Answers Study Guide Chapter 10 Photosynthesis
Before Day 1

Textbook: Read pages 176-184 and answer the following questions:
Define photoautotrophs. organisms that use light as an energy source to make organic substances.
    2. Name at least three photoautotrophs.

        plants, cyanobacteria, kelp
    3. Define chemoautotrophs.

        Organisms that use inorganic substances as an energy source to make 


organic substances.
  Look on page 532 in textbook to name three energy sources for chemoautotrophs. 


Hydrogen sulfide, ammonia, ferrous ions
    1. What type of organisms might be chemoautotrophs? some prokaryotes
    2. Name one economic problem caused by chemoautotrophs. erode (“eat”) statues of world
Read pages 534-535 and answer the following questions:

1. All major metabolic pathways are believed to have evolved in the first billion years of life.

2. Which is the more complex pathway, respiration or photosynthesis? photosynthesis
3. Make an outline to show evidence that photosynthesis evolved early in the history of 

life on earth.  If we have a quiz tomorrow, you may use your outline.

Look on page 178 and answer the following:

1. The green pigment that gives leaves their color is chlorophyll; it is found in chloroplasts 

that are found mainly in the mesophyll tissue of leaves.

2. Leaf pores that allow for the exchange of gases between the plant and the environment 

are called stomata (singular stoma).

     3.  Study the drawings, micrographs, and the text describing a chloroplast.  Be sure you 

          understand the structure of a chloroplast.

From the reading on page 179, explain why the formula for photosynthesis is simplified

to 6CO2 + 6H2O+ light energy( C6H12O6 + 6O2.12 molecules of water are consumed and 6 new molecules of water are formed, so we simplify the equation to show net consumption of water.
    4.   Fill in chart below from reading on page 180:

	COMPARISON OF PHOTOSYNTHESIS AND RESPIRATION

	
	Photosynthesis
	Respiration

	ENERGY SOURCE
	Sunlight
	Sugar (food)

	ELECTRON SOURCE
	Water
	Sugar (Food)

	Do Electron lose or gain energy?
	Gain
	Lose

	MOLECULE OXIDIZED
	Water
	Glucose

	MOLECULE REDUCED
	Carbon Dioxide
	Oxygen


3. The two stages of photosynthesis are light reactions (light dependent reactions) and the Calvin cycle (light independent reactions).

4. The hydrogen carrier in photosynthesis is NADP+( nicotinamide adenine dinucleotide phosphate).

5. Define: Photophosphorylation. The process of producing ATP from ADP and a phosphate group using energy obtained in the light reactions of photosynthesis.
6. Define: Carbon fixation.Taking carbon dioxide from the environment and incorporating it into organic compounds.
Looking at Figure 10.4, fill in chart below:

	
	Light Reactions
	Calvin Cycle

	Input
	Light, H2O
	CO2

	Output
	O2
	CH2O (sugar)

	Transfer from one to other
	ATP, NADPH
	NADP+, ADP+ P


Study Guide: Page 69 and 70.

Answer interactive questions 10.1, 10.2, 10.3

10.1 a. outer membrane

       b. granum

       c. inner membrane

       d. thylakoid space

       e. thylakoid

       f. stroma

10.2 a. light

       b. H2O

       c. light reactions taking place in thylakoid membranes

       d. O2
       e. ATP

       f. NADPH

       g. CO2
       h. Calvin cycle taking place in stroma

       i. CH2O (sugar)

10.3 blue light
Do Test Your Knowledge questions 2. 3. 4. 5. 6. 

2. a

3. b

4. a

5. b

6. b
Before Day 2

1. A photon is not a tangible object; instead, it is a quantum or measure of light energy.  The amount of energy is inversely related to wavelength (shorter=more energy)

2. Explain color and why leaves appear to be green.


Light is a form of energy known as electromagnetic radiation.  This energy travels in waves.  The distance between the crests of the waves is called wavelength. The wavelengths visible to the human eye are the portion of the electromagnetic spectrum called visible light.  As light meets matter, the matter may reflect the light, absorb the light, or transmit the light.  Substances that absorb light are called pigments.  Different pigments absorb different wavelengths of light.  Wavelengths that are absorbed disappear; wavelengths that are reflected are visible to the human eye.  Therefore, a green leaf is green because the green wavelengths of visible light are not absorbed by chlorophyll but are, instead, reflected.
Define the following:

3. chlorophyll a A blue-green pigment that can participate directly in the light reactions.
4. chlorophyll b A yellow-green pigment that absorbed a slightly different wavelength of light than chlorophyll a does.  Chlorophyll b transmitted the light it absorbs to chlorophyll a to be used in the light reactions
5. carotenoids Pigments that are various shades of yellow and orange; they work in the same manner as the chlorophyll b pigments in transmitting different wavelengths of light to chlorophyll a.  Some also act as photoprotectors by dissipating excessive light that could be damaging to the chlorophyll pigments.
Look at Figure 10.8a and answer the following:

6. What wavelength of light is best absorbed by chlorophyll a 425nm or blue/violet and 650 nm orange/red?  chlorophyll b 475nm or blue/violet and 680 red? carotenoids 475-480nm blue/violet?

7. What wavelengths are least absorbed by these pigments? 500-625 nm green/yellow green
Look at Figure 10.8b and answer the following:

8. What wavelengths or colors are most effectively used in photosynthesis? 

425-450nm and 680 nm (red)
Look at Figure 10.8a and answer the following:

9. Study Figure 10.9 on page 184.  A photosystem is a cluster of a few hundred chlorophyll pigments embedded in the thylakoid membrane.  Studying the molecule structure of these pigments, tell why they maintain their positioning in the membrane.

It contains a hydrocarbon tail which interacts with the hydrophobic regions of proteins inside the thylakoid membrane
10. How is chlorophyll b different from chlorophyll a?

Chlorophyll b has one functional group that is different in the head area of the molecule making it absorb light of a slightly different wavelength
11. Define reaction center.

The reaction center is simply a specific chlorophyll a molecule that happens to be in the correct location in the membrane (where the first chemical reaction of the light reactions occurs)
12. Define primary electron acceptor

A specialized molecule located next the chlorophyll a of the reaction center.  The primary electron acceptor receives (by a redox reaction) an electron from the chlorophyll a of the reaction center.
13. Study Figure 10.10.  Chlorophyll molecules’ electrons can be “excited” by the absorbed of energy from sunlight.  What happens after excitement if a primary electron acceptor is not available?
The electron returns to its ground-state orbital giving off its energy as heat and fluorescence (light).
14. Name the two photosystems. Photosystem I and Photosystem II
15. Study Figure 10.11.  Explain how the energy from sunlight is carried to the reaction center of a photosystem. The sunlight strikes the chlorophyll a, b and carotenoids of the photosystem.  Each pigment absorbs photons of light of a different wavelength.  All the pigments of the photosystem transfer the absorb energy (from pigment to pigment) to the chlorophyll a which is located in the reaction center.
Study Guide: Page 70 starting with the Light Reactions convert… through page 71 stopping with Noncyclic Electron Flow
Answer interactive questions  10.4. 10.5 

10.4 The solid line is the absorption spectrum; the dotted line is the action spectrum.  Some wavelengths of light, particularly in the yellow and orange range, result in a higher rate of photosynthesis than would be indicated by the absorption of those wavelengths by chlorophyll a. These differences are partially accounted for by accessory pigments, such as chlorophyll b and the carotenoids, that absorb light energy from different wavelengths and pass that energy on to chlorophyll a. 
Do Test Your Knowledge questions 3. 4. 5. 6. 

3. b

4. a

5. 5

6. b
Drawing: Structures of Photosynthesis

Before Day 3
Lecture Notes: Read page 6-8

Textbook:  Read page 185-188 
Fill in the Chart by studying Figure 10.14 and 10.12 and reading text.

	Comparison of Cyclic and Noncyclic Photophosphorylation

	
	Cyclic
	Noncyclic

	Uses Photosystem I?
	Yes
	Yes

	Uses Photosystem II?
	No
	Yes

	Electrons are excited?
	Yes
	Yes

	Primary acceptor is used?
	Yes
	Yes

	Oxygen is released?
	No
	Yes

	NADPH is produced?
	No
	Yes

	ATP is produced?
	Yes
	Yes


 Study Figure 10.13.  What happens to sunlight’s energy in the light reactions of photosynthesis?

Sunlight’s energy is used to excite electrons which travel from water to photosystem II through an ETC (making ATP) to Photosystem I and then are captured in NADPH.
Study Guide: Page 71 beginning with Noncyclic Electron Flow through page 72 stopping at A comparison of chemiosmosis…
Answer interactive questions 10.6, 10.7

10.6 a. photosystem II

b. P680, reaction-center chlorophyll a

c. water

d. oxygen (1/2 O2)

e. electrons (2e-)

f. primary electron acceptor

g. electron transport chain

h. photosphosphorylation by chemiosmosis

i. ATP

j. photosystem I

k. P700

l. primary electron acceptor

m. NADP+

n. NADPH

ATP and NADPH provide the chemical energy and reducing power for the Calvin Cycle.

10.7 a. Ferredoxin passes the electrons to the cytochrome complex in the electron transport chain, from which they return to P700.

b. Electrons from P680 are not passed to P700.  Without the oxidizing agent P680, water is not split.  Fd does not pass electrons to NADP+ reductase to form NADPH.

c. Electrons do pass down the electron transport chain, and the energy released by their “fall” drives cyclic photophosphorylation.
Do Test Your Knowledge questions 1. 7. 8. 10. 15. 16. 20. 

1. d
7. e

8. c

10. e

15. c

16. b

20. d

Before Day 4
Lecture Notes: Read page 8-9 stopping at Photorespiration

Textbook:  Read page 188-191 stopping at Alternative mechanisms
	Comparison of Chemiosmosis in Chloroplasts and Mitochondria

	
	Chloroplasts (Photosynthesis)
	Mitochondria (Respiration)

	Produce ATP?
	Yes
	Yes

	Use an ETC?
	Yes
	Yes

	Pump H+ across a membrane?
	Yes
	Yes

	Has an ATP synthase?
	Yes
	Yes

	Phosphorylation occurs?
	Yes
	Yes

	Source for electrons?
	water
	food

	Redox reaction?
	Yes
	Yes

	Use chemiosmosis
	Yes
	Yes

	Location of  H+ reservoir?
	Thylakoid space
	Innermembrane space

	Location of Electron Transport Chain?
	Thylakoid membrane
	Innermembrane


1. How does carbon enter the Calvin Cycle? In the form of CO2
2. The energy source for the Calvin Cycle is ATP and the electron source is NADPH.

3. The carbohydrate produced in the Calvin Cycle is glyceraldehydes-3-phosphate (G3P).

4. To make one molecule of the carbohydrate mentioned in question 3, the Calvin Cycle must take place three times.










5. In the first step of the Calvin Cycle Ribulose bisphosphate (RuBP) (a five carbon sugar) is joined to one molecule of CO2 with help from the enzyme Rubisco.

Looking at Figure 10.17 answer the following:

1. How many molecules of  ATP are used to make one glyceradehyde-3-phosphate molecule as a net product? Nine
2. How many NADPH are used? Six
Study Guide: Page 72 starting with a Comparison of Chemiosmosis…and stopping at Alternative mechanisms of carbon fixation… on page 73.
Answer interactive questions 10.8, 10.11

10.8 a. in the thylakoid space (pH 5)

b. (1) transport of protons into the thylakoid space as Pq transfers electrons to the   cytochrome complex; (2) protons from the splitting of water remain in the thylakoid space; (3) removal of H+ in the stroma during the reduction of NADP+

10.11 a. carbon fixation


b. reduction


c. regeneration of CO2 acceptor (RuBP)


d. 3 CO2

e. ribulose bisphosphate (RuBP0


f. rubisco


g. 3-phosphoglycerate


h. 6 ATP(6 ADP


i. 1,3-bisphosphoglycerate


j. 6 NADPH(6 NADP+

k. 6 P


l. glyceraldehydes 3-phosphate (G3P)


m. G3P


n. glucose and other organic molecules


o. 3 ATP(3 ADP + 3 P
Do Test Your Knowledge questions 12. 14. 17. 18. 19. 21. 22. 23-28

12. b
14. d

17. c

18. d

19. e

21. d

22. e

23. c

24. a

25. b

26. a

27. d

28. a
Structure Your Knowledge:  Number 2 (to be turned in)

Before Day 5
Lecture Notes: Read page 9 Photorespiration

Textbook:  Read page 191-194 starting at Alternative mechanisms 

From the reading of this section of Chapter 10, write a summary (in well-organized paragraph form; without plagiarizing) that explains the differences between C3, C4, and CAM plants.  Also explain why these different evolutionary paths were essential in overcoming photorespiration. (Turn this in for a grade).

Study Guide: Page 73 Read starting with Alternative mechanisms of carbon fixation have evolved in hot, arid climates through page 75
Answer interactive questions 10.9, 10.10

10.9 Photorespiration may be an evolutionary relic from the time when there was little O2 in the atmosphere and the ability of rubisco to distinguish between O2 and CO2 was not critical.  Now, in our oxygen-rich atmosphere, photorespiration seems to be an agricultural liability.

10.10  a. in the bundle-sheath cells

b. Carbon is initially fixed into a four-carbon compound in the mesophyll cells by PEP carboxylase.  When this compound is broken down in the bundle-sheath cells, CO2 is maintained at a high enough concentration that rubisco does not accept O2 and cause photorespiration.
Do Test Your Knowledge questions 9. 11. 13. 

9. a

11. a

13. d
Drawing:  Photochemical Reactions

Structure Your Knowledge:  Number 1 (to be turned in)

