Lab 4
Properties of Microbes & Microbial Control
Selective and Differential Media


When clinical or environmental samples are obtained, they usually contain a variety of different types of bacteria.  We learned in lab 2 that we can isolate bacteria performing a streak plate or spread plate, but this does not provide us with much information about the isolates, other than colony colors, morphologies, etc.  To assist in isolating a certain type of bacteria, specialized media are used.  Selective media has chemicals added to it that allow certain bacteria to grow, but inhibit the growth of others.  Differential media does not prevent bacteria from growing, but rather contain chemicals that cause a change in the appearance of certain bacteria.  Media can be selective, differential, or both.  The three types of media being used today are all both selective and differential.

Exercise 1: Mannitol Salt Agar (MSA) – contains mannitol (carbohydrate), 7.5% sodium chloride (salt), and phenol red (pH indicator).  Because most bacteria cannot survive in a high salt environment, this media is selective for staphylococci.  While all staphylococci can grow on this media, only the pathogenic forms (S. aureus) can ferment mannitol.  Fermentation of mannitol produces acid, which causes the pH indicator phenol red to turn yellow (note: phenol red is yellow below pH 6.8, red at pH 7.4 to 8.4, and pink above pH 8.4)

Objective: 

· To determine if a bacterium is from the genus Staphylococcus (Selective property).

· To determine if a Staphylococcus is the mannitol fermenting Staphylococcus aureus (Differential property).
Materials:

· Staphylococcus aureus broth
· Staphyloccus epidermidis broth
· Escherichia coli broth
· One MSA plate per group of 4
· Inoculating loop

· Bunsen burner

Procedure:

1. With a marker, divide the plate in thirds and thoroughly label the bottom of the plate

2. Inoculate one-third with a straight-line streak of Staphylococcus aureus, one-third with a straight-line streak of Staphylococcus epidermidis,  and one-third with a straight-line streak of Escherichia coli.
3. Place upside down in your lab sections incubation bin

4. Incubate at 37°C overnight

Results:

1. What makes MSA a selective media?

2. What does MSA select for?

3. How is a positive result for the selective property determined?

4. What makes MSA a differential media?

5. What does MSA differentiate between?

6. How is a positive result for the differential property determined?

7. Which bacteria did MSA select for?

8. Which bacteria fermented mannitol?
Exercise 2: Eosin Methylene Blue Agar (EMB) – Contains lactose (carbohydrate), sucrose (carbohydrate), eosin Y (dye), and methylene blue (dye).  EMB is selective for gram-negative bacteria, as the dyes inhibit the growth of gram-positives.  The dyes are also responsible for a color change when fermentation of the lactose and sucrose causes a pH change.  Slow fermentation results in a pink colored growth.  More active fermenters cause a purple color change accompanied by green metallic sheen.  This sheen is an indicator of fecal coliform bacteria.

Objective: 

· To determine if a bacterium is Gram-negative (Selective property).

· To determine if a bacterium is a fecal coliform and how vigorously it ferments the available carbohydrates (differential property).

Materials:

· Enterobacter aerogenes broth
· Salmonella typhimurium broth
· Escherichia coli broth
· One EMB plate per group of 4
· Inoculating loop

· Bunsen burner

Procedure:

1. With a marker, divide the plate in thirds and thoroughly label the bottom of the plate

2. Inoculate one-third with a straight-line streak of Enterobacter aerogenes, one-third with a straight-line streak of Salmonella typhimurium and one-third with a straight-line streak of Escherichia coli.
3. Place upside down in your lab sections incubation bin

4. Incubate at 37°C overnight

Results:

1. What makes EMB a selective media?

2. What does EMB select for?

3. How is a positive result for the selective property determined?

4. What makes EMB a differential media?

5. What does EMB differentiate between?

6. How is a positive result for the differential property determined?

7. Which bacteria did EMB select for?

8. Which bacteria fermented lactose and sucrose vigorously?
Exercise 3: MacConkey Agar – contains lactose, bile salts, neutral red, and crystal violet.  MacConkey is selective for gram-negative bacteria because the bile salts and crystal violet inhibit the growth of gram-positives.  This media gets its differential properties from the lactose.  Gram-negatives (particularly Enterobacteriaceae) that can ferment lactose cause the neutral red dye to turn red due to pH change (neutral red is colorless above pH 6.8 and red at below pH 6.8).

Objective:  

· To determine if bacteria is gram-negative (selective property).

· To determine if Enterobacteriaceae is a lactose fermenter (differential property).

Materials:

· Enterobacter aerogenes broth
· Salmonella typhimurium broth
· Escherichia coli broth
· One MacConkey plate per group of 4
· Inoculating loop

· Bunsen burner

Procedure:

1. With a marker, divide the plate in thirds and thoroughly label the bottom of the plate

2. Inoculate one-third with a straight-line streak of Enterobacter aerogenes, one-third with a straight-line streak of Salmonella typhimurium and one-third with a straight-line streak of Escherichia coli.
3. Place upside down in your lab sections incubation bin

4. Incubate at 37°C overnight

Results:
1. What makes MacConkey a selective media?

2. What does MacConkey select for?

3. How is a positive result for the selective property determined?

4. What makes MacConkey a differential media?

5. What does MacConkey differentiate between?

6. How is a positive result for the differential property determined?

7. Which bacteria did MacConkey select for?

8. Which bacteria fermented lactose?
Microbial Control

Exercise 4: Kirby-Bauer Antibiotic Sensitivity


Antibiotics are substances that kill or prevent the growth of bacteria.  To determine which antibiotics work best for a given bacterium, the Kirby-Bauer test can be performed.  In the Kirby-Bauer method of antibiotic susceptibility, paper discs impregnated with antibiotics are placed on the surface of a Mueller-Hinton agar plate that has been inoculated with a bacterium.  Antibiotics diffuse into the agar a distance that is standard for each antibiotic disc.  The antibiotics the bacterium is resistant to will have no effect on growth.  While the antibiotics the bacterium is sensitive to will inhibit or slow the growth, leaving a zone of inhibition (area of no growth).  The diameter of zones of inhibition must be obtained for each antibiotic, as they vary.

	Disk Diffusion Zone Diameter Chart

	Antimicrobial Agent
	Code
	Disk Potency
	Zone Diameter Interpretive Standards (mm)

	
	
	
	Resistant
	Intermediate
	Susceptible

	Ampicillin
	AM-10
	10 ug
	≤13
	14-16
	≥17

	Erythromycin
	E-15
	15 ug
	≤15
	16-20
	≥21

	Gentamicin
	GM-10
	10 ug
	≤12
	13-14
	≥15

	Streptomycin
	S-10
	10 ug
	≤11
	12-14
	≥15

	Tetracycline
	Te-30
	30 ug
	≤14
	15-18
	≥19


Objective:  Determine which antibiotics a specific bacterium is most susceptible to.

Materials:

· Escherichia coli broth

· Bacillus cereus broth

· 2 Mueller Hinton plates per group
· Sterile pipet

· Plate Spreader

· Jar of 95% ethanol

· Antibiotic dispenser

· Sharpie

· Rulers (for next week)

Procedure:

1.  Thoroughly label the bottom of each plate.

2.  Obtain a small amount of Escherichia coli broth using a sterile pipet. 

3.  Place a couple of drops of broth culture in the center of a Mueller Hinton plate.

4.  Dip plate spreader in ethanol.  Flame plate spreader to sterilize.  DO NOT dip the spreader back into the ethanol!!!!  The entire jar will catch fire!!!!!

5.  Spread culture over entire surface of the plate.

6.  Position the antibiotic dispenser over the plate and press down on the handle to dispense the antibiotic disks.

7.  Repeat this process for the Bacillus cereus culture on the other Mueller Hinton plate.

8.  Place the plates upside down in your lab sections incubation bin.

9.  Incubate at 37ºC overnight.

10. Next week you will measure the zone of inhibition around each antibiotic disk and compare it to the values in the chart above.

Results:
1. What is an antibiotic?

2. What is a zone of inhibition?

3. You perform the Kirby Bauer procedure and find that erythromycin produces a 20 mm zone of inhibition and streptomycin produces a 15 mm zone of inhibition.  Which antibiotic is more effective?  How do you know?

4. What is meant by the term susceptible?

5. What is meant by the term resistant?

6. Is a given antibiotic equally effective against all bacteria?
Exercise 5: Effectiveness of Disinfectants


We use disinfectants in our everyday lives to kill the bacteria around us, but do we know how effective these are?  In this exercise, we will exam the effectiveness of a variety of disinfectants.  To do this, we will spread a bacterium over the surface of a petri plate and apply paper disks dipped in disinfectant.  As in the Kirby-Bauer test for antibiotic effectiveness, the disinfectant will diffuse through the agar.  If the disinfectant is effective in preventing bacterial growth, a zone of inhibition will appear around the disk.  We will use two different bacterial cultures in the lab to determine if each disinfectant is equally effective against both types of bacteria.
Objective:  Determine which disinfectant is most effective against either Escherichia coli or Bacillus cereus.
Materials:

· 2 Mueller Hinton plates per group of 4
· Escherichia coli broth

· Bacillus cereus broth

· Plate spreader

· Jar of 95% ethanol

· Forceps

· 6 paper disk per pair of students

· Sterile pipet

· 5 different disinfectants

· Sterile water

· Rulers (for next week)

Procedure:

1.  Thoroughly label the bottom of each plate.

2.  Obtain a small amount of Escherichia coli broth using a sterile pipet. 

3.  Place a couple of drops of broth culture in the center of a Mueller Hinton plate.

4.  Dip plate spreader in ethanol.  Flame the plate spreader to sterilize.  DO NOT dip the spreader back into the ethanol!!!!  The entire jar will catch fire!!!!!

5.  Spread culture over entire surface of the plate.

6.  Using forceps, dip a disk into sterile water.  Remove excess fluid by touching the disk gently to the wall of the container.  Place the disk in the center of the plate as shown in figure 1 below.  Dip the forceps in alcohol.

7.  Using forceps, dip each paper disk into a different disinfectant.  Remove excess fluid by touching the disk gently to the wall of the container.  Place each disk around the perimeter of the plate as shown in figure 1 below.  Dip the forceps in alcohol between each disk.

8.  Repeat this process for the Bacillus cereus culture on the other Mueller Hinton plate.

9.  Place the plates upside down in your lab sections incubation bin.

10. Incubate at 37ºC overnight.

11. Next week you will measure the zone of inhibition around each disk to determine which disinfectant was most effective in prevented growth for each bacterium.
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Results:
1. What is a disinfectant?

2. How is a zone of inhibition produced?

3. You perform the disinfectant sensitivity procedure find that bleach produces a 20 mm zone of inhibition and lysol produces a 15 mm zone of inhibition.  Which disinfectant is more effective?  How do you know?

4. If a bacterium is resistant to an antibiotic will the zone of inhibition be large or small?

5. If a bacterium is susceptible to an antibiotic will the zone of inhibition be large or small?

6. Is a given disinfectant equally effective against all bacteria?

Exercise 6: pH


pH is a measure of the concentration of hydrogen ions in a solution.  pH is expressed on a scale ranging from 0 to 14.  Solutions at pH 7 are considered to be neutral.  Solutions below pH 7 are acidic, with each decreasing increment being 10 times more acidic than the one before it (i.e. pH 4 is 10 times more acidic than pH 5).  Solutions above pH 7 are alkaline (sometimes called basic), with each increasing increment being 10 times more alkaline than the one before it (i.e. pH 9 is 10 times more alkaline than pH 8).  

While bacteria can be found in habitats throughout the pH spectrum, different bacterial species grow best in different pH ranges.  Bacteria grow best at their optimum pH.  If the pH falls below the minimum tolerable pH or rises above the maximum tolerable pH, the bacterium is unable to produce energy and enzymes may become ineffective.  Bacteria that grow well below pH 5.5 are called acidiophiles.  Bacteria that do well between pH 5.5 and 8.5 are called neutrophiles.  Bacteria the do grow well above pH 8.5 are called alkaliphiles.   In this lab we will test a couple of bacterial species to determine its pH range.
Objective:  To determine the pH range in which a bacterium will grow.

Materials: 

· Alcaligenes faecalis broth
· Staphylococcus aureus broth
· 2 tubes pH 2 broth
· 2 tubes pH 5 broth
· 2 tubes pH 7 broth
· 2 tubes pH 10 broth
· Inoculating loop
· Bunsen burner
· Sharpie
Procedure:
1. Label a set of pH broth tubes for A. faecalis (1 each: pH 2, 5, 7, and 10).
2. Inoculate each tube with A. faecalis
3. Repeat with the second set of pH broth tubes for the S. aureus.
4. Place in the incubation rack at the front of the lab to be incubated at 37ºC overnight.

5. Next week evaluate growth based on turbitity of each broth.

Results:

1. Did A. faecalis grow equally well in all pH broths?

2. How would you classify A. faecalis?

3. Did S. aureus grow equally well in all pH broths?

4. How would you classify S. aureus?
Exercise 7: Temperature


Just as bacteria have a pH range at which they grow best, they also have a temperature range at which they grow best.  At their optimum temperature, bacteria will show its highest growth rate.  Below the minimum temperature and above the maximum temperature, the bacterium will not survive.  The optimum, minimum, and maximum temperatures are referred to as the cardinal temperatures.

Bacteria that grow only below 20ºC are called psychrophiles.  Those that can withstand the freezing temperatures, but still can survive up to 30ºC are called psychrotrophs.  Bacteria that prefer moderate temperatures (between 15ºC and 45ºC) are called mesophiles.  Bacteria that inhabit the human body tend to be mesophiles.  Some bacteria prefer warmer temperatures (above 40ºC).  These are called thermophiles.  While a small number of bacteria live in extremely warm environments (65ºC to 110ºC).  These are fittingly called extreme thermophiles.

Objective:  To determine the cardinal temperatures for various bacteria.

Materials:

· 4 TSA plates per group of 4

· Escherichia coli broth
· Micrococcus luteus broth

· Enterobacter aerogenes broth

· Bacillus stearothermophilus broth

· Inoculating loop

· Sharpie

· Bunsen burner

Procedure:

1. Divide each plate into 4 quadrants
2. Label one plate “4ºC”.  Label the plate so each quadrant will be inoculated with a different bacteria listed above.
3. Inoculate each quadrant, using a zigzag streak, with the appropriate bacteria.
4. Repeat steps 2 and 3 for “20ºC”, “37ºC”, and “60ºC”.
5. Place each plate on the front bench behind the card with the appropriate temperature.  The plates will be incubated overnight at the appropriate temperatures.
6. Next week look at each plate to see which bacteria grew at each temperature.
Results:
1. At temperatures did E. coli grow best?  How would you classify?
2. At temperatures did M. luteus grow best?  How would you classify?

3. At temperatures did E. aerogenes grow best?  How would you classify?

4. At temperatures did B. stearothermophilus grow best?  How would you classify?

Fig 1 – Placement of disinfectant disks around plate.








