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Part 1 Genes

1 Genes are DNA

1.1 Introduction 1
1.2 DNA is the genetic material of bacteria 3
1.3 DNA is the genetic material of viruses 3
1.4 DNA is the genetic material of animal cells 4

1.5 Polynucleotide chains have nitrogenous bases linked to a
sugar-phosphate backbone 5
1.6 DNA is a double helix 6
1.7 DNA replication is semiconservative 7
1.8 DNA strands separate at the replication fork 8
1.9 Nucleic acids hybridize by base pairing 9
1.10 Mutations change the sequence of DNA 10
1.11 Mutations may affect single base pairs or longer sequences 11
1.12 The effects of mutations can be reversed 13
1.13 Mutations are concentrated at hotspots 13
1.14 Many hotspots result from modified bases 14
1.15 A gene codes for a single polypeptide 15
1.16 Mutations in the same gene cannot complement 16
1.17 Mutations may cause loss-of-function or gain-of-function 18
1.18 A locus may have many different mutant alleles 18
‘3 1.19 A locus may have more than one wild-type allele 19
! 1.20 Recombination occurs by physical exchange of DNA 20
1.21 The genetic code is triplet 21
[ 1.22 Every sequence has three possible reading frames 23
1 1.23 Prokaryotic genes are colinear with their proteins 24
f 1.24 Several processes are required to express the protein product of a gene 25
1.25 Proteins are trans-acting but sites on DNA are cis-acting 26
: 1.26 Genetic information can be provided by DNA or RNA 27
f‘ 1.27 Some hereditary agents are extremely small 29
! 1.28 Summary 30

; 2 The interrupted gene
‘ 2.1 Introduction 33
2.2 An interrupted gene consists of exons and introns 34
2.3 Restriction endonucleases are a key tool in mapping DNA 35
2.4 Organization of interrupted genes may be conserved 36
2.5 Exon sequences are conserved but introns vary 37
2.6 Genes can be isolated by the conservation of exons 38
2.7 Genes show a wide distribution of sizes 40
2.8 Some DNA sequences code for more than one protein 41
2.9 How did interrupted genes evolve? 43
2.10 Some exons can be equated with protein functions 45
2.11 The members of a gene family have a common organization 46
2.12 s all genetic information contained in DNA? 48
2.13 Summary 49
3 The content of the genome
3.1 Introduction 51
3.2 Genomes can be mapped by linkage, restriction cleavage, or DNA sequence b2
3.3 Individual genomes show extensive variation 53
3.4 RFLPs and SNPs can be used for genetic mapping 54
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3.5 Why are genomes so large? 56
3.6 Eukaryotic genomes contain both nonrepetitive and repetitive DNA sequences 57
3.7 Bacterial gene numbers range over an order of magnitude 58
3.8 Total gene number is known for several eukaryotes 60
3.9 How many different types of genes are there? 61
3.10 The conservation of genome organization helps to identify genes 63
3.11 The human genome has fewer genes than expected 65
3.12 How are genes and other sequences distributed in the genome? 67
3.13 More complex species evolve by adding new gene functions 68
3.14 How many genes are essential? 69
3.15 Genes are expressed at widely differing levels 72
3.16 How many genes are expressed? 73
3.17 Expressed gene number can be measured en masse 74
3.18 Organelles have DNA 75
3.19 Organelle genomes are circular DNAs that code for organelle proteins 76
3.20 Mitochondrial DNA organization is variable 77
3.21 Mitochondria evolved by endosymbiosis 78
3.22 The chloroplast genome codes for many proteins and RNAs 79
3.23 Summary 80
4 Clusters and repeats
4.1 Introduction 85
4.2 Gene duplication is a major force in evolution 86
4.3 Globin clusters are formed by duplication and divergence 87
4.4 Sequence divergence is the basis for the evolutionary clock 89
4.5 The rate of neutral substitution can be measured from divergence of
repeated sequences 92
4.6 Pseudogenes are dead ends of evolution 93
4.7 Unequal crossing-over rearranges gene clusters 95
4.8 Genes for rRNA form tandem repeats 98
4.9 The repeated genes for rRNA maintain constant sequence 99
4.10 Crossover fixation could maintain identical repeats 100
4.11 Satellite DNAs often lie in heterochromatin 103
4.12 Arthropod satellites have very short identical repeats 105
4.13 Mammalian satellites consist of hierarchical repeats 106
4.14 Minisatellites are useful for genetic mapping 109
4.15 Summary 111
Part 2 Proteins
5 Messenger RNA
5.1 Introduction 113
5.2 mRNA is produced by transcription and is translated 114
5.3 Transfer RNA forms a cloverleaf ' 114
5.4 The acceptor stem and anticodon are at ends of the tertiary structure 116
5.5 Messenger RNA is translated by ribosomes 117
5.6 Many ribosomes bind to one mRNA 118
5.7 The life cycle of bacterial messenger RNA 119
5.8 Eukaryotic mRNA is modified during or after its transcription 121
5.9 The 5’ end of eukaryotic mRNA is capped 122
5.10 The 3’ terminus is polyadenylated 123
5.11 Bacterial mRNA degradation involves multiple enzymes 124
5.12 mRNA stability depends on its structure and sequence 125
5.13 mRNA degradation involves multiple activities 126
5.14 Nonsense mutations trigger a surveillance system 127
5.15 Eukaryotic RNAs are transported 128
5.16 mRNA can be specifically localized 130
5.17 Summary 131
CONTENTS
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6.2 Protein synthesis occurs by initiation, elongation, and termination 136
6.3 Special mechanisms control the accuracy of protein synthesis 138
6.4 Initiation in bacteria needs 30S subunits and accessory factors 139
6.5 A special initiator tRNA starts the polypeptide chain 140
6.6 Use of fMet-tRNA; is controlled by IF-2 and the ribosome 141
6.7 Initiation involves base pairing between mRNA and rRNA 142
6.8 Small subunits scan for initiation sites on eukaryotic mRNA 144
6.9 Eukaryotes use a complex of many initiation factors 146
6.10 Elongation factor Tu loads aminoacyl-tRNA into the A site 148
6.11 The polypeptide chain is transferred to aminoacyl-tRNA 149
6.12 Translocation moves the ribosome 150
6.13 Elongation factors bind alternately to the ribosome 151
6.14 Three codons terminate protein synthesis 152
6.15 Termination codons are recognized by protein factors 153
6.16 Ribosomal RNA pervades both ribosomal subunits 155
6.17 Ribosomes have several active centers 157
6.18 16S rRNA plays an active role in protein synthesis 159
6.19 23S rRNA has peptidyl transferase activity 161
6.20 Summary 162
7 Using the genetic code
7.1 Introduction 167
7.2 Codon-anticodon recognition involves wobbling 169
7.3 tRNAs are processed from longer precursors 170
7.4 tRNA contains modified bases 171
7.5 Modified bases affect anticodon-codon pairing 173
7.6 There are sporadic alterations of the universal code 174
7.7 Novel amino acids can be inserted at certain stop codons 176
7.8 tRNAs are charged with amino acids by synthetases 177
7.9 Aminoacyl-tRNA synthetases fall into two groups 178
7.10 Synthetases use proofreading to improve accuracy 180
7.11 Suppressor tRNAs have mutated anticodons that read new codons 182
7.12 There are nonsense suppressors for each termination codon 183
7.13 Suppressors may compete with wild-type reading of the code 184
7.14 The ribosome influences the accuracy of translation 185
7.15 Recoding changes codon meanings 188
7.16 Frameshifting occurs at slippery sequences 189
7.17 Bypassing involves ribosome movement 190
7.18 Summary 191
8 Protein localization
8.1 Introduction 195
8.2 Passage across a membrane requires a special apparatus 196
8.3 Protein translocation may be post-translational or co-translational 197
8.4 Chaperones may be required for protein folding 198
8.5 Chaperones are needed by newly synthesized and by denatured proteins 199
8.6 The Hsp70 family is ubiquitous 201
8.7 Hsp60/GroEL forms an oligomeric ring structure 202 ‘
8.8 Signal sequences initiate translocation 203 |
8.9 The signal sequence interacts with the SRP 205 ‘
8.10 The SRP interacts with the SRP receptor 206
8.11 The translocon forms a pore 207
8.12 Translocation requires insertion into the translocon and
(sometimes) a ratchet in the ER 209
8.13 Reverse translocation sends proteins to the cytosol for degradation 210
8.14 Proteins reside in membranes by means of hydrophobic regions 211
8.15 Anchor sequences determine protein orientation 212
8.16 How do proteins insert into membranes? 213
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8.17 Posft-translational membrane insertion depends on leader sequences 214 10.12 The repressor monomer has several domains 290
8.18 A hierarchy of sequences determines location within organelles 215 10.13 Repressor is a tetramer made of two dimers 291
8.19 Inner .and outer mitochondrial membranes have different translocons 217 10.14 DNA-binding is regulated by an allosteric change in conformation 291
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8.22 The .Sec system transports proteins into and through the inner membrane 221 10.17 Repressor is always bound to DNA 294
8.23 Sec-independent translation systems in E. coli 222 ‘ 10.18 The operator competes with low-affinity sites to bind repressor 295
8.24 Pores are used for nuclear import and export 223 10.19 Repression can occur at multiple loci 297
8.25 Nuclear pores are large symmetrical structures 224 10.20 Summary 298
8.26 The nuclear pore is a size-dependent sieve for smaller material 225
8.27 Proteins require signals to be transported through the pore 226
8.28 Transport receptors carry cargo proteins through the pore 227 11 Regulatory circuits
8.29 Ran controls the direction of transport 228 i
8.30 RNA is exported by several systems 230 H; B]_trqduc_tltr)‘p iti d ti trol 28;
gg; %tq)iquitination targets proteins for degradation 231 11.3 GIlizgss;:Ife;?gszicz)srltlcv:n?rrz)lsnfsg: (g\flecg?bnogosources 304
s Su:enfr:::ﬁasome is a large machine that degrades ubiquitinated proteins ggi 11.4 Cyclic AMP is an inducer that activates CRP to act at many operons 3056
11.5 CRP functions in different ways in different target operons 305
. 11.6 CRP bends DNA 307
Part 3 Gene expression 11.7 The stringent response produces (p)ppGpp 308
11.8 (p)ppGpp is produced by the ribosome 309
L. 11.9 ppGpp has many effects 310
9 Transcnptlon 11.10 Translation can be regulated 311
. 11.11 r-protein synthesis is controlled by autogenous regulation 312
9.1 Introdugthn o 241 11.12 Phage T4 p32 is controlled by an autogenous circuit 313
9.2 Transcrlpthn occurs by base pairing in a “bubble” of unpaired DNA 242 11.13 Autogenous regulation is often used to control synthesis of macromolecular
9.3 The transcription reaction has three stages 243 assemblies 314
9.4 Phage T7 RNA polymerase is a t_JsefuI model system 244 11.14 Alternative secondary structures control attenuation 315
9.5 A mod_el for enzyme movement is suggested by the crystal structure 245 11.15 Termination of B. subtilis trp genes is controlled by tryptophan
9.6 Bacterial RNA polymerase consists of multiple subunits 246 and by tRNAT™ 316
9.7 RNA polymerase consists of the core enzyme and sigma factor 248 11.16 The E. coli tryptophan operon is controlled by attenuation 316
9.8 The association with sigma factor changes at initiation 249 11.17 Attenuation can be controlled by translation 318
9.9 A stalled RNA polymerase can restart 250 11.18 Antisense RNA can be used to inactivate gene expression 319
9.10 H_ow does RNA polymerase find promoter sequences? 251 11.19 Small RNA molecules can regulate translation 320
9.11 Sigma factor controls binding to DNA 252 11.20 Bacteria contain regulator RNAs 321
9.12 Promoter recognition depends on consensus sequences 253 11.21 MicroRNAs are regulators in many eukaryotes 322
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