
DUE: November 19, 1999

Name  __________________

ID number __________________

CH461/561  Exam 3

This is a take-home exam. You may use any notes, textbook or reference
material as you work on it. You may also use a computer, and will be
required to use one for certain problems. The only restriction is that you must
work on this     alone   ; you are not allowed to discuss the exam with anyone until
after you have turned it in.

For the problems involving calculations, you will need to show your work to
receive full credit. I must be able to see how you arrived at your conclusions.
If you use a computer for calculations, then you must print out your
spreadsheet, graphs, etc. You must label them clearly, so that I can see what
you are doing. If this is difficult for me to do, you will receive only partial
credit.     Be sure to use the correct units.   

Protein structures may be downloaded directly from the Protein Database or
from my website by option-clicking on the protein names
(http://www.bama.ua.edu/~kredding/CH461/PDBcodes.html).
If you download a protein structure, you may give the unmodified file to
someone else who is unable to download it.

The exam is due by 10 AM on Friday, November 19. When you are finished,
put it in the envelope provided, sign, and seal it. I will be out of town on
Friday; there will be no lecture that day. On Friday, please give your exam to
Dr. Woski (Lloyd 245) by 10 AM.

The problems are each worth 20 points each; there are 8 of them.
If you are a CH461 student, you must answer 7 for full credit.
If you are a CH561 student, you must answer all 8 for full credit.

The maximum amount of points is thus 140 (CH461) or 160 (CH561).

Problems: 1
2
3
4
5
6
7
8

Total

PLEASE SIGN: I have not discussed this exam with anyone.

______________________________________



1. The enzyme enolase catalyzes the conversion of glycerate-2-phosphate
to phosphoenolpyruvate (PEP). You have just isolated this enzyme from
Laidbakkicus jamaicianis, a microorganism newly discovered in the Caribbean
isles, and you wish to determine its properties. The enzyme behaves as a
monomer of 50 kDa . You have a 10 µg/mL stock solution of enolase. You set
up reactions in small test tubes containing various amounts of the substrate
PEP. (You use this as the substrate, because it is slightly more favorable to
convert it to glycerate-2-phosphate than the other way around.) To each tube
you add 5 µL of your stock enzyme to start the reaction.  The total volume of
the reaction in each tube is 1 mL. After 1 minute , you terminate the reaction
and assay the amount of glycerate-2-phosphate in each tube.  The results are
tabulated below.

[PEP]

(mM)

amount of glycerate-2-phosphate

produced in each tube (µmole)

1 0.133

2 0.242

5 0.461

10 0.672

20 0.858

50 1.04

100 1.11

From these, calculate the kcat and Km of the enzyme for phosphoenolpyruvate.
Also calculate the specificity constant – is the enzyme close to the diffusion
limit?



2. You succeed in isolating another enzyme from L. jamaicianis, this time
an enzyme involved in hydrolyzing cannabinol-phosphate.
It catalyzes:

cannabinol-phosphate + H2O –> cannabinol + phosphate

Another member of your research team has isolated a molecule called
"deastrin" from another microorganism found further north (Deastricus
enforcicus). Deastrin appears to behave as a potent inhibitor of your enzyme.
You set up reactions with various amounts of substrate (cannabinol-
phosphate) and inhibitor and determine the initial velocity of the hydrolysis
reaction with each combination of inhibitor and substrate.

initial velocity  (µM/s)

when [deastrin] =[S]

(µM) 0 1 nM 3 nM 10 nM

1 0.0136 0.0094 0.0059 0.0025

3.3 0.0422 0.0298 0.0188 0.0082

10 0.109 0.0804 0.0528 0.0240

33 0.238 0.193 0.140 0.0712

100 0.363 0.325 0.268 0.167

330 0.443 0.425 0.392 0.309

What is the Km of the enzyme for cannabinol-phosphate?

What sort of inhibitor is deastrin: competitive, uncompetitive, or
noncompetitive?  What is the Ki?

Someone in your group hypothesizes that deastrin is a transition state analog.
Do you think that this is possible based on what you know?  Explain.



3. The enzyme lactate dehydrogenase uses an ordered pathway to
catalyze the oxidation of lactate: first NAD+ binds the enzyme, then lactate.
You have isolated a new lactate dehydrogenase from water buffalo
hepatocytes (liver cells). You set up reactions with various amounts of each
substrate and 10 nM enzyme, and then determine the initial rate of formation
of NADH (over the course of several seconds).

initial velocity (µM/s)  when [lactate]  (mM) =[NAD+]

(mM) 0.01 0.03 0.1 0.3 1

0.1 0.058 0.094 0.119 0.130 0.136

0.3 0.117 0.212 0.296 0.333 0.350

1 0.182 0.376 0.600 0.726 0.782

3 0.216 0.483 0.853 1.10 1.21

10 0.230 0.536 1.00 1.33 1.50

Determine the following parameters for your enzyme:

Kd of the enzyme for NAD+

Km for NAD+

Km for lactate

kcat of the enzyme



4. The catalytic antibody 43C9 was produced by immunizing mice with
the following hapten:

These researchers were trying to make a catalytic antibody capable of
hydrolyzing amide (and ester) linkages. The phosphonamidate was meant to
mimic the transition state in amide hydrolysis.

The values of kcat and the specificity factor as a function of pH are shown
below:

a. There is an increase in kcat as pH increases. What is the simplest
explanation for this? (Hint: think of how catalytic antibodies are thought to
work and what their limitations are.)



b. Examine the crystal structure of the 43C9 complex with its hapten
(PDB file 1MIG ). Look to see which amino acid side chains would be near the
scissile amide bond of the substrate (compound 4).

Your job is to engineer the 43C9 catalytic antibody. The gene has been cloned
so that you can change any residue you wish.  Using what you know about
enzyme mechanisms, what changes would you make so that the antibody
functions better at lower pHs (i.e. closer to pH 7)?
For the purposes of this problem, you may assume that the structural
conformation of the protein will not be altered except for the changed residue
and perhaps the region immediately around it (depending upon the change),
assuming that you do not make many changes. Thus, it is not a good idea to
make many changes at once. Simply suggest 2 different changes that might
increase the rate. Unless there is a compelling reason to do otherwise, I would
advise you to keep it simple (i.e. a single amino acid change). In each case,
you should specify:

1) which residue (on which chain) you would change
2) which amino acid you would change it to
3) why you would make that change
(how you expect it to improve catalysis)



5. You have isolated a novel oxygen-binding protein from a crawfish.
When you run it on an SDS-polyacrylamide gel, you see a single band of
17 kDa. When you run the purified protein on a glycerol gradient at
pH 7.5, it sediments as a protein of 33±2 kDa (assuming a globular shape).
However, if you perform the sedimentation analysis at pH 4.5, the protein
behaves as a 17±1 kDa protein. We will refer to these as the "neutral" and
"low-pH" forms of the protein. Heme analysis indicates that there are
approximately 1.04±0.11 molecules of heme per 17-kDa polypeptide. You find
that both the neutral and low pH forms bind O2, but they display different
saturation behavior: the neutral form has a sigmoidal dependence on O2
concentration, while the low-pH form appears hyperbolic. Plotted on the next
page is the fraction of heme bound to O2 as a function of the dissolved O2
concentration.

a. How would you explain this behavior?

b. Crawfish synthesize a small molecule, called "cagenin", which appears
to serve as an indicator of metabolism. Your colleague has isolated some pure
cagenin and when you add it to the neutral form, you see a shift in saturation
behavior, plotted on the next graph
How would you explain this?

Your colleague wants you to try the same experiment with the low-pH form.
What is your prediction: will cagenin have an effect?  And if so, what would it
be?  Explain your answer; it should be consistent with your explanations
above.
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6. Examine the crystal structures of subtilisin (1BE6) and trypsin (1AKS);
these may be downloaded directly from the Protein Database or from my
website (go to the list of PDB codes from the links page and download "1BE6"
and "1AKS "). Compare the structures. Pick out the catalytic triad in each.

a. Identify the residues of the catalytic triad and their structural context
(i.e. is the residue part of an α-helix, β-strand, loop?)

Residue number Structural context

Trypsin – –

Ser

His

Asp

Chymotrypsin – –

Ser

His

Asp

b. How would you describe the overall structure of each protein?
Is it reasonable to think that they evolved from a common ancestral protein?
Explain your answer.  Can you think of an obvious evolutionary mechanism
to generate the structure of trypsin?



c. Which residues of trypsin make up the "specificity pocket"? To answer
this question, you will probably want to examine the structure of the complex
of trypsin with bound benzamidine (1AOJ). Would the interaction of the
arginine or lysine side chain of the substrate be primarily with side chains of
trypsin or with the polypeptide backbone or both?  (Hint: it might help to
imagine the specificity pocket as a well (see Fig. 8.15) – try to distinguish
between the "walls" of the well and its "bottom".)



7. Analyze the proposed mechanism of ribonuclease A described in the
text. Write out the mechanism here; for each step, state which principle(s) of
enzyme mechanism are being used and by which part(s) of the enzyme (if it is
possible to attribute the role to any one part). At the end, mention any other
principles that are used by the enzyme but not in any one specific step. It is
not necessary to examine the structure of ribonuclease A to answer this
question, but it might be helpful (I would suggest the structure of the uridine
vanadate complex: 1RUV ; this can be found on the website).



8. Your group has isolated a phospholipase C from king cobra venom.
These enzymes hydrolyze the phosphoester bond between the phosphate and
the glycerol backbone of a phospholipid.  In this case, your enzyme is specific
for phosphatidyl glycerol.  Thus, the products are diacyl glycerol and
1-phosphoglycerol.  After many years of hard work, your group has obtained
the following data:

a) A crystal structure of a putative transition state mimic, in which a
vanadate moiety takes the place of phosphate, identifies the active site:

b) The enzyme is only active in the range of pH 5-8.

c) Mutants in which His 202 are changed to any other amino acid have
substantially lowered activities. Change of Glu 136 to Asp reduces activity
500-fold; change to Gln abolishes activity. Mutation of His 8 to Gln also
abolishes activity. Change of Lys 49 to Arg has only a modest effect upon
activity; mutation to Ala lowers activity 100-fold.

d) NMR measurements indicate that His 202 is protonated and remains
protonated during the reaction.

e) The rate-limiting step for the reaction is release of phosphoglycerol. If
the reaction is carried out at high substrate concentrations, then for much of
the time, the enzyme will be bound to phosphoglycerol. If the reaction is
carried out is carried out with high substrate concentrations in deuterated
water (i.e. 2H2O), it can be seen that Glu 136 is deuterated while
phosphoglycerol is bound.



Propose a mechanism for your enzyme that would explain all of these
observations.

Based upon your proposed mechanism, would the hydrolysis reaction be "in-
line" or "adjacent"? (i.e. would it proceed with inversion of stereochemical
configuration?)


