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6.1 Microbial techniques Activity 
number

Learning outcomes

c 1 Describe the basis of aseptic techniques used in working with microbiological 
cultures and understand their importance.

22

c 2 Describe the principles and techniques involved in culturing microorganisms, 
including strain isolation and the use of different media and the reasons for this, 
e.g. broth cultures, agar, and selective media.

22  23

c 3 Describe the different methods of measuring the growth of a bacterial culture, 
including cell counts, dilution plating, mass, and optical methods (turbidity). 

24

c 4 Describe and explain the typical phases of growth of a bacterial culture: lag 
phase, log phase, stationary phase, and death phase. Calculate exponential 
growth rate constants for a bacterial culture.

25

c 5  PR-12  Investigate the rate of growth of bacteria in liquid culture. 26

c 6  PR-13 Isolate species from a mixed culture of bacteria using streak plating. 27

6.3 Action of antibiotics Activity 
number

Learning outcomes

c 1 Describe and explain the action of bactericidal and bacteriostatic antibiotics, as 
illustrated by penicillin and tetracycline.

29

6.4 Antibiotic resistance Activity 
number

Learning outcomes

c 1 Explain what is meant by antibiotic resistance and explain how it arises and 
spreads within and between bacterial populations.

30

c 2 Describe the methods use to limit the spread of antibiotic resistance in bacteria 
and explain difficulties associated with this.

31

6.2 Bacteria as pathogens Activity 
number

Learning outcomes

c 1 Describe how bacteria can act as pathogens and explain how they cause 
infection by invading and destroying host tissues and producing toxins.

28

c 2 Describe the pathogenic effects arising from the production of exotoxins (e.g. by 
Staphylococcus spp.), endotoxins (e.g. by Salmonella spp.), and invasion of host 
tissues (e.g. by Mycobacterium tuberculosis).

28
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6.5 Other pathogenic agents Activity 
number

Learning outcomes

c 1 Identify pathogenic agents amongst the fungi, protoctistans, and viruses. 32

c 2 Describe the transmission, mode of infection, and pathogenic action of stem 
rust fungus, Puccinia graminis, on cereal crops, e.g. wheat.

33

c 3 Describe the transmission, mode of infection, and pathogenic action of the 
influenza virus. Explain how antigenic drift and antigenic shifts contribute to 
greater virulence in seasonal strains.

34  

c 4 Describe the transmission, mode of infection, and pathogenic action of the 
malarial parasite, Plasmodium spp. Identify factors contributing to virulence. 
As extension, explain the maintenance of the sickle cell allele by heterozygous 
advantage in regions where malaria is endemic.

35

6.6 Problems of controlling endemic diseases Activity 
number

Learning outcomes

c 1 Describe and explain the social, economic, and ethical implications of different 
control methods for endemic malaria. Discuss the role of the scientific 
community in validating these methods.

36

6.7 Response to infection Activity 
number

Learning outcomes

c 1 Describe the action of macrophages, neutrophils, and lymphocytes in the 
human internal defence system.

37  38    

c 2 Explain the development of the humoral immune response, including the role 
of antigen-presenting cells, helper T cells and cytokines, B cells, plasma cells, 
clonal selection, and antibodies. 

39  40

c 3 In more detail than #3, describe the structure and role of antibodies, explaining 
how they inactivate antigens.

41

c 4 Explain the development of the cell-mediated immune response, including the 
role of antigen-presenting cells, helper T cells and cytokines, and killer T cells.

39  

c 5 Distinguish the primary and secondary immune responses and describe the role 
of T and B memory cells in the secondary immune response.

42

c 6 Using examples, distinguish between naturally acquired and artificially acquired 
immunity and between active and passive immunity.

42

c 7 Explain the basis of vaccination and the concept of herd immunity. Discuss the 
role of vaccination in public health programmes and the prevention of epidemics.

42  43

c 8 Discuss the potential issues in populations where a proportion choose not to 
vaccinate against preventable diseases.

44
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1. Explain the basis by which bacteria are isolated using streak plating:

2 Discuss the basic principles of aseptic technique, outlining why each procedure is necessary:

3. Explain the importance of aseptic (sterile) technique in streak plating:

4. State how many bacterial cells must be present on the plate before the colony becomes visible to the naked eye:

5. Explain when it might be necessary to use selective media to culture bacteria:

Key idea: Streak plating is a simple method to separate 
individual species of bacteria from a mixed culture. 
In nature, bacteria exist as mixed populations. To study them, 
they must exist as pure cultures (i.e. cultures in which all 
organisms are the same species). The most common way of 
separating bacterial cells on the agar surface is the streak 
plate method. This method dilutes the sample by mechanical 

means. After incubation, the area at the beginning of the 
streak pattern will show confluent growth (growth as a 
continuous sheet), while the area at the end of the streak will 
show discrete colonies. Isolated colonies can be removed 
using aseptic techniques, and transferred to a sterile medium. 
After incubation, all organisms in the new culture will be 
descendants of the same organism (i.e. a pure culture). 

BBT Inc.

BBT Inc.

The streaking starts here. Streaks are 
made in the order indicated by the 
numbers on the plate. The first streak is 
made from the initial bacterial mixture.

In each streak, the loop 
picks up bacteria from the 
previous series, diluting the 
number of cells each time.

The inoculating loop is 
sterilized in a flame and 
alcohol after each streak.

After 
incubation

Individual colonies (arising from 
one cell) should be obtained 
here. These can be removed 
and then cultured separately.

Wearing gloves 
prevents contamination 
from microbes on the 
hands.

When approximately 10 to 100 million bacterial 
cells are present, colonies become visible. Note 
the well-isolated colonies in the photo. A single 
colony may be removed for further investigation.

A swab containing a single strain of bacteria is 
used to inoculate additional nutrient plates to 
produce pure cultures of bacteria.

To test purity, a sample of a culture can be grown 
on a selective medium that promotes the growth 
of a single species. The photo above shows a 
positive encapsulation test for Bacillus anthracis.

C
D

CG
T

Rough colonies 
on blood agar

Smooth colonies on 
bicarbonate agar

Strain Isolation23
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1. In the example of serial dilution above, use the equation provided to calculate the cell concentration in the original culture:

2. (a) Explain the term viable count:

 

 (b) Explain why dilution plating is a useful technique for obtaining a viable count:

 (c) Investigate an alternative technique, such as turbidimetry and identify how the technique differs from dilution plating:

 

1 cm3 1 cm3 1 cm3 1 cm3 1 cm3

1:100 000

1 cm3

1:10 000

1 cm3

1:1000

1 cm3

1:100

1 cm3

Original inoculum
from culture

Dilutions 1:10

1 cm3

9 cm3 of
nutrient broth
in each tube

Thick growth Isolated colonies

Measuring microbial growth using dilution plating

A serial dilution is the stepwise dilution of a substance into another solution. By making a series 
of dilutions and then counting the colonies that arise after plating, the density of the original 
inoculum (starting culture) can be calculated. To obtain good results, the colonies should be well 
separated and the number of colonies counted should ideally be between 15-30.

Plate counts are widely used in microbiology. It is a useful technique because only the viable 
colonies are counted, but it requires some incubation time before colonies form. For quality control 
purposes in some food industries where the food product is perishable (e.g. milk processing) this 
time delay is unacceptable and more rapid detection methods are used.

CALCULATION: No. of colonies on plate X reciprocal of sample dilution = no. of bacteria per cm3.
EXAMPLE: 28 colonies on a plate of 1/1000 dilution, then the original culture contained: 
 28 x 1000 = 28 x 103 cm–3 bacterial cells

Dilution Plating24

LINK

26
WEB

24

Key idea: Dilution plating is a means to estimate culture 
density based on plate counts after a serial dilution. 
The number of bacteria in a culture can be measured 
directly (e.g. by counting in a haemocytometer) or indirectly. 
Indirect methods include measuring culture dry weight or 
turbidity, both of which are directly proportional to cell density. 

Microbial populations are often very large, so most counting 
methods rely on counting a very small sample of the culture. 
A commonly used indirect method is serial dilution followed 
by plate counts (dilution plating). If care is taken with the 
serial dilution, an accurate estimate of culture density can 
be obtained.
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Bacterial Diseases
Key Idea: Pathogenic bacteria are responsible for some of 
the world's most devastating diseases of plants and animals.
Relatively few of the world's bacterial species cause disease. 
Those that do (the pathogenic bacteria), have a range of 
adaptations that enable them to penetrate the defences of 
a host and cause infection (below). Bacterial diseases are 

commonly transmitted through food, water, air, or by direct 
contact. The natural source of infection of a disease varies 
from species to species, ranging from humans and other 
organisms, to sewage or contaminated water. Much of our 
control of bacterial disease is achieved through identifying 
reservoirs of infection and limiting the routes of transmission.

1. Describe the specific adaptations of bacteria that contribute to their ability to cause disease:

2. Why is immunisation often the best option for controlling airborne bacterial diseases?

Body tissue

Bacterium

How bacteria invade a host’s tissues
Toxins:  Bacterial toxins 
can act locally to promote 
bacterial invasion (e.g. 
the enzymes that degrade 
collagen), or they may have 
cytotoxic activity and destroy 
cells directly.

Fibrin:  Fibrous threads of 
protein are deposited when 
blood clots. This action by 
the host effectively limits the 
movement of pathogens in 
infected areas.

Enzymes are released that 
break down fibrin, allowing 
the bacteria greater 
freedom of movement.

The bacteria can release 
products that destroy 
phagocytic cells

Phagocyte: These white 
blood cells are very 
effective in identifying and 
destroying foreign cells 
such as pathogens.

Fimbriae are fine, threadlike 
extensions from the bacterial 
cell. The bacteria use them  
to attach to the mucous 
membranes and directly 
attack the host tissues.

The bacterium releases 
enzymes that degrade 
the connective tissue of 
the host, allowing the 
spread of infection.

Methods of Bacterial Transmission

Airborne bacterial diseases
Airborne pathogens are transmitted on dust 
particles or droplets when people cough, 
sneeze, or exhale. Vaccination against certain 
airborne bacteria has been highly successful. 
Whooping cough (above) is a potentially fatal 
respiratory disease caused by the bacterial 
pertussis toxin. The prevalence of this 
disease has declined dramatically following 
the introduction of immunisation programmes.

C
D

C

Waterborne bacterial diseases
Waterborne bacterial pathogens are 
responsible for a number of serious diarrhoeal 
illnesses, including typhoid and cholera. 
Transmission of these diseases is usually 
through faecal contamination of drinking 
water. The fever and diarrhoea associated 
with such diseases is responsible for 
hundreds of thousands of deaths annually in 
countries with poor sanitation.

N
IH Salmonella typhi

Foodborne bacterial diseases
Bacterial foodborne illnesses are caused by 
consuming food or beverages contaminated 
with bacteria or their toxins. Examples 
include Salmonella food poisoning and 
Campylobacter infection. Symptoms of 
bacterial food poisoning include fever, 
abdominal cramps, and diarrhoea. Some 
are associated with consuming raw or 
undercooked poultry.

U
S

D
A

Campylobacter jejuni

28
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1. Identify the white blood cells capable of phagocytosis:

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

3. Explain how some microbes can overcome phagocytic cells and use them to their advantage:

Key Idea: Phagocytes are types of white blood cells that 
ingest microbes and digest them by phagocytosis.
All  types of phagocytes are white blood cells. They ingest 
microbes and digest them by phagocytosis. During many 

kinds of infections, especially bacterial 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 Phagocytes

How a Phagocyte Destroys Microbes

Detection
Phagocyte detects microbes 
by the chemicals they give off 
(chemotaxis) and sticks the 
microbes to its surface.

Ingestion
The microbe is engulfed by the 
phagocyte wrapping pseudopodia 
around it to form a vesicle.

Phagosome forms
A phagosome (phagocytic vesicle) is 
formed, which encloses the microbes 
in a membrane.

Fusion with lysosome
Phagosome fuses with a lysosome 
(which contains powerful enzymes 
that can digest the microbe).

Digestion
The microbes are broken down 
by enzymes into their chemical 
constituents.

Discharge
Indigestible material is discharged 
from the phagocyte cell.

Phagocytes are mobile cells that can 
extend parts of the cell in different 
directions. These extensions are 
called pseudopodia are used to 
engulf microbes.

Phagocytic cell
These are white blood cells 
and include neutrophils and 
eosinophils.

Microbes

Nucleus

Phagosome

Microbes
Lysosome

Some microbes kill phagocytes

Some microbes produce toxins that 
can actually kill phagocytes, e.g. 
toxin-producing staphylococci and 
the dental plaque-forming bacteria 
Actinobacillus.

Microbes evade immune system

Some microbes can evade the immune 
system by entering phagocytes. The 
microbes prevent fusion of the lysosome 
with the phagosome and multiply inside the 
phagocyte, almost filling it. Examples include 
Chlamydia, Mycobacterium tuberculosis, 
Shigella, and malarial parasites.

Dormant microbes hide inside

Some microbes can remain 
dormant inside the phagocyte 
for months or years at a time. 
Examples include the microbes that 
cause brucellosis and tularemia.

The Interaction of Microbes and Phagocytes

Some microbes
kill phagocytes.

Microbes enter
phagocytes and evade
the immune response.

Dormant microbes
may hide inside
phagocytes.

38
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The Immune System

B-cell and  T-cell activation

Cytokines

Cytokines

Macrophage

Macrophage 
receptor

Antigen

Presented 
antigen

Other helper 
T-cells

Helper T-cell

Killer T-cell

B-cell

Helper T-cells are activated by direct cell-to-cell 
signalling and by signalling to nearby cells  
using cytokines from macrophages.

Macrophages ingest antigens, process them, 
and present them on the cell surface where 
they are recognised by helper T-cells. The 
helper T-cell binds to the antigen and to the 
macrophage receptor, which leads to activation 
of the helper T-cell.

The macrophage also produces and releases 
cytokines, which enhance T-cell activation. The 
activated T-cell then releases more cytokines 
which causes the proliferation of other helper 
T-cells (positive feedback) and helps to activate 
killer T-cells and antibody-producing B-cells.

Lymphocyte

B-cells recognise and bind antigens. Each B-cell 
recognises one specific antigen. Helper T-cells 
recognise specific antigens on B-cell surfaces and 
induce B-cell maturation and proliferation. A mature 
B-cell may carry as many as 100,000 antigenic 
receptors embedded in its surface membrane. B-cells 
defend against bacteria and viruses outside the cell 
and toxins produced by bacteria (free antigens).

B-cell

There are many different types of T-cells. They 
respond only to antigens that have been processed 
and presented by infected cells or macrophages 
(phagocytic cells) (below). They defend against:

•	 Intracellular	bacteria	and	viruses

•	 Protozoa,	fungi,	flatworms,	and	roundworms

•	 Cancerous	cells	and	transplanted	foreign	tissue

T-cellStem cell
Stem cells in the bone 

marrow and fetal liver give 
rise to T-cells and B-cells.  

1. Describe the general action of the two major divisions in the immune system:

 (a) Humoral immune system:

 (b) Cell-mediated immune system:

2. Explain how an antigen causes the activation and proliferation of T-cells and B-cells:

39
Key idea: The defence provided by the immune system is 
based on its ability to respond specifically against foreign 
substances and hold a memory of this response.
There are two main components of the immune system: 
the humoral and the cell-mediated responses. They work 
separately and together to provide protection against 
disease. The humoral immune response is associated with 

the serum (the non-cellular part of the blood) and involves 
the action of antibodies secreted by B-cell lymphocytes. 
Antibodies are found in extracellular fluids including lymph, 
plasma, and mucus secretions. They protect the body against 
viruses, and bacteria and their toxins. The cell-mediated 
immune response is associated with the production of 
specialised lymphocytes called T-cells. 

LINK
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Antibodies

1. Describe the structure of an antibody, identifying the specific features of its structure that contribute to its function: 

2. Discuss the various ways in which antibodies inactivate antigens:

 

41
Key idea: Antibodies are large, Y-shaped proteins, made by  
plasma cells, which destroy specific antigens.
Antibodies and antigens play key roles in the response of 
the immune system. Antigens are foreign molecules which 
promote a specific immune response. Antigens include 
pathogenic microbes and their toxins, as well as substances 
such as pollen grains, blood cell surface molecules, and 

the surface proteins on transplanted tissues. Antibodies 
(or immunoglobulins) are proteins made in response to 
antigens. They are secreted into the plasma where they can 
recognise, bind to, and help destroy antigens. There are 
five classes of antibodies, each plays a different role in the 
immune response. Each type of antibody is specific to only 
one particular antigen. 

LINK
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Enhances phagocytosis Enhances inflammation Enhances inflammation

Light chain (short)

Heavy chain (long)

Detail of
antigen
binding site

Antibody

Symbolic form
of antibody

Hinge region connecting 
the light and heavy chains. 
This allows the two chains 
to open and close.

Most of the molecule 
is made up of 
constant regions 
which are the same for 
all antibodies of the 
same class.

Variable regions form 
the antigen-binding sites. 
Each antibody can bind 
two antigen molecules.

Antigen
Most antigens are proteins or 
large polysaccharides and are 
often parts of invading microbes. 
Examples include cell walls, 
flagella, toxins of bacteria, viral 
coats, and microbial surfaces.

The specific site on the 
antigen that is recognised 
by the immune system is 
called the epitope or 
antigenic determinant. 

The antigen-binding sites differ from one type of 
antibody to another. The huge number of antibody 
types is possible only because most of the 
antibody structure is constant. The small variable 
portion is coded by a relatively small number of 
genes that rearrange randomly to produce an 
estimated 100 million different combinations.

How antibodies inactivate antigens

Activation of 
complement

Precipitation of
soluble antigens

Sticking together
particulate antigensNeutralisation

Virus

Toxin

Bacterial 
cell 

Complement

Tags foreign cells for destruction 
by phagocytes and complement.

Soluble antigens are stuck 
together to form precipitates.

Solid antigens such as bacteria 
are stuck together in clumps.

Antibodies bind to viral binding 
sites and coat bacterial toxins.

Bacterial 
cell 

Soluble 
antigens
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