Starch Lab

To identify bacteria, we must rely heavily on biochemical testing. The types of biochemical reactions each organism undergoes act as a "thumbprint" for its identification. This is based on the following chain of logic: 
· Each different species of bacterium has a different molecule of DNA (i.e., DNA with a unique series of nucleotide bases). 
· Since DNA codes for protein synthesis, then different species of bacteria must, by way of their unique DNA, be able to synthesize different protein enzymes. 
· Enzymes catalyze all the various chemical reactions of which the organism is capable. This in turn means that different species of bacteria must carry out different and unique sets of biochemical reactions. 
When identifying a suspected organism, you inoculate a series of differential media (see Lab 3). After incubation, you then observe each medium to see if specific end products of metabolism are present. This can be done by adding indicators to the medium that react specifically with the end product being tested, giving some form of visible reaction such as a color change. The results of these tests on the suspected microorganism are then compared to known results for that organism to confirm its identification. 
Lab 7 will demonstrate that different bacteria, because of their unique enzymes, are capable of different biochemical reactions. It will also show the results of the activity of those enzymes. In later labs we will use a wide variety of special purpose differential media frequently used in the clinical laboratory to identify specific pathogenic and opportunistic bacteria. 
In general, we can classify enzymes as being either exoenzymes or endoenzymes. Exoenzymes are secreted by bacteria into the surrounding environment in order to break down larger nutrient molecules so they may enter the bacterium (see Fig. 1A). Once inside the organism, some of the nutrients are further broken down to yield energy for driving various cellular functions, while others are used to form building blocks for the synthesis of cellular components. These later reactions are catalyzed by endoenzymes located within the bacterium. 
Return to Menu for Lab 8 
 

A. STARCH HYDROLYSIS
DISCUSSION 
Starch is a polysaccharide which appears as a branched polymer of the simple sugar glucose. This means that starch is really a series of glucose molecules hooked together to form a long chain. Additional glucose molecules then branch off of this chain as shown below. 
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Some bacteria are capable of using starch as a source of carbohydrate but in order to do this, they must first hydrolyze or break down the starch so it may enter the cell. The bacterium secretes an exoenzyme which hydrolyzes the starch by breaking the bonds between the glucose molecules. This enzyme is called a diastase. 
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action of diastase 

The glucose can then enter the bacterium and be used for metabolism. 
MEDIUM 
Starch agar (one plate) 
ORGANISMS 
Trypticase Soy broth cultures of Bacillus subtilis and Escherichia coli. 
PROCEDURE (to be done in pairs) 
1. Using a wax marker, draw a line on the bottom of a Starch agar plate so as to divide the plate in half. Label one half B. subtilis and the other half E. coli. 
2. Make a single streak line with the appropriate organism on the corresponding half of the plate as shown in Fig. 6. 
3. Incubate at 37°C until the next lab period. 
4. Next period, iodine will be added to see if the starch remains in the agar or has been hydrolyzed by the exoenzyme diastase. Iodine reacts with starch to produce a dark brown or blue/black color. If starch has been hydrolyzed there will be a clear zone around the bacterial growth (see Fig. 3A) because the starch is no longer in the agar to react with the iodine. If starch has not been hydrolyzed, the agar will remain a dark brown or blue/black colo
PROTEIN HYDROLYSIS 
DISCUSSION 
Proteins are made up of various amino acids linked together in long chains by means of peptide bonds. Many bacteria can hydrolyze a variety of proteins into peptides (short chains of amino acids) and eventually into individual amino acids. They can then use these amino acids to synthesize their own proteins and other cellular molecules or to obtain energy. The hydrolysis of protein is termed proteolysis and the enzyme involved is called a protease. In this exercise we will test for bacterial hydrolysis of the protein casein, the protein that gives milk its white, opaque appearance. 
MEDIUM 
Skim Milk agar (one plate) 
ORGANISMS 

Trypticase Soy broth cultures of Bacillus subtilis and Escherichia coli. 
PROCEDURE (to be done in pairs) 
1. Divide the Skim Milk agar plate in half and inoculate one half with Bacillus subtilis and the other half with Escherichia coli as done above with the above starch agar plate (see Fig. 7). 
2. Incubate at 37°C until the next lab period. If casein is hydrolyzed, there will be a clear zone around the bacterial growth (see Fig 1A). If casein is not hydrolyzed, the agar will remain white and opaque 
Gelatinase activity

Gelatinase catalyzes the hydrolysis of the protein gelatin (collagen). Gelatin in solution liquefies above 25 degrees C. At room temperature or below it becomes a solid (gel). When bacteria that produce gelatinase are grown in gelatin medium, the enzyme digests the gelatin and the medium cannot solidify even at cold temperatures. See Gelatin in Identibacter Interactus.

ORGANISMS 

Trypticase Soy broth cultures of Bacillus subtilis and Escherichia coli. 
PROCEDURE (to be done in pairs) 
1. Inoculate nutrient broth-gelatin tubes by stabbing straight down into the medium with a loopful of an individual species. Leave one tube uninoculated as a control.

2. Incubate the tubes at 37 degrees C.

3. After 24 hours examine the tubes. All should be liquid. Place all the tubes in the refrigerator for 30 minutes. Check to see if any tubes are still liquid. Reincubate the solid tubes and recheck after 48 hours and 7 days as necessary.

4. Record which species are positive or negative for gelatinase. If positive, record the time it took for the positive results.



Amylase activity

RESULTS 
A. Starch Hydrolysis 
When iodine is added to starch, the iodine-starch complex that forms gives a characteristic dark brown or deep purple color reaction. If the starch has been hydrolyzed into glucose molecules by the diastase exoenzyme, it no longer gives this reaction. 

The extracellular enzyme alpha amylase catalyzes the breakdown of starch to maltose. The smaller maltose molecules can enter the cell to be used for energy. Iodine interacts with starch and makes it dark blue. If starch has been removed from a culture medium by the action of the bacterial enzyme no blue color appears in the presence of iodine. If iodine stains the starch medium blue in the presence of growing bacterial colonies then no amylase is produced by that species. See Starch in Identibacter Interactus.

Flood the surface of the Starch agar plate with gram's iodine. 
· If the bacterium produced an exoenzyme that hydrolized the starch in the agar, a clear zone will surrround the bacterial growth because the starch is no longer there to react with the iodine (see Fig. 3A). 
· If the bacterium lacks the exoenzyme to break down the starch, the agar around the growth should turn dark brown or blue/black color (see Fig. 3B) due to the iodine-starch complex. 
Record your results and indicate which organism was capable of hydrolyzing the starch (+ = hydrolysis; - = no hydrolysis). 
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B. Protein Hydrolysis 
The protein casein exists as a colloidal suspension in milk and gives milk its characteristic white, opaque appearance. If the casein in the milk is hydrolyzed into peptides and amino acids, it will lose its opaqueness. 
· If the bacterium produced an exoenzyme capable of hydrolyzing the casein, there will be a clear zone around the bacterial growth (see Fig. 1A). 

· If the bacterium lacks the exoenzyme to break down casein, the Skim Milk agar will remain white and opaque (see Fig. 1B). 
Record your results and indicate which organism was capable of hydrolyzing casein (+ = hydrolysis; - = no hydrolysis). 
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8.

STARCH, SKIM MILK, GELATIN AND CATALASE
LAB QUESTIONS

‘What is the value of enzyme test in diagnostic microbiology?
‘What is the substrate of the catalase reaction?

Why are bubbles produced in a positive catalase reaction?

. What is broken down in the nutrient gelatin reaction

‘What is the enzyme used in the nutrient gelatin reaction?

‘What can be added t medium to determine a specific end product?

‘What is the enzyme used in the starch agar test that breaks the starch down?
What is the indicator used in the starch test?

‘What protein is present in milk that is used by some bacteria?

10. What is a positive test for skim milk?

W/ 11. What temperature are bacteria incubated at?

RECORD YOU TEST RESULTS FOR EACH BACTERIA AND EACH TEST
PERFORMED
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