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-1- Chemistry 5700, Exam 1, Fall 2011

Biochemistry 5700
Fall, 2011
Exam 1

INSTRUCTIONS:
[3
Do not begin until 10:30 AM. The exam contains £ questions. Please answer questions completely
and legibly. Show your work for partial credit. The exam must be turned in by 11:20 AM. Good
Luck!!
TABLE 3-1 Properties and Convention§ Associated with the Common Amino Acids Found in Proteins

K, values

Abbreviation/ PK, e, PK, Hydropathy  Occurrence in

Amino acid symbof M, (—COOCH) (——-NH;r ) (R group) pl index* proteins (%)
Glycine 75 2.34 9,60 2
Alanine 89 2.34 9.69 8
Proline 115 1.99 10.96 2
Valine 117 2.32 9.62 6
Leucine 131 2.36 9.60 1
Isoleucine 131 2.36 9.68 3
Methionine 149 2.28 9.21 3
Phenylalanine . 165 1.83 9,13 ) 9
Tyrosine 181 C2.20) 10.07 2
Tryptophan 204 2,38 9.39 4
Setine 105 2.21 © 915 8
Threonine 119 @é 9
Cysteine 121 1 1028 8.18 9
Asparagine 132 2.02 8.80 3
Glutamine 146 217 9.13 2

Lysine - 146 @18 895 . 1053 f ~3.9 5.9
Histidine 155 82 g7 6.00 ~32 2.3
Arginine 174 2.17 9.04 1248 —4.5 5.1

" Aspartate 133 1.88 9.60 @ -3.5 5.3
Glutamate 147 2.19 9.67 25h -3.5 6.3

_ 1A7]
pH = pK, + log [HA]
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1. 20 points (a) Using the prmmple s) discussed in class, explain why the pK, for the side chain
ammo group of lysine-(pKg), i£7-1.6 times higher than the pKa for the a-amino group.
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(b) Draw the product of the reaction that will occur if CO, forms a covalent adduct with the - % rovft 1/
amino group of 1§sme at pH 7. What type of functional group has been created? orl acedic
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(c) How will the presence of a fixed (i) positive, and (ii) negative charge in close proximity to the &-
amino group affect (i.e. raise, lower, no change) the pKg value? Briefly explain the basis for each

effect.
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(d) Youhave a 0.2 M solution of lysine %at you are using as a buffer at pH 11. Draw the structure; .

of the two predominant forms of lysine that are in solution at this pH value, and calculate the
concentrations of each form (continue on back side of page if needed).
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2. (12 points) (a) Add the appropriate side chains (using the first “blank” bond provided as a
template on each residue as a starting point) to the polypeptide shown below at pH 7.0 to give the
sequence: YDCT.

(b) Label the innermost peptide, psi, and phi bonds on the polypeptide.

(c) Draw square units (i.e. four lines connecting four atoms) encompassing the groups that comprise
planar units (all four atoms coplanar).

(d) Estimate the pl of this polypeptide, assuming that the pKa values shown in Table 3-1 are not

perturbed in the polypeptide. A }(/? - ”Z /[

k,+ /,m 2, wm
/)I {) 2 2° é\» L nky o
{\Y{L/ﬁ()"’ﬂ( ﬂz = @_‘ ’gg @

(3) (6 points) Give the 1 and 3 letter codes for an amino acid that matches the indicated property. -
There may be more than one correct answer, but only name one amino acid for each questlon

(a) posttranslationally modified by hydroxylation in collagen k / Zo L’] Y () / ”/2,, 2)
(b) contains two stereocenters :17:‘ ") / J T j ?.,, }) A

(c) crosslinks chains of alpha-keratin [

(d) absorbs significant UV light Y. /‘7‘ fﬂ c ,,, F / /4/\6 or Y / Tow
(e) has a side chain containing a thioether group ’ M / Me. %,

(f) has a side chain containing a guanidinium group ﬂ / A/ "
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(4) 16 points. You prepare a cell lysate (extract) from a bacterial cell as a source of an enzyme you
are interested in studying. Your cell lysate contains 5,000 total mg of protein. You measure the
activity of your enzyme in the cell extract and find that 2.0 mg of protein catalyze the conversion of
12 pmol of substrate to product in one minute. You then purify your enzyme to homogeneity using
a series of chromatographic columns. Your purified enzyme preparation contains 5.0 total mg of
protein. You measure the activity of your purified enzyme and find that 0.0050 mg of protein
catalyze the conversion of 20 pmol of substrate to product in one minute. Show your work in
answering the following questions.

(a) What is the specific activity of your purified enzyme?

4 o
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J\ (b) What is the % recovery of enzyme activity in going from the crude extract to purified enzyme?
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\ (c) What overall fold-purification did you achieve in purifying your enzyme?
P

f’/{z@‘f": %3

t—\ (d) About what percentage of the total protein in your cell extract did your enzyme of interest
constitute? ) '
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5.(a) (4 points) Your purified protein runs as a single band on nondenaturing PAGE. When run on
denaturing SDS-PAGE, your protein separates into three different bands on the gel. Based on the
migration distances of the three bands relative to molecular weight standards, your three subunits have
apparent molecular masses of 80,000 (), 40,000 (8), and 10,000 (y) daltons. The relative staining
intensities of the three bands on your gel, determined by laser densitometry, are 120:100:10 for the

o:B:y subunits (these are arbitrary units; a staining intensity number of 100 is twice as intense as a
number of 50). _
Use this information to deduce the subunit ratio of your newly-isolated protein.

ST ; _’i_l__c_)“ /'5" . ;2 ,i”’
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(b) (4 points) The answer you provided above is for the enzyme “protomer”- the lowest whole
number ratio of subunits. Briefly explain what additional experiment(s) you would perform to
determine the actual number of each subunit present in the true protein multimer.
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(6) (3 points) A mixture of 4 proteins is separated by gel filtration (size exclusm 1)

Indicate with an arrow the peak that () ’
’ corresponds to the protein that is the T
’5 p p byt 444

third largest of the four proteins. \l

absorbance

elution volume
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(7) (4 points) Properly name the following levels of protein structure.

a) A regular, recurring arrangement in space of adjacent

amino acid residues in a polypeptide chain se de &N\

b) spatial relationship between all amino acids in

polypeptide; the 3-D structure of the polypeptide 'é@/’}‘&v’\

¢) A simple combination of a few 2° elements with a

specific geometric arrangement " 07&,’74

d) apolypeptide chain or part of a polypeptide chain that

. y ¢
can independently fold into a stable tertiary structure Ef‘}'ja gt A

(8) (10 points)

(2) In an alpha helix, an intrastrand hydrogen bond is
formed between residue "n" and residue _ )’? .{.

(b)What is the approximate orientation (e.g., perpendicular,

parallel, antiparallel, etc) of adjacent a-helices in /’)—ém W&/} t’.'ww‘/ te

myoglobin?

(c) What is the approximate orientation (see (b) above) of

adjacent a-helices in hemerythrin, a protein built around the A A “fw /7@’:‘,,;;«@ /f/ £ /

four helix bundle motif?

(d) What is the approximate orientation (see (b) above) of

motif?

adjacent B-strands in a protein built around the o/p barrel /7 e / / e /

(¢) In a 3 strand beta sheet, how many interchain hydrogen

bonds are formed, on average, per amino acid residue on an / ) ":Z

outside strand and (ii) the inner strand ?

N

(f) In a 3 strand beta sheet, how many interchain hydrogen v
bonds are formed, on average, per amino acid residue on a : Z
the inner strand ? '

S ooy

(g) An alpha helix containing polar residues on one side and

nonpolar residues on the other is called : A mﬁ é’@ d f}&é@{ ;{{
v &

(h) What chromatographic technique can be applied to

separate enzymes on the basis of differences in net surface / oA exc W

charge?

(i) What chromatographic technique can be applied to purify

an enzyme that binds a particular ligand with high Q‘?A‘A Yy

specificity?

(j) What amino acid residue is most commonly associated ﬂ
with formation of a cis peptide bond in a polypeptide? 7Y




I

-7- Chemistry 5700, Exam 1, Fall 2011

9. (3 points) Fill in the blanks correctly: The collagen helix is L handed, and 3

strands interwineina __ / g -handed direction to make a collagen fiber.

10. (3 points) Fill in the blanks correctly: The alpha keratin helix is KA handed, and Z<

strands interwine in a Z— -handed direction to make a coiled coil.

@ (5 points) Add a second curve to each of the oxygen dissociation curves for hemoglobin to
indicate what effect the indicated change has on the curve.

(O]
(@) increase [CO,]

[O,]
(b) increase pH

[Cs]
(c) completely remove DPG

1G]
(d) dissociate subunits and
isolate &« monomers

[O,]
(e) increase [DPG]

| 2-&. (b) (4 points) Fill in the blanks: The bindin of O, to heme changes the molecular geometry of

the heme from __ Sguv st ﬁ\*ﬂe’”@w\ﬂ\‘{“{ O O?[PJ\ € M
Y (%
iron in deoxyheme is FE the oxidation state in oxyheme is 2"/‘ O, binds to heme on the

side closest to the G/ [AY ;LM histidine. Deoxy Hb is also referred to as the _J form. Oxy Hb
is also referred to as the K_ form.

. The oxidation state of
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This 1s what a really good answer to option 1 looks like.

see next pages for student answers to options 2 and 3

Z%{B;;,(ipoints) Short essay- answer_any one of the following questions:

(“Option IExplain the molecular basis for the disease sickle cell anemia, and the physiological
consequences resulting from this.

Option 2: Explain how different protein sequences can result in proteins assuming the same overall
structure ‘ :
Option 3: Explain the driving forces that result in a globular protein folding into the proper 3-
dimensional shape.
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This is what a really good answer to option 1 looks like. see next pages for student answers to options 2 and 3



-8- Chemistry 5700, Exam 1, Fall 2011
This is what a really good answer to option 2 looks like

[ 3 8. (6 points) Short essay- answer_any one of the followmg questions:

Option 1: Explain the molecular basis for the disease sickle cell anemia, and the physiological
consequences resulting from this.

Option 2: Explain how dlfferent protein sequences can result in proteins assuming the same overa]]
structure

Option 3: Explain the driving forces that result in a globular profein félding into the proper 3-

dimensional shape.
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This is what a really good answer to option 2 looks like
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This 1s another example of what a good answer for option 2 looks like

[ 3 8. (6 points) Short essay- answer_any one of the following questions:
Option 1: Explain the molecular basis for the disease sickle cell anemia, and the physiological
consequences resulting from this.

tion 27 Explain how dlfferent protein sequences can result in proteins assuming the same overall
structire

Option 3: Explain the dnvmg forces that result in a globular protein folding into the proper 3-
dimensional shape.
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This is another example of what a good answer for option 2 looks like
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This is what a really good answer to option 3 looks like

[ 1 8. (6 points) Short essay- answer_any one of the following questions:
Option 1: Explain the molecular basis for the disease sickle cell anemia, and the physiological
consequences resulting from this.

Option 2: Explain how different protein sequences can result in proteins assuming the same overall
structure

Option 3: Explain the driving forces that result in a globular protein folding into the proper 3-
dimensional shape.
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This is what a really good answer to option 3 looks like





