NAME KEY
MMBB 380 - Fall 2007

EXAM 2 - Partl
You may use a calculator for this portion of the test.
R =8.314 J K'mol™ RT In (x) = 5700 J/mol log (x) In (x) = 2.30 log (X)
(20,000 pts)
1. Assume a Michaelis-Menten enzyme catalyzes the reaction: glucose = fructose

You set up an enzymatic assay and determine that Ky, = 44 UM & the Ve = 44 pmol sec™.

The molecular mass of the enzyme is 44,000 Da.
(10,000 pts)

a) If you begin the assay with [fructose] = 0.00 UM, what concentration of glucose will
produce an initial rate (v) of 440 pmol min™?
v = 440 pumol/min (min/60 sec) = 7.33 pmol/sec
V= MﬁXﬁ V/Vmax = [S]/(KM + [S])
Kwm + [S]

7.33 pmol/sec/(44 pumol/sec) = 0.167 = [S]/(Kw + [S])
0.167 Ky + 0.167 [S] = [S]
0.167 (44 uM) = 7.33 WM = (1.00-0.167) [S] = 0.833 [S]

[S] = 7.33 uM/0.833 = 8.80 pM

(10,000 pts)

b) You determine that 5.00 ug of the enzyme was present in the above assays. Determine the
K.at OF this enzyme.

44 pmol/sec = 8.8 umol rxn sec’ mg™ = 8.8 x 10° mol rxn sec™ pg™
5.00 pg

5.00 pg 19 =1.14 x 10" mol in a mg of enzyme
(44,000 g/mol) (10° pg)

Keat = Vimax/[E1] = 8.8 x 10° mol rxn sec™ = 77,400 sec™
1.14 x 10™*° mol




(10,000 pts)
2. Glucose-6-phosphate is readily converted to vandalose-6-phosphate.

glucose-6-phosphate = vandalose-6-phosphate AG®” = +30.0 J/mol

a. You make a pure solution of 100.0 mM glucose-6-phosphate and then add a trace amount of
phosphohexose isomerase which allows the reaction shown to reach equilibrium. Assuming
that the solution is maintained at a temperature of 25°C, the equilibrium concentration of the
glucose-6-phosphate will be closest to:

0.0 mM
30 mM
50 mM
75 mM
100 mM
200 mM

nmoow>

Provide reasoning or show work for consideration of partial credit.

With AG® very close to zero (+30.0 J/mol), the equilibrium concentrations of substrate and
product wi_II be nearly equal. Alternatively, you can do the calculations to determine the exact
concentration.

If equil. [Glc-6-P] = x, then [V-6-P] = 100 - X

AG = AG° + 5700 J/mol log [Glc-6-P)/[V-6-P]

At equil, AG=0

0 = +30 J/mol + 5700 J/mol log X/(100 — X)

-30 J/mol = 5700 J/mol log X/(100 — X)

-30 J/mol = log X/(100 — X) =-0.00526
5700 J/mol

107°9%% = 0.988 = X/(100 — X)
(0.988) (100 — X) = X 98.8 —0.988 X = X 98.8 = (1.0 + 0.988) X

98.8 = 1.988 X X =98.8/1.988 = 49.7 mM = [Glc-6-P]
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(6,000 pts)
1) An eleven amino acid peptide forms an a-helix. How many completes turns of the helix can
be formed using eleven amino acids?

A. 0
B. 1
C. 2 -4kpts

D. 3 (11 aa) + 3.6 aa/turn = 3.06 turns
E. can not be determined with the information provided

(6,000 pt)
2) Inaten amino acid a-helical peptide, amino acid #5 will be hydrogen bonded to:

none of the remaining ten amino acids

amino acids #4 and #6

amino acids #3 and #7

amino acids #2 and #8 -4 k pts

amino acids #1 and #9 5+4=09; 5-4=1
amino acid #10 only

mmo o ®m® >

(10,000 pts)

3) The following represents a single B-strand. The polypeptide backbone atoms of the first
amino acid are identified where N is the amide nitrogen and C is the carbonyl carbon.
Use this diagram to show all B-strand hydrogen bonding that would be expected of
amino acid #5. Show additional strands as needed.
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(5,000 pts)
4) One of the 20 common amino acids is often found in B-turns but is very rarely found in a-

helices or B-pleated sheets. Name this amino acid.

Proline

(6,000 pts)
5) When describing protein folding and protein structure, the terms or symbols, @ (phi) and
¥ (psi), refer to the angle of rotation about which two bonds?

A. @ (phi), the bond between the amide nitrogen and the a-carbon
B. ¥ (psi), the bond between the a-carbon and the carbonyl carbon
(8,000 pts)

6) In an Anfinsen-style experiment, fully active ribonuclease (RNAase) is treated, in order,
with:
(1) introduction of B-mercaptoethanol (B-ME)
(2) introduction of 8 M urea
(3) removal of urea (final [urea] = 0.0 M)
(4) removal of B-mercaptoethanol; allow exposure to O,

You would expect the resulting ribonuclease activity to be closest to:

A. 200%
B. 100%

C. 50% -6 k pts
D. 25%

E. 0%

(8,000 pts)
7) The myoglobin proximal and distal histidines have functional roles for the protein. ldentify

which, if either, function in myoglobin to:

Proximal His Distal His Neither
A. hydrogen bond to O, X -
B. bind directly to heme Fe** X _ _
C. bind directly to CO, (carbamylation) _ X
D. force bent geometry of CO binding ___ X -




(8,000 pts) 10

8) Using this diagram, carefully illustrate how an
increasing the partial pressure of CO, (increasing
[CO,]) would affect O, binding to hemoglobin.

Label any lines drawn.

This is known as the  Bohr Effect

Although production of CO, can lead to a decrease in pH,
CO; itself binds directly Hb to favor the T state and
weaken O, affinity.

(8,000 pts)
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9) After living in Moscow, ID, you climb halfway up Mt Rainier and set up camp.
Within hours of being at the higher elevation, you would expect your blood levels of

2,3-bisphosphoglycerate (2,3-BPG) to:

A. increase
B. decrease
C. stay the same

Binding of 2,3-BPG to hemoglobin favors: (circle all that apply)

A. favors the relaxed (R) state of hemoglobin
B. favors the tense (T) state of hemoglobin

C. favors the binding of O, to hemoglobin

D. favors the release of O, te from hemoglobin

(6,000 pts)

10) Whale myoglobin and the a subunit of adult human hemoglobin:

A. have nearly identical amino acid sequences and tertiary structures -4 k pts

have nearly identical amino acid sequences, but very different tertiary structures
have very different amino acid sequences, but very similar tertiary structures

moow

have very different amino acid sequences and tertiary structures
have similar amino acid sequences but their structures have not been solved



(6,000 pts)
11) In an active tissue where the pO, has dropped to a point where only 50% of the
hemoglobin has O, bound, the O, saturation of any nearby myoglobin would be closest to:

A. 0.00
B. 025
C. 0.50 -5kpts
D. 0.75 -3kpts
E. 1.00
F. 2.00

(6,000 pts)

12) Increasing the pH has the following effect on hemoglobin: (circle all that apply)

A. favors the T state of hemoglobin

favors the R state of hemoglobin
enhances binding of O, to hemoglobin
enhances release of O, from hemoglobin
none of the above

moow

(9,000 pts)
13) Sickle cell anemia was the first example of a molecular disease.

A. Who showed that this was a molecular disease? ___Linus Pauling

As an alternative, describe the experimental results that showed this.

Ran protein gels and found a consistent change in the pl of hemoglobin.

{Ingram sequenced the sickle gene and found a mutation giving rise to Valgg}

B. How does the defective or diseased molecule differ from the normal (wild-type)
molecule?

Amino acid # 6 is altered; Glugs becomes Valgg
C. Sickle cell anemia is thought to confer resistance to malaria because the invading
Plasmodium:

1) can not process the sickle cell protein
2) causes a pH drop within the cell (erythrocyte)

3) enhances synthesis of the sickle cell protein
4) s sliced open by the sickled cells



(6,000 pts)
14) A deficiency in dietary Vitamin C results in scurvy. Which post-translational protein

modification is specifically disrupted by lack of Vitamin C?

A. methylation

B. carboxylation
C. phosphorylation
D. hydroxylation
E. carbamylation

(6,000 pts)
15) Spider silk protein is notable for containing abundant levels of:

A. a-helical coiled coils

B. stacks of B-sheets (3-cubes)
C. rows of a-helices

D. fibrous triple helices

(8,000 pts)
16) Nearly every third amino acid in collagen has the same identity. Identify this amino acid
and briefly explain why it is so abundant in collagen.

Amino acid: Glycine

Explain: Collagen forms a triple helix where the side chain of every third amino acid
projects into the center of the triple helix. Since there is no available space there, any
other amino acid would perturb the collagen structure.

(6,000 pts)
17) The infectious agents known as prions are best described as:

A. infectious polypeptides
infectious RNA
infectious DNA
infectious lipids

other:

If you chose other and filled in ‘proteins,” you lost a point because
polypeptides = proteins

moow




(6,000 pts)
18) Briefly describe Koshland’s Induced Fit Model of enzymes.

The structure of free substrate and empty active site are not a perfect complementary match
for one another. Instead, substrate binding induces a conformational change at the binding
site of the enzyme; the enzyme can also cause conformational changes within the substrate.

(8,000 pts)

—_—

19) The following is a free energy diagram illustrating the chemical reaction: S = P

Free

> 20 kJ/mol
Energy

10 kJ/mol

Reaction Progress

The change in free energy of activation of S being converted to P would be:

A. -30 kJ/mol
-20 kJd/mol -2 k pts
-10 kJ/mol
0 kd/mol
+10 kJ/mol
+20 kJ/mol
+30 kJ/mol -3 k pts

nmoow

@

The change in free energy of activation of P being converted to S would be:

A. -30 kJ/mol -2 kpts
-20 kJ/mol
-10 kJ/mol

0 kd/mol
+10 kJ/mol
+20 kJ/mol -3 k pts
+30 kJ/mol

G mmo O w




(6,000 pts)
20) Which of the following mass spectrometry approaches necessarily uses a LASER to
vaporize and ionize peptides?

A. MALDI mass spectrometry

ESI mass spectrometry

tandem (MS/MS) mass spectrometry
LAZY mass spectrometry

none of the above

moow

(12,000 pts)
21) Use the following axes to diagram a double reciprocal (Lineweaver-Burk) plot for an enzyme

catalyzed reaction, S == P. Label both axes and illustrate how this diagram can be used to
determine V. and Ky,. Show how a noncompetitive inhibitor would affect this plot.

/

1/V max

1/v

1K, 1/[S]

(6,000 pts)

22) You identify a competitive inhibitor for an enzyme that follows Michaelis-Menten
kinetics. You would expect this inhibitor to alter Ky, and/or V. as follows. Circle all
that apply.

A. _increase Ky

B. decrease Ky, -3kpts
C. increase V max
D
E

decrease V max
both Ky, and V.« Would be unaltered



(5,000 pts)
23) Under standard conditions, the change in Gibb’s free energy of reaction for hydrolysis of
the gamma phosphate of ATP (producing ADP) is:

-30.5 kJ/mol

(9,000 pts)
24) Three enzymes catalyze the exact same reaction. Enzyme X has a Ky, for the substrate, S,
of 1.0 mM while enzyme Y has a Ky, of 1.0 uM and enzyme Z has a Ky, of 1.0 M.

Which enzyme is likely to have the greatest affinity for S? __Enzyme Y

Which enzyme(s) will be close to operating at V. when [S] = 1.0 mM? __Enzyme Y

Which enzyme is most likely to have the largest k.? __Enzyme Z

10



Bonus Question (6,000 pts)

A small molecule is isolated and found to reversibly activate your favorite enzyme which
catalyzes the conversion of S to P. After careful analysis, you correctly determine that the
activator causes the Ky, to increase. If the enzyme obeys Michaelis-Menten Kkinetics, which of
the following should be true when the activator is present?

A

Keat must decrease
K.at must stay the same
Keat Must increase

B.
C.
D

any change in the kg can not be predicted

If the enzyme is activated while the Ky, gets larger, the V. must also get larger

Page # Piz)zis?ttje Points
Part | 30,000
3 22,000
4 27,000
5 22,000
6 21,000
7 26,000
8 14,000
9 24,000
10 14,000
Bonus 8,000
(2,000 pt bonus) Who am 1? Maud Menten Total 200,000

After earning both a PhD and an MD in Canada, | went to

Europe where | ‘rediscovered’ surface catalysis and
described it in a way that was useful to biochemists.
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