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Preface

This book Comprehensive Biotechnology-I is written as per the revised semesterwise syllabus of
Biotechnology for the first year B.Sc. (Vocational) Ist semester students of Bangalore University. In
this semester, the students of first year B.Sc. Biotechnology will have to answer one paper—Part A:
Cell Biology and Part B: Genetics. This book covers the syllabus of Ist semester i.e., Cell Biology and
Genetics.

This book contains upto date exhaustive information and written in a simpler manner that should
enable the student to understand easily.

I have received a warm response for my contribution in Biotechnology—II book from students and
teachers. I hope that this book would also generate a similar response from the students and teachers.

I am thankful to M/s New Age International (P) Ltd., Publishers, New Delhi, Mr. R.K. Gupta,
President, The Federation of Educational Publishers in India and Mr. Saumya Gupta, Managing
Director, New Age International (P) Ltd., Publishers, New Delhi for the cooperation.

Suggestions for further improvement of the book and correction of errors if any, would be
gratefully acknowledged and incorporated.

DR. V. SREEKRISHNA
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Cells as a Basic Unit of Living System:
Discovery and the Cell Theory

The cell can be understood by studying its complexity and functions. In the beginning the term itself
was coined by the invention of the simple microscope by Anton Von Lewenhock and Jenssenis and the
subsequent invention of the microscope by Robert Hooke in 1665; he introduced the term Cell while
describing the microscopic texture of the cork.

The term Cell comes from the Latin word Cellula, which means small compartments. The improve-
ment in microscopes and the techniques of staining helped us examining the structure and content of
the cell.

The structural living unit other than the virus is the cell, which consists of smaller structures called
Organelles, namely:

Cell Wall.

Plasma Membrane.

Cytosol, Cytoplasm

Golgi Bodies

Endoplasmic Reticulum,

Ribosomes.

Cytoskeletal structure.

Mitochondria.

Chloroplasts.

Lysosomes and Peroxisomes and

Nucleus.

Each organelle has a specialised function within the cell. A Cell containing these organelles and a
well defined nucleus is called a Eukaryotic Cell.

The cells of bacteria and blue green algae lack a definite nucleus and organelles like eukaryotes,
and are called prokaryotes. Many plants and animals exist as single cells; hence, the cell is the basic
unit.

Three requirements have to be fulfilled for a cellular organisation. These are:

(i) a selectively permeable boundary separating the cellular components from the outside.

(i1) a metabolic system which would allow a series of enzyme catalysed reactions, and
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(iii) a genetic information system which would store and transmit hereditary information for future
generations.

However, viruses are exceptional as they possess a molecule containing the information required for
reproduction and a capsular coat around this molecule. Viruses, however, cannot reproduce without a
larger host which has an efficient biological machinery. For this reason they do not conform to a truly
living system, and may be called semi living particles. Viruses have simple life histories. While the
capsular coat is made up of protein, the information molecule is a nucleic acid DNA or RNA.

EUKARYOTES

They are highly evolved cells, possessing specialised organelles viz., endoplasmic reticulum; the
endoplasmic reticulum may be granular or agranular. Ribosomes are deposited on the granular
endoplasmic reticulum. Golgi complex, consisting of stacks of lamellae and vesicles of different
shapes and sizes act as an intracellular pump to regulate fluid movement, expulsion of excretory
products.

Lysosomes, phagosomes and pinocytosomes appear as irregular vesicular bodies. Lysosomes are
rich in hydrolytic enzymes which carry on cellular digestion. Phagosomes contain semisolid or solid
nutritive materials which are engulfed by the plasma membrane. Pinocytosomes are microscopic
vesicles, pinched off from the plasma membrane like phagosomes; they too contain nutritive material
but in liquid phase.

Mitochondria are most important organelles; they may be capsule or rodlike in shape. They are
enveloped by a double membrane. The inner membrane, invaginates to form compartments. The
mitochondria are responsible for cellular respiration. They also function as energy transducing organelles;
contain enzymes of electron transport chain; sites for oxidation or carbohydrates, lipids and amino
acids.

Plastids, which are characteristic of plant cell are another cell organelle; plastids without pigment
are known as leukoplasts and those possessing colored pigments are known as chromoplasts. The
plastids possessing green chlorophyll pigments are known as chloroplasts, which takes part in the
photosynthetic activity of the cell. The leucoplasts serve for storage of starch, oil droplets and proteins.

The cytoplasm of the cell also contains vacuoles, which are large in plant cells but in animal cells
they are small. The vacuoles are filled with liquid matter.

Another major component of eukaryotic cells is membrane bound neuclear complex. The nucleus
consists of the nucleoplasm in which chromosomes and nucleolus are present. The nuclear membrane
is double layered, with minute pores and nuclear membrane has direct contact with granular endoplasmic
reticulum. Deoxyribonucleic acid (DNA) and the basic protein called histone are present in the
chromosomes.

The Centriole is another organelle, that participates in cell division. They are spherical in shape
located near the nucleus.

DISCOVERY

The term ‘Cell” was coined by Robert Hook (1635-1703) while he was observing a thin layer of cork,
which showed empty chambers lined by thick walls having an arrangement similar to a honey comb.
He named these chambers ‘Cells’ (Cellula in latin means little rooms). Though he coined the term
‘Cell” he could not study the internal aspects and the dynamic nature of the cell as he was observing
dead/empty cells.
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Later on a cell was found to be the fundamental unit of all living matter. A single cell is an entity,
isolated from other cells by a cell membrane (and sometimes a cell wall) and contains a variety of
chemical materials and sub-cellular structures Schleiden and schwann first described the cell and put
forward some postulates, together which were called “The Cell Theory”. According to this theory:

(a) Plants and animals are composed entirely of cells or substances produced by cells.

(b) All cells arise from pre-existing cells.

(c) The cells of which organisms are composed have their own life.

(d) The life of individual cells is subject to the life of the organism as a whole.

Later on, in the middle of 19th century, Purkinje (1840) coined the term “Protoplasm” for the
substance inside the cell. In 1963 A.G. Loewy and P. Siekevitz defined cell as “a unit of biological
activity delimited by a semipermeable membrane and capable of self reproduction in a medium free of
other living systems.” Cells have various functions. They contain protoplasm which is majorly com-
posed of water, protein and carbohydrates and also minute amounts of fats and storage compounds.
They also contain Nucleic acids which carry information from one generation to the other. All these
molecules are collectively called “Macromolecules”. Macromolecules are present in almost all cells
and hence we can assume that cells have orginated from a common origin i.e. the ancestral cell.

An entity of protoplasm bound by a barrier that separates the interior from the surrounding may be
called a “Cell”; but in the true sense a “Cell” should posses certain unique characteristics.

1. A cell should be able to nourish itself from the surroundings i.e. self Nourishment.

2. It should be able to use the nutrients and grow in size and multiply i.e. growth.

3. A cell should be able to differentiate i.e. mature and perform its functions efficiently which
involves structural and physiological changes, i.e. differentiation.

4. A cell should be able to respond to stimulus. It should also be able to cooperate and coordinate
with other cells to perform its functions i.e., it should express the phenomenon of cell signal-
ling.

5. Lastly a cell should evolve i.e. change for the better.

These characters are the Hallmarks or unique characters of a cell.

A cell is a dynamic system. The cytoplasm of the cell contains many substances which are actively
involved in the metabolism of the cell. The cytoplasm is always active as various chemical reactions,
biosynthetic reactions and other mechanism like transport etc. are always operating. The composition
of the constituents of the cell is unique and specific. This composition differs from the surrounding
environment. There is constant pressure upon the cell and its constituents by the environment. The cell
wall or the cytoplasmic membrane give protection to the cell. The cell tends to balance the pressure
and tend to be in equilibrium with the environment. The cell takes in nutrients and other substances
from the surroundings and secretes out waste products and other solutes from the interior. So it is not
a closed system. A cell thus is a dynamic open system; which has a specific chemical composition and
tends to be in equilibrium with the surroundings. Though the cell tends be in equilibrium, it is, in the
true sense a Non-equilibrium system as it has many different biological activities occuring inside it and
also is able to replicate on its own, protected from the environment by a membrane and exists as a non-
equilibrium system.

Basing upon their structural physiological and evolutionary progress cells are classified into
Eukaryotes and Prokaryotes. Prokaryotes are primitive cells which have simple structure and organisa-
tion. Bacterial and Blue-green Algae (Cyanobacteria) are included in this group. Eukaryotes on the
other hand are well organised complex cells which are highly evolved. Fungi, Algae and higher
organisms (plants, animals) are included into this group. Viruses can neither be included into prokaryotes
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nor into Eukaryotes as they are not cells at all. They lack many attributes of cells, of which the most
important is that they are not dynamic open systems. A single virus particle is a static structure, quite
stable and unable to change or replace its parts. Only when it is associated with a cell does a virus
become able to replicate and acquire some of the attributes of a living system. Thus, unlike cells
viruses have no metabolism of their own. Cells have been defined into three evolutionarily distinct
cellular lineages, the Bacteria, Archea and Eukarya. Bacteria and Archeae (primitive bacteria) are
prokaryotic cells and Eukarya and Eukaryotic cells.

POINTS TO REMEMBER

A cell is the fundamental unit of all living organisms.

‘Robert Hooke’ coined the term “cell”, and “protoplasm” was coined by Purkinje.

Cells are dynamic open systems.

Cells should be able to Nourish themselves grow differentiate, co-operate and co-ordinate with

other cells and most importantly evolve.

5. Cells tend to attain equilibrium but due to the structural and biological compositions they
remain as non-equilibrium systems.

6. These cells basing upon their evolutionary progress are categorised into Bacteria, Archeae and

Eukarya. The prokaryotes are Bacteria, Cyanobacteria and Archeae (Primitive Bacteria) and

Eukaryotes include Fungi, Algae and Higher Organisms.

-

THE CELL THEORY

In 1665 Robert Hooke suggested the term “cell” while describing the microscopic texture of the cork.
This was followed by illustrations conforming to cellular nature of living organisms by a number of
workers during the next two centuries.

Schleiden and Schwann are generally accredited as the exponents of the “cell theory”, which states
that both plants and animals are made up of aggregations of basic units called cells.

Schleiden and Schwann writing in the 19th century, introduced the cell theory, which can be
summarised as follows:

(i) Organisational cells are differentiated into distinct cell types.

(i) Nucleus is a common feature of all cells with the exception of viruses and red blood cells.

(iii) The protoplasm is the living content of the cell, and determines the activity of the cell and of the
whole organism.

(iv) New cells originate from pre-existing cells through division.

Life can be considered as a unique and complex interaction of matter and energy that assumes a
hierarchy of structural order. The biological continuity, thus, consists of different levels of biological
organisation. Atoms, the smallest units of matter, interact to form molecules that may be variously
joined to form more elaborate macromolecules characteristic of living organisms. The interacting
macromolecules often result into structures called organelles and the next higher level of organisation
is the cell. The cell is the smallest unit of interacting matter and energy that exhibits properties of life.

However, the chemical components of the living cells are qualitatively quite different from those of
the physical environment. Majority of the molecules in living cells are organic compounds, which
occur in great variety and complexity.

For example in Escherichia coli bacterium (Fig. 1.1), there are more than 5, 000 types of organic
molecules, of which 3,000 are proteins and 1,000 are nucleic acids. Homo sapiens, i.e., Man is known
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to have more than 1,00,000 types of proteins. This immense variety of organic compounds is reducible
to a surprising simplicity; all proteins are composed of 20 types of linearly arranged amino acids.

Similarly all nucleic acid molecules are composed of four types of nucleotides.

Plasma membrane

Cell wall

Lamellosome

Mesosome Flagellum

i, ¥ doeiic, SENIREEE N b
e T ST o 4
“n\ Chremosome *

A

Ribosome

Fig. 1.1. A typical Escherichia coli cell showing prokaryotic organisation

These building blocks, thus, serve as the raw material for macro-molecular synthesis and perform
various functions. Amino acids, for example, also serve as the raw material for macromolecular
synthesis and perform various functions.

Further, Amino acids also serve as precursors of hormones, alkaloids, pigments, etc. Strange as it
may appear, the building blocks are identical in all living organisms. Therefore, the following generali-
sations can be formulated:

(A) There is an underlying simplicity in the molecular organisation of all living cells.

(B) There is an underlying principle of molecular economy in living cells.

(C) All living organisms have a common ancestor.

PARAMETERS OF LIFE

Though it is not possible to define life, a set of properties can be suggested which characterise life.

(a) Self Organisation: Living systems are self organising, whereby specialised structures would
have metabolic cooperation in an organised manner.

(b) Self Regulation Capacity: Self regulation of metabolic processes should be expressed by living
systems. Proteins, which also function as enzymes, are capable of performing polyeric synthesis and
degradation

(¢) Mechanism of Energy Transfer: Living systems obey laws of thermo-dynamics. They have the
capacity to liberate energy which is released through degradation of food materials, and are conserved
in the form of ATP. Energy of these phosphate groups is utilised for different metabolic activities.

(d) Self Reproducing Capacity: All living organisms reproduce their own kind during their limited
lifespan. DNA molecule helps in this process and also in passing genetic information to daughter cells.

(e) Isothermal Open System: Living organisms are capable of exchanging matter and energy within
the environment; chemical transformations of matter occur at a temperature of around 37°C in major-
ity.

(f) Adaptation Capacity: Genetically, living systems are capable of adapting to new environments or
improving their efficiency within the same environment and causing evolutionary variations.



8 Comprehensive Biotechnology—I

Life could be considered as a unique and complex interaction of matter and energy which possesses
a sequence of structural order. The biological continuation consists of various levels of biological
organisation. Atoms, the smallest units of matter interact to form molecules that may join to form more
complicated macromolecules characteristic of living organisms.

Interacting larger molecules often result into structures called organelles and the higher level of
organisation is the cell. The cell thus is the smallest unit of interacting matter and energy that exhibits
properties of life.

Cells obey the laws of thermodynamics. The first law, which is also known as the law of conserva-
tion of energy, states that energy can neither be created nor destroyed; it can, however, be transformed.
Living cells could only transform one form of energy into another. Cells absorb the useful form of
energy, i.e. free energy, and return an equivalent amount of less useful form of energy to the environ-
ment.

The second law states that all physical and chemical processes proceed always with an increase in
disorderliness of the universe. This is how cells follow the principle. Living cells neither create nor
destroy energy, but transform into a useful form. Cells maintain their orderliness at the cost of their
environment which they make more disorderly.

SUMMARY

It is believed that the ancestral organisms both plants and animals gained their energy from chemotrophs
and later specialised in synthesising own food through photosynthesis.

Structural life unit other than the virus is the cell. A cell consists of smallest structures called
organelles, each having a specialised function within the cell. A cell consisting of cellular organelles
and well defined nucleus is called eukaryotic cell.

The cell of blue green algae, and bacteria take a definite nucleus and organelles like eukaryotes;
they are thus called prokaryotes. As many plants and animals exist as unicellular organisms.

Several cell theories proposed are discussed.

EXERCISE:

Why we should not consider virus as a living entity?

What are the three main requirements for a cellular organisation?
Explain in detail the cell theory?

Write shortnotes on:

(a) Prokaryotes

(b) Eukaryotes

(c) Parameters of life.

Rl e e



Surface Architecture

PLASMA MEMBRANE

The structure that separates the cell content from the external environment is the plasma membrane. It
is a thin film (6 to 10 nm thick) constituting continuous lipid bilayer with proteins intercalated in or
adherent to both surfaces. The plasma membrane can be resolved only with the electron microscope,
which reveals its numerous infoldings and differentiations as well as the different functions that
establish connections with neighbouring cells. The main function of plasma membrane is to control
selectively the entrance and exit of the materials. The plasma membrane is covered and reinforced by
the cell wall in plant cells and by the cell coat in animal cells.

The cell wall is responsible for the rigidity of most plant tissues. This structure mainly consists of
cellulose fibres into which other substances like lignin, which is the main component of timber may be
incorporated. There are funnels ranging through the cell wall that is plasmodesmata which allow
communication with other cells in a tissue. The cell coat covered in most animal cells is made of
glycoproteins, glycolipids and polysaccharides that may extend the thickness of the cell membrane and
continue far beyond it. Besides protection, the cell coat is involved in molecular recognition between
cells; it contains enzymes and antigens and is fundamental in the association of cell in a tissue.

Cell membrane term was coined by Nageli and Cramer in 1865 and Plowe coined the term
plasmalemma to plasma membrane.

In 1902 Overton postulated that the plasma membrane is composed of a thin layer of lipid. In 1926
Gorter and Grendel found that the lipid content of hemolyzed erythrocytes was sufficient to form a
double layer of lipid molecules over the entire cell surface.

Other information comes from the study of interfacial tension of different cells. Tension at a water-
oil interface is about 10-15 dyn/cm, whereas surface tension of cells is almost nil. The low tension is
due to the presence of protein among the lipid components. In fact, when a very small amount of
protein is added to a model lipid water system, the surface tension is lowered.

To explain all these, many molecular models of cell membrane were proposed by many cell
biologists. Some of them are:

(a) Lamellar model: Danielle and Dawson proposed that the plasma membrane is sheath like and
composed of two layers of lipid which are sandwiched between two continuous layers of proteins.
This is known as sandwich model or Trilamellar model (1935).

(b) Unit membrane model: Robertson (1959) proposed his famous unit membrane model. Accord-
ing to him, the unit membrane consists of bimolecular lipid leaflet sandwiched between outer and
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inner layers of proteins organised into the pleated sheet configuration (protein-phospholipid-
phospholipid-protein). Such an arrangement was presumed to be basically the same in all cell mem-
branes. The observations of thin section by electron microscopy has led to the concept of trilayered
plasma membrane which is also called the unit membrane model.

¢) Micellar model: According to this model a central core (micelle) of hydrophobic phospholipids
is surrounded by the hydrophilic protein molecules.

d) Protein crystal model: According to this model the phospholipids are intercalated in the gaps or
cavities of crystal like protein structure.

All these models and unit membrane model, however, are certainly an oversimplification.

Gorter and Grendel in 1934 performed an experiment to study the arrangement of the components
of the plasma membrane.

A known number of RBCs were taken and lysed by treating the RBC with hypotonic solutions. This
was done in beakers containing water. After the lysis of the cells the air-water interphase shows a layer
of phospholipid molecules spread over the surface of water. As they already knew the number of RBC
they could approximately measure the area occupied by the membranes of the RBC on the air-water
interphase which now had a single layer of phospholipid molecules. However, they found that the area
occupied by the single layer of phospholipid molecules on the air-Water interphase was double the
area occupied by the membranes in RBC as per calculation. This led to the conclusion that the
phospholipids were not present in a single layer but a double layer.

Peripheral protein

Glycolipid

Lipid layer Integral protein

Fig. 2.1. Fluid-mosaic model of plasma membrane proposed by Singer and Nicholson (globular proteins are
seen floating in the bimolecular lipid matrix).

The fluid mosaic model:The most popularly accepted model of cell membrane is the fluid mosaic
model proposed by Singer and Nicholson (1972). This postulates that lipid and proteins are dispersed
in a kind of mosaic arrangement and that biological membranes are quasi-fluid structures in which
both lipids and the proteins are able to move within the bilayer, i.e, the proteins are embedded in a lipid
bilayer in such a way that proteins float in lipid sea. (Fig. 2.1). The lipid molecules mainly consist of
phospholipids which are arranged in two layers. Each phospholipid molecule is made up of a glycerol
head connected to a tail of long chain fatty acid-hydrocarbons, which always contain 1 or 2 double
bonds and give the tail rather a kinked structure.

Many types of proteins, namely extrinsic, intrinsic and transmembrane proteins are present interpersed
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with the lipid molecules. Extrinsic proteins are the proteins which are superficially attached to the lipid
molecules. The integral proteins of the membrane are intercalated to a greater extent into a rather
continuous lipid bilayer. These integral proteins are amphipathic with polar regions (hydrophilic)
protruding from the surface and nonpolar (hydrophobic) regions embedded in the hydrophobic interior
of membrane (Fig. 2.2).

Lipid layer

—» Polar pore

——3» Protein

Fig. 2.2. Danielli-Davson model of plasma membrane showing pores in the membrane

Proteins and Phospholipids are not tightly associated with each other and have freedom to move
along the surface of plasma membrane. Phospholipid molecules may also move along the cell mem-
brane thus making the plasma membrane a viscous fluid rather than a rigid structure. In fact, the
cohesive forces between lipids and proteins are relatively weak interactions, i.e. ionic hydrogen bonds
and mainly hydrophobic in character. Some of the lipids and proteins on the outer surface are
frequently associated with sugars to form glycolipids and glycoproteins.

COMPOSITION OF PLASMA MEMBRANE

In general, the plasma membrane is composed of
(i) lipids (Phospholipids, cholesterol)
(i1) proteins
(iii) oligosaccharides bound to lipids (glycolipids) and proteins (glyco-proteins).
Lipids: The main lipid components of the plasma membrane are phospholipid, cholesterol and
glycolipids. Their proportions vary in different cell membranes.
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Phospholipids: They are loosely aranged and form 20-79% of the cell membrane. The major
proportion (50%) of membrane phospholipid is represented by

(a) Phosphotidylcholine-neutral

(b) Phosphotidyl ethanolamine-neutral

(c) Sphingomyelin-neutral

(d) Phosphatidyl Serine- Acidic, -ve charge

Among these phosphotylcholine, phosphotidyl ethanolamine and sphingo-myelin have no net charge
at neutral pH (i.e, neutral phospholipids) and tend to pack tightly in the bilayer. This property is also
shared by cholesterol. 5 to 20% of phospholipids are acidic, including phosphotidyl inositol and
phosphotidylserine and cardiolipin and sulphalipin and phosphotidyl glycerol. They have a negative
charge. Phosphotidyl choline and sphingomyelin are neutral and distributed more on the outer layer of
plasma membrane.

Phosphotidyl ethanolamine, phosphotidylserine and phosphotidyl inositol are distributed more in
the inner side ; due to this the inner layer of plasma membrane gets a net -ve charge on it. Though the
phosphotidyl inositol is present in very less proportion, i.e. 1-2%, it is helpful in cell signalling.

Cholesterol: It is the sterol present in plasma membrane and gives stability or acts as strengthening
agent to preserve the structure of plasma membrane. Cholesterol is present in equimolar to the
phospholipids in cytoplasmic membrane. The function of cholesterol is temperature dependent . At
higher temperature cholesterol interferes with movement of fatty acid chain and prevent permeability
of solutes. At low temperature cholesterol interferes with hydrophobic interactions avoiding freezing
of the membrane.

Basic functional ability of plasma membrane depends on the structure of phospolipid molecules:

(i) Phospholipids have hydrophilic heads on either surface and hydrophilic tails are present in the

centre. Due to this arrangement the water soluble ions or molecules cannot enter through
plasma membrane.

(i) The hydrophobic tails are not straight but are kinked. These long chains of fatty acids can move

freely due to which tight packing of these chains is not possible. Phospholipids are able to
rotate on their own axis.

MEMBRANE PROTEINS

Proteins represent the main component of most biological membranes. Numerous enzymes, antigens
and various kinds of receptor molecules are present in plasma membrane. These proteins were
identified by Singer and Nicholson. The membrane may consist of 30-50% of proteins. For every
50-100 molecules of lipid one protein molecule is present. Membrane proteins have been divided into
peripheral and integral proteins according to the degree of their association with the membrane, and
the methods by which they can be solubilized.

PERIPHERAL PROTEINS

They are present only on the surface of the plasma membrane, due to their hydrophilic nature, and are
bound to the plasma membrane by ionic bonds and protein-protein interactions. They are easily
dissociated by mild treatments like high pH, hypotonic solutions, high ionic strength, metal ion
chelating agents, etc., The dissociated proteins are soluble in water and are usually free of lipids and
molecularly dispersed in neutral aqueous buffers. Their dissociation will not cause actual disruption of
the plasma membrane; for example, i) spectrin may be removed from red cell ghosts by chelating
agents. ii) cytochrome-C found in mitochondria is easily removed in high salt solutions.
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INTEGRAL PROTEINS

They represent more than 70% of the membrane proteins. They pass through the membrane and are
associated with hydrophobic regions of the lipid bilayer also. They are exposed to either side of the
membrane, and when present throughout the membrane they are called transmembrane proteins and
consist of both hydrophilic and hydrophobic regions, i.e. they are amphipathic. They are dissociated
from the plasma membrane by surface acting agents like detergents, hydrophobic bond breaking
organic solvents and chatropic agents. Their dissociation is accompanied by the dissociation of the
whole plasma membrane.

OTHER PROTEINS

The oligosaccharide group of glycoprotein formed from the ribosomes attached to endoplasmic reticulum
integrates with phosphotidyl inositol present in the inner leaflet membrane by GPI anchor (Glycosyl
Phosphotidyl Inositol Link) to form a GPI molecule. These are known as GPI linked proteins. Other
than these, some more proteins are seen in plasma membrane formed or synthesized by free ribosomes.
In erythrocyte or leucocyte membrane, the leucoproteins consists of Hexose, Hexosamine, Fucose,
NAG and NANA-N-acetyl-neuraminic acid (sialic acid). The proteins which contain sialic acid in their
glyco group are called sialo proteins and these proteins are recognised by endothelial receptors.
Because of the amphipathic nature of the transmembrane proteins, they cannot be easily crystallised
and hence their 3 dimensional structure cannot be identified. The transmembrane protein has 3
regions: The middle portion is a-helical structure; above and below it, peripheral proteins are present
which accept light and send to L,M,N portions of o-helical structure. It consists of single polypeptide
chain of 247 amino acids, which traverse 7 times the lipid bilayer. Each of the traversing segments is
an o-helix with some 25 amino acid residues. The oligosaccharides of the proteins and lipids on the
outer side of the membrane form a layer around the membrane called Glycocalyx in eukaryotes, and
its basic function is to protect and also work as binding sites or receptors.

FUNCTIONS OF THE PLASMA MEMBRANE

Main functions of plasma membrane are:
(i) Cell Permeability

(i1) Proteins present on cell membrane may act as carriers for transport of materials and may help
in cell recognition or may act as receptors for informational molecules.

CELL PERMEABILITY

Permeability is fundamental to the functioning of the living cell and to the maintenance of satisfactory
intracellular physiological conditions. This function determines which substances can enter the cell,
many of which may be necessary to maintain its vital processes and the synthesis of living substances.
It also regulates the outflow of excretory substances and wastes from the cell.

The presence of membrane establishes a net difference between the intracellular fluid and extracellular
fluid. This may be fresh water or salt water in unicellular organisms growing in ponds or seas, but in
multicellular organism, the internal fluid i.e. blood, lymph and especially the interstitial fluid, is in
contact with the outer surface of the cell membrane. One of the functions of the cell membrane is to
maintain a balance between the osmotic pressure of the intracellular fluid and that of the interstitial
fluid.
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Passive transport: Passive transport occurs along the lipid membrane depending upon the
concentration gradient and does not involve any proteins of energy. The molecules move across the
lipid membrane from higher to lower concentration. Molecules like water can pass through passive
transport. Small polar molecules and hydrophobic molecules are permeable by passive transport
whereas the charged molecules, larger molecules and certain hydrophilic molecules cannot pass
through passive transport.

Molecules like oxygen, carbon-di-oxide and polar molecules like water, nonpolar solvents like
Benzene and alcohol are permitted. Amino acids are not permitted as they are large and charged.
Glucose is also not allowed due to its larger size. Small ions like H*, Ca*?, CI~, Na*, K* are also not
allowed by passive transport due to their charge (Fig. 2.3).

FACILITATED TRANSPORT (DIFFUSION)

Occurs by two different ways—
(a) occurs along the concentration gradient.
(b) occurs against the concentration gradient.

Proteins are involved in this transport. Two types of protein transporters are seen.
(i) carrier proteins
(i1) channel proteins

TR
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diffusion by single protein by clustering pores
through lipid of protein
bilayer

Fig. 2.3. Passive transport by simple diffusion through temporary channels formed by clustering of proteins

CARRIER PROTEINS

The transport of many different molecules across the membrane shows a high degree of specificity, i.e,
the permeability of a molecule is related to its chemical structure. While one molecule may readily
enter the cell, another of the same size but slightly different molecular structure may be completely
avoided. A clear example of the selectivity is provided by the transport of two isomers (Glucose and
Galactose) into a bacterial cell. Although the only difference between them is in the position of -OH
group at carbon 4, these two sugars penetrate the membrane by different transport mechanisms. This
type of selectivity is attributed to transport proteins or carrier proteins or permeases. It is thought that
a permease functions in a manner somewhat similar to an enzyme or a receptor, in having a binding
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site able to recognize the molecule to be transported. Some permeases can transport only if there is a
favourable concentration gradient. Glucose concentration is always less inside the cell, as it is actively
metabolised inside the cell, except in liver where active outward flow of glucose molecules is seen.

The carrier mechanism has also been postulated to mediate the entrance of the glucose into
intestinal cells. This mechanism is activated by Na*. The carrier ion in this model has polar amino
acids or binding site for Glucose, and should exist in two conformational states, one with low affinity
for glucose and another with high affinity. A carrier model can be postulated in which the glucose site
is initially with a high affinity state and binds the glucose molecules at the surface of the cell. In the
second step the carrier is translocated and the glucose site changes to a low affinity releasing the
molecule into the cell. The two affinities are modulated by Na* concentration inside and outside the
cell. This carrier mechanism follows fixed pole mechanism in which the carrier is represented by
integral proteins that traverse the membrane, and which once bound to the molecule to be transported
undergo conformational changes.

CHANNEL PROTEINS

Special channels meant for the transport of water are present in the membrane. Ex.Aquaporins. Porins
are present in the outer membrane of Eukaryotes. The transport through these channel proteins is much
faster than the passive diffusion.

ION CHANNELS

Ion channels form the most important means of transport of various ions and water. They are more
effective and efficient due to the following reasons:

(1) Faster rate of movements of ions i.e, up to a million ions can pass through it per second.

(2) They are specific to change and size of ions.

(3) They are not always open.

Based on the type of signals they require to close and open, they are of two types:

(i) Ligand gated channels

(i) Voltage gated channels

LIGAND GATED CHANNELS

They open and close in response to the binding of neurotransmitters or some other signaling molecules.

Ex. The binding of Acetylcholine to the acetylcholine transport molecule determines the opening or
closing of the negatively charged hydrophobic gates. Hence acetylcholine acts as signalling molecule
and when it binds to the molecule, the gates open due to conformational change and allow only +vely
charged ions like Ca*?, K*, etc. to pass through them. But —vely charged ions are not allowed to pass
through them because of —vely charged hydrophobic gates.

VOLTAGE GATED CHANNEL

The opening and closing of the voltage gated channel depends upon the electron potential or charge of
the cell Ex. Na* pump, K* pump.

NA* PUMP

Generally Na* are pumped outside the cell and the Na* pump aids in this.
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Generally Na* size is small and appropriate to the size of the Na* pump and so passes through it
along with water. But as K* is larger than Na*, K* cannot pass through a Na* pump.

K* PUMP:

Generally K* are pumped inside the cell and the channel of K* pump has a binding site and so it can
pass through it along with water. But Na* size is very small to bind with the active site in K* Pump,
and hence only K*ions can pass through them.

GROUPS TRANSLOCATION:

Translocation of a molecule inside the cell, which involves the chemical alteration of that molecule,is
called Group translocation. Group translocation always occurs against the concentration gradient but
without true expenditure of energy. Ex. Glucose is transported by group translocation into cell as
glucose-6 phosphate by addition of a phosphate molecule outside the cell. Here the ATP is used up in
the phosphorylation of Glucose, i.e. for biochemical reaction but not actually for transport. This
glucose 6 phosphate may follow Glycolysis in the cell. Sugars are generally transported by this
method.

ACTIVE TRANSPORT

Active transport involves transport of molecules via the cell membrane with expenditure of energy;
energy procured from ATP hydrolysis or electron potential of the cell, without the chemical alteration
of the molecule against the concentration gradient. Ex. Na*, K* pump. It includes protein molecules
with 3 binding sites for Na* and 2 binding sites for K* and can pump 3 Na* outside and 2K* inside the
cell by utilisation of only one ATP molecule.

In normal configuration the Na* binding sites are exposed to the cytoplasm and the Na* which are
always pumped outside the cell bind to these binding sites when the protein molecule is phosphorylated
by the hydrolysis of ATP. As soon as the Na* binds to the active sites, conformational change takes
place and the Na* binding sites are exposed to the cytoplasm and so K* from outside the cell binds to
these active sites which causes dephosphorylation of protein molecule and thus leading to conformational
change. The K* are released inside the cell. So only the ATP molecule is utilised to pump out 3 Na*
and to pump in 2 K* ions by active transport.

CA2* PUMP

Ca2* Pump is also similar in structure to the Na*, K* pump and helps in active transport of Ca2* ions
outside the cell by ATP hydrolysis. The concentration of Ca*? inside the cell is 0.1 mm. The concen-
tration of Ca*?outside the cell = 1lmm. But the Ca?* are transported outside the cell. During this
transport some other ions may be transported inside the cell simultaneously.

CYSTIC FIBROSIS

It is a disease caused by malfunctioning of ion channels namely CFTR i.e. Cystic Fibrosis Transport
Regulator Channel.
The cells are very sensitive to the Ca*? concentration. Ca*? acts as a
— cell signalling molecule.
— H Pump is more frequent in plant cells and bacteria.
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— Na*, K* pumps are frequent in animal cells.
— The entry and exit of the water molecules in the cell is governed by the turgor pressure which
develops due to the presence of a rigid cell wall.

ION GRADIENT ACTIVE TRANSPORT

The concentration of ions inside or outside the cell is called ionic gradient. The cell always maintains
the ionic gradient by pumping of ions like CI~, Ca*2, Na*, H*, K*. If +ve charge is formed outside of
the cell, OH™ ions are always present inside the cell having —ve charge. This is the stable gradient
always present around the cell. Any cell maintains an ion gradient across its membrane by active
transport. Cells contain a net +ve ion gradient on the outer surface, where large amount of H+ and +ve
charged ions are accumulated. The inner surface of the cell membrane maintain a -ve gradient by the
accumulation of OH- ions. The ion gradient keeps fluctuating across the membrane due to the
movements of ions into or outside the cell against the concentration gradient by active transport. When
Na* and Ca*? is transported out of the cell, against the concentration gradient, there is a reduction in
net ionic gradient, across the cell membrane. The movement of cation across the cell membrane is thus
compensated by the inward flow of equal number of cations. This mechanism of maintaining ionic
equilibrium in the cell membrane is called “Donnan’s equilibrium.

TRANSPORTERS

Three types of transporters are seen in the cell membrane namely:

(a) Uniporter

(b) Symporter and

(c) Antiporter

Uniporter: This type of transporter transfers only one specific molecule either outside or inside the
cell through it. Ex. Na* Pump.

Symporter: This type of transporter transports one type of ions and some other ion or molecule can
also pass along these ions in the same direction. Ex. Glucose enters into the cell along with Na+ ions
through Na+ Channel along the concentration gradient.

Antiporter: This type of transporter allows one type of ions inside and other type of ions outside the
cell simultaneously. Ex. N#, K* Pump - Na* outside K* inside K+ - Ca*> Pump-K+ inside Ca*?
outside the cell.

OTHER FUNCTIONS OF PLASMA MEMBRANE

Endocytosis: Endocytosis is related to the activity of plasma membrane. It may not take place in all
the cells. It includes phagocytosis and pinocytosis.

Phagocytosis: The ingestion of the food particles inside the cell by the formation of a phagosome
of vesicle by specialised cells called phagocytes is called phagocytosis, whereas Macrophages and
neutrophils are called pinocytosis.

Process: Once the phagosome or pinosome are formed, they are associated with lysosome to form
phogolysosome and pinolysosome into which the hydrolytic enzymes are released. Active digestion
takes place and simpler compounds or waste materials are formed in the phagolysosome. The useful
material is secreted in the cell and finally the phagosome with debris or waste material is sent or
vomited out of the cell by a process known as exocytosis, emiocytosis (or) cell vomiting.

Vesicles: Vesicles are globular structures that bud off from the cell membrane during endocytosis.
They are of two types: 1) Nonspecific Vesicles 2) Specific Vesicles.



18 Comprehensive Biotechnology—I

1) Nonspecific vesicles: These are more or less equal to phagosomes or pinosomes, which may later
combine with lysosomes, endoplasmic reticulum or golgi bodies depending upon the type of mol-
ecules or on the nature of the residue in vesicles.

— If it contains complex materials — it associates with lysosomes for digestion into simpler
compounds.

— If it contains proteins — they are passed to endoplasmic reticulum for sorting, marking or for
Glycosylation. If the proteins present are useful to the cell, then they are targeted to specific
spaces; otherwise, they are thrown out if they are not required.

— chances of union of vesicles with golgi bodies is rare.

— Sometimes these vesicles may also combine with endosome (which is a vesicle that is present
in the cell for a long time before forming secretory vesicles).

2) Specific vesicles: Specific vesicles contain receptors which facilitate them to capture particular
material. Ex. Intake of cholesterol. There are certain pits in the mammalian cells called “clatherine
coated pits”, coated by a substance called clatherine, which contains LDL receptors. Cholesterol is
ingested in the form of LDL — Low Density Lipoprotein. The LDL gets bound to the LDL receptors
and slowly the pit will be filled with LDL. Then it forms clatherine coated vesicles which will be
transferred specifically to the lumen of endoplasmic reticulum to get degraded to form cholesterol.
This cholesterol is then passed to a specific site via endoplasmic reticulum, Golgi apparatus. Some-
times LDL may be sent outside the cell or may be loaded on the inner walls of blood vessels, thus
reducing the width of the blood vessels and causing high blood pressure (B.P).

SPECIALISED STRUCTURES OF THE CELL MEMBRANE

The differentiations of the cell membrane corresponds to regions specially adapted to different func-
tions such as absorption, secretion, fluid transport, mechanical attachment or interactions with neigh-
bouring cells.

(1) Microvilli: In the intestinal epithelium microvilli are prominent and form a compact structure
that appears under the light microscope as a striated border. They represent the cytoplasmic processes
covered by plasma membrane or the projections of the plasma membrane. They are mainly involved in
the absorption of nutrients and are supported by cytoskeletal elements like microtubules and
microfilaments. The actin filaments are attached to the tip of the microvilli by -actinin and their
function is to produce contraction in the microvilli. The outer surface of microvilli is covered by a coat
of filamentous material (fuzzy coat) composed of glycoprotein molecules.

(ii) Interdigitation: These are structures formed by folding of the plasma membrane into finger like
or digit like structures which are predestined to form other specialised structures.

(ii1) Special invaginations: Special invaginations of plasma membrane are seen forming the cham-
bers between them, and mitochondria are present in these chambers helping in the production of
energy for transport.

(iv) Zonula occludens (tight junctions): Tight junctions are specially differentiated regions that
seal the intercellular space thus preventing the passage of fluid to and from the lumen. These junctions
are present just below the apical border of the cell. In a polarised epithelium, one of the functions of
the tight or occluding junctions is the maintenance of different intercellular environments in the apex
and basolateral regions. The tight junction could act as a barrier to the diffusions of macromolecules or
lipids in the bilayers, so as to differentiate the apical from basolateral portion, of the cell membrane,
each having their own particular composition and physiological characteristics.
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Mechanical adhesion between cells is mainly done by the desmosomes, of which there are two
types: belt and spot desmosomes. The difference between them resides in their localisation, extension
and relationship with the microfilaments.

Belt desmosomes (Zonula adherence or Terminal bars): Intermediary junctions are generally found
at the interphase between columnar cells, just below the region of tight junctions. They form a band
that girdles the inner surface of the cell membrane. This band contains a web of (6nm) actin filaments
and another group of interwoven, intermediate filaments of 10nm. Actin microfilaments are contractile
and intermediate filaments play a structural role. The plasma membranes of the adjacent cells come
closer to each other and cytoplasm gets thickened into a gel in this region.

Macula adherence (Spot desmosome): They appear as darkly stained bodies on the cell surface
under the light microscope. They represent localised circular areas of contact, about 0.5 nm in
diameter, in which the plasma membranes of the two adjacent cells are separated by a distance of 30
to 50 nm. The electron microscope reveals a midline structure or intercellular core and two parallel
desmosomal/plasma membranes. Under each plasma membrane there is a discoidal intracellular plaque,
towards which numerous filaments called tonofibrils or tonofilaments converge. These tonofibrils
are not contractile and belong to common type of intermediate keratin filaments. They are rigid
structures.

Hemidesmosomes: Along the basal surface of some epithelial cells separate desmosomes called
hemidesmosomes may be observed. These are similar to desmosomes in fine structure, but represent
only half of them, the outer surface frequently being substituted with collagen fibrils. Some tonofibrils
may be present.

Gap junction: The Gap junction or nexus or communication junction appears as a plaque-like
contact in which the plasma membrane of adjacent cells are in close-apposition or tightly connected,
separated by a space of only 2 to 4 nm. The cytoplasm is absent between plasma membranes in this
region. It mainly binds the cells together and helps in cell communication.

Inter membrane canaliculus or intercellular canaliculus: They are hexagonal structures formed
by the infolding of the plasma membrane cytoplasm which is thickened at this region. It basically
helps in maintaining communication between cells in the form of ions.

Cell wall: The cell wall constitutes a kind of exoskeleton that provides protection and mechanical
support for the plant cell. This includes maintenance of a balance between the osmotic pressure of the
intracellular fluid and the tendency of water to penetrate the cell. The cell wall of fungi is made up of
chitin, a polymer of N-acetyl glucosamine. The exoskeleton of crustaceans (Ex. scorpion) and Insecta
(Ex. cockroach) is also made up of chitin.

Cell wall of plants: The wall consists of a microfibrillar network lying in a gel like matrix of
interlinked molecules. The microfibrils are mostly cellulose, consisting of straight polysaccharide.
These are the glucose chains, which by intra, and intermolecular hydrogen bonding produce the
structural unit known as microfibril. Microfibrils in turn bind among themselves with non cellulose
polysaccharides and proteins to form the cell wall. In addition to protein, the gel matrix contains some
polysaccharides and lignin. The major polysaccharide fractions are pectin substances (containing
Galactose, Galacturomic acid, arabinose, sometimes Rhamnose may be present) which are soluble in
water and Hemicellulose (consisting of glucoronic acid, xylose, fucose, mannose, glucose, etc.) which
are extracted with alkalis. Lignin is found only in mature cells and is made up of an insoluble aromatic
polymer resulting from the polymerisation of phenolic alcohols. Suberin consists of Gums and Resins
alongwith some aromatic residues and suberic acid.
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SUMMARY

Surface architecture of plasma membrane which envelopes the cell; different models of it are dis-
cussed. Composition of plasma membrane, functions of the plasma membrane including specialised
structures of the cell membrane are described in detail.

EXERCISE:

. Explain in detail the physical properties and chemical organisation of plasma membrane.
. What is the unit membrane hypothesis?
. Explain in detail the chemical composition of plasma membrane.
. Explain in detail about active transport and passive transport mechanisms.
. What are the types of transporters of cell membranes? Write in detail.
. Write short notes on

(a) Unit membrane model

(b) Integral proteins

(c) Ion channels

(d) Ca** pump

(e) Microvilli

(f) Groups translocation

(g) Vesicles.
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Cellular Organelles

Like prokaryotic cells, eukaryotic cells are also bound by a plasma membrane and contain ribosomes.
However, eukaryotic cells are quite complex and contain a nucleus, a variety of cytoplasmic organelles
and a cytoskeleton.

The size of eukaryotic cell varies from lu to 175000 (175 mm), The ostrich egg is the largest cell.
Nerve cells are very long and some are as long as 3-3.5 feet The number of cells per organism also
varies from a single cell in protozoans to millions of cells in higher plants and animals. Unlike
prokaryotes, eukaryotic cells are organised into tissues and organs, all of which perform specific
functions. Plant cells have a thick complex cell wall whereas the animal cell does not possess any such
structure. The plant and animal cells also differ in some other properties. For example plant cells lack
centrioles and lysosomes. (Fig. 3.1 and 3.2).

A typical eukaryote contains all the following organelles in its cell.

1. Cell wall: It is seen only in plant cells. This is made up of two layers i) Primary Wall ii)
Secondary adjacent cells in a tissue have their primary hosts cemented by another layer called middle
lamella which is due to pectin, magnesium, calcium which gives rigidity to the wall. The primary wall
is thin and elastic and it is made up of pectin and cellulose. The secondary wall has three layers: Outer,
Middle and Inner in a concentric manner. In case of sclerenchyma cells the thick secondary wall is
made up of number of cellulose bundles called microfibrils.

Such structural details are possible only due to the electron microscope. The electron microscope
has enabled a detailed study of tweenfibrils (Micelle) forms and fibrils. Each micelle measures about
250 A. Each micelle is made up of hundred chains of cellular molecules and 3000 glucose molecules
form a cellular chain. To connect the next continuing chain with the protoplasm there are minute
perforations called plasmodesmata. Cell wall affords protection, with permeability characteristics, to
allow the molecules to pass through metabolic activities of the cell.

2. Plasma membrane: It is the outermost covering of animal cells and

is present beneath the cell wall in plant cells. It performs functions like transport, synthesis etc.,
besides giving the cell protection.

3. Cytosol: Plasma membrane is followed by the colloidal organic fluid called the cytosol; it
responds to a variety of small molecules concerned with metabolism.

4. Cytoplasm: Though not an organelle, it is an integral part of any cell and it is in this watery fluid
that all the organelles are present and a variety of metabolic reactions takes place.

5. Golgi bodies: They are cup shaped, located near the nucleus consisting of smooth, cisternae
bounded vesicles which transport proteins.
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6. Endoplasmic reticulum: It remains continuous with plasma membrane and the nuclear enve-

lope. They are engaged in glycogenolysis and polypeptide synthesis.
7. Ribosomes: They act as the work benches of protein synthesis.

Mitochondrion —
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Fig. 3.1. Structure of a typical plant cell organisation

8. Cytoskeletal structure: They include fibres and when arranged in 3 dimensional networks are
known as microtubular lattice. They maintain cell shape and mobility.

9. Mitochondria: They are found in all eukaryotic cells and are the sites of oxidative metabolism.
They are responsible for synthesising most of the ATP derived from the breakdown of organic
molecules.

10. Chloroplasts: They are present only in plant cells and are the sites of photosynthesis.

11. Lysosomes and peroxisomes: Also provide specialised metabolic compartments for digestion
of macromolecules and various oxidative reactions.

12. Nucleus: With a diameter of 5u which is the distinguishing organelle between the prokaryotic
and eukaryotic cell, it is also typical to eukaryotic cells. The nucleus contains DNA arranged in a
linear fashion rather than the circular fashion, as in prokaryotes. The nucleus is also the site of DNA
replication and RNA synthesis.

CYTOSOL

Cell cytoplasmic organelles can be separated by ultracentrifugation and what is left behind is soluble
fraction known as cytosol.
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Fig. 3.2. A generalised animal cell organisation

Physical nature of cytoplasm: It appears jelly like, transparent, and colourless fluid. Granier
coined a name ergatoplasm for this material. Its basophilic nature is due to the presence of ribonuclease.

Cytoplasm is a heterogeneous mixture of opaque granules and free organic compounds imparting it
a colloidal nature. Its ground material has a unique property of changing its consistency, sometimes
behaving as a viscous material. The peripheral zone of cytoplasm is thick and jelly like, called
plasmagel. Around the nucleus, it is thin-liquefied, called plasmasol or endoplasm. A large number of
diverse chemical nature substances are also dissolved in cytoplasm, which has a high percentage of
water. Proteins are most abundant, of which 20-25% are in the form of soluble proteins including
enzymes. Carbohydrates, inorganic salts, lipids and lipoidal substances are also found in cytoplasm.

Cytoplasm exhibits the phenomenon of phase reversal in which colloidal solution undergoes sol-gel
transformation. The sol state is the liquid phase containing more water and less solids whereas the gel
state is semi-solid and jelly like, with less water and more solids. Sol gel transformation depends on
temperature and occurs in response to metabolic activities of the cell. Cytoplasm exhibits viscosity
changes intracellular motion and amoeboid movements.

Cytoplasm suspended particles follow Brownian motion, in which motion of the particles is inco-
herent. Particles also possess electric charge either negative or positive. As identical charged particles
repel, movement occurs.
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Cytoplasm also shows amoeboid movement and intracellular motion.- Cyclosis. Amoeboid move-
ment of protozoans, leucocytes of blood is due to frequent changes of cytoplasm from sol to gel state
and vice versa. Stomatal guard cells in the leaves are capable of absorbing water and removing it as per
the need.

Chemical nature of cytoplasm: Cytoplasm contains 90% of water and the remaining 10% includes
organic and inorganic compounds in various proportions.

The most important compound present in cytoplasm is water as it forms dispersion medium of
living matter. Living cells contain 60 to 90% water, whereas dormant cell tissues contain 10 to 20%
only. As water has several unique properties such as high heat capacity, heat of vaporisation, latent
heat of fusion, surface tension and dielectric constant compared with other solvents, these properties
influence the behaviour and functions of the cell.

Other properties of water make cytoplasm a compound of fundamental significance like

(i) Water being an excellent solvent, it dissolves many organic and inorganic substances.

(i1) As water acts as a solvent, for charged substances, it dissociates itself in protons and negatively

charged OH™ ions.
(iii)) Water increases the dissociation of electrolytes.

(iv) Water serves as a means of dispersal of energy, food and waste matter.

(v) Due to its weak conductivity to heat, it loses or gains heat slowly. As a result, water helps in

maintaining constant body temperature in homeothermic animals.

Among the 20 elements that constitute cytoplasm, carbon, hydrogen, nitrogen and oxygen are
most abundant and the rest are in traces. Elements C, H, N, O, P and S are responsible for the
formation of building blocks of all biomolecules. Inorganic compounds are found as ions, such as Na*,
Mg?*, Po* 27, cI”, K* and Ca®* in traces. Some major element ions -Co**, No,™ are also present. All
these ions are important for carrying out physiological functions. Ca* is important in causing gelation
of cytoplasm, muscle contraction and coagulation of blood. K* helps in reducing the viscosity of
cytoplasm and muscle relaxation.

GOLGI BODIES

Golgi bodies were identified by Camillo Golgi in 1989. In plants and lower invertebrates it is also
called as dictyosome. It is also considered as Golgi complex. The Golgi complex contains parallelly
arranged,flattened sac like structures, which lack ribosomes.

Golgi complex or Golgi bodies occur in all cells except the prokaryotic cells and eukaryotic cells of
certain fungi, sperm cells of bryophytes and pteridophytes, cells of mature sieve tubes of plants and
mature sperm, and red blood cells of animals. Their number in plant cells may vary from several
hundred to a single organelle in some algae. In animal cells usually a single golgi complex is present.
In oocytes there may be many such bodies. The Golgi body may be scattered throughout the cell or
may be generally localised at the place near the nucleus, in the shape of a cup. It gives out several
vesicles which later on fuse with the plasma membrane, or form distinct organelles themselves.

Golgi bodies of plant cells are about 1-3uin length and 0.5 height. It is composed of flattened
membrane bound sacs (cisternae) and associated vesicles. Each Golgi complex usually contains about
3-7 flat tubular cisternae. Insects have up to 30 cisternae. The Golgi body has a distinct polarity in both
structure and function. The face of Golgi body faces the Endoplasmicreticulum and is usually convex
and is called the cis-face or the forming phase. The proteins from the Endoplasmic reticulum enter the
Golgi body from this side. The opposite side which is concave is called the transface or the maturing
face from which the proteins exit. The Golgi complex consists of three functioning distinct compartments.
The cis-Golgi network, the golgi stack and the trans-golgi network. Transport vesicles carry the
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proteins between these networks. In addition,membrane tubules may also connect the Golgi
compartments.

A Golgi body is surrounded by a differentiated region of cytoplasm, where ribosomes, glycogen
and other organelles are scarce or absent. This zone is called the zone of exclusion. In conjunction with
the endoplasmic reticulum, lysosomes etc. the Golgi body forms an extensive inter communicating
membrane system called the endomembrane system. This forms an exclusive area inside the cell,
where various processing mechanisms and transport continuously occur, separated from the cyto-
plasm. The Golgi body is majorly involved in transport, processing of proteins, other than synthesizing
polysaccharides and cell wall components in plants (Fig. 3.3).
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Fig. 3.3. Various cell organelles found in cells (only some important ones given) (a) Granular endoplasmic
reticulum (b) Smooth endoplasmic reticulum (c¢) Golgi complex

Functions: Proteins enter the Golgi from the cis-golgi network which mainly serves to receive the
transport vesicles from the Endoplasmic reticulum. Proteins marked to be present within the Endoplasmic
reticulum are recognised and returned to the Endoplasmic reticulum by recycling pathway with the
help of receptors and signals. Other proteins are transported to the Golgi stack, which is the site of
most metabolic activities of the Golgi apparatus. The proteins are processed here and then transported
to the trans-golgi network where the final stages of processing are completed. The trans-golgi network
acts as a sorting centre, directing the proteins and other molecules to the lysosomes, plasma membrane
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or the cell exterior. Another important function is to make the N-linked oligosaccharide that has to be
added in endoplasmic reticulum. The proteins targeted for lysosomes are added with mannose-6-
phosphate residue as the last step before which several sugars are removed. In the Golgi body
carbohydrates are added to the serine or threonine residues (Fig. 3.3a).

Golgi bodies also participate in lipid metabolism, i.e. synthesis of glyco-lipids and sphingomyelin.

Plant cell Golgi bodies serve as a site where complex polysaccharides are synthesised. They are
used in cell wall formation. Hemicellulose of pectin are synthesised in the Golgi bodies and trans-
ferred to the cell surface by transport vesicles.

Proteins, lipids and polysaccharides are transported from Golgi body to their final destinations,
through the secretory pathway. Proteins are carried to the plasma membrane by bulk flow.
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Fig. 3.3a. Membrane flow through Golgi complex: (a) vesicles bud off the endoplasmic membrane,
(b) vesicles fuse with the Golgi membranes, (c¢) and (d) secretions move through the Golgi
cisternae, and finally (e) released
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In yeasts and plant cell, proteins are transported from the Golgi body to the vacuole as they lack
lysosomes. Golgi body contains various enzymes viz., phospholipase ADPase, ATPase, CTPase,
Thyamine pyrophosphatase, galactose transferase, Glucose-6-Phosphotase, etc.

Holocrine, apocrine and merocrine like cellular secretions are caused due to Golgi bodies.

ENDOPLASMIC RETICULUM (ER)

The name Endoplasmic Reticulum was coined by Porter (1953) after observing in liver cells. It is a
network of tubules and sacs which extend from nuclear membrane throughout the cytoplasm. Cells
involved in protein synthesis and storage contain large amount of ER, whereas erythrocytes, (RBC)
eggs and embryonic cells lack ER.

ER consists of cisternae, vesicles and tubules.

(a) Cisternae are long flattened sac like structures with 40-50 mp in diameter. They are arranged in
bundles paralelly. They occur commonly in cells involved in synthesis of various substances. Ex.
brain, notochord and pancreas.

(b) Tubules are reticulately branched system. They occur almost in all cells with a diameter of 50-
500 my.

(c) Vesicles are oval membrane bound vascular structures with a diameter of 25-500 mu they
remain isolated in the cytoplasm and are abundantly found in pancreas.

Structurally, it is trilaminar 50-60 A thick membrane having continuation with the nuclear mem-
brane Golgi body and plasma membrane. Depending upon their surface morphology, E.R. is of two
types, viz., Rough E.R. and Smooth E.R.

The rough E.R is coated with ribosomes whereas the smooth E.R. is devoid of ribosomes.

SMOOTH ENDOPLASMIC RETICULUM (AGRANULAR) (SER)

Cells involved in lipid synthesis are rich in S.E.R. Also it is found in glycogen storing liver cells,
adipose cells, interstitial cells, leucocytes and spermatocytes. Muscle cells also possess SER; here it is
called the sarcoplasmic recticulum. Retinal cells possess them as tightly packed vesicles and hence are
called the myeloid bodies (Fig. 3.3).

FUNCTIONS

(1) Synthesis of fats: Besides providing mechanical support to the cell the SER is actively involved in
lipid synthesis. As the fats are highly hydrophobic, they are synthesised in the cytosol. Although some
lipids are synthesised in association with other membranes, most of them are synthesised at SER and
are transported through the E.R. to their destination.

Eukaryotic membranes are basically composed of phospholipids, glycolipids and cholesterol.
Phospholipids are mainly derived from glycerol. They are synthesised on the cytosolic side of the E.R.
membrane with the involvement of the enzyme glycerol-3-phosphate and coenzyme A.

(2) Glycogenolysis: The smooth E.R. is involved in the breakdown of glycogen, through the action
of glucose-6-phosphotase. Glycogenolysis by smooth E.R. takes place only in the cells of fasted
animals.

(3) Detoxification: Smooth E.R. performs an important role in detoxification in liver cells. The
detoxification reactions also handle the various metabolic waste products like fatty acids, bile salts,
steroids and haeme recovered from haemoglobin breakdown.
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4) Cholesterol metabolism: S.E.R. also plays a role in cholesterol and lipid metabolism in the liver
and secretion of CL~ ions in the HCL secreting cells of the stomach, secretion of triglycerides in the
intestinal absorptive cells, synthesis and secretions of steroid hormones by mammalian gonads. The
pigments of the retinal cells are also synthesised by S.E.R. from vitamin A.

GRANULAR OR ROUGH ENDOPLASMIC RETICULUM (RER)

Endoplasmic reticulum coated with ribosomes is called the rough E.R. In the cells which are involved
in active protein synthesis, such as plasma cells, pancreatic cells, endocrine glands cells and liver cells,
E.R. is coated with ribosomes extensively, as these ribosomes take up basic dyes and hence are termed
as basiphilic bodies, Nissls bodies etc. Ribosomes are work benches of protein synthesis (Fig. 3.3).

FUNCTIONS

(1) Sorting of protein and secretion: Lysosomes or Plasma membrane are synthesised on the
membrane bound ribosomes which enter the E.R. for being sorted and secreted.

The m-RNA’S to be translated on membrane bound ribosomes contain a set of unique codons just
3’ of the initiation site and translation of these codons yields a unique sequence at the amino terminal
of the growing polypeptide called the signal sequence, which triggers attachment of the ribosome to
the membrane.

Protein processing is related to the E.R. and the 20 amino acid sequence is not necessary for the
functioning of the protein and is involved in tagging the polypeptide to the E.R.

Transmembrane proteins are translocated partially into the lumen of E.R. Further translocation is
stopped by a stop-transfer sequence on the polypeptide. The lumen of E.R. contains various enzymes
and proteins which are involved in proper folding and functioning of proteins.

(2) Glycosylation of proteins: Proteins which enter E.R. are glycosylated on specific aspargine
residues on the protein, while their translation is still in process. Glycosylation involves the addition of
an oligosaccharide to the aspargine residues. A membrane bound enzyme called oligosaccharyl
transferase transfers the oligosaccharide to the Aspargine. Further synthesis of glycerides, fatty acids
and fatty acids biosynthesis takes place in E.R. membrane due to the involvement of various enzymes.

COMMON FUNCTIONS OF BOTH S.E.R. AND R.E.R.

(1) An ultra structural framework to the cell is provided.

(2) Transport by permeases and carriers like in plasma membrane.

(3) Increases the area of enzymatic reactions.

(4) Different proteins are secreted from the E.R. to Golgi apparatus and then to secretory vesicles.
The proteins destined to E.R. are initially sent to Golgi appratus and then again brought back to
the E.R. with the help of specific receptors and signals added to it.

(5) They organise intracellular signals.

(6) E.R. forms new nuclear envelope after cell division.

(7) Sarcoplasmic reticulum in muscle cells is involved in Ca** ions releasing during muscle
contraction.

RIBOSOMES

Ribosomes are small globular organelles of 250 A diameter. Robinson and Brown in 1953 have
reported, firstly, ribosomes in bean roots. In 1956 Palade, identified ribosomes from Amphibian
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oocytes and discovered the presence of RNA in ribosome. Chloroplasts mitochondria and nucleus also
possess ribosomes. Ribosomes or ribonucleo protein particles are situated either on the wall of
endoplasmic reticulum or are present in cytoplasm independently.

It is estimated that mammalian cells contain 10 million ribosomes per cell and in E.coli 10,000 -
20,000 per set. Ribosomes are many in actively metabolising cells. They have 2 subunits and are of 2
types.

(a) 70s Ribosomes: are smaller with a sedimentation coefficient of 70s. They are found in Bacteria,

Mitochondria and Chloroplast.

(b) 80s Ribosomes: are larger in size with a sedimentation coefficient of 80s found in cells of

higher plants and animals.

Each of these is consisting of two subunits, one larger and other smaller subunit. 70s one is coupled
with a 50s subunit and a 30s subunit. 80s subunit is coupled with 60s and 40s.

S = Sved berg units (Sedimentation coefficient)

70s 80s

!—l—\ Hﬁ

50s 40s 60s 40s

However, certain exceptional ribosomes are seen in mammalian mito-chondria, consisting of 35s
and 25s subunits. Yeast possesses 73s ribosomes and fungi possess 77s ribosomes in their mitochondria.

Subunits of ribosomes are associated with each other only during protein synthesis. Mg2* concen-
tration of 0.001M in cytoplasm is favourable for subunits association.

0 Y s O=—=00

40S 60S 80S 120 S

Figure showing Mg** concentration dependent association of ribosomes or subunits.

Chemical composition: Proteins and RNA are the composition of ribo-somes without any lipid
content.

Polysomes: Ribosomes are often found in groups; such conditions are considered as polysomes or
polyribosomes.

Structure: The 40s and 30s subunits are rather curved and consist of a head, a base, cleft and a
platform. The larger subunit is either triangular or rounded in shape. It has two concave sides and one
flattened surface.

The cleft of smaller subunit lodges m-RNA and a small gap between the two subunits accommo-
dates t-RNA to bind to it. The concavity of larger subunit accommodates polypeptide.

Ribosomal RNA and proteins: RNA and Proteins are major constituents of Ribosomes. Ribosomal
RNA (rRNA) are present in more than 80% of the RNA present in cells.

Prokaryotic ribosomes possess 3RNA molecules whereas in Eukaryotes, there are 4 rRNAs.

The rRNA contains several nucleotides as follows:

23sr-RNA = 3300 Nucleotides.
16sr-RNA = 1650 "
5sr-RNA = 120 "

Protein ratio differs from Prokaryotic ribosome to Eukaryotic ribosome.
E.Coli ribosome possess 40-60% rRNA. and 37% Protein
Eukaryotic ribosome possess 40-44% rRNA and 60% Protein.
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In 1960, the role of ribosomes in protein synthesis was enlightened. It is considered that the rRNA
provides a structural background for the proteins to catalyse different reactions; further the compari-
sons with primitive self catalytic RNA (Ex.RNA-ase-P and Ribozymes) led to prove the catalytic role
of RNA.

FUNCTIONS

(A) Ribosomes are involved in protein synthesis; specific function being codon and anticodon
recognition between t-RNA and m-RNA. This is brought about by r-RNA. r-RNA also partici-
pates in protein synthesis due to its base-pairing quality.

(B) To form the polypeptide chain, peptide bond formation between the amino acids.

(C) Translocation is performed with the help of protein factors and certain enzymes viz.,

(i) Initiation factors,
(i) Elongation factors,
(ii1) Release factors.

INITIATION FACTORS

They are three — IF1, IF2 and IF3 according to Ochoa, Stanley and Iwanowski (1968).
IF1: It weighs 92K daltons and helps in the binding of formyl methionine tRNA to 30s subunits.
IF2: It weighs 80K daltons. It has an SH group associated with it, which regulates the binding of
GTP.
IF3: It weighs 30K daltons and helps in the binding of m-RNA to the 30s subunit. It also acts as a
dissociation factor for 70s ribosomes. Eukaryotes have 6 IFs.

Elongation factors: Two elongation factors are identified. They are EFT and EFG.

(1) EFT is temperature sensitive factor and is of two types i.e. EFTu AND EFTs.

EFTu: Elongation factor temperature unstable; it helps in the transfer of amino-acetyl tRNA to
the A-site (GTP is converted to GDP)

EFTs: Elongation factor temperature stable: Its function is to activate the inactivated EFTu-
GDP to EFTu - GTP (GDP is converted to GTP)

(2) EFG is also called as G-factor and also as translocase as EFG along with GTP helps in the

movement of ribosome on the mRNA (Trans-location) during protein synthesis.

Release factors: 2 release factors RF1 and RF2 are available in prokaryotes. They identify the
termination codons UAA, UAG and UGA and help in the termination of polypeptide chain.

Enzymes: An enzyme known as peptidyl transferase is the 50s ribosomal subunit, which helps in
the formation of peptide bonds. This enzymes nature is similar to that of ribozymes, i.e. catalytic RNA
along with some proteins.

Cytoskeletal structure: The term cytoskeleton is applied to the microtubules, microfilaments and
also intermediate filaments spread through the cytosol. Tubulin (in Microtubules) Actin, Myosin,
Tropomyosin (in Microfilaments) are the main proteins present in the cytoskeleton.

Microtubules: De Robertis and Franchi in 1953 have identified microtubules in nerve cells, and
were called as neurotubules or nerve tubules. Sabatini, Bansch, Barnette in 1963 have explained actual
structure of microtubules. Ledbetter and Porter have found microtubules in plant cells.

Microtubules are found in Cilia, and flagella, basal granules, Centrioles, Kinetochore, polarcaps in
plants, spindle fibres; axoneme in protozoa, cortex of meristematic cells in plants and elongated cells
like lens cells and sperms.
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Structure: Mitrotubules are long, unbranched and hollow, completely made up of proteins. In
length they range several micrometers and in dia 210-250 A. Microtubule is composed of protein sub
units that are globular and are called “tubulin protein”.

Two different monomers, Tubulin-a and Tubulin-b are present. The a and b subunits are associated
as dimer pH to form the microtubule depends upon pH, temperature, cation concentration and GTP. It
was found that microtubules assemble at 37°C. Mg++, Ca++ are also necessary for the association of
these units to form a microtubule. Besides Tubulin protein, microtubules also contain MAP - Microtubule
Associated protein, which is involved in microtubular assembly.

FUNCTIONS

Microtubules help in movement of Cilia, and Flagella, Cyclosis or Cytoplasmic streaming, maintain-
ing the cell structure movement of chromosomes during cell division, the division of the cell during
cytokinesis. Microtubules involve in shaping the cell during cell differentiation. Further they help
protozoans to procure their food, transport of particulate matter, including determination of intrinsic
polarity in certain cells.

Microfilaments: Microfilaments consist of Actin Filaments which are smaller in structure than
microtubules and very active. They were first observed in muscle cells in 1947.

Actin filaments consist of monomers. They are proteinaceous in nature and each actin monomer is
known as G-Actin (Globular Actin) which polymerise to form F-actin (Fillamentous actin). Each G-
actin is made up of 375 amino acids. Association and Dissociation is dependent upon Cation concen-
tration. Polymerisation of monomers is also helped by Actin binding proteins. The actin monomers
attached to ATP residues mainly attack at +ve end. While the actin monomers with ADP residues are
no residue remain at the -ve end. There is a rotation of 160° in between one molecule and other when
an actin filament is formed which results in the formation of double stranded helix like appearance.

Intermediate filaments: They are unbranched structures having a diameter of about 100A, which are
intermediate between microtubules and micro-filaments. These are not directly involved in the cell
mobility, but give mechanical strength to the cell. More than 50 types of intermediate filaments have
been identified. They have been divided into 6 types.

(1) Acidic Keratin (epithelial cells)

(2) Neutral Keratin and Basic Keratin (epithelial cells)

(3) Vimentin in (WBC and Fibroplast)

Desmin (Muscle cells)
Peripherin (Peripheral nervous system)

(4) Neurofilament proteins (In nerves)

(5) Nuclear lamins (Nuclear lamina)

(6) Nestin (Central Nervous System)

MITOCHONDRIA:

Mitochondria were first described by Altmann in 1890 as Bioblasts. The term Mitochondrion was
coined in 1897 by Benda. They are commonly referred to as power houses of the cell and specialize in
the synthesis of adenosine triphosphate (ATP), the useful chemical form of energy.

They are present in all aerobic eukaryotic cells except in RBC. They are uniformly distributed in the
cytoplasm. In some cases they are located near the nucleus. In general, mitochondria are located near
such structures where energy requirements are heavier.
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Structure: Mitochondria are surrounded by a double membrane system consisting of an inner and
outer mitochondrial membrane separated by an inter membrane space. The inner membrane forms
numerous folds called cristae which extend into the interior of the matrix.

Outer mitochondrial membrane is freely permeable to small molecules. It contains proteins called
Porins, which form channels that allow the free diffusion of molecules smaller than about 6000
daltons. Composition of the intermembrane space is similar to the cytosol with respect to ions and
small molecules (Fig. 3.4).

Intermembranal

space
|~ Cristae
Polyribosomes
— Outer membrane
Matrix Granules

Inner mitochondrial membrane
Fig. 3.4. Diagrammatic presentation of a mitochondrium showing typical internal structure

Mitochondria contain their genetic system, which is separate and distinct from the nuclear genome
of the cell. Mitochondrial genomes are usually circular.
Functions: Oxidative phosphorylation (Fig. 3.4a):
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Fig. 3.4a. Electron transport chain and the locations where ATP is synthesised
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Majority of the usable energy obtained from the breakdown of carbohydrates or fats is derived by
oxidative phosphorylation which occurs within the mitochondria. The breakdown of glucose by
glycolysis and citric acid cycle yields a total of four molecules of ATP and ten molecules of NADH
and two molecules of FADH2. They are then transferred to molecular oxygen, coupled to the forma-
tion of an additional 32 to 34 ATP molecules by oxidative phosphorylation. Electron transport and
oxidative phos-phorylation are critical activities of the protein complexes present in the inner
mitochondrial membrane (Fig. 3.4b).

— Glucose

ATP
Glycogen

Starch
Other hexoses ___—» Gilucose-G-phosphate /

Stage | Pentoses /

Fructose-G-phosphate
ATP

Fructose 1, 6-Diphosphate

Glyceraldehyde 3- N Dihydroxy acetone
phosphate A — phosphate
2NAD > 2 NADH
\4
1,3-Diphosphoglycerate
ATPk/l

3-phosphoglycerate
Stage I

2 phosphoglycerate

Phosphoenolpyruvate

ATP

Pyruvate

Lactate

Fig. 3.4b. The two stages of glycolysis

During oxidative phosphorylation, electrons derived from FADH2 and NADH combined with
oxygen and the energy released from these reaction is utilised to derive the synthesis of ATP from
ADP. The transfer of electrons from NADH to O, is a very energy yielding reaction with A G° = 52.5
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Kcal/mol for each pair of electrons transferred to be harvested in a usable form; the energy must be
graudally produced by the passage of electrons through a series of carriers which constitute the

electron transport chain (Fig. 3.5).
The steps of electron transport are as follows:

(1) Electrons from NADH enter the electron transport chain in complex I. These are first trans-
ferred to flavin mononucleoxide (FMN) and these form an Iron Sulfer carries to co-enzyme-Q

(2) From co-enzyme Q they are transferred to complex III. In complex III the electrons are
transferred from cytochrome b to cytochrome ¢ (A G°
(3) Cytochrome-C is a peripheral protein of the mitochondrial inner membrane. The electrons are
then transferred to complex IV which is also called cytochrome oxidase, where they are finally

Fig. 3.4c. Showing development of electrochemical proton gradient across the inner mitochondrial mem-

)
®)

(6)

(Ubiquinone) A G° = 52. 5Kal/mol. (Fig. 3.4c).
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brane, explaining chemiosmotic hypothesis

When electrons are transferred from succinate to FADH2 Complex 1I receives them unlike
complex I in the other process when electrons are accepted from NADH (Fig. 3.4d).

The free energy derived from the passage of electrons through complexes I, III, IV is harvested

by being coupled to ATP synthesis.

Here the ATP is generated by the directed phosphorylation of ADP to ATP as in cases of

glycolysis, etc. (Fig. 3.4e).
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Fig. 3.4d. The energy-rich proton gradient conserves free energy of electrons and ultimately accounts for
phosphorylation of ADP to ATP towards the matrix

(7) The energy derived from these electrons transport is coupled to the generation of a proton
gradient across the inner mitochondrial membrane.

(8) The potential energy stored in this gradient is then harvested by a fifth protein complex which
couples the energetically favourable flow of protons back across the membrane to ATP synthesis.

Other than the functions mentioned above, mitochondria also perform the following functions:
(1) Degradation of fats, carbohydrates and proteins.

(2) Thermiogenesis (Heat Production).

(3) Biosynthetic activity (starting the synthesis of Haem etc).

(4) Storage of Ca*™ ions.

LYSOSOMES:

Lysosomes are tiny, membrane bound vesicular structures of the cell which possess destructive
enzymes called hydrolases, which are capable of breaking down macromolecules. Deduve in 1955
reported about lysosomes.

Lysosomes occur in all mammalian cells except in mature RBC. Many plant cells also are devoid of
it. Pancreatic cells, liver cells, leucocytes, spleen cells have large number of lysosomes. Macrophages,
too, have large number of lysosomes.

Lysosomes are spherical in shape. Size varies from 0.2 to 0.8um; in kidney cells their size is Su;
they are larger in phagocytes and leucocytes. They are round vacuolar structures filled with dense
material including acid hydrolases and phosphatases. They are bounded by a unit membrane (Fig. 3.6).
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Fig. 3.4e. The tricarboxylic acid cycle (Krebs cycle)

Lysosomes are found to contain 40 different enzymes or hydrolases. Some of the enzymes and their
substrates are listed below:

Enzymes Substrates

Acid ribonuclease RNA
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Acid deoxy ribonuclease DNA

Acid Phosphatase Phosphate esters mononucleotides
Phosphoprotein phosphatase Phosphoproteins

Cathepsin, Collagenase Proteins

o-Glucosidase 0-Glucosides < Glycogen
B-Galactosidase o-Mannosidase —} Mucopolysaccharides
B-Glucoronidase }

37

All lysosomal enzymes are acid hydrolases and proteases that are active at pHS (acidic), but not at
neutral-pH of the cytoplasm. This helps as a precaution against the damage of cellular organelles and
components due to lysosomal damage. The acidic pH of lysosome is maintained with the help of

proton pumps which actively transport H* ions into the lysosome.

Mitochondrion

N-'AI‘D/;;_HR\:'"I L e

NAD +2H" == " *

%0,

Matrix of mitochondrion

Fig. 3.5. Oxidative phosphorylation in mitochondrial inner membrane

KINDS OF LYSOSOMES

Different cells may have different lysosomes or the same cell may have different forms of lysosomes

during different phases of development. They are identified as 4 types.
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Fig. 3.6. Two possible modes of formation of lysosomes (GER Golgi-associated endoplasmic reticulum)

(1) Primary lysosomes: Newly formed lysosomes are considered primary lysosomes. They are
formed as vesicles which bud off from the Golgi body. They are rather inactive and do not involve in
the digestive function of the lysosome.

(2) Secondary lysosome: Secondary lysosomes are also heterophagosomes or digestive vacuoles.
When cells feed on foreign or exogenous substances by phagocytosis, the plasma membrane forms
membrane bound vesicles called phagosome or pinosome. Primary lysosomes fuse with phagosome
and form secondary lysosome or phagolysosome. In neutrophils, the secondary lysosome is formed
after the fusion of specific granules with the phagosome. Secondary lysosome functions to mix
hydrolases with the ingested particles in the phagosome thus promoting digestion of these substances.

Once the complex particles in the phagosome are digested to simple compounds, they diffuse out of
the lysosome leading to diminishing size of lysosome. The reduction in surface area occurs by inward
budding of lysosomal membrane. Many such vesicles are progressively formed leading to the accumu-
lation of vesicles inside lysosome. Such a body is called multivesicular body.

(3) Autophagic bodies: Lysosomes are also involved in the formation of autophagic vacuoles.
These vacuoles are formed as a result of phagocytosis of the intracellular organelles which are non
functional. These vesicles are called autophagosomes. The primary lysosomes fuse with autophagosomes
and form autophagolysosomes which are actively involved in the digestion of phagocytosed compo-
nents in the vesicles by the action of lysosomal hydrolases.

(4) Residual bodies: Though most of the materials are digested inside the lysosome some cannot be
digested; such materials remain in