BLOOD AGAR

Purpose  Blood agar is used to determine the ability of an organism to hemolyze erythrocytes (RBCs).

Medical Applications  The ability to produce hemolysis is associated with virulence. Many pathogenic species of Streptococcus, Staphylococcus and Clostridium demonstrate hemolysis. Streptococcus pyogenes, which causes streptococcal sore throat, scarlet fever, rheumatic fever, and other diseases, is (β hemolytic. S. pneumoniae, which causes pneumonia and pneumococcal meningitis, is a hemolytic. Most strains of Staphylococcus aureus, the causative agent of boils, toxic shock syndrome, food poisoning and other diseases, are β hemolytic. Clostridium botulinum and C. tetani are β hemolytic and cause botulism and tetanus, respectively.

Principle  Exotoxins that cause destruction of RBCs (hemolysis) are called hemolysins. There are three categories of hemolysis. β hemolysis is the complete destruction of RBCs and hemoglobin and results in a clearing around the growth on a blood agar plate. Partial destruction of RBCs and hemoglobin (α hemolysis) produces a greenish discoloration of the blood agar plate. In γ hemolysis, there is no destruction of RBCs and hemoglobin, so there is no change in the medium.
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Blood agar plate demonstrating the three categories of hemolysis. Clockwise, from the upper left: γ hemolysis, α hemolysis, and β hemolysis.

EOSIN METHYLENE BLUE (EMB) AGAR
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Purpose  Eosin methylene blue agar is a selective and differential medium used for isolation and differentiation among members of the Enterobacteriaceae—the enteric (gut) bacteria.

Medical Applications  EMB agar, like DOC, allows a quick preliminary indication of whether a specimen contains enteric pathogens. Please see the medical applications for DOC medium.
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Principle  Eosin methylene blue agar is an undefined and selective medium that contains the aniline dyes methylene blue and eosin which inhibit Gram-positive bacteria, thus favoring growth of Gram-negative enterics. In addition to the dyes, the medium also contains lactose. Lactose makes EMB a differential medium in that it allows distinction between lactose fermenters and lactose nonfermenters. Large amounts of acid from lactose fermentation cause the dyes to precipitate on the colony surface, producing a characteristic green metallic sheen. Smaller amounts of acid production results in a pink coloration of the growth. Non-fermenting enterics do not produce acid so their colonies remain colorless or take on the coloration of the medium.
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The characteristic green metallic sheen of E. coli.

 MANNITOL SALT AGAR
Purpose  Mannitol salt agar is both selective and differential. It favors organisms capable of tolerating high sodium chloride concentration and also distinguishes bacteria based on their ability to ferment mannitol.

Medical Applications  Mannitol salt agar is used to differentiate pathogenic Staphylococcus species (which ferment mannitol) from the less pathogenic members of the genus Micrococcus (which do not). Of these, S. aureus is the most notable pathogen, causing, among other things, food poisoning, pneumonia, osteomyelitis, and toxic shock syndrome.

Principle    Mannitol salt agar is formulated with 7.5% NaCl. This makes it highly selective since most bacteria cannot tolerate this level of salinity. Organisms not suited for this environment will show stunted growth or no growth at all.
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Phenol red is the pH indicator included in the medium. Phenol red is yellow below pH 6.8, red at pH 7.4 to 8.4, and pink at 8.4 and above. The development of yellow halos around colonies is an indication that mannitol has been fermented with the production of acid.  No color change or formation of pink color is a negative result.

PHENYLETHYL ALCOHOL (PEA) AGAR
Purpose  This medium is used to selectively inhibit growth of Gram negative organisms.

Medical Application  Phenylethyl alcohol agar is frequently used as a plated medium in mixture with sheep or rabbit blood to isolate hemolytic Gram-positive aerobes or anaerobes.

Principle   Phenylethyl alcohol agar is a selective medium which inhibits or prevents growth of most Gram-negative organisms by altering the lipid structure of the membrane and interfering with protein synthesis. The mechanism and effectiveness, however, differ slightly from species to species.   Phenylethyl alcohol agar contains nutrients, sodium chloride, and 0.025% phenylethyl alcohol (PEA). Although high concentrations of PEA can be toxic to both Gram-positive as well as Gram-negative bacteria, a concentration this low inhibits Gram-negative organisms while allowing Gram-positive bacteria to thrive.  

When a mixture of Gram-negative and Gram-positive organisms are streaked onto a plate of phenylethyl alcohol agar, the Gram-positive organisms will grow and the Gram-negative organisms will show either stunted growth or no growth at all.
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STREAK PLATE METHOD OF ISOLATION
Purpose  This procedure allows a microbiologist to obtain pure cultures from a mixed culture of microbes.

Medical Application  Growth of a pure culture is necessary before any tests may be run to identify a suspected pathogen.

Principle  Bacteria from a mixed culture are streaked over the agar surface in a pattern that deposits them further and further apart. Towards the end of the pattern, the resulting colonies should be separate from all others and may be used (picked) to start pure cultures.

 
While it is generally safe to assume a pure culture has been started from picking an isolated colony, such is not always the case. Contaminants may be slow-growing and are not yet visible on the plate. Contaminants may also be trapped in slime or among chains of bacteria. Lastly, if a selective medium has been streaked for isolation, a contaminant may be alive but not dividing (a bacteriostatic state) until transferred to the nonselective medium used for pure culture. Since the consequence of not producing a pure culture is almost certainly misidentification of the microbe, culture purity should be confirmed by periodic streak plates and Gram stains.
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GRAM STAIN
Purpose  The Gram stain is used to distinguish between Gram-positive and Gram-negative cells. It is probably the most important and widely used microbiological differential stain.

Medical Applications  The Gram stain is the first differential test run on a specimen brought into the laboratory for identification.

Principle  The Gram stain is a differential stain in which a decolorization step occurs between the application of two basic stains. As shown in Figure 4-1, the primary stain is crystal violet. Iodine is added as a mordant to enhance crystal violet staining by forming a crystal violet-iodine complex. Alcohol decolorization follows and is the most critical step in the procedure. Gram-negative cells are decolorized by the alcohol (95% ethanol) whereas Gram-positive cells are not. Gram-negative cells are thus able to be colorized by the counterstain safranin. Upon successful completion of a Gram stain, Gram-positive cells appear purple and Gram-negative cells appear red.

Electron microscopy and other evidence have allowed microbiologists to determine that the ability to resist alcohol decolorization or not is based on the different wall constructions of Gram-positive and Gram-negative cells. Gram-negative cell walls have a higher lipid content than Gram-positive cell walls. It is thought that the alcohol extracts the lipid, making the Gram-negative wall more porous and incapable of retaining the crystal violet-iodine complex, thus decolorizing it. Alcohol dehydration of Gram-positive cell walls also makes them less porous, so the crystal violet-iodine complex is trapped.

The decolorization step is the most crucial and most likely source of Gram-stain inconsistency. It is possible to over-decolorize by leaving the alcohol on too long and get red Gram-positive cells. It also is possible to under-decolorize and produce purple Gram-negative cells. Neither of these situations changes the actual Gram reaction for the organism being stained. Rather, they are false results due to poor technique on the part of the person performing the Gram stain. Until correct results are consistently obtained, controls of Gram-positive and Gram-negative organisms along with the organism in question may be used to eliminate concern about poor technique.



GRAM STAINING PROCDEURE
The reagents you will need to successfully perform this operation are: 

· Crystal Violet (the Primary Stain) 

· Gram’s Iodine Solution (the Mordant) 

· Ethanol (the Decolorizer)

· Safranin (the Counterstain) 

· Water (preferably in a squirt bottle) 

Before starting, make sure that all reagents, as well as the squirt bottle of water, are easily accessible because you will not have time to go get them during the staining procedure. Make sure you are doing this near a sink because it can get really messy.

Procedure:
1. Rub a swab of the specimen onto a clean glass slide and allow it to air dry.

2. Place your slide on a slide holder or a rack. Flood the entire slide with crystal violet. Let the crystal violet stand for about 60 seconds. 

3. When the time has elapsed, rinse the slide with water for 5 seconds with water. The specimen should appear blue-violet when observed with the naked eye. 

4. Flood the slide with the iodine solution. Let it stand for 60 seconds. 

5. When the time has elapsed, rinse the slide with water for 5 seconds and immediately proceed to step six. At this point, the specimen should still be blue-violet.

6. This step involves addition of the decolorizer, ethanol. Step 3 is somewhat subjective because using too much decolorizer could result in a false Gram-negative result. Likewise, not using enough decolorizer may yield a false Gram-positive result. To be safe, add the ethanol dropwise until the blue-violet color is no longer emitted from your specimen. 

7. Rinse the slide with water for 5 seconds with water.

8. Flood the slide with the counterstain, safranin, as you did in steps 2 and 4. Let this stand for about a minute to allow the bacteria to incorporate the safranin. Gram-positive cells will incorporate little or no counterstain and will remain blue-violet in appearance. Gram-negative bacteria, however, take on a pink color and are easily distinguishable from the Gram-positives. 

9. Rinse the slide with water for 5 seconds with water.

10. After you have completed steps 1 through 4, allow the slide to air dry before viewing it under the microscope. DO NOT RUB THE SMEAR!  

11. Use immersion oil to view the slide on high-power.

PLATE SWABBING PROCDEURE
The equipment you will need to complete the procedure is as follows:

· Two Nutrient agar plate

· Three Phenylethyl Alcohol (PEA) agar plates

· Three Blood agar plates

· Three Eosin Methylene Blue (EMB) agar plates

· Three Mannitol Salt (MSA) agar plates

· Ten cotton swabs

· Four stock culture vials

· Sterile water in a squirt bottle

· Antibacterial soap

· Sharpie permanent marker

Procedures:

Setup
1. Take one of your Nutrient agar plates and one of each of your plates and draw a line on the plastic case to divide the plate into half.  Make sure you can tell which half will be for which sample when the lid is removed.  These plates will be used for the handwashing experiment.  Do not draw on the agar, as this will contaminate the plate.
2. Take your second Nutrient agar plate and one of each of your plates and draw a line on the plastic case to divide the plate into half.  Make sure you can tell which half will be for which sample when the lid is removed. These plates will be used to culture unknown items.  Do not draw on the agar, as this will contaminate the plate.
3. Take the rest of your plates and draw lines on the plastic case to divide the plate into half.  Make sure you can tell which half will be for which sample when the lid is removed. These plates will be used for the stock cultures.  Do not draw on the agar, as this will contaminate the plate.
Handwashing Experiment
1. Moisten one of your swabs with sterile water and rub the palms of both hands.  

2. Gently rub the swab onto one half of each of the agar plates labeled for the handwashing experiment.  Label these sides “DIRTY.”

3. Proceed to the sink and use the antibacterial soap to wash your hands for no less than 2 minutes.  Scrub your hands and rinse well.  Do not dry your hands yet.

4. Moisten one of your swabs with sterile water and rub the palms of both hands being careful not to touch the swab to anything else.

5. Gently rub the swab onto one half of each of the agar plates labeled for the handwashing experiment.  Label these sides “CLEAN.”

6. Close the lid on each of the plates.  Make sure that each plate is labeled with your group’s name.

Unknown Items
1. For each of your samples, be sure to moisten one of your swabs with sterile water before rubbing the item.  

2. Gently rub the swab onto one quarter of each of the agar plates labeled for the handwashing experiment.  Label these sides with the name of the item sampled.

3. Repeat this procedure three more times with other items around the school.  Suggested items to sample include doorknobs, pencils, the inside of your nose, your ears, water fountains.  Be creative with your selections and try not to sample something another group has already used.  Make sure at least one sample includes bacteria from some appropriate place on your body.

Stock Cultures
1. Dip one of your cotton swabs into the vial of stock culture.  Be careful not to spill the container onto the counter.  Do not double-dip into the vial as you may contaminate the sample.

2. Gently rub the swab onto one quarter of each of the agar plates labeled for the handwashing experiment.  Label these sides with the number listed on the vial.

3. Repeat this procedure three more times with other vials.  Use a new swab for each vial to avoid cross-contaminating the vials.

Results:

Record the results you observed from the cultures and gram stain in the respective boxes below.
	 
	Stock Cultures

	 
	1
	2
	3
	4

	Blood Agar
	 
	 
	 
	 

	Eosin Methylene Blue (EMB)
	 
	 
	 
	 

	Mannitol Salt Agar (MSA)
	 
	 
	 
	 

	Phenylethyl Alcohol (PEA)
	 
	 
	 
	 

	Gram Stain
	 
	 
	 
	 


	 
	Handwashing

	 
	Clean
	Dirty

	Blood Agar
	 
	 

	Eosin Methylene Blue (EMB)
	 
	 

	Mannitol Salt Agar (MSA)
	 
	 

	Phenylethyl Alcohol (PEA)
	 
	 

	Gram Stain
	 
	 


	 
	Unknown Samples

	 
	Unknown 1
	Unknown 2
	Unknown 3
	Unknown 4

	Blood Agar
	 
	 
	 
	 

	Eosin Methylene Blue (EMB)
	 
	 
	 
	 

	Mannitol Salt Agar (MSA)
	 
	 
	 
	 

	Phenylethyl Alcohol (PEA)
	 
	 
	 
	 

	Gram Stain
	 
	 
	 
	 


Questions:
Fill in the blank:
1.  EMB agar contains the aniline dyes ___________________ and _____________________.

2.  Many pathogenic species of bacteria are able to _____________________ blood.

3.  Escherichia coli is an example of a Gram-_________________ microorganism.

4.  ___________________ is the secondary stain used in the Gram stain procedure.

5.  __________________________ is a pathogenic bacteria that causes toxic shock syndrome 

     that produces  a _______________ color on Mannitol Salt agar.

6.  Members of the _____________________ family live inside the digestive tract.

Identify the media, EMB, Blood Agar, MSA, or PEA:

1.  _____________________________ is a media we used that isolates Gram-positive  

     microorganisms.

2.  Escherichia coli produces a metallic-green color on __________________ agar.

3.  Blood agar contains the blood cells known as ____________________ to determine if a 

     microorganism may be pathogenic.  

Short Answer:
Why is important to insure sterility of the media when setting up bacterial cultures?

If Clostridium botulinum was present in the canned soup you just had for lunch, what might be the effects?

What process would you use to separate the strains of a Gram-negative bacilli and a Gram-positive cocci present in a contaminated culture?

Pathogenic bacteria may be present on any surface we touch.  What methods would you suggest to reduce the numbers of pathogens to which you might be exposed?

Why is preparing a gram stain useful to microbiologist who is setting up an unknown culture?

How does the cell wall structure differ between Gram-positive and Gram-negative organisms?

Escherichia coli (left), Salmonella typhimurium (right) and Enterobacter aerogenes (bottom) on EMB. Note the characteristic dark coloration of E. coli and the pink coloration of E. aerogenes. The difference in color is due to degree of acid production.





Nutrient agar with Enterococcus faecium (below) and Escherichia coli (above).





Phenylethyl alcohol agar with E. faecium (below) and E. coli (above). Growth of the Gram-negative E. coli has been retarded compared to its growth on nutrient agar.





The quadrant method. The agar surface is streaked as in I. After flaming the loop, the plate is rotated 90° and streaked as in II. The process is repeated for streaks III and IV.





A streak plate of Staphylococcus aureus after incu�bation. Note the decreasing density of growth in the four streak patterns. On this plate, isolation is first obtained in the third streak. Cells from different colonies may be transferred to a ster�ile medium to start pure cultures of each.





The Gram stain. Gram-positive cells are violet; Gram-negative are red.
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