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Objective: These laboratory procedures are designed to introduce students to the essential concepts and methods of experimental biochemistry.

Text book: Biochemical Techniques: Theory and Practice, by Robyt and White

Required material: Scientific calculator, hard-bound composition notebook, lab coat, and safety glasses.

Attendance policy: At the beginning of the laboratory session, the instructor will lecture on some background information, safety, important concepts, and answer questions.  Due to safety concerns, if you miss the pre-laboratory lecture, you will not be able to perform the experiment for that day and will receive a zero for that assignment.

If you miss a laboratory period due to an emergency, notify the Office of Academic Services as soon as possible, who will in turn notify me.  You must make arrangements with the instructor to make-up that work as soon as possible during a scheduled meeting of CHE51-571.  However, if you miss a laboratory session because of an unexcused absence, the grade for that lab report will be a zero.  If you miss more than three labs, you will be asked to drop the course, or will be given a grade of ‘F’ in the course. 

Laboratory notebook: To facilitate completion of the experiment, assure your success, and optimize laboratory safety, read the assignment before the laboratory period to familiarize yourself with the techniques, experimental procedure, and theory of the experiment.  Prior to attending lecture, you must have written in your notebook the date, title of the experiment, objectives, and a summary of the procedure (in your own words), and answers to pre-laboratory questions.  During lab, you must record the results in tabular form, and record any important observations or deviations from the protocol.  Before turning in your notebook, include any graphs, write a discussion and conclusion, and answer the questions at the end.

Grading: Your lab grade will be determined by your performance in the laboratory (from your analysis of unknowns, your observance of safety regulations, etc.) and the quality of your lab notebooks (legibility, organization, and answers to end-of-lab questions).  Your reports will be made in your lab notebooks.  The notebooks will be submitted for grading by the afternoon following your lab session.  The write-ups will include a title, a brief introduction, a description of your procedures, the data you collect, and your conclusions.  There will also be some questions given with the lab handouts that you should answer (in your own words) at the end of your reports.  Each lab is worth 10 points; there are 110 points possible for the semester. Your grade will be lowered by one letter grade for each day the lab report is late.

Percentage of total points
A 90-100

B 80-89

C 70-79

D 60-69

F 59 and below 

Final letter grades may be reported with a plus or minus.  See SU Catalog for details.

Safety: The lab is a place for learning new analytical techniques and for reinforcing ideas you've learned through your readings and in lecture.  Your learning experience here should be enjoyable, but you must keep in mind that there are some rules of safety that you must strictly obey.  Biochemistry labs have some peculiar hazards of which you must be aware. Cautions concerning these special hazards will be given at the beginning of lab sessions. Even though the biochemistry lab may have some new or different hazards, the old safety rules listed here serve well to keep you from being harmed:

1.  When the lab instructor or lab assistant addresses the class, your undivided attention is required.  Instructions regarding your safety may be given at the beginning of the session or during the progress of the lab.

2.  There is absolutely no food or drink allowed in lab.

3.  You must know the contents of all bottles and test tubes at your lab work station.

4.  Never dispense anything from a reagent bottle without reading its label.

5.  Never perform any unapproved experiments.

6.  Always clean up spills immediately and always leave your work area clean at the end of the lab period.

7.  Report any injury or potentially dangerous situations to the lab instructor.

8. Wear proper protective clothing and eye protection in the laboratory.

Accommodations for students with disabilities: Southwestern University is committed to making reasonable accommodations for persons with documented disabilities. Students with disabilities should register with the office of Academic Services. I must then be officially notified by the Academic Services Coordinator that documentation is on file at least two weeks before the accommodation is needed. 

Academic Honesty: All work within this course is covered by the Southwestern University honor system as described in the Student Handbook. The lab reports in this course are individual assignments, not group assignments. 

Lab Notebook Format

A bound notebook should be used for the pre-lab assignments.  Results, observations, deviations from the protocol, and mistakes should be directly recorded into the lab notebook.  Writing your results on scrap paper, and then recording it in your notebook later is not acceptable.  In addition to your procedure and results, record your thoughts regarding the experiment.  Write everything down!  Your lab notebook should be a scientific diary.  

Here are some guidelines to maintaining a laboratory notebook:

1. Leave the first two pages blank and use them for a Table of Contents.  Update the Table of Contents for each experiment.

2. Start each lab session with a new page

3. Use ink only

4. Cross out mistakes with a single line.  NEVER use white out.

5. All measurements must include units

6. Graphs are titled and axis labeled

7. Tape (do not staple) pictures, graphs, etc. into your notebook.

8. All pages in notebook are dated and numbered

9. Pages cannot be removed from notebook

10. Show all work for every calculation

11. Record all data and report derived values in significant figures.

12. Data must be in tabular form with a descriptive title.
Pre-Laboratory Assignment
For each experiment there will be a pre-laboratory assignment that will be due at the beginning of the laboratory period.  Include the following:

Purpose: State the purpose or objectives of the lab.

Calculations: If any are needed.

Pre-laboratory Questions:  Answer the pre-laboratory questions thoroughly and explain your answers in detail.

During the Laboratory
Data: This should be in a TABLE FORMAT ALWAYS

Graphs:  Include titled and labeled graphs when necessary.  When presenting your data, it is advisable to include ALL data points.  ONLY remove a data point if you can justify its removal by some known error.

Observations:  Record preparation of solutions, standards, etc, observations, mistakes, attempts at correcting mistakes, and all data.

Post-Laboratory Assignment
Summary of Procedures: State the steps of the lab in your own words to show an understanding of lab procedure. This can to be done as a flowchart.  Make sure you include any necessary calculations.  

Additional Data Analysis: Include tables, graphs, and/or any other data analysis

Discussion and Conclusion:  Be sure to include error analysis here.

Post-Laboratory Questions
Lab reports are due the following day after your lab period by 5 pm.   

Criteria for Grading Lab Notebooks

	 
	 

Poor
	 

Fair
	 

Good
	Excellent

	Pre-Laboratory
	
	
	
	

	Pre-Laboratory Questions
	
	
	
	

	
	
	
	
	

	Lab Performance
	
	
	
	

	Ability to carry out an experiment properly and efficiently
	
	
	
	

	Willingness to share responsibilities
	
	
	
	

	The ability to think independently while working together effectively as a team
	
	
	
	

	Respect for the safety and well-being of the other students in the laboratory
	
	
	
	

	
	
	
	
	

	Writing 
	 
	 
	 
	 

	Text is error free
	
	
	
	

	First pronouns are used only for special emphasis
	
	
	
	

	Text is clear, concise and easy to read
	
	
	
	

	
	
	
	
	

	Maintaining a Laboratory Notebook and Organization
	
	
	
	

	Update table of contents
	
	
	
	

	The data is organized in a clear manner
	
	
	
	

	Follow the basic guidelines of keeping a notebook
	
	
	
	

	
	
	
	
	

	Data and Results
	
	
	
	

	Figures and tables are effective and accompanied by titles and legends
	
	
	
	

	
	
	
	
	

	Observations and comments are included
	
	
	
	

	
	
	
	
	

	Discussion and Conclusion

(Interprets the results and reaches a conclusion)
	
	
	
	

	Data analysis is complete with sample calculations written in full
	
	
	
	

	Discussion includes an appropriate error analysis
	
	
	
	

	
	
	
	
	

	Post Laboratory questions
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Basic Laboratory Techniques: Pipetting 
[image: image2.png]plunger

tip ejector

volume adjust-
ment knob

micrometer
(stainless steel)

volume
indicator
(digital)

body (plastic)

tip ejector arm
(stainless steel)

shaft (plastic)

tip (disposable,
polypropylene)

Figure 3





The purpose of this lab exercise is two-fold.  You will become familiar with the proper technique for using the micropipets we have in the lab, and the instructors should be able to interpret your results to see if the micropipets are properly calibrated.  The procedure for this week's lab is rather simple, but taking good care of our equipment is of great importance.  Knowing that our equipment is working well is essential.  Your instructor will demonstrate the correct technique for measuring the volume of liquids using the micropipets.  Pay close attention, and always keep in mind the proper way to use these instruments.

We will measure the mass of distilled water delivered by the micropipets.  Knowing the density of water, we will be able to calculate the volume of water dispensed by the pipettes.

Procedure: Work in pairs.  Each person should use the micropipets in this exercise so that everyone learns the proper technique for their use.  

Each group should use two different micropipets; the two pipettes should be designed for delivering different volumes.  The pipettes are designated P-20, P-200, and P-1000. The P-20 is designed to deliver volumes in the range 1.0 - 20 (L.  The P-200 is to be used for volumes between 10 - 200 (L, and the P-1000 is used for volumes 100 - 1000 (L.  The P-20 and P-200 pipettes use the same yellow plastic disposable tips.  The P-1000 uses a larger, blue plastic disposable tip.  Make sure you have the pipette tips you will need at your table. 

Record which pipettes you have chosen (by the manufacturer's designation and the number written on the tape label) so that the instructors will know which pipettes are functioning properly, and those which may need to be calibrated.

Each person should take six 1.5 mL plastic microcentrifuge tubes, number them, and then weigh them on the appropriate electronic top-loading balance (the milligram balance for tubes that will contain small volumes of water from a P-20 or P-200).  Record the mass of each tube in your notebook.

Practice using a pipetman:  Try depressing the plunger.  As the plunger depresses, you will feel a [image: image3.png]


sudden increase in resistance.  This is the first “stop”.  If you continue pushing, you will find a point where the plunger no longer moves downward- the second ‘stop’.  When using the pipet, depress the plunger to the ‘first’ stop, place the tip into the liquid, and in a slow and controlled manner, allow the plunger to move upwards.  Note:  Do not simply let the plunger go; doing so will cause the liquid to splatter within the tip, resulting in inaccurate volumes and in contamination of the pipet.

Now, take the pipetman carrying the liquid in the tip to the container or tube to which you wish to add the liquid.  Depress the plunger to the first and then to the second stop.  Depressing to the second stop expels the liquid from the tip.

Measuring the mass of water dispensed from the pipette.  Set the micropipets you have chosen to deliver a particular volume of water.  Deliver this pre-determined volume of water to three of the tubes you have weighed.  Your partner should then pipet the same volume of water using the same pipet into three microfuge tubes. Then, use the other pipette to measure a different volume of distilled water and deliver that volume to the other three tubes; your partner should then measure the same volume of water into three pre-weighed tubes.

Weigh the tubes containing the water, and determine the mass of water that you placed into each tube by taking the difference between the empty tube and the weight of the tube containing the water.  

We recently purchased pipettes designed to deliver larger volumes of liquid.  These pipettes are designated P-5000, and can measure volumes of liquid up to 5.0 mL.  Your instructor will demonstrate the proper use of these instruments.  Obtain a set of data for one of these larger pipettes, using pre-weighed 10.0 mL graduated cylinders to receive the measured volumes of water.   

Pre-Laboratory Questions
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1.  What value are you using for the density of water?  In what reference source were you able to locate this value?
2.  Your lab partner hands you a P200 that is set as shown in the figure.  What volume is it set at and is this the correct volume for a P200? 

Post-Laboratory Questions 

1.  Do your measurements and your partner's compare favorably?  If not, can you identify the most significant source(s) of error in your measurements?

2.  What are the mean values and the standard deviations for your combined data sets?   Would you describe your data as being accurate, precise, or both?  

Experiment #1

Spectrophotometric Determination of Riboflavin Concentration
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Purpose: To learn about spectrophotometric techniques, and to measure the amount of riboflavin contained in a solution of unknown concentration.

Background: Riboflavin is also called vitamin B2. It is photosensitive, especially in alkaline solution.  For this reason, its aqueous solutions are stored in dark brown glass bottles, buffered at pH=5.  The molecular weight of riboflavin is 376.4 g.mol-1. 

For background information related to the Lambert-Beer law, see Biochemical Techniques, Theory and Practice by J.F. Robyt and B.J. White (1990), Chapter 3.

Procedure:  Turn your spectrophotometer on so that the lamp will be at the correct operating temperature when you begin taking your measurements.  You will need to locate the wavelength in the visible spectrum at which riboflavin absorbs light most intensely, and take measurements of absorbance at this wavelength.  When you use this wavelength, measuring the absorbance of very dilute solutions is most sensitive.

1.  Finding "(max":  A standard solution of riboflavin in 10 mM acetate buffer, pH 5 will be prepared by the instructor.  The concentration of the solution should be 50.0 µM.  Get a vial of your stock riboflavin solution and a vial of acetate buffer.  You will need to use the buffer alone as a "blank" to zero your instrument. You will also need to use the buffer to make dilutions of your concentrated standard solution to make your standard curve (in part 2).

                  Spectronic 20
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Set the monochromator on your instrument at 420 nm. With no cuvette in the sample holder, close the cover and rotate the zero light control knob (left front knob) to display a reading of 0.0% transmittance. Place the reference solution cuvette in the sample holder, close the cover, and rotate the light control knob (front right knob) to display a reading of 100.0% transmittance. This procedure must be repeated every time measurements are taken at a new wavelength or if several measurements are made at the same wavelength.  

Replace the blank with a cuvette containing your 50.0 µM standard solution of riboflavin and read the absorbance.  Record and make a graph of your data showing the absorbance of the solution vs. wavelength, taking absorbance readings at 5 nm increments up to 480 nm.  Be sure to re-set the zero transmittance and zero absorbance at each new wavelength before taking absorbance readings.  When you have identified the wavelength of maximum absorbance, set your monochromator to that wavelength and use it for your other measurements as you make a standard curve and analyze your unknown solutions.

2.  Making a standard curve: Prepare standard solutions by carefully making dilutions of your concentrated (50.0 µM) stock.

The range of concentrations should be between 5.0 and 50.0 µM, and you should have five or six standard solutions of different concentration in that range.  Make a standard curve by plotting the absorbance at (max for each standard solution versus the concentration of the solution.  Your graph of absorbance as a function of increasing riboflavin concentration should be very nearly linear in this range of solute concentration.

3.  Analyzing your unknowns: Obtain a solution of unknown riboflavin concentration.  Measure its absorbance, and relate the absorbance to concentration on your standard curve.  You might find it necessary to dilute your unknown so that the absorbance reading falls "on scale", or so that you have enough solution to fill the cuvette to a sufficient depth (so light passes through the solution and not over it).  If you must make a dilution, be sure to record the dilution factor so that the concentration in your original unknown solution can be determined.  Record your data, and report a value for the concentration of riboflavin in your unknown. 

Take a multivitamin tablet from its container and read the label.  Record the amount of riboflavin contained in one tablet reported by the manufacturer.  Weigh the tablet, and then crush the tablet into a fine powder using a mortar and pestle.  Dissolve a small (approx. 6-10 mg), accurately weighed sample of the powder in a ten- milliliter volumetric flask.  When the powered material is dissolved*, adjust the volume in the volumetric flask to ten milliliters, and take a sample of the solution.  Measure its absorbance at the lambda max for riboflavin.  Record your measured values.

*There may be a small amount of insoluble material in the tablet; this material is used as a “binder” to keep the tablet in its compressed form.  Be sure that no solid material is taken in the sample you take for measuring the absorbance.

Hints for measuring absorbance

1. Handle all cuvettes with care.  They must be clean and dry on the outside

2. Make sure there are no finger prints on the cuvettes.

3. The presence of air bubbles can effect your reading

Pre-Laboratory Questions

1. Find a molecular structure of riboflavin.  Draw its structure (and cite your reference).  Indicate in some way the region of the molecule that you think is responsible for the absorption of light.  Explain.

2. Using solid sodium acetate trihydrate and a solution of acetic acid (3.0 M), describe how you would prepare two liters of the buffer used in this exercise (Sect. 2.8).

3.  When using absorbance measurements for concentration determination, the wavelength corresponding to a peak in the absorption spectrum is used.  Why?

Post-Laboratory Questions
1. From the data you collected to determine (max, can you calculate a value for the molar extinction coefficient (also called the molar absorption coefficient) for riboflavin?  The light path through the sample is 1.0 cm.  Does your calculated value agree with the literature value of aM? The literature value is 310 for a 1% solution.

2. From your data, what mass of riboflavin is contained in a single multivitamin tablet?  How well does your measured value compare to the manufacturer’s reported riboflavin content?

Experiment #2

Identification of Amino Acids Present in a Mixture
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The purpose of this exercise is to identify the amino acids present in a complex mixture.  We will use the technique of thin-layer chromatography (TLC) and ninhydrin staining to compare the chromatographic mobilities and staining properties of the amino acids present in a mixture of unknown composition.  We will compare these properties to those of standard materials to try to identify the amino acids present in the mixture.  This general procedure of comparing the properties of unknown substances to those of well-characterized standard materials is an indispensable method of getting information about the new or unknown substances.

Read Chapter 4, Part I, and sections 4.1, 4.5, and 4.11.2 of your text for some background information.

Procedure:  Obtain a sample of a mixture of amino acids with unknown composition and a sample of a dipeptide.  Other materials that you will need are samples of amino acid standard solutions (small volumes of aqueous solutions with concentrations 2.0 (g/(l are provided), a thin-layer chromatography plate, latex gloves, a pencil, and micropipets.  Always handle your TLC plate with gloved hands, because the staining technique we will use is so sensitive that fingerprints will show! Mark your TLC plate with your pencil, being careful to make a light line and not to remove any of the silica coating that makes the thin layer.  Mark the positions of the spots of the standard and the unknowns that you will make with your pencil, too.

Carefully apply samples of the standard amino acid solutions and your unknown mixture to the origin of your TLC plate. Be sure to make note of what material has been applied to which place on the plate.  Also be sure to record the volumes of the solutions that you apply to the plate, because when small amounts of amino acids are present, the staining intensity of a spot is roughly proportional to the amount of amino acid that is present.  This will allow you to make a semi-quantitative estimate of the amounts of amino acids present in your unknown mixture.

After you have applied your samples, and the spots are completely dry, place your plate in one of the chromatography chambers.  The mobile phase we will use is the mixture chloroform/methanol/ammonia (2:2:1 v/v/v).  Allow the solvent to move up the plate about 10 cm before removing it from the chamber.  After removing the plate, indicate with pencil marks the position of the solvent front.  Place your plate in the fume hood to dry.  When the solvent has evaporated, spray the plate with an even, light mist with the ninhydrin reagent.  Heat the plate for about 10 minutes at 110oC (or with a heat gun).  The amino acids will be visualized as bluish or purple spots (for primary amino acids) or yellow spots (for secondary or imino acids like proline).  These spots may fade with time and exposure to light, so you may want to make a tracing of the plate for your records.  You should also note carefully any slight differences in color of the spots and their relative staining intensity.

Pre-Laboratory Questions

1. How would you expect the amino acids glycine, alanine, and phenylalanine to travel relative to each other on the silica plates using a mixture of chloroform/methanol/ammonia?  Explain your answer.  

2. You spot an unknown sample on a TLC plate and elute it with chloroform.  After visualizing the plate, you detect only one spot with an Rf of 0.97.  Does this indicate that the unknown material is a pure compound?  What could be done to verify the purity?

3. You spot a sample of an unknown pure compound on a TLC plate and elute it with hexane.  It’s Rf is 0.25.  Would you expect its Rf to increase, decrease, or remain the same if you elute with acetone?  Why?

Post Laboratory Questions  

1.  Are you able to identify the amino acids that are present in your unknown mixture?  If so, which amino acids are present?

2.  Can you tell if the amino acids in your unknown are present in equal or unequal amounts?   Explain.

3.  Are all of the amino acids that we used as standards well resolved using the methods we've chosen?  If not, i.e., if some amino acids exhibit very similar chromatographic mobilities (Rf values), suggest a way to modify our procedure to achieve better resolution of these amino acids.

4.  Can you suggest a method by which you might determine the identity of an amino acid located at amino terminus of a dipeptide? 

Experiment #3

Determination of Protein Concentration by the Method of Bradford.
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This relatively simple quantitative method for determining the concentration of protein in a solution is based on the binding of a dye to proteins.  The dye changes color from red to blue when it goes from its unbound to its protein-bound state, so it is possible to measure the amount of protein in a solution by colorimetry.

The protein-dye complex exhibits an absorption maximum at a wavelength near 590 nm. By comparing the absorbance of a solution containing an unknown concentration of the protein-dye complex to the absorbance values of some standard solutions having known concentrations, the concentration of protein in the solution of unknown concentration can be estimated.  Refer to your textbook for a discussion of the Beer-Lambert Law to refresh your memory; see also Sections 7.2.3 and 7.2.3.5.  We make some modifications of the Bradford assay as it is described in the text for our lab.

Procedure:  Prepare five standard solutions containing different concentrations of protein, then add the Bradford dye reagent to form the colored protein-dye complex in the solutions as described here: 

In polypropylene culture tubes, mix together deionized water and carefully measured volumes of the 1.42 mg/mL bovine serum albumin standard solution (or other standard solution provided) to a final volume of 3.20 mL.  You will also need a "blank" solution to set the zero absorbance on your spectrophotometer; the blank contains only deionized water and dye reagent. The volumes of the protein standard solution that you should add are between 5.0 and 25.0 microliters.  Then, add 0.800 mL of the protein binding dye solution to each tube and mix the contents.  Allow about 15 minutes for the color to develop.  While you are waiting for the color of your standards to develop, obtain a solution with unknown protein concentration.  Prepare samples for analysis just as you did for your standards, keeping careful record of the volume of the unknown solution that you use. 

After allowing sufficient time for the protein-dye complex to form, you will need to use one of your standards to determine lambda max, the wavelength at which the complex absorbs light most strongly.  Once you've located the correct setting for your monochromator, construct a standard curve.  Plot the measured absorbance of your standard solutions as a function of the concentration of protein in the mixtures.  Then, determine the concentration of protein in your unknown by relating its measured absorbance to protein concentration on your standard curve.

In preparation for next week's lab, obtain small sample volumes of these materials and estimate the concentration of protein in each: fetal bovine blood serum, nonfat milk, and chicken egg white.  You may also use a sample of saliva. Report your measured values for the protein concentration of each natural source of protein.  Record these values for your information during next week's lab.

Please do not let the protein and dye mixture to stand for very long in the cuvettes, because the blue complex will adhere to the glass.  This makes it difficult to clean the cuvettes completely.  Also, after rinsing your cuvettes with water, sure to clean them with isopropanol and store them properly, as explained by the instructor.  Please turn off your spectrophotometer when you are finished. Thank you!

Pre-Laboratory Questions

1. What is the composition of the Bradford reagent?  How does it change color when it binds to proteins?

2. Describe two situations in the biochemistry laboratory when you might need to determine the concentration of protein in a protein-containing solution.

Post Laboratory Questions

1.  Is your standard curve linear over the entire range of protein concentration?  If not, describe briefly how your standard curve varies from being linear, and give some possible reasons for the deviation. Do you have some suggestions for improvement?

2.  What is the concentration of protein in your unknown solution?  Show any calculations you need to make. 

Exercise #4

Denaturing Polyacrylamide Gel Electrophoresis of Proteins Using a Laemmli Discontinuous System


The first thing to do is to cast your stacking gel!**
The resolving gel has been pre-cast for you.  It is a 12% polyacrylamide gel containing the detergent SDS, prepared as described in Biochemical Techniques, Theory and Practice by Robyt and White (Chapter 5).  A discontinuous SDS-PAGE system has a stacking gel poured on top of the resolving gel, the purpose of which is also discussed in your lab text.  The stacking gel will need time to polymerize, so prepare it first, to allow time for it to polymerize while you are getting your samples ready to run on the gel.


In a 4.0 mL snap-cap polypropylene tube, mix the following components:


0.500 mL of acrylamide/bisacrylamide monomer solution


1.0 mL of 4X stacking gel buffer


40 (L of 10% SDS solution


2.4 mL of deionized water


20 (L of 10 % ammonium persulfate solution

**Perhaps the first thing to do is to not poison yourself with acrylamide.  It can be absorbed through the skin, so avoid contact with the stock solution or any solution containing acrylamide.  Always keep your area and your gel casting stand clean so that you will not inadvertently come into contact with a spill. Wear gloves!
Then, observe the demonstration:

After making sure that the well-forming comb is correctly positioned at the top, between the glass plates of the "gel sandwich", add 5 (L of the TEMED catalyst for polymerization.  Cap the tube tightly, mix gently by inversion of the tube three times, then quickly transfer enough of the mixture to fill the space to the top using a Pasteur pipet.  Be sure that no bubbles get trapped under the teeth of the comb.  Allow gel to polymerize for at least twenty minutes in a place on your table where it won't get bumped.

Preparing protein samples for electrophoresis:

Take small samples of the biological materials using a micropipet, and deliver the samples to a microcentrifuge tube.  The volumes of the materials that you take should be about 5 (L.  Samples of blood serum, nonfat milk, and egg white must be diluted so that a total of 5-10 micrograms are present in the 5 (L sample that you prepare for electrophoresis.  Then, add 5 (L of deionized water and 10 (L of 2X sample treatment buffer to the tube with your sample.  Cap the tube, mix the contents briefly, and then place the samples in a boiling water bath for 2 minutes.

Remove the samples and spin the tubes in the microcentrifuge at medium speed for 5- 10 seconds.  The volume of the prepared sample that you apply to a well on your gel should be 10 (L.

Your protein molecular weight standards should be placed in the boiling water bath at the same time as your samples, and 10 (L of the standards should be applied to the wells corresponding to the lanes for your standards.   

There are two sets of molecular weight standards that you should use in today's lab.  One of the sets covers the high range of molecular weights, and the second covers a lower range.  The standards and their respective molecular weights in the two sets are: 


High MW Range




Low MW Range

Myosin Heavy Chain (rabbit muscle)    200kDa

Bovine Serum Albumin  68 kDa

(-Galactosidase (E. coli)

   116 kDa 
 
Ovalbumin

    45 kDa
       

Phosphorylase B
  

   97 kDa

Glyceraldehyde-3-P








   

Dehydrogenase
    36 kDa

Bovine Serum Albumin  

68 kDa    

Carbonic Anhydrase        29 kDa


Ovalbumin



 45 kDa       

Trypsinogen







    

(bovine pancreas)           24 kDa

Carbonic Anhydrase (bovine erythrocyte)
29 kDa

Trypsin Inhibitor



 





(soybean)
    
    20 kDa


    

a-Lactalbumin

   14 kDa









(bovine milk)
                 

After loading the samples in the wells of the stacking gel as demonstrated by the instructor, connect the leads to the power supply.  The setting of the power supply should be 200 V at the beginning of the run.  The electrophoretic run is complete when the bromphenol blue tracking dye reaches 4 or 5 mm from the bottom of the gel.  Remove the glass plate sandwich from the apparatus, and carefully remove the gel from the glass plates.  The gel should be placed in a small Tupperware dish for staining with Coomassie Blue.  After destaining, we will dry the gels for you to take measurements from, and to keep as a record of the lab. 

Pre- Laboratory Questions
1.  What is the purpose of the stacking gel in a discontinuous polyacrylamide gel system?

2.  Explain why you prepare the protein samples the way you do before applying them to the gel for analysis.

Post- Laboratory Questions
1.  Estimate the molecular weights of the two most abundant proteins in each of the biological materials you analyzed.

2.  Is it reasonable to approximate the amount of protein in a stained band on the gel by its staining intensity? Explain.

Exercise #5

Classical Tests for Carbohydrates

Reading:  See Sections 7.1 and 7.1.1 of your lab text for a general discussion of carbohydrates and of the chemical tests you will use in today's lab.

Background:  Carbohydrates are molecules composed of carbon, hydrogen and oxygen.  Some carbohydrates may also contain atoms of the element nitrogen, but nitrogen is always a minor constituent if it is present in a carbohydrate's structure.  Carbohydrates can be classified according to their structure, with the broadest categories being termed simple and complex carbohydrates.  This classification is used because carbohydrates can be monomeric or polymeric in nature.  Simple carbohydrates (or sugars) are those that we call monosaccharides and are single polyhydroxy aldehyde or ketone molecules.  Examples of monosaccharides are the familiar glucose and fructose, but many other simple carbohydrates exist.   One other example of a simple sugar is glyceraldehyde, the smallest carbohydrate to possess an asymmetric carbon, which we used as a reference to assign the configuration about the alpha carbon of the amino acids.


Complex carbohydrates are built from simple sugars and can be composed of two or more of the simple sugar units.  A word used to describe small complex carbohydrates is oligosaccharides.  Oligosaccharides contain between two and ten simple sugars in their structure; we can name them more specifically by calling them disaccharides (two units), trisaccharides (three units), etc.  For complex carbohydrates containing more than ten structural units, we give the name polysaccharides.  This, of course, means many monosaccharides; polysaccharides can be very large and complex, indeed.  Some examples of disacharides are sucrose (or table sugar), that is composed of a glucose molecule linked to a fructose molecule, and lactose (or milk sugar), which is composed of a glucose molecule linked to a molecule of galactose.  Polysaccharides can serve different functions in living organisms, such as energy storage in plants and animals and as structural components of cell walls in plants or the exoskeletons of invertebrate animals.  The polysaccharides starch and glycogen serve to store energy-rich glucose in polymeric form in plants and animals, respectively.  Cellulose and agarose are structural polysaccharides of plant origin, and chitin is a polysaccharide found in the exoskeletons of crustaceans and insects.


The qualitative tests used to identify carbohydrates or special classes of carbohydrates depend on certain chemical reactivities of these compounds.  For example, monosaccharides are dehydrated in the presence of strong acids such as concentrated sulfuric or hydrochloric acids to produce furfural or a furfural derivative (hydroxymethylfurfural).  These can condense with a phenolic reagent  (i.e. 1-naphthol), yielding a purplish product.  Since polysaccharides are sensitive to acid hydrolysis, this test is used to test for the presence of carbohydrates in general, and is called the Molisch test.  Other tests are more specific, and rely on the ability of aldehyde sugars (aldoses) or ketone sugars (ketoses, which are in equilibrium with an aldose form via an enediol intermediate) to reduce some metal ions such as Ag+ to elemental silver (Tollen's test) or Cu2+ to Cu+ with the formation of copper(I) oxide (the Benedict's test).

Another test for specific types of simple sugars, the Seliwanoff's test, depends on the difference in rates of dehydration of ketohexoses and aldohexoses to give the reactive hydroxymethylfurfural.  Ketohexoses are dehydrated more rapidly than the corresponding aldohexoses in hot HCl, and so the two types of hexoses show different rates of formation of a reddish colored condensation product of hydroxymethylfurfural and resorcinol (m-hydroxyphenol).

Procedure:  Obtain samples of solutions of carbohydrates in water.  You should take about 1-2 mL of each of the six solutions that are provided.  The solutions are 1% w/v in carbohydrate; the different solutions are aqueous and individually contain glucose, fructose, sucrose, galactose, starch or glycogen.  Perform the different tests described below on each of the individual solutions in glass test tubes.  Record your data in table form, listing the tested substance and whether the test performed was either positive or negative for the substance.  Then, take a solution containing an unknown carbohydrate and try to identify it using the tests you learned today.

KI/I2  test: Add 50 microliters of the carbohydrate solution to 1.0 ml of distilled water.  Add one (1) drop of the KI/I2 reagent to the mixture.  Observe the results and record what you see for each of the solutions.  A positive test is the production of a bluish color in the solution.  For those tests that are positive, does heating the solution cause any change in color?

Molisch test: Place 200 microliters of your carbohydrate solution into a total volume of 500 microliters, using distilled water as diluent.  Also, make a control by using just 500 microliters of distilled water.  Add one drop of the Molisch reagent (5% w/v 1-naphthol in EtOH) to each tube.  Then, CAREFULLY, using a Pasteur pipet, add about 0.25 mL concentrated H2SO4, touching the tip of the pipet to the inner wall of the test tube and keeping the tip very close to the surface of the mixture in the tube.  Do not mix the contents of the tube, but watch the interface between the denser sulfuric acid and the less dense solution above.  A purplish colored interface indicates the presence of carbohydrate.

Seliwanoff's test: Seliwanoff's reagent contains 50 mg of resorcinol in 100 mL of 3 M HCl.  Four drops of the solution containing carbohydrate is added to 2 mL of Seliwanoff's reagent, then placed in a boiling water bath for 1 min.  A deep red precipitate indicates the presence of a ketose.  Avoid heating the solution for too long, because aldoses will appear to give a positive test over longer periods of heating.

Benedict's test: Benedict's reagent is prepared by dissolving 173 g of sodium citrate and 100 g of sodium carbonate in 800 mL of warm, distilled water and 17.3g of copper(II) sulfate in 200 mL distilled water.  The copper sulfate solution is slowly added to the citrate-carbonate solution with stirring.  Add 200 microliters of test solution to 1.00 mL of Benedict's reagent.  Place the test tube in a boiling water bath for 5 minutes.  If the carbohydrate contains a group that can reduce the copper (II) ion, a brick red precipitate of copper (I) oxide will form.  The presence of a cuprous oxide precipitate is a positive test for reducing sugars. 

Pre-Laboratory Questions:

1. Draw the molecular  structure of the following sugars: fructose, D-galactose, glucose, sucrose.

2. Draw the molecular structure of starch.

3. Using molecular structures, write equations for the reactions that occur when:

Glucose reacts with Benedict’s reagent.

Mannose reacts with Tollen’s reagent.

Fructose reacts with Seliwanoff’s reagent.

Any monosaccharide reacts with Molisch reagent.

4. In tabular form, predict whether you would get a positive or negative result for the 4 tests we are performing in today’s lab for the following sugars:  fructose, D-galactose, glucose, sucrose.

5. Explain why the tests we use in today’s exercise cannot distinguish between galactose and glucose.  Suggest a method that might be used to distinguish between these two monosaccharides.

6. How does sucrose (a disaccharide in which both anomeric carbons are involved in a 

     glycosidic bond) give a positive Selivanoff’s test? 

Post-Laboratory Question
1.  Identify your carbohydrate unknown.

Exercise #6

Coupled Enzyme Assay for the Measurement of Glucose Concentrations in Samples of Biological Materials


In today's lab, we will use a rapid, sensitive technique to measure the concentration of glucose in a solution having an unknown concentration of glucose.  The coupled enzyme assay that we will employ is useful for several reasons.  In addition to being rapid and sensitive, the assay is essentially free from interference due the presence of other reducing sugars in solution. In most cases, very little sample preparation is necessary.  For example, if we wanted to know the concentration of glucose in a blood sample, we could simply centrifuge the sample to remove blood cells, and then carefully pipet a small sample of the serum for analysis.  Urine would require no preparation for analysis, but samples of muscle tissue or liver tissue would require that the tissue be homogenized and that the homogenate be centrifuged prior to analysis of the soluble fraction.

The assay depends on the action of the enzyme glucose oxidase, which has been purified from the common mold Aspergillus niger.  D-Glucose is rapidly oxidized to D-gluconic acid in the presence of this enzyme at pH 5.5, with hydrogen peroxide being a secondary product.  The amount of hydrogen peroxide that is formed in this reaction can be measured by a second reaction mediated by the enzyme peroxidase, which has been purified from horseradish root. The decomposition of hydrogen peroxide, catalyzed by peroxidase, can be coupled to the formation of a reddish colored dye.  When the enzymes, dye precursors, and glucose are added together in a buffered solution and incubated at 37oC for 15 min., a reddish color develops.  The absorbance of the reaction mixture at 500 nm can be correlated to the amount of glucose initially present in the mixture.

Procedure:  Obtain four standard solutions containing known concentrations of glucose, and a solution containing an unknown concentration of glucose.  Then, in a large polypropylene culture tube having a cap, prepare twelve milliliters of the reagent by adding the correct volumes of the glucose oxidase, horseradish peroxidase, p-hydroxybenzene sulfonate, and 4-aminoantipyrene to eight milliliters of 50 mM phosphate buffer (pH 6.5) so that the final concentrations of these components in the final twelve milliliter volume are:


glucose oxidase:  


2 units/mL


peroxidase:



2 units/mL


p-hydroxybenzene sulfonate:

1.5 mM


4-aminoantipyrene:


1.0 mM 

Adjust the volume of the reagent mixture to 12 mL with the phosphate buffer.  Cap the test tube, and mix the reagent by gently inverting the tube.

In small test tubes, pipet one milliliter of the reagent for each individual measurement you will need to make.  Be sure to prepare a tube for a blank!  Then, carefully pipet 20.0 (L of the glucose standards (or distilled water for your blank) and 20.0 (L of your unknown solution into the test tubes containing the reagent.  Mix the contents of the tubes, and incubate the mixtures at 37oC for 15 min.

Read the absorbance values of the different solutions, and construct a standard curve from your data.  Determine the concentration of glucose in your solution of unknown concentration using your standard curve, and report the value in units of mM.

Post Laboratory Questions 

1.  Find a definition for one unit of enzymatic activity for both glucose oxidase and peroxidase.  Write expressions for the reactions catalyzed by these enzymes.

2.  How would you prepare one liter of the phosphate buffer used in today's lab?

3.  Normally, a person in good health and enjoying good nutrition maintains a blood glucose concentration of about 100 mg/dL (what kind of units are those?!)  If your unknown solution was a sample of blood serum, would the person from whom it was taken have a normal blood glucose concentration?

The normal range is 90-110 mg/dL.

4.  What pathological condition might a low blood glucose level indicate?  What might a high blood glucose level indicate?  What might be the cause(s) of these conditions?  (see the Sigma Chemical catalog, in the diagnostic reagents section for glucose). 

Exercise #7

Determination of Total Cholesterol


Purpose: The purpose of this lab is to determine the total amount of cholesterol present in a sample of unknown concentration using a very sensitive enzymatic method of analysis.

Background: Total cholesterol in blood serum or other material is composed of free cholesterol and cholesteryl esters. There are several methods by which the concentration of cholesterol may be measured, but many are subject to interferences from other substances present in the biological material.  Others require a large sample of material and extraction or purification of the cholesterol before analysis.  The method we will use is very sensitive, so that very small samples can be analyzed, and it is not subject to interferences because we will use enzymes as specific catalytic reagents.

In the cholesterol reagent, there are three different enzymes present.  We can refer to the analysis as being a coupled enzyme assay, because the appearance of colored product is dependent upon the action of all three enzymes, as summarized here.  First, all cholesteryl esters are hydrolyzed by the microbial enzyme cholesterol ester hydrolase:

Cholesteryl esters + H2O ( Cholesterol + fatty acids

The free cholesterol, and the cholesterol liberated from the cholesterol esters in the sample by the above reaction are then oxidized by another microbial enzyme, cholesterol oxidase, with concomitant production of hydrogen peroxide:

Cholesterol + O2  (  Cholest-4-en-3-one + H2O2
The hydrogen peroxide produced in the reaction above is then coupled with a chromogen in the presence of peroxidase (from horseradish):

2 H2O2 + 4-Aminoantipyrine + p-Hydroxybenzenesulfonate (
Quinoneimine Dye + 4 H2O

The intensity of the color produced by the quinoneimine dye produced is directly proportional to the amount of cholesterol in the sample.  The absorbance maximum of the dye is 500 nm, and a standard curve can be constructed using solutions of known cholesterol concentration in the coupled enzyme assays.  The absorbance of these standard reaction mixtures can be measured, and related to the initial concentration of cholesterol.  A solution containing an unknown concentration of cholesterol would be treated in the same way as the standards, and the absorbance of the solution related to concentration on the standard curve.

Procedure:  Obtain samples of solutions containing known concentrations of cholesterol (100., 200., and 400. mg/dL).  Also obtain a solution of the cholesterol reagent, which contains the correct concentrations of the enzymes and chromogenic material.  You will need 1.00 mL of the reagent solution for the blank and for each reaction using the standards or unknown sample.

Pipet 1.00 mL of the reagent into a clean test tube.  Then, pipet 10.0 (l of deionized water (for the blank), or 10.0 (L of the standard materials or unknown solution into the reagent.  Mix the contents of the tube after addition of the cholesterol standard or unknown by gentle inversion of the tube (not by shaking).  Incubate the mixtures at 37oC for ten minutes, then dilute the mixture to 3.00 ml with deionized water, mix, and transfer the contents to a cuvette to measure the absorbance of the solutions.  Be sure to read the absorbance of the mixtures within 30 min. after incubation. Prepare a standard curve from your standards, and determine the concentration of cholesterol in your unknown solution.

Report the value you determine in your lab report.

Pre-Laboratory Questions
1.  Using molecular structures, write expressions for the different enzymatically catalyzed reactions that are used in today's lab for the analysis of cholesteryl esters.

Post-Laboratory Questions
1.  Does this analysis of cholesterol in solution rely on the kinetics (i.e. rate) of enzyme reactions or does it rely on equilibrium amounts of products being produced?  Explain.

2.  Why do you suppose that the concentrations of cholesterol in the standard solutions are given in the obscure units of milligrams per deciliter (not those units again?!)?  Convert your reported unknown concentration to micrograms per milliliter, units your instructor can understand.

Exercise #8
Isolation of Bacterial DNA


Today we will isolate the DNA from a strain of E. coli.  We will use a gentle method to disrupt the cells so that the DNA molecules are released but not broken (appreciably), and so that the long, threadlike nature of the DNA can be observed.  The lysis of the cells is achieved using an enzyme named lysozyme that has been purified from chicken egg white.  Another form of this enzyme is also present in saliva, tears, and other secretions from mucous membranes in humans.  Lysozyme is a hydrolase that acts to break covalent bonds within the carbohydrate portion of the peptidoglycan wall that surrounds gram negative bacteria like E. coli.   Once the cell walls are weakened, the cells become much fragile and can be broken using hypotonic buffers or detergents.  When the cell membranes are disrupted, the contents of the cells spill out, with the DNA being released in the process.  The DNA must be separated from the soluble proteins, then concentrated by precipitation in ethanol for further study.

Procedure:  Transfer 3 mL of the dense bacterial suspension prepared for this lab into a 15 mL polyproylene culture tubes. (Note:   Dispose of tips with live bacteria in bleach/water solution.)  To the suspension, add 0.5 mL of 0.5 M Na2EDTA solution and mix the contents.  Then, add 150 microliters of the lysozyme solution (10 mg/mL), mix, and incubate the suspension at 370C for 30 min with occasional gentle mixing of the tubes.  After incubation, complete the lysis of the cells by adding 600 microliters of 10% SDS and heating the mixture for 10 minutes in a 600C water bath. 

Allow the contents of the culture tube to cool (3 min), and then add an equal volume of 24:1 chloroform/isoamyl alcohol to the tube, stopper it securely, then gently agitate the mixture at room temperature for 10 min.  Centrifuge the emulsion at 10k x g for about 5 min.  Using a pipet, transfer the aqueous phase containing the nucleic acids into a small beaker; take care to avoid the precipitated proteins at the interface between the aqueous and organic phases.  Slowly, stir the solution in the beaker with a clean glass rod while adding 2 volumes of 95% ethanol down the side of the beaker.  The DNA will adhere to and spool around the glass rod if this is done carefully and slowly.   Withdraw the rod from the beaker, and try to remove some of the alcohol from the DNA by pressing it against the side of the beaker.

Try to dissolve this crude DNA in 3 ml of saline citrate buffer contained in a glass test tube.  When the DNA has dissolved, add 0.3 mL of 3.0 M sodium acetate.  Gently swirl the solution while adding isopropanol dropwise, adding a total of 1.9 mL.

You may be able to see the precipitated DNA at this point, but it may also be difficult to see.  Try to spool the threadlike DNA onto a clean glass rod as you did before.  This preparation of DNA is almost free of contaminating RNAs and proteins.  It could be further purified for use in cloning, hybridization, or melting temperature experiments. 

Pre-laboratory questions    

1.  What biological function does lysozyme serve?

2.  Why must care be taken when pipetting solutions containing chromosomal or other high molecular weight DNAs?

3.  Why is the step involving an extraction with an organic solvent included in this procedure?  Explain how it works to help purify the DNA.

4.  How could we measure the amount of DNA present in our isolated sample?  Is there some way to estimate its purity? 

Exercise #9 

Mini-prep isolation of plasmid DNA


Adapted from Zhou et al, “Mini-prep in Ten Minutes”, Biotechniques, 8(2), 172-173, 1990.

Introduction:  Isolation of plasmid DNA by mini-prep is a regular but time-consuming technique in modern molecular biology.  It usually takes 2-3 hours to produce 12-24 samples of DNA from saturated bacterial cultures.  We describe a modified alkaline lysis procedure which is extremely quick and reliable.  In the procedure, we used TENS solution (TE buffer containing 0.1 N NaOH and 0.5% sodium dodecyl sulfate, changed potassium acetate to sodium acetate, which is more commonly used in laboratories and omitted standing time at room temperature.  Lysozyme is not needed with this method.  With the above modifications, the procedure can be completed in ten minutes.  We have used this procedure to produce up to 18 samples in no more than 30 minutes.  The yield of plasmid DNA is high (2-3 ug from 1.5 ml of a culture of cells) and the quality is good enough for further manipulations, such as restriction enzyme digestion and yeast transformation.  The sample can also be used for sequencing analysis after further treatment with RNase and PEG as described by Kraft et al.

Protocol:  

1. Spin 1.5 mL of overnight culture for 10 s in a microcentrifuge to pellet cells.

2. Gently decant supernatant, leaving 50-100 (l together with cell pellet and then vortex at high speed to resuspend cells completely.  In order to resuspend cells completely, 50-100 ul of supernatant should be left but not too much in the case of dikution of TENS solution in step 3.

3. Add 300 ul of TENS, vortex, mix 2-5 s until the mixture becomes sticky.  If more than 10 minutes are needed before moving to the next step, it is better to set samples in ice to prevent them from the degradation of chromosomal DNA which may be coprecipitated with plasmid DNA in Steps 6 and 7.

4. Add 150 ul of 3.0 M sodium acetate, pH 5.2, vortex 2-5 seconds to mix completely.

5. Spin 2 min in microcentrifuge to pellet cell debris and chromosomal DNA.

· Transfer supernatant to a clean tube, mix with an equal volume of phenol/chloroform and spin.

· Transfer aqueous layer to a clean tube, mix with an equal volume of chloroform and spin.

6. Transfer supernatant to a fresh tube.  Mix it well with 0.9 mL of 100% ethanol which has been precooled to – 20 ºC. Vortex.

7. Spin 2 minutes to pellet plasmid DNA and RNA.  A white pellet is observed.

8. Discard supernatant, rinse the pellet twice with 1 ml of 70% ethanol.   Dry pellet under vacuum for 2-3 minutes.  

Pre-Laboratory Questions:

1. Explain the principles behind each step of the mini-prep.

2. In the phenol/chloroform extraction, which layer is the aqueous layer?

No lab write-up due this week.  This report will be included with next week’s laboratory report.

Exercise #10 

Analysis of Plasmid DNA by Restriction Endonuclease Digestion and Agarose Gel Electrophoresis


Plasmid DNA can be analyzed by cutting the DNA with restriction enzymes, and then running the digested DNA on an agarose gel to see if the fragments generated are of the correct molecular size.   All plasmids used in molecular cloning are well characterized with respect to their nucleotide sequence, and all have a predictable number of restriction fragments of known size when digested with common restriction enzymes.  We will use the pBluescript plasmid that you purified at the last lab meeting as a substrate for three different restriction enzymes.  We will compare the sizes of the fragments produced from the plasmid to molecular size standards using a plot similar to the one you used to estimate the molecular weights of proteins.  From a map of the plasmid, we will determine if the restriction fragments we see are consistent with the pattern we predicted.  This comparison is used as a check to confirm that the plasmid we purified is the one we want and not some other plasmid that would almost certainly give a different pattern.

Procedure:  Centrifuge the tube containing the precipitated plasmid DNA and ethanol at 12,000 x g for 2 min.  Then, carefully remove the ethanol as completely as you can using a micropipet.  Dry the pellet, which may be very small, under vacuum in the Speed-vac.  Dissolve the pellet in 20 microliters of TE buffer, and set the tube aside while you cast your agarose gel.

Casting the agarose gel: Use masking tape as instructed to seal the ends of the gel tray, and make sure that your well-forming comb is set to the correct depth for your tray before pouring the hot, molten 0.8% agarose into the tray.  The tray should be level and should remain undisturbed while the agarose is setting into a gel.  

Wear gloves when handling the gel tray and when casting the gel!  The agarose and the buffer used in running the gel contain ethidium bromide (abbr: EtBr) at a concentration of 0.5 (g mL-1.  This compound is used as a fluorescent dye for locating the positions of the restriction fragments on the gel after electrophoresis.  It is a powerful mutagen, and it is toxic.

Allow the agarose to gel as you prepare the restriction enzyme reaction mixtures and your molecular weight standards.

Setting up for restriction digests:  You should set up five tubes to receive the plasmid DNA solution that you just prepared.  To each tube that will contain plasmid DNA, add five (5) microliters of the solution.  Each group will need one other tube to contain the molecular size markers.  The tube for the molecular size markers will not contain any plasmid DNA or restriction enzymes, so just put it aside while you prepare your reaction mixtures.  

One of the five tubes with plasmid DNA will need no addition of restriction enzyme or RNAse, so you can close it for now.  To each of the other tubes, add one microliter of RNAse A solution, and one microliter of the 10X reaction buffer.  Add distilled water to make the volume in each tube (including the one to which no enzyme is to be added) 10 microliters, and mix the contents.

To the second tube, add no restriction enzyme.  To the third tube, add one microliter of the Eco RI enzyme solution, cap the tube and mix.  To the fourth tube, add one microliter of the Bgl I enzyme solution, close and mix.  To the fifth tube, add 1 microliter of Pvu I restriction enzyme.  Spin the tubes in the microcentrifuge to collect the entire contents in the bottom of the tubes.  Incubate the mixtures at 370C for one hour.

	Tube #:
	1
	2
	3
	4
	5
	6

	
	
	
	
	
	
	

	Plasmid
	5 (l
	5 (l
	5 (l
	5 (l
	5 (l
	5 (l 

(( hind III marker)

	Restriction Enzyme
	-
	-
	1 (l

Eco RI
	1 (l

Bgl I
	1 (l

Pvu I
	-

	Buffer*
	1 (l
	1 (l
	1 (l
	1 (l
	1 (l
	-

	Water
	
	
	
	
	
	15 (l

	RNase
	-
	1 (l
	1 (l
	1 (l
	1 (l
	-

	Total volume
	10 (l
	10 (l
	10 (l
	10 (l
	10 (l
	20 (l


* Different restriction enzymes require different buffers.  The instructor will tell you in lab which buffer to use.  Note that the buffer is 10x concentrated.

For your molecular weight standards, add 5.0 microliters of the restriction digested lambda bacteriophage DNA to a microfuge tube.  Then add 15 microliters of distilled water, and 6 microliters of sample loading buffer.  You should run the ( DNA cut with Hind III as molecular size standards in lane one of your gel.  Find the molecular sizes of the restriction fragments generated by digesting lambda DNA with Hind III for later reference.

Running the gel: When the agarose in the tray has gelled, you should carefully remove the well-forming comb and the tape from the ends of the tray.  Place the tray in the apparatus, and pour just enough running buffer into the reservoirs so that the gel is submerged to a depth of about 1-2 mm.  When the enzyme reactions are complete, add a volume of 3 microliters of sample loading buffer to the reaction mixtures, then load the mixtures into the wells that were formed in the gel. 

Assemble the apparatus by placing the lid firmly onto the electrode posts, then connect the leads to the power supply.  Set the power supply at 70 V; the gel is done running when the bromphenol blue tracking dye has moved about one half of the way from the wells to the end of the gel.

Analysis of the DNA separated on the agarose gel: View the gel by illuminating it with UV radiation.  The best way to record the results of your experiment is to photograph the gel with a distance scale in view.  Take measurements from your photograph to prepare a standard curve and to estimate the size of the restriction fragments from the plasmid.

Molecular Weight Standard:  ( DNA Hind III Digests

	Fragment
	Size (bp)

	1
	23,130

	2
	9,416

	3
	6,557

	4
	4,361

	5
	2,322

	6
	2,027

	7
	564

	8
	125






pBluescript II KS(+), 2961 bp

     

Enzymes with 1-10 cleavage sites:

            #sites   --  Bp position of recognition site --

  Acc65I         1      755

  AccI           1      734

  AflIII         1     1153

  AhdI           1     2041

  Alw44I         2     1467,   2713

  AlwI          10      689,    690,   1720,   1794,   1806

                       1891,   1904,   2368,   2671,   2689

  AlwNI          1     1564

  ApaI           1      749

  ApoI           3       29,     40,    707

  AvaI           2      695,    740

  AvaII          2     2184,   2406

  BamHI          1      689

  BanI           4      264,    755,    897,   1994

  BanII          3      298,    653,    749

  BciVI          2     1362,   2889

  BfaI           6      378,    678,    684,   1648,   1901

                       2236

  BglI           2      466,   2160

  BpmI           1     2131

  BsaAI          1      225

  BsaHI          1     2582

  BsaI           1     2113

  BsaJI          6      575,    661,    694,    695,    892

                       1313

  BsaWI          3     1359,   1506,   2337

  BseMII         4     1428,   1837,   2003,   2543

  BsiEI          6      497,    670,   1066,   1490,   2413

                       2562

  BsiHKAI        4      653,   1467,   2628,   2713

  BslI           8      117,    443,    739,    995,   1169

                       1187,   1353,   1632

  BsmAI          2     2113,   2878

  BsmFI          1      457

  Bsp120I        1      749

  Bsp1286I       6      298,    653,    749,   1467,   2628

                       2713

  BspHI          2     1873,   2881

  BspLU11I       1     1153

  BsrBI          5      369,    673,    843,   1084,   2885

  BsrDI          2     2100,   2282

  BssHII         2      619,    792

  BssSI          2     1326,   2710

  BstF5I         4      542,   2026,   2207,   2494

  BstXI          1      658

  Cfr10I         2      328,   2126

  ClaI           1      725

  Csp6I          2      756,   2525

  DdeI           4     1428,   1837,   2003,   2543

  DraI           3     1910,   1929,   2621

  DraIII         1      222

  DrdI           2      176,   1255

  DsaI           1      661

  EaeI           4      609,    670,    992,   2434

  EarI           3      511,   1031,   2835

  Ecl136II       1      653

  Eco52I         1      670

  Eco57I         2     1680,   2728

  EcoO109I       1      748

  EcoRI          1      707

  EcoRII         5      575,    892,   1180,   1301,   1314

  EcoRV          1      713

  FauI           5      371,    425,    505,    945,   1002

  FokI           4      542,   2026,   2207,   2494

  FspI           2      477,   2266

  HaeII          4      374,    382,   1027,   1397

  HgaI           4      455,   1255,   1833,   2583

  HincII         1      734

  HindIII        1      719

  HinfI          8      154,    176,    632,    988,   1053

                       1128,   1524,   2041

  HphI           6      236,   1897,   2124,   2520,   2746

                       2761

  KpnI           1      755

  MaeII          8      171,    183,    226,    336,    595

                       1856,   2272,   2645

  MboII          8      355,    512,   1032,   1803,   1894

                       2649,   2727,   2836

  MslI           4      659,   2294,   2453,   2812

  MspA1I         6      527,    661,    975,   1493,   1738

                       2679

  MvaI           5      575,    892,   1180,   1301,   1314

  NaeI           1      328

  NciI           6      695,    696,    752,   1532,   2228

                       2579

  NgoMIV         1      328

  NlaIII         8      808,   1154,   1874,   2365,   2375

                       2453,   2489,   2882

  NotI           1      669

  NspI           1     1153

  PleI           6      154,    176,    632,   1053,   1524

                       2041

  Psp1406I       2     2271,   2644

  PstI           1      701

  PvuI           2      497,   2413

  PvuII          2      527,    975

  RsaI           2      756,   2525

  SacI           1      653

  SacII          1      661

  SalI           1      734

  SapI           1     1030

  Sau96I         8      218,    507,    749,    750,   2088

                       2167,   2184,   2406

  ScaI           1     2524

  SchI           6      154,    176,    632,   1053,   1524

                       2041

  SfaNI          4     1241,   2293,   2503,   2733

  SfcI           6      446,    638,    701,   1418,   1609

                       2287

  SmaI           1      695

  SmlI           5      740,   1259,   1521,   1798,   2666

  SpeI           1      683

  SspI           2       17,   2848

  TaaI           8      200,    483,    731,   1115,   1186

                       1656,   1969,   2484

  TaiI           8      171,    183,    226,    336,    595

                       1856,   2272,   2645

  TaqI           7      260,    711,    726,    735,    741

                       1253,   2697

  TatI           1     2524

  TfiI           2      988,   1128

  Tsp45I         4      401,    589,   2303,   2514

  TspRI         10      613,    940,   1049,   1555,   1568

                       1839,   1988,   2093,   2440,   2467

  VspI           3      923,    982,   2217

  XbaI           1      677

  XhoI           1      740

  XhoII          7      689,   1794,   1805,   1891,   1903

                       2671,   2688

  XmaI           1      695

  XmnI           1     2641

Enzymes that do NOT cut molecule:

AatII       AccIII      AflII       AgeI        AscI        

BbeI        BbsI        BbvCI       BclI        BglII       

BlnI        Bpu10I      Bpu1102I    BsaBI       BseRI       

BsgI        BsiWI       BsmBI       BsmI        BspMI       

BsrGI       Bst1107I    BstAPI      BstBI       BstEII      

Bsu36I      Eco47III    Eco72I      EcoNI       EheI        

FseI        HpaI        KasI        MluI        MscI        

MunI        NarI        NcoI        NdeI        NheI        

NruI        NsiI        PacI        PmeI        Ppu10I      

PpuMI       PshAI       RsrII       SanDI       SbfI        

SexAI       SfiI        SgfI        SgrAI       SnaBI       

SphI        SrfI        StuI        StyI        SwaI        

Tth111I     Van91I      XcmI        

Pre-laboratory questions
1. Estimate the molecular size of the linearized plasmid and the restriction fragments generated by the different enzymes.  

2. Do you expect the supercoiled plasmid to run at a size that is larger or smaller than the linear plasmid?  Why?

3. Why does ethidium bromide fluoresce upon exposure to UV radiation when it is bound to a nucleic acid but not when it is free in the gel?

4. Why does DNA migrate the direction it does in the applied electrical field?

5. What purpose does adding the RNAse A to the reaction mixtures serve?  Can you see any visible evidence of its action by looking at the gel after electrophoresis? 

6.  Sketch what you predict each lane will look like after running the agarose gel.  Explain your reasoning.

Post-laboratory question
1.  Are the sizes of these fragments consistent with the sizes you would predict from the map of pBluescript?  Why or why not?

Things to include in your discussion:

(Disclaimer:  This list is to guide you in your discussion.  It is not meant to be an exhaustive list.) 

1) Discuss each step of the DNA purification scheme.  

2) Are there any possible contaminants in the DNA?  Will you see them on the agarose gel?  Why or why not?

3) Table on how you prepared your tubes

4) Identify all the bands on your gel.

5) Create a standard curve and determine the size of the DNA fragments

6) Compare the sizes to what you would predict from the map

7) Why do you get different size fragments with each restricyion enzyme?

8) What does EtBr interact with and how?

9) Why did you add RNase?  What did it do?  

10)  Did the plasmid DNA change intensity when you added RNase?  Should it?  Why?

11)  After the addition of RNase, a band will be missing.  Where did it go?

12) In the lane with just DNA, why do you get several bands?

Exercise #11
Rates of Enzyme Catalyzed Reactions


Background Reading:  Read pages 202-205 in Lehninger's text, including box 68-1.  This information about the mathematical treatment of data from studies on the rates of enzyme-catalyzed reactions is fundamental to understanding today's lab.

Procedure:  You will need several solutions to prepare the reaction mixtures for today's lab, and one other to stop the reactions.  The solutions should be on your table.  Locate these solutions:


1. Reaction buffer solutions
a)  30 mM acetate buffer, pH 5.2



    100 mM NaCl

b)  30 mM HEPES, pH 7.2


         100 mM NaCl

2. Substrate solutions
1.00 x 10-3 M p-nitrophenyl phosphate in reaction 
buffer a) or b) from above.


3. Enzyme source solution
A solution of the enzyme acid phosphatase in buffered solution


4. “Stop buffer” solution




50 mM Tris buffer, pH 10.5

To prepare a reaction mixture, you will need to mix small volumes of the first three components into a total volume of 2.00 mL.  At the end of the incubation time, 2.00 mL of the stop buffer will be added.  This will terminate the reaction and give a large enough volume so that you can transfer the mixture from the test tube to a cuvette to measure the absorbance of the solution after the reaction has taken place.

There is another solution that you will use to construct a standard curve so that you will be able to measure spectrophotometrically the amount of product formed in the enzyme catalyzed reaction.  It is labeled 1.00 x 10-3 M p-nitrophenol. 

To construct a standard curve:  Set your spectrophotometer's monochromator to 410 nm, and prepare a set of solutions with known p-nitrophenol concentrations by making dilutions of the concentrated standard with the reaction buffer.  The concentrations of your standards should cover the range zero to 2.50 x 10-5 M p-nitrophenol, corresponding to volumes of concentrated standard from zero to 0.100 mL in a total volume of 4.00 mL.  Plot the values of absorbance as a function of concentration of p-nitrophenol on a piece of graph paper for later use.

To prepare reaction mixtures:  You will always use the same volume of enzyme source solution in your reactions (5.0 (L), but you will vary the concentration of substrate in the reaction mixtures.  Since the total volume of the reaction mixture is 2.00 mL, you will need to adjust the volumes of reaction buffer and substrate solutions that you use in each tube.  The volumes of substrate solution that you will use are in the range of 0.050-1.00 mL, and you should prepare at least five reactions with varying substrate concentration.

When you prepare the reaction mixtures, the last component that you will add will be the enzyme solution.  Once the enzyme is added to the mixture, the reaction begins immediately.  So, after addition of this component, mix the solution and place the tube containing the mixture into a water bath at 21oC. Incubate the reaction mixtures for ten minutes, and then stop the reactions by adding 2.00 mL of the stop buffer.

The timing of the reactions is very important. Decide with your partner how you will go about making sure that all of your reactions are allowed to incubate in the water bath for the same amount of time.

Goals of today's lab exercise: Our goals for today are to study the effects of substrate concentration and pH on the initial rates of enzyme catalyzed reactions.  The primary emphasis is on seeing how substrate concentration affects the initial rate of reaction, so set up your standard curve first.  Then prepare the set of reaction mixtures with varying substrate concentrations using the buffer and substrate solution with pH 5.2. Before you add the enzyme source, prepare another two reaction mixtures with the buffer and substrate solutions at pH 7.2.  The substrate concentration in these two mixtures should be the same as in two of your reactions at pH 5.2 so that you can compare directly the rates of reaction at the different pH values.  Finally, add the enzyme source to the tubes in an ordered, timed sequence so that all of your data is taken for a reaction time of 10 min.

Pre-laboratory questions

1.  Do you expect pH to affect phosphatase activity?  Why?

Post-laboratory questions

For your report, use your data from the reactions at pH 5.2 to construct a double-reciprocal plot (a Lineweaver-Burk plot) of your data, as shown in your textbook.  Use your data to answer the following questions:

1.  Does it appear from your data that pH has a weak or strong influence on the rate of this enzyme-catalyzed reaction?  Explain.

2.  Would it be possible to make a buffer using phosphate at pH=7.2?  Why wasn't a phosphate buffer used for the pH 7.2 buffering system?  

3.  From your data set at pH=5.2, what is the value of Km, the Michaelis-Menten constant, for acid phosphatase under our reaction conditions?

4.  What is the theoretical maximum rate of reaction, Vmax, for this reaction?

5.  Do you think that the rates of the enzyme-catalyzed reactions you measured were constant (and equal to the initial rate of reaction) over the entire time of incubation of our reaction mixtures?  What control might you introduce into the experimental procedure to show that the rates are constant throughout the time of incubation?
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