Protection against disease


Protection against disease
Natural defence mechanisms

The skin

Skin is made mainly of a protein called keratin, which is highly resistant to bacterial and fungal attack, and acts as a barrier to restrict entry. 

Lysozyme 

This is an enzyme secreted into the tears, into saliva, and into the mucus lining the gut and the respiratory tract.  It acts upon a substance called murein which makes up the cell wall structure of bacteria.

Mucus and cilia

The nasal cavities and the trachea, bronchus and bronchioles are covered by a ciliated epithelium.  The cilia are small hair like extensions of the exposed cell membranes.
They move in wave actions which push the mucus secreted from the Golgi apparatus of epithelial cells in a constant stream out of the lungs and nasal passages to the top of the oesophagus where the mucus is swallowed.  Bacterial and viral particles breathed into the system are trapped in this mucus and are moved out and swallowed into the acid stomach before they can invade our cells.  

If microorganisms do enter the blood – the next line of defence is phagocytic cells, such as neutrophils and macrophages, which ingest and destroy bacteria.
Neutrophils are able to squeeze through the walls of blood capillaries and move about in tissue spaces.  They have a lobed nucleus and granular cytoplasm.  

	Macrophages are large phagocytes found in organs such as the liver, spleen and lymph nodes.  They have a horseshoe shaped nucleus and non-granular cytoplasm.
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All the above are part of what is sometimes called the non-specific immune response.

See figure 1 page 70.
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The immune system

The immune response to invading microorganisms (the specific immune response) is triggered by antigens.  
Antigen = antibody generator

These are complex molecules (proteins, polysaccharides or glycoproteins) found on the surface of cells which trigger antibody production.  An antigen must be recognised by the immune system as “non-self” – this is to prevent the body destroying its own cells.

Antigens can be found:

· On the cell surface of bacteria

· On the surface of a virus

· On the cell surface of a tissue or organ transplant

· As a free molecule e.g. a toxin

Antibody structure and function
Antibodies are molecules released into the bloodstream which bind with antigens.
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	Antibodies consist of two heavy protein chains forming a Y shape connected by a disulphide bond.  Two light chains are attached to the arms of the Y shape, also by disulphide bonds.  The variable regions consist of different amino acids which allow the antibody to attach to a particular antigen.  This forms an antibody-antigen complex.

see page 76 for more info.


There are two main ways in which the immune system responds to invading microorganisms:

Antibody mediated immunity (or the humoral response) – involving B cells 

Cell mediated immunity – involving T cells
White blood cells involved in the immune response (lymphocytes)

B lymphocytes: 
Are derived from stem cells in the bone marrow.  

These cells secrete antibodies into the blood plasma, tissue fluid and lymph once they are activated.  

Competent cells actively secrete antibodies (also called plasma cells)
Memory cells are inactive cells ready to be activated should the need arise.

T lymphocytes: 
These get their name from the fact that they are activated by the thymus gland, which lies in the chest cavity just over the heart.   
(where are B cells activated?  Does it start with a b???)

An activated T cell is also referred to as competent.  They are produced in the bone marrow where they develop from stem cells.
T4 or T helper cells: These cells are instrumental in activating the B lymphocytes to become effector cells. 

T8 cells: There are two types of these, one group acts as killer or cytotoxic cells used in the cell-mediated response.  The other group of T8 cells are the suppressor cells, these cells can switch off the production of antibodies by restricting the cloning of B lymphocytes.

T cells release chemicals called interleukins which can activate or inhibit cloning of B lymphocytes and convert memory cells into active effector cells.

Steps in the antibody-mediated (humoral) response
A phagocytic cell known as a macrophage attacks and digests a micro-organism.  The structural molecules in it are broken down, and embedded in the membrane of the macrophage as antigens.  
Diagram 1:
T helper cells, each with their own distinct antigen recognition molecule on their surface, will contact the macrophage and if the antigen and recognition molecules match a reaction occurs and interleukin I is released.  This activates the T helper cell to secrete interleukin II onto any B lymphocyte it meets which carries the same antibody type as its recognition molecule. 

Diagram 2:
Interleukin II will cause the B lymphocyte to undergo a rapid series of mitotic cell divisions, cloning itself to form a large population of lymphocytes all producing the same antibody type. 

How antibodies work:
	Agglutination makes pathogens clump together.

Antitoxins neutralise the toxins produced by bacteria, causing soluble toxins to precipitate.
Lysis digests the bacterial membrane, killing the bacterium.

Opsonisation coats the pathogen in protein that identifies them as foreign cells, stimulating phagocytosis.
Antibodies block the receptors on pathogenic bacteria and prevent them from attaching to cell membranes.
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Refer to diagram of antibody-mediated immunity page 75.

The cell-mediated response
If a cell is displaying antigens which are of a non-self type then the cytotoxic T8 cells will attack it and destroy it.  The T8 cells carry specific antigen recognition receptor molecules bound to the membrane on their surfaces.  As each T cell has a different type of receptor and will only recognise and respond to one antigen – there are millions of types of T cell.  T cells can not recognise isolated viruses – but if a virus infects a cell, then that cell will display some viral protein in the membrane and will be recognised as foreign by a T cell.

Once a T cell has been activated it will reproduce by mitosis to produce a large number of cloned T cells.  These differentiate into ……………………………… T cells, …………………………………… T cells, …………………………………… T cells and memory T cells.
How do memory T cells work?

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

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

Unfortunately T cells will also react to a transplanted organ – which will also have non-self antigens.  So immunosuppressant drugs are needed in transplant surgery.
What are the main differences between cell-mediated and antibody-mediated immunity?
…………………………………………………………………………………………………………………………………………………………

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

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

What are some similarities?

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

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

…………………………………………………………………………………………………………………………………………………………
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HITE BLOOD CELLS are
larger than red blood cclls, but
there are fewer of them - only one.
white for every 600 red. Their
‘main job s to protect the body
against infection. Like red blood

cells, they are made in the marrow
inside bones. Unlike red cells, they
contain a central nucleus and many
can change shape. There are several
kinds of white blood cell - the
three main ones are shown below.

LYMPHOCYTES
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These white blood cells
produce chemicals
called antibodies, which
destroy harmful germs.

NEUTROPHILS

Neutrophils travel in the
blood o infected sites,
where they engulf
germs and fungi.

MONOCYTES

‘These cell are capable
of changing into hunting
cells, or macrophages,
which destroy germs.




