PROPERTIES OF ENZYMES





OBJECTIVES


	The purpose of this exercise is to examine biological reactions with respect to the characteristics of the enzymes which control them. You will examine how enzymes are affected by various factors including substrate availability and type, inhibitors, temperature, cofactors, and pH. In addition, you will draw conclusions from a series of observations. Upon completion of this exercise, you should be able to:


describe the effects of pH, temperature, substrate availability, and cofactors on enzymatic reactions;


draw conclusions from observed experimental results;


develop hypotheses to propose the cause of observed results.





MATERIALS AND EQUIPMENT


Each of the following solutions should be placed in wash bottles and kept in an ice bath: potato extract containing polyphenoloxidase (PPO), 1% catechol, 1% resorcinol, 1% hydroquinone, 1% bacterial protease, 1% amylase, 1% lipase, pH 2.0 buffer, pH 7.0 buffer, pH 14.0 buffer.


The following should be available at each table: test tube rack with 18 test tubes, glass marking pencils, wash bottle containing distilled water, 15 cm ruler, phenylthiourea crystals (PTU).


The following should be available for the entire class use: test tube brushes, carboy filled with distilled water, electric blender, 1000-ml plastic pitcher, cheese cloth, white potato or apple, waterbath with capacity for 120 test tubes, potato peeler, paring knife, 600-ml beaker ice bath, hot plate with 600-ml beaker.





PREPARATIONS


	Immediately prior to class, the students should prepare the potato extract as follows: Peel and slice a white potato and place into a blender with 700 ml distilled water. Homogenize for two minutes. Strain homogenate through cheese cloth. The liquid portion contains the enzyme, polyphenoloxidase (PPO). This extract should be divided into several wash bottles and placed into an ice bath. This potato extract contains polyphenoloxidase as well as numerous other enzymes and materials which we will not be measuring. In addition there is some catechol which occurs in the potato which will serve as a naturally occurring substrate for the reaction we will be studying.


	Students should work in cooperative groups. Before beginning, all test tubes should be rinsed with distilled water. Using a glass marking pencil, divide each tube into three 1 cm units beginning at the inside bottom of the tube. To save time, substances will be "squirted" into the tubes in 1 cm units. All of the following experiments may be set up and run at the same time.





KEY CONCEPTS


	 Develop an understanding of each of the following concepts: catalyst, coenzyme, cofactor, enzyme, hydrolysis, and substrate.








GENERAL INTRODUCTORY QUESTIONS:





What happens to the white flesh of an apple, banana, or potato when you cut it open and expose it to the air?


Why do you suppose that this change occurs?


Do you think this is a physical or a chemical change?


Have you ever prepared a fruit salad and added an ingredient that stopped this reaction from occurring?





INTRODUCTION


	Most chemical reactions which occur in living cells are catalyzed by enzymes. Without these naturally occurring biocatalysts, the rate of physiological reactions at physiological temperatures would be so slow that life as we know it could not exist.


	We shall study the properties of one particular enzyme, polyphenoloxidase (PPO). This enzyme catalyzes the oxidation of catechol to produce benzoquinone and water.
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	This reaction is one which you have observed many times. Many plants contain catechol and PPO in their tissues. When these tissues are damaged (e.g., when you bite into an apple), the injured surface darkens. The dark areas contain polymers of benzoquinone. Benzoquinone has been shown to exhibit anti-fungal properties and hence is beneficial to the injured plant tissues.


	This reaction has practical application for the food processing industry. Fruits and vegetables are processed in reduced oxygen conditions, such as in a SO2 atmosphere, until the enzyme is broken down by heat processing. Therefore, processed foods do not show the unappetizing appearance caused by the polyphenoloxidase reaction.


	Benzoquinone is a rust-brown colored compound, so its presence can be easily detected qualitatively. This property allows us to detect that the reaction has occurred by the development of a rust-brown color. 





EXPERIMENT 1:  Reference Reaction





	Obtain three tubes and mark off three 1 cm increments on each. Each tube must be labeled with an appropriate symbol. Place 1 cm of potato extract (w/PPO) + 1 cm of catechol + 1 cm of distilled water in the first tube, 1 cm of potato extract (w/PPO) + 2 cm of distilled H2O into the second tube, and 1 cm of catechol (1% solution) + 2 cm of distilled H2O into the third tube.


	Shake all tubes and place in a waterbath at 37oC for 10 minutes. Save the tubes to use for comparison with the results in the other experiments.





Prediction: 


Which of the tubes in Experiment 1 do you think will show the color change that indicates that the reaction has occurred? Why?





Observations and Interpretation of Results:


Construct a data table. At 0, 5 and 10 minute intervals note and record the color or the solution in each tube. 


What is the brown-colored substance in Tube A-1?


From this experiment, what materials are necessary for the reaction to occur?


Why were the tubes placed in a 37oC waterbath?





EXPERIMENT 2:  The Chemical Composition of Polyphenoloxidase





	In this experiment you will test the kind of chemical substance which makes up an enzyme such as polyphenoloxidase. To perform this test we will propose that an enzyme is composed of one of three types of chemicals: starch, protein or lipid (fat). All of these are polymers which can be hydrolyzed into their component parts. A hydrolysis reaction is one in which the larger molecule is broken down enzymatically by inserting water into the molecule breaking it down into smaller molecules. The basis of this experiment is that if we treat the extract with a material known to break down a specific type of substance, we can deduce the chemical nature of polyphenoloxidase from the results. If the enzyme is broken down, it can no longer convert substrate to end product and no rust-brown color occurs. Alternatively, if the enzyme is not broken down, it will produce the end product and the rust-brown color will appear. We will use the following hydrolyzing enzymes: Bacterial protease hydrolyzes protein; Amylase hydrolyzes starch; Lipase hydrolyzes fat.


	Mark four tubes into 3 intervals of 1 cm and label them. To each of the four tubes add 1 cm of potato extract (w/PPO). Then add the following: 1 cm of distilled water to the first tube; 1 cm bacterial protease solution to the second tube; 1 cm of amylase solution to the third tube; and 1 cm of lipase solution to the fourth tube.


	Shake all tubes thoroughly and place them in a waterbath at 37oC. After 45 minutes, add 1 cm of catechol to each tube. Shake. Return the tubes to the waterbath for 10 additional minutes. 


	In the tubes in which polyphenoloxidase was not digested by the hydrolytic enzyme, benzoquinone and a rust-brown color will be formed when catechol is added. This would be a negative result. In the tube in which PPO was hydrolyzed, no benzoquinone will be formed and hence no color change will occur when catechol is added.





Predictions: 


If the enzyme polyphenoloxidase is a lipid, which hydrolytic enzyme will destroy it? 


If the enzyme PPO is a starch, which hydrolytic enzyme will destroy it? 


If PPO is a protein, which hydrolytic enzyme will destroy it?


How will you tell if the PPO has been destroyed?





Observations and Interpretation of Results:


Construct a data table and record your results.


In which tube(s) was benzoquinone formed?


In which tube(s) was benzoquinone not formed?


What is the purpose of Tube B-1?


From the observations in Experiment 2, what can you conclude about the chemical structure of polyphenoloxidase?





EXPERIMENT 3:  Cofactors





	Some enzymes require the presence of other molecules or ions to perform their function. These non-enzyme substances are called cofactors. In this experiment we will use phenylthiourea (PTU), which binds very strongly to divalent cations (ions with a plus-two charge such as copper, manganese, magnesium, ferrous iron, etc.), to remove any cation from the enzyme and, therefore, determine if a cofactor is needed for the catechol-PPO reaction.


	Label two tubes and mark two intervals of 1 cm on each. To each tube (C-1 and C-2) add 1 cm of potato extract. Add a few crystals of PTU to the second tube. Shake both tubes thoroughly and frequently for 5 minutes. Add 1 cm of catechol solution to each tube and place them in a waterbath at 37oC for 10 minutes. 





Predictions:


If PPO requires a divalent cation (a positively charged ion with a +2 charge) to remain active, what effect do you think the PTU will have?


What do you think is the function of a metal ion in the function of an enzyme?





Observations and Interpretation of Results:


Construct a data table and record your observations.


What is the importance of tube C-1?


What conclusion can you make concerning the necessity of a cofactor for polyphenoloxidase to function?


Some cofactors are prosthetic, which means they form an integral part of the enzyme, while other cofactors are free and must simply be present in the medium. If the cofactor for PPO was copper, suggest a treatment you might perform to test if the PPO cofactor is prosthetic or free.





EXPERIMENT 4: Enzyme Specificity





	The current theory of enzyme activity states that an enzyme catalyzes a reaction by forming an enzyme-substrate complex. Formation of this complex is dependent upon the substrate fitting into the enzyme at a location called the "active site." Some enzymes are able to form complexes with several substrates which are of similar structure. An enzyme having this property is said to have "group specificity." Other enzymes are known to react with only one substrate and are said to exhibit "absolute specificity." The following experiment compares the ability of polyphenoloxidase to combine with three different but structurally related substrates: catechol, resorcinol, and hydroquinone.
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	Label three test tubes and add 1 cm of potato extract (w/PPO) to each. Add 1 cm of catechol to the first tube; add 1 cm of resorcinol to the second tube; and add 1 cm of hydroquinone to the third tube.


Shake the tubes gently. Place in waterbath at 37oC for 10 minutes. 





Predictions:


If PPO were group specific, which substrates do you predict would be most likely to serve as an alternate substrate?


Explain your reasoning.





Observations and Interpretation of Results:


Construct a data table and record any color change.


With which substrate does polyphenoloxidase react best? Least? 


Does polyphenoloxidase exhibit absolute specificity, group specificity or something in between? Explain your reasoning.





EXPERIMENT 5: Effects of pH





	Because the shape of the active site has important influences on the ability of an enzyme to form an enzyme-substrate complex, the pH of a solution often influences the ability of an enzyme to function. The hydrogen ion concentration in a solution is measured by the pH. Hydrogen ions (H+), or alternatively hydroxyl ions (OH-), affect the secondary (and to a much less extent the tertiary and quaternary) structure of enzymes by disrupting the hydrogen bonds which link the amino acids between different portions of the protein strand. This results in a change in the secondary structure and hence the shape of the active site. 


	Mark three tubes with three intervals of 1 cm. Label these tubes.  Into each of the tubes add the following:  1 cm pH 2.0 buffer + 1 cm potato extract (w/PPO) to the first tube; 


1 cm pH 7.0 buffer + 1 cm potato extract (w/PPO) to the second tube; and 1 cm pH 14.0 buffer + 1 cm potato extract (w/PPO) to the third tube.


	Shake. Add 1 cm of catechol to each tube and shake again. Place in the 37oC waterbath for 10 minutes.











Prediction:


The pH in the interior of a cell is near 7 (neutral). Knowing this, at which pH do you think the enzyme will function optimally?  Explain your reasoning.





Observations and Interpretation of Results:


Construct a data table and record your results. Rank the tubes from lightest to darkest as 1 to 3. 


Prepare a graph representing your results.


Does pH affect polyphenoloxidase?


Does pH slow the reaction or stop it altogether?





EXPERIMENT 6: Effect of Temperature





	Temperature affects enzymatic reactions in several ways. During the reaction, temperature affects the kinetic energy of the molecules, which in turn affects the frequency of collisions between substrate and enzyme as well as the energy of activation for the reaction. In addition, enzymes are directly affected by temperature. If temperatures are not appropriate, the shape of the enzyme's active site may be changed. In some cases this change is permanent, and the enzyme is referred to as denatured. Denatured proteins usually appear as a white precipitate.


	Mark four tubes with two intervals of 1 cm and label. Into each tube add 1 cm of potato extract. Place one tube into the following conditions for 5 minutes: ice bath (0 oC);  room temperature (20 oC);  37 oC water bath; boiling water (100 oC).


	After the 5 minutes add 1 cm of catechol to each tube and place back into the conditions above. Observe after an additional 5 and 10 minutes.





Predictions: 


Most living systems that we know about function best in the temperature range of 20-40 oC. Knowing this, at what temperature do you think the enzyme will function optimally?


From reading the paper on life above the boiling point of water, why do you think that the potato enzyme is most active at the temperature you have predicted?





Observations and Interpretation of Results:


Construct a data table and record your observations.


At which temperature did the most benzoquinone form? At which temperature did the least benzoquinone form?


Did any temperature treatment denature the enzyme?





CONCLUDING QUESTIONS





Why do cooks sprinkle lemon juice on cut bananas which are used for decorations on top of cream pies? What is the mechanism of action of the lemon juice?


Explain the effects of increasing temperature, shown in the graph below, on enzyme activity. 
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Propose a mechanism for the effects of pH on enzyme activity.


What determines with which substrate an enzyme will react?
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