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Bacterial Transformation

(October 28, 2012) 
Lab Goals and Objectives


In this lab, you will insert two foreign genes into bacteria, changing the genotype.  One of those genes codes for a fluorescent protein and the other codes for. resistance to antibiotics. After the bacteria reproduce and transcribe and translate the gene, you will observe the fluorescent color of the bacteria. This change in phenotype (fluorescence) is due to the fluorescent proteins inside the bacterial cells.

Bacterial Transformation With Fluorescent Proteins


Transformation is a simple yet powerful technology used by scientists to alter the genetic code of a living organism. By understanding the “Central Dogma” of molecular and other biological and chemical processes, scientists have been able to take genetic code from one organism and give it to another, resulting in major advances in health, medicine, and agriculture. In this lab activity, students will alter the genetic makeup of bacterial cells by introducing a gene to produce a glowing protein.


Living organisms contain DNA - genetic information needed to make proteins.

Every organism on Earth is made up of a collection of proteins that have specific functions that are determined by their structure (shape). Some examples of proteins are keratin (hair and nails), hemoglobin (oxygen carriers), and digestive enzymes. These proteins are created by cells using the instructions encoded on the DNA molecule in sections called genes. This process in which DNA is “read” by RNA and proteins are created within the cell is known as “The Central Dogma” of molecular biology.
DNA To RNA To Protein To Trait.  
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Scientists can figure out the unique sequence of a gene, copy or change it, and insert it into another organism’s DNA through genetic engineering. When done in bacterial cells, it is called “transformation” and, when successful, a bacterium (eg E. Coli) will be able to make proteins that it would normally not be able to 
do, thus giving it traits it did not have before. When 
scientists apply this technique to a multi-cellular 
organism, such as a plant or a mouse, and successfully
alter its genetic makeup, it is called “transgenic” 
transformation.  


Genetic transformation is used every day in 
many areas of biotechnology. In agriculture, genes 
coding for traits such as drought resistance can be 
genetically transformed into plants. In bio-remediation, 
bacteria can be genetically transformed with genes enabling them to digest oil spills. A medical application of transformation is in the creation of proteins, such as insulin (synthesized by Genentech) and factor VIII (blood clotting protein (synthesized by Bayer). 

Genes can be cut out of human, animal or plant DNA and placed inside bacteria.  Bacteria will then produce the “foreign” protein coded for by the gene in large quantities for therapeutic treatment. For example, a healthy human gene for the hormone insulin can be put into bacteria. Under the right conditions, these bacteria can make authentic human insulin just as they would make their own proteins. This insulin protein is then purified from the bacteria, and used to treat patients with the genetic disease diabetes, in which the insulin genes does not function properly.

Bacteria and Plasmids


Bacteria are single-celled organisms that can share DNA with each other
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existence. In addition, bacteria naturally 
contain one or more tiny circular pieces 
of DNA called plasmids. Plasmid DNA 
contains genes for traits that may 
be beneficial to bacterial survival under 
certain environmental conditions and 
generally exist in bacteria because it gives 
its host bacteria selective advantage to survive
and adapt to the environment. In nature, bacteria can transfer plasmids back and forth, allowing them to share these beneficial genes. This mechanism allows bacteria to adapt to new environments.


The recent occurrence of bacterial resistance to antibiotics is due to the natural transmission of plasmids.  This unique ability of bacteria to move foreign plasmid DNA into their cells through their semi-permeable membrane is utilized by scientists to produce and study a variety of proteins, including human proteins. Genes from one organism (e.g. human) can be cut from the original DNA strand and inserted into plasmid DNA that may result in a bacteria producing the protein of interest (e.g. insulin).  Scientists create plasmid DNA “vectors” that transfer genetic information from organism to another.


In order to conduct a transformation, the gene to be transferred is placed into a plasmid DNA vector. This is done with the help of restriction enzymes, which are naturally occurring enzymes from bacteria that recognize a particular sequence of DNA bases and cut the DNA at that sequence. Bacteria use restriction enzymes to protect themselves from viruses which inject their DNA into the bacteria; the enzymes can cut the viral DNA before it can hurt the bacteria. The same restriction enzyme is used to cut the ends of the gene we want to transfer and to cut open the circular plasmid DNA vector.  Because the cuts are made using the same restriction enzymes, the cuts have the same base sequence at the ends.  These matching ends (sticky ends) will match and reattach when placed together with the aid of another enzyme, DNA ligase.  


Plasmid DNA vectors containing fluorescent protein (and antibiotic resistance

genes) have been constructed for you to use in this transformation activity. Bacterial cells have semi-permeable membranes that allow plasmid DNA to enter the cell from the environment.  To move the plasmid DNA vector through the E. coli cell membrane you will use a transformation solution of calcium chloride (CaCl2) in combination with a procedure known as “heat shock”, which will facilitate the movement of the plasmid through the cell wall and membrane without killing the bacteria. Although the exact mechanism of how this works is unknown, the prevailing hypothesis is that the CaCl2 causes pores to open in the bacterial cell wall and membrane, allowing the plasmid to enter the cell. The details of this process are one of many processes in the field of molecular biology that scientists have yet to discover. 

Multiple Genes Can Be Inserted Into A Plasmid DNA Vector


In order to select only the bacteria that have successfully been transformed with the fluorescent protein gene (in this lab), the plasmid DNA vector has also been engineered with a gene for resistance to an antibiotic known as ampicillin (Amp). This gene codes for the production of a protein, beta-lactamase, an enzyme that allows the bacteria to digest the antibiotic before it can cause any harm. If ampicillin is mixed into the agar on the bacterial plates, the only bacteria that can survive on these plates will be bacteria with the gene/plasmid for ampicillin resistance. Therefore, in the transformation procedure, if bacteria grows on the LB plates containing Amp, they must have been successfully transformed.


Each colony on the plate is the offspring of one original transformed bacterial cell (a clone of the original). A colony may represent millions of cells, all of which are genetically identical, since they all came from the same original bacterium. The bacteria replicates not only its own circular chromosome, but also its plasmid DNA vector as well. Your successfully transformed bacteria will appear to “glow” when exposed to a blacklight or UV light.

Fluorescence


Fluorescence occurs when light of one wavelength (or color) is absorbed and a light at a different wavelength (or color) is re-emitted.  Fluorescent proteins have been utilized in many research studies. Fluorescent proteins have been utilized much like placing a flashlight at the end of a protein. With the proper microscope, one can then watch the protein move around within the cell and interact with other macromolecules.

GFP: The Green Revolution

From the Smithsonian Magazine
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Imagine a mouse with neurons that fluoresce when they are used, a plant that gives off light when it’s “thirsty”, or a cloned pig with a fluorescent yellow snout. Thanks to a protein from the jellyfish this is all possible.  


The jellyfish responsible for this green revolution, 
Aequorea victorea, doesn’t seem very special. It’s not 
particularly large, brightly colored or venomous. 
Aequorea victorea’s most important characteristic is 
that it produces green bioluminescence from small 
photo-organs located on its umbrella. 


In 1994 Marty Chalfie at Columbia University was 
the first person to report that GFP (Green Fluorescent Protein) could be used as a tracer/reporter molecule.  Since then GFP is used in most 
molecular biology labs around the world. Before 1993 there 
were 14 papers about GFP published in the scientific 
literature. Since 1994, 12,979 GFP papers have been
published. That is a wickedly large amount of publications 
and reflects GFP’s utility and importance. 

Genetic Engineering Terminology

Ampicillin: The antibiotic that is used in this lab to kill bacteria.

Arabinose: A carbohydrate isolated from plants that is normally used as source of food by bacteria. When arabinose is added to the Luria broth, it turns on the gene for Green Florescent protein. 
Antibiotic  (anti = against; bio = life): A substance or compound that kills bacteria.
Colony of bacteria:  A cluster (dot) of bacteria growing on the surface of a solid medium; usually cultured from a single cell (clones).

E. Coli:  One-celled organism (bacterium).  Commonly found in our intestines and help us breakdown food. It likes the body’s temperature of 37 C. Used extensively in recombinant DNA research.

Fluorescence:   Fluorescence occurs when light of one wavelength (or color) is absorbed and a light at a different wavelength (or color) is re-emitted.  

GFP:  Green Fluorescent Protein. Found in the jellyfish, Aequorea victorea.

Heat shock:  First, the bacteria is cooled to a low temperature for several minutes, usually with an ice bath. The tube is then quickly moved into 42°C warm 
water. This sudden change in temperature causes the pores of the bacteria to open up to larger sizes, allowing the plasmid to enter.
Lawn of bacteria:  Continuous cover of bacteria on the surface of a growth medium. 

Luria broth (LB) agar: A nutritionally rich medium that is primarily used for the growth of bacteria.  

Plasmid:  A small circular piece of DNA, common in bacteria, that genetic engineers use as a vector. 




Recombinant DNA:  When a gene, or segment of DNA, from one organism is inserted 
into the DNA of another organism.  The new cell is said to be “transformed”.

Restriction enzymes:  Enzymes that cut DNA at SPECIFIC sequences of nitrogen bases. For example, the enzyme EcoR1 will cut DNA only at the sequence GAATTC
“Sticky ends”:  After DNA is cut with a restriction enzyme, the ends of the cut DNA have an overhanging piece of single-stranded DNA.  Called "sticky ends" because they are able to base pair with any DNA molecule containing the complementary sticky end. 

Vector: A carrier or transport.  In our lab a plasmid is used as the vector of a couple of foreign genes into a bacteria
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