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	Photosynthesis and cellular respiration are key ecological concepts involved with energy flow. Photosynthesis converts solar energy into chemical energy (SUN (G3P( Glucose) and cellular respiration converts glucose into ATP used to fuel life processes. This chapter will be a challenging one as you have yet done Ch.9 which introduces difficult concepts such as chemiosmosis, the electron transport chain and phosphorylation which all play a central role in photosynthesis. 
If you have any problems – please sign up for extra help after school.
	Chapter 10: 
Photosynthesis


Chapter 10: Photosynthesis
This chapter covers in detail how photoautotrophs are able to convert solar energy into chemical energy.
Remember:
Photosynthesis is a FOOD THING! A form of AUTOTROPHIC 



NUTRITION where plants REDUCE CO2 to produce C6H1206.  What a 


plant does with its glucose is the same thing you do with yours.  It gets 


sent to the mitochondria where it is OXIDIZED and used to convert ADP 

into ATP…the fuel of cells.
OBJECTIVES:  
Photosynthesis in Nature

__1. 
Distinguish between autotrophic and heterotrophic nutrition. 

__2. 
Distinguish between photoautotrophs and chemoautotrophs. 

__3. 
Describe the structure of chloroplasts and indicate their locations within plant cells. 

Describe why and where most chloroplasts are located in a leaf. 

__4. 
Explain how chloroplast structure relates to its function. 
__5. 
Write a summary equation for photosynthesis. 

The Pathways of Photosynthesis
__6. 
Explain the role of redox reactions in photosynthesis. 

__7. 
Describe, in general, the two main stages of photosynthesis. 
__8. 
Describe the wavelike and particle-like behaviors of light. 

__9.
Describe the relationship between an action spectrum and an absorption spectrum. 

__10. 
Explain why the absorption spectrum for chlorophyll differs from the action spectrum for 
photosynthesis. 
__11. 
List the wavelengths of light that are most effective for photosynthesis. 

__12. 
Explain what happens when chlorophyll or accessory pigments absorb photons. 

Science as a Process
__13. 
Describe chemiosmosis and photophosphorylation as it takes place in the chloroplasts. 

__14. 
Summarize the carbon-fixing reactions of the Calvin cycle and describe how RuBP is regenerated. 

__15. 
Describe the role of ATP and NADPH in the Calvin cycle. 

__16. 
Describe what happens to rubisco when the O2 concentration is much higher than CO2. 

__17.
Describe two important photosynthetic adaptations. (C4 and CAM pathways). 

__18. 
Describe the fate of photosynthetic products.
Guided Reading: Chapter 10
Part I.  Photosynthesis in Nature
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!
2. Where is the major site of photosynthesis in most plants?
3. Label the diagram below and use it to explain how CO2 and O2 enter and exit the leaf?
What processes do you think control the passage of these gases in and out of the leaf and why are most of the stomata are located on the underside of the leaf?
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4. Why are plants green and what function does this pigment serve?
5. Chloroplasts are the photosynthetic organelles of plants.  Label the diagram of the chloroplast below. (Activity 10A)
	
	Name
	Function

	A
	Stroma
	 

	B
	Grana
	 

	C
	Thylakoid
	 

	D
	Inner/Outer Membrane
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Part II.  The Pathways of Photosynthesis

6. 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. (Activity 10B)
7. Use the diagram below and O18 as the basis of your discussion to explain how we know that the oxygen released in photosynthesis comes from water.
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8. 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.
9. The details of photosynthesis will be easier to organize if you can visualize the overall process. Label Figure 10.4, below. As you work on this, underline the items that are cycled between the light reactions and the Calvin cycle. (Activity 10B)

Concept: The light reactions and the Calvin Cycle cooperate in converting light energy to the 


   chemical energy of food (sugar).
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Concept: The light reactions convert solar energy to the chemical energy of ATP and NADPH.
10. 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? (Activity 10C)
11. Read Figure 10.8 carefully; then explain the correlation between an absorbtion spectra and an action spectrum.
12. According to Figure 10.9, which element is at the center 
         of the porphyrin ring section of a chlorophyll molecule?
__________
13. A photosystems are the ____________-___________________ units of the thylakoid membrane.
14. Within the photosystems, the critical conversion of solar energy to chemical energy occurs. This process is the essence of being a producer! Using Figure 10.10 to label the diagram below and use it to explain what happens to chlorophyll when it absorbs a photon of light.
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15. 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__________.
You will not be responsible for explaining the differences between noncylic and cylic electron flow, however, you will have to explain how Photosystems I and II generate ATP and NADPH.

16. Define Photophosphorylation.

17. Label the diagram below and use it to help explain the energy changes of electrons as they flow through the light reactions.  Be sure to include the products of the light reactions.


                                                                
As electrons fall between photosystem II and I
the _______________________ complex uses the energy to convert _______ into _______ 

 via  _________________________________.

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 of these compounds will be used in the Calvin cycle. 

18. The last idea in this challenging concept is how chemiosmosis works in photosynthesis to generate ATP needed to build glucose in the next stage of photosynthesis.  Define Chemiosmosis. (p.167)


19. Central to the generation of ATP during chemiosmosis is the protein complex ATP Synthase. Label the diagram to the right and use it to explain how it is used to generate ATP. (p.167)
20. Use the diagram below to help you explain the organization of the thylakoid membrane (structure) and the process of chemiosmosis (function).  Label all the locations in the diagram first. (Activity 10D)
 
Chemiosmosis in Chloroplast



To The
Calvin Cycle




(1)

(2)


(3)


(4)
21. Hydrogen: atomic # = _____   
Atomic mass = _____


22. Now that you know that Hydrogen is composed of 1 proton (H+) and 1 electron (-), what is proton-motive force?
MAIN IDEA:
The products of the light reactions (NADPH and ATP) are needed for the Calvin Cycle.
Concept: The Calvin cycle uses ATP and NADPH to convert (reduce/fix) CO2 into G3P and C6H12O6
The Calvin cycle is a metabolic pathway in which each step is governed by an enzyme, much like the Krebs/citric acid cycle from cellular respiration you will see in the next unit. 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. 

23. As previously stated, the light reactions store chemical energy in __________ and __________, which shuttle the energy to the carbohydrate-producing __________ cycle. 
24. 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.
25. Use the diagram below to help you explain the important events that occur in the carbon fixation stage of the Calvin cycle. (Activity 10E)


26. The enzyme responsible for carbon fixation in the Calvin cycle, and possibly the most abundant protein on Earth, is ________________________________________ or ___________________. 
27.  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 _______________________________________ or __________. (Activity 10E)
28. Examine Figure 10.17 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 (RuBP), 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. (Activity 10E)
29. Three turns of the Calvin cycle nets one G3P because the other five must be recycled to RuBP. Explain how the regeneration of RuBP is accomplished. (Activity 10E)
30. The net production of one G3P requires __________ molecules of ATP and __________ molecules of NADPH. (Activity 10E)
Concept: Alternative mechanisms of carbon fixation have evolved in hot, arid climates
31. Explain what is meant by a C3 plant. (Activity 10F)
32.  What happens when a plant undergoes photorespiration? (Activity 10F)
33. Explain how photorespiration can be a problem in agriculture. (Activity 10F) 
34. Explain what is meant by a C4 plant. (Activity 10F)
35. Explain the role of PEP carboxylase in C4 plants, including key differences between it and rubisco.
36. Compare and contrast C4 plants with CAM plants. In your explanation, give two key similarities and two key differences. (Activity 10F)
37.  Explain the statement that only the green cells of a plant are the autotroph while the rest of the plant is a heterotroph.
Chapter 10 - Review Questions
___1. 
What is the name given to organisms that can make their own food and thus sustain themselves without consuming organic molecules derived from other organisms?

A) chemotrophs 





C) synthesizers

B) heterotrophs





D) autotrophs

___2.
What is the likely origin of chloroplasts?

A) mitochondria that had a mutation for photosynthesis

B) photosynthetic prokaryotes that lived inside eukaryotic cells

C) prokaryotes with photosynthetic mitochondria

D) eukaryotes that engulfed photosynthetic fungi

___3.
In most green plants, chloroplasts are -
A) concentrated in a zone of leaf tissue called the palisade mesophyll.

B) concentrated in a portion of the leaf called the stroma.

C) evenly distributed throughout the leaf tissue.

D) evenly distributed throughout the entire plant.

___4.
CO2 enters and O2 escapes from a leaf through -
A) stomata.

B) thylakoids.

C) grana.

D) stroma.

___5.
In the chloroplast, sugars are made in a compartment that is filled with a thick fluid called the -
A) stomata.

B) thylakoid.

C) matrix.

D) stroma.

___6.
Chloroplasts contain disk-like membranous sacs arranged in stacks called -
A) cristae.

B) thylakoids.

C) grana.

D) vacuoles.

___7.
Where is chlorophyll (Photosystems I and II) found in a plant cell?

A) stroma

B) cristae

C) cytoplasm

D) thylakoid membranes
___ 8.
The oxygen released into the air as a product of photosynthesis comes from -
A) water.

B) glucose.

C) carbon dioxide.
D) chlorophyll.

___9.
Which of the following molecules is both a reactant and a product of photosynthesis?

A) H2O


B) glucose

C) O2


D) chlorophyll

___11.
A redox reaction involves the transfer of -
A) oxygen.

B) water.

C) an electron.

D) carbon dioxide.

___12.
What is the source of energy that provides the boost for electrons during photosynthesis?

A) light (photon)

B) electromagnetism
C) ATP


D) cellular respiration
___13.
The light reactions occur in the ________, while the Calvin cycle occurs in the ________.

A) stroma . . . thylakoid membranes 


C) cytoplasm . . . thylakoid membrane

B) stroma . . . nucleus




D) thylakoid membranes . . . stroma
___14.
Which of the following are produced during the light reactions of photosynthesis?

A) glucose, ADP, NADP+




C) ADP, NADP+, O2

B) glucose, ADP, NADP+, CO2



D) ATP, NADPH, O2

___15.
Which of the following is part of the light reaction?

A) carbon fixation 




C) regeneration of NADP+
B) reduction of carbon 




D) formation of waste products in the form of O2

___16.
Which of the following are produced during the Calvin cycle?

A) G3P (glucose), ADP, NADP+ 



C) ATP, NADPH, O2

B) G3P (glucose), ADP, NADP+, CO2


D) ATP, NADPH, CO2

___ 17.
Carbon fixation -
A) occurs when carbon atoms from CO2 are incorporated into an organic molecule.

B) supplies the cell with ATP.

C) occurs during the light reactions.

D) provides the cell with a supply of NADPH molecules.

___18.
Sunlight is a type of ________ energy.

A) electromagnetic 




C) kinetic

B) potential





D) nuclear

___19.
Why are most plants green?

A) Chlorophyll a reflects green light.

B) Chlorophyll a absorbs green light.

C) Chlorophyll b primarily uses green light as the source of energy for photosynthesis.

D) Green helps plants blend into their environment as a sort of camouflage.

___ 20.
Which color contributes the least energy to photosynthesis?

A) blue


B) red


C) orange


D) green

___21.
Of the following wavelengths of light, which would you expect to be reflected or transmitted by chlorophyll a?

A) blue


B) green


C) yellow


D) red

___22.
A packet of light energy is called a -
A) quantum.

B) pigment. 

C) photon.


D) phaser.

___23.
How do the reaction centers of photosystem I and II differ?

A) Chlorophyll a is found in photosystem I and chlorophyll b in photosystem II.

B) Each preferentially absorbs slightly different wavelengths of light.

C) Photosystem I functions first in the sequence of steps that make up the light reactions.

D) Photosystem II does not transfer electrons from photons.
___24.
The electron transport chains of the light reactions -
A) are located in the stroma.

B) shuttle electrons along in a series of redox reactions.

C) provide energy for the citric acid cycle.

D) are found on the plasma membrane of mesophyll cells.

___25.
As a result of the cascade of electrons down the electron transport chains of the light reactions, -
A) NADPH is reduced to NADP+. 



C) NADP+ is reduced to NADPH.
B) NADPH is oxidized to NADP+.



D) NADP+ is oxidized to NADPH.

___26.
The electrons lost from the reaction center of photosystem II are replaced by electrons from -
A) CO2.


B) ATP.


C) H2O.


D) photosystem I.

___27.
In photophosphorylation, energy from electron flow is used to transport ________ from the ________ to the thylakoid compartment, generating a concentration gradient of ________.

A) electrons . . . grana . . . H+ 



C) H+ . . . stroma . . . H+

B) H+ . . . grana . . . electrons



D) H+ . . . stroma . . . ATP

___28.
The enzyme complex ATP synthase -
A) is a nucleic acid complex.

B) couples the flow of H+ to the phosphorylation of ADP.

C) is found in the stroma.

D) helps transport H+ against the concentration gradient.

___29.
Photosynthetic organisms derive their carbon from -
A) carbon monoxide. 




C) hydrocarbons.
B) carbon dioxide.




D) methane.

___30.
ATP and NADPH -
A) power sugar synthesis during the Calvin cycle.

B) are products of the Calvin cycle.

C) provide energy to Photosystem I and Photosystem II.

D) are used in the electron transport chain to pump H+ into the thylakoid space.

___31.
To produce one glucose, the Calvin cycle needs to be run through ________ time(s).

A) two


B) four


C) six


D) eight

___32.
The Calvin cycle constructs ________, an energy-rich molecule that a plant cell can then use to make glucose or other organic molecules.

A) G3P


B) ATP


C) NADH

D) carbon dioxide

___33.
The addition of oxygen instead of carbon dioxide to RuBP results in -
A) cellular respiration. 




C) photophosphorylation.
B) photorespiration.




D) aerobic respiration.

___34.
What is the main adaptive advantage of the C4 and CAM photosynthesis strategies over the C3 strategy?

A) They help the plant conserve water and synthesize glucose efficiently under hot, dry conditions.

B) They allow the plant to fix carbon more efficiently under conditions of low atmospheric CO2.

C) They allow the plant to fix carbon more efficiently in dim or cool conditions.

D) They make it possible for the plant to use the Calvin cycle at night.
___35.
The ultimate source of all the food we eat and the oxygen we breathe is -
A) cellular respiration. 




C) glycolysis.

B) photosynthesis.




D) anaerobic metabolism.

___36.
Plants use sugars as -
A) a fuel for photosynthesis.

B) a starting material for the Calvin cycle.

C) a source of electrons for chemiosmosis.

D) a fuel for cellular respiration and a starting material for making other organic molecules.

___37.
Plant cells -
A) lack mitochondria and chloroplasts.

B) lack mitochondria but have chloroplasts.

C) have mitochondria but do not have chloroplasts.

D) have mitochondria and chloroplasts.

___38.
Global warming due to the greenhouse effect may be -
A) moderated by photosynthesis, which removes carbon dioxide from the atmosphere.

B) made worse by photosynthesis, which adds carbon dioxide to the atmosphere.

C) reduced by the burning of fossil fuels, which removes oxygen from the atmosphere.

D) of little concern, since it is part of the normal cycle for the planet.

Base your answers to each of the following questions on the diagram below.

___39.
Grana

___40.
Stroma

___41.
Thylakoids

___42.
Site of the light reactions.

___43.
Site of the Calvin Cycle.
___44.
Location of chlorophyll a and b molecules.
___45. 
Which part of the chloroplast shown enhances its ability to produce glucose by increasing surface area?


A) structure A

B) structure B

C) structure D

D) structure F

___46.
Where does the Light Reaction take place?


A) structure A

B) structure B

C) structure C

D) structure E

___47
Where does the Calvin Cycle take place?


A) structure C

B) structure D

C) structure E

D) structure A
___48
Where does the Electron Transport Chain take place?


A) structure A

B) structure C

C) structure E

D) structure F
ATP synthase
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