
 
 
 
 

TRIPLE SCIENCE 

B1: CELL BIOLOGY 

 

 
 

STUDENT BOOKLET 
Cell structure 

Eukaryotic Cells 

  



There are two types of cells that you need to be aware of: Eukaryotic 
cells and Prokaryotic cells. Eukaryotic cells, or eukaryotes, are cells that have a 
membrane enclosed nucleus. Eukaryotic cells have membranes around parts of 
the cell. These are called “organelles” 

 

All eukaryotic cells have 
a cell membrane. 

Cytoplasm and their genetic 
material is enclosed within 
a cell. 

The two most important 
types of eukaryotic cells for 
your exam are animal 
cells and plant cells. 

 

Animal Cells 

  

Animal cells have a nucleus which contains DNA. DNA codes for proteins, it acts 
like a blueprint for making cell parts and the work that the cell does. Outside the 
nucleus, dotted around the cell are very small structures called ribosomes. 
Ribosomes make proteins. They get instructions from the nucleus on what 
proteins to make and when to make them. 

The cell needs energy to make proteins in the ribosomes and to function. This 
energy can come from two places; the Mitochondion is the most important 
source of energy in the cell. It takes in sugars and oxygen and makes them into 
useful energy for the cell. This is called aerobic respiration. 

Filling up the rest of the cell is cytoplasm. Cytoplasm is a jelly like substance and 
all the parts of the cells sit inside the cytoplasm. Cytoplasm is 
where respiration takes place when there is no oxygen. This is called anaerobic 
respiration. 

The outside of an animal cell is called the cell membrane. The cell membrane is a 
barrier that selects what comes into the cell and what goes out of the cell.  

 

 



Plant Cells: 

Plant cells have all the parts of an animal cell with three extra parts added. Plant 
cells have a small compartment called a chloroplast. The chloroplast 
contains chlorophyll which is a green chemical that allows photosynthesis to take 
place. This makes food for the plant. 

Plant cells also have permanent vacuoles. Vacuoles are large storage spaces inside 
the plant cell that contain food, water and minerals in a substance called cell sap. 

Around the outside of a plant cell is a cell wall. This is a rigid structure that 
supports the plant as it grows and strengthens the cell. Plant cell walls are made 
of cellulose. 

 

Prokaryotic Cells: 

Prokaryotic cells are different to eukaryotic cells such as animal and plants. An 
example of a prokaryotic cell is a bacteria cell. A Prokaryotic cell or prokaryote is a 
cell that doesn’t have a nucleus. Prokaryotic cells are smaller than eukaryotic cells. 
They have a cell membrane, cytoplasm and ribosomes, like a eukaryotic cell. 
However, they do not have a nucleus or mitochondrion. 

This is the key difference. Prokaryotic cells have rings of DNA that float around 
inside in the cell. Some of these rings of DNA are called plasmids. This is very 
different to a eukaryote which has its DNA protected within a membrane called 
the nucleus. 

Prokaryotic cells also have a cell wall which is similar but not the same as a plant 
cell wall. Some prokaryotic cells have a slime layer outside the cell wall and 
include flagellum which are like tails used to move the cell around. 

  



Cell Structure Activity 

1. What is a Eukaryotic Cell? 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………………………… 

2. What is a Prokaryotic Cell? 

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………………………… 

3. Complete the following table by putting ticks in the boxes if the organelle is 
present in the cells. 

 

Organelle Eukaryotic Cells Prokaryotic cells 

Animal Cells Plant Cells Bacterial Cells 

Nucleus    

Ribosome    

Cell Wall    

Cell Membrane    

Mitochondria    

Slime capsule    

Flagellum    

Chloroplast    

Vacuole    



Describe the role of the following organelles in the cell: 
 

a) Nucleus:..………………………………………………………………………………

………………………………………………………………………………………….. 

b) Mitochondria:..……………………………………………………………………..…

…………………………..……………………………………………………………… 

c) Ribosome:………………………………………..……………………………………

……………………………………………………..…………………………………… 

d) Cell membrane:……………………………………………………………………… 

………………………………………………………………………………………….. 

e) Cell wall:…………...………………………………………………………………….. 

…………………………………………………………………………………………. 

f) Chloroplast:…………………………………………………………………………... 

…………………………………………………………………………………………. 

g) Vacuole: ………………………………………………………………………………. 

…………………………………………………………………………………………. 

 

 

 

  



Cell Specialisation 
Root Hair and Villi 

 

Cells are adapted to the roles they fill in living things. These adaptations or 
specialisations take on different forms. 

In organisms, such as humans, we need many different cell types to function 
properly. It saves the body energy and resources by getting cells to carry out a 
particular function. 

You can be asked to explain how different cells are adapted to fill their roles in the 
body. 

When explaining specialisation, you need to look at the information they present 
you with and use it to explain how the structure of a cell relates to its function in 
the organism. 

Some specialisations and structures have similar roles no matter what the 
organism. 

Root Hair Cell and Villi  

 

 Long projections from a cell are usually for increased surface area. This gives the 
cell more space with which to absorb important materials. 

Root hair cells in plants and villi in the small intestine both have this adaptation as 
it means they can absorb more material more effectively than cells without these 
projections. 

 



Tails 

Tails or tail like structures on a cell 
are usually for movement. Sperm 
cells have a tail that allow them to 
move to fertilise an egg cell. 

Sperms cells also have a high 
number of mitochondria to 
provide the energy needed to 
swim. Some bacteria cells have a 
tail or “flagella” that allows them to 
move through fluids towards food 
and nutrients. 

  

 

 

 

Nerve Cells 

A fatty layer around a cell is for 
insulation or protection. Nerve 
cells have an insulated layer 
surrounding them allowing them 
to transmit the electrical signal 
faster and with greater efficiency 
meaning that the signal is 
processed quickly. 

 

 

  



Muscle Cells 

 
Muscle cells have protein 
fibres that contract, making 
the cell shorter which allows 
the muscle to move. 

  

  

  

 
 

Cilia 
Hair like structures are there to move or push substances along. 

The cells along the trachea or windpipe have cilia, which look like hairs, to move 
trapped dust and particles up and out of the trachea. 

 

Red Blood Cells 

Red blood cells have a biconcave 
shape, like a barbell, which gives 
them a larger surface area to carry 
oxygen on. 

  

  

  

 

  



Transport Vessels 
 

Transport vessels and 
tissues usually have large 
empty spaces to allow 
substances to move 
without 
interruption. Xylem 
vessels in plants have no 
cytoplasm and no end 
plates, to allow water to 
flow from the roots of the 
plant up to the shoots and 
leaves in a process 
called transpiration. The 
cells that make up the 
xylem are dead because 
they are waterproof. 

Arteries in animals have no 
valves, as blood flows fast 
enough to prevent back 
flow. 

Phloem in plants carry sugars produced in the leaves around the plant in a process 
called Translocation.The cells that make up the phloem are joined together by 
small holes in the cell membrane and the cell wall that allow transport.  

  

 

 

 

 

 

 

  



Cell Specialisation Activity  

Complete the table below on the specialised cells. Make sure you include the 
following keywords: Surface area, mitochondria, transpiration, translocation, 
ovum, protein fibres. 

Cell or Tissues Function (job) Adaptations and their 
purpose 

Sperm Cell   

Nerve Cell   

Muscle Cell   

Root hair cell   

Xylem   

Phloem   

 

 

  



Cell Differentiation 

When a multicellular organism, such as humans or plants, is growing it requires a 
variety of cells to allow it to carry out all the tasks it needs to have done. 

When a cell specialises, it gains different sub-cellular structures that allow it to 
carry out its functions. 

These structures are why certain cells can do certain jobs. The greater the 
specialisation or complexity of a cells job, the more structures it will require. 

 
Humans 

In humans, we have cells which are specialised to allow us to see, the cells in our 
heart are a type of muscle which never tires, the cells in our lungs are adapted to 
allow oxygen and carbon dioxide to diffuse easily. 

Plants 
Plants have root hair cells which are adapted to allow the movement of water, for 
Osmosis to happen. 

The cells in the leaves of a plant have cells with large amounts of Chloroplast for 
photosynthesis. All these cells are specialised,  they have a specific purpose. 

 

Animals 
In animals, cells differentiate, become specialised, at a very early stage. For 
humans, cells start to specialise after the eight-cell stage. 

In the early embryo, all the cells are identical. The cells before the eight-cell stage 
have the ability to become any type of cell needed. 

These cells are called embryonic stem cells and we will be looking at them in 
more detail later. 

Most animal cells follow a similar pattern where the first cells are unspecialised but 
gain a specialisation, a role, very early on. 

This means that cells in animals are typically only able to grow in size and number, 
and repair themselves when they are damaged, after a certain point. 

Plant cells have the ability to differentiate throughout their life. The cells in the leaf 
can change and adapt to become new cell types if required. 

This is a reason why it is very easy to clone plants from cuttings of plants. 



 

Cell Differentiation Activity 

 1. What is meant by cell differentiation? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

2. When do animal cells typically start to differentiate? 

………………………………………………………………………………………………… 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

3. Why is it easier to clone plants rather than animals? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

  



Microscopes 
Electron Microscopes 

  

Electron microscopes are very large microscopes that send beams of electrons 
through a sample allowing you to see subcellular structures and organelles easily. 

Electron microscopes have much higher magnifications than a light microscope 
with electron microscopes being able magnify an object between (x100,000) and 
(x250,000) times larger. 

Electron microscopes also 
have better resolution. 
Resolution is how close two 
objects can, and still be seen 
as separate objects. The 
development of the electron 
microscope was very 
important as it allowed us to 
see smaller structures in the 
cell and so increased our 
knowledge. 

  

Comparing light and electron microscopes 
  

Light microscopes are more frequently used than electron microscopes for several 
practical reasons. 

• Light microscopes are cheaper, easier to set up, easier to use, required no 
special training or set up and you can view live specimens. 

• Electron microscopes are expensive, difficult to set up and are very large 
requiring large amounts of space and energy to use. Electron microscopes 
require training to use and the specimens you view must be dead in order 
to view them. However, electron microscopes have a much higher 
magnification and better resolution. 

 

 

  



Light Microscopes 

There are two main types of microscopes talked about in GCSE science; light 
microscopes and electron microscopes. Light microscopes pass light through cells 
which allows a person to see some parts of the cell. Cells viewed using a light 
microscope need to be dyed first using a colouring or stain. At GCSE, the two 
most common stains are Iodine which is used on plant cells, and Methylene Blue 
which is used on animal cells. 

Light microscopes have 
several different parts to 
them. 

The eyepiece is the piece 
you look into when viewing a 
cell. It usually magnifies the 
cell, making the cell appear 
larger. 

Beneath the eyepiece are usually 
two wheels, the largest wheel is 
called the coarse focus wheel. 
This makes large adjustments to 
the lens. The smaller wheel is 
called the fine focus wheel. This 
makes smaller, more precise 
changes to the lens. The objective 
lens helps magnify the cells, 
making them large enough for the 
human eye to see. The stage is the 
platform you put your slide, which 

contains your cells, on. On the side of the lens and the eyepiece is a X followed by 
a number for example x10 or x100.  

This number is how many times bigger an object will appear when looking 
through the lens. Lens magnifications are multiplied by each other to see how 
much bigger an object or cell will appear. 

So, if you were looking through an eyepiece that was x10 and an objective lens 
that was x100, the cell you would be looking at would be ten times, one hundred 
times bigger or one thousand times bigger in total. Light microscopes have a 
useful magnification of between one thousand (x1000) and two 
thousand (x2000). 

 



Microscopes Activity 

1. Define resolution: 

…………………………………………………………………………………………………. 

………………………………………………………………………………………………….  

2. What is the total magnification when you use an eye piece lens with a 

magnification of x10 and an objective lens with a magnification of x40? 

…………………………………………………………………………………………………. 

…………………………………………………………………………………………………. 

………………………………………………………………………………………………….  

3. Complete the following table. 

Type of 
Microscope 

Disadvantages Advantages 

Light •   
 

•  
  

•  
 

•  
   

•  
   

•    
 

Electron •  
  

•  
   

•  
    

•  
  

•  
  

•  

4. Why was the development of the electron microscope important? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………  



Calculating Cell Size 

AIM 
In an exam you may be asked to work out the actual size of a cell when given an 
image or how many times bigger the image is, magnification. 

An important formula to remember when working out cell size is: 

Actual Size = Image Size ÷ Magnification which has an acronym of AIM 

Key details to remember are that the units for size need to be the same, so if you 
start by using millimetres for image size you will end up with the actual size in 
millimetres. The second detail is that in the exam they often ask for the size of the 
image in a particular unit. 

Micrometres or µm is the most common one asked for. 1 millimetre is the same 
as 1000 micrometres. 0.1 centimetres is also equal to 1000 micrometres. 

Converting one unit into another is often used to check your numeracy skills in 
science so be aware of how to do it. 

 

Measure in millimetres first and 
then multiply by 1000 to make 
it micrometres. A common mistake 
in exams is to measure the image in 
cm, make sure you measure the 
image in mm. 

In an exam question, they may ask 
you to measure a section of a cell. 
This section is usually marked out in 
the diagram using a line or an 
arrow. 

If not, they will indicate which area to look at. Use a ruler and measure the length 
of the section in millimetres unless they ask for it in another way. 

 
  



Measuring The Size 
If a question is asking you to look for the actual size, they will have to tell you the 
magnification. 

Example 
Determine the actual width of the nucleus in the cell below, the image has a 
magnification of x10,000. Give your answer to the nearest micrometre. 

 

Step 1 – Measure the image size in mm using a 
ruler. 

The image size is 58mm. 

 

 

 

Step 2 – Convert this to µm 

58 x 1000 = 58000 µm 

 

 

 

Step 3 – Use the formula to calculate the answer 

Actual Size = Image Size ÷ Magnification 

58,000 ÷ 10,000 = 5.8     Answer = 6 µm 

 

 
 

 
 

  



Magnification 

Example 

The question paper can ask you for the 
magnification used by giving you the actual 
size. 

For example, the actual size of this plant cell 
is 14 µm, calculate the magnification. 

Step 1 – Measure the image size in mm 
using a ruler. 

The image size is 29mm. 

 

Step 2 – Convert this to µm 

29 x 1000 = 29000 µm 

 

Step 3 – Use the formula to calculate the 
answer 

Actual Size = Image Size ÷ Magnification 

You can rearrange this to Image size ÷ Actual Size = Magnification 

29000 ÷ 14 = 2071 

Magnification is x 2071 

 

They can also ask you to change the measurements into standard form. 

This means that they will want the answer in the form of a number multiplied by 
ten to the power of something. 

A micrometre is 1 x 10– 3 millimetres or 1 x 10– 4 centimetres or 1 x 10– 6 metres. 

This means if a nucleus is 6 µm it is also 6 x 10– 3 millimetres. 

  



Calculating Cell Size Activity 
  

1. Complete the table below be converting between mm, µm and m.  
  

µm  mm  m  

2000  
 

0.002  

500  0.5  
 

 
4000  4  

8000  
 

0.008  

 
        17  0.017  

  
2. Write the following in standard form.   

  
 a. 5000 =   

b. 0.0009 =   

c. 250 =   

d. 0.00038 =   

e. 0.0000049 =   

  
3. Calculate the actual size of the bacteria below, the magnification is x5000.  

  
  
  
  
  
  

Image size = 27 mm  
  
  
  
  
 
 



 
4. Calculate the magnification of this image, the actual size of a red blood cell 

is 7 µm.  
 
 
 
 
 
 Image size = 8 mm  
  
 
 
 

 
 

5. Calculate the actual size of a human cheek cell, the magnification is x700.  

 
  

Image size = 42 mm  

 
Mitosis 

Chromosomes 

 
All organisms have genetic material that needs to replicate in order to make new 
copies of itself. In humans, we have 46 chromosomes which house our genetic 
material. These 46 chromosomes, or 23 pairs of chromosomes, are stored in the 
nucleus. 

Other organisms have different numbers of chromosomes, but humans are the 
only ones where you are required to remember the numbers in advance. 

Chromosomes are large molecules of DNA, each chromosome has many genes. A 
gene is a section of DNA that tell the body how to make one type of Protein. 

 



The Cell Cycle and Mitosis 
 

Cells divide in series of steps that are called the cell cycle. At the start of the cell 
cycle, the number of organelles, such as mitochondria and ribosomes, increases. 

This ensures that each of the two new cells receives copies of all the organelles. 
Next identical copies are made of the chromosomes. The DNA molecule, which in 
humans is a double helix, unzips and new strands are made alongside the starter. 
This leaves the cell with two copies of each chromosome. 

The next stage of the cell cycle is Mitosis, now that the cell has double the number 
of chromosomes it needs, they need to separated. The chromosomes move to the 
middle of the cell.  

These pairs of identical chromosomes are then split apart and separated to either 
side of the cell, towards what is called the poles of the cell. 

In the last stage of the cell cycle, the cell membrane and cell cytoplasm then start 
to pinch off and the cell separates into two identical daughter cells. 

Each daughter cell has the same number of chromosomes containing the same 
genetic material, so we say the cells are identical. Each daughter cell also 
contains organelles to start the cell cycle again which it gained from the cell that 
began the process. 

 
 

When Mitosis Occurs 
 
You need to be able to recognise situations where mitosis is occurring given the 
situation that is being described. Therefore, it is important to remember that all 
cells, apart from sex cells (sperm and egg cells), undergo mitosis. 

Mitosis has two main purposes. Mitosis allows organisms to grow and become 
bigger and it allows for repair. If a cell becomes damaged, for example if you cut 
your skin, mitosis will allow the skin to repair and replace the torn, damaged skin. 
Early embryos must undergo mitosis in order to increase in size and allow 
development. 

 

  



Mitosis Activity 
 
1. What is a chromosome and how many do humans have in each cell? 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………  

2.  What is a gene? 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………  

3. When and where does mitosis occur? 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………  

 

4. Complete the table below to show the stages of the cell cycle. 
 

Stage Diagram Description 

1   

Mitosis   

3   

 



Stem Cells 
 

Almost all cells have a job to do in an organism. Some cells move substances, 
some cells destroy infections. Stem cellsare unique in that they are unspecialised. 
They are able to generate more stem cells and other cells can be made from stem 
cells through differentiation. 

There are two main types of stem cells found in the human body. These 
are embryonic stem cells and adult stem cells. Embryonic stem cells are found in 
the early embryo, typically embryos 4-5 days old, and allow the embryo to 
develop all other parts of the body.  

Embryonic stem cells can do this because they are unspecialised, all genes in the 
cell can be expressed. Embryonic stem cells can be cloned and made to 
differentiate into most other types of human cells. 

Adult stem cells are found in the bone marrow of humans as well as a small 
number of other locations. These stem cells are limited in what they can 
differentiate into naturally. Adult stem cells can only differentiate into a small 
number of specific cell types. Adult stem cells are only able to replace body cells 
that die or get damaged. Adult stem cells found in the bone marrow are only able 
to differentiate into red blood cells and cells from the immune system. 

Stem cells also exist in plants though these are called meristem cells. Meristem 
cells are different to stem cells found in humans as meristem cells can differentiate 
at any point into the cell type required by the plant. This is the reason why it is 
possible to grow identical plants from small cuttings of a parent plant. It is also 
the reason why cloning in plants is very prevalent. 

One of the ways they may ask you about stem cells is to compare 
embryonic and adult stem cells. Each have their own positive and negative 
aspects. Embryonic stem cells can differentiate into many different cell types. 
Adult stem cells can only become certain types of cells. Embryonic stem cells are 
completely unspecialised and could be used to treat a variety of diseases and 
illnesses by completely replacing an organ. Adult stem cells are partially 
specialised and can only be used to treat specific illnesses. 

Embryonic stem cells must be obtained by harvesting them from an early embryo 
which leads to its destruction. Adult stem cells can be extracted form an individual 
at any point in their life without killing them.  

 
Summary 

So, to summarise, stem cells are unspecialised cells in the body that can become 
different cell types. There are two main types of cells, embryonic stem cells and 
adult stem cells. Embryonic stem cells are found in the early embryo, between 4 
and 5 days old. Adult stem cells are found in older individuals with the bone 
marrow containing a high number of them. Plants also have stem cells though they 
are called meristem cells. There are advantages and disadvantages to each type 
of stem cells based on what they can do and how we obtain them. 



Stem Cells Activity 
1. What is a stem cell? 

………………………………………………………………………………………………….. 

………………………………………………………………………………….…………….… 

………………………………………………………………………………………………….. 

2. What are the two types of human stem cell and where are they found? 

………………………………………………………………………………………….……… 

………………………………………………………………………………….…………….… 

……………………………………………………………………………………………..……

……………………………………………………………………………………………….… 

…………………………………………………………………………………………………. 

3. What are the advantages and disadvantages of the two types of human stem 

cell?  

…………………………………………………………………………….………….………… 

………………………………………………………………………………….…………….… 

……………………………………………………………………………………………..……

………………………………………………………………………………….…………….… 

……………………………………………………………………………………………..……

………………………………………………………………………………………………..…

……………………………………………………………………………..…………………… 

4. What is a meristem cell? 

………………………………………………………………………………………………….. 

……………………………………………………………………………………………......…

………………………………………………………………………………………………….. 

5. Describe how plants can cloned and explain why it is so easy. 

………………………………………………………………………………….…………….… 

……………………………………………………………………………………………..……

……………………………………………………………………………………………..……

… …………………………………………………………………………………………….… 

……………………………………………………………………………………………..……

………………………………………………………………………………………………….  



Therapeutic Cloning 

One of the main focuses for medical research into stem cells is their ability to 
replace damaged cells. Stem cells are being looked at as a way to help treat or 
perhaps eliminate certain illnesses. 

Diabetes or paralysis have the potential to be treated by replacing the damaged 
cells, pancreas cells in diabetics and nerve cells in paralysis. By replacing the 
damaged cells with cells made from the individual, you would eliminate one of the 
main issues faced by doctors, that of organ rejection. 

Your white blood cells recognise cells as either being cells made by the body or 
cells not made by the body, so called foreign cells. If a foreign cell is found inside 
the body, white blood cells attack it and destroy it. 

When an individual gets an organ transplant, they need to take medication to 
suppress their white blood cells. Otherwise their white blood cells would attack 
and destroy the new organ or cells that have been implanted. Stem cells made 
from those of the person getting treatment would avoid this rejection. 

One way to get stem cells suitable for the person would be to harvest the stem 
cells found in the umbilical cord when someone is born. These stem cells have 
been used in the past to treat blood cells that have been damaged or destroyed 
or they have been used to treat some types of blood cell cancer such 
as leukaemia. 

Another way of generating stem cells identical to your cells would be through 
therapeutic cloning. In therapeutic cloning, the nucleus is taken out of a human 
egg cell. It is then replaced with a patient’s nucleus. The egg cell, now containing 
the patient’s nucleus is stimulated to undergo mitosis and develop into an 
embryo. The embryo is then harvested for stem cells after 4 to 5 days. 

These stem cells can then be grown and treated to develop the cells required to 
treat the patient. These cells present an opportunity to treat a variety of illnesses 
that affect humans. 

There are risks however. Stem cells made in this way can become cancerous, 
dividing uncontrollably. These stem cells can also mutate and become unsuitable 
for the job they were intended to do. 

Lab grown stem cells could also become infected with viruses or 
other pathogens, this infection will then be passed onto the person being treated 
leading to further problems later on. 

 

  



Issues with Stem Cell use: 

 
There are many considerations when using stem cells to treat diseases. One of the 
aspects you are asked to consider are the social and ethical issues that surround 
stem cell use. Stem cells present an interesting platform to look at how science 
and society interact. 

Stem cells could be used to treat a variety of diseases, thereby increasing the 
quality of life of patients affected by illness. However, stem cells that can perform 
these tasks are found in embryos which requires the embryo to 
be harvested resulting in its destruction. 

Some people would see this as destroying the potential for life leading to religious 
and moral objections. Others would say that since the embryo was not going to 
develop into an individual, since it would not be implanted, that it is beneficial for 
human life rather than allow it to go to waste. 

Embryos generated for IVF treatment that are not implanted are sometimes used 
for this purpose.  In the exam, they may ask you to evaluate stem cells in this way. 
Remember to refer to both sides of the argument as typical questions for science 
are interested in the consideration you give to the answer. 

 
Plant Stem Cells: 

 
As we have discussed previously it is very easy to clone plants as they have 
meristem cells.  

This can be very useful as it allows endangered plants to be cloned quickly and 
easily and therefore saved from extinction. 

It also allows farmers and growers to clone plants with special features, such as 
resistance to diseases, very quickly producing a large number of plants with these 
desirable features. 

 

 

  

https://yourfavouriteteacher.com/courses/b1-cell-biology/lessons/stem-cells/
https://yourfavouriteteacher.com/courses/b1-cell-biology/lessons/stem-cells/


Therapeutic Cloning of Stem Cells Activity 
 

1. Why is the use of an individual’s stems cells to treat disease better than traditional 

transplants? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

2.  Where can we get these stem cells from? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………. 

3. Draw a flow diagram to show how cloning can be used to create stem cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.  What are the risks of producing stem cells in this way? 

……………………………………………………………………………………….…………

……………………………………………………………………………….…………………

……………………………………………………………………….…………………………

……………………………………………………………….…………………………………

…………………………………..............................................................................................

................................................................................................................................................ 



5. What ethical issues need to be considered when using stem cells? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………… 

6. Describe two uses of plant cloning. 

………………………………………………………………………………………..…………

………………………………………………………………………………..…………………

………………………………………………………………………..…………………………

………………………………………………………………………………………..…………

………………………………………………………………………………..…………………

………………………………………………………………………..…………………………

………………………………………………………………………………………..…………

………………………………………………………………………………..…………………

………………………………………………………………………..…………………………

………………………………………………………………..………………………………… 

………………………………………………………………………..…………………………

………………………………………………………………..…………………………………

………………………………………………………………………..…………………………

………………………………………………………………..…………………………………

………………………………………………………………………..…………………………

………………………………………………………………..…………………………………  



Diffusion 
 
Substances need to move into and out of cells. This movement can be achieved in 
a variety of different ways. Diffusion is one of the ways a substance can move. 

Diffusion is the movement of particles of any substance from an area of higher 
concentration to an area of lower concentration. Diffusion affects particles in 
liquids and gases. Different factors affect the rate of diffusion; the concentration 
gradient, temperature, diffusion distance and surface area of the membrane. 

Let’s look at each of these factors. 

Concentration gradient is the difference in concentration between two points or 
two sides of a membrane or two points within a region. The bigger the difference 
in concentration gradient, the faster the rate of diffusion. The smaller the 
difference, the slower the rate of diffusion. 

If you had three different concentration gradient, 10 percent, 7 percent and 5 
percent in contact with each other, the fastest rate of diffusion would be between 
the 10 percent and 5 percent, followed by the 10 percent to 7 percent and with 
the slowest rate of diffusion between the 7 percent and 5 percent. 

This is because between the 10 percent and 5 percent, the difference in 
concentration is 5, between the 10 and 7 percent the difference is 3 and between 
the 7 and 5 percent, the difference is 2. Remember, the bigger the difference, 
the faster the rate of diffusion. 

Temperature is another factor that affects the rate of diffusion. Temperature affects 
the energy that molecules or particles have. 

Higher temperatures mean that molecules have more kinetic energy to move 
which means that particles diffuse faster. Lower temperatures result in 
molecules moving slower. 

The surface area of the membrane is another factor that changes the rate of 
diffusion. The greater the surface area, the faster the rate of diffusion. The more 
surface of an organism that is available compared to the volume of the organism 
the more substances will be able to move across it. 

A single celled organism, like a bacterium, has a relatively large surface area to 
volume ratio. This means that a bacteria cell is able to gather materials required 
for growth and sustenance via diffusion alone. 

 

 



Larger organisms require transport networks to move substances around. Humans 
would not be able to rely on diffusion alone to transport oxygen to our cells if we 
didn’t have a network to facilitate transport around the body. This is because our 
surface area to volume ratios are very small. If you consider how many cells are 
inside the body compared to how many cells are found in the outer layer of skin, 
you can start to see why it is important to have a way of moving material in and 
around the body. 

In multicellular organisms, like humans, we need exchange surfaces in order to 
allow substances to move around the body. These exchange surfaces are adapted 
to allow substances to move through and across them quickly. Many organisms 
have adaptations that improve and increase surface area to volume ratios. 

The small intestines of humans have villi or projections that push out from the cell. 

The roots of plants have hair like structures that increase the surface area of the 
plant allowing faster diffusion of substances. These increase the area available for 
substances to move into and out of the cell. 

The membrane of cells should be thin as this will reduce the distance for 
diffusion, increasing the rate of diffusion. The leaves of plants are typically thin to 
allow for ready diffusion of gases similar to the alveoli in the lungs of animals. 

Having an efficient blood supply is also helpful in increasing the rate of diffusion. 
In humans, the oxygenated blood and deoxygenated blood are dealt with 
separately in the heart. This means that there is a greater rate of diffusion of 
substances as the concentration gradient is almost always favourable to 
movement. 

Similarly, being well ventilated such as the lungs in animals, moving gases into and 
out of the body or gills in fish increases the effectiveness and rate of diffusion. 

 
 

  



Diffusion Activity: 
  
1. List the four ways you can increase the rate of diffusion.   
 

• ………………………………………………………………………………………… 

• ………………………………………………………………………………………… 

• ………………………………………………………………………………………… 

• …………………………………………………………………………………………  

 

2. Explain the effect temperature has on the rate of diffusion.   
…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 

3. In which scenario would the rate of diffusion be highest? Explain your answer.      
 
A)       B)            
 
 
 
 
 
 
……………………………………………………………………………………………  

……………………………………………………………………………………………  

…………………………………………………………………………………………… 
 
4. Why do large multicellular organisms need transport systems such as a 
circulatory system?  
……………………………………………………………………………………………  

……………………………………………………………………………………………   

……………………………………………………………………………………………  

5. What adaptations do the lungs have that increases the rate of diffusion?  
……………………………………………………………………………………………  

……………………………………………………………………………………………  

……………………………………………………………………………………………  

……………………………………………………………………………………………  

  



Osmosis 
 

Osmosis is a special type of diffusion. Osmosis is the movement of water 
molecules from an area of high water concentration to an area of low water 
concentration across a semi permeable membrane. Osmosis is similar to diffusion 
as it is a substance moving from where there is a lot of it to where there is less of it. 

Osmosis, like diffusion, also doesn’t require energy. It is a passive process. It is 
important to remember that osmosis is only ever applies to water molecules. 
Diffusion is the movement of any other type of molecule. 

Another way to define osmosis is the movement of water from a dilute solution to 
a concentrated solution through a particularly permeable membrane. 

Often questions that refer to osmosis will ask you to explain how an organism is 
adapted for osmosis. These types of questions are similar to those asked for 
diffusion and use the same basis for answering. Osmosis is affected by the same 
things that affect diffusion; concentration gradient, temperature and surface 
area. 

The greater the concentration gradient the faster the rate of osmosis, the higher 
the temperature the faster the rate of osmosis, the greater the surface area the 
faster the rate of osmosis. 

Osmosis questions can be slightly different regarding concentration gradient. 
Remember that osmosis moves water from where there is the most water to where 
there is the least water. Some questions have given examples where there is sugar 
dissolved in the water and then asked what direction osmosis will occur in. For 
example, if there was a 20 percent sugar solution held in visking tubing in a 
beaker of distilled water, what would happen? 

The visking tubing contains 20 percent sugar, so it contains 80 percent water, the 
beaker contains 100 percent water. Therefore, water would move from the beaker 
into the tubing. This would lead to the tubing gaining mass and becoming heavier. 

Questions of this type will often ask you to explain what happened so remember 
to refer to movement of water, in what direction and why it happened. 

 
Important terms for osmosis 

Isotonic solution is one where the concentration is the same on either side of the 
membrane. 

https://yourfavouriteteacher.com/courses/b1-cell-biology/lessons/diffusion/
https://yourfavouriteteacher.com/courses/b1-cell-biology/lessons/diffusion/


Hypertonic Solution is one where there is a higher concentration of water inside 
the membrane than outside the membrane.  Water moves outside in a hypertonic 
solution. 

Hypotonic Solution is one where there is a lower concentration of water inside 
the membrane than outside. Water moves inside in a hypotonic solution. If a cell 
doesn’t have a cell wall and too much water moves into the cell, the cell can burst. 
This cell is said to be lysed or to have undergone lysis. 

For example, putting a red blood cell into distilled water would cause the red 
blood cell to lyse. 

Crenation is when an animal cell shrinks due to osmosis. Crenation happens when 
the concentration of water outside the cell is more than the concentration of water 
in the cell. Crenation is useful as a preservative technique, like when meat is salt 
cured, or vegetables are pickled. 

 
Active Transport 

 
When a plant cell is placed in a solution with a higher water concentration, a 
hypotonic solution, the cell becomes turgid. The reason the cell doesn’t burst is 
because of the cell wall containing the membrane. 

When a plant cell is placed in a solution which has a lower water concentration 
than the cell, 

the cell is said to be plasmolysed, the cell membrane pulls away from the cell wall. 

Active transport is different to either diffusion or osmosis. Active transport 
requires energy to occur. Active transport moves substances from an area of low 
concentration to an area of high concentration of that substance. Active transport 
is movement against the concentration gradient. Active transport is like pushing a 
boulder up a hill. 

Osmosis and diffusion is like leaving a boulder to roll down the hill. Active 
transport needs energy to occur. Osmosis and diffusion do not require energy to 
occur. They will happen without energy. Active transport needs respiration to 
happen in order to allow the transport of materials. 

Active transport is used to move mineral ions from the soil into the plants roots. 
The plant uses energy to transport those ions inside the root into the plant 
because they are required for the growth of the plant. 

Active transport is also used to absorb sugar molecules from lower 
concentrations in the gut into the blood which would have a higher concentration 
of sugar. 



 

Osmosis Activity 
1. Define osmosis. 

……………………………………………………………………………………..……………  

2. Define an isotonic solution. 

…………………………………………………………………………………………………..  

3. Define a hypertonic solution. 

……………..……………………………………………………………………………………  

4. Define a hypotonic solution. 

……..……………………………………………………………………………………………  

 
5. Describe and explain what will happen to the following cells when placed in the 
different solutions.   
 Plant Cell Animal Cell 

Pure water   

Concentrated sugar 
solution 

  

 
6. Describe and explain what would happen to the mass of an egg when placed in 

beaker of water. 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

7. Define active transport. 

…………………………………………………………………………………………………  

 

8. Why would a cell that carries out a lot of active transport have a large number of 

mitochondria? 

…………………………………………………………………………………………..……… 

…………………………………………………………………………………………………. 



 

Binary Fission  
 

Binary fission is a type of cell division used by bacteria to make copies of itself. In 
binary fission the cell splits in two provided there are sufficient nutrients and a 
suitable temperature. 

If conditions are suitable then the following steps occur. 

The circular DNA and plasmids replicate. The cell gets bigger and the circular 
DNA strands move to opposite poles of the cell. The cytoplasm begins to divide 
and new cell walls begin to form. The cytoplasm divides and two daughter cells 
are produced. Each daughter cell has one copy of the circular DNA but can have 
variable numbers of plasmids. 

Bacteria can divide very rapidly if they are presented with the right conditions (e.g 
a warm environment and lots of nutrients). Some bacteria can divide in as little as 
twenty minutes if conditions are suitable. If conditions are unfavourable then the 
cells stop dividing and eventually die off or form spore structures to survive. 

You should be able to use the mean division time to find the number of bacteria in 
a population after a certain length of time. The mean division time is the average 
time it takes for one bacterial cell to divide into two. If you know the mean division 
time of a cell, you can work out how many times it has divided, if given the total 
number of cells or the total number of cells in a given amount of time. Let’s look at 
this example. 

A bacterial cell has a mean division time of 20 minutes. How many cells will it have 
produced after 2 hours? 

Firstly, you need to change all time into the same units so 2 hours needs to be 
changed into minutes. To do that, we must multiply it by 60 so 2 x 60 = 120 
minutes. 

They will tell you in the question the mean division time which in this case is 20 
minutes. Next we need to divide the total time that the bacteria are producing 
cells by the mean division time. So 120 ÷ 20 = 6. 

So there are 6 divisions. Next multiply 2 by itself for the number of divisions so we 
now have 26 = 64 so after 2 hours, 64 cells are present. 

Bacteria can be grown in nutrient broths or on agar plates. These are referred to 
as growth media. These nutrient broths and gels contain carbohydrates, minerals, 
proteins and vitamins needed by the microorganism to grow. 



It is important that there are 
no contaminations as any 
contamination will impede 
your results. Scientists use 
aseptic technique to prevent 
contamination. The petri 
dishes and culture media 
must be sterilised before 
use. This can be done by 
using very high 
temperatures in order to 
sterilise the equipment. Inoculating loops must be sterilised before being used to 
transfer microorganisms to the media. This can be done by passing them through 
a flame. 

 

The lid of the petri dish should 
be secured with adhesive tape 
and stored upside down. This 
will reduce the risk of any 
substance falling onto the plate 
while it is incubating. Any 
experiments you conduct with 
agar plates will involve growing 
the bacteria at  or below as this 
minimises the risk of any 
pathogens growing on the 
plate. 

Once an agar plate has 
grown, you are also required 
to be able to work out the 
cross-sectional area of 
colonies or the clear area 
around colonies if you are 
testing antibiotics. This can 
be done using the formula 
where r is the radius of the 
colony or the zone of 
inhibition. 

 

 

 

 



Binary Fission Activity 
 

1. What is binary fission? 
 

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 

 

2. Describe the stages of binary fission.  
 

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 

 

3. A bacterial cell has a mean division time of 25 minutes. Calculate the number of cells 
present after 125 minutes. 
………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………..… 

 

4. A bacterial cell has a mean division time of 30 minutes. Calculate the number of cells 
present after 4 minutes. 
 
………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………..… 

 

5. Describe some procedures used by scientists when using aseptic technique and explain why 
aseptic technique is important. 
  
………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………… 

 



6. A bacterial colony has a radius of 5mm, what is the area does the colony cover? Give your 
answer to two significant figures.  
 
………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………… 

 
7. Scientists are investigating the effectiveness of different antibiotics. They measure the 

radius of the zone of inhibition surrounding each antibiotic. Calculate the area of each zone 
of inhibition.  
 

Antibiotic Radius of zone of inhibition 
(mm) 

Area of zone of inhibition 
(mm2) 

Amoxicillin 16  
Streptomycin 13  

Cloxacillin 23  
Doxycycline 12  

 
 

……………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………………………………………… 

 
8. State two conclusions that can be drawn from the data above.  

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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