Biochemistry Homework problems.
Distributed March 2, 2007. Bring to class to hand in at 1 PM Friday March 9

Cooperation and discussion are encouraged on this assignment, but work submitted should represent your own thoughts and understanding.

1. The protein avidin, found in egg white, bind the vitamin biotin with an association constant (Keq) of 1 x 1015. Estimate the free energy change for this binding interaction.

2. One phrase sometimes used in biochemistry is that “hemoglobin is 4 myoglobins stuck together.” In what ways is this statement true? In what ways is it false or misleading?

3. The following information is known about an enzyme: It has a molecular weight of 100 Kd. It coverts 50 (g/ml of a substrate S (molecular weight of 100 g/mol) to the product per minute at an enzyme concentration of 5 (g/ml. Find the following values for this enzyme. Unless otherwise stated, one unit of enzyme activity is defined as conversion of 1 (mole S per second.
a. The specific activity of this enzyme in (moles substrate converted per minute per mg of enzyme. 

b. A unit more consistent with normal SI dimensions has also been created. The katal (kat) is defined as the enzyme activity that converts one mole of substrate per second. What is the equivalent katal value for the common unit of (mole S converted per second?

c. How many mg of this enzyme are in one unit?

d. What is the turnover number of this enzyme (in reactions per enzyme molecule per second)?

e. What is the average time for one catalytic cycle of this enzyme, in seconds?

4. A number of alcohols are metabolized by first being converted to the corresponding aldehyde by liver alcohol dehydrogenase (LAD). The toxic effects of methanol are due to its conversion to formaldehyde by this enzyme. A common first step in treatment is to administer ethanol as a competitive inhibitor. This buys time so that the kidney or dialysis can remove the methanol from the blood stream. For this problem, consider an individual who has consumed 100 ml of methanol, a potentially lethal dose. How much 100 proof whiskey (50 % ethanol by volume) would be needed for a dose that would reduce the activity of LAD on methanol to 5 % of its original value? 

Some possibly useful information: The patient has about 40 l of aqueous solution total, and alcohols are mixed rapidly and uniformly in this volume. The densities of both alcohols are 0.79 g/ml. Assume that the Km value for methanol is 0.01 M, and that for ethanol is 0.001 M. Use the Km value for ethanol as a value for the KI value for ethanol when measuring methanol as the substrate.

For unit masters- Convert the volumes into more common non-SI units, such as fluid ounces.

5. You are examining a fish that lives in a very low oxygen environment. In what would you expect to see its Hb oxygen affinity curve altered compared with that of a fish that lived in a highly oxygenated environment?

6. The enzyme lactate dehydrogenase is present in many tissues. This enzyme catalyzes the following oxidation-reduction reaction:

L-lactate + NAD+ ( pyruvate + NADH + H+

The enzyme is isolated from heart and liver extracts from the same organism. After extensive dialysis to remove small molecules, the Michaelis-Menten values for the enzyme in both extracts are determined and summarized below.

	
	Km for lactate (mM)
	Vmax (nmol/min)

	Liver extract
	14
	99

	Heart extract
	8
	81


a. What do these values suggest about the enzyme in these two tissues?

b. At the molecular level, what are at least two different models for how these differences could arise? Design an experiment that would help distinguish between your possible models. (I can think of at least 4 possibilities.)

c. Why was the dialysis step important in examining these differences?

7. The myoglobin isolated from an animal has a Kd for oxygen of 5 mm Hg. 

a. What is the saturation of oxygen binding sites when the oxygen partial pressure is 25 mm Hg?

b. What is the saturation of this myoglobin when the oxygen partial pressure is 2.5 torr?

c. If the myoglobin is taken from environment a to environment b, what percentage of bound oxygen molecules would be released? How many oxygen molecules would be released per mole of myoglobin?

d. At what oxygen partial pressure would this myoglobin be 95 % saturated
