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USEFUL CONSTANTS:

R (gas constant) = 8.315 x 10-3 kJemol-1eKelvin—1

F (Faraday constant) = 96.48 kJ *Volt—lemol-1
If temperature = 25 °C, absolute temperature T = 298 °K

Energy Charge (EC):
[ATP]+ 0.9 ADP]
[ATP]+[ADP] +[ AMP]

Change in Free Energy:
"G'=" GY+RTIN [prOdUCﬂactual

[substratéactual
At equilibrium (when / GO= 0):

[ produci equilibrium
[ substratéequiibrium

" GY##RTIn

Change in Reduction Potential:

" E1/4= (El/zb # acceptor) # (E ]/42 # donor)
Relating / GY40 ! EYa

" GY=#nF"' EY.

Table of Standard Reduction Potentials

Half-readions EYa(V)
NAD++H"+2e -->NADH -0.32
FAD +2H"+2e -->FADH2 -0.22
Oxaloacetate 2H" + 2 e --> malate -0.16

Fumarate + 2H* + 2 & --> succinate +0.03

Q+2H"+2e -->QH2

+0.04

Use this space for scratch calculations, it will not be used for grading purposes.

p.-3 (25 points)
p- 4 (25 points)
p-S (25 points)
p.- 6 (25 points)

TOTAL: (100 points)
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1. Glucagon isa peptide hormone that signalslow glucose levelsin the blood. Glucagon
receptors are G protein-coupled receptors that signal through the protein kinase A pathway.
Answer the following questions with regard to the mechanism of glucagon signaling.

a. (4 pts.) What receptor-associated signaling molecules areinvolved in regulation of adenylate
cyclase activity following glucagon receptor stimulation?

Receptor stimulation resultsin dissociation of the G! subunit from the G! " #heterotrimeric
complex. TheG! subunit diffusesalong the membrane until it bindsto adenylate cyclase
and adivatesit.

b. (4 pts.) What product of the adenylate cyclase reaction functions asa second messenger, and
what isthe mechanism by which it stimulates protein kinase A (PKA) activity?

The product of the adenylate cyclase readion iscyclic AMP (CAMP) which bindsto the
regulatory subunit of protein kinase A causing it to dissociate from the catalytic subunit
which isakinase.

c. (2pts) Whatisthe functional role of protein kinase A in the glucagon signaling pathway?
Protein kinase A phosphorylatestarget proteins which stimulatesor inhibits their acivity.

2. (5pts.) Why is Gleevec such a spetific anti-cancer drug for the treatment of CML leukemia?

Gleevecisaspedficinhibitor of the Ber-Abl kinase which isa cancer protein expressed in
CML leukemiacells. The Becr-Abl kinase fusion protein isnot expressed in normal cells.

3. Plants (autotrophs) and animals (heterotrophs) use energy obtained from their environment
to stay alive. Answer thefollowing three questions about these organisms:

a. (4 pts) Whatisthethermodynamic explanation for why plants and animals need to obtain
energy from their environment, i.e., what is the energy used for?

Plants and animals use energy from the environment to keep their chemical readions away
from equilibrium, it requiresenergy to restrain entropy.

b. (4 pts) Describe the key difference between most plants and animalsin terms of the energy
conversion process used to obtain the large amounts of energy needed for survival.

Plants obtain energy from sunlight using the process of photosynthesis. Animalsobtain
chemical energy directly or indirectly from plantsin the form of nutrients that are
metabolized by the process of aerobic respiration.

c. (2pts) Which energy conversion processisrequired by bath plants and animals?

Met abolism of nutrients (carbohydrates) by the process of aerobic respiration.

/125
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4. (10pts) Intheliver, glycogen is a storage form of glucose that is synthesized and degraded
in response to hormonal signaling. Glucagon isthe "l am hungry hormone" and stimulates
glycogen degradation, in contras, insulin isthe "l just ate hormone" and it stimulates glycogen
synthesis. Glycolysisisa catabolic pathway that degrades glucose, whereas, gluconeogenesisis
an anabolic pathway that synthesizes glucose in the liver and exportsit to other tissues.

Circlethe best answer in the table below describing the relative hormone levels and rates of
metabolic flux when comparing physiological states before and after breakfast (1 pt. each).

Biochemical parameter Before breakfast After breakfast
Glucagon levelsin the blood low / _high low / high
Insulin levelsin the blood low / high low / high
Flux through glycolysis low / high low / high
Flux through gluconeogenesis low / high low / high
Flux through glycogen synthesis low / high low / high

5. The phosphofructokinase 1 (PFK-1) reaction is akey step in glycolysis.

a. (4 pts.) What isthe missing reactant and missing product in the phosphofructokinase 1
reaction shown below? Fill in the blank, abbreviations are acceptable. (no partia credit).

Fructose-6-P + ATP I Fructose-1,6-bisphosphate + _ ADP__ + H”
b. (3 pts.) Whatisthe most likely $G¥value for thisreaction? Circle the best answer.

$GLD= ~ +1 kJ mol $GL= ~ -280kJ mol
$GLU= ~ -1 kJ mol $GL= ~ +10kJ mol
$GYe= ~ -2800kJ mol $GUD= ~ -10kImol

6. Muscle cells utilize the glycerol-3P shuttle system to funnel 2 e into the electron transport
system and to replenish NAD™ for use in glycolysis. Muscle cells are capable of both aerobic
(complete oxidation of glucose) and anaerobic (production of lactate) respiration.

a. (4 pts.) Thenumber of ATP per glucose generated aerobically in muscle cellsis 30 ATP,
and the number of ATP per glucose generated anaerobically is 2 ATP. (fill in the blanks)

b. (4 pts.) Why isthe number of ATP generated under these two conditions so different?
Under aerobic conditionsthe glucose is completely oxidized (citrate cycle, electron transport
system, and oxidative phosphorylation) to yield the maximum number of 30ATP in muscle

cells. In contrast, under anaerobic conditionsin muscle cells, the glucose is converted to
lactate, giving riseto only the 2 ATP generated in glycolysis.

/125
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7. Usethe standard reduction potentials (E¥) in the table on page 2 to calculate the overall
change in standard reduction potential ($EY) for the net reaction shown below.

Mal ate + NAD" <--> oxaloacetate + NADH + H"
a. (3 pts.)$EYL -0.16  Volts (nopatia credit; thevalueand thesign must bath be correct)
b. (4 pts.) The standard free energy change for thisreaction is highly unfavorable ($GY2>> 0),
yet under conditions of high metabolic flux through the citrate cycle, the actual changein free
energy isfavorable ($G < 0). What isthe best explanation for the favorable $G of thisreaction?
Therapid utilization of oxaloacetatein the first readion of the citrate cycle (citrate synthase)
under these conditions, deceassthe OAA concentration to the point where the readion
becomesfavorable[In ¥(mass action ratio) is highly negative].

c. (3pts.) Fill inthe blanksin the sentence below in reference to this same citrate cycle reaction.

A pair of e- istransferred from malate to NAD* to generate two products, oneisthe

reductant NADH , and the other is the oxidant oxaloacetate

8. (5pts.) Early biochemists used radioactive **C-acetyl-CoA to investigate the citrate cycle
reactions. Why did the level of **C-malate drop significantly when inorganic phosphate (P,) was
removed from thein vitro system before adding *C-acetyl-CoA?

P, isrequired for the citrate cycle readion that generates GTP (succinyl-CoA synthetase).

Sincelow levels of P, decrease flux through thisreadion, and it precedesthe readion
required for malate formation, *“C-malate synthesisis decreased significantly.

9. Rotenoneis a poison that inhibits e transfer in complex | of the electron transport system,
whereas, antimycin inhibits e- transfer in complex Il1l1. Moreover, cyanide blocks e transfer in
complex 1V, and dinitrophenol (DN P) dissipates the proton gradient. The following questions
all refer to experiments using anin vitro mitochondrial system.

a. (4 pts.) What are the effects of rotenone and antimycin on NADH and FADH , oxidation?

Rotenone effect on NADH and FADH , oxidation: Rotenone blocksNADH oxidation (at
complex|) but hasno effec on FADH, oxidation (which occurs at complex|lI).

Antimycin effect on NADH and FADH, oxidation: Antimycin blocks oxidation of both NADH
and FADH, (because complex|Il is"downstream" of complexes| and I1).

b. (6 pts.) Circle the best answer describing the effect of adding these inhibitors to mitochondria:
Adding cyanide alone: the rate of ATP synthesisincreases/ staysthe same / decreases.

Adding DNP after cyanide: the rate of ATP synthesisincreases/ stays the same / decreases.
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10. During ATP synthesis, the catalytic head piece of the ATP synthase complex rotates
clockwise when viewed from the side of the inter-mitochondrial membrane space. What
direction does the catalytic head piece rotate during ATP hydrolysiswhen viewed from the
matrix side of the inner mitochondrial membrane? (circle the best answer).

a. (3 pts.) The catalytic head piece rotates counterclockwise/ clockwise from thisviewpoint.

b. (3pts.) Why doesthe ATP exchangeratio count 4 H* translocated for every ATP synthesized,
when only 3H" need to cross the inner mitochondrial membrane to generate 1 ATP?

The phosphate translocase requiresthat 1 H* accompany each P, brought into the matrix.

11. (3pts.) The key event in converting solar energy into redox energy is photooxidation of
chlorophyll in the reaction centers. What must be the chemical property of the e carrier
molecule that acceptsthe e from chlorophyll, i.e.,, why isthe e transfer favorable?

The e- istransferred to an electron carrier molecule with a higher reduction potential (the
standard reduction potential is more positive than that of the chlorophyll molecule).

12.(3 pts.) What redox reaction ultimately replaces the transferred e so that the chlorophyll
molecule becomes reduced, and can therefore undergo another round of photooxidation?

The oxidation of H,O generatesthe replacement e- that reduceschlorophyll.

13. (3pts.) Why are 8 photonsrequired for the net reaction of the photosynthetic electron
transport system (2 H,O + 8 photons + 2NADP* + 3ADP+ 3P, -->0,+ 2NADPH + 3ATP)?

The oxidation of 2H,0 generates4 e-, however, 4 photons are required at each of the PSI|
and PSI readion centersto move the e- through the photosynthetic electron transport system.

14. (4 pts.) The Calvin cycleis sometimesreferred to asthe Dark Reactions even though light is
required for Calvin cycle flux to be maintained. Describe the two primary mechanismsthat
regulate Calvin cycle enzymes so that they arethe most active in the light?

One mechanism isincreased stromal pH and [Mg*] which activates some enzymesasaresult
of increased flux through the photosynthetic electron transport system. A second mechanism
isthioredoxin-mediated reduction of disulfide bondsin Calvin cycle enzymes.

15. (6 pts.) In terms of photorespiration, what explains the observation that crabgrass, which
uses the C4 pathway of carbon fixation, hasa growth advantage over turf grass when
temperatures are high and the O,:CO, ratios are elevated due to increased O, solubility?

Photorespiration is a"wasteful" readion because 2-phosphoglycerate must be salvaged by
the glycolate pathway at the expense of ATP hydrolysis, therefore, the C4 plant hasan
advantage in the heat of summer because it can minimize loss of carbon to photorespiration.
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