Immunity
A-Level Biology

Phagocytes — the first defence

Your immune system is the set of cells that defends the body against
pathogens . The first cells to act are phagocytes , a group of white
blood cells that includes macrophages and neutrophils .
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A blood smear: the large stained cells are white blood cells, scattered among the many

red cells

A phagocyte destroys a pathogen by phagocytosis : it surrounds the
pathogen, takes it inside in a vesicle, and digests it with enzymes. After this, a
macrophage displays parts of the pathogen on its own surface, ready to alert other
immune cells.

1. engulfs the 2. digests it 3. displays the
pathogen with enzymes antigen

Phagocytosis: the phagocyte engulfs the pathogen, digests it, then displays its antigen
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This false-coloured electron micrograph captures the moment in real life: a phagocyte
reaching out to grab and engulf rod-shaped bacteria.

A real neutrophil (yellow), one kind of phagocyte, reaching out to engulf rod-shaped
bacteria (orange) by phagocytosis

Antigens: self and non-self

An antigen is a molecule (usually a protein) on a cell surface that the immune

system can recognise.

« self antigens are the body’s own markers. The immune system learns
to ignore them.

« non-self antigens are foreign, for example the antigens on a pathogen.

These trigger an immune response.
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Clear zones on a culture plate: the immune system recognises non-self antigens and
attacks foreign cells

The primary immune response

The first time a new pathogen enters, the body makes a slow immune response
. The main steps are:

1. a macrophage engulfs the pathogen and displays its antigen.

2. T-helper cells T recognise that antigen and become active. They
release chemicals that switch on other cells.

3. B-lymphocytes with a matching shape are selected. They divide to
form plasma cells , which pour out antibodies , and memory cells

4. T-killer cells T destroy the body’s own cells that have been infected.

plasma cells
make antibodies

macrophage T-helper cell B-lymphocyte
presents antigen activated selected, divides

memory cells

Only the B-lymphocyte whose shape matches the antigen is selected and cloned — into
antibody-making plasma cells and long-lived memory cells
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Memory cells and long-term immunity

Memory cells stay in the body for years after the infection is over. If the same
pathogen enters again, the memory cells start a secondary immune response that is
much faster and larger than the first. The pathogen is destroyed before it can make
you ill. This is what we mean by long-term immunity.
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secondary response: faster and larger (memory cells)

The secondary response is faster and larger, because memory cells are ready

Antibodies

An antibody is a Y-shaped protein made by plasma cells. The two tips of the Y
are antigen-binding sites . Each site has a special shape, called the
variable region , that fits one antigen only, like a lock and key.
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antigen-binding site
(variable region)

heavy chains

each tip fits one antigen only

An antibody is Y-shaped; the two tips are the variable regions that bind one specific
antigen

Antibodies help in several ways: they stick to antigens, clump pathogens together
so they are easier to deal with, mark pathogens so phagocytes find them, and block
harmful toxins.

Monoclonal antibodies

A monoclonal antibody is a single type of antibody, all identical. They
are made by the hybridoma method:

1. an animal is given an antigen, so it makes B-lymphocytes that produce the wanted
antibody.
2. these B-lymphocytes are fused with tumour cells, which divide endlessly.

3. the fused cell (the hybridoma) both makes the antibody and divides without
stopping, producing large amounts of one identical antibody.
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B-lymphocyte tumour cell hybridoma many identical antibodies
(makes antibody) (divides endlessly) (does both) (monoclonal)

Fusing a B-lymphocyte with a tumour cell makes a hybridoma that pours out one
identical (monoclonal) antibody

Monoclonal antibodies are used in the diagnosis of disease (to detect a specific
molecule, as in a pregnancy test) and in treatment (to carry drugs to specific target
cells, such as cancer cells).
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A pregnancy test is monoclonal antibodies at work. The antibodies are fived at the T
line and grab only one molecule — the pregnancy hormone hCG. The T line turns red
only if hCG is in the urine; the C' line always appears, to show the test ran properly

Types of immunity

Immunity can be active or passive, and natural or artificial.

e active immunity — your own body meets an antigen and makes its own
antibodies and memory cells. It is slow to start but long-lasting.

e passive immunity — ready-made antibodies are given to you from
outside. It works at once but does not last, because there are no memory cells.

e natural immunity — gained in a natural way (active: after an infection;
passive: antibodies passed from mother to baby).

o artificial immunity — gained on purpose (active: your body is made
to respond to a safe dose of antigen; passive: you are injected with ready-made
antibodies).
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natural artificial

_g after an infection vaccination

"g (your body responds) (safe dose of antigen)
)

5 antibodies passed injection of

a from mother to baby ready-made antibodies
o

active = your body makes its own antibodies (slow, long-lasting);
passive = ready-made antibodies given (fast, short-lived)

Active immaunity (your body responds) lasts; passive immunity (ready-made
antibodies) is fast but short

Vaccination

A vaccine contains antigens — often a dead or weakened pathogen, or part of
one. The antigens trigger a primary immune response and make memory cells, so you
gain long-term immunity without becoming ill.

Vaccination programmes can control the spread of a disease across a pop-
ulation. If enough people are vaccinated, the pathogen cannot pass easily from person
to person. This protects even the people who are not vaccinated, an effect called herd

immunity

the disease cannot pass through vaccinated people
—>» X

infected vaccinated not vaccinated

Herd immunity: when enough people are vaccinated, the pathogen cannot reach the
few who are not
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Worked example. Classify each as active or passive, natural or artificial: (a) a
baby receives antibodies in breast milk; (b) a child is vaccinated against measles;
(c) someone recovers from chickenpox; (d) a patient bitten by a snake is given
antivenom. Ask two questions each time. Did the person make the antibodies
themselves? If yes it is active; if they were handed ready-made ones, it is passive.
Did it happen by chance or deliberately? Naturally, or artificially. So (a) is
natural passive - ready-made antibodies by a natural route; (b) is artificial active
- the vaccine’s antigens make the child produce their own; (c) is natural active -
the infection made them produce their own; (d) is artificial passive - ready-made
antibodies given deliberately. Only active immunity makes memory cells, which
is exactly why passive immunity acts immediately but is short-lived.

Exam tips

A-

Distinguish phagocytes (engulf, non-specific) from lymphocytes: B cells — anti-
bodies (humoral), T cells (helper/killer, cell-mediated).

Label an antibody (variable region, antigen-binding site) and explain agglutina-
tion and neutralisation.

Compare the primary and secondary response on a graph — memory cells make
the secondary faster and larger.

Distinguish active vs passive and natural vs artificial immunity with an ex-
ample of each; explain vaccination and herd immunity.
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