
ToothpickasePRIVATE 

Introduction
   Various properties of enzymes can be taught in a classroom situation by having the students role play the part of an enzyme.  The substrate can be toothpicks or other similar small pieces of wood.  The students will play the role of enzymes and their fingers will be the enzyme's active site.  The "toothpickase" enzyme catalyzes the breakage of the toothpicks into two pieces.  The experiment can demonstrate how enzymatic rate of reactions can be calculated and how various factors effect the rate of reaction.  The experiment can be conducted as a class demonstration or in small lab groups.

Materials
toothpicks (flat type)

toothpicks (round or plastic type)

stopwatch or clock with second hand

Procedure
1. Place of supply of "substrate" (flat toothpicks) in front of the enzyme (student).  A second student should serve as a timer and a third student should count the number of toothpicks the enzyme breaks during the time period.

2. The timer should tell the enzyme when to begin reacting.  The reaction can continue for any time length, but 10, 15 or 20 seconds are good time intervals to use.  The third student should count the number of toothpicks the enzyme successfully catalyzes during the time period.  The enzyme should focus on breaking as many "substrate" molecules as rapidly as possible, but enough should be available that they will run out towards the end of the simulation.

3. Use the data to calculate a rate of reaction (toothpicks snapped per minute).  This value will serve as the control value for future studies.

Variant - Competitive Inhibition
   Replace the flat toothpicks with plastic or round toothpicks.  The new substrate is similar to the actual substrate (flat toothpicks) and the enzyme can pick it up with the active site.  However, the enzyme is not able to complete the reaction and break the new substrate in two.  After attempting to catalyze the reaction, the new substrate should be returned to the reaction medium (pile on the table) and the enzyme should select the next substrate item.  Because the new substrate also fits the active site, it is said to be a competitive inhibitor to the enzyme.

   Mix the flat toothpicks and the new substrate toothpicks together.  The enzyme must not visually select against the new substrate (close eyes or wear a blindfold) when securing an item for reaction.  If the competitive inhibitor is picked up, it should be returned to the reaction pile and another toothpick must be selected.  The enzyme can only break the flat toothpick.

1. Have the enzyme react with the mixture of substrate and competitive inhibitor for the same time length as before.  Calculate the rate of reaction.  How does the rate of reaction in this experiment compare with the control value?  Explain any differences between the two values.

2. Repeat the experiment, but alter the amount of competitive substrate present in the reaction mixture (half or double).  Calculate the rate of reaction.  How does this value compare with the control value and with the value obtained in the first experiment with the competitive inhibitor?

Variant - Non-competitive Inhibition
   A non-competitive inhibitor does not prevent the active site from bonding with a substrate, but it may effect the ability of the enzyme to find and react with the substrate.

1. Place a pile of substrate (flat toothpicks) in front of the enzyme.  As the enzyme starts to do the reaction, a student should gently push or bump the enzyme's arms and attempt to prevent the enzyme from conducting the reaction.

2. Calculate the rate of reaction.  How does the rate of reaction compare to the control value?  Explain.

Variant - Effect of Heat or pH
   Pretend that the enzyme has been treated with heat or a pH change.  The effect of the treatment is that the reaction site is damaged so that the thumbs are not available to conduct the reaction.  The enzyme may use only fingers to conduct the reaction and break the toothpicks.

1. Repeat the experiment (flat toothpicks) and calculate the rate of reaction.  How does this value compare to the control value?  Explain.

2. Repeat the experiment, but have the enzyme wear gloves or mittens over the active site.  Calculate the rate of reaction.  How does this value compare to the control value?  Will all        factors that affect the active site have the same affect on the rate of reaction?  Explain.

