Molecular Biology 

Lab 1

DNA: The Genetic Macromolecule
(Bacterial Transformation)

Although we have begun our Molecular Biology course accepting that DNA is the genetic material of the cell, our first lab exercise is designed to give the student the chance to prove this to him/herself.  In this exercise our goal will be to show that an organism can be permanently changed by the “simple” introduction of new DNA into that organism.   You will, in fact, create a transgenic organism, by introducing  genes that are not normally part of the E.coli genome.  The experiment will allow the student to indirectly observe the “central dogma” of molecular biology, the flow of genetic information from the DNA molecule to an intermediated RNA molecule, finally leading to production of a new protein in all bacteria receiving the new DNA.   The lab exercise also illustrates gene regulation, showing that genes present in the DNA can be selectively expressed, turned on or off depending on the conditions of the cell.  
Bacteria normally take up DNA from their surroundings (albeit rather inefficiently). The term TRANSFORMATION refers to a change in an organism’s characteristics following the transfer of DNA to that organism.    In bacteria, the DNA can either be incorporated into the bacterial chromosome, or exist as an extrachromosomal plasmid.  Depending on the genetic information in the DNA, the bacteria can be observed to gain traits (phenotypes) not present prior to the transfer of the DNA.   This change in the bacterium is the result of expression of genes present in the transferred DNA. (the flow of genetic information from the DNA molecule to an intermediated RNA molecule, leading to production of a protein).
Today’s lab will involve transfer of DNA in the form of the pGLO plasmid (circular DNA molecule) to a bacterial strain of E. coli called HB101.  The plasmid has been engineered to contain a 3 genes as well as signals that allow it to be replicated and expressed inside living cells (like bacteria).
Two of the genes encode proteins, which confer phenotypic changes which should be readily observable by the student following the experiment. We will use 3 kinds of media plates for selection/observation of transformed bacteria. All media plates contain Luria-Bertani (LB) media which supports growth of E.coli. Some plates will also contain ampicillin, a potent antibiotic.  Some plates will contain ampicillin and arabinose, a sugar that E.coli can utilize in addition to the glucose present in the LB plates.  We will discuss the process of transformation, plasmids, construction of recombinant DNA molecules (like pGLO) and expression of genes in general.
As mentioned above, bacteria are do not easily take up “foreign” DNA.  However, scientists have developed procedures to increase transformation efficiency.  You will use these procedures today.

PROCEDURE
Materials 

Starter plate of E.coli HB101 (ampicillin-sensitive bacteria on LB (Luria-Bertani ) agar)
2 LB (Luria-Bertani)  plates 
2 LB/ampicillin plates (LB-A)
2 LB/amicillin/arabinose plates (LB-A-A)
1 tube transformation solution (CaCl2)

1 tube LB broth

1 tube plasmid DNA

micropipetters (p20 and p1000) and tips
1 cup/beaker ice water

2 microcentrofuge tubes

2 sterile plastic loops 2 (yellow)

marking pen

42 degree C water bath

37 degree C incubator

Procedure

The procedure will include a transformation with the plasmid and a “mock” transformation in which the bacteria are treated the same way, but never come in contact with the transforming plasmid DNA.  This allows us to use a control---to ensure any observed change is due to uptake of the DNA.  The starting E. coli strain is sensitive to (killed by) the antibiotic Ampicilin, but grows well on LB media.

**Before you begin: Make sure you observe your starter bacteria.   Discuss anything you know about bacteria. 

1. Label one closed microcentrifuge tube + DNA and the other –DNA.
2. Using sterile technique transfer 0.250 ml (250 microliters,  l) transformation solution to each tube.  Place the tubes on ice for 5 minutes in the styrofoam holder.  Be sure the bottoms of the tubes are immersed in the ice water.

3. Using sterile technique, use the plastic loop to pick one colony of bacteria from your starter plate.  Immerse the loop in one of the micro tubes of transformation solution.  Spin the loop between your thumb and index finger to disperse the colony in the tube.  Repeat for the other tube.  (Use a new loop for each colony---keep them sterile except for the bacteria on the plate). Watch carefully to see that the bacteria are dispersed in the solution—no clumps, but slightly turbid.
4.  Dispense ___ l of the plasmid into the tube marked + DNA.  Do not add DNA to the tube marked –DNA.

5. Incubate both micro tubes on ice 10 minutes (longer is fine/better).

6. Heat shock the bacteria by placing the foam rack with the tubes in it in the 42 degree water bath for exactly 50 seconds.  Make sure the bottoms of the tubes contact the water. 

7.  Place the tubes immediately back in the ice for 2 minutes.  

8. Add 0.250 ml (250 l) LB broth to each tube and allow the bacteria to recover in the 37 degree dry incubator for 10-15 minutes (or longer).  Shaking the tube provides some degree of aeration, increasing the oxygen in the media.  This incubation allows the bacteria to return to doing normal cellular activities.  If asked, what would you speculate the important cellular activities are? 
9. Prepare the plates by labeling the bottoms of each type of plate with the following information:

a. Media type (LB, LB/A or LB/A/A)

b. +DNA or –DNA

c. name/initials and date

10.  Retrieve the bacteria from the incubator.   Tap tubes to mix.  Plate 100 l of the bacterial suspension in the +DNA onto one of each type of plate (LB, LB/A, LB/A/A). Spread the puddle of solution gently, but  evenly using a sterile loop for each plate.

11.   Repeat step 10 with the –DNA tube.

12. Allow the volume to be absorbed (~ 5 minutes) and incubate over night at 37 degrees. 

13.  Plates need to be transferred to the refrigerator the following day (24 hours or more )  Observations can be made at any time prior to the next lab.   An estimated 45 minutes to oner hour might be required for observation.  Results will be discussed immediately next week.
