CHAPTER 15

Mechanical barriers:  2 EX
Chemical barriers:  2 EX

  This chapter gets into how our body fights infection naturally.  We have three lines of natural defense against infection.  If the first line cannot control the infection, the second line activates to take care of the infection.  If the second line cannot control the infection, the third line activates to take care of the infection.  Our three lines of natural defense are:     1) mechanical/chemical barriers, 2) PICK (Phagocytosis, Inflammation, Complement proteins, Kinins), 3) the immune system.   Mechanical barriers to infection either keep microbes out of our body or trap microbes in certain parts of our body.  Two examples of mechanical barriers to infection are skin and mucous membranes.  Our skin, if it is intact, keeps microbes out of our body really well.  If we have a break in the skin such as a cut, that could allow microbes into our system.  A good example of a mechanical barrier to infection called a mucous membrane is the lining of our nasal cavity.  This tends to be sticky and traps microbes that come in to protect our lungs.  Sometimes, we have a stuffy nose to enhance the trapping of microbes in that area. This doesn't always work; we may wind up with pneumonia anyway.  But this mechanism usually works to trap microbes in our nasal cavity to prevent them from getting down to our lungs.  Chemical barriers to infection tend to kill microbes by chemical means.  Two examples of chemical barriers to infection are stomach acid and lysozyme.  The pH range of stomach acid is 1.5-3.0, which is very acidic and kills the bacteria we swallow quite well.  Lysozyme is an enzyme that kills bacteria by dissolving the peptidoglycan part of the bacterial cell wall.  Therefore, lysozyme kills G+ bacteria really well.  G+ bacteria have a lot of peptidoglycan in their cell wall to be dissolved by lysozyme.  Lysozyme does not kill G- bacteria well because G- bacteria do not have much peptidoglycan in their cell wall.  We all have lysozyme in some of our white blood cells, perspiration (sweat), and tears.





Phagocytosis:  3 cells

You should print out and refer to Exam 2 Diagram 16.
___________________________________________________________________

  I call our second line of natural defense against infection PICK. This is four things that work together as our second line of defense:  Phagocytosis, Inflammation, Complement proteins, and Kinins.  Phagocytosis refers to microbes being engulfed by white blood cells.  This is a key method we use to fight infection naturally.
There are five main kinds of white blood cells: Neutrophils, Lymphocytes, Monocytes, Eosinophils, Basophils. Three of those main kinds do phagocytosis.  Neutrophils engulf bacteria only.  Neutrophils are the most common white blood cell type, and they go around our system and engulf bacteria, but not viruses.  Macrophages engulf bacteria and viruses.  Macrophages are derived from monocytes. These are the largest white blood cell type, and they go around our system and engulf bacteria and viruses.  Eosinophils engulf antigen/antibody complexes.  An antigen is any foreign substance that causes our immune system to respond.  The three main types of antigens are bacteria, viruses, and toxin.  A toxin is a liquid waste product given off by some bacteria that tends to make us sick.  Our diagram shows on the top left an antigen called a virus.   An antibody is a microscopic protein made by some white blood cells that bind to a specific antigen.  The top middle of our diagram shows an antibody, which are "Y-shaped" little proteins that bind to some antigen to make it harmless. The top right of our diagram shows a virus (antigen) that has been bound to by an antibody and the virus has been made harmless.  In our system, a white blood called an eosinophil may come along and engulf the entire antigen/antibody complex just to get rid of it and get it out of our system. When a white blood cell does phagocytosis, it goes through four main steps:  1) Chemotaxis, 2) Attachment,
3) Ingestion, and 4) Digestion.  The term chemotaxis means a "chemical attraction".  In the step called chemotaxis, complement proteins and kinins activate and surround the microbe to create a chemical attraction that will draw a white blood cell into the area.  Our diagram shows for step 1 (Chemotaxis)
a small round bacterium and a much larger white blood cell called a Neutrophil (N).  The round bacterium has been surrounded by activated complement proteins (C*) and kinins (K*).  The complement proteins and kinins activate because a bacterium has gotten into some person's system.  If a Neutrophil (N) bumps
into these activated complement proteins or kinins, the Neutrophil will move in that direction. As I draw it on our diagram, the Neutrophil would move from right to left, towards the activated proteins and towards the round bacterium it needs to engulf.  So, the activated complement proteins and the activated
kinins create a chemical attraction to draw in the neutrophil.  In the step called attachment, the Neutrophil would physically attach to the bacterium.   Step 2 of our diagram (Attachment) shows the complement proteins and kinins have gone away, to be reused somewhere else.  The Neutrophil has moved over and
physically attached to the bacterium it needs to engulf.  If a bacterium has a capsule, the capsule blocks the attachment step and saves the bacterium. The third step of phagocytosis is ingestion.  In the ingestion step, the Neutrophil sends out projections called pseudopods to ingest the bacterium (CONNECT:  
ingestion/pseudopods).   In the ingestion step, the plasma membrane of the Neutrophil changes shape and projections called pseudopods go out to engulf the bacterium (Figure A).  Eventually, the pseudopods join up and fuse together (Figure B) and the bacterium has been engulfed or ingested (Figure C).   Figure C on our diagram of the Ingestion step shows the ingested bacterium surrounded by the plasma membrane material that was used to ingest it.  The last step of phagocytosis is digestion. In the digestion step, enzymes from a lysosome both kill and digest the engulfed bacterium (CONNECT: digestion/lysosome).  A lysosome is a bag of digestive enzymes in the white blood cell. On our diagram for the Digestion step, it shows three lysosomes near the top of the white blood
cell (Neutrophil).  One of those lysosomes would move down and dump its enzymes into the compartment where the engulfed bacterium is located
(Figure A).  The enzymes then kill and digest the bacterium.  Pretty soon, that compartment (now called the residual body) contains only left over 
waste products that cannot be digested anymore (Figure B).  In the digestion step, a compartment called the residual body contains the left-over waste products.  The Neutrophil needs to get rid of these waste products. So, Figure C shows how the residual body is used to expel the waste products out the Neutrophil.  I don't try to draw this, but Neutrophils can engulf several bacteria at the same time. Our example was about a Neutrophil engulfing a bacterium. It could have been about a Macrophage engulfing a bacterium or a virus in the same kind of process.  It could have been about an Eosinophil engulfing an antigen/antibody complex in the same 
process. 
___________________________________________________________________

Inflammation:  2 EX

  In our second line of natural defense against infection (PICK), the I stands for Inflammation. The two main examples of inflammation are:    1) a stuffy nose, and 2) the area around a cut turns red.  In the case of a stuffy nose, the extra mucous in the nose is designed to trap microbes better in the nasal cavity to prevent those microbes from getting down to our lungs.  When the area around a cut turns red, the extra blood in the area around the cut contains lots of white blood cells.  Those white blood cells will attack and engulf any microbes that come into the cut to prevent the cut from becoming infected. We will discuss inflammation some more as this chapter continues.

You should print out and refer to Exam 2 Diagram 17.
___________________________________________________________________

Complement proteins:  3 funct.

  Complement proteins are blood proteins that have three main functions to help fight infection:  1) complement proteins help phagocytosis to occur by doing opsonization (CONNECT:  phagocytosis/opsonization). Opsonization means "coating" or "surrounding".   Figure A of our diagram shows a round bacterium that got into someone's system.  Complement proteins have activated (C*) and they have surrounded the bacterium.  This surrounding is called opsonization and 
the complement proteins create a chemical attraction that will draw a white blood cell (like a Neutrophil) into the area to do phagocytosis.    2) complement proteins help inflammation to occur by stimulating mast cells and basophils.  Figure B of our diagram shows what happens when bacteria enter a cut.  That stimulates the complement proteins in the area around the cut.  Those complement proteins in turn stimulate mast cells and basophils in that area.  Mast cells are in tissue lining around the body. Basophils are a white blood cell type.  When the complement proteins stimulate the mast cells and basophils, the mast cells and basophils fall apart and release histamine.  In the area around a cut, histamine will cause to happen vasodilation and capillary leakage.  In this case, vasodilation means capillaries in that area open up, putting more blood in the area around the cut.  Capillary leakage means that white blood cells and red blood cells leave the capillaries in the area around the cut.  The result of all of this is a lot of extra red blood cells and white blood cells in the area around the cut.  The extra red blood cells make that area around the cut look red.  The key is the extra white blood cells that are now in the area. Those extra white blood cells will engulf bacteria as they enter the cut.  Hopefully, this will prevent the cut from becoming infected.  
Figure C in our diagram shows what happens when viruses (common cold)
enter the respiratory tract.  This stimulates complement proteins along the lining of the nasal cavity. The complement proteins in turn stimulate mast cells along the lining of the nasal cavity. Those mast cells fall apart and release histamine.  In the nasal cavity, histamine causes excess mucous production to occur. This will result in a stuffy nose and hopefully the extra mucous will trap the viruses in the nasal cavity, protecting the lungs.   3) complement proteins help the immune system by doing a process called cytolysis (CONNECT: immune system/cytolysis).  The word cytolysis means "cell bursting".  Figure D of our diagram shows a round bacterium that has been bound to by two "Y-shaped" antibodies.  Antibodies are made by our immune system.  This bacterium has been made harmless by the antibodies.  As our diagram shows, a complement protein (C) can bind between the two antibodies.  This activates other complement proteins (c).  Eventually, activated complement proteins (c) wind up on the cell wall of the bacterium in a circle.  Then, these activated complement proteins fuse together and create a hole that runs through the cell wall and the plasma membrane of the bacterium.  The right-hand side of the diagram shows the bacterium with a hole extending through its cell wall and plasma membrane.  This bacterium would burst and be completely taken care of.
___________________________________________________________________

You should print out and refer to Exam 2 Diagram 18.
___________________________________________________________________

Kinins:   2 funct.

  Kinins are blood proteins that have two main functions to help fight infection:   1) kinins help phagocytosis to occur by doing opsonization.  Just like complement proteins, kinins also activate and surround microbes that get into our system.  Figure A of our diagram shows a round bacterium that got into someone's system and it has been surrounded by activated kinins.  The activated kinins create a chemical attraction that draw white blood cells such as a Neutrophil into the area to do phagocytosis. 2) kinins help inflammation to occur by causing both vasodilation and capillary leakage to occur. Figure B shows what happens when bacteria enter a cut.  The bacteria coming in stimulate proteins called kinins in the area around the cut.  Just like histamine, the kinins will cause both vasodilation
and capillary leakage to occur in the area around the cut.  This will cause extra red blood cells and extra white blood cells to be in the area around the cut.  Again, the key is the extra white blood cells in the area around the cut.  Those white blood cells will engulf bacteria as they enter the cut.  Hopefully, this will prevent the cut from becoming infected. In the area around a cut, both histamine and kinins 
work to make sure there are extra white blood cells around. 
__________________________________________________________________________________________
  

  

