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Part 1 Basic concepts of life
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Chapter 1 The basic molecular themes of life

All life forms are similar at the molecular level

The energy cycle In life

The laws of thermodynamics deal with energy
Energy can be transformed from one state to another

= ATP (adenosine triphosphate) is the universal enargy
currency in life

Types of molecules found in living cells

= Small molecules

= Macromolecules are made by palymerization of smaller units
» Protein and nucleic acid molecules have information content
Proteins

« Catalysis of reactions by enzyme proteins [s central to
the existence of life

= What is the function of enzymes?
Proteins work by molecular recognition

« Life is self-assembling due to molecular recognition
by proteins

* Many proteins are molecular machines

« How can one class of molecule camy out 5o many tasks?
Evolution of proteins

« Development of new genes

DNA (deoxyribonucleic acid)

» DMA directs its own replication

* Genetic code

Organization of the genome
How did life start?

+ The RNA world
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Proteomics and genomics 13
Summary 13
Further reading 15
Problems 15
Chapter 2 Cells and viruses 16
Cells are the units of all living systems 16
# What determines the size of cells? 16
Classification of organisms 16
= Prokaryotic cells 17
= Eukaryotic cells 18
« Basic types of eukaryotic cells 21
Viruses 23
Summary 25
Further reading 26
Problems 26
Chapter 3 Energy considerations in biochemistry 27
= Energy considerations determine whether a chemical

reaction is possible in the cell 27
= Reversible and irreversible reactions and AG values 28
+ The importance of irreversible reactions in the strategy

of metabalism 19
+ Whatis the significance of irreversible reactions in a

metabaolic pathway? i
# How are 4G values obtained? 19
« Standard free enerzy values and equilibrium constants 30
The release and utilization of free energy from food 30
ATP is the universal energy intermediate in all life 3
= What are the structural features of high-energy phosphate

compounds? 31
= The structure of ATP 33
+ What transports the =B around the cell? 33
* How does ATP drive chemical work? 34
+ How does ATP drive other types of work? 35
» High-energy phosphoryl groups are transferred by

enzymes known as kinases 35
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Energy considerations in covalent and noncovalent bonds 36

* Noncovalent bonds are the basis of molecular recognition

and self-assembly of life forms 6
* Noncovalent bonds are also important in the structures of

individuzl protein molecules and other macromolecules ir
* Types of noncovalent bonds 37
+ lonic bonds 37
+ Hydrogen bonds 37
= van der Waals forces 3g
= Hydrophobic force 38
Appendix: Buffers and pK, values 38
« pk,values and their relationship to buffers 39
Summary 40
Further reading 41
Problems 41

Part 2 Structure and function
of proteins and membranes

Chapter 4 The structure of proteins 45

Structures of the 20 amino acids used in protein synthesis 45
The different levels of protein structure — primary,

secondary, tertiary, and quaternary 48
* Primary structure of proteins 48
* Secondary structure of proteins 50
* Tertiary structure of prateins 52
* Quaternary structure of proteins 55
Protein homologies and evolution 55
Protein domains 56
* Domain shuffling 56
* Membrane proteins 56
* Conjugated proteins and post-translational

madifications of proteins 56
Extracellular matrix proteins 57
* Structure of collagens 57
* Structure of elastin 59
* Structure of protecglycans 59
* Fibranectin and integrins connect the extracellular matrix

to the interior of the cell 60

Myoglobin and haemoglobin illustrate how protein
structure is related to function 63

* Myoglobin 63
* Structure of haemoglobin 14

* Binding of oxygen to haemoglobin 1
* Theoretical models to explain protein allostery 65
* Mechanism of the allosteric change in haemoglobin 13
* The essential role of 2,3-bisphesphoglycerate [BPG) in

haemoglobin function (13
+ Effect of pH on oxygen binding to haemaoglabin &8
Summary 69
Further reading 70
Problems 71
Chapter 5 Methods in protein investigation 72
Purification of proteins 72
* Column chromatography 73
* 505 polyacrylamide gel electrophoresis (SDS-PAGE) 7
* Nondenaturing polyacrylamide gel electropharesis 75
The principles of mass spectrometry bl
* Mass spectrometers consist of three principal companents 77
* |onization methods for protein and peptide mass

spectrometry 7T
* Types of mass analysers 7B
* Types of mass spectromerers 7B
Applications of mass spectrometry 78
* plolecular weight determination of proteins 78
* |dentification of proteins using mass spectrometry

without sequencing 79
* |dentificaticn of proteins by limited sequencing and

database searching 79
* Analysis of post-translational modification of proteins 79
Methods of sequencing protein 79
* Classical methods 79
* Sequence prediction of proteins from gene DNA

SEQUENCES 79
* Sequencing by mass spectremetry B0
Determination of the three-dimensional structure of
proteins 81
® X-ray diffraction &1
* Nuclear magnetic resonance spectroscopy a1
* Homology modelling E
* Anexercise in obtaining a 3-0 structure from a protein

database EI
Proteomics 22
Bioinformatics and databases 83
Summary B5
Further reading 85
Problems 85



Chapter 6 Enzymes 87
Enzyme catalysis a7
* The nature of enzyme catalysis BB
« The induced-fit mechanism of enzyme catalysis BY
Enzyme kinetics 20
= Hyperbolic kinetlcs of a “classical’ enzyme S0
= Allosteric enzymes 52
General properties of enzymes 94
= Nomenclature of enzymes 94
* |50zZymes 94
= Enzyme cofactors and activators 94
» Covalent modification of enzymes 94
» Effect of pH on enzymes 95
» Effect of temperature an enzymes 95
» Effect of inhibitors on enzymes 95
* Competitive and noncompetitive inhibitors 95
Mechanism of enzyme catalysis 96
* Mechanism of the chymotrypsin reaction 956
* The catalytic trlad of the active site 97
* The reactions at the catalytic site of chymatrypsin 98
* What is the function of the aspartate residue of the

catalytic triad? 98
# Other serine proteases 99
= A brief description of other types of protease 100
Summary 101
Further reading 102
Problems 102
Chapter 7 The cell membrane and
membrane proteins 103
Basic lipid architecture of membranes 103
s The polar lipid constituents of cell membranes 103
* What are the polar groups attached to the phosphatidic acid? 105
* Membrane lipid nomenclature 107
* What is the advantage of having so many different types of

membrane lipid? 107
# The fatty acid components of membrane lipids 108
+ What is cholesterol doing in membranas? 108
* The self-sealing character of the lipid bilayer 109
« Permeabllity characteristics of the lipid bilayer 109
Membrane proteins and membrane structure 110
Structures of integral membrane proteins 111
# Anchoring of peripheral membrane proteins to membranes 112
* Glycoproteins 112
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Functions of membranes 113
+ Membrane transport 113
* Pascive transport or facllitated diffusion 116
+ Gated lon channels 116
* Mechanism of the selectivity of the potassium channel 117
* Merve-Impulse transmission 118
s How does acetylcholine binding to a membrane receptor

result in a nerve impulse? 119
* Myelinated neurons permit more rapid nerve-impulse

transmission 122
* Role of the cell membrane in maintaining the shape of

the cell 123
* Cell-cell interactions - tight junctions, gap junctions,

and cellular adhesive proteins 125
Summary 125
Further reading 126
Problems 126
Chapter 8 Muscle contraction, the
cytoskeleton, and molecular motors 127
Muscle contraction 127
« Areminder of conformational changes in proteins 127
Types of muscle cell and their energy supply 127
« Structure of skeletal striated muscle 128
* How does the myosin head convert the energy of ATP

hydralysis into mechanical force on the actin filament? 130
Control of voluntary striated muscle 131
* How does Ca trigger contraction? 131
Smooth muscle differs in structure and control from
striated muscle 132
= Control of smooth muscle contractions 134
The cytoskeleton 135
= An overview 135
# The cytaskeletan is in a constant dynamic state 136
The role of actin and myosin in nonmuscle cells 136
¢ Assembly and collapse of actin filaments 137
® The role of actin and myosin in cell movement 138
* The role of actin and myosin in intracellular transport of vesicles 138
Microtubules, cell movement, and intracellular transport 138
Intermediate filaments 140
Summary 142
Further reading 142
Problems 143
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Part 3 Metabolism and
nutrition

Chapter 9 General principles of nutrition 147
The requirement for energy and nutrients 147
= Pratein 148
= Fats 148
» Carbohydrates 149
* Vitamins 145
+ Guidelines for a healthy diet 152
Regulation of food intake 152
* Hunger appetite and satiety 152
* Integration of hunger and satiety signals by the

hypothalamus 153
Summary 154
Further reading 155
Problems 155
Chapter 10 Food digestion, absorption, and
distribution to the tissues 156
Chemistry of foodstuffs 156
Digestion and absorption 157
= Anatomy of the digestive tract 158
* What are the energy considerations in digestion

and absorption? 158
+ Amajor problem in digestion — why doesn't the body

digest itself? 158
Digestion of proteins 158
* HCl production in the stomach 159
= Pepsin, the proteclytic enzyme of the stomach 159
« Completion of protein digestion in the small intestine 159
= Activation of the pancreatic proenzymes 160
= Absorption of amino acids into the bloodstream 160
Digestion of carbohydrates 161
* Structure of carbohydrates 161
+ Digestion of starch 161
« Digestion of sucrose 162
+ Digestion of lactose 162
« Absarption of monosaccharides 163
Digestion and absorption of fat 163
» Resynthesis of TAG in intestinal cells 164
= Chylomicrons 164

Digestion of other components of food 165
Storage of food components in the body 166
* How are the different food components stored in cells? 166
= Characteristics of different tissues in terms of energy

metabolism 167
= Owerall cantrol of fuel distributicn in the body by hormones 169
* Postprandial condition 169
« Fasting condition 169
= Prolanged fasting and starvation 170
= The emergency situation - fight or Right 170
Summary 170
Further reading 171
Problems 1711
Chapter 11 Mechanisms of transport,
storage, and mobilization of dietary components 173
Glucose traffic in the body 173
* Mechanism of glycogen synthesis 173
+ Breakdown of glycogen to release glucose inta the blood 175
* Keyissues in the interconversion of glucose and glycogen 177
+ The liver has glucokinase and the other tissues, hexokinase 177
* What happens to other sugars absorbed from the intestine? 179
Amino acid traffic in the body (in terms of fuel logistics) 180
Fat and cholesterol movement in the body: an overview 181
« Utilization of cholesterol in the body 181
Fat and cholesterol traffic in the body: lipoproteins 182
« Apolipoproteins 182
* Lipoproteins involved in fat and cholesterol movement

inthe body 183
+ Metabolism of chylomicrons 183
» Metabolism of VLDL: TAG and cholesterol transport from

the liver 183
» Release of FFA from adipose cells 188
» How are FFA carried in the blood? 188
Summary 189
Further reading 189
Problems 190

Chapter12 Principles of energy release from food 191

Overview of glucose metabolism
* Biological oxidation and hydrogen-transfer systems

Energy release from glucose

* The main stages of glucose oxidation
* Stage 1 in the release of energy from glucose: glycolysis

191
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= Stage 2 of glucose oxidation: the TCA cycle 124 * Transport of ADP into mitochandria and ATP cut 225
» Stage 3 of glucose oxidation: electran transport to cxygen 196  » Reoxidation of cytosolic NADH from glycalysis by electron
« The electron transpart chaln = a hlerarchy of electran shuttle systems 125
camiers 196 * The balance sheet of ATP production by electron transport 226
= Yield of ATP from the oxidation of a molecule of glucose
Energy release from oxidation of fat 197 to €O, and H,0 227
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« Transport of pyruvate inte the mitochondria ao7  Ketogenesis in starvation and type 1 diabetes mellitis 234
- jon of pyruvate to acetyl-CoA - a preliminary + How is acetoacetate made from acetyl-CoA? 234
step before the TCA cycle 207 * Peroxisomal oxidation of fatty acids 235
« Components invalved in the pyruvate dehydrogenase * Where to now? bk
reaction 209 Summary 235
Stage 2 - the TCA cycle 209  Furtherreading 236
« Asimplified version of the TCA cycle a10  Froblems %
» Mechanisms of the TCA cycle reactions 210
* Generation of GTP coupled to splitting af succinyl-Cod 212
« What determines the direction of the TCA cycle? 212 Chapter 15 An alternative pathway of glucose
* Stoichiometry of the cycle 214  oxidation. The pentose phosphate pathway 237
» How is the concentration of TCA cycle intermediates
o o 514  Thepentose phosphate pathway has two main parts 237
K * The oxidative part produces equal amounts of
Stage 3 - the electron transport chain that conveys ribose-5-phosphate and NADPH 238
electrons from NADH and FADH, to oxygen 215 o :
= Conversion of surplus ribose-5-phosphate into
* The electron transport chain 215 glucose-6-phosphate 238
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Chapter 16 Synthesis of glucose

(gluconeogenesis) 243
« Mechanism of glucose synthesis from pyruvate 243
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by the liver far gluconecgenesis? 44
» Synthesis of glucose from glycerol 246
= Synthesis of glucose from propionate 247
+ Effects of ethanol metabolism on gluconeogenesis 247
+ Synthesis of glucose wa the glyoxylate cyele In bacteria

and plants 248
Summary 249
Further reading 250
Problems 250
Chapter 17 Synthesis of fat and related
compounds 251
Mechanism of fat synthesis 251
« General principles of the process 251
» Synthesis of malonyl-CoA is the first step 251
* The acyl carrier protein (ACPF] and the p-ketoacy| synthase 252
« Mechanism of fatty acyl-Cos synthesis 2532
= Organization of the process of fatty acid synthesis 252
» The reductive steps In fatty acid synthesis 254
» Fatty acid synthesis takes place in the cytosol 254
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+ Synthesis of new membrane lipid bilayer 259
Synthesis of prostaglandins and related compounds 259
+ The prostaglandins and thromboxanes 261
+ Leukotrienes 262
= Synthesis of cholesterol 262
» Conversion of cholesterol into steroid hormones 262
Summary 263
Further reading 263
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Chapter 18 Nitrogen metabolism: amino acid
metabolism 265
Nitrogen balance of the body 266
General metabolism of amino acids 266
* Aspects of amino acid metabolism 266
= Glutamate dehydrogenase has a central role in the

deamination of amino acids 267

What happens to the amino group after deamination?

The urea cycle 269
* Mechanism of arginine synthesis 270
* Conversion of citrulline to arginine 70
* Transport of the amine nitrogen from extrahepatic tissues

to the liver 7
« Diseases due to urea cycle deficiencies 172
+ Alternatives to urea formation exist in different animals 72
* Fate of the oxo-acid or carbon skeletons of deaminated
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* Genetic errors in amino acid metabalism cause
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* Wethionine and transfer of methyl groups Ta
Synthesis of amino acids 275
= Synthesis of glutamate 275
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* Synthesis of serine 275
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Summary 279
Further reading 280
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Medical effects of folate deficiencies 290
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Further reading 293
Problems 293
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