
       --A Study in Enzymatic Reactions

BACKGROUND:   

Enzymes are a critical part of maintaining your cell metabolism, the sum of all chemical reactions in your body.   Enzymes belong in the group of macromolecules known as proteins.  However, not all proteins are enzymes.  Another name for enzymes is catalysts.  

Catalysts allow chemical reactions in your body to occur faster by lowering the amount of energy required (activation energy) to make the reaction happen in the first place.  An analogy of this process, for example, is a stuck lug nut on your car’s wheel.  Trying to free that lug with a small open-ended wrench would take a lot of energy on your part.  (=no enzyme present).  However, if you should use a wrench with a long lever arm, you would need a lot less energy to turn the lug (=enzyme present).

Enzymes allow your body to efficiently breakdown complex polymers like proteins, large carbohydrates, and lipids into their primary building blocks (monomers).  Enzymes can break larger molecules apart (digestion) through a process called hydrolysis by adding water.  Enzymes can also build large molecules (synthesis) from smaller subunits through condensation by removing water.  

In living organisms, enzymes are site-specific which means that each molecule or substrate has its own specialized enzyme that interacts with it to build it or break it.  This interaction between the enzyme and the substrate is called the enzyme-substrate complex.  The enzyme contains one or more active sites, crevices along an enzymes’ surface, where substrates bind to the enzyme and are either synthesized into larger molecules or digested into smaller ones.  This interaction is often referred to as an induced-fit where the substrate is slightly forced into the active site.  This “pressure” tends to strain the bonds of the molecule.  Strained bonds are easier to break, and this simplifies the rearrangement of reactants into products.

In the bean juice lab, we will use a natural source of enzymes found in pinto beans.  Additionally, iodine will be used as an indicator for the action of enzymes.  A color change will indicate that the enzymes from the beans have digested the starch molecule into simpler forms, thus releasing the dye in the process.  The conditions best suited for enzyme activity are 1) a neutral pH (~7)  2) a warm (not hot) temperature, 3) the presence of lots of substrate, and 4) no competitive inhibitors.   When optimal conditions are not met, the enzyme might become denatured which changes the shape of the active site.  This denaturation will prevent the substrate from properly binding, and not allow the products to be formed.
PURPOSE:  The purpose of this lab is to see how enzymes behave in a variety of conditions.

MATERIALS:


-starch solution


-distilled (DI) water



-test tube(s)


-bean juice


-1M hydrochloric acid (HCl)


-thermometer


-iodine (IKI) 


-hot plate




-syringe or dropper


-10 ml graduated cylinder
-20ml graduated cylinder

PROCEDURE:

1. Measure out 5ml of starch solution and add it to a test tube.

2. Add 2 drops of IKI (iodine) to the test tube.  Note the color change.

3. Fill a small syringe or dropper with bean juice.  Add bean juice to the mixture in the test tube.  Swirl the mixture continuously while adding the bean juice.  As the solution begins to clear, add bean juice drop by drop.  Note how many ml it takes to clear the solution (note: approximately 19 drops =1 ml). A solution is clear when the purple dye is no longer present.  The “clear” solution may be golden-colored or somewhat cloudy.

4. Clean your test tube.  For trial #2, follow steps 1 through 3 again.  However, this time, add 3 drops of 1M HCl to the starch-iodine solution in step #1.

5. Clean your test tube.  For trial #3, only add 5 ml of the starch solution to your test tube.  Next, place your test tube in the warm water bath until the temperature of the starch solution reaches body temperature (~380 celsius).  Use the thermometer for accuracy.  Then, remove the test tube from the warm water bath and add 2 drops of IKI.  Add bean juice until the solution is clear.

6. Clean your test tube.  For trial #4, add only 2.5 ml of starch solution plus 2.5 ml of distilled water to the test tube.  Add 2 drops of IKI.  Repeat step #3.

DATA TABLE: 

Trial #
*Environmental Variable
GROUP DATA

(Amt. Bean Juice Added)
AVG. CLASS DATA

(Amt. Bean Juice Added)

1

    ml
ml

2

ml
ml

3

ml
ml

4

ml
ml

*For the environmental variables above, choose from the following and record them next to the appropriate trial      number:  [Low pH, Dilute Substrate, Control, Increased Temperature]

Graph / Results:

On graph paper, plot group and class data side-by-side in a bar graph format.  The graph should be plotted as Trial # / Environmental Variable (X-Axis) as a function of Amount of Bean Juice Added (ml) (Y-Axis).

Graph should include the following components:

1. Title—should reflect what the lab was testing.

2. Labeled axes.  Independent and Dependent axes should be labeled and include proper units.

3. “Group” and “Class” bars should be side-by-side for each trial and be shaded / colored differently to distinguish one from the other.   Include a legend to distinguish group vs. class data.

4. The dependent axis (y-axis) should have a consistent number sequence spaced appropriately for  the range of data observed.

5. All lines should be neat and drawn with a ruler.

6. Graph should be drawn in a landscape (horizontal) format and occupy at least 2/3 of the page.

ANALYSIS:

I.  SUMMARY:  The summary should be 1-2 paragraphs to ¾ of a page in length.  The summary should review the purpose of the lab, discuss the data collected, and analyze the reason behind differences in the data for each trial.  In other words, what factors might have contributed to the outcome, why were the outcomes different / same for each trial?  Additionally, the analysis summary would be a place to discuss errors in procedures, or discuss reasons why your group’s outcome (data) was different from the rest of the class.  This is not the place to describe your emotions about the lab. (ex. “The lab was fun” or “I learned a lot”.  State the facts, be concise, and BE SPECIFIC!!!   DO NOT RESTATE  THE PROCEDURES HERE!   

II.  QUESTIONS: Answer the following questions in the body of your summary.  As each question is answered in the summary, include the number of each question in parentheses (1), so I know that all answers are present. 


1.   What was in the bean juice?   How do you know?

2. What was the purpose of the IKI (Iodine)?

3. What was shown by adding HCl (Hydrochloric Acid)?

4. What was shown by heating the solution while adding the bean juice?

5. What was shown by diluting the starch solution in half?

6. What would’ve happened if you had diluted the bean juice instead?

7. Which condition may have caused the enzyme active site to become denatured?

8. Why didn’t we heat trial #3 to a temp higher than 38o C?  How would your results have changed?

NAME___________________________





PER________ DATE_______________








