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Biochemistry 5700
Fall, 2000
Exam 1

INSTRUCTIONS:

Do not begin until 10:30 AM. The in-class portion of the exam must be turned in by 11:20 AM. The
in-class portion should have 8 questions and 5 pages. ANSWER ANY 7 OF 8 OF THE
QUESTIONS- Mark "DO NOT GRADE" on the one question you choose to skip. DO NOT
answer all eight questions-if you do, cross the one out which you don't want graded. Each
graded question is worth 10 points, The take home portion contains two questions, worth a total of 30
points. The take home portion is due beginning of class next Friday. Good Luck!!
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(1)
A

B C D E

Tyr-Lys-Cys Glu-Pro-Arg Asp-Trp-Tyr Asp-His-Glu Leu-Val-Phe

2 SRe, S S O
Which one of the above tripeptides:

*L (a) Is most positively charged at pH 77 )“q

| (b) contains the largest number of nonpolar side chaing? g:
{ (c)contains sulfur? A
} ( {d) will have the greatest light absorbance at 280 nm? C
(e) contains an imino acid? {4

(f) Draw the structure of one of the above peptides as it would exist at pH 7; indicate which peptide

A< youdrew.
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(2) In the protein hemoglobin, a protonated histidine residue (His146) forms-a salt bridge with an
aspartate residue (Asp94) on an adjacent strand in the T state. Upon binding O,, this salt bridge is
broken as the residues move away from each other to form the R state.

(a) What effect does the structural rearrangement of going from the T to R state have on the pK, of
) E»k His1467 Clearly explain why the pK, changes in the manner it does.

(b) Explain how the increased concentrations of CO, present in the tissue facilitate conversion of R
v hemoglobin to T hemoglobin.

(c) Expound on your answers to (a) and (b} to explain how hemoglobin faciliates the net transport of

¥ ‘), protons and CO, from the tissue to the lungs. p
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Scott Ensign
Note: CO2 reacts with a primary amino group to form a carbamate. Theamino groups available for reaction with CO2 are either lysine side chains or the N-terminal residue of a polypeptide. In hemoglobin I believe the actual reaction is with an N-terminal amino group, not lysine as stated in this key. But the principle of reaction of an amino group with CO2 to form a carbamate is the important point, not the specific number of the residue reactiong. 

Scott Ensign
amino acid

Scott Ensign
amino group
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(3) Carbonic anhydrase, a zinc-metalloprotein, catalyzes the reversible hydration of CO, to
bicarbonate:

002 + H2O

HCOg- + H+

(a) In which direction would you expect the above reaction to proceed in (i) the tissue and (ii) the
lungs? Explain why.

{b) Draw the reaction mechanism for carbonic anhydrase in the REVERSE direction, i.e., starting with
*é bicarbonate and forming CO, and H,O. Clearly show how Zn™ facilitates catalysis.
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(4) Describe the features of the alpha-helix and beta sheet 2° structural elements.
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(5) Lakes that freeze in the winter and thaw in the spring “turnover” for each process, meaning that
dissolved oxygen is delivered to the bottom of the lake while nutrients from decaying materials are
delivered to the surface. Explain how the unique properties of water are responsible for these two

turnovet events in the yearly lake cycle.
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{6) Briefly explain the unique structural features of the following. In answering the question address
what secondary structural elements they are built from and the orientations of adjacent elements (i.e.
perpendicular, parallel, antiparallel; R-handed, left-handed, etc.)

{a) four helix bundle
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{7} You isolate a monomeric enzyme of 52,000 molecular weight (52 kDa; 52,000 grams/mol) that

converts substrate “S” to product “P”.
{a) You conduct kinetic studies of your enzyme, in assays that contain 0.1 mg protein, and determine

that the K of the enzyme is 0.1 mM while V___is 500 pmol product formed/min. Use this

mformation to determine the turnover number (k_ ) and catalytic efficiency (klem){gr your _ s !
[N S

ENZYme.
{b) What concentration of substrate would be required to obtain an initial rate of 100 umol/min in an

assay set up as above?
(c) The upper limit on k_ /K, for enzyme-catalyzed reactions is 10°to10° M''s™'. Explain why this

upper limit exists and why an enzyme with a catalytic efficiency in this range is considered to be a

“perfect” enzyme.
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(8) You purify an enzyme from a crude bacterial lysate. The purification of the enzyme leads to a 200-
fold increase in specific activity when going from the crude extract to the purified protein. The protein
runs as a single band on nondenaturing polyacrylamide gel electrophoresis (PAGE) and as three
distinct bands on SDS-PAGE. The sizes of the three protein bands on SDS-PAGE are 10,000, 30,000
and 60,000, and the staining intensities of the proteins indicate they are present in a stoichiometric ratio
of 1:2:2, respectively. Your protein elutes from a size exclusion (gel permeation) column with an
apparent molecular weight of 570,000.

(a) (3 pts) Approximately what percentage of proteins in the lysate did your enzyme represent?

(b) (7 pts) What is the quaternary structure of your protein o__7y_). Explain how the information in
the problem allowed you to figure this out. ( N—— St ” o ,/’)/
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Take home pertion of Exam 1: You may consult any reference texts you like when working this
portion. You are to work the problems individually- do not discuss with fellow students, faculty, etc.
Turn in your solutions to me at beginning of class Wednesday.

(1) You wish to prepare 2 liters of a 50 mM solution of potassium phosphate buffer at pH 7.3.
Determine what masses of KH,PO, and K,HPO, solid could be combined in water to obtain the
desired buffer concentration, volume, and pH. Note- the pKa values for phosphoric acid ionization are
2.14, 6.86, and 12.4 (see Fig. 4-14 in text)

(2) 15 points. Draw two different complete mechanisms for acetoacetate decarboxylation that involve:
(a) covalent catalysis {via Schiff base)
(b} metal ion catalysis.

Use general acid-base catalysis as needed in each mechanism to facilitate catalysis. Indicate what
“intermediates” in your three mechanisms represent transition states, and briefly discuss how the

catalytic group(s) stabilize these states. 2 /¥ é H 0 Ay ]+
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