Cell and molecular Biology

Introduction to the Cell

Dr. Ravi Toteja
Sr. Lecturer in Zoology
Acharya Narendra Dev College
University of Delhi
Kalkaji, Govindpuri
New Delhi – 110 019

Contents:
INTRODUCTION
HISTORY
Cell Size and Shape
Prokaryotic or Eukaryotic
Plant Cell and Animal Cell
VIRUSES, VIROIDS AND PRIONS
Viruses replication
Lytic cycle
Lysogenic cycle (Temperate Phages)
MOLECULES OF THE CELLS
Polysacchrides
Lipids
Proteins
Nucleic Acids (DNA and RNA)
CARBOHYDRATES
Monosaccharides
Polysaccharides.
Disaccharides
LIPIDS
Triglycerides
Fatty acids
Saturated and Unsaturated Fat
Phospholipids
Steroids
Cholesterol
Waxes
Proteins
Nucleic acids
DNA & RNA
COMPONENTS OF THE CELL
The Cell Membrane
The Cell Wall
The Nucleus
Cytoplasm
Vacuoles and vesicles
Ribosomes
Endoplasmic reticulum
Golgi Complex
Lysosomes
Mitochondria
Plastids
Chloroplasts and endosymbiosis
Cell Movement
MODEL ORGANISMS
Bacteriophage, Bacteria, Giardia, Saccharomyces cerevisiae (Baker’s Yeast)
Caenorhabditis elegans (Nematode worm), Drosophila melanogaster (The fruit fly), Mouse,
Arabidopsis

2

INTRODUCTION
In this chapter let us enter into the fascinating world of “The Cell”, the basic unit of all lifeforms.
Life begins with the cell. The Cell itself can be an organism - unicellular or many cells combine to
form an organism - multicellular. Whatever may be the case, the cell is a structural, functional and
fundamental unit of a living organism. The cell can grow, reproduce, process information, respond
to external stimuli and carry out an amazing array of biochemical reactions. The cell in itself is
very complex, containing within it many fundamental secrets of life. That is why it has been a
subject of scientific study for the last 300 years. A lot is known but still much more remains to be
learnt about the cell.
HISTORY
The story of cell biology started to unfold more than 300 years ago, as
European scientists began to focus their crude microscope (Fig. 1) on
a variety of biological materials. Robert Hooke, the curator of
instruments for the Royal Society of London, used the microscope to
examine the pieces of cork. He saw a network of tiny box-like
compartments that reminded him of a HONEY COMB. He called
these little compartments “cellulae”, a Latin term meaning “Little
Rooms”. This is the root of origin of the modern day term for the
basic unit of life ‘the cell’. What Hooke had seen under the
microscope were not the actual cells but hollow spaces surrounded by
the wall of dead plant tissue.
Fig. 1: Microscope used by Robert Hooke to study the cork cells.

Few years later, a Dutch shopkeeper, Antonie van Leeuwenhoek with his superior lenses could
magnify objects about 300 times and he was the first one to observe living cells such as blood cells,
sperm cells and other unicellular organisms. This was the age of observations and qualitative
description and no impetus was given to understand the structure, functions and quantitative
calculations.
With the advancement of technology in field of optical instruments, in 1830s, it was now possible
to magnify as well as to resolve the objects by using a pair of lenses. With the help of such lenses,
English Botanist Robert Brown discovered the “Nucleus’. While observing plant cells, in 1838,
Mathias Schleiden, a German, proposed that all plant tissues are composed of cells and an
embryonic plant always arises from a single cell. Theodor Schwann, proposed the same thing for
animal cells. This was a major breakthrough in the world of the cell. This also formed the basis of
understanding and importance of cells and the science of cell biology was initiated. The essentials
of cell theory which can be put as:
1. All organisms consist of one or more cells.
2. The cell is the basic structural unit for all organisms.
A third tenet was added to it by German Physiologist in 1855, Virchow, who concluded that cells
arise by division of pre-existing cells and in Latin he said – “omnis cellula e cellula” which means:
•

All cells arise from the pre-existing cells, life begets life

Cell Size and Shape
The shapes and size of cells vary from one kind to another such as neurons are much longer and
parenchyma (a common type of plant cell) and erythrocytes (red blood cells) are nearly
equidimensional. Some cells are encased in a rigid cell wall, which restricts their shape as mostly in
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plant cells, while others have a flexible cell membrane (and no rigid cell wall) as in most animal
cells.
The size of the cells is also related to their physiological functions. Eggs (or to use the Latin word,
ova) are very large, often being the largest cells an organism produces such as ostrich eggs. The
large size of many eggs is related to the process of development that occurs after it is fertilized. The
contents of the fertilized egg (now termed a zygote) are used in a rapid series of cellular divisions,
each requiring tremendous amount of energy that is available within the zygote cells. Later in life
the energy must be acquired, but at first a sort of inheritance/trust fund of energy is used. Cells
come in a variety of sizes, shapes and forms. Bacterial cells range in length from 1 to 5 µm,
Eukaryotic cells ranges from about 10 to 30 µm, and cellular components are relatively still smaller
in size. Nucleus has a diameter of 5-10 µm and is 2 µm in length. Ribosomes and filaments are
found to range from 5 to 25 nm in diameter. (Fig. 2)

Fig. 2 : Various shapes, sizes and levels of organization of cells and their
components. (Two units of
measurement that are commonly used are µm (micrometer) and nm (nanometer). One µm = 10-6 meters and 1nm = 10-9
meters. Another commonly used unit is Angstrom (Ao) which is equal to one-tenth of a nm).

All Cells are Prokaryotic or Eukaryotic
The biological world has been classified to consist of two type of cells – Prokaryotic and
Eukaryotic Fig. 3. The most fundamental distinction between the two groups is that eukaryotic
cells have a membrane bound true nucleus [Eu in Greek means True or genuine, karyon means
nucleus], where as prokaryotic type of cells do not have true nucleus [ pro means ‘before’,
suggesting an evolutionary earlier form of life].
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The table illustrates the basic difference between prokaryotic and eukaryotic cells.

Fig. 3: Diagrammatic representation of typical Prokaryotic Cell and Eukaryotic cell.

S.No.

Property

1.

Size

2.

Membrane
bound nucleus
Organelles
Cytoskeleton
Exocytosis and
Endocytosis
Mode of Cell
division
Genetic
Information

3.
4.
5.
6.
7.

8.
9.

Prokaryotic Cell
Small (a few micrometers
in lengths or dia. in most
cases)
No

Eukaryotic Cell
Large (10-50 times the
length or dia. of
prokaryotes in most cases)
Yes

No
No
No

Yes
Yes
Yes

Cell fission

Mitosis and Meiosis

DNA Molecule complexed
with relatively few
proteins
little

DNA complexed with
proteins (Histones) to form
chromatin
much

Processing of
RNA
Ribosomes
Small 70 S
Large 80 S
(3 RNA Molecules and 55 (4 RNA Molecules
Protein)
about 78 protein)
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and

Plant Cell and Animal Cell
Eukaryotic cells are of two types : Plant cells and Animal cells. Differences between the two are
that plant cell contains chloroplast and vacuoles whereas these are absent in animal cells. Another
major difference is that a plant cell is enclosed by cell wall which is made of cellulose (Figs. 6 and
7). Whereas cell walls of prokaryotic consists of proteins and liquids.

Fig. 6: Diagram showing the structure of typical Animal Cell.

Fig. 7: Diagram showing the structure of typical Plant Cell.

VIRUSES, VIROIDS AND PRIONS
Viruses : - Earlier it was considered that bacteria is the only causative agent of many diseases. But
later on it was found that there are other class of infectious agents. This view came into picture
only after studying Tobacco mosaic disease in tobacco plants and foot and mouth disease of cattle.
These pathogens were named as viruses. Now we know numerous diseases such as – Chicken pox,
Influenza, Pneumonia, Polio, Measles, Rabies, Hepatitis, Common Cold and AIDS to name a few,
which are caused due to viruses.The common features of all viruses are that they all are obligatory
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parasites and cannot reproduce outside the hosts cell. Viruses are on the
border line of living and non-living because they can be crystallized and
outside the living cell they exist as particles – virions.The genetic material
of virus can be single or double stranded DNA or RNA and contains few
genes and uses cell machinery of the host cells for replication and protein
synthesis. Surrounding this genetic material is a protein capsule called the
capsid. Many viruses have a capsid whose subunits are organized into a
polyhedron – A typical polyhedron shape of viruses is the 20 sided
icosahedrons. Virus infecting the bacterial cells are called bacteriophages
Fig. 4: Diagrammatic representation of Virus (Bacteriophage).

DNA viruses

RNA Viruses

Pox virus

Influenza virus

Herpes virus

Rabies virus

Adeno virus

Polio virus

Wart virus

Rota virus

Parvo virus

HIV

Single Stranded DNA Viruses

Double Stranded DNA Viruses

Parvo virus

Pox virus

M 13

T4 Bacteriophage

174 Bacteriophage

Herpes virus
Adeno virus

Single Stranded RNA Viruses Double Stranded RNA Viruses
TMV

Reo virus

Polio virus
R17 Bacteriophage
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Viruses replicate mainly in two ways
•

Lytic cycle

•

Lysogenic cycle (Temperate Phages)

Lytic cycle: When the phage infects a bacterial cell, its DNA is replicated to produce multiple
copies of its genome (anything upto several hundred copies) and expresses genes that encode new
coat proteins. These events are highly coordinated to ensure new phage particles are multiplied
before the host bacterial cell is lysed and to release them free to infect further host cells a fresh
(Fig. 5).

Fig. 5: Diagram showing lytic and lysogenic mode of replication of virus

Lysogeny: In lysogeny, instead of being replicated, the phage genome is integrated into bacterial
genome and the coat protein genes are not expressed. In this integrated, repressed state, the phage
is called a prophage. The prophage is passively replicated as part of the chromosomal DNA and
therefore, both daughter bacterial cells are lysogens. The lysogenic state can be maintained in this
way for many generations but is also poised to switch to the lytic pathway. This switch is called
INDUCTION and involves excision of prophage from bacterial DNA and activation of genes to
make coat proteins and to regulate the lytic growth (Fig.5).
VIROIDS
Viruses are not the simplest type of infections agents. In 1971, T.O Diener reported that Potato
Spindle Tuber disease is caused by a small circular RNA molecule which totally lacks a protein
coat. He named it viroid. This RNA molecule circles are 300-400 nucleotides long and are
replicated in the host cells. It is still not known for certain as to how viroids are transmitted from
one host to another. Most likely, they pass from one plant cell to another only when the surface of
adjacent cells are damaged, and there is no membrane barrier for RNA to cross over. A viroid
disease called Cadang severely devastated the coconut palm groves of Philippines.
PRIONS
Another class of simple infecting agents are the prions. The term was coined to describe
proteinaceous infective particle that are thought to be responsible for neurological diseases such as
scrapie in sheep and goats, Kuru in humans and Mad Cow disease in cattle. The proteinaceous
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particles to which the name refers, are the only agents that have so far been isolated from the
infected individual.
MOLECULES OF THE CELLS
Inspite of the extraordinary diversity of plants and animals, people have recognized from time
immemorial that these organisms have something in common, something that entitles them all to be
called living things. With the invention of the microscope, it became clear that plant and animals
are assemblies of cells, which can also exist as independent organisms and that cells individually
are living. We now know that all living things on our planet are similar not just in the abstract sense
that they all grow, reproduce, convert energy from one form into another and so on, but to an
astonishing degree in details of their chemistry. The chemical component of the cell can be
classified as inorganic (water and mineral ions) and organic, and water constitutes 75 to 85% of the
cell volume. Numerous cell structures are made up of large molecules called macromolecules or
polymers consisting of repeating units called the monomers, which are linked together by covalent
bonds. There are 4 important examples of macromolecules in living organisms:
•

Polysacchrides

•

Lipids

•

Proteins

•

Nucleic Acids (DNA and RNA)

CARBOHYDRATES
The general formula for carbohydrates is (CH2O)n. Carbohydrates can be monosaccharide, disaccharide
or polysaccharide.
Monosaccharides
These are simple sugar, molecules having 3 to 7 carbon atoms and which can bond together to form
polysaccharides.
Example: Glucose, fructose, and galactose are monosaccharides; and their molecular structural formula
is C6H12O6.

Glucose, fructose and galactose are also called as isomers because they are of different configuration of
essentially the same number and kind of atoms.
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Disaccharides
Disaccharides are composed of 2 individual molecules of monosaccharides joined together by a
condensation reaction. Sucrose (table sugar) is composed of glucose and fructose.

Similarly lactose is found in milk and contains glucose and galactose joined together by condensation
reaction.
Polysaccharides
Monosaccharides may be bonded together to form long chains called the polysaccharides.

Starch and Glycogen
Starch and glycogen are the polysaccharides that function to store energy. Almost all animals store
extra carbohydrates as glycogen in the liver and muscles. Between consecutive meals, the liver breaks
down glycogen to glucose in order to keep the blood glucose concentration stable. After meals, glucose
is removed from the blood and again stored as glycogen. All kinds of plants produce starch, which
differs very slightly in structure from that of glycogen. Whereas glycogen molecule has many side
branches; starch has a very long main chain with few side branches.
Cellulose and Chitin
Cellulose and Chitin are polysaccharides that function to support and protect the organism. The cell
walls of plants are composed of cellulose. The cell walls of fungi and the exoskeleton of arthropods are
composed of chitin.
Cotton fibre and wood are composed of mostly cellulose. Cellulose is a natural long-chain polymer
and are remains of plant cell walls.
LIPIDS
Lipids are organic compounds that are insoluble in water but soluble in nonpolar solvents. Some lipids
also function in long-term energy storage. Animal fat is a lipid that has six times more energy per gram
than carbohydrates. Lipids also constitute an important component of cell membranes.
Triglycerides
Fats and oils are composed of fatty acids and glycerol.
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Fatty acids have a long hydrocarbon (carbon and hydrogen) chain with a carboxyl (acid) group. The
chains usually contain 16 to 18 carbon atoms. Glycerol contains 3 carbon atoms and 3 hydroxyl groups,
and it reacts with 3 fatty acids to form a triglyceride or neutral fat molecule.

Fats are nonpolar molecular compounds and therefore they do not dissolve in water.
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Saturated and Unsaturated Fat
Saturated fatty acids have no double bonds between carbon atoms whereas unsaturated fatty acids
have double bond(s) and these double bonds produce a "bend" in the molecule.

Double bonds produce a bend in the fatty acid molecule (see diagram above). Such molecules with
many of these bends cannot be packed as closely together as straight molecules, so these fats are less
dense. As a result, triglycerides composed of unsaturated fatty acids melt at lower temperatures than
those with saturated fatty acids. For example, butter contains more saturated fat than corn oil, and is a
solid at room temperature whereas corn oil is a liquid.
Phospholipids
Phospholipids have a structure like a triglyceride, but contain a phosphate group in place of the third
fatty acid. The phosphate group is polar and therefore capable of interacting with water molecules.

Phospholipids spontaneously form a bilayer in a watery environment. They arrange themselves so that
the polar heads are oriented toward the water and the fatty acid tails are oriented toward the inside of
the bilayer (see the diagram below).
In general, nonpolar molecules do not interact with polar molecules. This can be seen when oil
(nonpolar) is mixed with water (polar). Polar molecules interact with other polar molecules and ions.
For example table salt (ionic) dissolves in water (polar).
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The bilayer arrangement shown below enables the nonpolar fatty acid tails to remain together, avoiding
the water. The polar phosphate groups are oriented toward the polar water.

Membranes that surround cells and surround many of the structures within cells consists primarily of
phospholipid bilayers.
Steroids
Steroids have a backbone of 4 carbon rings.

Cholesterol (see diagram above) is the precursor of several other steroids, including hormones, and is
an important component of the cell membranes.
Saturated fats and cholesterol in the diet has been correlated with the deposits of fatty materials on the
linings of the blood vessels and arterics reducing blood supply to the heart.
Waxes
Waxes are composed of long-chain fatty acid bonded to a long-chain alcohol. They form protective
coverings on leaves in plants and on ears in mammals.
Proteins
Amino acids are the building blocks of all proteins.
Twenty of the amino acids are used to make proteins. Each one has a
carboxyl group (COOH) and an amino group (NH2).
Each amino acid is different from the other and therefore has its own unique properties.
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Two Amino acids join together to form a peptide bond. It is formed as a result of a condensation
reaction between the amino group of one amino acid and the carboxyl group of another.

Polypeptides
Two or more amino acids bonded together are called a peptide. A chain of many amino acids is
referred to as a polypeptide. The complete product with either one or more chains of amino acids, is
called a protein.
Levels of structure
There are four levels of organisation of proteins:
1. Primary Structure
2. Secondary Structure
3. Tertiary Structure
4. Quaternary Structure
1. Primary Structure
Primary structure refers to the linear arrangement of amino acids found in a protein.
2. Secondary Structure
The oxygen or nitrogen atoms of the peptide bond are capable of hydrogen- bonding with hydrogen
atoms elsewhere on the molecule. This bonding produces two common kinds of shapes seen in protein
molecules, α- helical and β-pleated sheets. Both the helices and pleated sheets are referred to as a
secondary structure of proteins..
3. Tertiary structure
Tertiary structure refers to the overall 3-dimensional shape of the polypeptide chain. It represents the
spatial arrangement of amino acids in a polypeptide chain. Various types of interactions between the
amino acids stabilize the tertiary structure. These interactions are:
a. Hydrophobic interactions with water molecules are important in creating and
stabilizing the structure of proteins. Hydrophobic (nonpolar) amino acids aggregate to
produce areas of the protein that are out of contact with water molecules.
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b. Hydrophilic (polar and ionized) amino acids form hydrogen bonds with water
molecules due to the polar nature of the water molecule.
c. Hydrogen bonds and ionic bonds form between R groups to help shape the
polypeptide chain.
d. Disulfide bonds are covalent bonds between sulfur atoms in the R groups of two
different amino acids. These bonds are very important in maintaining the tertiary
structure of some proteins.
4. Quaternary structure
Some proteins contain two or more polypeptide chains that associate to form a single protein. These
proteins have quaternary structure. For example, hemoglobin contains four polypeptide chains.
NUCLEIC ACIDS
Nucleic acids are of two types Deoxyribose Nucleic acid (DNA) and Ribose Nucleic acid (RNA).
DNA
DNA (deoxyribonucleic acid) is the genetic material. It functions by storing information regarding the
sequence of amino acids in each of the body’s proteins.
Structure of DNA
Nucleic acids are composed of units called nucleotides, which are linked together to form a larger
molecule. Each nucleoside contains a nitrogenous base and sugar.
Each nucleotide contains a
nitrogenous base which can be either purine or pyrimidine, a sugar, and a phosphate group. The
nucleotide can be mono-,di or tri phosphate nucleotide like AMP, ADP and ATP. The sugar is
deoxyribose (DNA) or ribose (RNA). The bases of DNA are
Purines:

Adenine and Guanine

Pyrimidines:

Cytosine and Thymine
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The diagram below shows how nucleotides are joined together to form a "chain" of nucleotides.

DNA is composed of two strands in which the bases of one strand are hydrogenbonded to the bases of the other. The sugar-phosphate groups form the outer part of
the molecule while the bases are oriented to the center.

The strands are twisted forming a configuration that is often referred to as a double helix. There is
always a complimentary base pairing, i.e. A-T; C-G, the adenine of one strand is always hydrogenbonded to a thymine on the other. Similarly, cytosine is always paired with guanine.
The end of a single strand that has the phosphate group is called the 5’ end. The other end is the 3’
end.The two strands of a DNA molecule run in opposite directions.
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RNA
RNA (ribonucleic acid) is similar to the DNA and is involved in the synthesis of polypeptides and
proteins. Three types of RNA molecules are present
1. mRNA
2. tRNA
3. rRNA
COMPONENTS OF THE CELL
The Cell Membrane
The cell membrane functions as a semi-permeable barrier, allowing a very few molecules across it
while fencing the majority of organically produced chemicals within the cell. High resolution electron
microscopic examinations of cell membranes have led to the development of the lipid bilayer model
(also referred to as the fluid-mosaic model). The most common molecule in the model is the
phospholipid, which has a polar (hydrophilic) head and two nonpolar (hydrophobic) tails. These
phospholipids are aligned tail to tail so the nonpolar areas form a hydrophobic region between the
hydrophilic heads on the inner and outer surfaces of the membrane. This layering is termed a bilayer
since freeze-fracturing electron microscopic technique is able to split this bilayer and exhibit inner
details (Fig.8).

Fig. 8: Diagrammatic representation of Fluid Mosaic Model of Plasma Membrane in which proteins are interspersed
between the lipid bilayer. Polar ends of the lipids are projecting outwards and non polar ends are inside.

Cholesterol is another important component of cell membranes embedded in the hydrophobic areas of
the inner (tail-tail) region. Most bacterial cell membranes do not contain cholesterol. Proteins are
suspended in the inner layer, although the more hydrophilic areas of these proteins "stick out" into
interior and outside of the cell. These proteins function as gateways that will, in exchange for a price,
allow certain molecules to cross into and out of the cell. These integral proteins are sometimes known
as the gateway proteins. The outer surface of the membrane will tend to be rich in glycolipids, which
have their hydrophobic tails embedded in the hydrophobic region of the membrane and their heads
exposed outside the cell. These, along with carbohydrates attached to the integral proteins, are thought
to function in the recognition of self.
The Cell Wall
Not all living things have cell walls, most notably animals and many of the more animal-like
Protistans. Plant cells have a variety of chemicals incorporated in their cell walls. Cellulose is the most
common chemical in the plant primary cell wall. Some plant cells also have lignin and other chemicals
embedded in their secondary cell walls. The cell wall is located outside the plasma membrane.
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Plasmodesmata are connections through which cells communicate chemically with each other through
their thick walls. Fungi and many protists have cell walls although they do not contain cellulose, rather
a variety of other chemicals (such as chitin in fungi and anthropoids).
The Nucleus
The nucleus occurs only in eukaryotic cells, and is the site of location of the majority of different types
of nucleic acids. DNA, is the physical carrier of inheritance and with the exception of plastid DNA
(cpDNA and mtDNA,) all DNA is restricted to the nucleus. Ribonucleic acid, RNA, is formed in the
nucleus by coding off of the DNA bases. RNA moves out into the cytoplasm. The nucleolus is an area
of the nucleus (usually 2 nucleoli per nucleus) where ribosomes are constructed. The nuclear envelope
is a double-membrane structure (Fig. 9A and 9B). Numerous pores occur in the envelope, allowing
RNA and other chemicals to pass through, but the DNA cannot pass.
Cytoplasm
The cytoplasm is the material between the plasma membrane (cell membrane) and the nuclear
envelope inside a cell. Fibrous proteins that occur in the cytoplasm are referred to as the
cytoskeleton that maintain the shape of the cell as well as help in anchoring organelles, moving the
cell and controlling internal movement of structures. Three types of cytoskeletal elements have
been identified:
1. Microtubules
2. Microfilaments
3. Intermediate filaments
Microtubules function in cell division and serve as a "temporary scaffolding" for other organelles.
Actin filaments are thin threads that function in cell division and cell motility. Intermediate
filaments are between the size of the microtubules and the actin filaments.

(A)
Fig.9 A: Diagrammatic representation of Nucleus
It is enclosed in Nuclear envelope.

(B)
Fig. 9 B: Diagrammatic representation of Nuclear Pore
Complex.
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Vacuoles and vesicles

Vacuoles are single-membrane organelles that are essentially part of the outside cytoplasm and are
located within the cell. The single membrane is known in plant cells as a tonoplast. Many organisms
use vacuoles for storage of reserve proteins, carbohydrates, starch and lipids. Vesicles are much smaller
than vacuoles and function in transport within the cell and outside of the cell.
Ribosomes
Ribosomes are the sites of protein synthesis. They are not membrane-bound and occur both in
prokaryotes and eukaryotes (Fig.10). Eukaryotic ribosomes are slightly larger than those in
prokaryotes. Structurally the ribosome consists of a small and a large subunit. Biochemically the
ribosomes consist of ribosomal RNA (rRNA) and some 50 structural proteins.

Fig. 10 : Diagrammatic representation of Ribosome.
Small and Big subunits of assembles to form Ribosome.

Endoplasmic reticulum
Endoplasmic reticulum is a mesh of interconnected membranes that serve a function involving protein
synthesis and transport. Rough endoplasmic reticulum (Rough ER) is so-named because of its rough
appearance due to the numerous ribosomes that occur along the ER. Rough ER connects to the nuclear
envelope through which the messenger RNA (mRNA) travels to the ribosomes (Fig. 11). Smooth ER
lacks the ribosomes characteristic of Rough ER, and is thought to be involved in transport and a variety
of other cell functions.

Fig. 11: Diagrammatic representation of Endoplasmic Reticulum (ER). On the left side of diagram ribosomes are
attached to the surface of ER to form Rough Endoplasmic Reticulum.
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Golgi Complex
These are flattened stacks of membrane-bound sacs. They function as a packaging plant, modifying
vesicles from the Rough ER. New membrane material is assembled in various cisternae of the golgi.
Lysosomes
These are relatively large vesicles formed by the Golgi. They contain hydrolytic enzymes that can
destroy the cell. Lysosome contents function in the extracellular breakdown of materials (Fig.12).

Fig. 12: Diagrammatic representation of formation of lysosomes from the Golgi Complex.

Mitochondria
Mitochondria is a power house of the cell for ATP generation & electron transport chain (Fig.13). it
contains its own DNA and are thought to represent bacteria like organisms incorporated into
eukaryotic cell some 700 million year ago. The mt-DNA codes for a small number of mitochondrial
proteins.

Fig. 13: Diagrammatic representation of the power house of the cell, the mitochondria. It is a bimembrane
structure. Inner membrane is folded to form cristae.
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Plastids
Plastids are also membrane-bound organelles that only occur in plants and photosynthetic
eukaryotes. Chloroplasts are the sites of photosynthesis in eukaryotes (Figure 14). They contain
chlorophyll, the green pigment necessary for photosynthesis to occur, and associated accessory
pigments (carotenes and xanthophylls) in photosystems embedded in membranous sacs, thylakoids
(collectively a stack of thylakoids are a granum [plural = grana]) floating in a fluid termed the
stroma. Chloroplasts contain many different types of accessory pigments, depending on the
taxonomic group of the organism.

Fig. 14: Diagrammatic representation of chloroplast.
Chloroplasts and endosymbiosis
Like mitochondria, chloroplasts have their own DNA, termed cpDNA. Chloroplasts of Green Algae
(Protista) and Plants (descendents of some Green Algae) are thought to have originated by
endosymbiosis of a prokaryotic alga similar to living Prochloron (Prochlorobacteria). Chloroplasts of
Red Algae (Protista) are very similar biochemically to cyanobacteria (also known as blue-green
bacteria). Endosymbiosis is also invoked for this similarity, perhaps indicating that more than one
endosymbiotic event occurred. Leukoplasts store starch, sometimes protein or oils. Chromoplasts store
pigments associated with the bright colors of flowers and/or fruits.
Cell Movement
Cell movement is both internal, referred to as cytoplasmic streaming, and external, referred to as
motility. Internal movements of organelles are governed by actin filaments. These filaments make an
area in which organelles such as chloroplasts can move. Internal movement is known as cytoplasmic
streaming.
External movement of cells is determined by special organelles for locomotion. Cilia and flagella are
similar except for length, cilia being much shorter. They both have the characteristic 9 + 2 arrangement
of microtubules (Fig. 15).
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Fig. 15: Diagrammatic representation of structure of cilia and Flagella showing 9+2 arrangement of
microtubules.

MODEL ORGANISMS
To understand the complexity of cell, there should be some accessible system in which cellular
mechanisms and events related to their molecular regulation can be addressed. For this reason, the
biologists or to be more specific, the molecular biologists have focused their attention on relatively
small number of so called model organisms. These model organisms are used for solving many
mysteries of nature. The most important of the model organisms are:
1.
2.
3.
4.
5.
6.
7.
8.

Bacteriophage
Bacteria
Giardia
Saccharomyces cerevisiae (Baker’s Yeast)
Caenorhabditis elegans (Nematode worm)
Drosophila melanogaster (The fruit fly)
Mouse
Arabidopsis

The choice of model organism depends on the question that is being addressed. When studying
fundamental issues of molecular biology, it is often convenient to study simpler unicellular
organisms or viruses. These organisms can be grown rapidly and in large quantities and
typically allow genetic and biochemical approaches to be combined. Other question, for
example those concerning the development, can often only be addressed using complicated
model organisms like fruit fly.
1. Bacteriophage : - These are the viruses which infect
bacteria, and offer themselves as the simplest system to
examine the basic processes of life. Because of the
relative simplicity of the system, phages were used
extensively in the early days of molecular biology (Fig.
16).

Fig. 16: Diagram of Bacteriophage.
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2. Bacteria: - In the whole world of bacteria, the spot light of molecular biology has fallen
chiefly on just one species Escherichia coli or E. coli (Fig. 17). This small, rod shaped
eubacterial cell normally lives in the gut of humans and other vertebrates, and can be
grown invitro with ease in a simple nutrient broth. Therefore the reason, why it is the
choice of all microbiologists, cell biologists and molecular biologists for most studies.
Also bacteria have short generation time and genetically homogenous population of
cells which can easily be obtained from a single cell. Bacteria are convenient genetically
to study because they are the
haploids. Its genetic
instructions are contained in a single
molecule of DNA
and it makes about 4000 different
kinds of proteins. A
human cell for comparison contains
600 times as much
DNA as in the bacterial cell.
Fig. 17: Photograph of E. coli.

3. Giardia: - A protozoan cell represents an intermediate stage in evolution of eukaryotic
cell (Fig. 18). It appears to be a sort of “Living fossil”, representing a half way house in
the evolution of eukaryotic cell. Although it has a nucleus and a cytoskeleton, and is
therefore classed as eukaryote, analysis of its DNA indicates that Giardia is almost as
closely related to bacteria as it is to other eukaryotes. In particular, it has no
mitochondria and chloroplast.

Fig. 18: Photograph of
Giardia.

Fig. 19: Photograph of
C. elegans.

4. Saccharomyces cerevisiae : - Human cells are complicated and difficult to work with
and if we want to understand the fundamentals of eukaryotic cell biology, it is often
more effective to concentrate on a species that like E. coli among the bacteria is simple
and robust and reproduces rapidly. The popular choice is S. cerevisiae. It has a
relatively small genome and small number of genes and can be grown rapidly in
laboratory. Despite this simplicity, yeast cells have the central characteristics of all
eukaryotic cells. They contain discrete nucleus with multiple linear chromosomes
packed into chromatin and full set of organelles. Genetic and biochemical studies in
yeast have been crucial in understanding many basic mechanisms in eukaryotic cells,
including cell division cycle.
5. Caenorhabdits elegans: This nematode worm is small and easy to culture. It occurs as
a hermaphrodite or as a male worm. It reproduces by self or cross fertilization. Life
cycle is simple. From fertilized egg, 558 cells arise to form a small worm inside the egg
shell. After hatching and maturation, the worm passes through four successive larval
stages. After final molt, the worm begins to produce own egg. The entire sequence
from egg to egg takes about 3 days. The adult worm consists of about 1000 somatic
cells and 1000-2000 germ cells. Complete cell lineage map and gene sequences are
23

known. Large number of mutant phenotypes have been analyzed to determine gene
function.
6. Drosophila melonogaster: In 2008 we will be celebrating golden jubilee of the fruit fly
as a model organism for studies in genetics and developmental biology (Fig. 20). The
features which make it suitable as model organism are:
•

It is small and a fast reproducing animal. Adults produce
large number of progenies in just 2 weeks.

•

Can be easily cultured in laboratory in recycled milk bottles
using inexpensive concoction of yeast and Agar

•

Can be used to study the inheritance of quantitative traits
such as eye colour.

Fig. 20: Photograph of D. melanogaster.

Because of the wealth of genetic tools available in drosophila and extensive groundwork
of knowledge about this organism resulting from decades of investigation, the fruit fly
remains one of the premier model system for study of development biology, genetic
trails and behavior.
7. Mouse: - By the standards of the C. elegans and D. melanagaster the life cycle of the
mouse is slow complicated and cumbersome (Fig 21). Embryonic development or
gestation occurs over a period of 3 weeks and the newborn mouse progeny does not
reach puberty for another 5-6 weeks. The effective life cycle, therefore, is roughly 8-9
weeks, more than 5 times longer than that of the fruit fly Drosophila. The mouse
however, enjoys a special status due to its exalted position on the evolutionary tree.
Being a mammal it is, therefore, related to humans although, chimps and other higher
primates are more closer than mice, but they are not amenable to the various
experimental manipulations which are possible with the mice.
a. Thus the mouse provides the correlative link between the basic principles,
discovered in simpler creatures like worm fruit flies and human beings.
b. Methods have been developed that permit the efficient removal of specific genes in
otherwise normal mice. This KNOCK OUT technology continues to have an
enormous impact on our understanding of basic mechanisms underlying human
development, behaviors and diseases.
The chromosome complement of mouse is similar to that seen in
humans (19 auto and XY in mouse). Wide range of experimental
techniques can be used with success to manipulate the mouse and
to explore various complex biological problems. As a result, the
mouse has served as an excellent model system for studying
developmental, genetic and biochemical processes that are likely to
occur parallel in more highly evolved mammals.
Fig. 21: Photograph of Mouse.
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8. Arabidopsis : – It has been chosen out of 300,000 species of plant as a model system
(Figure 22). It can be grown indoors in large number and produces thousands of
offspring per plant within 8-10 weeks. It has only three or four times as much DNA per
cell as yeast and provide easy understanding of how the genetic instructions are encoded
in it to enable its cells to collaborate in forming a typical flowering plant.

Fig. 22: Photograph of Arabidopsis.
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