Biology 322,  Spring 2010
Part II: Transfer of genetic information in the bacterium Escherichia coli:

Assignments:  Review bacterial genetics in your textbook. Consider the questions on pg 3. of this handout.  You will need to consult online resources to determine the map positions and functions of the marker genes used in this study.

Introduction:  E. coli strains can be divided into two groups on the basis mating properties.  F+ or male cells are able to donate chromosomal markers to recipient F- or female cells, if mixed together under the appropriate conditions.  Whereas every cell in an F+  population can transfer the sex factor to a female recipient, only a small fraction of the cells in an F+ population will transfer chromosomal markers. Why?  E. coli strains exist in which the F factor is stably integrated into the host DNA in every cell.  These are termed Hfr strains (high frequency recombination) since every cell now transfers chromosomal markers and the population as a whole displays a high frequency of transfer relative to an F+ population.


 Once an Hfr strain has been isolated from an F+ population and purified, each cell transfers the chromosome in a linear fashion from a fixed starting point or origin, O. Hfr strains can be easily employed to provide mapping data based on the time of entry of markers.  The first suggestion that the E. coli chromosome was circular came from such genetic studies that showed the genome to be a closed, continuous linkage group.         

Transfer of chromosomal markers from a Hfr to an F- strain.

Strain

Sex


       Genotype



  CSH 119 
Hfr C       

      car::Tn10  gpt-lac)5  cysG  metB            
  CSH 130
F-


       ara C  gpt-lac)5 gyrA rpoB
The gyrA mutation confers resistance to nalidixic acid and the rpoB mutation confers resistance to rifampicin. gpt-lac)5 is a deletion that removes a chunk of the E.coli chromosome including the proA and proB genes and the lactose utilization genes.  car::Tn10 is a complicated mutation. It results from an insertion of an E. coli transposon (called Tn10) in the car A gene.  This insertion in the car gene makes the cell auxotrophic for arginine and uracil.  The Tn10 transposon itself carries a gene for tetR

All genes not listed under genotype are assumed to be wild-type.   The F factor in the Hfr C strain is integrated at about 12 minutes on the E. coli map and transfers genes in the counterclockwise direction around the map.  

Day 0: (This step will be done for you.) Cultures of CS119 and CSH130 will be set up and incubated overnight at 37o C without aeration.

Day 1 (Wednesday): (The first step will also be done for you.)The overnight cultures will be diluted into fresh media two hours before setting up the following cross. 

In a large test tube, mix 0.5 ml of the donor strain with 0.5 ml of the recipient strain and let sit in a 37o incubator for 90 minutes.  Also set up a control with the donor strain alone and the recipient alone. After 90 minutes, add 5 ml of nutrient medium to each tube and incubate for an additional 1-2 hours (to allow the generation of stable recombinants).  (Nutrient medium is a rich medium containing all the supplements that any auxotroph might need.)

Plating of Mating Mixture:

Plate 0.1ml of undiluted culture on a nutrient agar plate containing nalidixic acid and tetracycline.  Also plate out 10-1 and 10-2 dilutions. Set up two plates of undiluted culture, two of the 10-1 dilution and one of the 

10-2 dilution.

Plating of Controls:
Plate 0.1 ml of a 10-1 dilution of donor cells onto nutrient + nal + tet plate

Repeat for the recipient strain.

Plate all plates upside down at 37o overnight.  

Day 2 (Thursday)
1. Count and record the number of recombinant colonies on the mating plates. Determine the number of recombinant cells per ml of mating mixture. 
2. Each student should set up one 50-colony grid.  Do not grid the same colony twice. Grid 50 recombinant colonies from the CSH130 X CSH119 cross onto an L plate.  Use a different sterile toothpick for each colony. Be sure to mark your plate so you can orient the colonies with respect to the grid. Touch the colony on the cross plate lightly with the toothpick and then very gently stroke the agar on the grid plate with the toothpick.  You should NOT be transferring visible amounts of bacteria.  In other words, a glob is too much.  Incubate plate at 37oC overnight. 






*******

Complete by  November 5/19/10
E. coli genome and proteome databases

http://genprotec.mbl.edu/
www.ecocyc.org
Stock center database

http://cgsc.biology.yale.edu/cgsc.html
1.  What supplements would have to be added to a minimal medium to allow growth of the CSH119 donor strain?   For the CSH130 recipient strain?

2. What markers are selected for on the nutrient agar + nal + tet plates?

3. What markers are unselected?

4.  Examine the genotype of CSH119 and CSH130.  What order will each of the genetic markers be transferred in?  How many minutes apart is each marker?  Draw a picture of the cross.  Use the attached map for reference. 

5.  Consult the online resources.  For the following genes, indicate what the gene product is and why the strain is viable without the gene: gpt,  thrW, att253 and attP22, argF, strC,  lac operon.
6.  What does the car-A gene code for? Consult a biochemistry text to determine why a mutation in this gene results in a doubly autxotrophic phenotype.

7. What does the rpoB gene code for?  What metabolic process does rifampicin inhibit?

Day 3 (Friday) Transfer colonies to selective media:
Colonies from the plates set up on Day 2 will be transferred to the following minimal media plates (A-D) with toothpicks.  Use one toothpick per colony but be sure to change toothpicks between colonies. Each colony should be transferred to each plate. You should NOT be transferring visible amounts of bacteria.  In other words, a glob is too much.  Incubate plate at 4oC overnight and then transfer to cold room.





Supplements added

Marker selected
	Plate A
	proline, arginine, uracil


	

	Plate B
	proline, arginine, uracil,

methionine


	

	Plate C
	proline, arginine, uracil, cysteine


	

	Plate D
	proline, arginine, uracil, methionine, cysteine
	


Day 4 (Tuesday)…  

Score genotype of each recombinant clone:

For each plate type (A-D) determine which markers are being selected for.  In other words, which genotypes will or won't grow on each type of plate?
Determine the genotype of each recombinant clone based on its growth on the various media.

Further analysis of met+ recombinants:  What fraction of the met+ recombinant do you expect to be sensitive to rifampicin? 

Grid all of your met+ recombinants onto an L plate containing rifampicin.  Place at 37o C overnight.  Score for growth/no growth.

Lab Report: 

· Draw out a diagram of the cross with all of the genetic markers indicated on the donor and recipient chromosomes.

· Present your data and the combined class data.  

· Is the data consistent with the known map positions of these genes?  Discuss the frequency of the various recombinants in detail taking into account gene order and relative distance on the chromosome.





