
Cell: The Unit of Life

an eklavya publication

Resource Material for Science Teachers

High School Science Series

1



credit page



The modules

In keeping with the tradition of creating resource materials for the

Hoshangabad Science Teaching Programme and carrying it

forward, it was decided to develop study materials for students of

higher classes. It has a been long felt that text/resource material for

higher classes should be prepared in keeping with Hoshangabad

Science curricular tradition since science is taught as general

science till class X. For the past few years Eklavya, and the Academic

Resource Group associated with it, has been deliberating on the

high school curriculum.

One of the ideas that emerged out of these brainstorming sessions

is that, resource material on a few major areas in the field of science

needs to be created for high school science students; material that

would be based on a broad understanding of the curriculum and

would reflect that understanding. Taking the idea forward, a few

science teachers, scientists, and those working in the field of

education began working on modules pertaining to different

topics. So far, the framework of these modules is not rigidly defined

and it is hoped that the structure of the series will become clear as

work progresses.

The module developed by several biologyCell: the Unit of Life,

teachers and other people concerned with teaching-learning

process, presents the entire narrative in the light of the historical

evolution of cell theory. It went through at least four drafts. Each of

those were then subjected to rigorous review and feedback to give

it this final shape This intensive process has given the module a

noteworthy feature, i.e., all the activities presented in the module

have been done by the writers several times. Besides this, groups of

teachers have also performed most of the activities. Even the

photographs have been selected based on the fact that they would

tally with the figures children would observe while doing the

activities themselves.
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Introduction

7

continue but in the meantime it has been

decided to create materials for those concepts

about which there was unanimity in the group.

Why study cells?

This booklet is a resource material for teachers,

i.e., this module has been developed with the

view that teachers can use it as a resource while

introducing the topic“Cells”in their classrooms. It

is left to the teacher to decide how she would use

this module. If she wants, she may do entire

module with her students, or may choose some

portions to do in her class. Alternatively, she may

also develop a completely new method of her

own after studying this material.

For the past several years, Eklavya has been

working in the field of education, particularly

science education. The Hoshangabad Science

Teaching Programme (HSTP) has been one of the

most remarkable educational interventions in

t h e c o u n t r y. S t a r t e d i n 1 9 7 2 b y t h e

Hoshangabad-based voluntary organizations

Kishore Bharati and Friends' Rural Centre, the

programme's academic responsibility was taken

up by Eklavya in the year 1983. HSTP was limited

to the teaching of science in classes VI to VIII. But

right from the beginning, it was felt that such

efforts should also be made in the lower primary

as well as higher classes.

Some work had started for the lower primary

classes but due to various reasons, not much

could be done for the high school students. Now

initiatives are being taken in a more organized

manner to create study materials for high school

teachers and students, to organize trainings and

offer academic support at the school level.

The module is a part of this effort. The idea is to

create a number of such modules for variety of

topics at the high school level. In our country, the

high school years are the final period of teaching

and learning general science. After this, students

elect their subjects and get placed in different

streams. Hence, it is important to identify topics

in science that a child needs to be exposed to

before completing high school. The debate

regarding the selection of such topics will

There is a general agreement that cell is an

important concept in the study of Life Sciences,

and this is expressed succinctly in the cell theory.

But the question still remains, why should

anyone study cells? And more importantly, how

can children be motivated to study this. We study

certain things because they are right in front of

us. Few other areas are studied as they are

essential to explain direct observations. The cell

does not qualify in either of these categories. In

other words, if you do not have a microscope, you

will never be able to see a cell. Moreover, almost

all the characteristics of a living organism can be

satisfactorily explained without taking recourse

to the role of cells. For example, when we eat, the

food reaches our stomach and intestines, gets

digested and absorbed while the undigested

parts are egested. The absorbed food material

gets transported to different parts of the body

where they are used to generate energy to do

work and provide materials to build the body.The

energy is obtained by the process of oxidization

of energy-rich molecules and the oxygen needed

for this process enters the body with our breath,

and so on. From this it is evident that the body

consists of different organs and that they are

interconnected, but nowhere does the cell come

in the picture. Nevertheless, living organisms do

have certain characteristics that cannot be

explained without the help of cells. For example,

reproduction, especially sexual reproduction,

and genetics are impossible to understand

without going into what is happening at the

cellular level.

Another distinguishing feature of cells is that



while it is possible to explain many of life's

phenomena without it, but, on the hand, with

increasing knowledge about cells, it becomes not

just possible but essential to look at many of these

processes in a completely different light. In fact,

the knowledge about the cell and its internal

structure and functions changes the very manner

in which we view life.

For example, the understanding of reproduction,

especially the reproduction in multicellular

organisms, depends a lot on the knowledge of

cells. This is because after fertilization, the life-

cycle of any animal begins with a single cell. This

cell does not manifest any of the physical features

of the adult organism which only appear

gradually. Somewhere, in this entire process, we

get an inkling of the existence of some kind of a

unit. The explanation of the process of

reproduction has been one of the fascinating

chapters in Life Sciences and many theories were

put forward to explain the phenomenon. The

discovery of cells and the progress in cytology has

given us a better understanding of reproduction

and heredity.

For example, earlier it was believed that the

egg contained the organism in a dormant form

which gradually grew and took the form of the

adult animal. Charles Darwin believed that each

organ of the animal contributed some

information to the egg so that the egg acquired

all the features of that individual. Many people

also believed that miniscule organs were present

in the sperm. Increasing knowledge about cells

has helped us understand the process of

fertilisation and development better and also

made it possible to control these processes in

ever novel ways.
Figure 1.  Artists

rendering of a sperm

based on ideas of

Nicolaas Hartsoeker in

1694. During those

days, it was believed

that each sperm

contained a miniscule

human being.

The study of cells in the module begins at the

point where it began historically. Looking back,

we find that it was Robert Hooke who first

examined a section of a piece of cork under the

microscope. The figure that he saw is often

printed in textbooks.

After this, there are several activities – observing

thin sections of cork, onion peel, water from a

puddle, leaf peel, etc. under the microscope. In

fact, the microscope is the very basis of this

module. We feel that viewing cells under a

microscope can and will motivate the students to

study them further.

The idea is to make children aware that all living

organisms are made of cells. Among them, a few

are made up of only a single cell, while others are

made up of more than one cell. In some living

beings, the cells are all alike, while in others the

cells are differentiated. These observations have

been woven into the historical development of

the cell theory. The reason for presenting it in

such a manner is to let the child experience the

excitement involved in the development of a

hypothesis or a theory. Usually, the manner in

which theories are taught gives the impression

that they have always existed in their final form

and we just need to imbibe them. This module

presents the cell theory in a way which will help

children understand that the theory is evolving

even today and that they too can be part of this

process. For example, if we look back we find that

one of the inferences

drawn after extensive

observation of cells was

that organisms create

cells for some reason (or

8
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purpose) during the course of their life. That is,

cells are not the site of life's processes; rather they

are their result. It took a long time to establish

that the various life processes actually take place

in the cells.

Presented in this exploratory fashion, it becomes

clear to the child that the progress of science or

any scientific theory or understanding doesn't

happen at one go. It is not just the result of a

sudden brainwave or insight of one particular

scientist and neither does its development follow

a straight path. Different ideas emerge which are

then subjected to intensive discussions and

debates; conjectures are made, experiments are

done and all these together lead to progress in

our understanding. This becomes particularly

evident vis-à-vis the origin of the cell theory.

Gradually, we reach an understanding that quite

a few of the life processes take place in cells.

Hence, we could come to the conclusion that the

cell is not the end-product of life-processes but

rather an essential condition for life' existence.

outside the cells. As you all know, the digestion of

food happens in the alimentary canal. Though

the enzymes for digestion are made in cells and

secreted, yet the initial process of digestion does

not take place inside the cells. In fact, in some

animals, such as spiders, digestive enzymes are

secreted out of their bodies and the digested

food is then absorbed.

9

Although it is true that the scientists have come

to know these things through experiments, but

unfortunately, there are no experiments

available which might be done at high school

level.

We need to keep one thing in mind: all life

processes do not occur inside cells. For example, a

large part of the digestive process happens

Having observed and discussed all this, we come

to the internal structure of cells. This involves

observing different kinds of cells and examining

various organelles of a cell through staining

techniques. After examining many types of cells

in this manner, we try and develop the structure

of a typical cell. For this purpose, we have also

included figures as seen through the electron

microscope. The functions of major organelles of

the cell have also been discussed.

It should be remembered that it is very difficult to

explain the idea that cell is the structural and

functional unit of life.The activities done here will

only serve as a foundation for the child to

understand/accept this idea better.

This module can be used in various ways. One,

you could study it for your own understanding,

which might indirectly reflect in your teaching.

You could also ask the students to perform the

activities given here as part of your regular

teaching schedule and then take the discussion

forward from there. Parts of the module could

also be given to students to read. Some of you

might like to do the module as a project with the

students. It is entirely up to you.

For convenience, an alphabetical index has been

included at the end of the module. This will help

locating topics of interest to you.

We need to keep one thing in mind, all of life

processes do not occur in cells. For example, a

large part of the digestive process happens

outside cells. As you all know, the digestion of

food happens in the alimentary canal.

Though the enzymes for digestion are made in

cells and are secreted, yet the initial process of

digestion does not take place in cells. In fact, in

some animals, such as spiders, digestive

enzymes are secreted out of their bodies and

the digested food is then absorbed.



figure 3a.

Robert Hooke’s microscope

You would have surely come across the

statement that 'the cell is the structural and

functional unit of life'. What does this actually

mean and how did we arrive at this statement?

We will try and look at evolution of this idea

historically. Along with this we'll also be do a few

activities and experiments and make detailed

observations. For this study, you will mainly need

a microscope which high schools normally have.

It was about 350 years ago; lenses were already

being used to magnify and view objects. Many

scientists were observing and describing an

entirely new world with the help of microscopes.

Among the scientists who deserve mention are

A t h a n a s i u s K i r c h e r ( 1 6 0 1 – 1 6 8 0 ) , J a n

Swammardam (1637–1680), and Anthony van

Leeuwenhoek (1632–1723). Robert Hooke

(1635–1702) was also amongst them. Scientists

of those days had a noteworthy quality; they did

not restrict themselves to a particular area. You

must have read Robert Hooke's name in

connection with elasticity (Hooke's law). But he

had also developed a microscope of his own

(figure 3a). With a microscope in hand, Hooke

observed a whole lot of things. One such material

was a thin section of cork. Cork is made from the

inner layer of the bark of the cork oak tree. He was

deeply intrigued by what he saw and he made its

illustration (figure 3b).

It seems that Hooke was examining a cork section

under the microscope in order to understand its

physical properties. For example, he might have

wanted to know why the cork is so light. He might

have even wanted to know why the cork does not

absorb water. But when he actually placed the

10

Cell: the discovery

Three hundred and fifty

years ago…

F .igure 3b cells in a section of cork as

Robert Hooke described them.



The proper use of microscopes is important for the

study of cells. Hence it would be good to get

acquainted with a microscope and the way it is used. A

detailed account of the microscope is given in

Appendix 1. Here a few important instructions for its

use are given.

� Clean the lens, objective, eye-piece and the

stage of the microscope with a soft cloth.

� Keep the slide prepared for observation on the

stage in such a manner that the object is directly

over the aperture.

� Make sure that the objective lens which has 10X

written on it is placed right above the aperture.

This is the low-power objective lens. We will

shortly go into how to observe things under a

higher magnification. .

� Adjust the mirror so that it points towards the

source of light in a way that the object receives

maximum light.

� Sometimes too much illumination dazzles our

eyes and it becomes difficult to distinguish the

coloured areas in the slide. On the other hand, if

the light is too little, it is not possible to see the

object at all. Both these situations can be taken

care of with the help of the condenser. Rotate

the condenser and adjust the aperture of the

diaphragm to get optimum light.

� To see the object clearly, you need to bring it

into focus. For this, use the coarse adjustment

first. Once the object becomes fairly clearly

visible, the fine adjustment can be used to focus

it properly.

� To view the object under a greater

magnification, do not use the coarse adjustment

since the objective lens is very close to the slide

and there is a danger that the slide may break.

Hence, first use the low magnification objective

to bring the object into clear focus and then

rotate the disc and bring the high power

objective lens over the aperture. Hereafter, use

only the fine adjustment for changing the focus.

� In most of the diagrams in this module, the

magnification used to observe the material is

mentioned. For example, x100 means that the

diagram shows the actual object magnified 100

times.

eyepiece

objective

base

stage

clip

coarse adjustment

fine adjustment

arm

mirror

condenser

tube

disk

hole at stage

diaphragm

filter
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How to use a microscope

figure 2:

Compound Microscope



Figure 4:

Micrographia, the book written by Hooke.

cork section under the microscope, he couldn't

help but notice that the cork had many walls that

intersected each other. And these intersections

had created what looked like many small rooms

or chambers inside the cork. Hooke named these

chambers “cells”. This word was derived from

“cellula”, the Latin word meaning “a small room”.

Hooke published these observations in his book

Micrographia in the year 1665 (figure 4).

Why don't we too have some fun examining a few

things under the microscope ourselves?

In these activities the emphasis has to be on

observing a few objects under the microscope

and drawing them. It is important to lay stress on

the fact that the drawings have to look exactly

like what has been seen under the microscope.

To begin with the following objects may be

observed: thin section of cork, onion peel, leaf

peel.

Activity 1a: Thin section of cork

To observe the section of a cork, soak it for about

an hour beforehand. Now cut a thin section of

the cork with a blade, place it in a drop of water

on a glass slide, cover it with a cover slip and

observe it under the microscope. Compare it

with the drawing made by Robert Hooke.

Were you and your students able to see these

chambers like Hooke did?

Henceforth, we shall refer to these chambers as

cells.

Nowadays it is difficult to get hold of corks. But

do not worry; you can observe a section of

matchstick instead.

Were you and your students able to see these

chambers as Hooke did?

See what Hooke observed!

12

Figure 5:

Cells of a cork X100

Interestingly, for

years this picture was

considered to be that

of Robert Hooke.

However, in all

probability, this is a

picture of von

Helmont. No picture

of Robert Hooke is

available.



Figure 7

caption: a leaf peel

Figure 6c:

Onion peel X100

Activity 1b: Observing an onion peel

Peel an onion and cut out a small fleshy portion

from the bulb (figure 6a). Break this piece into two

small parts and try pulling them apart (figure 6b).

You'll notice a thin translucent film. Separate the

film (membrane), cut a small piece from it and

spread it evenly in a drop of water on a slide. Make

sure that it does not fold over. Cover it with a cover

slip and observe it under the microscope.

Activity 1c: Observing a leaf peel

While observing the onion peel we were, in fact, looking at

a peel from a modified leaf. But we could also take the peel

from a regular leaf and observe it. Any leaf can be used for

this, but it is better to use a fleshy leaf, such as rhoeo,

bryophyllum, calotropis etc. Make sure that the peel you

observe is taken from the lower surface of the leaf, that is, it

should be that part of the leaf which is towards the ground

while it is on the plant. To obtain the peel, tear the leaf and

take out the transparent membrane that is visible on the

torn edge. Now place it in a drop of water on a slide and

cover it with a cover slip.

13

Extracting a peel from an onion

figures 6a

figures 6b

There is a significant difference between the peel from a leaf

and an onion. You will see that while the onion peel is made up

of the same kind of cells, the leaf peel has different kinds of

cells. Make sure the students observe this difference. Figure 7

may be of help.



Compare the peels from an onion peel and a

leaf peel.

- L i s t t h e s i m i l a r i t i e s i n t h e t w o

membranes.

- List differences in the two membranes.

- Are all the cells of the same size and

shape in both the slides?

- Notice the variation in the cell sizes in the

leaf peel.

Cells: Initial understanding

Besides Robert Hooke, there were many others

observing cells. It is important to note that the

cork that Hooke observed was a dead material.

Later, people also examined living organisms

under the microscope. However, no one could

make out what these were. Although one thing

was clear that all the plants and other

microscopic organisms observed were made up

of cells. Robert Hooke had assumed that the cells

could be the channels that transported water to

the entire body of the plant, or the cells might be

places where the plant sap was stored. He even

thought that it might be because of these tubes

that cork was so light.

Till then, people had not turned their attention to

animal cells. One reason might be that it was easy

to examine plants. But gradually people started

observing animal materials too under the

microscope. In the next activity you also will

observe animal cells..

Activity 2:  Cheek Cells

For this activity, first rinse your mouth with

water. Now take a wooden or plastic spoon and

scrape the inner surface of your cheek. Keep

two things in mind. Firstly, wash the spoon

thoroughly before using it. Secondly, don't

scrape too hard, or else you could hurt yourself.

Now take the scrapings that you have got and

put it in a drop of water taken on a slide. Add two

drops of methylene blue solution and cover the

slide with a cover slip. (To make methylene blue

solution, take a pinch of methylene blue

powder and mix it thoroughly in 100 ml of

water.) After some time, observe the slide under

a microscope. The cells that you see would be

very similar to those shown in figure 8.

14

Figure 8:

Cheek Cells X 400



There are many other things you could get your

students to observe. Some suggestions are given

in Appendix 3. For example, observing the cross

section of a stem might help if you want to show

them different kinds of cells. This experiment can

be done with sections of dicotyledonous plants

like panwar (puwaria, chirota – Cassia tora),

bathua ( ), fenugreek orChenopodium aldum

some other plant with tender stem. You would

need to cut a thin cross section. To do this, hold

the stem as shown in figure 9a and make thin

sections with a sharp blade.

Put all the sections in water. Now choose the

thinnest section and place it in a drop of water on

a slide. Cover the section with a cover slip and

observe it under a microscope.

In this case you should observe whether all the

cells of the stem are same or whether there are

differences. Figure 9b shows how the section

would look under the microscope. The students

can note the number of different kinds of cells. As

it is, they have already observed diversity of cells

in the leaf peel.

The main objective behind these experiments is

to see if all organisms are made up of cells and

whether all cells are alike. Help students notice

the variety. This is important for the discussion

which follows.

It is important to note that observing animal cells

is relatively difficult. One reason is that plant cells

have a thick wall around them while animal cells

are only demarcated by a thin membrane. The

thick partitions seen between plant cells are

called cell wall. When the plant materials are

placed under the microscope, this cell wall is

clearly visible. In fact, the cell wall marks one of

the major differences between plant and animal

cells.

When we examine a cell, we only see the cell wall

or the membrane. This given us the feeling that

the cell is empty space. In fact, Robert Hooke

thought the same and hence the name 'cells'. But

15

Figure9b.

Cross-section of a

dicotyledonous

stem X 150;

We expect that after each observation,

the students have drawn a good

diagram. Come to think of it, these

diagrams are all that will be left with

them after they have done all these

experiment.

later observations made it clear that cells are not

just empty spaces. We shall also make some such

observations a little later.

Cross section of a

monocotyledonous

stem X 150

figure 9a.

Method for cutting cross sections



The observations of a scientist named Robert

Brown (1773–1858) have made a significant

contribution to our understanding of cells.

Among different parts of a cell, the nucleus is the

most well known. Though it is generally believed

that Felice Fontana (1730–1805) and a few other

scientists first saw the nucleus in the epithelial

cells (the outermost layer of the animal body) in

the 18 century, Robert Brown is given the credit
th

for observing the nucleus in different kinds of cells

and recognizing that it was an integral part of all

cells. While observing cells in the epidermis of

orchid leaves, Brown noticed a near-circular spot

that was slightly more opaque than the

surrounding areas (figure 10). He noticed that

similar structure was present in other cells as well.

Brown considered this structure an essential part

of the cell and called it nucleus.This was in the year

1831 which means that there was gap of over

hundred seventy-five years between the first

recorded observation of cells (around the year

1650) and the observation of the nucleus.

Incidentally, this is the same Brown whose name is

associated with Brownian motion.

This is what Robert Brown saw when he observed

the nucleus for the first time. Here we see about 20

cells in an orchid leaf epidermis; in each cell the

nucleus can be seen clearly. We can also see three

stomata here: stomata are the pores through

which the leaves exchange gases with the

atmosphere. During these years, major

improvements were made in microscopes as well.

In the early days, there used to be just a single lens

in the microscope. This is known as a simple

microscope. Gradually better lenses were made.

Compound microscopes, which used a

combination of more than one lenses, were also

invented. (It is generally believed that the first

compound microscope was made in the year 1595

by the scientist named Janssen. Robert

Hooke's microscope too was a compound

microscope.) With the advent of compound

microscopes, more detailed observations were

possible.

A significant observation

16

By this time, the efforts of several scientists had

established the fact that all living organisms have

cells and that each cell has a nucleus. Why don't

we also observe that part of the cell which is

considered to be an essential part of all cells? For

this, we need to use a special technique which was

not available to Robert Brown. The technique is

based on the fact that there are a few coloured

substances or dyes that get attached to different

parts of a cell. In other words, with these dyes we

are able to give a different colour to each part of

the cell. This helps to highlight that particular area

in the cell. These colouring agents are known as

stains and the process is called staining. We shall

use this technique to observe the nucleus. For this

we need to use a stain called saffranin. People

have found that red ink also works as an

appropriate dye for this purpose. Hence, you

could also use red ink for this experiment. By the

way, you have already made use of the staining

technique in activity 2 since methylene blue is

also a stain.

This is what Robert Brown saw when he

observed the nucleus for the first time. Here

we see about 20 cells of the epidermis of an

orchid; in each cell the nucleus can be seen

clearly. We also see three stomata here:

stomata are those pores through which the

plants exchange gases with environment.

Figure 10 cellstomata

The technique of staining



Activity 3a: Nucleus in onion cells

For this, you need to peel a membrane from an

onion once again. Now keep this membrane on a

slide and add 1-2 drops of the dye (saffranin,

methylene blue or red ink). (To make saffranin

solution, dissolve ¼ tea-spoon of saffranin in 100

ml of water.) Cover this with a cover slip and leave

it for about five minutes. Now add water drop-by-

drop from one side of the cover slip while

absorbing the extra water with a filter paper from

the other side. This will help in washing away the

extra stain. Now observe the slide under a

microscope.

Ask the students whether they are able to see red

spots within the cells.This is the nucleus. Figure 11

may be helpful.

Activity 3b: Nucleus in cheek cells

You could also take cheek cells, stain them with

saffranin or methylene blue and try to observe

the nucleus in them.

Activity 3c: Nucleus in Aloe vera leaf

cells

Extract a peel from an leaf. Keep it on aAloe vera

slide and observe it under a microscope. You will

be able to see the nucleus very clearly even

without staining by adjusting the light falling on

the material. To do this, tilt the mirror or adjust the

condenser of the microscope slightly. Structures

inside the cell can be seen more clearly by

reducing the amount of light with the help of the

condenser,Try it for yourself and see what you can

observe.

In the following sections you will find that nucleus

is one of the most significant organelles in the cell.

However, it took many years for its function to be

revealed. Meanwhile, scientists made a lot of

conjectures about what its role could be.

17

Nucleus in the cheek cells

Figure 11:

Nucleus of an onion cell

The dye gets attached to different parts of

cell in various measures during staining

process. This helps us to not only see the

parts clearly but also get an idea about the

chemical composition of these parts since

dyes react with cell component differently.

Were you able to see the nucleus in all the cells?



Emergence of Cell Theory

These statements by Schleiden and Schwann are

considered to be the beginnings of the cell

theory. If we consider both accounts, the crux of

the theory that emerges is that all living

organisms are made of cells and their growth and

development occurs through the creation of

new cells.

These statements gave birth to a whole lot of

new ideas in the Life Sciences. The first and

foremost among these was that, be it an animal

18

The observations so far made it clear that all

living beings are made of cells and that each cell

has a nucleus. Around 1838-39, two scientists

expressed this in the form of a theory. The

scientists were Matthias Jakob Schleiden (1804-

1881) and Theodor Schwann (1810-1882).

Schleiden was a botanist while Schwann was a

zoologist. For the record, it should be mentioned

that quite a few scientists had recognized by that

time that cells were present in all living

organisms and were expressing it in their own

ways. However, Schleiden and Schwann were the

first to claim that this fact was true for the entire

plant and animal kingdom. In other words, they

took the first bold step of generalizing from

observations and coming up with a theory which

was applicable to the entire living world. And

because of this, the credit for propounding the

cell theory goes to them. What is noteworthy is

that there was a gap of about 200 years between

Robert Hooke's first observation of cells and the

formulation of the cell theory.

An important point needs to be kept in mind

here. In life sciences, it is very difficult to make

generalizations, as it is impossible to study all

organisms. Hence, at some stage during the

evolution of our knowledge about any concept, it

becomes imperative to decide that a certain

construct can be considered as fundamental or

be elevated to the status of a general principle.

In the year 1838, Schleiden stated that all plants

are made up of cells or their products. In other

words, the entire plant body is made up of either

cells or materials produced by cells.

On the other hand, Schwann stated this a tad

differently:“the elementary parts of all tissues are

formed of cells” and that “there is one universal

principle of development of the elementary

parts of organisms... and this principle is the

formation of cells.” In other words, most parts of

an animal are made up of cells and these parts

develop by the constant creation of new cells.

or a plant, its body is composed of cells. Whoever

would have thought that there would be such

fundamental similarity in the make up of rhinos

and roses?! In other words, the cell theory

established a connection between the plant and

animal kingdoms. The unification of the world of

flora and fauna that began with this has

continued to be strengthened at various levels

over the years.

Secondly, the study of cells became a significant

aspect in the understanding of life. Indeed, the

cell can be called one of the most fundamental

concepts in modern biology. The concept of

organic evolution was already emerging. The

basis of this concept was that organisms change

continuously. More specialised disciplines like

genetics and the study of DNA etc. came in much

later. In a way, these latter concepts could be

Figure 12

A few animal cells as seen by Theodor Schwann

Did it ever cross your mind that there could be

such similarity in organisms seemingly so

different?



A picture depicting 1922

understanding of the internal

structure of a typical cell. This

figure is based on the picture

published in the book The Cell in

Development and Inheritance by

Edmund Wilson in that year.

centrosome nucleolus

nucleus

Figure 13.

cytoplasm

vacuole

chromatin

termed as offshoots of the basic cell theory. The

cell theory rests on the understanding that the

cell is the minimum or basic unit of life.

Thanks to the work of scientists like Hooke,

Schleiden, Schwann, Virchow, Brown and many

others, the following components of a cell had

come to light thus far:

I. cell wall and cell membrane (in plants)

or only cell membrane (in animals);

ii. cytoplasm, the viscous liquid filling

the interior of cell; and

iii. nucleus

Matthias Schleiden

Theodor Schwann

It is generally said that the cell theory is the

gift of Schleiden and Schwann. Yet on the

basis of the details given above, is it proper to

attribute cell theory to only these two

scientists? In fact, is it at all correct to

attribute any particular theory in science to

just one or two individuals?
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Legend has it that Schwann and Schleiden were

discussing their observations about different cells over

a cup of coffee after dinner one night in the year 1838.

As Schleiden was talking about the nucleus that he had

found in plant cells, Schwann remembered that he too

had seen something similar in animal tissues. Both the

scientists hurried to Schwann's laboratory and looked

at the slides. This discussion resulted in the creation of

two individual versions of the cell theory: one by

Schleiden in 1838 and another by Schwann in 1839.

Schwann made the following statements about cells in

his book:

1. The cell is the structural and functional unit of

all organisms.

2. The cell has a dual role: one, in the form of an

independent unit; and two, in the form of a

structural unit in the organisms.

3. Cells are formed by free cell formation, just

like crystals.
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Discovering new cell organelles

It soon became evident that the cytoplasm was

not a homogeneous fluid. Some biologists

regarded it as fibrillary, whereas others described

it as reticular, alveolar or granular. There were

several reasons for these different descriptions.

The major reason was the manner in which the

material was prepared for observation, how it

was stained and fixed. In the course of these

processes, the cytoplasm coagulated differently

giving rise to different appearances.

Gradually the techniques improved and the

internal structures took a more definite shape.

The microscope and methods for study slowly

became more advanced. As a result, by the end of

the nineteenth century almost all the major

components of the cell had been discovered. For

example, in the year 1897, the ergastoplasm (that

is, endoplasmic reticulum) was described.

Similarly, a few scientists saw mitochondria and it

was named as such in the year 1898 by Carl Benda

(1857-1933). In the same year, Camillo Golgi

(1843-1926) discovered another structure in the

cell, named the Golgi body in his honour. While

studying various organelles in the cytoplasm,

scientists also learned that the nucleus itself was

not an undifferentiated entity. It was also

constituted of many different structures. It might

not be possible for the children to see all these

organelles and the internal details of the nucleus.

You have already observed the nucleus. The

mitochondrion is another significant organelle,

but it is difficult to observe. The mitochondria are

scattered all over the cytoplasm. If you would like

to try and observe mitochondria, please refer to

the method given in Appendix 3.

While mitochondria are found in both plant and

animal cells, there is one organelle found only in

plant cells and that is the chloroplast. It is easily

seen and can be found in the green parts of many

plants.

A strange fallout of

the cell theory

One of the impacts of the cell theory

was that it led to the perception of

living organisms in terms of their

constituent parts. In other words,

people began to believe that an animal

was a sum of its cells. Look at an

example. The cell theory led to the idea

of cell pathology. According to this

concept, illness was some sort of

disorder in the cells. Particularly, a

scientist named Rudolph Virchow tried

to establish this idea through his book

Ce l l Pat h o l o g y ( 1 8 9 7 ) . As t h e

understanding of cells and their

relation with the organism grew, this

idea was refined and took the form of

molecular pathology.

Rudolph Virchow 1821-1902



Mention must be made of a difficult challenge faced by the

nascent and evolving cell theory. While the cell theory

claimed that the bodies of all living organisms were made

up of cells, observations of the nervous system seemed to

indicate that this particular system was not made of cells,

rather it was spread out like a continuous network

throughout the body. The nervous system is extremely

complicated and hence, it was quite difficult to study it.

It was Karl Dieter (1834–1863) who first observed the nerve

fibres in the middle of the 19th century. He saw that these

consisted of a soma (cell body), dendrites (extensions of the

cell cytoplasm) and nerve fibres (axon). However, it was so

complicated that he was unable to establish the connection

between the soma and the branch-like extensions

emerging from it (dendrites).

Next, another scientist stated that the sensory and motor

nerves are directly connected to each other in the spinal

cord. Slowly people came to believe that all the nerves in a

body are connected to each other. That is, nerves form a

network of cytoplasm that makes communication between

various parts of the animal body possible. It was assumed

that nerves were not constituted of separate cells; instead

they were a complex network of cytoplasm (gigantic

syncytium).

The primary reason that led to this misleading notion was

that it was extremely difficult to study nerves, as it was

tough to isolate a single neuron for study. Besides, the

branches on the ends of dendrites were also not visible with

the then available magnification and staining techniques. It

seemed as if the fibres were continuous. As a result, nerves

were accepted as an exception to the cell theory.

The scientist Wilhelm Hiss has been credited with

establishing that the soma and its branch-like extensions

form a separate unit. He also proved that the axon

terminates after extending upto a particular point and

there is a gap before the next nerve cell's dendrites begin.

Thus, nerves are made of independent cells too. He also

made it clear that the interaction between the nerves is

possible not because of their continuity but due to their

proximity. After this, the nervous system also got included

within the ambit of the cell theory.

Nerve cells of the human brain

Figure 14:

Two adjacent nerve cells are shown

here. Because of such proximity, it was

difficult to ascertain where one cell

ended and the other began.

nerve fibres

dendrite

axon

axon
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Cell theory and nerves
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Activity 4a: Chloroplast in

hydrilla leaf

Hydrilla is an aquatic plant with very small

leaves. In fact, any aquatic plant can be

used for this activity. Keep a hydrilla leaf

on a slide and observe it under a

microscope. The chloroplasts are visible as

green dots in the leaf cells. If you use the

high power objective, you'll also be able to

see the chloroplast streaming in the cells

at the edge of the leaf.

Activity 4b: Chloroplast in Rhoeo

Extract a peel from the greener surface of

the Rhoeo bicolor leaf and observe it

under the microscope.

Are you able to locate green dots in the

cells?

These are the chloroplasts.

Activity 4c: Chloroplasts of

different shapes

Get some algae from a pond. Algae consist

of thin filaments. Place one or two such

filaments on a slide and observe these

under a microscope.

Draw pictures of the chloroplasts that you

see.%

We observed various kinds of cells and also saw

different organelles within the cell such as the

nucleus and the chloroplast that are easily visible.

As is evident from the above account, it took

about two-two and a half centuries before all the

structures in the cell were described. This gradual

development closely corresponded with

improvements in methods and techniques. As

new techniques developed, it became possible to

study the cell in greater detail and our

understanding of the cell's internal processes

also grew.

As we noticed, the early microscopes used to

study cells were optical microscopes, which you

A synthesis of observations: The typical cell

Figure 15c:

Chloroplast in

aquatic plants X400

Figure 15a:

Chloroplast in the

hydrilla leaf X100

Figure 15b:

Chloroplast in a leaf

X400
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have also been using. In these, light rays are used

to examine the materials. Different parts of the cell

interact with light differently which make it

possible to visualize them separately. Use of

lenses helped magnify the objec t and

development of compound microscopes

enhanced our power of observation many fold.

Then came the techniques of staining. There are

certain substances that get preferentially

attached to some parts of the cell and colour

them. This enables us to differentiate between

them. Florescent staining has also been a very

useful technique.

However, the magnification power of optical

microscopes is limited to about 3000. In other

words, with these optical microscopes the image

can be up to around 3000 times the size of the

original object. This was the limit of magnification

till around 1940.

During the 1940's, emergence of two new

techniques brought about a revolutionary

change in the study of cells. These were electron

microscopy and the use of centrifuge

With the help of an electron microscope it is

possible to get a magnification of about ten

thousand to a million times the size of the original

object. Thanks to such astounding magni-

fications we have been able to see the cell in great

detail, and the structure of its various organelles

has been revealed.

Centrifugation has also proved to be an effective

technique in the study of cells. How does this

work? If the solid particles are suspended in a

liquid medium, they slowly settle down at the

bottom due to gravity. The rate at which these

particles settle down depends on their respective

densities. In a centrifuge, the suspension is spun

at very high speeds so that the effective force on

the solid particles is increased leading to an

increase in sedimentation rate. In order to study

cells using this technique, the cell membrane is

broken open and the cell contents suspended in

a fluid medium and centrifuged. This leads to the

various organelles getting separated. With the

help of this technique the functions of different

organelles can also be studied.

With the help of these techniques it has been

possible for us to get a detailed picture of the cell.

The account that follows is a combined result of

with

an optic microscope,

with an electron microscope

Nucleus in a cell

Electron microscope and

the Centrifuge

In the microscopes that we generally use, light

interacts with the material under observation.

Different parts of the material affect light

differently. In the electron microscope electron

beams are used instead of light. The

wavelength of the electron beams is 100,000

times less than that of light. Because of this,

the object can be magnified to a much greater

extent. A magnetic lens is used in place of a

glass lens to focus the electron beams in the

electron microscope.



all these efforts. In fact, the study of cells has

progressed along three main streams. The first

stream is the study of the chemical composition

of the cell and its components. The chemical

compounds present in the cell, their structures

and so on have been studied in great detail. In

this field of study, we can start with atoms and

molecules and try to understand how they

combine to give the complex chemical

compounds that are eventually organized into a

cell.

Another stream relates to the cell's functioning.

In this, we consider the cell to be a part of an

organism and treat it as the smallest unit for the

proper functioning of the organism. In other

words, this is one level of organisation. The

objective behind viewing cells from this angle is

to study the interactions between cells and try to

understand how different cells work in co-

ordination to allow the entire organism to

function as a coherent whole.

a bacterium cell

The third stream is a combination of the first two.

In this, we also try to understand the various sub-

units of the cell, the manner in which their

structures are maintained and how they function.

Whereas the cell is the smallest unit in plants and

animals, in some organisms it is not only the

smallest, but the only unit. These organisms are

made up only a single cell. Some of the micro-

organisms observed by Leeuwenhoek are

composed of only one cell, and we have also

observed some of them. Yeast, bacteria,

paramecium, euglena, amoeba are unicellular

organisms. It is quite astonishing that all the basic

l i f e f u n c t i o n s ( n u t r i t i o n , r e s p i r a t i o n ,

reproduction, excretion) occur within that single

cell in these organisms..

Two kinds of cells
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There are two types of electron microscopes:

the transmission microscope and the

scanning microscope. Electron microscopes

enable us to see the structures of cell

organelles in great detail. The importance of

the electron microscope was acknowledged

by awarding the Nobel Prize to Ernst Ruska

who had developed it in 1932. However, he

was given this award only in 1986, a full 54

years after his achievement!Ernst Ruska Max Naal

Cells can be broadly classified into two types.

There are some cells that have a distinct nucleus.

These are called eukaryotic cells. Then there are

cells that lack a distinct nucleus. These are called

prokaryotic cells. Bacteria are examples of

prokaryotic cells. Here we will be talking

primarily about eukaryotic cells. There are

important differences between eukaryotic and

prokaryotic cells. We shall discuss these

differences towards the end of this chapter.



We observed quite a few cells during various

activities in this module. Superficially, there are

many differences among these cells. If that is the

case, what is point in saying that the cell looks like

this? Textbooks usually include figures of a plant

and an animal cell. But when we actually see any

cell under the microscope, its image does not

match the ones given in books. That is because

the picture depicted in the textbooks is that of a

typical plant or animal cell. This picture does not

belong to any particular cell; rather it is a

composite picture based on the observations of

many cells.

This picture is constructed on the basis of

information derived from various sources too.

Primarily, cells are studied under the optical

microscope. When we observe the cell with a

compound microscope, we get to see only the

following organelles: cell wall, cytoplasm,

nucleus, chloroplast and the mitochondria.

However, when the same cells are observed

under an electron microscope, a few other

structures become visible. In a comprehensive

illustration of the cell, these organelles and

details are also included.

It is not at all necessary that all the organelles

shown in the typical plant or animal cell would be

found in all the cells, though all cells might have a

few organelles in common. For example,

chloroplasts are always shown in the typical plant

cell, yet all plant cells do not have chloroplasts.

You too must have noted that chloroplasts occur

only in some cells of green parts of the plant, like

the leaf and tender stem.

So how do we understand and explain a typical

cell? We try and create a model of what a cell is.

The organelles that feature in most of the cells are

included in this model. The typical cell provides a

way to study cells. Once we arrive at such a model,

we can compare any cell with it.

Apparently plants and animal cells seem very

different, yet on a closer look, there is not much

difference between them. The structure and size

of both cells are similar. Although sizes might

differ greatly, yet the diameter of most cells is

about one hundredth of a centimetre. There is

very little difference in the cells of organisms of

different species. Almost similar organelles are

found in all the cells..

If you consider the cell at the level of fundamental

processes, there is not much difference between

the cell of a human being and a rat or the cell of a

moss and a rose. In the same way, cells of an

animal or a plant are likely to have more

commonalities than differences. For example,

cells of a liver and kidney may be somewhat

different, yet they are very similar. When there is

greater similarity rather than differences, it helps

to have a composite figure that highlights the

similarities. The typical cell is an artificial

construct that highlights such similarities. To

facilitate studies, two distinct models of the

typical cell have been made: a typical plant cell

and a typical animal cell.
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A synthetic picture

Figure 16:

Picture of a typical cell in 1962

cytoplasm

endoplasmic
reticulum

Golgi body

plasma
membrane

mitochondria

nuclear
membrane

ribosome

nucleus
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Summary miraculous vital force and was called protoplasm.

Later, the word protoplasm was abandoned and

replaced by the term cytoplasm. See box about

the nomenclature of protoplasm.

By the 1830's, it had become clear that all plant

and animal cells had an oval/spherical structure

slightly darker than cytoplasm. This was called

Cells: So small, so many

In 1663, Robert Hooke had estimated that

about 1 billion cells would be present in one

cubic inch (approximately 15 cubic cm.) of

cork. So you can imagine how small these

cells actually are. There are about 2 trillion

cells in the body of a new-born baby; and the

figure comes close to 60 trillion in an adult.

When you look at your favourite painting, you

do so with the help of 125 million

photosensitive cells present in the retina and

this information reaches your brain through 1

million nerve cells. When you donate blood

you give away about 5.5 billion cells at one go.

And each day your body discards about 1 per

cent of the total number of cells (that is 600

billion cells!) and creates new cells in their

place.

Let us try and get some idea about the size of

these cells. From the figures given above, it is

clear that the cells are very small in size. But

exactly how tiny? Some bacteria are just 0.2

micrometers in length. One micrometer is

equal to 1/10,00,000 of a metre, that is,(10- )6

1/10,000 of a centimetre or 1/1000 of a

millimetre. On an average, animal cells are 20

micrometers long. Incidentally, one needs to

keep in mind that a few animal cells can be

quite large. For example, the diameter of the

ostrich's egg cell is roughly 7 cm. Please note,

the ostrich egg is just the yellow portion

(yolk). Similarly, a few nerve cells in a giraffe's E. coli bacteria,
about 3 micron

Amoeba,
about 500 micron

image of nerve cells as
seen under the scanning
microscope,

about 0.004 mm

grains of rice,
about 8 mm. each

Paramecium,
about 0.25 mm.

In this section, we shall summarize the history of

study of cells and discuss a typical cell. According

to the initial cell theory, the cell was a box-like

structure filled with some transparent material. It

was believed that this substance contained a



body extend from its legs to the brain and are

about 3 m long.

However, barring a few exceptions, almost

all cells in a plant or an animal are similar in

size. And the size of cells of different

organisms varies between 1 and 100

microns. Children (and sometimes even

adults) have mistaken notion that the cells of

large organisms are bigger than the cells of

small organisms.

While observing the cells you too can

estimate their size fairly well. Particularly, it is

quite easy to find out what the size of the

cells in an onion peel would be.

The method makes use of a graph paper with

1 mm squares. Observe the graph paper

under the microscope using the low power.

Without moving you eyes, see how many

millimetres you can see at a time along the

diameters of the view. Now observe the slide

of an onion peel in the microscope under the

same magnification and try to count the

number of cells along the diameter you see

at one go. These observations will give you a

tentative idea about the length and breadth

of a single cell. However, you might face a

problem since the lines on the graph paper

look very blurred under the microscope and

it is difficult to make out individual lines.

Hence, for this activity, we need a graph

paper with finely drawn and sharp lines.

Figure 17:

Measuring cell size with graph paperi

Microscopic
image of the
graph paper X 400

oval or cylindrical in shape. These granules were

named mitochondria. Our understanding of the

structures within the cells did increase

exponentially after the development of electron

microscope which became available during the

1930's.With the electron microscope, the nucleus

and the mitochondria could be seen in greater

detail. It came to light that even their structures

are quite complicated. The electron microscope

27

1 m.m.

the nucleus and the membrane that separated it

from the cytoplasm was named the nuclear

membrane.

Then, during the 1880's and the 1890's, it became

clear that the cytoplasm itself was not

homogeneous; it was found to be a granular and

jelly-like substance. The best microscopes

available at that time revealed granular particles

scattered in the cytoplasm. These bodies were

Onion cells in the
same magnification



also made it clear that the cytoplasm too is

not homogeneous in nature. The pictures of

the plant and animal cell that were revealed

by these observations are given here

(Figure 18).

So the story of cell, which began with a

membrane filled with some clear fluid,

gradually got new structures. The

cytoplasm began to be seen as a network of

fibres, membranes and other tiny particles.

The homogeneous fluid was now viewed as

having membranes woven into a rug-like

pattern. Along with this it also became clear

that the different functions performed by

the cell occurred in its organelles. This gave

rise to questions as to how does a cell

function like a co-ordinated unit. We shall

not go into this question here. Instead, we

shall conclude the discussion of cell

structure with a brief description of a few

common organelles.
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A Republic of living elementary units

We saw that the evolving cell theory gradually

became a common structural foundation for

Life Sciences. No matter how Schwann or

Schleiden had described it, according to one

scientist the crux of cell theory was that all

organisms were republics of living elementary

units.

This is a very apt statement of the cell theory.

We will see that any cell plays a dual role like a

citizen in a republic. On the one hand, it has an

independent existence, and it performs certain

functions that help keeping it alive. On the

other hand, being part of an organism, the cell

carries out activities that are essential for the

life of the organism.

Take an organ of our body for example.The cells

in our pancreas respire, use nutrients to build

Protoplasm vs. cytoplasm

For a long time it was believed that the

essence of life was stored in the fluid found

inside the cell. Hence this was named

protoplasm which means life fluid. But when

it became clear that the fluid is basically a

medium in which various particles and

membranes float around and that the

functions of the cell actually take place in

these organelles, it began to be understood

that life resided in this organisation. In

particular, after the discovery of the nucleus,

it was recognized that the material inside and

outside the nuclear membrane are different.

Hence, protoplasm was renamed as

cytoplasm, that is, cell fluid. The fluid inside

the nucleus came to be known as the nuclear

fluid or nucleoplasm.

various molecules and also divide to give rise

to new cells. These functions are essential for

their survival. But there are cells in the pancreas

that secrete enzymes and hormones as well.

The enzymes help in digestion while

hormones perform other functions in the

body.

Many cells coming together to give rise to an

organism demonstrate another recurring

theme in biology. When some units come

together to give rise to a new level of

organisation, the characteristics of this new

unit are not merely the sum of its constituent

units. At this higher level of organisation, some

new characteristics appear that were absent in

the constituent units. These are called

emergent properties and are seen at every

level of organisation of life.
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Figure : 18a

A typical animal cell;

These figures are based on the observation of a number of

cells with an electron microscope. The pictures are not

drawn to scale. The figures basically depict the internal

structure of organelles found in the cell.

Figure:

18b: A typical plant cell
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Figure 20:

Cells in a tomato peel X 450

cell wall

Cell Membrane

The cell membrane is the outermost layer of the

cell that separates cytoplasm from the external

environment. This is also known as plasma

membrane. It defines the shape and size of the

cell, encloses the cytoplasm and protects it from

the external environment. The internal

environment of the cell is different from outside.

Inside a cell, one finds a very specific composition

and the balance of various substances is

maintained constant. The cell membrane plays a

crucial role in maintaining this balance.

Any substance entering or leaving the cell can do

so only through this membrane. The uniqueness

of this membrane lies in the fact that it does not

allow each and every substance to pass through

it. The exchange of substances through the cell

membrane happens very selectively. Hence it is

known as a selectively permeable membrane.

This characteristic of the membrane enables it to

control the exchange of substances.

Incidentally, the cell membrane has another

function as well. The cell membrane has specific

identifying markers or labels that help the cells to

recognize each other. In other words, establishing

the cell's identity is also the responsibility of its

membrane. This function of the membrane is

immensely important. In the initial phase of

development in animals new cells are created and

transported to other parts of the body. Then, the

new cells are identified at their final position by

these markers on the membrane. This affinity

created between the cells plays a significant role

in the development of tissues and organs.

Moreover, if a foreign cell enters the body, the

body's own cells are able to recognize it as an alien

body.

While the plasma membrane acts as the outer

layer in an animal cell, in a plant cell there is a

strong layer of cellulose outside the cell

membrane which is known as the cell wall.This is a

unique feature of plant cells and is considered one

of the major differences between plant and

animal cells.

The cell wall is a rigid or flexible porous layer that

lends a definite shape to the cell and it also

provides protection. Earlier it was believed to be

an inactive wall, but it is now considered to be an

important organelle of the cell that continuously

exchanges information with other cells during

growth and development.

Figure 19 :

Cells of a boiled potato as seen under the scanning

electron microscope (magnification unknown)



Observing the cell membrane of the Rhoeo leaf

Activity 5: Observing the cell membrane

It is not possible to observe the cell membrane

directly. We only get to know of its presence in an

indirect manner. To do so, we need leaves of

Rhoeo bicolour. It is an ornamental plant with

leaves that are green on the upper surface and

purple on the lower.Take a leaf from this plant and

peel a membrane from the purple surface. Place it

on a slide in a drop of water and observe it under a

microscope (figure 21a).

Now put 1-2 drops of dilute salt solution on the

membrane and leave it for 5 minutes. Observe it

under the microscope once again (figure 21b).

What has happened is that the cytoplasm has

shrunken together with the cell membrane

because of the salt solution. The outer boundary

of the coloured portion is actually the cell

membrane which has separated from the cell wall.

You can make the concentrated colour spread

over the entire cell once again. For this you need

to wash the membrane with water and leave it for

some time (5 minutes).

This is one of the most important organelles of the

cell. This is also known as the cell's control room.

The nucleus is the largest and most distinct of all

cell organelles. Robert Brown named it in the year

1831, but he had no idea of its function.

Schleiden, who was one of the proponents of cell

theory, thought that new cells were created from

the nucleus and he called it the cytoblast.
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nuclear membrane

nuclear vesicle

ú

Nucleus

Figure 21a

Figure 21b

Image 22

Image of a cut-out

segment of a nucleus

Do you see the cells filled with a pink

substance?

Image of the nucleus as

seen under the

scanning electron

microscope

Do you see the pink substance shrunken

into a portion of the cell?



proteins is carried from the nucleus into the

cytoplasm in the form of another molecule

known as RNA. Manufacture of proteins takes

place in organelles known as ribosomes.

Ribosomes are like tiny particles scattered

throughout the cell. Mostly, they are found

sticking on the surface of the endoplasmic

reticulum. As mentioned above, the process of

protein production occurs in these ribosomes

based on the information received from the

nucleus.

When the cell was observed under the electron

microscope, a network of membranes was

observed throughout the cytoplasm. This

network creates passages within the cytoplasm

for the transport of substances from one part of

the cell to another. This network of membranes is

known as the endoplasmic reticulum.

Barring a few exceptions, all eukaryotic cells have

a nucleus. Red blood cells in some mammals and

phloem sieve tube in plants are examples of cells

that do not have a nucleus. Even these cells do

have nuclei in the beginning, but it is later thrown

out of the cells and destroyed.

The nucleus regulates and controls all cell

functions and determines the characteristics of

the organism. It is the bearer of all genetic

information. The nucleus is also closely related to

the process of cell division.

A membrane separates the nucleus from the

cytoplasm. This is very similar to the cell

membrane. There are a lot of pores in this

membrane through which materials can be

exchanged. Almost the entire genetic material of

the cells, namely the DNA, is found in the nucleus.

The DNA is combined with other substances to

form chromatin which condenses during cell

division in the form of chromosomes. Chemical

units called genes in DNA determine what

proteins can be produced in that particular cell.

Genetic traits are determined by the proteins

produced. The information needed to produce
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Ribosomes

Figure 23: The

information used to

produce proteins

reaches the ribosomes

present on

endoplasmic reticulum

from the nucleus.

Proteins are produced

in the ribosomes and

transported to the

Golgi bodies in

vesicles. The proteins

get packaged in the

Golgi bodies and are

sent to the other

parts of the cytoplasm

or outside the cell.

Nucleus

ribosomes

Golgi body, cell
membrane

vesicles

cytoplasm

endoplasmic reticulum



In 1934, a German biologist Joachim Hammerling

proved, on the basis of experiments performed on

a m a r i n e a l g a Ac e t a b u l a r i a , t h a t t h e

characteristics of any organism are determined by

its nucleus.

In his experiments, Hammerling took the base of a

flower-capped Acetabularia (devoid of the stalk

and the cap) and attached the stalk (devoid of the

cap and the base) of an umbrella-capped alga to

it. The cap that grew on this alga was a cross

between the flower and the umbrella type. This

meant that certain substances from the base and

from the stalk together were responsible in

determining the shape of the cap.

Hammerling then removed the cap from this

hybrid alga. The cap that grew this time looked

like a flower. In other words, its shape now totally

depended on the base, that is, some substance

generated by the base was deciding the shape of

the cap.

Hammerling had already observed that the

nucleus of the algal cell was present in its base.

Based on several such experiments, biologists

concluded that the nucleus has the information to

create all the different kinds of cells in the

organism.

However, the next question was, how does

the entire organism with so many different

kinds of cells develop from a single cell?

Offspring inherit the traits of their parents

through a single cell, the zygote, from which

they develop. This indicates that nucleus is

a l s o r e s p o n s i b l e f o r c a r r y i n g t h e

characteristics from one generation to the

next.
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Experiments with Acetabularia

root

stalk

cap

This marine alga consists

of a single cell. I t is

basically a long thread-

like structure (approx. 6

cm.) that has three parts:

b a s e, s t a l k a n d ca p.

Different species of this

alga have caps of different

shapes. Some caps look

like the inverted umbrellas

while others look like

flowers. If the caps are cut

off, they grow again.

Acetabularia

Figure 24

flower capped algaa mix of
umbrella-flower cap

flower-cap alga A. crenulata

A. mediterranea

root

stalk

cap



It was found that when a cell was ruptured and its

material analyzed, it contained some enzymes

that had the ability to destroy almost all the

substances of the cell. The question which

troubled the scientist was why these enzymes did

not actually destroy the cell. This enigma was

solved when lysosomes were discovered as tiny

particles visible in the cytoplasm. It became clear

that destructive enzymes are contained in the

lysosomes and normally do not come in contact

with the rest of the cell.The materials that need to

be destroyed are transported to the lysosome.

Occasionally, under special circumstances, the

lysosomes burst open and the enzymes thus

released digest the cell from within. Hence,

lysosomes are also known as the suicidal bags of

the cell.

Golgi body
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Golgi Body or Golgi Apparatus Lysosome

Mitochondria

Mitochondria are small, spherical or cylindrical

organelles. Generally a mitochondrion is 2-8

micron long and about 0.5 micron wide. It is

about 150 times smaller than the nucleus. There

are about 100-150 mitochondria in each cell.

When seen under the optical microscope, the

mitochondria appear as oval or cylindrical dots in

Although Camillo Golgi had observed this

organelle in the year 1898 using an optical

microscope, its finer structure could be observed

only under an electron microscope. This organelle

is also made up of several membranes. These

membranes create sac-like structures around

which many fluid-filled vesicles abound. The

proteins and other substances produced in the

ribosome reach the Golgi body through these

vesicles. Here, these substances are altered

slightly. In a way, the function of the Golgi bodies

is to package various substances before they are

transported to other parts of the cell. From here

these substances are either sent towards the cell

membrane or to another organelle, the lysosome.

After reaching the cell membrane these

substances are either used to reconstruct the

membrane or are secreted from the cell.

The number of Golgi bodies varies from cell to cell.

Their numbers are particularly large in those cells

that secrete hormones and enzymes.

Image 25:

Image of the Golgi body as

seen under the scanning

electron microscope.

Figure 25: Image of the Golgi



Longitudinal

section of a

chloroplast
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Chloroplast

the cell. Electron microscope reveals their unique

internal structure in great detai l . The

mitochondria often shown in the diagrams of

typical cell can be deceptive because what is

usually depicted is, in fact, the internal structure

of the organelle as seen in a longitudinal section.

Information derived from the electron

microscope shows that the mitochondria are

made of a double-membrane. The inner

membrane protrudes into the interior in folds and

forms structures called cristae; the space between

cristae is known as the matrix.

Mitochondria are responsible for cellular

respiration, a process through which the cell

derives its energy to do work. Because of this,

mitochondria are also known as the cell's

powerhouse.

This is one organelle not found in animal cells.

Chloroplast is present in the mesophyll and

palisade cells of the leaves. It is also present in the

green stems of plants. In most cases, chloroplasts

are disc-shaped, oval or lenticular. However, in

algae, these can be found as ladders, stars, spirals

or reticular.

The diameter of chloroplasts in higher plants can

vary between 4 and 10 micron. The primary

function of chloroplasts is to absorb the energy of

sunlight and transform it into chemical energy.

This process is called photosynthesis and it

involves making carbohydrate by combining

carbon dioxide and water.

Chloroplast in cells

Image 27

matrix

cristaecristae

Figure 26: Image of a Mitochondrion as seen under

transmission electron microscope



The cytoplasm which remains even after removing

the above-mentioned organelles is also not a

homogeneous fluid. A whole network of thin fibres

and tubes extends from the cell membrane to the

nucleus. These stabilise the structure of the cell and

can be likened to the scaffolds that support a tent.

This network of fibres and tubes is known as the

cytoskeleton.

Cytoskeleton

Mitochondria and chloroplast

An interesting fact

Mitochondria and chloroplasts are special in

the sense that both these organelles have

their own DNA. This is apart from the DNA

found in the nucleus. Besides this, there are

other facts which led scientists to believe

that perhaps at some point in history these

two (i.e. mitochondria and chloroplast) were

independent organisms that somehow

became part of the eukaryotic cell.
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In fact, a chloroplast is a special kind of plastid,

which is a common organelle found in plant cells.

Other than chloroplasts, leucoplasts (white

plastids) and chromoplast (coloured plastids) are

also found in plant cells. Plastids are responsible

for the colourful petals found in flowers.

Prokaryotic Cells

chloroplast

mitochondria

Vacuoles

There are a few fluid-filled sac-like

structures found in cells. These are called

vacuoles. While vacuoles are quite small in

animal cells, plant cells have large vacuoles

and in mature plant cells they might

occupy almost the entire space.

Specific substances are stored in these

vacuoles. Vacuoles also regulate the

osmotic pressure of the cytoplasm.

Figure 28:

Corn leaf cells as seen under transmission electron

microscope;

vacuoles

nucleus

The above description was primarily about

eukaryotic cells. We have mentioned

earlier that bacterium is a prokaryotic cell.

Cyanobacteria (blue-green algae) too fall

in this category.

Prokaryotic cells are also enclosed in a cell

membrane and a cell wall. However, quite

a few organelles are not found in these

cells. As mentioned earlier, prokaryotic



either. Nevertheless, they have ribosomes.

Chlorophyll is also found in photosynthetic

bacteria, though not organized inside

chloroplasts.

The fact that these cells do not have a nucleus

does not mean that they lack DNA as well. The

only difference is that DNA exists as a circular

structure in prokaryotic cells.

Since prokaryotic cells lack many organelles, most

functions associated with these organelles take

place in the cytoplasm itself. A few functions are

carried out on the inner surface of the cell

membrane. For example, most of the functions of

the mitochondria occur on the inner surface of

the cell membrane.

So this was a brief account of a typical cell. While

reading this you need to keep a few things in

mind. Firstly, the internal structure of the cell is
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cells do not have a nuclear membrane and thus

they lack a well defined nucleus. In fact, most cell

organelles found in eukaryotic cells are not found

in prok ar yot ic cel ls . For example, the

mitochondria, the endoplasmic reticulum and the

Golgi apparatus are absent in prokaryotic cells.

The prokaryotic cells do not have a cytoskeleton

Image of a prokaryotic cell (E.Coli) as seen

under an electron microscope

Activity 6: Observing vacuoles

It is a bit difficult to observe vacuoles since

they are almost transparent. However,

they can be seen in the leaves or stem of

any succulent plant (like the torch cactus).

The picture given here will help you to

identify the torch cactus.Take a thin cross-

section of its stem and stain it with dilute

saffranin solution. Now observe the

section under low as well as high

magnification. The large empty spaces

visible in the cells are vacuoles.

You will also see many yellowish-green

chloroplasts in these cells.

Figure 29a:

Torch cactus plant

chloroplast

vacuoles

29b: cross section of the stem

of torch cactus as seen under

the microscope X100
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responsible for secretion of hormones and

enzymes may contain 5-6 Golgi bodies. Some

cells have a large number of mitochondria.

Similarly, cells in the green parts of plants may

contain up to 40-50 chloroplasts.

The third thing is that in pictures and diagrams,

the cell appears to be flat. In reality, cells are three

dimensional structures that also have depth in

addition to length and breadth. When we observe

any object under the microscope we usually see a

thin section of that object. When the material is

brought into focus in the microscope, we only see

one layer of cells. Hence it's quite natural to

perceive the cell as flat. Nowadays, some books

have started presenting three-dimensional

pictures of cells. A few activities have been

suggested to clarify this aspect in Appendix 3.

not static. All the pictures of cells given here or the

ones that you would encounter elsewhere, depict

the cell as it appears at that precise moment when

they were observed. We call these snapshots. The

cytoskeleton and the endoplasmic reticulum are

constantly destroyed and recreated. Even other

organelles are neither stationary at a particular

location nor do they exist permanently in the cell.

The cell is not an inanimate object. It has internal

dynamics of its own. The manner in which we

prepare the material for observation affects the

internal structure of the cell and normally we get

to observe only dead cells.

The second thing is that the diagram of a cell

usually shows one Golgi body, few mitochondria

and one or two chloroplasts. In reality, the

numbers of these organelles depends on the

nature of the cell. For instance, cells primarily

0.1-10 μm 10-100 μm

Comparison between

the prokaryotic and

eukaryotic cells

Characteristics Prokaryotic Cell Eukaryotic Cell

Size 0.1-10 micrometer 10-100 micrometer

nuclear membrane absent present

chromosome one, circular many, linear

Golgi boby absent present

endoplasmic reticulum absent present

Mitochondria absent present

chlorophyll Not contained in chloroplast Contained in chloroplast

ribosome comparatively smaller comparatively bigger

cytoskeleton absent present

cell membrane

cytoplasm
DNA

nucleolus nucleus

ribosome
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