
Contents

1 Introduction............................................................................................................ 1

Part I Chemical Biology and Drug Discovery

2 Chemical Biology: A Holistic Science................................................................. 5
2.1 Reductionism and Holism in the Life Sciences......................................... 5
2.2 Chemical Biology Is Not Drug Development............................................ 8
Further Reading........................................................................................................ 9

3 Drug Development................................................................................................. 11
3.1 Drug Development....................................................................................... 13
3.2 Reasons for the Failure of Drug Development.......................................... 16
3.3 The Gap Between Laboratory Experiments and Clinical Effect...............  16
Further Reading....................................................................................................... 17

4 From Genomic Research to Chemical Biology................................................. 19
4.1 Chemical Genomics: Identification of New Drug Targets........................ 23
4.2 Chemical Proteomics: Characterization of the Drug Target..................... 24
4.3 Chemical Genetics: Validation of the Drug Target................................... 26
4.4 Chemical Biology......................................................................................... 28
Further Reading........................................................................................................ 29

Part II DNA

5 DNA: Blueprint of the Proteins........................................................................... 33
5.1 Function and Structure of DNA.................................................................. 33
5.2 Oligonucleotide Synthesis........................................................................... 34
5.3 DNA Sequencing.......................................................................................... 39

6 Genomic Variation................................................................................................. 49
6.1 Genome-Wide Association Studies............................................................ 54
6.2 Fine Mapping................................................................................................ 59
6.3 Polygenic Risk Score................................................................................... 59

vii

http://d-nb.info/1241904081


Contentsviii

6.4 Drug Target Linkage..................................................................................... 61
6.5 Phenomenon-Wide Association Study—PheWAS.................................... 63
Further Reading......................................................................................................... 65

7 Gene Therapy and Genome Editing.................................................................... 67
7.1 Gene Therapy................................................................................................. 67
7.2 Genome Editing............................................................................................. 70
Further Reading......................................................................................................... 73

Part III RNA

8 RNA: Information and Function Carrier.......................................................... 77
8.1 RNA Interference.......................................................................................... 78
Further Reading......................................................................................................... 80

9 RNA Interference in Drug Development............................................................ 81
9.1 Oligonucleotides as Chemical Probes: Antisense...................................... 81
Further Reading......................................................................................................... 87

Part IV Proteins

10 Peptides and Proteins............................................................................................. 91
10.1 Amino Acid —> Peptide —> Protein............................................................. 91
10.2 Peptide Synthesis........................................................................................... 97
10.3 Solid-Phase Peptide Synthesis..................................................................... 104
10.4 Protein Synthesis........................................................................................... 115
10.5 Post-Translational Modifications................................................................. 121
10.6 Summary........................................................................................................ 123

11 Proteins as Drug Targets....................................................................................... 125
11.1 Receptors........................................................................................................ 125
11.2 Enzymes......................................................................................................... 131
11.3 Enzyme Kinetics............................................................................................ 137
11.4 Non-Michalis-Menten Kinetics.................................................................... 142
11.5 Enzyme Inhibition......................................................................................... 143
Further Reading......................................................................................................... 147

12 Chemical Genomics: From Target Protein to Small Molecule Drug........... 149
12.1 The Concept of the Small Molecule Chemical Probe............................... 149
12.2 Combinatorial Chemistry.............................................................................. 151
12.3 High-Throughput Screening......................................................................... 153
12.4 Fragment-Based Drug Development........................................................... 157
12.5 Template-Based Drug Development........................................................... 163
12.6 Computer-Aided Drug Design..................................................................... 169
Further Reading......................................................................................................... 172



Contents ix

13 From Target Protein to Biologies........................................................................ 173
13.1 Peptides......................................................................................................... 173
13.2 Stapled Peptides........................................................................................... 174
13.3 Monoclonal Antibodies............................................................................... 176
13.4 Aptamers....................................................................................................... 180
Further Reading....................................................................................................... 182

14 Chemical Proteomics: From Chemical Probe to Target Protein.................. 183
14.1 Affinity Chromatography............................................................................ 183
14.2 Polypharmacology........................................................................................ 186

15 Chemical Genetics: Validation of the Drug Target by Elucidation
of the Signaling Pathway...................................................................................... 189
15.1 Thalidomide and Embryonic Malformation............................................... 191
15.2 FK506 and the Ca2+-Calcineurin Signaling Pathway................................ 194
Further Reading....................................................................................................... 197

16 Chemical Biology: Addressing New Drug Targets.......................................... 199
16.1 Protein-Protein Interaction.......................................................................... 199
16.2 Chemical-Induced Dimerization (CID)...................................................... 202
16.3 Pharmacological Chaperones...................................................................... 202
16.4 Antibody-Drug Conjugates......................................................................... 205
16.5 Chimeric Antigen Receptor T-Cell Therapy: CAR-T............................... 206
16.6 Hydrophobic Tagging for Targeted Protein Degradation: Halo Tag. . . 210
16.7 Proteolysis Targeting Chimera: PROTAC................................................. 213
16.8 Old Drugs: New Indications........................................................................ 213
Further Reading....................................................................................................... 217

Index 219


