Mutagenesis Lab        Biology 322          Spring 2010
The Power of Bacterial Genetics lies in the ability to study rare events:  An investigation of mutagenesis using the bacterium Escherichia coli.

Reading Assignment:  

Review chapters on mutation and the lac operon in your genetics textbook.

Introduction:  A mutation can be defined as a heritable alteration of DNA that changes the phenotype of the organism.  Mutations range from simple nucleotide substitutions to complex chromosomal rearrangements.  All mutations can be classified as either spontaneous or induced.  Spontaneous mutations are "naturally occuring" mutations that may result from errors in DNA replication or from DNA damage due to cosmic or background radiation.  Induced mutations result from the action a mutagen, which is defined as any agent that increases the rate of mutation above the spontaneous frequency.  This exercise will examine both spontaneous and induced mutations.  

Isolation of spontaneous mutations and EMS-induced mutations:  One very powerful aspect of bacterial genetics is the ability to set up direct selections to detect very rare events.  Using a simple antibiotic selection we will detect rare spontaneous mutation events: we will do a selection for rifamycin-resistant mutants in untreated and EMS (ethylmethane sulfonate) mutagenized cultures of E. coli.  We will also do a screen for lac- mutants, that is for mutants that are unable to utilize lactose as a carbon source. 

Part I: Viable cell counts
Untreated culture Do a serial dilution of the untreated wildtype E. coli culture:  Fill 7 tubes with 4.5 ml of sterile saline. Transfer 0.5 ml of the undiluted culture to one of the tubes. This is a 10-1 dilution.  Next make serial dilutions of 10-2, 10-3, 10-4, 10-5, 10-6 and 10-7. Always change pipets and mix well between dilutions.

Plate 0.1 ml of the 10-6  onto an L plate.  Repeat for the 10-7 dilution.

Place the plates at 37oC overnight.  
EMS-treated culture

You will be given an EMS treated culture.  Do a viable cell count on this culture using the same dilutions as described above.

Part II:  Selection for rifR mutants:
RifR mutants:  Rifampcin is a potent inhibitor of E. coli RNA polymerase.  Mutants of E. coli that are resistant to this antibiotic have been isolated and shown to have an altered RNA polymerase.

Untreated culture To select for spontaneous rifampicin-resistant mutations: Spread 0.2 ml of undiluted culture on an L plate that contains rifampicin (100 g/ml).  Set up a total of 2 such plates.  Place the plates at 37oC overnight.

EMS-treated culture To select for rifampicin-resistant cells: 

Spread 0.1 ml of each of the following dilutions on an L plate that contains rifampicin (100 g/ml): undiluted, 10-1, 10-2, 10-3.    

Place the plates at 37oC overnight.  
Part III:  Screen for lac- +(  lac-  mutants
lac-mutants:  Wild-type lac+ colonies appear dark red on MacConkey indicator plates.  Mutant colonies that are not capable of utilizing lactose as an energy source will appear as white colonies on MacConkey plates. 

Untreated culture

Spread 0.1 ml of the 10-5 dilution on a MacConkey plate.  

Also, spread 0.1 ml of the 10-6 dilution on a MacConkey plate. 

Set up a total of 3 plates of each dilution. 

Place the plates at 37oC overnight.  

(Spring Protocol: place plates at 4o until Monday. Place at 37o then…) Remove the plates from the incubator the next day (Tuesday).  Score immediately for white colonies.  Streak out each candidate lac- mutant on a MacConkey plate to confirm the lac- phenotype and to isolate single colonies.  Place at 37oC overnight.  Remove the next day and store at 4oC.

EMS-treated culture
Follow the instructions for the untreated culture.  

Part IV:  Selection for lac-  (   lac+ revertants
Grow up an overnight culture of your lac- strain in minimal medium plus glucose. 

Next day do a viable cell count on the culture as described previously and set up an experiment to identify revertants

· How would you select for revertants?

· How would you screen for revertants?

Work up of data:  For the viable cell counts, pick a plate with 30-300 colonies and do an accurate colony count.  For the rifamycin plates, count all colonies; for the MacConkey plates, just count the number of white colonies on each plate.  The total number of cells plated can be determined from your viable cell count, so you don't need to count all of the red colonies.  Your lab notebook should contain all of your raw data (i.e. cell counts) as well as your workup of the data.

Lab Report: You will do a formal lab write-up for this exercise. It should include the following.

Introduction: A short paragraph indicating the purpose of this exercise.

Results: Be sure to include a table that summarizes the results of your data workup:
1. The number of viable cells/ml for the untreated and EMS-treated cultures.

2. The number of rifamycin-resistant cells/total cells plated and the number of lac- cells/total cells plated for both untreated and EMS-treated cultures. These are the mutation frequencies for these phenotypes.

3.  The reversion frequency of the lac- mutation.

4.  Include the class results for #2 & 3 if your calculated mutation frequencies differ significantly from the class average.

Your Discussion of the data should address the following questions.  (Your discussion will be graded according to its scientific content and overall coherence and organization.)

1. How do the spontaneous and induced mutation frequencies compare for each gene? Express data in terms of actual mutation frequency:  1 X 10-6 mutations per cell per gene

Compare mutation frequencies by indicating ratios:

· spontaneous: lac-/rifR
· induced: lac-/rifR
· induced/spontaneous lac-
· induced/spontaneous rifR
2. Do you expect the mutation frequencies (either spontaneous or induced) to be the same for every gene?   How will the frequency of forward mutations compare to reverse mutations.

3.  A thorough discussion of the various factors that determine mutation frequency and appearance of a specific mutant phenotype  

4.  A mutant phenotype can result from a loss-of-function or a gain-of-function mutation.  How would you classify the mutant phenotypes that we examined in this lab?  For each gene, consider how a loss or gain-of-function would affect the organism.  Include a discussion of the mode of action of rifamycin and also discuss what genes could be mutated to produce a lac- phenotype.

5. What is the difference between a selection and a screen?   Why was a series of dilutions done for the lac-  screen but not for the rifR selection?   Which is more powerful -- a selection or a screen? In other words, which is more useful for detecting rare events-- such as a very rare mutation? 

Appendix A:  ISOLATION OF PURE CULTURES


Structural and biochemical characterizations important in the identification of microorganisms require pure cultures.  A pure culture theoretically contains a single species of microorganism.  There are a number of procedures available for the isolation of pure cultures from mixed populations.  A pure culture may be isolated by the use of enrichment or selective media employing specific chemical and/or physical agents in the media that will allow the enrichment or selection of a particular organism over another.  More simplified methods for isolation of a pure culture include: (i) spread plating on solid agar medium with a glass spreader and (ii) streak plating with a loop.  The purpose of spread plating and streak plating is to isolate individual bacterial cells on a nutrient medium so that during subsequent incubation, a cell grows and divides sufficiently to form a single colony.  This allows the assumption that a colony arises from a single bacterium.


Both procedures (spread plating and streak plating) require understanding of the aseptic technique.  Asepsis can be defined as the absence of infectious microorganisms.  However, the term is usually applied to any technique designed to keep unwanted microorganisms from contaminating sterile materials.


The streak plating technique isolates individual bacterial cells on the surface of an agar using a wire loop.  The streaking pattern shown in the figure below results in continuous dilution of the inoculum to give will separated surface colonies which are produced by single cells.  Once again, the idea is to obtain isolated colonies after incubation of the plate.
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