Appendix A
The Isolation, Characterization, and Identification of an Environmental Bacterium
Objectives
●
Apply culturing techniques to isolate a bacterium from a natural environment and maintain it in pure culture for an extended period.

●
Investigate colonial, cellular, and metabolic properties of the environmental isolate.

●
Understand and apply principles of bacterial identification and taxonomy by constructing and using a dichotomous key.

●
Understand and appreciate the significance of Bergey’s Manual to bacterial taxonomy and identification.

●
Use problem-solving skills to identify the environmental isolate to genus and species level.

The definitive reference book for bacterial taxonomy and identification is Bergey’s Manual. There are two versions: the manual of Systematic Bacteriology, which deals with issues of bacterial taxonomy and systematics (arranging bacteria into taxa); and the manual of Determinative Bacteriology, which deals specifically with the identification aspects of bacterial taxonomy. The latter book will be our primary resource for this project. For an overview of the manual and how to use it, read Chapters I and II in Bergey’s Manual (available in the lab and in the library).

The latest (9th) edition of Bergey’s Manual divides bacteria into 4 major categories based on phenotypic properties. The bacteria in Category 1 (Gram-negative eubacteria that have cell walls) are further divided into 16 Groups. The bacteria in Category 2 (Gram-positive eubacteria that have cell walls) are divided among 12 Groups. Category 3 (Cell wall-less eubacteria) consists of a single Group; and Category 4 (Archaeobacteria) has 5 Groups of bacteria. For an overview of characteristics of bacteria in each category, read Chapter IV. 
For this project, you will use culturing techniques and the information in Bergey’s Manual to isolate, characterize, and identify a bacterium from the surface of your skin. 
The Normal Flora of Human Skin
The environment of human skin may be compared to geographic regions of Earth: the desert of the forearm, the cool woods of the scalp, and the tropical forest of the armpit. The bacteria and fungi that live on these skin regions are those that are best adapted to survive the prevailing conditions. Skin sites that are generally dark, warm and moist (such as the axilla, perineum and toe webs) tend to harbor more micro-organisms in general than less protected areas (such as the legs, arms, and trunk). Warmer, moister areas also tend to have a larger percentage of Gram-negative bacteria. These quantitative differences may relate to the amount of moisture, body temperature, and varying concentrations of skin surface lipids at these sites. Most microorganisms live in the superficial layers of the skin (the stratum corneum) and in the upper parts of the hair follicles. Some bacteria, however, reside in the deeper areas of the hair follicles, where they may be beyond the reach of ordinary disinfection procedures (like washing your face with soap/water or an antibacterial product). These out-of-reach bacteria serve as a reservoir for recolonization of the skin environment after the surface bacteria are removed. A brief accounting of bacterial representatives of the skin normal flora are summarized below:
Staphylococcus spp.
Staphylococci, which is a term used to describe bacteria of the Staphylococcus genus, are commonly found on normal human skin. As the name implies, staphylococci are Gram positive cocci arranged in clusters. They are usually the predominant Genus of bacteria among the human skin microflora.

Diphtheroids and coryneforms
The term diphtheroid refers to a wide range of Gram-positive rods that form the so-called diphtheroid arrangement when viewed microscopically. Most are considered “irregular, nonsporing Gram-positive rods” (Group 20) in the Genus of Corynebacterium (the coryneforms). Anaerobic diphtheroids (that live by fermenting) of the Genus Propionibacterium have been implicated as a contributor to acne. Lactobacillus and Listeria (regular, nonsporing Gram-positive rods in Group 19) may be mistaken for diphtheroids, because it is often hard to distinguish between the palisade and diphtheroid arrangement.
Other Gram-positive bacilli

Gram-positive endospore-forming bacilli, found primarily in dirt, may be transient hitchhikers on human skin. Most will be members of the Bacillus genus, and are easily distinguished from the other Gram-positive rods by looking for endospores.
Micrococcus spp.
Micrococci (members of the Micrococcus genus) are frequently present among the skin microflora. These bacteria are Gram-positive, tetrad forming cocci. Many produce pigmented colonies in shades of yellow, orange, and red.
Gram-Negative Bacilli and Coccobacilli
Gram-negative bacteria generally make up a small proportion of the skin flora, primarily because they lack the thick protective coating of peptidoglycan enjoyed by Gram positive bacteria. Acinetobacter and Neisseria spp. may be found, along with Pseudomonas spp. Gram negative enteric bacteria such as Enterobacter, Klebsiella, Escherichia coli, and Proteus spp. are sometimes encountered on human skin as well. 
Others
Streptococci (Genus Streptococcus) although Gram-positive, are rarely seen on normal skin. Dust particles and other extraneous materials may carry fungi or fungal spores that get trapped under nails. Notable molds include Aspergillus, Penicillium, Cladosporium, and Mucor. The fungi (called dermatophytes) that cause dermatological conditions such as athletes foot or jock itch can be isolated from areas of infection.
Bergey’s Manual and the Dichotomous Key
For this project, you will apply culturing techniques to isolate a bacterium from your skin. Over the course of several weeks, you will maintain your bacterium in pure culture while performing tests to determine its colonial, cellular, and metabolic properties and ultimately determine its identity.
One important step in the project is to develop a taxonomic tool called a dichotomous key. The key should be prepared based on the information found in Bergey’s Manual. The key is one of the first things you should do after you decide upon the Group in which your organism belongs. It should actually guide your choice of tests to perform on your way to a final identification.
Generally, a dichotomous key is a series of paired questions that allow you to rule out organisms based on characteristics. The key should start broad (like, “All Culturable Bacteria) and narrow choices at each dichotomous step.
Begin by trying to narrow your options to a single Bergey’s Group. Choose general characteristics such as Gram positive vs. Gram-negative; aerobic or facultative vs. anaerobic metabolism; cell morphology, etc. Note that for the purpose of this experiment, you can immediately rule out two Categories (3 and 4) and several Groups within Categories 1 and 2, because they are not culturable or have some other trophic properties such as photo- or chemoautotrophy that are not consistent with growth on human skin.
Once you have decided on a single Group, continue to narrow your choices to one or a few Genus by looking at other cellular properties (like endospore production), results of biochemical tests (catalase and oxidase, for example), and habitat (human skin).

From the Genus level, use the tables of data in Bergey’s to determine what tests you will have to perform to differentiate among the various species. It is at this point that the dichotomous key will be essential. Compile expected test results (cross-reference the list of tests available in our ACC laboratory below – you will only be able to use these tests for your determination) and prepare the dichotomous key. Finally, perform the appropriate tests, interpret and record the results, and refer to your dichotomous key to identify the bacterium isolated from your skin. For the purpose of this project, you should make every effort to achieve a complete identification, to Genus and Species level.  

Tests Available in ACC Lab
Gram stain and Endospore stains







Catalase

Coagulase (for staphylococci ONLY)






Oxidase
7.5% Salt tolerance (MSA)









Production of H2S (TSI; SIM)
Mannitol fermentation (MSA for salt-tolerant bacteria)


Indole (SIM)

Bile tolerance and esculin hydrolysis (BE)





Motility (SIM)


Hemolysis on Blood Agar









Citrate utilization
Glucose fermentation (MR; VP; TSI)






Nitrate reduction
Acetoin production (VP)









Urease

Fermentation of other carbohydrates (lactose/sucrose, arabinose)

Susceptibility or resistance to bacitracin (TaxoA), novobiocin, and other antibiotics (ask)
Environmental Isolate Project Assignment

Note: The written component of this assignment must be typed (except for the dichotomous key) or it will not be accepted.

The following must be handed in for assessment of this project:

1.
Gram stained slide

Prepare and hand in your “best” Gram stained slide of your isolate. This slide will be 
evaluated for both technique and interpretation. 

Each numbered item below should be completed on a separate page(s), in order (2 – 5). 

2.
Dichotomous Key




Develop a dichotomous key for the identification of your environmental isolate (this 
does not have to be typed). 


3. 
Identification Process


i.
Indicate the following information: 


(a)
Body site cultured and method (include medium used, incubation time 




and temperature)



(b)
Colonial morphology of selected isolate



(c)
Cellular morphology (including Gram stain and endospore stain (if applicable) 


results and other cellular features observed, such as capsules, inclusions, 



bipolar staining, etc.)


ii.
Create a Table (or Tables, if you prefer) to organize and display the specific 



biochemical tests you performed on your isolate and the result of each test.
iii.
Based on the results of the biochemical tests you performed, in a few sentences or a paragraph, describe the trophic and metabolic properties of your isolate. Describe these properties as completely as possible.

4.
Identification and Summary

i.
Indicate the presumptive identity of your environmental isolate. Provide scientific 

reasons (backed up by references!) to explain your conclusion. 


ii.
Once you know the presumptive identity of your environmental isolate, learn 


more about it and write a 2-3 paragraph description of the bacterium. Try to get 

as much up-to-date information (including disease-causing potential) about your 

bacterium as you can from primary literature sources (including but not limiting 

yourself to your textbooks and Bergey’s Manual). Note that you will be evaluated 

on the quality of the sources you use. 

5.
References

Provide a comprehensive list of literature cited, using a scientific citation format.
The Dichotomous Key
For maximum points, your dichotomous key should:

· be dichotomous at each step.

· from the broadest group (ie all bacteria) to the Genus level, the key should be dichotomous, but only the appropriate “branch” needs to be complete.
· from the Genus level and below, the key should be dichotomous and complete.

· include full scientific names from the Genus level on down.

· make appropriate use of the scientific nomenclature.

Consider the example below. From the Gram stain and Endospore stain results, it was possible to narrow the options to the Group level. After that, other observations and tests narrowed choices to a single genus. Within the Genus, specific biochemical tests would have to be performed to determine the Species. You must complete both “branches” of the key once you get to the level of differentiation of species within the Genus.
All (possible) Bacteria









Gram +


Gram – 













   NA







Rods



Cocci 












   NA












Endospores



Nonsporing




GROUP LEVEL












NA





Aerobic








or Facultative


Anaerobic 




Bacillus spp.



NA






GENUS LEVEL


Sporolactobacillus spp.




Catalase +



Catalase –



Bacillus spp


Sporolactobacillus (NA)



     SPECIES LEVEL

From this point on,



the key should be


complete for both



branches and include



the full name of all



bacteria
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