PRATHYUSHA ENGINEERING COLLEGE
CELL BIOLOGY
CELL STRUCTURE AND FUNCTION OF THE ORGANELLES

Origin of life
The origin of life was remaining the subject of imagination and speculation for a long
time in the world. Most of the people believed “almighty” and had created each form of life.
The only astonishing percept is that if life could have arisen once out of either non living
element.

Molecular origin
Miller (1953) recreated a well known experiment the conditions prevailing on the
early earth surface in which electrical discharges was passed through a mixture of gases
similar to the early atmosphere. After a week analysis of the mixture revealed a number of
amino acids, the building block of protein.

Cell
Just as the brick is the unit material of building and atom in chemical structure, so is
the cell composting the body of all organisms? It is the structure and functional unit because
most vital functions like nutrition, excretion, growth, respiration etc…, takes place in cells.

Origin of cell
Robert Hooke (English man) looking a thin slice of place bank under microscope. He
found, it made up of many components. It looks like honey-comp and he called it a cell. It
1833,Robert brown observed some round bodies in the centre of the cell of orchid leaves and
named it cell nucleus.
Schleiden (1838) and schwann (1839) after extensive study of plant and animal tissue,
they are postulated the following cell theory.
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1. All “living” bodies are essentially composed of cells.
2. Cells always arise from pre-existing cells.

Prokaryotic cell
Based on the structure a function, living organization has been classified into
prokaryotes and eukaryotes. Prokaryotes are the individual whose cell lacks a defined
nucleus. All prokaryotes are single celled organization. The cells are typically spherical or
rod shape with 1-20 microns. The cell has a rigid wall made of layers of peptidoglycan,
oligosaccharides and a complex of protein. The genetic material, DNA is condensed into the
central region of the cell called a prokaryon or nucleoid. Prokaryotes does not cellular
organelle and it contain 70s ribosome.

Eukaryotic cell
Chromosomes within the membrane bounded well organized nucleus. It contains all
cellular organelle with 80s ribosome.

Cell structure
The cell has a well defined structure in all organization except virus. A typical cell
contains three major parts .they are
i.

The cytoplasm

ii.

The nucleus

iii.

The surrounding membrane

In animal or cell wall in plant.
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Fig: Plant Cell

Fig: Animal Cell

Cell membrane
Cells are surrounded by water impermeable membrane composed of phospholipids
.the membrane is given rigidity by interspersion of cholesterol. However they are permeable
to metabolic exchanges. All cells have specialized proteins embedded in their membrane,
which regulate the entry and exit of fluid and from the cells.

Cytoplasam
Cytoplasm is surrounded the nucleus and inside the cell membrane. It is a semifluid
colloidal substance .it looks homogenous fluid with a large number of organelles with active
cell function. The cell organelle streaming occurs in eukaryotes absent in prokaryotes.

Mitochondria
Mitochondria are power house of the cell .they are small spherical/rod shape body
distributed in cytoplasam.it is provide cellular energy through respiration and oxidation. It is
center of enzymatic activity and convert energy stored in macromolecule into ATP.

Under electron microscope, mitochondria look double membrane structure. The outer
membrane is smooth but the inner membrane is thrown into number of folds called cristae,
which contain many enzymes that involved oxidation of food and release energy.
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Endoplasmic reticulum (E.R)
The cytoplasm is embedded in a network of double membrane structures called E.R. it
is tubular structure. Besides the membrane encloses elements like vesicles, and cisterns of
variable sizes and thickness. E.R present in differential cell, it may be smooth or rough.
Smooth and rough E.R conditions may be interchanged as per the needs of cells. the rough
E.R provide structural base for protein, lipid and phosphor lipids (both E.R).E.R provide
channel for transport of substances. E.R regulates passage to mRNA from nucleus to rough
E.R. E.R contain several enzymes.

Ribosomes (rb)
Ribosomes are small (200 A0) dense granules attached outer surface of E.R.
Ribosome’s are composed 2 major sub-units70s (prokaryotes) and 80s (eukaryotes).
Ribosomes are the site of protein synthesis, it assemble nucleolus and migrate to cytoplasm.

Golgi bodies
Golgi bodies are present in animal cell. It is net like double membrane, commomly
found in cell engaged in secretion. Some places it contains with E.R .it’s function is not
precisely known but probably, concerned with absorption storage and condensation of
compounds.

Lysozome
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A pinch of form from golgi complex, small vesicle is lysosome.it contains powerful
digestive enzymes.

Centerosome
A pair of round bodies close to the nucleus is centriole. The cytoplasm around
centriole is clear and transparent is called centrosphere. Centriole with centrosphere is called
centrosome. It duplicates during cell division and show continuous inheritance between cell
generations. It found only in animal cell.

Vacuoles
Vacuoles are watery fluid of cell called cell sap. It push periphery of the cell for easy
exchange of substances. The size and number are vary depends on organisms.

Cell wall
A rigid outside cell membrane of plant cells are called cell wall. It contains large
pores and allows both solute and solvent pass through it.it gives a definite shape, mechanical
support and strength to tissues. It is made of cellulose. It has 3 parts, they are
i. Middle lamella: walls or neighbour cells are joined by middle lamella. It’s composed
by pectin. It is first originate following cell division.
ii. Primary cell wall: It lies in-between middle lamella and secondary cell wall. it
constitutes cellulose, pectin, protein, lipid, hemi cellulose etc;
iii. Secondary cell wall: The inner most layer of the cell wall. Intermediate between
primary wall and cytosol called plasma membrane or plasma lemma.

Plastids
In plants, double membrane spherical, discoidal or elliptisoidal shape found in leaves.
They are three types
i.

Leucoplast: colorless bodies found in tissue, not exposed to light, they serve as
storage organs. Eg: Potatto.

ii.

Chloroplast: It contains green pigments, chlorophyll and serve as photosynthetic
factory
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iii.

Chromoplast: It contains other than chlorophyll eg: carotenes, xanthophyll. Mostly
found in petals of flowers & fruits, it helps pollination.
All 3 develop from small membrane organelle called proplastids.

Pherosome
It present only in plant cell. They are vesicles of 0.5-1 dia . it helps to store lipid and
acid phosphate.

Nucleus
Nucleus is prominent, dense protoplasmic body found in the center of the cells. It
controls all cellular activities and inheritance. The shape of the nucleus may be oval to
flattened lobe, spherical. It has three parts: nuclear membrane, nucleolus and chromosomes.
Nuclear sap present in between nucleus and chromosomes are nucleoplasam. The nuclear
membrane has inner and outer envelope with enclosed narrow channel or cistern,
nucleoplasam continuous with cytoplasm. The pores allow import and export of protein and
RNA from nucleus to cytoplasam.
Staining of nucleus reveals dark network called chromatin which during cell division
becomes thread like bodies are chromosomes. Interphase chromosomal material is chromatin.
It divided into two types
1. Heterochromatin
2. Euchrmatin

Membrane protein
Membrane protein is a protein molecule that is attached or associate with the
membrane of a cell. It consist phospholipid bilayer and a variety of proteins that accomplish
vital biological functions.
 Structural proteins are attached to micro filament in the cytoskeleton which ensumes
stability of the cell.
 Cell adhesion molecules allow cell to identify each other and interface.
 Membrane enzymes are involved variety of substance production.
 Membrane receptor protein serves as connection between the cell’s internal and
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external environments.
 Transportprotein are maintaining the concentration of ions in cell.
Membrane protein divided into three types
1) Intergral membrane protein
Integral membrane proteins are permanently attached to membrane and bound
to lipid layer. It displayed by detergent like SDS, TRITON, X-100 etc, based on
relationship with bilayer, it classified into

a) Intergalpolytopic protein: It is also called trans membrane protein and contains
either beta-barrels or alpha helical.
b) Integral monotopic protein; One side of this protein attached with lipid membrane
and d not span across the membrane.
2) Peripheral membrane protein;
It is extrinsic protein they do not interact with hydropholic lipid bilayer .it is
temporarily attached either to lipid bilayer / intergral proteins.
3) Lipid anchored protein;
Lipid anchored protein bound to lipid bilayer bound through lapidated amino acid
residues.

Membrane protein complex
Membrane proteins commonly function as complexes. They are vital to cellular
functions. They are exchanged in and out of existing protein complex. Based on synthesis
membrane proteins are constitutive membrane protein (m RNA attached to translocon) and
non-constitutive membrane protein. (Toxin)

Membrane protein structure
Membrane protein have alpha helical bundle and beta-barrel porin. One portion
attached to the lipid bilayer are consisting of hydrophobic aminacid’s and other portion is not
touching lipid bilayer consists hydrophilic amino acids. They are stabilized by weak
interactions and influenced by additional inter action with solubilizing environment.
Membrane proteins are characterized by x-ray crystallography and NMR techniques. All
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membrane protein structural biology should be subjected to careful scrutiny.

The cytoskeleton:
Cells contains elaborate arrays of protein fibers serve such functions.


Establishing cell shape



Providing mechanical strength



Locomotion



Intercellular transport



Chromosome separation in mitosis&miosis.

Cytoskeleton is made up of three kinds of protein filaments.
1. Actin filaments:
Monomers of the protein actin polymerize to form long, thin fibers with 8 mm
diameter. This is called micro filaments.
2. Intermediate filaments:
The cytoplasmic fibers are 10 mm in diameter. It constitutes keratin (hair),
lamins, neuro filaments, vimentins etc.,
3. Microtubules:
They are straight hollow 20 mm diameter and consists 13 proto filaments. It is
1000 times long as wide. It assembles alpha tubulin and beta tubulin. It originates at
centrosome. The attachment end is minus the other end is plvs end. (polymerization
site).

Microtubule motors:
Microtubule motors are kinesins (more towards plus) and dyneins (more towards
minus end).

Cytoskeltal filament, their usefulness actually depends upon a large number of
accessory proteins that link the filaments to other cell components. In addition some
motor protein helps to move the organelles to different locations with the cell. They use
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energy from ATP to slide along the microtubules (MT’s).

Actin/ Microfilament:
Actin is a globular protein that polymerises helically forming actin filaments (7-8
dia). These are thin cytoskeletal protein. It has 15% total cellular protein.

Structure:
The actin monomer is approximately pear shaped showing four domains but
folded into two asymmetric domain with large cleft called ATPase fold that almost bisect
the molecule towards bottom of cleft there are binding sites for mg++ and ATP or ADP.
Both N and C terminal are near the bottom of small domain. Post transaltional
modification of actin includes acetylation of N-terminus and methylation of histidine 68
ofr phosporylation on tyrosine-211.

The exact atomic model of microfilament is yet to be defined by electron
microscope studies reveal the filament appears as double stranded helices and due to
monomers (G-actin) the ends of the filament (F-actin) are referred to as pointed (‘-‘end)
and barbed (+end). Monomers rotted 166 0 with respect to neighboring monomer. It
means every 13 th subunits the filament rotates. Overall rate of monomer differ both ends.
The barbed end prefers tenfold monomer addition over pointed end. This phenomenon is
“Treadmill effect”.
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Microfilament assembly:
Polymerization starts with weak binding of two actin monomers but addition of
3rd stabilizes the complex forming a trimer. It adds additional molecules and form
nucleation site. This is slow polymerization process, it followed elongation phase. ATp
actin then binds the plus end and the ATP is subsequently hydrolysed which reduces the
binding strength between neighboring units and destabilize the filament is “steady stake
phase”.

Nucleating protein, “Cofilin” binds to ADP actin unit and promotes theird
dissociation from the minus end and prevent their reassembly. The protein “profiling”
reverse these effects by stimulate exchange of bound ADP for ATP. Profilin and ATP
hydrolysis bth are required for nucleation mediated by the “formin”. Another important
filament protein is “ATP 2/3 ” protein. It serves as site for nucleation; stimulate the
formation of G-actin trimers.

Actin filaments assemble two types of structure like bundles and networks. It
appear double strand helix polymerization actin mediated by villin, fimbrin, fascin etc.,

Myosin:
Motor protein consists two distinct domains a motor head portion with ATpase
function and a tail part that can be either form fibers. Mysoin is protein responsible for
generation muscle contraction. Previously myosin obtains in muscle cells only, now
myosin in all cells. Myosin divided into ten subtypes.
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Table: Complexes of myosin
S.No

Complex of myosin

Examples

1

Myosin - I

Drosophila, Mouse,rat, yeast

2

Myosin – II

Plasmodium, Arabidopsis

3

Myosin – III

Drosophila

4

Myosin – V

C.elegans, mouse

5

Myosin - VI

Drosophila, rat

6

Myosin - VII

Man, C.elegans,

7

Myosin – IX

Hman , mouse

8

Myosin – XI & XII

Maize

9

Myosin - X

Toxoplasma

Microtubules:
A microtubules (MT) is a hollow cylinder 24 nm in dia. Microtubules have axis,
tubulin, heterodimers are joined end to endto form proto filaments, with alter α and β
subunits.

The membrane associated proteins (MAP’s) includes kinesins and dinesin
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whick walk along the moving microtubules in opposite directions. Kinesin is double
headed motor protein that moves alone microtubules. The energy for their movement is
provided by the hydrolysis of ATP.

Different vesicles are seen attached to membrane associated proteins (MAP’s)
and the microtubule conveyer belt kinesin move the vesicle towards the plus end and
dynein walks towards the minus end.
Two models have been proposed kinesin movement hand over hand and
inchworm models.
 Microtubules role in formation of flagella and cilia helps to movement.
 Associate proteins
 Regulation of epithelial apical junction formation
 Organalle interaction.

Reference:
Aminul Islam. 2014. Text book of cell biology. Arunabha sen publisher, Kolkata. Pp:
207-230, 239, 367.
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CELL DIVISION AND CONNECTION

Cell cycle
It is the series of events taking place in a cell during cell division. Cell cycle consists
of four distinct phases: G1, S, G2 and M.
G0 phase
The G0 phase or the 'resting phase' is a period in the cell cycle in which cells exist in
a quiescent state. G0 phase is viewed as either an extended G1 phase, where the cell is
neither dividing nor preparing to divide. Cellular senescence is different from quiescence
because it is a state that occurs in response to DNA damage or degradation that would make a
cell’s progeny nonviable. Senescence is often a biochemical alternative to the self destruction
of such a damaged cell by apoptosis.
Interphase
This is so called ‘resting stage’ but 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 takes place, and also synthesis of basic nuclear proteins, the
histones.
2) The centrioles divide, forming a pair of new centrioles, which are at right angels to
each other.
3) Synthesis of energy-rich compounds which provide energy for cell division and
synthesis of proteins which are later found in the spindle, takes place at the end of
inerphase.
Interphase can be divided into three periods:
G1 phase
It takes place at the end of one cell division. RNA and proteins are synthesized during
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this period, but there is no synthesis of DNA.

S phase
During this phase, DNA is formed from purine and pyrimidine nucleotides. The DNA
content of the nucleus is doubled.
G2 phase
During this phase, synthesis of RNA and protein continues, but DNA synthesis stops.
M phase
It consists of nuclear division i.e. karyokinesis.

MITOSIS
The process of cell division whereby the chromosomes are duplicated and
distributed equally to the daughter cells is called mitosis. The mitotic cycle is divided into
many phases: prophase, prometaphase, metaphase, anaphase and telophase. The period
between two mitotic cycle is called Interphase.
Interphase
During this phase, duplication of chromosomes takes place. The chromosome (called
the monad) becomes double, and is then called the dyad.
Prophase
During this phase, the cell becomes spheroid and there is increase in viscosity and
refractivity. The chromosomes shorten and thicken and become stainable. By the end of
prophase, the double nature of chromosomes is visible. Each chromosome consists of two
chromatids united by a centromere and is called a dyad.
Prometaphase
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The beginning of this phase is marked by the disappearance of the nuclear membrane.
When the nuclear membrane dissolves, a fluid area is observed in the centre of the cell. The
chromosomes move freely through this area as they proceed towards the equator.
Metaphase
At metaphase the chromosomes have reached the central or equatorial portion of the
spindle. They are lined up in one place to form the equatorial plate or metaphasic plate. The
centrioles lie on the equator of the spindle.
RNA synthesis ceases during metaphase and anaphase.
Anaphase
The centromeres of chromosome divide simultaneously as anaphase commences, and
the two chromatids of each pair separate. They are now called daughter chromosomes. The
two sets of chromosomes migrate towards the poles. The forces behind chromosome
movement are not yet known. Various theories have been suggested for the migration of
chromosome, e.g. (1) pulling by contraction of spindle fibres. (2) pushing by expansion of the
fibres. (3) combination of contraction and expansion (4) viscosity changes in the cell.
Telophase
It begins when the two sets of daughter chromosomes reach opposite poles of the cell.
The gel of the spindle reverts to sol state and the spindle disappears. A new nuclear
membrane is formed at constrictions called the nuclear organisers, in one pair of
chromosomes. Each daughter cell gets the same complement of nucleoli at the same sites as
did the parent cell. The chromosomes gradually uncoil and become less compact.

Cytokinesis
In animal cells a cleavage furrow appears at the beginning of telophase. This furrow
or constriction becomes progressively deeper as the spindle breaks down. Eventually the
ingrowing constrictions join and separate two daughter cells. This division is called
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cytokinesis.
Significance of mitosis
 Equal distribution of chromosomes.
 Restoration of surface-volume ratio.
 Restoration of nucleoplasmic index.
 Repair of body.
Important terms
Centric - when the centriole is present and participates in cell division, mitosis is said to be
centric.
Acentric – when the centriole is absent in a species, mitosis is said to be acentric.
Astral – cell division in which aster is formed is called astral mitosis.
Eumitosis- when there is no differentiation between cytoplasm and nucleoplasm during
prometaphase, the mitosis is called extranuclear or eumitosis.
Premitosis- when mitosis takes place within nuclear membrane, it is called premitosis.
Spindle – it is largely a protein gel and undergoes a cycle of dissolution and re-formation.
There are two type of spindle: anastral and astral.
Microtubules- long cylinders, about 250Å in diameter. They are restricted to eukaryotes and
are not found in prokaryotes. They are found in the mitotic spindle and are said to be labile.
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MEIOSIS
This process reduces the chromosome number to half and counteracts the effect of
fertilisation. Meiosis consists of two cell divisions whick take place one after the other,
during which the number of chromosomes is halved. The two divisions are: first meiotic
division and second meiotic division.
Types of meiosis
 There are three types of meiosis:
 Zygotic or initial meiosis
 Gametic or terminal meiosis
 Sporic or indeterminate meiosis
The first meiotic division
Interphase
It precedes meiosis and is important because DNA replication takes place.
Prophase I
It is the most important stage of meiosis and differs considerably from the prophase of
mitosis. It is divided into six stages: preleptotene, leptotene, zygotene, pachytee, diplotene
and diakinesis.
a) Preleptotene: The chromosomes are very thin and cannot be seen, except
sometimes for the sex chromosomes.
b) Leptotene: Also called leptonema. During this stage the chromosomes
become more distinct and their double nature is seen in many organisms.
Leptotene chromosomes may be irregularly arranged, or may be polarized
towards the centrioles forming a ‘bouquet’. The cytoplasm has many
polyribisomes.
c) Zygotene: The chromosomes becomes shorter and thicker. Length-wise
pairing of homologous chromosomes begins. As a result of pairing, the
chromosomes become approximated throughout their length.
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d) Pachytene: It is the longest stage in mammalian spermatogenesis. During
this stage, the chromosomes are associated in bivalents or tetrad. Each
bivalent consists of four chromosomes and is united by a centromere.
e) Diplotene: It is marked by separation of paired homologues. The separating
chromosomes are held together at one or more points where breaks and
fusion had occurred. These points are called chiasmata.
f) Diakinesis: The chromosomes become more contracted. The bivalents are
more evenly distributed in the nucleus and migrate towards the periphery.
Prometaphase I
The nuclear membrane disappears in this stage and chromosomes reach their
maximum contraction. Spinsdle formation begins.
Metaphase I
Spindle is formed and these fibres are attached to the centromeres of two homologous
chromosomes.
Anaphase I
The homologous chromosomes move towards the poles of the cell. The chromosomes
do not separate simultaneously. The short chromosome separate quickly while the separation
of long chromosomes is delayed because they have interstitial chaismata.
Telophase I
The nuclear membrane is reformed but the nucleoli do not reapper. Unlike in mitosis,
the spinde fibres do not disappear completely.

The second meiotic division
It is similar to mitosis but differs from mitosis in that DNA does not duplicate while
the centromeres do. Telophase I is followed by a short period of interkinesis (Interphase II).
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Prophase II
The chromatids of prophase II have widely separated arms. Spindle formation takes
place and nuclear membrane disappears.
Metaphase II
The chromosomes become oriented on the equatorial plate and have the same
relationship to the spindle as in mitosis.
Anaphase II
The centromeres divide and the two chromatids of each chromosome separate and
move to the poles. After separation the chromatids are called chromosomes.
Telophase II
Reconstitution of the nuclei takes place as in mitosis. Each nucleus contains the
haploid number of chromosomes.
MITOSIS

MEIOSIS
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The cell divides only once.

There are two cell divisions.

Mitosis takes place in the somatic cells of the Meiosis takes place in germ cells.
body.
It occurs in sexually reproducing organisms.
It occurs in both sexually as well as asexually
DNA replication takes place during
reproducing organisms.
Interphase I but not Interphase II.
DNA replication takes place during
Prophase is comparatively longer.
Interphase I.
The duration of prophase in short.

Synapsis of homologous chromosomes takes
place.

There is no synapsis.

The arms of chromatids are separated widely
The arms of prophase chromatids are close to
in prophase II.
one another.
Spindle fibres do not disappear completely.
Spindle fibres disappear completely.
Nucleoli do not reappear in telophase I.
Nucleoli reappear at telophase.
Chromosome number is halved.
Chromosome number remains constant.
Chromosomes divide once although the cell
Chromosomes divide only once.
divides twice.

EXTRACELLULAR MATRIX
Tissue is composed of an interconnected network of macromolecules called
extracellular matrix (ECM). It is made up of proteoglycans, water, minerals, and fibrous
proteins. The components of the extracellular matrix are produced and organized by the cells
that live within it. In most tissues, fibroblasts are charged with this responsibility. Several
types of fibrous proteins, including collagen, elastin, fibronectin, and laminin, produced by
fibroblasts are found in varying amounts within the extracellular matrix of different tissues
but they aren't secreted in their finished form. Rather, they're released as 'precursor' molecule.
A proteoglycan is composed of a protein core surrounded by long chains of starchlike molecules called glycosaminoglycans.
Functions
 Provides support to the cell
 Segregates tissues from one another
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 Regulates intercellular communication
JUNCTIONAL COMPLEX
Sometimes the contact between cells results in a modification of the cell membrane.
There are specialised regions in which there is firmer inteacellular attachment. One type of
contact found in some epithelial cells is called the junctional complex.
In epithelial cells, four types of junctional differentiation of cell membranes are present
1. The tight junction or zonula occludens
2. The belt desmosome or intermediary junction
3. The spot desmosome or macula adherens
4. The gap junction
Tight junction
It is found near the free surface of cells. The plasma membrane of two adjacent cells
are fused at a series of points containing sealing strands which form lines of attachment.
Tight junction prevents free passage of substances across the epithelium. They are also
essential for normal embryonic development.
Belt desmosome
It is found just below the tight junction. It is in the form of band on the inner side of
the cell membrane of epithelial cells. The filaments associated with belt desmosomes are 70Å
in diameter and appear to contain actin. These filaments help to close gaps in the epithelium
resulting from death of cells.
Spot desmosome
These are disc-shaped points of contact between the plasma membranes of adjacent
cells. The intercellular gap is about 300 – 500 Å.
Hemidesmosomes: in the basal region of some epithelial cells, only half desmosomes
are present. Such structures are called hemidesmosomes. They serve as anchoring sites for
bundles of tonofilaments and also for joining the cell membrane of epithelial cells to
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underlying basement membrane.
Gap junction
These are patch-like areas of close intercellular contact. The intercellular space is
narrow (about 30Å) in the region of gap junction. The gap junction consists of a disc-shaped
area on each cell membrane containing several hollow, cylindrical particles that are 70Å in
diameter. Calcium ions regulate the permeability of gap junction channels.
Reference:
Aminul Islam. 2014. Text book of cell biology. Arunabha sen publisher, Kolkata.

TRANSPORT OF MOLECULES

Transport refers to the act or the means by which a molecule or ion is moved across
the cell membrane or via the bloodstream. There are two types of transport: passive
transport, active transport.

Passive transport
The passage of molecules through the membrane from a high concentration to a low
concentration region is called passive transport. Transfer of molecules takes place along the
concentration gradient, and no energy is required.
E.g. Diffusion, osmosis

Simple diffusion


It is the movement of particles or molecules or ions from a region of higher
concentration to a region of lower concentration.



Diffusion is a passive process and requires no expenditure of energy.



During diffusion each molecule diffuses down its own concentration gradient and
becomes unaffected by concentration gradient of other molecules.
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It does not involve any stereo-specificity and is a slow process.

Facilitated diffusion


It resembles simple diffusion, in that it does not require energy and takes place along
a concentration gradient but is facilitated by a protein. E.g. porins.



It is very specific, it allows cell to select substances for uptake.



The process is stereo specific.



A carrier is required for transport across the membrane.
e.g. entry of glucose into erythrocytes

Osmosis
It is the diffusion of molecules through a differentially permeable membrane or semi
permeable membrane.
Types of membrane:
Impermeable: do not allow any solvent or solute to pass through.
Permeable: allow solutes and solvents to pass through them.
Semi permeable: allow solvent but prevent solute to pass through them.
Differentially permeable: allows only certain substances to pass through them.

Active transport
Transport of molecules takes place in the direction opposite to the concentration
gradient, i.e. form low concentration region to high concentration region. Active transport
requires energy and is dependent upon ATP supply in many cases. It is of two types, primary
active transport and secondary active transport.
Primary active transport
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It is directly related with chemical energy (ATP) or electric energy (electro flow).
E.g. Na+, K+ translocating ATPase in mammals and proton translocating ATPase

of bacteria.


The existence of sodium and potassium pumps has been demonstrated in many
eukaryotic cells. Na+ is pumped out of the cell and K+ is pumped into the cell by a
coupled process.



ATPase functions as a monovalent ion pump that is found to be a integral plasma
protein.



The essential part of ion transport ATPase process is cyclic phosphorylationdephosphorylation initiated by Na+ and K+ respectively.

Secondary active transport


It depends upon chemiosmotic energy( membrane potential and/or ion gradients.
E.g. glucose transport system of the intestinal epithelium of mammals and

lactose permease system in E.coli.


The free surface of the intestinal epithelium has numerous microvilli which are
formed by projections o the brush border membrane.



The electrochemical sodium ion gradient is utilized for secondary active transport of
glucose into the cell against concentration gradient.



The sodium pump maintains higher concentration of Na+ outside the cell than on the
inner side. This results in a tendency for Na+ to enter the cell.

Endocytosis


It is a process by which large particles( phagocytosis) or small particles( pinocytosis)
is engulfed by the membrane, which then forms vesicle around it.



The passage is through membrane vesicle.

E.g. Ingestion of bacteria by white blood cells, nursing of human egg cells.
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Phagocytosis
It involves folding of plasma membrane around the material that is being engulfed
and the subsequent formation of an intracellular vesicle (phagosome). The phagosome fuses
with a primary lysosome to form secondary lysosome in which food material is digested by
enzymes. This process is found in many protozoa, where it serves for the nutrition of the cell.
Pinocytosis
It is the intake of fluid material into the cell y the formation of pinocytic vesicles or
pinosomes. The fluid may contain organic molecules or other nutrient material in solution.
The protein acts as a stimulus to pinocytosis.
Exocytosis


It is a process by which vesicle fuses with plasma membrane and ejects its contents.



It is a reverse of Endocytosis.



The passage is thorough membrane vesicle.
E.g. secretion of mucus.

Group translocation
In this process the substrate is altered by the enzyme that catalyses membrane
transport. Transport of a variety of sugars like glucose, fructose, and mannitol takes place
across bacterial membranes through the phosphotransferase system (PTS).
The PTS always uses phosphoenol pyrvate (PEP) as the energy form.
Enzymes involved:
 Heat stable protein (HPr).
 Enzyme I and II.
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ATP-Powered Pumps
These are pumps which transport ions and various small molecules against their
concentration gradients. All ATP-powered pumps are transmembrane proteins with one or
more binding sites for ATP located on the cytosolic face of the membrane and are commonly
called ATPases.

Classes of pumps
P-class pumps

V-class proton pumps

 Plasma membrane of plants, fungi,
bacteria (H+ pump)
 Plasma membrane of higher
eukaryotes (Na+/K+ pump)
 Apical plasma membrane of
mammalian stomach (H+/K+ pump)
 Plasma membrane of all eukaryotic
cells (Ca2+ pump)
 Sarcoplasmic reticulum membrane
in muscle cells (Ca2+ pump)

 Vacuolar membranes in
plants, yeast, other fungi
 Endosomal and lysosmal
membranes in animal
cells
 Plasma membrane of
osteoclasts and some
kidney tubule cells

F-class proton pumps

ABC superfamily

 Bacterial plasma
membrane
 Inner mitochondrial
membrane
 Thylakoid membrane
of chloroplast

 Bacterial plasma
membranes (amino acid,
sugar, and peptide
transporters)
 Mammalian plasma
membranes (transporters
of phospholipids, small
lipophilic drugs, cholesterol)

Permeases
The plasma membrane of many bacteria contains numerous permeases that belong to
the ABC superfamily. These proteins use the energy released by hydrolysis of ATP to
transport specific amino acids, sugars, vitamins, or even peptides into the cell. Bacterial
permeases generally are inducible; that is, the quantity of a

Page 26

PRATHYUSHA ENGINEERING COLLEGE
transport protein in the cell membrane is regulated by both the concentration of the nutrient in
the medium and the metabolic needs of the cell.

Voltage Gated Ion Channels
 Opening of voltage-gated Na+ channels permits influx of Na+ ions for about 1 ms,
causing a sudden large depolarization of a segment of the membrane. The channels
then close and become unable to open (refractory) for several milliseconds,
preventing further Na+ flow.
 As the action potential reaches its peak, opening of voltage-gated K+ channels permits
efflux of K+ ions, which repolarizes and then hyperpolarizes the membrane. As these
channels close, the membrane returns to its resting potential.
 The excess cytosolic cations associated with an action potential generated at one point
on an axon spread passively to the adjacent segment, triggering opening of voltagegated Na+ channels and movement of the action potential along the axon.
 Because of the absolute refractory period of the voltage gated Na+ channels and the
brief hyperpolarization resulting from K+ efflux, the action potential is propagated in
one direction only, toward the axon terminus.
 Voltage-gated Na+ and Ca2+ channels are monomeric proteins containing four
domains that are structurally and functionally similar to each of the subunits in the
tetrameric voltage gated K+ channels.

Reference:
Aminul Islam. 2014. Text book of cell biology. Arunabha sen publisher, Kolkata.

SIGNAL TRANSDUCTION
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Signal transduction
Signal transduction through membranes of receptors of the cells involves external
reaction. The Ligand binds to the receptor and internal reaction is triggered. The process
takes place in 4 steps:
 Signal amplification
 Signal transduction
 Molecular mimicry
 Molecular specificity
Extracellular signalling molecule
It is produced by one cell and is capable of travelling to nearby cells.
Receptor protein
It is a Cell receptor protein which binds to the signalling molecule and communicates
to the cell.
Intracellular signalling protein
These pass the signal to organelles of the cell. The signal molecule binds to the
receptor protein which activates the intracellular signalling protein that induces cascade
action.
Target protein
The conformations of a target protein are altered when a signal pathway is active and
change the behaviour of the cell.

Extracellular Signaling
Extracellular signalling occurs in 6 steps:
1. Synthesis
2. Release of signalling molecule
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3. Transport of signal to target cell
4. Detection of signal by a specific receptor protein
5. A change in cellular metabolism
6. Termination of cellular responses
Many eukaryotic organisms secrete molecules that coordinate the aggregation of
living cells for differentiation. Under suitable conditions chemo kinesis activity of the
organism alters behaviour of other organisms.
Cell Surface Receptors
Cell surface receptors are divided into different types based on the function, structure,
location, etc. It interacts with water soluble ligands and induces secondary messenger
molecules.
There are mainly four classes of receptors:
1. G-protein coupled receptors
Ligand binds to cell active G-protein and generate specific secondary messengers. It
causes a change in membrane potential.
E.g. serotonin, glucagon
2. Ion-channel receptors
Ligand binding changes the conformation of receptors as a result of specific ion flow
through it and alter electric potential across the cell membrane.
E.g. acetylcholine receptor
3. Tyrosine kinase-linked receptors
It acts as a intrinsic catalyst. Ligand binding stimulates formation of dimeric receptors
and activate one or more cytosolic protein.
4. Receptors with intrinsic enzymatic activity
These receptors are activated by binding of ligands. The active receptors catalyse
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conversion of GTP to cGMP. Other active receptors such as phosphatises remove phosphate
group.

Cytokine Receptors
It can be divided into two major categories:
 Cytoplasmic receptors
 Nuclear receptors
Cytoplasmic receptors
These receptors are present in the cytoplasm of the cell. A large number of surface
protein receptors act as transducer, enzymes and receptor channels. It contains Ligand
binding single pass transmembrane (helix) domain and cytosolic domain. It consists of six
receptors:
 Receptor tyrosine kinases (RTK)
 Receptor tyrosine phosphatises (RTP)
 Receptor serine/threonine kinases (RSK)
 Tyrosine kinases linked receptors
 Receptor guamylate
 Surface proteases
The RTK and RSK are abundant in animals and also found in plants where they are
called “plant receptor kinase”.
Nuclear receptors
They are nonpolar hormones like steroids and testosterone. They are derived from
vitamin A and D and initiate signal transduction through plasma membrane by passive
diffusion.
The ligands bind to and signal reaces the receptor that can alter gene expression. The
activated nuclear receptors attach to DNA at receptor-specific hormone responsive element
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(HRE).
*certain intracellular receptors of immune system are Cytoplasmic receptors recently
identified.

Classification of Receptors
Receptors are mainly classified into two types:


External receptors (cell surface)



Internal receptors (cytosolic)

Sensory receptors are classified into following types:
Chemo receptors: detects the presence of chemicals
Mechamo receptors: detects mechanical forces
Thermo receptors: detects changes in temperature
Photo receptors: detects light during vision
e.g. propioreceptors, baroreceptors, hygroreceptors.
Signaling molecules
Signals are transmitted from one cell to another cell by soluble substances secreted by
cells. Cells secreting soluble substances are called cytokines. Cytokines are low molecular
weight proteins that stimulate or inhibit the differentiation, proliferation or function of
immune cells. The secretory molecules are classified into three types. They are:
a) Autocrine
b) Paracrine
c) Endocrine
Autocrine
These are cytokines that bind to receptor on the membrane of the same cell that
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secreted it.
Paracrine
These are cytokines that bind to receptors on a target cell in close proximity to the
producer cell.
Endocrine
These are cytokines that bind to target cells on distant part of the body.

Secondary messenger molecules
These are substances that enter the cytoplasm and act within cell to trigger a response.
It carries out intracellular signal transduction.
Properties
 They are synthesized and broken down again in specific reaction by enzymes or ion
channels.
 Some messengers like Ca2+ stored in special organelles are released quickly whenever
required.
 Production and destruction of secondary messengers are localized, enabling the cell to
limit space and time of signal activity.
TYPES OF SECOND MESSENGER MOLECULES
Secondary messenger molecules are classified into three types:
 Hydrophobic molecules
 Hydrophilic molecules
 Gases
Hydrophobic molecules
They are water insoluble molecule associated with membrane which diffuses from
plasma membrane to the intermembrane space. It can reach and regulate membrane
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associated with effector proteins. E.g. diacylglycerol.
Hydrophilic molecules
They are water soluble molecule and are located in cytosol of the cell. E.g. cAMP,
cGMP, IP3 and Ca2+
Gases
They can diffuse through cytosol and across the cellular membrane. E.g NO, CO,
H2S.
Calcium
It is released form ER to the cytosol and binds to signalling proteins for activation.
Two combined ion channel proteins control the transport of calcium: ionositol triphosphate.
Nitric oxide
It is a free radical that is synthesized from arginine and oxygen. Some of them have
redox mechanism while others facilitate covalent modification of protein. High concentration
of NO is toxic and causes stroke.

Redox signalling
In addition to NO, electronically activated species also transducer signal in a process
called redox signalling.
e.g. H2O2, CO, H2S

Reference:
Aminul Islam. 2014. Text book of cell biology. Arunabha sen publisher, Kolkata.
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