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Chapter 5

Mastering Concepts
5.1 

1. How is an autotroph different from a heterotroph?

An autotroph uses inorganic molecules to make its own organic compounds, but heterotrophs must eat other organisms to get their carbon.

2. Describe photosynthesis in words and as a chemical reaction.
Photosynthesis is the chemical process in which plants, algae, and some microorganisms convert light energy into chemical energy. A photosynthetic cell uses light energy, carbon dioxide, and water to form glucose and oxygen gas.  The chemical equation is:

6CO2 + 6H2O --> C6H12O6 + 6O2
3. Why is photosynthesis essential to life?

Photosynthesis is essential to life because almost all life ultimately depends on it for food.

5.2 

1. What are the main components of sunlight?

The main components of sunlight are high-energy radiation such as ultraviolet radiation; visible light; and low-energy radiation such as infrared radiation.

2. How does it benefit a plant to have multiple types of pigments?

Multiple pigment types allow a plant or other photosynthetic organism to absorb energy from a broad range of wavelengths of light. 

5.3 

1. Describe the relationships among the chloroplast, stroma, grana, thylakoids, and photosystems.

Chloroplasts are organelles in a plant cell. Inside the chloroplast, the stroma is the fluid that surrounds the grana (stacks of thylakoids). Photosystems are embedded in the thylakoid membranes.

2. How does the reaction center chlorophyll interact with the antenna pigments in a photosystem?

The antenna pigments capture light energy and send it to the reaction center chlorophyll, which uses it for the reactions of photosynthesis.
5.4

1. What happens in each of the two main stages of photosynthesis?

The two main stages of photosynthesis are the light reactions and the carbon reactions. In the light reactions, pigments capture light energy and convert it to the chemical energy of ATP and NADPH. In the carbon reactions, the energy of ATP and the electrons in NADPH are used to assemble CO2 molecules into sugar.

2. Where in the chloroplast does each stage occur?

The light reactions occur in the thylakoid membranes, and the carbon reactions occur in the stroma.
5.5
1. How does light striking photosystem II lead to ATP production?
In photosystem II, light strikes an antenna pigment. The energy is absorbed and passed to the reaction center chlorophyll, which releases two energized electrons. These electrons are replaced by two electrons stripped from a water molecule, forming oxygen gas (O2) and two hydrogen ions (H+). The energized electrons move along the proteins of the electron transport chain connecting photosystem II to photosystem I. Meanwhile, hydrogen ions accumulate in the thylakoid space, forming a reservoir of potential energy. These hydrogen ions pass into the stroma through ATP synthase. This enzyme uses the energy to bond a phosphate group onto ADP, forming ATP. 

2. What is water’s role in the light reactions?

Water is the source of electrons in the light reactions. The electrons lost from the reaction center in photosystem II are replaced by electrons stripped from a water molecule. 
3. What happens after light strikes photosystem I?
Light striking photosystem I boosts electrons from the reaction center chlorophyll to a higher energy level. These energized electrons pass along an electron transport chain, at the end of which they reduce NADP+ to NADPH.

4. How are the electrons from photosystem I replaced?

The boosted electrons lost from the reaction center in photosystem I are replaced by electrons traveling down the electron transport chain from photosystem II. 

5.6 

1. What are the roles of CO2, ATP, and NADPH in the Calvin cycle?

CO2 is the source of the carbon atoms that eventually become a glucose molecule. ATP provides the energy and NADPH provides the electrons for the Calvin cycle reactions.
2. Use figure 5.8 to determine how many ATP molecules are used to produce a six-carbon glucose molecule.
Two PGAL molecules combine to form one glucose molecule. Figure 5.8 summarizes how the Calvin cycle produces one PGAL molecule, a process that requires 9 ATP. Producing the two PGAL molecules needed to form glucose therefore requires 18 ATP. 
5.7
1. Why is the Calvin cycle also called the C3 pathway?

The Calvin cycle is called the C3 pathway because the first stable compound produced is the three-carbon molecule PGA. 
2. How does photorespiration counter photosynthesis?

In photorespiration, the rubisco enzyme uses O2 instead of CO2.  The resulting chemical reaction liberates CO2 that has already been fixed, and thus counters photosynthesis. 

3. Describe how a C4 plant minimizes photorespiration.

The leaves of C4 plants have a distinctive arrangement of cells. The light reactions occur in mesophyll cells, where CO2 is incorporated into a 3-carbon “ferry” molecule to form a 4-carbon molecule. This molecule then moves to a bundle sheath cell, which is separated from the oxygen-rich air spaces of the leaf. The Calvin cycle occurs in the bundle sheath cells, where the high CO2 concentration and low O2 concentration reduces the effects of photorespiration.
4. How is the CAM pathway like C4 metabolism, and how is it different?

The CAM pathway resembles C4 metabolism in that both pathways minimize photorespiration; both occur in plants from a hot and dry climate; and both involve a four-carbon compound in CO2 fixation. CAM plants differ from C4 plants in the time and place of the Calvin cycle. CAM plants open their stomata only at night, an adaptation that minimizes water loss; during that time, mesophyll cells store CO2 as part of a four-carbon molecule within a vacuole. In the daytime, CO2 moves from the vacuole to a chloroplast in the same cell, where the Calvin cycle occurs. In contrast, C4 plants fix carbon during the day, but the Calvin cycle occurs in bundle sheath cells, not in mesophyll cells (where the light reactions occur).
Write It Out

1. Imagine that black ash from multiple volcanic eruptions made photosynthesis impossible anywhere on Earth for many years. What would be the consequence to plants? To animals? To microbes? 

Plants would die, since they must produce their own food in photosynthesis. The animals that depend on these plants for food, directly or indirectly, would eventually starve as well. Like plants, photosynthetic microbes would also die, but heterotrophic microbes temporarily would have a rich variety of dead organic matter to decay. Meanwhile, O2 consumed in respiration would no longer be replaced in photosynthesis. The O2 concentration in the atmosphere would therefore eventually decline.
2. Would a plant grow better in a room painted blue or in a room painted green? Explain your answer.

Blue paint reflects blue light, which plants use in photosynthesis. Green paint reflects green light, which is not useful in photosynthesis. Plants would therefore grow better in the room painted blue.

3. In some ways, chlorophyll can be thought of as a solar panel like the ones used to generate electricity at power plants. Using terms such as granum, photosystem, ATP, and chlorophyll, explain this comparison.

If a chlorophyll molecule is like a solar panel, then a photosystem is coordinated array of these panels. Each array is embedded in a large pillar (a granum), and the pillars are contained within the power plant’s facilities. ATP is like the electric energy that the power plant produces.
4. Define these terms and arrange them from smallest to largest: thylakoid membrane; photosystem; chloroplast; granum; reaction center.
From smallest to largest, the arrangement is: reaction center; photosystem; electron transport chain; thylakoid membrane; chloroplast. The definitions are: a) Reaction center: the chlorophyll a molecule that uses light energy in photosynthesis reactions. b) Photosystem: a unit consisting of chlorophyll a aggregated with other pigment molecules and proteins. c) Thylakoid membrane: an internal membrane in a chloroplast; the photosystems that capture light energy are embedded in thylakoid membranes. d) Granum: a stack of thylakoids. e) Chloroplast: organelle of photosynthesis in plants and algae.
5. Determine whether each of the following molecules is involved in the light reactions, the carbon reactions, or both and explain how: O2, CO2, carbohydrates, chlorophyll a, photons, NADPH, ATP, H2O.

O2 is produced by the light reactions.  CO2 is fixed during the carbon reactions and provides the carbon atoms in sugar.  Carbohydrates are the product of the carbon reactions. Chlorophyll a is used in the light reactions to absorb light energy.  Photons of light provide the energy input for the light reactions.  NADPH is the electron carrier produced in the light reactions, which provides the source of electrons for the reduction of CO2 in the carbon reactions. ATP is the chemical energy produced in the light reactions and used in the carbon reactions for the synthesis of carbohydrates.  H2O provides the replacement electrons for photosystem II in the light reactions.
6. In the early 1600s, a Flemish scientist monitored the weight of willow trees and their surrounding soil for 5 years. Because he had applied large amounts of water and the soil had lost little weight, he concluded (incorrectly) that plants grew solely by absorbing water. What is the actual source of the added biomass? Explain your answer.
The actual source of the added biomass was carbon atoms, attained through carbon fixation (of CO2) and the production of carbohydrates in photosynthesis. The plant used these carbohydrates to build its tissues.
7. In 1771, Joseph Priestley found that if he placed a mouse in an enclosed container with a lit candle, the mouse would die. But if he also added a plant to the container, the mouse could live. Explain this observation.
The plant released O2 as a product of photosynthesis; in turn, the mouse used the O2 in aerobic respiration.

8. In 1941, biologists exposed photosynthesizing cells to water containing a heavy oxygen isotope, designated 18O. The “labeled” isotope appears in the O2 gas released in photosynthesis, showing that the oxygen came from the water. Where would the 18O have ended up if the researchers had used 18O-labeled CO2 instead of H2O?

The 18O in CO2 should become a part of the glucose (C6H12O6) molecule since it would be fixed in the carbon reactions.

9. Explain how C4 photosynthesis is based on a spatial arrangement of structures, whereas CAM photosynthesis is temporally based.

C4 plants separate the light and carbon reactions of photosynthesis into different cells.  The light reactions and CO2 fixation occur in the mesophyll, but the Calvin cycle occurs in the bundle-sheath cells. For CAM plants, CO2 is temporarily fixed at night, but then the light reactions and the Calvin cycle occur during the day.

10. Explain why each of the following misconceptions about photosynthesis is false: (a) Only plants are autotrophs. (b) Plants do not need cellular respiration because they carry out photosynthesis. (c) Chlorophyll is the only photosynthetic pigment.

(a) Some bacteria, archaea, and protists are also autotrophs.  (b) Plants use glucose in cellular respiration to generate ATP they need for reactions that require energy.  (c) Accessory pigments other than chlorophyll can contribute to photosynthesis.

Pull It Together

1. Where do electron transport chains fit into this concept map?

The term “Electron transport chain” can connect with the phrase “generates a proton gradient used to produce” to “ATP.”
2.  What specific process in the light reactions gives rise to the waste product, O2?

Water is split to replace the electrons that are ejected from chlorophyll in photosystem II. The products of this reaction are H+ ions and the waste product, O2. 

3. One possible connecting phrase in the concept map is “Chlorophyll reflects _____ wavelengths of light.” Fill in the blank and explain your answer. 
Chlorophyll reflects green wavelengths of light. Plants and algae appear green because their photosynthetic pigments reflect green and absorb other wavelengths of light.

4. Where do humans and other heterotrophs fit into this concept map?

“Heterotrophs” could connect with the phrase “rely on autotrophs that carry out” to “photosynthesis.” 

5. Build another small concept map showing the relationships among the terms chloroplast, stroma, grana, thylakoid, photosystem, and chlorophyll.

 “Chloroplast” contains “Stroma” and “Grana.” “Grana” are stacks of “Thylakoids.” “Photosystems” are embedded in the membranes that make up “Thylakoids.” In addition, “Photosystems” include photosynthetic pigments such as “Chlorophyll.” 
6. Add a connecting phrase to the concept map to show what happens to sugar after it is produced.
“Sugar” can connect with the phrase “is used in cellular respiration to generate” to “ATP.” 
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