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BIOCHEMISTRY - CLUTCH

CLUTCH REVIEW 5: AMINO ACID OXIDATION, OXIDATIVE PHOSPHORYLATION, & PHOTOPHOSPHORYLATION



CONCEPT: AMINO ACID OXIDATION 
● Urea cycle – occurs in liver, removes amino groups from amino acids so they may enter the citric acid cycle 

□ 2 nitrogen enter the cycle to ultimately leave the body as urea, and it costs 3 ATP 
1. Carbamoyl phosphate is formed from HCO3- + NH4+, 2ATP is consumed in the process 
2. Ornithine enters the mitochondria and combines with carbamoyl phosphate, releasing Pi 
3. Citrulline moves back to cytosol and combines with Asp, ATP à AMP + PPi (pyrophosphatase hydrolyzes into 2 Pi) 
4. Arginosuccinate is cleaved into fumarate and arginine 
5. Arginine is cleaved into urea and ornithine 
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CONCEPT: AMINO ACID OXIDATION 
● Glutamine synthetase makes glutamine to send to the liver (glutamate + ATP + NH4+ à glutamine + ADP + Pi) 
● Glutamine enters the mitochondria, and is broken down into glutamate and NH4+ by glutaminase 

● Glutamate dehydrogenase converts glutamate to α-ketoglutarate, releases NH4+ and reduces NAD(P)+ à NAD(P)H 
● Some glutamate is used to add NH4+ to oxaloacetate, forming aspartate 

● Glucose-alanine cycle occurs in muscles only, and can send alanine to liver 
□ Convert pyruvate to alanine via a transaminase that transfers an amino group from glutamate 
□ In liver, alanine is converted to pyruvate by transferring the amino group to α-ketoglutarate, forming glutamate 

- Pyruvate can be used for gluconeogenesis in the liver 
 
 
 
 
 
 
 
 
 
 
 
 
● Fumarate can enter the citric acid cycle, and oxaloacetate can be converted to aspartate to enter the urea cycle 
 
 
 
 
 
 
● Transaminases – amino-keto to amino-keto, indicator of tissue damage 

□ (S)GPT and (S)GOT indicate liver damage (S)CK indicate heart attack or infection 
● N-acetylglutamate stimulates carbamoyl phosphate synthetase 
□ N-acetylglutamate synthase – acetyl-CoA + glutamate à N-acetylglutamate (stimulated by R) 	
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CONCEPT: OXIDATIVE PHOSPHORYLATION 
● Quinones – lipid soluble molecules that contain an isoprene chain, and can carry 2 electrons 
● Cytochromes – contain porphyrin ring with Fe, can carry 1 electron, CN and CO block electron flow at cyt a 
● Iron sulfur proteins (Fe-S) – normally carry 1-2 electrons, some can carry 4, Fe complexed in by cys residues and S 
● NADH à Complex I à Q à Complex III (Cyt b à Cyt c1) à Cyt c à Complexx IV (cyt (a+a3) à O2) 
● FADH2 à Complex II à Q à Complex III (Cyt b à Cyt c1) à Cyt c à Complexx IV (cyt (a+a3) à O2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
● Complex I to complex IV – NADH + 11H+ + ½O2 à NAD+ + 10H+(pumped) + H2O 
● Complex II to complex IV – FADH2 + 6H+ + 1/2O2 à FAD + 6H+(pumped) + H2O 
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CONCEPT: OXIDATIVE PHOSPHORYLATION 
● NADH can pass its electrons to FAD via mitochondrial glycerol 3-phosphate dehydrogenase 

□ NADH à NAD+ to reduce DHAP à glycerol 3-phosphate to reduce FAD à FADH2 
 
 
 
 
 
 
 
 
● Malate aspartate shuttle – transports NADH across the mitochondrial membrane at no energy cost 

□ Malate dehydrogenase in cytosol reduces oxaloacetate (OAA) to malate, oxidizing NADH to NAD+ 
□ Malate is transported into matrix via an antiporter that moves α-ketoglutarate into the cytosol 
□ Malate is oxidized to OAA due to the pull of citric acid cycle, and NAD+ is reduced to NADH 
□ OAA is converted to aspartate by aspartate aminotransferase, using glutamate à α-ketoglutarate 
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CONCEPT: OXIDATIVE PHOSPHORYLATION 
● Complex I (NADH dehydrogenase) – pumps 4H+ into intermembrane space, prosthetic groups: FMN and Fe-S 
 □ NADH delivers 2e- to complex I: NADH à FMN à Fe-S proteins à Q + 2H+ + 2e- à QH2 
● Complex II (succinate dehydrogenase) – does not pump any protons, prosthetic groups: FAD and Fe-S 
 □ 3 FAD entry points to ubiquinone: complex II, FAD from ß-oxidation, and NADH from cytoplasm* 
 □ FADH2 delivers 2e- to complex II: FADH2 à Fe-S proteins à Q + 2H+ + 2e- à QH2 
 
 
 
 
 
 
 
 
 
● Complex III (cytochrome b) – pumps 4 protons into intermembrane space, prosthetic groups: heme and Fe-S 

□ Q cycle electron transfer results in the reduction of 2 cyt c, the pumping of 4H+, and uptake of 2H+ from matrix 
□ Cyt c – on periplasmic side of complex III, carries electrons 1 at a time without H+, prosthetic group: heme 

● Complex IV (cytochrome oxidase) – pumps 4H+ into intermembrane space, prosthetic group: heme and copper 
□ Cyt c donates electrons to Cu in complex IV, 4cyt c + 4e- à 2 Cu 
□ Cyt c brings electrons to complex IV were they will form H2O: cyt c à Cu à Heme a à O2 + 4H+ + 4e- 
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CONCEPT: OXIDATIVE PHOSPHORYLATION 
● Proton motive force – due to the electrochemical gradient of H+, drives ATP synthase to synthesize ADP + Pi à ATP 
● Adenine nucleotide translocase – antiporter that moves ATP out, and ADP in, to the mitochondria 
● Phosphate translocase – phosphate symporter that uses the proton motive force 
 
 
 
 
 
 
 
● ATP synthase has two components: F0 and F1 
 □ F1 has 3α subunits, 3ß subunits, and a γ subunit 
 □ F0 is embedded in the membrane and rotates the γ subunit 
 
 
 
 
 
 
 
● F1 experiences conformational changes due to the rotation of F0, and the ß subunits can be found in three positions 

□ Open – ATP is released, and ADP + Pi can enter 
□ Loose – ADP + Pi are loosely bound 
□ Tight – ATP is bound tightly 

● Protons enter a channel in F0 and move through it, displacing F0 and causing F1 to undergo conformational changes 
 
 
 
 
 
● Oxidative phosphorylation – metabolic pathway by which mitochondria form ATP using energy from oxidation of nutrients	

BIOCHEMISTRY - CLUTCH

CLUTCH REVIEW 5: AMINO ACID OXIDATION, OXIDATIVE PHOSPHORYLATION, & PHOTOPHOSPHORYLATION

Page 7



CONCEPT: PHOTOPHOSPHORYLATION 
● Heterotrophs produce CO2 and H2O from carbohydrate metabolism, and autotrophs consume CO2 and H2O 
● Autotrophs produce O2 and carbohydrates, and heterotrophs consume carbohydrates and O2 
 
 
 
 
  
● Chlorophyll a – contains a porphyrin ring with Mg, absorbs light maximally at 680nm 
● Accessory pigments include chlorophyll b and carotenoids that broaden the absorption spectrum for the organism 

□ Carotenoids contain isoprenes, and phycobilins have a tetra-pyrole, like chlorophyll 
 
 
 
 
 
 
● Absorption spectrum – spectrum of light that can be absorbed 
● Action spectrum – plot of photosynthetic activity against wavelength of light 
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CONCEPT: PHOTOPHOSPHORYLATION 
● Chloroplasts – organelles in which photosynthesis occurs, have electron transport chains and ATP synthases 
 □ Thylakoids – membrane bound compartments in which the light reactions occur 

□ Stroma – the fluid in the chloroplast, surrounding the internal structures 
● Hill reaction (light-dependent reaction) – 2H2O + 2NADP+ à NADPH + 2H+ + O2 
 
 
 
 
 
● Photosystem – complexes of proteins, photopigments, and organic molecules embedded in the thylakoid membrane 

□ Light harvesting complex – system of many chlorophyll, carotenoids, and other photopigments, acts as antennae 
- Pigment antennae transfer light energy to reaction center in thylakoid membrane 
- Light energy excites an electron into an excited state, and this excitement can be transferred to a 
neighboring antenna molecule electron 

□ Reaction center – contains chlorophylls, cytochromes, quinones, and pheophytin (chlorophyll without Mg) 
- Energy transferred by excited electrons causes an electron in the reaction to be ejected and picked up by 
electron carries, in a manner similar to electron transport 

 
 
 
 
 
● Electrons can come back to reaction center in a process that creates proton gradient 
● Electrons can be used to reduce NAD(P)+ à NAD(P)H via ferrodoxin, and must be replaced by splitting water 
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CONCEPT: PHOTOPHOSPHORYLATION 
● Photosystem II – reaction center contains chlorophyll P680, provides electrons for noncyclic electron flow 
 □ Splits water to replace lost electrons, water splitting uses 5 redox states of Mn 
● Cyt-b6f – contains heme, Fe-S, and ß-carotene, proton pump that receives electrons from plastoquinone 

□ Plastoquinone pulls H+ out of stroma to pump into the lumen 
□ Cyt-b6f electron flow: plastoquinone à cyt b6 à cyt f à plastocyanin (Cu) 

● Photosystem I – reaction center contains chlorophyll P700, provides electrons for noncyclic and cyclic electron flow 
 □ Electrons ejected from reaction center are picked up by ferrodoxin, and can go to cyt-b6f or to NADP+ reductase 

 
 
 
 
 
 
 
 
 
 
● Noncyclic electron flow – PS II à plastoquinone à cyt b6f à plastocyanin à PS I à ferrodoxin à NADP+ reductase 
● Cyclic electron flow – PS I à ferrodoxin à cyt b6f à plastocyanin à PS I 
 
 
 
 
 
 
 
 
 
 
 
● Photophosphorylation – sunlight provides the energy to generate a proton motive force that powers ATP synthase 
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PRACTICE: AMINO ACID OXIDATION 
1. (S)GPT and (S)GOT are serum transaminase enzymes that are easy to measure and greatly increase when there is 
damage to: 

a. heart 
b. brain 
c. kidney 
d. pancreas 
e. none of these 

  

2. (S)CK is a serum kinase enzyme that is easy to measure and greatly increases when there is damage to: 

a. heart 
b. brain 
c. kidney 
d. pancreas 
e. none of these 

 

3. Urea synthesis in mammals takes place mainly in the: 

a. brain 
b. liver 
c. kidney 
d. skeletal muscle 
e. small intestine 

 

4. Tetrahydrofolate and its derivatives shuttle ______ between different substrates. 

a. acetyls 
b. one carbon units 
c. –NH3+ 
d. electrons 
e. protons 

 

5. Most amino acid degradation pathways lead to: 

a. pyruvate 
b. preparatory phase of glycolysis 
c. energy harvesting phase of glycolysis 
d. pentose phosphate pathway intermediates 
e. citric acid cycle intermediates 
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PRACTICE: AMINO ACID OXIDATION 

6. The amino acids in the previous question are: 

a. glucogenic 
b. ketogenic 
c. able to generate urea 
d. unable to directly interact with complex 2 of electron transport 
e. all of the above 

 

7. The cofactor required for all amino acid degradation pathways in the first transaminase reaction is: 

a. niacin 
b. pyridoxine (B6) 
c. riboflavin 
d. NAD+ 
e. Vitamin B12 

 

8. In the liver mitochondria, glutamate is converted to α-ketoglutarate by a process that can be described as: 

a. transamination 
b. oxidative deamination 
c. reductive deamination 
d. hydrolysis 
e. none of these 

 

9. The amino acids serine, cysteine, alanine are catabolized to yield: 

a. pyruvate 
b. succinate 
c. oxaloacetate 
d. fumarate 
e. α-ketoglutarate 

 

10. Phenylketouria results from: 

a. a deficiency of protein in the diet 
b. inability to utilize ketone bodies 
c. inability to synthesize phenylalanine 
d. inability to convert phenylalanine 
e. production of enzymes lacking phenylalanine 
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PRACTICE: OXIDATIVE PHOSPHORYLATION 
11. Almost all of the oxygen (O2) consumed by cells is converted to: 

a. pyruvate 
b. carbon dioxide 
c. water 
d. acetyl-CoA 
e. carbon monoxide 

 

12. Which of the following is only able to accept one electron at a time? 

a. NADH 
b. FAD 
c. Heme 
d. FMN 
e. Quinone 

 

13. Antimycin blocks electron transfer between cytochromes –b and –c. Intact mitochondria were incubated with antimycin, 
NADH, and adequate O2, which of the following will be found to be oxidized? 

a. coenzyme Q 
b. cytochrome-a 
c. cytochrome-b 
d. cytochrome-e 
e. cytochrome-f 

14. Reduced quinones are not formed by which of the following: 

a. Complex-I and NADH 
b. Complex 2 and succinate 
c. Complex 3 and cytochrome-c 
d. Fatty acid oxidation 
e. Oxidation of glycerol-3-phosphate 

 

15. Which of the following is not true of the proton motive force(pmf)? 

a. One component of the pmf is the chemical gradient of protons 
b. One component of the pmf is the electrical charge gradient of protons 
c. Generation of the pmf requires succinate 
d. Pmf drives the production of ATP in the mitochondria 
e. Pmf is generated by electron transport 
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PRACTICE: OXIDATIVE PHOSPHORYLATION 

16. Which of the following statements is true? 

a. electron transfer in the inner mitochondrial membrane results in the release of protons on the outside 
b. energy is gained by proton difference in the outer membrane 
c. oxidative phosphorylation does not require a membrane 
d. uncoupling agents fail to allow electron transport 
e. energy is conserved by the outer membrane pH gradient 

 

17. The proton motive force: 

a. creates a pore in the inner mitochondrial membrane 
b. generates ADP and Pi for ATPase 
c. oxidizes NADH to NAD+ 
d. causes a conformational change in the ATPase 
e. reduces O2 to H2O 

 

18. Which of the following about human mitochondria is true? 

a. About 900 mitochondrial proteins are encoded in the nucleus, not the mitochondria. 
b. Mitochondrial genes are inherited from both maternal and paternal sources. 
c. rRNA and tRNA are imported form the cytoplasm for mitochondrial protein synthesis. 
d. The mitochondrial genome encodes all mitochondrial proteins. 
e. The mitochondrial genome is not subject to mutation. 

 

19. The addition of 2,4-dinitrophenol (DNP) or FCCP to mitochondria carrying out oxidative phosphorylation inhibits ATP 
production. By what mechanism does this occur? 

a. They block electron transport 
b. They block the proton pump in complex I and III 
c. They dissipate the proton gradient by transporting protons across the membrane 
d. They block adenosine nucleotide translocase 
e. They block phosphate translocase 

20. What will happen to the P/O ratio of the mitochondria after the addition of 2,4-dinitrophenol (DNP) or FCCP? 

a. The ratio will decrease 
b. The ratio will increase 
c. The ratio will be unchanged 
d. The ratio will decrease only if large quantities are added 
e. More information is needed to determine the answer 
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PRACTICE: OXIDATIVE PHOSPHORYLATION 

21. The reactive oxygen species made in quinones during electron transport are released into the mitochondrial matrix as: 

a. O2 
b. O2- 
c. O3- 
d. H2O2 
e. H2O 

 
22. Given the standard reduction potentials below, what is the overall standard redox potential of electron transport? 

NAD+ + H+ + 2e- à NADH  E°’ (V)= -0.32 
1/2O2 + 2H+ + 2e- à H2O E°’ (V)=0.82 

 

 

 

 

 

 

 

23. Calculate the energy released as one mole of electrons moves between cytochrome-a3 and cytochrome-a1, within 
respiratory complex IV. Cytochrome-a1 (E°’ = 0.29v) and Cytochrome-a3 (E°’ = 0.35v) 
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PRACTICE: PHOTOPHOSPHORYLATION 
24. Which of the following about photosynthetic light reactions in plants is false? 

a. A membrane bound ATPase couples electron transport to ATP synthesis 
b. No CO2 is fixed by the light reactions 
c. The ultimate electron acceptor is O2 
d. The ultimate source of electrons for electron transport is H2O 
e. There are two distinct but linked photosystems 

 

25. Cyclic electron flow produces: 

a. ATP, NADPH, O2 
b. ATP and O2, but no NADPH 
c. ATP but no O2 and NADPH 
d. ATP and NADPH but no O2 
e. O2 but no ATP and NADPH 

 

26. Archaea have rhodopsins which use light to generate: 

a. ADP 
b. fixed CO2 
c. NADPH 
d. Proton motive force 
e. All of the above 

 

27. In the chloroplast membrane, a photosystem contains many chlorophyll molecules which: 

a. are all involved in PS1 
b. are all involved in PS2 
c. reduce NADP+ 
d. oxidize NADP+ 
e. mainly transfer excited states to the reaction center chlorophyll 

 

28. A mole of red light at 680 nm wavelength contains energy equivalent to: 

a. 4.4 x 1014 J 
b. 2.91 x 10-19 J 
c. 175.1 kJ 
d. 2.91 kJ 
e. 4.4 x 1011 kJ 
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PRACTICE: PHOTOPHOSPHORYLATION 

29. A mole of light is called a(n): 

a. Einstein 
b. Krebs 
c. Calvin 
d. Planck 
e. Lumpuy 

 
30. A characteristic absorbance in the 400nm range displayed by molecules like cytochromes and photopigments is called: 

a. absorbance spectrum 
b. action spectrum 
c. Soret band 
d. blue light 
e. alpha band 
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