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5' to 3' polarity, 106
9+2 arrangement, 32
30-nanometer fi bers, 296–297

• A •
A site, 278, 279
academic success, 349–354
acetyl-CoA, 168–169, 170, 180
acidic solutions, 72–73
acquired immunodefi ciency syndrome (AIDS), 

39, 49–50
actin, 30, 31
activation energy, 148, 149, 150, 157
activator proteins, 292
active sites, 346
active transport, 125–126
acute illness, 45
addiction, 130
addition (genetics), 232
adenine (A), 103–104, 107, 108, 344
adenosine triphosphate. See ATP
adenylate cyclase, 294
adherens junctions, 128
adhesion proteins, 97
adipose tissue, 183
adverse drug reactions, 334
AIDS (acquired immunodefi ciency syndrome), 

39, 49–50
alcohol (ethanol) fermentation, 165–166
alkaline solutions, 72–73
alleles

about, 226–227, 231
disease-causing, 320, 321, 322–324
dominant, 234
frequency changes, 343
in Mendelian research, 229
normal, 324
recessive, 233, 251
during sexual reproduction, 348

allolactose, 291, 292
allosteric sites, 95, 291, 293, 346, 347
alpha helices, 88–89, 98–99
Alu, 331
Alzheimer’s disease, 320, 330
amino acids, 85–86, 87–88, 180, 276–278
aminoacyl tRNAs, 278
amphipathic molecules, 114
anabolism, 136, 181

anaphase, 207, 215
anaphase I, 217, 219, 220, 231, 238, 248
anaphase II, 217
anchoring junctions, 127
aneuploidy, 221
animal cells, 20–22, 208
animal fats, 114
antenna complex, 192–193
antibiotic resistance, 342, 343
antibiotics

mechanism of, 45
resistance to, 43
targets of, 11, 34, 39

antibody proteins, 347
anticodons, 277–278
antigen-binding sites, 347
antiparallel strands, 106–107, 264, 271, 344–345
antiviral drugs, 39, 49–50
apoptosis, 204
archaea, 11, 16, 34
arrangement of atoms, 79, 80
artifi cial sweeteners, 83, 284
asexual reproduction, 202
aspartame, 284
A-T base pairs, 328
atomic number of the element, 58
atoms, 54, 62–63
ATP

cAMP from, 294
as dNTP, 263
as energy carrier, 146
in energy transfer, 24, 27, 125, 167, 174
estimating energy inputs, 176–177
formation of, 163, 170, 171–172, 193, 194, 198
hydrolysis, 144–146
as inhibitor, 182
in metabolism, 144
phosphate groups in, 132
in photosynthesis, 190–191, 192
during respiration, 158

ATP synthase, 172–173, 175, 192, 194
autism, 44
autosomal chromosomes, 215
autotrophs, 186, 198, 199
average mass of atoms, 59

• B •
bacteria

about, 11, 16, 340
antibiotic-resistant, 342, 343
binary fi ssion, 202

CO
PYRIG

HTED
 M

ATERIA
L



356 Molecular & Cell Biology For Dummies 

bacteria (continued)
cell walls in, 34
chemosynthesis, 199
fl agella, 35
gene promoters, 269
gene regulation in, 288–294
hibernation, 286
as human hormone source, 318
origins of replication, 259
regulatory proteins, 271
viruses of, 40–43

bacteriophage (phage), 40–43
ball and stick model, 67
basal transcription factors, 298
base pairs

DNA, 107, 262, 345
human, 325, 328, 331
RNA, 108
transcription/translation rules for, 270–271

basic solutions, 72–73
beta-galactosidase, 290
bicarbonate, 73
binary fi ssion, 202, 257
biochemists, 334
bioethics, 320
bioinformatics, 14
biosynthesis, 197
Black Death, 50
blood pH, 73
blood types, 242–244
blue light wavelengths, 189
Bohr model of atoms, 56, 57, 66, 67
bonds. See also covalent bonds

chemical, 60–70
described, 90
double bonds, 66
hydrogen bonds, 68–69, 90, 107
ionic bonds, 65–66, 90
peptide bonds, 88

breast cancer, 129, 320
Brown, Robert (scientist), 340
budding, 48, 49
buffer solutions, 73
burning (respiration analogy), 157
burns, 320
butter, 116

• C •
cadherins, 127, 129
calico cats, 253
calories, 117
Calvin cycle, 189–191, 196–198
Calvin-Benson cycle, 196
cAMP (cyclic AMP), 293–294
cancer

breast, 320
growth, 266

metastasis, 129
mutagens, 282, 283
Ras protein defects, 134
treatment, 320
tumor suppressors, 204

CAP (catabolite activator protein), 292–293
capsid, 38
capsomere, 38
capsules, 35
carbohydrates

from carbon dioxide (CO
2
), 196

complex, 77–78, 80, 178–181
functions of, 82–83
location of, 18
as macromolecules, 74
structure of, 77–82

carbon dioxide (CO
2
) conversion, 190–191, 196

carbon fi xation, 197
carbon-14 dating, 59
carbonic acid, 73
carbonyl group, 78
carrier proteins, 124, 125, 347
catabolic operons, 293
catabolism, 136, 181
catabolite activator protein (CAP), 292–293
catalysis, 93–94
Cdks (cyclin-dependent kinases), 208
cDNA (complementary DNA), 309–310
cDNA libraries, 312
cell anatomy

about, 15
eukaryotic cells, 20–33
prokaryotic cells, 33–35
structures in, 16–20

cell boundaries
crossing, 121–126
intercellular functioning, 126–129
signaling across, 129–134

cell division
binary fi ssion, 202
cell cycle, 203–204
mitosis, 205–207
regulation of, 208
reproduction, 201–202

cell junction abnormalities, 129
cell theory, 201, 339–340
cell-cell attachments, 127
cell-cell gap, 128–129
cells

about, 9–12
DNA technology, 13–14
enzymes, 149
eukaryotic cell walls, 21, 32
genetic code, 13
identity markers, 83, 92
needs fulfi llment, 152–153
pH range of survival, 72
plates, 208
prokaryotic cell walls, 34
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repairs, 266
sexual reproduction, 12
types of, 16

cellular respiration
about, 155–160
chemiosmotic theory of oxidative 

phosphorylation, 171–177
food breakdown, 177–180
glucose breakdown in, 344
glycolysis, 160–166
Krebs cycle, 166–171
metabolic pathways, 180–184

cellulose, 32, 81, 82
central dogma of molecular biology, 268, 

345–346
centrifugation, 20
centrioles, 21
centromere, 206, 214
channel proteins, 123–124
chaperone proteins, 91
checkpoints, 204
chemical bonds, 60–70
chemical energy, 192–193
chemical potential energy, 138, 174
chemical reactions

about, 147
in glycolysis, 161–163
in Krebs cycle, 167–168, 169–170
in oxidative phosphorylation, 174–175
photosynthesis, 185, 189

chemiosmosis, 175, 192
chemiosmotic theory of oxidative 

phosphorylation, 171–177
chemistry

about, 53–54
chemical bonds, 60–70
elements, 54–59
polymers, 74–76
water/hydrogen, 70–73

chemosynthesis, 199
chimpanzee genomes, 330
chitin, 32, 82
chlorine

electron confi guration of, 64
in table salt, 57, 65, 66, 150

chlorophyll, 187, 189
chloroplasts, 21, 28–29
cholesterol, 18
chromatin, 23, 296, 297
chromosomes

about, 23
counting, 213
crossing over, 218–219
division of, 205–206
in DNA replication problems, 265–266
gene mapping to, 326
gene numbers on, 328
homologous, 213–215

mapping, 214, 249–250
in Mendelian genetics, 231
mistakes, 220–221
multiple sets of, 331
number of, 12, 268
origins of replication, 259–261
pairs of, 348
proximity of linked genes, 248
recombination of, 248–249
X/Y differences, 252

cigarette smoking, 32
cilia, 30, 31–32
cillin drugs, 34
cis face of the Golgi, 25
citrate, 168–169
citrate synthase, 182
cleavage furrow, 208
cloning genes, 311–312
coactivators, 298–299
code breaking, 108–109
coding strands, 271
codominance, 242–244
codons, 274, 277–278, 332
collagen, 32, 92
comparative genomics, 326, 329–331
competitive inhibition, 94
complementary base pairs, 107
complementary DNA (cDNA), 309–310
complementary RNA, 47
complex carbohydrates, 77, 80, 178–181
complex viruses, 39
condensation reactions, 74, 80–81, 105, 114, 297
conformation, 86
connexins, 129
conservation of energy, 138
conservation of matter, 343–344
constitutive genes, 288
covalent bonds

about, 66
in DNA replication, 258, 260, 263
nonpolar covalent bonds, 111
polar, 68, 89, 90
with tertiary structure, 90
in transcription/translation, 270

Crick, Francis (scientist), 345
cristae, 27
crops, 47, 321–322, 328
crossing over, 218–219, 248–249
cycle sequencing, 316–317
cyclic AMP (cAMP), 293–294
cyclic photophosphorylation, 194
cyclin-dependent kinases (Cdks), 208
cyclins, 208
cystic fi brosis, 282, 320
cytokinesis, 207–208, 217
cytoplasm, 17, 18–19, 23, 31
cytosine (C), 103–104, 105, 107, 108, 344
cytoskeleton, 29–32
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• D •
d sublevel, 63
dark environments, 199
dark reactions, 196
Darwin, Charles (scientist), 342
ddNTP (dideoxyribonucleotide triphosphate), 

314, 317
deamination, 180
decarboxylation, 167
decay, radioactive, 59
decoding mRNA, 276–278
decondensation, 297
dehydration synthesis, 74
denaturation, 85, 86, 88
deoxyribonucleic acid. See DNA
deoxyribonucleoside triphosphates (dNTPs), 

262–263, 316–317
deoxyribose, 102, 104
dephosphorylation, 301
designer drugs, 14
desmosomes, 127
developmental biologists, 334
diabetes, 125, 318, 320
dideoxyribonucleotide triphosphate (ddNTP), 

314, 317
differential gene expression, 286–287
diffusion, 122–123, 124
dihybrid crosses, 238–239
dimers, 76
diploid number (2N) of chromosomes, 

213, 347, 348
disaccharide lactose, 290
disaccharides, 81
disease

Alzheimer disease protection, 330
bacterial properties, 35
carriers, 253
drugs, response to, 326, 333–334
gene therapy for, 322–324
infections, 34
from molecular defects, 14
treatment, 319–320, 328

disorder. See entropy
DNA

ancient, 109
antiparallel base pairing, 345
during cell replication, 23
code terminology, 11
cutting, 306–307
information fl ow to RNA, 345
junk, 329
libraries, 311, 312
ligase, 258, 263
as macromolecules, 74
in Mendelian genetics, 231
in the nucleus, 22
polymerase, 282, 314–315

polymerase I/II/III, 258, 260–262, 263, 265–266
promoter sequences, 269
regulation of, 93
replication, 204
during S phase, 216
sequencing, 314–317
single/double-stranded, 38, 47
structure of, 328
technology, 13–14
transcription, 268–272
in viruses, 38

DNA microarrays, 332–333
DNA probes, 312–313, 321
DNA replication

about, 257–258
enzymes, 258
initiating, 314
leading/lagging strands, 264–266
process, 259–263

DNA-binding, 98–99, 291, 293
dNTPs (deoxyribonucleoside triphosphates), 

262–263, 316–317
dominance (genetics), 224, 241–246
dormancy, viral, 41, 42–43
double bonds, 66
double helix of DNA, 106–107, 259, 260, 264, 344
double-stranded DNA, 47
double-stranded RNA, 38, 47
doublets, 31
Down Syndrome, 220, 221
drawings of atoms/molecules, 66–67
drugs, response to, 326, 333–334
dynein, 31, 206

• E •
E. coli, 289–294, 319–320, 328
E site, 278, 279
Ea (energy of activation), 148, 149
ECM (extracellular matrix), 32–33
eggs, 212, 347, 348
elastic potential energy, 138
electrical charge, 56
electrochemical gradients, 143
electromagnetic radiation, 188
electron carriers, 150–152
electron dot model, 67
electron orbitals, 56, 63
electron shells, 56
electronegativity, 64, 68, 173
electrons. See also valence electrons

about, 56
in chemical bonding, 60
in chemiosmosis, 175
confi guration, 60, 63–64
in isotopes, 58
during light reactions, 195
loss or gain, 65
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pairs of, 63
during respiration, 158–159
shared, 66
transport chains, 172, 173, 192

elements, 54–59
end product inhibition, 95–96
endergonic reactions

about, 142–143, 145
in DNA replication, 262
polypeptide formation, 282
in transcription/translation, 272

endomembrane system, 24–26
endoplasmic reticulum, 24
endospores, 286
energy

carriers, 146
coupling, 144–146
defi nition, 137
investment, 160
levels, 56, 63–64
of motion, 139
storage, 117–118
transfer/transformation, 137–138

energy of activation (Ea), 148, 149
enhancers, 298
entropy, 139, 140–141, 142, 340
envelope of viruses, 38–39, 45–46
environmental issues, 318
enzyme-linked receptors, 133
enzymes

about, 93–96
in activation energy, 157
adenylate cyclase, 294
in binding, 346
complexes, 259
DNA replication, 258
in energy activation, 146
in fat production, 183
lipases, 180
with membranes, 97
in metabolism, 148–150
regulating, 301
as regulators, 182
RNA as, 268
Rubisco, 197

epidermal growth factor, 320
equilibrium, 122
Escherichia coli. See E. coli
essential amino acids, 183
ethanol, 166
ethical issues, 318
ethics, 320
eucarya, 16
eukaryotes

fl agella, 30, 35
gene expression in, 295–301
viruses of, 43–50

eukaryotic cells
about, 16, 20–33
cell division, 203, 208
DNA, 19, 265–266
extracellular layers in, 32–33
open reading frames in, 332
origins of replication, 260
promoters, 269
regulatory proteins, 271
ribosomes, 19, 20
RNA processing, 272–273

evolution by natural selection, 342–343
evolutionary biologists, 334
evolutionary relationship among species, 329
exercise, 156, 175, 341
exergonic reactions

about, 142–143, 145–146
in DNA replication, 263
in respiration, 156, 158, 170

exons, 272–273
exportins, 24
extracellular matrix (ECM), 32–33
extremophiles, 328
eye color, 245–246

• F •
facilitated diffusion, 123
family of elements, 61
fats, 74, 113–114, 180, 182–184
fatty acids, 112–113, 180, 183
feedback inhibition, 95–96
feline fur color, 253
female parents, 253
fermentation, 165–166
fertilization, 212, 225
fertilizers, 188
fi bronectins, 33
fi mbriae, 35
fi rst law of thermodynamics, 137–139, 340–341
fi sh oil, 114, 116
5' caps, 273, 301
5' to 3' polarity, 106
fl agella, 30, 31–32, 35
fl uid mosaic model, 18
food

breakdown, 177–180
crops, 47, 321–322, 328
energy transfer from, 174
oxidation of, 171

food industry, 166
food webs, 199
forensic scientists, 313
formula 2n2, 63
formula CH

2
O, 78

fossil DNA, 109
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fossils, 59, 342
frameshift mutations, 283
free energy, 141–143
free ribosomes, 20
fruit fl ies, 328
functional genomics, 326, 331–333
fungi, 340
fusion, 46, 49

• G •
G (Gibbs free energy), 141–142
G proteins, 133–134
G

0
 phase, 203

G9a (gene), 287
galactose, 290
Galapagos Islands, 342
gametes, 211–212, 347, 348
Gap 1 (G

1
) phase, 203, 208, 215

Gap 2 (G
2
), 204, 208, 215

gap junctions, 129
gated channels, 124
G-C base pairs, 328
gel electrophoresis, 307–309
gene expression

bacteria gene regulation, 288–294
with DNA microarrays, 332
in eukaryotes, 295–301
gene regulation, 285–288
species variation, 331

gene families, 329
gene products, 286, 331
gene therapy, 322–324
general transcription factors, 298
generations, notation (genetics), 227
genes

about, 226
amplifi cation, 313
cloning, 311–312
copying, 313–314
defi nition, 268
fi nding, 312–313
linked, 242, 247–250
in Mendelian genetics, 231
numbers of, 328
pleiotropic, 245
polygenic, 245–246
sex-linked, 252

genetic engineering, 321–322
genetically modifi ed organisms (GMOs), 318, 

321–322
geneticists, 334
genetics

code, 13, 267, 268–272
diseases, 233–234, 282–284, 322
diversity, 218–219
screening, 318, 320
variations, 48, 49, 248

genomic libraries, 312
genomics

about, 14
comparative, 326, 329–331
functional, 326, 331–333
genome sequencing, 325–329
pharmacogenomics, 326, 333–334
systems biology, 334–335

genotypes, 226, 237, 334
genotypic ratios, 229
Gibbs free energy (G), 141–142
global warming, 200
glucose

in E. coli, 289–290, 292–293, 294
estimating energy from, 176–177
oxidation of, 158–160, 344
in respiration, 156

glycerol, 113–114, 180, 183
glycolysis

about, 159, 160–166
complex carbohydrates in, 178
in E. coli, 290
fat/protein in, 180
with Krebs cycle, 168–169
Krebs cycle compared with, 171

glycoproteins, 83, 92, 97
glycosidic linkages, 81
glycosis, 159
glyoxisomes, 26
GMOs (genetically modifi ed organisms), 318, 

321–322
golden rice, 322
Golgi apparatus, 25
gonads, 212
grades, improving, 349–354
grana, 28
gravitational potential energy, 138
greenhouse gases, 200
GTP (guanosine triphosphate), 132, 170, 282
guanine (G), 103–104, 105, 107, 108, 344
guanosine triphosphate (GTP), 132, 170, 282

• H •
haploid number (N) of chromosomes, 

213, 216, 347
HATs (histone acetyl transferases), 297
healthy fats/oils, 116
heat, 341
height, 246
helical viruses, 39
helicase, 258, 260
helix turn helix motifs, 99
hemidesmosomes, 127
hemizygous organisms, 252
hemoglobin, 91–92
hemophilia, 233, 250–251, 282
heterotrophs, 198
heterozygous organisms, 226, 227, 238–239
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HGP (Human Genome Project), 325–326
hierarchical shotgun sequencing, 327
histone acetyl transferases (HATs), 297
histones, 296
HIV (human immunodefi ciency virus), 

39, 47, 49–50
holoenzymes, 271
homologous chromosomes, 348
homozygous organisms, 226, 229
Hooke, Robert (scientist), 10, 339
hormones, 129, 130, 318, 320
host range of viruses, 40
housekeeping proteins, 287–288
human blood types, 242–244
human enzymes, 82
human eye color, 245–246
human genome, 328–329, 330, 332
Human Genome Project (HGP), 268, 325–326
human hormones

for cosmetic use, 318
for disease treatment, 320
growth hormones, 320

human immunodefi ciency virus (HIV), 39, 47, 
49–50

Huntington’s disease, 320
hybrid organisms, 226
hydrocarbons, 111, 114
hydrogen, 62, 71–73, 150–152, 175
hydrogen bonds, 68–69, 90, 107
hydrogenated fats, 116
hydrolysis, 75, 144–145
hydrophilic heads, 18
hydrophilic molecules, 70
hydrophobic interactions, 70, 71, 90, 111, 113
hydrophobic tails, 18
hydroponic gardeners, 188
hypertonic/hypotonic solutions, 124

• I •
I gene, 291
icons used in this book, 5
identity proteins, 97
immune system, 43, 49
immunosuppressant drugs, 98
importins, 24
incomplete dominance, 241, 242
independent assortment, 224, 236–240, 247, 348
induced fi t, 94
induced mutations, 282
inducers, 347
induction of lac operons, 291
industrial applications, 328
inert gases, 60, 61, 64
infections, 34
information fl ow, 345
inheritance patterns, 225, 233
inner membrane, 27, 28
insect toxins, 322

insulin, 318, 320
insurance issues (genetic testing), 318
integrins, 33, 127
intercellular functioning, 126–129
interleukin-2, 320
intermediate fi laments, 30
intermediates, 147, 167, 178, 180–181
intermembrane space, 27, 28
Internet availability of genome information, 334
interphase, 203–204
introns, 272–273, 309, 332
ionic bonds, 65–66, 90
isomers, 79, 80
isotonic solutions, 124
isotopes, comparing, 58–59

• J •
junk DNA, 329

• K •
karyotypes, 214–215
keratin, 30
kinases, 133
kinesin, 31
kinetic energy, 19, 138, 139, 150
kinetochores, 206
Krebs cycle

about, 159, 166–171
fat/protein in, 180
in protein synthesis, 183

• L •
lac operator, 290
lac operons, 289–290, 291–292, 294
lac promoter, 290
lac repressor protein, 290, 291
lactic acid fermentation, 165–166
Lactobacillus, 166
lactose, 81, 294
lactose intolerance, 80
lacY gene, 290
lacZ gene, 290
lagging strands, 264–266
lamin, 30
latent viruses, 45
Lavoisier, Antoine Laurent (scientist), 343
law of conservation of energy, 138
law of conservation of matter, 343–344
law of dominance, 224
law of independent assortment, 224, 236–240, 

247, 348
law of segregation, 224, 231, 236, 347
laws of thermodynamics, 137–146, 340–341
leading strands, 264–266
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legal issues, 318
leucine zipper motifs, 99
Lewis structural model, 67
life cycles

of humans, 212
of viruses, 40–43, 45, 47–49

lifestyle choices to minimize risk, 334
ligands, 130
light energy, 185, 192–193
light independent reactions, 196
light reactions

Calvin cycle, 189–191
photosynthesis, 192–196

linear chromosomes, 265–266
linked genes, 242, 247–250
lipases, 180
lipids

functions of, 117–118
as macromolecules, 74
structure of, 111–117

lumen, 24
lysogenic cycle, 41–43, 45
lysosomes, 26
lytic cycle, 41–42, 45

• M •
macromolecules, 74, 87, 112
major histocompatibility complex (MHC), 98
male parents, 253
map units, 250
mapping chromosomes, 214, 249–250
margarine, 116
Margulis, Lynn (scientist), 29
mass, 53
mass number of the element, 58
maternal age as risk factor, 220
matrix, mitochondrial, 27
matter, 53–54, 343–344
maximum number of electrons, 63
measles, 44, 47
medicine, molecular, 14
meiosis

about, 12, 215–218, 239–240, 347, 348
chromosomes, 213–215
crossing over, 218–219
nondisjunction, 220–221
sexual reproduction, 211–213, 219–220

meiosis I/II, 216, 217, 218, 220
melanin, 245–246
membrane proteins, 96–98, 347
membrane-bound ribosomes, 20
membranes, eukaryotic, 20
Mendel, Gregor, 223
Mendelian genetics, 223–235, 236–240
Mendel’s laws, 224, 229
Mereschovsky, 29
messenger RNA (mRNA), 108, 267, 268, 300, 301

metabolism
cell, 19
cycles, 147
metabolic pathways, 146–153, 180–184
revving up, 135–136
thermodynamics, 137–146

metabolomics, 335
metals, 62
metaphase, 206, 215, 217
methane, 63
MHC (major histocompatibility complex), 98
mice, 328
microfi laments, 30, 31
microRNA (miRNA), 300
microtubules, 30, 31, 32, 35
microwaves, 188
middle lamella, 128
MIG welding, 60
miRNA (microRNA), 300
missense mutations, 283
mitochondria, 27–28, 29, 166, 169
mitosis, 203, 205–207, 257
mitotic spindle, 206
model organisms, 328
molarity, 71
molecular biology, 14, 318–324
molecules

about, 11
atoms in, 54
in chemical bonding, 60
movement, 143
nonpolar (hydrophobic), 70
random distribution, 122
sorting, 307–309

monohybrid cross, 229
monomers, 74, 75, 76
monosaccharides, 77, 78–80
mosaic viruses, 47
motor proteins, 31
mRNA (messenger RNA), 108, 267, 268, 300, 301
multicellular organisms, 16
multiplication cycles,viral, 40–43, 45, 47–49
muscle building, 183
mutagens, 282
mutated relics of genes, 329
mutations, 257, 282–284, 342
myosin, 31

• N •
NADH (nicotinamide adenine dinucleotide), 

146, 182
NAD+/NADH (nicotinamide adenine 

dinucleotide), 151–152
NADPH (nicotinamide adenine dinucleotide 

phosphate), 190–191
naming conventions in glycolysis, 163
natural selection, 329, 342–343
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negative control, 291, 294
negative-sense viruses, 47
neutral solutions, 72
neutrons, 56, 58
nicotinamide adenine dinucleotide (NAD+/

NADH), 151–152
nicotinamide adenine dinucleotide (NADH), 

146, 182
nicotinamide adenine dinucleotide phosphate 

(NADPH), 190–191
9+2 arrangement, 32, 35
nitrogenous bases, 102, 103–105, 106, 344–345
noble gases. See inert gases
noncoding DNA, 328, 330
noncompetitive inhibitors, 95
noncyclic photophosphorylation, 194
nondisjunctions, 220–221, 253
non-Mendelian inheritance patterns

linked genes, 247–250
sex-linked traits, 250–254
variations on dominance, 241–246

nonmetals, 62
nonpolar covalent bonds, 111
nonpolar molecules, 70
nonsense mutations, 283
nonspontaneous chemical reactions, 

142–143, 145
nontemplate strands, 271
notation/language, 225–226, 227
NTPs (ribonucleoside triphosphates), 272
nuclear envelope, 22–23
nuclear lamina, 23
nuclear pores, 23–24
nucleic acids

about, 38
DNA and RNA, 105–109
as macromolecules, 74
structure of, 101–105

nucleic acids pair in antiparallel strands (law), 
344–345

nucleoid, 19
nucleoli, 23
nucleosomes, 296–297, 328
nucleotides

about, 24, 101–105
in cycle sequencing, 316–317
deletions, 283
order of, 314–315
species variation, 331

nucleus
about, 16, 22–24
of atoms, 56
DNA in, 19
in eukaryotic cells, 20

number of cell types, 10
numbering carbon atoms, 78, 102
Nutrasweet, 284
nutrition improvements, 322

• O •
octet rule, 61
odds (breeding), 227–229
oils, 113–114, 117
Okasaki fragments, 264
oligomers, 76
one prime carbon, 102
online availability of genome information, 334
open reading frames, 332
operators, 289
operons, bacterial, 288–289
Ophioglossum, 213
organ transplant matches, 98
organelles, 16, 20, 29
organization of cells, 143
origins of replication (ORI), 259, 328
osmosis, 124
outcrossing (genetics), 225
outer membrane, 27, 28
ovaries, 212
oxaloacetate, 168–169, 170
oxidation

about, 65
electron carriers, 151, 152
in electron transport chains, 173
in metabolism, 146, 150

oxidative phosphorylation, 159, 171–177
oxygen, electronegativity of, 173

• P •
P site, 278, 279
p sublevel, 63
parental phenotypes, 249
parental types, 248
pathogens, 328. See also bacteria; disease; 

viruses
pathways, metabolic, 146–153, 180–184
patterns of inheritance, 225, 233
PCR (polymerase chain reaction), 313–314
peas. See Mendelian genetics
pedigrees, 233–235, 250–252
pentose (5-carbon) sugar, 102
peptide bonds, 88
peptidoglycan, 34, 82
Periodic Table of Elements

about, 58–59
electronegativity in, 64
illustration, 55
inert gases in, 60
valence electrons in, 61
working without, 63

peroxisomes, 26
pH, 71–72, 73
pharmacogenomics, 326, 333–334
phenotypes, 226, 229, 238–239, 241–246
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phenotypic ratios, 229
phenylalanine, 284
phloem, 187
phosphatases, 134
phosphate groups, 102, 132–133
phosphofructokinase, 182
phospholipids, 18, 22–23, 114–115
phosphorylation, 163–164, 167, 170, 

171–177, 301
photophosphorylation, 192, 193–196
photosynthesis

about, 12, 185–191, 340
Calvin cycle, 196–198
chemiosmosis in, 175
light reactions, 192–196
pigments, 189
in the real world, 198–200

pigment melanin, 245–246
pili, 35
pituitary dwarfi sm, 318, 320
plant oils, 114, 116
plants

breeding. See Mendelian genetics
cells, 20–22, 208
crops, 47, 328
fertilizers, 188
genetic engineering, 321–322

plasma membrane
about, 17–18
as cell boundary, 121
composition of, 96–97
viral envelope similarity, 38–39, 45–46

plasmodesmata, 129
pleated sheets, 89, 98–99
pleiotropic genes, 245
pleiotropy, 242
ploidy, 213
polar covalent bonds, 68, 89, 90
polarity, 106, 264
poly-A tails, 273, 301
polygenic genes/traits, 242, 245–246
polyhedral viruses, 39
polymerase chain reaction (PCR), 313–314
polymers, 74–76
polynucleotide chains, 102
polypeptides

about, 85–86
formation of, 281, 282
in proteins, 91
structure of, 87, 88–89, 90

polyploid organisms, 213, 331
polysaccharides, 77, 80–82
porins, 169
Portier, 29
positive control, 294
positive-sense viruses, 47
potential energy, 138–139, 174
predictions (breeding), 228–229
pre-mRNA, 272–273

primary messenger, 131, 132
primary RNA transcript, 272–273
primary structure, 86, 87–88, 105
primary wall, 128
primase, 258, 261–262
primers, 313–314, 316–317
probability (genetics), 231–232
productive collisions, 149
products, 147
prokaryotic cells

about, 16, 33–35
DNA, 19
glycolysis in, 161
open reading frames in, 332
ribosomes, 19, 20
types of, 11

promoter proximal elements, 298
promoters, 269, 288–289, 328
prophage, 42
prophase, 206, 215
prophase I, 217, 219
prophase II, 217, 220
proteases, 180
protective caps, 273
protective gas blanket in welding, 60
protein shape is essential to function (law), 

346–347
proteins. See also transport proteins

actin, 30, 31
breaking down, 180
building, 183, 268
code reading, 276
construction of, 13
cytoskeletal, 29–31
discovering, 332
for disease treatment, 319–320
DNA-binding, 98–99
dynein, 206
enzymes, 93–96
formation of, 273–282
functions of, 92–93
in human genome, 328
Krebs cycle, 180, 183
as macromolecules, 74
membrane proteins, 96–98
motor, 31
in nucleus, 24
p53, 204
in plasma membrane, 18
in polypeptides, 91
receptors, 17
regulatory, 271, 295, 297–298
shape of, 346–347
structure of, 85–92, 273–274
synthesis of, 26, 268, 269
viral, 38, 39

proteins, types of
activator, 292
adhesion, 97
antibody, 347
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carrier, 124, 125, 347
catabolite activator protein (CAP), 292–293
channel, 123–124
chaperone, 91
G, 133–134
glycoproteins, 83, 92, 97
housekeeping, 287–288
identity, 97
lac repressor, 290, 291
membrane, 96–98, 347
motor, 31
Ras, 133, 134
receptor, 97, 130, 133, 347
regulatory, 271, 295, 297–298
sigma, 271
single-strand DNA-binding proteins 

(SSBPs), 260
small nuclear ribonucleoproteins (snRPs), 273

proteomics, 14, 335
protists, 20
proton motive force, 174
protons, 56, 58, 172–173
proviruses, 45
pseudogenes, 329
pumps, 125, 192
Punnett square, 228–229, 238–239, 253–254
pure-breeding plants, 225, 226, 229, 236–237
purines, 103–104
pyrimidines, 103–105
pyruvate, 168–169
pyruvate dehydrogenase, 182

• Q •
quantum numbers, 63
quarternary structure, 86, 91–92
Queen Victoria, 233, 250, 251, 253

• R •
rabies, 40
radioactive isotopes/decay, 59
random distribution, 122, 124, 140–141
Ras proteins, 133, 134
ratios (breeding), 227–229
reaction centers, 192–193
reading frames, 276, 283, 332
receptor proteins, 97, 130, 133, 347
receptor tyrosine kinases (RTKs), 133
receptor-mediated endocytosis, 46
receptors, 17, 18
recessive genes, 224, 229, 230
recombinant DNA technology

about, 13, 305
cloning genes, 311–312
copying genes, 313–314
cutting DNA, 306–307
fi nding genes, 312–313

making cDNA, 309–310
reading genes, 314–317
sorting molecules, 307–309

recombinant phenotypes, 250
recombinant types, 249
recombination

of chromosomes, 248–249
frequency of, 250
proximity of linked genes, 249

red light wavelengths, 189
redox reactions, 65, 150, 173
reduction

about, 65
electron carriers, 151, 152
in electron transport chains, 173
in metabolism, 146, 150

reduction phase, 197
redundancy, genetic, 274
regeneration phase, 197
regulated genes, 288
regulatory proteins, 271, 295, 297–298
regulatory sequences, 328
regulatory transcription factors, 298
repair of cells, 201, 266
repetitive sequences, 331
replicated chromosomes, 206
replication bubbles, 260
replication cycles, viral, 40–43, 45, 47–49
replication forks, 260
repressors, 347
RER (rough endoplasmic reticulum), 20, 24
respiration. See cellular respiration
respiratory tract cilia, 31–32
restriction endonucleases, 306
restriction enzymes, 321
restriction sites, 306
retroviruses, 47
reverse transcriptase, 47, 49, 309–310
reversible ionization of water, 71
ribonucleic acid (RNA). See RNA
ribonucleoside triphosphates (NTPs), 272
ribonucleotides, 102
ribose, 102, 104
ribosomal binding sites, 275
ribosomal RNA (rRNA), 109
ribosomes

about, 17, 19–20
in amino acid sequencing, 278–279
in chloroplasts, 29
in DNA transcription, 268
in mitochondria, 28
in rough endoplasmic reticulum, 24
subunits, 19, 23, 24

ribozymes, 268
rice, 322
risk factors for disease, 334
RNA

complementary, 47
during DNA replication, 262
double/single-stranded, 38, 47
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RNA (continued)
in human genome, 328
information fl ow to DNA, 345
interference, 300
as macromolecules, 74
molecules, 108, 268
polymerase, 258, 261–262, 270, 271
role of, 22, 24
sequencing, 332–333
synthesis of, 272
in viruses, 38

roots, 187
rough endoplasmic reticulum (RER), 20, 24
Royal Academy of London, 340
rRNA (ribosomal RNA), 109
RTKs (receptor tyrosine kinases), 133
Rubisco, 197
rule of addition, 232
Rule of Eight, 61, 63
rule of numbers, 232–233
Rule of Two, 61
rules of probability, 231–232
rust, 65

• S •
S phase of interphase, 204, 208, 215, 216
s sublevel, 63
salt, 57, 65, 66, 124–125, 150
sample size, 232–233
saturated fats, 112–113
Schleiden, Matthias Jacob (scientist), 340
Schwann, Theodor (scientist), 340
second law of thermodynamics, 139–146, 341
second messengers, 132, 134
secondary structure, 86, 88–89, 106, 108
secondary wall, 128
secretory vesicles, 26
segregation (genetics), 224, 231, 236, 347
selective permeability, 17, 121
self-crossing (genetics), 225
self-fertilization, 225
semiconservative replication, 258
SER (smooth endoplasmic reticulum), 24
serial endosymbiotic theory, 29
sex chromosomes, 215
sex-linked traits, 242, 250–254
sexual reproduction, 12, 211–213, 219–220, 

347, 348
shotgun sequencing, 326–328
sickle cell anemia, 245, 320
side effects of drugs, 333–334
sigma proteins, 271
signal transduction, 130–131, 132
signaling among cells, 129–134
silencers, 298
silent mutations, 283
similarity of all life, 329, 342
simple diffusion, 123

simple sugars, 77, 78, 178
single nucleotide polymorphisms (SNPs), 331
single-strand DNA-binding proteins (SSBPs), 260
single-stranded DNA, 38
sister chromatids, 206, 216
size

of cells, 15, 33
of DNA, 107
of genomes, 330–331
of ribosomes, 20

skin color, 246
small nuclear ribonucleoproteins (snRPs), 273
smallpox, 47
smoker’s cough, 32
smooth endoplasmic reticulum (SER), 24
SNPs (single nucleotide polymorphisms), 331
snRPs (small nuclear ribonucleoproteins), 273
sodium, 57, 65, 66, 150
sodium potassium pump, 125–126
soil, role of, 188
solar energy, 193
solute concentration, 124
solvents, 70
somatic cells, 211–212
species similarity/variation, 329, 331
sperm, 212, 347, 348
spider silk, 89
spikes, 39
spliceosomes, 273, 300
spontaneous chemical reactions, 142–143, 

145–146
spontaneous mutations, 282
SRY genes, 300
SSBPs (single-strand DNA-binding proteins), 260
staining patterns, 214
starch, 81, 82
start codons, 275–276, 332
stem cells, 286, 287, 318, 324
steps

in amino acid typing/ordering, 274–275
of binary fi ssion, 202
of the Calvin cycle, 197–198
for cloning, 311
for combining DNA, 306–307
for copying genes, 314
in crossing over, 218–219
for gel electrophoresis, 309
of gene regulation, 288
for locating DNA, 312–313
for making cDNA, 310
of meiosis, 212
of noncyclic photophosphorylation, 194–195
in pyruvate oxidation, 169
for shotgun sequencing, 327
of translation, 279–282

sterols, 18, 116
stomates, 187
stop codons, 275–276, 332
stored energy, 138
stroma, 28
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structural genes, 289
study habits, 349–354
subatomic particles, 54, 56–57
substrate-level phosphorylation, 163–164, 

167, 170
substrates, 94, 147
sucralose, 83
sucrose, 81
sugar-phosphate backbone, 106
sunlight, 188–189
surface tension, 69
survival of the fi ttest, 342
Svedberg units (S), 20
sweat during exercise, 156
sweeteners, artifi cial, 83, 284
synthesis, 143, 197
systems approach, 326
systems biology, 334–335

• T •
table of the genetic code, 275, 278
table salt, 57, 65, 66, 150
Taq polymerase, 316–317
taxol, 320
Tay-Sachs disease, 282
T-cell destruction, 49
TDF (testes determining factor), 300
telomerase, 266
telomeres, 266
telophase, 207, 215
telophase I/II, 217
temperate phage, 41
template strands, 271
terminology, 11
tertiary structure, 86, 90–91
test-crosses, 230
testes, 212
testes determining factor (TDF), 300
theory of evolution by natural selection, 

342–343
therapeutic genes, 322–324
thermodynamics, 137–146, 340–341
Thermus aquaticus, 317
30-nanometer fi bers, 296–297
3-phosphoglycerate, 197
thylakoids, 28
thymine (T), 103–104, 105, 107, 344
TIG welding, 60
tight junctions, 127
topoisomerase, 258, 260
traits

changes to, 342
linked, 248
recessive, 251
sex-linked, 242, 250–254
tracing, 233–235
X/Y-linked, 252, 253

trans face of the Golgi, 25

trans fat, 116
transacetylase, 290
transcription/translation

about, 13
blueprints, 267–268
code copying, 268–272
control of, 295
in eukaryotes, 297–300
mutations, 282–284
protein formation, 273–282
protein synthesis, 273–274
RNA processing, 272–273

transcriptome, 331
transfer RNA (tRNA), 109, 276–278
transgenic plants, 321–322
translation, 13, 301
translocation, 280
transport proteins

functions of, 97
in Krebs cycle, 169
location of, 18
in plasma membrane, 122, 123
role of, 17

transport vesicles, 25
triglycerides, 113–114
Trisomy 21, 220, 221
tRNA (transfer RNA), 109, 276–278
tubulin, 30
tumor necrosis factor, 320
tumor suppressors, 204

• U •
ulcers, 320
uncoating, 46
unicellular organisms, 16
unique features of species, 329
unsaturated fats, 112–113
uracil (U), 103–104, 108

• V •
vaccines, 43, 44, 45, 50
vacuoles, 21
valence electrons, 61–62, 64
van Leeuwenhoek, Antony (scientist), 9–10, 339
vectors, 311, 312, 322–324
vesicles, 25–26
viral enzyme mistakes, 48, 49
viruses

about, 11, 37
of bacteria, 40–43
of eukaryotes, 43–50
fi ghting off, 306
structure of, 38–40
with therapeutic genes, 322–324

visible light, 188
Vitamin A defi ciency, 322
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• W •
water, 68, 70–71, 124
wavelengths of light, 188–189
waxes, 116
weight loss, 183–184
welding applications, 60
white blood cells, 11, 49
wine, 166
wobble power, 278
work, defi nition, 137
worker molecules, 267–268

• X •
X-linked traits, 251, 252
x-rays, 188
xylem, 187
X/Y-linked traits, 252, 253

• Y •
yogurt, 166

• Z •
zinc fi nger motifs, 99
Z-scheme, 194
zygotes, 212


