TRANSFORMATION LAB
I. BACKGROUND INFORMATION
The Problem of Inheritance: By the early 20th century, scientists like Walter Sutton and Thomas Hunt Morgan had conducted experiments that showed that chromosomes within our cells were the vehicle by which offspring inherited traits from their parents.  By 1926, the quest for knowledge about inheritance had reached the molecular level – what part of a chromosome was involved in inheritance?  Was it DNA or the histone protein core? One scientist, Frederick Griffith, was working on this problem and he conducted a series of experiments with pneumococcus bacteria using two distinct strains:  Rough (R, non-virulent) and S (smooth capsulated, virulent). 

Griffith’s Experiments:  Griffith began with two control experiments, demonstrating that:  1) R strain caused no harm to mice, but 2) the S strain was highly virulent.  He then conducted a third experiment with heat-killed S strain, and as predicted the dead virulent bacteria caused no harm to mice.  His 4th experiment was the surprise:  A combination of heat-killed S strain and living R strain, neither of which were harmful alone, were lethal to mice in combination.  The 4 experiments are shown graphically below.  
Summary of Griffith’s Findings

Experiment 1
      Experiment 2
    Experiment 3
Experiment 4
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Griffith had discovered bacterial transformation – nature’s version of genetic engineering.  Before these experiments, scientists believed bacteria were only capable of binary fission, or reproduction by cloning themselves.  Griffith had demonstrated that bacteria could change their phenotype in the presence of DNA from other bacteria, and hypothesized that a “transformation” had occurred. Tragically, Griffith was killed in 1940 by a bomb, but other scientists continued to build upon Griffith’s work. Oswald Avery, Colin McCleod and Maclyn McCarty at the Rockefeller Institute ultimately proved that free DNA could be absorbed by bacteria under certain circumstances and were transformed in the process. This finding was initially significant because it proved DNA (not histone proteins) was the molecule of inheritance. However, later it became the backbone of genetic engineering technology.

Transformation in nature:  Very few species of bacteria naturally transform.  These are called “competent” cells because they are capable of incorporating stray DNA plasmids from other bacteria.   In order to transform most bacteria, scientists must use a series of techniques to create competent cells, usually involving alternating heat/cold shocks under controlled chemical conditions.   Here is how the laboratory transformation process works to produce a bacteria that is “transformed” to be resistant to a certain antibiotic:
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Tranformation is the foundation of genetic engineering:  By the 1970's, scientists knew that DNA structure and codon signals were similar for all organisms.  They also had developed reliable procedures for transformation.  Today, we make hundreds of medications and genetically modified plants and animals using the basic process of transformation.  In this lab, we will perform a transformation experiment, and will have an opportunity to learn:

1.
Sterile technique for handling bacteria
2.
How to use micropipets.

3.
Transformation lab techniques.  Our E. coli bacteria will start out sensitive to antibiotics and have normal pale yellow coloration.  We will then a plasmid that contains a gene for resistance to the antibiotic ampicillin and another gene that changes converts isoamyl alcohol to isoamyl acetate (banana smell).

4.
Formula for calculating transformation efficiency, and compare that efficiency rate between the two plasmids.

5.
Analyze how the location of a gene within a plasmid can affect its expression.

II.  OBSERVING, GROWING AND HANDLING BACTERIA
Safe Handling of Bacteria:  Bacteria are present in almost every type of environment.  They serve a number of useful purposes, such as nitrogen fixation in plants, recycling of oxygen, recycling of CO2 during decomposition, sewage treatment and production of food items such as yogurt and cheese.  Bacteria also, unfortunately, can cause diseases in other living organisms and precautions must be taken when working with them.
Principles of Sterile (Aseptic) Technique: Because some bacteria can cause illness, and because stray bacteria can easily get into our experiment, we must be careful in how we handle our bacteria specimens and our experimental equipment and supplies. Microbiologists have developed safe handling techniques, called sterile technique or aseptic technique, to minimize the risk of becoming infected or contaminating our lab.   The three basic goals of using sterile technique are:

a)
Avoid contaminating the work place.
b)
Do not contaminate yourself while handling bacteria and
c)
Do not contaminate the experiment.

To accomplish sterile technique, we follow these rules:
• 
Sterilize instruments with heat..
• 
Clean work surfaces with 10% bleach (a strong disinfectant).
• 
Keep bacteria cultures covered to avoid contamination.
• 
Dispose of bacteria-contaminated equipment in special bio-hazard garbage bags.
• 
Clean up bacteria cultures with 10% bleach.
• 
Wash hands frequently, both before and after experiment.
• 
In the event of a spill of a live bacterial culture, do the following:
Report the accident immediately to the teacher.

Cordon off the area and cover the spill with paper towels

Pour full-strength bleach liberally over the towels.
After 15 minutes, dispose of the towels in the biohazard bag.
III. DETAILS ABOUT OUR TRANSFORMATION PROCEDURE
The plasmid: Our plasmid contains a bacterial gene for ampicillin resistance.  It also has ATF1, which is a gene that encodes for an enzyme that converts isoamyl alcohol into a isoamyl acetate, a product that smells like bananas.  In order to smell the banana odor, we begin with a bacterial strain, E. coli YYC912, that does not have an odor.  A map of the banana plasmid is shown below.  
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Making our E. coli “competent”: We are using a mutant E. Coli strain YYC912 that is relatively odorless because it is mutant in tnaA5. tnaA5 produces a chemical called indole, which makes bacteria smell bad.  This strain must be rendered competent as follows:  Cells must be grown until they are in log-phase growth (rapidly growing) and then stored for use.  Then, they must be placed in CaCl2 solution and subjected to a series of cold, heat, cold conditions to disrupt the bacterial cell membrane and allow intake of the plasmid.  Important note:  It is imperative to follow the procedure exactly or the cells will not become competent and no transformation will occur.  
Selecting transformed bacteria: Transformation, even in a lab setting, is not perfect, and most of the bacteria will not take in the plasmid.  Therefore, we must have a way to separate the “transformed” bacteria from the non-transformed, and use the antibiotic ampicillin for this purpose.  Transformed bacteria will survive ampicillin because they have incorporated a plasmid that contains an ampicillin-resistant gene.  Non-transformed bacteria will not grow in the presence of ampicillin.   So, at the end of the experimental procedure, we add ampicillin to kill any non-transformed cells.  
Expressing the banana gene: The Banana plasmid was created by students at MIT, and they won the International Genetically Engineered Machines (iGEM) competition in 2006 for their efforts.   When creating this plasmid, students put the enzyme gene next to a constitutive promoter (one that automatically allows transcription without induction), so that the gene would be continually transcribed.   In order to make the bacteria smell like banana however, we need to feed them a specific substrate.  The expressed gene creates enzymes which then change the substrate into a molecule that smells like banana.  A diagram showing expression of the banana gene is shown below.

Banana Plasmid and Gene Expression
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IV.  STANDARD TRANSFORMATION PROTOCOL
The transformation procedure must be accomplished in stages over the course of three days.  A brief overview of the standard lab procedure is shown below with detail to follow.
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Day 1 Procedure
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Preparation of competent cells

Obtain two tubes of pre-competent cells

Spin at 8K rpm for 1 minute
Pour off and then pipette out broth

Add 250 µL CaCl2
Mix well by pipetting up and down slowly.

Add plasmid

Add 10 µL plasmid to the transform tube and return to ice.

Keep on ice for 10 minutes.

Heat and cold shock

Heat shock at 42 oC for 50 seconds.

Immediately place back on ice for 2-5 minutes.






Ice for 10 minutes


42 oC for 50 seconds



Ice for 2-5 minutes
Recovery and plating

Add 0.25 mL LB broth to each tube and rest at room temperature for 2-5 minutes

Add 100 µL of tube contents to appropriate plates.  

Spread cells onto plate with a sterile disposable loop.
Incubate at 37 oC overnight.




+plasmid

+plasmid
-plasmid
-plasmid

100 µL


100 µL  
100 µL 
100 µL

LB/amp/isoamyl
LB/amp
LB/amp
LB

Colony counts and transformation efficiency

· Count the number of colonies on each plate.
· Efficiency is calculated as:  # colonies/µg of plasmid.

We began with plasmid concentration of 10 µg/milliliter and used 10 µL.

This corresponds to 0.1 µg (100 nanograms) of DNA in each transformation tube.

This plasmid DNA was suspended in 500 µL volume (250 µL CaCl2 + 250 µL broth).

We placed only 100 µL of the 500 µL onto each plate.
As a result, the equivalent of 0.02 µg or 20 nanograms of plasmid DNA was represented on the plate.

Efficiency is:  #colonies/.02 µg. 
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Transformation procedure


Plate bacteria for efficiency counts


Culture bacteria in ampicillin broth that has precursor chemical








250 µL CaCl2 








