CHAPTER 5: STRUCTURE AND FUNCTION OF CELL MEMBRANES 
ART CONNECTION Questions/AP Aligned
*Am including Big Ideas, Enduring Understandings, and Learning Objectives from the Curriculum Framework
	Figure 5.12

BI 2, EU 2B APLO 2.12]

	Osmotic pressure changes the shape of red blood cells in hypertonic, isotonic, and hypotonic solutions. A doctor injects a patient with what the doctor thinks is an isotonic saline solution. The patient dies, and an autopsy reveals that many red blood cells appear swollen and many others have burst. Explain how this observation provides evidence that the solution the doctor into the patient was not an isotonic saline solution. 

	Figure 5.16

BI 2, EU 2B APLO 2.12
	Figure 5.16 provides a representation of features controlling the dynamic homeostasis of key ions across a cell membrane. Injection of a potassium solution into a person’s blood is lethal; this procedure is used in capital punishment and euthanasia. Describe the gradients across the membrane in terms of the distribution of charge and mass. How does gradient formation explain the lethality of potassium solution injection? 



	Figure 5.19

BI 2, EU 2B APLO 2.12; 
BI 2, EU 2C APLO 2.18;
BI 2, EU 2D APLO 2.27; 
BI 4, EU 4A and APLO 4.8
	An electrochemical gradient, created by primary active transport, can move other substances across their concentration gradients, a process called co-transport or secondary active transport. Many amino acids, as well as glucose, enter a cell this way. If the pH outside the cell decreases, predict how this would affect the amount of amino acids or glucose transported into the cell. Justify your prediction. []

Figure 5.19 illustrates the symport of sodium ions and glucose in which both components move across the cell membrane in the same direction. The pH and sodium ion concentration of the blood is maintained by the kidneys through the antiport of H+ and Na+ in which the two ions move in opposite directions across the membrane of cells in the proximal tubule of the kidney. Explain how the transport of sodium ions from the proximal tubule of the kidney into the blood (a process called reabsorption) maintains homeostasis. 




MULTIPLE CHOICE CONCEPT CHECK FOR AP 
	 #
	BIG IDEA and EU (Concept)
	Question Modification for AP Alignment

	4
	BI 2, EU 2B
	According to the fluid mosaic model of the plasma cell membrane, which of the following membranes components can be found either on its surface or embedded in the membrane structure?
*Answer choices for all questions can stay the same unless otherwise noted.

	5
	BI 4, EU 4A
	Which of the following characteristics of a phospholipid explains its contribution to the fluidity of the membrane?

	6
	BI 2, EU 2B
	According to the fluid mosaic model of the plasma cell membrane, which of the following describes the primary function of carbohydrates attached to the exterior of cell membranes?

	7
	BI 2, EU 2B
	Which of the following describes how water moves across plasma cell membranes by osmosis and helps maintain dynamic homeostasis?

	8
	BI 2, EU 2B
	Which of the following is the principal force driving the movement of molecules across plasma cell membranes by diffusion?

	9
	BI 2, EU 2B
	Which of the following questions can be asked about organisms that live in fresh water?
a. Will their bodies take in too much water?
b. Can they control their tonicity?
c. Can thy survive in salt water?
d. Will their bodies lose too much water to their environment?

	10
	BI 2, EU 2B
	Which of the following explains why active movement of molecules across membranes must function continuously?

	11
	BI 2, EU 2B
	Which of the following explains how the sodium-potassium pump makes the interior of the cell negatively charged?

	12
	BI 2, EU 2B
	Which of the following describes the combination of an electrical gradient and a concentration gradient that is established across a plasma cell membrane?


	13
	BI 2, EU 2B
	What happens to the membrane of a vesicle following exocytosis?

	14
	BI 2, EU 2B
	Which of the following describes the transport mechanism by which whole cells can be brought into another cell?

	15
	BI 2, EU 2B
	Which of the following distinguishes receptor-mediated endocytosis from phagocytosis?




SHORT ANSWER CONCEPT CHECK FOR AP 

	Critical Thinking Question #
	BIG IDEA and EU
	Modified Question

	16
	BI 2, EU 2B
	Explain why it is advantageous for the cell membrane to be fluid in nature.

	17
	BI 2, EU 2B; BI 4, EU 4A
	Explain how phospholipids tend to spontaneously orient themselves into something resembling a selectively permeable plasma cell membrane.

	18
	BI 2, EU 2B, 2D
	Predict how the following might affect the rate of diffusion: molecular size, temperature, solution density, and the distance that must be traveled.

	19
	BI 2, EU 2B
	Describe how water moves through a plasma cell membrane.

	20
	BI 2, EU 2B, 2D
	Both the regular intravenous solutions administered in medicine, normal saline, and lactated Ringer’s solution are isotonic to human red blood cells. Explain why this is important.

	21
	BI 2, EU 2A, 2B
	Identify the source of free energy for active transport processes in cells.

	22
	BI 2, EU 2B; BI 3, EU 3E
	Explain how the sodium-potassium pump contributes to the net negative charge of the interior of the cell and the formation of an electrochemical gradient across the plasma cell membrane.

	23
	BI 2, EU 2B; BI 4, EU 4A, 4C
	Explain why it is important that there are different types of proteins in plasma membranes for the transport of materials into and out of the cell.

	24
	BI 2, EU 2B
	Justify the claim that ions have a difficult time getting through plasma membranes despite their small size. 




CRITICAL THINKING QUESTIONS THAT ALIGN TO AP CURRICULUM FRAMEWORK
These need to go in the “special table” for AP that are indeed aligned to the Learning Objectives.  John, these type of questions could also be done in a multiple choice style with background information, graphs, data tables, etc., and about three MC questions based on the LO’s.
	AP 5.1
BI 2, EU 2D APLO 2.25, 2.27
BI 4, EU 4A, APLO 4.3
BI 4, EU 4B, APLO 4.17
BI I, Eu 1A APLO 1.9
	Membrane fluidity is influenced by the number of C-C double bonds (unsaturation) in the hydrocarbon tails of the lipids composing cell membranes. Fluidity is also dependent on temperature.  The transit of materials through the cell membrane is controlled by fluidity.  To maintain homeostasis all organisms, including the simple bacterium E. coli, must sense the temperature of the environment and adapt to changes.
Samples of E. coli were grown at four different temperatures, and then researchers determined the fatty acid composition of their plasma membranes. determined.  The data are shown in the following table.
	
	Growth Temperature (°C)

	Fatty acid
	10
	20
	30
	40

	myristic
	17%
	14%
	14%
	16%

	palmitic
	18%
	25%
	29%
	48%

	palmitoleic
	26%
	24%
	23%
	9%

	oleic
	38%
	34%
	30%
	12%

	ratio (U/S)
	
	
	
	


Fatty acid compositions of plasma membrane of E. coli incubated at the temperatures shown.  Myristic and palmitic acid are saturated while palmitoleic and oleic acids each have one C-C double bond. 

A. Analyze the data to calculate the ratio of the fraction of unsaturated (U) to the fraction of saturated (S) fatty acids in the plasma membrane and complete the table.  
B. Graph the ratio U/S versus growth temperature.
C. Explain the response of E. coli to the temperature of the environment.
D. We know that the temperature of the environment is sensed by E. coli through the temperature dependent confirmation of enzymes that convert a single bond in the lipid tail to a double bond and vice versa.  Explain how the discovery of a mutant strain of E. coli could lead to this insight.  
TeachingTip: This question connects concepts drawn from Big Ideas 2, 4, and 1. 

	AP 5.2 
BI 2, EU 2C and APLO 2.16, 2.17, 2.18
BI 4, Eu 4A, and APLO 4.3
	Aquaporins that allow for the movement of water across a cell membrane are gated. Both low and high pH within a plant cell can cause alterations of the membrane-spanning protein. Describe the advantage of this feedback mechanism. Predict how conditions of flooding or drought could activate this mechanism. 


	AP 5.3 
BI 2, EU 2E, and APLO 2.10
BI 2, EU 2C, and APLO 2.17
BI 1, EU 1A and APLO 1.2
BI 3, EU 3C and APLO 3.24
	Rice plants grown in high-salt environments can actively transport sodium ions into the vacuole by the antiporter movement of protons out of the vacuole. In a study aimed at the development of salt-tolerant rye, researchers produced several varieties of transgenic rye.  Measurements of height and stem diameter for the transgenic varieties (TG1 – TG4) are compared with the wild type varieties, WT1 and WT2.  Shown in the table below are the mean and standard deviation from measurements of a very large sample size. 
	Variety
	Height (cm)
	Stem thickness (cm)

	WT1
	9.667 ± 0.333
	1.975 ± 0.095

	WT2
	11.867 ± 0.376
	2.238 ± 0.204

	TG1
	15.420 ± 1.146
	2.723 ± 0.261

	TG2
	15.600 ± 0.909
	2.903 ± 0.323

	TG3
	14.925 ± 0.767
	2.633 ± 0.073

	TG4
	16.100 ± 0.682
	3.160 ± 0.169



A. Analyze the data.  Are the heights and stem thicknesses in the transgenic plants significantly different that in the wild type plant?  Justify your claim with evidence.
B. Are the heights and stem thicknesses among the transgenic plants significantly different?  Justify your claim with evidence.
C. Plants from which these data were taken were grown in 10 mM NaCl solutions.  Pose one question that researchers can investigate by growing the same varieties in a series of lower salinity conditions. 
D. [bookmark: _GoBack]The Na+/H+ antiporter is an active transport system.  Briefly explain negative feedback regulation of the movement of sodium into the vacuole of rye cells. 





