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Cell: The Unit of Life

The learner will be able to,
•	 Understand the ideas of cell theory 

and the different concepts associated 
with it

•	 Recognize the basic structure of cell 
and differentiate the cells of animals, 
plants, bacteria and viruses

•	 Explain the structure and functions 
of cell organelles including nucleus 

•	 Recognize the structure of 
chromosome and its types

Learning Objectives

Chapter Outline
6.1.  Discovery
6.2.  Microscopy
6.3.  Cell theory 
6.4.  Types of Cell
6.5.  Plant and Animal cell
6.6.  Cell organelles
6.7.  Nucleus
6.8.  Flagella

Chapter

6

The word ‘cell’ comes from the Latin word 
‘Celle” which means ‘a small compartment’. 
The word cell was first used by Robert 
Hooke (1662) therefore the term ‘cell’ is as 
old as 300 years. 

6.1. Discovery
Aristotle (384-322BC), was the 
one who first recognised that 
animals and plants consists of organised 

Unit III: Cell biology and  
Biomolecules
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structural units but unable to explain what 
it was. In 1660’s Robert Hooke observed 
something which looks like ‘honeycomb with 
a great numbers of little boxes’ which was later 
called as ‘cell’ from the cork tissue. In 1665, 
He compiled his work as Micrographia. 
Later, Anton Van Leeuwenhoek observed 
unicellular particles which he named as 
‘animalcules’. Robert Brown (1831-39) 
described the spherical body in plant cell as 
nucleus. H. J. Dutrochet (1824), a  French 
scientist, was the first to give an idea on cell 
theory. Later, Matthias Schleiden (German 
Botanist) and Theodor Schwann (German 
Zoologist) (1833) outlined the basic features 
of the cell theory. Rudolf Virchow (1858) 
explained the cell theory by adding a 
feature stating that all living cells arise from 
pre-existing living cells by ‘cell division’. 

Aristotle 
(384–322BC)

Robert Hooke 
(1635–1703)

Antonie von 
Leeuwenhoek 
(1632–1723)

Schleiden (1804–1881) & 
Schwann (1810–1882)

Scientist

Figure 6.1

Rudolf Virchow  
(1821–1902)
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magnification of the microscope is obtained 
through eye piece lens called as secondary 
magnification and it is virtual and inverted 
image (Figure 6.2 a, b and c). 

6.2.2 Electron Microscope
Electron Microscope was first introduced 
by Ernest Ruska (1931) and developed 
by G Binning and H Roher (1981). It is 
used to analyse the fine details of cell and 
organelles called ultrastructure. It uses 
beam of accelerated electrons  as source of 
illumination and therefore the resolving 
power is 1,00,000 times greater than that of 
light microscope.

The specimen to be viewed under 
electron microscope is dehydrated and 
impregnated with electron opaque 
chemicals like gold or palladium. This is 
essential for withstanding electrons and 
also for contrast of the image.

6.2. Microscopy
Microscope is an inevitable instrument in 
studying the cell and subcellular structures. It 
offers scope in studying microscopic organisms 
therefore it is named as microscope (mikros – 
small; skipein – to see) in Greek terminology. 
Compound microscope was invented by 
Z. Jansen.

Microscope basically works on the 
lens system and its properties of light and 
lens such as reflection, magnification and 
numerical aperture. The common light 
microscope which has many lenses are called 
as compound microscope. The microscope 
transmits visible light from sources to eye or 
camera through sample.

6.2.1 Bright field Microscope
Bright field microscope is the routinely used 
microscope in studying various aspects of 
cells. It allows light to pass directly through 
specimen and shows a well distinguished 
image from different portions of the 
specimen. The contrast can be increased 
by staining the specimen with reagent that 
reacts with cells and tissue components of 
the object.

The light rays are focused by condenser 
on to the specimen on a microslide placed 
upon the adjustable platform called stage. 
Light comes from the Compact Flourescent 
Lamp (CFL) or Light Emitting Diode (LED). 
Then it passes through two lens systems 
namely objective lens (closer to the object) 
and the eye piece (closer to eye). There are 
four objective lenses (5X, 10X, 45X and 
100X) which can be rotated and fixed at 
certain point to get required magnification. 
It works on the principle of numerical 
aperture value and its own resolving power. 

The first magnification of the 
microscope is done by the objective lens 
which is called primary magnification 
and it is real, inverted image. The second 

Resolution: The term resolving 
power or resolution refers to the 
ability of lenses to show the details 
of object lying between two points. It 
is the finest detail available from an 
object. It can be calculated using the 
following formula. 

Resolution = 
0.61λ
NA

Where, λ= wavelength of the light and 
NA is the numerical aperture.
Numerical Aperture: It is an important 
optical constant associated with the 
optical lens denoting the ability to resolve. 
Higher the NA value greater will be the 
resolving power of the microscope. 
Magnification: The optical 
increase in size of an image is called 
magnification. It is calculated by the 
following formula
Magnification = 
size of image seen with the microscope 
size of the image seen with normal eye
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mycoplasma, cellular organelles, etc (Figure 
6.3 a and b). 
2. Scanning Electron Microscope:
This is used to obtain three dimensional 
image and has a lower resolving power than 
TEM. In this, electrons are focused by means 
of lenses into a very fine point. The interaction 
of electrons with the specimen results in the 
release of different forms of radiation (such 
as auger electrons, secondary electrons, back 
scattered electrons) from the surface of the 
specimen. These radiations are then captured 
by an appropriate detector, amplified and 
then imaged on fluorescent screen. The 
magnification is 2,00,000 times and resolution 
is 5–20 nm (Figure 6.4 a and b).

Figure 6.4: a. Scanning electron 
microscope; b. Image of SEM

(a) (b)

6.3. Cell Theory
In 1833, German botanist Matthias 
Schleiden and German zoologist Theodor 
Schwann proposed that all plants and 
animals are composed of cells and that cells 
were the basic building blocks of life. 

There are two kinds of electron 
microscopes namely:
1.	 Transmission Electron Microscope (TEM)
2.	 Scanning Electron Microscope (SEM)
1. Transmission electron microscope:
This is the most commonly used electron 
microscope which provides two dimensional 
image. The components of the microscope 
are as follows:

a.	 Electron generating system
b.	 Electron condensor
c.	 Specimen objective
d.	 Tube lens
e.	 Projector
A beam of electron passes through the 

specimen to form an image on fluorescent 
screen. The magnification is 1–3 lakhs times 
and resolving power is 2–10 Å. It is used 
for studying detailed structrue of viruses, 

(a)

Eye

Eye Lens

Objective Lens

Object

Final Image

Initial image

(b) (c)
Figure 6.2: a. Light microscope; b. Ray diagram - light path; c. Image taken using light microscope; 

Figure 6.3: a. Transmission electron 
microscope; b. Image of TEM

(a) (b)
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Microscopic measurements:
The microscope also has facility 
to measure microscopic objects 
through a technique called 
‘micrometry’. There are two scales 

involved for measuring. 
1.	 Ocular Micrometre
2.	 Stage Micrometre
Ocular Micrometre: It is fixed inside the eye piece lens. 
It is a thin transparent glass disc where there are lines 
divided into 100 equal units. The scale has no value.
Stage Micrometre:This is a slide with a line divided 
into 100 units. The line is about 10mm. The distance 
between two adjacent lines is 10 µm. The known 
value of the stage micrometre is transferred to the ocular micrometre, thereby the 
measurement can be made using ocular micrometre.
The distance between two adjacent line of ocular meter=

 
Number of stage divisions

Number of ocular divisions
 × 10

Figure 6.5: a. Ocular micrometre; 
b. Stage micrometre

0 10 20 30 40 50

(a)

(b)

These observations led to the formulation 
of modern cell theory.

•	 All organisms are made up of cells.
•	 New cells are formed by the division of 

pre-existing cells.
•	 Cells contains genetic material, which is 

passed on from parents to daughter cells.
•	 All metabolic reactions take place 

inside the cells.
6.3.1 Exception to Cell Theory 
Viruses are puzzle in biology. Viruses, 
viroids and prions are the exception to cell 
theory. They lack protoplasm, the essential 
part of the cell and exists as obligate parasites 
which are sub-cellular in nature.

6.3.2 Protoplasm Theory
Corti first observed protoplasm. Felix 
Dujardin (1835) observed a living juice in 
animal cell and called it “Sarcode”. Purkinje 
(1839) coined the term protoplasm for sap 
inside a plant cell. Hugo Van Mohl (1846) 
indicated importance of protoplasm.

Max Schultze (1861) established 
similarity between Protoplasm and Sarcode 
and proposed a theory which later on called 
“Protoplasm Theory” by O. Hertwig 
(1892). Huxley (1868) proposed Protoplasm 
as a “physical basis of life”.
Protoplasm as a Colloidal System
Protoplasm is a complex colloidal system which 
was suggested by Fisher in 1894 and Hardy in 
1899. It is primarily made of water and various 
other solutes of biological importance such 
as glucose, fatty acids, amino acids, minerals, 
vitamins, hormones and enzymes.

These solutes may be homogeneous 
(soluble in water) or heterogeneous mass 
(insoluble in water) which forms the basis 
for its colloidal nature. 

Physical Properties of Protoplasm
The protoplasm exists either in semisolid 
(jelly-like) state called ‘gel᾿ due to suspended 
particles and various chemical bonds or 
may be liquid state called ‘sol᾿.The colloidal 
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protoplasm which is in gel form can change 
into sol form by solation and the sol can 
change into gel by gelation. These gel-sol 
conditions of colloidal system are prime basis 
for mechanical behaviour of cytoplasm.
1.	 Protoplasm is translucent, odourless and 

polyphasic fluid.
2.	 It is a crystal colloid solution which is a 

mixture of chemical substances forming 
crystalloid i.e. true solution (sugars, salts, 
acids, bases) and others forming colloidal 
solution (Proteins and lipids)

3.	 It is the most important property of the 
protoplasm by which it exhibits three main 
phenomena namely Brownian movement, 
amoeboid movement and cytoplasmic 
streaming or cyclosis. Viscosity of 
protoplasm is 2–20 centipoises. The 
Refractive index of the protoplasm is 1.4.

4.	 The pH of the protoplasm is around 6.8, 
contain 90% water (10% in dormant seeds)

5.	 Approximately 34 elements are present 
in protoplasm but only 13 elements are 
main or universal elements i.e. C, H, O, N, 
Cl, Ca, P, Na, K, S, Mg, I and Fe. Carbon, 
Hydrogen, Oxygen and Nitrogen form the 
96% of protoplasm.

6.	 Protoplasm is neither a good nor a 
bad conductor of electricity. It forms a 
delimiting membrane in contact with 
water and solidifies when heated.

7.	 Cohesiveness: Particles or molecules of 
protoplasm are adhered with each other by 

forces, such as Van der Waal’s bonds, that 
hold long chains of molecules together. 
This property varies with the strength of 
these forces.

8.	 Contractility: The contractility of proto
plasm is important for the absorption and 
removal of water especially for stomatal 
operations.

9.	 Surface tension: The proteins and lipids of 
the protoplasm have less surface tension, 
hence they are found at the surface forming 
the membrane. On the other hand the 
chemical substances (NaCl) have high 
surface tension, so they occur in deeper 
parts of the protoplasm.

6.3.3 Cell sizes and shapes
Cell greatly vary in size, shape and also in 
function. Group of cells with similar structures 
are called tissue they integrate together to 
perform similar function, group of tissue 
join together to perform similar function 
called organ, group of organs with related 
function called organ system, organ system 
coordinating together to form an organism. 

Shape
The shape of cell vary greatly from organism 
to organism and within the organism itself. In 
bacteria, cell shape vary from round (cocci) 
to rectangular (rod). In virus, shape of the 
envelope varies from round to hexagonal or 
‘T’ shaped. In fungi, globular to elongated 
cylindrical cells and the spores of fungi vary 

1 cm 	 = 1/100 metre
1 mm = 1/1000 metre 	 =1/10 cm
1 µm = 1/1000,000 metre 	 = 1/10,000 cm
1 nm = 1/1,000,000,000 metre	 = 1/10,000,000 cm
1 Aº  = 1/10,000,000,000 metre 	=1/100,000,000 cm

or
1 m = 102cm = 103mm = 106µm = 109nm = 1010 Aº 

m = metre    cm = centimetre    mm = millimetre    µm = micrometre   
nm = nanometre     Aº =Angstrom
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6.5. Plant and Animal cell
6.5.1 Ultra Structure of an Eukaryotic Cell
An eukaryotic cell is highly distinct in its 
organisation. It shows several variations in 
different organisms. For instance, eukaryotic cells 
in plants and animals vary greatly (Figure 6.7). 

Figure 6.7: Animal and Plant cell

Animal Cell
Animal cells are surrounded by cell membrane 
or plasma membrane. Inside this membrane 
a gelatinous matrix called protoplasm is 
seen to contain nucleus and other organelles 
which include the endoplasmic reticulum, 
mitochondria, golgi bodies, centrioles, 
lysosomes, ribosomes and cytoskeleton. 

Plant cell
A typical plant cell has prominent  
cell wall, a large central vacuole and plastids 
in addition to other organelles present in 
animal cell (Figure 6.8).

Figure 6.8: Ultra Structure of Plant Cell
6.5.2 Protoplasm
Protoplasm is the living content of cell that 
is surrounded by plasma membrane. It is a 
colourless material that exists throughout 
the cell together with cytoplasm, nucleus and 
other organelles. Protoplasm is composed 
of a mixture of small particles, such as 

Comparison between types of cellular organisation

Features Prokaryotes Mesokaryotes Eukaryotes
Size of the cell ~1-5µm ~5-10µm ~10-100µm
Nuclear character Nucleoid, no true 

nucleus, 
Nucleus with nuclear 
membrane

True nucleus with 
nuclear membrane 

DNA Usually circular 
without histone 
proteins

Usually linear but 
without histone 
proteins

Usually linear with 
histone proteins

RNA/Protein 
synthesis

Couples in 
cytoplasm

Similar with 
eukaryotes

RNA synthesis inside 
nucleus/ Protein 
synthesis in cytoplasm

Ribosomes 50S+ 30S 60S + 40S 60S + 40S
Organelles Absent Present Numerous
Cell movement Flagella Gliding and flagella Flagella and cilia
Organization Usually single cell Single and colony Single, colonial and 

multicellular
Cell division Binary fission Binary fission Mitosis and meiosis
Examples Bacteria and 

Archaea
Dinoflagellate, 
Protozoa

Fungi, plants and 
animals

XIth_BIO-BOTANY_Ch_6-EM.indd   124 5/17/2020   11:20:18 PM













130

Plastids
Chromoplasts Leucoplasts
Coloured Plastids Colourless plastids 

store food materials
Chloroplast
Occurs in green 
algae and higher 
plants.
Pigments 
chlorophyll a and b

Amyloplast – 
stores – starch

Phaeoplast
Brown algae and 
dinoflagellates.
Pigment- 
fucoxanthin

Elaioplast – store – 
lipids (oils). 
Seed of monocot 
and dicots.

Rhodoplast
Red algae
Pigment- 
Phycoerythrin

Aleuroplast (or) 
Proteoplast
Stores – Protein

According to Schimper, different kind 
of plastids can transform into one another.

Chloroplasts

Leucoplasts
Chromoplasts 

(contains 
carotenoids)

6.6.6 Chloroplast
Chloroplasts are vital organelle found in 
green plants. Chloroplast has a double 
membrane the outer membrane and the 
inner membrane separated by a space called 
periplastidial space. The space enclosed by 
the inner membrane of chloroplast is filled 
with gelatinous matrix, lipo-proteinaceous 
fluid called stroma. Inside the stroma there 
are flat interconnected sacs called thylakoid. 
The membrane of thylakoid enclose a space 
called thylakoid lumen. 

Grana (singular: Granum) are formed 
when many of these thylakoids are stacked 
together like pile of coins. Light is absorbed 
and converted into chemical energy in 
the granum, which is used in stroma to 
prepare carbohydrates. Thylakoid contain 
chlorophyll pigments. The chloroplast 
contains osmophilic granules, 70s 
ribosomes, DNA (circular and non histone) 
and RNA. These chloroplast genome 
encodes approximately 30 proteins involved 
in photosynthesis including the components  
of photosystem I & II, cytochrome bf complex 
and ATP synthase. One of the subunits of 
RuBisco is encoded by chloroplast DNA. It is 
the major protein component of chloroplast 
stroma, single most abundant protein on 
earth. The thylakoid contain small, rounded 
photosynthetic units called quantosomes. 
Chloroplast is a semi-autonomous organelle 
and divides by fission (Figure 6.16).

Functions:
•	 Photosynthesis 
•	 Light reactions takes place in granum,
•	 Dark reactions take place in stroma,
•	 Chloroplast is involved in photo

respiration.

6.6.7 Ribosome
Ribosomes were first observed by George 
Palade (1953) as dense particles or granules 
in the electron microscope. Electron 
microscopic observation reveals that 
ribosomes are composed of two rounded 
sub units, united together to form a complete 
unit. Mg2+ is required for structural cohesion 
of ribosomes. Biogenesis of ribosome  is a 
de nova formation, auto replication and 
nucleolar origin. Each ribosome is made 
up of one small and one large sub-unit 
Ribosomes are the sites of protein synthesis 
in the cell. Ribosome is not a membrane 
bound organelle (Figure 6.17).
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and kinetochore. Both the chromatids are 
united at centromere, whose number varies. 
The monocentric chromosome has one 
centromere and the polycentric chromosome 
has many centromeres. Centromere contains 
a complex system of protein fibres called 
kinetochore. Kinetochore is the region of 
chromosome which is attached to the spindle 
fibre during mitosis.

Besides primary there are few secondary 
constrictions, are present. Nucleoli develop 
from  these secondary constrictions are 
called nucleolar organizers. Secondary 
constrictions contain the genes for ribosomal 
RNA which induce the formation of nucleoli 
and are called nucleolar organizer regions 
(Figure 6.23).

A satellite or SAT Chromosome is a 
short chromosomal segment or rounded 

body separated from main chromosome by 
a relatively elongated secondary constriction. 
It is a morphological entity in certain 
chromosomes.

Telomere is the terminal part of 
chromosome. It offers stability to the 
chromosome. DNA of the telomere has 
specific sequence of nucleotides. Telomere in 
all eukaryotes are composed of many repeats 
of short DNA sequences (5’TTAGGG3’ 
sequence in Neurospora crassa and human 
beings). Maintenance of telomeres appears 
to be an important factor in determining 
the life span and reproductive capacity of 

During cell division chromatin is 
condensed into an organized form called 
chromosome. The portion an eukaryotic 
chromosome which is transcribed into mRNA 
contains active genes that are nottightly 
condensed during interphase is called 
Euchromatin. The portion of an eukaryotic 
chromosome that is not transcribed into 
mRNA which remains condensed during 
interphase and stains intensely is called 
Heterochromatin. Nucleolus is a small, 
dense, spherical structure either present singly 
or in multiples inside the nucleus and it’s not 
membrane bound. Nucleoli possess genes for 
rRNA and tRNA.
Functions of the nucleus
•	 Controlling all cellular activities
•	 Storing the genetic or hereditary 

information. 
•	 Coding the information from DNA for 

the production of enzymes and proteins. 
•	 DNA duplication and transcription 

takes place in the nucleus. 
•	 In nucleolus ribosomal biogenesis takes 

place.

6.7.1 Chromosomes
Strasburger (1875) first reported its present 
in eukaryotic cell and the term ‘chromosome’ 
was introduced by Waldeyer in 1888. Bridges 
(1916) first proved that chromosomes are the 
physical carriers of genes. It is made up of 
DNA and associated proteins.
Structure of chromosome
The chromosomes are composed of thread 
like strands called chromatin which is 
made up of DNA, protein and RNA. Each 
chromosome consists of two symmetrical 
structures called chromatids. During cell 
division the chromatids forms a well organized 
chromosomes with definite size and shape. 
They are identical and are called sister 
chromatids. A typical chromosome has narrow 
zones called constrictions. There are two types 
of constrictions, namely primary constriction 
and secondary constriction. The primary 
constriction is made up of centromere 

Figure 6.23: Structure of a Chromosome
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rootlets, basal plate and shaft. The shaft 
or axoneme consists of nine pairs of 
microtubule doublets, arranged in a circle 
along the periphery with a two central 
tubules, (9+2) arrangement of microtubules 
is present. Microtubules are made up of 
tubulin. The motor protein dynein connects 
the outer microtubule pair and links them to 
the central pair. Nexin links the peripheral 
doublets of microtubules (Figure 6.29).

Summary
Cell is the fundamental unit of all organisms 
which was identified 300 years ago. Microscope 
offers scope for observing smaller objects and 
organisms. It works on the principle of light 
and lenses. Different microscope offers clarity 
in observing objects depending on the features 
to be observed. Micrometric techniques 
are used in measurement of microscopic 
objects. Electron microscopes are used in 
understanding the ultra-structural details of 
cell. Cell theory and doctrine states that all 
organism are made up of cell and it contains 
genetic material. Protoplasm theory explains 
nature and different properties of protoplasm. 
Cell size and shape differ from type of tissue 
or organs and organisms. Based on cellular 
organization and nuclear characters the 
organisms are classified into prokaryote, 
eukaryote and mesokaryote.

Key difference between plant cell and 
animal cell is the cell wall. Protoplasm is 
the colourless mass includes the cytoplasm, 
cell organelles and nucleus. Cell wall is the 
outermost protective covering with three 
regions primary, secondary wall and middle 
lamellae. Cell membrane holds the cytoplasmic 
content called cytosol. Cytoplasm includes 
the matrix and the cell organelles excluding 
nucleus. Endomembrane system includes 
endoplasmic reticulum, golgi apparatus, 
chloroplast, lysosomes, vacuoles, nuclear 
membrane and plasma membrane. Nucleus is 
the control unit of the cell, it carries hereditary 
information. Chromosomes are made up 

has an axoneme made up microtubules and 
protein tubulin (Figure 6.28). 

Figure 6.28: Structure of Eukaryotic flagellum
Movement
Outer microtubule doublet 
is associated with axonemal 
dynein which generates force 
for movement. The movement 
is ATP driven. The interaction 
between tubulin and dynein 
is the mechanism for the 
contraction of cilia and flagella. Dynein 
molecules uses energy from ATP to shift 
the adjacent microtubules. This movement 
bends the cilium or flagellum.
6.8.3 Cilia

Figure 6.29: Structure of Cilia & flagella
Cilia (plural) are short cellular, numerous 
microtubule bound projections of plasma 
membrane. Cilium (singular) is membrane 
bound structure made up of basal body, 
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Concept Map
Cell

(The basic unit of life)

Cell wall & 
Plasmamembrane

Protoplasm

Cell organelles Cytoplasmic inclusions

Endoplasmic 
Reticulum
transport 
substance 
synthesis 

lipoprotein & 
glycogen

Chloroplast
Photosynthesis

Mitochondria
generation  

of ATP

Ribosomes
Protein  

Synthesis

Centrosomes 
give rise spindle  
fiber in animal  

cells

Vacuoles 
facilitate  
transport  
of ions &  
materials  

in plant cell

Microbodies
Peroxisomes 
Glyoxysomes

Golgi 
bodies 

Packaging & 
Secretion

Excretory 
substance
glycosides,  

tannins & gums

Storage 
Substance

carbohydrates, 
fats & proteins

Secretory 
substance

Pigments & 
Enzymes

Cytoplasm Nucleus

DNA
RNA

Proteins

of DNA and associated proteins. Bacterial 
flagella are made up of helical polymers of a 
protein called flagellin. Proton motive force 
are involved in flagellar rotation. In Eukaryotes 

Evaluation
1.	 The two subunits of 

ribosomes remain 
united at critical ion 
level of 
a.	 Magnesium
b. Calcium 
c.	 Sodium
d. Ferrous

2.	 Sequences of which of the following is 
used to know the phylogeny. 
a.	 mRNA	 b.  rRNA
c.	 tRNA	 d.  Hn RNA

3.	 Many cells function properly and 
divide mitotically even though they do 
not have.

a.	 Plasma membrane	 b.  cytoskeleton 
c.	 mitochondria	 d.  Plastids

4.	 Keeping in view the fluid mosaic model 
for the structure of cell membrane, 
which one of the following statements 
is correct with respect to the movement 
of lipids and proteins from one lipid 
monolayer to the other.
a.	 Neither lipid nor proteins can 

flip-flop
b.	 Both lipid and proteins can flip flop
c.	 While lipids can rarely flip-flop 

proteins cannot
d.	 While proteins can flip-flop lipids 

cannot
5.	 Match the columns and identify the 

correct option:

flagella are made up microtubules and protein 
called dynein and nexin and the movement is 
driven by ATP. 
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Column-I Column-II

(a)	Thylakoids 	 (i)	 Disc-shaped sacs 
in Golgi apparatus

(b)	Cristae 	(ii)	 Condensed 
structure of DNA

(c)	Cisternae 	(iii)	 Flat membranous 
sacs in stroma

(d)	Chromatin 	(iv)	 Infoldings in 
mitochondria 

		  (a)	 (b)	 (c)	 (d)
(1)		 (iii)	 (iv)	 (ii)	 (i)
(2)		 (iv)	 (iii)	 (i)	 (ii)
(3)		 (iii)	 (iv)	 (i)	 (ii)
(4)		 (iii)	 (i)	 (iv)	 (ii)

6.	 Bring out the significance of 
Transmission Electron Microscope.

7.	 State the protoplasm theory.
8.	 Distinguish between prokaryotes and 

eukaryotes.
9.	 Difference between plant and animal 

cell.
10.	Draw the ultra structure of plant cell.

URL: https://play.google.com/store/apps/details?id=in.edu.olabs.olabs&hl=en

ICT Corner

Cell structure

Steps
•	 Scan the QR code & install the app from Android app store 
•	 Open the app & move the cell organelles by moving left bottom button
•	 Select the cell organelles by pointer 
•	 Play the audio notes of cell organelles by click the right center button 
•	 Use pointer & observe the structure of cell organelles

Cell-The unit of Life

* Pictures are indicative only

Activity
•	 Observe the structures of cell organelles and record it.

Step 1

Step 2 Step 4

Step 5Step 3
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