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NOTES

INTRODUCTION
The present title “Cell Biology and Development Biology” is designed to
provide a firm foundation for undergraduate students of Bhoj University. The
field of Cell Biology and Developmental Biology is one of the most
fascinating studies on with disciplinary science and its range is so wide and
vast that it is difficult for a person to know, understand and comprehend it is
its entirely. The main aim of this book has been to make cell biological and
developmental principles understandable without impairing the fascination
that the subject provides.

The title is not intended to be comprehensive, nor could it be as this
length, but it concentrates on putting across the basic principles of the subject
as briefly as possible. It does this with the aid of carefully selected examples,
some recent and other classic with numerous illustrations. The aim is to
enthuse the readers with this active and exciting area of research and to lay a
solid foundation on which future study of its various facts may be based.

The book is intelligible to the educated layman, though it deals with
some complex ideas. In order to limit the volume of the bookmany biological
facts have been simplified sometimes rather over simplified. Care has been
taken, however, to avoid any apparent misconception about the facts. The
book is an adequate text for all the requirements of students in this area.

The subject matter of this title has been divided into five units, and each
unit further integrates four to five chapters. In all there are 29 chapters. Many
of them are chiefly emphasized. These include history of cell biology and cell
theory, structure and functions of cell organelles (Golgi body, endoplasmic
reticulus, metochondric lysosomes, ribsocomes Etc.), cell cycle, nucleo
cytoplasmic interaction, spermatogenesis, oogenesis, fertilization,
parthenogenesis, regeneration, development of frog and Development of chick.

Mohan P. Arora
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UNIT - I
CHAPTER 1 HISTORY OF CELL

BIOLOGY AND CELL
THEORY

Structure
1.0 Introduction
1.1 Objectives
1.2 History of Cell Biology
1.3 Cell Theory

1.3.1 Exceptions of Cell Theory
1.3.2 Protoplasmic Theory
1.3.3 Organismal Theory

1.4 Answers to ‘Check Your Progress’
1.5 Summary
1.6 Key Terms
1.7 Self-Assessment Questions and Exercises
1.8 Further Reading

1.0 INTRODUCTION

The cell is the fundamental unit of biological activity. It is the membrane bound unit
containing the fundamental molecules of life. It consists of cytoplasm enclosed
within a membrane, which contains many biomolecules such as proteins and nucleic
acids. A single cell is often a complete organism in itself such as a bacterium or
blue-green alga or some algae or a protozoan. Such organism is also called
unicellular. Being very small in size, it is commonly called micro-organism. In most
of other organisms, the body is composed of variable number of cells; hence
called multicellular organisms. Most animals and plants belong to this category. A
cell has three main parts: the cell membrane, the nucleus, and the cytoplasm. Cell
membrane surrounds the cell and performs a number of functions and also allows
substances to go into and out of the cell. The nucleus is the controlling centre of a
cell, and the cytoplasm is the fluid inside the cell. The presence or absence of
nucleus in the cells has developed a criteria to categorize the cells of living organisms
into two types: the prokaryotic and the eukaryotic.

1.1 OBJECTIVES

After going through this chapter, you will be able to:
Define the term cell.
Describe the historical background of cell biology.
Discuss the various cell theories
Know the highly accepted cell theory.
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1.2 HISTORY OF CELL BIOLOGY

It was Robert Hooke who first of all in 1665 observed under a microscope
honeycomb like structures in cork, and he applied the term ‘cell’ (L.cella; small
room) for the same. Previously it was believed that this is only one component of
the cell which is cell wall. But in 1831, one more peculiar structure was observed
by Robert Brown. He gave the name ‘nucleus’. Later on in 1835 the word
‘sarcode’ was proposed for the jelly like material present inside the cell by
Dujardin. In 1840 Purkinje replaced the word sarcode by protoplasm which is
now used universally.

1.3 CELL THEORY

It was proposed by M.J. Schleiden (German botanist) and T. Schwann (a German
zoologist). According to this theory all animals and plants are made up of cells and
their products. They were the initiators of the cell theory. Perhaps they were also
the first to attach a meaning to the term “cell” which is also acceptable today.
Long before Schleiden and Schwann, numerous investigators has previously
sponsored more or less the same idea in the incomplete form. Mirbel (1808-09)
came to the conclusion that, plants are formed by a membranous cellular tissue.
Likewise Lamark (1809) stated, “Nobody can have life it its constituent parts are
not cellular tissue or are not formed by cellular tissue”. From 1824 to 1830 works
of Dutrochet (1824), Turpin (1826), and many others, not only confirmed the
universality of cell, but also hinted at the concept of cellular autonomy, in both,
morphological and physiological sense. In 1831 Robert Brown described the
nucleus, in 1832. Dumortier reported the cell division in algae, and form 1835 to
1839 Van Mohl sketched many features of mitosis. In spite of these facts “One of
the most surprising print in the history of science, is that in many texts of biology,
the writers consider Schleiden (1838), (Professor of Botany, founder of cell theory),
as though he had discovered for the first time that all plant-tissues are composed
of cells,” Conkein (1940). The results of Schleiden were extended to animals by
Schwann (1839). He carried out a minute investigation of the tissues of the animal
body and of the development of cells and used the term “Cell theory” by stating,
“The cells are organisms, and animals as well as plants are aggregation of these
organisms, arranged in accordance with definite laws.” His conclusion established
the cell theory in a definite form.

Schwann conceived very definite conclusions regarding the morphology
and physiology of cell. He divided the cellular phenomenon into two groups—
the ‘Plastic phenomenon’ and ‘Metabolic phenomenon’. His plastic
phenomenon corresponds with the modern term cellular morphology while
metabolic phenomenon deals with results from chemical changes, whether in
the particles that compose the cell itself or in the surrounding cytoblastema.

Schleiden, however, was wrong in many details, especially in regard to
his conceptions concerning cellular replication. According to his theory the
new cells were formed inside of old ones from the nucleus which he
consequently referred to as the ‘cytoblast’. This point of view seems to have
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been rather widely adopted despite of some criticism until the late 1840’s. Between
1840 and 1860 the work of Von Mohl, Nageli, Remak and Virchow provided
strong evidence for the idea that every cell is derived from a preexisting cell by
some type of division. In 1882 Flemming described somatic division in
considerable detail and applied the term ‘mitosis’ to the process. Louis Pasteur
also gave experimental evidences to support Virchow’s view. It is obvious that
there are two main components of cell theory, (i) living organisms are composed
of cells and (ii) all the cells arise from pre-existing cells.

In recent years, large number of sub-cellular structures have been discovered
and studied in detail so that the modern version of Cell-Theory states:

Cells are structural or morphological units of living organisms (i.e., body of
all living organisms in an assemblage of cells).
Cells are physiological units of living organisms (i.e., the metabolic activities
of living organisms are performed within the cells).
Cells are hereditary units (these maintain continuity through the hereditary
material).
New cells originate from the pre-existing cells only.
Smallest unit of life is the cell.
All activities of living organisms are the outcome of the activities of constituent
cells.

1.3.1 Exceptions of Cell Theory
The cell theory is one of the fundamental generalizations of biology and has universal
application except for acellular protozoa; and the microbes (like bacteria, and
blue green algae) in which the nuclear material does not form a distinct nucleus;
and especially the viruses which are not complete cells. A virus has a central core
of nucleic acid (DNA or RNA) enclosed in a protein covering. These do not have
their own enzyme system and depend on the enzyme system of host cell for their
metabolic activities. For this reason, viruses can multiply only inside the living cells
and are called obligatory parasites. During infection only the nucleic acid or virus
enters the host cell and takes the command of the synthetic machinery of host
cells. The host cell now starts synthesizing viral nucleic acid and viral protein which
form new viral molecules.

Viruses can be crystallized just like other inorganic and organic compounds.
Therefore, the living nature of viruses is debatable.

1.3.2 Protoplasmic Theory
Max Schultze, in 1861, established the essential similarity which exists between
sarcode and protoplasm of animal and plant cells, thus offering a theory which
later was called by O. Hertwig (1892), the ‘Protoplasm Theory’. This theory,
more general in its conception than the cell theory, states that, the cell is an
accumulation of living substances or protoplasm definitely limited in space
and possessing a nucleus and a cell membrane. The primitive concept of one
cell was thus changed. The cell became a delimited mass of protoplasm
(Cytoplasm) surrounding the nucleus. For this unit the name ‘Protoplasm’ is
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more appropriate than that of ‘cell’ although the later has persisted because of
long use. The skeletal definition of cell which is mentioned above leads us into a
certain amount of trouble. We must, for instance, assume either that coenocytic
organisms and structures are single cells regardless of the number of nuclei or that
a membrane is essential only where a cell is in contact with non-protoplasmic
material. As noted later, even more coenocytic cells appear to be compartmentalized
by membranes visible only with the electron microscope. This difficulty may be
avoided by determine a cell as a nucleus and a portion of surrounding protoplasm
upon which nucleus exerts a major effect. This description indicates that the nucleus
is the main seat of organization or control center of a cell. The protoplasm without
nucleus fails to carry life of a long time while decytoplasmated nuclei, however, are
even more inadequate. Huxley and O. Hertwig referred protoplasm as the physical
basis of life. Protoplasm is a complex colloidal system having many inorganic and
organic compounds in such a combination that attributes the ability to perform life
processes.

A number of workers in the late 1880’s including Heitzmann, Klein,
Flemming and Butschli described the vacuolar reticular texture of cytoplasm.
Inclusions liked plastid, mitochondria, Golgi bodies, were recognized and
studied in some detail by a number of workers before 1900. Mayer, de Vries
and Meves discussed questions of origin and function of plastids. Benda used
methods for differential staining of mitochondira. Camillo Golgi (1898) studied
the net work of Golgi bodies in nerve cells. Golgi complex became a point of
controversy for a very long time in the study of cell. The various workers
primarily restricted their studies with nucleus or within the nucleus upto middle
forties of this center. But in recent years, however, approach to cytological
problems have been not only for more dynamic and quantitative but also
more in terms of cell as a unit, continues with the study of its parts. A
considerable progress in study of cytoplasm seems to have resulted probably
from the development of new techniques of fixation and section cutting,
electron micrographic and the modern methods of tissue homogenization and
differential centrifugation of cell contents.

1.3.3 Organismal Theory
The early dissatisfaction with the conception of the cell as the primary and
universal agent of organization led to the formation of the organismal theory;
in which the emphasis was placed on the living mass as a whole rather than on
the constituent of cells. According to this general interpretation, ontogeny is
a function primarily of the organism as a whole and consists in the growth
and progressive internal differentiation of a single protoplasmic individual,
this differentiation often, but not always, involving the separation of the living
mass into subordinate semi-independent parts, the cells. Since the septation
is rarely complete, all parts remain in connection and the whole continues to
act as a unit. Hence development is not primarily the establishment of an
association of multiplying elementary units to form a new whole but rather
the resolution of one persistent whole into newly formed metabolic units. It
should be thought of not as primarily a multiplication and co-operation of
cells but rather as the differentiation of growing protoplasm (Wilson, 1893). The
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real unity is that of the entire, organisms, and, as long as its cells remain in continuity,
they are to be regarded not as morphological individuals but as specialized centers
of action into which the living body resolves itself and by means of which the
physiological division of labour is effected.”

The phylogenetic implication of the organismal theory is that if multicellular
organisms have arisen from unicellular forms, the process may have been the same
as that seen in ontogeny: the differentiation and sub-division of a continuous growing
mass of nucleated protoplasm into the system of uninucleate cells. If the septation
coincided with nuclear division from the first, there was a direct transition of form
with several cells. If the two processes did not so coincide, coenocytic or
‘plamodial’ types arose. Some of which persisted as coenocytic organisms while
others developed internal walls and became out multicellualr forms. The ability of
isolated tissue cells to live independently, does not prove that independent cells
have combined to form the multicellular body but only that such part can still carry
on essential protoplasmic function. The phenomenon could as well be taken to
prove the derived nature of Protista. The body is not an aggregation of elementary
organisms, but a single organism which has evolved a multicellular structure. The
cell colonies is certain green algae (Bock in 1926) described plasmodesms (in
Pandorina, Eudorina and Gonium) and the remarkable polyp colonies in the
Siphonophora (T.S. Huxley, 1912) indicated the dependence of the part upon the
whole even in a group formed by aggregation and they show the possibility of
evolution by the combination of individuals; but it is not at all clear that they afford
the key to the evolution of organisms in general. The protozoan is more properly
compared with the whole man, both are organisms which have differentiated series
of specialized internal regions or organs, the one without cellular sub-division or
increase in size and the other into them.

Check Your Progress

1. Describe the term cell Biology
2. Who was credited for the discovery of cell?
3. Define the cell theory.
4. Who was credited for the protoplasmic theory?
5. Which is the highly accepted theory?

1.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The branch of science that deals with the study of cell (morphology,
structure, function and origin) is called cell biology.

2. Robert Hooke first of all observed cell (honey comb) like structures in
cork) under the microscope.

3. Cell theory which was proposed by Schleiden and Schwann states that
all animals and plants are made up of cells and their products.

4. Credit for the protoplasmic theory is given to Max Schultze and O. Hertwig.
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5. Cell theory of Schleiden and Schwann is highly accepted theory and it
states that cell is the structural and functional unit of living organism. Cell is
the hereditary unit and is formed from pre-existing cell.

1.5 SUMMARY

Cell is the structural and functional unit of all organisms and is also said to be the
unit of biological activity. Some organisms are unicellular while most of others are
multicellular. Unicellular organisms may contain one type of cells: prokaryotic or
eukaryotic cells. Multicellular organisms have a variety of cells depending upon
shape, size, structure and functions. Robert Hooke (1665) observed cell as a
honey comb structure in cork. M.J. Schleiden (botanist) and T. Schwann
(zoologist) proposed cell theory. According to this theory all organisms are made
up of cells and their products. Cell theory is one of the fundamental generalization
of biology and has universal application except for acellular protozoans, and the
microbes (like bacteria and blue green algae), in which the nuclear material does
not form a distinct nucleus; and specially the viruses which are not complete cells.
Max Schultze in 1861 established the essential similarities between sarcode and
protoplasm of animal and plant cells, thus offering a theory which later was called
the protoplasmic theory by O. Hertwig (1892). According to the organismal theory,
the real unit is that of the entire organism.

1.6 KEY TERMS

Cell biology: It is the sub discipline of biology that focuses on the study of
the basic unit of cell.
Cell theory:  One of the five basic principles of biology, stating that the cell
is the basic unit of life.
Cytosol: Semifluid component of a cell’s cytoplasm.
Cytoplasm: Various contents of a cell that are contained within plasma
membrane but, in eukaryotic cells, outside the nucleus.

1.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What is the structural and functional unit of an organism?
2. Describe the initial histological view of cell.
3. Name all the theories related to cell biology and also their discoverers.
4. What are the objections of cell theory?
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Long Answer Questions
1. Write an essay on cell theory.
2. Describe the highly accepted theory and also the exceptions of the theory.
3. Comments upon protoplasmic as well as organismal theories.

1.8 FURTHER READING

Cooper G.M., The Cell: A Molecular Approach.
Gest H. (2004). The Discovery of Microorganisms by Robert Hooke
and Antoni Van Leeuwenhoek, fellows of the Royal Society. Notes and
Records of the Royal Society of London.58(2): 187-201.
Robinson, Richard (2014). History of Biology: Cell Theory and Cell
Structure.
Tavassolim (1980). The Cell Theory: A Foundation to the Edifice of
Biology. Am. J. Pathol 98(1) 44.
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CHAPTER 2 PROKARYOTIC AND
EUKARYOTIC CELLS
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2.0 INTRODUCTION

The cell is the smallest but complete expression of the fundamental structure
and function of all organisms and that is why it is also called a unit of biological
activity. It is delimited by a semi-permeable membrane and capable of self
reproduction in a suitable non-living medium. The body of all living organisms
(bacteria, blue green algae, plants and animals) except viruses has cellular
organization and may contain one or many cells. The organisms with only
one cell in their body are called unicellular organisms (e.g., bacteria, blue green
algae, some algae, protozoans etc). The organisms having many cells in their body
are called multicellular organisms (e.g., most plants and animals). Any cellular
organism may contain only one type of cells—prokaryotic cells or eukaryotic
cells.

It was Robert Hooke who first of all in 1665 observed under a microscope
honeycomb like structures in cork, and he applied the term ‘cell’ (L. cella; small
room) for the same. Previously it was believed that this is only one component of
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the cell which is cell wall. But in 1831, one more peculiar structure was observed
by Robert Brown. He gave the name ‘nucleus’. Later on in 1835, the word
‘sarcode’ was proposed for the jelly like material present inside the cell by
Dujardin. In 1840, Purkinje replaced the word sarcode by protoplasm which
is now used universally.

2.1 OBJECTIVES

After going through this chapter, you will be able to:
Define the term cell.
Differentiate eubacteria from archaebacteria.
Explain both photosynthetic and non-photosynthetic cells.
Describe the eukaryotic cells.

2.2 PROKARYOTIC CELLS

Prokaryotes are divided into two major groups, the eubacteria and
archaebacteria. Both groups share many properties that clearly separate them
from eukaryotes. Most species of bacteria are eubacteria. Eubacteria can be
divided into two major groups : the non-photosynthetic and photosynthetic
bacteria. The bacterium E. coli is used as an example of non-photosynthetic
eubacteria.

2.2.1 Non Photosynthetic Eubacteria
E. coli is a bacterium that commonly inhabits the intestinal tract of humans
and other animals. It is a cylindrical cell about 2 m long and 1 mm in diameter
with a volume of about 1.6 m3. On its surface are a number of filamentous
appendages called flagella, usually six, by which it rapidly propels itself. One
cm3 (about one gm) of packed E. coli contains 50 × 109 cells. An individual
cell grows by increasing its length while maintaining a constant diameter. The
cell divides into two daughter cells by the forming of a partition through the
middle of the cylinder.

The genetic constitution of E. coli allow the organisms to grow and
divide in a medium containing only a few kinds of inorganic ions, and a source
of organic carbon, for example, the sugar glucose. Thus DNA of this bacterial
cell contains genes for all of the enzymes needed for the synthesis of all the
amino acids, nucleosides, fatty acids and other components needed to make
macro molecules, using only a simple organic molecule, such as glucose and
inorganic salts as a starting material.

In glucose containing medium, E. coli doubles in size and divides every
40 minutes at the optimum temperature of 37°C. If amino acids, nucleosides
and other nutritionally useful organic molecules are added to the minimal
culture medium, the rate of cell growth and division increases. The increase
occurs because provision of useful nutrient relieves the cell of the need to
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synthesize these components. By addition of rich variety of nutrients to the medium
and E. coli, cell approaches the upper limit in its reproductive rate, doubling all of
its contents and dividing every 20 minutes. The upper limit of growth rate is probably
set by the maximum rate at which E. coli can synthesize macro molecules with a
generation time of only 20 minutes and a single cell could give rise to more than 3
× 1011 cells in just 12 hours.

Fig. 2.1: A Prokaryote Cell

Prokaryotic cells usually grow and reproduce much more rapidly than
eukaryotes. For instance, for a mammalian cell, seven hours is about the
shortest generation time or cell cycle time—the time a cell needs to go from
one cell division to the next. Some protozoa which are unicellular eukaryotes,
have generation times as short as two hours nutritionally rich medium, and
one kind of yeast cell can divide every 75 minutes; but none of the eukaryotes
approach the rapid proliferation rates common among prokaryotes. Prokaryotes
are structurally simple cells. Most types have a rigid cell wall made of
polysaccharides, peptides and lipids laid down outside the cell. A few types, for
example, a small bacteria known as mycoplasma, lacks an extracellular wall. The
rigid wall of rod-shaped bacteria maintains the cylindrical shape of the cell. Other
species of bacteria have walls that produce a spherical or spiral form. The cell wall
provides mechanical protection, particularly against osmotic pressure.

Immediately inside the cell wall of E. coli is the plasma membrane which
completely encloses the cell. The plasma membrane consists of a double layer
of lipid molecules with many associated protein molecules. In contrast to the
cell wall, which is porous and therefore penetrable by molecules and ions, the
plasma membrane severely restricts the diffusion of molecules and ions in and
out of the cell. Thus the membrane serves the critical role of retaining desired
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substances inside the cell, although it also limits diffusion into the cell of environmental
substances necessary to sustain cell metabolism. Certain specialized proteins bound
to the lipid bilayer of the plasma membrane greatly enhance the inward passage of
inorganic ions, sugars, amino acids, nucleosides and other dissolved materials
which are useful to the cell. Other proteins bound in the plasma membrane of a
bacterial cell catalyze the process by which the energy contained inorganic molecules
are converted into a chemically unstable form.

Fig. 2.2: Diagram of a Mycoplasma

The intracellular contents of prokaryotes such as E. coli are present in two
major structural parts, the nucleotide and the cytoplasm. The nucleotide consists
of a single DNA molecule (the chromosome) condensed into a irregularly shaped
fibrous network, which occupies a few percent of total cell volume. It is thought
that the nucleotide is attached at one point to the plasma membrane. This attachment
of the chromosome to the membrane may help both the control of chromosome
replication and in the separation of daughter chromosomes during the cell division.

The cytoplasm of E. coli contains approximately 25,000 tiny particles called
ribosomes, floating in a solution called the cytosol. Each ribosome is a machine
for synthesizing proteins. The cytosol, which contains a large variety of ions, small
organic molecules and enzymes, is the site where the cell carries out most of its
metabolic activities.

Much has been learned about the molecular biology of the cell from the
study of prokaryotes, in particular from the study of E. coli. In part, bacteria
were chosen as research materials because they are functionally and structurally
far less complex than any of the eukaryotic cells. In addition, the fast growth
rate and low number of nutritional requirements of bacteria such as E. coli
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constitute a great practical advantage for research because large number of cells
can be obtained in a few hours with a simple and inexpensive culture medium.

Fig. 2.3: A Cell of Blue-green Algae

E. coli is not the smallest type of cell known. Some bacteria, the
mycoplasmas, have volume as small of 0.02 m3, compared to a minimum
volume for E. coli of 1.6 m3. Mycoplasmas lack cell walls, and their
chromosomes can be as small as one fifth of the chromosome in E. coli.
These are the smallest chromosomes known among bacteria. The mycoplasmas
were identified about 1900 as the cause of respiratory diseases in animals and
gained attention during World War II as the causative agents of pneumonia
among U.S. Army recruits. Mycoplasmas are sometimes referred to as PPLO,
which stands to pleuropneumonia like organism. Due to their small size and
small amount of DNA, the mycoplasmas are no doubt genetically and
functionally iess complex than E. coli. However, they require a nutritionally
complicated medium for growth and grow slowly and hence are less convenient
to use in research. Nevertheless, the study of mycoplasmas has intensified
during recent years, and these simplest of known cells may well provide unique
insight into principles of cell organization and operation. Mycoplasmas are
sometimes referred to as the minimum cell because they approach the minimum
genetic and molecular complexity necessary to sustain the life and reproduction
of a cell.

2.2.2 Photosynthetic Bacteria
The photosynthetic bacteria probably arose from non-photosynthetic bacteria
very early in the course of evolution, perhaps as early as 3.1 billion years ago.
Most photosynthetic bacteria are obligate photoautotrophs. Photoautotroph
means requiring only light, water, inorganic ions and CO2; obligate means
that for growth light is necessary because these bacteria cannot use organic
compounds like sugars as an alternative source of energy. Photosynthetic
bacteria are widely distributed in fresh and salt water and in soil. The enormous
mass of photosynthetic bacteria growing in the oceans generates much of the
oxygen in the Earth’s atmosphere. Whenever seen under an electron
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microscope, a photosynthetic bacterium is enclosed by a rigid wall and immediately
inside the wall, by a plasma membrane. As in other bacteria, the cytoplasm is
rich in ribosomes, and a nucleoid is present. In contrast to other kinds of bacteria,
however, photosynthetic bacteria often have extensive internal membranes that
contain light-absorbing pigments and the machinery for photosynthesis.
Photosynthesis is the process by which the energy of light is captured and used to
synthesize sugar, starting with carbon dioxide and water.

Check Your Progress

1. Define prokaryotic cell.
2. Write the meaning of non-photosynthetic bacteria with suitable examples.
3. Describe the photosynthetic bacteria with examples.
4. Draw a labelled diagram of a prokaryotic cell.

2.3 EUKARYOTIC CELLS

Eukaryotic cells may be unicellular organisms, such as protozoans and unicellular
algae, or they may be cells that make up the tissues and organs of multicellular
organisms. Though eukaryotic cells have different shape, size and physiology but
all the cells are typically composed of plasma membrane, cytoplasm and its
organelles, viz, mitochondria, ribosomes, endoplasmic reticulum, Golgi complex
etc., and a true nucleus.

2.3.1 Plasma Membrane
The outermost boundary of the animal cell is called “plasma membrane”. It is
invisible under a light  microscope but under the electron micro-scope, it appears
to be composed of two dense layers which are called the outer dense layer and
inner dense layer. Both these layers are about 20Å° in thickness, and are separated
from each other by a less dense area of about 35Å, in thickness. By this way the
total thickness of the plasma membrane is about 75Å°. Before the advance of the
electron microscope, people used to think of plasma membrane as been stretched
tightly over the cell. But now we know that single plasma membrane can have as
many as 3000 microvilli. Another peculiarity of the structure of the membrane is
that, it remains connected with the endoplasmic reticulum.

The membrane itself may be perforated with tiny holes through which certain
materials may cross. Also, as we will see shortly, materials actually move across
the membranous material itself.

There may also be other kinds of molecules associated with the membrane.
For example, various sorts of carbohydrates may be found attached to the outer
side of the membrane, specific carbohydrates that determine the cell type. The
underside of the membrane may be attached to a sort of internal support (skeleton)
for the cell, called the microtrabecular lattice.
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Fig. 2.4: Ultrastructure of a Typical Animal Cell as Seen in the Electron Microscope

In a word, plasma membranes are more than fluid filled sacs. They are
living responding structures. Thus, the more membrane area an organism
possesses, the greater its control over its internal environment.

2.3.2 Golgi Bodies
In 1898, Camillo Golgi, an Italian cytologist, was experimenting with some
cell-staining procedures and discovered that when he used certain stains such
as silver nitrate, “peculiar bodies” appeared in the cells. These structures had
never been noticed before, but when other workers looked for them using the
same stains, they turned up in a variety of cells. However because these could
not be seen in living cells, there was a great argument over whether they
really were cell structures, or were just artificial or debris produced by the
staining process itself.

The electron microscope resolved the debate. Indeed, these strange
bodies did exist, and appropriately enough they were named Golgi bodies. It
was found that they had a characteristic and identifiable structure no matter
what kind of cell they were found in. In every case, they appeared as a group
of tiny flattened vesicles, lying roughly parallel to each other, somewhat like
pancakes.
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Even after their existence was confirmed, an argument continued over their
function. What did they do for a living? We now know that they serve as a sort of
packaging center of the cell. They have been linked to manufacturing, warehousing
and shipping centers (as well as swiss finishing schools). Their role is indeed complex.
Products formed by the endoplasmic reticulum are stored (and in some cases
modified) in the Golgi complex. The complex also manufactures many
polysaccharides including ones that will be secreted by the cell. Enzymes and
other proteins, as well as certain carbohydrates, are collected in these bodies and
packaged into sacs or vesicles. In this way, they are kept apart from the rest of the
cell. In some cases, the packages break away from the Golgi complex and move
to the plasma membrane where the enclosed molecules are excreted from the cell.

2.3.3 Lysosomes
Lysosomes are somewhat spherical cytoplasmic organelles and are in general,
distinctly unimpressive bodies. It is believed that lysosomes are packets of
digestive enzymes that are synthesized by the cell and packaged by the Golgi
bodies. The packaging is important because if these enzymes were floating
free in the cell’s cytoplasm, the cell itself would be digested. Christian de
Duve, who discovered the lysosomes, called them “suicide bags”, and the
dramatic description is not entirely univarrented, since they can actually destroy
the cell that bears them. So why would cells have ever developed such a risk
to themselves? In some cases, the destruction of cells is beneficial to the
organism. For example, the cells could be old and not functioning well, or
they might be in a part of the body that was undergoing reduction as a part of
a normal developmental process, such as in the webbing between the fingers
of a developing embryo.

Lysosomes may also help dispose off unwanted mitochondria, red blood
cells, or bacteria (fragments of all these have been found within the organelles).
Interestingly, malfunctioning lysosomes have been associated with a number
of human diseases, including cancer. Rupturing lysosomes have also been
accused of contributing to the ageing process.

2.3.4 Mitochondria
These may be filamentous or granular structures. The size changes, depending
on the physiological conditions of the cells. Mitochondria are usually .5  to
1  in diameter and range in length from 2  to 7 . The number in cells, such
as liver cells mitochondria may be over a thousand. Electron microscope has
revealed the basic structure of the mitochondria. Each mitochondrion is
enclosed in a double membrane. The outer membrane forms an uninterrupted
boundary but the inner membrane is continuously extended into folds, which
project into the inner space of the mitochondrion. The inner folds are known
as cristae. The inner space of the mitochondrion is filled with a fluid, which is
rich in enzymes. Other enzymes are found in the membranes.

The mitochondrial membranes are similar to those of the cell membranes.
They are also made up of double layers of phospholipid molecules sandwiched
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between layers of protein molecules. Similar to cell membranes, mitochondrial
membranes can also expand and contract.

Fig. 2.5: Three Dimentional Structure of Mitochondrion

Mitochondria render oxidation of food substances. They change the potential
energy of different food materials into a form of energy, which can be used by the
cell for its various activities. It is, therefore, regarded that mitochondria may gather
in most regions of the cells. Due to their functions, mitochondria are also called
power house of the cell.

2.3.5 Endoplasmic Reticulum
The term ‘microsome’ was introduced to the modern cytology by Claude (1943)
to represent one of the submicroscopic cellular components isolated by
centrifugation. These are now known to be broken parts of the endoplasmic
reticulum after the studies of Kollman (1953). Porter (1945) was the first
man to describe their electron microscopic structure in cultured cells. He
described them as lace like reticulum. There are membrane bounded sacs in
the form of double membrane or cisternae. The term cisternae was introduced
by Sjostrand (1953) to describe long and elongated rod-like parts of the
endoplasmic reticulum measuring 50-200Å. A. Wiess (1953), described the
vesicles of the endoplasmic reticulum which usually has a diameter of 25-
500Å while Bradfield (1913) came across another type of endoplasmic
reticulum and termed them as tubules, they measure from 50 to 100Å° in
diameter.

On the basis of presence or absence of ribosomes or RNP particles,
the endoplasmic reticulum (E.R.) is distinguished in two varieties: the rough walled
endoplasmic reticulum and smooth walled endoplasmic reticulum. They are also
known as granular or -  type of endoplasmic reticulum.

Rough-walled Endoplasmic Reticulum

Rough-walled endoplasmic reticulum (R.E.R.) is that variety which bears the
ribosomes at the external surface of the cisternae. The distribution of the
ribosomes can be circular, spiral or rosette type. The particles may be induced
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to leave the surface of the cisternae or the capacity to associate again with the
particles. Usually the rough-walled endoplasmic reticulum are richly distributed in
those cells which are engaged in the synthesis of the proteins.

Fig. 2.6: Two Types of Endoplasmic Reticulum with Nucleus

Smooth-walled Endoplasmic Reticulum

The other large division of the system owes its identity in parts to the absence of
the particles and therefore commonly referred to as the smooth surfaced agranular
form. Like the RER, the SER shows a characteristic morphology which is tubular
rather than cisternae. The tubules have the diameter nearly of 15-100 m . As
studied by Fawcett (1960), SER are richly distributed in those cells which are
engaged in the synthesis of steroids.

Continuity between the SER of a particular cell type possesses a
characteristic pattern of structure. Thus it is typical for rat liver cells to show
groups of eight or ten slender profiles in paralleled array.

2.3.6 Ribosomes
These are tiny, darkly staining particles present and either attached to ER or
freely distributed in cytoplasm. Ribosomes were first discovered in 1941 by
Claude, who called them microsomes, Palade (1956) named them as
ribosomes. Usually the membrane bound ribosomes (membrane piece +
ribosomes) are called the microsomes. Ribosomes are very significant at the sites
of protein synthesis. They are called engines used by the cell in protein synthesis.
In cells which are highly active in protein synthesis, simple ribosomes get transformed
into clusters called polyribosomes.

The number and concentration of ribosomes are related to the metabolic
state of the cell.

Measurement of the sedimentation co-efficient by ultracentrifugation
has revealed the presence of two sizes in ribosomes. In bacteria they have a
coefficient of 70S whereas in eukaryotic cells, they have about 80S.

Ribosomes are generally spheroidal and have a size of 250Å × 150Å.
Each spheroid has two sub-units, a larger (140-160Å) and a smaller (50-
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60Å) one. The smaller one is attached in the form of a cap to the larger sub-unit.
Chemical analysis of ribosomes reveals the presence of RNA and proteins.

2.3.7 Peroxisomes
These are also bounded by a single membrane. These contain enzymes for the
breakdown of hydrogen peroxide to form water and oxygen. These are
protective organelles of the cell.

2.3.8 Crystals and Oil Droplets
In certain plant cells, the food or waste material is found deposited in the
form of crystals. The oil droplets are round in both plant and animal cells,
which appear as tiny glistening white spheres. These serve as a reserve supply
of energy rich fuel.

Cytosol, Hyaloplasm or Ground Substance

The material that remains suspended under conditions sufficient to sediment
even the ribosome is referred to by biochemists as the soluble fraction or
cytosol. This fraction usually contains some material lost from the organelles
in the course of homogenization and centrifugation. However, it also contains
other molecules, including some enzymes, that are not known to be part of
the intracellular structures identifiable in the microscope. Such molecules are
usually thought to derive from the hyaloplasm (also called ground substance,
cell matrix or cell sap), which was originally defined by microscopists as the
apparently structureless medium that occupies the space between the visible
organelles. With the improved techniques, less and less of the cell appears
structureless. Most investigators continue to believe that there does exist in
the cytoplasm a “soluble phase” — a solution containing inorganic ions and small
molecules, materials in transit from one cell region to another and dissolved or
suspended enzymes that function as individual molecules or perhaps as parts of
small groups of molecules rather than as components of large, microscopically
recognizable organelles. But there is a lively debate going on over proposals that
many components once thought be suspended in this solution are actually bound,
perhaps loosely, in structured arrangements that do not survive the disruption
involved in cell fractionation.

2.3.9 Plastids
The plastids are differentated bits of protoplasm — “organs” of areas of metabolic
activity associated with particular functions. They have a limiting, apparently semi-
permeable membrane and complex internal structure. They are often coloured
and usually conspicuous. In size they are small and generally may occur in cells.
They are variable in shape, but rounded types are most common. Spherical, ovoid,
discoid, granular, rod like plastids all occur frequently. Large plastids of peculiar
shape are present in many algae and rarely elsewhere. They may be found in all
living cells of plant and probably are present in every cell in its early stages of
development. Later they become restricted to certain cells and are abundant only
in those which have specialized functions, such as photosynthesis, storage and
colour manifestation.
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2.3.10 Origin
Plastids are present in large numbers in young meristematic cells where they are
minute, the smallest being at the limit of microscopic visibility. At this stage, when
they are known as proplastids, they are rounded bodies that do not resemble
plastids. As the cell grows, proplastids multiply freely and mature plastids gradually
develop. Increase in number by division continues at all stages but less frequently
in mature plastids. Probably plastids arise only from pre-existing plastids.

Types of Plastids

Several fairly distinct types of plastids occur, but all are of similar fundamental
nature. They fall into two chief classes: coloured plastids, chromoplasts and
colourless plastids, leucoplasts. Green chlorophyll bearing chromoplast are
known as chloroplasts and are commonly set apart as a third major type
because of their important function in food manufacturing. This leaves the
term “chromoplast” to cover all coloured plastids except chloroplasts, and
this is its general use.

Fig. 2.7: A Typical Plant Cell

Chloroplasts

The chloroplasts of the higher plants are mostly uniform in size and chiefly flattened-
ellipsoid or disc like in shape. They are numerous — from a few to many in a cell
— and small, averaging 5 micra in diameter. They multiply by constriction, and
may at other times change shape, appearing as though semi-liquid. The chlorophyll
is wholly or largely restricted to numerous small granules known as grana.
Apparently these deeply coloured bodies are commonly so arranged and so closely
packed that the plastid appears structurally homogenous. Sometimes an obsture
layering can be seen. Chloroplasts of shaded leaves are somewhat larger than
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those of leaves in full light on the same plant and their chlorophyll content is possibly
greater per unit volume.

Fig. 2.8: Electron Microscopic Structure of a T.S. of Chloroplast in Mesophyll
Cell of a Leaf

Chromoplasts

Non-green chromoplasts range in colour through yellow, orange and yellow red.
The colour is given chiefly by xanthophyll, carotin and carotenoids. Chromoplasts
show great variety in shape but are chiefly irregular; granular, angular, acicular and
forked types occur. The irregular and pointed shapes are believed to be caused in
part by the presence of coloured substances, especially carotin and carotenoids in
crystalline form, as in the root of Daucus. The functions of these plastids are
obscure. They are associated with colours of flowers and fruits but occur also in
other regions such as roots commonly represent transformed chloroplasts, but may
form directly from small leucoplasts.

Fig. 2.9: Chromoplasts from A—Tomato, B—From Carrot Root Cells, C—From a
Petal of Canna

Leucoplast

The term ‘leucoplasts’ covers various types of colourless plastids. The early
stages of all plastids are called leucoplasts but such young plastids are best
called proplastids, and only mature colourless plastids should be called
leucoplasts. Like chromoplasts, leucoplasts vary in shape; extreme forms are
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rod like. They change shape readily and are probably always highly plastic. They
are concerned with food storage and doubtless have other unknown functions.
This type of lecuoplasts associated with starch grains formation in storage regions
is known as amyloplasts. Leucoplasts related to the formation and storage of oils
and fatty substances are known as elaioplasts. These are at least in part amyloplast
that vary at function at certain times. The leucoplasts of hair and other epidermal
cells are probably degenerate or dormant plastids of other types.

That all plastids are alike in nature is clear from the readiness with which
one type is transformed into another. For example, the chloroplasts of young fruits
and of developing petals may become the chromoplasts of a ripe fruit and of the
mature flower respectively, the leucoplasts of the potato tuber become chloroplasts
on exposure lo light.

2.3.11 Vacuoles
Vacuoles are fluid filled sacs found in cells of both plants and animals as well as in
microscopic organisms called protists. It is in plant cells, however, where they
reach their greatest development; infact, they may be the most conspicous bodies
in the plant cell. There are a number of types of vacuoles, each with a different
function. For example, some are highly active in the cell’s metabolism, while others
are simple storage vessels.

In plants, the vacuoles are filled with a “cell sap” that can change volume
through osmosis. Infact, it is the pressure of the swelling vacuole that forces
the plasma membrane against the cell wall and makes the plant tissue firm. A
plant wilts when there is not enough fluid to keep its huge vacuoles filled.
Besides water, the vacuole sap may contain sugars, proteins, pigments and
organic acids. It is these acids that give oranges and lemons their sour taste.
Some single celled organisms (such as the Paramecium, as we shall see)
contain contractile vacuoles that enable them to squeeze waste material or
excess water but through the plasma membrane. Such vacuoles may appear
and disappear in response to the organism’s needs, or they may be relatively
permanent structures. The latter help us distinguish one species of these tiny
organisms from another.

2.3.12 Microtubules
Microtubules, as you might expect, look like tiny tubes. Their constituent
protein, called tubulin, occurs in doublet spheres whose arrangement forms
the tube’s cylinders. Microtubules form a core, not only of flagella, cillia and
sperm tails, but also the star-shaped ‘asters’ and the spindle fibres that appear
at mitosis.

2.3.13 Centrioles
Centrioles are small cylindrical bodies, barely visible under a light microscope,
that lie just outside the nucleus in an area of specialized cytoplasm. They are
normally found in cells of animals, algae, and some fungi; they are absent in
the cells of flowering plants. They are associated in complex ways with cell
division and cell movement.
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Centriole is made up of a rounded cylinder of about 3000-5000Å in length
and 1500-1800Å in diameter. Each centriole consists of a stack of nine fibres
arranged around a central axis. Each fibre is comprised of three secondary fibres.
All these fibres are interconnected and are enclosed in a thick membrane.

2.3.14 Cilia and Flagella
Cilia and flagella are hair like extensions that project from the surface of certain
kinds of cells. They differ only in length; cilia are about 10 to 30 micrometers while
flagella may extend to thousands of micrometers. Both make ‘beating’ movements,
and both may function in moving the cell along through the fluid cilia, in addition,
some substances across the surface of a stationary cell. As examples, a sperm cell
swims by beating its whip like flagellum, and the beating cilia that line your breathing
passages help sweep away air borne debris (unless you have killed them by smoking).
Both cilia and flagella contain microtubules that form a 9+2 arrangement. Basically,
the structure involves a circle of nine parts of microtubules surrounding two single
microtubules. (The arrangement on centrioles is similar, but they lack the central
pair).

The 9+2 arrangement of cilia and flagella has generated much speculation
about their origin. For example, some researchers believe that each cilium
develops as the extension of one of a pair of centrioles.

2.3.15 Nucleus
Perhaps the most prominent structure in most cells is the nucleus. It also
plays a central role in the life of the cell in that it is involved in a number of
critical processes, such as regulations and reproduction.

The nucleus is surrounded by a double membranous covering, a fact
that suggests two hypotheses regarding the origin of the nucleus, as you may
recall. The nuclear membrane or the nuclear envelope is perforated by nuclear
pores. Such pores facilitate the movement of molecules between the nucleus
and cytoplasm.

The nucleus of meristematic cell appears to show two types of resulting
nuclei in different plants. One type is known as the ‘solid nucleus’, the other
as the ‘pro-chromosomal’ or over circular type.

The prochromosomal type of nucleus consists of a vesicle of sap around
the periphery of which is the whole of the stainable material of the nucleus,
the chromatin, included in relatively small bodies called prochromosomes.
One or more nucleoli are also present.

The “solid” type of resting nucleus is devoid of free sap and, after
fixation, has the appearance of a uniform meshwork of chromatin filling the
whole nucleus except for the space occupied by one or more nucleoi. The
latter, at least in early stages, are fluid. This type of nucleus is found in members
of the Liliaceae, in Vicia and Osmunda (the royal fern). The chromatin
meshwork is frequently referred to as a ‘reticulum’ composed of ‘karyotin’.

The nucleus plays an important role in governing the metabolic processes
which go on within the cell, resulting in cell division, growth and differentiation.
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The nucleus also contains the hereditary characters which are passed from parent
to offspring.

Inside the nucleus is a fluid matrix in which a number of different types of
bodies are suspended. When cells are appropriately stained, a net like structure
becomes visible within the nucleus. This material is called chromatin (from Greek:
chromo, colour) because of its affinity for the stains. At the certain period in the
cell’s cycle, the chromatin shortens and thickens and forms chromosomes, the
structures that include sequences of genes. Undoubtedly the meristematic cell is
bounded by a thin cell wall and contains the protoplast. The latter consists of a
relatively large central nucleus and the surrounding cytoplasm. Within the cytoplasm
are suspended specialized protoplasmic bodies called plastids or chromatophores,
and non-living inclusions in the form of minute granules and droplets.

Protoplasmic Substance
Observation of living cell indicates clearly that the protoplasm is not homogenous,
but its physical nature is still rather a matter for conjecture. There is a little doubt,
however, that is a colloidal system, usually with many of the properties of a liquid,
being infact a liquid (sol) in which are dispersed either liquid or solid particles
which are either aggregates of small molecules or very large molecules. The particles
dispersed in the continuous liquid phase of the protoplasm are extremely minute,
and often only just visible with the most powerful microscope. Many of the
properties of the protoplasm are the outcome of its colloidal nature.

Table 2.1: Comparison between Plant and Animal Cells

Plant Cell Animal Cell
1 Generally larger than the animal cell. Usually smaller than the plant cell.
2 Plant cells are surrounded by rigid cell Cellulose wall is not found in animal

wall of cellulose. cell.
3 Majority of the mature plant cells have Vacuoles in animal cells are small.

a large central sap vacuole.
4 Plastids, especially chloroplasts are Chloroplast is not found in animal cell

found usually in cells of green plants. except in some protozoans.
5 In the cell division, the division of Animal cells divide by a constriction

cytoplasm of plant cells takes place by during cell division.
formation of a partition called cell plate.

Chemically, the dry substance of the protoplasm appears to consist
mainly of proteins with appreciable amounts of fats and fatty substances, of
carbohydrates, smaller amounts of other organic compounds and of mineral
matter. Analysis of the protoplasm always, of course, includes any substances
present in it at the time, that is both living and non-living protoplasmic
inclusions. But it must be remembered that methods of chemical analysis
bring about the death of the protoplasm, and so the analysis is really of dead,
and not living protoplasm.
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Table 2.2: Functions of Cellular Organelles

Cell Organelles Function
1 Cell or plasma membrane Serves as a differentially permeable membrane

through which extra-cellular substances may be
selectively sampled and cell products may be
liberated. Gives external form, provides mechanical
support and thus protects the cell.

2 Cell wall (in plants) Thick cellulose wall around the cell membrane
gives strength and rigidity to the cell.

3 Cytoplasm Provides greatly expanded surface.
Endoplasmic reticulum area for various
biochemical reactions which normally takes place
at or across membrane surfaces.

4 Ribosomes Sites of protein synthesis and known as “Protein
factories of the cell.”

5 Mitochondria Oxidation of food substances, changes potential
energy into a form of energy to be used by cell.
Energy production (Krebs’ Cycle, electron
transport chain, beta oxidation of fatty acids etc.)
Power house of cell.

6 Centrioles (usually not Form poles for the cell division, capable of
seen in plant cells) replication usually.

7 Golgi body or apparatus Produce cellular secretions.
(known at dictyosomes
in plants)

8 Lysosome (in animals) Produce intracellular digestive enzymes which
help in disposal of bacteria and other foreign
bodies. If ruptured, may cause cell destruction.

9 Plastids (in plants) Serve for storage of starch, pigments and other
cellular products. Photosynthesis takes place in
chloroplasts.

10 Vacuoles Store excess water, waste products, soluble
pigments etc.

11 Hyaloplasm Contains enzymes for glycolysis and structural
materials, viz., sugars, amino acids, water,
vitamins, nucleotides etc.

12 Cilia and flagella Serve to move the animals or to move the
material.

13 Nucleus Provides selective continuity.
14 Nuclear membrane Between nuclear and cytoplasmic materials.
15 Nucleoplasm Contains materials, for building DNA and

messanger molecules which serve as intermediates
between nucleus and cytoplasm.

16 Nucleolus May synthesize ribosomes. Disappear during
cellular replication. Function uncertain.

17 Chromosomes Bearers of hereditary instructions. Regulation of
cellular processes (evident only during nuclear
division). Control the nucleus and metabolism.

The analysis does, however, show the presence of substances (fat like
compounds and proteins) which are capable of forming the disperse phase in
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a colloidal system. The evidence of chemical analysis and of observation on
the physical properties of the protoplasm suggest that in the protoplasm, we
have a continuous phase of water containing proteins and fatty substances,
and dispersed in this are granules (solid or liquid) of protein, either alone or
united with other substances, the whole being of the consistency of a slightly
viscous liquid.

Table 2.3: Comparison between Prokaryotic and Eukaryotic Cells

Prokaryotic Eukaryotic
1 Generally smaller than the eukaryotic Usually larger than the prokaryotic

(mostly 1 to 10 m). cell (mostly 10 to 100 m).
2 They are never associated to form They may be associated in chains,

group. filaments or groupings or may be
multicellular.

3 They have cell wall like plant cells. They have plasma membrane which
is devoid of cellulose deposition.

4 Occasionally outer wall projects into Structure like septum, mesosomes
an invagination of the plasma etc. are absent.
membrane, forming a septum that
may further develop mesosomes.

5 Protoplasm is differentiated into Protoplasm is differentiated into
cytoplasm nucleoid. cytoplasm and nucleoplasm.

6 Nuclear material is not bounded by Definite nuclear membrane encloses
nuclear membrane. nuclear material.

7 DNA not associated with histone DNA complexed with histone
proteins in chromosomes. proteins in chromosomes.

8 DNA is circular. DNA is filamentous.
9 One linkage group. Two or more linkage groups.

10 It lacks well defined cytoplasmic Well defined cytoplasmic organelles
organelles such as E.R., Golgi body, such as mitochondria, Golgi body,
Mitochondria etc. except for photo- E.R. etc. are present.
synthetic membranes in some bacteria.

11 Ribosomes are of 70S type. Animal and plant cells have 80S
ribosomes.

12 They reproduce in amitotic way, no Mitotic division is of common
mitosis take place. occurrence.

13 Respiratory and photosynthetic Respiratory and photosynthetic
enzymes are located in the plasma enzymes are located in the
membrane. mitochondria and chloroplast

respectively.
14 No nucleolus. One or more nucleoli.
15 Bacteria and cyanobacteria belong This category includes protists,

to this category. fungi, plants, and animals.
16 8+ DNA content ranges from 750,000 8+ DNA content ranges from about

base pairs to 5 × 106 base pairs. 1.5 × 107 to 1.5 × 1011 base pairs.
17 Genes generally lack introns. Most genes contain introns.
18 Lack microtubules, micro filaments Contain microtubules, microfila-

and intermediate filaments. ments and intermediate filaments.
19 Sterols usually not present in the Sterols present in the plasma

plasma membrane. membrane.
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The surface layer of protoplasm differs from the inner part, and in a system
such as that outlined above, we might expect to find in the outermost layers a
concentration of fatty substance. Any such surface layer is certainly of a complex
nature and of vital importance, as its properties will govern the entry of substances
into, and their exit, from the protoplasm.

2.3.16 Cytoplasm
In mature living cells, the cytoplasm (that part of the protoplasm distinct from the
nucleus) forms a lining to a cell wall. Internally the cytoplasm is in contact with the
content of the vacuole, and externally with the cell wall and the liquid with which it
is saturated. The cytoplasm is not homogenous. On physical ground, we should
expect the surface layers of the cytoplasm to differ in composition and structure
from the innermost parts and a knowledge of the surface tension leading us to
expect an accumulation of the fat like component of the cytoplasm at the surface.
The differentiated layers frequently visible in animal cells are called the ectoplasm,
but rarely observed in plant cells, from the plasma membranes. Although the
especially differentiated plasma membranes are but rarely visible in plant cells,
there is experimental evidence of their widespread existence. The innermost part
of the cytoplasm (endoplasm) contains specialized protoplasmic bodies and non-
living inclusions.

Check Your Progress

5. Define the eukaryotic cell and give suitable examples.
6. What is the main role of lysosomes?
7. Explain the most important function of mitochondria.
8. Write down the names of all cell organelles present in eukaryotic cell.

2.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Prokaryotes are unicellular organisms that lack organelles or other internal
membrane bound structures. They don’t have a nucleus, but, instead, have
a single chromosome: a piece of circular, double stranded DNA located in
an area of cell called nucleoid.

2. Non-photosynthetic bacteria can not manufacture their own food by a
process of photocynthesis as seen in E. coli.

3. Photosynthetic bacteria are prokaryotes that are capable of carrying
out photosynthesis. Cyanobacteria belong to this category.

4. See text for the diagram.
5. Eukaryote cell or organism is that possesses a clearly defined nucleus.

The eukaryotic cell has a nuclear membrane that surrounds the nucleus,
in which well defined chromosomes are located. All multicellular animals
and plants belong to this category. Protozoans are also eukaryotic
organisms.
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6. Lysosomes are the digestive bodies and perform mainly the digestive
activities.

7. Mitochondria are the power house of a cell and involve in energy liberating
processes.

8. Eukaryotic cells contain nuclear membrane, plasma membrane, Golgi body,
mitochondria, ribosomes, endoplasmic reticulum, lysosomes, plastids,
centrosome and chromosomes.

2.5 SUMMARY

Cell is the structural and functional unit of an organism. Cell may or may not be
provided with a distinct nucleus (nuclear material bounded by nuclear membrane).
Cell with indistinct nucleus is called prokaryotic cell, and that with a distinct nucleus
is called eukaryotic cell. Prokaryotic cell also lacks organelles or other internal
membrane bound structures. It does not contain a nucleus, but instead has a single
chromosome: a piece of circular, double stranded DNA located in an area of cell
called nucleoid. Prokaryotic category includes photosynthetic and non-
photosynthetic bacteria. Cyanobacteria is the excellent example of photosynthetic
bacteria.

Eukaryotic cell possesses a cleary defined nucleus with a distinct nuclear
membrane. Within the nucleus there are chromosomes, one or more nucleoli
embedded in nuclear sap or karyolymph. The outermost limiting membrane
of cell is called plasma membrane. The space between plasma membrane and
nuclear membrane is filled with cytoplasm. Almost all types of internal
membranous bound structures or cell organelles are found in eukaryotic cell.
These cell organelles are Golgi body, mitochondria, endoplasmic reticulum,
lysosomes, ribosomes, plastids, centrosome etc. These organelles perform a
variety of functions.

2.6 KEY TERMS

Hereditary material. Nucleic acid is the main hereditary material. DNA
plays major role in it.
Microvilli. In those cells which are engaged in absorptive or
reabsorptive activities, they develop minute fingers like projections
called microvilli.
Power house. Mitochondria are the cell organelles mainly involved in
respiratory activities. They generate, store and supply energy whenever
and wherever required.
Suicide bags. Lysosomes are commonly known as suicide bags and
remain busy in digestive activities.
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2.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What is prokaryote? Describe the various types of prokaryotic cell.
2. Define the eukaryotic cells.
3. What are the cell organelles? Name all cell organelles present in eukaryotic

cell.
4. Write down atleast one main function of every cell organelle present in

eukaryotic cell.
Long Answer Questions

1. Write an essay on prokaryotic cell.
2. Describe the eukaryotic cell with the help of labelled diagram.
3. Write notes on the nuclear material present in both prokaryotic as well

as eukaryotic cells.
4. Write down all differences seen in prokaryotic and eukaryotic cells.

2.8 FURTHER READING

Madigan T. (2012). Brock Biology of Microorganisms.
Murat D., Byrne M., Komeili (2010). Cell Biology of Prokaryotic
Organelles.
Vellai T. (1999). The Origin of Eukaryotes: The Differences between
Prokaryotic and Eukaryotic Cells.
Zinner C. (2009) Origin on the Origin of Eukaryotes Science 325 (5941):
666-8.
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CHAPTER 3 STRUCTURE AND
FUNCTIONS OF GOLGI
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3.4 Summary
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3.7 Further Reading

3.0 INTRODUCTION

The Golgi complex has had a stormy history since its first description in
1898 by the 1906 Nobel Laureate, Camillo Golgi, working with nervous
tissue that had been impregnated for several days with osmium containing
stain. He discovered a dark yellow network that could be visualized near the
cell nucleus and which was later identified in a variety of cell types. For years
the Golgi complex was thought to be an artifact of various fixation and staining
procedures.

In other words, many scientists believed that the structure observed
during numerous microscopy procedures and termed Golgi did not actually
exist with the living cell. In 1950, the Golgi complex was first identified under
the electron microscope. Actually the Golgi complex was first of all observed
by George in 1867 and later on Camillo Golgi studied this by using’the silver
salt in the nerve cells of the barn owl and the cat.

He described it as “internal reticular apparatus”, and later on the term
Golgi was named after him. In the next quarter of century, this organelle was
described in different terms, like Golgi complex, Golgi body, Golgi
apparatus, Golgisome, Golgi material, Golgi membrane, Dalton complex,
Y cytomembrane, lipochondria and dictyosome etc. were used to name it.
A number of joined Golgi complex system is known as a polysystem.

The Golgi complex occurs in all the eukaryotic cells except mature
sperms and red blood cells of animals, certain fungi, sperm cells of bryophytes
and pterydophytes and cells of mature sieve tubes  of plants. Golgi complex
is not present at all in the prokaryotic cells like bacteria and blue green algae.
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3.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the importance of this cell organelle.
Know the uneven distribution of Golgi complex.
Describe the structure of Golgi complex.
Discuss the various functions of Golgi complex.

3.2 STRUCTURE OF GOLGI COMPLEX

The Golgi complex comprises of the following morphological components:

3.2.1 Flattened Sacs or Cisternae
The flattened sacs which appear in the section as dense parallel membranes
one above the other are similar in appearance to the smooth walled endoplasmic
reticulum. Palay and Palade have described in 1955, that the sacs or cistemae
are nothing but the stacks of smooth walled endoplasmic reticulum, but
Sjostrand has pointed out clearly that although both can be impregnated with
silver and osmium tetraoxide, yet they differ in thickness of their membranes.
The thickness of the membrane of endoplasmic reticulum is 40 to 70Å. In
Golgi complex the membrane of flattened sac is about 60Å to 70Å in thickness,
enclosing a cavity of about 150Å wide whose edges are often dilated. The
gap between the adjoining flattened sacs is about 200Å to 300Å. What holds
them together is not yet known but in few cells, a thin layer of a opaque dense
material is seen which at certain regions are more prominent to which Amos
and Grimstone (1968) applied the terms node. Sometimes the flattened sacs
have fenestral (windows) similar to the nuclear pores.

Fig. 3.1: The Golgi Complex

Flattened sacs are slightly curved and remain filled with fluid. In animal cells
single Golgi complex contains about 8 to 14 and sometimes upto 25 flattened
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sacs. In Euglena the number of sacs varies from 10-20. Some investigators believe
that certain lower plants utilize a single sac. The sacs are themselves of variable
width, sometimes flat and sometimes dilated by materials that accumulate within
them. Quite often the rims show local dilations, which are stages in the budding off
vacuoles or vesicles. Each sac has two faces, a forming or immature face which
is usually convex and is oriented towards the nucleus and a mature face, which is
usually concave and is oriented towards the cell surface. The sacs prossess rounded
swelling at their either ends giving them their characteristic feature.

The two faces of Golgi stack are biochemically and functionally distinct.
Cytochemical and immunological staining techniques have shown that specific
enzymes and receptor proteins are concentrated within the cisterna on the cis
face of the stack, whereas other proteins are localized primarily in the cisterna
on the trans face.

The two faces of a Golgi stack also differ in the kind of coated vesicles
associated with them. Vesicles that bud off the trans cisternae are coated with
clathrin, whereas vesicles that bud off the ER or the cis or medial cisternae of
the Golgi stack are coated with coatomer. Thus, coatomer-coated vesicles
shuttle proteins between the ER and Golgi cisternae, while clathrin-coated
vesicles mediate the transport of proteins destined for secretory vesicles,
lysosomes, or the plasma membrane.

3.2.2 Large Vacuoles
Large and clear vacuoles of about 600Å diameter are intimately associated
with flattened sacs. In some cells, these may contain dense masses or granules
e.g. in duodenal epithelium, liver and pancreas. They are also known as
condensing vacuoles or secretory vesicle. They represent modified and
expanded cisternae in which the two membranes have become widely separated
and the vacuolar space enlarged.

3.2.3 Cluster of Small Vacuoles
Associated with the tubules, small vesicles are present giving the appearance
of clusters. The vesicles range from 20 to 80Å in diameter. They are intimately
associated with the cisternae and may show continuity with them. They arise
from sacs by budding or pinching off. They are also known as transfer vesicles.

3.2.4 Functions
1. Role in secretion. Investigated by Cajal (1914), the process of secretion

in the cells like pancreatic cell and intestinal cells etc. goes on through
the following stages:

Ribosome stage. Ribosomes are present in the cells either on the
outer wall of endoplasmic reticulum or lying free in the cytoplasm.
During the process, they synthesize the protein whose nature is
checked up by the mRNA.
Endoplasmic reticulum stage. The protein synthesized by the
ribosomes is transferred into the lumen of endoplasmic reticulum
from where the lumen material is transported to the smooth-walled
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endoplasmic reticulum. The protein of this stage is in the form of dilute
solution of macromolecules, but in certain cases, it may have small
intracisternal granules.

Fig. 3.2: Golgi Complex in Cellular Secretion

Golgi stage. In this stage, the synthesized products are transported from
ER to Golgi complex. It appears to be mediated by transitional vesicles
that bud off from the ER more through the cytoplasm, and fuse with the
cis face of the Golgi complex.
The next step involves the sorting, concentrating and modifying the
protein products present within the Golgi complex. A variety of
different proteins with different destinations are transported from
the ER to the cis face of the Golgi complex, including many ER
membrane proteins that are not destined for secretion at all. The first
task of the Golgi is therefore to return these latter proteins to the
ER. The recent finding is that such ER proteins are present in large
concentration in the cis but not in the trans, Golgi regions suggests
that one region for the stacked arrangement of membranes within
the Golgi complex may be to facilitate the gradual removal of ER
proteins. The material reaching the trans face would therefore be
enriched in protein destined for secretion and form the pro-zymogen
granules.
Zymogen stage. As protein destined for secretion pass through the
Golgi complex, they are concentrated and condensed into a highly
compact form suitable for secretion. The particular region of the
Golgi complex involved in concentrating secretions varies among
cell types and organisms. In guinea pig pancreas, for example, large
vesicles at the Golgi periphery called condensing vacuoles, are the
usual site for concentrating protein into granules. Other species
employ the distal flattened sacs and for the dilated margin of the
Golgi stack for the same purpose. In either case, the net result is a
highly concentrated secretory product contained within the membrane
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enclosed vesicles emerging on the trans side by the Golgi complex. These
small secretory granules in turn fuse with one another to form larger
particles referred to as zymogen granules.
Whenever required, the Golgi complex is involved in adding carbohydrates
or fatty acid residues to certain proteins synthesized in the rough-walled
endoplasmic reticulum. The predominant constitutent of intestinal mucous
is a glycoprotein whose extensive carbohydrate component accounts for
the viscosity of this secretion.
Intra luminar stage. The secretory granules are released and poured
into their respective organs. The discharge of the secretory granules
involves its movement towards the apical region and fusion of the
membranes. The process is called exocytosis and requires calcium
ions and energy.

Fig. 3.3: Golgi Complex during Spermiogenesis

2. Role in acrosome formation. Burgos and Fawcett (1955) found that the
Golgi complex plays an important role in the formation of acrosome. The
role of Golgi complex is studied well in invertebrate types where during
spermiogenesis, the dictyosomes accumulate at a place and then their walls
fuse with each other in such a precise manner that a vascular structure
which is acroblast is formed. Soon a granule is secreted by the wall of the
acroblast which is named as the acrosomal granule. The acrosomal granule
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increases in size and covers the entire space of acroblast forming acrosome
and simultaneously the acroblast along with the acrosome moves towards
the apical region of the nucleus where it takes its final position.

3. Role during oogenesis. During oogenesis, the Golgi complex helps these
in the formation of yolk. In the young ovum, Golgi complex breaks down
into pieces and then arrange themselves in rings along with mitochondria
and ER to form Balbianic vitelline rings or yolk nucleus. Soon this
arrangement is lost and the yolk particles appear in th cytoplasm. Recently
Tiwari has also demonstrated the role of Golgi complex in the follicular
cells of ovary of Langur monkey during vitellogenesis.

4. Role in plasma membrane formation. The secretory granules of the
Golgi complex during exocytosis fuse with the plasma membrane and
thus incorporates into the plasma membrane. The glycoproteins formed
on the Golgi membrane remains attached to the secretory vesicle
membrane after it fuses with the plasma membrane.

5. Role in cell wall formation. In the plant cells, the Golgi complex is
known to synthesize pectin and some carbohydrates necessary for the
formation of the cell walls and some secretions like mucilage, gums
etc. During cell division when the karyokinesis has taken place, a cell
plate is developed by Golgi complex, which is coated by the cellulose.

6. Role in pigment formation. Recent researches have shown clearly
the role of Golgi complex in the formation of pigments. Golgi complex
has been associated with pigment formation in retinal epithelium of
chick embryo and in oocytes of salamander.

7. Golgi complex and lysosomes. Lysosomes are developed from the
Golgi complex. Novikoffs and coworkers (1961-1964) have clearly
mentioned in the G.E.R.L theory the relation between endoplasmic
reticulum, Golgi complex and lysosomes. The endoplasmic reticulum
forms Golgi complex by a process of blebbing and then after lysosomes
are pinched off from Golgi complex. Lysosomes can also arise directly
from the endoplasmic reticulum without the Golgi complex as in liver
cells, and also in neurons.

8. Phospholipid synthesis. Cohn and Benson (1965) have suggested that
the Golgi region of phagocytes may be involved in the formation or
storage of membranes containing phospholipids. Dictyosomes in plants
are also supposed to be the sites of active phospholipid metabolism.

9. Lipid absorption. Palay and Kartin (1956) reported that the cells of
the intestinal wall show higher lipid accumulation in the Golgi complex
just after absorption of nutrients. The exact significance of lipid
absorption is yet to be studied.

10. Regulation of fluid balance. Nassonov (1924) observed that
dictyosomes are formed near the contractile vacuoles. The occurrence
of dictyosomes around the contractile vacuoles in protozoans and other
lower metazoans shows affinities suggesting thereby the regulation of
fluid balance.
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11. Formation of enamel. In amyloblasts, the Golgi complex plays an important
role. During the synthesis of the enamel, the Golgi complex reverses its
position.

12. Formation of neurosecretory granules. Numerous dense neuro-
secretory granules have been reported close to the Golgi complex as
well as within the closely packed sacs of the Golgi complex.

13. Role in synthesis of polysaccharides. The combination of poly-
saccharides and the carbohydrate part of glycoproteins has been reported
in the Golgi complex. Recent studies have proved the site of sulfonation
of the carbohydrates of mucus to be in the Golgi complex in the goblet
cells of the rat colon.

14. Absorption of chemical compounds. The Golgi complex possesses
the quality of absorbing various chemical compounds like iron-sugar
(Hirsch and Bretschneider), compounds of copper, gold and silver
(Vanteel), compounds of albumen and bismuth (Kedrowsky), Bowen
injected tryptophan blue which was located exactly in the region of the
Golgi complex of certain cells.

15. Milk protein droplet formation. It has been reported that the Golgi
complex produces protein droplets in the mammary glands of lactating
mice. These droplets usually open onto the cell surface by the fusion of
their enclosing membrane with the plasma membrane.

16. Storage and liberation of vitamin C. Tomitte has described this
function of Golgi complex. According to him, Golgi complex stores
vitamin C and liberates it slowly into the cytoplasm in sufficient amount
to prevent oxidation of the cell products.

Check Your Progress

1. Who discovered the Golgi complex?
2. What are the different terms used for Golgi complex?
3. How many components are found in Golgi complex?
4. Name all the functions performed by the Golgi complex.

3.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Golgi complex was first observed by George in 1867 and then after
Camilo Golgi studied this by using the silver salt in the nerve cells of
barn owl and cat.

2. Golgi complex is variously known as Golgi body, Golgi apparatus, Golgi
element, Golgi membrane, Golgi material, Dalton’s complex, lipo-
chondria and dictyosomes etc.

3. Golgi complex comprises of three components: flattened sacs, large
vacuoles and small vesicles.

4. Golgi complex performs a number of functions: role in secretion, role
in acrosome formation, role during oogenesis, cell wall formation,
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pigment formation, formation of lysosomes, phospholipid synthesis, lipid
absorption, regulation of fluid balance, formation of enamel, neurosecretory
granules, synthesis of polysaccharides, absorption of chemical compound,
milk protein droplets formation, storage and liberation of vitamin C.

3.4 SUMMARY

Golgi complex occurs in all the eukaryotic cells except mature sperms and mature
mammalian red blood cells. Prokaryotic cells like bacteria and blue green algae
also lack Golgi complex. Golgi complex comprises three main components: flattened
sacs, large vacuoles and small vesicles. Flattened sacs appear as dense parallel
membranes one above the other. Flattened sacs are filled with fluid. In animals
single Golgi complex contains about 8-14 and sometimes upto 25 flattened sacs.
Each sac has two faces: a forming or immature face which is usually convex and is
oriented towards the nucleus, and other face is mature face which is concave and
is oriented towards the cell surface. There are large vacuoles which are intimately
associated with flattened sacs. Small vesicles are present in clusters. Golgi complex
performs a number of functions and the most important is its role in secretion
(saliva, enzymes, hormones etc.). Acrosome formation is another important function
of Golgi complex. Its role in vitellogenesis has its value. It forms lysosomes and
other functions are also quotable.

3.5 KEY TERMS

Artifact: In the earlier days the Golgi complex was thought to be an artifact
of various fixation and staining procedures.
Golgiogenesis: Formation and differentiation of Golgi complex.
Golgiokinesis: Division of Golgi complex during nuclear division.
Golgiolysis: Representation of the process of dissolution of Golgi complex.
Golgiosomes: These are the fragments of Golgi complex produced by
Golgiokinesis as commonly observed in invertebrates.

3.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Who has observed the Golgi complex under electron microscope?
2. Write down the various components of Golgi complex.
3. Golgi complex is present almost in all cells of vertebrate body. Justify

this statement.
4. Name the various stages occurring during cellular secretion.
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Long Answer Questions
1. Write an essay on Golgi complex.
2. Describe the role of Golgi complex in secretion.
3. Write down all functions performed by Golgi complex.
4. Describe the structure of Golgi complex.

3.7 FURTHER READING

Alexander Mironov, Margit Pavelka. The Golgi Apparatus.
E.G. Berger, J. Roth. The Golgi Apparatus.
Malgorzate Kloc. The Golgi Apparatus and Centriole.
Margit Pavelka. Functional Morphology of the Golgi Apparatus.
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4.0 INTRODUCTION

Garnier (1897) first noted that certain areas of eukaryotic cytoplasm stain
intensely with basic dyes. These regions termed ergastoplasm were found to
be especially prominent in cells involved in secretion. Due to the limited
resolving power of the light microscope, the reality of ergastoplasm remained
in doubt until the advent of the electron microscope in the early 1940s.

In 1945, Keith Porter, Albert Claude, Ernest Fullman and Thompson
reported a double walled structure forming a network in the cytoplasm. Since
this network is more concentrated in the endoplasm of the cell than in the so
called ectoplasm, the name endoplasmic reticulum was proposed by Porter
and Kallman in 1959. Porter defined it as a complex, finely divided vascular
system extending from the nucleus throughout the cytoplasm to the margins
of the cell. Endoplasmic reticulum is one of the components of the cytoplasmic
vacuolar system.

4.1 OBJECTIVES

After going through this chapter, you will be able to:
Know about the branched membranous structure in the cytoplasm.
Describe the mechanism of intracellular transport.
Discuss the types of endoplasmic reticulum.
Explain the functions of endoplasmic reticulum.
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4.2 STRUCTURE OF ENDOPLASMIC
RETICULUM

Endoplasmic reticulum is often an extensive network and occurs in three forms
either in the same cell or different cells:

4.2.1 Cisternae
These are long flattened sac-like, unbranched and parallel stacks. Cisternae are
about 40-50 m  or Å in diameter. This form of endoplasmic reticulum is present in
the cells taking active part in protein synthesis such as pancreas, notochord, liver
cells and plasma cells etc.

Fig. 4.1: The Forms of E.R.

4.2.2 Vesicles
Vesicles are usually oval to round in outline and contain about 25-500 mm or Å in
diameter. They often occur isolated in the cytoplasmic matrix. They are also free
of ribosomes. These are most abundant in SER.

4.2.3 Tubules
Tubules contain variable shapes and sometimes they form reticular system along
with the cisternae and vesicles. These are present in the non-secreting cells and
contain about 50-100Å in diameter. These are haphazardly arranged in the
cytoplasm of developing spermatides of guinea pig, muscle cells other non-secretory
cells. They are often found in SER and are dynamic in nature.

Types of Endoplasmic Reticulum

On the basis of ribosomal presence or absence of ribosomes on the endoplasmic
reticulum, the endoplasmic reticulum can be categorized into two groups:

Granular or rough endoplasmic reticulum. As the name denotes,
the outer surface of the endoplasmic reticulum becomes granular or rough by
the attached ribonucleoprotein (RNA) particles or ribosomes of 100-150Å
in diameter. Thus rough-walled endoplasmic reticulum (RER) simply provides
the surface area to the ribosomes for the protein synthesis. Rough-walled
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endoplasmic reticulum is particularly highly developed in the cells actively engaged
in synthesis and secretion of proteins.

In pancreatic exocrine gland cells only granular ER is found. In the liver
cells, both smooth and granular ER are well represented, it has been seen that if a
cell type has abundant granular ER, it shows little smooth ER and vice versa.

Rough-walled endoplasmic reticulum is studded with ribosomes on the
cytoplasmic side of the membrane. Rough ER is organized in stacks of flattened
sacs, called cisternae. In pancreatic acinar cells and antibody secreting plasma
cells many as half of the total ribosomes in the cell are bound to the ER and in
the case of protein secreting cells, the ER is often grossly dilated by the protein
secreted into it from these ribosomes.

Agranular or smooth endoplasmic reticulum. The part of endoplasmic
reticulum containing RNP particles on its outer surface is the smooth or agranular
endoplasmic reticulum.The smooth-walled endoplasmic reticulum is often
continuous with the rough-walled endoplasmic reticulum and this continuity has
been repeated by demonstrations. It is found in cells which have 120 active synthesis
of proteins as in adipose cells, interstitial cells, spermatocytes leucocytes and
epithelial cells of the frog’s retina. The ER is almost completely smooth. In cells
which secrete and synthesize steroids, the smooth endoplasmic reticulum is well
developed. Smooth ER generally consists of a mesh work of fine tubules. Smooth
ER is really nothing more than a small ribosome free region of the rough ER. Such
regions are called transitional ER, and they represent the specialized region of
ER from which the vesicles carrying newly synthesized proteins and lipids bud off
for intracellular transport.

The SWER is sometimes predominant organelle in cells specializing in lipid
metabolism. For example the main type of cell in the liver, the hepatocyte, is the
principal site of production of lipoprotein particles for export. The enzymes that
synthesize the lipid component of lipoproteins are located in the membranes of the
smooth ER. The smooth ER of the hepatocyte also contains enzymes that catalyze
a series of reactions to detoxify both drugs and harmful compounds produced by
metabolism. The most extensively studied of the detoxification reactions are
catalyzed by an enzyme called cytochrome p450 (an iron containing protein whose
name is derived from the ability of its reduced form to absorb light at 450 nm).
When large quantities of certain compounds, such as the drug phenobarbitol, enter
the circulation, detoxification enzymes are synthesized in unusual large amounts in
the liver, and smooth ER doubles in surface area within a few days. After drug
removal, the excess amount of smooth ER membranes appear to be removed
specifically by a lysosomal process, and the smooth ER returns to normal in five
days.

Muscle cells have a specialized and elaborate smooth ER called the
sarcoplasmic reticulum, that sequesters Ca2+ from the cytosal. The Ca2+

ATPase that pumps in Ca2+ is the major membrane protein present in this
smooth ER. The removal Ca2+ from the cytosol permits the relaxation of the
myofibrils following each round of muscle contraction.
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Fig. 4.2: The Hypothetical “Waterway” Extending from the Cell Exterior Through
Elements of the Smooth and Rough ER to the Perinuclear Space

4.2.4 Functions
Endoplasmic reticulum performs a number of functions, few of them are given
under the following heads:

1. Mechanical support. ER contributes to the mechanical support of the
cytoplasm by dividing the fluid contents of the cell into compartments.
This makes possible the existence of ionic gradients and electrical
potentials along ER membranes. This concept has been specially applied
to sarcoplasmic reticulum.

2. Intracellular transport. As described already that ER is a highly
branched membranous cell organelle forming a net-work like structure.
The lumen of ER serves as a kind of system of channels to make the
movement or transport of substances from one place of the cell to the
other possible. Since the ER is usually connected with the plasma
membrane and this connection helps in the movement of substances,
specially the liquid materials from outside of inside (cellular drinking)
by a process of pinacocytosis or endocytosis or from inside to outside
by a process of exocytosis. By this mechanism, particles attached to
the surface of the cell or suspended in the fluid medium can be
incorporated into the cytoplasm or vice versa. The continuties observed
in some cases between the endoplsmic reticulum and the nuclear
envelope suggest that the membrane flow may also be active at this
point. This flow would provide one of the several mechanisms for export
of RNA and nucleoproteins from the nucleus to the cytoplasm.

3. Exchange of ions. The membranes of ER may regulate the concentration
ot certain ions in the cytoplasm. The membranes allow the ions to come out
of ER into the cytoplasm by a simple process of diffusion and whenever
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required take the ions back from the cytoplasm usually by a process of
active transport. In muscles, the ER which is more specifically called
sarcoplasmic reticulum, stores calcium ions. These ions are allowed to
come out in cytoplasm whenever the related muscles have to contract. For
the exchange of ions, ER gives an impressive idea of the surface area. One
grain of liver contains about eight to ten square metres of ER.

4. Formation of nuclear membrane. During cell division, some of the
elements of reticulum contribute in the formation of the new nuclear
membrane after karyogamy. The nuclear membrane breaks up into
fragments in the early part of the divison which finally disintigrate into
small vesicles. These vesicles move towards the pole of the spindle as
the meta-phase starts, where they are indistinguishable from the elements
of ER. From the polar ends of the cell, elements of ER as well as the
fragmented vesicles migrate into the regions around the chromosomes,
which are grouping at the poles. Most of these elements of ER join or
fuse around each group of daughter chromosomes to form a new nuclear
membrane.

Fig. 4.3: Formation of Nuclear Envelope from the E.R. During Cell Division

5. Formation of plasma membrane. Sometimes the endoplasmic reticulum
helps in the formation of plasma membrane. At certain places the ER
connects the plasma membrane and nuclear membrane together. This
connection shows a sort of relationship between the ER and plasma
membrane.

6. Formation of mitochondria. As stated in the chapter mitochondria,
mitochondria are originated from endoplasmic reticulum by a process
of blebbing. Several small double membranous outpocketings are given
out which are called promitochondria. These outpockets give rise to
mature mitochondria.
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7. Formation of Golgi complex. Novikoff has described the formation of
Golgi complex from smooth-walled endoplasmic reticulum. The stored
contents are also transferred from ER to the Golgi complex.

8. Formation of chloroplast. Endoplasmic reticulum plays a very important
role in the formation of chloroplast. These organelles are formed from ER in
the form of proplastids which are then transformed into chloroplasts (see
Chapter Chloroplast)

9. Formation of lysosomes. Lysosomes are either formed from Golgi complex
or from smooth-walled endoplasmic reticulum.

10. Finding of ribosomes. Like all other membranes, the membrane of ER is
also made up of proteins and lipids. There are some components in rough
ER that are not present in smooth ER. To bind ribosomes to it, the ER
membrane contains special proteins. The binding site on the ribosome is
located on the large subunit and seems to attach to two specific glycoproteins
in the rough ER membrane. These two proteins called ribophorins, span
the ER membrane, and they are found exclusively in the rough regions of
ER. It is not clear how the ribophorins are prevented from diffusing into the
membrane of the smooth ER.

Fig. 4.4: Endoplasmic Reticulum and Protein Synthesis

11. Protein synthesis. Proteins are the main building blocks of living cells.
Proteins help in repair and that is why its synthesis occurs in all living
cells of the body. Ribosomes are the tiny organelles which carry the
synthesis of proteins. Endoplasmic reticulum provides surface to
ribosomes to perform the synthesis of protein. The protein molecules
synthesized on attached ribosomes are discharged and penetrate into
the cavity of ER, where they are stored or exported outside. Inside the
ER, the folding of proteins is completed because an infolded polypeptide
chain is roughly 10Å in diameter, much narrower than a folded chain.
Once the chain has folded inside the ER, it is too large to come out. In
glands, the synthesized products are also released outside and for this
they have extensively developed rough endoplasmic reticulum.

12. Synthesis of glycogen. In hepatocytes, extensive deposits of glycogen
are found intimately associated with the smooth ER. The polysaccharide
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is in the form of small granules that lie in the cytoplasm close to the tubules
of the smooth ER. It has been presumed that some of the enzymes associated
with ER membrane either play a direct role in the synthesis or breakdown
of glycogen or contribute to the control of this metabolism. Glucose-6-
phosphalase has been found in association with the ER of hepatocytes.
However, Porter (1961) and Peter (1963) have suggested that smooth
ER is related to glycogenolysis and not to glycogenesis.

13. Synthesis of steroidal hormones. Cholesterol is an important precursor
of steroid hormones. The major site of cholesterol synthesis is the ER.
In liver cells, the smooth ER is believed to be concerned with both the
synthesis and storage of cholesterol. In gonads, the smooth ER helps in
the secretion of steroidal hormones. The enzymes catalyzing biosynthesis
of androgen have been reported in the smooth-walled endoplasmic
reticulum. There is a strong correlation between the amounts of smooth-
walled endoplasmic reticulum in cells and the capacity to synthesize
steroidal hormones.

14. Detoxification. It is the smooth-walled endoplasmic reticulum which is
involved in the detoxification of many endogenous and exogenous compounds.
Prolonged administration of certain drugs (phenobarbitol) results in the
increased activity of enyzmes related to detoxification, as well as other
enzymes, and a considerable hypertrophy of the smooth-walled endoplasmic
reticulum. This is also applicable to administered steroid hormones.

Check Your Progress

1. Who has proposed the name endoplasmic reticulum?
2. How many forms of endoplasmic reticulum are found?
3. Differentiate rough walled endoplasmic reticulum from smooth endoplasmic

reticulum.
4. Write down the list of functions of endoplasmic reticulum.

4.5 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The term endoplasmic reticulum was proposed by Porter.
2. E.R. appears in three forms: cisternae, vesicles and tubules.
3. E.R. whose outer surface is devoid of ribosomes is the smooth endoplasmic

reticulum where as on the outer surface of rough E.R. ribosomes remain
attached.

4. Functions of E.R.: Mechanical support, Intracellular transport, Exchange of
ions, Formation of nuclear membrane, Plasma membrane, Mitochondria,
Golgi complex, Chloroplast, Lysosomes, Ribosomes, Protein synthesis etc.
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4.6 SUMMARY
Endoplasmic reticulum is a double walled structure forming a network in the
cytoplasm. It is found almost in all the eukaryotic cells but very often absent in
eggs and in embryonic or undifferentiated cells and mature mammalian erythrocytes.
The concentration of E.R. varies from cell to cell. It is quite extensively developed
in cells engaged in synthetic activities in glands. It occurs in three forms: cisternae,
vesicles and tubules. All these three forms may be found in same or different cells.

On the basis of presence or absence of ribosomes on its outer surface it is
divisible into two categories: RWER (rough walled endoplasmic reticulum) and
SWER (smooth walled endoplasmic reticulum). The endoplasmic reticulum is a
continuous system as it is connected on one side to the nuclear membrane and on
the other side to the cell membrane. This develops a passage for the transport of
secretory and other products. Endoplasmic reticulum performs a variety of functions
including mechanical support, intracellular transport, cell differentiation, formation
of plasma membrane, nuclear membrane, mitochondria, Golgi complex,
chloroplast, lysosomes, cell division, protein synthesis etc.

4.7 KEY TERMS
Cytoskeleton. Cell organelles providing mechanical support to cell. For
example Endoplasmic reticulum.
Ergastoplasm. Ergastoplasm was the old name used for endoplasmic
reticulum.
Karyogamy. It is the fusion of chromosomal or nuclear materials.

4.8 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Who has coined the term endoplasmic reticulum?
2. Name the eukaryotic cell or cell devoid of endoplasmic reticulum.
3. Write notes on the components of endoplasmic reticulum.
4. Differentiate rough walled endoplasmic reticulum from smooth walled

endoplasmic reticulum.
Long Answer Questions

1. Write an essay on endoplasmic reticulum.
2. Describe all the functions of endoplasmic reticulum.
3. Write notes on the types of endoplasmic reticulum.
4. Discuss the role of endoplasmic in the formation of other cell organelles.
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5.0 INTRODUCTION

As a result of electron microscopic studies, a number of cellular components
have been recognized performing various functions. In the liver cells, some
rounded and dense bodied structures were observed which were first called
as “pericanalicular bodies”. Such a term only suggests their location and
not their function. However, in 1955, deDuve renamed these components as
“lysosomes” because they contain the enzymes (lysin). Thus, lysosomes are
also known as lytic bodies. The word lysosome is derived from two Greek
words: the lyso meaning digestive and soma-body.

Most of animal cells and few plant cells contain lysosomes. In kidney,
liver, spleen, brain and thyroid cells of mammals and in certain protozoans,
fungi and yeast lysosomes are studied. However, they do not occur in bacteria
in the form of recognized bodies as in higher organisms. In plants, their
occurrence is doubtful. However, spherosomes, aleurone granules and
vacuoles of plant cells are supposed to have lysosome like functions. Pitt in
1973 differentiated lysosomes and spherosomes as the two different organelles,
Gahm (1973) reviewed the occurrence and histochemistry of plant lysosomes.
In mammalian red blood cells, they are absent.

5.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the name of digestive body of cell.
Describe the occurrence, shape and size of this cell organelle.
Understand the polymorphic nature of lysosomes
Describe the structure and functions of lysosome.
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5.2 STRUCTURE OF LYSOSOMES

The lysosomes appear as dense bodies in the cell and are enveloped by a membrane.
The shape of lysosome is variable and can be compared with Amoeba and white
blood cells. Due to their changing habit they cannot be accurately identified on the
basis of their shape.

The size of the lysosomes usually ranges from 0.2 to 0.8  but they may
exceptionally be as large as 5  in mammalian kidney cells and even more in
phagocytes and leucocytes.

The number of lysosomes present in any cell depends on its activities.
In kindey, pancreas and liver etc they are present in good amount but they are
large and more in number in the cells that perform special digestive functions
like leucocytes and the spleen cells.

Lysosomes which are present in the form of vacuolar bodies remain
filled with dense material containing about 40 different hydrolytic enzymes
namely acid phophatase, acid ribonuclease, acid deoxyribonuclease,
cathepsin and glycosidases etc. The enzymes of lysosomes are largely
responsible for the change (autolysis) that occur in the cells and tissues after
death and account for what is generally called post mortem degeneration.
The outer membrane which is chemically composed of lipid and protein, is
homologous with the unit membrane of Robertson. In contrast to the outer
membrane of other cytoplasmic components, the lysosomal membrane is single.
The spacious vacuole of the lysosome contains variable contents. While some
have rather solid or very dense contents, others have a very dense outer zone
with a less dense core and still others have cavities or vacuoles within the
granular material. Generally the contents of lysosomes are dense than that of
mitochondria.

Fig. 5.1: Structure of Lysosome

The lysosomes are covered by a single unit membrane which retains the
enzymes. The lysosomes may be released by the action of a wide variety of lytic
agents such as action of a blender, freezing and thawing, ultraviolet radiations,
vitamin K and detergents, all of which disrupt the membranes (deDuve and
Walliaux 1966). These agents are called lysosome labilizer. Substances which



NOTES

Structure and Functions
of Lysosomes

Self-Instructional
             Material   51

strengthen the membranes, such as cortisone (a hormone), chloroquine (an
antimalaria) and cholesdying (cells of lysosomes) probably rupture spontaneously
to remove the useless cells of an organism.

It was suggested by Koenig that the enzymes are kept in inert conditions
through electrostatic binding to acid groups in the lipoprotein matrix of the
membrane. Release of lysosomal enzymes may be brought about by extreme
of pH and certain critical levels of cations like Ag+, Hg++, and Cu++. Since
most of the lysosomal enzymes function better under acidic conditions, they
are collectively termed as acid hydrolases.

5.2.1 Polymorphism in Lysosomes
Following are the different types of lysosomes which may be present in a cell
at different times or in different cells.

Primary lysosomes. These are the lysosomes developed, freshly either
from endoplasmic reticulum or from Golgi complex containing enzymes
in the inactive form thus called the pre-lysosomes.

Fig. 5.2: Showing Polymorphism in Lysosomes

Secondary lysosomes. When in a cell, the foreign particles are taken in
during feeding either by process of pinacocytosis or phagocytosis. The
membrane bound structures thus formed are called pinosome or
phagosome respectively. These food vacuoles fuse with the primary
lysosomes, thus forming active lysosomes or digestive vacuoles or
secondary lysosomes or heterophagosomes. With the help of enzymes
of lysosomes, the foreign particles are dissolved or digested and the
digested part diffuses out into the cytoplasm.
Tertiary lysosomes. These are also called the residual lysosomes. When
the digested material from secondary lysosomes is diffused out into the
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cytoplasm, undigested part is left behind, thus forming residual lysosome.
Undigested part may or may not be ejected out. In protozoa, the residual
bodies routinely fuse with the plasma membrane and expel their contents
to the outside by exocytosis. If not ejected, then it plays an important
role in the ageing process.
Cytolysosomes. These are also known as autophagic vacuoles or
autophagosomes. Sometimes, the primary lysosomes start eating the
surrounding cell organelles like mitochondria, endoplasmic reticulum
etc. and the process is called autophagy with the help of autophagic
vacuoles or autophagosomes. The autophagy vacuoles are formed in
special pathological and physiological condition. C. de Duve (1967) and
Allison (1967) have observed that during starvation of the organism, many
autophagic vacuoles develop in the living cells which feed on the cellular
components.
In plants, for example, the cytoplasm frequently has large vacuoles containing
reserve food supplies in a stored form e.g. starch. These stored polymers
can be made available by lysosomal digestion.
Lysosomes are also responsible for the regular turnover of other organelles
in both plants and animals. This turnover is accelerated under certain
circumstances, such as cellular remodelling during insect metamorphosis,
starvation or after cellular injury. Even in normal cells, turnover of organelles
by autophagy is surprisingly rapid. The half life of mitochondria in liver cells,
for example, is only five to six days, and for peroxisomes, it is one to two
days, and for ribosomes about five days.
Autophagy of cytoplasmic organelles starts with formation of an isolation
envelope, which is a flattened sac of smooth surfaced membrane that wraps
around the material to be digested, separating it from the rest of the cytoplasm
as an isolation body. The source of the isolation envelope in mammalian
cells seems to be the endoplasmic reticulum. However, in insect cells, and
no doubt in some other kinds of animal cells as well, the isolation envelope
is probably derived from the Golgi complex. In any case, lysosomes can
fuse with the isolation body to create an autophagic digestive vacuole
and release breakdown products to the cytoplasm as an emergency source
of food or as raw material for cellular remodelling.
Multivesicular bodies. These are structures lined by a single membrane
and containing inner vesicles resembling Golgi bodies and are considered
to be lysosomes.
Cytosegresome. They are same as a autophagy vacuoles.
Cytosomes. Particles referred to cytosomes are usually lysosomes.
Some workers include the unrelated microbodies under this term.
Amphilysosomes. The lysosomes which play an important role both in
autophagy and heterophagy simultaneously are called the amphi-
lysosomes.
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5.2.2 Functions
1. Digestion of external particles. External particles are captured and taken

in by a process of endocytosis, forming endosome or phagosome, which
then fuses with the primary lysosome whose enzymes digest the particles.
The digested material then diffuses out into the cytoplasm and the undigested
part is ejected out as shown in fig.

2. Digestion of intracellular substances. Sometimes the substance to be
digested penetrates inside the cellular lysosome and is broken down by
a process of cellular autophagy. How does it get in, is not clear. During
starvation, the lysosomes digest the stored food contents like proteins,
lipids and carbohydrates of the cytoplasm and supply to the cell necessary
amount of energy.

3. Cellular digestion. Under unfavourable conditions or when a cell dies,
the membrane of every lysosome ruptures and releases its contents or
enzymes to digest the entire cell which is then absorbed by the
surrounding cells, that is why Christian de Duve termed lysosomes as
the suicide bags. So, it helps in self-clearance of dead cells.

4. Extra cellular digestion. Sometimes the lysosomes release the enzymes
outside the cell to dissolve the surrounding structures. During
fertilization, an enzyme hyalorunidase is given out by the sperm head
which dissolves the protective coating of ovum. Similarly the osteoclast
cells destroy bones.

5. Defecation. Indigestible food, which is left behind after digestion of
food, is eliminated by fusion with the cell membrane. This process is
called defecation. In an Amoeba and other protozoans, the defecation
can be compared with a kind of endocytosis in reverse.

6. Osteogenesis. It has been stated that some cells may discharge lysosomal
enzymes externally and use them to destroy surrounding structures.
Osteoclasts – the bone destroying cells along with bone building
osteoblasts, are responsible for the continuous remodelling of bone
tissue make. The destructive process is completed by engulfing bone
fragments and digesting them in their lysosomes.

7. Role in fertilization. It has been reported that during fertilization, the
structures that surround the egg cell (cortical granules) are dissolved
by the lysosomal enzymes secreted by the head of sperm.

8. Role in follicular atresia. In higher vertebrates like reptiles, birds and
mammals including human beings, several ova are formed and become
mature at a time but only one of them ovulates. In those cases, where
mature ova fail to ovulate, the follicular cells of such ova become
phagocytic and eat up the contents of unovulated mature ova with the
help of the lysosomes. This process is called folliculur atresia.

9. Role in metamorphosis. During the development, histolysis takes place
in mosquito, housefly and other insects. Rudolph Weber reported the
absorption of tail of a tadpole by lysosomal enzymes. The products of
tissue digestion are utilized in the synthesis of tissues of the adult forms.
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10. Role in aging. In cells of liver, defecation is slower or absent and the
digestive vacuoles are engaged continuously in digestive activity and thus
the amount of residues increases gradually. The accumulation of residues is
believed to play a part in the ageing of cells. Essner and Novikoff (1960)
reported the deposition of lipofuchin in the pericanali-cular lysosomes which
are then converted into golden brown pigment granules. These granules
play an important role in detecting the age maturity. These granules have
been observed in human myocardium, nervous system, sympathetic nervous
and autonomic ganglia.

11. Protection. Lysosomes of leucocytes help in defence against cell infection
by bacteria as well as micro-organisms and guard against toxic molecules
by digesting them.

12. Role during cell division. It has been observed that the dividing cells
have few lysosomes which lie on the periphery of the cell instead of
near the nucleus. This suggests that rupture of lysosomes may be
provoking a sense for mitosis in the cells.

13. Chromosomal abbrration. Lysosomes contain the enzyme deoxyribo-
nuclease which attacks DNA and causes chromosomal breaks and
arrangements. DNAse has two action sites and breaks down the strands
of DNA. The breaks have been produced experimentally in isolated
chromosomes incubated in DNAse. These breaks lead to various
syndromes.

14. Cancer. Lysosomes are responsible for certain types of cancer. It has
been suggested that abnormal release of lysosomal enzymes might be
the cause of cancer.
Other functions

It provides nutrition under unfavourable conditions of food supply.
It helps in cellular differen-tiation.
It helps in follicular atresia.
It helps in reabsorption in kidney and other excretory organs.
The lysosomes are also involved in the destruction of large masses
of tissue in a controlled and selective manner in the postmortem
(the period after the birth of young ones).
The lysosomes are also responsible for the destruction of the
endometrium during mens-truation and
Changes in the involution of the mammary glands are also due to
lysosomes, probably by extensive phagocytic activity.

Check Your Progress

1. Define the term lysosome.
2. Describe the occurrence and distribution of lysosomes in an organism.
3. Define stabilizers or labilizers.
4. How many enzymes are found in lysosomes?
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5.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Lysosomes are the cell organelles involved in the digestive activities of the
materials present inside the cell, between the cells or coming from outside.

2. Lysosomes are found in most of animal cells and few plant cells, however,
not found in bacteria. In kidney, pancreas and liver they are present in
good amount, but abundantly present in leucocytes and spleen cells.

3. Lysosomes are filled with lytic enzymes and may be released by the
lytic action of a blender, ultraviolet radiation, vitamin K and detergents
etc. These are the labilizers which disrupt the lysosomal membrane. On
the other hand there are substances (cortisone and chloroquine etc.)
which strengthen the lysosomal membrane and called stabilizers.

4. Lysosomes are filled with approximately forty different types of
hydrolytic enzymes namely acid phosphatase, ribonuclease, acid deoxy-
ribonuclease, cathepsin and glyosidases etc.

5.4 SUMMARY

Lysosomes are the lytic bodies filled with digestive enzymes. Most of animal
cells and few plant cells contain lysosomes. Lysosomes are abundantly present
in cells engaged in phagocytic activites. They are filled with about 40 different
hydrolytic enzymes (acid hydrolases). Labilizers and stabilizers can change
the nature of limiting membrane of lysosome. Lysosomes are polymorphic in
their structure as well as functions.

Sometimes lysosomes start eating the surrounding cell organelles hence
called autophagy vacuoles. Lysosomes perform a variety of functions:
intracellular, intercellular and cellular digestion, defaecation, osteogenesis,
fertilization, follicular atresia, metamorphosis and chromosomal abbration
etc. Role of lysosomes in ageing and during cell division is also remarkable.

5.5 KEY TERMS

Autolysis: The enzymes of lysosomes are largely responsible for the
change or changes occurring in the cells or tissues after death. This is the
autolysis.
Follicular atresia: Sometimes the follicular cells of unovulated mature ovum
start eating the content of such ovum (whenever left) with the help of their
lysosomes the related process is called follicular atresia.
Residual lysosomes: These are also called tertiary lysososmes. When
the digested material from secondary lysosomes is diffused out into the
cytoplasm, the remaining lysosome with undigested part is called residual
lysosomes.
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5.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Who has coined the term lysosome?
2. Why the lysosomal enzymes are called the acid hydrolases?
3. Name the lysosomal labilizers.
4. Describe the cytolysosomes.

Long Answer Questions
1. Write an essay on lysosomes.
2. Describe the polymorphism in lysosomes.
3. Discuss the various types of functions performed by lysosomes.
4. Draw labelled diagrames of lysosomes showing the following activities:

Polymorphic nature.
Role during cell division.
The autophagy natures of lysosomes.

5.7 FURTHER READING

Holtzman E. (1976). Lysosome: A Survey.
Lloyd J.B; Robert W. Mason: Biology of the Lysosomes.
Lulmznn Rauch R. (2005). History and Morphology of Lysosomes.
Paul Saftig. Lysosomes.



NOTES

Structure and Functions
of Mitochondria

Self-Instructional
             Material   57

CHAPTER 6 STRUCTURE AND
FUNCTIONS OF
MITOCHONDRIA
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6.5 Key Terms
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6.7 Further Reading

6.0 INTRODUCTION

Mitochondria occupy a substantial fraction of the cytoplasm of virtually all
eukaryotic cells. Although they are large enough to be seen in the light
microscope and were first identified in the ninteenth century, real progress in
elucidating their function had to wait until 1948, when a procedure was
developed for isolating intact mitochondria. Perhaps the first description of
mitochondria was by A. Kolliker, who in 1880, recognized them in muscles.
Much later on, Flemming named them as fila in 1882, Petzius in 1890 called
them as sarcosomes. Altmann concluded that mitochondria are autonomous
organisms living within the cytoplasm of a host cell. He did it with the help of
a specific stain and also named them as bioplasts. It was Benda who in 1898
coined the term mitochondria for them. In 1912, B.F. Kingsbury proposed
that they might be the sites of cellular respiration. The fine structure of
mitochondria was described by Palade and Sjostrand in 1940. In 1944,
mitochondria were isolated by ultra-centrifugation by Claude. The occurrence
of DNA in mitochondria has been observed and proved by Nass (1963).

6.1 OBJECTIVES

After going through this chapter, you will be able to:
Define mitochondria as power house.
Understand the uneven distribution of mitochondria in different cells of
the same organism.
Describe the structure of mitochondria.
Discuss the variety of roles performed by mitochondria.
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6.2 STRUCTURE OF MITOCHONDRIA

The shape of mitochondria varies from cell to cell, but it is more or less constant in
the cells of similar type or the cells having similar functions. The mitochondria may
be filamentous, spherical, rod shaped, granular, vesicular or thread like.

The number of mitochondria present in a cell depends upon its metabolic
activity. Cells with high metabolic activity have them in greater number than
present in cells with low metabolic activity.

A typical mitochondrion is sausage shaped and contains the following
parts:

6.2.1 Limiting Membranes
Each mitochondrion is bounded by two unit membranes which give a definite
shape to the mitochondrion and also provide stability and flexibility These
membranes isolate the inner contents of mitochondria from cytosol or cell
sap. The space between the two membranes is called the outer compartment
or perimitochondrial space. Each membrane of mitochondrion is about 60Å
in thickness and the peri-mitochondrial space is of 60-80Å in width. The
outer membrane contains many copies of a transport protein that forms
large aqueous channels through the lipid bilayer. The outer membrane thus
resembles a net that is permeable to all molecules of 10,000 daltons or less,
including small proteins. Such molecules can enter the perimitochondrial space,
but most of them cannot pass the impermeable inner membrane. Most small
molecules, such as salts, sugar nucleotides and enzymes penetrate rapidly.
When one considers the fact that the inner mitochondria compartment is the
site of the major metabolic reactions occuring in mitochondria, the highly
permeable nature of the outer membrane seems appropriate because it allows
the inner compartment more direct access to metabolites present in the cell
sap.

Fig. 6.1: Showing the Structure of Mitochondria

The inner membrane is less permeable than the outer membrane. It has
been observed that the major working part of the mitochondrion is the matrix
space and the inner membrane that encloses it. The cristae form incomplete septa,
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dividing the central space of mitochondria into interconnected chambers. The outer
face of inner membrane which is directed towards the outer membrane is called
C-face or cylosol face. Similarly the inner part of the inner membrane forming
incomplete septa is known as M-face or matrix face. This face is studded with
numerous protuberances called particles. Inner membrane has unusually high
contents of cardiolipin, a phospholipid that accounts for more than 10% of the
membrane’s lipid contents, and is thought to help making it unusually impermeable
to ions. The membrane also contains a variety of transport proteins that make it
selectively permeable to those small molecules that are metabolized by the many
mitochondrial enzymes concentrated in the matrix space.

The intermembrane space or peri mitochondrial space. The
intermembrane space is a single continuous chamber bounded by the inner and
outer membranes. The highly permeable nature of the outer mitochondrial
membrane causes the solute composition of the intermembrane space to closely
mirror that of the cell sap. The number of enzymes present in the inter
membranous space appears to be relatively small. Prominent among these is
adenylate kinase, an enzyme that catalyzes transfer of the terminal phosphate
group ofATP to AMP, forming two molecules of ADP.

6.2.2 Cristae
Inner limiting membrane of mitochondria develops a number of elongated
projections or folds into the lumen which remains filled with matrix. These
projections or folds are the cristae. The number and size of cristae vary from
cell to cell depending upon their activities. The cristae are arranged in
characteristic ways in different cells. They may be simple or branched, straight
or zig-zag lamellar or tubular. Because of these cristae, the total surface area
of the inner membrane in liver cell mitochondria is nearly five times the area
of the outer membrane and constitutes about a third of the total membrane of
the cell. The number of cristae is three fold greater in mitochondrion of a
cardiac muscle than in the mitochondrion of a liver cell, presumably reflecting
the greater demand of ATP in heart tissue.The cristae have in them a narrow
intercrystal space. It is continuous with the intermembrane space.

6.2.3 Mitochondrial Matrix
The matrix space contains all the enzymes and co-factors involved in the
Kreb’s cycle with single exception of succinate dehydrogenase, which is
located in the inner membrane because it catalyses the direct transfer of electron
from the Kreb’s cycle intermediate succinate to the electron transport chain.
Also present in matrix are pyruvate dehydrogenase (which catalyzes the
conversion of pyruvate to Acetyl CoA), and the enzymes involved in fatty
acids, -oxidation, which degrade fatty acids into Acetyl CoA units until that
enters the Kreb’s cycle.

In electron micrograph the matrix generally exhibits a finely granular
appearance, although large matrix granules ranging from 30 to several hundred
nanometers in diameter also occur. In addition, DNA, RNA, ribosomes and
other enzymes and factors involved in nucleic acid and protein synthesis are
present in the matrix.
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6.2.4 Particles
According to David Green (1964), in mitochondria, the outer surface of the outer
membrane and the inner surface of the inner membrane remain covered by small
particles which differ considerably. They measure about 90 to 100Å in diameter.

Fig. 6.2: The Elementary Particles on Cristae

The particles on the outer membrane differ from those on the inner membrane.
The former (stalkless) generally appear as simple spheres packed closely together
which make the mitochondrial surface rough or just like pimples on the face and
are called the sub-units of Parson. Depending upon the size and type of
mitochondria, there are 10,000 to 100,000 particles per mitochondrion. Detailed
measurements that were made for heart mitochondrial membrane showed that
there were 2000 to 4000 particles per square micrometer of inner membrane
surface. These particles are involved in various oxidative reactions and are supposed
to supply electrons to the interior of the organs while the particles (stalked) located
on the inner side have somewhat complex configuration. These particles are called
the oxisomes, electron transport particles or ETP, elementary particles. F1
particles or factor of Racker, subunits of Fernandez-Moran or inner membrane
sub-units. Racker (1967) has shown that these particles represent a special
ATPase or ATP synthetase and are involved in the process of oxidation and
phosphorylation and release of ATP. According to Green (1964), these particles
possess a base, a stalk and a spherical head. The stalk is about 50Å long and
30Å wide, while the diameter of head and base is about 80-100Å. The total
length of the entire structure from the inner membrane to the end of the head is
about 160Å. The particles are regularly placed at a distance of 100Å. It has been
calculated that the number ol elementary particles vary from 104 to 505 per
mitochondrion.
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Fig. 6.3: Molecular Organization of Inner Membrane of Mitochondria

6.2.5 Functions
1. Production of energy. Being the power house of a cell, it is concerned

mainly with the production of ATP for the various metabolic reactions
taking place in a cell. In the presence of oxygen (aerobic condition),
the mitochondria are responsible for the respiratory process (Krebs’
cycle) but in the anaerobic condition, i.e. in the absence of O2,
mitochondria stop functioning and Krebs‘ cycle fails to occur, then the
endoplasmic reticulum plays an active role in the glycolysis outside the
mitochondria. The process of energy production can be studied under
the following heads:

Glycolysis or Embden-Meyerhof pathways. Glycolysis is often
called Embden—Meyerhof pathway in honour of two german
scientists. Gustev Embden and Otto Meyenhoff who played a key
role in tracing the reactions and enzymes of this process in 1930. In
glycolysis, a glucose molecule with six carbon atoms is converted
into two molecules of pyruvate, each with the three carbon atoms.
This conversion requires a sequence of nine enzymatic reactions that
involve a series of phosphate containing intermediates. Logically,
the sequence can be divided into three parts: (1) In reactions 1 to 4
glucose is converted to the three carbon aldehyde glyceraldehyde
3-phosphate—a conversion that requires an investment of energy
in the form of ATP; (2) in reactions 5 to 7, the aldehyde group of
glyceraldehyde 3-phosphate is oxidized to a carboxylic acid, and
the energy from this reaction is coupled to the creation of a new high
energy phosphate linkage in ATP; and (3) in reactions 8, 9 & 10, the
original investment of ATP made in the first reaction sequence is
repaid. At the end of glycolysis, the ATP balance sheet shows a net
profit of the two molecules of ATP (per glucose molecule).
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Under aerobic conditions, lactic acid does not accumulate and it is
changed into pyruvic acid which is further oxidised to CO2 and H2O
by Kreb’s cycle. But in many microorganisms and plant cells where
there is limited oxygen supply, the pyruvic acid is converted into
ethyl alcohol and CO2 instead of lactic acid.
Kreb’s cycle. Sir Hans Krebs in 1937 postulated a series of reactions
in mitochondria which accounted for the oxidation of acetyl residues
to CO2 and water. Krebs suggested that these reactions were arranged
cyclic sequences termed the citric acid cycle. After the forest
component of the cycle that was isolated, Krebs himself preferred to
call it the tricarboxylic and acid cycle (TCA) because of the presence
of molecular forms within the cycle having three carboxylic groups.
This cycle is also referred to as the Krebs cycle. In the year 1953,
Sir Hans Krebs was awarded a Nobel prize for medicine.
The enzymes involved in this cycle are mainly found in the
mitochondrial fraction and remain closely associated with the
enzymes of the respiratory chain. Such as association facilitates quick
electron transport chain oxidation. The end product of glycolysis,
the pruvic acid enters the mitochondria where each of them is
converted into 2 carbon atom acetic acid One carbon is released as
CO2 and the related process is called decarboxylation. The acetic
acid combines with co-enzyme A to form acetyl coA. During this
process, 2H are released, which are accepted by NAD to form NADH+

H+. The 2A are transferred to electron transport system where these
produce 3 ATP molecules.
The citric acid cycle consists of following ten consecutive steps:
o Condensation. The first step in the citric acid cycle is condensation

of acetyl COA (2 carbon molecule) with oxaloacetic acid (4 carbon
molecule) to form citric acid (6 carbon molecule). This
condensation is brought about in the presence of an enzyme citrate
synthetase.

o Dehydration. In the next step, citric acid undergones dehydration
in the presence of an enzyme aconitase and the result: cis aconitic
acid. A molecule of water is also lost.

o Hydration I. In the next reaction, the same enzyme adds up a
molecule of water, to cis aconitic acid in a different fashion across
the double bond forming isocitric acid.

o Oxidation-I-or dehydrogenatlon I. In this step, isocitric acid is
dehydrogenated to form oxalo succinic acid (6 carbon molecule)
in the presence of an enzyme isocitrate dehydrogenase. One pair
of hydrogen atoms (2H) released is accepted by NAD+ to form
NADH+ H+. It is transported to the electron transport system
(ETS).

o Decarboxylation I. In the next step, oxalo succinic acid is
decarboxylated to form -ketogluatric acid (a 5 carbon molecule).
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This reaction is catalysed by the enzyme oxiosuccininc decarboxylase
in the presence of Mn++ ions. One CO2 is released during the reaction.

o Oxidation II or dehydrogenation II and decarboxyation II
(oxidative decarboxylase). In this step, -Ketoglutaric acid is
oxidatively decarboxylated by the enzyme -ketoglutaric
dehydrogenase in the presence of thiamine pyrophosphate (TPP)
co-enzyme A, lipoic acid, FAD and NAD in a manner similar to
oxidative decarboxylation of pyruvic acid by pyruvate
dehydrogenase systems.

-ketoglutance acid enters a series of sub reactions in which it
loses CO2 and becomes an aldehyde. The latter joins with CoA
and loses 2H to lipoic acid and ends up as succinyl CoA which is
a 4 carbon compound. The two hydrogen atoms released by lipoic
acid are accepted by NAD+ to form NADH+ H+, which is passed
down to the electron transport system (ETS) and release 3ATP
molecules. -Ketoglutaric acid may also be obtained by
deamination or transmination reactions from glutamic acid.
Phosphorylation. Succinyl co-enzyme A possess a high energy
thiol group. It is the converted into succinic acid by the enzyme
succinic thiokinase or succinyl CoA synthetase. In the presence of
guanosine diphosphate (GDP) and inorganic phosphate, the high
energy bond of succinyl CoA is transferred to GTP with the
formation of guanosine triphosphate (GTP). Energy contained in
the terminal phosphate group may later on be utilized for ATP
formation from ADP. However in the absence of GDP, Succinyl
COA is deacylated liberating heat energy Deacylase has been
reported to exist in the liver tissue. (IDP inosine diphosphate)
may participate in place of GDP)

o Oxidation III or dehydrogenation III. In this step, succinic acid
is dehydrogenated by the enzyme succinic dehydrogenase to form
fumastic acid. This dehydrogenase contains flavin adenine
dinucleotide (FAD) as its prosthetic group. It is the only
dehydrogenation in the citric acid cycle which the substrate to
FAD without the participation involves the direct transfer of
hydrogen from NAD. The pair of hydrogen atoms (2H) released
from succinic acid are picked up by flavoprotein contains FAD.
This FAD accepts hydrogen atoms and forms FAD. It passes the
hydrogen atoms to electron transport system (ETS) and produces
2ATP per mol of substrate rather than the common three moles of
ATP for the entire system.

o Hydration II. Fumaric acid is converted into malic acid by
addition of a molecule of water across the double bond. This (–)
addition is brought by the enzyme fumarase.

o Oxidation IV or dehydrogenation IV. Malic acid is freely
diffusible across the mitochondrial membranes. In the normal
course, malic acid is dehydrogenated to form Oxalo acetic acid
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in the presence of malate dehydrogenase. The co-factor required
is NAD. This NAD accepts a part of hydrogen atoms (2H) released
during the reaction and then after the hydrogen atoms are passed
on to the electron transport system (ETS) where 3 molecules of
ATP (3 ATP) are released. Oxaloacetic acid again combines with
acetyl co-enzyme A to enter the citric acid cycle and repeats the
same chain of reactions. There exists another enzyme in the
mitochondrial as well as in extra mitochondrial fraction, known
as malic enzyme acid. This enzyme is NADP specific which can
convert  malic acid into pyruvic acid. This involves
decarboxylation. In this way, Oxaloacetic acid is regenerated on
completion of the cycle.

Fig. 6.4: Oxidative Enzymes Associated with Mitochondrial Membrane

Electron transport chain. At several steps during the oxidation of
glucose, both during glycolysis and the Kreb’s (citric acid) cycle,
electrons and hydrogen atoms are removed, and accepted by
molecules of NAD (oxidized) which become NAD (reduced). When
oxygen is available to accept the hydrogens on the molecules of NAD
(oxidized), they release their hydrogens and electrons. The freed
electrons are taken up by flavin nucleotides (flavins are related to ths
vitamin riboflavin) and then are handed down as an energy gradient
from cytochrome to cytochrome. Along the way, the energy of these
electrons is utilized in the “coupled” oxidative (because it requires
O2) phosphorylatioin of molecules of ADP—where the energy to
add a phosphate onto a molecule of ADP derives from the oxidation
of some of the electron carriers (cytochromes)—to form ATP. At the
bottom of the chain, the electrons are united with their hydrogen
nuclei and become hydrogen atoms. These combine with oxygen
atoms to form water. For every pair of electrons transported along
the chain, three molecules of ATP are formed.

2. Yolk formation. The role of mitochondria in yolk formation was studied
for the first time in 1911 by Loyez and later on by Favard and Carasso
in 1958, and M.D.L. Srivastava in 1965. On the basis of studies made,
during the yolk formation, cristae lose their connection from the inner
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membrane and then break down into pieces and disappear finally to leave
minute granules at their places which form yolk.

Fig. 6.5: Interconversion of ADP-ATP and Some Related Functions of ATP

3. Role in sperm formation. Mitochondria play an active role in the formation
of helix or spiral during spermiogenesis. Majority of workers believe that
the mitochondrial spiral is formed by the fusion of mitochondria end to
end. In insects, the method is somewhat different. Here all the mitochondria
first accumulate at a place and then fuse to form a structure known as
Nebenkern. Then Nebenkern elongates and at the same time splits into
two filaments which coil around each other in such a way that the
mitochondrial spiral is developed.

4. Role in digestion. Horning reported the proteolytic activity of mitochondria
(both lytic and synthetic) in protozoans. He found that engulfed food particles
come in contact with mitochondria which digest them. The secretion of
diastrase has also been observed by Horning and Petric. It is further
stated that mitochondrial enzymes help in intracellular as well as extracellular
digestion.

5. Role during cell division. Benda, Duesberg and Meves reported that
mitochondria also divide equally during the cytoplasmic division. When
cell divides, the mitochondria have been seen to orient themselves
relatively symmetrically on each side of the division figure, partition
between the two cells being fairly equal. In some cases mitochondria
have been seen to fragment after division. The fragments then increase
in size, thus reconstituting the amount of mitochondrial material needed
in each daughter cell. Mitochondria usually arise by the growth and
division of existing mitochondria.
Observations of living cells indicate that mitochondria not only divide
but occassionally also fuse with each other. On an average, each
organelle must double in mass and then divide in half once after each
cell generation. Electron micrographs suggest that organelle divisions
by an inward furrowing of the inner membrane occurs in cell division in
many bacteria.

7. Role in inheritance. According to Luck and others in 1964, mitochondria
act as cytoplasmic genes. Therefore, they assist in carrying the genetic
characters.
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8. Role in fat metabolism. Watton had suggested that mitochondria of
trypanosomes take part in fat metabolism and they have a reserve store
of material for the cell. It was also supported by Bensley and Hoerr.

Check Your Progress

1. Who was the first person to describe mitochondria?
2. Describe the morphological feaures of mitochondria.
3. Write down the structure of mitochondria.
4. Draw labelled diagram of mitochondria, cristae and F1 particles.

6.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The first description of mitochondria was given by A. Kolliker in 1880 in
muscles.

2. Morphological features include shape, size and number. Shape of
mitochondria varies from cell to cell. It is dot shaped, circular, oval,
elongated and sometimes filamentous. They are as big as 20 to 40 micra
in length and 0.2 to 2.0 micra in diameter. Typically a cell may have 50
to 50000. The developing amphitron oocytes contain 300000
mitochondria.

3. A typical mitochondrion is a double membranous sausage shaped cell
organelle. Its outer membrane is continuous and appears rough due to the
presence of Parson’s granules. The inner membrane develops fingers like
cristae bearing stalked elementary particles which are associated with
respiratory activities. Mitochondrion is filled with catabolic enzymes.

4. For the diagrams consult text.

6.4 SUMMARY

Mitochondria are the double membranous cell organelles present in almost all
eukaryotic cells. However, not found in mature mammalian erythrocytes and mature
ova. These are commonly known as power house or power plant of the cell, as
they generate energy, store energy in the form of ATP and supply energy whenever
and wherever required. On the outer surface of mitochondria, numerous sessile
particles (sub units of Parson) remain attached. Similarly the inner surface is provided
with F1 particles or elementary particles or oxisomes. Those cells utilizing maximum
energy have them in abundance. Inner membrane develops fingers like cristae.
The cristae may vary in shape size and arrangement from cell to cell. Mitochondria
perform a number of functions. Of these respiratory (aerobic as well as anaerobic),
electron transport chain, vitellogenesis, spermiogenesis, digestion, and inheritance
are common.
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6.5 KEY TERMS

ATP: Adenosine triphosphate.
Chondriosome: Another name used for mitochondria.
Cristae: Specialized folds of the inner membrane of mitochondria.
Endergonic reaction: An energy-requiring reaction not spontaneous.
Oxisomes: These are the elementary particles present on the inner
membrane of mitochondrion.

6.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Who has reported the occurrence of DNA in mitochondria?
2. Name the cells not provided with mitochondria.
3. Describe the various types of cristae found in mitochondria.
4. Mention the place having greatest number of mitochondria.

Long Answer Questions
1. Write an esseay on mitochondria.
2. Explain the structure of mitochondria including the variation seen in

cristae.
3. Write an essay on the respiratory function of mitochondria.
4. Describe all the functions performed by mitochondria.

6.7 FURTHER READING

Bernhard Kadenbach. Mitochondrial Oxidative Phosphorylation.
Carlos M. Palmeira. Mitochondrial Biogenesis.
Elsevier. The Structure of Mitochondria.
Imm E. Scheffler. Mitochondria.
Ruth Sagar. Cytoplasmic Genes and Organelles.
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CHAPTER 8 STRUCTURE AND
FUNCTIONS OF
CENTRIOLE AND BASAL
BODIES

Structure
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8.2.2 Associated Structures: (Pericentriolar Structures)
8.2.3 Basal Bodies
8.2.4 Functions of Centrioles and Basal Bodies

8.3 Answers to ‘Check Your Progress’
8.4 Summary
8.5 Key Terms
8.6 Self-Assessment Questions and Exercises
8.7 Further Reading

8.0 INTRODUCTION

Centrioles are usually described as the cell centre and are found close to the
nuclear membrane of all animals and also in the cells of some lower plants
like algae, fungi, bryophytes, ferns and gymnosperms. These are absent in
prokaryotes, diatoms, yeast and the angiosperms. These often occur in the
form of two granules called diplosome but may be represented by a single
granule. In flagellated animal cells, they play an important role in organizing
the mitotic apparatus, while in the primitive flagellates, they function
exclusively as basal bodies for the flagella. Apparently the original role of the
centrioles was locomotor, and their role in mitotic division is secondarily
acquired. In both blue green algae and red algae, flagella and centrioles are
absent. Centrioles have also not been observed in higher plants. In flagellated
and ciliated cells like dinoflagellate, euglenoid and chlaymydomonas, centriole
is connected with the flagellum or cilium and it is known as the basal body,
which may be variously known as kinetosome, blepheroplast or basal granule.

8.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the importance of centriole for a cell in animals.
Describe the detailed structure of centriole.
Explain the triplet microtubules arranged in a specific way.
The role of centriole in a resting as well as dividing cell.
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8.2 STRUCTURE OF A CENTRIOLE

Centrioles and basal bodies are cylindrical structures. These are the homologous
structures and are about .15 to .25 m in diameter usually 0.3 m to 0.7 m in
length. They are made up of the following components:

8.2.1 Microtubules
All the nine triplet microtubules of the centriole are identical. Each microtubule is
formed of sub-tubule or sub-fibre. The inner most tubule is desingated by A, the
middle and by B the by C. Each sub-fibre is about 250Å in diameter and its wall
is about 45A thick. The sub-fibre A is tubular and completely rounded. The sub-
fibre B and C are C-shaped or cup-shaped. The sub-fibre B shapes the wall of A-
sub-fibre and sub-fibre C shares the wall of B-sub-fibre.

Fig. 8.1: Diagram of a Mammalian Retinal Rod Cell Showing the Centriole Pair
Associated with the Modified Cilium of the Outer Segment, Which Contains Rod Sacs
that are Transversely Arranged Membranous Discs Formed from the Folded Ciliary

Membrane. The Cross-sectional Views Through the Cilium Show (a) The Usual
Subfiber Triplets of a Centriole and (b) Nine Subfiber Doublets of a Ciliary Axoneme,

But Lacking the Central Pair of Microtubules

The sub-fibre A is formed of 13 globular sub-units. Each subunit is about
40-45Å in diameter. Three sub-units of sub-fibre A are shared by subfibre B,
which in turn shares several of its sub-units with the sub-fibre-C.

The three sub-tubules of microtubule are arranged parallel and so also
the triplets in a centriole.
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Triplets

The nine triplets that make up the wall are indistinguishable from one another, and
seen basically similar in centrioles and basal bodies. The three sub-unit microtubules
have been designated A, B, and C, with the innermost tubule being A. Individual
tubules are 200-260Å in diameter. Only the A tubule is round; the others are
partially and share their wall with the preceding tubule. At both ends, the C tubule
often terminates before the A and B tubules.

The sub-structure of A, B and C tubules is similar to the structure of other
microtubules (Stephens 1970). The A tubule has 12 to 13, 40—45Å globular
sub-units around its perimeter. Three or four of these sub-units are shared with the
tubules, which in turn share several of its sub-units with the C tubules.

Often the triplets are thought to run parallel to one another and to the long
axis of the cylinder, but this is not always the case. In the basal bodies of some
organisms, the triplets get closer towards the proximal end, so the diameter of the
cylinder gets smaller. In some centrioles, the triplets are parallel to one another but
turn in a long pitched helix with respect to the cylinder axis (Fulton, 1971).

Linkers

The sub-tubule A of each triplet is liked with the C-sub-tubule of the neighbouring
triplet by a connective of some dense material (DM), which is also formed of
globular sub-units. In some species instead of C-A links, A-A links are more
prominent and in other (pseudotrychonympha) C-C links are present in addition
to C-A connection. These linkers are responsible for the radial tilt of triplets.

At one end of the centriole is a cart wheel structure, consisting of a central
rod or hub from which radiate 9 spokes. The hub has a diameter of 25Å and may
contain one or two longitudinally arranged filaments. There may be a few or many
cart wheels piled on to top of the other.

Each spoke is connected to the A sub-fibre. A thickening (x) has been
observed on each spoke near its outer end. This material appears to be a part
of a complex system whose other two components are the triplet connectives
(DM) referred to previously and other thickenings (Y) between the triplets Y
is connected on either side to X, and on the outer side to the triplet connective.

8.2.2 Associated Structures: (Pericentriolar Structures)
1. Satellilte. Bessis etc. (1958) described that each centriole is surrounded

by two crowns. Each crown consists of 9 amorphous plaques or spheres
of electron dense material. These are rounded bodies attached to the
centriole by short bridges of dense material. These bodies are called
corpuscles or massules or pericentriolar satellites. The shape, size and
position of satellites change during spermiogenesis.

2. Transitional fibres. Two or three transitional fibres arise from B-sub-
fibre of each triplet at the distal end of the basal body and are found at
the level of the basal plate. These are radially disposed and extend to the
cell membrane.
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3. Centriolar satellite complex (CS). It is found in the sperm of cucumaria
miniata. It consists of 9 satellite arms arising from the B-sub-fibre of each
triplet. The arm thickens distally into a dense node from which arise two
ampullae which join the marginal ring.

8.2.3 Basal Bodies
A basal body is present at the base of each cilium or flagellum. This is true from
the onset of formation of a given cilium or flagellum often fibres (root lets) extend
from the basal body deep into the cytoplasm, perhaps as part of a system that
anchors the basal bodies and orients the cillium or flagellum. In some cell types,
especially in protozoa, numerous microtubules run between the basal bodies,
serving apparently to maintain a relatively rigid supportive framework below the
cell surface.

Fig. 8.2: Diagram of the Basal Body and its Relationship to the Cilium or Flagellum to
which it Attaches

Each basal body has the same (9 + 0) sturcture as that of a centriole. The
nine peripheral doublets of the associated cilium or flagellum appear as extensions
of two of the three tubules of the basal bodies triplets (the A tubule and B tubule).
The basal bodies and centrioles are closely related, probably as alternate forms of
the same organelle, is indicated by several lines of evidence; the distinction between
the two is functional and derives from the pre-electron microscope era when the
identity in structure could not be known. For example, in many non-ciliated cell
types, one of the two centrioles often have a rudimentary “primary cilium”, with 9
+ 0 structure attached. In some developing sperm cells, a flagellum grows in
association with a basal body during division, while the basal body is still in the
position customary for centrioles of dividing cells at the poles of the mitotic spindle.

8.2.4 Functions of Centrioles and Basal Bodies
The centrioles and basal bodies are involved in mitosis, in microtubule generation,
in ciliogenesis and in formation of tail fibres in spermatozoa.
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1. Formation of cilia and flagella from centrioles. Eukaryotic cilia (shorter
appendages) and flagella (longer appendages) are produced only from
centrioles positioned at the cell periphery. These centrioles may have been
formed near the cell surface, or they may have migrated there from some
place of origin deeper within the cell.

Fig. 8.3: An Interpretation of Mitotic Apparatus Ultrastructure. A Pair of Centrioles
Occupies a Clear Zone Surrounded by Short Microtubules of Each Aster at Each Pole

of the Spindle. Some Microtubular Spindle Fibers Extend from Pole to Pole, while
others Extend from One Pole to their Site of Attachment on the Chromosome

In a very careful study by I. Gibbons and A. Grimstone reported in 1960,
the ultra structural relationship between centriole and flagellum was described
as follows. The 9 sub-fibre triplets in the centriole extend to a transitional
region just below the shaft of the flagellum. At some point in this zone near
the flagellar shaft, the C-sub-flber disappears. The remaining A- and B-
sub-fibers continue as doubtlets to a place just below the tip of the flagellum.
At the same transitional region where the C-sub-fibres end, a new pair of
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microtubules appears in the centre of the ring of 9 sub-fibre doublets in the
flagellum. This central pair of microtubules together with the encircling
microtubule doublets make up the so called 9 + 2 orgainzation found in
almost all eukaryotic ciiia and flaglla. The developmental sequence and
continuity between the centriole and cilium or flagellum has been described
in other species and therefore appears to be a common plan of organization.
There is more than enough evidence to say that each cilium and flagellum
forms directly from an existing centriole, for example:
 Cilia and flagella never form in the absence of a centriole
 If the centriole remains intact, a new cilium will be regenerated when
a previous one has been removed and

 If the centriole has been destroyed or removed, the flagellum will
degenerate and a new flagellum will not form unless a new centriole
replaces the one that was removed.

2. Centrioles display polarity. New centrioles form only at the proximal
end (farthest from the cell surface) of a mature centriole while flagellar
outgrowth occurs at its distal end (nearest to the cell surface). The
organizing events are different in each of these two occurances. While
centrioles and flagellum form a continuous structure, mature centrioles
and procentrioles are always separated by a space of about 60-80 nm.

3. Participation of centrioles in nuclear division. Centrioles are associated
with microtubular displays called the aster and the spindle in dividing cells.
Centrioles are not essential for spindle formation or for nuclear division,
according to many lines of evidence and routine observation, including
the fact that organisms which never have centrioles are still capable of
spindle formation during nuclear divisions. All the flowering plants fall in
this category.
In an experimental study using animal cells with typical centrioles, asters
and spindle the cells were manipulated so that an ester developed only at
one pole of the cell and not the other. Spindle formation continued normally
even though one pole lacked an aster and also lacked centrioles. At the
end of the division, one daughter cell had centrioles and aster while the
other daughter cell lacked these components. In the next division cycle,
the cell lacking centrioles and an aster was still able to produce an essentially
complete spindle and many lower organisms have centrioles that never
participate in the nuclear divisions, but act only in cilogeneses (formation
of cilia or flagellum). In other species, however, centrioles may first act as
a mitotic centre and later migrate to the cell periphery where they produce
a motility organelle. These and other observations lead to the conclusion
that centrioles are essential for ciliogenesis but not for spindle formation
even in cells where centrioles regularly participate in nuclear divisions. It
is premature to speculate at present on the relationship between spindle
microtubules and centriole.

4. Microtubule generation. Microtubules (which form the spindle) have been
observed in the cytoplasm during mitosis. Non mitotic microtubules also



NOTES

Structure and Functions
of Centriole and Basal

Bodies

Self-Instructional
             Material   81

occur. The microtubules occur to arise from plaques or microtubule
generators (MTG). These plaques have been found in association with the
nuclear envelope, the kinetochore of chromosomes and near the basal bodies
and the centrioles. Wolfe (1972) has suggested that “the centrioles are not
themselves microtubule generators, but are microtubular sturctures generated
from a MTG”.

5. Ciliogenesis. The primitive function of the centrioles seem to have been
the generation of cilia and flagella, the primitive locomotory organelles of
the eukaryotes. Both members of a pair of centrioles can give rise to cilium.
Usually, however, only one pair of them forms the cilium. Cilia and flagella
always develop in the presence of basal bodies. The basal body acquires a
basal plate, and the cilium then develops distal to the basal plate.

6. Sperm tail formation. In spermatozoa, one centriole of a pair gives rise to
the tail fibre. The structure of the tail fibre closely resembles that of the cilia
and flagella.

7. Origin of centriole. New centrioles usually form in the presence of pre-
existing centrioles. There are two particular reasons, however, why we do
not consider centrioles to be self-replicating structures :
 The existing and forming centrioles are never attached, but are always
separated by a space from the time. The new centriole can be detached
until it is mature and

 Centrioles may form in various kinds of cell even when there is no
pre-existing centriole.

Since centrioles may arise de-novo, there is no apparent template or
parent structure to transfer information and, therefore, no way we can
see for existing centrioles to direct the formation of new centrioles.
This is quite different from chromosomes, mitochondria and chloroplast,
which transmit coded information from pre-existing to newly formed
structures, primarily through transfer of replicated DNA during new
structure formation. In this connection, we should note that centrioles
are not known to have their own DNA.
Whether a centriole arises de-novo or in the presence of mature
centrioles, the sequence of its formation is essentially the same. The
first event in centriole formation is the appearance of a circle of 9 singlet
fibres that become the inner A-sub-fibers. The b sub-fibres assemble on
to the A singlets, and the assemble on B set. Once this immature centriole,
or pro-centriole has formed, it grows in length, but usually maintains
its original diameter while it matures. According to interpretations of
centriole formation from electron microscopy, whether de-novo or not, it
seems that procentrioles develop from various building components by a
self-assembly mechanism.
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Check Your Progress

1. Define the centriole.
2. How many microtubules are present in a centriole?
3. Name all the associated structures of centriole.
4. Write down a list of functions performed by a centriole.

8.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Centriole is usually described as the cell centre found close to the nuclear
membrane and plays a significant role during cell division.

2. There are nine triplet microtubules which are arranged perepherally
and each microtubule is formed of sub-tubule or sub-fibre.

3. There are three main associated structures: (a) satellite, (b) transitional
fibres, (c) centriolar satellite complex.

4. Centriole performs functions like: in cell division, in microtubule
generation, in ciliogenesis and in formation of tail fibres in spermatozoa.

8.4 SUMMARY

Centrioles are usually descended as the cell centre found close to the nuclear
membrane of all animals and also in some lower plants like algae, fungi,
bryophyta, ferns, and gymnosperms. The cytoplasmic zone in which the
centrioles are located has been called the centrosome or cell centre. Both
centriole and basal body are homologous structure and each one of them is
composed of nine triplet microtubules. Often the triplets are thought to run
parallel to one another and to the long axis of the cylinder. In the basal bodies
of some organisms the triplets get closer towards the proximal end. Each
centriole is surrounded by two crowns or spheres of electron dense material
and called pericentriolar satellite. The centrioles and basal bodies are involved
in mitosis, in microtubule generation, in ciliogenesis and formation of tail
fibres in spermatozoa. Cilia and flagella originate from the centrioles. Centrioles
are associated with microtubular displays called the aster and the spindle in
dividing cells.

8.5 KEY TERMS

Atypical centriole: Atypical centrioles are centrioles that do not have
microtubules, such as the proximal centriole.
Centrosomes: Centrosomes are organelles which serve as the main
microtubule organizing centrioles for animal cells.
Ciliogenesis: It is the process by which cilia – slender outgrowth on a
cell’s surface form.
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8.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write down the importance of centriole in cell division.
2. Name the eukaryotic cells not having centrioles.
3. Write notes on the arrangement of microtubules present in a centriole.
4. Define the term ciliogenesis.

Long Answer Questions
1. Write an essay on centriole.
2. Describe the ultrastructure of centriole.
3. Discuss the functions of centrioles.
4. Write notes on the origin of centriole and astral rays formation.

8.7 FURTHER READING

Heide Schatten. The Centrosome.
Pierre Gonczy, Michel Bornens. The Centrosome Renaissance.
Renata Basto and Karen Oegema. Methods in Cell Biology Volume 129,
Centrosome and Centriole.
Vitauts I. Kalnins. The Centrosome.
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UNIT - II
CHAPTER 9 STRUCTURE AND

FUNCTIONS OF NUCLEUS
AND NUCLEOLUS
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9.0 INTRODUCTION

Leeuwenhock in 1700 reported first of all refractile bodies in the centre of
blood corpuscles of Salmon blood. In 1781, Fontana observed similar oval
bodies inside the skin cells of an eel. The term nucleus was used by Robert
Brown in 1833. Nucleus is bounded by a definite membrane, the nuclear
membrane which was studied first of all by Erlach and for its unit membranous
nature, Robertson was responsible. On the basis of nuclear membrane cell, all
the living creatures are categorized into two groups: (i) prokaryotic and
(ii) eukaryotic. In prokaryotes, the nuclear membrane is absent. The chromatin
material (DNA) lies in the cytoplasm. It is known as nucleoid or prokaryon as in
bacteria and blue green algae. In eukaryotes the nuclear chromatin is isolated from
the surrounding cytoplasm by the presence of nuclear membrane. bacteria of blue
given. Each nucleus may contain one or several intranuclear homogenous spheroid
bodies, the nucleolus or the nucleoli. Nucleolus was reported by Montgomery
in 1898.

9.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the nucleus as the controlling centre of a cell.
Understand the morphological features of nucleus.
Describe the structure of nucleus and nucleolus.
Explain the functions of nucleus as well as that of nucleolus.
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9.2 STRUCTURAL MORPHOLOGY

Shape. The shape of the nucleus varies from cell to cell depending upon the
shape and function of the cell upto a certain extent. The nucleus of most of the
tissue cells of multicellular animals and plants is spherical or vesicular. The nucleus
tends to be branched and irregular in shape in the spinning glands of certain insect
larvae. It is elongated in columnar epithelial and muscle cells. The cells of the
squamous epithelium contain the discoidal nuclei. In cuboidal epithelium, the nucleus
is spherical. In leucocytes, the nucleus is polymorphic.

Fig. 9.1: Various Kinds of Nuclei Showing Variety of Shapes

Size. The size of the nucleus varies from cell to cell. The size depends upon
the number of chromosomes and amount of cytoplasm in the cell as shown by
Boweri (1895). However, Gates (1909) adduced evidence to show that this rule
is by no means universal. The size of the nucleus is variable, but in general it bears
some relation to that of the cytoplasm. Hertwig (1906) has given the formula to
determine the relationship between the volume of cytoplasm and that of the nucleus.

n

c n

VNP
V V

NP = nucleoplasmic index
Vc = volume of cell
Vn = volume of nucleus.
Number. In general, each cell contains single nucleus and this condition is

termed as the mononucleate. Most animal and plant cells are of this type.
In certain mature cells, the nucleus is no longer present. For example,

mammalian red blood cells typically lose their nuclei at maturity and survive
for only a few months afterwards. Certain food conducting phloem cells in
flowering plants continue to function for years after their nuclei degenerated.
Usually, however, cell death follows very soon after nuclear degeneration.

In Paramecium and cells of cartilage, binucleated stage occurs where
each cell contains two nuclei. In Opalina, striated muscles, osteoblast cells and
Vaucheria, polynucleated stage occurs, i.e. more than two nuclei are present in
every cell.
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Position. The position of the nucleus is a characteristic feature of the cell
and thus varies from one cell to another. In embryonic cells, it occupies the geometric
central position. In non-vacuolated cells, it occurs in the centre and in the egg
rich in yolk, the nucleus occupies the eccentric position. In adipose cells, the
nucleus is forced towards the periphery by the accumulation of the paraplasm. In
glandular cells it is located in the basal position, the granules occupying the apical
cytoplasm. Thus the position of the nucleus is determined by causes such as surface
tensions, the position of the vacuole and the relative density of the cytoplasm in
different portion of the cell.

Structure

Each nucleus contains following components:
Nuclear membrane
Nuclear sap
Chromatin fibres and
Nucleolus.

9.2.1 Nuclear Membrane
In eukaryotic cells, the nucleus is bound by two unit membranes, each of which
has a thickness of 60-100Å and both the membranes remain apart from each
other by a distance of 100-150Å. Thus the whole system of membranes has a
width of about 300-350Å. The intermembranous space is known as perinuclear
space. The cytoplasm facing surface of the outer membrane is lined with
ribosomes, which are not present anywhere on the inner membrane. In most
cells, it is observed that the nuclear membrane breaks down and reforms as the
cell enters and completes division. However, in some algae, protozoans and fungi,
it does not break down during division.

The outer nuclear membrane often remains connected with the membrane
of endoplasmic reticulum, golgi complex, mitochondria etc. Sometimes initials are
found to be evaginated from the nuclear membrane which develop either into
mitochondria or into plastids. The inner membrane is closely associated with
condensed chromosomal material.

The structure of the “nuclear membrane” is of great interest for interactions
of the nucleus with the cytoplasm (“nucleocytoplasmic” interactions). The electron
microscope has revealed it to be flattened and expanded part of the endoplasmic
reticulum that surrounds the nuclear material. The term nuclear envelope is used
to convey the fact that the nucleus is surrounded by a flattened sac, rather than a
simple membrane. The outer sur-face of the sac, the one exposed to the cytoplasm
has ribonucleo-protein granules attached to it. These are probably ribosomes similar
to those of the cytoplasm. The inner surface of the envelope, exposed to the
nuclear contents, lacks ribosomes. Often, much chromatin is aggregated along this
surface. Specific attachment of chromosomes to the envelope is known to occur
in a number of cases (e.g., in various species the paired chromosomes of the
special meiotic cell divisions of gamete formation attach to the envelope by their
ends, at certain stages). Some investigators are convinced that special associations
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between chromatin and the nuclear envelope, perhaps involving the nuclear pores
discussed below, are present in many cell types. In addition, in a growing number
of cell types the inner envelope surface has been found to be coated with a layer of
fibrillar, electron-dense material 30 to 80 nm thick, the inner fibrous lamina.
This structure varies in prominence in different cell types; it is the best-defined
component of the supposed supportive nuclear framework. Its composition includes
a specific set of proteins only recently obtained for detailed study.

Fig. 9.2: Fine Structure of Nucleus

In many cell types the nuclear envelope disintegrates during cell division
and reappears afterward, in association with the newly separated sets of
chromosomes. Cytochemical studies and work on the membrane of isolated
nuclear envelopes have shown a general biochemical and enzymatic similarity
to the rest of the endoplasmic reticulum. Thus far, there have been found no
special striking biochemical features that might be significant for the functioning
of the envelope, but such investigations are still at an early stage. The
association with the inner fibrous lamina and the absence of ribosomes are
the most obvious differences between the inner membrane and the outer
cytoplasmic-surface membrane. These two membranes are continuous with
one another through the pores described in the next paragraphs; investigators
are now following up initial evidence hinting that the membranes differ
somewhat in the proteins present.

Pores and Pore Complexes

At certain places, both the membranes are seen to be fused to produce
discontinuities in which hexa to octagonal pores make their appearance. The
pores may range from 300Å to 1200Å, a diaphragm extends across each pore
limiting free transfer of material. Such a diaphragm is called annulus and has been
observed only in animal cells. The pores and annuli, together, are designated as
pore complex. The pore complex is filled with the amorphous material of different
electron density from that of cytoplasm and nucleus which may act as a barrier to
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free diffusion. Sometimes the fibrils which are made up of ribonucleoprotein, can
also be seen within the pore complex.

Fig. 9.3: Showing Nuclear Pores

The number of pores or pore complexes differ in different cells. In sea
urchin oocytes, the number of pores is 40-80 per square micron. In the adult
avian liver cell, there are about 1300 total pores per nucleus. In the small
avian oocyte, there are about 5 × 106 pores over the total surface.

The pores serve as routes of nucliocytoplasmic interchange. Granules, or
other bodies, are sometimes seen adjacent to both nuclear and cytoplasmic surface
of the nuclear envelope and even inside the pores, some of the structures seen in
these configurations are thought to contain RNA on its way to the cytoplasm.
Experiments with marker substances indicate that material can also move in the
other direction through the pores: When particles of gold or other tracers upto 10
nm in diameter are injected into the cytoplasm of amoebae, some of the particles
gain access to the nucleus. The electron opacity of the gold permits direct
visualization of the particles in the electron microscope; some of the particles can
be seen within the process as if caught in the act of traversing the envelope.

However, the pores are not simply holes in the envelope. Much of the
aperture is occupied by a cylindrical or ringlike arrangement (annulus) of
moderately electron-dense granular or fibrillar material that appears to be
continuous with the inner fibrous lamina and remains attached to the lamina
when the membranes are experimentally dissolved away with detergents. The
annular material is organized as a pore complex. Investigators have yet to agree
upon the finer details of the organization of the complex but most agree that the
complex shows an overall octagonal structure when seen in face view, and that the
central region of each complex exhibits different organization from that of the
more peripheral portions.
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Fig. 9.4: Electron Microscopic Structure of Nucleus

Movement through the pores seems limited to molecules or particles less
than 10 to 15 nm in diameter, or those that can distort to such a dimension. This
can be shown by introducing radioactively labeled or microscopically detectable
molecules or particles of known size, such as the gold particles mentioned earlier,
into the cytoplasm or into the medium surrounding isolated nuclei. The aperture in
the membrane system is substantially larger than 15 nm; evidently movement is
restricted to the central zone of the pore complex. How much selectivity there is
beyond that based on size has proved difficult to determine. The nuclear interior
and the cytoplasm clearly differ in composition, and the differences involve
molecules small enough to pass through the pores; this extends even to inorganic
ions like K+. Nonetheless, differences need not depend on selectivity of the
envelope. Molecules may accumulate on one side or the other, based upon their
binding to structures for which they have particular affinities. Positively charged
ions, for example, are attracted by negatively charged groups and thus would tend
to accumulate in regions rich in nucleic acids, such as the nucleus.

Many molecules, both large and small, spend most of their time as parts of
large complexes, which effectively restrict their movements, even though the
associations are by relatively weak bonds. Thus, for example, it is possible that
part of the reason why histones, made in the cytoplasm, accumulate in the nucleus
is that only there do they encounter nucleic acids—specifically, replicating DNA—
not already complexed with proteins. Once the histones associate with the DNA
and with one another they no longer are free to leave the nucleus. Similarly, some
RNAs confined to the nucleus may remain there owing to their complexing with
nuclear proteins. Because of such considerations there is no general agreement
about the extent of control exerted by the pore complexes on nucleocytoplasmic
interactions. Some investigators believe that pore-associated enzymes, ATP-
dependent transport processes, and reversible changes in the organization of the
pore complexes (which might increase or decrease their effective aperture,
transiently) participate in movement of the larger molecules and complexes, perhaps
including ribonucleoprotein structures. This belief is based in part on experiments
with isolated nuclei in which export of RNA seems enhanced by ATP. Such
experiments are still difficult to interpret, however, and much more work is needed
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before firm conclusons can be drawn. Similar comments apply to the widely
accepted idea that the ribosomes and messenger RNAs on the outer nuclear
envelope are ones that have just emerged from the nucleus.

Annulate Lamellae
In a number of metabolically active types of cells, the nuclear envelope shows
many infolding which increase the surface available for nucleocytoplasmic
exchange. In other cells, “annulate lamellae” are seen near the envelope. These
are stacks of parallel flattened sacs with pores similar to the nuclear pores.
From their structure and from observations of what seem to be annulate
lamellae separating from the nuclear envelopes, it has been suggested that
these lamellae derive from the nuclear envelope of the cells and serve some
function in the cytoplasm. Some investigators maintain that they give rise to
endoplasmic reticulum; others believe that there chief role is in the transport
of RNA from nucleus to cytoplasm or in the storage of RNA. There are also
reports, yet to be fully verified, that annulate lamellae can form the ER,
although rRNAs are not translated into proteins, their DNA-derived base
sequences still carry important informaton for folding and for interaction with
other RNAs.

Functions of Nuclear Membranes

It bounds the chromatin material in eukaryotic cells.
It gives a definite shape to the nucleus.
It protects the nuclear materials.
It helps in the exchange of material between the nucleus and cytoplasm
in the form of ions as well as small and large macro molecules.
Initials are developed from nuclear membrane by a process of blebbing
and take part in the formation of mitochondria and plastids and
The nuclear membrane provides a surface for the attachment of
structural elements of the cytoplasm.

Origin of Nuclear Membrane

The nuclear membrane is considered as a sepecialized cytoplasmic structure
organization from the cytoplasmic membrane system. During telophase, it is
formed by the accumulation of vesicles of endoplasmic reticulum around the
chromosome group, which later on fuse to form a complete membrane.

There are basically two theories as to how the nuclear envelope
reconstitutes after telophase either the pair of lamellae is synthesized de novo
at the sites where chromosomes and cytoplasm are in contact with each other, or
parts of the already present endoplasmic reticulum adjoin the telophase nucleus
and merge to form the nuclear envelope. In locust spermatocytes, for instance, the
0.5 μ vesicles which are formed at the surface of the chromosomes, are
indistinguishable from the vesicles of the endoplasmic reticulum. They gradually
arrange themselves so as to lie parallel to the surface of the nucleus and then
merge to form a continuous nuclear envelope.
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9.2.2 Nuclear Sap
It can also be named as the nucleoplasm or karyolymph. Nucleoplasm remains
filled in the space between the nuclear membrane and nucleolus in the form of
matrix containing transparent, semi-solid, granular and slightly acidophilic mass. In
this matrix, other nuclear components like chromatin threads and nucleolus are
embedded. Biochemical studies of nucleoplasm show the presence of the following
components:

1. Nucleoproteins. Nucleoprotein is associated with chromosome and DNA.
In giant chromosomes, protein has been found in the banded and interbanded
regions of gene activity. Protein is also associated with the extended loop of
lampbrush chromosomes. It is also present in good amount in nucleolus.
Following kinds of nucleoproteins have been estimated.

Protamines and histones. Protamines were first discovered by
Meischer (1897) in salmon sperm. Morel (1994) discovered histone
in the goose erythrocytes. Histones have also been found in certain
plant cell nuclei, notably wheat and cedar nut embryo by Mirsky.
These proteins are basic and found combined with DNA in many
nuclei. The function of these proteins in the metabolism of
chromosome is still not clear. The DNA of somatic cells is metabolically
active and there is evidence that histones may control this activity. A
distinct difference exists in the presence of these two basic proteins.
Histones are universally present in the nuclei of all somatic cells but
protamines are present only in the sperms and oocytes of some testes
and ovaries of amphibians and birds. Moreover, the histones are more
complex and have a higher molecular weight (10,000 to 18,000 daltons)
than protamines (about 4000 daltons). Both are rich in basic amino acids
such as arginine and lysine. They are also reported to contain a smaller
variety of amino acids.
Nucleohistones. Histones are combined with DNA to form a
complex, the nucleo-histone, in which many relatively small histone
molecules are attached to single DNA molecules. DNA-histone com-
plexes are more resistant to denaturation by heat than DNA alone.
Non-histone proteins. This protein contains tryptophan and has
acidic properties as have been demonstrated in the nucleus, especially
by Stedman and Stedman (1947) and Mirsky and Ris in 1947. The
latter workers found that 90% of the nucleus is composed of DNA
and histone while the remaining 10% remains a coiled nucleoprotein thread
made up of tryptophan-containing protein, 2 to 3% DNA and 12 to 14%
RNA. This thread is supposed to constitute the backbone or structural
framework of the intact chromosome.
It has been suggested that nucleohistone is concerned with the maintenance
and reproduction of the chromosomes whereas non-histone components
would be involved in the special metabolic functions of the nucleus.
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2. Nucleic acids. DNA and RNA are the most important nucleic acids of
nucleoplasm and both have been observed in the macro molecular state.
(The detailed account of nucleic acids has been given under a separate
heading).

3. Enzymes. Numerous enzymes have been observed in the nucleoplasm.
Some of them are the RNA polymerase, DNA polymerase, adenosine
diaminase, nucleoside phosphorylase, alkaline phosphatase and
nucleotide phosphatase etc.

4. Lipids. About 10% lipids has been reported from ox spleen and chicken
erythrocytes which give positive tests for phospholipids and cholesterol.
Most nuclear lipids are probably combined with proteins as lipoproteins
and perhaps also with RNA.

5. Minerals. In the nucleoplasm, minerals like sodium, potassium, phosphorus,
calcium and magnesium have been reported. Barton in 1951 has indicated
the probability that calcium is the major constituent of nucleus.

9.2.3 Chromatin Fibres
The term chromatin was given by Cohn for the thread like and coiled structure
lying suspended in the nucleoplasm of interphase nucleus. These fibres become
thick during cell division forming chromosomes. Each fibre contains dark and light
stained areas. The former is called the heterochromatin and the latter is
euchromatin. The heterochromatin part contains comparatively small amount of
DNA than the euchromatin part. The nuclei with a largely euchromatic appearance
are called open face nuclei, and those with a largely heterochromatic appearance
are called closed face nuclei. The open face nuclei are usually larger in volume
than closed face nuclei. In dead cells, the nuclei are often small and stain deeply
(pycnotic nuclei), as the nucleus breaks up into fragments (karyorrhexis) or it
may be dissolved (karyolysis).

9.2.4 Nucleolus
Every cell of all the higher organisms contains either single spherical, colloidal
body, the nucleolus or tiny nucleoli. The nucleolus is observable clearly at
interphase while during cell division, the nucleolus disappears at the late
prophase stage and reappears at telophase. The nucleolus is associated with a
particular nucleolar organizing chromosome region. The nucleolus of the
somatic cell is considered to be morphologically similar from tissue to tissue,
whereas the nucleolus of egg cells particularly seems to differ widely.
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Fig. 9.5: Detailed Structure of Nucleolus

There are two types of nucleoli. True nucleoli are the plasmosomes which
are stained with acidic dyes and disappear during mitosis. False nucleoli or the
karyosomes are stained with the basic dyes and are flakes of chromatin.
Nowadays the term nucleolus is used for plasmosomes only.

Fig. 9.6: Diagram of a Salivary Gland Nucleolus in Smittia

Nucleolus seems to be a single membranous structure filled with acidophilic
material when observed under a light microscope. Estable and Sotelo in 1955
have reported that nucleolus contains two parts, a filamentous nucleolonema and
pars amorpha while recent researches have shown clearly the following four
parts:

A granular region occurs at the periphery of the nucleolus and is composed
of dense granules with a diameter averaging 150-200Å.
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A fibrillar region is present inner to the granular region and is made up of
many fibrils with a diameter of about 50Å and the size may vary from 300-
400Å in length.
An amorphous region of low electron density, found in some nucleoli. It
contains certain proteins and
The nucleolar associated chromatin region situated around the nucleolus
and frequently having intranucleolar ramification.
Biochemical analysis of the nucleolus has shown the presence of

constitutions like nucleolar RNA, nucleolar DNA, nucleolar protein, nucleolar
lipids, nucleolar enzymes and some minerals.

9.2.5 Functions of Nucleolus
Nucleoli are thought to be the site of ribosomal manufacture as they
store all the proteins of ribosome and also RNA. Nuclear proteins are
imported from the cytoplasm, where they are made available for
synthesis of ribosomes. However, Maggio (1960) and others have
suggested that protein synthesis takes place in nucleolus.
It may also be the site of histone synthesis.
It collects freshly produced mRNA for the cellular protein synthesis.
It is the site of transfer of chromosomal influence to the cytoplasm in
nucleocytoplasmic controls.
It is a reservoir of various materials produced by the chromosomes.
It provides sufficient energy for nuclear activity.
It is the site for limiting rate of synthetic reactions necessary for the
maintenance of cytoplasm synthesis and
It plays an important role in cell division. If it is injured, the mitosis
may cease for ever.

9.2.6 Functions of Nucleus
The nuclear pores are the major sites of the transfer of macromolecules.
Ribonucleoprotein particles (RNP) are synthesized in the nucleus and
pass through the nuclear pores in an elongated filamentous form.
Small organic molecules and ions pass through the nuclear membrane
by diffusion. Exchange of material takes place by active transport
method.
By a process of blebbing, nuclear membrane gives rise to mitochondria
and plastids.
The continuity between perinuclear space of the nuclear membrane
and the cavities of the cisternae show the exchange through endoplasmic
reticulum.
Chromatin fibres are attached with the nuclear membrane during the
interphase stage.



NOTES

Structure and Functions
of Nucleus and Nucleolus

Self-Instructional
             Material   95

It controls the cell reproduction and
It preserves the genetic material intact.

9.2.7 Significance of Nucleus
Cell without nucleus has very limited future. The only common animal cell type
without a nucleus, the mammalian red blood cell, lives only a few months. Egg
cells from which nuclei have been experimentally removed may divide for a while,
but the products of division never differentiate into specialised cell types and eventully
die. Fragments without a nucleus, cut from an Amoeba or Acetabularia survive
temporarily, but ultimately die unless nuclei from other cells are transplanted into
them.

Check Your Progress

1. Define the nucleus.
2. Describe the basis of morphological features of nucleus.
3. Write down the components of nucleus.
4. What is nucleolus? Explain its significance.

9.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Nucleus is the controlling centre of a cell and also contains hereditary
material.

2. Morphology of the nucleus is based upon its shape, size, number and
position.

3. Nucleus contains nuclear membrane, chromatin fibres, nuclear sap and
nucleolus.

4. Nucleolus is a single spherical colloidal body containing RNA. It is the
site of ribosomal production, histone synthesis, and acts as reservoir of
various materials produced by the chromosomes.

9.4 SUMMARY

Robert Brown (1833) was credited for using the term nucleus to the structure
previously reported by Leeuwenhoek (1700) and Fontana (1781). Nucleolus
was reported by Montgomery (1898). Morphological features of nucleus vary
from cell to cell depending upon their functions. Nucleus contains nuclear
membrane, chromatin fibres, nuclear sap and nucleolus. Prokaryotes lack the
prominent nucleus. Nuclear membrane is perforated and the pores serve as
routes of nucleocytoplasmic interchange. During cell division the chromatin
fibres appear as distinct chromosomes. Nucleolus appears in interphase nucleus
and disappears during cell division. Nucleolus contains RNA and is also thought
to be the site of ribosomal production.
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9.5 KEY TERMS

Nucleoid: The nucleoid is an irregularly shaped region within the prokaryotic
cell that contains all or most of the genetic material.
Plasmosome: It is a small rounded body within a resting nucleus that
contains RNA and proteins and is involved in the production of
ribosomes.
Pore complex: The nuclear pore complex is a large structure including
nuclear pore and annular ring.
Pycnotic nuclei: It is the irreversible condensation of chromatin in the nucleus
of a cell undergoing necrosis or apoptosis.

9.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Explain the term polymorphic nucleus.
2. Write notes on nuclear pore complex.
3. Describe the nuclear sap.
4. Explain the functions of nuclear membrane.

Long Answer Questions
1. Describe the morphological features of nucleus with examples.
2. Write notes on nucleoproteins and chromatin fibres.
3. Describe the structure of nucleus.
4. Write notes on nucleus.

9.7 FURTHER READING

David P. Bazett-Jones-Graham Dellaire. The Functional Nucleus.
Harris Busch. The Cell Nucleus.
Preston, M.A. Structure of the Nucleus.
Ronald Hancock. The Nucleus.
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CHAPTER 15 OOGENESIS
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15.0 INTRODUCTION

In majority of organisms sexual reproduction is brought about by male and female
reproductive organs present either in the same or different organisms. In females
ovaries are the main reproductive organs. In higher animals there is a pair of ovaries
and each one has a germinal epithelium to undergo oogenesis and results ova.
Ovum is the female sex cell or gamete that contains all nutrients in its cytoplasm
required by the developing foetus, in addition to the nuclear material. The ovum is
developed from the female germ cell present in the ovary. The process of forming
ova from germ cells is called oogenesis. The basic steps of oogenesis are essentially
similar to those of spermatogenesis. The germ cells are diploid whereas the ova
are haploid.

15.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the meaning of oogenesis.
Describe the process of oogenesis.
Discuss the changes occurring in nucleus as well as in cytoplasm during the
different phases of oogenesis.
Understand the different types of egg membranes and their functions.

15.2 PROCESS OF OOGENESIS

The process of oogenesis is more complicated than spermatogenesis. In the begining
of germ cells detach from the surface epithelium and come down to the cortex of
the ovary and enter the following three phases:
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15.2.1 Phase of Mulitiplication
During this phase, primary germ cells divide in such a way that the chromosome
number in daugther cells remains as such. They (germ cells) divide mitotically
to produce a large number of daugther cells which are the oogonial cells.
Oogonial cells contain the diploid number of chromosomes as they are
produced from the diploid primary germ cells by mitotic divisions. When the
oogonial cells stop dividing the phase of growth begins.

15.2.2 Phase of Growth
Phase of multiplication is replaced by growth phase which is of long duration
varying from days (hen 6-14 days) to years (some species of Rana - three
years), where the oogonial cells simply enlarge in size due to the absorption
of nutritive material from the surrounding medium and also due to the synthesis
of nucleic acids and proteins. The phase of growth can also be named as the
first prophase of reduction division as the replication of chromosomes, linkage
and crossing over occur during this phase. After these changes, each oogonial
cell is then called the primary oocyte. All the primary oocytes are once again,
diploid as none of the divisions had been traced during this phase so the
number of chromosomes remains undisturbed.

15.2.3 Phase of Maturation
The phase of growth is replaced by phase of maturation. During this phase,
the reduction division occurs which is double in nature, as it is composed of
the first meiotic division which is true reduction division and second meiotic
division which is true mitotic in nature. But in oogenesis, both the divisions
are incomplete as in both the cases, the nucleus divides properly but the division
of cytoplasm is not regular. In first meiotic division, the diploid nucleus of
primary oocyte divides to form two haploid nuclei, one of which moves
towards the periphery and penetrates out of the vitelline membrane to lie
beneath the second egg membrane, the chorion. This migrated body constitutes
the first polar body while the remaining structure within the haploid nucleus
is called secondary oocyte. Then the haploid nucleus of the secondary oocyte
divides by second meiotic division to form two daughter haploid nuclei. Again
one of these nuclei migrates towards the periphery to constitute the second
polar body. After the extrusion of the second polar body, the developing
structure is called ootid. The first polar body may or may not divide to form
two polar bodies. The polar bodies disintegrate later on. Here in oogenesis
only one haploid ootid is formed from one diploid oogonial cell.

Changes in the Cytoplasm

An early oocyte is spherical in outline having a nucleus in the middle, while
the remaining portion of the oocyte is filled with cytoplasm along with a
number of cytoplasmic organelles such as mitochondria, golgi bodies, cell
centre etc. During phase of growth these organelles increase in size as well as
in number. The mitochondria increase in number considerably. In those cases
where eggs are either mesolecithal or polylecithal their aggregations is called



NOTES

Oogenesis

Self-Instructional
             Material   161

mitochondrial cloud. To increase the sythesis of protein the ribosomes become
more numerous. Golgi bodies and endoplasmic reticulum also increase in size
number as well to take a leading role in the synthesis of yolk. Cytocentrum or
cell centre or centrosome is situated in the vicinity of the nucleus enclosing one
or two centrioles. The word archoplasm or idosome can be applied for the denser
cytoplasm in which centrioles are embedded in the centrosome. Then soon the
nucleus which is haploid in nature is surrounded by rings or circles developed by
the arrangement of Golgi bodies, mitochondria ER and centrosome. The entire
circular rings thus formed can be labelled as Balbianic vitelline ring or yolk
nucleus. Yolk nucleus may either surround the original nucleus of the developing
ovum containing the chromosome, or may lie adjacent to it.

The presence of yolk nucleus can be observed clearly in young oocytes.
The entire organelles of yolk nucleus such as golgi bodies, mitochondria,
centrosome etc. disperse through the cytoplasm and disappear leaving a
number of granules at their places. These granules or globules are the yolk
granules or yolk globules. In some species yolk may possibly be synthesized
by the oocyte itself, it ordinarily is produced elsewhere (in the liver, in
vertebrates) and is transported in a soluble form via the blood stream to the
ovary. The yolk may be of any of the following types:

Proteid yolk
Carbohydrate yolk or
Fatty yolk.

Changes in the Nucleus

No conspicuous changes have been traced upto the formation of primary
oocyte. After its formation a sequence of changes has been observed. When
the oogonial cells enlarge in size to enter the phase of growth or vegetative
phase and form the primary oocytes, the chromatin material assumes definite
chromosomes. The free ends of all the chromosomes then arrange themselves
in such a precise manner that they face towards one pole.This stage is called
the bouquet stage. The chromosomal threads which constitute the bouquet
arrangement are also known as leptotene threads. The leptotene threads
now conjugate to give rise to the haploid number of bivalents. At the same
time, numerous side branches or side loops are developed by the chromosomes.
Such chromosomes bearing side loops are called lampbrush chromosomes.
These loops give shaggy appearance to the lampbrush chromosomes. These
looping and stretching favour the synthesis of messenger RNA to promote
the synthesis of protein.

Nucleolus also plays an important role in the synthetic activity taking
place in the nucleus. The small nucleus may give rise to several nucleoli by
fragmentation and budding. All these nucleoli come to lie near the nuclear
membrane. Due to these changes, the outline of nucleus becomes irregular
which shows sac-like protrusions into which lie nucleolar fragments from
where they pass out into the cytoplasm.
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15.2.4 Egg Membranes
With the exception of those of a few marine invertebrates, egg cells come to be
surrounded by one or more membranes. These are classified with reference to
their origin as given below:

Primary Egg Membrane
It is the innermost membrane of the egg which is secreted by the egg itself
during oogenesis. It is also called the vitelline membrane. The vitelline
membrane is formed by the hardening of the outer peripheral layer of cytoplasm
of the oocyte. It is usually thin and transparent and is closely applied to the
surface of the ovum. Biochemically it has mucopolysaccharides and fibrous
proteins. Sometimes, it is the only egg membrane present in hydra, earthworm
and in mammals (placentals).

Secondary Egg Membrane

More commonly outside the primary vitelline, are present secondary and
tertiary membranes. The secondary membrane is formed by the accessory or
follicular cells of the ovary closely associated with the egg. The membrane
which is secreted by the ovary is called the chorion and is chitinous shell like
present in insect eggs, cyclostomes, and certain cephalopod eggs. In certain
cases where it is tough, is provided with one or more than one aperture or
micropyles for the entry of sperms. There are no secondary membranes around
the eggs of urodeles, reptiles, and birds. Nor is there a true membranous
envelope around the mammalian egg, but the cells comprising the ovarian
follicle, within which the mammalian egg lies, are ovarian in origin.

Tertiary Egg Membrane

In the eggs of frogs, reptiles, birds and oviparous mammals, secondary egg
membrane is enveloped by another hard or gelatinous material which
constitutes the tertiary egg membrane. It is secreted by the special glands
associated with oviducts. It is secreted by the special glands associated with
oviducts. It is secreted only after the egg has left the ovary. In frog, it is made
up of four to six gelatinous rings. In reptiles, birds and egg-laying mammals,
the albumen shell membranes and white hard calcareous shell are outstanding
examples of the tertiary egg membranes. These are secreted by the inner wall
of the oviduct. Tertiary egg membranes are lacking in mammals with the
exception of the Prototheria.

Function of Egg Membranes

The egg membranes perform a variety of functions as given below:
1. The egg membranes protect all the contents egg or developing embryo

from the adverse effect of environmental factors like temperature,
humidity, light, pH, mechanical shocks and injuries.

2. In those cases where the eggs are laid in water the egg membranes play
an important role in buoyancy.

3. In polylecithal eggs the albumen (white part of egg) provides additional
source of nourishment.
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4. In some forms like tunicates belonging to urochordates, the egg membranes
prevent self fertilization.

5. In most of cases the egg membranes do not allow more than one sperm to
entered the egg thereby prevent the polyspermy.

Table 15.1: Comparison between Spermatogenesis and Oogenesis

Spermatogenesis Oogenesis
1 It occurs in the seminiferous tubules It occurs in the germinal epithelium of

of testis. ovary.
2 Growth phase is of short duration. Growth phase is of long duration.
3 Spermatogonia grow twice the size of Oogonia grow several times and

their own and converted into primary become primary oocytes.
spermatocytes.

4 Maturation includes two complete Maturation division includes 1st
divisions 1st meiotic and 2nd meiotic meiotic as well as 2nd meiotic division,
divisions. Here karyokinesis is strictly in both of these karyokinesis is not
followed by cytokinesis. followed by cytokinesis.

5 From haploid a single spermatocyte From a single oocyte one haploid ootid
four haploid spermatids are produced. is formed.

6 Polar bodies are not formed (total Two polar bodies are produced of which
number of polar bodies = 2) 1st polar body usually splits into two

bodies (Total number of bodies = 3).
7 Spermatids are transformed into sperms Ootids undergo normal changes and

and the related process is called morphologically similar ova are
spermiogenesis or spermateleosis. produced.

Fig. 15.1: Eggs of Amphioxus

15.2.5 Eggs of Various Animals

Egg of the Amphioxus

The eggs are 0.2 mm in diameter. Before maturation, the large nucleus is
roughly 0.05 mm in diameter and displaced well towards the animal pole.
The cytoplasm consists of a thin outer layer relatively free from yolk and
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probably containing mitochondria. The rest of the cytoplasm contains yolk fairly
uniformly distributed. The egg is, therefore, classed as micro-lecithal and
telolecithal. There are no egg envelopes except a vitelline membrane.

Egg of the Frog

The diameter of the egg is 1.7 mm (Rana pipiens) and contains a large nucleus
before maturation. There is a thin outer layer of the cytoplasm, containing
granules of pigments in the animal hemisphere. Pigments are also found around
the nucleus. The yolk is most highly concentrated and forms large platelets in
the vegetal hemisphere, grading into finer and smaller platelets in the animal
hemisphere. These eggs are classed as moderately telolecithal and
mesolecithal.

Fig. 15.2: Amphibian Ovum

Egg of the Chick

The hen’s egg is extremely telolecithal. The cytoplasm, with the nucleus in
its centre, forms a small germinal disc upon the great mass of yolk. This yolk
is arranged in concentric layers of yellow and white material around a central
mass of white yolk, called the latebra. From latebra, a stalk of white yolk
(the neck of latebra) extends upward and spreads outward as the isthmus of
pander. There is a germinal disc resting on this isthmus. The yolk and germinal
disc are surrounded by a delicate vitelline membrane (primary). This in turn is
surrounded by the albumen, a viscous tertiary membrane twisted spirally from
left to right, starting from the broad end of the egg.

There are several layers of the albumen, of different densities. The denser
albumen next to the vitelline membrane is prolonged into two spirally twisted
cords, the chalazae, one at either end of the yolk. The albumen is in turn
surrounded by two pardiment like shell membranes of which the inner one is
the thinner. These two are separated at the blunt end of the egg, thus forming
the air chamber. The egg shell is a calcareous deposit upon the outer shell
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membrane. Its colour is due to bile pigments of the hen. It is porous, a fact that can
easily be demonstrated by injecting glycerine into the egg by means of a hypodermic
needle. The germinal disc is about 4 mm in diameter, the yolk about 40 mm. The
size of the egg as a whole varies widely, depending on the amount of albumen
deposited around the yolk. Gaint and dwarf eggs are sometimes recorded.

In the hen’s egg, double and triple yolked eggs are known, as well as those
which have no yolk at all. A very strange abnormality is known as the “ovum in
ovo”, where one egg is formed around another. The eggs of birds are either male
producing or female producing, a statement based primarily on evidence from
genetics but confirmed by direct cytological observattion by Suzuki and others.

Fig. 15.3: Hen’s Egg

The Human Egg

Like those of other placental mammals, the human egg is very small with its
diameter being about 0.13 mm. No yolk is demonstrable in the egg (Gatenby
and Aykroyel, 1940). There is a delicate vitelline membrane surrounded by a
thick zona pellucida, which is a clear homogenous layer and is probably a
secondary envelope. When the egg is first discharged from the follicle, the
zona pellucida is still surrounded by a layer of follicle cells which make up the
corona radiata. The corona scon disintegrates or is stripped off the egg. The
work of Hartman indicates that the life of the egg, or at least the period in
which it can be fertilized, is probably not more than 24 hours in man since it
does not exceed three days in the monkey.

Check Your Progress

1. Give outline of oogenesis.
2. Name the cell organelles taking part in vitellogensis.
3. How many egg membranes are found in animals?
4. Describe the functions of egg membranes.
5. What is the role of lampbrush chromosomes in developing oocyte?
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15.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Oogenesis is the process occurring in germinal epithelium of ovary and
produces ova. The process splits into three phases and results ova.
Each oogonium gives rise to one ovum.

2. There are three types of cell organelles: Golgi complex, mitochondria, and
endoplasmic reticulum taking active part in vitellogenesis.

3. In animals the mature ovum or developing oocyte is surrounding by as
many as three egg membranes, primary, secondary and tertiary egg
membranes.

4. The egg membranes perform a variety of functions but essentially perform
one function in common i.e., the protection from adverse effects of
environmental factors like temperature, humidity, light, pH, mechanical shocks
and injuries. In some help in buoyancy, and also preventing polyspermy.

5. Lampbrush chromosome plays a vital role in vitellogenesis.

15.4 SUMMARY

Oogenesis is the process forming ova. The diploid cells of germinal epithelium of
ovary undergo oogenesis and produce haploid ova. The process of oogenesis is
completed in three phases: phase of multiplication, phase of growth, and phase of
maturation. A single oogonium gives rise to one ovum, whereas in testis a single
spermatogonium gives rise to four sperms. Two polar bodies are produced during
the process. 1st polar body and the second polar body. By the time 2nd polar
body is formed the 1st polar body divides independently into two. Thus in all three
polar bodies are seen in the developing oocyte. Lampbrush chromosomes become
visible during vitellogenesis. There may be as many as three egg membranes,
primary, secondary and tertiary performing different functions.

15.5 KEY TERMS

Bouquet stage: When the oogonial cells enlarge in size to enter the phase
of growth, the chromatin material assumes definite chromosomes. The
free ends of all the chromosomes arrange themselves in such a precise
manner that they face towards one pole. This stage is called the bouquet
stage.
Corpus luteum: During ovulation, blood fills up the space formed after
liberation of ovum from the ovary and soon a yellow coloured corpus luteum
appears there.
Ovulation: It is the liberation of mature ovum from ovary to the body
cavity.
Polar body: It is the expulsion of the nuclear material from the developing
oocyte.
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15.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What are polar bodies?
2. What are the vitelline rings or yolk nucleus?
3. Which one is the most flexible and delicate egg membrane?
4. At what stage meiosis occurs in developing oocyte?

Long Answer Questions
1. Write an essay on oogenesis.
2. Write down the egg membranes including their origin and function.
3. Write notes on the vitellogenesis.
4. Describe the ova of different groups of animals.

15.7 FURTHER READING

Coral A. Erickson, Leon W. Browder, and William R. Jeffery.
Developmental Biology.
Dettlaff T.A., and Vassetzky. Oocyte Growth and Maturation.
Giovanni Coticchio, David F. Albertini, Lucia De Santis. Oogenesis.
Hannah Peters. Mammalian Oogenesis.
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18.0 INTRODUCTION

During the life time of an organism many changes occur within the body.
Many cells are destroyed and new ones take their places. Many growth
processes occur which compensate for the loss of the cells. The organisms
possess the ability to repair more or less damage incurred by the body either
accidentally in natural conditions or wilfully imposed by the experimenters.
The damage repaired may be wound which partially destroys the tissues of
the animal’s body or the damage may involve the loss of an organ of the
larger part of the body and these can sometime be renewed and this process
of repairing is known as regeneration. Thus we see that all living beings
possess in varying degrees the faculty of regrowing or regenerating certain
parts of their anatomies that have been removed. This regenerative faculty
plays an important part in nature and has been the subject of innumerable
experiments since naturalists in the eighteenth century first remarked on it.

Regeneration is a fundamental phenomenon of life. Regeneration is
indispensable for the survival of the organism. Richard L. Gross has described
it aptly as “If there is no regeneration there could be no life, if everything  is
regenerated there would be no death, all organisms exist between these two
extremes.” Among animals the power of regeneration was first discovered in
Hydra by Abraham Trembley.

18.1 OBJECTIVES

After going through this chapter, you will be able to:
Understand the meaning of regeneration.
Describe the process of regeneration.
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Discuss the tpes of regeneration.
Describe the histological process concerned in regeneration.

18.2 HISTOLOGICAL PROCESS CONCERNED
IN REGENERATION

Regeneration involves a series of complicated histological transformations in
the stump of the ampulated organ, and later in regeneration blastema as shown
in the following lines:

18.2.1 Wound Healing
The amputation results the immediate emergence of tissues and cells lying
normally in the interior of the body on the surface. During their movement
some of them are squashed and destroyed; others become damaged by
exposure to an unfavourble environment. By this way the surface of the wound
is covered with the debris of dead cells. If the effected part is provided with
blood vessels, the blood from the damaged vessels flows on to the surface of
the wound and coagulates there to block the passage or to check the flow of
blood to outside the body.

Thereafter the exposed part of wound develops an epithelial covering.
Skin epithelium spreads over the wound surface, penetrating underneath the
blood clot, between it and the intact living connective tissues. The spreading
of the epithelium is due to the amoeboid movement of the cells. The cells do
not undergo cell division or mitosis in the epithelium at this time. The time
needed for covering process of the wound depends upon the size of the
regenerating animals and external temperature. In the larva of Salamander,
after the amputation of a leg, the wound becomes closed by the epithelium in
about 1-2 days.

In invertebrate the open surface of the wound is covered by the
contraction of the sub-epidermal muscle layer.

18.2.2 Dedifferentiation
When the exposed surface of wound is covered then there occurs
dedifferentiation of the tissues adjoining the cut surface. This is a very
important step in the process of regeneration. In vertebrates, the intercellular
matrix of bone and cartilage becomes dissolved, and the cells come to lie
freely under the epithelium which has covered the wound. Then there is a
disinte-gration of connective tissue fibres and thus the components become
morphologically indistinguishable. The myo-fibrils of the muscles disappear,
and the nucleocytoplasmic ratio greatly increases. This indicates that the
muscles also undergo dedifferentiation. The cells of dedifferentiated tissues
become similar in appearance to the embryonic cells.

18.2.3 Metabolic Changes
The next important change has been seen in the metabolism of the regenerating
tissues. The amount of free amino acids is increased due to the increase in the
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activity of the proteolytic enzymes, mainly cathepsin and dipeptidase. This
is the destructive phase of regeneration. Another important metabolic change
is the anaerobic glycolysis. It results an accumulation of lactic acid in the
tissues thus lowering the pH from the normal 7.2 to a minimum of 6.6 at the
time when a limb blastema is being formed.

Fig. 18.1: Regeneration of a Limb. A–A Transverse Cut of the Limb; B–Formation of
Blastema; C–Stopping of Dedifferentiation and Redifferentiation of Tissues;

D–Regeneration Complete.

18.2.4 Blastema Formation
Next step is the formation of the blastema or regeneration bud. This is due
to the accumulation of dedifferentiated cells under the epithelial covering of
the wound; and together with it they form the regeneration bud. There are
two schools of thoughts giving the origin of cells of the regeneration bud.
According to one school, the cells of bud or blastema are derived from the
tissues immediately adjoining the wound surface. And according to the other
school, the blastema is derived from cells migrating to the regeneration site
from more or less distant parts of the body by amoeboid movement or brought
there with the blood stream.

18.2.5 Redifferentiation and Morphogenesis
The process of dedifferentiation reaches its peak at the time of the formation
of regenerating blastema and the bud attains a certain size, dedifferentiation
ceases, and growth catches up with mitosis and the blastema enters a very
distinct period of growth. The growth rate is at its highest after the formation
of blastema, and subsequently the growth rate diminishes, at the same time
redifferentiation of the cells of blastema begins. Cartilage, muscles and other
cells sort out according to their kind to redifferentiate directly into bones,
muscles and skin of the amputated arm or organs. So it is concluded here that
the process of histological differentiation taking place in the regeneration parts
are, as a rule, similar to those occurring in normal ontogenetic development.

18.2.6 Types of Regeneration
The ability to regenerate the lost part varies from animal to animal. The lower
animals have greater regeneration power than the higher vertebrates where
this ability is restricted to the wound healing. For example, if we cut the body
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of Planarian (flatworm) into several parts each part will differentiate in a series of
steps and regenerate into a complete organism. Other multicellular organism, such
as the Salamander possesses a more restricted ability to regenerate. If the forelimb
of a Salamander is amputated at any level upto the shoulder, growth from the
surface of the remaining part will replace the lost one. And if, however, a frog’s
limb is amputated at any level, the skin simply heals over the wound and there is no
replacement of the lost structure. Similarly, regeneration manifested in reptiles,
birds and mammals is quite limited and confined more to the wound healing. In
considering the differences in the regeneration, i.e. capacity, following categories
have been chalked out:

Reparative Regeneration
It is evoked by an external agent, such as wounding. It may be repairation of
various components of an organ or regeneration of various components of an
organ or regeneration of various organs or parts of the whole organism, or it
may be regeneration of an entire organism from a detached part.

Morgan in 1901 distinguished following two basic types of regeneration:
Epimorphic regeneration or epimorphosis. This type of regeneration
is exemplified by the renewal of limbs in Salamanders and the replacement
of the broken tail of the lizard. In Salamanders, if a limb is amputated, it
can be regenerated within few weeks. The regenerated organ is thus an
addition to the other parts of the animal’s body. It is the common type of
regenerating found in higher animals.
Morphallactic regeneration or morophollaxis. In this type of
regeneration the new individual is produced not by addition of parts to
the residue of the animals’ body but by remodelling the entire available
mass of cells into a new whole animal. For example, a small section of
the body of Hydra, comprising as little as 1/200 part of the original
individual, can regenerate a complete whole animal. This type of repair
involving a reorganization of the remaining part of the body of an animal
is known as morphollaxis or morphallactic regeneration. It is
exhibited by lower animals such as Planaria, Hydra, ascidian and
Balanoglossus.

Super Regeneration

The development of a superfluous number of organs or parts of the body, (heads,
tails, limbs) as a result of regeneration, is known as super-regeneration. In
Planaria, a lateral incision may cause the development from the wound surface of
either a new head or a new tail, or both. If both a head and a tail are regenerated,
the head develops that portion of the wound surface which faces anteriorly. The
tail, on the other hand, develops from the wound surface facing posteriorly. Similarly
lateral incisions near the head end of the earthworm give rise to additional heads;
incisions in the middle part of the animal cause the development of both heads and
tails; while incisions in the posterior part of the body result in the formation of tails
only. In these cases the regenerated parts are additional and, therefore, superfluous
to the animal.
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Physiological Regeneration

Physiological regeneration is the periodic renewal of tissues such as the blood
tissue, glandular tissues, intestinal lining, uterine lining, skin, nails, hair, and so forth.
In man the red blood-cells live on average 100-120 days, some 200,000 per
cubic centimetre of blood being destroyed every minute. The white blood-cells
live for only a few days. Human skin consists of two layers: one the protective
outer layer called the stratum corneum, and the other, deeper, called the
Malpighian layer in which active cell-division takes place. The outer layer
continually wears away (desquamates) and is replaced by cells from the inner
Malpighian layer. The antlers of the stag fall every year and are replaced by still
larger antlers.

Faulty Regeneration

It is also known as hetermorphosis or heteromorphic regeneration. When a
different organ develops form the one that has been removed, the phenomenon is
called heteromorphosis or heteromorphic regeneration. For example, in the
shrimp Palinurus, the eye may regenerate after being removed if the cut be made
through the eye stalk, just proximal to the eye and distal to the nerve ganglion. It
may be remembered that the ganglion lies at the base of the stalk, the ganglion is
removed together with the eye, and the eye will not regenerate. A regeneration
bud is definitely formed, but instead of the lost eye, it gives rise to an antenna like
organ.

Among the insects of order Phasmida—creatures which resemble little sticks
of wood—the amputation of the antenna may be followed by the regeneration of
minute leg, comprising a tibia and a tarsus with four joints. This heteromorphosis,
as Lucien Cuenot has observed, takes place when the antenna is cut off at a
specific level, more precisely when it is cut off at the second joint.

Check Your Progress

1. Define the term regeneration.
2. What is epimorphic regeneration?
3. Name the part or organs of human being undergoing physiological

regeneration.
4. Regeneration involves a series of complicated histological changes,

name all of those serially.

18.3 POLARITY OF REGENERATION

Normally, the organisms have a definite polarity similar to the animal-vegetal
polarity of the eggs. For example, the body of a Hydra is divisible into upper
hypostome, provided with tentacles, middle long body, and lower base for
attachment. If the body of Hydra is cut into two parts, it is reported that one
part develops the tentacles and other regenerates the basal part. It shows a
distinct polarity in Hydra as the upper end of piece forms tentacles, the lower end
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a base. This polarity depends upon the metabolic rate and oxygen input. By changing
the oxygen supply at either ends of the piece of Hydra its polarity can be changed.
If we place a piece of Hydra in a chamber which is divided into two parts having
different concentration of oxygen. The anterior part of the piece which has to
develop tentacles is levelled as t1 and posterior part that has to regenerate the
basal part is labelled as b1. If t1 part gets greater oxygen, it regenerates tentacles
but if oxygen supply to b1 part is increased and that of t1 is reduced, reverse
polarity is observed. In this case b1 develops tentacles and t1 develops basal part.
Thus it is proved that the polarity in regenerating parts depends upon the metabolic
rates of either ends of cut pieces.

Fig. 18.2: The Normal Polarity of a Hydroid and the Reversal of Polarity by
Experimental Treatment. Top: A Hydroid it cut into Two Equal Parts. Each Part

Retains the Polarity of the Original Hydroid and Regenerates a Base and a Set of
Tentacles. Bottom: The End t1, which would Normally Form a Set of Tentacles, is

Treated with a Low Concentration of Oxygen and Forms a Base; the end b1 which
would Normally Form a Base, is Treated with a High Concentration of Oxygen and

Forms a Set of Tentacles. Polarity is Reversed by Other Chemical Treatments

18.3.1 Factors Controlling Regeneration
As already stated, regeneration is the ability of an organism to regain the lost parts.
There are many external and internal factors controlling regeneration. Some of
them are discussed below:

1. Temperature. Temperature controls the rate of regeneration. If the
temperature is too low, the regeneration process either does not occur
or it is very slow. The increase of temperature upto a certain limit
acclerates the regeneration process. But a too high temperature is lethal
for all regeneration processes.

2. Food. Food does not show any remarkable effect on regeneration
because even the fasting animals regenerate at the expense of their own
internal resources. However, the enough quantity of food accelerates the
regeneration to a certain extent. Morgan cut the Planaria lugubris
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lengthwise into right and left halves. He provided abundant food to left half
while the right half was left entirely without food. Both halves regenerated.
The difference in regenerated organism was reported in their size after the
completion of the process.

3. Oxygen. It initiates the process of regeneration. The amount of oxygen
supply affects the rate of regeneration. In hydroid colonies, the length
of the hydranth blastema increases with increased concentration of
oxygen. In the absence of oxygen it does not occur.

4. Age. The power of regeneration usually diminishes with increasing age.
Among the vertebrates, there appears to be a progressive loss of
regeneration power with increasing age. It is a well-known fact that
bone fractures and skin wounds heal in a child much more rapidly than
in an elderly person. This phenomenon may be explained by a hypothesis
that aging tissue simply losses the ability to respond to the regeneration
promoting chemical substance released by the cut nerves.

5. X-rays. X-rays are found to retard or stop the process of regeneration
because they are known to inhibit or suppress the mitotic activity of
cells. However, the inhibiting effect of X-rays depends upon the amount
of irradiation administered. Although there may be some individual
variation, yet a dose of 5000 to 7000 rontgen suppresses regeneration
in every case. An irradiated regeneration blastema does not grow. Instead
of developing the skeleton and muscle of the limb, it becomes filled
with connective tissue.

6. Nervous system. The nervous system appears to have a special influence
on regeneration. In amphibian the early stages of regeneration cannot
proceed normally in the absence of an adequate nerve supply to the
region of the wound. If the nerves supplying the leg or the arm of a
newt are destroyed simultaneously with amputation of the limb or during
the early stages of regeneration, the development of the regenerating
limb is arrested, and the blastema ceases to grow or may even be
resorbed.
The influence of the nervous system on regeneration is by no means
restricted to the regeneration of limb in amphibians. It is very obvious
in annelids and also in other animals.
In broad way the function of the nerve in regeneration is two folds. In

the young larval Salamander  the nerves check dedifferentiation and prevent
complete resorption of the limb stump, whereas in adult Salamanders the
nerves promote dedifferentiation. In both of the cases the nerves are necessary
for regeneration. The general conclusion is that nerves act through a control
of dedifferentiation. In the young larva, the nerves, check this process before
it goes too far, and in the adult the nerves stimulate dedifferentiation. Thus,
the nerves stabilize dedifferentiation at the correct condition for regeneration.
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Check Your Progress

5. What is the meaning of polarity in animals?
6. Describe the polarity of regeneration.
7. Give the list of factors controlling regeneration.
8. Write down the influence of nervous system on regeneration.

18.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Regeneration is the recovery or repair of damaged or lost part of the body.
In lower animals it is the replacement of the body part or parts whereas in
higher animals it may be restricted to the healing up only.

2. Epimorphic regeneration involves formation of a blastema, a mass of
undifferentiated cells capable of giving rise to the regenerated tissues.
Examples: Urodel amphibians can fully regenerate their limbs, tail, jaws,
and retina via epimorphic regeneration.

3. Physiological regeneration is the periodic renewal of tissues such as
blood tissues (RBCs are replaced once in 100-120 days), glandular
tissues, intestinal lining, uterine lining, skin, nails, hair and so forth.

4. Regeneration involves a series of complicated histological trans-
formations such as wound healing, dedifferentiation, metabolic changes,
blastema formation, redifferentiation and morphogenesis.

5. Every organism has a definite polarity similar to the animal-vegetal
polarity of the egg. Likewise the body of Hydra is divisible into upper
hypostome, middle long body, and lower base.

6. The polarity of regeneration can be defined on  the basis of regeneration
ability that varies from one end of the body to the other. The regeneration
ability in Hydra is greater in upper part and minimum in the basal region.
It also depends upon the metabolic rate. The part of regenerating body
has higher metabolic rate will regenerate the anterior lost parts and
similarly the other end develops the lower parts of the body.

7. There are several factors controlling regeneration. These are
temperature, food, oxygen, age, x-rays and nervous system etc.

8. The nervous system appears to have a special influence or regeneration.
In amphibians the early stages of regeneration can not proceed normally
in the absence of an adequate nerve supply to the region of wound. The
denervated part fails to regenerate.

18.5 SUMMARY

Regeneration is the repair or recovery of damaged or lost part of the body.
All living beings possess in varying degrees, the faculty of regrowing or
regenerating certain parts of their anatomies that have been removed. In animals
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the power of regeneration was first discovered in Hydra by Abraham Trembley.
Regeneration involves a series of complicated histological transformations: wound
healing, dedifferentiation, metabolic changes, blastema formation redifferentiation
and morphogenesis. The ability to regenerate the lost part varies from animal to
animal. The lower animals have greater regeneration power than the higher
vertebrates where this ability is restricted to the healing up only.

There are several types of regeneration: reparative regeneration, (epimorphic,
morphollaxis), super regeneration, physiological regeneration and faulty
regeneration. Normally, the organisms have a definite polarity similar to the animal-
vegetal polarity of the egg. The rate of regeneration varies from one pole to other,
depending upon the metabolic rate. There are several factors controlling
regeneration: temperature, food, oxygen, age, x-rays and nervous system etc.

18.6 KEY TERMS

Morphollaxis: It is the regeneration by the transformation of existing body
tissues.
Neurohormones: A hormones such as vasopressin, or nor-adrenaline
produced by nerve cells and secreted into the circulation.
Regeneration territory: All related parts of an organ constitute one unit
or zone or region, such a unit is called regeneration territory.
Super-regeneration: The development of a superfluous number of organs
or parts of the body (heads, tails, limbs) as a result of regeneration is called
super regeneration.

18.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What is reparative regeneration?
2. Describe the super regeneration.
3. What do you mean by blastema formation?
4. Write down the effects of age, x-rays and nervous system on regeneration.

Long Answer Questions
1. Write an essay on regeneration.
2. Write notes on the types of regeneration.
3. Describe the histological process concerned in regeneration
4. Discuss all the factors controlling regeneration.
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18.8 FURTHER READING

Brigitte Galliot. Mechanisms of Regeneration.
Pat Barker. Regeneration.
Richard J. Goss. Principles of Regeneration.
Walter Siegmeistor. Science of Regeneration: Physiological Methods of
Male and Female Regeneration.
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26.0 INTRODUCTION

A fate map is the diagrammatic representation of an egg or blastula, indicating
the fate of each cell or region of developing embryo. In most ontogenetic
experiments the fate maps are proved to be an essential tool. It provides
information that which part of the developing embryo will become which
part or structure in larva or adult. The term prospective or presumptive is
used in fate maps and relevant text to denote what a specific region will
become as the embryo grows older.

26.1 OBJECTIVES

After going through this chapter, you will be able to:
Understand the meaning of fate map.
Describe the methods of construction of fate maps.
Know the natural as well as artificial markings.
Know the various prospective or presumptive areas.

26.2 CONSTRUCTION OF FATE MAP

In animals specially the chordates the fate maps have been constructed by the
following methods.

26.2.1 Natural Marking
In lower organisms where the developing embryo has limited number of cells
which remain close to one another, it has been possible to look through the
microscope and trace the descendants of a particular cell to the organ they
subsequently formed. In nature it is studied on the basis of differences in
pigmentation in different parts, as Edwin G. Conklin (1905) studied in tunicate
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(Styela partita) where different cells contain different pigments. Thus in such
organisms, the muscle forming cells alway appear yellow.

In most of chordate embryos this type of cellular transparencies and natural
pigmentation do not occur. In such cases artificial methods have been used to
mark the various prospective or presumptive areas. It was in1929 that Vogt was
able to trace the different areas of amphibian eggs by applying vital dyes. These
vital dyes stain–the embryonic cells without killing them. Artificial methods involves
the following three procedures:

By Vital Stains
This method was devised by Vogt (1925). This method consists of a piece of
agar soaked in a vital dye (Nile blue sulphate, neutral red, Brismark brown)
which is then applied to the surface of the embryo in the necessary position.
The dye diffuses from agar, and in a matter of minutes the cells of the embryo
to which the agar has been applied take up sufficient dye to produce a stain
on the surface of the embryo. By this way marking can be done without
removing the vitelline membrane, since it is permeable to the vital dyes, and
so the embryo continues to develop normally. The normal development of the
embryo does not change by the presence of vital dyes and the position of the
stained cells in the differentiated embryo clearly shows the fate of the stained
areas. Sometimes several stains are used for making the surface of the embryo
in different colours such as red, blue, brown etc. Now-a-days, cellophane is
recommended by many workers, which can be used as stain carrier instead of
agar. Cellophane is proved more convenient than agar, as it comes in the sheets
from which it is easy to cut out pieces of the desired size and shape.

Fig. 26.1: Showing Fate Map
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By Carbon Particles

The cells of the developing embryo can be marked by another method,
independently of vital staining. This method has been devised by Spratt (1946).
In this method tiny particles of carbon are applied to the surface of the embryo.
These particles stick to the surface of cells and can thus be used as markers
enabling the investigator to follow the movement of the cells and draw up
fate maps.

By Radioactive Metabolite

Recently radio active labelling of blastomeres to ascertain their prospective
destiny, has been successfully employed. Tritiated thymidine is the one of the
commonly used radio active markers in the construction of fate map. It is
permanently incorporated into DNA and can give cell to cell labelling wherever
DNA synthesis occurs. Thus fate maps have very significant role in the clear
understanding of gastrulation and represent of what particular areas of an
egg or the blastula are destined to become.

Fig. 26.2: Map of the Presumptive Areas of the Invaginated Layers of the Chick
in the Primitive-Stack Stage

26.2.2 Avian Fate Map
The fate map for the avian embryo is restricted to the epiblast. That is to say,
the hypoblast does not contribute any cells to the developing embryo. Rather,
the hypoblast cells favour portions of the external membranes that help to
nourish and protect the embryo. All three germ layers of the embryo proper
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and considerable amount of extra embryonic membranes are formed from the
epiblastic cells. The avian fate map shows the various presumptive or
prospective area. The presumptive notochordal cells are centrally located
between the anterior presumtpive endoderm and the posterior presumptive
endoderm. Another prospective areas are: a broad band of presumptive
lateral plate mesoderm, two narrow lateral bands of presumptive somatic
mesoderm, a large area of presumptive neural plate. The presumptive
ectoderm surrounds the other areas on all sides except the posterior. Outside
the embryonic ectoderm or epidermis there is extra embryonic ectoderm
that forms extra embryonic membranes and blood vessels or area vasculosa.

Check Your Progress

1. Define the term fate map.
2. Who was credited for using vital dyes in the construction of fate map?
3. Draw a labelled diagram showing a fate map of the early embryo of

chick.
4. Describe the radioactive labelling of blastomeres.

26.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. A fate map is the diagrammatic representation of an egg or blastula,
indicating the fate of each cell or region of developing embryo.

2. Vogt (1925) was credited for using vital dyes in constructing the fate
maps.

3. See the text.
4. Radioactive labelling of blastomeres to ascertain their prospective distiny

is successfully employed. A donor embryo is taken and grown in a
solution containing radioactive thymidine. This base is subsequently
incorporated into the DNA of the dividing embryo. A second embryo,
acting as the host embryo, is grown under normal condition. The region
of interest is cut off from the host embryo and is replaced by a radio-
active graft from the donor embryo. The cells that are radioactive will
be the descendants of the cells of the graft, and are distinguished by
autoradiography.

26.4 SUMMARY

A fate map is the diagrammatic representation of an egg or blastula, indicating
the fate of each cell or region of developing embryo. In most ontogenetic
experiments the fate maps are proved to be an essential tool. It provides
information that which part of the developing embryo will become which
part or structure in larva or adult. The fate map of organism is helpful in
tracing the morphogenetic movements of the cells and the ultimate positions,
they take up. Fate maps can be observed in natural conditions in some tunicates
depending upon the presence or absence of pigmentation. By using vital dyes,
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carbon particles or radioactive materials the various areas can be marked. These
are the prospective or presumptive areas.

26.5 KEY TERMS

Blastoderm: The layer of cells that develops on the surface of the yolk in
the avian egg and gives rise to the germinal disc from which the embryo
develops.
Epiblast and hypoblast: In germinal disc–the upper layer is the epiblast
and lower one is the hypoblast.
Prospective areas: The various areas marked out with the help of vital
dyes or other artificial means are called the prospective or presumptive
areas.

26.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the term fate map.
2. Who was credited for constructing the fate map with the help of carbon

particles.
3. Name the vital dyes that can be used in the construction of fate maps.
4. Draw a labelled diagram of avian fate map.

Long Answer Questions
1. Write an essay on the avian fat map.
2. Describe the natural as well as artificial methods used for constructing

the fate maps.
3. With the help of labelled diagram explain the avian fate map.
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