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MCB 102 Exam: Metabolism
April 8, 2003

Total points = 100
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Four enzymes catalyze the f-oxidation of saturated fatty acids to yield acetyl-
CoA. (10 pts total)

[A] Write the equation for the acyl-CoA dehydrogenase step using R-COOH
as the beginning fatty acid. Include structural formulas for the fatty acid

derivative reactant andd'l:s product. (4 pts) |
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[B] Wrrite the equation for a similar type of reaction in the citric acid cycle.
Include structural formulas for the organic acid product and reactant. Name
the enzyme and the organic acid participants. (4 pts;
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[C] In certain bacteria the pf-oxidation enzymes exist as a multienzyme
complex. Give the name of the procass by which such enzyme complexes

facilitate the processing of fatty acids relative to counterparts that exist as
four separate activities. (2 pts)
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2. Assume that oxaloacetats is generated from "Cy-pyruvate by an
anapleurotic reaction in liver by an enzyme that requires biotin. {10 pts total)

[A] Write the equation for this reaction using structural formulas. Include the

name of the participating enzyme. {4 pts} s ]
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after one tum of the citric acld cycle using unlabeled acatyl-
CoA? Include the structural formula for the oxaloacetate. Use reverse side
of this page for formulating your answer. {4 pla)

[C] Which carbon atom{s) would be labeled in pyruvate formed if the
oxalacetate in [B] fed into the gluconeogenic pathway? Show the structural
formula for the labeled pyruvatea. (2 pts)
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3. Glucagon regulates two enzymes of gluconeogenesis. (10 pts total)
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[B] Indicate whether either of these enzymes is activated or deaclivated as a
rasult of glucagan? (2 pts)
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[C] Give the name or abbreviation of the signaling molecule that acts
between glucagon and the target enzyme. (1 pt)

c-AM I

[D] An enzyme of the opposing pathway of glycolysis is also regulated by
glucagon, Write the equation (using words) and give the name of the
enzyn‘m for this reaction. Includa cofactor(s). (3 pts)
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|E] Name the four metabolites thal reguiate [D] directly in the presence or
ahsanna of glucagon (2 pts)
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We have studied the transfer and conversion of radiant energy in
photosynthesis in MCB 102. Answer the following questions using a "T"
{True) or “F" (False). (5 pts total, 1 pt each)

-

[A] i Energy is transferred from chlorophyll a to chlorophyll b.

[B] I In energy transfer light is first absorbed by blue-
absorbing pigments and then transferred to red-absorbing pigments.

[C] F Mn"® is essential for the oxidation of plastocyanin in
electron transport.

[D] T Photosystems functional in anaerobic photosynthetic
bacteria appear to be the evolutionary precursors of photosystams of
chloroplasts.

[E] F: P700 participates in the reduction of plastoguinone
(PQ).

[A] The synthesis of glucose from pyruvate is achieved by bypassing 3
irreversible reactions of glycolysis. Name the enzymes for each glycolysis
reaction bypassed. (3 pts)
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[B] Unlike animals and plants, bacteria can convert acetyl-CoA and CO;
jointly to pyruvate.

[a] Name the enzyme catalyzing the reaction of animals and plants
that these bacteria are able to bypass. (1 pt)
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[b] Name the electron carrier that these bacteria use to achieve this
bypass. (1 pt)
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Early investigators of '‘CO; assimilation by algae showed that the first
stable product formed was labeled in the #1 carbon. (10 pis total)

[A] Write the enzyme reaction that forms this product, identifying enzyme,
substrates, cofactors and products. Give structural formulas and names of
\

the organic metabolites. (5 pls) \ <
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[B] Name and write the formula of the product formed by this enzyme in the
prasence of Q;. (2 pls)
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[C] The path leading from the preduct in [A] to starch shows bath similarities
and differences from the parallel pathway leading to glycogen in animal

cells.

[a] Name the enzyme(s) that are unique to this part of the starch
biosynthesis pathway. (2 pts) f 5
L{ q

[b] What is the main structural difference between the glycogen and
starch products formed? (1 pt)
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7. Unlike birds and reptiles, mammals excrete excess nitrogen as urea
synthesized via the urea cycle. (10 pts total)

[A] Write the equation by which animals convert excess nitrogen to the
compound that enters the urea cycle. Give the structural formulas of
reactants and products and name of the participating anzyma (4 pts) D
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[B] Fill in the blanks. (6 pts)
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: . Identify the
following coenzymas and prosthetic groups that feed electrons into the
mitochondrial electron transport pathway. Write full names of cofactors; do
not use abbreviations. (10 pts total; 1 pt for each part)
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[F] Give the number of ATPs resulting from the transfer of 2 & from [A] to O,

’2.5 0

[G] Give the number of ATPs resulting from the transfer of 2 e from [C] to O;.
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[H] In what form is the energy released in the absence of ATP synthesis
during the transport of e from [A] or [C] to O;7
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[I] Based on your reading of Lehninger, give an example of how an
organism can benefit from [H].
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[J] What is the effect on the rate of electron transport from [A] to O, if ADP and
Pi are absent?
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As you have leamed in MCB 102, muscles of competitive runners draw on
all available sources of energy in times of demand during a race. (5 pts
total; 1 pt each par)

[A] Which system for generating ATP from ADP and Pi becomes limiting
first? \ J—,
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[B] Which system for genarating ATP from ADP and Pi is accelerated in [A]?
& Jycolysis

[C] Name the metabolite that accumulates as a result of [B] and draw its
structure,
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[D] Name the final product to which the metabolite in [j#] is converted when
running has ceased.

YG1ycogen

[E] In what tissue does the conversion in [D] mainly take place?
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ATP is synthesized in chloroplasts by two electron transport pathways. (5
pts total; 1 pt each)

[A] Name the two electron transport pathways that result in phosphorylation
of ADP.
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[B] Name the by-product of one of these electron transport pathways that is
essential for almost all eukaryotes.
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[C] What effect does net electron transport via one of these pathways have
on the activity of regulatory enzymes of the Calvin cycle?
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[D] Name the enzyme in [C] with a counterpart in liver gluconeogenesis that
acts in a potential futile cycle.
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[E] Is the enzyme in [D] regulated by electron transport as the enzyme in [C]?
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Suppose human food intake is switched to a diet consisting mainly of fat.
(10 pts total; 2 pts each part)

[A] What class of essential compounds we have studied would the body be
unable to synthesize from fat?
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[B] Name the type of compounds serving as an energy source that would be
ennched in the blood?
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[C] Name the primary tissue to which these compounds would be targeted.
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[D] Name the immediate biochemical intermediate from which these
compounds are synthesized.

Ahekf - GA

[E] Identify the clinical condition resulting from a genetic defect in which the
compounds in AT are also observed. .
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In photosynthetic electron transport, A, carries electrons that are ultimately
transferred to NADP®, (10 pts)

[A] The standard reduction potential of the electron acceptor chlorophyll

Ag resuced 8N Ag cuigizes aNd the femedoxingkdres/femedoxing.ce pairs are,
respectively, -1.12V and —0.42V. Using these values, calculate the kJ/mol
released in this reaction. Assume that Faraday's constant is 100 kJNV"mol.

(5 pts)
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[B] Using a AG', kJimol for the hydrolysis of ATP, approximately how
many ATPs could theoretically be formed in this reaction? (2 pts)
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[C] How many ATPs are experimentally detected in this electron transfer
reaction? (2 pts)

O
[D] What happens to any energy that is not used for ATP synthesis? (1 pt)
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