












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Nutr ition. See also Dier; Fasting scare; Fed scare; 

0 

Malnutr ition; Srarvation 
in alcoholics, 1076cc 
in clinical practice, 1094-1095 
dietary reference intakes, 1065 
diet face and fallacy, 1094 
in elderly, 1083cc 
far-soluble vicamins, 1065-1075 

vitamin A, 1065- I 067 
vican1in D, 1067- 1072 
vitamin E, 1072- 1073 
vican1in K, 1073- 1075 

macro minerals, 1085- 1087 
in newborns, 1074cc 
nucrigenomics, 1095 
starus assessment, 1094- 1095, 1094/ 
tissue interrelationships in, 863-878 
trace minerals, 1087- 1094 

chromium, I 093 
copper, 1092- 1093 
iodine, 1091 
iron, 1087- 1091 
selenium, 1093-1094 
zinc, I 09- 1092 

water-soluble vitamins, 1075- 1085 
ascorbic acid, I 084 
cl10line and carnicine, 1085 
energy-releasing, l 075- 1079 
hemaropoiecic, I 079- 1084 

Obesity, 676cc 
cancer and, 1022cc 
dietaryan d geneticcomponencs, 1107- 1108, 1108/ 
fat absorption, pharmacological 

interventions, 1053cc 
glucose bomeoscasis and, 850-852, 85 1/ 
health implications of, 1110-1111 
insulin resisrance and, 1108- 1 110 
metabolic syndrome and, 840cc-84 l cc 
tissue incerrelationships in, 863-864, 863/ 

Obstructive jaundice, 1075 
Occipical horn syndrome, collagen synthesis 

defect, 246cc 
Oculocucaneous albinism (OCAl), 786cc 
Od d-chain faery acids, oxidation, 695, 695/ 
Okazaki fragmencs, 145 

DNA replication 
DNA polymerases, 152- 153 
eukaryoticenzymes, 153- 157, 154/, 156/ 

replication fork rewinding and repair, 175 
semi-discontin uous DNA synthesis, 145, 145/ 

O ligomycin, micocllondrial electron transport and 
oxidative phosphorylation, 574 

Oligonucleocide-direcred mucagenesis, 285- 287, 

286/-288/ 
Oligonucleotides , 30 

microarray analysis, 296-298, 297/-298/ 
structure and bonding, 30, 30/ 

O ligosaccbarides, 1125, 1128 
ceran1ide, globosides as, 733, 733 f 
N -linked glycosylation, 235, 236/ 

dolicllol phosphate , 660-663, 661/ 
Oligosaccbarylcransferase, N -linked glycosylation, 

233, 234/ 
O-linked glycosylation 

carbohydrate-protein covalent linkages, 112 
protein folding, 233 

Ompf porin, 478/ 
Oncogenes 

cancer cell cycle and, 1016- 1017, 10 161 
DNAviruses, 1017cc 
growth factor signal cransduction, 1010 
micro RNA and, 202cc 
pathways, 1018, 1018/ 
Ras proteins, 51&-5 19 
recepcor tyrosine kinase, 517, 518/ 
transcriptional factors, 191 cc 

One-carbon metabolism, folic acid formation, 
1079- 1082, 1080/-1081/ 

One -substrate reactions, enzyme kinetics, 397, 
399-405 

Operacor-consticutive mutations , 308 
Operaror sire, lacrose repressor, 306 
Operons 

bacrerial transcription, 304 
ribosomal protein synthesis, 314-3 I 5, 

314/-315/ 
laccose operon 

of E. coli, 305- 306, 306/ 
operacor sequence, 307- 309, 308/ 
repressor protein, 306-307, 307/ 
RNA po lyme.rase and regulator protein promorer 

sequence recognition, 309 
transcription attenuation, amino acid biosynrhesis, 

313- 314 
crypcophan operon of£. coli, 3 I 0-3 I 4 

Ops in, 958 
viramin A, 1067 

Oral contraception, 926cc 
Ordered -sequential reaction, 405 , 406/ 
Organelles, 3 

eukaryotes, 3 
pro rein synthesis and cargecing of, 235-240 

mitocllondrial imporcacion, 237- 238 
secrecory pathway, 235- 237, 237/, 239/ 
signalling mechanisms, 239- 240 

subcellular strucrures and membrane sysrems, 
14-2 1 

cycoskelecon intracellular organization, 2 1 
cycosol componencs, 21 
endoplasmic reticulum structure and function, 

16, 16/-17/ 
Golgi complex structure and function, 17, 17 f 
lysosomes, intracellular digestion and, 18- 20, 

18/-19/, 19r 
mitocllondrial ATP supply, 17- 18, 17/ 
nuclear sites, DNNRNAsynches is, 15- 16, 15/ 
peroxisome structure and function , 20-21, 20/ 
plasma membrane boundary, 14-15, 14/ 

Origin of replication, 54 
eukaryotic enzymes, 155, 155/ 

Origin Recognition Complex (ORC), DNA 
replication 

cell cycle and, 158 
eukaryotic enzymes, 155, 156/ 

Ornichine 
degradation, 765-766, 767/ 
glycogen formation, early refed state, 847- 849, 

848/-849/ 
polyamine metabo lites, 787, 788/,789 

Ornichine keco acid aminocransferase, gluramic 
semialdehyde deficiency, 767cc 

Ornithine cranscarbamoylase 
deficiencies, 762cc 
urea cycle, 759 , 760/ 
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Orotate phosphoribosy ltransfe.rase, 383, 383/ 
Orphan receptors, steroid hormones, 934 
Osmorecepcors, 912 
Osteocalcin, 1074 
Osteogenesis imperfecca, collagen synthesis defecr, 

246cc 
Osteom alacia, vitamin D synthesis, 1071 
Osteoporosis, diet and, 1086cc 
Ouabain, sodium/potassium (Na+ /K+) -exchanging 

ATPase, 492, 493/ 
Ovarian cancer, ubiquicin-proreasome defeccs, 250cc 
Ovarian cycle, hormonal concrol, 901- 905, 

902/-905/ 
Oxaloacerate, cricarboxylic acid cycle, 553, 557 
Oxidant, 561 
Oxidat ion 

alcohol, 602~03 
enzyme cacalyscs, 379- 380, 380/ 
enzyme transition states, 386, 386/ 
mecal ions, 394-395 
micochondria, NADH glycolysis, 602 
nicotinamide adenine dinucleotide, 391, 391/ 
peroxisomal oxidation off.my acids, 700-701, 701/ 

et-Oxidation, farry acids, 695 
Refsum disease, 696cc 

13-Oxidation, fatty acids 
energy yield, 693 
process, 69~97, 695f-696f 
straighc-cllain fatty acids, 691~93, 692/ 
synthesis vs., 69~95 , 6941 
unsarurated fatty acids, 695 

Oxidat ion-reduction reactions, 1124 
micochondrial electron cransporr chain, 561- 563, 

562t, 563/ 
w-Oxidation, farty acids, 695, 695~97, 696/ 
Oxidative damage, DNA base excision repair, 

165/, 168 
Oxidative phosphorylation 

mitocllondria, 572- 577 
ATP synthase, 575-576, 575/-577/, 5751 
ATP synrhesis-elecrron transport coupling, 

573-575, 573/-575/ 
membrane strucrure and comparrmenration , 559 

NAD/NADPH in catabolism and anabolism, 543 
tricarboxylic acid cycle, 552 

Oxidoreducrases, 379- 380, 380/ 
Oxidoreduction reactions 

glucose metabolism, 596, 597/,598~00 
glycolysis, 602~03 
sugars, 655, 65~56, 655/ 

Oxy-eicosatetraenoic acids, 742- 745 
leukocrienes, hydroxyeicosacecraenoic acids, and 

lipoxins, 743-744, 744/ 
monohydroperoxyeicosaretraeno ic acids, 

742- 743,743/ 
physiological processes, 744-745 

Oxy-ferrous complex, nitric oxide syn chases, 446 
Oxygen 

Bohr-effect procons md transfer of, 363- 366, 
363/-366/ 

heme-oxygen binding, 355, 355/ 
hemoglobin binding, 358- 359, 358/ 

2,3 -bisphosphoglycerate release, 365, 365/ 
cooperativity mechanism, 359, 359/ 
nitric oxide transport, 366-367, 366/-367/ 

myoglobin binding of, 357- 358, 358/ 
peroxisomal faery acid oxidation, 701 

Oxyhemoglobin, 360-362 , 36 1/-362/ 
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Oxymyoglobin, 357- 358, 358f 
Oxyrocin, 893 

ferrilizacion, 905 

p 

P2Y I purinoceptor research, 293cc 
p21 protein, cell cycle regu.lacion, 1007- 1008, 1008f 
p53 protein 

apoprosis inducrion, 1014-1015, 1014f 
cancer oncogenes and prorooncogenes and, IO 17 
carcinogenesis and, 191cc 
cell cycle regu.larion, 1007- 1008, 1008f 
TIGAR regu.larorand cancer, 618d 

PAF. See Platelet accivaring facmr (PAF) 
Pain, Dicer-substrate small-incerfering RNA, 290cc 
Palindromes 

DNA sequencing, 58 
prokaryoric DNA coding for, 58-59 
RNA rranscripcion and rerminarion, 187, 187f 

Palmicare, fatty acid synthesis vs. oxidarion, 
694,694t 

Palmicic acid, faery acid synthesis, 68~81, 68lf 
Palmiroylarion, endothelial (NOSIII/eNOS), 451 
Palmiroyl coA, 729, 729f 
Pancreas 

acinar cells, sodium chloride secrerion, 
1040, l041f 

cysric fibrosis of, 1040cc 
digesrion and, 1032 
digesrive enzyme secrerion, l 033, 1034f 
exocrine secrecion, regulation, 1034, 1034f 

Pancreatic juices, lipid esterase in, 1053 
Pancreatic lipases 

lipid digestion, 1052- 1053, 1052f-1053f 
uansport in fed scare, 678 

Pancreacic crypsin inhibitor, exuinsic pathway 
inhibition, 990-993, 991f 

Pancreozymin, digestion and, l035t, 1036 
Pantothenic acid 

acetyl coenzyme A sources and f.ues, 548 
coenzyme formarion, 1079 

Papain, 968 f, 970 
Papovavirus, expression vecmr, 283 
Paracellu.lar epithelial cell cransport, 1036-1037, 

1036[, 1037 t 
Paracrine hormones, 885 
Paracrine signaling, 505[, 506 

cell cycle regu.larion, 1008 
Parathyroid hormone (PTH ) 

in laccacion, 872 
vitamin D synthesis, 1070 

Parathyroid hormone -related protein (PTHrP), in 
lactation, 872 

Parental strand separarion 
DNA replicarion, I 44, 144f 
replicarion fork and uncwisring of, 148 

Parkinson disease 
amyloid fibrils, 114-115cc, 114f-115f 
dihdroxyphenylalanine mecabolices, 782-783 
protein misfolding and aggregation, 250cc 

Parcial hydrolysis, amino acid sequencing, 128, 129f 
Parcially unfolded conformations (PUFs) , 98 
Parvalbumin, calcium-transporting A TPases 

(Ca2+-ATPase) in plasma membranes, 494 
Pathogens, cycokine recepcors, 520 
P bodies 

cytoplasmic mRNA curnover and, 204 
uanslacion regularion, 247, 248 

pBR322 plasmid, 264, 264f 
bacterial loss of anribiocic resistance and selecrion 

of, 266, 267[,268 
PDZ domain, neuronal (NOSl/nNOS) 

accivarion, 448 
Peccin, 1113 
Penrose phosphate pathway, 648-652 

carbon dioxide oxidacion of glucose 
6-phosphare, 65 I 

glucose 6-phosphare oxidization, 648-649, 649f 
inrerconversions and glycolysis iocermediares, 

649-65 I, 650f 
NADPH regeneration, 651-652, 651f 
in well-fed scare, 842- 843, 843f 

Pencosuria, 656cc 
Penzo (a) pyrene, DNA damage and mucacion, J 64 
Pepsin 

food digestion and, l 031- 1032 
protein digesrion, 1044-1045, 1044t 

Pepsinogen, protein digesrion, l044t, 1045 
Pepcic ulcer, proscaglandinseffecrs on, 742 
Pepridases, protein digesrion, I 043-1046, 

1044f-1045f, 1044, 
Pepcide bonds , 80 

amines and amides, 1124 
amino acids, in proteins, 80-81, 80f-8!f, 82t 
biologically accive peptides, 81, 821 
elongarion and formarion of, 223, 224f-225f,226 
serine protease hydrolysis specificity, 346-347, 

346t, 347f 
rransirion scare for hydrolysis, 384f 

Pepcide hormones, 884 
Pepcide mass fingerprinring, proreomics, 126-127 
Peptide neurocransmirters, precursor protein 

derivarion, 951- 952, 952f 
Pepcide(s), 76 

in brain rissue, 9521 
polypepcide gene encoding, 892-894, 893f-894f 
secretory incesrinal, 1035- 1306, 1035d, 10351 

Pepcidyl sire (P sire), elongarion and pepride bond 
formarion, 223, 224f-225 f, 226 

Peptidyl cransferase, elongation and pepride bond 
formarion, 223, 224f-225 f, 226 

Perhexiline, cyrocluome P450 metabolism , 442-443 
Perilipin, 679 
Perinuclear space., scrucrure and function, 15 
Peripheral membrane proteins, 463, 470-472 , 

471[, 47 1t 
Peripheral nervous system, neuronal (NOSI/nNOS) 

accivacion,447-448,448f 
Peripherin, retinicis pigmencosa, 690cc 
Perlecan, type IV collagen network, 372- 373, 373f 
Pernicious anemia, 1082- 1083, l082f 
Peroxisomal oxidarion , faery acids, 700- 701, 70lf 
Peroxisome biogenesis disorders (PBD), 21cc 
Peroxisome proliferacion response element 

(PPRE), 862 
Peroxisome proliferaror-activated recepror ex 

(PPARo:) 
gene transcription regularion, 862, 862f 
o:-lipoic acid formation, 1079 
steroid hormones, 934 

Peroxisome proliferaror-activared receptor 'I 
(PPAR'f), 862 

o:-lipoic acid formation, 1079 
Peroxisomes, 11, 20 

farcy acid oxidarion, 700- 701 
lipid metabolism and, 20-21 

Personalized medicine, DNA polymorphisms, 167cc 
PGH synthase, proscaglandins de.rivacion, 

739- 740, 740f 
P-glycoprote ins, 494 
Phage. See Bacteriophages 
Phagocycosis, lysosomal inuacellu.lar digestion and, 

18-19, 19f 
Pharmacological agonist/ancagonist, cell surface 

receptors, inrracellular signal rransducrion, 509 
Phase angles, x-ray diffraction, three-dimensional 

protein scruccure, 129-131, l30f-13lf 
Phenobarbital, cytochrome P450 metabolism, 442 
Phenylalanine 

degradacion, 767, 768f 
epinephrine synthesis, 895, 895f 
side chain suucrure, 77 

Phenylalanine hydroxylase, 767, 768f 
Phenylethanolamiine N-mechylcransferase 

(PNMT), 895 
Phenylkeconuria, 767, 769cc 
Phi (q,) bond , secondary procein scruccure, 92, 

92- 96, 92f,93t 
pH levels, 6 

alcohol dehydrogenase isoenzymes, 405cc 
aroino acid and protein charge properties, 85, 

85/, 85t 
biological fluids, 7, 7 t 
buffering and control of, 10- 11, lOcl, 1 Of 
cytoplasmic pH, sodium/hydrogen (Na + H+) 

exchanger regularion, 490 
enzyme reacrion kinecics, 405, 405f 
enzyme-subscrace. binding, 387, 387f 
Henderson -Hasselbalch equarion for conjugate 

acid-base concencracions and, 9- 10, l0f 
ionizable amino acids and proteins, 83, 83/, 83t 
monoamino monocarboxylic acid cicrarion, 

isodecuic pH, 84, 84f 
6-phosphofrucco-1-kinase glycolysis regularion, 

610, 61 lf 
wacer molecule dissociation, 6-7, 6t 

Phosphacan, 668 
Phosphacases, calmodulin-dependent calcium 

accivarion, 534 
Phosphates, micochondrial inner membrane 

transport, 577, 579, 579f 
Phosphacidace phosphacase, rriacylglycerol synthesis, 

688, 688f 
Phosphacidic acid, 458, 459[, 1130 

inuacellu.lar signaling pathways, 535 
in membranes, 7 11- 712, 71 If 
phospholipid acids and bases, 708-709, 708f-709f 

synthesis mechanisms, 713-715, 714f-715f 
synthesis, 712- 713, 7 13f 
criacylglycerol synthesis, 688-689 , 688f-689f 

Phosphacidic acid phosphatase, pbosphacidic acid 
synthesis, 713, 713f 

Phosphacidylcholine, 458, 460f 
lipid digescion and ahsorprion, bile acid micelles, 

1054-1055 1055f 
in phospholipids, 708, 709f 
phospholipidsynchesis, 714, 7 14f 

farcy acid discriburion, 716, 716f-7 17f 
sphingomydine from, 731, 732f 
suucrure and funcrions, 1085 

Phosphacidylethanolamine, 458, 459, 460f 
asymmecric discrihucion, 467, 467f 
in phospholipids, 708, 709f 
phospholipid synthesis, 715, 7 15f 



Phosphatidylglycerol, in phospholipids, 709, 709/ 
Phosphatidylglycerol phosphoglyceride, 458, 460/ 
Phosphatidylinosirol, 458, 460/ 

asymmetric distribution, 467, 467 f 
functions, 461d 
in phospholipids, 708, 709/,711-712, 

7 11.f7l2/ 
Phosphatidylinosirol 3,4,5-trisphosphate (PIP3), 

intracellular signaling cascade, 899-901, 900/ 
Phosphatidylinosirol-3,4,5 -trisphosphare (PIPy, 

intracellular signaling pathways, 535, 536 
Phosphatidylinosirol 3-kinases, inrracellular signaling 

parhways, 535-536, 536/ 
Phosphatidylinosirol 4,5-bispohsphare (PIPz) 

inrracellular signaling parhways, 535 
membrane funcrion, 711-712 , 71 t.f712/ 

Phospharidylinosirol synrhase, phospholipid synrhesis, 
715, 716/ 

Phospharidylserine 
in phospholipids, 708, 709/ 
phospholipidsynrhesis, 715, 715/ 
red blood cell clearance, 710cc 

3' -Phosphoadenosine 5 '-phosphosulfate (PAPS) 
chondrodysrrophies, 667 cc 
chondroitin sulfare biosynrhesis, 666-668 
cysreine merabolire, 781, 782/ 
in galacrocerebroside, 732- 733 , 733/ 

Phosphocholine, sphingolipidoses diagnostic resring, 

736-737 , 736.f737/ 
Phosphocholine cycidylylrransferase, phospholipid 

synthesis, 713, 714/ 
Phosphocreatine, exercise and, 870-871 
Phosphodiesrerases 

cardiovascular disease, 53 Jee 
cyclic GMP phosphodiesterase, 525, 530-531 
cyclic nucleotides, 528, 528- 530, 529/ 
nitric oxide mediation, 447 
rod cells, 961-962 
second messenger sysrem, 900 
sildenafil and, 449cc 
visual rransducrion, 961 

Phosphodiesrer bonds, 141 
DNA replication, chain elongation chemisrry, 

141- 142, 141/ 
glycerophospholipids, 458 
RNA strucrure, 62, 62/ 

Phosphoenolpyruvate (PEP) 
gluconeogenesis hormonal conrrol, 627-628 , 

627.f628/ 
glucose metabolism, 600 
glucose synthesis, 622, 622/ 
hydrolysis, 546, 546/ 
oxaloacerare conversion, 557 

Phosphoenolpyruvare carboxykinase, triacylglycerol­
farry acid cycle, 689, 690cc, 690/ 

6-Phosphofrucro-1-kinase 
allosreric effecror regularion, 853- 855, 

853.f855/ 
cardiac isoenzyme, 616-617, 617/ 
covalent modificarion, 856-859, 856/ 
glycolysis regulation, 608-612, 613 

ATP/AMP regulation, 609-610 
cAMP /frucrose 2,6-bisphosphare hormonal 

conrrol, 612-614, 612.f614/ 
cancer and, 618cl 
cirrare regulation, 612 
inrracellular pH, 6 10, 611/ 
pyruvare kinase, 617,619, 619/ 

phosphorylation, bifuncrional 6-phosphofrucro-2 -
kinase/frucrose 2,6-bisphosphacase, 614-615, 
614.f616f 

6-Phosphogluconace dehydrogenase, penrose 
phosphare pathway, 648-649, 649/ 

6-Phosphoglucono-6-lacrone, penrose phosphate 
pathway, 648 

Phosphoglucomurase, 652 
Phosphoglucose isomerase, gluconeogenesis, 

622,622/ 
Phosphoglycerates, 381, 382/ 

glucose metabolism, 599-600, 600/ 
Phosphoglycerides. Su Glycerophospholipids 
Phosphoinositide-3 -kinase (Pl-31<), intracellular 

signaling pathways, 535 
Phospholipase Al/A2 

inrracellular signaling pathways, 535, 536 
phospholipid farry acid distribution, 716, 716/ 

Phospholipase C, 525 
glycogenolysis in liver, 641, 641/ 
inrracellular signaling pathways, 534-536, 534/, 

535, 535, 536/ 
membrane inosirols and, 711- 712, 711/ 

Phospholipase D (PLO), inrracellular signaling 
pathways, 535 

Phospholipid (s), 674 
bilayer srrucrures, 465, 465.f466/ 
lipid digestion and absorption, 1053, 1053/ 
as membrane componencs, 458, 709- 712 

dipalmicoyllecichin, 710-7 11, 710/ 
inositides, 711- 712, 711/ 

metabolism, 708- 718, 708/ 
biosynthesis, 712- 7 15 
farry acids, asymmetric disrribution, 716 
membrane functions of, 709- 712 
phospharidic acid-base connection, 708- 709, 

708.f709/ 
plasmalogen synthesis from f.my alcohols, 

7 16-718 
signal transduction, 534-536, 534/, 536/ 

Phospholipid scramblase, 468 
Phosphomannose isomerase, 652 
Phosphopemose epimerase, penrose phosphare 

inrerconversions, 650, 65 If 
Phosphoprorein phospharase 

glycogen synthase regulation, 637-638 
lipid metabolism, fed scare, 70 I 
pyruvare dehydrogenase regulation, 550 

5 ' -Phosphoribosyl-1 -pyrophosphare (PRPP) 
de novosynthesis, 809-810 , 809/, 810t 
gour, 811cc 
nucleotide coenzyme synthesis, 830-831 
purine synthesis, 813-815, 8 14.f815/ 
pyrimidine synthesis, 821-823, 822.f823/ 

Phosphorus, in sphingomyelin, 730-73 1, 731.f 732/ 
Phosphorylase, liver glucose receptor, 639-640, 639/ 
Phosphorylase kinase 

covalenr modification , 856-859, 856/ 
glycogen phosphorylase, 635-636, 636/ 

Phosphorylared inrermediares, glucose merabol ism, 
596, 597 f, 598 

Phosphorylation 
bifunctional 6-phosphofrucro-2 -kinase/frucrose 

2,6-bisphospharase, 614-615, 614f-616f 
covalenr modification of enzymes, 855- 859, 

855.f858/ 
enzyme transirion scares, proron addition and 

removal, 386, 386/ 
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glycogen, Lafora disease, 635d 
G prorein-coupled receptors, 526-527, 527/ 
proreins, phosphorylation in signal rransduction, 

510-511, 510/ 
sugar inrerconversion, carbohydrare merabolism, 

652-653 
rertiary prorein srrucrure, 97, 97/ 
translation regulation, 245, 247 
rricarboxylic acid cyde, 555 

Phosphorylarion -dephosphory lation, glycogen 
phosphorylase, 635-636, 636/ 

Phosphorylysis reactions, 1124 
Phosphoryrosine binding (P'TB) domains, signal 

transduction, 5Jl , 512/ 
Phocochemisrry, visual transduction , 957- 958, 957/ 
Phorolyase, DNA repair, photoreactivation, 

173-1 74, 173/ 
Phocoreactivation, DNA repair, 173-1 74, 173/ 
Phororecepror cells, 958 

rods and cones, 957/, 958- 963, 959/, 961.f963f 
Phororransduction cascade, 964i 
Phrenosine, 462, 464/ 
Physiological agonisr/anragonist, cell surface 

receprors, inrracellular signal transduction, 509 
Phyrylmenaquinone, viramin K, 1073-10 75, 1073/ 
Picolinare carboxylase, 785 
Pigmencation, mutations in, 980cc 
Pigmenred epithelial layer, visual rransduction, 

957- 958,957/ 
Ping-pong mechanism 

aminorransferase-pyridoxal pyruvare cofac.ror, 

755, 755/ 
enzyme rwo-subsrrare reactions, 405-407, 406/ 

Pinocyrosis, 18 
lysosomes and, 18-19, 19/ 
protein inrracellular digestion, 249 

Pipecolare metabolism, 773, 776/, 778d 
'IT-elecrron inreractions, prorein folding, 119, 119/ 
PI-PLC~ enzymes, intracellular signaling 

pathways, 535 
PI-PLC-y enzymes, inrracellular signaling 

pathways, 535 
Piruirary gland 

byporhalamus and, 893/ 
rumors, G prorein mutations in, 525cc 

Plane genetics 
recombinant DNA rechnology, 294-295 
xanthine oxidase inhibirors, 407cc 

Plasma enzyme measuremenr , clinical applications, 
418-419,419.f420/ 

Plasma lipoproreins 
chemical composition, 111, 111 t 
cholesrerol and, 722- 726, 724/ 
generaliud srrucrure, 110 f 
bydrared densiry classes, 108t 
hyperlipoproreinemias, 109 
bypolipoproreinemias, 110 
srrucrure and conformation, 107- 109, 108/, 

!08t - 109t, 110.flll/,III, 1111 
Plasmalogen(s), 1130 . See also specific plasmalogens 

glycerophospholipids, 460, 461/ 
phospholipids, 709, 709/ 

faery alcohol synthesis, 716, 717/,718 
Plasma membranes 

calcium-transporting ATPases (Ca2+ -ATPase) 
(PMCA), 493-494, 494/ 

cell srrucrure, 2, 14 
cholesrerol in, 462, 464/ 
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Plasma membranes (cont.) 

erythrocyte, 458/ 
glucose transporters, 489, 489/, I 051 t 
hormone -receptor complexes, clachrin 

inrernalization, 907, 909 
as limiting boundary, 14-15, 14/ 
lipid composition, 462-463, 464/ 
lipid rans, 473-474 
luminal/concraluminal, epithelial cell 

cransport, 1037 t 
phospbatidylserine clearance of red blood 

cells, 710cc 
receptors, 474-475, 475t 
sodium (Na+) channel, 478 
transepithelial glucose transport, 

1041- 1042, 1042/ 
transport energetics, 487 

Plasma proteins, 85 
disease diagnosis, 87 cc 
isoelectric pH and electrophoretic separation, 

85-86, 86µ7J 
steroid hormone transport, 928-929, 929/ 

Plasmid pSCl0l, 264 
Plasmid(s), 49, 264 

bacterial transformation, 265-266 
o:-complemencation, 268, 270/ 
foreign gene expression, 281- 282, 282/ 

crown gall plasmids, 294-295 
recombinant DNA, 264 
structure, 49 

Plasmin, 418 
fibrinolysis and production of, 994, 994/ 
metastasis and, 10 19, 1019/ 

Plasminogen , 4 18 
fibrinolysis, 994, 994/ 
mecascasis and, 10 19, 1019/ 

Plasminogen accivator-inhibitor cype 1 (PAI-1) 
fibrinolysis, 994 
mecascasis and, 1019, 1019/ 

Plasminogen activator-inhibitor cype 2 (PAI-2), 
metastasis and, 1019, 1019/ 

Plastocyanin, nuclear magnetic resonance analysis, 
134, 134/ 

Platelet activating factor (PAF), 709, 709/ 
Platelet aggregation, proscaglandins effects 

on, 742 
Platelet-derived growth factor (PDGF), tyrosine 

regulation, 1008- 1009, 1008/ 
Placelec plug, formation mechanisms, 985 
Pleckscrin homology (PH) domains, 5 11, 512/ 
Pluripocential cells, 13, 294 
Point mutation 

DNA sequences, 164- 166, 166/ 
genetic code and, 2 13 

Poisoning 
arsenic, 605cc 
enzyme inhibitors and, 411cc 

Polarity 
amino acid side chains, 86-89, 113 1 
phospho lipids, 708, 708/ 
protein primary structure, 90 
semi-discontinuous DNA synthesis, 145, 145/ 

Poly A-binding protein (PAB), eukaryotic 
translation, 223 

Polyaccylamide gel electrophoresis, protein 
separation , 124 

Polyadenylation, RNA polymerase transcription, 

198, 199/ 

Poly ADP polymerases (PARPs), nucleotide 
coenzyme synthes is, 830-831 

Polyamines 
metabolites, 787, 788/, 789 
prokaryotic DNA, 53, 53-54, 53/ 

Poly(A) rail, eukaryotic mRNA, 68 
Po!ycistronic mRNA, 67 

prokaryotes, 210 
protein primary strucrure, 67-68 
cryptophan operon attenuator region, 312 

Polycloning sire, recomb inant DNA, 264 
Po!ygenic obesicy, II 08 
Polyglucamace derivatives, folic acid formation, 

107 9, 1080/ 
Polylinker 

directional cloning, 265 
recombinant DNA, 264 

Polymerase cha.in reaction (PCR), 257 
DNA cloning circumvention, 268 
HIV screeningg, 258cc 
multip lex analysis, HGPRT ase gene defect, 

Lesch-Nyhan syndrome, 268cc 
nested PCR, 257 

microchimerism detection, 258cc 
overview, 256-257, 257/ 
quantitative rea!-cime PCR, 257- 258 
site-directed mucagenesis, 287, 287 f 

Polymers, ribonucleoside 5' -monophosphate 
polymer, 62, 62/ 

Polynucleosomes 
higher-structure packing, 56-57 
structure, 55-56, 55.f56f 

Polynucleotide phosphocylase 
breaking genetic code and, 212-213 
cytoplasmic mRNA turnover and, 204 

Polynucleotides, 30, 1133 
backbone scabilicy, 31- 32 
structure and bonding, 30-32, 30.f3 1/ 

Polyol (aldose) debydrogenase, cataracts, 955 
Polypeptide hormones 

anterior piruicacy, 887, 891 
cascade, 887, 887 t 
gene coding, 892- 895, 892.f894/ 
overview, 888/, 8891-8911 

Polypeptides, 80 
amino acid peptide bond, 80-81, 81/ 
in antibody molecules, chain scrucrure, 335- 337 
f3 sheet conformacin, 93, 94.f95/ 
chain scrucrures, cype IV collagen network, 

370-371, 371/ 
fatty acid biosynthesis, 682-683, 682/ 
genetic code and, 213, 213 r 
myoglobin structure ., 354 
quaternary strucrure, 97- 98 
sequencing, 127- 129, 128.f129/ 
synthesis and termination, 226-227, 228/ 
tertiary strucrure, 96-97, 96/ 
unfolded structures, 98-99, 98/ 

Polyproline cype I1 helix, in collagen, 103, 103- 104 
Polysaccharides, 1125, 1128 

biosynthesis, 658 
carbohydrate digestion and absorption, 

1049- 1051, 1050f,1050t 
Polysomes, 219, 220/ 
Polyubiquicinylation, ATP-dependent proteolysis in 

proteasomes, 248-249 , 248.f249/ 
Polyunsaruraced faery acids 

formation and modification, 685-686, 685.f686/ 

heart disease risk and, 1114cc 
serum cholestero l and, 1114- 1115 

Pompe disease 
enzyme replacement therapy, 238cc 
glycogen storage, 633cc 

Poor mecabolizers, 442-443 
P/O ratio, mitochondrial electron transport and 

oxidative phosphorylation, 573- 575, 

573.f575f 
Porcine stress syndrom e, 612cc 
Pore/channel cells, cranslocation mechanisms, 476 
Pore-forming toxins, 496, 496-498, 496.f497f, 

4961'--497t 
Porin protein, mitochondrial structure, 560 
Porpbobilino gen, heme biosynthesis, 793, 794/ 
Porphobilinogen deaminase, heme biosynthesis, 

793, 794/ 
Porpbyria 

acute intermittent porphyria, 794cc 
metabolic de.rangements, 796t, 797 
variegate porphyria, 796 

Porpbyria curanea carda, 795 
Porphyrin, heme biosynthesis, 794, 796t 
Porphyrinogen decarboxylase, heme biosynthesis, 

793- 794 
Porphyrinogens, heme biosynthesis, 793- 794, 793/ 
Positive cooperativicy 

hemoglobin-oxygen binding, 358 
multi-subunit enzymes, 415 

Positive feedback, ovarian cycle control, 903 
Posterior piruicary hormones, hormonal 

cascade, 886 
Pose-transcriptional processing, ribonucleoside 

5' -monophosphate polymer, 62, 62/ 
Posccranslational modifications, 230, 240 

amino acid incorporation and modification of 
proteins, 240-243, 242t, 243/ 

collagen biosynthesis, 243-245, 244/, 2451 
O-linked glycosylation, 233 
partial proteo lysis, insulin release and zymogen 

activation, 240 , 241/ 
proteins, 230- 235 

Potassium (K4 ) channe l 
neuron -neuron interaction, 943, 944/ 
plasma membranes, 478 
primary active transporters, anciport cranslocation, 

491-492, 491/-492/ 
subunit composition, 481-482, 481 t 
valinomycin affinicy, 496, 496/ 

Potassium/hydrogen-exchanging A TPase 
(K4 /H + -exchanging ATPase), gastric acid 

secretion, 1043, 1043/ 
Pocassium ions, as enzyme cofactors, 394, 394/ 
Power stroke, skeletal muscle contraction model, 

976-977 
Precocious puberty, 90 I cc 
Precursor products 

messenger RNA, intron removal, 
196-198, 197/ 

ribosomal RNA , 195, 195/ 
Pregnancy 

metabolism during, 871, 871/ 
proscaglandins effects on, 741- 742 
toxemia of, mineralocorricoid receptor mutation, 

933cc 
Pregnane X receptor (PXR) 

cytochro me P450 metabolism , 441 
steroid hormones, 934 



Pregnenolone 
cytochrome P450 synthesis, 433f434f, 434 
steroid hormone biosynthesis, 919, 920 

Preinitiation complex, eukaryotic cranscription 
factors, 320-325 

Pre-initiation complex, protein synthesis, 221- 223 
Prekallilcrein 

clot formation, 989, 989/ 
deficiency, 985cc 
intrinsic pathway reactions, 984--985, 984/ 

Premarure infunts, bypoargininernia in, 762cc 
Pre-mRNA, splicing and protein synthesis, 199 
Preproinsulin, 304 
Preprooxyrocin, 892-893, 894/ 
Preproteins, mitochondrial protein synthesis, 

237- 239 
Preprovassopressin, 892- 893, 894/ 
Presequences, mitochondrial protein synthesis, 

237- 239 
Pribnow box, ptokaryotic transcription, 

185- 186, 186/ 
Primary active transporters 

anti pore cranslocation of sodium and porassion 
ions, 491-492, 49lf492/ 

ATP-binding cassette (ABC) transporters , 

494-495 , 495/ 
calcium ion translocation, 492-493 
mammalian membranes, 487 
mechanisms, 49 1 
plasma membrane calcium transport, calmodulin 

contro l, 493-494, 493f494/ 
Primary hyperoxaluria, 781cc 
Primary protein structure , 90, 91/ 
Primase 

DNA replication, 141 
DnaG, 152 
DNA polymerase cx/primase comp lex, 153-157, 

154/, 156/ 
replication fork movement, 145, 146/ 

Primers, 142 
DNA replication, 140-141, 141/ 

chain elongation chemistry, 142 
DNA polymerases, 142- 143 
RNA primers, 156/ 

replication fork movement and removal of, 145 
Priming, replication fork movement, 145, 146/ 
Prion diseases, protein infectious agents, 114--115cc, 

114f-115/ 
Probes, double-helical DNA hybridization, 38 
Pro-carcinogens, DNA damage and mutation, 164 
Procaspase 9, apoprosis, mirochondrial 

pathway, 1013 
Processivicy, replication fork movement, 

148- 149, 149/ 
Pro-chiral center, enzyme active sire 

stereochemiscry, 388 
Procoagulation, 982 
Procollagen, formation in endoplasmic reticulum and 

Golgi apparatus, 244--245 
Procollagenase cype IV, 1019, 1019/ 
Product formation , rate of, 395-396 
Proenzymes 

digestive enzymes as, I 033, 1034/ 
serine protease synthesis, 347 

Proflavin, DNA mutation, 167 
Progesrational hormones, 916 
Progesterone, 916 , 921 

cytochrome P450 synthesis, 433/, 434 

fercilization,904--905,905/ 
formation and secretion, 926/ 
ovarian cycle control, 901 

Progesterone receptor, 931 
Programmed cell death, 1010-1016, 101 lf-1012/, 

1014f-1015/ SeealroApoptosis 
enzyme-linked receptors, 517 

Prohormones, secretory intestinal hormones and 
neuropepti des, 1035cl 

Proinsulin, proteo lytic cleavage, 90d, 91/ 
Prokaryores, 2 

classification and cellular organization, 2, 3/ 
DNA coding, specific proteins, 58- 59 
DNA packaging, 53-54 , 53/ 
gene expression, 304 
genome sequencing, 295 t 
mRNA strucrures, translation, 210 
promoters, transcription and RNA synthesis, 

183, 183/ 
transcription in, 185- 187, l86f- 187/ 

enzymatic RNA polymerase action, 
192- 193, 193/ 

promoter recognition, 185- 186, 186/ 
Prokaryotic enzymes 

DNA replication, 151- 153, 151/ 
transcription, 183-184 

RNA po lymerase III, 192- 193, 193/ 
Prolacrin (PRL), 888f,889t-89lr, 891 
Proliferating cell nuclear antigen (PCNA), DNA 

replication 
cell cycle and, 158 
eukaryotic enzymes, 153- 157, 154/ 
replication fork movement, 149 

Proline 
degradation, 765-766, 767/ 
side ch.un structure, 77 

Proline dehydrogenase deficiency, 766cc 
Promorer(s) , 182, 185 

in cancer, I 023 
eukaryoric transcription, 321- 322, 322/ 
lactose operons 

LacPpromoter, 306, 310/ 
operator sequence and, 307- 309, 308/ 
RNA po lyme.rase/regulator protein 

recognition, 309 
mRNA synthesis, 190 
prokaryotic transcription , 185- 186, 186/ 
RNA transcription, 182 

RNA po lymerase[, 190-1 91, 191/ 
sequence, RNA synthesis, 183, 183/ 

Promoter sequence, 183 
Proofreading 

aminoacyl-tRNA synthetases, 2 16- 2 17 
DNA replication, DNA polymerases, 143, 143/ 

Proopiomelanocortin hormone precursor, 892, 892/, 
893,, 931 

Propionyl -CoA 
gluconeogenesis, 625, 625/ 
odd -chain fatty acids, 695, 695/ 
succinyl coA metabolism, 776- 777, 779/ 

Propionyl-CoA carboxylase, 776-m , 779/ 
Prosraglandins, 674 

cyclooxygenasesynrhesis, 738- 741, 739f-741/ 
enzyme inhibition, 408cc 
far synthesis of, 11 12- 1113 
monocarboxylic acid derivatives, 737- 738, 738/ 
physiologic effeccs, 741- 742 
steroid hormone receptors, 931 
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Prosranoic acid, prostaglandins and thromboxane 
derivatives, 738, 738/ 

Prostate cancer 
quanrirative real-time polymerase ch.un reaction 

gene analysis, 259cc 
testosterone and, 4 12cc 

Prosthetic group 
heme-oxygen binding, 355 
iron protoporpbyrin IX (heme) prosthetic group, 

cyrochrome P450 , 426-427, 427/ 
nitric oxide synrhases, 444-446, 444f446/ 
riboflavin coenzyme, 392 

Proranopia, 967d 
Protease-inhibitor comp lex, 989 

excrinsic pathway inhibition, 990-993 , 991/ 
Proteases, serine proteases, 343-353 
Proreasomes 

ATP-dependent proteolysis, 248-249, 248/ 
defects in, 250cc 

Protein C 
excrinsic pathway inhibition, 992- 993 
multidom.un structure, 347, 348/ 
thrombosis and defeccs in, 993cc 
viramin Kand, 994--995, 996/ 

Protein-calorie malnutrition, 84 I cc 
Protein carboxylase reactions, vitamin K, 994--995, 

995d, 996/ 
Protein C inhibitor (PCI), extrinsic pathway 

inhibition, 993 
Protein Dara Bank, 1.hree.-dimensional protein 

structure, 129 
Protein disulfide isomerases, chaperone protein 

folding, 116 
Protein-energy malnutrition, 1107 
Protein factors 

rho fuctor, RNA transcription and termination, 
187, 187/ 

RNA transcription, 182 
Protein fumilies, 334, 334--373 
Protein folding, 94 

basic pr inciples, 112- 113 
chaperone proteins, 116, 117/,231 - 232 
cystic fibrosis and, 231 cc 
denaruration, 120, 120/ 
glycosylation, 232- 233, 233t, 234f-236/ 
homologous structures, nonhomologous amino 

acid sequences, 101- 102, IOlf-102/ 
maruration and, 230-235 
misfolding and aggregation, Huntington and 

Alzheimer diseases, 250cc 
noncovalenr forces, 116-119, I 16t 

elecrrostatic interactions, 118-119, 119/ 
hydrogen bonds, 118, 118/ 
hydropho bicinreracrion, 116-117, 118/ 
van der Waals forces, 119, 119/, I l 9t 

prion diseases, 114--115cc, 114f-115/ 
secondary structure, 94 
secretory pathway, 231- 232, 23lf-232/ 
unstrucrured proteins , 98- 99, 98/ 

Protein hormones , 884 
signaling, 897- 901, 898f-900/, 898t 

intracellular signal cascade, second messengers, 
899- 901, 900/ 

membrane receptors, 897- 898 
Protein kinase A (PKA) 

covalent modification of enzymes, 855 
cyclic AMP intracellular signaling, 529, 

529f-530/ 
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Protein kinase A (PKA) (com.) 
G protein-coupled receptor signaling 

termination, 527 
intracellular signaling cascade, 899-90 1, 900/ 
6-phosphofructo-1 -kinase regulation, 614 
vasopressin activity, 912, 912f,913t 

Protein kinase B (PKB), incraceUular signaling 
pathways, 535- 536, 536/ 

Protein kinase C (PKC) 
gonadotropi n-releasing hormone, 912 - 913, 

9131, 914/ 
inositols in membranes and, 7 11- 712, 7 11/ 
intracellular signaling cascade, 899-901 , 900/ 
intracellular signaling pathways, 535 

Protein kinase G 
aerial nacriuretic fucror activity, 913-914, 

914f-916f 
intrace llular signal ing cascade, 899-901, 900/ 

Protein kinases 
calmodulin -dependent calcium activation, 534 
cascades, 511 
gestational diabetes mellitus, 91 Ice 
intracellular hormone cascades, 909- 914, 915/ 
phosphorylation in signal transduction, 510, 510/ 
pyruvate dehydrogenase regulation, 550 

Protein -losing enreropathy, plasma proteins, 

87cc, 88/ 
Protein -mediated diffusion, membrane transport 

energetics, 487 
Protein phospharases, phosphorylation in signal 

cransduction,5 10,510/ 
Protein -protein interactions, 99- 100, 99.f!OO/ 
Protein receprors, plasma membrane and, 15 
Protein S 

extrinsic pathway inhibition, 993 
vitamin Kand, 994-995 , 996/ 

Protein(s) , 76 
adapter proteins, 511, 512/ 
adult requirements, 1104, 1106 
amino acid composition, 76-82, 77/ 

abbreviations, 79 I 
absolure configuration, 80/ 
alpha-amino acid central asymmetry, 80 
alpha-amino acid side chains, 77- 79, 

78f-79/ 
charge properties and pH, 85, 85f-86f, 85t 
chemical reactions, 89, 89 t 
cysrine derivation, 79 , 80/ 
homologous fold srrucrures, IO 1- 102, 

lOlf-102/ 
ionizability, 82-85, 831; 84/ 
peptide bonds, 80-81, 80/-81.f. 821 
pl separation, 85-86, 87/-88/ 
sequence determination, 127- 129, 128f-129/ 
side chain polarity and apolarity, 86-87, 88/ 

anchor proteins, 511, 5 12/ 
anion exchange protein , 4.90 
in basal lamina, 368 
BH domain, apoprosis, mitochondrial pathway, 

1012 , 1012/ 
blood coagulation, concrol, and clot 

dissolution, 9831 
dor formation , 985-989 
complement system, 336cc- 337cc 
complexes, networks, and interacromes, 99- 100, 

99.flOO/ 
cyclins, 1005- 1006, 1006/ 
degradation and turnover, 248-249, 248f-249/ 

nitrogen transport, liver and kidney, 757- 759, 

758/ 
digestion and absorpt ion, 1043-1049, 

1044f-1045f, J044t, 10471, 1049/ 
DNA coding sequence, pre-mRNA splicing, 

199,200/ 
DNA recombination, E. coli key proteins, 162 
excess protein-energy intake, 1107- 1111 
family, 101 
folded proteins 

basic principles, 112- 1 I 3 
chaperone proteins, I 16, J 17.f.23 1- 232 
cystic fibrosis and, 231 cc 
denaruration, 120, 120/ 
glycosylation, 232 - 233, 233t , 234f-236/ 
homologous scrucrures, nonhomologous 

amino acid sequences, 101- 102, 
lOlf-102/ 

maturation and, 230-235 
noncovalent forces, 116-119 , ll6t 
electrostatic interactions, 118-119, 119/ 
hydrogen bonds, I I 8, 118/ 
hydrophobic interaction, 116-117, 118/ 
van der Waals forces, 119, 119.f. 119t 
prion diseases, J 14-115cc, 114.f 115/ 
secondary scrucrure, 94 
secretory pathway, 23 1- 232, 23 lf-232/ 
unscrucrured proteins, 98- 99, 98/ 

function in hun1ans, 76 
gap junctions, 484 
GEF!w protein, 1010 
gene product structure and function, l O I 
glycat ion, hyperglycemia and, 852cc 
glycosylation, in endoplasmic reticulum and Golgi 

apparatus, 232- 233, 2331, 234f-235/ 
Golgi apparatus and secretion of, 17, 17/ 
growth and illness, requirements in, I I 06 
intracellular digestion in lysosomes, 249 
intracellu lar receptors, 507 
iron -sulfur proteins, 394-395 
in lens, 954-956, 954t - 955t; 955/ 
liposome carriers for, 466cc 
membrane proteins, 463 

incegral membrane proteins, 468-470, 

468f-470/ 
membrane leaflet diffusion, 472-473, 472/ 
microdomains, 473-474, 473/ 
peripheral membrane proteins, 470-472, 

47 1.f. 471t 
cranslocation mechanisms, 476-477 , 

476.f. 4771 
transport proteins, 485-487, 485/-486/ 

membrane transport, 485, 485-487, 485/-486/ 
eukaryotic protein substrates, 488t 

metabolism, 1103-1106 
mirochondrial import, 237 - 238 
molecular dynamics, 120-121, 121/ 
molecular motors, 967- 981 
mRNA primary structure information , 67--68 
nonglobular structured proteins, 103- 112, 103t 

collagen, 103-105, 103.f. 1031- 1041, 1051, 
106f- 107/ 

elastin, 106, 107/ 
glycoprotein covalendy bound carbobydrate, 

112, 112/ 
keratin and cropomyosin, 106-107, 107/ 
plasma lipoproteins, 107- 109, 108.f. 

108i-1091 , 110/ - 11 lf, 111, 11 It 

nonheme iron, 1087 
nuclear magnetic resonance analysis, 

133-134, 134/ 
nutrients, 1030, 10301 

vegetable and animal proteins, 1115 
phosphorylation in signal transduction, 

510-511, 510/ 
plasma proteins, disease diagnosis and, 87 
primary scruccure, 90, 91/ 

peptide bonds, 80-81, 80/ 
prion diseases, 114-1 1 5cc, 114.f l 15 f 
prokaryotic DNA coding for, 58- 59 
protein-energy requirements, 1105cc 
proreom ic analysis, I 25- 127 
purification, 124-125 
receprors, 474, 474-475, 474i-475t 
recinoblastoma sensitivity (Rb) protein, 

100 6-100 7, 1007/ 
scaffold, 511, 512/ 
secondary scrucrure, 92 - 96, 92/ 
separation 

charge separation, 121- 122, 122f-123/ 
molec.ular mass or size, 123-124 

skeletal muscle, molecular masses, 969 l 
spectroscopic analysis, 131- 133, 13 I f-133 f 
Src, 1009 
scructure-function relationships, 334-373 
superfum ily, 334-343, 343, 343/ 
synthesis (Su a/Jo Trans lation) 

overview, 210-251 
tertiary scrucrure, 92, 96-97, 96/ 
three-dimensional structur e, x-ray diffraction 

analysis, 129- 131 
transcription regulation and DNA binding, 

322 - 325 
rranslocation mechanisms, 476-477, 477 l 
uncoup ling proteins, 581- 582, 581/ 
unstructured, 98- 99, 98/ 
vegetab le proteins, 1103-1104, 11031, 1104/ 
zine requirements, 1091- 1092 

Protein sparing, carbohydrate and fat, 1104 
Protein synthesis 

bacterial expression vec.cors, foreign genes, 
281 - 282, 282/ 

biosynthesis (See Translation) 
elongation and peptide bond formation, 223, 

224/-225 f, 226 
endoplasmic reticulum and, 16, 16/- 17/ 
membrane and organelle targeting, 235 - 240 

mitochondrial importation , 237- 238 
secretory pathway, 235- 237 , 237 f, 239/ 
signalling mechanisms, 239- 240 

mitochondria, 229 
posrrranslarional modifications, 240-245 

amino acids, 240-243, 2421 
collagen biosynthesis, 243-245, 243f-244f, 

245t, 246-247cc 
proteolysis, insulin release and zymogen 

activation, 240 , 241/ 
pre-mRNA splicing and, 199 
ribosomal RNA, 65--67, 66/ 
staphylococcal resistance ro erychromycin, 66 
translation and, 221 - 223, 221 t, 222/ 

Protein Z 
excransic pathway inhibition, 992 
vitamin K and, 994-995, 996/ 

Protein Z-dependenc kinase inhibitor (ZP I), 
extrinsic pathway inhibition , 992 



Proceoglycans, carbohydrate metabolism, 663-668 
chondroitin sulfates, 664, 66<r667, 666/ 
dennatan sulfate, 6~65 
glycosaminog lycans, 6~65, 665/, 666--667 
heparin and heparan sulfate, 665 
hyaluronate, 664 
keraran sulfate, 665-666 

Proceolipids, 463 
Proteolysis 

apopcosis and, 249 
ATP-dependent mechanism in proceasomes, 

248- 249,248/ 
insulin release and zymogen activation, 240, 24 If 
limited proteolysis, 344 

Proceolytic cleaving, proinsulin, 90cl 
Proteolytic enzymes, catalytic mechanism 

classification, 343-347 
Proceome, 295 
Proceomics 

defined, 125,295 
enzyme analysis, 420-421 
protein expression, 125-127 

Prothrombin, doc formation, 987 
Prothrombinase complex, 987, 987/ 
Procon acceptors, acids as, 7 
Proton addition and removal, enzyme transition 

states, 386, 386/ 
Proton donors , acids as, 7 
Procon gradient, oxidative phosphorylation, 

572-573, 572/ 
Proconmotive force, oxidative phosphory lation, 573 
Proton motive force (PMF), membrane transport: 

energetics, 487 
Proton pump 

gastric acid secretion, 1043, 1043/ 
Q cycle, 568cl 

Procooncogene(s) 
cancer biochemistry and, I 023, I 023FI 024/ 
cancerce U cycle and, 1016-1017, 10161 
growth factor signal transduction, 1010 
transcriptional factors and, 19 1 cc 

Procoporphyrin, heme biosynthesis, 793 
Protoporphyrinogen , heme biosynthesis, 793 
Procoporphyrinogen IX oxidase, heme biosynthesis, 

791,793, 793/ 
Procoporphyrinogen oxidase, 795--796 
Procransglutamidase, doc formation , 988, 989/ 
Proximal histidine, heme-oxygen binding, 355, 355/ 
PRPP amidotransferase, 810 
Pseudogenes, 61 

DNA recombination, 164 
Psi (\JI) bond, secondary protein structure, 92, 92- 96, 

92f,93t 
Pteroylmonoglucamic acid, 1079 
P-cype transporters, 491 
Puberry, precocious puberty, 901cc 
Pulmonary system 

dipalmiroyllecichin and lung function, 
710-71 1, 7 10/ 

neuronal (NOSI/nNOS) activation, 447-448 , 448/ 
Pulsatile release 

hormonal cascade, 887 
ovarian cycle control, 901- 905, 902F905/ 

Purification rechniques, protein purification, 
12~125 

Purines, 27, 1132--1133 
antiviral agems, 83W35, 834/ 
cell discribution, 808-809 

glycosidic conformation, 29, 29/ 
metabolism inhibicors, 832-834 
nucleic acid strucrure, 27- 30, 27 F30/ 
nucleoside degradation, immunodeficiency 

diseases, 820cc 
synthesis and degradation , 810-817 

adenine/guanine balance and 
interconversion, 81 7 

AMP/GMP formation, IMP precursor, 
813,814/ 

base and nucleoside salvaging, 815-817, 
8 16µ17/ 

IMP formation, 811- 813, 812F813/ 
regulatory mechanisms, 8 1~ 815, 814F815/ 
tecrahydrobiopterin GTP precursor, 817- 819, 

818µ19/ 
uric acid, 819 f, 820-821, 821/ 

Puromycin, translation targeting of, 230, 230/ 
Pyridoxal, coenzyme formation, 1078 
Pyridoxal phosphate, aminocransferase cofactor, 

755,755/ 
Pyridoxal phosphate -pyridoxal coenzyme formation, 

392--393,393/ 
Pyridoxamine, coenzyme formation, 

1078-10 79, 1078/ 
Pyridoxine, coenzyme formation, 1078- 1079, 1078/ 
Pyrimidines, 27, 1132-ll33 

antiviral agents, 83W35, 834/ 
cell discribucion, 808-809 
dimers, DNA damage and mutation, 164 
glycosidic conformation, 29, 29/ 
interconversions, 825-826 
nucleic acid structure, 27- 30, 27F30/ 
nucleotide degradation, 826-827, 827/ 

chemotherapeutic agenrs, 831- 836 
inhibitors, 832- 834 

nucleotide metabolism, 821-824 
synthesis reactions, 821-823, 822/-823/ 

Pyroglucamic acid, amino ,icid-derived hormone 
degradation, 896,898t 

Pyrophospharase, nucleotide-linked sugars, 653 
Pyrophosphorylase, nucleotide- linked sugars, 653 
Pyrroline-5 -carboxyate synthetase, glutamic 

semialdehyde deficiency, 767cc 
Pyrrolysine, biosynthesis, 764 
Pyruvate 

aUosreric effector regulation, 853-855, 853F855/ 
hepatic glycogenolysis, early fasting scare, 

844, 844/ 
in weU-fed state, 842- 843, 843/ 

Pyruvate carboxylase, 381, 382/ 
anaplerotic reactions, tricarboxylic acid cycle, 557, 

557/ 
glucose synthesis, 622, 622/ 

Pyruvace compounds 
glucose metabolism, 594F595f, 595- 596 
glycolysis, 593, 593/ 
metabolic sources and faces, 549, 549/ 

Pyruvace dehydrogenase, 549 
aUosceric effector regulation, 853-855, 853F855/ 
covalent modification of enzymes, 856-859, 856/ 
deficiency, 552cc 
glycolysis, 593, 593/ 
multienzymecomplex, 550-551, 550/,5501 
regulation, 550-551 

Pyruvate kinase 
a/!3-domain scruccure, 102, 102/ 
cancer and, 619, 619d 
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covalent modification, 856-859, 856/ 
glycolysis regulation, 617,619, 619/ 
hemolytic anemia and deficiency of, 618cc 

Pyruvoyl enzymes, 765cl 

Q 
Q cycle, 568cl 
Quantitative real-time polymerase chain reaction 

(qRT-PCR), 257, 257- 258 
prostate cancer gene analysis, 259cc 

Quaternary protein scrucrure, 92, 97- 98 
Quencher, protein scrucrure, specuoscopic 

analysis, 132 
Quiescent cell, division cycle, 1005 
Quinone, vitamin K as derivative, 1073- 1075, 1073/ 

R 
Rab3, 947 
Racemase, 381, 382/ 
Radioactive decay, 397 
Raffinose, l 051 
Randle hypothesis, 677 cc 
R<tndom-coil conformation, polynucleotides, 31, 31/ 
R<tndom primer DNA labeling, 270--271 
Random -sequential reaction, 405, 406/ 
Ran protein, 484 
Ras pro tein 

apopcosis, MAPK pathway regulation, 1015- 1016, 

1015/ 
growth factor signal transduction, 1009-1010 , 

1009FI010/ 
signal transduction, 518-519, 519/ 

Race-limiting seep, metabolic pathway regulation, 417 
Race of formation, one-substrate enzyme reactions, 

399,399/ 
R conformational sta te 

Bohr effect, 360-366, 361F366/ 
hemoglobin deoxy-conformacion, 360, 361F362/ 
oxygen-hemoglobin binding, 

2,3-bisphosphog lycerate, 365, 365/ 
Reactive oxygen species (ROS), 583-587 

cellular damage, 587, 587/ 
mitochondrial damage, 586-587 

Reading frame, genetic code and, 213 
"Read through" mutations , termination codons, 215t 
RecA procein 

DNA recombination, 162 
SOS response, DNA repair, 175- 176, 176/ 

RecBCD protein, DNA recombination, 162 
Recepcor-ligand interactions, downscream signaling, 

512- 513,512F5I3/ 
Receptor-mediated endocycosis, pro tein intracellular 

digestion in lysosomes, 249 
Recepcor(s) 

cell surface receptors, incraceUular signal 
transduction, 509- 514 

effectors and second messengers, 509- 510, 510/ 
GT P-binding proteins, 511 
ligand-recepcor interaction and downstream 

signaling, 512- 513, 512F513/ 
ligands and recepcor-ligand interactions, 509 
protein phosphorylation, 510-5 1 I, 510/ 
signaling componems and cascades, 511, 512/ 
termination, 513-514 

cycokine receptors, 520-521, 522/ 
enzyme-linked receptors, 516-520 
ligand-gated ion channels, 508,5 14, 51~516, 

5I4F515/ 
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Recepcor(s) (cont.) 
membrane recepcors, 474, 474--475, 4741-4751 
secreted molecules, 507-508, 507.f508/ 
steroid hormones, 929-934, 930/ 
subcypes, cell surface receptors, incracellular signal 

cransduccion, 509, 509/ 
Receptor serine/threonine kinases, 519- 520, 520/ 
Recepcors for advanced glycacion end produces 

(RAGEs), hyperglycemia and, 852cc 
Recepcor tyrosine kinases (RTK) 

cancer chemocheraphy, 518cc 
signal transduction, 517, 517- 519, 517.f518/ 

Receprosomes, membrane recepcor inrernalizacion, 

906,908/ 
Recognition sequence, solute molecule transport, 

485-486, 485/ 
Recombinant DNA, 262 

applications for, 288- 295 
in agriculrure, 294-295 
anrisense nucleic acids, 289- 290, 289/ 
cloned animals, 292- 294 
gene therapy, 290, 29 lee 
knockout mice, 292, 293cc, 293/ 
shore-interfering RNA gene expression 

regulation, 290cc 
transgenic animals, 291- 292, 292cc, 292/ 
whole-animal molecular techniques, 290- 294 

bacterial cransformarion, 265-266 
antibiotic resistance, 266, 267 f, 268 

cloning vec.cors, 264, 264/ 
a -comp lemencarion, bacterial seleccion, 268 
directional cloning, 265, 265/ 
formation of, 262, 264/ 
gene library of molecules, 266 
polymerase chain reaction, cloning 

circumvention, 268 
Recombinant Factor VIia, coagulation and, 990cc 
Recombinant tissue plasminogen accivaror 

(re-PA), 344cc 

Recombination. See DNA recombination 
Recommended diecary alJowance (RDA), 1065 
Recommended protein intake (RPI), I 104, 1106 

renal diseae and, 1105cc 
Recovery mechanism, solute molecule cransporc, 486 
Red blood cells, phosphacidylserine clearance, 710cc 
Redox couple, electron cransporc chain, 561 
Redox reactions, free-energy changes, 562- 563 
Reducing eq uivalencs 

mitochondrial inner membrane transport, 

579, 580/ 
NAD/NADPH in cacabolism and anabolism, 543 

Reducing sugar, 1127- 1128 
Reduccan t, 561 
5a -Reducacase, 920 
Reduction reactions 

ascorbic acid functions, I 084, 1084/ 
mecal ions, 394-395 

Reductive biosynthesis, pentose phosphate 
incerconversions, 64~5 l, 650/ 

Ren nement, x-ray dilfraction, three-dimensional 
protein structure, 130-131 

Refsum disease, faery acid oxidation, 696cc 
Regulatory molecules, furry acids as, 701, 702cc 
Regulatory subunits, enzyme accivicy, 417, 417/ 
Regulon, SOS response, DNA repair, 

175-176, 176/ 
Relaxed-concrol plasmids, recombinant DNA, 264 
Relaxed DNA , 49- 51, 50.f51/ 

Release factor (eRFI), polypeptide synthesis, 
226--227,228/ 

Release mechanisms, solute mo lecule cransporc, 
485,485-486 

Releasing hormones, hormonal cascade, 
886-8 87,88 71 

Renal osceoayscrophy, 1070cc 
Renaruration, double-helical DNA, 36-37, 

36.f37f, 37 
Renin-angiotensin system, 923, 926/ 
Reoriented inrem1ediates, N-linked 

glycosylation, 233 
Repair of DNA. See DNA repair 
Repeated exrragenic palindromic (REP) elemencs, 

prokaryoric DNA protein coding, 59 
Repeated sequences, eukaryocic DNA, 61--02 
Repeating sequences, antibody molecules, 335/, 339 
Repetitive DNA, scrucrure, 61, 61--02 
Repetitive sequences, prokaryotic DNA protein 

coding, 59 
Replication, 26. See DNA replication 

eukaryoric chromosomes, 54-55, 54/ 
nucleic acids, 26 

Replication bubble, DNA replication, eukaryotic 
enzymes, 155- 157, 156/ 

Replication Factor C (RFC) , DNA replication, 
153- 157, 154/ 

Replication fork 
movememof, 145- 149, 146/ 
parencal strand separation, DNA replication, 

144, 144/ 
rewinding and repair, 175 

Replication protein A (RPA), DNA replication, 
153-15 7, 154/ 

Replicon, recombinant DNA, 264 
Replisome, DNA replication and, 150, 150/ 
Repression, 305 
Repressor 

lacrose operon, 306 
cryprophan operon, 3 I 0-311 

Repressor-constirutive mutations, 307 
Resiscin, obesity and insulin resistance, 1109 
Resonance forms, high-energy compounds, 

546, 546/ 
Resonance isomers, peptide bonds, 80- 81, 80/ 
Respiratory alkalosis, pH levels in blood and, 7cc 
Respiratory burst, mitochond rial reactive oxygen 

species, 585, 585/ 
Respiratory contro l, cricarboxylic acid regulation, 

558-559, 558/ 
Respiratory cycle, hemoglobin oxygen delivery, 

366-367,366.f367/ 
Respiratory distress syndrome (RDS), 

dipalm.icoyllecirhin and, 711cc 
Response elements, eukaryotic transcription, 322 
Resting potential, rod cells, 96 1 
Restriction endonucleases, 31, 58, 258 

bacterial transformation, 265- 266 
DNA backbone scabilir.y, 31- 32 
DNA hydrolysis, 258-259, 259/ 
DNA sequencing, 58, 58.f 59/ 
recomb inant DNA formation, 262, 264/ 
sire-directed mucagenesis 

DNA !lanking regions, 284, 285/ 
single nucleotides, 285- 287, 286.f288/ 

Restriction fragment length polymorphism (RFLP) 
clonal origin of rumors, 273cc 
Southern bloc reclrnique, 271, 272/ 

Restriction mapping 
DNA defined segmencs, 259- 260 
evolution and, 260cc 
restriction endonucleases, 259, 259/ 

Restrict.ion sire bank, recombinant DNA, 264 
Retina 

ATP derivation, anaerobic glycolysis, 956 
membrane layers, 957/ 

11-ru-recinal protein, 958, 959/, 962/, 964/, 965 
Retinal dystrophy, Leber congenical 

amaurosis, 965cc 
Retinitis pigmentosa 

Niemann -Pick disease, 958cc 
peripherin gene muration, 690cc 

Retinoblasrorna sensirivir.y (Rb) protein, cell cycle 
regulation, 1006-1007, 1007/ 

Retinoic acid receprors (RAR), 932, 933.f934/ 
viramin A, 1066 

Retinoid X receprors (RXR), 932 , 933/, 934 
Retinol, vitamin A, 1066 
11-ru-rerinol, 958 
Retinyl phosphate, vicanun A, 1066 
Retrograde scrands, semi-discontinuous DNA 

synthesis, 145, 145/ 
Reuprake mecllanisms, seroroni n, 950 
Reverse cholesterol transport, 725, 725/ 
Reverse generics, anrisense research and the.rapy, 

289-290 
Reverse-Hoogsceen criplers, triple-stranded DNA 

structure, 43, 43-45, 44.f45/ 
Reverse-phase higll-performance liquid 

chromatography (H PLC), protein separation, 
124, 125/ 

Reverse cranscripcase 
mRNA template for DNA synthesis, 275- 276, 

275.f276/ 
transposition, 163 

Reverse-transcripcase polymerase cllain reaction 
(RT-PCR ) 

DNA synthesis, 276, 276/ 
mRNA detection, 272, 274/ 

Reverse transcriprases, HTV therapy resistance 
and, 144cc 

Reverse cranscriprion, 26 
nucleic acids, 26 
RNA genome replication, 158 

Reversible reactions, 397, 397/ 
turnover number (k,,.,)/Michaelis consranr (I<,,,) 

ratios, 403 
Reye-like syndrome, 694cc 
RFLP. See Rescciction fragment length 

polymorphism 
Rh factors, neonacal isoirnmune hemo lysis, 798cc 
Rhodanese, 78 1 
Rho-dependent/rho-independent cerminarors, RNA 

transcription, 187, 187/ 
Rhodopsin, 958, 958.f-959/,961 
Rhodopsin kinase, visual cycle, 963, 963/ 
Rhythmic cyclic release, hormonal cascade, 887 
Riboflavin 

coenzyme formation, 392, 392/ 
FAD/FMN coenzyme formation, 1077, 1077/ 

R.ibonuclease P 
strucrure, 69 
transfer RNA cleavage, 194 

R.ibonucleases, side chain and terminal acid 
dissociation conscancs, 82- 83, 831 

Ribonucleic acid. See RNA 



Ribonucleoprotein particles (RNPs), 16, 217 
endop lasmic reticulum and, 16 
riboomes, uanslation with, 217- 220 
RNAin,68 

Ribonucleoside 5' -di phosphates, deoxyribonucleoti de 
formation,82~25,824/ 

Ribonucleosides 
5 ' -monophosphate polymer, 62, 62/ 
nucleic acid suucture, 27- 30, 27.f30/ 

Ribonucleotide reducrase, 824-825, 824ft 825t 
Ribose 5-pbosphate, penrose phosphate pathway, 

648---649, 649 f 
D-Ribose, suucrural components, 27- 30, 27.f30/ 
Ribosomal protein, bacterial operation regulation, 

3 14- 315,314.f315/ 
Ribosomal RNA (rRNA) 

mitochondrial mutations, 229cc 
precursor products, 195, 195/ 
protein synthesis, 6~7. 66/ 
suingenc response, 315 
synthesis, RNA polymerase I, 190-19 1, 191/ 

Ribosomes, 16, 217 
classification and compos ition, 2181 
endop lasmic reticulum and, 16 
suucture and function, 218-219, 2 18cl, 219/ 

Ribozyme, 26 
catalytic RNA, 68-69, 68.f69fi 226 
structure and function, 26 

Ribulose 5-pbosphare, penrose phosphate pathway, 
648---649,649/ 

Ricin, uanslation rargering of, 230 
Rickers, 1071 
Rieske iron-sulfur protein, mitochondrial elecuon 

transport, 566 
Rifampicin, RNA polymerase and 

uanscription, 184 
Right-banded DNA, 49- 51, 50/ 
Rigor, 979 
Rigor morris, 979 
RNA, 16, 26. See also Transcription 

catalytic ribozymes, 68-69, 68/ 
DNA replication, telomerases, 15~157, 157/ 
function, 26 
genome replication, 158 
hydrolysis, 31, 31/ 
in mitochondria, 68 
molecular binding, 69, 69/ 
nuclear suucrure and function, 15-16, 15/ 
nucleases and turnover of, 202- 204 
processing reactions, 182, 193- 199 

messenger RNA, 196, 196/ 
pre -mRNA splicing, 199 
ribosomal RNA, 195, 195/ 
RNA polymerase 11 enzyme recruicmenr, 

19~ 198, 197.f199f 
splicing mutations and human disease, 198 
transfer RNA modification, 193- 195, 194/ 

ribonucleoprocein particles, 68 
sequencing, nucleic acid probes, 268, 

270-27 1, 271/ 
splicing 

eukaryotic functional gene sequencing, 
60-61,60/ 

mutations and human disease, 198, 199/ 
pre -mRNA splicing and protein synthesis, 199 

suucture, 62-64 
inuamolecular base pairing, secondary suucrure, 

62, 62.f63/ 

ribonucleoside 5' -monopbospbate polymer, 
62,62/ 

tertiary suucrure, 63-64, 63.f64/ 
uans larion cormol, 69- 70 
cypes of, 65-70 

RNA catalysis, elongation and peptide bond 
formation, 226 

RNA helicase, eukaryotic uans lation, 223 
RNA hybr idase (RNase H), replication fork 

movement, 145 
RNA-induced silencing comp lex (RISC), uanslation 

regulation, 247 
RNA interference (RNAi), 2 01, 20 1/ 

antisense research and therapy, 289- 290 
translation regulation, 247 

RNA polymerases, 141 
antibiotic and coxin targeting, 185cc 
assembly sires, eukaryocic gene expression, 317 
DNA replication, 141 
lacrose operon 

promoter recognition, 309 
repressor, 306 

RNA polymerase I, uanscription by, 
190- 19 1, 191/ 

RNA polymerase II 
elongation and transcription, 196, 196/ 
eukaryotic uanscription enzymes, 

19~198, 197/ 
initiation complex, 320, 321/,322 
uanscription by, 189- 190 

RNA polymerase m, uanscription, 191- 193, 
192.f 193/ 

subunit composition, 1851 
transcription catalysts, 183-1 84 

elongation, 187 
eukaryotic uanscription, 188- 189 
initiation, 18~187, 186.f187/ 
termination, 187, 187/ 

Rnase H, DNA replication, 153-157 
RNA silencing, translation regulation, 247 
RNA synthesis 

DNA sequence information, 182- 183 
transcription, 182- 183, 183/ 

initiation of, 18~187, 186.f187/ 
Rod cells 

outer segments of, 958 
photoreceptor cells, 957/, 958-963, 959ft 

961.f963/ 
sensitivity and response rime, 967cl 

Rossmann fold, liver alcohol dehydrogenase, 
391, 391/ 

Rough endoplasmic reticulum (RER) 
mammalian ceU, 1~17, 17/ 
protein export, 231- 232, 23 1.f232/ 

Rous sarcoma virus, expression vector, 283 
Ruhenstein-Taybi syndrome, 319cc 
RuvNRuvB complex, DNA recombination, 162 
Ryanod ine receptor, calcium-based signal 

transduction, 533 

s 
Salivary glands, digestive enzyme secretion, 

1033, 1034/ 
Sale bridges, deoxyhemoglobin, 360, 362/ 
Sale linkages, folded proteins, 118- 119, 119/ 
Sales, 5 

crystal laccice suuccure, 5 
Sanfilippo syndrome, 668cc 
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Sanger procedure, enzymatic cleavage, 260- 261, 

260.f261/ 
et-Sarcin, uanslation targeting of, 230 
Sarcomeres, skeletal muscles, 967, 968.f969/ 
Sarcoplasmic reticulum (SERCA) 

calcium-uansporting ATPases (Ca2+-ATPase), 

493,493/ 
skeletal muscles, 967 

Satellite DNA, ONA sequences, 61, 61-62 
Saturated fatty acids ($FA), 1129 

diet and, 1114-1115 
Scaffold proteins, signal uansduction, 51 I , 512/ 
Scavenger receptor B- 1 (SCARE- I), cholesterol 

absorption, 1057cc 
$CF complex, cell cycle regulation, 1006 
Screening libraries, bacteriopbages, 278, 278/ 
Scurvy, coUagen synthesis and, 247 cc 
Sea of lipid, 466 
Secondary active cotranspocc, nuuients, I 042 
Secondary active uansporters, membrane cranspon: 

energetics, 487 
Secondary bile acids, cbemisuy and synthesis, 1058 
Secondary interactions, peptide bonds, 347 
Secondary protein suuccure, 92, 92- 96, 92/ 
Second law of chermodynam ics, energy-rich 

components, 544 
Second messengers 

hormones, 884 
inuacellu lar signaling cascade, 898- 901, 900/ 
intracellular signaling mo lecules, 508 

cell surface receprors, 509, 509- 510, 510/ 
protein phosphorylation, signal 

transduction, 51 I 
phosphatidylinosicols, 46lcl 

Second-order reactions, product formation, 396 
Secrecagogues, enzyme regulation, 1033-1034, 10331, 

1034.f 1035fi 1036 
Secreted mo lecules 

classification, 507 
receptors for, 507- 508, 507.f 508/ 
signal uansduction, 504 

Secrecin, digestion and, 10351, 1036 
Secrecoty pathway 

protein export, 231- 232, 231.f232/ 
protein son:ing, 235-237, 237/,239/ 

Sedoheptulose, penrose phosphate interconversions, 

650-6 51. 650/ 
Selenium, in selenopro teins, I 093-1094 
Selenocysteine, 78/,7 9 

arninoacyl-tRNA synthetases, 212cc 
biosynthesis, 764, 764/ 
elongation and peptide bond formation, 226 

Selenocysteinyl-tRNA synthesis, 212 
Selenoprote ins, 765cc 

selenium in, 1093-1094 
Self-regulated ribosomal proteins, 314- 315, 314.f315/ 
Self-splicing mechanisms, ribozymes, 68-69, 68/ 
Semiconservacive replication, DNA, 140, 

140-141, 140/ 
Semi-discontinuous DNA synthesis, 145, 145/ 
Senescent cell(s), division cycle, 1005 
Senile cataracts, 955 
Separation techniques, mRNA, 275 
Septic shock, niuic oxide overproduction in, 450cc 
Sequence determination 

amino acid composition of proteins, 127- 129, 

127.f129/ 
polynucleotides, 30 
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Sequence homology of visual pigments, 966cl 
Sequence-specific DNA -binding proteins, detection 

of, 272- 273, 274[,275 
Sequential, non-overlapping reading frame, 

codon-anticodon interactions, 212-215, 
213t - 214t, 214f 

Sequential mechanism, two-substrate enzyme 
reactions, 405, 406f 

Sequential model of enzyme cooperativicy, 415, 
41Hl7,417f 

Serine 
biosynchesis, 763, 764f 
covalent modification, 855-859, 855f-858f 
degradation, 765, 766f 
glycosyl linkage, 112, l 12f 
O-glycosyl bonds, 659, 659f 
intracellular hormone cascades, 909 
metabolite derivation, 778, 780f 
6-phosphofructo-1 -kinase regulation, 614, 614f 
side chain structure, 77 
sphingosin e formation, 729, 729/ 

Serine dehydrarase, degradation, 765, 766f 
Serine palmicoyltransferase, sphingos ine 

synthesis, 729 
Serine proteases, 334, 343, 343--353, 344/ 

biochemis try and physio logy, 345t 
catalytic mechanisms, 352, 352f 
peptide bond hydrolysis, 346-347, 3461, 347f 
protein inhibitors, 352, 353t 
sequence homology, 351, 35 1 I 
structure-function relationships, 350-35 l, 350f 
tertiary scructure. of catalytic domains, 

348- 350 
rumor cell merasrases, 345cc 
X-ray crystallography of, 349t 
zymogen synthesis, 347- 348, 348f 

Serine/threonine kinase, signal transduction, 517, 
519- 520, 520f 

Ser-Lys-Leu (SKL) tripeptide, protein targeting of 
organelles, 240 

Serotonin, 785- 786, 787f 
N-acecylcraosferase conversion, 90 l 
degradation,951,952f 
digestion and, 1034-10 35, 1035f 
lighc/dark cycles, 901, 902/ 
neuronal reuptake, 950d 
signal termination, 950, 952f 

Seroconin transporters (SERT), 950cl 
Serpins 

extrinsic pathway inhibition, 990- 993, 99 If 
serine protease inhibition, 352 

Serum cholesterol, diet and, 11 I 4-1115 
Serum-conjugated bilirubin, 800cc 
Serum proteins, isoelectric pH and electrophoreric 

separation, 86, 88/ 
7TM receptors, 475 
Severe combined immune deficiency disease (SCID), 

gene therapy, 291cc 
Sex hormone-binding globulin (SHBG), steroid 

hormone transport, 928- 929, 929f 
Sex hormones 

cholesterol conversion, 919- 92 1, 920/ 
ovarian cycle control, 902- 904, 903f-904f 
structure and functions, 916 

Shorr-chain farcy acids, colon metabolism, 
877- 878, 878f 

Shorr interfering RNA. See Small interfering RNAs 
(siRNAs) 

Shorr interspersed element (SINE) 
DNA sequences, 61-62 
nonhomo logous recombination, 163 

Shorr-parch repair, DNA mutation, 168 
Shotgun sequencing, human genome, 298-299 
Sialic acid, 462 

N-Acecylglucosarnine derivation, 657-658, 657f 
in gangliosides, 733--734, 733[, 734t 

Side chains 
alpha-amino acid scruccure, 77- 79, 78f-79f 
amino acids, polar/apolar properties, 86-89 
apolipoproteins, I 11, 11 If 
cleavage reaction, cycochrome P450 steroid 

hormone synthesis, 434 , 434f 
in collagen, I 05, 106/ 
folded proteins, 113 
protein scruccure, fluorescence spectroscopy, 

132- 133, 132/ 
tertiacy protein structure, 96-97, 96/-97 f 

Signaling complexes, ion channel recepcors, 516 
Signal molecules, membrane receptors, 474-475, 

4741--4751 
Signal peptidase, secretocy pathway, 232 
Signal peptide, protein export, secrecory pathway, 

23 1- 232,23 1/-232/ 
Signal recognition particle ($RP), protein export, 

secretory pathway, 23 1- 232, 231f-232f 
Signal transducers and activators of transcription 

(STATs), 521 
Signal transductio n 

calcium-based, 532- 534, 532f-533f 
cascades/ pathways, 508 
cyclic AMP 

signaling mechanisms, 529-530, 529f-530f 
synthesis and degradation, 528-529, 529/ 

cyclic GMP -based, 530- 531 
cycokine receptors, 520-521, 522/ 
enzyme-linked receptors, 516-520 
G protein-coupled receptors, physio logy and 

extracellular ligands, 523--525, 524/ 
growth factors, 517 

cell cycle regulation, 1008- 1010, 1008/-lOIOf 
recepcor cyrosine kinase, 517- 519, 517/-518/ 
serine/threonine kinases, 519- 520 

GTP -binding regulatory proteins, 511 
insulin receptors, 910-911, 91 If 
incercellular, 504-507 

autocrine signaling, 505 f, 506-507 
endocrine siganling, 505- 506, 505f 
juxracrine, contact-dependent, signaling, 

505, 505/ 
paracrine signaling, 505 f, 506 
synaptic/neuro nal signaling, 505[, 506 

intracellular, 504, 504f 
cell surface receptors, 509- 514 

pathway-network integration, 537, 537f 
phospholipid -based, 534-536, 534[, 536f 
secreted signaling molecules, 507 

Signatures, 101 
Sildenafil 

mechanism of action, 449cc 
nitric oxide/cGMP signaling, 53 lcc 

Silent mutations, 166 
geneticcodeand,2 13 
Hutchinson -Gilford progeria syndrom and 

multidrug resistance 1 gene, 214cc. 
Simian virus 40 (SY 40) 

expression vector, 283--284 

genome of, 2l5f 
Single copy repeated sequences, 61-62 
Single nucleotide, sire-directed muragenesis, 

284-287,286f-288f 
Single nucleotide polymorphisms (SNPs), 271- 272 

dye-terminator sequencing, 262, 263/ 
nurrigeneticsand , 1118- 1119 
personalized medicine and, 167 cc 
pro rein gene product scrucrure and function, IO 1 

Single-strand conformation polymorphism (SSCP), 
271 - 272 

sudden infant death mutation detection, 274cc 
Single-stranded DNA-binding prote ins (SSBs) 

DNA replication, 152-153 
parental strand separation, DNA replication, 

144, 144/ 
Site-directed muragenesis, 284, 284-288 

DNA flanking regions, deletion and insertion 
mutations, 284, 284/-285/ 

single nucleotides, 284-287, 286/-288/ 
rype VII collagen, 286cc 

Site,specific recombination, 163 
Skeletal muscle 

contraction, 974-977, 975f-977f 
covalent enzyme modification , 858- 859 
glycogen conrent, 630, 630f 
glycogenolysis in 

epinephrine stimulation, 641, 641f 
neural control, 641-642, 642f 

neuronal (NOSl/nNOS) ,ictivation, 
447-448,448f 

proteins, 969 t 
Skeletal muscle(s), 967- 977, 968/-969[, 9691 

actin, tropomyosin, and troponin thin-fi lament 
proteins, 970-974, 972t, 973f 

contraction, 974-979, 975f-977f 
myosin muscle filament formation, 968[, 968 t, 

969- 970 
Sleep, cryptophan and carbohydrates and, 775d 
Sliding clan1ps, DNA replication 

eukaryotic enzymes, 153--157 
replication fork movement, 148- 149, 149f 

Sliding filament model, muscle concraccion, 967 
Slipped DNA, 46-47, 47f 
Slow-reacting substance of anaphylaxis 

($RS-A), 745 
Smad DlABLO protein, 1012f, 1013--1014 
SMAD proteins, 520 
Small interfering RNAs (siRNAs) 

anrisense research and therapy, 289-290 
gene expression regulation, 290cc 
RNA interference, 20 1, 201f 
translation regulation, 70, 248 

Small intestine 
amino acid transporters in, 1046-1048, 10471 
digestion and, 1032 
pancreatic zymogen activation, l 044t, 

1045- 1046, 1045f 
saccharides, 1049, 10501 
sodium chloride absorption, 1039, 1039f 

Small nuclear ribonucleoproceins (snRNPs), mRNA 
precursor removal, 196- 198, 197f 

Small ubiquitin -related modifier proteins (SUMO), 
251d 

Smooth endop lasmic reticulum (SER), mammalian 
ce.11, 1~17, 17f 

Smooth muscle contraction, calcium regulation, 
978- 979,979f 



SNARE prorein family, Golgi appararus and secretion 
of, 17, 17/ 

Sodium/amino acid cransporrers, amino acid 
cranslocation, 490 

Sodium {Na+) channel 
control and selectivity, 478 
primary active transporters, anciporr translocation, 

491--492, 49If492f 
rod cells, 961 
sodium chloride absorption, 1037- 1039, 

1038.f-1039/ 
subunit a:imposition, 481--482, 48 if-482/, 481 t 

Sodium chloride (NaC l) 
absorption, 1037- 1039, 1038.f-1039/ 
secretion, 1039- 1040, 1040.f-1041/ 

Sodium cholate micelle, digestion, 1055- 1057, 1055/ 
Sodium dodecyl sulfate (SD$), polyacrylamide gel 

electrophoresis, 124 
Sodium/glua:ise transporter (SGLn, glucose and 

amino acid translocation, 489, 489--490, 489/ 
Sodium glucose cransporcer I (SGLTI) , 1042 
Sodium/hydrogen (Na+H+) exchanger, cytoplasmic 

pH regulation, 490 
Sodium-independent chloride-bicarbonare 

exchanger, 490 
Sodium ions, nucrienr transport, 1041- 1042, 1041/ 
Sodium motive force (SMF) 

glucose and amino acid translocation, 489, 
489--490,489/ 

membrane cransporc energetics, 487 
Sodium/potassium (Na+ /K +)-exchanging A TPase 

in neurons, 942, 943/ 
primary active cransporcers, anciporc cranslocacion, 

491,491--492,49lf492/ 
sodium chloride 

absorption, 1037- 1039, !038.f-1039/ 
secretion, 1039- 1040, 1040f-1041f 

Sodium/procon exchanger 3 (NHE3 ), sodium 
chloride absorption, 1039, 1039/ 

Sodium pump, 491 
Solenoid arrangemenr, 56 
Solute molecule diffusion 

membrane cranslocation, 476/ 
transpon:, 485--486, 485/ 

Solute cransporc, epithelial cells, transcellular/ 
paracellular mechanisms, I 036--1037, 
1036/, 1037t 

Somatic mutation , carcinogenesis and, 191 
Sorbicol 

cataracts, 955 
glucose synthesis, 626, 626/ 

SOS response, DNA repair, 175-1 76, 176/ 
Southern bloc technique, DNA fragment 

identification, 27 1, 272/ 
Specific activity, protein purification, 125 
Specuoscopic analysis, protein scrucrures, 131- 133, 

131.f-133/ 
Spermacogenesis, 925 
Spermacozoa, fructose in, 626 
S phase, cell cycle 

DNA replication, 157- 158, 157/ 
nucleotide metabolizing enzymes, 828-829 
regulation, 1004, 1004/ 

Spbinganine, 729, 729/ 
Sphingolipidoses, as lysosomal storage diseases, 

734-737, 735/,736,, 737/ 
Spbingolipids, 1130. See also Glya:isphingolipids; 

Prostaglandins; Thromboxanes 

ceramide derivatives of sphingosine, 730, 730/ 
as membrane componenrs, 460, 462, 

462f-464f, 462, 
sphingomyelin, 730, 73 lf- 732/ 
sphingosi ne synthesis, 729, 729/ 
scruccure, 73 If 

Sphingomyelinase reaction, sphingolipidoses 
diagnostic resting, 736--737, 736.f-737/ 

Sphingomyelins, 460, 462t, 463/, 1130 
asymmetric discribucion, 467, 467 f 
phosphorus componenr, 730-731, 73 lf- 732/ 
scructure and functions, 1085 

Sphingosine, 460, 462/ 
ceramide derivatives from fatty acid, 730, 730/ 
synthesis, 729, 729/ 

Splice junction rea:ignition mechanisms, messenger 
RNA incron removal, 196--198, 197/ 

Spliceosome, messenger RNA incron removal, 
197- 198, 197/ 

Splicing, 60 
eukaryotic functional gene sequencing, 60-61, 60/ 
mucationsand human disease, 198, 199/ 
pre-mRNA splicing and protein synthesis, 199 
RNA export and quality control, 199- 201 

Squalene, cholescerol synthesis from farnesyl 
pyrophosphate, 721- 722, 721.f-723/ 

SRC-1 protein, cytochrome P450 metabolism, 442 
Src -homology rype 2/cype 3domains 

growth factor signal transduction, 
1009- 1010, 1009/ 

myosin 1, 980 
signal cransduction, 511, 512/ 

Src protein, 1009 
SREBP cleavage activating protein ($CAP), 327 
$racking inreraccions, double-helical DNA, 34-36, 

35t, 36/ 
Scaphylococcal resistance, erychromycin, 66c.c 
Search 

catbohydrate digestion and absorption, 1049- 1051 
glycolysis, 593 

Scargardc muscular dystrophy, 495 
Scan: signal, mRNA generic code, 211 - 212 
Starvation, 842cc 

energy requirements and hormone homeoscasis, 
849-850,8501 

enzymes in, 860 
kecone bodies, 940 

$carve-feed cycle, 840, 840/, 842- 852 
cancer and, 868-869, 869/ 
covalent enzyme modification, 858-859 
early fasting scare, 844, 844/ 
early refed scare, 847 
energy requirements, reserve, and caloric 

homeoscasis, 849-850, 849i--850t 
fasting state, 845- 847, 845.f-846/ 
glucose homeoscasis, 850-852, 851/ 
interorgan metabolic interactions, 847- 849, 

848.f-849/ 
liver metabolism, 852-862 
well-fed scare, 842-844, 843/ 

Sceady-scace concemration, protein folding and 
denaturation, 120, 120/ 

Sceady-scace potential, rod cells, 961 
Scearoyl CoA desarurase, monoenoic acid formation, 

fatty acid desaruration , 685 
Seem cells, cloning and, 294 
Seem-loop RNA strucrure, RNA transcription and 

rermination, 187, 187/ 
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Srereocbemiscry, 1124-1125 
enzyme active sires, 388, 388/ 
enzyme-cacalyzed reactions, 389cl 

Scereoid receptor superfamily, 884, 934/ 
Srereoisomers, 1124-1125 
Srereo cracing, x-ray diffraction, three-dimensional 

protein scrucrure, 130, 131/ 
S eerie hindrance 

doexyhemoglobin, 359- 360, 359/, 361.f-362/ 
folded proteins, van der Waals forces, 119, 

119/, 119, 
Steroidal anti -inflammatory agents, proscaglandin 

production, 74 1 
Steroid hormones, 674,884, 9171, 1131 

amino acid synthesis, 895- 897 
"ball-and-stick" represenrations, 918/ 
biosynthesis, 919- 921, 919.f-920/ 
cholesterol precursor, 718-719, 719/ 
cytochrome P450 synthesis, 432, 433f434/, 

434--435 
metabolism, 921- 922, 921/ 
plasma-binding proteins and transport of, 

928- 929,929/ 
pregnancy and production of, 435cc 
recepcotS 

intracellular receptor proteins, 929- 934 
nongenornic steroid effeccs, 935 
nuclear hormone recepcotS, accivacors, and 

corepressors, 935 
orphan receptors, 934-935 

scructure and function, 916, 916f,916t, 917.f-918/ 
synthesis regulation, 922- 928, 922/,923t 

aldosrerone, 923-924, 923t, 924.f-925/ 
estradiol, 924-925, 926/ 
vitamin D3, 926--928, 927 f 

Sreroidogenic acure regulatory (StAR) protein, 
922- 923, 922/ 

Steroid response elemem (SRE), 327- 328 
Steroids, 1131 
Srerol-response-elemem-binding proteins (SREBP), 

860,862 
protein la (SREBP- la), 327- 328, 327.f-328/ 

Sroichiomerry, fatty acid synthesis, 683 
$cop codon, polypeptide synthesis termination, 

226--227, 228/ 
$cop signals, mRNA genetic code, 212 
Straight-chain fatty acids, 13-oxidation, 691-693, 692/ 
Strand elongacion, replication fork movement , 145 
Streap3 ferrireduccase, 1089 
Srreprokinase, 418 
Streptomycin, translation and rargeting of, 229 - 230 
Srress, metabolism and, 872-873, 872/ 
Srringenc factor, 315 
Srringenc response/ a:incrol 

recombinant DNA, 264 
rRNA/tRNA synthesis, 315, 315/ 

Strong elecrrolyres, 5 
water molecule dissociation, 5-6 

Structural genes, 304 
lactose operon operator sequence and, 

307-309,308/ 
Structural isomorphism, 33 
Structural motif, secondary protein structure , 94, 

94-95,95/ 
Scrychnine, neuron-neuron interaction, 943, 944/ 
Subacute cerebellar degeneration (SCD) , 

Lambert-Eaton myaschenic syndrome, 948cc 
Subdinical nutritional deficiencies, I 064 
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Subclon ing, DNA segment definition, 279 
Suberoylanilide hydroxamic acid (SAHA), epigenetic 

cancer rreacments, 57cc 
Substance P, neuropeptide derivacion, 953 
Subsrraces 

cycochrome P450, 431--440, 4321, 433/ 
lipophilic subsrraces, 436--440, 

437 f-439/, 4371 
smoid hormone syn thesis, 432, 433f434j 

435, 435cc 
enzymes, 383, 383/ 

allosreric conrrol vs., 414cc 
covalem binding, 386-387, 387 f 
discal substrate bond modincation, 388, 389/ 
pH levels, 387, 387/ 
three-point arrachment sice, 388, 389/ 

merabolic pathway conrrol, 852- 853 
nirric oxide syncbases, 446 
race of disappearance , 396-397, 397/ 
solute molecule rransporc , 485-486, 486/ 
rranslocation mechanisms, 476-4 77 
turnover number (kc..) and concenrracion, 

402-403 
in well-fed, fasting, and scarving scares, 

849- 850,8501 
Subsrrace shuctles 

glycolysis 
anaerobic glycolysis, 60 1-602 
oxidoreduccion pathways, 602-603 

mitochondrial inner membrane rransport, 

579, 580/ 
Succi nace dehydrogenase, tricarboxylic acid 

cycle, 555 
Succinace chiokinase, cricarboxylic acid cycle, 555 
Succinace-ubiquinone oxidoreduccase, mitochondrial 

elecrron rranspon, 563, 565-566, 566/ 
Succiny lcholine, 483 
Succinyl C,oA, rricarboxylic acid cycle, 554-555, 

556-558,556/ 
Succinyl C,oA synrbecase, rricarboxylic acid 

cycle, 555 
Sucrose hydrolysis, 1050 
Sud den infanc death syndrome (SIDS) 

acyl coA dehydrogenase deficiency, 694cc 
single-srrand conformacional polymorphism, 272 
single-strand conformacion polymorphism 

muracion dececcion, 274cc 
Sugar puckering, nucleoside/nucleotide srructure, 

29, 29/ 
Sugar(s) 

incerconversions, carbohydrace metabolism, 
652-658 

N-acetylglucosamine sialic acid derivacion, 
657-658,657/ 

decarboxylation , oxidoreduc tion and 
rransarnidacion, 656, 657/ 

intermedface rransformacion, 653-654, 653/ 
isomerization and phosphorylacion, 

652-653, 652/ 
nucleocide-linked glucose/galaccose 

epimerization, 654, 654/ 
UDP -glucose oxidation and glucuronic acid 

formatin , 654-655, 655/ 
reducingsugar, 1127- 1128 

Suicide inhibicors 
cycochrome P450, 444 
enzyme reactions, 410 

Sulfacases, chondroicin sulface biosynrbesis, 667 

Sulfatide,462,464/ 
as galaccocerebroside sulfuric acid escer, 

732-733,733/ 
Sulfation defects, cbondrodysrropbies, 667cc 
Sulfhydryl reagents, glycolysis, 603, 603 f 
Sulfonylurea receptor, ATP-binding cassecce (ABC) 

cransponecs, 494 
Sulfuric acid escer, sulfatide as, 732-733, 733/ 
Sunlighc, vitamin D synthesis, 1067- 1072 
Superco iling, 45, 148 

eukaryocic DNA, 56/ 
replication fork and parental strand 

uncwiscing, I 48 
trip le-scranded DNAscrucmre, 45 

Superfo lds, homologous srructures, 
nonhomologous amino add sequences, 101, 
101- 102, 101F10 2/ 

Super helical DNA, 49, 49- 51, 50F51/ 
Superhelical srress, rriple-srranded DNA 

structure, 45 
Superhelix 

in collagen, 104, 106/ 
in keratin and rropomyosin, 106-107, 107/ 

Superoxide dismurase, micochondrial defenses, 

587, 587/ 
Superoxi des 

micochondria, 584-585, 585/ 
nitric oxide synthases, 446 

Supecshifc mechanism, elecrrophoretic mobility shift 
assay, 273, 274/ 

Suppressor mucations, aminoacyl -cRNA 
synthecases, 217 

Surfacranc, pulmonary, dipalmicoyllecithin and, 
7 10-711, 710/ 

Svedberg coefficient, procein separation , 
123, 123/, 1231 

Symm errical raiJ-ro-raiJ aggregation, 9691, 970 
Symporc mechanism 

eleccrochemical-porential-driven rransporcers, 488 
solute molecule rranspon, 486, 486/ 

Synapses, neuron-neuron inceraccion, 943, 
944F945/ 

Synapsin, 945, 946F947/ 
Synapticjunction,945 

signal termination, 948, 950-951 
Synaptic signaling, 505 f, 506 
Synaptic vesicles, 945, 9451, 946F947/ 

SV-2, 947 
Synapcobrevin/V AMP, 946 
Synapcophysin, 946 
Syn conformation, nudeoside/nucleotide 

srruccure, 29 
Syndecan, 668 
Synonymous murarions, 166 
Syncaxin, 946 
Synthase , 381 
Syncherase, 381-382 
Synthetic pathways, endoplasmic reciculurn and, 16, 

16F17/ 
Sypnapcoragmin, 946 

T 
Tamoxifen, gene recepcor cargecing, 326cc 
Tandem affinity purification (TAP), 99-100, 

99FJO0/ 
Tandem replicons, DNA replication , eukaryotic 

enzymes, 153, 155/ 
Tangier disease, 110cc 

T argec cell, hormonal cascade, 886 
Targeting elements, rranslacion regulation, 247 
TATA binding protein (TBP), 320-321, 320/ 
TATA box 

LDL receptor gene promocer, 326-327, 327/ 
mRNA synthesis promoters, 190 

Ta urine, cysceine metabolite , 78 I 
Taucomeric forms, double-helical DNA srructure, 

32 - 33,32/ 
Tay-Sachs disease, 734 

diagnosis, 73 7 
T conformational scace 

Bohr effect, 360-366, 361F366/ 
hemoglobin deoxy-conformacion, 360, 36 1F362/ 
oxygen-hemoglobin binding, 365, 365/ 

Telomerase 
anticancer agent cargecing, 46cc 
cancer immortality and , 1018 
DNA replication, eukaryocic enzymes, 

156- 157, 157/ 
Telomeres, 54, 151 

DNA repJicacion 
eukaryoticcelomerases, 157, 157/ 
linear genome cermination, 150-151, 151 / 

eukaryocic chromosomes , 54-55 , 54/ 
four-srranded DNA, 45-46 , 45/ 

Telopepcides, in collagen, 105 
Temperature, enzyme reaction kinerics, 404 
Templace -Direcced mechanism, amyloid plaque 

formacion, 115 
Templaces, 140, 142 

DNA repJicacion, 140-141, 141/ 
DNA polymerases, 142-143 

RNA synthesis , cranscriprion and, 182- 183, 183 / 
Terfenadine, CYP3A4 inhibition, 438, 438cc, 438/ 
Terminal repeac sequences, bacrerial 

cransposons, 316 
T erminacion 

polypeptide synr.hesis, stop codon requiremenc, 
226-227, 228/ 

RNA cranscripcion, 182, 183/ 
prokaryoces, 187, 187/ 

signal rransduccion 
cell surface recepcors, 513-514 
ion channel receptors, 516 

synaptic junctions, 948, 950-95 I 
Terminacion codons, mRNA genetic code, 212 
Terminacor codons, mucacions and formation of, 

214cc 
Terpenes , 1131 
Tertiary protein srrucrur e, 92, 96-97, 96/ 

serine proceases, 348-350 
Tescoscerone, 916,921 

metabolism, 921 - 922, 921/ 
proscare cancer and, 412cc 

T esroscerone-escrogen-binding globulin (T eBG), 
sceroid hormone transpon, 928-929, 929/ 

T ecracyclines 
pBR322 gene resistance, 266, 267/, 268 
translation cargecing of, 230 

T ecrahedral structure, 4 
water molecules, 4-5, 4/ 

T ecrahydrobiopcerin 
deficiency, 786cc 
GTP precursor, 817, 817-819 , 818/ 
phenylalanine degradarion , 767, 768/ 

T ecrahydrofolace 
ancifolace inhibirion, 832- 834 



folic acid one-carbon metabolism , 1079- 1082, 

1080.f-l 081/ 
Teuaiodo-L-thyronine (T4), 896, 897.f-898/ 
Terraplexes, four-stranded DNA, 45, 4~6. 45/ 
T errapyrrole ring, cobalamin strucrure and function, 

1082- 1083, 1082/ 
TFTI-H complex 

nucleotide excision repair, 169 
transcription -coupled DNA repair, 170 
xeroderma pigmentosum, 170cc 

Thalassemia, messenger RNA synthesis, 197cc, 
198, 199/ 

a -Thalassemia, 215cc 
Therapeutic cloning, 294 
Thermodynamics 

energy-rich components, 543-548 
dierary componenrs, caloric value, 545-546 
enzyme reactions, energy changes, 547 
free energy availabiliry, 544-545 
high-energy bond energies, 547- 548 
hydrolysis groups, 546 

enzyme mechanisms, 382- 383 
Thermogenesis, calcium-transporting ATPases 

(CaH-ATPase), 493 
Thiamine 

deficiency, 1076 
rhiamin pyrophosphate coenzyme formation, 

1075-1706, 1075/ 
Thiamine pyrophosphate (TPP), 550 

pentose phosphate inrerconversions, 650-651, 650/ 
rhiamin formation of coenzyme, 1075- 1706, 1075 f 
rricarboxylic acid cycle, 554 

Thin filamenrs, skeletal muscles, 969 
Thiocysreine, merabolire formation, 781, 782/ 
Thioesrerases, faery acid synthase formation , 687 
Thio -ester-linked acyl anchors, membrane proteins, 

470-471 ,4 71t 
6-Thioguanine, purine/pyrimidine nucleotide 

metabolism , 832 
Thiohemiacetal, glucose metabolism, 597 f, 598-600 
Thiolare ligands, cytochrome P450, 426-427, 427/ 
Thiol ysis, fatty acids, 691 
Thiophorase , ketone body formation, 700 
Thiopurine base analogs, drug development 

and, 166cc 
Thioredoxin 

deoxyribonucleotide formation, 824-825 
vitamin Kand, 995 

Thioredoxin reducrase, selenium and, 1093-1094 
Thiosulfare, metabolite formation, 781, 783/ 
3'-end terminus, transfer RNA, 194-195 , 194/ 
Three-dimensional protein structure , x-ray diffraction 

analysis, 129- 131, 130.f-131/ 
Threonine 

covalent modification, 855- 859, 855.f-858/ 
degradation, 767, 768/ 
O1;lycosyl bonds, 659, 659/ 
intracellular hormone cascades, 909 
side chain structure, 77 

Thrombin 
clot formation, 987, 987.f-988/ 
extrinsic pathway inhibition, 991, 992/ 
formation of, 984, 984/ 
receptor, 985, 986/ 

Thrombomodulin, 668 
extrinsic pathway inhibition, 992- 993, 

993cl, 994/ 
Thrombosis, protein C pathway defecrs, 993, 993cc 

Thromboxanes, 1129 
cydooxygenase and, 741, 74 1/ 
monocarboxylic acid derivatives, 737- 738, 738/ 
plareler aggregation, 742 
thromboxane A2, plareler plug formation, 985, 

986/ 
Thymidylate synthase, 825 
Thymine, 27 

nucleic acid srructure, 27- 30, 27 f-30/ 
Thyroglobulin , thyroid hormone synthesis, 896, 

897.f-898/ 
Thyroid gland, 1091 
Thyroid hormones, 884 

iodine synthesis, 896, 897.f-898/, 1091 
receptors, 932 

Th yroid-stimulating hormone (TSH ), 887, 888/, 
889t-89lt, 891 

membrane receptors, 905, 906/ 
second messenger system, 899- 901, 900/ 

Thyrotropin . See Tbyroid-srimularing hormone 
Th yrotrop in-releasing hormone (TRH ) 

gene encoding, 895 
second messenger system, 899- 901, 900/ 

Th yroxine, 896, 897.f-898/ 
Tiazofurin , glutamine nitrogen donor enzyme 

inhibition, 834, 834/ 
TI GAR regularor, cancer and, 618cl 
Tighe binding mechanism, enzyme transition stare, 

385,385/ 
Tissue factor 

doc formation, 985-986, 986/ 
coagulation initiation, 983-985 
hemoscasis, 982 

Tissue facror pathway inhibiror (TF PI), extrinsic 
pathway inhibition, 990-993, 991/ 

Tissue inhibitor of mecalloproteinases (Tl MPs), 
merasrasis and, 1019, 1019/ 

Tissue plasminogen accivaror (r-PA), fibrinolysis, 
994, 994/ 

Tirin muscle protein, polypeptide chain, 81, 82t 
TnC-Tnl complex, 973-974, 973/ 
Tocopherols, 1072- 1073, 1072/ 
Tocotrienols, 1072-1073, 1072/ 
Tolerable upper intake level, nutritional 

assessment, 1065 
Topoisomerases , 152 

as antibiotics, 152cc 
disease rrearment and, 52cc 
DNA replication, replication fork and parental 

suand untwisting, 148, 149/ 
srrucrure, 51- 53, 51 t, 53/ 
type I, 51 

DNA replication, 153-15 7 
replication fork movement, 148 

type n, 52 
circular genome termination, DNA 

replication, I 50 
DNA replication, 153-157 
replication fork movement, 148 

Topo logical constrainrs 
DNA replication, 152-153 
replication fork and parental strand untwisting, 148 

Topo logical domains, superhelical DNA, 51, 51/ 
Total metabolism , caloric value of dierary 

components, 545- 546, 545t 
Total urine nitrogen (TUN), 753cc 
Toxemia of pregnancy, mi neralocorticoid recepror 

mutation , 933cc 
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Toxic metabolites 
cytochrome P450 metabolism, 437, 438-440 

genetic polymorphisms, 442-443 
vitamin D, 1072 

Toxins 
glutarhione response, 790, 790/ 
heterorrimeric G proteins, 527 
nicotinic-acerycboline channel and, 483 
pore-forming rox:ins, 496-498, 496f-497f, 497 t 
RNA polymerase rargering, 185cc 
translation and rargering of, 229- 230 

Trace minerals, 1087- 1094 
chromium, 1093 
copper, 1092- 1093 
iodine, 1091 
iron, 1087-1091 
selenium, 1093-1094 
zinc, 109- 1092 

T ransaldolase, pentose phosphate imerconversions, 
650-651, 650/ 

Transamidation, sugars, 655-656, 655/ 
T ransanunases. See Aminotransferase 
Transamination, uicarboxylicacid cycle, 556 
Transcellular epithelial cell rransporr, 103~1037, 

1036/, 1037 t 
Tram configuration, amino acid peptide bonds, 

81,81 / 
T ranscortin, steroid hormone transport, 

928-929,929/ 
Transcript, RNA incorporation, 182 
Transcription, 26 

attenuation, operon conrrol, amino acid 
biosynthesis, 313-314 

bacterial unirs, 304-305 
DNA repair and, 201- 202 
enzyme regulation of, 860-861, 861/ 
in eukaryotes, 187- 193, 188.f-189/ 

active chromatin, l 88, 188/ 
enzymatic RNA polymerase action, 

192- 193, 193/ 
RNA polymerase 1, 190-191, 191/ 
RNA polymerase lll, 191-192 

mechanisms of, 182-187 
DNA sequence information, 182- 183, 183/ 
RNA polymerase catalyst, 183-184 
RNAsynrhesis, 182-183, 183/ 

nucleic acids, 26 
in prokaryores, 185-187, 186.f-187/ 

enzymatic RNA polymerase action, 
192- 193, 193/ 

Transcription-coupled DNA repair, 170 
Transcription factor-binding sires, eukaryotic gene 

expression, 317 
Transcription facrors 

carcinogenesis, 191cc 
card iovascular disease and, 326cc 
eukaryotic gene expression, 317 

regulation of, 325- 328 
eukaryotic transcription 

modular design, 322 
preinitiarion complex, 320-325, 3201 
promote.rs, 321- 322, 322/ 

protein motifs, DNA binding and regulation, 
322- 325 

RNA polymerase Ill , 191- 192, 192/ 
TFIID and varianrs, 320-321 

zinc finger proteins, 323 
TFII-H, 169- 170, 170cc 
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Trans -dominant operator mutations, 308 
Transducin, 961 
Transducing proteins, incracellular signal cransduaion, 

cell surface recepcors, 509- 510, 5 I Of 
Transesterification, DNA replication, chain 

dongation chemiscry, 142 
Trans expression, double-stranded RNA, 70 
T ransfection 

anrisense research and therapy, 289- 290 
eukaryotic cell expression veccors, 282- 284, 283/ 

mutant ceU nucrienc requirements and 
utilization, 283 

T ransferases, suucture and classification, 380, 380/ 
Transferrin, iron deficiency and, 1087, 

1089, 1089/ 
Transferrin receptor-2 (TfR2), hepcidin synthesis, 

1090, 1090/ 
Transferrin-receptor complex, 1089 
Transfer RNA (tRNA), 65 

amino acid activation, 65 
aminoacylation and protein synthesis, 

216-217,217/ 
as bilingual cranslator, 2 10- 211 
cleavagemodification, 193- 194, 194/ 
cloverleaf structure, 62, 63 f 
codon recognition, mRNA, 65 
L-shaped conformation, 64, 64/ 
mitochondrial mutations, 229cc 

myopachies, 583cc 
mRNA translation, codon-anticodon interactions, 

212- 215, 213t - 214t, 214/ 
nucleoside modification, 195 
ribosomes and, 219, 219F220f 
stringent response, 315 
terciary structure, 63, 63 f 
3 '-end addition, 194--195, 194/ 

Transformation, 26,265 
DNA into bacreria, 265- 266 
sugar interconversion, carbobydrate metabolism, 

652,652/ 
Transforming grwowcb faccor-beca (TGF -13), 519 
T ransformylase, protein synthesis in 

mitochondria, 229 
Transgenic animals 

DNA fragment cloning, 279 
mice, Huntington disease research, 279cc 
models, 292cc 
production of, 291- 292, 292/ 

Transition metals, as enzyme cofacrors, 393- 395, 

393F395f 
Transition(s ), DNA mucation and, 166 
Transition scare 

acids and bases, 385 
carbonyl group, 386 
enzyme models, 383--386, 384/ 
oxidations, 386 
partially charged bonds, 385- 386, 385F386f 
procon addition and removal, 386 
tight binding, 385, 385f 

Transition -state inhibicors, enzyme reactions, 410 
T ransketolase 

pentose phosphate interconversions, 
650-651 , 650/ 

Wernicke-Korsakoff syndrome and anomalies 
in, 651cc. 

Trans lation, 26, 210 
antibiotics and toxin cargeting, 229- 230 
appararus and components of, 210-220 

codon-anticodon interactions mRNA reading, 
212, 212/,215/,2151 

messenger RNA transmission, 210 
nucleotide alphabet, genetic code, 

211- 212,21 1t 
ribosomes for protein biosynchesis, 2 17- 219, 

218t, 2I9F220f 
transfer RNA aminoacylation for protein 

synchesis, 216-217, 217/ 
transfer RNA bilingual molecule, 210-211 

basic principles, 210, 221- 230 
antibiotic and coxin targeting, 229- 230, 

230/,230, 
dongation and peptide bond formation, 

223- 226, 224F225 f, 227 f 
initiation, 221, 2211, 222/, 223 
polypeptide termination, 226-227, 228/ 
translation directionalicy and colinearicy with 

mRNA,221 

cycoplasmic mRNA turnover and, 203--204, 204/ 
energy coses of, 229 
genetic code, four-leccer alphabet, 211- 215, 

2111,212/ 
mRNA colinearicy, 221 
nucleic acids, 26 
regulation of, 245, 247- 248 
ribosomes, 217- 220 
RNA control of, 69- 70 

Translesion synthesis, DNA repair, 174, 174/ 
Translocase, peptide bond formation, 226 
T ranslocase of inner membrane (TIM) complex, 

mitochondrial protein synthesis, 237 - 239 
Translocase of outer membrane (TOM) complex, 

mitochondrial protein synthesis, 237 - 239 
T ranslocation 

molecules through membranes, 47H77, 
476/, 477t 

primary active transporters, anti port mechanism, 

491-492, 491?92/ 
solute molecule cransporc, 485, 485/ 

Tcanslocon, secrerory pathway, 232 
Tcansmembrane domains, 13-adrenergic receptor, 

905- 906,907/ 
T ransmembrane dectrical potential, in neurons, 942 
Transmembrane proteins 

integral (intrinsic) membrane proteins, 468, 
468-470,468F470f 

side chain polarity, 89 
7-Transmembrane domain receptors, 524, 524/ 
T ransmissable multiple -drug resiscance, 316cc 
Transmissible spongiform encephalopachies, 

114--115cc, 114FI 15/ 
Transponsons, Tn3strucrual genes, 3 16-31 7, 316/ 
Transporter cells, translocation mechanisms, 476 
Transposable elements. See Transposons 
T ransposases 

bacterial transposons, 316 
nonhomo logous recombination, 163 

Transposition, nonhomologous recombination, 163 
T ransposons 

bacterial, 316-317, 316/ 
nonhomologous recombination, 163 

T ransversions, DNA mutation and, 166 
Trehalase, 1051 
Trehalose, 1051 
Triacylglycerol-fatty acid cycle, 689, 690cc, 690/ 
T riacylglycerols, 1129-11 30 

basic strucrure, 67 4, 67 4/ 

carbohydrate incake and, 1118cc 
digestion, 105 1- 1052, 1052/ 

bile acid micelles, 1055- 1057, 1055/ 
farcy acids as, 674/, 67 5-676, 676/ 

scorage, 687-689, 690/ 
farcy acyl coA and glycerol 3-phosphate synchesis, 

688-689,688/-689/ 
glycogen formation, early refed state, 847 
hydrolysis and mobilization of, 689 
hydrophobicity, 676-677 
liver metabolism and, 859- 860, 859/ 
metabolism regulation, 679t 
transport 

fasted scate, 679-680, 689, 690/ 
fed state, 678-679 

in weU-fed scate, 843--844, 843 f 
T ricarboxylic acid (TCA) cycle, 548, 

552- 559 
acetyl group conversion, 555 
amino acid transfer, 754, 754/ 
anaplerocic reactions, 557, 557/ 
biosynthecic intermediates, 555- 557, 556f 
fumarase deficiency, 555cc 
glucose synthesis, 622-624, 624/, 624t 
glycolysis, 593, 593/ 
nervous system function, 940- 941 
reactions, 553- 555, 554f-555f 
regulation of activity, 557- 559, 558/ 

Trichromatic color vision, 966 
T ricostatin A, epigenetic cancer treacrnencs, 5 7 cc 
Trifunctional protein, fatcy acid oxidation, 693 
Triglycerides, obesity and insulin resistance, 

1109- 1110, 1109/ 
Triglyceride transfer protein, A-13-lipoproteinemia, 

1058cc. 
Trihydroxyphenylalanine (TOPA), mecabolites, 

784, 785/ 
Triiodo -L-chyronine (T3), 896, 897F898f 

retinoic acid receptor, 934/ 
T riose phosphate isomerase, a/13,-domain structure, 

102, 102/ 
T ripeptide transporters, 11mino acid absorption, 

1046-1048, 1047,, 1048/ 
Triple-helix assembly, procollagen formation, 

244-245 
Triple -stranded DNA 

human disease and, 48cc 
strucrure, 43-45, 44F45f 

Triplet expansion 
DNA mutations , 166- 167, 166/ 
human disease and, 48cc 

rRNA nucleotidylcransferase, transfer RNA 3 '-end 
terminus addition, 194--195, 194/ 

Tropomyosin, 106-10 7, 107/ 
in musde (s), 972- 973, 976/ 
pre-mRNA splicing and, 199, 200/ 

Troponin, 973--974, 973/,976/ 
as myocardial infarction markers, 97 4cc. 

T roponin C, calcium-cransporcing A TPases 
(Ca2+ -A TPase) in plasma membranes, 494 

Trypanosomal parasites, phospholipids and, 712 
Trypsin 

aggregation, 970cl 
pancreatic aucodigestion, 1045cc. 
peptide bonds, 346-347, 347/ 
peptide hydrolysis stabilization, 352/ 
proteolysis, 240, 24 lf 
sequencing, 128 



serine pro ceases and amino acid sequencing, 
349,349t 

sequence homology, 351, 3511 
rertiary structure, 96-97, 96f 
zymogen activation, 1044t, 1045, 1046 

Trypsinogen, proteolysis, 240, 24lf 
Tryprophan, 310 

degradation, 77 1- 772, 773f 
merabolires, 784-785 
operon, 310, 310-314, 3 1 If 

arrenuaror region, 312, 312- 313, 312f-313f 
repressor prorein control, 311- 312 

side chain scructure, 77 
sleep and, 775cl 

Tryprophan dioxygenase, 77 1 
T ryprophan hydroxylase deficiency, 787 cc 
Tuberculosis, RNA polymerase targeting, I 84- 185 
d-Tubocurarine, 483 
Tubulin, 2 1 
Tumor lysis syndrome (TL$), 82 I cc 
Tumor necrosis factor a (TNFa) 

obesiry and insulin resisrance, I 109- 1110, 1109f 
in stress and injury, 873 

Tumors 
clonal origin of, restriction fragmenr length 

polymorphism determination, 273cc 
merascases, serine proteases, 345cc 

Tumor suppressor genes 
cancer biochemistry and, 1023, 1023f-1024f 
cancerce U cycle and, 1016-1017, 10161 
pathways, 1018, 1018f 

Tumor suppressor p53. See p53 prorein 
Turnover number (k,,.J, 402 

calculation, 404 
Michaelis-Menren equation, 402-403 
reversible reactions, 403 
subsrrare concentration, 402-403 

Turnover rare, nervous sysrem function, 94 1 
Twisted 13-sheer, nonhomologous amino acid 

sequences, 102, 102f 
Twisting mechanism, replication fork and parental 

strand untwisting, 148 
Two -dimensional electrophoresis, proreomics, 

125--127, 126f 
Two -dimensional nuclear magnetic resonance 

(2-D NMR), protein structure analysis, 
133-134 

Two -substrate enzyme reactions 
inhibirors, 4 JO 
ping-pong mechanism, 405-407, 406f 
sequential mechanism, 405, 406f 

Tyrosine 
degradation, 767, 770f 
epinephrine synthesis, 895, 895f 
incracellular hormone cascades, 909 
merabolire derivation, 781- 782, 783f 
p latelet-derived growth facror regulation, 

1008-1009, 1008f 
side chain structure, 77 
thyroid hormone synthesis, 896, 897f-898f 

Tyrosine kinase 
cyrokine receptors, 521 
insulin receptor cransducrion, 909f-91 lf, 

910-91 1 
incracellular hormone cascades, 909 
molecular targeting of anticancer drugs, 1021cc 
signal rransduction, 516, 517f 

Tyrosinemias, 769cc 

u 
Ubiqui nol-cyrochrome c oxidoreducrase 

mirocbondrial elecrron transport, 566-569, 
567f-569f 

Q cycle, 568cl 
Ubiquinone, mirochondrial electron rransport, 563, 

564-565,564f-565f 
Ubiquitin 

ATP-dependenr proteolysis in proceasomes, 
248-249 ,248f-249f 

defects in, 250cc 
smaU ubiquirin-related modifier proreins, 251cl 

UDP-g lucose 
glucuronic acid formation, 654-655, 

654f-655f 
nucleotide-linked sugars, 653-654 

UDP-glucose-4-epimerase, 654, 654f 
UDP-g lucose dehydrogenase, 654, 657f-658f 
UDP-glucose pyrophosphacase, 653-654 
Ulrracenrrifugarion, protein separation, 123, 123f 
Ulrravioler light spectroscopy 

protein scrucrure, 131- 133, 131f-133f 
x-ray diffraction, three-dimensional protein 

scrucrure, 13 I cl 
UMP synthase, pyrimidine metabolism, 822 
Uncompetitive inhibition, enzymes, 408, 408f 
Unconventional myosins, 967 
Uncouplers, mitochondrial elecrron rransporc and 

oxidacivephosphorylation,573-575,574f 
Uncoupling proteins, mirochondrial inner membrane 

cransport, 581- 582, 58lf 
Uniport mechanism 

glucose transporters, 488, 488-489 
solute molecule transport, 486, 486f 

Universal gene.tic code, mRNA codons, 211 
Unsarurared compounds, 1124 
Unsarurared faery acids, 1129 

13-oxidarion, 695 
Unsrrucrured proteins, 98-99, 98f 
U pregulation, membrane receprors, 475 
Uracil, 27 

nucleic acid scrucmre, 27- 30, 27f-30f 
Uracil DNA glycosylase (UNG), DNA base excision 

repair, 168 
Urea cycle 

allosreric effector regulation and enzyme induction, 
760- 761,760f 

amino acid metabolism, 759- 761, 759f-761f 
enzyme synthesis, 759- 760, 759f-760f 

deficiencies, 762cc 
merabolic disorders, 761, 76lf 
nitrogen acorns, ammonia -aspartare sources, 759 

Urease, cirrhosis and, 873-874, 873f 
Uric acid 

gout and overproduction of, 811cc 
purine degradation , 818, 819/, 820-821, 821f 

Uridine, 27 
nucleic acid srructure, 27- 30, 27 f-30f 

Uridine 5' -triphosphate (UTP) conversion, 
pyrimidine metabolism, 822- 823, 823f-824f 

Urobilinogens, 800 
Urobilins, 800, 800cl 
Urochrome, 800d 
Urogenital sysrem, neuronal (NOSI/ nNOS ) 

activation,447-448,448f 
Urokinase plasminogen acrivaror (uPA), 

10 19, 1019f 
angiogenesis, 1020 
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Uroporphyrinogen decarboxylase, heme biosyocbesis, 

793/,794-795 
U roporphyrinogen III syorhase, heme biosynrhesis, 

793, 795f 

V 
Vaccines 

antibody mo lecules and, 338cc 
DNA vaccines, 28cc 

Valine 
aminotransferase reaction, 754, 754f 
merabolism, 776, 779f 
side chain structure, 77, 78f-79f 

Valinomycin, 496, 496f-497f 
Valium. Su Benzodiazepines 
V alproic acid, 950 
van den Bergh reaction, 800 
van der Waals conract distance, folded proteins, 119, 

119/,1191 
van der Waals forces 

folded proreins, 119, 119/, l 19t 
macromolecular scrucrures, 1125 

Variable (V) regions, antibody molecules, 336, 339 
Variable surface glycoprorein (VSG), phospho lipids 

and, 7 12 
Variegare porphyria, 796 
Vascular endothelial growth facror (VEGF), 

angiogenesis and, 1019-102 0 , I 020f 
Vascular endothelial growth facror receptor-3 

(VEGFR-3), cornea ATP derivation, 953 
Vascuolar proron pun1p, 947 
Vasoacrive inresrinal peptide (VJP), digestion and, 

1035t, 1036 
V asopressin, 893 

protein kinase A activiry, 912, 912f,913t 
Vegetable proteins, I 115 

in diet , ll 03-1104, I 103t, 1104f 
Vegetarian dier, 1103-1104, l 103t, l 104f 

protein-energy requirements in children, I I 05cc 
Velociry plor, enzyme-caralyz.ed reaction, 399, 399f 
Versican, 668 
Very-long-chain faery acids, 674-675, 675f 
Very low-densiry lipoprorein (VWL), 679 

cholesterol synthesis, 722, 722t, 723- 726, 

724f-725f 
diabetes meUirus rype l and, 868 
diabetes mellitus type 2 and, 865-866, 865/, 866cc 
A-13-lipoproteinemia, 1058cc 
niacin deficiency, 1078 
obesiry and insulin resiscance, 1109-1110 
in well-fed scare, 843/, 844 

Very-low-densiry lipoproreins (VLDLs), 
108-109, 109t 

type IV hyperlipoproteinemia, 109cc 
Vesicle associared membrane protein (VAMP), 946 
V eside rransport, 946 
Vesicular srrucrures, lipid fommion, 463-465, 465f 
Viagra. See Sildenafil 
Virus-transformed eukaryoric cells, foreign gene 

expression, 282- 284, 283f 
Visible light, x-ray diffraction, three-dimensional 

prorein srrucrure, l31cl 
Vision 

macular degeneration and loss of, 956cc 
vicamin A and, 1067 

Visual cycle, 961- 963, 963f 
Visual pigments 

color vision, 965 
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Visual pigments (com.) 
phocorecepcor cells, 958 - 963, 959f- 963f 
sequence homology, 966cl 

VtSual cransduccion, photochemical, 

biochemical, and electrical events, 

957 - 958, 957/ 
Vitamin A 

photoreceptor cells, 958 
planccarocenoids, 1065- 1067, 1066/ 

Vi cami n B 12, structure and funccion, 

1082- 1083 , 1082/ 
Vitamin C. See Ascorbic acid 

hydroxylacion and reduction, 1084, 1084/ 

Vitamin D, 1067- 1072 

Vitamin D3, 926--928, 927/, 1067, 1069/ 

Vitamin E, 1072--1073 
selenium and, I 093 

VicaminK 

protein carboxy lase reaccions, 994-995, 

995cl, 996/ 
quinone derivacive, 1073-10 75, 1073/ 

Vicanun(s) 

anciconvulsanc drugs and, I 075cc 
f.u-soluble vitamins, 1065-1075 

wacer-so uble, 1075 - 1085 

Volcage-dependenc anion channe l (VDAC), 

mitochondrial scrucrure, 560 
Vo lcage-gaced ion channe ls 

channelopachies, 971 cc 
control and seleccivicy, 478 
Lambert -Eaton myschenic syndrome, 948cc 

neuron impu lses, 942, 943/ 

sodium, calcium, pocassium, and chloride 

channels,481--482,4811 

Von Gierke disease, 633cc 
vo n Wi llebrand factor 

doc formacion, 988, 989/ 

platelet plug formacion, 985 

V-cype transporters, 491 

w 
Warfarin, vitamin Kand, 995/ 

Water mo lecules 

acecyl group -acecyl CoA conversion, 555 

eleccrolyre dissociacion, 5-6, 5 f 
glycolysis, 593, 593/ 

hydrogen bonds, 4-5, 4F5/ 
in lens, 954-956, 954.1-9551, 955/ 

lipid solubilicylimics in, 1051 - 1052, 1052/ 

pH levels, 6--7, 61 
solvent propercies, 5 

Warer permeability, aquapnrins and, 479--481, 

480µ81/ 

Water -soluble second messenger, intracellular signal 

cransducrion, 510 
Water -soluble vitamins, 1075-1085 

ascorbic acid funccions, 1084, 1084/ 

choline and carnicine functions, 1085, 1085/ 

energy-releasing, 1075- 1079 

cx-lipoic acid, 1079 

niacin, NAD/NADP formacion, l0 n - 1078, 

1078/ 
pancochenic and biocin formation, 1079 

pyridoxine formacion, 1078 - 1079, 1078/ 

riboflavin, FAD/FMN coenzyme formacion, 

1077, 1077/ 

thiamin -chiamin pyrophosphate conversion, 

1075- 1076, 1075/ 
hematopoiecic vicamins, 1079 - 1083 

folicacid metabolism, 1079- 1082 , 

1080F1081/ 
vitamin B12, 1082- 1083 

Watson -Crick base pairing, 33 
DNA model, 33-34, 33F34/ 
cransfer RNA, 64, 64/ 

Weak acids, 7 

classificacion, 7 

homeoscasis in animals and, 9cl 

Weak eleccrolyres, 5 
wacer mo lecule dissociation, 5--6 

Weel kinase, ceU cycle regulation, 1006 
\Vernicke-Korsakoff syndrome, cranskerolase 

anomalies, 651cc 

Wobble hypothesis, codon-anticodon interactions, 

212--215, 213t-214,, 214/ 

Wolman disease, 20cc 
Writhing of double helix, replication fork and 

parental strand untwisting, 148 

X 
Xanchine oxidase inhibitors, plane isolacion of, 407cc 

Xanchine oxidoreducrase (XOR), purine synthesis, 
820-821, 821/ 

X chromosome, trichromatic color v ision, 966 

Xenobioric substrates 

activacion, 437 
cytochrome P450 exogenous me.cabolism, 43 1, 

436--440, 436/, 437, 
inactivacion, 437--438 

coxic metabolites, 437 
Xeroderma pigmencosum (XP), nucleotide excision 

repair, 169, 170cc 

XJAP protein, 1012/, 1014 
X-ray crystaUography 

hemoglobin and myoglobin, 355 - 357, 356[.3571 

serine protease tertiary structure, 3491 

X-ray diffraccion 
protein scrucrure, 120-121 

three-dimensional protein structure, 129- 131 , 

130F131/ 
X-S-NO transport, hemoglobin oxygen delivery, 

366--367,366F367/ 
Xylitol dehydrogenase, pencosuria and deficiency 

of, 656cc 

Xylulose 5-phosphate, pencose phosphate 

interconversions, 650, 651/ 

L-Xylulose reducrase deficiency , pencosuria and 

deficiency of, 656cc 

y 

YACs. See Yeast artificial chromosomes 

Yeast artificial chromosomes (YACs) 

DNA fragment cloning, 278-279 

H uncingron disease research, 279cc 

Yeast two-hybrid assay, protein comp lexes, 99- 100 , 

99FI00/ 

z 
Z disk, skeletal muscles, 969, 969/ 

Z -DNA,38 

conformacion, 38--41, 39F4lf. 401 
Zidovudine (AZT), resistance co, nucleoside analogs 

and, 144cc 

Zinc 

deficiency , 1092 
protein requirements, 1091- 1092 

Zinc finger protein, transcription regulacion and 
DNA binding, 322, 323-324, 324/ 

Zinc ions, as enzyme cofactors, 393-394, 

393F394/ 
Zone electrophoresis, protein separacion, 122 

Z protein, bilirubin conjugation, 798 -799 

Zwirterion form 
glycerophospholipids, 460 
monoamino dicaiboxylic acid titration, 84-85, 

85/ 
monoamino moncarboxylic acid titracion, 84 

Zymogens, 344 
blood coagulacion, 995d 
digesrive enzymes and, I 033, 1034/ 

protein digestion, 10441, 1045- 1046, 1045/ 

proteolysis and activacion of, 240, 241/ 

serine protease syncbesis, 347 - 348, 348/ 



Abbreviations in Biochemistry 

A (orAde) adenine dTDP thymidine diphosphace 

Ah antibody dTMP thymidine monophosphace 

ABC ATP-binding cassette dITP chymidine cciphosphace 

Ach acecylcholine EcoRl EcoR l rescriccion endonuclease 

ACP acyl carrier protein EF elongation factor 

ACTH adrenocorcicoccopic hormone EGF epidermal growth faccor 

acyl CoA acyl derivative of CoA ER endoplasmic reticulum 

ADH ancidiurecic hormone FAD oxidized flavin adenine dinucleocide 

AdoMet S-adenosylmethionine FADH2 reduced flavin adenine dinucleocide 

ADP adenosine diphosphace Fd ferrodoxin 

Ag antigen lMet formylmcthionine 

AlA 8-amino levulinic acid FMN flavin mononucleotide (oxidized form) 

Ala alanine FMNH2 flavin mononucleoride (reduced form) 

AMP adenosine monophosphare FOX fatcy acid oxidation 

ANF accial nacciuretic factor Fp flavoprotein 

Arg arginine G (or Gua) guanine 

ARS auconomous ly replicating sequence G Gibbs free energy 

Asn asparagine GABA -y-aminobucyric acid 

Asp asparrare Gal galacrose 

ATP adenosine rriphosphate GDP guanosine diphosphare 

ATPase adenosine rriphospharase Gi inhibitory G procein 

BAC bacterial artificial chromosome Glc glucose 

BCAA branched-chain amino acid Gin gluramine 

BMR basal mecabolic rare Glu gluramace 

bp base pairs Gly glycine 

BPG o-2,3 -bisphosphoglycerate GMP guanosine monophosphace 

C (or Cyt) cytosine Gs scimulatocy G protein 

CaM calmodulin GSH glurathione reduced 
cAMP (cyclic AMP) 3' ,5' -cyclic adenosine monophosphace GSSG glurachione oxidized 

CAP carabolite gene activator protein GTP guanosine rriphosphate 

CBC cap binding complex Hb hemoglobin 

CDK cyclin dependent kinase HbCO carbon monoxide hemog lobin 

cDNA complementary DNA Hb0 2 oxyhemoglob in 

CDP cyridine diphosphace HDL high density lipoprorein 

CETP cholcsteryl ester ccansfcr protein hFSC human embryonic stem cell 

CMP cyridine monophosphate HMGCoA J3-hydroxy-J3-mechylgluraryl CoA 

CoAorCoASH coenzymeA hnRNA heterogeneous nuclear RNA 

CoQ coenzyme Q (ubiquinone) HPETE monohydroperoxy -eicosatcrraenoic acid 

CRE cAMP response element HPLC high-performance liquid chromatography 

CRP cAMP receptor protein HSP hear shock protein 

CTP cyridine cciphosphate HX hypoxanchine 

cyclic AMP 3' ,5' -cyclic monophosphate adenosine Hyp hydroxyproline 

cyclic GMP 3' ,5' -cyclic monophosphate guanosine IDL intermediate density lipoprorein 

Cys cysteine IDP inosine diphosphate 

d 2 ' -deoxyribo IF initiation factor 

Da Dalton If intermediate filament 

DAG 1,2-diacylglycerol IgG immunog lobulin G 

dd dideoxy IMP inosine monophosphare 

DFP diisopropylfluorophosphare IP3 (InsP,) inositol 1,4,5 ccisphosphare 

DHAP dihydroxyacetone phosphate IRE insulin response elements 

DHF dihydrofo lare IS insertion sequence 

DNA deoxyribon ucleic acid ITP inosine rri phosphate 

Doi dolichol J joule 

Dopa 3,4-dihydroxypheny lalanine Kb kilo base pair 

dsDNA doub le-stran ded DNA Kcal kilocalories 



k,,.. enzyme turnover number R gas constant 

kDa kiloDalron RE restriction endonucleases 

kJ kilojoule RER rough endoplasmic reticulum 

K,,, Michaelis-Mencen constant RF release facror 

LDL low density lipoprotein RFLP restriction fragment length polymorphism 

Leu leucine RNA ribonucleic acid 

Ile isoleucine RNAi interference RNA 

Lys lysine RNase ribonuclease 

m milli (10- 3) RQ respiratory quotient (CO 2 production/0 2 

M molar (mol/L) consumption) 

Mb myoglobin RXR retinoid X receptor 

Mb0 2 oxymyoglobin rRNA ribosomal RNA 

Met methionine s Svedberg unit 

MetHb methemog lobin SAM S-adenosylmethionine 

mi.RNA microRNA Ser serine 

mol mole SER smooth endoplasmic reticulum 

mRNA messenger RNA SH sulfhydryl 

mtDNA mitochondrial DNA sHSP small heat shock proteins 

N Avogadro's number si.RNA small inhibitory RNA 

NAD+ oxidized nicotinami de adenine dinucleotide SMF sodium motive force 

NADH reduced nicotinamide adenine dinucleotide SMP-DNA slipped-mispaired DNA 

NADP+ oxidized nicotinamide adenine dinucleotide SNARE synaptosome-associated protein receptor 

phosphate SNP single-nucleotide polymorphism 

NADPH reduced nicotinamide adenine dinucleotide snRNA small nuclear RNA 
phosphate snRNP small nuclear ribonucleoprotein 

NANA N-acerylneurarninic acid SRP signal recognition particle 
NOP nucleoside diphosphare SSB single-scrand binding protein 
NSAID nonsteroidal anti-inflammatory drug T (or Thy) thymine 
NTP nucleoside triphosphate T3 criiodo-L-chyronine 
ORC origin recognition comp lex TCA cricarboxylic acid cycle 
oriC origin of chromosomal replication TF transcription factor 
p phosphate TG triacylglycerol 
PAF platelet activating facror THF tetrahydrofolate 
PBG porphobilinogen TIP chymidine triphosphare 
PC phosph aridylcholine Tm melting temperature 
PCR polymerase chain reaction TM transmembrane 
PE phospharidylethano lamine TNFa rumor necrosis faccor a 
PEP phosphoenolpyruvate TPP chiarnin pyrophosphate 
PG prosraglandin tRNA transfer RNA 
Phe phenylalanine Trp tryptophan 
Pi inorganic orthophosphate Tyr rycosine 
PI phosphatidy linositol U (or Ura) uracil 
PIP2 phosph atidylinositol 4,5-bisphosphate UDP uridine diphosphate 
PIP3 phosph atidylinositol 1,4,5-crisphosphace UDP-galactose uridine diphosphate galactose 
PKU phenylketonuria UDP-glucose uridine diphosph ate glucose 
PLP pyridoxal 5-phosph atc UMP uridine monophosphate 
PMF proron motive force UTP uridine criphosphate 
PMN polymorphonuclear Val valine 
pol DNA polymerase VEGFR-3 vascular endothelial growth factor 
PPAR peroxisome proliferator activated recepror recepror-3 

PPi inorganic pyrophosph ate VLDL very low density lipoprocein 

Pro proline vm maximal velocity 

PRPP phosphoribosyl pyrophosphate XMP xanthosine monophosphate 

Q ubiquinone (CoQ) YAC yeast artificial chromosome 



The Genetic Codea 
u C A G 

uuu 
Phe 

ucu UAU 
Tyr UGU ] u 

uuc ucc UAC UGC Cys C u 
UUA UCA Ser UM UGA Stop A 
UUG 

Leu 
UCG UAG 

Smp 
UGG Trp G 

cuu CCU CAU ff CGU u 
C 

CUC CCC CAC IS CGC Ar C 
CUA Leu CCA Pro CAA 

Gin 
CGA g A 

CUG CCG CAG CGG G 

5' Base 3' Base 

AUUI ACU MU 
Asn 

AGU 
Ser 

u 
AUC Ile ACCTh MC AGC C 

A 
AUA ACA r AM AGA A 
AUG Met ACG MG 

Lys 
AGG 

Arg 
G 

GUU GCU GAU] GGU u 
G GUC Val GCC Al GAC Asp GGC C 

GUA GCA a GM GGA Gly A 
GUG GCG GAG Glu GGG G 

4 The genecic code comprises 64 codons, which are permucacions of four bases taken in threes. Nore the 
importance of sequence: three bases, each used once per triplet codon, give six permucacions: ACG, AGC, 
GAC, GCA, CAG, and CGA, for threonine, serine, asparcare, alanine, glucamine, and arginine, respectively. 

Nonuniversal Codon Usage 
in Mammalian Mitochondr ia 

Abbreviations for the Amino Acids 
Abbreviation 

Codon Usual Code Mitochondrial Code AmittoAcid Three Letter One Letter 

UGA Termination Trypcophan Alanine Ala A 

AUA Isoleucine Methionine Arginine Arg R 

AGA Arginine Te rmination Asparagine Asn N 

AGG Arginine Termination Aspartare Asp D 

Asparagine or aspartate Asx B 

Cysreine Cys C 

Glycine Gly G 

Glutamine Gin Q 
Glutamate Glu E 

Glutamine or glutamate Glx z 
Histidine His H 

lsoleucine Ile I 

Leucine Leu L 

Lysine Lys K 

Methionine Mer M 

Phenylalanine Phe F 

Proline Pro p 

Selenocysteine Sec u 
Serine Ser s 
Threonine Thr T 

Tryptophan Trp 'W 

Tyrosine Tyr y 

Valine Val V 
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