iGEM 101: Introduction to Synthetic Biology

Spring 2015					
Session 5 – Ligation and Transformation

Overview: Now that the cut plasmid vector has been extracted from a gel, it is time to combine it with our cut insert. Ligation is the enzyme-catalyzed process by which the complementary cut sites on the plasmid and insert will be sealed together. Once the final plasmid is assembled, it will be made to be taken up by E. coli in the process of transformation. The transformed E. coli can then be grown in culture, when it will replicate the plasmid and transcribe it if it contains a promoter.

Recommended Reading:
Barker, At the Bench Chapter 11

DNA Ligation: In traditional cloning, after a piece of DNA has been digested by restriction enzyme, there remain single-stranded 'sticky-ends' that are specific to the enzyme used. Complimentary sticky ends will attach by hydrogen bonding. During a ligation, the enzyme DNA ligase is introduced to covalently seal the phosphodiester backbone of DNA, joining the ends of two DNA fragments into a continuous strand.   

Transformation: Before E. coli is able to take up foreign DNA, it must be chemically treated with a divalent cation (such as CaCl2). Other cells, such as Bacillus species, are naturally competent and do not require this step. Cells must be kept at -80 oC to preserve their competence for transformation. When thawed cells are placed at 42 oC in the presence of plasmid DNA, a fraction of them will take up the plasmid by an unknown mechanism. Several theories involve increasing the permeability of the bacterial membrane to negatively charged DNA molecules.
[bookmark: _GoBack]	Cells that have successfully integrated the plasmid are selected for usually by antibiotic resistance genes included on the plasmid. However, most antibiotic resistance genes require time before they are adequately expressed, making it advisable to add an outgrowth step before selection on plates with antibiotic. After an overnight period of growth on plates, a single transformed cell becomes an isogenic colony visible by the naked eye. Colonies are the sources of bacteria for liquid cultures, which then are used in applications such as miniprep, as was demonstrated at the beginning of the semester.

Ligation Reaction
Purpose: Combine empty vector and insert into plasmid

1. Prepare Ligation reaction
	-Mix together in a microcentrifuge tube:
		Digested vector DNA		25 ng
		Digested insert DNA		75 ng
		5x Ligase Buffer		2 µl
		DNA Ligase			1 µl
		ddH2O				up to 10 µl
2. Incubation
	-Incubate for 2 hours at room temperature, or 16 oC overnight

DH5α Component Cell Transformation
Purpose: Induce E. coli to uptake plasmid DNA

1. Heat Shock Transformation
-Take pre-treated competent cells out of the -80 oC freezer and place in ice
-Add up to 5 µl of ligation mixture to the top of the competent cells. Mix gently by swirling
-Incubate cells on ice for 30 minutes.
-Place the cells in 42 oC water bath for 30-60 seconds
-Immediately place cells back on ice for 3 minutes

2. Outgrowth
	- Pre-heat 250 ml of LB media (without antibiotic) in a microfuge tube
	- Add the LB to the heat-shocked competent cells. Shake at 37 oC for 1 hour.

3. Plating
-Add between 50 µl to the entire microfuge tube volume of cells to a pre-heated LB plate with the appropriate antibiotic
-Spread by swirling the plate gently or with sterile beads
-Place the plate agar-side down for 3 minutes to allow the cells to absorb into the plate
-Place the plate agar-side up in a 37 oC incubator overnight. 

