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Biochemistry 5700 ,

Fall [2005 |

Exam 3

INSTRUCTIONS:

Do not begin until 10:30 AM. If you do not complete the exam by the end of class time (11:20 AM),
you may take additional time to finish the exam at one of the tables in the foyer outside the classroom.
The exam must be turned in by 12 noon.

Equations: AG = AG®' +RT InQ AE =AE® —R—;an AG'= -nFE'
n

Constants: F=96.5k]/Vemol R =28.3144 J/mol-K

TABLE 13-7 Standard Reduction Potentials of Some Biologically
Important Half-Reactions, at pH 7.0 and 25°C (298 K)

Half-reaction E" (V)
10, + 2H* + 267 —> H,0 0.816
Fe* + e~ — Fe?™ 0.771
NO; + 2H* + 2e~ —— NO, + H,0 0.421
Cytochrome f (Fe3*) + e —— cytochrome f (Fe2*) 0.365
Fe(CN)2~ (ferricyanide) + e~ —— Fe(CN)J~ 0.36
Cytochrome a4 (Fe**) + e~ —— cytochrome a, (Fe2t 0.35
0, + 2H* + 2~ — H,0, 0.295
Cytochrome a (Fe3*) + e~ —— cytochrome a (Fe?™) 0.29
Cytochrome ¢ (Fe3*) + e~ —— cytochrome ¢ (Fe?™) 0.254
Cytochrome ¢, (Fe**) + e~ —— cytochrome ¢, (Fe?*) 0.22
Cytochrome b (Fe3*) + e~ —— cytochrome b (Fe?™) 0.077
Ubiguinone + 2H™ -+ 2e~ — ubiquinol + H, 0.045
Fumarate?™ -+ 2H™' -+ 2¢~ —— succinate?™ 0.031
2H™ + 2e~ —— H, (at standard conditions, pH 0) 0.000
Crotonyl-CoA + 2H™ + 2e~ —— butyryl-CoA ~0.015
Oxaloacetate?™ + 2H™ + 2~ — malate?™ -0.166
Pyruvate™ + 2HT + 2~ —— lactate™ 0,185
Acetaldehyde + 2HT + 2~ —— ethanol -0.197
FAD + 2H* + 2¢~ —> FADH, —0.219*
Glutathione + 2H* + 2~ —— 2 reduced glutathione —0.23
S+ 2H* + 2¢7 — H,S —0.243
Lipoic acid + 2H™ + 2e~ —— dihydrolipoic acid -0.29
NAD* + H* + 2e~ —— NADH —0.320
NADP* + H* + 2~ — NADPH —0.324
Acetoacetate + 2H™ + 2~ —— B-hydroxybutyrate - 0.346
a-Ketoglutarate -+ CO, + 2H™ + 2e~ —— isocitrate - 0.38
2H* + 2 — H, (at pH 7) ~0.414

Ferredoxin (Fe3™) + e~ —— ferredoxin (Fe?™) ~0.432
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(1) (17 points) Reduced ferredoxin (Ferredoxin Fe*") and molecular oxygen (O3) are the products of the
“light reactions” of photosynthesis (the substrates are water and oxidized ferredoxin (ferredoxin Fe™).
Use information from the first page of the exam to answer the following questions. Continue on next

page if needed.

(a) (3 pts) Write a complete balanced chemical equation for the oxidation of two mols water to one mol
O, using oxidized ferredoxin as the electron acceptor.

(b) (8 pts) Calculate AG®' and K, for this reaction( 1.+ ¢ y1d 2 9 tmd@ Ho 4 g~ mu€ 02)

(c) (6 pts) Under standard biochemical conditions, the oxidation of two mols of reduced ferredoxin to
two mols oxidized ferredoxin with O, as the electron acceptor would provide sufficient free energy to
synthesize how many molecules of ATP? Recall the free energy of hydrolysis of ATP is -30.5 kJ/mol.
Do not round your final answer and show your work.
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(2) (12 points) Certain reactions of the citric acid cycle have counterparts ir! beta oxidation of fatty
TN acids. Name each of the citric acid cycle enzymes and beta-oxidation enzymes having counterparts, and
/ write the balanced chemical equations for each reaction (both citric acid cycle and beta oxidation
reactions). You need not draw structures for this problem, just name the compounds involved. Indicate
which specific enzymes are counterparts for the two pathways.
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(3) (8 points) If you were to add glucose that was radiolabeled with 14C at the C; carbon atom to a cell
extract containing all the glycolytic enzymes, where would the radiolabel appear in the final product
pyruvate? Show your work used to determine the answer.

CHO chdd C uon Q(Lc@ cul o) CH;_@

! ' :Q _ .

C— %¥L§ (_ =0 “J?p» oltd =1k~ L.on ;ip%wu
o Hreon — H HyOH arf =0 -JFC! L

I - oM W 5{9 f‘)ﬁ

{ g

- L”@»uf Jl

ClhgV




-6- Name k‘ LA

(4) (21 points) Draw complete reaction mechanisms for the reactions catalyzed‘ by any three of the four
enzymes listed below. Make sure to be complete in performing electron pushing, and showing all

Y
LY intermediates, cofactors, and general acids/bases. Continue on the top of the next page if necessary.
phosphoglucoisomerase, glyceraldehyde-3-phosphate dehydrogenase, citrate synthase,
phosphoglycerate mutase
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(5) (10 points) Briefly explain the specific biochemical roles of the following components as they relate

to the regulation of intracellular glycogen breakdown.

(a) epinephrine ‘ y
: cﬂcf!o’fr\a il N~ AO/‘(’\“I o ~€_ —i—ﬂé\a’f“ @JRJ/L{ Jp (A NC?ifa%df
/’)rc»/—en\ on e owle Surface a& muscle c.e//{(/yu.,gc;u’ "‘2

jndvcirg o conPremahonat CA@"% I "ié( ﬁfdknﬁ“rwﬁ m?ﬁl ~t
(b) GDP and GTP T ore Ce pfus Peodea

‘ ~ o
G prodern bt GRF pound  dver net dchuake _O«affe:?

odenala( Crclade(pTC cochmodonul  (hang G polen %;7@:,::;“

}0‘ '“9/¢‘f N o /-»(?Q.‘J" ‘f{ 6’3 /! d{f\iﬁac‘ﬁxfﬁﬁ“ﬂ ¢ 77’ indin
wl %f;denylyl Cyé'ése ‘ CSJ, f\"’o‘lﬁ{ n '“/p )?"\6[ PN ﬁ éc %Vbﬁﬂ A__z a ek ».0('1(»»\

O/\:.ﬁ:, a¢foked b.,? O ﬁ‘w’feﬁ & Conveds BTN -4 2: T é_/g m/
bohich Brad i Hy oadd  ACA waley m»g,j{em
(d) protein kinase
Oente achuotac] bw} <A/ /)A 0/'//"4(2“ 7 ety
Phosphomlase & Einage ac gy 1
(e) glycogen phosphorylase

71(' GeAuve 7%“"1 % ﬁ/u«;[aggby‘\ ﬂ/’éf{%é{?m/&&’-ﬂc /’/‘ﬂ.f//'arl?/y}(/

7a laar cooafin® /61/\4(/)/1@44}/, + /71 -9 fq/‘;faﬂﬂ’rt}n-l + /slf,'/-ﬂ

t a - )
t g CH . t His cHz~0-4
HA) <05 r%‘g}f '
4
-0

VLl A



-8- Name l( u&,}

(6) (12 points) Draw chemical structures for the following

v (a) the metabolite product of the reaction catalyzed by isocitrate dehydrogenase

\ (b) The pentavalent intermediate formed during the reaction catalyzed by pyruvate kinase
(c) The first intermediate formed upon reaction of hydroxyethyl-TPP carbanion with lipoamide
(d) The ﬁonal metabolite product(s) of the oxidative portion of the pentose phosphate pathway
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(7) 20 points. Definitions.

An organism that grows using light as an energy source ; }

and CO, as a carbon source is called a: ﬂ}\ 5)7!@5{ ’\Jg‘ % ’ﬁu{%fz’\

Name an enzyme from central metabolism that uses a '

Schiff base intermediate in catalysis A Uo!a Se

What citric acid cycle enzyme requires thiamine ot -etn 9 [ U‘ﬁm\““(h, d Q/\u, dre era
pyrophosphate? 1 X

Name a specific enzyme from central metabolism 6] ""‘1 ¢ (J%ﬂ/v\ )/\ Ko § f\ K ur f a4 {&_7 o 0

catalyzing substrate phosphorolysis

How many net ATP molecules are directly formed by
the reactions converting glucose to pyruvate? 2

How many electrons are released from the oxidation of
one acetyl-CoA to two CO,? g

Name the isozyme of hexokinase found in the liver

C]/uw/fmasc

Name a specific enzyme from central metabolism AN iolase
catalyzing substrate thiolysis
Name an enzyme that can discriminate between the two aconmtase
prochiral arms of its substrate
What compound is exhaled in the breath of diabetic a ceton e
individuals?
Anaerobic catabolism of glucose in the muscle leads to / - : N )
. . . Acia
the accumulation of what organic compound? /6( cta C lache A
What is the final product of beta-oxidation of an odd- ) Ny
(‘* 7 %t - ( .
chain saturated fatty acid? /) 0.! Mone ’, @ f«:}

Dietary fat is transported through the bloodstream in . ,
particles called what? CA "7/ omicrons

Fatty acids mobilized from adipocytes are transported .
through the bloodstream complexed to what molecule? A l bum' n

What molecule is used as the carrier of fatty acid units C ) s '

from the cytosol to the mitochondrion? Arnytind

What is the high energy intermediate formed by the Z 5‘: /,

enzyme fatty acyl-CoA synthetase? H 1 acq Am P
What enzyme catalyzes the key commited step of - '
elycolysis? /! A 05/71 ofeucts kinage

Name a high energy compound from central metabolism )‘ $- d ’ ( L l'.r) ﬂ A. 7%y ﬂ'!/l() 7’7( f’rmzc
that is an acylphosphate

Name a high energy compound that is an enolphosphate /1 ]’V) gﬁ[ow eno i/ﬁ“? ~AUVA "(C

Name a high energy compound that is a PR /4 7 /\ "
phosphoguanidine C ".'l ne /1 /l Jﬁ





