Biology 212: Cell Biology

                                                                      March 24 to April 2, 2003


Enzymes

(adapted from A. Bregman, Laboratory investigations in cell and molecular biology, 1990)


The goal of this exercise is to allow you to use techniques from earlier labs in designing your own experiment to study a particular enzyme.  Specifically, you will use absorption spectroscopy to study the enzyme succinate dehydrogenase.  (If your recollection of absorption spectroscopy is hazy, please refresh your memory by referring to the lab handout for the week of March 3.)


As you know, succinate dehydrogenase (SDH) catalyzes a redox reaction.  In this exercise, 2,6-dichloroindophenol (DCIP; alternate name dichlorophenolindophenol) will be used as the electron acceptor because it undergoes a color change as it becomes reduced: the oxidized form of the molecule is blue and the reduced form is colorless.  The rate of color change can be measured colorimetrically and used to determine the succinate dehydrogenase activity (moles of substrate reacted per minute).


You will have two lab sessions in which to complete this exercise.  Since you will be designing your enzyme isolation and assay procedures (with helpful hints provided), the first week will be devoted to the planning process; the second week will involve the isolation and study of the enzyme.  The second lab has the potential to be a long lab, although the more prepared you are, the faster things should go.  If at all possible, be prepared to stay past the end of the lab period.


A word to the wise: since enzymes are subject to inhibition by contaminants, and stray enzyme can lead to problems, it is imperative that you pipette carefully and keep your cuvettes clean.

PRE-LAB  ASSIGNMENT (for the week of 3/23; there is no pre-lab assignment due the following week, despite what the syllabus says!)


Please answer the questions below in your lab notebook.


1.  What is the substrate for succinate dehydrogenase?  What reaction does SDH catalyze?  In which metabolic pathway does this enzyme participate?  Where would you expect to find it in a cell?


2.  What does the term "enzyme activity" mean?

3.  Since DCIP is not the actual substrate or product of the reaction, why is the DCIP color change a valid indicator of enzyme activity?

SESSION  1:  PLANNING


This session will be used to design an experiment to be carried out in the next lab session.  By the end of session 1, you should have a proposal that contains the experimental question, hypotheses, predictions, a general overview of the proposed experiment (with a level of detail similar to an abstract), and a thorough, detailed procedure.


Use the information below to design protocols for the enzyme extraction, isolation, and activity assay.  You may consult with the instructor and TA (though we won't design the protocols for you).  Think carefully about the volumes generated and implications for the number of tubes, size of glassware, etc.  Look over the available supplies and, if you think of additional items that you need, add them to the list at the front of the room.  This will help the storeroom personnel set up for our next lab.

Extraction of enzyme 


You will isolate succinate dehydrogenase from cauliflower.  The greatest concentration of enzyme is located in the flower buds of the cauliflower head.  For the extraction procedure, each group will need 15 grams of tissue.  Use a single-edged razor blade to "shave" off the outermost 2-3 mm (just the "nubs").  


Grind the tissue in a chilled mortar and pestle, along with ice-cold Mannitol Grinding Medium (contains mannitol and K2HPO4) and 5 g of sand (which was washed and chilled before you arrived) for 4 minutes.  You should obtain 40 ml of the Mannitol Grinding Medium, but don't pour it into the bowl all at once; start by making cauliflower paste, then gradually add the remaining buffer.  Use cheesecloth to filter the homogenate into a cold beaker.  Your goal is to obtain as much enzyme as possible, so use all of the homogenate in the enzyme enrichment procedure.

Enrichment of succinate dehydrogenase


You don't have the time or techniques to isolate SDH to complete purity, but you should be able to isolate a cellular fraction that is enriched for this enzyme.  Depending on the equipment you plan to use, you may need to coordinate with other lab groups to maximize the use of equipment (and minimize the time it takes for everyone to complete the enzyme isolation).  Your goal is to obtain an SDH-enriched fraction resuspended in a total volume of 4 ml of ice-cold assay medium (contains mannitol, K2HPO4, KCl, and MgCl2).  If you have more than one pellet, split the 4 ml of assay medium between/among the tubes.

Remember to keep the enzyme cold throughout this procedure.  Think carefully about volumes and glassware requirements (size and number).

SDH enzyme assay


The enzyme assay requires substrate, the enzyme preparation, DCIP, and sodium azide with enough assay medium to bring the reaction volume to a total of 2.5 ml.  We recommend that you use 0.25 ml of the enzyme preparation, 0.25 ml of 40 mM sodium azide, 0.25 ml of 50 mM DCIP, and 0.25 ml of 0.2 M substrate (what is the substrate?).  Azide blocks the last step of the electron transport chain (by binding to cytochrome a/a3) and is required to limit the availability of the normal electron acceptor so that electrons can be transferred to DCIP.  The reaction is fairly slow; you will need to monitor each reaction over a 30- to 45-minute interval at room temperature. If you follow only one reaction at a time, you'll be in lab all night; how can you follow multiple samples simultaneously and still take carefully timed readings?  Set up your reactions using room temperature solutions, if possible.  Your enzyme preparation should remain on ice until the reactions are initiated.


Decide on your protocol to monitor the change in the indicator.  What will you use as a blank?  How will you be able to relate indicator changes to enzyme activity, and is there anything you can do in week 1 that will be useful for doing the conversions?  (All assay solutions will be available in week 1, though you won't have access to enzyme.)


Your goals will be (A) to determine the activity of your enzyme in the presence and absence of substrate and (B) to determine whether the compounds citrate and malonate (-OOCCH2COO-) have any effect upon SDH activity.  (As you plan, consider the potential effects of these compounds on SDH.) 

SESSION  2:  EXPERIMENTS!


Please start your note-taking on a fresh page of your lab notebook.


Carry out the enzyme extraction and isolation procedures and perform your planned enzyme reactions.  Before you begin, you should reconsider the composition of your blank.

POST-LAB  ASSIGNMENT (after Session 2)


Prepare a full-length formal lab report using the format described in the previous "Guidelines for Lab Reports" handout.  As part of your report, determine the activity of your SDH preparation (in millimoles or micromoles/min. -- moles of what?) for the various reaction conditions you tried.  Also include a well-organized appendix of raw data.  Think carefully about possible interpretations of your results and further experiments you could propose.
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