Mter ltudvlnu thia chanter 'lhn ltl.lden'h wlll be able to:
Describe that cells are the basic unit of life with respect to seven properties of life (movement,
resplration, homeostasls, grewth, reproduction, excretion, nutrition).

s Strte cell theory (including how to validate it and exceptions to ith

= Compare and comrast the workings of a light microscope and electron microscope with focus on

resolution end magnification and live vs dead samples.

* |dentty the ultrastructure of anlmal and plant cells.

* Describe the structure and functions of cell wall, cell membrane and subcellular organslles
{endoplasmic reticulum, ribosomes Golgi apparatus, vesides, lysosomes, peroxisome, vacuoles,
mitochondria, plastids, centriolas, nucleuws).

Differentiate between prokaryatic and eukanyotic cells with diagrams.

Explaln the structure of the cell membrane and the technlques that can ba used to study it
Define cell signaliing,

Discuss the pathway of a signal from outside the cell to the inside. (protein signal and steroid
signal).

Explain the 4 membrane transport mechanisms with diagrams (simple diffusion, fadlitated
diffuslon, osmosis, active transport).

Describe endocytosis and exocytosis with diagrams,

Compare and contrast simple and faciltated diffusion,

Define stern cells and advantages of using stam cells

Categorize different types of stem cells.

Evaluaie the advantages and disadvantages of using Induced Pluripotent Starm Cells.

In this chapter "Cell and Subcellular Organelles,” we will do a detailed study of
cells, the fundamental units that compose all living things. Building on your previous
knowledge from Grade IX, we will explore the cell theory and examine the structures
of both animal and plant cells. You'll also discover the vital processes of cell signalling,
and the revolutionary potential of stem cells. Additionally, we will investigate the
mechanisms of membrane transport that are crucial for cellular function.

3.1= CELLS-THE BASIC UNIT OF LIFE

Cells are the basic unit of life, making up every living organism. In unicellular
organisms like amoebas and bacterig, a single cell carries out all the functions
necessary for life. Multicellular organisms, such as plants and animals, are composed
of numerous specialized cells that work together to sustain life.

You know that all living organisms show the seven basic properties of life i.e,
movement, respiration, homeostasis, growth, reproduction, excretion, and nutrition.
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These properties actually define living organisms. Cells perform all the fundamental
activities that characterize living organisms.

1.

Movemeant: Cells can move. For example, sperm cells move with their flagella.
White blood cells travel through the bloodstream to fight infections. Inside cells,
organelles move to camy out vital functions.

Nutrition: Cells obtain nutrients from their environment to produce energy, build
cellular structures, and drive biochemical reactions.

Resplration: Cells generate energy through respiration. This process breaks
glucose to release ATP, the energy currency that powers cellular activities.

4. Excretion: Cells remove waste products through diffusion and active transport,
preventing toxic buildup.

5. Homecstasis: Cells maintain a stable internal environment by regulating the
movement of substances across their membranes.

6. Growth: Cells grow by taking in nutrients and converting them into cellular
components.

7. Reproduction: Cells reproduce through mitosis and meiosis. Mitosis produces
identical daughter cells for growth and repair, while meiosis creates gametes for
sexual reproduction.

3.2- CELL THEORY

At the beginning of 17" century, many scientists began the use of microscopes

to study very small objects. In 1665, English scientist Robert Hooke examined a thin
slice of cork of oak tree under microscope. He observed that the cork was made of
“many little boxes”, Hooke also examined the pieces of stem and root of oak tree
under microscope. He found that these were also made of similar little boxes. He
concluded that the parts of plants were made of compartments. Hooke named these
compartments as “cellulae™
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Figure 2.1: Robart Hooke's microscepe and obsarvation
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In 1673, a Dutch scientist Anton van Leeuwenhoskmade a better microscope
and observed living cells in pond water. He called these cells as animalcules.

In 18083, the French biologist Jean Baptiste de-Lamarck also observed cells
when he examined the parts of animals and plants under microscope. Later on, in 1831
the British botanist Robert Brown discovered nucleus in the cell.

After these studies, biologists began to organize information about cells. In
1838, the German botanist Matthlas Schlelden observed many parts of plants under
microscope. He concluded that all plants were composed of cells. The next year, the
German zoologist Theodor Schwann concluded the same for animals, In 1885, the
German physician Rudolf Virchow (1821-1902) observed that all cells come from
other cells, In 1862, Louis Pasteur provided the experimental proof of thisidea, These
observations were combined to form a basic theory about cells. it is called cell theory.
It has three essential points.

1. All living organisms are composed of one or more cells.

2. Cells are the basic units of structure and function in an organism,

3. Cells come only from the division of pre-existing cells.

Valldation of Cell Theory
Cell theory can be validated through several observations and experiments.
For example:

1. By using light microscopes and electron microscopes, scientists visualize cell
structures and find tangible evidence that cells are indeed the structural units
of all living organisms.

2. Through techniques like live-cell imaging and genetic studies, scientists can
track how cells replicate and give rise to new cells. These techniques validate
the principle that all cells criginate from pre-existing cells.

3. Techniques like DNA sequencing reveal that cells share common genetic
material and metabaolic pathways, reinforcing the notion that the cell is the
fundamental unit of life.

4, Experiments, such as cell culture studies and tissue engineering, validate cell
theory by demonstrating cellular growth, differentiation, and reproduction.

Exceptions to Cell Theory
While cell theory is widely accepted, there are notable exceptions, For example:

1. Viruses challenge cell theory because they are not made of cells and cannot
carry out life processes independently. They require a host cell to replicate and
are considered by many scientists to be at the border of living and non-living
entities. Similarly, prions and viroids show properties of living organism but
are not composed of cells. They arﬁ.:_i Eade of only DNA, RNA or proteins.




2. Eukaryotic organelles mitochondria and chloroplasts have their own DNA and
can replicate independently of the cell's nucleus. This suggests they may have
originated from free-living prokaryotic cells.

3. Some organisms, such as certain fungi and algae, have structures where
multiple nuclei coexist within a shared cytoplasmic mass. These structures blur
the boundaries of individual cells as defined by traditional cell theory.

4. Muscle cells {myocytes) in vertebrates can fuse to form multinucleated fibres,

challenging the concept of a single cell as the basic unit in complex tissues.

3.3= M ICROSCOPY

The discovery of cells and
then the further studies of the
internal structure of cells were
dependent upon the use of
microscope. Microscopy is the
technique of using microscopes to
observe and study objects that are
too small to be seen with the
naked eye. Microscopes use
lenses and light or electron beams

to magnify and illuminate
specimens.
Light Microscopy

In light microscope, light is

Magnification and Resolution

These ara two key characteristics of microscopes.
Magnification: This refers to a microseape's abliity to
enlarge the image of an object. Different lenses within a
microscope offer varying levels of magnification, It is
denoted by the symbol X, Indicating how many times
larger the image appears compared to the actual sire, For
example, a 10X lens can enlarge a 1 ym object to 10 um.
Totel magnification in a microscope is determined by
multiplying the magnification of all lenses.

Resolution: This refers to a microscope's ability to
distinguish between two points that are dose together on
an object. The greater the resolution, the finer the detail
that can be observed. The naked human eye has a
resolution of about 01 mm. In contrast, e light
migoscope can resolve details down to approximately
250 nm (hanometres).

used to make the image of object. Light passes through object and then through two
glass lenses. One lens produces an enlarged image of the object and the second lens
magnifies the image more. After passing through object and lenses, the light forms
enlarged clear image of object in viewer’s eye.



E}'npnu:n b

(Oxcular [&niz) !

T
.’/ = —0adar bens
’!ﬁ Neseplece
Objective lens
S peciinen C=r—0bjecilve jens

Diaghragm

' SR et
Coarse adjusument
Light soiarce {

S Catdanar
1-__“. - "= Fine sdjustment

Wam . Nkl

{a) {b)
Figure 3.2: {2} Malor parts of light microscops; (b) Werking Frinciple of Light Microcscope

The magnification of a light microscope is 1500X It means it can magnify
objects about 1500 times. Its resolving power is 0.2 micrometre {um) and 1um =
1/1008 mm. In other words, the light microscope cannot distinguish objects smaller
than 0.2 um.

Light microscopes are advantageous for viewing living organisms, but since
individual cells are generally transparent, their components are not distinguishable
unless they are coloured with special stains {coloured chemicals). Staining, however,
usually kills the cells,

Electron Microscopy

In electron microscope, a beam of electrons passes through the object.
Magnetic lenses focus the electron beam on a screen or photographic film and make
much enlarged image. Its resolving power is much greater than light microscope. It
can clearly show objects as small as 0.2 nanometre {(nm) and 1 nm = 1/1000,000 mm.
However, electron microscope cannot be used for viewing living material because of
the methods needed to prepare the specimens. Biologists use two types of electron
microscopes.

Transmission Electron Microscope {TEM)is used to view the intemal
structure of cell. TEM transmits a beam of electrons through a very thin specimen. It
can magnify objects up to 250,000 times. Scanning Electron Microscope (SEM)is
used to study the details of surfaces of cells or any other objects. The surfaces are
coated with metal, When electron beam hits the metal, it is reflected and makes
enlarged image. SEMs can magnify objects up to 100,000 times.
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Lises light (approx. 400-700 nm) as an Uses electron beams (approx. 1 nm) as
illuminating source an illuminating source
Lower magnification {usually 500X to Higher magnification (direct
1500} than an electron microscope magnification is 16000X and
photographic magnification is

1000000X)
Low resolution {may be 0.2 um) High resolution (may be 0.2 nm)
Both live and dead specimens can be Only dead and the dried specimen can
seen be seen
Specimen preparation takes about a Specimen preparation takes several
few minutes or an hour days
The image is seen through the ocular The image is received on a zinc
lens. No screen needed sulphate fluorescent screen

3.4- STRUCTURE OF CELL

You know that there are two basic types of cells i.e., prokaryotic and eukaryotic.
All bacteria are prokaryotes. Yeast and Euglena are examples of unicellular eukaryotes.
Plants and animals are examples of multicellular eukaryotes, Eukaryotic cells are more
complex than the prokaryotic cells. In the following paragraphs we will study the
structures present in cells and their functions.
Cell Wall

Cell wall is more or less solid layer surrounding a cell. It is found in bacteria,
fungi, plants, and algae. When a cell wall is removed using cell wall degrading
enzymes, the remaining components of the cell are called a protoplast.

The primary
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hydrogen bonds, Many proteins are also present in primary walls. The middle lamella
is a gelatinous layer that separates and holds the primary walls of the neighbouring
cells. It is laid first, formed from the cell plate during cytokinesis, and the primary cell
wall is then expanded inside the middle lamella. It contains magnesium and calcium
pectates {salts of pectic acid). In some plant cells, after maturation, a secondary wall
is made between protoplast and primary wall. Secondary cell walls contain lignin,
cellulose and hemicellulose. Due to the presence of lignin, secondary wall is more rigid
than the primary wall.

Flasmodeamata (singular, plasmodeams):These are small channels that
directly connect the cytoplasm of neighbouring plant cells to each other.
Plasmodesmata penetrate both the primary and secondary cell walls. They allow
certain molecules to pass directly from one cell to another, 50, they are important in

cellular communication.
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PMasmodesmeta have caused
debate among  sclentists
regarding cell theory. Some
scientists suggest that the calls
of higher plants are not really
cells since they are  not
physically saparated or
independant from one another.

Figure 3.8: The call wallz of two nalighbouring cella showing
a PIaEmMOdERma

The group of algae called dlatoms synthestze thelr call walls fromm .
silicic acid. The acid is polymerized. inside cells, then the wall is
extruded to protect the cell. The synthesis of Silica cell walls
requires less energy. That Is why there are higher growth rates In
distoms,

reticulum of the parent cell get trapped in the new cell wall.

Cell walls have a number of functions: They provide rigidity to the cell for
structural and mechanical support; maintain cell shape and the direction of cell growth
and ultimately the architecture of the plant. The cell wall also prevents expansion when
water enters the cell. Cell walls protect against pathogens and the environment and
are a store of carbohydrates for the plant.




Tha cell wall of algas contalns cellulose and a varsty of glycoproteins.
The ¢sll wall of fungl is composed of chitin, the same crbohydrate that gives strength to the
exoskeletons of insects.

The cell wall of prokaryotss (bacteria and cyanobacteria) Is composed of peptidoglycan, that Is a
single large polymer of amino acids and sugar,
The cell wall of erchesbacteris is composed of different polysaccharides and proteins, with no
peptldoglycan
Pliasma Membrane
All prokaryotic and eukaryotic cells have a plasma membrane that encloses
their contents and serves as a semi-porous barrier to the outside environment,
Structure of plasma membrane
The fluid mosaic model is a widely accepted concept that describes the
dynamic nature of plasma membrane. It was proposed by two American biclogists S..
Singer and Garth Nicolson in 1972. According to the fluid mosaic model, the basic
foundation of plasma membrane is a lipld bllayer. This bilayer is made of
phospholipids. A collection of proteins float within the lipid bilayer.
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The phospholipids have a
phosphate group at one end of each
molecule. Phospholipids are

characteristically hydrophllic (“water-
loving") at their phosphate ends and
hydrophoblc ("water-fearing™ along
their tail regions containing C-H chains.

The interior of lipid bilayer sheet is hydrophobic,
i repels water-soluble molecules that attempt to
pass through it If a cell was fully encasad in pure
lipid bilayer, it would be completely impermeable
to water-soluble molecules eq. sugars, polar
amino acids etc. That is why, in addition to
phospholipids molecules, the membranes also
contaln proteins that provide passageways across
the membrane,

In the lipid bilayer of plasma membrane,
the hydrophobic lipid tails are oriented inwards and the hydrophilic phosphate groups
are aligned outwards, either toward the cytoplasm of the cell or the extracellular
environment
In eukaryotes, plasma membranes have cholesterol molecules, wedged into

the phospholipid bilayer. They keep the fluidity of membrane at low temperatures.
Many proteins float within the phospholipid bilayer of plasma membrane. Some other
proteins simply adhere to the surfaces of the bilayer. The positioning of proteins is
related to the organization of cytoskeleton. Plasma membrane proteins function in
several different ways.

¢#  Many proteins play role in the selective transport of certain substances across
the phospholipid bilayer, either acting as
channels or active transport moleaules.
Some proteins help in attachment of
plasma membrane to cytoskeleton and
extemal fibres.
Some proteins, on the exterior surface,
attach with sugars and make identification
marks.
{Other proteins function as receptors, which bind messenger molecules {e.g.
hormones) and transmit signals to the interior of cell.
Some proteins also exhibit enzymatic activity, catalysing various reactions
related to the plasma membrane.

FRANSPORTERSG

Tha =sbility to distinguish among
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The outside

surface of plasma " .5y wegin
AR K e G Membrane Protein Lipid Carbohydrate
sugars bonded to proteins Human red blood 49 43 8
and lipids. A protein with ;:.'lomm Srin . im0
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glyeop N, whereas a8  privochondria 76 24 0
!Ipld with a'ttacht.ad_ SUGAr  rinner membrane)
is called & glycolipid The g 4.0 75 95 0

glycoproteins and

glycolipids vary from species to species, from individual to individual in the same

species, and even from one cell type to another in the same individual. The glycolipids

and glycoproteins (collectively called glycocalyx) function as cell identification marks
that are recognized by other cells.

Functions of plasma membrans

Plasma membranes serve as semi-porous barriers to the cutside environment.

The membrane acts as a boundary, holding the cell constituents together. The plasma
membrane is permeable 1o specific molecules, however, and allows nutrients and
other essential elaments to enter the cell and waste materials to leave the cell. Small
molecules, such as oxygen, carbon dioxide, and water, are able to pass freely across
the membrane, but the passage of larger molecules, such as amino acids and sugars,
is carefully regulated. Eukaryotic cells also have membranes around some of their
interior organelles. Like the exterior plasma membrane, these membranes also
regulate the flow of materials into and out of crganelles.

Technigques to study the structura of plssma membrane

1. Transmission Electron Microscopy can reveal detailed structures of the lipid bilayer
and associated proteins.

2. Scanning Electron Microscopy is useful for examining the surface topology of cells
and membranes.

3. Confocal Micoscopy uses laser scanning and fluorescence to create sharp,
detailed images of the cell membrane,

4. Total Intemal Reflection Fluorescence Microscopy is used for high-resolution
images of the membrane and its interactions with the cytoskeleton and other
cellular components.

5. Atomic Force Microscopy provides topographical images of cell membrane at high
resolution.

6. X-ray Crystallography is used to determine the atomic structure of membrane
proteins.
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7. Lipidomics involves the comprehensive analysis of lipids in the cell membrane
using techniques like mass spectrometry.

8. Fluorescence Recovery After Photobleaching is used to study the mobility and
dynamics of membrane proteins and lipids. It involves bleaching a fluorescently
labelled region of the membrane with a laser and observing the recovery of
fluorescence as unbleached molecules move into the area.

Cytoplasm and Organalles

You know that a cell consists of three major components ie, plasma
membrane, cytoplasm and nucleus. The cytoplasm is a semi-viscous and semi-
transparent substance. In eukaryctic cells, it is present between the plasma membrane
and nuclear envelope. In prokaryotic cells, it covers all the space beneath plasma
membrane. It consists of an aqueous ground substance, known as cytesol, which
contains a variety of organelles and other inclusions. Cytosol contains water in which
many organic (proteins, carbohydrates, lipids) and inorganic salts are completely or
partially dissolved. The cytoplasm of the cell provides space for the proper functioning
of the organelles and also acts as the site for various biochemical {(metabolic) reactions
for example Glycolysis (breakdown of glucose during aerobic respiration).

The cytoplasm contains discrete structures which are specific for various
cellular functions and are called cell organelles. The organelles are generally enclosed
by membrane except few such as ribosome. The following paragraphs describe the
structures and functions of important organelles,
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1- Nucleus

A prominent nucleus is
present in all eukaryotic cells (at
centre in animal cells while pushed
to side in plant cells). The spherical
nucleus typically occupies about
10 percent of a eukaryotic cell's
volume. It serves as information
processing and administrative
centre of the cell. It performs two
major functions: it stores the cell's
hereditary material (DNA) and
coordinates the cell's activities e.g., growth,
protein synthesis and cell division,

The semifiuid matrix found inside the
nucleus is called nuckoplasm. Within the
nucleoplasm, most of the nudear material
consists of chromatin that organizes to form

Figure 3.11: The structureof nucleus

Buildirygy blocks of DNA and RNA and ATPS
gre allowed to enter imto the nucleus.
Ribosomal subunits which are built in
nuclecll are the examples of materlals that
are allowed to leave the nucleus and enter

the cytoplasm.

chromosomes during cell division. The nucleus also contains one or more nucleali,

which synthesize ribosomes.
The Nuclear Envelope and Nuclsar Porss

The nuclear envelope is a double-layered membrane that encloses the
contents of the nucleus during most of the cell's lifecycle. The space between the




double layers is called the perinuclear space and is connected with the rough

endoplasmic reticulum. During cell division, the nuclear envelope disintegrates, but

reforms in the daughter cells. On the inner side of nuclear envelope, there is a protein

lining, called nuclear lamina. it binds to chromatin to give it structural support.
Ouibéy Nuciear Membyana
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Figure 3.12: The struciume of nuclear amaiope and nuclsarpors complax

The nudear envelope has tiny In cells that produce large amounts of protein,
holes known as nuclear pores. Theseé  and thus require significart numbers of
pores regulate the passage of molecules ribosomes, the size of the nucleolus is
between nucleus and _cytoplasm, considerable.

At the onset of mitnsls, the singla mucleolus

Nuclear pores are permeable t0 small * Srecern in cell disappears, and after division new
molecules. Some larger proteins, e.g. nudeolus is formed from tha NORs.
histones, are also allowed to enter into nucleus. A nuclear pore is made of an elaborate
structure called the nuclear pore complex. It is composed of several subunits. These
are; annular subunit (surrounding the inside of the pore), ¢column subunit (making
the wall of the complex), ring subunlit (attached to the outer side of the column
subunit), and lumenal subunit (anchoring the pore complex into the nuclear
envelope). Tiny fibrils usually extend form the complex and make a basket-like
structure on the nudear side of the complex
Nuclenius

The nucleolus is a prominent darkly stained structure in the nucleoplasm.
There may be one or two nucleoli in a nucleus. Nucleoli manufacture the subunits that
combine to form ribosemes. Nucleoli are formed at certain sites in chromosome,
called Nucleolus Crganizer Regions {(NORs), The DNA found at NORs encodes the
ribosomal RNA (rRNA).




The nucleolus consists of granular
and fibrillar components, and DNA. The
granules consist of ribosomal subunits that
have already been formed. The fibrils are
composed of the raw materials of ribosome

subunits e, MWMNA molecules
associated proteins.
Chromaiin and Chromoaomeas

Nucleus contains string-like fibres,

and

[ chiomadinT o
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Figure 3.13: The nuclsoius within a nuciaus

collectively called chromatin. It is composed
of DNA and proteins. The structure of chromatin reveals that it is made of a series of
bead-like structures, called nucleosomes. In a nucleosome, DNA strand wraps around

groups of small proteins called histones.

During interphase (when the cell
is camrying out its normal functions), the
chromatin is dispersed throughout the
nucleus in the form of a tangle of fibres.
When the cell begins to divide, all
chromatin strands are compressed into
specialized structures, the

Inside the nucleus of every human cell, there is a
i feet long DNA. 1 |s subdivided Into 46 Individual
muolecules (each 1.5 inches long), one for each
chromosome.

There are twg types of chromatin, Euchromatin is
the genetically active chrometin involved in
transcriblng RNA to produce proteins. The other
kirnd of chromatin is termed hatarochromatin. Hs
DMA is genetically inactive.

chromosomes. A chromosome is made of arms, called chromatids, and a central point,

called centromere.

Figure 3.14: Condengation of chremstin to form a chromosoma
The number of chromosomes within the nudei of an organism's cells is
spedes-specific. Human diploid cells {(those that are not gametes} have 46
chromosomes. The chromosome number may be as low as 2, as in some ants and
&2




roundworms, or more may be than a thousand, as in the Indian fern (Ophloglossum
retictdatum), which has 1,260 chromosomes. It means that the number of
chromosomes in a species does not correlate to the complexity of the organism.

4- Endoplasmic Reticulum (ER)

It is a network of flattened sacs and branching tubules that extends throughout
the cytoplasm in plant and animal cells, These sacs and tubules are called cisternae
(singular cistorna).
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Due to tihweir physical
membranous connection, the
lumen of the endoplasmic
reticulum and the space
between the layers of the
muclear envelope comprise a
single compartmemt. This
doss associgtion enables the
endoplasmiz retioulum and
the  nucleus to share

information in & very effident
Flgure 3.15: Endoplssmic ratlculum manner.

All cisternae are interconnected so that the ER has only one large and highly
convoluted lumen, called cisternal space. It takes up more than 10 percent of the total
volume of a cell. The cisternae are also connected to the double-layered nuclear
envelope, S0, the ER provides a pipeline between nucleus and cytoplasm. The ER
manufactures, processes, and transports a wide variety of biochemical compounds for
use inside and outside of the cell, There are two kinds of endoplasmic reticulum: rough
and smooth.

The surface of rough endoplasmic reticulum (RER} is covered with
ribosomes; giving it a bumpy appearance when viewed through the microscope. This
type of endoplasmic reticulum is involved mainly in the production and processing of
proteins. During processing of proteins, RER adds other chemicals {e.g. sugars) to
proteins. Then RER transports the processed proteins to areas of the cell where they
are eeded. or sends them to Golgi apparatus for further processing and madification,

; Smooth endoplasmic reticulum is
Figurs L17: A much more extensive in the cells

fuomscence Imeg® L do Ist of lipld and

:i“m “ﬁghﬁiii carbohydrate  metabolism  (brain

(green) and muscle) or detoxification (liver}.
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Figure 3.18: Tha functioning of rough sndogleamis reflculum

The surface of smooth endoplasmic reticulum (SER} lacks ribosomes. So, it
appears more even under the microscope. In most cells, it is much less extensive than
the rough endoplasmic reticulum. Smocth endoplasmic reticulum is chiefly involved
in the production of lipids, building blocks for carbohydrate metabolism, and the
detoxification of drugs and poisons. Smooth endoplasmic reticulum also plays a role
in various cellular activiies by storing caldum and doing calcium metabolism. In
musde cells, smooth endoplasmic reticulum releases calcium to trigger musde
contractions.

3- Ribosomes

All living cells contain ribosomes that are tiny granular structures composed
of approximately 60 percent ribosomal RNA {rRNA) and 40 percent protein.
Ribosomes are not bound by a membrane and are much smaller than other organelles.
In eukaryotic cells, ribosomes are mainly found attached to rough endoplasmic
reticulum and some are scattered freely. In prokaryotic cells, all ribosomes are freely
scattered in cytoplasm. Ribosomes serve as the protein production machinery for the
cell. They are most abundant in cells that are active in protein synthesis, such as
pancreas and brain cells, A typical cell contains several thousand ribosomes but some
cell types may have a few million ribosomes.

Eukaryote ribosomes are produced and assembled in the nucleolus. Ribosomal
proteins enter the nucleolus and combine with rRNA strands to create the two
ribosomal subunits {one small and one large). The ribosome subunits leave the
nucleus through the nuclear pores. In the cytoplasm, both subunits combine for the
purpose of protein synthesis When protein synthesis is not being done, the two
subunits get separated.




Lame subunli __+—5 In addition to the most familiar

R Y cellular locations of ribosomes,
they can also be found Inside
. Growing mitochondria and the
| polypeptida chloroplasts of plams. Thesa
ribosomes notably differ in sze
angd makeup than the rbosomes
found in cytoplasm, and are more
like those presentin prokaryoctes.

Small subunit

Figure 3.18: Ribosomeransiating the mRNA

Protein synthesis requires the p. oreteins that are synthesized by free
assistance of two other kinds of RNA  ribosomes are for the cell's own intemal use.

molecules in addition to rRNA. Messenger ‘:I“bTE the bnpr:sei:: Rzaﬂduﬂed“ by "t:::
3 7 ; somes  bou are transpo
RNjA {.mRNA) provides the instructions, it g
which it has taken from the DNA. Transfer
RNA (tRNA) brings amino acids to the ribosome. Once the chain of amino acids has
been synthesized, the ribosome releases it.
The subunits of a ribosome are 11,5 Syedbierg values are not additive ie. the

described by their Svedberg (8) values, valuss of the two subunits of a ribosome do not
which are based upon their rate of 2dd up to the Svedberg value of the complete

sedimentation in a centrifuge. The ;f{;::;"n:;ti;hif E'smtl’::l:szep?n;s um:n .::
complete ribosome in & eukaryotic cell size and shape, rather than simply its molecular
has a Svedberg value of 80S. The smaller  weight

subunit has value of 40S while the larger

subunit has 605. Prokaryctic cells, on the other hand, contain 705 ribosomes, each of

which consists of a 305 and a 505 subunit

4- Mitochondria
Mitochondria {sing, Scientists hypothesze Bbout the origin of
mitochondrion) are rod-shaped organelles ~ Mitochondria. According to them, millions of

: years ago small, free-living prokanyotes wers
that are considered the power generators engulfed, but not consumed, by larger

two membranes. There is a nammow symbiotic relatiorship ower time, the larger

intermembrane space between the twp Organism providing the smaller with ample
b Beneath h . nutrierts and the smaller crganism providing

membranes. n_ea the : inner ATP mobeoules to the |ﬂl'§¢f'0ﬁ¢.

membrane, there is a larger internal

matrix. The outer membrane is smooth and acts like a sieve, filtering out molecules




that are too big. The inner membrane is highly convoluted and forms many infoldings
called cristae which increase the surface area.

The inner surface of the cristae has knob-like extensions into the matrix, known
as F-1 particles. These particles are actually the enzymes called ATP-synthase. Other
complexes are also found in inner mitochondrial membrane, which serve as electron
carriers in electron transport chain. Mitochondria are different from mast other
organelles. A mitochondrion has s own circular DNA (similar to0 the DNA of
prokaryotes), all kinds of RNA and 70S ribosomes. A mitochondrion can replicate
independently of the cell.

Mitochondria are the sites of cellular The number of mitochondria present in
respiration. They generate  adenosine 8 Cell depends upon the metabolic

. . requiremants of that cell, and may range
triphosphate (ATP) from oxygen and nutrients. ¢ e to thousands. Mitochondria
ATP is the chemical energy "currency” of the cell ~ are found in neary all eukaryotes,
that powers the cell's metabolic activities.  Including plants, animals, fungl, and
Enzymes in the matrix catalyse some of the steps Eﬂiﬂ%fﬁgﬁﬁcﬁ%ﬁlm ke
of cellular respiration like Krebs cycle. Other
proteins that function electron transport chain are found on the inner membrane.

Ribosomes
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Flgure 3.18: Structure of &
mitochondrion Recalling:

% Cells of plants and many protists have three types of
5 Chloroplasts plastids [e, chloroplasts, chramoplasts and leucoplasts,

One of the most important  the colourless leucoplasts are invalved in the storage
characteristics of plants is their and yellow-to-red coloured chromoplasts give colours to

ability to conduct photosynthesis Plant pans.
G




i.e., to make their own food by converting light energy into chemical energy. This
process occurs in almost all plant species and is camed out in specialized organelles
known as chloroplasts. All of the green structures in plants, induding stems and un-
ripened fruit, contain chloroplasts, but the majority of photosynthetic activity in most
plants occurs in the leaves. On the average, the chloroplast density on the surface of
g leaf is about one-half million per square millimetre. Chloroplasts contain the
pigments chlorophyll “a" and chlorophyll °b*, which are able to absorb the light energy
needed for photosynthesis to occur.

The ellipsoid-shaped chlaroplast is enclosed by two membranes and the area
between the two membranes is called the intermembrane space. A semi-fluid called
stroma is present inside the inner membrane. It contains dissolved enzymes and
comprises most of the chloroplast's volume. The outer membrane is much more

permeable than the inner layer.

The inner membranes lie jn  Mittchondria _are  similar to  chloroplasts, Both
FRER: ; organelles conwvert energy for the cell. Mitochondria
close association “:rth Dl"lE artuther perform serobic respiratien. They generate chemical
and fuse along their peripheries. In  energyin the form of ATP by metabolizing sugars, fate
this way, two adjacent membranes amd other chemical fuels with the assistance of oxygen.

el Chloroplests _perform  photosynthesis. They conmvert
form a disk Shamd Camparimeng energy from the sun Into the blasynthesis of organlc

called thylakold. Many thylakoids nygients using carbon dioxide and water. Like
form stacks called grana (singular mitochondria, chloroplasts also contain their own DNA
granum). The lamellae are the non- and are able to grow and reproduce independently of
green compartments that connect &

two grana. Each granum may contain a few to several thylakoids, and a chloroplast
may contain a hundred or more grana, Like the mitochondrion, the chloroplast is
different from most other organelles because it has its own DNA and reproduces
independently of the cell in-which it is found.

Qutier
membisane
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Stroma lamellae SUrema Thylakoid
Flgure 3.20: Struchsre of chloroplast
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Light is absorbed by chlorophyll molecules embedded in the thylakoid disks.
When these chlorophyll molecules absorb light, they emit electrons and thus ATPs are
formed. Using these ATPs, in the stroma, low-energy carbon dioxide is transformed
intc a high-energy compound like glucose.
6- Golgi Apparatus

Golgi apparatus consists of five to eight Recalling:
cup-shaped, membrane-covered sacs called Golgi apparatus was discovered by
cistemae that are stacked over each other. It is Camille Golgi
found in the cells of plant, animal and unicellular
eukaryotes. In some unicellular flagellates, the Golgi apparatus may consist of 60
cistemnae. Similarly, the number of Golgi apparatuses in a cell varies according to its
function. Animal cells generally contain

between ten and twenty Golgi stacks in
their Golgi apparatus. This complex is
usually located close to the nucleus,

Each Golgi stack has two distinct
faces. The ‘cis’ face is found near the
endoplasmic reticulum. The “trans’ face is
positioned near the plasma membrane.

The Golgi apparatus is the
distribution and shipping department for
the cell's chemical products. It modifies

Camillo Golgi was [mwvestigating the nervous
system by wsing a new stalning technlgque
(krown as Golgi swining). He observed a
structure inside cells: and named it as reticular
apparatus. Ha publicly announced his discovery
in 1398 and the structure was named after him
as the Golgl spparetus. Many scientists did not
beliewve that what Golgl observed was a real
organelle and instead argued that the apparent
bady was a visual distortion causad by staining.
The invention of the electron microscope in the
twentleth century flnally confirmed that the
Golgi apparatus is a cellular organslle.

proteins and lipids that have been built in the endoplasmic reticulum and prepares
them for export outside the cell or for transport to other lacations in the cell.

Small vesicles that contain proteins, carbohydrates, phospholipids and ather
molecules, bud off from the ER. These vesicles move through the cytoplasm until they
reach the ‘cis’ face of Golgi apparatus. The vesicles fuse with Golgi apparatus and
release their molecules into it. Here, the compounds are further processed. Enzymes
present in the Golgi lumen convert them into glycoproteins and glycalipids.
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The product is extruded from the ‘trans’ face of the Golgi apparatus in a vesicle
and directed to its final destination inside or outside the cell. The exported products
are known as secretions. Other products are returned to the-endoplasmic reticulum
or may undergo maturation to become lysosomes. In addition, the Golgi apparatus in
plant cells produces pectin and other polysaccharides specifically needed for plant
structure and metabolism.

7- Lysosomes

Lysosomes are spherical organelles Recalling:
bounded by a single membrane, They serve mThmndlme h’['h::e.lf'hi:
as digestive compartments of the cell.  onpin strong digestive enzymes.
Lysosomes are found in most eukaryotic
cells. In animals, they are most numerous in disease-fighting cells, such as white blood
cells. This is because white blood cells must digest materials like bacteria, viruses, and
ather foreign intruders.

They are also involved in brealdng e cell is safe from the enzymes of
the cellular materials that have exceeded Iysosomes. These enzymes require acidic
their lifetime or are no longer useful, In this  environment (of pH of about 438). The
regard, the lysosomes perform autophagy. aptomal Ittt R oBcyle P eyiped Bea

neutral enwircnment. 5o, even if a lyscsome
They break down cellular waste products, s ruptured, its digestive enzymes become

fats, carbohydrates, proteins, and other Inactive and the cell remains uninjured.
macromolecules into simple compounds, which are then transferred back into the
cytoplasm for making new materials.




Flgure 3.22: Struchsre of lyscaoma
Lysosomes have about 40 different hydrolytic enzymes, all of which are
manufactured in the endoplasmic reticulum and modified in the Golgi apparatus. The
membrane covering of the lysosome protects the rest of the cell from the harsh
digestive enzymes contained in the lysosomes, which would otherwise cause
significant damage,

Plasma In the mid-18 century,
rn e e Rough Belgian sdentist Christian
' Endoplasmiz ratculum René de Duve was

' Investigating  carbohydrate

g et metabolism in liver cells. He

\ abserved that when cells are

damaged in the centrifuge,
they releass acid
phosphatase. He suggested
that this digestive enzyme

. was encased in some
— membrane bounded
\ Autophagosume o cenelle within the cell
e which he named as
. - Call lysosome.
-, EompEnEn
Secandsry 1‘I
Iysnsnme Dt |

Figura 3.23: Role of lyscaome In the breakdswn of the
phagocyicsed particls snd calluler compomamt
Meny cells in wour brain die during
In lysosomal atorage diseasss the development This directed sulcide Is

patient lacks one of the hydrolytic enzymes of m:i?ﬂmb; H:E"fdml:r:r:: ::::
lysosome. The abnormal lysosome fills With g eiimingted.
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indigestible substances, which interfere with cellular functions. For example, in
Pompe's disease the lysosome lacks a glycogen-digesting enzyme. 50, harmful
amounts of glycogen accumulate in liver cells. In TaySachs diseasean essential lipid-
digesting enzyme is missing. Accumulation of these lipids in the nerve cells of brain
damages the nervous system, causes mental retardation, and death in early childhood.

Lysosomes also function in the elimination of whole cell. Selective cell death is
a mechanism used by multicellular arganisms in their development. For example,
when a tadpole develops into a frog, the cells of the tail are destroyed by the enzymes
of lysosomas,
8- Peroxisomes

Peroxisomes are single membrane bounded organelles in all eukaryotic cells.
These were discovered by Christian de Duve, who also discovered lysosomes.

Peroxisomes contain a variety of enzymes, Many of these enzymes are
oxidative that carry out oxidation i.e. the removal of electrons and hydrogens. These
enzymes primarily function to rid the cell of toxic substances, Some peroxisomes, such
as those in liver cells, detoxify alcohol and other harmful compounds by camying out
their oxidation, VoW AT

Seme peroxisomes contain Y ok
catalase enzymes, which break down

hydrogen peroxide (a common by-
product of cellular metabolism} into

IHiDp DO + O

Hydrogen Water Owygen
peroxide Lrate Couituns
water and oxygen. Flgure 3.24: Structure of peroxisome

Defects in peroxisomes cause a number of metabolic disorders. The most
serious of these disorders is Zellweger syndrome, which is characterized by absence
or reduced number of peroxisomes in the cells. It is congenital disorder {present at
birth) and has no cure or effective treatment and usually causes death within the first
year of life.

9- Glyoxysomes

Glyoxysomes are similar to peroxisomes but are found only in plant cells. Thase
organelles contain enzymes that convert lipids into carbohydrates. They are most
abundant in the cells of lipid-rich seeds (e.g. castor beans and soyabeans). During
germination, these organelles convert stored lipids into carbohydrates that provide
energy for seed germination.

Fil




10- Vacuoles
These are membrane-bounded sacs. Recalling:
Vacuoles function in several ways. For example, Yacuoles are fluid filled single-

. 4 membmne bounded organslles. Cells
in mature plant cells, a single large vacuole Naia- AN ol Wcisiae: Tn thile

provides structural support, as well as Serves  toplasm. Howewer, when a plant call
functions in storage, waste disposal, protection, = matures its small vacuoles fuse to form a
and growth. Vacuoles in animal cells, however, ~=ingle large vacuole.

are much smaller, and are more commonly used to temporarily store materials or to
transport substances.

Many plant cells have a large, single central vacuole: This large vacuole slowly
develops by fusion of smaller vacuoles. It takes up maost of the space in the cell {80
percent or more). The vacuole in plant cells is enclosed by a membrane called
tonoplast. The material inside the vacuole is called cell sap. The cell sap differs
markedly from the surrounding cytoplasm.

. Several materials commonly stored in plant
The central vacuole in plant cells yacuoles have besn found to be useful for

plays an important structural role for the . humans, such as opium, rubber, and garlic
plant. This role of the vacuole is related to  Pvouring.
its ability to control turgor pressure. Turgor pressn.lre makes the rigidity of the cell.
Under optimum conditions, a : J =
plant receives adequate amounts of
water and the central vacuoles of its
cells swell as the liquid collects within
them. It creates a high turgor pressure,
which helps maintain the structural
integrity of the plant, along with the
support from the cell wall. Vacuoles
also often store the pigments that give
certain flowers their colours, which aid
them in the attraction of bees and ﬂmmzﬁ Simatum of vacuols In plant call
other pollinators. Vacuoles also
release molecules that are poisonous to various insects and animals, thus discouraging
them from consuming the plant
11- Centrioles Recalling:
In the cells of animals and most Centrioles are hollow and  oylindrical

protists, centrioles are organelles organalles. A centricle is made of nine triplets
of microtubules.
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associated with the assembly and organization of the fibres of cytoskeleton ie,

microtubules (induding spindle fibres).

In eukaryotic cells centrioles
occur in pairs, The two centrioles are
located at right angles to one another
near the nuclear envelope. In ciliated
or flagellated cells centrioles are
involved in the formation of cilia and
flagella. Each cilium and flagellum is
anchored by a centricle, known as
basal body.

The cells of plants and fungi
lack centrioles and basal bodies, and
their miaotubules and spindle fibres

are organized from the structures of cytoplasm.

12- Cytoskelston

Flguro 9.26; Two contrioles

It is a network of protein fibres present in cytoplasm. It includes the following

types of fibres:

1. Microfllaments: These are present in all eukaryotic cells. Microfilaments are solid

rods made of a globular protein, called actin. Microfilaments disassemble and re-
assemble and help the calls to change shape and move. Microfilaments also
enable a dividing cell to pinch off into two cells. In association with myosin,
microfilaments help in cellular contraction.,

. Microtubules: These straight, hollow cylinders are composed of subunits. Each
subunit is made of two different tubulln proteins known as alpha-tubulin and
beta-tubulin. Microtubules give structure and shape to a cell. They also serve as
highways for the transport of organelles. Moreover, microtubules are the major
components of cilia and flagella, and participate in the formation of spindle fibres
during cell division,

. Intermediate fllaments: These are found only in some higher animal groups.
They are made of different proteins but the most commeon type of protein subunit
is vimentin. Some cells may have intermediate filaments made of other proteins.
For example, skin cells contain a protein karatin. Intermediate filaments maintain
cell shape and rigidity, and serve to anchor several organelles, including the
nucleus.
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Figure 3.27: Compgnents of cytoskalpton

13- Cllia and Flagella

Cilium (plural cilia) and flagellum (plural flagelfa) are the locomotor
appendages that protrude from certain cells. They are thin, tail-like projections
extending from the cell body. Cilia are short in length and are usually numercus in
number; while flagella are longer but less humerous in number. Cilia are rare in plants.
Many protozoans (ciliates) possess cilia, Larger eukaryotes such as mammals have dlia
on some cells' surfaces. For example, in humans, cilia are found in the lining of the
trachea where they sweep mucus and dirt out of breathing tubes,

The core of

eukaryotic cilia and flagella [ fomnem.

is called axomeme. It D ‘

contains two  central '.f'*(@j -Outer —
Doubéat . T I

microtubules that are

surrounded by an outer

ring of nine doublet

ricrotubules. Dynein {'
molecules are located [
around the circumference
of the axoneme. These ~
dynein molecules bridge Basal Body
the gaps between adjacent
microtubule doublets.
Biologists refer to this organization as a "9 + 2° structure, A plasma membrane
surrounds the entire axoneme. At the base of the cilium its organising centre, called
basal body, is present. Basal body has the same basic structure of the outer ring of
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axoneme, but each of the nine sets of outer filaments is composed of three
microtubules, rather than a doublet of microtubules. The basal body is actually the
centriole, Prokaryotic flagella have a completely different structure built from the
protein flagellin.

3.5- PROKARYOTIC AND EUKARYOTIC CELLS

Bacteria and archaea
are made of prokaryotic cells Ol
whereas all other forms are Hmmw,ﬂf‘ Qo
composed of eukaryotic p
cells. Both prokaryotic and
eukaryotic cells have DNA as
their genetic material; both
have plasma membranes as
their coverings; and both
have ribosomes for protein
synthesis. You have gone _ s
through the details of the cell Figurs 3.29: Structure of 2 gensrailzed prokaryotic cell
organelles.

Prokaryotic cells are much simpler than eukaryotic ones. Most prokaryotic cells
range from 2 to 8 ym in length i.e.; about one-tenth of the size of a typical sukaryotic
cell. A prokaryotic cell lacks a nucleus. The much less extensive DNA of prokaryotic
cell is present in the more-or-less central region known as nucleold (nucleusiike).

A prokaryotic cell also lacks other membrane-bounded organelles like
endoplasmic reticulum, mitochondria, chloroplasts, Geolgi apparatus, lysosomes,
peroxisomes etc. The entire cytoplasm of a prokaryotic cell is one unit with no internal
support structures, Ribosomes are present in prokaryotic cell but these are smaller in
size than those of eukaryotic cells.

The Svedberg values {(sedimentation rates) of the smaller and larger subunits
of ribosomes of prokaryotic cells are 305 and 508 respectively. The sedimentation rate
of a complete ribcsome is 705. Surrounding the plasma membrane of most
prokaryotic cells is a cell wall but it does not contain cellulose. It composed of
peptidoglycan that is a single large polymer of amino acids and sugar. In bacteria the
cell wall may also be surrounded by a capsule and may also have extensions for
attachment known as pili (singular pifus). Prokaryotic flagella are made of repeating
units of the protein flagellin and they do not contain microtubule triplets. Mitosis and
meiosis are missing in prokaryotic cell and it divides by direct division {binary fission).
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Differance betwaen Eukaryotic and Prokaryotic calis

Characteristice
Distinct Nucleus
Numbear of
chromesomes

Call Type

Example

Lysosomes and
peroxisomeas

Microtubulos
Endoplasmic
retlculum
Mitochondria
Cytoskeleton
Vacuoles
Ribosomes
Golgl apparatus
Chioroplasts

Call Divislon

Flagelia

Call wall

Cell size

Eukaryotic Call

Present
More than one

Usually multiceliular

Protozoans, Algae, Fungi,
Animals, Plants
Present

Present
Present

Present

Present

Presant

Larger

Present

Present {in plants)

Mitosis or meiosis

Membrane bounded;
contains two central
microtubules surrounded by
an outer ring of nine doublet
microtubules

Only in plant cells and fungi
{chemically simpler)

10-100 um
Fi-]

Prokaryotlc Call
Absent

One—-but not true
chromosome: Plasmids
Usually unicellular (some
gyanobacteria may be
multicellalar)

Bacteria and Archaea

Absent

Absent or rare
Absent

Absent

May be absent

Present

Smaller

Absent

Absent; chlorophyll scattered
in the cytoplasm

Mitosis and meiosis are
missing; cell divides by direct
division (binary fission)

Not membrane bounded;
made of repeating units of
flagellin; do not contain
microtubule triplets

Composed of peptidoglycan
{a single large polymer of
amino acids and sugar)
1-10um
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3.6~ CELLSIGNALLING
Cell signalling is the ability of cells to respond to stimuli from their
environment producing cellular responses. It involves the transmission of signals
between cells through a series of molecular events, often leading to a cellular
respanse.

Steps of Cell Signalling
1- Signal Rgception

Cell signalling begins when a signal molecule {ligand) binds to a receptor on
the membrane of a target cell. These receptors are typically proteins embedded in the
cell membrane but can also be located inside the cell. Each receptor is specific to a
particular ligand.
2- Signal Transduction

Once the receptor binds to the ligand, it undergoes a conformational change
that activates an intracellular signalling pathway. This often involves a series of
interactions and modifications, creating a signalling cascade that amplifies the signal.
Small molecules like cAMP (cyclic AMP), calcium ions, and inositol triphosphate (IP3)
can act as second messengers, transmitting the signal from the receptor to target
molecules inside the cell.




3- Collular Responss

The signal o =
transduction pathway -
often leads to changes in *
gene expression, tumning (
specific genes on or off.

This can result in various
cellular responses, such as -
cell growth, division, ' i cecapae
differentiation, or =l r—,
apoptosis  (programmed S e
cell death). Signalling can
also lead to changes in
cellular metabolism, enzyme activity, or the opening and closing of ion channels.
Pathways of Cell Signals from Outside to Inside

Cell signalling pathways involve the transmissian of signals from the cell's
exterior to its interior, resulting in 8 specific cellular response. There are two main
types of signalling pathways based.
Proteln/Paptide Signalling

Protein or peptide signalling molecules are water-soluble, 5o, they cannot pass
through plasma membrane. When such ligand approaches the cell surface, it binds to
its specific receptor on plasma membrane, This binding causes a conformational
change in the receptor protein and activates it. The activated receptor triggers a series
of reactions within the cell. These reactions generate second messenger like cyclic
AMP (cAMP) which starts changes e.g.. changes in gene expression. The pathway can
lead to changes in metabolism, cell growth, division, or apoptosis.

S Second / w

messenger

Flgurs 3.31: Sispa of call sign=iling
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Figura 3.32: Protainfpeptide signalling pativay




Steroid Signalling

Steroid hormones, being lipophilic, can diffuse through the plasma membrane
of the target cell. Once inside, they bind to specific intracellular receptors located in
the cytoplasm or nucleus. This binding results in the formation of active receptor-
hormone complex which moves into the nudeus if it was not already there. Inside
nucleus, the receptor-hormone complex binds to specific DNA sequences in target
genes. This binding regulates the transcription of these genes, leading to increased or
decreased production of specific proteins.
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Figure 2.33: Stercld signaling patineay
3.7- MEMBRANE TRANSPORT MECHANISMS

You know that the movement of
substances in and out of cells is crucial for cellular
functions. These movements are done for nutrient
uptake, waste elimination, gas exchange, and

While exchanglng matter with cells'
ervironment, plasma membranes
maintain equilibrium inside the cell as
wall as outside.

signal transduction. Cells rely on the plasma membrane for regulating the movement
of substances in and out of the cell. Membrane transport mechanisms are essential
processes that enable the cell to maintain homeostasis, acquire nutrients, remove
waste products, and communicate with its environment.

These mechanisms include two mechanisms ie, passive transport {which
reguires no energy input) and active transport (which utilizes energy}.
Passive Transport

The movement of molecules across plasma membrane without any
expenditure of energy is called passive transport. The following are the types of
passive transport.
Diffusion

Diffusion is the net movement of a substance (liquid or gas) from an area of
higher concentration to one of lower concentration i.e, along concentration gradient.
Because a cell does not expend energy when molecules diffuse across its membrane,

the diffusion of molecules is a type of passive transport
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Figurs 3.34: Diffuslon of two types of moleculss
Facliitated Diffusion ®
L ]

Some molecules are taken into or out of

&
the cells with the help of tranaport-proteins = Xe !Tr',;l;";’,,-‘"
present in plasma membranes. When a .
transport protein helps a substance to move it
down its concentration gradient (from higher to E f

lower concentration), the process is called '
facilitated diffusion. It is also a type of passive ";"'ﬂ?-“‘u'! '. ®

Lhm

transport because no energy is used in i

facilitated dliffusion. The rate of facilitateg ~ ©97® 338 Facllisiad difusion
diffusion depends on how many transport-protein melecules are available in the
membrane. The main types of transport proteins involved in fadlitated diffusion are:

1. Channel Proteins: These proteins form hydrophilic channels across the
membrane that allow specific molecules or ions to pass through, They can be gated
or non-gated. Gated channels open or close in response to specific stimuli {such as
voltage changes, ligand binding, or mechanical stress). B@mples include ion channels
{allow the passage of specific ions e.g., Na“, K', Ca®", CI") and aquaporins (facilitate the
rapid transport of water molecules).

2. Carrier Proteins (Transporters): These proteins bind to the specific
molecule they transport, undergo a conformational change, and move the molecule
across the membrane. They are highly specific for the molecule they transport. They
can become saturated, meaning there is a maximum rate of transport when all carrier
proteins are occupied. Examples include glucose transporters (facilitate the transport
of glucose) and amino acid transporters (transport specific amino acids into or out of
the cell).

Differencs between S8imple and Facilitated Diffusion

Simple Diffuslion Facliitated Diffusion

Mechanlsm =« Substances move from «  Substances move from
higher concentration to lower  higher concentration to lower
concentration directly through | concentration through specific




Difference hetwsen Simple and Facllitated DHfuslon

the lipid bilayer of plasma
membrane.

transport proteins embedded in
plasma membrane.

Energy ¢ [tis a passive transport ® |tis also a passive
Raquirement mechanism, requiring no transport mechanism and does
energy input from cell. nat require energy.
Types of + Typically involves small, «  Primarily involves polar or
Molecules nonpolar molecules such as charged molecules, such as
oxygen, carbon dioxide, and glucose, amino acids, and ions,
lipid-soluble substances. which cannot easily pass
through the hydrophobic core
of the lipid bilayer.
Rate of = The rate depends on the = The rate can be affected by
Movemsnt  concentration gradient, ‘the number and availability of
temperature, and the transport proteins and can
permeability of the membrane. | reach a maximum rate when all
transport proteins are
saturated.
Osmosis

The term tonlclty refers to the relathse concentratlon of
solutes in the solutions.

Hypeartonke solutions are those in which more solute is
present.

Hypotonie solutions are those with less solute,

Isotonlc solutions have equal concentrations of solutes.

The process by which
water molecules diffuse across a
cell membrane from an area of
higher concentration to an area
of lower concentration is called
osmosis. Because water is moving from a higher to lower concentration, osmosis does
not require cells to expend energy. Therefore, osmosis is the passive transport of
water. The direction of osmosis depends on the concentration of solutes on the two
sides of membrane. Water always moves from hypotonic solution {with lower solute
concentration) hypertonic solution {(with higher solute concentration).



Osmosis ocours through selectively

permeable membrane, which allows water -é o o : - ;.i.
to pass while restricting many solutes. § a g 9% o # x
Osmosis is crucial for maintaining cell o :’ﬂ a . g
turgor, which is vital for plant cells, and for |2 # b e a o
balancing the intemal water content in § L g, E
cells. The direction and rate of osmosisare |£ e o Rl 5
influenced by the osmotic gradient and the Selectively _Solile mOlecule with
permeability of the membrane to water. e/ \ U b vl oo
Specialized proteins called aquaporins == =
NET FLOW GF WATER

facilitate the rapid transport of water
molecules across the cell membrane,

ensuring efficient regulation of cellular hydration and volume.
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a lower solute concentration. This process effectively filters out dissohvad salts and other impurities,
providing cleanvand safe drinking water. Reverse osmosis is commonly used in water treatment plants,
desalination facllitles, and even In household water purificatlon systems.

Active Transport

The movement of substances across plasma membrane from lower
concentration to higher concentration with the expenditure of energy is known as
active transport. Following types of active transport occur through plasma membrane.
Active transport through carrier proteins

In this process, carrier (transport) proteins in the plasma membrane use energy
to move the molecules against the concentration gradient For example, the
membranes of nerve cells have carrier proteins in the form of “sodlum-potassium
pump”. In a resting {(not conducting nerve impulse) nerve cell, this pump spends
energy (ATP) to maintain higher concentrations of K* and |ower concentrations of Na*




inside the cell. For this purpose, the pump actively moves Na* to the outside of the
cell and K* to the inside of the cell.
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Figura 3-37: Active transport thiough carier proteins
Endocylosis

In endocytosis, bulky materials are moved into the cell across plasma
membrane. During endocytosis a portion:. of plasma membrane invaginates
(depressed inward). The material from outside is taken inside the invagination, and its
ends seal. Thus, a small vesicle is formed. It detaches from the plasma membrane and
moves into cytoplasm. The two common forms of endocytosis are phagocytosis and
pinocytosis. In phagocytosls cell takes in solid material while in pinocytosls cell
takes in liquids in the form of droplets.

Receptor-mediated andocytosis LEL PR prospholipd

Spedfic receptor proteins of plasma mambrane pick NS P Piasma
up matesial from outside and pinch inside to form a
vesicle, For example the cells of Iver have receptor
proteins for cholestercl. Cholesterol circulates in our
blood in the form of low-density-lipoproteins {(LDLs}.
The receptor protelns of plasma membrane of liver
cells, recognize and take up LDLs from the blood by
receptor-mediated endocytosis.

Chicestarci

Exocytosis
It is the process through which bulky material is exported out of cell. In

exocytosis, the bulky material is packed inside a membrane and a vesicle is formed.
The vesicle moves to the plasma membrane and fuses with it to release its contents
into the extracellular environment.
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3.8- STEM CELLS

Stemn cells are unique cells with the remarkable ability to develop into many

different cell types in the body. When a stem cell divides, each new cell has the
potential either to remain a stem cell or to become spedalized cell, such as a muscle
cell, a red blood cell, or a brain cell. The following are the major categories of stem
cells on the basis of the number of types of cells which they can make.

1.

2.

Totlpotent: These stem cells can differentiate into all possible cell types. For
example, zygote and the cells produced by the first few divisions in zygote.
Pluripotent: These cells can turn into almost any cell. For example, cells from
the early embryo.

Multipotent: These cells can differentiate into a closely related family of cells.
For example, the hematopoietic stem cells can become red and white blood
cells or platelets.

Oligopotent: These can differentiate into a few different cell types. For
axample, adult lymphoid or myeloid stem cells.

Unipotent: These can only produce cells of one kind, which is their own type.
However, they are still stem cells because they can renew themselves, For
example, adult muscle stem cells.




Use of Stem Cells

1. Regenerative Madicine: 5tem cells have the potential to repair or replace
damaged tissues and organs. Therefore, they are used for treating conditions
such as spinal cord injuries, type 1 diabetes, Parkinson's disease, and heart
disease.

2. Drug Testing and Development: By differentiating stem cells into specific cell
types, researchers can create models of human diseases, allowing for more
accurate testing of drug effects and reducing the reliance on animal models.

3. Personalized Medicine:Stem cells can be derived from a patient’s own cells,
reducing the risk of immune rejection when used in treatments. This
personalized approach can lead to mare effective and safer therapies.

Categories of Stem Celis

The following are the major categories of stem cells on the basis of their origin.
1= Embryonic Stem Cells {ESCs)

ESCs are derived from the inner cell mass of blastocysts (early-stage embryos).
These stems cells are pluripotent, meaning they can differentiate into nearly all cell
types in the body. They hawve high differentiation potential, making them extremely
versatile for research and therapy. Ethical concermns of using ESCs include the use of
human embryos, risk of teratoma formation, and potential immune rejection,

2- Adult Stemn Celis (ASCs)

These sten cells are found in various tissues throughout the body, such as
bone marrow, fat, and blood. They are multipotent, meaning they can differentiate
into a limited range of cell types related to their tissue of arigin. Using them involves
less ethical controversy, lower risk of immune rejection when derived from the
patient’s own tissues. However, they have limited differentiation potential and are
harder to isolate and culture.
3= Induced Pluripotent Stemn Cells (IPSCs)

They are generated in the lab by reprogramming adult somatic cells to a
pluripotent state using specific transcription factors. They are pluripotent, similar to
embryonic stem cells,

Advaniages of using IPSCs:They do not have the ethical controversies linked
to embryonic stem cells, as they do not require the destruction of embryos. They can
be generated from a patient’s own cells, minimizing the risk of immune rejection. They
offer potential for regenerating damaged tissues and organs (e.g., new heart cells for
patients with heart disease or new neurons for patients with neurodegenerative
conditions).




Disadvantages of using IPSCs:The reprogramming process can introduce
genetic changes that may affect iPSCs. They could form tumours (teratomas) when
transplanted into patients. Directing iPSCs to differentiate into specific, fully functional
cell types remains a complex task It is still difficult to ensure that these cells function
property.
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SECTION 1:MULTIPLE CHOICE QUESTIONS
1. Which one of the following eukaryotic cell structures does not contain DNA?
(@) Nucleus (b) Mitochondrion
{c} Endoplasmic reticulum (d) Chloroplast
2. Which of the following is not an accurate description of a chromosome?
{a) It is a coloured body localized in the nucleus
(b} It is a protein and nucleic acid complex
(c) It is the cellular structure that contains the genetic material
(d} In eukaryotes, it is composed of many DNA molecules attached end to end
3. Aceniriole is an organelle that is:

(8) Present in the centre of a cell's cytoplasm

(b} Composed of microtubules and important for organizing the spindle fibres
(e} Surrounded by a membrane

{(d) Part of a chromosome




. The rough endoplasmic reticulum is:

{a) An intracellular double-membrane system to which ribosomes are attached
{b) b) An intracellular membrane that is studded with microtubular structures
{c) ¢) A membranous structure found within mitochondria

{d) d) Only found in prokaryatic cells

. In the nucleus of eukaryotic cells, the genetic material is complexed with protein
and organized into linear structures called:

{a) Centricles (b} Histones

{c} Chromosomes (d) Plasmids

. Whidh of the following statements does not apply to the nuclear envelope?
{a} It is a double membrane

{b) k is continuous with the endoplasmic reticulum

{c) K has pores through which material enters and leaves

{d) K has infoldings to form cristae

. Lysosomes are formed by budding from which cellular organelle?

{a) Smooth endoplasmic reticulum (b) Gelgi apparatus

(c) Rough endoplasmic reticulum {d) Nucleus

. All peroxisomes carry out this function:

{a} Break down fats and amino acids intp smaller molecules that can be used for
energy production by mitochondria

{b) Digest macromolecules using the hydrolytic enzymes they contain
{c) Synthesize membrane components such as fatty acids and phospholipids

{d) Control the flow of ions into and out of the cell
. Howwpuld the absence of peroxisomes in a cell affect its metabolism, and what
would be the likely symptoms?

{a) The cell would be unable to carry out oxidative phasphorylation, leading to
reduced ATP production.

{b) The cell would accumulate hydrogen peroxide, leading to oxidative stress and
potential cellular damage.

{c) The cell would have impaired protein synthesis, leading to muscle weakness.
{d) The cell would fail to produce lipids, causing membrane instability




10. Which of the following does not apply to chloroplasts?

1

12.

(a) They contain chlorophyll and the enzymes required for photosynthesis.
(b} They contain an internal membrane system consisting of thylakoids.
{c) They synthesize ATP.

(d) They are bounded by two membranes, the inner of which is folded into the
cristae,

What is the comect sequence of membrane compartments through which a

secretory protein moves from synthesis to release from the cell?

(@) SER — Golgi apparatus — RER — Cell membrane
(b} Cell membrane — Golgi apparatus - RER — SER
(€} RER — Golgi — Cell membrane — SER

(d) RER — SER — Golgi apparatus — Cell membrane
How does the process of facilitated diffusion differ from active transport?

(a) Facilitated diffusion requires energy. active transport does not

(b} Facilitated diffusion does not require energy, active transport does
(c) Both processes require energy

(d} Both processes do not require energy

SECTION 2:5HORT QUESTIONS

1.

Compare the resolution and magnification of light microscope and electron
micrascope?

State the cell theory. How we can validate it? What are the exceptions to cell
theory?

The table below compares the process of diffusion, facilitated diffusion and active
transport.Fill in the blank cells, using the words“YES™ or "NQ”".
Process

Description Simple Facilitated Active
Diffusion Diffusion Transport

Is ATP required?
Are carrier proteins
involved?

Is direction of
transport always
from higher to
lower
concentration?




bounded and jii) lacking any membrane.

State two functions of the proteins in the plasma membrane,

State two features that mitochondria have in common with prokaryotes.

List three ways in which prokaryotic cells differ from eukarnyotic cells.

List the structures and molecules, which can cross the nuclear envelope.

Distinguish each of the following pairs.

a- exocytosis and endocytosis

b- phagocytosis and pinocytosis

¢- peroxisome and glyoxysomes

10. What are the main functions of lysosomes?]

11. Describe the role of the Golgi body in forming lysosomes.

12. What are histones? Where are these found in eukaryotic cells?

13. What do you mean by “stem cell”? What are the main usages of stem cells?

14, The following diagram shows the structure of a mitochondrion. Name structures
AtoG.
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a- Label the parts of the cell.
b- What evidence can be seen in the diagram that suggests that the cell is
metabolically active and involved in secretion of enzymes?

SECTION 3: LONG QUESTIONS
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16.
17.

Write details of the structure and the chemical composition of cell walls of
eukaryotes and prokaryotes.

Explain the chemical composition and the functions of plasma membrane.
Identify the role of glycolipids and glycoproteins as the cell surface markers.
Explain the structure, chemical composition and function of nbesomes.

Explain the structure, and functions of Golgi complex.

Describe the structure, chemical composition and function of chromosome.
Discuss nuclear envelope and nuclear pore complex in detail.

Explain how Golgi apparatus is involved in making cell secretions.

Describe the structure and functions of smooth and rough endoplasmic reticulum.

. Explain the role of lysosomes and peroxisomes in regulating the amounts of

cellular cantents.

. Describe the structures of the three fibres that make the gytoskeleton.
. Describe the formation and functions of lysosomes.
. Compare mitochondriz and chloroplasts as the organelles that are involved in

cellular energetics.

Describe the basic structure of a mitochondrion, from outside inward.

Describe the pathway of protein signal and steroid signal from outside of a cell to
inside.

Categorize and explain different types of stem cells.

What are the advantages and disadvantages of using induced Pluripotent Stem
Cells?

INQUISITIVE QUESTIONS

1.

2

If a researcher cbserves that a certain cell type has an exceptionally large Golgi
apparatus, what can be inferred about the function of this cell?

If a signalling molecule is lipid-soluble, like a stercid hormone, what is the most
likely mechanism for its action within the target cell?

Why do we categorize endocytosis and exocytosis in active transport?

Justify why the membrane may be described as fluid.




