Enzyme Activity Investigation(s) (based on Investigation 13, AP Biology Investigative Labs: An Inquiry-Based Approach, College Board, 2012)

Big Idea 4:  Interactions

How do abiotic and biotic factors influence the rates of enzymatic reactions?

Learning Objectives:
To understand the relationship between enzyme structure and function.

To determine which factors can change the rate of an enzyme reaction by designing a controlled experiment.

To learn how to analyze data by applying mathematical techniques such as calculating averages and reaction rates.

Introduction:

In general, enzymes are proteins produced by living cells; they act as catalysts in biochemical reactions.  Catalysts are molecules that speed up chemical reactions by lowering the activation energy (the energy needed for the molecules to begin reacting with each other).  In an enzyme catalyzed reaction, the substance being acted upon (the substrate-S) binds reversibly to the active site of the enzyme (E) forming an Enzyme-Substrate Complex.  The formation of the complex slightly changes the shape of the substrate (just enough to make the bonds less stable) which makes the reaction more favorable at lower energy levels.  Thus a product is formed.  In summary, E + S ( ES ( E + P.  Note that the enzyme is not used up in the reaction nor is it changed in any way and therefore it can be reused/recycled to catalyze reactions again and again.  Enzymes are fundamental to the survival of any living system and are organized into a number groups depending upon their specific activities.  Two common groups are catabolic enzymes (“cata” or “kata” from the Greek “to break down”)—for instance, amylase breaks complex starches into simple sugars—and anabolic enzymes (“a-“ or “an-“ from the Greek to “to build up”).  Examples of catabolic enzymes include bromelain (an enzyme that comes from pineapple) that is capable of breaking down structural proteins such as collagen into amino acids and lactase, the enzyme that breaks down lactose (the sugar found in milk) into simple sugars.  Examples of anabolic enzymes are equally vital to all living things.  We must be able to take the molecules we have broken down and build them back into other, different substances.  A very important example of an anabolic enzyme is ATP synthase and enzyme that facilitates the production of ATP.  

Enzymes have complex 3-D structures that are a result of the interactions of amino acids at the primary, secondary, tertiary, and quaternary levels of proteins.  The complex 3-D structure of enzymes means that they also have active sites with very specific shapes.  These shapes are very much dependent upon environmental factors since the side chains of the individual amino acids have specific chemical properties.  This means that the active site is very selective and allows only certain substances to bind.  It also means that any substance that blocks or changes the shape of the active site affects the activity of the enzyme.  Below is a brief introduction to the factors that may affect an enzyme’s action or rate.

Concentration of the enzyme and concentration of the substrate.

Salt Concentration – changes in salt concentrations can alter the folding of amino acids in the protein.

pH - changes in H+ concentrations can alter the folding of amino acids in the protein.

Temperature – temperature changes can speed up the molecules and therefore increase the number of collisions (making the reaction go faster) or slow down the molecules, decreasing the number of collisions.  Dramatic shifts in temperature may alter the bond arrangements in enzymes and therefore stop the reactions entirely.

Activators & Inhibitors – molecules that block the active site will decrease reaction rate and there are some molecules that are necessary for the enzyme to function.

Investigation


In this investigation you will focus on a peroxidase enzyme known as catalase.  You will be designing an experiment to determine the rate of the enzyme activity of catalase.  In order to do this you will need some understanding of “baselines” and “rates” and to do some preliminary research on catalase.

Definitions

Baseline is a universal term for most chemical reactions.  In this investigation the term is used to describe that you will establish a standard for a reaction.  The baseline will act as the comparison for any manipulation of the components of the reaction you do.

Rate is a measure of how fast the reaction is occurring.  There are two ways to describe the rate.  One is to note some quality/characteristics (such as color changes) and this will only give a relative rate of reaction: a sense of whether the reaction rate increased, decreased or stayed the same.  The other way is to quantify some change in the reaction (such as light absorbance or transmittance, the consumption of one of the reactants or the production of one of the products) this will allow you to express the rate as an “amount over time” (dY/dX = change in Y over change in X).

Background Research:  
Use the internet to do some research on the enzyme catalase.  In your research you will want to find out:  
1.  What the substrate for catalase and what is the chemical reaction?  When you find out this information—consider how this will help you study it. 
2.  The optimum conditions for the enzyme (pH?  Temperature? And how the conditions vary).  
3.  What are the inhibitors of the enzyme?  What is the roll of catalase in the cell?  
4.Where catalase can be found in nature (such as where in humans?  What types of other organisms?  

What parts of plants etc….)  
Document your sources.:

Bring this information with you to class.  

