Genetics Lab 8
DNA As The “Transforming Principle” 
Introduction to The Genetic Material
**Please read Chapter 10 pp 231-237  
Pay special attention to figures 10.2 and 10.3
Thus far we have focused on aspects of classical genetics, by studying the ways in which traits are transmitted from parent to offspring.   Although we now call Mendel’s “paired unit factors” alleles or alternate forms of genes, we have not yet discussed in detail the chemical make-up of genes, or how genes come to be expressed as observable traits.  Such are the topics of molecular genetics.  (Starting with Text chapter 10)

In eukaryotes, genes are located on nuclear structures called chromosomes.  Linked genes segregate as a unit into gametes during the process of meiosis.  Even though the existence of chromosomes was established in the early 1900s, and mounting evidence pointed to their involvement in transmission of traits, little was known about the chemical make up of chromosomes until the mid 1900s. 

By the 1940s it was generally accepted that cells contain an abundance of both proteins and nucleic acids (DNA and RNA) and both were considered primary candidates for the genetic material (the substance transmitted from parent to offspring resulting in expression of inherited phenotypes).  Up until the mid 1940s most observations pointed to protein as the genetic material due to proteins’ abundance, complexity, and a lack of evidence implicating nucleic acids as the genetic material.

A number of critical experiments lead to the conclusion that DNA is the genetic material.  The initial experiment showed that the phenotype of one bacteria strain could be changed or transformed by simply mixing them with dead bacteria of a different phenotype ( Fred Griffith experiment).  Although unknown at the time, the mixing allowed DNA to be transferred to one bacteria type to the other, transforming the phenotype of the original bacteria.  Later experiments by scientists such as Avery, McLeod, McCarty, and Hershey and Chase provided strong evidence that DNA (not RNA or protein) was indeed the genetic material.

In today’s lab we will repeat a type of transformation experiment by mixing purified DNA with bacteria and noting phenotypic changes in those bacteria.  We will have 2 primary goals:

1. To observe that uptake of DNA can change a phenotype of recipient bacteria.  (DNA is the “transforming principle”)

2. To become familiar with basic genetic mechanisms leading to expression of genes present in the DNA taken up by the bacteria. (We will even see that genes can be “turned on and off”.)
In today’s exercise, you will attempt to get the E. coli cells to take up DNA in a process called transformation (after Griffith’s observations).  The DNA used in today’s exercise is a circular DNA molecule called a plasmid which has several special features. 

1. It contains signals (specific DNA sequences) that allow it to be replicated inside living cells (like bacteria).
2.  It contains genes which encode proteins.  Your initial goal will be to note any differences in bacteria that have come in contact with the plasmid DNA and to describe transformation in modern genetic terms. 

________________________________

The transformation procedure requires some background in microbiology and some familiarity with molecular biology techniques and tools.  Dr. Super will demonstrate the details of the procedure.  (But please read the procedure carefully anyway!)
The bacteria strain used in today’s lab is a standard E. coli strain (HB101). Grown on media plates, it forms whitish colonies as the result of division of single cells. Each bacterium divides every 15-20 minutes, resulting in a visible pile of bacteria (colony). E. coli is sensitive to (killed by) antibiotics such as ampicillin.   (i.e. it dies if ampicillin is present in the agar growth plates). E. coli grows well on media developed by scientists Luria and Bertani  (LB media), which contains nutrients such as glucose, the E. coli’s  most common energy source.  E. coli  can grow in LB broth (liquid) or plates (solidified with agar).  Growth in broth is noted by increasing turbidity (cloudiness) of the broth.  The bacteria will be grown on LB media with and without specific additives:
LB

Luria broth  solidified with agar 
LB/A 

Luria broth  solidified with agar + ampicillin

LB/A/A
Luria broth  solidified with agar + ampicillin + arabinose (a sugar that E. coli can utilize instead of glucose by expression of specific inducible genes)

**Predict, before you begin, predict what might happen to E. coli placed on each type

   of plate.

PROCEDURE
Materials 

Starter plate of E.coli HB101 (on LB agar)—ampicillin-sensitive whitish bacteria, 

2 LB plates

2 LB/ampicillin plates

2 LB/ampicillin/arabinose plates

1 tube transformation solution (CaCl2)

1 tube LB broth

micropipettors and tips

1 cup ice 
2 microcentrofuge tubes

sterile plastic loops (yellow)

Bacteria  do not easily take up “foreign” DNA.  However, scientists have developed procedures to increase transformation efficiency. These procedures are used routinely in recombinant DNA technology. (Such as cloning genes for research or medicine).   You will use these procedures today.

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 Ampicilin, but grows well on LB media.

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 in the Styrofoam holder.  Be sure the bottoms of the tubes are immersed in the ice.

3. Using sterile technique, use the plastic loop to pick one colony of bacteria from your starter plate. These bacteria have not been transformed.  Immerse the loop in one of   the micro tubes of transformation solution.  Spin the loop between your thumb and index finger to disperse the bacteria cells in the tube.  Repeat for the other tube.  (Use one loop---keep it sterile except for the bacteria on the plate).

4.  Dispense 15 l of the plasmid into the tube marked + DNA.  Do not add anything else to the tube marked –DNA.

5. Incubate both micro tubes on ice 10 minutes.

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 LB broth to each tube and allow the bacteria to recover with shaking in the 37 degree dry incubator for 15 minutes.  This allows the bacteria to return to doing normal cellular processes (including expression of genes!).

9. Tap tubes to mix.  Pipette  0.1 ml (100 l) of the bacterial suspension in the +DNA onto one of the LB plates, LB/Amp plates and one of the LB/Amp/arabinose plates.   Spread the puddle gently and evenly over the plate surface with a sterile loop  (change loops with each plate) Repeat with the –DNA tube.

       10.  Allow the volume to be absorbed and incubate over night at 37 degrees. 

11. You should observe your plates tomorrow—any time.  Sketch/record the results you see on the plates. 
12.  The plates will be refrigerated to arrest growth as it looked after 24 hours (Dr. Super will store at the end of the day) so you can remove and look at them again next week.  A handout will help you think more about the outcome of the experiment.  Be sure to spend time with your partner discussing the plates with respect to the handout questions. 

