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Instructor:

Dr. David Binninger

Biotechnology Laboratory I 

BSC4403

Spring 2009 
Instructor:


Dr. David Binninger



Office:  Biological Sciences Building, Room 210



Office Hours: 
Monday and Wednesday from 9:00AM-12:00PM or






By appointment



Phone:  297-3323



Email:  binninge@fau.edu
 E-mail is the most effective way of reaching me
Required


1.
Laboratory notebook, which is available in the FAU campus bookstore in the textbook section. It has a very colorful cover, numbered pages and carbonless tear-out pages.


2.
Laboratory manual, which can be downloaded from Blackboard.


3.
Lab coat and safety goggles
Course Objective

The objective of this laboratory course is to provide you with hands-on experience in some of the basic, but essential laboratory skills required in molecular biology and biotechnology.  Emphasis will be placed on understanding the concepts behind designing and implementing controlled experiments.

Student Conduct

All rules and regulations regarding the student’s responsibilities, discipline and honor code, as outlined in the college catalog, will be observed.

Holidays

There are no official university holidays that coincide with a scheduled class since the course ends just prior to Spring Break.


Determination of your grade

Notebook and Results — 22%

Quizzes — 10%  
Four out-of-class assignments — 7% each for a total of 28%

Two in-class written exams — 20% each for a total of 40%
In-Class Written Exams

There will be two in-class written exams that account for 40% of your course grade. These are short answer and problem-based exams, which emphasize the concepts and important technical aspects of the techniques that you are learning in this course. A major portion of the exam will focus on the various types of routine calculations required for preparation of reagents.
Important: Many students find the exams challenging and their exam scores are often a major factor in determining the final course grade. There are discussions throughout this manual on the conceptual and technical details of the procedures you are learning. There will also be discussions in class. This material forms the basis of the written exams.
Laboratory notebook 

The laboratory notebook must be purchased from the FAU bookstore. The notebook has carbonless pages that will be torn out and turned into your TA before you leave the laboratory. These pages must be well thought out and legible.  We will be going over, in detail, what is expected of you in this record-keeping process.  See pages 8-9.

Quizzes

Quizzes will be online using Blackboard. The purpose is to encourage you to read the relevant material in the lab manual before coming to class. Collectively, the quizzes account for 10% of your grade.

A Clean Working Environment 

Now is the time to develop good laboratory techniques that include keeping your lab space clean and organized. Please note that “your mother doesn’t work here”. The following is a list of “behaviors” which will result in a 1 point deduction in your “notebook” grade.

•
“Disappear” for extended periods of time

•
Leaving trash in the sink 

•
Not cleaning up properly

•
Negligence and/or abuse of equipment

•
Questions that clearly indicate that you are not prepared

•
Non-participation (your lab partner(s) are doing all of the work)

Results

At this stage in your academic career, it is reasonable to expect an acceptable level of proficiency in the laboratory.  The instructor, along with the teaching assistant, will evaluate the quality of your work.

Late for Class

You are expected to be in the lab, ready to work promptly at 9AM. If you are late, there will be a 1-point penalty on your final course average. 

Missed Lab Periods

It is important that you attend every lab. Most of the experiments will develop over a course of several lab periods. Making-up a missed lab is not practical!
An absence from lab will be allowed only in truly exceptional circumstances and a written, verifiable excuse is provided. Examples of acceptable excuses include a doctor’s note showing illness, court subpoena or a family tragedy.  If you are going to miss (or have already missed) a lab and have a written excuse, please talk with Dr. Binninger as soon as possible. For an excused absence, you will be offered an opportunity to receive credit for the missed lab by doing an out-of-class written assignment. Please see Dr. Binninger for additional details. Note that in keeping with FAU policy, reasonable accommodations for religious observances will be made.
Unexcused absences will result in lose of all points associated with that day’s activities. 
Ensuring Success in the Course

1.
Attend all labs.   

2.
Read the corresponding material in the manual before the lab. See comments concerning quizzes above.

3.
Most importantly, try to understand the purpose of the experiment before you enter the lab!

4.
Go back over your lab notes as soon as possible after the lab and determine where any weaknesses in your understanding lie.

5.
Utilize the instructor’s and teaching assistant’s office hours to ask any questions about areas with which you’re having difficulty.

6.
Use your other biology textbooks, or go to the library for related books, as resources for understanding basic concepts.

7.
Explore the Internet.

Grading Scale

	Grade
	Percentage
	Grade
	Percentage

	A
	≥93
	C
	76-73

	A-
	92-90
	C-
	73-70

	B+
	89-87
	D+
	69-67

	B
	86-83
	D
	66-63

	B-
	80-82
	D-
	62-60

	C+
	79-77
	F
	≤59


Maintaining Your Laboratory Notebook

Use the first two to three pages of your laboratory notebook for a Table of Contents.  On these pages, list the experiments by name, as you perform them, with their starting page number.

Use a pen (no pencils!) when writing in your notebook.  

Never remove (or insert) pages from your notebook (this excludes the carbonless (yellow) copies of course).  When filling only part of a page, cross through the empty space.  When adding in tables or photos, tape them on a notebook page and sign over the edge of the insert.  Label these inserts clearly.

Try to keep your notebook clean and neat.

Write using only conventional terms.  Do not use abbreviations, names or symbols that other people will not understand.

Write down the data that you generate during the experiment directly into your notebook.  Don’t keep scrap papers that can be misplaced or jumbled out of order.

Write down the facts honestly and pointedly.  Your notebook is not a journal and irrelevant personal remarks are not appropriate.

Sign and date the bottom of every page.  Have a “witness” sign and date the bottom of each page every day before the end of lab. Print your name below the signature so we know who signed it.
Note:

In the industry:

· your notebook will be retained and a copy of it will be made and stored in a second place.

· your “witness” will usually be someone not working on the same scientific project, but someone working in your lab who can verify that you were performing the experiments on the days that you specified.

For each experiment, include the following sections:

Purpose


Briefly state (in a couple of sentences) the purpose(s) of the experiment.  Include the reason(s) for performing the experiment, as well as the expected outcome(s).

Materials and Methods


This section includes all solutions, reagents, equipment and protocols that you employed in this experiment.  In order to be efficient with time, a scientist will not write the protocol every time that he/ she uses it, but instead, will write the protocol the first time it is used and refer back to the protocol (by referencing the lab notebook and page).  In this class, the lab manual can be referred to as a source for protocols, but any changes or deviations must be noted in the notebook.
Results


As mentioned above, write down the data that you generate during the experiment directly into your notebook.  This section has to be particularly clear and easy to read.  Label clearly any tables or graphs that you construct to explain your data.  Include all calculations that you used to perform the experiment, as well as, those used to analyze the data.

Discussion


Discuss the final results: were they as expected?  If not, why not?  Interpret the data and include supporting reasons for why the experiment had the outcomes it did.  What experiment would you perform next, if given the opportunity to decide?

References


Record the sources of information that you used to conduct the experiment (in this class, typically the lab manual).

Equipment Use, Lab Technique, and Waste Disposal

Pipettes

Graduated pipettes are made of glass or plastic and have graduations along the length of the pipette to allow the accurate measurement and dispensing of fluids.  We may use pipettes of 1.0ml, 5.0ml, and 10.0ml total volume.

Pasteur pipettes are made of glass and do not have graduations.  

Sterile Handling

Both types of glass pipettes are supplied in a metal canister. Pipettes are supplied sterile!  The pipettes must be handled properly to maintain the sterile condition. To remove a pipette from the canister, hold the canister in one hand while carefully removing the lid with the other hand.  Hold the open canister horizontally and shake gently until a single pipette is extending enough to grab it with the hand holding the lid.  

Only touch the pipette near the top and only as much as is necessary! 

Replace the lid without allowing the pipette to come in contact with any object.  Place the closed canister on the bench in a horizontal position.  
Do Not Stand the Pipette Canisters on End!  

· Graduated pipettes are installed on a thumbwheel aspirator.

· Pasteur pipettes use a rubber bulb. 

Disposal

Graduated glass pipette —remove it from the thumbwheel aspirator and immediately place it into the disposal canister at your workstation with the tip down.  When necessary or at the end of lab, transfer the used pipettes from the disposal canister at your workstation to the Pipette Waste Canister at the side bench with the tips down.  

Note: We will probably use plastic disposable pipettes in this course. They may be disposed of in the regular trash if they were not used with a biological hazard. Otherwise, dispose of them with in the waste disposal tub labeled “Contaminated Plastic Waste”.

Pasteur pipette —remove it from the bulb and immediately place it into the disposal canister at your workstation with the tip down.  When necessary or at the end of lab transfer the used pipettes from the disposal canister at your workstation to the tray labeled “Contaminated Glass Waste” at the side bench. 

Do Not Return Partially Used Pipette Canisters 
to the Pipette Drawers!

Automatic Micropipetters

Automatic micropipetters are used for repeated accurate measuring of small amounts of liquids.  They are very expensive. You may use pipetters that will measure as little a quantity as 0.5l.

Sterile Handling-

The automatic pipetters themselves are not sterile, but they incorporate sterile disposable plastic tips.  These tips are provided in a sterile condition in a plastic box. Proper procedure must be followed to maintain the sterility of the tips in the box.  While holding the automatic pipetter in one hand, open the pipette tip box only enough to remove a tip.  Press the end of the automatic pipetter onto the tip for a snug fit.  Remove the pipetter with the tip attached.  Close the lid.

Disposal

Immediately following the use of the pipette tip, eject the tip into the disposal canister at your workstation using the ejector on the automatic pipetter. When necessary, or at the end of lab, transfer the used pipette tips from the disposal canister at your workstation to the waste disposal tub labeled “Contaminated Plastic Waste”.  

Do Not Place Used Pipette Tips In Any Waste Receptacle Other Than the Tub Labeled “Contaminated Plastic Waste”.
Glass Petri Plates:

Sterile toothpicks will be provided in reusable glass Petri plates. To aseptically remove a toothpick for transfers of bacteria or yeast open the Petri plate in a “hinged” manner.  Remove a single toothpick touching it only in the middle while touching no other toothpicks or the inside of the plate.  Close the lid.  At the end of lab, return the glass Petri plates to your instructor at the front bench.  As the Glass Petri Plates Are Not Contaminated and Are Not Waste, Do Not Place Them in Any Waste Receptacle!
Disposable Petri Dishes

The disposable Petri plates that you will be using are made out of plastic and will be provided either empty, or containing a variety of microbiological media.  Used plastic Petri plates should be placed in the waste disposal tub labeled “Contaminated Plastic Waste”.  Do not stack plates in the tub any higher than the sides of the tub.  If the tub is too full, ask your instructor and a new tub will be provided.

Glass Test Tubes

Labeling

Label each test tube as you receive it to avoid confusion as to the contents of the tube.  Make the label using label tape and a “sharpie” marker.  Do not write directly on the tube or place any marking on the tube caps.
Disposal

Used contaminated tubes should be placed in tube racks in the area of the side bench labeled for test tubes.

Microcentrifuge Tubes

Labeling

The microcentrifuge tubes that you will be using are made of plastic and have a total volume of 1.5ml.  You may write directly on microcentrifuge tubes with a fine tip Sharpie marker.

Disposal

Microcentrifuge tubes are made of plastic.  Used microcentrifuge tubes should be placed into the waste disposal tub labeled “Contaminated Plastic Waste”.    They should not be put in test tube racks at any time.  If you need a rack for microcentrifuge tubes ask your instructor and one will be provided for you.

If you have any question as to the use of any equipment, or disposal of any materials, please ask your instructor or the laboratory coordinator.

Experiment 1

The Growth Curve

Introduction

Obtaining reproducible results with techniques such as transformation, plasmid DNA purification, recombinant protein purification, etc. requires an understanding of the growth characteristics of the organisms. The most widely used bacterial species is E. coli. In this experiment, you will grow this organism in liquid culture and on solid agar medium. You will measure the growth rate of E. coli at two temperatures – its optimal temperature of 37°C and at room temperature. The cell density will be estimated by measuring the optical density using a spectrophotometer. You will then make serial dilutions of the culture before plating the cells on solid medium to determine cell density by measuring the number of viable cells.

Growth media

The rate of growth depends on the available nutrients, aeration of the culture, temperature and the specific organism. Generally, two types of media are used. A rich or complex medium contains a complete set of nutrients needed by the cell. In contrast, a minimal or defined medium provides only the essential compounds and forces the cell to synthesize all of its metabolites (amino acids, nucleotides, lipids, etc.) de novo. Cell growth is always faster in a rich medium than in a minimal medium. Typically, cell generation time for both E. coli and yeast (which will be used in an upcoming experiment) is nearly doubled in minimal medium. Auxotrophs (cells with one or more mutations in essential metabolic pathways) can grow in rich medium, but can only survive in minimal medium if the requisite metabolite(s) is (are) provided. For example, a leucine auxotroph cannot synthesize leucine (an amino acid) and must have leucine added to minimal medium in order to grow.

Growth Curve

There are four phases to the “growth curve”. The lag phase (#1 in Figure 1 on the next page) is a period of adjustment when old cells are first introduced to fresh medium. During the lag phase, there is no cell growth or division. The length of the lag phase depends on many factors: age and genotype of the cells being used, temperature, nutrient levels in both the old and new medium and the concentration of any toxins that may have accumulated in the old medium. For yeast, the lag phase can be about 3 hours at 30°C whereas for E. coli it is typically about 10-60 minutes at 37°C.
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As the cells begin to grow more rapidly, they enter the exponential or logarithmic (log) (#2 in Figure 1) phase. Most of the cells are now in the same metabolic state and cell growth and division is fairly consistent. Available nutrients, temperature and aeration have the most notable affect on the rate of cell growth. Rapid shaking is needed to maintain optimal levels of dissolved oxygen in the medium. Both E. coil and yeast have cell walls and will not be injured by vigorous shaking. Yeast cells in rich medium will double in cell number about every 90-100 minutes whereas E. coli’s generation time is about 20-30 minutes. In many experiments, you will want to harvest cells during this log phase.

As the nutrients are consumed and metabolic by-products accumulate, cell growth slows and eventually stops as the cells enter stationary phase (#3 in Figure 1). Some cells are still growing while others are dying. Overall, the population density remains fairly constant. As more nutrients are depleted, the rate of cell death exceeds cell growth and the culture enters the death phase (#4 in Figure 1)
Aeration

Yeast and E. coli are both facultative anaerobes because they can grow in the absence or presence of oxygen. Note that not all carbon sources can be used for anaerobic growth. Growth is always faster in the presence of oxygen. For E. coli, anaerobic growth can be 10-fold slower than aerobic growth. In a stationary flask, E. coli can grow to a density of approximately 107 cells/ml before oxygen becomes rate limiting. If aeration is increased by shaking or bubbling air through the medium, cell density can increase to about 2-3 X 109 cells/ml. With vigorous aeration, yeast cultures reach a maximum cell density of ~2-3 X 108 cells/ml, which is about 10-fold lower than that of an E. coli culture.

Measuring Cell Growth

We will use two methods to determine the density of the cell culture. The first uses a spectrophotometer to measure the turbidity of the culture. The second is a direct determination of the number of viable cells. 

Turbidity — A turbid solution is opaque due to the suspension of particles. In our case, those particles are bacteria. If the bacterial suspension is dense enough, a beam of light will be diffracted as it passes through the sample. We can use a spectrophotometer as the light source and then measure the extent of the diffraction.  This measurement is called the optical density (O.D). Turbidity measurements are simple and easy, but there are limitations and potential problems:

· Particular matter other than the cells also causes light scattering. 

· The relationship between O.D. and actual cell density differs among cells of different sizes and shapes. In many experiments, this is not an important consideration since you will usually be concerned about relative changes in cell density.

· The solution containing the cells may contain dissolved materials that absorb the light, which the spectrophotometer cannot distinguish from turbidity. 

· Turbidity cannot distinguish between living and dead cells.

Even with these limitations, turbidity is still widely used to measure cell growth because it is so easy and quick. 

Viable cell counts —This technique only measures the number of living cells, as suggested by its name. This approach also has the advantage of being able to count subpopulations of cells that have specific metabolic phenotypes. For example, the culture may contain a subgroup of cells that are able to utilize a specific carbon source. The major disadvantage is the time required for the cells to grow into visible colonies, often requiring an overnight incubation. 

Overview of the Experiment

1. Prepare LB agar plates that will be needed for serial dilution cell counts.

2. Grow one culture of E. coli at 37°C and another culture at room temperature (~25°C).

3. Measure the OD of each culture at various times.

4. Make serial dilutions of the cells to determine viable cell count.

5. Plot the growth curve on semi-logarithmic graph paper.

6. Calculate cell density at each time point.

A.  Preparation of LB plates

Each group of 3 students will need ~150ml of LB-agar to make at least 6 plates. 

Materials

· Yeast Extract
· Tryptone

· NaCl

· Water

· Flask 

· Scale

· Weigh Boats

· Foil

· Spatula

· Sharpie marker

· Six Petri plates

Procedure

1. Luria Broth (LB) contains 1% tryptone, 0.5% yeast extract and 0.5% NaCl. Since we are making plates, you will also need 1.5% agar.

2. Calculate the amount of each reagent needed for 150ml medium
a. _______g yeast extract
b. _______g tryptone
c. _______g NaCl
d. _______g agar
A 1% (w/v) solution means 1g dissolved in a final volume of 100ml.
3. Weigh out the yeast extract, tryptone and NaCl and transfer to a 250ml or larger flask.
Use a spatula for the yeast extract since it is a very flocculent powder! 
4. Weigh out the agar in a weigh boat, but set it aside for use later.
5. Add ~100ml water to the flask. Swirl until the solid material is dissolved. 

6. Pour the solution into a graduated cylinder and bring to a final volume of 150 ml.

7. Pour the medium back into the flask.
This is liquid LB medium that would be used for growing a culture of E. coli as we will be doing in the next part of the experiment. You need solid LB medium for growing individual colonies of E. coli. For that we will add agar as a solidifying agent.
8. Add the agar that you weighed out in step 4 above.
The agar is insoluble, but will melt during the autoclaving process.
9. Cover the flask with foil, label it clearly and then give it to the teaching assistant. The medium will be autoclaved.

10. Label six Petri plates on the bottom. Write along the edge of the plate so you do on obscure your view of the colonies.
 The manufacturer sterilizes the plates uses gamma irradiation.
11. After the medium has been autoclaved and cools to ~50-60°C, pour the medium into the six Petri dishes. 

a.
Wipe down your lab bench with 70% ethanol

b.
Pass the opening of the flask through the flame of an alcohol burner to sterilize.

c.

Open the Petri plate cover just enough to pour the media. Add only enough medium to cover the bottom of the plate. This should be about 25-30ml.

d.
Replace the cover on the Petri plate.

e.
Place the next Petri plate on top of the one you just poured and repeat the process.

f.

Stacking the Petri plates as you pour them will minimize condensation on the lid and agar surface. Pour three plates and then carefully slide them out of your way.

g.
Do not disturb until the medium as solidified. 

h.
Invert the plates after the agar has hardened. 

 It will be immediately obvious if you invert the plates too soon or forgot to add agar to the medium, 

12. If needed, LB agar plates can be stored at 4°C for at least several weeks. It is common to find some plates with contamination when stored for extended periods of time. 

B. Growth Curve for E. coli
Materials

· Bunsen burner/lighter
· Shaking water baths (or equivalent) – one at 37°C and another at room temperature (~25°C).

· Spectrophotometer

· Vortex

· LB broth for serial dilutions

· LB agar plates (or equivalent)

· Rods for spreading cells

· Ethanol

· Pipettes

· Incubator at 37(C

· 4(C incubator (commonly called a refrigerator) 
Experimental Procedure

1
Prior to class, a culture of E. coli (strain LE392) that had been grown to stationary phase (an “over-night culture”) was used to inoculate 200ml of fresh LB medium in a one-liter flask. Using a flask approximately 5-fold larger than the culture volume helps insure good aeration.

 2
We will generate a detailed growth curve that also correlates optical density (O.D) with actual cell density. The teaching assistant will assign individual time points to each group of three students. Students in one section will grow the cells at 37°C while the other section grows the cells at room temperature (~25°C).

3.
Obtain a sample of the cell culture. Note the time.

4.
Measure the turbidity of the culture medium using a spectrophotometer. You will be shown the proper use of this instrument.

5.
Make 10-fold serial dilutions of the E. coli cells. Add 100µl of the cell culture to 900µl LB in a microcentrifuge tube. Mix by brief vortexing. This is a 10-1 dilution. Repeat this process as needed to make 10-2 dilution, 10-3 dilution, etc. 
 You will need to make several dilutions to get a “countable” number of colonies. Ideally, you want between 50-200 colonies on a plate. The cell density of an E. coli culture at an O.D. = 1.0 is APPROXIMATELY 108 cells/ml. Use this information to determine the dilutions you should prepare.

6.
Spread 0.1ml (100µl) on the surface of LB agar plates using a flame-sterilized glass rod (sometimes called a “hockey stick”).

a.
Dip the glass rod into ethanol.

b.
Flame the rod by passing it through the flame of a Bunsen burner or alcohol lamp. Do not hold the glass rod in the flame. The ethanol will ignite and burn quickly with a blue flame. 

Be careful. Do not hold the flaming glass rod over the ethanol container. It is easy to set the dish of ethanol on fire! Do not tilt the rod at an upward angle while the ethanol is burning! If the reason is not obvious, it will be the first time you do it.
c.
Make two plates of each of three dilutions to obtain an average cell density.

7
Invert the LB plates after the liquid has dried into the surface of the plate. This will help prevent possible smearing of the colonies due to the formation of condensation.

8.
Be sure the plates are clearly labeled before giving them to the teaching assistant. The plates will be incubated at 37°C overnight and then stored at 4°C until the next lab period.

9.
During the next lab period, count the number of colonies on each plate. Use the data to calculate the cell density at each time point. Record the data in the table below. 

10.
Prepare a graph of the growth curve using the O.D. data. The data for the entire class will be tabulated on the board at the front of the room. Plot time along the linear X–axis and O.D. along the logarithmic Y-axis. A semi-log graph is provided on the next page.

Results

Cell Counts

	Dilution
	Number of colonies on first plate
	Number of colonies on second plate
	Average Cell Density (cells/ml)

	
	
	
	

	
	
	
	

	
	
	
	


Use the results of the growth curve to determine the cell generation time for E. coli grown under your culture conditions.

Cell generation time is ________ minutes at 37°C while the cell generation time is _______ minutes at room temperature.
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Experiment 2

Identification of Yeast Auxotrophic Mutants
and
Genetic Complementation

Introduction

The yeast Saccharomyces cerevisiae is a unicellular fungus. Commonly called baker’s or brewer’s yeast, it has many important commercial and industrial applications. Yeast has all of the hallmark features of a eucaryotic cell while possessing many of the experimental advantages of bacteria. Yeast is a well established paradigm for eucaryotic molecular and cellular biology because of the excellent genetics and the highly developed recombinant DNA techniques that are available for this organism. 

Transformation of yeast with plasmid constructs or other types of DNA molecules requires a selectable genetic marker. Antibiotic resistance, which is routinely used for bacterial transformation cannot be used with yeast because it is a eucaryotic organism. The most commonly used selectable markers for yeast are nutritional since the appropriate auxotrophic mutants are easily identified by standard genetic techniques.

Yeast cells can grow by asexual (i.e. mitosis) cell division as either haploid or diploid organisms. As with all sexually reproducing organisms, there are two “mating types”. Instead of male and female, the two mating-types are designated MATa and MATa. Haploid cells of opposite mating types can form a diploid cell designated MATa/a. 

Auxotrophic mutants can arise by mutations in any of the genes coding for enzymes in a specific biochemical pathway. The His2 and His4 genes each code for one of the enzymes required for biosynthesis of the amino acid histidine. Therefore, haploid yeast strains having his2 or his4 genetic mutations are both histidine auxotrophs. If a haploid strain with a his2 mutation is mated to a haploid strain with a his4 mutation, the resulting diploid strain should be able to grow on medium lacking added histidine due to genetic complementation. The his2 mutant provides a functional His4 gene while the his4 mutant provides a functional His2 gene.

Purpose of this exercise

You will be given five unknown yeast strains. This exercise will teach you how to determine the phenotype of each strain. This will be a graded result! You will need to prepare two types of media plates — rich medium and minimal medium.

Rich nutrient medium supports the growth of all of the auxotrophic strains. For yeast, this is called YPD for yeast extract-peptone-dextrose. This medium is very similar to that used in Experiment 1 for growth of E. coli. 

Minimal medium provides only the essential salts, vitamins, etc., along with a carbon source. Yeast strains having mutations in any essential metabolic pathway will be unable to grow on this medium unless the requisite metabolite is provided. For example, a leucine-auxotroph – designated leu- – will only grow on the minimal medium when supplemented with the amino acid leucine. You will also prepare the minimal medium plates needed for this experiment.

You will also participate in the experimental design by deciding which supplement – or combination of supplements – will be used to identify each auxotroph. Your grade for this exercise will be based on your correct identification of each of the three auxotrophic mutants along with the wild-type.

Genetic Complementation

We recently received two new strains of yeast. Each has been tested and shown to grow on minimal medium only when supplemented with both histidine and tryptophan. Strain 1 is reported to have the genotype MATa his2. Strain 2 is reported to have the genotype MATa his4. We do not have any information on the genetic mutations responsible for the trp- phenotype. If the two strains are indeed opposite mating types, we expect to observe genetic complementation of the his- phenotype. Complementation of the trp- phenotype is unknown.
Overview of the Experiment

1. Prepare YPD agar plates.

2. Streak each of the yeast cultures to obtain individual colonies.

3. Prepare yeast minimal medium (YMM) plates.

4. Add the nutritional supplement to the minimal medium agar plates. You will decide which ones to use.

5. Streak the yeast strains on the test plates.

6. Analyze the results

7. Determine whether the mutations responsible for the his- and trp- phenotype of Strains 1 and 2 are allelic or are mutations in different genes encoding enzymes in the same biochemical pathway.

Experimental Procedure 

A. Preparation of YPD agar plates

Each group of two students will need to prepare 15 YPD plates. Each plate will use about 25-30ml of medium. Therefore, 450ml of medium will be plenty. 

Materials

· Yeast extract

· Peptone

· Glucose (also called dextrose)

· Agar 

· Water

· Two 1-liter flasks per bench 

· Two 150ml flask (or larger) per bench

· 500ml graduated cylinder

· Top-loading balance

· Weigh boats

· Spatula

· 100ml graduated cylinder

· Aluminum foil

· Label tape

· Sharpie marking pen

· Autoclave

YPD contains yeast extract, peptone and dextrose (more commonly called glucose). This medium contains a complex mixture of amino acids, peptides, nucleotides, nucleic acid, lipids, etc. It will support the growth of virtually any yeast strain. However, the precise chemical composition of the medium is not well defined.

The medium will be sterilized by autoclaving for at least 20 min at 121°C. The best results are obtained if the glucose is autoclaved separately from the yeast-extract and peptone mixture. The sterile glucose will be added later using aseptic technique.

Procedure

YP with agar

1.
Add 4.5g yeast extract, 9g peptone to a 1-liter flask. You may use a spatula to transfer the yeast extract since it is a very fine powder. 

2.
Add ~350ml water to the flask. Swirl to dissolve the solid material.

3.
Transfer to a graduated cylinder and bring to a final volume of 405ml.

4.
Transfer the solution back to the 1-liter flask.

5.
Add 6.8g agar. 

6.
Cover the flask with a piece of aluminum foil.

7.
Clearly label your flask using a piece of tape.

8.
The teaching assistant will autoclave the medium.

20% (w/v) Glucose

1.
Add 12g glucose to a 150ml or larger flask.

2.
Add water to approximately 30ml. Swirl to dissolve the glucose.

3.
Use a graduated cylinder to adjust to a final volume of 60ml using water.

4.
Transfer the glucose solution back to the flask.

5.
Cover the flask with a piece of aluminum foil and clearly label your flask using a piece of tape.

6.
The teaching assistant will autoclave the solution
 You will use 45 ml of 20% glucose to make the YPD medium. The other 15 ml of 20% glucose will be saved to use with the YMM medium (see p. 24). 

Pouring YPD plates

1.
Wipe down your lab bench with 70% ethanol

2.
Obtain 15 plastic Petri dishes. Label the bottom of the plates
 The manufacturer sterilizes the plates uses gamma irradiation.

3.
Using proper aseptic technique, add 45ml of sterile 20% glucose to the flask containing 405ml YP with agar. 
Do not add the entire 60ml of 20% glucose! 
4.
Swirl to mix thoroughly.

5.
Pass the opening of the flask through the flame of an alcohol burner to sterilize.

6.
Open the Petri plate cover just enough to pour the media. Add only enough medium to cover the bottom of the plate. This should be about 25-30ml.

7.
Replace the cover on the Petri plate.

8.
Place the next Petri plate on top of the one you just poured and repeat the process.

9.
Stacking the Petri plates as you pour them will minimize condensation on the lid and agar surface. Pour six plates and then carefully slide them out of your way.

10.
Do not disturb until the medium has solidified. 

11.
Invert the plates after the agar has hardened. 

 It will be immediately obvious if you invert the plates too soon or forgot to add agar to the medium, 

B.  Streaking Yeast Culture to Obtain Single Colonies

You will be given five unknown yeast strains (designated Strains A, B, C, D and E) that were grown in liquid YPD medium. Remember, this is a graded result. Be sure you label all of your plates clearly. The next step is to streak a sample of each yeast culture on a YPD plate to obtain individual colonies.

Background

Cultured cells, whether bacterial, yeast or mammalian, offer several benefits over whole organisms for research.  They can be easily manipulated in the lab and used under more precisely controlled experimental conditions than intact organisms. They can be readily grown as a strain of genetically identical cells with homogeneous properties.  Such cell strains must be kept distinct, and thus pure, through subsequent experimental manipulations.  These pure cell strains usually have a well-characterized genotype and phenotype(s) that are central to the experiments conducted in the biotechnology industry.

A streak plate is often used to obtain a pure culture.  This method involves spreading a culture of mixed cell types over a medium in a diluted fashion.  The cells will thus become separated from one another.  Following separation, the cells are allowed to grow into colonies.  Each colony represents a pure clone of the original cell because all of the cells in the colony are descendents from the asexual reproduction of the original cell.

The purity of the cloned colony can be validated by restreaking cells derived from the colony and verifying that the descendent colonies have identical morphology, biochemical properties and/or other distinctive phenotypic traits.  For example, examining the descendent colonies by differential staining or DNA analysis should provide evidence that the colony is homogeneous.

Aseptic technique involves using precautions to avoid contamination and infection.  Remember that every microbial culture is potentially hazardous and contains potential pathogens.  You must avoid all direct contact with the research organisms or their culture fluids.  This is why safety practices such as wearing lab coats, keeping substances out of your mouth and away from your skin, using sterile pipettes and washing your hands before you leave the lab are required when working with live microorganisms.  It is important to clean your work area before you start, use only sterile transfer instruments and work quickly (yet efficiently).

To avoid contamination while transferring a culture from one container to a second container, the following technique is used:  

1.
Heat the inoculating loop in the incinerator until it is red and glowing. Alternatively, use a sterile disposable inoculating loop.

2.
Flame the mouth of the culture tube being careful not to allow the caps or lids of culture container to touch anything else.
This may not be practical if the sample is in a small plastic tube.   
3.
Insert the sterile loop into the culture.

4.
Flame the mouth of the culture tube and reseal.

5.
Streak the loop across the surface of the agar plate (see below for more detail).

5.
Important: Reheat the inoculating loop in the incinerator (if it is metal) or properly dispose of the plastic loop before moving to the next culture.
If you cross contaminate your yeast cultures, it will be difficult, if not impossible, to properly identify each strain.
Materials

· Inoculating loop

· YPD plates

· Unknown yeast 
· cultures
· Incinerator

· Alcohol burner

· 30oC incubator

Experimental Procedure

Two streaking procedures are described below. You may use either method to streak each of your four unknown yeast strains onto a YPD plate. Label each YPD plate clearly on the bottom.

Quadrant Streak Method

Note: If you are using disposable plastic loops, use a new loop 
whenever the procedure indicates that you should flame the loop.

1.
Mark quadrants on the bottom (outside) of all agar plates.

2.
Sterilize an inoculating loop in the incinerator.

3.
Allow the loop to cool.  Cooling avoids killing the microbes, as well as, producing an aerosol upon contact with the cool agar.  Do not wave the loop in the air.

4.
Remove the culture cap and flame the mouth of the culture tube.

5.
Dip the sterile loop into the culture.

6.
Gently slide the loop over the plate’s surface in one quadrant.  Don’t penetrate into the agar.  Swiftly streak and cover the plate.  By holding the closed plate up to the light, faint scratch marks can be seen where the loop touched the plate’s surface.

7.
Resterilize the loop, cool and cross-streak the first quadrant into the second quadrant.  

6.
Repeat step 7 into the third and fourth quadrants.

8.
Sterilize the loop again after the final streak.

Continuous Streak Method

1.
Repeat steps 1-5 of the quadrant streak method.

2.
Streak the loop back and forth across one-half of the plate.

3.
Rotate the plate 180o and using the same face of the loop, continue streaking over the remaining half of the plate.  The loop is not flamed between streaks in this procedure.
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Figure 1.1 Types of streak plates.




The YPD plates will be incubated at 30°C until colonies are visible.
C. Preparation of YMM agar plates

Each group of two students will need about twelve YMM plates. Therefore, 450ml YMM medium will be plenty.

Materials

· Yeast Nitrogen Base w/o amino acids

· 20% glucose (prepared in the previous lab)

· Agar

· Uracil (1mg/ml stock)

· Adenine (1mg/ml stock)

· Water

· Two 1-liter flasks per bench 

· Two 150ml flask (or larger) per bench

· Top-loading balance

· Weigh boats

· Spatula

· 100ml graduated cylinder

· One 50cc or larger plastic syringe w/o needle per bench
Note: An alternative method for filter-sterilizing may be used.

· One filter with 0.45µm or smaller pores per group of six students

· One sterile 50ml conical tube per group of six students

· Aluminum foil

· Label tape

· Sharpie marking pen

· Autoclave

10X YNB with adenine and uracil

1.
Add 3.0g yeast nitrogen base without amino acids (YNB) to a flask.

2. Add 9ml each of 1mg/ml adenine and 1mg/ml uracil.

3. Bring to a final volume of 45 ml using a clean graduated cylinder.

4.
Swirl to dissolve. It may be helpful to warm the solution in a water bath.

5.
YNB contains compounds that are heat-sensitive. Therefore the solution must be filter-sterilized. The most commonly used filters have pores of either 0.45µm or 0.22µm to remove bacteria, mold, fungal spores, etc. You will be shown the proper technique in class. 
 We will filter sterilize the YNB directly into the flask of water and agar after it has been autoclaved and cooled (see below)

6.  Clearly label the tube containing the sterile YNB mixture.

Water with agar

1.
Add 6.9g agar to a 1-liter flask.

2.
Add 390ml water.

3.
Cover the flask with a piece of aluminum foil and clearly label your flask using a piece of tape.

4.
The teaching assistant will autoclave the medium.

Pouring YMM plates

Materials Needed:

· 70% ethanol

· Bunsen burner

· Sterile 10ml pipettes and thumbwheel pipetters
· Plastic Petri Dishes

· Sharpie marker
· 30(C incubator
YMM Plates

1.
Wipe down your lab bench with 70% ethanol

2.
Obtain 12 plastic Petri dishes. Label the bottom of the plates.

3.
Using proper aseptic technique, filter-sterilize the 45ml of 10X YNB/ /adenine/uracil directly into the flask containing 390ml water with agar. 

4.
Aseptically add 15 ml of 20% glucose.

5.
Swirl to mix thoroughly.

6.
Use the procedure described above to pour 12 Petri plates.

7.
After the agar has hardened, invert the plates and label the bottom of the plates.

D.  Auxotrophic mutant selection on supplemented YMM plates

Before class:

You will actively participate in the experimental design. Before coming to class, think about the information in the Experimental Objective below and have a plan. You may discuss your plan with others in the lab. Science is a collaborative process. There is more than one way to design the experiment using the reagents provided. 

The Experimental Objective

The YPD plates that you prepared during the last lab period should have single well-isolated colonies that developed from a single cell. Each plate contains yeast cells that have one of the phenotypes described in Table 1 below. You have five YMM plates and three supplements — isoleucine, tryptophan and hisitidine. You may add any single supplement, combination of two or three supplements or no supplement at all to each YMM plate. The choice is yours. 

The challenge is to use the supplements in a way that will allow you to deduce the phenotype of any of the yeast colonies based on its growth response on the YMM tester plates. At the end of the experiment, you will identify the phenotype of each of your four yeast cultures.

Table 1

	Phenotype
	Comments

	Wild-Type
	Prototroph — requires no amino acid supplements

	Ile-
	Isoleucine auxotroph — requires isoleucine

	His-
	Histidine auxotroph — requires histidine

	Trp-
	Tryptophan auxotroph — requires tryptophan

	His- Trp-
	Histidine/Tryptophan auxotroph — requires both histidine and tryptophan


HINT: Many auxotrophic mutants are “leaky”; mutants grow significantly slower but often exhibit detectable growth. You should try to design your experiment so the test cells are plated on medium that will support growth to facilitate distinguishing “growth” from “non-growth” on each supplemented test plate. 

Think before you act!
Materials
· YMM plates 

· YPD plates with your unknown yeast strains
· Inoculation loop and incinerator

· Aliquots of the tryptophan, histidine and isoleucine stocks (1mg/ml solutions) — one set per bench

· Micropipetters and sterile tips

· Plastic spreader rods

· Sharpie marker

· 30(C incubator 
Procedure

1.
Obtain your YPD plates containing the yeast colonies that you prepared in the previous lab period.

2.
Prepare your five YMM plates with the appropriate supplement. 

3.
To add an amino acid supplement to a plate, dispense 150µl of the appropriate amino acid solution onto the surface of the YMM plate. Spread the solution over the surface of the plate with a sterile spreader. After the surface dries, you may repeat the process if you adding one or more additional supplements. 

4.
Use a sterile toothpick to transfer cells from the YPD plate to the supplemented minimal media plates. Draw the loop across the plate in a single streak. You will be able to test one, two, three, four or all five strains on any given test plate.
You only need to touch the edge of yeast colony with the toothpick. Do not pick up a “glob” of yeast cells. If you transfer a visible amount of yeast cells onto the YMM plate, it may be difficult to determine if the cells have actually grown.

5.
Invert the plates and turn them into the teaching assistants. They will incubate the plates at 30°C for about two days. Cell generation time is nearly twice as long for yeast cells grown on YMM when compared to growth on YPD. 

E. Yeast Cell Mating

1.
Obtain a sample of the overnight cultures of Strains A and B.

2.
Use a sterile inoculation loop to make a short streak of each strain on a YPD plate.

3.
To initiate mating, combine 200µl aliquots of Strain A and Strain B in a microcentrifuge tube. Vortex for a few seconds.

4.
Streak a sample of the mixed culture on the YPD plate.

5.
Incubate the YPD plate in a 30°C incubator overnight.
 The mating of the two haploid strains to form the diploid strain will be initiated when cells of opposite mating types are in physical contact with each other.

F.
Genetic Complementation

1.
Obtain your YPD with the putative MATa/a diploid yeast cells.

2.
The TA’s will divide the students into three groups for the following:

a.
One-third of the students will spread 150µl of 1mg/ml tryptophan on a YMM plate

b.
One-third of the students will spread 150µl of 1mg/ml histidine on a YMM plate

c.
One-third of students will not add any supplement to the YMM plate.

3.
Streak a sample of Strain A, B and the mated cells on your YMM test plate.

4.
Incubate in a 30°C incubator for at least 2 days.
Results

Obtain your YMM test plate and record your results. The table provided below can be used to record the collective data from the class.

	Supplement
	Growth

	None
	

	Histidine
	

	Tryptophan
	


Experiment 3

Molecular Cloning of the recA Gene of E. coli
Acknowledgment

The bacterial strains and DNA preparations for this experiment were kindly provided by Dr. Miriam Zolan at Indiana University (Bloomington, IN).
Purpose

This exercise will introduce you to some of the fundamental techniques in biotechnology. We will be using the RecA gene from E. coli. This gene participates in several aspects of DNA metabolism including homologous genetic recombination and repair of DNA damaged by ultraviolet light (UV). For our purposes, we are using this gene simply as a tool to learn how to:

1.
Prepare competent E. coli and transform them with plasmid DNA.

2.
Purify plasmid DNA from an E. coli clone

3.
Use the “blue-white” system that utilizes the lacZ gene and the X-Gal substrate to identify recombinant plasmids.

Experimental Overview

The RecA gene is completely contained within a 3 kb (3,000 base pair) region of the E. coli chromosome that terminates with DNA sequences that are cleaved by the restriction endonuclease BamHI. The following is an overview of the major steps in our experimental strategy.

You will transform E. coli using a mixture of two plasmids One will be the pUC19 plasmid cloning vector. The second will be the pRecA plasmid that is the pUC19 cloning vector with the 3kb BamHI genomic fragment that encodes the RecA gene inserted into the polylinker. Initially, all transformed cells will be selected by their resistance to an antibiotic called ampicillin. Transformants having just the pUC19 plasmid vector will be distinguished from the pRecA recombinant plasmid by the color of the cells. When grown on medium containing a substrate called X-Gal, the cells with the pUC19 plasmid vector will be blue while the cells with the pRecA plasmid will be white. In the next experiment, you will isolate DNA from these clones and analyze their molecular structure.

puc19 is an Example of a “General Purpose” Plasmid Vector.

We will use a plasmid cloning vector called pUC19. The following discussion presents details concerning specific aspects of the plasmid and the “blue-white” selection. Most of these features are still widely incorporated into more specialized DNA cloning vectors.

Features

· An ampicillan-resistance (ampr) gene for selection of transformed cells.

· A multiple cloning site that clusters unique sites for several restriction endonucleases.

· Direct selection for transformants that harbor foreign DNA by selecting for white colonies on X-gal medium. 

Ampr Gene

Even under optimal conditions, only a small percentage of E. coli cells will be successfully transformed with the plasmid DNA. Therefore, we need a positive selectable genetic marker so that only the transformed cells will survive. Transformation with either the pUC19 plasmid vector or the pRecA recombinant plasmid will allow the E. coli cells to survive on medium containing ampicillan. 
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The Polylinker


The ß‑galactosidase gene of pUC19 contains a region of DNA that has one recognition site for each of several restriction enzymes.  This region is designated as a polylinker and the cloning sites are shown in detail on the pUC19 restriction map (see above). If a fragment of foreign DNA is inserted into one of these restriction sites, the structure of the ß‑galactosidase gene is disrupted and no functional ß‑galactosidase is formed.

“Blue-White” Selection of Recombinant Plasmid DNA


X-gal is a chromogenic analog of lactose (the natural substrate for ß‑galactosidase) called 5-bromo-4-chloro-3-indolyl-ß-D-galactopyranoside. While X‑gal is colorless, it forms a blue product (indole) when cleaved by ß‑galactosidase. If the plasmid within the transformed cell contains inactive ß‑galactosidase resulting from insertion of foreign DNA into the structural gene, the bacterial colony will be its normal white color.  However, if the transformant contains the intact pUC19 plasmid, the bacterial colony will be blue. The E. coli host cell has an inactive lacZ gene. What would happen if the host cell had a functional lacZ gene?

To reiterate, colonies containing plasmids with foreign DNA fragments cloned into the polylinker form white colonies on medium containing X-Gal due to failure to produce functional ß-galactosidase.
Experimental Procedure

A.  Preparation of LB plates with ampicillin

Each group of three students will need ~150ml of LB-agar to make at least 6 plates. The ampicillin is heat-sensitive and must be added after the medium is autoclaved. 

Materials

· Yeast Extract

· 100mg/ml ampicillin in water
· Tryptone

· NaCl

· Water

· Flask 

· Scale

· Weigh Boats

· Foil

· Spatula

· Sharpie marker

Procedure

1. Luria Broth (LB) contains 1% tryptone, 0.5% yeast extract and 0.5% NaCl. Since we are making plates, you will also need 1.5% agar.

2. Calculate the amount of each reagent needed for 150ml medium
a. _______g yeast extract
b. _______g tryptone
c. _______g NaCl
d. _______g agar

3. Weigh out each reagent and transfer to a 250ml or larger flask.
Use a spatula for the yeast extract since it is a very flocculent powder! 
4. Add 150ml water
This is one of those rare times when we can be a little “sloppy” about the final volume.
5. Cover the flask with foil, label it clearly and then give it to the teaching assistant for autoclaving.

6. After autoclaving, allow the medium to cool to ~55°C. The flask will be very warm, but not too hot to handle without a glove.

7. Add 450µl of 100mg/ml ampicillin to the medium. Swirl the flask to be sure the ampicillin is thoroughly mixed.
What is the final concentration of ampicillin in the medium?
8. Pour the molten agar into plastic Petri plates and allow to cool until the agar solidifies.
B.  Preparation of Competent E. coli 
Bacterial “competence” refers to the ability of exogenous DNA to enter the cell and be stably maintained through successive generations. Some species of bacteria are naturally able to take up DNA from their environment as a normal aspect of their biology. E. coli is not one of them. One method to enhance the ability to get purified DNA into the E. coli cells is by treatment with ice-cold calcium chloride. The biophysical basis for this biological phenomenon is still not well understood. The calcium chloride solution also contains glycerol to act as an antifreeze so that we will be able to freeze the cells for storage until the next laboratory period, if needed. You will use a strain of E. coli called XL1 Blue II that was developed by Stratagene to be an exceptionally good host cell for transformation with plasmid DNA. 

Materials:

· Ice filled container

· Sterile microcentrifuge tubes

· Ice-cold CaCl2 Solution (containing 15% glycerol)

· XL1 Blue II Cells

· Micropipetter with tips

· Microcentrifuge at 4°C

· Sharpie marker

Procedure

 Each student will prepare a tube of frozen competent cells

1.
You will be provided with XL1 Blue II cells that have been grown in LB medium to early log—phase (O.D.650 = ~ 0.4).  The cells should be well chilled in ice before class begins. 
 Keep the cells on ice at all times.  Use a microcentrifuge in a refrigerator. 


2.
You will need cells from ~2.5 ml of the cell culture to prepare competent cells for one transformation experiment. Transfer 1.3 ml of the E. coli culture to a microcentrifuge tube using two aliquots of 650µl.

3.
Centrifuge the tube at full-speed for 5 min to pellet the cells. 

4.
Gently pour off most of the supernatant. A small amount of liquid will remain. Transfer another 1.3 ml of the E. coli culture into the same tube as described in Step 2.

5.
Centrifuge the tube at full-speed for 5 min to pellet the cells. Gently pour off most of the supernatant and then centrifuge again for 5 seconds.

6.
Carefully remove the remaining supernatant with a micropipette 
 Be careful not to lose the cells.

7.
Gently resuspend the cells in 500µl ice cold CaCl2 Solution. 

The cells are very fragile in the calcium solution and must be kept cold from this point on. 

8.
Centrifuge at full-speed for 1 min using a microcentrifuge at 4°C.

9.
Decant the supernatant carefully. The cells may not adhere tightly after suspension in the CaCl2 solution. A small amount (~100µl or less) of remaining supernatant is not a problem.

10.
Resuspend the cells in 500µl of ice-cold CaCl2 solution.

11.
Hold on ice for 30 min.

12.
Centrifuge the cells and remove the supernatant as described in Steps 5-6. Gently pour off the supernatant. Use the micropipette to gently resuspend the cells in the residual CaCl2, which should be about 50 – 100µl.  

13.
Add CaCl2 Solution if needed to adjust the volume to ~100µl. Keep the tubes in ice at all times.

14.
The cells can be used immediately or “flash frozen” and stored at –75°C to remain viable and competent for use at a later time.

C. Transformation of Competent E. coli
You will combine the competent cells with a mixture of two plasmid DNA preparations. The first is unmodified pUC19 plasmid, the vector backbone used for cloning the RecA gene. The second is a recombinant plasmid called pRecA. It contains an ~3 Kb BamHI genomic fragment of E. coli that harbors a functional copy of the RecA gene. In theory, one cell could take-up more than one plasmid molecule. In practice, this is extremely rare; each transformant will only have one of the two plasmids.

Even under optimal conditions, only a very small percentage of the E. coli cells will be successfully transformed with the plasmid DNA. The vector contains a gene that confers resistance to an antibiotic called ampicillin. Thus, only transformed cells will grow when plated on medium containing ampicillin. However, this phenotype alone cannot distinguish between transformants having pUC19 and those having the pRecA recombinant plasmid. In the next period, you will see how the chromogenic substrate called X-Gal is used to identify the transformants having the recombinant plasmid.

Materials

· Tempblock at 37°C

· Ice

· Micropipetters

· Alcohol burner
· Sterile plastic spreaders

· Sterile LB broth – approximately 8-10ml per bench

· Plasmid DNA mixture – 100µl per bench 

· TE Buffer —  1mM EDTA in 10mM Tris•Cl, pH 8.0

· Two-LB agar plates with ampicillin for each student

· Frozen competent cells

Procedure

1.
If your competent cells were previously frozen, retrieve them from the -75°C freezer. Quickly thaw the cells by rapidly rubbing the tube between your hands. As soon as the cells thaw, place the tube in ice. If you using freshly prepared cells, go to Step 2.


2.
Gently tap the tube with your finger to mix the cells. Keep the cells in ice as much as possible.
 The cells must be kept cold at all time!
3.
Pipet 90µl sterile LB onto the center of an LB-amp plate. Pipet 10µl of competent cells into the 90µl “pool” of LB. Return the tube with the remaining competent cells to the ice.  Spread the cell mixture over the surface of an LB plate with ampicillin. 
Question: Why did we include step?

4.
Add 10µl of the plasmid DNA mixture to the remaining competent XL1 Blue II cells. Mix by tapping the tube with your finger and then return the tube to the ice.
The DNA is at a concentration of 2µg/ml. How many nanograms (ng) of DNA did you add to the cells?

5.
Incubate the tube in ice for 10 minutes.

6.
Incubate the tube at 37°C for exactly 5 minutes and then return the tube to the ice. 
 The time and temperature of this “heat-shock” step is critical.

7.
Add 1 ml LB medium to the tube of transformed cells.  Incubate the tube at 37oC for 45-60 min. Occasionally tap the tube to gently mix the cells.
Question:  Why is this step important? What might happen if you were in a hurry and significantly shortened this incubation step?

8.
Spread 100µl of transformed cells on a LB plates containing ampicillin. 

9.
Invert both LB-amp plates and incubate all plates at 37°C.

D. Identification of Transformants That Harbor the pRecA Plasmid

Materials

· Sterile toothpicks

· Template with “50 position” grids for bacterial colonies

· One LB plate containing ampicillin and X-Gal per student

Procedure

1.
Obtain your plates from last lab period from the teaching assistant.

2.
Obtain a template with a “50 position” grid. You will be shown how we use this grid to keep the colonies organized.

3.
Using sterile toothpicks, transfer 50 AmpR colonies to an LB plate containing ampicillin and X-Gal. 

4.
The teaching assistant will incubate the plates at 37°C for about 18 hr before moving them to 4°C for storage.

Experiment 4

Molecular Analysis of the RecA Gene of E. coli

 Introduction

Many of the revolutionary changes that have occurred in the biological sciences over the past 25-30 years can be directly attributed to our ability to manipulate DNA in defined ways. The major tools for this genetic engineering are the enzymes that catalyze specific reactions on DNA molecules. From a historical perspective, the discovery of restriction enzymes that cleave DNA at discrete nucleotide sequences (Type II restriction enzymes) was probably the breakthrough that ushered in the rest of the technology. First, the cleavage sites provide specific landmarks for obtaining a physical map of the DNA. Second, the ability to produce specific DNA fragments by cleavage with restriction enzymes makes it possible to purify these fragments by molecular cloning. Third, DNA fragments generated by restriction endonuclease treatment are the basic substrates for the wide variety of enzymatic manipulations of DNA that are now possible. 

Purpose

In the previous experiment, you used the technique of transformation to create genetically modified E. coli cells. These transformants contain either the pUC19 plasmid-cloning vector or a recombinant plasmid called pRecA that contains a 3.2Kb BamHI fragment of E. coli genomic DNA that includes a functional copy of the RecA gene. You have tentatively identified which transformants contain each plasmid based on the color of the colonies when grown on medium containing X-Gal. 
In this experiment, you will learn to:

· Isolate plasmid DNA from the transformed cells

· Cleave the DNA using restriction endonucleases 

· Determine the size of the resulting DNA fragments using agarose gel electrophoresis

Procedure

Materials:

· Glucose

· NaCl

· Tris-acetate

· 200mM EDTA

· Acetic Acid
· Water
· pH meter

· Flask

· Weighing boats

· Scale

· 2 - 15mL conical tubes

· 100mL graduated cylinder

· Storage bottle

· Sharpie marker
A. Preparation of Reagents

This experiment involves the use of several different solutions. The first part of this experiment will show you the proper techniques for preparing reagents used for molecular biology. 

Attention to detail is critical to the success of the experiment.
Each bench will prepare:

· 20X TAE Buffer (
will be used for gel electrophoresis

Each group of 2 or 3 students will prepare:

· 1M glucose (
will be used in the plasmid DNA purification

· 5M NaCl ( 
will be used in digestion of the plasmid DNA by a restriction endonuclease

Each student will prepare:

· Solution 1 for the plasmid isolation.

General Considerations

1.
High quality reagents, commonly called “molecular biology grade”, are used.

2.
Do not place a spatula or any other utensil into the reagent bottle unless specifically directed to do so.

3.
One of the most common reasons for failure of experiments is the water. Although the procedure may say “water”, you are being provided with highly purified water. We often refer to it as "NanoPure Water" because that is the brand name of the water purification system we are using. The initial purification involves a commercial deionization. The water is treated further by passage through four different cartridges — mixed bed resin, charcoal, ion exchange matrix, etc. Finally, the water is filter-sterilized by passage through a filter with 0.2µm pores. 

Molecular Weights

Tris•base ( 121.14 g/mole

NaCl ( 58.44 g/mole

Glucose ( 180.0 g/mole

1M glucose

1.
Calculate the mass of glucose needed for 10ml of a 1M solution.


_______g glucose

2.
Weigh out the required mass of glucose into a weigh boat.

3.
Carefully transfer the glucose to a clean 15ml conical tube.

4.
Add water to a final volume of 10ml. The graduations on the tube are accurate enough for our purposes.

5.
Replace the cap, label the tube and then shake until the crystals have dissolved.

5M NaCl

1.
Calculate the mass of NaCl needed for 10ml of a 5M solution.


________g NaCl

2.
Weigh out the required mass of NaCl into a weigh boat.

3.
Carefully transfer the NaCl to a clean 15ml conical tube.

4.
Add water to a final volume of 10ml. The graduations on the tube are accurate enough for our purposes.

5.
Replace the cap, label the tube and then shake until the crystals have dissolved.

20X TAE (Tris•Acetate•EDTA) Buffer

This is the buffer that will be used for agarose gel electrophoresis. You will run several agarose gels in this course. You will prepare 100ml of “20X TAE Buffer” solution that can be diluted to 1X with water as needed. 

The final composition (1X TAE) that will be used for gel electrophoresis is 2mM EDTA in 40mM Tris•Acetate, pH 8.5. Therefore, the composition of the 20X TAE Buffer must be:

__________ mM EDTA

__________ mM Tris•Acetate

Each bench of students will prepare 100ml 20X TAE Buffer

1.
Calculate the mass of Tris•base required for 100ml. Weigh out the required mass of Tris•base and then transfer it to a flask.

2.
Add ~50 ml water. Swirl to dissolve the crystals.

3.
Calculate the volume of 200mM EDTA required. Combine the 200mM EDTA solution with the Tris•base in the flask.

4.
Adjust the pH to 8.5 with acetic acid. You will be shown the proper use of the pH meter. 

5.
Using a graduated cylinder, add water to bring the solution to a final volume of 100ml.

6.
Transfer the 20X TAE buffer to a bottle. Remember to clearly label the bottle since you will need it throughout the course.



You have probably already realized that pipetting very small volumes is easier, more accurate and less tedious than weighing out correspondingly small amounts of a crystalline reagent. Therefore, we routinely make concentrated "Master Stocks" of individual reagents that can be combined to create a diverse array of buffers. You have prepared two such stocks — 1M glucose and 5M NaCl. You will now use those stocks, along with others that have been provided for you, to make Solution 1 for the plasmid isolation.



Solution I for Plasmid DNA Isolation

Each student will prepare 1ml of Solution I.  The final composition is:

50mM glucose 

10mM EDTA 

25mM Tris•Cl, pH 8.0.

The Master Stocks are:

1M glucose (you prepared this one)

200mM EDTA

500mM Tris•Cl, pH 8.0

Use the following general formula to calculate the amount of each “Master Stock” to add to prepare 1ml of Solution I.  Bring to final volume with water.
 (Final Concentration)     X   Final Vol. = vol. of Master
(Master Stock Concentration)                                   Stock to add
	50µl
	of 1M glucose

	50µl
	of 200mM EDTA

	50µl
	of 500 mM TrisCl, pH 8.0

	850µl
	of water


B. Isolation of pUC19 and pRecA plasmid DNA

Overview 

Bacterial cells are lysed in an alkaline detergent solution.  Addition of potassium acetate at low pH causes the proteins, cell wall fragments, chromosomal DNA and other cellular debris to precipitate.  After centrifugation, the supernatant primarily contains bacterial RNA and the plasmid DNA. Sequential precipitation steps will first remove the majority of the RNA and then concentrate the plasmid DNA.

Materials and Reagents

· Solution 1
(
50mM glucose, 10mM EDTA, 25mM Tris•HCl, pH 8.0 (prepared in the previous lab)

· Solution 2
(
0.2M NaOH and 1% SDS

· Solution 3
(
3M potassium acetate, pH 4.8

· Ethanol
(
absolute (100%); undenatured (“drinking grade”)

· TE
(
1mM EDTA in 10mM Tris•HCl, pH 8.0

· 7.5M ammonium acetate

· Microcentrifuge tubes

· Pipetters with tips

· Microcentrifuge

· Waste containers

· Ice bucket with ice
· Vortex

· -75(C freezer
Experimental Procedure

Know where your plasmid DNA is at all times! 
Sometimes the DNA is in solution and 
sometimes it is in the precipitate. 

Bacterial Cell Lysis

1.
Each student will prepare one plasmid DNA sample. You may choose either pUC19 or pRecA. Each bench should be sure that there will be samples of both plasmids for the agarose gel electrophoresis. Obtain a sample of the E. coli cell culture that you are going to use for your plasmid DNA isolation. Transfer 1ml of cells into a microcentrifuge tube (this step may have been done for you prior to class). Collect the cells by centrifugation at full-speed for 1 minute. Decant the supernatant and then remove any residual liquid using a micropipetter.

2.
Add 100µl Solution 1. Resuspend the cell pellet by vigorous vortexing. If needed, resuspend the cells by “trumpeting” them up-and-down in the pipette tip using the micropipetter. 

3.
Add 200µl Solution 2. Roll and invert the tube for about 30 seconds. Do not vortex.  The solution will become almost transparent and very viscous due to denatured genomic DNA. As soon as the sample clears, continue with Step 4. Do not leave the sample in this alkaline solution for more than 3 minutes. 

4.
Add 150µl Solution 3 and mix by rolling and inverting until a heavy white precipitate forms and the solution loses its viscosity. Incubate the tube on ice for 3‑ 5 minutes. 

The precipitate contains most of the cellular protein, cell wall debris and the genomic DNA.  The major components left in solution are plasmid DNA and RNA.  

5.
Centrifuge for 5 minutes at full-speed in the microcentrifuge at room temperature to pellet the precipitate. Note that the precipitate will not completely pellet. Small amounts of the white material will probably remain in the supernatant.

6.
Use a micropipette to transfer the clear supernatant to a clean microcentrifuge tube. Try to avoid transferring any of the precipitate.

7.
Add 800µl ethanol to the supernatant and mix by vortexing the tube. After 5 min at room temperature, centrifuge at full-speed for 5 min. A small pellet containing mostly bacterial RNA should be visible. Decant the ethanol. Centrifuge for a few seconds to collect residual ethanol that can be completely removed using the micropipetter.

If you are careful, there will be no visible microdroplets of liquid. Residual ethanol may interfere with resuspending the DNA in the next step.

8.
Add 200µl TE and vortex to dissolve the pellet.  This should only take a few minutes.

9.
Add 100µl 7.5M ammonium acetate and mix by vortexing. Hold the tube on ice for 20 min. 

This step precipitates the bulk of the RNA since it is insoluble in the high salt solution. The plasmid DNA remains in solution.

10.
Centrifuge for 10 minutes to pellet the RNA.

The plasmid DNA is in the supernatant. Do NOT discard the supernatant!

11.
Transfer the supernatant to a clean microcentrifuge tube. Add 800µl ethanol and mix by vortexing. 

12.
“Snap-freeze” the sample by placing in the blue aluminum block in a -75°C freezer for at least 10 min. 

13.
Pellet the plasmid DNA by centrifugation for 15 min. Remember to orient the hinge of the tube to the highest position in the rotor. Then the pellet will form near the bottom of the tube directly below the hinge. The pellet, if visible, should be noticeably smaller than the pellet that you saw in Step 10.

14.
Completely remove the ethanol as described in Step 7. Take care to remove all of the ethanol. 

15.
Resuspend the pellet in 50µl TE. Clearly label your microcentrifuge tube before giving it to your teaching assistant. The tubes will be stored at 4°C until needed.

C. Digestion of pRecA and pUC19 plasmid DNA with EcoRI and BamHI

Important comments on the use of enzymes

· Enzymes must be kept cold at all times prior to addition to the reaction.

· Most enzymes are stored at –20°C in 50% glycerol to prevent freezing.  Therefore, the reaction must be thoroughly mixed to insure complete resuspension of the enzyme.

· However, do not vortex excessively since this can lead to denaturation and inactivation of the enzyme. Either vortex for only a few seconds or simply tap the bottom of the microcentrifuge tube with your finger.

Materials

· pRecA or pUC19 plasmid DNA — the preparation that you made!

· 10X Restriction Enzyme Buffer — a commercial buffer that is compatible with both EcoRI and BamHI

· RNAse A

· EcoRI and BamHI restriction endonucleases diluted in 1X Restriction Enzyme Buffer just prior to class — see cautions above
· NanoPure water

· Ice in a bucket

· Microcentrifuge tube

· Micropipetters with tips

· TempBlock at 37°C

· DNA Sample Buffer

· Vortex

· Sharpie marker

Procedure

1. Each student should assemble the restriction enzyme digestion reaction by combining the following in a microcentrifuge tube
Keep the sample on ice as much as possible.
____10µl plasmid vector DNA (concentration is unknown)
____7µl water
____2µl 10X Reaction Buffer (a commercial buffer supplied with the enzymes)
____1µl RNAseA 
____5µl EcoRI or BamHI restriction enzyme in 1X Reaction Buffer
The final volume is 25µl. We used 2µl 10X Reaction Buffer because the enzyme is already diluted in 1X Reaction Buffer! 
2. Vortex gently by tapping the tube with your finger or vortexing for only 2-3 seconds.

3. Incubate the microcentrifuge tube at 37°C for 60 min.

4. After the incubation, add 5µl DNA Sample Buffer.

5. Clearly label the tube and then give it to the teaching assistant. It will be stored at -20°C until needed.

D.  Cast a 0.8% Agarose Gel

Agarose gel electrophoresis is a simple and highly effective method for separating, identifying, and purifying DNA fragments up to about 25kb in length. The protocol can be divided into three stages: 

1.
A gel is prepared with an agarose concentration appropriate for the size of DNA fragments to be separated.

2.
The DNA samples are loaded into wells that were cast into the gel followed by electrophoresis to separate the DNA fragments by size.

3.
The gel is stained to visualize the DNA. 

Casting an agarose gel

The concentration of agarose in the gel can be varied depending on the size range of DNA fragments being resolved. It also significantly affects the strength of the gel. The agarose concentration is expressed as a “percentage”. A 1% agarose gel contains 1g agarose in 100ml buffer. Lower percentage gels work best for larger DNA fragments, but the gels are more fragile. Conversely, higher percentage gels work better for resolving smaller DNA fragments and they are more durable. The pUC19 is ~2.6Kbp and the BamHI genomic fragment from pRecA is ~3.2Kbp. A 0.8% agarose gel should work well. 

The horizontal gel electrophoresis unit that we will be using is shown on the next page.
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Materials

· Agarose ( electrophoresis grade

· 20X TAE Buffer — you prepared this previously!

· Top loading balance

· Weighing boats

· Flask ( about 250ml 

· 100-ml graduated cylinder

· Electrophoresis unit 

· Gel casting tray

· Gel comb

· Plastic wrap

· Label tape and marker
· Ethidium bromide – 10µl 1µg/ml per gel.

· Nanopure water

· Microwave
 Each bench will cast one agarose gel

Procedure 

1.
Prepare 50ml of 1X TAE buffer by making the appropriate dilution of your 20X TAE Buffer stock using NanoPure water.
________ml of 20X TAE Buffer in a final volume of 50ml

2.
Calculate the mass of agarose needed for 50ml of 0.8% (w/v) agarose.
________g agarose for 50 ml of 0.8% 

3.
Weigh the agarose into a weigh boat and then transfer it to a 250-ml or larger flask.

4.
Add 50ml 1X TAE buffer. Cover the flask with a piece of aluminum foil.

5.
Use the heating magnetic stirrer to bring the solution to a boil. As the agarose melts, the solution will become clear.
 An alternative method for melting the agarose is to use a microwave oven. Cover the flask with an inverted beaker instead of using aluminum foil. You will be given guidelines for power and time settings, which need to be optimized for the power output of microwave oven, volume of agarose and even the agarose concentration.

6.
While the agarose is being melted, carefully slide the gel tray into the electrophoresis unit with the rubber gaskets pressed against the sides.

7.
The comb has teeth with different thicknesses. Insert the comb so the thicker (1.5mm) teeth are pointing down. 
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8.
The agarose solution needs to come to a full boil. However, be careful that it does not boil over. After it reaches the boiling point, move the flask to the bench and allow it to cool to about 55-60°C. The flask should still be quite warm, but not too hot to hold in your hand.
Handle the hot flask carefully!

9. The teaching assistant will add a small amount (~10µg) ethidium bromide to the molten agarose.

10.
Carefully pour the molten agarose into the tray and insert the gel comb.
The agarose must be cool enough to hold in your hand. If the agarose is too hot (>55°C), the plastic of the electrophoresis unit may be damaged!

11.
Allow the agarose to solidify completely.

12.
Remove the gel comb by carefully pulling upward with a steady even pressure.

13.
Carefully remove the gel tray from the electrophoresis unit. Wrap the gel tray with the agarose gel in plastic wrap to prevent it from drying out if the gel will be used at a later time. Use a piece of label tape to mark your gels before giving them to the teaching assistant. The gel will be stored at 4°C until needed.

Part E – Gel Electrophoresis

If prepared in a previous lab, your digested pRecA and pUC19 DNA samples were stored at -20°C. We will now analyze your DNA samples by agarose gel electrophoresis.

Materials

· pUC19 and pRecA samples that have been digested with EcoRI or BamHI 

· Micropipettes and tips

· 1.0% agarose gel 

· 20X TAE Buffer

· NanoPure water

· 500ml graduated cylinder

· Lambda/HindIII molecular size markers (or other appropriate markers)

· Power supply with leads

· Hand-held UV lamp

· Electorphoresis unit

· Gel casting tray with gel made in the previous lab

Procedure

1.
After the digestion with the restriction endonuclease is complete, add the appropriate amount of the DNA Sample Buffer. 

2.
Prepare 250ml 1X TAE Buffer using your 20X TAE Buffer stock, if 1X TAE has not been provided for you.

3.
Carefully place the gel tray with the agarose gel into the electrophoresis unit with the open ends of the gel tray oriented toward the electrodes. 

4.
Add 1X TAE Buffer until the gel is covered with 2-3mm of buffer.

5.
Load the molecular size markers into Lane 2 (left side with wells oriented to the top). Lane 1 will be left empty.

6.
Load your DNA sample, noting which lane has your sample.

7.
Run the gel at 100-125V for about 60 min. The faster moving tracking dye (bromophenol blue) should be about 2cm from the bottom of the gel.

8.
The gel will be photographed out of class. 
Part F – Results of Gel Electrophoresis

Materials 

· Photos of gels (prepared prior to class)

Method

1.
The gels were photographed prior to class using either Polaroid film or a digital imaging system. A fluorescent ruler in the photograph is very helpful for measuring the migration of the DNA fragments.

2.
Determine the sizes of the DNA fragments. Create a standard curve for this gel using the semi-log paper provided below.

Lambda DNA/ HindIII Molecular Size Standards

Size (base pairs)
Mobility (from the origin)

23,130 bp
Non-linear region of the gel

9,416 bp
________ cm

6,557 bp
________ cm

4,361 bp
________ cm

2,322 bp
________ cm

2,027 bp
________ cm

564 bp (if visible)
________ cm

For comparison,

The 1kb ladder has the following marker sizes, beginning at the bottom of the gel:

250bp, 500bp, 750bp, 1,000bp, 1,500bp, 2,000bp, 2,500bp, 3,000bp, 4,000bp, 5,000bp, 6,000bp, 8,000bp and 10,000bp.

As a point of orientation, there should be a marker in the 1kb ladder that comigrates with 2,027bp HindIII fragment of lambda DNA?

Determining the Size of the DNA Fragments

To determine the size of DNA fragments of unknown length, you need a set of DNA fragments of known size.  One that has been used for many years is wild-type bacteriophage lambda ( DNA digested with HindIII which produces fragments of the sizes shown above. There are now a wide variety of commercial DNA size markers available. Creating the standard curve to measure the size of unknown DNA fragments follows the same approach regardless of the size standards used.

Plot the distance migrated from the origin along the X-axis (linear axis) and the molecular weight of the DNA along the Y-axis (logarithmic axis) on the semilog plot shown above. Unusually large or small DNA fragments often do not fall within the linear range of the graph. For example, the 23.1 Kbp HindIII fragment of bacteriophage lambda DNA usually lies well outside the linear portion of the graph. The 564 bp is usually too faint to be seen on the gel.  Draw the best-fit line through the points.  Determine the size of unknown DNA fragments by plotting their mobility along the standard curve.  
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Experiment 5

Recloning of the RecA Gene from pUC19 to pBC

Purpose

In the previous experiment, you worked with a recombinant plasmid called pRecA. It contains a ~3Kb BamHI genomic fragment encoding the RecA gene of E. coli cloned into the pUC19 plasmid vector. We will now remove the ~3Kb genomic fragment in pRecA and clone into another plasmid vector called pBC. This exercise will provide you with experience in some of the fundamentals methods for manipulating DNA molecules.

Background

As discussed in the previous experiment, pUC19 is a general-purpose cloning vector that was developed more than 25 years ago. Today, there are a tremendous variety of general purpose and highly specialized cloning vectors. In this experiment, we will work with a plasmid vector called pBC, which was developed by Stratagene. A widely used plasmid vector from Stratagene is called pBluescript. The pBC vector is identical to pBluescript except the ampicillin-resistance gene (Ampr) has been replaced with a chloramphenicol-resistance gene (Chlorr). As you proceed through the experiment, you will understand the advantage of a different antibiotic-selection. pBC offers a number of experimental advantages over pUC19 including a more extensive polylinker. The pUC19 polylinker only contains six restriction sites for insertion of target DNA (see figure on page 31) whereas the polylinker of the pBC vector has 21 unique restriction sites (see the figure on the next page).

In the previous experiment, you analyzed pRecA and pUC19 plasmid DNA following digestion with BamHI. Since all DNA fragments digested with BamHI have identical termini, the genomic fragment can be ligated to either the pUC19 or pBC DNA. These are called intermolecular ligations. Additionally, each molecule can undergo intramolecular ligation that occurs when the two termini ligate to form a circular molecule. Other, more complex ligation products can also be formed. The only reaction we want to recover is the pBC plasmid vector with the genomic DNA fragment inserted at the BamHI site. As you go through the experiment, you will see that there are biochemical and genetic methods that can be used to help insure that we recover the DNA construct that we want.

Phosphatase treatment

DNA ligase forms a covalent phosphodiester bond between adjacent nucleotides. However, the reaction requires a phosphate group at the 5’ end of each terminus. We can minimize intramolecular ligations by treating the DNA with a phosphatase to remove the 5’ phosphates. Therefore, your pBC plasmid DNA that has been digested with BamHI will be treated with an enzyme called shrimp alkaline phosphatase.
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After the phosphatase treatment, the pRecA DNA digested with BamHI will be added to the pBC DNA that was treated with BamHI and phosphatase. The DNA will be incubated under conditions that allow the “sticky-ends” created by BamHI to anneal and then be covalently joined by DNA ligase. 
 What are the major ligation products that you expect to form?

The ligated DNA will be used to transform competent E. coli. The cells will be plated on LB agar plates containing chloramphenicol instead of ampicillin. This will select for transformants that contain the pBC vector or pBC vector with the ~3 Kb genomic DNA inserted at the BamHI site. Addition of X-Gal and IPTG to the medium will allow us to distinguish the clones with only the pBC vector (blue colony) from the desired RecA/pBC recombinant clone (white).

 
Why don’t we have to consider transformants having the pUC19 plasmid or the original pRecA recombinant plasmid?

Procedure

Materials

· Nanopure water

· Shrimp alkaline phosphate (SAP)

· Incubator or tempBlock at 37°C and ~70°C

· 10mg/ml glycogen (ultrapure molecular biology grade).

· Ethanol (100%)

· Micropipettes and tips

· TE Buffer

· 200mM EDTA

· T4 DNA Ligase

· 10X T4 DNA Ligase Buffer

· 7.5M NH4OAc

· Tryptone

· Yeast Extract

· NaCl

· 35mg/ml chloramphenicol stock

· 40mg/ml X-Gal

· 100mM IPTG

· Ice

· Alcohol burner
· Sterile plastic spreaders

· Sterile LB broth – approximately 5ml per bench

· Sterile microcentrifuge tubes

· Ice-cold CaCl2 Solution (containing 15% glycerol)

· XL1 Blue II Cells
· Microcentrifuge at 4°C

· Sharpie marker
A. BamHI Digestion and Phosphatase Treatment

The first step will be digestion of pBC DNA and pRecA DNA with BamHI. As discussed above, the pBC DNA will also be treated with phosphatase to remove the phosphate groups at the 5’ ends of the molecule after it has been cleaved by BamHI. Therefore, we will assemble two separate reactions. We will use shrimp alkaline phosphatase since it can be added directly to the BamHI digestion reaction.

Each student should assemble two restriction enzyme digestion reactions as follows:

Reaction 1 – pRecA

~100-200ng plasmid DNA is needed. We will estimate the concentration of your pRecA plamid preparation based on the intensity of the staining with ethidium bromide used for the agarose gel electrophoresis.

Assemble in a microcentrifuge tube
____10µl pRecA vector DNA and water (~100-200ng)
____8µl water
____2µl 10X Reaction Buffer (a commercial buffer supplied with the enzymes) 
____10µl BamHI restriction enzyme in 1X Reaction Buffer
Why did you use 2µl 10X Reaction Buffer instead of 3µl? (see below)

Reaction 2 – pBC

____10µl pBC plasmid vector DNA (200ng)
____8µl water
____2µl 10X Reaction Buffer (a commercial buffer supplied with the enzymes)
____10µl BamHI restriction enzyme and SAP in 1X Reaction Buffer

The final volume is 30µl. We used 2µl 10X Reaction Buffer because the enzyme(s) is already diluted in 1X Reaction Buffer! 
1. Vortex gently by tapping the tube with your finger or vortexing for only 2-3 seconds. If small droplets remain on the side of the tube, centrifuge for a few seconds in the Picofuge, the small centrifuge on the lab bench.

2. Incubate the microcentrifuge tube at 37°C for 60 min.
3. After the incubation, inactivate the BamHI and phosphatase enzymes by heating the sample at 68-70°C for 30 minutes. 
 Why is it important to inactivate the phosphatase before proceeding to the ligation reaction?
B. DNA Ligation

In this step, you will combine the BamHI- digested and dephosphorylated pBC DNA with the pRecA that you digested with BamHI. The two DNA samples will be concentrated by ethanol precipitation, which is used to concentrate the DNA and remove salts or other compounds from the previous reactions.

We will assemble two ligations. The first (Ligation 1 below) will combine the BamHI-digested/dephosphorylated pBC vector DNA with BamHI-digested pRecA DNA. The second (Ligation 2 below) will be a control reaction using only the BamHI/dephosphorylated pBC vector DNA.

Ethanol Precipitation

For Ligation 1, add 15µl of the BamHI-digested/dephosphorylated pBC vector DNA to the tube with the BamHI-digested pRecA reaction. The total volume should be 45µl. Add 45µl TE to bring to a final volume of 90µl.

For Ligation 2, add 75µl TE to the tube with the remaining (15µl) BamHI-digested/dephosphorylated pBC vector DNA for a final volume of 90µl.

The following should be done with each of the two tubes to ethanol precipiate the DNA:
1.
Add 10µl 1mg/ml glycogen (ultrapure molecular biology grade).
 The glycogen will precipitate in the ethanol solution. It helps insure that even very small amounts of nucleic acid are quantitatively precipitated. Glycogen does not interfere with the subsequent enzymatic reactions.
2.
Add 50µl 7.5M NH4OAc.

3.
Add 375µl ethanol and vortex. 
 Ethanol precipitation of DNA typically uses 2.5 volumes of ethanol. In this reaction, the DNA was in a volume of 100µl and the NH4OAc was in a volume of 50µl for a total of 150µl. The ethanol volume is 2.5 times this volume, which is 375µl.

4.
Chill, centrifuge, and remove the ethanol as described in steps 12-14 on page 44. 

5.
Resuspend the pellet in 37µl water. 

6.
Remove 20µl of each sample for agarose gel electrophoresis using a 1.0% agarose gel in TAE (see pages 46-50).
Do not add the DNA Sample buffer to the entire 37µl sample!
6.
To the remaining 17µl DNA samples, add 2µl 10X T4 DNA Ligase Buffer and 1µl T4 DNA Ligase. Tap the tube gently to mix. Centrifuge the tube for a few seconds to collect any small droplets from the side of the tube.

7.
Incubate the ligation reaction at room temperature for 2 hr – overnight, depending on the available time.

C. Preparation of LB Medium Plates with Chloramphenicol, X-Gal and IPTG

1.
Each group of three students will prepare 150 ml LB medium with agar as described in page 30 with one important change. After the media has been autoclaved and cooled to ~55°C, add 150µl 35mg/ml chloramphenicol (instead of ampicillin),

2.
Pour medium into three Peti plates. Set the plates aside until the agar has solidified. Label the bottom of the Petri plate.

3.
To the remaining molten medium (~100ml), add _____µl _____ X-Gal and ______µl 100mM IPTG. 

4.
Pour the medium into Petri plates. Each student will need 1 or 2 plates with chloramphenicol, X-Gal and IPTG. Set aside until the agar has solidified. Label the bottom of the Petri plate. 

D.  Preparation of Competent E. coli 
Each student will prepare competent E. coli cells as described on 33-35.

E.  Transformation of Competent E. coli
1.
Plate 10µl of the competent cells on an LB agar plate that only contains chloramphenicol. Use the procedure described in steps 3-4 on page 36.

2.
Add 40-50µl competent cells to each of the ligation reactions. Complete the transformation procedure as described in steps 5-9 on page 36. 
 Important: The transformed cells must be plated on the LB medium containing chloramphenicol, X-Gal and IPTG.  

3.
Incubate the plates at 37°C overnight.

F. Isolation of Plasmid pRecA/BC DNA

If the phosphatase treatment of the pBC vector, the DNA ligation reaction, the preparation of the competent E. coli and the transformation all went well, you should have recovered white, chloramphenicol-resistant transformants from your plates containing LB with chloramphenicol, X-Gal and IPTG. We will call this new recombinant DNA construct pRecA/BC.

The next part of the experiment is a molecular analysis of the plasmid DNA using restriction endonuclease enzymes. In the past, researchers typically prepared very detailed restriction maps as a physical description of the DNA. This level of detail is rare today, but the technique is still useful in certain aspects of a project. For example, it is an easy and rapid method to validate whether the recombinant DNA that you requested from another lab or stock center is what you actually received.

We will digest your plasmid DNA with either BamHI or EcoRI. Each student should get the same result using BamHI to digest their recombinant DNA clone. However, we should find two different results in samples digested with EcoRI, depending on the orientation of the BamHI genomic DNA fragment. 

Overview 

Previously, you used an “alkaline lysis” method for purification of plasmid DNA (see pages 42-44). Bacterial cells are lysed in an alkaline detergent solution.  Addition of potassium acetate at low pH causes the proteins, cell wall fragments, chromosomal DNA and other cellular debris to precipitate. After centrifugation, the supernatant primarily contains bacterial RNA and the plasmid DNA. Sequential precipitation steps will first remove the majority of the RNA and then concentrate the plasmid DNA.

This time, we will use a more up-to-date method. The initial steps to lyse the cells and separate the proteins, cell wall fragments, chromosomal DNA and other cellular debris are essentially the same. The changes are the method of separating the RNA from the plasmid DNA. Previously you used selective precipitation steps that are effective, but are rather time consuming. We will now use a “spin-column” technology. There are many different manufacturers, but the principles are similar. There is a tube that contains a matrix, probably silica based, that selectively binds the dsDNA of the plasmid, while the RNA and any remaining cellular debris passes through the matrix. The column is washed to insure that only the plasmid DNA remains and then it is eluted from the matrix. These “spin-columns” are fast and produce very high-quality DNA.

Materials and Reagents

Each student will make one plasmid DNA preparation of the pBC/recA clone. 

We are using the ZippyTM Plasmid Miniprep Kit from Zymo Research.

· 7X Lysis Buffer (Blue)

· Neutralization Buffer (yellow)

· Zymo-SpinTM IIN column

· Collection Tube

· Endo-Wash Buffer

· ZippyTM Wash Buffer

· ZippyTM Elution Buffer

· Microcentrifuge tubes

· Pipetters with tips

· Microcentrifuge

· Waste containers

Experimental Procedure

1.
Transfer 1.3ml of an overnight E. coli culture to a clean 1.5 ml microcentrifuge tube. Pellet the cells by centrifugation at maximum speed for 2 min.

2.
Decant the supernatant and refill the tube with another 1.3 ml of the E. coli culture. Pellet the cells by centrifugation at maximum speed for 2 min.

3.
Decant the supernatant and then resuspend the cells in 500µl water.

4.
Add 100µl of 7X Lysis Buffer (Blue) to the cells in a microcentrifuge tube. Mix by inverting the tube 4-6 times.

5.
Add 350µl of cold Neutralization Buffer (Yellow) and mix thoroughly.

6.
Centrifuge at maximum speed for two minutes.

7.
Transfer the supernatant into a Zymo-SpinTM IIN column.

8.
Place the column into a Collection Tube and centrifuge for 15 sec. Discard the flow-through and place the column back into the same Collection Tube. 

9.
Add 200µl Endo-Wash Buffer to the column. Centrifuge for 15 sec.

10.
Add 400µl ZippyTM Wash Buffer to the column. Centrifuge for 30 sec.

11.
Transfer the column into a clean 1.5 ml microcentrifuge tube and then add 30µl ZippyTM Elution Buffer directly to the column. Let stand for one minute at room temperature. Centrifuge for 15 sec to elute the DNA.

G.  Digestion of pBC/recA Plasmid DNA with EcoRI and BamHI

Remember these important comments on the use of enzymes

· Enzymes must be kept cold at all times prior to addition to the reaction.

· Most enzymes are stored at –20°C in 50% glycerol to prevent freezing.  Therefore, the reaction must be thoroughly mixed to insure complete resuspension of the enzyme.

· However, do not vortex excessively since this can lead to denaturation and inactivation of the enzyme. Either vortex for only a few seconds or simply tap the bottom of the microcentrifuge tube with your finger.

Materials

· pRecA/BC plasmid DNA — the preparation that you made!

· 10X Restriction Enzyme Buffer — a commercial buffer that is compatible with either EcoRI or BamHI

· RNAse A

· EcoRI and BamHI restriction endonucleases diluted in 1X Restriction Enzyme Buffer just prior to class — see cautions above
· NanoPure water

· Ice in a bucket

· Microcentrifuge tube

· Micropipetters with tips

· TempBlock at 37°C

· DNA Sample Buffer

· Vortex

· Sharpie marker

Procedure

Each student should assemble two restriction enzyme digestion reactions as follows:

Reaction 1 – pRecA/BC digested with BamHI

~100ng plasmid DNA is needed. However, we do not know the concentration of the DNA in the plasmid preparation prior to the gel electrophoresis. Based on previous experience, ~10% of the plasmid preparation is a good starting point.

Assemble in a microcentrifuge tube
____5µl pRecA/BC DNA
____13µl water
____2µl 10X Reaction Buffer (a commercial buffer supplied with the enzymes) 
____10µl BamHI restriction enzyme in 1X Reaction Buffer
Why did you use 2µl 10X Reaction Buffer instead of 3µl? (see below)

Reaction 2 – pRecA/BC digested with EcoRI

Assemble in a microcentrifuge tube
____5µl pRecA vector DNA
____13µl water
____2µl 10X Reaction Buffer (a commercial buffer supplied with the enzymes) 
____10µl EcoRI restriction enzyme in 1X Reaction Buffer

The final volume is 30µl. We used 2µl 10X Reaction Buffer because the enzyme(s) is already diluted in 1X Reaction Buffer! 
4. Vortex gently by tapping the tube with your finger or vortexing for only 2-3 seconds. If small droplets remain on the side of the tube, centrifuge for a few seconds in the Picofuge, the small centrifuge on the lab bench.

5. Incubate the microcentrifuge tube at 37°C for 60 min.
6. After the incubation, add 5µl DNA Sample Buffer to each tube. If there is not enough time to complete the incubations before the end of class, the samples will be stored at -20°C after the 60 min incubation. The DNA Sample Buffer can be added just prior to gel electrophoresis.

H.  Cast a 1.5% Agarose Gel

Cast a 1.5% agarose gel following the procedure that begins on page 46 of the lab manual. Each student will have samples for gel electrophoresis and one lane is needed for the DNA size markers. The combs for the gels have 10 lanes. One gel will be sufficient for a group of 3 or 4 students.

The agarose gel will be rather fragile and must be supported at all times!
I. Gel Electrophoresis of pRecA/BC Plasmid DNA Samples

Use the procedure that begins on page 49 of the lab manual to analyze the BamHI and EcoRI digests of the pRecA/BC plasmid DNA. The 1Kb DNA ladder should be used for size markers. 

 Important:  For good resolution of the DNA fragments, the bromophenol tracking dye should be run to within 1 cm of the bottom of the agarose gel. 

Following gel electrophoresis, the gels will be photographed out of class.

Experiment 6

Human Evolution: Our Genetic Origins

Introduction

(Adapted from Genetic Origins (http://www.geneticorigins.org))

The collective scientific evidence strongly indicates that humans originated in Africa and then radiated outward across the earth. The chimpanzee is our closest relative with more than 96% genetic similarity. The divergence of humans and chimps probably occurred about 5 million years ago. The earliest ancestors of modern man migrated out of Africa and into Europe, Asia and the Middle East about 1.5 million years ago. From there, they moved into Micronesia, Polynesia and North and South America.

Human Mitochondrial Genome
Mitochondria have their own genome. Actually, each mitochondrion has several copies of its genome and each cell has several hundred to several thousand mitochondria. Therefore, mitochondrial genes are highly “amplified” because each cell contains multiple copies of the genetic sequence. Therefore, PCR amplification of a mitochondrial DNA (mtDNA) sequence is very effective and can be used with DNA isolated from a single cell. PCR amplification of mtDNA can often be used successfully with old or badly degraded tissue samples, even when amplification of [image: image12.jpg]RESUL
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nuclear genetic sequences fails.

We will focus our attention on a 440 nucleotide sequence from the human genome called the Control Region (see Figure 1). In the General Microbiology Lab, you may have done a human genetic DNA experiment using PCR. In that experiment, a specific DNA sequence from the nuclear genome that, in some individuals, contains an AluI DNA sequence was analyzed by PCR and agarose gel electrophoresis. In that experiment, there are only two possible alleles – either the AluI sequence is present or it is not. The presence or the absence of the AluI sequence could be easily determined by the agarose gel electrophoresis since the PCR products from the two different alleles have different lengths. 
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In this experiment, all of the PCR products from the Control Region of your mtDNA should be 440bp. It would be unexpected if we could see any discernible difference in DNA fragment length for any of the PCR products derived from the Control Region of the mtDNA using agarose gel electrophoresis. Figure 2 shows a representative agarose gel with the PCR products for the Control Region of six different individuals. However, it is common to find a variety of single nucleotide polymorphisms (SNP), which can be identified by DNA sequencing. These single nucleotide changes provide insight into our evolutionary past and the origins of the human races.

The Control Region contains sequences for regulation of both RNA transcription and DNA synthesis. This region is also hypervariable, mutating at nearly 10-times the frequency found in nuclear genes. The elevated mutational rate is probably due to oxidative damage from oxygen free radicals that are by-products of aerobic respiration. The most common mutations are C(T transition mutations and G(T and G(C transversion mutations.

From your studies of genetics, you should be familiar with the maternal inheritance of mitochondria. While a few of the 50-100 mitochondria in sperm may penetrate the egg, their presence is overwhelmed by the nearly 100,000 mitochondria within the egg. There is evidence that any mitochondria derived from the sperm are destroyed within the egg, although the mechanism is not well understood. The best data suggests that ubiquitin on the surface of the male mitochondria targets those mitochondria for destruction. 

The mitochondrial genome is haploid and physically isolated from the diploid nuclear genome. Therefore, the mitochondrial genome can be inherited from mother to sons and daughters over many generations without significant changes due to genetic recombination. Occasionally, a new genetic mutation arises, which creates a SNP that we can identify by sequencing the DNA.

Anthropology moved into the molecular age in 1987 when Dr. Allen Wilson and colleagues at the University of California at Berkley created a human family tree based on mtDNA polymorphisms. If present day humans share a common ancestor, Dr. Wilson determined that the ancestors arose in Africa about 150,000 years ago. They called this common ancestor “mitochondrial Eve”. Men have not been completely ignored. Later, polymorphisms associated with the Y-chromosome, which are paternally inherited have been studied. 

Experimental Procedure
(based on BIO-RAD kit# 166-2100-EDU):

A. Cellular DNA Extraction

You will extract total cellular DNA from the cells attached to the base of your hair. That minute amount of DNA is sufficient to act as the template for PCR amplification of the Control Region of the mtDNA genome. We will “clean-up” the PCR reaction to remove the excess nucleotides, primers and any remaining denatured template DNA. Your PCR sample will then be prepared for shipping to the University of California (Davis, CA) where the DNA sequence will be determined. 

Hair Follicle DNA Extraction

1.
Each student should get one microcentrifuge tube containing 200l of InstaGene matrix plus protease1. Clearly label your tube with your initials.

2.
Collect two hairs from yourself. Choose hairs that leave noticeable sheaths (a coating of epithelial cells around the base of the hair). Alternatively, choose hairs that have a large root. The root is the bulb-shaped base of the hair. Keeping the end of the hair with the sheath or bulb, trim the hair with scissors so it is approximately 2cm long. Place your trimmed hair into the microcentrifuge tube and close it tightly. 
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3.
Incubate your tube at 56oC for 10 minutes. At the halfway point (5 minutes), shake or vortex the tube gently and then continue the incubation at 56°C for the remaining 5 minutes2.

4.
Remove your tube, gently shake or vortex it, then place it in a boiling water bath (100oC) for 5 minutes2.

5.
Remove your tube from the water bath and shake or vortex it to resuspend the contents. Pellet the InstaGel matrix by spinning at 6,000 x g for 5 minutes.



Important notes:

1 InstaGene matrix consists of a suspension of negatively charged beads, which bind divalent cations like magnesium (Mg2+). It is important to remove divalent cations from the DNA sample, because cations assist enzymes that degrade DNA. The protease digests the connection between cells allowing for better lysis.

2 Function of the two incubation steps: The pre-incubation at 56oC breaks up the tissue, which makes it easier to lyse the cells during the subsequent incubation at 100oC. This pre-incubation also inactivates DNAses, enzymes that are naturally present in cell suspensions. The boiling (100oC) ruptures the cell membranes and releases DNA.



B. PCR amplification

1.
Obtain a 200µl tube that is designed for use in the PCR thermal cycler, label it, and put it on ice.

2.
Transfer 20l of your DNA template from the supernatant in your microcentrifuge tube into the bottom of your PCR tube. 
Do not transfer any of the matrix beads into the PCR tube. The beads will inhibit the reaction!
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3.
Transfer 18l Master Mix and 2l Primer Mix into your PCR tube. Mix by pipetting up and down 2-3 times. Cap your PCR tube and transfer it to the thermal cycler as soon as everybody in your class is done. 

4.
Once all tubes are in the thermal cycler, your TA will start the PCR reaction, which will undergo 40 cycles of amplification.



Details of the PCR Reaction

mtDNA Control Region Primer Sequences

Forward Primer ( 5'-TTAACTCCACCATTAGCACC-3'

Reverse Primer ( 5'-GAGGATGGTGGTCAAGGGAC-3'

Thermal Cycler Conditions

Initial Denaturation at 94°C for 3 min

40 cycles of the following:

30 sec denaturing at 94°C  

30 sec annealing at 58°C 

30 sec DNA synthesis (extension) at 72°C  

Final extension for 10 min at 72°C

Hold at 4°C until needed
C. “Clean-Up” of PCR Reaction

After completion of the PCR amplification, the excess primers, unincorporated nucleotides (dNTPs) and denatured template DNA must be removed prior to DNA sequencing. Numerous methods have been used in the past. We will use a commercial system from Qiagen that is fast and very effective.

The key to the procedure is a proprietary matrix that selectively binds dsDNA (the PCR product). 

Procedure

1.
Add 200µl PBI Buffer (5 volumes) to the 40µl PCR reaction. The solution should be yellow, indicating the pH ≤ 7.5. If the solution is orange or violet, add 10µl 3M sodium acetate and be sure the color changes to yellow.

2.
Place a MiniElute column in a 2ml collection tube.

3.
Centrifuge for 1 min at maximum speed in the microcentrifuge. 
The PCR product will bind to the matrix while all other reaction components will flow-through to the collection tube.
4.
Discard the flow-through in the bottom of the collection tube.

5.
Add 750µl PE Buffer and centrifuge for 1 min at maximum speed.
This step washes any remaining primer, template, dNTPs, etc. from the matrix

6.
 Discard the flow-through in the bottom of the collection tube.

7.
Add 10µl water to the center of the membrane in the MiniElute column. Wait 1 min before centrifuging at maximum speed for 1 min.
This step elutes the PCR product from the matrix.

8.
The DNA is now ready for analysis by agarose gel electrophoresis (using a 3.0% agarose gel) and DNA sequencing.

Experiment 7

Molecular Analysis of the MsrA Genetic Locus of Drosophila 

Objective

The objective of this experiment is to use the polymerase chain reaction (PCR) to analyze the structure of the MsrA gene in Drosophila that has been disrupted by the insertion of a transposable element. The MsrA gene encodes an enzyme called methionine sulfoxide reductase, which functions to restore oxidized methionine (methionine sulfoxide) to functional methionine. For the purpose of this experiment, understanding the precise function of this gene is not crucial.

A variety of transposable elements have been characterized in Drosophila. One such transposon called the P-element has been analyzed in detail and has been used as a tool for gene cloning and generation of genetic mutations. The insertion of the P-element into a genetic locus can, depending on the exact location, disrupt the normal expression of the gene.

Under the appropriate genetic conditions, the P-element can excise itself from the chromosome. Sometimes the genomic DNA is fully restored to its original sequence and the gene is once again functional. This is called a revertant and the gene structure is identical to the wild type. Other times, the excision of the P-element is imprecise and some of the flanking (adjacent) genomic DNA sequences are lost. This is called a deletion mutant and usually results in a null mutation – no detectable functional gene product.

In this experiment, we will examine the structure of the MsrA gene in three strains of flies using the polymerase chain reaction (PCR):

1. Wild-type (WT)

2. Revertant (RVT)

3. Deletion (DEL)

We anticipate that the MsrA locus in the WT and RVT strains will be indistinguishable whereas the DEL strain will have a portion of the MsrA gene missing.

Experimental Overview

1. Isolate genomic DNA from adult flies.

2. Digest the genomic DNA with the appropriate restriction endonucleases.

3. Resolve the genomic restriction fragments by size using gel electrophoresis

4. Use the genomic DNA as a template for PCR amplification of a portion of the MsrA genetic locus.

5. Analyze the PCR products by gel electrophoresis

Experimental Procedure

A.  Isolation of Drosophila Chromosomal DNA

Reagents and Materials

· ~50 adult flies in a microcentrifuge tube (stored at -75°C)

· Homogenization Buffer (200mM sucrose, 50mM EDTA, 0.5% SDS in 100mM Tris•Cl; pH 9.2)
· 15µl proteinase K (10mg/ml) per student

· 600µl Phenol per student
· 600µl Phenol:Sevag* (1:1) per student
· 600µl Sevag* per student
· 900µl Ethanol (100%, undenatured) per student
· 1ml 70% ethanol per student

· 4M NaCl

· Microcentrifuge tubes 

· Micropipettes 
 p200 and p1000

· Vortex

· Ice in buckets

· Small blue pestles
· Centrifuge at 4°C
· 
· 
*Sevag is chloroform with 4% isoamyl alcohol
Procedure

1. Obtain a tube with ~50 adult flies. Note the strain of the flies in your sample.

2. Add 400µl Homogenization Buffer to the tube containing the flies.

3. Homogenize the flies using a small blue pestle, keeping the tube on ice as much as possible.

4. Add 15µl of 10mg/ml Proteinase K to the tube and incubate at 37°C for 30 minutes.
 Proteinase K is a protease (degrades protein) that remains active in the presence of EDTA, SDS and temperatures that generally inactivate other proteases.
5. Transfer the homogenate to a tube containing 600µl phenol.
Caution: Be sure the tube is securely closed! Do not get phenol on your skin. Wash your hands under running water if you get any on your skin.
6. Extract the sample for five minutes, vortexing frequently.

7. Centrifuge the sample at full speed for 5 minutes to separate the phases.

8. Transfer the aqueous (upper) phase to a microcentrifuge tube containing 600µl phenol:Sevag (1:1).

9. Extract again for five minutes, vortexing frequently.

10. Centrifuge the sample at full-speed for five minutes.

11. Transfer the aqueous (upper) phase to a microcentrifuge tube containing 600µl Sevag.

12. Extract for 2 minutes, vortexing frequently.

13. Centrifuge the sample at full-speed for 5 minutes.

14. Transfer the aqueous (upper) phase to a clean microcentrifuge tube.

15. Add 25µl of 4M NaCl and 900µl of 100% ethanol.  
16. Mix well and then precipitate the nucleic acids by centrifuging at 4°C for 20 minutes.
17. Decant the ethanol carefully and add 1ml of 70% ethanol. Centrifuge again for 5 minutes.
18. Carefully remove the ethanol again, making sure to not lose the pellet.

Caution: DNA pellets often do not adhere tightly to the microcentrifuge tube following a 70% ethanol wash 
19. Spin the tube briefly to collect the residual ethanol. Using a micropipettor, remove the rest of the ethanol. 
Caution: Be sure to remove all of the ethanol! 
20. Resuspend the pellet of DNA in 20µl of nano pure water. 
21. Hold the sample at -4°C until next class period.
 High molecular weight DNA (i.e. genomic DNA) often takes a prolonged period of time to go into solution. It is often convenient to leave the sample overnight at 4°C.
B. Restriction endonuclease digestion of Drosophila genomic DNA

Materials

· Drosophila genomic DNA samples (from previous lab)

· Micropipetters with tips – p10, p100

· Ice buckets with ice

· Microcentrifuge tubes

· TempBlock - 37°C

· 10X Reaction Buffer compatible with EcoRI and BamHI

· BamHI and EcoRI restriction endonucleases in 2X Reaction Buffer (manufacturer suggests 2X Reaction Buffer as optimal for EcoRI or BamHI.
· Agarose

· 20X TAE

· Ethidium Bromide

· Gel electrophoresis unit with casting trays and combs

· Weigh boats and scales

· Flasks 

· Graduated cylinders


Procedure
1.
Obtain your microcentrifuge tube with the Drosophila genomic DNA. 

2.
Transfer 15µl of DNA preparation to a new tube. 
Be sure to save the remainder of your genomic DNA preparation. Clearly label the tube and return it to the teaching assistant. You will need this DNA sample for PCR in a future lab.
3. 
Add 2µl of 10X Reaction Buffer to the tube.
4. 
Add 5µl of BamHI or EcoRI to the tube. Remember to handle the enzyme carefully and keep the sample on ice as much as possible.

Enzymes

BamHI  ( 5’ GGATCC

EcoRI
 (  5’ GAATTC

5.
Incubate at 37oC for 60 min. 

6. 
During the incubation, prepare a 0.8% agarose gel. See pgs 46-49. 

C. Agarose gel electrophoresis
Materials:  
· Gel electrophoresis units
· 1X TAE 

· Digested DNA Samples 

· 6X DNA loading sample buffer

· 0.8% agarose gel 
· Micropipettors

· 1Kb DNA molecular size markers (or other appropriate size markers)
· Power supply
22. Place the 0.8% agarose gel into the electrophoresis unit and fill with 1X TAE buffer until the buffer covers the gel to a depth of 3-5mm.
23. Prepare your samples by adding 4µl of 6X DNA Sample Buffer and pipetting up and down to mix.
24. Load your samples into the wells as you are instructed by the TA.
25. We will use 1kb ladder for molecular mass markers (other DNA size standards may be substituted as needed).

26. The gel will be run at ~100V during class and photographed using the Versa Doc imaging system.
D. PCR Amplification of the MsrA Genetic Locus

Background

The polymerase chain reaction (PCR) was invented by Kary Mullis in the mid-1980’s. He was awarded the 1993 Nobel Prize for chemistry for his “invention”. PCR was the first method in molecular biology to be patented. It is a simple and rapid method to amplify a specific fragment of DNA. PCR is also the most sensitive technology for DNA analysis. Forensic analyses of minute samples of blood, semen, skin cells, hair, etc. must utilize PCR. There is currently no other technology for analyzing such small amounts of DNA. Within less than 10 years (mid 1990’s), PCR had become a routine procedure in molecular biology labs. Yet, it is constantly being applied in new ways with no indication that its usefulness is slowing down.

Materials

· Drosophila genomic DNA (from previous lab period)

· 2X PCR Reaction Mix (see below for composition)


A different PCR formulation may be used. These systems are constantly being modified and improved.

· PCR primers for amplification of a portion of the MsrA locus

The 2X PCR Reaction Mix contains the four deoxynucleotide triphosphates (dNTPs) and the Taq polymerase in the appropriate buffer. The only additional components are the genomic DNA and the MsrA specific primers.

Procedure

Each student will assemble one PCR reaction using their Drosophila genomic DNA preparation. 

1. Add the following to a 200µl PCR tube, keeping it on ice as much as possible:

15µl 2X PCR Reaction Mix

5µl genomic DNA
5µl each oligonucleotide primer (20pmol of each primer) for MsrA.
Caution: Be sure you add each primer. A common mistake is adding the same primer twice or omitting one primer.


3.
The reaction was assembled in a 200µl round-top tube that is specially designed to fit the PCR thermal cycler that we will be using. 
Note the number on the tube.

4.
The following PCR profile will be used:

One cycle at 94°C for 1 minute

40 cycles of 94°C for 60 sec, 55°C for 30 sec and 72°C for 180 sec.

Chill to 4°C and hold.

Older PCR thermal cyclers required a layer of mineral oil over the reaction to act as a vapor barrier to prevent condensation on the top of the tube. Newer instruments, like the one you are using, have a heated top that prevents formation of condensation. Therefore, the mess and bother of dealing with mineral oil in your reaction has been eliminated.

E.  Cast a 2.0% Agarose Gel

Materials and Procedure

Cast a 2.0% agarose gel in TAE buffer following the procedure on pages 46-49.

F. Gel electrophoresis of PCR product

Materials

· PCR amplification products 

· DNA Sample Buffer 

· Electrophoresis apparatus with power supply

· 2.0% agarose gel 

· Micropipetters with tips – p10 and p100

· DNA size markers – 100 bp ladder

Procedure

1.
Obtain your numbered tube containing your PCR amplification product.

2.
Add 5µl DNA Sample Buffer to the 200µl tube containing your PCR reaction products

3.
Load your sample into a well in the agarose gel. Be sure to note which lane is your sample.

4.
Load the DNA size markers. This is typically done using Lane 1 at the left edge of the gel. 

5.
Run the gel at 100-150V until the bromophenol blue dye is midway down the gel.

6.
We should be able to view the gels before class ends since there is ethidium bromide in the gel. 

7.
The gels will be photographed outside of class to facilitate interpretation of the results.

G.
Analysis of Results

Estimate the size of the PCR product for each of the three strains. How does the size of the PCR product for the WT strain compare to that of the RVT strain? What size is the PCR product for the DEL strain? How does its size compare to that of the WT and RVT? What does this mean?

Experiment 7

Measuring Changes in Gene Expression Using RT-PCR

Introduction

A common theme in a wide range of research projects is the investigation of differential gene expression. More specifically, to identify and quantify changes in the levels of mRNA for specific genes in response to a physiological challenge, environmental assault, cellular differentiation, etc. 

Northern (RNA) hybridization was the standard technique for analyzing RNA for several decades. It offers the advantage of providing information on both the amount and the size of the transcript. However, current research projects often require quantitative analyses that are more precise and/or use less RNA than is needed for Northern blots. Reverse-transcription PCR (RT-PCR) overcomes these obstacles. First, the amount of RNA needed for a single sample for Northern hybridization is sufficient for 50 or more RT-PCR assays. Second, RT-PCR can be more precise than Northern blots in determining changes in the mRNA levels. It must be done properly and it is not trivial, but it can be done if needed.

Purpose

We will investigate the expression of the MsrA locus in the three strains of Drosophila that we used in the previous experiment. One is a wild-type and should express a normal mRNA. The second is a revertant that arose when a P-element excised from the locus. If it really is a revertant, there should also be expression of a normal mRNA. The third is a deletion mutation that resulted from excision of a P-element. The deletion removed ~500 bp upstream of the transcription start site and almost 1,000 bp of the transcription unit. Therefore, we expect this strain to be a null-mutant and not express a functional MsrA mRNA.

Overview of the Experiment

In the previous experiment, you isolated genomic DNA from adult Drosophila. In this exercise, you will first learn to isolate total cellular RNA from adult Drosophila. It is important that you work carefully when handling RNA since it is more labile than DNA and ribonucleases (RNAse) are ubiquitous. We will then determine the amount and purity of your RNA preparations using the spectrophotometer. We will also analyze the integrity of the RNA by gel electrophoresis.

The RNA will be used as a substrate for RT-PCR. Since PCR requires a DNA template, we must first make cDNA using reverse transcriptase, a primer and your RNA as a template. The cDNA will then be used as a template for PCR amplification.

Overview of the RNA Extraction

We will use a commercial product called Trizol made by Invitrogen. It utilizes phenol, guanidine isothiocyanate and precipitation with isopropanol or ethanol in the isolation of the RNA. The following is a discussion of key points related to the role of each of these reagents in the RNA isolation procedure.
Phenol Extraction – Proteins readily dissociate from DNA in the presence of phenol, which is a strong organic solvent. Chloroform also helps denature both the protein and lipids while facilitating the separation of the organic and aqueous phases. The DNA and RNA are less soluble in the chloroform-phenol mixture compared to phenol alone. This reduces loss of nucleic acid into the organic phase. Isoamyl alcohol is usually added to prevent foaming. One common name for the chloroform: isoamyl alcohol (24:1 ratio) mixture is Sevag. At pH 7-8, the DNA is also in the aqueous phase while the protein forms an opaque layer between the phases (called the interphase). If the phenol is adjusted to pH 5-6, DNA will be retained in the organic phase while RNA stays in the aqueous phase. 

Guanidinium isothiocyanate - Guanidinium isothiocyanate is a powerful protein denaturant that has been very effective in RNA purification methods, even from tissue rich in ribonucleases (RNAse). Adding guanidinium isothiocyanate to phenol/chloroform extraction and alcohol precipitation improves the recovery of high quality intact RNA.

Alcohol Precipitation - Adding monovalent cations (K+, Na+, NH4+) to nucleic acid solutions causes salts to form with the negatively charged nucleic acids. Adding alcohol (ethanol or isopropanol) causes the nucleic acids to precipitate. Isopropanol has the advantage that less alcohol is needed to precipitate the nucleic acid. However, salts and other contaminants are more likely to also precipitate compared to using ethanol. Precipitations are typically performed at -20°C. However, precipitation using ammonium acetate can be done at room temperature. 
Part A – RNA isolation

Each student will prepare RNA from one of the following strains of Drosophila. 

WT – Lab yw stock, which is wild-type for the MsrA gene

RVT – A revertant of an MsrA mutation caused by insertion of a P-element transposon that “jumped-out” of the locus, leaving the DNA with its original sequence

DEL – A deletion mutation in the MsrA gene caused by excision of a P-element transposon that lead to a loss of ~1.5 kbp of DNA

Materials

· Trizol Reagent (see comments on the previous page)

· Microcentrifuge at 4°C

·  High speed homogenizer

· Microcentrifuge tubes

· 75% ethanol (made using undenatured absolute ethanol)

· CHCl3
· Micropipetters with tips

· RNAse-free water

· Isopropanol

Procedure

1. 
Homogenize flies (5 to 10 flies are sufficient) in 0.5mL Trizol Reagent using the motorized homogenizer. Then add another 500µl Trizol Reagent for a total of 1ml.

2. 
Centrifuge at maximum speed for 10 min at 4(C

3. 
Transfer the supernatant to a clean microcentrifuge tube.

4. 
Allow the sample to incubate at room temperature for 5 min.

5. 
Add 200 (l of CHCl3, vortex for 15 sec, and then incubate the sample at room temperature for 2-3 min.

6. 
Centrifuge at full speed for 15 min at 4(C.

7. 
Transfer the aqueous phase to a clean microcentrifuge tube. 
Do not disturb the interphase! The DNA is in the interphase and the proteins are in the pink-colored organic phase.

8. 
Precipitate the RNA by adding 500(l isopropanol and 1(l 10mg/ml glycogen. Mix by inverting once.

9.
Incubate the samples at room temperature for 10 min.

10. 
Centrifuge at maximum speed for 10 min at 4(C.

11. 
Pour off the supernatant without disturbing the pellet.

12. 
Wash the RNA pellet with 1 ml 75% ethanol.

13. 
Vortex sample for 15 sec and centrifuge at 12,000 rpm for 10 min at 4(C.

14. 
Decant the ethanol. Centrifuge again for a few seconds to collect the residual ethanol. Remove all visible ethanol with a micropipette.
Sometimes you may find that small droplets of ethanol stubbornly adhere to the side of the microcentrifuge tube. A micropipetter can be useful for removing them.

15. 
Allow the pellet to air dry for a few minutes before resuspending the pellet in 30 - 50(l of RNAse free water.
Resuspend in 30µl if you cannot see the pellet or 50µl if a pellet is clearly visible.

16.
Label the collection tube. Your RNA sample will be stored at -75°C until needed.

B. Determining the Amount and Quality of RNA Using a Spectrophotometer

RNA and DNA maximally absorb ultraviolet light at a wavelength of 254-260nm. A 40µg/ml RNA solution has an absorbance of 1.0 at 260nm (A260=1.0). The RNA sample is also measured at 280nm, which is closer to the optimal wavelength for protein. This helps to evaluate how “clean” the RNA sample is. A 260/280 ratio of 1.9 or higher indicates a highly purified RNA sample. A significantly lower ratio indicates the presence of protein and other contaminant(s).

Previous experiments indicate that you should recover ~1µg total RNA per adult Drosophila. Assuming you started with five adult flies and your sample is in 30µl, the RNA concentration is probably ~200µg/ml (5µg/0.03ml = 166µg/ml = ~200µg/ml). Assuming your RNA sample is 200µg/ml, the absorbance at 260nm A260 would be 5 (200µg/ml/40µg/ml/A260 = 5 A260). You will need to dilute a sample of your RNA to accurately determine the absorbance value using the spectrophotometer. Based on an assumed recovery of 5µg, a 50-fold dilution should give an A260 = 0.1. 

Be sure that you understand how to determine the concentration and A260/A280 ratio of an RNA sample. This will be covered on the second written exam.
Materials

· Microcentrifuge tubes

· Micropipetters with tips

· Water (highest quality)

· Spectrophotometer 

· UV-transparent cuvettes (designed for use of ultraviolet light)

Procedure

As discussed above, you should make a 50-fold dilution of your RNA sample in water.

1.
For a 50-fold dilution, add 4µl RNA to 196µl water. Vortex to mix well.

2.
The teaching assistant will help you measure the absorbance of the sample at 260nm and 280nm

You must use special plastic cuvettes since most plastics absorb ultraviolet light very effectively. Alternatively, most research labs use quartz cuvettes, which are expensive (about $200 each) and very easily damaged.

The spectrophotometer needs to be “zeroed” to account for any absorbance due to factors other than RNA. In this experiment, what was used to “zero” the instrument?

3.
To determine the concentration of your RNA sample, multiply the A260 reading by 50 to obtain the absorbance of your sample. To convert to “µg/ml”, multiply the A260 value by 40.

4. To determine the A260/A280 ratio, divide the A260 reading by the A280 reading. Hopefully the ratio will be close to 1.9 or higher.

What if the A260/A280 ratio is too low (~1.5 or less)?

A low A260/A280 ratio often indicates the presence of protein or – more likely – small amounts of phenol. The phenol can be a problem since it can inactivate the reverse transcriptase. An additional ethanol precipitation can be effective at removing the phenol or contaminating proteins.

1.
Add RNAse-Free water to your RNA sample to bring the volume to 100µl.

2.
Add 50µl 7.5M ammonium acetate (NH4OAc) and 375µl ethanol (100%).

3.
Vortex to mix well and then chill at -70°C for 10 min.

4.
Centrifuge at maximum speed for 15 min.

5.
Completely remove all of the ethanol supernatant (see steps 14 -15 on page 15).

6.
Resuspend the RNA pellet in 30µl RNAse-free water.

7.
Measure the A260 and A280 values again (see page 16).

Did the A260/A280 ratio improve?

C. Preparation of an Agarose Gel for RNA Analysis 

The procedure for analyzing RNA by gel electrophoresis is similar to that used for DNA. The major difference is the presence of a denaturant (formaldehyde) in the gel used for RNA analysis. RNA is predominately single-stranded, but usually has some secondary structure (e.g. stem loops) that can alter its mobility. The denaturing conditions of the gel help ensure that the RNA remains fully single-stranded during electrophoresis.

The denaturing agarose gels that are routinely used for electrophoresis of RNA samples contain a limited amount of formaldehyde (usually 3ml of 37% formaldehyde solution per 100ml of agarose). According to Federal Health and Safety guidelines, these gels must be used in a certified fume hood. We do not have a fume hood available in the teaching laboratories. Therefore, we are going to use the standard TAE agarose gel that you used previously for your plasmid DNA and PCR samples. While there is likely to be some effect on mobility due to secondary structure in the RNA, the results are usually satisfactory. For separation of total RNA, which varies widely in size, a 1.5% agarose gel should work well.

D. Gel Electrophoresis of RNA 

As noted previously, RNA samples are usually analyzed by gel electrophoresis under denaturing conditions. The most widely used denaturant is formaldehyde, which is a known carcinogen. We do not have fume hoods for running gels that contain formaldehyde, so we will use the standard TAE agarose gels that you used previously for your DNA samples. Even though the RNA may not be fully denatured, the results are usually good enough to determine the quality of your RNA.

Materials

· RNA sample

· Micropipetters with tips

· TempBlock at 65-70°C

· Microcentrifuge tubes

· Ice bucket with ice

· Sample buffer used for DNA samples

Procedure

1.
Prepare an RNA sample for electrophoresis by combining 2µg RNA and water in a total volume of 15µl. The volume of RNA that you need will depend on the concentration of your RNA sample, which you determined in the previous lab. 

_____µl RNA (2µg total)

_____µl water

2.
Add 5µl Sample Buffer (this is the same sample buffer we used for your DNA samples)

3.
Heat at 65°-70°C for 10 minutes.

4.
Briefly chill the sample on ice.

5.
Load your RNA sample onto the agarose gel, noting which lane contains your sample.

6.
Run the gel at ~150V until the tracking dye has traveled about 2/3 the length of the gel.

7.
Try to observe the RNA using a handheld UV lamp. The figure shows an RNA sample from yeast. Your RNA was isolated from Drosophila cells, but the results should be similar.
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There are three classes of RNA in cells – mRNA, tRNA and ribosomal RNA (rRNA).  The rRNA makes up about 95% of the total RNA in the cell. The mRNA is the most heterogeneous in size, but usually only comprises 1-2% of the total RNA. The remaining RNA is tRNA, which is rather small (about 75 bases). Therefore, the most striking feature of the ethidium bromide stained agarose gel containing total RNA is the major ribosomal RNA bands (see figure to the left).

E. Reverse Transcription

Background


Synthesis of cDNA from RNA templates is now a fundamental step in a variety of techniques such as cDNA cloning, preparation of hybridization probes and RT-PCR. Even though the template is RNA, reverse transcriptase is a DNA polymerase and requires a primer to initiate synthesis. Three general classes of primers are commonly used.

a.
Oligo-dT – a short olionucleotide of repeated dT’s, usually about 20 nucleotides in length. This primer will anneal with the poly(A) tail of mRNA from eukaryotic cells. This primer works well, but has the drawback of overly representing the 3’ end of the mRNA since the reverse transcriptase is not highly processive and tends to stall before reaching the 5’ end of the mRNA.

b.
Random primers — a complex mixture of short (6-9 nucleotides) oligomers representing all possible sequences. The primers anneal at various positions along the mRNA. The approach will not yield a full-length cDNA (why?), but more completely represents all of the mRNA sequences. We will be using random hexamers (6 bases in length).

c.
Gene specific primer — uses the 3’ downstream primer from the primer pair used for PCR amplification of a specific cDNA. This approach is useful if you are only interested in one specific gene. cDNA made using oligo-dT and random primers can be used as templates for any appropriate pair of PCR primers. 

Materials

· Drosophila RNA (from the previous lab)

· Superscript III reverse transcriptase (Invitrogen)

· Random hexamer primers (Promega)

· Water (ultra high quality)

· 100mM EDTA

· TE (Tris•Cl, pH 8.0 with 1mM EDTA)

· Micropipetters with tips 

· Microcentrifuge tubes

· TempBlocks at 70°C and 42°C

· Ice bucket with ice 
Note: The following procedure is a general one for reverse transcriptase. You may be given a modified procedure in class if we are using a different “system”. 

Procedure

1. Obtain a microcentrifuge tube containing 5µl water with 0.5µg random hexamers.

2. Add 5µl of total Drosophila RNA for a final volume of 10µl.

3. Heat the sample at 70°C for 10 min.

4. Chill the sample on ice for 3 min.

5. Centrifuge for a few seconds in the microcentrifuge.

6. Add 10µl of the following mixture:
4µl 5X Reverse Transcription Buffer 
2µl 100mM DTT
1µl 10mM dNTP’s
1µl RNAse inhibitor (40U/µl – Amersham)
1µl reverse transcriptase (200U/µl – Superscript II)
Total volume is now 20µl
7. Centrifuge for a few seconds in the microcentrifuge.

8. Incubate at 42°C for 60 min.

9. Add 1µl 100mM EDTA and heat at 90°C for 2 min to inactivate the reverse transcriptase.

10.  Add 79µl water to bring the final sample volume to 100µl.

11. Clearly label the tube and then give it to the teaching assistant. Your sample will be stored at -20°C until the next lab.

F. Polymerase Chain Reaction (PCR)

Background

The polymerase chain reaction (PCR) provides a rapid and sensitive method to amplify a specific gene sequence. In our exercise, we will use PCR to amplify two gene specific cDNAs that were synthesized in the reverse transcriptase reaction. If the PCR reaction is analyzed during the linear phase of the exponential amplification, then differences in the amount of PCR product (amplicon) synthesized reflect differences in the relative amounts of starting mRNA. Thus, combining reverse transcription and PCR (RT-PCR) provides a highly sensitive method to evaluate differential gene expression. This method is especially useful when the amount of starting material (mRNA) is limited.

Materials

· cDNA (from Part E above)

· RNA preparation (from Part A above)

· 2X PCR Reaction Mix (see below for composition)

PCR primers for amplification of selected mRNA

The 2X PCR Reaction Mix contains the four deoxynucleotide triphosphates (dNTPs) and the Taq polymerase in the appropriate buffer. The only additional components are the cDNA (from the reverse transcription) and the gene-specific primers.

Procedure

Each student will assemble two PCR reactions. Both reactions will contain all of the components needed for the reaction except the primers. One reaction will contain the primers for the MsrA cDNA while the other contains the primers for the MsrB cDNA. 

Note: The following procedure may be modified due to changes in the PCR system being used.

2. Add the following to a 200µl PCR-tube, keeping it on ice as much as possible:

30µl 2X PCR Reaction Mix

10µl diluted cDNA reaction products

2.
Mix thoroughly by pipetting the mixture with a micropipetter.

3.
Transfer 20µl to a clean 200µl PCR-tube.

4.
 Add 5µl each oligonucleotide primer (20pmol of each primer) for MsrA to one tube and 5µl each oligonucleotide primer (20pmol of each primer) for MsrB to the second tube.
Caution: Be sure you add each primer. A common mistake is adding the same primer twice or omitting one primer.


5.
The reaction was assembled in a 200µl round-top tube that is specially designed to fit the PCR thermal cycler that we will be using. 
Be sure to label your tubes clearly.

6.
The following PCR profile will be used:

One cycle at 94°C for 1 minute

40 cycles of 94°C for 20 sec, 52°C for 30 sec and 68°C for one min.

Chill to 4°C and hold.

Older PCR thermal cyclers required a layer of mineral oil over the reaction to act as a vapor barrier to prevent condensation on the top of the tube. Newer instruments, like the one you are using, have a heated top that prevents formation of condensation. Therefore, the mess and bother of dealing with mineral oil in your reaction has been eliminated.

G.  Cast a 2.5% Agarose Gel

Materials and Procedure

Cast a 2.5% agarose gel in TAE buffer.

H. Gel electrophoresis of PCR product

Materials

· PCR amplification products 

· DNA Sample Buffer 

· Electrophoresis apparatus with power supply

· 2.5% agarose gel (prepared in the previous lab)

· Micropipetters with tips – p10 and p100

· DNA size markers – 100 bp ladder

Procedure

1.
Obtain your numbered tubes containing your PCR amplification products.

2.
Add 5µl DNA Sample Buffer to the 200µl tube containing your PCR reaction products.

3.
Load your sample into a well in the agarose gel. Be sure to note which lane is your sample.

4.
Load the DNA size markers. This is typically done using Lane 1 at the left edge of the gel. 

5.
Run the gel at 100-150V until the bromophenol blue dye is midway down the gel.

6.
We should be able to view the gels before class ends since there is ethidium bromide in the gel. 

Experiment 7

Genetically Modified Foods 

(Based on BIO-RAD kit # 166-2500-EDU) 

Purpose

In this experiment, you will test commercially available food products for the presence of genetically modified organisms (GMO). 

Introduction

Currently in the United States, food products can contain up to 5% genetically modified content and still be labeled as “GMO-free”. The disclosure requirement is more stringent in Europe and Asia where foods must have <1% genetically modified content to be labeled “GMO-free”. Whether genetic modification of food crops is prudent is strongly debated. Novel proteins are potential allergens for some people. Super weeds that are resistant to herbicides might arise by cross-pollination with genetically modified plants. Antibiotic resistance, often used as a marker during the genetic engineering might create new health issues. Proponents of GMO argue that crop plant yields can be increased, fewer toxic chemicals are introduced into the environment, nutritional value can be improved and land that was not previously arable (farmable) can be made productive. The debate is not likely to be settled anytime soon.

The majority of the genetically modified crops that are approved for distribution in North America, Asia and Europe contain sequences from either cauliflower mosaic virus (CaMV) or Agrobacterium tumefaciens. In many cases, sequences from both organisms are present. This experiment uses PCR to test for the presence of the promoter for the 35S rRNA precursor of CaMV and/or a portion of the nopaline synthase (NOS) gene of A. tumefaciens. As a positive control for plant genomic DNA, we will use PCR to identity DNA from a photosystem II chloroplast gene, which is found in the vast majority of plants. The manufacturer has provided a sample of a certified GMO-free plant product as a control for possible contamination of the test samples.

A. Extraction of plant genomic DNA
Materials

· Motorized homogenizer
· Water bath set to 95-100°C
· InstaGene matrix
· Micropipetters with tips
· Nano-Pure water

· Top-loading scale

· 50-ml conical tubes
Procedure:  
Before class: Bring a sample of a food product to be tested. The key to success with this experiment is the quantity and quality of the plant DNA. Certain foods have been found to be the most reliable when using these procedures for DNA extraction and PCR amplification. The recommended foods include fresh corn, fresh papaya, corn bread/cake mix, corn meal and soy flour. If you would like to test a food product not on this list, please talk with the instructor.

1.
Add 500µl InstaGene matrix to each of two screwcap tubes.
Note: Resuspend the InstaGene matrix by pipetting up and down between aliquots to maintain an even distribution of the microbeads.

2.
For each DNA preparation:


a.
Weight out 0.5 - 2.0g of the sample.


b.
Transfer to a 50-ml conical tube and add 5ml water per gram of sample.


c.

Homogenize the sample using the high-speed homogenizer.


d.
If needed, add small amounts of water to obtain a slurry that has enough fluidity to be pipetted.

5.
Pipet 50µl of the homogenized food sample into the appropriate tube containing the InstaGene matrix.

6.
Gently vortex the tube and then place in a 95°C water bath for 5 min.

7.
Centrifuge at maximum speed for 5 min in the microcentrifuge.

8.
Store on ice (or 4°C) until needed for the PCR reaction.

B. PCR Amplification

Materials

· Plant DNA samples

· GMO-positive control DNA

· PCR Master Mixes with primers – GMO-specific and plant-specific

· PCR thermal cycler

· Micropipetters with tips

· PCR microtubes (200µl)

Procedure

 1.
Each student will prepare two PCR reactions with their plant DNA sample. One reaction will contain primers for the GMO sequences (CaMV and NOS) while the other reaction uses primers for the photosystem II gene. Positive controls for the amplicons from the photosystem 2 gene and the vector sequences in GMO-foods will be provided when you run your samples on an agarose gel.

2.
Add 20µl of the appropriate PCR master mix to each of labeled PCR tubes (200µl).

3.
Add 20µl of the appropriate DNA sample to each PCR reaction.
Important: Avoid transfer of any of the InstaGene microbeads. 

4. 
Gently mix each sample before placing in the PCR thermal cycler.

5.
The PCR cycle parameters for this experiment are:


a.
Initial denaturation for 2 min at 94°C


b.
40 cycles of




i.
94°C denaturation for 1 min




ii.
59°C annealing for 1 min.




iii.
72°C extension for 2 min.


c.

Final extension at 72°C for 10 min.


d.
Hold at 4°C

C.
Agarose Gel Electrophoresis

The expected sizes of the PCR amplicons are as follows:

1.
35S rRNA promoter from CaMV ( 203bp

2.
NOS terminator ( 225 bp

3.
Photosystem II gene ( 455bp

DNA fragments in this size range are most effectively resolved with a 3% agarose gel. The procedure for preparing the gel is the same as the one you have used numerous times before (see pages 44-47 if needed). 
Important: The agarose solution will be more viscous and more likely to trap air bubbles compared to lower-percentage agarose solutions.
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