Key to Cell Biology Workshop 2
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Mostly hydrophobic underlined

Charged amino acids in large font

Hydrophilic but uncharged: S, N

Trypsin cut sites indicated by --

a. What is the amino terminal amino acid in this peptide? By convention, starting at left=glycine

b. What is the carboxy terminal amino acid in this peptide? Asparagine

c. Identify the groups that would have a charge at pH 7. + Charge: amino terminal glycine, all R (arginine) and K (lysine). – charge: carboxy terminal arginine, only 1

d. What is the net charge on this molecule at pH 7? DO NOT USE A CALCULATOR! Is the peptide as a whole acidic, basic, or neutral? (Which type of amino acids are more prevalent-acidic or basic?) 6 positive charges-1 negative charge=+5

The conventional language here is that there are more basic amino acids, and the protein has gained protons from its neutral state, so it is referred to as basic.

e. Draw out the Lewis structure for the sequence –AVL- in this peptide. Since it is in the protein sequence I used R’ and R’’ to represent the rest of the protein chain. Be sure your amino and carboxy directions are oriented correctly.
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f. On the whole peptide sequence, use a color or symbol code and indicate the following types of regions: mostly hydrophobic amino acids, mostly charged amino acids, mostly hydrophilic but uncharged amino acids. Indicated above, with conventions illustrated.

g. The digestive enzyme trypsin cuts proteins at the peptide bonds on the carboxylic acid side of lysine and arginine groups. Use arrows to indicate where trypsin would cut this peptide. Shown above.

1. Using several proteins as a data set, the average molecular weight of an amino acid in a protein is about 110 g/mole. The most common blood plasma protein in mammals is a globular protein called serum albumin. (It is usually about 60% of the total protein mass.)

a. Human serum albumin has a molecular mass of about 69,000 g/mole (often shortened to 69 kd, for 69 kilodaltons.) Using the conversion factor given in this problem, estimate the number of amino acids present in human serum albumin. 69,00 g/mole divided by 110 g/mole of amino acids = about 627 amino acids

b. Using this conversion factor, estimate the molar mass of melittin. From problem 1. Melittin has 26 amino acids x 110 g/mole of amino acids=2860 g/mole

c. How large (in base pairs) is the coding region of DNA needed to carry the information for human serum albumin? Using the genetic code you need 3 bases to code for one amino acid. 627 amino acids x 3 bases/amino acid=about 1880 bases (or 1.88 kb)

d. Human serum albumin has a net charge of about –18 at pH 7.4. What does this indicate about the amino acid composition of this protein? Is this an acidic, basic, or neutral protein? There are 18 more acidic amino acids (glutamate, aspartate) than basic amino acids (arginine, lysine, histidine) This is an acidic protein. 

e. Serum albumin is present at a concentration of about 4 g/100 ml in blood plasma. What is the molar concentration of this protein in this solution?  4 g/100 ml=40 g/liter

40/69,000=0.00058 molar or 0.58 millimolar

2. In a protein a given serine residue is converted into a phosphoserine by the reaction of a protein kinase.

a. Give the overall reaction for the protein kinase reaction described here. (shown below)

b. What will the effect of this change be on the overall charge of the modified protein? A neutral serine side group is converted into a negatively charged phosphoserine group. The overall protein will be more negatively charged.
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3. A protein sequence indicates that the protein contains 4 cysteines. If it only forms intrachain disulfide bonds, and all cysteines form disulfide bonds, how many possible disulfide bond combinations are available for this protein? If you start at any given C, there are three possible bonding partners in disulfide bonds. Once it chooses a partner, the other two are forced to be paired together. 3 possible arrangements exist.

4. The following list gives the dietary essential amino acids for humans:

H, I, L, K, M, F, T, W, V, 
In addition, cysteine is not required if there is enough methionine in the diet, and tyrosine is not essential if there is sufficient phenylalanine in the diet. By looking at the side chain R groups for these amino acids, can you compile a few simple rules that would indicate which amino acids are dietary essentials based on their side chain structures and functional groups? 

· Aromatic groups cannot be made and must be obtained from diet. For example, we cannot synthesize a benzene ring as in F or Y.

· Complex branching alkane R groups (I, V, L, T) cannot be synthesized.

· We need a sulfur containing amino acid but they can be interconverted.

· Lysine does not fit any of these other rules. 

5. Many proteins contain strong binding sites for calcium ions.

a. What is the expected charge state for calcium ions in aqueous solution? +2

b. Design a hypothetical protein binding site for calcium ions, using appropriate amino acids. (Remember, what is the general pattern in the primary structure for amino acids that are in close proximity in tertiary structure?) What types of interactions are you using for this structure? Many possibilities: carboxy terminus, D or E for ionic interactions, Lewis base groups with oxygen or nitrogen.  Dipole-ion or Lewis acid-base also possible.

c. How could the structure be varied in order to influence the relative abilities of calcium and magnesium ions to bind in this hypothetical site? Look at the periodic table. Ca is below Mg so you would expect the Ca 2+ ion to be larger than the Mg 2+ ion. The interacting amino acids groups could be adjusted for a good spatial fit for one ion while being too close together or far apart for the other.

6. Rank the following amino acid side chains from strongest to weakest acid: A, S, C, and D. A good chance to review organic D (carboxylic acid)>C (-SH) >S (-OH) >A (alkane)

7. In a protein a cysteine side chain is observed to be 11 % deprotonated at pH 7.4. Estimate the pKa for this –SH group. If 11 % deprotonated (conjugate base form) than 89 % protonated (conjugate acid form)

Using pK=pH + Log {conjugate acid over conjugate base}

 So pK=7.4 + log (.89/.11) = 7.4 + log 8.09 =7.4 + 0.9 =8.3 as pKa value for –SH here.

