Biology 334B (Crowther)
                                                                         
In-class exam #2


You will have 120 minutes to complete this 130-point exam.  The point value of each question is shown in brackets.  Enjoy the silly alliterations!  Good luck!

In signing your name below, you agree not to discuss this exam with any classmates who have not yet taken it. 



________________________________________

1. Multi-choice madness!  Please circle the single best answer to each question.  [2 points apiece]

(A) Endotherms differ from ectotherms in all of the following ways EXCEPT:


(i) endotherms have a higher metabolic rate


(ii) endotherms have a higher rate of heat production


(iii) endotherms have a higher thermal insulation


(iv) endotherms have a higher thermal conductance -- yes



(v) endotherms have a higher activity level in the cold

(B) Which of the following statements about the regulation of vertebrate smooth muscle contraction is/are true?

(i) Binding of calcium to a specific site on myosin light chain inhibits contraction.

(ii) Calcium regulates contraction indirectly by activating proteins that phosphorylate myosin light chains. -- yes

(iii) Binding of calcium to troponin allows for contraction.

(iv) Myosin binds to calmodulin rather than actin.

(v) ii and iv are both true

(C) Which of the following statements about heat shock proteins (HSPs) is true?

(i) HSPs cause proteins to unfold.

(ii) HSP expression is unaltered by low oxygen, alcohol, and viral infections.

(iii) HSPs are only present in animal cells.

(iv) HSPs bind to partially unfolded proteins. -- yes


(v) all of the above statements are true

(D) How is the diffusion of water different from the diffusion of oxygen?

(i) The diffusion of oxygen is affected by the permeability of the exchange surface, whereas the diffusion of water is not. 

(ii) The diffusion of oxygen depends on the presence of a partial pressure gradient, whereas the diffusion of water depends on an osmotic gradient.  -- yes


(iii) The diffusion of oxygen is always faster than the diffusion of water.

(iv) Oxygen diffuses in and out of capillaries, whereas water does not. 


(v) none of the above statements is true

(E) The cross-sectional area of a circle is equal to (r2 (where r is the radius). Muscles M1 and M2 are identical except that M1 has a cross-sectional radius of 2 cm and M2 has a cross-sectional radius of 1 cm.  What is the maximal force of M1 relative to M2?


(i) M1's force is ¼ that of M2.


(ii) M1's force is ½ that of M2.


(iii) M1's force is 2 times that of M2.


(iv) M1's force is 4 times that of M2. -- yes


(v) M1's force is 4( times that of M2.

(F) If a bird is dehydrated,


(i) its vasopressin levels will be low


(ii) water pores will allow water to leave the collecting duct -- yes


(iii) the osmotic gradient of the nephrons will collapse


(iv) its antidiuretic hormone levels will be low


(v) its urine will be dilute

(G) Animals minimize breathing-related energy expenditure in all of the following ways EXCEPT:


(i) using locomotion to force fluid in and out of the gas exchange cavity


(ii) switching from buccal pumping to ram ventilation when swimming speed increases


(iii) unidirectional (rather than bidirectional) pumping of water through gills

(iv) maximizing O2 extraction from the water, thus minimizing the amount of water that needs to be pumped


(v) hyperventilating to improve the efficiency of gas exchange -- yes

(H) Guppies kept at 23 (C die if cooled to 10 (C because


(i) ice forms in their cells due to freezing point elevation


(ii) metabolic intermediates build up to toxic levels


(iii) the respiratory center in their brain becomes depressed and they don't breathe enough -- yes


(iv) their myosin filaments can't form crossbridges at low temperatures


(v) there is not enough oxygen dissolved in cold water to support their metabolic rate

(I) To keep their blood from becoming too alkaline while at high altitude, humans will initially


(i) hyperventilate


(ii) decrease bicarbonate excretion by the kidney


(iii) increase bicarbonate excretion by the kidney -- yes


(iv) decrease CO2 excretion by the kidney


(v) ingest lactic acid

(J) All of the following are true of Q10 EXCEPT:


(i) typical Q10 values for metabolic rates are 2-3


(ii) if Temperature2 minus Temperature1 is exactly 10 (C, Q10 = Rate2 / Rate1


(iii) a Q10 can be calculated for any two rates measured at different temperatures


(iv) if Q10 =1, temperature does not affect the rate


(v) for a given metabolic process, Q10 is the same over all temperature ranges -- yes

(K) You put on a snorkel while swimming just beneath the surface of the water.  If you do not change the frequency or tidal volume of your breathing, your arterial PO2 will start to drop.  Why?


(i) The snorkel widens the diffusion distance (x) between the alveoli and capillaries. 


(ii) The snorkel decreases the surface area of the lungs.

(iii) The snorkel increases the effective dead space of your lungs, so less fresh air gets to the alveoli. -- yes

(iv) The high pressure on your chest causes your lungs to partially collapse, limiting the amount of air that can reach the alveoli.


(v) Dropping the arterial PO2 helps increase oxygen extraction by the tissues.

(L) The oxygen binding curve of hemoglobin is shifted right by all of the following EXCEPT:


(i) a rise in pH -- yes


(ii) a rise in diphosphoglycerate (DPG) concentration


(iii) a rise in carbon dioxide concentration


(iv) a rise in temperature


(v) a rise in ATP concentration 

(M) Max Rubner's experiments on dogs in 1883 led him to believe that small animals had higher metabolic rates than large animals because


(i) the smaller animals had higher body temperatures


(ii) the smaller animals' blood had right-shifted oxygen affinity curves


(iii) the smaller animals had higher surface area-to-volume ratios -- yes


(iv) small animals are endothermic and large animals are ectothermic


(v) of the fractal nature of hierarchical branching networks

(N) An increase in metabolic rate can be supported by each of the following mechanisms EXCEPT:


(i) an increase in stroke volume


(ii) an increase in oxygen extraction by the tissues


(iii) an increase in vapor pressure -- yes


(iv) an increase in anaerobic metabolism 

(v) an increase in heart rate

(O) Earthworm Ringers solution is designed to


(i) mimic the composition of earthworm extracellular fluid -- yes


(ii) prevent calcium release in muscle cells


(iii) be hyperosmotic to intracellular fluid to promote ion uptake by the cells


(iv) simulate the body fluids of crustaceans 

(v) help earthworms play horseshoes 

(P) All of the following statements are true EXCEPT:


(i) Fish gills have a higher oxygen extraction efficiency than bird lungs.


(ii) Bird lungs have a higer oxygen extraction efficiency than tidal lungs.

(iii) Bird lungs rely on a countercurrent system of gas exchange, whereas fish gills use a cross-current system. -- yes


(iv) The PO2 is higher in birds' caudal air sacs than in their cranial air sacs.


(v) Expansion and contraction of air sacs drive the flow of air through bird lungs.

(Q) Which of the following statements is true?

(i) In terms of depressing the freezing point, a given concentration of antifreeze protein is more effective than an equal concentration of NaCl. -- yes

(ii) Antifreeze proteins depress the freezing point at a rate of 1.8 (C per Osmol of protein.

(iii) The hydrophobic regions of antifreeze proteins bind to water molecules, preventing ice formation.


(iv) Antifreeze proteins are also known as nucleating agents. 


(v) none of the above statements is true

(R) Crow & Kushmerick (1983) determined the rate of ATP use by calcium pumps in the sarcoplasmic reticulum (SR).  They did this by extrapolating from their data to a point where


(i) the pumps are working at their maximal rate


(ii) the only calcium in the cytoplasm comes from outside the cell 


(iii) there is no ATP left in the muscle


(iv) there is no myosin in the muscle


(v) there is no overlap between actin and myosin -- yes

(S) Raising the osmolarity of a solution


(i) depresses the boiling point, depresses the vapor pressure, and depresses the freezing point


(ii) depresses the boiling point, depresses the vapor pressure, and raises the freezing point


(iii) elevates the boiling point, depresses the vapor pressure, and depresses the freezing point -- yes


(iv) elevates the boiling point, elevates the vapor pressure, and depresses the freezing point


(v) elevates the boiling point, elevates the vapor pressure, and elevates the freezing point

2. Fun facts about frog force!

(A) Briefly explain why muscle force depends on sarcomere length, as shown in the figure at right.  Your answer should mention actin, myosin, and crossbridges.  [4 points]

The sarcomere length reflects the extent to which actin and myosin filaments overlap with each other and thus the extent to which crossbridges can form between them.  The more crossbridges that can form, the more force results.  At really long sarcomere lengths, there is little overlap, little crossbridge formation, and little force.  At really short sarcomere lengths, actin filaments from opposite ends of the myosin interfere with each other's interactions with myosin.

(B) According to Lutz & Rome (1994), where on the above length-tension curve do the  semimembranosus muscles of jumping frogs operate?  Answer this question by circling the approximate range of sarcomere lengths that the frogs achieve during shortening.  [2 points]

To quote some lyrics: "You know my sarcomeres are roughly 1.8 to 2.3 microns long/ That's the range where I'm strong/ The data couldn't be wrong!"

(C) The force-velocity curve published by Lutz & Rome shows that the shortening velocity (V) of jumping frog muscles is about 1/3 of the maximum shortening velocity (Vmax).  Lutz & Rome claim that a V of 0.33*Vmax is optimal for jumping even though the force achieved at this V is far below the force achieved at a V of 0.  Explain why a V of 0.33*Vmax can be considered optimal.  Feel free to sketch a well-labeled figure as part of your answer.  [4 points]

Although force is not maximal at a shortening velocity of 0.33*Vmax, power -- the product of force and velocity -- IS maximal.  This can be shown by multiplying each force on the force-velocity curve by its corresponding velocity, thus generating a power-velocity curve that peaks at about 0.33*Vmax.

3. Some clarity about osmolarity!

(A) Define the term "osmoregulator" (in words).  [3 points]

An osmoregulator keeps the osmolarity of its body fluids constant, regardless of the osmolarity of the environment.

(B) What group (subclass) of fishes does not osmoregulate?  [2 points]  

elasmobranchs

(C) The group of fishes referred to in (B) have high bodily concentrations of urea, which tends to destabilize proteins.  According to the work of Yancey & Somero, why do proteins in these animals remain functional even though urea levels are high?  Please mention experimental data on the melting temperature (Tm) of enzymes in your answer.  [4 points]

Yancey & Somero concluded that the protein-stabilizing effect of high trimethylamine oxide (TMAO) levels counteracts the destabilizing effect of high urea levels.  This conclusion was based on experiments showing that urea lowers the Tm of enzymes (indicating a decreased enzyme stability), whereas TMAO raises the Tm and a 2:1 ratio of urea:TMAO (the approximate ratio in vivo) does not greatly affect Tm.  

(D) A biology student carefully collected data for her independent project and generated the figure shown at 

right.  Is this student's experimental animal an osmoconformer, an osmoregulator, or something in between?  Or can you not tell from the data shown?  Briefly explain.  [3 points]

The animal is an osmoregulator because its body's osmolarity stays constant over a wide range of environmental osmolarities.

(E) How could this student make her graph easier to understand?  [2 points]

The student should switch the axes so that the independent variable (environmental osmolarity) is on the x axis and the dependent variable (body osmolarity) is on the y axis.

4. Nifty notes on notorious nephrons!  

(A) On the diagram of a nephron pictured at right, please label the glomerulus, Bowman's capsule, proximal tubule, descending limb of Henle's loop, ascending limb of Henle's loop, distal tubule, and collecting duct.  [7 points]

See Figure 9.8 of your text.  The glomerulus is the bundle of capillaries next to Bowman's capsule.

(B) At which of the above-mentioned structures does ultrafiltration of glucose occur?  [2 points]

glomerulus / Bowman's capsule

(C) At which of the above-mentioned structures does reabsorption of glucose occur?  [2 points]

proximal tubule

(D) As discussed in lecture, the equation Vfilt * Cfilt = Vurine * Curine can be used to calculate filtration rate (Vfilt) from measurements of urine production (Vurine) and inulin concentrations in the blood (Cfilt) and urine (Curine).  This equation is not valid if glucose concentrations (rather than inulin concentrations) are used.  Why not?  [4 points]

Since inulin is filtered but not reabsorbed or secreted, the amount of inulin filtered (Vfilt * Cfilt) is equal to the amount excreted (Vurine * Curine).  Glucose is both filtered and reabsorbed, so the amount filtered does NOT equal the amount excreted, and the equation cannot be used. 

(E) At right is a diagram of glucose excretion in the dog.  Put a "F" by the curve that represents the quantity of glucose filtered, put an "R" by the curve representing the quantity of glucose reabsorbed, and put an "E" by the curve representing glucose excretion.  [3 points]

See Figure 9.9 of your text.

(F) Circle the area of the graph that corresponds to the situation in a diabetic individual.  Briefly explain why you circled this area.  [4 points]

Some glucose is excreted in diabetic individuals.  A high blood glucose concentration insures a high rate of glucose filtration, and so much is filtered that it can't all be reabsorbed by the glucose transporters, and some escapes into the urine.

5. The friendly loop of Henle!

(A) You learned in class that the descending limb of Henle's loop is permeable to water but not to ions such as NaCl.  If the descending limb was permeable to ions as well as water, would the fluid at the bottom of the loop remain hyperosmotic to the fluid at the top of the loop?  Explain.  [4 points]

Yes.  In terms of osmolarity, it doesn't matter whether water diffuses out of the descending limb or solutes diffuse into the descending limb or both.  In all cases, the removal of NaCl from the ascending limb increases the osmolarity of the interstitium and descending limb, leading to the formation/maintenance of the osmolarity gradient from the top of the loop to the bottom, as described in lecture.

(B) Now assume that that descending limb is back to normal.  If the ascending limb did not actively reabsorb NaCl, would the fluid at the bottom of the loop remain hyperosmotic to the fluid at the top of the loop?  Explain.  [4 points]

No.  Without active transport, concentration gradients and osmotic gradients would simply dissipate due to diffusion.  Another way to think about it is this: if NaCl was not reabsorbed along the ascending limb, the osmolarity of the tubular fluid would not change in flowing from the bottom of the limb to the top.

6. A rigorous review of ryanodine receptors!

(A) In brief, how does the ryanodine receptor promote muscle contraction in skeletal muscles?  Your answer should mention calcium and the dihydropyridine (DHP) receptor.  [4 points]

The ryanodine receptor is a calcium channel in the sarcoplasmic reticulum (SR) that is juxtaposed to DHP receptors in t-tubules.  Depolarizations of the t-tubules cause the DHP receptors to interact with the ryanodine receptors in such a way that the ryanodine receptors open, letting calcium into the cytoplasm, where it binds to troponin C, causing crossbridges to form between actin and myosin.

(B) How would your answer to (A) change if the question was about cardiac muscles rather than skeletal muscles?  [3 points]

In cardiac muscle, the opening of the ryanodine receptor is triggered by calcium rather than a direct interaction with the DHP receptor.  In this case, the DHP receptor acts as a calcium channel that opens in response to t-tubule depolarization, allowing extracellular calcium to enter the cell.

(C) Which protein removes calcium from the cytoplasm?  Where is the protein located in the cell, and where is the calcium deposited?  [3 points]

A calcium ATPase in the membrane of the sarcoplasmic reticulum (SR) pumps calcium from the cytoplasm into the SR.

7. The Case of the Mysterious Muscle.

(A) During week 5 of your independent project, you discover a vertebrate muscle that can contract and relax up to 100 times per second.  However, it quickly fatigues after short periods of activity and cannot exert much force.  What would you predict about the relative amounts of cellular space devoted to myofibrils, mitochondria, and sarcoplasmic reticulum (SR) in this muscle?  Briefly explain your answer.  [3 points]

The ability to contract and relax rapidly suggests that there is lots of SR.  The poor endurance and low force suggest that relatively little cellular space is devoted to mitochondria and myofibrils, respectively.

(B) While experimenting on this particular vertebrate muscle, you find that, in the absence of calcium release, crossbridges do not form between its actin and myosin filaments.  You then combine samples of pure actin with pure myosin and find that crossbridges do form even if calcium is not present in the cytoplasm.  Is this a skeletal muscle or a smooth muscle?  Explain.  [4 points]

This is a skeletal muscle.  In resting skeletal muscle, troponin and tropomyosin prevent actin and myosin from interacting.  If you take away the troponin and tropomyosin (i.e., use pure actin and myosin), crossbridges WILL form.  This would not happen with smooth muscle filaments, which won't form crossbridges unless there is a calcium-induced phosphorylation of myosin.

(C) You remove this muscle from your experimental animal and let it rest in the appropriate Ringers solution overnight.  When you come into lab the next morning, you find that the muscle is very stiff.  Using sophisticated experimental techniques, you then determine that a large number of the myosin heads are still attached to the actin filaments.  Briefly explain why the myosin heads are still attached even though the muscle is not being stimulated.  [3 points]

The detachment of myosin heads from actin requires ATP.  The muscle probably has run out of ATP, so the myosin heads will remain attached indefinitely -- the state of  "rigor mortis."

8. Fun with fast and feeble fibers!

(A) Which mammalian muscle fibers (I, IIA, or IIB) have the highest shortening velocity?  [2 points]

type IIB fibers

(B) Which mammalian muscle fibers (I, IIA, or IIB) have the lowest rate of ATP consumption?  [2 points]

type I fibers

(C) It is now 2015, and you are a veterinarian.  One day, you examine a cat suffering from cold intolerance, muscular fatigue, excessive sleepiness, and weight gain -- all symptoms of hypothyroidism.  If you took a biopsy of the cat's muscle, what would you expect its myosin heavy chain composition to be like?  [2 points]

You would expect to see an increased expression of type I ("slow-twitch") myosin.

9. A cold day in hell.

(A) In class, we discussed four mechanisms by which ectotherms can minimize heat-induced damage to their bodies.  Briefly describe two of these mechanisms.  [4 points]

(i) The ectotherm could move to a cooler environment such as a burrow.

(ii) The ectotherm could cool itself via evaporative cooling (the vaporization of water requires heat).


(iii) The ectotherm's cells could express heat shock proteins, which bind partially unfolded proteins and prevent undesirable interactions between them and other molecules.


(iv) We also discussed how ectotherms could limit transmission of heat from the environment to their bodies by altering blood flow to the skin, and anyone who put this answer down will receive credit for it.  However, this turns out to be more of a theoretical possibility than an option used by real-life ectotherms.
(B) If the temperature slowly drops in a freshwater lake, which will freeze first -- the lake, or the fish in the lake?  Why?  [3 points]

The lake, which contains very few solutes and which thus will freeze at around 0 (C.  The osmolarity of the fish's body fluids will reduce its freezing point to -0.6 to -0.8 (C, on average.

(C) Consider the following statements:


(i) At normal temperatures, 65% of an animal's water is contained in cells.


(ii) If water inside cells freezes, the animal dies.


(iii) Some animals can survive the freezing of 90% of their body fluids.

Please explain how all of these statements can simultaneously be true.  Your answer should mention the mechanism by which nucleating agents in the extracellular fluid (ECF) protect the intracellular fluid (ICF) of freeze-tolerant ectotherms.  [5 points]

These three statements can all be true if most of the intracellular fluid (ICF) diffuses into the ECF as the ECF gradually freezes, thus leaving only a small amount of water (none of it frozen) inside the cells.  This, in fact, is what happens.  Nucleating agents in the ECF ensure that the ECF starts to freeze before the ICF.  As some ECF becomes locked up as ice, the osmolarity of the ECF remaining in liquid form increases, drawing water out of the ICF.  This increase in ECF and ICF osmolarity further depresses the freezing points of both.  The partial freezing of ECF and diffusion of water out of the cells can continue until most of the body's water is present as ice in the ECF.
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