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Acidity. See also pH; Protons: described,
146-147; and selection, 166

Actin. See Cytoskeleton

Active transport. See Pumps in membrane
transport

Acyl transfer, 56, 57, 61, 91

Adenine. See Bases, purine

Adenosine, selection of, 38—-40

Adenosine monophosphate (AMP): in ATP
hydrolysis, 31-34, 38; construction of,
152, 156; described, 25; functions of,
216; in group transfers, 62-64, 126; in
protein synthesis, 90, 95; in RNA
synthesis, 67-68; structure of, 26

Adenosine triphosphate. See ATP
(Adenosine triphosphate)

Aerobic bacteria, electron transport chains
in, 135-137, 143

Aerobic defined, 44

Aerobic environments, development of,
208

Aerobic hydrogenosomes, function of,
205

Aerobic organisms: ATP assembly in, 61,
206; molecular oxygen production in,
141; and oxygen toxicity, 200

a-ketoglutarate: in ATP assembly, 58, 61;
oxidative decarboxylation of, 58, 60, 61

Alcohols, long-chain in cellular
membranes, 126-128. See also Ethanol

Amino acids: D-Amino acids, in cell walls,
12, in meteorites, 13, in murein, 176,

selection of, 96; L-Amino acids, in cell
walls, 12, in meteorites, 13, in murein,
176, selection of, 96; proteinogenic, 13,
96, 103, 109; R groups of, 89, 102, 122;
RNA and, 96, 103; selection of, 95, 96;
sequence and function, 23, 89

Amino acyl-tRNA synthetases, 92, 103,
111

AMP. See Adenosine monophosphate
(AMP)

Amphibians, evolution of, 218

Amphiphilic property defined, 118,
119

Anaerobic: defined, 44; fermentation, 58;
hydrogen generation, 207; respiration,
development of, 148

Anaerobic bacteria: ATP production in,
206; electron transport chains in,
135-137, 143; and mitochondrial
development, 204

Anaerobic environments: Archaea in, 175;
development of, 208; evolution of,
199-202

Ancestors of humans, 222-223

Animals: cell structure of, 171; drug
resistance in, 234; electron transfer in,
44; evolution of, 186, 214, 218-219,
227; genetic code in, 100, 161; in
hydrothermal vents, 156; light
production in, 28; phylogenetic tree,
175; visual machinery in, 146

Anticodons, 71, 92-95, 97, 101-104
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Archaea: in anaerobic environments, 175;
cell walls in, 176; classification of,
175-176; DNA replication in, 66;
enzymes in, 182; evolution of, 176;
origin of, 174, 177-178

Atmosphere, 8, 51, 143, 199, 200, 201. See
also Oxygen: of Earth, 143, 155, 199

ATP (Adenosine triphosphate): assembly
of, 56-58, 61, 141, 206; and electron
transport, 137-138; energetics of, 147;
function of, 25, 26-28, 35-36; obtaining,
36; phosphorylation, 29, 31; and protein
synthesis, 90; pyrophosphorylation of,
33, 35; structure of, 25-26

Autotrophy: and biosynthetic reductions,
49, 61; described, 45-47

Bacteria. See also Prokaryotic cells: aerobic,
electron transport chains in, 135-137,
143; anaerobic, electron transport chains
in, 135-137, 143, and mitochondrial
development, 204; cell walls in, 176;
classification of, 175; electron transport
in, 135, 137, 146; origin of, 174

Bacteriorhodopsin, 146

Base pairing. See also DNA: defined, 70-72;
and DNA replication, 112

Bases: purine, 25, 26, 115; pyrimidine, 26

Bifurcations, 170, 181, 217

Biosynthesis and group transfer, 29-36

Biosynthetic reductions: and autotrophy,
49, 61; electrons, source of, 141;
heterotrophic organisms and, 46

Biotechnologies and human evolution,
229

Bonds: ester, 78, 120, 121, 126, 176 (See
also Phospholipids, ester); ether, 120,
176 (See also Phospholipids, ether);
pyrophosphate, 25-27, 30-35, 37,
39-40, 54, 63-64, 68-70, 77 (See also ATP
(Adenosine triphosphate); NTP
(Nucleoside triphosphates)); thioesters,
56-57 (See also Thioesters)

Bottleneck: pseudo (See Pseudo-bottleneck
model); restrictive (See Restrictive
bottleneck model); selective (See
Selective bottleneck model)

Brain volume increase in human
evolution, 224-225

Carriers: electron, 49-50, 58, 128, 129,
136; group, 34, 61

INDEX

Catalysts. See also Enzymes; Multimers;
Ribozymes: and DNA replication, 114;
and electron transfer, 49-50; origin of,
21-24, 153; ribozymes as, 84-86; and
RNA assembly, 77-78; selection of,
23-24

Cell division, 2, 114, 165, 233. See also
Mitosis

Cell walls, 12, 176

Cells: eukaryotic (See Eukaryotic cells);
prokaryotic (See Prokaryotic cells)

Chance. See also Fantastic luck model: in
evolution, 232-234; and inevitability, 2,
3,4

Chemistry: abiotic, 6-7, 149; bonds,
formation of, 56, 74; cosmic, 7-9, 149;
in evolution, 238; prebiotic (See
Chemistry, abiotic); work, origins of, 28,
152-154

Chemotrophy. See also Autotrophy:
described, 46, 47; protonmotive forces
in, 135, 138-140, 141

Chimerism, 180. See also Protoeukaryotes

Chirality: described, 10, 12-13; in
membrane phospholipids, 182; and RNA
selection, 13, 79, 96

Chloroplasts, 210-211

Cholesterol in prokaryotic cells, 122

Chromosomes, 187, 193

Chronocytes, evolution of, 196

Cilia, evolution of, 212

Codon: and amino acid-RNA interactions,
103; defined, 92

Coenzyme A, function of, 126

Coenzyme Q. See Ubiquinone

Coenzymes, 49, 76, 153, 160, 163

Congruence: described, 17-21; and
protometabolism, 20-21, 76-77,
152-153

Contingency, gospel of, 232-234, 239

Convergent evolution. See Evolution,
convergent

Coupling mechanisms. See also Electrons
in energy transfer: and electron
transfers, 50; engines, properties of,
133-134, 138; protonmotive force in,
133-134, 138; in thioesters, 56-57

Cro-Magnons, 223, 225, 240

CTP, 25, 34-35, 68, 75-76, 112, 153

Cyanobacteria: biosynthetic reductions in,
143; and chloroplast evolution, 210; and
photosynthesis, 202
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Cytochromes in electron transport, 137
Cytomembranes. See Membranes, cellular
Cytosine. See Bases, pyrimidine
Cytoskeleton, 187, 195, 207

D-Amino acids: in cell walls, 12; in
meteorites, 13; in murein, 176; selection
of, 96

Darwin. See Natural selection model

Dehydrating condensations and molecule
assembly, 28

Deoxyribonucleic acid. See DNA

Deoxyribose, 11-12, 26, 35, 46, 72, 112

Deterministic necessity model, 1, 17

Dictyostelium spp., state alteration in, 216

DNA: advantages of, 115; described, 112;
origins of, 113-114, 116-117; replication
of, 112-113, 114; selection of, 114-116;
sequencing, 174; synthesis, 35; viruses,
168

Dynein, 187

Earth: atmosphere of, 143, 155, 199;
evolution of, 6-9, 15, 23, 51, 175, 238;
life, fitness for, 230; mass of, 108;
multicellular organisms on, 214,
236-237; origin of life on, 130, 158-159,
170-171; oxygen on, 201; phosphate on,
36; RNA on, 75; sulfur on, 63

Electron carriers, 49-50, 58, 128, 129,

136

Electrons in energy transfer: animals, 44;
in bacteria, 135, 137; bioenergetic
functions of, 43-49, 141; catalysts and,
49-50; coupling mechanisms and, 50
(See also Coupling mechanisms);
cytochromes in, 137; derivation of, 49;
described, 41, 136, 143; energetics of,
41-43, 137-138; in eukaryotic cells, 135;
flavoproteins in, 135; in halobacteria,
146; history of, 50-53, 77; iron and, 137;
Krebs cycle, 138, 139; phototrophy,
141-143, 144; thioesters and, 54-62

Enantiomers. See Chirality

Endocytosis, 122, 187, 190-192, 193

Endoplasmic reticulum (ER), 187, 188

Endosymbionts. See also Chloroplasts;
Mitochondria; Symbiosis: cellular uptake
of, 210; described, 203-204, 208-209;
mitochondria in, 204-205

Endosymbiosis defined, 179

Energetics, 34, 41-43, 46-48
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Energy: and RNA selection, 76; sources of,
44, 200; transfer, 41, 42 (See also
Electrons in energy transfer)

Environment: and human evolution, 229,
236-237; and natural selection, 165,
166-167, 239

Enzymes. See also Catalysts: in cellular
membranes, 123, 182; and DNA
replication, 112, 113; function of, 126,
135-137; homochirality in, 12; and
metabolism, 16-17; selection of, 19, 35,
153-154, 182, 185

ER. See Endoplasmic reticulum (ER)

Escherichia coli and DNA selection,
114-116

Ethanol, 45, 46, 58, 123

Eucarya, origin of, 174

Eukaryotic cells: cytomembranes vs. cell
membranes, 193; described, 171;
development of, 196; electron
transport in, 135; membranes in,

120; mitochondria in, 204-210;
nucleus, origin of, 212-213; origins of,
174, 186-187, 189-190, 214-217;
properties of, 187-188, 206; selection of,
201

Europa, 15

Event probabilities equation, 2

Evolution. See also Human evolution: of
animals, 186, 214, 218-219, 227; chance
in, 232-234; chemistry in, 238;
convergent, 162, 182, 235, 239; of Earth,
6-9, 15, 23, 51, 175, 238; of endocytosis,
190-192, 193; funneling in, 219-220,
235; horizontal, 217-218; Krebs cycle in,
52-53, 64, 150; mechanisms of, 185,
219-220, 231-232; mimicry and,
234-235; of mitochondria, 194-195,
204-210; of mitosomes, 194; mutations
in, 219, 220, 232-234, 235; oxygen and,
199-202; pathways of, 217-218,
235-236; probability of, 232;
prokaryotes, 175-177, 178, 206-207; of
protometabolism, 17; representation of,
231; symbiosis in, 206, 208; vertical,
218-220

Extraterrestrial life, 7, 158-159

Fantastic luck model, 4, 73, 215, 227

Fateful encounter hypothesis, 197-198,
207, 209

Fatty acids. See Lipids
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Fermentation, energetics of, 46

Ferredoxin, 141-142

Fidelity of replication. See Replication

Flagella: bacterial, 215; eukaryotic, 197,
212; evolution of, 212

Flavoproteins in electron transport, 135

Fossils, 84, 174, 186, 201, 210, 226

Frozen accident model, 4, 13, 104-106

Fungi: described, 44, 171, 194, 205; drug
resistance in, 234; evolution of, 186,
214, 218; genetic code in, 100, 161;
peptide/polypeptide synthesis by, 22;
phylogenetic tree in, 175, 181

Funneling in evolution, 219-220, 235

Galaxy, 8, 108, 159

Genes: duplication, 165, 180 (See also
Genes, paralogous); expression of, 92; in
the LUCA, 165; paralogous, 165, 180;
transfer, in chimerism, 180, in
endosymbionts, 203, in evolution, 181,
in the LUCA, 162

Genetic code: in animals, 100, 161;
described, 92, 101; evolution of, 226;
mutations in, 102, 104-105, 171-172;
origin of, 102-104, 154; redundancy in,
105, 117; selection of, 104-106;
structure of, 100-102; translation and,
100-106; universality of, 100

Genome fusion theory, 179

Glucose and ATP assembly, 61

Glyceraldehyde, 10-11, 39. See also
Chirality

Glycerophosphate. See Chirality

Glycolysis, 61-62, 64, 124

Glycolytic chain. See Glycolysis

Gospel of contingency, 232-234, 239

Group carriers, 34, 61

Group transfer: adenosine monophosphate
(AMP) in, 62-64, 126; and biosynthesis,
29-36; nucleoside triphosphate (NTP),
32; phosphorylation and, 30; sequential,
30-33; and thioesters, 62-63

GTP, 25, 35, 59, 61, 68, 75-76, 93, 112, 153

Guanine. See Bases, purine

Halobacteria, electron transport in, 146

Heat tolerance and natural selection, 167,
177

Hemoglobin. See Hemoproteins

Hemoproteins, 50, 65, 137. See also
Cytochromes in electron transport

INDEX

Heterotrophic theory of the origin of life,
51, 52-53

Heterotrophy: biosynthetic reductions in,
46; described, 43-45; protonmotive
electron flow in, 139

Hominids, 221

Homo sapiens. See Human evolution

Homochirality. See Chirality

Human evolution. See also Evolution:
brain volume increase in, 224-225;
environment and, 229, 236-237; future
of, 228-230; mechanisms of, 181,
203-204, 215, 223-225, 226-228, 229;
overview, 221-226

Hydrogen, anaerobic generation of, 207

Hydrogen ions. See Protons

Hydrogen peroxide, generation of, 44

Hydrogen sulfide. See Thioesters

Hydrogenosomes: aerobic function of,
205; evolution of, 195, 204-210 (See also
Mitochondria)

Hydrophilicity, 119

Hydrophobicity, 119

Hydrothermal vents: animals in, 156; and
the origin of life, 156

Identity defined, 94. See also tRNA
synthetases

Incredible luck model. See Fantastic luck
model

Intelligent design model, 4, 17, 154, 232,
239

Interstellar space, 7

Iron: in electron transport, 137; ferric, 44,
201; ferrous, 44, 201; and oxygen
toxicity, 202; selection of, 64-65

Isoprenoids. See Terpenoids

Kinesin, 187

Krebs cycle: in ATP generation, 58, 59,
61-62; as coupling mechanism, 50; in
electron transport, 138, 139; in
evolution, 52-53, 64, 150

L-Amino acids: in cell walls, 12; in
meteorites, 13; in murein, 176; selection
of, 96

Last Universal Common Ancestor. See
LUCA (Last Universal Common
Ancestor)

Life: building blocks, described, 6, 7,
formation of, 8, 9, obtaining, 8;
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development of, 63-64, 77, 87, 109, 115,
149-151; extraterrestrial, 158-159;
history of, viii; origins of, 51, 52-53, 61,
155-157; probability of, 157-159;
singularity of, 159-160

Lipid bilayer, 118-123

Lipids: membrane bilayer, 118-122;
synthesis of, 34, 125-126, 182

Lipoic acid, oxidative decarboxylation of,
58, 60-61

Lipophilicity defined, 119. See also
Hydrophobicity

Long-chain alcohols. See Terpenoids

LUCA (Last Universal Common Ancestor):
described, 161-162; evolution of, 162,
165, 170-171; origins of, 164-167, 177;
representation of, 162-163, 183-185;
selection in, 183-185

Lungfish, evolution of, 218

Lysosomes, 123, 187, 190, 192, 194

Macroevolution. See Evolution, vertical

Mammals, 229, 235, 237

Mars, 15, 159

Martin/Miiller hypothesis, 206-207

Membranes, cellular: alcohols, long-chain
in, 126-128; described, 118; enzymes in,
123, 182; formation of, 130-131; origins
of, 124-132; phospholipids in, 121, 176,
182; properties of, 120, 124, 131, 165;
proteins in, 122-124; proton pumps in,
123, 135, 137-138

Metabolic pathways. See Metabolism

Metabolism, 17, 46, 58-61. See also
Protometabolism

Methane, 7, 47, 175, 208

Methanogens, 47, 175, 206

Methanol, 7-8

Microevolution. See Evolution, horizontal

Microfossils. See Fossils

Microspheres described, 130

Microtubules. See Cytoskeleton

Mimicry and evolution, 234-235

Mitochondria: and chloroplasts, 210;
evolution of, 194-195, 204-210; and
protonmotive force, 204

Mitosis, 187. See also Cell division

Mitosomes, evolution of, 194. See also
Mitochondria

Mitotic division. See Mitosis

Molecular clock described, 172, 173

Molecular phylogenies, 171-175

255

Molecules, organic: classification of,
10-11; in extraterrestrial sites, 7;
selection of, 13, 17-19; synthesis of, 128

Monophyletic defined, viii

mRNA: in biosynthetic reactions, 91-93,
95; coding action of, 92; in evolution,
66; in protein synthesis, 151

Multicellular organisms, history of, 214

Multimers: and catalyst selection, 23-24;
described, 22-23, 24; and membrane
formation, 130

Mutations: and evolution, 219, 220,
232-234, 235; and the genetic code, 102,
104-105, 171-172; point, 102, 105, 172,
233-234; spread of, 110

Myosin, 187

NAD, 49, 55-60, 84, 138, 139, 140-142,
144-145

NADPD, 49, 84, 125, 140-142, 144-145

Nanaerobes described, 202

Natural selection model, 1, 105, 167, 173,
177,238

Neanderthals, 225

Necessity. See Deterministic necessity
model

Neoteny theory, 227

NTP (Nucleoside triphosphates): group
transfer in, 32; in molecule formation,
34-35, 79

Nucleoside triphosphates (NTP). See NTP
(Nucleoside triphosphates)

Nucleotidyl transfer, 32, 34, 63, 70

Nucleus, origin of, 212-213

Optical activity. See Chirality

Optimization: of the genetic code,
104-105, 109, 117; of metabolism, 20,
36; and selection, 154; selective, 81-82,
102, 106, 110, 158, 160, 211, 234-235,
238-239

Organisms, living: metabolism in, 46, 59;
multicellular, 214; properties of, 162;
sexually reproducing, 217; stem,
217-220

Origins of life, 51, 52-53, 61, 155-157

Oxidation, 54, 56, 58, 60, 138-139, 200.
See also Oxidation-reduction reactions

Oxidation-reduction reactions, 41

Oxidative decarboxylation:
a-ketoglutarate, 58, 60, 61; lipoic acid,
58, 60-61; pyruvate, 58, 61
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Oxygen: carbon and, 200; and evolution,
199-202; toxicity, 202, 205
Oxygen holocaust model, 199-201, 207

Pantetheine, structure of, 62

Paralogy. See Genes, paralogous

Peptides, synthesis of, 23, 91

Peptidyl transferase. See rRNA

PER (peptide-enhanced) world model,
99-100

Peroxisomes, origin of, 212

PH, 39, 147, 166, 176

Phagocytes: described, 201; primitive,
hypothesis, 190-196, 197, 198, 209

Phagocytosis described, 194

Phosphate: on Earth, 36; selection of,
36-38

Phosphoglyceraldehyde, 58, 59, 62

Phospholipids, 121, 122, 182: ester, 178,
182; ether, 178

Phosphopanthetene. See Pantetheine,
structure of

Phosphoryl transfer, 30, 35, 56, 57, 128

Phosphorylation: of ATP, 29, 31;
carrier-level, 58, 148; group transfer in,
30; substrate-level, 58

Photophosphorylation, 48, 141-144

Photosynthesis, 199. See also Phototrophy

Phototrophy. See also Photosynthesis:
described, 48; electron transport in,
141-143, 144

Phylogenetic tree. See also Molecular
phylogenies: of animals, 175; in fungi,
175, 181; in plants, 175

Planctomycetes, 195

Planets, 7, 158, 159. See also Solar System

Plants: drug resistance in, 234; energy,
source of, 44, 48; and evolution, 186,
199, 211; evolution of, 214, 218, 219;
genetic code in, 100, 161; phylogenetic
tree in, 175; structures unique to, 6, 171,
187

Polyphosphate, 37, 64, 76

Porphyrin. See Hemoproteins

Potentials: membrane, 27, 123; proton, 63

Primates, 230, 237

Primitive phagocyte hypothesis, 190-196,
197, 198, 209

Probability. See Chance

Profligacy defined, 153

Prokaryotic cells: cholesterol in, 122;
chromosomes in, 193; cytomembranes

INDEX

vs. cell membranes, 193; evolution of,
175-177, 178, 206-207; membranes in,
120; methane-producing, chemotrophy
in, 47; properties of, 118-122, 171

Proteinogenic amino acids. See Amino
acids, proteinogenic

Proteins: described, 88-90; lengthening,
mechanisms of, 111; origins of, 95-100,
106-110; receptors, 124; sequence space
in, 108; sequencing, 173-174, 195;
synthesis, adenosine triphosphate (ATP)
in, 90, development of, 151, 154,
mechanism of, 34, 90-93, 95, protocells
and, 98-99, ribosomes and, 91, 97;
translation of, 92; translocators, 123,
203-204

Protists, 171, 188, 194-195, 203, 205, 208,
212, 214-216

Protocells: origin of, 131; and pH, 147; and
protein synthesis, 98-99; replication in,
132

Protoeukaryotes: chimerism in, 178-181,
182; described, 178-182

Protometabolism. See also Metabolism:
congruence and, 20-21, 76-77, 152-153;
described, 15-16, 149-151; evolution of,
17; RNA and, 15, 75-78, 150-151

Protonmotive force. See also Protons:
biospheric, 145; in chemotrophy, 140;
coupling engines, properties of,
133-134, 138; described, 133; in
heterotrophy, 139; metabolic functions
of, 138; mitochondria in, 204; origins of,
146-148

Protons: in energy transfer, 41; potentials,
63

Pseudo-bottleneck model, 3, 166, 210, 216,
223,239

Pumps in membrane transport, 123, 135,
137-138

Pyrophosphate: bonds, 25-27, 30-35, 37,
39-40, 54, 63-64, 77; in evolution, 149,
150; in protein synthesis, 90, 126-128;
in protometabolism, 153, 156; in RNA
synthesis, 68-70, 76-77

Pyrophosphoryl transfer, 19, 33, 35,
128

Pyrophosphorylation of ATD, 33, 35

Pyruvate, oxidative decarboxylation of, 58,
61

Quinones, 49
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Receptors in cellular membranes, 124

Redox couples described, 42

Redox potential in energy transfer, 42

Redox reactions, 41

Reduction, 41

Redundancy in the genetic code, 105, 117

Replication: in Archaea, 66; DNA,
112-113, 114; fidelity of, 97; in
protocells, 132; RNA (See RNA, synthesis)

Reptiles, 237

Restrictive bottleneck model, 3, 210

Retroviruses described, 116, 168, 169.
See also RNA, viruses

Rhodopsin. See Bacteriorhodopsin

Ribonucleic acid. See RNA

Ribose: in ATP, 25, 35; in biosynthetic
reactions, 46, 62, 72, 76; and DNA,
112-115; D-ribose, 11-12, 13, 38-39, 67,
75, 77; L-ribose, 96; in RNA synthesis,
68, 78-79; selection of, 38-39, 78-79

Ribosomes: in eukaryotic cells, 187, 191; in
membrane transport, 124; and protein
synthesis, 91, 97, 203

Ribozymes: as catalysts, 84-86; described,
16, 83; and RNA synthesis, 85, 86, 117;
selection of, 18, 19

RNA: and amino acids, 96, 103; chirality
in, 13, 79, 96; described, 16, 67, 106,
107; in the LUCA, 164; messenger
(See mRNA); mRNA, 92; origin of, 15,
66-67, 73-75, 78-80, 152; and
protometabolism, 15, 75-78, 150-151;
ribosomal (See rRNA); selection of, 76,
79; sequence space in, 81; sequencing,
174; synthesis, chain elongation,
mechanism of, 69, 79-80, chemical
reaction of, 26, 77-78, nucleotide
structures involved in, 35, 68-72, and
ribozymes, 85, 86, 117, splicing in, 107;
transfer (See tRNA); the Ur-Gen, 80-83;
viruses, 114, 116, 168, 169 (See also
Retroviruses described)

RNA World model, 17, 83-86, 87, 107, 151
rRNA: in biosynthetic reactions, 91-93, 95;
in evolution, 66; in protein synthesis,

151

Selection. See also individual topic by name:
agents of, 99-100, 154-155; Darwinian
(See Natural selection model); described,
96, 238-239; direct (See Selection,
molecular); and innovation, 184; in the
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LUCA, 183-185; molecular, 18, 19, 82,
85, 98; molecules, organic, 13, 17-19;
natural (See Natural selection model);
origins of, 153-154

Selective bottleneck model, 1-3, 154, 166,
177, 210, 235

Selective permeability in cellular
membranes, 131

Sequence space: defined, 81-82, 107-110;
protein, 108; RNA, 81

Sexual reproduction, 216

Singularity: defined, viii; in human
evolution, 221; of life, 159-160;
mechanisms of, 1-5, 238; in
multicellular organisms, 214

Solar system, 7, 13, 159

Specific rotary power defined, 10

Stem organisms, 217-220

Substances, organic, 7

Succinate, 59, 138, 139, 145

Sulfate, 45, 63, 120, 138

Sulfur. See also Sulfate; Thioesters: on
earth, 63; selection of, 63-64

Symbiosis. See also Endosymbionts:
defined, 179; in evolution, 206,
208

Synthesis: proteins, adenosine
triphosphate (ATP) in, 90, development
of, 151, 154, mechanism of, 34, 90-93,
95, protocells and, 98-99, ribosomes
and, 91, 97; RNA, chain elongation,
mechanism of, 69, 79-80, chemical
reaction of, 26, 77-78, nucleotide
structures involved in, 35, 68-72, and
ribozymes, 85, 86, 117, splicing in, 107;
terpenoids, 127

Syntrophic hypothesis, 180, 213

Terpenoids: in cellular membranes,
126-128; structure of, 129; synthesis,
127

Thermodynamics. See Energetics

Thioctic acid. See Lipoic acid, oxidative
decarboxylation of

Thioesters: coupling in, 56-57; described,
54; and the development of life, 63-64,
77; electron transfers and, 54-62; and
group transfers, 62-63; in metabolic
processes, 58-61

Thiols, 63, 156

Thymine. See Bases, pyrimidine

Titan, 15
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Transcription: in DNA replication,
115-116; regulating and evolution, 215;
reverse, 71, 114

Transducers in living systems, 27

Transfer: acyl, 56, 57, 61, 91; electrons (See
Electrons in energy transfer); genes (See
Genes, transfer); group (See Group
transfer); nucleotidyl, 32, 34, 63, 70;
phosphoryl, 30, 35, 56, 57, 128;
pyrophosphoryl, 18, 19, 35, 128

Translation: and the genetic code,
100-106; and mRNA coding,

92

Translocation: in cellular membranes,
123; of protein products in
endosymbiont evolution, 123,

203-204

Transport, active. See Pumps in membrane
transport

Transporters in cellular membranes,
123-124

tRNA: in biosynthetic reactions, 91-93, 95;
in evolution, 66; in protein synthesis,
151

INDEX

tRNA synthetases, 92, 103, 111
Tubulin. See Cytoskeleton

Ubiquinone, function of, 135-137
Uracil. See Bases, pyrimidine
Ur-Gen described, 80-83

UTP, 25, 35, 68, 75-76, 153

Viruses: described, 167-169; DNA, 168;
origin of, 168; retroviruses, 116, 168,
169; RNA, 114, 116, 168, 169

Vitamins, 128, 129

Volcanic sources. See Hydrothermal vents

Water: and amino acids, 89, 102; and ATP,
25-30, 33, 37, 39; in biosynthetic
reactions, 42-49, 55, 205; in cell
membranes, 119-120, 123, 128, 130; in
cosmic chemistry, 7-8; in electron
transport, 138-144; and the origin of
life, 155-159, 175, 218; and oxygen,
199, 201

Work. See Energy; Transducers in living
systems
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