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size of, 159-160
Mus musculus model, 235
muscle cells, excitability of, 172
muscle tissue, 169173
fascicles of, 173
ionic concentration in, 173
muscular dystrophy, genetic defect in, 212
musculoskeletal system, 167-168
mutations, 19
in bacteria, 74
neutral, deleterious, and advantageous, 30
selfish, 144-145
silent, 113
single nucleotide polymorphisms in, 114
in variation, 29-30
mutualism, 39
mutualists, bacterial, 73
myelin, 174
myocardial infarction (MI), 203
myocardium, development of, 158
myofibrils, 173
myosin, 169-172
activation of, 173

NADH, in bacterial energy metabolism, 81
NADPH, 131-133
National Drug Codes, 196n.3
natural killer (NK) cells, 179
natural selection, 20-21
in evolutionary process, 34-40
for multicellularity, 140-142
necrosis, 193
negative feedback loops, 166
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nervous system, 168, 181-185
information transmission in, /84
nervous tissue, 173-175
neuromuscular junction, 174, 182
neurons, 173-174
connections among, 183
sensory and motor, 174-175
neurotransmitters, 183—185
in information transmission, 184
neutrophils, 179
niche, fitness to, 22
nicotinamide adenine dinucleotide (NAD),
in bacterial energy metabolism, 78-80,
81
Niehoff, Debra, 164
Noble, Denis, 187
nonpolar molecule, 55
nuclear magnetic resonance spectroscopy
(NMR), 221-223
nucleic acid instrumentation, 225-230
nucleic acids, 12-16, 104
nucleolus, 126
nucleotides, 83
assembling into DNA double helix, 85
in DNA molecule, 14
lost, 114
structure of, 84
nucleus
of eukaryotic cell, 119, 124-126
of human cell, 720
Nusslein-Volhard, Christiane, 164

octet rule, 53
Okazaki fragments, 113
oleic acid, 66
oncogenes, 205-206
Opabinia, 7
imaginary reconstruction of, 70
open system, 67
operons, 106
orbitals, 53
organ systems, 167-168, 175
cardiovascular, 175-178
development and interconnection of, 159
immune, 178-181
nervous, 181-185
pathology of, 190
organelles, of eukaryotic cell, 119
organic chemistry, 62-66
organic molecules
chemistry of, 62-66
classes of, 65
organogenesis, 158-159
Orphan Drug Act, U.S., 243-244
osmotic pressure, 76
oxidation-reduction reactions, 62

oxidative phosphorylation, 127-129
oxidative stress, 193

oxidizers, 62

oxidoreductases, 103

oxygen, in chemical reactions, 62

oxygen pollution, mass extinctions and, 45

p53 protein, phosphorylation of, 152
paclitaxel, discovery of, 209
pair-rule genes, 148-149
Paleozoic Era, 44
palmitic acid, 66
pancreas, beta cells of, 166
paralogs, 115
paramecium, specialized organization of,
136-137
parasites, 9
bacterial, 73
coevolution of, 39
freeloading, 141-142
immunity against, 179-180
parental traits
averaging of, 23-24
particulate nature of, 24
possible combinations of, 26-27
particular, focus on, 2-3
pathogenesis, 190
pathogens, 190-191
pathology. See also disease
principles of, 190-194
Pauling, Linus, scale of electronegative of,
54
pax-6 protein, conservation of, 150
peacock tail, in sexual selection, 40
Peichel, Katie, 32n.5
Pennisi, Elizabeth, 111n.10
peptide bond, 92, 93
peptides, antimicrobial, 179
peptidoglycans, 76
peritoneum, formation of, 155
permeability, selective, 75
peroxisome, 133-134
pH, 61-62
molecular charge and, 218
phages, 178
phagocytes, 179
pharmaceutical small molecules, 196
pharmaceuticals
discovery and development of, 208-211
molecular biology in development of, 189
pharmacogenomics, 211
pharmacophore, 209
phenotype, 22
alleles influencing, 24-25
mutant, 223-224
mutations and, 33
phenotypic plasticity, 23
phenylketonuria (PKU), 198-199
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phosphate bonds, breaking, 70
phosphatidylcholine, structure of, 76
phosphoglucose isomerase, 80
phospholipids, 65

of cell membrane, 75
phosphorylation, 80
photoreceptors, 174
photosynthesis, 82

ATP production in, 140

in eukaryotes, 130
photosystem, type II, 130
physiology, 165

of organ systems, 175-185
piptidase, 103
plants

model organism for biology of, 233

number of species of, 8-9
plasma, 175-176
plasma cells, 181
plasmids, 74n.2
plasticity, 23, 168

phenotypic, 185
plastids, in eukaryotes, 133
platelets, 176
pleotropy, 33
polar molecule, 55
polygenic traits, in selection, 37
polymerase chain reaction (PCR), 228
polymerases, DNA-directed, 103
polymers, linear, 11-12
polymorphisms, 19
polypeptide chain, 94-95

flexibility of, 95
polypeptides, 92
polyprotein, 99-102
polysaccharides, 66
polyubiquitinated protein, 133
population genetics studies, 34
populations, natural selection in, 21
pores, in bacterial cell membrane, 75
PPAR gamma, 242-243
pre-mRNA, 120-121, 122
Precambrian Era, 44

mass extinction during, 45-46
precautionary principle, 250
predation, in eukaryotic protists, 135-136
predation adaptations, 135-137
predator-prey coevolution, 39, 136
predators, freeloading, 141-142
President’s Council on Bioethics, 251
primates, hierarchical grouping of, 10
prions, 96n.4
prokaryotes, 73. See also bacteria
promordia, 161
promoters, 106

propane, structure of, 63
proprioceptors, 174
protease inhibitors, 201
proteasome, 133-134
protein, 11, 92-95
in aqueous solution, 96
denaturing of, 95-96
DNA and synthesis of, 104-107
DNA direction of, 111-116
of eukaryotic cell, 119
evolution of, 102-103
families of, 102-103
function of, 103-104
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molecular renderings of, 13
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posttranslational modifications (PTMs) of,
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recognition site on, 98
sequence of, 12
structure of, 11-12, 95-102
determining, 221-223
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quaternary, 99, 101
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tertiary, 99, 101
superfamilies of, 103
tagging, 224-225
voltage-sensitive membrane channel,
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protein folding problem, 96
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protein turns, 98-99
proteomic technologies, 220-221
protists, 119
defense systems of, 179
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predatory abilities of, 135-136
sexual reproduction in, 135
proton pump, 78n.4
Provine, William B., 47
psychology, 185
public health measures, 195
punctuated equilibrium hypothesis, 30
purifying selection, 37
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in bacterial energy metabolism, 81
in glycolysis, 79, 80

Racaniello, Vincent, 248
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kinetically unfavorable, 61
in metabolic pathways, 78
rate of, 61
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receptor molecules, 146
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Red Queen hypothesis, 135n.9
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regA gene, in cell differentiation, 143-144
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repressors, 106
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speed of, 83
by binary fission, 86
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research on, 137-138
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definition of, 21
differential, 34
factors influencing, 21-23
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information transcribed to, 15
messenger (MRNA)
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production of, 106-107
spliced, ends of, 121
noncoding (ncRNA), 111
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small interfering (siRNA), 179
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Ridley, Matt, Red Queen hypothesis of,
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RNA. See ribonucleic acid (RNA)
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RNA-induced silencing complex,
110-111
RNA interference (RNAi), 110-111
RNA polymerase, DNA-directed, 107
RNA polymerase II, 106-107
in transcription, 107
RNA polymerase III, 108
RNA world, 110
Robinson, Richard, 43n.9
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meiosis in, 134-135
in molecular biotechnology, 232-233
Sanger, Frederick, 225-226
Sanger sequencing gel, 227
SDS-PAGE, 216-218
Sears, Cynthia, 73n.1
selection
balancing or diversifying, 37
directional or purifying, 37
in evolutionary process, 34—40
fitness in, 37-39
mass extinctions and, 45
sexual, 39-41
selex, 237-238
selfish DNA phenomenon, 116
selfish genes, 142
selfish mutants, 144-145
senescence, 206-207
sense organs, 182
sensory signals, transforming into motor
activity, 182-183
septic shock, 200
septicemia, 200
serine, 93, 94t
serine proteases, 197
sex, evolution of, 138
sexual reproduction. See reproduction, sexual
sexual selection, 39-41
SH2/SH3 domains, 146
shotgun sequencing, 226227
signal transduction pathways, 146-148
single nucleotide polymorphisms (SNPs),
113-114
in homologous genes, 116
size, evolution of, 160
skeletal muscle, 172-173
cells of, 174
SMADs, 160
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Snyder Sachs, Jessica, 89
social insects, group selection and, 140
social issues, molecular biology in, 246-249
solute, 49
solutions, 49

acid and base, 61-62

aqueous, 50

dissociation of, 59

molarity of, 61
solvation effect, 59
solvent, 49-50
soma, 139
somatic cell nuclear transfer, 245
somatic cells

differentiation of, 139-140

in photosynthesis, 140
sonic hedgehog, 151-152
Southern, Edward, 218
Southern blot, 218
species

fluctuating number of, 45
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names of, 9-10

new classes of, 46

number of, 7-9

potentially interbreeding, 7-8
Spencer, Herbert, 21
sperm, 23

creation of, 28-29

mitochondria and, 127n.4
spinal cord, 182
spliceosome, 120-121
sports doping controversies, 248-249
squamous epithelium, 169, 170
staining techniques, 224-225
starches, 66
StarLink transgene, 245-246
statolith, 133
stearic acid, 66
stem cells, 157

hematopoietic, 157

research on, 244-245

totipotent and pluripotent, 157

unipotent, 157
steroids, in heart disease, 204
sticklebacks, small genetic changes in, 32-33
stoichiometry, 59
stonefly, skimming speed of, 32
stop codons, 105
stromatolites, fossils of, 43
structure, function and, 2
substrates, enzymes and, 78
sucrose, 66
sweat glands, stratified cuboidal epithelium

of, 170

synapse, in information transmission, 184
Synechococcus elongates, 74

DNA of, 84

proteins in, 11

synthetic lethality experiment, 224
system

heat content of, 67

transition state in, 68—-69

systems biology, 165, 186-187
Szathmadry, Eors, 140n.1

T-cells, 180-181
in apoptosis, 194
cytotoxic, 181
helper, 181
tandem mass spec, 220-221
taxa, definition of, 8
TCA (tricarboxylic acid) cycle
backwards, 129
in eukaryotic mitochondria, 127-130
telomeres, 124
termination factors, 110
terpenes, 133
therapeutics, principles of, 194-196
thermodynamics, 67-70
definition of, 66
first law of, 67
second law of, 68
as a system, 67
thrombocytes, 176
thromboxane, activation of, 203
thrombus formation, 203
thylakoids, 130
thymine
in DNA structure, 107
structure of, 84
Timberlake, Karen, 71
tissue plasminogen activator, recombinant
(r-TPA), 203
tissues
growth of, 175
growth rates of, 162
organization of, 168-175
topoisomerases, 111-112, 124
tortoise
lifespan of, 6-7
of Mohave Desert, 9
traits, 19
fixed, 21
monogenic, 27
polygenic, 27
transamination, 130
transcript processing pathway, eukaryotic,
122, 123
transcription
of eukaryotic genes, 120-124
eukaryotic regulation mechanisms of, 121
mRNA in, 107
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transcription factor binding sites (TFBS), wound healing, stages of, 196-198
114 Wright, Sewall, fitness landscape concept of,
evolution of, 150-151 37-39
transcription factors, 106
activation of, 185 X-ray crystallography, 221-223
enhancer and repressor, 121
Hox-based position-specific, 158 yeast two-hybrids, 224
transcriptional control, 105-106 yeasts
transcripts, 107 as model organisms, 232-233
transferases, 103 pheromone receptors, 135
transforming growth factor beta (TGF-B),
superfamily of, 160 Z-scheme, 130
transgenics, 236-237 zebrafish, 234
transposon, 116 zygote, 24-25

trastuzumab (Herceptin), 207
triglyceride, 65

tryptophan, 93, 94t

tumor necrosis factor (TNF), 194
tumor suppressor genes, 205-206
tumors, 205

ubiquitin, 133
ultracentrifuge, 216
uracil, 83

in RNA structure, 107
urinary system, 168

vacuoles, 137
valence, 53
Van der Waals force, 58
variation
in evolutionary process, 28-34
factors in, 20-21
source of, 19
vasculature, growth and development of, 159
vasoconstriction, 176
vasodilation, 176
Veatch, Robert, 251
veins, 176
vertebrates
backbone development in, 149
growth in, 161-162
immune system of, 178-180
viruses, 9
antibiotics for, 200-201
RNA, 113n.11
visual cortex, 183
volcanism, global temperature and, 45-46
voltage-gated protein, 173
Volvocales, multicellular development of,
142-145
Volvox, cell differentiation in, 154

Wade, Nicholas, 47

water, formation of, 59-60
Watson, James, 117
Weinberg, Wilhelm, 34-35
wild type phenotype, 223-224
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