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Fundamentals of Biochemistry

PREFACE

Biochemistry is a new branch of science which aims at answering, in chemical
language, questions such as “What is the life made of?” and ‘How does it work?’
Whereas the eye works at the gross level of visible objects, the microscope
reaches down to the cellular level, exposing details of the various cell organelles,
including nuclei and other particles. Biochemistry, however, works at a still finer
level that cannot be accessed by the ultra-modern optical or phase-contrast
microscopes. In other words, it operates at a molecular level and thus brings to
light the hidden secrets of life. The rapid development and enormous expansion
of every phase of biochemistry has not only markedly enriched our knowledge
about the nature of life but has also made biochemistry the very language of life
itself.

Realising the paramount importance of this discipline of science, degree courses
in biochemistry are now offered in a good number of colleges and universities.
But the students offering this subject at undergraduate level become as raw
hand, as biochemistry is not taught at the school level. It is, in fact, to meet the
requirements of such students that this book has been written. Besides, the book
may also serve a useful purpose for higher studies.

The book contains the basic concept of biochemistry written in a manner suited
to the broad spectrum of the college students. The matter has been lucidly
presented, orderly arranged and profusely illustrated. The sources of all such
figures have been duly acknowledged in their legends.

We are also thankful to my publishers, especially to Dr.M.Prakash for taking
keen interest and in bringing out the book in its present form. Finally, we are
grateful to our family members for inspiring in proceeding from thoughts to
print.

Helpful suggestions for improvement are welcome.

Dr.Ujjain B.kadam
Dr.Vasantrao B.Kadam




Fundamentals of Biochemistry

About Author(s)

Dr. Ujjain B.Kadam

Dr. Ujjain B. Kadam is currently serving as the Principal of KBH Arts, Commerce and
Science College, Nimgaon (Nashik). He holds an M.Sc. and Ph.D. with a specialization
in Inorganic Chemistry. With 33 years of teaching experience at both undergraduate and
postgraduate levels, he has published numerous research papers in reputed national and
international journals. Dr. Kadam has actively participated in and presented research at
various conferences, seminars, and workshops. He is also a recognized Ph.D. research

guide, currently supervising several doctoral candidates.




Fundamentals of Biochemistry

Prof.Dr.Vasant B. Kadam

Dr. Vasantrao B. Kadam serves as the Vice-Principal, Professor, and Head of the
Department of Botany at the Arts, Science, and Commerce College, Ozar (Mig),
Nashik. He holds a M.Sc. and Ph.D. in Plant Physiology and Biochemistry. Dr.
Kadam is a recognized postgraduate teacher and research guide for M.Phil and
Ph.D. programs under Savitribai Phule Pune University, Pune, and Dr.
Babasaheb Ambedkar Marathwada University, Sambhajinagar. He has
successfully guided six Ph.D. students in Botany and two in Environmental
Science, along with three M.Phil students in Phytochemistry. Dr. Kadam has
published 183 research papers in national and international journals, including
those indexed in IGC Care and Scopus, with significant impact factors.
Additionally, he has Published 05 patents and authored 20 books, comprising
textbooks and reference materials for undergraduate, postgraduate, and research
students.

Dr. Kadam serves as an editorial board member and reviewer for 45 national and
international research journals, having reviewed over 1,000 research papers. He
has evaluated 24 Ph.D. theses and acted as a referee for 20 research students
across various universities. He has received the prestigious Recognition Award
from the Society of Life Sciences and the Best Scientist Award for developing a
white onion variety using tissue culture techniques. Furthermore, Dr. Kadam has
received seven Best Research Paper Awards from various journals and has
delivered numerous guest lectures at national and international conferences.




Fundamentals of Biochemistry

Table of Contents

Contents Page No.
Chapter-1 1-9
Introduction to Biochemistry
1.1 Introduction 1
1.1.1 Origin of the Term 1
1.1.2 Scope of Biochemistry 2
1.1.3 Main Areas of Biochemistry 2
1.2 Origin of Life 2
1.3 Chemical Basis of Early Life 3
1.4 The RNA World Hypothesis 3
1.5 The Chemical Elements of Life 3
1.6 Biomolecules and Cells 4
1.7 Cell Structure: Prokaryotes vs. Eukaryotes 4
1.8 Eukaryotic Cell Overview 4
1.9 Key Features of a Eukaryotic Cell 4
1.10 Plant Cell Specific Organelles 5
1.11 The Role of the Nucleus 6
1.12 Summary of Eukaryotic Organelles and Their Functions 6
(Table 1.1)

1.13 Special Considerations for Liver Cells (Table 1.2) 6
1.14 Water 6
1.15 Bonding in Water 7
1.16 Water's Interaction with Non-Polar Molecules 8
1.17 Ionization of Water and pH 8
1.18 Water's Role in Biochemical Systems 8
1.19 Buffer Systems in Water 9

Chapter-2 10-14

Carbohydrates

2.1 Nature and Nomenclature 10
22 Importance of Carbohydrates 10
2.3 Classification of Carbohydrates 10
2.4 Monosaccharides 11
2.5 Examples of Monosaccharides 12
2.6 Sugar Nomenclature and Structure 12
2.7 Structural Polysaccharides 13
2.8 Chemical Properties of Carbohydrates 14

Chapter-3 15-20

Lipids and Membrane

3.1 Lipids: Basic Concept 15




Fundamentals of Biochemistry

3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.8.1
3.8.2
3.8.3
3.84
3.8.5
3.8.6
3.8.7
3.9
39.1
3.9.2
3.10
3.10.1
3.10.2
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20

4.1
4.2
4.3
44
4.5
4.6
4.7
4.8
49

Classification of Lipids

Simple Lipids

Compound Lipids

Fatty Acids

Essential Fatty Acids

Role of Lipids in Membranes

Types of Lipids in Membranes

Glycerophospholipids

Sphingophospholipids

Glycolipids

Lipoproteins

Waxes

Sterols

Brassinosteroids

Properties of Fat

Physical properties

Chemical properties

Constants of Fats and Oils

Physical constants

Chemical constants

Structure of Biological Membranes

Key Functions of Membranes

Membrane Components

Lipids and Their Role

Membrane Carbohydrates

Sphingolipids and Glycolipids

Types of Membrane Proteins

Receptor Proteins

Transport Mechanisms

Membrane Asymmetry

Chapter-4

Nucleic acids

What Are Nucleic Acids?

Building Blocks of Nucleic Acids

Nucleotide Formation

Building Blocks of Nucleic Acids

Nucleotide Formation

Significance of Nucleic Acids

Nucleotide Composition

Carbon Numbering in Pentose Sugar

Nucleotide Structure Example

15
15
15
16
16
16
16
16
16
17
17
17
17
17
17
17
18
18
18
18
18
19
19
19
19
19
19
20
20
20
21-44

21
21
21
22
22
23
23
25
25




Fundamentals of Biochemistry

410 Types of Nucleotides Based on Phosphate Groups 26
411 General Chemical Formula 26
412 General Chemical Formula 28
413 Nucleoside Diphosphate 28
414 General Chemical Formula 29
415 Nucleotide Bonds 30
416 Importance of Nucleotides 30
417 Types and Functions of Nucleic Acids 30
418 Types of DNA 31
419 Functions of DNA 31
4.20 Types of RNA and Their Functions 31
4.21 Components of mRNA Structure 32
4.22 mRNA Types 33
4.23 mRNA in Protein Synthesis 33
4.24 mRNA in Protein Synthesis 33
4.25 Key Features of tRNA Structure 34
4.26 tRNA Structural Regions 34
4.27 Functional Role of tRNA in Translation 35
4.28 Figure: tRNA Structure 35
4.29 Ribosome Composition 36
4.30 Structural Features of IRNA 36
431 rRNA Secondary and Tertiary Structure 37
4.32 Functional Role of rRNA in Translation 37
4.33 Figure: TIRNA Structure 37
4.34 Functions of Nucleic Acids in the Cell 38
4.35 Clinical and Biotechnological Applications 39
4.36 Primary Structure of Nucleic Acids 39
4.37 Components of the Primary Structure 39
4.38 Primary Structure of DNA vs. RNA 40
4.39 Secondary Structure of Nucleic Acids 41
4.40 Features of Secondary Structure 41
4.41 Secondary Structures in DNA 41
4.42 Secondary Structures in RNA 42
4.43 Complementarity DNA and Inheritance 42
4.44 DNA Complementarity: Definition and Mechanism 42
4.45 Features of Complementarity 43
4.46 Complementarity and DNA Replication 43
4.47 DNA Replication Steps 43
4.48 Complementarity in Genetic Code and Inheritance 43
4.49 Complementarity and Molecular Techniques 44
4.50 Figure: DNA Complementarity and Inheritance 44

10



Fundamentals of Biochemistry

51
52
53
54
5.5
5.6
5.7
5.8
59
5.10
511
5.12
5.13
5.14
5.15
5.16
517
5.18
5.19
5.20
5.21
521.1
521.2
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
5.30
5.31
5.32

6.1
6.1.1
6.1.2

Chapter-5 45-64
Amino Acids and Proteins
Chemistry of Amino Acids 45
General Structure of an Amino Acid 45
Classification of Amino Acids 45
Based on Polarity and Charge 45
Based on Nutritional Requirement 46
Essential Amino Acids 46
List of Essential Amino Acids 46
Structure and Functions of Essential Amino Acids 46
Functions of Essential Amino Acids 48
Sources of Essential Amino Acids 48
Deficiency Symptoms of Essential Amino Acids 49
Clinical Importance of Essential Amino Acids 49
Properties of Amino Acids 49
Functions of Amino Acids 51
Peptides: Structure, Properties, and Functions 51
Formation of Peptide Bonds 52
Reaction mechanism 52
Peptide bond characteristics 52
Types of Peptides 52
Peptide Nomenclature 52
Properties of Peptides 53
Physical Properties 53
Chemical Properties 53
Biological Functions of Peptides 53
Peptides in Medicine and Research 54
Peptide Bond Hydrolysis 54
Clinical Importance of Peptides 54
Classification of Proteins 55
General Characteristics of Proteins 56
Biological Importance of Proteins 56
Confirmation of Proteins (Protein Tests) 57
Physical and Chemical Properties of Proteins 59
Myoglobin and Haemoglobin - Structure and Functions 60
Allosterism and Regulation of Proteins 62
Chapter-6 65-82
Enzymes and Kinetics
Definition 65
Characteristics of Enzymes 65
Classification of Enzymes 65

11




Fundamentals of Biochemistry

6.1.2.1 Oxidoreductases (EC 1) 65
6.1.2.2  Transferases (EC 2) 66
6.1.2.3  Hydrolases (EC 3) 66
6.1.24  Lyases (EC 4) 66
6.1.2.5  Isomerases (EC 5) 66
6.1.2.6  Ligases (EC 6) 67
6.2 Enzyme Structure 67
6.3 Cofactors of Enzymes 68
6.4 Types of Cofactors 68
6.4.1 Inorganic Cofactors 68
6.4.2 Organic Cofactors 68
6.5 Coenzymes 68
6.6 Prosthetic Groups 69
6.7 Holoenzyme vs. Apoenzyme 69
6.8 Importance of Cofactors 69
6.9 Mechanism of Enzyme Action 70
6.10 Key Steps in Enzyme Action 70
6.11 Mechanism Models of Enzyme Action 70
6.12 Lock and Key Model (Fischer’s Model) 70
6.13 Introduction 70
6.14 Key Features of the Lock and Key Model 70
6.15 Mechanism of the Lock and Key Model 71
6.16 Lock and Key Model - Step-by-Step Explanation 72
6.17 Induced Fit Model (Koshland’s Model) 73
6.18 Key Features of the Induced Fit Model 73
6.19 Mechanism of the Induced Fit Model 74
6.20 Graphical Representation of the Induced Fit Model 74
6.21 Mechanism of Enzyme Catalysis 75
6.22 Energy Profile of Enzyme Action 75
6.23 Factors Influencing Enzyme Mechanism 76
6.24 Enzyme Mechanism Example: Action of Sucrase 76
6.25 Applications of Enzymes 76
6.25.1 What is Enzyme Kinetics? 76
6.26 Key Concepts in Enzyme Kinetics 77
6.27 The Michaelis-Menten Model 77
6.28 Reaction Scheme 77
6.29 Types of Enzyme Inhibition 77
6.30 Applications of Enzyme Kinetics and Inhibitors 78
6.31 Enzyme Inhibition: Types and Mechanisms 78
6.32 Why Isoenzymes Matter 81
6.33 Enzyme Regulation 81

12



Fundamentals of Biochemistry

6.33.1 What is Enzyme Regulation? 81
6.34 Types of Enzyme Regulation 81
Chapter-7 83-94
Vitamins and Co-enzymes
7.1 Introduction 83
7.2 Classification of Vitamins 83
721 Fat-Soluble Vitamins 83
7.2.2 Water-Soluble Vitamins 84
7.3 Sources of Vitamins 84
7.4 Deficiency and Toxicity 84
7.5 Co-enzymes 85
7.5.1 Introduction to Coenzymes 85
7.6 Key Characteristics of Coenzymes 85
7.7 Role in Metabolism 86
7.8 Classification of Coenzymes 86
7.9 Vitamin-Derived Coenzymes 86
7.10 Nucleotide-Derived Coenzymes 87
711 Metabolite-Derived Coenzymes (Non-Vitamin Origin) 87
7.12 Prosthetic Group Type vs. Co-substrate Type Coenzymes 87
7.13 Nucleic acid metabolism 87
7.14 Purine Metabolism 87
7.15 Clinical Importance 88
7.16 De Novo Pyrimidine Synthesis 88
717 Pyrimidine Salvage Pathway 89
7.18 Pyrimidine Degradation 89
7.19 Clinical Relevance 89
7.20 Chemotherapy Targets 89
7.21 RNA Synthesis (Transcription) 90
7.22 Overview of the Process 90
7.23 Steps of Transcription 90
7.24 DNA Synthesis (DNA Replication) 91
7.25 Phases of DNA Replication 92
7.26 The Telomere Problem 93
Chapter-8 95-101
Amino Acid and Protein Metabolism
8.1 Protein Catabolism (Breakdown of Proteins) 95
8.1.1 Overview of Protein Catabolism Process 95
8.1.2 Step-by-Step Process 95
8.2 Amino Acid Metabolism 96
8.2.1 Key Aspects of Amino Acid Metabolism 96
8.2.2 Major Metabolic Pathways of Amino Acids 97

13



Fundamentals of Biochemistry

8.3 Protein Synthesis 98
8.3.1 Protein Synthesis: Detailed Explanation 98
8.3.2 Two Major Stages 98
8.4 Protein Metabolism and Nitrogen Economy 99
8.4.1 Protein Metabolism 100
8.4.2 Nitrogen Economy 100
Chapter-9 102-126
Photosynthesis
9.1 Introduction 102
9.2 Ultrastructure of the chloroplast 102
9.3 Grana 104
94 Stroma 105
9.5 Red drop effect and Emerson’s enhancement effect 106
9.6 Organization of photosynthetic apparatus 108
9.7 Light reaction/Light dependent phase 108
9.8 Calvin cycle/Light independent phase 109
9.9 Mechanism of Light Reaction 109
9.10 Electron flow through cyclic and non-cyclic 110
photophosphorylation
9.11 Significance of Non-Cyclic Electron Transport 112
9.12 Significance of Cyclic Electron Transport 113
9.13 C3 pathway (Dark Reaction) Calvin Cycle 114
9.14 Calvin Cycle (C3 Cycle) 115
9.15 Carboxylation phase 116
9.16 Regeneration phase :(regeneration of CO2 -acceptor-ribulose 116
bisphosphate)
9.17 Hatch and Slack Cycle (C4Cycle or Dicarboxylic acid pathway) 117
9.18 Path of carbon in C4 Cycle (Biochemical pathway) 117
9.19 Mesophyll cells 117
9.20 Bundle sheath cells 118
9.21 Characteristics of C4 Plants 119
9.22 Significance of C4 Cycle 120
9.23 Crassulacean-Acid Metabolism (CAM Pathway: The dark 121
fixation of CO2 in succulents)
9.24 Significance of CAM 123
9.25 Factors affecting photosynthesis 123
9.26 External Environmental Factors 124
9.27 Internal Factors 126
Chapter-10 127-150
Respiration
10.1 Introduction 127

14



Fundamentals of Biochemistry

10.2 Definition of Respiration 127
10.3 Ultra-structure of mitochondrion 128
10.4 Types of Respiration 129
10.5 Mechnism of Aerobic Respiration 130
10.6 Mechnism of Anaerobic Respiration 131
10.7 Respiratory Quotient (RQ) 132
10.8 Floating respiration 133
10.9 Protoplasmic respiration 133
10.10 Respiratory Quotient (RQ) 133
10.11 The Steps Involved in Aerobic Respiration are Given Below: 136

4.2.5 glycolytic Breakdown of Glucose to Pyruvic Acid

(Glycolysis)
10.12 Summary of Glycolysis 137
10.13 Oxidative Decarboxylation of Pyruvic Acid to Acetyl CoA 138
10.14 Sumary of Oxidative Decarboxyxlation 139
10.15 Krebs Cycle (Citric Acid Cycle or Tricarboxylic Acid Cycle) 139
10.16 ATP Synthesis through Oxidative Electron Transfer Chain 141

(Cytochrome System) Electron Transport System (Terminal
Oxidation and Phosphorylation in Respiration) Or Oxidative
Production of ATP in respiration

10.17 Electron transport pathway 142
10.18 Pentose Phosphate Pathway (or Hexose Monophosphateshunt) 144
10.19 Significance of Pentose Phosphate Pathway 145
10.20 Summary of Respiration 145
10.21 Photorespiration (C2 Cycle) 146
10.22 Site of photorespiration 147
10.23 Biochemical Mechanism 147
10.24 Importance of photorespiration 149
10.25 Summary 149
Chapter-11 151-167
Lipid Metabolism
11.1 Structure and types of plant lipids 151
11.1.1 Structure of Plant Lipids 151
11.1.2 Types of Plant Lipids 152
11.2 Major Steps in Fatty Acid Biosynthesis 152
11.3 Overview of the Fatty Acid Biosynthesis Cycle 154
11.4 B-oxidation of fatty acids 155
11.5 Overview of B-Oxidation 155
11.6 Transport into Mitochondria 155
11.7 Steps in B-Oxidation Cycle 155
11.8 Significance of f-Oxidation 156

15



Fundamentals of Biochemistry

11.8.1 Conclusion 156
11.9 Glyoxylate cycle (especially in germinating seeds) 157
11.10 Overview of the Glyoxylate Cycle 157
11.11 Key Reactions of the Glyoxylate Cycle 157
11.12 Conclusion 158
11.13 Oxidation of Fatty Acids 158
11.14 Overview of Fatty Acid Oxidation 159
11.14.1  Activation of Fatty Acids 159
11.14.2  Transport into Mitochondria 159
11143  B-Oxidation Cycle 159
11.14.4  Energy Yield from Fatty Acid Oxidation 160
11.15 Conclusion 160
11.16 Ketone Bodies Metabolism 160
11.17 Overview of Ketone Body Production 161
11.18 Phases of Ketogenesis 161
11.19 Steps of Ketone Body Synthesis 161
11.20 Utilization of Ketone Bodies 162
11.21 Regulation of Ketogenesis 162
11.22 Clinical Implications 162
11.23 Conclusion 163
11.24 Triacylglycerol Biosynthesis 163
11.25 Overview of Triacylglycerol Biosynthesis 163
11.26 Pathway of Triacylglycerol Biosynthesis 163
11.27 Regulation of Triacylglycerol Biosynthesis 164
11.28 Physiological Significance of Triacylglycerol 164
11.29 Conclusion 165
11.30 Regulation of Fatty Acid Metabolism 165
11.31 Regulation of Fatty Acid Synthesis (Lipogenesis) 165
11.32 Regulation of Fatty Acid Oxidation (B-Oxidation) 166
11.33 Other Regulatory Mechanisms 166
11.34 Pathophysiological Conditions 167
11.35 Conclusion 167
Chapter-12 168-172
Nitrogen Metabolism
12.1 Nitrogen Fixation (Biological and Symbiotic) 168
12.1.1 Biological Nitrogen Fixation (BNF) 168
12.1.2 Symbiotic Nitrogen Fixation 168
12.2 Mechanism in legumes 168
12.3 Ammonia assimilation (via glutamine synthetase and 169
glutamate synthase)
12.3.1 Glutamine Synthetase (GS) 169

16



Fundamentals of Biochemistry

12.3.2 Glutamate Synthase (GOGAT) 169
12.4 Overall Outcome 169
12.5 Why This Pathway Is Important 169
12.6 Nitrate reduction and nitrite reduction 169
12.6.1 Nitrate Reduction 170
12.6.1.1 = Enzyme: Nitrate Reductase (NR) 170
12.6.2 Nitrite Reduction 170
12.6.2.1 = Enzyme: Nitrite Reductase (NiR) 170
12.7 Significance of the Nitrate/Nitrite Reduction Process 171
12.8 Amino Acid Biosynthesis 171
12.9 General Steps in Amino Acid Biosynthesis 171
12.10 Transamination Reactions 172
12.11 Importance in Plants and Microorganisms 172
12.12 In Animals (Including Humans) 172
Chapter-13 173-196
Plant Growth Regulators (Phytohormones)
13.1 Introduction to Plant Growth Regulators (Phytohormones) 173
13.2 Definition 173
13.3 General Characteristics of PGRs 173
13.4 Classification of Plant Growth Regulators 173
13.5 Roles of Phytohormones in Plant Life Cycle 174
13.6 Hormonal Interactions 174
13.7 Application in Agriculture and Horticulture 174
13.8 Site of Synthesis 175
13.9 Transport 175
13.10 Physiological Functions of Auxins 175
13.11 Excess Auxin Effects 176
13.12 Biosynthesis of Auxin (Indole-3-Acetic Acid - IAA) 176
13.13 Overview 176
13.14 Main Pathways for IAA Biosynthesis 176
13.15 Tryptophan-Dependent Pathways 176
13.16 Tryptophan-Independent Pathway (Less Understood) 177
13.17 Regulation of Auxin Biosynthesis 177
13.18 Site of Biosynthesis 177
13.19 Chemical Nature 177
13.20 Transport 177
13.21 Physiological Roles of Gibberellins 178
13.22 Deficiency Symptoms 178
13.23 Gibberellin Biosynthesis Pathway 178
13.24 Detailed Steps in Gibberellin Biosynthesis 179
13.25 Regulation of Gibberellin Biosynthesis 180

17



Fundamentals of Biochemistry

13.26 Diagram of Gibberellin Biosynthesis Pathway 180
13.27 Biosynthetic Pathways of Cytokinins 181
13.28 Key Steps in Cytokinin Biosynthesis 181
13.29 Regulation of Cytokinin Biosynthesis 182
13.30 Summary of Key Enzymes in Cytokinin Biosynthesis 182
13.31 Key Functions of ABA 183
13.32 Biosynthesis of ABA 184
13.33 Regulation of ABA Biosynthesis 184
13.34 Degradation of ABA 184
13.35 Role of ABA in Plant Stress Response 185
13.36 Ethylene (C,H,) 185
13.37 Key Functions of Ethylene 185
13.38 Biosynthesis of Ethylene 186
13.39 Regulation of Ethylene Biosynthesis 186
13.40 Ethylene Receptors and Signal Transduction 187
13.41 Regulation of Ethylene Action 187
13.42 Uses of Ethylene in Agriculture and Horticulture 187
13.43 Conclusion 188
13.44 Brassinosteroids, Jasmonates, Salicylic acid 188
13.45 Brassinosteroids (BRs) 188
13.46 Functions of Brassinosteroids 188
13.47 Biosynthesis of Brassinosteroids 189
13.48 Signal Transduction Pathway 189
13.49 Jasmonates (JAs) 189
13.49.1  Functions of Jasmonates 189
13.49.2 | Biosynthesis of Jasmonates 190
13.49.3  Signal Transduction Pathway 190
13.50 Salicylic Acid (SA) 190
13.50.1  Functions of Salicylic Acid 190
13.50.2  Biosynthesis of Salicylic Acid 191
13.50.3  Signal Transduction Pathway 191
13.51 Interactions Between Brassinosteroids, Jasmonates, and 191
Salicylic Acid
13.52 Conclusion 191
13.53 Brassinosteroids (BRs) 192
13.53.1  Biosynthesis 192
13.53.2  Signaling Pathway 192
13.53.3  Physiological Roles 192
13.54 Jasmonates (JAs) 192
13.54.1  Biosynthesis 192
13.54.2  Signaling Pathway 193

18



Fundamentals of Biochemistry

13.54.3
13.55

13.55.1
13.55.2
13.55.3
13.56

13.56.1
13.56.2
13.56.3
13.57

13.57.1
13.57.2
13.57.3
13.58

13.58.1
13.58.2
13.58.3
13.59

14.1
14.2
14.2.1
14.2.2
14.2.3
14.2.4
14.3
14.3.1
14.3.2
144
14.4.1
14.4.2
14.4.2.1
14.4.2.2
14.4.2.3
14.5
14.5.1
14.5.2
14.5.3

Physiological Roles
Salicylic Acid (SA)
Biosynthesis
Signaling Pathway
Physiological Roles
Abscisic Acid (ABA)
Biosynthesis
Signaling Pathway
Physiological Roles
Cytokinins
Biosynthesis
Signaling Pathway
Physiological Roles
Ethylene
Biosynthesis
Signaling Pathway
Physiological Roles
Conclusion

Alkaloids

Key Characteristics of Alkaloids
Biological and Ecological Roles
Classification of Alkaloids

Applications
Terpenoids

Chapter-14
Secondary Metabolites
Introduction to Secondary Metabolites

Key Characteristics of Terpenoids

Biological Roles
Phenolics

Key Features of Phenolics
Types of Phenolic Compounds

Flavonoids
Tannins

Lignins

Glycosides

Basic Structure
Functions in Plants

Applications in Human Use

19

193
193
193
193
194
194
194
194
194
194
194
195
195
195
195
195
195
196
197-203

197
197
198
198
198
198
198
199
199
199
200
200
200
201
201
202
202
202
203




ISBN-978-93-94174-90-0

Fundamentals of

a1 [ .\ ‘ . ' .
™ oM VasanigBe
» G |

r,

"‘ V‘

“‘. /' _ _ | -
Excellent Publishers

Kancheepuram, India
www.excellentpublishers.com 9 "/789338471743800"




