
1 
 

                                                         SEM VI: BOTANY 

 

 

                                                            C13T: Plant Metabolism 
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Introduction to Metabolism: 

Hundreds of reactions simultaneously take place in a living cell, in a well-organized and 

integrated manner. The entire spectrum of chemical reactions, occurring in the living system, is 

collectively referred to as metabolism. 

A metabolic pathway (or metabolic map) constitutes a series of enzymatic reactions to produce 

specific products. The term metabolite is applied to a substrate or an intermediate or a product in 

the metabolic reactions. 

1. Catabolism: 

The degradative processes concerned with the 

breakdown of complex molecules to simpler ones, 

with a concomitant release of energy. 

2.  Anabolism: 

The biosynthetic reactions involving the formation 

of complex molecules from simple precursors. A 

clear demarcation between catabolism and 

anabolism is rather difficult, since there are several 

intermediates common to both the processes. 

Catabolism: 

The very purpose of catabolism is to trap the energy of the biomolecules in the form of ATP and 

to generate the substances (precursors) required for the synthesis of complex molecules. 

Catabolism occurs in three stages.  
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1. Conversion of complex molecules into their building blocks: 

Polysaccharides are broken down to monosaccharides, lipids to free fatty acids and glycerol, and 

proteins to amino acids. 

2. Formation of simple intermediates: 

The building blocks produced in stage (1) are degraded to simple intermediates such as pyruvate 

and acetyl CoA. These intermediates are not readily identifiable as carbohydrates, lipids or 

proteins. A small quantity of energy (as ATP) is captured in stage 2. 

3. Final oxidation of acetyl CoA: 

Acetyl CoA is completely oxidized to CO2, liberating NADH and FADH2 that finally get 

oxidized to release large quantity of energy (as ATP). Krebs cycle (or citric acid cycle) is the 

common metabolic pathway involved in the final oxidation of all energy-rich molecules. This 

pathway accepts the carbon compounds (pyruvate, succinate etc.) derived from carbohydrates, 

lipids or proteins. 

 

Anabolism: 

For the synthesis of a large variety of complex molecules, the starting materials are relatively 

few. These include pyruvate, acetyl CoA and the intermediates of citric acid cycle. Besides the 

availability of precursors, the anabolic reactions are dependent on the supply of energy (as ATP 

or GTP) and reducing equivalents (as NADPH + H+). 

 

The anabolic and catabolic pathways are not reversible and operate independently. As such, the 

metabolic pathways occur in specific cellular locations (mitochondria, microsomes etc.) and are 

controlled by different regulatory signals. 
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The terms—intermediary metabolism and energy metabolism—are also in use. Intermediary 

metabolism refers to the entire range of catabolic and anabolic reactions, not involving nucleic 

acids. Energy metabolism deals with the metabolic pathways concerned with the storage and 

liberation of energy. 

Types of Metabolic Reactions: 
 

The biochemical reactions are mainly of four types: 

 

1. Oxidation-reduction. 

2. Group transfer. 

3. Rearrangement and isomerization. 

4. Make and break of carbon-carbon bonds. 

These reactions are catalysed by specific enzymes—more than 2,000 known so far. 

 

Methods Employed to Study Metabolism: 

The metabolic reactions do not occur in isolation. They are interdependent and integrated into 

specific series that constitute metabolic pathways. It is, therefore, not an easy task to study 

metabolisms. Fortunately, the basic metabolic pathways in most organisms are essentially 

identical. Several methods are employed to elucidate biochemical reactions and the metabolic 

pathways. 

These experimental approaches may be broadly divided into 3 categories: 

 

1. Use of whole organisms or its components. 

2. Utility of metabolic probes. 

3. Application of isotopes. 

The actual methods employed may be either in vivo (in the living system) or in vitro (in the test 

tube) or, more frequently, both. 

1. Use of whole organism or its components: 

(a) Whole organisms: Glucose tolerance test (GTT). 

(b) Isolated organs, tissue slices, whole cells, subcellular organelles etc., to elucidate biochemical 

reactions and metabolic pathways. 
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2. Utility of metabolic probes: 

Two types of metabolic probes are commonly used to trace out biochemical pathways. These are 

metabolic inhibitors and mutations. 

2. Application of isotopes. 

 

Integration of Metabolism: 

 

Metabolism is a continuous process, with thousands of reactions, simultaneously occurring in the 

living cell. However, biochemists prefer to present metabolism in the form of reactions and 

metabolic pathways. This is done for the sake of convenience in presentation and understanding. 

We have learnt the metabolism of carbohydrates, lipids and amino acids. We shall now consider 

the organism as a whole and integrate the metabolism with particular reference to energy 

demands of the body organism. 

Energy Demand and Supply: 

The organisms possess variable energy demands; hence the supply (input) is also equally 

variable. The consumed metabolic fuel may be burnt (oxidized to CO2 and H2O) or stored to 

meet the energy requirements as per the body needs. ATP serves as the energy currency of the 

cell in this process (Fig. 67.21).  

 

 

 

 

 

 

 

 

The humans possess enormous capacity for food consumption. It is estimated that one can 

consume as much as 100 times his/her basal requirements! Obesity, a disorder of over nutrition 

mostly prevalent in affluent societies, is primarily a consequence of overconsumption. 

Integration of Major Metabolic Pathways of Energy Metabolism: 

An overview of the interrelationship between the important metabolic pathways, concerned with 

fuel metabolism depicted in Fig. 67.22, is briefly described here. 
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1.Glycolysis: 

The degradation of glucose to pyruvate (lactate under anaerobic condition) generates 8 ATP. 

Pyruvate is converted to acetyl CoA. 

 

2. Fatty acid oxidation: 

Fatty acids undergo sequential degradation with a release of 2-carbon fragment, namely acetyl 

CoA. The energy is trapped in the form of NADH and FADH2. 

 

3. Degradation of amino acids: 

Amino acids, particularly when consumed in excess than required for protein synthesis, are 

degraded and utilized to meet the fuel demands of the body. The glucogenic amino acids can 

serve as precursors for the synthesis of glucose via the formation of pyruvate or intermediates of 

citric acid cycle. The ketogenic amino acids are the precursors for acetyl CoA. 

4. Citric acid cycle: 

Acetyl CoA is the key and common metabolite, produced from different fuel sources 

(carbohydrates, lipids, amino acids). Acetyl CoA enters citric acid cycle and gets oxidized to 

CO2. Thus, citric acid cycle is the final common metabolic pathway for the oxidation of all 

foodstuffs. Most of the energy is trapped in the form of NADH and FADH2. 
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5. Oxidative phosphorylation: 

The NADH and FADH2, produced in different metabolic pathways, are finally oxidized in the 

electron transport chain (ETC). The ETC is coupled with oxidative phosphorylation to generate 

ATP. 

 

6. Hexose monophosphate shunt: 

This pathway is primarily concerned with the liberation of NADPH and ribose sugar. NADPH is 

utilized for the biosynthesis of several compounds, including fatty acids. Ribose is an essential 

component of nucleotides and nucleic acids (note—DNA contains deoxyribose). 

7. Gluconeogenesis: 

The synthesis of glucose from non-carbohydrate sources constitutes gluconeogenesis. Several 

compounds (e.g. pyruvate, glycerol, amino acids) can serve as precursors for gluconeogenesis. 

8. Glycogen metabolism: 

Glycogen is the storage form of glucose, mostly found in liver and muscle. It is degraded 

(glycogenolysis) and synthesized (glycogenesis) by independent pathways. Glycogen effectively 

serves as a fuel reserve to meet body needs, for a brief period (between meals). 

Regulation of Metabolic Pathways: 

The metabolic pathways, in general, are controlled by four different mechanisms: 

 

1. The availability of substrates 

2. Covalent modification of enzymes 

3. Allosteric regulation 

4. Regulation of enzyme synthesis. 

The details of these regulatory processes are discussed under the individual metabolic pathways. 

A regulatory enzyme is an enzyme in a biochemical pathway which, through its responses to 

the presence of certain other biomolecules, regulates the pathway activity. This is usually done 

for pathways whose products may be needed in different amounts at different times, such 

as hormone production. Regulatory enzymes exist at high concentrations (low Vmax) so their 

activity can be increased or decreased with changes in substrate concentrations. 

The enzymes which catalyse chemical reactions again and again are called regulatory enzymes. 

Allosteric enzyme: 

This type of enzymes presents two binding sites: the substrate of the enzyme and 

the effectors. Effectors are small molecules which modulate the enzyme activity; they 

function through reversible, non-covalent binding of a regulatory metabolite in the allosteric 

https://en.wikipedia.org/wiki/Biomolecules
https://en.wikipedia.org/wiki/Effector_(biology)
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site (which is not the active site). When bound, these metabolites do not participate 

in catalysis directly, but they are still essential: they lead to conformational changes in a 

concrete part of the enzyme. These changes affect the overall conformation of the active site, 

causing modifications on the activity of the reaction. Allosteric enzyme is formed of more 

than one protein subunit. It has two sites; a catalytic site for substrate binding and another site 

(allosteric site), that is the regulatory site, to which an effector binds. Allosteric means 

another site. If binding of the effector to the enzyme increases it activity, it is called positive 

effector or allosteric activator e.g. ADP is allosteric activator for phosphofructokinase 

enzyme. 

If binding of the effector to the enzyme causes a decrease in its activity, it is called 

negative effector or allosteric inhibitor e.g. 

• ATP and citrate are allosteric inhibitors for phosphofructokinase enzyme. 

• Glucose-6-phosphate is allosteric inhibitor for hexokinase enzyme. 

 

Properties 

Allosteric enzymes are generally larger in mass than other enzymes. Different from having a 

single subunit enzyme, in this case they are composed of multiple subunits, which contain active 

sites and regulatory molecule binding sites. 

They present a special kinetics: the cooperation. In here, configuration changes in each chain of 

the protein strengthen changes in the other chains. These changes occur at the tertiary and 

quaternary levels of organisation.  

Based on modulation, they can be classified in two different groups: 

• Homotropic allosteric enzymes: substrate and effector play a part in the modulation of the 

enzyme, which affects the enzyme catalytic activity. 

• Heterotropic allosteric enzymes: only the effector performs the role of modulation. 

Mechanism of allosteric regulation 

 

Binding of the allosteric effector to the regulatory site causes conformational changes in 

the catalytic site, which becomes more fit for substrate binding in positive effector 

(allosteric activator), and becomes unfit for substrate binding in negative effector 

(allosteric inhibitor) as shown in the following diagram. 

 

Kinetics of allosteric enzymes 

• One of the common characteristics of an allosteric enzyme is that it shows a 

sigmoid plot when velocity is plotted against substrate concentration 

• Allosteric enzymes generally do not follow the Michaelis-Menten equation. 

• The Lineweaver-Burk plot is concave upward. 

 

 

https://en.wikipedia.org/wiki/Catalysis
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Cooperation
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Covalent modulation 

 
Covalent modification means modification of enzyme activity of many enzymes 

through formation of covalent bonds e.g. 

 

• Phosphorylation (addition of phosphate group) 

• Methylation (addition of methyl group). 

• Hydroxylation (addition of hydroxyl group). 

• Adenylation (addition of adenylic acid). 

 

Th Phosphorylation is the most covalent modification used to regulate enzyme activity. 

Phosphorylation of the enzyme occurs by addition of phosphate group to the enzyme at the 

hydroxyl group of serine, threonine or tyrosine. The enzyme Protein kinase plays the key 

role. 

Dephosphorylation of the enzyme occurs by removal of phosphate group from the 

hydroxyl group of serine, threonine or tyrosine. This process occurs by phosphatase 

enzyme. In some enzymes, phosphorylated form is the active form, while 

dephosphorylated form is the active form in other enzymes. 

Usually enzymes of degradative (breakdown) reactions are the examples of enzymes 

activated by phosphorylation. e.g. 

 

• Citrate lyase, which breaks down citrate. 

• Glycogen phosphorylase that breaks down glycogen into glucose. 

• Lipase that hydrolyzes triglyceride into glycerol and 3 fatty acids.  

 

The examples of enzymes inactivated by phosphorylation. These are usually enzymes of 

biosynthetic reactions e.g. 

• HMG CoA reductase, an enzyme in cholesterol biosynthesis. 

• Acetyl CoA carboxylase, an enzyme in fatty acid biosynthesis. 

• Glycogen Synthetase, which catalyzes biosynthesis of glycogen. 

 

 

Isoenzymes 

 

Different proteins which catalyze the same reaction are called isoenzymes/isozymes. Ussually, 

isoenzymes are multimeric proteins containing two or more different polypeptide chains. In 

isoenzymes, polypeptide chains are products of different genes. Isoenzymes which catalyse the 

same reaction can be located either in different places of one cell or in different tissues. It is said, 

Isoenzymes have tissue specificity. An example of an enzyme with different isozymes is lactate 

dehydrogenase (LDH). This enzyme is used to catalyze the synthesis of glucose in anaerobic 
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metabolism of glucose. Isozymes have two polypeptide chains, and each isozyme share 75% of 

the amino acid sequence for the chains. 

 

 

 

 

Type Composition Location 

LDH2 HHHM Heart and Erythrocyte 

LDH3 HHMM Brain and Kidney 

LDH4 HMMM Skeletal Muscle and Liver 

LDH5 MMMM Skeletal Muscle and Liver 


