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Lab Set 3
Enzyme Kinetics



I. Introduction

As with most (if not all) biochemical reactions, the rate of enzymatically-catalyzed reactions is affected by the chemical and physical characteristics of their environment.  That is, by adding/removing cofactors/co-enzymes (modulator molecules) to the enzyme/substrate solution, or by altering the solution’s temperature, pH, substrate concentration, enzyme concentration, or salt concentration one may affect the rate at which an enzyme catalyzes a biochemical reaction.  In these exercises you will examine some of the biochemical properties of enzymes.  Specifically, you will examine how the rate of a specific reaction catalyzed by the enzyme trypsin is affected by altering the enzyme’s physical and chemical environment.  

Why are we doing this?  The answer is “For multiple reasons”.  First, we’re constantly trying to drive home the need for homeostasis.  In lecture I keep repeating that the body’s regulatory systems need to maintain a relatively constant physical and chemical composition of its internal environment.  I’ve mentioned that doing so is necessary for cell function and survival.  But, why is this?  Why do cells need to live in a certain pH, temperature, etc.  In large part, the answer is so that the proteins (including enzymes) that do the work within and of cells can function.  Without these activities, cells die.  Remember the functioning of proteins depends on their three-dimensional structure.  Thus, examining the factors affecting enzyme function is in reality an examination of some of those factors that our body’s regulatory systems need to control.  Secondly, the techniques that you’ll use in these exercises (spectrophotometry, titration and use of a pH meter, pipeting and mixing) are fundamental to physiological research.
II. Physiology Background

Remember: 

1. Enzymes are proteins which catalyze biological reactions, but are not consumed or altered by that reaction.  
2. The rate of an enzyme-catalyzed reaction depends on the formation of an ENZYME-SUBSTRATE COMPLEX, which in turn depends on the 
a. amount of substrate, 

b. amount of enzyme in the solution, and

c. characteristics of the enzyme’s active site, which, in turn are dependent on the chemical/physical characteristics of the enzyme’s environment including pH, temperature, salt concentration and the presence/absence of cofactors/coenzymes/inhibitors.   
The enzyme we will work with is trypsin 

1. In situ, Trypsin would catalyze hydrolysis of protein in the diet such that Trypsin + dietary protein  
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   E-S complex  
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   trypsin + smaller peptides.  
2. Trypsin activity is often measured by determining the rate of appearance of p-nitroaniline from a synthetic substrate L-BAPA. This product absorbs light ~385 nm and can be measured colorimetrically; that is, with a spectrophotometer.  Thus, as the enzyme catalyzes the hydrolysis of L-BAPA, more and more absorbance at 385 nm should be observed in the reaction vessel.

3. As substrate is converted to product, the absorbance within the reaction vessel increases, quickly at first, but more slowly as substrate concentration falls (see fig below)... assuming that is, that substrate concentration falls below saturation.  If it doesn’t, then what will the curve look like???
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Before you get started, it might me helpful to recall the relationships between substrate or enzyme concentration and absorbance changes/reaction rate.  To demonstrate that you grasp these concepts, please fill in the graphs below and have your TA check them over before you begin.

1. For a given concentration of enzyme, plot the change in solution absorbance (proportional to product concentration) over time. 

2. For a single concentration of substrate, plot a prediction of the change in reaction rates as changes in absorbance/min that you would predict for arbitrary enzyme concentrations of 1X, 2x, 3X, 4X, and 5X.

3. For a single concentration of enzyme, plot a prediction of the changes in reaction rate (proportional to changes in absorbance/min) against substrate concentrations of 1X, 2x, 3X, 4X, and 5X.  Assume that at a substrate concentration of 4X, the enzyme is saturated.
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Some important concepts/terms

Vmax is the maximum velocity of an enzymatically catalyzed reaction at a given concentration of enzyme, pH, temperature, etc.  At this point, the enzyme is completely saturated with substrate (i.e. the active sites are all occupied) and an increase in substrate concentration can not further increase the reaction rate.
Km is the Michaelis-Menton constant.  This value represents the substrate concentration at which 1/2 maximum velocity is attained, when all other variables are help constant.  It is important to note that there is an inverse relationship between Km and the affinity of an enzyme for a substrate.  That is, higher Km values reflect lower enzyme-substrate affinity.  Thus, in the example below, two enzymes, A and B, have the same Vmax, but enzyme A has a higher affinity (lower  Km) than does enzyme B.




NOTICE THAT THE PLOT HAS CHANGED FROM ABS OVER TIME TO ACTIVITY (VELOCITY) AGAINST SUBSTRATE CONCENTRATION

WOULD YOU BE ABLE TO OBTAIN SUCH A PLOT BY MEASUING ABSORBANCE OVER TIME FOR ONE MIXTURE OF ENZYME AND SUBSTRATE?

Lineweaver-Burk Plot: We can obtain a more precise estimate of  Vmax and Km by constructing a Lineweaver-Burk Plot.  This is done by plotting 1/reaction rate vs. 1/[S] and fitting the best straight line.   Using the data for one of the enzymes whose activity (reaction rate) is plotted above, we obtain a plot like the on shown below.  The Y intercept now equals 1/Vmax , and the X intercept equals -1/Km.  If in this example, -1/Km = -40,000, then Km = the reciprocal of this, or, 2.5 x 10-5 M. 



WHY WOULD WE WANT TO GO THROUGH ALL OF THIS TROUBLE?  IS THERE SOMETHING SPECIAL ABOUT A STRAIGHT LINE VS. A CURVE?
Exercise 1: Effect of Substrate Concentration on the Rate of an Enzymatically Catalyzed Reaction
Purpose: The purposes of this portion of the lab exercises are a) to introduce the enzyme catalyzed reaction that we will use, b) to familiarize you with the procedure for mixing enzyme and substrate, c) measuring reaction rate with the spectrophotometer

Theory
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As shown in the figure above, the spectrophotometer operates by shining light through a filter that cuts out all but a discrete wavelength.  This light then passes through a sample and ultimately to a photocell.  The photocell measures the amount of light passing though the sample relative to a “blank” or “0” reading created when the operator notifies the computer in the spec that a sample contains no color (even if it does).
Procedure
1. Set up the spectrophotometer
a. Allow the spec to warm up for a few minutes after turning it on

b. set the wavelength to 385 nm

c. choose to measure absorbance

2. The solutions you will require and the appropriate pipettes will be available at the following stations: 

a. Station 1: Substrate - Semi-Concentrated L-BAPA - stock solution of 0.001 M (43.5mg) dissolved in 5 ml dimethylsulfoxide and then diluted with buffer to 100 ml.  The BAPA solution available for student use is diluted again 10 fold with buffer to yield a final concentration of 0.0001 M.
b. Station 2: Buffer - 36.34g/3L of Tris adjusted to a pH of 8.0: 234 ml 1 N HCl.
c. Station 3: Enzyme - Trypsin solution.  
d. Note: when mixing solutions, use only pipettes labeled for use in given solution in that solution (i.e., don’t use an enzyme pipette to remove substrate from its container).  
3. For each of the following enzyme/substrate mixtures add the components to the reaction vessel (cuvette) in the order listed above (substrate 1st, then buffer, then enzyme last).  Prepare and examine one mixture at a time. Remember DO NOT ADD ENZYME UNTIL YOU ARE READY TO START MEASURING!
a. You will vary the concentration of substrate by varying the volume of substrate you mix with buffer.  For each mixture the volume of substrate + buffer + enzyme must equal 3 ml.  You will use 0.5 ml of enzyme every time.  Thus, if you are told to use 1.5 ml of substrate you will also add 1.0 ml of buffer and the aforementioned 0.5 ml of enzyme for a total of 3 ml.
	Substrate Volume
	Buffer Volume
	Enzyme Volume

	0.3 ml
	2.2 ml
	0.5 ml

	0.5 ml
	2.0 ml
	0.5 ml

	1.0 ml
	1.5 ml
	0.5 ml

	1.5 ml
	1.0 ml
	0.5 ml

	2.5 ml
	0 ml
	0.5 ml


b. IMMEDIATELY upon adding the enzyme, mix the reaction mixture by covering the top of the cuvette with a piece of parafilm, and then gently inverting 5 times.  DON’T SHAKE!  

c. IMMEDIATELY after mixing, place the cuvette in the spectrophotometer so that light passes through the clear sides and set the spec to read “0” absorbance and start timing.  Your time 0 reading is 0, continue recording absorbance every 30 seconds for the next 5 minutes.

Data and Questions

1. Convert your time increments to minutes and use Excel to plot:
a. Absorbance over time for each mixture. Obtain the formula for the best fit line between your data points.  The slope of this line represents reaction rate (abs/min)
b. Reaction rate (as abs/min) against substrate volume (lower substrate volumes = lower substrate concentrations).
c. A Lineweaver-Burke plot based on your data and the description of this plot provided above.  Your TA will be asking you to compare your Km to some hypothetical Km and to outline what these values mean in terms of the affinity of the enzyme for its substrate.
Exercise 2: Effect of Enzyme Concentration on the Rate of an Enzymatically Catalyzed Reaction
Purpose: To examine the effects of varying enzyme concentration on the rate of an enzyme catalyzed reaction.

Theory: See Exercise 1.

Procedure:

1. With the exceptions noted below, repeat the procedure outlined in exercise 1.

2. In step 3.a. use the volumes of substrate, buffer and enzyme listed below.  Whereas you previously held enzyme constant and varied the amount of substrate, here you will hold the volume of substrate constant and vary the amount of enzyme.  The volume of substrate + buffer + enzyme must still = 3.0 ml.
	Substrate Volume
	Buffer Volume
	Enzyme Volume

	2.5 ml
	0.0 ml
	0.5 ml

	2.5 ml
	0.1 ml
	0.4 ml

	2.5 ml
	0.2 ml
	0.3 ml

	2.5 ml
	0.3 ml
	0.2 ml

	2.5 ml
	0.4 ml
	0.1 ml


Data and Questions
1. Repeat the data and questions as in Exercise 1 with the exceptions noted below.

a. In step 1.b. plot reaction rate (as abs/min) against enzyme volume, rather than substrate volume.

b. Skip step 1.c.

2. Which mixture reaches its maximum reaction rate first?  Why?

3. Why does the reaction rate change with enzyme concentration?

Exercise 3: Your Choice
Purpose: To exercise your critical thinking and scientific skills.
Theory: See Exercise 1, any textbook on the philosophy and theory of higher education.

Procedure: 

· Design and carry out an experiment to test the effects of salt concentration or pH on the activity of trypsin.

· Your TA can provide Buffer and substrate solutions of varying pH and salt content.

Data and Questions - For your experiment, turn in:
1. Purpose and Hypothesis

2. Procedure

3. Analyzed data including a plot of reaction rate against pH or salt concentration.

4. Conclusions: what effect does pH/salt concentration have on reaction rate?
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