Bonine and Oh, Vertebrate Physiology, ECOL 437, spring 2008


EXAM FORMAT AND SAMPLE QUESTIONS FOR REVIEW (EXAM 1)
09 February 2008, Exam 1 will be in lecture on Friday 15 Feb
This list of questions is not exhaustive, but should give you an idea as to the range of material and types of questions we are likely to present on the exam. Please refer to your syllabus, text, readings, and lecture and discussion notes (and quizzes) for information relevant to the first exam. Exam will cover text chapters 1-3 and 10-13 (lectures through vision). Don’t forget to review the material you covered in lab as well.
Likely Exam Format:

True or false and matching (~10 points)

Really Short Answer (one word or sentence) (~30 pts)

Short Answer (a couple of sentences) (~45 pts)

Longer Answer (a paragraph or more) (~15 pts)

Introduction
1. Define homeostasis and physiology.

2. How are a thermoconformer and a thermoregulator different?  Explain how homeostasis is involved in this distinction. How is metabolic energy related to this topic? Activity period?
3. How is the negative feedback loop an important concept in the study of physiology?  

4. What does this quote mean?: “An animal is not a discrete material object” 

5. Define evolution, adaptation, and allele. 
6. How does the genotype differ from the phenotype? How is plasticity a related concept? 
7. Briefly describe three evolutionary processes. 

8. How is acclimatization different than adaptation?  

9. Define the ‘Krogh Principle’ and give an example. 

10. How is our concept of ‘environment’ different than the microhabitat many vertebrates occupy? 

11. Define physiological state and describe how it can change?
12. How can behavior influence physiology or natural selection?
Cell Basics, Membranes
13. What are three important components of lipid bilayers in vertebrates? 

14. What role does cholesterol play in the membranes of cells?  

15. How does saturation of membrane lipids influence membrane fluidity? 

16. How is temperature related to the above question? 

17. What does amphoteric mean? Amphipathic?
18. How is primary peptide structure different from tertiary peptide structure?
19. How do transcellular and paracellular transport of molecules differ? 
20. Provide two examples of common 2nd messengers in cell-signaling systems.

21. Can you think of synonyms for the terms apical and serosal? 
22. What important role do stress proteins (e.g., HSPs)  play in organisms?  .

23. How does amplification take place in the context of cell signalling?

24. Distinguish between diffusion, passive transport, and active transport. How is lipid solubility related?
25. Why did the Galapagos Marine Iguana get introduced in lecture?

26. What can you tell us about the importance, function, and mechanism of the sodium-potassium ATPase pump?

Energetics, Water, Ions
27. Discuss three important properties of water with respect to physiology and biology.  

28. Do fats, carbohydrates, or proteins contain more metabolizable energy per gram?  

29. Define osmolarity and osmotic pressure.  

30. What is meant by the term colligative properties?

31. If the inside of a cell is hypoosmotic relative to the extracellular fluid, what does that tell you about the relative concentration of solutes on both sides of the plasma membrane and the movement of water across the plasma membrane? 

32. What are the 1st and 2nd laws of thermodynamics? 

33. How is water moved across cell plasma membranes?

34. Distinguish between exergonic and endergonic reactions.  

35. How are catalysts important in biological processes? 

36. True or false, enzymes in the body function optimally across similar pH ranges.  

37. How are metabolism and entropy linked? 

38. Compare the roles of protein kinases and protein phosphatases. 

39. How are allosteric and competitive regulation different? Can you provide an example of either one? 

40. How does glucose typically cross cell membranes? 

41. What is the Fick equation? Is it relevant for osmosis?
42. How are salts moved into the bodies of freshwater fishes? 

43. What are typical ion concentrations inside and outside the vertebrate cell for each of the 4 ions we have discussed most often? 

44. How are electrochemical gradients across plasma membranes established and maintained?  

45. How does the rate of influx of a molecule into a cell over ever increasing extracellular concentrations provide information about the mechanism by which that molecule gets into the cell? 

46. Give two examples of electrochemical gradients being used to do work in an organism. 

47. What properties of molecules are exploited by transmembrane ion channel proteins to allow them to be selective?  

Membrane Potential and NS
48. What is an electrochemical equilibrium?
49. Can you think of at least 2 ways that biologists typically divide the nervous system when discussing its properties and functions? 
50. How are afferent and efferent useful terms?
51. What obvious remnants of non-vertebrate ancestors are retained in the vertebrate CNS?
52. Can you draw the rudimentary anatomy of a cross-section of the spinal cord? 

53. Describe the functions of your three favorite parts of the vertebrate brain. 

54. What is a homunculus? 

55. Describe how the two halves of the autonomic nervous system are anatomically, functionally, and mechanistically different. 
56. What is a nerve? Why are squid giant axons important to physiologists, and to the squid?
57. What are glial cells and why are they important? 

58. Be able to use the Nernst and Goldman equations.

59. Use the Nernst equation to calculate the equilibrium potential for K+ given the following established concentration gradient: 130 mM [inside], 2.6 mM [outside].  

60. For the same concentration gradients mentioned above, how would the ECa be different from EK? 

61. True or false, when an ion species moves across the membrane and changes the membrane potential (as in an action potential) the concentration gradient for that ion is abolished and needs to be reestablished later using an ATPase. 

62. How do you calculate the emf (electromotive force) acting on an ion species? 
63. Describe how tau and lambda are important when considering membrane potentials and changes to membrane potentials.
64. If voltage-gated Na+ channels open, the membrane potential changes. How does Vm change and why doesn’t it change infinitely? 

65. Which ion is most responsible for the resting membrane potential of most cells in vertebrates? 

66. What are four identifiable phases of the action potential?  Which ions are most responsible for each phase? 

67. What is the role of calcium in the propagation of action potentials? 

68. Explain the difference between relative and absolute refractory periods. 

69. Describe two ways the resting membrane of the axon hillock, and its integral membrane proteins, can be altered to be more or less likely to send an action potential down the axon.  

70. Define the different types of potential and where in a cell or neuron you might find each: graded, decremental, all-or-none, regenerative, receptor.  

71. How are IPSPs and EPSPs related to the concept of the reversal potential? 

72. How do vertebrates increase AP conduction velocity over evolutionary time?  

73. How are Nodes of Ranvier and Saltatory Conduction related? 

74. Explain presynaptic inhibition.

75. Distinguish between postsynaptic current and postsynaptic potential. 

76. Why is the classification of a synapse as slow or fast more dependent on the properties of the postsynaptic neuron than on the properties of the presynaptic neuron? 

77. What role do G-protein mediated cascades play in nerve transmission? Provide an example. 

78. How are spatial and temporal summation of postsynaptic potentials different? 

79. Why is the location of a synapse on the postsynaptic soma important? 

Synapses and NT
80. What happened to Joe Slowinski? Was an agonist involved?
81. Why is the patch-clamp technique useful? What can be learned from it?

82. How are electrical synapses different from chemical ones? 

83. Give two examples of neurotransmitters involved in fast chemical synapses. Slow chemical synapses.  
84. What is the neurotransmitter used at the neuromuscular junction?  

85. What is a quantal packet?

86. What ions tend to move through open cholinergic receptor channels? 

87. How are gap and tight junctions different? Which of these would be more important in preventing paracellular movement of solutes?  

88. How is variable intensity of stimulus strength transferred to the CNS via multiple neurons in series? 

89. In nerve signal transmission, what does it mean to alternate between graded and all-or-none potentials? 

90. What important role does acetylcholinesterase play in muscular contraction? 

91. What would happen if you stimulated the middle of an axon to threshold with external current? 

92. Ionotropic and Metabotropic are terms that refer to what?

93. What is the general structure of a voltage-gated sodium channel? 

94. What useful information can you pull from Table 12.2 in your text?

95. Why are “Doogie Mice” a neat example in this class?  What receptor were we discussing?
96. In general, how is synaptic plasticity achieved? How might sensitization and calcium channels be related?
97. How does an NMDA receptor influence synaptic efficacy?

Transduction, Sensing the Environment
98. How are weak environmental signals amplified by afferent receptor cells/neurons?

99. How do tonic and phasic accommodation allow neurons to provide different information to the central nervous system? 

100. Describe the steps leading to depolarization of the muscle membrane in vertebrates. 
101. True or false, the receptor cell is always the primary afferent neuron? 

102. Define Transduction in the context of sensory reception.  

103. Define sensory adaptation and dynamic range. 

104. What is the implication of the linear relationship between AP frequency and log10 stimulus intensity? 

105. How does a pacinian corpuscle transduce mechanical energy into electrical energy in the nervous system? 

106. What is similar about a frog lateral line system, terrestrial vertebrate hearing, and the ability of the ear to provide information about equilibrium and balance? 

107. How are sound waves transduced into electrical potentials via the ear. What are some of the anatomical features involved?
108. What is an otolith?

109. How are physiology and morphology matched in the barn owl example discussed in lecture?

110. Compare and contrast the intracellular response in a sour taste receptor cell with that of a bitter receptor cell. 
111. What is the role of glomeruli in the olfactory bulb?
112. What is synesthesia?
113. Be prepared to write an essay describing the steps, structures, and molecules involved in transferring the energy of a photon into a change in photoreceptor membrane potential.

114. How is horizontal dissemination of information important in the retina? 
115. How does lateral inhibition work?  

116. Compare and contrast rods and cones with respect to structure, function, and location.

117. What does it mean for photopigments to become bleached?  What is the mechanism?

Review Questions from Lab/Discussion:

1. What is the main point of each article we have read thus far in lab? Review the questions that Kevin Oh emailed you about each weeks’ readings.
2. What role does insulin play in regulating an organism’s blood-sugar level? How does glucose enter cells in the body?

3. Explain the difference between type I and type II diabetes mellitus. 

4. Describe two potential functions of the Na+-K+-2Cl- cotransporter in chloride cells of the Atlantic salmon. 

5. How does the life history of an anadromous fish provide a fruitful biological system for physiological study?

6. How could you compare the star-nosed mole’s star with the visual streak in a cheetah? 

7. Why is an organism’s entire sensory system not wired for high-resolution input?

8. How does the blind spot in the human eye illustrate the idea of a phylogenetic constraint? 

9. How does morning sickness illustrate the “smoke-detector principle?”
10. How would you design an experiment to test hypotheses about receptor field size in humans?

11. What is a null hypothesis?

Other good review questions from lab:

1. Explain what Haeckel meant by “ontogeny recapitulates phylogeny”? 

2. How does “Darwinian medicine” differ from more traditional medicine?

3. From the article we read in lab, how is morning sickness an adaptive response?

4. Briefly describe the mechanism by which insulin reduces blood sugar levels.

5. Describe two examples of “sensory fovea” in vertebrates.

6. Describe how an olfactory system can “learn” without necessarily using the brain, such as salmon imprinting on natal environment. Specifically, explain what might be happening at the level of neuron membranes.
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