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USEFUL CONSTANTS:
R (gas condant) = 8.315 Jemol-1eKelvin—1 = 8.315 x 10-3 kJmol~1+Kelvin—1

If temperature = 25 °C, absolute temperature T = 298 K (Assume this temperature unless problem

states otherwise.)
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Use these @enericOpK 4 values only when no precise pK, for a specific groupis given.

Ionizable Approximate ("generic") pK, in peptides &
group in peptides proteins (from Berg, Tymoczko & Stryer,
and proteins Biochemidtry, 5th ed., 2001)
I -carboxyl 31
sidechan carboxyl 41
imidazole 6.0
I -amino 8.0
thiol 8.3
aromatic hydroxyl 109
"-amino 108
guanidino 125
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1. (31 pts) A tetrapeptide structure is shown bdow:
1 2 3 4 A. (4 pts) Draw oneclear ARROW (# ) to any
NH> ONE of the peptidebondsin this structure and
s | label it (peptide bondQ Labd only onepeptide
HaN=C Nﬁ\\‘ bond.
I K\/ & i i
'i‘-H : B. (4 pts) Circle ONE groupof 6 atoms in the
tetrapeptide tha are coplanar (all in the same
+|-|| (C|>Hz)3 b H. O Cha; H H Q plane), excluding atoms in cyclic structures.
H=- r;l—clz—clzl—N—-(I:— c— rI\J—CI:-— ﬁ_N_C_C_O_ There is more than onecorrect answer, but circle
bR O HH O (|:H only 6 atoms total.
HsC” “CHa
I
OH

C. (4 pts) Draw alabded arrow to ONE bond whose rotation angleis a$ angle (1abel that arrow
$) and another arrow to ONE bond who< rotation angle is a %angle (label that arrow %).

D. (6pts) Identify theresduesin thepeptideabove udng 3-letter abbreviations
1) (2) 3) (4)

E. (4pts) Atwhich of thefollowing pH values would this peptide exist predomnantly in the state
of ionization shown above? (Assume "generic” pK s of fundiond groupsin peptides and proteins
shown on cove sheet of this exam.)

a pH1 b) pH35 c) pH5 d) pH75 e pH10 f) pH13

F. (6 pts) At pH 11.5, wha would bethecharges (if any) onthetermind groupsand theside chain
(R group) of each residuein this peptide postively charged (+), negaively charged (), or
uncharged (0)? What would bethe na chargeonthis peptideat pH 11.57?

Ifunctional group Charge, if any, at pH 11.5
(-, +,0r 0)

N-termind aminogroupof chan

C-termind carboxyl groupof chan

R group (sdechan) of residuel

R group (sdechan) of residue?2

R group (sdechan) of residue3

R group (sdechan) of residue4
NET charge at pH 11.5:

G. (3pts) At pH 7, would thesidechain of resdue2 onthe peptide abovebe

able to act as ahydrogen bonddona or as a hydrogen bondacceptor or both? /31
p. 2 (31 points)
p-3 (20 points)
p- 4 (17 points)
p.5 (20 points)
p. 6 (12 points)

TOTAL: (100 points)
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2. (12 pts) Thecataytic activity of the enzyme lysozyme requires that the side chan of a specific
glutamate residuebein its neutral form for theenzyme to be active. Tha specific Glu sidechan in
the protein has an unusudly high pKg, about5.9. To receive credit, you mug show your work for all
calculations

A. (5pts) Forafundiond groupwith apKg of 5.9, what isthebase/acid ratio at pH 5.47?

B. (3pts) Isittheconjugae base or theconjugae acid form of the Glu sdechan tha isthe
catalytically active form?

C. (4 pts) Wha fraction of the total enzyme molecules in a solution of lysozyme at pH 5.4 have
tha Glu sidechan in theactive form?

3. (8 pts) Suppo youhave amixture of 5 proteins (A-E) with thepropeties described bd ow.

Protein isoelectric point (pI) subunit M.W. native M.W.
A 5 20,000 80,000
B 3 50,000 200000
C 7 75,000 75,000
D 9 30,000 120000
E 8 15000and 45,000(2 stained bandg 60,000

A. (4 pts) If youwere separating a mixture of these proteinson a cation exchangecolumn (-
charged groupson column materia, e.g., carboxymethyl~ group9 a pH 6.0, which protein
would elute (come off the column) LAST?

B. (4 pts) If you were separating a mixture of these proteinson a molecular sieve column unde
physologica (nondenauring) conditions which protein would elute FIRST?

/120
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4.

(17 pts) Inamustle cell, when the ATP required to providetheenergy for muscle contractionis
depleted, another "energy storage’ compound creatine phogphée, can providetheenergy to
produee replenish the supply of ATP from ADP in thefollowing reaction:

ADP + creatine phosphate & ATP + creatine

A. (4 pts) Writethe expression defining the equilibrium condant for this reactionin terms of the
concentrations of the reactants and products at equilibrium.

Keq =

What would bethe UNITS of K¢ for thisreaction, orisit unitless?

B. (4 pts) Thestandard free energy change (" G°') for thisreactionis—12.6 kJ/mol. Calculate
K, for thereaction. Show your work and state units of answer. (Thevalueof Risoncover
page of exam.)

C. (5pts) If theactual mass action ratio (not theequilibrium mass action ratio) in themuscle cell

were 1 x 107, at 25j C (298K), given thestandad free energy change' G°' =-12.6 kJ/mol,
wha would betheactual free energy change (' G') for thisreaction? Show your work and

state sign and units of answer.

D. (4pts) Inthemuscle cdl (pat C), in what direction would thereaction proceed?

a) totheright(makingmore ATP)
b) totheleft (making more creatine phogphae
¢) ndthe -- there would be no ne reaction.

Briefly explain why you answered as you did (no credit for answer withoutcorrect reason).

/17

page 4



Biochemistry 460, Exam #1 Form A NAME
Felruary 6, 2006 5-digit course | D#

S.

(4 pts) Based onyourundestanding of the prindples guiding folding of water-soluble globular
proteins briefly explain why thetertiary structures of water-soluble globular proteinsrarely congst
of jug oneseconday structural element. There are very few proteinswhose entire structure congsts
of asingle! hdix orasingle ( sheet. (Youshould beableto answver in no more than a sentence or
two.)

(4 pts) Briefly explainin terms of thethermodynamics of protein folding why thefolded structures
of water-soluble globular proteinshave extensve seconday structure. (Y oushould be able to answver
in no more than a sentence or two.)

(4 pts) Thereactionsbdow are dissodation reactionsin which a proteindigand complex dissodates
into free protein and free ligand. The protein P can bind either of two ligands(A or B), butits
affinity for thetwo ligandsis different.

PeAa— P + A PeB=—P + B

Thedissodiation equilibrium congant for ligand A is 10P1° M, and thedissodiation equilibrium
condant for ligand B is 107 M. Which of theligands(A or B) bindsmore tightly to the protein?
Explain your reasoning Bno credit withoutexplanation.

(4 pts) Thenudeotides tha are themonameric building blodks of nudeic acids (DNA and RNA)
contribute a phoghae groupto every postionin thechan. Name 2 different amino acid residuesin
proteinstha bindto nucleic acidstha could bind phogphées by ionic interactions (You can give
whole name, 3-letter, or 1-letter abbreviation))

1.
2.

(4 pts) Istheforce of attractionin salt links(ionic interactiong stronge in water or in the
hydrophobt interior of afolded protein? Briefly explain your answer in terms of thedielectric
congdant Bno credit withoutexplanaion.

/120

page S



Biochemistry 460, Exam #1 Form A NAME
Felruary 6, 2006 5-digit course | D#

10. (12 pts) A protein was purified throughseveral stepstha yielded a pure protein. Theresults are
shown in the purification table bdow. There are 2 blanksin the specific activity column in the
enzyme purfication table bd ow:

Total protein Total activity Spexcific activity
Step (mQ) (activity units) (spec. act. units)
1. Crudeextract (lysed cells) 5x 10° 1x 10" # -
2. Molecular sieve chromatography
(gd filtration) X 8x 10’ gx 10
3. Anion exchangechromatography y 5x 10° 5x 10°
4. Affinity chromatography 20 4x10° * *

A. (4pts) Fill inthe= 2 blank values * for specific activity onthetable above (Ignorethex andy
amounts of protein.) Show how you obtained the numbers.

B. (4 pts) Cdculate the overal per cent yield of the purified protein from the purfication scheme
shown above (Show yourcalculation.)

C. (4pts) Thepure protein® native (nomal active form) molecular weight was foundby other
methodsto be 100000. A sample of the protein was electrophoesed on a polyacrylamidegd in
sodium dodecy! sulfate (SDS) after treatment with hot SDSin the presence of ( -

mercaptoethanol.
Themobility of the newly purified protein (visudized -
by staining the bandsof protein onthegd) was plotted 60 |
as shown by the OPEN CIRCLE (O) ontheplot. (The
mobilities of protein molecular weight standads are 50 -

plotted as closed circles 3. Note tha plotting molecular

mass on alogarithmic scale saves you thetrouble of . or
taking logsand antilogsof molecular masses. o %
Describethe mog likely quaternary structure of the 9 B
newly purified protein; be as specific as you can and f

use appropriate biochemical termindogy. For example, 20 L

answer should be worded something like
@ heterotrimer, with polypeptide chan molecular
weights of 20,000 30,000,and 50,0000

quaternary structure:

10 0 02 04 06 08 1.0

Relative mobility

/12
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