Biology 212: Cell Biology                                                                                                                                            
In-class quiz #3


You will have 50 minutes to complete this 150-point quiz.  The point value of each question is shown in brackets.  Good luck!

In signing your name below, you agree to complete this exam without aiding or receiving aid from any of your classmates and without consulting your notes, textbook, etc. 

_____________Greg Crowther______________

1.  Use the attached dataset to help you answer the following questions.  [Multiple-choice questions are 3 points apiece; short-answer questions are worth 6 points apiece.]

A.  How many light chain binding sites does the myosin heavy chain 2ELCBS contain? 


i. zero


ii. one


iii. two


iv. three -- CORRECT


v. four

B.  According to Figure 2, what is the approximate molecular weight of an intact, functioning myosin molecule 

whose heavy chains are 2ELBCS?  Briefly explain or label the method you used to arrive at your answer. 

An intact, functioning wild-type myosin molecule consists of two intertwined heavy chains, two essential light chains (ELCs), and two regulatory light chains (RLCs).  (See Figure 9.48 in your text, which was part of the background reading for this dataset.)  However, myosin heavy chain 2ELBCS has an extra essential light chain binding site, so two of these heavy chains would have a total of four associated ELCs as well as two RLCs.  Total molecular weight = 2 * (heavy chain weight) + 4 * (ELC weight) + 2 * (RLC weight) = 2*(200) + 4*(16) + 2*(19) = 502 kilodaltons.

C.  Is myosin's rate of ATP use significantly affected by phosphorylation of any part of the myosin molecule?  Support your answer by citing specific data, if possible.

Yes.  Phosphorylation of myosin light chains by myosin light chain kinase roughly doubled the myosin molecules' rates of ATP use (see Table 1 of the dataset).

D.  What is the approximate length, in nanometers, of the lever arm of wild-type myosin?

About 8.5 nanometers.  See the right panel of Fig. 3; the wild-type myosin has the second-longest lever arm.  (It's shorter than the myosin with an extra ELC binding site but longer than the myosins in which light chain binding sites have been deleted.)

E.  In a typical muscle cell, the faster myosin slides past actin, the faster the rate at which ATP is consumed.  Why do the different myosins used in these experiments (WT, dBLCBS, dRLCBS, and 2ELCBS) use ATP at similar rates despite having very different sliding velocities? 

Myosin consumes one ATP molecule with each "step" it takes.  As suggested by Table 1, the different forms of myosin consume ATP at roughly the same rate and thus take roughly the same number of steps per unit time.  However, the myosins with the longer lever arms will move farther along the actin per unit time (i.e., have higher sliding velocities) because their steps are longer than those taken by the myosins with shorter lever arms.

F.   The data in Fig. 3 come from experiments in which no calcium was present.  How would the addition of calcium affect the sliding velocities in these experiments? 


i. Calcium would increase the sliding velocities because it stimulates muscles to contract.


ii. Calcium would increase the sliding velocities because it causes the myosin neck to elongate.

iii. Calcium would not alter the sliding velocities because troponin and tropomyosin are not present in these experiments; thus myosin and actin can interact freely and calcium cannot facilitate this interaction any further. 
iv. Calcium would decrease sliding velocity because it is an intracellular second messenger and is not involved in motor protein function.


v. Calcium would decrease sliding velocity because it causes the myosin neck to shorten.

2.  Choose the single best answer to each question.  [3 points apiece]
A.  In the article "Lactate efflux is unrelated to intracellular PO2 in a working red muscle in situ" (presented by Brandi, Chai, Sean, and Shannon), the lactate threshold was considered to be
i. the rate of oxygen consumption (VO2) at which lactate efflux started to increase dramatically -- CORRECT


ii. the intracellular oxygen level at which lactate levels rose above 0


iii. the minimum lactate concentration needed to cause muscle fatigue

iv. the muscle stimulation frequency at which the muscle switched from burning fat to burning carbohydrate


v. the lactate concentration at which the muscle turned from red (slow-twitch) to white (fast-twitch)

B.  Following the publication of the article "Fast axonal transport in giant squid axon" (presented by Alexis, Emily, Joe, and Michelle), further research showed that action potentials are not necessary for axonal transport to occur.  The evidence that led to this conclusion was that


i. ligand-gated sodium channels were blocked, yet transport still occurred


ii. colchicine disrupted microtubule polymerization, yet transport still occurred


iii. the plasma membranes of neurons were removed, yet transport still occurred -- CORRECT


iv. potassium channels in the axon were blocked, yet transport still occurred


v. actually, Greg, action potentials are necessary for axonal transport to occur -- duhh!

C.  In the article "Adenyl cyclase in fat cells" (presented by Heather, Jeremy, Jesse, and Traci), which of the following strategies was used to establish whether hormones such as ACTH, epinephrine, and glucagon have different cell-surface receptors?


i. The researchers determined whether receptors had the same Vmax for each hormone.

ii. Combinations of hormones were introduced, all at maximally activating levels, to see if their effects were additive.

iii. Adenyl cyclase was inhibited, and it was determined whether any of the hormones could reverse this inhibition.

iv. The researchers blocked one hormone's stimulation of cAMP synthesis and determined whether that affected other hormones' stimulation of cAMP synthesis. -- CORRECT

v. The researchers couldn't figure this out, gave up, closed their lab, and started a summer program for teaching kids about signal transduction ("cAMP Camp").

D.  In lab, the proteins you subjected to SDS-polyacrylamide gel electrophoresis were denatured because of


i. heating them to 100 degrees Celsius


ii. the presence of SDS


iii. the presence of the electrical field


iv. both (i) and (ii) -- CORRECT


v. both (ii) and (iii)

E.  Absorption of light by chlorophyll molecules in Photosystem II causes chlorophyll to lose some of its electrons.  These chlorophyll molecules then replace their "missing" electrons by taking electrons from


i. Photosystem I



ii. water -- CORRECT


iii. NADH


iv. NADPH


v. pheophytin

F.  The first step of CO2 fixation in the Calvin cycle in C3 plants can be written as


i. 5 GAP  ( 3 RuBP


ii. 6 BPG + 6 NADPH ( 6 GAP + 6 NADP+ 


iii. 4 GAP ( sucrose


iv. RuBP + CO2 ( 2 PGA -- CORRECT


v. 6CO2 + 6H2O ( C6H12O6 + 6O2
G.  The electron transport chain in chloroplasts is different from that in mitochondria in all of the following ways except

i. protons are pumped against their concentration gradient in mitochondria only -- CORRECT

ii. many of the electron carriers in mitochondria are different from those in chloroplasts

iii. electrons passed through the chloroplast chain get an energy "boost" from light absorption

iv. the molecules that "donate" electrons to the start of the two chains are different


v. the ultimate electron acceptors at the end of the chains are different

H.  All of the following are electron carriers in the electron transport chain except


i. FMN


ii. cytochrome a


iii. cobalt (Co2+) ions -- CORRECT


iv. cytochrome c


v. Fe-S centers

I.  Microtubules differ from microfilaments in all of the following ways except

i. microfilaments are hollow, whereas microtubules are not -- CORRECT


ii. microtubules have distinct plus and minus ends, whereas microfilaments do not

iii. in nonmuscle cells, microtubules generally extend from the centers of cells to the periphery, whereas microfilaments are often confined to the periphery

iv. dyneins walk along microtubules but not along microfilaments


v. microtubules are disrupted by colchicine, whereas microfilaments are not

J.  Which ends of microtubules directly contact which parts of centrosomes?


i. minus ends / basal bodies

ii. minus ends / centrioles


iii. minus ends / pericentriolar material -- CORRECT


iv. plus ends / centrioles


v. plus ends / pericentriolar material

K.  Which of the following "zones" in the sarcomere does not change length during muscle contraction?


i. the zone where there is overlap between actin and myosin filaments 


i. the zone where there is only actin (no myosin)


iii. the zone where there is only myosin (no actin)


iv. the zone consisting of the full length of the myosin filaments -- CORRECT


v. the sarcomere as a whole

L.  Binding of glucagon to its receptor directly or indirectly leads to


i. dissociation of G proteins into their subunits -- CORRECT


ii. activation of protein kinase B


iii. phosphorylation of glycogen synthase


iv. translocation of glucose transporters to the cell membrane


v. transcription of glycolytic enzymes

M.  Arrestin helps "reset" signal transduction pathways involving G proteins by


i. binding to receptors, preventing them from phosphorylating themselves


ii. phosphorylating receptors, preventing them from interacting with G proteins


iii. binding to phosphorylated receptors, preventing them from interacting with G proteins -- CORRECT


iv. binding to phosphorylated G proteins, preventing them from interacting with receptors


v. stimulating G proteins to hydrolyze GTP to GDP

N.  Which of the following is a correct definition of a Km?


i. The Km is the substrate concentration at which an enzyme's reaction rate is half-maximal. -- CORRECT


ii. The Km is defined by the equation V = Vmax * (Km / ([S] + Km).


iii. The Km is the minimum substrate concentration needed for the enzyme to reach Vmax.


iv.  The Km is the reaction rate corresponding to 1/2 of an enzyme's Vmax.


v. The Km reflects the affinity of an enzyme for an inhibitor.

O.  Recall that ΔG = ΔG˚' + 2.303RTlog10([B]/[A]).  Under which conditions would the reaction glucose 6-phosphate ( fructose 6-phosphate have the highest (most positive) ΔG?

i. [glucose 6-phosphate] = 10 mM, [fructose 6-phosphate] = 1 mM


ii. [glucose 6-phosphate] = 1 mM, [fructose 6-phosphate] = 1 mM


iii. [glucose 6-phosphate] = 0.1 mM, [fructose 6-phosphate] = 1 Mm -- CORRECT


iv. [glucose 6-phosphate] = 100 mM, [fructose 6-phosphate] = 1 mM


v. [glucose 6-phosphate] = 1000 μM, [fructose 6-phosphate] = 1 mM

P.  Which of the following is not a good example of a catabolic pathway?


i. the Krebs cycle


ii. the fatty acid cycle


ii. the Calvin cycle -- CORRECT


iv. glycolysis


v. conversion of amino acids to acetyl CoA

Q.  Which of the following is a good (partial) explanation of why putting acetyl CoA into the Krebs cycle cannot yield a net production of glucose?


i. no enzymes exist for making a 2-carbon (C2) molecule into a molecule with more than 2 carbon atoms

ii. acetyl CoA is made from the breakdown of fat, and fats and carbohydrates can't be processed simultaneously


iii. acetyl CoA can be made into pyruvate, but pyruvate is a dead end from which no glucose can be made


iv. oxaloacetate (C4) cannot be made into pyruvate (C3)

v. a molecule of oxaloacetate (C4) is consumed when acetyl CoA enters the Krebs cycle so that the oxaloacetate produced only replaces the one that was consumed -- CORRECT

R.  Membrane-spanning regions of proteins generally


i. are about five amino acids long



ii. are hydrophilic


iii. form hydrophobic protein channels through which lipids can pass


iv. have beta helices as their secondary structure


v. include lots of hydrogen bonding among the amino acids -- CORRECT

S.  A person's blood type -- O, A, B, or AB -- is determined by


i. the presence or absence of glycophorin A in the membranes of RBCs


ii. the presence or absence of Band 3 in the membranes of red blood cells (RBCs)

iii. the particular combination of monosaccharides attached to lipids in the membranes of RBCs -- CORRECT


iv. the "saturatedness" of glycolipids in the membranes of RBCs


v. the amino acid sequence of the glycoproteins in the membranes of RBCs

T.   How does calcium enable information to be passed through the nervous system?


i. Extracellular calcium binds to ligand-gated sodium channels in the dendrites of neurons.


ii. Calcium diffuses from motor neurons into muscle cells, enabling muscle contraction.

iii. Calcium enters voltage-gated channels at the axon terminus, causing vesicles to dump neurotransmitter into the synpapse. -- CORRECT


iv. Calcium enters voltage-gated channels at the axon hillock, leading to depolarization of the axon.


v. Calcium does not affect the function of the nervous system.

U.  Under anaerobic conditions, some cells convert pyruvate into which of the following molecules in order to regenerate NAD+?


i. CO2
ii. acetyl CoA -- CORRECT


iii. ethanol


iv. oxaloacetate


v. glucose

3.  True/false questions . . . in a wacky new format!  The statements below are all false; edit them to make them true.  (You don't need to rewrite the whole statement; just clearly indicate what change(s) you would make.)  For full credit, change as few words as possible.  [3 points apiece]

A.  Electron pairs from FADH2 pass through complexes II, III, and IV of the electron transport chain; each of these complexes pumps protons out of the mitochondrial matrix.
Change "each of these complexes" to "complexes III and IV."

B.  In a wasteful pathway known as photorespiration, the enzyme Rubisco allows CO2 to react with ribulose 1,5-bisphosphate (RuBP), ultimately leading to the release of CO2.

Change the first "CO2" to "O2."

C.  According to the paper "Lateral and transverse organization of cytochromes in the chloroplast thylakoid membrane" (presented by Erin, Liana, and Stephanie, and Susan), electron pairs are shuttled between photosystems by ubiquinone.

Change "ubiquinone" to "plastocyanin."

4.  Miscellaneous short-answer questions.  [6 points apiece]

A.  In terms of photosynthetic metabolism, how do C4 plants and CAM plants differ from C3 plants?  How do C4 plants differ from CAM plants?

In C3 plants, CO2 fixation is carried out by the enzyme Rubisco; however, if O2 is abundant relative to CO2, it is used in place of CO2.  In C4 and CAM plants, the initial fixation of CO2 is performed by the enzyme PEP carboxylase, which has a high affinity for CO2 and doesn't accept O2 as a substrate.  In C4 plants, CO2 fixation is spatially separated from the Calvin cycle (the former occurs in mesophyll cells and the latter in bundle-sheath cells), whereas in CAM plants the two are temporally separated (CO2 fixation occurs at night and the Calvin cycle during the day, both within the same cells).

B.  Where in the mitochondria is the F0 subunit of ATP synthase, what does it do, and how does that promote ATP synthesis?

The F0 subunit is in the inner mitochondrial membrane.  It provides a channel through which protons can diffuse down their electrochemical gradient into the mitochondrial matrix).  This allows ATP to be made because the flow of protons causes the c ring of the F0 subunit to spin, which then causes the gamma subunit of F1 to spin as well, causing gamma to put the beta subunits of F1 through conformational changes catalyzing the synthesis of ATP.
C.  How are kinesins similar to and different from myosins?  List as many similarities and differences as possible.  (Complete sentences are not necessary, but clarity is.)

Both are motor proteins that crawl along cytoskeletal proteins, consume ATP, and can move cellular cargo from one part of the cell to another.  However, kinesins travel along microtubules, whereas myosins travel along actin microfilaments.

D.  You do an experiment in which you provide normal liver cells with fairly large amounts of 5'-Gpp(NH)p.  Gpp(NH)p acts exactly like GTP except that it can't be hydrolyzed to GDP.  If you now expose the liver cells to epinephrine, will the presence of Gpp(NH)p cause glycogen breakdown to be greater than, less than, or the same as it would be otherwise?  Please explain your reasoning.

Glycogen breakdown will be greater in the presence of the Gpp(NH)p.  When a G protein binds Gpp(NH)p, it will be unable to hydrolyze it to GDP, so it will remain active indefinitely and will activate effectors such as adenylate cyclase for much longer than normal, leading to a greater-than-normal breakdown of glycogen, etc.
E.  Using the figure appended to the end of the dataset, describe how high insulin levels lead to increased glucose uptake in cells such as muscle cells.  Please be concise but precise in summarizing each step.  Seven or so short, well-worded sentences should be enough to answer the question completely.

(i)  Insulin binds to its receptor, which phosphorylates IRS.

(ii)  IRS binds to and activates PI3K, which converts PI(4)P to PI(3,4)P2.

(iii)  PIP2 binds to PKB, allowing PDK1 to phosphorylate it (PKB).

(iv)  The active, phosphorylated PKB then phosphorylates other proteins, leading to fusion of glucose transporter-containing vesicles with the cell membrane and increased glucose uptake.
5.  A big, fun metabolic chart!  In each pathway listed, indicate whether each of the molecules listed is produced (P), consumed (C), or neither (N).  [1 point per box] 

	
	Krebs cycle
	Electron transport chain (don't include ATP synthase)
	Light reactions of photosynthesis
	Dark reactions of photosynthesis

	ATP
	P or N**
	N
	P
	C

	NADH*
	P
	C
	N
	N

	FADH2*
	P
	C
	N
	N

	NADPH*
	N
	N or P***
	P
	C

	O2
	N
	C
	P
	C or N****

	glucose
	N
	N
	N
	P or N*****


*Consider NADH, FADH2, and NADPH to be "consumed" by a pathway if the pathway oxidizes them to NAD+, FAD, and NADP+, respectively.

** Technically, GTP is produced, not ATP.  But this is essentially equivalent to ATP, since the two may be interconverted.

***The mitochondrial electron transport chain doesn't produce NADPH, but the chloroplast chain does.

****Some of you correctly pointed out that, although plant cells do not "want" to consume O2, some is consumed in photorespiration.

*****The immediate product of the Calvin cycle is glyceraldehydes 3-phosphate (GAP), which is then made into sucrose and starch.  Some of you may argue that these molecules are not glucose per se; others may contend that glucose is a monomer included in the dimer (sucrose) and polymer (starch).  Either line of reasoning is OK. 
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