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Abstract
Through the use of various morphological and physiological tests the identity of an unknown strain of bacteria ‘Praiz’ was sought after by characterizing its morphology, staining reactions, growth requirements and other taxonomic characteristics. Observation under a light microscope revealed the bacteria’s morphology to be rod shaped. It stained negative for Gram stain and didn’t have any endospores. Was found to be motile but didn’t fluoresce and also tested negative for having oxidase though it did have catalase. It fermented glucose with gas but didn’t ferment lactose. It grew on MMA + S but not in MMA – N + S. It Hydrolyzed Gelatin and tested negative for Indole. Biolog gave a 45% probability that the organism is Proteus mirabilis.
Introduction

 It is important to be able to have a system to identify unknown strains of bacteria, especially when dealing with possible pathogens. 

The tests performed in this lab can be broken down into what they test for

Morphology
Cell Shape, Motility and Presence/Type of Flagella:
Done by observation under microscope of a wet mount of living culture in water suspension (Carleton University 2004).
Diagnostic stains
Gram staining: 

A widely used differential stain, it divides bacteria on the basis of their cell wall structure into gram-positive and gram-negative cells (p58 Madigan et al. 2003). Gram-positive bacteria appear purple and gram-negative appear red because in short because gram-positive have more peptidoglycan in their cell wall and can contain the crystal violet stain whereas gram-negatives don’t (Madigan et al. 2003).

Endospore Stain:

This is a differential stain that differentiates between the spore and the vegetative portion of the spore-forming bacteria. Using the Schaeffer-Fulton method which uses Malachite green as a differential stain to stain the spore a green colour, and safarin as a counterstain to colour the vegetative non-sporing portion of the cell pink (Carleton University 2004).

Growth requirement tests
Hydrogen Sulphide Production: 
Some enteric bacteria can produce hydrogen sulphide (H2S) from the breakdown of sulphur containing amino acids like cysteine and methionine. Iron salts react with the H2S to form a black precipitate (Carleton University 2004). If the black precipitate obscures the colour of the medium, it is regarded as acid positive, since an acid environment must exist for sulphur reduction to occur (Leboffe and Burton 1996).

Growth in a Fixed-Nitrogen-Free Medium and Cyst Formation:

This determines whether a bacterium is capable of fixing atmospheric nitrogen (N2) using the enzyme nitrogenase (Carleton University 2004):
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To protect the Oxygen sensitive nitrogenase from inhibition various aerobic microorganisms resort to using an oxygen binding protein such as leghemoglobin as is the case with Rhizobium. Others isolate nitrogenase in compartmentalized heterocysts like the Anabaena  (cyanobacteria). Another way is to reduce permeability of cell to O2 via a thick capsule as done by facultative anaerobes such as Klebsiella. Some cyanobacteria that do not form heterocysts use temporal separation and only fix nitrogen at night when not photosynthesizing. Azotobacter, an obligate aerobe, uses rapid consumption of O2  and also can form cysts which are similar in many ways to bacterial endospores (Madigan et al. 2003). Growth is tested on minimal medium A (MMA) + C (a carbon source and MMA-N+C that is identical to MMA+C but lacks ammonia (NH4+). In this test a positive test result is determined by visible turbidity and a surface layer of pellicle growth in the MMA -N + C medium (Carleton University 2004).
Indole Formation from Tryptophan:

This test indicates whether the bacteria are capable of fermenting the amino acid tryptophan. One of the products of this is indole which when mixed with yellow Kovac’s solution for a spot test creates a reddish brown colour, which is considered a positive result (Carleton University 2004).
Growth on MMA + Succinate Agar:

This tests whether the organism is a heterotroph that can use Succinate as a carbon source (Madigan et al. 2003).
Diagnostic biochemical tests

Urease Test: 

Tests whether the bacteria can hydrolyse urea via the enzyme Urease from which ammonia can be then used as a nitrogen source during subsequent amination reactions to produce amino acids and nucleotides: 
[image: image2.png]B0

ase

2NH; + COz




Urease medium contains essential nutrients for growth as well as containing Urea (NH2)2C=O and phenol red (pH indicator). The tests works is with accumulation of ammonia, which is basic, the pH raises and once the pH reaches 8.4, the phenol red turns from a yellow colour to pink. A pink colour is considered a positive result (Leboffe and Burton 1996).
Oxidase Test: 

This test determines the presence of cytochrome c which is utilized by aerobes and some facultative anaerobes in the bacterial electron transport chain (ETC). ETC’s oxidize NADH and FADH2 produced in the Krebs cycle and Glycolysis, and converts the energy released into bond energy in ATP’s. Cytochrome c, like other components of the ETC, can alternate between its reduced form and oxidized form. In vivo, cytochrome c receives electrons from cytochrome b and transfers them to cytochrome a1a3, which is then oxidized by oxygen, the final electron acceptor of aerobic respiration, and a molecule of water is the result (Leboffe and Burton 1996). In the Oxidase test, an artificial electron donor, tetramethyl-p-phenylenediamine, is used to reduce cytochrome c (Carleton 2004). Oxidase positive organisms will oxidize the initially colourless tetramethyl-p-phenylenediamine and turns it a dark blue colour. If no cytochrome c is present, the tetramethyl-p-phenylenediamine remains in its colorless reduced form, and the organism is identified as Oxidase negative (Leboffe and Burton 1996).
Phenol Red Broth Tube with Glucose/ later with Lactose: 

This test allows for the determination of the bacteria’s ability to utilize glucose and whether or not the end products of the glucose fermentation are acidic or alkaline. Usually Glucose fermentation begins with the production of pyruvic acid by glycolysis from which, depending on the bacteria, various fermentation end products may be produced including a variety of acids, H2 or CO2 gases, and alcohols.  The change in pH is detected by phenol red, a pH indicator, which turns fushia at an alkaline pH, red at neutral pH and yellow at an acidic pH (Carleton University 2004). The medium also contains peptone, and its amino acids can be degraded by deamination which releases NH3 into the medium. Accumulation of NH3 raises the pH and as a result the phenol red turns fushia. This alkaline reaction can either occur in bacteria that don’t ferment glucose or by bacteria that have exhausted glucose and have switched their metabolism over to use peptone (Leboffe and Burton 1996).

Catalase test: 

This test indicates whether the enzyme is present in the bacterium. It is expressed in all strict aerobic and facultative anaerobic bacteria but not in most strict anaerobes and microaerophilic bacteria (Carleton University 2004). Catalase degrades hydrogen peroxide (H2O2), a highly reactive molecule that damages cell components, down into H2O and O2 gas:
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Gelatin Hydrolysis:

This test is based on the ability of some bacteria to produce and secrete enzymes that hydrolyzes nutrient sources that are too large to enter the cell into smaller subunits that the cell then can use. The extracellular protease gelatinase, a member of the exoenzyme family, catalyzes the hydrolysis of the proteinaceous substrate gelatin in two reactions:
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The resulting amino acids then can either be used as a source of energy for the cell or be integrated into bacterial protein (Leboffe and Burton 1996).

Production of Fluorescent and Non-Fluorescent Pigments:
This test determines if a bacterium has the ability to produce extracellular pigments, called siderophores, which are complex organic compounds that assist in scavenging and transporting iron into the cell. When the cell is grown in an iron lacking media called Pseudomonas F media, which only contains tryptone, peptone, glycerol, MgSO4 and agar, the low iron concentration optimizes the production of siderophores (Carleton University 2004) When exposed to UV light the siderophores fluoresce a yellow-green or blue-green colour, some Pseudomonads on the F plates can produce a blue pigment which doesn’t fluoresce. A positive result is considered if either or both pigments are produced.

Biolog Rapid Identification System:

A very useful diagnostic chemical test, Biolog  is able test a microorganism’s ability to oxidize a selected group of 95 different carbon sources in a 96 well plate. The first well, A1, contains no substrates and acts as the negative control reference well. The way metabolic activity is detected is via Biolog’s tetrazolium redox indicator which precipitates out as a purple product when a carbon source has been oxidized by bacteria while wells with no oxidation remain colourless. The subsequent pattern of coloured and colourless wells serves as “metabolic fingerprint” of the isolate. In conjunction with the Biolog GN (gram-negative) or GP (gram-positive) computer database, the pattern from the well plate can be compared with patterns of reference strains and from that a % similarity value can be given to a particular organism (Carleton University 2004).

The purpose of this study is to utilize the many identification techniques at disposal with the objective of identifying the unknown strain of bacteria designated ‘Praiz’.
Materials and Methods
Gram Stain
Pseudomonas aeruginosa (gram-negative) as a control and my unknown, called ‘Praiz’, both are on respective a 24 hour old NA streak plates (plated 26/01/04) and were used for the stain. Choose one colony from the recent streak for the gram stain and marking the underside of the unknown plate with a marker where the colony was. A smear was prepared by taking a clean glass microscope slide and labelling one end ‘Praiz’ and the other ‘Pa’  and then added a small drop of water to each end of slide. Using a flame sterilized loop, extract loopful of bacteria from the agar plates of ‘Praiz’ and the control which were plated the previous day and swirl the bacteria in their respective drops of water. After spreading out the water droplets until spread out to the diameter of a quarter and then allow them to air dry for an hour, the slide was then taken to the sink and the primary stain crystal violet was poured onto the slide and then follow the Gram stain procedure as described elsewhere (Carleton University 2004). Subsequently examine the slide under the microscope, only use oil immersion lens when the slide is completely dry.

Cell Shape, Motility and Presence/ Type of Flagella

Cell shape was determined by from the Grain stain slide. Shape and cell motility determination was also attempted by observing a wet mount of a live culture of the isolate under microscope (Carleton University 2004)..
Oxidase test
 Using a piece of filter paper that was cut in half, on one side of the hemisphere a loopful of Pseudomonas aeruginosa was transferred and at the other end a loopful of ‘Praiz’ was transferred. 50 (L of Oxidase reagent was then added to each sample using a 200(L pipette. After the observing the spot test, dispose of the paper without touching the filter test areas (Carleton University 2004) 
Note: Since the Oxidase reagent, tetramethyl-p-phenylenediamine, is unstable and will oxidize eventually without cytochrome c a fake positive can be avoided by reading the test within sixty seconds of the reagents application (Leboffe and Burton 1996).
Endospore Stain
A smear of a known spore-former Bacillus on one end of a slide and at the other end a smear of Praiz were obtained from cultures about 72 hours old and follow the Schaeffer-Fulton method as described elsewhere (Carleton University 2004). Observe the slide under the microscope first using 40x power and then oil immersion to observe the cells 

Catalase test
A loopful of 24 hour old catalase positive Pseudomonas aeruginosa and a loopful of the isolate were placed unto opposite ends of a clean slide and then covered with a drop of 3% H2O2. Observe results immediately (Carleton University 2004).
Phenol Red Broth with Glucose

The phenol red broth with glucose tubes and Durham tube was inoculated by inserting a large loopful of the isolate and sticking the loop to the bottom of the tube, swirling the loop to knock off the cells off the loop on the sides of the tube. The tube was capped loosely and left to statically incubate at 37ºC. Observe after 24 and 48 hours (Carleton University 2004).

Note: Some organisms neutralize any acid they initially produced when changing over to peptone, it is important to read this test no later than 48 hours after inoculation to avoid missing their ability to produce acid (Leboffe and Burton 1996).
Phenol Red Broth with Lactose

Procedure is identical to that of phenol red broth with glucose test.

Production of Fluorescent and Non-Fluorescent Pigments

A Pseudomonas F plate was obtained and the base was divided in half by a marker. On one side of the plate the positive control P.aeruginosa was streaked in a sine wave pattern and on the other side the isolate was streaked similarly. The plates were then incubated at 30ºC and were observed after 48 hours under both shortwave and longwave UV light. The plates were reincubated and after 6 days were observed to detect any blue pigment production.
Growth in a Fixed-Nitrogen-Free Medium and Cyst Formation 

Both the 10mL MMA+S tube and 10mL MMA-N+S were separately inoculated using a small amount of inoculum, barely visible to the eye placed into both media. The tubes were vortexed to resuspend the cells and were compared with each other to ensure both had the approximately the same turbidity.  The tubes were then incubated at 30ºC for 14 days, after which were observed for any signs of growth and/ or cyst formation in MMA-N+C (Carleton University 2004).
Growth on MMA+Succinate Agar
The isolate was streaked onto a MMA+S plate using the streaking technique as described in appendix 5 of the Experimental Microbiology Laboratory Manual (Carleton University 2004).

Gelatin Hydrolysis and Hydrogen Sulphide Production
The gelatin tube was inoculated with ‘Praiz’ using a needle and plunging it into the bottom of the tube. The tube was then incubated at 30ºC for a week after which time the tube was cooled in a fridge for 30 minutes to check for liquification. The tube was reincubated at 30ºC for another week and then observed for any colour changes.
Indole Formation from Tryptophan
A loopful of ‘Praiz’ was transferred to one corner of a half circle filter paper and the positive control, E. coli, was transferred to the other. 50(L of Kovac’s reagent was then added to each of the culture smears using a 200(L pipette (Carleton University 2004).
Biolog Analysis

In preparing the isolate inoculum for Biolog a TSA plate was streaked with ‘Praiz’ 24 hours before actual analysis. The actual procedure is set out in Experimental Microbiology Laboratory Manual (Carleton University 2004).
Results
Details of isolate observed with the naked eye, the isolate colony characteristics were a circular form, raised elevation and an entire margin (Carleton University 2004). The colonies are white-translucent in colour and range from 0.5 too 1mm in size. The colonies grown on the Pseudomonas F plates exhibited swarming. As well, the growth tended to have a sickly dead smell.

Results from the primary taxonomic tests:
Urea Test 
After 24 hours the Urea broth colour which was originally orange in color turned pink. The broth tube was checked again after 48 hours and the colour was still pink.
Oxidase Test

Pseudomonas aeruginosa was used as a positive control and reacted with tetramethyl-p-phenylenediamine to produce a deep blue colour while ‘Praiz’ remained colourless.
Phenol Red with Glucose
The initial red color of the phenol red broth was observed after 24 hours to have turned yellowish in colour. Some gas bubbles were observed trapped by Durham tube as well whitish formation (sediment solid?) at the bottom of the tube with some dark spots interspersed. After 48 hours the broth was still yellow maybe murkier slightly a bit more turbid

Catalase test
Pseudomonas aeruginosa as positive control bubbled with the addition of H2O2, ‘Praiz‘ also produced bubbles
Gelatin Hydrolysis
The gelatin was still liquefied after being 30 minutes in the fridge.
Hydrogen Sulphide production
A dark band was forming at the surface of the liquefied gelatin. 

Growth in a Fixed-Nitrogen-Free Medium and Cyst Formation 

No observed growth in either tube.
Growth on MMA + S agar
Modest growth detected.

Cell shape and motility
Rod shaped (Only results from the gram stain were obtained).
Fluorescence
Pseudomonas aeruginosa was used as a positive control, and was observed to produce both siderophores and the blue pigment. No fluorescence or blue pigment was seen for Praiz but swarming of the ‘Praiz’ colonies was observed.
Results from additional tests suggested by classification keys:
Indole Formation from Tryptophan

While the positive control, E. coli, yielded a reddish colour for the spot test, ‘Praiz’ remained a pale yellow.
Phenol Red Broth with Lactose

After 24 hours of incubation, the purple broth had turned a yellowy-purple colour. No bubbles were seen. After 48 hours the colour of the broth had turned back to purple except for inside the Durham tube which remained purple-yellowy. 

Identity based on the classification keys: 

Following the Group 4 Gram-negative Rods and Non-sporing Glucose fermenter classification key (Fig. 2) the isolate’s negative result for the Oxidase test and positive result for growth at 35ºC (it did grow at 30ºC and 37ºC) lead to the Group 5 classification key (Fig. 3) (Carleton University 2004). The only conclusive tests here were from the Indole test, Urea test, Motility(as seen on the Pseudomonas F plate) test and Glucose test all of which tested positive. The Lactose and H2S test were inconclusive so from this information the isolate designated ‘Praiz’ can either be of the genus Enterobacter or Proteus.
Identity based on Biolog:

Using the well pattern from the 48 hour reading (table 1), Biolog calculated a 30% of the strain ‘Praiz’ to Proteus mirabilis. Using the 72 hour well reading (table 2), Biolog calculated a 45% similarity to Proteus mirabilis.
Discussion
Both systems of identification using either Biolog or taxonomic tests conjugated with classification keys produced pretty similar results depending on the interpretation of certain inconclusive results. Despite this in conjugation with consultation with data from texts like Bergey’s Manual, one can confirm and reaffirm previously undeterminable results. 

Where Biolog has the advantage of being quick and easy, it is hampered by a limited database. The other tests conducted while they are not limited by a database are much more susceptible to error and inconclusive results if misperformed. Had the results for Lactose fermentation and Hydrogen Sulphide production been clearer than a more definite answer on what the identification would have been obtained. Another example of misperformance was when motility was not determined via direct microscopic observation of a living culture since both the ‘hang drop’ and suspension techniques failed to isolate any one bacterium. Incidentally though, ‘Praiz’ was shown to be highly motile by the ‘swarming’ phenomena observed on the Pseudomonas F plates.
Biolog overall seems to be the more reliable of the two systems of Bacterial Identification, not only in its accuracy but also in the speed in which the method is executed. 

The swarming ability of the isolate is a characteristic phenomenon of Proteus mirabilis (Madigan et al. 2003). As well Proteus mirabilis produces a strong Urease, liquefies gelatin and does not ferment Lactose but does ferment glucose and produces large amounts of H2S (Laskin and Lechevalier 1979). Bergey’s makes mention of a strong putrefactive odour in protein containing media, a fact which corresponds very well with ‘Praiz’ (Buchannan and Gibbins 1974). Another member of the genus Proteus is Proteus vulgaris. Both P. mirabilis and P. vulgaris show a high phenotypic similarity but where formally separated on the basis that P. mirabilis couldn’t ferment maltose and had a delayed sucrose fermentation (Buchannan and Gibbins 1974). Additional testing of Maltose fermentation and sucrose fermentation time as well as repeating Lactose fermentation and H2S production using ‘Praiz’ may be in order.
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Questions for Lab3
1) The end products of catalase are water and oxygen. Microaerophilic organisms have peroxidase therefore no the absence of catalase doesn’t constitute a strict anaerobe (Carleton University 2004).

2) Another enzyme that destroys toxic oxygen is the superoxide dismutase (Madigan et al. 2003).  

3) Some organisms neutralize any acid they initially produced when changing over to peptone, it is important to read this test no later than 48 hours after inoculation to avoid missing their ability to produce acid (Leboffe and Burton 1996).

4) Two different examples of organic end products of fermentation could be acetate or butyrate (Madigan et al. 2003).  
5) H2 and CO2 are the gases most likely to be released as an end product of fermentation (Madigan et al. 2003, Leboffe and Burton 1996).  
6) The Carbon sources on the F plates would be glycerol, peptone and tryptone.
7) Brock defines Fluorescence as the ability to emit light of a certain wavelength when activated by light of another wavelength (Madigan et al. 2003). Only the positive Controls showed fluorescence, ‘Praiz’ did not.

8) I would think that yes siderophore production would be under some genetic control. If that is the case I would see the Lack of Iron as the inducer, in that Iron is the repressor in a negative feedback system for siderophore production.

9) The tube with ammonia (NH4+1) is the control this ensures that all organisms can grow, even those that can’t fix N2. 

10) The reason a small inoculum is used is so that to ensure that the bacteria have to rely on the surrounding environment for ammonia and not their dead counterparts. It seems that my isolate was not an N2 fixer.

11) To avoid O2 inhibition (Madigan et al. 2003).  Apparently apart from its high respiratory rate and abundant capsular slime which helps to protect nitrogenase, the free-living-N2-fixing obligate aerobe bacteria Azotobacter can form resting structures called cysts which show negligible endogenous respiration (Madigan et al. 2003).The way I would suggest testing for organisms that are sensitive to O2 would be to grow them in an environment lack O2, the easiest way I guess would be to fill the tube up to the top with broth to limit O2 diffusion or if dealing with anaerobes use a Gas Pak jar (don’t ask where I know that from I just do).

12) The Bacillus stearothermophilus is a thermophile, Escherichia coli is a mesophile and Flavobacterium are pyschrophiles (Madigan et al. 2003).  
13) The isolate was only tested in temperatures 30ºC and 37ºC and in both instances grew fine.
14) from Brock p154. Psychrophiles have “cold-active” enzymes that contain more polar and less hydrophobic amino acids with more α-helix and less β-sheet secondary structure, which is more rigid than the α-helix, allows for the protein to be more active at colder temperatures. Also psychrophiles increase membrane fluidity by unsaturating fatty acids in lipids enabling active transport to occur optimally. Interestingly with enzymes in Thermophiles, only a few critical amino acid substitutions in an amino acid sequence coding for an enzyme found in mesophiles is needed to allow the protein to fold in a way which makes it more stable in increased temperatures. Also the  thermophiles contain membrane lipids that are saturated and create a strong hydrophobic environment which increases membrane stability (Madigan et al., 2003). 
15) for MMA + Succinate The carbon source succinate, the intermediate in the tricarboxylic (a.k.a Krebs a.k.a Citric acid) cycle and glyoxylate cycle is essential for biosynthesis since it is the starting point for the biosynthesis of all macromolecules. With this in mind I would consider my isolate to be metabolically complex in that it is able to utilize succinate for biosynthesis (Madigan et al., 2003). 
