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Cells use enzymes (biological catalysts) to regulate the hundreds of essential simultaneous reactions. In order to understand the chemical basis for life, it is essential to examine the nature and mode of action of enzymes.
Today our model is that enzymes promote chemical reactions by lowering the activation energy necessary for reaction by forming an enzyme-substrate complex:
enzyme + substrate  enzyme-substrate complex  enzyme + product(s)
The activity of the enzyme has to do with the properties of its active site. This location in the protein’s tertiary structure binds with a specific substrate, stresses the bonds in that molecule in a particular way, and thereby accelerates a specific reaction, resulting in a unique product. This specific binding of particular substrates to form unique products will be tested today.
Since the enzyme is not used up in the reaction, only a small amount of enzyme is necessary to bring about a large amount of reaction product. In fact, the amount of a single typical enzyme in a cell would be below the detection limits of even the most sensitive protein assays.
The amount of enzyme present is therefore estimated by measuring the amount of reaction it promotes. Under what circumstances would this be an invalid approach? The RATE of reaction is the change in concentration of a substrate or a product over a period of time. In most cases measurement of the formation of product is preferred over measurement of the disappearance of a substrate. Why?
Today, you will investigate a battery of compounds that differ structurally from a known substrate to determine what makes a proper substrate molecule, what structure renders a molecule a competitive inhibitor, and what, if anything, makes a molecule simply innocuous. In this way you should learn what the relationship is between potential substrates and the conformation of the active site of the enzyme.
THE ENZYME REACTION
To test our model, the enzyme POLYPHENOLOXIDASE will be examined. The enzyme is found in plants (responsible for browning of freshly peeled fruit or vegetables). We will use potatoes as a source of the enzyme and will use catechol as the substrate:
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)The reaction converts catechol (a POLYPHENOL) to an OXIDized form with the aid of the enzyme (-ASE); hence the name of the enzyme is polyphenoloxidase. The ortho-quinone is rapidly polymerized into red-brown tannins that can be measured in a spectrophotometer at 500 nm. Since these subsequent reactions are relatively very rapid, the measurement of the red products at time intervals gives an immediate indication of the rate of the rate-limiting enzyme-catalyzed reaction. Since you have already used this enzyme in Cell Structure and Function course, the instructions here are greatly abbreviated. As juniors and seniors with organic chemistry experience, please validate this assumption!

A. PREPARATION OF THE ENZYME
A peeled potato will be homogenized with an equal weight of distilled water. The homogenate will be filtered through a finely-woven nylon fabric. The filtered homogenate will be used as our source of enzyme. You must keep it on ice. Why?
B. THE BASIC REACTION
You will now calibrate the enzyme assay so that the reactions will complete in a reasonable amount of time. The basic reaction mixture is: 1.5 mL distilled water, 0.5 mL of 0.1 M potassium phosphate pH 6 buffer, 0.5 mL of 0.024 M Catechol. At t=0 0.25 mL of homogenate is added and the cuvette immediately and thoroughly mixed (why? 2 reasons!). Absorbance at 500 nm is measured for 5 min. You are running this reaction to reacquaint yourself with the basic reaction and data collection techniques. Once this basic process is completed, you are ready to proceed to some investigative science.
C. TESTING STRUCTURAL ANALOGS OF CATECHOL
Your group will select (or be assigned) a family of three compounds to test. Each family shows some slight deviations from catechol. Repeat the process in B above to determine whether each compound functions as a substrate on its own or not. These tubes should contain NO catechol! Observations of colored products other than light brown means that 500 nm is not a reasonable choice for further measurement. Run a spectrum to learn which wavelength to use.
D. DETERMINING MICHAELIS-MENTEN PARAMETERS FOR CATECHOL
Now that you have been through the usual reaction process a few times, it is time to find out some kinetic properties of the enzyme. A stock solution of 0.024 M Catechol is available. Make a dilution series to produce 0.012 M, 0.006 M, 0.003 M, 0.0015 M and 0.00075 M solutions. In the end you need to have 0.5 mL in each of the six (right?) cuvettes. Are the levels in each tube the same? Add 1.5 mL of distilled water and 0.5 mL of 0.01 M potassium phosphate pH 6 buffer to each cuvette. Are the levels in each cuvette now also the same? Is each one over half-full? This ballpark checking helps avoid disasters. At t=0 for each tube, add 0.25 mL of potato homogenate, thoroughly mix, and begin absorbance measurements over 3 minutes. Use the LabQuest software to use linear regression to measure the slope of the line (ignoring any lag or plateau phase). Record the slope value as the initial reaction rate in (absorbance min-1).
Next week we will use these regression-determined initial reaction rates to plot vs the concentration of substrate to make a Michaelis-Menten plot. We will need to be sure to use the ACTUAL (in the mixture) final concentration of the compound (not the concentration in the dilution series)! These plots will prompt us to seek the Km and Vmax for our enzyme and conditions. These parameters will be determined in Excel™ by using non-linear regression analysis to find the best values statistically. We will use the correlation coefficient (r2) to help us validate our findings.
E. DETERMINING MICHAELIS-MENTEN PARAMETERS FOR ANALOGS
1. If the compound is a substrate. You should vary the concentration of the compound used in the reaction mixture. Serial dilutions come to mind. A stock solution of 0.024 M of your compound could be diluted to make 0.012 M, 0.006 M, 0.003 M, 0.0015 M, and 0.00075 M. All six (are you sure?) concentrations can be used in the reaction mixture in place of the catechol concentrations in part D above. Add only buffer and water. Absorbance should be measured over 3 minutes after adding the homogenate and thorough mixing.
Use the LabQuest software to use linear regression to measure the slope of the line (ignoring any lag or plateau phase). Record the slope value as the initial reaction rate in (absorbance min-1). On your own time, determine the Km and Vmax for this enzyme-alternate-substrate combination in Excel, and compare them to those with catechol from part D above. Does the enzyme have greater or less affinity for this analog than it does for catechol? Does the enzyme catalyze the reaction more quickly with this analog than with catechol? What does this tell you about the active site of the enzyme? How does the structure of the catechol analog possibly make these parameters different than those for catechol?
2. If the compound is not a substrate. The structure of the analog may be similar enough to the substrate, catechol, to bind at the active site, but may be structurally different enough to avoid producing colored products. Recall the enzyme-substrate complex model:
enzyme + substrate  enzyme-substrate complex  enzyme + product(s)
In the case of a structural analog of the substrate we might predict the following:
enzyme + analog  enzyme-analog complex  NO REACTION
If this model holds, then the analog may compete with catechol for the active site on the enzyme. We would then call the compound a competitive inhibitor. A competitive inhibitor alters the Km but not the Vmax for the catechol-polyphenoloxidase reaction system. You would need to know the control Vmax and Km for comparison (from part D above). Then you would repeat part D with the catechol dilutions, but include 0.25 mL of the 0.024 M solution of the potential competitive inhibitor to replace 0.25 mL of the usual amount of water in the reaction mixture in all of the cuvettes. Have the instructor verify your tube recipes. Add the homogenate at t=0 and measure absorbance as before after thorough mixing.
Use the LabQuest software to use linear regression to measure the slope of the line (ignoring any lag or plateau phase). Record the slope value as the initial reaction rate in (absorbance min-1). On your own time, determine the Km and Vmax for the system determined by non-linear regression, both in the presence and absence of the analog. How does the analog alter these two parameters in terms of best-fit? Is the compound truly a competitive inhibitor? Set the solver to vary only the Km and you set the Vmax equal to the best-fit Vmax from the catechol-only control (part D above). Is the newly solved Km greater than the control? What does r2 tell you about this new fit? What does this fact tell you about the active site of the enzyme? What is the difference in chemical structure that causes this alteration in results?
3. The compound is innocuous. The compound may not be a substrate and may not be a competitive inhibitor either. We are trying some compounds selected because they have functional groups similar to catechol; we do not know in advance what each compound can do. It is possible that the chemical structure is different enough that it is neither substrate nor competitive inhibitor. Do not despair, that result in itself is very useful in showing essential components! Remember, a rejected hypothesis is valuable! What does this compound's chemical structure have that renders it both unable to bind at the active site and also to fail to react? What does this tell you about the active site of the enzyme? What does it tell you about the mechanism of the normal reaction?

Food for Thought
1. Why did the homogenate change colors during and after its preparation (Hint: homogenization disrupts cell compartmentation)?
2. Why do unpeeled potatoes stay white inside? Why is the red color only found on the surface of a peeled potato? (Hint: polyphenols are usually stored in plant vacuoles)
3. If lettuce worked in the same way as potatoes (it does), would a salad look better longer if the leaves were cut with a sharp knife or torn with your fingers?
4. How might a cell regulate the activity of an enzyme? There are several potential mechanisms; think!
5. Is an enzyme denatured by competitive inhibitors?
6. What do the structures of substrates and competitive inhibitors tell you about the structure of the active site of polyphenoloxidase?
7. What do the structures of substrates and competitive inhibitors tell you about the location of bond stresses and possible reaction mechanisms catalyzed by polyphenoloxidase? Sketch your compounds and compare with catechol...put Organic Chem to use!
What to hand in for this week’s work:
Before you leave the classroom, be sure you have filled out all areas of the data sheet. Be sure all of your partners’ names are indicated on the data sheet. Hand in the data sheet to the instructor for sharing purposes.
This lab exercise 1994 Ross E. Koning. Permission granted for not-for-profit instructional use.
Available at: plantphys.info/plant_physiology/labdoc/enzymes.doc
