major	role	in	the	maintenance	of	cysteine	residues	in
proteins	in	their	reduced	(sulfhydryl)	forms	and	in	antioxidant	defenses	(Chapter	42).	The	D	and	L	designations	are	based	on	the	configuration	at	the	highest	numbered	asymmetric	center,	C-5	in	the	case	of	hexoses.	These	complex	lipids	contribute	charge	to	biological	membranes	(see	Fig.	The	American	Journal	of	Medicine,	126,	S5–S41.	Their	effect
on	LDL	and	total	cholesterol	levels	is	less	pronounced	than	that	of	the	statins.	■	Movement	of	water	between	the	ECF	and	ICF	is	controlled	by	osmotic	gradients.	Before	cleavage,	proteins	with	cysteine	and	cystine	residues	are	reduced	CHAPTER	2 	Amino	Acids	and	Proteins	(Ala)	ADVANCED	CONCEPT	BOX	THE	PROTEOME	A	proteome	is	defined
as	the	full	complement	of	proteins	produced	by	a	particular	genome.	C.,	&	Deugnier,	Y.	A	similar	systemic	approach	has	been	applied	to	three	other	expanding	fields:	the	study	of	the	transcriptome,	the	proteome,	and	the	metabolome	(Fig.	Reduction	of	these	nucleotides	captures	the	energy	from	fuel	oxidation.	With	heating,	the	glucose	decomposes
oxidatively,	yielding	a	complex	mixture	of	organic	acids	and	aldehydes.	ECF,	extracellular	fluid;	ICF,	intracellular	fluid.	They	regulate	genes	controlling	carbohydrate	and	lipid	homeostasis.	SCD	is	caused	by	an	inherited	single-point	mutation	in	the	gene	encoding	β-globin,	leading	to	the	expression	of	the	Hb	variant	HbS.	Yet	the	O2	affinities	of	Ngb
and	Cygb	are	surprisingly	high,	with	P50	values	in	the	range	of	1.0–7.5 mmHg	and	0.7–1.8 mmHg,	respectively,	compared	with	a	P50	<	27 mmHg	for	Hb.	Binding	of	O2	to	the	dimeric	Cygb	is	cooperative	(Hill	coefficient	=	1.2–1.7)	but	independent	of	pH.	■	Atherogenesis	involves	endothelial	dysfunction,	lipid	deposition	in	the	intima,	and	continuing
low-grade	inflammatory	reaction	in	the	arterial	wall	mediated	by	an	array	of	cytokines,	growth	factors,	and	adhesion	molecules.	Inhibitors	of	sodium	reabsorption	-	for	example,	thiazide	diuretics	(hydrochlorothiazide),	loop	diuretics	(e.g.,	frusemide),	amiloride,	and	spironolactone	-	are	extensively	used	in	clinical	practice.	The	residues	that	participate
in	the	Bohr	effect	include	the	N-terminal	Val	amino	group	of	α-globin	and	the	C-terminal	His	side	chain	of	β-globin.	ACC/AHA	Guideline	on	the	Treatment	of	Blood	Cholesterol	to	Reduce	Atherosclerotic	Cardiovascular	Risk	in	Adults	-	A	Report	of	the	American	College	of	Cardiology/American	Heart	Association	Task	Force	on	Practice	Guidelines	(Stone
NJ,	et	al.	After	a	major	rupture,	a	thrombus	forming	on	the	plaque	surface	may	completely	occlude	the	lumen	of	the	affected	artery,	cutting	off	oxygen	supply	and	causing	tissue	necrosis.	A	protein-folding	disease	is	a	disease	that	is	associated	with	the	abnormal	conformation	of	a	protein.	Fats	(triacylglycerols,	triglycerides)	contain	fatty	acids
esterified	to	glycerol.	A.,	&	MacCallum,	J.	The	latter	may	exceed	100 mmol/L	(8850	 mg/dL).	Only	the	L-enantiomers	are	found	in	proteins.	Because	of	the	large	size	of	proteins,	they	are	typically	cleaved	by	digestion	by	specific	endoproteases,	such	as	trypsin	(Chapter	6),	V8	protease,	or	lysyl	endopeptidase,	to	obtain	peptide	fragments.	As	in	the
previous	edition,	we	greatly	value	the	excellent	secretarial	assistance	of	Jacky	Gardiner	in	Glasgow.	Anabolic	agents,	such	as	testosterone,	have	proven	beneficial	in	maintaining	muscle	mass	in	HIV/AIDS	patients	and	are	widely	used	clinically.	Other	factors,	both	environmental	and	genetic,	play	a	role	in	determining	whether	or	not	HFE	homozygotes
actually	develop	clinical	hemochromatosis.	Mayo	Clinic,	89,	95–106.	Baynes	and	Marek	H.	HHb	Hb	H+	HCO3–	Kidney	H2CO3	Plasma	H2O	H+	CO2	Tissues	Erythrocyte	H+	CO2	Table	36.1	Principal	buffers	in	the	human	body	 	Buffer	Acid	Conjugate	base	Site	of	main	buffering	action	Hemoglobin	HHb	Hb−	Erythrocytes	Proteins	HProt	Prot−
Intracellular	fluid	Phosphate	buffer	H2PO4−	HPO42−	Intracellular	fluid	Bicarbonate	CO2	→	H2CO3	−	3	HCO	Extracellular	fluid	See	Chapter	2	for	the	principles	of	buffering	action.	In	this	segment,	potassium	ions	are	secreted	into	the	lumen	by	the	ATP-sensitive	rectifier	potassium	channel.	35.1).	Phenotypic	variants	in	AA1T	were	initially	described
by	their	relative	mobility	on	electrophoresis,	with	the	most	common	variant,	M,	having	medium	mobility.	Renin-angiotensin	system	and	cardiovascular	risk.	A	decrease	in	pH	increases	sympathetic	tone	and	may	lead	to	cardiac	dysrhythmias.	Comment	Lifestyle	change	can	result	in	appreciable	improvements	in	the	lipid	profile.	55	56	CHAPTER	5 
Oxygen	Transport	Erythrocytes	make	up	the	largest	intravascular	reservoir	of	bioactive	NO,	and	Hb	is	indispensable	for	its	formation,	storage,	and	release.	This	means	that	it	has	much	greater	buffering	potential	than	the	“closed-system”	buffers.	Familial	combined	hyperlipidemia	is	due	to	increased	apoB100	and	thus	increased	production	of	VLDL.
Lancet,	362,	717–731.	2.12	Fractionation	of	proteins	by	size:	gel	filtration	chromatography	of	proteins.	Water	content	is	highest	in	the	brain	tissue	(about	90%)	and	lowest	in	the	adipose	tissue	(10%).	Tissue	concentrations	of	both	are	<	1 mmol/L.	Carbon	dioxide	is	much	more	soluble	in	water	than	oxygen	CLINICAL	BOX	A	WOMAN	PRESENTING
WITH	SHORTNESS	OF	BREATH:	RESPIRATORY	ACIDOSIS	A	56-year-old	woman	was	admitted	to	a	general	ward	with	increasing	breathlessness.	Cl	CLINICAL	TEST	BOX	URINE	–	Na+	H2O	Collecting	ducts	Vasopressin	H2O	Ascending	thin	limb	Final	urine	Fig.	5.9.	A	B	A	FS	SC	AFSC	standards	SS	AF	AA	F	Detector	response	AS	G	Philadelphia	S	A1c
C	A2	AFSC	standards	–	C,	A2	S	F	A	+	Retention	time	Fig.	The	commonly	used	drug	acetaminophen	(paracetamol)	is	hepatotoxic	in	excess	Acetaminophen	is	widely	used	as	a	painkiller	and	is	available	without	prescription.	36.3	Disorders	of	the	acid–base	balance.	(B)	The	secondary	structure	indicates	the	local	spatial	arrangement	of	the	polypeptide
backbone	yielding	an	extended	α-helical	or	β-pleated	sheet	structure	as	depicted	by	the	ribbon.	Fatigue,	which	can	be	defined	as	an	inability	to	maintain	the	desired	power	output,	occurs	when	the	rate	of	ATP	utilization	exceeds	its	rate	of	synthesis.	See	also	Chapter	36.	BNP	is	synthesized	in	the	cardiac	ventricles	as	a	108–amino	acid	propeptide	and
is	cleaved	into	a	76–amino	acid	N-terminal	peptide	and	a	biologically	active	32–amino	acid	BNP.	ANP	is	synthesized	predominantly	in	the	cardiac	atria	as	a	126–amino	acid	propeptide	(pro-ANP).	New	equilibrium	H	2O	H2O	H	2O	Cell	dehydration	H2O	Cellular	edema	Fig.	It	seems	that	there	is	no	lower	threshold	of	cholesterol	concentration	at	which
the	risk	would	level	out	(in	other	words,	the	lower	the	cholesterol,	the	better).	There	are	both	protein	and	non-protein	(metabolite-derived)	hormones.	CHAPTER	2 	Amino	Acids	and	Proteins	RELEVANT	WEBSITES	Protein	Data	Bank:	ABBREVIATIONS	GSH	GSSG	Glutathione	(reduced)	Glutathione	(oxidized)	IEF	HPLC	MWCO	PAGE	pI	RP-HPLC	SDS
SDS-PAGE	Isoelectric	focusing	High	performance	(pressure)	liquid	chromatography	Molecular	weight	cut-off	Polyacrylamide	gel	electrophoresis	Isoelectric	point	Reversed	phase	HPLC	Sodium	dodecylsulfate	Sodium	dodecylsulfate-polyacrylamide	gel	electrophoresis	23	CHAPTER	3 	Carbohydrates	and	Lipids	John	W.	It	also	regulates	transporters
such	as	the	Na+/H+	exchanger	type	3	in	the	proximal	tubule,	the	531	532	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	Angiotensinogen	(1–255)	Renin	ACE	2	Angiotensin	I	(1–10)	–	ACE	inhibitors	Angiotensin	I	(1–9)	Endopeptidase	ACE	ACE	Angiotensin	II	(1–8)	Angiotensin	II	(1–7)	ACE	Angiotensin	II	(1–5)	ACE	2	Endopeptidase
Carboxypeptidase	–	Angiotensin	receptor	blockers	Angiotensin	II	receptor	type	1	(AT1)	Adrenals	Renal	sodium	reabsorption	Urinary	potassium	excretion	Angiotensin	II	receptor	type	2	(AT2)	Kidney	GFR	Renal	blood	flow	Mas	receptor	Vascular	smooth	muscle	Myocardium	Contraction	Proliferation	Contractility	CNS	Epinephrine	release
Norepinephrine	release	Also:	ROS	production	Matrix	deposition	in	the	intima	Fig.	In	acetaminophen	overdose,	the	capacity	of	the	normal	conjugation	pathways	is	overwhelmed,	and	acetaminophen	is	oxidized	by	a	liver	P-450	cytochrome	CYP3A4	to	N-acetyl	benzoquinoneimine	(NABQI).	35.4).	Decreased	or	absent	cooperativity	is	observed	for	Hb
mutants	that	have	lost	functional	subunit–	subunit	contacts	(Table	5.1).	The	process	of	protein	synthesis	Translation	is	a	dynamic	process	that	involves	the	interaction	of	mRNA,	enzymes,	tRNAs,	translation	factors,	ribosomal	proteins,	and	rRNAs	Initiation	Synthesis	of	a	protein	is	initiated	at	the	first	AUG	(methionine)	codon	in	the	mRNA	Elongation
Factors	involved	in	the	elongation	stage	of	protein	synthesis	are	targets	of	some	antibiotics	Termination	Protein	folding	and	endoplasmic	reticulum	(ER)	stress	ER	stress,	the	result	of	errors	in	protein	folding,	develops	in	many	chronic	conditions,	including	obesity,	diabetes,	and	cancer	Protein	targeting	and	posttranslational	modifications	Protein
targeting	Cellular	fate	of	proteins	is	determined	by	their	signal	peptide	sequences	Posttranslational	modification	Most	proteins	require	posttranslational	modification	before	they	become	biologically	active	Proteasomes:	Cellular	machinery	for	protein	turnover	Unlike	DNA,	damaged	proteins	are	not	repaired	but	degraded	The	proteasome	is	a
multicatalytic	complex	designed	for	degradation	of	cytosolic	proteins	Ubiquitin	targets	proteins	to	the	proteasome	for	degradation	Summary	Further	reading	Relevant	websites	Abbreviations23	Regulation	of	Gene	Expression	Abstract	Keywords	Learning	objectives	Introduction	Despite	identical	DNA	in	all	cells,	gene	expression	varies	significantly	with
time	and	place	in	the	body	as	well	as	sex	Basic	mechanisms	of	gene	expression	Gene	expression	is	regulated	at	several	different	steps	Gene	transcription	depends	on	key	cis-acting	DNA	sequences	in	the	region	of	the	gene	A	transcription	unit	encompasses	more	than	just	a	gene	Promoters	Promoters	are	usually	upstream	of	the	transcription	start	point
of	a	gene	The	efficiency	and	specificity	of	gene	expression	are	conferred	by	promoter	elements	Alternative	promoters	permit	tissue	or	developmental	stage–specific	gene	expression	Enhancers	Enhancers	modulate	the	strength	of	gene	expression	in	a	cell	Insulators	Insulators	restrict	the	action	of	enhancers	Response	elements	Response	elements	are
binding	sites	for	transcription	factors	and	coordinately	regulate	expression	of	multiple	genes	(e.g.,	in	response	to	hormonal	or	environmental	stimuli)	Transcription	factors	Transcription	factors	are	DNA-binding	proteins	that	regulate	gene	expression	Transcription	factors	can	affect	transcription	directly	by	controlling	the	function	of	RNA	polymerase
or	indirectly	by	affecting	the	chromatin	structure	Initiation	of	transcription	requires	binding	of	general	transcription	factors	to	DNA	Transcription	factors	have	highly	conserved	DNA-binding	sites	Steroid	receptors	Steroid	receptors	possess	many	characteristics	of	transcription	factors	and	provide	a	model	for	the	role	of	zinc	finger	proteins	in	DNA
binding	The	zinc	finger	motif	A	zinc	finger	motif	in	steroid	receptors	binds	to	the	steroid-response	element	in	DNA	Organization	of	the	steroid	receptor	Steroid	receptors	are	products	of	a	highly	conserved	gene	family	Alternative	approaches	to	gene	regulation	in	humans	Promoter	access	Chromatin	structure	affects	access	of	transcription	factors	to



genes	and	thereby	affects	gene	expression	Nucleosomes	are	dynamically	altered	during	gene	expression	through	the	action	of	enzymes	that	modify	and	remodel	them	Methylation	of	DNA	regulates	gene	expression	Methylation	is	one	of	several	epigenetic	modifications	of	DNA;	patterns	of	DNA	methylation	at	birth	affect	risk	for	a	number	of	age-
related	diseases	Alternative	splicing	of	mRNA	Alternative	splicing	yields	many	variants	of	a	protein	from	a	single	pre-mRNA	Editing	of	RNA	at	the	posttranscriptional	level	The	editosome	modifies	the	internal	nucleotide	sequence	of	mature	mRNAs	RNA	interference	Preferential	activation	of	one	allele	of	a	gene	Human	genes	are	biallelic,	but
sometimes	only	one	allele	of	the	gene	is	expressed	Summary	Further	reading	Relevant	websites	CRISPR:	Abbreviations24	Genomics,	Proteomics,	and	Metabolomics	Abstract	Keywords	Learning	objectives	Introduction	Many	of	the	complex	biological	functions	are	generated	by	interactions	among	genes	rather	than	by	individual	genes	Posttranslational
modifications	add	further	levels	of	complexity	Studies	of	the	genome,	transcriptome,	proteome,	and	metabolome	pose	different	challenges	Genomics	Genome	analysis	provides	a	way	to	predict	the	probability	of	a	condition,	but	it	does	not	provide	information	on	whether	and	when	this	probability	will	manifest	itself	Many	diseases	have	an	inheritable
genetic	component	Karyotyping,	comparative	genome	hybridization	(CGH),	chromosomal	microarray	analysis	(CMA),	and	fluorescence	in	situ	hybridization	(FISH)	Karyotyping	assesses	the	general	chromosomal	architecture	Comparative	genome	hybridization	compares	two	genomes	of	interest	In	chromosomal	microarray	analysis,	the	labeled	DNA	is
hybridized	to	an	array	of	oligonucleotides	Fluorescence	in	situ	hybridization	can	be	used	when	the	gene	in	question	is	known	Gene	mutations	can	be	studied	by	sequencing	Four	principles	of	DNA	sequencing	There	are	several	NGS	methods	using	different	ways	to	read	the	DNA	sequence	Single-nucleotide	polymorphisms	(SNP)	are	useful	in
identification	and	assessment	of	disease	risk	Systematic	SNP	mapping	has	proved	useful	in	studying	genetic	identity	and	inheritance	and	also	in	the	identification	and	risk	assessment	of	genetic	diseases	Genome-wide	association	studies	(GWAS)	try	to	link	the	frequency	of	SNPs	to	disease	risks	Epigenetic	changes	are	heritable	traits	not	reflected	in
the	DNA	sequence	Although	the	genome	as	defined	by	its	DNA	sequence	is	commonly	viewed	as	the	hereditary	material,	there	are	also	other	heritable	traits	that	are	not	reflected	by	changes	in	the	DNA	sequence	Gene	expression	and	transcriptomics	Studying	gene	transcription	by	gene	(micro)arrays	and	RNA	sequencing	ChIP-on-chip	technique
combines	chromatin	immunoprecipitation	with	microarray	technology	Mapping	of	the	occupancy	of	transcription-factor-binding	sites	can	reveal	which	genes	are	likely	to	be	regulated	by	these	factors	Proteomics	Proteomics	is	the	study	of	the	protein	complement	of	a	cell,	the	protein	equivalent	of	the	transcriptome	or	genome	Proteomics	poses	several
challenges	There	is	no	protein	equivalent	of	PCR	that	would	allow	for	the	amplification	of	protein	sequences,	so	we	are	limited	to	the	amount	of	protein	that	can	be	isolated	from	the	sample	Proteomics	in	medicine	Despite	the	challenges,	proteomics	has	become	a	powerful	tool	for	understanding	fundamental	biological	processes	Proteomics	has	been
applied	successfully	to	the	study	of	basic	biochemical	changes	in	many	different	types	of	biological	samples:	cells,	tissues,	plasma,	urine,	cerebrospinal	fluid,	and	even	interstitial	fluid	collected	by	microdialysis	Main	methods	used	in	proteomics	Proteomics	relies	on	the	separation	of	complex	mixtures	of	proteins	or	peptides,	quantification	of	protein
abundances,	and	identification	of	the	proteins	Protein	separation	techniques	A	classic	protein-separation	method	is	two-dimensional	(2D)	polyacrylamide	gel	electrophoresis	(2DE,	2D-PAGE)	The	first	2D	liquid	chromatography	(LC)	method	with	direct	coupling	of	the	two	dimensions	is	called	multidimensional	protein	identification	technology	(MudPIT)
Protein	identification	by	mass	spectrometry	Mass	spectrometry	is	a	technique	used	to	determine	the	molecular	masses	of	molecules	in	a	sample	A	tandem	mass	spectrometer	is	effectively	two	mass	spectrometric	analyzers	joined	together	sequentially,	with	an	area	between	them	where	molecules	can	be	fragmented	To	enable	the	targeted
identification	of	specific	proteins,	a	technique	was	developed,	called	selected-reaction	monitoring	(SRM)	or	multiple-reaction	monitoring	(MRM)	Quantitative	mass	spectrometry	Affinity	capture	methods	for	molecular	interactions	Non-MS-based	technologies	The	Human	Protein	Atlas	aims	to	generate	antibodies	to	every	protein	in	the	human	proteome
and	use	these	to	visualize	proteins	and	their	subcellular	localization	in	healthy	and	diseased	human	tissues	Metabolomics	Metabolomics	gives	another	level	of	information	on	a	biological	system	Metabolomics	can	be	broken	down	into	a	number	of	areas	Biomarkers	Biomarkers	are	markers	that	can	be	used	in	medicine	for	the	early	detection,	diagnosis,
staging,	or	prognosis	of	disease	or	for	determination	of	the	most	effective	therapy	The	most	common	methods	for	biomarker	discovery	have	developed	from	those	used	in	transcriptomics,	proteomics,	and	metabolomics	(i.e.,	gene	arrays;	mass	spectrometry,	often	coupled	with	chromatography;	and	NMR	spectroscopy)	Some	well-known	examples	of
biomarkers	are	the	measurement	of	blood	glucose	levels	in	diabetes,	prostate-specific	antigen	for	prostate	cancer,	and	HER-2	or	BRCA1/2	genes	in	breast	cancer	Data	analysis	and	interpretation	by	bioinformatics	and	systems	biology	Summary	Further	reading	Relevant	websites	Abbreviations25	Membrane	Receptors	and	Signal	Transduction	Abstract
Keywords	Learning	objectives	Introduction	Cellular	signals	are	processed	by	specific	receptors,	effector	elements,	and	regulatory	proteins	Types	of	hormone	and	monoamine	receptors	Receptors	for	steroid	hormones	differ	from	those	for	polypeptide	hormones	and	monoamines	Steroid	hormones	traverse	cell	membranes	Intracellular	receptors	for
steroid	and	thyroid	hormones	and	retinoids	are	transcription	factors	Polypeptide	hormones	act	through	membrane	receptors	Some	low-molecular-mass	signaling	molecules	traverse	the	cell	membrane	Receptor	coupling	to	intracellular	signal	transduction	Membrane	receptors	couple	to	signaling	pathways	utilizing	diverse	mechanisms	Some	receptors
possess	intrinsic	protein	kinase	activity	The	example	of	insulin	signaling	Some	membrane	receptors	are	coupled	to	G-proteins	G-proteins	regulate	a	diverse	range	of	biological	processes	G-proteins	act	as	molecular	switches	Second	messengers	Cyclic	AMP	(cAMP)	is	a	key	molecule	in	signal	transduction	Glucagon	and	β-adrenergic	receptors	are
coupled	to	cAMP	Adenylyl	cyclase	is	regulated	by	G-protein	α-subunits	Signals	can	activate	different	receptor	subtypes,	with	different	consequences	Protein	kinase	A	Protein	kinase	A	binds	cAMP	and	phosphorylates	other	enzymes	Many	other	cellular	responses	can	be	mediated	by	the	cAMP–PKA	signaling	cassette	cAMP	can	stimulate	cellular
signaling	independent	of	PKA	Signal	cascades	amplify	signals	initiated	by	receptor	binding	Phosphodiesterases	terminate	the	cAMP	signal	Phospholipase-derived	second	messengers	Phospholipase	C	hydrolyzes	the	membrane	phospholipid	phosphatidylinositol	4,5-bisphosphate	to	generate	two	second	messengers	IP3	stimulates	intracellular	calcium
mobilization	Signal	transduction	by	Ca2+	Many	downstream	signaling	events	mediated	by	Ca2+	are	modulated	by	a	Ca2+-sensing	and	binding	protein,	calmodulin	Calmodulin	has	a	wide	range	of	target	effectors	Diacylglycerol	activates	protein	kinase	C	Other	phospholipases	hydrolyze	phosphatidylcholine	or	phosphatidylethanolamine,	generating	a
range	of	lipid	second	messengers	Arachidonic	acid	is	a	second	messenger	regulating	phospholipases	and	protein	kinases	Arachidonic	acid	is	the	precursor	of	eicosanoids	Summary	Further	reading	Relevant	websites	Abbreviations26	Neurotransmitters	Abstract	Keywords	Learning	objectives	Introduction	Neurotransmitters	are	molecules	that	act	as
chemical	signals	between	nerve	cells	Several	transmitters	may	be	found	in	one	nerve	Neurotransmission	Action	potentials	are	caused	by	changes	in	ion	flows	across	cell	membranes	A	change	in	voltage	that	tends	to	drive	the	resting	potential	toward	zero	from	the	normal	negative	voltage	is	known	as	a	depolarization,	whereas	a	process	that	increases
the	negative	potential	is	called	hyperpolarization	Neurotransmitters	alter	the	activity	of	various	ion	channels	to	cause	changes	in	the	membrane	potential	Neurotransmitters	act	at	synapses	Receptors	Neurotransmitters	act	by	binding	to	specific	receptors	and	opening	or	closing	ion	channels	Ionotropic	receptors	(ion	channels)	Metabotropic	receptors
All	known	metabotropic	receptors	are	coupled	to	G-proteins	Regulation	of	neurotransmitters	The	action	of	transmitters	must	be	halted	by	their	removal	from	the	synaptic	cleft	Concentrations	of	neurotransmitters	may	be	manipulated	Classes	of	neurotransmitters	Amino	acids	Glutamate	Glutamate	is	the	most	important	excitatory	transmitter	in	the
CNS	Glutamate	and	excitotoxicity	Excess	glutamate	is	toxic	to	nerve	cells	γ-Amino	butyric	acid	(GABA)	GABA	is	synthesized	from	glutamate	by	the	enzyme	glutamate	decarboxylase	Glycine	Catecholamines	Norepinephrine	and	epinephrine	Norepinephrine	(also	known	as	noradrenaline)	is	a	major	transmitter	in	the	sympathetic	nervous	system
Epinephrine	(also	known	as	adrenaline)	is	produced	by	the	adrenal	medulla	under	the	influence	of	ACh-containing	nerves,	analogous	to	the	sympathetic	preganglionic	nerves	Dopamine	Dopamine	is	both	an	intermediate	in	the	synthesis	of	norepinephrine	and	a	neurotransmitter	Serotonin	(5-hydroxytryptamine)	Serotonin,	also	called	5-
hydroxytryptamine	(5-HT),	is	derived	from	tryptophan	Acetylcholine	Acetylcholine	(ACh)	is	the	transmitter	of	the	parasympathetic	autonomic	nervous	system	and	of	the	sympathetic	ganglia	(Fig.	The	figure	illustrates	areas	vulnerable	to	breakage	and	shows	the	obstructing	thrombus	formed	at	the	site	of	rupture.	Nonenzymatic	reaction	in	muscle	O	–
Comment	H	N	HN	H	2O	N	O	N	Pi	COO–	H3C	Creatinine	Creatine	phosphate	5.6	(mg/dL)	Serum	500	creatinine	(µmol/L)	400	3.4	300	Decreasing	renal	function	100	Reference	range	140	BUN	(mg/dL)	30	20	200	1.1	50	Serum	urea	40	(mmol/L)	56	10	5	14	CHAPTER	35 	Water	and	Electrolytes	Homeostasis	CLINICAL	BOX	DIABETES	OFTEN	LEADS	TO
IMPAIRMENT	OF	RENAL	FUNCTION	A	37-year-old	woman	with	a	12-year	history	of	type	1	diabetes	came	for	a	routine	visit	to	the	diabetic	clinic.	5.8).	Pulse	oximetry	is	used	to	monitor	the	cardiopulmonary	status	during	local	and	general	anesthesia,	in	intensive	care	and	neonatal	units,	and	during	patient	transport.	The	frequency	of	FH	homozygotes
in	Western	populations	is	approximately	1 : 500.	33.8	An	overview	of	the	abnormalities	of	lipoprotein	metabolism.	Fuel	transport	is	affected	by	excessive	dietary	intake	of	fats,	obesity,	and	diabetes.	33.6).	Each	amino	acid	has	a	central	carbon,	called	the	α-carbon,	to	which	four	different	groups	are	attached	(Fig.	Under	the	microscope,	the	substance	of
the	liver	is	composed	of	a	very	large	number	of	hepatocytes	arranged	in	polyhedral	lobules	(Fig.	to	risk.	The	eNOS	is	constitutively	(constantly)	expressed	in	the	endothelium,	whereas	another	isoenzyme,	inducible	NOS	(iNOS),	is	found	in	VSMC	and	in	macrophages.	Maintaining	the	acid–base	balance	involves	the	lungs,	erythrocytes,	and	the	kidneys
Maintaining	the	acid–base	balance	involves	the	lungs,	erythrocytes,	and	the	kidneys	(Fig.	Thiazide	diuretics	(e.g.,	bendrofluazide)	decrease	sodium	reabsorption	in	the	distal	tubules	by	blocking	sodium	and	chloride	cotransport.	HPLC	may	also	be	used	to	measure	HbA1c,	a	glycated	protein	that	is	measured	clinically	as	an	index	of	mean	blood	glucose
concentration	in	diabetes	mellitus	(Chapter	31).	Upon	diffusing	into	blood,	CO2	can	react	with	oxygenated	Hb,	shift	the	equilibrium	toward	the	T	state,	and	thereby	promote	the	dissociation	of	bound	O2	(see	Fig.	507	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	507.e1	Abstract	Keywords	The	liver	has	a	central	role	in	metabolism	because	of	its
pivotal	role	in	the	synthesis	and	catabolism	of	carbohydrates,	lipids,	and	proteins.	Dipstick	urine	testing	revealed	the	presence	of	bilirubin,	but	no	urobilin.	Details	on	how	to	seek	permission,	further	information	about	the	Publisher’s	permissions	policies	and	our	arrangements	with	organizations	such	as	the	Copyright	Clearance	Center	and	the
Copyright	Licensing	Agency,	can	be	found	at	our	website:	www.elsevier.com/permissions.	HbA2	is	elevated	in	β-thalassemia,	a	disease	characterized	by	a	deficiency	in	β-globin	biosynthesis.	Familiarity	with	abbreviations	and	acronyms	depicting	signaling	molecules	and	transcription	factors	is	now	necessary	to	gain	a	complete	picture	of	metabolic
pathways	and	their	regulations.	Ions	and	low-molecular-weight	molecules	are	present	in	similar	concentrations	in	the	ECF	and	plasma,	but	protein	concentration	is	four	to	five	times	higher	in	plasma.	ABBREVIATIONS	ACAT	apoAI/apoAII	apoB100/apoB48	apoCI/apoCII/apoCIII	apoB	ASCVD	CAMS	CD36	CETP	DAMPs	EDRF	EGF	FVII	Acyl-CoA:	acyl-
cholesterol	transferase	Apolipoproteins	A	Apolipoprotein	B	Apolipoproteins	C	Apolipoprotein	B	Arteriosclerotic	cardiovascular	disease	Cell-adhesion	molecules	Cluster	of	differentiation	36	Cholesterol	ester	transfer	protein	Damage-associated	molecular	patterns	Endothelium-derived	relaxing	factor	nitric	oxide	Epidermal	growth	factor,	Factor	VII	FH
FDB	GWAS	HDL	HTGL	IDL	IL-1β	IL-6	IGF-1	KLF	LCAT	LDL	LPL	MCP-1	MCSF-1	MMP-9	MTP	PAR2	PDGF	TG	TGFβ	TNFα	VCAM-1	VLDL	VSMC	Familial	hypercholesterolemia	Familial	defective	apolipoprotein	B	Genome-wide	association	studies	High-density	lipoprotein(s)	Hepatic	triglyceride	lipase	Intermediate-density	lipoprotein(s)	Interleukin	1β,
Interleukin-6	Insulin-like	growth	factor	1	Kruppel-like	factor	(KLF2,	KLF4)	Lecithin:cholesterol	acyltransferase	Low-density	lipoprotein(s)	Lipoprotein	lipase	Monocyte	chemoattractant	protein	1	Monocyte	colony-stimulating	factor	1	Matrix	metalloproteinase	9	Microsomal	transfer	protein	Protease-activated	receptor	2	Platelet-derived	growth	factor
Triacylglycerols	(also	triglycerides)	Tumor	growth	factor	β	Tumor	necrosis	factor-α	Vascular	cell	adhesion	molecule	1	Very-low-density	lipoprotein(s)	Vascular	smooth	muscle	cell(s)	CHAPTER	34 	Role	of	the	Liver	in	Metabolism	Alan	F.	LPL	deficiency	causes	extreme	elevation	of	chylomicrons	and	VLDL.	The	result	is	ASCVD.	The	normal	plasma
concentration	of	bilirubin	is	less	than	21 µmol/L	(1.2 mg/dL).	Conventional	two-wavelength	instruments	“assume”	that	the	optical	measurements	are	associated	with	oxygenated	and	deoxygenated	hemoglobins;	they	cannot	discriminate	among	oxy-,	carboxy-,	and	metHb.	Newer	technologies,	however,	utilize	six	or	eight	wavelengths	and	permit	multiple
Hb	species	discrimination	with	an	accuracy	of	±2%	and	precision	of	±1%.	It	binds	to	a	receptor	located	on	the	membranes	of	tubular	cells	in	the	renal	collecting	ducts	(Fig.	In	addition	to	the	major	phospholipids	described	in	Fig.	The	glomerular	filtration	rate	(GFR;	mL/min)	is	the	most	important	characteristic	describing	kidney	function.	If	the	thiol
group	of	the	cysteine	is	oxidized,	the	disulfide	GSSG	is	formed.	Accordingly,	slight	shifts	of	the	curve	in	either	direction	will	also	dramatically	influence	O2	affinity.	(2014).
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