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QUESTIONS:

1. Explain (step-by-step) at least ten (10) biochemical reactions of bacteria.
2. Explain the identification/staining techniques of fungi.

ANSWERS:

1. A series of biochemical methods using heavy suspensions of organisms and chemically-defined solutions are described ; they include fermentations, reduction of nitrate and of methylene blue, production of indole, hydrogen sulphide and acetoin, and hydrolysis of gelatin, starch and urea. The tests use the preformed enzymes of the bacterial cells and the results are not complicated by side effects or the multiple reactions that occur in cultures growing in a nutrient medium containing the test substrate. 

                                                                       METHODS

1. Suspensions:

Bacteria were grown on a favourable solid medium, preferably without blood or fermentable substance. Incubation was at the optimal temperature and for the shortest time (usually 18-24 hr.) to produce a good growth. A suspension was made by washing the growth from the slope or plate in tap water; this was spun to deposit the cells, and the deposit resuspended in a small volume of water. Suspensions made from blood agar cultures were washed once to remove haemoglobin. For a series of 20 ‘capillary sugars’ and the full range of biochemical tests to be described, 1-1.5ml. of heavy suspension was required. The number of slopes or plates of each culture incubated depended.

2. FERMENTATIONS 

Three methods were tried and each showed that most bacteria have greater fermentative ability than is shown by the usual cultural tests in nutrient sugar media. Unfortunately, the three ways of testing our suspensions for preformed fermentative enzymes do not give identical results. Each method gives con�sistent results but only an extended trial and further experimental work will show which gives the best indication of the enzymic capacity of the test organism. ' Sagur ' solutions. Glucose, xylose, lactose, sucrose, maltose and glycerol were made up as 25 yo (w/v) solutions. Sugars with lower solubilities were made up as follows: galactose, 20 %; raffinose, 10 %; starch, dextrin, mannitol, dulcitol and salicin, 5 %. 

3. CAPILLARY TESTS 

The next three tests were made in capillary tubes 10 cm. long. The tests are simple to carry out and to read, and comment seems unnecessary. 

Catalase:'Ten vol.' H,O, is run into a capillary tube, followed by suspension. Gas is usually evolved immediately and only tubes not showing gas within 10 sec. are sealed for longer observation. 

Methylene- blue reduction: Standardized methylene blue (British Drug Houses Ltd.) in concentrations of 0.1 and 0.01 yo are mixed,with suspension and sealed. Readings are made after 4 and 24 hr. at 37". 

Urease : Equal volumes of urea-buffer solution (urea 1 yo, 0.0125~ buffer pH 6.0, phenol red O*OOO25 %) and suspension are mixed, Sealed capillary tubes are in�cubated at 87' and read for alkali production after 4 and 24 hr. 

4. TESTS ON AGAR COLUMNS 

Gelatin hydrolysis: To detect gelatin hydrolysis Frazier (1926) flooded nutrient gelatin with acid mercuric chloride; this formed a thick white opalescence with the gelatin and left clear zones in areas of hydrolysis, Oakley, Warrack & Warren (1948) adapted the method to estimate gelatinases in bacterial toxins, using columns of 0.4 % gelatin and 1 % agar in water. For our microtest the columns were made up with 0.4 % gelatin and 0.5 % New Zealand agar. We found 0.5 yo agar gave rather better results than 1 %; when the gelatin concentration was less than 0-4 % the opacity of the control tube was too faint. No difference was observed in the results for organisms grown on nutrient agar, serum agar, or 1 yo glucose agar. The mercuric chloride diffuses slowly through the agar, and tests should be left on the bench for at least 30 min. before reading. The tubes were read against a blank gelatin-agar tube, and a positive reaction was indicated by a clear zone under the meniscus.

5. Starch hydrolysis 

The microtest for starch hydrolysis is based on the same principle as that for gelatin. The suspension is placed on a column of starch-agar and, at the end of the test period, Lugol’s iodine is added to test for the remaining starch. The optimum composition of the column was found to be 0.2 % agar and 0.05 % potato starch. Positive reactions were obtained in 2 hr. with the more active starch�hydrolysing organisms, but we decided to use 4 and 24 hr. as the test periods, so that the weaker reactors could be detected. Positive results were obtained with Cl. sporogenes, Ps. hydrophila, Shigella dysenteriae, Sh. JEezneri and Vibrio spp. Method. Suspension is prepared from a 24 hr. culture grown on any suitable medium. For each test 0.04 ml. suspension is pipetted into each of two Durham’s tubes containing 0.4 ml. starch-agar base. The tubes are placed in the air incubator at 37’ and tested at 4 and 24 hr. Lugol’s iodine (2 Yo potassium iodide, 1 yo iodine, in distilled water) is added and the tubes read after 30 min. at room temperature against a blank starch-agar tube treated in the same way. 

6. Hydrogen sulphide 

The production of H2S from peptone media depends on the reduction of sulphur from sulphur-containing amino-acids or other sulphur compounds in the medium. We devised a micromethod for the detection of H,S-production from cystine. Morse & Weaver (1950), in their microtest using ‘ thiopeptone ’, obtained satisfactory results with lead acetate paper. In the small volumes with which we were working the amounts of H2S formed were insufficient to be detected by this method. We attempted to carry out the test with a strand of cotton impregnated with lead acetate inserted at the top of a capillary tube, but this was not sensitive enough

7. Nitrate reduction 

The reduction of nitrate to nitrite was detected with dimethyl-a-naphthylamine (Wallace & Neave, 1927) and sulphanilic acid. The reaction was rapid with all the species tested; at 30 min. the results were consistent with the usual cultural method. We did not have any false negatives produced by reduction of nitrite, but these could be detected by zinc dust (%Bell, 1932). 

Method. Suspension, 0.04 ml., is mixed in 65 x 10 mm. tubes with 0.05 yo NaNO,, 0.06 ml.; phosphate buffer (0*025~, pH 64), 0.04 ml. After 30 min. at 37" (water-bath) 0-06 ml. dimethyl-a-naphthylamine solution (6 ml./l. 5~-acetic acid) and 0.06 ml. sulphanilic acid (8 g./l. 5~-acetic acid) is added and read 5 min. later. A blank test on the nitrate and buffer is included with each batch of tests. 

8. Acetylmethylcarbinol (acetoin): Acetoin is formed from the breakdown of glucose by Bact. aerogenes and other bacterial species. Harden (1906) showed that it was the active substance in the Voges-Proskauer test; on the addition of strong potassium hydroxide the acetoin is oxidized to diacetyl which then condenses with substances in the medium containing a guanidine group to give a red colour. Acetoin can also be detected and estimated by oxidation to diacetyl and precipitation as the red nickel dimethylglyoxim.

9. Indole 

The production of indole from peptone depends on the presence of tryptophan in the medium. When the suspension from a culture grown on nutrient agar is incubated with tryptophan, indole is formed fairly rapidly and can be detected by any of the indole test reagents. Kovac's reagent was preferred to Bohme's as the results were easier to read and only one solution was needed. Kovac's reagent was made up in pure isoamyl alcohol, which Arnold & Weaver (1948) found gave better results than the other alcohols tested. In a dark bottle the solution remained stable on the bench for several months; the colour remained a golden yellow and no false colorations appeared in the test.

10. Heavy suspensions of most of the organisms we tested gave positive results in 1-2 hr., but we left the tubes overnight so that weak reactions could be observed. This method is rather more sensitive than the cultural method for the detection of H,S from peptone water. Positive results were obtained with Bact. aerogenes, Bact. coli, Cl. histolyticum, Cl. sporogenes, Proteus morganii, Ps. hydrophila and Salmonella typhi. 

Method. Suspension is prepared from a 24 hr. culture grown on any suitable medium. To columns of 0-4 ml. LAAB in Durham's tubes are added 0.04 ml. cystine solution (0.1 % at pH 7.4) and 0.04 ml. suspension. The tubes are placed in the air incubator at 37" and read at intervals up to 24 hr

2. Crystal Violet Stain

Crystal violet staining solution is prepared in the same way as Liquid A used in Gram stain. Take a small quantity of culture and mix with physiological saline to prepare a smear. Stain the smear with crystal violet solution.

Lactophenol Cotton Blue Stain

Preparation of staining solution: Dissolve 20 g carbolic acid (solid), 20 ml lactic acid, and 40 ml glycerol into 20 ml distilled water (heat as gently as possible). Add 0.05 g cotton blue, shake until well mixed, and filter before storing.

Germinal tube and blastospores: are stained bright blue after C. albicans are incubated in 0.5–1 ml human serum or in sheep serum for 2–4 h at 37 °C and stained with lactophenol cotton blue stain.

Giemsa Staining:

Flood the smear with methyl alcohol and leave for 3–5 min for fixation.

Add prepared Giemsa stain and leave for 45 min.

Wash slide thoroughly with running tap water.

Blot dry with absorbent paper.

Observe under oil immersion.

Look for intracellular budding yeasts; fungi stain with purplish-blue.

