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1. (21 pts) For the questions on this page use the peptide: H—A—-P-P =Y
A. (8 pts) Hand draw (computer generated images will not be counted) the peptide at physiological pH (pH = 7.4):
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B. (3 pts) Calculate the pl of the peptide. SHOW ALL YOUR WORK WP et el a8
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C. (10 points) To do an experiment with this peptide you need to make two buffers. One where the peptide has a
net negative charge (Buffer A) and one where the peptide has a net positive charge (Buffer B). The pH of both
buffers has to be within 2 pH units of the pl, but you want the largest|net charge you can have along with having
the best buffer possible. PR~ S
P\‘\ ~Y
You have concentrated solutions of the following compounds available to you in the lab:
Acetic Acid (pKa = 4.8); Acetate; H3PO, (pKa = 2); H,PO4 (pKa = 7.2); HPO4* (pKa = 12); PO4*; carbonic Acid (pKa =
6.4); bicarbonate (pKa = 10.3); carbonate; and powders of each amino acids.

Briefly describe how you would make each buffer:
potcba 3125 od closetoa2s U ant s bobbe cegies

Buffer A: What is the intended pH of this buffer: Q.29
Protocol to make the buffer: (2 sentences Max)

T wond Crete & Sowsion Wit | mol alanine powdar, whose Lo
omine o NoS 0 gka OF 3. Twen 0dd slightly under \.9 equivaleks o
NoOH uabil Hae g\ is A:25.

Buffer B: What is the intended pH of this buffer: 5.25
Protocol to make the buffer: (2 sentences Max)

T wold Creai o SoWHIn with a |l (k0 of aceMc 0.Cid (phan =4 B) 4o acabade.
Then T'd add o litte bt o Yo 0.5 equualents of NaOH +0 being Hae W o 525
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2. (10 points) Below are two portions of peptide backbone displaying their secondary structure.
e Draw in the hydrogen bonds that stabilize these structures. Include the atoms involved and label any
charges (full or partial) that are involved.
e The sequence of each structure is shown. Indicate the orientation of the side chains using a circle and the
3 letter code for the amino acid.

A-V-D—-E-L-W-K-S-F Top: N —1I; Bottom: M—-Q -1
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3. (10 pts) A). (4 pts) Explain how the structure of a biochemical macromolecule leads to its function.
(2 sentences Max)
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B). (6 pts) Compare and contrast two carbohydrates as an example of your explanation.
(3 sentences Max)
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4. (12 points) You have been studying the metabolism of compound X that binds cooperatively to protein A. You
have just identified another protein (B), that binds compound X with the same affinity but non-cooperatively.

A). (8 points) The table below contains the data for compound X binding to protein A. Fill in the values for the
binding of X to protein B. Graph the two binding curves.
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B). (4 points) The average physiological concentration of compound X is 12 uM. Which protein can respond more
to slight changes in the concentration of compound X? Briefly explain your reasoning.

(2 sentences Max)
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5. (20 pts) Protein A is a member of the bacterial pore-forming toxins family of proteins. They fold as a water
soluble monomer (1), then assemble into a heptameric (7 subunit) complex (3), part of which is a transmembrane
beta barrel (4). The beta barrel creates a hole in the membrane which disrupts the selective permeability of the
membranes and eventually leads to cell lysis.

A general diagram of the process is shown below:

A). (2 pts) In part 3 what type of interactions most likely holds the subunits together?

.

dero‘)\nob'\g (10-10) (akerackions most \kaly hold e sdounns Yogutnes .
B). (2 pts) In part 3 what type of interactions most likely attaches the complex to the membrane?

Dipola - Dipoie (\wydroge~ bords ) Interackions mott liely offacia *he Compldx 10 ¥ membrose.

C). (4 pts) Propose an arrangement of amino acid characteristics that you would expect to find in the
transmembrane portion of this protein. Briefly explain your reasoning.
(2 sentences Max)
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Question 5 continued:

Below are structures of the monomer in the water soluble form (C) and in the membrane spanning form (D):
Assembly of the complex (part 3 above) triggers the switch from figure C to figure D.
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In figure C the dashed line in the green pre-stem structure indicates a part of the sequence that is unfolded.
D). Transferring an unfolded peptide bond from an aqueous environment into a membrane has a AG=5.0 kJ/mol.
i). (4 pts) What might be the main reason that this is thermodynamically unfavorable? (1 sentence Max)
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ii). (4 pts) Since we know that this process occurs, propose a mechanism to mitigate the unfavorability of
inserting an unfolded peptide bond into a membrane. (1 sentence Max)

To mikigote #he unbonoabildy , T'd gopose Couping the peocess witn the fomastion of the quadumary struchuce.

E). (4 pts) You have been tasked with finding a treatment for exposure to this toxin. You discover in the literature
that assembly of the complex and the beta barrel occurs cooperatively once a large enough concentration of
monomer is present on the surface of susceptible cells. Using this information propose a way to inhibit the cell
lysis caused by these proteins. Briefly explain your reasoning. (2 sentences Max)
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