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I.
______________________________ - process in which light energy is stored as the chemical energy in glucose.

A. Light



1.
Visible light is a small portion of the ________________________________________ .



2.
Visible light spans from ______________ nm to ________________ nm
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          Violet  Indigo     Blue  Green          Yellow      Orange          Red

                     High Energy  Short wavelength


Lower Energy  Long wavelength 
3. Plants appear green because they ____________________ green light 
4. ________________________ - particle of light energy.  A discrete packet of energy.  Red light contains the least energy and violet contains the most.
5. Light energy can ______________________certain molecules.

a.
Exited molecule absorb light energy and their electrons move to higher energy levels.

b.
The electrons return to their ______________________________ by releasing energy.

c. Electrons may leave the molecule completely.

B.  ______________________________ - green pigment which becomes exited in the presence of light.

1.
The structure of chlorophyll allows its hydrocarbon tail to embed in the phospholipid bilayer of the thylakoid membrane. 

.  .

                   2.
Shape allows for positioning and _____________________________________



3.
Chlorophyll molecules cooperate in light absorption.  


4.
Red and blue light are most effective.

C.  Chloroplasts:  Sites of Photosynthesis
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D.  Chloroplast Structure

1.
______________________________ - stacks of thylakoids that absorb light and pass energy to chlorophyll.

2.
______________________________ - bilipid membrane with chlorophyll molecules embedded in it.  Where the light reactions of photosynthesis occur
3.
______________________________ - is the fluid filled area between the thylakoids in the chloroplast.  Where the light independent reactions of photosynthesis occur
E.  Overview of Photosynthesis:
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Carbon dioxide    +    water   +  Light Energy        glucose     +   water   +   oxygen
            6CO2       +   12H2O  +   Light Energy        C6H12O6   +   6H2O  +     6O2
F.  Light Reaction (Non Cyclic Photophosphorylation)

1.   _________________________________- several hundred chlorophyll molecules called a 
     _________________________________ and their associated _______________________

a.  When _________________ of light strike the chlorophyll molecules of the light 
      harvesting complex ______________________________ are boosted to a higher
       energy level.
b.  _________________________________ – accepts excited electrons from the light
      harvesting complex and sends electrons into the electron transport chain
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                   2.  Photosystem II (PSII) peak absorption 680nm
a.    _________________________- as soon as PSII losses its electron, an oxidant Z+ splits H2O forming 2 electrons, 2 H+ ions (protons) and releasing oxygen as a waste
.

b.   The electrons from water ____________________ the electrons that were lost from the chlorophyll molecules of the light harvesting complex when they were boosted to the electron transport chain.
c.   As the electrons move down the electron transport chain of PS II, the proteins change 
      conformation (shape) and pump _______________________from the stroma into the thylakoid.
d.   The hydrogen ions represent __________________________________
e. At the end of the electron transport chain, the electrons enter photosystem I (________) 
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4.  Photosystem I peak absorption 700 nm

a.   Electrons from PS II are reboosted into the PS I ______________________________
b. An enzyme named _____________________________________ is the final electron
      acceptor in PS I and reduces NADP+ producing   ___________________


5.  Chemiosmosis:  the synthesis of ATP 
a.   Hydrogen ions produced in photolysis are pumped across the thylakoid membrane by the electron transport chain of PS II and represent potential energy.
b.  Charged hydrogen ion cannot pass directly through the thylakoid membrane and can
     only escape out a special protein in the thylakoid membrane called _______________

c.  As H+ ions pass through ______________________ ADP is converted to __________
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       G.  Cyclic Phosphorylation- PSII is not involved 
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1. Occurs when too little ____________________ is present to accept electrons from ferredoxin
2. Some ____________is produced but no _____________________ is produced

          H.  Light Independent Reaction:  ATP and NADPH are used to make Glucose

1.  Phase 1:  Carbon Fixation
a) _________________________________(the most abundant enzyme in the
      universe) joins ____________ with ______________ (Ribulose 1-5 biphosphate) 
       to form 3 six carbon compound
b) The 3 six carbon compounds are quickly split forming  six molecules of  
       _________________________________

2. Phase 2:  Reduction
a) 3-phosphoglycerate undergoes phosphorylation by ATP forming ______________
       _______________________
b) Electrons from NADPH are used to reduce 1,3 biphosphoglycerate forming 
      glyceraldehyde-3-phosphate or  ______________
3. Phase 3:  Regeneration of RuBp
a) One molecule of _____________________________ the Calvin cycle
b) ______________ is use to convert the other _________________ (5 X 3C = 15 C)
      molecules into 3 molecules of __________________(3 X 5C = 15 C) 

Light Independent Reactions
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I.  Recap

1.
_____________________ of the Calvin cycle are needed to produce one G3P so 6 turns  are needed to produce one glucose molecule.



2.
______________is the most important produce because it can be converted to starch, glucose, fats or protein.



3.
Every turn of the Calvin cycle requires ________ ATP and ________ NADPH.

        J.  Photorespiration:  process that occurs in light (photo) and consumes oxygen while giving off CO2
1. On hot days when plants partially close their stomates, the Calvin cycle is starved of CO2
2. Rubisco binds with ____________ instead of _____________
3. ____________________________ adds O2 to the Calvin cycle that produces a 2 carbon compound that leaves the chloroplast
4. Mitochondria and peroxisomes rearrange the compound __________________________
5. Photorespiration ____________________ the amount of CO2 in the air space of the leaf,
    consumes _______________ and produces no __________________
        K.  Evolutionary adaptations to hot conditions:  C4 & CAM

[image: image9.png]Cy
co,

Mesophyll
cell Organic acid
Bundle- o,
sheath
cell & \)

Sugar

(a) Spatial separation of steps

cAM

co,
0, incorporated Night
into four-carbon  Organic acid
organic acids
(carbon fixation)
co, Day
/N
© Organic acids
release CO, to
Calvin cycle
Sugar

(b) Temporal separation of steps




         L.  How do C4 plants avoid Photorespiration? 
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M.  How do Crassulacean Acid Metabolism (CAM plants) avoid photorespiration? 

1. 
CAM plants solved this problem by opening up the stomates at ______________________ 
        to obtain carbon dioxide.  This reduces transpirational water loss but produces another 
       problem:  no ATP and NADPH are available at night.  

2.    The solution to this problem was to store the carbon dioxide during the night until ATP and 
      NADPH were available the following day. Thus, there is a __________________________ 
      of initial carbon fixation and oxygen produced by PSII.  







C4 plants create a ____________________





 _______________________between the 





site of oxygen production.  PSII activity 





occurs in the _______________________





 and rubisco.  Calvin cycle activity occurs 





primarily in the _____________________





cells. 











