Oxygen Requirements Laboratory


Oxygen Requirements Laboratory
Oxygen affects bacteria in a variety of ways.  Bacteria can be categorized into five different categories depending on their requirements for oxygen: obligate aerobe, obligate anaerobe, microaerophile, aerotolerant and facultative anaerobe.  Table 1 summarizes information about these five categories.  

Table 1.  Bacteria with different oxygen requirements 

	Category
	Oxygen Requirement 
	Production of Catalase

	Obligate Aerobe
	Requires oxygen and oxygen is not toxic to it
	Produces catalase

	Microaerophile
	Requires oxygen at low levels and atmospheric levels of oxygen are toxic to it.  Prefers oxygen at a concentration lower than 10%.
	Produces catalase sometimes

	Facultative Anaerobe
	Uses oxygen preferentially when oxygen is present, but can grow without oxygen (slower growth than with oxygen).  Oxygen is not toxic to it.  
	Produces catalase

	Obligate anaerobe
	Does not use oxygen and oxygen is toxic to it.  
	No catalase production

	Aerotolerant
	Does not use oxygen, but oxygen is not toxic to it. 
	No catalase production


Obligate aerobes, microaerophiles and facultative anaerobes are capable of aerobic respiration.  Obligate aerobes and facultative anaerobes grow best at atmospheric oxygen levels (approximately 21% oxygen).  Obligate aerobes cannot grow without oxygen but facultative anaerobes can grow without oxygen using fermentation or anaerobic respiration.  This grow is much slower than growth with aerobic respiration.  Microaerophiles only grow in low percentages of oxygen because oxygen harms many of their oxygen labile enzymes.  They cannot grow at atmospheric levels of oxygen and grow best at levels that are 10% or lower oxygen.  

Sometimes aerobic respiration results in the production of some compounds that can be harmful to the bacteria, such as hydrogen peroxide.  Because of this aerobic respiring bacteria must produce enzymes that can convert those toxic compounds to harmless compounds.  For instance, most aerobic respiring bacteria produce catalase.  This enzyme converts hydrogen peroxide to oxygen and water.  A test, called the catalase test, can be performed to determine if a bacterium produces catalase.  This test is performed by smearing some bacteria on a glass slide and adding a drop of 3% hydrogen peroxide.  If the bacterium bubbles, then this means it is producing catalase.  The bubbling results from the production of oxygen when catalase converts the peroxide to oxygen and water.  
Obligate anerobes and aerotolerant bacteria never use aerobic respiration.  These bacteria instead use either fermentation or anaerobic respiration.  Because they do not respire aerobically they never produce catalase.  Obligate anaerobes are very sensitive to oxygen because their enzymes are very oxygen labile.  Even a small amount of oxygen can harm them and thus make them unable to grow.  Aerotolerant bacteria can tolerate oxygen and oxygen does not affect their growth at all.  
The purpose of this lab is to perform some laboratory tests to determine the oxygen requirements of different bacteria.  

Learning Objectives:
After completing this laboratory the student should be able to

1. Effectively the catalase test to predict whether or not a bacterium produces catalase and uses aerobic respiration. 

2. Effectively use thioglycollate media to determine how oxygen affects the growth of various bacteria.  

3. Effectively use a GasPak and anaerobic chamber to grow facultative anaerobic, obligate anaerobic, and aerotolerant bacteria.  

4. State which category a bacterium belongs (obligate aerobe, obligate anaerobe, microaerophile, aerotolerant or facultative anaerobe) based on its growth in thioglycollate media and in an anaerobic chamber.  

Protocol

Day One (You will work in groups of 2 for this laboratory).
1. Your group should obtain the following supplies: 
a. Cultures:  AF, CS, EC, SM.

b. 4 Thioglycollate broths (DO NOT SHAKE)

c. 2 plates labeled control or 1%.

2. Aseptically inoculate each Thioglycollate broth with each of the 4 cultures.  Label the tubes with the correct culture and your groups initials.  Incubate at 37 degrees C for 48 hours.

3. Divide your two plates up into 4 sections as shown in figure 1.  Label each section with each culture as indicated.  Aseptically inoculate each quadrant of the plate with the correct bacteria.  You do not need to streak for isolation.  Label both plates with the date and your group initials.

4. Label one plate aerobic and label the second plate anaerobic chamber.

5. Place the aerobic plate in the 37 degree incubator and the anaerobic plate in the anaerobic chamber.  


Day Two (You will work in groups of 2 for this laboratory).

1. Your group should obtain the following supplies: 

a. Your cultures from the incubator

b. 1 bottle of hydrogen peroxide.

c. 2 slides

2. Observe your cultures and write your observations in your notebook.  
a. For the thioglycollate tubes draw what you see (is the growth at the top or the bottom or both and where is the most growth).  
b. For the plates use – for no growth, + for some growth and ++ for most growth.  Indicate colony colors too.  
3. Smear some AF on one end of one slide.  Take the AF from the growth on your aerobic plate.  Place a drop of hydrogen peroxide on the smear. Did it bubble?  What does that mean?  Record your observations in your notebook.  

4. Now smear the other organisms on the slides (using both ends of each slide) and do the catalase test. Record your observations each time.  Did the results match your expectations?
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