Biochem 415
Exam 1

2/08/06

	Problem Number
	Points Possible
	Points Obtained

	1
	24
	

	2
	14
	

	3
	12
	

	4
	22
	

	5
	16
	

	6
	12
	

	Total
	100
	


1. (26 pts) Match the following cofactors with the proper enzymatic processes.  The cofactors may be used more than once and each process may have more than one cofactor.

If indicated, list the enzyme involved in the process.

A. NADP/NADPH
B. FAD/FADH2
G. lipoic acid

C. NAD/NADH

D. Cobalamine


E. Biotin


F. TPP
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Pyruvate

oxaloacetate    Enzyme: pyruvate carboxylase
C,B -oxidation of saturated fatty acids
 (even chain)
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 6-phosphoglucolactone (1st step of pentose phosphate pathway.)
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Lactate dehydrogenase

2. (14pts) For some bizarre reason, you decide to exist on an extreme Atkins diet that consists of eating whale and seal blubber (almost entirely fat) exclusively.

A) How would lack of carbohydrates affect your ability to utilize fats?

You would not be able to replenish the Krebs cycle because you would need pyruvate to be able to replenish the amount of oxaloacetate. Therefore the citric acid cycle would slow.

B) What will your breath smell like?  Draw a second molecule that would be found in high concentrations in your blood. Acetone
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C) A friend suggests that in addition to the whale and seal blubber you consume a healthy dose of odd-chain fatty acids.  Is this a good idea? Why or why not?

Yes, the odd-chain fatty acids break down to acetyl CoA, and a small amount of propionate.  The propionate can be converted to succinyl CoA (through a carboxylase to get methyl malonyl CoA, then a mutase converts it to succinyl CoA).  The ultimately can lead to the production of glucose (through oxaloacetate and gluconeogenesis).

3. (12pts) There are a few enzymes (pyruvate dehydrogenase, citrate synthase, isocitrate dehydrogenase and the -ketoglutarate dehydrogenase complex) that regulate the flux through the Krebs cycle.

A) Give one (and only one!) reason why it makes sense that these enzymes would be regulated. (Hint: What types of enzymatic steps, in general, are regulated?)

Steps that are regulated are typically those “irreversible” steps (one with a large negative Gº´); all of these steps have a large negative Gº´

B) Which of these enzymes is the main control point for the Krebs cycle?  Why does this make sense?

Pyruvate dehydrogenase complex-it converts pyruvate to acetyl CoA.  Once pyruvate is converted to acetyl CoA, it is committed either to proceed through the Krebs cycle, or make ketone bodies, or fatty acids.  It cannot be used to make glucose.

4. There are many glycogen storage diseases that are caused by defects in the enzymes involved in glycogen metabolism.  A number of biochemical tests can be carried out to identify the type of defect that is caused the glycogen storage disease.

Consider the following case:

A patient has an inability to perform strenuous exercise, but is normal if at rest or performing light exercise.  A fasting glucose test shows that the patient has normal blood sugar levels.  

A) You decide to test the patient’s response to an injection of glucagon.  After looking at the blood tests, you see that the patient’s response to an injection of glucagon is normal.  What do you see in the blood test?  Explain, at the level of the enzyme, what glucagon is regulating and how the enzyme is altered.

You would see the glucose level increase.  Glucagon (through a hormonal cascade) activates liver glycogen phosphorylase.  The phosphorylase is phosphorylated and converted to the “a” form. This leads to the breakdown of glycogen in the liver, increasing the blood sugar levels.

Next, you have the patient exercise for as long as possible.  Blood is withdrawn from the patient every few minutes and the lactate concentration of the blood is compared to a control sample of a patient who does not suffer from the disease.  The results are graphed below. (Control patient has increase in lactate, other patient does not.)

B) Why does the lactate concentration increase in the control? 

The muscles probably do not have enough oxygen to carry out aerobic respiration, so they are doing anaerobic respiration converting pyruvate (the end product of glycolysis) to lactate in order to regenerate NAD to keep the glycolysis working.

C) What will happen to this lactate in blood?

The lactate will be “recycled” in the liver.  It will be used for gluconeogenesis to make more sugar.  The sugar can then return to the muscles via the blood stream (the Cori cycle).

D) Why is there no corresponding lactate concentration increase in the patient?  What enzyme is probably defective in the patient?

Since the patient is not able to perform heavy exercise, he/she is probably not breaking down muscle glycogen.  Hence, there is little glycolysis occurring in the muscle (can only get the sugar that is from the blood for glycolysis).  The defect probably is in the muscle isozyme of glycogen phosphorylase.

5. When blood glucose levels are high, insulin is secreted and the glycolytic pathway is controlled in a variety of ways.  Mark the following statements about glycolysis/gluconeogenesis under high glucose levels true or false. Briefly explain your reasoning.

a)Dephosphorylation of the bifunctional enzyme phosphofructokinase-2 and fructose bisphosphatase-2 occurs.

True, dephosphorylation of this protein causes the PFK-2 enzyme to be active.  This increases the amount of 2,6 fructose bisphosphate, activate PFK-1 (and therefore activating glycolysis)

b) Phosphorylation of phosphofructokinase-1 occurs.

False (this is a trick question). PFK-1 is not regulated by phosphorylation.

c) Phosphofructokinase-1 is inhibited.

False.  PFK-1 would be activated.  Insulin is a signal that there is high glucose levels; the glucose can be used in glycolysis.

d) Gluconeogenesis is slowed. 

True.  Gluconeogeneis should be slowed because with high glucose levels, you would not need to make more glucose.

6.  (12pts) Fatty acid synthesis and fatty acid breakdown occur by similar pathways.  List four ways in which the synthetic and breakdown pathways differ.

FA synthesis




FA breakdown

Where?
Cytosol




Mitochondrial matrix

Start/end
3 –carbon unit



2 carbon unit

Carrier

ACP





CoA

Cofactor
NADPH




NAD+, FAD

