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II. Abstract 

This experiment displays a common method for indentifying an unknown microbial 

species—biochemical characterization.  A series of biochemical tests were performed on an 

unknown species of enterobacteriaceae and the results were compared to results of the same tests 

as previously performed and recorded on various other organisms.  The biochemical tests that are 

discussed in detail below provide information about the unique biochemical processes that a 

microbe possesses.  In this experiment we tested for sugar fermentation, citrate utilization, mixed 

acid fermentation, 2,3-butanediol fermentation, nitrate reduction, phenylalanine deamination, 

urea hydrolysis, gelatin hydrolysis, sulfur reduction, motility, and indole production.  Each of 

these tests has unique media and reagents that are used to visualize and interpret the results.  The 

results from this experiment provided sufficient evidence to conclude that the unknown species 

was indeed Enterobacter aerogenes and many enzymes that work within this organism were 

displayed and confirmed. 

III. Introduction 

Enterobacteriaceae are a very diverse group of organisms.  They are a gram-negative 

species that can live as a single cell, in chains, or even in a biofilm.  Some are motile and have 

several flagella.  Some can grow with or without oxygen using either respiration or fermentation.  

They are a very common organism in the human intestine and are important due to the diverse 

biochemical processes that they possess.  These processes produce byproducts that can be 

utilized by other important species that are also important in the human body.  For example, 

some enterobacteriaceae produce CO2 and H2 as byproducts of fermentation, which can then be 

utilized by methanogens (5).  Without biochemical characterization, it would be practically 

impossible to learn about and understand the ways that microbes work, utilize their resources, 



and use the enzymes that give them unique functions.  Biochemical characterization provides 

countless, simple tests that visibly display the characteristics that make each species unique and 

provides a quick and easy technique to distinguish between species. 

 The purpose of this experiment is to carry out a series of biochemical tests on an 

unknown species of enterobacteriaceae, which will provide information about the enzymes and 

biochemical processes it has and will help generate a biochemical fingerprint that will aid in its 

identification.  The results from the tests can be compared to the results of the same tests 

previously obtained from known organisms. 

IV. Materials and Methods 

 Various test tubes of media were obtained.  These media include bromcresol purple 

(BCP) broth without sugar, BCP broth with glucose, BCP broth with lactose, BCP broth with 

maltose, BCP broth with sucrose, and BCP broth  with mannitol, Simmons citrate slants, MRVP 

broth, nitrate broth, PDA slants, urease slants, gelatinase agar deeps, and SIM medium.  Each of 

these tubes was inoculated with the given unknown bacteria using either a loop or a needle.  

Aseptic techniques such as sterilizing the loop and needle and using the zone of aseptis were 

used during inoculation.  All media were incubated at 37°C for 24 hours.  Following incubation, 

tubes were examined and recorded as positive or negative based on the results of the specific test 

as described in the discussion.  Methyl Red pH indicator and Vogues-Proskauer reagents were 

used with the MRVP broth, ferric chloride was used with the PDA slants, and Kovac’s reagent 

used to test the SIM medium (4). 

V. Results 

Table 1.  Results of Biochemical Characterization tests on Enterobacter agrogenes and the 

Unknown Enterobacteriaceae species.  + = Positive  — = negative 
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 An organism incubated in BCP broth containing a pH indicator is positive when the broth 

changes from purple to yellow and the Durham tube within the media collects gas (3).  The 

unknown organism tested negative for this test when there was no sugar added to the broth 

because the broth remained yellow and no gas was produced.  When BCP broth with glucose 

was used, the unknown organism tested positive because the solution had changed to purple and 

a gas bubble was present in the Durham tube.  When BCP broth with lactose was use, the 

unknown organism tested negative because the broth remained yellow and no gas was produced.  

When BCP broth with maltose was used, the unknown organism tested positive because the 

solution had changed to purple and a gas bubble was present in the Durham tube.  When BCP 

broth with sucrose was used, the unknown organism tested positive because the solution had 

changed to purple and a gas bubble was present in the Durham tube.  When BCP broth with 

mannitol was used, the unknown organism tested positive because the solution had changed to 

purple and a gas bubble was present in the Durham tube.  The Simmons citrate slants contains 

agar with (NH4)2PO4, K2PO4, NaCl, MgSO4, and a pH indicator that changes from green to blue, 

indicating that the organism is positive for this test (3).  The unknown organism tested positive 

because the agar resulted in a blue color after incubation.  The MRVP broth contains buffered 

peptone and glucose.  If methyl red is added to the media and a red color is formed, that indicates 



that the organism is MR positive.  If Vogues-Proskauer reagents are added and a red color is 

formed, that indicates that the organism is VP positive (3).  My organism was VP positive and 

MR negative because the media turned red only when Vogues Proskauer reagent was added.  

The nitrate broth contains beef extract, peptone, and potassium nitrate with a Druham tube to 

collect any gas produced.  If there is gas collected in the tube and after the addition of N, N-

Dimethyl-α-naphthylamine and sulfanilic acid the broth changes to a red color, this is an 

indication that the organism is positive for this test (3).  Although the unknown organism was 

negative for the production of gas, it tested positive when the reagents were added because the 

broth changed to a red color.  The PDA slant contains agar with phenylalanine, yeast extract, 

NaCl, and Na2PO4.  If a green color is produced after the addition of ferric chloride, this means 

that the organism is positive for this test; however, the unknown organism in this experiment 

tested negative because the agar produced no color change upon addition of ferric chloride (3).  

Urease slants contain agar with peptone, glucose, NaCl, KHPO4, urea, and a pH indicator.  If the 

organism is positive, the agar slant will change from orange to pink (3).  The unknown organism 

was negative because the agar remained mostly orange.  The gelatinase agar deeps contain beef 

extract, peptone, and gelatin.  If the medium is liquefied after incubation, the organism is 

positive for this test (3).  The unknown organism in this experiment tested negative because the 

medium remained solid throughout incubation.  The SIM medium contains agar with pancreatic 

digest of casein, peptic digest of animal tissue, ferrous ammonium sulfate, and sodium 

thiosulfate.  The interesting thing about the SIM medium is that it can confirm three different 

things about the biochemistry of an organism.  The organism is positive for sulfur reduction if 

the medium is black after incubation, positive for motility if the culture grew away from the 

inoculation point, and positive for indole production if upon the addition of Kovac’s reagent the 



medium produced a red color (3).  The unknown organism tested negative for sulfur reduction 

because there was no black color produced, tested positive for motility because the culture grew 

away from the inoculation point, and tested negative for indole production because there was no 

color change upon the addition of Kovac’s reagent (3).  All of these results are summarized in 

Table 1. 

VI. Discussion 

 The BCP broth tests the ability of an organism to ferment carbohydrates.  Organisms that 

carry out glucose fermentation use an organic molecule as an electron donor and its organic 

products act as final electron acceptors.  Glucose fermentation results in the formation of 

pyruvate via glycolysis as well as an assortment of acids, H2 gas, CO2 gas, and alcohols.  If an 

organism has the ability to ferment the carbohydrate provided in the media, the acidic byproducts 

of fermentation will change the color of the media from yellow to purple and the gaseous 

byproducts of fermentation will be visible in the Durham tube (3).  As stated in the results, the 

unknown organism tested negative for the BCP broth with no sugar.  This tells us that no 

fermentation occurred and but tells us nothing about whether the organism has the ability to 

ferment sugars or not.  As stated in the results the unknown tested positive in BCP broth with 

glucose, negative in BCP with lactose, positive in BCP with maltose, positive in BCP with 

sucrose, and positive in BCP with mannitol and produced gas in each positive case and no gas in 

the negative case.  These results indicate that the unknown organism has the ability and the cell 

machinery that allows it to ferment glucose, maltose, sucrose, and mannitol, but not lactose. 

 The Simmons citrate slants tests the ability of an organism to use citrate as its only 

carbon source via the use of an enzyme called citrate permease, which transports citrate into the 

cell.  If the cell is able to utilize the citrate and survive on the media, it will convert the 



ammonium phosphate to ammonia and ammonium hydroxide, both of which increase the pH of 

the agar and the pH indicator produces a blue color (3).  The unknown organism tested positive 

for this test by displaying this blue color, which indicates that this species has the ability to 

utilize citrate via citrate permease. 

 The MRVP broth tests for the ability of an organism to either carry out mixed acid 

fermentation or 2,3-butanediol fermentation.  Mixed acid fermentation is where the organism has 

the ability to ferment glucose and stable acidic acids are produced keeping the medium acidic for 

up to five days.  This ability is tested for by adding methyl red (3).  The media did not undergo 

any change in color upon the addition of methyl red after the unknown organism was allowed 

growth for over five days.  This indicates that the unknown organism does not utilize mixed acid 

fermentation as a part of its metabolism and is, therefore, MR negative.  2,3-butanediol 

fermentation is where an organism can ferment glucose quickly and its acidic byproducts are 

quickly converted to acetoin and 2,3-butanediol.  If Vogues-Proskauer reagents are added and 

the organism had converted the acidic byproducts to acetoin and 2,3-butanediol, the VP reagents 

will oxidize the acetoin to diacetyl, which then reacts with the peptone in the MRVP medium to 

produce a red color (3).  The unknown organism tested positive for this test by changing the 

medium to a red color upon the addition of VP reagents, which indicates that this organism 

contains the ability to carry out 2,3-butanediol fermentation. 

 Nitrate broth tests the ability for an organism to reduce nitrate to nitrite using the enzyme 

nitrate reductase.  Denitrification uses other enzymes that reduce nitrate and its products all the 

way to molecular nitrogen.  If an organism carries out denitrification, the Durham tube in the 

medium will contain the N2 gas that was produced (3).  The unknown organism did not produce 

gas because there was no gas visible in the Durham tube; therefore this organism does not 



contain denitrifing enzymes.  To test for nitrate reduction to nitrite, sulfanilic acid and α-

naphthylamine can be added to the medium to produce a red color if the organism contains 

nitrate reductase (3).  The unknown organism tested positive for this test because the nitrate 

broth containing the organism changed to red upon addition of the previously listed reagents 

which indicated that this organism contains the enzyme nitrate reductase and has the ability to 

reduce nitrate to nitrite. 

 PDA slants tests the ability for an organism to use the enzyme phenylalanine deaminase 

to catalyze the removal of an amine group from the amino acid called phenylalanine to produce 

ammonia and phenylpyruvic acid.  The ferric chloride that is added to the agar slant after growth 

reacts with this phenylpyruvic acid to produce a green color (3).  The unknown organism tested 

negative for this test, which means that this organism does not contain phenylalanine deaminase 

to catalyse the phenylpyruvic acid producing reaction. 

 Urease slants test an organism’s ability to hydrolyze urea through the use of the pH 

indicator called phenol red.  Urea is produced in microbial cells by the decarboxylation of certain 

amino acids and is hydrolyzed by the enzyme urease to produce ammonia and CO2, which cause 

the agar slant to become basic (3).  The unknown organism tested negative for this test because 

the agar did not change to pink from its original orange color.  This means that this organism 

does not contain the enzyme urease and, therefore, lacks the ability to hydrolyze urea and 

produce basic byproducts. 

 Gelatinase agar deeps test the ability of organisms to hydrolyze gelatin by the use of the 

enzyme gelatinase.  This ability benefits the cell because hydrolysis of gelatin provides amino 

acids to the cell for its metabolism (3).  The unknown organism tested negative for this test 

because the medium remained solid throughout growth indicating that the gelatin, the solidifying 



agent, was not hydrolyzed and that this organism does not contain the enzyme gelatinase to 

catalyze the hydrolysis reaction. 

 The final medium to be discussed is the SIM medium which is unique because it tests for 

many aspects of an organism at once including its ability to reduce sulfur, the motility of the 

organism, and its ability to produce indole.  There are two ways for sulfur reduction to happen in 

a cell.  First, the enzyme cystein desulfurase can catalyze the putrifaction of cystein to produce 

pyruvic acid and release hydrogen sulfide.  Second, the enzyme thiosulfate reductase can 

catalyze the reduction of sulfur at the finish of the anaerobic respiratory electron chain and 

release hydrogen sulfide.  If either of these reactions occurs in the SIM medium, the hydrogen 

sulfide produced reacts with iron to form ferric sulfide, which is a black precipitate; therefore, 

the presence of black in the SIM medium is a positive result for this test (3).  The unknown 

organism produced not even a trace of this black precipitate, which means that this organism is 

negative for this test and lacks the ability to produce hydrogen sulfide because it does not have 

either cystein desulfurase or thiosulfate reductase.  Detection of motility of a microbial species is 

much simpler. If there appears to be growth away from the inoculation point where the needle 

was stabbed into the SIM medium, this indicates that the organism is motile (3).  The unknown 

organism tested positive for this test because it appeared to me moderately motile due to the fact 

that there was growth away from the inoculation point.  The SIM medium also helps in the 

detection of the production of indole by an organism.  A microbe will produce indole along with 

pyruvic acid and ammonia as products of the hydrolysis of tryptophan.  This reaction is catalyzed 

by the enzyme tryptophanase.  The presence of this reaction is detected by the addition of 

Kovacs’ reagent, which contains a compound called dimethylamino-benzaldehyde (DMABA).  

Upon addition to the SIM medium, the DMABA in Kovacs’ reagent will react with indole, if it is 



present, to change the color of Kovacs’ reagent to a cherry red color (3).  The SIM medium with 

the unknown organism did not change the color of the reagent, which implies that this organism 

tests negative for this test due to the fact that it must lack the enzyme tryptophanase and, 

therefore, does not produce indole. 

 Based on previous testing of various species of Enterobacteriaceae with these same 

biochemical characterization tests, it is reasonable to conclude that the identity of the unknown 

species is Enterobacter aerogenes.  As seen in Table 1., the majority of the tests produced 

identical results with only minor exceptions, such as the results of the MRVP test and the gas 

production in the nitrate test. 

 Experimental error could lead to false conclusions about the identity of the unknown 

organism.  Anything that differed from the way the tests were carried out in order to identify the 

unknown organism and to test the known species could lead to test results that do not match.  

Improper aseptic techniques could lead to contamination of media with unwanted microbial 

species providing misleading results of the biochemical characterization tests.  Also, if the length 

and temperature of incubation differ, this could affect the results of the tests because these 

factors can affect a bacteria’s ability to grow and its growth rate. 

 Enterobacter aerogenes, the unknown organism, is a part of the normal flora of the 

human gastrointestinal tract.  However, it can also be a human pathogen and many humans 

become infected as a result of antibiotic treatments or surgical procedures received in a hospital 

environment.  Enterobacter aerogenes is very resistant to treatment and therefore likes this 

hospital-like environment.  It has also been found in wastes, hygienic chemicals, and soil (1).  

Additionally, Enterobacter aerogenes has commercial significance because it produces hydrogen 

gas during fermentation by using molasses as its substrate (2).  All in all, we can conclude that 



bacteria and their biochemical processes affect our everyday lives due to their commercial 

significance, ecological significance, and the huge roll they can play in our bodies.  For this 

reason, it is important that we have techniques that allow us to lean about these processes and 

identify organisms so that we can use the organisms to our advantage or learn how to eliminate 

them if they are harmful. 
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