Biochemistry Workshop 2 Due Tuesday May 1 at Noon, Jim’s office or mailbox
Same guidelines as first problem set.

1. The following experiment helped localize the enzyme glucose-6-phosphatase in liver cells. Five g of rat liver was homogenized in 50 ml of 0.25 M sucrose. A small amount of the homogenate was saved for later analysis. The mixture was separated into subcellular fractions by centrifugation. After purification, each fraction was brought to a known volume. The protein concentration of each fraction was determined. The enzymatic activity of each fraction was determined by incubating a known volume of the extract with 10 mM glucose-6-phosphate and buffer at 37 C in a final volume of 5 ml. At 5 minute intervals, 0.5 ml samples were removed from the reaction and the amount of inorganic phosphate present was determined. The results are summarized in Table 1 below.

a. What does this enzyme do? In what metabolic pathways is it important?

b. From the information in Table 1, what conclusions can be drawn about the location of glucose-6-phosphatase in liver cells?

c. By a completely different experimental strategy, design an experiment to confirm you predicted localization of this enzyme.

(Some useful things to consider in b. Define a unit of activity and determine how much activity (in units/ml and total units) are present in each cell compartment. How much of the original activity, from the whole homogenate, is present in each compartment? What is the specific activity (units/mg protein) of each compartment? Was much enzymatic activity lost during this fractionation?)

Table I.

	Fraction
	Homogenate
	Nuclei
	Mitochondria
	Microsomes

	Cytoplasm

	Total Volume (ml.)
	50
	10
	10
	5
	75

	Protein (mg/ml)
	24
	35
	49
	31
	2.2

	Volume used for enzyme assay (ml.)
	0.5
	0.5
	0.5
	0.05
	1.0

	Time of enzyme reaction (min)
	Amount of inorganic phosphate released (μg)

	0
	1.0
	1.0
	2.5
	0
	2

	5
	24
	7.5
	21
	18
	3

	10
	47
	13.5
	40
	30
	3.5

	15
	71
	21
	56
	46
	4.5

	20
	92
	28
	78
	64
	4.5


2. The UV spectra of NAD+ and NADH are very different: NADH has a large absorbance at 340 nm, while NAD+ has virtually no absorbance at this wavelength. This difference is often used as a way to monitor enzyme reactions. The molar absorbtivity of NADH at 340 nm is 6.22 x 103 mol-1cm-1. This would be the value for ε in the Beer-Lambert relationship: A=clε, where A is absorbance, c is concentration, l is pathlength of the cuvette, and ε is a proportionality constant.

a. Assume a solution of NADH in a 1 cm cuvette has an A340 of 1.2. What is the concentration of NADH in this solution?

b. To the solution in 2a you add lactate dehydrogenase and pyruvate. After 2 minutes, the value of A340 had decreased to 0.3. How has the concentration of NADH changed? What product was made? If the total solution volume was 3 .0 ml, how many moles of NADH were consumed in the reaction?

c. If a unit of lactate dehydrogenase is define as the amount that converts 1 μmole of substrate into product per minute, how many units of lactate dehydrogenase were added to the solution in 2b?

d. Sometimes we would like to monitor a reaction for which there is no direct way to observe the products or reactants. A solution to this is to use a coupled enzyme reaction assay. For example, you could measure the rate of the phosphate transfer catalyzed by a kinase such as protein kinase A. The following assay mixture would allow this measurement. The cuvette contains kinase A and its substrate with ATP and Mg2+. It also contains phosphoenolpyruvate, pyruvate kinase, lactate dehydrogenase, and NADH. Write the equations for the reactions that would occur in this cuvette and explain how observation of NADH/NAD+ conversion allows you to measure the rate of kinase activity. 

3. The energy content of carbohydrates is about 4.1 kcal/g, and that of ethanol about 7 kcal/g. Consider a yeast fermenting glucose to ethanol. How much of the energy contained in the glucose is removed in this process? What percentage of the original energy in still present in the product glucose.

4. a. Given two different amino acids, say G and T, how many dipeptides can you make? Is this the same answer as if you were given two nucleotides and asked to make a nucleotide sequence?

b. You are given a galactose and a glucose molecule. Assuming only the pyranose forms are important, how many disaccharides can be formed?

c. For your answers to b:

i. Give an example that would be hydrolyzed by (-galactosidase.

ii. Give an example that would be hydrolyzed by an (-glucosidase.

iii. Give an example of a reducing sugar.

iv. Give an example of a non-reducing sugar.
5. Describe how an increase in internal calcium ion concentration would influence the energy metabolism of both a muscle and a liver cell. What common factors would trigger an increase in cytoplasmic calcium in these cells?

� Microsomes commonly refer to small membrane bound vesicles derived from the endoplasmic reticulum of the cell.





