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Introduction 
 

If you look at a thin slice taken from any plant or animal 
under a microscope, you can see it is made up of small boxes 
called cells. Most cells are too small to see with the naked eye, 
so they were only discovered in the seventeenth century 
following the invention of the light microscope (the normal 
sort of microscope). We now know that all organisms (living 
things) are made up of cells, including human beings. 

Most of the activities of life go on inside the cells of organisms, 
so understanding them is vital. In this lesson we will look at 
the structure of cells (the parts they are made of) their 
functions (jobs), and how cells fit together to make whole 
organisms. We will return to the ideas introduced here 
repeatedly throughout the course. 

This lesson also introduces some key vocabulary, 
measurements and command terms and you will need to 
familiarise yourself with these.  (‘Command terms’ are the 
kinds of words or phrases that frequently appear in exam 
questions as part of the instructions.  You can find out more 
about these in the section near the end of this lesson.)  

 
  

Activity 1 
 

 
Extension work: If you are interested, you can find out about the discovery 
of cells by visiting this web page: 

 
 



 
 

http://www.sparknotes.com/testprep/books/sat2/biology/chapter4section1.rhtml 
 

 
 

 

Cells under the Light Microscope 

 
The light microscope can magnify up to about 600X (600 
times). At this magnification animal cells, including human 
cells, appear to be made of only three parts: 
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 A central nucleus. This has two main functions:  

(1) It controls the activities of the rest of the cell.  

(2) It stores the information needed to make new cells 
and, indeed, the whole organism. 

 The rest of the cell is filled with a jelly-like cytoplasm. 
This is where most of the chemical reactions of life 
called metabolism go on. 

 The cell is surrounded by an extremely thin, fragile layer 
called the cell membrane or plasma membrane made 
of lipid (fat) and protein.  This membrane controls what 
enters and leaves the cell, so that the composition of the 
inside can be kept constant.  

 
 

Diagram 1: The parts of an animal cell as seen down the light microscope 
 

 
Plant cells also have cytoplasm, a cell membrane and a 
nucleus, just like animal cells. But they have two extra 
structures as well: 

 A thick, tough, layer outside the cell membrane called 
the cell wall. It is made of the material cellulose, and 
provides the roughage/fibre in our diets.  
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 Leaf cells also have green structures in the cytoplasm 
called chloroplasts, which absorb light energy to make 
the plant’s food in a process called photosynthesis. 

 
  

Activity 2 
 

 
View pictures of plant and animal cells seen down the light microscope by 
visiting the websites listed below. 
 
Which is the plant cell and which is the animal cell? How can you tell? 

 
 


 

 
http://www.historyforkids.org/scienceforkids/biology/cells/doing/pictures/cheekcell.jp
g 
 
http://www.southbank.net/blogs/staff/darinm/Elodea_Leaf_Cells_400x.jpg 

 
If you find that these links do not work, you can search for similar 
images using Google Images under the search terms: 
 
'Plant cells under microscope' 
'Animal cells under microscope' 

 
 


 

 
Get it right! The outer layer of an animal cell is called the “cell membrane”, 
not the “cell wall”. A plant cell has both, but the cell membrane is right 
inside the cell wall and is often invisible. 

 
 
 
 

Cells under the Electron Microscope 

 
In the 1930s, the discovery of the electron microscope let us 
see cells under magnifications of up to 500,000X, rather than 
the mere 600X allowed by the light microscope. We could now 
see that the cytoplasm contains many different sorts of small 
structures called organelles, of which the nucleus and 
chloroplast are just the biggest examples. These include: 

 Mitochondria (singular: mitochondrion): these are 
sausage-shaped organelles where most of the energy of 
the cell is released in a process called respiration. 
Think of them as the “power stations” of the cell, 
providing the energy which the cell needs to do all of its 
other processes. 
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 Endoplasmic reticulum, frequently abbreviated to ER:  
This is a whole network of membranes, similar to the 
outer cell membrane, which runs throughout the 
cytoplasm transporting materials from place to place. 

 Ribosomes: these very small round structures are the 
sites of the construction of protein molecules, in a 
process called protein synthesis. Many of these are 
stuck on to parts of the endoplasmic reticulum, forming 
rough endoplasmic reticulum. 

 Golgi bodies: these are stacks of ER membranes, and 
are where the cell makes materials other than proteins, 
and then exports them outside the cell. They are 
common in cells which secrete (make and export) 
chemicals, like those in our glands. 

 
The detailed internal structure of organelles can also be seen 
under the electron microscope, which has helped biologists 
figure out exactly how they work. 

 
 

Diagram 2: The parts of an animal cell as seen down the electron microscope 
  



Lesson One Cells and Tissues 

 
6 

  
Activity 3 

 

 
View photographs of cells taken down an electron microscope by visiting 
the websites listed below. The second image, at higher power resolution 
than the first, has a single mitochondrion occupying most of the picture, 
with rough endoplasmic reticulum at the top left. You need to be able to 
recognize organelles as seen under the electron microscope for your 
exam. 
 

 




 
http://www.sinauer.com/cooper/4e/micro/01/01-02_AnimalCell(L-Large).jpg 
 
http://content.answers.com/main/content/img/McGrawHill/Encyclopedia/images/C
E428200FG0010.gif 

 
Alternatively, search Google images using the following term: 
 
'Cells under electron microscope' 

 
  

Activity 4 
 

 
Also visit this website: 
  
www.cellsalive.com/toc.htm 
 
This has the best collection of cell diagrams, photographs and 
animations on the web and it is well worth spending some time 
getting to know your way around cell organelles. 
 
You can also search for alternative images using Google images 
with the following search terms: 'skin cell'; 'fat cell' and 'nerve cell'.  
 
 Find and compare the following types of cell and write down what 
you see.  
   
 - skin cell  
 
 - fat cell 
 
 - nerve cell 
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Measuring Very Small Objects 

In your exam you will be expected to be familiar with the units 
used to measure very small objects, such as cells and 
organelles.  You will already be used to those that we use to 
measure larger ones. 

The units scientists use to measure length are all derived from 
the metre, which we abbreviate to m.  You will already have 
encountered:   

 the kilometre, or km.  This is 1000m. 

 the millimetre, or mm.  This is 
1

1000  m. 

 the centimetre, or cm.  This is 
1

100 m, or 10mm. 

However, you may not yet have encountered two units which 
we use for measuring tiny sizes and distances.  These are: 

 the micrometre, or micron written µm.  This is 
1

1000  

mm.  You could not see anything this small with the 
human eye, but would need a light microscope. 

 

 even smaller, there is the nanometre, written nm.  This 

is 
1

1000  µm, and is used for measuring very tiny things 

indeed! 

 
 

Kilometre

Metre

Millimetre

Micrometre

Nanometre
Smaller

km

m

mm

µm

nm

Each unit, as 
you go down 
the table, is 
1000 times 
smaller than 
the one 
before
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To relate this to the structure of cells: 

 A human cheek cell is about 0.03mm (30µm) across 

 Its nucleus is about 0.006mm (6µm) across 

 A mitochondrion is about 0.001mm (1µm) long 

 The thickness of the cell membrane is about 
0.0000075mm (7.5nm) 

 
Activity 5 

 

 
This will test your arithmetic! Using a ruler, and the information above, see if 
you can work out (a) the width of your thumb nail in μm (b) the width of a 
full stop in your course file in μm (c) how many cheek cells laid end to end 
would cover 1mm (d) how many times a mitochondrion is longer than the 
cell membrane is thick. 

 

 




 

 
  

 

Specialised Cells, Tissues and Organs 

 
So far we have looked at the structure of a “standard” animal 
cell. But in our bodies most of the cells are adapted (changed) 
to become specialised or differentiated cells. These cells 
perform just one particular function well, and rely on the other 
cells in the body to do other jobs for them.  

In this respect, the cells in our bodies are rather like people in 
modern society. People specialise as teachers, bricklayers, 
policemen and so on, and rely on the other people in society to 
do the other jobs for them. We can say that both people in 
societies, and cells in organisms, show division of labour. 

A group of similar cells which are specialized to perform a 
particular function is called a tissue. A good example is the 
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layer of cells which lines the trachea or windpipe in a human 
being. These all grow hairs called cilia which beat 
rhythmically to sweep dirt particles up away from the lungs, 
passing the dirt from cell to cell along the trachea like a chain 
of people passing bricks or buckets of water.  This tissue is 
called ciliated epithelium – “ciliated” because the cells all 
have cilia, and “epithelium” because that is the name for any 
tissue lining a surface. 

 

 
Diagram 3: Ciliated epithelium 

 
A group of different tissues joined and working in co-operation 
is called an organ, and when groups of organs work together 
to perform a particular function they form a system. Many 
systems are needed to form the living organism. So, for 
example, several sorts of tissue (muscle, valve tissue etc.) 
combine together to form the human heart (an organ), and the 
heart plus the blood and blood vessels forms the circulatory 
system, which is only one of the systems in a human being. 

 

organelles    cells   tissues    organs    systems    organism 
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Get it right!   

 An “organ” is usually (but not always) a visible lump which can be cut out of 
the organism, like the heart or the brain.  

 A “tissue” is a collection of similar cells. Organs are usually made up of 
several different sorts of tissue combined together.  

 “Systems” are collections of organs which cooperate to perform some 
major life process, like excretion or digestion. 

 
 

 
Activity 6 

 

 
Spend a few minutes thinking about the human body and write 
down as many organs as you can think of. 

 




 

 
  

 
 

Types of Tissue 

 
In humans, there are four main classes of tissue: 

 Skeletal or Connective tissue: all tissues which join 
together and support other tissues and organs are called 
connective or skeletal tissues. These include bone and 
blood. In addition to living cells, connective tissues 
contain a great deal of background substances. In bone 
this is calcium salts deposited around the bone cells, 
making the bone hard.  In blood it is the fluid or plasma 
in which the cells float. 

 Muscular Tissue: the cells composing muscular tissue 
have the power to alter their shape; they can contract 
so that they become shorter and thicker, enabling the 
parts of the body to move. Muscle tissue is of three 
sorts. Voluntary muscle (also called striated or 
skeletal muscle) forms the muscles connected to our 
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bones, which move the skeleton around. It is under the 
control of the will, hence its name. Involuntary muscle 
is found in places like our digestive system, where it 
moves the food along. It is not under the control of the 
will. Cardiac muscle is only found in the heart. The 
three sorts of muscle tissue are different in appearance, 
as we shall see later. 

 Nervous Tissue is composed of highly specialised cells 
or neurones, adapted to carry electrical impulses from 
one place to another. The brain is made up many 
different types of neurone.  

 Epithelium: cells which line surfaces in the body are 
called epithelial cells. There are many different sorts of 
these, doing different jobs. We met ciliated epithelium 
above. The cells lining the inside of the cheek are a 
different type called squamous epithelium. These are 
flat and thin, rather than box-shaped like normal cells. 

We will meet all of these types of tissue again as we work 
though the course and look at the organs and systems they 
contribute to. For now, just notice the many different forms 
cells can take, and the many different functions they can 
perform.  

 
  

Activity 7 
 

 
Follow the links below for good pictures of the types of tissue mentioned 
above. You need to be able to recognize these tissues for your exam. 
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 Bone: 

http://www.arthursclipart.org/medical/skeletal/compact%20bone%2
0section.gif 

 
 Blood: http://lifesci.rutgers.edu/~babiarz/Histo/Blood/Smear2.jpg 

 
 Muscle: 

http://asweknowit.net/images_edu/dwa5%20muscle%20tissues.gif 
 

 Neurones: 
http://www.bruceeisner.com/photos/uncategorized/neurons.jpg 

 
 Ciliated epithelium:  

http://www.mc.vanderbilt.edu/histology/labmanual2002/labsection2/
Respiratory03_files/image002.jpg 
 

 Sqamous epithelium:  
http://www.marianopolis.edu/sites/library/sites/Bio-
CV%20pics/simple%20squamous%20epithelium%20400x.jpg 

 
You can search for alternative images using Google images under 
the following search terms: 
 
'bone under microscope'; 'blood under microscope'; 'muscle under 
microscope'; 'neurones under microscope'; 'ciliated epithelium 
under microscope'; 'squamous epilithelium under microscope'.  You 
will also find an image of the last one on page 3 of Edexcel IGCSE 
Human Biology (figure 1.3) 
 
 

 

 
Activity 8 

 

 
List all the systems that you can think of in your body. You should 
be able to list eight, but don't worry if you can't come up with 
that many. 
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1.  

2.  
 
3.  
 
4.  
 
5.  
 
6.  
 
7.  
 
8.  

 
 

 

      Now is the time to read pages 1-3 and 13-16 of your textbook. They 
cover the same topics as this lesson, so will add to your 
understanding of the material.  

 

 
 

Keywords Cell 

Structure 

Function 

Organism 

Organ 

Organelle 

Tissue 

System 

Differentiated 

Specialised 

Ribosome 

 

Cytoplasm 

Organelle 

Epithelium 

Endoplasmic 
reticulum 

Cell membrane 

Microscope 

Ribosomes 

                  Mitochondrion 

Nucleus 

Microscope 

 

 
Make sure you understand what these terms mean before you 
go on to lesson two. 
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Summary 
 
Lesson One: Cells and the Tissues  

 
 

HUMAN   _______  nucleus 
CELL 

 _______  cell membrane 
 
      _______  cytoplasm  _______  mitochondrion 
 
     _______ endoplasmic reticulum 
 
     _______ ribosome 
 
     ______  Golgi body 

 
TISSUES  _______  skeletal-connective   (bone, blood) 
 
                  _______  muscular (voluntary, involuntary, cardiac) 
 
  ________nervous 
 
      ________epithelial  (ciliated, squamous) 
 
organelle →  cell →  tissue →  organ → system →  organism 
 

What you need to know 

 that cells are made up of organelles with individual 
functions 

 the functions of each organelle 

 that cells are organized into tissues, tissues into organs, 
and organs into systems  

What you might be asked to do 

 relate the structure of a cell to its function 

 label a diagram of the cell 

 recognize and name organelles under a light and 
electron microscope 

 convert measurements of length into different units 
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Command words in examination questions 

 
Most examination questions include a “command word” which 
tells you what you are required to do. It is important that you 
don’t mix these up, or you will lose most of the marks! Some of 
the key command words are given below: 

 
 Describe – simply give the fundamental facts about the 

item requested; 

 Explain – use your knowledge of biology to explain what 
is going on; 

 Compare – bring out both the similarities and the 
differences between the two items being compared. Do 
NOT just write about one item followed by the other 
item: show HOW they are the same or different; 

 State – give a concise response, without any elaboration 
or explanation; 

 Calculate – arithmetic involved! Always show your 
working, as well as your answer; 

 Name – just give the name of the item requested. Do 
NOT also describe or explain it; 

 Suggest – this will require some imagination. It will refer 
to a new situation which you have not been taught 
about, so don’t panic because you don’t know the 
answer! Use the biological principles and concepts you 
have studied to suggest a possible response. There is 
usually more than one possible answer. 

 
Try to use this information when tackling the self assessment 
test which follows. 

 

Self Assessment Test: Lesson One 

1.   Describe the functions of (a) the nucleus (b) the cell 
membrane. 

2.   Compare the structure and function of a Golgi body and 
the endoplasmic reticulum. 
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3.     State the four main types of tissue. 

4.     Explain the importance of the mitochondria in the cell.  

5.  Name the parts of a cell which are visible under (a) the 
light microscope (b) the electron microscope. 

6.     Calculate the number of micrometres in (a) 3 millimetres        
(b) 10 nanometres 

7.    Suggest why the ribosome was discovered about 300 
years after the nucleus. 

 

Suggested Answers to Activities 

 

Activity Two 

 The first is an animal cell (no cell wall, no chloroplasts). 

 The second is a plant cell (has both cell wall and    
chloroplasts). 

 

Activity Four    

Skin cell – many layers (cells at the surface are squashed) and 
don’t have nucleus visible.  

Fat cell – nucleus is pushed to the side. Cell contains lots of 
fat and everything else is pushed to the edge.  

Nerve cell – spindle extensions (dendrites and axons) coming 
off the cell body, appear to connect to other nerve cells.  

Activity Five  

(a) About 15mm, which gives 15,000µm 

(b) About 0.1mm, which gives 100µm 

(c) 1/0.03 = 33 (“about 30” is the best answer) 

(d) 1000nm/7.5nm = 133 (“about 130 times” is the best 
answer).  

Remember: 1µm = 1000nm! 
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Activity Six  

Brain, stomach, heart, lungs, pancreas, liver, kidneys, testes, 
ovaries, gall bladder, bladder, uterus and intestines are just a 
few!  

 
Activity Eight    
 

1.  Respiratory system 

2. Circulatory system 

3. Skeleton-muscular system 

4. Excretory system 

5. Reproductive system 

6. Sensory system 

7. Nervous system 

8. Immune system 

 
However, there are alternative ways of naming and dividing up 
the systems. 

 

Answers to Self Assessment Test: Lesson One 

 
1.    (a)  The nucleus controls the activities of the rest of the 

cell and stores the information needed to make new 
cells and the whole organism. 

   (b)  The cell membrane controls what enters and leaves 
the cell, so that the composition of the inside can be 
kept constant.  

2.   Both the endoplasmic reticulum and the Golgi body are 
composed of membranes, but in the Golgi body these are 
stacked up in a pile instead of spread out. The 
endoplasmic reticulum transports materials inside the 
cell, whereas the Golgi body makes and exports 
materials to the outside of the cell.  

3.    Skeletal / connective, nervous, muscular and epithelial 
tissues. 
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4.     Cells need energy for a variety of processes. This energy 
is released in a process called respiration. The 
mitochondria in a cell are where most of this respiration 
goes on, so they provide energy for the rest of the cell. 

5.     (a)  Nucleus, cell membrane, cytoplasm plus (in plant 
cells only) cell wall, chloroplast. 

         (b)  All of the above plus mitochondria, Golgi bodies,   
endoplasmic reticulum, ribosomes. 

6.  (a)  3 x 1000 = 3000      

(b)  10 / 1000 = 0.01   (1/100 is also correct, but it is 
always best to use decimals rather than fractions in 
science). 

7.  The nucleus is much bigger than the ribosome. It is big 
enough to be visible under the light microscope, which 
was invented in the 17th century. Ribosomes are only 
visible under the more powerful electron microscope, 
which was invented in the 20th century, about 300 years 
later.  


