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Photosynthesis and Related Concepts
Instructions:  Go to the following website, 

http://www.phschool.com/science/biology_place/biocoach/photosynth/overview.html

Then, follow through the various concepts and fill in the blanks as you learn about photosynthesis.  As you work through this handout, think about how photosynthesis compares to cellular respiration.

Concept 1: An Overview of Photosynthesis

Photosynthesis converts _________ ____________ into the _____________ ______________ of sugars and other organic compounds. This process consists of a series of chemical reactions that require __________ _____________ (CO2) and __________ (H2O) and store chemical energy in the form of __________. Light energy from light drives the reactions. Oxygen (O2) is a byproduct of photosynthesis and is released into the _________________. The following equation summarizes photosynthesis:

________________________________________________
[image: image2.wmf]Photosynthesis transfers electrons from water to ________________________ CO2 molecules, forming ________________________ sugar molecules. This electron transfer is an example of an oxidation-reduction process: the _________ is oxidized (loses electrons) and the ________ is reduced (gains electrons). Photosynthesis uses light energy to drive the electrons from water to their more energetic states in the sugar products, thus converting solar energy into chemical energy.
Questions

1. Using your textbook (Section 4.2, page 167) define carbon fixation.
2. What are the three stages in photosynthesis?

Concept 2: Electromagnetic Energy
1. What type of energy drives photosynthesis?

2. What is this type of energy composed of?  What are its units called?

3. What is the relationship between wavelength and energy?

Concept 3: The Action Spectrum for Photosynthesis
1. Which wavelengths are maximizes photosynthesis output?  Which spectrum do they belong to?

2. Why do you think that leaves are typically green in colour?

Concept 4: Structure of a Leaf

Leaves are a plant's main __________________ organs. Leaf __________ is closely associated with its photosynthetic ___________. Leaves must permit _____________________ access to the photosynthetic cells but _____________ water from diffusing out. The _________ that is a waste product of photosynthesis must be allowed to ______________ from the leaf. Demonstrate your knowledge of leaf structure by placing the labels in their correct locations.
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Concept 5: Structure of a Mesophyll Cell

1. What type of cell is specialized for photosynthesis?

2. What type of cell is specialized for cellular respiration in animals?

3. How are these cells specialized for photosynthesis?
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4. Label the following diagram:

Concept 6: Chloroplast Structure
1. How are chloroplasts similar to mitochondria?  How are they different?

2. The disc-shaped _____________ possess an interior space. The ______________ are stacked to form ___________, which are suspended in the _________ of the chloroplasts. 
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Concept 4: Structure of a Leaf

Leaves are a plant's main photosynthetic organs. Leaf structure is closely
associated with its photosynthetic function. Leaves must permit carbon
dioxide access to the photosynthetic cells but impede water from diffusing
out. The oxygen that is a waste product of photosynthesis must be
allowed to escape from the leaf. Demonstrate your knowledge of leaf
structure by placing the labels in their correct locations.
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Label the following diagram of a chloroplast:
Concept 7: Chlorophyll
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__________________ molecules embedded in the ______________ membrane absorb light energy. These molecules are the most important pigments for __________________________ ______________________________ used in photosynthesis. A chlorophyll molecule has a _________________ "tail" that embeds the molecule into the thylakoid membrane. The "head" of a chlorophyll molecule is a ring called a _____________. The _______________ ring of chlorophyll, which has a ________________ atom at its center, is the part of a chlorophyll molecule that absorbs light energy. 
Questions

1. What is the valence of magnesium?

2. How does the valence of magnesium relate to the reduction of NADP+?


Concept 8: Cooperation of the Light Reactions and the Calvin Cycle
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Photosynthesis depends on an interaction between two sets of reactions: _________________ _______________ and the ____________________________. Chlorophyll and the other molecules responsible for the light reactions are built into the thylakoid membranes. The enzymes that catalyze the Calvin cycle are located in the _____________. Beginning with the absorption of light by chlorophyll, the light reactions convert light energy into chemical energy in the form of _________ and __________. The _______ provides the energy, and the _________ supplies the electrons for the Calvin cycle, which ____________________________________ ________________________________. The _______ and __________ that result from the Calvin cycle shuttle back to the light reactions, which regenerate _________ and ___________.  

Let’s take a closer look at the light reactions on the next page…

Photosynthetic Light Reactions 
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***Before you begin read the section on photoexcitation in your textbook and define ground state, excitation, and primary electron acceptor.
Instructions: Go to the course website at http://www.earlhaig.ca/departments/science/downloads/index.php?dir=Mr+Ramlochan%2FGRADE+12+BIOLOGY+UNIVERSITY+PREPARATION%2F  and download the PowerPoint (.ppt) file called photosyn_rxns_animation.ppt.  Open the file and follow along to complete the handout. Write full names for each complex and carrier molecules.
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Concept 8: Cooperation of the Light Reactions [ A closer Look }
and the Calvin Cycle

Photosynthesis depends on an interaction between two sets of reaction:
the light reactions and the Calvin cycle. Chlorophyll and the other molecules
responsible for the light reactions are built into the thylakoid membranes.
The enzymes that catalyze the Calvin cycle are located in the stroma.
Beginning with the absorption of light by chlorophyll, the light reactions
convert light energy into chemical energy in the form of ATP and NADPH. The
ATP provides the energy, and the NADPH supplies the electrons for the.
Calvin cycle, which converts carbon dioxide to sugar. The ADP and NADP*
that result from the Calvin cycle shuttle back to the light reactions, which
regenerate ATP and NADPH.
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Figure-1: Label the diagram.

Figure-2: Draw arrows to show the pathway involved in the noncyclic photosynthetic light reactions.
Sequence the Events

Put the following events in the order according to the animation of the noncyclic light reaction animation.  Use the column on the right to write in the numbers.
	Event
	Number in Sequence

	Water is split by Z protein to replenish photosystem II’s lost electrons.  The products of this reaction, hydrogen ions and an oxygen atom, are released into the lumen.  

	

	At the same time, energized electrons in photosystem II are passed down another electron transport chain.  The additional energy gained by the electrons is used to pump hydrogen ions (H+) from the stroma to the lumen in the thylakoid.  This action creates a concentration gradient so that there is a higher concentration of hydrogen ions in the lumen.  

	

	The concentration gradient created by the higher concentration of hydrogen ions in the lumen stores potential energy.  In order to transfer this stored energy to sugar molecules via the Calvin cycle, the enzyme ATP synthase harvests the energy in the hydrogen ions as they diffuse down their concentration gradient.  


	

	Absorbed light energy excites electrons.  These energized electrons from photosystem I are passed down an electron transport chain via transport proteins.  

	

	Once the electrons completely pass through the electron transport chain, they enter photosystem I to replenish its lost electrons (which were used to make NADPH from NADP+ and H+).


	

	This energy is captured in the molecule ATP by the photophosphorylation of ADP.  After the production of ATP and NADPH is complete, these molecules are used to make sugar molecules in the Calvin cycle.

	

	At the end of the chain, the electrons are added to NADP+ and a hydrogen ion to form NADPH.


	


Cyclic Photophosphorylation (A Light Reaction)
Answer the following questions on a separate piece of paper.

1. What are the differences between cyclic and noncyclic electron flow?
2. Why would cyclic electron flow be necessary?
3. Draw a diagram in your notes that shows the cyclic electron flow.   You may use your textbook for help.

Answers: 5, 3, 6, 1, 4, 7, 2
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