CHAPTER 16

Immunity:  Active vs. Passive with subcategories and EX

 The term immunity means the person cannot get symptoms of a disease due to natural body defenses.  These natural body defenses that build up tend to be antibodies and white blood cells called lymphocytes.  Antibodies and lymphocytes are very much specific--each one can only bind to a fight one pathogen.  For example, if a person has millions of antibodies and lymphocytes in their system that can fight the measles virus, then they are immune to measles.
There are two main categories of immunity:  Active and Passive.  If a person gains active immunity, they have somehow been exposed to the antigen (CONNECT:  active/antigen).  The antigen tends to be a bacterium, a virus, or toxin.  If a person is exposed to the actual antigen, they will react and make millions of antibodies and lymphocytes to fight that antigen or pathogen.  There are two subcategories under active immunity:   natural and artificial.  In natural active immunity, the person becomes immune after they have that disease.  If a person has an actual case of measles but now they are immune and they cannot get measles again, that would be natural active immunity. When the person has a case of measles, they made millions of antibodies and lymphocytes to fight the measles virus. Now, they are immune to measles and cannot get measles again. In artificial active immunity, the person is exposed to the antigen by receiving a vaccine.  The vaccine called MMR is a good example. The MMR vaccine (Measles, Mumps, Rubella) contains millions of mutated viruses that cause those diseases.  The vaccine exposes the person to those antigens and the person responds by making millions of antibodies and lymphocytes to fight those antigens.  If a person gains passive immunity, they have somehow received antibodies to become immune.  (CONNECT:  passive/antibody) In some cases, a person somehow receives millions of antibodies to become immune.  Antibodies are microscopic proteins made by some white blood cells that bind to a specific antigen.  We saw in a previous chapter that antibodies are "Y-shaped" and they bind to some antigen to make it harmless.  There are five classes of antibodies in our system:  IgG, IgA, IgM, IgE, and IgD.   The Ig stands for the word immunoglobulin, which means antibodies.  Of these five classes, only one kind of antibody can cross the placenta to go from the mother's system to a baby's system--and that is IgG.   IgG antibodies can cross the placenta and go from mother's system to the baby's system.  Also, IgA type antibodies are found in breastmilk.  There are two subcategories under passive immunity:   natural and artificial. In natural passive immunity, a baby receives antibodies from their mother to be immune to certain diseases.  Two good examples of natural passive immunity would be a baby receiving IgG antibodies from their mother before they are born and a baby receiving IgA antibodies from their mother by way of breastmilk.  In both cases, the antibodies the baby receives from their mother can fight diseases the mother has been exposed to by getting sick or getting vaccines.  Diseases like measles, chickenpox, German measles (Rubella), and so on.  In artificial passive immunity, a person receives antibodies by way of an injection.  A good example of artificial passive immunity is a person receiving the RIG shot for rabies.  One of our two rabies shots is called RIG:  Rabies Immune Globulin.  This shot contains millions of antibodies to fight the rabies virus.  This will help prevent the person from developing a full blown case of rabies if they were exposed to that virus.  

Immune system:  made of, specific, memory,  2 parts, B cells vs. T cells

  Our immune system is our third line of natural defense against infection. If the first line (mechanical/chemical barriers) and our second line (PICK) cannot control the infection, the immune system activates to take care of it.  Our immune system is made of millions of antibodies and lymphocytes.  Antibodies and lymphocytes
are specific--they can bind to and fight one particular antigen (pathogen).  We will discuss this in more detail later in this chapter, but antibodies have a specific shape that only fits one antigen.  Lymphocytes have receptors that only fits one antigen.  Our immune system is also said to have memory because it makes millions of memory cells.  Memory cells are a certain kind of lymphocyte.  They have a "memory" to respond to one particular antigen.  In most cases memory cells last the rest of our life.   For example, if we take a vaccine called MMR (Measles, Mumps, Rubella), we will respond to the vaccine by making
millions of memory cells that can fight the measles virus.  Those memory cells can divide in half (mitosis) before they die and they should last the rest of our life.  Therefore, we should be immune to measles the rest of our life. Memory cells give us long-term (usually life-long) immunity.  Antibodies last for several years and then degrade.  They cannot do mitosis like memory cells can to keep going.
There are two parts to our immune system:  Antibody-mediated and Cell-mediated.  If our immune system activates, both parts activate at the same time to take care of the infection.  The part called Antibody-mediated would make millions of antibodies to fight the antigen that is making us sick.
The part called Cell-mediated would make millions of cells called lymphocytes to fight that same antigen. With both parts activated, the immune system does a very good job of taking care of the infection. The two main kinds of lymphocytes are called B cells and T cells. Both B cells and T cells are produced in our bone marrow.  B cells mature in our bone marrow, but T cells mature in our thymus gland. Our bone marrow is a spongy material inside of our bones. It makes all our blood cells for us—red blood cells and white blood cells.  B cells stay in the bone marrow to become mature (B for bone marrow). Once they are mature, B cells leave the bone marrow, go out to our blood, and help fight infection. B cells are involved only in the part of our immune system called Antibody-mediated.  T cells are produced in our bone marrow, but they mature in our thymus gland (T for thymus).  Our thymus gland is in our neck area.  Once they are mature, T cells leave the thymus gland, go out to our blood, and help fight infection.  T cells are involved in both parts or our immune system:  Antibody-mediated and Cell-mediated.  

Antigens:  Epitopes

You should print out and refer to Exam 3 Diagram 1. 
___________________________________________________________________
  An antigen is any foreign substance that can stimulate the immune system to respond.  The main types of antigens are bacteria, viruses, and toxin.  On our diagram, Figure A shows an antigen called E. coli.  On the cell wall of E. coli there are several proteins.  On the flagellum on the right side of the E. coli cell there is
also a protein. These proteins are called epitopes.  Epitopes are surface proteins on antigens that stimulate the immune system to respond.  The shapes of these epitopes are foreign shapes to us. Figure B on our diagram shows one of our cells.  Our cells have surface proteins on the plasma membrane than can be called "self-proteins".  The shapes of these proteins are basically our shapes that have been dictated by our DNA.  Our immune system checks out the shapes of surface proteins.  If lymphocytes from our immune system come across a self-protein shape on one of our cells, the lymphocytes would ignore it.  This is a self-shape and no problem. However, if lymphocytes from our immune system come across foreign shapes (epitopes) on some antigen, the lymphocytes would
respond to attack the antigen and fight off the infection.  Figure A on our diagram shows an antibody has been made to bind to one of the epitopes on E. coli.  Antibodies are so specific they fit to one epitope.   Once the antibody binds to the epitope, that E. coli cell would be made harmless.

Antibodies: diagram:  polypeptide chains, disulfide bonds, V regions, C region

You should print out and refer to Exam 3 Diagram 2
___________________________________________________________________

  Antibodies are microscopic proteins made by some white blood cells that bind to a specific antigen. Some white blood cells make antibodies for us, and they bind to and make harmless some antigen as a way of fighting an infection.  Our diagram shows an antibody subunit.  An antibody subunit is made of four polypeptide chains hooked together by disulfide bonds.  Our diagram shows two longer chains (called heavy chains) and two shorter chains (called light chains).  These are called polypeptide chains.  The prefix poly means "many" and peptides are made of amino acids.  Each chain is made of lots of amino acids hooked together, and the entire structure is a protein.  The chains are held together by disulfide bonds. On our diagram, these bonds are shown as S-S.   This is a sulfur atom from one chain bonded to a sulfur atom in the next chain.  These bonds hold the chains together as one antibody subunit.  Above the dotted lines on our diagram are the two V regions.  The V stands for Variable.  The V regions have some shape to them that is a perfect fit for one epitope. The V regions would bind to an epitope on same antigen to make it harmless.  There are about 100,000,000 different shapes possible for the V regions.  It is amazing to think about 100 million different shapes being possible for the V regions.  In other words, we are capable of responding to about 100 million different epitopes.  I call this our "arsenal" that we have inherited from our ancestors. They were exposed to lots of different antigens/epitopes over the centuries and built up an arsenal to fight those shapes. The rest of our diagram beneath the dotted lines is called the C region.  C stands for Constant. The shape and structure of the C region does not vary too much.  There are only 5 different shapes possible for the C region.  That is because there are 5 classes of antibodies and each class has their own shape for the C region.

Antibodies:  role of 5 classes

You should print out and refer to Exam 3 diagram 3.
___________________________________________________________________

  In our system, there are five classes of antibodies:  IgG, IgA, IgM, IgE, IgD.   The Ig stands for the word immunoglobulin, which means antibodies.  As our diagram shows, IgG antibodies are made up of only one subunit.  IgG antibodies are the only class that can cross the placenta.  Remember, a baby receives IgG antibodies from their mother before they are born to help fight infection. IgG antibodies are by far the most common antibodies to fight the infection.  About 80% of our antibodies are the IgG type. They are by far the most common type to fight the infection.  When we make antibodies to fight off some infection, we make mostly IgG antibodies. As our diagram shows, IgA antibodies are made of two subunits, hooked together bottom end to bottom end.  IgA antibodies are found in body secretions like breastmilk, saliva, and mucous.  A breastfeeding baby receives IgA type antibodies from their mother to help fight infection. We all have IgA type antibodies in our saliva and mucous.  These antibodies may bind to and take care of microbes as they enter our mouth or nasal cavity. As our diagram shows, IgM antibodies are the largest antibody type, made of 5 subunits hooked together.  IgM antibodies are sometimes called the "first response" antibodies.  If we are exposed to some antigen (pathogen), the first antibodies we make to fight back are always IgM antibodies.  The blood typing alloantibodies are IgM antibodies. In blood typing, there are two alloantibodies:  A antibody and B antibody.  These antibodies make a blood transfusion mistake dangerous and they are IgM type antibodies.  As our diagram shows, IgE antibodies are made of only one subunit.  IgE antibodies are very involved in allergic reactions. Most allergies involve a person making millions of IgE antibodies to attack something that is harmless--such as pollen.  We don't need to make these antibodies, but some people do.  IgE antibodies bind to and attack parasites. In this case, a parasite is something larger than a bacterium, like pinworms.  If a person (or a dog) has pinworms, IgE antibodies will bind to the pinworms and try to destroy them. As our diagram shows, IgD antibodies are made up of only one subunit.  IgD antibodies help us to make more antibodies. In our system, IgD antibodies do not fight the infection directly, instead they help us to make more antibodies. 
________________________________________________________________
Immune system:  Antibody-mediated: fight the infection, give long-term immunity

  There are two parts to our immune system:  antibody-mediated and cell-mediated. These were mentioned earlier in this chapter.  To fight the current infection, the part called antibody-mediated makes millions of antibodies.  The antibodies go out in our system and bind to the pathogens, making them harmless.  To give us long-term immunity, the part called antibody-mediated makes millions of memory B cells.  Memory B cells are lymphocytes that have a “memory” to respond to one particular pathogen. If we are ever exposed again to that pathogen, the memory B cells would respond, take care of the pathogen, and we wouldn’t even know we were exposed again.

You should print out and refer to Exam 3 Diagram 4.
__________________________________________________________________

  This diagram is not to memorize for our exam.  It is designed to help you understand better the details of how our immune system actually works.  This diagram shows the highlights of a part of our immune system called Antibody-mediated. The top left of the diagram shows the measles virus.  This virus has a triangular shaped epitope.  The shapes I draw are not the real shapes because the real shapes of epitopes are too difficult to draw.  The diagram shows a B cell.  On a B cell, there is a receptor called an IgD antibody.  Notice that the shape of the V regions of the antibody receptor match the shape of the measles epitope.  This B cell can only fit to and fight the measles virus. In our example, we are saying that the person did not get the MMR vaccine.  They have been exposed to the measles virus and they are going to get an actual case of measles.  It appears that we are born with a few of these B cells that can fight measles in our "arsenal".  This person has an actual case of measles so they need to make millions of those B cells that can fight the measles virus. Those B cells would bind to and take in measles viruses. This is like phagocytosis. Those B cells would then do mitosis many times to produce lots of those B cells that can fight the measles virus.  Overall, the person would make millions of those B cells by mitosis that can fight the measles virus.  As those B cells divide in half, the B cells being produced wind up in two cell lines. Some of the B cells being produced by mitosis look the same as a regular B cell.  The bottom left of our diagram shows these cells are called memory B cells.  They will last in this person's system the rest of their life, making them immune to measles.  Even though the person has a case of measles now, the memory B cells will help make certain they never get the measles again.  If later in life this person is exposed again to the measles virus, those memory B cells would activate and take of the incoming measles viruses so well the person would not even know they were exposed again to the measles virus.  The bottom right of our diagram shows that some of the B cells being produced by mitosis change their shape dramatically and become known as plasma cells.  The plasma cells produce and secrete antibodies. Notice that the antibodies being secreted fit and fight the measles virus.  These antibodies will go out in the person's system, bind to measles viruses, and make those viruses harmless. This is a very effective way to fight the current infection.

Immune system: Cell mediated:  fight the infection, give long-term immunity

  The other part of our immune system is called cell-mediated.  To fight the current infection, the part called cell-mediated makes millions of cells called active cytotoxic T cells.  These cells go out in our system and destroy virus-infected cells, thereby destroying lots of viruses in the process. To give us long-term immunity, the part called cell-mediated makes millions of memory T cells. These are lymphocytes that have a “memory” to respond to one particular pathogen. If we are ever exposed again to that pathogen, the memory T cells would respond, take care of the pathogen, and we wouldn’t even know we were exposed again.

___________________________________________________________________

You should print out and refer to Exam 3 Diagram 5.
___________________________________________________________________
  This diagram is also not to memorize for our exam.  It is designed to help you understand better the details of how our immune system actually works.  This diagram shows the highlights of a part of our immune system called Cell-mediated.  This is the same person from the previous diagram. They have been exposed to the measles virus and they are getting an actual case of measles. Our diagram shows a cytotoxic T cell.   This cell has a receptor on it that only fits the epitope on the measles virus.  This cell can only fit to and fight the measles virus.  Again, we appear to born in our "arsenal" with a few of these cells that can fight measles.  This person has an actual case of measles so they need to make millions of those cells that can fight measles.  Those cytotoxic T cells would be stimulated by the incoming measles viruses to do mitosis many times over to make lots of those cells that can fight measles. Overall, the person would make millions of those cells that can fit to and fight the measles virus.  As those cells do mitosis, two cell lines form.  The bottom left of our diagram shows a memory T cell.  These cells will last the rest of that person's life giving them long term (life-long) immunity to measles.  Even though they have a case of measles right now, the memory T cells will help make certain they never get a case of
measles again.  If later in life this person is exposed again to the measles virus, those memory T cells will activate, take care of the viruses, and the person will not even know they were exposed again. We will discuss the other cell type (active cytotoxic T cells) with the next diagram.
___________________________________________________________________

You should print out and refer to Exam 3 Diagram 6.
___________________________________________________________________

  This diagram is also not to memorize for our exam, but instead to help you understand the details of how our immune system works.  This diagram is about how the Cell-mediated part of our immune system fights the current infection.  The top left of our diagram shows a human cell that is infected with the measles virus. Inside the cell, you see a nucleus and DNA.  You also see copies of the measles virus being made by the cell. The cell is being tricked into making
numerous copies of the measles virus.  The cell has a "self-protein" on the bottom of the diagram that I draw as a square shape.  The top right of our diagram shows a process called antigen-presenting. The cell has taken an epitope off of one of the measles viruses and presented it on top of its own self protein.  The bottom of our diagram shows an active cytotoxic T cell. This cell has a receptor that fits the measles epitope.  Because of antigen-presenting, the active cytotoxic T cell
can bind to the measles epitope that has been presented.  Now the active cytotoxic T cell releases a chemical called perforin.  The chemical called perforin destroys the cell and the entire contents of the cell.   The cell was going to die anyway.  However, this process destroys all the viruses that were inside the cell.  This is a very effective way to fight the current infection.  

  The two parts of the immune system  (Discussion question)

     Ideal answer:  Below is what students need to write out for this discussion question.

	Antibody-mediated									
             -Involves B cells and T cells					
             -To fight the current infection, it makes millions		
                of antibodies.								     
             -To give us long-term immunity, it makes				
                   makes millions of memory B cells.						   


            Cell-mediated									
             -Involves T cells only					
             -To fight the current infection, it makes millions		
                of active cytotoxic T cells.								     
             -To give us long-term immunity, it makes				
                   millions of memory T cells.	


Case History

  A mother carried her young son to a clinic. The boy seemed confused and
nonresponsive.  He had a high fever and even seized once during examination.
The doctor diagnosed a possible case of viral encephalitis. Encephalitis is when
the brain and/or spinal cord become infected. The doctor noticed the boy had
a red rash over most of his body. The doctor found out the boy had not been
vaccinated for measles. The boy was started on the antiviral medication
ribavirin. Tragically, the boy died a week later. In some countries, a lot of
children do not get the MMR vaccine. With the measles, possible complications
include pneumonia and encephalitis. These complications can possibly be
[bookmark: _GoBack]fatal for the patient. 








  

