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Unit 3, Part 2 Notes – Light Reactions and Calvin Cycle of Photosynthesis

1. What is the overall goal of photosynthesis?
a. The overall goal of photosynthesis is to convert light energy from the sun into chemical energy stored in the bonds of glucose
b. The chemical equation for photosynthesis is…
6CO2 + 6H2O + light energy ( C6H12O6 + 6O2
c. Photosynthesis occurs in the chloroplasts of eukaryotic cells; in plants, the cells with most chloroplasts are the leaf cells because they are closest to the sun
d. Carbon dioxide enters the leaf and oxygen exits the leaf through stomata, holes on the underside of the leaf
e. Each stoma (singular for stomata) is surrounded by two guard cells. 
f. For the stoma to be open, the guard cells must be turgid (filled with water).  When a plant needs to open its stoma, it actively transports K+ into the guard cells.  Water follows the movement of K+ into the guard cells.  Once the guard cells are filled with water, they become turgid.
g. For the stoma to be closed, the guard cells must be flaccid (not filled with water).  When a plant needs to close its stoma (ex: to prevent water loss by transpiration / evaporation of water out the stomata on hot days), it actively transports K+ out of the guard cells.  Water follows the movement of K+ out of the guard cells.  Once the guard cells have lost water, they become flaccid. 
h. Plants obtain water for photosynthesis by osmosis of water into the root cells.  Water is transported by capillary action up the xylem, a tube that runs through the stem up to the leaves where most photosynthesis occurs.  
i. Plants transport glucose and other sugars from where they are made in the leaves to the phloem, another tube that runs through the stem down to the roots and the rest of the plant.  Together, xylem and phloem make up the “vascular tissue” in the stem and the veins of leaves. 
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Figure 25. Stomata open to allow carbon dioxide (CO,)
to enter a leaf and water vapor to leave.
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2. What is the structure of the chloroplast, the major organelle of photosynthesis?
a. The chloroplast was originally a free-living cell that became part of a larger eukaryotic cell through endosymbiosis (see cellular respiration notes)
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Evidence that suggests the chloroplast was once a free-living cell includes the fact that it has a double membrane, it has its own DNA, and it has its own ribosomes.
c. The chloroplast has two membranes—the outer membrane and the inner membrane.
d. The fluid-filled space inside the inner membrane is called the stroma.  The stroma is the location of the second step of photosynthesis—the Calvin Cycle. 
e. Inside the stroma is a system of connected disks made out of membrane.  Each disk is called a thylakoid.  Each stack of thylakoids is called a granum (plural: grana).  The thylakoid membrane is the location of the first step of photosynthesis—the Light Reactions. 
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What happens during the Light Reactions, the first step of photosynthesis?
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The light reactions occurs in the thylakoid membranes.  The overall goal of the Light Reactions is to capture energy from sunlight and convert it to energy stored in ATP and NADPH (a carrier molecule for high-energy electrons).
b. The molecule in the thylakoid membrane that actually absorbs energy from sunlight is chlorophyll a, a green pigment.  Chlorophyll appears green because it reflects green light, but it absorbs mostly blue and red light to use for photosynthesis.  Other pigments called accessory pigments that absorb different colors of light are located in the thylakoid membrane as well (ex: carotenoids)
c. In the thylakoid membrane, there are two clusters of chlorophyll a molecules which are called Photosystem II and Photosystem I.
d. Photosystem II is also called P680 because the chlorophyll molecules in this cluster typically absorb light at a wavelength of 680 nanometers.
e. Photosystem I is also called P700 because the chlorophyll molecules in this cluster typically absorb light at a wavelength of 700 nanometers.
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The Light Reactions start in Photosystem II and follow these steps: 
i. Light energy absorbed by chlorophyll in photosystem II causes electrons from the chlorophyll to become energized. (Note: electrons from chlorophyll are replaced when some of the light energy is used to split H2O into O2, H+, and electrons)
ii. Two energized electrons are passed to the primary electron acceptor and then between electron carrier proteins in an electron transport chain in the thylakoid membrane.  
iii. The electron carrier proteins use the energy from the electrons to pump H+ ions from the stroma across the thylakoid membrane into the thylakoid lumen (the space inside the thylakoid).  
iv. When the electrons reach Photosystem I, they are re-energized using light at a wavelength of 700 nanometers.
v. The electrons are passed down another electron transport chain after Photosystem I, and the electron carrier proteins use the energy from these electrons to pump even more H+ ions from the stroma across the thylakoid membrane into the thylakoid lumen. 
vi. The final electron acceptor is NADP+, which combines with electrons and H+ to form NADPH.  NADPH is an electron carrier that carries the high energy electrons to the stroma, where their energy will later be used during the Calvin Cycle.
vii. As a result of pumping H+ ions into the thylakoid lumen, there is now an electrochemical / concentration gradient of H+ ions across the thylakoid membrane.  H+ ions now “want” to flow from a high concentration in the thylakoid lumen to a low concentration in the stroma.  The only way they can diffuse across the thylakoid membrane into the stroma is through the ATP synthase protein.  As H+ ions flow through ATP synthase, the protein turns and causes ADP and Pi (which are just hanging out in the stroma) to join together to form ATP.  Energy from ATP created during the Light Reactions will be used later during the Calvin Cycle. 
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This process is called noncyclic photophosphorylation (aka noncyclic electron flow).  Photophosphorylation is the process of making ATP from light energy.  In noncyclic photophosphorylation, both Photosystem II and Photosystem I are used to make equal amounts of ATP and NADPH.
h. Unfortunately, the Calvin Cycle requires more ATP than NADPH.  Therefore, it must occasionally switch to cyclic photophosphorylation (aka cyclic electron flow).  This process does not use Photosystem II, only Photosystem I.  Electrons from Photosystem I are passed down an electron transport chain and their energy is used to create a proton (H+) gradient to make ATP, but there is not final electron acceptor (NADP+).  Instead, the electrons are passed back between electron carrier proteins and eventually end up back at Photosystem I.  Therefore, ATP is created during cyclic electron flow, but NADPH is not.
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Another Image of Cyclic Electron Flow
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4. What happens during the Calvin Cycle, the second step of photosynthesis?

· The Calvin Cycle (aka the light-independent reactions or the dark reactions) occurs in the stroma of the chloroplast.  In the Calvin Cycle, energy from ATP and electrons and H+ from NADPH are used to convert CO2 into a molecule called G3P.  G3P can be used to create glucose. 
· The Calvin cycle occurs in three main steps—carbon fixation, reduction, and regeneration—which are described below.

1. Carbon Fixation: 

-In this step, CO2 is joined with a 5-carbon molecule called RuBP.  Scientists often stay that the carbon from carbon dioxide gas is “fixed” to the organic molecule RuBP in this step. 

-The enzyme that catalyzes (assists) the reaction joining CO2 and RuBP together is called Rubisco.  

-The fixing of CO2 to RuBP creates a 6-carbon intermediate molecule that is unstable.  It quickly breaks down into two 3-carbon molecules called 3-PGA.  

2. Reduction:

-This step requires energy from ATP.  ATP provides this energy by transferring a phosphate group to 3-PGA.  This creates a 3-carbon molecule called 1,3-bisphosphoglycerate.

-1,3-bisphosphoglycerate is then reduced to create a 3-carbon molecule called glyceraldehyde-3-phosphate (also known as G3P or PGAL).  This step requires electrons and H+ from NADPH.  (NADPH is oxidized, and 1,3-bisphosphoglycerate is reduced.) 

-In the process of converting 1,3-bisphosphoglycerate to G3P, a phosphate group is lost from 1,3-bisphosphoglycerate. 


3. Regeneration: 

-For every three CO2 molecules that enter the Calvin Cycle, six G3P molecules are created. 

-One of the six G3P molecules can exit the cycle and is used to make glucose. 

-The remaining five G3P molecules are converted back into RuBP using energy from ATP.  In other words, RuBP is regenerated to allow the Calvin Cycle to begin again. 
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Notes Vocabulary and Questions
Vocabulary: Define highlighted words you are unfamiliar with in your own words on your annotations.
Questions:
	Process
	Overall Description

(including reactants, products, and enzymes or structures used) 
	Location in Chloroplast
	ATP Produced or Used 
	Electron Carriers Produced or Used
	What is Oxidized?
	What is Reduced?

	The Light Reactions
	
	
	
	
	
	

	The Calvin Cycle
	
	
	
	
	
	


1) Where are the cells with the highest concentration of chloroplasts found within a plant?

2) What are stomata used for, and where are they located?

3) If a plant could no longer transport K+ into its guard cells, how would this effect the efficiency of oxygen transport out of the plant and carbon dioxide transport into the plant?

4) Why do plants appear green?

5) Why are chlorophyll AND accessory pigments used during the light reactions?  (Why is chlorophyll not used by itself?)

6) How is water used during the light reactions?

7) Where do the electrons that enter the electron transport chain in the light reactions come from?

8) What is the final electron acceptor in the electron transport chain of the light reactions?

9) How does cyclic photophosphorylation occur differently than noncyclic photophosphorylation?

10) What is the overall goal of the Calvin Cycle?  Why are NADPH and ATP necessary for the Calvin Cycle to occur?

11) What is the role of Rubisco in the Calvin Cycle?

