CHAPTER 6

___________________________________________________________________
  Bacterial growth requirements  (Discussion question)

	Background: 	This discussion question is about what bacteria need 
				for nutrients to stay alive.  I use the letters EGM to 
				get started on this answer. The E stands for 
				Essential nutrients. These are nutrients that microbes like
		                	bacteria cannot make. They must get these nutrients from 
				the environment. Bacteria have very small gaps in their 
				cell wall that allows them to absorb things from their
				environment and secrete waste products.  You can
				abbreviate in your answer our examples of essential
				nutrients like this:  CN  PHOS.   This stands for Carbon,
				Nitrogen, Phosphorus, Hydrogen, Oxygen, and Sulfur.
		                 	These are nutrients that bacteria must take in every day.   
				The G stands for Growth factors.  These are nutrients that
				most bacteria can make, but some cannot.  We are using as
				our example a bacterium called Haemophilus influenzae. 
				This bacterium was mistakenly thought to cause influenza
				(the flu) many years ago.  It does not cause the flu, but it can
				cause things like pneumonia, meningitis, and pink eye.  This
				bacterium has a growth factor called heme.  The
			   	compound called heme is required to make ATP.  Most 
				bacteria can make heme, but Haemophilus influenzae
				cannot.  It must take in heme from its environment
			    	every day.  The M stands for Moisture.  If moisture is
				present on a solid surface, this will help bacteria grow if 
				they are present.  Sometimes, a biofilm forms. This is a 
				small amount of moisture containing lots of bacteria.
				Sometimes, a biofilm containing E. coli forms on a urinary
				catheter.  The patient then picks up a bladder infection from
				the catheter.  There is a lot of effort made to avoid this but 
				it sometimes happens anyway.  Dental plaque in the mouth 
				is also a biofilm.  Dental plaque is moisture, bacteria, 
				and the by-products given off by bacteria.  Dental plaque
				can cause cavities and gum disease.

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

  Essential nutrients:
	Microbes cannot make; must get from their environment.
	EX:   CN PHOS

  Growth factors:  Special nutrients required by some microbes.
	EX:    Haemophilus influenzae has a growth factor
                        called heme, which is required to make ATP

  Moisture:
	Biofilm:  a collection of microbes and moisture on a solid surface.
	EX:   E. coli biofilm on a catheter
	         Streptococcus mutans biofilm on teeth (dental plaque)
__________________________________________________________________

Bacteria and osmosis:  3 situations

You should print out and refer to Exam 2 Diagram 1.
___________________________________________________________________
Osmosis is the movement of water across a membrane from high concentration to 
low concentration.  Osmosis does not require energy, it happens naturally to even out the water concentrations on two sides of a membrane.  Osmosis has a very real effect on bacteria.  Our diagram goes into 3 situations involving bacteria and osmosis.  On our exam, I will not be drawing these diagrams on the test paper, but I will be asking about the fate of the bacteria in each situation.  In Situation 1, a bacterium has wound up in our blood.  The liquid part of our blood is called plasma.  Inside the rod-shaped bacterium, we are comparing water concentration (H2O) vs. salt concentration (NaCl). In the cytoplasm of bacteria, it is 99.1% water and .9% salt.  These concentrations are found in the cytoplasm of most cells, including our cells.  In our diagram, outside the bacterium is plasma, which is
also 99.1% water and .9% salt.  The concentrations are the same inside and outside of the bacterium. This situation is called osmotic balance, because of the concentrations being the same.  In this case, no osmosis would happen, and the bacterium would be fine.  If a bacterium winds up in our blood, it will have osmotic balance and be fine.   (CONNECT: blood/osmotic balance) To deal with this blood infection, the person would have to take antibiotics to kill the bacteria.
In Situation 2, a bacterium has wound up in pure drinking water. This is 100% water and 0% salt. Now the concentrations inside and outside of the bacterium are not the same.  This situation is called osmotic pressure.   Osmotic pressure is the pressure to even out two different water concentrations.  In this situation, osmotic pressure causes osmosis to happen and water moves from high concentration (100%) towards low concentration (99.1%). The bacterium will take in extra water by osmosis.  In most cases, the bacterium will not explode as extra water comes in.
That is because bacteria have a somewhat rigid cell wall which tends to prevent them from exploding.  If a bacterium winds up in pure drinking water (100% H2O), it will take in extra water (osmosis) but probably not explode.  To deal with this problem of having bacteria in drinking water, boiling or a small dose of chlorine would be necessary. In Situation 3, a bacterium has wound up on meat being preserved with a 90% NaCl solution. There is a lot of salt on the meat to preserve it.  There is a lot of osmotic pressure to even out two very different water concentrations (99.1% vs. 10%).  That osmotic pressure would cause osmosis to happen and the bacterium would lose water as water would move from high concentration (99.1%) to low concentration (10%).  The bigger the concentration difference, the faster the movement will happen. In this case, because of the big difference in water concentrations, the bacteria would lose a lot of water very quickly and all the bacteria will die. If a bacterium winds up on meat being preserved with a 90% NaCl solution, it will lose water quickly (osmosis) and die.  
___________________________________________________________________

Bacteria and pH:  6.5-7.5, 7.4,    1.5-3.0

We discussed in a previous chapter the pH scale.  Remember these examples:
pH 1: strong acid, pH 6: weak acid, pH 7: neutral, pH 8: weak base, pH 13: strong base  The pH range of 6.5-7.5 is called the "safe range" for bacteria.  If the pH wherever bacteria are is in that range, the bacteria should be fine.  It is not a big surprise that bacteria do well in a pH around neutral.  If the pH where bacteria happen to be is outside the safe range, some bacteria will start to die.  The pH of 7.4 is called "physiologic pH”.  It is the pH of our blood and tissue fluid. This is the pH bacteria are most active in because they have adapted to our pH.
Bacteria prefer our body temperature (98.6o F) and our pH (7.4) because that is what they are used to and have adapted to.   The pH range of 1.5-3.0 is the pH range of stomach acid.  Stomach acid is hydrochloric acid (HCl). The pH of stomach acid ranges from 1.5 to 3.0, which is acidic enough to kill the bacteria we swallow quite well.  However, if a person swallows millions of bacteria with food (food poisoning), some of the bacteria will be protected from stomach acid by pieces of food and survive the stomach acid.  The bacteria move next to the small intestine, where there is no acid and the bacteria flourish, moving the person towards a case of diarrhea.

Helicobacter pylori:  causes, urease, ammonia

Helicobacter pylori is a strange bacterium that most people wind up having in their digestive tract. It usually winds up on the lining of the stomach.  Unlike other bacteria, it survives large amounts of stomach acid with no problem.  Because Helicobacter pylori survives stomach acid so well, it causes most stomach ulcers and sometimes causes stomach cancer.  This understanding in recent years that Helicobacter pylori causes most stomach ulcers has been a big breakthrough in terms of treating stomach ulcers.  A stomach ulcer is a hole partway through the stomach lining that is very painful to the patient. In the old days, it was believed that only excess stomach acid was to blame for the problem. Back then, patients were given antacids to treat a stomach ulcer. The patients got better, then worse, then better, then worse.  In recent years, it has been discovered that in most stomach ulcers, Helicobacter pylori on the stomach lining triggers the excess stomach acid. Patients may now be treated for a stomach ulcer with three antibiotics, and it may go away forever.  

You should print out and refer to Exam 2 Diagram 2.
___________________________________________________________________
So, how does Helicobacter pylori survive stomach acid so well?  Helicobacter pylori makes the most urease enzyme of any bacterium.  Our diagram shows us how the enzyme urease takes a waste product made in cells called urea and converts it into a different waste product called ammonia (NH3).
Therefore, Helicobacter pylori makes the most ammonia of any bacterium.  The middle part of our diagram shows a drawing of the rod-shaped bacterium Helicobacter pylori.  All bacteria have little gaps in their cell wall so they can absorb things and secrete things.  However, only one bacterium, Helicobacter pylori, has corresponding gaps in its plasma membrane.  The cell wall and plasma membrane have little gaps in the exact same places.  This allows Helicobacter pylori to secrete large amounts of ammonia very quickly.  That ammonia neutralizes the stomach acid by taking in, and getting rid of, hydrogen ions (H+).
Those hydrogen ions are the stomach acid that is being neutralized and Helicobacter pylori can survive large amounts of stomach acid.  If a person has Helicobacter pylori in their digestive tract, their fate appears to be luck of the draw:    no problem, a stomach ulcer, stomach cancer.  Fortunately, it is rare for Helicobacter pylori to trigger a case of stomach cancer.


Case History

  A 34-year-old male has been bothered since his teenage years by episodes of
epigastric pain (pain around the stomach), nausea, and heartburn. He has 
taken antacids to alleviate the symptoms. An upper-GI endoscopy was done
to insert a camera (endoscope) into his digestive tract. The camera revealed
some reddened areas in the antrum (bottom part) of the stomach. The
endoscope was also equipped with a small, clawlike structure that obtained
a small tissue sample (biopsy) from the lining of his stomach. A urease test
on the biopsy came back positive. Examination of the biopsy revealed 
inflammation of the stomach lining and numerous spiral-shaped organisms.
He was diagnosed with the urease-producing bacterium Helicobacter pylori and started on antibiotic therapy.
  




		


