Biochem 414
Final Exam

12/15/05

	Problem Number
	Points Possible
	Points Obtained

	1
	22
	

	2
	28
	

	3
	25
	

	4
	35
	

	5
	18
	

	6
	10
	

	7
	15
	

	8
	10
	

	9
	37
	

	Total
	200
	


Constants necessary for the calculations:


F (Faraday constant)= 96.48 kJ/V•mol 


R (gas constant)=8.314 J/K•mol 



T(K)= T(C() + 273.15

1. (22pts) A recently discovered bacterium carries out ATP synthesis coupled to the flow of electrons through a chain of carriers to some electron acceptor.  The components of its electron transfer chain differ from those found in mitochondria; they are listed below with their standard reduction potentials.

Electron carriers in the newly discovered bacterium:

———————————————————————————————————————————————————————————————————

                                           Electrons          E'°

Oxidant                Reductdant          transferred        (V)

———————————————————————————————————————————————————————————————————

NAD+                    NADH                   2            —0.32

flavoprotein b (FPb)    flavoprotein b         2            —0.62

 (oxidized)              (reduced)

cytochrome c (Fe3+)      cytochrome c (Fe2+)    1            +0.22

Fe-S protein            Fe-S protein           2            +0.75

 (oxidized)              (reduced)

flavoprotein a (FPa)    flavoprotein a         2            +0.67

 (oxidized)              (reduced)

———————————————————————————————————————————————————————————————————

A) (5 pts) Place the electron carriers in the order in which they are most likely to act in carrying electrons.  

B)  (5 pts) Is it likely that O2 (for which E'° = 0.82 V) is the final electron acceptor in this organism?  Why or why not?  

C) (12pts) Theoretically, what is the maximum number of ATPs that could be generated from pair of electrons being transferred from the 1st through the 3rd carrier of the chain (from your part A)?  ∆G'° for ATP synthesis is +30.5 kJ/mol. (Other constants are on the front page of the exam.)

2. [image: image3..pict]Identify the following molecules. (4pts each)
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3. (25 pts) Many experiments are done on submitochrondrial particles, inner mitochondrial membranes that have the opposite orientation from what is found in the mitochondrion (see drawing below, with ATP synthase shown).  This membrane also contains all the components of the electron transport chain and other proteins found in the mitochondrial membrane.





A) (10pts) What do you expect would happen if you put these particles with intact ATP synthase in a buffer that contained ATP and no oxidizable substrate? 

B) (10pts) The treatment of submitochrondrial particles with urea removes the F1 subunits, but leaves the Fo subunits and the electron transport chain intact. When these particles are incubated in air with an oxidizable substrate (like succinate and/or NADH) and calcium ions, the concentration of calcium inside the particles becomes greater than the Ca2+ concentration outside. Speculate how this could happen.

C) (5 pts) If cyanide is added to the particles in B, the Ca2+ concentration inside and outside becomes the same.  Why?

4. Diabetics lack the hormone insulin.  Insulin stimulates the uptake of glucose from the blood into the tissues. Diabetes is treated by replacing the missing insulin. Insulin consists of two polypeptide chains, A (21 amino acids long) and B (30 amino acids long) that are linked via two disulfide bridges. Insulin is secreted as proinsulin, a zymogen with 83 amino acids, which is cleaved to form insulin. Insulins from various animals are similar to but not identical to human insulin (see table).  Prior to the development of recombinant DNA technology, animal sources were used to provide insulin for diabetics.

	Position of

 amino acid
	A8
	A9
	A10
	B1
	B2
	B27
	B30

	Human
	Thr
	Ser
	Ile
	Phe
	Val
	Thr
	Thr

	Cow
	Ala
	Ser
	Val
	Phe
	Val
	Thr
	Ala

	Pig
	Thr
	Ser
	Ile
	Phe
	Val
	Thr
	Ala

	Horse
	Thr
	Gly
	Ile
	Phe
	Val
	Thr
	Ala

	Chicken
	His
	Asn
	Thr
	Ala
	Ala
	Ser
	Ala

	Duck
	Glu
	Asn
	Pro
	Ala
	Ala
	Ser
	Thr


(All other amino acid residues are the same.)

A. (5pts)Which animal would serve as the best source of insulin?  Briefly justify your answer.

B. (5pts) In the treatment of diabetes, insulin is given intravenously.  Why can't this hormone be taken orally?

C. (10pts)A denaturation/renaturation experiment, similar to the one carried out by Anfinsen on ribonuclease in which SDS and -mercaptoethanol are added and then removed, was carried out using insulin.  What would you expect to see?  (Would the results be the same as was seen with ribonuclease?)  What would you expect to see if you repeated the experiment with proinsulin? Explain your predictions.

D. (15pts) The human insulin gene has been cloned into a typical bacterial expression vector. Briefly outline how a bacterial expression vector for insulin could be created and how you would incorporate it into the bacteria.  (Include enzymes necessary to create the vector.)  How do you select for bacteria with the vector? How would you use this system to produce a large amount of insulin?

5. (18 pts) Define and explain the significance of three of the following terms/substances in the boxes provided below.

Transition state analog

Hypochromic effect in DNA

2,3 bisphosphoglycerate (BPG)

Affinity tag

Western blot



6. 6. (10 pts)  Coenzyme Q can be selectively removed from mitochondria using lipid solvents.  If these mitochodria are then incubated in the presence of oxygen with an electon donor than is capable of reducing NAD+, what will be the redox state of each of the carriers (complexes) in the electron transport chain?

7. (15pt) a) What is the pH of a 0.025 M solution of Tris base?  (pKa of Tris=8.30)

 b) If 40 mL of 0.05 M Tris acid and 10 mL of 0.2 M Tris base are combined, what is the pH of the solution?

8.  (10pts) A) What is the ratio of [S] to Km when the velocity of an enzyme catalyzed reaction is 75% of Vmax? (Assume Michaelis-Menton kinetics) Please show your work.

B) How would this ratio apparently change in the presence of a competitive inhibitor? Explain.

9. Phosphofructokinase (PFK), an enzyme of the glycolysis, exists as different isozymes in different tissues.  Isozyme A (MW=84000) is found in the muscle and the brain, isozyme B (MW= 80000) is found in the liver and the brain, and isozyme C (MW=86000) is found in the brain.  Because all three isozymes exist in the brain and there isn’t a location where isozyme C is found exclusively, this isozyme has been difficult to purify. The following steps were taken to purify the isozyme.

A) (5pts) Rabbit brain tissue was homogenized and centrifuged to remove insoluble material.  In the first step of the purification, the supernatant was bound ATP-Sepharose column (an affinity column with ATP bound), the column washed, and then the protein was eluted.  The overwhelming majority of the protein was the PFK isozymes.  Briefly state why this sort of affinity column could be used to purify phosphofructokinase.

B) Next, the fractions from the affinity column that contained PFK were applied to a DEAE-sephadex (anion exchange) column.  The column was equilibrated at pH=8.2.  The column was eluted with a salt gradient and fractions were collected.  The PFK activity of the fractions was analyzed, the fractions were pooled and SDS PAGE gels of the fractions were run.  The results are shown below.








  SDS Page gel










   Marker      before    fractions  fractions  fractions   fractions





      column       15-20     21-25     26-29     30-35       

(6 pts) From this information from the activity profile and the gel, what isozymes of PFK are the two large peaks of the activity profile?

First peak:

Second peak:

(5pts) If you are performing assays on PFK C, which fractions would you choose to do enzyme activity assays with?

(8pts) From the data, predict how the pI (isoelectric point) of PFK A, PFK B, and PFK C vary.

C) Suppose that an allosteric modulator (Q) of PFK-C is added to the enzyme catalyzed reaction.  The following results are obtained as presented in a Lineweaver-Burke plot below.






1/[S]

 (10 pts) What type of modulator is Q? Would you expect Q to combine with the enzyme, the enzyme-substrate complex or both?

(3pts) Based on what you know about PFK and glycolysis, propose what Q could be.
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outside





Higher [Q]





1/v





Lower [Q]
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68





43











