
Metabolic charts

Explanations

The following 13 plates (pp. 407–419) provide
a concise schematic overview of the most
important metabolic pathways. Explanatory
text is deliberately omitted from them.

These “charts”:
• Contain details of metabolic pathways that

are only shown in outline in the main text
for reasons of space. This applies in partic-
ular to the synthesis and degradation of the
amino acids and nucleotides, and for some
aspects of carbohydrate and lipid metabo-
lism.

• Offer a quick overview of a specific path-
way, the metabolites that arise in it, and the
enzymes involved.

• Can be used for reference purposes and for
revising material previously learned.

The most important intermediates are shown
with numbers in the charts. The correspond-
ing compounds can be identified using the
table on the same page.

In addition, at each step the four-figure EC
number (see p. 88) for the enzyme responsi-
ble for a reaction is given in italics. The en-
zyme name and its systematic classification in
the system used by the Enzyme Catalogue are
available in the following annotated enzyme
list (pp. 420–430), in which all of the enzymes
mentioned in this book are listed according to
their EC number. The book’s index is helpful
when looking for a specific enzyme in the
text.

In reactions that involve coenzymes, the
coenzyme names are also given (sometimes
in simplified form). Particularly important
starting, intermediate, or end products are
given with the full name, or as formulae.

Example

On p. 407, the initial step of the dark reactions
in plant photosynthesis (in the Calvin cycle) is
shown at the top left.

In this reaction, one molecule of ribulose-
1,5-bisphosphate (metabolite 1) and one mol-
ecule of CO2 (metabolite 2) give rise to two
molecules of 3-phosphoglycerate (metabolite
3). The enzyme responsible has the EC
number 4.1.1.39. The annotated enzyme list
shows that this refers to ribulose bisphosphate
carboxylase (“rubisco” for short). Rubisco be-
longs to enzyme class 4 (the lyases) and,
within that group, to subclass 4.1 (the car-
boxy-lyases). It contains copper as a cofactor
([Cu]).
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420 Annotated enzyme list

Annotated enzyme list

Only the enzymes mentioned in this atlas are listed here, from among the more than 2000
enzymes known. The enzyme names are based on the IUBMB’s of cial Enzyme nomenclature
1992. The additions shown in round brackets belong to the enzyme name, while prosthetic
groups and other cofactors are enclosed in square brackets. Common names of enzyme groups
are given in italics, and trivial names are shown in quotation marks.

Class 1: Oxidoreductases (catalyze reduction-oxidation reactions)

Subclass 1.n: What is the electron donor?
Sub-subclass 1.n.n: What is the electron acceptor?

1.1 A –CH–OH group is the donor

1.1.1 NAD(P)+ is the acceptor (dehydrogenases, reductases)
1.1.1.1 Alcohol dehydrogenase [Zn2+]
1.1.1.3 Homoserine dehydrogenase
1.1.1.8 Glycerol 3-phosphate dehydrogenase (NAD+)
1.1.1.21 Aldehyde reductase
1.1.1.27 Lactate dehydrogenase
1.1.1.30 3-Hydroxybutyrate dehydrogenase
1.1.1.31 3-Hydroxyisobutyrate dehydrogenase
1.1.1.34 Hydroxymethylglutaryl-CoA reductase (NADPH)
1.1.1.35 3-Hydroxyacyl-CoA dehydrogenase
1.1.1.37 Malate dehydrogenase
1.1.1.40 Malate dehydrogenase (oxaloacetate-decarboxylating, NADP+)—“malic enzyme”
1.1.1.41 Isocitrate dehydrogenase (NAD+)
1.1.1.42 Isocitrate dehydrogenase (NADP+)
1.1.1.44 Phosphogluconate dehydrogenase (decarboxylating)
1.1.1.49 Glucose 6-phosphate 1-dehydrogenase
1.1.1.51 3(or 17)β-Hydroxysteroid dehydrogenase
1.1.1.95 Phosphoglycerate dehydrogenase
1.1.1.100 3-Oxoacyl-[ACP] reductase
1.1.1.101 Acylglycerone phosphate reductase
1.1.1.105 Retinol dehydrogenase
1.1.1.145 3β-Hydroxy-∆5-steroid dehydrogenase
1.1.1.205 IMP dehydrogenase

1.1.3 Molecular oxygen is the acceptor (oxidases)
1.1.3.4 Glucose oxidase [FAD]
1.1.3.8 L-Gulonolactone oxidase
1.1.3.22 Xanthine oxidase [Fe, Mo, FAD]
1.1.99.5 Glycerol-3-phosphate dehydrogenase (FAD)

1.2 An aldehyde or keto group is the donor

1.2.1 NAD(P)+ is the acceptor (dehydrogenases)
1.2.1.3 Aldehyde dehydrogenase (NAD+)
1.2.1.11 Aspartate semialdehyde dehydrogenase
1.2.1.12 Glyceraldehyde 3-phosphate dehydrogenase
1.2.1.13 Glyceraldehyde 3-phosphate dehydrogenase (NADP+) (phosphorylating)
1.2.1.24 Succinate semialdehyde dehydrogenase
1.2.1.25 2-Oxoisovalerate dehydrogenase (acylating)
1.2.1.38 N-Acetyl-γ-glutamylphosphate reductase
1.2.1.41 Glutamylphosphate reductase
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421Annotated enzyme list

1.2.4 A disulfide is the acceptor
1.2.4.1 Pyruvate dehydrogenase (lipoamide) [TPP]
1.2.4.2 Oxoglutarate dehydrogenase (lipoamide) [TPP]

1.2.7 An Fe/S protein is the acceptor
1.2.7.2 2-Oxobutyrate synthase

1.3 A –CH–CH– group is the donor
1.3.1.10 Enoyl-[ACP] reductase (NADPH)
1.3.1.24 Biliverdin reductase
1.3.1.34 2,4-Dienoyl-CoA reductase
1.3.5.1 Succinate dehydrogenase (ubiquinone) [FAD, Fe2S2, Fe4S4], “complex II”
1.3.99.3 Acyl-CoA dehydrogenase [FAD]
1.3.99.11 Dihydroorotate dehydrogenase [FMN]

1.4 A –CH–NH2 group is the donor
1.4.1.2 Glutamate dehydrogenase
1.4.3.4 Amine oxidase [FAD], “monoamine oxidase (MAO)”
1.4.3.13 Protein lysine 6-oxidase [Cu]
1.4.4.2 Glycine dehydrogenase (decarboxylating) [PLP]

1.5 A –CH–NH group is the donor
1.5.1.2 Pyrroline-5-carboxylate reductase
1.5.1.3 Dihydrofolate reductase
1.5.1.5 Methylenetetrahydrofolate dehydrogenase (NADP+)
1.5.1.12 1-Pyrroline-5-carboxylate dehydrogenase
1.5.1.20 Methylenetetrahydrofolate reductase (NADPH) [FAD]
1.5.5.1 Electron-transferring flavoprotein (ETF) dehydrogenase [Fe4S4]
1.5.99.8 Proline dehydrogenase [FAD]

1.6 NAD(P)H is the donor
16.4.2 Glutathione reductase (NADPH) [FAD]
1.6.4.5 Thioredoxin reductase (NADPH) [FAD]
1.6.5.3 NADH dehydrogenase (ubiquinone) [FAD, Fe2S2, Fe4S4]—“complex I”

1.8 A sulfur group is the donor
1.8.1.4 Dihydrolipoamide dehydrogenase [FAD]

1.9 A heme group is the donor
1.9.3.1 Cytochrome c oxidase [heme, Cu, Zn] – “cytochrome oxidase,” “complex IV”

1.10 A diphenol is the donor
1.10.2.2 Ubiquinol cytochrome c reductase [heme, Fe2S2]—“complex III”

1.11 A peroxide is the acceptor (peroxidases)
1.11.1.6 Catalase [heme]
1.11.1.7 Peroxidase [heme]
1.11.1.9 Glutathione peroxidase [Se]
1.11.1.12 Lipid hydroperoxide glutathione peroxidase [Se]

1.13 Molecular oxygen is incorporated into the electron donor (oxygenases)

1.13.11 One donor, both O atoms are incorporated (dioxygenases)
1.13.11.5 Homogentisate 1,2-dioxygenase [Fe]
1.13.11.20 Cysteine dioxygenase [Fe]
1.13.11.27 4-Hydroxyphenylpyruvate dioxygenase [ascorbate]
1.13.11.n Arachidonate lipoxygenases
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422 Annotated enzyme list

1.14 Two donors, one O atom is incorporated into both (monooxygenases, hydroxylases)
1.14.11.2 Procollagen proline 4-dioxygenase [Fe, ascorbate]—“proline hydroxylase”
1.14.11.4 Procollagen lysine 5-dioxygenase [Fe, ascorbate]—“lysine hydroxylase”
1.14.13.13 Calcidiol 1-monooxygenase [heme]
1.14.15.4 Steroid 11β-monooxygenase [heme]
1.14.15.6 Cholesterol monooxygenase (side-chain-cleaving) [heme]
1.14.16.1 Phenylalanine 4-monooxygenase [Fe, tetrahydrobiopterin]
1.14.16.2 Tyrosine 3-monooxygenase [Fe, tetrahydrobiopterin]
1.14.17.1 Dopamine β-monooxygenase [Cu]
1.14.99.1 Prostaglandin H-synthase [heme]
1.14.99.3 Heme oxygenase (decyclizing) [heme]
1.14.99.5 Stearoyl-CoA desaturase [heme]
1.14.99.9 Steroid 17α-monooxygenase [heme]
1.14.99.10 Steroid 21-monooxygenase [heme]

1.15 A superoxide radical is the acceptor
1.15.1.1 Superoxide dismutase

1.17 A –CH2 group is the donor
1.17.4.1 Ribonucleoside diphosphate reductase [Fe]—“ribonucleotide reductase”

1.18 Reduced ferredoxin is the donor
1.18.1.2 Ferredoxin-NADP+ reductase [FAD]
1.18.6.1 Nitrogenase [Fe, Mo, Fe4S4]

Class 2: Transferases (catalyze the transfer of groups from one molecule to another)

Subclass 2.n: Which group is transferred?

2.1 A C1 group is transferred

2.1.1 A methyl group
2.1.1.2 Guanidinoacetate N-methyltransferase
2.1.1.6 Catechol O-methyltransferase
2.1.1.13 5-Methyltetrahydrofolate-homocysteine S-methyltransferase
2.1.1.28 Phenylethanolamine N-methyltransferase
2.1.1.45 Thymidylate synthase
2.1.1.67 Thiopurine methyltransferase

2.1.2 A formyl group
2.1.2.1 Glycine hydroxymethyltransferase [PLP]
2.1.2.2 Phosphoribosylglycinamide formyltransferase
2.1.2.3 Phosphoribosylaminoimidazolecarboxamide formyltransferase
2.1.2.5 Glutamate formiminotransferase [PLP]
2.1.2.10 Aminomethyltransferase

2.1.3 A carbamoyl group
2.1.3.2 Aspartate carbamoyltransferase [Zn2+]

2.1.3.3 Ornithine carbamoyltransferase

2.1.4 An amidino group
2.1.4.1 Glycine amidinotransferase

2.2 An aldehyde or ketone residue is transferred
2.2.1.1 Transketolase [TPP]
2.2.1.2 Transaldolase
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423Annotated enzyme list

2.3 An acyl group is transferred

2.3.1 With acyl-CoA as donor
2.3.1.1 Amino acid N-acetyltransferase
2.3.1.6 Choline O-acetyltransferase
2.3.1.12 Dihydrolipoamide acetyltransferase [lipoamide]
2.3.1.15 Glycerol 3-phosphate O-acyltransferase
2.3.1.16 Acetyl-CoA acyltransferase
2.3.1.20 Diacylglycerol O-acyltransferase
2.3.1.21 Carnitine O-palmitoyltransferase
2.3.1.22 Acylglycerol O-palmitoyltransferase
2.3.1.24 Sphingosine N-acyltransferase
2.3.1.37 5-Aminolevulinate synthase [PLP]
2.3.1.38 [ACP] S-acetyltransferase
2.3.1.39 [ACP] S-malonyltransferase
2.3.1.41 3-Oxoacyl-[ACP] synthase
2.3.1.42 Glycerone phosphate O-acyltransferase
2.3.1.43 Phosphatidylcholine-sterol acyltransferase—“lecithin-cholesterol acyltransferase

(LCAT)”
2.3.1.51 Acylgylcerol-3-phosphate O-acyltransferase
2.3.1.61 Dihydrolipoamide succinyltransferase
2.3.1.85 Fatty-acid synthase

2.3.2 An aminoacyl group is transferred
2.3.2.2 γ-glutamyltransferase
2.3.2.12 Peptidyltransferase (a ribozyme)
2.3.2.13 Protein-glutamine γ-glutamyltransferase [Ca]—“fibrin-stabilizing factor”

2.4 A glycosyl group is transferred

2.4.1 A hexose residue
2.4.1.1 Phosphorylase [PLP]—“glycogen (starch) phosphorylase”
2.4.1.11 Glycogen (starch) synthase
2.4.1.17 Glucuronosyltransferase
2.4.1.18 1,4-α-Glucan branching enzyme
2.4.1.25 4-α-Glucanotransferase
2.4.1.47 N-Acylsphingosine galactosyltransferase
2.4.1.119 Protein glycotransferase

2.4.2 A pentose residue
2.4.2.7 Adenine phosphoribosyltransferase
2.4.2.8 Hypoxanthine phosphoribosyltransferase
2.4.2.10 Orotate phosphoribosyltransferase
2.4.2.14 Amidophosphoribosyl transferase

2.5 An alkyl or aryl group is transferred
2.5.1.1 Dimethylallyltransferase
2.5.1.6 Methionine adenosyltransferase
2.5.1.10 Geranyltransferase
2.5.1.21 Farnesyl diphosphate farnesyltransferase

2.6 A nitrogen-containing group is transferred

2.6.1 An amino group (transaminases)
2.6.1.1 Aspartate transaminase [PLP]—“GOT”
2.6.1.2 Alanine transaminase [PLP]—“GPT”
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2.6.1.3 Cysteine transaminase [PLP]
2.6.1.5 Tyrosine transaminase [PLP]
2.6.1.6 Leucine transaminase (PLP]
2.6.1.11 Acetylornithine transaminase [PLP]
2.6.1.13 Ornithine transaminase [PLP]
2.6.1.19 4-Aminobutyrate transaminase [PLP]
2.6.1.42 Branched-chain amino acid transaminase [PLP]
2.6.1.52 Phosphoserine transaminase [PLP]

2.7 A phosphorus-containing group is transferred (kinases)

2.7.1 With –CH–OH as acceptor
2.7.1.1 Hexokinase
2.7.1.3 Ketohexokinase
2.7.1.6 Galactokinase
2.7.1.11 6-Phosphofructokinase
2.7.1.19 Phosphoribulokinase
2.7.1.28 Triokinase (triosekinase)
2.7.1.30 Glycerol kinase
2.7.1.32 Choline kinase
2.7.1.36 Mevalonate kinase
2.7.1.37 Protein kinase
2.7.1.38 Phosphorylase kinase
2.7.1.39 Homoserine kinase
2.7.1.40 Pyruvate kinase
2.7.1.67 1-Phosphatidylinositol-4-kinase
2.7.1.68 1-Phosphatidylinositol 4-phosphate kinase
2.7.1.82 Ethanolamine kinase
2.7.1.99 [Pyruvate dehydrogenase] kinase
2.7.1.105 6-Phosphofructo-2-kinase
2.7.1.112 Protein tyrosine kinase

2.7.2 With –CO–OH as acceptor
2.7.2.3 Phosphoglycerate kinase
2.7.2.4 Aspartate kinase
2.7.2.8 Acetylglutamate kinase
2.7.2.11 Glutamate 5-kinase

2.7.3 With a nitrogen-containing group as acceptor
2.7.3.2 Creatine kinase

2.7.4 With a phosphate group as acceptor
2.7.4.2 Phosphomevalonate kinase
2.7.4.3 Adenylate kinase
2.7.4.4 Nucleoside phosphate kinase
2.7.4.6 Nucleoside diphosphate kinase

2.7.6 A diphosphate residue is transferred
2.7.6.1 Ribose phosphate pyrophosphokinase

2.7.7 A nucleotide is transferred
2.7.7.6 DNA-directed RNA polymerase—“RNA polymerase”
2.7.7.7 DNA-directed DNA polymerase—“DNA polymerase”
2.7.7.9 UTP-glucose-l-phosphate uridyltransferase
2.7.7.12 Hexose-1-phosphate uridyltransferase
2.7.7.14 Ethanolamine phosphate cytidyltransferase
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2.7.7.15 Choline phosphate cytidyltransferase
2.7.7.41 Phosphatidate cytidyltransferase
2.7.7.49 RNA-directed DNA polymerase—“reverse transcriptase”

2.7.8 Another substituted phosphate is transferred
2.7.8.1 Ethanolaminephosphotransferase
2.7.8.2 Diacylglycerol cholinephosphotransferase
2.7.8.11 CDPdiacylglycerol-inositol 3-phosphatidyltransferase
2.7.8.16 1-Alkyl-2-acetylglycerol cholinephosphotransferase
2.7.8.17 N-Acetylglucosaminephosphotransferase

Class 3: Hydrolases (catalyze bond cleavage by hydrolysis)

Subclass 3.n: What kind of bond is hydrolyzed?

3.1 An ester bond is hydrolyzed (esterases)

3.1.1 In carboxylic acid esters
3.1.1.2 Arylesterase
3.1.1.3 Triacylglycerol lipase
3.1.1.4 Phospholipase A2

3.1.1.7 Acetylcholinesterase
3.1.1.13 Cholesterol esterase
3.1.1.17 Gluconolactonase
3.1.1.32 Phospholipase A1

3.1.1.34 Lipoprotein lipase, diacylglycerol lipase

3.1.2 In thioesters 3.1.2.4
3-Hydroxyisobutyryl-CoA hydrolase

3.1.2.14 Acyl-[ACP] hydrolase

3.1.3 In phosphoric acid monoesters (phosphatases)
3.1.3.1 Alkaline phosphatase [Zn2+]
3.1.3.2 Acid phosphatase
3.1.3.4 Phosphatidate phosphatase
3.1.3.9 Glucose 6-phosphatase
3.1.3.11 Fructose bisphosphatase
3.1.3.13 Bisphosphoglycerate phosphatase
3.1.3.16 Phosphoprotein phosphatase
3.1.3.37 Sedoheptulose bisphosphatase
3.1.3.43 [Pyruvate dehydrogenase] phosphatase
3.1.3.46 Fructose-2,6-bisphosphate 2-phosphatase
3.1.3.n Polynucleotidases

3.1.4 In phosphoric acid diesters (phosphodiesterases)
3.1.4.1 Phosphodiesterase
3.1.4.3 Phospholipase C
3.1.4.4 Phospholipase D
3.1.4.17 3�,5�-cNMP phosphodiesterase
3.1.4.35 3�,5�-cGMP phosphodiesterase
3.1.4.45 N-Acetylglucosaminyl phosphodiesterase

3.1.21 In DNA
3.1.21.1 Deoxyribonuclease I
3.1.21.4 Site-specific deoxyribonuclease (type II)—“restriction endonuclease”
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3.10.26–7 In RNA
3.1.26.4 Ribonuclease H
3.1.27.5 Pancreatic ribonuclease

3.2 A glycosidic bond is hydrolyzed (glycosidases)

3.2.1 In O-glycosides
3.2.1.1 α-Amylase
3.2.1.10 Oligo-1,6-glucosidase
3.2.1.17 Lysozyme
3.2.1.18 Neuraminidase
3.2.1.20 α-Glucosidase
3.2.1.23 β-Galactosidase
3.2.1.24 α -Mannosidase
3.2.1.26 β-Fructofuranosidase—“saccharase,” “invertase”
3.2.1.28 α,α-Trehalase
3.2.1.33 Amylo-1,6-glucosidase
3.2.1.48 Sucrose α-glucosidase
3.2.1.52 β-N-Acetylhexosaminidase
3.2.2.n Nucleosidases

3.3 An ether bond is hydrolyzed
3.3.1.1 Adenosylhomocysteinase

3.4 A peptide bond is hydrolyzed (peptidases)

3.4.11 Aminopeptidases (N-terminal exopeptidases)
3.4.11.n Various aminopeptidases [Zn2+]

3.4.13 Dipeptidases (act on dipeptides only)
3.4.13.n Various dipeptidases [Zn2+]

3.4.15 Peptidyl dipeptidases (C-terminal exopeptidases, releasing dipeptides)
3.4.15.1 Peptidyl-dipeptidase A [Zn2+]—“angiotensin-converting enzyme (ACE)”

3.4.17 Carboxypeptidases (C-terminal exopeptidases)
3.4.17.1 Carboxypeptidase A [Zn2+]
3.4.17.2 Carboxypeptidase B [Zn2+]
3.4.17.8 Muramoylpentapeptide carboxypeptidase

3.4.21 Serine proteinases (endopeptidases)
3.4.21.1 Chymotrypsin
3.4.21.4 Trypsin
3.4.21.5 Thrombin
3.4.21.6 Coagulation factor Xa—“Stuart–Prower factor”
3.4.21.7 Plasmin
3.4.21.9 Enteropeptidase—“enterokinase”
3.4.21.21 Coagulation factor VIIa—“proconvertin”
3.4.21.22 Coagulation factor IXa—“Christmas factor”
3.4.21.27 Coagulation factor XIa—“plasma thromboplastin antecedent”
3.4.21.34 Plasma kallikrein
3.4.21.35 Tissue kallikrein
3.4.21.36 Elastase
3.4.21.38 Coagulation factor XIIa—“Hageman factor”
3.4.21.43 C3/C5 convertase (complement—classical pathway)
3.4.21.47 C3/C5 convertase (complement—alternative pathway)

426 Annotated enzyme list
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427Annotated enzyme list

3.4.21.68 Plasminogen activator (tissue)—“tissue plasminogen activator (t-PA)”
3.4.21.73 Plasminogen activator (urine)—“urokinase”

3.4.22 Cysteine proteinases (endopeptidases)
3.4.22.2 Papain

3.4.23 Aspartate proteinases (endopeptidases)
3.4.23.1 Pepsin A
3.4.23.2 Pepsin B
3.4.23.3 Gastricsin (pepsin C)
3.4.23.4 Chymosin
3.4.23.15 Renin

3.4.24 Metalloproteinases (endopeptidases)
3.4.24.7 Collagenase

3.4.99 Other peptidases
3.4.99.36 Signal peptidase

3.5 Another amide bond is hydrolyzed (amidases)
3.5.1.1 Asparaginase
3.5.1.2 Glutaminase
3.5.1.16 Acetylornithine deacetylase [Zn2+]
3.5.2.3 Dihydroorotase
3.5.2.7 Imidazolonepropionase
3.5.3.1 Arginase
3.5.4.6 AMP deaminase
3.5.4.9 Methylenetetrahydrofolate cyclohydrolase
3.5.4.10 IMP cyclohydrolase

3.6 An anhydride bond is hydrolyzed
3.6.1.6 Nucleoside diphosphatase
3.6.1.32 Myosin ATPase
3.6.1.34 H+-transporting ATP synthase—“ATP synthase,” “complex V”
3.6.1.35 H+-transporting ATPase
3.6.1.36 H+/K+-exchanging ATPase
3.6.1.37 Na+/K+-exchanging ATPase—“Na+/K+-ATPase”
3.6.1.38 Ca2+-transporting ATPase

3.7 A C–C bond is hydrolyzed
3.7.1.2 Fumarylacetoacetase

Class 4: Lyases (cleave or form bonds without oxidative or hydrolytic steps)

Subclass 4.n: What kind of bond is formed or cleaved?

4.1 A C–C bond is formed or cleaved

4.1.1 Carboxy-lyases (carboxylases, decarboxylases)
4.1.1.1 Pyruvate decarboxylase [TPP]
4.1.1.15 Glutamate decarboxylase [PLP]
4.1.1.21 Phosphoribosylaminoimidazole carboxylase
4.1.1.23 Orotidine-5�-phosphate decarboxylase
4.1.1.28 Aromatic L-amino acid decarboxylase [PLP]
4.1.1.32 Phosphoenolpyruvate carboxykinase (GTP)
4.1.1.39 Ribulose bisphosphate carboxylase [Cu]—“rubisco”
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428 Annotated enzyme list

4.1.2 Acting on aldehydes or ketones
4.1.2.5 Threonine aldolase [PLP]
4.1.2.13 Fructose bisphosphate aldolase—“aldolase”
4.1.3.4 Hydroxymethylglutaryl-CoA lyase
4.1.3.5 Hydroxymethylglutaryl-CoA synthase
4.1.3.7 Citrate synthase
4.1.3.8 ATP-citrate lyase
4.1.3.18 Acetolactate synthase [TPP, flavin]

4.1.99 Other C–C lyases
4.1.99.3 Deoxyribodipyrimidine photolyase [FAD]—“photolyase”

4.2 A C–O bond is formed or cleaved

4.2.1 Hydrolyases (hydratases, dehydratases)
4.2.1.1 Carbonate dehydratase [Zn2+]—“carbonic anhydrase”
4.2.1.2 Fumarate hydratase—“fumarase”
4.2.1.3 Aconitate hydratase [Fe4S4]—“aconitase”
4.2.1.11 Phosphopyruvate hydratase—“enolase”
4.2.1.13 Serine dehydratase
4.2.1.17 Enoyl-CoA hydratase
4.2.1.18 Methylglutaconyl-CoA hydratase
4.2.1.22 Cystathionine β-synthase [PLP]
4.2.1.24 Porphobilinogen synthase
4.2.1.49 Urocanate hydratase
4.2.1.61 3-Hydroxypalmitoyl-[ACP] dehydratase
4.2.1.75 Uroporphyrinogen III synthase

4.2.99 Other C–O lyases
4.2.99.2 Threonine synthase [PLP]

4.3 A C–N bond is formed or cleaved

4.3.1 Ammonia lyases 4.3.1.3
Histidine ammonia lyase

4.3.1.8 Hydroxymethylbilane synthase

4.3.2 Amidine lyases 4.3.2.1
Argininosuccinate lyase

4.3.2.2 Adenylosuccinate lyase

4.4 A C–S bond is formed or cleaved
4.4.1.1 Cystathionine γ-lyase [PLP]

4.6 A P–O bond is formed or cleaved
4.6.1.1 Adenylate cyclase
4.6.1.2 Guanylate cyclase

Class 5: Isomerases (catalyze changes within one molecule)

Subclass 5.n: What kind of isomerization is taking place?

5.1 A racemization or epimerization (epimerases)
5.1.3.1 Ribulose phosphate 3-epimerase
5.1.3.2 UDPglucose 4-epimerase
5.1.3.4 L-Ribulose phosphate 4-epimerase
5.1.99.1 Methylmalonyl-CoA epimerase
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5.2 A cis–trans isomerization
5.2.1.2 Maleylacetoacetate isomerase
5.2.1.3 Retinal isomerase
5.2.1.8 Peptidyl proline cis–trans-isomerase

5.3 An intramolecular electron transfer
5.3.1.1 Triose phosphate isomerase
5.3.1.6 Ribose 5-phosphate isomerase
5.3.1.9 Glucose 6-phosphate isomerase
5.3.3.1 Steroid ∆-isomerase
5.3.3.8 Enoyl-CoA isomerase
5.3.4.1 Protein disulfide isomerase

5.4 An intramolecular group transfer (mutases)
5.4.2.1 Phosphoglycerate mutase
5.4.2.2 Phosphoglucomutase
5.4.2.4 Bisphosphoglycerate mutase
5.4.99.2 Methylmalonyl-CoA mutase [cobamide]

5.99 Another kind of isomerization
5.99.1.2 DNA topoisomerase (type I)—“DNA helicase”
5.99.1.3 DNA topoisomerase (ATP-hydrolyzing, type II)—“DNA gyrase”

Class 6: Ligases (join two molecules with hydrolysis of an “energy-rich” bond)

Subclass 6.n: What kind of bond is formed?

6.1 A C–O bond is formed
6.1.1.n (Amino acid)-tRNA ligases (aminoacyl-tRNA synthetases)

6.2 A C–S bond is formed
6.2.1.1 Acetate-CoA ligase
6.2.1.3 Long-chain fatty-acid-CoA ligase
6.2.1.4 Succinate-CoA ligase (GDP-forming)—“thiokinase”

6.3 A C–N bond is formed
6.3.1.2 Glutamate-NH3 ligase—“glutamine synthetase”
6.3.2.6 Phosphoribosylaminoimidazolesuccinocarboxamide synthase (sorry!)
6.3.3.1 Phosphoribosylformylglycinamidine cycloligase
6.3.3.2 5-Formyltetrahydrofolate cycloligase
6.3.4.2 CTP synthase
6.3.4.4 Adenylosuccinate synthase
6.3.4.5 Argininosuccinate synthase
6.3.4.13 Phosphoribosylamine glycine ligase
6.3.4.16 Carbamoylphosphate synthase (NH3)
6.3.5.2 GMP synthase (glutamine-hydrolyzing)
6.3.5.3 Phosphoribosylformylglycinamidine synthase
6.3.5.4 Asparagine synthase (glutamine-hydrolyzing)
6.3.5.5 Carbamoylphosphate synthase (glutamine-hydrolyzing)

6.4 A C–C bond is formed
6.4.1.1 Pyruvate carboxylase [biotin]
6.4.1.2 Acetyl-CoA carboxylase [biotin]
6.4.1.3 Propionyl-CoA carboxylase [biotin]
6.4.1.4 Methylcrotonyl-CoA carboxylase [biotin]

6.5 A P–O bond is formed
6.5.1.1 DNA ligase (ATP)

429Annotated enzyme list
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431Abbreviations

Abbreviations

Abbreviations for amino acids, p. 60
For bases and nucleosides, p. 80
For monosaccharides, p. 38

AA Amino acid
ACE Angiotensin-converting en-

zyme (peptidyl-dipeptidase A)
ACP Acyl carrier protein
ACTH Adrenocorticotropic hormone

(corticotropin)
ADH Antidiuretic hormone (adiure-

tin, vasopressin)
ADP Adenosine 5�-diphosphate
AIDS Acquired immunodeficiency

syndrome
ALA 5-Aminolevulinic acid
AMP Adenosine 5�-monophosphate
ANF Atrial natriuretic factor
ANP Atrial natriuretic peptide

(= ANF)
ATP Adenosine 5�-triphosphate
AVP Arginine vasopressin
b Base
bp Base pair
BPG 2,3-Bisphosphoglycerate
cAMP 3�,5�-Cyclic AMP
CAP Catabolite activator protein
CDK Cyclin-dependent protein

kinase (in cell cycle)
cDNA Complementary DNA
CDP Cytidine 5�-diphosphate
cGMP 3�,5�-Cyclic GMP
CIA Chemoluminescence immuno-

assay
CMP Cytidine 5�-monophosphate
CoA Coenzyme A
CoQ Coenzyme Q (ubiquinone)
CSF colony-stimulating factor
CTP Cytidine 5�-triphosphate
d Deoxy-
Da Dalton (atomic mass unit)
DAG Diacylglycerol
dd Dideoxy-
DH Dehydrogenase
DNA Deoxyribonucleic acid
dsDNA Double-stranded DNA
EA Ethanolamine
EIA Enzyme-linked immunoassay
ER Endoplasmic reticulum

FAD Flavin adenine dinucleotide
Fd Ferredoxin
FFA Free fatty acid
fMet N-formylmethionine
FMN Flavin mononucleotide
Fp Flavoprotein (containing FMN

or FAD)
GABA γ-Aminobutyric acid
GDP Guanosine 5�-diphosphate
Glut Glucose transporter
GMP Guanosine 5�-monophosphate
GSH Reduced glutathione
GSSG Oxidized glutathione
GTP Guanosine 5�-triphosphate
h hour
HAT medium Medium containing hypoxan-

thine, aminopterin, and thymi-
dine

Hb Hemoglobin
HDL High-density lipoprotein
HIV Human immunodeficiency

virus
HLA Human leukocyte-associated

antigen
HMG-CoA 3-Hydroxy-3-methylglutaryl-

CoA
HMP Hexose monophosphate path-

way
hnRNA Heterogeneous nuclear ribo-

nucleic acid
HPLC High-performance liquid chro-

matography
hsp Heat-shock protein
IDL Intermediate-density lipopro-

tein
IF Intermediary filament
IFN Interferon
Ig Immunoglobulin
IL Interleukin
InsP3 Inositol 1,4,5-trisphosphate
IPTG Isopropylthiogalactoside
IRS Insulin-receptor substrate
kDa Kilodalton (103 atomic mass

units)
Km Michaelis constant
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432 Abbreviations

LDH Lactate dehydrogenase
LDL Low-density lipoprotein
M Molarity (mol  L–1)
Mab Monoclonal antibody
MAP kinase Mitogen-activated protein

kinase
MHC Major histocompatability

complex
MPF Maturation-promoting factor
mRNA Messenger ribonucleic acid
N Nucleotide with any base
NAD+ Oxidized nicotinamide adenine

dinucleotide
NADH Reduced nicotinamide adenine

dinucleotide
NADP+ Oxidized nicotinamide adenine

dinucleotide phosphate
NADPH Reduced nicotinamide adenine

dinucleotide phosphate
NeuAc N-acetylneuraminic acid
nm Nanometer (10–9 m)
ODH 2-Oxoglutarate dehydrogenase
PAGE Polyacrylamide gel electropho-

resis
Pan Pantetheine
PAPS Phosphoadenosine

phosphosulfate
PCR Polymerase chain reaction
PDH Pyruvate dehydrogenase
PEG Polyethylene glycol
PEP Phosphoenolpyruvate
pH pH value
Pi Inorganic phosphate
PK Protein kinase
PLP Pyridoxal phosphate
PP Protein phosphatase
PPP Pentose phosphate pathway
PQ Plastoquinone
PRPP 5-Phosphoribosyl 1-diphos-

phate
PS Photosystem
PTH Parathyroid hormone
Q Oxidized coenzyme Q (ubiqui-

none)

QH2 Reduced coenzyme Q (ubiqui-
nol)

R Gas constant
rER Rough endoplasmic reticulum
RES Reticuloendothelial system
RFLP Restriction fragment length

polymorphism
RIA Radioimmunoassay
RNA Ribonucleic acid
ROS Reactive oxygen species
RP Reversed phase (of silica gel)
rRNA Ribosomal ribonucleic acid
S Svedberg (unit of sedimenta-

tion coef cient)
SAH S-adenosyl L-homocysteine
SAM S-adenosyl L-methionine
SDS Sodium dodecylsulfate
sER Smooth endoplasmic reticulum
sn Stereospecific numbering
snRNA Small nuclear ribonucleic acid
SR Sarcoplasmic reticulum
ssDNA Single-stranded DNA
TBG Thyroxine-binding globulin
THB Tetrahydrobiopterin
THF Tetrahydrofolate
TLC Thin-layer chromatography
TPP Thiamine diphosphate
TRH Thyrotropin-releasing hor-

mone (thyroliberin)
Tris Tris(hydroxymethyl)aminome-

thane
tRNA Transfer ribonucleic acid
TSH Thyroid-stimulating hormone

(thyrotropin)
UDP Uridine 5�-diphosphate
UMP Uridine 5�-monophosphate
UTP Uridine 5�-triphosphate
UV Ultraviolet radiation
Vmax, V Maximal velocity (of an

enzyme)
VLDL Very-low-density lipoprotein
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Quantities and units

1. SI base units

Quantity SI unit Symbol Remarks

Length Meter m 1 yard (yd) = 0.9144 m
1 inch (in) = 0.0254 m
1 Å = 10–10 m = 0.1 nm

Mass Kilogram kg 1 pound (lb) = 0.4536 kg
Time Second s
Current strength Ampere A
Temperature Kelvin K °C (degree Celsius) = K – 273.2

Fahrenheit: °C = 5/9 (°F – 32)
Light Candela Cd
Amount of substance Mol mol

2 Derived units

Quantity Unit Symbol Derivation Remarks

Frequency Hertz Hz
S

–1

Volume Liter L 10–3  m3 1 U.S. gallon (gal) = 3.785 L
Force Newton N kg  m  s–2

Pressure Pascal Pa N  m–2 1 bar = 105 Pa
1 mmHg = 133.3 Pa

Energy, work, heat Joule J N  m 1 calorie (cal) = 4.1868 J
Power Watt W J  s–1

Electrical charge Coulomb C A  s
Voltage Volt V W  A–1

Concentration Molarity M mol  L–1

Molecular mass Dalton Da 1.6605  10–24 g
Molar mass – – g
Molecular weight – Mr – Nondimensional
Reaction rate v mol  s–1

Catalytic activity Katal kat mol  s–1 1 unit (U) = 1.67  10–8 kat
Specific activity – – kat  (kg

enzyme)–1
Usually: U  (mg enzyme)–1

Sedimentation
coef cient

Svedberg S 10–13 s

Radioactivity Becquerel Bq Decays  s–1 1 curie (Ci) = 3.7  1010 Bq

433Quantities and units

3 Multiples and fractions

Factor Prefix Sym-
bol

Example

109 Giga G GHz = 109 hertz
106 Mega M MPa = 106 pascal
103 Kilo k kJ = 103 joule
10–3 Milli m mM = 10–3 mol  L–1

10–6 Micro µ µV = 10–6 volt
10–9 Nano n nkat = 10–9 katal
10–12 Pico p pm = 10–12 meter

4 Important constants

General gas
constant, R

R = 8.314 J  mol–1  K–1

Loschmidt
(Avogadro)
number, N
(number of
particles per
mol)

N = 6.0225  1023

Faraday constant F F = 96480 C  mol–1
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Further reading

Textbooks

Alberts B, Bray D, Lewis J, Raff M, Roberts K, Watson JD. The molecular biology of the cell. 4th ed.
New York: Garland Science, 2002.

Berg JM, Tymoczko JL, Stryer L. Biochemistry. 5th ed. New York: Freeman, 2002.
Devlin TM, editor. Textbook of biochemistry: with clinical correlations. 5th ed. New York: Wiley-

Liss, 2002.
Granner DK, Mayes PA, Rodwell VW. Murray RK. Harper’s illustrated biochemistry. 26th ed. New

York : McGraw-Hill/Appleton and Lange, 2003.
Lodish H, Darnell J, Baltimore D. Molecular cell biology. 3rd ed. New York: Scientific American

Books, New York, 1995.
Mathews CK, van Holde KE, Ahern KG. Biochemistry. 3rd ed. San Francisco: Cummings, 2000.
Nelson DL, Cox MM. Lehninger principles of biochemistry. 3rd ed. New York: Worth, 2000.
Voet D, Voet JG. Biochemistry. 3rd ed. New York: Wiley, 2004.

Reference works

Branden C, Tooze J. Introduction to protein structure. New York: Garland, 1991.
Janeway CA, Travers P, editors. Immunobiology. 5th ed. New York: Garland, 2001.
Michal G, editor. Biochemical pathways: an atlas of biochemistry and molecular biology. New

York: Wiley, 1999.
Nature Publishing Group. Encyclopedia of life sciences. http://www.els.net [an Internet ency-

clopedia with up-to-date overview articles in every field of biochemistry and cell biology].
Webb EC, editor. Enzyme nomenclature 1992. San Diego: International Union of Biochemistry

and Molecular Biology/Academic Press, 1992.

Selected periodicals (journals and yearbooks)

Annual Review of Biochemistry. Annual Reviews, Inc., Palo Alto, CA, USA
[the most important collection of biochemical reviews].

Current Biology, Current Opinion in Cell Biology, Current Opinion in Structural Biology, and
related journals in this series. Current Biology, Ltd. London [short up-to-date reviews].

Trends in Biochemical Sciences. Elsevier Trends Journals, Cambridge, United Kingdom [the
“newspaper” for biochemists; of cial publication of the International Union of Biochemistry
and Molecular Biology (IUBMB)].
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Source credits

Individual graphic elements in the following plates are based on the following sources, used
with the kind permission of the authors and publishers concerned.

Page Figure Source

65 Goodsell DS, Trends Biochem Sci 1993; 18: 65–8
201 A Beckman Instruments, Munich, Bulletin no. DS-555A, p. 6, Fig. 6
203 B Goodsell DS, Trends Biochem Sci 1991; 16: 203–6, Figs. 1a and 1b
207 C Stryer L. Biochemistry. New York: Freeman, 1988, p. 945, Fig. 36–47
207 C Alberts B, et al. The molecular biology of the cell. New York: Gar-

land, 1989, p. 663, Fig.11–73B and p. 634, Fig.11–36
279 A, B Voet D, Voet JG. Biochemistry. New York: Wiley, 1990, p. 305,

Fig.11–45 and p. 306, Fig.11–47
295 A Voet D, Voet JG. Biochemistry. New York: Wiley, 1990, p.1097,

Fig. 34–13
297 A Voet D, Voet JG. Biochemistry. New York: Wiley, 1990, p.1112,

Fig. 34–33
297 A Janeway CA, Travers P. Immunology. Heidelberg, Germany: Spek-

trum, 1994, p.164, Fig. 4.3.c
333 B Voet D, Voet JG. Biochemistry. New York: Wiley, 1990, p.1126,

Fig. 34–55
335 B Darnell J, et al. Molecular cell biology. 2nd ed. New York: Freeman,

1990, p. 923, Fig. 23–26
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Index

Numbers in italics indicate figures.

A

A-DNA 86, 87
AA see amino acids
ABO blood groups 292, 293
absorption

A 102
light 102, 103, 128, 129

absorptive state 308
acceptors 6

electrons 88
site (A) 250

ACE see angiotensin-con-
verting enzyme

acetaldehyde see ethanal
acetate 13, 354
acetate-CoA ligase 320, 321,

354, 355, 429
acetic acid 49, 52, 53

activated see acetyl-CoA
acetoacetate 180
acetoacetic acid 160
acetoacetone 312
acetoacetyl-CoA 312
acetolactate synthase 428
acetylcholine 270
N-acetyl glutamate 182, 183
acetyl lipoamide 135
acetyl-CoA 12, 52, 53, 110,

163
acyltransferase 165, 312,

313, 423
carboxylase 160, 161, 162,

163, 168, 429
cholesterol 172, 173
ethanol metabolism 320
fatty acid degradation

164, 165, 167
pyruvate kinase inhibitor

158
tricarboxylic acid cycle

136, 137, 138, 139
van der Waals model 13

N-acetyl-galactosaminyl
transferase 292, 293

N-acetyl-γ-glutamylphos-
phate reductase 420

acetylated amino sugars 38

see also individual sugars
acetylation 62, 244
acetylcholine 352

receptors 222, 335, 354
acetylcholinesterase 354,

355, 425
N-acetylglucosamine

(GlcNAc)
40, 44a
phosphoglycosidase 234,

235
phosphotransferase 234,

235, 425
acetylglutamate kinase 424
β-N-acetylhexosaminidase

426
N-acetylmuraminic acid

(MurNAc) 40
N-acetylneuraminic acid

(NeuAc) 38
acetylornithine

deacetylase 427
transaminase 424

acetylsalicylic acid 317
acid amide bonds 12
acid anhydrides 10
acid phosphatase 425
acid—amide bonds 13
acid—anhydride bonds 150
acid—base

balance 274, 288-9, 289,
326-7

catalysis 90
reactions 14, 15, 18, 19

acidic amino acids 60
acidic monosaccharides 38,

39
see also N-acetylneura-

minic acid; D-galactur-
onic acid; D-glucuronic
acid; iduronic acid

acidoses, metabolic 160, 161,
288, 326

acids 15, 18, 30-1, 31
aconitate 9

hydratase (aconitase) 8,
9, 106, 136, 137, 428

ACP see acyl carrier protein
acquired immune system

294
acquired immunodeficiency

syndrome (AIDS) 404
ACTase see aspartate carba-

moyltransferase
ACTH see adrenocortico-

tropic hormone (cortico-
tropin)

actin 204, 205, 332
F-actin 64, 65, 332
G-actin 332

actin-associated proteins
204

actinomycin D 254, 255
action potential 222, 348,

350, 351
activating enzymes 114
activation, T-cell 296-7
activation energy (Ea) 22, 23,

25, 90
active centers 74, 90

enzymes 95
essential amino acids 99
lactate dehydrogenase

100
trypsin 177

active transport 218, 220
acyl carnitine 164, 165
acyl carrier proteins (ACP)

S-acetyltransferase 168,
169, 423

acyl carrier proteins (ACP),
S-malonyltransferase
168, 169, 423
S-ferase 423

acyl-[ACP] hydrolase 168,
169, 425

acyl-CoA 52, 141, 164, 168,
170
dehydrogenase 164, 165,

421
fat biosynthesis 170, 171
fatty acid degradation

162, 163
acylation 62, 380
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acylglycerol O-palmitoyl
transferase 170, 171, 423

acylglycerol-3-phosphate
O-acyltransferase 170,
171, 423

acylglycerone phosphate
reductase 420

N-acylsphingosine galacto-
syltransferase 423

adaptive immune system
294

adaptor proteins 388
Grb-2 388
SOS 388

additions 14, 15
adenine 12, 13, 80, 81

phosphoribosyltransfera-
se 187, 423

adenosine 80, 81, 123
5’-diphosphate (ADP) see

ADP
5’-monophosphate

(AMP) see AMP
5’-triphosphate (ATP) see

ATP
S-adenosyl-L-homocysteine

(SAH) 111
S-adenosyl-L-methionine

(SAM) 110, 111
adenosylcobalamin 108
adenosylhomocysteinase

426
adenylate

cyclase 120, 121, 384, 385,
386, 387, 428

kinase 72, 73, 336, 337,
424

adenylosuccinate
lyase 428
synthase 429

ADH see antidiuretic hor-
mone

adhesive proteins 346
adipocytes 46
adipose tissues 160, 161, 162,

308
adiuretin see antidiuretic

hormone
ADP 190, 191, 212
adrenaline see epinephrine
adrenocorticotropic hor-

mone (ACTH)
adriamycin see doxorubicin
aerobic glycolysis 150
aerobic metabolism 122

aerobic oxidation 146, 147
agarose 40, 41, 262
agents, alkylating 256, 402,

403
AIDS 404
air 29
ALA see 5-aminolevulinic

acid
alanine 60, 61, 178, 184, 185

β-alanine 12, 13, 62, 63,
106
degradation 186

cycle 338, 339
seryl 65, 66, 67
transaminase 178, 179,

181, 423
albumins 194, 195, 277
alcohol 10

blood 321
dehydrogenase 64, 420
fermentation 148, 149
liver damage 320, 321
primary 11
secondary 11

alcohol dehydrogenase 65,
320, 321
fermentation 148, 149

alcohols 15
sugar 38, 39

aldehyde 11
dehydrogenase 320, 321,

420
reductase 310, 311, 420

aldehydes 10, 15
aldimes 10
aldimine 10, 108, 178, 179
aldohexoses 34, 38

D-glucose see D-glucose
aldolase see fructose bis-

phosphate adolase
aldopentoses 38

see also L-arabinose;
D-ribose; D-xylose

aldoses 39
aldosterone 56, 57, 374, 376
aliphatic amino acids 60
alkaline phosphatase 425
alkanes 46, 47
alkanols 46
alkenes 15
1-alkyl-2-acetylglycerol

choline phosphotrans-
ferase 170, 171, 425

alkylating agents 256, 402,
403

allantoic acid 187
allantoin 186, 187
allolactose 119
allopurinol 186, 187
allosteric effects 2-3, 114,

115, 116
BPG 282, 284
hemoglobin 116, 280

allosteric enzymes 92, 93,
96, 116

allosteric inhibitors 96
allosteric proteins 72
allotypic variation 302
α-amanitin 242
α1-globulins 276
α2-globulins 276
α-keratin 71
alternative pathway,

complement 298
Amanita phalloides 242
amidases 89, 427
amidine lyases 428
amidophosphoribosyl

transferase 402, 403, 423
amine oxidase 62, 421
amines 10

biogenic 62, 63, 352
primary 11
secondary 11
tertiary 11

Aminita phalloides 204
amino acid N-acetyltrans-

ferase 423
D-amino acid oxidase 58
amino acid tRNA ligases 248
amino acids (AA) 35, 58-63,

146
activation 236, 248-9, 249
aromatic 60, 184
biosynthesis 184-5, 185,

412-13
branched chain 184, 185
charge 58
degradation 180-1, 181,

414-15
essential see essential

amino acids
excretion 324
function 58, 59
glucogenic 180
gluconeogenesis 154
ketogenic 180
metabolism 306, 338
neurotransmitters 352
optical activity 58, 59
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proteinogenic 58, 60-1,
61
non-proteinogenic 62-

3
resorption 272
signaling 380, 381
translation 60

amino sugars 39, 44
aminoacyl

adenylate 248, 249
tRNAs 248, 249, 252

4-aminobutyrate transami-
nase 356, 357, 424

aminodipeptidases 425
aminoglycosides 254
β-aminoisobutyrate 186,

187
5-aminolevulinate 192, 193

synthase 192, 193, 423
aminomethyltransferase

422
aminopeptidases 176, 177,

426
aminopropanol 63
aminopterin 304
aminotransferases 89
ammonia 11

bases 30, 31
degradation 112
excretion 326, 327
lyases 428
metabolism 178, 179, 416
urea cycle 182, 183

ammonium ions (NH4
+) 31,

182, 183, 326
ammonotelic animals 182
AMP 158, 186, 190, 191

deaminase 336, 337, 427
amphibolic function 136
amphibolic pathways 112,

113
amphipathic molecules 28,

29
amphiphilic molecules 28
ampicillin 255
amplification 398

DNA 262
amylases

α-amylase 268, 269, 272,
273, 426

brewing 148, 149
amylo-1,6-glucosidase 156,

157, 426
amylopectin 41, 42, 43
amyloplasts 42

amylose 41, 42, 43
anabolic pathways 112, 113,

138, 139, 338
anaerobic conditions 112,

146
anaerobic glycolysis 150,

336, 338
anaerobic oxidation 146, 147
analogs

substrates 96, 97
transition states 97

analysis
analyzers 36
biochemical 102, 103
proteins 78

anaplerotic effect 180
anaplerotic pathways 139
anchors, lipid 214
anemia 286

sickle-cell 249, 264, 265
ANF see atrial natriuretic

factor
angiotensin 330, 331
angiotensin-converting en-

zyme (ACE) 426
anhydrides

mixed 11
phosphoric acid 11

animals
cells 197
types of 182

anions 15, 27
anomers 36
ANP see atrial natriuretic

peptide
antenna pigments 132
anthracyclines 402, 403
anti-oncogenes 400
antibiotics 225, 254-5, 255
antibodies 300-3, 303

monoclonal 304-5, 305
plasma cells 294

anticodons 82, 86, 236, 248,
249

antidiuretic hormone (ADH)
220

antigen-presenting cells
(APCs) 294

antigens
blood groups 292
receptors 296, 297

antihemophilic factor A 291
antimetabolites 402, 403
antioxidants 104, 284, 285,

364

antiparallel pleated sheet 68
antiport 212, 218
antisense DNA 264
apatites 340, 341
APC see antigen-presenting

cells
apoferritin 287
apolar molecules 28
apoproteins 278
apoptosis 210, 396-7, 397
aquaporin-1 220, 221
arabinan 41
L-arabinose 38, 39, 42
arachidonate lipoxygenases

390, 391, 421
arachidonic acid 48, 49, 390
arginase 183, 427
arginine 60, 61, 182, 183

lactate dehydrogenase
100

vasopressin (AVP) see
antidiuretic hormone

argininosuccinate 182, 183
lyase 183, 428
synthase 183, 429

aromatic amino acids 60,
184
L-amino acid decarboxy-

lase 352, 353, 427
aromatic family 185
aromatic ring systems 4
arylesterase 316, 317, 425
ascorbates 104, 368
L-ascorbic acid see vitamin C
asialoglycoproteins 276
Asp-tRNA ligase 248, 249
asparaginase 427
asparagine 60, 61

synthase 429
aspartate 63, 178, 182, 183

carbamoyltransferase
(ACTase) 116, 117, 188,
422

family 184, 185
kinase 424
kinetics 117
proteinases 177, 427
purine ring 188, 189
pyrimidine ring 188, 189
semialdehyde dehydro-

genase 420
transaminase 178, 179,

183, 212, 213, 423
aspartic acid 60, 61
atomic oxygen 25
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ATP 35, 112, 122-3, 123
ATP, charge density 123

dATP 240
energetic coupling 16,

122, 124
exchange 212
formation 122, 123
glucose oxidation 147
hydrolysis 122, 123
nucleotide biosynthesis

190, 191
oxidative

phosphorylation 123
phosphate transfer 123
structure 122
synthase see ATP syn-

thase
synthesis 112, 122, 142-5,

210
NADH+H+ 142, 143
proton driven 126, 127

ATP synthase 122, 126, 142,
143, 210
catalytic units 142, 143
H+-transporting 140, 141,

143, 427
light reactions 128, 129
proton channels 142, 143
respiratory control 144,

145
ATP-citrate lyase 428
ATP-dependent phosphory-

lation 114
ATPases

Ca2+ 220
F type 220
H+-transporting 427
H+/K+-exchanging 427
P type 220
V type 220

atrial natriuretic factor
(ANF), receptor 388, 389

atrial natriuretic peptide
(ANP) 388, 389

autocrine effects
eicosanoids 390
hormones 372, 373

autotrophs 112
AVP see arginine vasopres-

sin
axial (a) position 34

axons 348

B

B cell 161, 274, 275, 294
B-DNA 84, 87
bacteria

carbohydrates 35
cell components 202-3,

203
cyanobacteria 132
lactic acid fermentation

148, 149
nitrogen fixation 184, 185
polysaccharides 41
symbiosis 184

bacteriophages 260, 404
bacteriorhodopsin 126, 127
bacteroids 184, 185
ball-and-stick models 6
basal transcription complex

242, 244, 245
base pairs (bp) 84
bases (b) 30-1, 31, 80-1

ammonia 30, 31, 182
chloride ions 31
conjugated 18, 30
DNA ratios 84
hydroxyl ions 31
water 31

basic amino acids 60, see
also individual amino
acids

bcl-2 396
beer 148, 149
Beer—Lambert law 102
behencic acid 49
bell-shaped curves 94, 95
benzene 4, 5
benzo(a)pyrenes 256, 257
p-benzoquinone 33
β-granules 160, 161
β turns 69
β-oxidation 210
β-configurations 12
β-globulins 276, 286
bicarbonate, resorption 326
bile 194, 268, 269

pigments 194
salts 314, 315

bile acids 56, 57, 172, 312
conjugated 314
primary 56, 314-15
secondary 56, 314-15

bilirubin 194, 195, 287
diglucuronides 194, 195
monoglucuronides 194

biliverdin 194, 195
reductase 194, 195, 421

binding sites 250
aminoacyl tRNA 252

biogenic amines 12, 62, 63,
352

biomolecules 10-13
biosynthesis

heme 192-3, 193, 210
NAD+ 208

biotin see vitamin H
biotransformations 226,

306, 316-17, 317
BiP 233
1,3-bisphosphoglycerate

124, 125, 150, 151, 155,
282, 283

2,3-bisphosphoglycerate see
BPG

bisphosphoglycerate
mutase 283, 429
phosphatase 283, 425

bisubstrate kinetics 95
blood

alcohol 321
cells 274, 275
clotting 290-1, 291
composition 274
ethanol 320, 321
function 274, 275
groups 292-3, 293
metabolites 274
plasma 31
serum 274

blood—brain barrier 356
boat conformation 54, 55
bodies, residual 234
Bohr effect 282
bonds

acid—amide 13
acid—anhydride 150
angles 7
chemical see chemical

bonds
disulfides 62, 72, 73, 106,

190
double 4
electron 6
hydrogen 72
lengths 7
peptide 66-7
phosphoric acid 122
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polarity 6, 7
single 4

bone 340, 341
calcium 342
remodeling 342, 343

Bowman’s capsule 323
BPG 282, 283
brain 356, 357

gluconeogenesis 154
branched-chain amino acid

transaminase 424
brewing 149
Brunner glands 268
buffers 30, 31

blood plasma 288, 289
capacity 30, 288
dialysis 78, 79
function, organ metabo-

lism 308-9
building blocks, lipids 46
1,3,-butadiene 4, 5
butyric acid 49

C

C peptide, insulin 76, 77,
160, 161

C segment 302
C state 116
C terminus 66
c-oncogenes see proto-on-

cogenes
C-peptides 76
C1

metabolism 418
transferases 89

caesium chloride 201
calcidol 1-monooxygenase

330, 331, 422
calciol see vitamin D
calcitonin 342, 343
calcitriol 56, 57, 330, 342,

374, 376
calcium

ATPase 220
bone 342
functions 342, 343
homeostasis 342, 343
ions 328, 334, 335, 386,

387
metabolism 342-3
reservoir 210
sarcoplasmic pump 220
signaling 342

store 226
calcium-transporting ATP-

ase 427
calmodulin 386, 387
calorimetry 20, 21
Calvin cycle 128, 129, 130,

131, 407
cAMP 120, 380, 384, 386,

387
lactose operon 119
phosphodiesterase 120,

121
camphor 52, 53
CAP see catabolite activator

protein
cap, RNA modification 246
capacity factor 16
capric acid 49
caproic acid 49
capsids, rhinovirus 404
N-carbamoyl aspartate 188,

189
carbamoyl phosphate 182,

183, 188, 189
synthase 182, 183, 188,

429
carbohydrate metabolism

160, 306, 310-11, 388
metabolic charts 408, 409
regulation 158-9, 159

carbohydrates 34-45, 35
bacteria 35
disaccharides see disac-

charides
hydrolysis 266
membranes 216
metabolism see carbohy-

drate metabolism
monosaccharides see

monosaccharides
nutrients 360
oligosaccharides see oli-

gosaccharides
polysaccharides see poly-

saccharides
reserve 156
resorption 266
see also glycolipids; gly-

coproteins
carbamoyl phosphate 116,

182, 183, 188
carbon dioxide 35, 108

bicarbonate buffer 288
degradation 112
fixation 130
transport 282-3, 283

hemoglobin 280, 282
carbonate dehydratase 270,

271, 283, 289, 428
proton secretion 326, 327

carbonic anhydrase see car-
bonate dehydratase

carbonium ions 15
carbonyl groups 11
carboxy-lyases 427
N-carboxybiotin 108
γ-carboxyglutamate 62, 290
carboxyl groups 11
carboxylases see carboxy-

lyases
γ-carboxylation 62, 290
carboxylic acid 10, 11, 15, 48,

49
activated 106
amides 10, 11
ester 10, 11

carboxypeptidases 176, 177,
425-6

caries 340
carnitine 164, 165

acyltransferase 164, 165
O-palmitoyltransferase

163, 165, 423
shuttle 212

carotenoids 46, 47
β-carotene 132, 133

carrageenan 40, 41
carrier electrophoresis 276
caspases 396
catabolic pathways 112, 113,

138, 139
catabolite activator protein

(CAP) 64, 65, 118, 119
catalase 24, 25, 166, 284,

285, 421
catalysis 24-5, 25

acid—base 90
covalent 90
cycles 100, 143, 221
enzymes 90-1
hydrogen peroxide 25
iodide 25
lactate dehydrogenase

100
membranes 216

catalysts 88, 92, see also en-
zymes

catalytic units, ATP synthase
142, 143

catechol O-methyltransfer-
ase 316, 317, 422

catecholamines 352, 353
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cathepsins 176
cations 27
CD4 296
CD8 296
cdc2 see cyclin-dependent

protein kinase 1 (CDK1)
CDK see cyclin-dependent

protein kinase
cDNA 260
CDP 190, 191

choline 110, 111
diacylglycerol 170, 171
diacylglycerol-inositol 3-

phosphatidyl transfer-
ase 170, 171, 425

cell bodies 348
cell cycle 394-5, 395
cells

animal 196
antigen-presenting

(APCs) 294
division 400, 401
fractionation 198-9
inhibition 402
interaction 216
movement 206
necrosis 396
organelles 196, 198
plant 196
proliferation 396, 397
structure 196-7
transformation 401
transport 206
vacuoles 234

cellular immunity 294
cellulose 34, 41, 42, 43

hemicellulose 43
cement 340
centers

active 74, 90
reaction 132

central nervous system see
CNS

centrifugation 201
density gradient 200, 201
equipment 200
isopyknic 200
principles 200-1
steps 198
zonal 200

centrosome 206
cephalin see phosphatidyl-

ethanolamine
cephalosporins 254, 255
cerebrosides 46, 47, 51

galactosyl 51
glucosylceramide 50, 51

cGMP 386
esterase 358, 359
phosphodiesterase 425
photoreceptors 358

chain termination method
260

chains
respiratory 106, 112, 126,

140-1, 210
side 76, 77

chair conformation 34, 54,
55

channels
ion 126, 218, 222-4, 350,

384
K+ 222
ligand-gated 222
passive 222
protein 218
voltage-gated Na+ 222

chaperones 232, 233
chaperonins 232, 233
charge 59
chemical bonds 4-7, 5
chemical energy 112, 122
chemical potential 12, 16, 22
chemical reactions 14-15
chemical work 17
chemokines 392
chemoluminescent immu-

noassay (CIA)
chemotaxis 298
chenodeoxycholic acid 56,

57, 314
chiral center 8, 12, 35, 49
chitin 40, 41
chloramphenicol 254, 255
chloride ions, bases 31
chlorophylls 128, 129, 132,

133
chloroplasts 196, 407, 407

lumen 128, 129
cholecalciferol see vitamin D
cholecystokinin 270
cholestane 54, 55
cholestanol 54, 55
cholesterol 52, 53, 56, 57, 65,

312, 315
biosynthesis 172, 173
esterase 425
membranes 214, 215
monooxygenase 422
van der Waals models 54,

55
cholic acid 56, 57, 314, 315
choline 50, 51, 141, 354

kinase 424
O-acetyltransferase 354,

355, 423
phosphate cytidyltrans-

ferase 425
chondroitin 6-sulfate 347
Christmas factor 291
chromatin 208, 238, 239
chromatography 55, 78
chromosomes 238
chylomicrons 163, 272, 278
chymosin 427
chymotrypsin 94, 95, 268,

269, 426
CIA see chemoluminescence

immunoassay
circadian rhythm 372
cirrhosis 320
cis—trans isomerases 89
cis—trans isomers 8, 9, 54,

55, 429
cisplatin 402
citrate 9, 137, 158

fat metabolism 163
lyase 139
synthase 136, 137, 138,

428
tricarboxylic acid cycle

144, 145
citric acid 136

cycle 141, 147
citronellal 52, 53
citrulline 62, 63, 182, 183
classic pathway, comple-

ment 298
clathrate, structure 28, 29
cleavage, homolytic 108
clones 258, 304
closed-loop feedback con-

trol 372
clotting 290-1, 291
CMP 187
3’,5’-cNMP phosphodiester-

ase 425
CNS, signal transmission

348-9
co-lipase 268, 269
co-receptors 296
CO2 see carbon dioxide
CoA see acetyl CoA; coen-

zyme A
coactivator/mediator com-
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plex 244
coagulation factors 291, 426
cobalamine see vitamin B12
cobalt 108, 109
coding strands 85
codogenic strands 85
codons 236

anticodons 82, 86, 236,
248, 249

start 248, 250
stop 248, 250

coenzyme A (CoA) 106, 107,
134
acetyl CoA see acetyl CoA

coenzyme Q (CoQ) 104, 136,
140, 212
ATP synthesis 142, 143
isoprenoid anchors 52, 53
oxidized 212
redox systems 105
reduced 147

cytochrome c reduc-
tase complex 141, 421

coenzymes 104-11, 105
availability 114
coenzyme A see coen-

zyme A
coenzyme Q see coen-

zyme Q
definition 104
energetic coupling 106,

107
flavin see flavin
group-transferring 106-7,

107, 108-9, 109
heme 106, 107
NAD see NAD
nucleotide triphosphates

110, 122-3
redox 104, 105, 106-7, 107
soluble 104
vitamins 364

cofactors 46, 104
collagenase 427
collagens 64, 70, 71, 346

biosynthesis 344, 345
bone 340
helix 65, 68, 69, 344
procollagen 344
structure 344, 345
tropocollagen 344

collision complexes 90
colony-stimulating factors

(CSF) 392
combustion 21
competitive inhibitors 96, 97

complement 298-9
activation 298, 299
alternative pathway 298
C1—C9 298, 299
C3/C5 convertase 298,

299, 426
C5 convertase 298, 299
classic pathway 298
factors 298

complementary DNA
(cDNA) see cDNA

complex glycoproteins 45
complex I 140
complex II see succinate de-

hydrogenase
complex III 140
complex IV 140
complex V see ATP synthase,

H+-transporting
complexes
complex lipids 170-1
complex oligosaccharides

44, 230
complex

basal transcription 242,
244, 245

coactivator/mediator 244
daunomycin—DNA 254
enzyme—substrate 92
enzymes 91, 95
fatty acid—albumin 163
formation 72
initiation, 70S 250
lipoprotein 312
membrane attack 298
multienzyme 134
oxoglutarate dehydro-

genase 144, 145
pores 208
prothrombinase 291
repressor—allolactose 119
translocator 232
vitamin B2 366

compounds 11
concentration

gradients 126, 127
substrates 97, 116
and velocity 93, 97

condensation, chromosomal
238

cones 358
conformation 8, 9, 35

A 86
cis—trans 8, 9, 54, 55, 429
enzymes 92
native 72, 74

R 117, 280, 281
ring 54, 55
space 66
stabilizing interactions

72, 73
T 117, 280, 281
zig-zag (Z) 86

conjugates 316
steroid hormones 110

conservation
differences 98
energy 106, 126-7, 127

constitution 6
contraction

muscles 332-3
control 334-5

control elements 118
transcription 244

copper ions (Cu) 132, 133,
142, 143

coproporphyrinogen III 192,
193

CoQ see coenzyme Q
core oligosaccharide 230
core structures 44
Cori cycle 338, 339
corrin 108
corticotropin see adreno-

corticotropic hormone
cortisol 56, 57, 159, 338, 374,

376, 378
gluconeogenesis 120, 121,

154
cosubstrates 104
cotton fibers 42
coupling

energetic 16, 18, 106, 112
ATP 16, 122, 124, 125

covalency 6, 90, 108
creatine 324

kinase 98, 336, 337, 424
metabolism 336, 337
phosphate 122, 336

creatinine 336
cristae 210
CSF see colony-stimulating

factor
CTP 190, 191

dCTP 190, 191, 240
synthase 190, 191, 429

cultures, primary 304
curves, bell-shaped 94, 95
cyanobacteria, photosystem

(PS) I 132
cycles, catalytic 100, 143
3’5’-cyclic AMP see cAMP
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3’5’-cyclic GMP see cGMP
cyclic phosphorylation 130,

131
cyclin 394

B 394
cyclin-dependent protein

kinases (CDK) 394
CDK1 394

cyclophosphamide 402
cystathionine

β-syntase 428
γ-lyase 428

cysteamine 12, 13, 62, 63
cysteine 60, 61, 63

acid—base balance 288
dioxygenase 421
proteinases 177, 427
transaminase 424

cystinuria 322
Cyt P450 see cytochrome

P450
cytidine 80, 81

5’-diphosphate (CDP) see
CDP

5’-monophosphate
(CMP) see CMP

5’-triphosphate (CTP) see
CTP

cytochalasins 204
cytochrome c 140, 396

oxidase 132, 133, 140, 141,
421
proton pumps 126, 127

cytochromes 106
b/f complex 128, 129
c see cytochrome c
P450 172, 316, 318-19,

319
cytokines 342, 392-3, 393
cytoplasm 196, 202

biochemical functions
203

nuclear interactions 208,
209

pH 31
cytoplasmic pathway 228
cytosine 80, 81
cytoskeleton 196, 204-7, 216
cytosol, fractionation 198
cytostatic drugs 402-3
cytotoxic T cells 294

D

D series monosaccharides
34

DAG see diacylglycerol
dATP 240
daunomycin 254, 255
dCDP 190
dCTP 190, 191, 240
ddNTPs 260, 261
deamination 178-80, 179,

180, 181
decarboxylases see carboxy-

lyases
decarboxylation 62, 63, 108

oxidative 134
defense, blood 274
deficiency

minerals 362
vitamins 364

genetic code 248
degradation 112

amino acids 180
cyclin 394
nucleotides 186-7

dehydration 108
dehydrogenases (DH) 89,

104, 145
dehydroascorbic acid 104
denaturation 72
dendrites 348
density gradient

centrifugation 201
dentine 340
2-deoxy-D-ribose 39
deoxyaldoses 38, 39

see also 2-deoxy-D-
ribose; L-fucose

deoxycholic acid 56, 57, 314,
315

deoxyhemoglobin 281
deoxyribodipyrimidine

photolyase 428
deoxyribonuclease I 425
deoxyribonucleic acid see

DNA
deoxyribonucleosides 80

triphosphates see dNTPs,
ddNTPs

2-deoxythymidine-5’-mono-
phosphate see dTMP

dephosphorylation 114
depolarization 222

channels 350
membranes 348

dermatan sulfate 347
desmin 332

desulfurations 316
detoxification 306
development, cytokines 392
dextrans 40, 41
dGTP 240
DH see dehydrogenases
diabetes mellitus 76, 160-1

ketone bodies 312
diacylglycerol (DAG) 48, 49,

170, 171, 386, 387
O-acyltransferase 170,

171, 423
choline phosphotransfer-

ase 425
diacylglycerols (DAG), lipase

425
dialysis 78, 79
2,4-dienoyl-CoA reductase

167, 421
differentiation, hormones

370
diffusion

facilitated 218
free 218

digestion 266-73, 370
digestive juices 268, 269

dihydrofolate reductase
242, 304, 402, 403

dihydrogen phosphate 11
dihydrolipoamide

acetyltransferase 134,
135, 423

dehydrogenase 1, 34, 135,
421

succinyltransferase 423
dihydroorotase 427
dihydroorotate 141, 188, 189

dehydrogenase 421
dihydrouridine 82, 83
dihydroxyacetone

phosphate see glycerone-
1-phosphate

3,4-dihyroxyphenylalanine
see dopa

dimers 116, 117
dimethylallyl

diphosphate 173
transferase 423

dimethylbenzimidazole 108
2,4-dinitrophenol (DNP) see

DNP
dioxygenases 89
dipeptidases 176, 177, 425-6
dipeptides 66
disaccharides 38, 39, 272,
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273
disruption 198
dissociation curves 58
dissolution 20, 21
disulfides 10-11

bonds 62, 72, 73, 106, 190,
300

dithiol 106
diuresis 328
DNA 80, 84-5

amplification 262
antisense 264
B-DNA 84, 86
cDNA 260
cloning 258-9, 259
conformation 86-7, 87
electrophoresis 262, 263
fingerprinting 264, 265
genetic coding 84
germ-line 302
gyrase see DNA topoiso-

merase (ATP-hydro-
lyzing, type II)

helicase see DNA topoi-
somerase (type I)

libraries 260, 261
ligase 256, 257, 429
nucleus 208
polymerases 240, 241

see also individual
polymerases

primers 240
proteins 65
sequencing 260-1, 261
structure 84, 85
templates 240
zig-zag 86

Dna K 232
DNA polymerases 240, 241

repair 256, 257
DNA topoisomerases 240

(ATP-hydrolyzing, type II)
240, 429

(type I) 240, 245, 429
DNA-binding proteins, on-

cogenes 398
DNA-dependent DNA poly-

merases 240, 242
DNA-directed DNA poly-

merases 424
DNA-directed RNA poly-

merases 240, 242, 243,
245, 424

DNP 144
dNTPs 260, 261, 262

dolichol 53, 53
diphosphate 230

domains
dimers 116
receptors 224
SH2 392
steroid receptors 378

donors 6
electrons 88

dopa 62, 63, 352
L-dopa 6, 7, 63

dopamine 62, 63, 352
β-monooxygenase 352,

353, 422
double helix 84, 86
double stranded (dsDNA)

see dsDNA
doxorubicin 402
drugs, cytostatic 402-3
dTMP 80, 81, 187, 191
dTTP 190, 191, 240
dUMP 190
dynamics, proteins 72, 73

E

e- see electrons
EA see ethanolamine
Eadie—Hofstee plots 96,

97
EC number 88
ecdysone 56, 57
ECM see extracellular matrix
EcoRI sites 258, 259
effectors

allosteric 114, 115, 116
caspases 396
domain 224

EIA see enzyme-linked im-
munoassay

eicosanoids 46, 47, 390-1,
391
autocrine effects 390
paracrine effects 390
signaling 46, 390

elastase 268, 269, 426
electrical dipole 26
electrical work 17
electrochemical gradients

126, 127, 128
electrolytes, recycling 328-

9, 329
electron-transferring flavo-

protein (ETF) 164

dehydrogenase 164, 165,
421

electronegativity 6
electroneutral processes

218
electrons 14

acceptors 88
configurations 2, 3
donors 88
excitation 128, 129
oxidized forms 32
p 4
pairs 6
potential 18, 19
reduced forms 32
reducing equivalent 33
singlet state 130
transfers 33
transport chain 128, 140

electrophoresis 263, 277
carrier 276
DNA 262, 263
lactate dehydrogenase

(LDH) 99
SDS gel 78, 79

elementary fibrils 42, 43
elements 3
eliminations 14, 15
eliminative deamination

180
elongation 242

Escherichia coli 251
factors 252

elution, proteins 78, 79
embryo, hemoglobin 280l
emulsions 28, 270
enamel 340
enantiomers 8
enclosure, membranes 216
endergonic processes 16, 17,

112
endergonic transfer 18
endocrine effects 372, 373
endocytosis 234, 235

receptor-mediated 278
endonucleases, restriction

258, 259, 425
endopeptidases see metal-

loproteinases
endoplasmic reticulum (ER)

196, 226, 227
gluconeogenesis 154
protein folding 232, 233
protein synthesis 231
rough (rER) 226, 232
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smooth (sER) 172, 173,
226, 227

endosomes 196, 234
endosymbiotic theory 210
endothermic reactions 20
energetic coupling 16, 17, 18,

112, 124-5, 125
ATP 16, 122, 124
coenzymes 106, 107

energetics 16-17, 17
coupling see energetic

coupling
protein folding 74, 75

energy
activation 25
chemical 112, 122
conservation 106, 126-7,

127
definition 16
metabolism 336, 356
requirements 360, 361

engineering, genetic 258
enhancers 118
enol phosphate 124
enolase see phosphopyru-

vate hydratase
enoyl-[ACP] reductase 168,

169, 421
enoyl-CoA

hydratase 165, 166, 428
isomerase 166, 167, 429

enterohepatic circulation
194, 314

enteropeptidase (enteroki-
nase) 176, 270, 426

enthalpy 20-1, 21
folding 74
free 142, 143

entropy 20-1, 21
envelope conformation 54,

55
enzyme—substrate com-

plexes 92
enzyme-catalyzed reactions

90, 93
enzyme-linked immunoas-

say (EIA) 304
enzymes

activating 114
active centers 95
activity 88, 89
allosteric 92, 93
analysis 102-3
basics 88-9
catalysis 90-1, 216

classes 88, 89
see also individual

classes
complement cascade

298
complexes 91, 95
conformations 92
glucose determination

102, 103
inhibitors see inhibitors
interconversion 114
isoenzymes 98, 99
isosteric 92, 93
kinetics 92-5
markers 198
nomenclature 420-30
pH 94, 95
proteolytic 177
reaction specificity 88
regulatory mechanisms

114
serum diagnosis 98, 178
substrate specificity 88
temperature 94, 95
turnover 88, 89
watersplitting 130
see also individual en-

zymes
epimers 36

epimerases 89, 428
epimerization 36, 37

epinephrine 159, 163, 352,
380

episodic release 372
equilibrium 16, 17, 18-19

constant (K) 18, 19
nitrogen 174, 175
potential 126, 350

equitorial (e) position 34
ER see endoplasmic reticu-

lum
ergosterol 56, 57
ERK see MAPK
erucic acid 49
erythrocytes 274

gluconeogenesis 154
metabolism 284-5, 285

erythromycin 254, 255
erythropoiesis 286
erythropoietin 330
erythrose-4-phosphate 153
Escherichia coli

aspartate carbamoyl-
transferase 116

cell components 202-3

elongation 251
lactose operon 118
protein biosynthesis 251
pyruvate dehydrogenase

134, 135
replication 240, 241
termination 251
translation 251

essential amino acids (EAA)
60, 174, 360
active centers 99
biosynthesis 184, 185,

410, 412
non-essential 184, 413

essential fatty acids 46, 48
ester bonds 12
esterases 89
esterification 36, 37
esters 15, 47
estradiol 56, 57, 374, 376
estrogen 342

receptor 72, 73
ethanal 320
ethanol 27, 320-1, 321
ethanolamine (EA) 50, 51,

62, 63
kinase 424
phosphate cytidyltrans-

ferase 424
phosphotransferase 425

ethers 10, 11
ethidium bromide 262, 263
euchromatin 208, 238
eukaryotes 196, 197, 250,

251
event-regulated hormones

372
excision repair 256
excitation, electrons 128,

129
excretion

ammonia 326, 327
hormones 370
kidneys 322
liver 306
protons 326

exergonic processes 16, 17,
18, 112

exocytosis 226, 228, 229
neurotransmitters 348

exons 242, 243
exopeptidases 176, 177
exosomes 196
exothermic reactions 20
expression plasmids 262
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extensin 42, 43
extracellular matrix (ECM)

346-7, 347

F

F type ATPase 220
F-actin 64, 65, 332
Fabales 184
facilitated diffusion 218
factors, intrinsic 268, 269
FAD see flavin adenine di-

nucleotide
Faraday constant 19
farnesol 52, 53
farnesyl diphosphate 173

farnesyltransferase 423
Fas system 396
fat-soluble vitamins 46
fats 47, 48-9

biosynthesis 171, 409
brown 144, 145
degradation 410-11
digestion 270, 271
metabolism 162-3, 163,

312
nutrients 360
structure 48, 49, 51
synthesis, liver 162
uncouplers 144, 145

fatty acid synthase 12, 168,
169, 423
fat metabolism 162, 163

fatty acid—albumin
complex 163

fatty acid-CoA ligase 163,
272, 273

fatty acids 46, 47, 48-9, 146,
312
degradation 163, 164-5,

165, 166-7
essential 46, 48
liver 162
long 166
muscle fibers 336
odd-numbered 166, 167
resorption 272
synthesis 113, 163, 168-9,

169
transport 164, 165
unsaturated 48, 166, 167

fatty liver 320
Fd see ferredoxin
Fe protein 184-5

Fe—Mo protein 184, 185
Fe-protoporphyrin IX 192
feedback inhibition 114, 115,

158
purines 188

fermentation 112, 146, 148-
9, 149

ferredoxin 184, 185
ferredoxin-NADP+ reduc-

tase 422
ferritins 286, 287
ferredoxin (Fd) 128, 129
fetal hemoglobin 280
FFA see free fatty acids
fibers

cotton 42
muscle 332, 337
red muscle 336
resorption 266
white muscle 336

fibrils 42, 344
elementary 42, 43

fibrin stabilizing factor 291
fibrin-stabilizing factor see

protein-glutamine γ-glu-
tamyltransferase

fibrinogen 291
fibrinolysis 292-3, 293
fibroin 70
fibronectins 346, 347
filaments

intermediate 70, 71, 204,
205, 206, 207

keratin 70, 71, 206
microfilaments 204, 206,

207
protofilaments 71, 204

films
amphipathic 28
surface 29

filtration
cell 198
ultrafiltration 322

first-order reactions 22, 23
Fischer projections 9, 35, 59
fixation, carbon dioxide 130
flavin 104, 140

redox systems 33
flavin adenine dinucleotide

(FAD) 32, 81, 104
pyruvate dehydrogenase

134
flavin mononucleotide

(FMN) 32, 104, 105
ATP synthesis 142, 143

flavodoxin 72, 73
flavoprotein (Fp)
5-fluorouracil 402
fMet see N-formylmethione
folate 366
folic acid 254, 255
food 34, 266, 360
foreign genes 264
forks, replication 240
formate 4, 5
formic acid 49
N-formylmethionine (fMet)

250, 251
5-formyltetrahydrofolate

cycloligase 429
Fp see flavoprotein
fragments, Okazaki 240
frameshift mutation 257
free diffusion 218
free electron pairs 6
free enthalpy (G) 16, 142,

143
free fatty acids (FFA) 48
free radicals 32, 190, 256
frucose-1,6-bisphosphate

151
β-fructofuranosidase 38,

426
fructose

-1,6-bisphosphatase 154,
155

bisphosphate 425
1,6-bisphosphate 150,

154, 159
2,6-bisphosphate 158,159
2,6-bisphosphate 2-

phosphatase 425
bisphosphate, adolase

310, 311, 428
D-fructose 36, 37, 39
1-phosphate 38, 310
6-phosphate 150, 151,

153, 155, 159
fructoses

gluconeogenesis 328
metabolism 310, 311
uptake 272

fucose 34, 44
L-fucose 39

fucosyltransferase 292, 293
fuel, lipids 46
fumarate 136, 137, 182, 183,

189
dehydrogenase 136, 137
hydratase (fumarase) 183,

All rights reserved. Usage subject to terms and conditions of license.
Koolman, Color Atlas of Biochemistry, 2nd edition © 2005 Thieme



448 Index

428
fumaric acid 8, 9
fumarylacetoacetase 427
functional groups 10
furanose 34

G

G proteins
Ras 388
signal transduction 384,

385
G0 phase 394
G1 phase 394
GABA 63, 356, 357
galactokinase 310, 311, 424
galactose 44

D-galactose 38, 39, 44
metabolism 310, 311
uptake 272

galactose 1-phosphate 310
galactosidase 119

β-galactosidase 426
galactosylceramide 50, 51
galactosyltransferase 292,

293
gallbladder 195
gallstones 314
GalNAc see N-acetyl-D-gal-

actosamine
γ-aminobutyric acid see

GABA
γ-carboxyglutamate 62, 290
γ-globulins 276
γ-glutamyltransferase 423
gangliosides 46, 47, 50, 51,

214, 215
gas constant (R)
gases, transport 282-3
gastric juice 268, 269

pH 31
gastricsin (pepsin C) 427
gastrin 270
gastrointestinal hormones

270
GDP 190, 191
gels 79

electrophoresis
DNA 263
lactate dehydrogenase

(LDH) 99
SDS 78, 79

filtration 78, 79
particles 78, 79

permeation chromato-
graphy 78

genes
expression 236-7
foreign 264
genetic information 236,

237
libraries 260, 261
multiple 302
probes 260
regulation 118
structural 118
therapy 264, 265, 402

genetic code 85, 248, 249
genetic engineering 258,

264-5
genetics, molecular 236-65
genomes 236, 238-9
geometric isomers 8
geraniol 52, 53
geranyl diphosphate 173
geranyltransferase 423
germ-line DNA 302
Gibbs—Helmholtz equation

20, 21
glandular hormones 372
GlcNAc see N-acetyl-D-

glucosamine; N-acetyl-
glucosamine

GlcA see D-glucuronic acid
globular proteins 72-3
globulins 276, 277

β-globulins 286
glucagon 163, 308, 380

gluconeogenesis 154, 158,
159

glucagon receptor 121
1,4-α-glucan, branching

enzyme 157, 423
α-1,4-glucan, chain 157
4-α-glucanotransferase 157,

423
D-glucofuranose 35
glycogen 120
gluconeogenesis 35, 113,

310, 311
amino acids 138, 154, 155,

180
cortisol 120, 121
glucagon 154, 158, 159
insulin 160, 161
recycling 328, 329

gluconic acid 36
gluconolactonase 153, 425

gluconolactone 37, 103
D-glucopyranose 34, 35
glucose 34, 35, 65, 146, 162

adipose tissue 160, 161
brain 356
chain 35
D-glucose 34, 36, 39, 44
enzymic determination

102, 103
gluconeogenesis 154, 155
glycogen 156, 157
glycolysis 150, 151
insulin 121, 158, 159, 160,

161
kidney 160, 161
lactose operon 118
liver 160, 161
metabolism 120, 121
muscle 160, 161
oxidase 102, 103, 420
oxidation 36, 146, 147
reduction 36
transporter Glut-1 220,

221
uptake 272

glucose oxidation,
hexokinase 147

glucose 1-phosphate 156,
157, 159, 310

glucose 6-phosphatase 154,
155, 157, 425

glucose 6-phosphate 37,
150, 151, 152, 157, 159
dehydrogenase 152, 153,

420
gluconeogenesis 154, 155
isomerase 151, 429
pentose phosphate

pathway 153
α-glucosidase 224
glucoside formation 36
glucosuria 160
glucosylceramide 50
glucuronate 37
glucuronic acid 36, 44
β-glucuronidases 194
glucuronosyltransferase

194, 195, 316, 317, 423
glutamate 178, 326, 357

5-kinase 424
decarboxylase 356, 357,

427
dehydrogenase 178, 179,

181, 183, 326, 327, 421
family 184, 185
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formiminotransferase
422

neurotransmitters 356
glutamate-NH3 ligase 429
glutamic acid 60, 61
glutaminase 178, 179, 181,

327, 356, 357, 427
glutamine 60, 61, 178, 326,

357
brain 356
gluconeogenesis 328
muscle metabolism 338
purine biosynthesis 188,

189
pyrimidine biosynthesis

188, 189
synthase 64
synthetase 65, 124, 125,

356, 357, 429
glutamylphosphate reduc-

tase 420
glutathione 106, 284, 285

disulfide bonds 72
oxidized

peroxidase 284, 285, 421
reductase 284, 285, 421

glyceral-3-phosphate dehy-
drogenase 212, 213

glyceral 5-phosphate 153
glyceraldehyde 310

D-glyceraldehyde 34
glyceraldehyde 3-phos-

phate 150, 151, 153, 155
glyceraldehyde-3-phos-

phate dehydrogenase
124, 125, 420
glucose oxidation 147
glycerophosphate shuttle

212, 213
glycolysis 150, 151

glycerol 27, 48, 49, 154, 170,
171
gluconeogenesis 328
kinase 155, 170, 171, 424

glycerol 3-phosphate 154,
155, 170, 171
dehydrogenase 155, 170,

171, 212, 213, 420
O-acyltransferase 170,

171, 423
glycerone phosphate O-

acyltransferase 423
glycerone 1-phosphate 310
glycerone 3-phosphate 151,

154, 170, 171

α-glycerophosphate 141
glycerophosphate shuttle

212, 213
glycine 60, 61, 192, 193, 314

amidinotransferase 336,
337, 422

collagen 70
dehydrogenase 421
hydroxymethyltransfer-

ase 422
glycinuria 322
glycosaminoglycans 110
glycocalyx 214, 230
glycocholic acid 314, 315
glycogen 34, 35, 40, 41, 120,

121
balance 157
liver 156
metabolism 156-7, 157
muscle 156, 336
polymer 41
(starch) phosphorylase

see phosphorylase
(starch) synthase 423
synthase 120, 121, 156,

157, 158, 159
kinase 3 (GSK-3) 388

glycogenin 34, 35, 156
glycolipids 35, 46, 47, 50-1

membranes 214
structure 50, 51

glycolysis 35, 113, 146, 150-
9, 151, 336, 338

glycoproteins 35, 230
complex 45
forms 45, 45
mannose-rich 45
O-linked 45

glycosaminoglycans 44-5,
346

N-glycosidic bonds 80
glycosidases 89, 426
O-glycosidases 231
N-glycosides 36, 37
N-glycosidic bonds 12, 13,

44, 123
N-glycosidic links 44
O-glycosidic links 44
glycosylation 62, 230

collagen 344
proteins 230, 231
sequence 230

glycosylceramide 50, 51
glycosyltransferases 89, 231
glyoxylic acid cycle 138

GMP 186, 187, 190, 191
synthase 429

Golgi apparatus 196, 226,
227

gonane 54, 55
GOT see aspartate transa-

minase
gout 186, 187
gp130 392
GPT see alanine transami-

nase
grana 128, 129
granulocytes 274, 275
Grb-2 388
GroEL 232, 233
GroES 232, 233
grooves, strands 86
group transfer

coenzymes 106-7, 107,
108-9, 109

potential 12, 19
reactions 18, 19

group X 108
groups

hydroxyalkyl 106
leaving 14
prosthetic 104, 134, 142

growth
factors 342
hormones 370

GSH see glutathione, re-
duced

GSK-3 see glycogen syn-
thase kinase-3

GSSG see glutathione, oxi-
dized

GTP 136, 190, 191
dGTP 240

GTP-binding proteins 398
guanidine

2’-O-methylguanidine 82,
83

7-methylguanidine 82, 83
guanidinoacetate 336

N-methyltransferase 336,
337, 422

guanine 80, 81, 186, 187
guanosine 80, 81, 186

5’-diphosphate (GDP) see
GDP

5’-monophosphate
(GMP) see GMP
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5’-triphosphate (GTP) see
GTP

guanylate cyclase 358, 359,
388, 389, 428

L-gulonolactone oxidase 420
gyrase 240

inhibitors 254

H

H+ see hydronium ions
(H3O+); protons

H+-transporting ATP
synthase see ATP syn-
thase, H+-transporting

H+-transporting ATPase 427
H+/K+-exchanging ATPase

270, 271, 427
Hageman factor 291
hair 70
Hartnup’s disease 322
HAT medium 304
Haworth projections 34, 35
Hb see hemoglobin
HCO3

-, resorption 326
HDL 278
heart

absorptive state 308
muscle 332

heat
loss 20
of reaction 20, 21

heat-shock proteins (hsp)
232, 378

heavy chains, IgG 300
helicase 240
helices

1-helix receptors 384
7-helix receptors 225,

384
α-helix 67, 68, 69, 71
α-keratin 70, 71
collagen 68, 70, 344
DNA 84, 86
double 84, 86
left-handed 86
pitch 86
superhelix 70, 71
triple helix 70, 71, 344

helper T cells 294
heme

ATP synthesis 142, 143
b 192
biosynthesis 192-3, 193,

210
catalase 25
coenzymes 106, 107, 140,

141
degradation 194-5, 195
groups 280
iron 286
monooxygenases 318
oxygenase 194, 195, 422
oxygenated 287

hemiacetals 10, 11, 34
hemicellulose 42
hemochromatoses 286
hemoglobin (Hb) 64, 65,

280-1, 281
allosteric effect 116, 280
buffers 288
transport 282, 283

hemosiderin 286, 287
Henderson—Hasselbalch

equation 18, 19
heparin 290, 347
hepatic glycogen 156
hepatic metabolism 306
hepatocytes 163, 306, 307
heterochromatin 208, 238
heterogenous nuclear ribo-

nucleic acid (hnRNA) see
hnRNA

heteroglycans 40
heterotrophs 112, 128
Hevea brasiliensis 52
hexokinase 147, 159, 424
hexose monophosphate

pathway (HMP) see pen-
tose phosphate pathway

hexose-1-phosphate uridyl-
transferase 310, 311, 424

hexoses 39
high-density lipoprotein

(HDL) see HDL
high-performance liquid

chromatography (HPLC)
Hill coef cient (H) 116
hippurate 324
histamine 270, 380
histidine 59, 60, 61, 63, 184,

185
ammonia lyase 428
dissociation curves 58
lactate dehydrogenase

100
histone

acetyl transferase 244,
245

deacetylase 244, 245
histones 64, 238, 239

non-histone proteins 238
phosphorylation 238

HIV 404, 405
HMG-CoA 172, 173, 312

dehydrogenase 420
lyase 312, 313, 428
reductase 172, 173
synthase 312, 313, 428

HMP see hexose mono-
phosphate pathway

hnRNA 236, 242
immunoglobulins 302
splicing 246, 247

homeostasis 322, 326, 328
blood 274
calcium 342, 343
cytokines 392
hormones 370
see also acid—base bal-

ance
homocysteine 110
homogenization 198
homogentisate 1,2-dioxyge-

nase 421
homoglycans 40
homoserine

dehydrogenase 420
kinase 424

honey 38
hops 148
hormone response ele-

ments (HREs) 245, 378
hormone-sensitive lipase

162, 163
hormones 315, 322, 370-1,

371
action 120, 121, 378-9
biosynthesis 370, 383
carbohydrate metabolism

158
closed-loop feedback

control 372
degradation 383
differentiation 370
digestive processes 370
effects 370, 372, 373
episodic release 372
event-regulated 372
excretion 370
gastrointestinal 270
glandular 372
glucose metabolism 121
growth 370
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hierarchy 372, 373
homeostasis 370
hydrophilic 120, 121, 380-

9
inactivation 383
ion concentrations 370
juvenile 52, 53
lipophilic 120, 374-5, 375,

379
lipophilic see lipophilic

hormones
metabolism 120-1, 370
neurohormones 348, 349
peptide 380, 381, 382-3
plasma levels 372-3, 373
proteohormones 380, 381
proteolysis 382
pulsatile release 372
receptors 120
regulation 120, 370, 371
renal 330-1, 331
second messengers 386-7
signal cascades 388-9
steroid see steroid hor-

mones
tissue 370
transport 370
vitamins 364

HPLC see high performance
liquid chromatography

HRE see hormone response
elements

hsp see heat-shock proteins
human

body 31
immunodeficiency virus

(HIV) see HIV
humoral immunity 294
hyaluronate 346, 347
hyaluronic acid 41, 44, 45
hybridomas 304
hydration 26, 27, 44

shell 90
hydride ions 32, 33, 104
hydrocarbons 46, 47
hydrochloric acid 266, 270,

271
hydrogen

atoms 33
bonds 6, 7, 26, 68, 72
carbonate 182
chloride 30, 31
ions 288, 289
peroxide 24, 186, 284

catalysis 25

redox systems 33
reducing equivalents 33
sulfide 11

hydrolases 88, 89, 234, 425
hydrolysis 266, 267

 G of 18
hydrolytic cleavage 316
hydrolytic deamination 179,

180
hydrolyzable lipids 46

non-hydrolyzable 46
hydronium ions (H3O+) 30,

31
hydroperoxyl radical 33
hydrophilic hormones 120,

121, 380-9, 385
hydrophilic molecules 26, 28
hydrophilic signaling sub-

stances 392
hydrophobic effects 72
hydrophobic molecules 26,

28
hydroquinone 33, 104
hydroxy radicals 284
3-hydroxy-3-methylglu-

taryl-CoA see HMG-CoA
3β-hydroxy-∆5-steroid de-

hydrogenase 420
β-hydroxyacyl-CoA 164
3-hydroxyacyl-CoA

dehydrogenase 165, 420
hydroxyalkyl groups 106
hydroxyalkyl thiamine

diphosphate 135
3-hydroxybutyrate 141, 312

dehydrogenase 420
β-hydroxybutyric acid 160
3-hydroxyisobutyrate dehy-

drogenase 312, 313, 420
3-hydroxyisobutyryl-CoA

hydrolase 425
hydroxyl ions (OH-) 30, 31
3-hydroxylacyl-CoA 141
hydroxylation 62, 70

collagen 344
hydroxymethylbilane syn-

thase 192, 193, 428
hydroxymethylglutaryl-CoA

see HMG-CoA
3-hydroxypalmitoyl-[ACP]

dehydratase 168, 169, 428
4-hydroxyphenylpyruvate

dioxygenase 421
hydroxyproline, collagen 70
3β-hydroxysteroid dehy-

drogenase 420
17β-hydroxysteroid dehy-

drogenase 420
5-hydroxytryptophan 63
hydroxyurea 402
hyperbilirubinemias 194
hyperbolic plots 93, 97
hyperglycemia 160, 161
hyperlipidemia 160, 161
hyperpolarization 348
hyperuricemia 186, 187
hypervitaminosis 364
hypoiodide 25
hypovitaminosis 364
hypoxanthine 186, 187, 304

phosphoribosyltransfer-
ase 186, 187, 402, 403,
423

I

ice 26, 27
idiotypic variation 302
IDL 278
iduronic acid 44
IF see intermediary fila-

ments
IFN see interferons
Ig see immunoglobulins
IL see interleukins
imidazolonepropionase 427
imino acids 179
immune response 294-5,

295
immune system

acquired 294
cytokines 392
inate 294

immunoassays 304, 305
immunoglobulins (Ig)

classes 301
domains 300
heavy chains 302
IgA 300
IgD 300
IgE 300
IgG 44, 45, 64, 65

domains 300, 301
IgM 296, 300
light chains 302, 303
superfamily 296
variability 302, 303

IMP 186, 187
biosynthesis 188, 189,
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190, 191
cyclohydrolase 427
dehydrogenase 420

innate immune system 294
inducers 118

catabolite activator pro-
tein (CAP) 118

induction, transcription 114,
262

influenza virus 404
inhibition, feedback 114, 115
inhibitors 96-7, 97

allosteric 96
competitive 96, 97
gyrase 254
irreversible 96
kinetics 96, 97
reversible 96
translation 254

initiation
complexes, 70 S 250, 251
factors 250
transcription 242, 244,

245
inorganic components

food resorption 266
urine 324

inorganic ions 2, 202
inorganic phosphate (Pi)

125, 150
inosine 5’-monophosphate

(IMP) see IMP
inositol 1, 4, 5-trisphosphate

(InsP3) 170, 171, 386, 387
insulation

lipids 46, 47
membranes 216

insulin 64, 70, 76, 77, 160,
161, 380
A chain 76, 77
B chain 76, 77
biosynthesis 151, 160-1
C peptide 76, 77, 160, 161
circuit 373
deficiency 160, 161
gluconeogenesis 160, 161
glucose 121, 158, 159, 160,

161
human 76
monomer 76
overexpression 76
pentose phosphate path-

way 152
postabsorptive state 308,

309
preproinsulin 160, 161

proinsulin 76, 160, 161
receptor see insulin re-

ceptor
signal transduction 388,

389
insulin receptor 121, 224,

225, 388
substrate (IRS) 388

intensity factor 16
intercalators 225, 254

daunomycin—DNA com-
plex 254

interconversion 134
enzymes 114, 115
processes 144, 394
pyruvate dehydrogenase

134
regulation 118, 120

interferons (IFN) 392
interleukins (IL) 392

IL-6 receptor 392
intermediary metabolism

112, 322
intermediate filaments (IF)

204, 205, 206, 207
α-keratin 70, 71

intermediate-density
lipoprotein see IDL

intermediates 142, 143
intermembrane space 210
international units (U) 88
interphase 394
intestines, pH 31
intramolecular transferases

89
intrinsic factor 268, 269
introns 242, 243
inulin 40, 41
invertase see β-fructofura-

nosidase
iodide

catalysis 25
hypoiodide 25

iodothyronines 374
ion channels 65, 126, 218,

222-4, 350, 384
see also individual recep-

tors
ionic strength 78
ionizing radiation 256
ionotropic receptors 348,

354
ions

calcium 328, 386
hormone concentrations

370

inorganic 202
products 30

IPTG see isopropylthioga-
lactoside

iron
deficiency 286
distribution 287
ion, hemoglobin 280
metabolism 286-7, 287
protein 184-5
uptake 286

iron—sulfur centers 140, 141,
142, 143

iron—sulfur clusters 106,
107, 286, 287

iron-protoporphyrin IX 192
IRS see insulin-receptor

substrate
islets of Langerhans 160
isoalloxazine see flavin
(2R,3S)-isocitrate 9, 127
isocitrate 136, 141

dehydrogenase 136, 137,
420
glucose oxidation 147
tricarboxylic cycle 144,

145
isoelectric point 58, 59
isoenzymes 99

pattern 98
isolation, proteins 78
isoleucine 60, 61
isomerases 88, 89, 428

cis—trans-isomerases 89
coenzymes 108

isomerization, light-in-
duced 358

isomers
geometric 8
isomerism 8-9

isopentenyl diphosphate 52,
53, 172, 173

isopentenyl-AMP 53
isoprenoids 52-3, 53, 172
isoprenylation 52
isopropylthiogalactoside

(IPTG)
isosteric enzymes 92, 93
isotypes 302
isopyknic centrifugation

200
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J

J segments 302
Janus kinases (JAK) 392
jaundice 194
joules 16, 17
juvenile hormone 52, 53

K

K+ channels 223
K systems 116
katal 88
keratan sulfate 247
keratin

filaments 206
α-keratin 70, 71

kernicterus 194
ketamine 179
ketoacidosis 288
ketoacidotic coma 312
β-ketoacyl-CoA 164
ketogenic amino acids 180
α-ketoglutarate see 2-oxo-

glutarate
ketohexokinase 310, 311,

424
ketohexoses 38

D-fructose see D-fructose
ketone bodies 160, 161, 162,

163, 172
acid—base balance 288
biosynthesis 312, 313
brain 356
synthesis 410

ketonemia 312
ketones 10, 11, 162
ketonuria 160, 312
ketopentoses 38

D-ribulose see D-ribulose
ketoses 39
kidney, glucose 160, 161
kidneys 154, 288, 322-3, 323
kinetics

allosteric enzymes 116
aspartate 117
bisubstrate 94, 95
enzymes 92-3
inhibition 96, 97
see also reaction kinetics

Km see Michaelis constant
knall-gas 20

reaction see oxyhydrogen
reaction

L

L segments 302
lac-repressor 118, 119
lactacidosis 288
β-lactam antibiotics 254
lactate 98, 99, 154, 155, 288

dehydrogenase see lac-
tate dehydrogenase

gluconeogenesis 328
muscle 338
redox reactions 19

lactate dehydrogenase
(LDH) 99, 420
activity 102, 103
catalytic cycle 100, 101
Cori cycle 338, 339
fermentation 148, 149
gel electrophoresis 99
gluconeogenesis 155
glucose oxidation 147
isoenzymes 98
structure 98

lactic acid 8, 9, 149
Lactobacillus 148, 149
lactoferrin 286, 287
lactose 38, 39

allolactose 119
lactose operon 118
operon 118, 119

laminin 346
lanosterol 173
lattices

hexagonal 27
ice 26

lauric acid 49
LDH see lactate dehydro-

genase
LDL 278

receptor 278
leaving groups 14
lecithin see phosphatidyl-

choline
lecithin-cholesterol acyl-

transferase (LCAT) see
phosphatidylcholine-ste-
rol acyltransferase

lefthanded α-helix (aL) 68
Lesch—Nyhan syndrome

186
leucine 60, 61

transaminase 424
leukocytes 274
leukotrienes 390
liberins 372

libraries
DNA 260, 261
genes 260, 261

Lieberkühn glands 268
life cycle, HIV 404
ligand-gated channels 222

nicotinic acetylcholine
receptor 222

ligands 118, 119
modulation 114, 115
oncogenes 398

ligases 88, 89, 106, 429
light

absorption 102, 103, 128,
129

monochromatic 102
ultraviolet 256

light chains
biosynthesis 302
IgG 300

light-induced isomerization
358

lignoceric acid 49
Lineweaver—Burk plots 92,

93, 96
linoleic acid 48, 49
linolenic acid 48, 49
lipase 268, 269
lipid 46-57

alcohols 46
anchors 214
classification 47
complex 170-1
hydrolysis 266
hydroperoxide gluta-

thione peroxidase 421
lipoproteins 278
membranes 214, 215, 216
metabolism 160, 306,

312-13, 313
resorption 272, 273
role 46, 47
synthesis 226

lipid-soluble vitamins 46,
364-5, 365

lipoamide 106, 107, 134
arm 134, 135

lipogenesis 162
lipoic acid 62, 106
lipolysis 162
lipophilic hormones 120,

374-5, 375, 378, 379
receptors 378, 398

lipoprotein 278-9, 279
lipase 162, 163, 278, 279,
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425
lithocholic acid 56, 57, 314
liver

absorptive state 308
alcohol 320
cirrhosis 320
damage, alcohol 321

liver, fat synthesis 162
fatty 320
fatty acids 162
functions 306-7, 307
glucose 160, 161
glycogen 156
metabolism see liver me-

tabolism
postabsorptive state 308
postresorption 309
resorption 309
urea 182

liver metabolism 306, 307
ammonia 178, 179
glucose 120, 121

long-chain fatty-acid-CoA
ligase 429

loops
chromosomes 238
mobile 99
peptides 98

low-density lipoprotein see
LDL

lumen, chloroplasts 128, 129
lyases 88, 89, 427-8
lymphocytes 161, 274, 275,

294
monoclonal antibodies

304
lymphokines 392
Lynen cycle 312
lysine 60, 61, 184

hydroxylase see procolla-
gen lysine 5-dioxyge-
nase

lysines, acetylation 238
lysophosphatidate 170, 171
lysophospholipid 50, 51
lysosomes 196, 234-5, 235

pH 31
lysozyme 42

M

M phase 394
M13 phage 260, 404
mAb see monoclonal anti-

bodies
macroelements 2, 363
macromolecules 202
macrophages 274, 275
major histocompatibility

complex see MHC
malate 137, 141

dehydrogenase 136, 137,
138, 139, 420
gluconeogenesis 154,

155
glucose oxidation 147
urea cycle 183

shuttle 212, 213
maleic acid 8, 9
maleylacetoacetate isomer-

ase 429
malic enzyme 139
malonyl-CoA 162, 163
malt 148
maltose 38, 39

brewing 148, 149
D-mannitol 39
mannose 44

D-mannose 36, 37, 38, 39,
44

mannose 6-phosphate 234
mannose-rich glycoproteins

45
mannose-rich oligosacchar-

ides 44, 230
α-mannosidase 426
MAPK (MAP kinase) 388
markers

enzymes 198
molecules 198, 199
tumors 400

mass action, law of 18, 19
matrix

extracellular 346-7
space 210

maturation, RNA 208, 236,
242, 243

maturation-promoting fac-
tor (MPF)

maximum velocity (Vmax)
92, 93

mechanical damage 144
mechanical work 17
mechanisms

ping-pong 90, 91, 94
regulatory 114-21
sequential 90, 91, 94, 95

mediators 224, 370, 388
MEK 388

membrane receptors 224-5,
398

membranes
attack complex 298
carbohydrates 216
cell interaction 216
composition 216
cytoskeletal anchors 216
depolarization 348
electrochemical gra-

dients 126
energy conservation 126-

7
functions 216-17
hyperpolarization 348
lipids 214, 216, 409
micelles 28
mitochondrial 210
nuclear 208
permeability 218, 219
plasma 196, 214-15
potential 126, 127, 350
proteins 214, 216
proton gradients 126, 127
receptors see membrane

receptors
semipermeable 78
transport 216-19
uncouplers 144, 145
vesicles 28, 198

menaquinone 52, 53
menthol 52, 53
6-mercaptopurine 402
messenger RNA see mRNA
messengers, second see sec-

ond messengers
metabolic acidoses 160, 161,

288, 326
metabolic charts 406-10
metabolic defects, gene

therapy 265
metabolic pathways 88

hormones 370
metabolism 356-7

acetylcholine 354, 355
antimetabolites 402, 403
buffer function 308-9
calcium 342-3
carbohydrate 388
creatine 336
energy, brain 356
glycogen 157
hormones 120-1, 370,

376-7
intermediary112,113, 322
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liver 306
muscle 336-7
regulation 115, 120-1
steroids 376-7

metabolites 96, 158
activated 110-11, 111
liver 306

metabotropic receptors 348,
354

metalloproteinases 176, 177,
427

metals
complexes 33
heavy 316
nonmetals 2

methane 26, 27, 28, 29
methemoglobin reductase

284, 285
methionine 60, 61, 110, 184,

250, 251
acid—base balance 288
adenosyltransferase 423

methotrexate 402
methylation 110, 316
methylcobalamin 108
methylcrotonyl-CoA car-

boxylase 429
methylenetetrahydrofolate

dehydrogenase 421
reducatase 421

α-methylglucoside 37
methylglutaconyl-CoA hy-

dratase 428
7-methylguanidine 82, 83
2’-O-methylguanidine 82,

83
methylmalonyl-CoA 166,

167
epimerase 428
mutase 167, 429

methylnitrosamines 256,
257

O-methylnorepinephrine
317

methyltetrahydrofolate cy-
clohydrolase 427

5-methyltetrahydrofolate-
homocysteine S-methyl-
transferase 422

methyltransferases 108
mevalonate 172, 173

kinase 424
mevalonyl diphosphate 173
MHC proteins 224, 296
micelles 28, 29, 270
Michaelis constant (Km) 92,

93, 96
Michaelis-Menten

equation 92, 93
kinetics 92, 93
model 96
microelements 362
microfibrils 42, 43
microfilaments 204, 206,

207
microtubules 204, 206, 207
milk products, fermentation

148, 149
minerals 360, 362-3, 363
minibands, chromosomes

238
mitochondria 196

fatty acid degradation 163
fractionation 198
gluconeogenesis 154
membrane 210
metabolic functions 210-

11
protein import 232, 233
structure 210-11, 211
transport 212-13, 213

mitogen-activated protein
kinase see MAPK

mitosis-promoting factor
(MPF) 394

mobile loops 99
mobile phase 54
modulation, ligands 114
molecular genetics 236-65
molecular models 76-7
p-molecular orbitals 4
molecular oxygen 186
molecular structure 6
molecules 7, 198, 202, 218
monoacylglycerols 48, 49,

170, 171
2-monoacylglycerols 272
monoamine oxidase (MAO)

see amine oxidase
monochromatic light 102
monoclonal antibodies

(mAb) 304-5, 305
monocytes 274, 275
monokines 392
monomers, insulin 76
monooxygenases 89, 104,

106, 166, 318, 319
cytochrome P450-de-

pendent 318, 319
monosaccharides 34-5, 35

acidic 38, 39
reactions 36-9, 37, 39

resorption 272, 273
motor end plate 335
MPF see maturation-pro-

moting factor; mitosis-
promoting factor

mRNA 82, 236, 246
3’ modification 246, 247
5’ modification 246, 247
immunoglobulins 302
POMC 382

MstII 264, 265
mucus 268
multienzyme complexes

134
muramoylpentapeptide car-

boxypeptidase 254, 426
murein 34, 35

polymers 41
MurNAc see N-acetylmura-

minic acid
muscle

absorptive state 308
amino acid metabolism

338, 339
calcium ions 335
contraction see muscle

contraction
fibers see muscle fibers
glucose 160, 161
glycogen 156, 336
heart 332
metabolism see muscle

metabolism
motor end plate 335
postabsorptive state 308
protein 338, 339
sarcoplasmatic reticulum

(SR) 335
skeletal 332
smooth 332, 338
striated 333

muscle contraction 332-3,
333, 334-5

muscle fibers 332, 336, 337
muscle metabolism 336-9,

339
mutarotation 36, 37
mutases 429
mutation 256-7

frameshift 256, 257
mutagens 256, 257
point 248, 256, 257
repair 256, 257
somatic 302

myelomas 304
myo-inositol 50, 51
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myofibrils 332
myoglobin 72, 73, 282, 336
myosin 64, 65, 332

ATPase 427
tropomyosin 64, 65, 332,

334
myristic acid 49

N

N terminus 66
N-bound oligosaccharides

230
Na+/K+-ATPase 126, 127, 272,

273, 326, 327, 350, 351,
427

NAD+ 99, 101, 104, 366
/NADH ratio 144
biosynthesis 208
gluconeogenesis 155
redox reactions 19

NADH 101
dehydrogenase 141, 421
glucose oxidation 147

NADH+H+

ATP synthesis 142, 143
gluconeogenesis 155

NADP+ 33, 104, 105, 366
photosynthesis 128, 129,

131
NADPH+H+ 33, 152, 190, 191,

284
photosynthesis 128, 129

native conformation 72
nephron 322
Nernst equation 126, 127
nerve cells 348, 349
nervonic acid 49
net charge, amino acids 59
net outcome 136
NeuAc see N-acetylneura-

minic acid
neural synapses 349
neural tissue 308
neuraminidases 276, 426
neurohormones 348, 349
neuropeptides, proteolysis

382
neurotransmitters 62, 63,

348, 349, 352-3, 353
GABA 62, 63, 356
glutamate 356
receptors 354-5, 355

neutral amino acids 60

urea 182
niacin 366
nicotinamide 366

adenine dinucleotide
oxidized see NAD+

reduced see NADH
adenine dinucleotide

phosphate

oxidized see NADP+

reduced see NADPH
nicotinate 366
nicotinic acetylcholine

receptor 223
nitric oxide synthase 388,

389
nitrogen 11

balance 174
fixation 184, 185
monoxide (NO) 388, 389

nitrogenase 184, 185, 422
norepinephrine 145, 163,

317, 352
nuclear localization se-

quence 208
nuclear pores 208, 209
nuclear tumor suppressors

398
nucleic acids

bases 80, 81
genetic information 236
hydrolysis 266
see also individual nucleic

acids
nucleobases

components 188, 189
see also purine ring;

pyrimidine ring
nucleolus 208
nucleophilic substitutions

14, 15
nucleosidases 426
nucleoside 80, 81

diphosphatase 427
diphosphate kinase 190,

191, 424
phosphate 106, 107

kinase 190, 191, 424
nucleoside diphosphate re-

ductase 190, 191
nucleosomes 65, 238
nucleotides 80-1, 81

biosynthesis 190-1, 191,
417-18

degradation 186-7, 187,

419
dinucleotides 80
nucleotide triphosphates

110, 122
see also individual nu-

cleotides
nucleus 196, 208-9, 209

and cytoplasm 208, 209
fractionation 198
localization sequence 208
membrane 208
pores 208, 209
scaffolding 238
tumor suppressors 398

nutrients 112, 306, 360, 361

O

O2 see oxygen
octet rule 2
ODH see 2-oxoglutarate de-

hydrogenase
OH- see hydroxyl ions (OH-)
oil

drop effect 28, 29
emulsions 28

Okazaki fragments 240
oleic acid 49
oligo-1,6-glucosidase 426
oligonucleotides 80, 81
oligosaccharides 44, 45, 230,

272, 273
OMP 188, 189
oncogenes 398-9, 399, 400
one-helix receptors 224
operators 118
opsin 358
opsonization 298
optical activity 8
optical isomers 8, 9
optical rotation 36
orbitals 2, 4, 5
organ metabolism 308-9
organelles 196, 198, 199
organic compounds 2
organic substances 360-1
organisms

heterotrophic 128
phototrophic 128

orientation, substrates 90,
100

origin of replication 240
ornithine 62, 63, 182, 183

carbamoyltransferase
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183, 422
orotate phosphoribosyl-

transferase 423
orotidine 5’-

monophosphate see OMP
orotidine-5’-phosphate de-

carboxylase 427
osteoblasts 342
osteoclasts 342
overexpression, insulin 76
oxaloacetate 137, 155
oxaloacetic acid 136, 154
oxidases 89, 104
oxidation 10, 11, 316

α-oxidation 166
β-oxidation 113, 141, 210

oxidation, β-oxidation, fat
metabolism 162, 163

fatty acid degradation
164, 165, 166, 167

glucose 36, 37
ω-oxidation 166
terminal 136

oxidative deamination 179-
80

oxidative decarboxylation
134

oxidative phosphorylation
112, 140, 210
ATP 122, 123

oxidized forms, electrons 32
oxidizing agents 32
oxidoreductases 88, 89
oxoacid 179
oxoacid dehydrogenases

134-5
3-oxoacid-CoA transferase

180
3-oxoacyl-[ACP] reductase

168, 169, 420
3-oxoacyl-[ACP] synthase

168, 169, 423
2-oxobutyrate synthase 421
2-oxoglutarate 136, 178

dehydrogenase (ODH)
144, 145, 147, 421
glucose oxidation 147

2-oxoisovalerate dehydro-
genase 420

oxygen 11
atomic 25

photosynthesis 128, 129
redox systems 33

oxygen transport 282-3
hemoglobin 280, 282
saturation curve 280, 282

2-oxyglutarate 137, 326
dehydrogenase 134, 135

complex 136, 137
oxyhydrogen reaction 20, 21

P

P type ATPase 220
P/O quotient 146
p53 protein 394, 396
PAGE see polyacrylamide gel

electrophoresis
palmitate 162, 163, 169
palmitic acid 49, 168
Pan see pantetheine
pancreas 268, 269, 308
pancreatic ribonuclease 426
pantetheine 106, 169
pantoic acid 12, 13, 106
pantothenate 12
pantothenic acid 106, 366
papain 300, 427
PAPS see phosphoadenosine

phosphosulfate
paracrine effects 372, 373,

390
parallel pleated sheet 68
parathyroid hormones

(PTH) 342
Parkinson’s disease 62
passive channels 222
passive transport 218
pathways

amphibolic 112, 113
anabolic 112, 113, 138,

139, 338
anaplerotic 139
catabolic 112, 113, 138,

139
cytoplasmic 228
pentose phosphate (PPP)

113, 152-3, 153
secretory 228

PCR 262-3, 263
deoxyribonucleoside tri-

phosphates 262
primers 262
RT-PCR 264, 265

PDH see pyruvate dehydro-

genase
PDK-1 388
pectins 42, 43
PEG see polyethylene glycol
penicillins 40, 254, 255
pentose phosphate pathway

(PPP) 113, 152-3, 153
and amino acid

biosynthesis 185
pentoses 39
PEP 124, 125, 150, 154, 155

carboxykinase 139, 154,
155

carboxylase 158, 159
PEP-CK 242, 427

gene 243
transcription 245

pepsin 94, 176, 268, 269,
270
A 427
B 427

pepsinogen 268
peptidases 89, 176, 330, 331,

426
peptide hormones 380, 381,

382-3
biosynthesis 382
degradation 382
hormone-like 392-3
inactivation 382

peptides
bonds 66-7, 67, 252
C-peptides 76
chains 66
conformation 66, 67
hormones see peptide

hormones
loops 98
neurotransmitters 352
nomenclature 66, 67
sequence 66
signal 228, 230

peptidoglycan 35
peptidyl dipeptidases 330,

331, 425
peptidyl proline cis—trans-

isomerase 233, 429
peptidyl site (P) 250, 252
peptidyl-dipeptidase A see

angiotensin-converting
enzyme

peptidyltransferase 423
perinuclear space 208
periodic table 2, 3
peroxisomes 196
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periplasm 35
permeability, membranes

218, 219
permease 119
peroxidases 89, 102, 103,

106, 305, 421
peroxide anions 284
pH 18

cells 30, 31
enzymes 94, 95
fermentation 148

pH, gradient 127
membrane difference 126
neutral 30

phages see bacteriophages
phagocytosis 234, 235
phalloidin 204
phenobarbital 194
phenylalanine 60, 61

4-monooxygenase 422
phenylethanolamine N-

methyltransferase 352,
353, 422

pheophytin 130, 131
phosphates 13

ATP transfer 123
buffers 288
ions 328
residues 12
transport 212

phosphatidates 47, 50, 51,
170, 171
cytidyltransferase 170,

171, 425
lysophosphatidate 170,

171
phosphatase 170, 171, 425

phosphatides 46, 47, 51
phosphatidic acids 46
phosphatidylcholine 50, 51,

170, 171, 212, 213
sterol acyltransferase

278, 279, 423
phosphatidylethanolamine

50, 170, 171, 212, 213
phosphatidylinositol 50,

170, 171, 212, 213
phosphatidylinositol 4, 5-

bisphosphate (PIP2) 170,
171

phosphatidylinositol-4-
phosphate kinase 170, 171

phosphatidylserine 50, 170,
171, 212, 213

phosphoadenosine phos-

phosulfate (PAPS) 110, 111
phosphodiesterase 120, 121,

386, 387, 425
phosphoenolpyruvate see

PEP
phosphoenolpyruvate,

carboxykinase see PEP-CK
6-phosphofructo-2-kinase

424
6-phosphofructokinase 158,

159
glucose oxidation 147
glycolysis 150, 151

phosphoglucomutase 429
phosphogluconate

6-phosphogluconate 152,
153

dehydrogenase 153, 420
6-phosphogluconolactone

152, 153
phosphoglycerate

2-phosphoglycerate 125,
150, 151, 155

3-phosphoglycerate 150,
151, 155

dehydrogenase 420
kinase 131, 147, 424

glycolysis 150, 151
mutase 151, 429

phospholipases
A1 425
A2 268, 390, 391, 425
C 386, 387, 425
D 425

phospholipids 46, 47, 50-1,
51
biosynthesis 171
blood clotting 290
degradation 411
lipid metabolism 312
lysophospholipids 50
membranes 214
structure 50, 51

phosphomevalonate kinase
424

4’-phosphopantetheine 12
phosphoprotein

phosphatase 394, 395,
425

phosphates 120, 121
phosphopyruvate hydratase

124, 428
5-phosphoribosyl 1-diphos-

phate (PRPP) 188, 189
phosphoribosylamine gly-

cine ligase 429
phosphoribosylaminoimi-

dazole
carboxamide formyl-

transferase 422
carboxylase 427
succinocarboxamide

synthase 429
phosphoribosylformylglyci-

namidine synthase 429
phosphoribosylglycinamide

formyltransferase 422
phosphoribulokinase 131
phosphoric acid, esters 10,

11, 80
phosphoric acid—anhydride

11, 80
bonds 12, 13, 122, 123

phosphoric acid—ester,
bonds 13, 122, 123

phosphorus 11
phosphorylase 120, 121, 423

carbohydrate metabolism
159

glycogen metabolism
156, 157

kinase 424
phosphorylation 62, 106

ATP-dependent 114
cyclic 130, 131
dephosphorylation 114
histones 238
oxidative 112, 122, 140,

210
protein kinase A 120, 121
substrate-level 122, 124,

150
phosphoserine transami-

nase 424
phosphatidylinositols

1-phosphatidylinositol-
4-kinase 424

1-phosphatidylinositol-
4-phosphate kinase
424

phosphatidylinositol
(PtdIns) 170

phosphatidylinositol-3-
kinase (PI3K) 388

phosphatidylinositol-4,5-
bisphosphate (PIP2, Ptd
InsP2) 170

phosphotransferases 89
photolyase see deoxyribodi-

pyrimidine photolyase
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photoreactivation 256
photoreceptors 358, 359
photosynthesis 106, 112,

128-9, 129, 130-1
photosystems (PS) 128

I 131, 132, 133
II 130, 131, 133

phototrophs 128
phylloquinone see vitamin K
phytol 52, 53, 128, 129
phytyl 52, 53
Pi see inorganic phosphate
π electrons 4
PI3K see phosphatidylinosi-

tol-3-kinase
pigments, antenna 132
ping-pong mechanisms 90,

91, 94
pitch 68

helix 86
PK see protein kinase
PK-B see protein kinase B
pKa value 18
plants 42-3
plaques 260
plasma 274, 275

buffers 288, 289
cells 294
hormones 372-3, 373
hydrogen ions 288, 289
kallikrein 426
membranes see plasma

membranes
pH 31
proteins 276-7, 277, 288
thromboplastin

antecedent see coagu-
lation factor XIa

plasma membranes 196
composition 217
functions 217
lipids 215
permeability 219
proteins 215
structure 214-15, 215
transport 219, 221

plasma thromboplastin
antecedent 291

plasmids 258, 259, 262, 263
plasmin 426
plasminogen activator 427
plastocyanin 128, 129
plastoquinone (PQ) 52, 53

photosystem I 133
photosystem II 128, 129,

131
Q cycle 126, 127
reduced (QH2) 126, 127
see also coenzyme Q, re-

duced
pleated sheets

α-pleated sheet 67
β-pleated sheet 68, 69

plots
hyperbolic 93, 97
Lineweaver—Burk 92, 93

PLP see pyridoxal phosphate
point mutations 248, 257
polar molecules 28
polarimetry 36, 37
polarity 218
polarization 6

depolarization 222, 348,
350

hyperpolarization 348,
350

membranes 348
repolarization 350

polarizers 36
poliovirus 404
polyacrylamide gel electro-

phoresis (PAGE)
polyadenylate

polymerase 246
tail 243, 246, 247

polyethylene glycol (PEG)
polymerase chain reaction

see PCR
polynucleotidases 425
polynucleotides 80, 81
polysaccharides 40-5, 41,

42-3
polysomes 250, 251
POMC 382

mRNA 382
prepro-POMC 382
pro-POMC 382

pores 208, 209
porins 210
porphobilinogen 192, 193

synthase 192, 193, 428
porphyrias 192
porphyrin systems 194
post-translational modifica-

tion 62, 63, 344
postabsorptive state 308
potassium channels 222, 233
potential

action 222, 348, 350, 351
difference ( P) 16

electron transfer 19
equilibrium 126, 350
group transfer 19
membrane 350
normal 130, 131
proton transfer 19
resting 126, 350, 351

PPP see protein phosphate
pathway

PQ see plastoquinone
pRb 394
prealbumin 64, 65
precipitation 79
precursors 114, 138
pregnenolone 376
prenylation 62, 214
preproinsulin 160, 161
preprotein 230
primary structure 76
primase 240
primers

DNA 240
PCR 262
sequencing 260

proaccelerin 291
probes, gene 260
processes, electroneutral

218
procollagen 344

lysine 5-dioxygenase
344, 345, 422

proline 4-dioxygenase
344, 345, 422

proconvertin 291
proconvertin see coagula-

tion factor VIIa
product 22

inhibition 144
proenzymes 176
progesterone 56, 57, 374,

376
proinsulin 76, 160, 161
prokaryotes 196, 197
proline 60, 61

collagen 70
dehydrogenase 421
hydroxylase see procolla-

gen proline 4-dioxyge-
nase

promoters 114, 118
proopiomelanocortin see

POMC
Propionibacterium 148, 149
propionic acid 49

fermentation 148, 149
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propionyl-CoA 166, 167
carboxylase 166, 167,

429
proprotein 230
prostacyclins 390
prostaglandins 390

prostaglandin H-syn-
thase 390, 391, 422

prosthetic groups 104, 134,
142

proteasomes 176, 177
protein

disulfide isomerase 233,
429

glycosyltransferase 231,
423

lysine 6-oxidase 344, 345,
421

phosphatases 114, 144,
145, 392

tyrosine kinase 424
see also proteins

protein folding 72, 74-5, 75,
174
endoplasmic reticulum

233
energetics 74
rough endoplasmic retic-

ulum 232
protein kinases (PK) 114,

394, 395, 424
ERK 388
inactivating 144
MEK 388
oncogenes 398
PDK-1 388
PK-A 120, 121, 386, 387
PK-B 388
Raf 388
second messengers 348

protein metabolism 174-5,
175, 306
muscle 338, 339

protein-glutamine γ-gluta-
myltransferase 423

proteinases 176, 290
proteinogenic amino acids

60-1, 61
non-proteinogenic 62-3

proteins 64-5, 65
adaptor 388
adhesive 346
allosteric 72
analysis 78
biosynthesis 174

catalysis 64
channels 218
clotting factors 290
defense 64
denaturation 74, 75
dynamics 72, 73
elution 78
Escherichia coli 251
foldingsee protein folding
globular 72-3
glycosylation 230, 231
gradients 127
heat-shock (hsp) 232
hyaluronate 346
hydrolysis 266
isolation 78
lysosomal 234, 235
marking 174
maturation 230-3
mediator 224
membranes 214, 215, 216
metabolism see protein

metabolism
mitochondrial import

232, 233
motive force 127
movement 64
non-histone 238
nutrients 360
overexpression 262, 263
plasma 277
polyproteins 382
post-translational

modification 63, 174
preprotein 230
proprotein 230
regulation 64
regulatory 114, 119
resorption 266
ribosomal 250
single—strand-binding

240
sorting 174, 228-9, 229
stabilization 74
storage 64
structure 64, 68-71
synthesis 230-1, 231
transport 64, 220-1

proteoglycans 34, 35, 340,
346, 347

proteohormones 380, 381
proteolysis 174, 176-7

enzymes 177
hormones 382
neuropeptides 382

prothrombin 291
prothrombinase complex

291
proto-oncogenes 398, 399,

400
protofilaments 70, 204
proton channels, ATP syn-

thase 142, 143
proton gradients 126, 140,

210, 212
membranes 126, 127

protons
excretion 326
gradient see proton

gradient
motive force ( P) 126
pumps 126, 127
secretion 327
transfer 14, 18, 19

protoporphyrin IX 192, 193
protoporphyrinogen IX 192,

193
proximity, substrates 90,

100
PRPP see 5-phosphoribosyl-

1-diphosphate
pseudouridine 82, 83
PTH see parathyroid hor-

mone
pulsatile release, hormones

372
purines 80, 81

biosynthesis 188-9, 189,
190, 417

degradation 186, 187
derivatives 352
ring 188, 189

pyranoses 34
pyridine nucleotides 32, see

also NAD+; NADP+

pyridoxal 368
phosphate (PLP) 62, 178,

358, 368
transamination 108,

109
see also vitamin B6

complex
pyridoxamine 179, 368

phosphate 108, 178, 179
pyridoxol 368
pyrimidines 80, 81

biosynthesis 188-9, 189,
190, 418

degradation 186, 187
ring 188, 189
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pyrrolines
1-pyrroline-5-carboxy-

late dehydrogenase
421

pyrroline-5-carboxylate
reductase 421

pyruvate 35, 99, 154, 155,
338
2-oxoglutarate 141
carboxylase 159, 429
decarboxylase 427
dehydrogenase see pyru-

vate dehydrogenase
glycolysis 150, 151
kinase 151, 159, 424
redox reactions 19, 101
transport 212

pyruvate carboxylase 138,
139, 155

pyruvate decarboxylase,
fermentation 148, 149

pyruvate dehydrogenase
(PDH) 210, 421
-phosphatase 425
Escherichia coli 134, 135
glucose oxidation 147
kinase 424
tricarboxylic cycle 144,

145
pyruvate kinase 147

glucagon 158, 159
glycolysis 150, 151

Q

Q see coenzyme Q, oxidized
(ubiquinone)

Q cycle 126, 127
QH2 see coenzyme Q,

reduced (ubiquinol);
plastoquinone

quaternary structure 76
quinol system 32
quinones 104, 131

hydroquinone 33, 104
redox systems 33
semiquinone radical 32,

33, 104
system 32
see also plastoquinone

R

R conformation 117
hemoglobin 280, 281

R state 116
R/S system 8
radiation 256
radicals

free 32, 256
hydroperoxyl 33
hydroxyl 33, 284
semiquinone 32, 33, 130,

131
superoxide 284
tyrosine 190, 191

radioimmunoassays (RIA)
Raf 388
Ramachandran plot 66
Ras 388
rate constants 22, 23
reaction

centers 132, 133
P680 130, 131

heat of 20, 21
reactions

catalyzed 25
endergonic 112
enzyme specificity 88,

89
enzyme-catalyzed 90, 93
exergonic 112
first-order 22, 23
kinetics 22-3
order 22, 23
rates 22, 23, 88
second-order 22, 23
specificity 88, 89
spontaneous 18
substratespecificity88,89
uncatalyzed 90

reactive oxygen species
(ROS) 33, 284, 285

reagents
enzymes 102, 103
modifying 97

rearrangements 14
see also isomerizations

receptor signaling 216
signal recognition par-

ticle (SRP) 230
signal transfer 224

receptor-mediated endocy-
tosis 278

receptors
1-helix 224, 384
7-helix 224, 384
acetylcholine 354

antigen 296, 297
co-receptors 296
cytokines 392
domain 224
effects of 225
glucagon 121
hormones 120
insulin 224, 225, 388
ion channels 126, 218,

222-4, 350, 384
ionotropic 348, 354
lipophilic hormones 378,

398
membrane 216, 224-5
metabotropic 348, 354
neurotransmitters 354-5,

355
nicotinic acetylcholine

222
oncogenes 398
photoreceptors 358, 359
signaling see receptor

signaling
steroid 378
substrates 388
synapses 348
T-cell 224
see also individual recep-

tors
reciprocal velocity 93
recombination

repair 256
somatic 302, 303

recycling 328-9, 329
redox

coenzymes 104, 105, 106-
7, 107, 140
see also flavins; heme

groups; iron—sulfur
centers

potential (E) 18, 19, 32
processes 32-3
reactions see redox reac-

tions
series 32, 130, 131, 142
systems see redox sys-

tems
redox reactions 14, 15, 32,

33
lactate 19, 100, 101
NAD+ 18, 19, 101
pyruvate 19

redox systems 32
biological 32, 33
coenzyme Q (CoQ) 105
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flavin 33
hydrogen peroxide 33
respiratory chain 142, 143

reduced forms, electrons 32
reducing agents 32
reductases 89
reduction 316

equivalents 32, 33, 212
glucose 36, 37

Refsum disease 166
regions, signal 228
regulation 114-21, 144-5

allosteric 116
carbohydrate metabolism

158-9
gene 118
glycogen metabolism 156
interconversion 120
transcription 118-20, 244
tricarboxylic cycle 144

regulatory proteins 114, 118,
119

relative velocity 25
renal hormones 330-1, 331
renin 330, 331, 427
renin—angiotensin system

330, 331
repair, mutations 256, 257
replication 208

DNA polymerases 240
Escherichia coli 240, 241
forks 240
genetic information 236,

240-1
origin of 240

repolarization 350
repression, transcription

114
repressors 118
rER see rough endoplasmic

reticulum
RES see reticuloendothelial

system
residual bodies 234
resonance 4, 5, 32, 66, 67
resorption 266, 267, 272-3,

273
HCO3

- 326
liver 309
minerals 362
urine 322

respiration 144, 145, 146-7
respiratory chain 106, 112,

126, 140-1, 210
ATP synthesis 142

components 132, 140, 141
redox systems 142, 143

respiratory control, ATP
synthase 144, 145

resting potential 126, 350,
351

restriction endonucleases
258, 259, 264, 425

restriction fragment length
polymorphisms see RFLP

reticuloendothelial system
(RES)

retinal 62, 358, 364
isomerase 358, 359, 429

retinoate 52, 53
retinoic acid 364
retinol see vitamin A
retinol, dehydrogenase 358,

359, 420
retroviruses 404
reverse transcriptase see

RNA-directed DNA poly-
merase

RFLP 265
sickle-cell anemia 262,

264
rhesus (Rh) blood groups

292
rhinovirus 404, 405
Rhizobium 184
rhodopsin 224, 358
RIA see radioimmunoassay
riboflavin 366
ribonucleic acid,

transcription 243
ribonuclease

A 74, 75
H 404, 405, 426
pancreatic 426

ribonucleic acid (RNA) see
RNA

ribonucleoside diphosphate
reductase 190, 191, 403,
422

ribonucleotide
reductase see ribonucleo-

side diphosphate re-
ductase

reduction 191
ribose 12, 13, 123

phosphate pyrophospho-
kinase 424

D-ribose 34, 38, 39
ribose 5-phosphate 152, 153,

429

ribosomal RNA see rRNA
ribosomes 82, 236

eukaryotes 250, 251
fractionation 198
proteins 250

ribozymes 24, 88
ribuloses

D-ribulose 38, 39, 128, 152
ribulose phosphate 3-

epimerase 428
L-ribulose phosphate 4-

epimerase 428
ribulose 5-phosphate

152, 153
ribulose bisphosphate,

carboxylase 130, 131,
427

Richardson diagrams 72, 73
rifamycin 254, 255
righthanded helix

α-helix (αR) 68
double 86

RNA 80, 81, 82-3, 83, 87
conformation 86
hnRNA 236, 246, 247, 302
immunoglobulins 302
maturation 208, 236, 242,

243, 246-7
transcription 242, 243
translation 83
see also mRNA; rRNA;

snRNA; tRNA
RNA polymerase see DNA-

directed RNA polymerase
RNA-binding proteins 82
RNA-directed DNA poly-

merase 404, 405, 425
rods 358
root nodules 184, 185
ROS see reactive oxygen

species
rotation 67
rough endoplasmic reticu-

lum (rER) 226, 227, 231,
232

roughage 42, 273
rRNA 82

5S-rRNA 86, 87
RT-PCR 264, 265
rubber 52, 53
rubisco see ribulase bis-

phosphate carboxylase

S
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S see Svedberg units
S phase 394
saccharase see β-fructofura-

nosidase
Saccharomyces cerevisiae

148, 149
SAH see S-adenosyl-L-ho-

mocysteine
salicylate 317
saliva 268, 269
salt, precipitation 78, 79
SAM see S-adenosyl-L-me-

thionine
sarcomeres 332
sarcoplasmic Ca2+ pump

220, 221
sarcoplasmic reticulum (SR)

334, 335
scaffolding

cytoskeletal 206
nuclear 238

Schiff’s base 108
SDS gel electrophoresis 78,

79
second messengers 224, 348

glycolipids 50
hormones 120, 121, 384,

386-7
see also individual mes-

sengers
second-order reactions 22,

23
secondary structure 68-9, 76
secretin 270
secretions

kidney 322
pancreas 268-9
small intestines 268-9

secretory pathway 228
sedimentation coef cient

200
sedoheptulose bisphospha-

tase 425
sedoheptulose 153
selenocysteine 6, 63
self-protection, blood 274
semiquinone radical 32, 130,

131
sense strands 84
separation, spontaneous 29
sequences

glycosylation 230
nuclear localization 208
peptides 66

sequencing 261

sequential mechanisms 90,
91, 94, 95

sER see smooth endoplasmic
reticulum

serine 50, 51, 60, 61, 63
dehydratase 181, 428
family 184, 185
proteases 176, 177, 298
proteinases 177, 425

serotonin 62, 63
serum 274

enzyme diagnosis 98, 178
seryl alanine 65, 66, 67
seven-helix receptors 224
SH2 domain 392
short tandem repeats (STRs)

264
shuttles 212
sialic acid see N-acetylneur-

aminic acid
sickle-cell anemia 249, 264,

265
sight 358-9
sigmoidal substrate satura-

tion curves 116
signal

cascades see signal cas-
cades

peptidase 427
peptides 228, 230, 231
receptor transfer 224
regions 228
signaling see signaling
SRP see signal recognition

particle
stop-transfer 230
transduction see signal

transduction
translocation 228, 229
transmission see signal

transmission
signal cascades

hormones 388-9
photoreceptors 358, 359

signal recognition particle
(SRP) 230, 231
receptor 230

signal transducers and acti-
vators of transcription see
STAT

signal transduction 120
cytokines 392, 393
G proteins 384, 385
insulin 388, 389

oncogenes 398
proteins (STPs) 392

signal transmission
CNS 348-9
synaptic 348

signaling
amino acids 380, 381
calcium 342
cytokines 392-3
eicosanoids 46, 390-1
hydrophilic substances

392
membranes 216
second messengers 224
steroids 46

silencers 118
silk 70, 71
single—strand-binding pro-

teins 240
single-stranded DNA

(ssDNA)
site-specific

deoxyribonuclease see
restriction endonucleases

β-sitosterol 56, 57
size, molecular 218
skeletal muscles 332
small intestines 31, 268,

269
small nuclear ribonucleo-

protein particles
(snRNPs) 246

small nuclear RNA (snRNA)
82

smooth endoplasmic retic-
ulum (sER) 172, 173, 226,
227

smooth muscle 332, 338
sn see stereospecific num-

bering
SNAREs 228, 229
snRNA, splicing 83
snRNPs (snurps) 246
soap bubbles 28, 29
sodium

chloride dissolution 21
dodecylsulfate see SDS
ions 328
voltage-gated channel

222, 223
solenoids 238
solubility 28, 29
soluble coenzymes 104
solvents 26-7, 54
somatic mutation 302
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somatic recombination 302
somatotropin 64, 65

receptor 64
son of sevenless see SOS
sorbitol 36, 37

D-sorbitol 39
sorting, proteins 174, 228-9,

229
SOS, adaptor proteins 388
space
space, intermembrane 210

matrix 210
spectrin 206
spectrophotometry 102, 103
sphingolipids 46, 47, 51, 170
sphingomyelin 214, 215
sphingophospholipid 51
sphingosine 51

N-acetyltransferase 423
spliceosomes 246, 247
splicing

hnRNA 246, 247
snRNA 83

spontaneous separation 29
squalene 52, 53, 172, 173
SR see sarcoplasmic reticu-

lum
ssDNA see single-stranded

DNA
stabilization

catalysis 90
transition states 100, 101

starches 40, 42, 43
brewing 148, 149

start codons 248, 250
STAT 392
statins 372
stationary phase 54
stearic acid 49
stearoyl-CoA desaturase 422
stercobilin 195
stercobilinogen 194, 195
stereospecific numbering

(sn)
stereospecificity 8
steroid alcohols see sterols
steroid hormones 56, 57,

172, 374, 377
biosynthesis 376
conjugates 110
inactivation 376
metabolism 376-7, 377
see also individual

hormones
steroids 46, 52, 53, 54-7, 55

hormones see steroid
hormones

receptors 378
signaling 46
steroid 11β-monooxyge-

nase 422
steroid 17α-monooxyge-

nase 422
steroid 21-monooxyge-

nase 422
steroid  -isomerase 429
structure 54
synthesis 410

sterol esterase 268, 269
sterol esters 47
sterols 46, 54, 55, 56, 57

see also cholesterol;
ergosterol; β-sitos-
terol; stigmasterol

stearylglycerols,
tristearylglycerol 49

stigmasterol 56, 57
stop codons 248, 250
stop-transfer signal 230
storage, liver 306
STP see signal transduction

protein
strands

double 85
grooves 86
matrix 85
sense 85

Streptococcus 148, 149
Streptomyces lividans 222,

223
streptomycin 254
striated muscle 333
stroma 128, 129
STRs see short tandem

repeats
structural genes 118
structure 6

dimers 116
isomers 8
polysaccharides 40
primary 76
proteins 68, 70-1
secondary 76
tertiary 76
quaternary 76

Stuart—Prower factor see
coagulation factor Xa

Stuart-Prower factor 291
substitution, nucleophilic 14
substrate-level phosphory-

lation 150
substrates

activity 95
analogs 96, 97
bisubstrate kinetics 94, 95
coenzymes 105
concentration 97, 116
cosubstrates 104
enzymes 94
insulin 388
orientation 90, 100
phosphorylation 122,

124, 125
proximity 90, 100
receptors 388
specificity 88, 89, 94
suicide 96, 97

succinate 136, 137
dehydrogenase 136, 137,

140, 421
glucose oxidation 147

semialdehyde dehydro-
genase 356, 357, 420

succinate-CoA ligase 136,
137, 147
(GDP-forming) 429

succinic acid 8, 9
succinyl phosphate 125
succinyl-CoA 136, 137, 166,

167
heme biosynthesis 192,

193
ligase 124, 125

sucrose 38, 39
α-glucosidase 426
density gradients 201

sugar 38
alcohols 38, 39

see also mannitol;
sorbitol

amino 44
suicide substrates 96, 97
sulfathiazole 255
sulfatides 50, 51
sulfides, disulfide 11
sulfonamides 254, 255
sulfur 11
sulfur-containing amino

acids 60
superoxide

dismutase 284, 285, 422
radicals 284

surface films 29
Svedberg unit (S)
sweat 31
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symbiosis
endosymbiotic theory

210
nitrogen fixation 184, 185

symport 212, 218, 220
synapses 348

receptors 348
signal transmission 348,

349
vesicles 354

synaptobrevin 228, 229
synaptotagmin 228, 229
Synechococcus elongatus

130, 132
syntaxin 228, 229
synthases see lyases
synthetases see ligases

T

T cell 274, 275, 294
activation 296-7, 297
receptor 224, 225

T form 117
hemoglobin 280, 281

T state 116
T4 phage 404
TAFs see TATA box, binding

protein, associated fac-
tors (TAFs)

tail, polyadenylate 246
TATA box 242, 243

binding protein (TBP)
244, 245
associated factors

(TAFs) 244, 245
taurine 314
taurocholic acid 314, 315
TBG see thyroxine-binding

globulin
TBP see TATA box, binding

protein
teeth 340, 341
temperature,enzymes94,95
templates 84, 240
terminal oxidation 136
termination, Escherichia coli

251
terpenes 52, 53
tertiary structure 76
testosterone 56, 57, 338,

374, 376
tetracyclines 254
tetrahydrobiopterin (THB)

tetrahydrocortisol 317
tetrahydrofolate (THF) 108,

110
N5-formyl-THF 108
N5-methyl-THF 108
N5-methylene-THF 108
N10-formyl-THF 108

tetraiodothyronine see thy-
roxine

tetramers 99
tetrapyrroles 128, 129
THB see tetrahydrobiopterin
Thermodynamics, Second

Law of 20
thermogenin (UCP-1) 144,

145
THF see tetrahydrofolate
thiamine see vitamin B1
thiamine

diphosphate (TPP) 106,
107, 366
pyruvate dehydrogen-

ase 134, 135
see also vitamin B1

thiazole ring 106
thin-layer chromatography

(TLC) 54, 55
thioesters 10, 11, 106, 125

bonds 12, 13
thioethers 10
thiokinase see succinate-

CoA ligase (GDP-form-
ing); succinyl-CoA ligase

thiols 10, 11
thiopurine methyltransfer-

ase 402, 403, 422
thioredoxin 190, 191

reductase 190, 191, 421
threonine 60, 61, 63

aldolase 428
synthase 428

thrombin 290, 426
thrombocytes 274, 290
thromboplastin 291
thromboxanes 390
thylakoids 128, 129, 133
thymidine 80, 81, 82, 304
thymidylate synthase 190,

191, 402, 403, 422
thymine 81, 84, 186, 187

dimers 256
thyroid-stimulating hor-

mone (TSH) see thyrotro-
pin

thyroliberin 380

thyrotropin 380
thyrotropin-releasing hor-

mone (TRH) see thyroli-
berin

thyroxine 62, 374
thyroxine-binding globulin

(TBG)
TIM 232
tissue kallikrein 426
tissue plasminogen activa-

tor (tPa) see plasminogen
activator (tissue)

tissues
disruption 198
hormones 370

titin 332
titration curves 30
TLC see thin-layer chroma-

tography
TMP, dTMP 80, 81, 187
TNF-a see tumor necrosis

factor-a
tobacco mosaic virus 404
tocopherol see vitamin E
TOM 232
topoisomerases 240, 245,

429
toxicity, urea 182
TPP see thiamine diphos-

phate
trace elements 2, 360, 362-3
TRADD 396
transducin 224
transferrin 286
transacetylase 119
transaldolase 152, 153, 422
transaminases 94, 176, 177
transamination 134, 178-9,

179, 180
pyridoxal phosphate 108,

109
transcription 208, 242-5,

243
control 114, 115, 118-20,

244-5
factors 114, 118, 119, 392,

394
genetic information 236
initiation 244, 245
PEP-CK 244, 245
regulation 244
RNA 242, 243

transducin 72, 73, 358
transfer RNA see tRNA
transferases 88, 89
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C1-transferases 89
intermolecular 89

transferrin 287
transformation 258, 398,

401
bio 226, 317
tumors 400

transition states 15, 90, 100
analogs 97
stabilization 100, 101

transketolase 152, 153, 422
translation 174, 208

amino acids 60
elongation 252-3
Escherichia coli 250, 251,

252, 253
genetic information 236,

248, 250-3
inhibitors 254
initiation 250-1
RNA 83
termination 252-3

translocation 252
signals 228, 229

translocator complexes
TIM 232
TOM 232

translocon 230
transmembrane helix 214
transport

active 218
antibiotics 254
antiport 212, 218
blood 274
CO2 282, 283
hemoglobin 282, 283
hormones 370
lipoproteins 279
mechanisms 220
membrane regulation

216
mitochondrial 212-13
O2 282-3, 283
passive 218
plasma membranes 219
processes 218-19
proteins 220-1
secondary 220
symport 212, 218, 220
uniport 212, 218

transporters 35, 210, 212,
218, 220

transthyretin 64, 65, 276
transverse tubules 334
α, α-trehalase 426

triacylglycerol 48, 49, 163,
170, 171
lipase 270, 271, 272, 273,

425
tricarboxylic acid cycle 113,

136-9, 137, 139, 210
and amino acid

biosynthesis 185
regulation 144, 145

triiodothyronine 374
see also thyroxine

triokinase 310, 311, 424
triose phosphate isomerase

150, 151, 429
Tris(hydroxymethyl)amino-

methane
tristearylglycerol, van der

Waals model 49
tRNAPhe 82, 83, 86, 87

aminoacyl 248
genetic information 236

tropines 372
tropomyosin 64, 65, 332,

334
troponin 332, 334
trypsin 94, 95, 177, 268, 269,

426
trypsinogen 176, 177, 270
tryptophan 60, 61
TSH see thyroid-stimulating

hormone
tubules 210, 221

microtubules 204, 206,
207

transverse 334
tubulins 204, 205
tumor necrosis factor-α

(TNF-α) 396
tumor-suppressor genes

394, 398
tumors 400-1, 401

gene therapy 264, 265
monoclonal antibodies

302
turnover

enzymes 88, 89
number 92

β-turns 68
type 1 diabetes 160
type 2 diabetes 160
tyrosine 60, 61, 352

kinases 224, 392
radical 190, 191
transaminase 424

tyrosine-3-monooxygenase

352, 353, 422

U

ubiquinol see coenzyme Q,
reduced

ubiquinone see coenzyme Q,
oxidized

ubiquitin 62, 176, 177, 394
UCP-1 see thermogenin
UDP glucose 110, 111, 156

4-epimerase 310, 311, 428
UDP glucose 1-phosphate

uridyltransferase 157
UDP glucuronic acid 194
UDP-glucuronosyltransfer-

ase 194
ultrafiltration 322
ultraviolet radiation (UV)

256
UMP 187, 188, 189, 190
uncouplers 144, 145
uniport 212, 218
units, international (U) 88
unsaturated fatty acids 48
uracil 80, 81, 84, 186, 187
urea 324

cycle 113, 182-3, 183
degradation 112
liver 182

ureotelic animals 182
uric acid 186, 187, 324
uricase 186
uricotelic animals 182
uridine 80, 81

5’-diphosphate see UDP
5’-monophosphate see

UMP
5’-triphosphate see UTP
dihydrouridine 82, 83
pseudouridine 82, 83

urine 31, 322, 323, 324-5,
325

urobilin 194, 195
urobilinogen 194, 195
urocanate hydratase 428
urokinase see plasminogen

activator (urine)
uroporphyrinogen III 192,

193
synthase 192, 193, 428

UTP 190
UTP-glucose-1-phosphate

uridyltransferase 424

All rights reserved. Usage subject to terms and conditions of license.
Koolman, Color Atlas of Biochemistry, 2nd edition © 2005 Thieme



467Index

UV see ultraviolet radiation

V

V segments 302
V systems 116
V type ATPase 220
V/J recombination 302, 303
vacuoles 43, 196, 234
valerianic acid 49
valine 60, 61
van der Waals models 6, 7

acetyl-CoA 13
cholesterol 54, 55
tristearylglycerol 49

variability, immunoglobu-
lins 302

variation
allotypic 302
idiotypic 302

vasopressin see antidiuretic
hormone (ADH)

vectors 258, 259
velocity

and concentration 93, 97
maximum 92, 93
reciprocal 93
relative 25

very-low-density
lipoprotein see VDLV

vesicles 28, 29
fractionation 198
synaptic 354

vimentin 332
viruses 404-5, 405

DNA 264, 265
rhinovirus 404, 405

vitamins 365
A (retinol) 52, 53, 364, 365
antioxidants 364
B1 (thiamine) 366, 367
B2 complex 366, 367
B6 complex 368, 369
B12 (cobalamine) 108,

368, 369
C (L-ascorbic acid) 104,

105, 368, 369
coenzymes 364
D (calciol, cholecalciferol)

52, 53, 364, 365
deficiency diseases 364
E (tocopherol) 32, 52, 53,

104, 364, 365
H (biotin) 62, 108, 109,

368, 369
hormones 364
K (phylloquinone) 52, 53,

104, 364, 365
lipid-soluble 46, 364-5,

365
nutrients 360
water-soluble 366-9, 367,

369
VLDL 163, 278, 312
Vmax see maximum velocity
voltage-gated Na+ channels

222

W

water 11, 27, 65, 296
acids 31
bacterial cells 202
degradation 112

emulsions 28
exclusion of 90
excretion 322
hydrophobic interactions

28-9
nutrients 362
O2

- 284
recycling 328-9, 329
solvents 26-7
structure 26

water-soluble vitamins 366-
9, 367, 369

waterbinding polysacchar-
ides 40

watersplitting enzyme 130
wavelength, constant 102,

103
waxes 47
work 17

energy 16
wort 148, 149

X

xanthine 187
oxidase 186, 187, 420

xyloglucan 41
D-xylose 38, 39, 42
xylulose 5-phosphate 153

Y

yeasts 148, 149

Z
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