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1.1 The microscope in cell studies Activity 
number

Learning outcomes

c 1 Appreciate that microscopy has a long history and was fundamental to our 
understanding of cells and the development of the cell theory.

27  34

c 2 Outline the principles of light and electron microscopy. Recognise and account 
for differences between the images produced by light microscopes, transmission 
electron microscopes, and scanning electron microscopes. 

27  28  31

c 3 Compare the structure of typical animal and plant cells using temporary 
preparations of live material as well as light and electron photomicrographs.

36-39

c 4 Calculate the linear magnification of drawings, photomicrographs, and electron 
micrographs by using the formula: magnification = image size ÷ object size.

33

c 5 PRAC  Prepare and examine microscope slides for viewing with a light 
microscope at high and low power. Demonstrate use of an eyepiece 
graticule and stage micrometer to calculate the size of specimens.  

29  30  32

c 6 Demonstrate familiarity with the use of different units (mm, µm, nm) used in cell 
studies and be able to convert between them.

35

c 7 Distinguish between magnification and resolution. Compare the magnification 
and resolution achieved using light and electron microscopes.

31

c 8 Calculate actual sizes of specimens from drawings, photomicrographs, and 
electron micrographs.

33

Key terms
ATP

cell wall

centrioles

chloroplast

cilia

cytoplasm

cytoskeleton

electron micrograph

endoplasmic reticulum 
(ER)

eukaryotic cell

eyepiece graticule

flagella

Golgi apparatus

laser scanning 
confocal microscope

light (=optical) 
microscope

lysosome

magnification

mitochondrion

nuclear envelope

nucleolus

nucleus

organelle

plasma membrane

prokaryotic cell

resolution

ribosome

rough ER (rER)

scanning electron 
microscope

smooth ER (sER)

stage micrometer

stain
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transmission electron 
microscope

vacuole

Cell structureTopic 1

1.2 Cells as the basic units of living organisms Activity 
number

Learning outcomes

c 9 Understand that the cell is the basic unit of life and that the structures within 
cells interact to enable them to function in their environments.

34

c 10 Describe and interpret electron micrographs and drawings of typical plant and 
animal cells as seen with an electron microscope. 

37  39  42  

c 11 Recognise the following cell structures and outline their functions: cell 
surface (plasma) membrane, nucleus, nucleolus, nuclear envelope, rough 
and smooth endoplasmic reticulum, Golgi apparatus, ribosomes (80S and 
70S), mitochondria, lysosomes, chloroplasts, centrioles and microtubules, 
plasmodesmata, cell wall, vacuole and tonoplast of plant cells.  

36-41

c 12 Recognise the relationships between organelles as related to their functions, 
e.g. the rough ER and Golgi in the production and secretion of proteins.

43

c 13 Outline the role ATP in cells and state where it is produced in the cell. 44

c 14 Describe the structure of a typical prokaryotic cell, including size, lack of 
membrane-bound organelles, cell wall, naked circular DNA, and 70S ribosomes.  

45

c 15 Compare and contrast the structure of prokaryotic and eukaryotic cells.  46

c 16 Outline the key features of viruses as non-cellular structures to include the nature 
of the protein coat and the genetic material.

47
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32 Measuring and Counting Using a Microscope
Key Idea: Graticules make it possible to measure cell size. 
Haemocytometers are used to count the number of cells.
Measuring and counting objects to be viewed under a 
microscope requires precisely marked measuring equipment. 

Two common pieces of equipment are the graticule and the  
haemocytometer. A graticule can be used to measure the 
size of an object whereas a haemocytometer is used to count 
the number of cells in a set area or volume.

+ +
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Counting cells
Microscopes can be used as a tool to count cells or other small objects (e.g pollen grains). By counting the number of cells in a known 
area, the total number of cells in a larger area can be calculated. A haemocytometer is commonly used to count cells viewed with a light 
microscope. It is a simple slide with precisely etched lines forming a grid and was developed for counting blood cells. There are a number of 
types of haemocytometer, including the Improved Neubauer, shown below. The slide holds a coverslip 0.1 mm above the surface of the grid, 
allowing volume to be calculated. The central counting grid is divided into 25 large squares, each of which is further divided into 16 squares.

Stage micrometer

Measuring cell size
A graticule is a scale placed in the eyepiece of 
a microscope. It is usually about 1 mm long and 
divided into 100 equal units. A graticule is used in 
combination with a stage micrometer to work out the 
size of an object being viewed. The stage micrometer 
is a slide with a scale that is exactly 1 mm long and 
also divided into 100 divisions (so that each division 
is 0.01 mm) and is placed on the microscope stage. 
The stage micrometer allows the graticule to be 
calibrated so that a precise scale can be calculated 
at each magnification.

The scale on the graticule is lined up with the stage 
micrometer. The number of graticule divisions 
between the divisions of the stage micrometer can 
then be read off. In the example right, each division of 
the stage micrometer is equal to four large divisions 
of the graticule. Each large division of the graticule is 
therefore 2.5 x 10-3 mm at 400x magnification.

0 10 20 30 40 50 60 70 80 90 100

0 10 20 30 40 50 60 70 80 90 100

0.01 mm

Eyepiece

Graticule

x400

View through 
eyepiece

1. A student using the graticule scale shown at the top of this page found a cell to be 56 divisions wide. Calculate the width 
of the cell in mm and in mm:

2. A second student grew yeast cells in 5 cm3 of nutrient solution. The student used the haemocytometer shown above to 
count the number of yeast cells each day for 3 days.

 
 (a) Calculate the area and volume of the grid shown in blue:  Area:                                 Volume:

 (b) The student counted yeast cells in the central blue grid. Complete the table below based on the counts obtained:

Day 1 Day 2 Day 3

Number of cells counted 4 9 17
Cells in 5 cm3

3. A botanist wished to know the number of pollen grains produced per anther by a flower with eight anthers. She cut the 
anthers and placed them in 3 cm3 of distilled water, shaking the mix vigorously. Using a haemocytometer she counted 6 
grains in the large central counting grid (1 x 1 mm). Calculate the total number of pollen grains produced per anther:

Counting grid at 100x

Jeffery M
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Oxygen 
released by 
the reaction

Potato cubes + 
excess H2O2

Tube 
transfers  
released 
oxygen

Water in 
the 50 cm3 
cylinder is 
displaced by 
the oxygen.

A 50 cm3 cylinder is upturned in a 
small dish of water, excluding the air.

Timed for 5 
minutes.

Investigating Catalase Activity72

Aim 
To investigate the effect of potato mass (and 
therefore enzyme concentration) on the rate of  
H2O2 decomposition.

Hypothesis 
A greater mass of potato will have more enzyme 
present and will produce a greater reaction rate.

Method 
The students cut raw potato into cubes with a 
mass of one gram. These were placed a conical 
flask with excess hydrogen peroxide (right). The 
reaction was left for five minutes and the volume 
of oxygen produced recorded. The students 
recorded the results for three replicates each of 1, 
2, 3, 4, and 5 cubes of potato below:

1. Complete the table by filling in the mean volume of 
oxygen produced and the rate of oxygen production.

2. Plot the mass of the potato vs the rate of production on 
the grid (right): 

3. Relate the rate of the reaction to the amount of enzyme 
present.

4. Why did the students add excess H2O2 to the reaction?  

5. State one extra reaction that should have been carried out by the students:  

6. (a) The students decide to cook some potato and carry out the test again with two grams of potato. Predict the result:

 (b) Explain this result:  

Mass of 
potato / g

Volume oxygen / cm3

(5 minutes)
Mean

Mean rate 
of O2 

 production  
/ cm3 min-1

Test 1 Test 2 Test 3

1 6 5 6

2 10 9 9

3 14 15 15

4 21 20 20

5 24 23 25

WEB

72

Key Idea: The rate of a reaction can be measured indirectly 
by measuring the volume of reaction products.
A group of students decided to use cubes of potato, which 
naturally contain the enzyme catalase, placed in hydrogen 

peroxide to test the effect of enzyme concentration on 
reaction rate. The reaction rate could be measured by the 
volume of oxygen produced as the hydrogen peroxide was 
decomposed into oxygen and water.

LINK

74



TEST

96

© 2015 BIOZONE International
 ISBN:978-1-927309-31-5 

Photocopying Prohibited

KEY TERMS AND IDEAS: Did You Get It?78

3. The graph (right) shows the effect of an enzyme inhibitor in enzyme reaction rate.

 (a) It show competitive inhibition/non-competitive inhibition (delete one).

 (b) Circle the diagram below that illustrates your choice in (a):

R
at

e 
of

 r
ea

ct
io

n

Substrate concentration

Maximum rate

no inhibitor

with inhibitor

2. (a) Label the graph, right, with appropriate 
axes and the following labels: Reactants, 
products, activation energy, transition state.

 (b) Assume the reaction has had no enzyme 
added. Draw the shape of the graph if an 
enzyme was added to the reaction mix.

A The energy that must be overcome in order for a chemical reaction to occur.

B Any reagent that increases the rate of a chemical reaction but is itself not consumed 
by the reaction.

C The conditions at which an enzyme works best (e.g. a specific pH or temperature).

D Reactions that build larger molecules from smaller ones. 

E Biological catalysts, usually globular proteins.

F The currently accepted model for enzyme function.

G Reactions that break up larger molecules into their component parts.

H The loss of a protein's three dimensional functional structure is called this. 

I The region of an enzyme responsible for substrate binding and reaction catalysis. 

activation energy

active site

anabolic reactions

catabolic reactions

catalyst

denaturation

enzymes

induced fit model

optimum (for enzyme)

1. Test your vocabulary by matching each term to its correct definition, as identified by its preceding letter code.  

4. The graph (right) shows reaction velocity versus substrate 
concentration for two enzymes (x and y). Both enzymes have the 
same substrate and the same Vmax.

 (a) Determine the ½Vmax for enzyme x:  
 

 (b) Determine the ½Vmax for enzyme x:  

 (c) Determine Km for enzyme x:  
 

 (d) Determine Km for enzyme y:  

 (e) Compare the two Km values and comment on the affinity of each 
enzyme for the substrate:
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The Role of Telomeres
Key Idea: Telomeres are segments of DNA that protect the 
ends of chromosomes.
Telomeres are repeating segments of DNA found at the 
tips of chromosomes. They protect the chromosomes from 
degradation (and subsequent loss of genes) and incorrect 
recombination. However, during DNA replication, the very 
ends of the telomeres are unable to be copied. Thus the 

telomeres become shorter with each round of replication. 
Eventually the telomeres are depleted, which leads to a 
cessation of cell division or to programmed cell death. This 
telomeric shortening thus gives a way of regulating the life 
span of a dividing cell. Enzymes called telomerases can 
maintain the length of the telomeres. Telomerases are active 
in stem cells, hair follicles, and cancerous cells.

101

1. What is a telomere?  

2. What is the repeated sequence in human telomeres?  

3.  Explain how telomere length is linked to cell age:  

4. Explain why telomerase is more active in stem cells than ordinary somatic cells:  

How telomeres work
In vertebrates, telomeres consist of the DNA 
sequence TTAGGG (below left) that may repeat 
several hundred to several thousand times 
(2500 times in humans). During replication, the 
enzymes that copy the DNA cannot continue 
all the way to the end of chromosome. Part 
of the telomere is therefore left out during 
each replication. When the telomeres become 
particularly short, it signals to the cell to 
stop dividing. At this stage, the cell may 
enter cellular old age (senescence), or begin 
programmed cell self-destruction (apoptosis).

Telomere position and structure

T C C C A  A T C C C A  A T C C C A  A T C C C A  A T C C C
A G G G T   T   A   G   G   G T   T   A   G   G   G T   T   A   G   G   G T   T   A   G   G   G

Cell

Chromatid

Telomeres

Repeating sequences of DNA

The image above shows the telomeres as bright 
dots at the ends of the chromosomes.

Telomeres and telomerase
All cells employ the enzyme telomerase to 
extend the length of the telomeres. However 
these enzymes are not particularly active and 
the shortening of the telomeres is greater than 
their regeneration. In rapidly dividing cells 
such as stem cells, some blood cells, and hair 
follicles, there is greater telomerase activity 
which increases the dividing life of the cell.

Telomeres in 
somatic cell

Telomeres in cells with 
telomerase, such as 
stem cells.

Cell divisions

Telomere
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The sequence varies between organisms 
but is similar for all vertebrates 
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Drawing Blood Cells148
Key Idea: Blood cells can be distinguished by their shape and 
size. For leucocytes, features of the nuclei are also diagnostic.
Determining the type and number of blood cells present in a 
sample is a common technique in diagnosing disease. Blood 
is taken from a patient and prepared for viewing under a light 

microscope. Wright's stain is applied to differentiate the cells. 
It contains eosin, which stain cytoplasms orange-pink, and 
methylene blue, which stains the nuclei of the leucocytes 
blue-purple. The shape and size of the nucleus is an important 
factor in differentiating the leucocytes from each other.

During your practical work, you will be required to 
identify and draw cells in a prepared blood smear 
viewed with a light microscope. It can be difficult to 
distinguish between the types of white blood cells 
(leucocytes) in prepared smears, even at X400. 
An example of what you are likely to see in a well 
prepared blood smear is shown above. 

Scanning electron microscopes can achieve higher resolution than 
light microscopes, so more detail can be observed. The left image, 
is a scanning electron micrograph showing the surface detail of 
human red and white blood cells. The image above right has been 
taken with a transmission electron microscope. It shows the details 
of red blood cells (RBC) and white blood cells (WBC) in section. 
RBC appear featureless because they lack nuclei and organelles.

Red blood cells 
(erythrocytes)

Eosinophil (leucocyte)

Lymphocyte 
(leucocyte)

Neutrophil 
(leucocyte)

E
II

1. (a) Would red blood cells take up the methylene blue in Wright's stain?  

 (b) Why/why not?  

2. The images below show four different types of blood cells commonly seen in blood smears viewed under a light 
microscope. Draw the images and make notes about their distinguishing features:

Lymphocyte Neutrophil Monocyte Red blood cell
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Cholera
Key Idea: Cholera is a bacterial disease that causes severe 
diarrhoea and is spread by drinking contaminated water.
Cholera is an intestinal infection caused by the bacterium 
Vibrio cholerae. Infection results in severe diarrhoea, which 
may be fatal if left untreated. Cholera is spread by consuming 

water or food contaminated with the cholera bacterium. The 
disease can be prevented by hygienic disposal of human 
faeces, providing an adequate supply of safe drinking water, 
safe food handling and preparation, and effective general 
hygiene (e.g. hand washing with soap). 

Cholera causes severe diarrhoea

Cholera is contracted when 
food or water contaminated with 
faecal matter containing cholera 
bacteria (below) is consumed. 

Control and prevention of cholera
Cholera is transmitted between people when the water supply 
is contaminated with human faeces containing cholera bacteria. 
Outbreaks are most likely in overcrowded regions where safe disposal 
of human sewage is lacking, allowing human waste to contaminate 
drinking water. Such areas include developing nations, countries with 
civil disputes, refugee camps and slums, and regions hit with natural 
disasters, such as cyclones or tsunamis.

169

Photo left: Fecal sludge is being 
dumped into the local river at a 
slum near Nairobi, Kenya.

Drinking water can also become 
contaminated with faeces when 
pit latrines (holes in the ground) 
and wells supplying drinking 
water are located closely together. 
The human waste seeps into the 
drinking water.

Having the infrastructure to 
provide clean drinking water and 
safe disposal of human waste is 
the most effective way to prevent 
cholera. However, in many of the 
regions commonly affected, there 
is no money to provide even the 
most basic services, so cholera 
outbreaks are common.

Basic hygienic food handling and 
hand washing reduce the risk of 
transmission. The World Health 
Organisation (WHO) monitors 
outbreaks of cholera so resources 
can be distributed where they 
are most needed. An oral cholera 
vaccine is used to help control 
outbreaks. It works most effectively 
alongside other preventative 
mechanisms described above.

The cholera bacterium 
infects the intestine 
and produces an 
enterotoxin, which 
increases the 
permeability of the 
intestinal epithelium 
to chloride ions and 
results in large volumes 
of watery diarrhoea.

The diarrhoea can lead to severe dehydration, electrolyte 
imbalance, kidney failure, and death within hours if untreated. 
Cholera is treated with oral rehydration salts (ORS) containing 
glucose and electrolytes, which are taken up by active transport 
by the intestinal cells. This reverses the osmotic gradient and 
allows blood volume to be restored. Up to 80% of cases can be 
successfully treated with ORS.

DEMF

1. (a) Name the cholera pathogen:  

 (b) State what type of pathogen it is:  

2. How is the cholera pathogen transmitted?  

3. (a) Why are cholera outbreaks more common in poorer, developing nations or after natural disasters?   

 

 (b) Discuss the ways that cholera can be prevented and controlled:  

WEB
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1. Identify the most common type of phagocytic white blood cell:  

2. What is the role of chemotaxis in the body's response to infection?  

3. How can a blood sample be used to diagnose a microbial infection (without looking for the microbes themselves)?

4. Explain the role of opsonins and phagocyte receptors in enhancing phagocytosis:  

Key Idea: Phagocytes are types of mobile white blood cells 
that ingest microbes and digest them by phagocytosis.
All  types of phagocytes (e.g. neutrophils and macrophages) 
are white blood cells. These specialised cells have receptors 
on their surfaces that can detect foreign or antigenic material, 

such as microbes. They then ingest the microbes and digest 
them by phagocytosis. During many kinds of infections, the 
total number of white blood cells increases by two to four 
times the normal number. The ratio of various white blood cell 
types changes during the course of an infection.

The Action of Phagocytes181

Neutrophils
Neutrophils, named for their neutral staining cytoplasm, are 
the most abundant type of white blood cell, constituting up 
to three-quarters of all white blood cells. Neutrophils are one 
of four types of granulocytes, distinguished by the granular 
appearance of the cytoplasm and their lobed nucleus.

When activated, neutrophils become highly mobile and 
amoeboid-like. They are some of the first immune cells to 
arrive at an infection site, attracted by microbial chemicals 
and by cytokines (proteins involved in cell signalling) 
expressed by macrophages and damaged endothelial cells. 
This movement to a site based on a gradient in chemical 
signals is called chemotaxis.

The cytoplasm of phagocytes contains 
three types of vesicles (called granules) 
containing an assortment of different 
enzymes and proteins with antimicrobial 
properties. These target the microbial 
molecular components and destroy them.

Polymorphic nucleus
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How a phagocyte destroys microbes
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Detection and interaction
Microbe coated in opsonins is detected 
by the phagocyte and attaches to it. 
Opsonins are molecules in the blood and 
coat foreign material (e.g. a bacterial cell), 
marking it as a target for phagocytosis.

Engulfment
The opsonin markers trigger engulfment 
of the microbe by the phagocyte. The 
microbe is taken in by endocytosis.

Discharge
Indigestible material is discharged from 
the phagocyte.

Digestion
The microbe is broken down into its 
chemical constituents.

Fusion with lysosome
Phagosome fuses with a lysosome 
containing powerful antimicrobial proteins. 
The fusion forms a phagolysosome.

Phagosome forms
A phagosome forms, enclosing the 
microbe in a membrane.
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