
Overview

Biomolecules are found in living organisms. They represent a group with a large 

variety in size, structure, class and biological functions. There are thousands of 

these chemicals in any living organism. Those whose molecular size is below 

1000 Daltons represent ‘acid-soluble pool’, while those having a molecular size 

above 10,000 Daltons are called macromolecules. There are only four classes of 

macromolecules polysaccharides, proteins, lipids and nucleic acids.

In chapter I, we shall learn about small molecules which represent several classes 

such as, amino acids, monosaccharides, nucleotides, vitamins and coenzymes. 

Each class is represented by several members, where each member has a 

different structure. The small molecules serve as building blocks of 

macromolecules. For example, amino acids are assembled into proteins. All the 

biomolecules are in a state of flux, that is, they are constantly undergoing chemical 

transformation. Metabolism represents the sum total of these thousands of 

chemical transformations or reactions that take place inside a living cell. Most of 

these metabolic reactions are arranged into metabolic pathways, which are either 

linear or non-linear (cyclic).

In chapter II we shall learn about the macromolecules like proteins with special 

focus on enzymes which mediate cellular functions, nucleic acids which serve as 

genetic material, sugar and fats which serve as energy sources and as barriers. 

Biomolecules organize themselves into supramolecular assemblies which form 

cellular organelles like ribosomes, plasma membrane and so on.

MOLECULES OF LIFE
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Less than a hundred years ago it was believed that supernatural “vitalistic” forces existed in living cells. 

Based on painstaking work by organic chemists and biochemists over the past several decades, these 

“vitalistic forces have been deconstructed to reveal (often in the test-tube) simple chemical reactions 

which are orchestrated in place and time to marvelous precision which we describe as life processes. All 

the cardinal features of life such as movement, sensory perception, digestion and reproduction are 

actually a summation of chemical reactions, called biochemical reactions as they occur in biological 

systems. These reactions are in turn possible because of the participant biomolecules whose unique 

structures result in their unique functions. In this chapter you will be introduced to various kinds of 

molecules, both small and large which have been classified into groups of similar structural origin and 

chemistry, namely carbohydrates, proteins, lipids and nucleic acids. However, it should be remembered 

that these molecules rarely work in isolation. In fact they often interact with each other forming large 

supramolecular assemblages such as biomembranes, chromosomes, ribosomes and organelles which 

in turn carry out unique functions. It is essential to understand the working of biomolecules in both health 

and disease because a biotechnologist can then devise methods to manipulate cells and their 

constituents for human welfare.

Sugars, best exemplified by glucose, fructose and sucrose belong to the class of carbohydrates. Their 

molecular formulae are multiples of (CH O) , and these can be considered as carbon hydrates. 2 n

Molecules having up to six carbon atoms belong to the series of monosaccharides. These include 

members which are the building blocks of larger carbohydrates such as cellulose and glycogen, and 

even nucleic acids, complex lipids and glycoproteins. Depending on the number of carbon atoms, 

monosaccharides in turn are classified as ‘trioses’ (3-carbon), ‘tetroses’ (4-carbon), ‘pentoses’ (5-

carbon) and ‘hexoses’ (6-carbon). All these molecules share an aldehydic or ketonic functional group 

and, therefore, can be named as ‘aldoses’ or a ‘ketoses’. If a molecule has 5-carbon atoms and an 

aldehydic functional group, it is called ‘aldopentose’. If it has 6-carbon atoms and a ketonic functional 

group, it is called ‘ketohexose’. Glucose, for example, is an aldohexose. Similarly, fructose is a 

ketohexose. All naturally occurring sugars, in fact, have a D prefix denoting that they have a D-

configuration (Fig. 1), which is the configuration about the asymmetric carbon (middle carbon) of D-

glyceraldehyde.

2.1.1 Building Blocks of Carbohydrates - Sugars and Their Derivatives

Chapter1



16

 

CHO

HCOH

CH2OH

D-Glyceraldehyde

CHO

HCOH

HCOH

CH2OH

HCOH

CHO

HOCH

CH2OH
D-Erythrose D-Threose

CHO

HCOH

HOCH

CH2OH

HCOH

CHO

HCOH

HCOH

CH2OH

HCOH

HCOH

CHO

HOCH

CH2OH

HCOH

HOCH

CHO

HOCH

CH2OH

HCOH

D-Ribose (Rib)

HCOH

CHO

HOCH

CH2OH

HCOH

HCOH

CHO

HCOH

HCOH

CH2OH

HCOH

HCOH

D-Arabinose (Ara)

CHO

HCOH

HOCH

CH2OH

HCOH

HCOH

HOCH

CHO

HOCH

CH2OH

HCOH

HCOH

D-Ribose (Rib)

HCOH

CHO

HOCH

CH2OH

HOCH

HCOH

CHO

HCOH

HCOH

CH2OH

HOCH

HCOH

D-Arabinose (Ara)

CHO

HCOH

HOCH

CH2OH

HOCH

HCOH

HOCH

CHO

HOCH

CH2OH

HCOH

HCOH

D-Allose D-Altrose D-Glucose 
(Glc)

D-Mannose
(Man)

D-Gulose D-Idose D-Galactose
(Gal)

D-Talose

Fig.1. Structures of some common aldoses



17

The simple sugars or monosaccharides have two major functional groups – hydroxyl and carbonyl 

groups. Carbonyl groups can easily form hemiacetals with hydroxyl groups.

R-CHO + R’-OH R-CH(OH).OR’

The alcoholic –OH group can be one of its own internal –OH groups in which case a ring structure is 

formed. Internal hemiacetal formation leading to ring structures occurs in all pentoses and hexoses. If 

the ring is 5-membered, it is referred to as ‘furanose’; if it is 6-membered; it is called ‘pyranose’. Ring 

structures can be depicted linearly (Fischer projections) or as ring like structures (Haworth projections).

The carbon atom carrying the aldehydic/ketonic oxygen (C-1 in glucose, ribose; C-2 in fructose) is called 

the anomeric carbon atom because on formation of a ring structure, the carbon atom becomes 

assymetric leading to the formation of two configurations or anomeric forms, α and  (Fig. 2).β

Fig. 2. Anomeric forms of D-glucopyranose

The –OH group attached to an anomeric carbon atom of a monosaccharide can easily dehydrate with an 

–OH group attached to another monosaccharide leading to the formation of a disaccharide, the bond 

between them called a glycosidic bond (Fig. 3). If this reaction occurs between more than two sugars, 

then trisaccharides (3-sugar residues), oligosaccharides (3-20 residues) and polysaccharides (more 

than 50 residues) are formed.
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2.1.1.1 Properties of sugars

2.1.2 Building Blocks of Proteins -- Amino 

Acids

Sugars with a free anomeric carbon are 

called reducing sugars and can reduce 

alkaline solutions of copper salts giving rise 

to yellow to red precipitates of cuprous 

oxide. This is the basic reaction in Fehling’s 

and Benedict’s tests for the detection of 

reducing sugars (These tests are routinely 

conducted in pathological laboratories to 

ascertain the presence of sugar in 

blood/urine samples. In diabetic patients, 

this test is positive.). If you look closely at 

the disaccharides, sucrose has the 

anomeric carbons of both its components -- 

fructose and glucose -- involved in a 

glycosidic bond. Hence, sucrose is not a 

reducing sugar. 

Amino acids are the building blocks of 

proteins. Hydrolysates of various proteins 

yield 20 different amino acids -- the 

standard amino acids. The term ‘amino acid’ means that the molecule has an amino and a 

carboxylic functional group. In the 20 standard amino acids, the amino group is attached to the 

α-C atom (Fig. 4). Only one of the 20 amino acids has an α-imino group in lieu of an α-amino 

group, which is proline.

The R group varies in the standard amino acids and 

depending on whether the group is charged, polar or 

hydrophobic at the biological pH 7.4, α-amino acids fall 

into three categories namely, charged (Fig. 5), polar 

(Fig. 6) and hydrophobic amino acids (Fig. 7).

Fig. 3 . Structures of some important disaccharides
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Fig. 4 . General structure of an a-amino acid

Fig. 5. Charged amino acids – amino acids with charged R-groups
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All naturally occurring amino acids have an L- configuration about their α-C position. D-amino acids 

rarely occur except in bacterial cell walls.
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2.1.2.1 Properties of amino acids

2.1.3 Vitamins and co-enzymes

Amino acids have a variety of chemically reactive groups – the -amino group, the carboxylic 

groups, phenolic groups (tyrosine), sulfhydryl groups (cysteine) and alcoholic groups (serine). 

One of the distinguishing tests for all amino acids (amino acid proline being an exception) is the 

‘Ninhydrin’ test which is the reaction between the α-amino group of the free amino acid and 

ninhydrin (triketohydrindene hydrate). Ninhydrin is a powerful oxidizing agent and in its 

presence, amino acids undergo oxidative deamination liberating ammonia, carbon dioxide, a 

corresponding aldehyde and reduced form of ninhydrin. The ammonia formed from α-amino 

group reacts with ninhydrin and its reduced product (hydrindantin) to give a blue substance 

called diketohydrin (Ruhemann’s purple). Proline, instead, gives a yellow colour as it lacks anα-

amino group.

Amino acids are the building blocks of proteins which are an important group of macromolecules 

with diverse functions, which will be covered in the next chapter. Certain amino acids give rise to 

important derivatives such as neurotransmitters- GABA (gamma amino butyric acid derived 

from glutammic acid) and serotonin (hydroxy tryptamine derived from tryptophan), hormones 

such as thyroxine and adrenaline which are derived from tyrosine, plant growth factors such as 

auxins(indole acetic acid derived from tryptophan) and mediators of allergic reactions, 

histamine which is derived from histidine.

Some enzymes require small organic molecules known as co-enzymes for facilitating their 

activity. These molecules are derived from vitamin precursors, particularly vitamins belonging to 

the B-complex group. Table 1 lists the vitamins, their co-enzyme products and the enzyme 

reactions they facilitate.

α

Table 1. Vitamins and coenzymes

Vitamin

1. Thiamine

2. Niacin

3. Riboflavin

4. Pantothenic acid 

5. Pyridoxamine  (B6)

6. Cobalamin  (B12)

7. Biotin

8. Lipoic acid

9. Folic acid

Co-enzyme form

Thiamine pyrophosphate

Nicotinamide adenine dinucleotide 

(NAD+)  Nicot inamide adenine 

dinucleotide phosphate  (NADP+)

Flavin adenine dinucleotide (FAD)

Co-enzyme A

Pyridoxal phosphate

5'-Deoxyadenosylcobalamine

Biotin-lysine complexes (biocytin)

Lipoyl-lysine complexes (lipoamide)

Tetrahydrofolate reactions

Enzyme catalysed reaction

Decarboxylase reactions 

Dehydrogenase reactions

Oxidase reactions

Acyl transfer reactions

Transaminase reactions

Molecular rearrangement reactions

Carboxylase reactions

Acyl transfer reactions

One carbon transfer
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2.1.4 Building Blocks of Lipids -- Simple Fatty Acids, Sphingosine, Glycerol and Cholesterol

Lipids are important constituents of biological membranes and are generally sparingly soluble in 

water, but are readily soluble in organic solvents such as chloroform and, therefore, can be 

easily separated from other water soluble biomolecules. Some of the important building blocks 

of larger lipids (Fig. 8) are the long-chain hydrocarbons containing fatty acids (stearic and oleic 

acid), the C amino alcohols (sphingosine), glycerol and cholesterol (present in animal cell 18 

membranes). Steroids are a special group of lipids derived from cholesterol, the most abundant 

steroid in animals. These molecules include the steroid hormones - estrogens and androgens 

(testosterone) - as well as other molecules which act as growth factors and immunosuppressive 

factors (cortisol).
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Fig. 8. Various building blocks of lipids

2.1.4.1 Properties of lipids

Lipids show reactivity of their building blocks. Unsaturated fatty acids add halogens across their 

double bonds and a coloured solution of bromine water, for example, is decolorized. Glycerol, 

one of the components of triglycerides and phospholipids when heated with potassium 

hydrogen sulphate gets dehydrated to an unsaturated aldehyde called acrolein. Acrolein can be 

identified by its characteristic pungent smell. 

Phospholipids are important constituents of membranes which act as barriers as well as contain 

receptors for cell-cell communication.
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2.1.5 Building Blocks of Nucleic Acids - Nucleotides

All nucleic acids are polymers of building blocks known as nucleotides. A nucleotide is made up 

of three components: (1) a pentose sugar residue which is deoxyribose in DNA and ribose in 

RNA, (2) an inorganic phosphate residue, (3) a nitrogenous base which can be a pyrimidine or 

purine. The term ‘residue’ denotes that during the formation of the nucleotide (Fig. 9), a part of 

the molecule is bonded to another, usually by the elimination of water and, hence, what is left is 

termed as a residue. Like other biomolecules, nucleotides also have a characteristic functional 

group.
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The nitrogenous bases - purines and pyrimidines - have heterocyclic aromatic structures (Fig. 10). 

Heterocyclic means having carbon and other elements in a ring.

The purines -adenine and guanine -are present in both deoxyribonucleotides and ribonucleotides. 

Among the pyrimidines, cytosine and thymine are present in deoxyribonucleotides and cytosine and 

uracil in ribonucleotides. The purines and pyrimidines are bonded to the sugar phosphate residue by a 

glycosidic bond involving the C-1’ of the sugar and the N-9 of the purine or N-1 of a pyrimidine.
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Fig. 10. Structures of various nitrogenous bases

A general method for estimation of pentoses present both in ribonucleotides and 

deoxyribonucleotides is the Orcinol method. A pentose (ribose) reacts in the presence of a 

strong acid to yield furfural. Orcinol in the presence of ferric chloride as a catalyst, reacts with 

furfural producing a green coloured compound.

Deoxyribonucleotides react with diphenylamine under acidic conditions to give a blue coloured 

complex. The reaction involves the dehydration of α-deoxyribose of the nucleotide or DNA in the 

presence of acid to ω-hydroxylevulinic aldehydes which react with diphenylamine to form the 

coloured complex.

Ribonucleotides polymerise to form RNA (ribo nucleic acid) and deoxyribonucleotides form DNA 

( deoxy nucleic acid) which are essential for genetic transmission mechanisms.                                                      

Living cells undergo chemical reactions much the same way as in a chemistry laboratory. 

However, there are two major differences. First, all biological reactions occur at mild 
otemperatures (below 40 C) and normal atmospheric pressure. Secondly, a group of biocatalysts 

called enzymes, catalyze all these reactions. These reactions include oxidoreduction, group 

transfers, hydrolysis, breaking or formation of double bonds, transfer of groups within molecules 

to yield isomeric forms and formation of –C-C-, C-S-, -C-O- and –C-N- bonds by condensation 

reactions requiring energy from ATP hydrolysis. 

One of the characteristics of living things is that they are constantly undergoing energy 

transactions. Auxotrophs such as plants, trap solar energy into chemical bonds which are then 

broken down to fuel their life processes like growth and reproduction. Animals get their energy 

indirectly from plants through their food. The food is broken down in their bodies to release 

chemical bond energy which fuels life processes such as, biosynthesis, growth, movement and 

2.1.5.1 Properties of nucleotides

2.1.6 Biochemical Transformations

2.1.6.1 Carbohydrate metabolism
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reproduction. Central to all these energy transactions is the energy currency, a molecule known 

as ATP (Adenosine triphosphate).

In living organisms energy is derived from the hydrolysis of a unique nucleotide triphosphate 

called adenosine triphosphate which is commonly known as ATP. The energy currency of a cell 

whether prokaryotic or eukaryotic is therefore ATP which is maintained at a certain level by 

reactions leading to its formation being balanced by reactions leading to its utilization. The 

structure of ATP is given in Fig.11. The two phosho anhydride bonds between the alpha and beta 

phosphate and between the beta and gamma phosphate groups are high energy bonds. 

Hydrolysis or breakage of these bonds releases large amounts of energy which are utilized to 

drive various processes in a cell including biosynthesis of DNA, proteins and other 

biomolecules.  ATP synthesis occurs primarily from energy released from the breakdown of 

glucose- the main energy fuel of all organisms. The breakdown of glucose and other 

biomolecules (lipids and amino acids) by various metabolic reactions constitutes catabolism. On 

the other hand the formation of glucose and other biomolecules is described by metabolic steps 

which constitute anabolism. The energy released from catabolism is trapped into the formation 

of high energy bonds of ATP by the electron transport chain (ETC),which utilizes oxygen and 

releases carbon-dioxide.

Phosphate groups-

Gamma    beta           alpha 

                           

                              

                                                                  Fig. 11. Structure of ATP

D-glucose occupies a central position in metabolism. It is the major fuel of most organisms. 

Catabolism of glucose also generates precursors for the biosynthesis of biomolecules such as, 

amino acids and nucleotides.

An almost universal pathway of glucose catabolism is known as glycolysis. It is regarded as a 

primitive pathway and the enzymes of this pathway have been well conserved through 

evolution. Glycolysis results in the conversion of glucose to two molecules of pyruvate (Fig. 12). 

The net outcome of glycolysis can be represented as:

+ +Glucose + 2 NAD + 2 ADP + 2 Pi Glycolysis  2 Pyruvate + 2 NADH + 2 H  + 2 ATP + 2 H O2

  (10 steps)

2.1.6.1.1 Overview of Metabolism- Catabolism, Anabolism and ATP

2.1.6.1.2 Catabolism of glucose and other hexoses.
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Glycolysis occurs in the absence of oxygen. It has only two ATP yielding reactions under 

anaerobic conditions. ATP synthesis occurs by substrate-level phosphorylation (synthesis of 

ATP by direct phosphoryl group transfer to ADP from a substrate, e.g., PEP, independent of 

electron transport chain). 

Step 1                                                 Glucose

Step 2                                              Glucose-6 phosphate

Step 3                                               Fructose-6 phosphate                                    

Step 4                                               Fructose 1,6 bisphosphate

Step 5             Glyceraldehyde 3 phosphate                  dihydroxyacetone phosphate

Step 6                                 1,3 Bisphosphoglycerate + NADH

Step 7                                           3-phosphoglycerate  +  ATP 

Step 8                                                 2- phosphoglycerate

Step 9                                                 Phosphoenol pyruvate

Step 10                                               Pyruvate + ATP

Fig. 12 The Embden- Meyerhof-Parnas pathway of glycolysis

Preparatory phase of glycolysis

ATP yielding phase (payoff phase) of glycolysis
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The details of the glycolytic pathway were elucidated by a number of scientists and the main contributors 

have been honored by the pathway also being named as the Embden-Meyerhof-Parnas pathway. 

Glycolysis which occurs in almost all living cells does not need oxygen and is carried out in ten steps 

catalysed by ten enzymes respectively, Fig. 12. The first five steps are the preparatory phase wherein 

two ATP molecules are invested per glucose molecule to split it into two 3-Carbon units, glyceraldehyde -

phosphate and dihydroxyacetone phosphate. The latter 5 steps are the ATP generating phase or payoff 

phase because 4 ATP molecules are synthesized per glucose molecule and 2 molecules of the reduced 

dinucleotide- NADH are generated. The reduced NADH is eventually reoxidised by the ETC at the 

expense of oxygen and about 3 ATP molecules are generated per NADH oxidised.

The fate of pyruvate varies depending on the organism. In aerobic organisms, pyruvate is completely 

oxidised to CO  whereas in anaerobic organisms, it is fermented inefficiently to an organic end product. 2

The actual product(s) accumulated in the latter case depends on the type of fermentation. Pyruvate is 

oxidatively decarboxylated to acetyl CoA by pyruvate dehydrogenase complex. This reaction serves as 

a connecting link between glycolysis and citric acid cycle or Krebs Cycle.

Tricarboxylic acid cycle (TCA cycle) or Krebs cycle is the central pathway of aerobic metabolism 

(Fig.13). It is the final oxidative pathway in the catabolism of carbohydates, fatty acids and amino acids. 

The intermediates of Krebs cycle are important source of precursors for biosynthesis. It is, therefore, 

called an amphibolic pathway (functions both in catabolic and anabolic modes). Even in some anaerobic 

organisms, an incomplete TCA cycle is operative and its sole purpose is to provide biosynthetic 

precursors.

Microorganisms utilise a variety of organic terminal hydrogen acceptors leading to the formation of 

stable fermentation products. The type of fermentation performed by an organism is named on the basis 

of the final product(s)formed. Organisms which form a single end product are said to be homo-

Pyruvate (from glycolysis)

                                                                                                          CO + NADH 2 

                                                                                      Acetyl-CoA

                                                             Oxaloacetate                                          Citrate

                                  Malate                                                                                                  Isocitrate

                               Fumarate                                Tricarboxylic acid (TCA) cycle                                      

                     FADH                            2

                                   Succinate                                                                                                           CO  +  NADH2

                                                                           NADH + C02

                                               Succinyl-CoA                                                                    á-ketoglutarate

Fig.13. The intermediates of the TCA cycle
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fermentative (Fig. 14) while those which form more than one product are hetero-fermentative (Fig. 15). 

Pyruvate (from glycolysis)

         Ethanol                                                            Lactic acid

(Yeast, some plant species and certain                                   (Lactobacilli, Streptococci and

invertebrates)                                                                       contracting muscle

Fig.14: Homo-fermentative Pathway

Pyruvate (from glycolysis)

  

Succinate               Ethanol                          Acetic acid           Formic acid

Fig.15: Hetero-fermentative pathway - The same organism may produce different fermentation products from pyruvate.

A biotechnologist exploits the fermentation potential of microbes to get useful products as through this 

method, complex biochemical transformations are carried out by microorganisms without unwanted 

side reactions 

Photosynthesis is the process in which solar energy is trapped by certain organisms and 

converted into chemical energy. It occurs in a variety of bacteria and plants. Plants and 

cyanobacteria release O  as a by-product of photosynthesis (oxygenic photosynthesis), 2

whereas other photosynthetic bacteria release products other than oxygen depending on the 

hydrogen donors used (an oxygenic photosynthesis).

Photosynthesis involves two kinds of reactions - light dependent and carbon assimilation. The 

former occurs when plants are illuminated. The pigments absorb light energy and it is conserved 

as ATP and NADPH. The carbon assimilation reaction involves the reduction of carbon through 

consumption of the products generated during the light reaction.

In photosynthetic eukaryotes, photosynthesis takes place in the chloroplasts. They are 

membrane-bound organelles having an outer and an inner membrane. Inside the chloroplast 

are flat membrane-bound sacs called thylakoids, which are usually arranged in stacks called 

grana. The thylakoid membrane has the photosynthetic pigments and the complexes to carry 

out light reactions and ATP synthesis. The matrix (stroma) of the chloroplast contains enzymes 

of carbon assimilation and starch synthesis. The stroma also contains DNA. The chloroplasts 

DNA codes for some of the proteins and RNA required for its functioning (semi-autonomous). 

Other proteins are nuclear-coded. They are synthesised in the cytosol and post-translationally 

translocated.

2.1.6.2 Photosynthesis
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Photosynthetic pigments are involved in light absorption. Depending on the organisms, the 

combination of pigments present varies. Higher plants contain chlorophyll a, chlorophyll b and 

carotenoids (accessory pigments). These pigments are associated with specific binding 

proteins.

Similarly, cyanobacteria employ phycobilins whereas other photosynthetic bacteria have 

bacteriochlorophyll. Since they absorb in different regions of the visible spectrum, they tend to 

complement each other.

The pigments in the thylakoid or bacterial membrane are arranged into photosystems (PS). 

They absorb light and transfer it in a downhill direction till it reaches the photochemical reaction 

centre. A few chlorophyll molecules in the reaction centre are specialised to release electrons 

upon excitation and transfer them to an acceptor. This leads to electric charge separation and it 

initiates a series of redox transfers.

Cyanobacteria, algae and higher plants have two photosystems (PSI and PSII) in the thylakoid 

membrane, whereas other photosynthetic bacteria (purple bacteria and green sulphur bacteria) 

have only one of the two types of reaction centres known. The two photosystems of plants  and  

algae  work  together  to  bring  about  light-driven  transfer of electrons from H O to NADP . The 2

ultimate source of reductant for CO  assimilation is H O. The Z-scheme describes the flow of 2 2

electrons from H O to NADP+. The flow is non-cyclic and ATP synthesised during these redox 2

transfers is called non-cyclic photo-phosphorylation. The net outcome is:

+ +2 H O + 2 NADP + 8 photons + 3 ADP + 3 Pi             O  + 2 NADPH + H  + 3 ATP.2 2

PSI and PSII are separated from each other in the thylakoid membrane (Fig. 16). PSII is located 

in the membrane stacks of the thylakoid grana while PSI and ATP synthase are located in the 

unstacked thylakoid membrane (stromal lamellae). The cytochrome b6f complex is present 

throughout the thylakoid membrane.

Fig. 16: Harnessing of sunlight by green leaves and synthesis of sugar

During photosynthesis water is split by the oxygen evolving complex:

+ - 2 H O               4 H  + 4e + O2 2

Some of the light energy trapped by photosynthetic organisms is utilised for phosphorylation of ADP to 

+
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ATP (Photophosphorylation). The synthesis of ATP is achieved by an enzyme complex called- 

ATP synthetase.

Photosynthetic organisms can reduce CO  to glucose, from which other molecules such as 2

sucrose, starch, amino acids, proteins, nucleic acids and lipids can be eventually synthesized.  

The cyclic pathway of CO  reduction is the Calvin cycle which is carried out in the stromal region 2

of the chloroplast. It is also called the C  cycle because the first stable product of CO  fixation is a 3 2

C  compound - 3 phosphoglycerate (3PGA). The cycle can be divided into 3 phases – 3

carboxylation, reduction and regeneration .

Carboxylation: The enzyme ribulose 1,5 - bisphosphate carboxylase/ oxygenase (Rubisco) 

adds carbon-dioxide (carboxylation) to the substrate ribulose 1,5 bisphosphate to form an 

unstable intermediate which breaks down to form two molecules of 3-phosphoglycerate. 

Rubisco is a dominant protein of green plants and of the biosphere because of its importance in 

the fixation of atmospheric carbon dioxide into energy giving molecules which all other living 

organisms depend on.

 Reduction: 3-phospho glycerate is reduced to 3-phosphoglyceraldehyde in two steps and 

requires both ATP and NADPH generated during the light reaction of photosynthesis.

Regeneration: Most of the 3-phosphoglyceraldehyde undergoes enzymatic reactions 

(transketolase and transaldolase) to regenerate Ribulose 1,5 bisphosphate to be utilized in 

carboxylation. A small part of the phosphoglyceraldehyde is utilized to generate glucose, 

fructose and starch from which other biomolecules are also derived (Fig. 17).

Carbon dioxide  +   Ribulose 1,5 bisphosphate

Carboxylation

                                             3- phosphoglycerate

Reduction

                                         3- phosphoglyceraldehyde

Regeneration

           Starch (in chloroplast)                             Major amount diverted to form

           Sucrose (in cytosol)                                 Ribulose 1,5 bisphosphate

Fig. 17: Overview of Calvin cycle

During the light phase of photosynthesis, oxygen is released from the splitting of water. The 

enzyme Rubisco can also bind oxygen and its oxygenase activity can instead form 

phosphoglycolate and 3-phosphoglycerate. Phosphoglycolate is a wasteful product which the 

plant cell has to expend much energy to form 3-phosphoglycerate. In these conversions, O  is 2

consumed and because it is initiated by light, the process is generally called photo-respiration. 

2.1.6.2.1 Calvin cycle of CO  assimilation2

2.1.6.2.2 Photorespiration:

{

{

{
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Unlike mitochondrial respiration, it does not conserve energy and is a wasteful process. It 

inhibits net biomass production considerably. Plants which grow in tropical climates would face 

more such losses because oxygen is more soluble under higher temperatures compared to 

carbon dioxide. Fortunately tropical plants such as maize, sugarcane and sorghum have 

evolved enzymes to fix carbon dioxide into oxaloacetate/malate/aspartate (all C4 molecules) 

which are moved away from regions containing oxygen and then again by a series of reactions 

deliver carbon dioxide to the enzyme Rubisco. Such plants are known as C4 plants because 

they preliminarily fix carbon dioxide into C4 molecules.

Dinitrogen (N ) constitutes about 80 % of our atmosphere. It has to be converted into an 2

assimilable form and later recycled back. The transformations which N  undergoes through 2

living organisms constitute the biological nitrogen cycle. The major players in the cycling of 

nitrogen are micro-organisms. Figure 18 highlights the important phases of the nitrogen cycle 

nitrogen fixation, assimilation of fixed nitrogen and denitrification .

Nitrogen fixation is the conversion of dinitrogen to ammonia. Reduction of nitrogen is required in 

order to incorporate it into organic compounds because all biomolecules have nitrogen in the 

reduced form. Fixation of nitrogen may also be non-biological (e.g. industrial nitrogen 

reduction).

Assimilation of fixed nitrogen into organic nitrogen may involve only ammonia assimilation or 

both nitrate and ammonia assimilation. Organisms which can either fix atmospheric nitrogen or 

absorb NH + can directly assimilate it by ammonia assimilation. 4

N → NH  Amino acids  Other N  containing biomolecules2 3 2

+ - +Plants depend on soil nitrogen and can absorb NH  or both NO  and NH .4 3 4

Most plants absorb nitrogen as nitrate (NO -). Soil NH + is converted to nitrate by nitrifying 3 4

bacteria (Nitrosomonas and Nitrobacter). Nitrate is then assimilated into organic form in plants 

by the combined action of nitrate and ammonia assimilating enzymes.

Animals are able to utilize nitrogen compounds which have been previously assimilated by 

plants. The assimilated nitrogen is returned to the soil by the death and decay of organisms 

(ammonification). Nitrogen is finally returned to  the  atmosphere  by  the  reduction  of  nitrate to 

nitrogen by denitrifying bacteria. Denitrification thus results in the net loss of biological nitrogen. 

It permits continued recycling of nitrogen.

The ability to fix nitrogen is limited to a few prokaryotes. Nitrogen fixing organisms are also called 

diazotrophs. Some of them can fix nitrogen as free-living organisms while others do so when 

they are in symbiotic association with plants. There is no naturally occuring obligate diazotroph.

The first free-living nitrogen fixing microbe to be discovered was Clostridium pasteurianum by S. 

Winogradsky in 1893. Few years before this discovery, Beijerinck (1888) had isolated 

Rhizobium from the root nodules of a leguminous plant. Nitrogen fixing organisms can be 

aerobic or anaerobic. Some are photosynthetic (autotrophs) while others are heterotrophic. The 

most important nitrogen fixers are those which fix nitrogen in association with a plant. In 

2.1.6.3 Nitrogen Fixation

→ →
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symbiotic associations, the transfer of fixed nitrogen from microbe to host is much more rapid 

and efficient. 

The reduction of dinitrogen to ammonia is catalysed by the 

enzyme nitrogenase. It is a  complex of two metalloproteins - 

the Fe protein and the Fe-Mo protein. The Fe protein is 

reduced by an enzyme Ferrodoxin oxido-reductase and 

subsequently passes on electrons to the Fe-Mo protein 

which in turn reduces Nitrogen. Nitrogen reduction by 

nitrogenase is always accompanied by proton reduction to H  2

(ATP-dependent hydrogenase activity). 

The net reaction can be represented by the equation:

+ - -N  + 8H  + 8e  + 16ATP            2NH  + H   + 16ADP + 16 PO    2 3 2 4

N  can be fixed either by free-living microbes or when they 2

establish symbiotic associations with plants e.g. legume-

Rhizobium symbiosis at root nodules (Fig. 19). 

The use of chemical fertilizers to increase fixed nitrogen in the soil to 

improve crop productivity has its own disastrous consequences. The 

pH of the soil changes and the chemicals accumulate in the plant 

which when ingested can be harmful to the animal. There is a growing awareness that eco friendly or 

organic farming methods are better in the long run. Using Biotechnology N  fixing capability could be 2

transferred to cereals, as our major food crops are monocots. This would involve the development of 

bacterial strains which can nodulate cereals. Furthermore bacterial strains could be engineered to have 

oxygen tolerant nitrogenase enzymes so that the efficiency of Nitrogen fixation can improve. These are 

some of the challenges for the future biotechnologists.

1. What is the mirror image of α-D glucose?

2. How many disaccharides are theoretically possible starting from D-glucose in the pyranose 

form?

3. What does the L – prefix before an amino acid signify?

4. Give one contribution each of the following scientists

(a) Frederick Meischer

(b) Krebs

(c) Embden and Meyerhof

(d) Louis Pasteur

(e) E. Fischer

5. Differentiate between

(a) Conformation and configuration

2.1.6.3.1 Nitrogenase

Review Questions

Nitrogen fixation and organic farming
Fig. 19: Leguminous plants with 

root nodules containing 

Nitrogen fixing bacteria
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(b) Reducing and non-reducing sugar

(c) Geometrical and optical isomerism

(d) Anomer and epimer

6. Fill in the blanks

(a) ___________ is an imino acid.

(b) A nucleoside is formed by joining a nitrogenous base to a sugar by _____________ 

bond.

(c)     All naturally occurring sugars have ______________ configuration.

(d) ______________ is a naturally occurring sugar which does not satisfy the (CH O)n 2

formula.

(e) All lipids are _________ in water.

7. Write a balanced net equation for the catabolism of acetyl CoA to CO .2

8. Although O  does not participate directly in TCA cycle, the cycle operates only when O  is 2 2

present, why?

9. Suppose skeletal muscle were devoid of lactate dehydrogenase, could it carry out strenuous 

physical activity. Explain.

10. Explain why the absence of triose phosphate isomerase  would be lethal to an organism 

fermenting glucose exclusively through the glycolytic pathway.

11. Fill the numbers showing the net production of the indicated molecules by each pathway listed 

on the left of the table below:

1. glc 2 pyr

2. 2 pyr 2 acetyl CoA

3. 2 acetyl CoA 4CO2 

4. glc lactate 

5. glycolysis and TCA cycle

6. Total

12. What is the similarity between lactic acid accumulations in mammalian muscle cells and ethanol 

accumulation in fermenting yeast cells?

13. Differentiate between the following processes:

(a) Fermentation and respiration

(b) Homo- and hetero-fermentation

(c) Glycolysis and TCA cycle

14. Write self-explanatory notes on:

(a) Amphibolic nature of TCA cycle

(b) Alternate routes of sugar catabolism.

15. What does the comparison of the absorption spectrum of chlorophyll a and the action spectrum 

S. No. Overall Reaction Net Production of 

CO2 ATP or GTP NADH  FADH2
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of photosynthesis suggest about the function of chlorophyll a?

16. Why does the simultaneous illumination with 600 nm and 700 nm light support a higher 

photosynthetic rate in higher plants than the sum of the photosynthetic rates supported by 

illumination with each wavelength separately?

17. Sometimes the phrase “dark reactions” is used to refer to CO  fixation. Why is this phrase 2

inapropriate?

18. (a). An illuminated suspension of chlorells is actively carrying out photosynthesis in the 

presence of CO  (1%). The concentration of CO  is abruptly reduced to 0.003%. What 2 2

effect would this have on the levels of 3-PGA and RUBP?

(b) An illuminated suspension of chlorells is actively carrying out photosynthesis. Suppose 

that the light is suddenly switched off. How would the levels of 3-PGA and RUBP change 

during the next minute?

19. Why animals cannot carry out the net conversion of CO  into glucose?2

20. (a) Where in the chloroplast do the reactions of the Calvin cycle occur?

(b) What is the major product of these reactions and how does the product reach the site of 

sucrose synthesis?

(c) How is the sucrose produced on a result of photosynthesis delivered to the entire plant?

21. C4 plants ultimately use RUBISCO, yet have lower rate of photorespiration than do C  plants. 3

Explain.

22. Differentiate between:

(a) Respiration and photorespiration

(b) Cyclic and non-cyclic photophoshorylation

(c) C  and C  cycle of carbon dioxide fixation3 4

(d) Oxygenic and anoxygenic photosynthesis

thBiochemistry by Mary K. Campbell & Shawn O. Farrel, (7  Ed.) Brooks/Cole, Cengage Learning (Pub: 

Mary Finch) 2012, ISBN-13:978-1-111-42564-7.    

Further Reading
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Unit 2

In an earlier chapter you were introduced to the structure and dynamics of some of the smaller 

biomolecules present in living systems. These molecules can polymerize or interact with each other 

structurally to form much larger molecules known as macromolecules which fall into four major groups - 

polysaccharides, proteins, lipids and nucleic acids. These macromolecules have very important 

functions and hence, their structures merit a closer look for a better understanding of their role in cellular 

functions. 

In this section you will learn about an important group of sugar polymers, known as 

polysaccharides. In polysaccharides, units of simple sugars or their derivatives are linked 

together by glycosidic bonds. A glycosidic bond is formed by the elimination of water between 

the -OH group of an anomeric carbon atom of the sugar and the -OH group usually on carbon 4 

or 6 of another sugar residue. 

The -OH group on the anomeric carbon atom is in the á-glycosidic region in starch and glycogen 

(Fig. 1).

Glucose  Glucose                   Glucose               Glucose

            á 1,4                                           â 1,4

       Glycogen, starch                            

Fig. 1: Repeating units in some homopolysaccharides

Whereas if it occurs in the â configuration, the bond formed is â-glycosidic - a configuration found in 

cellulose (Fig. 1). If the polysaccharide is built around only one kind of sugar then it is called a 

homopolysaccharide but if two or more different sugars or sugar derivative residues are polymerized 

then these polymers are called heteropolysaccharides. Cellulose, a structural homopolysaccharide 

widely distributed in plants, is the most abundant biomolecule in the biosphere. Polysaccharides serve 

as structural components which increase the strength of any tissue they are located in or serve as 

storage forms of energy which living systems can draw upon when needed. Glycogen is an important 

storage form of glucose present in animal liver and muscle which the animal can draw upon for its energy 

needs; likewise starch is the 

storage form of glucose in plants. 

Peptidoglycans are heteropoly 

saccharides present in the cell 

walls of bacteria. These impart 

the characteristic shape to 

bacteria (eg. coccus, bacillus; 

Fig. 2) and also form a protective 

barrier from osmotic lysis. 

2.2.1 Carbohydrates-The Energy Givers 

Chapter 2
MACROMOLECULES: STRUCTURE AND FUNCTION

Fig. 2: Left - Coccus (round) shaped bacteria. Right – Bacillus (rod) shaped bacteria
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2.2.2 Proteins - The Performers. 

2.2.2.1 Protein structure

2.2.2.2 Determination of amino acid sequences – Primary structure

Proteins are structurally and chemically the most diverse group of macromolecules found in 

organisms. They are linear polymers of amino acids wherein a water molecule is eliminated from 

a carboxylic group of one amino acid and the amino group of an adjacent amino acid forming a 

peptide bond. Hence proteins are also called polypeptides. Smaller polypeptides (less than 50 

amino acid residues) serve as peptide hormones such as insulin and growth hormone; larger 

polypeptides (50 and more amino acid residues) perform a diverse array of activities including 

enzyme activity, muscular contraction, vision and immune protection.

Each protein is made up of twenty amino acids in different ratios and therefore has a unique 

amino acid sequence. This difference in composition and therefore in sequence is the basis of 

the enormous diversity in function of proteins. Proteins fold into extraordinary 3-D structures 

which in turn give rise to unique functions. Green fluorescent protein found in the marine jelly fish 

is uniquely folded and fluoresces green in the dark, probably scaring away invaders. Scientists 

study protein structures to understand their function. Sometimes the structure of a protein is 

altered by a mutation in the genes and this leads to an abnormal or malfunctioning protein. An 

example is the protein haemoglobin which carries oxygen from the lungs to the tissues as a part 

of the erythrocytes (RBC). When the normal form of haemoglobin is present the RBC are 

biconcave shaped and can carry the normal amount of oxygen to the tissues. A mutant form of 

haemoglobin leads to sickle shaped RBC with reduced capacity to carry oxygen leading to 

anaemia. Thus a study of proteins is instructive in understanding their role in health and disease. 

Some proteins are made up of a single polypeptide chain (monomeric). Some have more than 

one chain and are called multimeric. Myoglobin, a protein found in muscles consists of only one 

polypeptide chain. Haemoglobin has four polypeptide chains of two kinds á and , designated as 

á â2  Some proteins may have more complex subunit structures. Certain proteins contain metal 2 .

2+ions in their structure like the enzyme carbonic anhydrase which has Zn , others have small 

organic molecules known as 'prosthetic groups' which can be 'haem' in haemoglobin or vitamin 

B complex derivatives known as 'co-enzymes' in many enzymes. 

The complete amino acid sequence of a protein read amino terminal to carboxyl terminus is 

known as its primary structure. Prior to amino acid sequence determination, it is essential to 

know the protein's purity, molecular weight and its amino acid composition. A pure protein, if 

multimeric must be dissociated into its individual polypeptide chains and the molecular weight of 

the chains determined. The molecular weight of a protein roughly tells about the number of 

amino acid residues contained in it. Each amino acid residue has an average molecular weight 

of 110 Da. So if the molecular weight of a protein is 11000 Da, we can predict that 100 amino acid 

residues are present. The amino acid composition tells the protein chemist about the strategies 

which could be employed in protein sequencing. 

The first protein to be sequenced was the hormone 'insulin' whose deficiency leads to the 

disease diabetes. The Nobel Laureate, Fred Sanger showed for the first time that proteins have 

a definite structure and that amino acids are covalently linked through peptide bonds. He 

invented a method of protein sequencing using a stepwise release and identification of amino 

â
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acids starting from the N-terminal amino acid. Pehr Edman another Nobel Laureate, developed 

a sequencing technique which has been automated. Nowadays it is possible to read protein 

sequences using the automated sequenator in a matter of days with less than mg amounts of 

protein. 

Sequenators are machines which chemically label the N-terminal amino acid of a polypeptide, 

release specifically the labeled amino acid residue leaving the rest of the protein shortened by 

one residue. The labeled amino acid is identified by a chromatographic technique. This 

procedure is repeated as many times as the number of residues the protein contains. Hence the 

identity of each released amino acid from the N-terminal of the protein will lead to the sequence 

of the protein read from N-terminal to C-terminus. In practice the sequenator can accurately read 

about 50 amino acid residues in one go. Therefore if the protein is large it is cleaved by specific 

proteolytic enzymes such as trypsin and chymotrypsin into fragments around 50 amino acid 

residues long and then subject to sequencing (see Fig. 3).

2.2.2.2.1 Sequencing strategies

+NH3

-COO

Large Polypeptide

Fragment with trypsin or chymotrypsin

+NH3
-COO

+NH3
-COO

+NH3
-COO

Peptides of various lengths

Sequence each peptide

+NH3

-COO

Remove N-terminal amino acid one by one by Edman’s method and identify

Align and reassemble sequences

+NH3

-COO

Fig. 3: Strategy for sequencing polypeptides



2.2.2.2.2 Protein secondary structures- a –helices and ß-pleats

The polypeptide chain is not straight and folds about itself to form two main kinds of structures- 

á-helices and â-pleats which are illustrated below. 

An á-helix is a spiral structure and depending on the contour of the polypeptide backbone can 

have a right handed orientation or a left handed one. Most naturally occurring proteins have right 

handed helices. The other secondary structural element, known as a â-pleat, is a sheet like 

structure wherein two or more sections of the polypeptide strand come together. Both á-helices 

and b-pleats are stabilized by hydrogen bonds. Some naturally occurring insoluble fibrous 

proteins like keratins which make up the major proteins of the extradermal tissues such as hair, 

hooves and horns predominantly have only helices. Silk which consists predominantly of the 

protein silk fibroin is made up of mainly â-pleats. Hair proteins having spring like structure, are 

extensible (can be stretched around curlers) whereas the pleat like structures present in silk 

makes the silk fibres strong and non-extensible. Fibroin from certain spider webs is used to 

make bullet proof vests. The Nobel Laureate chemist Linus Pauling contributed to the 

elucidation of the a-helix. An Indian Biophysicist, GN. Ramachandran and his colleagues also 

devised a graphic plot called the Ramachandran plot wherein based on the geometry and steric 

orientation around the peptide bonds in proteins due to different amino acid residues, 

predictions can be made as to which sequences orient towards helices or pleats (Fig. 4).

Fig. 4: Secondary structures in proteins
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2.2.2.2.3 Protein tertiary structures- 3-D structure

2.2.2.2.4 Protein quaternary structures

Proteins made up of a single polypeptide such as the oxygen storage protein in muscle called 

myoglobin fold into a globular structure which is 

described as its tertiary structure. This protein has 

eight helices interconnected with unstructured 

peptide chains. The helices are packed against 

each other giving a compact globular or 

spheroidal structure. Most soluble proteins are 

globular in nature although they may consist of 

only helices or helices and pleats as in the tertiary 

structure of GFP (green fluorescent protein Fig. 

5). A popular method of drawing protein 

structures as indicated in the illustration of GFP is 

a ribbon diagram where the polypeptide is drawn 

as a helical ribbon to depict helical segments and 

straight drawn back and forth sheets to depict 

pleats. In many globular proteins the inside core 

resembles a barrel made up of â-sheets with helical segments around.

Multimeric proteins which have more than one polypeptide chain (referred to as subunits) 

interact within their subuits to form compact 3-D structures a description of which is its 

quaternary structure. Haemoglobin, an oxygen transporter protein found in erythrocytes has 4 

subunits which interact with each other. The importance of these interactions is realized when 

haemoglobin is compared in function to 

myoglobin a single subunit containing 

protein. Both proteins have an organic 

haem molecule attached to each 

polypeptide chain which is responsible for 

oxygen binding; however the multi 

subunit interaction in haemoglobin 

confers unique oxygen transporter 

functions, unlike in the single subunit 

containing myoglobin which is an oxygen 

storage protein. Given below (Fig. 6) is 

the 3-D structure of haemoglobin. Also 

indicated in the figure is the deformation 

created in the structure of an RBC when 

the haemoglobin molecule undergoes mutation to sickle cell haemoglobin. The string like 

structures of the polymerized sickle haemoglobin is also illustrated. 

In patients suffering from sickle cell anaemia (see deformed RBC in picture) the haemoglobin 

due to an altered amino acid in its ß-chain forms string like structures (Fig. 6) reducing the 

oxygen carrying ability of the deformed RBC. Hence protein structure has an important bearing 

Fig. 5: GFP protein from jelly fish

Hemoglobin Molecule
heme
group

β chain

iron

αchain

red blood cell

β chain αchain

helical shape of the 
polypeptide molecule

A Structure of normal haemoglobin molecule 



on its function in health 

and disease.

Proteins among macromolecules 

have enormous diversity in their 

structure and it is not surprising 

that they have equally diverse 

functions including their role as 

biocatalysts, vision proteins and 

hormones. 

A major group of proteins are enzymes which are biocatalysts. 

A catalyst is a reagent which accelerates a reaction. In an 

organism, hundreds of reactions are taking place at any given moment and without enzymes, no 

biological reaction would be possible. Even a simple reaction like the dissolution of carbon 

dioxide in water does not take place to an appreciable extent on its own. Aerated drinks have 

CO  dissolved under high pressure. Hence when the cap on the bottle is removed releasing the 2

pressure, bubbles of CO  fizz out. In the blood of animals CO  generated as a metabolic waste 2 2

product is mainly carried as bicarbonate which is formed by the action of the enzyme carbonic 

anhydrase under normal pressure conditions. The dissolution of CO  in water to form 2

8bicarbonate which is negligible, is enhanced 10  times in the presence of carbonic anhydrase. 
12Similarily other enzymes (e.g. Urease) accelerate reactions 10  times.

(1) Enzymes are highly specific. For example, an enzyme which catalyses the hydrolysis of proteins 

cannot catalyse the hydrolysis of nucleic acids although in both reactions water is added across 

a covalent bond. An even more exquisite example of specificity is that an enzyme which 

catalyses the oxidation of D-alanine (D-alanine oxidase) cannot oxidise L-alanine. Inorganic 

catalysts, on the other hand, are relatively non-specific. Finely divided platinum is an inorganic 

catalyst which is used in the industrial process to make sulphuric acid (Contact process) as well 

as the industrial process to make ammonia (Haber process). Both processes occur at high 

temperatures. 

(2) Enzymes are able to enhance reaction rates at ordinary room temperature and normal 

atmospheric pressure unlike inorganic catalysts which usually require several atmospheres of 

pressure and temperatures exceeding 500°C. 

(3) Enzymes can be regulated. If excess of a product is made which is against the cell economy, the 

enzyme is made to slow down by the interaction of the product with the enzyme, a phenomenon 

called feedback inhibition. Enzymes which are controlled by feedback inhibition are known as 

regulatory enzymes.

An enzyme is usually a large molecule which binds to its substrate converting it to product. The 

2.2.3 Proteins in action;

2.2.3.1 Enzymes - The Catalysts 

2.2.3.2 Properties of enzymes

2.2.3.3 Catalytic power of enzymes 

 

B C

sickle cell RBC 

string like mutant 
sickle cell haemoglobin 
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region where the substrate binds to the enzyme is known as the substrate binding site or the 

'active site' because it is at this site that activity leading to product formation takes place. The 

active site occupies a very small region in the enzyme molecule. The substrate has to diffuse 

and find the active site. Once it diffuses into the active site in the enzyme the substrate molecules 

are correctly oriented so that groups are easily transferred leading to product formation. 

Substrates are also distorted by binding to the enzyme active site and this causes certain bonds 

to break easily and new bonds to form which leads to product formation. An enzyme is made up 

of a variety of amino acid residues and some of these residues can contribute to acid-base 

catalysis at the active site. 

The activity of enzymes is measured in units called IU (international units). An IU is the activity of 

the enzyme which can catalyse the conversion of 1 µmole of substrate to product in one minute 
oat room temperature (usually taken to be 25 C). Heat and extremities of pH disrupt the 3-D 

structure of an enzyme protein leading to denaturation and loss of catalytic activity. 

Enzymes are indispensible to biological systems. Hence it also follows that if important enzymes 

of a given organism are targeted by substrate like molecules (inhibitors) which do not undergo 

reaction but bind so tightly to the enzyme that its activity is lost then the organism will perish. This 

is the basis of the action of many antibiotics which target a variety of pathogenic bacteria. 

Bacteria have a cell wall made up of a large heteropolymer known as peptidoglycan which in its 

biosynthesis requires the activity of an enzyme known as transpeptidase. The antibiotic pencillin 

(discovered by Alexander Fleming) is a potent inhibitor of the transpeptidase rendering the 

bacterial cell wall weak and susceptible to host destruction mechanisms. Pharmaceutical 

companies are constantly on the look out for natural and designed inhibitors which can 

specifically target key enzymes of pathogenic (disease causing) bacteria. Knowing the 3-D 

structure of an enzyme can help design inhibitors which can fit into the substrate binding sites. 

Nowadays the enzyme structures can be displayed in computers and scientists involved in drug 

discovery research can design antibiotics in-silico.

Many enzymes are essential as tools in genetic engineering. Some of these are the restriction 

endonucleases which cut DNA precisely at certain sequences, preparing them for use in 

recombinant DNA technology. These enzymes are purified from variety of organisms and then 

made available for use to researchers.

Other uses of enzymes include their use in the food industry (use of the proteolytic enzyme 

papain as a meat tenderizer), as reagents in diagnostic tests (ELISA tests) and their role as 

therapeutic reagents in medicine (streptokinase administered after a stroke.

Lipids are a special group of biomolecules which have little or no solubility in water but are freely 

soluble in organic solvents such as chloroform. Several biologically important lipids in fact show 

amphipathic character, that is, they have dual properties of hydrophilicity (water liking) and 

hydrophobicity (water hating). This interesting amphipathic character makes them ideal 

candidates for the formation of biomembranes (Fig. 8). All biological structures such as cells, 

bacteria and organelles are enveloped by membranes which are strong and generally 

2.2.3.4 Use of Enzymes in Biotechnology

2.2.4 Lipids and Biomembranes - The Barriers 



impermeable barriers that protect the cytoplasmic contents from osmotic changes. The 

phospholipids are the dominant group of lipids which constitute all membranes.

1. Due to their dual character of having an internal hydrophobic region and an external hydrophilic 

portion, membranes present ideal impermeable barriers for preventing cellular contents from 

spilling out or extracellular constituents from entering in. 

2. Water-soluble molecules such as sugars, amino acids and salts (NaCl, KCl) cannot freely 

penetrate the lipid membranes. Hence, special transporter molecules such as proteins are 

positioned within the membranes to facilitate transport. 

3. Membranes are the locales where important cellular processes such as cell-cell recognition, cell 

signaling and energy generation (oxidative phosphorylation) take place. 

Two different kinds of nucleic acids are present in almost every cell - ribonucleic acids (RNA) and 

deoxyribonucleic acids (DNA). Ribonucleotides and deoxyribonucleotides eliminate water, 

forming linear polymers called RNA and DNA respectively. The bonds formed between two 

nucleotide residues is specifically called a phosphodiester bond. The phosphodiester bond is 

formed between a 5' phosphate group of one nucleotide and 3' hydroxyl group of another 

nucleotide and is, therefore, referred to as 5' - 3' phosphodiester bond. 

RNA is typically smaller than DNA and is present predominantly as single stranded chains. 

Three major forms of RNA are found in a cell: 

(1) Messenger RNA (mRNA) has the information to make a protein. It is very unstable and 

comprises -5% of total RNA polymer. Its length is highly variable, of the range 75-3000 

nucleotides.

(2) Transfer RNA (tRNA) is a small molecule, about 90 nucleotides long. It is highly folded into an 

elaborate 3-D structure and comprises about 15% of total RNA. 

(3) Ribosomal RNA (rRNA) which is 80% of the total RNA, is associated with subcellular structures 

Functions of Biomembranes 

2.2.5 Nucleic Acids - The Managers 

Fig. 8 A cartoon of biomembrane
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called ribosomes which The polymer length varies from 120-3000 nucleotides and is folded into 

an elaborate structure which give ribosomes their shape. 

DNA is a very large polymer and unlike RNA exists as a double stranded structure. Each strand 

of DNA is chemically a polydeoxyribonucleotide structure wherein a phosphodiester bond is 

formed between two adjacent deoxyribonucleotides. The phosphodiester bond is formed 

between the 3' –OH of one deoxyribonucleotide and 5' phosphate residue of an adjacent 

deoxyribonucleotide. Hence, if one looks at a linear DNA single strand, each end is different, one 

end a free 5’ end and the other a free 3’ end. 

The determination of the 3-D structure of DNA by James D. Watson and Francis H. Crick in the 

last century (1953) is considered to 

be one of the all time great research 

achievements in Biology only second 

to the theory of Evolution proposed by 

Charles Darwin. The major features 

of the model (Fig.9), referred to as the 

Watson and Crick model of DNA 

structure (to honour the two Nobel 

Prize winning scientists), are as 

follows;

1. DNA is a double stranded structure.

2. The two strands associate in an anti-

parallel manner, one strand runs 5’ to 

3’ while the other runs in a 3’ to 5’ 

direction.

3. The base sequence on one strand is 

complementary  to  the  base 

sequence on the other strand 

because of the base pairing rule - 

adenine on one strand forms two 

hydrogen bonds with thymine on the 

other strand; cytosine on one strand 

forms three hydrogen bonds with 

guanine on the other strand. Thus it 

follows that if the sequence of bases 

on one strand is determined then the 

sequence on the other strand is 

obvious. This is illustrated below.

5’-ACGTAATGGCA---3’

3’-TGCATTACCGT---5’

The biological importance of this observation is tremendous, during replication wherein DNA 

Fig. 9: 

The Watson and 

Crick Model of 
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has to be copied to be transmitted to a daughter cells, the sequence on one strand (parent) 

aligns the sequence on the daughter (new) strand.

4. The two stranded structure which can be represented like a step ladder with the base pairs 

forming the rungs, folds around an imaginary axis forming a double helical conformation. As is 

seen in any helical structure, the DNA helix can have a right handed orientation (B and A 

conformations) or a left handed, zig-zag (Z) orientation. The B conformation of DNA is thought to 

be the dominant form in vivo. Under certain conditions such as lower humidity, a 

conformationally different form known as A-DNA is formed (Fig. 10). This form of DNA is right-

handed helical but with a slightly larger diameter and lower pitch. A third form of DNA discovered 

in synthetic oligodeoxynucleotides referred to as Z-DNA consists of a left-handed helix whose 

sugar-phosphate backbone has a zig-zag appearance (hence Z DNA). The three forms of DNA- 

A, B and Z are illustrated below.

Fig. 10: The A, B and Z forms of DNA. The B form of DNA is the predominant form of natural DNA

DNA is contained in subcellular structures known as chromosomes found in the nucleus of 

eukaryotic cells and isolated chromosomes can be visualised by special staining techniques. 

Each species have a characteristic number of chromosomes in their cells. For example a 

bacterial cell (prokaryote) E. coli has one chromosome. Human beings have 23 pairs of 

chromosomes in their somatic cells (diploid). The E. coli chromosome has a circular DNA 

molecule. However, in higher organisms, DNA is linear. As DNA molecules are very long, they 

are packaged within chromosomes in special ways to occupy the least space. In eukaryotic 

cells, chromosomes are confined to the nucleus. Such packaging usually involves a process 

known as supercoiling. Enzymes known as 'topoisomerases' keep the DNA in a highly 

supercoiled state along with packaging proteins such as 'histones'. It is mindbogling to imagine 

how the cell machinery is able to package enormous lengths of DNA within the confines of a 

nucleus. A typical human cell is 20 µm in diameter. The nucleus has a diameter of 5 µm. The 46 

A-DNA B-DNA Z-DNA
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9chromosomes present have a total of 6x10  bp corresponding to a length of 2 m if the DNA is 

completely stretched ( Note the distance between two successive base pairs is 0.34 nm in the 'B' 

form of DNA). If 2 m have to be packaged into the confines of a 5 µm diameter nucleus, the 
5chromosomes have to be condensed by a factor of 10 . It is amazing that the information in DNA 

is retrieved precisely even after such condensation.

1. What are the differences between RNA and DNA? 

2. What are the main conformations of DNA and which form predominates in nature?

3. How do D-sugars differ from L-sugars? What configuration do glucose and fructose have?

4.  Name one protein and indicate its location for each of the following groups- (a) structural protein 

(b) nutritional protein (c) enzyme (d) defence (e) contraction.

5.  Write the strategy used in N-terminal to C-terminal sequencing.

6.  Draw the secondary structure elements of proteins.

7. Indicate any one disease caused by a mutant protein

8.  How do enzymes differ from inorganic catalysts?

9. Define an International unit of enzyme activity?

10.  Describe the various conditions required for enzyme activity.

11.  Give three reasons to explain the enormous catalytic power of enzymes.

12. List three vitamins and their co-enzymic forms. 

Biochemistry by Mary K. Campbell & Shawn O. Farrel, (7th Ed.) Brooks/Cole, Cengage Learning (Pub: 

Mary Finch) 2012, ISBN-13:978-1-111-42564-7. 
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