Biology 212: Cell Biology                                                                                                                                       
Take-home quiz #1


1.  The assigned paper (Clapham et al., Nature 406: 415-8, 2000) is about a protein called uncoupling protein-3 (UCP-3).  According to your textbook, where are uncoupling proteins found (types of cells and subcellular locations) and what are they?  Describe as specifically as possible what is uncoupled from what and how UCPs achieve this.  [3-4 sentences; 6 points]

UCPs are found in the inner mitochondrial membranes of brown adipose tissue and skeletal muscle cells.  They essentially serve as H+ channels through which protons diffuse -- an alternative path to diffusion through the F0 subunit of the ATP synthase.  This "proton leak" uncouples the oxidation of carbohydrates and fats from the synthesis of ATP.  Glucose and fatty acids can still be broken down and still donate electrons to the electron transport chain, which still are ultimately used to form water from O2; however, some of the protons pumped out out of the mitochondrial matrix by the electron transport chain cannot be used to make ATP because they instead diffuse through the UCPs.

2.  What does the word "hyperphagic" mean?  (If this is not clear from the context, feel free to look it up in a medical dictionary.)  [1 sentence; 3 points]

Hyperphagic means eating a lot (more than normal or expected).

3.  Twenty-seven people are listed as coauthors of this article.  In your opinion, is it possible that 27 separate people deserve coauthor status in this case?  [2 sentences; 2 points]

Any well-reasoned opinion is OK here.  Personally, I am skeptical that 27 people made substantive contributions.  The methods section is divided into seven subsections; if the work involved in each subsection was carried out by a separate team of two people, that would be 14 people deserving of author status.  Throw in a couple more people who helped plan the experiments and a couple who helped write the report, and we're still only up to 18 or so authors….

4.  The abstract of this article is the bold-faced section at the bottom of page 415.  Once you have worked your way through the rest of the article and the other quiz questions, come back to this question and reread the abstract.  If you were the 28th coauthor of this article, what editorial changes would you make to the abstract?  Please suggest at least one significant change that would improve the abstract's clarity and/or give the reader additional valuable information that is currently missing.  [2-5 sentences; 5 points]

Again, many answers are possible; many of you had excellent suggestions!  Personally, I found the mention of UCP-1 confusing, since the focus of their study was UCP-3.  It seems like a bad idea to stick a random sentence about UCP-1 in between two sentences about UCP-3.  In addition, some actual numbers (e.g., how much more do they eat? how much less do they weigh?) would make the reported results more interesting and compelling.

5.  Figure 1a shows the "construct" that was injected into fertilized mouse eggs.  This construct contains an actin promoter followed by the DNA sequence that codes for hUCP-3 (human UCP-3).  Recall that promoters regulate the extent to which genes are expressed (i.e., transcribed and translated into proteins).  The actin promoter normally ensures that the actin gene will be expressed in the appropriate tissues at the appropriate times; if it is put in front of another gene, this other gene will be expressed in the same pattern (tissues and times) as actin.  In which cells/tissues is actin normally found?  Why might these researchers have wanted to control the expression of hUCP-3 with the alpha-skeletal actin promoter?  [3-4 sentences; 6 points]

As noted in your textbook, actin is found in virtually all types of eukaryotic cells.  However, actin is expressed at particularly high levels in skeletal muscle -- as we've seen, muscle cells consist mostly of actin and myosin.  To insure that UCP-3 is produced at high levels in skeletal muscle cells, it makes sense to hook its gene to an actin promoter, which should ensure that it is expressed in the same pattern that actin is.  Furthermore, the article notes that alpha-skeletal actin is not expressed during embryonic development in mice, ensuring that UCP-3 isn't be expressed at this stage and thus won't disrupt development.

6.  In your own words, what is the key result summarized in Figure 1b?  [1-2 sentences; 4 points]

Expression of hUCP-3 in mice was tissue-specific, i.e., transcription of the gene for hUCP-3 occurred at high levels in skeletal muscle but at low levels or not at all in other tissues.

7.  Figure 1c was generated when proteins separated by gel electrophoresis were probed with a "rabbit anti-human UCP-3 antibody."  This means that the antibody was produced in rabbits and binds the human form of UCP-3.  According to this figure, what is the main difference between wild-type (normal) mice and UCP-3tg (transgenic) mice?  How can you tell?  [2 sentences; 4 points]

The main difference is that the transgenic mice have large amounts of hUCP-3 in their mitochondria.  You can tell because, in Fig. 1c, the transgenic mice (but not the wild-type mice) have a large amount of protein in the mitochondria-enriched fraction of their muscle cells that matches the weight of hUCP-3 (34 kilodaltons) and is recognized by an antibody that binds to hUCP-3.

8.  At the bottom of the left column on page 416, the article says, "UCP-3 overexpression in skeletal muscle was proposed to result in an increase in energy expenditure."  Does this mean that the transgenic mice run around their cages more or somehow get more exercise than normal mice?  Please cite specific data in answering this question.  [3-4 sentences; 5 points]

No, the transgenic mice were not significantly more active than the wild-type mice.  Locomotor activity was "not significantly increased" in the transgenic mice (p. 417; see also Table 1).  Furthermore, Rotorod measurements were used to assess muscle coordination, and these did not differ between the groups either -- suggesting that the transgenic mice were not simply less coordinated and therefore not prone to expending extra energy while exercising.

9.  How much did these mice actually eat per day?  Use the information from Figure 2b and the "Animals" subsection of the Methods section to calculate the mice's daily caloric intake when they were 14 weeks old.  Express your answer in Calories, noting that one Calorie of energy is equivalent to 4.19 kiloJoules (kJ).  [please show your work; 5 points]

According to Fig. 2b, the transgenic mice ate about 8 grams of food per day.  According to the methods section, the normal diet (consumed during weeks 1-8 and 13-14) contained about 13.7 kilojoules of energy per gram.  Therefore the number of calories ingested per day is

(8 grams / day) * (13.7 kilojoules / gram) * (1 Calorie / 4.19 kilojoules) = 26 Calories / day

For the wild-type mice, the result would be approximately
(5 grams / day) * (13.7 kilojoules / gram) * (1 Calorie / 4.19 kilojoules) = 16 Calories / day
10.  The shaded portion of Figure 2a and 2b corresponds to "a switch to palatable diet."  The article then cites several references that deal with the subject of palatability.   To find out more about palatability, go to www.pubmed.gov and do a search for "Leblanc J 1985" (J. Leblanc being a coauthor of reference #9, which was published in 1985).  Find the abstract for the article titled "Role of palatability on meal-induced thermogenesis in human subjects."  Based on this abstract, what does "palatability" mean in this context?  Based on this abstract and the Clapham article, how might palatability affect weight gain via its effect on the sympathetic nervous system?  [3-4 sentences; 5 points]

Palatability is the extent to which the food is pleasing to the senses.  The ingestion of palatable food stimulates the sympathetic nervous system, which in turn stimulates thermogenesis in brown adipose tissue, which in turn burns off calories through the uncoupling of food oxidation and ATP synthesis.  Because of these connections, more palatable foods might lead to less weight gain than unpalatable foods with the same number of calories.
11.  Figure 2c shows the results of an oral glucose tolerance test.  In this test, an animal consumes a fairly large dose of glucose in a short period of time, and changes in its blood glucose are then monitored.  How does Figure 2c relate to figure 4.43 in your textbook?  [3-4 sentences; 5 points]

Fig. 2c shows that blood glucose levels initially increase following glucose ingestion at time 0 and then decrease back toward initial levels over the following 2-3 hours.  Fig. 4.43 in your book gives the cellular explanation for this.  High blood glucose levels trigger a release of insulin from the pancreas, which then causes vesicles with glucose transporters to be recruited to the cell membrane of muscle/fat/etc. cells, leading to increased glucose removal from the blood and lower blood [glucose].

12.  The top left column of page 418 refers to the "respiratory control ratio."  This ratio is calculated by dividing the moles of ATP produced in mitochondria by the moles of O consumed. For example, if 6 moles of ATP are produced for every mole of O2 produced, the respiratory control ratio would be 6/2 = 3.  (The denominator is 2 rather than 1 because there are 2 O atoms in each molecule of O2.)  According to the article, what effect does UCP-3 overexpression have on the respiratory control ratio?  Based on what you now know about UCP-3, is this effect expected or unexpected?  Briefly explain your reasoning.  [3-4 sentences; 5 points]

In these experiments, UCP-3 overexpression reduced the respiratory control ratio from 3.4 to 2.4.  This is consistent with what we know about uncoupling.  Uncoupling means that some of the protons pumped out of the matrix by the electron transport chain do not get used to make ATP; therefore, not all of the oxygen consumed by the mitochondria leads ATP production, and mitochondria will have to consume more oxygen than usual to produce ATP at the desired rate.  In terms of the respiratory control ratio, uncoupling thus leads to an increase in the denominator without changing the numerator, meaning that the ratio as a whole will drop.

13.  In your own words, explain in 40 words or less why mice with extra UCP-3 in their skeletal muscles weigh less than normal mice.  [2 sentences; 5 points]

Note the specific request for 40 words or less here; the goal was to summarize the study succinctly, so I penalized those who were not succinct enough.

Here's one possible answer:  Mice overexpressing hUCP-3 do not produce ATP from the breakdown of carbohydrates and lipids as effectively as normal mice.  Therefore they need to burn more of these fuels, including body fat, to meet their ATP-producing needs.  
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