Laboratory #2: Analysis of Cell Survival and Hunting For Mutations After Exposure to Mutagens

Introduction: In this laboratory, we will study the mutation rates for two genes in the baker’s yeast S. cerevisiae.  Yeast is a unicellular (single-celled), eukaryotic organism, and is most likely the first species that was domesticated for human use.  Yeast use dates back to roughly 6000 B.C., where ancient Sumerians and Babylonians used yeast to brew beer. Further research showed that yeast was cultivated to ferment grapes for winemaking in 3154 B.C., and was used by the Ancient Egyptians to leaven bread.  

Yeast was first introduced into laboratory studies in the middle 1930’s.  Yeast first became a powerful system in Biological research because it is very amenable to doing genetics, and has many homologs (genes with the same structure and function) in humans.  Subsequently, yeast has become a powerful system for doing Molecular Biology and Biochemistry.  Therefore, thousands of researchers in both academia and industry perform genetic experiments in yeast.  Since yeast has shown its power as a genetic system, in this laboratory, we will expose yeast to ultra-violet light and study rates of mutation.
Experimental Objectives:

1. Determine the rates of yeast cell death after exposure to UV light for varying lengths of time.

2. Determine the rate of mutation of the ADE1 and ADE2 genes after exposure to UV light for varying lengths of time.

Learning Objectives:

1. Learn how to culture yeast

2. Learn how to perform genetic crosses with yeast

3. Learn how to calculate the rate of killing after exposure to UV light

4. Learn how to calculate the rate of mutation of the ADE genes after UV exposure

5. Understand the differences in rate between a spontaneous mutation and an induced mutation

6. Learn the concept of genetic complementation

Growing Yeast in the Laboratory:

Most often, scientists grow the yeast as either single colonies or streaks, on agar plates that are supplemented with glucose as an energy source.  The agar plates are also supplemented with amino acids, such that the yeast can readily produce proteins, and nucleotides, such that the yeast can produce either RNA, or replicate their DNA.  Healthy wild-type yeast will grow as thick colonies that appear cream-colored.  A colony results from initially plating a yeast single cell.  That single cell will undergo mitosis (divide) to produce two daughter cells.  Those two daughter cells will then undergo mitosis to produce four cells.  Then, those four cells will undergo mitosis to produce eight cells, etc.  The time between each cell division is 2-4 hours when grown on plates in an incubator at 30o C.  Therefore, after approximately 2 days, thousands of cells are then produced, and a colony can be easily viewed on the agar plate.       
Understanding the Nature of Mutations:


The genome, which is the complete set of genetic information for a given organism, is composed of DNA.  The genetic information encoded in DNA is produced by a specific sequence of bases adenine, thymine, cytosine and guanine. A mutation refers to a change in the DNA sequence for a given gene.  Many mutations that occur are said to be silent, and have absolutely no effect on either the phenotype, or fitness of a given organism.  However, some mutations can have very strong phenotypes and thus, will negatively impact the viability of the organism.  Several types of mutations are discussed below.

Point mutation:  A mutation that results in a change of one base in a given gene.

Deletion: A type of mutation in which several or all bases are deleted for a given gene.  Therefore, the gene may be reduced in size, or removed altogether.  

Inversion: A type of mutation in which several bases within a gene are inverted or flipped around.  This is like flipping the word bat around to spell tab.

Types of Mutagens:

There are two classes of mutations that occur both in natural populations of organisms, as well as populations of organisms in the laboratory.  The two classes are spontaneous mutations, and induced mutations.  If a mutation occurs without the use of either chemical mutagens or radiation, then it is considered a spontaneous mutation.  If a mutation occurs because of exposure to a specific mutagen, then it is considered an induced mutation.  Spontaneous mutations are very rare as compared to induced mutations.  

In general, mutagens fall into two different categories: chemical mutagens and radation.  Chemical mutagens that are common in the lab to induce mutations are EMS (ethyl-methane sulfonate), and 5 bromo-uracil.  Other types of chemical mutagens are Nitrous acid, acridine orange and ethidium bromide, as well as agents found in cigarettes.

Mutations can also be induced by radiation of two types, and we are exposed to both types of radiation on a daily basis from the sun.  However, these types of radiation are emitted from a variety of instruments used in everyday life.   The first type is ionizing radiation.  This includes X-rays, gamma rays and cosmic rays.  The second type is non-ionizing radiation, which includes ultraviolet radiation.  Ultraviolet radiation is responsible for the formation of most skin cancers.  Ultraviolet radiation is readily absorbed by cytosine and thymine, causing these bases to enter a more reactive state, allowing for a mutation to occur.

The Yeast Genome:

Yeast normally exists in nature, and in the laboratory with a haploid genome, which means that it only has one copy of each gene.  This is unlike humans which have a diploid genome.  We have two copies of each gene, one coming from the mother and one coming from the father.  However, yeasts of two different mating types (a and α, you can think of these as two different genders) can be mated together to produce diploid yeast.   
ADE Mutations in Yeast:

Wild-type yeast, in the lab, grows as cream colored colonies on agar plates which are supplemented with glucose, amino acids and nucleotides.  However, in the wild, do not have access to amino acids to make proteins and nucleotide bases (such as adenine, thymine, uracil, guanine or cytosine) to either produce RNA or replicate DNA.  Therefore, they must produce their own amino acids and nucleotide bases.  Yeast has two genes that encode for enzymes necessary to make adenine.  These two genes are the ADE1 gene and the ADE2 gene.  If either gene mutated such that is non-functional, the yeast will no longer be able to produce adenine.  If either of these genes is non-functional, the yeast will grow as red-colored colonies, instead of the normal cream-colored colonies, due to the buildup of a specific metabolite.  Furthermore, adenine is essential for yeast growth.  Therefore, if either of these genes is non-functional the yeast will be unable to grow on an agar plate that lacks adenine. 
List of Materials:

1. YPD agar plates for growing yeast (Plates contain glucose, amino acids and nucleotide bases)

2. Ade (-) agar plates (Plates contain glucose, amino acids and all nucleotides except for adenine)

3. Beakers of ethanol

4. Spreaders (stirring rods shaped as hockey sticks)

5. Pipette (100-1000 ul)

6. Pipette (10-100 ul)

7. Pipette (1-10 ul)

8. Pipette tips (white, yellow and blue)

9. Wild-type Yeast (mating type a)

10. ade1 and ade2 mutant yeast strains (mating type α)

11. Incubator set at 30o C

12. Dowels for streaking yeast

13. Liquid media containing yeast

14. Tissue culture hood with UV light setting

15. Timer

16. Microfuge tubes

17. Microfuge tube racks

18. Sterile yeast liquid media

Experimental Procedures:

A. Plating yeast and exposure to UV Radiation (Week 1)
1. Obtain a 15 mL conical tube of sterile yeast liquid media

2. Pipet 998 ul of sterile yeast liquid media into a 1.5 mL microfuge tube

3. Obtain a 15 mL conical tube of a solution containing yeast in liquid media

4. Pipet 2 ul of yeast solution into your microfuge tube containing sterile yeast liquid media

5. Mix your yeast into this solution by inverting the tube 10 times

6. Obtain 6 YPD Plates

7. Label the plates 1-6.  Furthermore label each plate with the initials of your group members, and the date

8. Label plate 1 spontaneous-this plate will serve as a control, and will not be exposed to UV

9. Label plate 2-5 sec; plate 3-10 sec; plate 4-20 sec; plate 5-30 sec; plate 6-1 min

10 Take your diluted tube of yeast, pipet 20 ul of yeast and place it on plate 1-spontaneous.

11.  Take your spreader out of the sterilizing ethanol and remove the excess ethanol from it by running quickly through a flame

12. Spread the yeast thoroughly, across the entire plate

13. Plate yeast on the other 5 plates as you did in steps 10-12

14. Take plates 2-6 to SLC ____ to irradiate your plates under the hood.  Plate 1 is labeled sponantaneous, and is your control to see how many yeast develop mutations that are not induced by irradiation.

15. Place each plate under the UV hood for the appropriate amount of time face up with the lid off.  The time that each plate is placed under the UV hood should already be labeled (see step 9).

16. Incubate in 30 0 C incubator for 1 week.

B. Analysis and Genetic Crosses (Week 2)

1. Obtain your plates from the incubator

2. Count the total number of colonies on each plate and note that in your notebook.  Note, plate 1 was not irradiated.  The number of colonies on this plate should represent the total number of yeast cells initially plated on each plate in week 1.

3. Determine the number of cells killed by UV irradiation for each plate that was exposed. Subtract the number of colonies on each irradiated plate from the number of colonies on Plate 1.

4. Determine the percentage of cells killed. 

5. For each plate, count the number of red colonies that appear.  These are the colonies in which either the ade1 or ade2 gene was mutated.  At this time, you will be unable to determine whether the mutation is in the ade1 or ade2 gene
6. For each plate, determine the percentage of colonies containing mutations in either of the ade1 or ade2 genes.  Divide the number of red colonies by the total colonies for each plate and multiply by 100.

7. For each red colony, make a small patch on an ADE (-) plate.  Yeast that cannot make their own adenine will not be able to grow on plates lacking adenine.  This will verify that the red color is indeed due to an inactivating mutation in either one of the two ade genes.  
8. For each red colony, make a small patch on a YPD Plate.  This will give you a yeast stock for each colony for the rest of the lab with which you can work.  In subsequent weeks, we will determine which ade gene is mutated for each initial red colony. 

