Biology 334B                                                                                                           In-class exam #1


Your name is ___Greg Crowther_________________________.  You will have 50 minutes to complete this 60-point exam.  The point value of each question is shown in brackets.  Good luck!

1. Please circle the correct answer.  [16 points]

(a) Adjustment to the environment by an individual over a few hours, weeks, or years is called


(i) adaptation


(ii) acclimatization -- YES


(iii) chillin'

(b) An advantage of relying on fats for energy metabolism is


(i) they store more energy per gram of tissue weight than protein or carbohydrate


(ii) fat breakdown does not produce any toxic end products


(iii) fat can be converted into glucose if the body's carbohydrate stores are depleted


(iv) both (i) and (ii) -- YES


(v) both (ii) and (iii)

(c) Adding diphosphoglycerate to purified hemoglobin has the following effect:


(i) the hemoglobin stops binding oxygen


(ii) the oxygen binding curve of the hemoglobin shifts to the left

(iii) the oxygen binding curve of the hemoglobin shifts to match that of normal blood -- YES


(iv) the hemoglobin tetramer splits apart into separate subunits


(v) there is no effect

(d) Hemoglobin differs from hemocyanin in that


(i) 
hemoglobin contains iron and hemocyanin contains copper


(ii) 
hemoglobin has four subunits and hemocyanin has many more than that


(iii) 
hemoglobin is contained in red blood cells and hemocyanin is not


(iv) 
hemoglobin is found in humans and hemocyanin is found in crayfish


(v) 
all of the above -- YES

(e) At sea level, the partial pressure of carbon dioxide in room air is normally


(i) 
0.0 mm Hg


(ii) 
0.2 mm Hg -- YES


(iii) 
155 mm Hg


(iv) 
159 mm Hg


(v) 
760 mm Hg

(f) All of the following represent ways by which some animals minimize breathing-related energy expenditure 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 bi-directional) pumping of water through gills


(iv) hyperventilating to improve the efficiency of gas exchange -- YES

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

(g) According to Fick's equation, how should respiratory organs be designed in order to maximize gas exchange?


(i) high surface area, high barrier thickness, high pressure gradient


(ii) low surface area, low barrier thickness, low pressure gradient


(iii) low surface area, low barrier thickness, low pressure gradient


(iv) high surface area, low barrier thickness, low pressure gradient


(v) high surface area, low barrier thickness, high pressure gradient -- YES

(h) To keep his/her blood from becoming too alkaline while at high altitude, a human will initially


(i) hyperventilate


(ii) increase bicarbonate excretion by the kidney -- YES


(iii) decrease bicarbonate excretion by the kidney


(iv) decrease CO2 excretion by the kidney


(v) return to sea level

2. In one sentence, explain what the phrase "P<0.05" means in layman's terms.  Do not refer to null hypotheses, regressions, etc.; those are not layman's terms!  [2 points]

There is less than a 5% chance that the data can be explained by chance alone.

3. In lab, you measured the O2 consumption of goldfish in metabolic chambers.  

(a) How do you know that your measured rate of O2 consumption was due entirely to the goldfish (rather than some microorganism growing on the side of the chamber)?  In other words, what controls did you do (or should you have done) in each case?  [2 points]

Changes in PO2 were measured both with and without the fish in the chamber.  A lack of a change in PO2 without the fish indicates that changes in PO2 were due entirely to the fish.

(b) You move your goldfish from a 20.3 (C chamber to a 27.8 (C chamber.  Without doing any calculations, explain briefly how this change affects (i) the oxygen availability in the medium and (ii) the oxygen-binding properties of the fish's blood.  [4 points]
(i) Increases in temperature decrease the solubility of oxygen in water, thus decreasing oxygen availability.

(ii) Increases in temperature decrease the oxygen affinity of the blood, shifting the oxygen binding curve to the right.
4. In lecture, you calculated that Weddell seals store enough oxygen in their body to stay underwater for about 15 minutes.  

(a) List an adaptation for each of the following tissues/organs that helps maximize oxygen storage in seals.  [6 points]


spleen: large; stores lots of oxygenated red blood cells and releases them into the circulation when needed

blood: comprises a greater fraction of body mass than in humans; contains more red blood cells and hemoglobin per liter than in humans

muscles: contains lots of myoglobin (oxygen storage protein)
(b) Weddell seal dives can last an hour or longer.  What metabolic pathway provides the energy that allows them to stay submerged for more than 15 minutes?  [3 points]

name of pathway = glycolysis
type of substrate used by this pathway (circle ONE) =  carbohydrate
end product(s) of this pathway =  lactic acid
(c) The end product of the pathway mentioned in (b) could accumulate in the seals' blood, leading to a major change in pH.  However, this does not happen until after the seals resurface.  Explain the physiological basis for this delay in a sentence or two.  [3 points]

Blood flow to the muscles essentially stops during long dives, so the lactic acid produced in the muscle is not released until after the seal resurfaces, at which time blood flows back to the muscles and picks up the lactic acid produced there.

5. The temperature dependence of many physiological processes can be quantified in the form of a Q10.

(a) In one sentence, explain what a Q10 is in layman's terms.  [2 points]

A Q10 is the extent to which some rate changes due to an temperature increase of 10 degrees Celsius.

(b) If a particular animal's rate of CO2 production is 10 millimoles/minute at 20 (C and 12 millimoles/minute at 30 (C, what is the Q10 of this process for this animal over this temperature range?  [2 points]

1.2

(c) Name one potential drawback of using CO2 production to assess metabolic rate.  [2 points]

There are several.  CO2 production doesn't account for anaerobic metabolism.  There is a large pool of CO2 in the body (some in the form of bicarbonate), and short-term changes in this pool may reflect changes in something other than metabolic rate.  Finally, the amount of energy you get for a given amount of CO2 produced varies greatly depending on the substrate (carbohydrate, protein, or fat).

(d) What range of Q10 values is typical for a metabolic rate?  (If relying on a source other than your professor, please identify it to the best of your ability.)  [2 points]

2 to 3 is typical.

6. In lecture, we discussed a study of the frog cardiovascular system conducted by Richard Moalli and his colleagues at Brown University.

(a) Below is a diagram of a frog's cardiovascular system.  Please label the following components: atria, ventricle, lungs, skin, tissues, pulmocutaneous artery, and systemic artery.  Use arrows to indicate the direction of blood flow.  [3 points]

See Figure 3.8 in your text.

(b) Moalli et al. measured how much blood is delivered to several different regions of the frog's body.  Briefly describe the technique they used to do this.  [2 points]

They injected radioactive microspheres into the circulation.  The microspheres lodged in the frog's capillaries.  The more microspheres in a given region, the greater the flow to that region.

(c) Consistent with previous work, Moalli et al. found that blood flow to the pulmocutaneous artery decreased when the frogs were kept underwater.  According to these researchers, how do the frogs maintain an adequate degree of gas exchange under these conditions?  [3 points]

The systemic circulation includes some blood flow to the skin.  Blood flow to the skin (where gas exchange can occur) increased through this route while the frogs were underwater even though pulmocutaneous flow decreased.

7. The graph at right shows how heart size scales with body size.

(a) Explain in simple terms what the slope of 1 indicates about the relationship between heart size and body size.  [2 points]

Heart size is approximately the same fraction of body size in small and large animals.

(b) Heart size could be considered an index of oxygen delivery to the tissues.  However, 

whole-animal oxygen consumption scales with the 0.75 power of body mass -- a different scaling factor than that in the graph above.  Does oxygen delivery really scale differently than oxygen consumption, or is heart size a poor index of oxygen delivery?  Please explain.  [3 points]

Heart size is not a great index of oxygen delivery because, although related to stroke volume, it tells you nothing about heart rate -- the other determinant of cardiac output (oxygen delivery).  Cardiac output (oxygen delivery) and metabolic rate (oxygen consumption) both scale with the 0.75 power of body mass.

8. Tired of animal physiology, you skip class one day and go swimming in the sound.  You start swimming just beneath the surface of the water and use a snorkel to breathe.  If you do not change the frequency or tidal volume of your breathing, your arterial PO2 will start to drop.  Using what you know about tidal volume and dead space, explain why this occurs.  [3 points]

Using a snorkel increases your dead space.  If you increase your dead space but not your tidal volume, less fresh air will get down to your lungs with each breath, causing your alveolar PO2 and thus your arterial P O2 to drop.

PAGE  
5

