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Part A: Multiple Choice (18 pts, 2 pts each)
1. Once a ligand dissociation constant (KD) has been determined it is possible to calculate

a) the ligand binding constant (Ka). ������

b) the ∆Go for the binding interaction. ������

c) the concentration of ligand required for half-maximal occupancy. ������
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2. In both hemoglobin and myoglobin the oxygen is bound to.

a) the nitrogen atoms on the heme.
b) polar pocket in the protein.
c) histidine residues in the protein.
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3. A protein that binds two ligands in a non-cooperative manner will:
�����
���������
	���������������

b) show a curved Scatchard Plot
c) show a curved Hill Plot.
d) show a sigmodial binding curve

4. The active site of an enzyme differs from an antibody-antigen binding site in that the
enzyme active site

a) contains modified amino acids.
�������	������������	������
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c) is complementary to a specific ligand.
d) contains amino acids without sidechains.

5. The steady-state assumption implies
a) ligands bind to their sites in a continuous fashion.
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c) the concentration of substrate remains constant during the reaction.(+1 pt)
���%
���������������
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6. A feature in common among all serine proteases is:
a) a hydrophobic specificity pocket.
b) a pair of reactive aspartic acid residues.
c) a cluster of reactive serine residues.
���������	�������������������

7. The major problem in the use of drugs to treat HIV infections is:
a) There are no problems, HIV is completely controlled by existing drugs.
b) Drugs that are good inhibitors cannot by synthesized.
c) The drugs are rapidly degraded.
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8. During any purification scheme, you would expect
a) the number of different proteins in the sample to decrease.
����������������������������������������$������

c) that the amount of target protein decreases.
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9. An enzyme that produces ethanol from acetaldehyde is being purified from a complex mixture of proteins.
What would be the best way to determine the location of this protein during the purification scheme?

a)UV absorption of fractions.
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d)Mass spectroscopy of fractions.

  A: _____/18

  B1:_____/12

  B2:_____/14

  B3:_____/10

  B4:_____/14

   C:_____/16

   D:_____/16

Tot:_____/100
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Part B: Short Answer.

B1. (12 pts) Please do one of the following two choices:

Choice A: Briefly explain the concept of transition state stabilization in enzyme catalysis.  Your answer should
include a discussion of enthalphic versus entropic effects.  Provide an example for one of these effects.
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Choice B:  Select either serine proteases or HIV protease and briefly discuss the role of important residues in
the cleavage of the peptide bond. If you select serine proteases, you need not give the entire reaction
mechanism to complete this question.

'��
���(�����	��

!������������
����
���

• '���#�������
������������
�������������	�����)*+��,-���	�

• %
	#����
 ���	�����'���������������
���
���-���	�

• .	�#�'���
�
��	�����,���������������%
	�����	�
��
�������
�
���
���������
 ��
����������'�����,-

��	�

%!/�(�����	��

• ����.	����	
���	�
���������
 ��	
����,-���	������������
	���������������,0�����������
	

������������,0�

• +���.	�����
 ���	��������	�������������
����,1����	

• +�����.	��������	������������������������,0����	�



3

B2. (14 pts ) Using hemoglobin, or any other suitable protein as an example, provide a brief summary of the role
of allosteric effects in the control of biological systems.  Your answer should include a discussion of relaxed
and tense states, and the importance of these terms.  Illustrate your answer by selecting one of the following
three molecules: O2, H

+, or bisphosphoglycerate, and discuss its role in the regulation of oxygen transport in
hemoglobin.
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B3. (10 pts) Do ONE of the following two choices (The second choice is on the following page.).

Choice A: You wish to separate the following two proteins from each other, which type of column
chromatography would you use? ( 2 pts) How would you elute the proteins off of the column? (2 pts) Briefly
explain why the separation would occur (6 pts).

                Protein A:   isoelectric pH = 7.0.                                 Protein B:  isoelectric pH = 5.0.
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Choice B: You are trying to determine the quaternary structure of a protein. You mix the unknown protein with
two molecular weight standards. The size of the standards are 10 and 40 kDa.  The elution profile from the gel
filtration column is shown to the left.  An image of the SDS gel is also shown to the right.

i) Determine the quaturnary structure of the protein using these data. Please justify your answer. A table of logs
is provided on the face page.
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ii) Do the above experiments give you any information regarding disulfide bonds in this protein? Why?
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B4. (14 pts) Enzyme Inhibitors

i) Compare and contrast a competitive inhibitor to a non-competitive inhibitor. You answer should include:

• A discussion of the location of the inhibitor binding site. (4 pts)

• How and why the inhibitor affects the enzyme kinetics (i.e. changes KM or kCAT, or both. ). (4 pts)

• How to distinguish each type of inhibitor using a double reciprocal plot. (2 pts)
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ii) An enzyme catalyzes the following reaction:

Which of the following compounds, A or B, would likely be a competitive inhibitor and which would be a
non-competitive inhibitor of the enzyme?  Briefly justify your answer (4 pts)
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Part C: Oxygen Transport
There are a large number of genetic alterations in the
human hemoglobin gene that result in a change in the
oxygen binding properties.   The Hill plot for myoglobin,
normal hemoglobin, and a mutant hemoglobin are shown in
the diagram to the right.
i) Determine the Hill coefficient and KD for the mutant
hemoglobin. Please describe your approach (4 pts).
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iii) On the basis of this Hill plot, sketch the oxygen binding curves for the mutant hemoglobin. The oxygen
binding curves for myoglobin and hemoglobin are shown on the graph below.  Draw the curves as accurately
as possible, reflecting the KD values as well as the degree of cooperativity.
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vi) Using your sketch from part iii, briefly discuss whether this mutant hemoglobin would be more or less
efficient at delivering oxygen to the tissues. You can assume that the concentration of oxygen in the lungs is
50 µM and that in the tissues is 10 µM (4 pts).
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Part D:

Choice A:

An antibody that is used clinically to treat cocaine (left structure) overdose binds
cocaine with a KD of 1 µµµµM.  The binding of a modified cocaine (cocaine-amide,
right structure) to this antibody were tested using equilibrium dialysis.  To do this
experiment Fab fragment at a concentration of 1µµµµM was placed in the dialysis bag
and different amounts of cocaine-amine were placed in the solution outside of the
dialysis bag.  After equilibrium was reached, the concentration of cocaine-amine
inside and outside the dialysis bag was measured, giving the following values:

Experiment Number [Cocaine-amine]
Outside

[Cocaine-
amine] Inside

1 1.0 µM 1.10 µM
2 10 µM 10.5 µM

i) Calculate the fractional saturation for each of the data points (2 pts).

���������
�����	������
���
	��:*D@HEG�D@E,D@HE��

D@HE�
	����������������"��		��
�����
�	
��������
��	
	������D@E,D@HE�*D@�E����
���
	�0�µ@������������

6"���
�����0��D@HE*0�0#0�=�*�=�0�µ@
:*=�0G0�=�*�=�0����
���		�

6"���
�����2��D@HE*0=�1#0=�=�*�=�1�µ@
:*=�1G0�=�*�=�1

ii) Determine the KD for the binding of cocaine-amine to the antibody.
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iii) Based on your answer to part ii, does cocaine-amine bind more tightly, or weaker, to the antibody?
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iv) How might you modify the structure of the antibody to enhance the binding to cocaine-amine and reduce
binding to cocaine?
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Choice B:
The drawing to the right shows an HIV protease inhibitor. Val82 is
a residue from the enzyme (HIV protease).   The KI for this
inhibitor is 1 nM.  A mutant HIV protease has arisen in an infected
individual and inhibitor A and inhibitor B were tested to see which
one would be the better drug to treat this patient.  Initial velocity
data was acquired as a function of substrate in the absence of
inhibitor, or in the presence of 5 nM of inhibitor A, or in the
presence of 5 nM of inhibitor B.  These data were plotted on the
double reciprocal plot shown to the right. The equation for each line
are given on the chart. Please answer the following questions.

i) Obtain the KI for each drug. Please show your work.
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ii) Why are the KI' values meaningless for these drugs.
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iii) Which inhibitor binds to HIV protease more
tightly? Justify your answer using your KI values.
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iv) On the basis of your KI data, and the structures
of the two drugs, provide a plausible suggestion
for the amino acid side chain that has replaced
Val82 in the enzyme.
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