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PREFACE

It gives us immense pleasure to present this book for the students of Zoology at

undergraduate level. This book includes basic topics in zoology. It has been our sincere

endeavour to make the matter simple, easy and appropriately illustrated for the students to

understand the basic concepts.

We take this opportunity to thank all those who helped us by giving valuable,

constructive suggestions during the process of making this book.

We are grateful to Himalaya Publishing House Pvt. Ltd. for printing this book.

We are happy to receive comments and suggestions from teachers as well from the

students for improvement of the book.

Dr. (Mrs). Neelima Kulkarni
Dr. Nirmalkumar Ganesh Kurve
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Chapter
1

Cell Biology

INTRODUCTION TO CELL BIOLOGY

Definition and Scope
Generalized prokaryotic, eukaryotic cell: size, shape and structure, cell theory.

Introduction Cell biology: (formerly called cytology, from Greek, κυτος, kytos, “vessel”) is a
branch of Biology that studies the different structures and functions of the cell and focuses mainly on
the idea of the cell as the basic unit of life. Cell biology gives information of the structure,
organization of the organelles they contain, the physiological properties, metabolic processes,
pathways, their life cycle, and interactions with their environment. This is done both on a microscopic
and molecular level. Cell biology explains structure and functions of prokaryotic and eukaryotic cells.
Thus it forms the basis for understanding all biological sciences. Research in genetics, biochemistry,
molecular biology, immunology developmental biology is closely related to cell biology. It also helps
in understanding cell biology of cancer and other diseases.

The advent of the electron microscope in 1932, a relatively recent event in the history of the
biological sciences, stimulated renewed interest in and more intensive and rewarding studies of the
physical and chemical organization of the cell. Prior to this the information about the structure of
cytoplasm was sparse and structural details were not clear. After 1940 several types of instruments and
new techniques were developed that removed many of the limitations in study of the cell. It is
necessary to determine the framework of the cell in which various activities take place.

Cell biology focuses more on the study of eukaryotic cells, and their signaling pathways, rather
than on prokaryotes which is covered under microbiology. The environment of the cell is made up of
hydrophilic and hydrophobic regions which allow for the exchange of molecules and ions. The
hydrophilic regions of the cell are mainly on the inside and outside of the cell, while the hydrophobic
regions are within the phospholipid bilayer of the cell membrane. The cell membrane consists of lipids
and proteins, which accounts for its hydrophobicity as a result of being non-polar substances.
Therefore, in order for these molecules to participate in reactions, within the cell, they need to be able
to cross this membrane layer to get into the cell. They accomplish this process of gaining access to the
cell via: diffusion, osmotic pressure, concentration gradients, and membrane channels. Inside of the
cell are extensive internal sub-cellular membrane-bounded compartments called organelles.

All living systems (plants and animals) are made of cells. Cells are the smallest unit of life. A cell
is composed of a variety of molecules and molecular aggregates. The chemical molecules present in
the cell and which have the direct relationship with the activities of the cell are called biochemical
molecules or biomolecules. The cell is the basic structural and functional unit of the living organism
which can carry on all the processes of life.
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Components of Prokaryotic Cells
There are some key ingredients that a cell needs in order to be a cell, regardless of whether it is

prokaryotic or eukaryotic. All cells share four key components:

1. The plasma membrane is an outer covering that separates the cell’s interior from its
surrounding environment.

2. Cytoplasm consists of the jelly-like cytosol inside the cell, plus the cellular structures
suspended in it. In eukaryotes, cytoplasm specifically means the region outside the nucleus
but inside the plasma membrane (presence of nucleus with its own limiting membrane)

3. DNA is the genetic material of the cell.
4. Ribosomes are molecular machines that synthesize proteins.

Despite these similarities, prokaryotes and eukaryotes differ in a number of important ways. A
prokaryote is a simple, single-celled organism that lacks nucleus and membrane-bound organelles.
Prokaryotic cells are not divided up on the inside by membrane walls, but instead consist of a single
open space. The majority of prokaryotic DNA is found in a central region of the cell called the
nucleoid, and it typically consists of a single large loop called a circular chromosome. The nucleoid
and some other frequently seen features of prokaryotes are shown in the diagram below.

Image of a typical prokaryotic cell, with different portions of the cell.

Bacteria are very diverse in form, so not every type of bacterium will have all features shown in
the diagram. Most bacteria are, however, surrounded by a rigid cell wall made out of peptidoglycan, a
polymer composed of linked carbohydrates and small proteins. The cell wall provides an extra layer of
protection, helps the cell maintain its shape, and prevents dehydration. Many bacteria also have an
outermost layer of carbohydrates called the capsule. The capsule is sticky and helps the cell attach to
surfaces in its environment.

Some bacteria also have a specialized structures found on the cell surface, which may help them
move, stick to surfaces, or even exchange genetic material with other bacteria e.g. flagella, which are
whip-like structures that act as rotary motors to help bacteria move. Fimbriae are numerous, hair-like
structures that are used for attachment to host cells and other surfaces. Bacteria may also have rod-like
structures known as pili, which come in different varieties. For instance, some types of pili allow a

Fimbriae
Capsule

Cell wall
Cell

bmembrane

Ribosome
Nucleoid region

Flagellum

Chromosome
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bacterium to transfer molecules to other bacteria, while others are involved in bacterial locomotion—
helping the bacterium move.

Archaea may also have most of these cell surface features, but their versions of a particular
feature are typically different from those of bacteria. For instance, although archaea also have a cell
wall, it’s not made out of peptidoglycan—although it does contain carbohydrates and proteins.

Cell Size
Typical prokaryotic cells range from 0.1 to 5.0 μm in diameter and are significantly smaller than

eukaryotic cells, which usually have diameters ranging from 10 to 100 μm.

The figure below shows the sizes of prokaryotic, bacterial, and eukaryotic, plant and animal cells
as well as other molecules and organisms on a logarithmic scale. Each unit of increase in a logarithmic
scale represents a 10-fold increase in the quantity being measured.

Eukaryotic Cell
 Eukaryotic cells are larger than prokaryotic cells and have a “true” nucleus, membrane-

bound organelles, and rod-shaped chromosomes.
 The nucleus houses the cell’s DNA and directs the synthesis of proteins and ribosomes.
 Mitochondria are responsible for production of ATP; the endoplasmic reticulum modifies

proteins and synthesizes lipids; and the Golgi apparatus is where the sorting of lipids and
proteins takes place.

 Peroxisomes carry out oxidation reactions that break down fatty acids and amino acids and
detoxify poisons; vesicles and vacuoles function in storage and transport.

 Animal cells have a centrosome and lysosome while plant cells do not.
 Plant cells have a cell wall, a large central vacuole, chloroplast, and other specialized

plastids, whereas animal cells do not.
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Cell Theory: A Definition
A cell theory is a collection of ideas and conclusions from many different scientists over time

that describes cells and how cells operate.

What we know about cells has continuously evolved over time as new technologies have
emerged and new information has been collected by scientists.

Parts of Cell Theory
Cell theory tells three important things about cells:

1. All living things are made up of cells.
2. A cell is the smallest unit in a living thing.
3. All cells come from other cells.

Living things can be very simple, such as an amoeba, which is made up of one single cell.

Within the single-celled amoeba are structures that allow nutrients and materials to enter and exit
the cell, reproduction and the occurrence of energy to be used for growth and response to the external
environment.

Larger organisms, such as a dog or any plant, are also made up of cells. Finally, cells reproduce
to form new cells. This is how organisms reproduce and grow.

This all began in 1665 with Robert Hooke, an English scientist, who was the first to view and
describe cells and in doing so, gave them their name. He examined a slice of cork using a primitive
microscope and saw tiny boxes, which he thought looked like small rooms and led to him calling them
cells. Before this discovery, scientists just knew that some things were living. Shortly after, in 1674, a
Dutchman named Anton van Leeuwenhoek looked at pond water and he saw tiny organisms in the
pond water! He also looked at other samples to view single-celled organisms that he named
animalcules. This was a breakthrough for scientists because for the first time they could view
microscopic living things.

Rough ER
Smooth ER

Nuclear Membrane

Nucleolus

Nucleus

Centriole

Vacuole

Centrosome

Ribosome
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NUCLEUS
The nucleus was the first organelle to be discovered by the scientist A.V. Leeuwenhoek. He

observed a ‘lumen’, the nucleus, in the red blood cell of ‘salmon’.

The nucleus is a membrane enclosed organelle found in eukaryotic cell (plant, animal, fungal and
Protista). It is the control centre of the cell. The nucleus is a large organelle and contains most of a
cell’s genetic material. Only eukaryotic cells have nucleus. Prokaryotic cells do not contain a cell
nucleus.

A cell typically contains a single nucleus. There are, however, a number of exceptions where
in more than one nucleus is present. Animal cells with more than one nucleus are called syncytia.
E.g. Vaucheria, an algae found in fresh water, is a large cell containing hundreds of nuclei. Some
protozoa, such as Plasmodium vivax, the malarial parasite, pass through syncytial stage in their
development. The striated muscle cells of higher animal forms exhibit a syncytial condition.

The position of the nucleus in the cell varies according to cell type although it is generally in the
centre of the cell. Irrespective of the position, it is surrounded by cytoplasm from all the sides and it is
separated from it by a nuclear membrane.

The shape of the nucleus varies according to the cell type. However, the range of variation is
limited. In addition to the common spherical shape, ellipsoid, or flattened nuclei do occur. In majority
of cells, the margin of nucleus is quite regular, but some cells contain nuclei with lobes or infolding of
their margins. In paramecium, the macronucleus is kidney shaped. The nucleus of spinning gland cells
of insects is highly branched. In vorticella it is horse-shoe shaped. The shape of the nucleus is not
related to the shape of the cell. The nucleus is not the same size in every cell. A ratio exists between
nuclear volume and total cell volume that is characteristic to that cell type. Nuclear size is the function
of chromosome number. A diploid cell is the one which has two sets of chromosomes present in the
nucleus. The haploid number of chromosomes is constant for each species.

Variation in nuclear size is observed at different times during the cell cycle. While the cell is
growing, there is an accompanying increase in the size of nucleus.
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Structure of Interphase Nucleus
Interphase is the period between two mitotic cycles. It is the critical time in terms of preparation

for cell division of cell. It is the time of important metabolic reactions both in nucleus and in the
cytoplasm, marked by DNA replication as well as the effective duplication of chromosomes in mitotic
cells. Interphase occupies the time between the end of telophase and the beginning of the next
prophase, and its duration varies from organism to organism.

Interphase is the so-called ‘resting stage’, but it is in fact a period of great activity. Three
important processes which are preparatory to cell division take place during interphase. (1) replication
of DNA and also the synthesis of basic nuclear proteins, the histones. (2) centrioles divide forming a
pair of new centrioles, which are at right angles to each other. Reproduction of a centriole takes place
by the outgrowth of daughter centrioles from parent centrioles. (3) synthesis of energy rich compounds
which provide energy for mitosis.

Pore Nuclear
membrane

Nuclear
reticulum

Fig. 1.2: General morphology of an interphase nucleus (diagrammatic)

During interphase, duplication of chromosome takes place. Each chromosome (monad) becomes
double, and is then called dyad. Thus an Interphase nucleus consists of (a) nuclear membrane (b) less
chromophilic mass called nucleoplasm (c) chromosomes made up of nucleoproteins (d) chromocentre
(e) one or more basophilic bodies in the form of nucleoli.

Nuclear membrane – Organisation of nuclear envelope is vital to the functions of cell as a unit.
It is particularly so in terms of providing a pathway for the transport of materials between the nucleus
and the cytoplasm. It is treated as a part of the nucleus. Nuclear envelope is seen to have a double
membrane structure, broken at numerous intervals by pores or openings. Each membrane is about 90Å
thick, and each pore opening is 200Å to 400Å in diameter. In many places the nuclear membranes join
the membranes of endoplasmic reticulum. Each of the two membranes of the nuclear envelope has a
tri-lamilar unit membrane structure similar to that of ER. The outer nuclear membrane communicates
with ER at several points. It has ribosomes on the outer side. The permeability of the nuclear envelope
is difficult to categorize, Substances may move through the pores of the envelope or through the
channels created by the connections with the cytoplasmic membrane system. Since less than 10% of
the total surface area of the nuclear envelope is porous, a considerable amount of exchange of
materials between the nucleus and the cytoplasm probably occurs through the membranes. In this
respect nuclear membranes are selectively permeable.
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Perinuclear space - The inner and outer unit membrane enclose the perinuclear space which is
100Å to 300Å across. It is probably filled with fluid similar to the one in ER cisternae. Lipid droplets
and antibodies have been localized in perinuclear space.

Nuclear pores – The nuclear envelope is perforated by many apertures. They are called nuclear
pores. The pores are large, up to 100nm in diameter. There may be as many as 3000 to 4000 pores in
the nuclear envelope of a typical mammalian cell. At the margins of the pore, the two unit membranes
are continuous. The pores have been described as circular or octagonal. Octagonal shape may be due
to eight symmetrically arranged annular sub units. The pores are randomly distributed in many nuclei.
They may occur in cluster or in rows. These nuclear pores are very complex structures, known as
nuclear pore complex.

Nuclear Pore Complex
Each nuclear pore complex is composed of 50 different proteins called nucleoproteins. These

proteins are arranged in octagonal symmetry. Sections through the nuclear pore show the presence of
an electron dense ring or cylinder within pore. It is called an annulus. The annulus extends both in
to cytoplasm and the nucleoplasm. The annulus typically consists of eight subunits around the
periphery of the pore. It is believed that a nuclear pore complex has four structural building blocks
namely column subunits, annular subunits, luminal subunits, and ring subunits. Column subunits
form the major part of the pore wall. Annular subunits form spokes which extend radially towards the
centre of the pore. While luminal subunits contain transmembrane proteins that help in anchoring the
pore complex to the nuclear membrane. The ring subunits form the cytosolic and nuclear faces of the
pore complex.

The nuclear pore complexes are the only channels through which small polar molecules, ions,
and macromolecules (proteins and RNAs) are able to travel between the nucleus and the cytoplasm. In
vertebrates, the nuclear pore complex is composed of 50 to 100 different proteins. By controlling the
traffic of molecules between the nucleus and cytoplasm, the nuclear pore complex plays a fundamental
role in the physiology of all eukaryotic cells. RNAs that are synthesized in the nucleus must be
efficiently exported to the cytoplasm, where they function in protein synthesis. Conversely, proteins
required for nuclear functions (e.g., transcription factors) must be transported into the nucleus from
their sites of synthesis in the cytoplasm. In addition, many proteins shuttle continuously between the
nucleus and the cytoplasm. The regulated traffic of proteins and RNAs through the nuclear pore
complex thus determines the composition of the nucleus and plays a key role in gene expression.

(Visualization of nuclear pore complexes by electron microscopy reveals a structure with eight
fold symmetry organized around a large central channel, which is the route through which proteins and
RNAs cross the nuclear envelope. Detailed structural studies, including computer-based analysis, have
led to the development of three-dimensional models of the nuclear pore complex. These studies
indicate that the nuclear pore complex consists of an assembly of eight spokes arranged around a
central channel. The spokes are connected to rings at the nuclear and cytoplasmic surfaces, and the
spoke-ring assembly is anchored within the nuclear envelope at sites of fusion between the inner and
outer nuclear membranes. Protein filaments extend from both the cytoplasmic and nuclear rings,
forming a distinct basketlike structure on the nuclear side. The central channel is approximately 40 nm
in diameter, which is wide enough to accommodate the largest particles able to cross the nuclear
envelope. It contains a structure called the central transporter, through which the active transport of
macromolecules is thought to occur).
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Depending on their size, molecules can travel

through the nuclear pore complex by one of two
different mechanisms. Small molecules and some
proteins with molecular mass less than approximately
50kd pass freely across the nuclear envelope in either
direction: cytoplasm to nucleus or nucleus to
cytoplasm. These molecules diffuse passively through
open aqueous channels, estimated to have diameters
of approximately 9nm, in the nuclear pore complex.
Most proteins and RNAs, however, are unable to pass
through these open channels. Instead, these
macromolecules pass through the nuclear pore
complex by an active process in which appropriate
proteins and RNAs are recognized and selectively
transported in only one direction (nucleus to
cytoplasm or cytoplasm to nucleus). The traffic of

these molecules occurs through regulated channels in the nuclear pore complex that, in response to
appropriate signals, can open to a diameter of more than 25nm—a size sufficient to accommodate
large ribonucleoprotein complexes, such as ribosomal subunits. It is through these regulated channels
that nuclear proteins are selectively imported from the cytoplasm to the nucleus while RNAs are
exported from the nucleus to the cytoplasm.
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Nucleolus:
Nucleolus is present in most cells as spherical, prominent, colloidal acidophilic bodies which are

not separated from the nucleoplasm by a membrane. It is a large aggregate macromolecules including
the rRNA genes themselves, precursor rRNA etc. Nucleolar size depends on synthetic activity of the
cell. Nucleolus is absent from lower organisms like bacteria, yeast, mammalian erythrocytes,
reticulocytes etc. In all other nuclear cells, nucleolus is present.

The cells with no synthetic activity or very little activity, like spermatozoa, muscle cell have
very small nucleolus or it may be absent. In contrast the cells with high synthetic activity like oocytes,
neurons contain large nucleoli. The most prominent substructure within the nucleus is the nucleolus,
which is the site of rRNA transcription and processing, and of ribosome assembly. Cells require large
numbers of ribosomes to meet their needs for protein synthesis. The nucleolus is a ribosome
production factory, designed to fulfil the need for large-scale production of rRNAs and assembly of
the ribosomal subunits. Nucleolus usually present in interphase cells. The number of nucleoli depends
upon the number of sets of chromosomes. Usually one nucleolus is present for each set of
chromosome. A haploid cell contains only one nucleolus.

Parts of one or more chromosomes are found to be associated with the nucleolus formation.
These parts are known as nucleolar organizing region (NOR) and contain the genes that are
transcribed in rRNA. Thus nucleolus is located in the nucleolar organizer region (NOR) of the
nucleolar chromosome. Dense figrillar regions surrounding the NOR are associated with small
ribonucleoprotein particles and frequently reveal mature ribosomes. The nucleolar organizer (NO)
represents the secondary constriction of the nucleolar organizing chromosomes. There are such 10
chromosomes in human beings. The size of the nucleolus depends upon the synthetic activity of the
cell. The nucleoli are small or absent in cells exhibiting little protein synthesis.

NUCLEAR
MEMBRANE

CHROMATIN
RETICULAM

NUCLEAR
PORE

NUCLEOPLASM
NUCLEOLUS

The nucleolus is surrounded by a thick covering called perinucleolar chromatin. It may be
continuous or with holes. The perinucleolar chromatin projects in some places into the nucleolus to
form intranucleolar chromatin. Chromatins serves as the template for the synthesis of rRNA. The
interior of the nucleolus is filled with a proteineous ground substance called matrix or pars amorpha.
The matrix also contains fibrils and granules. The firbrils contain rRNA. The granules contain protein
and RNA. The enzymes present in nucleolus include acid phosphatase, nucleoside phosphorylase,
RNA methylase etc.
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Nucleoli are classified into three types based on the distribution of granules. Homogenous
nucleolus – The granules are uniformly distributed throughout the nucleolus. Heterogenous
nucleolus – The granules are occurring in groups. Ring nucleolus – The granules are arranged along
the periphery of the nucleolus in the form of ring.

Chemically nucleolus consists of DNA of nucleolar organizer, four types of rRNAs, several
ribosomal proteins, RNA building protein – nucleolin and RNA splicing nucleoproteins. It also has
some phospholipids, orthophosphates, Ca ions, enzymes such as acid phosphatase and NAD
synthesizing enzymes for synthesis of some coenzymes.

Function of Nucleolus
1. RNA production: Nucleolus is the site of biogenesis of ribosomal subunits. It produces 70-

90% of cellular RNA in many cells. The chromatin in the nucleolus contains genes or
ribosomal DNA for coding ribosomal RNA. The granules are the precursors of ribosomes.
The nucleolus may also produce some types of messenger RNA and one type of low
molecular weight RNA.

2. Ribosome formation: Different stages of formation of ribosomes are completed in three
distinct regions of the nucleolus. The initiation, production and maturation progresses from
centre to periphery. (a) Fibrillar centre is the innermost part of nucleolus. The RNA genes of
nucleolar organizer of chromosomes are located in this region. The transcription of these
genes is initiated. (b) Dense fibrillar component – this region surrounds the fibrillar centre.
(c) cortical granular component – is the outermost region of nucleolus where periribosomal
particles are processed.

3. Protein synthesis: It is suggested that ribosomal protein synthesis takes place in the
nucleolus. However other studies suggest that ribosomal proteins are synthesized in
cytoplasm.

4. Role in cell division: Nucleolus shows dramatic changes during cell division cycle. It
disappears during prophase and is completely lost at metaphase. At the end of the cell
division, when the synthetic activity restarts at telophase, small nucleoli appear at the NOR
of the chromosomes which fuse to form large nucleoli.The nucleolar material gets
distributed over the metaphase chromosome surface and is carried as ‘cargo’ to each of the
daughter cell nuclei.

Nuclear Sap/Matrix
The matrix/karyolymph/sap is a fluid substance which fills the nuclear space around the

chromosomes and the nucleolus. Nuclear matrix is the network of fibres found throughout the inside
of a cell nucleus cell and is somewhat analogous to the cell cytoskeleton. It provides a framework to
maintain the overall size and shape of the nucleus. However, in contrast to the cytoskeleton, the
nuclear matrix has been proposed to be a highly dynamic sponge with open compartments for free
diffusion of molecules in the nucleus.

Thus the nuclear matrix is a three-dimensional filamentous protein network, found in the
nucleoplasm, which provides a structural framework for organising chromatin, while facilitating
transcription and replication..

Function
The exact function of this matrix is still disputed, and its very existence has recently been called

into question. The presence of intra-cellular proteins is largely indisputable, and it is well recognized
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that proteins such as the scaffold, or Matrix Associated Proteins (SAR or MAR) have some role in the
organisation of chromatins. There is evidence that the nuclear matrix is involved in regulation of gene
expression in Arabidopsis thaliana.

The karyolymph is composed primarily of protein material and is the site of certain enzymes in
the nucleus. Among the chemical constituents are acidic proteins and RNA rich in base adenine and
uracil.

Nucleo-cytoplasmic Interactions
Cellular activity is controlled by the nucleus and more specifically by DNA located in

chromosomes. The RNA involved in protein synthesis originates in the nucleus and then transferred to
the cytoplasm. It is the fact that some macromolecules, small organic molecules, water and ions can
pass across the nuclear envelope.

In common with all other eukaryotes, nucleocytoplasmic interactions takes the form of a traffic
of signals across the nuclear envelope. The signalling molecules involved, range from nuclear gene
transcripts to small polypeptides often possessing specific amino acid targeting sequences. While the
nuclear pore is clearly the main route taken by these signals, there is some evidence that certain classes
of molecule can pass through the two elements of the nuclear envelope. The response of the nucleus to
exogenous signals depends on a number of factors, amongst which are its position in the cell cycle, for
it is only during the GI phase that the nuclei are competent to receive signals.

There are four possible ways. (1) Through nuclear pore (2) by active transport (3) by blebbing
(4) exchange through ER.

The nuclear pores are the major sites of transfer of macromolecules during most periods of cell
activity. It is suggested that granular material of nucleolar origin pass from the nucleus to the
cytoplasm. Actual channel for the passage of material is limited to the space enclosed by the annular
material.

Small organic molecules and ions pass through the nuclear pore by free diffusion. They may go
across the membrane by active transport. The nuclear membrane is highly permeable to low molecular
weight electrolytes.

Nuclear membrane form outpockets which are pinched off to form blebs. this phenomenon is
called blebbing. It is however, not considered to be significant method for exchange of material
between nucleus and cytoplasm.

Exchange through the endoplasmic reticulum is not likely for macromolecules.

PLASMA MEMBRANE
Since the cell contains many membranes in varying configurations, and they are closely related to

each other structurally and functionally, the term cell membrane is not very clear to understand. The
plasma membrane describes the membrane which serves as a boundary of the cytoplasm.

Although the cell membranes perform different functions, all cell membranes have a general
structure. They are fluid structures and they are dynamic in nature.

(a) Fluid Mosaic Model
Singer and Nicolson (1972) proposed a most convincing model, which has been widely accepted.

It also explains the properties of the cell membrane. The model assumes that there is a continuous
bilayer of phospholipid molecules in which globular proteins are embedded. The fluidity is imparted
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to the membrane by the mobility of lipid and protein molecules. However, lipids exhibit a higher
degree of mobility in membranes than proteins. The movement of lipid molecules, presence of
unsaturated fats and cholesterol content of plasma membrane give fluidity to the membrane.

According to this model, in most of membrane, lipids are in the form of fluid bilayer and the
proteins do not form a sandwich covering of hydrophilic lipid bilayer. The membrane proteins, which
are globular in nature, are partially or wholly embedded in the lipid bilayer. Lipids which are mostly
glycoproteins and phospholipids in nature, when suspended in water, give rise to aggregate of various
shapes forming micellae. These aggregate preserve the hydrophilic and hydrophobic properties of
phospholipids, but the hydrophobic regions are internally arranged in such a way that the water is
expelled, whereas the hydrophilic regions remain in contact with the outer aquatic phase.

Movement of lipid molecules - lipid molecules exhibit different types of mobility. The lipid
molecules migrate from one lipid monolayer to another lipid monolayer of lipid bilayer. This
migration is called “flip-flop” or trans bilayer movement. This causes lateral movement of the
molecule and is called as lateral diffusion. Individual lipid molecules rotate about their long axis and
their hydrocarbon chains are flexible. A bilayer made up of a single type of lipid molecules undergoes
changes from liquid to gel or viscous state at freezing point. This is called phase transition. Presence
of double bonds in unsaturated hydrocarbons increases its fluidity. The membrane fluidity is critical in
the function of plasma membrane.
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Influence of cholesterol on fluidity of membrane – In eukaryotes, cholesterol is found in large
quantity in plasma membrane. It is almost in the ration of 1:1 with molecules of phospholipids. They
are oriented between the phospholipid molecules in such a manner that their hydroxyl group is in close
vicinity of the polar head of the phospholipid. Rigid steroid ring of the cholesterol molecule, interact
with hydrocarbon chains of phospholipid molecules. They immobilize the hydrocarbon chains nearer
to them, keeping rest of the chain flexible. Cholesterol prevents phase transition. Presence of
cholesterol also reduces permeability of membrane to small water soluble molecules.

Role of proteins – Membrane proteins play an active role in the structure and function of
membrane. The globular proteins of the membrane are of two types – Peripheral (extrinsic) and
Integral (intrinsic).

The peripheral proteins are superficially located and many of them function as enzymes. They are
soluble and readily dissociate from the membrane. Peripheral proteins have a loose affinity and can be
easily displaced. They are entirely outside the lipid bilayer. Such a membrane is more dynamic and
explains the intricate semi-permeability phenomenon.

The integral proteins associated with the lipid bilayer penetrate into the interior of the membrane
along with the fatty acid chain. They are tightly bound to the lipids and constitute the functional
proteins not easily separable. They are relatively insoluble and dissociate with difficulty. Some may
partially penetrate either surface of the lipid bilayer while others penetrate right through. They are in
contact with the aqueous solvent on both the sides of the membrane. Their hydrophilic polar heads
protrude from the surface of the membrane, while non-polar regions are embedded in the interior of
the membrane. All the membrane bound enzymes and carriers are included in this category. Many
intrinsic proteins and phospholipids are amphipatic molecules i.e.Both hydrophilic and hydrophobic
groups occur within the same molecule.

The orientation of phospholipids, sphingolipids and cholesterol molecules in the lipid bilayer
impart an asymmetrical character to it. Phosphatidylcholine and sphingolipids are generally confined
to the outer lipid layer where as phosphatidylserine and ethanolamine are located in the inner layer
facing the cell interior. The membrane asymmetry is perhaps helpful in flip-flop movement of lipid
molecules to maintain proper distribution of proteins.

Receptors
Receptors are protein molecules in the cell or on its surface that bind ligands.

Receptors are of two types : internal receptors and cell-surface receptors.

Cell surface receptors (membrane receptors, transmembrane receptors) are receptors that
are embedded in the membranes of the cells. They act in cell signalling by receiving (binding to)
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extracellular molecules. They are specialized integral membrane proteins that allow communication
between the cell and the extracellular space. The extracellular molecules may be hormones
neurotransmitters, cytokines, growth factors, cell adhesion molecules or nutrients. They react with the
receptor to induce changes in the metabolism and activity of a cell..

Internal Receptors
Internal receptors, also known as intracellular or cytoplasmic receptors, are found in the

cytoplasm of the cell and respond to hydrophobic ligand molecules that are able to travel across the
plasma membrane. Once inside the cell, many of these molecules bind to proteins that act as regulators
of mRNA synthesis to mediate gene expression. Gene expression is the cellular process of
transforming the information in a cell’s DNA into a sequence of amino acids. When the ligand binds
to the internal receptor, a DNA binding site on the protein. The ligand-receptor complex moves into
the nucleus, binds to specific regulatory regions of the chromosomal DNA, and promotes the initiation
of transcription. Internal receptors can directly influence gene expression without having to pass the
signal on to other receptors or messengers.

Cell-Surface Receptors
Cell-surface receptors, also known as transmembrane receptors, are cell surface, membrane-

anchored, or integral proteins that bind to external ligand molecules. This type of receptor spans the
plasma membrane and performs signal transduction, converting an extracellular signal into an
intracellular signal. Ligands that interact with cell-surface receptors do not have to enter the cell that
they affect. Cell-surface receptors are also called cell-specific proteins or markers because they
are specific to individual cell types.

Each cell-surface receptor has three main components: an external ligand-binding domain
(extracellular domain), a hydrophobic membrane-spanning region, and an intracellular domain inside
the cell. The size and extent of each of these domains vary widely, depending on the type of receptor.

Cell-surface receptors are involved in most of the signalling in multicellular organisms. There are
three general categories of cell-surface receptors:

(1) Ion channel-linked receptors, (2) G-protein-linked receptors, and (3)enzyme-linked receptors.

(A) CELL-SURFACE RECEPTORS

Plasma membrane
Cell-surface
receptor

Hydrophilic signal
molecule

Ion Channel-Linked Receptors
Ion channel-linked receptors bind a ligand and open a channel through the membrane that allows

specific ions to pass through. To form a channel, this type of cell-surface receptor has an extensive
membrane-spanning region. In order to interact with the phospholipid fatty acid tails that form the
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centre of the plasma membrane, many of the amino acids in the membrane-spanning region are
hydrophobic in nature. Conversely, the amino acids that line the inside of the channel are hydrophilic
to allow for the passage of water or ions. When a ligand binds to the extracellular region of the
channel, there is a conformational change in the protein’s structure that allows ions such as sodium,
calcium, magnesium, and hydrogen to pass through.

Gated Ion Channels
Gated ion channels form a pore through the plasma membrane that opens when the signaling

molecule binds. The open pore then allows ions to flow into or out of the cell.

G-Protein Linked Receptors
G-protein-linked receptors bind a ligand and activate a membrane protein called a G-protein. The

activated G-protein then interacts with either an ion channel or an enzyme in the membrane. All G-
protein-linked receptors have seven transmembrane domains, but each receptor has its own specific
extracellular domain and G-protein-binding site.

Cell signaling using G-protein-linked receptors occurs as a cyclic series of events. Before the
ligand binds, the inactive G-protein can bind to a newly-revealed site on the receptor specific for its
binding. Once the G-protein binds to the receptor, the resultant shape change activates the G-protein,
which releases GDP and picks up GTP. The subunits of the G-protein then split into the  subunit and
the  subunit. One or both of these G-protein fragments may be able to activate other proteins as a
result. Later, the GTP on the active  subunit of the G-protein is hydrolysed to GDP and the  subunit
is deactivated. The subunits re-associate to form the inactive G-protein, and the cycle starts again.

Enzyme-Linked Receptors
Enzyme-linked receptors are cell-surface receptors with intracellular domains that are associated

with an enzyme. In some cases, the intracellular domain of the receptor itself is an enzyme or the
enzyme-linked receptor has an intracellular domain that interacts directly with an enzyme. The
enzyme-linked receptors normally have large extracellular and intracellular domains, but the
membrane-spanning region consists of a single alpha-helical region of the peptide strand. When a
ligand binds to the extracellular domain, a signal is transferred through the membrane and activates the
enzyme, which sets off a chain of events within the cell that eventually leads to a response. An
example of this type of enzyme-linked receptor is the tyrosine kinase receptor. The tyrosine kinase
receptor transfers phosphate groups to tyrosine molecules. Signalling molecules bind to the
extracellular domain of two nearby tyrosine kinase receptors, which then dimerise. Phosphates are
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then added to tyrosine residues on the intracellular domain of the receptors and can then transmit the
signal to the next messenger within the cytoplasm.

Junctional complexes: Usually there is a uniform gap between two cells. Sometimes,
contact between cells results in a modification of the cell membrane. These are specialized
regions in which there is firm intercellular attachment. In some epithelial cells such contact
is found which is called Junctional complex.
In epithelial cells there are four types of differentiation of the cell membrane – namely Tight
junction, belt desmosomes, spot desmosomes and gap junctions.

(a) Tight junctions are found near free surface of the cells. The region of the tight junction of
plasma membrane of two adjacent cells are fused with series of points. These points are with
sealing strands which form line of attachment. They are the rows of integral proteins, each
row being contributed by one plasma membrane. They are connected to a network of fine
cytoplasmic filaments which reinforce the junction. The strands block the passage of
substances between the cells. The tightness of the junction depends on the number of sealing
strands.
Tight junctions prevent the leaking of the substances that are absorbed. They are also
essential for normal embryonic development.

(b) Gap junctions: They are patch like areas of close intercellular contact. The intercellular
space is narrow in the region of gap junction. It consists of a disc shaped area on each cell
membrane containing several hollow, cylindrical particles. Channels in the particles are
about 20Å in diameter and form intercellular pipes through which exchange of substances
like most sugars, ions, amino acids, vitamins, nucleotides cyclic AMP etc can take place.

(c) Modifications: microvilli, desmosomes and plasmodesmata. The principal function of
plasma membrane is to regulate the flow of materials into and out of cell. This regulation
depends upon the permeability of the membrane which is largely determined by its chemical
organization. The surface of plasma membrane is variously modified to perform different
functions. The plasma membrane may show infoldings, interdigitations, filaments,
thicknings etc.

Cell Junctions

plasma membrane nucleolus nucleus

desmosome tight junction gap junction
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Microvilli
Infoldings or invaginations of the plasma membrane in to cytoplasm are present in many kinds of

cells. At certain loci, the in folded plasma membrane may be connected with the endoplasmic
reticulum, providing direct channels in to and out of the cytoplasm of the cell.

The cells of intestinal epithelium shows a good example of infolding of the membrane. Such
folds at cell surface are known asmicrovilii. There may be as many as 3000 in a single cell. Microvilii
increase the surface for absorption. In some cells the invaginated membrane forms pockets or
chambers in which mitochondria are located. The close association with mitochondria suggests that
the transport of materials across the plasma membrane may be facilitated by the energy available from
mitochondria. The invaginations of the membrane are involved in the transport of substances since
small droplets are often seen near the membrane.

Microvilli are the microscopic cellular membrane protrusions. Thousands of microvilii form
structure called Brush border. They are found in free surface of some epithelial cells, olfactory
receptor cells, cells of proximal tubule of kidney etc….

Structure – They are covered in plasma membrane which encloses cytoplasm and
microfilaments. They are cellular extensions and are with little or with no cell organelles. Each
microvillus has a dense bundle of cross linked actin filaments.

20-30 tightly bundled actin filaments are cross linked by proteins fimbrin, villin and espin.
Though the length and composition of microvilli is consistent within a certain group of homogeneous
cells, it can differ slightly in a different part of the same organism. For example, the microvilli in the
small and large intestines in mice are slightly different in length and amount of surface coat covering.

Desmosomes
Cell–cell adhesions are crucial for the function of multicellular organisms. Desmosomes vary in

size despite their overall uniform appearance. Desmosomal size and morphology vary between tissues
and different situations. Large desmosomes are generally present in tissues that are subject to intense
mechanical stress. In addition, size differences have been noted between different epidermal body sites
and strata.

The thickened regions of membrane with their extensions or filaments are referred to as
desmosomes. There are of two main types - belt desmosomes and spot desmosomes. Belt
desmosome is found just below the tight junction. It is located on the inner surface of the cell
membrane in each epithelial cell. The outer surface of the membrane in each cell remains unaffected.
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The intercellular space in the junctional zone is filled with filaments. The filaments associate with the
belt desmosomes. They appear to contain actin. Filaments are suggested to be contractile. These
filaments might help to close the gaps in the epithelium. Spot desmosomes are disc shaped point of
contacts between plasma membrane of adjacent cells. They consist of disc shaped plaque on the
cytoplasmic surface of each cell membrane. Non contractile filaments called tonofilaments which
form the structural frame work of the cytoplasm are attached to the plaque. Thin filaments arising
from the plaques fill the intercellular gap between the membranes.

Hemidesmosomes – In the basal region of some epithelial cells only half desmosomes may be
present. They are called hemidesmosomes. They serve as anchoring sites for bundles of tonofilaments
and also for joining the cell membrane of epithelial cells to the underlying basement membrane.
Desmosomes provide mechanical stability and facilitate signal transmission between neighbouring
cells. Among the numerous cell–cell adhesion structures desmosomes are probably those that are most
dedicated to mechanical coupling. Their high degree of adhesive strength is based on multiple and
extremely strong non-gap junction covalent interactions between its molecular constituents.

Plasmodesmata
Plasmodesmata (singular form: plasmodesma) are intercellular organelles in the form of

microscopic channels found only in plant and algal cells. (The animal cell “equivalent” is called the
gap junction) The cytoplasm of the adjacent cells communicates through the pores by means of
cytoplasmic bridges called plasmodesmata. They can also be termed as “bridges” between two plant
cells. The plasmodesmata separate the outer cell membrane of the plant cells. The actual air space
separating the cells is called the desmotubule. The desmotubule possesses a rigid membrane that runs
the length of the plasmodesma. Cytoplasm lies between the cell membrane and the desmotubule. The
entire plasmodesma is covered with the smooth endoplasmic reticulum of the connected cells. Unlike
animal cell, almost every plant cell is surrounded by a polysaccharide cell wall. Neighbouring plant
cells are therefore separated by a pair of cell walls and the intervening middle lamella, forming an
extracellular domain known as apoplast. Although cell walls are permeable to small soluble proteins
and other solutes, plasmodesmata enable direct, regulated, symplastic transport of substances between
cells.

There are two forms of plasmodesmata: primary plasmodesmata, which are formed during cell
division, and secondary plasmodesmata, which can form between mature cells.

Primary plasmodesmata are formed while the cell wall and endoplasmic reticulum are formed, as
well; secondary plasmodesmata are formed afterward. Secondary plasmodesmata are more complex
and may have different functional properties in terms of the size and nature of the molecules able to
pass through.

Plasmodesmata play roles in both cellular communication and in molecule translocation. The
communication between cells is crucial for plant survival. However, the problem with the plant cells is
the tough, rigid cell wall. It is difficult for larger molecules to penetrate the cell wall, which is why
plasmodesmata are necessary. The plasmodesmata link tissue cells to one another, so they have
functional importance for tissue growth and development. Plasmodesmata have been shown to
transport proteins (including transcription factors ), short interfering RNA, messenger RNA, and viral
genomes, viroids from cell to cell.

The exact mechanism of how the plasmodesmata regulate the transport of nutrients is not well
understood, but it is known that some molecules can cause the plasmodesma channels to open more
widely.
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TRANSPORT ACROSS MEMBRANE
The principal function of plasma membrane is to regulate flow of materials into and out of the

cell. This regulation depends upon the membrane’s permeability, which is determined largely by its
chemical organization. Plasma membrane is often inaccurately described as differentially permeable as
water moves through it with relative ease whereas larger molecules do not.

(a) Diffusion and osmosis – Passive transport
Diffusion – The term “diffusion” comes from the Latin word diffundere, which means “to spread

out”. (“spreads out a substance” is moving from an area of high concentration to an area of low
concentration). It is the spontaneous tendency of a substance to move down its concentration gradient.
It is a passive process and no energy is required.

Diffusion takes place due to intrinsic kinetic energy possessed by all atoms and molecules, unless
the temperature is at absolute zero. In diffusion, each molecule moves randomly but at the same time.
Diffusion is the net movement of molecules or atoms from a region of high concentration (or high
chemical potential) to a region of low concentration (or low chemical potential). This is also referred
to as the movement of a substance down a concentration gradient. A gradient is the change in the
value of a quantity (e.g., concentration, pressure, temperature) with the change in another variable
(usually distance). If pure water is separated by a permeable membrane from a solution of dye
dissolved in water, each dye molecule will move randomly but there will be a net movement of the
dye molecules across the membrane to the side that started as pure water.This is because, there are
more dye molecules that can move in the direction of pure water. Diffusion helps in the process of
respiration, digestion, absorption, excretion etc. Diffusion of water across a membrane is a special case
of passive transport, and is called osmosis.

Difference between Osmosis and Diffusion
 In osmosis, only solvent particles move.

The solvent particles move from higher concentration to lower concentration.
Also, the movement of solvent particles take place with the help of a semipermeable
membrane, which does not allow the solute to pass through.

 In diffusion, both solute and solvent molecules move.
They strive to achieve an equal distribution of solute and solvent molecules throughout.
Diffusion does not involve a semipermeable membrane.
Though diffusion also involves movement of particles from area of high concentration to
lower concentration, it involves a two-way process.

Simple diffusion – Transport of metabolites across the membrane along the concentration
gradient and without the use of a carrier molecule is called simple diffusion. The molecules move
down their gradients through the membrane. Molecules that practice simple diffusion must be small
and nonpolar, in order to pass through the membrane. Simple diffusion can be disrupted if the
diffusion distance is increased. Simple diffusion does not involve any stereo-specificity and is a slow
process. It is not believed to be an important mechanism for transport across the membrane.
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Diffusion

Facilitated diffusion – It resembles simple diffusion, however, differs in certain respects. The
process is stereo-specific. It shows saturation kinetics. Carrier is required for transport across the
membrane. It is diffusion that is helped along (facilitated by) a membrane transport channel. It is the
transport of molecules, bound to specific carrier proteins through the biological membrane. Increased
rate of transport of several compounds and diffusion of certain ions, are facilitated by transport
proteins which act as carrier proteins. This type of diffusion is called facilitated diffusion. Carrier
proteins are also called carriers, transporters or permeases. They bind the specific solute and
undergo a series of conformational changes. Channel proteins form aqueous pores that extend across
the lipid bilayer, and they allow the specific solutes to pass through them by opening these pores
allowing the solute to cross the membrane. It is much faster than the transportation of solutes by
carrier proteins. These channels are glycoproteins (proteins with carbohydrates attached) that allow
molecules to pass through the membrane.

These channels are almost always specific for either a certain molecule or a certain type of
molecule (i.e. an ion channel), and so they are tightly linked to certain physiologic functions.

Osmosis – A membrane which allows the passage of solvent but
not the solute is called semipermeable membrane. A membrane which
permits one substance to pass through more easily than another is said
to be selectively permeable. A selectively permeable membrane allows
the passage of both solvent and solute. Molecules diffuse from region
of greater concentration to a region of lesser concentration. The
difference in the levels of two concentrations is called concentration
gradient. Osmosis is the diffusion of water or a solvent across a
membrane in response to the concentration gradient.

A fundamental mechanism of transport is osmosis, by which water diffuses through a membrane
from the region of its high concentration to one of low concentration. Osmosis does account for the
movement of water through plasma membrane, but it also implies that solutes pass through at a much
slower rate, if at all. Thus this mechanism does not explain the movement of the many solutes that do
pass through the membrane.

Osmosis is the passage of a solvent (such as water) from a lower-concentration solution to a
higher-concentration solution, through a semi-permeable membrane (that allows the solvent to pass
but not what is dissolved in it) separating the two solutions. The flow of solvent stops when both
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solutions become equal in concentration. In nature, osmosis is an essential process by means of which
nutrients are delivered to the cells.

(b) Transport - Passive and Active
Active Transport – It is the movement of a substance through a membrane against its

concentration, with the help of energy input and specific transport proteins. The movement is
always in the direction of gradient. However, substances also move in and out of the cell against
concentration gradient through plasma membrane. This movement requires expenditure of energy. The
concentration of potassium ions is much higher in animal cells than its surroundings. On the other
hand, concentration of sodium ions is much lower in animal cells than its surroundings. This steep
gradient is maintained by the plasma membrane by pumping sodium out and potassium in to the cell.

Sometimes the body needs to move molecules against their gradient. This is known as moving
“uphill”, and requires energy from the cell – It is seen in the sodium-potassium pump (Na+/K+ ATPase)
that helps maintain resting potential in the cell. This protein uses the energy released from hydrolysis
of ATP (adenosine triphosphate) to pump three sodium ions out of and two potassium ions into the
cell. ATP is an energy molecule, and when hydrolysis happens, it gets broken down to release the
energy that was stored in its chemical bonds. Transport, that directly uses ATP for energy is
considered primary active transport. The pump is actually an aggregate of four proteins which are
structurally and functionally related. The characteristic of the pump is that the pump moves to and for
between two conformational states.

Secondary active transport moves multiple molecules across the membrane, powering the
uphill movement of one molecule(s) (A) with the downhill movement of the other(s) (B). Example of
secondary active transport is glucose transport system of intestinal epithelium of mammals. The free
surface of the intestinal epithelium has numerous microvilli. primary active transport results in the Na+

being pumped out of the cell and K+ being pumped into the cell. The electrochemical sodium ion
gradient can be then utilized for secondary active transport of glucose into the cell against
concentration gradient. Thus there is glucose -Na+ cotransport catalyzed by a glucose carrier.
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Since both molecules/ions moved/transported in the same direction across the membrane it is
known as a symport. Proteins that allow molecules to go in opposite directions are antiporters –

Group translocation – In this process, the substrate is altered by the enzyme that catalyses
membrane transport. It is energy dependent transport mechanism in which transported molecule is
chemically modified during passage across the cell membrane. The best known example is
phosphoenolpyruvate.

Endocytosis and Exocytosis – Two additional mechanisms are available for substances of low
lipid solubility and relatively high molecular weight, such as glucose, ribonuclease and protamines and
histones. Solid particles may be ingested by phagocytosis and liquids by pinocytosis. The processes
involving physical activity of the plasma membrane.

Endocytosis
Endocytosis is a type of active transport that moves particles, such as macromolecules, parts of

cells, particulate substances and even whole cells, into a cell. There are different variations of
endocytosis, but all share a common characteristic: the plasma membrane of the cell invaginates,
forming a pocket around the target particle. The pocket pinches off, resulting in the particle being
contained in a newly created intracellular vesicle formed from the plasma membrane.

SECONDARY ACTIVE TRANSPORT
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Phagocytosis

In phagocytosis, the cell membrane surrounds the particle and engulfs it.

Phagocytosis (the condition of “cell eating”) is the process by which large particles, such as cells
or relatively large particles, are taken in by engulfing. It is also called as “cell eating”. It occurs in
many specialised cells of multicellular animals and also in several protozoa. For example, when
microorganisms invade the human body, a type of white blood cell called a neutrophil will remove the
invaders through this process, surrounding and engulfing the microorganism, which is then destroyed
by the neutrophil.

With electron microscope it has been possible to observe

The particles to be phagocytosed must bind to the surface of a phagocyte. However, all the
particles that bind are not engulfed. There are a number of surface receptors connected to the
phagocytosis. It is a triggered process – requires activation of the receptors to initiate the process.

(a) out pocketing of the plasma membrane around a particle external to the cell,
(b) particle become adsorbed at the surface of the membrane,
(c) is then taken into the cell by infolding of the membrane (formation of pseudopodia and

fusion of tips of pseudopodia) and
(d) formation of a vesicle consisting of the particle enveloped by a pinched off part of the

membrane.
(e) Ingested material is digested or degraded by hydrolytic enzymes and diffused to the

surrounding cytoplasm.
In preparation for phagocytosis, a portion of the inward-facing surface of the plasma membrane

becomes coated with a protein called clathrin, which stabilizes this section of the membrane. The
coated portion of the membrane then extends from the body of the cell and surrounds the particle,
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eventually enclosing it. Once the vesicle containing the particle is enclosed within the cell, the clathrin
disengages from the membrane and the vesicle merges with a lysosome for the breakdown of the
material in the newly formed compartment (endosome). When accessible nutrients from the
degradation of the vesicular contents have been extracted, the newly formed endosome merges with
the plasma membrane and releases its contents into the extracellular fluid. The endosomal membrane
again becomes part of the plasma membrane.

In most animals phagocytosis is important for the purpose of nutrition, defence against
microorganisms, and scavenging senescent cells.

Pinocytosis
This literally means “cell drinking” and was named at a time when the assumption was that the

cell was purposefully taking in extracellular fluid. It is about incorporation of liquid substance by a
method similar to phagocytosis and may be the route for entry of proteins in to the cell.

It is the process of intake of fluid material into the cell. It is achieved by the formation of
pinocytic vesicle or pinosome. The substance is adsorbed at the surface of the plasma membrane. An
infolding of the membrane occurs resulting in the formation of vesicle containing the droplet by a
pinching off of the membrane within the cytoplasm. The material is then released in some way from
the vesicle inside the cell, and the membrane that surrounded the droplet may become a part of
endoplasmic reticulum.

In reality, this is a process that takes in molecules, including water, which the cell needs from the
extracellular fluid. Pinocytosis results in a much smaller vesicle than does phagocytosis, and the
vesicle does not need to merge with a lysosome.

Pinocytosis is induced by the presence of appropriate concentration of metabolites in the
surrounding medium (1) The process starts by binding of inducer to receptor sites on the plasma
membrane (2) it is followed by invagination of the membrane to form pinocytic vesicle. (3) The
vesicles detach from the plasma membrane and migrate towards the interior of the cell where they
break or join others to form larger one.

A variation of pinocytosis is called potocytosis. This process uses a coating protein, called
caveolin, on the cytoplasmic side of the plasma membrane, which performs a similar function to
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clathrin. The cavities in the plasma membrane that form the vacuoles have membrane receptors and
lipid rafts in addition to caveolin. The vacuoles or vesicles formed in caveolae (singular caveola) are
smaller than those in pinocytosis. Potocytosis is used to bring small molecules into the cell and to
transport these molecules through the cell for their release on the other side of the cell, a process called
transcytosis.

Receptor-Mediated Endocytosis
In receptor-mediated endocytosis, as in phagocytosis, clathrin is attached to the cytoplasmic side

of the plasma membrane. If uptake of a compound is dependent on receptor-mediated endocytosis and
the process is ineffective, the material will not be removed from the tissue fluids or blood. Instead, it
will stay in those fluids and increase in concentration.

Some human diseases are caused by the failure of receptor-mediated endocytosis. For example,
the form of cholesterol termed low-density lipoprotein or LDL (also referred to as “bad” cholesterol)
is removed from the blood by receptor-mediated endocytosis. In the human genetic disease familial
hypercholesterolemia, the LDL receptors are defective or missing entirely. People with this condition
have life-threatening levels of cholesterol in their blood, because their cells cannot clear LDL particles
from their blood.

Although receptor-mediated endocytosis is designed to bring specific substances that are
normally found in the extracellular fluid into the cell, other substances may gain entry into the cell at
the same site. Flu viruses, diphtheria, and cholera toxin all have sites that cross-react with normal
receptor-binding sites and gain entry into cells.

Exocytosis - It is also called as cell vomiting. Because the contents of the vesicle spill to the
outside of the cell.

The reverse process of moving material into a cell is the process of exocytosis. The elimination
of the material from a cell is accompanied by surface changes similar to kind to those observed in
pinocytosis and phagocytosis. Certain cells secrete specific substances which have various effects on
other cells or tissues of the body.

Waste material is enveloped in a membrane and it fuses with the interior of the plasma membrane.
This fusion opens the membranous envelope on the exterior of the cell, and the waste material is
expelled into the extracellular space.

Wastes and exported molecules
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(a) A vesicle buds off from Golgi bodies or ER.
(b) vesicle moves towards the plasma membrane
(c) the membrane of the vesicle and that of plasma membrane oppose
(d) The lipid molecules of the two bilayers rearrange themselves.
(e) The two membranes fuse and become continuous
(f) contents of the vesicle are thrown out.
Convincing example of exocytosis are discharge of secretory granules by gland cells,

Other examples of cells releasing molecules via exocytosis include the secretion of proteins of
the extracellular matrix and secretion of neurotransmitters into the synaptic cleft by synaptic vesicles.

Transport Method Active/Passive Material Transported
Diffusion Passive Small-molecular weight material
Osmosis Passive Water
Facilitated transport/diffusion Passive Sodium, potassium, calcium, glucose
Primary active transport Active Sodium, potassium, calcium
Secondary active transport Active Amino acids, lactose

Phagocytosis Active Large macromolecules, whole cells, or cellular
structures

Pinocytosis and potocytosis Active Small molecules (liquids/water)
Receptor-mediated endocytosis Active Large quantities of macromolecules

Exocytosis Active Waste materials, proteins for the extracellular
matrix, neurotransmitters

CYTOSKELETAL STRUCTURE
Microtubules – structure and function

Structures and Functions of Microtubules
The cytoplasm of all eukaryotic cells contain hollow fibrillar structures called microtubules

which are commonly associated with centrioles. They were first observed by De Robertes and Franchi
in 1953. Microtubules are restricted to eukaryotic cells and are not found in prokaryotes. Microtubules
may be labile as found in mitotic spindles or stable as found in cilia or flagella. Labile microtubules
are easily disrupted by treatment with inhibitors like colchisin. Microtubules are filamentous
intracellular structures that are responsible for various kinds of movements in all eukaryotic cells.
Microtubules are involved in nucleic and cell division, organization of intracellular structure, and
intracellular transport, as well as ciliary and flagellar motility.

Microtubules show a tendency to form bundles. Bundles may consist of two to several hundred
microtubules. Microtubules are essentially rigid structures although they can bend to form arches. The
rigidness enables them to form structural support to various cell types.

Structure of microtubule – Microtubules are hollow cylinders with outer diameter of 250Å. The
thickness of the wall is about 50Å thus leaving the core of about 150Å diameter. The length of
microtubule varies a fraction of a micron to several microns. A transverse section of cytoplasmic
microtubule shows 13 subunits (protofilaments) which lie parallel to the long axis of the microtubules.
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“Building Blocks” of Microtubules – Tubulins
The protofilament appears to be made up of a linear series of globular protein units called tubulin.

They appear like a string of thread. Under normal physiological conditions tubulin is a dimer
composed of two similar but not identical polypeptides. The two subunits of tubulin dimer are called
alpha tubulin and beta tubulin, with molecular weight of approx. 50 KDa each. Although the amino
acid composition of the two subunits are similar, there are differences in their peptide maps. Alpha and
beta subunits are arranged alternately in protofilament. The basic arrangement of tubulin appears to be
helical, with 13 tubulin molecules per turn of the helix. In addition to tubulins there are about 20-25
secondary proteins which have been called microtubule associated proteins (MAPs).

(All leukaryotic cells produce the protein tubulin, in the usual way. The usual way, is by
transcription of genes coding for tubulin to produce messenger RNA, followed by the translation of
mRNA by the ribosomes in order to produce protein).

DNA mRNA

-tubulin

-tubulin

spontaneous
binding tubulin

heterodimer

Alpha and beta tubulin spontaneously bind one another to form a functional subunit called a
heterodimer. A heterodimer is a protein that consists of two different gene products. Cells do not
continue to make tubulin (or any other protein) until they run out of resources. A common regulatory
mechanism is feedback inhibition. Tubulins from different sources such as cilia and and brain are
similar but not identical. It is also likely that tubulin from cytoplasm differs from both flagellar tubulin.
Each tubulin dimer has two nucleotide binding sites and is bound to two molecules of GTP.

Assembly of Microtubules
When intracellular conditions favour assembly, tubulin heterodimers assemble into linear

protofilaments. Protofilaments in turn assemble into microtubules. All such assembly is subject to
regulation by the cell.

Assembly and disassembly of labile microtubules depends upon metabolic conditions. Assembly
of microtubules consists of two distinct processes: nucleation and growth. In vitro studies show that
initiation of microtubule assembly depends upon the formation of 340Å ring shaped aggregates of
tubulin. The ring is incorporated into tubules. Elongation takes place by addition of 6S subunits. GTP
appears to be required for microtubule assembly. Divalent ions, especially Mg+2 appear to be
necessary for microtubule polymerisation. Calcium may be a regulatory factor.
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Microtubules form a framework for structures such as the spindle apparatus that appears during
cell division, or the whip like organelles known as cilia and flagella. Cilia and flagella are the most
well studied models for microtubule structure and assembly.

The interactions holding -tubulin and -tubulin in a heterodimeric complex are strong enough
that a tubulin subunit rarely dissociates under normal conditions.

Each tubulin subunit binds two molecules of GTP. One GTP-binding site, located in α-tubulin,
binds GTP irreversibly and does not hydrolyze it, whereas the second site, located on β-tubulin, binds
GTP reversibly and hydrolyzes it to GDP. The second site is called the exchangeable site because
GDP can be displaced by GTP.

In a microtubule, lateral and longitudinal interactions between the tubulin subunits are
responsible for maintaining the tubular form. Longitudinal contacts between the ends of adjacent
subunits link the subunits head to tail into a linear protofilament. Within each protofilament, the
dimeric subunits repeat every 8nm.

Through lateral interactions, protofilaments associate side by side into a sheet or cylinder — a
microtubule. Virtually every microtubule in a cell is a simple tube, a singlet microtubule, built from

regulated assembly

protofilament

microtubule
regulated
assembly
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13 protofilaments. In rare cases, singlet microtubules contain more or fewer protofilaments; for
example, certain microtubules in the neurons of nematode worms contain 11 or 15 protofilaments. In
addition to the simple singlet structure, doublet or triplet microtubules are found in specialized
structures such as cilia and flagella (doublet microtubules) and centrioles and basal bodies (triplet
microtubules).

A microtubule is a polar structure, its polarity arising from the head-to-tail arrangement of the -
and -tubulin dimers in a protofilament. Because all protofilaments in a microtubule have the same
orientation, one end of a microtubule is ringed by -tubulin, while the opposite end is ringed by -
tubulin.

Microfilaments – Structure and Function
Filaments are of two types, microfilaments and neurofilaments. Microfilaments, also called actin

filaments, are filamentous structures in the cytoplasm of eukaryotic cells and form part of the
cytoskeleton. They are 50 to 70Å in diameter and are found in clusters beneath the cell membrane.
They are primarily composed of polymers of actin, but in cells are modified by, and interact with
numerous other proteins. A microfilament is a single strand of identical globular proteins which are
very similar to actin of muscle. Microfilaments are arranged in two different ways.

In one arrangement they lie in parallel bundles, near the surface of the cell membrane. These
bundles also contain other proteins like myosin and tropomyosin,.

In other type, arrangement of microfilaments occur as a loose meshwork in actively moving
regions of cells like the pseudopodia of amoeba and rat embryo fibroblasts.

Microfilament functions include cytokinesis, amoeboid movements, and cell motility in
general, changes in cell shape, endocytosis and exocytosis, cell contractility and mechanical
stability. Microfilaments are flexible and relatively strong, resisting buckling by multi-piconewton
compressive forces and filament fracture by nanonewton tensile forces. Microfilaments have a tough,
flexible framework which helps the cell in movement.

Microfilaments are another class of cytoskeletal proteins which exhibit contractile activity.
Such filaments are associated with the plasmalemma and other endomembranes. They are found either
as single elements or in-groups. In most of the cases, microfilaments act as cross linking bridges
between microtubules.

Acin filaments are made up of individual subunits called G-Actins. G-actin (globular actin) with
bound ATP can polymerize, to form F-actin (filamentous actin). F-actin may hydrolyze its bound
ATP to ADP + Pi and release Pi. ADP release from the filament does not occur because the cleft
opening is blocked.

Microfilament Structure and Assembly
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Functions of Microtubules and Microfilaments
1. Maintenance of cell shape: As microtubules are fairly rigid, they form a supporting frame

work or cytoskeleton of the cell. They help in maintaining the shape of long processes like
the axons of nerve cells or of cilia and flagella.

2. Movements of cell membrane: Microfilaments act as cell muscles and are involved in cell
membrane movements like projection of pseudopodia, projection and retraction of microvilli,
endocytosis etc.

3. Movements of cilia and flagella: Microtubules are involved in the movement of cilia and
flagella.

4. Chromosomal movements during cell division: Spindle fibres during mitotic and meiotic
divisions consist of bundles of microtubules. Microfilaments are involved in movement
associated with furrow formation during cell division.

5. Transport of cellular material: Neurofilaments and microtubules in the axon of nerve
cells are believed to function in the transport of proteins and other substances synthesised in
the cell body down the axon.

6. Morphogenesis: Cells change their shape during differentiation. Elongation of cells in the
lens of eye is the example of change in the shape of the cell. It is brought bymicrotubules.

7. Sensory transduction: Microtubules have been found in many sensory cells in association
with nerve fibres. They may be helping in converting stimuli into nerve impulses.

QUESTIONS

Short Notes
1. Cell theory
2. Generalised prokaryotic cell
3. Generalised eukaryotic cell
4. Nuclear pore complex
5. Structure of interphase nucleus
6. Diffusion
7. Pinocytosis
8. Phagocytosis
9. Osmosis

10. Active transport
11. Junctional complexes
12. Nuclear matrix
13. Microfilaments
14. Functions of microtubules
15. Microvilli
16. Desmosomes
17. Plasmadesmata
18. Exocytosis
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