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1.0 Objectives: After studying this unit, thoroughly you should be able to,  

 Classify carbohydrates. 

 Define what Mono, di, oligo and polysaccharides are. 

 Describe the structure and chemistry of monosaccharides; Pentoses, Hexoses and 

Deoxysugars. 

 Discuss and write the structure of Amino sugars, Muramic and Neuraminic acids. 

1.1 Introduction: 

Carbohydrates are the single most abundant class of organic molecules found in 

nature. The name carbohydrate arises from the basic molecular formula (CH2O)n, which can 

be rewritten (C·H2O)n to show that these substances are hydrates of carbon, where n=3 or 

more. Carbohydrates constitute a versatile class of molecules. Energy from the sun captured 

by green plants, algae, and some bacteria during photosynthesis is stored in the form of 

carbohydrates. In turn, carbohydrates are the metabolic precursors of virtually all other 

biomolecules. Breakdown of carbohydrates provides the energy that sustains animal life. In 

addition, carbohydrates are covalently linked with a variety of other molecules. 

Carbohydrates linked to lipid molecules, or glycolipids, are common components of 

biological membranes. Proteins that have covalently linked carbohydrates are called 

glycoproteins. These two classes of biomolecules, together called glycoconjugates, are 

important components of cell walls and extracellular structures in plants, animals, and 

bacteria. In addition to the structural roles such molecules play, they also serve in a variety of 

processes involving recognition between cell types or recognition of cellular structures by 

other molecules. Recognition events are important in normal cell growth, fertilization, 

transformation of cells, and other processes. All of these functions are made possible by the 

characteristic chemical features of carbohydrates: (1) the existence of at least one and often 

two or more asymmetric centers, (2) the ability to exist either in linear or ring structures, (3) 

the capacity to form polymeric structures via glycosidic bonds, and (4) the potential to form 

multiple hydrogen bonds with water or other molecules in their environment. 

 

1.2 Classification of Carbohydrates and Nomenclature  

The carbohydrates are a major source of metabolic energy, both for plants and for 

animals that depend on plants for food. Aside from the sugars and starches that meet this vital 

nutritional role, carbohydrates also serve as a structural material (cellulose), a component of 

the energy transport compound ATP, recognition sites on cell surfaces, and one of three 
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essential components of DNA and RNA.  Carbohydrates are called saccharides or, if they are 

relatively small, sugars. Several classifications of carbohydrates have proven useful, and are 

outlined in the following table. 

 

Most abodantly, carbohydrates are generally classified into three groups: monosaccharides 

(and their derivatives), oligosaccharides, and polysaccharides.  

 The monosaccharides are also called simple sugars and have the formula (CH2O)n. 

Monosaccharides cannot be broken down into smaller sugars under mild conditions.  

 Oligo-saccharides derive their name from the Greek word oligo, meaning “few,” and 

consist of from two to ten simple sugar molecules. Disaccharides are common in 

nature, and trisaccharides also occur frequently. Four- to six-sugar-unit 

oligosaccharides are usually bound covalently to other molecules, including 

glycoproteins.  

 As their name suggests, polysaccharides are polymers of the simple sugars and their 

derivatives. They may be either linear or branched polymers and may contain 

hundreds or even thousands of monosaccharide units. Their molecular weights range 

up to 1 million or more.  

1.3 Monosaccharides:  

Monosaccharides consist typically of three to seven carbon atoms and are described 

either as aldoses or ketoses, depending on whether the molecule contains an aldehyde 

function or a ketone group. The simplest aldose is glyceraldehyde, and the simplest ketose is 

dihydroxyacetone. These two simple sugars are termed trioses because they each contain 

three carbon atoms. The structures and names of a family of aldoses and ketoses with three, 
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four, five, and six carbons are shown below.  Hexoses are the most abundant sugars in nature. 

Nevertheless, sugars from all these classes are important in metabolism.  

            Monosaccharides, either aldoses or ketoses, are often given more detailed generic 

names to describe both the important functional groups and the total number of carbon atoms. 

Thus, one can refer to aldotetroses and ketotetroses, aldopentoses and ketopentoses, 

aldohexoses and ketohexoses, and so on. Sometimes the ketone-containing monosaccharides 

are named simply by inserting the letters-ul-into the simple generic terms, such as tetruloses, 

pentuloses, hexuloses, heptuloses, and so on. The simplest monosaccharides are water-

soluble, and most taste sweet. 

The structure and stereochemical relationships of D-aldoses having three to six carbons. The 

configuration  in each case is determined by the highest numbered asymmetric carbon.  
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The structure and stereochemical relationships of D-Ketoses having three to six carbons. The 

configuration in each case is determined by the highest numbered asymmetric.  

 

1.4 Stereochemistry  

Aldoses with at least three carbons and ketoses with at least four carbons contain 

chiral centers.  The nomenclature for such molecules must specify the configuration about 

each asymmetric center, and drawings of these molecules must be based on a system that 
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clearly specifies these configurations. The structures shown in above and below are Fischer 

projections. Fischer projection system is used almost universally for this purpose today to 

represent monosaccharides with two or more asymmetric carbon atoms.  

 The D and L prefixes are generated by the convention of drawing the structures. If the 

-OH group on the carbon before the terminal carbon is on the left it is designated with 

an L; if the -OH group on the carbon before the terminal carbon is on the right it is 

designated with a D.  

 You may ask why the -OH group on the carbon before the terminal carbon, why not 

use the terminal carbon?  Well the terminal carbon will not be a stereo center; there 

will normally be 2 hydrogens on that terminal carbon.  So, if you draw these 

monosaccharides vertical with the carbonyl carbon on the top or as close to the top as 

possible it will make identifying them easier. 
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 These structures are normally drawn in a more simplified manner, because as we know 

chemists are lazy.  Below you will find a drawing of a Fischer projection along side its 

equivalent structures.  The Fischer projection is named after Emil Hermann Fischer, 

winner of the 1902 Nobel Prize in Chemistry. 
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This structure is an L enantiomer.  The –OH on the carbon before the terminal carbon is on 

the left. 

 In asymmetric carbons, the prefix D or L refers to the configuration of the highest 

numbered asymmetric carbon (the asymmetric carbon farthest from the carbonyl 

carbon). A monosaccharide is designated d if the hydroxyl group on the highest 
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numbered asymmetric carbon is drawn to the right in a Fischer projection, as in D-

glyceraldehyde.  

 Note that the designation D or L merely relates the configuration of a given molecule 

to that of glyceraldehyde and does not specify the sign of rotation of plane-polarized 

light.  

 If the sign of optical rotation is to be specified in the name, the Fischer convention of 

D or L designations may be used along with a + (plus) or - (minus) sign. Thus, D-

glucose may also be called D(+)-glucose because it is dextrorotatory, whereas D-

fructose, which is levorotatory, can also be named D(-)-fructose.  

 

All of the structures shown in are D-configurations, and the D-forms of monosaccharides 

predominate in nature, just as L-amino acids do. These preferences, established in apparently 

random choices early in evolution, persist uniformly in nature because of the stereospecificity 

of the enzymes that synthesize and metabolize these small molecules. L-Monosaccharides do 

exist in nature, serving a few relatively specialized roles. L-Galactose is a constituent of 

certain polysaccharides, and L-arabinose is a constituent of bacterial cell walls. 

 

 

            

1.5 Enantiomers:  According to convention, the D- and L-forms of a monosaccharide are 

mirror images of each other, as shown below for fructose. Stereoisomers that are mirror 

images of each other are called enantiomers, or sometimes enantiomeric pairs. For 

molecules that possess two or more chiral centers, more than two stereoisomers can exist. 
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1.6 Diastereomers:  Pairs of isomers that have opposite configurations at one or more of the 

chiral centers (asymmetric centres) but that are not mirror images of each other are called 

diastereomers or diastereomeric pairs.  

 

 

 

 

 

 

 

 

 

 

1.7 Epimers: Any two structures in a given row in aldoses and ketoses are diastereomeric 

pairs. Two sugars that differ in configuration at only one chiral center (asymmetric centre) are 

described as epimers. For example, D-mannose and D-talose are epimers and D-glucose and 

D-mannose are epimers, whereas D-glucose and D-talose are not epimers but merely 

diastereomers. 

 

 

 

 

 

 

 

 

 

 

1.8 Cyclic Structures and Anomeric Forms (Howarth projection formulae)    

Although Fischer projections are useful for presenting the structures of particular 

monosaccharides and their stereoisomers, they ignore one of the most interesting facets of 

sugar structure—the ability to form cyclic structures with formation of an additional 

asymmetric center. Alcohols react readily with aldehydes to form hemiacetals   
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The British carbohydrate chemist Sir Norman Haworth showed that the linear form of 

glucose (and other aldohexoses) could undergo a similar intramolecular reaction to form a 

cyclic hemiacetal. The resulting six- membered, oxygen-containing ring is similar to pyran 

and is designated a pyranose. The reaction is catalyzed by acid (H
1
) or base (OH

2
) and is 

readily reversible.  

 

 

 In a similar manner, ketones can react with alcohols to form hemiketals. The analogous 

intramolecular reaction of a ketose sugar such as fructose yields a cyclic hemiketal (Figure 

7.6). The five-membered ring thus formed is reminiscent of furan and is referred to as a 

furanose. The cyclic pyranose and furanose forms are the preferred structures for 

monosaccharides in aqueous solution. At equilibrium, the linear aldehyde or ketone structure 

is only a minor component of the mixture (generally much less than 1%).   
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When hemiacetals and hemiketals are formed, the carbon atom that carried the carbonyl 

function becomes an asymmetric carbon atom. Isomers of monosaccharides that differ only in 

their configuration about that carbon atom are called anomers, designated as alpha or beta, as 

shown below, and the carbonyl carbon is thus called the anomeric carbon. When the 

hydroxyl group at the anomeric carbon is on the same side of a Fischer projection as the 

oxygen atom at the highest numbered asymmetric carbon, the configuration at the anomeric 

carbon is alpha, as in alpha-D-glucose. When the anomeric hydroxyl is on the opposite side 

of the Fischer projection, the configuration is beta, as in beta-D-glucopyranose. 

 

            The addition of this asymmetric center upon hemiacetal and hemiketal formation 

alters the optical rotation properties of monosaccharides, and the original assignment of the 

alpha and beta notations arose from studies of these properties. Early carbohydrate chemists 

frequently observed that the optical rotation of glucose (and other sugar) solutions could 

change with time, a process called mutarotation. This indicated that a structural change was 

occurring. It was eventually found that alpha-D-glucose has a specific optical rotation, 

[alpha] D
20

, of 112.2°, and that beta-D-glucose has a specific optical rotation of 18.7°. 
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Mutaro-tation involves interconversion of alpha and beta forms of the monosaccharide with 

intermediate formation of the linear aldehyde or ketone, as shown in above figures. 

 

1.9 Haworth Projections  

Another of Haworth’s lasting contributions to the field of carbohydrate chemistry was his 

proposal to represent pyranose and furanose structures as hexagonal and pentagonal rings 

lying perpendicular to the plane of the 

paper, with thickened lines indicating the 

side of the ring closest to the reader. Such 

Haworth projections, which are now 

widely used to represent saccharide 

structures, show substituent groups 

extending either above or below the ring. 

Substituents drawn to the left in a Fischer 

projection are drawn above the ring in the 

corresponding Haworth projection. 

Substituents drawn to the right in a 

Fischer projection are below the ring in a 

Haworth projection. Exceptions to these rules occur in the formation of furanose forms of 

pentoses and the formation of furanose or pyranose forms of hexoses. In these cases, the 

structure must be redrawn with a rotation about the carbon whose hydroxyl group is involved 

in the formation of the cyclic form in order to orient the appropriate hydroxyl group for ring 

formation. This is merely for illustrative purposes and involves no change in configuration of 

the saccharide molecule.  

 

D-Glucose can cyclize in two ways, forming either furanose or pyranose structures. 

             

 The rules mentioned for assignment of alpha and beta-configurations can be readily 

applied to Haworth projection formulas. For the D-sugars, the anomeric hydroxyl 

group is below the ring in the alpah-anomer and above the ring in the beta-anomer. 

For L-sugars, the opposite relationship holds.  

 In most monosaccharides there are two or more hydroxyl groups which can react with 

an aldehyde or ketone at the other end of the molecule to form a hemiacetal or 
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hemiketal. Consider the possibilities for glucose, If the C-4 hydroxyl group reacts 

with the aldehyde of glucose, a five-

membered ring is formed, whereas if the 

C-5 hydroxyl reacts, a six-membered ring 

is formed. The C-6 hydroxyl does not 

react effectively because a seven- 

membered ring is too strained to form a 

stable hemiacetal.  

 D-Ribose, with five carbons, readily 

forms either five- membered rings (alpha 

- or beta-D-ribofuranose ) or six- membered rings (alpha - or beta-D-ribopyranose ).. 

In general, aldoses and ketoses with five or more carbons can form either furanose or 

pyranose rings, and the more stable form depends on structural factors.  

 

D-Ribose and other five-carbon saccharides can form either furanose or pyranose structures.  

            Although Haworth 

projections are convenient for 

display of monosaccharide 

structures, they do not 

accurately portray the 

conformations of pyranose and 

furanose rings. Given C-C-C 

tetrahedral bond angles of 109° 

and C-O-C angles of 111°, 

neither pyranose nor furanose 

rings can adopt true planar 

structures. Instead, they take on puckered conformations, and in the case of pyranose rings, 

the two favored structures are the chair conformation and the boat conformation, shown as 

below.  

(a) Chair and boat conformations of a pyranose sugar. (b) Two possible chair conformations 

of alpha-D-glucose. 

Note that the ring substituents in these structures can be equatorial, which means 

approximately coplanar with the ring, or axial, that is, parallel to an axis drawn through the 

ring as shown. Two general rules dictate the conformation to be adopted by a given 
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saccharide unit. First, bulky substituent groups on such rings are more stable when they 

occupy equatorial positions rather than axial positions, and second, chair conformations are 

slightly more stable than boat conformations. For a typical pyranose, such as alpha-D-

glucose, there are two possible chair conformations. Of all the D-aldohexoses, alpha-D-

glucose is the only one that can adopt a conformation with all its bulky groups in an 

equatorial position. With this advantage of stability, it may come as no surprise that alpha-D-

glucose is the most widely occurring organic group in nature and the central hexose in 

carbohydrate metabolism.  

1.10 Derivatives of Monosaccharides  

A variety of chemical and enzymatic reactions produce derivatives of the simple sugars. 

These modifications produce a diverse array of saccharide derivatives. Some of the most 

common derivations are discussed here.  

Sugar Acids  

Sugars with free anomeric carbon atoms are reasonably good reducing agents and will 

reduce hydrogen peroxide, ferricyanide, certain metals (Cu
2+

 and Ag
+
), and other oxidizing 

agents. Such reactions convert the sugar to a sugar acid.  
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For example, addition of alkaline CuSO4 (called Fehling’s solution) to an aldose 

sugar produces a red cuprous oxide (Cu2O) precipitate: and converts the aldose to an aldonic 

acid, such as gluconic acid. Formation of a precipitate of red Cu2O constitutes a positive test 

for an aldehyde. Carbohydrates that can reduce oxidizing agents in this way are referred to as 

reducing sugars. By quantifying the amount of oxidizing agent reduced by a sugar solution, 

one can accurately determine the concentration of the sugar. Diabetes mellitus is a condition 

that causes high levels of glucose in urine and blood, and frequent analysis of reducing sugars 

in diabetic patients is an important part of the diagnosis and treatment of this disease. Over-

the-counter kits for the easy and rapid determination of reducing sugars have made this 

procedure a simple one for diabetics.  

Monosaccharides can be oxidized enzymatically at C-6, yielding uronic acids, such 

as D-glucuronic and L-iduronic acids. L-Iduronic acid is similar to D-glucuronic acid, 

except for having an opposite configuration at C-5. Oxidation at both C-1 and C-6 produces 

aldaric acids, such as D-glucaric acid. 

 

Sugar Alcohols  

Sugar alcohols, another class of sugar derivative, can be prepared by the mild 

reduction (with NaBH4 or similar agents) of the carbonyl groups of aldoses and ketoses. 

Sugar alcohols, or alditols, are designated by the addition of -itol to the name of the parent 

sugar. The alditols are linear molecules that cannot cyclize in the manner of aldoses . 

Nonetheless, alditols are characteristically sweet tasting, and sorbitol, mannitol, and xylitol 

are widely used to sweeten sugarless gum and mints. Sorbitol buildup in the eyes of diabetics 

is implicated in cataract formation. Glycerol and myo-inositol, a cyclic alcohol, are 

components of lipids.  
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Deoxy Sugars  

Several deoxy sugars, contains alpha-L-rhamnose (Rha). Hydrogen atoms highlighted 

in red are “deoxy” positions. The deoxy sugars are monosaccharides with one or more 

hydroxyl groups replaced by hydrogens. 2-Deoxy-D-ribose, whose systematic name is 2-

deoxy-D-erythropentose, is a constituent of DNA in all living things Deoxy sugars also occur 

frequently in glycoproteins and polysaccharides. L-Fucose and L-rhamnose, both 6-deoxy 

sugars, are components of some cell walls, and rhamnose is a component of ouabain, a 

highly toxic cardiac glycoside found in the bark and root of the ouabaio tree. Ouabain is used 

by the East African Somalis as an arrow poison. The sugar moiety is not the toxic part of the 

molecule. 

 

 

Amino Sugars  

Amino sugars, including D-glucosamine and D-galactosamine, contain an amino group 

(instead of a hydroxyl group) at the C-2 position. They are found in many oligo- and 

polysaccharides, including chitin, a polysaccharide in the exoskeletons of crustaceans and 

insects.  

 

 

 

 

 

 

Structures of D-glucosamine and D-galactosamine. 
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1.11 Derived sugar acids:  

Muramic acid (2-[3-Amino-2,5-dihydroxy-6-(hydroxymethyl)oxan-4-yl]oxypropanoic 

acid)  is a form of sugar acid. In terms of chemical composition, it is the etherbetween lactic 

acid and glucosamine. It occurs naturally as an N-acetyl derivative in peptidoglycan, which 

has many biological functions such as a component in many typical bacterial cell walls.  N-

Acetylmuramic acid, or MurNAc, is the ether of lactic acid and N-acetylglucosamine with 

a chemical formula of C11H19NO8. It is part of a biopolymer in the bacterial cell wall, built 

from alternating units of N-acetylglucosamine (GlcNAc) and N-acetylmuramic acid 

(MurNAc), cross-linked with oligopeptides at the lactic acid residue of MurNAc. This 

layered structure is called peptidoglycan.  

   

 

 

 

 

 

 

 

 

 

Neuraminic acid (5-amino-3,5-dideoxy-D-glycero-D-galacto-non-2-ulosonic acid) is a 9-

carbon monosaccharide, a derivative of a ketononose. Neuraminic acid may be visualized as 

the product of an aldol-condensation product of pyruvic acid and D-mannosamine (2-amino-

2-deoxy-mannose). 

 

 

 

 

 

 

 

Neuramic acid 

 

N-Acetyl Muramic acid 
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 Neuraminic acid does not occur naturally, but many of its derivatives are found widely 

distributed in animal tissues and in bacteria, especially in glycoproteins and gangliosides. 

The N- or O-substituted derivatives of neuraminic acid are collectively known as sialic acids, 

the predominant form in mammalian cells being N-acetylneuraminic acid. The amino group 

bears either an acetyl or a glycolyl group. The hydroxyl substituents may vary considerably: 

acetyl, lactyl, methyl, sulfate and phosphate groups have been found. The symbol commonly 

used for neuraminic acid is Neu, and the residue is typically found with additional chemical 

modifications in biological systems. As a family, these residues are known as sialic acids. For 

example, N-acetyl-neuraminic acid, Neu5Ac, is typical in human glycoproteins. 

 

1.12 Summary: Carbohydrates are the most abundant bio-molecules on earth made up of 

carbon, hydrogen and oxygen. Carbohydrates are polyhydroxy aldehydes or polyhydroxy 

ketones or substances that yield such compounds on hydrolysis.  Carbohydrates have the 

empirical formula of (CH2O)n .  Carbohydrates serve as energy stores and are the structural 

elements in the cell walls of bacteria and plants and exoskeletons of 

invertebrates.  Carbohydrates are the starting materials for many organic compounds like fats 

and amino acids.  Monosaccharides consist of a single polyhydroxy aldehyde or ketone 

unit.  Disaccharides consist of two monosaccharide units.  Oligosaccharides consist of three 

to twelve monosaccharide units. Polysaccharides consist of more than twelve 

monosaccharide units. 

Monosaccharides: Monosaccharide containing an aldehyde group is called an aldose 

sugar.  Monosaccharide containing a keto group is called a ketose sugar.  Based on the 

number of carbon atoms, monosaccharides are classified. A triose has three carbons, a tetrose 

has four carbons, a pentose has five carbons, a hexose has six carbons, and a heptose has 

seven carbons. The prefixes D and L designate the absolute configuration and refer to the 

position of the last chiral carbon. D is the OH on the right. L is the OH on the left. Epimers of 

Monosaccharides differ in configuration at a single asymmetric carbon. Cyclization of 

monosaccharides usually occurs in aqueous solution as cyclic rings. In the process, carbonyl 

group (aldehyde or keto) forms a covalent bond with oxygen of a hydroxyl group along the 

chain.  The ring structure of an aldose is a hemiacetal. The ring structure of a ketose is a 

hemiketal.  Anomerism is the formation of rings that results in the creation of an asymmetric 

carbon which is called anomeric carbon. Mutarotation is the process in which cyclic alpha 

and beta anomers produce equilibrium in a solution. The cyclic structure is retained in 

solution but isomerism takes place about the anomeric carbon.  
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1.13 Key words: Carbohydrates, Monosaccharides, Disaccharides, Oligosaccharides, 

Polysaccharides, Amino sugars, Muramic acid, Neuraminic acid.  

1.14 Questions for self study 

1) Describe how carbohydrates are classified 

2) Define what Mono, di, oligo and polysaccharides are. 

3) Describe the structure and chemistry of Deoxysugars  

4) Write the structures of amino sugars, Muramic and Neuraminic acids. 

5) Write a note on the following:  

a) Stereochemistry b) Enantiomers c) Diastereomers d) Epimers 

6) Describe the Cyclic Structures and Anomeric Forms of sugars 

1.15 Further references:  

1. Chemistry of carbohydrates- Pigmann and Horton 

2. Instant Notes in Biochemistry. Hames, B. D. Hopper, N. M and Houghton, J. D. Viva 

Book Pvt. Ltd. New Delhi. 

3. Biochemistry. 3rd Ed. Donald Voet and Judith, G. Voet. John Wiley and Sons Inc. 

4. Biochemistry. Stryer, L. 5th Ed. W. H. Freeman, New York. 

5. Biochemistry. Garret, R. H. and Grishman, C. M. Saunders College Publishing 
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BC 1.1: BUILDING BLOCKS OF BIOMOLECULES 

BLOCK-I: CARBOHYDRATES. 

 

UNIT 2: Linkages in Sucrose, Lactose, Maltose and other Glycosides. Homo 

polysaccharides:  Starch, Cellulose, Glycogen. Isolation - ex. starch 

Hetero polysaccharides: Chondroitin sulphate, Heparin, Blood group polysaccharides, Chitin 

and Bacterial cell wall polysaccharides.  

 

STRUCTURE OF THE UNIT 

 

2.0  Objectives 

2.1  Introduction to Disaccharides 

2.2  Formation of Disaccharide 

2.3  Common disaccharides, Monomeric units and Linkages 
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2.5 Maltose  

2.6 Cellobiose  
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2.8 Lactose 
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2.11  Polysaccharides  

 

2.12  Storage Polysaccharides  

2.12.1  Starch   2.12.2  Glycogen  

 

2.13 Structural Polysaccharides  

2.13.1  Cellulose   2.13.2   Chitin  

2.13.3 Inulins 

 

2.14  Glycosaminoglycans or hetero polysaccharides or mucopolysacharides 

2.15  Hyaluronic acid or Hyaluronan 

2.16  Dermatan sulfate 
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2.18  Heparin (Heparin sulphate) 
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2.21 Summary 

2.22 Key words  
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2.24 Further references  
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2.0 Objectives: After studying this unit you should be able to,  

 Identify various linkages in carbohydrates 

 Write the structures of Sucrose, Lactose, Maltose and other Glycosides.  

 Describ what are Homo polysaccharides with examples 

 Describe Hetero polysaccharides with examples  

 

2.1 Introduction to Disaccharides:  

 A disaccharide is the carbohydrate formed when two monosaccharides undergo a 

condensation reaction which involves the elimination of a small molecule, such as 

water, from the functional groups only. Like monosaccharides, disaccharides form an 

aqueous solution when dissolved in water. Three common examples 

are sucrose, lactose and maltose.  

 The simplest oligosaccharides are the disaccharides, which consist of two 

monosaccharide units linked by a glycosidic bond.  

 There are two different types of disaccharides: reducing disaccharides, in which one 

monosaccharide, the reducing sugar, still has a free hemiacetal unit; and non-reducing 

disaccharides, in which the components bond through an acetal linkage between their 

anomeric centers and neither monosaccharide has a free hemiacetal unit.  

 Cellobiose and maltose are examples of reducing disaccharides. 

Sucrose and trehalose are examples of non-reducing disaccharides. 

 

2.2 Formation of Disaccharide:  

Disaccharides are formed when two monosaccharides are joined together and a 

molecule of water is removed, a process known as dehydration reaction. For example; milk 

sugar (lactose) is made from glucose and galactose whereas the sugar from sugar cane and 

sugar beets (sucrose) is made from glucose and fructose. Maltose, another notable 

disaccharide, is made up of two glucose molecules. The two monosaccharides are bonded via 

a dehydration reaction (also called a condensation reaction or dehydration synthesis) that 

leads to the loss of a molecule of water and formation of a glycosidic bond. 
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2.3 Common disaccharides, Monomeric units and Linkages 

 

Disaccharide Unit 1 Unit 2 Bond 

Sucrose (table sugar, cane sugar,) Glucose Fructose α(1→2)β 

Lactulose Galactose Fructose β(1→4) 

Lactose (milk sugar) Galactose Glucose β(1→4) 

Maltose Glucose Glucose α(1→4) 

Trehalose Glucose Glucose α(1→1)α 

Cellobiose Glucose Glucose β(1→4) 

 

The glycosidic bond can be formed between any hydroxyl groups on the component 

monosaccharide. So, even if both component sugars are the same (e.g., glucose), different 

bond combinations (regiochemistry) and stereochemistry (alpha- or beta-) result in 

disaccharides that are diastereoisomers with different chemical and physical properties. 

Depending on the monosaccharide constituents, disaccharides are sometimes crystalline, 

sometimes water-soluble, and sometimes sweet-tasting and sticky-feeling.  

  

The structures of several important disaccharides.  
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Note that the notation -HOH means that the configuration can be either alpha or Beta. If the -

OH group is above the ring, the configuration is termed alpha. The configuration is beta if the 

-OH group is below the ring as shown. Also note that sucrose has no free anomeric carbon 

atoms.  

 

As in proteins and nucleic acids, each individual unit in an oligosaccharide is termed a 

residue. The disaccharides shown above are all commonly found in nature, with sucrose, 

maltose, and lactose being the most common. Each is a mixed acetal, with one hydroxyl 

group provided intra molecularly and one hydroxyl from the other monosaccharide. Except 

for sucrose, each of these structures possesses one free unsubstituted anomeric carbon atom, 

and thus each of these disaccharides is a reducing sugar. The end of the molecule containing 

the free anomeric carbon is called the reducing end, and the other end is called the 

nonreducing end. In the case of sucrose, both of the anomeric carbon atoms are substituted, 

that is, neither has a free —OH group. The substituted anomeric carbons cannot be converted 

to the aldehyde configuration and thus cannot participate in the oxidation-reduction reactions 

characteristic of reducing sugars. Thus, sucrose is not a reducing sugar.  

 

2.4 Homodisacharides: Maltose, isomaltose and Cellobiose 

            Maltose, isomaltose, and cellobiose are all homodisaccharides because they each 

contain only one kind of monosaccharide, namely, glucose. Maltose is produced from starch 

(a polymer of alpha-D-glucose produced by plants) by the action of amylase enzymes and is a 

component of malt, a substance obtained by allowing grain (particularly barley) to soften in 

water and germinate. The enzyme diastase, produced during the germination process, 

catalyzes the hydrolysis of starch to maltose. Maltose is used in beverages (malted milk, for 

example), and because it is fermented readily by yeast, it is important in the brewing of beer. 

In both maltose and cellobiose, the glucose units are 1-4 linked, meaning that the C-1 of one 

glucose is linked by a glycosidic bond to the C-4 oxygen of the other glucose. The only 

difference between them is in the configuration at the glycosidic bond. Maltose exists in the 

alpha-configuration, whereas cellobiose is beta. Isomaltose is obtained in the hydrolysis of 

some polysaccharides (such as dextran), and cellobiose is obtained from the acid hydrolysis 

of cellulose. Isomaltose also consists of two glucose units in a glycosidic bond, but in this 

case, C-1 of one glucose is linked to C-6 of the other, and the configuration is alpha.. 

            The complete structures of these disaccharides can be specified in shorthand notation 
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by using abbreviations for each monosaccharide, alpha or beta, to denote configuration, and 

appropriate numbers to indicate the nature of the linkage. Thus, cellobiose is Glc beta1-4Glc, 

whereas isomaltose is Glc alpha1-6Glc. Often the glycosidic linkage is written with an arrow 

so that cellobiose and isomaltose would be Glc-beta 1- -6 Glc, 

respectively. Because the linkage carbon on the first sugar is always C-1, a newer trend is to 

drop the 1- or 1- and describe these simply as Glc-4Glc and Glc-6Glc, respectively. More 

complete names can also be used, however, so that maltose would be O-alpah-d- 

glucopyranosyl-(1 alpha 4)-D-glucopyranose. Cellobiose, because of its beta-glycosidic 

linkage, is formally O-beta-D-glucopyranosyl-(1 beta 4)-D-glucopyranose. 

 

2.5 Maltose  

o Maltose is the disaccharide of D- glucose having an a-linkage 

o Maltose results from hydrolysis of starch by the enzyme diastase 

 Maltose has a hemiacetal group in one glucose moiety; it is a reducing sugar 

 The two glucose units of maltose are joined by an a-glucosidic linkage  

 a cleavage product of starch (e.g., amylose), is a disaccharide with an a(1 4) 

glycosidic link between C1 - C4 OH of 2 glucoses.  

 

 

 

 

 

 

 

 

 

 

 

2.6 Cellobiose  

o Cellobiose is the disaccharide of D-glucose having a b-linkage 

o Cellobiose results from partial hydrolysis of cellulose 

 Cellobiose has a hemiacetal group in one glucose moiety; it is a reducing sugar 

 The two glucose units are connected by a b-glucosidic linkage 
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 a product of cellulose breakdown 

 The b(1 4) glycosidic linkage is represented as a zig-zag, but one glucose is 

actually flipped over relative to the other 

 

 

 

 

 

 

 

 

 

2.7  Heterodiasacharides: Lactose and Sucrose 

 alpha-D-lactose (O-beta-D-Galactopyranosyl-(1-4)-D-glucopyranose) is the principal 

carbohydrate in milk and is of critical nutritional importance to mammals in the early stages 

of their lives. It is formed from D-galactose and D-glucose via a beta (1-4) link, and because it 

has a free anomeric carbon, it is capable of mutarotation and is a reducing sugar. It is an 

interesting quirk of nature that lactose cannot be absorbed directly into the bloodstream. It 

must first be broken down into galactose and glucose by lactase, an intestinal enzyme that 

exists in young, nursing mammals but is not produced in significant quantities in the mature 

mammal. Most humans, with the exception of certain groups in Africa and northern Europe, 

produce only low levels of lactase. For most individuals, this is not a problem, but some 

cannot tolerate lactose and experience intestinal pain and diarrhea upon consumption of milk. 

2.8 Lactose: 

o milk sugar, is composed of galactose & 

glucose, with b(14) linkage from the 

anomeric OH of galactose.  

o Its full name is b-D-galactopyranosyl-

(1 4)-a-D-glucopyranose. 
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Sucrose, in contrast, is a disaccharide of almost universal appeal and tolerance. Produced by 

many higher plants and commonly known as table sugar, it is one of the products of 

photosynthesis and is composed of fructose and glucose. Sucrose has a specific optical 

rotation, [alpha]D
20

, of +66.5°, but an equimolar mixture of its component monosaccharides 

has a net negative rotation ([alpha]D
20

 of glucose is +52.5° and of fructose is -92°). Sucrose is 

hydrolyzed by the enzyme invertase, so named for the inversion of optical rotation 

accompanying this reaction. Sucrose is also easily hydrolyzed by dilute acid, apparently 

because the fructose in sucrose is in the relatively unstable furanose form. Although sucrose 

and maltose are important to the human diet, they are not taken up directly in the body. In a 

manner similar to lactose, they are first hydrolyzed by sucrase and maltase, respectively, in 

the human intestine. 

 

2.9 Sucrose (Table sugar) 

o Sucrose is a disaccharide formed from D-glucose and D-fructose 

 The glycosidic linkage is between C1 of glucose and C2 of fructose 

 Sucrose is a nonreducing sugar because of its acetal linkage 

 

2.10 Trehalose — A Natural Protectant for Bugs 

Insects use an open circulatory system to circulate hemolymph (insect blood). The 

“blood sugar” is not glucose but rather trehalose, an unusual, nonreducing disaccharide  

Trehalose is found typically in organisms that are naturally subject to temperature variations 

and other environmental stresses—bacterial spores, fungi, yeast, and many insects. 

(Interestingly, honeybees do not have trehalose in their hemolymph , perhaps because they 
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practice a colonial, rather than solitary, lifestyle. Bee colonies maintain a rather constant 

temperature of 18°C, protecting the residents from large temperature changes.)  

 

            

 

2.11 Polysaccharides  

Structure and Nomenclature  

By far the majority of carbohydrate material in nature occurs in the form of polysaccharides. 

By our definition, polysaccharides include not only those substances composed only of 

glycosidically linked sugar residues but also molecules that contain polymeric saccharide 

structures linked via covalent bonds to amino acids, peptides, proteins, lipids, and other 

structures.  

Polysaccharides, also called glycans, consist of monosaccharides and their derivatives. If a 

polysaccharide contains only one kind of monosaccharide molecule, it is a 

homopolysaccharide, or homoglycan, whereas those containing more than one kind of 

monosaccharide are heteropolysaccharides. The most common constituent of 

polysaccharides is D-glucose, but D-fructose, D-galactose, L-galactose, D-mannose, L-

arabinose, and D-xylose are also common. Common monosaccharide derivatives in 

polysaccharides include the amino sugars (D-glucosamine and D-galactosamine ), their 

derivatives (N-acetylneuraminic acid and N-acetylmuramic acid), and simple sugar acids 

(glucuronic and iduronic acids).  

 

Homopolysaccharides are often named for the sugar unit they contain, so that glucose 

homopolysaccharides are called glucans, while mannose homopolysaccharides are mannans. 

Other homopolysaccharide names are just as obvious: galacturonans, arabinans, and so on. 

Homopolysaccharides of uniform linkage type are often named by including notation to 

denote ring size and linkage type. Thus, cellulose is a (1- )-beta-D-glucopyranan. 

Polysaccharides differ not only in the nature of their component monosaccharides but also in 

the length of their chains and in the amount of chain branching that occurs. Although a given 

sugar residue has only one anomeric carbon and thus can form only one glycosidic linkage 
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with hydroxyl groups on other molecules, each sugar residue carries several hydroxyls, one 

or more of which may be an acceptor of glycosyl substituents. This ability to form branched 

structures distinguishes polysaccharides from proteins and nucleic acids, which occur only as 

linear polymers. 

 Polysaccharide Functions  

The functions of many individual polysaccharides cannot be assigned uniquely, and some of 

their functions may not yet be appreciated. Traditionally, biochemistry textbooks have listed 

the functions of polysaccharides as storage materials, structural components, or protective 

substances. Thus, starch, glycogen, and other storage polysaccharides, as readily 

metabolizable food, provide energy reserves for cells. Chitin and cellulose provide strong 

support for the skeletons of arthropods and green plants, respectively. Mucopolysaccharides, 

such as the hyaluronic acids, form protective coats on animal cells. In each of these cases, the 

relevant polysaccharide is either a homopolymer or a polymer of small repeating units. 

Recent research indicates, however, that oligosaccharides and polysaccharides with varied 

structures may also be involved in much more sophisticated tasks in cells, including a variety 

of cellular recognition and intercellular communication events, as discussed later.  

 

2.12 Storage Polysaccharides  

Storage polysaccharides are an important carbohydrate form in plants and animals. It seems 

likely that organisms store carbohydrates in the form of polysaccharides rather than as 

monosaccharides to lower the osmotic pressure of the sugar reserves. Because osmotic 

pressures depend only on numbers of molecules, the osmotic pressure is greatly reduced by 

formation of a few polysaccharide molecules out of thousands (or even millions) of 

monosaccharide units.  

2.12.1 Starch  

By far the most common storage polysaccharide in plants is starch, which exists in two 

forms: alpha-amylose and amylopectin, the structures of which are shown below.  Most 

forms of starch in nature are 10 to 30% alpha-amylose and 70 to 90% amylopectin. Typical 

cornstarch produced in the United States is about 25% alpha-amylose and 75% amylopectin. 

alpha-Amylose is composed of linear chains of D-glucose in alpha(1-4) linkages. The chains 

are of varying length, having molecular weights from several thousand to half a million. As 

can be seen from the structure, the chain has a reducing end and a nonreducing end. Although 

poorly soluble in water, alpha-amylose forms micelles in which the polysaccharide chain 

adopts a helical conformation. Iodine reacts with alpha-amylose to give a characteristic blue 
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color, which arises from the insertion of iodine into the middle of the hydrophobic amylose 

helix.  Suspensions of amylose in water adopt a helical conformation. Iodine (I2) can insert 

into the middle of the amylose helix to give a blue color that is characteristic and diagnostic  

 

Helical structure of Amylose with 

iodine bound to grove. In contrast 

to alpha-amylose, amylopectin, the 

other component of typical 

starches, is a highly branched chain 

of glucose units. Branches occur in 

these chains every 12 to 30 residues. The average branch length is between 24 and 30 

residues, and molecular weights of amylopectin molecules can range up to 100 million. The 

linear linkages in amylopectin are alpha(1-4), whereas the branch linkages are alpha(1-6). As 

is the case for alpha-amylose, amylopectin forms micellar suspensions in water; iodine reacts 

with such suspensions to produce a red-violet color. 

Main Chain - α(1-4) linkage 
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Amylose and amylopectin are the two forms of starch. Note that the linear linkages are alpha 

(1 -4), but the branches in amylopectin are alpha (1 - 6). Branches in polysaccharides can 

involve any of the hydroxyl groups on the monosaccharide components. Amylopectin is a 

highly branched structure, with branches occurring every 12 to 30 residues.  

 

Starch is stored in plant cells in the form of granules in the stroma of plastids (plant cell 

organelles) of two types: chloroplasts, in which photosynthesis takes place, and 

amyloplasts, plastids that are specialized starch accumulation bodies. When starch is to be 

mobilized and used by the plant that stored it, it must be broken down into its component 

monosaccharides. Starch is split into its monosaccharide elements by stepwise phosphorolytic 

cleavage of glucose units, a reaction catalyzed by starch phosphorylase. This is formally an 

alpha (1-4)-glucan phosphorylase reaction, and at each step, the products are one molecule of 

glucose-L-phosphate and a starch molecule with one less glucose unit. In alpha-amylose, this 

process continues all along the chain until the end is reached. However, the alpha (1-6) 

branch points of amylopectin are not susceptible to cleavage by phosphorylase, and thorough 

digestion of amylopectin by phosphorylase leaves a limit dextrin, which must be attacked by 

an alpha (1-6)- glucosidase to cleave the 1-6 branch points and allow complete hydrolysis of 

the remaining 1-4 linkages. Glucose-L-phosphate units are thus delivered to the plant cell, 

suitable for further processing in glycolytic pathways.. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.web.virginia.edu/Heidi/chapter7/chp7.htm
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-D-

glucose-L-phosphate.  

            

 In animals, digestion and use of plant starches begins in the mouth with salivary alpha-

amylase (alpha(1-4)-glucan 4-glucanohydrolase), the major enzyme secreted by the salivary 

glands. Although the capability of making and secreting salivary alpha-amylases is 

widespread in the animal world, some animals (such as cats, dogs, birds, and horses) do not 

secrete them. Salivary alpha-amylase is an endoamylase that splits alpha (1-4) glycosidic 

linkages only within the chain. Raw starch is not very susceptible to salivary endoamylase . 

However, when suspensions of starch granules are heated, the granules swell, taking up water 

and causing the polymers to become more accessible to enzymes. Thus, cooked starch is 

more digestible. In the stomach, salivary alpha-amylase is inactivated by the lower pH, but 

pancreatic secretions also contain alpha-amylase. beta-Amylase, an enzyme absent in animals 

but prevalent in plants and microorganisms, cleaves disaccharide (maltose) units from the 

termini of starch chains and is an exoamylase. Neither alpha-amylase nor beta-amylase, 

however, can cleave the alpha(1-6) branch points of amylopectin , and once again, alpha (1-

6)-glucosidase is required to cleave at the branch points and allow complete hydrolysis of 

starch amylopectin. 

 

 

 

2.12.2 Glycogen  

 The major form of storage polysaccharide in animals is glycogen. Glycogen is found 

mainly in the liver (where it may amount to as much as 10% of  liver mass) and skeletal 

muscle (where it accounts for 1 to 2% of muscle mass). Liver glycogen consists of granules 

containing highly branched molecules, with alpha (1-6) branches occurring every 8 to 12 

glucose units. Like amylopectin, glycogen yields a red-violet color with iodine. Glycogen can 

be hydrolyzed by both alpha- and beta-amylases, yielding glucose and maltose, respectively, 

as products and can also be hydrolyzed by glycogen phosphorylase, an enzyme present in 

liver and muscle tissue, to release glucose-L-phosphate.  
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Dextran : Another important family of storage polysaccharides are the dextrans, which are 

alpha(1-6)-linked polysaccharides of D-glucose with branched chains found in yeast and 

bacteria..  

  

Structure of Glycogen and dextran which are branched polymer of D-glucose units. The main 

chain linkage is alpha (1-4) in main chain and alpha (1-6) in branch point, but 1-2, 1-3, or 1-4 

branches can occur.  

  

2.13 Structural Polysaccharides  

 

2.13.1 Cellulose The structural polysaccharides have properties that are dramatically 

different from those of the storage 

polysaccharides, even though the 

compositions of these two classes are similar. 

The structural polysaccharide cellulose is the 

most abundant natural polymer found in the 

world. Found in the cell walls of nearly all 

plants, cellulose is one of the principal 

components providing physical structure and 

strength. The wood and bark of trees are insoluble, highly organized structures formed from 
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cellulose and also from lignin. It is awe-inspiring to look at a large tree and realize the 

amount of weight supported by polymeric structures derived from sugars and organic 

alcohols. Cellulose also has its delicate side, however. Cotton, whose woven fibers make 

some of our most comfortable clothing fabrics, is almost pure cellulose. Derivatives of 

cellulose have found wide use in our society. Cellulose acetates are produced by the action 

of acetic anhydride on cellulose in the presence of sulfuric acid and can be spun into a variety 

of fabrics with particular properties. Referred to simply as acetates, they have a silky 

appearance, a luxuriously soft feel, and a deep luster and are used in dresses, lingerie, linings, 

and blouses.  

            Cellulose is a linear homopolymer of D-glucose units, just as in alpha-amylose. The 

structural difference, which completely alters the properties of the polymer, is that in 

cellulose the glucose units are linked by 

beta(1-4)-glycosidic bonds, whereas in 

alpha-amylose the linkage is alpha (1-4). 

The conformational difference between 

these two structures is shown below. 

Amylose, composed exclusively of the 

relatively bent alpha (1-4) linkages, 

prefers to adopt a 

helical conformation, 

whereas (b) cellulose, 

with beta (1-4)-

glycosidic linkages, 

can adopt a fully 

extended conformation 

with alternating 180° 

flips of the glucose 

units. The hydrogen 

bonding inherent in 

such extended structures is responsible for the great strength of tree trunks and other 

cellulose-based materials.  

 The alpha (1-4)-linkage sites of amylose are naturally bent, conferring a gradual turn 

to the polymer chain, which results in the helical conformation already described. The most 

stable conformation about the beta (1-4) linkage involves alternating 180° flips of the glucose 
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units along the chain so that the chain adopts a fully extended conformation, referred to as an 

extended ribbon. Juxtaposition of several such chains permits efficient interchain hydrogen 

bonding, the basis of much of the strength of cellulose. 

 

  

 

 

 

 

 

 

 

 

 

 

 

The structure of cellulose, showing the hydrogen bonds between the sheets, which strengthen 

the structure. Intrachain hydrogen bonds and interchain hydrogen bonds are also shown.  

           

The structure of one form of cellulose, determined by X-ray and electron diffraction data, is 

shown above.  The flattened sheets of the chains lie side by side and are joined by hydrogen 

bonds. These sheets are laid on top of one another in a way that staggers the chains, just as 

bricks are staggered to give strength and stability to a wall. Cellulose is extremely resistant to 

hydrolysis, whether by acid or by the digestive tract amylases described earlier. As a result, 

most animals (including humans) cannot digest cellulose to any significant degree. Ruminant 

animals, such as cattle, deer, giraffes, and camels, are an exception because bacteria that live 

in the rumen secrete the enzyme cellulase, a beta-glucosidase effective in the hydrolysis of 

cellulose. The resulting glucose is then metabolized in a fermentation process to the benefit 

of the host animal. Termites and shipworms (Teredo navalis) similarly digest cellulose 

because their digestive tracts also contain bacteria that secrete cellulase. 

  

 2.13.2 Chitin  

 A polysaccharide that is similar to cellulose, both in its biological function and its 

primary, secondary, and tertiary structure, is chitin. Chitin is present in the cell walls of fungi 
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and is the fundamental material in the exoskeletons of crustaceans, insects, and spiders. The 

structure of chitin, an extended ribbon, is identical to cellulose, except that the OOH group on 

each C-2 is replaced by -NHCOCH3, so that the repeating units are N-acetyl-D-glucosamines 

in beta (1-4) linkage. Like 

cellulose, the chains of 

chitin form extended 

ribbons and pack side by 

side in a crystalline, 

strongly hydrogen-bonded 

form. One significant 

difference between 

cellulose and chitin is 

whether the chains are 

arranged in parallel (all 

the reducing ends together 

at one end of a packed bundle and all the nonreducing ends together at the other end) or 

antiparallel (each sheet of chains having the chains arranged oppositely from the sheets 

above and below). Natural cellulose seems to occur only in parallel arrangements. Chitin, 

however, can occur in three forms, sometimes all in the same organism. a-Chitin is an all-

parallel arrangement of the chains, whereas b-chitin is an antiparallel arrangement. In c-

chitin, the structure is thought to involve pairs of parallel sheets separated by single 

antiparallel sheets.  

  

Like cellulose, chitin, mannan, and poly(D-mannuronate) form extended ribbons and pack 

together efficiently, taking advantage of multiple hydrogen bonds. Chitin is the earth’s 

second most abundant carbohydrate polymer (after cellulose), and its ready availability and 

abundance offer opportunities for industrial and commercial applications. Chitin-based 

coatings can extend the shelf life of fruits, and a chitin derivative that binds to iron atoms in 

meat has been found to slow the reactions that cause rancidity and flavor loss. Without such a 

coating, the iron in meats activates oxygen from the air, forming reactive free radicals that 

attack and oxidize polyunsaturated lipids, causing most of the flavor loss associated with 

rancidity. Chitin-based coatings coordinate the iron atoms, preventing their interaction with 

oxygen. 
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2.13.3 Inulins 

  Inulins are a group of naturally occurring polysaccharides produced by many types of 

plants. They belong to a class of fibers known as fructans. Inulin is used by some plants as a 

means of storing energy and is typically found in roots or rhizomes. Most plants that 

synthesize and store inulin do not store other materials such as starch. 

Inulins are polymers composed mainly of fructose units, and typically have a terminal 

glucose. The fructose units in inulins are joined by a β(2→1) glycosidic bond. In general, 

plant inulins contain between 20 and several thousand fructose units. Smaller compounds are 

called fructooligosaccharides, the simplest being 1- kestose, which has 2 fructose units and 1 

glucose unit. Inulins are named in the following manner, where n is the number of fructose 

residues and py is the abbreviation for pyranosyl: Inulins with a terminal glucose are known 

as alpha-D-glucopyranosyl-[beta-D-fructofuranosyl](n-1)-D-fructofuranosides, abbreviated 

as GpyFn. Inulins without glucose are beta-D-fructopyranosyl-[D-fructofuranosyl](n-1)-D-

fructofuran -osides, abbreviated as FpyFn. Hydrolysis of inulins may yield 

fructooligosaccharides, which are oligomers with a degree of polymerization (DP) of <= 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Inulin structure 

 

2.14 Glycosaminoglycans or hetero polysaccharides or mucopolysacharides 

 A class of polysaccharides known as glycosaminoglycans is involved in a variety of 

extracellular (and sometimes intracellular) functions. Glycosaminoglycans consist of linear 

chains of repeating disaccharides in which one of the monosaccharide units is an amino sugar 
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and one (or both) of the monosaccharide units contains at least one negatively charged sulfate 

or carboxylate group. These repeating disaccharide structures are found commonly in 

glycosaminoglycans.   

 Heparin, with the highest net negative charge of the disaccharides shown, is a natural 

anticoagulant substance. It binds strongly to antithrombin III (a protein involved in 

terminating the clotting process) and inhibits blood clotting. Hyaluronate molecules may 

consist of as many as 25,000 disaccharide units, with molecular weights of up to 10
7
. 

Hyaluronates are important components of the vitreous humor in the eye and of synovial 

fluid, the lubricant fluid of joints in the body. The chondroitins and keratan sulfate are 

found in tendons, cartilage, and other connective tissue, whereas dermatan sulfate, as its 

name implies, is a component of the extracellular matrix of skin.  

 

Representative heteropolysaccharides 

heteropolysaccharide component sugars functions distribution 

hyaluronic acid 

D-glucuronic acid 

and N-acetyl-D-

glucosamine 

lubricant, shock 

absorber, water 

binding 

connective 

tissue, skin 

chondroitin-4-sulfate* 

D-glucuronic acid 

and N-acetyl-D-

galactosamine-4-O-

sulfate 

calcium 

accumulation, 

cartilage and bone 

formation 

cartilage 

heparin* 

D-glucuronic acid, L-

iduronic acid, N-sulfo-

D-glucosamine 

anticoagulant 
mast cells, 

blood 

gamma globulin* 

N-acetyl-hexosamine, 

D-mannose, D-

galactose 

antibody blood 

blood group substance* 

D-glucosamine, D-

galactosamine, L-

fucose, D-galactose 

blood group 

specificity 

cell surfaces, 

especially red 

blood cells 
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*Covalently linked to protein; the proportion of protein to carbohydrate in such complex 

molecules varies from about 10% protein in the case of chondroitin-4-sulfate to better 

than 95% for gamma globulin. 

 

 Glycosaminoglycans are formed from repeating disaccharide arrays. Glycosaminoglycans 

are components of the proteoglycans.  hyaluronic acid, a polymer of Glucuronate (beta 1->3) 

GlcNAc;  dermatan sulfate, L-iduronate (beta 1->3 ) GalNAc-4-sulfate; keratan sulfate, D-

Gal (beta 1->4) GlcNAc-6-sulfate; chondrotin sulfate, D-glucuronate (beta 1->3) GalNAc-4 

or 6-sulfate; heparin - D-glucuronate-2-sulfate (alpha 1->4) GlcNSulfo-6-sulfate 

 

Chondratin sulphate 

 Chondroitin sulfate is a sulfated glycosaminoglycan (GAG) composed of a chain of 

alternating sugars (N-acetylgalactosamine and glucuronic acid). It is usually found attached 

to proteins as part of a proteoglycan. A chondroitin chain can have over 100 individual 

sugars, each of which can be sulfated in variable positions and quantities. Chondroitin sulfate 

is an important structural component of cartilage and provides much of its resistance to 
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compression. Along with glucosamine, chondroitin sulfate has become a widely used dietary 

supplement for treatment of osteoarthritis. 

 

 

 

 

 

 

 

Chondroitin sulfate was originally isolated well before the structure was characterised, 

leading to changes in terminology with time.
 
 Early researchers identified different fractions 

of the substance with letters. 

 

Letter 

identification 
Site of sulfation Systematic name 

Chondroitin sulfate 

A 

carbon 4 of the N-acetylgalactosamine (GalNAc) 

sugar 

chondroitin-4-

sulfate 

Chondroitin sulfate 

C 
carbon 6 of the GalNAc sugar 

chondroitin-6-

sulfate 

  

Chondroitin, without the "sulfate", has been used to describe a fraction with little or no 

sulfation.
 
 However, this distinction is not used by all.  Chondroitin sulfate is a major 

component of extracellular matrix, and is important in maintaining the structural integrity of 

the tissue. This function is typical of the large aggregating proteoglycans: aggrecan, versican, 

brevican, and neurocan, collectively termed the lecticans. 

As part of aggrecan, chondroitin sulfate is a major component of cartilage. The tightly packed 

and highly charged sulfate groups of chondroitin sulfate generate electrostatic repulsion that 

provides much of the resistance of cartilage to compression. Loss of chondroitin sulfate from 

the cartilage is a major cause of osteoarthritis. 

 

2.15 Hyaluronic acid or Hyaluronan 

 Properties of hyaluronan were first determined in the 1930s in the laboratory of Karl 

Meyer. Hyaluronan is a polymer of disaccharides, themselves composed of D-glucuronic acid 
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and D-N-acetylglucosamine, linked via alternating β-1,4 and β-1,3 glycosidic bonds. 

Hyaluronan can be 25,000 disaccharide repeats in length. Polymers of hyaluronan can range 

in size from 5,000 to 20,000,000 Da in vivo. The average molecular weight in human 

synovial fluid is 3−4 million Da, and hyaluronan purified from human umbilical cord is 

3,140,000 Da. 

 

 

 

 

 

 

 

 

Hyaluronic acid is a ubiquitous carbohydrate polymer that is part of the extracellular matrix 

and is a major component of the synovial fluid, and was found to increase the viscosity of the 

fluid. Along with lubricin, it is one of the fluid's main lubricating components.  

 

2.16 Dermatan sulfate 

Dermatan sulfate is a glycosaminoglycan (formerly called a mucopolysaccharide) found 

mostly in skin, but also in blood vessels, heart valves, tendons, and lungs.  It is also referred 

to as chondroitin sulfate B, although it is no longer classified as a form of chondroitin sulfate 

by most sources. 

 

 

 

 

 

 

 

"Chondroitin sulfate B" is an old name for dermatan sulfate, and is no longer classified as a 

form of chondroitin sulfate.  It has polymer of disaccharide consisting L-iduronic acid (IdoA) 

and 6-sulfated N acety glucoseamine linked by beta 1-4 linkage; the resulting disaccharide is 

then referred to as dermatan sulfate. 
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2.17 Keratan sulfate 

 Like other glycosaminoglycans keratan sulfate is a linear polymer that consists of a 

repeating disaccharide unit. Keratan sulfate occurs as a proteoglycan (PG) in which KS 

chains are attached to cell-surface or extracellular matrix proteins, termed core proteins. KS 

core proteins include Lumican, Keratocan, Mimecan, Fibromodulin, PRELP, Osteoadherin 

and Aggrecan. The basic repeating disaccharide unit within keratan sulfate is -3Galβ1-

4GlcNAcβ1-. This can be sulfated at carbon position 6 (C6) of either or both the Gal or 

GlcNAc monosaccharides.  

 

 

2.18 Heparin (Heparin sulphate) 

 Heparin, a highly-sulfated glycosaminoglycan, is widely used as an injectable 

anticoagulant, and has the highest negative charge density of any known biological molecule.  

It can also be used to form an inner anticoagulant surface on various experimental and 

medical devices such as test tubes and renal dialysis machines. Pharmaceutical-grade heparin 

is derived from mucosal tissues of slaughtered meat animals such as porcine (pig) intestine or 

bovine (cow) lung.  Although used principally in medicine for anticoagulation, the true 

physiological role in the body remains unclear, because blood anti-coagulation is achieved 

mostly by heparan sulfate proteoglycans derived 

from endothelial cells.  Heparin is usually 

stored within the secretory granules of mast 

cells and released only into the vasculature at 

sites of tissue injury. It has been proposed that, 

rather than anticoagulation, the main purpose of 

heparin is defense at such sites against invading 

bacteria and other foreign materials.  In addition, it is conserved across a number of widely 

different species, including some invertebrates that do not have a similar blood coagulation 

system. 
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Native heparin is a polymer with a molecular weight ranging from 3 kDa to 30 kDa, although 

the average molecular weight of most commercial heparin preparations is in the range of 12 

kDa to 15 kDa.
 
 Heparin is a member of the glycosaminoglycan family of carbohydrates 

(which includes the closely-related molecule heparan sulfate) and consists of a variably-

sulfated repeating disaccharide unit.
 
 The main disaccharide units that occur in heparin are 

shown below. The most common disaccharide unit is composed of a 2-O-sulfated glucuronic 

acid and 6-O-sulfated, N-sulfated glucosamine. 

 

2.19 Blood group polysaccharides:  

Human blood groups depend on the functioning of glycosyltransferases, enzymes that 

catalyze the formation of glycosidic bond between monosaccharides. 

Specific oligosaccharide antigens attach to the proteins and lipids on the surface of 

erythrocytes. Those attached to proteins have a serine or threonine residue or ceramide lipid 

intermediate. The most basic oligosaccharide attached is called the O antigen (also referred to 

as the H antigen). This O antigen is the base oligosaccharide found in all three blood types O, 

A, and B. The O antigen is of the form (—Lipid—Glucose—Galactose—N-

acetylglucosamine—Galactose—Fucose). Blood type O only has the O antigen attached to 

the red blood cells. Blood type A is formed through the addition of the A antigen, which 

has N-acetylgalactosamine (GalNAc) glycosidically bonded to the O antigen. Similarly for 
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blood type B, the B antigen has an additional galactose forming a glycosidic bond to the O 

antigen. In both the A and B blood types, the new antigen forms an α-1,3 linkage to the 

outermost galactose component of the O antigen through the help of glycosyltransferases. 

GalNAc transferase adds the extra N-acetylgalactosamine for the A antigen while Gal 

transferase adds the extra galactose for the B antigen. Genes in a person’s DNA code for the 

specific glycosyltransferases to allow for the addition of antigens A and/or B to the O 

antigen. If a person’s genes do not allow for the coding of type A or B transferase, then that 

person will have type O blood. The genes that code for GalNAc and Gal transferases are 

exact, but for three amino acids. This strong similarity between the two enzymes shows they 

are related through divergent evolution. 

 

 

2.20 Bacterial cell wall 

polysaccharides or 

peptidoglycan 

In contrast to eukaryotic cells, 

bacteria cells have a cell wall 

in addition to a lipid bilayer 

membrane. These are 

essentially carbohydrate 

polymers which offer 

protection from exterior 

hypotonic condition and the high internal osmotic pressures, preventing swelling and bursting 

of the cells. The membrane consists of a peptidoglycan. Two types exist. 

Gram positive bacteria- These bacterial can be stained with Gram stain. The wall consists of a 

GlcNAc (beta 1->4) MurNAc repeat.  This is similar to the GlcNAc (beta 1->4) GlcNAc 

homopolymer chitin, except that every other GlcNAc contains a lactate molecule covalently 

attached in an ether-linkage to the C3 hydroxyl to form the monomer N-Acetylmuramic 

acid.   A tetrapeptide (Ala-D-isoGlu-Lys-D-Ala) is attached in amide link to the carboxyl 

group of the lactate in MurNAc. The GlcNAc (beta 1->4) MurNAc strands are covalently 

connected by a pentaglycine bridge through the epsilon amino group of the tetrapeptide Lys 

on one strand and the D-Ala of a tetrapeptide on another strand. 
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2.21 Summary:  

Disaccharides 

Disaccharides are classified as reducing sugars or nonreducing sugars.  In a reducing sugar, 

the anomeric carbon of second glucose residue is free.  In a non-reducing sugar, anomeric 

carbons of glucose and fructose are involved in linkage. Hence, no free anomeric carbons. 

Polysaccharides 

Polysaccharides consist of repeat units of monosaccharides or their derivatives held together 

by glycosidic bonds. They are classified as homopolysaccharides and heteropolysaccharides. 

Polysaccharides function as storage and structural components in plants and animals.  

Homopolysaccharides are the polysaccharides which contain only a single type of 

monosaccharides.  Examples are starch, amylose, amylopectin, cellulose, and glycogen.  

Starch is nonreducing because most of the anomeric carbons of its glucose residues remain 

bound by glycosidic bonds.  Starch is made up of two types of glucose polymers, 

amylose and amylopectin. Amylose consists of long unbranched chains of D-glucose 

connected by alpha (1-4) linkages.  Amylopectin is highly branched chain with alpha (1-6) 

bonds at branching points and alpha (1-4) bonds everywhere else. Cellulose is present in 

plant cell wall and is a polymer of glucose, linked by β (1-4) glycosidic linkages. Glycogen is 

the main storage polysaccharide of animal cells and abundant in liver. Like amylopectin, 

glycogen is a polymer of alpha (1-4) linked subunits of glucose with alpha (1-6) linked 

branches. Glycogen is more extensively branched and more compact than starch.  

Heteropolysaccharides are composed of different types of monosaccharides or their 

derivatives. Mucopolysaccharides: also known as glycosaminoglycans. These are large 

complexes of negatively charged heteropolysaccharides. They are made up of repeating 

disaccharide units, generally composed of an amino sugar and a sugar acid.  Glycoproteins 

contain highly variable amounts of carbohydrate and perform a variety of functions, which 

include enzymes, hormones, receptors, structural proteins and transport proteins. 

Proteoglycans are also known as Mucoproteins or Mucoids.  They are those glycoproteins in 

which the carbohydrate content is mucopolysaccharides.  

 

2.22 Key words: Sucrose, Lactose, Maltose, Glycosides, Starch, Cellulose, Glycogen, 

Chondroitin sulphate, Chitin, Blood, Heparin.  
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2.23    Questions for self study:  

1. Describe how you will you differentiate various linkages in carbohydrates 

2. Write the structures of Sucrose, Lactose and Maltose. 

3. Describ what are Homo polysaccharides with examples 

4. Describe Hetero polysaccharides with examples  

 

2.24 Further references:  

1. Chemistry of carbohydrates- Pigmann and Horton 

2. Instant Notes in Biochemistry. Hames, B. D. Hopper, N. M and Houghton, J. D. Viva 

Book Pvt. Ltd. New Delhi. 

3. Biochemistry. 3rd Ed. Donald Voet and Judith, G. Voet. John Wiley and Sons Inc. 

4. Biochemistry. Stryer, L. 5th Ed. W. H. Freeman, New York. 

5. Biochemistry. Garret, R. H. and Grishman, C. M. Saunders College Publishing 
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BC 1.1: BUILDING BLOCKS OF BIOMOLECULES 

BLOCK-I: CARBOHYDRATES. 
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3.0 Objectives: After studying this unit, you should be able to,  

 Describe the strategy and methods used in structural analysis of polysaccharides 

 Explain the degradation of homo and hetero polysaccharides 

 Discuss controlled acid hydrolysis of polysaccharides 

 Describe periodate oxidation or peroxidation of polysaccharides 

 

3.1 Introduction: The structure analysis of polysaccharides requires specialized techniques, 

which differ significantly from those methods used for small molecules and other 

biopolymers. To understand the primary structure of a polysaccharide, the following 

information is essential:  

• Monosaccharide composition: nature and molar ratios of the monosaccharide building 

blocks  

• Linkage patterns: linkage positions between the glycosidic linkages and branches 

• Ring size: distinction of furanosidic and pyranosidic rings 

• Anomeric configuration: α- or β-configuration of  the glycosidic linkage 

• Sequences of monosaccharide residues and repeating units; 

• Substitutions: position and nature of OH–modifications, such as O–phosphorylation, 

acetylation, O–sulfation, etc. 

• Molecular weight and molecular weight distribution 

 

Since structural analysis of polysaccharides is a complex and demanding task, a good strategy 

is necessary before starting any experiments. The below figure summarizes the necessary 

steps frequently used for elucidating a detailed structure of a polysaccharide.  

 

3.2 Strategy and methods for the structural analysis of polysaccharides 
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Strategy and methods for the structural analysis of polysaccharides 

 

A polysaccharide extracted from plant materials or food products is usually purified before 

being subjected to structural analysis. The first step of characterizing a polysaccharide is the 

determination of its purity, which is reflected by its chemical composition, including total 

sugar content, levels of uronic acid, proteins, ash, and moisture. Colorimetric methods are 

suitable for estimating the contents of total sugars and uronic acids. The second step is the 

determination of monosaccharide composition, which will unveil structural information such 

as the number of monosaccharides present in the polysaccharide and how many of each sugar 

unit. Monosaccharide composition is determined by analyzing monosaccharides using high 

performance liquid chromatography (HPLC) or gas-liquid chromatography (GC) after a 

complete acid hydrolysis. The ring size and glycosidic linkage positions of sugar units in a 

polysaccharide is established by methylation analysis and/or cleavage reduction. 

The anomeric configuration is conventionally determined by chromium trioxide oxidation, 

and this method can be combined with modern techniques, such as fast atom bombardment 

(FAB) Mass Spectrometry to afford more structural information.  

 



Unit-3: Structural elucidation of homo and hetero polysaccharides 

 

KSOU- Biochemistry -1.1; Block-1: Unit-3 Page 49 

 

The relative position of each individual sugar, including its linkage derivatives, 

unfolds the sequence of polysaccharide chains. Sequencing of polysaccharides is difficult to 

achieve because of the heterogeneous nature of the polysaccharide structure, high molecular 

weight, and polydispersity of the polymer chains. Naturally occurring polysaccharides 

usually have structural regularity, and some have repeating units. Cellulose is a simple 

polysaccharide that has only one single sugar repeating unit (i.e., 1,4-linked- β -D-glucosyl 

residue). However, in most cases, the repeating units are frequentlyinterrupted by other sugar 

units or have substitution groups and/or branches along the polymer chains. For example, 

with cellulose, another linkage pattern, e.g., a (1→3)-linkage, may be inserted to the cellulose 

molecular chain to form a (1→3) (1→4)-mix-linked β-D-glucan. This type of polysaccharide 

is found in nature; it is present in cereals, most significantly in oats and barley. In cereal β- D 

-glucans, the (1→4)-linked- β- D-glucosyl residues are interrupted by single (1→3)-linked-β-

D-glucosyl residues. Although it has been over thirty years since the first attempt to elucidate 

the structure of this polysaccharide, the complete sequencing of cereal β-D-glucans has yet to 

be achieved. This example demonstrates how much work is required to solve the structure of 

a polysaccharide that only has one sugar unit with just two different linkages. In nature, many 

polysaccharides contain multiple monosaccharides and some may contain up to six neutral 

sugars and uronic acids with variations in linkage patterns. Thus, one should appreciate how 

difficult it could be to elucidate the complete structure of such complex polysaccharides.  

 

3.3 Specific Degradation of Polysaccharides:  

Since polysaccharides usually have extremely large molecular size and broad distribution of 

molecular weight (from a few thousand to up to several million Da), except for simple 

polysaccharides such as cellulose, the complete sequencing of a complex polysaccharide is 

practically impossible. In order to obtain sequence information of a complex polysaccharide, 

the polymer is frequently degraded into oligosaccharide repeating units or building blocks (if 

they exist) in a controlled manner. The resulting oligosaccharides mixture is fractionated and 

each oligosaccharide fully characterized. The knowledge of the complete structure of the 

oligosaccharides and the specific method used to cleave the polymer will eventually lead to 

the sequence of the polysaccharides. However, depending on how the oligomers are arranged 

in the polymer, the information obtained by this method may not always provide significant 

sequence information for the overall polysaccharide. This problem could be resolved or 

partially resolved by using more selective or specific degradation methods. The procedures 

described in this unit may ultimately lead to the complete sequence of a polysaccharide 
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structure if it contains a highly regular repeating unit. For those polysaccharides containing 

less regular or ordered oligosaccharide units, these methods can only afford information on 

the major structural features of the polysaccharides. 

 

3.4 Controlled Acid Hydrolysis 

Partial degradation of polysaccharides by acid hydrolysis is based on the fact that some 

glycosidic linkages are more labile to acid than others. For example, furanosyl rings and 

deoxy sugars are usually considered as weak glycosidic linkages that can be easily 

hydrolyzed by acid. Hydrolysis of the glycosidic linkages of 6-deoxyhexoses is about 5 times 

faster than their corresponding hexoses. If a polysaccharide contains only a limited number of 

acid-labile glycosidic linkages, a partial hydrolysis will afford a mixture of monosaccharides 

and oligosaccharides. Detailed characterization of these products or any residual of the 

polysaccharide backbone will provide meaningful information about the structure of the 

polysaccharides. 
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Partial acid hydrolysis of fully methylated polysaccharides often furnishes useful 

information on the positions at which the oligosaccharides were linked in the original 

polysaccharides. For example, a polysaccharide consisting of D-galactopyranose and D-

galactofuranose residues can be selectively hydrolyzed under mild acidic conditions after 

methylation, as shown in below figure. The D-galactofuranosyl linkage is preferably 

hydrolyzed under mild acid conditions and the resultant products are reduced with 

borodeuteride and remethylated with trideuteriomethyl iodide. A trideuteriomethyl group at 

O-3 in the D-galactopyranose residue can be determined by mass spectrometry (MS). 

Likewise the locations of the three trideuteriomethyl groups on the reducing end unit can also 

be identified by MS. The combination of the structural information on the disaccharide 

derivative and the mild acid hydrolysis method provides meaningful information leading to 

the structure of the repeating unit. 

 

3.5 Types of controlled acid hydrolysos: 

 

Methanolysis: Methanolysis breaks the glycosidic linkages of permethylated polysaccharides 

by introducing a methyl group and consequently forms methyl glycosides. Glycosidic bonds 

differ in their susceptibility to methanolysis. The rate of reaction is dependent on the 

anomeric configuration, position of the glycosidic linkage, and the identity of the 

monosaccharide. Therefore, monitoring products of a time course methanolysis of 

permethylated polysaccharides is useful for determining sequences, branching patterns, and 

location of substituents.17 The permethylated polysaccharides are gradually degraded by acid 

catalyzed methanolysis and gives methyl glycosides at the released reducing terminal. A free 

hydroxyl group will be formed from each released glycosidic oxygen and each hydrolyzed 

substituent. Sequence and branching information can be derived from the number of free 

hydroxyl groups produced. If hydrolytic removal of one or more residues occurs without the 

generation of a free hydroxyl group, the removed residues must be at the reducing end of the 

intact oligosaccharide. In a case where the methanolysis process produced two free hydroxyl 

groups, two different branches must have been simultaneously hydrolyzed. Methanolysis 

reagent is prepared by introducing dry HCl gas into methanol or deuteromethanol until the 

solution becomes hot (approximately 1 M of HCl). After cooling, an aliquot of this reagent is 

added to the permethylated polysaccharides in a small reaction vial. The sample is then 

incubated at 40ºC. Aliquots of the samples are taken after a few minutes and analyzed 

immediately by FAB-MS. Further aliquots are taken at suitable time intervals. The 

temperature can be increased to 60ºC if the hydrolysis is too slow (feedback from FAB-MS 
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results). Fresh reagent should be added after each aliquot is removed to prevent the samples 

from drying. 

 

Acetolysis: Acetolysis is a process of heating polysaccharides in a mixture of acetic 

anhydride, acetic acid, and sulphuric acid in the ratio of 10:10:1. This reaction will cause 

peracetylation and cleavage of selected glycosidic bonds. For example, 1,6-linkages are 

relatively stable to acid hydrolysis, however, they are preferentially cleaved by acetolysis and 

afford oligosaccharide peracetates. The complete characterization of oligosaccharides 

derivatives produced by acetolysis will shed light on the structural features of the native 

polysaccharides. Please note that 1→2 and 1→3 linkages are comparatively resistant to 

acetolysis. Glycosidic linkages in an α-configuration are more susceptible to acetolysis than 

those in a β-configuration. 

 
 

Methanolysis of polysaccharides or oligosaccharides. (a) Methanolysis of permethylated 

polysaccharides with no free hydroxyl group formed. (b) Release of two free hydroxyl 

groups. 
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3.6 Structural elucidation of carbohydrates: Carbohydrates are categorized as 

monosaccharides, oligosaccharides or polysaccharides based on the number of sugar units 

present. In case of oligosaccharides and polysaccharides, the sugar units are linked through 

glycosidic bonds which may be α or β- linkages. Carbohydrates, either simple or complex are 

purified from the source of interest by eliminating interfering molecules such as proteins, 

lipids and nucleic acids. The carbohydrates in pure form are subjected to various enzymatic 

and biophysical analyses to elucidate the structure of oligosaccharides and polysaccharides. 

The important aspects to be considered for structural elucidation include the following steps. 

 

Steps involved in carbohydrate structure elucidation 
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a. Nature and molar ratios of monosaccharide units: The type of sugar units, either aldose or 

ketose should be determined. The molar ratios of monosaccharides determined using 

methylation and periodate oxidation, give the information regarding the number of 

monosaccharides present in the carbohydrate. 

b. Position and nature of glycosidic linkages: Position of glycosidic linkage (the carbon atom 

involved in glycosidic linkage) is determined by analysis of methylated derivatives or 

derivatives formed after treatment with periodic acid using GC-MS. Nature of glycosidic 

linkages (α or β) will be analyzed using specific enzymes cleaving α glycosidic linkage or β-

glycosidic linkage. α-amylase specifically breaks α- glycosidic linkages, whereas, emulsin 

specifically acts on β-glycosidic linkages. 

c. Type of ring structure: Nature of ring structure (pyranose or furanose) is determined using 

methylation followed by GC-MS analysis.  

d. Anomeric conformation: α or β form of sugars can be determined using specific enzymes 

such as α-amylase and emulsin. The anomeric conformation can also be determined with high 

precision using NMR (Nuclear magnetic resonance) analysis. 

e. Position of –OH groups based on derivatization: Position of –OH groups present in sugar 

unit are determined by GC-MS analysis of methylated or acetylated derivatives. 

Important reactions employed during structural elucidation of carbohydrates include, 

periodate oxidation, graded acid hydrolysis and methylation. 

Periodate oxidation: Periodate oxidation is a technique used in structural elucidation of 

linear or branched carbohydrates. 

Principle: Periodic acid selectively breaks the linkage between the adjacent carbon atoms 

which contain hydroxyl groups. Oxidation of one C-C bond consumes one molecule of 

periodic acid. During the oxidation process, formaldehyde will be formed in case of primary 

hydroxyl group, whereas, formic acid is formed in case of secondary hydroxyl group.  
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The amount of periodic acid consumed and the products formed depends on the position of 

the carbon atom involved in the linkage. Residues connected through 1-2 or 1-4 linkages will 

react with one mole of periodic acid, whereas, those linked through C-1 and C-3 will not 

undergo oxidation. Residues connected through 1-6 linkages will reduce two moles of 

periodic acid and release one mole of formic acid. 

Example: In a linear chain of polysaccharide with glucose units linked by 1-4 linkage, 

periodic acid yields three moles of formic acid (two from reducing end and one end from 

non-reducing end. The amount of formic acid released per weight of polysaccharide can be a 

good indicator of average chain length. On the basis of the above mentioned considerations, 

structural information can be obtained by measuring the amount of periodic acid consumed 

and the quantity of formaldehyde and formic acid released during the oxidation process. 
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Graded acid hydrolysis: Structure of branched polysaccharides containing and different 

monosaccharide units can be elucidated using partial or graded acid hydrolysis. The 

information regarding the sequence of sugars can be obtained by measuring the rate of 

monosaccharide units released under the conditions of mild acid hydrolysis. Polysaccharides 

are hydrolyzed with dilute acid for varying time intervals, followed by analysis of the 

released monosaccharides by appropriate techniques. Hydrolysis is carried out in presence of 

different concentrations of mineral acid or acetic acid. The products isolated under different 

conditions of hydrolysis differ in the composition and give vital information with regard to 

the sequence of monosaccharides present.  

In presence of acid, 1-6 linkages are highly stable, whereas, 1-4 linkages are less stable. In 

contrast, 1-6 linkages become unstable on treatment with 5% sulphuric acid in presence of 

acetic anhydride. 

Methylation: 

Methylation of carbohydrates involves the total methylation of free hydroxyl groups (groups 

not involved in ring formation and inter-sugar glycosidic linkages), followed by hydrolysis 

and identification of O-methylated residues. 

The method involves dissolution of polysaccharides in dimethyl sulphoxide (DMSO), 

followed by addition of dry, powdered NaOH and methyl iodide. The reaction contents are 

continuously stirred for 10 min to ensure complete methylation of free –OH groups of 

polysaccharides. After the polysaccharide is fully methylated, it is hydrolyzed to obtain the 

methylated monosaccharide units. Hydrolysis of glycosidic bonds takes place following 

treatment of polysaccharide with 1.5 N HCl/ H2SO4/ 0.5 M Trifluroacetic acid (TFA) at 100 

°C for 12 h. 
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If the hydrolysis of methylated product is 2, 3, 6 tri-o-methyl hexopyranose, it can be 

assumed that the linkage to this unit in the polymer is 1-4. If the methylated product is 2, 3 

di-o-methyl hexopyranose or 2, 3, 4, 6 tetra-o-methyl hexopyranose, then the linkage is 1-6 
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3.7 Determination of Linkage Pattern:  

 

Methylation Analysis, Reductive Cleavage, and Peroxidation 

 

3.7.1 Methylation reaction:  

The derivatization of a polysaccharide for methylation analysis includes conversion of all free 

hydroxyl groups into methoxyls followed by acid hydrolysis. Acidic hydrolysis of the 

resulting poly-methyl-ethers only cleaves the inter-glycosidic linkages and leaves the methyl-

ether bonds 

intact. The hydrolyzed monomers are reduced and acetylated to give volatile products, i.e., 

partially methylated alditol acetate (PMAA), which can be identified and quantitatively 

determined by gas-liquid chromatography equipped with a mass spectroscopic detector (GC-

MS). Below figure depicts the procedures and chemical reactions involved in methylation 

analysis. The substitution pattern of theO-acetyl groups on the PMAA reflects the linkage 

patterns and ring sizes of the corresponding sugar in the original polymer. 



Unit-3: Structural elucidation of homo and hetero polysaccharides 

 

KSOU- Biochemistry -1.1; Block-1: Unit-3 Page 60 

 

  

Illustration of chemical reaction in methyl analysis. Widely adopted method for the 

Methylation reaction. However, this method gives no information on sequences or the 

anomeric configuration of the glycosidic linkages. In addition, this method cannot distinguish 

whether an alditol is derived from a 4–O–linked aldopyranose or the corresponding 5– O–

linked aldofuranose. These drawbacks can be overcome by a method called reductive 

cleavage. Experimentally, the reaction of converting the hydroxyl groups into methoxyls 

requires an alkaline environment and methyl group provider. Silver oxide–methyl iodide 3 

and sodium hydroxide–methyl sulphate4 were used in the past. These methods were then 

replaced by dimsyl sodium (sodium methylsulfiny methanide) and methyl iodide. More 

recently a simpler procedureusing dry powdered sodium hydroxide and methyl iodide has 

been adapted. This method has been modified by using a sodium hydroxide suspension in dry 

dimethyl sulfoxide (DMSO).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demonstration of a 4–O–linked aldopyranose and its corresponding 5–O–linked 

aldofuranosegives the same PMAA 
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A procedure adapted from Ciucanu’s method is prepresented in above figure.  A prerequisite 

for the methylation reaction is complete solubilization of polysaccharides in DMSO. This 

solubilization can be achieved by constant stirring and/or ultrasonic treatment at elevated 

temperatures (up to 70°C). Incomplete solubilization will cause undermethylation, which 

subsequently leads to incorrect conclusions about the structure. The undermethylation is 

usually caused by incomplete methylation of the insoluble portion of the polymer. The 

methylated polysaccharide is recovered by partition between water and methylene chloride or 

by dialysis. The subsequent hydrolysis of methylated polysaccharide is carried out in mineral 

acids. Trifluoroacetic acid (TFA) is frequently used since it can be easily removed by 

evaporation. Typically, a methylated polymer is hydrolyzed in 4.0 M TFA at 100° C or 120° 

C for 4 to 6 hours and the TFA is removed by evaporation under a stream of nitrogen. Being 

an inert gas, nitrogen can help to prevent undesirable chemical reactions, such as oxidation. 

After hydrolysis, the hydrolysate should be brought to neutral pH if mineral acids, rather than 

TFA, are used. For example, barium carbonate can be used to neutralize sulfuric acid and the 

barium sulphate precipitate can be removed by centrifugation or filtration. 

The monosaccharides obtained by hydrolysis are reduced to alditols by treating the 

hydrolysate with sodium borodeuteride under alkaline conditions. Sodium borodeuteride 

introduces a deuterium atom onto the C1 position and facilitates the distinction between the 

C1 and C6 carbons. Excess borodeuteride is converted to boric acid by adding acetic acid, 

which is co-evaporated with methanol as its methyl ester under a stream of nitrogen. The 

partially methylated alditols are then acetylated with acetic anhydride to give partially 

methylated alditol acetates (PMAA), which are analyzed by GC-MS. The congruence of 

retention time and mass spectrum of each PMAA with those of known standards is used to 

identify the monosaccharide unit and its linkage pattern while the area or height of the 

chromatographic peak is used for quantification. 

 

3.7.2 Periodate oxidation or peroxidation:  

Polysaccharides containing free hydroxyl groups have the potential to react with oxidation 

reagents. The oxidation reaction could be used to elucidate structural information of 

polysaccharides. For example, vicinyl-glycols (two neighboring hydroxyl groups) can react 

with periodic acid or its salts to form two aldehydic groups upon the cleavage of the carbon 

chain. This reaction will quantitatively consume one molar equivalent of periodate. 
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In the case of αβγ -triols, a double cleavage of the carbon chain will occur on both sides of 

the β position. This reaction consumes two molar equivalents of periodate and forms two 

aldehydic groups and one formic acid, as illustrated below.  

 

 

 

 

 

Periodate oxidation of a sugar unit forms two aldehydic groups with the cleavage of the 

carbonchain. 

Periodate oxidation of a sugar unit consumes two molecular proportion of periodate 

and forms two aldehydic groups and one formic acid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Periodate oxidation 1-4 linked polysaccharide to determine DP 

 

For polysaccharides, sugar units with different linkage patterns will vary significantly in the 

way they react with periodates. For example, nonreducing end sugar residue and/or 1→6-
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linked nonterminal residues have three adjacent hydroxyl groups; double cleavages will occur 

and the reaction consumes two molar equivalents of periodate and gives one molecular 

equivalent of formic acid.  Nonterminal units, such as 1,2- or 1,4-linked residues will 

consume one equivalent of periodate without formation of formic acid. Sugar units that do 

not have adjacent hydroxyl groups, such as 1,3-linked residues or branched at C-2 or C-4 

positions, will not be affected by this reaction. A quantitative determination of periodate 

consumed and the formic acid formed, combined with the information on the sugar units 

surviving the oxidation reaction, will provide clues to the nature of the glycosidic linkage and 

other structural features of the polysaccharides. Periodate oxidation can be used to estimate 

the degree of polymerization of linear 1→4-linked polysaccharides. Each 1→4-linked 

polymer chain will release three formic acid equivalents after the oxidation reaction: one 

from the nonreducing end and two from the reducing end.  

Application of Periodate oxidation:  Periodate oxidation can also be used to estimate the 

ratio of terminal to nonterminal sugar residues of a branched polysaccharide. Two situations 

should be noted: (1) in highly branched polysaccharides, such as glycogen and gum arabic, 

the formic acid produced from the reducing end becomes insignificant and (2) in 

polysaccharides containing 1→6-linkages within chains, this method becomes invalid 

because the 1→6-linkages also liberate formic acid by periodate oxidation.  Experimentally, 

the polysaccharide is oxidized in a dilute solution of sodium periodate at lower temperatures 

(e.g., 4° C). The amount of formic acid produced and periodate consumed are determined at 

time intervals. A constant value of two consecutive measurements of formic acid and/or 

periodate indicates the end of the reaction. The periodate concentration can be measured by 

titrimetric or spectrophotometric methods. Formic acid can be determined by direct titration 

with standard alkali or indirectly by the liberation of iodine from a solution of potassium 

iodide and iodate. The examination of the structural features of the surviving sugar units by 

FAB–MS, MALDI-MS and NMR spectroscopy will afford valuable linkage and branching 

information about the polysaccharides. 

 

3.8 Summary:  

Structure analysis of polysaccharides 

The analysis of polysaccharide structures is of general interest but also of industrial relevance 

as the structure and properties of polysaccharides are closely related.  Polysaccharide analysis 

requires specialized techniques, which differ from those methods used for the 

characterization of small molecules. 
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For structure analysis of polysaccharides the following aspects have to be elucidated: 

(i) nature and molar ratios of the contained monosaccharide building blocks; 

(ii) positions of the glycosidic linkages; 

(iii) distinction of furanosidic and pyranosidic forms; 

(iv) anomeric configuration; 

(v) monomer sequences and identification of repeating units; and 

(vi) position & nature of OH–modifications such as O–phosphorylation or O–sulfation. 

The challenges listed above, which do not even include supramolecular considerations, show 

that the structural analysis of polysaccharides as well as of complex oligosaccharides, can be 

a complex and demanding task.  Mass spectrometry can provide much information regarding 

sequence analysis and the identification of building blocks. However, for the analysis of the 

individual monomer types, the polysaccharide is normally subjected to a total hydrolysis 

under strongly acidic conditions, followed by reduction and peracetylation of the resulting 

monomeric units. The acetylated alditols that are formed are then subjected to 

chromatographic analysis and their retention times recorded.  Elucidation of linkage positions 

is achieved by permethylation of the polysaccharide. Acidic hydrolysis of the resulting poly–

methylethers cleaves only the interglycosidic linkages and leaves the methylether bonds 

intact.  Reduction and acetylation then yields partially methylated alditols, which are 

acetylated at the former linkage positions. The products of this so called standard methylation 

analysis are then characterized by gas chromatography and mass spectrometry. 

3.9 Key words: Polysaccharides, Structural analysis, Degradation, Acid hydrolysis, Linkage 

pattern, Methylation reaction,   Periodate oxidation.  

3.10 Questions for self study:  

1) Describe the strategies and methods used in structural analysis of polysaccharides 

2) Explain the degradation of homo and hetero polysaccharides 

3) What is controlled acid hydrolysis of polysaccharides?  

4) Describe periodate oxidation of polysaccharides and  indicate its importance 

3.11 Further references:  

1) Chemistry of carbohydrates- Pigmann and Horton 

2) Instant Notes in Biochemistry. Hames, B. D. Hopper, N. M and Houghton, J. D. Viva 

Book Pvt. Ltd. New Delhi. 

3) Biochemistry. 3rd Ed. Donald Voet and Judith, G. Voet. John Wiley and Sons Inc. 

4) Biochemistry. Stryer, L. 5th Ed. W. H. Freeman, New York. 

5) Biochemistry. Garret, R. H. and Grishman, C. M. Saunders College Publishing.
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4.0 Objectives: After studying this unit, you should be able to,  

 Describe the application of gas chromatography and mass spectrometry in structural 

elucidation of polysaccharides 

4.1 Introduction:  

The application of gas chromatography and mass spectrometry has contributed to the rapid 

progress of carbohydrate chemistry during the past ten years. The methods are indispensable 

tools in current research on carbohydrate reactions during pulping processes. Acyclic ether, 

ester, and oxime trimethylsilyl derivatives are useful for gas chromatographic analysis of 

alditols, aldoses, ketqses, aldonic acids, aldaric acids al1duronic acids. These derivatives have 

been studied in detail by mass spectrometry and shown to be advantageous for structural 

analysis.  The mass spectrometric fragmentation of glycosidic trimethylsHy I derivatives has 

also been investigated. An important application is the identification of products from 

methylation analysis. During the sixties, paper chromatography was gradually replaced· by 

gas chromatography (GC) as the st3.ndard method for the separation of sugars. The increased 

versatility, speed and sensitivity of the GC technique outweighed the disadvantage that 

volatile and thermally stable derivatives must be prepared. A decisive step in favour of GC 

was the introduction of trimethylsilyl (TMS) derivatives.  

 

The present-day importance of GC of carbohydrates is clear from a recent literature 

reviews which refers to more than 700 papers within the last ten years though not all aspects 

of the subject are covered. The majority of these papers deal with TMS derivatives. Until 

mass spectrometry (MS) was introduced, convenient micro-scale methods for structural 

analysis of sugars were lacking. The common instrument separates (according to mass) and 

records positively charged ions formed from the gaseous sample (~ 10-3 Pa) by impact of 

high energy (usually 70 eV) electrons. Since both GC and MS are gas phase methods 

requiring some volatility of the compounds studied, they are suitably combined. An 

instrument capable of recording spectra directly from the components in the effluent from a 

gas chromatographic column was constructed.  The GC-MS combination permits 

simultaneous separation and structure determination of components in microgram quantities 

in complicated mixtures and is, in many respects, an ideal analytical method. By now, GC-
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MS is a standard technique in carbohydrate analysis. The basic problem in all work is to 

convert each species into a derivative which gives the desired information on subsequent GC 

and MS analysis. The main task is then to collect appropriate data (GC and MS) and to relate 

these data to structural features. A major part of this work is to rationalize MS fragmentations 

which is necessary in order to make full use of the capability of MS. Since TMS derivatives 

are at present the most widely used derivatives for a great variety of natural products, the 

value of such studies is not restricted to carbohydrate analysis. 

GC and MS investigations made primarily to meet the analytical requirements of 

research on pulping processes. Since the first demonstration of the utility of GC-MS for 

aldonolactones, it has been applied to most of the relevant types of monosaccharides and 

hydroxy acids and is now an indispensable analytical tool in this field. However, the 

analytical problems are similar in all carbohydrate research and lately the analytical methods 

involving TMS derivatives and GC-MS have brought about notable progress particularlyin 

biochemistry and medicine. 

 

4.2 GC-MS: 

GC-MS – Gas chromatography coupled with Mass spectroscopy is a useful technique for 

detection of derivatized (modified) sugar residues during structural elucidation of 

carbohydrates.  

The technique involves the analysis of volatile carbohydrate derivatives such as trimethylsilyl 

ethers. GC-MS analysis is useful in indicating the nature of carbohydrate ring structure 

(pyranose or furanose), reducing nature of sugar units and the type of glycosidic linkages.  

 

Carbohydrates are thermally unstable and therefore are not suitable to analyze in GC. To 

overcome this problem, carbohydrates can be modified to make it volatile. By preparing 

derivatives such as methyl ethers, acetates and trimethylsilyl (TMSi) ethers before GC 

analysis.  

GC-MS consists of four components (Block diagram). A sample containing a mixture of 

compounds of interest is separated in a GC column. As the separated volatile compounds 

elute from the column, they are bombarded with electrons within an ion-source in a process 

termed ionization. These energetic electrons cause the compound to disintegrate and produce 

a mixture of positively charged ions in the gas phase. Provided the ionization occurs under 
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the same conditions, the disintegration will be reproducible. The resultant mixture of ions is 

accelerated into an analyser where they are separated and sorted from each other according to 

their mass-to-charge (m/z) ratio.  

 

Block diagram of GC-MS 

 

Typical GC-MS profile (output) of derivatized sugars. 

(Modified after adopting from Fox et al., 1998) 

Secondary structure of polysaccharides: Polysaccharides are the polymers of 

monosaccharide or their derivatives, linked through glycosidic linkage. Most of the reports 

suggest the linear conformation of polysaccharides. But, individual units (monosaccharides) 

can rotate around the glycosidic bonds. This rotation causes polysaccharides to attain 

characteristic shapes in the form of helix or ribbon. These shapes or conformations 
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polysaccharides assume are described as the secondary structures. The attainment of 

secondary structure ensures that polysaccharides are at lowest free energy, where their 

stability is maximum. Polysaccharides in their secondary structures can interact with each 

other to form tertiary and quaternary structures, which are of less importance in comparison 

to tertiary and quaternary structures of proteins.  

There are two general classes of conformation for polysaccharides: ordered conformation and 

disordered conformation. In the ordered conformation, the values of the torsion angles are 

fixed by cooperative interactions between residues, such as in solid or gel states. In the 

disordered conformation there exists continued fluctuations of local conformation (between 

each pair of neighboring units and individual sugar rings) and overall chain conformation. 

Random coil conformation is a typical property of linear polysaccharides in solutions.  

Polysaccharide chains with well-defined secondary structures may interact with each other to 

form tertiary structures, which are ordered organizations involving a group of polysaccharide 

chains. For example, some polysaccharides exist in solution as bundles or micelles containing 

from a few to several tens of polysaccharide chains. Further association of these ordered 

entities leads to large three-dimensional networks — i.e., the quaternary structures. 
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4.3 GC-MS of acyclic derivatives 

Gas chromatography: The use of the same type of derivative for all common sugar-related 

compounds is highly desirable in GC 

work. Ideally, each compound should be 

converted into a derivative separable as 

one GC peak from other components and 

suitable for MS characterization. The 

TMS derivatives have permitted methods 

to be devised (I) which very nearly fulfill 

these requirements. Aldoses and ketoses 

can be conveniently analysed as acyclic 

oxime TMS derivatives (I). A separation 

of some impor'tant sugars is illustrated in 

fig. 1. Although syn and anti isomers are 

formed for each sugar, analytical conditions making them coincide can usually be found. The 

oxime derivatives are of particular value for ketoses since other suitable methods are lacking.  

On analysis of hydroxy acids, the 

possibility of preparing TMS esters and 

ethers simultaneously offers many 

advantages (I), Multiple peaks from 

'lactone-forming acids are avoided by 

preparing the derivatives from salts.  

 

 

 

 

 

 

 

 

 

 

 

Characteristic mass spectrometric chain cleavage fragmentations of acyclic trimethylsilyl  

derivatives of Cn compounds. 



Unit-4: Secondary structure of polysaccharides, GC-MS. 

 

KSOU- Biochemistry -1.1; Block-1: Unit-4 Page 71 

 

Programmed gas chromatographic analysis on OV-l of a mixture of related aldoses, ketoses, 

and 2-deoxyaldosesas acyclic oxime trimethylsilyl derivatives 

A previously developed technique which makes use of aldonolactone TMS ethers for GC and 

MS is useful in combination with this more universal approach. Uronic acids can be analysed 

as acyclic TMS derivatives of their oximes 

 

 

 

 

 

 

 

 

 

 

Programed gas chromatographic analysis on OV-l of a seriesof aldonic acids as acyclic 

trimethylsilyl derivatives, 

 

4.4 Mass spectrometry: In MS analysis the acyclic derivatives are advantageous because 

their spectta are usually the' easiest to interpret. The MS !fagmentatiOli and the use of MS for 

structural analysis were dealt with in papers on alditols (H), aldonic and deoxyaldonic acids 

(HI), and aldaric and deoxyaldaric acids (IV). The MS characteristics of the oxime TMS 

derivatives of aldoses and ketoses (I) are analogous to those of the O-methyloxime TMS 

derivatives recently reported by Laine and Sweeley. The large number of fragmentation-

promoting functional groups in the derivatives causes facile fragmentation of the initially 

formed molecular ion of mass M and a low abundance of the high-mass ions. However, the 

molecular weight of the TMS derivatives can usually be deduced from M-I5 peaks due to 

ions formed by the loss of a silicon-linked methyl group. The origin and the masses of some 

of the structurally most significant fragment ions for representative derivatives are shown.   
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Rearrangement of atrimethylsilyl group in a, 8-dihydroxy carbonyl compounds. 

 

These ions are formed by cleavage of a bond in the carbon chain and provide direct structural 

evidence. Characteristic mass shifts make possible the identification and localization of 

carbon-linked as well as' oxygen-linked substituents.  Favoured chain cleavage and charge 

retention adjacent to ether oxygen atoms is observed and can be used to determine the 

position of deoxy groups. The ether-ester derivatives in particular exhibit unusual 

rearrangement fragmentations (IV). Structurally most diagnostic is a McLafferty-type 

rearrangement of a TMS group in a,,8-dihydroxy carbonyl compounds.  Since this 

rearrangement was judged to be of general interest in organic mass spectrometry it was made 

the subject of a detailed investigation (V). In a GC-MS study of the TMS derivatives obtained 

on direct silylation of tetrulose and pentuloses (VI), 

the rearrangement was indicative of keto forms. Furanose and enediol derivatives, 

characterized by MS, were also obtained, emphasizing the advantages of oxime TMS 

derivatives for ketoses. 

The rearrangement also 

aided in the 

identification of 

previously unknown 

products from 

methanolysis of 

galacturonic acid (VII) 

and oxygen-alkali 

treatment of methyl ,8- 

glucopyranoside. 

 

Prominent ions formed from pyranoid and furonoid TMS and  methyl deravatives. 
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4.5 Application of GC-MS in wood chemistry and pulping research 

All pulping and bleaching processes are accompanied by some degradation of the cellulose 

and a better knowledge of the reactions involved improves the possibility of controlling the 

yield and quality of wood pulps.  

Equally, and sometimes even more important are the reactions of the hemicellulose. Here, 

the insufficiently known structures of several important types of hemicelluloses complicate 

the study of their reactions. 

 Much progress has been made during the last few years regarding the cellulose and 

hemicellulose reactions and the structure elucidation of hemicelluloses. Of great 

importance in this research is the determination of individual carboxyl and carbonyl 

groups present along the polysaccharide chains and as end-groups.  

 Relevant information can also be obtained from studies of hydroxy acids and other 

compounds released into the solution.  

 In itself an increased knowledge of the composition of the spent liquors is important 

in regard to water pollution and recycling in the pulp mill. 

 

The GC-MS methods described have been combined successfully with chromatography on 

ion exchangers in applied analytical work.  

 The technique has been used for several years in detailed studies of the carbohydrate 

reactions during pulping processes. 

 Provide information on end-groups and other modified units in the polysaccharides is 

obtained by analysis of the corresponding compounds formed on hydrolysis. 

  Among the studies relying to a large extent on GC-MS are investigations of pine 

sulfate, spruce sulfite, and several other pulps. End-groups formed during alkali-

cooking of cellulose were analysed unmodified and after reduction to alditol end-

groups.  

 Oxygenalkali treatment of cellulose and birch xylan was studied under conditions 

simulating oxygen bleaching. 

 Model studies of the products and reactions of sugars of low molecular weight are 

also informative as demonstrated for oxygenalkali treatment of cellobiitol and 

glucose.  

 Similar GC-MS methods have been adopted by other research groups for related 

studies. 
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 The usefulness of the procedure for methylation analysis was demonstrated in 

identifying aldobiouronic acid anhydrides and oligomeric acids from hemicelluloses.  

 The technique has been extended to the identification of ethylated and 

hydroxyethylated glucoses in studies of cellulose deFivatives.  

 The knowledge of the general fragmentation' behaviour of glycosidic TMS 

derivatiyes was also used in the identification of isomerization products of uronic 

acids and for structure determination of glucopyranosylglycosidic acids.  

4.6 Summary:   

GC and GC-MS 

Gas Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC-MS) are 

powerful routine methods for the analysis of complex carbohydrates, lipids and other natural 

products. Since pioneering analytical methods in the 1980s, our team has remained a leader in 

the analysis of complex carbohydrates with GC and GC-MS. Full analysis requires both the 

identification and quantification of constituent sugars in a polysaccharide molecule, as well 

as the identification of the glycosidic linkages that connect the sugars. 

Constituent sugar analysis 

The composition of a polysaccharide can be determined by first breaking it down into 

constituent sugars by acid hydrolysis, then forming corresponding alditol acetates in a 

derivatisation step, followed by quantification by GC. Alternatively, we can analyse a 

polysaccharide by methanolysis and conversion of its constituent sugars to their trimethylsilyl 

derivatives. 

Glycosidic linkage analysis 

To determine the positions of the glycosidic linkages between constituent sugars, 

polysaccharides are first permethylated, and then converted to partially methylated alditol 

acetates. Analysis of the alditol acetates by GC-MS allows the types of sugars and their 

glycosidic linkages to be determined. 

Acidic sugar-containing molecules 

For molecules with both acidic and neutral sugars (such as pectic polysaccharides), uronic 

acid and methyl-esterified uronic acid residues must first be reduced with a two-step carboxyl 

reduction method prior to either constituent sugar or linkage analysis.  
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4.7 Key words: Polysaccharides, Mass spectrometry, Gas chromatography, Mass 

spectrometry, Application.   

 

4. 8 Questions for self study:  

1) Describe the application of gas chromatography and mass spectrometry in structural 

elucidation of polysaccharides. 
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5.0 Objectives:  After studying this unit, you should be able to,  

 Classify Amino Acids 

 Describe nonprotein, essential and nonessential Amino acids 

 Explain the physicochemical properties of amino acids  

 Describe pH titration of amino acids. 

 

5.1 Introduction: Proteins are long linear polymers (chain-like molecules produced by 

joining a number of small units of amino acids called monomers) of AMINO ACIDS. All 

proteins are macromolecules because of their very high molecular weights. Amino Acids are 

organic molecules that contain a carboxylic acid functional group and an amino functional 

group, hence the name Amino Acid the amino acids are ‘building blocks of proteins’. The 

general formula of an amino acid is RCH (NH2) COOH. 

 

 

General structure of an amino acid 

 

Each amino acid is a nitrogenous compound having both an acidic carboxyl (-COOH) and a 

basic amino (-NH2) group. R stands for the side chains that are different for each amino 

acid. R can be as simple as a hydrogen atom (H) or a methyl group (-CH3) or a more 

complex structure. The α-carbon in all the amino acids is asymmetric except in Glycine 

where the α-carbon is symmetric. The amino acids (except Glycine) exist in two optically 

active forms: those having -NH2 group to the right are designated as D-forms and those 

having -NH2 group to the left as L-forms. At the pH 7.0, both the carboxyl and amino 

groups are ionized. 
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List of standard amino acids with their triple and single letter code 

Table-1: standard amino acids with their triple and single letter code 

 

5.2 Classification of Amino Acids 

The properties of each amino acid are dependent on its side chain (-R); the side chains are 

the functional groups that are the major determinants of the structure and function of 

proteins, as well as the electrical charge of the molecule. Knowledge of the properties of 

these side chains is important for understanding methods of analysis, purification, and 

Name Abbreviation 

Tree letter Single letter 

Alanine  Ala  A 

Arginine Arg  R 

Asparagine  Asn  N 

Aspartic Acid  Asp  D 

Cysteine  Cys  C 

Glutamic Acid  Glu  E 

Glutamine Gln  Q 

Glycine  Gly  G 

Histidine His  H 

Isoleucine  Ile  I 

Leucine  Leu  L 

Lysine  Lys  K 

Methionine Met  M 

Phenylalanine  Phe  F 

Proline Pro  P 

Serine Ser  S 

Threonine  Thr  T 

Tryptophan  Trp  W 

Tyrosine  Tyr  Y 

Valine  Val  V 

http://chemistry.about.com/library/graphics/blalanine.htm
http://chemistry.about.com/library/graphics/blargin.htm
http://chemistry.about.com/library/graphics/blasn.htm
http://chemistry.about.com/library/graphics/blasp.htm
http://chemistry.about.com/library/graphics/blcyst.htm
http://chemistry.about.com/library/graphics/blgluta.htm
http://chemistry.about.com/library/graphics/blglut.htm
http://chemistry.about.com/library/graphics/blglycine.htm
http://chemistry.about.com/library/graphics/blhis.htm
http://chemistry.about.com/library/graphics/blisoleu.htm
http://chemistry.about.com/library/graphics/blleucine.htm
http://chemistry.about.com/library/graphics/bllysine.htm
http://chemistry.about.com/library/graphics/blmethi.htm
http://chemistry.about.com/library/graphics/blpala.htm
http://chemistry.about.com/library/graphics/blproline.htm
http://chemistry.about.com/library/graphics/blserine.htm
http://chemistry.about.com/library/graphics/blthreo.htm
http://chemistry.about.com/library/graphics/bltryp.htm
http://chemistry.about.com/library/graphics/bltyrosine.htm
http://chemistry.about.com/library/graphics/blvaline.htm
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identification of proteins. Amino acids with charged, polar or hydrophilic side chains are 

usually exposed on the surface of proteins. The nonpolar hydrophobic residues are usually 

buried in the hydrophobic interior or core of a protein and are out of contact with water. 

These have a benzene ring in the side chain, e.g., phenylalanine, tryptophan and tyrosine. 

The three main systems of classifying amino acids are as follows,  

 

A. On the basis of the composition of the side chain or R group: 

There are 20 different amino acids which regularly appear in proteins. These possess 

a side chain which is the only variable feature present in their molecules. The other features 

such as α-carbon, carboxyl group and amino group are common to all the amino acids.  The 

another common component of an amino acids is the side chain, the twenty amino acids, 

whose structure is shown in may be grouped into following 8 categories based on their 

variability of side chain.  

I. Simple amino acids. These have no functional group in the side chain, e.g., glycine, 

alanine, valine, leucine and isoleucine. 

II. Hydroxy amino acids. These contain a hydroxyl group in their side chain, e.g., serine 

and threonine. 

III. Sulfur-containing amino acids. These possess a sulfur atom in the side chain, e.g., 

cysteine and methionine.  

IV. Acidic amino acids. These have a carboxyl group in the side chain, e.g., aspartic acid 

and glutamic acid.  

V. Amino acid amides. These are derivatives of acidic amino acids in which one of the 

carboxyl groups has been transformed into an amide group (-CO.NH2), e.g., asparagine 

and glutamine.  

VI. Basic amino acids. These possess an amino group in the side chain, e.g., lysine and 

arginine.  

VII. Heterocyclic amino acids. These amino acids have in their side chain a ring which 

possesses at least one atom other than the carbon, e.g., tryptophan, histidine and proline.  

VIII. Aromatic amino acids. These amino acids have in their side chain a ring which 

possesses aromatic ring, a benzene ring, e.g., phenylalanine, tryptophan and tyrosine. 

 

B. On the basis of the number of amino and carboxylic groups: 
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 The amino acids are classified based on number of amino and a carboxylic group in 

each amino acid is as follows: 

 I. Monoamino - monocarboxylic amino acids:  

 Unsubstituted:  Glycine, alanine, aaline, leucine, isoleucine  

 Heterocyclic: Proline  

 Aromatic: Phenylalanine, tyrosine, tryptophan  

 Thioether: Methionine  

 Hydroxy: Serine, threonine 

 Mercapto: Cysteine 

 Carboxamide:  Asparagine, glutamine 

II. Monoamino- dicarboxylic amino acids:  

 Aspartic acid, 

 Glutamic acid 

III. Diamino- monocaryboxylic amino acids:  

 Lysine,  

 Arginine,  

 Histidine. 

C. On the basis of polarity of the side chain or R group.  

A more meaningful classification of amino acids is based on the polarity of the R groups 

present in their molecules, i.e., their Tendency to interact with water at biological pH (near 

pH 7.0). The R groups of the amino acids vary widely with respect to their polarity from 

totally Nonpolar or hydrophobic (water-hating) R groups to highly polar or hydrophilic 

(water-loving) R groups. This classification of amino acids emphasizes the possible 

functional roles which they perform in proteins. The system recognizes following 4 

categories: 

I.  Amino acids with nonpolar R groups. The R groups in this category of amino acids are 

Hydrocarbon in nature and thus hydrophobic. This group includes following amino acids. 

1.  Alanine (α-aminopropionate): It was first isolated in 1888 from silk fibroin where it 

occurs in abundance along with glycine and serine. It is the parent substance of all the 

amino acids except glycine. The various amino acids may be derived from alanine by 
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replacement of one or two H atoms of the methyl group present on α-carbon atom. 

Alanine is the least hydrophobic of the 8 nonpolar (hydrophobic) amino acids because 

of its small methyl side chain. 

2. Valine (α-aminoisovalerate): It is widely distributed but rarely occurs in amounts 

exceeding 10%. It is a branched chain amino acid and can be derived from alanine by 

the introduction of two methyl groups in place of two H atoms of the methyl group 

present on α-carbon atom. 

3.  Leucine (α-aminoisocaproate): Its presence in proteins was shown, first of all the 

amino   acids, by Proust in 1819. It was first isolated from cheese, but later was 

obtained in purer form from hydrolysates of wool. Leucine is generally more 

prevalent than valine or isoleucine in proteins. It is also a branched chain amino acid 

and is the next higher homologue of valine. As such, it has much in common with 

valine from the viewpoint of reactivity and function. It is also one of the few amino 

acids that are sparingly soluble in water. 

4.  Isoleucine (α-amino-β-methylvalerate): It is an isomer of leucine and is also a 

branched chain amino acid. This amino acid is one of the 5 common ones that have 

more than one asymmetric carbon atoms. It has 2 asymmetric carbon atoms and thus 

occurs in 4 stereoisomeric forms, but the natural form obtained from protein 

hydrolysates is the L-erythro isomer, where erythro signifies that the orientation of the 

methyl and amino groups is similar to that found in erythrose, with the groups 

concerned on the same side of the carbon chain. Valine, leucine and isoleucine are 

quite alike chemically and possess a branched carbon chain. As most animals cannot 

synthesize the branched carbon chain, these amino acids are Indispensable or essential 

in the diet. 

5.  Proline (2-pyrrolidinecarboxylate):  It is present in almost all proteins that have 

been studied, but zein from corn and gelatin are relatively high in proline content. It is 

a cyclised derivative of glutamic acid. Its α-amino group is not free but is substituted 

by a portion of its R group to yield a cyclic structure. The secondary amino group in 

proline is held in a rigid conformation. This reduces the structural flexibility of the 

protein because of the maximal steric hindrance of its side chain. Unlike other amino 

acids, proline is very soluble in ethanol. Moreover, it does not give many of the 

characteristic amino acid tests which are generally based on the presence of the 

unsubstituted α-amino group 
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6. Phenylalanine (α-amino-β-phenylpropionate): It is one of the two common, clearly 

benzenoid amino acids. It is of widespread distribution and closely resembles tyrosine 

in structure. It also cannot be formed in animals because of its aromatic ring. 

Interestingly, (S)-phenylalanine is bitter whereas its stereoisomer, (R)-phenylalanine 

is sweet. 

7. Tryptophan (α-amino-β-3-indolepropionate or β-indolylalanine): It was discovered 

in 1901 in the laboratory of F.G. Hopkins, one of the pioneers in biochemistry. 

Tryptophan is the most complex amino acid found in proteins. It is a heterocyclic 

amino acid and is a derivative of indole (with one N atom). Although widespread, it is 

usually limited in quantity. Tryptophan is the only amino acid of proteins which is 

nearly completely destroyed upon acid hydrolysis. 

8. Methionine (α-amino-β-methylmercapto-butyrate): It is the only common amino 

acid possessing an ether linkage. Cereals have sufficient quantity of methionine 

whereas pulses lack in it. It is a methylation product of homocysteine. Apart from its 

role as a protein constituent and as an essential amino acid, methionine is also 

important as a donor of active methyl groups. 

 

II. Amino acids with polar but uncharged R groups.  

       The R groups of these amino acids are more soluble in water i.e., more hydrophilic 

than those of the Nonpolar amino acids because they contain functional groups that form 

hydrogen bonds with water. This category includes 7 amino acids. 

1. Glycine (Gly): the R group is single hydrogen atom it is too small to influence the 

high degree of polarity of the α-amino and α -carboxyl groups. 

2. Cysteine (Cys): Cysteine contains a thiol group as part of its side chain. It is alanine 

with a thiol group (–SH) substituted for one of the hydrogen of the methyl group. 

The thiol group makes this side chains lightly polar. Cysteine is the other sulfur 

containing amino acid. 

3. Tyrosine (Tyr): tyrosine is a modification of the amino acid phenylalanine. In 

tyrosine a hydroxyl group has been added to position four of the benzene ring of 

phenylalanine. The hydroxyl group makes this side chain polar. 
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4. Threonine (Thr): It is also contains a hydroxyl group as part of its side chain. The 

side chain of threonine is an ethyl group with a secondary hydroxyl group. The 

hydroxyl group makes this side chain polar. 

5. Serine (Ser): It contains a hydroxyl group as part of its side chain. Serine is alanine 

with a hydroxyl group (–OH) substituted for one of the hydrogen of the methyl 

group. The hydroxyl group makes this side chain polar. 

6. Glutamine (Gln): contains an amide group as part of its side chain. The side chain 

of glutamine contains three carbon atoms. The last carbon of the molecule is part of 

an amide functional group. The amide group makes this side chain very polar. 

7. Asparagine (Asn): Asparagine also contains an amide group as part of its side chain. 

The side chain of asparagines contains two carbon atoms. The last carbon of the 

molecule is part of an amide functional group. The amide group makes this side 

chain very polar. 

 

III.   Amino acids with negatively charged (acidic) R groups.  

These are monoaminodicarboxylic acids; their side chain contains an extra carboxyl 

group with a dissociable proton. The resulting additional negative charge accounts for 

the electrochemical behaviour of proteins. The two amino acids which belong to this 

category are aspartic and glutamic. 

 Aspartate (Asp) contains two carbon atoms in its side chain. The last carbon of the 

molecule is a carboxylic acid functional group. Aspartate is the carboxylic acid that 

corresponds to the amide asparagine. 

 Glutamate (Glu) contains three carbon atoms in its side chain. The last carbon of 

the molecule is a carboxylic acid functional group. Glutamate is the carboxylic acid 

that corresponds to the amide glutamine. 

 

IV.   Amino acids with positively charged (basic) R groups.  

These are diaminomonocarboxylic acids. Their side chain contains an extra amino group 

which imparts basic properties to them. Lysine, arginine and histidine belong to this 

category. 

1. Lysine (α, ε-diaminocaproate): It has a second amino group at ε-position. Lysine is 

generally abundant in animal proteins but present in limited amounts in plant proteins, 

such as those of corn and wheat. Ionic charges are provided by protonation of the amino 
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group of the e-carbon. It is nutritionally important since it is not synthesized by higher 

animals. Pulses contain good amount of lysine whereas cereals lack in it. 

2. Arginine (α-amino-δ-guanidinovalerate): It is abundant in highly basic proteins of the 

cell Nucleus (histones) and in sperm proteins, such as the protamines from salmon and 

herring sperm. In the latter, arginine may be as much as 80% of the total amino acids. It 

is found generally in all proteins, although in lesser amounts. Arginine is unique in 

possessing the guanidinium group, and due to which it is more strongly basic than lysine. 

Protonation of the guanidinium group providesionic charges  

3. Histidine (α-amino-β-imidazolopropionate): Histidine contains a weakly basic 

imidazolium R group with pK′value of 6.0, and, therefore, is less than 10% protonated at 

pH 7. In many enzyme proteins, it functions as a proton donor or acceptor. Histidine is 

the only amino acid which has a proton that dissociates in the neutral pH range. It is this 

property which allows certain histidine residues to play an important role in the catalytic 

activities of some enzymes. Histidine occurs in limited quantities in most proteins, but 

haemoglobin, protamines and histones contain relatively large amounts. It is also a 

component in the simple peptides carnosine and anserine. Histidine basic property is 

clearly marginal. The two ring nitrogen atoms have a relatively weak affinity for an H+ 

and are only partly positive at neutral pH. 

 

Although there are many ways to classify amino acids, these molecules can be assorted into 

six main groups, on the basis of their structure and the general chemical characteristics of 

their R groups. 

Class Name of the amino acids 

Aliphatic Glycine, Alanine, Valine, Leucine, Isoleucine 

Hydroxyl or Sulfur-containing Serine, Cysteine, Threonine, Methionine 

Cyclic Proline 

Aromatic Phenylalanine, Tyrosine, Tryptophan 

Basic Histidine, Lysine, Arginine 

Acidic and their Amide Aspartate, Glutamate, Asparagine, Glutamine 

  Table- 2: Classical method of classification 
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STRUCTURE OF AMINO ACIDS WITH THREE AND SINGLE LETTER 

CODES 

 

 

 

 

Non-protein functions of amino acids: 

In humans, non-protein amino acids also have important roles as metabolic 

intermediates, such as in the biosynthesis of the neurotransmitter gamma-amino butyric acid. 

Many amino acids are used to synthesize other molecules, for example: 

 Tryptophan is a precursor of the neurotransmitter serotonin.  



Unit-5: Amino acids, Nomenclature & Classification 

 

KSOU- Biochemistry-1.1; Block-2: Unit-5 Page 86 

 

 Tyrosine and its precursor phenylalanine are precursors of the catecholamine 

neurotransmitters dopamine, epinephrine and nor epinephrine. 

 Glycine is a precursor of porphyrins such as heme.  

 Arginine is a precursor for secondary messenger, nitric oxide.  

 Ornithine and S- adenosyl methionine are precursors of polyamines.  

 Aspartate, glycine, and glutamine are precursors of nucleotides.  

 Phenylalanine is a precursor of various phenylpropanoids, which are important in plant 

metabolism. 

5.3 Nonprotein amino acids 

However, not all of the functions of other abundant non-standard amino acids are 

known. Some non-standard amino acids are used as defences against herbivores in 

plants. For example canavanine is an analogue of arginine that is found in many legumes, 

and in particularly large amounts in Canavalia gladiata (sword bean). This amino acid 

protects the plants from predators such as insects and can cause illness in people if some 

types of legumes are eaten without processing. The non-protein amino acid mimosine is 

found in other species of legume, particularly Leucaena leucocephala. This compound is an 

analogue of tyrosine and can poison animals that graze on these plants. 

There are some 300 additional amino acids which are never found as constituents of 

proteins but which either play metabolic roles or occur as natural products. Among the 

important nonprotein amino acids, which play metabolic roles, are L-ornithine, L-citrulline, 

β-alanine, creatine and γ-aminobutyrate. L-ornithine and L-citrulline occur in Free State in 

the animal tissues and are metabolic intermediates in the urea cycle. L-ornithine possesses 

one CH2 group less than its homologue, lysine. β-alanine, an isomer of alanine, occurs free 

in nature and also as a constituent of an important vitamin pantothenic acid and of coenzyme 

A. It is also found in the naturally occurring peptides, carnosine and anserine. The 

quaternary amine creatine, a derivative of glycine, plays an important role in the energy 

storage process in vertebrates where it is phosphorylated and converted to creatine 

phosphate. The γ-aminobutyrate is found in free form in the brain. 
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Figure: Examples of non standard amino acids 

Higher plants are especially rich in nonprotein amino acids. These nonprotein amino 

acids are usually related to the protein amino acids as homologues or substituted derivatives. 

L-azetidine-2-carboxylic acid, a homologue of proline, accounts for 50% of the nitrogen 

present in the rhizome of Polygonatum multiflorum. The compound orcylalanine is found in 

the seed of cornocockle, Agrostemma githago. It may be considered as a substituted 

phenylalanine.  

 

 

5.4 Essential/ Nonessential Amino acids: 

At the level of the ribosome, the cells of eukaryotes require up to 20 different amino 

acids for protein synthesis. A shortfall of any one of these amino acids would thus be 

a limiting factor in protein synthesis. However, eukaryotes can synthesize some of these 

http://en.wikipedia.org/wiki/Ribosome
http://en.wikipedia.org/wiki/Eukaryote
http://en.wikipedia.org/wiki/Protein_synthesis
http://en.wikipedia.org/wiki/Limiting_factor
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amino acids from other substrates. Consequently, only a subset of the amino acids used in 

protein synthesis are essential nutrients. The humans can synthesize about half of the amino 

acids needed to make proteins. These amino acids are called as nonessential amino acid. 

Those amino acids, they can’t synthesize in our body are called the essential amino acids and 

must be provided through the diet. 

Essential amino acids:  

The essential amino acid  are Arginine (Arg), Valine (Val), Methionine (Met), 

Leucine (Leu), Threonine (Thr), Phenylalanine (Phe), Histidine (His), Isoleucine (Ile), Lysine 

(Lys), Tryptophan (Trp). The amino 

acids Arginine, cysteine, glycine, glutamine, histidine, proline, serine and tyrosine are 

considered conditionally essential, meaning they are not normally required in the diet, but 

must be supplied exogenously to specific populations that do not synthesize them in adequate 

amounts. An example, the individuals living with PKU must keep their intake of 

phenylalanine extremely low to prevent mental retardation and other metabolic 

complications. However, they cannot synthesize tyrosine from phenylalanine, so tyrosine 

becomes essential in the diet of PKU patients. 

 

Table-3: WHO recommended daily amounts of essential amino acids in adult human 

 

Although proteins from plant sources tend to have a relatively low biological value, in 

comparison to protein from eggs or milk, In general, animal foods such as meat, poultry, 

Amino acid(s) 
mg /kg body 

weight 
Food sources 

Histidine 10 soy protein, eggs, parmesan, sesame, peanuts 

Isoleucine  20 eggs, soyprotein & tofu, whitefish, pork, parmesan 

Leucine  39 eggs, soy protein, whitefish, parmesan, sesame 

Lysine  30 eggs, whitefish, parmesan, smelts 

Methionine 
+Cysteine 

10.4 + 4.1 (15 

total) 

eggs, whitefish, sesame, smelts, soyprotein, mustard 

seeds, peanuts 

 Phenylalanine 
+ Tyrosine 

25 (total) eggs, soyprotein,  peanuts, sesame, whitefish,  parmesan.  

Threonine 15 eggs, soy protein, whitefish, smelts, sesame 

Tryptophan  4 soy protein, sesame, eggs, winged beans, chia seeds 

 Valine 26 eggs, soy protein, parmesan, sesame, beef 

http://en.wikipedia.org/wiki/Essential_nutrient
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Cysteine
http://en.wikipedia.org/wiki/Glycine
http://en.wikipedia.org/wiki/Glutamine
http://en.wikipedia.org/wiki/Histidine
http://en.wikipedia.org/wiki/Proline
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/WHO
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Histidine
http://en.wikipedia.org/wiki/Isoleucine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Lysine
http://en.wikipedia.org/wiki/Cysteine
http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Tyrosine
http://en.wikipedia.org/wiki/Tryptophan
http://en.wikipedia.org/wiki/Valine
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eggs, dairy and fish are complete protein sources. Eating various plant foods in combination 

can provide a protein of higher biological value. Certain native combinations of foods, such 

as corn and beans, soy beans and rice, or red beans and rice, contain the essential amino acids 

necessary for humans in adequate amounts are called complimentary proteins. The 

combinations of two or more foods with incomplete proteins to manifest the amino acids are 

called complementary proteins.  

Essential amino acid deficiency should be distinguished from protein-energy 

malnutrition, which can manifest as Marasmus or Kwashiorkor. Kwashiorkor is attributed to 

pure protein deficiency in individuals who were consuming enough calories.  

Kwashiorkor and marasmus 

The children above the 18 months with acute protein-energy malnutrition develop 

oedema is called Kwashiorkor. Oedema is an accumulation of fluid in the tissue, especially 

the feet and legs. Such children may not lose weight when developing acute protein-energy 

malnutrition because the weight of this excess oedema fluid counterbalances the weight of 

lost fat and muscle tissue.   

Marasmus is one of the 3 forms of serious Protein-Energy Malnutrition (PEM) within 

the age 12 months. Marasmus is a condition primarily caused by a deficiency in calories and 

energy. The malnutrition associated with marasmus leads to extensive tissue and muscle 

wasting, as well as variable edema. Some of the essential amino acid deficiency disorders are 

listed bellow. 

o Hypoglycaemia  

o Parkinson’s disease 

o Anxiety 

o Insomnia 

o Depression 

o Anaemia 

o Growth retardation 

o Reproductive system complications 

o Schizophrenia 

o Liver deterioration 

Nonessential amino acids:  

http://en.wikipedia.org/wiki/Protein-energy_malnutrition
http://en.wikipedia.org/wiki/Protein-energy_malnutrition
http://en.wikipedia.org/wiki/Marasmus
http://en.wikipedia.org/wiki/Kwashiorkor
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The amino acids synthesized in human body are called non essential amino acids. The 

non essential amino acids, Alanine, Asparagine, Aspartic acid, Cysteine, Glutamic acid, 

Glutamine, Glycine, Proline, Selenocysteine, Serine and Tyrosine . 

Nonessential amino acids are synthesized from intermediates of metabolism. But 

tyrosine and cysteine synthesized from the essential amino acids phenylalanine and 

methionine respectively. Some amino acids like hydroxyproline and hydroxylysine found in 

the protein are modified after their incorporation into the protein. The sulfur-containing 

amino acids, methionine and homocysteine converted into each other but not synthesized. 

Likewise, cysteine can be made from homocysteine but cannot be synthesized on its own. 

Sulfur containing amino acids are sometimes considered a single pool of nutritionally 

equivalent amino acids as are the aromatic amino acid pair, phenylalanine and tyrosine.  

Synthesis of non essential amino acids  

The essential amino acids are synthesized from the various metabolic intermediates. 

Alanine, aspartate, and glutamate are synthesized by transfer of an amino group to the α-

keto acids pyruvate, oxaloacetate, and α-ketoglutarate, respectively. These transamination 

reactions are the most direct of the biosynthetic pathways.  

Glutamine: This amino acid, which contains an amide linkage with ammonia at the γ-

carboxyl, is formed from glutamate by glutamine synthetase. The reaction is driven by the 

hydrolysis of ATP. In addition to producing glutamine for protein synthesis, the reaction also 

serves as a major mechanism for the transport of ammonia in a nontoxic form. 

Asparagine: This amino acid, which contains an amide linkage with ammonia at the β-

carboxyl, is formed from aspartate by asparagine synthetase, using glutamine as the amide 

donor. The reaction requires ATP has equilibrium far in the direction of asparagine synthesis. 

Proline: Glutamate is converted to proline by cyclization and reduction reactions. 

Serine: This amino acid arises from 3-phosphoglycerate, an intermediate in which is first 

oxidized to 3-phosphopyruvate, and then transaminated to 3-phosphoserine. Serine is formed 

by hydrolysis of the phosphate ester. Serine can also be formed from glycine through transfer 

of a hydroxymethyl group by serine hydroxymethyl transferase using N5, N10-methylene-

THF as the one carbon donor. 

Glycine: This amino acid is synthesized from serine by removal of a hydroxymethyl group, 

also by serine hydroxymethyl transferase. THF is the one carbon acceptor. 

http://en.wikipedia.org/wiki/Sulfur
http://en.wikipedia.org/wiki/Methionine
http://en.wikipedia.org/wiki/Homocysteine
http://en.wikipedia.org/wiki/Aromatic
http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Tyrosine
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Cysteine: This amino acid homocysteine combines with serine and form cystathionine. Then 

it hydrolyzed to α-ketobutyrate and cysteine. Homocysteine is derived from methionine. the 

cysteine synthesis can be sustained only if the dietary intake of methionine is adequate. 

Tyrosine: Tyrosine is formed from phenylalanine by phenylalanine hydroxylase. The 

reaction requires molecular oxygen and the coenzyme tetrahydrobiopterin (BH4), which can 

be synthesized from guanosine triphosphate (GTP) in the body. One atom of molecular 

oxygen becomes the hydroxyl group of tyrosine, and the other atom is reduced to water. 

During the reaction, BH4 is oxidized to dihydrobiopterin (BH2). BH4 is regenerated from 

BH2 by NADH requiring dihydropteridine reductase. 

 

5.5 Physicochemical properties of amino acids:  

All amino acids are amphoteric (have both acidic and basic groups) and encoded directly by 

the genetic code can be divided into several groups based on their properties. The important 

factors are charge, hydrophilicity or hydrophobicity, size, and functional groups. These 

properties are important for protein structure and protein–protein interactions. The water-

soluble proteins tend to have their hydrophobic residues (Leu, Ile, Val, Phe, and Trp) buried 

in the middle of the protein, whereas hydrophilic side-chains are exposed to the aqueous 

solvent. The integral membrane proteins tend to have outer rings of 

exposed hydrophobic amino acids that anchor them into the lipid bilayer. In the case part-way 

between these two extremes, some peripheral membrane proteins have a patch of 

hydrophobic amino acids on their surface that locks onto the membrane. In similar fashion, 

proteins that have to bind to positively charged molecules have surfaces rich with negatively 

charged amino acids like glutamate and aspartate, while proteins binding to negatively 

charged molecules have surfaces rich with positively charged chains like lysine and arginine.  

Amino acid posses some of the physical properties like: 

1. Polarity: larger dipole moments than simple amines or simple acids. 

2. Melting points: > 200 °C due to ionic nature of amino acids 

3. Water solubility: more soluble in water than in common organic solvents 

4. Acidity: less acidic than most carboxylic acids 

5. Basicity: less basic than most amines. 

Some amino acids have special properties such as cysteine that can form 

covalent disulfide bonds to other cysteine residues, proline that forms a cycle to the 

polypeptide backbone, and glycine that is more flexible than other amino acids. Many 

http://en.wikipedia.org/wiki/Hydrophile
http://en.wikipedia.org/wiki/Protein_structure
http://en.wikipedia.org/wiki/Integral_membrane_protein
http://en.wikipedia.org/wiki/Hydrophobic
http://en.wikipedia.org/wiki/Lipid_bilayer
http://en.wikipedia.org/wiki/Peripheral_membrane_protein
http://en.wikipedia.org/wiki/Glutamate
http://en.wikipedia.org/wiki/Aspartate
http://en.wikipedia.org/wiki/Lysine
http://en.wikipedia.org/wiki/Arginine


Unit-5: Amino acids, Nomenclature & Classification 

 

KSOU- Biochemistry-1.1; Block-2: Unit-5 Page 92 

 

proteins undergo a range of posttranslational modifications, when additional chemical 

groups are attached to the amino acids in proteins. Some modifications can produce 

hydrophobic lipoproteins, or hydrophilic glycoproteins. This type of modification allows the 

reversible targeting of a protein to a membrane, for e.g., the addition and removal of the 

fatty acid palmitic acid to cysteine residues in some signalling proteins causes the proteins to 

attach and then detach from cell membranes. 

5.5.1 Electrochemical Properties 

            All molecules possessing both acidic and basic groups might exist as uncharged 

molecules or in ionic form or as a mixture of both. Calculations have revealed that an 

aqueous solution of most amino acids, for example glycine have only one part of uncharged 

molecules in one lakh parts of the ionic form. Hence, it is more accurate to write the 

structure of glycine as  

 

In the ionic form, the proton migrates from the carboxyl to amino group, thus producing 

carboxylate (COO 
–
) and ammonium (NH3

+
) ions. 

Amino acids react with both acids and bases. Hence, they are amphoteric in nature. 

 

Thus, in acid solution, the –COO
– 

ion acquires a proton and the amino acid becomes 

an ammonium salt of the acid. Conversely, in alkaline solution, the –NH3
+
ion lose a proton 

and the amino acid becomes the anion of a salt. These reactions are of reversible nature and 

depend on the pH of the medium. Hence, the amino acids serve as buffers and tend to 

prevent pH change when an acid or abase is added. 
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5.5.2 Zwitterions 

The ion is an atom or molecule with a positive or negative electrical charge. Atoms 

are composed of positively charged subatomic particles called protons, negatively charged 

electrons, and neutral particles called neutrons. When the number of protons is not equal to 

the number of neutrons, an atom will have a positive or negative charge. Negatively charged 

atoms or molecules are called anions, whereas positively charged atoms and molecules are 

known as cations. A zwitterion is a “molecule with both positive and negative charges, but 

net charge is zero”. The zwitterions have both a +ve and -ve group they are generally also 

able to act as an acid or a base, so most zwitterions are amphoteric, and vice versa. 

The α–COOH and α–NH2 groups of amino acids are ionized in solutions at 

physiological pH, with the deprotonated carboxyl group (–COO
–
) bearing a negative charge 

and the protonated amino group (–NH3
+
) a positive charge. An amino acid in its dipolar state 

is called a zwitterion. The dissociable α-COOH and α- –NH3
+
groups are responsible for the 

two characteristic pK values (pK1 for –COOH and pK2 for –NH3
+
)
 
of α-amino acids. An 

amino acid with a third dissociable group in its side chain (i.e., R group) exhibits an 

additional pKR value. However, pK values depend on temperature, ionic strength and the 

microenvironment of the ionizable group.  

The amine and carboxylic acid functional groups of amino acids allow them to have 

amphiprotic properties. Carboxylic acid groups (–COOH) can be deprotonated to become 

negative carboxylates (–COO
−
) and α-amino groups (–NH2) can be protonated to become 

positive α-ammonium groups (NH3
+
). At pH values greater than the pKa of the carboxylic 

acid group, the negative carboxylate ion predominates. If pH values lower than the pKa of 

the α-ammonium group, then nitrogen is predominantly protonated as a positively charged 

α-ammonium group. Thus, at pH between 2.2 and 9.4, the predominant form adopted by 

amino acids contains a negative carboxylate and a positive ammonium group, so net charge 

is zero. This molecular state is known as a zwitterion. Below pH 2.2, the predominant form 

ammonium ion (net charge +1), and above pH 9.4, a negative carboxylate is predominate 

(net charge -1).  

 

Equation: Amino acids exist at zwitterions at physiological pH 

http://www.wisegeek.com/what-is-an-ion.htm
http://www.wisegeek.org/what-is-a-negative-charge.htm
http://www.wisegeek.org/what-are-anions.htm
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Structure 1: Nonionised amino acid, Structure 2: ionised amino acid (zwitterion) 

 

5.5.3 Isoelectric point 

 At the exact midpoint between the two pKa values, the trace amount of net negative 

and trace of net positive ions exactly balance, so that average net charge of all forms present 

is zero. This pH is known as the “Isoelectric Point (pI)”, so pI = ½(pKa1 + pKa2). The 

individual amino acids all have slightly different pKa values, so have different isoelectric 

points.  

At physiological pH, (pH 7.4) the amino terminus of the molecule and the side 

chains of the basic amino acids in the protein, Lys, His, & Arg, carry positive charges. The 

carboxyl terminus of the molecule and the acidic amino acid side chains in the protein, Asp 

& Glu, carry negative charges. Proteins have an isoelectric point, a solution pH value where 

the number of positive charges on the molecule is exactly balanced by an equal number of 

negative charges. At its isoelectric point a protein will not migrate in an electric field 

because it behaves as if it has no net charge. At pH values below the isoelectric point 

(increased concentrations of H3O
+
), the protein molecule will have a net positive charge and 

it will migrate toward the negative pole when placed in an electric field. Conversely, at pH 

values above the isoelectric point, the protein molecule has a net negative charge and it will 

migrate toward the positive pole in an electric field. 

The isoelectric point of proteins is used clinically to determine whether an individual 

carries an abnormal protein and determine whether an individual carries a genetic defect. For 

example, hemoglobin is a transport protein that carries oxygen from the lungs to the tissues. 

Hemoglobin contains 574 amino acids and has an isoelectric point of 6.8. Sickle cell 

hemoglobin contains an amino acid substitution that results in a change in the isoelectric 

point from 6.8 to about 6.86. This difference in isoelectric point can be used to determine 
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whether an individual has normal hemoglobin, carries the sickle cell trait; one normal 

hemoglobin gene and one sickle cell hemoglobin gene, or if the individual has sickle cell 

disease; two sickle cell hemoglobin genes. 

5.5.4 Amino acids can act as acids and bases 

When an amino acid is dissolved in water, it exists in solution as the dipolar ion, or 

zwitterion. A zwitterion can act as either an acid (proton donor): 

 

Or a base (proton acceptor): 

 

Substances having this dual nature are amphoteric and are often called ampholytes. A simple 

monocarboxylic α - amino acid, such as alanine, is a diprotic acid when fully protonated. It 

has two groups, the –COOH group and the -NH3 
+
group that can yield protons: 

 

5.6 pI, pKa and pH titration of amino acids; determination of pI and pKa 

The pI is the pH where the molecule exist in an uncharged state or the isoelectric point (pI) 

is the pH at which a particular molecule or surface carries no net electrical charge. Since 

amino acids, as well as peptides and proteins, incorporate both acidic and basic functional 

groups, the predominant molecular species present in an aqueous solution will depend on the 

pH of the solution. In order to determine the nature of the molecular and ionic species that 

http://www.wikipedia.org/wiki/PH
http://www.wikipedia.org/wiki/Molecule
http://www.wikipedia.org/wiki/Electric_charge
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are present in aqueous solutions at different pH, the Henderson - Hasselbalch Equation will 

be used.  

  

Where [HA] is conjugate acid, [A
–
] is conjugate base. If the pH of the solution equal to pKa, 

then the concentrations of HA and A
–
 is equal (log 1 = 0). 

5.7 Henderson-Hasselbalch equation and pKa: 

The general dissociation of a weak acid, such as a carboxylic acid, is given by the equation: 

HA ↔H
+
 + A

–
 ------------ (1) 

Where HA is the protonated form and A
- 

is the unprotonated form (conjugate base, or 

dissociated form). 

The dissociation constant (Ka) of a weak acid is defined as the equilibrium constant for the 

dissociation reaction (1) of the acid: 

 ------------ (2) 

The hydrogen ion concentration [H
+
] of a solution of a weak acid can then calculated as 

follows. Equation (2) can be rearranged to give: 

----------- (3) 

 

Equation (3) can be expressed in terms of a negative logarithm: 

 -------------- (4) 

Since pH is the negative logarithm of [H 
+
], i.e.–log [H 

+
], and pKa equals the negative 

logarithm of the dissociation constant for a weak acid, i.e. –log Ka , the Henderson– 

Hasselbalch equation (5) can be developed and used for analysis of acid–base equilibrium 

systems: 
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 ----------- (5) 

For a weak base, such as an amine, the dissociation reaction can be written as: 

----------- (6) 

And the Henderson–Hasselbalch equation becomes: 

----------- (7) 

 From equations (5) and (7), it is apparent that the extent of protonation varies due to 

different acidic and basic functional groups, and therefore the net charge. The pKa value of 

amino acids varies with different pH of the solution. For alanine, which has two functional 

groups with pKa = 2.4 and 9.8, respectively, the net charge varies with pH, from +1 to -1. At a 

point intermediate between pKa1 and pKa2, alanine has a net zero charge. This pH is called 

its isoelectric point, pI 

Calculation of pI values: For an amino acid with only one amine and one carboxyl group, the 

pI can be calculated from the mean of the pKa of that molecule. At the pI the net charge of 

the molecule is zero. E.g., pI of Valine is  

pKa1=2.29 and pKa2=9.74.  

 (pKa1 + pKa2)/2 = pI 

 (2.29+9.74)/2 = 6.02 

The pK and pl Values of Amino Acids 

Name pK pI 

at 25°C pK 

α-COOH 

pK 

NH3 

pK 

R-group 

Alanine 2.35 9.87   6.11 

Arginine 2.18 9.09 13.2 10.76 

Asparagine 2.02 8.8   5.41 

Aspartic Acid 1.88 9.60 3.65 2.98 

Cysteine 1.71 10.78 8.33 5.02 

http://www.wikipedia.org/wiki/Amino_acid
http://www.wikipedia.org/wiki/Amine
http://www.wikipedia.org/wiki/Carboxyl
http://www.wikipedia.org/wiki/Mean
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Glutamic Acid 2.19 9.67 4.25 3.08 

Glutamine 2.17 9.13   5.65 

Glycine 2.34 9.60   6.06 

Histidine 1.78 8.97 5.97 7.64 

Isoleucine 2.32 9.76   6.04 

Leucine 2.36 9.60   6.04 

Lysine 2.20 8.90 10.28 9.47 

Methionine 2.28 9.21   5.74 

Phenylalanine 2.58 9.24   5.91 

Proline 1.99 10.60   6.30 

Serine 2.21 9.15   5.68 

Threonine 2.15 9.12   5.60 

Tryptophan 2.38 9.39   5.88 

Tyrosine 2.20 9.11 10.07 5.63 

Valine 2.29 9.74   6.02 

Table 4: The pK and pI Values of Amino Acids 

5.8 Titration of amino acids: 

The amino acids are the building blocks of proteins. Almost all proteins consist of 

various combinations of the same 20 amino acids. Amino acids are compounds containing 

an amine group, -NH2, and a carboxylic acid group, -COOH. In addition 

there is an "R" group that differs for each amino acid. The symbol "R" is 

used here to represent a generalized abbreviation for an organic group.  

In physiological systems where the pH is near neutrality, the amino group of an 

amino acid will be protonated and the carboxylic acid group will be 

deprotonated (zwitterionic form). 

The carboxylic acid group of amino acids in strong acidic 

solutions is protonated, while in strong basic solutions both the carboxylic acid group and 

the amino group are unprotonated. 
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The acid-base behavior of amino acids is best described by the Bronsted-Lowry 

theory of acids and bases. A simple amino acid is a diprotic acid and it can donate two 

protons during its titration with a base. The titration with NaOH is a two-stage titration 

represented by the reactions below.      

 

The hydrochloride salt of a simple amino acid contains one mole of HCl for each 

mole of amino acid such that the amino acid is fully protonated. 

 

The titration curve will be biphasic. There will be two separate flat portions (called 

lag) on the titration curve. The midpoint of the first lag (B) is where the amino acid is half in 

the acidic form and half in the zwitterion form. The point of inflection (C) occurs when all 

of the original amino acid is in the zwitterions form (assuming the ‘R’ group has no charge). 

During the pH titration of an amino acid with a nonionizable ‘R’ group, the equivalence 

point occurs at the pI of the amino acid. At the midpoint of the second lag (D), half the 

amino acid is in the zwitterion form and half is in the basic form. The apparent pK values for 

the two dissociation steps may be considered from the midpoints of each step. This can be 

shown by the Henderson-Hasselbach equation: 

pH = pKa + log ([Base]/ [Acid]) 

The pKa (pKa for the carboxylic acid group) is point where half the acid group has been 

titrated. Therefore the equation becomes: 

pH = pKa 

In the same way, point (D) gives us the pKb of amine. 
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Figure- 6: The titration curve is biphasic, where two separate flat portions (called lag). The 

midpoint of the first lag (B) is where the amino acid is half in the acidic form and half in the 

zwitterion form. The point of inflection (C) occurs when all of the original amino acid is in 

the zwitterions form (assuming the ‘R’ group has no charge).  

5.9 Summary:  There are 20 amino acids.  They are called the α amino acids.  Except for 

Proline they all have a primary amino group and a carboxylic acid group on the same carbon.  

General Properties:  pK1 is the a-carboxylic acid and pK2 is the a-amino group and pKr are 

the side groups with acid base properties. In the physiological pH range, both the carboxylic 

acid and the amino groups of the a-amino acids are completely ionized. Molecules that bear 

charged groups of opposite polarity are known as zwitterions or dipolar ions. 

 

Classification and Characteristics: There are three classes of amino acids. 

1) Those with nonpolar R groups 

2) Those with uncharged polar R groups 

3) Those with charge polar R groups 

The non-polar amino acid side chains have a variety of shapes and sizes (G, A, V, L, I, M, P, 

F, W). Uncharged polar side chains have hydroxyl, amide, or thiol groups (S, T, N, Q, T, and 

C). Cysteine has great importance; it can join separate polypeptide chains or cross-link two 

cysteines in the same chain. Charged polar side chains may be positively or negatively 

charged (K, R, H, D, and E). The basic amino acids are KRH. The acidic amino acids are DE.  

The hydroxylic amino acids are Serine, Threonine, and Tyrosine.  Only histadine with 
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pKr=6.0 ionizes within the physiological pH range. Histadine side chains often participate in 

the catalytic reactions of enyzmes.  The 20 amino acids vary considerably in their 

physicochemical properties such as polarity, acidity, basicity, aromaticity, bulk, 

conformational flexibility, crosslinkability, hydrogen bonding and chemical reactivity. These 

several characteristics are largely responsible for protein's great range of properties 

Acid-Base Properties:  pH = pK + log([A-]/[HA]) 

Amino acids and proteins have conspicuous acid base properties. Amino Acids never assume 

the neutral form in aqueous solution. pI = 1/2(pKi + pKj) where Ki and Kj are the 

dissociation constants of the two ionizations involving the neutral species. 

 

Nonstandard Amino Acids/ Amino Acid Derivatives in Proteins:  In all known cases but 

selenocysteine, the other amino acids which are components of proteins result from the 

specific modification of an amino acid residue after the polypeptide chain has been 

synthesized. Among these are 4-hydroxyproline and 5-hydroxylysine, both of which are 

important constituents of collagen. Ribosomal proteins known as histones contain 

methylated, acetylated, or phosphorylated forms of amino acids. 

 

5.10 Key words: Zwitterion, pH titration, Amino acids, Henderson-Hasselbalch equation.  

5.11 Questions for self study 

1. Classify Amino Acids with examples 

2. Describe nonprotein, essential and nonessential Amino acids 

3. Explain the physicochemical properties of amino acids  

4. Describe pH titration of amino acids with a suitable example. 
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6.0 Objectives: After studying this unit, you should be able to,  

 UV-absorbing properties of amino acids in detail 

 Describe how amino acids contribute towards Circular Dichroism and  X-Ray 

Crystallographic studies of proteins 

 Explain intrinsic fluorescence properties of aromatic amino acids 

 Explain the application of Beer-Lambert law for absorptions of amino acids in 

solutions. 

 Write the general chemical reactions of Amino Acids 

 

6.1 Introduction:  

 

Light and Spectrum profile:  

Light can be categorized according to its wavelength. The figure below shows the 

relationship of wavelength of light and the common types of electromagnetic radiation. Light 

in the short wavelengths of 200 to 400 nm is referred to as ultraviolet (UV). Light in the 

longer wavelengths of 700 to 900 nm is referred to as near infrared (IR). Visible light falls 

between the wavelengths of 400 and 700 nm. Any solution that contains a compound that 

absorbs light in the visible region will appear colored. The solution is colored because 

specific wavelengths of light are absorbed as they pass through the solution.  
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6.2 UV-absorbing properties: The amino acids, phenylalanine, tyrosine, and tryptophan, 

absorb light in the near UV range between 230 nm to 310 nm. These amino acids will 

dominate the UV absorption spectra of proteins. The wavelength maxima for tyrosine and 

tryptophan are around 280 nm. In addition, these two amino acids have extinction 

coefficients quite a bit larger than the extinction coefficient of phenylalanine, whose 

wavelength (λmax) = 260 nm. Thus many proteins have maximum absorbance around 280 

nm. In contrast, nucleic acids absorb light with a maximum around 260 nm due to the 

nucleotides. The extinction coefficients of the nucleotides are larger than those for the 

aromatic amino acids. In general, nucleic acid contamination of a protein sample will 

contribute to UV absorption at 260 nm. Often the 260/280 ratio is used as a criterion for 

purity. 

 

Figure: The ultraviolet absorption spectra of tryptophan (Trp), Tyrosine (Tyr), and 

Phenylalanine (Phe) at pH 6 
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6.3 Circular Dichroism: 

The plane polarized light was described as a combination of right and left circularly 

polarized light. Just as a chiral medium must refract left and right circularly polarized light 

differently, chiral molecules must have different absorptions of the left and right circularly 

polarized light. Circular dichroism (CD) spectroscopy measures this differential absorption. 

This technique involves the same absorption phenomenon that occurs in UV/Vis 

spectroscopy. One collects a CD spectrum by measuring the difference in absorption of right 

and left circularly polarized light as a function of the wavelength of the light. At certain wave 

lengths of circularly polarized light, the right- handed form are absorbed more (defined as a 

positive value) than the left-handed form and vice versa at other wavelengths. There are 

specific rules related to excite on coupling that dictate which form of light is absorbed the 

most at various wave lengths. Because of the predictability of CD spectra, in earlier times, 

CD was frequently used as a means of establishing the absolute configuration of chiral 

molecules, and extensive correlations of CD spectra with molecular structure were developed 

based upon empirical rules. The shapes of the curves, called either plain curves or curves 

possessing positive and/or negative Cotton effects, can be correlated with structure. In more 

recent times, x-ray crystallography has become the most common way to establish absolute 

configuration. In the studies of protein secondary structure CD has remained quite a powerful 

and commonly used tool. 

 

6.4 X-Ray Crystallography: 

In the data collection or analysis of x-ray crystallography is inherently chiral, and so 

we cannot tell which enantiomer we are imaging in a typical crystallography study. There are 

two ways around this. One is an advanced crystallographic technique called anomalous 

dispersion. Anomalous dispersion occurs when the x-ray wavelength is very close to the 

absorption edge of one of the atoms in the structure. This leads to an unusual scattering 

interaction that contains the necessary phase information to allow enantiomer discrimination. 

Originally a somewhat exotic technique, the method has become more common as more 

diverse and brighter x-ray sources have become available. The alternative approach to 

determine absolute configuration by x-ray crystallography is to functionalize the molecule of 
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interest with a chiral reagent of known absolute configuration. if we determine the crystal 

structure of one of the separated amide diastereomers, crystallography will unambiguously 

establish the relative configurations of the original molecule and the appended carboxylic 

acid. Since we independently know the absolute configuration of the (S)-(+) - Mandelic acid 

that we used, we know the absolute configuration of the 2-aminobutane. 

6.5 Intrinsic fluorescence of proteins and peptides 

Proteins contain three aromatic amino acid residues (tryptophan, tyrosine, and 

phenylalanine) which may contribute to their intrinsic fluorescence. A special case of 

fluorescence occurs in Green Fluorescent Protein where the fluorophore originates from an 

internal serine-tyrosine-glycine sequence Changes in intrinsic fluorescence can be used to 

monitor structural changes in a protein. The fluorescence of a folded protein is a mixture of 

the fluorescence from individual aromatic residues. Protein fluorescence is generally excited 

at 280 nm or at longer wavelengths, usually at 295 nm. Most of the emissions are due to 

excitation of tryptophan residues, with a few emissions due to tyrosine and phenylalanine.  

The three residues have distinct absorption and emission wavelengths. They differ 

greatly in their quantum yields and lifetimes. Due to these differences and to resonance 

energy transfer from proximal phenylalanine to tyrosine and from tyrosine to tryptophan, the 

fluorescence spectrum of a protein containing the three residues usually resembles that of 

tryptophan. Lifetime is shown in nanoseconds, wavelength in nanometers, along with the 

molar absorptivity and quantum yield of the fluorophore. Generally, lifetimes are short and 

quantum yields are low for all three residues.  

  Lifetime 

Absorption Fluorescence 

Wavelength Absorptivity Wavelength Quantum 

Tryptophan 2.6 280 5,600 348 0.20 

Tyrosine 3.6 274 1,400 303 0.14 

Phenylalanine 6.4 257 200 282 0.04 

Table 5: The fluorescence characteristics of the three aromatic amino acids 
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6.6 Intrinsic fluorescence properties of aromatic amino acids 

Tryptophan has much stronger fluorescence and higher quantum yield than the other 

two aromatic amino acids the intensity, quantum yield, and wavelength of maximum 

fluorescence emission of tryptophan is solvent dependent. The fluorescence spectrum shifts 

to shorter wavelength and the intensity of the fluorescence increases as the polarity of the 

solvent surrounding the tryptophan residue decreases. Tryptophan residues which are buried 

in the hydrophobic core of proteins can have spectra which are shifted by 10 to 20 nm 

compared to tryptophan on the surface of the protein. Tryptophan fluorescence can be 

quenched by neighboring protonated acidic groups such as Asp or Glu. 

Tyrosine has strong absorption bands at 280 nm, and when excited by light at this 

wavelength, has characteristic emission profile. Tyrosine is a weaker emitter than tryptophan, 

but it may still contribute significantly to protein fluorescence because it usually present in 

larger numbers. The fluorescence from tyrosine can be easily quenched by nearby tryptophan 

residues because of energy transfer effects. Also, tyrosine can undergo an excited state 

ionization which may result in the loss of the proton on the aromatic hydroxyl group that 

leads to quenching of tyrosine fluorescence. 

Phenylalanine is weakly fluorescent. The experimental sensitivity is especially low 

for this residue. Phenylalanine fluorescence is observed only in the absence of both tyrosine 

and tryptophan. The simple structure of phenylalanine may pre-eminently demonstrate the 

effect of structure on fluorescence. Adding a hydroxyl group, as in tyrosine, causes a 20 fold 

increase in fluorescence. If an indole ring is added as in tryptophan, the relative fluorescence 

increases to 200 times that of phenylalanine. 

6.7 Beer-Lambert law: 

The Beer-Lambert law states that the amount of light absorbed is proportional to the 

number of molecules of absorbing substance in the light path, i.e., absorption is proportional 

both to the concentration of the sample solution and to the length of the light path through the 

solution. This relationship can be expressed as follows:  

Absorbance, A= ε x c x l 

Where 

c = concentration of the sample (in Moles/ liter),  

l = length of the light path through the solution (in cm)  

ε = molar extinction coefficient. 
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Figure:  A typical standard curve of Beer’s law. 

 

To determine the absolute concentration of a pure substance, a standard curve is 

constructed from the known concentrations and using that standard curve, the absorbance 

reading of the unknown concentration was determined. The determination of unknown 

concentration from the standard curve is done by drawing a line parallel to the X- axis from 

the point on the Y axis that corresponds to the absorbance of the unknown. This line will be 

made to intersect the standard curve drawn, and is extended vertically such that it meets the 

X-axis and the concentration of unknown is read from the   X-axis.  

 

6.8 Reactions of α-Amino Acids: 

1. Carboxylic Acid Esterification: 

 Amino acids undergo most of the chemical reactions characteristic of each function, 

assuming the pH is adjusted to an appropriate value. Esterification of the carboxylic acid is 

usually conducted under acidic conditions as shown in the two equations written below. 

Under such conditions, amine functions are converted to their ammonium salts and 

carboxylic acids are not dissociated. The equation is a typical Fischer esterification involving 

methanol. The product is a stable ammonium salt.  

http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/crbacid1.htm#crbacd6c
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2.   Amine Acylation: 

In order to convert the amine function of an amino acid into an amide, the pH of the 

solution must be raised to 10 or higher. Carboxylic acids are all converted to carboxylate 

anions at such a high pH, and do not interfere with amine acylation reactions. The following 

two reactions are illustrative. In the first, an acid chloride serves as the acylating reagent. This 

is a good example of the superior nucleophilicity of nitrogen in acylation reactions, since 

water and hydroxide anion are also present as competing nucleophiles. The second reaction 

employs an anhydride like reagent for the acylation. This is a particularly useful procedure in 

peptide synthesis, since amides are only weakly basic (pKa~ -1), the resulting amino acid 

derivatives do not display zwitterionic character, and may be converted to a variety of 

carboxylic acid derivatives 

 

3. The Ninhydrin Reaction: 

 In addition to these common reactions of amines and carboxylic acids, common 

alpha-amino acids, except proline, undergo a unique reaction with the tri keto hydrindene 
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hydrate known as ninhydrin. Among the products of this unusual reaction (shown on the 

below) is a purple colored imino derivative, which provides as a useful color test for these 

amino acids. A common application of the ninhydrin test is the visualization of amino acids 

in paper chromatography.  

The samples of amino acids or mixtures are applied along a line near the bottom of a 

rectangular sheet of paper (the baseline). The bottom edge of the paper is immersed in an 

aqueous buffer, and this liquid climbs slowly toward the top edge. As the solvent front passes 

the sample spots, the compounds in each sample are carried along at a rate which is 

characteristic of their functionality, size and interaction with the cellulose matrix of the paper. 

Some compounds move rapidly up the paper, while others may scarcely move at all. The 

ratio of the distance a compound moves from the baseline to the distance of the solvent front 

from the baseline is defined as the retardation (or retention) factor Rf. Different amino acids 

usually have different Rf values under the suitable conditions. In the example on the right, the 

three sample compounds (1, 2 & 3) have respective Rf values of 0.54, 0.36 & 0.78. 

 

 

Figure: Paper Chromatography 

http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/special1.htm#top3
javascript:chng2()
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4. Oxidative Coupling 

The mild oxidant iodine reacts with amino acids side group, phenolic ring in 

tyrosine, and the heterocyclic rings of tryptophan and histidine gives products of 

electrophilic iodination. The sulfur groups in cysteine and methionine are also oxidized by 

iodine. Quantitative measurement of iodine consumption has been used to determine the 

number of such residues in peptides. Cysteine is a thiol, and it is oxidatively dimerized to a 

disulfide, which is sometimes listed as a distinct amino acid under the name cystine. 

Disulfide bonds of this kind are found in many peptides and proteins. For example, the two 

peptide chains that constitute insulin are held together by two disulfide links. The human 

hair consists of a fibrous protein called keratin, which contains an unusually large proportion 

of Cysteine. Treatment of amino acids with dilute aqueous iodine oxidizes the methionine 

sulfur atom to a sulfoxide. 

Cysteine-Cystine interconversion 

The thiol (sulfur-containing) group of cysteine is highly reactive. The most common 

reaction of this group is a reversible oxidation that forms a disulfide. Oxidation of two 

molecules of cysteine forms cystine, a molecule that contains a disulfide bond. When two 

cysteine residues in a protein form such a bond, it is referred to as a disulfide bridge. 

Disulfide bridges are a common mechanism used in nature to stabilize many proteins. Such 

disulfide bridges are often found among extracellular proteins that are secreted from cells. 

In eukaryotic organisms, formation of disulfide bridges occurs within the organelle called 

the endoplasmic reticulum. 

 

 

 

Figure: Interconversion of Cysteine to Cystine 

 

http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/special2.htm#top1ab
http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/special2.htm#top1ab
http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/protein2.htm#aacd8b
http://www.britannica.com/EBchecked/topic/592252/thiol
http://www.britannica.com/EBchecked/topic/148835/cystine
http://www.britannica.com/EBchecked/topic/101396/cell
http://www.britannica.com/EBchecked/topic/195150/eukaryote
http://www.britannica.com/EBchecked/topic/187020/endoplasmic-reticulum-ER
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6.9 Summary 

Spectral properties of amino acids Trp, Tyr, and Phe contain conjugated aromatic rings. 

Consequently, they absorb light in the ultraviolet range (UV). The extinction coefficients (or 

molar absorption coefficients) of these three amino acids are: 

Amino acid Extinction Coefficient e (lmax) 

Trp 5,050 M
-1

cm
-1

 (280 nm) 

Tyr 1,440 M
-1

cm
-1

 (274 nm) 

Phe     220 M
-1

cm
-1 

(257 nm) 

The amount of light absorbed by a solution of concentration [X] is given by the Beer-

Lambert Law: 

 
Where,  

A is termed the "absorbance" of the sample; 

I0 is the intensity of the incident light; 

I is the intensity of the light that leaves the sample; 

e is the molar extinction coefficient at a specific wavelength, e.g. at lmax; 

[X] is the concentration of the absorbing species; and l is the path length (usually 1 cm). 

 

A solution that does not absorb any light (I=Io) has an absorbance of 0. A solution that 

absorbs most of the light that passes through it has a large absorbance. For example, if 90% 

of the light were absorbed, Io/I = 10, and A = 1.0. 

 

The above table shows that Trp absorbs UV light the strongest. Furthermore, since both Trp 

and Tyr show the maximum light absorbance at approximately 280 nm the absorption 

maximum of most proteins is around 280 nm. In contrast, the absorption maximum for 

nucleic acids is approximately 260 nm. 

Reactions of Amino Acids: Amino acids contain two functional groups: amines and 

carboxylic acids. So amino acids undergo the reactions characteristic of those functional 

groups. The most important reactions are fair as amino acid chemistry is concerned are the 

reactions that are utilised in the formation of peptides and proteins. The reaction with 
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Ninhydrin is used as a visual indicator as a there is a colour change (primary amines give a 

blue/purple product). 

Esterification of carboxylic acid group:  

 

Amines : acylation to form amides:  

 

 

Ninhydrin test:  

 

6.10 Key words: Amino acids, UV-absorption, Intrinsic fluorescence, Beer-Lambert law, 

Ninhydrin text.  

6.11 Questions for self study 

1. Explain UV-absorbing properties of amino acids in detail 

2. Describe how amino acids contribute towards Circular Dichroism and  X-Ray 

Crystallographic studies of proteins 

3. Explain intrinsic fluorescence properties of aromatic amino acids 
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4. Explain the application of Beer-Lambert law for absorptions of amino acids in solutions. 

5. Write the general chemical reactions of Amino Acids 

6. Explain the utility of Ninhydrin text in determining the presence of amion acids and its 

applications. 

 

6.12 Further references 

1. Principles of Biochemistry (4t
h
 edition) -Leninger 

2. Harper’s Illustrated Biochemistry, 6
th

 edition by Robert K. Murray et al.,  

3. Basic Concepts in a Student's Survival Guide Biochemistry (2
nd

 Edition)- Hiram F. 

Gilbert. 

4. Fundamentals of Biochemistry- J.L. Jain. 

5. Biochemistry - Voet & Voet. 

6. Principle of Biochemistry- Zubay, Parson, Vance. 

7. Molecular Biology of the cell –Bruce Alberts et al., 
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AND COLORIMETRIC METHODS 
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7.0 Objectives:  After studying this unit, you should be able to,  

 Describe the Chirality of amino acids 

 Explain D and L configuration of amino acids 

 Specific rotation,   R and S configuration of amino acids 

 Sorensen formal titration for amino acids. 

 

7.1 Introduction: Stereochemistry is the study of the static and dynamic aspects of the three-

dimensional shapes of molecules. It has long provided a foundation for understanding 

structure and re-activity. It constitutes an intrinsically interesting research field in its own 

right. Many chemists find this area of study fascinating due simply to the aesthetic beauty 

associated with chemical structures, and the intriguing ability to combine the fields of 

geometry, topology, and chemistry in the study of three-dimensional shapes. Nature is 

inherently chiral because the building blocks of life (α-amino acids, nucleotides, and sugars) 

are chiral and appear in nature in enantiomerically pure forms.  

Optically active refers to the ability of a collection of molecules to rotate plane 

polarized light. In order for a sample to be optically active, it must have an excess of one 

enantiomer. The problem is that there are many examples of chemical samples that contain 

chiral molecules, but the samples themselves are not optically active. A racemic mixture, a 

50:50 mixture of enantiomers is not optically active, but every molecule in the sample is 

chiral. It is important to distinguish between a sample that is optically inactive because it 

contains a racemic mixture and a sample that is optically inactive because it contains achiral 

molecules The particular case of a carbon with four different ligands (groups/atoms ions) has 

also been termed an asymmetric carbon.  

Optical activity was measured long before the three dimensional structure of 

molecules could be determined by methods such as X-ray crystallography. The experimental 

assignment of optical activity was then symbolized with the letter "d" or the "+" sign (for 

dextrotatory, right handed or clockwise rotation of the plane of polarized light when viewed 

toward the light source) and "l" or "–" (for levorotatory, left hand or counterclockwise 

rotation). 
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7.2 Chirality: 

The term chirality was discovered by French chemist Louis Pasteur in 1849 while 

studying the rotation of polarized light in Tartaric acid crystals. Except Gly all amino acid 

have four different groups attached to them, and hence they are chiral carbons. Two 

different arrangements of the four groups about the chiral carbon can be made, giving rise to 

two structural isomers. Structural isomers that are mirror images of each other are called 

enantiomers. When two or more chiral centers exist on a single molecule, 2n structural 

isomers are possible, where n = the number of chiral centers. The various structural isomers 

include enantiomers and diastereomers (non mirrorimage-related isomers). 

 

 

The structural isomers can be distinguished from each other using the R and S 

prefixes assigned to each chiral center of a molecule. The R and S prefixes are assigned 

according to a set of sequence rules. The four groups about a chiral center are assigned 

priority numbers with the highest priority given to the atom with the highest atomic number, 

thus S > O > N > C > H (for elements found in amino acids). When two or more groups 

have the same primary element, then elements attached to the primary element are 

considered. So for example, SH > OR > OH > NH2 > COOH > CHO > CH2OH > CH3. Once 

priority assignments are made, the molecule is viewed with the group having the lowest 

priority away from the reader. Moving from highest to lowest priority, for the three 

remaining groups, clockwise movement indicates R and counterclockwise indicates S 

configuration. 

7.3 D and L configuration 

The stereochemistry of amino acids is based on the mirror image enantiomers of 

glyceraldehyde, which is a three carbon structure having a central chiral carbon.  The two 

http://mcdb-webarchive.mcdb.ucsb.edu/sears/biochemistry/tw-amn/aas-stereo.htm#Enantiomers
http://mcdb-webarchive.mcdb.ucsb.edu/sears/biochemistry/tw-amn/aas-stereo.htm#Enantiomers
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enantiomers of glyceraldehydes are designated as ‘D’ and ‘L’ by reference to their unique 

optical activities. When a plane of polarized light passes through solution of D-

glyceraldehyde, the emergent beam will be rotate the plane polarized light to the right, and 

hence the enantiomer is considered to be dextrorotatory (D).  If beam of plane polarized light 

passes through solution of L-glyceraldehyde, the emergent light rotate to opposite direction, 

and hence the enantiomer is considered to be levorotatory (L).  As expected, an equal molar 

mixture of D and L glyceraldehyde will produce no rotation for plane-polarized light passing 

through the solution because the left and right rotational effects of the two pure enantiomers 

exactly cancel out.  

 

 

7.4 Specific rotation: 

The angle of rotation in degrees of the plane of polarization of a ray of 

monochromatic light that passes through a tube 1 decimeter long contains the substance in 

solution at a concentration of 1 gram per millimeter in a polarimeter. 

In stereochemistry, the specific rotation of a chemical compound [α] is defined as the 

observed angle of optical rotation α when plane-polarized light is passed through a sample 

with a path length of 1decimeter and a sample concentration of 1 gram per 1 milliliter. It is 

the main property used to quantify the chirality of a molecular species or a mineral. The 

specific rotation of a pure material is an intrinsic property of that material at a given 

wavelength and temperature. Values should always be accompanied by the temperature at 

which the measurement was performed and the solvent in which the material was dissolved. 

The formula for specific rotation, [α], is:  

[α] = α / l. c 

Where: 

α = observed rotation 

c = concentration of the solution of an enantiomer 

l = length of the tube in decimeter 

http://mcdb-webarchive.mcdb.ucsb.edu/sears/biochemistry/tw-amn/glyceraldehyde-d-jmol.htm
http://mcdb-webarchive.mcdb.ucsb.edu/sears/biochemistry/tw-amn/glyceraldehyde-d-jmol.htm
http://mcdb-webarchive.mcdb.ucsb.edu/sears/biochemistry/tw-amn/glyceraldehyde-l-jmol.htm
http://en.wikipedia.org/wiki/Stereochemistry
http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Optical_rotation
http://en.wikipedia.org/wiki/Polarized_light
http://en.wikipedia.org/wiki/Decimetre
http://en.wikipedia.org/wiki/Gram
http://en.wikipedia.org/wiki/Millilitre
http://en.wikipedia.org/wiki/Chirality_(chemistry)
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          The two stereoisomers amino acids are optically active. The solutions of the standard 

amino acids will rotate the plane of plane-polarized light to the left or right. However all L-

amino acids are not levorotatory and the actual direction of light rotation vary with amino 

acid depending on its particular electronic and chemical structure. Two of the standard 

amino acids, Isoleucine and Threonine have a second asymmetric carbon in addition to 

their α-carbons named as β-carbons. The stereochemistry of these two amino acids is thus 

defined by 4 stereoisomers: i.e., two enantiomers as well as two diastereoisomers. 

7.5 R and S configuration 

A second absolute configuration notation using the symbols R (from rectus, Latin for 

right) and S (from sinister, Latin for left) was developed by Cahn and others. In this 

approach, the substituents on an assymetric carbon (e.g., a tetrahedral carbon with four 

different substituents) are prioritized by decreasing atomic number. Configuration is assigned 

by "looking" down the bond to the lowest priority substituent and assigning R to the 

configuration where the remaining subtituents are arranged clockwise in decreasing priority. 

S is then assigned to the molecular form where the substituents are arranged 

counterclockwise. 

Priorities 1: The priority based on atomic number 

Priorities: I > Br > Cl> F> O > N> C > H 

Priorities 2: Group priorities 

Priorities: SH > OH > NH2 > COOH > CHO > CH2OH > C6 H5 > CH3 > H 

Priorities 3: Larger groups are ranked at their points of divergence for example,  

Priorities: CH2CH2SH > CH2CH2OH. 

            The absolute stereo configuration of the amino acids at the alpha carbon is 

typically referred to using the D/L notation with reference to the absolute configuration of 

glyceraldehyde rather than the more modern R/S designation. In R/S notation change of a 

single substituent can change assignment. All of the amino acids used in proteins (except for 

glycine) are of L configuration.  

7.6 Sorensen formal titration 

The Sorensen formal titration invented by S. P. L. Sorensen in 1907 is a titration of 

an amino acid with formaldehyde in the presence of potassium hydroxide. 

http://en.wikipedia.org/wiki/S._P._L._S%C3%B8rensen
http://en.wikipedia.org/wiki/Titration
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Formaldehyde
http://en.wikipedia.org/wiki/Potassium_hydroxide
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RCH (NH2) COOH + HCHO + KOH → RCH (NHCH2OH) COOK + H2O 

An unknown sample is reacted with a known amount of base. The remaining base is 

titrated with acid to determine the amount of excess base. The difference (total base minus 

excess) is equal to the amount of amino acid present in the original sample.  

Formal titration procedure: 

1. Pipette out 10 ml samples of milk into a 50ml conical flask (formol factors for cow's 

milk is 1.74) 

2. Add 0.4ml saturated potassium oxalate solution and 0.5 ml phenolphthalein 

indicator. Keep it 2 minutes.  

3. Neutralize the milk by titrating with 0.1N NaOH to the endpoint  

4. Add 2 ml of 40% formaldehyde solution and allowed to stand for 2 min. 

5. Titrate again with 0.1 N NaOH to the same endpoint.  

6. Run a blank by titrating 2 ml of 40% formaldehyde solution plus 10 ml distilled 

water with 0.1 N NaOH  

Calculation:  %protein= Va- Vb X formol factor 

Where,  

Va = volume of 0.1 N NaOH used to titrate sample after addition of formaldehyde  

Vb= volume of 0.1N NaOH used to titrate blank  

Va-Vb= formaldehyde value.  

 

7.7 Summary:  

Amino acids have one or more chiral centres. In all amino acids (except glycine) the α-carbon 

is chiral. In some amino acids, additional chiral centres are present. These are chiral centers 

because all four groups attached to the carbon are different. Thus, there are two possible 

configurations (enantiomers) of amino acids. Enantiomers have the following attributes: 

 Identical physical properties 

 Opposite rotation of polarized light 

Most common amino acids have an L configuration (related to the rotation of polarized light). 

An L configuration is identical to an S configuration (in modern nomenclature). Most amino 

http://en.wikipedia.org/wiki/Base_(chemistry)
http://en.wikipedia.org/wiki/Acid-base_titration
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acids are L-amino acids; all of the amino acids in ribosome-synthesized proteins are L-amino 

acids. 

Fischer projections are commonly used to represent amino acids. Fischer projections are 

typically drawn with the longest chain oriented vertically and with the more highly 

oxidised C at the top. 

 

7.8  Key words: Chirality, D and L configuration, Amino acids, R and S configuration, 

Specific rotation.  

 

7.9  Questions for self study 

1. Describe the Chirality of amino acids 

2. Explain D and L configuration of amino acids 

3. Describe with the help of structures the concept of R and S configuration of amino 

acids 

4. What is Sorensen formal titration for amino acids?  

 

7.10  Further references 

1. Principles of Biochemistry (4t
h
 edition) -Leninger 

2. Harper’s Illustrated Biochemistry, 6
th

 edition by Robert K. Murray et al.,  

3. Basic Concepts in a Student's Survival Guide Biochemistry (2
nd

 Edition)- Hiram F. 

Gilbert. 

4. Fundamentals of Biochemistry- J.L. Jain. 

5. Biochemistry - Voet & Voet. 

6. Principle of Biochemistry- Zubay, Parson, Vance. 

7. Molecular Biology of the cell –Bruce Alberts et al., 
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Peptide bond: Solid phase synthesis of biologically active peptides ex: Glutathione. 

Structure and importance of cyclic peptides ex. Vasopressin, Oxytocin, Endorphins, 
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8.0 Objectives: After studying this unit thoroughly, you should be able to,  

 Define what is a peptide bond   

 Explain Peptide Synthesis using various methods 

 Describe biological peptides such as Vasopressin, Endorphins, Oxytocin, Enkephalin 

and Vancomycin 

 

8.1 Introduction 

The Peptide Bond: 

Amino acids are joined to form a protein by a dehydration reaction between the 

carboxylic acid group of one amino acid and α amino group on the adjacent amino acid. The 

new bond between the two amino acids is an amide type functional group. Since this bond 

holds amino acids together in peptides and proteins it is called a peptide bond. Such a 

linkage is formed by removal of the elements of water (dehydration) from the α-carboxyl 

group of one amino acid and α- amino group of another. Peptide bond formation is an 

example of a condensation reaction, a common class of reactions in living cells. Three 

amino acids can be joined by two peptide bonds to form a tripeptide; similarly, amino acids 

can be linked to form tetrapeptides, pentapeptides, and so forth. When a few amino acids are 

joined in this fashion, the structure is called an oligopeptide. When many amino acids are 

joined, the product is called a polypeptide. Proteins may have thousands of amino acid 

residues. Although the terms “protein” and “polypeptide” are sometimes used 

interchangeably, molecules referred to as polypeptides generally have molecular weights 

below 10,000, and those called proteins have higher molecular weights. 
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The conformational flexibility of peptide chains is limited to rotations about the 

bonds leading to the alpha-carbon atoms. This restriction is due to the rigid nature of the 

peptide bond. As shown in the following diagram, nitrogen electron pair delocalization into 

the carbonyl group results in significant double bond character between the carbonyl carbon 

and the nitrogen. This Leeds to peptide links relatively planar and resistant to 

conformational change. The colour shaded rectangles in the lower structure define these 

regions, and identify the relatively facile rotations that may take place where the corners 

meet (i.e. at the alpha-carbon). This aspect of peptide structure is an important factor 

influencing the conformations adopted by proteins and large peptides.  
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 Types of Peptides 

The peptides are classified into different categories based on the number of amino acids 

present in the molecules, 

 Dipeptide: two amino acids 

 Oligopeptide: 5-10 amino acids 

 Polypeptide: molecular mass below 5000 g/mol 

 Protein: Molecular mass between 6000 - 40,000,000 g/ mol 

 

8.2 Peptide Synthesis: Peptide synthesis is characterized as the formation of a peptide bond 

between two amino acids.  Peptide synthesis most often occurs by coupling the carboxyl 

group of the incoming amino acid to the N-terminus of the growing peptide chain. This C-to-

N synthesis is opposite from protein biosynthesis, during which the N-terminus of the 

incoming amino acid is linked to the C-terminus of the protein chain (N-to-C). Due to the 

complex nature of in vitro protein synthesis, the addition of amino acids to the growing 

peptide chain occurs in a precise, step-wise and cyclic manner. And while the common 

methods of peptide synthesis have some critical differences, they all follow the same step-

wise method to add amino acids one-at-a-time to the growing peptide chain. 

Because amino acids have multiple reactive groups, peptide synthesis must be carefully 

performed to avoid side reactions that can reduce the length and cause branching of the 

peptide chain. To facilitate peptide formation with minimal side reactions, chemical groups 

have been developed that bind to the amino acid reactive groups and block, or protect, the 
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functional group from nonspecific reaction. Purified, individual amino acids used to 

synthesize peptides are reacted with these protecting groups prior to synthesis, and then 

specific protecting groups are removed from the newly added amino acid just after coupling 

to allow the next incoming amino acid to bind to the growing peptide chain in the proper 

orientation. Once peptide synthesis is completed, all remaining protecting groups are 

removed from the nascent peptides. Three types of protecting groups are generally used, 

depending on the method of peptide synthesis.  

Synthetic peptide coupling requires the activation of the C-terminal carboxylic acid on the 

incoming amino acid using carbodiimides such as dicyclohexylcarbodiimide (DCC) or 

diisopropylcarbodiimide (DIC). These coupling reagents react with the carboxyl group to 

form a highly reactive O-acylisourea intermediate that is quickly displaced by nucleophilic 

attack from the deprotected primary amino group on the N-terminus of the growing peptide 

chain to form the nascent peptide bond. The following example shows a selective synthesis of 

the dipeptide Ala-Gly. 

 

 

Figure: Diagrammatic representation of peptide synthesis 

8.3 Solid-phase synthesis: 

             Solid-phase peptide synthesis (SPPS) was also known as the Merrifield 

Synthesis after its inventor R. Bruce Merrifield by Robert Bruce Merrifield. It is most 

accepted method for creating   peptides and proteins in the lab in a synthetic manner. SPPS 

allows the synthesis of natural peptides which are difficult to express in bacteria, the 

incorporation of unnatural amino acids, peptide/protein backbone modification, and the 

synthesis of D-proteins, which consist of D-amino acids. 

http://www.chemistry.msu.edu/Portraits/PortraitsHH_Detail.asp?HH_LName=Merrifield
http://en.wikipedia.org/wiki/Robert_Bruce_Merrifield
http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Protein
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Small solid beads, insoluble yet porous, are treated with functional units ('linkers') on 

which peptide chains can be built. The peptide will remain covalently attached to the bead 

until cleaved from it by a reagent such as anhydrous hydrogen fluoride ortrifluoro acetic acid. 

The peptide is thus 'immobilized' on the solid-phase and can be retained during a filtration 

process, whereas liquid-phase reagents and by-products of synthesis are flushed away. 

The general principle of SPPS is one of repeated cycles of coupling – wash – 

deprotection - wash. The free N-terminal amine of a solid-phase attached peptide is coupled 

to a single N-protected amino acid unit. This unit is then deprotected, revealing a new N-

terminal amine to which a further amino acid may be attached. The superiority of this 

technique partially lies in the ability to perform wash cycles after each reaction, removing 

excess reagent with all of the growing peptide of interest remaining covalently attached to the 

insoluble resin. SPPS method has been significantly optimized. First, the resins themselves 

have been optimized. Furthermore, the 'linkers' between the C-terminal amino acid and 

polystyrene resin have improved attachment and cleavage to the point of mostly quantitative 

yields. In addition, the evolution of new activating groups on the carboxyl group of the 

incoming amino acid have improved coupling and decreased epimerization. The time 

between neutralization of the amino group and coupling of the next amino acid allowed for 

aggregation of peptides, primarily through the formation of secondary structures.  

 

The amion acid N-termini are protec ted by groupsthat are termed “temprary” protecting 

groups, because they are relatively easily removed to allow peptide bond formation. Two 

http://en.wikipedia.org/wiki/Trifluoroacetic_acid
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common N-terminal protecting groups are tert-butoxycarbonyl and 9- fluorenyl-

methoxycarbonyl groups.  

 

Table 6: Blocking reagents 

8.4 Applications of synthetic Peptides: 

1. Cell culturing 

 Peptide has been used extensively for 3D cell culturing as they closely resemble 

the porosity and the structure of extra-cellular matrices.  

2. Biomedical applications 

 Peptide is designed to preferentially form on bacterial cell membranes and these 

tubes acts as antibacterial and cytotoxin agents.
 

 Peptide nanostructure can in used in gene and drug delivery. 

 Surfactant peptides are used as targeting drug delivery systems for genes, drugs 

and RNAi  

3. Molecular electronics applications 

• Peptide nanofibers are used as growth templates for a range of inorganic materials 

such as silver, gold, platinum, cobalt, nickel and various semiconducting materials. 

• Metal and semiconductor binding peptides has been used for the fabrication of 

nanowires. 

• Dipeptide Nanotubes is deposited on graphite electrodes improved elecrode 

sensitivity. 
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• Nanotubes are coated with proteins, nanocrystals, and metalloporphyrin through 

hydrogen bonding and these coated tubes have great potentials in the areas of 

chemical sensors.  

4. Other applications 

• In industries molecular carpet/paint, peptides are used. 

• The catalytic abilities of lipase enzyme can improve by encapsulated in peptide 

nanotube. 

 

8.5 Biological peptides: 

Specific protein fragments that have a positive impact on body functions or conditions, 

and they may ultimately have an influence on health. 

• They are digestion products of several food proteins. 

• All the bioactive sequences are hidden in an inactive state inside the polypeptide 

chain of the larger protein. 

• Milk proteins are a rich source of biologically active peptides such as exorphins 

(casomorphins), phosphopeptides and immunopeptides. Such peptides are 

released during intestinal digestion of caseins and whey proteins. 

• They may be involved in regulation of nutrient entry and influence the 

postprandial metabolism via stimulation of the secretion of hormones. 

Furthermore, they may exert a stimulating effect on the immune system. 

8.6 Cyclic peptides: 

If the carboxyl function at the C-terminus of a peptide forms a peptide bond with the 

N-terminal amine group a cyclic peptide is formed. Carboxyate and amine functions on side 

chains may also combine to form rings. Cyclic peptides are most commonly found in 

microorganisms, and often incorporate some D-amino acids as well as unusual amino acids 

such as ornithine. The decapeptide antibiotic gramacidin S, produced by a strain of Bacillus 

brevis, is one example of this interesting class of natural products. The structure of 

gramicidin S is shown in the following diagram. The atypical amino acids are colored. 

http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/proteins.htm#aacd3


Unit-8: Peptide bond and Synthesis of biologically active peptides 

 

KSOU- Biochemistry -1.1; Block-2: Unit-8 Page 130 

 

 

8.11 Vasopressin 

       Vasopressin is secreted from the posterior pituitary gland and is a neurohypophysial 

hormone found in most mammals. Its two primary functions are to retain water in the body 

and to constrict blood vessels. Vasopressin regulates the body's retention of water by acting 

to increase water absorption in the collecting ducts of the kidney nephron. Vasopressin 

increases water permeability of the kidney's collecting duct and distal convoluted tubule 

Vasopressin is a peptide hormone that controls the reabsorption of molecules in the tubules of 

the kidneys by affecting the tissue's permeability. It also increases peripheral vascular 

resistance, which in turn increases arterial blood pressure. It plays a key role in homeostasis, 

by the regulation of water, glucose, and salts in the blood. The vasopressin does synthesis in 

the following physiological conditions. 

 Secretion in response to reduced plasma volume is activated by pressure receptors in 

the veins, atria, and carotids. 

 Secretion in response to increases in plasma osmotic pressure is mediated 

by osmoreceptors in the hypothalamus. 

 Secretion in response to increases in plasma CCK is mediated by an unknown 

pathway. 

8.12 Endorphins: 

It is endogenous peptides that function as neuro transmitters and consists of 31 amino 

acids. They are produced by the pituitary gland and the hypothalamus in 

vertebrates during exercise, excitement, pain, consumption of spicy 

food, love and orgasm, and they resemble the opiates in their abilities to 

http://en.wikipedia.org/wiki/Endogenous
http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Neurotransmitters
http://en.wikipedia.org/wiki/Pituitary_gland
http://en.wikipedia.org/wiki/Hypothalamus
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http://en.wikipedia.org/wiki/Excited_state
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produce analgesia and our feeling well, comfortable and relaxed. It consists of two 

parts: endo- and -orphin; these are short forms of the 

words endogenous and morphine, intended to mean "a morphine-like substance originating 

from within the body."  The term "endorphin rush" has been adopted in popular speech to 

refer to a feeling of exhilaration that can be brought on by our feeling pain, in danger, or 

other forms of stress, supposedly due to the influence of endorphins. When a nerve impulse 

reaches our spinal cord, endorphins that prevent nerve cells from releasing more pain signals 

are released. 

Activity of Endorphins: 

(a) Depersonalization disorder: Endorphins are known to play a role in depersonalization 

disorder. The opioid antagonist’s naloxone and naltrexone have both been proven to 

be successful in treating depersonalization. 

(b) Relaxation: Clinical researchers reported that profound relaxation in a float 

tank triggers the production of endorphins. This explains the pain relief experienced 

during float sessions.  

(c) Acupuncture: Inserting acupuncture needles into specific body points triggers the 

production of endorphins. Higher levels of endorphins were found in cerebrospinal 

fluid after patients underwent acupuncture.In addition, naloxone appeared to block 

acupuncture’s pain-relieving effects. 

(d) Pregnancy: A placental tissue of fetal origin i.e., the syncytiotrophoblast excretes 

beta-endorphins into the maternal blood system from the 3rd month of pregnancy. 

 

8.13 Oxytocin: 

 Oxytocin is a mammalian neurohypophysial hormone discovered by British 

pharmacologist Sir Henry Hallett Dale in 1906.  Oxytocin acts primarily as 

a neuromodulator in the brain. Oxytocin plays roles in sexual reproduction, in particular 

during and after childbirth. It is released in large amounts after distension of 

the cervix and uterus during labor, facilitating birth, maternal bonding, and, after stimulation 

of the nipples, breastfeeding. Oxytocin has the positive feedback in both the childbirth and 

milk ejection.  

cys – tyr – ile – gln – asn – cys – pro – leu – gly 
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The other peripheral actions of oxytocin: 

1. Uterine contraction: Important for cervical dilation before birth, oxytocin causes 

contractions during the second and third stages of labor.  

2. Social behavior and wound healing: Oxytocin is also thought to 

modulate inflammation by decreasing certain cytokines.   

3. It may be considered an antagonist of vasopressin. 

4. Oxytocin affects social distance between adult males and females, and may be 

responsible at least in part for romantic attraction and subsequent monogamous pair 

bonding. 

5. Cognitive function: Certain learning and memory functions are impaired by centrally 

administered oxytocin. 

 

8.14 Enkephalin: Tyr-Gly-Gly-Phe-Met   (Pentapeptide)      

              

 Enkephalin, sometimes referred to as opioid growth factor (OGF), is a naturally 

occurring, endogenous opioid peptide that has opioid effects of a relatively short duration. 

The enkephalins are considered to be the primary endogenous ligands of the δ-opioid 

receptor, due to their high potency and selectivity for the site over the other endogenous 

opioids. Enkephalin was discovered and characterized by Hughes, Kosterlitz et.al. in 1975 

after a diligent and intensive search for endogenous ligands of the opioid receptors. It is 

a pentapeptide with the amino acid sequence Tyr-Gly-Gly-Phe-Met.  

8.15 Vancomycin: Vancomycin is a glycopeptide antibiotic used in 

the prophylaxis and treatment of infections caused by Gram-positive bacteria. Vancomycin 

was first isolated in 1953 at Eli Lilly, from a soil sample collected from the interior jungles 

of Borneo by a missionary. It is a naturally occurring antibiotic made by the soil 

bacterium Actinobacteria species Amycolatopsis orientalis.  
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Vancomycin is indicated for the treatment of serious, life-threatening infections 

by Gram-positive bacteria that are unresponsive to other less-toxic antibiotics. Vancomycin is 

recommended to avoid an infusion reaction known as the red man syndrome or red neck 

syndrome. Vancomycin is one of the few antibiotics used in plant tissue culture to eliminate 

Gram-positive bacteria infection. It has relatively low toxicity to plants.  

Clinical Applications 

 Indications: Vancomycin is indicated for the treatment of serious, life-threatening 

infections by Gram-positive bacteria that are unresponsive to other less-toxic 

antibiotics.  

 Red man syndrome: Vancomycin is recommended to be administered in a dilute 

solution slowly, over at least 60 minutes (maximum rate of 10 mg/minute for doses 

>500 mg).  

 Usage in plant tissue culture: Vancomycin is one of the few antibiotics used in 

plant tissue culture to eliminate Gram-positive bacteria infection. It has relatively 

low toxicity to plants.  

 Toxicity: Vancomycin has traditionally been considered 

a nephrotoxic and ototoxic drug.  

 Nephrotoxicity: Subsequent reviews of accumulated case reports of vancomycin-

related nephrotoxicity found that many of the patients had also received other known 

nephrotoxins, in particular, aminoglycosides. 

 

8.12 Summary 

         Peptide Bonds 

 

 The CO-NH linkage is known as a peptide bond. 

 Short peptides of length 2, 3 and a few and many are known as 

dipeptides, tripeptides, oligopeptides and polypeptides. 
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 Proteins are molecules that consist of one or more polypeptide chains. 

 Polypeptides are linear polymers. 

 The various organisms on earth collectively synthesize an enormous number of 

different protein molecules whose great range of physicochemical characteristics stem 

largely from the varied properties of the 20 "standard" amino acids. 

 

8.13 Keywords: Peptide bond, Solid-phase synthesis, Biological peptides, Vasopressin, 

Endorphins, Oxytocin, Enkephalin, Vancomycin  

 

8.14 Questions for self study 

1. Define a peptide bond? Depict with an example 

2. Explain Peptide Synthesis using various methods 

3. Describe biological peptides: 1. Vasopressin, 2. Endorphins, 3. Oxytocin,  

 4. Enkephalin and 5.Vancomycin. 

 

8.15 Further references 

1. Principles of Biochemistry (4t
h
 edition) -Leninger 

2. Harper’s Illustrated Biochemistry, 6
th

 edition by Robert K. Murray et al.,  

3. Basic Concepts in a Student's Survival Guide Biochemistry (2
nd

 Edition) - Hiram F. 

Gilbert. 

4. Fundamentals of Biochemistry- J.L. Jain. 

5. Biochemistry - Voet & Voet. 

6. Principle of Biochemistry- Zubay, Parson, Vance. 

7. Molecular Biology of the cell –Bruce Alberts et al., 
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BC 1.1: BUILDING BLOCKS OF BIOMOLECULES 

BLOCK-III: LIPIDS. 

 

UNIT 9: Classification of Lipids: Oils, Fats and waxes, Occurrence and 

properties. Fatty acids, esters of fatty acids and Cholesterol. 
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9.0 Objectives: After studying this unit in detail, you should be able to,  

 Classify lipids into various groups 

 Define what are oils, fats and waxes 

 List the occurrence and properties of lipids 

 Write the structure of fatty esters and Cholesterol 

 

9.1 Introduction: Lipids are the heterogeneous class of organic compounds 

characterized by their insolubility in water and solubility in organic solvents. Unlike 

other class of biomolecules, which are the polymers of small building blocks, lipids 

are heterogeneous in nature and are not the polymers. They are an important class 

of biomolecules and are play vital roles in imparting structure to the cell and sub 

cellular organelles. They have specified roles in physiological processes and various 

metabolic pathways. Some of the lipid mediators also have role as death signals in 

cells undergoing apoptosis.  

 In the present unit, an overview is provided to understand the classification of lipids 

with an emphasis on the occurrence and properties of simple, compound and 

derived lipids. Simple lipids such as fats, oils and waxes have characteristic physical 

nature, occurrence and physiological roles. Further, fatty acids, the important 

components of lipids are classified as saturated, unsaturated, branched and cyclic 

on the basis of nature of the hydrocarbon chain. Saturated fatty acids do not have 

double bonds and are important constituents of animal fat and plant oils. However, 

unsaturated fatty acids contain one or more double bonds. Irrespective of nature, 

fatty acids form esters with alcohols, which play crucial roles in cellular structure and 

cell physiology. In addition to fatty acids, derived lipids such as cholesterol have 

several physiological roles. Cholesterol is a steroid and is an important structural 

component of cellular membranes. It also serves as precursor for various steroid 

hormones such as aldosterone, testosterone, estrogen, progesterone and other 

biologically active steroids. In view of these important roles of different classes of 

lipids, the unit will lay a foundation for understanding various concepts associated 

with lipids. 

9.2 Definition and Classification of lipids: The lipids are the heterogeneous group 

of organic compounds including fats, oils, waxes, steroids and related compounds 
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which are insoluble in water but soluble in organic solvents such as ether, alcohol,  

etc.  

Lipids are broadly classified (modified from Bloor) into simple, compound and 

derived lipids. 

i) Simple lipids:- These are the esters of fatty acids with various alcohols. 

These are mainly of 2 types 

a) Fats and oils (Triacylglycerols): These are the esters of fatty acids with glycerol. 

Oils are liquids, while fats are solid at room temperature. 

b) Waxes: These are the esters of long chain fatty acids with monohydric alcohols. 

Eg:- bee wax, spermaceti wax, carnauba wax. 

 

ii) Compound lipids: These are the esters of fatty acids with alcohols containing    

additional groups such as phosphate, nitrogenous base, carbohydrate, protein, etc. 

a) Phospholipids: They are the lipids containing phosphoric acid residue in 

addition to fatty acids and an alcohol. They frequently nitrogen containing bases as 

other substituent groups. 

i) Glycerophospholipids:- are phospholipids containing glycerol as an alcohol. 

          Eg:- Lecithin, cephalin, phosphatidyl inositol, plasmalogens 

 

ii)  Sphingophospholipids:- are phospholipids containing sphingosine as alcohol. 

             Eg:- Sphingomyelin 

 

b) Glycolipids: are lipids containing carbohydrate moiety, sphingosine and 

nitrogenous base in addition to fatty acids. They do not contain phosphoric acid and 

glycerol. 

           Eg:- Cerebrosides, gangliosides. 

 

c) Lipoproteins: lipids as prosthetic group to proteins. 

d) Sulpholipids: lipids containing sulphate groups. 
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ii) Derived lipids: They are the derivatives obtained on hydrolysis of simple and 

compound lipids. These include fatty acids, glycerol, steroids, other alcohols, fatty 

aldehydes, hydrocarbons, lipid soluble vitamins and hormones. 

 

Properties and occurrence of simple lipids: 

 Simple lipids may be fats and oils or waxes. 

Fats – i. are solids at room temperature 

 ii. are rich in saturated fatty acids 

 iii. are of animal origin 

 iv. are susceptible for rancidity 

 v. have low iodine number and high acid number  

Oils – i. are liquids at room temperature 

 ii. are rich in unsaturated fatty acids 

 iii. are of plant origin 

 iv. are less susceptible for rancidity 

 v. have high iodine number and low acid number 

Waxes – i. are esters of fatty acids with long chain alcohols such as cetyl alcohol 

 ii. may be plant (Eg. On leaves of some plants) or animal  (Eg. In sperm head) 

origin. 

 iii. are solids at room temperature and are soft and brittle 

9.3 Fatty acids: A fatty acid may be defined as a aliphatic mono carboxylic acid with 

hydrocarbon side chain. They range in chain length from C4 to C24 carbon atoms. 

They are obtained from hydrolysis of fats. General formula for fatty acids is R-COOH 

(R-hydrocarbon chain). 

9.4 Types of fatty acids: 

I. Based on nature of fatty acid chain. 
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                                                        Saturated FA (Palmitic acid)                     

          1) Straight chain fatty acids                                                 MUFA (Oleic acid) 

                                                                  Unsaturated FA 

                                                                                                      PUFA (Linoleic acid) 

 

2) Branched chain fatty acids - phytanic acid 

 

II. Based on substituent groups. 

   

1) Substituted fatty acids- saturated and unsaturated hydroxyl fatty acid -cerbronic 

acid 

2) Cyclic fatty acids- bear cyclic group – chaulmoogric acid. 

 

 Saturated FA: They contain no double bonds 

         Eg:   Acetic acid (C2) – CH3COOH 

                 Propionic acid (C3) - CH2CH2COOH  

                 Butyric acid (C4) - CH3 (CH2)2COOH 

                  Capric acid (C10) - CH3 (CH2)4COOH 

        Lauric acid (C12) - CH3 (CH2)10COOH 

                  Myristic acid (C14) - CH3 (CH2)12CCOH 

                  Palmitic acid (C16) - CH3 (CH2)14COOH 

                  Stearic acid (C18) - CH3 (CH3)16COOH 

          

 Unsaturated FA : Those which contain one or more double bonds 

 Mono unsaturated fatty acid (MUFA) - Contain one double bond 

                      Eg:- Oleic acid 

       Poly unsaturated fatty acid (PUFA) - contain 2 or more double bonds  

                     Eg:- Linoleic acid – 2 double bonds 

                             Linolenic acid – 3 double bonds 
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                             Arachidonic acid – 4 double bonds 

                     

 

                      

 

     

 

 

Saturated fatty acids 

 

 

 

 

Unsaturated fatty acids 
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9.5 Nomenclature of FA: It is based on naming the FA’s after the hydrocarbon with 

the same no of carbon atoms. The saturated FA’s end with a suffix ‘anoic’ and USFA 

end with a suffix ‘enoic’. 

C-atoms are numbered from the carboxyl carbon (C-1).The C-atoms adjacent to the 

COOH carbon (nos. 2, 3, and 4) are also known as α, β and γ carbons respectively, 

whereas, the terminal methyl carbon is known as the ω-carbon. 

                Eg:- Propionic acid (n-propanoic acid) C3 

                        Palmitic acid (n-hexadecanoic acid) C16 

                        Stearic acid (n-octadecanoic acid) C18 

                        Oleic acid (cis-9-octadecenoicacid) C18 

      Arachidonic acid (all cis -5, 8, 11, 14 - eicosatetraenoic acid) C20 

 

9.6 Properties of FA’s 

 

1) FA’s are amphipathic molecules, as they contain both hydrophilic and 

hydrophobic components.      

 

                                  R - COOH 

 

                Non-polar (hydrophobic) portion         Polar (hydrophilic) portion 

 

2) Hydrogenation: Unsaturated fatty acids are converted to saturated fatty acids by 

hydrogenation of bond     

                Eg: Vanaspathi. 

3) Halogenation: Unsaturated fatty acids can take up 2 halogen atoms (Iodine) at 

each double bond. It is an index of the degree of unsaturation.  

4) Melting point: Melting point and boiling point increase with increase in chain 

length. USFAs have lower MP composed to SFAs with the same chain length. 
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5) Salt formation (alkali hydrolysis): SFA and USFA form salts with alkali. Sodium 

and potassium salts of long FAs are called soaps. It is an index of the length of the 

FA chain. 

 

9.7 Ester formation:- Both saturated and unsaturated FA’s form esters with alcohols 

(glycerol). FA’s can form mono, di or tri - esters with glycerol.  

Eg: Monoacyl glycerol 

      Diacyl glycerol 

      Triacyl glycerol (Triglycerides) 

 

 

 

Esters of FA’s:- are monoacyl glycerols, diacyl glycerols and triacyl glycerols 

respectively consisting of 1, 2 and 3 molecules of FAs esterified to a molecule of 

glycerol. Among these TAGs are physiologically most important. 

Simple TGs - Here all the 3 hydroxyl groups of the glycerol are esterified to the 

same FA. 

Eg:-Tripalmitin, Triolein, etc 

 



Unit-9: Classification of Lipids 

 

KSOU- Biochemistry -1.1; Block-3: Unit-9 Page 143 

 

 

Mixed TGs - contain 2 or 3 different types of FAs esterified to the 3 hydroxyl groups 

of glycerol.  

Eg:-1, 3-dipalmitoyl-2-olein. 

 

 

Triglyceride 

      Properties of TAG’s:- 

1) Hydrolysis:-TAG undergoes sequential hydrolysis to diacylcerol and 

monoacylglycerol and finally yields glycerol and free fatty acids (3 fatty acids). 

2) Saponification:- is the hydrolysis of TAGs by alkali to produce glycerol and 

soaps. 

3) Rancidity:- is the deterioration of fats and oils resulting in an unpleasant taste 

and smell. 

Hydrolytic rancidity:- Lipase (from microorganisms)  FFAs  unpleasant smell. 

Hydrolytic rancidity is hydrolysis of TG in to its component FA’s and glycerol by 

lipase secreted by microorganisms. These enzymes split oils/fats in to glycerol and 

free FAs. These FAs impart unpleasant smell and flavor to the oil/fat. It can be 

prevented by refrigeration or by exclusion of water. 

 

Oxidative Rancidity:- Radical oxidation  aldehydes/other compounds  smell 

Oils containing highly USFA are spontaneously oxidized by atmospheric oxygen at 

room temperature producing short chain FA (C2-C4), which gives rancid taste and 

smell to the fats. Oxidative rancidity is due to autoxidation by free radical 

mechanism. Heat, light, O2 and metal ions or to prevent or products should be kept 

cool and covered or dried from air.  
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9.8 Cholesterol : It is the most abundant animal sterol it is widely distributed in all 

cells and is a major component of cell membranes and lipoproteins. Cholesterol 

(greek: chole-bile) was first isolated 

from bile. Cholesterol literally means 

“solid alcohol from bile”. It is found in 

association with fatty acids to form 

cholesterol esters (esterification at 

C3-OH group). It is found more in the membranes of sub-cellular organelles, in 

nervous tissues and brain, in muscles, in adipose tissue in skin, in blood, in liver and 

spleen, in bone marrow and in adrenal gland. It is light yellow crystalline solid. It is 

soluble in chloroform and other fat solvents. 

Functions:-  

1) It has a modulating effect on the fluid state of the membrane. 

2) It insulates the nerve fibers 

3) Bile acids are derived from cholesterol 

4) Vit-D3 is synthesized from 7-dehydrocholestrol. 

5) Cholesterol esters has important role in regulation of cholesterol level in body 

fluids. 

9.9 Summary: Lipids are the heterogeneous group of organic compounds 

characterized by insolubility in water and solubility in organic solvents. Lipids are 

broadly classified into simple, compound and derived lipids, which play vital 

physiological roles such as integrity of biological membranes, energy reserves, cell 

signalling and other activities. Simple lipids are the esters of fatty acids with various 

alcohols. Whereas, compound lipids are the esters of fatty acids with alcohols 

containing additional functional groups. In contrast, derived lipids are generated 

during hydrolysis of simple and compound lipids. These include fatty acids, glycerol, 

steroids, other alcohols, fatty aldehydes, hydrocarbons, lipid soluble vitamins and 

hormones. Fatty acids are aliphatic mono carboxylic acid with hydrocarbon side 
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chain. They range in chain length from C4 to C24 carbon atoms and are obtained 

from hydrolysis of fats. Based on the nature of chain, fatty acids are classified as 

straight chain or branched chain fatty acids. Further, straight chain fatty acids are 

categorized as saturated and unsaturated fatty acids, based on the absence or 

presence of double bonds in the structure. In addition, fatty acids may by substituent 

groups or have cyclic structure. Fatty acids possess properties such as amphipathic 

nature, can be hydrolyzed acid and alkali, and can undergo hydrogenation and 

halogenation reactions. On storage, lipids will turn rancid, characterized by bad taste 

and odor. Rancidity may be due to hydrolysis or oxidation of fatty acids present in 

lipids. Irrespective of the nature, fatty acids can form esters with alcohols such as 

glycerol and sphingosine to give rise to acylglcerides and ceramides respectively. 

Derived lipids such as cholesterol play vital physiological roles. 

9.10 Key words: Lipids, Fats, Waxes, Oils, Phospholipids, Glycolipids, Lipoproteins, 

Hydrogenation, Triglycerides, Cholesterol. 

9.11 Questions for self study: 

1. Define the following 

a) Lipids b) Oils  c) Fats d) Waxes 

2. Explain the classification of lipids 

3. Discuss the occurrence and properties of lipids 

4. How are fatty acids named discuss with examples?  

5. Write the properties of FA’s 

6. What is cholesterol and what are its functions?  

9.12 Further references:  

1. Instant Notes in Biochemistry. Hames, B. D. Hopper, N. M and Houghton, J. 

D. Viva Book Pvt. Ltd. New Delhi. 

2. Biochemistry. 3rd Ed. Donald Voet and Judith, G. Voet. John Wiley & Sons 

Inc. 

3. Biochemistry. Stryer, L. 5th Ed. W. H. Freeman, New York. 

4. Biochemistry. Garret, R. H. &  Grishman, C. M. Saunders College Publishing 
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10.0 Objectives: After studying this unit systematically, you should be able to,  

 Define what are compound lipids. 

 Write the structures of Phospholipids, Glycolipids, sphingolipids, Cerebrosides 

and Gangliosides.  

 Discuss the importance of Phospholipids, Glycolipids, sphingolipids, 

Cerebrosides and Gangliosides.  

 Describe the composition and functions of lipid bilayers in biology. 

 

10.1 Introduction: Lipids are important structural components of cellular 

membranes. Among these lipids, compound lipids are very important because of 

their amphipathic nature, which enables them to provide stability to membrane as 

well as helps in their interaction with cytosoilc and external environment. The 

compound lipids include phospholipids, glycolipids, sphingolipids, sulpholipids and 

lipoproteins. The classification is based on the functional groups present in the lipid 

and the alcoholic component. The amphipathic nature also enables the compound 

lipids to form a lipid bilayer, which is observes in various cellular and sub cellular 

membranes.  

Phopspholipids are the derivatives of phosphatidic acid, which comprises of 

diacylglycerol attached to phosphate group. These can be categorized as lecithin, 

cephalin, phosphatidyl inositol and plasmalogens, based on the functional group and 

nature of linkage at C1 of glycerol. Phospholipids are important components of 

membrane; serve as signals for cells undergoing apoptosis and also are the 

precursors for potent secondary messengers. Glycolipids may be gangliosides or 

cerbrosides, which may contain glucose/galactose or their N- acetyl derivatives and 

form important structural components of components of nervous system. Another 

important class of compound lipids is sphingolipids which consist of sphingosine, an 

amino alcohol instead of glycerol. Sphingomyelin imparts rigidity to cell membranes 

and is abundantly present in myelin sheath of neurons. Accumulation of glycolipids 

and sphingolipids due to the deficiency of respective enzymes for their degradation 

is observed in inborn metabolic disorders. In light of these evidences, it is important 

to have a thorough knowledge of compound lipids will be of immense value in 

understanding the role of lipids in cell structure, physiology and signaling. 
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10.2 Phospholipids:-  are fatty acid esters, containing in addition a phosphate 

group and a nitrogenous (choline, ethanolamine, serine) or non-nitrogenous group 

(inositol). 

Phospholipids are broadly classified into phosphoglycerides containing glycerol as 

the alcohol and sphingomyelins containing the amino alcohol sphingosine instead of 

glycerol. 

 

             

 

Phosphoglycerides:-These are phospholipids containing glycerol as the alcohol. 

The –OH group of the C-1 carbon of glycerol is esterified with an USFA. The 3rd –OH 

group of glycerol is esterified to phosphate group. These are the derivatives of 

phosphatidic acid. 

 

 

a. Lecithin (phosphatidyl choline): They are composed of glycerol, 2 fatty acid 

moieties, a phosphate group and a nitrogenous base choline. It is widely distributed 

in animal tissues such as brain, liver, cardiac muscle and blood. It has a charged 

polar head group phosphocholine and non polar hydrocarbon tails of FA residues. 
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Biological importance of PC/lecithin:-                                                                                                                   

1) Lecithins are required for the normal transport and utilization of other lipids in the 

liver of animals. Absence of lecithins leads to fatty liver. 

2) It acts as a lung surfactant. Dipalmitoyl phospholipid is the major lipid component 

of lung surfactant. It prevents adherence of water in the inner surface of the lungs. 

Absence of lecithins in the lungs of the premature inputs causes respiratory distress 

syndrome. 

3) It is an important form in which fat is transported in considerable amounts in to 

blood. 

4) Lecithinase present in the snake venom causes partial hydrolysis of USFA at C-2 

of PL resulting in the formation of lysolecithin, a detergent and hemolytic agent. 

 

b. Cephalin (phosphatidyl serine and phosphatidyl ethanolamine):-   it differs 

from lecithin in having the nitrogenous base serine or ethanolmine in place of 

choline. They are more acidic than lecithins. Cephalins are present in brain, liver, 

heart and erythrocytes. In phosphatidyl serine, hydroxyl amino acid such as serine is 

present instead of ethanolamine. The –OH gp of the amino acid is esterified with the 

phosphate residue. It occurs in brain and erythrocytes 
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Biological importance of cephalins 

1) Thromboplastin-needed for blood clotting composed mainly of cephalin. 

2) To provide the required phospholipid, PS is decarboxydated to PE by PS 

decarboxylase (PLP). PE than undergoes 3 methylation steps to produce pc in liver. 

 3) Under physiological conditions, phosphatidyl serine is present      exclusively on 

the cytosolic side of plasma membrane, it is recognized by marcrophage in the cells 

undergoing apoptosis, where PS is present on   the outer leaflet of plasma 

membrane.  

4) It is an important constituent of the membrane lipid bilayer. 

5) It is a lipotropic factor. It prevents accumulation of excess fat and              

cholesterol in the liver by promoting their mobilization from the liver.  

     

c) Phosphatidyl inositol: It comprises of myo-inositol group attached to 

phosphatidic acid. This is an important component of membrane bilayer. It is also a 

precursor for important second messengers – diacyl glycerol and inositol tris 

phosphate.  
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Biological importance of phosphatidyl inositol 

1) It is an important component of plasma membrane 

2) Phosphorylation of membrane bound PI produces PIP2, which acts as precursor 

for potent secondary messengers (IP3 and DAG) of hormone action. 

3) It is a lipotrophic factor. It prevents accumulation of excess fat and cholesterol by 

promoting the metabolism from liver. 

 

d) Plasmalogens: These are phospholipids which have ether linkage at first -OH 

group of glycerol instead of ester linkage. While naming plasmalogens, instead of 

phosphatidyl choline (normal phospholipid), it is named as phosphatidal choline 

 

 

Plasmalogens are present in brain, cardiac muscle and erythrocytes. Plasmalogen is 

produced when the FA at C-1 of glycerophospholipid is replaced by an unsaturated 

FA at attached by an ether linkage to the core glycerol molecule. Their functional 

significance is unknown. However, it is thought that they confer resistance to 

phospholipids that have ester linkage. 

 

Platelet activating factor: it is an unusual ether glycerol PL with a saturated alkyl 

group in an ether linkage to C-1 and an acetyl residue (rather than a FA) at C-2 of 

the glycerol lackbone.PAF is synthesized and released by a variety of cell types. It 

binds to surface receptors triggering potent thrombotic and acute inflammatory 

events.  
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Cardiolipin: it is so named as it was first isolated from muscle. It consists of 2 

molecules of phosphatidic acid held by an additional glycerol phosphate graphs. It is 

diphosphatidyl glycerol (cardiolipin). Important component of the inner mitochondrial 

membrane and bacterial membrane. 

 

 

 

10.3 Glycolipids (glycosphingolipids): are molecules that contain both 

carbohydrate and lipid components. They are imp constituents of cell membrane and 

nervous tissue (brain). Glycolipids are derivatives of ceramide (sphingosine + fatty 

acid). These are further classified in to,  

 i) Cerebrosides;  ii) Gangliosides. 

         i) Cerebroside:-it is the simplest form of glycoilipid. 

               Ceramide + glucose  glucocerebroside 

               Ceramide + galactose  galactocerebroside 
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Glucose or galactose is attached to ceramide directly by an O-glycosidic bond. They 

play a role in the regulation of cellular interactions, growth and development. They 

are antigens and acts as source of blood group antigens. The OH protein of a 

glycolipid is the antigenic determinant. They also leave as cell surface receptors for 

cholera and tetanus toxins. Cerebrosides are the chief constituents of myelin sheath. 

Depending on the different type of FA attached to ceramide fatty acis are of different 

types such as keratin (lignoceric acid), cerebrum (cerebronic acid), neuron (Nervonic 

acid, hydroxynervonic acid). Increase content of cerebroside in RE cell (spleen) is 

chatrcterized by Gaucher’s disease, due to deficiency of enzyme 

glucocerebrosidase. 

 

10.4 Gangliosides: are the most complex glycolipids and are found in ganglions 

(central nervous system). They are the derivatives of cerebrosides and contain one 

or more molecular of NANA (sialic acid), which gives negative change to the 

molecule. 

The most imp gangliosides present in brain are GM1, GM2, GM3, GD and GT. 

G  gangliside 

M, D, T  mono, di, tri sialic acid residues 

1, 2, 3  carbohydrate sequence attached to ceramide 

        Types of gangliosides: 

Increased accumulation of GM2 ganglioside in brain and spleen leads to Tay - Sachs 

disease, due to deficiency of enzyme hexosaminidase A. 

GM1  GM2  GM3  ceramide – glu – gal  glucocerebroside  ceramide. 

Gangliosides are attached to proteins on the erythrocytes membrane and behave as 

antigen and are the basis for blood grouping (A, B, AB and O). This helps in blood 
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transfusions. They may also be present in the outer surface of cells and acts as 

points of recognition for EC molecules. 

 

 

 

10.5 Sphingolipids/sphingophospholipids: are the phospholipids containing 

spingosine  as an alcohol instead of glycerol. Sphingosine containing lipids may be 

of 3 types phosphosphingosides, glycosphingolipids and sulfatides. 

 

Sphingosine: Sphingosine is attached to a FA in amide linkage to form a ceramide, 

a precursor for sphingolipid and glycolipid. 

 

Ceramide: Sphingophospholipids have a phosphoric acid group attached to the 

alcoholic group of ceramide, which is inturn is attached to a choline moiety. 

 

Sphingomyelin is the only common phosphosphingoside present abundantly in 

membrane of neurons (myelin sheath of neuron). It insulates and protects neuronal 

fibres of me CNS. Long chain FAs (lingnoceric acid and nervonic acid) are formed 

from sphigomyelin. Sphingomyelin is amphipathic in nature. Due to this nature, it 

important as detergent and an integral component of biomembrane. 
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Removal of myelin sheath leads to the slowing and eventual cessaction of the nerve 

impulse. In multiple sclerosis, the myelin sheath is progressively destroyed by 

sclerotic plaques. The condition affects brain and spinal cord. 

 

 

 

 

Excess amount of sphingomyelin is deposited in brain, liver and spleen which lead to 

Niemann-Pick disease. The condition is due to deficiency of enzyme 

sphingomyelinase, needed for breakdown of sphingomyelin. 

 

10.6 Lipid bilayer: A large number of amphipathic molecules (phospholipids, 

sphingolipids and cholesterol) have 2 non-polar tails and as a result a rectangular 
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vander waals envelope may be formed in the aqueous medium in to a bilayer. 

Surrounding an aqueous phase, a bilayer consisting of 2 monolayers of PLs and 

sphingolipids is present. It is about 6-9 nm thick. The hydrophilic polar head groups 

of the molecules of each monolayer are adjacent to water phase through hydrogen 

bonds and ion-dipole interactions. 

 

 

 

The hydrophobic non-polar tails of both monolayers are oriented inwards to form a 

middle core of the bilayer through hydrophobic bonds and vander waals forces.              

A bilayer behaves as a 20 fluid. Its molecule can diffuse laterally to a considerable 

extent with respective monolayers can rotate around the central axis. Of the 

molecule and through much rarer can sometimes even cross over to be other 

monolayer. 

 

 This lipid bilayer form the basic structure of cellular biomembrane including the 

plasma membrane. 

 

10.7 Summary: Compound lipids are the esters of fatty acids with alcohol, along 

with additional groups. They may be phospholipids, sphingolipids, glycolipids, 

lipoproteins and sulpholipids. Phospholipids are fatty acid esters containing a 

phosphate group and a nitrogenous or non-nitrogenous group. Phospholipids are 

broadly classified into phosphoglycerides containing glycerol as the alcohol & 

sphingomyelins containing the amino alcohol sphingosine instead of glycerol. 

Phosphoglycerides are the derivatives of phosphatidic acid and include lecithins, 

cephalins, phosphatidyl inositol and plasmalogens. Plasmalogens differ from other 

class of phospholipids where ether linkage at first -OH group of glycerol is present 
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instead of ester linkage. Phospohoglycerides perform vital functions such as 

transport and utilization of lipids; act as lung surfactants, prevent adherence of water 

in the inner surface of the lungs. In addition, phospholipids are important constituents 

of the membrane lipid bilayer. Among phospholipids, PS is exclusively present in the 

inner leaflet, and is an important marker in cells undergoing apoptosis, where PS is 

transferred to the outer leaflet of plasma membrane. Unusual phospholipids such as 

platelet activating factor are potent mediators of thrombotic and acute inflammatory 

events. Another complex phospholipid, cardiolipin is an important component of 

inner mitochondrial membrane. Glycolipids are complex lipids which comprise of 

cerebrosides and gangliosides, which play vital role in regulation of cellular 

interactions, growth and development. Further, they act as blood group antigens. 

The inherited disorders associated with deficiency of enzymes regulating glycolipid 

metabolism include Gaucher’s disease and Tay-Sachs disease. Sphingolipids 

comprise of sphingosine esterified to fatty acids. Most important sphingolipid is 

sphingomyelin, which is an important component of plasma membrane, particularly 

in myelinated neurons. Ceramide, derived from sphingolipids is an important 

signaling molecule. Absence of the enzyme - sphingomyelinase which metabolizes 

sphingomyelin is seen in a condition termed as Niemann-Pick disease. Irrespective 

of the type, lipids which are integral part of membrane are amphipathic in nature, 

comprising of both hydrophilic and hydrophobic components. These components 

contribute to the bilayer structure of the plasma membrane, which is stabilized by 

hydrophobic and vander Walls forces of interaction. 

 

10.8 Key words: Compound lipids, Phospholipids, Glycolipids, sphingolipids, 

Cerebrosides, Gangliosides, Lipid bilayers.  

10.9 Questions for self study: 

1. Define what are compound lipids?  

2. Write the structures of Phospholipids, Glycolipids, sphingolipids, Cerebrosides 

and Gangliosides.  

3. Discuss the importance of Phospholipids, Glycolipids, sphingolipids, 

Cerebrosides and Gangliosides.  

4. Describe the composition and functions of lipid bilayers. 
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11.0 Objectives: After studying this unit thoroughly, you should be able to,  

 Explain what are Eicosanoids 

 Discuss the importance of Prostoglondins 

 Describe the role of Leucotrienes 

 Explain the formation of  Prostocylines and Thromboxans,  

 Write about the formation of diacylglycerol, PAF and  IP3 and their role in 

biology. 

 

11.1 Introduction: Lipids are physiologically important and play role in mediating 

various metabolic and physiological events, either by direct action or by serving as 

precursors for bio-active molecules. The role of complex and derived lipids in normal 

cellular processes is enlisted in the previous unit and this forms a basis for 

understanding the role of lipid mediators in various cellular events and their role in 

normal physiology as well as in pathological conditions. 

Eicosanoids are a class of lipid mediators derived from arachidonic acid present in 

membrane bound lipids. Arachidonic acid by the action of cyclooxygenase generates 

prostaglandins, prostacyclins and thromboxanes, which have vital roles in muscle 

contraction, vasoconstriction, vasodilation, platelet function and associated 

physiological events. These mediators exert their action through activation of 

adenylate cyclase and result in various biological effects. In another pathway, 

arachidonic acid is converted to leukotrienes by the action of enzyme – 

lipoxygenase. Leukotrienes are the important mediators of inflammatory and allergic 

responses. They are involved in events such as smooth muscle contraction, 

bronchoconstriction, vasoconstriction, anaphylaxis and chemotaxis of leukocytes. 

The diverse roles of eicosanoids in normal physiology and pathological states make 

them a potential target for drugs against various metabolic and inflammatory 

disorders. 

 

11.2 Definition of Eicosanoids: Eicosanoids are 20 carbon compounds (greek, 

eikosi: twenty) derived from arachidonic acid. Prostaglandins, prostacyclins, 

thromboxanes, leukotrienes, since they all contain 20 carbons. Eicosanoids are 

considered as locally acting hormones with a wide range of biochemical functions 
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both physiologic (inflammatory response) and pathologic (hypersensitivity). 

Eicosanoids differ from other hormones in that they are produced in very small 

amount in almost all tissues rather than in specified glands and distant sites. 

Eicosanoids are not stored and they have short half-life. Their actions are through-

protein-coupled receptors. 

 

11.3 Prostaglandins (PGs): were originally isolated from prostrate tissue and hence 

the name. PGs are derived from the 20C cyclic saturated FA, prostanoic acid. The 

ring is saturated. All natural occurring PGs have α-oriented OH group at C-15.  

        Different PG’s are forms by me attachment of different substituent groups 

attached of different substituent groups attached to the ring. They are named with 

capital between (A, B, D, E, F, G, H) depending on the number of double bonds on 

the side chain. They are denoted by 01 subscript after the capital letter (PGE1, PGE2, 

and PGE3). 
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Arachidonic acid released by PLA2 from membrane bound PLS is precursor for PGs. 

Arachidonic acid undergoes oxidation and cyclization by enzyme to form PGH2. It 

serves as the immediate precursor for PGs, PCs, and TXAs. This is the pathway of 

AA. 

 

Biological actions:- 

1) PGF2    

 Produced by most tissues 

 Vasoconstriction 

 Contraction of smooth muscle 

 Stimulates uterine contractions 

 

2) PGE2     

 Produced by most tissues, especially kidney  

 Consolidation 

 Relaxes smooth muscle 

 Used to include labor 

 Mobilization of Ca 2+ from bones    

 Decrease gastric acid secretion and secretion of pancreatic                                                           

juice and mucus secretion in intestine 

 

11.4 Prostacylins: are produced primarily by vascular endothelium  from PGH2 from 

COX-2. Major effects are vasodilation, inhibition of platelet aggregation and have a 

protective effect on blood vessel wall against deposition of platelets, thereby 

inhibiting thrombus formation. 

Thromboxanes:- are produced primarily by platelets from PGH2 by thromboxane 

synthase. It promotes platelet aggregation, vasoconstriction, mobilize intracellular 

calcium and contracts smooth muscle. 

TXA2 is produced by COX-1 in activated platelets. It promotes adherence and 

aggregation of circulating platelets and contraction of vascular smooth muscle cells 

promoting formation of blood clots (thrombi). 
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TXA2 and PGI2 both have opposing effects, due to their ability to mediate and 

prevent thrombus formation, respectively. Inhibition of COX-1 cannot be overcome in 

platelets (lack of nuclei). 

TXA2 have the cyclopentane ring of interrupted with an oxygen atom (OXANE RING). 

 

11.5 Luekotrienes: were first described in leukocytes and are produced in 

Leukocytes, platelets, mast cells, heart, lungs and vascular tissues by LOX pathway 

form arachidonic acid (AA). 5-LOX converts AA to 5- HPETE. HPETE is converted to 

a series of leukotrienes according to the tissue. Leukotrienes are mediators of 

allergic response and inflammation. 

Leukotrienes mediate   

 Contraction of smooth muscle     

 Bronchoconstriction 

 Vasoconstriction 

 Increased vascular permeability 

 Mediate anaphylaxis  

 Involved in pathophysiology of asthma 

 Increase chamotaxis of polymorphonuclear lymphocytes 

 Release of lysosomal enzyme 

 Adhesion of WBC’s 

 Inhibitors of 5-LOX and leukotriene receptor antagonists are used in the 

treatment of asthma. 

 

11.6 Diacyl glycerol and IP3 : Diacyl glycerol (DAG) and Inositol trisphosphate (IP3) 

are the secondary messengers derived from lipids. Both function as second 

messengers. They play a major role in Intra cellular signalling. Phosphatidyl inositol, 
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a phospholipid present in membrane undergoes phosphorylation to form 

phosphatidyl inositol 4, 5-bisphosphate (PIP2) PIP 2 undergoes degradation by PLC 

in response to binding of neurotransmitter, hormones and grown factors to receptors 

on cell membrane. IP3 and DAG are the second messengers which mediate the 

mobilization of intracellular calcium and activation of protein kinase C, which act 

synergistically to evoke specific cellular response. Thus, signal transmission across 

the cell membrane is accomplished. 

 

Hormone binds to a specific receptor 

 

 

G-protein release GDP and binds GTP 

 

 

Α-submit of G-protein dissociates activates PLC 

 

 

PLC cleaver PIP 2 to IP3 and DAG 

 

 

IP 3 binds to a lp receptor on the ER, causing release of sequestered 

Ca2+ 

 

 

Ca 2+ and DAG activate PKC 

 

PKC catalyses phosphorylation of cellular proteins that regulate cellular response to 

the hormone. 

DAG may be further hydrolysed by DAG lipase in to monoacyl glycerol and AA. This 

AA may be converted to prostaglandins and leukotrienes which inturn affect cellular 

activities. 

 

11.7 Summary: Eicosanoids are 20 carbon compounds derived from arachidonic 

acid and include prostaglandins, prostacyclins, thromboxanes and leukotrienes. 
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Eicosanoids are considered as locally acting hormones with a wide range of 

biochemical functions both physiologic (inflammatory response) and pathologic 

(hypersensitivity). Eicosanoids differ from other hormones in that they are produced 

in very small amount in almost all tissues rather than in specified glands & distant 

sites. Eicosanoids are not stored and they have short half-life. Their actions are 

through-protein-coupled receptors. Prostaglandins are generated from arachidonic 

acid by the action of cyclooxygenase enzyme and are of different types namely, 

prostaglandins A – H. Physiological functions of prostaglandins include, 

vasoconstriction, smooth muscle contraction, relaxation of smooth muscles, 

mobilization of calcium, alteration of platelet functions and prevention of thrombosis. 

Apart from formation of prostaglandins, arachidonic acid can be converted to another 

class of bioactive lipid mediators – thromboxanes, which play vital role in platelet 

aggregation and blood coagulation process. They also mediate vasoconstriction; 

mobilize intracellular calcium and contracts smooth muscle.  Luekotrienes are the 

class of eicosanoids derived from arachidonic acid by the action of lipoxygenase. 

Leukotrienes are mediators of allergic responses and inflammatory processes such 

as bronchoconstriction, vasoconstriction, increased vascular permeability, 

anaphylaxis, asthma and chemotoxis. These events are mediated through second 

messengers – DAG and IP3, which play a major role in Intracellular signalling. IP3 

and DAG are the second messengers which mediate the mobilization of intracellular 

calcium and activation of protein kinase C, which act synergistically to evoke specific 

cellular response. These multifunctional roles of eicosanoids make them a potential 

target for discovering new drugs for inflammatory disorders including arthritis, 

asthma, cardiovascular disorders and associated clinical conditions.  

11.8 Key words: Eicosanoids, Prostoglondins, Leucotrienes, Prostocylines, 

Thromboxans, Diacylglycerol, Platelet activating factor.  

11.9 Questions for self study: 

1. Explain what are Eicosanoids 

2. Discuss the formation and functions of Prostoglondins. 

3. Describe the formation and role of Leucotrienes.  

4. Explain the formation of  Prostocylines and Thromboxans give their 

physilogical importance.  
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5. Write about the formation of diacylglycerol, PAF and  IP3 and their role in 

biology processes. 

 

11.10 Further references:  

1. Instant Notes in Biochemistry. Hames, B. D. Hopper, N. M and Houghton, J. 

D. Viva Book Pvt. Ltd. New Delhi. 

2. Biochemistry. 3rd Ed. Donald Voet and Judith, G. Voet. John Wiley & Sons 

Inc. 

3. Biochemistry. Stryer, L. 5th Ed. W. H. Freeman, New York. 

4. Biochemistry. Garret, R. H. &  Grishman, C. M. Saunders College Publishing. 
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12.0 Objectives: After studying this unit thoroughly, you should be able to,  

 Define what are isoprenoids,  

 Explain about terpenes,  

 Discuss the importance of polyphenols and procyanidins,  

 Give biological importance of flavonoids, xanthans,  

 Describe what are alkaloids and pigments with their biological importance. 

 

12.1 Introduction: Growth and development of plants is dependent on various 

macromolecules and the associated metabolic pathways. However, the survival of 

plants depends on several secondary metabolites, which play vital role in plant 

defense from ultraviolet radiations, plant pathogens and herbivorous insects. 

Secondary metabolites are generated during the metabolism of macromolecules and 

can be categorized into various groups based on the chemical nature. The 

secondary molecules include alkaloids, polyphenols, tannins, anthraquinones, 

terpenes, saponins, peptides and sterols. These secondary metabolites are also 

important because of their pharmacological roles in treatment of various diseases.  

On the basis of their importance, the chemical nature, properties and functions of 

secondary metabolites such as terpenes, alkaloids, flavonoids and polyphenols are 

discussed in this unit. Terpenes are made up of 5 carbon units called isoprene units. 

The classification of isoprene units based on the number of units, their properties 

and unique functions will provide an insight into their application in various fields. 

Another class of secondary metabolites is alkaloids, which are classified into 6 

classes based on the nature of heterocyclic ring structure present. These are 

pharmacologically important and a background of the properties of alkaloids will be 

of prime importance in designing new drugs for specified diseases. Further, the ring 

structure of flavonoids and polyphenols are discussed. Similar to alkaloids, 

flavonoids and polyphenols also serve as an important class of secondary 

metabolites which have medicinal properties because of their anti-oxidant and anti-

inflammatory activities. On the basis of these interesting facts about plant secondary 

metabolites, the present unit describes the chemical nature, structure, classification 

and biological importance of these secondary metabolites. 
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12.2 Isoprenoids: Isoprenoid compounds are the organic compounds made up of 

isoprene units. Polymers of isoprene units are referred to as isoprenoid compounds. 

Polyisoprenoids are linear or cyclic compounds made of 2 or more C5 hydrocarbon 

units called isoprenoid units. 

 

Geranyl pyrophosphate, farnesyl pyrophosphate and squalene are polyisoprenoids 

formed as intermediates in cholesterol biosynthesis by the condensation of 2, 3, and 

6 isoprenoid units respectively. Other biologically important polyisoprenoids include 

rubber, dolichol, vitamins A, E, K and carotenes. 

 

Dolichol-(C 95) is made up of 19 isoprenoid units. 

Ubinquinones-cyclic benzoquiones derivatives with side chain made up of 6-10 

isoprenoid units. 

Coenzyme Q- inner mitochondrial membrane has 10 isoprenoid units in side chain. 

 

12.3 Terpenes:-  are volatile organic compounds widely spread in plant kingdom 

and few from lichens. These are class of compounds derived from 5-carbon isoprene 

units (2-methyl-1, 3-butodiene). Terpenes are made up of 5C-isoprene units. 

Terpenes containing 2 isoprene units are called monoterpenes, those containing 3 

isoprene units are called sesquiterpenes, and those containing 4 and 8 units are 

called di and tetraterpenes respectively. The isoprene units in terpenes are linked in 

a head to tail arrangement.  
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          Terpenes have characteristic odor or flavour and are major components of 

essential oils derived from plants. Geranium oil, limonene oil, mint oil, turpentine oil, 

camphor oil and caraway oil contains monoterpenes such as geraniol, limonene, 

menthol, prinene, camphor, carvone. 

Monoterpenes- 2 isoprene units; 10 carbon atoms 

 Eg: Limonene, menthol, camphor 

Sesquiterpenes- 3 isoprene units; 15 carbon atoms 

 Eg: Farnesol 

Diterpenes- 4 isoprene units; 20 carbon atoms  

 Eg: Phytol (chlorophyll) 

Triterpenes- 6 isoprene units; 30 carbon atoms 

 Eg: Lanosterol, carotenoids 

Tetraterpenes- 8 isoprene units; 40 carbon atoms 

 Eg: Lycopene 

Polyterpenes- Several isoprene units are present  

 Eg: dolichol 

 

Importance of terpenes: 

1) Terpenes are important constituents of pigments such as chlorophyll (phytol) 

2) Terpenes are responsible for imparting specific colour to vegetables such as 

tomato (lycopene) and carrot (β-carotene) 

3) Some terpenes are intermediates of metabolic pathways (lanosterol, an 

intermediate of cholesterol biosynthesis) 

4) Terpenes such as dolichol act as co-enzyme for transfer of sugar groups during 

the synthesis of glycoproteins 

5) Terpenes are used as antiseptic in ointments, nasal spray, inhalers and garglers 

(menthol) 

6) Used in tooth pastes, face creams, lotions, shaving creams (menthol, limonene)) 

7) Used as flavours in beverages, foods, pharmaceuticals (limonene)  

8) Used as preservatives in cosmetics (camphor) 

9) Used as analgesic and antiseptic (camphor) 

10) Used as moth repellent (camphor) 
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12.4 Alkaloids: They are the secondary metabolites produced in plants. They are 

basic nitrogenous organic compounds which contain one or more nitrogen 

heterocyclic rings and have profound physiological effect on humans.  

 Eg:- Nicotine, atropine, morphine, quinine, cocaine, etc., 

 Alkaloids are widely distributed in dicot plants of the family apocyanaceae, 

papaveraceae, solanaceae. In plants, due to its basic nature, it exists as salts of 

organic acids. A few alkaloids also exist as glycosides, amides, esters. 

           Based on heterocyclic ring system present in alkaloids they are classified as: 

 

 Pyrrolidine alkaloids (nicotine) 

 Quinoline alkaloids (quinine) 

 Isoquinoline alkaloids (morphine) 

 Indole alkaloids (reserpine, lysergic acid) 

 Tropane alkaloids (atropine) 

 Pyridine alkaloids (conine) 

 

Properties of alkaloids: 

1. Alkaloids are colourless, crystalline solids; few are liquids 

2. Insoluble in water, readily soluble in organic solvents (alcohol, ether) 

3. They have bitter taste and poisonous in higher doses 

Many alkaloids have pharmacological effects such as local anesthetics, stimulant, 

analgesics, anti-malarial drug, used in surgery, sedatives, hypnotics and cough 
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suppressants, etc. It is also used to induce uterine muscle contraction during child 

birth and to relive muscle spasms. 

      

 

 

12.5 Polyphenols, Procyanidins, Flavonoids:                                                                                                                                                                                                                                                        

Polyphenols are the class of chemical compounds consisting more number of phenol 

units in the molecule. They are responsible for colour, smell etc. They may be 

broadly classified as phenolic acids, flavonoids, shilbens and lignans. 

Polyphenols are moderately water soluble compounds, with molecular weight of 500-

4000Da. They are large molecules and are secondary metabolites present in all 

vascular plants. It has simple molecules to complex structures. All have one or more 

benzene rings because of one or more –OH functions. They are synthesized in 

shikimic acid pathway. 

Eg:- gallic acid, catechin, quercetin. 

 

 

Significance of polyphenols: 

1) Polyphenols play role in plant defense against UV radiations and invading 

pathogens 

2) They are powerful anti-oxidants in the diet 

3) They exhibit medicinal properties and are used to treat various diseases like 

cancer, cardiovascular diseases, cancer, neurological disorders and associated 

inflammatory diseases 

 

12.6 Flavonoids: Flavonoids are a sub class of polyphenols. They are widely 

distributed in nature with the same basic structural element: an aromatic ring bearing 

one or more hydroxyl groups. Over 4000 differ types of flavonoids have been 
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described to date. Flavonoids are decided in 6 categories: flavonoids, flavones, 

flavonones, Isoflavones, catechins, tannins. 

 

Flavan 

 

Another class of flavonoids include procyanidins, which are condensed tannins. They 

are present in fruits such as apple, grapes, cocoa, in spices such as cinnamon and 

in beverages such as green tea.  

In plants, they play vital role in defence against herbivorous insects. They are 

powerful anti-oxidant and anti-inflammatory molecules; hence are very important in 

treatment of disease conditions such as cancer and cardiovascular diseases. 

Eg: Epicatechin, cyanidin 

 

 

 

12.7 Summary: Plant secondary metabolites are generated during various metabolic 

pathways and are vital for survival of plants. They play vital role in plant defense and 

other physiological activities of plants. These secondary metabolites include 

terpenes, alkaloids, flavonoids, polyphenols, tannins, and related compounds. 

Isoprenoid compounds are the organic compounds made up of isoprene units. 

Polymers of isoprene units are referred to as isoprenoid compounds. Terpenes are 

volatile organic compounds widely spread in plant kingdom. These are class of 

compounds derived from 5-carbon isoprene units. Terpenes are made up of 5C-

isoprene units. Terpenes containing 2 isoprene units are called monoterpenes, those 

containing 3 isoprene units are called sesquiterpenes, and those containing 4 and 8 
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units are called di and tetraterpenes respectively. The isoprene units in terpenes are 

linked in a head to tail arrangement. Terpenes have characteristic odor or flavour 

and are major components of essential oils derived from plants. Terpenes are 

important components of plant pigments and are also used in various 

pharmaceutical and cosmetic industries. They are also used in beverages. Other 

class of secondary metabolites are alkaloids, which are basic nitrogenous organic 

compounds which contain one or more nitrogen heterocyclic rings and have 

profound physiological effect on humans.  Alkaloids are widely distributed in dicot 

plants of the family apocyanaceae, papaveraceae, solanaceae. Based on 

heterocyclic ring system present in alkaloids they are classified into 6 groups. 

Alkaloids are colourless, crystalline solids, insoluble in water, readily soluble in 

organic solvents (alcohol, ether) and have bitter taste. Many alkaloids have 

pharmacological effects such as local anaesthetics, stimulant, analgesics, anti-

malarial drug, used in surgery, sedatives, hypnotics and cough suppressants. 

Polyphenols are the class of chemical compounds consisting more number of phenol 

units in the molecule. They are responsible for colour, smell etc. They may be 

broadly classified as phenolic acids, flavonoids, shilbens and lignans.  Polyphenols 

play role in plant defence. They also exhibit medicinal properties and are used to 

treat various inflammatory diseases. Flavonoids are a sub class of polyphenols. 

They are widely distributed in nature with the same basic structural element: an 

aromatic ring bearing one or more hydroxyl groups. Another class of flavonoids 

include procyanidins, which are condensed tannins. They are present in fruits, spices 

and beverages. In plants, they play vital role in defence against herbivorous insects. 

They are powerful anti-oxidant and anti-inflammatory molecules; hence are very 

important in treatment of disease conditions such as cancer and cardiovascular 

diseases. 

 

12.8 Key words: Isoprenoids, Terpenes, Polyphenols, Procyanidins, Flavonoids, 

Xanthans, Alkaloids, Pigments. 

12.9 Questions for self study: 

1. Define what are isoprenoids and terpenes 

2. Explain the biological importance of isoprenoids and terpenes,  
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3. What are polyphenols and procyanidins ?  

4. Write the structures of flavonoids, xanthans. Give biological importance of 

these compounds.  

5. Describe what are alkaloids and pigments.  

 

12.10 Further references:  

1. Instant Notes in Biochemistry. Hames, B. D. Hopper, N. M and Houghton, J. 

D. Viva Book Pvt. Ltd. New Delhi. 

2. Biochemistry. 3rd Ed. Donald Voet and Judith, G. Voet. John Wiley & Sons 

Inc. 

3. Biochemistry. Stryer, L. 5th Ed. W. H. Freeman, New York. 

4. Biochemistry. Garret, R. H. &  Grishman, C. M. Saunders College Publishing 
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13.0 OBJECTIVES 

 After studying this Unit you will be able to understand 

 Isolate  DNA and RNA from natural sources 

 Purify DNA and RNA  

 Describe Structure and chemistry of nucleosides and nucleotides. 

13.1 Introduction:  

Nucleic acids are important bio-molecules endowed with cellular functions like 

conservation, replication, and transmission of genetic information, recognition as well as 

catalysis. This unit in detail explains the methods, rationale and techniques used in the 

nucleic acid isolation from eukaryotic and prokaryotic organisms. DNA or RNA isolation, 

purification and storage is a routine procedure required for the molecular biology laboratory 

for various manipulation of these molecules in order to study its structure and function as 

hereditary materials. It is also important to keep in mind the basic structural molecules their 

chemical and physical properties before one has to attempt it to purify while subjecting it to 

different physical and chemical environment in order or prevent or remove the contaminant 

molecules. A detailed account of structure of nucleosides and nucleotides are also discussed 

for the benefit of the reader to follow the basic building blocks by which the DNA and RNA 

is made up of.  

Purification of Nucleic acids (DNA and RNA) 

13.2 Isolation of DNA from natural sources (Microorganisms, Plants and 

Animals tissues) 

 The DNA for analysis or manipulation usually requires that it is isolated and 

purified to a certain extent of purity. DNA is recovered from cells by the gentlest possible 

method of cell rupture to prevent damage to the DNA from fragmenting by mechanical 

shearing. This is usually in the presence of EDTA which chelates the Mg
2+

 ions needed for 

enzymes that degrade DNA from DNase. If cell walls, present, should be digested 

enzymatically (e.g. lysozyme treatment of bacteria), and the cell membrane should be 

solubilised using detergent. If physical disruption is necessary, it should be kept to a 

minimum, and should involve cutting or squashing of cells, rather than the use of shear 
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forces. Cell disruption (and most subsequent steps) should be performed at 4
0
C, using 

glassware and solutions that have been autoclaved to destroy any DNase activity. 

After release of nucleic acids from the cells, RNA can be removed by treatment with 

ribonuclease (RNase) that has been heat-treated to inactivate any DNase contaminants; 

RNase is relatively stable to heat as a result of its disulphide bonds, which ensure rapid 

renaturation of the molecule on cooling. The other major contaminant, protein, is removed by 

shaking the solution gently with water-saturated phenol, or with a phenol/chloroform 

mixture, either of which will denature proteins but not nucleic acids. Centrifugation of the 

emulsion formed by this mixing produces a lower, organic phase, separated from the upper, 

aqueous phase by an interface of denatured protein. The aqueous solution is recovered and 

deproteinised repeatedly, until no more material is seen at the interface. Finally, the 

deproteinised DNA preparation is mixed with two volumes of absolute ethanol, and the DNA 

allowed to precipitate out of solution in a freezer. After centrifugation, the DNA pellet is 

redissolved in a buffer containing EDTA 

to inactivate any DNases present. This 

solution can be stored at 4
0
C for at least 

a month. DNA solutions can be stored 

frozen although repeated freezing and 

thawing tends to damage long DNA 

molecules by shearing. The procedure 

described above is suitable for total 

cellular DNA. If the DNA from a 

specific organelle or viral particle is 

needed, it is best to isolate the organelle 

or virus before extracting its DNA, since 

the recovery of a particular type of DNA 

from a mixture is usually rather difficult. 

Where a high degree of purity is 

required DNA may be subjected to density gradient ultracentrifugation through caesium 

chloride which is particularly useful for the preparation of plasmid DNA. A flow chart of 

DNA extraction is indicated  in Fig.13.1. 

 

 

 
Fig.13.1 General scheme of DNA isolation 

and purification 
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13.3 Isolation of RNA from natural sources (Microorganisms, Plants and 

Animals tissues) 

The technique used for RNA isolation are very similar to those described above for 

DNA, but RNA molecules are relatively short, and therefore less easily damaged by shearing, 

so cell disruption can be rather more vigorous. RNA is, however, very vulnerable to digestion 

by RNases which are present endogenously in various concentrations in certain cell types and 

exogenously on fingers. Gloves should therefore always be worn, and a strong detergent 

should be included in the isolation medium to immediately denature any RNases. Subsequent 

deproteinisation should be particularly rigorous, since RNA is often tightly associated with 

proteins. DNase treatment can be used to remove DNA, and RNA can be precipitated by 

ethanol. One reagent in particular which is commonly used in RNA extraction is 

guanadinium thiocyanate which is both a strong inhibitor of RNase and a protein denaturant. 

A flow chart of RNA extraction is indicated in Fig. 5.22. It is possible to check the integrity 

of an RNA extract by analysing it by agarose gel electrophoresis. The most abundant RNA 

species, the rRNA molecules 23S and 16S for prokaryotes and 18S and 28S for eukaryotes, 

appear as discrete bands on the agarose gel and thus indicate that the other RNA components 

are likely to be intact. This is usually carried out under denaturing conditions to prevent 

secondary structure formation in the RNA. The concentration of the RNA may be estimated 

by using UV spectrophotometry. At 260 nm 1 absorbance unit equates to 40 mg/ml of RNA 

and therefore: Contaminants may also be identified in the same way as that for DNA by 

scanning UV spectrophotometry; however, in the case of RNA a 260nm : 280nm ratio of 

approximately 2 would be expected for a sample containing no protein. In many cases it is 

desirable to isolate eukaryotic mRNA which constitutes only 2–5% of cellular RNA from a 

mixture of total RNA molecules. This may be carried out by affinity chromatography on 

oligo (dT)-cellulose columns. At high salt concentrations, the mRNA containing poly(A) tails 

binds to the complementary oligo(dT) molecules of the affinity column, and so mRNA will 

be retained; all other RNA molecules can be washed through the column by further high salt 

solution. Finally, the bound mRNA can be eluted using a low concentration of salt. Nucleic 

acid species may also be subfractionated by more physical means such as electrophoretic or 

chromatographic separations based on differences in nucleic acid fragment sizes or 

physicochemical characteristics. Nanodrop spectrophotometer systems have also aided the 

analysis of nucleic acids in recent years in allowing the full spectrum of information whilst 

requiring only a very small (microlitre) sample volume. 
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Automated and kit-based extraction of nucleic acids 

 Most of the current reagents used in molecular biology and the most common 

techniques can now be found in kit form or can be automated, and the extraction of nucleic 

acids by these means is no exception. The advantage of their use lies in the fact that the 

reagents are standardised and quality control tested providing a high degree of reliability. For 

example glass bead preparations for DNA purification have been used increasingly and with 

reliable results. Small compact column-type preparations such as QIAGEN columns are also 

used extensively in research and in routine DNA analysis. Essentially the same reagents for 

nucleic acid extraction may be used in a format that allows reliable and automated extraction. 

This is of particular use where 

a large number of DNA extractions are required. There are also many kit-based extraction 

methods for RNA; these in particular have overcome some of the problems of RNA 

 

Fig. 13.2 General scheme of RNA isolation and purification 
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extraction such as RNase contamination. A number of fully automated nucleic acid extraction 

machines are now employed in areas where high throughput is required, e.g. clinical 

diagnostic laboratories. Here the raw samples such as blood specimens are placed in 96- or 

384-well microtitre plates and these follow a set computer-controlled processing pattern 

carried out robotically. Thus the samples are rapidly manipulated and extracted in 

approximately 45 min without any manual operations being undertaken. 

 

13.4 Primary structure of nucleic acids 

DNA and RNA are macromolecular structures composed of regular repeating polymers 

formed from nucleotides. These are the basic building blocks of nucleic acids and are derived 

from nucleosides which are composed of two elements: a five-membered pentose carbon 

sugar (2-deoxyribose in DNA and ribose in RNA), and a nitrogenous base. The carbon atoms 

of the sugar are designated ‘prime’ (l’, 2’, 3’, etc.) to distinguish them from the carbons of 

nitrogenous bases of which there are two types, either a purine or a pyrimidine. A nucleotide, 

or nucleoside phosphate, is formed by the attachment of a phosphate to the 5’ position of a 

nucleoside by an ester linkage. Such nucleotides can be joined together by the formation of a 

second ester bond by reaction between the phosphate of one nucleotide and the 3’ hydroxyl 

of another, thus generating a 5’ to 3’ phosphodiester bond between adjacent sugars; this 

process can be repeated indefinitely to give long polynucleotide molecules. DNA has two 

such polynucleotide strands; however, since each strand has both a free 5’ hydroxyl group at 

one end, and a free 3’ hydroxyl at the other end, each strand has a polarity or directionality. 

The polarity of the two strands of the molecule is in opposite directions, and thus DNA is 

described as an antiparallel structure. The purine bases (composed of fused five- and six-

membered rings), adenine (A) and guanine (G), are found in both RNA and DNA, as is the 

pyrimidine (a single sixmembered ring) cytosine (C). The other pyrimidines are each 

restricted to one type of nucleic acid: uracil (U) occurs exclusively in RNA, whilst thymine 

(T) is limited to DNA. Thus it is possible to distinguish between RNA and DNA on the basis 

of the presence of ribose and uracil in RNA, and deoxyribose and thymine in DNA. However, 

it is the sequence of bases along a molecule that distinguishes one DNA (or RNA) from 

another. It is conventional to write a nucleic acid sequence starting at the 5’ end of the 

molecule, using single capital letters to represent each of the bases, e.g. CGGATCT. Note 

that there is usually no point in including the sugar or phosphate groups, since these are 

identical throughout the length of the molecule. Terminal phosphate groups can, when 
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necessary, be indicated by use of a ‘p’; thus 5’ pCGGATCT 3’ indicates the presence of a 

phosphate on the 5’ end of the molecule. 

13.5 Structure and chemistry of Nucleosides 

 The term nucleosides were originally referred to the ribose derivatives of 

purines that can be isolated from an alkaline RNA hydrolysate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Later, this name was given to all purine and pyrimidine N-glycosides of d-ribose and 

2-deoxyd- ribose. Today, this term refers to all natural or synthetic compounds which consist 

of a heterocyclic nitrogen-containing base (aglycon) and a carbohydrate residue (glycon). The 

nitrogen atom (N-nucleoside) or carbon atom (Cnucleoside) of the heterocycle is linked to the 

anomeric carbon atom of the sugar residue. Ribonucleosides and deoxyribonucleosides are 

obtained from naturally occurring RNA and DNA by enzymatic or chemical hydrolysis. Most 

nucleosides are stable within a wide pH range. However, under strongly acidic or alkaline 

conditions at elevated temperature cleavage of the N-glycosidic bond may occur. The purine 

nucleosides are adenosine, deoxyadenosine, guanosine, and deoxyguanosine. 

The pyrimidine nucleosides are cytidine, deoxycytidine, thymidine, and uridine.  The 

furanoses d-ribose and 2-deoxy-d-ribose are linked to the bases by a β-glycosidic bond at C-

1. A limited number of nucleosides in theα-d configuration (e.g., 5,6-dimethylbenzimidazole- 

 
Fig. 13.3 Purine and pyrimidine bases of Nucleic acid 
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α-d-ribofuranoside of vitamin B12) can be isolated from natural substances. Rare nucleosides 

and nucleoside antibiotics are found in biopolymers as fermentation products of 

microorganisms or as building blocks of nucleic acids. They exhibit structural modifications 

of the nucleobase or the glycon residue. An example of a rare building block of viral DNA is 

2-deoxy-5-hydroxymethylcytidine  and those of tRNA are the hypermodified nucleosides 

queuosine  and wyosine. Examples of nucleosides formed by microorganisms are tubercidin, 

formycin, cordycepin, blasticidin S, vidarabin etc. Naturally occurring nucleosides show a 

wide variety of biological effects. Accordingly a large number of derivatives have been 

synthesized in order to find useful chemotherapeutics.  The 2,3-dideoxyribonucleosides are 

important synthetic nucleoside derivatives with modified sugar moieties. In the cell the 5-

triphosphate derivatives of these compounds inhibit the reverse transcriptase of retroviruses 

and thus are potentially important therapeutic drugs (e.g., 3- azidothymidine, the first 

approved drug against HIV infection. Other derivatives which contain only a part of the 

ribofuranosyl residue (e.g., acyclonucleosides) also show antiviral activity. This class of 

substances includes acyclovir, ganciclovir and phosphonylmethyl analogues [e.g., 3-hydroxy- 

2-phosphonylmethoxypropyl) adenine. Nucleosides with a halogen substituent in the 

heterocyclic moiety are important antiviral drugs (e.g., 5-iodo-2-deoxyuridine, 5- 

bromovinyl-2-deoxyuridine, or 2-chloro- 2-deoxyadenosine). The nucleosides are obtained 

by modification of existing nucleosides or total synthesis. Total synthesis can be carried out 

in a linear or convergent manner. Due to the chiral centers on the glycon residue, preparation 

of optically pure nucleosides requires stereoselective methods of synthesis, especially for the 

glycosidation of the aglycons. 

13.6 Structure and chemistry of Nucleotides. 

 The term nucleotide generally refers to the phosphate esters of nucleosides. 

Only mononucleotides (i.e., nucleotides consisting of only one nucleotide unit) are 

considered here. Mononucleotides can be joined together to form an oligonucleotide (up to 

200 nucleotide units) or a polynucleotide (>200 nucleotide units). Nucleotides are obtained 

by the chemical or enzymatic hydrolysis of nucleic acids and by the chemical or enzymatic 

phosphorylation of nucleosides. They may be ribonucleotides (from RNA) or 2-

deoxyribonucleotides (from DNA). Depending on the position at which the sugar moiety is 

phosphorylated nucleotides can exist as 2-, 3-, or 5-phosphoric acid monoesters. Cyclic 2, 3- 

and 3, 5- phosphoric acid diesters can be formed by intramolecular dehydration. Cyclic 
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adenosine monophosphate (cAMP) is especially important as a mediator of the action of a 

large number of hormones (second messenger).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cyclic AMP is formed in the cell from ATP by the enzyme adenylate cyclase. Itwas 

first  synthesized in the laboratory by Cook and co-workers. Numerous attempts have been 

made to specifically alter the pharmacological effects of cAMP by chemical modification. 

The nucleotides can contain more than one phosphate group. The 5_-triphosphates of the 

ribonucleosides and 2_-deoxyribonucleosides of the purines adenine (ATP or dATP) and 

guanine (GTP or dGTP) and of the pyrimidines cytosine (CTP or dCTP) and thymine (dTTP) 

or uracil (UTP) are the most common natural nucleotides. They serve as building blocks for 

the polymerase- catalyzed synthesis of nucleic acids. Adenosine 5-triphosphate [56-65-5] is 

also the main source of chemical energy in the living world. 

 

In contrast to many nucleosides, the corresponding phosphate esters are readily soluble in 

water as their alkali salts. Although the nucleoside monophosphates are stable compounds, 

the corresponding nucleoside di- and triphosphates undergo slow hydrolytic cleavage of the 

pyrophosphate bond, even at ambient temperature and neutral pH. Nucleoside mono- and 

polyphosphates are dephosphorylated by phosphatises (phosphomonoesterases) to yield the 

corresponding nucleosides. Analogues containing modified phosphate groups (e.g.,  

 

    Fig. 13.4 Purine Ribonucleosides 
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thiophosphate, imidophosphate, or methylene phosphonate functions are not or only very 

slowly attacked by phosphomonoesterases. The triphosphate derivatives of those analogues 

which are only slightly modified compared to the parent nucleotides are valuable tools for 

studying the reaction mechanisms ofATP-dependent enzyme systems. The naturally 

occurring cyclic nucleoside 3,5-monophosphates are also very stable. They are converted to 

acyclic 5_-monophosphates by specific phosphodiesterases. Other important nucleotide 

building blocks occurring in nature are the adenosine phosphate residues in nicotin-amide 

adenine dinucleotide phosphate (NADP), coenzyme A, and flavine adenine dinucleotide 

(FAD). 

 

13.7 Summary 

 In this unit based on their chemical and structural nature how one can achieve 

isolation and purification of DNA and RNA is discussed.  All living creatures contain DNA 

and RNA among which it is DNA is more prominent genetic material. DNA research and 

application is one of the major fields in biology affecting every molecular biology 

applications to obtain transgenic and related research and development. Therefore it is a 

 

Fig. 13.5 Structure of bases nucleosides and nucleotides 
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routine practice to isolate DNA and RNA from plant, animal and various microbial cells to 

study and understand the structure, sequence and many other molecular biology works where 

structure and biological expression of a character or trait is studied.   

 

13.8 Key words 

Isoation, DNA, RNA, purification, ssDNA, dsDNA, precipitation, density gradient, 

nucleoside, nucleotide, purine, pyrimidine, pure, crude nucleic acid    

 

13.9 Study Questions 

1. How DNA and RNA can be isolated?  

2. What are the essential steps to be followed while extracting DNA and RNA? 

3. How to store isolated DNA once after purification? 

4. What is a nucleoside? Write the structure. 

5. What is a nucleotide? Write the structure. 
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14.0 Objectives 

 To familiarize the physicochemical properties of Nucleic acids both DNA and RNA 

 Understanding properties of DNA based on Hypo and Hyper chromicity, 

  Chargaff’s rule and Cot curve like concepts. 

14.1 Introduction 

The essential building blocks of living cells and characterized their chemical nature. Among 

these building blocks were nucleic acids, long chain polymers composed of    nucleotides. 

Nucleic acids were named based partly on their chemical properties and partly on the 

observation that they represent a major constituent of the cell nucleus. That nucleic acids 

form the chemical basis for the transmission of genetic traits was not realized until about 60 

years ago. But the curiosity lead to many detailed physical and chemical investigations to 

understand how these molecules are responsible for life and maintains continuity of life 

generation after generation. Physicochemical properties of DNA and RNA, estimations of 

these molecules precisely for laboratory manipulation and molecular biology work is of great 

importance in understanding and to work the processes of life.  

14.2 Physicochemical properties of nucleic acids (DNA) 

The size of naturally occurring DNA varies from a few thousand to 10
9
 base pairs. The length 

of such molecules (micro- to centimeter range) can easily be measured under the electron 

microscope. DNA absorbs UV light at 260 – 280 nm due to its bases. Aqueous DNA 

solutions are very viscous; viscosity depends on DNA length, DNA concentration, and 

temperature. Heating to a critical temperature is accompanied by a decrease in viscosity 

because the hydrogen bonds responsible for base pairing are disrupted and the helix structure 

collapses. This process is called thermal denaturation or melting of DNA. The temperature at 

which one-half of the base pairs is disrupted is denoted the melting temperature. It depends 

on the base composition (G – C pairs are more stable than A– T pairs). Double-stranded 

DNA ranging in size from 100 to>100 000 base pairs melts over 90 
0 

C. In shorter double 

strands a gradual decrease in the melting temperature is observed. The melting temperature 

increases with increasing salt concentrations because the solubility of the bases decreases and 

hydrophobic interactions are increased. Chemicals that compete with hydrogen bond 

formation, such as urea or formamide, lower the melting temperature of DNA. Methanol has 

a similar effect; it increases the solubility of the bases and increases the interaction with 
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water. The “melting” of double-stranded DNA is also facilitated by solvents such as ethylene 

glycol, dimethylformamide, dimethylsulfoxide; low ionic strength; or extreme pH values. 

DNA can be denatured at an alkaline pH because the keto – enol equilibria of the bases are 

shifted preventing these groups from participating in hydrogen bonding. Since the stacked 

bases in the double stranded helix are not as easily excited by UV light as in single strands, 

absorption at 260 nm is lower for double-stranded DNA than for single strands. Increase in 

UV absorption can thus be used to measure DNA denaturation. At 260 nm solutions 

containing 50 μg/mL of double-stranded DNA, 50 μg/mL of single stranded DNA, and 50 

μg/mL of free bases have absorptions of ca. 1.00, 1.37, and 1.60, respectively. Denaturation 

can also occur in the presence of proteins that destabilize the helix (melting proteins). Such 

proteins are required to unwind the helix during replication and to facilitate interaction 

between single strands during genetic recombination. The reassociation (renaturation) of 

thermally denatured DNA is a spontaneous process but only occurs if the solution is cooled 

slowly below the melting temperature. Renaturation can  take several hours, depending on the 

size of the molecule, because it initially relies on random base pairing (hybridization); it is, 

however, a cooperative process. Rapid cooling of denatured DNA at salt concentrations >50 

mmol/L produces a very compact molecule in which about two-thirds of the bases are 

hydrogen bonded or stacked. At salt concentrations below 10 mmol/L the DNA remains 

denatured even after cooling. The length of RNA varies greatly: tRNA has a length of 75 – 90 

nucleotides and mRNA can be up to several thousand nucleotides long. Denaturation effects 

are rarely observed because RNA has few truely double-stranded regions; it is most likely to 

be observed in tRNA. Because they are extremely long, DNA molecules are extremely 

sensitive to mechanical influences (shearing forces, e.g., vigorous stirring) and easily break 

into small fragments (ca. 1000 base pairs). Ultrasonic treatment of DNA in solution produces 

fragments of ca. 100 – 500 base pairs owing to disruption of hydrogen bonds and single-

strand and double-strand breaks in the sugar – phosphate backbone [74]. Nucleic acids are 

sparingly soluble in water (depending on the molecular mass). They are negatively charged 

and acidic at physiological pH and form water-soluble alkali and ammonium salts that can be 

precipitated with ethanol. RNA and DNA are insoluble in cold acid. DNA is more sensitive 

to acid hydrolysis than RNA. At pH <1, however, both DNA and RNA break down into the 

free bases, phosphoric acid, and (deoxy)ribose. Acid hydrolysis can be used to determine the 

base composition of nucleic acids (e.g., total hydrolysis can be achieved by  heating DNA in 

90% formic acid at 180 ◦C for 30 min). The β-glycosidic linkage between the N-9 of purines 

and the C-1 of deoxyribose is selectively cleaved at ca.pH 4, resulting in apurinic sites. 
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Anhydrous hydrazine cleaves the pyrimidine residues. DNA is stable at pH 13, only 0.2 of 

106 phosphodiester bonds are broken per minute at 37 ◦C. In contrast, RNA is rapidly 

hydrolyzed at alkaline pH. DNA can be both specifically and nonspecifically cleaved by a 

variety of enzymes [deoxyribonucleases 

(DNases)]. RNAis cleaved by ribonucleases (RNases). Some of these cleavage reactions are 

exploited for sequencing RNA. 

 

Interaction with Proteins 

In bacteria, DNA occurs as a complex with RNA and proteins that is bound to but not 

surrounded by a membrane. The DNA often has a closed circular form and is organized in a 

series of superhelical loops. The DNA of higher cells is enclosed within the nuclear 

membrane as morphologically distinct units of varying size (chromosomes); it is associated 

with basic proteins called histones. The number and size of the chromosomes are species 

specific (karyotype). Two full turns of the DNA double helix (146 base pairs) are wound 

around a histone octamer (diameter ca. 8.6 nm) to form a nucleosome. The width of the 

grooves varies due to the periodic arrangement of A– T trinucleotides on the inside and G–C 

trinucleotides on the outside of the nucleosome at intervals of about ten base pairs. 

Nucleosomes can become condensed into fibers of 10 or 30 nm (super superhelices, 

solenoids). Eucaryotic cellular organelles (e.g., mitochondria, chloroplasts) possess closed 

circular DNA that is not associated with histones. 

14.3 Physicochemical properties of nucleic acids (RNA) 

RNA differs from DNA in the following ways: its backbone contains ribose rather than 2’-

deoxyribose; it contains the pyrimidine uracil in place of thymine; and it usually exists as a 

single polynucleotide chain, without a complementary chain. As a consequence of being a 

single strand, RNA can fold back on itself to form short stretches of double helix between 

regions that are complementary to each other. RNA allows a greater range of base pairing 

than does DNA. Thus, as well as A:U and C:G pairing, U can also pair with G. This capacity 

to form a non-Watson-Crick base pair adds to the propensity of RNA to form doublehelical 

segments. Freed of the constraint of forming longrange regular helices, RNA can form 

complex tertiary structures, which are often based on unconventional interactions between 

bases and between bases and the sugarphosphate backbone. Some RNAs act as enzymes—

they catalyze chemical reactions in the cell and in vitro. These RNA enzymes are known as 
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ribozymes. Most ribozymes act on phosphorous centers, as in the case of the ribonuclease 

RNase P. RNase P is composed of protein and RNA, but it is the RNA moiety that is the 

catalyst. The hammerhead is a self-cleaving RNA, which cuts the RNA backbone via the 

formation of a 2’, 3’ cyclic phosphate in a reaction that involves an RNA-bound Mg
2+

 ion. 

Peptidyl transferase is an example of a ribozyme that acts on a carbon center. This ribozyme, 

which is responsible for the formation of the peptide bond, is one of the RNA components of 

the ribosome. The discovery of RNA enzymes that can act on phosphorous or carbon centers 

suggests that life might have evolved from a primitive form in which RNA functioned both as 

the genetic material and as the enzymatic machinery. 

 

 14.4 Hypo- and Hyper-chromicity 

 DNA double Strands can separate (Denature) and reassociate because the two strands of the 

double helix are held together by relatively weak (noncovalent) forces, one might expect that 

the two strands could come apart easily. The original structure for the double helix suggested 

that DNA replication would occur in just this manner. The complementary strands of the 

double helix can also be made to come apart when a solution of DNA is heated above 

physiological temperatures (to near 100° C) or under conditions of high pH, a process known 

as denaturation. This complete separation of DNA strands by denaturation is reversible. 

When heated solutions of denatured DNA are slowly cooled, single strands often meet their 

complementary strands and reform regular double helices. The capacity to renature denatured 

DNA molecules permits artificial hybrid DNA molecules to be formed by slowly cooling 

mixtures of denatured DNA from two different sources. Hybrids can be formed between 

complementary strands of DNA and RNA. Important insights into the properties of the 

double helix were obtained from classic experiments carried out in the 1950s in which the 

denaturation of DNA was studied under a variety of conditions. In these experiments, DNA 

denaturation was monitored by measuring the absorbance of ultraviolet light passed through a 

solution of DNA. DNA maximally absorbs ultraviolet light at a wavelength of about 260 nm. 

It is the bases that are principally responsible for this absorption. When the temperature of a 

solution of DNA is raised to near the boiling point of water, the optical density, called 

absorbance, at 260 nm markedly increases, a phenomenon known as hyperchromicity. The 

explanation for this increase is that duplex DNA absorbs less ultraviolet light by about 40% 

than do individual DNA chains. This hypochromicity is due to base stacking, which 

diminishes the capacity of the bases in duplex DNA to absorb ultraviolet light. 
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When we plot the optical density of DNA as a function of temperature, one can observe that 

the increase in absorption occurs abruptly over a relatively narrow temperature range. The 

midpoint of this transition is the melting point or Tm of DNA. 

Like ice, DNA melts: it undergoes a transition from a highly ordered double-helical structure 

to a much less ordered structure of individual strands. The sharpness of the increase in 

absorbance at the melting temperature tells us that the denaturation and renaturation of 

complementary DNA strands is a highly cooperative, zipper-like process. Renaturation, for 

example, probably occurs by means of a slow nucleation process in which a relatively small 

stretch of bases on one strand find and pair with their complement on the complementary 

strand. The remainder of the two strands then rapidly zipper-up from the nucleation site to 

reform an extended double helix. 

The melting temperature of DNA is a characteristic of each DNA that is largely determined 

by the G:C (Guanine:Cytocine) content of the DNA and the ionic strength of the solution. 

The higher the percent of G:C base pairs in the DNA (and hence the lower the content of A:T 

base pairs), the higher the melting point. Likewise, the higher the salt concentration of the 

solution, the greater the temperature at which the DNA denatures. How do we explain this 

behavior? G:C base pairs contribute more to the stability of DNA than do A:T base pairs 

because of the greater number of hydrogen bonds for the former (three in a G:C base pair 

versus two for A:T) but also importantly, because the stacking interactions of G:C base pairs 

with adjacent base pairs are more favorable than the corresponding interactions of A:T base 

pairs with their neighboring base pairs. The effect of ionic strength reflects another 

fundamental feature of the double helix.  

The backbones of the two DNA strands contain phosphoryl groups which carry a negative 

charge. These negative charges are close enough across the two strands that if not shielded, 

they tend to cause the strands to repel each other, facilitating their separation. At high ionic 

strength, the negative charges are shielded by cations, thereby stabilizing the helix. 

Conversely, at low ionic strength the unshielded negative charges render the helix less stable. 

 

14.5 Melting of DNA, (Tm) 

Important properties of the double helix were obtained from classic experiments carried out 

in the 1950s in which the denaturation of DNA was studied under a variety of conditions. In 

these experiments, DNA denaturation was monitored by measuring the absorbance of 
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ultraviolet light passed through a solution of DNA. DNA maximally absorbs ultraviolet light 

at a wavelength of about 260 nm. It is the bases that are principally responsible for this 

absorption. When the temperature of a solution of DNA is raised to near the boiling point of 

water, the optical density, called absorbance, at 260 nm markedly increases, a phenomenon 

known as hyperchromicity. The explanation for this increase is that duplex DNA absorbs less 

ultraviolet light by about 40% than do individual DNA chains. This hypochromicity is due to 

base stacking, which diminishes the capacity of the bases in duplex DNA to absorb 

ultraviolet light. 

 

If we plot the optical density of DNA as a function of temperature, we observe that the 

increase in absorption occurs abruptly over a relatively narrow temperature range. The 

midpoint of this transition is the melting point or Tm (Figure 14.1). Like ice, DNA melts: it 

undergoes a transition from a highly ordered double-helical structure to a much less ordered 

structure of individual strands. The sharpness of the increase in absorbance at the melting 

temperature tells us that the denaturation and renaturation of complementary DNA strands is 

a highly cooperative, zippering-like process. Renaturation, for example, probably occurs by 

means of a slow nucleation process in which a relatively small stretch of bases on one strand 

find and pair with their complement on the complementary strand (middle panel of Figure 

14.1). The remainder of the two strands then rapidly zipper-up from the nucleation site to 

reform an extended double helix (lower panel of Figure 14.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 14.1 DNA denaturation curve 
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14.6 Factors affecting Tm, 

The melting temperature of DNA is a characteristic of each DNA that is largely determined 

by the G:C content of the DNA and the ionic strength of the solution. The higher the percent 

of G:C base pairs in the DNA (and hence the lower the content of A:T base pairs), the higher 

the melting point (Figure 6-16). Likewise, the higher the salt concentration of the solution, 

the greater the temperature at which the DNA denatures. How do we explain this behavior? 

G:C base pairs contribute more to the stability of DNA than do A:T base pairs because of the 

greater number of hydrogen bonds for the former (three in a G:C base pair versus two for 

A:T) but also importantly, because the stacking interactions of G:C base pairs with adjacent 

base pairs are more favorable than the corresponding interactions of A:T base pairs with their 

neighboring base pairs. The effect of ionic strength reflects another fundamental feature of 

the double helix. The backbones of the two DNA strands contain phosphoryl groups which 

carry a negative charge. These negative charges are close enough across the two strands that 

if not shielded, they tend to cause the strands to repel each other, facilitating their separation. 

At high ionic strength, the negative charges are shielded by cations, thereby stabilizing the 

helix. Conversely, at low ionic strength the unshielded negative charges render the helix less 

stable. 

 

 

 

 

 

 

 

 

 

 14.7 Cot-curve and its applications: 

The technique that is used to determine the sequence complexity of any genome involves the 

denaturation and renaturation of DNA. DNA is denatured by heating which melts the H-

bonds and renders the DNA single-stranded. If the DNA is rapidly cooled, the DNA remains 

single-stranded. But if the DNA is allowed to cool slowly, sequences that are complementary 

will find each other and eventually base pair again. The rate at which the DNA reanneals 

 

Fig. 14.2 Dependence of DNA denaturation on G:C content and 

on salt concentration. 
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(another term for renature) is a function of the species from which the DNA was isolated. 

Below is a curve that is obtained from a simple genome. 

The Y-axis is the percent of the 

DNA that remains single 

stranded. This is expressed as a 

ratio of the concentration of 

single-stranded DNA (C) to the 

total concentration of the starting 

DNA (Co). The X-axis is a log-

scale of the product of the initial 

concentration of DNA (in 

moles/liter) multiplied by length 

of time the reaction proceeded (in seconds). The designation for this value is Cot and is called 

the "Cot" value.  

The curve itself is called a "Cot" curve. As can be seen the curve is rather smooth which 

indicates that reannealing occurs slowing but gradually over a period of time. One particular 

value that is useful is Cot½ , the Cot value where half of the DNA has reannealed. 

Steps Involved in DNA Denaturation and Renaturation Experiments 

1. Shear the DNA to a size of about 400 bp. 

2. Denature the DNA by heating to 100oC. 

3. Slowly cool and take samples at different time intervals. 

4. Determine the % single-stranded DNA at each time point. 

The shape of a "Cot" curve for a given species is a function of two factors: 

1. the size or complexity of the genome; and 

2.  the amount of repetitive DNA within the genome 

If we plot the "Cot" curves of the genome of three species such as bacteriophage lambda, E. 

coli and yeast we will see that they have the same shape, but the Cot½ of the yeast will be 

largest, E. coli next and lambda smallest. Physically, the larger the genome size the longer it 

will take for any one sequence to encounter its complementary sequence in the solution. This 
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is because two complementary sequences must encounter each other before they can pair. 

The more complex the genome, that is the more unique sequences that are available, the 

longer it will take for any two complementary sequences to encounter each other and pair. 

Given similar concentrations in solution, it will then take a more complex species longer to 

reach Cot½ . 

Repeated DNA 

sequences, DNA 

sequences that are found 

more than once in the 

genome of the species, 

have distinctive effects 

on "Cot" curves. If a 

specific sequence is 

represented twice in the 

genome it will have two 

complementary 

sequences to pair with and as such will have a Cot value half as large as a sequence 

represented only once in the genome. 

Eukaryotic genomes actually have a wide array of sequences that are represented at different 

levels of repetition. Single copy sequences are found once or a few times in the genome. 

Many of the sequences which encode functional genes fall into this class. Middle repetitive 

DNA are found from 10s - 1000 times in the genome. Examples of these would include 

rRNA and tRNA genes and storage proteins in plants such as corn. Middle repetitive DNA 

can vary from 100-300 bp to 5000 bp and can be dispersed throughout the genome. The most 

abundant sequences are found in the highly repetitive DNA class. These sequences are found 

from 100,000 to 1 million tim es in the genome and can range in size from a few to several 

hundred bases in length. These sequences are found in regions of the chromosome such as 

heterochromatin, centromeres and telomeres and tend to be arranged as a tandem repeats. The 

following is an example of a tandemly repeated sequence: 

ATTATA ATTATA ATTATA // ATTATA 

 

Fig. 14.4 Cot- curves of  Bacteriophage lambda, E. coli and Yeast 
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Genomes that contain these different classes of sequences reanneal in a different manner than 

genomes with only single copy sequences. Instead of having a single smooth "Cot" curve, 

three distinct curves can be seen, each representing a different repetition class. The first 

sequences to reanneal are the highly repetitive sequences because so many copies of them 

exist in the genome, and because they have a low sequence complexity. The second portion 

of the genome to reanneal 

is the middle repetitive 

DNA, and the final portion 

to reanneal is the single 

copy DNA. The following 

diagram depicts the "Cot" 

curve for a "typical" 

eukaryotic genome. 

 

 

14.8 Chargaff’s rule 

It is Erwin Chargaff based on a detailed work on nucleic acid structure and composition 

proposed the Charaff’s rule regarding the composition of the base pairs in DNA. As we know 

now DNA consists of four base pairs namely Adenine and Guanine (purines) and cytosine 

and thymine (pyrimidines). The regularities of the amount of these bases present in a DNA is 

as follows and called complementarity relationships and that are now known as base–pairing. 

Erwin Chargaff described the ratio of nucleotide pairings. They were called Chargaff's Rules. 

The amount of adenine would always be equal to the amount of thymine, and the amount of 

guanine would always be equal to cytosine. For his experiment, he collected DNA samples 

from different organisms. They then used a method called paper chromatography and 

separated the nucleotides (adenine, guanine, cytosine, and thymine). Then they could analyze 

the exact amounts of nucleotides with UV spectrophotometry. He noticed that certain 

nucleotides were equal in amount to each other. This was constant in the DNA of all of the 

organisms. 

 

 

Fig. 14.4 Cot- Curve for typical Eukaryotic Genome 

 



Unit-14: Structure of DNA & RNA 

 

KSOU- Biochemistry -1.1; Block-4: Unit-14 Page 199 

 

 

The rule states that: (a) the sum of the purines (adenine and guanine) equals that of the 

pyrimidines (cytosine and thymine); (b) the molar ratio of adenine to thymine equals 1; (c) 

the molar ratio of guanine to cytosine equals 1. And, as a direct consequence of these 

relationships, (d), the number of 6–amino groups (adenine and cytosine) is the same as that of 

6–keto groups (guanine and thymine). 

Chargaff’s opined that this rule had such an impact on biological thinking as the discovery of 

base–pairing in nucleic acids. These complementariness principles do not only underlie 

current ideas on the structure of the nucleic acids, but they form the foundation of all 

speculations, more or less well– founded, on their physical properties (denaturation, 

hypochromicity, etc.), on the transfer of biological information from deoxyribonucleic acid to 

ribonucleic acid, and on the role of the latter in directing the synthesis of specific proteins. 

They form the basis of present explanations of the manner in which the amino acids are 

activated before being assembled to make a protein; they are being invoked incessantly in 

attempts to unravel the nucleotide code which is thought to be responsible for specifying the 

amino acid sequence of proteins.”  

 

14.9 Summary 

Almost all cellular DNAs are extremely long molecules, with only one DNA molecule within 

a given chromosome. Eukaryotic cells accommodate this extreme length in part by wrapping 

the DNA around protein particles known as nucleosomes. Most DNA molecules are linear 

but some DNAs are circles, as is often the case for the chromosomes of prokaryotes and for 

certain viruses. RNA differs from DNA in the following ways: its backbone contains ribose 

rather than 2’-deoxyribose; it contains the pyrimidine, uracil in place of thymine; and it 

usually exists as a single polynucleotide chain, without a complementary chain. Some RNAs 
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act as enzymes—they catalyze chemical reactions in the cell and in vitro. These RNA 

enzymes are known as ribozymes. 

Erwin Chargaff described the ratio of nucleotide pairings. He showed by his experiments the 

amount of the sum of the purines (adenine and guanine) equals that of the pyrimidines 

(Thiamine and cytosine) 

14.10 Key words  

Physicochemical, properties, solubility, pH, precipitation, Hypo and Hyper 

chromicity, Cot curve, Chargaff, Melting, denaturation, renaturation, Tm, 

GC:AT copntent 

 

14.10 Study Questions 

1. Enumerate and explain the Physicochemical properties of DNA 

2. Enumerate and explain the Physicochemical properties of RNA 

3. Describe Hypo and Hyperchromicity of DNA 

4. What is Melting of DNA, (Tm) write a note Factors affecting Tm, 

5.  Explain Cot-curve and its applications 

6.  What is Chargaff’s rule and how did he prove it 
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15.0 Objectives  

After studying this Unit you will be able to understand  

 Different  types of RNAs  and their functions  

 Some important chemical reactions of DNA and RNA 

  Different method and techniques of estimations of DNA 

 15.1 Introduction 

In this unit types of RNA and their functions and structure is dealt and a brief account of 

different RNAs and their role in cellular activities are discussed   

Types of RNA 

Messenger (mRNA) 

Messenger RNA (mRNA) delivers the information encoded in one or more genes from the 

DNA to the ribosome, a specialized structure, or organelle, where that information is decoded 

into a protein. In prokaryotes, mRNAs contain an exact transcribed copy of the original DNA 

sequence with a terminal 5′-triphosphate group and a 3′-hydroxyl residue. In eukaryotes the 

mRNA molecules are more elaborate. The 5′-triphosphate residue is further esterified, 

forming a structure called a cap. At the 3′ ends, eukaryotic mRNAs typically contain long 

runs of adenosine residues (polyA) that are not encoded in the DNA but are added 

enzymatically after transcription. Eukaryotic mRNA molecules are usually composed of 

small segments of the original gene and are generated by a process of cleavage and rejoining 

from an original precursor RNA (pre-mRNA) molecule, which is an exact copy of the gene. 

In general, prokaryotic mRNAs are degraded very rapidly, whereas the cap structure and the 

polyA tail of eukaryotic mRNAs greatly enhance their stability. 

 

Ribosomal RNA ( r-RNA) 

Ribosomal RNA (rRNA) molecules are the structural components of the ribosome. The 

rRNAs form extensive secondary structures and play an active role in recognizing conserved 

portions of mRNAs and tRNAs. They also assist with the catalysis of protein synthesis. In the 

prokaryote E. coli, seven copies of the rRNA genes synthesize about 15,000 ribosomes per 

cell. In eukaryotes the numbers are much larger. Anywhere from 50 to 5,000 sets of rRNA 

genes and as many as 10 million ribosomes may be present in a single cell. In eukaryotes 
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these rRNA genes are looped out of the main chromosomal fibres and coalesce in the 

presence of proteins to form an organelle called the nucleolus. The nucleolus is where the 

rRNA genes are transcribed and the early assembly of ribosomes takes place. 

Transfer RNA (Trna) 

Transfer RNA (tRNA) carries individual amino acids into the ribosome for assembly into the 

growingpolypeptide chain. The tRNA molecules contain 70 to 80 nucleotides and fold into a 

characteristic cloverleaf structure. Specialized tRNAs exist for each of the 20 amino acids 

needed for protein synthesis, and in many cases more than one tRNA for each amino acid is 

present. The nucleotide sequence is converted into a protein sequence by translating each 

three-base sequence (called a codon) with a specific protein. The 61 codons used to code 

amino acids can be read by many fewer than 61 distinct tRNAs (as described in the 

section Translation). In E. coli a total of 40 different tRNAs are used to translate the 61 

codons. The amino acids are loaded onto the tRNAs by specialized enzymes called aminoacyl 

tRNA synthetases, usually with one synthetase for each amino acid. However, in some 

organisms, less than the full complement of 20 synthetases are required because some amino 

acids, such as glutamine and asparagine, can be synthesized on their respective tRNAs. All 

tRNAs adopt similar structures because they all have to interact with the same sites on the 

ribosome. 

 

15.2 Chemical reactions of Nucleic acids (DNA & RNA) 

15.2.1 Hydrolysis and Analysis: 

Both DNA and RNA are easily broken down by acid-catalyzed hydrolysis. Thus, heating at 

100°C for one hour in 12 M HClO4 is sufficient to hydrolyze nucleic acids to their constituent 

bases. However, for analysis of RNA it is better to heat in 1 N HCl for 1 h at 100
0
C  

Characteristic reactions of the bases and Backbone: 

 

15.2.2 Reactions of nucleophiles: 

A number of nucleophilic reagents add reversibly at the 6 position of pyrimidines. Thus, 

bisulfite adds to uridine. Hydroxylamine (HONH2) adds in a similar fashion to give a 

compound with – HNOH in the 6 positions. Sodium borohydride (NaBH4), which can be 

viewed as a donor of a hydride ion (H 
–
), reduces uridine to the 5,6-dihydro derivative. This 

http://www.britannica.com/EBchecked/topic/468971/polypeptide
http://www.britannica.com/EBchecked/topic/20691/amino-acid
http://www.britannica.com/EBchecked/topic/228838/genetic-code
http://www.britannica.com/EBchecked/topic/421900/nucleic-acid/256766/Translation
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presumably occurs by attack of the hydride ion at position 6 in a manner analogous to the 

reaction of bisulfite. 

 

15.2.3 Reactions with electrophlic reagents: 

 Reactions of nucleic acids with the simplest electrophile, the proton, have been considered in 

Section A2. Somewhat similar are the reactions by which metal ions bind at many sites on 

both the bases and the phosphate groups of the backbone. An important reaction is the 

deamination of amines by dilute nitrous acid. This reagent, by a complex mechanism, 

converts the amino groups of cytidine, adenosine, and guanosine to hydroxyl groups; 

hydroxyl compounds tautomerize to the corresponding amides. 

 

15.2.4 Halogenation: 

Pyrimidines undergo halogenation at position 5, while guanine reacts at position 8. Adenine 

is quite unreactive. Elemental halogens or a variety of other halogenating reagents may be 

used. Of special value is iodination with 
131

I or 
125

I, by which a high level of radioactivity 

may be introduced into nucleic acids. 

15.2.5 Alkylation: 

Alkylation reactions are not only of use in structural studies but also provide the basis for the 

action of a large class of mutagenic compounds. Treatment of a nucleoside, nucleotide, or 

nucleic acid with an alkyl iodide or a dialkylsulfate converts residues of guanosine to an N
7
-

alkyl-guanosine. Reaction occurs at other nitrogen atoms as well as the oxygen atom of the 

base and of the ribose ring to a lesser extent. Other alkylating reagents include the powerful 

mutagens dialkylnitrosamines and alkylnitrosoureas. 

 

15.2.6 Reactions causing cleavage of the sugar phosphate backbone: 

Treatment of DNA with 16 – 18 M hydrazine leads to the destruction of the pyrimidine rings. 

The reaction can be made somewhat specific for cytosine by carrying it out in the presence of 

a high concentration of chloride. The remaining polymer, an apyrimidinic acid, contains 

residues of ribosylurea. These undergo an amino catalyzed displacement and a β elimination 

sequence that cleaves the polynucleotide chain. 

 

15.2.7 Chemical reactions of the bases: 
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The purines and pyrimidines are relatively stable compounds with considerable aromatic 

character. Nevertheless, they react with many different reagents and, under some relatively 

mild conditions, can be completely degraded to smaller molecules. The chemistry of these 

reactions is complex and is made more so by the fact that a reaction at one site on the ring 

may enhance the reactivity at other sites. The reactions of nucleic acids are largely the same 

as those of the individual nucleosides or nucleotides, the rates of reaction are often influenced 

by the position in the polynucleotide chain and by whether the nucleic acid is single or double 

stranded. The reactions of nucleosides and nucleotides are best understood in terms of the 

electronic properties of the various positions in the bases. Most of the chemical reactions are 

nucleophilic addition or displacement reactions of types that are discussed earlier. 

Positions 2, 4, and 6 of pyrimidine bases are deficient n electrons and are therefore able to 

react with nucleophilic reagents. The 6 position is especially reactive toward additions, while 

the 2 position is the least reactive. The corresponding electron-deficient positions in the 

purine bases are 2, 6, and 8. These  positions, which are marked by asterisks on the following 

structures, have electrophilic character in all of the commonly occurring pyrimidines and 

purines. 

 

 

 

 

 

 

 

 

 

All of the oxygen and nitrogen atoms in the pyrimidines, as well as the 5 position of the ring, 

have nucleophilic character and can therefore react with electrophilic centers of various 

reagents. A number of specific reactions that have been found useful to biochemists are 

described in Section H,3. 

 

15.3  Estimation of nucleic acids DNA and RNA 

 
Fig 15.1 a. 

Pyrimidine nuclei 

Fig 15.1 b. Purene 

nuclei 
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Molecular biology requires the accurate quantification of DNA and RNA in large numbers of 

samples at a sensitivity that enables determination of very small quantities sometimes few 

micro or nano grams. Five current methods for nucleic acid quantification were compared: 

(1) UV absorbance spectroscopy at 260 nm, 

(2) Colorimetric reaction with orcinol reagent, 

(3) Colorimetric reaction based on diphenylamine, 

(4) Fluorescence detection with Hoechst 33258 reagent, and 

(5) Fluorescence detection with thiazole orange reagent. 

Estimation of pure DNA and RNA by UV-spectroscopic method is a method commonly used 

in the laboratory. This method can be used for a quick estimation of purified DNA obtained 

by various DNA or RNA purification methods. Or check the purity of the DNA in between 

various analytical manipulations to ensure presence or the absence of contamination. This 

method is simple to perform and shows little sample-to-sample variation, making it a 

desirable technique. 

Molecular biologists routinely work with DNA, RNA, and proteins and have devised some 

simple, fast spectrophotometric assays for these molecules. The purpose of this exercise is to 

use the UV absorbance of biological samples to obtain qualitative and quantitative 

information about those samples.  In this spectrophotometry exercise you will: Measure the 

absorbance at 260 nm to quantify DNA.  Calculate A260/A280 ratios to estimate the purity of 

a DNA preparation.  Operate a spectrophotometer in the UV range.  

Most biological molecules do not intrinsically absorb light in the visible range, but they do 

absorb ultraviolet light. Biologists take advantage of UV absorbance to quickly estimate the 

concentration and purity of DNA, RNA, and proteins in a sample. It is possible to quantify 

the amount of DNA in a sample by looking at its absorbance at a wavelength of 260nm or 

280nm (in the UV region). The UV method described in this exercise is not highly accurate 

but it is very widely used since it is easy, quick, and little DNA is required. 

Proteins have two absorbance peaks in the UV region, one between 215-230 nm, where 

peptide bonds absorb, and another at about 280 nm due to light absorption by aromatic amino 

acids (tyrosine, tryptophan and phenylalanine). Certain of the subunits of nucleic acids 

(purines) have an absorbance maximum slightly below 260 nm while others (pyrimidines) 
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have a maximum slightly above 260 nm. Therefore, although it is common to say that the 

absorbance peak of nucleic acids is 260 nm, in reality, the absorbance maxima of different 

fragments of DNA vary somewhat depending on their subunit composition. Figure 1 shows 

the UV spectra for DNA, RNA, and proteins. Observe that although proteins have little 

absorbance at 260 nm, both proteins and nucleic acids absorb light at 280 nm. Therefore, if 

nucleic acids and proteins are mixed in the same sample, their spectra interfere (overlap) with 

one another. 

But this technique is not species-specific; meaning any bacterial or fungal DNA that has co-

purified with the DNA of interest cannot be distinguished from the human target DNA. 

Additionally, single-stranded DNA and nucleotides cannot be distinguished from double-

stranded DNA by this method which can also lead to falsely high quantitation readings. 

Concentration Measurement of Nucleic Acids and Proteins in a sample 

Determining concentration in a “pure” sample containing only proteins or nucleic acids, 

involves constructing a standard curve. It is possible to determine the concentration of nucleic 

acids or proteins based on their absorbance at a wavelength of 260 nm or 280 nm 

respectively. A calibration curve using standards of known concentration can be constructed. 

For accurate results, the standard curve should be prepared using the protein of interest or 

DNA that is similar to that in the sample being measured. The linear range for DNA values is 

reported to be from about 5-50 µg/mL. Depending on the protein, UV analysis of proteins at 

280 nm has a linear range from about 0.1 - 5 mg/mL. 

 

The average absorptivity constants for proteins and nucleic acids lead to the following 

relationships: 

 If a sample containing pure double-stranded DNA has an absorbance of 1 at 260 nm, 

then it contains approximately 50 µg/mL of double -stranded DNA.  

 If a sample containing pure single-stranded DNA has an absorbance of 1 at 260 nm, 

then it contains approximately 33 µg/mL of DNA.  

 If a sample containing pure RNA has an absorbance of 1 at 260 nm, then it contains 

approximately 40 µg/mL of RNA.  

 Values for proteins vary. A very rough rule is that if a sample containing pure protein 

has an absorbance of 1 at 280 nm, then it contains approximately 1 mg/mL of protein.  
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For example, 1 mg/mL of bovine serum albumin is reported to have an A280 value of 0.7. 

Antibodies (which are a type of protein) at a concentration of 1 mg/mL are reported to have 

an A280 between 1.35 and 1.2 

  

Estimation of purity of a Nucleic Acid preparation 

It is possible to use UV spectrophotometry to estimate the purity of a solution of nucleic 

acids. This method involves measuring the absorbance of the solution at two wavelengths, 

usually 260 nm and 280 nm, and calculating the ratio of the two absorbances:  

 An A260/A280 ratio of 2.0 is characteristic of pure RNA.  

 An A260/A280 of 1.8 is characteristic of pure DNA.  

 A260/A280 ratio of about 0.6 is characteristic of pure protein  

Therefore, a ratio of 1.8 - 2.0 is desired when purifying nucleic acids. (Note that this method 

does not actually distinguish DNA and RNA from one another.) A ratio less than 1.7 means 

there is probably a contaminant in the solution, typically either protein or phenol. 

 

UV- Spectroscopic method is only applied for the pure DNA or RNA estimatiuon or to detec 

t or check small quantities of impurities present contaminating pure DNA or RNA but is 

easily subjected to aberration if other UV sensitive substances are present.  
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TABLE 15.1 APPROXIMATING THE CONCENTRATION AND 

 PURITY OF DNA, RNA OR PROTEIN IN A SAMPLE 

 Concentration of double-stranded DNA ~ (50 µg/mL) X (absorbance at 260 nm)  

 Concentration of single-stranded DNA ~ (33 µg/mL) X (absorbance at 260 nm)  

 Concentration of RNA ~ (40 µg/mL) X (absorbance at 260 nm) 
Turbidity causes an apparent increase in the absorbance of a sample leading to 

incorrect readings. To compensate for slight turbidity, a background correction can 

be used. Proteins and nucleic acids do not absorb at 320 nm. Therefore, if a sample 

absorbs at 320 nm, the absorbance is due to turbidity. The absorbance at 320 can be 

subtracted from the readings at 260 nm and 280 nm:  

 Concentration of double-stranded DNA ~ 50 µg/mL (A260 - A320)  

 Concentration of single-stranded DNA ~ 33 µg/mL (A260 - A320)  

 Concentration of RNA ~ 40 µg/mL (A260 - A320)  

 Concentration of protein ~ 1 mg/mL X the absorbance at 280 nm  

 Concentration of protein ~ 15 mg/mL X the absorbance at 215 nm 
Notes: Values for proteins vary. The rule that 1 mg/mL of protein has an absorbance 

of 1 is approximate. 

Tris and other common solvents also absorb light at 215 nm. For this reason, 280 nm 

is far more commonly used for protein measurements.  

 Purity  

An A260/A280 ratio of 2.0 is characteristic of pure RNA 

An A260/A280 of 1.8 is characteristic of pure DNA 

An A260/A280 of 0.6 is characteristic of pure protein  

Notes: A ratio of 1.8 - 2.0 is desired when purifying nucleic acids.  

This method does not actually distinguish DNA and RNA from one another.  

A ratio of less than 1.7 means there is probably a contaminant in the solution, usually either 

protein or phenol. 

 

15.3.3 Colorimetric estimation of Nucleic acids 

All chemical methods, which are devised, for the estimation of nucleic acid based 

on 

a. Phosphorous 

b. Purines or pyrimidines nitrogenous bases 

c. Determination of total or relative ribose or deoxyribose sugar 
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In all the methods of estimation, finely divided tissues are extracted with acid 

usually trichloroaceticacid, 

perchloricacid followed by extraction 

with lipid solvent. 
a) DETERMINATION OF 

PHOSPHOROUS 

The extract obtained may be used for 

determination of phosphorous by Fiskee-

Subbarow method in which blue colored 

complex is formed due to the reaction 

between inorganic phosphorous and 

molybdate.  By using colorimeter, amount of 

phosphorous can be determined.  Since, both 

DNA and RNA contains phosphorous this method used to estimate both DNA and RNA. 

 

b) DETERMINATION OF NITROGENOUS BASES:  

The nitrogenous bases of nucleic acid have characterized extinction co-efficient in UV region 

because of the presence of conjugated double bonds in their structure.  Hence, the amount of 

nucleic acid in solution may be estimated by measuring extinction co-efficient in uv region. 

 

Since both RNA and DNA consist of nitrogenous bases, this method is used to estimate both 

DNA and RNA. 

 

c) DETERMINATION OF SUGARS: 

When the amount of a particular nucleicacid (DNA or RNA) is to be estimated, the 

determination of the amount of sugar is ideal because deoxyribose sugar present in DNA and 

ribose sugar present in RNA.  Thus, by estimating deoxyribose sugar and ribose sugar, 

estimation of DNA and RNA can be done respectively. 

 

 C.I) DETERMINATION OF DEOXYSUGAR: 

The commonly employed method for estimation of deoxyribose is diphenylamine 

method.  Deoxyribose in DNA, in presence of acid forms hydroxylevuline aldehyde which 

intern reacts with diphenylamine to give blue color.  But only the deoxyribose of purine 

nucleotides reacts.  Since, this method is specific for deoxysugar, this method used to 

estimate DNA. 

 

 

BASES ABSORBANCE 

AT  max 

ADENINE 260nm 

GUANINE 250nm 

URACIL 260nm 

THYMINE 265nm 

CYTOSINE 273nm 

 

Table 15.2 Showing Bases and their 

Absorbance 
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C.2) DETERMINATION OF RIBOSE SUGAR: 

 

Acid hydrolysis of RNA releases ribose and this in presence of strong acid, dehydrated to 

yield furfural.  Orcinol reacts with furfural in the presence of ferric chloride to give a green 

color.  Purine nucleotides are generally more reactive than pyrimidine nucleotides.  RNA 

only contains ribose sugar, this method used to determine RNA only. 

 
15.3.4 Flourimetric mehod of Nucleic acid estimation 

Fluorometry utilizes fluorescent dyes which specifically bind DNA or RNA.  It requires a 

negative control (to set the zero point on the fluorometer) and a standard of known 

concentration.  The fluorometer shines light on the sample (excitation) and then measues 

level of fluorescent light being emitted to the side (at a 90º angle) of the excitation light 

beam.  The fluorescent dyes are relatively specific to nucleic acids as opposed to protein and 

other cellular components.  The fluorescence of the dyes increases when they bind nucleic 

acids.  Fluorometry is about 1,000x more sensitive than spectrophotometric absorbance (i.e. 

measurement of A260) and less susceptible to protein and RNA contamination.  However it 

also does not give a crude measurement of purity (like an A260/A280 ratio) nor does it assure 

that the DNA or RNA is not degraded (e.g. like size determination by gel electrophoesis).  Do 

not use glass (spectrophotmetry) cuvettes in a fluorometer because the frosted glass on the 

side of the cuvette interferes with detection of fluorescent light. 

Although there are many different methods to quantitate DNA, most methods have 

disadvantages that preclude their use in many applications. Absorbance measurements at 260 

nm (A260) is the most commonly used method for DNA concentration determination, but it 

suffers from the interfering absorbance of contaminating molecules (1). Many of these 

contaminants, which include nucleotides, RNA, EDTA and phenol, are commonly found in 

nucleic acid preparations. The fluorescent bisbenzimide (Hoechst) dyes circumvent many of 

these problems. Hoechst 33258 dye is relatively selective for dsDNA and in high salt does 

not show fluorescent enhancement in the presence of either protein or RNA. The dye, weakly  

fluorescent itself in solution, binds specifically to the A-T base pairs in dsDNA resulting in 

an increase in fluorescence and a shift in the emission maximum from 500 to 460 nm (2, 3). 

The use of Hoechst 33258 in conjunction with the BioTek FL600 fluorescence microplate 

reader offers high specificity, as well as high sensitivity for dsDNA quantitation.  
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To mention a few DNA is also estimated using electrophoretic, PCR,  method, Dot blot and 

by a dye called ethidium bromide fluorescence based on the specific needs of DNA 

estimation. 

 

15.4 Summary: Reactions given by nucleic acids due to the basic molecules present in are 

discussed. Reactions of nucleophiles and electrophiles and reactions given by phosphate and 

nitrogenous bases are enumerated. UV, calorimetric and fluorimetric nucleic acid estimations 

are discusses in detail. The strenghth and weaknesses of given method of nucleic acids are 

emphasised for the benefit of students. 

15.5 Key words 

Chemical reaction, nucleophile, electrophile, phosphate, nitrogenous bases, oxidation, 

reduction, spectroscopy, colorimetry, fluorescence, dye   

15.6 Questions for self Study 

1. Write important chemical reactions given by DNA 

2. Write important chemical reactions  given by RNA 

3. How pure DNA and RNA can be estimated by UV –spectroscopy 

4. What Colorimetric methods are available to estimate DNA? 

5. What Colorimetric methods are available to estimate RNA? 

6. Write about fluorimetric method of estimation of nucleic acid 
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16.0 Objectives: After studying this Unit, you should be able to,  

 Describe and classify heterocyclic compounds  

 Write the stuructures of Pyrrole, Furan, Thiazole, Pyridine, Pyran, Pyrimidine, Indole, 

Pterin, Pteridine, Isoalloxazine, Porphyrins.  

 Explain the biological importance of heterocyclic compounds.  

16.1 Introduction 

Heterocyclic compounds are the class of organic compounds, where at least one atom other 

than carbon forms a part of the ring system. Most common hetero atoms present in 

heterocyclic compounds are nitrogen, oxygen and sulfur. Heterocyclic compounds are 

abundantly present in plants and animals, which contribute to the structure of 

macromolecules, micronutrients and secondary metabolites. Numerous heterocyclic 

compounds are present in nature and they are important structural components of 

biomolecules such as carbohydrates, proteins, nucleic acids, alkaloids, pigments and 

vitamins.   

The present unit emphasizes on classification of heterocylic compounds based on the nature 

of ring system. Further, the structure and biological occurrence of each five membered, six 

membered and fused heterocyclic compounds are studied. The biological role of these 

heterocyclic compounds and their derivatives are mentioned. These compounds play crucial 

roles in various metabolic pathways and forms integral components of life sustaining 

biomolecules such as hemoglobin and chlorophyll. In view of these roles, the unit lays a good 

foundation for the study of various biochemical process associated with heterocyclic 

compounds. Further, a background of this concept helps in exploiting these compounds for 

treating various disorders.  

 

16.2 Heterocyclic compounds: are the classes of organic compounds, where at least one 

atom other than carbon forms a part of the ring system. Most commonly occurring hetero 

atoms in heterocyclic compounds are nitrogen, oxygen and sulfur. They are important for 

various life sustaining processes. 

 

16.3 Classification: Based on the nature of ring system present, heterocyclic compounds are 

broadly classified into 3 classes: 

1. Five membered heterocyclic compound 

 a. with single heteroatom 
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 b. with two heteroatoms 

2. Six membered heterocyclic compounds 

3. Condensed heterocyclic compounds 

 

Figure: Structure of heterocyclic compounds 

 

Commonly occurring hetrocyclic compounds include, furan, pyran, pyridine, pyrimidine, 

pyrrole, thiazole, indole, purine, pterin and pteridine (refer figure) 

Five membered heterocyclic compounds: 

16.4 Pyrrole: 
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It is an important five membered heterocyclic compound with nitrogen as heteroatom.  

Biological occurrence: 

i. It is present in coal tar and bone oil 

ii. It forms an important component of porphyrins such as hemoglobin, myoglobin, 

cytochromes, chlorophyll and vitamin B12 

iii. Pyrrole is a structural component of amino acids – proline, hydroxyproline and tryptophan 

 

16.5 Furan: 

 

It is a five membered heterocyclic compound with oxygen as the heteroatom. 

Biological occurrence: 

i. It is an important constituent of ribofuranose and deoxyribofuranose of RNA and DNA 

respectively. 

ii. It is formed during decomposition of molecules containing furanose  

16.6 Thiazole: 
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It is a five membered heterocyclic compound containing nitrogen and sulfur as heteroatoms. 

Biological occurrence: 

i. It is found in coal tar 

ii. It is present in vitamin B1 

iii. It is used in pharmaceutical preparations 

iv. Used for manufacturing biocides, dyes and fungicides 

v. Is present in antibiotics like penicillin and bacitracin 

 

Six membered heterocyclic compounds 

16.7 Pyridine: 

 

It is a basic six membered heterocyclic compound with nitrogen as single heteroatom. 

Biological occurrence: 

i. It is present in light oil fraction of coal tar 

ii. It is a constituent of vitamins – niacin and pyridoxine and the respective co-enzymes – 

NAD
+
, NADP

+
 and PLP, which are required for dehydrogenation (NAD

+
 and NADP

+
) and 

transamination (PLP) reactions  

iii. It is used in pharmaceutical preparations 
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16.8 Pyran: 

 

It is a six membered heterocyclic ring with oxygen as heteroatom. 

Biological occurrence: 

i. It is present in sugars such as glucose, galactose and other aldohexoses, which exist in 

pyranose ring form 

16.9 Pyrimidine: 

 

It is a six membered heterocyclic ring with two nitrogen atoms as heteroatoms. 

Biological occurrence: 

i. It is present in coal tar 

ii. It is the component of nitrogen bases – cytosine, uracil and thymine, which are present in 

nucleic acids 

Condensed heterocyclic compounds: These compounds consist of one or more fused rings 

which may partly be carbocyclic, heterocyclic or completely heterocyclic in nature.  

16.10 Indole: 

It is an aromatic heterocyclic compound which has bicyclic structure. It consists of a six 

membered benzene fused to five membered pyrrole ring.  

Biological occurrence: 
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i. It is found in coal tar, oil of jasmine, orange blossoms 

ii. It is the component of amino acid – tryptophan 

iii. It is also a component of serotonin and tryptamine, neurotransmitters derived from 

tryptophan 

iv. It is also present in plant growth hormone – indole acetic acid  

v. It is the component of fragrances and is used in pharmaceuticals 

 

16.11 Pterin and pteridine: 

 

Pterin is the organic compound composed of pteridine ring system. Pteridine is the 

heterocyclic compound consisting of fused pyrimidine and pyrazine rings.  

Biological occurrence: 

i. These are present in vitamin – folic acid 

ii. They are present in molecules like aminopterin which is an anti-cancer drug, which 

inhibits dihydrofolate reductase enzyme  

16.12 Isoalloxazine: 

It is a heterocyclic compound consisting of tricyclic ring made up of pteridine fused with 

benzene ring. Isoalloxazine attached to D - ribitol gives riboflavin. 

Biological occurrence: 

i. It is a constituent of vitamin B2 (Riboflavin) 
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ii. The co-enzymes of riboflavin (FMN and FAD) are the vital for redox reactions of various 

biochemical pathways. 

16.13 Porphyrins: Porphyrins are the vital chemical units essential for life sustaining 

processes in living organisms. These are the prosthetic groups in carrier proteins, storage 

proteins, pigments and vitamins. Chemically they are heterocyclic tetrapyrrole compounds 

consisting of pyrroles interconnected through methyne bridges.  The parent molecule for 

porphyrins is porphine.  

Heme: Heme consists of porphyrin nucleus to which iron atom is bound in ferrous state to 

form iron-porphyrin complex. In the positions 1 – 8 are respectively substituted by methyl, 

vinyl, methyl vinyl, methyl, propionate, propionate and methyl groups. Heme is present in 

proteins such as hemoglobin and cytochromes, which mediate the transfer of oxygen and 

electrons respectively. 

The iron atom in hemoglobin is in ferrous state with six co-ordination bonds. Four bonds of 

iron are satisfied by four nitrogen atoms of tetrapyrrole. Fifth co-ordination position of iron is 

bonded to imidazole nitrogen of histidine residue of globin protein. The sixth bond is open 

and provides a binding site for oxygen. The water molecule acts as ligand and can readily be 

replaced by molecular oxygen to form red colored oxyhemoglobin. The heme complex is 

octahedral, conjugated and planar.  

Cytochrome has a single ferrous or ferric ion bound to single molecule of porphyrin ring and 

has a single polypeptide. The iron at the centre of porphyrin ring co-ordinates with four 

nitrogen atoms. Histidine nitrogen atom of protein forms fifth ligand. Sixth ligand is provided 

by methionine sulphur atom of protein. The iron-sulphur bond is strong and prevents 

replacement of methionine by oxygen. All the co-ordinate ligands are occupied and hence 

cytochrome c cannot bind through simple co-ordination. But, it indirectly exerts its action 

through electron transfer mechanism. 

Magnesium porphyrin complex: It is an important component of chlorophyll. Chlorophyll is a 

large molecule with central magnesium atom attached to a porphyrin ring. A hydrophobic 

long hydrocarbon tail called phytol is attached to the ring which helps to anchor the 

chlorophyll in the internal membrane of chloroplast. Chlorophyll b differs from chlorophyll a 

in having an aldehyde group in place of methyl group in ring I. Chlorophyll contains a 5
th

 

ring which is different from pyrrole. In this ring, one of the carbon linker between two 



Unit-16: Chemistry & Biological occurance of Heterocyclin compounds 

 

KSOU- Biochemistry -1.1; Block-4: Unit-16 Page 221 

 

pyrrole rings is absent, making a cavity at the centre smaller but of correct size to 

accommodate magnesium. The function of chlorophyll is to absorb light in the red region 

(chl. a – 700 nm) from the sunlight and supplies the absorbed energy for photosynthesis. As 

the porphyrin ring is conjugated, the structure is rigid and planar, ensuring that energy is not 

wasted in internal movements. 

Vitamin B12 (Cyanocobalamine): It is a vitamin containing cobalt. It is also called 

cyanocobalamine or anti-pernicious factor. The structure was elucidated by Dorothy 

Hodgkin. The molecule is built around corrin ring, a modified porphyrin ring formed by the 

loss of pyrrole bridging carbon atom. The cobalt in vitamin B12 exists as Co (III). Cobalt in 

the middle of ring is in +3 oxidation state. It is able to form six co-ordination linkages. It co-

ordinates with four nitrogen atoms of pyrrole. Fifth and sixth positions are commonly 

occupied by nitrogen of imidazole ring and water molecule or cyanide ion. Corrin ring is not 

conjugated like the porphyrin ring. In addition, a complex organic portion consisting of sugar, 

phosphate group and an organic base are bonded in the molecule.  

16.14 Summary: Heterocyclic compounds are the classes of organic compounds, where at 

least one atom other than carbon forms a part of the ring system. Most commonly occurring 

hetero atoms in heterocyclic compounds are nitrogen, oxygen and sulfur. They are important 

for various life sustaining processes. Based on the nature of ring system present, heterocyclic 

compounds are broadly classified into 3 classes; five membered heterocyclic compound with 

single heteroatom or two heteroatoms, six membered heterocyclic compounds and condensed 

heterocyclic compounds. Commonly occurring hetrocyclic compounds include furan, pyran, 

pyridine, pyrimidine, pyrrole, thiazole, indole, purine, pterin and pteridine. Pyrrole is an 

important five membered heterocyclic compound with nitrogen as heteroatom. It forms an 

important component of porphyrins such as hemoglobin, myoglobin, cytochromes, 

chlorophyll and vitamin B12 and component of amino acids – proline, hydroxyproline and 

tryptophan. Furan is a five membered heterocyclic compound with oxygen as the heteroatom. 

It is an important constituent of ribofuranose and deoxyribofuranose of RNA and DNA 

respectively. Thiazole is a five membered heterocyclic compound containing nitrogen and 

sulfur as heteroatoms.  It is present in vitamin B1 and used for manufacturing antibiotics, 

biocides, dyes and fungicides. Pyridine is a basic six membered heterocyclic compound with 

nitrogen as single heteroatom. It is a constituent of vitamins – niacin and pyridoxine and the 

respective co-enzymes – NAD
+
, NADP

+
 and PLP. Pyran is a six membered heterocyclic ring 

with oxygen as heteroatom. It is present in sugars such as glucose, galactose and other 
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aldohexoses, which exist in pyranose ring form. Pyrimidine is a six membered heterocyclic 

ring with two nitrogen atoms as heteroatoms. It is the component of nitrogen bases – 

cytosine, uracil and thymine, which are present in nucleic acids. In contrast to single ring 

heterocyclic compounds, condensed heterocyclic compounds consist of one or more fused 

rings which may partly be carbocyclic, heterocyclic or completely heterocyclic in nature.  

Indole is an aromatic heterocyclic compound which has bicyclic structure. It consists of six 

membered benzene fused to five membered pyrrole ring. It is the component of amino acid – 

tryptophan, its derivatives – serotonin and tryptamine. It is also present in plant growth 

hormone – indole acetic acid. Pterin is the organic compound composed of pteridine ring 

system. Pteridine is the heterocyclic compound consisting of fused pyrimidine and pyrazine 

rings. These are present in vitamin – folic acid and anti-cancer drug – aminopterin. 

Isoalloxazine is a heterocyclic compound consisting of tricyclic ring made up of pteridine 

fused with benzene ring. It is a constituent of vitamin B2 (Riboflavin) and its co-enzymes 

(FMN and FAD). Porphyrins are the prosthetic groups in carrier proteins, storage proteins, 

pigments and vitamins. Chemically they are heterocyclic tetrapyrrole compounds consisting 

of pyrroles interconnected through methyne bridges.  Heme consists of porphyrin nucleus to 

which iron atom is bound in ferrous state to form iron-porphyrin complex. In the positions 1 

– 8 are respectively substituted by methyl, vinyl, methyl vinyl, methyl, propionate, 

propionate and methyl groups. Heme is present in proteins such as hemoglobin and 

cytochromes, which mediate the transfer of oxygen and electrons respectively. Cytochrome 

has a single ferrous or ferric ion bound to single molecule of porphyrin ring and has a single 

polypeptide. The iron at the centre of porphyrin ring co-ordinates with four nitrogen atoms. 

Histidine nitrogen atom of protein forms fifth ligand. Sixth ligand is provided by methionine 

sulphur atom of protein. The iron-sulphur bond is strong and prevents replacement of 

methionine by oxygen. All the co-ordinate ligands are occupied and hence cytochrome c 

cannot bind through simple co-ordination. But, it indirectly exerts its action through electron 

transfer mechanism. Magnesium porphyrin complex is an important component of 

chlorophyll. Chlorophyll is a large molecule with central magnesium atom attached to a 

porphyrin ring. A hydrophobic long hydrocarbon tail called phytol is attached to the ring 

which helps to anchor the chlorophyll in the internal membrane of chloroplast. Chlorophyll b 

differs from chlorophyll a in having an aldehyde group in place of methyl group in ring I. 

Chlorophyll contains a 5
th

 ring which is different from pyrrole. As the porphyrin ring is 

conjugated, the structure is rigid and planar, ensuring that energy is not wasted in internal 

movements. Vitamin B12 is a vitamin containing cobalt. It is also called cyanocobalamine or 
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anti-pernicious factor. The molecule is built around corrin ring, a modified porphyrin ring 

formed by the loss of pyrrole bridging carbon atom. The cobalt in vitamin B12 exists as Co 

(III). Cobalt in the middle of ring is in +3 oxidation state. It is able to form six co-ordination 

linkages. It co-ordinates with four nitrogen atoms of pyrrole. Fifth and sixth positions are 

commonly occupied by nitrogen of imidazole ring and water molecule or cyanide ion. Corrin 

ring is not conjugated like the porphyrin ring. In addition, a complex organic portion 

consisting of sugar, phosphate group and an organic base are bonded in the molecule.  

16.15 Key words: Heteroatoms, condensed ring, co-enzymes, pigments, transport proteins. 

16.16 Questions for self study: 

1. What are heterocyclic compounds? Give their classification. 

2. Write a note on structure and biological occurrence of pyran and furan 

3. What is pyrrole? Explain its role in porphyrin ring system 

4. List out the importance of isoalloxazine and pyridine derived co-enzymes in biochemical 

reactions. 

5. List the heterocyclic ring system present in the following molecules; 

i. Vitamin B12  

ii. Tryptophan 

iii. DNA 

iv. Folic acid 

v. Glucose 
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