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PREFACE

Biotechnology is a multidisciplinary subject and needs the knowledge of many areas, like,
Botany, Zoology, Cytology, Genetics, Biochemistry, Microbiology, etc., where the microbial cells or
cultured plant or animal cells or their products, like antibiotics, enzymes, various organic acids, etc.,
are produced industrially to be used practically for the welfare of human beings. Actually, the term
Biotechnology, though, is of recent use, but it is a quite ancient technology and the man is exploiting
unknowingly the services of various microorganisms, like yeast for alcoholic beverages, lactobacilli
for curdling of milk, Acetobacter for vinegar production, etc. Nowadays, the technique is more effi-
ciently used by modifying the genetic constitution of naturally occurring commercial strains of micro-
organisms, plants and animals, which are being used in the diverse fields of agriculture, medicine,
pollution management, biofuels, food and other industries, etc.

The book includes 20 chapters and the various topics are written illustratively in a very simple
way to make all the undergraduate B. E., B. Tech. and B. Sc. students understand the rather difficult
subject easily and comfortably. The valuable suggestions and corrections in this first edition are
highly appreciated from the readers.

I am especially thankful to my Head of the Department, Prof. A. P. Gupta, for encouraging me
to write this book, without which the completion of this work was impossible. I also thank to
Mr. Inderpal Singh for his help in operation of computer for various diagrams.

—AUTHOR
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obert Hook (1655) was the first person who observed cells of cork (dead cells) under the
microscope, which appeared like honey comb. Leeuwenhock (1674) observed white blood
cells with the help of a microscope with some organization inside. Schleiden and Schwann

(1838–39) proposed the cell theory, according to which the cell is the unit of structure of living
system (cell is the unit of life), i.e., all living organisms are made up of cells (except for viruses,
which are living but have acellular organization and are composed of only proteins and DNA/RNA,
some viruses also contain membranes) and the cell arises from the pre-existing cells.

CELL STRUCTURE

 The cellular organisms have been divided into two categories, prokaryotes (e.g.,
archaebacteria, eubacteria, cyanobacteria, prochlorophytes) that are primitive and evolved around
3 billion years ago (Fig. 1.2); and more advanced eukaryotes that appeared around 1 billion years
ago, e.g., algae (except for the algae belonging to classes Cyanophyta and Prochlorophyta), fungi,
bryophytes, pteridophytes, gymnosperms, angiosperms, unicellular and multicellular animals
(Fig. 1.1).
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Fig. 1.1 The eukaryotic cells.

The cell size and shape varies from organism to organism. Some cells are visible to naked
eyes whereas most of the cells can be observed through microscope. Generally, eukaryotic cells are
1–2 µm to 1 mm and prokaryoyic cells 0.15–2.0 µm in size. The largest cell found is the ostrich egg
having 15–20 cm diameter. Regarding the shape, the cells may be spherical, cylindrical, irregular,
etc. Some plant (e.g., Euglena, Dunaliella, etc.) and animal (e.g., amoeba, leucocytes, etc.) cells
keep on changing their shape.

Fig. 1.2  The bacterial cells.
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Various parts of a cell are:

The Cell Wall

The plant cells contain the outermost boundary, the cell wall (some unicellular phytoplankton

lack a cell wall in their vegetative cells, e.g., Dunaliella, Euglena, etc., but during their life cycle at

sometime they form a cell wall, e.g., during spore formation) that is lacking in animals. The rigid,

porous (pores, called plasmodesmata, allow movement of substances between the adjacent cells in

multicellular plants) cell wall providing shape and protection to the cell and prevents the cell from

bursting. Some cells have a capsule (glycocalyx) around the cell wall that is made up of polysaccharides

(e.g., Diplococcus pneumoniae, Streptococcus pneumoniae), polypeptide (e.g., Bacillus

anthracis), mixture of both polysaccharides and proteins or waxy material (e.g., laprosy bacterium).

The compositions of the cell wall of prokaryotic and eukaryotic cells are as fallows.

1. Prokaryotic Cell Wall. In some prokaryotes the vegetative cells are devoid of any cell wall,

e.g., mycoplasma. In most of the prokaryotic cells, the cell wall is made up of peptidoglycan,

a combination of proteins and carbohydrates. The peptidoglycan consists of alternating N-

acetyl glucosamine (NAG) and N-acetyl muramic acid (NAM) sugars linked by β-1,4-glycosidic

bonds (repeated disaccharides). NAM molecules are attached with a tetrapeptide chain of

L-alanine, D-glutamic acid, L-lysine and D-alanine amino acids (Fig. 1.7). In G+ bacteria the

peptidoglycan is quite thick and the two adjacent, parallel tetrapeptides are linked through a

pentaglycine at the points of L-lysine and D-alanine (Fig. 1.3 and 1.6). In G– bacteria the

peptidoglycan is thinner, having an outer membrane above it and the pentaglycene is absent,

so that the terminal D-Ala is attached directly to the neighbouring tetrapeptide through L-Lys

(or L-Lys in some cases may be replaced by diaminopimelic acid that is lysine like amino acid)

(Fig. 1.4 and 1.5).

 

Fig. 1.3  Peptidoglycan of Gram positive bacteria (e.g., Staphylococcus).
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Fig. 1.4  Peptidoglycan of Gram negative bacteria.

Fig. 1.5  Gram negative bacterial cell wall.

Fig. 1.6  Gram positive bacterial cell wall.
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