CHAPTER 5

Five Kingdoms:  desc.

In the traditional system for classifying living organisms, there are five kingdoms. You should know a description of the organisms in each Kingdom:

	Monera:    single-celled Prokaryotes
	Protista:    mostly single-celled Eukaryotes
	Fungi:         simple, mostly multicellular Eukaryotes
	Plantae:     multicellular, photosynthetic Eukaryotes
	Animalia:   complex, multicellular Eukaryotes

In the Kingdom Monera there are two kinds of microbes:  bacteria and archaea.  Bacteria are the microbes you have heard about (such as E. coli).  Archaea are similar to bacteria with some differences in their cell wall structure and metabolism. Some archaea microbes live in volcanoes or hot springs. Some live in the intestine of animals. Microbes called archaea are not discussed much in this course because they never cause infections.  In the Kingdom Protista, most members are still single celled, such as Paramecium. However, they are Eukaryotic cells--they have a nucleus and organelles.  Fungi are very simple compared to animals.  Mushrooms are multicellular fungi and yeast are single-celled Fungi.  Plants are multicellular and photosynthetic.  In photosynthesis, certain plant cells (in grass and leaves) use the energy of light to make their own food (glucose).  Animals are much more complex than other Kingdoms in terms of tissues, organs, and organ systems.




External to the cell wall:  Capsules: prevent, made of, 2 EX

  You should print out and refer to Exam 1 Diagram 6.
__________________________________________________________

  Some bacteria have a thick capsule outside their cell wall. This capsule is very protective for those bacteria.  Capsules prevent two things from happening to a bacterium:  1) desiccation, and 2) phagocytosis.  Desiccation means drying out. These bacteria preserve water in dry conditions better with a capsule.  Phagocytosis refers to bacteria being engulfed by a white blood cell.  If a bacterium has a capsule, the capsule blocks a key step and a white blood cell cannot engulf the bacterium. Capsules do not make us sick, but they help bacteria survive better to cause us more problems. If a bacterium has a capsule, the capsule is made of a substance called glycocalyx.  "Glyco" refers to sugar and glycocalyx is a sticky, sugary substance.  Our diagram shows two examples of bacteria with a capsule.  Streptococcus mutans has a capsule and is the primary cause of dental plaque in the mouth.  The prefix "Strep" means chain and the diagram shows round bacteria in a chain with a capsule. We all have this bacterium in our mouth.  It uses the capsule to stick to our teeth, other bacteria stick to it, and dental plaque forms.  Dental plaque is an accumulation of bacteria and their by-products.  Dental plaque can cause cavities and gum disease.  Klebsiella pneumoniae has a capsule and can cause "walking pneumonia".  The diagram shows this bacterium is rod-shaped with a capsule.  It is one of several bacteria that can cause walking pneumonia--a lung infection that is hard to get over.  






Flagella:  funct,  which bacteria

Flagella function in motility.  In this case, motility means the bacteria can move (or swim) on their own power.  Some bacteria use flagella like a propeller or a whip to move through liquid.  Our diagram shows us which bacteria have flagella:     1) 50% of bacillus species, and 2) the sub-group spirillum.  Our diagram shows us that 50% (half) of the rod-shaped species have flagella to move. As our diagram indicates, these rod-shaped bacteria can have one flagellum, two flagella, or numerous flagella.  There is a group of bacteria called spiral (worm-shaped).  Within that group there are two sub-groups: Spirillum and Spirochetes.  The bacteria in the sub-group spirillum also have flagella as our diagram shows.  

Axial filament:  funct, which bacteria

Axial filaments also function in motility.  They have the same structure as flagella, but they wind around the bacterium on the outside.  Only the sub-group spirochetes have axial filaments.  Our diagram shows us two examples of spirochetes with an axial filament. These bacteria contract the axial filament, make it shorter, and move through liquid in a circular motion.  


Fimbriae:  funct, 2 EX

Fimbriae function in adhesion.  Some bacteria use fimbriae to bind to our cells as a way of staying in our body.  Flagella are very flexible, but fimbriae are very rigid--like the bristles of a brush.  When bacteria enter our body, they could leave again by way of air flow (exhaling) or urination. Some bacteria resist these things and stay in our body by using fimbriae to bind to our cells.  You should know 2 examples of bacteria that have fimbriae:    1) E. coli can can use fimbriae to stick to the cells that line the bladder (CONNECT:  E. coli /  bladder).  E. coli can use fimbriae to stick to the walls of our bladder, causing a UTI (Urinary Tract Infection) or a bladder infection.  When the person urinates to void the bladder, E. coli stays stuck on the bladder wall. To deal with the problem, the person must take antibiotics to kill the bacteria and get them off their bladder wall. There is also a naturally occurring compound in cranberries and blueberries that breaks the bond between the fimbriae and the bladder.  What you may have heard about drinking cranberry juice for a bladder infection should help, if it is being caused by E. coli.  Neisseria gonorrhoeae can use fimbriae to stick to the cells that line the urethra (CONNECT:  gonorrhea / urethra).  This will cause the patient to have a painful urination. The patient must take antibiotics to kill the bacteria and take care of the problem. Our diagram shows that when Neisseria gonorrhoeae bacteria do binary fission, they stay together as a pair of cells, with fimbriae. 
  
__________________________________________________________


Cell wall:  G+ vs. G- structure

There are two different structures possible for the bacterial cell wall. By tradition, they are called the Gram + (G+) type cell wall structure and the Gram - (G-) type cell wall structure. This refers to the Gram stain procedure, which will be discussing and doing in the Microbiology lab course.  These two cell wall structures are very different, and these differences explain why they stain differently and react differently to things like antibiotics.  You should know these highlights about cell wall structure:

	


G+ cell wall structure				G- cell wall structure
	Peptidoglycan (60-80%)			Outer membrane (80-90%)
	Teichoic acid (20-40%)			Peptidoglycan (10-20%)
The G+ cell wall is mostly peptidoglycan.  This is a rigid substance that is made of peptides and sugar.  Peptides are made of amino acids.  The teichoic acid is like "filler" and is not very important in how the bacteria stain and react.  The G- cell wall is mainly outer membrane.  The structure of the outer membrane is similar to the structure of a plasma membrane---it is made up mostly of fat (lipid).  Therefore, the G- cell is a lot more flexible than the G+ cell wall.   The rest of the G- cell wall is the more rigid substance called peptidoglycan.  A big key here is how the G+ cell wall contains a lot more peptidoglycan (60-80%) than the G- cell wall (10-20%).  That difference explains a lot in terms of how bacteria stain and react to things.
__________________________________________________________
  
Bacterial Replication vs. Viral Replication  (Discussion question)

Bacteria reproduce by a process called Binary Fission. In this process, the bacteria make a copy of their DNA molecule and then divide in half.  Our discussion will include the highlights of the process.  I use CBD to recall the highlights of Binary Fission.  Viruses must infect a host cell and trick the cell into making virus copies. I use the letters BET to recall the highlights of viral replication.

Ideal answer:  Below is what students need to write out for this discussion question.
Bacterial:
        Binary Fission
	-Copy their DNA
	-Build more plasma membrane and cell wall down the midline
	-Divide in half

  Viral
	-Bind to a receptor on our cell
	-Enter our cell
	-Trick our cell into making virus copies
__________________________________________________________

You should print out and refer to Exam 1 Diagram 7.
___________________________________________________________________
  
This is a diagram of Binary Fission.  Most bacteria only have one DNA molecule. The process starts out with the bacterium making an extra copy of that DNA molecule. DNA is always copied in a form called chromatin. In chromatin, the DNA molecules are not condensed. They are all stretched out--like a slinky that is all stretched out. After the DNA is copied, the DNA molecules condense, become much shorter, and join up to make a circle.  When DNA molecules are condensed, they are called chromosomes.  The two chromosomes basically float apart and then the bacterium starts to build more plasma membrane and cell wall down the midline.  Eventually, the new plasma membrane material and the new cell wall material join up, some things degrade, and the bacterium has divided in half. Before certain bonds form, the cell wall can expand. The plasma membrane can always expand.  The DNA molecules open up, stretch back out, and become chromatin again. Now we have 2 bacteria that are just like the original bacterium.  If conditions are favorable, bacteria can sometimes do binary fission every 20 minutes.  
__________________________________________________________






  




You should print out and refer to Exam 1 Diagram 8.

__________________________________________________________
  
This is a diagram of viral replication.  This is a skin cell being infected by a herpes virus. In Step 1, the herpes virus binds to a receptor on the plasma membrane of the skin cell. This receptor is not designed for a herpes virus, but unfortunately the virus fits the receptor.  In Step 2, the virus has entered the cell. The virus is being drawn way too big here so we can see it.  In Step 2, a process called uncoating happens.  The virus has a protein coat that is round in this case.  In uncoating, the protein coat disintegrates and goes away, leaving just the DNA from the herpes virus.  In Step 3, the herpes DNA has joined the skin cell's DNA.  Between the two lines is a section of herpes DNA. In Step 4, the skin cell follows the instructions from the herpes DNA and makes a bunch of copies of the herpes DNA.  Cells have no choice but to follow their DNA instructions. In this case, part of the DNA instructions is how to make herpes viruses.  In Step 5, the cell builds a protein coat or capsid around each copy of herpes DNA. These are herpes viruses being made by the skin cell.  In Step 6, the skin cell bursts and dies, releasing the herpes viruses to go out and infect more skin cells.  Pretty soon, with more skin cells infected, the person would have a herpes lesion.  A herpes lesion could be a cold sore in or around the mouth, a genital lesion, or chickenpox lesions.  The virus that causes chickenpox is in the herpes group.



Case History

  A 22-year-old male sought treatment from his doctor for a painful
urination and a urethral discharge. A specimen was collected from the
discharge and sent to the lab for Gram staining and cultures. The Gram
stain result showed pink, round bacteria in pairs. This is a G- diplococcus and consistent with Neisseria gonorrhoeae. The patient 
received the antibiotic ceftriaxone for the case of gonorrhea and upon
his return visit his symptoms had resolved.  Neisseria gonorrhoeae
[bookmark: _GoBack]tends to use fimbriae to stick to the cells that line the urethra. This must be dealt with by way of antibiotic therapy to kill the bacteria.

