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IDENTIFICATION OF BACTERIA BELONGING TO THE 

FAMILY ENTEROBACTERIACEAE: EU 
 

 
I. OBJECTIVES 
 
• To learn specifically which diagnostic tests are required to identify a species of the 

Enterobacteriaceae family. 
 
• To demonstrate skill in coordinating the usual laboratory work with that of identifying 

an unknown organism. 
 
II. INTRODUCTION 

 
The species within the Enterobacteriaceae family comprise one of the most 

important families of all microorganisms. Some of these species live in the human body, 
but most are opportunistic in that they can cause severe diseases under certain 
conditions. Some of the diseases caused by these species are diarrhea and a variety of 
extra-intestinal infections, bacteremia, and respiratory and urinary infections. This group 
of organisms causes about 50% of all nosocomial diseases. 
 

All members of this family grow best at 37°C, are Gram negative rods, 0.3-2.0 
µm in length, are facultative anaerobes, can ferment glucose and are oxidase negative. 
Furthermore, most are motile, catalase positive and reduce nitrates. 

 
Some of the more common genera of this family are: Citrobacter, Edwardsiella, 

Enterobacter, Erwinia, Escherichia, Hafnia, Klebsiella (non-motile, capsulated), 
Morganella, Proteus, Providentia, Salmonella, Serratia, Shigella (non-motile) and 
Yersinia (non-motile at 37°C, motile below 30°C). 
 

For this project, each of you will be provided with an unknown bacterial species. 
Your first job is to confirm that this species belongs to the family Enterobacteriaceae. For 
this you need to collect the following data on your species: 
 
• Gram stain reaction 
• Determination of shape and measurement of size 
• Oxygen requirement of the species 
• Oxidase reaction 
• Glucose fermentation reaction 
 

After ascertaining that you have an Enterobacteriaceae species, your next step is to 
use an Enterotube that is a tool that can determine the species of your organism. Watch 
your lab instructor for a demonstration of how the Enterotube is inoculated. Familiarize 
yourself with reading the Enterotube using the reaction chart, filling out the coding paper, 
determining the code and using the Interpretation Guide to determine the species name.  
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III. PROCEDURE 
 
First Session 
 
1. Receive your unknown tube and immediately record the number in your 

notebook. EU stands for "Enterobacteriaceae Unknown". Label the unknown tube 
with your initials. Do not let your tube stand at room temperature for long. After 
finishing your work, return the tube to the refrigerator as soon as possible. 

 
2. Inoculate a BHI plate (quadrant method), label with your EU number and 

incubate it at 37° C for 24-48 hours. 
 
3. Two students will use a single MacConkey (MAC) plate to test growth on MAC. 

Divide the MAC plate into two halves by drawing a horizontal line on the back 
and inoculate one half of the plate with your EU. Leave the other half for another 
student at your table. Label well not to mix the two halves. 

 
4. Inoculate a thioglycollate tube with your EU. See the section on “Oxygen 

Requirement Test” in the “Diagnostic Tests for Identification of Bacteria” section 
and watch a demo by your lab instructor before you do the test. Incubate this 
tube at 37° C for 2 days. 

 
Second Session 
 
1. Check the growth on the BHI and MAC plates at the end of the incubation period 

on both plates. Also note down the result of the oxygen requirement of your 
unknown species. 

 
2. Perform a Gram stain for your species from the BHI plate and determine the 

Gram reaction and shape of your unknown. 
 
3. Similarly, perform a nigrosin stain and measure the average cell size and note 

the spatial cell arrangements. Sometimes, the cell size is the only difference 
between two closely related species. Note that spatial cell arrangement is 
determined on the original broth that was given to you previously.  

 
4. Do a KOH test from your BHI plate to confirm your Gram stain results. 
 
5.  Determine the oxidase reaction (see the appropriate section of the chapter 

“Diagnostic Tests for Identification of Bacteria”) of your unknown using heavy 
inoculum from your BHI plate. 

 
6. Inoculate a glucose tube with the culture from your BHI plate and incubate the 

tube at 37°C for at least 48 hours. 
 
7. Optional: If you like to know the motility of your species, you may stab a motility 

butt. Similarly, you may perform a catalase test (see the appropriate section of 



Microbiology  BIOL 275 
 

    
Dr. Eby Bassiri        ebassiri@sas.upenn.edu 
 

3 

the chapter “Diagnostic Tests for Identification of Bacteria”) of your unknown 
using heavy inoculum from your BHI plate. 

Third Session 
 
1. Carefully review the results of all of your tests that you initiated at the previous 

session and determine if you have satisfied all the requirements for using an 
Enterotube. 

 
2. If you think at this stage that you have an Enterobacteriaceae, inoculate an 

Enterotube from your BHI plate. Make sure you use a good amount of inoculum. 
Your instructor will do a demo for you. Incubate the Enterotube at 37°C for 24-48 
hours. 

 
Note 1: Since the Enterotube diagnostic tube is expensive, only a single tube will 
be supplied to each student. Enterotube should be inoculated only the first lab 
session in the week. This is because Enterotubes will be ready for further testing 
and interpretation in about 24-48 hours. 
 
Note 2:  See the discussion at the end of this chapter for using and interpreting 
an Enterotube. 

 
Fourth Session 
 
1. To do an indole test, place your Enterotube at 37°C for 30 minutes, then peel the 

cover off of the H2S/indole compartment, add a couple of drops of Kovac's indole 
reagent and note the results.  See more details in the Test Procedure part of 
Enterotube at the end of this chapter. 

 
2. Read your Enterotube by comparing it to the reaction chart. Follow the 

instructions for filling out a scoring sheet and looking up the answer in the Coding 
Manual. Using the Interpretation Guide, determine the name of the species. If 
you cannot find the score in the Coding Manual, you need to find out where your 
error is and try to re-run your tests to come to the correct conclusion. 

 
3. If the Coding Manual provides more than one species for your unknown, see 

which confirmatory test you can use to narrow down your unknown to a single 
species. You may need to consult Bergey’s Manual to find a proper test to 
resolve the differences between the species listed. 

 
________________________________________________________________ 

Use of any section of this Lab Manual without the written consent of Dr. Eby 
Bassiri, Dept. of Biology, University of Pennsylvania is strictly prohibited. 
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• Objective:  Enterotube II is a sterile plastic tube containing a sterile inoculating wire 

and 12 different compartments with each containing a conventional medium. 
Enterotube II permits the simultaneous inoculation of all 12 media and the 
subsequent performance of 15 standard biochemical tests from a single bacterial 
colony: glucose, gas production from glucose, lysine decarboxylase, ornithine 
decarboxylase, H2S, indole, adonitol, lactose, arabinose, sorbitol, Voges-Proskauer, 
dulcitol, phenylalanine deaminase, urea and citrate. Your lab instructor will do a 
demonstration of the procedure for inoculation of Enterotube for you. 

 
• Test procedure: When interpreting reacted Enterotube II, comparison to an 

uninoculated control is recommended. The procedure for using Enterotube II is as 
follows: 

 
1. Remove caps from both ends. DO NOT FLAME WIRE. 
 
2. Pick a few colonies directly with the tip of the wire. A visible inoculum should be 

seen at the tip and the sides of the wire. 
 
3. Pull the wire through the compartments by its handle using a turning slow motion. 

Pull the wire completely out of the tube and reinsert one it. Push the wire through 
the compartments using a slow turning motion. It may even be a good idea to 
repeat this process one more time. The objective here is to make sure that all 
compartments are well inoculated. 

 
4. Now pull wire out about 1.5 inches to the small notch on the wire. Break wire at 

the notch by bending. Keep the handle piece that is broken off. The first 3 
compartments maintain anaerobic conditions necessary for fermentation of 
glucose, production of gas and decarboxylation of lysine and ornithine. These 
compartments are kept air-tight by a thick wax layer. 

 
4. Use the handle of the inoculating wire broken off above to poke holes in the sides 

of the compartments from adonitol to citrate to provide aerobic conditions. These 
compartments are fitted with a notch for this purpose.  Discard the broken handle 
in biohazard. Cap the ends of the tube. Label your Enterotube and incubate it at 
37°C. Score as soon as 24 hours and not later than 48 hours.  

 
5. Interpret and record all reactions with the exception of indole and Voges-

Proskauer. We do not perform the Voges-Proskauer test in our lab. 
 
6. To perform indole test, make sure the Enterotube is warm, place it horizontally 

and peel off the plastic film on the bottom. Add 1-2 drops of Kovacs' indole 
reagent to the H2S/indole compartment. Allow reagent to contact the growth on 
the surface of this compartment. A positive test is indicated by development of a 
red color in the added reagent within 10 seconds. 

ENTEROTUBE TESTS 
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• Interpretation 
 

-- If no color change, or an orange color, is observed in the glucose 
compartment and growth is evident in other compartments, the organism is 
not a member of the family Enterobacteriaceae. Recheck your Gram stain, 
glucose and oxidase reactions. 

 
-- To read Enterotube II, use the Color Reaction Chart, the Coding Sheet and 

Identification System for Enterotube II as follows: 
 

a) Interpret all media reactions in a sequential fashion by comparing 
reactions in the Enterotube II with color reactions presented in the 
booklet available in the lab. Indicate each positive reaction by circling 
the number appearing below the appropriate compartment of the 
Enterotube II. 

 
 Note: Use the side of the scoring sheet that does not have the V.P. 

test.  
 

b) Add only circled numbers within each bracketed section and enter this 
sum in the space provided below the arrow. 

 
c) Treat the five numbers in these spaces as a five-digit number 

(example: 70763). 
 

d) Find this five-digit number in the Coding Manual in the column entitled 
"ID Value". This number will identify the genus and/or species of the 
organism. 

 
e) Record culture number, name of the organism and the date on lines 

provided on the scoring pad. 
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Results of Identification of a Member of Enterobacteriaceae Family Lab Exercise 
 
Write a paper and include the following points in it. This counts as two weekly reports. 
 
• Cover Sheet: This must include a title for your paper, your name, unknown number 

and the name of your lab instructor. 
 

• Introduction: This should include the nature of the problem and why you are using 
these specific techniques to solve the problem. 
 

• Methods:  This part should include an abbreviated version of the tests that you 
performed. 

 
• Results and Discussions: This is the most important part of your report and it should 

be comparatively detailed.  
 
• This section describes how you reached your final diagnosis. Also, the following 

should be included:  
 

• A summary data sheet. This is a summary of the main points of the procedure 
and observations. The best way to present this is in two columns, one stating the 
test and the other the outcome of the test. The reader should be able to find out 
at a glance what you did and what results you obtained. Make sure you also 
include the results of all Enterotube tests and place “+” or “-“ depending on your 
results, the final code you obtained and the name of the species, all in one row. 
Attach the original Coding Sheet. 
 

• Describe pathogenic capabilities, characteristics, habitats, economic value, etc. 
of the identified organism. 

 
• Summary: This is a statement that gives the species name of your unknown. 

 
• References: Use the scientific method of acknowledging the citations in your paper, 

as posted on the course BlackBoard. 
 
Notes 
• If your lab instructor decides that you also do a PCR-ID on your EU species, then you must 

just hand in a single report for EU+PCR-ID projects. However, this single report should 
incorporate all the points mentioned above and also those for PCR-ID into one paper. 

 
• The due date of each report is clearly stated in the lab syllabus. Lateness will not be 

tolerated. Five points a day (including weekends) will be deducted from each late report 
grade. Exceptions are if you have an emergency and you notify your lab instructor 
immediately. 
__________________________________________________________________________ 
Use of any section of this Lab Manual without the written consent of Dr. Eby Bassiri, Dept. of 

Biology, University of Pennsylvania is strictly prohibited. 


