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Introduction


The purpose of this lab is to identify an unknown species of bacteria through their metabolic properties.  Bacteria differ in their metabolic pathways, where some bacteria can synthesize macromolecules of starch and large carbon structures, but some bacteria lack this ability.  Some very interesting experimental discoveries regarding bacterial metabolic pathways have been done in the last few years.  Now, genes from other bacteria or even human DNA can be transferred or cloned into other prokaryotes to see what their effects are on the metabolism of the organism.  “Recently, Shane’s group transfected AUXB1 cells with either the cloned Escherichia Coli folypolyglutamate synthetase gene or human DNA
.  The human DNA fully complements the glycine requirements for the AUXB1… On the other hand, cells expressing the bacterial folypolyglutamate synthetase cannot synthesize adequate glycine even though they exhibit high levels of folypolyglutamate synthetase activity…”(1).

These properties will be shown once the bacteria are grown in several different mediums that will provide nourishment to some or starve them because of the lack of proper nutrition.  One of these media was all-purpose Tween Agar (APT) that contains all the basic nutrients so that any bacteria could grow such as tryptone, NaCl, phosphates and dextrose (2).

The Simmon’s Citrate Agar (SC) on the other hand has a different nutritional configuration, thus, only certain types of bacteria can grow on this media.  The SC is made of potassium phosphate, ammonium sulphate and magnesium sulphate.  This type of agar is used to grow bacteria that are able to synthesize simple phosphate and sulphate 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 (2).

The MacConkey agar allows us to experimentally examine 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.  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 (3).

The starch agar plates are used to distinguish bacteria that synthesize this macromolecule.  Starch is a very large and complex molecule that in most cases will not fit through the cell membrane.  In some cases, bacteria break down the starch externally into more simple compounds that could be taken in for further breakdown (4).

The TTC nutritional medium (2,3,5-triphenyltetrazolium chloride) will determine if a bacterium is motile and its ability to survive in an environment with no oxygen, being the latter 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 (2).

The lactose fermentation tubes are used to check if the bacteria are capable of carrying out fermentation of sugars, yielding out CO2 and alcohol.  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.  

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.

Metabolic properties testing is very important because of its usefulness in biology and medical labs when determining specific types of bacteria and their effect on their host or environment where they grow.  

These tests are simple and easy to perform at low costs and though they may not be very accurate sometimes, it’s a useful tool when needed.

Materials and Methods

The cultures used for this experiment were # 25 and # 26.  Each culture was streaked onto separate APT agar control plates forming a square pattern across the plates using a inoculation loop that had been previously flamed to avoid cross contamination.  The cultures were also streaked onto a SC plate using a flamed loop in a “zigzag” pattern using half of the plate for each culture.  The same procedure followed for the starch and the MacConkey agar plates.  Special precautions were taken to avoid cross contamination of the cultures keeping the inoculation loop flamed and sterile at all times.  The cultures on the plates were incubated for 24 hours at 35°C.

For the anaerobic and motility tests, two test tubes half filled with TTC were inoculated with a properly flamed inoculating needle by dipping the needle into the broth and then puncturing the needle through the TTC medium.  One test tube was used for each tube.  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 1 drop of H2O2 on a sample of culture that was placed on a slide.

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 s string was formed or not.

Both bacteria were gram stained and observed under a microscope with the 100X objective lens.

The bacteria were also observed with a phase contrast microscope to check for possible motility.

Results

For bacterial culture # 25:

Control plate:


Positive growth. Dense, thick, white colored bacteria culture organized into small dot shaped colonies of 2 mm in diameter along the streaked lines.  

Simmon’s Citrate:


No growth for #25.

Starch plate:


Faint, thin-layered growth.  Very small white dot colonies of less than 1mm in diameter but there was uniform growth along the streaking lines.

MacConkey differential media:


Reduced growth. Thin layer, continuous growth along streaking pattern. 

Anaerobic growth and motility TTC:

Positive growth along inoculation channel.  There is a weak chance of motility due to growth along the bottom of the tube.  There is weak anaerobic growth, no growth to the sides of the tube.

Sugar Fermentation:


Weak growth.  Acid and gas negative.

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

Catalase test: positive to catalase enzyme.

Quick Gram determination test: string appeared, species is gram negative.


Bacterial Culture # 26:

Control:


Good growth.  Small red colored dot colonies approx. 2mm in diameter.  Uniform growth along the streaking pattern.

Simmon’s Citrate:


Uniform growth. Small dot colonies along the streaked area.

Starch plate:


Uniform growth.  Thick layer.  Red colored dot colonies.

MacConkey differential media:


Thick, uniform layer that is continuous along the intended inoculation pattern.

Anaerobic growth and motility TTC:


Excellent growth in anaerobic medium.  Some motility was observed to the sides of the inoculation channel and the bottom of the tube.

Sugar Fermentation:


Strong growth. Acid and gas negative.  Turbid appearance.

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

Catalase test: positive to catalase enzyme.

Quick Gram determination test: string appeared, species is gram negative.

Results were compared with our colleagues from bench F that experimented with the same samples (#25 & 26) and the results match completely.

Diagrams of both species are on the next page.

Discussion


Test results show that both bacteria are not that different.  There was some unintentional contamination that was NOT caused by the performers of this experiment but this problem was solved since the contamination was very small and it was isolated from the rest of the sample on culture #25.


From our experiment we concluded that our species were neither obligated anaerobes since they grew well on the control plate as well as on the other experimental plates.  


The Simmon’s citrate plate growth was very interesting since #25 did not grow whatsoever on this plate but it is important to mention that the citrate was green in color when the experiment started and 2 weeks after is was a dark green-blue color caused probably by the decomposition of the mixture in the agar.  #26 did grow on the SC plate, meaning that it is capable of surviving in simple environments.  The MC agar growth was positive for both cultures but it was interesting how #26 grew a thicker and richer layer on the agar rather than 25 that did not grow as well as the 26.  This could mean that 25 did not synthesize lactate as efficiently as 26 but it was able to survive on other substances present in the mixture.


Due to the results, though clear evidence of motility was never seen aside from the growths perpendicular to the inoculation channel in both cultures, all characteristics pointed out in Table 1 on page 61 of the 61.104 lab manual (2), suggest that culture 25 may contain the bacterium Escherichia Coli.  The main characteristics that suggest this are the white color of the colonies, the shape of the bacterium, the lack of growth in the SC agar and its weak growth in the fermentation tubes.

As for culture 26, according the results and Table 1 on page 61 of the 61.104 lab manual (2) 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.


Conclusions

#25 was gram negative. Could not metabolize starch and did not grow on the SC plate or the fermentation tube. It grew in the APT agar, the AN agar and the MC agar.  It was positive to the catalase and quick gram tests but negative to the starch hydrolysis (IKI) test.  Comparing the results to Table 1 suggests that #25 may have been E. Coli.


#26 was gram negative.  Could not metabolize starch.  Had outstanding 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.


Comparing results with table 1 on page 61, suggests that bacterium #26 may have been Serratia marcescens.
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