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AREA OF STUDY 1 HOW DO ORGANISMS RESPOND TO PATHOGENS?

5 Responding to antigens
and acquiring immunity

KEY KNOWLEDGE

In this topic, you will investigate:

Responding to antigens and acquiring immunity
• physical, chemical and microbiota barriers as preventative mechanisms of pathogenic
infection in animals and plants

• the innate immune response including the steps in an inflammatory response and the
characteristics and roles of macrophages, neutrophils, dendritic cells, eosinophils, natural
killer cells, mast cells, complement proteins and interferons

• initiation of an immune response, including antigen presentation, the distinction between
self-antigens and non-self antigens, cellular and non-cellular pathogens and allergens

Acquiring immunity
• the role of the lymphatic system in the immune response as a transport network and the role
of lymph nodes as sites for antigen recognition by T and B lymphocytes

• the characteristics and roles of the components of the adaptive immune response against
both extracellular and intracellular threats, including the actions of B lymphocytes and their
antibodies, helper T and cytotoxic T cells

• the difference between natural and artificial immunity and active and passive strategies for
acquiring immunity

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS

Practical work is a central component of learning and assessment. Experiments, supported by a
practical investigation eLogbook and teacher-led videos, are included in this topic to provide
opportunities to undertake investigations and communicate findings.
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5.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in your
digital formats, learnON and eBookPLUS at www.jacplus.com.au.

5.1.1 Introduction

FIGURE 5.1 A false-coloured scanning
electron micrograph showing dendritic cells
(in grey) engulfing a yeast spore (in yellow)

All organisms show complex relationships for survival. From
the simplest organisms, such as bacterial cells, through to
the most complex, such as human beings, all organisms
have some kind of effective immune system to protect them.
Environments contain many pathogens, which are agents,
usually microorganisms, that cause diseases in their hosts.

The immune system consists of many biological structures
and processes within an organism that protect against
disease. To function properly, an immune system must
detect a wide variety of pathogens and distinguish them
from the organism’s own healthy tissue. We are constantly
exposed to pathogens in food and water, on surfaces, and
in the air. Features of the immune system such as pathogen
identification, innate and specific responses, amplification,
retreat, and remembrance are essential for protection against
pathogens and will be explored in this topic.
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5.2 Antigens, pathogens and allergens

KEY KNOWLEDGE

• The distinction between self-antigens and non-self antigens, cellular and non-cellular pathogens and
allergens

Source: Adapted from VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

immune system the body
system that helps resist infection
and disease through specialised
cells and proteins

The ability of our immune system to protect us from disease and infection has been fundamental to our
survival and our evolution. Without an immune system, we would struggle to fight against even the simplest of
pathogenic agents, leading to disease and death.

pathogens agents that cause
diseases in their hosts

Our immune system has incredible mechanisms to assist us in fighting pathogens.

Defence against infection depends on the ability of the body’s immune system to:
• identify cells or molecules that are foreign or ‘non-self’, and react to and eliminate them
• recognise the body’s own cells and the compounds they produce as ‘self’ and not react against them.

Understanding different antigens and pathogens are vital to understand how our
immune system functions.

5.2.1 Antigens

antigens molecules or parts
of molecules that stimulate an
immune response

Antigens are molecules or parts of a molecule that stimulate immune response
through the adaptive immune response. In jawed vertebrates, they are ‘antibody
generators’, leading to the production of antibodies.

antibodies proteins produced
by plasma cells in response
to antigens and which react
specifically with the antigen that
induced their formation; also
called immunoglobulins

immunoglobulins antigen-
binding proteins produced by B
cells and released in blood and
lymph

inflammation an innate reaction
by the immune response
to foreign particles or injury
resulting in redness and swelling

cytotoxic T cells T cells that are
activated by cytokines to bind
to antigen–MHC-I complexes
on infected host cells and kill
infected body cells

Antigens, as well as stimulating the immune response through the production of
antibodies or immunoglobulins, also may lead to inflammation and a
cell-mediated immune response through cytotoxic T cells. These processes will be
explored further in this topic.

self-antigens antigens on cells
that are recognised by self-
receptors as being part of the
same body

non-self antigens antigens that
do not belong to the body’s own
cells

Antigens can be classed as ‘self-antigens’ or ‘non-self antigens’. This is
particularly important in our adaptive immune response.

FIGURE 5.2 A simplified diagram showing the various receptors on immune cells

‘Self’ antigens

Immune

cell

Receptors

for ‘non-self’

Receptors

for ‘self’

Self-antigens are those that are not foreign and are thus usually tolerated by the immune system. Non-self
antigens can be identified as invaders and can be attacked by the immune system.
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Distinguishing self from non-self
Figure 5.2 shows a stylised diagram of an immune cell that checks for non-self
invaders. Note that the plasma membrane of this immune cells carries: cell surface receptors regions of a

trans-membrane molecule exposed
at the surface of a cell that act in cell
signalling by receiving and binding
to extracellular molecules

• self-antigens that identify this immune cell as ‘self’
• cell surface receptors for self-antigens so that this cell can identify and not

attack other body cells
• cell surface receptors for foreign antigens so that the immune cell can identify

foreign material and signal other immune cells to eliminate it.

major histocompatibility complex
receptor proteins on the surface of
cells that identify the cells as ‘self’

autoimmune diseases diseases in
which the immune system fails to
identify ‘self’ material and makes
antibodies against the body’s own
tissues

Antigen recognition depends on the detection of antigens by the receptors. The major
histocompatibility complex (MHC) is a group of receptor proteins present on the
surface of body cells. It helps the immune system distinguish the body’s own proteins
from proteins made by foreign invaders such as viruses and bacteria. When the immune
system fails to recognise self-cells, autoimmune disease can result, where the immune
system targets its own body cells.

human leukocyte antigens
antigens present on human cell
surfaces that determine the ‘self’
status of a person’s cells

In humans, MHC markers are also known as human leukocyte antigens (HLA). When
discussing these markers on humans, either term is acceptable.

Classes of MHC markers

There are different classes of MHC markers, including HLA I and HLA II markers:

MHC-I a type of major
histocompatibility complex found
on nucleated cells

MHC-II a type of major
histocompatibility complex found on
specific white blood cells involved in
the adaptive immune response

antigen-presenting cells cells of
the immune system that use MHC-II
markers on their surface to present
antigens to helper T cells to elicit an
immune response

macrophages phagocytic antigen-
presenting cells derived from
monocytes that may be found in
various tissues throughout the body
and can engulf foreign material

dendritic cells a type of antigen-
presenting cell and phagocyte that
can activate T lymphocytes in the
adaptive immune response

• MHC-I is present on all nucleated cells of the body. It contains a site that
forms the structural binding site for an antigen. These are what allows cells to
be recognised as ‘self’ so they will not be attacked by cells such as natural
killer cells or cytotoxic T cells.

• MHC-II is presented mainly on specific white blood cells, including antigen-
presenting cells (such as macrophages and dendritic cells) and helper
T cells. Macrophages and dendritic cells present antigens on their surface
on these MHC-II markers, which bind to helper T cells to help activate the
adaptive immune response.

The role of these cells in the immune response will be explored further in
subtopics 5.5 and 5.11.

FIGURE 5.3 MHC-I and MHC-II markers on cells. a. All nucleated cells have MHC-I markers b. Specific immune
cells such as macrophages, dendritic cells and T cells have both MHC-I and MHC-II markers.
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What substances are antigens?

cell surface markers proteins
(or glycoproteins) present on
the plasma membrane that
distinguish various cell types
and discriminate between self
and non-self antigens

Antigens may be lipoproteins, polysaccharides and lipopolysaccharides, lipids,
nucleic acids, and even some metals, such as mercury. An antigen may be a
molecule or part of a molecule. Some antigens originate from the external
environment, such as proteins in or on bacteria and viruses, or even a short
segment of these proteins. Other possible antigen sources include chemicals in
snake venom, drugs, dust, proteins in food and protein markers on cells from an
unrelated person. Many of these are cell surface markers.

CASE STUDY: Discovery of surface antigens and their link to transplants

FIGURE 5.4 Light microscope image of a section
through a transplanted kidney that shows signs of
acute rejection. The numerous purple dots are the
nuclei of cells of the immune system. These cells have
migrated to the transplanted kidney and are mounting
an immune attack on the kidney cells. (Image courtesy
of the National Toxicology Program, US Department of
Health and Human Services.)

In 1958, the French researcher Jean Dausset (1916–
2005) discovered that the immune system uses
surface antigens on human cells to identify the cells
that are self and the cells that are foreign or non-
self. Dausset was the first to recognise that survival
rates of transplanted organs were greatest when
the donor and the recipient were identical twins, as
compared to the situation when the donor and the
recipient were unrelated. This observation pointed
to the importance of matching the key antigens of
the donor organ with the transplant recipient.

To access more information on the discovery of
surface antigens and case studies on transplant
and tissue typing, and to complete an analysis task
relating to these, please download the worksheet.

Resourceseses
Resources

eWorkbook Worksheet 5.1 Case study:
Transplants and tissue typing
(ewbk-5242)

Resourceseses
Resources

Video eLesson Antigens and blood type (eles-4194)

Interactivity Antigens (int-0045)
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5.2.2 Pathogens — sources of non-self antigens
A pathogen or infectious agent is a biological agent that causes disease or illness to its host. Pathogens can be
cellular or non-cellular.

Cellular pathogens are classified as living organisms. They can reproduce independently.
Non-cellular pathogens are non-living. They cannot reproduce without a host. They hijack the host’s processes in
order to replicate.

TABLE 5.1 Pathogens can be cellular (living) or non-cellular (non-living).

Cellular Non-cellular

Bacteria Worms
(parasites) 

ProtozoaFungi Viruses Prions

Pathogens can cause a variety of different illnesses and disease, some of which are outlined in table 5.2.

Note: You do not need to memorise the names of these pathogens, but you should recognise that there is a
variety of both cellular and non-cellular pathogens that can cause disease.

TABLE 5.2 Examples of different cellular and non-cellular pathogens

Causative agent Disease Example of how it spreads

CELLULAR
Bacteria
Streptococcus
pneumoniae

Pneumonia From person to person through inhalation of
contaminated droplets, such as from the sneeze
of an infected person

Corynebacterium
diphtheria

Diphtheria From person to person through close respiratory
contact

Mycobacterium
tuberculosis

Tuberculosis From person to person through inhalation of
contaminated droplets that reach the lung alveoli

Bacillus anthracis Anthrax Via inhalation or ingestion of spores or via a break in
skin that enables entry of spores

Yersinia pestis Black Death (bubonic plague) Via bites from infected fleas, from an infected rodent

Vibrio cholerae Cholera Via ingestion of faecal-contaminated water or food

Streptococcus
pyogenes

Toxic shock syndrome, strep
throat and others

Via upper respiratory tract or skin lesion

Clostridium tetani Tetanus Via deep puncture wound

Treponema pallidum Syphilis From person to person through direct sexual contact
with syphilis sore of an affected person

Helicobacter pylori Stomach ulcers From person to person through saliva of infected
person

Salmonella typhi Typhoid fever Via ingestion of faecal-contaminated water or food;
can also be transmitted from person to person
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Clostridium botulinum Botulism, a form of food
poisoning

Via ingestion of improperly canned food that
exposes a person to a bacterial exotoxin that has
not been heat-inactivated

Salmonella enterica Salmonellosis, a form of food
poisoning

Via ingestion of faecal-contaminated foods such as
raw eggs, and improperly cooked chicken

Fungi

Candida albicans Thrush (oral candidiasis) Via mouth-to-mouth contact with an infected person

Trichophyton spp. Athlete’s foot (tinea) Via contact with an infected person or with
contaminated surfaces

Protozoa
Giardia intestinalis Giardiasis Via ingestion of water or food contaminated with

Giardia cysts

Plasmodium falciparum Malaria Via bite of an infected mosquito

NON-CELLULAR
Viruses
Influenza viruses Influenza Via inhalation of airborne droplets from sneeze or

cough of an infected person

Varicella zoster virus
(VZV)

Chickenpox (varicella) Via nose or mouth from direct contact with an
infected person

Rubella virus Rubella (German measles) Via nasopharynx from airborne droplets in
sneeze/cough of an infected person

Hepatitis B virus Viral hepatitis type B Via contact with body fluids of an infected person

Human immuno-
deficiency virus
(HIV)

Can progress to Acquired
immuno-deficiency disease
(AIDS)

Via sexual contact with an infected person or from
use of contaminated needles

Poliovirus Poliomyelitis (polio) Via mouth from faeces or sneeze droplets of
infected person

Rhinovirus Common cold Via inhalation of droplets in air from an infected
person or via hand-to-hand contact with an infected
person

SARS coronavirus
(SARS CoV)

Severe acute respiratory
syndrome

Via inhalation of infected droplets or by touching
contaminated surfaces and then touching one’s
mouth or nose

SARS coronavirus 2
(SARS-CoV-2)

Coronavirus disease (COVID-19) Via inhalation of infected droplets or by touching
contaminated surfaces and then touching one’s
mouth or nose

Ebolavirus Ebola virus disease Via direct contact with body fluids of an infected
person or contact with contaminated needles or
syringes.

Prions
Creutzfeldt–Jakob disease (CJD) Via tissue grafts from infected cadavers, including

corneas or brain membrane, or via growth hormone
isolated from infected pituitary glands of cadavers

Variant Creutzfeldt–Jakob
disease (vCJD)

Via ingestion of beef from cattle infected with bovine
spongiform encephalopathy (BSE), commonly
known as ‘mad cow disease’

Kuru Via past practice of ceremonial ingestion of brain
tissue of a deceased infected person
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FIGURE 5.5 Different diseases are caused by pathogens: a. Yersinia pestis, which causes the Black Death;
b. Candida albicans and oral thrush; c. Ebolavirus and warning signs about the disease; d. Giardia intestinalis and
Plasmodium falciparum.

a.

b.

c.

d.
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5.2.3 Cellular pathogens

cellular pathogens any
disease-causing agent made
up of cells that can reproduce
independently without relying on
the host machinery

Cellular pathogens include bacteria, fungi, protozoa, worms and arthropods. Cellular pathogens differ from
non-cellular pathogens in that they are capable of reproducing independently without a host cell. Many of these
are often referred to as microorganisms (or microbes). Some cellular pathogens are simpler prokaryotes, whereas
others are eukaryotes.

Bacteria
Bacteria are prokaryotic microbes, and their genetic material is double-stranded DNA. Only a very small
percentage of bacteria are human pathogens, but they are responsible for a number of diseases. Under favourable
conditions, bacteria can, on average, reproduce every 20 to 30 minutes. Over a period of 12 hours, enormous
numbers of bacterial cells can potentially be produced through binary fission. If pathogenic bacteria can cross
the body’s defences, such an infection has the potential to develop rapidly into a disease.

intracellular anything that is
within a cell

extracellular locations within
the body that are outside cells,
such as blood plasma and
extracellular fluid

Bacterial pathogens can be either intracellular or extracellular:

lymph interstial fluid
surrounding the tissues that
is filtered through the tiny holes
between the capillaries into the
lymphatic system

• Some bacterial pathogens can live and reproduce only on the external surfaces
of human cells or in body fluids, such as plasma, lymph or interstitial
fluid. For example, Vibrio cholera, which causes the uncontrolled diarrhoea
of cholera, is only extracellular.

• Other bacteria can live and reproduce either inside or outside the cells of their
host, for example Neisseria meningitidis, the cause of bacterial meningitis.

• Some other bacterial pathogens can only survive and reproduce within host
cells. One example is Chlamydia trachomatis, the cause of a sexually
transmitted infection that, if left untreated, can develop into pelvic
inflammatory disease and infertility.

FIGURE 5.6 Bacterial species come in various different shapes and contain many structures that allows it to be
pathogenic

Chain of bacilli

(Bacillus anthracis)

Vibrios

(Vibrio cholerae)

Flagellate rods

(Salmonella typhi)

Spore-former

(Clostridium botulinum)

Spirochaetes

(Treponema pallidum)

Spirilla

(Helicobacter pylori)

BACILLIOTHERS

Streptococci

eptococcus

pyogenes)

Chain of bacilli

(Bacillus anthracis)

Flagellate rods

(Salmonella typhi)

Sarcina

(Sarcina ventriculi)

Spore-former

(Clostridium botulinum)

BACILLI

Streptococci

(Streptococcus

pyogenes)

Chain of bacilli

(Bacillus anthracis)

Staphylococci

(Staphylococcus

aureus)

Sarcina

(Sarcina ventriculi)(Clostridium botulinum)

Diplococci

(Streptococcus

pneumoniae)
Tetrad

COCCI

Resourceseses
Resources

Digital document Case study: Robert Koch — a founder of bacteriology (doc-36058)
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Some bacteria produce toxins
A major factor that increases the virulence of some bacteria is their ability to produce specific toxins. Bacterial
toxins are substances produced by some bacteria that damage particular tissues of their host organism and cause
disease. Bacterial toxins are of two types:

exotoxins toxins that are secreted
into the surrounding medium by a
microorganism as it grows

endotoxins toxic parts of the outer
membrane of some Gram-negative
bacteria that are released when the
bacteria die

• exotoxins — secreted toxins
• endotoxins — parts of the outer membrane that are released when bacteria die.

TABLE 5.3 Summary of differences between bacterial exotoxins and endotoxins

Exotoxins Endotoxins

• Soluble proteins
• Produced by some Gram-positive and Gram-negative
bacteria

• Released by living bacterial cells
• Many different types, each producing specific
damage

• Typically destroyed by heat

• Lipopolysaccharides
• Produced only by Gram-negative bacteria
• Part of the outer membrane of bacterial cell walls;
released when bacteria die

• One type only, producing a diverse range of effects
• Heat stable

These toxins are recognised as foreign and thus can also stimulate an immune response.
However, often these toxins have already caused harm to cells.

Exotoxins and endotoxins are both recognised by the immune system. While you
do not need to memorise the difference between them for the Study Design, it
provides an example of how molecules can act as antigens.

EXTENSION: Examining endotoxins and exotoxins

There are various ways in which pathogens can cause disease. Some of these are listed in Table 5.4.

TABLE 5.4 Factors involved in disease production by bacteria

Disease Bacterium responsible
Factor involved in
disease Mode of action

Botulism (one form of
food poisoning)

Clostridium botulinum Exotoxins that are
neurotoxins

Paralysis

Salmonellosis (most
common form of food
poisoning)

Several species of
Salmonella

Invasive properties Invades tissue lining the
intestine

Cholera (severe
gastroenteritis)

Vibrio cholerae Exotoxin Alters intestinal
permeability

Diphtheria (sore throat
and fever)

Corynebacterium
diphtheriae

Exotoxin Prevents protein
synthesis

Scarlet fever (fever and
rash)

Streptococcus
pyogenes

Exotoxin Invades tissue and
damage blood vessels

Tuberculosis (lesions in
lung and other tissues)

Mycobacterium
tuberculosis

Invasive properties Invades tissue
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What are exotoxins?

Exotoxins are highly toxic soluble proteins that are produced by living bacterial pathogens as part of their
metabolism and are released into their surroundings. Exotoxins can spread throughout the body and cause
system-wide damage, but can also be recognised by the immune system, stimulating an immune response.

Several bacteria, mainly Gram-positive bacteria, produce exotoxins that can damage or kill cells of all kinds.
Other bacteria produce exotoxins that can damage cells of particular kinds, such as nerve cells. Exotoxins act in
different ways on host tissues; some exotoxins damage plasma membranes and disrupt transport of compounds
across these membranes, some inhibit protein synthesis, and some block normal nerve function.

Exotoxin-producing bacteria include the following:
• Clostridium tetani releases a neurotoxin that blocks muscle relaxation,
resulting in tetanus, a disease that is characterised by painful muscle
spasms and lockjaw and that can result in respiratory failure.

• Vibrio cholerae releases a toxin that damages the cells of the gut
lining, leading to the uncontrolled production of watery diarrhoea that
is seen in the disease cholera.

• Streptococcus pyogenes releases an exotoxin that kills cells and
can lead to major organ failure as seen in streptococcal toxic shock
syndrome.

One of the most lethal exotoxins comes from the bacterium Clostridium
botulium. Less than 70 micrograms for a 70-kg individual can lead to
death. This botulinum toxin can be inactivated by heating at 85 °C or
higher for 5 minutes. This is the botox used for cosmetic purposes.

FIGURE 5.7 Exotoxins are
released via exocytosis.

Cell wall

Exotoxins

What are endotoxins?

Endotoxins are toxins derived from the lipid portion of the lipopolysaccharide
(LPS) of the outer membrane of Gram-negative bacteria. These endotoxins are produced by some Gram-negative
pathogenic bacteria. Endotoxins are released only after these bacteria die and their outer membrane breaks
down. Examples of endotoxin-producing bacteria include Salmonella typhi, the cause of typhoid fever, and
Neisseria meningitidis, the cause of meningitis.

FIGURE 5.8 Endotoxins are part of the membrane of some bacteria.

Endotoxin

Outer membrane

Living Gram-negative bacterium Dead bacterium
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Resourceseses
Resources

Digital document Case study: The story of Matthew Ames and exotoxins (doc-36168)

Weblink The story of Matthew Ames

EXTENSION: Other features of bacteria

Gram-positive or Gram-negative?

Bacteria can be classed as Gram-positive or Gram-negative. This classification is linked with the structure of their
cell wall and their colour upon staining.

FIGURE 5.9 Diagram comparing the structure of Gram-positive and Gram-negative bacteria

Plasma membrane Plasma membrane

Outer membrane 

(lipopolysaccharide (LPS))

PeptidoglycanPeptidoglycan

GRAM-POSITIVE GRAM-NEGATIVE

Gram-positive bacteria have a thick level of peptidoglycan. Gram-negative bacteria have an additional membrane
of lipopolysacchirdides that allows them to be more resistant to antibiotics.

Capsule or no capsule? FIGURE 5.10 Bacterial cells surrounded by
a capsule in a micrographMany pathogenic bacteria, both Gram-positive and Gram-

negative, have a gelatinous layer of polysaccharide that lies
outside their cell walls. This outermost layer, known as a
capsule, protects these bacteria from one of the defence
mechanisms of the human body — the defence cells of the
body known as macrophages. As a result, the presence of
a capsule increases the virulence of pathogenic bacteria;
that is, it increases the likelihood of disease resulting from an
infection by these bacteria.

Protozoans
FIGURE 5.11 Trypanosoma cruzi parasites in
blood, which cause Chagas diseaseProtozoans are usually single-celled organisms. All

protozoans are eukaryotes and therefore possess a membrane-
bound nucleus. Infections caused by protozoa can be spread
through ingestion of cysts (the dormant life stage), by sexual
transmission, or through insect vectors. They are able to
multiply in humans, enabling them to survive in a human host
while causing disease.

Common infectious diseases caused by protozoans include
malaria, giardiasis and toxoplasmosis, which affect the blood,
gut and lymphatic system respectively. As outlined in table 5.2, Giardia intestinalisis
is spread through ingestion of contaminated food and Plasmodium falciparum, which
causes malaria, is spread via the bite of infected mosquitoes (see figure 5.5d).

lymphatic system a network of
tissues and organs that plays a key
role in the immune response of the
mammals
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Fungi
Fungi are eukaryotic organisms. They lack chlorophyll and are distinguished from all other living organisms by
their principal modes of vegetative growth and nutrient intake. Fungi grow from the tips of filaments (hyphae)
that make up the bodies of the organisms (mycelia), and they digest organic matter externally before absorbing it
into their mycelia.

Fungi are opportunistic pathogens. In animals, fungal infections are usually external or cutaneous infections,
such as fungal nail infections, ringworm or thrush. However, in some cases (especially among those who are
immunocompromised), fungal infections can breach outer defences and be far more invasive. For example,
infection by the fungus Aspergillus can lead to death in some individuals.

Most parasitic fungi cause diseases in plants, and some can lead to widespread damage. An example of this is
shown in figure 5.13.

FIGURE 5.12 Different types of fungal nail
infection

Distal subungual

onychomycosis

Proximal subungual

onychomycosis

Candidal

onychomycosis

White superficial

onychomycosis

FIGURE 5.13 Fungal infection known as
powdery mildew on the leaf of a plant

Parasites

FIGURE 5.14 HookwormAnother group of disease-causing organisms is parasitic
helminth worms, including roundworms, hookworms and
whipworms. Helminth infections are transmitted via soil
contaminated with human faeces that contains eggs of these
worms. Many helminths do not fall into the category of
microbes as they are visible to the unaided eye.
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INVESTIGATION 5.1
elog-0673

Microorganisms — where are they found?

Aim

To recognise that microorganisms live in a range of habitats

Resourceseses
Resources

eWorkbook Worksheet 5.2 Cellular pathogens (ewbk-5244)

Digital document Case study: Typhoid Mary (doc-36169)

Video eLesson Bacteria (eles-4195)

Weblinks Plague

Typhoid Mary
What is scientific medicine?

5.2.4 Non-cellular pathogens

viruses non-cellular pathogens that
use the host cell in order to replicate
their genetic material

prions infectious particles made of
protein that lack nucleic acids

viroids simple forms of viruses that
lack a capsid

Viruses, prions and viroids are not alive, but they have the ability to cause diseases. They are unable to
reproduce independently of host cells and do not have metabolic activity.

Viruses
Viruses may be defined as non-cellular agents consisting of genetic material, either DNA or RNA, that can
replicate only within a host cell. They are obligate intracellular parasites and force the host cell to produce more
viral particles.

virion the extracellular form of a
virus that can transfer between
hosts

Outside a host cell, viruses exist in a form called a virion or viral particle. Virions are the means by which a
virus can transfer from one host cell to another.

Viruses are very much smaller than bacteria. Their extremely small size means that they can only be seen using
electron microscopy.

All viral particles have a simple non-cellular structure that includes:

capsid protein shell enclosing the
genetic material of a virus

• genetic material, either DNA or RNA, organised as a single molecule or as several molecules
• a protein shell, known as a capsid, that surrounds the genetic material.

The combination of genetic material plus its surrounding protein coat or capsid is the
nucleocapsid.

non-enveloped viruses viruses
that lack an outer membrane; also
referred to as naked

enveloped viruses viruses with an
outer envelope composed of part of
the plasma membrane of the host
cell when the viral particles bud from
the cell

• For some viruses, the nucleocapsid comprises their total structure; these viruses
are said to be naked or non-enveloped viruses.
• Examples of naked viruses include those that cause polio, hepatitis A, and

human papillomavirus (HPV).
• Other viruses have an additional outer envelope that surrounds the nucleocapsid.

Typically, this envelope is a segment of the plasma membrane that is ‘captured’
when the virus buds from the infected host cell. The budding process does not
destroy the plasma membrane, so that the host cell is not killed. As a result,
some virus-infected cells may continue to shed viruses for some time, so that
the viral infection can persist until the cell eventually dies. Viruses with an outer
envelope are more sensitive to heat, drying, acid, and detergent treatment than
naked viruses. As a result, enveloped viruses can be destroyed more easily by
sterilisation.
• Examples of these enveloped viruses include those that cause chickenpox,

influenza and HIV.

348 Jacaranda Nature of Biology 2 VCE Units 3 & 4 Sixth Edition

PAGE PROOFS



“c05RespondingToAntigensAndAcquiringImmunity_PrintPDF” — 2021/5/11 — 22:21 — page 349 — #15

FIGURE 5.15 Comparing a. enveloped and b. naked viruses
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EXTENSION: Viral genetic material

The genetic material of all eukaryotic organisms (plants, animals and fungi) and all prokaryotic organisms
(bacteria and archaea) is double-stranded DNA (dsDNA).

In contrast, the genetic material of viruses is much more diverse. The genomes of different viruses are composed
of either DNA or RNA, and this DNA and RNA may be either double-stranded (ds) or single-stranded (ss). For
some viruses, their genetic material is present as a single nucleic acid molecule. In other viruses, the genetic
material consists of several segments of nucleic acid. For example, the genome of the influenza A virus consists
of eight segments of ssRNA, the HIV genome consists of two segments of ssRNA, the polio virus genome is a
single segment of ssRNA, and the genome of the smallpox virus is a single segment of dsDNA.

Retroviruses are a specific type of RNA virus that produce DNA from their RNA genome (using reverse
transcription) and incorporate this DNA into the genome of the host. Retroviruses also contain enzymes that
allow for this — reverse transcriptase to produce DNA and integrase to incorporate their DNA.

TABLE 5.5 Comparing different viruses

Virus Disease Structure Genetic material
Varicella zoster virus
Smallpox virus

Chickenpox (varicella)
Smallpox

Enveloped
Enveloped

dsDNA
dsDNA

Parvovirus B19 Erythema infectiosum Naked ssDNA

Rotavirus Gastroenteritis Naked dsRNA

Ebola virus
Influenza viruses
Measles virus
Rabies virus

Ebolavirus disease
Influenza
Measles
Rabies

Enveloped
Enveloped
Enveloped
Enveloped

ssRNA (negative)
ssRNA (negative)
ssRNA (negative)
ssRNA (negative)

SARS coronavirus 2
Poliovirus
Rhinovirus

COVID-19
Poliomyelitis
Common cold

Enveloped
Naked
Naked

ssRNA (positive)
ssRNA (positive)
ssRNA (positive)

HIV AIDS Enveloped ssRNA-retro

ss = single-stranded; ds = double-stranded
vaccines soluble antigens
derived from the causative
agents of diseases that are
administered to individuals,
providing them with protection

The rate of mutation of RNA viruses is much higher than that of DNA viruses. As a
result, RNA viruses, such as coronaviruses and the influenza A virus, are constantly
changing and can produce new strains. For this reason, vaccines against influenza
that are effective in one year can be ineffective if a new strain of influenza emerges.
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Virus release

lysis destruction of cells by
rupturing the membrane of the cell

An infected host cell becomes a factory for the production of multiple copies of the virus. The mode of release
of viral particles from an infected cell may be by budding or by cell lysis. This allows it to spread and infect
other cells.

• Enveloped viruses are released from an infected cell by a process of budding, in which virions are released
until the infected cell finally dies. Figure 5.16 shows viral particles that have budded from a virus-infected
eukaryotic cell.

• Naked virus particles are commonly released from the host cell in a process called lysis. In this process, the
infected host cell ‘explodes’ as its plasma membrane disintegrates and viral particles are released into the
extracellular fluid from where they can infect other cells.

FIGURE 5.16 Electron micrograph showing viral particles
budding off the membrane

FIGURE 5.17 Enveloped viruses using part of the plasma membrane as they are released
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Viroids
Viroids are simpler forms of viruses that lack a capsid. They are the smallest known pathogens and usually only
infect plants. Viroids are made of single-stranded RNA molecules that range between 100 and 500 nucleotides.
Like viruses, they need to infect a host cell in order to replicate.

An example of a viroid is the coconut cadang-cadang viroid, which infects coconut palms and is lethal, killing
million of coconut palms annually.

Prions
Prions are infectious particles made of protein and lacking nucleic acids.

This infectious protein triggers normal proteins in the brain to fold into an abnormal structure. It can affect
both humans and animals. The most common form of prion disease that affects humans is Creutzfeldt–Jakob
disease (CJD). Prions are extremely small, smaller than viruses, and even through an electron microscope only
aggregations (clusters) can be seen, not individual prions.

Prion proteins are most abundant in nerve cells. The prion protein can exist in two forms:
• a normal harmless cellular form of the protein, denoted PrPC

• a harmful infectious prion form of the protein, denoted PrPSc.

(Note: Pr = prion; P = protein; C = cellular; Sc = scrapie.)

The amino acid sequence, that is, the primary structure of the two forms, is identical. The difference between
the harmless and the disease-causing form is the secondary structure of the protein involved. This makes them
experts at evading the immune system, as they are not often recognised as foreign.

EXTENSION: How do prions ‘reproduce’?

The normal form of the prion protein is found mainly in nerve cells. The normal PrPC protein can be transformed
to the harmful disease-causing PrPSc prion by contact with the harmful prion. This contact causes the PrPC

protein to unfold and then re-fold abnormally so that its secondary structure is converted to that of the harmful
PrPSc prion.

FIGURE 5.18 Secondary structure of a. a normal protein compared to b. an infectious prion (image courtesy
of Dr Fred Cohen, University of California, San Franscisco)

Normal Infectious prion

a. b.

Amino acids

in alpha helix

Amino acids

in sheet form

Amino acids

in beta sheet

Conversion
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As each new harmful prion is formed, it too can convert other normal protein into harmful prions, and so on. This
sets up a chain reaction that rapidly multiplies the numbers of harmful prions (refer to figure 5.19).

FIGURE 5.19 Harmful PrPSc prions do not remain as monomers but aggregate into rods that form plaques
in nerve cells. The accumulation of PrPSc prions in the brain causes progressive nerve cell death that is most
visible as ‘holes’ or lesions in the brain.
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Human prion diseases

TABLE 5.6 Examples of human prion diseases

Human prion disease How prion is transmitted First described case

Classic Creutzfeldt–Jakob disease 1920

Sporadic CJD (sCJD) Somatic mutation or spontaneous conversion
of PrPC into PrPSc

Familial CJD (fCJD) Inherited mutations of PNPR gene on human
chromosome 20

Iatrogenic CJD (iCJD) Acquired in medical procedures from prion-
infected materials

Variant CJD (vCJD) Acquired by ingestion of BSE-contaminated
beef

1996

Kuru Ritual cannibalism at a funeral Early 1900s#

#Date based on oral history of the Fore people.
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Each prion disease is distinct, but all of these diseases show the following features:

incubation period the time
period between infection and
the first appearance of the
symptoms of a disease

• a long incubation period, sometimes measured in years
• a progressive deterioration of brain function with an inevitable fatal outcome
• distinctive changes to the brain including loss of neurons and development of lesions (‘holes’) in specific

regions of the brain that produce a spongiform appearance that is visible on microscopic examination.

No treatment is currently available for people with prion diseases. The main issue with prions is that they do
not stimulate an immune response. As they are misfolded forms of an individual’s own protein, they are not
recognised as foreign. This makes them very different from other pathogens.

Prion diseases can’t be cured, but certain medicines may help slow their progress.
It is important that individuals with prion diseases, such as CJD, do not donate
organs or tissue.

FIGURE 5.20 An MRI of a brain infected with CJD

CASE STUDY: Kuru

In Papua New Guinea, a prion disease known as kuru was common among the Fore people until the 1960s. Kuru,
like all other prion diseases, causes neurodegenerative symptoms leading to spongiform encephalopathy.

One of the symptons of kuru is random spurts of laughter as the prions slowly convert normal proteins into the
pathogenic form.

Why was kuru common in this tribe when it is so rare elsewhere? One of the practices conducted by individuals
of the Fore people was ritual cannibalism. Part of the Fore belief system was that eating the bodies of the dead
was important in freeing their spirit. To pass on the wisdom of decreased ancestors, the women and children
often ate the brain.

Kuru was found mostly in women and children due to this practice of eating brains infected with the prion.
Although the Fore people no longer practice this cannibalism, the prion can have an incubation of over 50 years,
meaning that there may still be individuals infected with kuru.
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SAMPLE PROBLEM 1 Cellular and non-cellular pathogens
tlvd-1776

At a local doctor’s surgery, three patients reported as having experienced vomiting, diarrhoea and
abdominal pain. The doctor was concerned that they may all be experiencing gastroenteritis as a
result of food poisoning. Stool samples were taken from all three patients to determine the cause of the
infection. Information about each pathogen from each individual is as follows:
• Individual 1: The pathogen was found to be Gram-negative and rod-shaped, and was able to
reproduce on an agar plate by binary fission.

• Individual 2: The pathogen was a single-celled organism. Various cysts were located in the stool
containing the Giardia parasite.

• Individual 3: The pathogen was found to be naked and not contain a protein envelope. Upon
exploring the pathogen further, it was found that it was unable to replicate without a host cell and
was much smaller than the other pathogens.

a. Based on these results, identify which individuals were infected with cellular pathogens and which
were infected by non-cellular pathogens. Explain your response. (3 marks)

b. All individuals mounted an immune response against the pathogen due to the presence of non-self
antigens. Explain what non-self antigens are. (1 mark)

THINK WRITE

a. Consider differences between non-cellular and
cellular pathogens.
• Cellular pathogens are organisms that are able to

reproduce independently.
• Non-cellular pathogens require a host to

reproduce.
Link this with the pathogens found in each of the
individuals.

Individual 1 was infected with a cellular
pathogen (a bacterium) as it could reproduce
without a host (1 mark).
Individual 2 was infected with a cellular
pathogen (a protozoan) as it is specifically
described as an organism (1 mark).
Individual 3 was infected with a non-cellular
pathogen (a virus) as it could not replicate
without a host (1 mark).

b. This is a one-mark explain question. You therefore
need to provide one detailed statement about
non-self antigens

Non-self antigens are any antigens that are
recognised as foreign and do not belong to the
body’s own cells (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 5.3 Non-cellular pathogens (ewbk-5246)

Video eLesson Pathogenic agents: prions (eles-4162)

5.2.5 Allergens

allergen an antigen that elicits an
allergic response

An allergen is any antigen that causes the immune system to produce an abnormal
and inappropriate overreaction when a person is exposed to it. For most indiviuduals,
these antigens are recognised as harmless, but in some sensitised individuals, an
immune response is mounted. allergy an abnormal immune

response to a substance that is
harmless for most people

allergic response rapid immune
response to normally harmless
antigens such as dust or pollen;
involves production of IgE
antibodies by B lymphocytes and
release of histamines by mast cells

An allergy is present when a person’s immune system reacts abnormally to
substances in the environment that are harmless to most people. This reaction is an
allergic response, or a hypersensitive reaction. Allergic responses involve cells of
both the innate and adaptive immune systems.

Many allergens are small, highly soluble proteins present on the surfaces of dry
particles, such as pollen grains and dust. Table 5.7 lists some common allergens.
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TABLE 5.7 Common sources of allergens

Category Sources of allergens

Foods Peanuts, shellfish, eggs, soy, milk and dairy products, wheat, tree nuts

Pharmaceuticals Penicillin, aspirin

Plants and plant products Latex, pollens, sap of rhus tree

Animal products Shed pet skin cells (dander), excreta of dust mites, insect stings (bees and
wasps)

Other Fungal spores

A sensitised person may make direct contact with a particular allergen by:
• inhaling the allergen (for example grass pollen or dust mite excreta)
• ingesting it (for example peanuts or prawns)
• touching it (for example latex gloves or leaves of the rhus tree)
• when it is injected (for example bee stings or drugs).

mast cells immune cells
containing histamine, which
is involved in allergic responses
and inflammation

inflammatory response a
reaction to an infection, typically
associated with the reddening of
the skin owing to an increased
blood supply to that region

Most allergic reactions, although very uncomfortable, are mild to moderate, such as redness and swelling
from a mosquito bite, or the sneezing, runny nose and watery eyes of hayfever. These allergic reactions do
not cause major problems. They typically affect a specific area of the body, such as the eyes (red, itchy and
watery), the nose and sinuses (runny) and the skin (rash and hives). The effects of allergy are often linked to
a chemical known as histamine, which is released by immune cells known as mast cells. Histamine causes an
inflammatory response.

Type I hypersensitivity is an allergic reaction. Examples of type I hypersensitivity
include:

• allergic asthma
• allergic conjunctivitis
• allergic rhinitis (‘hayfever’)
• anaphylaxis
• atopic dermatitis (eczema)
• urticaria (hives).

anaphylaxis acute and
potentially lethal allergic reaction
to an allergen to which a person
has become hypersensitive

The two key players in the immune response are mast cells, which release
histamine (which causes inflammation), and antibodies (known as IgE). The
immune system’s response to these allergens will be further examined in the case
study in section 5.5.9, where the role of mast cells is further explored.

FIGURE 5.21 Hives and hayfever are both examples of allergic responses.
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EXTENSION: Anaphylaxis and diagnosing allergies

FIGURE 5.22 EpiPens are vital in treating
anaphylaxis.

Many people have various allergies that they are tested
for. Anaphylaxis, which occurs in rare cases, is a very
severe and life-threatening allergic reaction with a rapid
onset that involves many parts of the body. This requires
immediate medical attention such as the self-administration
of epinephrine (or adrenaline) using an autoinjector (such as
an EpiPen®), as epinephrine counteracts histamine.

To access more information on anaphylaxis and testing for
allergies, please download the digital document.

Resourceseses
Resources

Digital document Extension: Anaphylaxis and diagnosing
allergies (doc-36059)

Resourceseses
Resources

eWorkbook Worksheet 5.4 The effect of allergens (ewbk-5248)

Weblink Allergy and Anaphylaxis Australia

KEY IDEAS
• The human immune system can identify cells and cell products as self or non-self.
• Antigens are any molecules or parts of a molecule that initiate an immune response.
• MHC markers on the surfaces of all nucleated cells are self-antigens, which are normally tolerated by a
person’s immune system.

• Cells with MHC markers that differ from a person’s own ‘self’ markers are identified by that person’s immune
system as non-self and come under immune attack.

• In humans, MHC markers are also known as HLA markers.
• Diseases may be caused by a variety of cellular pathogens, including bacteria, fungi and protozoa, and by
non-cellular agents such as viruses and prions.

• Some bacteria produce an external capsule that makes them more virulent.
• Many bacteria cause disease because of the toxins that they produce.
• Viruses are non-cellular agents consisting of genetic material, enclosed within a protein capsid.
• Viruses and other non-cellular agents can only reproducewithin the living target cells of their particular hosts.
• Virus structures vary; some have an outer envelope and others are naked. The genetic material may also be
either single-stranded or double-stranded DNA or RNA.

• Prions are infectious particlesmade of protein and lacking nucleic acids that are foundmainly in nerve cells.
• Allergens are substances that are harmless but produce an inappropriate immune reaction in susceptible
individuals upon exposure. This is termed an allergic response.

• Allergies involve the actions of mast cells, IgE antibodies and histamine.
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5.2 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.2 Quick quiz 5.2 Exercise 5.2 Exam questions

5.2 Exercise

1. MC In early 2018, there was a national outbreak of listeria related to rockmelons. Listeria infection is
particularly dangerous for pregnant women, unborn babies and elderly people, and is caused by the
prokaryote Listeria monocytogenes. This pathogen is able to divide rapidly through binary fission.
It is reasonable to say that Listeria monocytogenes is
A. a virus.
B. a protist.
C. a fungus.
D. a bacterium.

2. What is the difference between a cellular and a non-cellular pathogen?
3. Identify the following statements as true or false and justify your response.

a. All pathogens require a host cell in order to replicate.
b. ‘Self’ is determined by the MHC markers on a person’s nucleated cells.
c. An example of a non-self cell is a bacterial cell that enters the body through a cut in the skin.

4. Self-tolerance refers to the ability of the immune system to not mount a response against its own cells.
Describe the consequences if self-tolerance did not occur.

5. Compare and contrast MHC-I and MHC-II markers.
6. In late 2019, a novel strain of coronavirus was detected in the city of Wuhan. Identify this virus as cellular or

non-cellular and outline its mechanism of action.
7. An individual has an allergic reaction against pollen. Outline why antihistamines may be an appropriate

prevention for this allergy.
8. Describewhy the immune system is unable to recognise andmount an immune response against prions.
9. On Monday 14 August 1922, a group of people were enjoying a picnic near Loch Maree in Scotland. Among

the refreshments were sandwiches containing duck paste that had been prepared at the hotel where the
picnickers were staying. That evening, two of the picnickers became ill; they died the following morning. Other
picnickers became ill, and two died on Wednesday. In all, within a week, eight people were dead, all having
eaten the duck paste sandwiches. The inquest determined that the deaths were a result of food poisoning
caused by the bacterium Clostridium botulinum. Clostridium is an anaerobic, exotoxin-producing bacterium.
Explain how the bacterium lead to the death of all eight individuals.

5.2 Exam questions

Question 1 (1 mark)
Source: VCAA 2020 Biology Exam, Section A, Q21

MC The property of the immune system that enables it to fight infections and destroy cancer cells is the
A. ability to kill all invading organisms.
B. ability to adapt to donor tissue, facilitating transplants.
C. ability to distinguish self from non-self biological molecules.
D. generation of complement proteins and other chemical barriers.

Question 2 (1 mark)
Source: VCAA 2014 Biology Exam, Section A, Q14

MC An example of ‘self’ material in an adult human female is
A. pollen inhaled from flowers in her garden.
B. sperm cells present in her reproductive tract.
C. cells lining her nose and trachea.
D. malarial parasites inside her red blood cells.
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Question 3 (1 mark)
Source: VCAA 2012 Biology Exam 1, Section A, Q9

MC Major Histocompatibility Complex (MHC) class 1 molecules
A. release complement proteins.
B. are found only on B and T cells.
C. present foreign antigens to B and T cells.
D. produce antibodies that are specific to each antigen.

Question 4 (4 marks)
Source: Adapted from VCAA 2008 Biology Exam 1, Section B, Q5a, c, d

Normally in mammals, if tissue from another individual enters the body, the foreign cells are recognised as
’non-self’ by the immune system. The tissue is then rejected unless special drugs are used.
a. i. Which cells of the immune system are initially responsible for recognising non-self cells introduced by an

organ transplant? 1 mark
ii. How do the cells you have named in part i. distinguish between self and non-self cells. 1 mark

The drawing provided, made in 1886, shows the Tasmanian
devil, Sarcophilus harrasii.

The Tasmanian devil is the largest surviving carnivorous
marsupial in Australia. It is officially in danger of extinction due
to the deadly Devil Facial Tumour Disease (DFTD), a type of
cancer.

DFTD is an unusual type of cancer because it can be passed
from one individual to another when deep wounds occur
as they fight over food or as they mate. Tumour cells in the
mouth or cheek of an infected animal break off and enter a
deep wound on an uninfected animal. The tumour cells multiply in the body of the newly infected devil, eventually
forming new tumours that kill the animal.

Recent research has shown that the immune system of an unaffected Tasmanian devil responds in the usual way
to tissue from other mammalian species. However, a devil accepts tumour cells from another devil as if they are
’self’ cells. The tumour cells are ignored, no immune response develops against them, and so the cancerous cells
multiply.
b. Suggest why DFTD tumour cells are accepted as self cells by previously uninfected Tasmanian devils. 1 mark
c. Would you consider tumour cells which have entered the body of an unaffected devil to be pathogens?

Support your answer 1 mark

Question 5 (1 mark)
Source: VCAA 2012 Biology Exam 1, Section B, Q7a

Yellow fever is caused by a virus transmitted through the bite of a particular species of mosquito.

Would you describe a virus as a cellular or non-cellular pathogen? Justify your answer.

More exam questions are available in your learnON title.
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5.3 Subdivisions of immunity

KEY KNOWLEDGE

• The innate immune response
• Characteristics and roles of the components of the adaptive immune response

Source: Adapted from VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

Immunity is resistance to infectious disease. The term ‘immunity’ is derived from the Latin immunitas =
exemption from duty. However, in a biological sense, immunity means ‘exemption from disease’.

The cells and tissues involved in resistance to infection are part of the body’s immune system. The human
immune system is the collection of organs, tissues, cells and molecules that protects us from various damaging
agents around us, including pathogens, toxins and other foreign molecules. The essence of immune defence is
the ability of the immune system to distinguish between the body’s own cells and molecules, and the foreign
cells and molecules that carry distinctive ‘non-self’ antigens.

Divisions of immunity

Immunity has two major subdivisions whose combined operations protect the body from infectious diseases:
1. innate immunity, also known as non-specific immunity
2. adaptive immunity, also known as specific or acquired immunity.

FIGURE 5.23 The divisions of the immune system
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5.3.1 Innate immunity

innate immunity the type of
immunity that is present from
birth, is fast acting but not long
lasting, and produces non-specific
(generic) responses against classes
of pathogens

Innate immunity refers to non-specific defence mechanisms that come into play immediately (or within a very
short time frame) of an antigen’s appearance in the body. However, it uses the exact same response regardless of
the pathogen (hence it is referred to as non-specific). The innate immune system
is the body’s pre-existing defence against invasions by pathogens. These
mechanisms include barriers such as intact skin, chemical secretions, dissolved
proteins in the blood, and immune cells (white blood cells) that attack particles,
cells and antigens in the body. These are explored in further detail in subtopics 5.4,
5.5 and 5.6. The term innate refers to abilities that come naturally from birth,
which is the case in innate immunity.

5.3.2 Adaptive immunity

adaptive immunity an immune
response that is specific to a
particular antigen and develops
through contact with an antigen

immunological memory ability of
the adaptive immune response to
remember antigens after primary
exposure

memory cells long-lived cells
specific to an antigen that are
retained in lymph nodes and can
respond to future reinfection

Adaptive immunity refers to antigen-specific immune response. The adaptive
immune system comes into operation only after the innate immune defences are
evaded or overwhelmed, and it takes days to develop a full response. Adaptive
immunity provides defences that are specifically tailored for attack against each
particular pathogen. The formation of immunological memory (through
memory cells) is also a key feature of adaptive immunity and makes future responses
against a specific antigen more efficient. Adaptive immunity is only present in
vertebrates.

TABLE 5.8 Summary of differences between innate (non-specific) immunity and adaptive (specific) immunity

Innate immunity Adaptive immunity

Also known as non-specific immunity Also known as specific or acquired immunity

Response is not antigen specific Response is antigen specific

Produces non-specific (generic) responses
against classes of pathogens, not against specific
pathogens

Produces specific responses, with tailor-made
antibodies against each particular pathogen

Immune responses occur mainly at sites of infection Immune responses occur mainly in secondary lymphoid
organs, such as lymph nodes

Only reacts against pathogens Reacts against both pathogens and foreign molecules
such as toxins

Present from birth Develops only after infection or after immunisation

Activity is always present so that maximum
response is rapid and immediate

Normally inactive or silent so that maximum response is
slower — within days or weeks

Defence provided is not long-lasting Defence provided after an infection is long-lasting, in
some cases even a lifetime

No ‘memory’ of prior infections, so that an identical
response occurs with every infection

‘Memory’ of prior infections so that response is faster
and stronger if the same microbe re-infects

Major responses are:

1. Cellular attack on bacteria and virus-infected
cells

2. Attack by soluble proteins.

These two responses (1 and 2) combine to produce
inflammation.

Major responses are:

1. Cellular responses attack infected cells (that is,
intracellular pathogens).

2. Antibody responses target extracellular pathogens
and non-self antigens.
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SAMPLE PROBLEM 2 Comparing and contrasting types of immunity
tlvd-1777

Compare and contrast innate and adaptive immunity. (2 marks)

THINK WRITE

1. Identify what the question is asking. The question is asking
you to list the similarities and differences between innate
and adaptive immunity.

2. Compare the two types of immune response by writing
down the similarities.
• Both defend against pathogens and foreign antigens.
• Both can destroy intracellular and extracellular

pathogens.

Both innate and adaptive immune
responses provide protection against
foreign antigens and pathogens (1 mark).

3. Contrast the two types of immune response by giving
the differences. Ensure that you address both the innate
response and the adaptive response in your answer.
• Innate immunity is non-specific to a particular antigen,

but adaptive immunity is specific.
• Innate immunity forms no memory, but adaptive

immunity forms a memory for future responses.
• Innate immunity is quick but short-lasting, whereas

adaptive immunity is slower but long-lasting.

However, innate immune response is
non-specific, fast and forms no memory,
whereas adaptive immune response is
specific, slow and forms memory cells
for a particular antigen, allowing for an
amplified response on future exposure
(1 mark).

5.3.3 Cell-mediated and humoral responses
Both subdivisions of immunity protect against infection within the body through the actions of:

cell-mediated immunity
immune response that is
mediated by immune cells

humoral immunity immune
response mediated by soluble
molecules in the blood, lymph
and interstitial fluid that disable
pathogens

1. cell-mediated immunity
2. humoral immunity.

Traditionally, these terms are often linked to the adaptive immune response.
However, in the innate response, there are also cell-mediated and humoral responses,
involving immune cells or dissolved proteins or molecules respectively.

FIGURE 5.24 Comparing cell-mediated and humoral responses

Immune response

Cell-mediated

Direct attack by immune cells
against pathogens forms the

cellular (or cell-mediated)
immune responses

Humoral

Mediated by soluble molecules
in the blood, lymph and

interstitial fluid that disable
pathogens
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Cells of the immune system

bone marrow fatty substance in the
internal cavity of bones; the site of
blood cell formation

lymphocytes class of white blood
cells found in all tissues including
blood, lymph nodes and spleen,
and which play a role in specific
immunity

B lymphocytes also called B cells;
white blood cells that recognise
antigens or pathogens and produce
a large number of antibodies
specific to an antigen

T lymphocytes also called T cells;
white blood cells that mature in
the thymus and participate in the
adaptive immune response

lymph nodes organs of the
lymphatic system where B cells and
T cells are activated and adaptive
immune responses occur

neutrophils the most common
type of white blood cell; one kind
of phagocyte

All the cells of the immune system are white blood cells derived from multipotent stem cells in the bone
marrow. One subgroup of immune cells is the lymphocytes, which include B lymphocytes and T lymphocytes
found in large numbers in lymph nodes. Other immune cells, such as neutrophils, circulate in the bloodstream;
others, for example macrophages and dendritic cells, are located close to points where pathogens can gain entry
to the body, such as in membranes of the throat, airways and gut. These different cell types will be investigated
in subtopics 5.5, 5.10 and 5.11.

FIGURE 5.25 Blood cells are derived from bone marrow.
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Blood

(hematopoietic)
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Lymphoid
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FIGURE 5.26 Photomicrographs of human blood smears: a. neutrophil
(upper right) and lymphocyte (lower left), b. basophil, c. eosinophil,
d. monocyte (left) and lymphocyte (right)

a. b.

c. d.
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5.3.4 Lines of defence
Immunity operates through three lines of defence against pathogens: first line of defence part of the

defence against pathogens
provided by barriers of the
innate immune system that
prevent entry of pathogens into
the body

second line of defence part
of the defence provided by
the immune cells and soluble
proteins of the innate immune
system against attacking
pathogens that gain entry to
the body

third line of defence part of
the defence provided by the
immune cells of the adaptive
immune system through the
various actions of T cells and B
cells

1. The first line of defence consists of physical, chemical and microbiological
barriers to prevent pathogens from gaining entry to the body. This includes
barriers such as intact skin and mucous membranes. (refer to subtopic 5.4)

2. The second line of defence consists of the actions of immune cells and
soluble proteins mounting a rapid but non-specific attack against pathogens
that gain entry to the body. This includes inflammation and the action of
phagocytes. (refer to subtopics 5.5 and 5.4)

3. The third line of defence consists of the actions of immune cells and
antibodies tailored specifically to attack each invading pathogen. The third
line of defence involves the recognition of specific antigens by lymphocytes.
This includes the action of B cells and their antibodies, and the actions of
cytotoxic T cells (refer to subtopics 5.8, 5.9, 5.10 and 5.11).

The first and second lines of defence involve operations of the innate immune system.
The third line of defence comes into operation only if the second line of defence fails. This line of defence
involves the operations of the adaptive immune system.

Resourceseses
Resources

eWorkbook Worksheet 5.5 Comparing types of immunity (ewbk-5250)

Weblink The immune system interactivity

Examining the components of the immune system

KEY IDEAS

• The immune system comprises various organs, cells, and molecules that act to protect the body from
infectious microbes.

• Immunity is resistance to infectious diseases.
• Immunity depends on the ability to distinguish between ‘self’ and ‘non-self’ markers (antigens) on cells.
• The immune system has two major subdivisions: innate (non-specific) immunity and adaptive (specific)
immunity.

• Immunity provides three lines of defence against infectious disease.
• The first and second lines of defence involve operations of the innate immune system.
• The third line of defence involves operations of the adaptive immune system.
• Innate and adaptive immunity both operate through cellular responses and the actions of soluble proteins
(humoral responses).

• Innate immunity refers to non-specific defence mechanisms that respond to the presence of foreign
pathogens but are not specific to the pathogen or antigen type. It does not involve the development of
immunological memory.

• Adaptive immunity refers to antigen-specific immune response. The adaptive immune system comes into
operation only after the innate immune defences are evaded or overwhelmed, and this takes days to develop
fully.

• Adaptive immune response in vertebrates can be classified as humoral or cell-mediated.

TOPIC 5 Responding to antigens and acquiring immunity 363

PAGE PROOFS



“c05RespondingToAntigensAndAcquiringImmunity_PrintPDF” — 2021/5/11 — 22:21 — page 364 — #30

5.3 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.3 Quick quiz 5.3 Exercise 5.3 Exam questions

5.3 Exercise

1. Name two divisions of the immune system.
2. Identify the subdivision of the immune system that

a. is the first to respond to a pathogen.
b. has a memory of previous infections.
c. responds to each pathogen in a specific manner.
d. includes physical barriers to the entry of pathogens to the body.
e. provides long-lasting defence against pathogens that have caused disease.

3. Compare and contrast humoral and cell-mediated immunity.
4. Describe two advantages and two disadvantages of an innate immune response.

5.3 Exam questions

Question 1 (1 mark)
Source: Adapted from VCAA 2011 Biology Exam 1, Section A, Q8

MC Nonspecific defences of the immune system that act against bacteria include
A. antibodies.
B. phagocytes.
C. T lymphocytes.
D. plasma cells.

Question 2 (2 marks)

The adaptive branch of immunity is a vital part of the immune system. Severe combined immunodeficiency
(SCID) is a disease in which an individual fails to develop a functional immune system. Suggest two possible
consequences of this.

Question 3 (1 mark)

MC Factors that do not play a role in the nonspecific immune response include
A. complement proteins.
B. interferon proteins.
C. intact skin.
D. antibodies.

Question 4 (1 mark)

MC In the third line of defence against infection
A. lymphocytes respond to specific antigens.
B. pathogens are prevented from entering the body.
C. the body secretes bactericidal agents.
D. no immunological memory is formed.

Question 5 (4 marks)

a. Define the term immunity. 1 mark
b. A branch of immunity has differing responses to different antigens and can form memory, providing lifelong

immunity. State the name of this branch of immunity. 1 mark
c. Outline two key differences between humoral and cell-mediated immunity. 2 marks

More exam questions are available in your learnON title.
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5.4 Physical, chemical and microbiota barriers

KEY KNOWLEDGE

• Physical, chemical and microbiota barriers as preventative mechanisms of pathogenic infection in animals
and plants

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

The first and external line of defence is achieved by barriers that prevent entry of pathogens into the body. This
first line of defence involves the immediate strategy: ‘Keep pathogens out.’ The best protection against infection
is preventing pathogens from crossing the body surfaces.

There are different types of barriers that prevent the pathogens from entering into
the body:

physical barriers innate barriers
that act to prevent the entry of
pathogens into the body

chemical barriers innate
barriers that use enzymes to kill
pathogens and prevent invasion
into a host

microbiological barriers innate
barriers involving normal flora in
the body

• physical barriers
• chemical barriers
• microbiological barriers

Examples of some of these in humans can be seen in figure 5.27.

FIGURE 5.27 There are various aspects involved in keeping pathogens out. These may be physical (pink),
chemical (blue) or microbiological (purple). In many locations, there are multiple barriers to block pathogens.
Microbiological barriers are the natural floral present in that location.
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5.4.1 Physical barriers in animals

mucous membranes cellular
linings of the inner spaces within the
airways, the gut and the urogenital
tract

In vertebrates, epithelial tissue prevents the pathogens from crossing the body surfaces. Epithelial tissues include
the external layers of the skin and the internal linings or mucous membranes. These epithelial tissues form a
physical barrier to the entry of microbes and other pathogens because their cells are densely packed, leaving no
intercellular space between them.

The major barriers that prevent entry of pathogens are intact skin, mucous membranes and their secretions.
• Intact skin: The intact skin constitutes an important physical and chemical barrier to microbial infection.

The epidermis of the skin is composed of many layers of cells (keratinocytes) with the outermost layer
consisting of flattened dead cells. The constant shedding of these dead surface cells is an effective barrier
against entry of pathogens.

TIP: It is important that you refer to INTACT skin and not just skin when discussing this as a physical barrier to
infection. If the skin is not intact, it is not able to properly prevent the invasion of pathogens

mucus a gelatinous fluid secreted
by cells of the mucous membranes

cilia (singular = cilium) in eukaryote
cells, fine hair-like outfoldings
formed by extensions of the plasma
membrane involved in synchronised
movement

• Mucous membranes: The inner spaces of the airways, the gut and the urogenital tract are lined by mucous
membranes consisting of epithelial cells.

FIGURE 5.28 a. Coloured scanning electron micrograph of mucous membrane, showing the epithelium
b. Stained longitudinal section through the skin. The upper layers are being shed constantly.

b.a.

Special cells in the mucous membranes of the gut, the genital tract and the
airways secrete a thick gelatinous fluid called mucus that can trap particulate
matter, including pathogens. In the airways, the mucous membranes include
many cells with cilia on their outer surfaces. Cilia are fine hair-like outfoldings
of the plasma membrane (see figure 5.29a). Regular beating of the cilia moves
mucus from deep in the airways to the back of the throat (see figure 5.29b).
Some mucus is swallowed, and the acid secretions of the stomach destroy
any bacteria. Other mucus is expelled from the back of the throat when people
cough or blow their noses.

Another physical barrier is ear wax (or cerumen), which reduces the access pathogens
have to the ear drum and ear canal. It also protects the ear from dust and other foreign
particles.
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FIGURE 5.29 The mucous membrane: a. photograph and b. a schematic representation

Mucous layer Mucous cell PathogenCiliaa. b.

INVESTIGATION 5.2
elog-0675

The importance of intact skin

Aim

To observe the importance of intact skin as a physical barrier against pathogens

5.4.2 Chemical barriers in animals

lysozyme an enzyme present in
body secretions such as saliva
and tears that helps in the first
line of defence

Chemical barriers destroy pathogens on the outer body surface, at body openings, and on inner body linings.
Sweat, mucus, tears, and saliva all contain an enzyme called lysozyme that kills pathogens.

sebum the oily secretion
produced by sebaceous glands
of the skin

dermicidin an antimicrobial
protein that acts as a chemical
barrier is animals, which is found
is secreted sweat

Sebaceous glands in the skin produce a secretion called sebum, which provides a protective and anti-microbial
film on the skin. Sweat secreted onto the skin contains an antimicrobial protein called dermicidin, which acts
against a wide range of pathogens — particularly fungal and bacterial agents. In addition, stomach acid and
digestive enzymes kills pathogens that enter the digestive tract in food or water.

FIGURE 5.30 The structure of lysozyme
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FIGURE 5.31 Sebaceous glands are found close to hair follicles. The sebaceous gland secretes sebum from
special cells called sebocytes.
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5.4.3 Microbiological barriers in animals
A microbiological barrier to the entry of pathogens is the presence of normal flora. The term ‘normal flora’
refers to the non- pathogenic bacteria that are the normal residents in particular regions of the body, including
the gut, the mouth and throat, and the genital tract. The presence of these harmless bacteria inhibits the growth
of pathogenic microbes. For example, the normal flora of the vagina is Lactobacillus acidophilus. These bacteria
produce lactic acid, which prevents the establishment of pathogenic microbes.

FIGURE 5.32 Examples of normal flora present in the
body

Enterococcus faecalis

Propionibacterium Streptococcus

Bifidobacterium longumLactobacillus delbrueckii

Lactobacillus acidophilus

FIGURE 5.33 Lactobacillus organisms and
vaginal squamous epithelial cell
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TABLE 5.9 Examples of some normal flora and their locations

Microbiological factor Location

Lactobacillus spp. (including L. acidophilus and
L. delbrueckii)

Gastrointestinal tract, mouth and vaginal tract

Bifidobacterium longum Gastrointestinal tract

Propionibacterium spp. Skin, sweat and sebaceous glands

Streptococcus sanguinis Mouth

Enterococcus faecalis Gastrointestinal tract

Staphylococcus aureus Nose and skin

Resourceseses
Resources

Weblink Microbiological barriers

5.4.4 Barriers in plants

Physical barriers in plants
Plants do not have an immune system comparable to animals, but they have developed an array of structural,
chemical and protein-based defences to detect pathogens and stop them before they are able to cause extensive
damage. They can remove infected parts or grow gall tissue around an infection to prevent further spread.

FIGURE 5.34 A cross-section of a leaf, showing some of the various physical barriers that protect plants from
pathogens
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Physical barriers include:
• the cuticle — a waxy covering on leaves that reduces water accumulation and helps prevent cells becoming

infected
• thick bark — an external layer that acts similar to intact skin
• stomata — stomata can be closed to prevent pathogens entering; they may also be sunken and sit lower

down, to further protect the plant (refer to figure 5.35)
• cell wall — the cellulose cell wall can help protect cells from infection from viruses
• leaf orientation — vertical leaves make it harder for pathogens to attack as water is unable to accumulate

on the leaf surface (refer to figure 5.36)
• thorns and spikes — some plants have thorns and spikes (modified leaves and branches) that protect the

plants from grazing animals.
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FIGURE 5.35 Stomata of the surface of a leaf FIGURE 5.36 The Mimosa pudica has leaves
that fold inwards when touched or shaken for
protection.

Chemical barriers in plants
Plants also have a variety of chemical defences against pathogens. Plants produce antimicrobial chemicals,
antimicrobial proteins, and antimicrobial enzymes that prevent pathogens from entering the plant.

TABLE 5.10 Some chemicals produced by the plants to fight the pathogens

Chemical Function
Saponin Plant proteins that disrupt bacterial and fungal cell

membranes
Defensins Chemicals in many plant cell membranes that interfere with

fungal cell membranes

Caffeine Toxic to fungi and insects

Tannins A bitter-tasting substance that may deter predators

Cyanogenic glycosides Causes the release of hydrogen cyanide when plant is
attacked or consumed

Cinnamon (monoterpenoid) Toxic to insects and have antibacterial and antifungal
properties

INVESTIGATION 5.3
elog-0677

Innate barriers in plants

Aim

To explore different chemical and physical barriers in plants
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SAMPLE PROBLEM 3 Physical and chemical barriers in plants
tlvd-1778

The immune system is a host defence system comprising many physical and chemical barriers
and processes within an organism that protect against disease. Name and outline the actions of two
physical and two chemical barriers that protect plants from infections. (4 marks)

THINK WRITE

1. List two physical and chemical barriers
in plants.

Physical barriers: thick bark and waxy cuticles
Chemical barriers: defensins and caffeine

2. Provide a general description of the
defence mechanisms mentioned. As
this is a four-mark question, 1 mark is
awarded for each of the barriers with
their appropriate outline.

Thick bark is an external layer of dead cells preventing the
entry of pathogens (1 mark). The waxy cuticles on leaves
prevent the formation of moisture (1 mark). This stops the
pathogen invasion. Caffeine is toxic to many insects and
fungi (1 mark), and defensins have antimicrobial action
(1 mark).

Resourceseses
Resources

eWorkbook Worksheet 5.6 Innate barriers (ewbk-5252)

KEY IDEAS

• Barriers that provide innate resistance include physical, chemical and biological barriers in both plants and
animals.

• Physical barriers in animals include intact skin and mucous membranes.
• Chemical barriers include various secretions. Secretions that contribute to preventing entry include mucus,
tears, saliva and urine.

• The so-called ‘normal flora’ that are the non-pathogenic bacterial residents of regions of the body act as a
microbiological barrier to pathogenic bacteria.

• Plants have physical and chemical barriers to stop pathogenic invasion. They do not have a second or third
line of defence, so they rely on preventing pathogenic entry.

5.4 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.4 Quick quiz 5.4 Exercise 5.4 Exam questions

5.4 Exercise

1. Name the three types of barriers that form the first line of defence against pathogens.
2. Give an example of

a. an epithelial tissue.
b. a mucous membrane.

3. Where would you expect to find a ciliated mucous membrane?
4. How do the ‘normal flora’ of the body contribute to the first line of defence?
5. The immune system is a host defence system comprising many chemical and microbiological barriers

and processes within an organism that protect against disease. Name and outline the actions of two physical
and chemical barriers that protect humans from infections.
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6. Briefly outline how intact skin defends against entry of pathogens to the body.
7. While taking a course of antibiotics, it is often recommended to take probiotics, which contain live bacteria.

Explain the purpose of this.
8. Individuals with cystic fibrosis produce thickened mucus (that is difficult to expel) due to defects in a plasma

membrane protein. Suggest why individuals with cystic fibrosis are more prone to lung infections, despite
producing mucus.

5.4 Exam questions

Question 1 (4 marks)
Source: VCAA 2018 Biology Exam, Section B, Q3a and b

Plants are a rich source of nutrients for many organisms, including bacteria, fungi and viruses. Although plants
lack an immune system that is comparable to animals, plants have evolved chemical barriers to stop invading
pathogens from causing significant damage.
a. Describe two chemical barriers that could be present in a plant that is protecting itself from an invading

pathogen. 2 marks
b. Humans have a sophisticated immune response to invading pathogens.

State two ways that pathogens are prevented from entering the internal environment of the human
body. 2 marks

Question 2 (1 mark)
Source: VCAA 2015 Biology Exam, Section A, Q17

MC Which one of the following is an example of a plant defence against a pathogen?
A. production of antibodies
B. an active immune system
C. extensive cell death throughout the plant
D. waxy leaf surfaces acting as physical barriers

Question 3 (1 mark)
Source: VCAA 2017 Biology Exam, Section B, Q2a

Although plants have no immune systems, they do have many chemical and physical methods of defence against
pathogens and attacks by insects.

Describe one example of a physical method of defence in a plant.

Question 4 (3 marks)
Source: VCAA 2006 Biology Exam 1, Section B, Q7a and b

Plants and animals are both susceptible to infection.
a. i. Name one feature of plants that inhibits the entry of infective organisms. 1 mark

ii. Name one feature of humans that inhibits the entry of infective organisms. 1 mark

Assume that infection has occurred in a plant.
b. Outline one way in which a plant responds to minimise damage to its tissues. 1 mark

Question 5 (1 mark)
Source: VCAA 2009 Biology Exam 1, Section A, Q19

MC First-line defence mechanisms in humans include
A. development of fever.
B. action of phagocytes.
C. use of antibiotics.
D. presence of cilia.

More exam questions are available in your learnON title.
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5.5 The components of innate immunity

KEY KNOWLEDGE
• The innate immune response and the characteristics and roles of macrophages, neutrophils, dendritic cells,
eosinophils, natural killer cells, mast cells, complement proteins and interferons

Source: Adapted from VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

5.5.1 What is the innate immune response?

FIGURE 5.37 When the first line is
breached, the second line of defence
comes into play

Microorganisms do occasionally breach the first line of defence. It
is then up to the innate and adaptive immune systems, which were
introduced in subtopic 5.3, to recognise and destroy them without
harming the host.

Consider the following situation. You fall over and graze your knee
so that the epidemis of the skin is eroded and the dermis is exposed
(see figure 5.37). After brushing the dirt away, you notice you are
bleeding. As your skin is no longer intact, pathogens from the dirt
have gained access to the internal environment, placing you at risk of
infection.

The second line of defence comes into action when pathogens have
entered the tissues or the bloodstream. It is an innate system — an
inborn system that lacks specificity and memory. For example, after
you graze your knees, the area becomes red, inflamed and swollen, and pus eventually forms. This is all part of
the second line of defence.

pathogen-associated
molecular patterns molecules
that are found in pathogens
but are not found in a host,
allowing them to be recognised
as foreign

phagocytosis bulk movement
of solid material into cells where
the cell engulfs a particle to form
a phagosome

The innate immune system must be able to distinguish self from non-self to ensure it is only acting against
foreign pathogens. The innate immune system relies on the recognition of particular types of molecules that
are common to many pathogens but are absent in the host. These pathogen-associated molecules (called
pathogen-associated molecular patterns) stimulate two types of innate immune responses — inflammation
and phagocytosis by cells such as dendritic
cells, neutrophils and macrophages. Both of
these responses can occur quickly, even if
the host has never been previously exposed
to a particular pathogen.

FIGURE 5.38 Components involved in the second line of defence

Second line

of defence

Immune cells Soluble proteins Inflammation

The second line of defence has three key
aspects: immune cells, inflammation
and soluble proteins. These aspects are
explored further in the following sections.

5.5.2 Cells involved in innate immunity

leukocytes white blood cells
that are involved in protecting
the body from infectious disease

There are many types of white blood cells (immune cells) or leukocytes that work
to protect the body. They are found in blood, lymph and other tissues as outlined
in table 5.11. Each of these cell types will be explored further in upcoming
subtopics.

The innate leukocytes include natural killer cells (NK cells), mast cells,
eosinophils and phagocytic cells (including macrophages, neutrophils and
dendritic cells).
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TABLE 5.11 Summarising the cells of the innate immune system

Cell type Stylised image Description & characteristics
Major role in innate

immunity

In blood

• Monocytes:
2–12% of
circulating white
blood cells

Circulating white blood cells (2–12%); can leave
bloodstream and move into tissues, where they
differentiate into macrophages

Precursors of
macrophages

• Neutrophils:
‘first into the
fray’ 30–80% of
circulating white
blood cells

Most abundant circulating white blood cells
(30–80%) with distinctive multi-lobed nuclei;
short-lived; first cells to arrive at infection site
in response to signals from other cells; one of the
major cells involved in phagocytosis, which kills
engulfed microbes by toxic chemicals

Identify and mount
phagocytic attack on
microbes

• Eosinophils:
up to 7% of
circulating white
blood cells

Circulating white blood cells; bilobed nucleus;
phagocytic; release toxic chemicals from
granules; major defence against parasites that
are too large to be attacked by phagocytosis, e.g.
parasitic worms

Defence against
larger parasites;
attack by using toxic
chemicals released
from cytoplasmic
granules

• Basophils:
up to 2% of
circulating white
blood cells*

Rare circulating white blood cells; phagocytic;
contain cytoplasmic granules that are rich in
histamine and heparin

Release of
histamine and other
molecules as part
of inflammatory
response; play a role
in allergic reactions

• Natural killer
(NK) cells: ‘the
assassins’
1–6% of
circulating white
blood cells

NK cells contain granules filled with potent
chemicals; recognise and attack cells lacking
‘self’ markers; degranulation releases proteases
and also perforin proteins, which insert holes
in plasma membrane of foreign cells; induce
programmed cell death (apoptosis)

Elimination of virus-
infected cells and
cancer cells by
degranulation

In tissues

• Macrophages:
‘the vacuum
cleaners’

Develop from monocytes that migrate into
tissues; phagocytic; present in almost every
tissue of body; eliminate microbes and cell
debris; initiate acute inflammatory responses
by secretion of various cytokines (also play a role
as antigen-presenting cells)

Identify and
eliminate pathogens
by phagocytosis;
also remove dead
cells and cell debris

• Dendritic cells:
‘sentinels on
patrol’ in tissues

Resident in tissues; phagocytic; characteristic
star shape; present in skin epidermis, and on
surface of linings of airways and gut; migrate via
lymphatic vessels to lymph glands where they act
as antigen-presenting cells

Phagocytosis of
pathogens and
presentation of
antigens to initiate
adaptive immune
response

• Mast cells:
‘border guards’

Contain granules rich in histamine and
heparin; found in tissues close to the external
environment; involved in early recognition of
pathogens; release chemical signals that attract
other immune cells to infection site; involved in
acute inflammatory response

Release of histamine
and other active
molecules during
acute inflammation;
play role in allergies

* Basophils are not required to be known for the Study Design, but are another example of an immune cell.
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Basophils, eosinophils, neutrophils and mast cells are often referred to as granulocytes. This is due to the
presence of granules within their cytoplasm. These granules often contain antimicrobial agents or enzymes
that assist in the destruction of microbes and other non-cellular pathogens.

5.5.3 Phagocytes and phagocytosis

phagocytes types of white
blood cell, including neutrophils
and macrophages, that can
engulf and destroy foreign
material

One of the most important mechanisms conducted by immune cells is the process of phagocytosis, which
involves the engulfment and destruction of a pathogen or cellular debris. Cells that engulf and destroy foreign
material are known as phagocytes or phagocytic cells.

Neutrophils, macrophages and dendritic cells are types of phagocytes. These are able to engulf pathogens.
Macrophages and dendritic cells are also able to activate the immune system and are often referred to as
antigen-presenting cells.

Steps in phagocytosis

pattern recognition receptor
(PRR) protein receptors present
on phagocytic cells of the
innate immune system that
enable these cells to recognise
and bind to pathogens, with
recognition being at a generic
level

phagosome a membrane-
bound vesicle formed within
a phagocytic cell that encloses
the engulfed pathogen

1. The pathogen is identified by a pattern recognition receptor (PRR) and
engulfed by outfoldings of the plasma membrane of the phagocyte.

2. The pathogen is engulfed in a vesicle called a phagosome.
3. Lysosomes fuse with the phagosome (forming a phagolysosome).
4. Toxic chemicals from the lysosome (include free radicals, lysozymes and

proteases) digest and destroy the pathogen.
5. Indigestible material is discharged from the phagocytic cell by a process of

exocytosis.

In dendritic cells and macrophages, antigens or sub-units from the digested pathogen
are presented on the MHC-II markers to activate the adaptive immune system.
This initiation is explored in subtopic 5.8.

FIGURE 5.39 The process of phagocytosis
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EXTENSION: How phagocytes recognise foreign material

FIGURE 5.40 PRRs on the surface of a macrophage recognise
molecular patterns present on the pathogen.
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In order to defend against pathogens,
cells of the innate immune system must
first identify pathogens as ‘foreign’ or
non-self before they can eliminate them.

Before any immune mechanism can go
into action, there must be a recognition
that something exists for it to act against.
Normally this means foreign material such
as a virus, bacterium or other infectious
organism. This recognition is carried out
by a series of recognition molecules or
receptors. Some of these circulate freely in
blood or body fluids; others are fixed to
the membranes of various cells or reside
inside the cell cytoplasm. In every case,
some constituent of the foreign material
must interact with the recognition molecule, like a key fitting into the right lock.

Phagocytic cells of the innate immune system, such as macrophages and neutrophils, have many receptors
known as pattern recognition receptors (PRRs). These identify pathogens by recognising and binding non-
specific pathogen-associated molecular patterns found on groups and patterns. This level of identification is a bit
like being able to identify cats and dogs at a generic level, as, for example, ‘That’s a cat!’. In an immune example,
molecular patterns signal that a pathogen is a bacterium but do not provide information about the specific type
of bacteria (e.g. if it is Yersinia pestis or Salmonella typhi). Thus, these are different from the antigens outlined in
section 5.2.1, which lead specifically to the production of antibodies.

Example of these molecular patterns include:
• glycans
• endotoxins in cell membranes
• lipopolysaccharides in some bacteria
• flagellin
• nucleic acid variants (such as double-stranded RNA, which is not found in animals).

Resourceseses
Resources

Video eLesson Phagocytosis (eles-4343)

5.5.4 Macrophages
FIGURE 5.41 A false-coloured
scanning electron microscope (SEM)
image of a macrophage

Macrophages are mature forms of monocytes. They are considered
important actors in both innate and adaptive immunity. Monocytes
are produced by stem cells in the bone marrow and circulate through
the blood. They then undergo differentiation, becoming macrophages
and settling in body tissues.

Macrophages are large phagocytic cells. They are found in most
tissues, but they are most concentrated in tissues close to epithelial
layers, working to destroy pathogens and cellular debris by
phagocytosis.
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Macrophages are phagocytic cells found in tissues, which identify eliminate and engulf pathogens by
phagocytosis and clear dead cells and debris. They are also antigen-presenting cells that can activate the
adaptive immune response (a feature they share with dendritic cells).

5.5.5 Neutrophils
Neutrophils are the most abundant white blood cells
of the immune system. Like macrophages, they are
phagocytes. They can ingest and destroy viruses and
microorganisms, especially bacteria.

FIGURE 5.42 Neutrophils circulate in the blood
stream.

Neutrophils have a life span of only a few days and
are continuously produced from stem cells in the bone
marrow. They enter the bloodstream and circulate for a
few hours, after which they leave circulation and die.
Neutrophils are mobile and are attracted to foreign
materials by chemical signals, some of which are
produced by the invading microorganisms
themselves, others by damaged tissues, and still others
by the interaction between microbes and proteins in the
blood plasma.

Neutrophils are abundant immune cells that are usually the first to the site of an infection, engulfing and
destroying pathogens.

5.5.6 Dendritic cells

FIGURE 5.43 A dendritic cell (in blue) interacting
with a lymphocyte (image courtesy of Olivier
Schwartz and Institut Pasteur)

Dendritic cells can engulf pathogens and present their
antigens on their surface. Dendritic cells are considered
to be professional antigen-presenting cells. Like
macrophages, they act to activate the adaptive immune
response. They reside in and patrol the skin and mucosal
surfaces, thus playing an important role in the innate
immune system. They can then migrate to lymph nodes,
leading to the subsequent activation of T cell responses
to provide a cell-mediated immunity against microbial
pathogens.

Dendritic cells have many branched projections,
providing them with a very large surface area to
volume ratio. This improves their phagocytic and
antigen-presenting properties.

Dendritic cells are professional antigen-presenting cells,
engulfing pathogens and presenting their antigens to
T cells to activate the adaptive immune response.

The presentation of antigens by dendritic cells and macrophages will be explored in subtopic 5.8.
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5.5.7 Eosinophils

eosinophils a type of white blood
cell that contain granules, enabling
them to kill larger parasitic agents

degranulation the process by
which immune cells release various
chemicals (such as histamine
and antimicrobials) stored within
secretory vesicles known as
granules

Eosinophils are granulocytes that are present in the respiratory, gastrointestinal, and urinary tracts. They assist
in defending against larger parasitic agents that are too large to be engulfed by phagocytosis (such as parasitic
worms). They contain granules with toxic chemicals and histamine. Their effector function is mediated by
degranulation and release of histamine.

They also contain some granules containing ribonucleases (RNases), which are enzymes that degrade RNA into
smaller components. This helps them to fight viral infections.

The main function of eosinophils is to destroy microbial pathogens, mainly parasites. However, they also play an
important role in the allergic processes together with mast cells, particularly around hayfever and asthma.

FIGURE 5.44 Eosinophils contain granules and a
distinctively shaped nucleus.

FIGURE 5.45 Eosinophil granulocytes in
inflammation

5.5.8 Natural killer (NK) cells

natural killer cells special white
blood cells involved in the innate
immune response that kill virus-
infected cells

Once pathogens have gained entry to body cells and become intracellular, they cannot be directly attacked by
innate immune cells. Instead, they are eliminated by cells known as natural killer cells. Natural killer (NK)
cells are lymphocytes, which are specific types of white blood cells found in lymph.

Natural killer cells are lymphocytes that kill virus-infected cells through apoptosis, destroying both the cell and
any viruses it contains. This prevents the virus infecting other cells.

NK cells do not affect extracellular pathogens; instead, they destroy virus-infected
cells. Although this involves the apoptosis of self-cells, it also leads to the death of
the virus, preventing its replication and spread. They also have a role in destroying
cancerous cells. Both virus-infected and cancerous cells often have abnormal or
missing MHC markers that signal their destruction by NK cells.

Killing virus-infected cells by apoptosis, rather than by lysis, is important. Why?
Lysis of a virus-infected cell simply explodes the cell, releasing the virus particles
into the extracellular fluid so that the virus particles can infect other cells. In contrast,
apoptosis destroys both the cell and any viruses it contains in a systematic manner,
preventing the further spread of the virus.
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FIGURE 5.46 a. Transmission electron microscope of natural killer cells with several granules (image courtesy of
Professor Colin Brooks and Dr George Sale) b. False-coloured SEM image of a natural killer cell (blue) attacking
a cancer cell (pink) (image courtesy of Dr Donna Stolz and Mr Marc Rubin of the Centre for Biological Imaging at
the University of Pittsuburg)

a. b.

How do natural killer cells destroy virus-infected cells?

granzymes active protease
enzymes present in granules
that form part of the immune
defences of NK cells and
cytotoxic T cells

perforin a protein, released
by some immune cells,
that produces a pore in the
membrane of cells undergoing
an immune attack

Natural killer cells undergo a process known as degranulation to destroy virus-infected cells. Degranulation is
the release of anti-microbial and toxic molecules from membrane-bound granules stored in the cytoplasm of
some innate immune cells. The granules in NK cells contain active protease enzymes, known as granzymes, and
a pore-forming protein called perforin.

• Perforin molecules form a ring structure that punches a hole in the plasma membrane of the target cells,
enabling entry of the proteases (known as granzymes) into the target cell.

• Once inside the cytoplasm of an infected target cell, the proteases (usually granzyme B) induce apoptosis.
• Elimination of an infected cell or a cancer cell by degranulation of an NK cell is completed within hours.

FIGURE 5.47 Diagram showing the release of perforin and granzymes by NK cells. Perforin forms a pore in the
membrane of the target cell, allowing granzymes (proteases) to enter the virus-infected cell.
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EXTENSION: How do NK cells decide to kill cells?

Body cells infected with viruses and cancer cells are part of a person’s body. How do natural killer (NK) cells
recognise these infected and abnormal cells as targets for elimination?

NK cells identify targets for elimination even though the targets are body cells. The decision ‘kill or don’t kill’ by
an NK cell is believed to be determined by receptors on the plasma membrane of the NK cell: one receptor is for
‘kill’ and another is an inhibitory receptor that blocks the kill signal.

• All body cells carry ligands that can bind to ‘kill’ receptors on NK cells.
• This binding activates the ‘kill’ receptors that signal an NK cell to eliminate any cell bound to it.
• However, this kill signal is inhibited by normal HLA markers on healthy body cells. The activation of the
inhibitory receptors sends a signal that blocks the kill signal. As a result, an NK cell does not identify healthy
body cells as targets for elimination.

Virus infections of body cells suppress the expression of class I HLA markers. Likewise, cancer cells produce
abnormal HLA markers. These missing or abnormal HLA markers make these cells susceptible to being killed by
NK cells because they cannot inhibit the ‘kill’ signal. When contact is made with an infected cell that is missing
or has abnormal HLA markers, the NK cell responds to the ‘active kill’ signal and degranulates, spilling the lethal
contents of its granules onto the target cell.

FIGURE 5.48 Identification of cells to kill by NK cells a. The NK cell recognises the MHC marker so does not
destroy the cell. b. The infected cell lacks the correct self-marker, so it is targeted by the NK cell.
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5.5.9 Mast cells

ligands any molecule that binds to
a specific target to form an active
complex

Mast cells mediate inflammatory responses. They are found in tissue, especially
beneath the surface of the skin, near vessels and in the respiratory system. They
act very early in the infection by a pathogen, due to their closeness to the external
environment. histamine a substance involved in

inflammation and allergic reactions
that causes blood vessels to dilate
and become more permeable to
immune cells

Mast cells contain various chemicals in granules, including cytokines, histamine
and heparin. Upon stimulation, mast cells release the contents of their granules via
degranulation. This causes histamine and heparin to be released in tissues.

Mast cells are vital in the inflammatory response. As well as releasing histamines that increase vascular
permeability, they also release cytokines that attract other immune cells to help destroy the pathogen.
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FIGURE 5.49 Mast cells with granules
containing histamine

Histamine leads to the increased permeability of blood vessels
and causes smooth muscles to contract. The release of cytokines
attracts of other immune cells to the site of the infection. Heparin is
also linked to inflammation, initiating the production of a hormone
known as bradykinin, which contributes to the inflammation
associated with mast cells.

The inappropriate activation of mast cells and release of histamine
leads to allergic reactions and hypersensitivity. This is linked with
allergens, which were introduced in section 5.2.5.

CASE STUDY: Mast cells and the allergic response

In section 5.2.5 we were introduced to allergens. Allergens are harmless substances that initiate an immune
response in a sensitised individual. This reaction is controlled by both mast cells and antibodies.

The key players in an allergic reaction include:
• mast cells
• antibodies, specifically immunoglobulin E (IgE)

There are several stages in an allergic reaction, such as the hayfever caused by exposure to pollen. First, a
person must be sensitised to a potential allergen; otherwise, an allergic reaction will not occur. The allergic
response is shown in figure 5.50 outlined in the listed steps.

Sensitisation to an allergen: first exposure

immunoglobulin E (IgE)
antibodies a type of antibody
produced in response to
exposure to a particular allergen;
involved in allergic reactions

1. Potential allergens, such as an antigen on airborne pollen cells, are inhaled, consumed or contacted.
2. Cells of the immune system identify this antigen as non-self, and an immune response is activated.
3. The production of specific antibodies against the particular allergen occurs. These are immunoglobulin E

(IgE) antibodies, which are produced by B cells in the tissue around the site of entry of the allergen. (The
mechanism by which B cells release antibodies will be explored in subtopic 5.10.)

4. The IgE antibodies attach to the surface receptors of mast cells that are located in the linings throughout the
body, including the airways. Mast cells that are coated with IgE antibodies are said to be primed or sensitised.

5. The presence of primed mast cells means that the person is now sensitised to that particular allergen so that
the next exposure will cause an allergic response.

Allergic reaction: second exposure

1. When the next exposure to the particular allergen occurs, the IgE antibodies on the primed mast cells
recognise the allergen and bind to it.

2. The binding of the allergen to the IgE antibodies on the mast cells activates them and they degranulate,
releasing their contents of chemical mediators, including histamine.

3. The release of histamine results in the effects of inflammation: an increased blood flow to the region (causing
redness), increased permeability of blood vessels (causing swelling and pain), sneezing, coughing, nasal
congestion, itchy and watery eyes, and runny nose.

4. Migration of more immune cells continues the inflammatory response (refer to subtopic 5.6 for further detail on
the inflammatory response). Mast cells produce chemical messengers that signal various circulating immune
cells to migrate from the bloodstream into the affected tissue to join the immune attack on the allergen,
leading to sustained inflammation.
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FIGURE 5.50 First and second exposure to an allergen
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Resourceseses
Resources

eWorkbook Worksheet 5.7 Cells involved in the innate response (ewbk-5254)

Video eLesson Allergens and allergic responses (eles-4344)

5.5.10 Humoral innate immunity
In the previous sections, we explored the cells of the innate immune response. The other important part of
the innate immune system is the humoral component, which involves the action of soluble proteins and their
derivatives in extracellular body fluids such as lymph and blood. (‘Humor’ is a medieval term for body fluid.)

complement proteins proteins that
assist other innate immune cells and
can destroy bacterial cells by lysis

cytokines signalling molecules of
the immune system

Humoral responses involve the actions of soluble active molecules. Key soluble
molecules involved in innate immunity include proteins known as complement
proteins and cytokines.

interferons proteins secreted by
some cells, in response to a virus
infection, that helps uninfected cells
resist infection by that virus

Cytokines are the signalling molecules of the immune system. Some of the most
important cytokines involved in innate immunity are interferons. Other cytokines
include interleukins (which mediate communication between immune cells), tumour
necrosis factors (TNF, which regulate immune cells) and chemokines (which mediate
the attraction of cells).
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5.5.11 Complement proteins
Dissolved in the plasma of your blood are proteins that form what is called complement. In total, the
complement system comprises a large group of protease proteins (more than 25 proteins). These plasma proteins
are called ‘complement’ because they complement or add to the function of immune cells.

There are various types of complement proteins that contribute to the innate immune system in various ways.

The role of complement

Complement proteins contribute to the immune system by:
• opsonising pathogens, making them more susceptible to phagocytosis
• recruiting immune cells involved in an inflammatory response (chemotaxis)
• destroying bacterial pathogens by lysis through the initiation of the membrane-attack complex.

Opsonisation

opsonisation the coating of the
surface of pathogen cells by
complement proteins, making
the pathogens more susceptible
to phagocytosis

Some complement proteins cover the surface of a pathogen and form a complex with the surface antigens on the
pathogen. This process is termed opsonisation. Opsonisation makes pathogens more susceptible to elimination
by phagocytosis. This is because phagocytes, such as macrophages, have receptors for complement proteins on
their plasma membranes, and these bind to the opsonised microbes. The main complement protein involved in
opsonisation is known as complement component 3b (C3b).

FIGURE 5.51 Complement allows phagocytes to more easily bind to the pathogen, increasing the likelihood of
phagocytosis occuring.
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chemotaxis movement of a cell
or organism in response to a
chemical substance (such as
complement or cytokines)

Chemotaxis refers to the movement of cells in response to a chemical stimulus.
Small complement peptides that diffuse from the pathogen surface act as chemical
signals, attracting immune cells involved in the inflammatory response to the site
of the infection.

Lysis of pathogens

membrane-attack complex
(MAC) one of the defence
mechanisms resulting from
activation of complement
proteins that destroys pathogen
cells by osmotic shock

Some complement proteins are involved in the direct ‘explosive’ killing of
extracellular pathogens. This occurs when a membrane-attack complex (MAC)
forms on the plasma membrane of the pathogen due to the interaction of various
complement proteins. The MAC inserts into the plasma membrane of the
pathogen and produces a pore that allows fluid to enter, causing the pathogen cell
to swell and burst — explosive death by osmotic shock!
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FIGURE 5.52 A membrane attack complex forms on the membrane of a pathogen.
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How is complement activated?
The complement proteins circulating in the bloodstream are inactive enzymes. Complement proteins are
activated when they make direct contact with molecules on the surface of a pathogen. The process involved in
complement activation is as follows:

cascade a multi-step process in
which each step must occur in a set
order, with each step triggering the
next in the sequence

1. The activation of an initial complement protein (known as C3) starts a sequence of reactions that take
place on the surface of a pathogen. The first protein in the series enzymatically alters the next protein in
the series.

2. The product of the first reaction then activates the next enzyme in the series,
which, in turn, activates the next protein, and so on. The activation of a complement
protein occurs when the protein is cut (cleaved) into two fragments — a larger
activated protein and a smaller peptide fragment. This sequence of reactions starts
a cascade that can neither be stopped nor reversed.

FIGURE 5.53 Complement cascade — various complement proteins are activated during an immune response.
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TIP: You do not need to know the names of the specific complement proteins (such as C5), but rather understand
that complement proteins have a variety of functions and act in a cascade, with some complement proteins
activating others.

5.5.12 Interferons
Interferons are a group of cytokines (signalling proteins) made and released by host cells in response to
the presence of several viruses. The name of these proteins reflects the fact that they ‘interfere’ with viral
replication. Once a body cell is infected with viruses, the cell secretes interferons. That cell is doomed, but the
interferons that it secretes into its surroundings act as warning signals to nearby cells so that they can
prepare in advance for a possible virus infection.

Interferons act in can act in either an autocrine (target the cell they were released from) or paracrine fashion
(target nearby cells). They activate the infected cells to produce enzymes that break down viral proteins.

The role of interferons

Interferons bind to receptors on neighbouring cells, producing signals that:
1. induce transcription of a number of specific genes that encode production of inactive forms of antiviral

enzymes, inhibiting protein synthesis and destroying RNA. These enzymes are activated only if a virus
succeeds in infecting the cell and, if activated, they block the synthesis of viral proteins.

2. make the plasma membrane less fluid, making its fusion with viral particles more difficult and so reducing the
chance of viral infection in these cells

3. cause virus-infected cells to undergo apoptosis
4. activate immune cells, such as natural killer (NK) cells, that eliminate virus-infected cells by apoptosis.

FIGURE 5.54 The various actions on nearby cells of interferons released from a virus-infected cell
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Interferons are particularly important if a virus is able to infect a nearby cell. If a virus does not have to travel to
reach its target cell, it can cause infection quickly. In the early stages of infection, interferon is a vital part of the
immune defence against viruses. When the infection develops into disease (such as the cold or flu), interferons
have failed and the adaptive immune system must come into play.
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SAMPLE PROBLEM 4 Identifying and describing soluble proteins
tlvd-1779

Cells infected with viruses secrete soluble substances that travel to adjacent cells and activate them to
make antiviral proteins that are involved in innate immune response.
a. Name the substance secreted by virus-infected cells. (1 mark)
b. Outline two actions of the substance mentioned in part a. (2 marks)

THINK WRITE

a. State the name of the protein secreted from virus-
infected cells. You must be specific (cytokines
alone is not an acceptable answer).

Interferons (1 mark)

b. Write down a brief description of the ways
interferons stop viral infection.

Infected cells secrete interferons, which bind to
the receptors on the neighbouring cells and signal
uninfected cells to destroy viral RNA and reduce
protein synthesis (1 mark).
Interferons also activate other immune cells such
as NK (natural killer) cells to destroy virus-infected
cells (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 5.8 Soluble molecules in the innate response (ewbk-5256)

Video eLesson The interferon mechanism against viruses (eles-4347)

KEY IDEAS
• The second line of defence of the innate immune system comes into immediate operation if pathogens
overcome the barriers of the first line of defence.

• The second line of defence involves the operation of innate immune cells and humoral factors.
• The innate immune system relies on the recognition of particular types of molecules that are common to
many pathogens (called pathogen-associated molecular patterns) but are absent in the host.

• The innate leukocytes include natural killer cells (NK), mast cells, eosinophils and phagocytic cells, include
macrophages, neutrophils and dendritic cells.

• Macrophages, dendritic cells and neutrophils directly attack and eliminate extracellular pathogens through the
process of phagocytosis. Macrophages and dendritic cells are also antigen-presenting cells and can activate
the adaptive immune system.

• Pattern recognition receptors on phagocytic cells generically identify pathogens for elimination.
• Natural killer (NK) cells attack pathogens indirectly by identifying and eliminating pathogen-infected body
cells and cancer cells through the process of degranulation.

• Defensive molecules of innate immunity include complement proteins and cytokines
• Complement proteins are approximately 20 types of soluble proteins that destroy extracellular pathogens
by binding to their surfaces. These proteins serve as markers to indicate the presence of a pathogen to
phagocytic cells and to enhance engulfment; this process is called opsonisation. Certain complement
proteins can combine to form attack complexes that open pores in bacterial cell membranes.

• Interferons secreted by a virus-infected cell signal nearby cells to make various advance preparations to
reduce the chance of a viral infection. They signal virus-infected cells to undergo apoptosis.
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5.5 Activities

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.5 Quick quiz 5.5 Exercise 5.5 Exam questions

5.5 Exercise

1. Identify two methods by which innate immune cells eliminate pathogens.
2. Complete the following passage using the listed terms: engulfed, MHC-II markers, pattern recognition

receptors, lysosome, destroy, exocytosis, phagolysosome, phagosome, dendritic cells
During phagocytosis, a pathogen is identified by through _____________. The pathogen is _____________
in a vesicle, forming a _______________. This fuses with a _____________, forming a ______________. Toxic
chemicals and enzymes from the lysosome digest and ___________ the pathogen. The indigestible material
is discharged by the process of ___________. In macrophages and ______________, some of this material is
presented on __________.

3. Give an example of each the following that is part of innate immunity.
a. The most common circulating white blood cell
b. The ‘assassins’
c. A phagocytic cell
d. A cell that eliminates intracellular pathogens

4. Identify the following as true or false and justify your response.
a. The level of identification of pathogens by the cells of innate immunity is more specific than that of the

cells of adaptive immunity.
b. Natural killer (NK) cells eliminate pathogens directly by degranulation.
c. Macrophages are tissue-based cells of the innate immune system that eliminate pathogens by

phagocytosis.
d. Complement proteins are involved in the elimination of intracellular pathogens.
e. Interferons released by a virus-infected cell can signal nearby cells to produce antiviral proteins.

5. A bacterial cell is ‘opsonised’. Briefly explain what has happened to this bacterial cell.
6. Compare and contrast dendritic cells and macrophages.
7. Draw a flowchart showing how NK cells kill virus-infected cells.
8. Explain why apoptosis of virus-infected cells is preferred over lysis.
9. In some immunodeficiency diseases (where the immune system doesn’t function properly), there is a

deficiency in the complement system. Explain how complement deficiencies can lead to disease.
10. Interferons can be used to treat autoimmune diseases such as multiple sclerosis, in which cells of the

immune system target the myelin sheath around the axons in nerve cells. Suggest two reasons why this
treatment may be used.

5.5 Exam questions

Use the following information to answer Questions 1 and 2.

The diagram below shows an immune cell responding to a substance. This process occurs during certain types
of allergic reactions.

Y

Z

X
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Question 1 (1 mark)
Source: VCAA 2020 Biology Exam, Section A, Q22

MC Which type of immune cell is featured in the diagram above?
A. Mast cell
B. Neutrophil
C. Macrophage
D. Dendritic cell

Question 2 (1 mark)
Source: VCAA 2020 Biology Exam, Section A, Q23

MC What do the structures X and Y in the diagram above represent?

X Y
A. Antibody Allergen

B. receptor Antibody

C. glycolipid G protein

D. antigen allergen

Question 3 (1 mark)
Source: VCAA 2019 Biology Exam, Section A, Q20

MC The diagram below shows the process of phagocytosis. This process is vital for immunity against
extracellular infections.

pathogen
12

3

4

5

Source: Designua/Shutterstock.com

What is happening at position 3?
A. Enzymes that break down the microorganism are released into the vesicle.
B. Antibodies are added to the vesicle to kill the microorganism.
C. The cell is sampling the vesicle for antigen presentation.
D. Intracellular microbes are attacking the microorganism

Question 4 (2 marks)
Source: VCAA 2018 Biology Exam, Section B, Q3c

Outline how complement proteins and natural killer cells protect the human body once a pathogen has gained
entry to the internal environment.
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Question 5 (1 mark)
Source: VCAA 2017 Biology Exam, Section A, Q22

MC Which of the following matches a cell correctly with its role in an immune response?

Cell Role
A. macrophage Stimulates inflammation by secreting interferon

B. dendritic cell Presents fragment of antigens to T helper cells

C. mast cell Engulfs bacteria and debris

D. neutrophil Secretes antibodies

More exam questions are available in your learnON title.

5.6 The inflammatory response in innate immunity

KEY KNOWLEDGE
• The innate immune response including the steps in an inflammatory response

Source: Adapted from VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

5.6.1 What is inflammation ?

FIGURE 5.55 Pathogens can enter when
the skin is cut, leading to inflammation.

Inflammation is a reaction to an infection, injury or damaged
tissue that results in heat, pain, swelling and redness due to
accumulation of fluids and proteins and an increased blood
supply to the infected region.

Inflammation is the immune system’s response to harmful
stimuli, such as pathogens. It acts by removing the stimulus
and initiating the healing process. Inflammation is an early
protective response of the innate immune system and is
localised around the site of infection. Inflammation does not
only occur in response to pathogens; it may also occur when
cells are damaged by other factors, as for example, thermal
burns to the skin, corrosive chemical spills, frostbite and
sunburn.

The main symptoms of inflammation are:
• redness — due to vasodilation of blood vessels, leading to

red blood cells released into tissue
• pain — due to the systemic response (such as fever),

the stimulation of nerve endings through the release of
bradykinin and histamine, and swelling putting pressure
on pain receptors

• heat — due to increased blood flow
• swelling — due to the movement of fluid into tissues after

vasodilation
• pus — due to dead phagocytes and cell debris.
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5.6.2 Stages of inflammation
A number of steps are involved in an inflammatory response.

The stages of inflammation

The inflammatory response can be divided into three main stages:
• the vascular stage, which involves the actions of blood vessels
• the cellular stage, which involves the actions of immune cells
• the resolution stage, when inflammation is stopped and the normal state is restored.

There are various players in the inflammatory response, some of which are highlighted in figure 5.56.

FIGURE 5.56 Some of the main events in inflammation

Vascular stage 

Release of chemical 
signals such as histamine 
from mast cells attract 
phagocytes

Dilation and increased
leakiness of capillary
(vasodilation)

Resolution stage

Phagocytes migrate to
the area

These phagocytes
consume bacteria and
cell debris

Vascular stage

Platelets move out of the
capillary to seal the wound

An abscess forms,
containing pus, with dead
phagocytes and cell debris

Injury

Capillary Phagocytes Platelets

Phagocytes BacteriaSkin
surface

Bacteria
Mast cells

Mast cells
Inflammation

Mast cells
Chemical
signals

1. The vascular stage of inflammation

The vascular stage is the first stage of inflammation. The following events occur during this stage:
• Release of chemical signals: The damaged cells release cytokines and prostaglandins that attract

neutrophils, and the mast cells release histamines, which triggers the dilation of blood vessels.
• The arteriole and venule of the local capillary bed dilate. This allows the blood flow to the damaged area to

increase. This vasodilation produces redness and the increased blood flow produces heat.
• Increased permeability of local capillaries: The capillaries in the area around the cut become more ‘leaky’

so that protein-rich fluid (exudate) escapes from the capillaries into the infected region. The exudate causes
the swelling (edema) that is typical of inflammation. The swelling causes pressure on the surrounding
tissue, which stimulates pain receptors and contributes to the pain that is characteristic of inflammation.

• Clotting agents in the exudate assist in clot formation, which isolates the infection.
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FIGURE 5.57 The vascular stage of inflammation involves vasodilation due to histamine. a. The release of
histamine leading to b. vasodilation of blood vessels.

a. b.

Phagocyte

Dilated capillary Neutrophils

Pathogens

Histamine

Pathogens

Mast cells

2. The cellular stage of inflammation

The cellular stage involves further intervention from immune cells, particularly phagocytic cells. The following
events occur during this stage:

• Escape of immune cells from capillaries: The expansion of the capillary bed enables neutrophils to squeeze
between the endothelial cells that line the capillaries (see figure 5.58).

• Migration of neutrophils to the infection site: Neutrophils are the first immune cells to arrive at
the infection site, attracted by cytokines released by damaged cells. Other immune cells, including
macrophages from nearby tissues, follow. These cells release signals, such as histamine and more
cytokines, that attract more phagocytic cells to the infection site.

• Phagocyte attack on bacteria: Both neutrophils and macrophages attack bacterial pathogens by engulfing
them in a process called phagocytosis (refer back to section 5.5.3). Phagocytic cells also remove cell debris
from the infection site by a similar process. Pus consists mainly of dead phagocytic cells and other immune
cells, and also contains living cells and cell debris.

FIGURE 5.58 Neutrophils and other
phagocytes can squeeze between endothelial
cells after the vascular stage occurs.

Red blood cells

White blood cells

Blood

capillary

Neutrophil exiting

capillary

FIGURE 5.59 Pus is a symptom of infection,
and contains dead phagocytes and cell
debris.
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3. The resolution stage of inflammation

resolution stage the final stage of
inflammation, in which the normal
state in restored

While the infection is present, pro-inflammatory cytokines are released to maintain
the inflammatory response. This response continues until the pathogen has been
eliminated. However, once the infection is under control and tissue repair underway, it
is important that the normal state is restored. This is termed the resolution stage.

Resolution is a complex process that includes a reversal of all the processes that produced the acute
inflammation, for example, the reversal of capillary dilation and cessation of release of pro-inflammatory
cytokines. Resolution involves the release of many active molecules or mediators, including anti-inflammatory
cytokines.

CASE STUDY: Chronic inflammation

FIGURE 5.60 Observing the inflammation of the
colon of an indivudal affected with UC

If normality is not established during the resolution stage
of inflammation, chronic inflammation can result. Many
diseases are caused by chronic inflammation, as the
immune system does not shut off in the absence of
infection.

Many of the diseases that are linked with chronic
inflammation are autoimmune diseases. These include:

• ulcerative colitis: chronic inflammation of the lining
of the colon (as shown in figure 5.60)

• rheumatoid arthritis: chronic inflammation of the
joints

• multiple sclerosis: chronic inflammation and
autoimmunity of myelin sheath on neurons

• systematic lupus: system-wide chronic
inflammation and autoimmunity.

To access more information on various case studies
on chronic inflammation and complete an analysis task
relating to these, please download the worksheet.

Resourceseses
Resources

eWorkbook Worksheet 5.9 Inflammation and case studies of chronic inflammation (ewbk-5258)

Video eLesson Inflammatory response (eles-4345)

KEY IDEAS

• Inflammation is a reaction to an infection, injury or damaged tissue that results in redness, swelling, heat and
pain due to accumulation of fluids and proteins and an increased blood supply to the infected region.

• The three stages of an inflammatory response are the vascular stage, the cellular stage and the resolution
stage.

• The signs of inflammation are redness, swelling, heat and pain.
• The vascular stage of inflammation involves changes in the capillaries supplying the site of infection.
• Actions by cells in the cellular stage of inflammation include various cell movements, as well as phagocytic
activity at the infection site.

• If the inflammatory response is not turned ‘off’ when an infection is contained, a damaging situation of
chronic inflammation can arise.
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5.6 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.6 Quick quiz 5.6 Exercise 5.6 Exam questions

5.6 Exercise

1. MC Inflammation is the immune system’s early protective response to harmful stimuli, such as pathogens,
damaged cells, toxic compounds, or irradiation. It acts by removing the stimulus and initiating the healing
process. This response
A. is specific to an antigen.
B. involves phagocytes migrating to the site of infection.
C. involves the production of antibodies.
D. is a part of adaptive immunity.

2. Why are mast cells important in the process of inflammation?
3. Briefly explain why the area around an infection becomes swollen.
4. Identify two key changes in capillary vessels that occur during the vascular stage of inflammation.
5. Identify the following statements as true or false and justify your response.

a. The main response of the innate immune system to invading pathogens is acute inflammation.
b. The stages in an inflammatory response in order are the cellular stage, the resolution stage and the vascular

stage.
c. Resolution of an inflammatory response requires the production ofmore pro-inflammatorymolecules.
d. Cytokines released by cells at the infection site attract more immune cells to the site.
e. The redness around an area of inflammation is the result of the constriction of blood vessels.

6. Draw a diagram showing the process of inflammation. Label all the cells involved in the process and the
molecules produced by them.

7. Cytokines are signalling molecules of the immune system. One role of cytokines is in the activation and
attraction of NK cells, macrophages and dendritic cells at the site of the infection. In some cases, an event
called a cytokine storm may occur, in which excessive cytokines are released, which may lead to increased
heart rate and possible death. Linking this to inflammation, explain why this event may lead to possible death.

5.6 Exam questions

Question 1 (1 mark)
Source: VCAA 2015 Biology Exam, Section A, Q18

MC A girl is carrying a piece of wood. A small piece breaks off and becomes embedded in her finger. The next
day, she notices an inflammatory response occurring in her finger.

In the region around the small piece of wood embedded in her finger
A. mast cells would release antibodies.
B. the skin tissue would become pale and cold.
C. the capillaries would become more permeable.
D. red blood cells would leave the blood vessels and engulf foreign material.

Question 2 (1 mark)
Source: VCAA 2010 Biology Exam 1, Section A, Q5

MC An inflammation reaction involves the
A. release of histamines.
B. agglutination of bacteria.
C. production of immunoglobulin.
D. vasoconstriction of blood vessels.
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Question 3 (1 mark)
Source: VCAA 2012 Biology Exam 1, Section A, Q10

MC Consider the following diagram showing a bacterial infection within a human. Cells moving from the blood
vessel towards the bacteria

blood vessel

bacteria

A. are natural killer cells.
B. would act as phagocytes.
C. cause vasodilation of the blood vessel.
D. release histamine in response to tissue damage.

Question 4 (1 mark)
Source: VCAA 2016 Biology Exam, Section A, Q20

MC The inflammatory response is a defence mechanism that evolved in higher organisms to protect them from
infection and injury.

This response
A. includes phagocyte migration to the site of the injury.
B. is part of the adaptive immune system.
C. is specific to the type of foreign body.
D. involves the production of lymphocytes.

Question 5 (2 marks)
Source: Adapted from VCAA 2006 Biology Exam 1, Section B, Q7c

Plants and animals are both susceptible to infection.

Assume that infection has occurred in a human.

Outline two general features of inflammation that minimise the impact of the infection.

More exam questions are available in your learnON title.
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5.7 The role of the lymphatic system

KEY KNOWLEDGE

• The role of the lymphatic system in the immune response as a transport network and the role of lymph nodes
as sites for antigen recognition by T and B lymphocytes

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

5.7.1 The function of the lymphatic system
The lymphatic system plays a key role in the immune response of mammals. It acts as a transport network and
works very closely with the circulatory systems, carefully monitoring the body for signs of infection.

The lymphatic system has several functions:
• production and maturation of immune cells
• the removal of excess fluids from body tissues
• absorption and transportation of fatty acids to the digestive system
• allowing for the process of antigen recognition by T and B lymphocytes.

5.7.2 Lymphatic system structure
The lymphatic system is a network of tissues and organs. The tissue of the lymphatic system is called lymphoid
tissue, because it contains large numbers of lymphocytes.

The lymphatic system consists of:
primary lymphoid organs part
of the lymphatic system that
comprises the bone marrow and
thymus

secondary lymphoid organs
part of the lymphatic system
that comprises the lymph nodes
and the spleen

• lymph
• lymphatic vessels
• primary lymphoid organs
• secondary lymphoid organs (including lymph nodes).

FIGURE 5.61 A simplified representation of the components of the lymphatic system
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Lymph
Lymph is the fluid in the lymphatic system that gets squeezed out of blood vessels. Interstial fluid surrounding
the tissues gets filtered through the tiny holes between the capillaries into the lymphatic system. Due to the
presence of valves in lymphatic vessels, the lymph can only move one direction.

FIGURE 5.62 The interaction between lymph nodes and capillaries
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The bone marrow and the thymus are called primary lymphoid organs because they are the sites where mature
lymphocytes (B cells and T cells) develop from precursor cells. These are also the sites where tolerance
of lymphocytes develops and any B and T cells that target self-cells are eliminated. This is referred to as
self-tolerance.

Bone marrow

Bone marrow:
• is the source of pluripotent stem cells, from which all the cells of the immune system (and other blood

cells, such as red blood cells and platelets) originate
• is the site of maturation of B cells (unlike T cells, which mature elsewhere).

Thymus

The thymus is the site where T cells mature after being released from the bone marrow.

Secondary lymphoid organs
The lymph nodes and spleen are secondary lymphoid organs. These organs are the sites where mature B cells
and T cells are activated by meeting their complementary antigens and developing into effector cells.

Spleen

The spleen is an organ that is found in nearly all vertebrates. In humans, it is located behind the stomach in the
upper left abdomen. The spleen:

• filters the blood passing through it, clearing the blood of bacteria and viruses as well as worn-out red blood
cells

• contains T cells and B cells that detect and respond to infectious agents
in the blood

• contains other immune cells, including macrophages and dendritic cells.
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Lymph nodes

Lymph nodes are main sites of the adaptive immune response. The adaptive immune response will be explored
further in the upcoming subtopics.

Lymph nodes are the sites in which antigen recognition occurs. This is where antigen-presenting cells display
their antigens to their specific T and B lymphocytes. This leads to the expansion of the appropriate lymphocytes
involved in adaptive immunity.

FIGURE 5.63 Light microscope image of a
section of the cortex of a lymph node showing
the dense population of lymphocytes, mainly
B cells

FIGURE 5.64 A swollen lymph node during infection

Lymph nodes:

plasma cells B cells that are
short-lived and secrete soluble
antibodies against the specific
antigen

• are small bean-shaped structures located along lymphatic vessels and present in high numbers in strategic
locations within the body — in the armpits, groin, neck and abdomen

• are located along blood vessels and lymphatic vessels, which enable B cells and T cells to enter and exit
the lymph nodes. Most enter the lymph nodes via incoming arteries, but about 10 per cent enter via the
incoming lymphatic vessel

• are the sites where immune responses occur and any ‘new’ foreign antigen meets and activates appropriate
B cells and T cells (as part of clonal selection and expansion)

• swell when infections occur, because the numbers of B and T cells in the lymph nodes increase — this
produces the so-called ‘swollen glands’

• consist of an internal structure comprising an outer cortex, an inner cortex and a central medulla:
− The outer cortex contains follicles with large numbers of B cells that divide and diversify; antigen-

presenting cells, such as dendritic cells, are also found here.
− The inner cortex mainly contains T cells and other immune cells such as dendritic cells.
− The medulla contains fewer cells, but has some macrophages and B cells, including special antibody-

producing B cells called plasma cells.
• trap cancer cells travelling in lymph vessels — for this reason, people who have a cancer surgically

removed, such as a breast cancer, typically will also have the lymph nodes draining the affected organ
removed.

• are protected by valves in the incoming and outgoing lymphatic vessels so
lymph can only travel one direction through the lymph nodes.  These valves
are present in lymphatic vessels throughout the lymphatic system. Imagine
this like airport security — once you have passed the security checkpoint,
you cannot go back out the entrance. If you try to reenter, you will need to be
screened again.
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FIGURE 5.65 a. A diagram of a lymph node b. A light micrograph of a lymph node from a rabbit. The follicles in
the outer cortex contain inactivated B cells, which when activated, develop into a germinal centre. T cells are
mainly concentrated in the paracortex (inner cortex).
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INVESTIGATION 5.4
elog-0679

Modelling the swelling of lymph nodes

Aim

To model how clonal expansion leads to swelling in lymph nodes

Resourceseses
Resources

eWorkbook Worksheet 5.10 The role of the lymphatic system (ewbk-5260)

KEY IDEAS
• The lymphatic system produces lymphocytes and transports them to the lymph nodes to elicit the immune
response.

• Some lymphocytes live in lymphoid organs and others circulate in the blood and lymphatic system.
• All the cells of the immune system originate as stem cells in the bone marrow.
• Primary lymphoid organs are sites where immune cells are produced and mature. They include bone marrow
and the thymus.

• Secondary lymphoid organs are the sites where immune cells are activated by meeting antigens and where
immune responses occur. They include lymph nodes and the spleen.

• Lymph nodes are the site of antigen recognition, in which T and B lymphocytes come into contact with their
specific antigens. This results in clonal selection and expansion.
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5.7 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.7 Quick quiz 5.7 Exercise 5.7 Exam questions

5.7 Exercise

1. Give an example of each of the following.
a. A primary lymphoid organ
b. A secondary lymphoid organ
c. A lymphocyte

2. Identify the component of the human immune system that:
a. is the source of all immune cells
b. is the site of maturation of T cells
c. filters the blood that passes through it
d. traps cancer cells that escape into the lymphatic vessels
e. is the site where ‘new’ foreign antigens are shown to T cells.

3. Label parts A and B in the diagram shown. Explain the structure and function of each of these.

B

A
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4. Complete the following passage using the listed terms:
lymph node, thymus, T cells, B cells, primary, secondary, lymph, antigen recognition
Pathogens can enter the bloodstream. A fluid known as _________ is squeezed out of the blood vessels
and moves into the lymphatic system, moving one way towards the _____________. This is the site of
___________, where clonal selection and expansion occurs as lymphocytes are exposed to their particular
antigen. Lymphocytes are produced in the bone marrow. _________ move to the _________ to mature, whereas
________ remain in the bone marrow to mature. Bone marrow and the thymus are ___________ lymphatic
organs, unlike the lymph nodes, which are _____________ lymphatic organs.

5. During illness, a doctor will often check your lymph nodes for swelling. Explain why swollen lymph nodes are
an indication of infection.

6. Due to trauma and damage to the spleen, an individual may need to undergo a splenectomy, which involves
the removal of the spleen. Although individuals can survive without a spleen, there are many post-surgery
risks associated with living without a spleen. Describe what risks would be associated with this and suggest
possible precautions individuals without a spleen should take.

5.7 Exam questions

Question 1 (5 marks)
Source: VCAA 2015 Biology Exam, Section B, Q5

Consider the following diagram of a lymph node.

Anatomy of a lymph node

afferent

lymphatic

vessels

efferent

lymphatic

vessel

capsule

A

clusters of immune cells

direction of

lymph flow

Key

Source: Alila Medical Media/Shutterstock.com

a. Describe the role of the structure labelled A, found within the efferent lymphatic vessel. 1 mark

Immune cells are clustered within the lymph node (see diagram). There is more than one type of immune cell
within each of these clusters.
b. Name and describe the role of one type of immune cell found within these clusters that plays a role in the

innate immune response. 2 marks
c. Another of the immune cell types found within these clusters has a large nucleus and extensive rough

endoplasmic reticulum, and plays an important role in an adaptive immune response.
Name this cell type and explain how the extensive rough endoplasmic reticulum assists this cell to perform its
function. 2 marks
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Question 2 (1 mark)
Source: Adapted from VCAA 2017 Biology Exam, Section A, Q23

MC The lymphatic system includes the lymph nodes, spleen and tonsils.

In these particular organs
A. clotting factors are inactivated to help seal a wound.
B. clonal selection and proliferation of B cells occurs.
C. non-self antigens are identified by red blood cells.
D. the initial response to an allergen is triggered.

Question 3 (1 mark)
Source: VCAA 2011 Biology Exam 1, Section A, Q7

MC The lymphatic system contains

B cells only.A. T cells only.B.
B cells and T cells.C. neither B cells nor T cells.D.

Question 4 (1 mark)
Source: VCAA 2013 Biology Section A, Q18

MC DiGeorge syndrome is a rare, congenital disease that can disrupt the normal development of the thymus
gland.

This disease would result in the

swelling of lymph nodes.A. overproduction of B cells.B.
reduced production of T cells.C. release of histamines from mast cells.D.

Question 5 (2 marks)
Source: VCAA 2011 Biology Exam 1, Section B, Q2a

The thymus is an important organ in the immune system. As humans grow older, there is a change in the weight
of the thymus and an increase in the proportion of fat it contains.

Examine the following table.

Age At birth 10 years 20 years 30 years 60 years

Average weight of thymus (gram) 20 35 20 15 5

Explain the likely consequence of this change in thymus weight in an individual.

More exam questions are available in your learnON title.

5.8 Initiation of an adaptive immune response

KEY KNOWLEDGE
• Initiation of an immune response, including antigen presentation
• The actions of helper T cells

Source: Adapted from VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

5.8.1 Initiating the adaptive immune system
As discussed in previous subtopics and above, many aspects of the innate immune response are initiated by the
presence of pathogenic agents, the use of complement proteins, and the release of chemicals such as cytokines
and histamines that allow for chemotaxis and the attraction of other immune cells.

TOPIC 5 Responding to antigens and acquiring immunity 401

PAGE PROOFS



“c05RespondingToAntigensAndAcquiringImmunity_PrintPDF” — 2021/5/11 — 22:21 — page 402 — #68

The innate immune system is vital in initiating a response by the adaptive immune system. This is achieved
through the use of antigen-presenting cells, which include dendritic cells and macrophages.

Pathogens can enter the human body by ingestion, injection or inhalation. Typically, these pathogens are met
close to the entry point by phagocytic cells that engulf and eliminate them. In particular, dendritic cells are active
in this role because they are located on and in epithelial tissues of the skin and the linings of the airways and the
gut — all potential points of entry of pathogens to the body.

The initiation of an immune response can be split into two components — phagocytosis and antigen
presentation.

FIGURE 5.66 Phagocytosis and antigen-presentation by dendritic cells to helper T cells. a. The microbe is
engulfed by the dendritic cell. b. The microbe is destroyed and fragments are presented on MHC-II molecules.
c. Dendritic cells present the antigen to specific helper T cells.
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Steps involved in antigen presentation and initiation of an immune response

helper T cells a class of T cell that
bind to antigen–MHC-II complexes
on antigen-presenting cells and
activate B cells and cytotoxic T cells

clones groups of cells, organisms
or genes with identical genetic
make‐up

clonal selection an event occurring
in lymph nodes in which those
lymphocytes with receptors that can
recognise a new antigen come into
contact with that particular antigen

clonal expansion a process of
multiple cycles of cell division of a
lymphocyte specific to a particular
antigen, resulting in the production
of large numbers of identical
lymphocytes

1. The pathogen is engulfed into a phagosome, which fuses with a lysosome (refer to
information on phagocytosis in section 5.5.3).

2. The pathogen is digested by enzymes in the lysosome.
3. Some of the fragments (digested parts of an antigen) are released by exocytosis.
4. Some of the digested fragments of antigen (or peptides) are displayed on the MHC-II

receptors on the surface of the macrophage or dendritic cell.
5. These dendritic cells and macrophages move to the lymph node and present them to

naïve helper T cells that carry specific receptors for that antigen. This process is
referred to as antigen presentation (as seen in figure 5.66).

6. These helper T cells undergo expansion, and clones are produced.
7. Helper T cells assist other immune cells by releasing specific cytokines (named

interleukins). These can initiate either the humoral adaptive immune system (through
stimulating the clonal selection and clonal expansion of B cells) or the cell-mediated
immune system (through stimulating the clonal selection and expansion of cytotoxic
T cells). These pathways will be investigated in subtopics 5.9, 5.10 and 5.11.
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FIGURE 5.67 A dendritic cell presenting
an antigen to a helper T cell

5.8.2 Helper T cells
Helper T cells do not directly kill the pathogens; rather, they help with immune responses. They express CD4
receptors and help with the activation of cytotoxic T cells, B cells and other immune cells. Due to the presence
of CD4 receptors (as shown in figure 5.68), they are referred to as CD4+ T cells.

FIGURE 5.68 a. Helper T cells have important receptors that enable them to function. b. The binding of a helper
T cell to the presented antigen of an MHC-II marker

a. b.

 T cell
receptor

(binds to MHC-II)

CD4

CD4

Membrane of an

antigen-presenting cell

MHC-II

TCR
Membrane of a helper T cell

T cell receptor a molecule
found on the surface of T
cells that is responsible for
recognising fragments of antigen
as peptides bound to major
histocompatibility complex
(MHC) molecules

Helper T cells are activated when they bind to the antigens presented by the
dendritic cells. This binding mainly involves T cell receptors aided by CD4
receptors.

Activated helper T cells proliferate, and the effector helper T cells stimulate
immune responses in the secondary lymphoid organs, where adaptive immune
cells are concentrated.
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The function of helper T cells

Activated effector helper T cells secrete various cytokines, such as interleukin 2, that:
• help activate cytotoxic T cells to seek and destroy cells infected by viruses with a specific antigen
• help activate B cells into becoming antibody-producing plasma cells that will produce and release antibodies
to defend against pathogens carrying that antigen

• help activate macrophages to remove antibody-coated pathogens by phagocytosis.

Effector helper T cells stimulate the activities of both the cell-mediated arm of adaptive immunity and the
humoral arm of adaptive immunity.

FIGURE 5.69 Helper T cells are important in activating other aspects of the immune system.
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SAMPLE PROBLEM 5 The impact of HIV on helper T cells
tlvd-1780

Human immunodeficiency virus (HIV), a member of the retrovirus family, is the causative agent
of acquired immunodeficiency syndrome (AIDS). HIV infects vital cells in the human immune system.
The main cells that HIV targets are helper T cells.
Name the immune responses that are likely to be impacted by HIV. (3 marks)

THINK WRITE

Think about the type of immune responses that
involve helper T cells. You only need to name the
response. Because this is a 3-mark question, you
need to ensure that you give 3 responses.

• Innate immune response (1 mark)
• Humoral adaptive immune response (1 mark)
• Cell-mediated adaptive immune response (1 mark)
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CASE STUDY: Helper T cells and HIV

HIV is a retrovirus that carries its genetic information in the form of two fragments of single-stranded RNA.
Figure 5.70a shows a diagram of an HIV particle.

FIGURE 5.70 a. The strucutre of HIV b. The attachment of HIV to T helper cells
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a. b.

Docking glycoprotein gp120

HIV

gp120
CD4 receptor

T cell

coreceptor

HIV targets helper T cells

FIGURE 5.71 Electron micrograph of HIV
exiting a helper T cell

Like all viruses, HIV can only replicate in a specific host
cell. The host cells for HIV are the helper T cells that carry
CD4 receptors on their outer surface. To gain entry to these
cells, the docking glycoproteins of the virus (gp120) must
first bind to CD4 receptors (marker proteins) on the surface
of the helper T cells (refer to figure 5.70a).

Once the viral RNA and proteins gain entry to a helper
T cell, the virus takes control of the host cell. Rather
than performing its normal functions, the helper T cell
becomes a virus factory, producing multiple copies of the
viral genetic material (RNA) and all the viral proteins, both
enzymes and structural proteins, needed to make new
viruses. Some HIV RNA integrates into the host genome
and can remain dormant for years.

In a healthy adult, the helper T cell count in the blood
ranges from 500 to 1200 cells per microlitre (μL). In a
person with an HIV infection, the helper T cell count may
drop to less than 200 cells per μL. When the CD4+ cell count of a person falls below 200 cells per μL, that person
is identified as having a stage III HIV infection, or AIDS. If untreated, the CD4 cell count will continue to fall.

The gradual depletion of the helper T cell population means that the immune system ceases to protect against
pathogens. The immune systems of people with untreated AIDS are suppressed, and these people are at risk
of multiple infections. These infections are termed ‘opportunistic’ because the pathogens take advantage of the
weakened immune system. Opportunistic infections can affect many organs, and include fungal diseases such as
cryptococcal meningitis, bacterial infections such as tuberculosis, and viral diseases such as Kaposi’s sarcoma.
Death can occur from these opportunistic infections.
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Resourceseses
Resources

eWorkbook Worksheet 5.11 How the adapive immune response is initiated (ewbk-5262)

Digital document Case study: The mechanism of action of HIV (doc-36057)

KEY IDEAS
• When antigen-presenting cells such as macrophages and dendritic cells engulf and digest pathogens, they
display their antigens to their MHC-II markers.

• They are able to move to the lymph nodes and present these antigens to the appropriate helper T cell
(alongside the appropriate cytotoxic T cell and B cell) in order to initiate the immune response.

• Helper T cells are vital to activate both branches of the adaptive immune response, which they do through the
release of cytokines.

5.8 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.8 Quick quiz 5.8 Exercise 5.8 Exam questions

5.8 Exercise

1. Identify the following statements as true or false and justify your response.
a. Dendritic cells acquire antigens by phagocytosis.
b. The only target cells for antigen presentation are antibody-producing B cells.
c. The loss of helper T cells would be expected to create a life-threatening situation.
d. The antigens presented by dendritic cells are peptide fragments of degraded pathogen proteins.

2. Why is it important to begin treating HIV as soon as an individual is infected?
3. Draw a clearly labelled diagram showing the process of the initiation of an immune response via

antigen-presenting cells.
4. Explain what would be expected to happen if a dendritic cell came across a helper T cell that did not have the

appropriate receptor for the specific antigen being presented.
5. a. Complete this diagram by labelling the structures numbered 1, 2, and 3.

Antigen-presenting

cell

Naïve helper

T cell
1

2 3

b. What is the likely identity of the antigen-presenting cell?
c. What is an alternative name for a helper T cell: CD4+ cell or CD8+ cell?
d. Compete the following sentences by choosing from the alternatives supplied:

i. Binding of a receptor on a helper T cell to a presented antigen (kills/activates/opsonises) the
T cell.

ii. Another cell that can act as an antigen-presenting cell is a (mast cell/macrophage/neutrophil).
iii. For presentation, antigens must be linked to (an MHC molecule/a complement protein/an antibody).
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5.8 Exam questions

Question 1 (1 mark)
Source: VCAA 2020 Biology Exam, Section A, Q19

MC The role of T helper cells is to

destroy cells that are infected with bacteria.A. control the adaptive immune response.B.
generate antibodies.C. engulf parasites.D.

Question 2 (2 marks)
Source: Adapted from VCAA 2010 Biology Exam 1, Section B, Q7c

Once a macrophage has destroyed a gluten fragment, it displays
a piece of the fragment on its membrane using a special major
histocompatibility complex (MHC) marker. A T-helper cell then attaches
to the MHC marker-antigen complex.

The macrophage T-helper cell complex is shown.

The macrophage T-helper cell complex stimulates other cells and
chemicals to target and damage epithelial cells that line the intestine.

gluten

fragment

macrophage

T-helper 

cell

Name one cell or chemical that would be stimulated by the macrophage T-helper cell complex and state its
function.

Question 3 (3 marks)
Source: Adapted from VCAA 2006 Biology Exam 1, Section B, Q8b, c and d

HIV is a virus which targets helper T cells.

A person infected with the HIV virus was monitored for several years for the level of T cells and HIV particles. The
results are summarised in the following graph.

0 1 2 3 4 5 6 7 8 9 10

years

HIV and T cell concentration

cells or particles

per unit volume

T cell concentration

HIV concentration

a. Explain what is happening in the first year after infection with the HIV virus. 1 mark
b. In the second to fifth years (inclusive) after infection the patient has swollen lymph nodes. Explain. 1 mark
c. Nine years after infection, describe what has happened to the immune system of the patient. 1 mark

Question 4 (1 mark)

MC Antigen-presenting cells can display antigens on their surface and display these antigens to other
immune cells. These cells recognise these antigens as being non-self and release cytokines, causing the other
lymphocytes to become activated and increase in number.

Which of the following lymphocytes release cytokines to activate other lymphocytes?

Helper T cellsA. MacrophagesB. Plasma cellsC. NeutrophilsD.
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Question 5 (1 mark)
Source: Adapted from VCAA 2017 Biology Exam, Section A, Q24

Multiple sclerosis (MS) is an autoimmune disease, in which autoantibodies are produced by an individual which
target an individual’s self-cells. In sufferers of MS, the myelin coating of nerve cell axons is damaged. This
damage results in poor transmission of nerve messages between the brain, the spinal cord and the rest of the
body. One aspect of MS diagnosis is imaging the brain to detect visible areas of demyelination, called plaques.

Researchers investigating MS have analysed various tissue samples from patients.

MC In these samples they would expect to find
A. an abundance of allergens in nerve cells.
B. cancer cells in MS plaques in brain tissue.
C. increased numbers of T helper cells in spinal fluid.
D. an absence of T cytotoxic cells in the spinal cord and brain.

More exam questions are available in your learnON title.

5.9 The adaptive immune response

KEY KNOWLEDGE

• The characteristics and roles of the components of the adaptive immune response against both extracellular
and intracellular threats

Source: Adapted from VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

5.9.1 Features of adaptive immune response

acquired immunity an immunity
that develops during a person’s
lifetime

Adaptive immunity or acquired immunity is an immune response we acquire or develop through contact with
the various pathogens we meet during our lifetimes. The adaptive immune responses are initiated after innate
immunity has failed to check an infection, but adaptive immune responses are slower to come into full operation.

Adaptive immunity involves a specific response against a specific pathogen, with memory retained for future
infection. This response is usually only required if an infection is not cleared by the innate response.

There are two main features of an adaptive immune response:

specificity the ability to recognise
and respond to a specific antigen

1. Specificity is the ability to recognise and respond to specific antigens. Adaptive immune cells have unique
receptors that recognise specific antigens. When an infection occurs, only the specific adaptive immune
cells that can recognise the pathogen are selected for action. Each receptor recognises an antigen, which
is simply any molecule that may bind to a B cell receptor (membrane-bound antibody) or T cell receptor
(TCR).

2. Immunological memory is the ability of adaptive immune cells to remember antigens after primary
exposure. It enables more rapid and stronger response in the case of future infections by the same pathogen.
Most of the cells involved in the adaptive immune response to infection are removed by apoptosis after a
particular pathogen has been eliminated. However, a small number of memory cells remain in the body.
Memory cells are already primed to produce a more rapid and stronger adaptive
immune response if a pathogen re-infects. The pathogen is often eliminated before
any symptoms appear. The action of memory B cells can be seen in the faster and
greater production of antibodies on the second exposure to an antigen as compared
to the initial exposure. Memory T cells are also produced, leading to a faster
activation of the cell-mediated immune response.
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eles-4346

int-5770

FIGURE 5.72 Due to the formation of memory, the secondary response in adaptive immunity is always stronger
than the primary response.
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An initial infection (or vaccination) produces a primary response about 10 days after infection. This response is
shown by the appearance of antibodies specific to antigens of the pathogen concerned. In the secondary response
to the same pathogen, memory immune cells are activated more rapidly, and antibodies are produced more
quickly and in greater quantities than in the primary response.

TABLE 5.12 Differences between primary and secondary immune response

Primary immune response Secondary immune response

Definition Immune response against initial
antigen exposure

Immune response against
subsequent exposure to the same
antigen

Response Low and short-lived Prompt, powerful and prolonged

Antibody-producing cells Naïve B cells Memory B cells

Antibody levels Antibody levels peak in the primary
response at about day 14 and then
begin to drop off as the plasma cells
begin to die.

Because there are many more
memory cells than there were naïve
B cells for the primary response,
more plasma cells are generated
in the secondary response, and
antibody levels are consequently
100- to 1000-fold higher.

5.9.2 Components of adaptive immune response
The key components of adaptive immunity include:

• special white blood cells (lymphocytes) — T cells and B cells
• special antigen-binding proteins — antibodies, also known as immunoglobulins
• lymph nodes — secondary lymphoid organs where B cells and T cells meet foreign antigens and are

activated, and where adaptive immune responses occur.
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The two branches of adaptive immunity

Adaptive immunity operates in two different ways:

1. Humoral immunity involves the actions of antibodies that identify and bind to extracellular pathogens, to
toxins and to other extracellular foreign antigens. Antibodies are products of special B cells termed plasma
cells.

2. Cell-mediated immunity involves various actions of T cells. Cytotoxic T cells eliminate body cells that are
infected by pathogens or have abnormal or missing self markers. Note that cell-mediated responses do
not directly attack pathogens. Instead, they remove infected cells and, by this means, eliminate intracellular
pathogens.

Cells of adaptive immunity

The main cells of the adaptive immune system are members of the class of white blood cells known
as lymphocytes. The lymphocytes that play the key roles in adaptive immunity are T cells and B cells.
Lymphocytes are small cells (about 7 to 10 μm in diameter, similar in size to red blood cells). They are found in
the blood and the lymph, and are highly concentrated in lymph nodes. T cells and B cells develop in the primary
lymphoid organs — T cells in the thymus and B cells in the bone marrow.

TIP: The word cells and lymphocytes can be used interchangeably when describing T and B cells. A good way to
differentiate between T and B cells in that T cells mature in the thymus and B cells mature in the bone marrow.

From the primary lymphoid organs, these cells migrate to secondary lymphoid organs, such as the lymph nodes.

naïve refers to an immune cell that
has not yet been activated

This is where the naïve B and T cells are activated by exposure to their complementary antigens and undergo
cycles of cell division and differentiate into effector cells. Lymph nodes are the
locations where the various adaptive immune responses to pathogens take place.

FIGURE 5.73 False-coloured scanning electron microscope image
of harvested whole blood showing two lymphocytes (yellow),
a single red blood cell (red) and a cluster of activated platelets
(orange) (image courtesy of Jonathan M. Franks and Dr Donna
Stolz, University of Pittsburgh Center for Biologic Imaging)
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The roles of T and B cells

• T cells deliver the cell-mediated immune defences that include the direct elimination of pathogen-infected
cells and other abnormal cells, such as cancer cells.

• B cells deliver the humoral immune defences by secreting antibodies that bind to surface antigens on
pathogens and label them for elimination; antibodies also bind to soluble toxins.

TABLE 5.13 Comparing the features and function of B and T lymphocytes

Lymphocyte Features Function

B lymphocytes • Mature in bone marrow
• Each B cell has many surface receptors
that recognise one specific antigen.

• Activated by direct exposure to raw
antigens

• Develop into plasma cells that produce
antibodies against specific antigens.

• Activated B (plasma) cells produce
antibodies against extracellular antigens.

• Memory B cells retain memory of antigens
met previously.

T lymphocytes • Mature in thymus and then migrate to
lymph nodes

• Each T cell has many surface receptors
that recognise one specific antigen.

• Activated by exposure to antigens
presented to them on the surface of other
cells (APCs)

• Differentiate into various types of T cells
including helper T cells and cytotoxic
T cells

• Activated cytotoxic T cells eliminate
infected and abnormal cells.

• Activated helper T cells send signals
that stimulate B cells to secrete specific
antibodies.

• Memory T cells retain memory of antigens
met previously.

Resourceseses
Resources

eWorkbook Worksheet 5.12 The branches of adaptive immunity (ewbk-5264)

Weblink The immune system in action

KEY IDEAS
• Adaptive or acquired immunity forms the third line of defence against infection and is specific to particular
pathogens.

• The adaptive immune response involves B and T lymphocytes.
• B and T cells are lymphocytes (white blood cells) that are able to recognise antigens that distinguish ‘self’
from ‘other’ in the body.

• Adaptive immunity has a humoral component and a cell-mediated component.
• Humoral adaptive immunity targets extracellular antigens and is achieved through the action of antibodies
produced by B lymphocytes.

• Cell-mediated immunity attacks infected or abnormal cells and is brought about by T cells.
• The adaptive immune response is slower to develop than the innate immune response, but it can act much
more powerfully and quickly than the innate immune response against pathogens that it has seen before.

• Once B and T lymphocytes mature, the majority of them enter the lymphatic system, where they are stored in
lymph nodes.
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5.9 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.9 Quick quiz 5.9 Exercise 5.9 Exam questions

5.9 Exercise

1. Complete the following passage using the listed terms:
Adaptive, B cell, T cells, memory, antibodies, intracellular, extracellular, primary, secondary
At birth, a baby has no _________ immune defences. Over time this develops with exposure to antigens.
Adaptive immunity differs from innate immunity in that it is specific to particular antigens and leads to
________ cells being formed. This leads to the ___________ response being stronger and faster compared
to the _____________ response.
There are two branches of the adaptive immune system. Cell-mediated immunity involves the formation
of ____________ and is used for _____________ pathogens. Humoral immunity involves __________, which
produce ______________, leading to the destruction of _______________ pathogens.

2. Describe two features that make adaptive immunity different from innate immunity.
3. Draw a Venn diagram to compare and contrast cell-mediated and humoral adaptive immunity.
4. Name the kind of protein that circulates throughout the blood in humoral adaptive immunity.
5. One disease that affects the adaptive immune system is known as severe combined immunodeficiency

(SCID). This disease is often colloquially referred to as bubble baby disease. In this very rare genetic disorder,
functional T cells and B cells are not produced. Describe the symptoms you would expect to see in an
individual with SCID and justify the reason for your response.

5.9 Exam questions

Question 1 (1 mark)
Source: VCAA 2020 Biology Exam, Section A, Q20

MC Which one of the following describe a feature common to both T cells and B cells?
A. having immunological memory
B. rapidly responding to pathogens on first exposure
C. providing a physical barrier to the entry of pathogens
D. being able to attach to both microorganisms and viruses.

Question 2 (1 mark)
Source: VCAA 2007 Biology Exam 1, Section A, Q18

MC A specific immune response involves
A. helper T lymphocytes releasing cytotoxins.
B. T lymphocytes recognising antigens presented by macrophages.
C. suppression of the response by memory B cells after the infection.
D. B lymphocytes, each with a number of different surface antibodies.

Question 3 (1 mark)
Source: VCAA 2015 Biology Exam, Section B, Q4b

Scientists developing new vaccines for EVD are conducting trials in animal subjects. To evaluate the effectiveness
of a new vaccine, both humoral and cell-mediated responses are measured in the animal subjects.

Explain how these two immune responses are different. Give two differences in your answer.

Question 4 (4 marks)
Source: VCAA 2016 Biology Exam, Section B, Q5c

Yellow fever is a potentially fatal, mosquito-borne, viral disease that occurs in many countries in Africa, the
Caribbean, and Central and South America. An effective and safe vaccine has been available since 1938.

Recent research shows that the vaccine gives lifelong immunity.

Name two different cell types that would be important in providing lifelong immunity and explain the role of each
in providing lifelong immunity.
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Question 5 (7 marks)
Source: VCAA 2012 Biology Exam 1, Section B, Q4

Australia is currently experiencing an epidemic of pertussis. Pertussis is a highly contagious respiratory
infection caused by the bacteria Bordetella pertussis (whooping cough). Pertussis vaccine is offered as part
of an immunisation program for children at two months, four months, six months, four years and in Year 10 of
secondary school.
a. i. Name the cells that are responsible for the production of antibodies. 1 mark

ii. Two children have been immunised according to the schedule. One is two months old and the other is four
months old.
What difference would there be in the children’s levels of antibodies against Bordetella pertussis? 1 mark

Consider a Year 10 student. Memory cells will have been produced during the periods of immunisation when the
student was younger.
b. What are two advantages of having these memory cells when the student receives their immunisation in

Year 10? 2 marks

In Victoria in the past two years the number of cases of pertussis has increased dramatically. In 2010 there were
over 6500 reported cases of pertussis; 66 per cent of these cases were adults and most of these adults had been
immunised in childhood.
c. i. Outline a likely reason for the high percentage of adults with pertussis in 2010. 1 mark

ii. Describe one process that could be introduced by the Department of Health, Victoria, to reduce the number
of adults being infected with pertussis. 1 mark

d. The human immune response to antigens of Bordetella pertussis can be measured by the level of antibodies
in the blood.
Is this test a measure of cell-mediated immunity? Explain your answer. 1 mark

More exam questions are available in your learnON title.

5.10 Humoral adaptive immunity and B lymphocytes

KEY KNOWLEDGE

• The characteristics and roles of the components of the adaptive immune response against intracellular
threats, including the actions of B lymphocytes and their antibodies

Source: Adapted from VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

5.10.1 What is the humoral adaptive immune response?

FIGURE 5.74 TEM of an activated plasma
cell, with extension endoplasmic reticulum

The humoral adaptive response, also called the antibody-
mediated response, involves B cells (or B lymphocytes) that
recognise antigens or pathogens and produce a large number of
antibodies specific to an antigen. These antibodies defend only
against extracellular antigens, such as antigens on the surface
of a pathogen in the blood, or soluble antigens, such as toxins
or venoms, in extracellular body fluids such as lymph or blood.
Therefore, each B cell has a large number of specific identical
B cell receptors.

B lymphocytes
B lymphocytes play important role in the adaptive humoral
immune system and are responsible for mediating the
production of antigen-specific immunoglobulin (typically
known as antibodies) directed against extracellular pathogens.
They are formed in the bone marrow and continue to mature in
the bone marrow.
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There are two types of B lymphocytes:
• Plasma cells secrete antibodies specific to the infection. Each plasma cell can only produce one type of

antibody.
• Memory B cells remain in the lymphatic tissue to remember the antigen for future infections.

5.10.2 Activating the humoral adaptive response
In order for antibodies specific to an antigen to be produced, a specific chain of events occurs. These events
involve the actions of antigen-presenting cells, helper T cells and B cells. The chain of events that occurs in the
activation and action of this response is as follows:

The steps in the activation of humoral adaptive immunity

1. A ‘new’ antigen that gains entry to the body reaches the lymph nodes (usually via antigen-presenting cells),
and it comes into contact with many naïve B cells that do not recognise it. Eventually, however, the antigen
meets a B cell that can recognise and bind to it. This is called clonal selection.

2. Helper T cells that have also bound to the antigen release cytokines to activate the correct B cells.
3. The action of helper T cells and the binding of the antigen to its ‘selected’ B cell activates the B cell to

differentiate and proliferate (divide) into two types of daughter cells — plasma cells and memory B cells.
The result is the production of a large clone of B cells, all having identical antigen-binding receptors — this is
called clonal expansion.

4. Most of these cells differentiate into short-lived plasma cells that secrete soluble antibodies against the
specific antigen.

5. Memory B cells remain in the lymphoid tissue for after the infection has resolved. They initiate immune
responses more rapidly and strongly upon re-exposure to the same antigen, producing large amounts of
the specific antibody.

FIGURE 5.75 Upon exposure to the appropriate antigen, B cells undergo clonal selection and expansion after
stimulation by helper T cells. Most of these B cells are plasma cells that produce and release large numbers of
antibodies. Some of the B cells are memory B cells.
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5.10.3 Antibody structure and function
Antibodies, also known as immunoglobulins, are antigen-binding proteins produced by B cells and released in
blood and lymph. There are five main classes of immunoglobulins — IgA, IgD, IgE, IgG and IgM. Each of these
have slightly different functions (for example, IgE is specific in the allergic response).

Antibody structure
All antibody molecules have the same basic structure made up of four polypeptide
chains — two heavy chains and two light chains joined to form a Y-shaped
molecule. This means that antibodies are proteins with a quaternary structure.

In terms of their amino acid sequences, both the heavy chains and the light chains
have two distinct regions:

constant region the section of
an antibody that does not vary
between antibodies of the same
class

variable regions the region
that is unique to each antibody,
where a specific antigen is able
to bind

• a constant region that does not vary between antibodies of the same class
• a variable region that differs between antibodies.

antigen-binding sites regions
of an antibody molecule to
which an antigen binds; also
called variable regions

The amino acid sequence varies greatly in the variable regions, located at the end
of each arm of the Y-shaped molecule. These regions are called the antigen-
binding sites, where the antibody binds to its specific antigen. This variable
region gives the antibody its specificity for binding antigen.

FIGURE 5.76 Diagram of an antibody
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The antigen-binding site must be identical on both sides on the antibody. Remember that each antibody can only
bind one specific antigen.
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FIGURE 5.77 a. An antigen bound to an antibody. Note that the antigen includes a shape that can fit the antigen-
binding site of the antibody. b. Diagram showing stylised antibodies with differently shaped antigen-binding
sites

Antibody

Antigen Antibody A

a. b.

Antibody B Antibody C Antibody D

INVESTIGATION 5.5
elog-0683

Modelling antibodies and the diversity of the variable region

Aim

To model the structure of antibodies and the cause of their diversity

Antibody function
Antibodies directly identify and bind to extracellular foreign antigens, either neutralising them or tagging them
for destruction. Many antibodies are free molecules in solution in the blood or lymph, or in secondary lymphoid
organs. Other antibodies are present as surface receptors on B lymphocytes.

Antibodies do not directly destroy pathogens but defend against infectious pathogens and toxins in the following
ways (refer to figure 5.78):

neutralisation the process of
binding of an antibody to toxins
or antigens on the surface of the
pathogens that inhibits their action

• Neutralisation of pathogens — antibodies bind to surface antigens on pathogens and form a coating that
neutralises pathogens by blocking their receptors so that the pathogens cannot attach to healthy body cells
and infect them.

• Neutralisation of toxins — antibodies bind to bacterial toxins, animal toxins and venoms. The antibodies
bind to and neutralise the harmful effects of the toxin or venom. For example, a person bitten by a
venomous snake is given antivenom by intravenous injection. Antivenom is a solution of specific antibodies
that combine with the venom molecules, preventing them from binding to cell surface receptors — this
renders the venom harmless.

• Opsonisation — antibodies bind to the surface antigens on pathogens to form antigen–antibody complexes
and tag the pathogen for destruction. This activates phagocytes and complement proteins, leading to the
destruction of the pathogen.

• Agglutination — antibodies bind to the surface antigens on pathogens to form antigen–antibody complexes.
By doing this to various pathogens, it can cause them to clump together and be more visible to the immune
system.

• Precipitation — antibodies bind to soluble antigens, making them insoluble. This causes them to precipitate
out of the solution, creating a solid that is much more visible to the immune system. This occurs due to the
cross-linking between antigens and antibodies.

• Inflammation — antibodies can trigger the release of histamine, causing inflammation. They also activate a
complement cascade.
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TIP: A good way to remember the effects of antibodies is to use the acronym PIANO:
Precipitation
Inflammation
Agglutination
Neutralisation (of pathogens and toxins)
Opsonisation.

FIGURE 5.78 Mechanisms of antibody action
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SAMPLE PROBLEM 6 Understanding the function of B cells
tlvd-1781

Bruton type agammaglobulinemia is a genetic condition that causes a failure of B cell development
and an inability to make immunoglobulins in an individual. A person suffering from this condition
has increased tendency to develop infections.
a. Name the type of immune response absent in a person suffering from this condition. (1 mark)
b. Identify the type of pathogens an individual with this condition would struggle to remove from

their body. Justify your response. (2 marks)
c. Explain why bacterial infections are common in people suffering from such condition. (2 marks)

THINK WRITE

a. Think about an immune response that involves
immunoglobulins.

Humoral adaptive response (1 mark)

b. Identify a link between humoral immune
response, immunoglobulins (antibodies) and the
type of pathogens removed by it. The question
is asking you to both identify the pathogen and
justify your reasoning.

An individual would struggle to remove extracellular
pathogens from the body (1 mark).
Immunoglobulins and the humoral response only can
target pathogens that are external to cells (1 mark).

c. Think about B lymphocytes that recognise
antigens or pathogens and produce a large
number of antibodies specific to an antigen.
These antibodies defend only against
extracellular antigens.

Since there is a failure of B cell development in
affected individuals, immunoglobulin-secreting
plasma cells are also absent, so there is no antibody
formation in affected individuals (1 mark). Since
antibodies are absent to bind to extracellular foreign
antigens, either neutralising them or tagging them for
destruction, the affected individuals have an increased
tendency to develop bacterial infection (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 5.13 Antibodies and the humoral adaptive response (ewbk-5266)

KEY IDEAS
• Humoral adaptive response involves B lymphocytes that gets activated by specific antigens or cytokines
released by T helper cells.

• Each B cell is pre-programmed to recognise and bind to one particular antigen by virtue of its specific B cell
receptor.

• A new antigen ‘selects’ the matching naïve B cells, binds to them and activates them.
• Activated B cells proliferate, producing several generations of daughter cells, resulting in a large clone of B
cells.

• Activated B cells differentiate in antibody-producing plasma cells that secrete free-floating antibodies into
blood and other body fluids.

• Antibodies (B cell receptors) are present on the surface of B cells.
• Antibodies are secreted in the blood by plasma B cells.
• Antibodies do not directly destroy pathogens but defend against infectious pathogens and toxins in the
following ways: opsonisation, neutralisation and complement activation.
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5.10 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.10 Quick quiz 5.10 Exercise 5.10 Exam questions

5.10 Exercise

1. MC A bacterium that can cause infection is shown.

Which antibody would be the best to counter and bind to this bacterium?
A. B. C. D.

2. There are five different classes of antibody (or immunoglobulin), referred to as IgG, IgM, IgD, IgE and IgA.
Some of these have multiple Y-shaped molecules combined, as shown in the images below.

Joining

chain

Joining

chain

Disulfide

bond

IgM

IgA

IgDIgEIgG

Secretory

protein

a. Explain why IgG is more likely to be passed to babies through the placenta than IgM.
b.Which of the antibodies would be most useful for agglutination of microbes? Justify your response.

3. Where would you expect to locate the following?
a. B cells undergoing clonal expansion
b. B cells undergoing testing for self-tolerance
c. B cells differentiating into antibody-producing plasma cells
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4. Consider the clonal selection theory.
a. What is meant by the term ‘clone’?
b. What is ‘selected’?
c. Summarise the process that allows the clonal selection of B cells to occur.

5. Identify the following statements as true or false, and justify your response.
a. All B cells are active in producing antibodies at any time.
b. One B cell carries several different receptors that can identify different antigens.
c. B cells that react to self antigens fail the self-tolerance test.
d. Plasma cells differentiate from activated B cells

6. Which portion of an antibody provides antigen-binding sites?
7. Describe why plasma cells contain extensive endoplasmic reticulum.

5.10 Exam questions

Question 1 (1 mark)
Source: VCAA 2019 Biology Exam, Section A, Q21

MC Consider the diagram below of clonal selection in B cells.

B

B

B

B

M

M

B

B

B

B
Key

M

B

B

B

B

antigen

antibody
B cells

memory cell

plasma cell

Source: adapted from Tang Zheng et al., ‘An Improved Clonal Selection Algorithm and its Application to Traveling
Salesman Problems’, in IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences,
vol. E90–A, no. 12, December 2007, p. 2931

In adaptive immunity, which part of this process allows long-term (sometimes lifetime) protection against
pathogens?
A. recognition of one antigen by one B cell clone
B. production of specific antibodies
C. generation of memory cells
D. production of plasma cells

Question 2 (4 marks)
Source: Adapted from VCAA 2013 Biology Section B, Q4b

In 1995, the Australian Bureau of Statistics released a report showing that only 53 per cent of children aged
between three months and six years had completed the immunisation schedule.

After a major advertising campaign by the government, the immunisation rate increased to 92 per cent.

Create a flowchart with four steps to show the immune response in a person receiving their first vaccination. The
following words must appear in your flow chart.

plasma cells; memory cells; B cells; antibodies; cytokines

The first step in your flow chart should be: antigens detected by T-helper cells.
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Question 3 (1 mark)
Source: VCAA 2015 Biology Exam, Section A, Q16

Consider the following diagram of four pathogens and three antibodies.

E GF

UTSR

Pathogen

Antibody

Which one of the following statements is correct?
A. Antibody E would be effective against both pathogen S and pathogen R.
B. Antibody F is effective against three of the pathogens.
C. There are no antibodies effective against pathogen U.
D. Antibody G is only effective against pathogen R.

Question 4 (4 marks)
Source: VCAA 2010 Biology Exam 1, Section B, Q4

EB12 is a receptor on the B cells of mice that helps determine if a cell becomes a plasma or a memory cell.
Scientists used three different strains of mice to investigate B cell immunity. None of the strains had been
exposed to the influenza virus. The strains were as follows.
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The three mice strains were infected with the influenza virus.
a. Explain which strain, X, Y or Z, would be best at destroying the fast-acting influenza virus. 2 marks
b. Explain how blocking the action of EB12 receptors could result in the production of a more efficient

vaccine. 2 marks
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Question 5 (2 marks)
Source: VCAA 2014 Biology Exam, Section B, Q5b

Hemolytic disease of the newborn (HDN) can occur if a Rhesus-negative mother is pregnant with a Rhesus-
positive fetus. During pregnancy and birth, some fetal blood cells may enter the mother’s bloodstream. The
mother makes antibodies against the fetal RhD antigens. This is usually not a problem until there is a second
pregnancy with a Rhesus-positive fetus. RhD antibodies made by the mother then cross the placenta, resulting in
the possible death of the newborn.

Explain, by referring to the immune response, why the fetus in a second pregnancy is at far greater risk of HDN
than the first Rhesus-positive fetus.

More exam questions are available in your learnON title.

5.11 Cell-mediated adaptive immunity and
cytotoxic T cells

KEY KNOWLEDGE

• The characteristics and roles of the components of the adaptive immune response against intracellular
threats, including the actions of helper T and cytotoxic T cells.

Source: Adapted from VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

5.11.1 What is cell-mediated immunity? cell-mediated adaptive response a
specific response in which cytotoxic
T cells destroy virus-infected cells
using perforin and granzyme B

The cell-mediated adaptive response eliminates infected cells and involves
T lymphocytes (or T cells).

‘Cell-mediated’ refers to the fact that the response is carried out by cytotoxic cells that eliminate intracellular
pathogens.

FIGURE 5.79 Stylised diagram
showing four T cell receptors
on a T cell. In reality, a T cell
has thousands of these surface
receptors.

T

cell

Precursor T cells are produced in the bone marrow and migrate to the
thymus, where they mature into naïve T cells. Naïve T cells are activated
to effector T cells in the lymph nodes by exposure to their matching
antigens. T cell receptors consist of two polypeptide chains (alpha and
beta), and each receptor has a single antigen-binding site.

Several kinds of T cells exist, including cytotoxic T cells and helper T cells.
These two kinds of T cell look the same but can be distinguished because
they have different cell surface markers.

While in the thymus, the developing T cells start to express T cell
receptors (TCRs) and other receptors called CD4 and CD8 receptors.
All T cells express T cell receptors in addition to either CD4 or CD8
That is, some T cells will express CD4 and others will express CD8.
CD4 receptors are expressed by helper T cells, and CD8 receptors are
expressed by cytotoxic T cells.

The cell-mediated immune system includes several cell types:
• dendritic cells, which present antigens to T cells. Dendritic cells

(and macrophages) are innate, and they present antigens without
any specificity or recognition of the antigen type.

• helper T cells, which participate in antigen recognition and activation of both cytotoxic T cells and B cells
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• cytotoxic T cells, which can kill virus-infected cells with or without antibodies. Macrophages and helper
T cells produce cytokines that activate helper and cytotoxic T cells, leading to the killing of the pathogen or
tumour cell.

5.11.2 Cytotoxic T cells (TC)
The major role of cytotoxic T cells (TC cells) is to monitor body cells for the presence, on their surface, of
foreign antigens that have been generated within the body cell by intracellular pathogens. Such antigens include
viral proteins produced during the multiplication of a virus within a cell. Infected body cells advertise their
infected state on their surfaces by displaying pathogen antigens that are linked to MHC-I molecules. These
infected cells can also be taken up by antigen-presenting cells. The antigen-presenting cells may also present
these antigens to T cells.

The monitoring of body cells by cytotoxic T cells requires that contact be established between the T cell and
the cell to be monitored. If any cells are identified as being infected (or abnormal), cytotoxic T cells set about
destroying them. By destroying infected cells, cytotoxic T cells stop infections from spreading to nearby body
cells.

Cytotoxic T cells recognise the foreign antigens that are linked to MHC-I molecules on the surface of an
infected body cell. Figure 5.80 shows a diagram of a cytotoxic T cell making contact with an infected body cell.
Note the foreign antigen (shown in red) that is linked to an MHC-I marker (shown in green). The T cell receptor
(TCR) recognises this MHC-linked antigen as a signal that this body cell is infected.

FIGURE 5.80 A cytotoxic T cell recognising and binding to a foreign antigen on an MHC-I marker on the surface
of an infected cell
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Cytotoxic T cell

As well as recognising virus-infected cells, cytotoxic T cells can also recognise abnormal proteins such as
those resulting from DNA mutations in cancer cells. This often results in abnormal MHC-I markers. Through
this recognition, cytotoxic T cells can target and eliminate cancer cells.

The combination of signals from helper T cells and the binding of this antigen to the T cell receptor activates
these cytotoxic T cells. These activated cells undergo cycles of cell division and form effector cytotoxic T cells.
These cell divisions bring about a several-thousand-fold increase in the number of effector cytotoxic T cells
that can recognise the particular antigen. Although this clonal expansion may take a week to occur, the adaptive
immune system is now well equipped to destroy infected cells.

5.11.3 Activating the cell-mediated adaptive response
The cell‐mediated response mostly involves T cells. The T cells respond to any cell that displays abnormal MHC
markers, including cells invaded by pathogens, tumour cells, or transplanted cells. A specific chain of events is
required for this response to be activated.
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The steps in cell-mediated adaptive immunity

1. Antigen-presenting cells (usually dendritic cells) displaying foreign antigens on their MHC-II markers bind to
their specific helper T cells (usually within lymph nodes).

2. Helper T cells undergo clonal selection and expansion, forming effector helper T cells and memory T cells.
3. Interleukins (a type of cytokine) are secreted by the helper T cell to stimulate immature T cells.
4. Immature cytotoxic T cells also bind to the self-cell with abnormal foreign MHC-I markers or APC displaying

foreign antigens. Note that APC will use MHC-II markers, but other infected cells use MHC-I markers.
5. Upon stimulation by cytokines released from helper T cells, cytotoxic T cells proliferate, producing activated

cytotoxic T cells and memory T cells through clonal selection and expansion.
6. Cytotoxic T cells destroy the cells through apoptosis. These steps are shown in figure 5.81.

FIGURE 5.81 The steps involved in cell-mediated immunity. The MHC-I markers are often abnormal or display
foreign antigens in infected cells. Antigen-presenting cells can also present foreign antigens to the cells (mainly
helper T cells) on their MHC-II markers to initiate clonal selection and expansion.
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5.11.4 Apoptosis and cytotoxic T cells
Effector cytotoxic T cells attack infected body cells as follows:

1. Cytotoxic T cells release perforin, a protein that inserts into the plasma membranes of target cells and
creates pores.

2. Cytotoxic T cells also release destructive granules, called granzyme B, that enter the infected cell via the
pore and initiate cell death by apoptosis (see figure 5.82).

3. The cytotoxic T cells are then free to attack other infected cells that display the same foreign antigen.

FIGURE 5.82 A cytotoxic T cell initiating apoptosis in an
infected cell. This involves the action of perforin, which
forms pores in the infected cells, and granzyme B, which
induces apoptosis, leading to the controlled death of a
cell.
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FIGURE 5.83 A cytotoxic T cell with the CD8
markers on its plasma membrane in purple,
microtubules in green, and its collection of
lysosomes containing destructive granules
in orange/pink (image courtesy of Alex Ritter
and Gillian M. Griffiths, Cambridge Institute
for Medical Research)

Activated cytotoxic T cells kill infected body cells through apoptosis to ensure the virus cannot spread.
Figure 5.83 shows a fluorescence image of a cytotoxic T cell that has recognised and will destroy a pathogen-
infected cell.

It is important to remember that cytotoxic T cells initiate apoptosis in infected body cells. Without cytotoxic
T cells, necrosis may instead occur, which will damage nearby cells. The mechanism of action of cytotoxic
T cells is quite similar to natural killer cells. However, cytotoxic T cells are specific for certain antigens and form
memory cells.
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SAMPLE PROBLEM 7 Comparing and contrasting natural killer and cytotoxic T cells
tlvd-1817

Both natural killer cells and cytotoxic T cells are immune cells that are capable of killing foreign
pathogens and also cancer cells. However, they are categorised differently. Compare and contrast
natural killer cells and cytotoxic T cells. (2 marks)

THINK WRITE

1. Identify what the question is asking. The question
is asking you to list the similarities and differences
between natural killer cells and cytotoxic T cells.

2. Compare the two types of cells by writing down the
similarities.
• Both kill virus-infected cells.
• Both release perforin and granzyme from granules

to initiate apoptosis.

Both cytotoxic T cells and natural killer cells
trigger immune response and destroy virus-
infected cells through apoptosis using perforin
and granzyme B (1 mark).

3. Contrast the two types of cells by giving the
differences.
• Cytotoxic T cells are antigen-specific, are involved

in adaptive immunity and have memory for a
specific antigen.

• Natural killer cells are non-specific, are involved in
innate immunity and do not form memory cells.

Cytotoxic T cells are specific to particular
pathogens and retain the memory for a particular
antigen. Natural killer cells are non-specific and
trigger the innate immune response. They do not
have memory for a particular antigen (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 5.14 Cell-mediated adaptive immunity (ewbk-5268)

KEY IDEAS
• T cells deliver the cell-mediated components of adaptive immunity.
• Each T cell carries multiple copies of one specific T cell receptor that can recognise just one antigen.
• T cells include cytotoxic T cells and helper T cells.
• T cells can only recognise antigens when they are located on the surface of another cell and are linked to
MHC molecules.

• Cytotoxic T cells attack pathogen-infected cells (and also cancer cells) using chemical compounds, resulting
in the death of the target cell by apoptosis.
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5.11 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.11 Quick quiz 5.11 Exercise 5.11 Exam questions

5.11 Exercise

1. MC Which of the following statements is correct?
A. Cytotoxic T cells produce antibodies to kill pathogens.
B. Cytotoxic T cells cannot produce memory cells.
C. A single T cell has multiple copies of one kind of T cell receptor.
D. Cytotoxic T cells can destroy both extracellular and intracellular pathogens.

2. Identify each of the following.
a. The molecule that can create holes in the plasma membrane of an infected cell
b. The location where T cells are activated

3. What is the role of MHC markers in the cell-mediated response?
4. Outline the steps of how cytotoxic T cells lead to the apoptosis of infected cells.
5. In type 1 diabetes, beta cells in the pancreas are destroyed. Explain how this may occur. Ensure you reference

T lymphocytes in your response.

5.11 Exam questions

Question 1 (1 mark)
Source: VCAA 2013 Biology Section A, Q19

MC Cytotoxic T cells are

antibodies.A. able to kill virus-infected cells.B.
part of the humoral response.C. part of the second line of the immune defence.D.

Question 2 (1 mark)
Source: VCAA 2019 Biology Exam, Section A, Q19

MC In adaptive immunity, which cells directly destroy virally infected cells?

B cellsA. plasma cellsB. T helper cellsC. T cytotoxic cellsD.

Question 3 (1 mark)
Source: VCAA 2014 Biology Exam, Section A, Q19

MC Australian scientists have grown a miniature mammalian kidney from stem cells taken from adult skin. In the
future, scientists aim to grow full-size kidneys for transplants in patients with kidney disease using the patient’s
own skin cells. This would overcome the problem of rejection of the transplanted kidney by the immune system.

Rejection of transplanted organs results mainly from an attack on the
A. donor organ by the patient’s memory B cells.
B. donor organ by the patient’s cytotoxic T cells.
C. patient’s immune cells by lymphocytes in the donated organ.
D. patient’s immune system by immunosuppressant drug treatment.

Question 4 (2 marks)
Source: VCAA 2008 Biology Exam 1, Section B, Q5b

Describe the process of tissue rejection after recognition of the non-self cells has occurred.

Question 5 (2 marks)

Cytokines are signalling molecules and are important components of the immune system. IL-2 is a cytokine
produced by T cells. IL-2 acts on other T cells to make them divide rapidly (clonal expansion).
a. What event would trigger the production of IL-2? 1 mark
b. What is the advantage of the T cells’ response to IL-2? 1 mark

More exam questions are available in your learnON title.
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5.12 Natural and artificial immunity

KEY KNOWLEDGE

• The difference between natural and artificial immunity, and active and passive strategies for acquiring
immunity

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

5.12.1 Types of acquired immunity
Antibodies are our most powerful protection against infectious disease — each antibody is specifically tailored
to counter one particular pathogen. When we have the specific antibodies against a particular pathogen, we are
said to ‘be immune to’ or ‘have immunity against’ the disease caused by that pathogen. This can be also referred
to as acquiring immunity. The antibodies will, in fact, be against specific antigens of the pathogen concerned or
antigens of its toxin. So, we can gain immunity to infection by acquiring the specific antibodies against the
antigens of the pathogen responsible. Immunity based on specific antibodies can be termed specific immunity.

Immunity is active or passive and natural or artificial depending on the type of immune response.

FIGURE 5.84 The different types of specific immunity
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Specific immunity can be achieved in various ways, depending on:
active immunity the production of
antibodies by a person in response
to exposure to a particular antigen

passive immunity short-term
immunity acquired from an external
source of antibodies

natural immunity a form of specific
immunity in which antibodies are
produced or obtained through
natural means

artificial immunity immunity that is
formed through deliberate exposure
and intervention

1. the source of the antibodies:
• active immunity antibodies are produced by a person’s own adaptive immune
system

• passive immunity antibodies are acquired by a person from an external
source

2. the means of gaining immunity:
• natural immunity occurs naturally, without deliberate intervention
• artificial immunity is induced through a deliberate intervention.
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TABLE 5.14 Comparing active and passive immunity

Active immunity Passive immunity

Produced by body’s own immune system in response
to antigen

Received passively by host

Secondary response is more enhanced due to memory No immunological memory

Long-lasting Short-lasting

More effective Less effective

Immunity develops over weeks Immunity is immediate

5.12.2 Active immunity
Active immunity involves the production of antibodies by a person in response to
exposure to a particular antigen. In addition, B memory cells and T memory cells
are produced and react quickly if another encounter occurs with the same organism.

Active immunity can be acquired in two ways: naturally or artificially (induced).

Natural active immunity

natural active immunity a
type of immunity in which the
body produces antibodies in
response to a normal infection
by a pathogen

Natural active immunity, also called acquired immunity, develops from natural
infection and results in immunological memory.

This type of immunity is natural because it is acquired naturally after an infection
without any artificial intervention; it is active because the antibodies are made by
the immune system of the infected person.

FIGURE 5.85 Natural active
immunity occurs through natural
exposure to a pathogen.

When a person comes into contact with a particular disease-causing
agent for the first time, no antibodies against the pathogen (or the
antigen) are present. It takes several days for the appropriate plasma
cells and antibodies to form, and during that time the person begins to
show symptoms of the disease.

Within several days, antibodies have formed with identical sites that
bind to the antigens. As the number of antibodies increases, the
infecting pathogens begin to be destroyed and the person starts to
recover. If sufficient antibodies are made to destroy all the infecting
pathogens, the person recovers completely.

An important aspect in active immunity is in the formation of memory
cells, which are retained after the infection is resolved. This results in
immunity against further infection by the same pathogen.

Artificial active immunity

artificial active immunity the
deliberate administration of
disabled antigens to elicit the
production of antibodies

FIGURE 5.86 Artificial active
immunity occurs through
vaccination.

Artificial active immunity involves the deliberate and artificial
introduction of a disabled pathogen or its toxin to the body. Most
commonly, this is done by the injection of a particular vaccine that
causes the adaptive immune system to produce antibodies to the
introduced antigen.

vaccination an artificially active
process in which an individual
is injected with either antigens
or weakened pathogens in order
to produce their own antibodies
and memory cells

This artificial way of stimulating adaptive immune response to
produce active immunity is called vaccination (or immunisation).

Vaccines are used to activate the immune system to produce
antibodies against specific disease-causing organisms without actually
causing the disease.
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Vaccines are of different types. Vaccines may contain:

attenuated pathogen a pathogen
that, while still living, has been
treated so that it is no longer able
to cause disease

toxoids inactivated toxins used for
active immunisation

• living attenuated pathogens that do not cause disease but can still reproduce. This type of vaccine
stimulates a much higher and longer-lasting level of antibodies compared to vaccines that use inactivated
or killed pathogens.

• killed bacteria or inactivated viruses (you can’t kill viruses because they are non-living). The treatment to
kill bacteria or to inactivate viruses commonly involves the use of heat or chemicals.

• one or more sub-units of a pathogen that act as antigens stimulating antibody formation.
• bacterial toxins that have been treated to form harmless toxoids. This type of vaccine is used for those

pathogens that cause disease by secreting exotoxins. Just like toxins, toxoids act as antigens but they are
unable to cause disease.

primary antibody response
production of antibodies induced
in an individual by the first exposure
to an antigen

secondary antibody response
the rapid production of high levels
of specific antibodies to a foreign
antigen that occurs in a person who
was previously exposed to the same
antigen

When a vaccine is first injected into a person, the immune system shows a primary antibody response. A
second injection of vaccine produces a secondary antibody response. Often, multiple injections are used to
amplify the antibodies. These are known as boosters. The antibody is specific to the treated pathogen used in the
vaccine, so if the person comes into contact with the pathogen at some future date, memory cells and antibodies
will be ready to act and the person is immune to infection.

FIGURE 5.87 Antibody levels in response to vaccination. The point when an
individual is given the vaccination is shown by the pink dots.
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Vaccination programs are explored further in Topic 6, in subtopic 6.4.

5.12.3 Passive immunity FIGURE 5.88 Antibodies
in passive immunity are
short-lived.
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Passive immunity involves the transfer of antibodies in a person from an
external source.

The advantage of passive immunity is that it gives immediate protection
to the person receiving the antibodies. However, introduced antibodies
decline relatively quickly and do not provide long-lasting immunity to
the receiver. Figure 5.88 shows the rapid decline in the concentration of
antibodies introduced to a person.

Passive immunity can be acquired in two ways: naturally or artificially
(induced).

430 Jacaranda Nature of Biology 2 VCE Units 3 & 4 Sixth Edition

PAGE PROOFS



“c05RespondingToAntigensAndAcquiringImmunity_PrintPDF” — 2021/5/11 — 22:21 — page 431 — #97

Natural passive immunity

natural passive immunity a
form of immunity in which an
individual receives antibodies
from a natural means, such as
through breastfeeding

Natural passive immunity occues when an individual receives antibodies from a natural source, such as
through breastfeeding or via the placenta.

A developing foetus receives maternal antibodies across the placenta from its mother. These antibodies
(immunoglobulin G [IgG]) provide important protection for the foetus and the newborn baby because the baby’s
immune system does not mature fully until after birth.

A baby continues to acquire antibodies through the mother’s milk. Colostrum is the thick yellowish milk the
mother produces for the first two or three days after a baby’s birth, and this is particularly rich in antibodies.
One of the reasons breastfeeding is recommended is because of the protection against infection that the mother’s
antibodies give the baby (see figure 5.89).

FIGURE 5.89 Natural passive immunity includes through breastfeeding and during pregnancy as IgG moves
across the placenta. Note that the time before 0 months marks gestation, with the assumption that a childbirth
occurs at 9 months gestation.
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Artificial passive immunity
Artificial passive immunity is an immediate but short-term immunity provided by the injection of antibodies.
Specific antibodies known as antivenoms (or antivenins) and antitoxins may also be used for this short-term
immunity.

These antibodies come from an external source. Many are produced in animals for human use. However, due
to the chance of allergic reaction, antibodies from other humans are preferable. Artificial passive immunity is
important when treatments are time-dependent.

There are many examples outlining artificial passive immunity.

Snakebite and antivenom

artificial passive immunity the
administration of antibodies to
provide an immediate, specific
immune response

A person receives antibodies artificially in the treatment of snakebite. When a
person receives antivenom because they have been bitten by a venomous snake,
they are receiving antibodies that act specifically against the snake venom, so they
are given immediate protection. The antivenom combines with antigens of the
venom so that the venom is no longer free to damage body cells.
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Stepping on a rusty nail and tetanus shots

FIGURE 5.90 Tetanus shots are
required after stepping on rusty nails.

Clostridium tetani is a bacterium that enters the body through
wounds (often puncture wounds). This bacterium releases toxins
(exotoxins) that causes the destruction of tissue. Tetanus is a
potentially fatal illness that causes severe muscle spasms. If you
step on a rusty nail, it is recommended that you immediately get
a tetanus shot. As this is time-critical, the injection would contain
antitoxins against the antigens on the surface of this toxin.

Animal bites and rabies shots

FIGURE 5.91 Rabid dogs can transmit
rabies.

When bitten by an animal, particularly a rabid animal, it is
recommended to get a rabies shot. Rabies is caused by a virus and
is usually spread through the infected saliva of animals. Although
vaccines can be effective if given as soon as a bite occurs, in time-
critical cases, antibodies against rabies are instead given. As rabies
leads to over 10 000 deaths worldwide each year, it is vital that
treatment occurs as soon as possible.

Hepatitis A infection

If a member of your family develops infectious hepatitis (hepatitis
A), you are at risk of being infected. If you immediately receive an
injection of antibodies specific to hepatitis A, the infection may be
avoided. The antibodies used in such injections are obtained from
blood collected from voluntary donors by the Australian Red Cross
Society. The antibodies, or immunoglobulins, are extracted from
the blood plasma collected from people known to have had hepatitis
A. The plasma contains many different antibodies, including those against hepatitis A. Note, however, that the
immune defence provided by ‘donated’ antibodies is only temporary and does not provide long-time protection
against hepatitis, but can provide protection at critical times.

CASE STUDY: Making antivenom

One way snake antivenom (or antivenin) is produced is in Percheron horses that receive injections of venom.
Initially, only a very small dose of venom is injected into the horse. The dose is non-lethal so the horse is not
harmed and produces antibodies that are specific to the venom. A slightly higher dose of venom is then injected
into the horse, which responds by producing higher levels of antibodies. At an appropriate time, blood samples
are taken from the horse. The antibodies are extracted from the serum, purified and used in vaccines for people
and other animals that are bitten by snakes. Different antivenoms are produced for various species of snake.
Other animals, such as rabbits, may also be used to produce antivenom.

Due to ethical concerns surrounding animal testing and the high cost of production, other methods continue to
be explored for the production of antivenom, such as through bacterial transformation.

432 Jacaranda Nature of Biology 2 VCE Units 3 & 4 Sixth Edition

PAGE PROOFS



“c05RespondingToAntigensAndAcquiringImmunity_PrintPDF” — 2021/5/11 — 22:21 — page 433 — #99

SAMPLE PROBLEM 8 Identifying and describing types of immunity
tlvd-1818

Some marsupials are born with no adaptive immune system because their primary immune tissue (in
the bone marrow and thymus) does not mature until 30 days after birth and their humoral immunity
does not function effectively until 90 days after birth. These young marsupial animals rely heavily on
maternal milk for protection against infections.
a. List the type of immunity involved. (1 mark)
b. Explain how this type of immunity help marsupials to fight off infections. (2 marks)

THINK EXPLAIN

a. Think about the type of substances present in the
maternal milk that help to fight off infections.

Antibodies present in maternal milk — natural
passive immunity (1 mark).

b. Explain how antibodies helps the marsupials. As
this question is worth 2 marks, you should make
two key points: you need to discuss how they are
unable to produce their own antibodies and how
these are provided from the mother.

Maternal milk provides antibodies to fight against
infections. The immune system is underdeveloped
and cannot produce antibodies quickly enough on
its own or has no memory B cells (1 mark), so the
antibodies provide ready-made antibodies
from the mother to a marsupial baby (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 5.15 Comparing the types of acquired immunity (ewbk-5270)

KEY IDEAS

• Active immunity involves the production of antibodies and memory cells by an individual upon exposure to
an antigen.

• Passive immunity involves receiving antibodies from an external source.
• Immunity can be naturally acquired (for example through normal exposure to an antigen or through
breastfeeding) or artificially acquired (for example through immunisations).

• Vaccinations are artificially acquired active immunity. They involve the introduction of weakened or dead
forms of the pathogen or subsets into an individual, so they will not gain the disease but will produce
antibodies and memory cells against the foreign agent to product against future exposure.
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5.12 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

5.12 Quick quiz 5.12 Exercise 5.12 Exam questions

5.12 Exercise

1. MC An example of passive immunity is
A. when an infant receives antibodies from their mother through the placenta or breast milk
B. when a person receives an injection of attenuated virus
C. when a person recovers from flu infection
D. when a person gets inflammation

2. What is the difference between
a. active immunity and passive immunity
b. natural immunity and artificial (induced) immunity?

3. Identify the type of immunity each of the following is an example of.
a. A person receives antivenom after suffering a snake bite.
b. A foetus receives maternal IgG across the placenta.
c. A baby girl receives the MMR vaccine.
d. A young boy is recovering from the flu.

4. Which gives longer lasting protection: antibodies that have been actively acquired or antibodies that have
been passively acquired? Explain your answer.

5. Before travelling to some countries, it is recommended to get a rabies immunisation. How does this differ from
a rabies injection after getting bitten by a rabid dog?

6. A family of five was exposed to chicken pox. The six-year-old child and the father both contracted chicken
pox. The nine-year-old child, the three-month-old baby and the mother did not contract the disease.
The mother had already had chicken pox when she was 12 years old. The nine-year-old child and the
three-month-old baby had never had the chicken pox.
a. Why might the six-year-old have been the only sibling to contract the disease?
b. What would you expect if the family were exposed to the disease again in two years?
c. What type of immunity did the mother have against chicken pox?
d. The three-month-old baby had never been exposed to chicken pox before. What is the most likely reason

they did not contract the disease?
e. Explain the differences between the immunity of the mother and the nine-year-old child.

5.12 Exam questions

Question 1 (1 mark)
Source: VCAA 2018 Biology Exam, Section A, Q23

MC Rabies is a viral disease spread to people by infected animals. A person bitten by an infected animal should
be given an injection of specific antibodies.

Following the injection, this person should have

natural active immunity.A. artificial active immunity.B.
natural passive immunity.C. artificial passive immunity.D.

Question 2 (4 marks)
Source: VCAA 2013 Biology Section B, Q4a and c

In 1995, the Australian Bureau of Statistics released a report showing that only 53 per cent of children aged
between three months and six years had completed the immunisation schedule.
a. Is childhood immunisation an active or passive form of protection against a disease? Justify your

answer. 2 marks
b. Many immunisation schedules include regular booster injections. Explain how these work and why they

are necessary. 2 marks
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Question 3 (1 mark)
Source: VCAA 2015 Biology Exam, Section A, Q14

Chickenpox (varicella) is a highly contagious viral disease caused by the varicella-zoster virus (VZV). A technician
measured the concentration of antibodies to VZV in a person’s blood over a 120-day period. An event occurred
on day 30 that significantly altered the concentration of antibodies.

The concentration of antibodies over the 120 days is displayed in the graph below.
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MC Which one of the following events could have occurred on day 30?
A. an exposure of the person to VZV
B. a booster vaccination against VZV for the person
C. an injection of antibodies to VZV into the person
D. an oral dose of antibiotics was given to the person

Question 4 (2 marks)
Source: VCAA 2014 Biology Exam, Section B, Q5c

Hemolytic disease of the newborn (HDN) can occur if a Rhesus-negative mother is pregnant with a Rhesus-
positive fetus. During pregnancy and birth, some fetal blood cells may enter the mother’s bloodstream. The
mother makes antibodies against the fetal RhD antigens. This is usually not a problem until there is a second
pregnancy with a Rhesus-positive fetus. RhD antibodies made by the mother then cross the placenta, resulting in
the possible death of the newborn.

A treatment called immunoprophylaxis has reduced the incidence of newborn death due to HDN. In this
treatment, the Rhesus-negative mother receives injections of RhD antibodies with her first Rhesus-positive
pregnancy and again at the birth.

Would you consider this treatment to be an active or a passive form of immunotherapy? Explain your response.

Question 5 (1 mark)
Source: VCAA 2008 Biology Exam 1, Section A, Q14

MC Diphtheria is a disease caused by the bacterium Corynebacterium diphtheriae.

A six-month old baby boy, whose mother and father both had diphtheria as children, will develop active immunity
against diphtheria if he
A. is being breast-fed by the mother.
B. receives a blood transfusion from the father.
C. receives an injection of dead diphtheria bacteria.
D. receives injections of gamma globulin from the mother.

More exam questions are available in your learnON title.
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5.13 Review
5.13.1 Topic summary
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Resourceseses
Resources

eWorkbook Worksheet 5.16 Reflection — Topic 5 (ewbk-5272)

Practical investigation eLogbook Practical investigation eLogbook — Topic 5 (elog-0187)

Digital documents Key terms glossary — Topic 5 (doc-34619)
Key ideas summary — Topic 5 (doc-34610)

Exam question booklet Exam question booklet — Topic 5 (eqb-0016)
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5.13 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

5.13 Exercise 1: Review questions
1. Identify the immune events that have occurred in the following people.

a. A person who has been sensitised to the pollen of a particular plant
b. A person who has been protected from the bite of a redback spider by administration of an antivenom
c. A person who has received the Gardasil vaccine against the human papillomavirus (HPV).

2. State one difference and one similarity between the members of the following pairs.
a. Active immunity and passive immunity
b. Natural immunity and artificial immunity
c. Dead pathogen and attenuated pathogen
d. Allergy and allergen

3. Antibodies are produced against a variety of pathogens.
a. Draw a labelled diagram of an antibody.
b. Name the cells that produce large amount of antibodies in our immune system.
c. Where are the cells named in part b made and matured?

4. Complete the following table.

Type of immunity
How is it
acquired?

Short term or
long term?

Involves immune
response

Involves memory
cells

Natural active
immunity Yes

Vaccination

Natural passive
immunity

Yes

5. List three different ways an antibody can inhibit pathogens.

6. Allergic reactions involve the abnormal response of an immune system to substances that are harmless to
most people. Ojas is allergic to dust and smoke. She develops watery and itchy eyes when exposed to these
substances. Name and explain the process that happens to Ojas’s eyes when exposed to dust and smoke.

7. Name two types of pathogens. Give an example of each type.

8. Compare and contrast the roles of humoral and cell-mediated adaptive immunity with regards to the types of
pathogens destroyed by each of them and the process of pathogen destruction by each of them.

9. Draw a diagram to outline all the three lines of defences that a pathogen comes into contact.

10. The Mantoux test is designed to determine whether a person has antibodies against the bacteria responsible
for tuberculosis. When the test is carried out, a small amount of ‘test’ solution is injected under the skin on
the arm. If the test is positive, a red area appears around the site of injection.
a. What material must be in the test solution to react with antibodies in the blood?
b. What do you think causes the redness around the injection site?
c. Explain the various ways in which a person might have obtained antibodies against tuberculosis.
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11. Examine the following graph showing the time course of three events that form part of one particular
defensive response of the immune system.
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a. Briefly outline the various events depicted in this graph.
b. What immune response is shown in this graph?
c. On what evidence did you make your decision?

12. A pathogen has crossed the mucous membrane of the airways and an immune cell (immune cell A) can only
identify this pathogen as follows: ‘This is a bacterium; it’s not a virus.’
a. Is this an example of a specific or a generic identification?
b. To which line of defence does this immune cell belong — first, second or third?
c. What is a possible identity of this immune cell?
d. Identify a cellular response to this pathogen that might then be expected to occur.
Another immune cell recognises this pathogen as a particular species of Gram-negative bacteria, as follows:
‘This is Vibrio cholera.’
e. To which line of defence does this immune cell belong — first, second or third?
f. Identify a humoral response to this pathogen that might be expected to occur.
g. What kind of immune cell can produce this response?

13. Suggest a possible explanation in biological terms for each of the following observations.
a. Babies born with an inherited defect in the protein perforin that makes this protein non-functional are at

risk of death from viral infection or tumours early in their lives.
b. A history of recurrent virus infections in a patient suggests a defect in the immune defences carried out

by T cells.
c. Photomicrographs of blood smears taken from healthy people are expected to show a majority of red

blood cells.
d. A white blood cell in a photomicrograph of a blood smear taken from a healthy person is more likely to

be a neutrophil than a basophil.
e. A person feeling unwell often has swollen glands.
f. A person who suffers and recovers from an infectious disease such as measles has lifelong immunity to

that disease.
g. Pus may appear during the process of the healing of a skin wound.
h. At birth, a baby has some level of adaptive immunity.

14. Consider each of the following immune responses and identify each as part of either innate immunity or
adaptive immunity or both.
a. Inflammatory response to infection
b. Activation of the complement cascade to opsonise bacteria
c. Movement of mucus from airways by action of cilia
d. Recognition and elimination of a virus-infected cell
e. Presentation of antigens to naïve immune cells
f. Physical barrier to infectious agents
g. Secretion of cytokines

438 Jacaranda Nature of Biology 2 VCE Units 3 & 4 Sixth Edition

PAGE PROOFS



“c05RespondingToAntigensAndAcquiringImmunity_PrintPDF” — 2021/5/11 — 22:21 — page 439 — #105

15. a. Rejection of a transplanted organ may be hyperacute, occurring in the first 24 hours after transplantation.
This is caused by pre-existing antibodies in the recipient that bind to antigens on the transplant and
results in the activation of the complement system and migration of neutrophils to the transplant site.
(Hyperacute rejection can be prevented by pre-screening for these anti-graft antibodies.)
Is hyperacute rejection an immune response of the innate immune system or the adaptive immune
system? Explain your choice.

b. A second form of rejection is termed acute rejection and it usually begins after the first week of
transplantation. This is caused by a mismatch of MHC antigens and involves the action of T cells. (Acute
rejection is minimised by the use of immunosuppressive therapy following transplantation.)
i. Is acute rejection an immune response of the innate immune system or the adaptive immune system?

Explain your choice.
ii. Explain why the acute rejection does not appear until after the first week of transplantation.

16. Pathogens are agents of disease. These infectious microorganisms, such as fungi, bacteria, and nematodes,
can cause several diseases in plants and damage tissues. Plants have developed a variety of strategies to fight
against these pathogens.
a. Describe two physical barriers that detect pathogens and stop them before they are able to cause

extensive damage.
b. Humans have a complex and very effective immune system. Describe two chemical barriers in humans

that prevent pathogens from entering the body.
c. Outline the process by which natural killer cells provide protection once a pathogen has gained entry

inside the human body.

17. Polio is a highly infectious disease caused by a virus. It invades the nervous system and can cause total
paralysis in a matter of hours. There is no cure for polio; it can only be prevented. The polio vaccine, given
multiple times, can protect a child for life.
a. Define vaccine.
b. Explain how a vaccine provides lifelong immunity in the body.
c. Vaccines provide protection against many diseases by giving immunity to the body.

i. Name 2 cells involved in providing lifelong immunity.
ii. Name the part of the body where these cells mature.
iii. Describe the role of each of the cells named in part (i).

5.13 Exercise 2: Exam practice questions

Resourceseses
Resources

Teacher-led videos Teacher-led videos for every exam question

Section A — Multiple choice questions

All correct answers are worth 1 mark each; an incorrect answer is worth 0.

Question 1

Source: VCAA 2010 Biology Exam 1, Section A, Q3

One of the similarities between the defence mechanisms of a plant and an animal includes the

A. production of memory cells.

B. release of immune cells through a circulatory system.

C. use of an epidermal layer to inhibit the invasion of pathogens.

D. production of salicylic acid to warn cells of an invading pathogen.
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Question 2

Source: VCAA 2013 Biology Section A, Q14

As part of the first line of defence in the human immune system, naturally occurring barriers to invading pathogens
include

lysozymes in tears.A. the production of antibodies.B.
the engulfing of pathogens by phagocytes.C. inflammation at the site of infection.D.

Question 3

Source: VCAA 2013 Biology Section A, Q15

Defence mechanisms against bacterial pathogens include

the production of interferon.A. neutralisation by histamines.B.
destruction by complement proteins.C. agglutination by cytotoxic T cells.D.

Question 4

Source: VCAA 2016 Biology Exam, Section A, Q24

In the search for a malaria vaccine, scientists have focused on a protein called circumsporozoite protein (CSP).
CSP is secreted by the malaria parasite and is present on its surface.

For the vaccination to work, the scientists want CSP to act as

an antigen.A. an allergen.B.
an antibody.C. a complement proteinD.

Question 5

Source: VCAA 2009 Biology Exam 1, Section A, Q21

After an individual is exposed to a microbial infection, the immune system increases its activities.

The following graph summarises the timeline of the level of those activities.
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It is reasonable to conclude that

A. physical barriers involve macrophages.

B. innate immunity lacks involvement of living cells.

C. lymph nodes are involved in the acquired immunity phase.

D. the protection developed against the disease ceases at the end of the infection.
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Question 6

Source: VCAA 2013 Biology Section A, Q20

In the lymphatic system

clonal selection occurs.A. mast cells are produced.B.
vessels have thick, muscular walls.C. lymph is pumped by the heart.D.

Question 7

Source: VCAA 2016 Biology Exam, Section A, Q23

A park ranger was injected with an antivenom serum to treat a snakebite. The treating doctor explained that the
injection would not protect him against future snakebites.

This is because antivenom serum is used to achieve

active and natural immunity.A. passive and natural immunity.B.
active and induced (artificial) immunity.C. passive and induced (artificial) immunity.D.

Question 8

Source: Adapted from VCAA 2017 Biology Exam, Section A, Q26

A daily blood sample was obtained from an individual who received a single vaccination against a particular strain
of the influenza virus. The individual had no prior exposure to this strain of influenza. The graph below shows the
concentration of antibodies present in the individual’s blood for this strain of influenza over a period of 65 days.
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Which one of the following conclusions can be made using this data?

A. Memory B cells were activated by exposure to the same strain of the influenza virus on day 22.

B. B plasma cells specific to this strain of influenza were most numerous on day 12.

C. Herd immunity to this particular strain of influenza was achieved by day 55.

D. The vaccination containing weakened influenza antigens occurred on day 10.
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Question 9

Source: VCAA 2009 Biology Exam 1, Section A, Q24

If the red blood cells of a blood donor clot when they enter a recipient patient, the patient will die. The blood of
both recipient and donor has to be tested and typed. Humans are divided into four different groups with regard to
the ABO blood-grouping system. The characteristics of these groups are summarised in the following table.

group A group B group AB group O

Protein on red
blood cells

A B A and B Neither A nor b

Antibodies in
plasma

Antibodies to B
protein

Antibodies to A
protein

No antibodies to
either A or B protein

Antibodies to both A
and B proteins

A transfusion would be safe if a

A. group A person received blood from a group B person.

B. group B person received blood from a group O person.

C. group O person received blood from a group A person.

D. group A person received blood from a group AB person.

Question 10

Source: VCAA 2019 Biology Exam, Section A, Q23
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HIV RNA count in the blood and the effect of the virus

on the number of specific immune cells

Source: adapted from Paola Paci et al., ‘A Discrete/Continuous Model of Anti-HIV Response and Therapy’, conference paper,
Tenth International Conference on Computer Modeling and Simulation, May 2008, p. 484

The graph above shows the HIV RNA count in the blood and the effect of the virus on the number of specific
immune cells in an untreated patient. Based on your knowledge and the information in the graph above, what is
the effect of the change in the number of T cells over time?

A. a decrease in the viral RNA count during the AIDS phase

B. loss of effective function of the adaptive immune system

C. failure of macrophages to engulf HIV

D. failure of complement proteins
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Section B — Short answer questions

Question 11 (7 marks)

Source: VCAA 2020 Biology Exam, Section B, Q5

a. The human immune system uses several different type of cells to eliminate virally infected cells.
Name one of these cells and outline how it eliminates virally infected cells. 2 marks

b. i. State the role played by the Iymphatic system in an immune response. 1 mark

ii. Describe the sequence of events that occurs in the secondary Iymphoid tissue that results in the
production of antibodies. 4 marks

Question 12 (6 marks)

Source: VCAA 2019 Biology Exam, Section B, Q4

The diagram below illustrates how ‘thunderstorm asthma’ occurs. Thunderstorm asthma is an allergic condition
that can be very serious. In 2017 it led to a number of deaths in Victoria. The condition is a combination of hay
fever and asthma.

People who suffer from either can be susceptible to thunderstorm asthma.

2 Moisture in the cloud

breaks the pollen

into smaller pieces.

3 Dry, cold outflows

carry pollen fragments

to ground level, where

people breathe them

into their lungs.

1 Whole pollen grains

get swept up into

the cloud as the 

storm matures.

pollen fragments

flowery grasses
whole grain

fragments

Source: adapted from Asthma Australia, < www.asthmaaustralia.org.au/national/
home >

a. Pollen fragments cause allergic reactions when they enter the body by interacting with a specific
type of cell and a protein of the immune system.
Name the cell and the protein involved. 2 marks

b. List two strategies that a person could take to reduce their risk of developing thunderstorm asthma. 2 marks

c. Explain if it could be possible to develop a vaccine against thunderstorm asthma. 2 marks
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Question 13 (7 marks)

Source: VCAA 2019 Biology Exam, Section B, Q3

The human immune system consists of a series of defensive barriers that protect the body from infection. When
bacteria come into contact with the body, they immediately encounter these defences and must bypass each
barrier if they are to survive and infect the body.

a. When bacteria come into contact with the body, they must gain access to the living tissues to become
pathogens.
List two possible routes the bacteria could use to access the living tissues of the body. 2 marks

b. Once bacteria are within or have access to the living tissues of the body, but before cells are aware of their
presence, the bacteria will encounter chemical barriers.
List one of these chemical barriers and explain its function. 2 marks

c. When an inflammatory response starts, the first cellular responders will be cells from the innate immune
system. One of these cells releases histamine.
How does histamine contribute to the inflammatory response? 1 mark

d. If bacteria are not destroyed by innate immune responses, adaptive immune responses become involved.
Describe how an adaptive immune response is initiated during a bacterial infection. 2 marks

Question 14 (7 marks)

Source: Adapted from VCAA 2017 Biology Exam, Section B, Q4b–d

Australian marsupials, such as wallabies, kangaroos, wombats and koalas, give birth to very undeveloped young
called joeys. When a joey enters the mother’s pouch, it is at a stage equivalent to a seven-week-old human fetus.
It spends many weeks in the pouch feeding on milk produced by mammary glands. Although the pouch provides
protection from predators, it is neither sealed nor sterile.

The joey’s primary immune tissue (in the bone marrow and thymus) does not mature until 30 days after birth and
its humoral immunity does not function effectively until 90 days after birth. Biologists have analysed milk samples
from several marsupial species and found that they contain various antibodies. Some of the antibodies in the
mother’s milk remain in the joey’s gut, while others cross the gut wall and enter the joey’s bloodstream.

a. Describe at a molecular level how antibodies perform their function. 2 marks

b. Name the type of immunity that the joey obtains from the antibodies in the milk and explain how this
form of immunity is beneficial to the joey. 3 marks

Scientists have found that the milk of the tammar wallaby (Macropus eugenii) contains high levels of peptides with
antibiotic properties, as well as lysozyme, complement proteins, cytokines and venom inhibitors.

Scientists tested the tammar wallaby milk peptides and found them to be 10 times more effective than antibiotics
such as tetracycline and ampicillin, which are commonly used to fight human diseases. The scientists are keen to
find a pharmaceutical company that will support further testing and development of these peptides with antibiotic
properties.

c. i. Name the part of the immune system to which these peptides and the other listed chemicals
belong. 1 mark

ii. Select one of the chemicals below, found in tammar wallaby milk, and describe its role in protecting the joey
against pathogens.
lysozyme complement proteins cytokines venom inhibitors 1 mark
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Question 15 (7 marks)

Source: Adapted from VCAA 2014 Biology Exam, Section B, Q4

a. Define the term ‘pathogen’. 1 mark

The diagram below shows a generalised pathogen with antigens on its surface. The immune system responds to
antigens by making antibodies.

pathogen

surface antigen

b. Draw an antibody that would be effective against this pathogen. Label the different parts of the antibody.
2 marks

One way that antibodies work is by forming antigen–antibody complexes.

The diagram below shows four pathogens.

c i. Illustrate on the diagram how the antigen–antibody complex forms, using at least four antibodies
in your drawing. 2 marks

ii. Explain how an antigen–antibody complex provides protection against these pathogens. 2 marks

5.13 Exercise 3: Biochallenge

Resourceseses
Resources

eWorkbook Biochallenge — Topic 5 (ewbk-8086)

Solutions Solutions — Topic 5 (sol-0661)

Past VCAA examinations
Sit past VCAA examinations and receive immediate feedback, marking guides and examiner’s report notes.
Access Course Content and select ‘Past VCAA examinations’ to sit the examinations online or offline.

Test maker
Create unique tests and exams from our extensive range of questions, including past VCAA questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

5.1 eWorkbook — Topic 5
(ewbk-1884) ⃞

5.2 Worksheet 5.1 Case study:
Transplants and tissue typing
(ewbk-5242) ⃞
Worksheet 5.2 Cellular
pathogens (ewbk-5244) ⃞
Worksheet 5.3 Non-cellular
pathogens (ewbk-5246) ⃞
Worksheet 5.4 The effect of
allergens (ewbk-5248) ⃞

5.3 Worksheet 5.5 Comparing
types of immunity (ewbk-5250) ⃞

5.4 Worksheet 5.6 Innate barriers
(ewbk-5252) ⃞

5.5 Worksheet 5.7 Cells involved in
the innate response
(ewbk-5254) ⃞
Worksheet 5.8 Soluble
molecules in the innate
response (ewbk-5256) ⃞

5.6 Worksheet 5.9 Inflammation
and case studies of chronic
inflammation (ewbk-5258) ⃞

5.7 Worksheet 5.10 The role of the
lymphatic system (ewbk-5260) ⃞

5.8 Worksheet 5.11 How the adaptive
immune response is initiated
(ewbk-5262) ⃞

5.9 Worksheet 5.12 The branches
of adaptive immunity
(ewbk-5264) ⃞

5.10 Worksheet 5.13 Antibodies and
the humoral adaptive response
(ewbk-5266) ⃞

5.11 Worksheet 5.14 Cell-mediated
adaptive immunity (ewbk-5268) ⃞

5.12 Worksheet 5.15 Comparing
the types of acquired immunity
(ewbk-5270) ⃞

5.13 Worksheet 5.16 Reflection —
Topic 5 (ewbk-5272) ⃞
Biochallenge — Topic 5
(ewbk-8086) ⃞

Solution

5.13 Solutions — Topic 5 (sol-0661) ⃞

Practical investigation
eLogbook

5.1 Practical investigation elogbook —
Topic 5 (elog-0187) ⃞

5.2 Investigation 5.1 Microorganisms
— where are they found?
(elog-0673) ⃞

5.4 Investigation 5.2 The importance
of intact skin (elog-0675) ⃞
Investigation 5.3 Innate barriers in
plants (elog-0677) ⃞

5.7 Investigation 5.4 Modelling the
swelling of lymph nodes
(elog-0679) ⃞

5.10 Investigation 5.5 Modelling
antibodies and the diversity of
the variable region (elog-0683) ⃞

Digital documents

5.1 Key science skills — VCE Biology
Units 1–4 (doc-34326) ⃞
Key terms glossary — Topic 5
(doc-34619) ⃞
Key ideas summary — Topic 5
(doc-34610) ⃞

5.2 Case study: Robert Koch —
a founder of bacteriology
(doc-36058) ⃞
Case study: The story of Matthew
Ames and exotoxins
(doc-36168) ⃞
Case study: Typhoid Mary
(doc-36169) ⃞
Extension: Anaphylaxis and
diagnosing allergies (doc-36059) ⃞

5.8 Case study: The mechanism of
action of HIV (doc-36057) ⃞

Teacher-led videos

Exam questions — Topic 5 ⃞

5.2 Sample problem 1 Cellular and
non-cellular pathogens
(tlvd-1776) ⃞

5.3 Sample problem 2 Comparing
and contrasting types of immunity
(tlvd-1777) ⃞

5.4 Sample problem 3 Physical
and chemical barriers in plants
(tlvd-1778) ⃞

5.5 Sample problem 4 Identifying
and describing soluble proteins
(tlvd-1779) ⃞

5.8 Sample problem 5 The impact
of HIV on helper T cells
(tlvd-1780) ⃞

5.10 Sample problem 6 Understanding
the function of B cells
(tlvd-1781) ⃞

5.11 Sample problem 7 Comparing
and contrasting natural killer and
cytotoxic T cells (tlvd-1817) ⃞

5.12 Sample problem 8 Identifying
and describing types of immunity
(tlvd-1818) ⃞

Video eLessons

5.2 Antigens and blood type
(eles-4194) ⃞
Bacteria (eles-4195) ⃞
Pathogenic agents: prions
(eles-4162) ⃞

5.5 Phagocytosis (eles-4343) ⃞
Allergens and allergic responses
(eles-4344) ⃞
The interferon mechanism
against viruses (eles-4347) ⃞

5.6 Inflammatory response
(eles-4345) ⃞

5.9 Antibody activity (eles-4346) ⃞

Interactivities

5.2 Antigens (int-0045) ⃞
5.9 The body’s response to antigens

(int-5770) ⃞

Weblinks

5.2 The story of Matthew Ames ⃞
Plague ⃞
Typhoid Mary ⃞
What is scientific medicine? ⃞
Allergy and Anaphylaxis
Australia ⃞

5.3 The immune system
interactivity ⃞
Examining the components of
the immune system ⃞

5.4 Microbiological barriers ⃞
5.9 The immune system in action ⃞

Exam question booklet

5.1 Exam question booklet — Topic 5
(eqb-0016) ⃞

Teacher resources

There are many resources available
exclusively for teachers online.

To access these online resources, log on to www.jacplus.com.au
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