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Biochemistry 5700
Fall, 2004
Final Exam
December 13, 2004

INSTRUCTIONS:

Do not begin until 9:30 AM. The exam must be turned in by 11:20 AM. This exam contains two
sections: the “new material” section and the “comprehensive” section. The NEW MATERIAL
section consists of 6 questions. Answer ANY FIVE OF SIX questions in this section in the spaces
provided for 15 points each. Cross out and mark “do not grade” on the one question from the new
material section you choose not to answer.

Answer the “comprehensive” questions (25 questions) by marking on the scantron sheet using a #2
pencil. Turn in both the scantron and the entire exam when you are finished. Good Luck!!
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Glycina Gy G 75 2.4 .60

Manine Ma A 89 2.34 959 30, + 2H* + 2" — 1,0 0.816

Vating Yab ¥ 1¥7 232 9,62 Fed+ 4 o s Fe2t 0771

Leuing les L 131 236 $.60 - + ~ - .

Iscleucine he | 331 236 9,68 NOg + 2H" + 2e” — NO; + H,0 - 0.421

Methionine Met M 145 2.8 9,91 Cytochrome f (Fe**) + e~ —— cytochrome f (Fe?*) 0.365
Aroratic R groups : Fe(CN)g~ (ferricyanide) + e~ — Fe(CN)g~ 0.36

Phenylalaning Phe F 165 1.83 2,13 Cytochrome a; (Fe>*) + e~ — cytochrome a, (Fe*) 035

Tyrssine Ty ¥ 131 2.20 $.11 JUREY, 0, + 2H* + 2¢” — H,0, 0.295

Tryptoplian T W 204 2.38 .39 Cytochrome a (Fe**) + e~ —> cytochrome a (Fe2*) 0.29
;ﬂh;.umdlarsﬂ Cytochrome ¢ (Fe¥*) + ™ — cytochrome ¢ (Fe?*) 0.254

gariﬁ: P 105 221 915 Cytochrome c, (Fe3‘*') + e —> cytochrome ¢, (Fe?“') 0.22

Prsiioe Pm P 118 1.99 16.96 Cytochrome b (Fe**) + e~ —> cytochrome b (Fe?*y 0.077

Threonine Tr T 118 2.1 %.62 Ubiguinone + 2H* + 2e” ——» ubiquinol + H, 0.045

EY‘SW“C‘; gys ﬁ lii 133 lg‘ig gl1a8 Fumarate?~ + 2H* + 2e~ —» succinate?~ 0.031

Aspraging A5 2 253z R  op— ",

Glatamine A 115 5y %1% 2HY 4 2e7 — TZ (at standard conditions, pH 0) 0.000
Pasitively charged Crotonyl-CoA -+ 2H* 4 2e~ ——s butyryl-CoA —0.015
A grups 8 Oxaloacetate?~ + 2H* + 2~ — malate?= —0.166

Lysine ys K 146 218 a5 16153 Pyruvate™ -+ 2H* + 26~ — lactate™ ~0.185

Hislidine s H 1858 332 517 6.00 Acetaldehyde -+ 2H* + 2e~ —s ethanol -0.197

Aggining . Ag R i L7 5.04 12.88 FAD + 2H* + 2¢™ — FADH2 —0,219%
g?g::::y chasged Giutathione + 2H" + 2e~ —— 2 reduced glutathione -0.23
 Aspartale 2 B 13 183 Y0 565 Sk MY + 267 — HS ~0.243

Ghadamaia Gk E 197 210 05T 1.25 Lipoic acid + 2H* + 2e~ —s dihydrolipsic acid ~0.29.

NAD* + H* + 2¢™ —— NADH -0.320
NADP* + H* + 2e™ —— NADPH -0.324
Acetoacetate + 2H" + 2 ---s B-hydroxybutyrate —0.346
a-Ketoglutarate + €O, + 2H* + 2" - isocitrate -0.38

2H* + 27— H, (at pH 7) ~0.414
Ferredoxin (Fe**) + e~ ——> ferredoxin (Fe?*) -0.432
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(1) (15 points) The amino groups from the twenty dietary amino acids are conslolidated into
the amino acid glutamine in tissue such as the muscle, then exported to the liver as
glutamine, where the amino groups are released as ammonia. Provide a complete diagram
for how this is done, showing necessary reactions, names and structures, and name the key
enzymes involved. For simplicity, show a single reaction consolidating the amino groups
from the 20 ammo acidsinto.the common acceptor at the start of the process (see below left-
start there). ( coo~ <_-—-——-—-"‘"‘“—"

20 o—-AAs

C)D(/C(D

CJLCO()’
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(a) (5 points) Draw the structure of urea. What nitrogenous compounds enter the Urea Cycle to
provide the nitrogen atoms present in urea? Draw their structures and name them.
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(b) (10 points) Fumarate is expelled from the Urea Cycle. Diagram the reactions necessary for
converting fumarate back to the compound it’s C skeleton originated from (i.e. the compound that
went into the Urea Cycle), showing names and structures of intermediates, and name the enzymes
that catalyze the necessary reactions.
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(3) (15 points) Starting with pyridoxamine and pyruvate (upper left), diagram the nec‘essary
mechanistic steps required to convert these compounds to alanine and the internal aldimine adduct
of PLP and a lysine side chain (lower right). Show all intermediates, important resonance
structLK éeneral acids/bases in the mechamsm J
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(4) (15 points) Electron transfer definitions

Fen

Name

Provide a proper enzyme name for the
electron transfer complex I
(i.e. oxidoreductase)

N Ul gumn ae O 1dared g

Provide a proper enzyme name for the
electron transfer complex II
(i.e. oxidoreductase)

SUCC/Aa,t(: Ub’ﬁuqu\ o) X IK/C)HCJUC

Provide a proper enzyme name for the
electron transfer complex III
(i.e. oxidoreductase)

ub’%u'/\%@,? C‘ﬂ?LC Olé

Provide a proper enzyme name for the
electron transfer complex IV
(i.e. oxidoreductase)

‘74(/3 OZ OrR

Name an electron transfer cofactor that is
lipid soluble and not tightly bound to an

enzyme

Vhfcy)um%( C COQ\)

Name an electron transfer cofactor that is
water soluble and not tightly bound to an

enzyme

N ADQ)T Jrobi cn)H

Name a metal-free organic electron
transfer cofactor that is always found
associated with a protein

FAD  Eran)

Name a metalloorganic electron transfer
cofactor that is always found associated
with a protein

/7[6/%(_,

Name an inorganic metal electron transfer
cofactor that is always found associated
with a protein

one Ul cluch Cul
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In what portion of the mitochondrion does !

NADH oxidation occur? M ot )Z

In what portion of the mitochondrion does ‘

O, reduction occur? YV A An y

Where in the mitochondrion is
cytochrome C located?

e e lord e Spree

Where in the mitochondrion is ATP
synthesized?

IV et ¥

Into what portion of the mitochondrion are
protons pumped?

/P pen ey S0 oc
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(5) (15 points) What effects will the following compounds have on the rate of ATP synthesis (no
effect, slow down, stop completely) in isolated mitochondria oxidizing succinate? Explain the
chemical basis for their effects.

(a) a protonophore

(b) a potassium ionophore

(c) rotenone (an inhibitor of complex I)

(d) cyanide (inhibitor of complex IV)
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(6) (15 points) What two strategies (shuttles) exist for bringing the reducing equivalents from
cytosolically-formed NADH into the mitochondrial electron transfer chain? Diagram the shuttles,
then comment briefly on the pros/cons of the two dlfferen strategles
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COMPREHENSIVE SECTION 3 points per problem. Mark answers on scantron.

(1) You have a protein “P” containing 100 amino acids that binds a ligand “L”. Binding of ligand
“L” induces a conformational change in the protein that brings the side chain of His24 in close
proximity to the side chain of Glu73. This conformational change will (i) increase / decrease the
pKa for the side chain of His24 and (ii) increase / dﬁ&l‘(ease the pKa for the side chain of Glu73.

(a) (i) increase, (ii) increase od herd- 8 4 M f
) (1) increase, (ii) decrea$ )\ /_»/“ﬁéé ;O
R

¢ A< iqL"é/“L

(c €crease, (i1) decrease - _
(d) (i) decrease, (i1) increase SN 7 1o - _@90 — %[
(e) (1) no change, (ii) increase = %+ 0O
(2) Given the information in the following purification table, S aoh bon df“ﬁi Fias 29'7
’Puriﬁcation table for the new enzyme "professor hydrolase” N / “{
. . évolume total protein |total activity [specific activity o %fold
istep of purification (eal) (mg) (units) % (units/mg) % recovery purification
| >
Lysate 1000 120,000 90,000 RS 1100 !
gion exchange 1200 l E60,000 220 | |
gel filtration 50 200 135,000 e 139
hydrophobic 25 25 | 1800 22

What is the “fold-purification” (relative to the lysate) for the enzyme at the gel filtration

chromatography step?
(a) 2.6 P
B 7. (14
3y 100 G5
(e) 180

(3) Which of the following treatments will stabilize the R (oxy) form of hemoglobin?:
s T

(1) lower 2,3-BPG R
(ii) higher [COy] =~
(iii) lower [H'] so

(1v) O, binding to the first of the four sites )*’{

(a) (1), (i1), (1ii) only
(c) (i1), (iii), (iv) only
(d) (1), (i1), (iv) only

(e) (), (iv) only

(4) The rotation about which two atoms in a polypeptide chain defines the bond angle psi?
(a) N'Calpha b) N- b (C) Ccarbonyl'ccarbonyl
(d) Calpha‘R group ((:‘) Cz‘llph:x‘ccm'honyl

e
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(5) You purify an enzyme from a crude bacterial lysate. 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 70,000, 50,000 and 10,000, and the
staining intensities of the proteins indicate they are present in a stoichiometric ratio of 2:2:1,
respectively. Your protein elutes from a size exclusion (gel permeation) column with an apparent
molecular weight of 500,000. The quaternary structure of your protein is what (recall o is largest

subunit, y the smallest): -
J (70), (50),(19), sz - oV

(@) Py
(b) asPsy2

(c) ouPayi

(6) Using information from the following graph of 1/v vs. 1[S] for a particular enzyme, determine
the apparent K, that will be observed for the enzyme in the presence of an uncompetitive inhibitor

present at a concentration that decreases Vpmax by 2.5-fold. /
l/m.&t‘ ‘;/ ST = / OU

Z

0.07 - O 0
0.06 - 0.5 W OLQ"‘W ZZZK)
0.05 4+
o / Vma pers = 0. ()ZJ/
£ oo ( (a) 2 mM
< 003 () 0.5 mM
- (d) 12.5 mM
0.02 (e) 40 mM
0.01 -

000 &
> /(/r 04 0200 02 04 06 08 10 N
e [ LMY P

—1 = f v k- -
L et
formation on page 1, what is the plI for the amind ;

(7) Given }
\ cov! e or NC cdophy
o575 -y éfyf)c— ik i
. i
clh c/q =1 ; —
(d)5.04 @OUH Coort { Al cov

(8) The products of the reactions of (i) CO, and (u) acetorne with the side chain of lysine are,

respectively:
(a) (i) a Schiff base and (ii) a Schiff base | —
(b) (i) a Schiff base and (ii) an amide \“\ _]/ ﬂ k + /?/(Z

_W_,______
g

plo- LEE43.67 0
0T-19%

(gBQ_gcarbamate and (ii) an amide
C(d) (i) a carbamate and (i) a Schlff bas“"’*)
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(9) The following reaction coordinate is consistent with which kinetic mechanism?

k
(Q)E + S=——=E + P
K.

k k
(D)E + S =—=ES =% E + P
i ko
K
(C)E+ s——Es <% EP<X E+ P

== < =
P ks kg
e+ s—~_ ES ——._2_ El —; EP@

(e) kg ks
E +ST__ES,_._E|1____E|2——~EP,——-—_~E + P
k7 2 k3 k4 k5

Reaction progress

(10) Name the following compound properly:

NH,
J (a) deoxyguanosine- 3’-monoph0sphate
< ) CLdeoxyadenosme— monopﬁﬁﬁ]’"ﬁrg;s
CHZOH (c) deoxyadenine-3"-monophosphate
4 3 (d) adenosine-3’-monophosphate
! ! (e) deoxyadenosine-5’-monophosphate
(l) H
O—ﬁ—OH
o)

(11) What type(s) of carbohydrate linkage(s) are present in cellulose?
a 2> 1
b) B (1>4) only
(c) a (I>4) and . (1>6)
(d) B (1>4) and B (126)

(12) D-Galactose is a C4 epimer of D-glucose. Which of the following is the correct structure for B-
D-galactopyranose? S

(@) (b) ©
CH,OH CH,OH CH,OH

o OH OHL o o OH
OH OH
OH OH  OH
OH OH OH OH
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(13) In the reaction mechanism for chymotrypsin shown below, compounds (i) r%present

acyl enzyme intermediates, and compounds _ (ii) __ represent structures that are stabilized by the
oxyanion hole.

N
~

(a) glucose permease

(b) bacteriorhodopsin
@:ﬁie permease_—
(d) Chloride bicarbonate exchanger
(e) sodium potassium ATPase

CHy 0
| Hy Hy i )
AN C— G0 —0 (a) triacylglycerol
l 2
CH, C|> <|3H (b) ganglioside
Hzc_|é—?H c er.oph@spholgd
NH CH sphigomyelin ,
o=t 1 (e) ether Tipid
f|2 (éH?)u
CH,

(16) In B-DNA, the base orientaz'on is A /\'f\\ , the sugar puckeris _( ( (911,:(_»9 and the

two str_g_‘_gd&‘arq L
__(a) anti; C3’ endo: antiparallel..-
(b) syiiT T3 etdo; antiparallel
(c) anti; C3’ exo; antiparallel
(d) anti; C3’ exo; parallel
(e) syn; C3’ exo; antiparallel

S,

™
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(17) The compound resulting from the nucleophilic addition of an alcohol to an aldehyde is called

what? m .
(b) acetal

(c) hemiketal
(d) ketal

(18) Of the 6 dehydrogenases listed below, which use(s) FAD rather than NAD" as initial electron

acceptor.
(1) lactate dehydrogenase (i1) malate dehydrogenase
(1i1) succinate dehydrogenasm (iv) glyceraldehyde-3-phosphate dehydrogenase
(v) isocitrate dehydrogenase (vi) acyl-CoA dehydrogenase ¥4 y)

(a) (@), (i), (iv), and (v) only

(b) (i), (iii), and (v) only

(¢) (11i) onl; .
<Xd] (iii) and (vi) only

(e) (11) and (iv)only ™

(19) The CoA-dependent cleavage of acetoacetyl-CoA into two acetyl-CoA molecules is an
example of:

(a)h iiﬂ! is
!c# osp!orolysis

(d) claisen condensation (in reverse reaction)
(d) oxidative decarboxylation

(20) Glycogen phosphorylase in the liver is a (i) glucose/AMP sensor, and binds this metabolite in
the (ii) phosphorylated/unphosphorylated form. In contrast, glycogen phosphorylase in the muscle
is a (iii) glucose/AMP sensor and binds this metabolite in the (iv)
phosphorylated/unphosphorylated form.

(i) (i1) (iii) (iv)
(a) glucose unphosphorylated AMP phosphorylated
(b) AMP unphosphorylated glucose phosphorylated
() AME .. ...  phosphorylated  glucose = unphosphorylated
(d) (Gfucose phosphorylated AMP unphosphdylated
(e)  glucose “"phosphorylated” " AMP - ==phigsphorylated

(21) The term “cis-enediolate” might correctly apply to an intermediate formed during catalysis for
what class of enzymes in central metabolism?

(a) kinas

b) isomerase _.-
(c) aldolase

(d) mutase

(e) hydratase
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(22) For the following reaction:

lactate + NAD* pyruvate + NADH + H*

What concentration of lactate would be in equilibrium with 1.0 mM pyruvate, 10 mM NAD", and
0.20 mM NADH? Use information and equations on the first page of the exam to work this

problem. ,
@10 Fo,o 271 IS (sec b h

b) TRXT0H
Ec(;)) ?)?7?%1\4 O & va Z/
() 1.4 x 10° mM N 5)
< v 1 ; ,
s Cpar i) L Lkt <y o
[/M%er j[‘/&)@:ﬂ

F? Fer (A |

(23) Which cofactor facilitates C-C bond cleavage during decarboxylatlon of an alpha-keto ac1d‘7

(a) biotin
@mme pyrophosp-};—\.:)

(c) zinc metal ion - -3 4
(d) lipoamide - /‘f‘é*f‘ﬁ‘é% { JelCm) 04116~ )
(¢) FAD (2 71 <l i,(/gx/olfvs

Clackd,]: O 71IEM

(24) For which of the following classes of enzymes might you expect to encounter a covalent

phosphoenzyme intermediate during catalysis?
(a) kinase 73 ?ﬂfb{
i I,
) mutase. -’ L
(d) phosphorylase
(e) thiolase

(25) Which of the following is a high energy acyl phosphate?
(a) phosphoenolpyruvate
(b) 2-phosphoglycerate
¢) 3-phosphoglycerate
ng) 1,3-diphospliogtycerate,
(€) fructose 7. 6-diphosphate




