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USEFUL CONSTANTS:

R (gas condant) = 8.315J¥molP¥K elvinPL = 8.315 x 1088 kJ¥molPhK elvinEL
F (Faraday Congant) = 96.48 kJ¥/PlymolEL

If temperature = 25 {C, absolute temperature T = 298K (Assume this temperature unless problem

states otherwise.)

Potentially useful equations:

Energy Charge (EC): Changein Free Energy: Changein Reduction Potential:
[ATP]+ 0.5[ADP] I G'=!1 GYRT In [produd]actua | BV (El/eacceptor) ! (El/edonor)
[ATP[+ [ADPJ+ [AMP] Bubstr ate]actua
At equilibrium (when ! GO= 0): Reating! GY4o0! E7,

I GY& ! nF! EY,
I G¥& | RTIn [product]equitibrium
[Substr ate]equitibrium
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1. (6 pts, 2 pts each) CircleT for true statements and F for fal se statements.
T/F Biological systems at equilibrium with the environment are dead.

T/F Burning 15.7 g of glucose in abonb calorimeter releases the same amountof energy as
aerobic respiration of 1 gram of glucose in your body.

T/F  Enegyinputisrequired to increase the entropy of a biological system.
2. (4 pts) Name two primary messenge's (aside from epinephrine) discussed in class.

Any two of the following:
Insulin; Glucagon: Epidermal Growth Factor (EGF); Cortisol;
NO (Nitric Oxide); Acetylcholine

3. (6 pts) Name 3types (geneal classes, not specific examples) of receptor proteins

Any three of the following:

G protein coupled receptors (or 7TM receptors or Seven-Transmembrane-Helix Receptors)
Receptor Tyrosine Kinases

TNF (or Tumor Necrosis Factor) Family Receptors

Ion Channel Receptors

Intracellular (or Steroid) Receptors

4. (6 pts) Outlinetheseries of eventsinvolved in G protein activation, starting with thearrival of a
signd at thecell surface and ending with the active component of the G protein tha affectsitstarget.

Conformational change of receptor protein causes structural change in the G protein —
GDP leaves, GTP binds

GTP binding causes a structural change in the G protein—molecular switch

dimer then dissociates and activated o subunit goes off to affect other proteins

5. (6 pts) Cyclic AMP (cCAMP) was discussed in detail in class andin thetext.
A. (2 pts) Therole of CAMP in theepinephrine stimulated signaling pathway is.

1. Receptor 4. Second messenger
2. Inhibitor of epinephrinesignding 5. Energy storage compound
3. Primary messenger 6. Hormone

B. (4 pts) Briefly explain wha trigga's cAMP production in this pahway; how is CAMP made?

The epinephrine receptor binds epinephrine and activates a G protein, /2 8
which stimulates adenylate cyclase.
Adenylate cyclase is an enzyme p.2 (28 points)
and it converts ATP into cAMP. p-3 (21 points)
p. 4 (29 points)
p.5 (22 points)

TOTAL: (100 points)
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6. (5 pts) Explainingenea termswhy anabolism isfavored unde conditionsof kzigh Energy Charge
inthecell. (YoudoNOT need to discuss specific reactionstha are regulated.)

The ratio of ATP to ADP (or to AMP) is high when the Energy Charge is high, meaning that
ATP levels are high. The cell responds by inhibiting ATP production and storing energy in
the form of fats or carbohydrates (such as glvcogen), which are synthesized by anabolic
processes. ATP is used by/required for anabolic processes.

7. (5 pts) Unde certain conditions muscle cells turn on a process that conveats suga into lactate
ingead of into acetyl-CoA.

A. (2 pts) What isthis process called?
Fermentation

B. (3 pts) Wha conditionsare required to make this happen?
Anaerobic conditions (O; is absent or O; at low levels). OK to say something about high
exercise, like sprinting, that depletes O, from muscle cells. NOT OK to say it is due to
aerobic or slow exercise.

8. (7 pts) Theenzyme phoghoglycerate kinase catalyzesthe 7" step in glycolysis and generates two of
the ATP molecules (pe glucose molecule) formed by glycolysis.

A. (3 pts) Besdes ADP and ATP, wha are the subdrate and produd of phogphoglycerate kinase?
(Circle the correct answer for each.)

Subdgrate Produd
dihydroxyacetonephoghae (DHAP) 1. dihydroxyacetonephogphae (DHAP)
3-phoghoglycerate (3-PGA) 2. 3-phosphoglycerate (3-PGA)
1.3-bisphosphoglycerate (1,3-BPG) 3. 1,3-bisphoghoglycerate (1,3-BPG)
glyceraldenyde 3-phophae (GAP) 4. glycerddehyde3-phophae (GAP)

5

6

7

fructose-1,6-bisphophae (F-1,6-BP) . fructose-1,6-bisphogphae (F-1,6-BP)
phogphoaolypyruvae (PEP) . phogphoeolypyruvae (PEP)
pyruvée . pyruvae

B. (4pts) The! Gj' of thisreactionin glycolysisis" 18.8 kJanol ™, butthe! G' unde physologica

conditionsis +1.3 kJanol ™.
Why is this reaction able to proceed forward, given theactud ! G' inthecell?

NoakwhNpE

The overall net AG' of glycolysis is a large negative number, and is very favorable. This
reaction is not occurring in isolation; it is able to proceed to the right despite having an
actual " G' > O because it is coupled in the glycolytic pathway to all the other 9 reactions in
the pathway, including more favorable reactions that have large negative AG' values, so the
sum of all the actual AG' values for the forward direction of the pathway is highly favorable
(<<0).

9. (4 pts) Thedisease beriberi is caused by anutitiond deficiency in vitamin B1 (thiamine).
Wha key mitochondiial enzyme that isrequired for the produdion of acetyl-CoA from
glucose uses thiamine as a coenzyme in the reaction mechanism?

Pyruvate dehydrogenase (PDH) is the key enzyme complex in glucose metabolism that depends
on thiamine for its catalytic activity. (Full credit for pyruvate decarboxylase, E1 in the PDH
complex, the specific component enzyme that uses TPP (thiamine pyrophosphate) as coenzyme)

/21
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10. (9 pts) Several small molecules (not proteing) were discussed in classthat play arole in regulating
therates of glycolysis and gluconeogenesis within the cell. Name three different regulatory
molecules. For each regulatory molecule, name one enzyme in glycolysis or gluconeogenesis tha it
regulates and tell whether it isastimulator or inhibitor of that particular enzyme. (Abbreviationsfor
compoundand enzyme names are fine butthey mug be absolutely correct! Enzymes may be
affected by more than oneregulatory molecule.)

Regulator Enzyme Stimulates/Inhibits
ATP Phosphofructokinase Inhibits
1. Pyruvate Kinase Inhibits
Citrate Phosphofructokinase . Inhibits
Fruc?ose 1,6-bisphosphatase ény 3 regulators from thlS' Stimulates
H+ Phosphofructokinase list; each must have matching Inhibits
ADP Phosphoenol-pyruvate carboxykinase enzyme and correct Inhibits
2. Pyruvate carboxylase stimulates/inhibits for enzyme  Inhibits
AMP Phosphofructokinase listed with regulator Stimulates
Fructose 1,6-bisphosphatase Inhibits
F-2,6-BP Phosphofructokinase Stimulates
Fructose 1,6-bisphosphatase Inhibits
3. Alanine Pyruvate Kinase Inhibits
F-1,6-BP Pyruvate Kinase Stimulates
Acetyl-CoA Pyruvate carboxylase Stimulates

11. (4 pts) Why would a deficiency in the enzyme |l actate denydrogenase make it difficult for an
individud with this condition to quickly run up three flights of stairs?

Because NAD+ is not being regenerated by the lactate dehydrogenase reaction, which will lead
to the inhibition of glyceraldehyde 3-P dehydrogenase by elevated levels of NAD+ and thereby
block production of ATP normally produced by substrate level phosphorylation in glycolysis.

12. (6 pts) Ubiquinone(coenzyme Q) hasfour critical fundionsin the electron trangport system.
Describetwo of them.
1. Q serves as a mobile electron carrier that transports electrons laterally in the membrane.
2. Q is the entry point for electron pairs obtained from FADH; -containing enzymes associated
with the citrate cycle, fatty acid oxidation and glycerol-3P dehydrogenase
3. Q converts a 2 e— transport system into a 1 e— transport system by passing electrons to
cytochrome c.
4. Qis involved in a Q cycle that helps pump protons across the mitochondrial membrane.

13. (6 pts) Chloroplasts are plant organdles tha conveat sunlight energy into chemical energy.

A. (4 pts) Wha two produds of the phobsynthetic electron trangport system in chloroplasts (in
additionto H,0) are required by the Calvin cycle to synthesize hexose phophaes?
ATP and NADPH

B. (2 pts) Where does the carbon come from for synthesis of hexose phoghaes by the Calvin cycle?
CO,

14. (4 pts) Fill intheblanksto make the statements true about phobsynthesis.

A. (2 pts) A minimum nunmbe of __ 8 phobnsmug be absorbed during phoosynthetic electron
trangport for every O, tha isevolved.

B. (2 pts) The_proton-motive force drives the produdion of ATP by
ATP Synthase in phobsynthesis. /29
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15.

16.

17.

(8 pts) Theenzyme isodtrate dehydrogenase catalyzes the formation of thefirst of thethree NADH
molecules produced by thecitrate cycle. Two relevant standad hdf reactionsand thar redudion
potentials are written bd ow.

#-ketoglutarate + CO, + 2H' + 2e$  isodtrate Ej' = £0.380V
NAD*+H"+26 $ NADH Ei' =£0.320V

A. (3 pts) Write outthe net reaction for thisimportant redox convasion in the citrate cycle.
isocitrate + NAD" — a-ketoglutarate + CO, + NADH + H'

B. (4 pts) Calculate the changein standad redudion potential (! E¥) for thereaction.
Show your work and state units.

AE°' = (AEO, e- acceptor) - (AEO' e- donor)
AE°' = (AEO, NAD+) - (AEO' isocitrate)
AE®' =(-0.320 V) — (-0.380 V) = 0.06 V (Must be positive! Must have correct units.)

C. (1 pt) Indicate whether thisreaction is favorable or unfavorable under standard conditions.
Favorable

(8 pts) Intheelectrontrangort system foundin the mitochondia, electronsare passed through
several oneelectron carrier proteins One of theseis the small soluble protein cytochrome ¢, and
another is cytochrome a; which is pat of complex 1V. Given thefollowing information,

cytochrome c(Fe*") + cytochrome ag(Fe**) $ cytochrome c(Fe?") + cytochrome ag(Fe*")
I Ei' =80.096V

A. (4 pts) Calculate the changein free energy unde standad conditionsfor thetranger of an electron
in thereaction as written above. Show yourwork and state units.

AG®' = —nFAE”'
AG®' =—1)*(96.48 kJ/mol-V):(—0.096 V) = +9.26 kJ/mol (must be positive! Must have
correct units.)

B. (2 pts) Isthis reaction as written favorable or unfavorable under standard conditions?
(circle correct answer)

favorable unfavorable

C. (2 pts) Which protein isfurther updream in the electron trangort system in the mitochondion?
(circle correct answer)
cytochrome ¢ cytochrome &

(6 pts) The Pentose Phophae Pathway has two phases, an oxidative phase and a non-oxidaive
phase. Wha does each pat dofor thecell? (In other words what is accomplished in each phase?)

Oxidative Phase (3 pts)
NADPH is generated from NADP+

Non-oxidative Phase (3 pts)

C3, C4, C5, C6 and C7 monosaccharides are interconverted

to produce ribose-SP for nucleotide synthesis

or also to regenerate glucose-6P to maintain NADPH production by the oxidative phase /22
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