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MCB 102 Exam: Metabolism
April 3, 2007

Total points =100

1. The oxygenic photosynthesis equation has been known for 60 years. Total 10 pts

OA} Write this eq:;z;tion. its '«D 55 03 p 9
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(B) In his classical experiment, Van Helmont did not know about gases and
concluded that the plant matter he measured came from water only. Which other
gas component(s) shown in the reaction in (A) did he miss. 1 pt.
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(C) If we fast forward three centuries, we now know that the major reaction for
photosynthetic CO, fixation is present in all plants. Write the equation for this
reaction, including the name of the enzyme (abbreviation OK), cofactor(s) and

- substrates, and the name and structure of the product 4pts ‘
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(D) M mgr? o?ﬂs'l{@ p";{oguct formed if the reachon is camedout in the
presence of oxygen. 1pt
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(E) Name the metabolic process by which plants remove the productin (D). 1 pt
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2. Researchers looking for new biofuels are interested in converting cellulose to
products such as ethanol. Answer the questions below assuming that there is an
effective means to generate glucose from cellulose. Total 10 pts

(A) Name the pathway by which glucose is fermented to a precursor of ethanol. 1 pt
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(B) Write the equation(s) for the redox reaction(s) operative in this pathway, giving
names of enzyme(s), cofactor(s), and carbon metabolite substrates and products.
Also give structural formulas of carbon metabolite substrate(s) and product(s). 4

pts
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(C) Describe in no more than 10 words the metabolic basis for the formation of
ethanol—that is, why the organism forms ethanol. 3 pts
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(D) Write the structural formula and name of the alternative product formed by
yogurt-making bacteria. 2 pts o
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3. One enzyme of the citric acid cycle is membrane-bound. Total 10 pts

(A) Give the name of this enzyme and write the equation for its reaction. Include the
names of substrate(s) and product(s). Also give the structural formulas of carbon

% metabolite substrates and designate any cofactor(s). 4 pts
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(B) The first enzyme of the fatty acid p-oxidation pathway is mechanistically similar
to the enzyme in (A). Using a C,; saturated fatty acyl-CoA as substrate, write the
equation for the reaction catalyzed by this enzyme. Include the names and structural

: formulas of fatty acid substrate and product(s). Designate any r(s). 4 pts
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(C) Name the organelle in which (A) and (B) are located. 2 pts
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Fructose-2,6-bisphosphate is a key regulator of carbohydrate metabolism in liver.
Total 10 pts

(A) Name the pathway(s) that fructose-2,6-bisphosphate regulate(s) in the liver. 2

ts
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(B) ,que the enzyme(s) regulated by fructose-2,6-bisphosphate in (A). 2 pts
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(C) What is the effect of glucagon on the ci)ncentrat#on of fructose-2,6-bisphospha /
z a
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(D) Give the name or abbreviation of the regulatory metabolite by c glucagon
regulates the concentration of fructose-2,6-bisphosphate. 1 pt

(E) Starting with UDP-glucose and existing glycogen, write the equation for the
synthesis of new glycogen. Include names of enzymes, reactants and products.

Structural formulas are eeded. 2 pts
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(G) By what type of regulatory mechanism does the regulatory metabolite in (D)
bring about the change in the concentration of fructose-2,6-bisphosphate? 2 pts
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5. Glutamine is one of the amino acids that can provide carbon for the synthesis of
glucose under certain circumstances. Total 10 pts

(A) Using words, write the equation for the reaction that glutamine must undergo as
the first step in this conversion. Include the name of the enzyme and any cofactor(s).

2 pts
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(B) Starting with *C-glutamine labeled in the amino (no. 2) carbon, show which
carbon(s) in the derived glucose would be labeled when glutamine is processed
by the pathway(s) we have stgdigd. Use back of this page to trace the carbons. 5
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| (C) Using words, write the equation(s) for the reaction(s) by which the glucose in (B)

would enter the oxidative pentose phosphate pathway to generate the initial

NADPH. Include pan')le(s) of enzyme(s) __agcofactor(s). 3 pts N
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6. Oxidative phosphorylation and photophosphorylation have certain features in
common, including the central position of a quinone in the electron transport chain.
Total 10 pts

(A) Give the name(s) of the quinone(s) functional in each of these transport
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(B) What is the role the quinone plays in each of these pathways? 2 pts
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(C) Name the complexes of mitochondria and chloroplasts that interact with quinone.—
2 pts | | " Tj‘ . i“ cl;nwm Bl)|
* I Llﬂv')th\,'lﬂ btlbj-:_l; Mite chowdvia: % chyome b} Cax=,
AS LWsitdy

W Cyfohwomes W@ \ .
only i.pT. i)\e‘(’v\ CY\\"DYO P\agq}{g'_l CUi “‘]\C\ﬂz\f() m 2 ‘-36 %
‘ (2 by F
(D) What is the end result of the action of the quinone that results in the formation o
ATP? 1 pt
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(E) Name the enzyme and the mechanism by which the quinone generates ATP in
each electron transport chain. 2 pts
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(G) In which phase of the catalytic mechanism in (E) is the energy generated by
electron transport used? 1 pt
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7. Urea stands out in the history of science since it was the first organic compound
synthesized, as well as the first biochemical metabolite synthesized by a metabolic
cycle. 10 pts

(A) Write the structural formula for urea. 1.5 pts
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(B) Write the names and structural formulas of the metabolites that serve as the
precursors of the nitrogen and carbon groups of urea, indicating which urea atom

the precursor glves rise to. 7.5 pts (_,—-
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(C) Name the cell compartment(s) in which the urea cycle takes place. 1 pt
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8. The synthesis of glycogen (from glucose in liver) and starch (from CO, in
chloroplasts) is under several levels of control. Total 10 pts

(A) Give the name of the main type of covalent enzyme regulation functional in each
process. 2 pts F\\‘DSP‘“ oY kO /\ .

(B) Name the secondary messenger(s) utilized to link hormones to the breakdown

and synthesis of glycogen. 2 pts :
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(C) In addition to the covalent change, name the signals linked to light that function in
enzyme regulation in chloroplasts. 2 pts

(D) The building blocks for starch synthesis are provided by the Calvin cycle. Name
three enzymes that are unique to this cycle. 3 pts
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(E) Give the name of the enzyme in (D) that is not under covalent regulation. 1 pt
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9. Indicate whether each of the following statements is True of False by writing “T” or
“F.” Total 5 pts 1 pt. each.

| (A) E The citric acid cycle is irreversible in all cells.
(B) _&___Carnitine functions in the transport of fatty acids into chloroplasts.
(C) | Fructose-2,6-bisphbsphate regulates sucrose synthesis in leaves.

(D) ' Energy is transferred from chlorophyll a to carotenoids.

(E) F Pyridoxal phosphate functions only in amino transfer reactions.

10. Fill in the blanks. Total 5 pts 1 pt each.
?
(A) G\MC&?OQ} P“Q'a ﬂea‘@\n“ 0 is the hormone that

promotes the breakdown of triacylglyerols.

(B)The Qr/‘i 4?7 Chraome b ‘/ ‘F complex of

chloroplasts links plastocyanin to photosystem I1.

C‘H:' pla V\;{j have a

|

(C) Plants known as

superior type of photosynthesis.

(D) ?@ 3}) ST N is the

protease that degrades protein in the stomach.

(E) Sedoheptulose-1 7-bisphosphate is a sugar that is a member of the

| » :
j C E\V 1IN U"\} (/Lf’ﬁ_




Name Koy
SID: [
GSI| Name:
Section:

11. Lactate dehydrogenase catalyzes the reversible reaction given below. Total 5 pts
Pyruvate + NADH+ H" —» Lactate + NAD

Given the standard reduction potentials described below calculate the AG” for the
reaction assuming that reactants and products are present at 1 M concentrations
and that Faraday’s constant is100 kJ/V'mol. Note that the standard electrode
potentials have been rounded off to simplify calculations. If needed, use the back of

this page for calculations. S EtREsts

Standard Reduction Potentials at 25 °C and pH7

Half-reaction E'° (V)
NAD* + H* + 2 e —» NADH -0.30
Pyruvate +2H'+2e° —» Lactate -0.20
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12.Suppose a rat were put on a diet of mainlif fat meat. Total 5 pts

(A) What class of compounds functional in energy transformations would the animal
have difficulty synthesizing? 1 pt
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(B) What type of compounds would nriched in the animal’s blood? 1 pt
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(C) Name the type of enzymes that prevent the problem in (A) in well fed rats. 1 pt
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(D) Name the hormone that might help correct the problem in deficient rats. 1 pt
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(E) Name the metabolite needed for the synthesis of urea that would be decreased
in these animals. 1 pt
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