Photosynthesis

How do light-dependent and light-independent reactions provide food for a plant?

Why?

Plants are the original solar panels. Through photosynthesis a plant is able to convert
electromagnetic light) energy into chemical energy. This energy is used not only to keep the
plant alive, but also to sustain all creatures that rely on the plant for food and shelter. Plants
and photosynthetic algae are also the source of all oxygen on Earth, allowing the inhabitants of
Earth to benefit from our most plentiful renewable energy resource.

Model 1-- Chloroplast
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1. Consider the organelle illustrated in Model 1.
a. What is the name of this organelle?

b. Is this organelle more likely to be found in animal cells or plant cells?

2. The structures inside the organelle in Model 1 are called thylakoids. What compound
necessary for photosynthesis is contained in the thylakoids?

3. Consider the chemical reaction in Model 1. This represents photosynthesis.



a. What substances are the reactants in photosynthesis? Include the name and chemical
formula of each substance in your answer.

b. Where in the organelle are these molecules stored before they are used in
photosynthesis?

c. Is photosynthesis an endergonic or exergonic reaction? Support your answer with
evidence from Model 1.

d. What is the energy source for photosynthesis?

4. Photosynthesis occurs in two parts-—the light-dependent reactions and the light-independent
reactions.
a. What is another name for the light-independent reactions?

b. In what part of the chloroplast do the light-independent reactions occur?

c. In what part of the chloroplast do the light-independent reactions occur?

5. Considering your answers to Question 4, what compound is best able to absorb the light

energy from the Sun and convert it into chemical energy?

6. What substances are produced during photosynthesis? Include the name and chemical
formula of each substance in your answer.

7. Why is it necessary to have six CO, entering the chloroplast?

Model 2 -- The Light-Dependent Reactions
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8. In Model 2, what shape or symbol represents a single electron?

9. In the light-dependent reactions electrons are released from molecules in two ways.
a. Find two places in Model 2 where electrons are released from chlorophyll by a photon of
light coming from the sun.

b. Find one place in Model 2 where electrons are released from water molecules.

c. When the electrons are released from water molecules, what other products are formed?

READ THIS!



The light-dependent reactions of photosynthesis include three major processes:
A. Excited electrons leave chlorophyll and reduce NADP*into NADPH.
B. Excited electrons moving through the electron transport chain provide the free energy
needed to pump hydrogen ions into the inner thylakoid.
C. Hydrogen ions flowing out of the thylakoid via a protein channel provide the free energy
needed to convert ADP to ATP.

10. In Model 2, label the diagram with “A,” “B”, and “C" to indicate where the three steps in the
Read This box are occuring.

11. The light-dependent reactions include an electron transport chain system that works in a
very similar fashion to the electron transport chain in respiration. Briefly describe how this
system works and what job it performs in the light-dependent reactions. (Your answer should
include a discussion about concentration gradient.)

12. Is carbon dioxide involved in the light-dependent reaction?

13. Refer to Model 2.
a. Write a chemical reaction that summarizes all of the chemical reactions in the
light-dependent reactions of photosynthesis starting with two water molecules.

b. Inthe photosynthesis reaction in Model 1, twelve water molecules are shown as
reactants, but six water molecules are shown as products. Are any of the twelve water
molecules products of the light-dependent reactions.

c. Calculate the total number of oxygen, NADPH, and ATP molecules that are produced
when twelve water molecules complete the light-dependent reactions.

14. Where do the ATP and NADPH produced during the light-dependent reactions go when the
process is complete?

Model 3 -- The Light-Independent Reactions (Calvin Cycle)
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15. According to Model 3, what are the three phases of the Calvin Cycle?



16. Explain what happened to the carbon atoms from the carbon dioxide molecules that
entered the Calvin Cycle.

17. Consider the term “carbon fixation”. Think individually for a moment what this term might
mean, then share ideas among the group. Record the group’s consensus definition for carbon
fixation here.

READ THIS!

As you have learned from your careful study of the Calvin Cycle illustrated in Model 3, three
atoms of carbon enter the cycle as carbon dioxide and three carbon atoms leave the cycle as
PGAL. Itis easy to assume that the three atoms that leave are one and the same with the three
that entered, but that is incorrect. It may be that none of the carbon atoms from the carbon
dioxide become incorporated into a molecule of PGAL that leaves the cycle. Alternatively, it is
also possible that one of the carbon atoms from the carbon dioxide will become part of a PGAL
molecule that leaves the cycle. Eventually all of the carbon atoms that enter the cycle will leave
as part of a PGAL molecule, but they must wait their turn.

18. The reaction in Model 1 shows glucose (C¢H;,0¢) as a product of photosynthesis.
a. How many PGAL molecules will it take to make one molecule of glucose? Justify your
answer with a discussion of numbers of carbon atoms.

b. How many turns of the Calvin Cycle will it take to make one molecule of glucose?

c. Calculate the total number of ATP and NADPH molecules used in the production of one
molecule of glucose.

19. Where do the ADP and NADP* go after they are used in the Calvin Cycle?

20. Explain in detail, using complete sentences, how the two reactions (light-dependent and
light-independent) depend on each other.



21. Under each molecule in the equation below, indicate whether it is involved (either used or
produced) in the light-dependent reactions or the Calvin Cycle.
6002 + 12H20 — C6H1206 + 602 + 6H20

22. Throughout photosynthesis, energy is transferred from light to several molecules with
increasingly higher potential energy. Use the words below to summarize the order in which the
energy flow occurs.

Electrons ATP glucose sunlight

23. Although photosynthesis does produce some ATP, these molecules are not used to do the
work of the plant cells. What other process occurs in the cells that provides the ATP necessary
to do cellular work such as make proteins, divide cells, and move substances across
membranes?



Photosynthesis and Respiration
What is the relationship between photosynthesis and cellular respiration?

Why?

Photosynthesis and cellular respiration are important cell energy processes. They are
connected in ways that are vital for the survival of almost all forms of life on earth. In this
activity you will look at these two processes at the cellular level and explore their
interdependence.

Model 1 -- Comparison of Photosynthesis and Respiration
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1. Referto Model 1.
a. In what cell organelle does photosynthesis occur?

b. What are three reactants needed for photosynthesis?

c. What are two products of photosynthesis?



2. Refer to Model 1
a. In what cell organelle does cellular respiration occur?

b. What are two reactants needed for cellular respiration?

c. What are three products of cellular respiration?

3. What four substances are recycled during photosynthesis and respiration?

4. What is the one component in photosynthesis that is not recycled and must be
constantly available?

5. Are chloroplasts found in most plant cells? Explain.

6. Are mitochondria found in most plant cells? Explain.

7. Are chloroplasts found in animal cells? Explain.

8. Are mitochondria found in animal cells? Explain.

9. Write a grammatically correct sentence that compares the reactants and products of
photosynthesis with the reactants and products of respiration. Be ready to share your sentence
with the class.



10. As a group carefully consider and discuss the following statements: “Plants can
survive on their own, because they make their own food. Animals can’t survive on their own but
need plants for survival." Do you agree with this statement? Why or why not? Can you come to
a consensus as a group? Be ready to discuss your group’s response to this statement.



