EXERCISE #7

Preliminary Identification of Enterobacteriaceae 
with the use of MacConkey Agar and TSI Slants

LABORATORY #7

Preliminary Identification of Enterobacteriaceae 
with the use of MacConkey Agar and TSI Slants


Laboratory #7 - 24 points

Objective:
Demonstrate the possible reactions of Enterobacteriaceae on 
MacConkey agar and TSI slants with the use of Escherichia coli, 
Proteus vulgaris, Serratia marcescens, and Citrobacter freundii.
Materials:
Broth Cultures




Escherichia coli


Proteus vulgaris


Serratia marcescens


Citrobacter freundii


4 MacConkey plates


4 TSI slants
References:
Mahon and Manuselis, Textbook of Diagnostic Microbiology, 
Second Edition, Chapter 16

Mahon and Manuselis, CD accompanying Textbook of 
Diagnostic Microbiology

Principles:
Gram-negative bacilli belonging to the family Enterobacteriaceae are the most frequently encountered micro-organisms in the clinical microbiology laboratory.  Many members of this group are indigenous to the gastrointestinal tract.  Members of the Enterobacteriaceae may be recovered from infections of virtually every anatomical site.

Gram-stain morphology is neither helpful in separating members of the Enterobacteriaceae from other gram-negative bacilli nor in making species identifications.  The morphology of colonies growing on blood agar is also of limited diagnostic usefulness because most species appear as dull gray, dry to mucoid colonies.  (Some species of Proteus may grow diffusely over the agar surface as a thin film, a phenomenon called swarming)

MacConkey Agar
MacConkey agar is a differential plating medium for the selection and recovery of the Enterobacteriaceae and related enteric gram-negative bacilli.

The bile salts and crystal violet inhibit the growth of gram-positive bacteria and some fastidious gram-negative bacteria.

Lactose is the sole carbohydrate.  Lactose-fermenting bacteria produce colonies that are varying shades of red, due to the conversion of the neutral red indicator dye (red below 6.8) from the production of mixed acids.  Colonies of non-lactose-fermenting bacteria appear colorless or transparent.

Observe the colonies of each organism on the MacConkey's and record results.

TSI Slants
Although a preliminary identification of the Enterobacteriaceae is possible, based on biochemical reactions on primary isolation media, further species identification requires the determination of additional metabolic characteristics that reflect the genetic code and unique identity of the carbohydrates.  (It is common for laboratory microbiologists to refer to all carbohydrates as sugars, although certain substrates are not sugar in the chemical sense.)

The term fermentation refers to an oxidation-reduction metabolic process that takes place in an anaerobic environ​ment, with an organic substrate serving as the final hydrogen (electron) acceptor in place of oxygen.  In bacteriologic test systems, this process is detected by visually observing color changes of pH indicators as acid products are formed.  All tests used to measure an organism's ability to enzymatically degrade a sugar into acid products may not always be fermentative; we will study other processes in subsequent exercises.

Triple sugar iron agar (TSI) is virtually indispensable in further identification of gram-negative bacilli.  The sugars present in TSI are lactose, sucrose and destrose.  Lactose is present in 10 times the concentration of dextrose; the ratio of sucrose to dextrose is also 10:1.

Ferrous sulfate is a H2S detector.  Phenol red is an acid indicator; below a pH of 6.8 a yellow color is produced.  

The agar is poured on a slant.  This configuration results in essentially two reaction chambers within the same tube.  The slant portion, exposed throughout its surface to atmospheric oxygen is aerobic; the lower portion, called the butt or the deep, is protected from the air and is relatively anaerobic.

TSI tubes are inoculated with a long straight wire.  A well-isolated colony recovered on an agar plate is touched with the end of an inoculating needle which is stabbed into the butt of the tube; but not all the way to the bottom of the tube.

Upon removing the inoculating wire from the butt of the tube, the slant surface is streaked with a back and forth motion.  The tube is always closed with a loose cap; incubate at 35°C for 18 to 24 hours.
Interpretation of Reactions
The glucose (dextrose) concentration is one tenth of the concentration of lactose and sucrose.  When glucose only is fermented, the small amount of acid produced is oxidized rapidly in the slant, which will remain or revert to an alkaline, pH; in contrast, the acid reaction is maintained in the butt because it is under lower oxygen tension.

The concentration of lactose and sucrose are much greater, so the large amount of acid produced by the fermentation of either cannot be oxidized back to an alkaline pH, so the slant turns yellow.
Reactions observed in TSI agar
	Reaction
	
	Explanation

	Acid butt (yellow), alkaline slant (red) 
Acid throughout medium, butt and slant yellow 

Gas bubbles in butt, medium sometimes split
Blackening of the butt
Alkaline slant and butt (medium entirely red) 
	
	Glucose fermented
Lactose or sucrose or both fermented
Aerogenic culture
Hydrogen sulfide produced
None of the three sugars fermented
 


Inoculate four (4) TSI slants with the organisms of this exercise.  Cap loosely and incubate at 35°C for 24 hours.  Record results.

Interpretation of reactions on TSI agar

	
Reaction
	
Carbohydrates fermented
	
Possible organism

	Acid butt

Acid slant

Gas in butt

No H2S
	+/EQ \O(+,_)/-
	Glucose with acid and gas

Lactose and/or sucrose with acid and gas
	Escherichia
Klebsiella or Enterobacter
Proteus or Providencia
Intermediate coliforms

	Acid butt

Alkaline slant

Gas in butt

H2S produced
	-/+/+
	Glucose with acid and gas

Lactose and sucrose not fermented
	Salmonella
Proteus
Arizona (certain types)

Citrobacter (certain types)

Edwardsiella

	Acid butt

Alkaline slant

No gas in butt

No H2S
	-/+/-
	Glucose with acid only

Lactose and sucrose not fermented
	Escherichia (anaerogenic biotypes)

Salmonella
Shigella
Proteus
Providencia
Serratia

	Acid butt

Acid slant

Gas in butt

H2S produced
	+/+/+
	Glucose with acid and gas

Lactose and/or sucrose with acid and gas
	Arizona
Citrobacter

	Alkaline or neutral butt

Alkaline slant

No H2S
	-/-/-
	None
	Alcaligenes
Pseudomonas
Acinetobacter


Name ____________________________________________

Date _____________________________

(1 point each)

	TSI Slant




	Organism
	Reaction on

MacConkey
	Slant
	Butt
	Gas
	H2S Production
	TSI Shorthand

	Escherichia coli


	
	
	
	
	
	

	Proteus vulgaris

	
	
	
	
	
	

	Serratia marcescens

	
	
	
	
	
	

	Citrobacter freundii

	
	
	
	
	
	


Study Questions – For study use only; do NOT turn in for grade
1.  List at least three (3) metabolic processes that TSI reactions determine.  

2.  What two (2) processes do MacConkey reactions determine?  

3.  Define fermentation.
4.  What does it mean when the butt of a TSI slant is yellow and the slant is neutral?  

5.  Why is it important to incubate a TSI slant with a loose cap?  

6.
What could be the possible organisms in a TSI slant with the following characteristics?  

Slant:  pink

Butt:  yellow

Blackening in the agar; cracking or bubbling in the agar

7.
What could be the possible organisms in a TSI slant with the following characteristics?  

Slant:  yellow

Butt:  yellow

No blackening; cracking or bubbling in the agar

8.  Which carbohydrates are fermented if both the slant and the butt are yellow?  

9.  What causes a slant to turn red or alkaline?  

10.  What two things could it mean if the TSI slant and butt exhibits no color change?  (2 points)

11.
List three (3) gram negative bacilli which are lactose positive (ferment lactose).  List three (3) which are lactose negative.
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