Introduction:

All organisms require energy and precursor molecules to synthesize new cellular materials. The sum of the chemical reactions that accomplish this is given the term metabolism. Metabolism consists of two types of metabolic pathways. The catabolic pathways, which release energy when breaking complex molecules into their simpler components and anabolic pathways, which require the input of energy to synthesize macromolecules. Usually the catabolic and anabolic pathways are coupled.

The bacteria posses an extensive range of potential metabolic reactions resulting in a great metabolic diversity, varied habitats, and different types of metabolic waste products from different nutrient supplies as well as the ability to use free oxygen for cellular respiration. Due to their ability to use varied nutrients, and the different products, which result from their metabolic activities, bacteria can vary greatly in their respective metabolic properties. This diversity has an important practical value in determining bacterial identification. Since many bacteria appear very similar, morphology and Gram staining alone cannot be used to identify the many different bacteria. Bacterial identification, to a large extent, depends on their metabolic and biochemical properties (Biology Department, 2002). 

The objective of this experiment would be to demonstrate how “metabolic pathways can be realized by a variety of mechanisms”(Dean, 1991), among other things, through a few of the different tests used to identify bacteria.

Materials and Methods:

Two plates of All Purpose Tween agar (APT) were obtained, each plate bottom was then labeled with the identification number of the bacteria species to be inoculated. Using an inoculation loop that had been previously flamed to avoid cross contamination, each culture was streaked, three times clockwise, onto their respective APT control plates forming a square pattern across the plate. One plate of Simmon’s Citrate agar (SC), as well one starch plate and one MacConkey agar (MC) plate were also obtained; with each plate bottom being divided into halves, and then labeled with one of the two unknown bacteria species numbers. The cultures were also both streaked onto their half of their SC plate, using a flamed loop, in a “zigzag” pattern The same procedure followed for the starch and the MC plates. The cultures on the plates were then placed in a tray at the front to be incubated for 24 hours at 35°C.

For the anaerobic and motility tests, two test tubes, half filled with 2,3,5-triphenyltetrezolium chloride (TTC) were inoculated, with a properly flamed inoculating needle, by dipping the needle into the broth and then plunging the needle through the TTC medium.  One test tube was used for each culture.  These were incubated at 35°C.

For the sugar fermentation test, 1 ml of the broth from each tube was transferred to separate lactose fermentation tubes.  These were also incubated at 35°C.

The catalase test was performed by placing two drops of hydrogen peroxide (H2O2) on each of the bacterial colonies growing on the control plates. The IKI test was performed directly onto the starch plate by dropping one drop of Lugol’s Iodine on the starch plate.

The quick gram determination test was performed by placing a small amount of both cultures onto separate slides and on top of them; 1 drop of NaOH was added and then stirred with a sterile loop for 1 minute.  After the minute had passed, the loop was slowly lifted from the slide to see if  ‘string’ was formed or not.

Both bacteria were gram stained and observed under a Leica Galen III microscope with the 100X objective lens. To prepare the stain, the methanol fixed bacteria smear was first covered in Crystal Violet for 45seconds and then rinsed off with distilled water. The smear was then covered with Gram’s Iodine for 45 seconds, then drained. With a few drops of decolorizing 95% ethanol, the slide was rocked for 15 seconds to drip off the alcohol until clear. Once rinsed with distilled water, the smears were covered with Safarin for 30 to 60 seconds. The bacteria were also observed with a phase contrast microscope to check for possible motility.
Results:

Details for Table 1:

Bacterial Culture # 23:

Control:


There was good growth of the small shiny red colored globular dot colonies.  Uniform growth along the streaking pattern.

Simmon’s Citrate:


Colony turned Simmon’s Citrate blue, with uniform growth along the streaked area.

Starch plate:


Uniform growth of a thick layer of red colored dot colonies.

MacConkey differential media:


Thick, uniform layer that is continuous along the intended inoculation pattern. Grew a lighter red than on the control plate. The MacConkey medium turned lighter from its original color of dark red.

Anaerobic growth and motility TTC:


There was growth in the anaerobic medium, with a small chance of motility due to growth along the bottom of the tube. Though because there was growth to the sides of the tube, it was difficult to determine this.

Sugar Fermentation:


The bacteria exhibited strong growth with a turbid appearance plus causing a lighter color of the medium.

IKI test: negative to starch hydrolysis, the whole area of the drop turned immediately black.

Catalase test: rapid foaming.

Quick Gram determination test: string appeared.

For bacterial culture # 24:

Control plate:


There was positive growth of dense, translucent, whitish beige colored bacteria culture organized into small splotchy, dot shaped colonies along the streaked lines.  

Simmon’s Citrate:


There was no growth for species #24, with the citrate remaining green where the bacteria had been streaked.

Starch plate:


Faint, thin-layered growth of somewhat smaller and whiter dot colonies, but there was uniform growth along the streaking lines.

MacConkey differential media:


There was no growth of the bacteria apparent. 

Anaerobic growth and motility TTC:

Positive growth diffusing from inoculation channel was observed to the sides of the inoculation channel and the bottom of the tube.
Sugar Fermentation:


The bacteria exhibited strong growth with a turbid appearance plus causing a lighter color of the medium.

IKI Test: negative starch hydrolysis, the whole area of the drop turned immediately black.

Catalase test: somewhat weak foaming.

Quick Gram determination test: no string appeared.
The morphology tests showed that both bacteria species were rod shaped as shown in fig.1 and fig.2. However because of species #23 smaller size it was difficult to determine if they were either gram negative of positive using only using the Gram staining technique.

Discussion: 

All heterotrophic bacteria require organic molecules to provide both energy and raw materials for synthesizing new cellular material. Of these, some can survive with a single organic compound, while other so-called fastidious bacteria require a complex mixture of starting materials (Biology Department, 2002).

 In the case of the Simmon’s Citrate agar, citric acid is the sole source of carbon, thus, only certain types of bacteria can grow on this media.  The SC is also made of potassium phosphate, ammonium sulfate and magnesium sulfate.  This type of agar is used to grow bacteria that are able to synthesize simple phosphate and sulfate ions.  If the bacteria do not grow on this kind of environment it means that the bacteria lacks the genes to code enzymes that will catabolize such simple elements into energy (Biology Department, 2002). Species #23 was metabolically complex, for in order for it to grow on SC it would require additional metabolic pathways that would enable it to survive on the limiting media. Since #24 could not grow on the SC, it would suggest that #24 has fewer pathways and thus is metabolically simple. 

The TTC nutritional medium (2,3,5-triphenyltetrazolium chloride) can determine if a bacterium is motile and its ability to survive in an environment with no oxygen, the latter being the most important characteristic.  When bacteria grow in this medium, the TTC gets reduced to red colored TPF (triphenyl formazon).  If the bacteria migrate from the inoculation site, it means that the bacteria are motile.  If the culture grows only in around the inoculation site, the bacteria are non-motile (Biology Department, 2002). Evidence of motility was denoted from the growths perpendicular to the inoculation channel in both cultures. The results from the phase microscopy would suggest however that only species #24 are actually motile. 

Both 23 and 24 grew in the anaerobic agar, and thus could be classified as aerotolerant organisms. Neither could be considered an obligate anaerobic species because they were capable of growing in the presence of oxygen since they grew well on the control plate as well as on the other experimental plates.  Aerobes require oxygen as the terminal electron acceptor in the electron transport chain in respiration to form water (Solomon et al., 1999).  Anaerobes do not need oxygen as the final electron acceptor, instead inorganic compounds such as NO3 - or SO4–; or in the case of fermentation, no final electron acceptor as there is no electron transport chain (Solomon et al., 1999).

The Starch agar only contains the amlylose polysaccharide, which is the sole source of carbon. The starch agar plates are used to distinguish bacteria that are able to catabolize this macromolecule.  Since starch, amylose in this case, is a very large and complex molecule in most cases it cannot be internalized by bacteria.  Some bacteria can degrade the molecule externally into more simple compounds that could be taken in for further breakdown (Biology Department, 2002). The chief way that this is done is through hydrolysis, in which a specific enzyme causes the constituents of water (a hydrogen and a hydroxyl) to attach and break apart the monomers of the macromolecule which then can serve as energy sources for the bacteria (Solomon et al., 1999).  Only species 23 was capable of utilizing the starch.

The MacConkey agar allows for experimentally examining the bacteria through differential media growth.  To grow on this media, the bacteria must be gram negative because the crystal violet that is in the agar will not let a gram-positive species survive (Biology Department, 2002). Other nutritious treats such as lactose and bile salts are mixed in the pH indicator neutral red agar, that changes color whether the bacteria is able to transform the lactose into lactic acids or not (Solomon et al., 1999).  The differential media creates the differentiation of intestinal bacteria on the basis of lactose fermentation. Some bacteria lack the constitutive genes, which allow them to use lactose as a source of energy (Solomon et al., 1999).

The lactose fermentation tubes are used to check if the bacteria are capable of carrying out fermentation of sugars, yielding out CO2 and alcohol or lactate.  Though CO2 might not be captured or it is such a small amount that is difficult to see in the Durham tube that is inside the fermentation tubes, growth can be seen through cloudy sediments in the bottom of the tube.  Both cultures, since they were capable of thriving, could carry out the fermentation of sugars as an energy yielding reaction.

The Catalase test is performed to see if the bacteria have the Catalase enzyme, which detoxifies hydrogen peroxide that is produced, by the living cell. Organisms need Catalase and Peroxidase enzymes to protect the cell from hydrogen peroxide, a poisonous substance produced as a byproduct of some cellular reactions. Catalase detoxifies the hydrogen peroxide by converting it into water and oxygen (Solomon et al., 1999). The other enzyme, Peroxidase, use hydrogen peroxide as the electron acceptor to catalyze a number of oxidative reactions (Peroxidase, 2002). 

The characteristics pointed out in Table 1 on page 61 of the 61.104 lab manual suggest that culture 24 may contain the bacterium Lactobacillus casei. The main characteristics that suggest this are the white color of the colonies, the rod shape of the bacterium, the lack of growth in the SC agar and its acid producing growth in the fermentation tubes.

As for culture 23, according the results and Table 1 suggests that the bacterium is Serratia marcescens.  The main reasons to believe this are the color and shape of the colonies and its strong growth in the fermentation tubes.

Conclusion:


#23 were gram negative and showed a healthy growth in the SC agar and the fermentation tube.  It grew on the APT agar, AN agar and the MC agar.  It was positive to the catalase and the quick gram tests but negative to the starch hydrolysis (IKI) test, therefore could not metabolize starch.


Comparing results with table 1 on page 61 of the lab manual, suggests that bacterium #23 may have been Serratia marcescens.
#24 was gram positive, grew in the APT agar, the AN agar and the fermentation tube but did not grow on the SC plate or the MC agar.  It was positive to the catalase and quick gram tests but negative to the starch hydrolysis (IKI) test, so it could metabolize starch.  Comparing the results on Table 1 suggests that #25 may have been Lactobacillus casei.
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