AP Biology

 Photosynthesis – Part 3
(Associated Learning Objectives: 1.15, 1.16, 2.2, 2.3, 2.5, 2.13, 2.22, 2.25, 2.27, 4.4, 4.5, 4.17)
Important Concepts from previous unit:

1) Matter is neither created nor destroyed; just transferred and transformed. (Law of Conservation of Mass.)

2) The macromolecule Carbohydrate is an energy storage molecule that is intended for quick release of energy.

3) Carbon is an important molecule in making macromolecules. The primary source is from CO2 in air.
I. Calvin Cycle (A.K.A Light Independent reaction)


A.   This part uses the ATP and NADPH, of light reaction, to perform Carbon fixation. (Making sugar using CO2.)


B.   It has three steps: 


Step 1: CO2 molecules enter the leaf through the open stomata. Then the CO2 molecules diffuse into the 

                                           cells by crossing the phospholipid portion of the plasma membrane. Once inside the cell, the CO2 

                                                                  molecules diffuse across the phospholipid portion of the chloroplast membrane. Once in the

                                           stroma of the chloroplasts, 3 molecules of CO2  combine with 3 RuBP molecules using the 
                                           enzyme  Rubisco. (RuBP is a 5 Carbon molecule.)
A. The resulting three 6 carbon molecules are unstable and break into two 3 carbon molecules

 of 3 phosphoglycerate. (Six total carbon molecules still, just in two groups of three.)


Step 2: Use 6 ATP and 6 NADPH (1 ATP and 1 NADPH /molecule of 3 phosphoglycerate) to “bend” each 

                                           molecule twice into G3P. (G3P is half of a Glucose molecule.)



Step 3: Take out 1 G3P and recycle the other 5 G3Ps back into the original 3 RuBPs using 3 extra ATP 

                                           (Remember, from the cyclic electron flow.) This process basically takes 1 Carbon away from two
                                           G3Ps (remember, there are 5 G3P left) and thus creating 2 two carbon molecules. Then one of 
                                           the two 2 carbon molecules is paired with one of the three remaining three Carbon molecules. 
                                           3 +2 = 5. The two single Carbons are added to the last G3P molecule to have 5 carbons again.

                                           (3 + 1 +1 =5)So we end up with 3 five Carbon molecules of RuBP again. Thus, we have started 
                                           and ended at the same point… a cycle.
a. 1 G3P used to make glucose (So the cycle must go around TWICE to make 1 glucose
        molecule. So repeat steps 1-3 to make the second half.)


C.    Total Numbers needed: For each turn of the cycle – 9 ATP and 6 NADPH are needed.




    : To make 1 glucose molecule (2 turns) – 18 ATP and 12 NADPH are needed.
D. These sugars will be needed to feed the whole plant or algae. Or they will be stored in the form of starch, a complex carbohydrate. The sugars will be consumed in the process of cellular respiration. They could also be utilized in the making of plant cell walls.
II. Photorespiration – This is using oxygen, instead of CO2, to do carbon fixation in the Calvin Cycle

A. This is a last resort in an attempt to try and stay alive because of the stomata being closed to conserve H2O.
If the stomata are closed, then no CO2 can enter the plant. Also, no O2 can leave the plant.

B. In C3 plants – RuBPs are broken down to make G3Ps like normal. (This can eventually cause death to the plant because there will not be enough Carbons to recreate the necessary RuBPs if they are slowly being taken out to make sugar. It would go 15C ( 12C ( 9C( 6C( 3C ( Death. The plant needs the 3 CO2 to replace the THREE Carbons in G3P that were taken out to make sugar.)


C.   C4 plants - These plants like dry climates. These are plants like corn and cotton.


1. Bundle Sheath cells prevent photorespiration from occurring. The oxygen is limited in entering  the 
                               bundle sheath cells, where the Calvin Cycle occurs. CO2 can enter, BUT AFTER it has been modified.


2. PEP combines with CO2 using the PEP Carboxylase enzyme in the mesophyll cell to make 



    Oxaloacetate. O2 won’t fit the enzymes active site. (Remember, that enzymes are substrate specific.)


3. Oxaloacetate is too big to enter bundle sheath cells so it must be converted to Malate to enter.


4. Malate will then release the CO2 to the Calvin Cycle, inside the bundle sheath cell. The molecule that

                                 remains is Pyruvate. It will be converted back to PEP to be reused upon reentering the mesophyll cell.
                             5. “Sheath” means “surrounding” (These cells surround the vascular bundle of xylem and phloem.)


D.   CAM plants (Crassulacean Acid Metabolism) - These are desert plants.


1. The stomata open at night to take in CO2 and release O2. (CO2 is stored as Crassulacean Acid.)



2. Crassulacean acid is broken down during the day, when the stomata are closed, to release the CO2
                                  for use in the Calvin cycle. This process helps to decrease water loss through transpiration.
a. Transpiration is water loss through the stomata.

b. Transpiration is very important in determining the amount of energy that will be available in an ecosystem and the food webs in that area.  Deserts have very little energy available because of transpiration is a big problem. Tropical rainforests, on the other hand, have abundant energy because of transpiration not being a problem. The more energy that can be produced, the greater the size of the food web.
III. COMPETITION and EVOLUTION? Each type of plant has its own unique niche (role within and ecosystem) and this helps reduce competition for vital resources. Reducing competition conserves necessary energy. The more energy that can be conserved; the more reproduction can occur by an organism. The more reproduction that can occur; the more that species of organism dominates that environment and helps guide the path of evolution.
