Fall 2007

CHEM6101/8101

HOMEWORK NUMBER 8

Review for Enzymes Chap. 11  of Matthews and Van Holde 

For those who wish to work more problems, recommended textbook end of chapter questions for Chapter #8, 9, 12-18, 20, 22 and 23. 
1. The mechanism of chymotrypsin illustrates several of the factors that are believed to contribute to the rate acceleration obtained by enzymes. Describe each of the following aspects of the chymotrypsin mechanism.

(a) A reaction model that shows ping-pong kinetics. (i.e., identify the components of the ping-pong mechanism, pp. 381-2.

(b) Acid-base catalysis mediated through a “catalytic triad”. Describe how the triad assists in the formation of a covalently bound intermediate.

(c) Substrate specificity provided by the nature of the substrate-binding site. (Explain how chymotrypsin differs from trypsin in the binding site).

2. The kinetics of an enzyme are measured as a function of substrate concentration in the presence and absence of 2 mM inhibitor (I).  

	[S] (M
	Velocity ((moles/min)

No inhibitor                 Plus Inhibitor

	3
	10.4
	4.1

	5
	14.5
	6.4

	10
	22.5
	11.3

	30
	33.8
	22.6

	90
	40.5
	33.8


(a) What are the values of Vmax and KM in the absence of inhibitor? In its presence?

(b) What type of inhibition is this?

(c) What is the KI of this inhibitor? It’s binding constant?

(d) If [S] = 30 (M,  what fraction of the enzyme molecule have a bound substrate in the presence and absence of 2 mM inhibitor?

3.  You are a research scientist studying a novel enzyme X, and you want to characterize this new enzyme. You measure the velocity of the  reaction with different substrate concentrations and get the following data: 

                  [substrate] (mM)         Initial Velocity (mmol/min)

---------------------------------------------------------------------

3.0                            10.4

5.0                            14.5

10.0                            22.5

30.0                            33.8

90.0                            40.5

a) Graph the above data. From the graph, estimate KM                                     

b) Calculate Vmax. Show any equations and calculations.

c) Is X an allosteric enzyme? Explain.                                                     

d) You decide to do this experiment again, but this time with only one third of the enzyme X concentration used in the first experiment.

Draw a new graph on the same graph that you did the first graph on. Estimate Km and Vmax from the new graph. 

4.   Five reaction mixtures containing 10 x 10-9 M of an enzyme are made up with five different substrate concentrations and the initial rates of the reactions were measured: 
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          a) Determine Km and Vmax, using a Lineweaver-Burke plot.

          b) Suppose the experiment were repeated with five times the amount of enzyme. How would Km and Vmax be affected?

c)  A poison is added to the reaction mixture that is known to bind the enzyme at a site different from where the substrate binds. The poison and the substrate can bind the enzyme simultaneously but the poison prevents the formation of product. Qualitatively, how does the poison affect Km and Vmax?

5.  Lactose is a disaccharide found in milk. Although in the United States we are told that milk, it does a body good, many adults throughout the world get sick from drinking milk because they cannot digest lactose. Lactose intolerance varies markedly among various human populations.

     (For example, only about 3% of people of Danish descent are lactose intolerant, compared with 97% of people of Thai descent.) When someone who is lactose intolerant ingests milk, the lactose accumulates in the lumen of the small intestine because there is no mechanism for uptake of the disaccharide. This causes abdominal distension, cramping, and watery diarrhea. 

          Adults who can drink milk can do so because of the enzyme lactase which is located on the outer surface of epithelial cells lining the small intestine. Lactase hydrolyzes lactose into its two component monosaccharides, glucose and galactose. Both glucose and galactose can cross the epithelial cells, and therefore do not cause illness. 

          You decide to study lactase further, and see whether it can also cleave other common disaccharides, such as maltose. (Maltose =  glucose + glucose.) You find that maltose is NOT cleaved by lactase, and furthermore, maltose appears to have some kind of inhibitory effect on lactase's ability to cleave lactose. 

a) Is maltose a more likely candidate for competitive or noncompetitive inhibition of lactase? Explain.               

b)  In order to confirm your hypothesis in part (d), you quantitatively study the kinetics of lactase with lactose alone, and in the presence of  both lactose and maltose. You measure the initial velocity of the reaction (rate at which lactose is cleaved) at varying concentrations of substrate. The data is given below. 

            [Lactose] moles/liter                   Velocity  (moles/min)

          ------------------------------------------------------------------            

                                                 lactose only   with maltose

          ------------------------------------------------------------------

            0.3 x 10-5                              10.4          4.1

            0.5 x 10-5                              14.5          6.4

            1.0 x 10-5                              22.5          11.3

            3.0 x 10-5                              33.8          22.6

            9.0 x 10-5                              40.5          33

c) Graph 1/V vs. 1/[S] for lactase both with and without maltose. Does your graph confirm or contradict your prediction in part (d)? Why or why not? 
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