                                                    Mechanics of biochemical tests

Oxidase Test

The oxidase test identifies organisms that produce the enzyme cytochrome oxidase.  Cytochrome oxidase participates in the electron transport chain by transferring electrons from a donor molecule to oxygen. 

The oxidase reagent contains a chromogenic reducing agent, which is a compound that changes color when it becomes oxidized.  If the test organism produces cytochrome oxidase, the oxidase reagent will turn blue or purple within 15 seconds.

Catalase Test

. Hydrogen peroxide is a potent oxidizing agent that can kill cells; because of this, any cell that uses oxygen or can live in the presence of oxygen must have a way to get rid of the peroxide. One of those ways is to make catalase.  Catalase is the enzyme that breaks hydrogen peroxide (H2O2) into H2O and O2. Catalase producing bacteria (catalase positive) releases oxygen which forms bubbles..

Coagulase Test

The coagulase test identifies an organism that produces the exoenzyme coagulase. Coagulase causes the fibrin of blood plasma to clot. Organisms that produce catalase can form protective barriers of fibrin around themselves, making themselves highly resistant to phagocytosis, other immune responses, and some other antimicrobial agents.

The coagulase slide test is used to identify the presence of bound coagulase or clumping factor, which is attached to the cell walls of the bacteria. Bound coagulase reacts with the fibrinogen in plasma, causing the fibrinogen to precipitate. This causes the cells to agglutinate, or clump together, which creates the “lumpy” look of a positive coagulase slide test. 

Simmons Citrate Test

Simmons citrate agar tests the ability of organisms to utilize citrate as a carbon source. Simmons citrate agar contains sodium citrate as the sole source of carbon, ammonium dihydrogen phosphate as the sole source of nitrogen, other nutrients, and the pH indicator bromthymol blue. 

Organisms which can utilize citrate as their sole carbon source use the enzyme citrase to transport the citrate into the cell.   These organisms also convert the ammonium dihydrogen phosphate to ammonia and ammonium hydroxide, which creates an alkaline environment in the medium. The indicator bromthymol blue turns royal blue in alkaline medium.

If the medium turns blue, the organism is citrate positive.  If there is no color change, the organism is citrate negative. 

Lactose Fermentation Test 

A broth containing the sugar, lacose with a small inverted  “Durham” tube is used for this test.  Bacteria growing in this broth will produce acid if it uses the lactose. The indicator will change the medium yellow when acid is present.. These cultures are called lactose positive. With lactose negative bacteria the medium remains red. Durham tube will collect any gas produced by the bacteria.

Triple sugar iron agar (TSI)

Triple sugar iron agar (TSI) is a differential medium that contains lactose, sucrose, a small amount of glucose (dextrose), ferrous sulfate, and the pH indicator phenol red.  It is used to differentiate enterics based on the ability to reduce sulfur and ferment carbohydrates. 

If an organism can ferment any of the three sugars present in the medium, the medium will turn yellow.  Anaerobic bacteria turns the butt of the medium to an alkaline state, and turns it yellow. This happens with Salmonella. 

If an organism can reduce sulfur, the hydrogen sulfide gas which is produced will react with the iron to form iron sulfide, which appears as a black precipitate. If the precipitate is formed, it can mask any acid/alkaline results. Sulfur reduction requires an acidic environment, so if the black precipitate is present, some fermentation took place. If the butt of the slant is obscured by the precipitate, look at the top of the slant to determine if the organism could ferment only dextrose (red), or if it could ferment either lactose and/or sucrose (yellow).   If the fermentation produced gas, you may see fissures in the medium, or the entire slant may be raised above the bottom of the test tube.

                                                                            Methyl Red Tests

Methyl Red (MR) and  Voges-Proskauer (VP) broth is used as a part of the IMViC tests as the medium in which both the Methyl Red and Voges-Prosakuer tests can be performed. It is a simple broth that contains peptone, buffers, and dextrose or glucose.  Some organisms use these carbohydrates resulting in acidic end products.  The Methyl Red test involves adding the pH indicator methyl red to an inoculated tube of MR-VP broth. With  positive bacteria, the methyl red will stay red. Negative bacteria do not have stable acidic end products and the medium turns yellow.

Voges-Proskauer (VP) Test

The VP test detects organisms that utilize the butylene glycol pathway and produce acetoin. When the VP reagents are added to MR-VP broth that has been inoculated with an organism that uses the butylene glycol pathway, the acetoin end product is oxidized in the presence of potassium hydroxide (KOH) to diacetyl. Creatine is also present in the reagent as a catalyst. Diacetyl then reacts to produce a red color. Therefore, red is a positive result. If, after the reagents have been added, a copper color is present, the result is negative.

Indole Test

Some bacteria split tryptophan into indole and pyruvic acid using the hydrolase called tryptophanase. Indole can be detected with Kovac's reagent (Indole reagent). Tryptone or peptone broth is used for this test as they contains a large amount of tryptophan. Interpretation: After incubation: The broth must be turbid. A clear broth indicates that your organism did not grow and cannot be tested. Add a few drops of Indole reagent to the broth culture (tryptone broth). DO NOT SHAKE THE TUBE. A positive result has a red layer at the top. A negative result has a yellow or brown layer.
Urease Test

                             Urease broth is a differential medium that tests the ability of an organism to produce an exoenzyme, called urease, that hydrolyzes urea to ammonia and carbon dioxide.  The broth contains two pH buffers, urea, a very small amount of nutrients for the bacteria, and the pH indicator phenol red.  Phenol red turns yellow in an acidic environment and bright pink in an alkaline environment.  If the urea in the broth is degraded and ammonia is produced, an alkaline environment is created, and the media turns bright pink

