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General Instructions: 

 

 Read these instructions.  Do not open this exam until instructed to do so. 

 

 Note the version of this exam, which is shown in the header to each page.  Bubble in 

the version number in Column P under "Special Codes".   

 

 Completely fill in your name and 9-digit GT ID number (9xxxxxxxx) on the left side 

of the exam sheet.  Start entering your ID number from the column A on the left and 

leave the last column (J) blank.  Your ID number is critical in entering your score into 

the class database. 

Any errors in your name and/or ID entries will result in 5 points being subtracted 

from your final score!  This is not a joke! 

 

• Write your lab section ID in the top right corner of your scantron sheet. 

 

• This exam contains 42 questions, each worth 2.5 points.  You can score a maximum of 

100 points on this exam, so you can potentially attain the maximum score even if you 

skip or miss 2 questions. 

• Please look over the entire exam before starting to work on any part of it.   

Please make sure that your copy of the exam includes all 10 pages of questions. 

• Write your name at the bottom of each exam page. 

• Please think through each answer carefully.  None of these are intended to be trick 

questions, so try to answer only the question asked.   Choose the best answer among 

the choices given. 

• You may use a cribb sheet during this exam. This cribb sheet must be no larger than 

8.5 x 11 inches, with both sides containing notes or diagrams written or drawn by hand 

(no printouts, photocopies permitted). A pencil and eraser are the only other items you 

may use in working on this exam.  You may not use calculators, phones, ipods, or 

friends during this exam.  

• Turn in both the question sheets and the answer sheet.  

You must show your student ID and cribb sheet when you turn in your exam.  

Please be prepared when you come up to the front of the class. 

• Good luck! 
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Some ancient sedimentary rocks contain lipids of biological origin that can be extracted and analyzed.  

Analysis of extractable hydrocarbons from a shale deposit dated to 2.5 billion years ago yielded the 

following:  

 Steranes 10% (steranes are derivatives of sterols) 

 Isoprenes 25% (derivatives of branched isoprenoid chains) 

 Alkanes 45% (alkanes are derivatives of fatty acids) 

 Hopanes 20% (hopanes are derivates of hopanoids, which are present in the 

membranes of many bacteria) 

Microscopic examination of the shale revealed possible microfossils, from cells approximately 1 

micrometer in diameter to much larger cells of 10-20 micrometers diameter – the larger cells appeared to 

have inclusions within them resembling organelles.  

 

1. The presence of isoprenes indicates the presence of what type of cells in this community 2.5 

billion years ago? 

 A) Archaea 

 B) Bacteria 

 C) Eukaryotes 

 D) Prokaryotes 

 E) Either Bacteria or Eukaryotes  

 

2. What observations support the hypothesis that eukaryotic cells were present in this ancient 

community? 

 A) The microfossils of larger cells with possible organelles and the presence of steranes 

 B) The microfossils of smaller cells and the presence of isoprenes 

 C) The microfossils of larger cells with possible organelles and the presence of isoprenes 

 D) The microfossils of larger cells with possible organelles and the presence of alkanes 

 E) The microfossils of smaller cells and the presence of alkanes 

 

3. Which of these statements is supported by the observations above? 

 A) eukaryotes evolved at the same time as bacteria and archaea 

 B) the first cells evolved in sedimentary rocks 

 C) cyanobacteria evolved oxygenic photosynthesis before 2.5 billion years ago  

 D) ancient eukaryotic cells had a mixture of sterols and isoprenoid lipids in their membranes 

 E) all of these statements are supported by the observations above.  

 

Cystic fibrosis (CF) is the most common genetic disorder among people of Northern European descent. 

People with CF fail to make a functional chloride ion channel protein, called CFTR. The most common 

mutation causes a phenylalanine, a hydrophobic amino acid, to be missing from the CFTR protein.  

 

4.  Where might you expect to this phenylalanine to be located in a normal CFTR protein? 

 A) on the  part of the protein exposed to the cell’s cytoplasm 

 B) on the part of the protein exposed to the extracellular fluid 

 C) in the interior of the protein, away from water 

 D) in a part of the protein that interacts with chloride ions 

 E) either A) or B) 
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5. CFTR is normally located on the plasma membrane. In what cellular compartment is the CFTR 

protein synthesized? 

 A) Golgi vesicles 

 B) Cytoplasm 

 C) Rough endoplasmic reticulum 

 D) Mitochondria 

 E) Smooth endoplasmic reticulum 

 

6. Some mutant forms of CFTR appear to be sensitive to pH. How would a change in pH affect 

CFTR structure and function? 

 A) Changes in pH affect hydrogen bonds that stabilize secondary and tertiary structure 

 B) Changes in pH affect the peptide bonds that create primary structure 

 C) Changes in pH affect covalent disulfide bonds between cysteins 

 D) Changes in pH affect hydrophobic interactions important for quarternary structure 

 E) Changes in pH affect all of the above 

 

7. Lipid rafts enriched in sphingolipids and cholesterol 

 A) are present in the plasma membranes of bacterial cells 

 B) are present in the plasma membranes of archaeal cells 

 C) are present in the plasma membranes of all living cells 

 D) organize distinct domains in the plasma membranes of eukaryotic cells 

 E) transport proteins from the outside of the cell to the inside of the cell 

 

8. The evolutionary origin of the eukaryotic nucleus is most likely directly linked to the evolution 

of what other eukaryotic cellular feature? 

 A) The plasma membrane  

 B) The cytokeleton system consisting of microtubules and actin filaments 

 C) The mitochondria 

 D) The endomembrane system 

 E) None of the above - the nucleus evolved first 

 

9. Analysis of a biological macromolecule reveals that it contains C, H, O, N and P. What type of 

macromolecule is this most likely to be? 

 A) polysaccharides 

 B) membrane lipids 

 C) protein 

 D) nucleic acid 

 E) it could be either B) or D) 

 

10. Vinblastine is a drug that depolymerizes microtubules. What cellular processes would be 

disrupted when animal cells are treated with vinblastine? 

 A) secretion of proteins  

 B) export of mRNA from the nucleus to the cytoplasm  

 C) respiration 

 D) protein synthesis by ribosomes 

 E) all of the above 
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11. Carbon dioxide passes quickly through cell membranes because ____ 

 A) it is an inorganic molecule. 

 B) it is a small, non-polar molecule. 

 C) all cell membranes have specific channel proteins for facilitated diffusion of carbon dioxide. 

 D) all cell membranes have specific active transport proteins for carbon dioxide 

 E) it is able to pass through aquaporins 

 

12.   What of the observations below does NOT support the theory that mitochondria and chloroplasts 

originated as bacterial endosymbionts? 

 A) they have their own circular genomes 

 B) their inner membranes contain the proteins that are found on the plasma membranes of 

bacteria, such as the electron transport chain 

 C) they have double membranes 

 D) their gene resemble bacterial genes more than they resemble eukaryotic genes 

 E) most of the organelle proteins are not made in the organelles 

 

13. Compared to wheat grown in summer, wheat grown in winter would have cell membranes with 

 A)  a higher percentage of trans-fatty acids 

 B)  more branched isoprenoid lipids 

 C)  a high percentage of poly-unsaturated fatty acids 

 D)  all of the above 

 E)  none of the above 

 

14. Mammalian blood contains the equivalent of 0.15M NaCl. What will happen if red blood cells 

are transferred to distilled water? 

 A) Water will leave the cells, causing them to shrivel and collapse. 

 B) NaCl will be exported from the red blood cells by facilitated diffusion. 

 C) The blood cells will take up water, swell and eventually burst. 

 D) NaCl will passively diffuse into the red blood cells. 

 E) The blood cells will expend ATP for active transport of NaCl into the cytoplasm. 

 

15. Which of the following show(s) saturation kinetics? 

 A)  simple passive diffusion. 

 B)  active transport. 

 C)  facilitated transport. 

 D)  enzyme-catalyzed reactions. 

 E)  all of the above except A). 

 

16. The transport of pyruvate and ADP into mitochondria requires a pH gradient across the inner 

mitochondrial membrane. These transport systems may be classified as: 

 A)  active transport. 

 B)  simple diffusion. 

 C)  chemiosmosis. 

 D)  facilitated diffusion. 

 E) osmosis 
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17. If bacterial cells are grown in medium containing radioactive phosphate, what large polymers 

will become radioactively labeled? 

 A) polysaccharides 

 B) peptidoglycans 

 C) proteins 

 D) nucleic acids 

 E) all of the above 

 

Use the following diagram to answer Questions 18-19.  The diagram refers to the following reaction:  A 

+ B  C + D 

 

18. Which letter in the diagram represents the deltaG for the enzyme-catalyzed reaction? 

 

19. Which letter in the diagram represents the activation energy required for the enzyme-catalyzed 

reverse reaction C+D → A+B? 

 

20. The oxygenase activity of Rubisco at high temperatures, high O2 concentrations and low CO2 

concentrations is an example of: 

 A)  Competitive inhibition. 

 B)  Noncompetitive inhibition. 

 C)  Photoinhibition 

 D)  An enzyme requiring a cofactor. 

 E)  An enzyme with poor substrate specificity. 

 

21. In bacterial cells, the F1 ATP synthase is located 

 A)  in the mitochondrial inner membrane. 

 B)  in the mitochondrial outer membrane. 

 C)  in the plasma membrane. 

 D)  in the cytoplasm. 

 E)  in the bacterial cell wall. 
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22. Which pathways were used by the last universal common ancestor to obtain energy from 

metabolism of organic food molecules? 

 A)  glycolysis 

 B) pyruvate oxidation 

 C)  citric acid cycle 

 D)  anaerobic respiration and chemiosmotic ATP synthesis  

 E)  all of the above 

 

Sam is a 2-year old suffering from muscle weakness and has lost the ability to walk. His movements 

have become increasingly uncoordinated, and he has begun to experience muscle spasms. His blood and 

spinal fluid contain elevated levels of lactic acid; Sam suffers from frequent lactic acidosis. Microscopic 

examination of his muscle cells show many abnormal mitochondria with relatively few healthy-looking 

mitochondria.  

Lactic acid is produced by the enzyme lactate dehydrogenase, which catalyzes the reaction: 

 pyruvate + NADH lactate + NAD+ 

 

23. Which of the following possible defects in energy metabolism would result in high levels of 

lactic acid in the absence of strenuous exercise? 

 A) a defect in glycolysis 

 B) a defect in pyruvate oxidation 

 C) a defect in the citric acid cycle 

 D) uncoupling of respiration to ATP synthesis 

 E) a defect in lactate dehydrogenase 

 

24. Where does pyruvate oxidation occur in the human cell? 

 A) the cytoplasm  

 B) the mitochondrial intermembrane space 

 C) the mitochondrial outer membrane 

 D) the mitochondrial inner membrane 

 E) the mitochondrial matrix 

 

25. If pyruvate oxidation cannot occur, how many ATPs can the cell make for each molecule of 

glucose metabolized? 

 A) zero 

 B) one 

 C) two 

 D) four 

 E) 32 

 

26. If pyruvate oxidation cannot occur, what types of food molecules may be metabolized to produce 

ATP with high efficiency? 

 A) sugar and starch 

 B) fatty acids 

 C) proteins 

 D) citric acid cycle intermediates 

 E) all except sugar and starch 
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27. What are the products of pyruvate oxidation? 

 A) acetyl-CoA 

 B) NADH 

 C) carbon dioxide 

 D) all of the above 

 E) both A) and B) 

 

 

 

 

 

 

 

 

 

 

 

 

  

Tests show that Sam's cells are able to metabolize pyruvate. However, his mitochondrial oxygen 

consumption is substantially lower than normal. His isolated mitochondria consume oxygen when given 

FADH2, but not when given NADH. He is diagnosed with a complex I deficiency. 

 

28. What pathway produces FADH2? 

 A) glycolysis 

 B) pyruvate oxidation 

 C) citric acid cycle 

 D) lactic acid fermentation 

 E) none of the above 

 

29. What metabolic pathways would be shut down if NADH cannot be oxidized to NAD+? 

 A) glycolysis 

 B) pyruvate oxidation 

 C) citric acid cycle 

 D) all of the above 

 E) none of the above 

 

30. Complex IV is at the end of the mitochondrial electron transport chain. Where do the electrons 

go from Complex IV? 

A) to the ATP synthase to make ATP from ADP and Pi 

B) to ADP to make ATP 

C) to H+ to generate H2 

D) to CO2 to make carbohydrate 

E) to O2 to make H2O 
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31. Dinitrophenol is a chemical that facilitates diffusion of protons across biological membranes. If 

dinitrophenol is added to a solution of isolated chloroplasts, what photosynthetic process will be 

most directly affected? 

 A)  the absorption of light energy by chlorophyll 

 B)  the synthesis of ATP (photophosphorylation) 

 C)  the reduction of NADP+ to NADPH 

 D)  generation of oxygen gas 

 E)  the flow of electrons from photosystem II to photosystem I 

 

32. If the chloroplast has excess NADPH and not enough ATP, how can it make extra ATP without 

making additional NADPH? 

 A) electrons can flow from photosystem I to the electron transport chain and back to PS I 

 B) electrons can flow from photosystem II to the electron transport chain and back to PS II 

 C) photorespiration will produce ATP 

 D) light energy can be preferentially channeled to PS II to make more ATP and less NADPH 

 E) NADPH gives its electrons to the electron transport chain 

 

33. What evolutionary innovations enabled cyanobacteria to transform planet Earth? 

 A)  They invented chlorophylls. 

 B)  They evolved non-cyclic electron flow with two photosystems. 

 C)  Their photosystem I reaction center acquired the ability to extract electrons from water 

molecules to replace electrons given to NADP+ 

 D)  They invented Rubisco. 

 E)  All of the above. 

 

34. How do C4 plants differ from C3 plants? 

 A) C4 plants are able to minimize photorespiration in hot, dry weather. 

 B) C4 plants do not use Rubisco 

 C) C4 plants make a 4-carbon compound that goes into a reverse citric acid cycle, instead of the 

Calvin cycle. 

 D) all of the above 

 E) both A) and B), but not C). 

 

35. Which of the following are products of the Calvin cycle that are returned to the light reactions?  

 A)  ribulose and O2  

 B)  ATP and NADPH  

 C)  excited electrons and H
+
  

 D)  ADP, Pi, and NADP
+
  

 E)  CO2 and glucose  

 

36. The oxygen gas generated by photosynthesis comes from the oxygen atoms in: 

 A) H2O 

 B) CO2 

 C) both H2O and CO2 

 D) PO4 

 E) ribulose-1,5-bisphosphate 
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37. Where does the Calvin cycle occur in plant cells? 

 A) in the cytoplasm 

 B) in mitochondria 

 C) in the chloroplast thylakoid membrane 

 D) in the chloroplast stroma 

 E) in the lumen (the interior space) of the chloroplast thylakoids 

 

38. The Calvin cycle produces G3P, a 3-carbon sugar. Two molecules of G3P can combine to make 

a molecule of glucose with no further energy input. What are the inputs into the Calvin cycle 

required to produce two molecules of G3P? 

 A)  6 CO2, 6 ATP, 6 NADPH 

 B)  6 CO2, 12 ATP, 12 NADPH 

 C)  6 CO2, 18 ATP, 12 NADPH 

 D)  6 CO2, 6 RuBP, 12 ATP, 12 NADPH 

 E)  6 CO2, 6 RuBP, 6 ATP, 6 NADPH 

 

39. Photosynthetic bacteria that have only a single photosystem 

 A) are dependent on organic molecules or reducing substances like sulfur or hydrogen as a 

source of electrons 

 B) can produce oxygen by cyclic photophosphorylation 

 C) cannot fix carbon dioxide 

 D) can make ATP by photophosphorylation, but cannot reduce electron carriers 

 E) became extinct when cyanobacteria evolved 

 

40. The evolution of oxygenic photosynthesis by cyanobacteria 

 A) caused a mass extinction of anaerobic prokaryotes 

 B) is responsible for banded iron formations 

 C) enabled the evolution of eukaryotes 

 D) led to formation of the ozone layer 

 E) all of the above 
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41. What happens to the Calvin cycle at night? 

 A) plants fix carbon dioxide only at night (in the dark) 

 B) chloroplasts accumulate 3-phosphoglycerate until ribulose-bisphosphate is depleted 

 C) chloroplasts accumulate ribulose-bisphosphate, but glyceraldehydes-3-phosphate is depleted  

 D) all the Calvin cycle intermediates will be depleted 

 E) all the Calvin cycle intermediates will accumulate 

 

42. Equal weights of radish seeds are germinated with water in the light or with water in the dark, in 

airtight flasks.  After 10 days, both produce shoots with leaves.  A control flask of seeds has no 

water and no light.  Which flasks will have the highest and lowest levels of carbon dioxide gas? 

 A)  highest with light-germinated seeds; lowest with dark-germinated seeds 

 B)  highest with light-germinated seeds; lowest in the control seeds 

 C)  highest with control seeds; lowest with light-germinated seeds 

 D)  highest with dark-germinated seeds; lowest with light-germinated seeds 

 E)  All flasks will have the same amounts of oxygen 

 

 

 

 


