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1. Cell theory
Living things are made up of cells. Before the 1600s, however, it was not clear at all because no one had ever seen a cell up
close and personal. To distinguish individual cells in a piece of tissue or individual bacteria required the development of highpowered microscopes, instruments used for magnifying objects otherwise cells were too small to be seen.
The first person to observe cells as microscopic structures was the British scientist Robert Hooke. In fact, he was the person
who gave cells their name. The cells that Hooke observed, however, were in dead tissue, and were in fact cell walls left behind
after the death of the real cells. The ideas of all these theories in modern cell theory, which states:
All living things are composed of one or more cells. The cell is the basic unit of life. New cells arise from pre-existing cells.

Cell techniques:
As sciences depend on the laboratory methods that can be used to study cell structure and function. Many important advances
have done in understanding cells. Some of the important general methods of cell biology are as follows
•

Centrifugation

•

Chromatography

•

Electrophoresis

•

Micro dissection

•

Micrometry

•

Microscopy

•

Spectrophotometer

•

Staining

•

Tissue culture

2. Microscopy: Cells vary in size, they’re generally quite small. Microscopy refers to the practice that involves the use of
a microscope for the purposes of observing small scale structures that cannot be viewed using the naked eye
Microscope:
Definition: A microscope is an instrument that magnifies objects which are too small to be seen by naked eye. It produces
an image in which the object appears larger. OR
Enhance features by transforming differences in the cell into differences in brightness.
Micrographs: The images of cells that are taken by using a microscope are called micrographs.
Parameters of Microscope: Two parameters are especially important in microscopy:

Copy Rights ©The Creators College, Abbottabad 1

1. Magnification
2. Resolution.
Both magnification and resolution are important if you want a clear picture of something very tiny.
Magnification: It is a measurement of cell or any molecule that how much larger a microscope (or set of lenses within a
microscope) causes an object to appear.
For example: The light microscopes typically used in high schools and colleges magnify up to about 400 times actual size.
So, something that was 1 mm wide in real life would be 400 mm wide in the microscope image.
Resolution
Definition: The resolution of a microscope or lens is the smallest distance by which two points can be separated and still be
distinguished as separate objects.
Resolution power: The limitation of any microscope is called resolving power. It is the ability to distinguish close objects
separate from each other.
Handling: The smaller this value, the higher the resolving power of the microscope and the better the clarity and detail of
the image.
If two bacterial cells were very close together on a slide, they might look like a single, blurry dot on a microscope with low
resolving power, but could be told apart as separate on a microscope with high resolving power.
Example: If a microscope has high magnification but low resolution, all you’ll get is a bigger version of a blurry image.
Different types of microscopes differ in their magnification and resolution.
Types of microscope:
1. Light microscope
2. Electron microscope
Light microscopes: Most student microscopes are classified as light microscopes. In a light microscope, visible light
passes through the specimen (the biological sample you are looking at) and is bent through the lens system, allowing the
user to see a magnified image.
Application: A benefit of light microscopy is that it can often be performed on living cells, so it’s possible to watch cells
carrying out their normal behaviors (e.g., migrating or dividing) under the microscope.
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Slightly more sophisticated forms of light microscopy use optical tricks to enhance contrast, making details of cells and
tissues easier to see.
Resolution power of light microscope:
The resolving power of light microscope is 250nm.this resolution power is about 500X is that of naked eye.
There are different kinds of light microscope on the basis of resolution and magnification power. With light microscope a
specimen could quite easily be magnified by as much as 10,000 times.
Electron microscope:
Electron microscopes differ from light microscopes in that they produce an image of a specimen by using a beam of electrons
rather than a beam of light. Electrons have much a shorter wavelength than visible light, and this allows electron microscopes
to produce higher-resolution images than standard light microscopes.
Application: Electron microscopes can be used to examine not just whole cells, but also the sub cellular structures and
compartments within them.
Types of electron microscope: There are two major types of electron microscopy.
•
•

Scanning electron microscopy (SEM)
Transmission electron microscopy (TEM)

Scanning electron microscopy (SEM):
In scanning electron microscopy (SEM), a beam of electrons moves back and forth across the surface of a cell or tissue,
creating a detailed image of the 3D surface.
Transmission electron microscopy (TEM):
TEM is often used to obtain detailed images of the internal structures of cells. It can magnify an object up to 1,000,000(1
million) times.

3. Staining Technique:
It is a supporting technique used in microscopy to enhance contrast in the microscopic image.
Stain:
A stain is a substance that adheres to a cell, giving the cell color. There are a variety of microscopic stains that can be used in
microscopy. First of all, staining can be
1. In-vivo
2. In-vitro
The difference between these is that
In-vivo: In-vivo staining refers to the staining of a biological matter while it is still alive.
In-vitro: In-vitro staining refers to a staining technique where the biological matter is non-living.
Types of Staining: There are various kinds of staining which can be differentiated on the basis of concentration and numbers
of stains.
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For example:
Vital stain A vital stain is a stain that can be applied on living cells without killing them or a stain which is harmless. These
dyes or stains used in smaller concentration this is another reason of not damaging cells or components.
For example: Methylene blue for nuclei.

Methylene blue stain onion cells
Permanent stains: A stain that lasts for a long time without fading and does not damage the specimen.
Example :( Check table from text book).
Temporary stains: A type of stain used for immediate observation through the light microscope. Such stains often damage
the section, or the color of the stain fades after a short time.
Example: (Check table from text book).
Application: Vital stains have been useful for diagnostic and surgical techniques in a variety of medical specialties.
Simple stain: It is a staining procedure involving only one stain. Such as Methylene blue.
Counter staining: In a single experiment two stains may be used. The second stain is called counter stain.
Applications: Cell staining is a technique that can be used to
•
•
•

Better visualize cells and cell components under a microscope.
By using different stains, one can preferentially stain certain cell components, such as a nucleus or a cell wall, or the
entire cell.
Cell staining is necessary as structures are difficult to differentiate due to insufficient contrast.

Cell staining is a technique used for the main purpose of increasing contrast through changing the color of some of the parts
of the structure being observed thus allowing for a clearer view.
4. Tissue Culture:
Definition: Tissue culture is the method of ‘in vitro’ culture of plant or animal cells, tissue or organ on nutrient medium under
aseptic conditions usually in a glass container. Tissue culture is sometimes referred to as ‘sterile culture’ or ‘in vitro’ culture.
Description: It is a method of biological research in which fragments of tissue from an animal or plant are transferred to an
artificial environment in which they can continue to survive and function. The cultured tissue may consist of a single cell, a
population of cells, or a whole or part of an organ. Cells in culture may multiply; change size, form, or function; show
specialized activity (muscle cells, for example, may contract); or interact with other cells.
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Basic Equipment:
•
•
•
•
•
•
•
•

Cell culture hood (i.e., laminar-flow hood or biosafety cabinet)
Incubator (humid CO2 incubator recommended)
Water bath
Centrifuge
Refrigerator and freezer (–20°C)
Cell counter (e.g., Countess® II FL Automated Cell Counter or hemocytometer)
Inverted microscope
Liquid nitrogen (N2) freezer or cry storage container, autoclave)

Steps of tissue culture techniques: The following four main steps of tissue culture techniques. The steps are:
1.
2.
3.
4.
5.
6.
7.

Selection of Explant
Sterilization of explant
Preparation of culture media
Inoculation of Explant
Incubation of Culture
Sub-Culturing
Transplantation of the Regenerated Plants

Step # 1. Selection of Explant: It is possible to culture both plant and animal cells. the cell used initially is called explant.
Step # 2. Sterilization of Explant: The selected explant must be sterilized to remove microorganism.
Step # 3. Formation of Culture media: The composition of the medium, particularly the plant hormones and the nitrogen
source (nitrate contrasted with ammonium salts or amino acids). Media could be solid and liquid.
For example: Auxin used for proliferation of roots, while cytokinin yield shoots. A balance of both auxin and cytokinin will
often produce an unorganized growth of cells called callus, but the morphology of the outgrowth will depend on the plant
species as well as the medium composition.
Step # 4. Inoculation of Explant: Successful control of contamination largely depends upon the precautions taken to prevent
the entry of microorganisms at the time of transferring the sterilized explants on the nutrient medium. Dust, hair, hands and
clothes are the potential sources of contamination
Step # 5. Incubation of Culture: After inoculation, the cultures are incubated in culture room or in incubator at 25±2°C
temp. For certain plant or for some particular culture type below or above 25°C is needed.
Step #6. Sub culturing: As cultures grow, pieces are typically sliced off and sub cultured onto new media to allow for growth
or to alter the morphology of the culture.
As shoots emerge from a culture, they may be sliced off and rooted with auxin to produce plantlets which, when mature, can
be transferred to potting soil for further growth in the greenhouse as normal plants.
Step # 7. Transplantation of the Regenerated Plant: Plants regenerated from in vitro tissue culture are transplanted to
soil in pots. Prior to transfer to pots the acclimatization of these regenerated plants are needed. The plants at this time
develop adequate root systems and leaf structure so that it can survive the field environmental condition.
The process of acclimatization needs the humid chamber and a slow process to make the plantlet habituated from high humid
condition to normal atmospheric humidity.
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The greenhouse facilities are needed for winter crops and summer crops differently for maintenance of proper temp,
required, air circulation and the relative humidity. The potted plants are grown in field for further observation, flowering and
normal seed setting to get the next progeny.

5. Centrifugation Technique:
Basic Principle: The principle of the centrifugation technique is to separate the particles suspended in liquid media under
the influence of a centrifugal field.
Usage:
Centrifugation is a technique often employed during isolation or analysis of various Cells, Organelles, and biopolymers,
including proteins, nucleic acids, lipids, and carbohydrates. These molecules normally dissolved or dispersed in biologically
relevant solvents (i.e. typically aqueous buffers). It is also applicable to synthetic macromolecules dispersed or dissolved in
non-aqueous, organic solvents.
Differential Centrifugation: – To separate the cell components, present in homogenate is than subjected to differential
centrifugation to complete the process of cell fractionation.
Procedure:
In this technique, the sample (comprising a liquid phase and a solute) is placed in a suitable vessel (test tube), and the vessel
(test tube) is spun in a centrifugal rotor. The centrifugal force created by the spinning rotor causes the solute sample to
sediment out of solution. The centrifugal force is generated by rotating the rotor of the centrifuge at a high speed. The very
basic idea is that we use them to applying a force to a heterogeneous sample. Based on the density of the different
components, some components might go rapidly to the bottom of the tube, forming a pellet, while the rest will stay in solution,
forming the supernatant. This phenomenon will highly depend not only on the time the machine is turning, but also and
mostly on the force we are applying. This force is measured in g, “gram” and will be dictated by how many rotations per
minute (RPM) the rotor is going.
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6. Cell wall:
Discovery: It was discovered by Robert hooke in 1665 earliest than the protoplast.
General characters: The cell wall is the rigid, semi-permeable protective layer in some cell types. It is outer covering is
present next to the cell membrane (plasma membrane) in plant cells, fungi, bacteria, algae, and some archaea. Animal
cells however, do not have a cell wall.
Composition:
Cell wall composition varies depending on the organism. In plants, the cell wall is composed mainly of strong fibers of
the carbohydrate polymer cellulose. Cellulose is the major component of cotton fiber and wood and is used in paper
production.
Structure and functions: The plant cell wall is multi-layered and consists of up to three sections. From the outermost layer
of the cell wall, these layers are identified as the
1. Middle lamella,

2. Primary cell wall,

3. and secondary cell wall.

While all plant cells have a middle lamella and primary cell wall, not all have a secondary cell wall.
•
•

•

Middle lamella - outer cell wall layer that contains polysaccharides called pectins. Pectins help in cell connection by
helping the cell walls of adjacent cells to bind to one another.
Primary cell wall - layer formed between the middle lamella and plasma membrane in growing plant cells. It is
primarily composed of cellulose microfibrils contained within a gel-like matrix of hemicellulose fibers and pectin
polysaccharides. The primary cell wall provides the strength and flexibility needed to allow for cell growth.
Secondary cell wall - layer formed between the primary cell wall and plasma membrane in some plant cells. Once
the primary cell wall has stopped dividing and growing, it may thicken to form a secondary cell wall. This rigid layer
strengthens and supports the cell. In addition to cellulose and hemicellulose, some secondary cell walls contain lignin.
Lignin strengthens the cell wall and aids in water conductivity in plant vascular tissue cells.it is usually thick about 510µm.
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Functions: A major role of the cell wall is to form a framework for the cell to prevent over expansion. Cellulose fibers,
structural proteins, and other polysaccharides help to maintain the shape and form of the cell. Additional functions of the cell
wall include:
1. Support - the cell wall provides mechanical strength and support. It also controls the direction of cell growth.
2. Withstand turgor pressure - turgor pressure is the force exerted against the cell wall as the contents of the cell push
the plasma membrane against the cell wall. This pressure helps a plant to remain rigid and erect, but can also cause
a cell to rupture.
3. Regulate growth - sends signals for the cell to enter the cell cycle in order to divide and grow.
4. Regulate diffusion - the cell wall is porous allowing some substances, including proteins, to pass into the cell while
keeping other substances out.
5. Communication - cells communicate with one another via plasmodesmata (pores or channels between plant cell
walls that allow molecules and communication signals to pass between individual plant cells).
6. Protection - provides a barrier to protect against plant viruses and other pathogens. It also helps to prevent water
loss.
7. Storage - stores carbohydrates for use in plant growth, especially in seeds.

7. Plasma membrane:
The biological membrane, which is present in both eukaryotic and prokaryotic cell. It is also called as cell membrane as it is
works as a barrier between the inner and outer surface of a cell. In animal cells, the plasma membrane is present in the
outer most layer of the cell and in plant cell it is present just beneath the cell wall.
Definition: Plasma membrane can be defined as a biological membrane or an outer membrane of a cell, which is composed
of two layers of phospholipids and embedded with proteins. It is a thin semi permeable membrane layer, which surrounds
the cytoplasm and other constituents of the cell.
Characteristics of Plasma Membrane
•
•
•
•
•
•

Below you could see characteristics of plasma membrane
The plasma membrane (cell membrane) is made of two layers of phospholipids.
The plasma membrane has many proteins embedded in it.
The plasma membrane regulates the entry and exit of the cell. Many molecules cross the cell membrane by diffusion
and osmosis.
The fundamental structure of the membrane is phospho lipid bilayer and it forms a stable barrier between two
aqueous compartments.
The proteins present in the plasma membrane, act as pumps, channels, receptors, enzymes or structural
components.

Fluid mosaic model: The currently accepted model for the structure of the plasma membrane, called the fluid mosaic
model, was first proposed in 1972.
According to the fluid mosaic model, the plasma membrane is a mosaic of components—primarily, phospholipids,
cholesterol, and proteins—that move freely and fluidly in the plane of the membrane. In other words, a dynamic process in
which phospholipids and proteins are continually sliding on one another.
Plasma Membrane Structure
•
•
•
•

It is the boundary, which separates the living cell from their non-living surroundings.
It is the phospholipids bilayer.
Plasma membrane is an amphipathic, which contains both hydrophilic heads and hydrophobic tails.
It is a fluid mosaic of lipids, proteins and carbohydrate.
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•

It is lipid bilayer, which contains -two layers of phospholipids, phosphate head is polar (water loving), fatty acid
tails non-polar (water fearing) and the proteins embedded in membrane.

Components:
There are following Components of Plasma Membrane. The main components of plasma membrane include:
1.
2.
3.
4.

Proteins like glycoprotein, which are used for cell recognition and act as receptors and antigens.
Proteins like glycolipids are attached to phospholipids along with the sugar chains.
Lipids with short chain of carbohydrates are attached on the extracellular side of the membrane.
Phospholipid Bilayer - which are made up of phosphates and lipids. They create a partially permeable membrane,
which allows only certain substances to diffuse through the membrane.
5. Cholesterol – it maintains the fluidity of cell surface membrane.

Proteins in Plasma Membrane: In plasma membrane, a protein helps in providing the support and shape to the cell. There
are three types of proteins in plasma membrane, which includes:
1. Cell membrane receptor proteins- It helps in communication of a cell with their external environment with the help
of hormones, neurotransmitters and other signaling molecules.
2. Transport proteins - It helps in transporting molecules across cell membranes through facilitated diffusion. For
example: globular proteins.
3. Glycoprotein - It helps in cell to cell communications and molecule transport across the membrane.
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Function:
•
•
•
•

•

It separates the contents of the cell from its outside environment and it regulates what enters and exits the cell.
Plasma membrane plays a vital role in protecting the integrity of the interior of the cell by allowing only
selected substances into the cell and keeping other substances out.
It also serves as a base of attachment for the cytoskeleton in some organisms and the cell wall in others. Thus the cell
membrane supports the cell and helps in maintaining the shape of the cell.
The cell membrane is primarily composed of proteins and lipids. While lipids help to give membranes their flexibility
and proteins monitor and maintain the cell's chemical climate and assist in the transfer of molecules across the
membrane.
The lipid bilayer is semi-permeable, which allows only selected molecules to diffuse across the membrane.

Cytoplasm: Living contents of eukaryotic cells are divided into nucleus and cytoplasm, the two together forming the
protoplasm.
Composition: Cytoplasm is aqueous (water containing) substance containing a variety of cell organelles and other structures
such as insoluble wastes and storage products.
Cytosol: The soluble part of the cytoplasm forms the ground substance between the cell organelles and is called cytosol. It is
formed of about 90% water and forms a solution which contains all the fundamental biochemical of life. In cytosol, small
molecules and ions may form true solutions and some
A colloidal solution may be a sol (non-viscous) or a gel (jelly like or viscous). The outer region of cytoplasm is more gel like.
Function: Apart from acting as storage of vital chemicals, the ground substance (cytosol) is the site of certain metabolic
pathways, such as glycolysis. In living cells, the cytoplasm contains several cell organelles such as
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Endoplasmic reticulum,
Mitochondria
Golgi complex,
Ribosomes
Nucleus,
Plastids,
Lysosomes
Peroxisomes
Glyoxisomes
Centrioles
Nucleus

1. Mitochondria:
The mitochondrion (plural-mitochondria) is a membrane bounded organelle found in most eukaryotic cell. Mitochondria
releases energy in the cell. Thus it is known as the ‘powerhouse of the cell’.
Discovery: They were first seen as a granule in muscles cells in 1850.
SIZE AND SHAPE OF MITOCHONDRIA The size and shape of mitochondria varies.
SHAPE: They are small rod-shaped or spherical structures present in the cytoplasm in the cell which show aerobic respiration.
The shape depends upon the physiological condition of the cell.
SIZE: The size of the mitochondria may vary from cell to cell. Usually, it is 0.2 to 1.0-micron meter in diameter.2 to 8-micron
meter in length.
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STRUCTURE: Mitochondrion contains outer and inner membranes composed of phospholipid bilayers and proteins. The two
membranes have different properties. Because of this double membrane organization, there are five distinct parts to
mitochondria. They are:
1. The outer mitochondrial membrane.
2. The intermembrane space: The space between outer and inner membrane.
3. The inner mitochondrial membrane.
4. The matrix: Space within the inner membrane.
5. The cristae: Formed by in folding of inner membrane.
Mitochondria stripped of their outer membrane and then called mitoplasts.

Mitochondria have F1 particle. Which is also known as elementary particle or Fernandez Moran. There are three parts in
F1 particle, which are the head, pedicle and base. F1 particles have ATP synthesis activity.
Self-replication: A mitochondrion contains DNA and ribosome that’s why independent of replicating DNA and synthesizing
many proteins so called self-replicating machinery.
FUNCTION
1. The most important function of mitochondria is to produce energy. The simpler molecules of nutrition are sent to the
mitochondria to be processed and to produce charge molecules. These charged molecules combined with oxygen and
produce ATP molecules. This process is known as oxidative phosphorylation.
2. Mitochondrion helps the cell to maintain the proper concentration of calcium ions within the compartments of cell.
3. The mitochondria also help in building certain part of blood and hormones like testosterone and estrogen.
4. The liver cell mitochondria have enzymes that detoxify ammonia.
5. It regulates cellular metabolism.

2. Endoplasmic Reticulum
Endoplasmic reticulum is a continuous membrane, which is present in both plant cells, animal cells and absent in prokaryotic
cells. It is the membrane of network tubules and flattened sacs, which serves a variety of functions within the cell. The space,
which is present in the endoplasmic reticulum, is called as the lumen.
Definition
It can be defined as a eukaryotic organelle, which forms a network of tubules, vesicles and cisternae within the cells.
Types:
There are two regions of the Endoplasmic reticulum, which differ in both structure and function.
1. One region is called as rough Endoplasmic reticulum, as it contains ribosome attached to the cytoplasmic side of the
membrane and they are the series of flattened sacs.
2. The other region is called as smooth Endoplasmic reticulum as it lacks the attached ribosome and they are tubule
network.
Structure: Endoplasmic reticulum is an extensive membrane network of cisternae (sac-like structures), which are held
together by the cytoskeleton. The phospholipid membrane encloses a space, the lumen from the cytosol, which is continuous
with the perinuclear space.
The surface of the rough endoplasmic reticulum is covered with the protein manufacturing ribosome, which gives it a rough
appearance. Hence it is referred as a rough endoplasmic reticulum.

Smooth endoplasmic reticulum: The smooth endoplasmic reticulum consists of tubules, which are located near the cell
periphery. This network increases the surface area for the storage of key enzymes and the products of these enzymes.

Functions:
•

Smooth endoplasmic reticulum synthesizes lipids and steroids.
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•

It also metabolizes carbohydrates and regulates calcium concentration, drug detoxification, and attachment of
receptors on cell membrane proteins.

Endoplasmic reticulum varies extensive extending from the cell membrane through the cytoplasm and forming a continuous
connection with the nuclear envelope.
Endoplasmic Reticulum Function The major functions of Endoplasmic reticulum are:
1. It is mainly responsible for the transportation of proteins and other carbohydrates to another organelle, which
includes lysosomes, Golgi apparatus, plasma membrane, etc.
2. They play a vital role in the formation of the skeletal framework.
3. They provide the increased surface area for cellular reactions.
4. They help in the formation of nuclear membrane during cell division.
5. They play a vital role in the synthesis of proteins, lipids, glycogen and other steroids like cholesterol, progesterone,
testosterone, etc.
A structure of Endoplasmic reticulum

3. Centrioles
Definition: The centrioles are cylindrical shaped cellular organelles. All animal cells have two small organelles known as centrioles.
General characters:
The centrioles help the cell to divide. Centrioles are seen the process of mitosis and meiosis. The centrioles together are
typically located near the nucleus in the centrosome. In animal cells the centrioles play a major role in cell division but the
plant cells have the ability to reproduce even without the centrioles. They are found in most of the eukaryotic cells.
Composition: The centrioles are made of groups of microtubules; these microtubules are arranged in a pattern of 9+3. The
pattern of the microtubules for a ring of 9 microtubules known as "triplets" and the microtubules are arranged at right angles
to one another. The centrioles called basal bodies form cilia and flagella.
Structure:
•
•

•
•
•
•
•

They are open at both the ends and are located at right angles to each other.
Each of the centriole is made up of nine triplet fibers and these triplet fibers are arranged in a circular manner that
gives it a barrel-shaped appearance. Within the centrosome a mother centriole and the daughter centriole are
arranged at perpendicular angles to each other. These two centrioles are tightly attached to each other and are
surrounded by dense matrix called pericentriolar material.
The length of the centriole is about 0.3 to 0.5 µm and it is about 0.2 µm in diameter.
Each triplet fiber is composed of three sub-tubules or sub-fibers. These sub-tubules are hollow structures and their
walls are made of monomeric units of proteins. The sub-tubules are made up of protein tubulin.
The centriole internally shows a characteristic cart wheel structure. The cart wheel structure has a prominent central
rod, and nine spokes radiating from the central rod.
All the structures that surrounds the centriole together constitute the centriole satellite. The number of these
satellites varies.
The centrosome structure is made of lipids and proteins. However, it also contains carbohydrates and nucleic acids
too.
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Function:
•
•
•
•
•
•
•

In animal’s cells, the centrioles help the organizing and assembly of microtubules during the process of cell division.
In higher animal cells the centrioles form the mitotic poles.
The centrioles function as the microtubule organizing center MTOC, it is an important event in major cellular process,
that is cell division and flagella formation.
The migration and the positioning of the centrioles determines the direction of the spindle. It also influences the
chromosomes attachment to the spindle fibers.
The centrioles may produce flagella or cilia.
The fiber of the tail of sperms also arises from the centriole.
The dysfunctioning of the centrosome is also responsible for the development of certain cancers.

Cilia and flagella:
Cilia and flagella are cell organelles that are structurally similar but are differentiated based on their function and/or length.
Cilia are short and there are usually many (hundreds) cilia per cell. On the other hand, flagella are longer and there are fewer
flagella per cell (usually one to eight). For example, mammalian spermatozoons has a single flagellum, the unicellular green
alga chlamydomonas has 2 and unicellular protozoans are covered with thousands of cillis. Though eukaryotic flagella and
motile cilia are structurally identical, the beating pattern of the two organelles can be different. The motion of flagella is often
undulating and wave-like, whereas the motile cilia often perform a more complicated motion with a power and recovery
stroke.

4. Lysosomes
Definition: A lysosome is a type of membrane-bound
Size: Ranging in diameter from approx. 50nm to 1 μm§.

organelle that

is

present

in

animal

cells.

Description: They are tiny sacs filled with fluid containing enzymes (i.e. proteins that act as biological catalysts) which
enable the cell to process its nutrients and are also responsible for destroying the cell after it has died.
Lysosomes are the main sites of digestion, that is the break-down of structures, within cells.
There are, however, some circumstances (diseases/conditions) in which lysosomes begin to 'break-down' living cells - not
just useless parts of cells or potentially harmful structures. Therefore, called suicide bags.
Structure of Lysosomes: The outer surface is formed by a single membrane, a phospholipid bilayer that can fuse with some
other membrane-bound organelles. Approx. spherical shape of diameter ranging up to one micrometer (1 μm).
Synthesis of Lysosomes: A very simple representation of a primary lysosome being formed from the Golgi body within the
cell, then going on to form a secondary lysosome by merging with a vesicle.
The Golgi apparatus (also known as the Golgi complex, the Golgi body, or simply the Golgi), which is present in the vast
majority of eukaryotic cells, forms tiny vesicles that separate, sometimes called "bud", from the ends of the Golgi cisternae.
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Vesicles formed in this way that contain enzymes such as proteases and lipases, are called primary lysosomes. Secondary
lysosomes are formed when primary lysosomes fuse with other membrane-bound vesicles.
Importance of Lysosomes: If there are no enzymes within lysosomes it could cause damage to other structures within the
cell. The rest of the cell is therefore protected by these enzymes being isolated within a membrane - each such membrane
and its contents forming an organelle known as a lysosome.
It holds potentially harmful enzymes apart from other structures within the cell, lysosomes perform many functions related
with removing unwanted materials from cells
Functions of Lysosomes: The functions of lysosomes concern the different ways in which the enzymes contained within the
lysosome membrane affect other materials, which can originate from either outside or inside the cell. These functions are as
follow
1. Release
enzymes
outside
of
the
cell
(exocytosis)
which may serve the purpose of destroying materials around the cell.
2. Break-down
'digestion'
of
materials
from inside
the
cell (autophagy)
i.e.
by
fusing
with
vacuoles
from
inside
the
cell.
This could include digesting worn-out organelles so that useful chemicals locked-up in their structures can be re-used
by the cell.
3. Break-down
'digestion'
of
materials
from outside
the
cell (heterophony)
i.e.
by
fusing
with
vacuoles
from
outside
the
cell.
This could include breaking-down material taken-in by phagocytes, which include many types of white blood cells also known as leucocytes. Specific mechanisms of heterophony can be:
• Phagocytic - by which cells engulf extracellular debris, bacteria or other particles - only occurs in certain specialized
cells
• Pinocytic- by which cells engulf extracellular fluid
• Endocytic- by which cells take-up particles such as molecules that have become attached to the outer-surface of the
cell membrane.
Recycle the products of biochemical reactions that have taken place following materials being brought into the cell by
endocytosis
(general
term
for
this
'recycling'
function: biosynthesis)
Different materials (chemicals) are processed in different ways, e.g. some structures may be processed/degraded within
lysosomes and others are taken to the surface of the cell.
Autolysis: Completely break-down cells that have died. In general, the functions of lysosomes involve breaking-down i.e.
processing to 'make safe' or make use of, or removing from the cell e.g. by exocytosis, useless and potentially harmful
materials such as old worn-out parts of the cell or potential.

Lysosome Action

Lysosomes Malfunctioning:
Lysosomal storage disorders (LSDs). LSDs are inherited disorders resulting from a lack of specific enzymes that break
down certain lipids (fats) or carbohydrates (sugars) in the body cells. For example

Copy Rights ©The Creators College, Abbottabad 1

•
•

Glycogenosis type II: the liver and muscles filled with glycogen within membrane bound organelle. In this disease,
an enzyme that converts Glycogen to glucose, is absent.
Tay-Sachs disease: This disorder causes severe and fatal mental and physical deterioration, with both an early-onset
and a late-onset form.

5. Peroxisomes
General characters:
•
•
•

•
•
•

They are small vesicles found around the cell.
They have a single membrane that contains digestive enzymes for breaking down toxic materials in the cell.
There are many ways that peroxisomes are similar to lysosomes. They differ from lysosomes in the type of enzyme
they hold. Peroxisomes hold on to enzymes that require oxygen (oxidative enzymes).
Peroxisomes absorb nutrients that the cell has acquired.
They are very well known for digesting fatty acids.
They also play a part in the way organisms digest alcohol (ethanol). Because they do that job, you would expect liver
cells to have more peroxisomes than most other cells in a human body.
They also play a role in cholesterol synthesis and the digestion of amino acids.

Functions: Peroxisomes work in a very specific way.
•

Their enzymes attack complex molecules and break them down into smaller molecules. One of the byproducts of the
digestion is hydrogen peroxide (H2O2). Peroxisomes have developed to a point where they are able to contain that
hydrogen peroxide and break it down into water (H2O) and oxygen (O2). The water is harmless to the cell and the
oxygen can be used in the next digestive reaction.
• Photorespiration occurs in plant within peroxisomes.
6. Glyoxysomes:
Glyoxysomes are also single membrane micro bodies but found only in plant cells. It contains many enzymes like isocratic
lyase, malate synthetase, glycolate oxidases, etc. for glyoxylate cycle (i.e., metabolism of glycolic acid).
Functions: It is involved in photorespiration and conversion of fats into carbohydrates.
Occurrence: Most of these organelles present in plants seeds. These organelles absent in seeds poor in lipid.

7. Ribosomes: They are tiny organelle about 20 nm in diameter studied by Palade.
Composition: Eukaryotic ribosomes are composed of almost equal amount of RNA (ribonucleic acid) and protein; hence they
are called ribonucleoprotein particles.
The RNA present in ribosomes is ribosomal RNA. Ribosomes exist in two forms; either freely dispersed in cytosol or attached
with RER as tiny granules and are the site of protein synthesis.
Synthesis: Ribosomes are synthesized in nucleolus of the nucleus. An example of protein synthesized by free ribosomes is
Hemoglobin in young RBCs. Each ribosome consists of two subunits one large and one small.
Types: Sedimentation has revealed two basic types of ribosomes called 70S and 80S ribosomes (S=Svedberg unit used in
ultracentrifugation). The 70S ribosomes are found in prokaryotes while slightly larger 80S in eukaryotes. Mg++ ions are
required for attachment of these two subunits.
Polysomes: The ribosomes are attached to mRNA through small ribosomal units. A group of ribosomes are attached to mRNA
are called Polysomes.
Prokaryotic ribosome
Eukaryotic ribosome

Smaller unit
30S
40S

Larger unit
50S
60S
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Total size
70S
80S

8. Golgi apparatus (Dictyosomes):
Discovery: The Golgi apparatus was discovered by Camillo Golgi in 1898, using special staining techniques.
Composition: This apparatus which was found in variety of eukaryotes consists of stacks of flattened, membrane bounded
sacs called cisternae. These cisternae together with associated vesicles are called Golgi-complex. It is a complex system of
interconnected tubules around the central stack. The Golgi-complex consists of units called dictyosome.
Dictyosome: Each dictyosome is formed of bundles of curved and flattened cisternae, associated tubules and secretory
vesicles. Dictyosome has two distinct faces. The proximal (cis) forming face present close to nucleus and distal (trans) or
maturing face located towards the cell membrane. Vesicles and tubules pinched off from RER, flow, converge and fuse with
the forming face to form new cisterna.
Functions of Golgi Apparatus:
•
•
•
•

Golgi apparatus helps in the storage of secretory products and in the modification and packaging of secretory
products.
In some cases, polysaccharides may be synthesized from simple sugars in Golgi apparatus.
These polysaccharides may then be attached to proteins and lipids to form glycoproteins and glycolipids.
Secretory vesicles produced by the Golgi apparatus may play an important role in adding surface area to the plasma
membrane.

9. Plastids: Plastids are large cytoplasmic organelles. Plastids are major organelles found in the cells of plants and algae.
Plastids are the site of manufacture and storage of important chemical compounds used by the cell. Plastids often contain
pigments used in photosynthesis, and the types of pigments present can change or determine the cell's colour. The term
plastid was derived from the Greek word plastikas meaning formed or molded. This term was coined by Schimper in 1885.
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Plastids are double-membrane organelle which are found in the cells of plants and algae. Plastids are responsible for
manufacturing and storing of food. These often contains pigments that are used in photosynthesis and different types of
pigments that can change the color of the cell.
Types of Plastid
1. Chloroplasts

2. Chromoplasts

3. Leucoplasts

Chloroplasts– Chloroplasts are the most known plastids which are responsible for photosynthesis. These are covered with
thylakoids where the process of photosynthesis occurs.
It is the most common plastid (Chloro-green, plast-living) which contains chlorophyll a and b pigments, and DNA and RNA.
Chloroplasts are found mainly in the cells of the leaves of higher plants and algae. It is the most biologically important plastid.
By the process of photosynthesis, they produce oxygen and the most of the chemical energy used by living organisms.
Structure: Chloroplasts are roughly 1–2 μm (1 μm = 0.001 mm) thick and 5–7 μm in diameter. They are enclosed in a
chloroplast envelope, which consists of a double membrane with outer and inner layers, between which is a gap called the
intermembrane space. A third, internal membrane, folded and characterized by the presence of closed disks (or thylakoids),
is known as the thylakoid membrane. In most higher plants, the thylakoids are arranged in tight stacks called grana
(singular granum). Grana are connected by stromal lamellae, extensions that run from one granum, through the stroma, into
a neighboring granum. The thylakoid membrane envelops a central aqueous region known as the thylakoid lumen. The space
between the inner membrane and the thylakoid membrane is filled with stroma, a matrix containing
dissolved enzymes, starch granules, and copies of the chloroplast genome.

Chromoplasts– is a name given to an area for all the pigments to be kept and synthesized in the plant. These can be usually
found in flowering plants, aging leaves and fruits. Chloroplasts convert into chromoplasts. Chromoplasts are carotenoid
pigments that allow different colors that you see in leaves and fruits. The main reason for its structure and the color for
attracting pollinators.
Leucoplasts – These are the non-pigmented organelles which are colorless. They are usually found in most of the nonphotosynthetic parts of the plant like roots. They act as a storage sheds for starches, lipids, and proteins depending on the
needs of plant. They are mostly used for converting amino acids and fatty acids.

10.Cytoskeleton: The cytoskeleton is a structure that helps cells maintain their shape and internal organization, and it also
provides mechanical support that enables cells to carry out essential functions like division and movement. There is no single
cytoskeletal component. Rather, several different components work together to form the cytoskeleton.
Cyclosis: In addition to playing this structural role, the cytoskeleton is responsible for cell movements. These include not
only the movements of entire cells, but also the internal transport of organelles and other structures (such as mitotic
chromosomes) through the cytoplasm.
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•

The cytoskeleton is unique to eukaryotic cells. It is a dynamic three-dimensional structure that fills the cytoplasm. This
structure acts as both muscle and skeleton, for movement and stability.
Types of fibers: The long fibers of the cytoskeleton are polymers of subunits. The primary types of fibers comprising the
cytoskeleton are microfilaments, microtubules, and intermediate filaments.
Microfilaments
Microfilaments are fine, thread-like protein fibers. They are composed predominantly of a contractile protein called actin,
which is the most abundant cellular protein. Microfilaments association with the protein myosin is responsible for muscle
contraction. Microfilaments can also carry out cellular movements including gliding, contraction, and cytokinesis.
Microtubules
Microtubules are cylindrical tubes. They are composed of subunits of the protein tubulin. Microtubules act as a support to
determine cell shape, and provide a set of "tracks" for cell organelles and vesicles to move on. Microtubules also form the
spindle fibers for separating chromosomes during mitosis. When arranged in geometric patterns inside flagella and cilia,
they are used for locomotion.
Intermediate Filaments
Intermediate filaments are about 10 nm diameter and provide strength for the cell shape.
11.Compare prokaryotic and eukaryotic cells.
SIMILARITIES:
1. They both have DNA as their genetic material.
2. They are both membrane bound.
3. They both have ribosomes .
4. They have similar basic metabolism .
5. They are both amazingly diverse in forms.
DIFFERENCES:
Eukaryotes
Prokaryotes
Eukaryotes have a nuclear membrane
while prokaryotes do not
Eukaryotes have membrane-bound organelles, while prokaryotes do not
like Golgi bodies, lysosomes etc.
Eukaryotic cells are, on average, ten times the Prokaryotes are microscopic in size
size of prokaryotic cells.
The DNA of eukaryotes is much more complex Simple and smaller sized DNA is present
and therefore much more extensive than the
DNA of prokaryotes.
Many types of eukaryotic cells also have cell Prokaryotes have a cell wall composed of
walls, but none made of peptidoglycan.
peptidoglycan, a single large polymer of amino
acids and sugar .
the DNA of eukaryotes is held within its nucleus The DNA of prokaryotes floats freely around the
and associated with histones (proteins)
cell
Eukaryotes undergo mitosis and meiosis
Prokaryotes divide by binary fission (simple cell
division)
12. Nucleus:
Nucleus the most prominent organelle of the cell. The number of nuclei may vary, they may be uni-nucleate (single nucleus),
bi-nucleate (two nuclei) or even multi-nucleate. Nucleus is present in all eukaryotic cells; they may be absent in few cells like
the
mammalian
RBCs.
Shape: The shape of the nucleus is mostly round, it may be oval, disc shaped depending on the type of cell.
History: Nucleus was the first cell organelle to be discovered. Robert Brown in 1833 named and discovered nucleus in plant
cells. Nucleus a double-membrane bound cell organelle present in eukaryotic cells. The nucleus maintains the activities of
the cell. Therefore, the nucleus is known as the control center of the cell.
Nucleus Structure
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The nucleus is the largest organelle of the cell. The nucleus appears to be dense, spherical organelle. It occupies about 10%
of the total volume of the cell. A semi-fluid matrix nucleoplasm is seen inside the nucleus which is a viscous fluid and is
similar to the composition of the cytoplasm.
Parts of Nucleus: there are 4 parts of nucleus
1. Nuclear envelop
2. Nucleolus
3. Nucleoplasm
4. chromosomes
1. Nuclear Envelope: The nuclear envelope is also known as the nuclear membrane. It is made up of two membranes the
outer membrane and the inner membrane. The outer membrane of the nucleus is continuous with the membrane of the
rough endoplasmic reticulum. The space between these layers is known as the perinuclear space. The nuclear envelope
encloses the nucleus and separates the genetic material of the cell from the cytoplasm of the cell. It also serves as a barrier
to prevent passage of macro-molecules freely between the nucleoplasm and the cytoplasm.

Nuclear Pore: The nuclear envelope is perforated with numerous pores called nuclear pores. The nuclear pores are
composed of many proteins known as nucleoproteins. The nuclear pores regulate the passage of the molecules between the
nucleus and cytoplasm. The pores allow the passage of molecules of only about 9nm wide. The larger molecules are
transferred through active transport. Molecules like of DNA and RNA are allowed into the nucleus. But energy molecules
(ATP), water and ions are permitted freely.
2.Nucleoplasm: The nucleus is separated from the cytoplasm by a limiting membrane called as nuclear membrane. This
membrane plays an important role for the transport of the material between the nucleus and the cytoplasm. Nuclear envelope
regulates nucleocytoplasmic exchanges and coordinates gene action with cytoplasmic activity.
3.Chromosomes: The nucleus of the cell contains majority of the cells genetic material in the form of multiple linear DNA
molecules. These DNA molecules are organized into structures called chromosomes. The DNA molecules are in complex with
a large variety of proteins (histones) which form the chromosome. In the cell they are organized in a DNA-protein complex
known as chromatin. During cell-division the chromatin forms well-defined chromosomes. The genes within the
chromosomes consists of the cells nuclear genome. Mitochondria of the cell also contains a small fraction of genes.
Diploid and haploid numbers of chromosomes:
Example: Human cells has DNA, which is divided into 46 individual molecules.
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4.Nucleolus: The nucleolus is not surrounded by a membrane; it is a densely stained structure found in the nucleus. The
nucleoli are formed around the nuclear organizer regions.
•
•
•
•

It synthesizes and assembles ribosomes and r RNA.
The number of nucleoli is different from species to species but within a species the number is fixed.
During cell division, the nucleolus disappears.
Nucleolus may be involved in cellular aging and senescence.

EXERCISE:
SHORT QUESTION ANSWERS:
2. Functions of the Nucleus
• It controls the heredity characteristics of an organism.
• It is responsible for protein synthesis, cell division, growth and differentiation.
• Stores heredity material in the form of deoxy-ribonucleic acid (DNA) strands.
• Also stores proteins and ribonucleic acid (RNA) in the nucleolus.
• It is a site for transcription process in which messenger RNA (m RNA) are produced for protein synthesis.
• Aids in exchange of DNA and RNA (heredity materials) between the nucleus and the rest of the cell.
• Nucleolus produces ribosomes and are known as protein factories.
• It also regulates the integrity of genes and gene expression.
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