Microbiology Lab:  Bioinformatics to predict bacterial phenotypes

Jerry H. Kavouras, Ph.D., Department of Biology, Lewis University, Romeoville, IL

LEARNING OUTCOMES
Students should be able to do the following upon completion of the exercise:
1. Navigate the NMPDR database to search for bacterial genotypes.

2. Predict bacterial phenotypes using information provided by NMPDR database.

3. Confirm phenotypic predictions using microbiological laboratory tests.

PREREQUISITE READINGS
1. Culture and Identification of Infectious Agents, Bacteriology Chapter 2 of Microbiology and Immunology On-Line
METHODS
1. The instructor will provide each pair of students with a known culture of the bacteria.  Students are responsible for maintaining stock cultures on agar slants.
2. Students will be given a list of bacterial proteins and genomes (see EXAMPLES below).  The presence of each protein in the bacteria will be determined using the NMPDR database.
a. Students will select “GENES” under the search menu from the homepage (www.nmpdr.org).  A search form will allow students to search for protein names in selected organisms.  Students can explore the listings under the NMPDR Protein page and Subsystems category to determine the role of the protein.
b. Students will create a table listing the presence or absence and function of the proteins in their bacterial culture. 

3. The instructor will provide students with a list of microbiological laboratory tests traditionally used to determine the identity of unknown bacteria (see EXAMPLES below).  Each group will make predictions on the results of the laboratory tests based on their findings in the NMPDR database.
a. Students will create a table listing each laboratory test, its purpose, and their prediction of the outcome. 
Note:  The outcomes of some laboratory tests may not be predicted based on the information collected from the NMPDR database.
Hint:  Keep in mind the key molecule or phenotype detected by each laboratory test.  Students may have to perform additional research (using textbooks or the Web) to determine if the protein plays a role in the outcome of any test.  For example, the spore stain detects bacteria that are endospore-formers.  Will any of the proteins given play a role in sporulation?  What do you predict will be the outcome of the spore stain for bacteria that have the protein?
4. Students will perform microbiological laboratory tests to confirm their predictions.

5. A formal laboratory report will be written discussing bioinformatics as a tool to predict phenotypes. 

EXAMPLES
List of proteins for student searches*+
glutamine synthetase
arabinose 5-phosphate isomerase
kasB
spore coat protein F
flagellar basal body rod protein flgC
DNA polymerase III alpha subunit

Beta-lactamase

D-lactate dehydrogenase

Catalase

List of bacteria for student searches and lab testing*

Staphylococcus aureus NCTC8325 avirulent lab strain
Streptococcus mutans UA159

Bacillus subtilis

Enterococcus faecalis 

Escherichia coli K12 nonpathogenic lactase mutant
Mycobacterium smegmatis

Proteus mirabilis HI4320
List of microbiological laboratory tests to confirm the presence of proteins*
Gram stain
Acid-fast stain
Spore stain
Motility test
Fermentation test
Catalase test
Coagulase test
Citrate test
Penicillin resistance
Blood agar hemolysis

MacConkey agar
* These lists can vary according to the preferences of the instructor.

+ For best results, copy and paste the protein names.
Reading and Virtual Lab Practice:


Case Studies

Virtual Bacterial ID Lab
EXTRA CREDIT ASSIGNMENTS
These short exercises demonstrate additional features of the NMPDR database.

1. Students will create primers for the amplification of specific genes of interest using the NMPDR database. [Hint: The NMPDR Protein Page is a good start point.]

2. Students will determine which genes are “functionally coupled,” i.e., their position is conserved in regards to the gene of interest.  [Hint: The NMPDR Protein Page is a good starting point.]  Students will speculate the reason for this relationship.

3. Which homologs exist in other species for the gene of interest?  [Hint: The NMPDR Protein Page is a good starting point.]
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