The Nature of Science,  NOMA Defined and Defended
1. What does "NOMA" stand for? In your own words, what is the author's (Stephen Jay Gould's) chief point about NOMA in this reading?
2. Identify the magisterium to which each of these topics properly belongs:
	 
	Religion
	Science

	The Rock of Ages
	 
	 

	The ages of rocks
	 
	 

	How the heavens go
	 
	 

	How to go to heaven
	 
	 

	Why humans exist
	 
	 

	How humans came to exist
	 
	 



3. What model of the relationship between science and religion is the author (Gould) trying to do away with by defending NOMA? What are some issues you are aware of that fit the older, non-NOMA model?
 4. Is Gould a scientist or a theologian? Can you identify any biases in his presentation that stem from his professional affiliation?
5. What is your personal opinion about NOMA?
 Basic Cell Structure
1. What are three, general, structural differences between prokaryotic and eukaryotic cells?
2. What is the etymology of the name "prokaryote"? What is the temporal (i.e. time-wise) difference between prokaryotes and eukaryotes that this name refers to?
3. What are the three chief structural subdivisions of all eukaryotic cells?
4. In the table below, indicate in which cell type you might find each of the five structures listed along the top:
	 
	Cell Wall
	Cell Membrane
	Nuclear Envelope
	Capsule
	Tonoplast

	Prokaryote
	 
	 
	 
	 
	 

	Animal
	 
	 
	 
	 
	 

	Plant
	 
	 
	 
	 
	 



5. Given a roll of cellophane, several ring-binder "hole reinforcements" with adhesive on both sides and a sharp object, describe how you would use these to construct a model of the nuclear envelope. If you had raisins to represent whole ribosomes, where would you place them?
6. In the table below, indicate whether each organelle would be found in an animal and/or plant cell and whether or not the organelle is surrounded by its own membrane(s).
	 
	Plant         Animal
	Animal
	Membrane-Bound?

	plastids
	 
	 
	 

	mitochondria
	 
	 
	 

	ER
	 
	 
	 

	lysosomes
	 
	 
	 

	Golgi apparatus
	 
	 
	 

	centrioles
	 
	 
	 

	flagella/cilia
	 
	 
	 

	central vacuole
	 
	 
	 

	ribosomes
	 
	 
	 

	nucleolus
	 
	 
	 



7. What are three internal cellular functions that are adversely affected once a cell grows past its optimal size. How are they adversely affected?
8. Though their size ranges overlap to some extent, eukaryotic cells are generally about 10x larger than prokaryotic cells. Which material accounts for much of the increased volume of eukaryotic cytoplasm, and what functional differences are accounted for by this structural difference?
9. In the table below are listed four possible locations at which a newly synthesized protein might end up. Indicate which type of ribosome is most likely to have manufactured each protein.
	 
	Bound Ribosome       Free Ribosome
	Free Ribosome

	Cytosol
	 
	 

	Cell membrane
	 
	 

	Lysosome interior
	 
	 

	nuclear interior
	 
	 



Endomembrane System
1. As cells grow, new membrane must be added to the plasma membrane or the cell may lyse (burst). How does new membrane get from its source to its final destination in the plasma membrane?
2. What are two functions of lysosomes? How do these functions contribute to the health of the cell/organism? What unique physical features of lysosomes permit them to carry out these functions?
3. The organelles listed below can vary in number from cell to cell and from one time to another within a single cell. In the right-hand column of the table below, indicate a specific function in which a cell with large numbers of the given organelle might be engaged:
	Nucleoli
	 

	Golgi apparatus
	 

	sER
	 

	rER
	 

	Mitochondria
	 


4. Given a cardboard shoebox, two un-inflated rubber balloons (one larger than the other), a source of water, a supply of corn syrup, and a bunch of peas, how would you use these materials to model a typical, mature plant cell? Which cellular structures would each material represent?
5. A ribosome can be free at some times, and bound at other times. How does it "know" its proper location? How does a cell target proteins for different destinations? How does a cell target vesicles for different destinations?
6. What are three ways in which chloroplasts and mitochondria are structurally similar to each other.
Cytoskeleton
1. A hypothetical cell needs to concentrate its mitochondria around the basal body of its flagellum, but they are currently distributed throughout the cytoplasm. Which cytoskeletal element will be involved in the solution of this problem, and how?
 
2. If a bacterial toxin were to paralyze all of a cell's motor proteins, which specific cellular functions would be adversely affected?
3. What might be the functional significance of the physical connection of the extracellular matrix to the cytoskeletal elements underlying animal cell membranes?
 4. What type of animal cell junction has a function most like that of plant cell plasmodesmata? What can be said of neighboring cells that share such structures in common?
5. Write in the animal organ/organ system whose function you believe to be most like that of the cell structure listed on the left:
	Lysosome
	 

	Nucleus
	 

	ER
	 

	Plasma membrane
	 

	Intermediate filaments
	 

	Peroxisome
	 



[bookmark: _GoBack]Cell Membrane Structure
1. Membrane proteins might be analogized as "icebergs floating in a phospholipid sea." It is the density of ice relative to liquid water that determines how much of the berg extends above the water's surface. Which characteristic of membrane proteins determines how far they extend from the surface of the phospolipid bilayer? Not all membrane proteins are free to float. How might you extend the iceberg analogy to include this observation?
2. What should be true of almost the entire exterior surface of a peripheral protein? Are such proteins found on only one side of the plasma membrane, or on both? Are oligosaccharides found on one side, or both? What is the functional significance of oligosaccharide location?
3. Winter wheat responds to cooler temperatures by increasing the proportion of membrane phospholipids with kinks in their fatty acid tails. Use what you've learned recently to propose a mechanism by which this change might occur. Which organelle(s) is/are responsible? Does this change constitute an example of "adaptability" or "irritability"?
4. In the table below, check those characteristics of membrane phospholipids that you should expect to observe in a membrane that is optimally suited for life in the cold:
	No fatty acid tails with (a) double bond/s
	 

	One fatty acid tail with (a) double bond/s
	 

	Both fatty acid tails with (a) double bond/s
	 

	Fatty acid tails with but a single double bond
	 

	Fatty acid tails with multiple double bonds
	 

	Fewer carbons in the fatty acid tail*
	 

	More carbons in the fatty acid tail*
	 

	Saturated fatty acid tails
	 

	Unsaturated fatty acid tails
	 


*Assuming that the width of the membrane, from the phosphate heads on one face to the phosphate heads on the opposite face, remains constant.
5. Some bacteria are adapted to hot environments, such as hot springs and geothermal vents. Bacteria cannot manufacture cholesterol. If bacterial plasma membranes lack cholesterol molecules, or molecules that act like them, then what might you expect to be true of their plasma membrane phospholipid molecules?
 6. On the inner surface of eukaryotic cells are proteins that are attached to cytoskeletal elements. If these proteins originated from ribosomes on rER, then which side of the ER cisternae would these proteins have been located on?
 7. A hypothetical membrane has a higher proportion of protein than has a typical membrane. On the basis of this observation, what generalization can one make about this membrane?
Cell Membrane Function
1. How would you distinguish these four transport modalities from each other: simple diffusion, osmosis, facilitated diffusion, active transport?
2. What makes animals cells more susceptible to lysis when surrounded by hypotonic solutions then are most other kinds of cells?
3. A Na+/K+ pump expends 40 molecules of ATP in a unit of time. As a result, which side of the membrane in which it is embedded has become more positively charged, and what is the size of the charge difference?
4. For a human, drinking too much seawater can be fatal. Use the proper terminology to explain how.
5. Bacteria do not grow well in jams or jellies, nor on salt-cured meats. Use the concept of osmosis to explain these observations.
6. Use evidence to support either the claim that endo- and exocytosis are examples of passive transport, or that they are examples of active transport.
Cell Cycle/Mitosis
1. What is the functional relationship between the S and the M phases of the cell cycle?
 
2. As anaphase proceeds, exactly where in the cell should one expect to find the greatest concentration of free tubulin subunits?
3. How is the formation of a cleavage furrow during animal cell cytokinesis different from the formation of the cell plate during plant cell cytokinesis? How is it similar?
4. How are mitosis and binary fission alike? How are they different?
5. A mother cell nucleus in G1 has 72 nanograms (ng) of DNA, carried on 40 chromosomes. Complete the table below:
	 
	nanograms of DNA
	No. of centromeres
	No. of sister chromatids
	No. of chromosomes

	Mother cell nucleus in G1
	72
	 
	 
	40

	Mother cell nucleus in G2
	 
	 
	 
	 

	Single daughter cell nucleus at end of mitosis
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