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THE COURSE CALLED BIOCHEMISTRY 
Even though the term biochemistry, after about 100 years of use, has become commonplace in our language, a 

precise definition is difficult and depends on who you ask. Most scientists will agree with the straightforward 

definition, the study of life at the molecular level. The word ―biochemistry‖ has two components, biology and 

chemistry, and students of the discipline must be well versed in the fundamentals of both subjects. 
 

Biochemistry can also be defined as: 

 The science that is concerned with the structures, interactions, and transformations of biological 

molecules 

 The chemistry of life. 

 The science concerned with the chemical basis of life. 

 The science concerned with the various molecules that occur in living cells and organisms and with their 

chemical reaction. 

 

Biochemistry may be considered as the science which deals with the application of the laws of chemistry and 

physics to living organisms and, up to the present time, great success has been achieved in understanding how 

living organisms originate, grow, develop, and reproduce, through the operation of these laws which were 

originally formulated and applied only to explain the behaviour of inanimate matter.  
 

Biochemistry is concerned with the entire spectrum of life forms from relatively simple viruses and bacteria 

to complex human beings. 

 

Biochemical approaches are often fundamental in illuminating the causes of diseases and in designing 

appropriate therapies. 

 
All biological processes—including vision, thinking, digestion, immunity, motion, and disease conditions—

result from how molecules act and, sometimes, misbehave. Because most biological processes occur within 

the confines of the fundamental biological unit called the cell, one must know the details of cellular structure. 

The respective roles and importance of both chemistry and biology in achieving the goals of biochemistry are 

readily apparent. 
 

The discipline of biochemistry developed out of chemistry on the one hand, and biology on the other, with 

substantial contributions from physiology, medicine, and agriculture . Originally, the term 'physiological 

chemistry' was used and it was not until well into the present century that what we now know as 'biochemistry' 

acquired its name. 
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Chemistry is a science of matter. Biochemistry focuses on the studies of biological matter. Previously, 

biochemistry was referred to as ‗biological chemistry’ or ‘physiological chemistry’ (a term that is still 

occasionally used for the sake of tradition). In France the term ‗biochemie medicale‘ is used as an equivalent of 

physiological chemistry. Similarly, in some Polish universities, departments of physiological biochemistry were 

named ‗medical biochemistry‘ (biochemia lekarska). 

 

To better understand how biochemistry works to describe biological processes, the discipline is often organized 

into three primary areas : 

1. Structural and functional biochemistry focuses initially on discovering the chemical structures and three-

dimensional arrangements of biomolecules, those chemicals that are found in living matter. To describe 

biological processes, one must have a knowledge of the molecular structures of the participating biomolecules,  

which then often leads to an understanding of the function or purpose of the cellular molecules. 

 
2. Informational biochemistry defines the language(s) for storing biological data and for transmitting that data 

in cells and organisms. This area includes molecular genetics, which describes the molecular processes in 

heredity and expression of genetic information and also processes that communicate molecular signals to 

regulate cellular activities (i.e., hormone action). An organism is indeed a complex, information-processing 

system. 

 
3. Bioenergetics describes the flow of energy in living organisms and how it may be transferred from one 

process to another. Some molecular events of cells and organisms such as muscle contraction, synthesis of 

molecules, and membrane transport require the input of energy (are endergonic), whereas others, like metabolic 

degradation of food and absorption of light from the sun, release energy (are exergonic). How organisms use 

biochemical reactions and biomolecules to transfer energy from exergonic to endergonic events will be pivotal 

in our understanding of life processes. The transfer of energy usually means the transformation of one type of 

energy to another. For example, the foods that we eat contain potential molecular energy that is used to maintain 

body temperature, regulate the flow of ions in nerve transmission, and to provide energy for the contraction of 

muscle. 

 
Why Should We Study Biochemistry? 

Many aspects of everyday life are related directly to the subject matter of biochemistry. Here are some of the 

ways that biochemistry impacts and enriches our lives: 

 

1. Biochemical studies lead us to a fundamental understanding of life. All of us have a natural curiosity about 

how our bodies work.What are the biochemical similarities and differences among the many forms of life? How 

do organisms store and transfer information necessary to reproduce themselves? What primary molecules and 
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processes were involved in the origin of life? How is food digested to provide cellular energy? How does a 

brain cell store mathematical and chemical formulas? Research in biochemistry is providing answers to these 

and other important questions. 

 
2. Biochemistry has a profound impact on our understanding of medicine, health, nutrition, and the 

environment. Results from biochemical studies have already led to a molecular understanding of diseases such 

as diabetes, sickle-cell anemia, phenylketonuria, cystic fibrosis, hypercholesterolemia, and some forms of 

cancer. 

 

The recent sequencing of the human genome will help in our search for cures for AIDS, Alzheimer‘s 

disease,West Nile virus, depression, influenza, and other disease conditions. For example, we need to 

understand why people respond quite differently to drug treatments.  

 

Recombinant DNA technology and its ability to probe chromosomal regions for genetic mutations will play a 

major role in the diagnosis and treatment of diseases (gene therapy). Recombinant DNA will also aid in the 

design of new plants for agricultural purposes, which should alleviate some of the world‘s food and nutrition 

problems. 

The study of enzymes (biological catalysts) and metabolism provides a foundation for the rational design of 

drugs and for the detailed understanding of nutrition. 

 
3. Biotechnology, the application of biological materials such as cells and macromolecules to technically useful 

operations, will also advance from biochemical studies. Already enzymes are used in the pharmaceutical 

industry to synthesize complex drugs. Various strains of microorganisms have been selected and altered for 

producing therapeutic proteins, for manufacturing fuel alcohol from corn and other plant materials, for cleaning 

up oil and other toxic spills, and for mining metals from natural ores. 

 
RELATIONSHIP BIOCHEMISTRY AND OTHER DISCIPLINES 

Knowledge of biochemistry is essential to all life sciences. The biochemistry of nucleic acid lies at the heart of 

genetics. Physiology, the study of body function, overlaps with biochemistry almost completely. Immunology 

employs numerous biochemical techniques.  

 

Pharmacology and pharmacy rest on a sound knowledge of biochemistry and physiology; in particular most 

drugs are metabolized by enzyme-catalyzed reactions. 
 

Biochemical approaches are being used increasingly to study basic aspects of pathology (the study of disease), 

such as inflammation, cell injury and cancer. These relationships are not surprising because life depends on 

biochemical reactions and processes. 
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Biochemistry and Medicine are intimately related. Health depends on a harmonious balance of biochemical 

reactions occurring in the body and disease reflects abnormalities in biomolecules, biochemical reactions or 

biochemical processes.  

 
Biochemistry impacts enormously on the fundamental concerns of medicine (the understanding and 

maintenance of health and the understanding and effective treatment of disease). The relationship of 

biochemistry and medicine is a wide, 2-way street. Biochemical studies have illuminated many aspects of health 

and disease and conversely, the study of various aspects of health and disease has open up new areas of 

biochemistry e.g 

 Knowledge of protein structure/function was necessary to elucidate the single biochemical difference 

between normal haemoglobin and sickle cell hemoglobin. 

 Study on the genetic disease known as familial hypercholesterolemia which results in severe 

atherosclerosis at an early age have led to dramatic progress in understanding of cell receptors and of 

mechanisms of uptake of cholesterol into the cells. atherosclerosis is a disease of the arteries 

characterized by gradual accumulation of cholesterol, cholesterol esters, collagen etc in the arterial wall. 

 Study of oncogenes in cancer cells have directed attention to the molecular mechanisms involved in 

control of normal cell growth. Oncogene is a gene that has the potential to cause cancer. A gene that can 

bring about malignant transformation of cells.    

 
Nucleic acid                 Protein                  Lipid                      Carbohydrate 

 ↕       ↖     ↕       ↖     
Genetic disease           Sickle cell anaemia  Atherosclerosis      Diabetes mellitus 
Examples of 2-way street connecting Biochemistry and Medicine 

 
 
 
 
 

THE ROOTS OF BIOCHEMISTRY (A BRIEF HISTORY OF 
BIOCHEMISTRY) 

 
While the beginnings of chemistry date to the 17th and 18th centuries, biochemistry emerged in the late 18th 

and early 19th century. 
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During 17th and 18th centuries, important foundations were laid in many fields of biology. 

 

Over the years 1742 to 1786, the Swedish pharmacist Karl Wilhelm Scheele isolated many compounds from 

natural sources, several of which he purified and obtained as pure crystalline organic chemicals. Thus, he 

prepared the protein casein from milk, glycerol from animal fats, uric acid from urine, and lactic acid from sour 

milk. He obtained citric acid from lime-juice, malic acid from apples and tartaric acid from wine. These 

substances however had to remain objects of curiosity until the fuller development of organic and analytical 

chemistry had taken place. 

 

 The 19th century observed the development of concepts - the cell theory by Schleiden and Schwann, 

Mendel’s study of inheritance and Darwin’s theory of evolution. 
 

During the 19th century, any biological process that could not be understood in chemical terms was explained 

by the doctrine of vitalism. Vitalists argued that it was the presence of a vital force (life force or spirit) that 

distinguished the living organic world from the inanimate inorganic world. The experiment that destroyed the 

ideas of vitalism was the synthesis of urea, an organic chemical found in natural cells.  

 

The real push to biochemistry was given in 1828 when total synthesis of urea from lead cyanate and ammonia 

was achieved by Wohler who thus initiated the synthesis of organic compound from inorganic compound. 
 

In 1828, using only the inorganic and therefore ―lifeless‖ chemicals ammonia and cyanic acid, the German 

chemist Friedrich Wöhler synthesized urea 

The synthesis was a simple chemical rearrangement brought about by heat as described by the equation below: 

 

However the conversion of the inorganic compound into an organic one was not so clear-cut as might be 

desired, since the ammonium cyanate although considered an 'inorganic compound' itself was obtained via the 

heating of dried blood, horn and hides with iron and potash, definitely 'organic' sources. 
 

H. Kolbe in 1845 succeeded in synthesizing the organic compound acetic acid using only the elements carbon, 

sulphur, hydrogen, oxygen and chlorine thereby giving a final blow to the 'Vitalism' theory. 

 

His synthesis involved, first, the heating together of carbon and sulphur to form carbon disulphide (Equation 1). 

The carbon disulphide was then chlorinated to produce carbon tetrachloride (Equation 2). When the latter was 

passed through a red-hot tube, tetrachlorethylene and free chlorine were formed (Equation 3). In the presence of 

water and direct sunlight these two products combined to form trichloracetic acid (Equation 4). Reductive 
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hydrolysis of the latter with potassium amalgam as a source of nascent hydrogen yielded acetic acid (Equation 

5). 

 

 

In 1833, Payen, who was director of a sugar factory in Paris, and Persos, a university teacher, described the 

precipitation by alcohol of an extract of malt to give an impure preparation of diastase, the enzyme that converts 

starch to sugar. This was the first preparation of an enzyme and used a technique which is still widely used by 

biochemists to this day, that is the precipitation of enzymes by alcohols and other organic solvents. 
 

In the nineteenth century fermentation was a mysterious process by which sugar was turned into alcohol that 

had been known since Roman times.  

 

In 1818, Erxleben, a German industrial chemist, published a small book on fermentation in which he 

suggested that yeast was a plant whose growth caused fermentation. This entirely correct idea, however, 

appeared before its time and Erxleben's theory was overlooked.  

 

Then, during the three years 1835 to 1837 three separate individuals, Cagniard de La Tour, Theodor 

Schwann, and Kiitzing independently put forward the idea that yeast was a living organism and Schwann 

explained how this plant-like material was responsible for fermentation, converting sugar into carbon dioxide 

and alcohol — the idea put forward by Erxleben some 20 years earlier. 

 

Louis Pasteur, during 1857, did a great deal of work on fermentations and pointed out the central importance 

of enzymes in this process. 

 

The breakthrough in enzyme research and hence, biochemistry was made in 1897 by Edward Buchner when 

he extracted enzyme from yeast cells in crude form which could ferment a sugar molecule into alcohol.  

 

In 1897, Eduard Buchner and his brother Hans, working in Tubingen, succeeded by accident in obtaining 

fermentation without the presence of cells. The story of how they came to do so is a prime example of the well 

known principle in science of 'Serendipity'. They were attempting to prepare an extract of yeast for the purpose 

of feeding it to patients to determine its therapeutic effects. The yeast was first ground with sand, then 

kieselguhr was added and the liquid was squeezed out in a press. Having obtained a yeast 'press-juice' in this 

manner, the next problem was how to prevent the liquid from going bad. Most ordinary antiseptics available at 

that time such as phenol and mercury were too poisonous for human consumption, so they hit on the idea of 
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using the kitchen technique of preserving the juice by adding large amounts of sugar. Imagine their surprise 

when very soon the liquid began to bubble and froth and show all the signs of a vigorous fermentation. The 

molecules responsible for performing these reactions are called enzymes. 

 

The early part of 20th century witnessed a sudden outburst of knowledge in chemical analysis, separation 

methods, electronic instrumentation for biological studies (X-ray diffraction, electron microscope, etc) 

which ultimately resulted in understanding the structure and function of several key molecules involved in life 

processes such as proteins, enzymes, DNA and RNA. 

 

Neuberg introduced the term biochemistry in 1903. 

 

 In 1926, James Sumner established the protein nature of enzyme. He was responsible for the isolation 

and crystallization of urease, which provided a breakthrough in studying of the properties of specific 

enzymes. 

 

In 1926, James Sumner in America had a remarkable achievement. He purified the enzyme urease from jack-

bean meal and succeeded in crystallizing it and showed that it was a protein. Thus Sumner became the first man 

to crystallize an enzyme and to show that enzymes, although enormously complex, resembled other crystalline 

organic compounds such as cane-sugar or naphthalene.  

His results, however, did not go uncontested and they were vigorously denounced by Willstatter, a respected 

German biochemist who had concentrated many enzymes but had been unable to detect any protein in their 

solutions. These anomalous results were due to the insensitivity of the methods then in use to demonstrate the 

presence of protein rather than to the absence of the same. Thus, even as late as 1929, three years after Sumner's 

achievement, the Encyclopaedia Brittanica stated that 'Enzymes were formerly thought to be proteins, but this 

is no longer believed.' However, during the next few years, Northrup, another American biochemist, purified 

and crystallized several more enzymes and showed them likewise to be proteins — a view which is one of the 

basic tenets of modern-day Biochemistry. 
 

 The first metabolic pathway elucidated was the glycolytic pathway during the first half of the 20th 

century by Embden and Meyerhof. Otto Warburg, Cori and Parnas also made very important 

contributions relating to glycolytic pathway. 

 Krebs established the citric acid and urea cycles during 1930-40. 

 In 1940, Lipmann described the central role of ATP in biological systems. 

 The biochemistry of nucleic acids entered into a phase of exponential growth after the establishment of 

the structure of DNA in 1953 by Watson and Crick followed by the discovery of DNA polymerase by 

Kornberg in 1956. 
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Linus Pauling in the 20th century used the tool of X-ray crystallography to study the structure of amides and 

peptides. The other avenue traveled by the biologists, especially microbiologists, cell biologists, physiologists, 

and geneticists, is characterized mainly by a study of cell organization and function.  

 

The first use of the term biochemistry is unclear (perhaps around 1900); however, early scientists who 

considered themselves biochemists traveled on the physical sciences pathway. The two avenues of study 

converged in 1952 with the announcement by James Watson and Francis Crick of the double helix 

structure for DNA.  

Here the application of physics (crystallography), chemistry (structure and bonding), and biology (storage and 

transfer of genetic information) all came together to help solve what was the most exciting and complex 

biological problem at that time: the structure of the genetic material, DNA. The growth of knowledge in 

biochemistry since that time has been explosive. 
 

From 1960 onwards, biochemistry plunged into an interdisciplinary phase sharing much in common with 

biology and molecular genetics. 

 Frederick Sanger’s contributions in the sequencing of protein in 1953 and nucleic acid in 1977 were 

responsible for further developments in the field of protein and nucleic acid research. 

 

The growth of biochemistry and molecular biology was phenomenal during the past two decades. 

 The development of recombinant DNA research by Snell and coworkers during 1980 allowed for further 

growth and emergence of a new field, the genetic engineering. 

Thus there was progressive evolution of biology to biochemistry and then to molecular biology, genetic 

engineering and biotechnology. 

 

 
 
 

BIOCHEMISTRY OF CARBOHYDRATES 
OBJECTIVES 
After reading this lesson, you will be able to: 

 define carbohydrates 
 classify Common Carbohydrates 
 describe the sources and composition of carbohydrates 
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CARBOHYDRATES 

Compounds with empirical formula, (CH2O)n, were called as carbohydrates (hydrates of carbons). With the 

discoveries of many diverse carbohydrates it was noticed that many, but not all, carbohydrates have the above 

empirical formula; some also contain nitrogen, phosphorus or sulfur. There are some carbohydrates 

(derivatives) that do not possess (CH2O)n. On the other hand, there are a few non-carbohydrate compounds like 

lactic acid with empirical formula (CH2O)n.  

Hence, carbohydrates are chemically defined as polyhydroxy aldehydes or ketones, their derivatives and 

their polymers. 

They can be synthesized in the laboratory or in living cells. Simple carbohydrates or the entire carbohydrate 
family may also be called saccharides. In general carbohydrates have the empirical formula (CH

2
O)

n
. The term 

generated from carbon and hydrate; though some also contain nitrogen, phosphorus, or sulfur.  

  

 
Occurrence and importance 

 The carbohydrates comprise one of the major groups of naturally occurring biomolecules. This is mainly 

because; the light energy from the sun is converted into chemical energy by plants through primary 

production and is transferred to sugars and carbohydrate derivatives. 



An Undergraduate Lecture by Dr. Usunobun Usunomena BSc. (Ekpoma); MSc (Ibadan); PhD (Benin) Page 10 

 

 The dry substance of plants is composed of 50-80% of carbohydrates. The structural material in plants is 

mainly cellulose and related hemicelluloses. 

 Starch is the important form of storage polysaccharide in plants. 

 Pectins and sugars such as sucrose and glucose are also plant constituents. 

 Many non-carbohydrate organic molecules are found conjugated with sugars in the form of glycosides. 

 The carbohydrates in animals are mostly found in combination with proteins as glycoproteins, as well 

as other compounds. 

 The storage form of carbohydrates, glycogen, found in liver and muscles, the blood group substances, 

mucins, ground substance between cells in the  form of mucopolysaccharides are few examples of 

carbohydrates playing important roles in animals. 

 Chitin found in the exo-skeleton of lower animals, is a polymer of N-acetylglucosamine. 

 
Carbohydrates are also universally found in other polymeric substances. For example, 

 Fats are fatty acid esters of a sugar alcohol, glycerol. 

 Ribose and deoxyribose are constituent of nucleic acids. 

 
Moreover, in all living forms, the energy needed for mechanical work and chemical reactions are derived from 

carbohydrates. 

 Adenosine triphosphate and related substances that contain ribose as a constituent are key substances 

in energy storage and transfer. 

 The carbon skeletons of almost all organic molecules are derived from carbohydrates. 

 
Besides, the carbohydrates are the basic raw material of many important industries including sugar and sugar 

products, starch products, paper and wood pulp, textiles, plastics, food processing and fermentation. 

 
FUNCTIONS OF CARBOHYDRATES 

1. Most abundant dietary source of energy. 

2. They are precursors for many organic compounds (fats, amino acids) 

3. Carbohydrates (glycoprotein, glycolipids) participate in the structure of cell membrane and cellular functions 

4. Structural components of many organisms. These include the fibers (cellulose) of plant, exoskeleton of some 

insects and the cell wall of microorganisms. 

5. Serve as the storage form of energy (glycogen) to meet the immediate energy demands of the body. 

 

SOURCES OF CARBOHYDRATES 
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Baked goods commonly contain dietary starch and added sugar. Most dietary carbohydrates come from plants. 

Sugars and starches are nutritive carbohydrates, meaning they are broken down and utilized by the body, 

primarily to generate energy. Although dietary fiber is also a carbohydrate, it contributes no calories because it 

is not digested or absorbed. 

 
Grain Products 

Grain products are the leading source of carbohydrates in the diet. Grains naturally contain high concentrations 

of starch, which our gastrointestinal system breaks down into sugars. Common grains in diet include wheat, 

oats, rice, barley and cornmeal. Any food that includes grain or grain flour as a primary ingredient contains 

carbohydrates, such as bread and other baked goods, pasta, cereal, crackers. Choosing whole-grain products 

instead of those made from refined grains boosts your dietary fiber intake, which supports your heart and 

digestive health. 

 
Starchy Vegetables and Beans 

Beans and starchy vegetables, such as potatoes, yams, green peas, and corn, contain high levels of complex 

carbohydrates that our body digests into sugars. In addition, starchy vegetables and beans contribute vitamins, 

minerals and fiber to our diet. Dry beans also serve as a good source of lean dietary protein. 

 
Fruits 

All fruit and fruit juices contain carbohydrates in the form of natural sugars, such as glucose and fructose. Fruit 

sugars contribute nearly all of the calories contained in these foods. With persistently low consumption rates, 

fruit contributes less than 8 percent of the average daily calories in the diet. Fresh fruit is a healthier option than 

fruit juice because it provides more dietary fiber and less carbohydrate by volume. 

 
Beverages 

Dairy milk is the only significant source of dietary carbohydrates not derived from plants. A cup of unflavored 

milk contains about 11 to 12 grams of carbohydrate in the form of milk sugar, or lactose. Chocolate milk 

contains more than twice the amount of carbohydrate per cup compared to plain milk because sugar is added to 

sweeten the flavor. Sugar-sweetened soda, fruit drinks and sports and energy drinks substantially contribute to 

dietary carbohydrate intake. Wine, beer and liqueurs also contain carbohydrates. Dessert wines typically contain 

roughly four times the amount of carbohydrates found in table wines. 

 
Sweets and added Sugars 

Eating candy and desserts markedly boosts the number of carbohydrates in our diet. Indulging in a 1.6-ounce 

milk chocolate bar adds more than 26 grams of carbohydrates to our daily intake; a slice of cherry pie adds 
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approximately 47 to 69 grams. Sugar added to processed foods that you may not consider sweet can be an 

unrecognized source of carbohydrates in our diet. Commercial pasta sauces, salad dressings, sandwich bread, 

energy and nutrition bars, cereals, heat and- eat meals and other convenience foods commonly contain high-

fructose corn syrup or another form of sugar for added flavor. Opting for whole, fresh foods rather than 

processed foods helps us avoid hidden carbohydrates. 

 
CLASSIFICATION 

Carbohydrates are classified into three major groups: 

 Monosaccharides 

 Oligosaccharides 

 Polysaccharides 

 
The word ―saccharide‖ is derived from the Greek sakcharon, meaning ―sugar. 
 
Classification of carbohydrates 

 
 

Monosaccharides: 
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Monosaccharides are the simplest form that cannot be hydrolyzed further into smaller units. They are classified 

into a) simple monosaccharides b) derived monosaccharides 
 

Simple monosaccharides are further classified 

 based on the type of functional group and 

 the number of carbon atoms they possess. 
 

Derived monosaccharides include the derivatives of simple monosaccharides such as oxidation products, 

reduction products, substitution products and esters. 
 

Sugars having aldehyde group are called aldoses and sugars with keto group are called ketoses. Depending on 

the number of carbon atoms monosaccharides are named as triose (C3), tetrose (C4), pentose (C5), hexose (C6), 

heptose (C7) and so on. 
 

aldose – monosaccharide containing an aldehyde group on one C atom and a hydroxy group on each of the 

other C atoms 
 

ketose – monosaccharide containing a ketone group on one C atom and a hydroxy group on each of the other C 

atoms. 

 
Classification of monosaccharides 
Monosaccharide classifications based on the number of carbons 

 
 
Monosaccharides Have Asymmetric Centers 

All the monosaccharides except dihydroxyacetone contain one or more asymmetric (chiral) carbon atoms and 

thus occur in optically active isomeric forms. The simplest aldose, glyceraldehyde, contains one chiral center 

(the middle carbon atom) and therefore has two different optical isomers, or enantiomers. By convention, one of 
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these two forms is designated the D isomer, the other the L isomer. As for other biomolecules with chiral 

centers, the absolute configurations of sugars are known from x-ray crystallography. 

 
In general, a molecule with n chiral centers can have 2n stereoisomers. Glyceraldehyde has 21 ꞊ 2; the 

aldohexoses, with four chiral centers, have 24 ꞊ 16 stereoisomers. The stereoisomers of monosaccharides of each 

carbon chain length can be divided into two groups that differ in the configuration about the chiral center most 

distant from the carbonyl carbon. 

Those in which the configuration at this reference carbon is the same as that of D-glyceraldehyde are designated 

D isomers, and those with the same configuration as L-glyceraldehyde are L isomers. When the hydroxyl group 

on the reference carbon is on the right in the projection formula, the sugar is the D isomer; when on the left, it is 

the L isomer. Of the 16 possible aldohexoses, eight are D forms and eight are L. Most of the hexoses of living 

organisms are D isomers. 

The carbons of a sugar are numbered beginning at the end of the chain nearest the carbonyl group. 
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Different representations of glucose structure 
 
Haworth Projection: A Haworth projection is a common way of representing the cyclic structure of 

monosaccharides with a simple three-dimensional perspective. The Haworth projection was named after the 

English chemist Sir Walter N. Haworth.  

A Haworth projection has the following characteristics:  

 Carbon is the implicit type of atom. In the example on the right, the atoms numbered from 1 to 6 are all 

carbon atoms. Carbon 1 is known as the Anomeric Carbon.  

 Hydrogen atoms on carbon are implicit. In the example, atoms 1 to 6 have extra hydrogen atoms not 

depicted  

A thicker line indicates atoms that are closer to the observer. In the following figure, 

atoms 2 and 3 (and their corresponding OH groups) are the closest to the observer, atoms 1 and 4 are further 

from the observer and finally the remaining atoms (5, etc.) are the furthest. 
 

The cyclic structure of monosaccharides is represented by Haworth projection, where the α-anomer has the 

OH- of the anomeric carbon under the ring structure, and the β-isomer, has the OH- of the anomeric carbon on 

top of the ring structure. 
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open-chain form and cyclic form of glucose 
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Chair and Boat conformation. 

There is another way of representation of cyclic structure of saccharides; one is chair and another is boat 

conformation. In chair conformation, the α-anomer has the OH- of the anomeric carbon in an axial position, 

whereas the β-isomer has the OH- of the anomeric carbon in equatorial position The lowest-energy chair 

conformation, 6 of the 12 hydrogens are in axial positions their C-H bonds are parallel to each other and appear 

to stick up and down from the ring structure, the other 6 are in equatorial positions.  

On the other hand, boat conformation has a higher energy than the chair form due to steric strain resulting from 

the two axial 1,4-hydrogen atoms. The torsional strain in the boat  

conformation has a maximum value because all the carbon bonds are eclipsed. The difference in energy 

between the chair and the twist-boat conformation of monosaccharides can be measured indirectly by taking the 

difference in activation energy for the conversion of the chair to the twist-boat conformation and that of the 

reverse isomerization  

 
 
ISOMERISM IN CARBOHYDRATES 

The presence of asymmetric carbon atoms (A carbon atom to which four different atoms or groups attached is 

known as asymmetric carbon) in a compound produces following effect; 

 It gives rise to the formation of stereoisomerism of that compound 

 It also confers optical activity to the compound. 
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A carbon is chiral if it has 4 different groups attached to it. Molecule is chiral if it is not superimposable on its 

mirror image. 
 

Isomers are defined as molecule with the same chemical formula and often with the same kinds of chemical 

bonds between atoms, but in which the atoms are arranged differently (analogous to a chemical anagram). That 

is to say, they have different structural formulae. Many isomers share similar if not identical properties in most 

chemical contexts.  
 

D and L-glucose are termed D and L form depending on the arrangement of H and OH on the penultimate 

carbon atom. When the sugar has OH group on right, is D isomer. If OH group is on left side then it is L – 

isomer. 

        
 

 
 
1. Sterioisomerism 

Compounds which are identical in composition and structural formula but differ in spatial configuration 

sterioisomers These are called as sterioisomers. The stereoisomers have same chemical formula and 

connectivity of atoms, but different arrangements of those atoms. This is also termed as spatial isomerism. It 

include: 

 
a. Enantiomer: 

Their structures are mirror images of each other. Only D-glucose or D- sugars are utilized by humans. When 

sugars differ at all chiral centers (mirror image molecules), they are called enantiomers. If two molecules are 

enantiomers, all of the chiral centers in it must have opposite configurations. 



An Undergraduate Lecture by Dr. Usunobun Usunomena BSc. (Ekpoma); MSc (Ibadan); PhD (Benin) Page 21 

 

 
 
 
B. Anomerism 

Sugars in solution exist in ring form and not in straight chain form. Aldosugar form mainly pyranose ring and 

ketosugar form furanose ring structure 

Carbon 1, after ring formation becomes asymmetric and it is called as anomeric carbon atom. If the two sugars 

which differ in the configuration at only C1 in case of aldoses and C2 in ketoses are known as anomers and 

represented as alpha and beta sugars. 

E.g. α-D glucose and β-D-glucose 

α-D fructose and β-D-fructose 
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B. Epimerism:  

When sugars differ at one chiral center, the isomers formed due to variations in the configuration of –H and –

OH around a single carbon atom in a sugar molecule is called as epimers. Two sugars that differ only in the 

configuration around one carbon atom are called epimers. D-glucose and D-mannose, which differ only in the 

stereochemistry at C-2, are epimers, as are D-glucose and D-galactose (which differ at C-4). 
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Epimers 
 
Diastereomers:  

When sugars differ at one or more chiral centers 

 
 
 
 
REACTIONS OF MONOSACCHARIDES 
Monosaccharides are able to:-  

 undergo dehydration on treatment with strong acids to give furfural derivatives;  

 mutarotation;  

 reduce heavy metals metallic cations like Cu++ in alkaline solution and high temperature (hence termed 

reducing sugars);  

 form osazones with phenylhydrazines;  
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 react with dilute alkali to have reducing action;  

aldoses can be oxidized to yield aldonic acids (first C-atom oxidized to carboxyl group), uronic acids (terminal 

C-atom oxidized to carboxyl group), and aldaric or saccharic acids (first and terminal C-atom are oxidized to 

carboxyl groups);  

 undergoes reduction ,glucose to sorbitol and fructose to sorbitol and mannitol;  

 form glycoside by the replacement of the H-atom of the hemiacetal/ketal group with an organic moiety 

with the loss of a molecule of water. When the organic moiety is not a carbohydrate it‘s called 

Aglycone. Examples are the cardiac glycosides digoxin, indicant (CHO + indoxyl), amygdalin (CHO + 

benzaldehyde) etc 

 
Tautomerization or Enolization (Enediol formation) 

In mild alkaline solutions, carbohydrates containing free sugar group (aldehyde or keto group) will 

tautomerise to form enediols, where two hydroxyl groups (2 –OH groups) are attached to the double-

bonded carbon. In mild alkaline conditions, glucose is converted into fructose and mannose. 
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Reducing properties. 

Monosaccharides can be oxidized by relatively mild oxidizing agents such as ferric (Fe3_) or cupric (Cu2_) ion. 

The carbonyl carbon is oxidized to a carboxyl group. Glucose and other sugars capable of reducing ferric or 

cupric ion are called reducing sugars. This property is the basis of Fehling‘s reaction, a qualitative test for the 

presence of reducing sugar. By measuring the amount of oxidizing agent reduced by a solution of a sugar, it is 

also possible to estimate the concentration of that sugar. 

Reaction with Oxidizing Agents: Reducing Sugars  

Aldehydes can be oxidized to carboxylic acids (RCHO → RCOOH).  
As the open-chain aldehyde is oxidized, its equilibrium with the cyclic form is displaced, so that the 

open-chain form continues to be produced.  

Carbohydrates that react with mild oxidizing agents are classified as reducing sugars.  

 
 
Benedict’s Reaction 

Benedict‘s reagent contains sodium carbonate, copper sulphate and sodium citrate. In alkaline medium, 

sugars form enediols which will reduce cupric ions and correspondingly the sugar is oxidized. Any sugar 

with free aldehyde or keto group will reduce benedict‘s reagent and called as reducing sugars.  

 
 
Osazone Formation 

All reducing sugars will form osazone with excess of phenylhydrazine when kept at boiling temperature. 

Osazones are insoluble. Each sugar will have characteristic crystal form of osazone 
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Oxidation. 
Under mild oxidation conditions the aldehyde group is oxidized to carboxyl group to produce aldonic acid. Ex: 
Glucose to Gluconic acid 
 

When aldehyde group is protected and the molecule is oxidized the last carbon becomes COOH group to 
produce uronic acid. Ex: Glucose to Glucuronic acid. 
 

Under strong oxidation conditions the first and last carbon atoms are simultaneously oxidized to form 
dicarboxyllic acids, known as saccharic acids. Ex: Glucose to Glucosaccharic acid. 

 
Aldoses are easily oxidized to carboxylic acids by: Tollens' reagent (Ag+, NH3), Fehling's reagent (Cu2+, 
sodium tartrate), Benedict`s reagent (Cu2+ sodium citrate) 
 

Warm dilute HNO3 oxidizes aldoses to dicarboxylic acids, called aldaric acids. 
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Reduction. 
When treated with reducing agents such as sodium amalgam, hydrogen can reduce sugars. Aldose yields 
corresponding alcohols. But ketose forms two alcohols, because of appearance of a new asymmetric carbon 
atom. Ex: Glucose forms sorbitol and fructose forms sorbitol and mannitol. 
 

Treatment of an aldose or ketose with NaBH4 reduces it to a polyalcohol (alditol) 
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Dehydration. 
Monosaccharides when treated with concentrated sulphuric acid undergo dehydration with removal of 3 
molecules of water. Therefore hexoses give hydroxymethyl furfural and pentoses give furfural. These furfural 
derivatives can condense with phenolic compounds to give coloured products. This forms the basis of Molisch 
test, a general test for carbohydrates. 
 

 
 
Formation of Esters 
Hydroxyl groups of sugars can be esterified to form acetates, propionates, benzoates, phosphates, etc 
 
Phosphate esters of alcohols contain a —PO3

–2 group bonded to the oxygen atom of an —OH group.  

The —OH groups of sugars can add —PO3
–2 groups to form phosphate esters in the same manner.  

Phosphate esters of monosaccharides appear as reactants and products throughout the metabolism of 
carbohydrates.  
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Phosphate esters can form at the 6-carbon of aldohexoses and aldoketoses. 
 
Phosphate esters of monosaccharides are found in the sugar-phosphate backbone of DNA and RNA, in ATP, 
and as intermediates in the metabolism of carbohydrates in the body. 

 
 
 
Glycoside formation. 
When the hemi-acatal group of a monosaccharide is condensed with an alcohol or phenol group, it is called 
glycoside. 
 
The hydroxyl group of anomeric carbon of a carbohydrate can join with a hydroxyl group of another 
carbohydrate or some other compound to form a glycoside and the bond so formed is known as glycosidic bond. 
 
eg. R-OH + HO-R' →R-O-R' + H2O 
 
The non-carbohydrate moiety is known as aglycone –phenol, sterol, bases, CH3OH, glycerol. 
Glycosidic bond can be N-linked or, O-linked. 
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Oligosaccharides: 
They contain two to ten monosaccharide units joined by glycosidic linkages that can be easily hydrolyzed. The 
simplest oligosaccharides are disaccharides made of two molecules of simple sugars that can be the same or 
different. 
 
Disaccharides (such as maltose, lactose, and sucrose) consist of two monosaccharides joined covalently by an 
O-glycosidic bond, which is formed when a hydroxyl group of one sugar reacts with the anomeric carbon of the 
other. 
 
When an anomeric carbon participates in a glycosidic bond, it cannot be oxidized by cupric or ferric ion. The 
sugar containing the anomeric carbon atom cannot exist in linear form and no longer acts as a reducing sugar. In 
describing disaccharides or polysaccharides, the end of a chain with a free anomeric carbon (i.e., not involved in 
a glycosidic bond) is commonly called the reducing end. Glycosidic bonds are readily hydrolyzed by acid, but 
resist cleavage by base. Thus disaccharides can be hydrolyzed to yield their free monosaccharide components 
by boiling with dilute acid. 
 
The manner in which sugars are linked together to form oligosaccharides was elucidated by W. N. Haworth, 
who received the Nobel Prize in chemistry in 1937 for this and other contributions to research on the structures 
and reactions of carbohydrates. 
 
The disaccharide maltose contains two D-glucose residues joined by a glycosidic linkage between C-1 (the 
anomeric carbon) of one glucose residue and C-4 of the other. Because the free anomeric carbon (C-1 of the 
glucose residue on the right in can be oxidized, maltose is a reducing disaccharide. The configuration of the 
anomeric carbon atom in the glycosidic linkage is α. The glucose residue with the free anomeric carbon is 
capable of existing in α- and β-pyranose forms. 
 
The disaccharide lactose, which yields D-galactose and D-glucose on hydrolysis, occurs naturally only in milk. 
The anomeric carbon of the glucose residue is available for oxidation, and thus lactose is a reducing 
disaccharide.  
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Sucrose (table sugar) is a disaccharide of glucose and fructose. It is formed by plants but not by higher animals. 
In contrast to maltose and lactose, sucrose contains no free anomeric carbon atom; the anomeric carbons of both 
monosaccharide units are involved in the glycosidic bond. Sucrose is therefore not a reducing sugar. Non-
reducing disaccharides are named as glycosides; the positions joined are the anomeric carbons. In the 
abbreviated nomenclature, a double-headed arrow connects the symbols specifying the anomeric carbons and 
their configurations. For example, the abbreviated name of sucrose is either Glc(α1↔2β)Fru or 

Fru(β2↔1α)Glc. Sucrose is a major intermediate product of photosynthesis; in many plants it is the principal 

form in which sugar is transported from the leaves to other parts of the plant body. 
 

 
 

 Maltose 
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To name reducing disaccharides such as maltose unambiguously, and especially to name more complex 
oligosaccharides, several rules are followed. 
By convention, the name describes the compound with its non reducing end to the left, and the name is ―built 

up‖ in the following order.  
(1) The configuration (α or β) at the anomeric carbon joining the first monosaccharide unit (on the left) to 

the second is given.  
(2) The nonreducing residue is named. 
To distinguish five- and six-membered ring structures, ―furano‖ or ―pyrano‖ is inserted into the name.  
(3) The two carbon atoms joined by the glycosidic bond are indicated in parentheses, with an arrow connecting 
the two numbers; for example, (1→4) shows that C-1 of the first-named sugar residue is joined to C-4 of the 
second.  
(4) The second residue is named. If there is a third residue, the second glycosidic bond is described next, by the 
same conventions. 
Following this convention for naming oligosaccharides, maltose is a-Dglucopyranosyl-(1→4)-D-glucopyranose. 
 

  
Raffinose is an oligosaccharide found in peas and beans; largely undigested until reaching the intestinal flora in 
the large intestine, releasing hydrogen, carbon dioxide, and methane). 
 
Polysaccharides: 
They are high molecular weight polymers containing more than ten monosaccharides. They are either linear or 
branched in structure. The monomeric building blocks used to generate polysaccharides can be varied; in all 
cases, however, the predominant monosaccharide found in polysaccharides is D-glucose. 
 
Polysaccharides are further classified based on 
a) the kind of monosaccharides present as: 



An Undergraduate Lecture by Dr. Usunobun Usunomena BSc. (Ekpoma); MSc (Ibadan); PhD (Benin) Page 33 

 

 Homopolysaccharides when made from a single kind of monosaccharide. Eg starch, cellulose, inulin, 
glycogen, chitin 

 Heteropolysaccharides are made up of more than one type of monosaccharides. Eg. Hemicellulose, 
Mucopolysaccharides – Chondroitin sulphate, Hyaluronic acid, Heparin and Keratan sulphate. 

 
Polysaccharides that are composed not only of a mixture of simple sugars but also of derivatives of sugars 
such as amino sugars and uronic sugars are called mucopolysaccharides. They are gelatinous substances of 
high molecular weights (up to 5 × 106). Most of these act as structural support material for connective tissue 
or mucous substances of the body. They serve both as a lubricant and a cementing substance. 

 
b) functional aspect as: 

 Storage Polysaccharide eg. Starch, glycogen, inulin, Galactomannan 
 Structural Polysaccharide eg.Cellulose, Chitin, Hemicellulose 

 
Glycogen 
Glycogen is the major form of stored carbohydrate in animals. This crucial molecule is a homopolymer of 
glucose in α–(1,4) linkage; it is also highly branched, with α–(1,6) branch linkages occurring every 8-10 
residues. Glycogen is a very compact structure that results from the coiling of the polymer chains. This 
compactness allows large amounts of carbon energy to be stored in a small volume, with little effect on cellular 
osmolarity. The structure of glycogen is similar to that of amylopectin, although the branches in glycogen tend 
to be shorter and more frequent. The liver and skeletal muscles are major depots of glycogen. Glycogen is 
broken back down into glucose when energy is needed (a process called glycogenolysis). 

 
Section of Glycogen Showing α–1,4– and α–1,6–Glycosidic Linkages 
 
Starch 
Starch is the major form of stored carbohydrate in plant cells. Its structure is identical to glycogen, except for a 
much lower degree of branching (about every 20–30 residues). Unbranched starch is called amylose; branched 
starch is called amylopectin. Starches are insoluble in water and thus can serve as storage depots of glucose. 
Plants convert excess glucose into starch for storage. Before starches can enter (or leave) cells, they must be 
digested. The hydrolysis of starch is done by amylases. With the aid of an amylase (such as pancreatic 
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amylase), water molecules enter at the 1 -> 4 linkages, breaking the chain and eventually producing a mixture of 
glucose and maltose. A different amylase is needed to break the 1 -> 6 bonds of amylopectin. 
 
Amylose consists of linear, unbranched chains of several hundred glucose residues (units). The glucose residues 
are linked by a glycosidic bond between their number 1 and 4 carbon atoms. Amylose has a molecular weight 
range of 10,000 to 50,000. 
 
Amylopectin differs from amylose in being highly branched. At approximately every thirtieth residue along the 
chain, a short side chain is attached by a glycosidic bond to the #6 carbon atom (the carbon above the ring). The 
total number of glucose residues in a molecule of amylopectin is several thousands. Amylopectin has a high 
molecular weight range of 50,000 to 1,000,000. 
 
One enzyme, α-amylase, found in the digestive tract of animals (in saliva and the pancreatic juice) hydrolyzes 
the linear amylose chain by attacking α (1→ 4) linkages at random throughout the chain to produce a mixture of 

maltose and glucose. β-amylase, an enzyme found in plants, attacks the nonreducing end of amylose to yield 
successive units of maltose (The prefixes α and β used with the amylases do not refer to glycosidic linkage, but 

simply designate these two enzymes).  
 
Amylopectin can also be attacked by α- and β-amylases, but the α (1 → 4) glycosidic bonds near the branching 

point in amylopectin and the α (1 → 6) bond itself are not hydrolyzed by these enzymes. A separate 

―debranching‖ enzyme, an α (1→ 6) glucosidase can hydrolyze the bond at the branch point. Therefore, the 
combined action of α-amylase and the α (1 → 6) glucosidase will hydrolyze amylopectin ultimately to a 
mixture of glucose and maltose. 
 
The two components of starch differ in following points : 
I. Amylose has a simpler structure and hence more soluble in water than amylopectin. Because of this 
difference in solubility, the two components may be separated partially by keeping starch in water for a 
prolonged period. When potatoes are boiled, amylose is extracted by the hot water turning it milky and 
opalescent. The amylopectin left behind accounts for most of the starch in boiled potatoes. 
 
II. Amylose is soluble without swelling in hot water whereas amylopectin swells in water. 
 
III. Amylose is readily dispersed in water but does not form the characteristic gel or starch paste. However, 
when dispersed in sufficient concentrations, the amylopectin forms the typical starch gel. 
 
IV. Amylose produces a typical blue colour with iodine whereas amylopectin gives a purplish colour with 
iodine. In fact, amylose is an open, helical molecule. The inside diameter of the helix is just large enough to 
accommodate an iodine molecule and it is the consequent change in the light-absorbing properties of the 
halogen that is responsible for the blue colour given in the starch-iodine test. By contrast, most other 
polysaccharides, including amylopectin, give only dull, reddish-brown colours. 
 
Starch is used in paper manufacture and in the textile and food industries. Fermentation of grain starches is an 
important source of ethanol.  
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Hydrolysis of starch catalyzed by hydrochloric acid results in a syrupy mixture of glucose, maltose, and higher-
molecular-weight saccharides. This mixture is called dextrin and is marketed as corn syrup. The hydrolysis 
does not proceed all the way to glucose because the α-1,6 glucosidic link at the branch point is not easily 
hydrolyzed.  
 
Starch is a white soft amorphous powder and lacks sweetness. It is insoluble in water, alcohol and ether at 
ordinary temperature. The microscopic form of the starch grains is characteristic of the source of starch.  
 
Starch, on partial hydrolysis by boiling with water under pressure at about 250°C, breaks down into large 
fragments called dextrins. The resulting dextrins then confer stiffness to clothes that have been starched and 
ironed. Starch molecule is highly hydrated since it contains many exposed hydroxyl groups. 

 
 

 
Structure of amylase 
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Structure of Amylopectin 
 
Cellulose 
Cellulose is not only the most abundant extracellular structural polysaccharide of the plant world but is also 
undoubtedly the most abundant of all biomolecules in the biosphere. It is present in all land plants, but is 
completely lacking in meat, egg, fish and milk. It is, however, not metabolized by the human system. 
 
Because of the lack of chemical reactivity, the cellulose is of no nutritive value unlike starch. However,  the 
same characteristics have made it so useful as fibres for paper and cloth. In man, the cellulose is not digested 
since it does not possess an enzyme capable of catalyzing the cleavage of β-glucoside bonds. Hence, it serves as 
an important source of ―bulk‖ in the diet. However, the ruminants (cattles, sheep, goats, camels, giraffes) and 

certain wood-eating insects are able to digest it because the microorganisms, present in their digestive tract, do 
possess such digesting enzymes. Also certain wood-eating insects such as termites readily digest cellulose 
because their intestinal tract harbours a parasitic protozoan, Trichonympha. The latter secretes cellulase, a 
cellulose-hydrolyzing enzyme which enables termites to digest wood. Wood-rot fungi and bacteria also produce 
cellulase. 
 
It is a fibrous, tough, white solid, insoluble in water but soluble in ammoniacal cupric hydroxide solution 
(Schweitzer‘s reagent). It gives no colour with iodine and lacks sweetness. Although insoluble in water, 

cellulose absorbs water and adds to the bulk of the fecal matter and facilitates its removal. 
 
Cellulose is probably the single most abundant organic molecule in the biosphere. It is the major structural 
material of which plants are made. Wood is largely cellulose while cotton and paper are almost pure cellulose. 
Like starch, cellulose is a polysaccharide with glucose as its monomer. However, cellulose differs profoundly 
from starch in its properties. 

 Because of the orientation of the glycosidic bonds linking the glucose residues, the rings of glucose are 
arranged in a flip-flop manner. This produces a long, straight, rigid molecule. 

 There are no side chains in cellulose as there are in starch. The absence of side chains allows these linear 
molecules to lie close together. 

 Because of the many -OH groups, as well as the oxygen atom in the ring, there are many opportunities 
for hydrogen bonds to form between adjacent chains. 
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It is the main constituent of supporting tissues of plants and therefore forms a considerable part of animal 
vegetable diet. Herbivores with the help of bacteria can utilize a considerable proportion of cellulose. It adds 
bulk to the intestinal contents (roughage) thereby stimulating peristalsis and elimination of indigestible food 
residues. 

 
Structure of Cellulose 
 
Inulin 
It is a polymer of D-fructose with low molecular weight of about 5000. It occurs in tubers of Dehlia, bulbs of 
onions and garlic etc. it can be hydrolysed by acid and inulinase to D-fructose.it is used in physiological 
investigation for determination of glomerular filtration rate and in estimation of total body water. 
 
Agar 
It is a homopolysaccharide made up of repeating units of galactose which is sulphated. It is present in sea weed. 
It is used as a laxative in constipation because like cellulose it is not digested hence adds bulk to feces and helps 
propulsion. In microbiology it is purified and dissolved in hot water and on cooling sets like gel and used in 
culture of bacteria. 
 
Hyaluronic acid is the most abundant member of mucopolysaccharides and is found in higher animals as a 
component of various tissues such as the vitreous body of the eye, the umbilical cord and  the synovial fluid of 
joints. The high viscosity of the synovial fluid and its role as biological lubricant is largely due to the presence 
of its hyaluronic acid content (about 0.03%). Frequently, it is prepared from umbilical cord. 
 
Hyaluronic acid---- it is sulphate free and found in vitreous humour, synovial fluid, skin, Umbilical cord and 
rheumatic nodule. it occurs as both free and in salt like combination with proteins hence called the ground 
substance of mesenchyme and intergral part of the gel-like ground substance of C.T and other tissues.  
Hyaluronic acid is a straight-chain polymer of D-glucuronic acid and N-acetyl- D-glucosamine (NAG) 
alternating in the chain. 

 
Structure of Hyaluronic acid 
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Heparin----It is an anticoagulant present in liver and is produced mainly by mast cells of liver. It can also be 
found in lungs, thymus, spleen, walls of large vessels, skin etc. both the hydroxyl and the amino groups are 
combined with sulphuric acid. 
 
Heparin is a very important and complex polysaccharide derivative that occurs in intestinal walls and has a 
major use as a blood anticoagulant, especially in connection with artificial kidney therapy. Heparin also has 
shown great promise in the treatment of patients with extensive burns, by promoting blood circulation to burn-
damaged tissue. The structure of heparin can not be defined precisely because its composition depends on the 
source of supply. The major components of the polysaccharide chain are D-glucuronic acid, L-iduronic acid, 
and the same 2-deoxy-2-aminoglucose (D-glucosamine) that is a constituent of chitin (although in heparin it 
occurs as the α anomer). There is a α;1-4 linkage from the anomeric C-atom of the glucuronic acid to the C4 
hydroxyl group of the glucosamine. 

 
Structure of Heparin 
 
 
Chondroitin sulphates---They are present in connective tissue and serve as structural material such as 
cartilage, tendons and bones. It differs from hyaluronic acid in that it has N-acetyl galactosamine instead of 
Nacetyl glucosamine. There are 4 different types of chondroitin SO4s named as Chondroitin Sulphate-A,B,C and 
D. these differ at points of C-atom linkages, positions and /or number of sulphate groups etc 

 
Structure of Chondroitin Sulphate C 
 
Chondroitin sulfates may be regarded as derivatives of chondroitin where, in the galactosamine moiety, a 
sulfate group is esterified either at carbon 4 as in chondroitin sulfate A or at carbon 6 as in chondroitin sulfate 
C. The two linkages involved in both types of chondroitin sulfate would, obviously, be the same. These are β-1 
→ 3 and β-1 → 4. 
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Heparin sulphate----It has been isolated from amyloid liver (a diseased state) and certain normal tissue such as 
human and cattle aorta. It has negligible anticoagulant activity and though structurally similar to heparin has a 
lower mol. wt. unlike heparin its predominant uronic acid is D-glucurononic acid. 
 
Many polysaccharides besides starch and cellulose are important components of animal tissues, or play a vital 
role in biochemical processes. One example is chitin, a celluloselike material that is the structural component of 
the hard shells of insects and crustaceans. The difference between chitin and cellulose is that instead of being a 
polymer of glucose, chitin is a polymer of 2-deoxy-2-Nethanamidoglucose (N-acetyl-p-D-glucosamine). 
 
Chitin is found in fungi but principally among the arthropods (crabs and insects). The armour of crabs and the 
exoskeleton (= cuticula) of insects consist mostly of chitin and some protein. The excellent mechanical 
properties of insect skeleton are due to chitin. The chitin framework of lobster and crabs shells is impregnated 
and hardened with calcium carbonate. 
 
Chitin is closely related to cellulose. Here the alcoholic OH group on carbon atom 2 of β-D-glucose units is 
replaced by an N-acetylamino group. It is, thus, a linear polymer of N-acetyl-D-glucosamine units joined 
together by β-1, 4-glucosidic linkages. Chitin‘s pronounced stability is based on the hydrogen bonding of the N-
acetyl side chains. Like cellulose, chitin is indigestible by vertebrate animals. 
 
On hydrolysis with mineral acids, chitin yields 2 final end products, namely, glucosamine and acetic acid. 
Glucosamine is an important component of some glycoproteins (=mucoproteins) such as mucin of saliva. 
Chitinases (from the gastric juice of snails or from bacteria), however, decompose the chitin to N-
acetylglucosamine. 

Structure of Chitin 
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ENZYMES AS BIOLOGICAL CATALYST 
Enzymology is the study of enzyme and enzyme catalyzed reaction. 
 
Enzymes are proteins that catalyse, or speed up, biochemical reactions. Each of the thousands of biochemical 
reactions needed by each living cell is catalysed by a unique enzyme, without which the rate of reaction would 
be too slow to sustain life. 
 
Catalysis is defined as the acceleration of a chemical reaction by some substance which itself undergoes no 
permanent chemical change. The catalysts of biochemical reactions are enzymes and are responsible for 
bringing about almost all of the chemical reactions in living organisms. Without enzymes, these reactions take 
place at a rate far too slow for the pace of metabolism. 
 
A chemical reaction is the process by which two or more chemical compounds, called reactants, combine to 
form one or more different compounds, called products. A reactant can be comprised of a single element or it 
may be a molecule containing multiple elements. The same holds true for the products of the reaction. In 
biochemistry, a reactant is referred to as a substrate. 
 
The study of enzymes has immense practical importance. In some diseases, especially inheritable genetic 
disorders, there may be a deficiency or even a total absence of one or more enzymes. For other disease 
conditions, excessive activity of an enzyme may be the cause. Measurements of the activities of enzymes in 
blood plasma, erythrocytes, or tissue samples are important in diagnosing certain illnesses. Many drugs exert 
their biological effects through interactions with enzymes. 
 
Enzymes are involved in most biochemical reactions, and they do their job extremely well. A typical 
biochemical reaction could take several days to occur without an enzyme. With the proper enzyme, the same 
reaction can occur in just a split second! They can catalyze up to several million reactions per second. Without 
enzymes to speed up biochemical reactions, most organisms could not survive. The activities of enzymes 
depend on the temperature, ionic conditions, and the pH of the surroundings. Some enzymes work best at acidic 
pHs, while others work best in neutral environments. 
 
Enzymes are proteins, and their function is determined by their complex structure. The reaction takes place in 
a small part of the enzyme called the active site, while the rest of the protein acts as "scaffolding". 
 
Enzymes, like other catalysts, speed up the rates of chemical reactions by lowering the activation energy of that 
reaction (i.e., the amount of energy needed to start a chemical reaction). They do so by binding reactants 



An Undergraduate Lecture by Dr. Usunobun Usunomena BSc. (Ekpoma); MSc (Ibadan); PhD (Benin) Page 41 

 

(hereafter referred to as substrates) and holding them in a particular orientation that maximizes the chances that 
a particular chemical reaction will occur, converting the substrates into products.  
 
Like other catalysts, enzymes themselves are not permanently altered in the chemical reaction they catalyze—

enzymes return to their original form at the end of the reaction.  
 
A certain amount of energy must be available for a reaction to occur. This is referred to as the activation energy 
of the reaction. A catalyst lowers the activation energy of a given chemical reaction, increasing the rate of the 
reaction. Enzymes, usually proteins, are catalysts in biochemical reactions. 
 
Several factors affect the rate at which enzymatic reactions proceed - temperature, pH, enzyme concentration, 
substrate concentration, and the presence of any inhibitors or activators. 
 
PROPERTIES OF ENZYMES 
1. Enzymes are proteins 
Enzymes are protein catalysts for chemical reaction in biological systems. They increase the rate of chemical 
reactions taking place within living cells without changing themselves. 
 
All known enzymes are proteins. They are high molecular weight compounds made up principally of chains of 
amino acids linked together by peptide bonds. Enzymes can be denatured and precipitated with salts, solvents 
and other reagents. They have molecular weights ranging from 10,000 to 2,000,000.  

 
 
2. Catalytic efficiency/ Enzyme turnover number 
Most enzyme- catalyzed reactions are highly efficient proceeding from 103 to 108 times faster than uncatalyzed 
reactions. Typically each enzyme molecule is capable of transforming 100 to 1000 substrate molecule into 
product each second. Enzyme turn over number refers to the amount of substrate converted per unit time 
(carbonic anhydrase is the fastest enzyme). 
 
Enzymes are the most powerful catalysts known. In fact, an enzyme can increase the rate of a reaction by a 
factor of up to 1020 over the uncatalyzed reaction. 
 
3. Active site 
Enzyme molecules contain a special pocket or cleft called the active site. The active site contains amino acid 
chains that create a three-dimensional surface complementary to the substrate. 
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The active site binds the substrate, forming an enzyme-substrate (ES) complex. ES is converted to enzyme-
product (EP); which subsequently dissociates to enzyme and product. 
For the combination with substrate, each enzyme is said to possess one or more active sites where the substrate 
can be taken up. The active site of the enzyme may contain free hydroxyl group of serine, phenolic (hydroxyl) 
group of tyrosine, SH-thiol (Sulfhydryl) group of cysteine or imindazolle group of histidine to interact with 
there is substrates. 
 
The amino acids in the active site are arranged in such a way that they can a) form a number of non-covalent 
bonds with the substrate(s), thus temporarily binding the substrate(s) and b) help to destabilize certain chemical 
bonds within the substrate(s), increasing the chances that a particular chemical reaction will take place. 

 
The reaction starts by substrate binding to the enzyme to form ES complex, then reaction proceeds with the 
formation of the product (P): 

 
 
4. Specificity  
Enzymes are specific for their substrate. Specificity of enzymes are divided into: 
a. Absolute specificity:- this means one enzyme catalyzes or acts on only one substrate. For example: Urease 
catalyzes hydrolysis of urea but not thiourea. 
b. Stereo specificity- some enzymes are specific to only one isomer even if the compound is one type of 
molecule: 
For example: glucose oxidase catalyzes the oxidation of β-D-glucose but not α-Dglucose, and arginase catalyzes 
the hydrolysis of L-arginine but not D-arginine. Maltase catalyzes the hydrolysis of α- but not β –glycosides. 
 
Most enzymes show a very high degree of specificity—they bind specific substrates, catalyze specific reactions 
involving those substrates, and thus produce specific products. For example, enzymes that use D-glucose as a 
substrate often will not perform the same reactions on fructose, galactose, or other isomers of D-glucose, 
because the shapes of these isomers are different to the point that they cannot bind properly to the active site of 
the enzyme. This high degree of specificity of enzymes enables precise control over the chemical processes 
taking place inside the cell. 
 
Enzymes are very specific, and it was suggested by Emil Fischer in 1894 that this was because both the enzyme 
and the substrate possess specific complementary geometric shapes that fit exactly into one another. This is 
often referred to as "the lock and key" model. 
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Lock & Key Model: The Lock and Key theory of enzyme activity states that every enzyme has a specific shape 
which allows its active site to fit with a specific substrate. In the Fischer model, the substrate fits this site in the 
same way that a key fits into a lock. The enzyme can then catalyze the reaction using the bound substrate.  

 
 
Induced Fit Model: The lock and key model has been modified by Daniel Koshland in 1958 by the induced fit 
model, which states that an enzyme can change its shape slightly to accept a fit with a substrate. The potential 
problem with the Koshland induced fit model is that, in the absence of a pre-formed binding site, the substrate 
will not actually bind. 

 
 
Bond Specificity 
Enzymes that are specific for a bond or linkage such as ester, peptide or glycosidic belong to this group 
Examples: 
1. Esterases- acts on ester bonds 
2. Peptidases-acts on peptide bonds 
3. Glycosidases- acts on glycosidic bonds 
 
5. Enzymes may have coenzymes or cofactors 
Many enzymes require the presence of other compounds - cofactors - before their catalytic activity can be 
exerted. This entire active complex is referred to as the holoenzyme; i.e., apoenzyme (protein portion) plus the 
cofactor (coenzyme, prosthetic group or metal-ionactivator) is called the holoenzyme. 
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Many enzymes need cofactors (or coenzymes) to work properly. These can be metal ions (such as Fe
2+

, Mg
2+

, 

Cu
2+

) or organic molecules (such as haem, biotin, FAD, NAD or coenzyme A). Many of these are derived from 
dietary vitamins, which is why they are so important. The complete active enzyme with its cofactor is called a 
holoenzyme, while just the protein part without its cofactor is called the apoenzyme. 
 
The majority of enzymes require the presence of some components to help them catalyze the reaction, these 
components are called cofactors. Cofactors can be classified into 3 groups as follows: 
1. Coenzymes: 
These are organic compounds with low molecular weight, heat stable, loosely attached to the enzyme molecule, 
therefore can be separated easily by simple dialysis. Examples: NAD+, NADP+. 
2. Prosthetic groups: 
These are also low molecular weight organic compounds, which are firmly attached to the enzyme protein, 
therefore they are not separated by dialysis. Examples: FAD, heme. 
3. Metal activators: 
These are inorganic monovalent and divalent cations such as K+, Mn2+, Ca2+, Zn2+, and Mg2+; these cations may 
be either loosely or firmly attached to the enzyme protein. 
 
Some enzymes require reversibly bound organic compounds for activity. Some enzymes have very tightly 
bound or irreversibly bound compounds, in which the compound remains associated with the enzyme as long as 
the enzyme remains in its native conformation).  
 
A tightly bound compound that always remains associated with an enzyme and is required for activity is often 
referred to as a prosthetic group. Prosthetic groups may be covalently or non-covalently associated with the 
enzyme. 
The organic or organometallic coenzymes are frequently vitamin derivatives. Some examples of vitamin-
derived coenzymes are nicotinamide adenine dinucleotide  (NAD), which is derived from niacin (vitamin B3), 
flavin adenine dinucleotide  (FAD), which is derived from riboflavin (vitamin B2), coenzyme A, which is 
derived from pantothenic acid (vitamin B5), pyridoxal phosphate, which is derived from pyridoxal (vitamin 
B6), and tetrahydrofolate, which is derived from folic acid. On the other hand, not all coenzymes are derived 
from vitamins; heme, the prosthetic group of cytochrome P450 enzymes, peroxidases, and hemoglobin is 
synthesized from amino acids and iron ions. 
An enzyme lacking its cofactor, coenzyme, or prosthetic group is called an ―apoenzyme‖; the enzyme with its 

associated compound is called a ―holoenzyme‖. 
 
Metal ions are frequently used as cofactors. For example, carbonic anhydrase uses zinc ions as cofactors, and a 
number of enzymes exhibit altered activity depending on the presence or absence of metal ions (especially 
calcium, but also magnesium, zinc, and other ions). 
 
Holoenzyme, Apoenzyme and Coenzyme: 
Holoenzyme is the term used to describe the whole enzyme molecule which may be composed of an enzyme 
protein and a coenzyme or a prosthetic group. In this case, the enzyme protein is called apoenzyme.  
Therefore: Holoenzyme = Apoenzyme + Coenzyme (or Prosthetic group) 
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Proenzymes (Zymogens): 
Proenzymes (or zymogens) are inactive form of some enzymes produced by some cells, to become active in a 
second site like intestine and stomach. 
Examples: Pepsinogen (inactive form) is produced by gastric mucosal cells, and in the stomach, it is activated to 
pepsin by gastric acidity by active pepsin 
(Auto-activation): 

 
 
Isoenzymes: 
Isoenzymes mean a group of enzymes which catalyze one and the same reaction but they differ in physical, 
chemical, immunological and electrophoretic properties. Examples: 
(a) The enzyme lactate dehydrogenase (LDH) occurs in different forms, which can be separated from each other 
by electrophoresis into 5 types: LDH1, LDH2, LDH3, LDH4 & LDH5 which come from different organs; 
LDH1 is found in the heart and LDH5 occurs in the liver. Determination of the level of either of these 
isoenzymes in blood is of value in the diagnosis of liver and heart diseases. 
 
Classification of Enzymes: 
Enzymes are divided into six (6) major classes: 
1. Oxidoreductases: involved in oxidation and reduction reactions, e.g. oxidases, dehydrogenases, oxygenases, 
peroxidases. 
Oxidoreductases are enzymes that change the oxidation state of the substrate. Most use NAD+ or NADP+ as the 
electron acceptor, although some use O2 as the electron acceptor (reducing O2 to H2O in the process). 
Many of these enzymes are named after their substrate followed by ―dehydrogenase‖, referring to the fact that 

the enzyme removes hydrogen atoms from one of the substrates during the reaction. For others the name 
includes the term ―reductase‖. 

 
 
2. Transferases: transfer functional groups, e.g. amino or phosphate groups, e.g. aminotransferases, 
Transferases are enzymes that transfer functional groups from one substrate to another. These include enzymes 
that transfer carbon units, and enzymes that transfer other types of compounds. Aminotransferases transfer 
amino groups, and kinases, which phosphorylate substrates (such as the isozymes glukokinase and hexokinase, 
which catalyze the phosphoryl transfer reaction shown below), are examples of transferases. 
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3. Hydrolases: catalyze hydrolysis of the substrate, e.g. lipase, maltase, protease. 
Hydrolases catalyze hydrolysis reactions; they cleave molecules by adding a water molecule across the bond. 
This class of enzyme includes phosphatases (which release inorganic phosphate groups from substrates) and 
proteases, (which hydrolyze peptide bonds). 
 
4. Lyases: add or remove elements of water, ammonia, or CO2 to form double bonds, e.g. decarboxylases. 
Lyases add molecules to double bonds. An example of this class is carbonic anhydrase (carbonate hydro-lyase) 
which adds a water molecule across one of the carbon dioxide double bonds to form carbonic acid (and also 
catalyzes the reverse reaction. Amino acid decarboxylases (such as glutamate decarboxylase) are also lyase 
enzymes, although their physiological reaction is usually the removal of carbon dioxide rather than its addition.  

 
 
5. Isomerases: catalyze the rearrangements of atoms within a molecule to give its isomer, e.g. glucose to 
fructose. Isomerases interconvert isomers. These enzymes interconvert molecules with similar functional such 
as triose phosphate isomerase, which rearranges the relative positions of the hydroxyl and carbonyl in its 
substrates. 

 
 
6. Ligases: join 2 molecules, e.g. carboxylases and synthetases. 
Ligases are enzymes that connect two molecules together. These include enzymes that splice DNA molecules, 
and carboxylases, which add carboxylate groups to small molecules. Most, although not all, ligases use ATP to 
supply the energy required to drive the reaction. An example of a ligase is pyruvate carboxylase. 
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Various enzymes.  
The major enzymes found in human saliva are alpha-amylase, lysozyme, and lingual lipase. Amylase starts the 
digestion of starch before the food is even swallowed. It has pH optima of 6.7-7.4. Human saliva contains also 
salivary acid phosphatases A+B, N-acetylmuramyl-L-alanine amidase, NAD(P)H dehydrogenase-quinone, 
salivary lactoperoxidase, superoxide dismutase, glutathione transferase, glucose-6-phosphate isomerase, and 
tissue protein. The presence of these things causes saliva to sometimes have a foul odor. 
 
Healthy people produce about 1.5 L of saliva per day. 
 
Amylase:- found in two forms 
1- α-amylase (in saliva and pancreatic juice) which is endoglycosidase that attack starch randomly. Inactivated 
by the acidity of the stomach. 
 
2- β-amylase (from plant origin) which is exoglycosidase cleaves maltose from the non-reducing end to produce 
β-maltose. 
 
Catalase is a common enzyme found in living organisms‘ red blood cells and yeasts are good sources of 

catalase. Its functions include catalyzing the decomposition of hydrogen peroxide to water and oxygen. Catalase 
has one of the highest turnover rates for all enzymes; one molecule of catalase can convert 6 million molecules 
of hydrogen peroxide to water and oxygen each minute. Catalase is a tetramer of 4 polypeptide chains 
which are at least 500 amino acids in length. Within this tetramer there are 4 porphyrin haem (iron) groups 
which are what allows it to react with the hydrogen peroxide. Its optimum pH is at a neutral level.  

 
Hydrogen peroxide is formed as a waste product of metabolism in many living organisms. It is toxic and must 
be quickly converted into other, less dangerous, chemicals. 
 
 
 
 
 
 
 
 
 

NUCLEIC ACIDS 
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Nucleic acids are the molecular repositories of genetic information. The ability of nucleic acids to store and 
transmit genetic information from one generation to the next is a fundamental condition for life. 

Nucleic acids store and transmit genetic information.  

Nucleic acids are chemically composed of polymers of nucleotides joined together by phosphodiester linkages 
(bonds). Nucleic acids are broadly divided into two major types; Ribonucleic acid (RNA) which is single 
stranded and deoxyribonucleic acid (DNA) which is double stranded. 

Nucleotides make up nucleic acids 

Nucleotide has three parts: 5-carbon sugar, phosphate group, nitrogenous base 

A nucleoside consists of a purine or pyrimidine base linked to a five-carbon sugar (pentose). A nucleotide is 
composed of a nucleoside plus one or more phosphate groups. 

There are two types of nucleic acids, ribonucleic acids (RNA) and deoxyribonucleic acid (DNA). Recall that a 

nucleoside is a base + sugar. A Nucleotide is composed of a base + sugar + phosphate. The deoxy- prefix in 

Deoxyribonucleotides is the nomenclature used for DNA. The term ribonucleotides is employed when it is 

nomenclature for RNA, or in other words, C-2 on the sugar unit has an -OH group (versus deoxy which C-2 has 
2 hydrogens). Symbols are used to simplify the names. For example, ATP (precursor of RNA). The "A" in the 
front signifies that the base is Adenine and the "T" in the middle signigies tri-phosphates. AMP on the other 
hand, also has an adenine, but the M signifies that the sugar is bound to a single phosphate group. 
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The nucleotides found in cells are derivatives of the heterocyclic highly basic, compounds, purine and 
pyrimidine. 

 
Why are they called bases? 

Answer: Because N1 and N3 of pyrimidine, and N1, N3, and N7 of purine can accept protons 

 

What‘s the sugar/base link? 

Answer: an N-glycosidic bond between C1‘ of sugar and N1 of pyrimidine ring or N9 of purine ring 

 

There are five major bases found in cells. The derivatives of purine are called adenine and guanine, and the 
derivatives of pyrimidine are called thymine, cytosine and uracil. The common abbreviations used for these five 
bases are, A, G, T, C and U 
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The purine and pyrimidine bases in cells are linked to carbohydrate and in this form are termed, 
nucleosides. The nucleosides are coupled to D-ribose or 2'-deoxy-D-ribose through a β-N-glycosidic bond 
between the anomeric carbon of the ribose and the N9 of a purine or N1 of a pyrimidine. 

The base can exist in 2 distinct orientations about the N-glycosidic bond. These conformations are 
identified as,syn and anti. It is the anti conformation that predominates in naturally occurring nucleotides. 
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syn-Adenosine anti-Adenosine 

Nucleosides are found in the cell primarily in their phosphorylated form. These are termed nucleotides. 
The most common site of phosphorylation of nucleotides found in cells is the hydroxyl group attached to the 
5'-carbon of the ribose The carbon atoms of the ribose present in nucleotides are designated with a prime (') 
mark to distinguish them from the backbone numbering in the bases. Nucleotides can exist in the mono-, di-, 
or tri-phosphorylated forms. 

Nucleotides are given distinct abbreviations to allow easy identification of their structure and state of 
phosphorylation. The monophosphorylated form of adenosine (adenosine-5'-monophosphate) is written as, 
AMP. The di- and tri-phosphorylated forms are written as, ADP and ATP, respectively. The use of these 
abbreviations assumes that the nucleotide is in the 5'-phosphorylated form. The di- and tri-phosphates of 
nucleotides are linked by acid anhydride bonds. Acid anhydride bonds have a high ΔG0' for hydrolysis 
imparting upon them a high potential to transfer the phosphates to other molecules. It is this property of the 
nucleotides that results in their involvement in group transfer reactions in the cell. 
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Compound that have their structures derived from nucleotide structures are called as nucleotide derivatives. 
They share close structural features of nucleotides. Nicotinamide Adenine dinucleotide (NAD), Nicotinamide 
Adenine 

dinucleotide phosphate (NADP), flavine adeninedinucleotide (FAD) are some of the examples for nucleotide 
derivatives. 
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 As a class, the nucleotides may be considered one of the most important metabolites of the cell. 
Nucleotides are found primarily as the monomeric units comprising the major nucleic acids of the cell, RNA 
and DNA. However, they also are required for numerous other important functions within the cell. These 
functions include: 

1. serving as energy stores for future use in phosphate transfer reactions. These reactions are predominantly 
carried out by ATP. 

2. forming a portion of several important coenzymes such as NAD+, NADP+, FAD and coenzyme A. 

3. serving as mediators of numerous important cellular processes such as second messengers in signal 
transduction events. The predominant second messenger is cyclic-AMP (cAMP), a cyclic derivative of AMP 
formed from ATP. 

4. controlling numerous enzymatic reactions through allosteric effects on enzyme activity. 

5. serving as activated intermediates in numerous biosynthetic reactions. These activated intermediates include 
S-adenosylmethionine (S-AdoMet or SAM) involved in methyl transfer reactions as well as the many sugar 
coupled nucleotides involved in glycogen and glycoprotein synthesis e.gActivators of substrates (e.g.UDP-
glucose) 

5. Precursors of nucleic acids.  
 

http://themedicalbiochemistrypage.org/glycogen.html#synthesis
http://themedicalbiochemistrypage.org/glycoproteins.html
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FUNCTION, STRUCTURE AND PROPERTIES OF DNA 

What makes DNA ―the molecule of life‖? DNA, or deoxyribonucleic acid, is the molecule that carries all the 
genetic information of an organism. It can be thought of as a blueprint containing the instructions that govern 
the production of proteins and other molecules essential to cell function. The collections of these instructions is 
called a genome. The informational units of the genome are called genes. Genes are translated into protein via 
the genetic code, which defines the protein sequence. This translation process is central to life. 

As an instruction book, all DNA does is to store information. DNA is therefore like any other data-storing 
device: it needs to be read, stored, copied and otherwise manipulated by other biomolecules. These other 
macromolecules exist in different forms and types, and interact with DNA in different ways, e.g., by bending it, 
copying it, denaturing it, packing it, walking on it, nicking it, repairing it, etc. All this is done in order to 
preserve and obey the set of instructions that give life to the organism. In this sense, there is no life without 
genetic information. 

The double helix is composed of two polynucleotide chains that are held together by weak, non-covalent bonds 
between pairs of bases. Adenine on one chain is always paired with thymine on the other chain and, likewise, 
guanine is always paired with cytosine. The two strands have the same helical geometry but base pairing holds 
them together with the opposite polarity. That is, the base at the 5′ end of one strand is paired with the base at 

the 3′ end of the other strand. 
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The base defines the type of nucleotide. There are two types of bases in DNA: purines and pyrimidines. 

DNA has deoxyribose as its sugar. DNA consists of a phosphate group, a sugar, and a nitrogenous base. The 
structure of DNA is a helical, double-stranded macromolecule with bases projecting into the interior of the 
molecule. These two strands are always complementary in sequence. One strand serves as a template for the 
formation of the other during DNA replication, a major source of inheritance. This unique feature of DNA 
provides a mechanism for the continuity of life.  

The structure of DNA was found by Rosalind Franklin when she used x-ray crystallography to study the genetic 
material. The x-ray photo she obtained revealed the physical structure of DNA as a helix. DNA has a double 
helix structure. The outer edges are formed by alternating deoxyribose sugar molecules and phosphate groups, 
which make up the sugar-phosphate backbone. The two strands run in opposite directions, one going in a 3' to 5' 
direction and the other going in a 5' to 3' direction. The nitrogenous bases are positioned inside the helix 
structure like "rungs on a ladder," due to the hydrophobic effect, and stabilized by hydrogen bonding. 

The two strands run in opposite directions to form the double helix. The strands are held together by hydrogen 
bonds and hydrophobic interactions. The H-bonds are formed between the base pairs of the anti-parallel strands. 
The base in the first strand forms a H-bond only with a specific base in the second strand. Those two bases form 
a base-pair (H-bond interaction that keeps strands together and form double helical structure). The base–pairs in 
DNA are adenine-thymine (A-T) and cytosine-guanine (C-G). Such interactions provide us an understanding 
that nitrogen-containing bases are located inside of the DNA double helical structure, while sugars and 
phosphates are located outside of the double helical structure. 

Breathing is more frequent in regions rich in A– T pairs and could be important for interactions with proteins. 
DNA helices can exist in various forms (A, B, C, D, and Z) 

The component consisting of the base and the sugar is known as the nucleoside. DNA contains deoxyadenosine 

(deoxyribose sugar bonded to adenine), guanoside (deoxyribose sugar bonded to guanine), cytidine 
(deoxyribose sugar bonded to cytosine), and thymidine (deoxyribose sugar bonded to thymine). The linkage of 
the bonds between the base to the sugar is known as the beta-Glycosidic linkage. In purines, this occurs between 
the N-9 and C-1' and in pyrimidines this occurs between the N-1 and C-1'. A nucleoside and a phosphate group 
make up a nucleotide. The bond between the deoxyribose sugar of the nucleoside and the phosphate group is a 
3'-5' phosphodiester linkage. The bases, located inside the double helix, are stacked. The distance between two 
neighboring bases that are perpendicular to the main axis is 3.4 A˚. The DNA structure is repetitive. There are 

ten bases per turn, that is the structure repeats after 34 A˚, so every base has a 34° angle of rotation. The 

diameter of the double helix is approximately 20 A˚. 

From X-ray analysis data, Crick and Watson proposed a double-stranded structure for DNA in 1953 in which 
two antiparallel (i.e., 5`→3` and 3` →5`) polynucleotide chains form a right-handed helix (i.e., looking along the 
axis of the helix, the strands are coiled clockwise). Naturally occurring DNA usually consists of right-handed 
helices with a major and a minor groove. The hydrophobic bases are located inside the helix and the sugar – 
phosphate ―backbone‖ on the outside.  
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In order to accommodate the large amount of DNA present in living cells, it must be packaged as compactly as 
possible with the help of proteins and RNA. Proteins can recognize specific binding sites on the DNA. The 
grooves of the DNA helix are large enough to allow proteins to come into contact with the bases. 

The most common site of phosphorylation of nucleotides found in cells is the hydroxyl group attached to the 5' -
carbon of the ribose. The carbon atoms of the ribose present in nucleotides are designated with a prime (') mark 
to distinguish them from the backbone numbering in the bases. Nucleotides can exist in the mono-, di-, or tri-
phosphorylated forms. The monophosphorylated form of adenosine (adenosine-5'-monophosphate) is written as, 
AMP. The di- and tri-phosphorylated forms are written as, ADP and ATP, respectively. The use of these 
abbreviations assumes that the nucleotide is in the 5'-phosphorylated form. The di- and tri-phosphates of 
nucleotides are linked by acid anhydride bonds. 
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Nucleotides bind to each other to form a long strand of DNA by connecting the phosphate of one nucleotide to 
the sugar of another nucleotide. DNA is double-stranded, with the two strands of nucleotides connected in the 
middle by weak bonds that are formed between the bases. There are three billion pairs of these bases in all of 
your cells. They provide the information necessary to form your body and make it function. The part of DNA 
that provides the information for what you or any other living thing looks like is found in the arrangement of the 
four DNA bases. These bases communicate with the cell by ―spelling out‖ instructions. Sections of DNA, or 

genes, are ―unzipped‖ by enzymes when it is necessary to instruct the cell to make certain proteins. These 

proteins in turn determine the characteristics of each kind of living thing 

Genes are sections of DNA located at specific loci (sites) on a chromosome. These sections can have anywhere 
from just over 1,000 DNA bases to several thousand bases. For example, a gene in a plant may cause that plant 
to be resistant against a disease. Or another gene in a fruit fly may cause that fruit fly to have short wings. These 
are all naturally occurring traits.  Sometimes several or many different genes together make up for a specific 
trait. For example the blue, gray, green or brown coloration in our eyes. A gene includes DNA bases that code 
for a specific protein and the additional DNA sequences required for the production of the encoded protein. The 
gene is the basic physical and functional unit of heredity. It consists of a specific sequence of nucleotides at a 
given position on a given chromosome that codes for a specific protein (or, in some cases, an RNA molecule). 
A human being has 20,000 to 25,000 genes located on 46 chromosomes (23 pairs). These genes are known, 
collectively, as the human genome.  

Every person has two copies of each gene, one inherited from each parent. Most genes are the same in all 
people, but a small number of genes (less than 1 percent of the total) are slightly different between people. 
Alleles are forms of the same gene with small differences in their sequence of DNA bases. These small 
differences contribute to each person‘s unique physical features. Genes have information for a specific trait in 

the sequence of their DNA. More precisely, genes have information to produce proteins that in turn determine 
the structure of a living thing and how it functions. As few as one or two differences in the DNA base sequence 
of genes, or the regulatory sequences that control them, can make humans physically different from each other. 
These differences affect the amount and activity of the proteins that come from the information in genes. 
Humans and animals have many of the same genes. Large differences in the sequence of genes, the location of a 
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particular gene on a chromosome, and the regulation of these genes account for many of the observable 
differences among animals, and between animals and humans. 

The DNA double helix is held together by two main forces: hydrogen bonds between complementary base pairs 

inside the helix and the Van der Waals base-stacking interaction. 

 

Hydrogen bonds 

Watson and Crick found that the hydrogen bonded base pairs, G with C, A with T, are those that best fit within 
the DNA structure. It is important to note that three hydrogen bonds can form between G and C, but only two 
bonds can be found in A and T pairs. This is why it is more difficult to separate DNA strands that contain more 
G-C pairs than A-T pairs. On the other hand, A-T pairs seem to destabilize the double helical structures. This 
conclusion was made possible by a known fact that in each species the G content is equal to that of C content 
and the T content is equal to that of A content. 

The three hydrogen bonds that constitute the linkage of Guanine(G) and Cytosine(C) consequently alters the 
thermal melting of DNA, which is dependent upon base compositions. With varying base composition the 
melting point of such molecule will either increase or decrease. 

Denaturing and Annealing 

Ultraviolet (UV) light can detect whether bases are stacked or unstacked. Stacked bases within the DNA 
structure facilitate shielding from light, therefore the absorbance of UV light of double helical DNA is much 
less than single stranded DNA. This characteristic is known as the hypochromic effect, in which less color is 
emitted from the double helix of DNA molecules. 

The melting temperature (Tm) is the temperature in which DNA is half way between double stranded and of 
random sequence. The Tm depends greatly on base composition. Since G-C base pairs are stronger due to more 
Hydrogen bonds, DNA with high G-C content will have a higher Tm than that of DNA with greater A-T 
content. 

When heat is applied to a double-stranded DNA, each individual strand will eventually separate (denature) 
because hydrogen bonds are disrupted between base pairs. Upon separation, the separated strands spontaneously 
reassociate to form the double helix again. This process is known as annealing. 

 

Hypochromic Effect 
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DNA absorbs very strongly at wavelengths close to UV light (~260 nm). A single stranded DNA will absorb 
more UV light than that of double-stranded DNA. DNA UV absorption decreases when it forms a double 
strand, this characteristic is an indication of DNA stability. With the increase in light energy, its structure and 
therefore its function will still remain intact since there is low disturbance to its structure. 

The decreased absorbance observed with the DNA double helix with respect to the native and denatured forms 
is explained by the fact that the stacking of the nitrogenous bases that takes place with the double helix does not 
leave them as exposed to radiation and thus they are able to absorb less. The aromaticity of the nitrogenous 
bases (specifically in the purine and pyrimidine like ring structures) accounts for the absorption peak being at 
260nm. 

Base-stacking interactions 

The two strands of double-stranded DNA are held together by a number of weak interactions such as hydrogen 

bonds, stacking interactions, and hydrophobic effects. Of these, the stacking interactions between base pairs are 
the most significant. The strength of base stacking interactions depends on the bases. It is strongest for stacks of 
G-C base pairs and weakest for stacks of A-T base pairs. The hydrophobic effect stacks the bases on top of one 
another. The stacked base pairs attract one another through Van der Waals forces, typically from 2 to 4 kJ/mol-
1. In addition, base stacking in DNA is favored by the conformations of the somewhat rigid five membered 
rings of the backbone phosphate-sugars. The base-stacking interactions, which are largely nonspecific with 
respect to the identity of the stacked base, make the major contribution to the stability of the double helix.  

As a result of the double helical nature of DNA, the molecule has two asymmetric grooves. One groove is 
smaller than the other. This asymmetry is a result of the geometrical configuration of the bonds between the 
phosphate, sugar, and base groups that forces the base groups to attach at 120 degree angles instead of 180 
degree. The larger groove is called the major groove, occurs when the backbones are far apart; while the 
smaller one is called the minor groove, occurs when they are close together. 

Since the major and minor grooves expose the edges of the bases, the grooves can be used to tell the base 
sequence of a specific DNA molecule. The possibility for such recognition is critical, since proteins must be 
able to recognize specific DNA sequences on which to bind in order for the proper functions of the body and 
cell to be carried out. As you might expect, the major groove is more information rich than the minor groove, 
allowing the DNA proteins to interact with the bases. This fact makes the minor groove less ideal for protein 
binding. 
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Forms of DNA. 

  

following features represented different characteristics of A-form DNA structure: 

1. Most RNA and RNA-DNA duplex in this form 

2. Shorter, wider helix than B. 

3· Deep, narrow major groove not easily accessible to proteins 
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4· Wide, shallow minor groove accessible to proteins, but lower information content than major groove. 

5· Favored conformation at low water concentrations 

6· Base pairs tilted to helix axis and displaced from axis 

7· Sugar pucker C3'-endo (in RNA 2'-OH inhibits C2'-endo conformation) 

8· Right handed 

9· Size is about 26 angstroms 

10· Needs 11 base pairs per helical turn 

11· Glycosyl bond conformation is Anti 

A-DNA can be observed in X-ray analyses at 66% relative humidity. It has 11 base pairs per turn of the helix, 
the planes of the base pairs are tilted away from the vertical helical axis (19◦), the helix is right-handed and has 
a diameter of ca. 2.3 nm. 

 

B form 

The double helical structure of normal DNA takes a right-handed form called the B-helix. It is about 20 
angstroms with a C-2' endo sugar pucker conformation. The helix makes one complete turn approximately 
every 10 base pairs (= 34 A per repeat/3.4 A per base). B-DNA has two principal grooves, a wide major groove 
and a narrow minor groove. Many proteins interact in the space of the major groove, where they make 
sequence-specific contacts with the bases. In addition, a few proteins are known to make contacts via the minor 
groove. 

B-DNA is the classical Watson – Crick form. It represents the structure of DNA at a relative humidity of >92% 
and largely corresponds to that found under physiological conditions. The helix is also right-handed with about 
10.2 – 10.4 base pairs per turn and a diameter of ca. 2 nm. Single unpaired bases can be ―looped out‖ of the 

helix and barely disturb the rest of the structure. Protein –DNA interactions usually require recognition of 
nucleotide sequences in the major groove of the B-DNA double helix. 

 

Z form 

The left-handed conformation of Z-DNA has an alternating sequence of pyrimidines and purines and is formed 
in vitro at high salt concentrations (>2 mol/L NaCl) or in the presence of divalent cations (Mg2+ >0.7 mol/L). 

Unlike the right-handed helices (which have two grooves), this structure forms a single, very deep groove that 
penetrates the helix axis. The sugar – phosphate backbone assumes a zig-zag arrangement (therefore Z-DNA) 
with 12 base pairs per turn of the helix. Z-helices can form in vivo at physiological salt concentrations. They are 
less stable than B-DNA, but are stabilized by supercoiling, proteins, special ions, and methylation. Torsional 
stress of DNA in vivo can favor the formation of Z-DNA. 
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Z-DNA and B-DNA are interconvertible; part of a DNA molecule may exist in the B form and another 

part in the Z form. 

 

DNA sequences can flip from a B form to a Z form and vice versa. Z form of DNA is a more radical departure 
from the B structure; the most obvious distinction is the left-handed helical rotation. The Z form is about 18 
angstroms and there are 12 base pairs per helical turn, and the structure appears more slender and elongated. 
The DNA backbone takes on a zigzag appearance. Certain nucleotide sequences fold into left-handed Z helices 
much more readily than others. Prominent examples are sequences in Which pyrimidines alternate with purines, 
especially alternating C and G or 5-methyl-C and G residues. To form the left-handed helix in Z-DNA, the 
purine residues flip to the syn conformation alternating with pyrimidines in the anti conformation. The major 
groove is barely apparent in Z-DNA, and the minor groove is narrow and deep. For pyrimidines, the sugar 
pucker conformation is C-2' endo and for purines, it is a C-3' endo. 

Z-DNA formation occurs during transcription of genes, at transcription start sites near promoters of actively 
transcribed genes. During transcription, the movement of RNA polymerase induces negative supercoiling 
upstream and positive supercoiling downstream the site of transcription The negative supercoiling upstream 
favors Z-DNA formation; a Z-DNA function would be to absorb negative supercoiling. At the end of 
transcription, topoisomerase relaxes DNA back to B conformation. 

 

COMPARISON OF A, B AND Z-FORM OF DNA 

 

C-DNA helices can be observed at a relative humidity of 44 – 66%in the presence of lithium salts. The helix is 
also right-handed and similar to the B form, but with 9.3 base pairs per turn. 

D-DNA occurs in nature only in sequences with alternating adenine and thymine residues and in the DNA of the 
bacteriophage T 2 (TDNA). The helix is also right-handed and has 8 base pairs per turn. 
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Properties 

Physical and Chemical Properties 

The size of naturally occurring DNA varies from a few thousand to 109 base pairs. The length of such 
molecules (micro- to centimeter range) can easily be measured under the electron microscope. 

DNAabsorbsUVlight 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 DNAranging in size from 100 
to>100 000 base pairs melts at ca. 90 ◦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 water. The ―melting‖ of 

double-stranded DNA is also facilitated by solvents such as ethylene glycol, dimethylformamide, dimethyl 
sulfoxide; 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 
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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. 

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. 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)]. RNA is 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 super-helical 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. 

 

 

RNA STRUCTURE 

RNA differs from DNA in three respects. First, the backbone of RNA contains ribose rather than 2′-
deoxyribose. That is, ribose has a hydroxyl group at the 2′ position. Second, RNA contains uracil in place of 
thymine. Uracil has the same single-ringed structure as thymine, except that it lacks the 5′ methyl group. 
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Thymine is in effect 5′ methyl-uracil. Third, RNA is usually found as a single polynucleotide chain. Except for 
the case of certain viruses, RNA is not the genetic material and does not need to be capable of serving as a 
template for its own replication. Rather, RNA functions as the intermediate, the mRNA, between the gene and 
the protein-synthesizing machinery. Another function of RNA is as an adaptor, the tRNA, between the codons 
in the mRNA and amino acids. RNA can also play a structural role as in the case of the RNA components of the 
ribosome. Yet another role for RNA is as a regulatory molecule, which through sequence complementarity 
binds to, and interferes with the translation of, certain mRNAs. Finally, some RNAs (including one of the 
structural RNAs of the ribosome) are enzymes that catalyze essential reactions in the cell. In all of these cases, 
the RNA is copied as a single strand off only one of the two strands of the DNA template, and its 
complementary strand does not exist. 

RNA is an unbranched single-stranded polymerwith many intramolecular double-stranded sections that may 
account for 50 – 67% of the molecule. As in DNA, the backbone of RNA consists of 3`,5`-phosphodiester 
bonds; however the sugar is ribose (and not deoxyribose) and uracil replaces thymine.  

Double-stranded RNA cannot form a B-helix because of steric hindrance caused by the 2_-OH groups of ribose; 
helices of the A type are, however, possible. The functional groups of the nucleotides in the major groove of the 
A type of double helix found in RNA are not easily accessible to proteins. Protein binding to RNA probably 
occurs via interaction with single-stranded regions. 

Four functional RNA families exist: messenger RNA (mRNA), ribosomal RNA (rRNA), transfer RNA (tRNA), 
and small nuclear RNA (only in eucaryotes). The structure of tRNAs has been studied most extensively; about 
half of the ca. 75 – 90 nucleotides within the tRNA molecule are paired, resulting in a secondary structure with 
a stem and three loops similar to that of a cloverleaf. 

There are three major forms of RNA: ribosomal RNA (rRNA), transfer RNA (tRNA) and messenger RNA 
(mRNA) and these exist in all the major life forms, together with other distinct RNA molecules which are not 
universal.  

rRNA accounts for about 80% of the total cellular RNA and is associated with protein to form the cytoplasmic 
particles known as ribosomes. As shown below the ribosome itself can be considered as two subunits, a large 
and a small, both of which are RNA–protein associations with about 65% RNA: 35% protein. The RNA has 
high molecular mass and is metabolically stable. 

 

Transfer RNA is the next most abundant species and accounts for about 15% of the total RNA. These molecules 
are of much lower molecular mass than the rRNA and are also referred to as 4S RNA. These molecules function 
as adaptors for amino acids in the course of protein synthesis and many different tRNAs exist, each being 
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specific for one amino acid. The tRNA molecule is single-stranded but the chain folds back on itself in a very 
distinctive way such that about 50–60% of the structure is base-paired. 

Most of the remainder of the cell RNA (less than 5%) is accounted for by mRNA which, in eukaryotes, 
originates in the nucleus and migrates to the cytoplasm during protein synthesis. It is of high molecular mass 
and is metabolically very labile, i.e. easily broken down. mRNA is centrally involved in the transfer and 
expression of the genetic information and is responsible for the sequence of amino acids in each of the different 
proteins in the cell. Because the size of the messenger is variable, no S-value is associated with it. 

Note: the S-values refer to how fast a particular molecule sediments in an ultracentrifuge and the S refers to 
Svedberg units, the unit of measurement in such studies. 

 

THE CHEMICAL NATURE OF RNA DIFFERS FROM THAT OF DNA 

Ribonucleic acid (RNA) is a polymer of purine and pyrimidine ribonucleotides linked together by 3′,5′- 

phosphodiester bridges analogous to those in DNA. Although sharing many features with DNA, RNA possesses 
several specific differences: 

(1) In RNA, the sugar moiety to which the phosphates and purine and pyrimidine bases are attached is ribose 
rather than the 2′-deoxyribose of DNA. 

(2) The pyrimidine components of RNA differ from those of DNA. Although RNA contains the ribonucleotides 
of adenine, guanine, and cytosine, it does not possess thymine except in the rare case mentioned below. Instead 
of thymine, RNA contains the ribonucleotide of uracil. 

(3) RNA exists as a single strand, whereas DNA exists as a double-stranded helical molecule. However, given 
the proper complementary base sequence with opposite polarity, the single strand of RNA is capable of folding 
back on itself like a hairpin and thus acquiring double-stranded characteristics. 

(4) Since the RNA molecule is a single strand complementary to only one of the two strands of a gene, its 
guanine content does not necessarily equal its cytosine content, nor does its adenine content necessarily equal 
its uracil content. 
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