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5CELL–The Fundamental Unit of Life

1.1 (A) Robert Hooke in 1665 observed in a thin slice of cork many 
compartment like structures with a primitive and self designed 
microscope. He named these structures as cells. Cell is a Latin word for ‘a 
little	room’.

(B) What are living organisms made up of ?
Activity (or Experiment)–1

Cut an onion bulb and separate the scales. Remove the thin 
transparent membrane or peel (epidermis) from the concave surface 
of a scale and place it in a petridish containing water to prevent the 
membrane from getting dry or getting folded. Cut a small piece of the 
membrane and place it on a glass slide having a small drop of water 
with the help of a paint brush to avoid folding of the piece. Now put 
a drop of iodine(or Saranine) solution on this piece. Place a coverslip 
on it. Coverslip should be placed softly with the help of a mounting 
needle to avoid the air bubbles. In this way you have prepared a 
temporary mount of the onion peel. Now, you can observe the slide 
under low power and then under high power of a compound 
microscope (Fig. 1.1).

Fig. 1.1 - Compound Microscope
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Draw the structures that you see through the microscope. It would look like in Fig. 1.2 given below.

Vacuole Cytoplasm

Cell wall

Plasma membrane

Nucleus

Diagram

Fig. 1.2 – Cells of onion peel as seen with the help
of a microscope.

(C) What are these structures found in onion peel ?
If you prepare temporary mounts of peels of different sizes from different onions, you will observe that they 
all have similar small structures regardless of the size of the onion. These small structures are the basic 
building units of the onion bulb. These structures are called cells. In fact, all organisms that you observe 
around consist of cells.	Millions	 of	 living	 organisms	 of	 unlimited	 varieties	 inhabit	 our	 planet	 earth.	 They	
include single celled or unicellular (uni = single) organisms such as bacteria and protista (Amoeba, Paramecium, 
Chlamydomonas). It was the invention of microscope that led to the discovery of world of microscopic 
organisms. On the other hand, in some fungi, plants and animals, the body consists of many cells. These are 
called multicellular (multi = many) organisms.

The body of a multicellular organism consists of cells of different shapes and sizes which perform different 
functions. However, a multicellular organism begins its life as a single cell. This cell by repeated cell division 
produces body of the multicellular organism. Cells divide to produce cells of their own kind. In this way all cells 
come from pre-existing cells.

HISTORICAL BACKGROUND OF CELL
• Robert Hooke, an English scientist discovered cells in 1665. He observed the cells in a cork slice with the 

help of a primitive microscope and coined the term cell (Latin, cellula = a little room). He explained his 
observations in a book —Micrographia).

• Anton Von Leeuwenhoek (1674), with the improved microscope observed living cells like bacteria, 
sperms and some protozoans for the first time.

• Robert Brown in 1831 discovered and named nucleus in a plant cell.

• J.E. Purkinje in 1839 gave the term protoplasm for the living fluid substance present in the cell.

• Two German biologists M. Schleiden (1838) and T. Schwann (1839) proposed cell theory, which was 
further expanded and modified by Virchow (1855), a German physiologist.

•	 Now	cell	theory	states	that	:
(i) Cell is the structural and functional unit of life.
(ii) All cells arise from pre-existing cells only.
(iii) Every organism starts its life as a single cell.

•	 With	the	discovery	of	electron microscope in 1940, it was possible for us to observe and understand the 
complex structure of the cell and its various organelles.
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Activity (or Experiment)–2
You can prepare temporary mounts of leaf peels, peels of onions of different sizes, tips of roots of onion, 
cheek	cells	or	blood	cells.	You	would	observe	:

(i) Cells constituting the same structure, e.g., peel of onion look alike in terms of shape and size.
(ii) Cells of different parts of a plant are different in shape, size and structure depending upon the 

functions they perform.
(iii) There are present certain basic similarities among cells, e.g., they have a plasma membrane, a 

nucleus and cytoplasm with organelles.
Some organisms such as human beings have cells of different kinds, e.g., muscle cells, blood cells, bone cells, 
fat cells, nerve cells, sperm and ovum, etc.

Erythrocytes Basophil Acidophil Neutrophil

Monocyte LymphocyteBlood platelets

BLOOD CELLS

Sperm

Fat cell

Nucleus

FatNucleus

Dendrites

Nucleus

Axon

Nerve ending

Dendron

Ovum

Bone Cell Smooth Muscle Cell

Diagrams

Nerve cell or Neuron

Fig. 1.3 − Various cells of the human body.
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SHAPE AND SIZE OF CELLS AND DIVISION OF LABOUR

(D) Shape and size of cells vary not only in different organisms but also in different parts of the same 
organism. Unicellular organisms differ in shape and size. Amoeba has no fixed shape. It goes on changing its 
shape to engulf the food materials. Euglena and Paramecium which are also unicellular have fixed shapes. In 
multicellular organisms cell shape is fixed and characteristic of a particular type of cell. The shape of a cell 
depends mainly on the functional adaptations. The size of the cell also vary very much.

We	know	that	in	a	multicellular	organism,	e.g.,	human	being,	different	parts	of	the	body	perform	different	
functions. Heart pumps the blood, stomach digests the food, skeleton gives shape to the body, kidneys excrete 
poisonous substances from the blood in the form of urine and so on. This is called division of labour. Similarly, 
division of labour is also present within a single cell. Each cell has different cell organelles which perform 
specific functions, e.g., ribosomes* make new materials in the cell (synthesis of proteins), lysosomes clear up 
the waste substances from the cell. Thus, presence of different organelles enable a cell to live and perform its 
functions. These organelles constitute the basic building unit called the cell. Interestingly, all cells have the 
same organelles irrespective of their function or what organism they are found in. Each living cell performs 
certain basic functions that are characteristic of all living forms e.g., nutrition, respiration, growth, irritability 
and reproduction. So, the total activities of an organism is the sum total of the activities of its cells. Thus, cell 
is the structural and functional unit of all living forms.

STRUCTURAL ORGANISATION OF A CELL

1.2 (A) Cells vary in shape, size and function. However, a generalised pattern of cells is there, for, all the 
cells have three major functional regions, viz. plasma membrane, nucleus and cytoplasm. (See Fig. 1.10 & 
1.11) given ahead. All the activities inside the cell and interaction of the cell with its environment are possible 
due to these features.

PLASMA MEMBRANE OR CELL MEMBRANE

(B) All animal or plant cells are bounded by a living, extremely delicate, elastic semipermeable or selectively 
permeable membrane called plasma or cell membrane. It separates the cell contents from the external 
environment. If the plasma membrane ruptures the whole cell contents would come out and the cell would 
perish. It determines the substances which can pass in or out of the cell, hence called semipermeable or 
selectively permeable membrane. So, a membrane which allows only some selected solvents to pass through 
it is called a semipermeable or selectively permeable membrane.

The semipermeable membrane is made up of organic molecules called lipids and proteins. Structure of the 
plasma membrane can only be observed through an electron microscope which is a very large and sophisticated 
instrument. First electron microscope was designed by Knoll and Rusca of Germany in 1932 and was improved 
later on by several workers. It has a very high resolving power because it uses electromagnets in place of lenses 
and electron beam instead of light for illuminating the object. The magnification of electron microscope is 100000 
to 500000. It has enabled the scientists to observe and study the ultrastructure of the cell and its various organelles.

Functions of Plasma Membrane
(i) Plasma membrane binds the semifluid cytoplasmic contents of the cell.
(ii) It functions as a barrier between the protoplasm and the external environment of the cell.
(iii) It regulates the movement of molecules in and out of the cell.
(iv) The elasticity of the cell membrane enables the cell to engulf in particles of food and other materials 

from the external environment. Such processes are known as endocytosis. So, ingestion of food or 
other materials through the plasma membrane is called endocytosis. Amoeba acquires its food by 

*Ribosomes are minute organelles without a membrane around them.
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this process. Amoeba feeds on microscopic algae, bacteria, diatoms and other protozoans. Amoeba 
ingests food from any point on the surface of body by using the pseudopodia. Pseudopodia are formed 
around the prey or the food particle. A cup like structure is formed. Ultimately, the tips of pseudopodia 
encircling the food particle touch each other. The membrane at that place dissolves and the food particle 
is engulfed with a little amount of water to form a food vacuole in the cytoplasm of Amoeba.

Food par�cle Pseudopodia
Engulfed

food 
par�cle

Food
vacuole

Fig. 1.4 – Stages of endocytosis (Phagocytosis) in Amoeba 

Diagrams*

TRANSPORT ACROSS THE PLASMA MEMBRANE

(C) 1. DIFFUSION is the spontaneous movement of a substance from a region of its higher concentration 
to the region where its concentration is low. Some substances like carbon dioxide or oxygen can move across 
the plasma membrane by diffusion.

Carbon dioxide (CO2) which is produced by respiration inside the cell, is a cellular waste and requires to be 
excreted out by the cell. Carbon dioxide gets accumulated in high concentration inside the cell. So, as compared 
to inside of the cell concentration of carbon dioxide in the external environment of the cell is low. Due to this 
difference of concentration of carbon dioxide between inside and outside of the cell, carbon dioxide diffuses 
out of the cell, i.e., from the region of its high concentration to a region of low concentration outside the cell.
Similarly, oxygen (O2) enters the cell by the process of diffusion when the concentration of oxygen inside the 
cell decreases.

2. OSMOSIS :	Water	is	essential	for	life.	It	also	follows	the	law	of	diffusion.	The movement of water from a 
region of its higher concentration to a region where its concentration is low, through a semipermeable 
(selectively permeable) membrane is called osmosis.

Cells Placed in Solution
Animal cell or plant cell placed in solution of sugar or salt will behave in one of the following ways depending 
upon the concentration of the surrounding solution.
(a) If the solution surrounding the cell has a higher water concentration as compared to cell contents i.e., 

the outside solution is very dilute, the cell will gain water by osmosis and such a dilute solution is called 
hypotonic solution. This is endosmosis. If during osmosis, the flow of water from the surroundings into 
a cell takes place, the process is called endosmosis. In fact, water molecules will pass across the plasma 
membrane in both directions. However, more water molecules will enter into the cell than will leave. So, 
the net result is that the cell gains water and becomes swollen or turgid.

(b) If the solution surrounding the cell has exactly the same concentration as that of the cell contents 
(isotonic solution),	there	will	be	no	net	movement	of	water	across	the	plasma	membrane.	Water	crosses	
the semipermeable cell membrane in both directions but the amount of water going inside the cell is the 
same as the amount of water going out of the cell. The cell size will remain the same.

(c) If the solution surrounding the cell has a lower water concentration as compared to cell contents, i.e. 
the outside solution is a very concentrated solution (hypertonic solution),	the	cell	will	lose	water.	Water	
crosses the plasma membrane in both directions, but more water leaves the cell than enters it. If during 

* For better understanding.
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osmosis, water diffuses out of the cell towards the external solution, the process is called exosmosis. 
Consequently the cell will shrink. Such a plant cell with shrunken protoplast is said to be plasmolysed 
and the phenomenon is called plasmolysis.

OSMOSIS WITH AN EGG

Activity (or Experiment)–3
Dip an egg in dilute hydrochloric acid to remove the shell. The shell gets dissolved in the acid as it is made up 
of	 calcium	 carbonate.	Wash	 the	 egg	with	water.	 A	 thin	 outer	 skin	which	 is	 a	 semipermeable	membrane	
encloses the egg. Now place this egg in pure water for five minutes and observe the change. The egg swells 
up because water enters the egg by osmosis called endosmosis.

Place a similar de-shelled egg in a concentrated salt solution for about five minutes. You will observe that the 
egg shrinks because water passes out of egg solution into the surrounding salt solution which is more 
concentrated. This phenomenon is called exosmosis.

OSMOSIS WITH RAISINS OR APRICOTS

Activity (or Experiment)–4
Put dry raisins or apricots in a petridish having plain water. 
Observe after about 30 minutes. Raisins or apricots gain water 
and swell up due to endosmosis.	When	the	swollen	raisins	or	
apricots are placed in a concentrated sugar or salt solution for 
some time they lose water and shrink to previous form.

Activity (or Experiment)–4(a) : (To show osmosis)
Take four peeled potato halves and scoop each one out to 
make potato cups. One of these potato cups should be made 
from a boiled potato. Place each potato cup in a trough 
containing	some	water	so	that	water	remains	below	the	rims	of	cups.	Now	:

•	 Keep	cup	A	empty.
• Put one teaspoon of cane-sugar in cup B.
• Put one teaspoon of common salt in cup C.
• Put one teaspoon of sugar in the boiled potato cup D. 

Keep	these	for	two	hours	and	then	observe	the	potato	cups.

(i)	 Water	gathers	 in	hollowed	portion	of	potato	B	and	C	because	 there	 is	either	 sugar	or	 salt.	Water	
passes from the trough into the cavity through the potato cells due to osmosis. Sugar or salt forms a 
very strong hypertonic solution in the cavity.

(ii) Potato cup A functions as control experiment. Empty cavity cannot induce movement of water.
(iii) Potato cup D is of boiled potato. So all the cells of potato cup D are dead. Osmosis does not occur 

in dead cells. Therefore, despite the presence of sugar in the cavity, no water passes into the cavity 
through potato cells.

Examples of Osmosis
Unicellular fresh water organisms and most of the plant cells tend to gain water through osmosis.

Absorption of water by plant roots is an important example of osmosis.

Fig. 1.5 – Experiment to show endosmosis.

Diagram*

Raisins
Swollen
raisins

* For better understanding.
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3. ACTIVE TRANSPORT : Movement of certain molecules into or out of the cell against the concentration 
gradient involving the expenditure of energy is called active transport. Glucose, amino acids, potassium and 
sodium ions move across the plasma membrane by active transport.

Table 1.1 : Differences Between Diffusion and Osmosis

 Diffusion  Osmosis

(i)  Diffusion is the movement of a substance from 
a region of its higher concentration to the area 
of its lower concentration.

Osmosis is the movement of a solvent  
(usually water) through a semipermeable membrane 
from the area of its higher concentration to the area 
of its lower concentration.

(ii) Diffusion can operate in any medium. Osmosis operates only in liquid medium.

(iii)  Diffusion is applicable to solids, liquids or 
gases.

Osmosis is applicable to only solvent part of a 
solution.

(iv)  It does not need any semipermeable 
membrane.

It needs semipermeable membrane.

(v)  It helps in equalising the concentration of the 
diffusing substance throughout the available 
space.

It equalises the concentration of the solvent on the 
two sides of the semipermeable membrane.

CELL WALL

(D) A plant cell in addition to plasma membrane has a rigid, non-living, and freely permeable cell wall 
which lies outside the plasma membrane. It is mainly made up of cellulose.
Cell wall performs the following functions:

(i) Cell wall provides mechanical strength and determines the shape of the plant cell.
(ii) It prevents bursting of the cell in fungi, bacteria and plants due to hypotonic external media. In such 

a condition cells tend to take up water by osmosis (endosmosis). This builds up pressure against the 
cell wall. Because of their walls, plant cells can tolerate much greater changes in the surrounding 
medium than animal cells.

(iii) It provides structural strength to the plant.

Activity (or Experiment)–5 (Plasmolysis)
Shrinkage of the protoplast (protoplast means the whole of protoplasm in a plant cell) of a cell from its cell 
wall under the influence of a hypertonic solution is called plasmolysis. It occurs only in living cells. To observe 
this	phenomenon	you	can	perform	the	following	activity	:

Mount	the	peel	of	a	Rhoeo leaf in water on a slide and examine cells under the high power of microscope. 
Note that the cells are fully turgid [Fig. 1.6(A)]. Small green granules called chloroplasts are also visible. Now, 
replace	the	drop	of	water	with	a	strong	salt	or	sugar	solution	on	the	slide.	Wait	for	a	few	minutes,	you	will	see	
that the cell shrinks in size [Fig. 1.6(B)]. The shrinking protoplast becomes easily conspicuous due to the 
presence of green chloroplasts. Ultimately, protoplast is pulled away from the cell wall [Fig. 1.6(C)]. This 
phenomenon is called plasmolysis. Now, put the Rhoeo leaf in boiling water for a few minutes to kill the cells. 
Repeat the above procedure. Observe under microscope. No plasmolysis occurs. So, it is clear that the 
phenomenon of osmosis occurs only in living cells. The dead cells cannot perform osmosis.
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Cell sap
(central vacuole)

Cell wall Plasmalemma Protoplast

Central  vacuole

Cell wall

Shrunken protoplast

Cytoplasm Tonoplast

Fig. 1.6 – (A) Turgid or normal cell; (B) Shrinkage of protoplast starts; (C) Shrunken protoplast.

*Diagrams
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NUCLEUS

(E) In Activity–1 you have seen that cells of onion peel get coloured when stained with iodine solution. Some 
regions of the cell become more darker than the other regions. This happens due to their chemical composition. 
You have also observed one dark spot in each cell. It is called the nucleus. The use of a stain renders the 
nucleus quite conspicuous. Apart from iodine solution, safranin solution or methylene blue solution could also 
be used to stain the cells.

Activity (or Experiment)–6(Cheek Epithelial Cells)
In this activity you can observe cells from your own  body. 
Softly, scrap the inside of cheek of your mouth with a blunt 
toothpick or ice-cream spoon. Place a small part of the 
scrapped material on a slide and put a drop of water on it. 
Spread the material on the slide with the help of a needle. Put 
one drop of methylene blue stain on the material and keep it 
as such for 2 – 3 minutes. Remove the excess of stain with the 
help of a piece of filter paper. Put one drop of glycerine on the 
material and carefully place a coverslip on it. Observe the material under a microscope. Flat irregular shaped 
cells are seen which are joined together. Each cell has a thin cell membrane, a nucleus and cytoplasm.

(a) Structure of Nucleus
Nucleus may be located at different positions in the cytoplasm but generally it is centric in position and 
spherical	or	oval	 in	 shape.	 It	 consists	of	 four	parts	 :	Nuclear membrane or nuclear envelop, nucleoplasm, 
chromatin material and nucleolus.

(i) Nuclear membrane or Nuclear envelop : It bounds the nucleus on the outside so it separates the 
nucleus from the cytoplasm. Nuclear membrane is made up of two membranes. It has a large 
number of pores. The two membranes of the envelope become continuous in the region of pores. 
Pores allow exchange of materials between nucleoplasm and cytoplasm.

(ii) Nucleoplasm or Nuclear sap : It is semifluid, transparent, colloidal ground substance in which 
nucleoli and chromatin material are present. It contains nucleosides and other raw materials for 
the synthesis of nucleic acids and proteins.

*Only for better understanding.

Fig. 1.7 – Cheek epithelial cells.
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*Diagram
Cell membrane
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(iii) Chromatin Material : It is named so 
because of its ability to get stained with 
certain dyes. Chromatin occurs in the 
form of elongated fibres, which overlap 
one another to form a network called 
chromatin reticulum. Chromatin fibres 
are mainly made up of DNA (deoxyribo 
nucleic acid). DNA is the genetic 
material and forms the genes. At the 
time of cell division chromatin fibres 
condense into compact rod-like bodies 
called chromosomes. Chromosomes are 
formed of DNA and protein. The number 
of chromosomes is fixed for a species, e.g., human beings have 46 chromosomes in each of their 
body cells. Chromosomes contain genes which are segments of DNA. A gene is a functional unit of 
chromosome. The genes act as units of heredity and variations.

(iv) Nucleolus : It is a rounded or slightly irregular structure which is attached to the chromatin. It is 
devoid of any limiting membrane. Commonly, 1–4 nucleoli are found in the nucleus.

(b) Functions of Nucleus
(i) Nucleus plays a central role in cellular reproduction, i.e., cell division.
(ii) It directs and controls all the cellular metabolic activities by directing chemical activities of the 

cell. Along with the environment, it determines the cell differentiation and form it will exhibit at 
maturity. If the nucleus is removed from a cell the cell dies.

(iii) It is responsible for the transmission of hereditary traits from the parent to the offspring.

CYTOPLASM

(F) Homogeneous, colloidal ground substance present between the plasma membrane and nuclear 
envelop is called cytoplasm. It takes up very little stain and forms the larger part of the cell. Certain non-living 
(inclusions) and living structures (organelles) remain suspended in it.

Types of Cells
Some cells have poorly defined nuclear region due to 
the absence of nuclear membrane. An undefined 
nuclear region containing only nucleic acids in the 
cytoplasm of the cell is called nucleoid.
A cell lacking an organised nucleus and having DNA 
without a nuclear membrane and having without 
membrane bound organelles is called a prokaryotic 
cell.
The organisms having cells without nuclear membrane, 
i.e., having prokaryotic cells are termed as prokaryotes.
A cell having organised nucleus enclosed in a nuclear membrane and membrane bound organelles is called 
a eukaryotic cell.
The organisms having cells with nuclear membrane, i.e., having eukaryotic cells are known as eukaryotes.
The differences between prokaryotic cell and eukaryotic cell are classified ahead in table 1.2.

Endoplasmic
re�culum

Outer membrane

Inner membrane

Perinuclear 
space

Nucleoplasm

Nuclear pore
Nucleolus

Chroma�n
fibres

Fig. 1.8 – Structure of Nucleus

*Diagram

Stored
food

Flagella Pili

Nuclear body
(Nucleoid)Cell wall

Fig. 1.9 – Prokaryo�c cell

Diagram

*Only for better understanding.
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Table 1.2 : Differences between Prokaryotic (pro = primitive, karyote = karyon = nucleus)  
and Eukaryotic (eu = good, karyon = nucleus) cells.

Character Prokaryotic Cell Eukaryotic Cell

(i) Occurrence Prokaryotic cells are found in Bacteria 
and Cyanobacteria.

Eukaryotic cells are found in Protista, 
Fungi, Animals and Plants.

(ii) Size Generally very small, i.e., 1 to 10 µm  
(1 µm = 10–6 m).

Generally quite large in size, i.e., 5 to 
100 µm.

(iii) Nuclear region An organised nucleus having nuclear 
membrane, chromatin-reticulum and 
nucleoli is absent. Undefined nuclear 
region containing only nucleic acids 
in the cytoplasm of the cell is called 
nucleoid.

Well defined and surrounded by a 
nuclear membrane, i.e., true nucleus is 
present.

(iv) Chromosome Chromosome is single, circular, double 
stranded, naked DNA, i.e. it is without 
histones.

Chromosomes are two to many and 
DNA remains covered over by histones.

(v) Cell organelles Membrane-bound cell organelles are 
absent.

Membrane-bound cell organelles are 
present.

(vi) Chlorophyll Chlorophyll in photosynthetic prokaryotic 
bacteria is associated with membranous 
vesicles.

In eukaryotic cells chlorophyll is 
associated with plastids.

(vii) Cell division Cell division is by fission or budding. Cell division is mitotic or meiotic.

CELL ORGANELLES

(G) Every cell is enclosed by a membrane 
which keeps its contents separate from the 
external	environment.	More	evolved	cells	or	
cells of multicellular organisms need a lot of 
metabolic activities to support their 
complicated structures and functions. These 
cells use membrane-bound cell organelles to 
keep the different types of activities going on 
in them separate from each other. So, cell 
organelles are living, sub-cellular membrane-
bound structures. The importance of 
membrane can be illustrated with the 
example of viruses. Viruses do not have any 
membrane and hence do not show 
characteristics of life, e.g., no multiplication, 
until they enter any living cell. They lack their 
own metabolic machinery. So, they enter the 
living cell and utilise its metabolic machinery to multiply.

The various cell organelles are :
(i) Endoplasmic Reticulum (ii) Golgi Apparatus

Diagram Golgi body or
apparatus

Centriole

Nucleus

Nucleolus
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Lysosome
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Mitochondria
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Sap
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Nucleoplasm

Nuclear 
membrane 
or envelop

Rough 
endoplasmic
re�culum

Smooth
endoplasmic
re�culum

Fig. 1.10 – A  Generalised animal cell under light microscope
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