Lab 5 – Biochemical Tests
Last week we inoculated some selective and differential media and examined several methods of controlling microbial growth.  Before you begin this weeks inoculations, you should collect your plates from last week and interpret the results.  We used the selective/differential mediums MSA, EMB and MacConkey agar last week, which are all selective and differential.  Therefore, as you are interpreting the results for each, consider: What makes this media selective?  What makes this media differential?  What can be inferred about organisms that grew (or didn’t grow)?  What does the difference in appearance among organisms that did grow tell you?  To control microbial growth, we tested several antibiotic and disinfectant.  We also explored how varying levels of pH and temperature effect microbial growth.  As you look at the results for each of these, consider how each effected the growth of the individual organism.  Was each method of controlling growth equally effective against all organisms?
Biochemical tests


In this weeks’ lab, we will perform a variety of biochemical tests.  Biochemical pathways are based on the actions of one or more enzymes.  For some of the tests we will focus heavily on the enzyme(s) involved, and others we will simply concern ourselves with the result of the biochemical pathway.  However, it is important that you keep in mind that none of these processes are possible without the use of enzymes.  Biochemical tests can tell us many different things about an organism including what type of energy metabolism it uses, what substrates it utilizes to build new materials and which hydrolytic enzymes it has to breakdown materials into smaller, more useable pieces.  We also can use combination media that contain several of these tests in one.  These biochemical tests are all done on differential media.
Energy Metabolism


Heterotrophic bacteria may use respiration and/or fermentation to obtain their energy.  Respiration is a three step process involving glycolysis, the tricarboxylic acid cycle (TCA), and oxidative phosphorylation (electron transport chain), which requires oxygen be present.  Fermentation is the partial breakdown of the organic molecule and does not require oxygen.  Fermentation involves the conversion of glucose to pyruvate followed by pyruvate breakdown which produces a variety of end product, including organic alcohols, acids, and hydrogen or carbon dioxide gas (and of course ATP).  You should have had or will have lectures detailing these processes, so we will not discuss them at length here.  You should understand at this point that both respiration and fermentation are processes by which bacteria utilize organic molecules (usually carbohydrates) to produce energy. 

Exercise 1: Phenol Red Broth


Phenol red broth is used to determine which sugars a bacterium is capable of fermenting.  This test is particularly useful in differentiating members of the family Enterobacteriaceae, which are all fermentative Gram-negative bacteria that grow in the intestines.  We will use phenol red broth tubes containing either glucose (dextrose), lactose, or sucrose.  The broth also contains phenol red as a pH indicator.  Phenol red is yellow below pH 6.8, red from pH 6.8 to 7.4, and pink above 7.4.  Fermentation will produce acids that lower the pH of the media, turning the broth yellow.  If amino acids are used (deaminated) as the organic molecule, the pH will increase, turning the broth pink.  An inverted Durham tube (very small culture tube) is added to detect gas production from fermentation.  If gas is produced, it will rise to the top of the Durham tube, displacing the broth, leaving an air bubble.

If the organism





the result will be:
Does fermentation w/acid and gas production

yellow broth w/bubble in tube

Does fermentation w/acid production only

yellow broth, no bubble

Doesn’t ferment





red broth, no bubble

Degrade peptone, producing alkaline products

pink broth, no bubble

Objective:  
· To determine which carbohydrates, if any, a given bacteria can ferment.  
· To determine if gas is produced in the process of fermentation.  
· To determine if amino acids are utilized as an energy source.

Materials:

· Proteus vulgaris broth
· Shigella sonnei broth
· 2 PR Glucose broth tube per group of 4
· 2 PR Lactose broth tube per group of 4
· 2 PR Sucrose broth tube per group of 4
· Bunsen burner

· Inoculating loop

Procedure:

1. Label each PR tube.  You will inoculate one set of phenol red broth tubes(glucose, lactose, sucrose) with P. Vulgaris.  You will inoculate the other set of phenol red broth tubes (glucose, lactose, sucrose) with S. sonnei.
2. Inoculate each tube with the appropriate bacteria

3. Put in incubation rack for incubate at 37°C for 24 hours
Results:
1. Why are three different tubes, each containing a different sugar used in the Phenol Red test?

2. How is fermentation detected in this test?

3. How is gas production detected in this test?

4. How is deamination detected in this test?
Exercise 2: Triple Sugar Iron Agar

TSI agar detects bacteria that can ferment glucose, lactose and/or sucrose, and reduce sulfur. TSI contains a small amount of glucose (0.1%). If an organism only ferments glucose, it will do so very quickly. This will lower the pH and cause a color change by the pH indicator phenol red from red to yellow. As the glucose supply is exhausted the organism begins to break down the amino acids in the media, which raises the pH, changing the color back to red. The pH change, however, is not uniform and the butt of the slant remains yellow.

Organisms that ferment lactose and/or sucrose (which are both glucose-containing disaccharides) will produce large amounts of acid, as these sugars

are present in a higher concentration, that will turn the entire tube yellow. Gases

produced during fermentation may cause cracks in the media or cause the agar

to rise in the tube due to gas trapped in the bottom of the tube.

Like the SIM medium, TSI contains an iron compound that reacts with hydrogen sulfide gas to form a black precipitate. Because sulfur reduction occurs only under acidic conditions, fermentation must occur for this reaction to happen.

Objective: To determine if a bacterium 1) ferments glucose, 2) ferments lactose and/or sucrose, and/or 3) reduces sulfur.

Materials:

· Escherichia coli broth
· Salmonella typhimurium broth
· Shigella sonnei broth
· Pseudomonas aeruginosa broth
· 4 TSI tubes per group of 4

· Bunsen burner

· Inoculating needle

Procedure:

1. Label one tube for each of the organisms listed above

2. Stab and streak inoculate the appropriate TSI tube for each organism

3. Place in the incubation rack to be incubated at 37°C overnight
Results:
1. How does TSI differ from the phenol red tests?

2. How is carbohydrate fermentation detected?

3. How is gas production detected?

4. How is deamination detected?

5. How is sulfur reduction detected?

6. If a bacterium ferments glucose, but not lactose or sucrose, what will the tube look like?

7. Is it possible to tell whether a bacterium ferments just lactose or sucrose using TSI?

Presence of Hydrolytic Enzymes

This series of exercises looks for the presence of specific enzymes

capable of breaking down (hydrolyze) materials either inside the bacterial cell or

in its environment. The products of this breakdown can be used for a number of

purposes, including energy metabolism substrates, building new proteins (amino

acids), and materials for replication (amino acids and nucleic acids).

Exercise 3: Starch Hydrolysis
The starch hydrolysis test identifies organisms that have the enzyme

amylase. Amylase breaks down starch molecules, which are too large to enter

the bacterial cell, into the glucose subunits, which are small enough to cross the

cell membrane. The glucose, of course, can then be used in energy

metabolism. Unlike many of the mediums previously used, starch agar does not

contain an indicator. To detect the change from starch to glucose, iodine is

added to the plate. Starch reacts with iodine (a yellow liquid) to produce a

blue/black color. Therefore, if bacteria have amylase to breakdown starch, there

will be NO color change.

Objective: To determine if the bacteria possesses the enzyme amylase to

breakdown starch into sugar.

Materials:

· Escherchia coli broth
· Bacillus subtilis broth
· 1 starch agar plate per group of 4
· Bunsen burner

· Inoculating loop

Procedure:

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

    the plate

2. Inoculate each portion of the plate with the appropriate organism

3. Place upside down in your lab sections incubation bin

4. Incubate at 37°C overnight

5. For next week:

· Iodine

Results:
1. Why do bacteria excrete enzymes into the environment to break down material?

2. What enzyme breaks down starch?

3. What is the product of starch digestion?

4. What can this product be used for?

5. What reagent is added to the starch plate to determine if starch is present?

6. What does a positive result look like (i.e. bacteria has amylase, so starch is no longer present)?

7. What does a negative result look like (i.e. bacteria does not have amylase, so starch is still present)?

Exercise 4: Casease Test

Milk contains a large protein called casein, which can be broken down by

bacteria that have the enzyme casease. The hydrolysis of the protein provides

the bacteria with amino acids that are small enough to be taken into their cell.

When the casein protein is broken down, the milk loses its white coloration and

forms a clear zone around the bacterial growth.

Objective: To determine if bacterium possesses the enzyme casease.

Materials:

· Escherchia coli broth
· Staphylococcus aureus broth
· 1 casease plate per group of 4
· Bunsen burner

· Inoculating loop

Procedure:

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

the plate for each of the above organisms

2. Inoculate each portion of the plate with the appropriate organisms

3. Place upside down in your lab sections incubation bin

4. Incubate at 37°C overnight

Results:
1. What enzyme breaks down casein?

2. What type of biomolecule is casein?
3. What can the products of casein hydolysis be used for?

4. What does a positive test look like (i.e. casein has been broken down)?

5. What does a negative test look like (i.e. casein is still present)?

 Exercise 5: Gelatinase Test

Gelatin is another protein that can be broken down by organisms that

have the appropriate enzyme. Gelatinase is the enzyme that hydrolyzes gelatin

proteins. Gelatin is used as the solidifying agent in this media, rather than agar.

Organisms that have gelatinase will break down the gelatin, causing the media to

liquefy.

Objective: To determine if bacterium possesses the enzyme gelatinase.

Materials:

· Escherchia coli broth
· Proteus vulgaris broth
· 2 gelatin tubes per group of 4
· Bunsen burner

· Inoculating needle

Procedure:

1. Label each tube for one of the above organisms

2. Stab inoculate each gelatin tube with the appropriate organism

3. Place in the incubation rack to be incubated at 37°C overnight

Results:
1. What enzyme breaks down gelatin?

2. What type of biomolecule is gelatin?
3. What can the products of gelatin hydrolysis be used for?

4. What does a positive test look like (i.e. gelatin has been hydrolyzed)?

5. What does a negative test look like (i.e. gelatin has not been hydrolyzed)?

Exercise 6: Lipid Hydrolysis

Bacteria that have the enzyme lipase are able to break down triglycerides into glycerol and fatty acids that can be taken up by the organism. The lipid plates used in this lab contain a simple triglyceride called tributyrin and a dye called spirit blue.  When the tributyrin is broken down by lipase, fatty acids reduce the pH of the agar, causing spirit blue dye to become a darker blue color.  Lipase-producing bacteria are indicated by a dark blue halo around the growth site.
Objective: To determine if bacterium possesses the enzyme lipase.

Materials:

· Proteus vulgaris broth
· Staphylococcus aureus broth
· 1 Lipid plate per group of 4

· Bunsen burner

· Inoculating needle

Procedure:

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

the plate for each of the above organisms

2. Inoculate each portion of the plate with the appropriate organisms

3. Place upside down in your lab sections incubation bin

4. Incubate at 37°C overnight

Results:
1.  What enzyme breaks down triglycerides (lipids)?

2.  What type of biomolecule are fatty acids?

3.  What can the products of lipid hydrolysis be used for?

4.  What does a positive test look like (i.e. lipids have been hydrolyzed)?

5.  What does a negative test look like (i.e. lipids have not been hydrolyzed)?

Exercise 7: SIM Medium

SIM medium allows you to determine if your bacteria reduces sulfur,

produces indole from the amino acid tryptophan, and/or is motile. If sulfur is

reduced, hydrogen sulfide gas is produced and reacts with iron in the media to

form a black precipitate. Indole is produced, along with pyruvate and ammonia,

by the hydrolysis of tryptophan by the enzyme tryptophanase. The addition of

Kovac’s reagent will produce a red liquid at the surface of the media in an indole positive organism. Motility is detected by radiating growth in the stab-inoculated

tube.

The SIM test is part of a series of tests known as IMViC (indole, methyl red, Voges-Proskauer, and citrate.  The “i” is there to make the pronunciation easier).  The IMViC tests are useful in differentiating certain members of the Enterobacteriaceae.  SIM is useful in differentiating Salmonella and Shigella.

Objective: To determine if your bacteria 1) reduces sulfur, 2) produces indole,

and/or 3) is motile.

Materials:

· Escherichia coli broth
· Salmonella typhimurium broth
· Shigella sonnei broth
· 3 SIM tubes per group of 4
· Bunsen burner

· Inoculating needle

Procedure:

1. Label each tube for one of the organisms above

2. Stab inoculate each SIM tube for the appropriate organism

3. Place in the incubation rack to be incubated at 37°C overnight

4. For next week:

· Kovac’s reagent

Results:
1. What does SIM stand for?

2. How are positive results for each portion of the SIM test determined?

3. Why is kovac’s reagent added to the tube following incubation?
Exercise 8: Methyl Red and Voges-Proskauer (MR-VP) Tests


While the Phenol Red Broth detected fermentation in general, MR-VP tests are used to detect specific fermentation pathways.  The Methyl Red test detects bacteria capable of performing mixed acid fermentation (fermentation in which several stable acids are produced).  In the MR test, methyl red is used as a pH indicator after incubation.  Methyl red is red at pH 4.4, yellow at pH 6.2, and orange at pH in between.  If organisms perform mixed acid fermentation, the acids produced will lower the pH causing the broth to turn red.  The Voges-Proskauer test detects bacteria that utilize the butylene glycol pathway to ferment glucose (converts acids to acetoin and 2,3-butanediol).  The VP test utilizes two reagents (VP-A or α-naphthol and VP-B or potassium hydroxide) after incubation to detect a positive result.  Addition of the reagents will cause a red color change in a positive organism and either no color change or a copper color in negative organisms.  

Like the Phenol Red Broth both the MR and the VP tests are useful in detecting and distinguishing members of Enterobacteriaceae.  .  

Objective:  To determine if bacterium is capable of mixed acid fermentation (MR) or of utilizing the butylene glycol pathway of fermentation. 

Materials:

· Escherichia coli broth
· Enterobacter aerogenes broth
· 2 tubes of MR-VP broth per group of 4
· Bunsen burner

· Inoculating loop

· Next week

1. 2 empty tubes per pair of students
2. Methyl red

3. VP-A

4. VP-B

Procedure:

1. Label each tube of MRVP broth (one for E. coli, one for E. aerogenes)

2. Inoculate each tube with the appropriate bacteria

3. Put in incubation rack for incubate at 37°C for 24-48 hours

4. Next week you will pour half of the E. coli culture into an empty tube and half of the E. aerogenes culture into an empty tube.  You now have two tubes of each bacterium, one to perform the MR test, the other to perform the VP test.

5. In each MR tube, add several drops of the methyl red reagent.  A positive MR test will be indicated by an immediate change of the media to a pinkish red color.

6. In each of the VP tubes, add 15 drops of VP-A and mix well.

7. Add 5 drops of VP-B to each of the VP tubes and mix well.

8. Let the tubes stand in a rack for at least 15 minutes.  A positive VP test will be indicated by a gradual change to a pinkish color.
Results:
1. What is the purpose of the methyl red test?

2. What is the purpose of the Voges-Proskauer test?

3. Why is it necessary to split the incubated culture into two tubes?

4. The MR-VP test is part of the IMViC series of tests.  What else does this series test for?

Exercise 9: Citrate Test


The Citrate test determines if a bacterium can utilize citrate as its carbon source and ammonium phosphate as its sole nitrogen source.  Citrate is the only carbon source in this media and bacteria must have the enzyme citrate-permease to transport it into the cell and converted into pyruvate, which will form a variety of carbon-containing products.  With ammonium phosphate as the only source of nitrogen, citrate positive bacteria can convert this into ammonia and ammonium hydroxide, which raises the pH of the medium.  The pH indicator bromthymol blue, which is green at the original pH of the media, turns blue as the pH rises indicating a positive citrate test.


 Although the Citrate medium has only a single carbon source and a single nitrogen source, this test is used to determine ability to utilize citrate.  The Citrate test is useful in differentiating members of the family Enterobacteriaceae when used as part of the IMViC series of tests.  

Objective:  To determine if a bacterium is capable of utilizing citrate as its sole carbon source.

Materials:

· Escherichia coli broth
· Enterobacter aerogenes broth
· 2 slant tubes of Citrate agar per group of 4
· Bunsen burner

· Inoculating loop

Procedure:

1. Label tubes (one for E. coli and one for E. aerogenes).

2. Inoculate the surface of each citrate slant with the appropriate organism.

3. Put in incubation rack for incubate at 37°C for 24 hours.

Results:
1. What is the purpose of the citrate test?

2. Why is it necessary for the bacterium to obtain carbon?

3. How is citrate utilization determined?
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