AP BIOLOGY 2021-22										November 16, 2021

Today’s Agenda (Day 56)
	
1. Housekeeping Items
 
2. Homework Check:
 READING GUIDE: Ch 10

3. Class Activity:
 CONT’D: Ch 10 PPT Review
a) Section 10.3 – The Calvin cycle uses the chemical energy of ATP and NADPH to reduce CO2 to sugar
b) Section 10.4 – Alternative mechanisms of carbon fixation have evolved to hot, arid climates

FRIDAY: LAB: Osmosis and Diffusion (Part 2) 

HOMEWORK:
· READ: Chapters 9 – 13
· STUDY: Ch 10 Test AND Ch 10_11 Vocabulary Quiz
Chapter 10 - Photosynthesis
	Absorption spectrum
	Action spectrum
	Bundle-sheath cells
	C3 plant
	C4 plant
	Calvin cycle

	CAM plant
	Carbon fixation
	Carotenoids
	Chlorophyll
	Crassulacean acid metabolism (CAM)
	Cyclic electron flow

	Electromagnetic spectrum
	Glyceraldehyde 3-phospate (G3P)
	Light reactions 
	Light-harvesting complex
	Linear electron flow
	Mesophyll

	Photons
	Photophosphorylation
	Photorespiration
	Photosystem
	Photosystem I
	Photosystem II

	PEP carboxylase
	Primary electron acceptor
	Reaction-center complex
	Rubisco
	Spectrophotometer
	Stomata

	Stroma
	Thylakoids
	Visible light
	wavelength
	
	



REMINDERS:
· TEST: Chapter 10  Nov. 18
· QUIZ: Chapter 10 & 11 Vocabulary  Nov. 24
· TEST: Chapter 11  Nov. 30
· TEST: Chapter 12  Dec. 9
· MIDTERM: Covers Ch 1 – 13 
Chapter 11 – Cell communication
	Adenylyl cyclase
	Apoptosis
	Biofilm
	Chemical messengers
	Cyclic AMP
	Diacylglycerol (DAG)

	Endocrine signaling
	Growth factors
	Hormones
	Inositol triphosphate (IP3)
	Ligand
	Paracrine signaling

	Phosphorylation cascade
	Plant growth regulators
	Protein kinase
	Protein phosphatases
	Scaffolding proteins
	Second messengers

	Signal transduction pathway
	 Synaptic signaling
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Chapter 10: Photosynthesis 
 
This chapter is as challenging as the one you just finished on cellular respiration. However, conceptually it will be a little easier because the concepts learned in Chapter 9—namely, chemiosmosis and an electron transport system—will play a central role in photosynthesis.  
 
1.  As a review, define the terms autotroph and heterotroph. Keep in mind that plants have mitochondria and chloroplasts and do both cellular respiration and photosynthesis! 
 
Concept 10.1 Photosynthesis converts light energy to the chemical energy of food 
 
2. Take a moment to place the chloroplast in the leaf by working through Figure 10.3. Draw a picture of the chloroplast and label the stroma, thylakoid, thylakoid space, inner membrane and outer membrane. 
 
3. Use both chemical symbols and words to write out the formula for photosynthesis (use the one that indicates only the net consumption of water). The formula is the opposite of cellular respiration. You should know both formulas from memory.  
 
4. Using 18O as the basis of your discussion, explain how we know that the oxygen released in photosynthesis comes from water. 
 
5. Photosynthesis is not a single process, but two processes, each with multiple steps.  
 	 	 
a. Explain what occurs in the light reactions stage of photosynthesis. Be sure to use NADP+ and photophosphorylation in your discussion.  
 
b. Explain the Calvin cycle, utilizing the term carbon fixation in your discussion.  
 
6. The details of photosynthesis will be easier to organize if you can visualize the overall process.  Label Figure 10.5, below. As you work on this, underline the items that are cycled between the light reactions and the Calvin cycle.  
 

 
Concept 10.2 The light reactions convert solar energy to the chemical energy of ATP and NADPH  
This is a long and challenging concept. Take your time, work through the questions, and realize that this is the key concept for photosynthesis. 
 
7. Some of the types of energy in the electromagnetic spectrum will be familiar, such as X-rays, microwaves, and radio waves. The most important part of the spectrum in photosynthesis is visible light. What are the colors of the visible spectrum? 
 
  Notice the colors and corresponding wavelengths and then explain the relationship between wavelength and energy. 
 
8. Read Figure 10.9 carefully; then explain the correlation between an absorption spectrum and an action spectrum.  
 	 
9. Describe how Englemann was able to form an action spectrum long before the invention of a spectrophotometer. 
 
10. A photosystem is composed of a protein complex called a ___________-__________ complex surrounded by several __________-____________ complexes.  
 
11. Within the photosystems, the critical conversion of solar energy to chemical energy occurs. This process is the essence of being a producer! Using Figure 10.12 as a guide, label the diagram and then explain the role of the terms in the photosystem. 
 
 

  
a) Reaction center complex—  
 
 
 
b) Light-harvesting complex— 
 
 
 
c) Primary electron acceptor—  
 
12. Photosystem I is referred to by the wavelength at which its reaction center best absorbs light, or 
	 	P__________; photosystem II is also known by this characteristic, or P__________.  
 
13. Linear electron flow is, fortunately, easier than it looks. It is an electron transport chain, somewhat like the one we worked through in cellular respiration. While reading the section “Linear Electron Flow,” label the diagram number by number as you read. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
14. The following set of questions deal with linear electron flow: 
 
a. What is the source of energy that requires the electron in photosystem II?  
 
b. What compound is the source of electrons for linear electron flow? This compound is also the source of ___________ in the atmosphere.
c. As electrons fall between photosystem I and II, the cytochrome complex uses the energy to   	pump ________ ions. This builds a proton gradient that is used in chemiosmosis to produce  
 		what? 
 
d. In photosystem II, the excited electron is eventually used by NADP+ reductase to join 
 	NADP+ and a H+ to form ___________.  
 	  
* Notice that two high-energy compounds have been produced by the light reactions: ATP and NADPH. Both compounds will be used in the Calvin cycle.  
 
15. Cyclic electron flow can be visualized in Figure 10.15. Cyclic electron flow is thought to be similar to the first forms of photosynthesis to evolve. In cyclic electron flow no water is split, there is no production of __________, and there is no release of __________.  
 
 
16. The last idea in this challenging concept is how chemiosmosis works in photosynthesis. Use four examples to compare how chemiosmosis is similar in photosynthesis and cellular respiration.  
 

17. Use two key differences to explain how chemiosmosis is different in photosynthesis and cellular respiration. (These two questions are another example of compare and contrast.) 

 
18. Label all the locations in the diagram first. Next, follow the steps in linear electron flow to label  the components of the light reactions in chemiosmosis.  

 
19. List the three places in the light reactions where a proton-motive force is generated. 
 
 
 
20. As a review, note that the light reactions store chemical energy in __________ and __________, which shuttle the energy to the carbohydrate-producing __________ cycle. 
Concept 10.3 The Calvin cycle uses ATP and NADPH to convert CO2 to sugar 
The Calvin cycle is a metabolic pathway in which each step is governed by an enzyme, much like the citric acid cycle from cellular respiration. However, keep in mind that the Calvin cycle uses energy (in the form of ATP and NADPH) and is therefore anabolic; in contrast, cellular respiration is catabolic and releases energy that is used to generate ATP and NADH.  
 
21. The carbohydrate produced directly from the Calvin cycle is not glucose, but the three-carbon compound __________________________. Each turn of the Calvin cycle fixes one molecule of CO2; therefore, it will take ___________ turns of the Calvin cycle to net one G3P. 
 
22. Explain the important events that occur in the carbon fixation stage of the Calvin cycle.  
 
 
23. The enzyme responsible for carbon fixation in the Calvin cycle, and possibly the most abundant protein on Earth, is __________________.  
 
 
24. In phase two, the reduction stage, the reducing power of _________________ will donate electrons to the low-energy acid 1,3-bisphosphoglycerate to form the three-carbon sugar 
	 	_________________________. 
 
25. Examine Figure 10.18 while we tally carbons. This figure is designed to show the production of one net G3P. That means the Calvin cycle must be turned three times. Each turn will require a starting molecule of ribulose bisphosphate, a five-carbon compound. This means we start with __________ carbons distributed in three RuBPs. After fixing three carbon dioxides using the enzyme _______________, the Calvin cycle forms six G3Ps with a total of _________ carbons. At this point the net gain of carbons is _________, or one net G3P molecule.  
 
 
 
26. Three turns of the Calvin cycle net one G3P because the other five must be recycled to RuBP.  Explain how the regeneration of RuBP is accomplished.  
 
27. The net production of one G3P requires __________ molecules of ATP and __________ molecules of NADPH.  
 
Concept 10.4 Alternative mechanisms of carbon fixation have evolved in hot, arid climates 
28. Explain what is meant by a C3 plant.  

29. What happens when a plant undergoes photorespiration? 
 
30. Explain how photorespiration can be a problem in agriculture. 
 
31. Explain what is meant by a C4  plant.  
 
32. Explain the role of PEP carboxylase in C4 plants, including key differences between it and rubisco. 

33. Conceptually, it is important to know that the C4 pathway does not replace the Calvin cycle but works as a CO2 pump that prefaces the Calvin cycle. Explain how changes in leaf architecture help isolate rubisco in high CO2 areas but low O2 areas. 
 
 
34. Using Figure 10.19 as a guide, explain the three key events—indicated by the arrows below— in the C4 pathway. 
 
 
 
35. Compare and contrast C4 plants with CAM plants. In your explanation, give two key similarities and two key differences.  
 
36. Explain the statement that only the green cells of a plant are the autotroph while the rest of the plant is a heterotroph.   
 
37. Now that you have worked through the entire chapter, study Figure 10.21. Go back to the figure used in question 6. On the left side of that figure, list additional information for the light reactions; on the right side, summarize additional information for the Calvin cycle reactions. Finally, label this entire figure without looking back in your book! If you can do this, you understand the “big picture.”  

Testing Your Knowledge: Self-Quiz Answers 
Now you should be ready to test your knowledge. Place your answers here: 
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GELATIN "CELL" DIFFUSION

Sizes of cells vary greatly, depending on whether they are prokaryotic or
eukaryotic, and also by cell type (some neurons are a meter long!). No matter
what its size, materials must be transported in and out of cells, and larger cells
have developed structures to facilitate transport. This activity guides students
into discovering why large cells require extra help in materials transport.

Materials

* Stiff gelatin, such as "Knox Blox" or dessert gelatin made with 25% less water
* pH indicator --- phenolphthalein or bromthymol blue (btb) or cabbage juice*
* plastic or glass beakers or dishes to immerse gelatin blocks

* plastic spoons

* knives for cutting gelatin

* rulers

e ammonia, diluted 1:20 (100 ml ammonia into 1900 ml water)

* vinegar, diluted 1:4 in water (100 ml vinegar plus 300 ml water)

* bowl of water

* white paper or plate

Preparation

* Make gelatin as per package instructions, adding boiling water to gelatin in a
large bowl. For Knox Blox the recipe is one 7 g package of gelatin to one cup
boiling water. Make enough gelatin to fill the required number of glass dishes or
loaf plans to provide enough material for your class(es).
e For cabbage juice indicator, chop and boil a red cabbage for 10 minutes or
more. Strain out the cabbage and keep the (purple) water. Use this water
to make the gelatin.

**1 like to use 1g agar agar for 100ml water for a stiffer gel. Mix and microwave
until dissolved. Keep your eye on it, since it overflows easily! (JY)

* Before pouring the gelatin in a pan add the indicator, several millilters of
phenolphthalein (in 95% alcohol) or btb. Adjust to desired color. For pink
phenolphthalein gelatin, add drops of ammonia until desired color is obtained.
For btb, a green color is desirable. Slowly add drops of ammonia (if your gelatin
is yellow) or vinegar (if your gelatin is blue) and mix well until desired color is
obtained. You can make blue, green or yellow cabbage juice gelatin by adding a
few drops of ammonia.

* Pour gelatin in pans, cover, and refrigerate overnight.
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To Do and Notice

* Choose which type of agar you would like to try. Cut 4 blocks of each of 3
sizes of gelatin (12 blocks total) of the following sizes: 1 cm3, 2 cm?, 3 cm?®

* Place 3 of each size block into a container. Cover with an appropriate
substance, or cut twice the number of blocks and put half in ammonia, half in
vinegar. Make sure that the blocks are covered with fluid. Leave one block of

each size outside of the treatment, to use as your control (comparison, untreated)
blocks.

* At select intervals (5 minutes, 20 minutes, 45 minutes see below) remove one
block of each size from the treatment (use a spoon). Dip briefly in water. Place
on white paper or plate, and cut in half with knife. Observe any color changes.
Measure the distance the color change has penetrated from the exterior toward
the interior. Use this number to estimate the percentage of the block that the
treatment has penetrated.

TIME = 5 minutes Treatment:
cube dimension  surface volume ratio %penetrated
area (cm?) cm3 surface area

volume
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TIME = 20 minutes Treatment:

cube dimension  surface volume ratio %penetrated
area (cm?) cm?3 surface area
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TIME = 45 minutes Treatment:

cube dimension  surface volume ratio %penetrated
area (cm?) cm?d surface area
volume
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What's Going On?

color change

The treatment will diffuse into the blocks at a constant rate. Depending on the
pH indicator in the gelatin, a color change may or may not occur. Each pH
indicator has a specific color at a particular pH. Some of the values are as follows:

phenolphthalein: colorless below pH (approx.) 8, bright pink at pH 8 - 9.5,
darker pink at pH10 and above;

bromthymol blue: yellow pH 6 and below; green between (approx.)pH 6.5 and 7,
blue at pH 7 and above
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cabbage juice --- a wide range of colors on a continuum, ranging from red (pH 2
and below) shades of pink between pH 2 and 5.5, light to dark purple between
pH 5.5 and 6.5; blue between 6.5 and 8; aqua at pH 9, green at pH 10 - 12, and
yellow at pH 12 and higher

Pink phenolphthalein in ammonia --- no visible change; in vinegar turns colorless
Green btb in ammonia - turns blue; in vinegar, turns yellow

Red/purple cabbage juice in ammonia -- turns green/yellow; in vinegar, difficult
to discern change.

Note: Your students may also note that the treatment fluid has turned color. Indicators
will also diffuse out of the gelatin into the treatment, and will turn color based on the pH
of the treatment fluid.

size matters

At five minutes, diffusion of the treatment fluid into the each size of gelatin cube
is often around 10 percent of the total volume. At twenty minutes the Imm
cubes may be 100% saturated with treatment, and the other blocks less so with
the 3 mm cube having a smaller percentage saturated. At 45 minutes, typical
results are 60% saturation for the 2 mm cube, and 30% for the 3 mm cube.

Anything that a cell takes in, such as oxygen and food, or goes out, such as
wastes, must travel across the cell membrane. As cells grow larger, the ratio of
surface area to volume decreases dramatically (see table below). The larger cell
still must perform all the vital transportation of materials across membranes, but
has a much larger volume and relatively small surface area with membrane to do
so. For example, a larger cell needs more food to support its larger volume, but
has less surface area - proportionately - do conduct these transactions.

Bacterial cells are fairly small and have a large surface area/volume ratio.
Eukaryotic cells, like those of animals and plants are much larger, but have
additional structures to help them conduct the amount of transport across
membranes required. A series of internal membrane-bound structures that are
continuous with the plasma membrane, such as the endoplasmic reticulum,
provide additional surface area internal to the cell, allowing sufficient transport
to occur. Even so, there are upper limits to cell sizes.

This activity nicely illustrates the principles of surface area/volume ratios, and
provides food for thought about cell sizes and processes.

cube dimension surface* volume ** ratio
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3 cm 54 cm? 27 cm3 2

* surface area = number of sides times width times length
** volume = length x width x height

Tidbits

¢ A small bacterium, such as Escherichia coli, a common inhabitant of our
intestinal tract, measures about 2 micrometers across (0.002 mm).

* The smallest organism considered an actual cell is the bacterium called a
"mycoplasm". It lacks a cell wall and measures about 0.2 - 0.3 micrometers.

* Some human cell sizes: Liver cell - 20 micrometers; red blood cell, 20
micrometers; mitochondria inside of a cell - 1 micrometer x 2 micrometers.

* A Paramecium is a very large cell at about 200 micrometers (0.2 mm) long.
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